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BEITRAG ZUR HISTOCHEMIE DES INTRAVASALEN
KOLLOIDS IM HYPOPHYSENVORDERLAPPEN DES
MENSCHEN

J. Doebel

(Eingegangen am 25. Januar, 1968)

Mit histochemischen Nachweismethoden wird festgestellt, daR das intravasale
Kolloid im Hypophysenvorderlappen Uberwiegendaus Proteinen besteht. Das Vorkom-
men von Lipoiden wurde nicht untersucht. Das intravasale Kolloid ist bei intrakraniel-
ler Drucksteigerung vermehrt. Nach den histochemischen Ergebnissen ist es sehr
wahrscheinlich mit dem Kolloid in den Pseudofollikeln identisch. Es wird angenommen,
daB vor allen Dingen die Einschmelzung von Alphazellen die Quelle fur das Kolloid
darstellt.

Nach Untersuchungen von Romeis (1940) sind die intravasalen Kolloide
in den Hypophysen hdherer Tiere und des Menschen nicht einheitlicher Natur.
Es lassen sich vielmehr das amorphe und das geformte intravasale Kolloid,
siderophile Kdrnchen, chromophobe Sekretbldschen und eine »gewisse faden-
artige Substanz« unterscheiden.

Das geformte intravasale Kolloid ist als hdufiger Befund bei Schwan-
geren und Pubertierenden, wie Uberhaupt in Hypophysen mit erhéhter Akti-
vitdt bekannt (Rasmussen 1927, Romeis 1940, Graumann 1964). Darlber
hinaus war schon Romeis (1940) eine Vermehrung bei intrakranieller Druck-
steigerung aufgefallen. Das Auftreten von geformtem, intravasalem Kolloid
im Hypophysenvorderlappen (= HVL) konnte von Kuhn (1957) in 76% der
Falle mit intrakranieller Drucksteigerung unterschiedlichster Genese und Loka-
lisation des raumverdrdngenden Prozesses nachgewiesen werden. Die von
Kuhn (1. c.) mit fa&rberischen Methoden gewonnenen Ergebnisse sollen durch
histochemische Nachweise ergénzt werden.

Material und Technik

Bei 240 durchgesehenen Hypophysen, die von Patienten mit einem klinisch und patho-
logisch erhdhten intrakraniellen Druck stammten, waren intravasale, geformte Kolloide in
48% vorhanden. Hiervon wurden 10 Hypophysen, bei denen sich die intrakranielle Druck-
steigerung auch in einer Blutstauung in den Sinuskapillaren manifestiert hatte, zur histo-
chemischen Analyse ausgewdhlt (Tab. 1). Die Farbe- und histochemischen Methoden gehen
aus den folgenden Tabellen hervor. Die Befunde wurden an Paraffinschnitten erhoben. Zum
Nachweis von Lipoiden liegt vorlaufig noch nicht geniigend geeignetes Material vor.

Acta Morphologica Academiac Scicntiarum Hungaricac 17, 1969



2 J. DOEBEL

Befunde

Die Proteinnachweise zeigten folgende Ergebnisse (s. Tab. I).

Tabelle 1
Kasus
Nr. Geschlecht Alter UrSﬁcfE)erlji:I:SitzitéaeIFLerllgiellen DEarlésﬁe(ij:JnEIeiR'

6778 mannl. 51 Ventrikelmeningiom 1.
6779 weibl. 47 Astrocytom, rechts frontal 2 7.
6782 ménnl. 37 Unklassifizierter Tumor rechts frontal 1 1.
6795 ménnl. 45 Blutungen, Erweichungen
6950 weibl. 33 Astrocytom, links in der Fissura Sylvii
7022 weibl. 53 Glioblastom, links frontal 1.
7110 weibl. 19 Spongioblastom im 4. Ventrikel 3 J.
7128 mannl. 49 Abszel, links occipital 4 W.
7174 weibl. 21 Plexuspapillom im rechten Seitenventrikel 4 W.
7332 weibl. 50 Glioblastoma multiforme, rechts parietal 8 M.

J. = Jahre; W. = Wochen; M. = Monate

Tabelle 11
Proteine
Aminosauren und ) ) Befunde
e Nachweisreaktionen Autoren
spezifische Gruppen v K Pk 7 Lk
Amino-Gruppen o-Diacetylbenzol Voss (1940) h+ H + + + + o+ o+
Amino-Gruppen Ninhydrin-Reaktion Fotakis (1960) + + I ¥
Phenol-(Tyrosin) Millon-Reaktion Baker (1956) + 4+ + + o+ o+
Tyrosin u. Tyrosin- Diazotierungs-Kupp- Glenner u.
reste lungs-Reaktion Littie (1957) + + o+ o+ + o+ o+
Indol-(Tryptophan) p-DMAB-Nitrit Adams (1957) + + 4+ 4+ + o+ 4+
Guanidyl-(Arginin) Sakaguchi-Reaktion Carver, Brown,
Thomas (1953) + + +
SH- u. SS-Gruppen DDD-Reaktion Barrnett u.
Seligman (1954) 4 + o+ o+
Phenyl-, Imidazol-, Gekuppelte Tetra- Danielli (1947),
Indolyl-,Guanidyl-  zonium-Reaktion Burstone (1959) + + o+ o+ + +

i. V. K. = intravasales Kolloid, P. f. k.

kolloid

Pseudofollikelkolloid, Z.

Zwischenlappen

Zusétzlich wurde bei einem Fall die Bestimmung des isoelektrischen
Umladebereiches (I. E. U.) nach Pischinger (1926) durch mikrophotometri-
sche Ausmessung von je 25 intravasalen- und 10 Pseudofollikelkolloiden
eines jeden der bei verschiedenem pH-Wert geféarbten Schnitte durchgefihrt.

Acta Morphologica Academiae Scientiarum Hungaricae 17, 1969



HISTOCHEMIK UI3S INTHAVASALEN KOLLOIDS 3

Die KurvenVerldufe (Abb. 1) ergeben sieb aus den arithmetischen Mitteln
der Einzelmessung, sowie den jeweiligen maximalen und minimalen MeR-
werten in jedem Prédparat. Man erkennt deutlich den mehr im S&urebereich
liegenden 1. E. U. bei den Pseudofollikelkolloiden.

Die Ergebnisse der Nukleinsdurenachweise finden sich in Tab. 111.

INTRAVASALE _ KOLLOIDE

PSEUDOFOLLIKEL- KOLLOJDE

Abb. 1

Tabelle 111

Nukleinsauren

Verbindungen

und Gruppen Naehweisreaktionen Autoren i.v. K P. f. k. Z. 1k
DNS Feulgens Nukleal- Feulgen u.
reaktion Rossenbeck — _
(1924)
DNS und HNS Gallocyanin- Einabson (1951) -(+)

Chromalaun

i.v. K. intravasales Kolloid, P. f. k. Pseudofollikelkolloid, Z. 1 k. = Zwischenlappen'
kolloid

Das histochemische Verhalten der Kolloide bei den Kohlenhydrat-
reaktionen zeigt Tab. IV.

1+ Acta Morphologica Acadcmiue Scientiarum Hungaricae 17, 1969



4 J. DOEBEL

Tabelle IV

Kohlenhydrate

Verbindungen

und Gruppen Nachweisreaktionen Autoren iv. K P. f. k. Z 1k
Mukoproteide und Perjodsaure-Leuko- Hotchkiss (1948)
Glykoproteide, fuchsin (PAS) Me Manus (1948) + + + + + ~h
Polysaccharide,
Proteine
Saure Mukopoly- Alcian-Blau 8 GS Steedman (1950) — +(-) + + +
saccharide
Freie Sduregruppen Hale’s Methode nach Hate (1946)

G. Miller G. Mutter (1955) +(-) + + +
Saure Mukopoly- Métachromasie Kelly (1958) alpha alpha beta-
saccharide gamma
i. V. K. = intravasales Kolloid. P. f. k. Pseudofollikelkolloid, Z. I. k. = Zwischenlappen-
kolloid
Ergebnisse

1. Intravasales Kolloid

Bei allen Einschrdnkungen, denen die histochemische Technik unterliegt,
ist anzunehmen, dafl die intravasalen Kolloide des Hypophysenvorderlappens
reich an Proteinen sind und sehr wahrscheinlich Kohlenhydrate enthalten.

Die Proteinkomponente dieser Glyco-(Muco-)-proteide ist ausgesprochen
tyrosinreich und enth&lt Tryptophan und Arginin in geringerer Quantitat.
Freie Aminogruppen sind reichlich, Sulfhydrylgruppen — wenn Uberhaupt
nur sparlich vorhanden.

2. Die Kolloide in den Pseudoacini des HVL

Vergleicht man das histochemische Verhalten dieser Kolloide mit dem
der intravasalen Kolloide nach Anwendung der Proteinreaktionen, so lassen
sich keine Unterschiede feststellen. Dagegen enthalten die interzelluldren
Kolloide in ihrer d&uBeren Schale zusdatzlich saure Mukopolysaccharide. Es kann
angenommen werden, daB die Verschiebung des I. E. U. darauf zuriick-
zufihren ist.

3. Die Kolloids in den Spalten und Zysten der Pars intermedia

Diese Kolloide bestehen trotz farberisch ungleichen Verhaltens aus
sauren Mukopolysacchariden. UV-Absorptionsmessungen (Kempe und Meyer-
Arendt 1954) lassen auf eine einheitliche Substanz schlieRen.

Acta Morphologica Academiae Scientiarum Hungaricae 17, 1969



HISTOCHKMIK DES INTRAVASALEN KOLLOIDS 5

Besprechung;

Vernachldssigen wir die Zwischenlappenkolloide aus entwicklungs-
geschichtlichen Grinden, so ergibt sich eine auffdllige Korrespondenz der
Befunde an intravasalen- und Pseudofollikelkolloiden. Entschliefen wir uns
weiterhin zur Deutung des Saumes saurer Mukopolysaccharide in der dufReren
Schale der interzelluldren Kolloide als nicht zum Kolloidkérper gehdriger
zellularer Reaktion, so sind sie identisch.

Dieser Befund leitet (ber zur Frage der Entstehung der Kolloide im
Hypophysenvorderlappen.

Nach Bargmann (1962) sind alle Zellen des HVL zu merokriner und
holokriner Kolloidsekretion befédhigt. Dagegen kommt Kuhn (1957) zu dem
Schluf}, daR die hyperchromatische Alphazelle allein als Quelle des intra-
vasalen Kolloids anzusehen ist. Der Ubertritt von kolloidal eingeschmolzenen
Alphazellen aus dem interzelluldren Raum in eine Sinuskapillare wurde mehr-
fach festgehalten (Romeis 1940 und Kuhn 1957). Die vorliegenden Unter-
suchungen erhdrten nun aufgrund des histochemisch gleichen Verhaltens der
beiden Kolloidformen die Beobachtung der genannten Autoren, nach der es
sich um verschiedene Lokalisationen ein und desselben Degenerationsproduktes
handelt.

Dartber hinaus erfdhrt die Auffassung von Kuhn (i. c.), nach der die
hyperchromatische Alphazelle allein die Bildungsstdtte der Kolloide ist, eine
weitere Unterstlitzung. Es zeigt sich ndmlich, dal nach Anwendung der Diazo-
tierungs-Kupplungsreaktion (Tah. 11) eine selektive und intensive Fdarbung
von intravasalen Kolloiden, Pseudofollikelkolloiden und Alphazellen eintritt.

Die unter Erh6hung des intrakraniellen Druckes beobachtete Verminde-
rung der Alphazellen (Kraus 1933) hei gleichzeitiger Vermehrung des intra-
vasalen Kolloids (Romeis 1940, Kuhn 1957) ist als weiterer wichtiger Hinweis
fur die Entstehung des Kolloids aus degenerierenden azidophilen Zellen des
HVL anzusehen.
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A CONTRIBUTION TO THE HISTOCHEMISTRY OF INTRAVASCULAR COLLOID
IN THE ADENOHYPOPHYSIS OF HUMANS

J. DOEBEL

It has been demonstrated by histochemical methods that the intravascular colloid
in the anterior lobe of the hypophysis consists mainly of proteins. The possible presence of
lipides has not been examined. Higher intracranial tension increases the amount of intra-
vascular colloid which is, according to histochemical results, presumably identical with the
colloid contained in the pseudofollicles. The breakdown of alpha cells is supposed to be the
principal source of the colloid.

AAHHBIE O TUCTOXVIMUW BHYTPUCOCYANCTOrO KOJINOUNAA
B MEPEAHEWN AONN TUMO®PN3A Y YE/NOBEKA

N. DEBEN

TMCTOXMMUYECKMI  METOfaMi  MCCNeJoBAHNA ObII0 YCTAHOBNEHO, 4TO B MepefHeit
[0/ runotn3a BHYTPUCOCYANUCTLIA KOMMOUZ COCTOUT MPEUMYLLECTBEHHO M3 NPOTeNHOB. BCTpe-
UaemMoCTb /IMNOUAOB He 6blfla U3ydeHa. Py MOBbLILIEHUM BHYTPUUYEPENHOrO [aB/EHUS KOMU-
4ecTBO BHYTPWUCOCYAMCTOrO KONJOMfAa MOBbIlIAeTCA. Ha OCHOBE pesynbTartoB rUCTOXUMMYeE-
CKWUX WCCMef0BaHNIN, 3TOT KOMMOWA MO BCEe BEPOSITHOCTM WAEHTWYEH C KOJJIOMZOM, Habnto-
JaemMbiM B nceBfotonnukynax. lonaraeTcs, YTo WCTOYHMKOM KOJJOMAA SBASIETCS MPexie
BCEro pacluennieHue anbda-KneTok.

Dr. S. J. Doebel: Max-Planck-Inst. f. Hirnforschung,
5 Kdéln-Lindenthal, Goldenfelsstrasse 21, DBR
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THE EFFECT OF THYROTROPIC HORMONE
TREATMENT ON THE EPIPHYSEAL CARTILAGE
OF THE WHITE RAT

G. Lévai, F. Méricz, P. Szerze, Gy. Petranyi, jr. and J. Laczko

(I{<-ceived March 26, 1968)

The effect of the thyrotropic component of Ambinon® on the proximal tibial
epiphyseal cartilage has been studied in young white rats. The animals received 0.05
ml (0.5 1.U.) subcutaneously, daily for 4 weeks, while the controls were treated with
0.05 ml of physiological NaCl solution, also subcutaneously. Ambinon, similarly to
thyroxine, increased the proliferation of the cellular elements of cartilage and induced
a minor osteoblastic activity. In the phase of cartilage breakdown the number of
chondroclast giant cells increased. The changes are considered to be due to thyroid
hyperfunction, hyperthyroxinaemia, not ruling out the possibility that the results
may have been influenced also by the gonadotropic component of the preparation.

The role played by the thyroid gland in growth has been known for
long. Gudernatsch [7] in 1912 fed tadpoles with thyroid tissue and found
that their metamorphosis and rate of growth were enhanced. These first
experimental data were followed by a series of papers on the effect of the
thyroid on ossification; these have been surveyed critically by Silberberg
and Silberberg in 1943 [20] who attributed the many contradictory data
(inhibition or stimulation) to differences in the methods employed, as in the
lack of pure hormone preparations at that time, there were differences in the
dose of hormone administered, the animals treated were different in age and
sex. and there were differences also in the duration of treatment. After some
later studies [1 4, 18] Hulth and Nylander [9, 10] as well as Lévai and
Zs. Nagy [16] have published evidence indicating that thyroxine increased
the rate of ossification. They treated the animals with thyroxine, or inhibited
thyroid function by the administration of thiouracil derivatives. Thyroxine
treatment allowed to increase the thyroxine level high over the physiological
one, so that the changes described must have arisen under aphysiological
conditions.

in the present investigations we have undertaken to eliminate thyroxine
overdosage so that growing white rats were treated with thyrotropic hormone
(Ambinon®, Organon, Netherlands) and the changes taking place in the struc-
ture of the epiphyseal cartilage were observed. The results so obtained were
thus near to the physiological ones, although Ambinon® has also a gonado-
tropic component which cannot be ignored in evaluation.
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Materials and methods

In the experiments 40 male 35-day rats of 39 g average weight were used. The animals
were divided into 4 groups, each containing 7 experimental rats and 3 controls. At the onset
of experiment then at weekly intervals we measured body weight, length and rectal tempera-
ture. The experimental animals received daily 0.05 ml (0.5 1.U., i.e. 5 Heyl-Laqueur units)
of TSH subcutaneously, while the controls were treated with 0.05 ml isotonic NaCl solution.
The animals of the different groups were killed 1, 2, 3 and 4 weeks after the onset of treatment.
One day before killing them, 1 treated rat and 1 control were given 131l and thyroid | uptake
was estimated 2, 8 and 24 hours later. The knee joints were excised and fixed in Susa or in
10% formalin buffered to pH 7. The formalin material was decalcinated in 10% EDTA solu-
tion [5]. After embedding in paraffin, 7/l thick sections were cut and stained with haematoxy-
lin-eosin and Azan.

Results
Especially near the end of the experiments, the treated animals were

more agile than the controls. During the last week they weighed 199.4% more
than initially, as compared to the 170.1% weight gain in the control group.

Table |

Changes in the average body weight of experimental animals

Duration Treated, Control,
of treatment per cent per cent

Initial values too 100
1 week 141.3 121.8
2 weeks 152.9 138.7
3 weeks 242.5 217.8
4 weeks 299.4 270.1

The rectal temperature of the treated animals was about 1°C higher than
that of the controls. The radioiodine studies showed that the thyroid gland
of the experimental animals was more active than that of the controls. Histo-
logically, the thyroid exhibited changes indicative of a slight hyperfunction.
This tendency decreased toward the end of the experiment.

In describing the histological changes of the epiphyseal cartilage we have
used the zone classification of Ham [8], while when discussing the normal
course of ossification we have relied upon the work by Krompecher [12].

After one w"eek of treatment (Fig. la) the epiphyseal cartilage of the
treated animals showed a broadening and richness in cells of the proliferation
zone. The maturation zone, too, was slightly increased in width. Nuclear
staining was diminished in the calcification zone, the lower part of the epi-
physeal cartilage disc showed increased capillarisation. The increased break-
down of cartilage was indicated by the increase in capillarisation and the
appearance of chondroclasts, giant cells breaking down cartilage (Fig. 4a).
In some cases the nuclei stained well even in the lowermost cell layer of the
calcification zone.
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Fig. la. Proximal epiphyseal cartilage of the tibia after one week treatment. H. E., X 100;
b. One-week control. II. E., X 100

Fig. 2a. Proximal epiphyseal cartilage of the tibia after two weeks treatment. H. E., X 100;
b. Two-week control. H. E., X 100

In the one-week controls (Fig. Ib) the proliferation zone was poorer in
cells and tin* maturation zone less wide. In the vicinity of the broadened calci-
fication zone, capillarisation was not so marked than in tin* treated rats.
Chondroclasts were few or absent.
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Fiji. 3a. Increase in the number of cells in the proliferation zone after two weeks treatment.
H. E., x350; 6. Two-week control. H. E., X350

Fig. 4a. Chondroclastic giant cell after one week treatment. H. E., X350: 6. Chondroclastic
giant cell after two weeks treatment. H. E., X350

Alter two weeks treatment (Fig. 2a) the cells of the proliferation zone
were markedly enlarged, showing a nestlike, irregular arrangement also in the
vicinity of the residual cell zone. There were some mitotic cells (Fig. 3a), the
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Fig. 5a. Proximal epiphyseal cartilage of the tibia after three weeks treatment, il. E., X 100;
b. Three-week control. H. E., X 100

Fig. 6a. Proximal epiphyseal cartilage of the tibia after four weeks treatment. H. E., XIOO;
b. Four-week control. H. E., X 100

ground substance was less basophilic, the maturation zone increased in width.
Nuclear staining diminished in the calcification zone. As compared to the
1-week findings, capillarisation was less abundant. Giant cells were also seen
(Fig. 4b).
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The 2-week controls were conspicuously different (Figs 2b and 3b).
Here the cells of the proliferation zone were smaller, more regularly arranged,
the maturation zone was smaller in diameter and its cells were also smaller.
The width of the calcification zone did not reach that of the treated animals,
the cells were bigger, the nuclei stained well. There was no marked difference
in capillarisation, only in osteoblastic activity in favour of the control group.

After 3 weeks of treatment the proliferation zone and the residual cell
zone are still rich in cells. The arrangement of cells in the maturation zone is
less regular, it is difficult to find the junction between the proliferation and
maturation zones. The calcification zone is composed of 3to 5 cell rows, in the
lower part of the epiphyseal cartilage capillarisation is marked. As compared
to the 2-week pattern, osteoblastic activity increased, the bony trabecules
increased significantly in number and size (Fig. 5a).

In the 3-week controls the proliferation zone is less rich in cells which
are more regularly arranged than in the treated rats. The maturation zone is
wider, the junction to the proliferation zone is distinct. There is no difference
in the structure of the calcification zone. Osteoblastic activity is weaker than
in the 3-week treated specimens (Fig. 5b).

After 4 weeks of treatment the epiphyseal cartilage is wider than in the
control group; particularly the proliferation zone is broad and highly cellular.
The maturation zone is more conspicuous, while in the calcification zone the
nuclei are stained even in the deep layers. Capillarisation is less ample than in
the 3-week treated rats or in the 4-week controls (Fig. 6a).

In the 4-week control group the cells of the proliferation zone are larger
than in the treated rats and are arranged in irregular nests. The maturation
zone is smaller in diameter, less regular in shape, the calcification zone is of
about the same size, but its nuclei stain weaker in the treated rats. In the distal
part of the epiphyseal cartilage capillarisation is increased, while osteoblastic
activity appears to be weaker (Fig. 6b).

Discussion

In the literature ofrecent years we have been unable to find papers dealing
with the correlation between TSH and ossification. The administration of
TSH, as indicated by the histological controls and radioiodine studies, induced
hyperthyroidism but its severity could be increased to a certain limit only and
the increased thyroid activity showed atendency to diminish with the duration
of treatment. This could not be applied without restrictions to the changes
in the epiphyseal cartilage. The difference in weight gain (Table 1) has been
ascribed to the gonadotropic component of Ambinon®, but an indirect action
of the gonadotropic component on the epiphyseal cartilage could not be
ruled out.
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It is generally accepted that hypothyroidism, as it promotes the per-
sistence of cartilage, reduced the rate of ossification. In cretins, cartilage was
found in the clavicle and scapula even after the 5th decade of life [23] and
experimental findings allowed similar conclusions [17,21].

As regards hyperthyroidism, the views are far from being so unequivocal,
though all recent papers have reported on an increase in the number of cells
in the proliferation zone, a proliferation of the cellular elements of cartilage,
an increase in osteoblastic activity, i.e. about an acceleration of ossification
in hyperthyroidism. Our experiments lend support to this view. Although
a direct or indirect gonadotropic effect could not be ruled out, the changes
in the epiphyseal cartilage were the most marked in the most active phase
of growth, and almost identical to those observed by us earlier in thyroxine-
treated animals.

In the animals treated with TSH the number of cells in the proliferation
zone and the increase in its diameter were the highest in the second and third
weeks. At that time there was also a difference in favour of the treated rats
in the mitotic activity of cartilage cells. The maturation zone was broad at the
onset of treatment, then decreased in diameter, to increase again during
the fourth week. The rate of cartilage breakdown increased during the second
and third weeks, and began to decrease toward the end of the experiment.
The increase of osteoblastic activity, the increased rate of ossification followed
the changes of the cartilage with a lag of one to one and a half week. The
increased vascularisation observed during the first and second weeks, the
increase in the number of capillary loops and the appearance of cliondroclastic
giant cells suggested an increase of cartilage absorption. The rate of this,
however, was reduced later, while osteoid formation seemed to increase at
an even rate from the second week till the end of the experiment. An increased
osteoblastic activity following thyrotropic hormone treatment as described
by Forst et al. [6] could not be observed, presumably because the experi-
mental period was too short. Another possibility is that the reaction of the
growing animal to hyperthyroxinaemia is different from that of the full-
grown one.

Krompecher [12—15] stated that in both normal and pathological
bone growth it is essential that the proper proportions be maintained between
growth and destruction of cartilage and hone, respectively. If the physiological
balance is upset, pathological bone formation will result. Analysing our results
in the light of these findings, it may be stated that the thyroid hyperfunction
in response to TSH treatment increases in the first step the rate of growth
and destruction of cartilage, while the subsequent bone-building activity is
less intense, but it lasts longer. Our results confirm the data obtained earlier
in connection with thyroxine treatment [16] and at the same time dissipate
our doubts as to the aphysiological level of the thyroxine dose used then.
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For the explanation of the mode of action we may mention the primary
tissue metabolism increasing action ofthyroxine, the increased Ca and P excre-
tion by the kidneys [11]. The decreased rate of cartilage destruction and the
diminished osteoblastic activity at the end of the experiment suggest the possi-
bility that TSH administration increases thyroid activity, i.e. elevates the blood
thyroxine level and through a feed back suppresses pituitary TSH production.
On the other hand, a decrease in the blood TSH level may slow down thyroid
hyperactivity, which may explain the decreasing tendency of thyroid activity.

The chondroclastic activity in response to TSH did not reach the degree
observed after thyroxine treatment. In agreement with other authors [13,
16, 22] we regard the appearing giant cells as cells differentiated to destroy
cartilage. This type of cell was claimed to play such a role by Schenk et al. [19]
who based their statement on the results of electron microscopic studies.
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DIE WIRKUNG DES THYREOTROPHORMONS AUF DEN EPYPHYSENKNORPEL
WEISSER LABORATORIUMSRATTEN

G. LEVAI, I'. MORICZ, P. SZERZE, GY. PETRANYI jr., und J. LACZKO

Die Wirkung der thyreotropen Komponente des Prédparats Ambinon® (Organon) auf
den Epiphysenknorpel der proximalen Tibia im Wachstum begriffener weiBer Laboratoriums-
ratten wurde untersucht. Uber 4 Wochen wurde den Tieren taglich 0,05 ml (0,5 I.E.) sub-
kutan verabreicht, wahrend die Kontrolltiere, ebenfalls subkutan, 0,05 ml physiologische
Kochsalzldsung erhielten. W dchentlich wurden einige der Tiere getdtet, bei deren Aufarbei-
tung sich feststellen lieR, dak das Ambinon, ahnlich dem Thyroxin, zundchst die Proliferation
der zellularen Elemente der Knorpel steigert und anschlieBend eine geringfiigige Osteoblasten-
aktivitdt bewirkt. In der Knorpelabbau-Phase vermehren sich die chondroclastischen Riesen-
zellen. Diese Ergebnisse werden auf die Schilddrisenhyperfunktion, die Hyperthyroxindmie
zurtickgefuhrt, wobei aber auch die Mdoglichkeit erwogen wird, dal die gonadotrope Kompo-
nente des Hormonpréparats die Ergebnisse beeinfluBt haben konnte.
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OEVNCTBME BBEAEHUA TUPEOTPOMHOMO FOPMOHA HA TMO®U3APHbIV
XPALW, ¥ NABEOPATOPHbIX BE/bIX KPbIC

r. NEBAW, ®. MOPWUL, M. CEP3E, . METPAHbW M. n N. NALKO)

[JeiicTBMe TMPEOTPOMHOro KOMMOHeHTa npenapata AMOGMHOH® (tvpMbl OpraHoH) Ha
aNUAU3apHbIA XPsALL, NPOKCUMaTbHOW 4acTh TWGKMM 6bl10 M3y4eHO Yy NabopaTopHbIX 6enbix
KpbIC. [ofoNbITHbIE XXMBOTHbIE MOMYyYann Ha MPOTsXeHUW 4 Hefenb exepHesHo 0,05 mn (0,5
VIE) npenapaTa MOAKOXHO, a XXMBOTHbIE KOHTPO/IbHON rpynnbl — 0,05 mMA (M31M0N0rMyeckoro
pacTBopa Co/un, Takxe NOLKOXHO. KaxAyro Hefento yomsasn 4acTb XXMBOTHbIX, Mpu 06paboTke
KOTOpbIX ObIN0 YCTaHOBMIEHO, YTO AMOWHOH, NOJOGHO TMPOKCWMHY, MOBBILWAET MNponudepauunio
KMETOUHBIX 3/IEMEHTOB XpALLa, W BC/ef 3aTeM BbI3bIBAeT HE3HAUUTE/IbHYIO aKTUBHOCTL OCTEO-
6nactoB. B (hase pacliensieHus Xxpsawa pasMHOXKAOTCH «XOHAPOKNACTUYECKME» TUTaHTCKueE
KNeTKun. MonyyeHHble pesynibTaTbl aBTOPbI MPUMUCHLIBAKOT TMNEPQPYHKLAN LMTOBUAHBIX XKenes,
rMNepTUPOKCUHEMUM, MPUYEM OHU YUMUTLIBAIOT TakXKe BO3MOXHOCTb TOFO, YTO FOHaLOTPOMHbINA
KOMMOHEHT FOPMOHHOr0 MpenapaTa TakXe MOr MOBAUATb Ha MOMYy4YeHHble Pe3ynbTaThbl.

Dr. Géza Lévai

Dr. Ferenc Méricz

Dr. Péter Szerze Debrecen 12, Anatémiai Intézet, Hungary
Dr. Gyula Petranyi jr.

Dr. Jen6 Laczko
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THE FINE STRUCTURE OF THE AREA POSTREMA
OF THE RAT

1. Spacer and J. Parizek

(Received April 1. 1968)

The ultrastructure of the area postrema has been studied in the rat. Small
nerve cells were found surrounded by astrocyte-like cells and by their processes. The
cytoplasm of these glial cells contains many lysosomes and in most of them an acid
phosphatase reaction product has been demonstrated. The processes of astrocyte-like
cells form lamellar sheaths around the axo-dendritic synapses. In most of these syn-
apses large granulated vesicles were observed. Special nerve fibres containing many small
shrunken mitochondria, osmiophilic bodies and granulated vesicles were demonstrated.
Axo-somatic synapses were restricted to the peripheral parts of the area postrema.
Some flattened ependymal cells contain wide cisternae of endoplasmic reticulum
resembling those of secretory cells.

The structure termed area postrema has been described by Retzius in
1896. It is situated in the most caudal part of the rhomboid fossa at each side
of the apex of the calamus scriptorius. In mammals it is formed of two sym-
metrical tongue-like formations which run apart in the cranial part and emerge
in the area of the passage ofthe fourth ventricle into the vertebral channel. It is
also known in birds and has been investigated by Morato, Teixeira, Tei-
xeira-Pinto (1958), and recently by Duvernoy, Scherrer and Koritké
(1966). The shape of the structure shows considerable differences in the various
animal species.

The numerous findings concerning the area postrema (Koritké, Duver-
noy', 1962; Shimizu, Ishii 1964; Rabl 1965) can be summarized as follows.

1. The area postrema possesses a clear-cut vascular organization. The
vascular supply is provided by large double, spirally wound sinus-like capillaries
and resembles in appearance the vascular organization of other circumventric-
ular organs and also the hypothalamus. This similarity is also obvious in the
ultrastructure of the capillary wall (Rohr, 1966; Schwink, Wetzstein, 1966).

2. The cellular architecture of the area postrema shows some particular-
ities the nature of which is not clear. It was originally presumed that it
consists only of glia (promontorium gliosum) but two kinds of cells can be
distinguished when stained with methylene blue or one kind consists of gallo-
cyanin, some small neurones, usually apolar or unipolar, with a small peri-
karyon and a small nucleus and nucleolus. The second type is represented by
numerous cells with a round nucleus which in appearance resembles the nucleus
of astrocytes, as observed also by Shimizu and Ishii (1964).
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3. A high activity of some hydrolytic and oxidative enzymes is typical
of the cells of the area postrema (Weindl, 1965; Némecek, Parizek, 1966;
Spacer, Parizek, 1967). This chemical activity is different in the various
animal species (Cammermeyer, 1949). A high catecholamine concentration
in the area postrema and hypothalamus has also been shown (Vogt, 1954;
Fuxe, Owman, 1965) and some of the cells have chromaffin qualities (HOJE-
BERG, 1962).

4. It is known from neurosurgical practice (Hojeberg, 1962) that there
is a relationship between changes caused by tumours or operations of the caudal
part of the fourth ventricle and the simultaneous appearance of acute ulcers
in the upper part of the digestive tract. Some authors (Brizzee, Borison,
1952; see also Wang, 1965) localized in the area postrema the “trigger zone”
of the vomiting reflex.

The function of the area postrema is still under discussion; chemorecep-
tion, cerebrospinal fluid absorption, metabolic changes between blood and the
cerebrospinal fluid and neurosecreticn have been attributed to the area. It
may be presumed that it performs many functions simultaneously. The close
neighbourhood of the vegetative nuclei localized in the floor of the fourth ven-
tricle is the cause of difficulties which arise when an attempt is made to isolate
the area for purposes of study.

Only a few studies dealing with the detailed ultrastructure of the area
postrema have been published: on the rabbit by Shimizit and Ishii (1964), on
the cat by Rivera-Pomar (1966) and on the rabbit by Leonhardt (1967).

The present study deals with the electron microscopic description of
the structure in the rat.

Material and methods

The area postrema has been studied in eleven healthy mature rats of both sexes weigh-
ng from 180 to 260 g. The material was obtained and fixed by two methods.

1. Under ether anaesthesia the skull was opened, the floor of the fourth ventricle was
made accessible and prefixed in situ in 2% glutaraldehyde in 0.05 M Na-cacodylate buffer
pH 7.2. The area postrema was excised under a dissecting microscope and fixed by immersion
in the same fixative for one hour at 4°C. This was followed by postfixation in Caulfield’s fluid.

2. 200 ml of a solution of 2% formaldehyde and 2.5% glutaraldehyde in 0.07 M Na-
cacodylate buffer pH 7.2 (Tors jr., Jo6, 1966; Parizek, Spacer, 1967) with the addition
of 0.135% CaCl, was perfused for 20 minutes through the left heart chamber under ether
anaesthesia. Frontal sections of the region of the lower part of the fourth ventricle, containing
the area postrema, were immersed for 40 minutes in the same fixative. The area postrema was
isolated under the dissecting microscope and was fixed again in Caulfield’s fluid.

The block was in both cases dehydrated and embedded in Yestopal W.

U ltra-thin sections were cut by the Reichert ultramicrotome, contrasted with uranyl
acetate and lead citrate (Pease, 1964) and examined and photographed under the Tesla
BS 242 B electron microscope. An Orwo Elektronen Platte was used as negative material
for photography.
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Observations

The presence o* small nerve cells in addition to a large number of glial
elements, which we term astrocyte-like cells after Shimizu and Ishii (1964),
was confirmed under the optical microscope in preparations stained with
methylene blue (after Pischinger), gallocyanin (after Einarson) and in
Vestopal-embedded sections stained with paraphenylendiamine.

Fig. 1. Nerve cell from the area postrema of the rat (Nc). Nucleus shows an indentation.
Part of astrocyte-like cell (Ac) and processes of astrocyte-like cells (p). X 7900

The electron microscopical picture showed that the cytoplasm of the
nerve cells has on the whole the same ultrastructure as the rest of the nerve
cells belonging to the central nervous system (Fig. 1). The majority of nuclei
of the cells showed indentations. The chromatin of the nucleus was uniformly
dispersed following fixation by perfusion; on the other hand, when fixation
was performed by immersion of the preparation, the chromatin formed agglo-

2% mlda N/nrj>holot>ica Academiae Scientiarum Han”aricar 17. 19(>4



20 J. SPACER anil J. PAftiZEK

merations mainly on the nuclear membrane. A thin granular endoplasmic reti-
culum formed only a few areas of Nissl’s substance. A great number of free
ribosomes, a well developed Golgi’s complex, often multivesicular corpuscles
and numerous lysosomes of different shape and content, the majority of which
is delimited by a simple membrane, were discovered in the fundamental
cytoplasm. The content of the lysosomes is either homogenous or granular,
in some cases they contain vacuoles or agglomerations of myelin-like lamellae.

Fig. 2. Enlarged terminal part of the axon containing numerous granular vesicles (arrow)
X 32 800

A small number of granulated vesicles, resembling those described in the
sympathetic nerves, and considered to be catecholamine carriers (Lents,
1965), were regularly found in the cytoplasm of the perikaryon. The surface
of the perikaryon was almost entirely covered by glial processes.

Granular vesicles grouped in rows between the neurotubules were dis-
covered while studying the neuropil. Large numbers of them were situated in
the distended parts of the axons (Fig. 2) and in the presynaptic sacs between
the synaptic vesicles (Fig. 7).

Myelinized nerve fibres were present in small numbers and often con-
tained formations resembling the degenerative bodies (Fig. 3). We discovered
also what were probably terminations of the nerve fibres, with neurofilaments
and neurotubules, numerous small shrunken mitochondria, variously formed

Acta Morphologica Acadcmiac Scientiarum Hungaricae 17, 1969



I INE STRUCTURE OE THE AREA POSTREMA 21

osmiophilic bodies, multivesicular bodies, lamellae with middle-line and typical
vésicules with a dense centre (Fig. 4). These terminations were similar to the
formations described by Kona (1966) in SFO. This author found them also

b'ifi. 3. Myelinized nerve fibre with formations resembling degenerative bodies (Db). Astro-
cyte-like cell (Ac). X .17 800

in the perivascular space and supposed that they were Hering’s bodies with
neurosecretory material.

The astrocyte-like cells were similar to the plasmatic astrocytes of the
cerebral cortex (Fig. 5). The appearance of the nucleus was influenced by the
method of fixation; the content of the nucleus formed dense agglomerations
when fixation had been performed by immersion. When it had been accom-
plished by perfusion the content of the nucleus was finely dispersed and the
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nuclei resembled those of ependymal cells. Astrocyte-like cells which contained
a light thin cytoplasm, as well as cells with a dense cytoplasm, were found.
We supposed that they were twro different poles of the same cell. The cisterns
of the endoplasmic reticulum were smooth or granular. The fundamental

Fig. 4. Structure assumed to represent the terminal part of a special nerve fibre (arrows)-
X 16 300

cytoplasm contained a small number of free ribosomes and fine tubules. Some
cells contained more and others less gliofilaments and practically always many
lipofuscin bodies were present without membrane or other lysosomal bodies
demarcated by a single membrane (Fig. 6). In most of these bodies we demon-
strated acid phosphatase. The content of lysosomes are thus the source of
the high acid phosphatase activity of the area postrema (Spacer, PaSizek,
1966).
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In some cases we found in the processes of astroeyte-like cells formations
consisting of smooth membranes coating a centrum of thickened cytoplasm.
Similar formations were described as “fingerprints” in the SCO of sheep by
Bartow et al. (1967). Axodendritic synapses were often surrounded by flat-
tened lamelliform processes of astrocyte-like cells (Figs 7 and 14).

Fig. 5. Astrocyte-like cell (Ac) and part of a nerve cell (Nc). Perivascular space (Ps). X 7900

Oligodendroglial cells with a dark nucleus having a typical chromatin
arrangement and with a dense cytoplasm containing many free ribosomes
were present (Fig. 8). No microglial cells were discovered in our sections.

The surface of the area postrema facing the fourth ventricle was lined
by the ependyma which here changed from typical cylindrical cells into flat
cells and choroid plexus. Cylindrical cells had on their free surface microvilli,
polypoidal protrusions, kinocilia and terminal bars. The nuclei resembled
those of astrocyte-like cells, the mitochondria were long and often ramifying.
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Flat ependymal cells had no kinocilia on their free surface, microvilli were
rare and the nucleus was elongated parallel with the long axis of the cell. We
found between these cells also elements with wide cisterns of endoplasmic
reticulum with a content of low density (Fig. 9). These ependymal cells re-
minded of secretory cells.

Fig. 6. Lysosomal bodies in the cytoplasm of astrocyte-like cell (arrows). X Il 200

The vascular system in the area postrema showed some similarity to
the vascular pattern of some “specialized areas' connected with neurosecre-
tion. According to our observations the area postrema is supplied by two types
of vessel. The most typical and most frequent ones are blood capillaries of
a sinusoidal character with a wide perivascular space (Fig. 10). The endothe-
lium became thinner in some areas forming pores with a thin diaphragma
(Fig. 11), and pseudopodia-like protrusions into the lumen in the neighbour-
hood of their terminal bars. A perivascular space was marked off by the inner
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basement membrane under tbe endothelium and by the outer basement mem-
brane of the parenchyma proper. In this space we found pericytes, fibrocytes,
macrophages, or undifferentiated peri-capillary cells and bundles of colla-
genous fibrils (Fig. 12). Endothelial cells and pericytes contained a large
number of pinocytotic vesicles. On the outer basement membrane only glial

Fig. 7. Flattened lamelliform processes of astrocyte-like cell surrounding the axo-dendritic
synapse (p). Small synaptic vesicles (the small arrow) and large ones with a dense centre
(the large arrow). X 50 700

processes were located which often penetrated into the perivascular space
and formed there a labyrinth (Fig. 13). The cytoplasm was thickened in these
penetrating processes (Fig. 14). In the periphery of the area postrema the glial
cells and their processes were reduced in number, the tissue resembled other
areas of the central nervous system. There were wide sinusoidal capillaries
and their thick basement membrane expanded in some cases into the paren-
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Fig. 8. Oligodendroglial cell (O) and part of astrocyte-like cell (A). X 16 300

chyma. We saw no perivascular space and no pores in their endothelium.
Their basement membrane was surrounded by glial processes between which
we sometimes found close contacts.

On the nerve cells bodies, axo-somatic synapses were discovered; their
presynaptic bags reached a considerable size. Presynaptic bags of numerous
axo-dendritic synapses (Fig. 15) were filled in this peripheral area with small
synaptic vesicles and large vesicles with a dense centre (granulated vesicles).
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Fig. 9. Part of a flat ependymal cell with a wide cistern of endoplasmic reticulum (arrow)
Nucleus (Nu). X 12 200

Discussion

The selective excision of such minute structures as the rat’s area postrema
represents a problem; still, its appearance, shape and position provided the
possibility of obtaining samples with the exclusion of areas lying below it.

In all the cases when the area postrema has been isolated from the medulla
oblongata and fixed by immersion, practically all nerve cells were shrunk-
en. This shrinkage could be avoided by fixation by perfusion. This shows the
high sensitivity of such cells to influence of external factors. Other nerve
cells, for example the pyramid cells of the cerebral cortex, never showed such
considerable shrinkage when fixed by immersion.

King (1937) did not discover nerve cells in the area postrema of the cat
and considered all cells to be spongioblasts and astroblast-like cells. Cammer-
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Fif{. 10. Blood capillary with wide perivascular space. Capillary lumen (Lu), perivascular
space (Ps). X 8400

Fie. 11. Endothelial cell with pores (arrow). Basement membrane is under the endothelium.
X 62 400
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I'ig. 12. A perivascular space. Capillary lumen (l.), endothelial cell (E), inner basement mem-
brane (1), perivascular space (P), collagenous fibrils (C). pericyte (Pe). other pericapillary
cell without basement membrane on its surface (F), outer basement membrane (O). X 11 500

MEYER (1947) described nerve cells in the area postrema of mice and rabbits.
W islocki and Leduc (1952) found nerve cells in man; their presence in ani-
mals is not certain according to these authors. Brizzee and Neai. (1954)
found nerve cells and glial cells, called glia-like cells, in cats. lijima et al.
(1963) considered all cells found in the area postrema to be neuroglial cells;
Shimizu and Ishii (1964) found nerve cells by optical and electron microscopy.
These authors classified the glial cells, which other authors retarded as imma-
ture elements, as mature and differentiated cells because, as was shown by
Smart (1961), they do not incorporate :ll thymidine, and termed them astro-
cyte-like cells.
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Fig. 13. Labyrinth of a perivascular space. Perivascular space (Ps), collagenous fibrils (C),
outer basement membrane (O), labyrinth (arrows). X12 200

We could demonstrate nerve cells in agreement with the findings of
Shimizu and Ishii (1964). Granular vesicles were found in a small number in
their perikaryon and in large numbers in the axons. There were granular
vesicles in the presynaptic sacs. Axo-somatic synapses on the body of nerve
cells of the cat were described by Rivera-Pomar (1966); we confirmed this
only in the peripheral parts but could not be (juitc certain whether or not
these belonged to the area postrema because in our sections we could not fiiul
any distinct morphological border.

W islocki and Putnam (1924) reported on the intravital staining by acid
dyes of the area postrema and Van Breemen and Clemente (1955) and Dem-
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Hg. 14. Glial processes penetrating into the perivascular space (Gp). Perivascular space (ps).
outer basement membrane (0). Axo-dendritic synapse surrounded by lanielliforin glial pro-
cesses next to perivascular space, x 26 200

PSEY and Wislocki (1955) found silver deposits in the neighbourhood of vessels
after the administration of AgNO;j. This proves their changed vascular perme-
ability. Morato and Ferreira (1957) described a broad perivascular space in
the area postrema of the rabbit; Shimizu and Isim (1964) and Leonhardt
(1967) found a wide perivascular space around the capillaries. This space con-
tained collagenous filtres, pericytes and also terminal axons supplied with
a basement membrane. We did not succeed in showing the terminal axons in
the perivascular spaces, nor could Rivera-Pomar (1966) find them in the cat.
The pores in the endothelial cells of the capillaries in the area postrema were
found also by Rivera-Pomar (1966) in the cat and by Leonhardt (1967) in the
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Fig. 15. Axo-dendritic synapses at the periphery of the area postrema. Dendrite with cross
sectioned neurotubules (t), two large presynaptic bags with mitochondria (m), small synaptic
vesicles (small arrow) and large ones with a dense centre (large arrow). X 27 000

rabbit. Similar capillaries with perivascular spaces or pores were described
by Rohr (1966) in the subfornical organ and by Schwink and W etzstein
(1966) in the subcommissural organ.

The lamellar glial sheaths surrounding the axo-dendritic synapses observ-
ed by us have not yet been described in area postrema, nor have the special
ependymal cells and special nerve fibres been mentioned in the literature.

Consequently, it will be necessary to study the area postrema in a topo-
graphical relationship to the nervous nuclei localized below it. It will be also
necessary to take into consideration the shape differences, the differences con-
nected with the presence of enzymes, the age and sex of the investigated

Acta Morphologien Academiae Scientiarum Hungaricae 17. 1969



FINE STRUCTUKK OF THE AREA POSTREMA 33

individuals, and also the influence of some biological rhythms and the close
relation to the ependyma of the fourth ventricle.

The authors are indebted to Professor J. Hkomada and Professor \ . Vrtis for valuable
advice, to Mrs. E. Matéjkova for technical assistance, and to Dr. Z. Charvat for kind super-
vision of the English text.
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DIE ULTRASTRUKTUR DER AREA POSTREMA DER RATTE

J. SPACER und J. PAMIZEK

Die Ultrastruktur der Area postrema der Ratte wurde untersucht. Es wurde festgestellt,
daR die kleinen Nervenzellen von Astrozytoidzellen und deren Fortsdtze umgeben sind.
Das Cytoplasma der Gliazellen enthé&lt viele Lysosomen, von denen die meisten ein Reaktions-
produkt der Gomori-Bleimethode fir den elektronenmikroskopischen Nachweis der sauren
Phosphatase aufweisen. Die Gliafortsdtze bilden lamelldare Scheiden um die axodendritischen
Synapsen. In den meisten Synapsen werden groBe granulére Vesikel beobachtet. Die speziellen
Nervenfasern enthalten kleine geschrumpfte Mitochondrien, osmiophile Kérperchen und granu-
lare Vesikel. Axosomatische Synapsen wurden nur an den peripheren Rédndern der Area pos-
trema festgestellt. Einige flache Ependymzellen mit breiten endoplasmatischen Retikulum-
zisternen erinnern an die sekretorischen Zellen.

YNbTPACTPYKTYPA AREA POSTREMA Y KPbIChI
M. WNALEK 1 MAPU3EK

Mpu u3ydeHWM YyNbTPAcTPYKTYpbl area postrema KpbiCbl 6GbII0 YCTAHOB/IEHO, UTO He-
60/bLIVE HEPBHbIE KNETKN OKPYXEHbl acTPCLUMUTOUAHLIMU KNeTKaMu U WX OTpocTKamu. LluTo-
naa3mMa KneTOK HEBPOTNAM COAEPXUT MHOXECTBO /IN30COM, GOMBLUMHCTBO KOTOPbLIX AaeT Mpo-
AYKT peakuuu CO CBMHLIOBbIM MeTO0M [OMOpW ANfi 3N1eKTPOHHOMMKPOCKOMNYECKOTO BhIsiB/eE-
HUs Kucnou docthatasbl. OTPOCTKM FAMM 06pasytoT MacTMHYaTble BRaranuila BOKPYr akco-
AEHAPUTHBIX CUMHANCOB. B 60/bLIMHCTBE CUHAMNCOB HaGMOAAKOTCS KPYMHble 3ePHUCTBIE My3blPb-
Kn. Creunduyeckue HepBHble BOSIOKHA COAepXaT HeGO/MblUMe, CMOPLUEHHbIE MUTOXOHAPUY,
OCMUOGUIIbHBIE TeNbLA U 3epPHUCTbIE My3bIPbKW. AKCOCOMATUYECKME CUHANChbI GblM 0BHapy-
XKEHbI NNLWb B NepuepuYecknX 4acTbsX area postrema. HekoTopble NIOCKME 3MeHAUMAbHbIE
KNeTKW C LUMPOKUMU 3HAOMMa3MaTUYECKUMU PETUKYNSAPHBIMU LMCTEPHAMW HANOMUHAKT Ce-
KPETOPHbIE KNETKY.

MUDr Josef Spacer Dept, of Histology and Embryology, Charles Uni-
MUDTr J. Parizek versity School of Medicine, Hradec Kralové, Simkova
870, Czechoslovakia
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EFFECT OF A SINGLE NEONATAL DOSE OF ACTH,
TSH, STH, THYROXINE AND ALDOSTERONE
ON SERUM HEPARIN AND TISSUE
MUCOPOLYSACCHARIDES

K. VALLENT and M. PaLKOVITS

(Received April 10, 1968)

A single neonatal dose of ACTH decreased, and one of TSH increased, the serum
heparin level. A single neonatal dose of aldosterone induced a significant increase in
the acid mucopolysaccharide contents of cartilage. PAS-positivity was enhanced bv
ACTH. TSH and thyroxine slightly increased the amount of mucopolysaccharides in
cartilage. A single neonatal dose of ACTH and thyroxine intensified the PAS reaction
in the thymus whereas TSH and STH had no such effect.

The endocrine balance in neonatal age may play a role in determining the amount
of mucopolysaccharides contained in blood and tissues.

Neonatal thymectomy (Mitler 1961, Good et al. 1962; Fachet et al.
1965) as well as neonatal treatment with glucocorticoids (Schlesinger and
Mark 1964; Fachet et al. 1966) are known to cause permanent inhibition
of growth and involution of the lymphatic organs. It was demonstrated earlier
(Vartent et al. 1968) that a single neonatal dose of cortisol produced a chronic
decrease in the serum and tissue mucopolysaccharide contents. It was also
shown (Fachet et al. 1966) that a single injection of glucocorticoid into new-
born rats delayed the rejection of homologous skin grafts. Several authors have
proved that immune reactions are accompanied by an elevation of the mast
cell count (Wingvist 1960; Keller 1966) and of the blood and tissue muco-
polysaccharide level (Sonnet 1955; Fehér et al. 1966). It has been suggested
that the equilibrium between the pituitary-adrenal and the thymo-lymphatic
systems is of a biological importance in the neonatal period (Fachet et al.
1967).

The present experiments were designed to study in the rat the effect of
ACTH, TSH, STH, thyroxine and aldosterone on the serum and tissue muco-
polysaccharide level.

Material and methods

Sixty-one newborn W istar rats, with body weights of 8+2 g, were divided into six
groups and subjected on the first day of life to the following intraperitoneal treatments!?
ACTH 0.2 (Organon 0OSS)

. TSH, Iyophlllsed 0.2 I.U. (Calbiochem, Los Angeles, Calif.)
. STH, lyophilised 1.0 mg (Calbiochem, Los Angeles, Calif.)
Aldosterone 20 /tg (CLUWA, Basel)
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5. Thyroxine 2.U//g (Hoffmann-La Hoche, Basel)

6. Control animals 0.9% physiological saline solution, 0.1 ml.

The rats were decapitated on the 28th day of life. The blood heparin level was deter-
mined in 0.1 ml of fresh serum on the evidence of the thrombin-inactivation time(Gerendéas 1946)
by a method described earlier (Valient et al. 1966). The thymus, spleen and suprarenal gland
were weighed on a torsion balance. For histological examination the thymus, spleen, liver,
skin, and xyphoid process were fixed in neutral formalin for two days, embedded in paraffin
and 6 p sections were stained with haematoxylin-eosin and combined PAS-alcian blue. Alcian
blue staining for 30 min. was followed by periodic acid treatment for 5 min., then PAS reac-
tion for 10 to 20 min., treatment with metabisulphide and 3 min. contrasting with haemalaun.
Blood smears were stained according to May-Grinwald-Giemsa.

Results

A single neonatal dose of ACTH reduced (p 0.01), while TSH elev ated
(p < 0.01) the blood heparin level. STH and thyroxine had no effect on serum
heparin, tvhile aldosterone slightly raised its level (Table 1).

Table |

Effect of a single neonatal dose of ACTH, TSH, STH, thyroxine and aldosterone
on the serum heparin level, 28 days after treatment

Number of ~ Serum heparin,

Groups animals ftj/ml Significance
1. NaCl, 0.9% 15 15.3+0.4
Il. ACTH, 0.5 I.U. 10 13.7A0.3 p < 0.01
I1. TSH, 0.2 1.U. 10 17.1+0.2 p < 0.01 (I—I11)
IV. STH, 1.0 mg 8 16.4+£0.3
Y. Thyroxine 2 fig 10 15.0+0.4
V1. Aldosterone 20 pg 8 16.2+0.3 p > 0.10 (1—VI)

A single neonatal injection of aldosterone increased the amount of acid
mucopolysaccharides in the cartilaginous tissue. ACTH intensified the PAS
reaction, a phenomenon indicative of increased neutral mucopolysaccharide
contents. TSH and thyroxine increased the positivity of the PAS and alcian
blue reactions (Fig. 1).

The thymus became slightly more PAS positive after ACTH and thyroxine
administration. Thyroxine produced a loosening of the thymic medulla and
a relative reduction in the number of thymocytes (Fig. 2).

Examination at 28 days revealed no effect of STH on the mucopoly-
saccharide contents of cartilage. Under the given experimental conditions
neither STH nor TSH had any effect on the mucopolysaccharides of the thy-
mus. No significant changes were registered in spleen, thymus and adrenal
weight, nor in the qualitative blood picture.
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Fig. 1. Effect of a single neonatal dose of aldosterone, TSH, ACTH, thyroxine and STH on
the mucopolysaccharide content of cartilage. (Combined PAS—alcian blue staining, X 340.)
A = NaCl 0.9%; B = aldosterone; C= TSH; D = ACTH; E = thyroxine; F = STH



Fig. 2. Effect of a single neonatal dose of TSH, thyroxine and ACTH on the mucopolysaccharide content
of thymus. (Combined PAS-alcian blue staining, X 340.) A= NaCl0.9%; B —TSH; C = thyroxine: D = ACTH
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Discussion

A single neonatal dose of cortisol was shown by Schlesinger and Mark
(1964) to induce fatal cachexia in mice and by Fachet et al. (1966) to cause per-
manent involution of the thymo-lymphatic apparatus in the rat. Numerous
symptoms of these conditions resemble those seen in the “wasting-syndrome”
following neonatal thymectomy. Schapiro (1965) observed similar phenomena
after repeated doses of glucocorticoid given in the early days of life, while
in adult animals glucocorticoid was found to induce but a temporary (1 to
5 days) involution of the lymphatic organs (Dougherty and W hite 1943).

The questions of mucopolysaccharide metabolism and regulation are
being debated but it stands clear from Krompecher’s investigations (1960)
that hypoxia has a significant role in their regulation, while several authors
(Monkhouse 1956; Davidson 1964; Lorenzen and Zachariae 1966; Vallent
et al. 1966) attribute significance in this respect also to endocrine functions.
Still other authors emphasize the importance of fibroblast in this connec-
tion (Bernson and Dalferese 1960; Kennedy 1960).

In contrast to glucocorticoids, the other hormones employed in the
present experiments failed to induce any significant change in the weight of
the animals and the examined organs, whereas changes in the blood and tissue
mucopolysaccharide contents induced by ACTH, TSH, and aldosterone were
still demonstrable after 28 days. Several authors observed thymo-lymphatic
hyperplasia and an elevation of the blood and tissue acid mucopolysaccharide
level (Gyllensten 1953; Fachet et al. 1964; Jé6zsa et al. 1964; Vallent
et al. 1966) following treatment with TSIl and thyroxine. It was shown that
the thymus contained an excessive number of mast cells (Freeman et al. 1956;
Arnesen-Kristen 1958), much PAS positive matter (Arnesen-Kristen
1958) and heparin (Chartes and Scott 1933).

A single neonatal dose of thyroxine increased the PAS positive contents
(d the thymus in the present experiments, it is noteworthy that this phenom-
enon occurred also after the administration of ACTH. The question thus
arises why ACTH did not have an effect like that of the glucocorticoids although
it is known to mobilize the glucocorticoids. It is likewise known that the supra-
renal gland of newborn animals responds vigorously to ACTH (Mitro and
Palkovits 1967). The presumable explanation is that the amount of gluco-
corticoids mobilized by ACTH is less than that employed by Fachet et al.
(1966) and Schiesinger and Mark (1964) or else endogenous and exogenous
glucocorticoids may act in a different way on the thymo-lymphatic system
and the mucopolysaccharides in blood and tissues.

The biological significance of the neonatal period is confirmed by the
lact that in adult animals the same compounds fail to induce similar changes
(Valtent 1967). The present observations justify the conclusion that a well-
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balanced functioning of the endocrine glands during the neonatal period may
play arole in determining the amount of mucopolysaccharide in blood and tissues.
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DIE WIRKUNG EINMALIGER VERABREICHUNG VON ACTH, TSH, STH,
THYROXIN ODER ALDOSTERON IM NEUGEBORENENALTER
AUF DEN SERUMHEPARINSPIEGEL UND DEN MUKOPOLYSACCHARIDENGEHALT
IN DEN GEWEBEN

K. VALLENT und M. PALKOVTTS

Einmalige ACTH-Injektion im Neugeborenenalter bewirkt die Herabsetzung, TSH-
Injektion jedoch den Anstieg des Serumheparinspiegels. Aldosteron-, STH- oder Thyroxingabe
hatte keinen signifikanten EinfluB auf den Serumheparinspiegel (28 Tage nach der Injektion).

In der Grundsubstanz des Knorpelgewebes fiuhrt im Neugeborenenalter einmalige
Aldosteronadministration einen erheblichen Anstieg des sauren Mukopolysaccharidengehalts
herbei. Nach ACTH-Zufuhr erhdhte sich die PAS-Positivitat, die auf einen neutralen Mukopoly-
saccharidengehalt hinweist. TSH-oder Thyroxinzufuhr bewirkte einen mé&Rigen Anstieg im
Mukopolysaccharidengehalt des Knorpelgewebes.

Im Neugeborenenalter bewirkt einmalige ACTH- oder Thyroxin-Injektion die Erhéhung
der PAS-Positivitat der Thymusdriise, wahrend TSH oder STH — 28 Tage nach der Administra-
tion — keinen EinfluR auf den Mukopolysaccharidengehalt ausibten.

Im Neugeborenenalter dirfte der ausgeglichenen Funktion der endokrinen Driisen eine
Rolle in derGestaltung desMukopolysaccharidengehaltes der Gewebe und des Blutes zukommen.

OENCTBVE OJHOKPATHOIO BBEAEHWA AKTI, TTI, CTI, TUPOKCUHA
nnn ANbAOCTEPOHA B MEPWNOJ HOBOPOXAEHHOCTWN HA COAEPXAHUE
F’EMAPVHA B CbIBOPOTKE N MYKOHOJ/IMCAXAPNOOB B TKAHAX

K. BAINEHT n M. MAJTKOBWY

OpHokpatHas uHbekuma AKTI, BBefeHHas B Mepuof HOBOPOXAEHHOCTM, MOHWKAaeT
coAep>XaHue renaprvHa B CbIBOPOTKE, a MHbeKums TTI nosbiwaeT ero. Yepes 28 gHeid nocne
BBefeHUa anbfoctepoHa, CTI WM TUPOKCUMHa He HabMOfaeTcs [OCTOBEPHOrO W3MEHeHWA
COfepXaHna CbIBOPOTOYHOIO rerapuHa.

OfHOKpaTHaA MHBEKUWA anbJoCTepOHa B Nepuof HOBOPOXAEHHOCTW B CYLLECTBEHHOM
Mepe MOBbILIAET COAepXKaHWe KKUCbIX MyKOMOMAMCaxapuioB B OCHOBHOM BELUECTBE XPALLEBOM
TkaHW. [Mocne BBefeHWs AKTI nosbiwaercd MACK-N0ON0OXUTENBHOCTb, YKasbiBawollaa Ha
HenTpanbHOe CcofepXaHWe Mykononucaxapugos. BeegeHwe TTI wan TUPOKCMHA BbI3blBaeT
YMepeHHOe MOBbILLEHVE COAEPXaHWs MyKONonMcaxapuaoB B XPSLLEBOM TKaHu.

OpgHokpatHoe BBefieHMe AKTI uu TUPOKCMHA HOBOPOXAEHHbIM mnoBbilaeT MACK-
NoNOXKNTENLHOCTb 300HOI JKenesbl, B TO BPeMA Kak uepe3 28 aHeli nocne BBegeHus TTI wnn
CTI' Henb3s BbIABUTb W3MEHEHMA COfepXKaHWs MyKononvcaxapuios.

B nepunof HOBOPOXEHHOCTN YpaBHOBELLIEHHAA (DYHKLUA BHYTPUCEKPETOPHbIX XKefes, no-
BUAVMMOMY, UrPaeT pPofib B OTHOLLEHUW COAEPXaHUA MYKOMo/mcaxapuios B KPOBU U B TKaHAX.

Dr. Karoly Valleist, Budapest VIII.. {ill6i at 78. 1 Sebészeti Klinika,
Hungary

Dr. Miklés Palkovits, Budapest 1X.. t@zolté u. 58. Anatomiai Intézet,
112411 MUry
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ADENOSINE TRIPHOSPHATASE ACTIVITY
IN THE INITIAL PHASE OF FRACTURE HEALING

A HISTOCHEMICAL STUDY ON RATS*

J. Raekallio and M. Kovacs

(Received May 14, 1968)

Adenosine triphosphatase (ATPase) activity was investigated histochemically
in the healing experimental fractures of rats. The animals were sacrificed 1, 2, 4, 8, 10, 12
and 16 hours, and 1, 2, and 3 days after fracturing the right tibia. In a peripheral
zone situated at a distance of 200 -500 // and farther away from the fracture line,
ATPase activity began to increase 10 hourssfter injury in the osteoblasts and osteogenic
cells of the periosteum. Proliferation of these cells after 16 hours further enhanced
ATPase activity which then persisted throughout the experimental period. Similar
phenomena were noticed in the endosteum.

Since the description by Gomoki of the histochemical demonstration of
alkaline phosphatase considerable work has been reported in reference to the
activity of this enzyme in later phases of fracture repair [3]. There are, however,
few reports on the appearance of adenosine triphosphatase (ATPase) in healing
fractures. Further, the view still prevails that an inert latent period occurs up
to the second or third day after fracturing [2, 5]. This seems to he due to lack of
investigations into the earliest phase of healing. On the other hand, the activity
of several enzymes, including ATPase, has been histochemically demonstrated
to increase during the very first postoperative hours in healing skin wounds
[7, 8,9, 10, 11]. To study the appearance of ATPase in the initial phase of frac-
ture healing, an experimental investigation vas made, demonstrating the
enzyme histochemically.

Material and methods

4-month-old albino rats of both sexes were used. In ether anaesthesia the right tibia
of each animal was fractured in the mid-diaphyseal region by digital pressure. Groups of three
rats were killed 1, 2, 4, 8, 10, 12 and 16 hours, and 1, 2 and 3 days after fracturing.

The fractured tibias were removed immediately after sacrificing, and most of the
soft tissues were dissected away from the hones. The unfixed tibias were demineralized for
48 hours in 10% disodium ethylenediaminetetraacetate (EDTA) in 0.1 M phosphate buffer
pH 7.2 [15]. The EDTA solution with the fractured bone was kept at +4 °C, slowly circulated
by a magnetic stirrer and changed every 24 hours.

The demineralized tibias were frozen on a block of dry ice, attached to a chuck and
cut at 16 fi in a cryostat. The frozen sections were placed on albuminized slides, kept at room
temperature, oriented, thawed, dried in a cool air stream, and fixed for 10 minutes in cold

*This work was supported by grants from the Sigrid Jusélius Foundation and from
the Finnish Medical Council.
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(—2°C to —3°C) 10% formalin, buffered with sodium acetate and adjusted to pH 7.2. The
sections were washed and incubated for 30 minutes at -("37 °C in the lead—ATP medium
of Wachstein and Meisel [6]. After washing, the sections were treated with 1% yellow
ammonium sulphide for three minutes, rewashed, and mounted in glycerine jelly. Control
sections were incubated without the substrate. In addition, alternate sections were stained
by the van Gieson technique for histologic study.

Results

The sites of ATPase activity stained brownish-black. In the uninjured
hone (far from the fracture end) the cytoplasm ofthe osteoblasts and osteoclasts
demonstrated various degrees of intracellular activity. The vessel walls stained
intensively. The osteocytes showed no activity.

Fig. 1. ATPase activity in a 10-hour fracture. The first signs of increase in enzyme activity
are noticed in the periosteal cells ( X 150)

At one to eight hours after the injury the fracture defect was filled and
surrounded by extravasated blood and inflammatory exudate. Numerous po-
lymorphonuclear leucocytes with ATPase active cytoplasm appeared in the
exudate after four hours.

At ten hours the first signs of increase in ATPase activity were noticed in
the osteoblasts and undifferentiated osteogenic cells of the periosteum (Fig. 1).
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Fig. 2. Intensified ATPase activity of periosteal cells in a 12-hour fracture (X 150)

3. ATPase activity in a 16-hour fracture. Initial proliferative response contributes to
the intensification of enzyme activity (xI170)
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Fig. 4. Intense ATPase activity in proliferating periosteal cells and in vessel walls. 24-hour
fracture (x360)

ATPase activity of these cells and of osteoclasts increased first in a peripheral
zone situated 200—500 /i and farther away from the fracture line. Between 10
and 12 hours the ATPase activity of the mentioned periosteal cells became more
intensive (Fig. 2), but no cell proliferation could then be noticed. At 16 hours
(Fig. 3) and subsequently an initial proliferative response was seen in the peri-
osteum. This occurred in the same peripheral zone which had showed the first
increase in enzyme activity at ten hours. The proliferation became more evident
at 24 hours and during the second and third day after the trauma. The prolif-
erating periosteal cells showed an intense ATPase activity (Figs 4 and b5).
Similar phenomena were noticed also in the endosteum.

Discussion

Far from being inert, the earliest days and even hours of fracture healing
are characterized by increasing ATPase activity, located in the peripheral zone
of periosteum and endosteum. The initial increase in enzyme activity occurs in
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Fig. 5. Proliferating periosteum with intense ATPase activity in a 48-hour fracture (x150)

the osteoblasts and osteogenic cells at ten hours. Proliferation of these cells
after 16 hours further increases the ATPase activity observed there. By using
tritiated thymidine, the initial proliferative response to fracture has been seen
at the same time [16].

The first reaction to fracture is essentially a sterile inflammation which is
the consequence of trauma and haemorrhage. According to Senda [14] both
the mobility and the phagocytic function of leucocytes are related to ATPase
dependent biochemical reactions. This may explain the intense ATPase activity
of the invading cells.

Also in the local periosteal cells there is a very early enzymatic response
to injury, demonstrable after 10 hours by using the histochemical method for
ATPase. This enzyme may play a role in converting the preosseous matrix to
calcifiable matrix, providing a source of energy [3]. In addition, ATPase activ-
ity has been found at the sites of vigorous fibre formation [4]. The high
amounts of adenosine triphosphate and ATPase are related to the calcifying
mechanism, by providing readily renewable organic phosphate [1]. ATPase and
its substrate may further play an important role also in the membrane phenom-
ena in rapidly growing tissues, being responsible for movement of phosphate
ions across cellular membranes against concentration gradients [17]. Whatever
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the most decisive function of ATPase in vivo, the increase in the activity of
ATPase and other hydrolases [12,13] probably represents one of the first steps in
the repair process, starting early in the so-called latent period of fracture healing-
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ADENOSINTRIPIIOSPHATASEAKTIVITAT IN DER INITIALPHASE
DER BRUCHHEILUNG BEI RATTEN

J. RAEKALLIO und M. KOVACS

Ratten wurden 1, 2, 4, 8, 10, 12 und 16 Stunden sowie 1, 2und 3 Tage nach Frakturierung
der rechten Tibia getotet und die ATPase in den Schnitten wurde histochemisc h untersucht. In
einer peripheren Zone, 200—500 fl und mehr entfernt von der Frakturlinie, setzte 10 Stunden
nach der Frakturierung der Anstieg der ATPase-AKktivitat in den Osteoblasten und osteogeneti-
schen Zellen der Knochenhaut ein. Nach 16 Stunden rief die Proliferation dieser Zellen einen
weiteren Anstieg der ATPase-Aktivitdt hervor, die dann wahrend der gesamten Beob-
achtungszeit intensiv blieb. Ahnliche Erscheinungen wurden auch am Endosteum beobachtet.

AKTUBHOCTb AAEHO3UHTPUDOCHATA3LlI B HAUAJSIbHON DA3E
3AXWNBMEHNSA NEPEIOMOB KOCTEW. - TUCTOXUMUYECKUE UCCNEQOBAHUA
Y KPbIC

. PAEKANINO u M. KOBAY

AKTUBHOCTb afieHo3uHTpuocatassl (ATPasbl) Oblna M3yvyeHa TUCTOXUMUYECKUM
METOLOM WCCNefoBaHUA B CBA3N C 3aXMBNEHWEM 3KCNepPUMEHTaNbHO BbI3BAHHbIX KOCTHbIX
NMopesnioMoB y KpbIC. XXMBOTHbIX y6uBanu yepes 1, 2, 4, 8, 10, 12 1 16 yacos u 1, 2, n 3 gHa
nocnie co3faHna nepenoma nNpasoi 6onbluebepLoBOi KocT. B nepucepnueckoii 30He, Haxoas-
weiica Ha pacctosHun 200—500 L v ewe aanblue OT NUHWK Nepenoma, akTMBHOCTb ATdasbl
HauyMHaeT MoBbIWaTbCA Yepe3 10 yacoB nocne TpamMpoOBaHUA, B OCTECH1ACTAX M KOCTeobpaso-
BaTe/IbHbIX K/IeTKaxX HafKOCTHUUbI. Mo mucTeyeHuy 16 4acoB Mponundepaums aTUX KNeToK elle
60nee noBbIWaeT aKTMBHOCTL AT®a3bl, KOTOpas B TEYEeHWE BCEro 3KCNEepUMEHTa/IbHOrO CPOKa
OKas3blBaeTCA O4YeHb MHTEHCUBHON. M0A06HbIE SBMEHMA OTMEYaloTCA M BO BHYTPEHHEM MOKPOBe
KOCTHOMO3rOBbIX MOMOCTel (3HAOCTEYME).

Dr. J. Raekallio, Department of Forensic Medicine,
University of Turku, Turku 3, Finland

Dr. Margit K ovacs, Laboratory of Forensic Medicine,
Budapest VIII., Mosonyi u. 9, Hungary
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SPECIFIC STAINING
AND EXACT QUANTITATIVE EVALUATION
OF THE GRANULATION
IN THE JUXTAGLOMERULAR CELLS

P. Endes, Sz. Gomba and |. Dévényi

(Received May 27, 1968)

A combined trichrome staining method for the demonstration of the juxtaglo-
merular cells is described. The method is a combination of Mallory’s phosphotungstic
acid haematoxylin and Heidenhain’s azan staining. The combined trichrome method
gives good results also on the arteriolar granulated cells of the kidneys of different kinds
of fish after a periodic and chromic acid pretreatment. Besides, it isexcellent also for
general histological purposes. The elective staining of the JGC granules is caused by
the phosphotungstic acid haematoxylin; the mechanism of this effect is discussed.
Authors give detailed description of the precise determination of the juxtaglomerular
index.

A few years ago we developed a new combined trichrome stain for dem-
onstrating the hyalin and fibrinoid deposits in the arteriolar walls (Endes
1954). The procedure, a combination of Mallory’s phosphotungstic acid haema-
toxylin (PTAH) and Heidenhain’s azan methods, proved to be excellently suit-
able for the elective staining of the granules of epitheloid smooth-muscle cells
in the preglomerular arterioles.

For demonstrating the granules, Bowie’s staining (Bowie 1925) is usually
applied, but its specificity has been doubted (Biava and Miche1 1966) because
it stains also the non-specific lipofuscin granules of the arteriolar smooth-
muscle cells. This has made us to describe our trichrome staining for the dem-
onstration of juxtaglomerular cell (JGC) granulation, the procedure being
more specific than Bowie’s method and devoid of the disadvantage of the latter.
In addition we describe the method for estimating the JGC index because we
feel a want of its detailed and exact survey in the literature.

Method and results

Combined trichrome staining. 1. Fixation in 10% formol, embedding in paraffin, thin
sections.

2. Extraction of paraffin in xylol, alcohol, distilled water.

3. Deparaffinated sections remain overnight in 1% HC1, in 80% ethanol solution,
then are washed thoroughly in tap water, then in a

4. 0.1% solution of aniline oil in 96% alcohol, for 2—3 minutes.

5. Rinse in 96% alcohol and subsequently twice in distilled water.

6. Stain with Azocarmine for 2—3 minutes. (The solution is prepared by dissolving
0.1 g of Azocarmine G in 100 ml distilled water, bringing to the boil, cooling, filtering and
adding 1 ml of concentrated acetic acid.)
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7. Rinse in distilled water.
8. Differentiate in the 0.1% aniline oil solution in alcohol.
9. Rinse in 1% acetic acid solution in alcohol for 1 minute.

10. Rinse twice in distilled water.

11. Stain in a solution of crystalline phosphotungstic acid, 20 g; haematoxylin, 1 g,
distilled water, 1000 ml; for 3—6 hours. (For ripening of the phosphotungstic acid haematoxy-
lin, add 0.177 mg KMNO4) It is important that the PTAH solution be at least 3 months
old and not older than 9 months.

12. Rinse in 96% alcohol.

13. Stain in aniline blue orange G solution for 10—15 minutes. (Aniline blue 0.5 g;
orange G, 2.0 g; glacial acetic acid, 8 ml; distilled water, 100 ml. The solution is boiled, cooled.
Before use it is filtered and diluted 1 :7 with distilled water.)

14. Rinse and differentiate for 3 minutes in 96% alcohol, changed twice.

15. Acetone, xylol, mounting in Canada balsam.

(The staining times mentioned apply to work with dyes used by us; they might need
modification with the use of dyes from other sources.)

The newly deposited, lipid-rich hyalin material in the vascular wall gives
a reddish, while the old, collagenous hyalin gives a blue and the fibrinoid a dark
blue-violet staining. The heavily granulated cells of the preglomerular arterioles
catch one’s eye, but the cells containing only 1—2 granules are also recognized
by their localization in the media of the arterioles, their approximately identical
size, their spheroidal shape and their violet colour. The granules of mast cells
have a similar tint but are easily differentiated on the basis of their localization
and morphological characteristics.

Biawa and Michetl (1966) have called attention to the non-specific lipo-
fuscin-like granules which after treatment with Bowie’s method stain similarly
as the JGC granules. With our trichrome staining the non-specific granules
display a very faint grey colour, which can be differentiated with absolute cer-
tainty from the violet specific granules. The non-specific granules vary in size,
have irregular borders and the best method for their light-microscopical visuali-
zation is Movat’s silver-methenamine staining. The trichrome staining allows
to avoid any false high JG index, because it eliminates the possibility of esti-
mating the non-specific granulation. This is rare in the kidneys of rats and
mice, but frequent in human kidneys, especially in older patients with hyper-
tension. Performing the three granule-staining methods simultaneously on con-
secutive sections offers a good comparison of their different staining effects.

Our trichrome method ensured good results on kidneys of many species
including human, rat, mouse, dog, cat, pig, cattle, horse, bat, and even guinea
pig kidneys although using Bowie’s method the guinea pig kidney was reported
to be devoid of JG granulation (Figs 1 to 3).

Results with the trichrome stain were, however, not satisfactory in the kidneys of
sea- and fresh-water fishes. Bohle and Walvig (1964) succeeded in demonstrating granulated
cells in the kidneys of sea-fishes with a PAS—alcian blue method and in the kidneys of teleosts
with Movat’s silver-methenamine (Movat 1961). According to Longley and Burtner (1962)
oxidative pretreatment enhances the staining capacity of PTAH. Therefore our trichrome
method was supplemented by pretreatment with periodic acid and chromic acid. In this
way we succeeded in staining electively the granulated cells in the kidneys of sea- and fresh-
water fishes. The procedure is as follows.
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Fig. 1. Mous kidney. Glomerulus with afferent arteriole, containing many heavily granulated
JGC in the media, x 600

lyige Hat kidney. Glomerulus with afferent arteriole, in the vascular pole the arteriole
contains five granulated cells (arrow). 600
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Fig. 3. Human kidney. In the vascular pole afferent arteriole in cross section. The media
contains many enlarged, richly granulated cells, partly localized eccentrically, forming a
s.c. Polkissen. X600

Fig. 4. Kidney of the sea-water fish Pleuronectes flesus. Two glomeruli, between them afferent
arteriole in cross section. Some of the medial cells are filled with fine dust-like granulation
(arrow). X600
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Oxidize 10 minutes in 1% aqueous periodic acid solution.
Wash 5 minutes in running water.
Oxidize 20 minutes in 5% aqueous chromic acid solution.
Wash 5 minutes in running water.
Wash 2 minutes in distilled water.
Combined trichrome staining described above.
The fact that the demonstration of the granulated cells of the fish kidney is so complicat-
ed might have been the reason for considering it devoid of granulated cells (Fig. 4).

Ok wWN R

In addition, our trichrome staining ensures as good results as any other
trichrome method for general purposes in any kind of tissues.

Recognition of the JGC is rendered difficult by the heavily congested
vessels as it happens in laboratory animals sacrificed in deep anaesthesia. There-
fore it is recommended to kill them by bleeding in. superficial ether anaesthe-
sia, which induces renal ischaemia which is favourable for the examination of
the JGC.

We have ample experience with rat and mouse kidneys of which we cut
1 or 2 horizontal slices without any pressure, with a sharp blade.

Estimation of juxtaglomerular index (JGI)

The original method of Ilartroft and Hartroft (1953) is applied by us
for estimating the frequency of granulated cell-groups and the degree of gran-
ulation. Various modifications have been recommended by different investi-
gators. We have developed a standard method; according to our experience it
is more exact than the others.

If wc estimate 2 slices from each of the kidneys, we obtain the index of an
animal (rat) on the basis of counting 900 glomeruli on the average. According to
our experience, estimation of 1 slice each of the kidneys, 450 glomeruli on the
average, gives a similar result. We consider it important to estimate the total
in horizontal slices, so the whole cortex, the superficial and the deep glomeruli
are counted.

Counting is done at a magnification of 600 with the use of a frame. The latter is a
thin metal ring applied on the diaphragm of one of the eye-pieces. The ring holds two parallel
0.2 mm wires which enclose a 6 mm wide stripe in the centre of the field. The glomeruli and
JGA are counted in this zone, which comprises about 1/3 or 1/4 of the field. The narrower
the stripe the more exact and the more time-consuming the counting. In a 6 mm wide stripe a
horizontally cut rat kidney slice may be looked through in SO—55 stripes, and this will take
45 to 6) minutes. Before counting the examiner should so rotate the eye-piece that the stripe
lies horizontally.

It is best to begin on the surface of the cortex, and counting stripe for stripe moving
the preparation horizontally. Glomeruli part of which overlaps the lower margin of the stripe
should be counted in the next stripe where they overlap the upper margin of the next stripe.
Granulated JGA should be counted even if their glomerulus overlaps the lower margin, but
in such cases one must subtract one from the number of “negative” (devoid of granulated
cells) glomeruli because this glomerulus will again appear in the next zone as an overlapping
“negative” one on the upper margin and will be counted as such. (Graph 1)

Granulated cells should naturally be estimated even if they are seemingly independent
of a glomerulus. About 10% of the glomeruli appear to be atypical, because their Bowman’s
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capsules are cut tangentially, or the glomerulus had dropped out of its capsule. In the latter
case the empty Bowman’s capsule should be distinguished from thin-walled venules or from
empty tubular basal membrane rings. Proper estimation of such elements is important to
avoid false high index values. When the whole surface of the kidney section had been counted.

Graph I. Scheme of the counting-frame. The negative glomeruli (A. C) and the positive glomeru-
lus (B) should be counted in this stripe. The negative glomerulus (D) will be counted in the
next stripe. The other positive one (E) should he counted here, but because of its reappearing
in the next stripe in a negative form, one should be subtracted from the number of negatives

the number of “negative” glomeruli should be added to the number of granulated complexes
to obtain the total glomerulus-count. The so-called JG index is computed according to the

formula — Nwhere TGC = total glomerulus count; GV = granulation value, i.e. the
sum of the estimated classifications according to the degree of granulation (Hartroft and
Hartroft, 19S3).

Discussion

In our method, JG granules are stained by FTAH. The other constituents
of the trichrome staining give a background to ensure prominence to the gran-
ules. Recently Ert1 (1966) lias published a simplified modification of our
method, applying PTAH alone. Terner et al. (1964) dealt with the mechanism
of PTAH staining and found that PTAH differs from the group of alum and
iron haematoxylin dyes by its anionic mordant and the two colours produced by
PTAH was considered a true polychromasy. PTAH acts as an acid dye, having
an affinity to basic protein-rich tissue components, and its substrate is very
likely an amino or some other basic group. According to our histochemical in-
vestigations (Gomba, Soltész, Endes, 1963) the granules are rich in tyrosine
and tryptophan and this might explain their PTAH binding capacity.
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KOMBINIERTE TRICHROM-FARBUNG FUR DEN NACHWEIS
DER GRANULIERTEN ZELLEN DESJG-APPARATES UND EINE GENAUE METHODE
FUR DIE BESTIMMUNG DES JG-INDEXES

P. ENDES, SZ. GOMBA und |. DEVENYI

Die kombinierte Trichrom-Féarbung fir den Nachweis der juxtaglomerularen granulier-
ten Zellen, eine Kombination der Malloryschen PTAH-Féarbung und der Heidenbainschen
Azan-Farbung wird beschrieben. Nach Vorbehandlung mit Perjodsdure und Chromséaure
lassen sich mit der beschriebenen Methode sogar die arterioldaren granulierten Zellen der
Fischniere farben. Das Verfahren ist fir histologische Untersuchungen hervorragend geeignet.
Die spezielle Farbung der Granulen wird durch PTAH herbeigefuhrt. Die Eigenart dieses
Effekts wird analysiert. Ein genaues und zuverldssiges Verfahren in Form eines Abzé&hl-
rahmens wird fur das prazise Zahlen der granulierten Zellen des juxtaglomeruldren Apparates
mitgeteilt.

KOMBUHWPOBAHHbIA METO/[, OKPALLMBAHUA TPUXPOMOM [/1A
BbIABNEHWA TPAHYJIMPOBAHHbBLIX KJ/IETOK KOKCTAMMOMEPYJIAI HOIO
AMMNAPATA N TOUYHbIA METOSA ANS YCTAHOB/IEHUA IOKCTAMTOMEPY IAPHOIO
MOKASATENA

n. SHAEW, C. TOMBA n WN. JEBEHbLW

MpnBOANTCA KOMOMHMPOBAHHbIA METOA OKpallMBaHUA TPUXPOMOM AN  BblIABIEHNA
rPaHy/IMPOBaHHbIX K/IETOK HOKCTAr/IoMepynapHOro annapara. [pefnoXeHHbId MeTod aBns-
eTcA KoM6MHaumell mMeTofos okpacku PTAH no Mannopn v OKpacku_ asaHoMm Mo XeiiaeH-
xeliHy. lMocne MOArOTOBKW METalNoOfHOM KMCNOTOW U XPOMOBOI KUCNOTON, KOMOWHMPOBaHHbLIM
METOJOM aBTOPOB OKPAWIMBAIOTCA TaKXe rpaHyNupoBaHHbIe KNETKU apTepuon nouek phbib.
MeTog BecbMa MpPUrOfeH U ANA 06LWMX TMCTONOTMYECKUX MCCnepoBaHuii. CneunanbHoe OoKpa-
LMBaHe 3epHblilliek obycnoeneHo PTAH. AHanusyeTcs npupoga atoro agiexta. CoobuiaeTcs
TOYHBIA M HafEeXHbIA MeTOf B BUAE TakK Ha3. CUETHOM paMKu ANA TOYHOrO nogcuyeta rpaHyniu-
pOBaHHbLIX K/IETOK OKCTar/fioMepynspHOro annapata Ha npenapaTax Moyek.

Dr. Pongrdc Endes
Dr. Szabolcs Gomba Debrecen, Kérbonctani Intézet, Hungary
Dr. Istvdn Déveényi
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RECENT DATA ON THE FINE STRUCTURE OF
CHONDROCYTES

PRELIMINARY REPORT

G. Lévai and Ingrid Marx

(Received September 3, 1968)

Since Godman and Porter’s fundamental work [2] the methodology
of ultrastructural research has undergone a considerable evolution. Sabatini,
Bensch and Barrnett [7, 8] introduced aldehyde fixatives and the use of
Millonig’s phosphate buffer [4], formerly disapproved of, has become general.
Good results were reported by Karnovsky [3] with a mixture of fixatives
containing aldehydes. Numerous authors found this mixture to ensure good
preservation of the fine structure of the cells of various tissues and these
observations have been confirmed by our study on cartilage tissue.

Apart from the study of Paifrey and Davies [5] on chondrocytes
fixed with g’utaraldehyde, no data have been found concerning the use of
aldehyde fixatives.

In the present study we have described some appearances noted in
cartilage cells which to our best knowledge have not been described or reported.

Material and methods

The cartilage used was obtained from the proximal tibial epiphyseal cartilage of new-
born mice. The specimens were fixed in Karnovsky’s mixture at room temperature for 30 min.,
then quickly washed in 0.1 M phosphate buffer and fixed in Millonig’s solution for 90 min.
After dehydration in an acetone series the specimens were embedded in Vestopal W (Jaeger),
sectioned by a LKB ultrotome and stained with uranyl acetate in alcohol or with lead citrate
according to Reynolds [6]. Electron micrographs were made with Elmiskop IA (Siemens),
electron microscope (60 kV accelerating voltage).

Results

The details observed in the chondrocytes were as follows. Figures 1
and 2 show desmosomes (arrow) and zonulae occludentes, while Fig. 3 the
typical structure of a cytocentre, in twin cartilage cells separated by a gap
not more than 4—600 A in width. On Fig. 4 a larger delimited structure
measuring 1.146x1.097 /n, varying in electron density and in its proximity
a similar though smaller structure (0.512x0.341 fi) were situated in a glycogen
pool, near the cell membrane.
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The desmosomes and zonula occludens seen in Figures 1, 2 could not be
identified with those described by Farqunhar and Patade [1]. Such structures
between two cartilage cells have been identified as desmosomes also by Pa1-
frey and Davies [5], and their opinion seems to be acceptable in that these
cells lying in close apposition to one another have probably undergone mitosis.
The centriole visible in Fig. 3 has not so far been described in cartilage cells.

The structure seen in Fig. 4 has been observed on one sole occasion;
it has not been analysed as to its origin and function, in the lack of histo-
chemical and biochemical data. There might be chemical difference between
its parts of different density, as the denser area displayed a fine granular
structure.
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Fig. 1. Narrow intercellular gap between two cartilage cells (arrow). Increased density in both
cells in the narrowed area. Desmosome. X 12 000
Fig. 2. Narrowed intercellular gaps (marked by arrows). Part of the cytomembranes is parallel.
D, seems to be a zonula occludens, while D, resembles a desmosome. X45 000
Fig. 3. Centriole (C) with tubules. X 36 000
Fig. 4. Structures of unknown function, localized in a glycogen pool (Gly). In the denser
areas fine granules are visible. x41 000
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COMBINED EFFECTS OF CHOLESTEROL FEEDING

AND METHYLCELLULOSE ADMINISTRATION ON

THE HISTOLOGICAL STRUCTURE OF INTERNAL
ORGANS AND BLOOD VESSELS

S. Benké, F. Biliczki and F. Szarvas

(Received October 3, 1968)

The histological structure of the internal organs and blood vessels of rabbits
treated with methylcellulose, cholesterol, and their combination, has been studied.
On combined treatment the total lipid contents of the aorta and liver were lower and
the ensuring atheromatosis was less severe than after treatment with cholesterol alone.
This has been attributed to an increased metabolisation of fats by the methylcellulose
activated RES.

1. Introduction

Methylcellulose, a polymeric carbohydrate macromolecule of 84,000
molecular weight by chronic intravenous or intraperitoneal administration is
known to induce in the experimental animal thesaurotic RES hyperplasia,
proliferative artcriitis with intimai proliferation in the small arteries, mainly
in the lungs, thesaurotic and degenerative renal glomerular vascular changes
similar in many respectsto the Kimmestiel-Wilson intercapillary glomeruloscle-
rosis, and marked splenomegaly (Horvath etal., 1957,1958; Beinks, 1958a, b;
Benks et al.,, 1959, 1962a, b, c; 1966a, b). With the storage of methylcellulose
the alpha and beta globulins increase, lipoprotein fractions of triple distribu-
tion appear and the glycoprotein components increase in blood plasma (Fron-
tich et al., 1957, 1959; Barazs et al., 1960). The methylcellulose-induced
splenomegaly is accompanied by haemolysis, caused partly by the hyper-
splenism and partly by the damage to the erythrocytic membrane caused by
the increase of beta2fglobulin (macroglobulin) (Aindrassy et al., 1958).

The changes induced by cholesterol administration are somewhat similar
in nature and location to those caused by methylcellulose. Chronic cholesterol
feeding is followed by lipid thesaurosis and atherosclerotic vascular changes
associated with hyperlipaemia and hypercholesterolaemia (Antonini et al.,
1960). Exogenous cholesterol is stored in the RES, mainly in Kupffer’s cells and
the macrophages of the spleen (Byers et al.,, 1957; Bertiner and Dougherty,
1960), leading to haemolytic anaemia (Pintér et al., 1961; Rowley et al.,
1962; Sitver et al., 1964). Stehbens and Sitver (1966) found a similarity
between the methylcellulose-induced vascular changes and the cholesterol-
induced atherosclerosis. These data from the literature and our own previous
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experiments (Benks et al., 1960, 1961; Szarvas et al., 1963) called for a study
of the combined actions of methylcellidose and cholesterol. Such experiments
seemed to be suitable also for studying the correlation between RES and athe-
rosclerosis, a problem in the foreground of recent interest. Of the RES-stimu-
lators, oestrogens and zymosan have been investigated and both were shown
to lessen the cholesterol-induced coronary sclerosis by some unclarified mecha-
nism (Pick et ah, 1952, 1957, 1962, 1966; Patek and Bernick, 1960).

From the study' of the combined actions of methylcellulose and choleste-
rol we wished to draw conclusions to the following problems. How does the
storage of methylcellulose in the RES influence the lipid thesaurosis induced
by cholesterol feeding in the viscera, mainly in the liver? Does cholesterol
storage modify the deposition of methylcellulose in the RES? Do the methyl-
cellulose-induced RES hyperplasia and RES activity" modify, decrease or
increase the atherosclerosis induced by cholesterol feeding? Finally, does
methylcellulose in the vascular wall modify the cholesterol-induced atheromas
and does the cholesterol deposition in the vascular wall modify the methyl-
cellulose-induced vascular changes ?

To find the answers to these questions, rabbits have been treated with
methylcellulose intraperitoneally and have been fed cholesterol, trying to
approach the problems by these experiments.

2. Materials and methods

A total of 34 male rabbits of 2500 to 3000 g body weight were maintained on a mixed
diet composed of grits, carrots and green fodder. The animals were divided into four groups.
Eight rabbits received 2.0 ml/kg body weight of physiological sodium chloride solution intra-
peritoneally twice weekly for 18 weeks (Group I, controls). Nine rabbits were treated with
2.0 ml/kg of a 2.5% aqueous methylcellulose solution twice weekly for 18 weeks (Group I1).
Eight rabbits were fed cholesterol, admixing 1 g of cholesterol to the grits ball every day
over the 18-week experimental period (Group Ill1). Nine rabbits were fed cholesterol and
were given intraperitoneally the above doses of methylcellulose (Group 1V).

Methylcellulose of 84,000 molecular weight was dissolved in sterile distilled water
under gentle shaking, stored at -(-4 °C under aseptic conditions and used within 48 hours.

At the end of the experiments the animals were anaesthetised by intravenous thial-
barbital and exsanguinated through a cannula inserted into the abdominal aorta. The internal
organs were inspected, the aorta was cut up and the severity of atheromatosis estimated from
the number and extent of plaques. The severity of changes was graded from 0 to 5 according
to Fodor and Zemplényi (1958).

Specimens from aorta, liver, spleen, kidney, lung, heart and adrenal gland were examin-
ed histologically. The specimens were fixed in 4% formalin or 96% alcohol, embedded in paraf-
fin and the sections were stained with haematoxylin-eosin, PAS, Oil-Red 0 and alcian blue,
the aortic sections also with elastica and van Gieson staining.

Liver and aorta were tested for total lipids and total cholesterol, by the methods of
Swahn (1952) and of Ziatkis et al. (1953), respectively.

3. Results

The gross changes were as follow's. In Group | the liver, spleen, peri-
toneum and aorta appeared to be intact, except in one animal, in which a
slight fatty degeneration of the liver was found. In Group Il (methylcellulose
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treatment) the capsule of the liver and the peritoneum showed spotty thicken-
ing of variable extent. These were believed to constitute proliferative chronic
inflammatory changes secondary to the injection of methylcellulose. The
spleen was moderately enlarged. In Group 111 (cholesterol feeding) marked
enlargement of the light yellowish-brown fatty liver and splenomegaly were
found in every animal. In Group IV (combined treatment) peritoneal changes
similar to those described in Group Il and marked enlargement of the spleen
occurred, but only 3 animals showed marked fatty degeneration of the liver.
In the rest the liver was apparently normal in colour, cut surface, structure
and lobular structure.

Table 1

Grade of atheromatosis in the aorta of rabbits,
as estimated by gross examination in the different groups

Grade of severity in the

Group No. Treatment members of the ~different Mean
groups
Animal No. 1 2 3 45 6 7 8 9 10
(control) 1 Physiological NaCl —
1 2.5% methylcellulose _—— — _— — —
i Cholesterol t 545 4 5 3 5 4.375
v 2.5% methylcellulose -f-
-j- cholesterol 11 3 1 4 4 4 4 3 3.777

Probability: 111/1V :p > 0.05

Atheromatic changes of the aorta is shown in Table 1. On inspection
the inner surface of the aorta was intact in the control (I) and methylcellulose
treated (I1) rabbits. In 4 of the 8 cholesterol-fed animals (111) grade 5 changes
appeared in the form of big confluent plaques. In 3 animals these were restricted
to the aortic arc, while distally there were only solitary plaques, mainly near
the orifices of the side branches of the aorta (grade 4). In 1 animal there were
only solitary plaques (grade 3). Of the 9 animals subjected to combined treat-
ment (IV) 7 showed grade 4, 2 grade 3 atheromatosis, and none of them exhi-
bited grade 5 changes. The pattern was obviously less severe than in Group
111, but the difference between the two groups was not significant statistically
(p > 0.05).

Histologically, in Group | the viscera were normal.

In Group Il (methylcellulose treatment) the liver was intact.The Kupf-
fer’s cells stored moderate amounts of methylcellulose. Storage was sub-
tantial in the spleen, the storing histiocytes accumulated in foci in the red
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pulpa. In some cases eosinophilic cells were also found (Fig. 1). The heart,
adrenal gland and aorta were normal except for 2 animals which displayed
proliferative arteriitis in the pulmonary arterioles. In the kidneys of 3 animals
the basement membrane was moderately thickened. No methylcellulose stor-
age could be demonstrated in the glomerules.

Fig. 1. Rabbit spleen following treatment with methylcellulose. Focal accumulation of histio-
cytes showing signs of storage. H. E., X176

Table 11

Total lipid content of the liver following methylcellulose treatment and cholesterol feeding,
in percentage of wet organ weight*

Total lipid,
Group No. Treatment Number of eases per celﬁlt

3.56+1.47
3.95+1.16
9.47+0.26
4.07+0.92

I (control) Physiological NaCl 4
11 Methylcellulose 3
11 Cholesterol 4
v Methylcellulose - cholesterol 4

111 p>-0.05
1111 pCO.00I

Probability 11V p<0.05
11,111 p<0.01
/v p>0.05
/v p<0.01

* Mean error

Acta M orphologica Academiav Sciential Hungaricae 17, 1969



COMBINED EFFECT OF CHOLESTEKOL FEEDINC 63

In Group 11l (cholesterol feeding) the liver showed diffuse and severe
fatty degeneration in 5 animals out of 8. In three cases the fatty degener-
ation was acinocentral, very marked. In the spleen of four animals the macro-
Phage cells stored lipids. The adrenocortical cells, mainly in the zona fasci-
culate and reticularis, were swollen and vacuolated and contained much lipid
in every animal. In the small and medium-sized arteries of the heart, lung,
spleen and liver atheromatosis was visible. This was most marked in the coro-
naries, but the pulmonary, hepatic and splenic arterioles were also seriously

/*'ig. 2. Cross section of a medium-sized coronary artery from a cholesterol-fed rabbit. Note
subintimai accumulation of lipids, causing narrowing of the lumen. H. E., X 176

Fiff. 3. Atheromatosis of aorta in a cholesterol-fed rabbit. The confluent subintimai plaques
do not affect the elastic fibres of the media. H. E., X 176
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affected. Usually, there was a circular subintimai accumulation of lipids,
causing a marked narrowing of the lumen (Fig. 2). The small renal vessels
were normal.

Histologically, the aorta showed atheromatosis corresponding in severity
to what is usual after cholesterol feeding for four and a half months (Fig. 3).
The plaques were confluent, broad, composed mostly of foamy cells, containing
ample amounts of lipid. The process was subintimai and did not affect the
elastic fibres of the media. Calcification, ulceration of the plaque surfaces
were not observed. From the intimai side the plaques were covered by a thin
lipid-free crust, considered to be an early manifestation of a capsule.

Fig. 4. Periportal mesenchymal reaction, with initial transformation in the liver of a rabbit
treated with cholesterol and methylcellulose. H. E., X176

In Group IV (combined treatment) vacuolisation of the liver paren-
chymal cells was visible. Fatty degeneration was less severe than in the cho-
lesterol group. This observation was supported by the biochemical results.
In Table Il are presented the liver total lipid values after methylcellulose
treatment and chronic cholesterol feeding. In the cholesterol-fed Group IIT
the total lipid content of the liver was significantly increased. No similar
increase was noted in Group IV (combined treatment). Methylcellulose alone
did not increase the total fat content of the liver (Group Il). Of the 9 animals
only 2 showed diffuse fatty degeneration, in 2 others there was marked acino-
central fatty degeneration, and in 5 very slight acinocentral fat deposition.
In 3 animals a moderate mesenchymal reaction was visible in the periportal
region. In a fourth animal this was so severe that it corresponded to early
cirrhosis (Fig. 4). In every animal hepatic and splenic me+bylcellulose storage
of slight extent was demonstrated.
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Lipid storage by the adrenals and spleen was similar to that observed
in response to cholesterol feeding. The methylcellulose-induced vascular
changes in the lungs and kidneys were slight and occurred only at sites. Athero-
matosis of the small and medium blood vessels of the heart, lung, liver and
spleen was similar to that seen after cholesterol feeding. These changes were
not inflammatory or granulomatous in character, but corresponded to sub-
intimal cholesterol plaques.

As regards structure and histochemical reactions (alcian blue, PAS and
fat staining) the aorta of the animals subjected to combined treatment was
not more severe and did not differ from that of the animals treated with
cholesterol alone. The plagques were less confluent and somewhat narrower,
though their lipid content was marked. Histological changes suggesting methyl-
cellulose storage, inflammation or granulomatous reaction were not visible
in these plaques.

Table Il

Total lipid content of the aorta following methylcellulose treatment and cholesterol feeding
(absolute values)

Group No. Treatment mg;l;gtuwleth\,%%m
I (control) Physiological NaCl 138.88
1 Methylcellulose 150.0
Hi Cholesterol 443.0
v Methylcellulose -f- cholesterol 312.5

The results for the total lipid content of the aortas in the different groups
are presented in Table Ill. It was the highest in the cholesterol group (Group
H1); and significantly lower in Group IV. These results were in agreement
with the gross (Table 1) and the histological findings.

4. Discussion

After 18 weeks of intraperitoneal methylcellulose treatment storage in
the RES, most markedly in the spleen, could be demonstrated in the rabbits.
Enlargement of the spleen did not reach the grade found earlier in inethyl-
cellulose-treated rats (Horvath et al.,, 1957; Benko, 1958). It seems that the
absorption of methylcellulose from the rabbit peritoneum differs from that
of the rat peritoneum. Proliferative arteriitis and granulomas similar to
those found in the lungs of dogs treated with methylcellulose intravenously
(Benko et al., 1959, 1962) did not develop. This might have been due to the
fact that on intravenous administration the macromolecular aggregates reach

5 Acta Morphologica Acadumiae Scientiarum Hungaricac 17, 1969



66 S. BENKO et al.

in larger numbers the pulmonary arterioles and therefore the granulomatous
vascular changes are more severe (Lautsch et al., 1958). If administered
intraperitoneally, methylcellulose enters the circulation slower and in greater
dilution and there may be differences also in dispersion. These may account
for the lesser severity of pulmonary changes. Such arteriosclerotic changes as
had been described by Hueper (1942, 1945) and later by Stehbens and Silver
(1966) did not occur in our material.

The glomerular changes were slight, a circumscribed thickening of the
basement membrane occurred in the kidney of a few animals only. Spherical
masses were not found in the glomerular loops (Horvath et al., 1957, 1958;
Hatt, 1962; Benks et al., 1966). Thus, the morphological signs of RES acti-
vation were in the foreground and the vascular changes were less severe in
our experiments.

After 18 weeks of cholesterol feeding the liver and the adrenals showed
marked fatty degeneration, without any major mesenchymal reaction. The
splenic macrophage cells also stored fat.

Cholesterol feeding induced atherosclerosis in the small and medium-
sized arteries of the heart, lungs, spleen and liver, as well as in the aorta. The
changes varied greatly in severity and were as usual after 18-week cholesterol
feeding.

In the animals treated with methylcellulose and cholesterol there were
two kinds of changes in the small and medium-sized arteries. The majority
did not differ from what was found after cholesterol treatment alone and the
granulomatous changes were neither more frequent nor more severe than in
the animals treated with methylcellulose alone.

Under the present experimental conditions no histological and histo-
chemical changes suggesting an interference of methylcellulose and cholesterol
were found. Methylcellulose diminished the vascular changes by acting on the
fat metabolism and not by a local action.

In the rabbits treated with methylcellulose and cholesterol, methylcellu-
lose was stored in the same measure as after methylcellulose treatment alone.
In the same rabbits, fatty degeneration of the liver was less severe than in
the animals treated with cholesterol alone. Another difference from the cho-
lesterol-fed group was the intensive mesenchymal reaction in the liver, attri-
buted to an increase of RES activity following methylcellulose administration.

In the aorta the atheromatous changes following combined treatment
did not differ from those following treatment with cholesterol alone, except
that they were less severe. The total lipids in the liver and aorta decreased
significantly also in the group treated with methylcellulose and cholesterol,
although the daily cholesterol intake was the same. The total serum lipid value
was also less in these animals than in the animals treated with cholesterol only.
The fact that in spite of the identical doses of cholesterol less lipid was stored
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in the liver and aorta and the plasma lipid level was also iower may be explain-
ed first of all by an increased metabolisation of fats, which in turn might
have been due to the increase of RES activity induced by methylcellulose.
This effect is believed to be similar to that of other agents acting through
RES activation, for example to the influence on lipid metabolism and to
the inhibition of atheromatosis by zymosan and oestrogens (Pick et ah,
1952,1962,1966; Halpern et ah, 1957; Di Luzio et ah, 1961).

It is remarkable that methylcellulose stored in the RES should enhance
the proliferation of the histiocytic system and at the same time damage the
blood vessels and one would have expected an increase in the severity of athero-
matosis under the combined effect of methylcellulose and cholesterol. It seems
that under the given experimental conditions methylcellulose reduced the
atheromatosis changes by activating the RES and diminishing lipid storage.
This allows to conclude to a fundamental role of the RES in the pathogenesis
of atheromatosis.
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DIE WIRKUNG DER GLEICHZEITIGEN VERABREICHUNG VON CHOLESTERIN
UND METHYLZELLULOSE AUF DIE HISTOLOGISCHE STRUKTUR
DER INNENORGANE UND DER GEFARE

S. BENKO, F. BILICZKI, und F. SZARVAS

Die histologische Struktur der Innenorgane und der GefdlRe wurde an Kaninchen nach
Verabreichung von Methylzellulose und von Cholesterin, ferner nach gleichzeitiger Verabrei-
chung beider Stoffe untersucht. Der Gesamt-Lipoidgehalt der Aorta und der Leber war
nach gleichzeitiger Cholesterin- und Methylzellulose-Zufuhr erniedrigt und bei den Tieren
dieser Gruppe war auch der Schweregrad der Atheromatose méRiger. Dieses Ergebnis wird
dem im methylzelluloseaktivierten RES zustandekommenden gesteigerten Fettmetabolismus
zugeschrieben.

OENCTBUE OAHOBPEMEHHOIMO BBEJEHWUSA XOJIECTEPUHA W
METWALUENNONO3bl HA TUCTOJNIOTMYECKYIO CTPYKTYPY COCYAOB U
BHYTPEHHWX OPrAHOB

L. BEHKE, ®. BUNNUKWN n ®. CAPBALL

Y KpOMMKOB 6bifia M3yyeHa FUCTOMOTMYECKAs CTPYKTYpa COCYAOB M BHYTPEHHUX opra-
HOB MOC/e fiauuM MeTW/LE//IH/03bl, XONECTEPUHA, a TakXXe Toc/ie OfHOBPEMEHHOrO BBEfEHWs
06ovx npenapaToB. B rpymnme >»uBOTHbIX, NOAYYMBLIMX 06a CPEACTBA COBMECTHO, COAepXaHue
06LMX IUMOUIOB B aOPTE U MEYeHU OKas3anoCh MOHUXKEHHbIM. Y 3TUX XKe XMBOTHbIX CTeneHb
TSXKECTM aTepomaTosa 6bina 60/ee YMepeHHO. ABTOPbI MPUMUCHLIBAOT 3TOT 3((MEKT NOBbILLEH-
HOMY MeTabo/M3My Mpa, BO3HWKAIOLEMY B PETWUKYNOIHAOTENMANbHOW CUCTEME, aKTWUBUPO-
BaHHOW nof BAUSHUEM METU/ILENHO/IO3bI.

Dr. Sandor Benkd
Dr. Ferenc Biliczki Szeged, I. Belgyodgyaszati Klinika, Hungary
Dr. Ferenc Szarvas
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COMPARATIVE MORPHOLOGY OF SMALL VESSEL
LESIONS IN RHEUMATOID ARTHRITIS
ANI) PERIARTERITIS NODOSA*

B. Radnai

(Received October 22, 1968)

Comparative histological study of the lesions of small arteries observed in
rheumatoid arthritis and periarteritis nodosa revealed that the peripheral arteritis
common to both conditions differs only in a quantitative respect.

In the acute and subacute stages, more distinctive proliferation of the connective
tissue elements of the vessel wall was found in periarteritis nodosa than in rheumatoid
vasculitis. This phenomenon may explain the finding that corticosteroid treatment
may have a different effect on the vascular lesion in the two diseases.

In the chronic stage, fibrosis of the vessel wall, in particular of the intima,
leading to obliteration of the vascular lumen, was more pronounced in periarteritis
nodosa than in rheumatoid arthritis; in the genesis of this phenomenon hypertension
is supposed to play a role.

Although none of the various forms of arteritis associated with rheumatoid
vasculitis and periarteritis nodosa can be considered specific, their clinical, pathological
and histological picture permits to distinguish between the two vascular processes
with great probability. The cases where the morphologic characteristics of both con-
ditions are demonstrable, correspond to the clinical definition “malignant rheumatoid
arthritis” .

It lias been known for more than a decade that patients with rheumatoid
arthritis develop inflammatory vascular lesions in the skeletal muscles [38]
and peripheral nerves [34, 35]. In arterioles less than 200 /i in diameter, acute
necrosis or subacute proliferation occurs in one third, while chronic fibrous ar-
teritis in one half, of the cases. After the first relevant observations the question
has been raised whether arteritis is a specific lesion typical for rheumatoid
arthritis, or it is a form of periarteritis nodosa developing in association with
rheumatoid arthritis. As both types of vascular lesion are relatively rare and of
disseminated focal character, clarification of the problem required a detailed
parallel study of necropsy material from both conditions.

Vascular lesions of muscles and nerves associated with periarteritis nodosa
have been examined by various authors [1, 9] in contrast to similar vascular
changes occurring in other collagen diseases. It is long known that periarteritis
nodosa often manifests itself by nervous signs, and peripheral neuropathy may
be one of its characteristic symptom complexes. As to the lesions of peripheral
ner\es due to periarteritis nodosa, investigations by Hungarian pathologists

*This work is dedicated to Professor Joseph Bal6é on the occasion of having completed
five decades in the service of science.
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have been of pioneer importance [6, 5 20, 27]. Their studies were mostly
centred on the histology of the large arteries; since the lesions due to rheuma-
toid arthritis can reasonably be compared only with lesions of small arteries, in
the present study the lesions of small muscular and nervous arteries were
examined.

The definition of periarteritis nodosa and the differentiation of its indi-
vidual forms has been based on the studies by Zeek et al. [40, 41], although the
five varieties of necrotizing arteritis described by them (classical form of peri-
arteritis nodosa, allergic angitis, angitic granulomatosis, angitis associated with
various collagen diseases, temporal arteritis) cannot be sharply distinguished
[3]. Differentiation of the above varieties on the basis of inflammatory lesions
of the small arteries is still more uncertain, as for instance the classical form of
periarteiitis nodosa is characterized by an affection of medium arteries.

Prior to the recognition of the association of generalized arteritis with
rheumatoid arthritis, several observations have already indicated that a co-
existence between “rheumatism” and periarteritis nodosa seems more frequent
as expected [17, 39]. K1inge et al. [24, 25] have shown that rheumatism affect-
ed the entire vascular system and the associated vessel lesions differed hardly
from the microscopic appearance of periarteritis nodosa. A comparative study
of vascular lesions is preconditioned by a more precise knowledge of rheumatoid
vasculitis and the correct definition of the forms of periarteritis nodosa.

Part of the earlier observers held the view that the vascular lesions asso-
ciated with rheumatoid arthritis and periarteritis nodosa were distinguishable
by morphological features. Cruickshank [13] stated that rheumatoid arteritis
differed from periarteritis nodosa in being localized to the small muscular
arteries and not involving aneurysm and thrombosis. According to Balr [4],
Sokoloff and Bunim [38], rheumatoid arteritis was distinguishable from pe-
riarteritis nodosa by the absence of a massive destruction of the vessel wall.
Later authors have advocated the morphological identity of the two vascular
lesions and inferred that only one of them is independent; some of them re-
garded rheumatoid arthritis the primary condition and periarteritis nodosa its
complication, while others believed that rheumatoid arthritis is one of the
many varieties of periarteritis nodosa.

The primary nature of periarteritis nodosa is supported chiefly by clinical
data [7, 36]. It is known that in one third of the cases the condition is accom-
panied hy arthritic symptoms and often manifests itselfclinically in the form of
rheumatic muscle pain or peripheral neuropathy; the rheumatoid factor may
he positive in 30% of the cases of periarteritis nodosa. Inconsistently with this
supposition, the occurrence of periarteritis nodosa is three times more common
among males than among females, while rheumatoid arthritis is chiefly a disease
of women. Also,the above hypothesis hardly accounts for the paradoxical effect
of steroid treatment which is unequivocally favourable in periarteritis nodosa,
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whereas in patients with rheumatoid arthritis it seemed to elicit sometimes
generalized arteritis.

A more generally accepted view has been to regard periarteritis nodosa as
a complication, or occasionally an accompanying condition of rheumatoid
arthritis [14, 26]. This opinion has been advocated particularly by the investi-
gators who have doubted the independence of periarteritis nodosa, regarding it
merely as a symptom or syndrome whose one aetiologic factor may be rheuma-
toid arthritis [16, 30, 31].

The majority of authors accepting the independence of both the classical
rheumatoid arthritis and the classical periarteritis nodosa, distinguish a third
form designated “malignant rheumatoid arthritis” which hears the morpholog-
ical and clinical characteristics of both conditions and may be regarded as an
intermediate condition [2, 8, 18]. This “malignant” pattern differs from clas-
sical rheumatoid arthritis and periarteritis nodosa not only in the type of vascu-
lar lesions, but also in certain typical laboratory findings such as a positive Rh
factor and LE cell phenomenon, as well as in clinical signs such as the associa-
tion of neuropathy and the more frequent presence of subcutaneous nodules
[26, 28, 33, 37].

Interestingly, the above data have been derived from relatively few mor-
phological examinations and still scarcer have been the comparative histolog-
ical studies of lesions associated with rheumatoid arthritis and periarteritis
nodosa 112, 29, 30].

Investigations

We carried out comparative histological examinations of vascular lesions
in muscle and peripheral nerve tissue from necropsy material in 30 cases of
rheumatoid arthritis, 7 cases of classical periarteritis nodosa, 1 case of hypersen-
sitive angitis and 2 cases of necrotic polyangitis and granulomatosis.

Out ofthe 30 rheumatoid arthritis cases 26 were females and 4 were males,
with an average age of 65 and an average duration of the disease for 17 years.
In every case, characteristic lesions of the hand joints were encountered, and
in 11 cases chronic arthritis deformans involved also other joints. Histologi-
cally, acute necrotic, subacute proliferative and chronic fibrous arteritis of small
muscular and nerve vessels was found in 9 cases, chronic fibrous vascular lesion
alone in 5 cases, while inflammatory lesions of small arteries were absent in
16 cases. In the 7 cases of classical periarteritis nodosa (6 men, 1 woman),
average age was 47; in 4 cases acute necrotic, subacute proliferative and chronic
fibrous arteritis occurred uniformly in the muscular and nervous arteries less
than 200 fi in diameter, while in 3 cases solely chronic arteritis was found.

Comparison of acute and subacute inflammation of small muscular and
nerve arteries in rheumatoid arthritis and periarteritis nodosa revealed a nearly
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Fig. 1. Rheumatoid arthritis. Female,age 62,femoral nerve. Subacute arteritis.
Haematoxylin-eosin. x 360

Fig. 2. Periarteritis nodosa. Male, age 30, median nerve. Subacute arteritis.
Haematoxylin-eosin. X360
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Fig. 3. Periarteritis nodosa. Male, age 30, median nerve. Subacute arteritis.
Haematoxylin-eosin. X480

Fig. 4. Periarteritis nodosa. Male, age 30, femoral nerve. Subacute arteritis. Azan stain. X 360
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identical morphological appearance of the two kinds of lesions. A moderate
difference was encountered only in the composition and intensity of the mes-
enchymal tissue reaction associated with the fibrinoid necrosis of the vessel
wall, in that in rheumatoid arthritis it was rather of exudative character com-
posed chiefly of leukocytes or lymphocytes (Fig. 1), whereas in periarteritis
nodosa there was a massive fibroblastic proliferation of the adventitia (Fig. 2)
often with a proliferation of the intima and more intense fibrous tissue for-
mation (Fig. 3). Inthe subacute phase, proliferation of smooth muscle cells of the
media (Fig. 4) and the proliferative process in some cases resulted in a massive

Fig. 5. Rheumatoid arthritis. Female, age 40, median nerve. Chronic arteritis.
Haematoxylin-eosin. X240

obliteration of the vascidar lumen. This has never been encountered in rheu-
matoid vasculitis; its cause may be sought in the fact that in periarteritis nodosa
vascular changes are often associated with thrombosis.

Comparison of chronic peripheral arteritis in rheumatoid arthritis and
periarteritis nodosa showed little difference between the two lesions; it mani-
fested itself chiefly in the microscopic picture of the intima. While in rheuma-
toid arthritis chronic arteritis manifested itself with a fibrous transformation
of the media and a fibrous broadening of the adventitia with the intima rela-
tively intact (Fig. 5), in periarteritis nodosa there was often a fibrous thicken-
ing of the intima which even obliterated the lumen (Fig. 6). Fibrous transfor-
mation of media and adventitia was also of a higher degree in periarteritis nodosa
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big. 0. Periarteritis nodosa. Male, age 21, median nerve. Chronic arteritis.
Haematoxylin-eosin. x 240

b'ig. 7. Hypersensitive angitis. Female, age 64, ischiatic nerve. Acute arteritis.
Haematoxylin-eosin. x 360
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than in rheumatoid arthritis, but the difference was not so pronounced. Some-
times haemosiderin granules were seen in the media and adventitia, with either
scarce remnants or marked regeneration of elastic fibres, as noted also in rheu-
matoid arthritis. The cicatrized vessel wall in some areas showed signs of recur-
rence, such as bleeding of the intima associated either with thrombosis, or
fresh necrosis of the media, resp. of the thickened intima.

It isremarkable that chronic arteritis connected with fibrosis of the vessel
wall — which occurs nearly in half of the cases of rheumatoid arthritis — was not
found by us in periarteritis nodosa; in the latter condition we observed onlv
the round-cell and mast-cell infiltration of the adventitia.

The histological picture of the so-called hypersensitive angitis (allergic
arteritis) w'as characterized also in our material by generalized simultaneous
fibrinoid necrosis of small arteries without involvement of the adjacent larger
arteries. All layers of the vessel wall showed grave leukocytic and milder lym-
phocytic infiltration, without any sign of tissue regeneration or proliferation
(Fig. 7). Vascular lesions were in a uniform stage both in the inner organs and
the muscles and nerves; neither healing, nor chronic cicatrized lesions were
found. In this respect the so-called hypersensitive angitis seems basically to
differ from rheumatoid vasculitis.

The microscopic characteristics of necrotizing polyangitis and granulo-
matosis [11], or angitic granulomatosis [2] were described in detail by us in a
previous paper [19]. Typical of this process are the occurrence of necrosis in
certain organs (lung, spleen, kidney) independently of vessels, as well as of
severe necrotic and proliferative vascular lesions; in the two cases encountered
in our material severe vascular lesions were found in the kidneys, whereas no
signs of arteritis were apparent in the vessels supplying the muscles and nerves.

Discussion

Our observations suggest the possibility of differentiating between small
vessel lesions associated with rheumatoid arthritis and the other forms of
“necrotizing arteritis”. It seems that in rheumatoid arthritis and classical
periarteritis nodosa lesions of the muscular and nervous vessels do not differ in
nature only in extent and intensity. In contrast with the opinion of Skoloff
and Bunim [38], in the acute and subacute phase this difference manifests
itself not so much in the degree of destruction as in that of the reparative
tissue process, which in the case of periarteritis nodosa appears as a massive
proliferation of the connective tissue elements of the vessel wall.

If this assumption proves true, it will account for the contradictory be-
haviour of the two kinds of vascular lesion, viz. rheumatoid vasculitis and peri-
arteritis nodosa, under corticosteroid treatment. It is known that in some cases
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of rheumatoid arthritis steroid treatment either aggravates the existing vascu-
lar lesions [10, 21, 30], or elicits necrotising arteritis by activating the suspected
latent lesions [14, 28, 42]. In contrast, in periarteritis nodosa, steroids have a
favourable influence on the course of necrotizing arteritis. The different effect of
steroids on the two vascular diseases may be interpreted as a proof of a basic
difference in their nature. We believe that the disparity of steroid actions is due
to the different tissular involvement of small arteries in the two conditions.
Histologically, periarteritis nodosa differs from rheumatoid arthritis in the
association of cell-rich intravascular or perivascular proliferation with necrotiz-
ing arteritis which is present in both diseases; this seems to account for the
greater efficiency of steroids in periarteritis nodosa due to their suppressive
action [22] on fibroblastic proliferation, granulation and fibrosis.

In the chronic stage, the rheumatoid vasculitis and the peripheral arteri-
tis associated with periarteritis nodosa differ in the more distinctive thickening
of the intima in the latter case, liable to cause a fibroid obliteration of the lumen.
Further, adventitial fibrosis may also be more severe in periarteritis nodosa
than in rheumatoid arthritis. Nevertheless, chronic arteritis manifesting itself
exclusively with a slight round-cell infiltration ofthe adventitia without gran-
ular-cicatricial thickening of the vessel wall, does never occur in periarteritis
nodosa.

Both rheumatoid arteritis and periarteritis nodosa are characterized by
the simultaneous occurrence of lesions in various stages in the small arteries of
muscles and nerves, as contrasted to allergic arteritis where the vascular lesions
are in the same stage in all parts of the body.

In view of the microscopic characteristics of rheumatoid arthritis and
periarteritis nodosa, we regard the relevant small arterial lesions a modification
of necrotizing arteritis rather than a specific lesion. The nature of this modifi-
cation and thus also the histologic picture of arteritis appear to depend on
various factors. Thus in the pathogenesis of the more severe small arterial le-
sions associated with periarteritis nodosa, hypertension may play a role; it is
known that an elevated blood pressure is more distinctive and frequent in
periarteritis nodosa than in rheumatoid arthritis.

The inflammatory changes of medium arteries accompanied by necrosis
and nodular fibrosis, so characteristic of classical periarteritis nodosa, do not
usually occur in rheumatoid arthritis. In typical rheumatoid arthritis, the in-
volvement of large arteries, sometimes also in the lungs, is only exceptionally
of such an extent and intensity as to suggest the probability of its association,
or coexistence, with periarteritis nodosa [4, 38]. These cases are considered cli-
nically “malignant rheumatoid arthritis”. On the analogy of this picture, the
association or coexistence of rheumatoid arthritis with Takayasu’s disease [15 |
or with temporal arteritis [23] has been reported.
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BEITRAGE ZUR VERGLEICHENDEN MORPHOLOGIE
DER VERANDERUNGEN KLEINSTER ARTERIEN BElI RHEUMATOIDER
ARTHRITIS UND PERIARTERIITIS NODOSA

B. RADNAI

AnlaRlich der Sektion an rheumatoider Arthritis oder Periarteriitis nodosa Verstorbe-
ner wurde die histologische Struktur der in der Skelettmuskulatur und in den peripheren
Nerven beobachteten Verédnderungen kleinster Arterien verglichen. Im Hinblick auf die
periphere Arteriitis lassen sich zwischen den beiden Krankheitsbildern nur quantitative
Unterschiede aufzeigen.

In der akuten-subakuten Phase der GefaRveranderungen ist die Proliferation der
Bindegewebselemente bei Periarteriitis nodosa ausgepragter als bei rheumatoider Vasculitis.
Diese Erscheinung mag als Erklarung jener Erfahrungstatsache dienen, daR die Kortikoid-
therapie bei den beiden Krankheitshildern auf die GefdBverdnderungen eine unterschiedliche
Wirkung ausiben kann.

In der chronischen Phase der GeféBverdnderungen ist die Fibrose der GefédBwand,
insbesondere der Intima erheblicher, und sie kann zur Obliteration des GefaBes fihren. Es
ist nicht ausgeschlossen, daf an der Pathogenese dieser Erscheinung die Hypertension betei-
ligt ist.

Obwohl bei rheumatoider Arthritis oder bei Periarteriitis nodosa die verschiedenen
Arteriitiden nicht als spezifische Verdnderungen betrachtet werden kdénnen, lassen sich die
beiden GefaRprozesse auf Grund der einheitlichen Betrachtung des klinischen, anatomischen
und histologischen Bildes aller Wahrscheinlichkeit nach voneinander unterscheiden. Jene
Félle, welche die morphologischen Zeichen beider Krankheitshilder aufweisen, dirften dem
klinischen Begriff »maligne rheumatoide Arthritis« entsprechen.

OAHHBIE K CPABHUTENBHOW MOP®OMIOMNU U3MEHEHWUIA MENIKUX
cocyanoB rMpPv PEBMATOMOHOM APTPUTE W Y3/IOBATOM APTEPUWUTE

B. PAOHAWN

Ha ocHOBe CpaBHEHUsI TWUCTOMOTMYECKON CTPYKTYpPbl W3MEHEHUA MEeNKUX COCYZOB
Hab/I0JaeMbIX B CKeJIETHOW Mblllle U B Nepudiepuyeckux HepBax Ha BCKPbITUM YMEpLUUX OT
PeBMaTOMAHOTO apTpuTa N Y3/10BaTOr0 MepuapTepuuTa, Mexay neputiepuyeckuMi apTepu-
UTamMu 3TUX [BYX MaTONOTMYECKUX MPOLECCOB MOXHO BbISIBUTb JIMLIb KOMMYECTBEHHbIE pa3-
HULbI.

B ocTpoii-HogocTpoii (hasax M3MeHeHU cocy[oB, MPW Y3N0OBaTOM MepuapTepuuTe Mpo-
nndepaums COeAMHUTENbHO-TKAHHBLIX 37IEMEHTOB CTEHKM COCy[a 60/iee BbIPXKEHa, 4YeM Mpu
PEBMATOMAHOM BacKy/uTe. 3TO BNEHME MOXET O6BLACHATb TAKXE BOMPOC, MOYeMy feueHue
KOPTMKOCTEPOMUAAMN MOXET OKas3aTb pa3/iMuHOe [AeliCTBME Ha W3MEHEHWs COCYAOB MNpu 3TUX
[ABYX MaTo/0rMYecKmx rpoLeccax.

B XpoHu4eckoii (ase W3MeHeHWiA COCY[OB Mpu y3N0BaTOM MepuapTepunTe Habo-
JaeTcs Gonee TsXKe/blA (MBP03 CTEHKW COCyAa, B YaCTHOCTU MHTUMbI, KOTOPbIA MOXET npu-
BECTV K 06/mMTepaumm cocyaa. Monaraetcs, Uto B MaToreHese 3TOro sB/IEHUs Y4acTBYeT rumep-
TOHUS.

X0Ts pasnuuHble apTepuuThbl, HabBMOAaeMble B CBS3W C PEBMATOMAHLIM BAcKyIUTOM U
B CBfA31 C YC/MOBATbIM MEprapTepumnTOM, HeMb3s PacCcMaTpuBaTh Kak cneuvﬁmqecme, Ha OCHoBe
©AMHOT0 BO33PEHMS HA K/IMHUYECKYHO, MATO/I0r0-aHaTOMUYECKYIO U TUCTOMIOTNYECKYH) KapTUHBI,
3TU fiBa MaTOMOrMYECKMX MPOLECChl MO BCEA BEPOSTHOCTM MOXHO 060CO6AATL APYr OT Apyra.

Te cliyyan, KOTopble MOKasbiBatOT MOP(OMOrMYecKre MpusHakyM 060ux 3a6oneBaHuiA, COOT-
BETCTBYIOT, MO-BUAMMOMY, KAWHUYECKOMY TMOHATUID «3/10KaYeCTBEHHOr0 PEBMaTOUAHOrO
apTpuT»-a.

Dr. Béla Hadnai, Budapest IX., Nagyvarad tér 1, Hungary
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QUANTITATIVE HISTOCMEMICAL ANALYSIS
OF CYTOMEGALIC NUCLEAR INCLUSIONS

K. Jobst*and M. Kellermayek

(Received May 10, 1968)

The concentrations of DNA, total proteins and basic protein have been determin-
ed cytophotometrically in the nuclear inclusions found in different organs of four
subjects suffering from cytomegalic inclusion disease. The amount of DNA and proteins
contained in the inclusions was in all cases 3 to 4 times higher than in the control
nuclei. No basic protein of the histone type was found in the inclusions of two premature
infants, while considerable amounts of it w'ere revealed in those of a child and an adult.

The presence of DNA in cytomegalic nuclear inclusions has been proved
by histochemical [35], photometric [12, 20] and fluorescence-optical [33] in-
vestigations. DNA-virus is now acknowledged as being involved in the patho-
genesis of cytomegalic inclusion disease [35] and light microscopic observations
are in harmony with this view. Electron microscopic examinations have already
yielded information about the ultrastructure, crystalloid organization and
intercellular development of the viral bodies [6,11, 28, 36]. Both light microscop-
ic and electron microscopic data agree in that inclusions from various organs
contain not only DNA but proteins as well; quantitative measurements show
that the amount of both substances is significantly increased [34].

So far, quantitative examinations have been concerned with single cases,
with the inclusions of a particular organ so that no data are available to show
differences in the amount of DNA and protein contained in the different organs
of individuals belonging to different age groups. This has been studied in the
present work. It was found that the nuclear inclusions of individuals of various
ages invariably contained higher amounts of DNA and total protein than did
the control nuclei, while no basic protein was found in the inclusions of prema-
ture infants.

Material anil methods

The organs of four subjects of various ages who on histological evidence had died
of cytomegalic inclusion disease were used for the quantitative photometric determination

of DNA and protein.
Case 1. A male infant born at 7 months of pregnancy with a body weight of 930 g,
became repeatedly grey, his heart sounds were weak, the respiration arrhythmic. He died

* Present address: Department of Clinical Chemistry, Univ. Med. School, Pécs, Ifjuséag
Gt 31, Hungary.
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after 20 hrs of postnatal life. The clinical diagnosis was intracranial haemorrhage (?). Histologi-
cal examinations revealed cytomegalic giant cells in the submandibular gland.

Case 2* First child of Rh-incompatible parents. Her weight was 1900 g. The predomi-
nant symptom consisted in subcutaneous haemorrhages throughout the body. A systolic
murmur was heard over the base of the heart. There was hepatic and splenic enlargement.
Immediately after birth convulsions appeared, later the haemorrhages became more and more
extensive, and the patient died at the age of four hours. Autopsy revealed a ventricular septal
defect and cerebral haemorrhage into the ventricle. Histology revealed cytomegaly in salivary
glands, kidneys, liver, brain.

Case 3.** (This case has been reported in detail; see reference 22.) A female patient
of 36 years who had been hospitalized eight times during the previous 5 years on account
of renal complaints. The clinical diagnosis was chronic pyelonephritis and uraemia. The gross
necropsy findings did not admit of an unambiguous conclusion regarding the renal change;
the kidneys weighed 80 g. The diagnosis of renal cytomegalic disease was only revealed by the
histological examination.

Case 4. A male patient of 3 years whose illness, like that of his 9-month-old brother,
had started with pneumonia 2 months before. The younger brother had died of bronchopneu-
monia after five days. The patient became more and more dyspnoeic and died with signs
of respiratory failure two months later. The clinical diagnosis was bronchiolitis, bilateral
bronchopneumonia, asthmatic bronchitis. Autopsy revealed chronic (viral?) pneumonia with
interstitial emphysema. Histological examination revealed cytomegalic inclusion pneumonia.

The younger brother, who had died before our patient did, had the same kind of pneu-
monia. According to a subsequent statement of the parents, some pigs of the family had died
of an unknown disease before the children fell ill.

We stained our sections with haematoxylin-eosin, PAS, Sudan black, gallocyanin,
and toluidine blue of pH 4.

Detailed data about the microscopic findings and qualitative histochemistry in cytomeg-
alic inclusion disease, the description of which is beyond the scope of this study, can be found
in the literature [2, 16, 19, 23, 29, 30]; our findings were in complete agreement with them.

The DNA-contents of the cells were estimated by Feulgen’s reaction with Bloch’s
modification [3, 4] (A:570 in//), while the histone-type and total proteins according to
Alfert and Geschwind [1] after staining with fast green of pH 8.1 and 2.2 (A: 600 mp).
Cytophotometric quantitative determinations [21] were performed in 6 to 8 p thick sections
of the same cell fixed in 10% formalin and subjected to Feulgen’s reaction. Several character-
istic visual fields were photographed at 400 X magnification. The cytomegalic and the control
cells were separately numbered on the prints and the DNA in the numbered individual cells
was then determined cytophotometrically (obj. 100 x). Extraction of the same sections by
trichloroacetic acid was followed by staining with fast green. Then the DNA-tested cells
were selected on the basis of the numbers on the prints and their content of basic protein and

after renewed staining — their total protein content were determined. About 25 to 30 cells
were so examined at a time. Their DNA and protein contents were expressed in AU (arbitrary
unit = extinction X surface //-).

Results

Differences between the inclusions in the individual cases were revealed
already by light microscopy. In cases 1 and 2 (Fig. 1), the round or oval inclu-
sions were clearly distinguishable from the nucleus. The non-staining halo
between the Feulgen-positive inclusion and the finely granular nuclear mem-
brane is well marked in the figure. The large cytoplasm of the cells was PAS and
Sudan black positive, while neither the inclusion nor the cytoplasm stained
with pH 8.1 fast green [Fig. 3a], which, however, stained intensely the Feulgen
positive granules attached to the nuclear membrane. pH 2.1 fast green stained
the inclusion, the cytoplasm and its granules intensely.

* We are indebted to Dr. Gy. Kasza for referring the material to us.
** We are indebted to Dr. |I. Kadas for referring the material to us.
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Fig. I. Cytomegalic renal inclusion in Fig. 2. Cytomegalic renal inclusions in
a premature infant. PAS reaction. 650 an adult. Toluidine blue of pH 4.0. x 650

Fig. 3. Renal inclusions in cytomegalic infant (a) and adult (b). Fast green of pH 8.1. Basic
protein was demonstrated in case (b) only. x650
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Table |

Amount of DNA, total proteins and basic protein in cytomegalic nuclear inclusions, expressed
in arbitrary units

I. DNA, AU 2. Total protein, AU 3. Basic protein, AU
|

" e s B P i s B E . B LE
l. 20 hours (930 g) m

salivary gland 59 252 43 6.7 26.2 3.9 4.2 B 0
2. 4 hours (1900 g) f

kidney 76 230 3.0 71 295 4.2 44 B 0
3. 36 years f

kidney 99 461 45 83 360 43 5.7 128 22
4, 3 years m

lung 106 298 28 124 457 37 8.3 134 16

In contrast, the boundary between the ellipsoid inclusion almost complete-
ly filling the nucleus and the nuclear membrane was hardly visible in cases 3
and 4 (Fig. 2). Here the inclusion bodies were larger than in cases 1 and 2 (see
the values for fj? in Table Ill). Feulgen-positive granulation of the nuclear
membrane was absent. The cytoplasm failed to stain with PAS, Sudan black
and pH 8.1 fast green, whereas the inclusions stained well with alkaline fast
green (Fig. 3b). Both the nucleus and the cytoplasm gave a strongly positive
reaction with acid fast green.

The results of quantitative cytophotometry are listed in Table 1 (its
first column shows the Fertigen values of DNA). In all cases examined the DNA
content ofthe inclusions was found to be 3 to 4 times that of intact nuclei in the
same sections. The difference between average and mean values was relatively
great, which was probably due to the widely variable size of the inclusions.
Histograms 1 and 2 illustrate the distribution of DNA and basic protein (AU)
in cases 2 and 3.

Staining with pH 2.2 fast green showed that the total protein content of
the inclusions was in all four cases approximately four times higher than that
of the control nuclei (second column of Table 1).

While the values for DNA and total proteins were increased in all of the
cases examined, those for basic protein showed considerable variations (third
column of Table I). It was found in the course of the qualitative examinations
already that only the inclusions of cases 1 and 2 failed to stain with pH 8.1 fast
green. Quantitative determinations were, therefore, dispensed with in these
cases, where the fast-green-positive granules adhering to the nuclear membrane
were easy to measure. Their DNA content was approximately identical with
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that of the control nuclei; the ratio Feulgen: fast green amounted to 1.6. The
quantity of basic protein in the inclusions of cases 3 and 4 was, on the other
hand, 1.5 to 2 times higher than that of the control nuclei. These data are par-
ticularly striking if the results obtained in cases 2 and 3 are compared, in which
the cytomegalic kidneys originated from subjects of widely different ages,

n

TO ’ 20 » 30 ME

Histogram 1. Relative DNA values of infantile renal inclusions are distributed over a compara-
tively narrow range

Women of 36 years

control Kidney.DNA/feulgen/
I Cyfomegaly
p_p_Jdn(l fhfl, Pi p__ (-1 —r
o 30 AO 50 60 ME
Control Women of 36 years

Kidney . Bosic protein/Fq.8,1/

Cytonegaly
| |

[n pnHN 1

20 30 40 50 60 ME

Histogram 2. Relative DNA and basic protein values of adult renal inclusions are distributed
over a wide range

The quotients DNA :protein, computed from AU, are shown in Table II.
In the control nuclei the quotient Feulgen : pH 8.1 fast green fluctuated around
1.5, a value characteristic of interphase nuclei. This quotient was about twice
as high in the inclusions of cases 3 and 4 so that the ratio between the quotients
DNA: basic protein in the controls and in the cytomegalic cases amounted to
1:2. Since the amount of both DNA and total proteins was about 3 to 4 times
higher in the inclusions than in the control nuclei, the ratio of the quotients
Feulgen : acid fast green amounted to 1:1.
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Table 11

The quotients of DNA :basic protein, and of DNA :total proteins computed from quantitative
photometric values (Table 1) of normal nuclei and nuclear inclusions

DNA/Basic protein [qj] DNA/Total protein [q2
Case
Control  Cytomegaly = . Nj. ?;?eec'i;eeﬁ Control Cytomegaly

4i-c di-cy 4i-c :4i-cy Ur-c <L-oy Yr-c « Ur-cy

1.4 0 1:0 l. 20 hours (930 g) m 0.9 1.0 1:11
salivary gland

1.7 0 1:0 2. 4 hours (1900 g) f 11 0.8 1:07
kidney

1.7 3.6 1:2 3. 36 years f 1.2 1.3 1:11
kidney

1.3 2.2 1:2 4. 3 years m 0.9 0.7 1:13
lung

Table 111

DNA (Feulgen) concentration in the surface of intact nuclei and renal inclusions of infants
and adults with cytomegalic inclusion disease

Extinction Surface E
E e
V2
Case 2
. Control 0.580 13.2 0.045
infant’s
Kidney Cytomegaly 0.390 54.5 0.007
Case 3
Control 0.733 135 0.055
adult’s
Kidney Cytomegaly 0.613 77.8 0.008
Table 11l shows the DNA Feulgen concentration in the surface of the

renal inclusions in case 2 (infant), case 3 (adult), and in the control nuclei.
While the combined total amount of DNA and protein in the inclusions was
in both cases many times higher than in the normal nuclei (Table I1), the con-
centration of DNA was 6.5 to 7 times lower in the inclusions than in the control
nuclei. Thus, the approximately fourfold increase in the total amount of DNA
was out of proportion to the notable increase in the surface of the inclusions,
a phenomenon in sharp contrast with that observed in likewise large tumour
cells.

Discussion

Quantitative photometric estimations have shown that the total amount
of DNA and protein contained in cytomegalic nuclear inclusions is 3 to 4 times
higher than in diploid nuclei, a phenomenon in harmony with the results of
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Dickman [12] and Sandritter [34], who also reported on increased DNA con-
centration in renal, salivary gland, and pulmonary inclusions. Similar obser-
vations were made by Leuchtenberger [26], who found high nuclear concen-
trations of DNA in patients infected with DNA-virus.

The behaviour of basic protein was remarkable in our cases. Sandritter
[34] was the first to describe that cytomegalic nuclear inclusions failed to stain
with alkaline fast green. His patient was a baby, and also the further six cyto-
megalic salivary glands tested by him for staining with alkaline fast green were
taken from infants. We, too, had two prematures with a negative histone
reaction while the concentration of basic protein in the inclusions was signifi-
cant in the two subjects of more advanced age. Thus, it seems that the amount
of basic protein in nuclear inclusions is different in infants and older subjects.

Chemical [15], cytochemical [7, 8], immunological [9], autoradiographic
[17], interference [25] and electron microscopic [31, 32] examinations showed
the inclusions to represent intranuclear aggregates of viral particles. It is there-
fore safe to assume that infection induces a fundamental change in cellular
metabolism [14, 18], which is supported by the observation that DNA isolated
from DNA virus synthesizes not merely its own viral DNA but its specific
proteins as well [10, 13]. The high DNA and total protein content found in our
cases was in harmony with the results of these findings, which would further
seem to be supported by the low DNA concentration in the inclusions. In pa-
thological cells, e.g. in tumours, the DNA concentration is usually in linear rela-
tion to the number of chromosomes, a phenomenon we did not observe in the
present material. Therefore, the extremely low concentration of DNA in the
inclusions points to some intranuclear disorder, to a particular kind of DNA in
the inclusions. According to Donnellan et al. [11] in the nucleus there are only
incomplete viruses which have no ripe protein envelope; their final development
takes place in the cytoplasm. Compared with intact nuclei, the amount of non-
basic proteins was considerably increased in our four cases of cytomegalic
inclusion disease. The increment might correspond to the pathologic protein of
viral origin so that incomplete protein is represented by the non-basic protein
fraction. It is, however, likewise probable that it is not the basic protein which
completes the virus, for in none of our cases did we find proteins of the histone
type in the cytoplasm, while their concentration was high in the inclusions of
the individuals of more advanced age. Only Krishan et al. [24] have shown
the presence of histone-type protein in atypical DNA nuclear inclusions. Thus,
it is difficult to explain the phenomenon observed by us. The histograms of the
infants and those of the older subjects showed essential differences, which were
particularly conspicuous in the kidneys in cases 2 and 3 (see histograms 1 and 2).
The fact that the values of DNA showed a relatively narrow distribution in the
infants, whereas both DNA and basic protein were widely distributed in cases
3 and 4, suggests that the type of virus responsible for the disease in infants
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might be different from that which causes it at a more advanced age. It is,
however, likewise possible that one is simply dealing with inclusions at different
stages of development. Again, viral inclusions may be brought about by the
defence mechanism of the more developed organism or by prolonged drug
treatment. It is further possible that, as a result of aging, the basic nuclear
protein of the host cell is incorporated into the inclusion [27, 37]. All these sup-
positions are mere conjectures. What may be regarded as a fact, on the basis of
the case reports, isthat the two premature babies lived a few hours only, while
the child of 3 years and the adult patient of 36 years were ill, and were treated,
for months and years. It is therefore probable that, in addition to the factors
discussed in the foregoing, the morphology, structure and chemical composition
of inclusions depend not so much on the patient’s age as on the duration and
the general course of the disease.
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QUANTITATIVE HISTOCHEMISCHE ANALYSE
DER KERNEINSCHLUSSE BEI ZYTOMEGALIE

K. JOBST um! M. KELLERMAYER

Bei vier Zytomegalie-Kranken verschiedenen Alters wurden in den Kerneinschlissen
die DNS, das Gesamteiweill sowie die basischen Eiweile cytophotometrisch bestimmt. Der
DNS- sowie der Gesamtprotein-Gehalt war bei allen vier Kranken 3—4mal hdher als in den
Kontrollzellkernen. In den Kerneinschlissen zweier S&duglinge wurden keine, in denen eines
Kindes und eines Erwachsenen hingegen erhebliche Mengen von basischen Kerneiweilen
vom Histontyp ermittelt.

KONMMUYECTBEHHbIV FI/ICTVOXI/IMI/ILIECKI/IIZ AHANN3 AAEPHbBIX
BKAKOYEHUW TMPU UNTOMEIANNN

K. MOBCT u M. KEJINEPMAWEP

B siiepHbIX BK/HOUYEHMSX YeTblpex 60/bHbIX Pa3fMYHOTO BO3pacTa C LMTOMeranmeit
aBTOpPbI MPOBOAWAN LMTO(OTOMETPUYECKOE onpeaeneHre JHK, o6lero Geska M OCHOBHbIX
6enkoB. CogepxaHve JAHK v o6Liero 6enka 6bI10 B SAEPHbIX BKIOUEHUSX Y BCEX YETbIPEX
60MbHbIX 3—4 pasa GO/blUe YeM B KOHTPOSbHBLIX KETOUHbIX sapax. Y ABYX 6GO/bHbIX TPyA-
HOro BO3pacTa He Gbl/I0 HalifeHO OCHOBHbIX GE/IKOB FMCTOHOBOFO TUMA, B TO BPEMs Kak y 60/b-
HOrO [IETCKOro BO3pacTa W Yy B3POC/Or0 UX KOJMYECTBO 6bISI0 3HAUUTE/BHBIM.

Dr. Kadzmér Jobst

S Pécs, Kdrbonctani Intézet, Hungary
Dr. Miklés Kellermayer
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RECENSIONES

Neurosecretion, 1V

International Symposium on Neurosecretion. Strasbourg, July 25—27, 1966. Edited
by F. Stutinsky. Springer Verlag, Berlin —Heidelberg New York, 253 pages, with 87 figures
and 1 portrait, 1967.

Volume | contains the lectures and discussion material of the IV. International Sym-
posium on Neurosecretion, held in honour of Ernst Scharrer in July, 1966. After the opening lec-
ture by Prof. J. Benoit there are 26 papers by Il. A. Bern, F. Knowles, M. Herlant, M. Mazzuca,
E. Follenius, J. Barry, J. Flament-Durand, A. Oksche, B. Vigh, 1. Teichmann, J. C. van
de Kamecr, P. Disclos, A. Jasinski, A. Gorlman, T. Hara, J. C. Sloper, M. A. Karim, M. A.
Richards, C. Kordon, A. Moskowska, Il. Sachs, R. Portanova, E. W. Haller and L. Schare,
K. Lederis, K. Fuxe and T. Hoékfelt, W. W. Douglas, J. Taxi and B. Droz, H. llerlant-Meewis,
J. Naisse and J. Mouton, I. R. Hagadorn, M. V. Angel, A. Oksche, M. Vaupel von Harnack
and Il. Wolff, G. Ohm and M. Vaupel von Harnack, P. Zimmermann, W. Bergmann. The
papers dealt with (i) morphological changes induced experimentally in the neurosecretory
system, and (ii) investigations into the hormonal effects of cellular processes taking place
in the neurosecretory system.

All the papers rely upon investigations involving up-to-date methods (electron micro-
scopy, biochemistry, autoradiography). By means of the electron microscope it is shown
convincingly that in vertebrates the size of neurosecretory granules ranges from 1000 to 2000 /1.
Further experimental evidence is offered to th? physiological role of neurosecretion. Impor-
tant data deal with the relationships of neurosecretory cells and the central as well as the
peripheral nervous system. Studies have been made of the relation within the neurosecretory
cells between nucleus and secretion granules.

The book should be read not only by experts of this relatively narrow field, but also
by those interested in biology in general.

B. I. Baranyi

Senn, 1). G.i Uber das optische System im Gehirn squumater Reptilien

Suppl. 52—1 ad Vol. 65 »Acta Anatomica«, S. Karger AG, Basel/New York, 1966.
IV - 88 Seiten mit 29 Abbildungen und 4 Tabellen. Preis: sFr/UM 23,

Zur Kenntnis des allgemeinen Aufbaues des optischen Systems sowie dessen Evolu-
tion vermitteln die an Reptilien vorgenommenen Untersuchungen wichtige Angaben.

Vorliegende Arbeit untersucht in diesem Themenkreis nach einer vergleichenden anato-
mischen Behandlung der duBeren morphologischen Verhdltnisse des Gehirns vom vergleichen-
den histologischen Gesichtspunkt zwei Probleme. Einerseits wird die Struktur des optischen
Systems und der benachbarten Gehirngebiete bei verschiedenen squamaten Reptilien beschrie-
ben, auf Grund welcher der Homologie mehrerer Regionen — mit besonderem Hinblick auf
das Tectum opticum — eine Bedeutung zugeschrieben wird. Anderseits werden mit dem Ver-
gleich der optischen Systeme die Verwandtschaftsbeziehungen von Echsen, Wihlschlangen,
Bdiden und hoheren Schlangen besprochen.

Sznns Monographie unterscheidet beim optischen System drei Teile: 1. Die diencephalen
Anteile des optischen Systems, 2. Das tectum opticum und 3. Die Augenmuskelkerne.

Verfasser stellt fest, daR hei allen untersuchten Wihlschlangen und Bd@iden die Reduk-
tion des optischen Systems als gestaltliche Modifikation des Gehirns augenfallig ist.
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Die fir Bgiden und hohere Schlangen charakteristische Erscheinung der Einzelbundel
im Abschnitt des Tractus opticus zwischen dem Augapfel und dem Chiasma, von denen jedes
Bindel die zentrale Gliazellsdule enthé&lt, hat sich bei Wihlschlangen in verschiedenem Grade
als ancestrale Situation erhalten. Wahrend die Fasern noch gleichméRig (wie bei Echsen)
im Tractus verstreut sind, zeigen die Gliazellen schon mehr oder weniger eine Anordnung
in S&ulen.

Die Ausprdgung des Uberkreuzungsmusters im Chiasma opticum hangt weitgehend
von der quantitativen Mdglichkeit ab. Doch geschieht die Aufteilung jedes Tractus bei den
Echsen Ubersichtlich in wenige Blatter, wéhrend sie sich bei Schlangen als unregelméBiges
feines Muster darbietet.

Der Nucleus geniculatus lateralis, in welchem sich bei Echsen die mediale Zellplatte
und das laterale Neuropil scharf voneinander abheben, ist bei extremen Wihlschlangen
stark reduziert, bei anderen Schlangen in sich morphologisch durchdrungen. Mit Ausnahme
des Nucleus posterodorsalis, der besonders bei Schlangen auffallt, sind die pratectalen Kerne
bei W ihlschlangen nicht nachgewiesen; bei hdheren Schlangen sind sie kaum veradndert.

Im Tectum opticum verhalten sich die Schichtgruppen verschieden. Die periventricu-
laren Schichten sind bei allen untersuchten Formen (Ausnahme: Varanus) in der Dicke kon-
stant. WeiBe und graue Substanz sind bei Echsen voneinander abgehoben, bei Schlangen
morphologisch durchdrungen. Wihlschlangen stehen intermedidr.

Die zentralen Schichten sind bei Echsen (Ausnahme: Varanus) und gewissen W uhl-
schlangen mehr in weie und graue Zonen gegliedert als bei Bdiden und hdheren Schlangen.
Bei Wihlschlangen sind diese Schichten reduziert.

Die Augenmuskelkerne entsprechen quantitativ dem Umfang des optischen Systems.
Feinere Differenzierungen des Nucleus Il wie bei Echsen sind bei Schlangen nicht erhalten.
Die Reduktion des oculcmotorischen Kernes bei Wiihlschlangen und B&iden bewirkt eine Ros-
tralverlagerung des Nucleus IV.

Eine vergleichende morphologische Untersuchung am Gehirn dieser Squamaten interes-
siert nicht nur funktionell und rein deskriptiv orientierte Morphologen und Neurologen,
sondern verspricht auch Hinweise auf das Evolutionsproblem dieser Reptilien.

Einen besonderen Wert der Monographie stellt die von den ausgezeichneten Mikroskop-
préparaten (Neurofibrillendarstellung nach Bodian und Kresylviolett-Farbung zur Darstellung
der Nissl-Substanz und der Nukleinsduren) verfertigte hervorragende Photodokumentation
dar, zu deren Erfolg auch die erstklassige zeitgemaBe Drucktechnik beitragt.

T. Donath

Bioluminescence in Progress

Edited by Frank H. Johnson and Yata Haneda. Princeton University Press, Princeton,
New Jersey, 1966. Pp. 650.

The papers of this volume have been given at a Luminescence Conference which was held
in Hakone National Park, Japan, September 12 to 16, 1965, under the auspices of the United
States-Japan Cooperative Science Program with the joint support of the National Science
Foundation and the Japan Society for the Promotion of Science.

The objectives of the Conference were fundamentally the same as those of an earlier
conference devoted primarily to bioluminescence, held at Asilomar, California, in 1954, and
supported by the National Science Foundation through the National Research Council’s
Committee on Photobiology, which “recognized the mutual advantages of bringing together a
group of leading investigators for a critical appraisal of present knowledge, for the first-hand
interchange of experiences and ideas, and for the projection of likely approaches to unsolved
problems”. The present Conference had the further objectives, in accordance with the purposes
and policies of the U.S. —Japan Program, of promoting understanding and cooperation between
Japanese and American scientists, with a view toward effecting a more intimate acquaintance
with each other’s points of view, methods, and research materials. The participants were thus
almost wholly limited to Japanese and American investigators and their active collaborators.

The book embraces 35 papers of 48 researchers as well as the introduction of Fbank
H. Johnson giving an excellent survey of the problematics of bioluminescence. The follow-
ing subjects have been dealt with: J. R. Totter: Chemical Events Leading to Chemilumines-
cence of Lucigenine and Luminol; J. Lee, A. S. Wesley, J. F. Ferguson, IIl. and H. H.
Seliger: The Use of Luminol as a Standard of Photon Emission; J. W. Hastings and G. T.
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Reynolds: The Preparation and Standardization by Different Methods of Liquid Light
Sources; H.-D. Stachel, E. C. Taylor, O. Shimomura and F. Il. Johnson: Synthesis and
Properties of Some Indole Derivatives Related to Cypridina Luciferin and of Some New Indole
Compounds in Dimethylsulfoxide; N. Sugiyama, M. Akutagawa, T. Gasha and Y. Saiga:
Chemiluminescence of Indole Derivatives; Y. Kishi, T. Goto, Y. Hirata, O. Shimomura
and F. H. Johnson: The Structure of Cypridina Luciferase: Quantitative Measurement;
Analysis of Inhibition by Urea; and Some Effects of Sodium and Potassium lons; F. I. Tsuji
and Y. llaneda: Chemistry of the Luciferases of Cypridina hilgendorfi and Apogon ellioti;

J. W. Hastings, Q. Il. Gibson, Joan Friedland and J. Spudich: Molecular Mechanisms
in Bacterial Bioluminescence: On Energy Storage Intermediates and the Role of Aldehyde
in the Reaction; Q. Il. Gibson and J. W. Hastings: Light-initiated Bioluminescence; E. IL

C. Sie, A. Thanos, and A. Jordon: Application of Luminescence in Aerospace Industry;
R. L. Airth, G. Elizabeth Foerster and Patricia Q. Behrens: The Luminous Fungi;
M. J. Cormier and J. R. Totter: The Apparent Phosphorescence of a Substance Extracted
from the Mycelium of the Luminous Fungus, Omphalia flavida; S. Kuwabara and E. C
W assink: Purification and Properties of the Active Substance of Fungal Luminescence;
E. C. Wassink and S. Kuwabara: Some Notes on Semi-large-scale Cultivation of Luminous
Fungi; Hiroshi Nakamura: A Note on Stimulatives of Bacterial Luminescence in Mass
Culture; R. Eckert: Excitation and Luminescence in Noctiluca miliaris; J. W. Hastings,
M. Vergin and R. DeSa: Scintillons: The Biochemistry of Dinoflagellate Bioluminescence;
B. M. Sweeney and G. B. Bouck: Crystal-like Particles in Luminous and Non-luminous
Dinoflagellates; M. J. Cormier, K. Hori and P. Kreiss: Studies on the Bioluminescence
System of the Sea Pansy, Renilla reniformie; M. J. Cormier, P. Kreiss and P. M. Prichard:
Bioluminescence Systems of the Peroxidase Type: F. H. Johnson, O. Shimomura and Y.
Haneda: A Note on the Large Luminescent Earthworm. Octochaetus multiporus, of New
Zealand; O. Shimomura, F. Il. Johnson and Y. Haneda: Isolation of the Luciferin of the
New Zealand Fresh-water Limpet, Latia neritoides Gray; H. H. Seliger and W. I). McElroy:
Quantitative Measurements of Luminescence; W. D. McElroy and H. H. Seliger: Firefly
Bioluminescence; J. B. Buck: Unit Activity in the Firefly Lantern; W. A. Hagins, F. E.
Hanson and J. B. Buck: Statistics of Photon Emission and Control Mechanisms in Biolumi-
nescence; O. Shimomura, F. H. Johnson and Y. Haneda: Observations on the Biochemistry
of Luminescence in the New Zealand Glowworm, Arachnocainpa luminosa; O. Shimomura
and F. H. Johnson: Partial Purification and Properties of the Chaetopterus Luminescence
System; F. H. Johnson, Il.-D. Stachel, O. Shimomura and Y. llaneda: Partial Puri-
fication of the Luminescence System of a Deep-sea Shrimp, Hoplophorus gracilorostris;
Y. llaneda, F. H. Johnson and O. Shimomura: The Origin of Luciferin in the Luminous
Ducts of Parapriacantbus ransonneti, Pempheris klunzingeri, and Apogon ellioti. Y. Haneda:
On a Luminous Organ of the Australian Pine-cone Fish, Cleidopus gloria-maris De Vis; J.-M.
Bassot: On the Comparative Morphology of Some Luminous Organs; Y. K. Okada: Observa-
tions on Rod-like Contents in the Photogenic Tissue of Watasenia scintillans through the
Electron Microscope.

The papers themselves are noteworthy in both scope and content, for they range from
purely chemical to purely biological in their approach to the central problem the phenome-
non of light emission by living organisms and they include some new technical reports
which constitute real milestones marking the advancing frontiers of this field. There are mag-
nificent electronmicrographs and some colour plates among the more than 250 illustrations.
It is reasonable to expect that the book will be found useful by anyone interested either in
the background and status of special aspects or in a more comprehensive viewr of the subject
as it is in progress.

T. Donath
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EFFECTS OF MECHANICAL INSUFFICIENCY
AND INCREASED PERIPHERAL OFFER
IN THE MESENTERIC LYMPHATIC REGION

J. Vajda, Erzsébet Fenér and K. Csanyi

(Received August 12, 1968)

The effects of a ligation of efferent lymphatics and of an increase of peripheral
offer on the mesenteric lymphatic area have been investigated. Sudden obstruction
of lymphatics led to congestion, gradually increasing the calibre of lymphatic vessels
to 3—4 times the normal. The lymphatics can cope with the excess strain for a limited
time only. The most important role is played by the zone of arcades and by the lymphat-
ics of shunts, "which in the course of compensation avert lymph flow toward adjacent,
intact segments. This activity produces merely temporary results, because total
mechanical failure develops in 4 to 5 hours.

The increase of peripheral offer affects the entire small intestinal efferent
lymphatic system. Dilatation of the lumen spreads in the central direction. The excess
lymph is carried away in a short time by the collecting and efferent lymphatics. Mean-
while, the thinner lymphatics of the intestinal wall dilate to 5 to 6 times, and the
thicker mesenteric ones to J —2 times the normal size.

W ith the two kinds of increased lymph volume, first the lymphatics of the
arcades, then the shunt system, the capillary area and finally the reserve efferent
lymphatics take part in compensation.

Introduction

The precise knowledge of the storing and transport capacity of mesen-
teric lymphatics is an important factor in the understanding of intestinal
absorption and blood and lymph circulation.

Since the discovery of the chylus vessels, marking the onset of knowledge
concerning the lymphatics, the problem has not been investigated directly.
Detailed descriptions have been published on the morphology [18, 19, 29],
innervation [2, 4, 8, 12, 25] and flow-maintaining elements [6, 7, 9, 10, 11, 13,
14, 17, 21] of the lymph vessels, but practically no data on lymphatic storage
and transport following mechanical obstruction or increased peripheral offer.
Fordi et al. [3, 19] were the first to evaluate functionally lymph circulation,
as a complete system. They have introduced also the concept of “lymphatic
insufficiency”.

Storage by the mesenteric lymphatics was described by us earlier [23, 24].
In the present investigations we wished to confirm previous hypotheses, and
to study where, when and to what extent the various compensatory mecha-
nisms take part in the relief of insufficiency. A further aim was to study lymph
distribution in the various mesenteric areas and the ability to distend of the
lymphatic segments.

1 Acta Morphologien Academiae Scientiarum Hungaricae 17, 1909



96 J. VAJDA et al

Materials and methods

Cats of either sex, identical in weight and age, were used. The following criteria have
been observed.

1. The same segment of intestine was studied in every case. In the cat the abdomen

was opened, the greater omentum was pulled up and the segment lying next to the surface,
27 to 30 cm from the duodenojejunal flexure before the jejunal-iliac juncture was located.
This segment has been chosen for two reasons: partly because it is nearest to the surface
and if manipulated, the resting state of other intestinal segments is hardly disturbed, and
partly because the mesentery belonging to it is long and the bundles of lymphatic and blood
vessels are regular and clearly visible.

Fig. 1. Diagrammatic representation of mesenteric lymphatic system and sampling. | —

ligated area; 1l adjacent efferent segment; 1= subserous lymphatics of intestinal wall;

2 = lymphatics of the zone of arcades; 3 = anastomosis (shunt) system; 4 = intersegmental
capillary area; 5= main efferent and reserve lymph vessels; 6 = site of ligation

2. When studying mechanical insufficiency, the arterial and venous supply to the
ligated area was left intact. Only the efferent lymph vessels were ligated immediately before
the lymph nodes, where they run alone. To study increased peripheral offer, after 1 day of
food deprivation the cat was given as much cream as it could eat. This varied from 35 to
45 ml. In most animals this caused a slight diarrhoea in about 2 hours.

3. The specimen to be examined was a 15 cm long part of the intestine with intact
mesentery, removed together with the mesenteric lymph nodes. It was fixed in formaldehyde
for 16 hours and then subjected to study.

4. As illustrated diagrammatically in Fig. 1, 1 cm segment of the intestine was cut
out together with its mesentery, up to the primary lymph node. When investigating mechan-
ical insufficiency, the intestinal segments and mesentery lying orally and rectally from the
ligated one were excised, to study lateral lymph outflow. In the longitudinal axis of the
specimen are running the intestinal arterial and venous trunks and the efferent lymphatics
accompanying them.

Acta Morphologica Academiae Scientiarurn Hungaricae 17, 1969
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5. In the case of mechanical and peripheral overfilling the specimens were removed
at 30 minutes, 1, 1'/j, 2, 3, 4, 5 and 6 hours; the results of those periods were only con-
sidered where the difference was appreciable.

Cross sections, 4 mm thick each, were excised for microscopic study from the specimen
at the following sites: /1 from the intestinal wall 90° from the mesenteric insertion, B 43°
from the mesentery, C from the part of the mesentery adjacent to the intestine, and
E from the mesenteric segment before the primary lymph node (Fig. 1). These sites had
been chosen for the following reasons. In segment A (whole intestinal wall section) can he
examined the valvular efferent lymphatics under the serosa and in the muscular layer.
In segment B these, as well as the subserous lymphatic shunts can be studied. As the intestine
has two sides, the results for segments A and B have been evaluated twice. On the other hand,
no specimens were taken from the free, antimesenteric intestinal area, because previous
investigations showed [22) that in this area there are no subserous and intramuscular valvular
lymphatics of any importance in mesenteric storage. The lymph capillaries in the intestinal
wall, as well as the side from which segments A and B originate, have been ignored, because
previous investigations [22) demonstrated no major difference in this respect. In segment C
the lymphatics of the so-called “arcade zone”, ensuring connection with adjacent areas,
could be examined. Segment ) offered a possibility to study the anastomoses, from which
arise the main efferent and reserve lymph vessels and which drains the efferent lymphatics
of the intestinal wall and the intersegmental capillary lymphatics. In segment E the anasto-
moses lying before the lymph node draining the efferent lymphatics were examined. Into
this “small anastomosis” system are emptying the central parts of the efferent lymphatics
of the capillary area.

The 4 mm thick cross sections were embedded in celloidin-paraffin, as this has been
found to cause the least shrinkage and damage. From the embedded material 8 // thick serial
sections were cut and stained with HE, Azan, PAS and by the Mallory Farkas method. The
four kinds of staining served to control the results of estimating and to add to the reliability
of the results.

Technique of examination

The sections were examined by means of the Palkovits-Csapé [15, 16| micropro-
jection table, working on grounds of Chalkley’s principle. In the projected areas we counted
the thread crossings in the lumen of lymphatics, in 20 fields in one section, amounting to
75- 80% of the whole section. Care was taken that the 20 fields be in the middle of the
section. The sum of the 20 data showed the total number of thread crossings in the lumina
of lymphatics in the entire projected area. In the next step it was calculated how many per
cents of the area fall to the lymph vessels. The values were represented graphically, obtaining
the curve shown in Fig. 2, used later as the basic state. The double of the values for segments

b'ig. 2. Diameter of lymphatic luinina in percentage of the size of area examined. Range,
basic: A 15 to 1.6; B 1.7 to 2.0; C 21 to 2.4; D 45 to 4.9; E 2.7 to 2.9
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A and B were taken. Among the segments, segment D contained the greatest total lumen,
4.6% of the projected area. This corresponds to the anastomosis system. Segment E, before
the lymph nodes, yielded a lower value. Gradually decreasing values were obtained in seg-
ments C, B and A. These were considered to reflect the basic state and experimental results
were related to them. The difference among the specimens stained by four methods was
negligible, they served only to control the reliability of estimating.

Results
1. Effect of mechanical insufficiency

The increase in the lumen of lymphatics in response to congestion
30 minutes, 1, 1¥2 2, 3, 5 and 6 hours after ligation of the efferent lymphatics

Fig. 3. Mechanical failure. Dilatation related to the basic state, at the times specified

is compared with the basic state in Fig. 3. The increase was not always pro-
portionate to the length of time. The change was smaller in segment C at
1% and 2 hours, while the increase was great in segment E at 2 and 3 hours.
The differences were more striking, if we took the basic values to represent
100% and related the percentual vascular dilatation to that figure. Such per-
centage changes are shown in Fig. 4.

It is seen that at a given time in segment C the increase was from 50% to
58%, while between 2 and 3 hours in segment E the increase was from 51% to
146%. The squares in Fig. 5 represent vascular dilatations above average at
various points of time, while the shaded area shows the increases below aver-
age. It is visible that 30 minutes after ligation the entire mesentery was filled
up, then 1 hour later the area near the intestine continued to fill. After

Acta Morphologica Academiae Scientiarum Hungaricae 17, 1969
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Fig. 4. The changes shown in Fig. 3, reckoned in percentage of basic state. On the right:

time of examination

Fig. 5. Distribution of lymph in mesenteric region. Left column: average values measured,

on the right: time of examination. Increases exceeding average are shown in the squares.

In the shaded area the increases are below average. The arrows point in the direction of
lymph flow
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1*/2 hours of congestion outflow was blocked in segment B and dilatation
occurred. For the slight increase in segment C between 1% and 2 hours, out-
flow in the lateral direction seemed to he responsible, the more so, as at that
time there was a slight congestion in the entire mesentery, extending back-
wards to the intestinal wall. To clarify this point, measurements were made also
in the adjacent segment C. The result is shown in Fig. 6. The solid line repre-
sents the increases in the ligated areas at various points of time, while the
broken line illustrates those of the adjacent area. It may be observed that

N 'A 1 VA 2 3 5

Fig. 6. Comparative examination of segment C, the zone of arcades. Solid line: dilatation
occurring in clamped area. Broken line: changes in adjacent area. The arrows indicate direc-
tion of lymph flow, related to the ligated area. N = value for segment C in the basic curve

after 1 and 1¥2 hours of clamping lymph began to flow sidewise through
the arcades, hut between 1% and 2 hours, the diameter of the lymphatic
lumina decreased slightly below normal. At 3 hours another increase occurred,
then congestion spread to more distant segments. Thus it was not the increase
of lateral outflow which caused the increase to diminish in the examined
segment. As further explanation, there remains the filling up of the capillary
area, shown previously to be capable of lymph storage [23, 24]. If a certain
pressure has been reached, the capillary area may become filled backward,
because in the efferent lymphatics there are no hilamellar valves ensuring
unidirectional flow. In support of this view is the fact that after the filling
up of this area the reserve lymphatics open up and together with the efferent
vessels of the capillary area produce the excessive increase in segment E after
2 hours of congestion. The vessels mentioned are namely drained by the small
anastomosis system and were thus responsible for increase in dilatation from
51% to 146% in segment E. After 3, 5 and 6 hours of clamping the lymphatics
continue to dilate in the intestinal wall, then, after the capillary area has
become completely filled the mesenteric lymphatics continue to dilate again,
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in the central direction. After six hours of congestion the intestinal wall was
oedematous and there were ruptured lymphatics, so the results could not
be evaluated.

Evaluation

In the first phase of mechanical insufficiency the entire mesenteric
lymphatic system is slightly filled up, then congestion spreads backwards to
the intestinal wall. Subsequently, congestion spreads sidewise, toward adjacent
tissues. After 2 hours of congestion, pressure increases, the capillary” area is
filled, as the second compensatory system. As a result, the centrally running
reserve lymphatics and the efferent lymphatics of the intestinal wall continue
to dilate, until they are damaged and rupture.

Il. Effect of increased peripheral offer

From the animals fed cream, tissue specimens were taken and treated
at 1, 2, 3, 4, 5 and 6 hours. The values for the basic state are shown in Fig. 7.
In the first hour following cream feeding, dilation of the lumen begins in the
intestinal wall, then extends centrally up to the juxtaintestinal mesenteryf

Fig. 7. Kxcessive periphera offer. Changes in diameters related to basic state. On the right:
time of testing and symbols
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i.e. to the lymphatic arcades. In this area vascular dilatation continues during
the second hour when the anastomosis system becomes slightly filled (segment
D). As a result of congestion before the lymph node, also the small anastomosis
area becomes filled. At 3 hours the most marked increase is at the shunts.
After filling the capillary area, segment E continues to dilate due to filling
of the centrally efferent and reserve lymphatics. At four hours, segments A,
B, C and D continue to increase though with a tendency to decrease, then the
pre-lymph node segment E begins to empty. As related to the highest values,

Fig. 8. Excessive peripheral offer. Changes in percentage of the basic value. Left column:
average changes, right side: time of testing. Values below average are shaded. The arrows
indicate direction of lymph flow

the lumina gradually decrease in diameter, as indicated by the 5-hour curve.
Finally, the changes induced by feeding cream subside completely; with the
percentage calculation for the dilatations exceeding the average at different
points of time, we obtain Fig. 8.

This shows that in response to the increase in peripheral offer segments
A, B, and with one exception segment C, underwent a dilatation of average or
higher than average degree. The values for lateral outflow, i.e. those of segment
C, gradually increased till 4 hours, after which they showed a declining tend-
ency. Filling of the capillary system is indicated by the 2-hour values for
segments C and D, and the 3 hour value for segment D. This filling then caused
a considerable congestion before the lymph nodes, as indicated by the excessive
increase of the 2 and 3-hour values for segment E.

Evaluation

The increase in peripheral offer was characterised by a dilatation begin-
ning in segments A and B. At four hours the values for these segments reached
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the maximum as a result of the increase in absorption rate when dilatation
amounted to 606% and 550%, respectively. In segment C the 2-hour value
was below the average level, because it is at that point of time that the capil-
lary area begins to fill, and the maximum dilatation to nearly 322 times the
original is reached after 4 hours of absorption. In the shunt area, the maximum
(127%) increase was found at 4 hours, while in the pre-lvmph node area the
peak figure was reached 3 hours after feeding of cream.
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DIE WIRKUNG DER MECHANISCHEN INSUFFIZIENZ
UND DES GESTEIGERTEN PERIPHERISCHEN ANGEBOTS
IM BEREICH DER MESENTERIALEN LYMPHGEFARE

J. VAIDA, E. FEHER und K. CSANYI

Verfasser untersuchten den EinfluR der Ligierung der abfiihrenden Lymphgefae und
des gesteigerten peripherischen Angebots auf dem Gebiet der mesenterialen LymphgefaRe.
Der pldtzliche VerschluR der LymphgefdBe bewirkt eine Stauung, die das Lumen der letzte-
ren auf das 3- bis 4fache zu erweitern vermag. Die LymphgefédBe kdnnen diese groe Belastung
nur Gber eine kurze Zeitspanne bewaltigen. Die wichtigste Rolle spielen darin die Lymph-
bahnen der Bogenzone und der Anastomosen, die im Verlauf der Kompensation den Lymph-
strom in Richtung der benachbarten intakten Segmente umleiten. Diese Funktion ist jedoch
nur von einem zeitweiligen Erfolg begleitet, denn in 4 bis 5 Stunden entwickelt sich die vol-
lige mechanische Insuffizienz.

Der Anstieg des peripherischen Angebots betrifft den gesamten Lymphapparat des
Dinndarms. Die Lumenerweiterung nimmt in zentraler Richtung zu. Durch das Zusam-
menwirken der speichernden und abfuhrenden LymphgefdRe wird der angestaute Lymph-
UberschufR in kurzer Zeit weiterbefordert. Unterdessen erweitern sich die LymphgefaBe in
den dinnwandigen Darmwanden auf das 5- bis 6fache, wahrend sich die dickeren mesenteria-
len LymphgefdBe auf das 1- bis 2fache dilatieren.

Beim zweierlei Anstieg der Lymphmenge werden die Lymphbahnen der Bogenzone,
das Anastomosensystem, das Gebiet der Kapillaren und schlieBlich die abfiihrenden Reserve-
lymphgeféaBe stufenweise in die Kompensation eingeschaltet.

OEVCTBUE MEXAHWYECKOW HEAOCTATOUHOCTWU /A MOBLIWEHHOTIO
MEPNOEPNYECKOIO TMOABO3A B ME3EHTEPUAJIbBHOW JIMMPATUYECKON
OBNTIACTIU

. BAWOA, E. DEXEP un K. YAHbMU

W3yyanock feiicTene NUrNpoBaHUA OTBOAALLMX NMMGATNYECKMX COCY/0B W MOBbILLIEHNS
nepuepruieckoro nogsosa B AMMMaTMyeckoil 06nacTu 6pbixelikn. BcneACTBME BHe3anmHOro
3aKpbITUS MM(ATUYECKUX COCYAO0B Pa3BMBAETCS 3aCTOM, MOCTEMEHHO paclUMpstowmii Npo~3eT
COCYOB [0 3—4-KPAaTHOTO MCXOQHOMO pasmepa. JIMM(aTMuecKue Cocydbl CTOCOBHbI MPEoo-
neTb GO/bLIY Harpy3Ky fMLib Ha KpaTKoe Bpems. HauGosiee BaKHYH poO/ib NMpy 3TOM UrpatoT
NMMaTAYeCKUe CcocyAbl 30HbI YT U aHAaCTOMO30B, OTBOZASLIMX NMMGY B MPOLECCE KOMMEH-
calny K COCEAHWM, HEBPEAUMbIM CErMeHTaM. 3Ta (hYHKLMS CONPOBOXAAETCS /ML BPEMEHHbIM
yCrMexoM, TaK Kak B TeueHue 4—b5 4acoB Pas3BUBaETCA MO/HAaA MeXaHUYecKas HefoCTaTOYHOCTb.

MoBkillieHMe Neputhepnieckoro Nojgo3a HabnofaeTcs Bo Beell OTBOAALEl numdaTu-
UecKoii cUCTEME TOHKOI KULLKWU. PacluMpeHue MpocBeTa MOBLILLIAETCS B LEHTPa/bHOM Hanpas-
neHUn. bBnarofaps B3aMMOAEWCTBUIO COBMPANOLLMX W OTBOASLLMX JIMM(ATUUYECKUX COCY[0B
HaKOMMBLUIAACA MNLWIHAR MUMda NPOABNraeTc BbICTPO. Mexay Tem AMMdaTMuYecKmne Cocy/pl
CTEHKM KULIEK C 60nee TOHKMMW CTEeHKaMW pacLuMpstoTCs 10 5—6-KpaTHO! BennduHbl, a 6onee
TONCTble Me3eHTepUasbHble NMMQaTYeckue cocydbl A0 1-2-KpaTHOW BEMUMHBI.

Mpu ABYX pasnnuHbIX BUAAX MOBLILIEHUS KOAMYECTBA /IM(bI B KOMMEHCALMIO MOCTe-
MEHHO BK/OYAKOTCA NUM(ATUYECKUe MNyTW [YroBOA 30HbI, CUCTEMA aHAcTOMO30B, 06/1aCTb
KanuanspoB W 3anacHble OTBOAALLME JIMMATUYECKUE COCYAbI.

Dr. Janos Vajda
Dr. Erzsébet Fehér Budapest IX. T(zoltd 58. Hungary
Dr. Karoly Csanyi
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RAPID MYELIN SHEATH STAINING IN PARAFFIN,
FROZEN AND CELLOIDIN SECTIONS

A NEW MODIFICATION OF THE WEIGERT LOYEZ STAINING METHOD
J. Kelemen and Mirela Becus

(Received December 20, 1968)

A modification of Loyez’s method has been found to allow a rapid staining of
normal and pathological myelin sheaths, in paraffin, frozen and celloidin sections.

A mordant has been prepared, containing alcoholic iron alum solution in which
the sections are kept for 1 1,—2 hours at S6°C. Staining is undertaken by a lithium
carbonate —haeinatoxylin solution at 56°C for 1 hour, or at 42°C for 1 /2—2 hours,
followed by dehydration and conservation. The histological picture is similar to that
obtained with the classical Spielmeyer method.

In neuropathological investigations, the myelin sheath forms a structural
detail of great importance. In pathological processes of the nervous system,
this sheath may undergo different alterations.

The staining techniques for myelin allow to study the normal and patho-
logical myelin structures in man and experimental animals, and to follow myeli-
nation process in embryos.

Numerous methods have been elaborated for the staining of normal and
altered myelin structures.

Elective myelin staining was introduced in neurohistological technique
by Weigert [26] who presented the first myelin preparations in 1882 at the
Eisenach Congress. The principle of his method consists in the application of
a mordant solution, which fixes and prepares myelin for staining with hae-
matoxylin. From the haematoxylin solutions still in current use, iron and
lithium haematoxylin were first applied by Weigert, and practically every such
method or modification as those of Pal [4], Kultsciiizky [10], Wolters [27],
Benda [2], Frankel [4], Nageotte [21, 22], Loyez [18], Landau [11, 12],
W right [cit. 16], Spielmeyer [25], Bacsicii [1], Weil [cit. 16], Heidenhain
and Heidenhain Woelcke [4], Lillie [16], Kluver Barrera [7], Lazar
[14, 15], Margolis Pickett [20], Lockard et al. [17], Manus [19], Ora [23],
Krutsay [8, 9], Lapham et al. [13] derive from the original Weigert method.

One of the most wide-spread neurohistological procedures is that of
Spielmeyer [25], which together with other myelin methods makes it possible
to examine thicker sections, but has the disadvantage of being laborious and
the frozen and celloidin sections are sometimes damaged inthe course ofthe
manipulation.
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In current neuropathological practice the correct interpretation of a
lesion often calls for the study of a certain region by several methods (Hae-
matoxylin and eosin, van Gieson, Nissl, impregnation for neurofibrils and
neuroglial structures, myelin stains, etc.), with the aim of evidencing different
microscopic details. This can be achieved only by using sections of the same
nervous tissue fragment [5, 6]. On the other hand, the method proposed by us
allows myelin staining in series obtained from the same area.

Starting from Loyez’s method, we use a combined alcoholic-iron alum
mordant of 42 °C or 56 °C and staining is achieved at the same temperature.

The method can be applied in paraffin and celloidin sections, as well as
in frozen ones. The frozen and celloidin sections must be differentiated in
mordant solution, this treatment being superfluous with paraffin sections.

Description of the method

Stock solutions

A) 5% aqueous iron alum solution and 96% alcohol (ethanol), equal parts.
B) 10% alcoholic haematoxylin
C) Saturated lithium carbonate solution

1. Usual fixation of nervous tissue in 10% formalin. (Best results were obtained after
fixation in this solution for 2—3 weeks, also after Bouin’s fixative solution.)

2. Preparation of at least 10— 15 p thick paraffin section, 10—25 // thick celloidin
or 15—25 p thick frozen sections.

3. Deparaffination, hydration in the usual way (to avoid the thicker paraffin section
to become detached after treatment with 70% alcohol, the slides with the sections are im-
mersed into 1% celloidin solution).

4. Treatment with solution “A” (the mordant) for 11/2 hours at 56°C, or 2- 3 hours
at 42°C.

5. Rapid washing (1—3 min.) in several times changed distilled water;

STOCK SOIUTION B ot 3 ml

DiStilled W A tE I it s to 100 ml, subsequently

Stock solution C 2 ml.
The mixture should be kept at 42°C for V/2—2 hours, or at 56°C for 1 hour.

This staining solution can be used only once !

6. Washing in tap water, to which a few drops of concentrated ammonia were added:
change several times.

7. Dehydration in 70%, 80%, 96% and absolute alcohol series, 5 minutes each; if
the paraffin sections were covered with celloidin between the 70% and 80% alcohol, the
celloidin should be removed with a v/v alcohol—ether mixture.

8. Clear in two changes of xylol or toluol and mount in Canada balsam.

Note

If specimens obtained from small animals (guinea-pig, rabbit, rat, mouse) are studied,
the mordant solution (A) must be diluted by the same volume of distilled water.

Results

On an uncoloured background, the myelin sheats stain dark-blue (Figs
4, 5, 6), while the blood erythrocytes from the vessels (Figs 3, 6, 7) of the
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Fig. 1. Brain stem with cerebellum of the guinea-pig. Normal myelin structure. Modified
myelin stain. Paraffin section of 15 //. X 15

big. 2. Middle brain at the level of colliculus superior. J1 case of multiple sclerosis. Demyelinat-
ing areas in the pedunculus cerebri. Modified myelin stain. Paraffin section of 12 //. X6
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Fig. 3. Spinal cord of man with multiple sclerosis. Frozen section (gelatin-embedded material)
of 20 /. Demyelinating foci in the lateral and posterior fascicles. (FMA = fissura mediana
anterior.) Modified myelin stain. X 10

Fig. 4. The same case as in Fig. 3. Cervical segment of spinal cord. Picture of myelin sheaths
of different diameters, in relatively intact areas. Paraffin section of 12 //, Modified myelin
stain. Photomicrograph with universal research microscope type MCj. X 150
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Fig. 5. The same case as in Fig. 3. Dorsal segment of human spinal cord. The limiting zone
of partially demyelinated and intact areas in the posterior fascicles. Paraffin section of 12 //.
Modified myelin stain. Photomicrograph. X 150

Fig. 6. Cerebral cortex of man (gyrus paracentralis). Normal myelin structure with the
vascular network containing erythrocytes. Paraffin section of 12 /g Photomicrograph. X 150
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Fig. 7. Cerebellar fragment from guinea-pig. Myelin and vascular picture. Paraffin section
of 10 /m. Modified myelin stain. Photomicrograph. X 44

Fig. 8. Transversal sectioned human peripheral nerve trunk. (N. cutaneus antebrachii medialis.)
Normal myelin picture. Paraffin section of 15 fi. Photomicrograph. X 44
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nervous parenchyma are black. Thus, in thicker sections the vascular network
can be followed (Figs 6, 7), similar as with the Slonimschi—Cunge or Pickwort
methods [cit. 24].

If the background is not sufficiently clear after differentiation, 0.05% of
potassium permanganate solution, recommended also by Ora [23], should be
applied.

We are indebted to Mrs. Olga Arkost, Miss Lya Nemes and Miss Elisabeth German
for excellent technical assistance.
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SCHNELLFARBUNGSMETHODE FUR MYELINSCHEIDEN
IN PARAFFIN-, GEFRIER- UND ZELLOIDIN-SCHMTTEN

J. KELEMEN und M. BECUS

Die Modifikation der Loyezschen Methode ermdglichte die Schnellfarbung von nor-
malen und pathologischen Myelinscheiden in Paraffin-, Gefrier- und Zelloidin-Schnitten.

Die Schnitte werden fir die Dauer von 1'/2 bis 2 Stunden in eine alkoholische Eisen-
alaunlosung enthaltende Beize von 56°C gelegt und hernach mit einer Lithiumkarbonat-
Ilamatoxylin-Ldsung von 56°C wéahrend 60 Minuten oder bei 42°C wahrend 1'/2 bis 2 Stun-
den geférbt, mit nachfolgender Dehydratation und Konservierung. Das histologische Bild
ist dem mit der klassischen Spielmeyerschen Methode erhaltenen &hnlich.

METO/ ANA BbICTPOIO OKPALUMBAHUNA MUWEANHOBbLIX BAATANNL,
B MAPA®PVNHOBbLIX, 3SAMOPOXEHHbIX U LEJNONANHOBBLIX CPE3AX

N. KENEMEH u m. 6exkyc

Moaugukaums MeToga Jlonesa no3BossieT GbICTPOE OKpaLUMBaHWEe HOPMaNbHbIX M NaTo-
NOTUYECKUX MWENMHOBLIX Bfaraiuly B NapagMHOBbIX, 3aMOPOXEHHbIX W LENNONANHOBbIX
cpesax.
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M3roToBnsieTcd MpoTpaBa, COAepXKalias CMMPTOBOA PacTBOP )KenesHbIX KBacLoB, B
KOTOPOW cpesbl XpaHAlTCA B TedeHue 1 1/2 go 2 yacoB npu 56 °C. Ans oKpalimBaHUA npume-
HSieTCA pacTBop KapboHaTa NMTUA-reMaToKCcuaMHa, npu TemnepaType 56° C B TeueHne 60 MUH.
nnu npu 42° C B TeyeHme 1 1/2 fo 2 yacos, Mpu NOCAeAyOLel fernaparauym n KOHCepBUPO-
BaHMU. McTonormyeckas KapTuHa, NOMyvyaemas 3TOW MEeTOAMKOW, nogjobHa KapTuHe, Mony-
4aeMoi Kknaccuyeckum MeTofom LLinunbmeliepa.

Tirgu-Mures, Dept, of Neuropathology, Research
Station of the Academy of Sciences of the So-
cialist Republic of Romania

Dr. Joseph Kelemen
Dr. Mirela Becus
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ADENOHYPOPHYSEAL CYTOLOGY IN NORMAL
AND GONADECTOMISED PIGEONS

T. K. Bhattacharyya and Manjushri Sarkar

(Received December 20, 1968)

The adenohypophyseal cytology in the common Indian pigeon of both sexes
under normal as well as gonadectomised conditions was studied by histological and
histometric methods. The pars distalis of the pigeon contains six types of chromo-
phils — alpha, beta, gamma, delta, epsilon and eta cells and the chromophobes,
spatially distributed in the caudal and cephalic lobes. The alpha and gamma cells
are distributed in the caudal lobe, beta, epsilon and eta cells only in the cephalic lobe,
whereas the delta cells along with the chromophobes occur in both lobes.

Gonadectomy in both sexes elicited a response of the gonadotrophs and the
thyrotrophs. A significant hypertrophy of the gonadotrophs, the gamma and beta
cells, was evident along with their enhanced mucoid reactivity. There was also a
drastic response of the delta thyrotrophs. The acidophils, i.e., alpha, eta and epsilon
cells, were apparently unchanged. Response of the gonadotrophs to gonadectomy is
explained on the basis of the feedback mechanism. The striking behaviour of the delta
cells in gonadectomised pituitaries seems to be a characteristic avian response.

Earlier investigations by a number of authors into the histology of the
pars distalis in birds led to characterisation of the glandular cells into light
staining and deep staining acidophils/basophils of two types. These and other
outstanding features of avian adenohypophysis were studied under normal and
experimental conditions (Schooley and Riddle [26], Rahn and Painter
[24], Payne [18], Wilson [33], Wingstrand [34], Brown and Knigge [2],
Mikami 116], Payez and Rappay [6]). Recently, a critical evaluation of the
terminology of the secretory cells of the vertebrate pars distalis with regard
to functional connotation embodying Romeis’ [25] nomenclature has been
presented by Hertant [11]. He classified pituitary chromophils as serous
(acidophils) and mucoid (mucoproteinaceous) cells. The first category com-
prised alpha (STH), prolactin (LTH) and epsilon (ACTH) cells; beta (FSH) and
delta (TSH) cells were included into the second class. French authors studied
the avian adenohypophysis based on this scheme of characterisation, utilising
a number of trichrome and tetrachrome staining techniques and liistochemical
methods of differentiation [28, 29, 30, 32]. The application of modern methods
allowed to identify six types of glandular secretory cells (alpha, prolactin,
epsilon, beta, delta and gamma) in the Pekin duck and in a number of common
birds (Tixier—Vidal [31]). Further, attempts were made to correlate the
various cell types of the duck with the secretion of a specific hormone. Similar

= Ada Morphologica Academiae Scientiarum Hungaricae 17, 1969



114 T. K. BHATTACHARYYA and M. SARKAK

investigations employing modern methods of analytical histology in a large
number of avian species would certainly be a point of interest in comparative
pituitary physiology. In the present study, the cytoarchitecture of the pars
distalis of the adenohypophysis of the common Indian pigeon, Columba livia,
is described and the cellular manifestations displayed after gonadectomy are
reported.

Material and methods

Five groups of adult pigeons, each composed of ten animals of both sexes obtained
during different periods of the year from natural population, served as the material for the
study, of forty-four young adult male and female pigeons; thirty-two birds were divided into
two groups, subsequently castrated and spayed, kept in different cages, while another cage
containing twelve pigeons of each sex served as the respective controls. The period of castra-
tion and ovariectomy was 45 days. The animals for study were killed by cervical dislocation,
the pituitaries were immediately dissected out and placed in fixatives.

For the purpose of differential study of the cell types, prolonged fixation for five
days in Bouin—Hollande-sublimate was followed by dehydration, clearing, embedding in
paraffin (m.p. 62°C), then 3 /< thick sagittal sections were prepared. The staining methods
used were: Masson’s trichrome, Heidenhain’s azan, azocarminehaematoxylin-acid green orange
G method (Gurr [8]), Goldberg and Chaikoff’s trichrome [1], and Herlant’s [10] acid
alizarin blue. In addition, PAS-trichrome [21], PFAAB-PAS-orange G method of Adams [22],
alcian blue-PAS [10] and Cilark’s [4] aldehyde fuchsin staining were also applied to dis-
tinguish the mucoid cell types.

For differential count of the tinctorially distinguishable cell types, the method of
Briseno-Castrejon and Finerty [1] was followed. In a Herlant-stained (instead of the
usual azocarmine-stained) midsagittal (instead of horizontal) section the cells were counted
under oil immersion in each 3rd field of every 3rd row, and the total percentage was calcu-
lated. Moreover, in view to the bilobular pattern of the tissue, a vertical plane of observation
was used instead of the recommended horizontal plane. About 1800—2000 cells were counted
from each midsagittal section and at least three sections from each bird were considered.
Four birds from each group were taken for these measurements. The diameter of the cells
was measured with an ocular micrometer at 1250 X magnification, in at least four birds in
each group.

Observations

A. Normal pigeon

Six types of cliromopliilic cells are observed in the pars distalis of normal
pigeons of both sexes in addition to the chromophobes. The staining behaviour
of the various cell types is shown in Table 1, the percentage counts in Table 2.
The cytology of the pars distalis in the pigeon teas described by Schooley and
Riddle [26] and others [6, 24].

Cell types of the caudal lobe

Gamma. In the pigeon, these cells are voluminous and large ovoid with
a dense granular cytoplasm (Figs 1 and 5). Vacuoles are rare, but some cells
contain a large basal vacuole containing a conspicuous colloid droplet. The
nuclei are large, round, with a prominent central nucleolus.
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Staining characteristics of pituitary cell types in the pigeon

Caudal lobe

Alpha Gamma

(serous) (mucoid)
Azan (Heiden-
hain) light orange deep red
Azocarmine light
green orange deep red
Goldberg and Chai-
koff’s trichrome weak orange deep red
Herlant’s tetra-
chrome weak orange purple
PAS-trichrome orange dull orange
AB-PAS faint magenta

PFAAB-PAS-0OG orange
Aldehyde fuchsin

faint magenta

Percentage of pituitary cell types in normal and gonadectomised pigeons

Alpha Beta
Male 2.6 + 0.6* 1.7 4-21
Castrate 3.0+ 26 29+ 10
Female 23+ 1.2 2.0 £ 0.6
Spayed 2304 3.0+ 1.0

*Standard error of the mean
** P < 0.05

Table 1

Cephalic lobe
Beta Eta
(mucoid) (serous)
deep blue weak orange
green orange
bluish violet light orange
deep blue orange
magenta orange
deep magenta
deep magenta orange
blue violet
Table 2

Gamma

12.0 + 2.6
14.4 £ 0.2
112 = 25
13.7 £4.3

Delta

43.1
49.2
39.2
39.5

HoH

1.0
1.2%*
6.4
5.9

Epsilon
(serous)

rose

pink

reddish orange

brick red

orange

orange

7.9
3.9
3.6
4.3

Eta

o

Both lobes
I'eUa
(mucoid) Chromophobe
blue faint blue
light green faint green
blue weak blue
blue weak blue
magenta
deep blue
blue
blue violet
Epsilon Chromophobe
28 + 1.7 28.1 + 0.8
1.1+ 0.2 251 + 1.2
1.0+ 0.0 40.1 + 2.9
29 + 0.0 36.1 + 0.1
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Fig. 1. Caudal lobe of the pars distalis of a normal male pigeon. Herlant’s stain
Fig. 2. Caudal lobe of a castrate pigeon. Note disorganised acini. Herlant’s stain
Fig. 3. Cephalic lobe of an intact bird. Herlant’s stain
Fig. 4. Cephalic lobe in a castrate pigeon showing an abundance of clear delta cells one of
which contains a mitotic figure. Herlant’s stain
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Alpha. These cells are identified by their organgophilic character and
very small size, and frequently they have a close association with gamma cells
(Figs 1 and 5). The central nuclei are somewhat oval in shape with a distinct
nucleolus. The cells do not show any specific topographic pattern and their
number is relatively small.

Cell types of the cephalic lobe

Beta. The beta cells are of a typical angular shape and medium size with
a densely granular homogeneous cytoplasm. They are PAS and AF positive,
brickrose with PAS-orange G and rose colored with AB-PAS stain. The cells
frequently contain one or more clear and distinct small vacuoles (Fig. 7).
Pituitaries fixed in different months round the year indicated that beta cells
display a conspicuous seasonal variability in their staining with PAS. In the
pigeon, where two reproductive cycles occur in a year [5], these mucoid cells
probably maintain a cyclic phase.

Eta. These cells are small, roundish anti nonvacuolated (Fig. 7) wit!
unevenly scattered sparse granules staining a faint orange with HerlantA
tetrachrome. They are distributed in clusters throughout the cephalic lobe,
but more concentrated along the border.

Epsilon. The epsilon cells are identified by their granular densely homo-
geneous cytoplasm (Fig. 7), staining a deep red with Herlant’s dye. These cells,
like the eta cells, are very small and roundish, and some contain one or more
vacuoles. Sometimes, they occur within the clusters of eta cells and these two
cannot be distinguished without the best staining differentiation.

Cell type in both lobes

Delta. The delta cells are the largest of all cell types and they form the
most abundant cell group in the pars distalis of the pigeon (Table 2). Among
the various morphotypes exhibited by them, the most prominent variety is
the round and voluminous one, densely packed with coarse cytoplasmic gran-
ules (Figs 5 and 7) and staining with aniline blue. The cells give a weak reac-
tion with PAS and a stronger one with aldehyde fuchsin. They can be identified
by their strong reaction with alcian blue after permanganate oxidation. A second
variety of the delta cells of the same size and shape shows a finely granular,
less dense cytoplasm, light blue in colour. The other forms are characterised
by the presence of large vacuoles filling the whole of the cytoplasm or one
totally devoid of any stainable material. The nuclei are large, with a central
nucleolus or without a distinct nucleolus.

Chromophobe. Chromophobes form the second most numerous group
among the cell types (Table 2) of the anterior lobe being distributed
throughout. Heaps of chromophobes occur at the centre of acini or cell cords®
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Fig. 5. Caudal lobe of a normal male pigeon
Fig. 6. Same lobe following castration. Observe hypertrophied gamma and delta cells
Fig. 7. Cephalic region of a control bird
Fig. 8. Cephalic region in a castrated bird. Note abundance and hypertrophy of beta and delta
cells (Figs 5—8 stained by Herlant’s method)
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The cytoplasmic outline around each chromophobe nucleus is indistinct. The
nuclear chromatin condensation is very high as compared to the chromophils.
Intermediate stages between chromophobes and ether cells are frequently
found.

The above description is based on the study of normal adult male and
female pigeons. In young birds the pars distalis is more chroinophobic, partic-
ularly in the cephalic lobe, but cellular pyknosis is uncommon. The follicles

Fig. 9. Histogram representation of the size of chromophils (alpha, beta, gamma, delta,
eta and epsilon cells) in control, castrated and spayed birds. Vertical deflections denote
standard error

are very few and small with a little amount of colloid inside. Shape, size and
general features of the cell types are almost the same as in adidt birds.

B. Gonadectomised pigeons

Gonadectomy produced almost identical changes in hypophyseal cyt-
ology in both sexes; the response to castration was, however, qualitatively more
marked.

Castration

Castration for a time period of 45 days induced an intense hypertrophy
and hyperplasia of the whole gland (Figs 2 and 4). As a consequence, the
regular orientation and pattern of parenchymal acini were completely lost.

Gamma. These cells became heavily granulated and at the same time
manifested a moderate hypertrophy (Figs 6 and 9). Sometimes, gamma cells
were observed to coalesce into peculiar nests at the centre of acini; they
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also became elongated with a shifting of nuclear polarity away from the base-
ment membrane.

Alpha. These cells did not show a striking response to spaying, though
statistically there was an increase in cell size in castrated birds.

Beta. A considerable increase in chromophilic intensity together with
a slight hypertrophy was observed in the beta cells. The presence of small
discrete vacuoles, a characteristic feature of these cells in the normal pituitary,
became less common. In contrast to their restricted distribution along the more
dorsal side of the cephalic lobe, these cells became dispersed throughout. The
increase in PAS and AF positive granulation was a notable feature of the
castrate hypophysis.

Eta and Epsilon. These cephalic acidophils did not present any notable
cytomorphic alteration in gonadectomised pigeons, except for an increase in
size of the eta cells in the spayed group.

Delta. The delta cells exhibited the most striking behaviour following
gonadectomy. There was extensive hypertrophy (Fig. 8) and hyperplasia
(Table 2) and most cells became degranulated. The glandular section ap-
peared to be consisting of numerous clear cells due to their prolific abundance
(Fig. 4).

Chromophobe. Gonadectomy failed to elicit any change (Table 2).

Spaying

The cytomorphic pattern encountered in the castrate pituitary was
distinctly obvious in the pars distalis of the spayed group; the intensity of
stimulation was, however, qualitatively less in needs elucidation. The identifi-
cation of these two cell types with parallel staining methods (i.e., beta: PAS-|-,
AF—; delta: PAS-)-, AF-—P) as envisaged by Haimi [9] and Purves and
Griesbach [23] does not permit differentiation of thyrotrophs and gonado-
trophs in a way similar to that in the rat. The AF plus reaction of the gonado-
trophs in the pigeon has its parallel in the hamster and the human [3, 27].

The apparent hyperactivity of the gonadotrophs (beta and gamma) in
both sexes of gonadectomised pigeons is easily explained on the basis of the
classical feedback mechanism. Earlier workers reported marked mucoid baso-
phil activity following castration in male birds [2, 16, 18, 19, 20, 26]. Castrated
cockerels release and synthesize hypophyseal LH faster than do intact birds
[17]. The vigorous response of the delta cells, however, is a striking phenom-
enon, almost unique in birds, as remarked by Tixier-Vidal and Benoit [30]
in relation to their findings in castrated ducks. In birds, there is evidence of
a reciprocal relationship or antagonism between sex and thyroid hormones [12,
13, 14, 26] and this explains the thyrotrophic activity in gonadectomised birds.
Probably, stimulation of pituitary thyrotropliins and gonadotrophins occurs
simultaneously and independently of each other.

Ada Morphologica Academiae Scientiarum Hurlgaricae 17, 1969



ADENOHYPOPHYSEAL CYTOLOGY 121

The adenohypophyseal cellular response of the ovariectomised pigeons
was similar to that of castrated birds, but the intensity of stimulation was
somewhat weaker. It has been observed that gonadotrophin stimulation is
slower in females than in male birds [15].

The authors express their gratitude to Dr. Asok Ghosh for critical supervision and
encouragement throughout this investigation. Part of this study was aided by a Fellowship
grant from the National Institute of Sciences of India awarded to the senior author. Thanks
are also due to Mr. B. Maiti for co-operation.
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DIE ZYTOLOGIE DER ADEINOHYPOPHYSE VON TAUBEN
IN DER NORM UND NACH GONADEKTOMIE

T. K. BHATTACHARYYA, M. SARKAR

Die Zytologie der Adenohypophyse von gewdhnlichen indischen Tauben beiderlei
Geschlechts wurde in der Norm und nach Gonadektomie mit Hilfe histologischer und histo-
metrischer Verfahren untersucht. Die Pars distalis der Taube enth&lt sechs verschiedene
chromophile Strukturen, a-, B-, y-, ft-, «- und »y-Zellen sowie chromophobe Strukturen, die
in den caudalen und cephalen Lappen rédumlich verteilt sind. Die a- und B-Zellen sind im
caudalen Lappen, die B-, «- und »y-Zellen nur im cephalen Lappen verteilt, wéhrend sich die
0-Zellen wie auch die chromophoben Strukturen in beiden Lappen befinden.

Gonadektomie rief bei beiden Geschlechtern eine Reaktion der gonadotropen und
thyreotropen Hormone hervor. Eine signifikante Hypertrophie der gonadotropen Struktu-
ren — y- und /3-Zellen — war bei gleichzeitig gesteigerter Mucoidenreaktion nachweisbar.
Auch die thyreotropen 0-Zellen reagierten heftig. Die acidophilen Strukturen, d. h. die a-,
»- und «-Zellen blieben scheinbar unverdndert. Die Reaktion der gonadotropen Hormone
auf die Ablation der Gonaden 4Rt sich auf Grund des feed-back-Mechanismus erkldren. Das
auffallende Verhalten der 0-Zellen in der Hypophyse nach Gonadektomie scheint eine cha-
rakteristische Reaktion der Végel zu sein.

untonorna [AAEHOTMMNO®U3A TONYbEA B’ HOPME W MOCNE YOANEHWA
MONOBbLIX XXEJNE3

T. K. BATTAXAPUNA u M. CAPKAP

LiuTonorus ageHormnogmsa 06bIKHOBEHHbIX MHAEWCKMX rony6eit 060ero nona B Hopme
1 nocne yfaneHus MosoBblX Xefe3 6bina U3yyeHa Npu MOMOLLM FTUCTONOTUYECKUX U TUCTOMET-
puUYecKknx MeToaoB uccnegosaHus. Pars distalis rony6s cofepXuT WwecTb TUNOB XPOMOGUIb-
HbIX CTPYKTYp — a-, B-, y-, ft-, e- N »KNETKU —, U XpPOMOGOOHbIE CTPYKTYPbI, pacnpesefieHHble
B KayflanbHbIX W FONOBHbIX AONAX, a- U Y-KNeTKU pacnpefeneHbl B KayfanbHON fone, B-, e- u
r]-KneTKM pacrnonaratoTcsi UCKNUUTENBHO NULWb B FONOBHOW A0Ne, B TO BpeMsi Kak 0-KneTku,
TakK Xe KakK U XpomMoo6Hble CTPYKTYpbl BCTpeyatoTcs B 06enx AONsX.

Y paneHue NonoBbIX Xene3 Bbi3biBaNo y 060MX MOAOB peakLuWi €O CTOPOHbI FOHaA0Tpon-
HbIX W TWPEOTPOMHbLIX TOPMOHOB. /[lOCTOBEpHas runepTpodus TOHAAOTPOMHbLIX CTPYKTYp
(y- W /3-kneTkun) 6bina BbiiBNSEMa, NPU OLHOBPEMEHHOM MOBbILIEHUN UX MYKOUHOW peakTuB-
HocTK. Habnwoganach TakXe cuibHas peakuus co CTOPOHbI /3-TUPEOTPONHbLIX CTPYKTYpP. Aunao-
(UNbHbIE, TO €CTb a-, W W «-KNeTKMW, NO-BUAUMOMY, GblAy HeudMeHHbIMU. OTBET FOHafOTPOM-
HbIX CTPYKTYp Ha yfAa/ieHne MON0BbIX Xene3 06bACHAeTCS MexaHM3MOM obpaTHoi cessu (feed
back). MopasutensHoe nmoBefeHne 0-KNeTOK B runoduse nocne roHafeKkTomMun, no-BMAUMOMY,
ABNAETCA XapaKTepHON peakuumein nTuu.

Dr. T. K. Bhattacharyya | Calcutta 19, College of Science and Technology.
Dr. Manjushri Sarkar J University of Calcutta, India
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ANNULAR CALCIFICATIONS
IN BENIGN MAMMARY DISEASES (TUMOURS)

Gy. Liszka, |I. Kiss and D. Csiffary

(Received December 21, 1968)

Ring-shaped calcification occurring in benign diseases of the breast may, accord-
ing to literature, develop in two ways. It is held by some authors that the wall of
ducts is necrotized by intraluminarly accumulated cellular or acellular secretion which
invades the periductal tissues, causes fat necrosis and undergoes calcification, while

according to others fat necrosis is the primary phenomenon; the fat passing
into the nearby ducts, causes ectasis. It is suggested that, in addition, annular calcifica-
tions may occur in mastopathies in the following manner.

(1) Hyalin is deposited between the epithelium and myoepithelium in ducts
with apocrine metaplasia.

(2) Deposition of hyalin is presumably due to the dysfunction of the myo-
epithelial cells and the basement membrane among others. The resulting molecular-
biological disturbance leads to lesions that become subsequently visible under the
microscope. These processes impair the mural circulation of the ducts and lead thus
to the deposition of hyaline material.

(3) It is in the circularly deposited hyalin that calcification takes place. The
annular shadow, seen in the X-ray pictures, contains a less intensive calcium shadow
if also part of the intraluminar secretion is calcified. Complete calcification of the
mural and intraluminar hyaline matter results in the formation of homogeneous cal-
careous nodules.

Introduction

Leborgjne [7] was the first to present mammograms to show character-
istic microcalcifications in some cases of breast cancer, and — according to
the literature available — he was the first to describe a differing calcification
in ductal ectasis and fibroadenoma [8]. An annular-linear calcification is the
most general late radiographic phenomenon in secretory disease of tin* breast
[3], and ring-shaped calcifications have furthermore been observed in some
cases of adenosis and epithelial hyperplasia associated with ductal ectasis [2].
In all these benign processes the ducts are distended by their cellular or acel-
lular contents, and secretion leads to mural ulceration so that the ductal sub-
stance invades the adjacent tissues. The consequential periductal mastitis is
slight if the affected tissues are fibrous, while fat necrosis results if the peri-
ductal tissues are adipose [1]. The necrotic areas become calcified and the cal-
cium deposited in the ductal wall appears as a linear or annular shadow [3],
but similar calcareous deposits may appear in the periductal tissues also [9].
Leborgne |8] postulated a different mechanism for the development of ring-
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shaped calcifications. According to this author, the primary phenomenon is
a fat necrosis of traumatic, inflammatory or unknown origin which undergoes
calcification; the content of the resulting cyst passes into and dilates the
nearby ducts. Our observations have, however, shown that annular calcifica-
tions, developing in benign processes of the female breast, may be formed in
other ways as well.

M aterial

The material of this study consisted of 162 patients whose surgically removed mam-
mary tissue (following mammography) had been histologically analysed. The lesions were
benign in 93 and malignant in 69 cases. The benign cases included 55 mastopathies of diverse

Fig. 1. Ring-shaped calcifications in the breast

types, 32 fibromas, 3 abscesses, 2 lipomas and one foreign-body granuloma, while all malig-
nancies were carcinomas. The radiograms showed ring-shaped calcifications (Fig. 1) in
6 cases of mastopathy and in 2 cases of carcinoma.

Results

In none of these eight cases did we observe ulceration of the ductal
epithelium, passage of the ductal contents into the periductal tissues or an
invasion of the substance from the area of fat necrosis into the ducts, whereas
the annular calcification shown by the X-rays was found in the ductal wall.

The pictures showed two types of annular calcification. In the first type
(Fig. 2), opacity was the same within and outside the ring, while in the second
type (Fig. 3) the shadow cast by the ring-encircled area appeared to be less
intensive.
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Fig. 2. A type of calcareous ring shadow Fig. 3.”’Another type of calcareous ring
(biopsy specimen). Note small nodules shadow (biopsy specimen taken from
of calcium around the circular shadows breast shown in Fig. 1)

Fig. 4. Circular calcification in ductal wall and initial stage of calcification of intraluminar
secretion. (Photomicrograph of lesion shown in Fig. 3)
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Fig. 5. Complete calcification of ductal wall and intraluminar secretion. (Photomicrograph
of a nodule shown in Fig. 2)

Histological examinations of breasts exhibiting calcifications of the
described kind revealed a bulky hyaline ring between the epithelial and the myo-
epithelial layer of the ducts; this hyaline zone showed calcified areas in accord-
ance with the ring-shaped shadow in the X-rays. Apocrine metaplasia in the
epithelium and acellular secretion in the lumen of the ducts were invariably
registered. The mural ring-shaped calcification and initial calcification of the
luminar contents can be seen in Fig. 4. The numerous small calcareous nodules
around the annular calcification, presented in Fig. 2, are the result of a total
homogeneous calcification of the mural hyaline and the congested luminal sub-
stance. The photomicrograph of a nodule of this kind is shown in Fig. 5. Calci-
fications as seen in Figs 2 and 3 are, thus, different degrees of the lesions occur-
ring in the last phase of the mural hyalin and the luminal secretion. It isonly
in this last phase that the process can be detected by X-rays. Although the
pictures showed features closely similar to that described by Leborgne
[8] as microcystic fat necrosis, no break-through of the subepithelial hyaline
substance into the surrounding tissues, no ulceration of the ductal epithelium
and no fat necrosis were observed in any of the examined cases. The ring-
shaped calcifications were at some distance from the cancerous and surrounded
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by non-tumorous tissue in both of the examined carcinoma cases. These cal-
careous deposits showed neither radiomorphological nor histological differences
from those observed in cases of mastopathy. The apocrine metaplasia registered
in carcinomatous and non-carcinomatous cases alike was in agreement with
literary data; 65 such cases were observed, and it was in eight that the X-rays
bowed annular calcification.

Discussion

It is universally agreed that most benign changes of the female breast are
due to hormonal disturbances. Diseases of this category are termed masto-
pathy by some and mammary dysplasia or mammary distrophy by other
authors. Also the term chronic mastitis has been used but we consider this
name misleading since there is no inflammation in such cases. Several radiol-
ogists have tried to set up classifications based on radiographic symptoms hut
these show fairly great differences. We have adopted the nomenclature and
definitions proposed by Ingleby and Gershon-Cohen [5].

Histologically, the following changes belong to the category at issue:
cysts, apocrine epithelium, sclerosing adenosis, intraductal epithelial hyper-
plasia and ductal ectasis [12].

Apocrine epithelium, as encountered in our material, consisted of large,
tall, columnar secretory cells with a small nucleus and abundant, clear eosino-
philic cytoplasm which often contained yellowish-brown aggregates [1, 4].

The ducts of normal non-lactating breasts contain an outer layer of myo-
epithelial and an inner layer of epithelial cells. The cytoplasmic membrane of
the myoepithelial cells contains histochemically demonstrable adenosine
diphosphate and nucleoside diphosphate so that the membrane seems to play
an important part in selective transport of materials [10]. The presumable
function of the myoepithelial cells consists in facilitating the expulsion of
secretion owing to their contractility; besides, they act as endocrine receptors
by conducting hormonal impulses to the epithelium [6]. In mammary dysplasia
the basement membrane becomes abnormal, its myoepithelial components are
irregularly oriented or disappear altogether [11]. The hyaline substance was
arranged subepithelially and the number of myoepithelial elements was dimin-
ished in our material.

Deposits of intercellular hyalin are known to be due to circulatory or
inflammatory disturbances. Hyaline tissue is particularly susceptible to calci-
fication [4], a fact which explains the appearance of ring-shaped calcium
shadows in the ductal walls. Neither literary data nor our own observations
have allowed definite statements as to the correlation between the metaplasia
of the ductal epithelium and the appearance of the hyaline substance or that
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between the dysfunction of the myoepithelial cells and the apocrine meta-
plasia. It is in any case probable that changes in the basement membrane and
the myoepithelial layer, caused by primary dysplasia and disturbing the ex-
change of fluid in the wall of ducts, play an important part in the deposition
of hyalin.

Summarized, it is in mammary dysplasia that the ring-shaped calcare-
ous deposits of 2 to 4 mm diameter appear. Calcification occurs either in the
manner described in literature or in that described in the foregoing. X-ray
pictures without a thorough examination of clinical manifestations provide no
reliable information on the pathomechanism. Round, oval or circular calcium
shadows in the mammogram point to a benign process in the first place,
especially if they appear bilaterally. Calcifications as shown in our pictures
can reliably be distinguished from typical carcinomatous microcalcifications.
Biopsy may be necessary if the calcification is less characteristic [9].
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NEUE BEITRAGE ZU DEN URSACHEN DER BEI ERKRANKUNGEN
DER WEIBLICHEN MAMMA AUFTRETENDEN KALKARTIGEN RINGSCHATTEN

GY. LISZKA, I. KISS und D. CSIFFARY

Auf Grund der Literaturangaben entstehen die hei benignen Mammaprozessen wahr-
nehmbaren kalkartigen Ringschatten nach zwei verschiedenen Mechanismen. Nach dem einen
usuriert das sich im Ductuslumen anspeichernde zellulare oder azellulare Exkret die Ductus-
wand, letztere nekrotisiert, und der in die umgebenden Gewebe durchbrechende Ductusinhalt
bewirkt eine Fettnekrose und verkalkt. Nach der anderen Auffassung ist der priméare Vor-
gang die Fettnekrose, die nach Einbruch in den Ductus den letzteren dilatiert und eine Duc-
tusectasie zustande bringt. Auf Grund ihrer eigenen Untersuchungen stellen die Verfasser
fest, daB ein kalkartiger Ringschatten in der mastopathischen Mamma auch in folgender
Weise entstehen kann:
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1. In jenen Géngen, deren Epithel apocrine Metaplasie aufweist, lagert sich zwischen
dem Epithel und dem Myoepithel eine hyaline Substanz ab.

2. Eine wahrscheinliche Ursache der Ablagerung der hyalinen Substanz besteht darin,
daB in der mastopathischen Mamma die Myoepithelzellen und die Basalmembran — aus
bisher unaufgeklarten Griinden ihrer Funktion nicht gerecht werden. Die entstehende
molekularbiologische Stérung fihrt im weiteren Verlauf zu mikroskopisch nachweisbaren
Veranderungen. All diese Verdnderungen schadigen die Saftezirkulation in der Ductuswand,
was die Ablagerung der hyalinen Substanz nach sich zieht.

3. Die Verkalkung kommt in der hyalinen Substanz zustande, die in der Ductus-
wand zirkular abgelagert ist. Dies kommt in Form von kalkartigen Ringschatten zur Dar-
stellung. In jenen Fallen, in denen auch ein Teil des im Ductuslumen vorhandenen Sekrets
verkalkt ist, sehen wir in den Ringschatten einen kalkigen Inhalt von geringerer Intensitat.
Die véllige Verkalkung der hyalinen Substanz in der Ductuswand und im -lumen ergibt
einen homogenen kalkigen Knoten.

HOBbIE AAHHBLIE O MPUYNHAX BO3HWKHOBEHWA M3BECTKOBbIX
KONbLUEBUAHbBIX TEHEN, MOABNAIOWNXCA B CBA3N C
LOBPOKAUYECTBEHHbBIMW 3ABOJIEBAHUAMMW XEHCKOW FPYAHOWM >XEE3bI

‘O. NNCKA, N. KW n . YNDPDPAPU

CornacHo NUTepaTypHbIM AaHHbIM, U3BECTKOBbIE KOMbLEBMAHbIE TeHW 06Pa30BbIBAKOTCA
npu A06pOKAYeCTBEHHbIX MNpoLeccax rPyAHOA >enesbl Mo ABYM Pa3MYHbIM - MeXaHM3MaM.
OfiHa BO3MOXHOCTb, Ta, YTO HAKOM/SIOLLEECs B NPOCBETE MPOTOKA KNETOYHOE WM HEeKNeToUYHoe
BblJ€NeHNe M3HALIWBAET CTEHKN NPOTOKA, KOTOpPble HEKPOTU3MPYHOT, MpUYeM, NpopbiBatoLLeecs
B OKpY>Xatolime TKaHU COAEPXMMOe MPOTOKA BbI3bIBAET XWPOBOW HEKPO3 U 06bI3BECTBNEHNE.
Mo Apyromy MOHMMAHWIO MEPBUYHLIM MPOLIECCOM SIBNSETCS XWUPOBOM HEKPO3, KOTOPLINA, nocne
NpopbIBaHKUS B NPOTOK pacluinpseT nocnefHwii 1 o6ycnasnmeaeT 3KTa3uio NpoToka. Ha ocHose
CO6CTBEHHbIX WCCNE0BaHUIA aBTOpbI YCTaHaBMMBAKOT, YTO B TPYAHOI Xenese ¢ macTonaTueii
M3BECTKOBAs KOMbLEBUAHAA TE€Hb MOXET BO3HWKHYTb TakKXe M0 CheaytlolemMy MexaHuamy:

1. B Tex NpoToKax, 3NUTeNnii KOTOPbIX NMOKa3biBaeT anoKPUHHY MEeTannasuio, Mexay
aNUTENEM U MUCINUTENMEM OTNaraeTcs rManMHOBOE BELLECTBO.

2. OfHOIi MPUUMHOW OTNOXKEHMS TMAMHOBOTO BELLECTBa, MO BCEli BEPOATHOCTU ABNSA-
eTCs, YTO MPW MacTonaTuK B FPYAHOI Xenese MUeaNUTeNnanbHble KNeTKU U 6asanbHas Mem-
6paHa — MO A0 CMX MOpP €lle HEBbISCHEHHOW NPUUMHE — He BbINOMHAOT CBOeW (YHKLUW.
Bo3HuKatolLiee MONeKynspHO-61M0N0rMYecKoe pacCcTPoOACTBO NPUBOAMUT B MOCNEACTBUN K MUKPO-
CKOMUYECKN BbIABMSIEMbIM M3MEHeHWsM. Bce 3TU M3MEHeHWs HapywailT COKooGpalleHue B
CTEHKe MPOTOKa, W 3ro B/eYeT 3a CoGOii OTNIOXKEHWEe TManMHOBOIO BeLLECTBa.

3. OGbI3BECTBNEHME MPOUCXOAUT B TMANNHOBOM BELUECTBE, OT/IOXKMBLUEMCS LUPKYN-
fPHO B CTEHKe NpoToKa. 3TO BMAHO B (hOpMe M3BECTKOBLIX KO/bLEBUAHbIX TeHel. Ecnn ofHa
yacTb CeKpeTa, HaxoAslierocs B NPOCBETE MPOTOKA, TakXe 06bI3BECTBASETCS, TO B KOMbLe-
BUAHbIX TEHAX BWUAHO WM3BECTKOBOE COMEPXMMOE MeHblleil WHTEHCMBHOCTMW. MonHOe 06bI3BEeCT-
B/IEHWE TMaMHOBOrO BELLeCTBa, HAXOAsLerocs B CTEHKe M B NPOCBeTe NMPOTOKa, NPUBOAUT K
06pa3oBaHNi0 OJJHOPOAHOFO, W3BECTKOBOIO Yy3na.

Dr. Gyoérgy Liszka
Dr. Istvan Kiss Budapest XI. Tétényi Gti kdérhaz, Hungary
Dr. Dezs6é Csiffary
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THE INNERVATION
OF THE JUXTAGLOMERULAR APPARATUS*

Cs. Léranth, Gy. Ungvary and T. Donath

(Received January 14, 1969)

By a combined approach using the catecholamine reaction and an electron
microscopic analysis of experimental fibre degeneration, an attempt is made to eluci-
date the innervation of the juxtaglomerular apparatus in the cat, the rat and the mouse.
Two types of terminal axon have been identified: one (At) containing numerous dense
core vesicles 6—800 A in diameter and another (A2) having only small light synaptic
vesicles. The majority of the Ax type axons originates from sympathetic ganglion
cells located more distally than the coeliac ganglion. A2 type axons either originate
from the coeliac ganglion or from some place above it, they probably belong to the
vagal (cholinergic) system. A few sensory fibres can be traced back to the spinal
ganglia Thj,—+3, but could not be distinguished structurally from Aj type axons.

The fundamental role of the juxtaglomerular apparatus (JGA) in volume
and osmoregulation, exercised hy renin a hormone-like substance secreted
by the juxtaglomerular cells (JGC) — has been fully established. Besides an
influence on the renin secretion by haemodynamic and humoral (Na-level)
factors, the possibility of a neural control has recently arisen. According to
Gomory and Ortvanyi (1951) nerve bundles running along the afferent arte-
riole become loose near the vascular pole and encompass the juxtaglomerular
cell-group in a characteristic manner. It is undoubtedly the dense nerve plexus
of the afferent arteriole described by Smirnov (1901) from which the abundant
innervation of the JGC derives. On the basis of light microscopic innervation
studies with conventional neurohistological methods a vegetative and possibly
a sensory innervation of the JGA has been discussed by Abraham (1943, 1969).
In an electron microscopic study, Barajas (1964) differentiated “dark” and
“light” axons around the afferent arteriole, the efferent arteriole and the JGA,
in the monkey and the rat. Hartroft (1966) recorded in a short paper lacking
illustrations the presence of nerve terminals around the cells of the macula
densa. The general problem of the vascular region’s innervation has been sum-
marized by Szentagothai (1966) corresponding to the level of knowledge
around 1964 —65. Using the paraformaldehyde reaction of Falck and Hil-
larp, Vagermark et al. (1968) demonstrated adrenergic fibres around the

* Qil the basis of a lecture delivered at the 8th Hungarian Biological Congress (1968),
completed with recent literary data.
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juxtaglomerular cells. In arecent survey, Endes (1968) referred to the studies
of Gomba (in press) which have revealed a rich adrenergic innervation in
the JGA.

The aim of the present study was a further elucidation of the innervation
of the vascular pole region of the renal corpuscles and of the JGA in particular.
A combined approach by histochemical and electron microscopic methods and
by the experimental degeneration procedure was therefore performed.

M aterial and methods

In normal material obtained from the kidney of the eat, the rat and the mouse, Falck
and 1111,rAll’s paraformaldehyde reaction was applied for the demonstration of catechol-
amines (CA) by fluorescence microscopy. For this purpose the material was prepared accord-
ing to the slightly modified cryostate procedure of (isitlik and Kalman (1967). Further
normal material was subjected to electron microscopic examination. For the purposes of exper-
imental degeneration in cats and mice, the coeliac ganglion and in another group of animals
the spinal ganglia Th10-L 3of the left side were removed. Material from the left kidney obtained
20 hours postoperatively was examined electron microscopically following prefixation in
glutaraldehyde and postfixation in osmic acid. After orientation in semithin sections of tissue
blocks embedded in Durcupan, ultrathin sections were contrasted with lead citrate according
to Reynolds [19] and examined with a Tesla BS 413 electron microscope.

Results

The nerve fibres entering the kidney establish a rich plexus of preterminal
and partly terminal nerve fibres around the renal artery and its branches. The
plexus continues undiminished along the interlobular arteries and the afferent
arterioles (Figs 1 and 2). It is seen clearly that the catecholamine reaction

Fig. 1. Terminals giving catecholamine reaction around the interlobular artery (simple arrow)
and the afferent arteriole (double arrow). Kidney of cat. X 120
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becomes stronger and spots of bright green fluorescence are concentrated at
the vascular pole of the glomerulus. At some places the fibres may be traced
over to the efferent arterioles and around the Bowman capsule, while no reac-
tion could be seen within the glomeruli (Figs 2 and 3). The striking structural
similarity between glomerular and smooth muscle cells is shown in an electron
micrograph (Fig. 4); the myofilaments are well discernible also in the JGC.

Fig. 2. General view of the cat kidney. Catecholamine reaction becoming more intensive
in the neighbourhood of the JGA (double arrow), nerve fibre curving around Bowman’s
capsule (simple arrow). X 80

Fig. 3. Vascular pole of glomerulus (GIl): arrows point to sites of catecholamine reaction
becoming more intensive close to the JGA. Cat. X 200
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Fig. 4. Smooth muscle cell (Me) arranged side by side in the wall of the afferent arteriole with juxtaglomerular
cell containing specific granules (JGC); basal lamina surrounding the JGC (Bl), myofilaments (f). Electron
micrograph. Mouse
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One group of the axons closely arranged around the JGC contains dense-core
vesicles (Aj), while another group of axons (A2 contains exclusively empty
vesicles about 300 A in diameter. At some places the two kinds of axon occur
together, at others they run separately (Figs 5 and 6). Both kinds of axon
become closely attached to the JGC separated only by a thin basement mem-

Fig. 5. Group of axons near a juxtaglomerular cell (JGC). Nucleus of the JGC (N). (Aj) Axons
containing dense core vesicles; (A2) axons with empty vesicles; (Dct) basis of the epithelium
of the distal convoluted tubules. Electron micrograph. Mouse

brane; this appears to be much thinner than the general basement membrane
of the granulated cells. A frequentelectron microscopical finding is the Aj type
axon, containing dense-core vesicles, situated near the efferent arteriole and
the capsule of the glomerulus (Fig. 7). Fig. 8 shows in the same area a degener-
ating axon after the removal of the coeliac ganglion. After the removal of the
spinal ganglia (Th10—L3) of the mouse, a degenerating axon was observed
adjacent to the glomerular capsule (Fig. 9).
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Discussion

A considerable increase of the blood renin level upon stimulation of the
renal plexus and sympathetic excitation has been found by Vander (1965) and
by Bunag et al. (1966). W athen (1965) observed the same phenomenon after
catecholamine infusion, and Dunihue et al. (1961) after the infusion of a small

Fig. 6. (A2 Group of axons with empty vesicles adjacent to juxtaglomerular cell (JGC).

Muscle cell (Me). At the right side of the figure, a type At axon emerges from a Schwann cell,

and another typeAj axon isclosely attached to a JGC. At this site the basal membrane became
thinner. Electron micrograph. Mouse

dose of adrenaline, while Kamura (1966) recorded a decrease of the juxta-
glomerular index after the subcutaneous infusion of adrenaline. Although none
of these authors ascribed these results to a direct effect on the JGA, their close
relationship with the reported observations is strongly suggestive of a direct
action of catecholaminergic nerves on the JGA. Both the intensive catechol-
amine reaction of nerve elements around the JGA, as well as the terminals
containing dense-core vesicles and being in intimate contact with the JGA
are well in accord with this notion.

The electron microscopical analysis of the axons around the JGA groups
permits their classification according to the type of vesicle contained, rather
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Fig. 7. Axon containing intact dense core vesicles (A,) in the angle between the glomerulus and the vas efferens (Ve).
Epithelium (E), basal lamina (Bl), process of the podocyte (Pr), fenestrated endothelium (F). The double arrow
points to the peduncles of the podocytes. Electron micrograph. Cat
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Fig. 8. Intact axon containing dense core vesicles (Aj) and degenerating axon (Da) in the angle between glo-

merulus (Gl) and vas efferens. Right upper inset shows some details at higher magnification. (BI) Basal lamina

of Bowman’s capsule; (Pet) basis of the epithelium of the proximal convoluted tubules. Coeliac ganglion removed
20 hrs previously. Electronmicrograph. Cat
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than the subdivision of Barajas (1964) based on other criteria the functional
significance of which is much less established than that of the character of
vesicles.

The degeneration analysis of the nerve elements participating in the
innervation of the vascular pole region of the renal corpuscles offers some

Fig. 9. Degenerating axon (Da) adjacent to the basal lamina (Bl) of Bowman’s capsule in

the kidney of a mouse 20 hrs after removal of the spinal ganglia Thin-L 3. (Aj) Intact axons

containing dense-core vesicles arranged side-by-side; (GI) glomerulus; (Dct) distal con-
voluted tubules. Electron micrograph

information concerning the origin of various elements. It has, however, to he
admitted that the picture is not yet conclusive. After removal of the coeliac
ganglion, the type A2axons (having only empty vesicles) completely disappear
from the area of the JGA. On the other hand, under similar conditions, signs
of axonal degeneration may be observed in the angle between Bowman’s
capsule and the efferent arteriole, where normally only type A, axons occur.
As upon removal of the spinal ganglia giving the sensitive nerve supply to the
kidneys, signs of axonal degeneration were observed at the same site, one may
conclude with certain reservations that some A, type fibres might also be
sensitive. Since the sensory fibres have to pass through the coeliac ganglion
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the axon degeneration around the efferent arteriole might be explained in both
cases as being due to the interruption of sensory fibres. The considerable num -
ber of Artype axons having dense-core vesicles that remain intact after remov-
al of the coeliac ganglion have undoubtedly to originate from ganglia, for
example the renal plexus, situated nearer to the kidney. They are, therefore,
obviously of sympathetic origin. The coeliac ganglion may be the site of origin
of the A2type axons, or at least they have to pass through the ganglion. They
might in both cases belong to the vagal system. Apart from the observation
of sensory fibres, which have to be considered preliminary and require further
elucidation, a degeneration analysis would support the general notion accord-
ing to which in the vegetative peripheral innervation, the axons (Al) contain-
ing numerous dense-core vesicles 6—800 A in diameter correspond to the
catecholaminergic, and the axons (A?) with light vesicles to the cholinergic
nerve endings.
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149 153. 23. Wathen, R. L., Kingsbury, W. S,, Stouder, D. A.,, Schneider, E. G,
Rostorfer, Il. H.: (1965) Effects of Infusion of Catecholamines and Angiotensin Il. on
Renin Release in Anesthetized Dogs. Amer. J. Physiol. 209, 1012 —1024.

UBER DIE INNERVATION DES JUXTAGLOMERULAREN APPARATS
CS. LERANTH, GY. UNGVARY und T. DONATH

Der juxtaglomeruldre Apparat von normalen Katzen, Ratten und Mé&usen sowie nach
Entfernung des Ggl. coeliacum und des Ggl. spinale wurde mit der Katecholamin-Nach-
weisreaktion und im Elektronenmikroskop untersucht. Im JGA wurden um den JGS herum
der Anstieg der KA-Reaktion sowie dense-core-Blaschen bzw. leere Blaschen enthaltende
Axonendigungen gefunden. Nach Exstirpation des Ggl. coeliacum wurde im Gefdafpol, nach
Exstirpation des Ggl. spinale an der Bowmanschen Kapsel Axondegeneration nachgewiesen.

MHHEPBALNA HOKCTATNIOMEPYNAPHOIO AMMAPATA
4. NEPAHT, A. YHTBAPU u T. JOHAT

FOKcTa: NOMepy sipHbIN annapaT KOLUEK, KPbIC U Mbllleld Gbi1 U3yYeH B HOpMe U Noc/e
YAQIEHUS! UPEBHOTO U cnuunomcsroeoro Y3/10B PEAaKLMENA AN1s BbISIBNIEHWS] KaTEXONaMUHOB U B
3M1EKTPOHHOM MUKPOCKOMe. B toKcTarnomMepynspHoM annapate, okoio JGS 6biin yCTaHOB/EHbI
MOBbILIEHWE PEeaKLWM KaTexoNlaMMHOB W TePMUHA/bHBIE aKCOHbI, COAepXallye My3bipbKu
dense core unn nycTble My3bIpbKU. Mocnie 3KCTUPNALMU YPEBHOTO Y3/1a B MOJKCE COCYAa, Mocne
yAaneHus CrMHHOMO3rOBOrO Y3/1a Ha Karncyse boymeHa 6bina BbisiB/ieHa fiereHepaLsi akcOHOB.

Dr. Csaba Léranth

Dr. Gydrgy Ungvary Budapest IX. T(zolté u. 58. Hungary
Dr. Tibor Donath
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CHANGES IN THE VASCULAR STRUCTURE
OF THE LIVER FOLLOWING SUBTOTAL HEPATECTOMY
IN THE RAT

Gy. Ungvary, J. Demeter, A. Hudak and ,J. Tari

(Received January 15, 1969)

The rate of regeneration following subtotal hepatectomy in the rat has been
studied by the planimetric evaluation of portograms and by means of semiquantita-
tive injected corrosion preparations. The latter method seems to be suitable for the
determination of the extent and quality of vascular capacity and possibly — of
vascular regeneration, and also for the estimation of vascular capacity in any organ.
Repeated resections allowed reliably to follow lobular changes.

The capacity and possibly the regeneration of the vessels was found — with
reference to the wet weight — to lag in the first week behind the rate of the organ’s
regeneration in both the portal and the hepatic venous system. Portal and hepatic
capacity did not change in parallel. No qualitative changes in the characteristic
vascular structure of the liver were observed.

It has been shown that hepatic regeneration consists in the hypertrophy of
existing and the formation of new' lobules.

Partial resection or necrosis of the liver is followed by a process of regener-
ation. Disturbances of liver function caused by subtotal resection do not
endanger the animal’s life if only owing to the rapid rate of regeneration.
The most important findings in this respect were the recognition of the liver’s
great regenerative capacity, its functional reserves, and the detection of certain
general biological laws.

Cruveiliiier [5] was the first to describe hepatic regeneration in 1833.
He found that removal of 75% of the liver was followed by complete regenera-
tion of tin' organ in eight weeks in dogs and in three weeks in rats.

The liver’s regenerative power was best illustrated by the experiments
of Mann [17] and those of Boriman and Mann [2]. A lobe was removed from
the liver of dogs every tenth day, and at the termination of tin- experiment
the weight of the remaining lobe exceeded the original weight of the whole liver.

Recent works are mainly concerned with the rate of regeneration [6, 14,
23], the factors involved in the process of regeneration [3, 4, 7, 9, 11, 16, 23]
and the histochemical and ultrastructural changes which occur in its course [1].

The available literature failed to provide information about changes
occurring in the vascular apparatus of the regenerating liver. Surprisingly, it
was in a speculative manner that certain authors tried to decide the question
as to whether regeneration consists in the hypertrophy of existing [10, 14, 18,
21] or the formation of new complex lobules [8].
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The present experiments were designed to provide information on the

following questions.

1. Which method or methods are best suited for the quantitative assay
of intrahepatic blood vessels?

2. What qualitative and quantitative changes are occurring in the
vascular structure of the regenerating liver?

3. Is it by means of lobular hypertrophy or by the formation of new
lobules that regeneration occurs?

M aterial and method

Two hundred white male rats of 150 to 200 g body weight were used. We removed
the two large lobes (lobus magnus and lobus fissus), i.e. 65 to 70% of the entire weight of
the liver in 130 animals, while 30 unoperated rats served as controls. Forty animals were
subjected to renewed surgery three weeks after the first resection: we removed the anterenal
and retrorenal lobes (which amounted to about 70% of the regenerated organ). Twenty of
these 40 animals were once more operated upon at the end of the third week following the
second operation: we removed the anteventricular lobe (i.e. 50 to 60% of the tissue that had
regenerated since the second resection). As a result, only one of the original six lobes was
left in these animals. Two per cent of the rats died after the first, 30% after the second, 10%
after the third resection. The body weight of the animals was determined in grams, that
of the resected lobes and the removed livers in centigrams at every surgical intervention
and at the time when the rats were killed. Animals that had undergone one resection were
divided into groups of 25 and sacrificed 1, 2 and 7 days, 1 and 3 months after the operation.
The livers of 10 animals of each group were injected for 4 min. with a 5% solution of PYC
via the portal and the hepatic veins at a constant pressure of 20 mm Hg. Contrast material
was injected into the liver of 5 animals through a cannula inserted in the mesenteric vein
and at constant tube distance X-rays were taken of the organ. By projecting the roentgeno-
grams on graph paper at a scale of 1: 1 we were able to compare the size of the differently
aged regenerated organs (to be called “regenerates” in the following) as expressed in surface
units. A mixture of Indian ink and gelatin was injected through the portal vein and the
inferior V. cava into the liver of 5 animals which had been left to survive for 3 months; the
livers were fixed in formalin, sectioned, and prepared according to Spalteholtz’s thick prep-
aration technique.

The livers of half of the twice and thrice resected animals were injected with 5% PYC
through the portal vein or through the inferior V. cava and the hepatic veins.

Livers injected with PVC were corroded by means of concentrated hydrochloric acid,
washed in water and dried at room temperature. The dried preparations were weighed on an
analytical balance with an accuracy of ~5 mg. Data for the once resected animals were
analysed for significance by Student’s (-test, and the standard deviations were computed.
A stereomicroscope was used for the examination of the corrosion preparations and those
injected with Indian ink and gelatin.

Results

Fig. 1 presents the roentgenogram of the liver of a control animal. The
lobes are well outlined after the injection of 1 ml of adipiodone into the mesen-
teric vein. Fig. 2 shows a liver with a one-week-old regenerate; the persisting
four lobes are clearly visible. Fig. 3 shows that, while regeneration had been
rapid until the end of the first week, a certain setback was registered there-
after.
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Fig. 1. X-rays of liver of control animal Fig. 2. X-rays of liver with one-week regenerate

The wet weight (Fig. 4D) of the livers showed a significant increment
between the second and the seventh postoperative day, and this gain was
followed by a significant loss of weight up to the end of the first postoperative
month. The casts of the hepatic vein revealed a significant growth of weight
between the second and the seventh day (Fig. 4E), but the columns showed
a moderate increase even thereafter. The weight of the portal casts (Fig. 4F)
pointed to a highly significant increase between the second and the seventh
day; a tendency to decrease was registered thereafter hut the decrement failed
to reach statistical significance.

It is evident from the upper half of Fig. 5 that the weight of the one-
week-old regenerate had approached the original weight of the liver; the
regenerate grew less thereafter, but after three months it exceeded the com-
puted liver weight by 20%. By expressing the weight of the liver in per cents
of the body weight, the one-week regenerate showed a considerable increase,
while the liver of animals was somewhat larger than the original after the first
and somewhat smaller after the third postoperative month (3 and 5%, respec-
tively; lower half of Fig. 5).

The relative weight of the hepatic vein preparations (i.e. their weight
in per cents of the liver weight) showed the lowrst value on the seventh day,

4% Ada Morphologica Academiae Scientiarum Hungaricae 17, 1969



146 GY. UNGVARY et al.

P ostoperatiwve
control lday 2 days lweek 3 months

Fig. 3. Planimetrie evaluation of the roentgenograms. The control area is taken as 100%
and postoperative results are referred to it

Fig. 4. A = operative body weightin grams. B = body weight in grams, at sacrifice. C= com-

puted liver weight (g). D = weight of the four small lobes (regenerates) (g). E = weight of

corrosion preparation of the hepatic venous apparatus in 0.01 g. F = weight of the corrosion
preparation of the portal vein (eg). Standard deviation: d;5% in every column
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Fig. 5. Above: weight of regenerate in per cent of control liver weight. Below: weight of
regenerate in per cent of body weight

Fig. 6. Empty columns - weight of corrosion preparation of the hepatic venous system
in per cent of liver weight. Shaded columns = weight of corrosion preparation of the portal
venous system in per cent of liver weight
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Fig. 7. a portal cast of normal liver; b = portal cast of the two large lobes to be resected;
c= portal cast of the remaining four small lobes; d = portal cast of the four small lobes
4 weeks after the resection of the large lobes; e = portal cast of the two small lobes 4 weeks
after the other two small lobes had been removed;/ = portal cast of the single lobe 4 weeks
after the third resection at which one of the remaining two small lobes was removed

and returned thereafter to a level slightly lower than the normal. The portal
preparations behaved differently in that they displayed the lowest absolute
and relative value in one- and two-day-old regenerates; it had considerably
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Fig. 8. A = length of anterenal lobe (mm); width of anterenal lobe (mm); thickness of
anterenal lobe (mm). B = trunk of hepatic vein of the anterenal lobe in per cent of the
cranio-caudal (long) diameter of the lobe. C = change of angle formed by the inferior V.
cava and the hepatic venous trunk of the anterenal lobe; change of angle formed by the
first ramification of the portal vein. Standard deviation —+5% in every column

increased by the seventh day and continued to increase but failed to reach
the original level (Fig. 6).

The lobes of the regenerating liver changed their form in a characteristic
manner. Fig. 7 shows a normal portal cast (a), the two large lobes to be resected
(b) and the remaining four small lobes (c) with apparently poor vascularization.
The lobes are thin with a sharp edge. The remaining four lobes of once resected
animals are still sharp edged but their casts are more bulky and show more
abundant ramifications (d). Corrosion preparations of twice resected livers
(i.e. those with two remaining lobes) and three times resected organs (with
a single remaining lobe) whose weight usually reached the computed original
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Fig. 9. a normal portal cast; b = portal cast prepared after single resection; c portal

cast prepared after second resection; d = corrosion preparation of normal hepatic vein;

e preparation of hepatic vein after a single resection; f = preparation of hepatic vein
after second resection. Stereomicroscopic pictures. X 50
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weight, are rounded, more densely ramified, so that the shape of the original
lobe is no longer identifiable in them (e—f).

Fig. 8A illustrates millimetric changes in the length, width and thickness
of the anterenal lobe. The originally second longest (latero-lateral) diameter
became the longest in the course of regeneration, thus indicating a widening
of the lobe. Changes of the angles formed by the last portion of the hepatic
vein with the inferior V. cava and those formed atthe first ramification of the
portal vein were characteristic (Fig. 8C). Fig. 8B presents the ratio between

10. Corrosion preparation of Kiernan’s lobule removed from one-lobe liver. X 8b

the trunk of the hepatic vein of the anterenal lobe (i.e. of the segment between
the most cranially opening branch of the hepatic vein and the inferior V. cava)
and the cranio-caudal diameter of the lobe. This ratio fell from 45 to 25% by
the end of the first week, rose to 30% after a month, and was less than 20%
after three months.

Observing the divisions of the portal vein in the corrosion preparations
as far as the sinusoids, we registered 6 to 7 ramifications in the controls and
9 to 10 in three-month-old regenerates, thus not only the length and width
of the vessels had increased but also the number of ramifications. The portal
vessels and the branches of the hepatic vein of the regenerates were similar
to those of the controls.

Stereomicroscopic pictures of normal, once, twice and thrice resected
livers, made at identical magnifications, are highly instructive. Figs 9a—c
present the tufts of the portal vein which increased along with the number
of resections. Figs 9d —f demonstrate the hepatic venous system; the increase
in number of the central and sublobular veins and the sinusoids opening into
tin;se vessels is conspicuous. Fig. 10 presents the picture of Kiernan’s lobule
removed from a one-lobe liver; some of the elongated sinusoids may have been
suitable for developing new central or sublobular veins in the three-day animal.

Acta Morphologica AcaJemiae Scientiarum llungaricae 17, 1969



152 GY. UNGVARY et al.
Discussion

The portograms and their planimetric evaluation allowed to observe the
rate of regeneration after subtotal hepatectomy. Portography is, however, too
laborious and affords but approximate data regarding the extent of regene-
ration so that its use cannot be recommended. The method is justified only
if one wishes to follow the course of regeneration in vivo.

Changes in the wet weight of the liver, as observed in the present experi-
ments, were in fair agreement with those reported in literature. The rapid gain
of weight was to some extent obviously due to increased water contents, as is
the case with all rapidly growing organs, tissues, hypertrophic kidney [15] or
muscle 114]. The liver contains a large volume of water 48 hrs after resection
according to Zaki [25], 72 hrs thereafter according to Harkness [12].

According to literature, the liver needs three weeks for restoring its water
contents to normal, to accomplish the process of regeneration. The diagram
illustrating liver weight shows, however, an apparent decrease in the one-
month group. This was probably due to the fact that the body weight of the
members of this group was less than in the other test animals. No significant
decrease in weight is apparent in the one-month group if the regenerate’s
weight is referred to the computed weight of the liver, a result in agreement
with literary data. As regards weight, the process of regeneration can, therefore,
be regarded as accomplished. (It is for this reason that the body weight of the
animals and the weight of the removed liver should always be determined.)

The capacity of the hepatic veins increased at a rapid rate until the
seventh day; although the rate was slower thereafter, a continued slight
increase was registered nevertheless. A comparison of this change with that
observed in wet weight is indicative of a relative insufficiency of the hepatic
venous system during the first days: it reached the minimum on the seventh
day, i.e. the very day on which the weight of the liver had reached the maxi-
mum. (Constriction of the efferent channels or oedema?)

The capacity of the portal venous system, too, increased in the course
of regeneration; the increase was moderate on the first two days, pronounced
between the second and the seventh day, and once more moderate thereafter.
It would seem that, at first, the capacity of the portal apparatus is inferior
even to the normal capacity of the small lobes despite the relatively increased
supply, a phenomenon due to the inability of adaptation caused by the high
water content of the surrounding parenchyma and vessel wall. A comparison
of our data with the findings of Menyhart and Simon [19] is instructive: they
found the mass of the liver to amount to 55% after 24 hours and 75% after
72 hrs, while the corresponding values of resistance were 65 and 55%, respec-
tively. (We computed these values from curves that had not been analysed
by the authors in this respect.) The changes in resistance did not, thus, follow
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that of weight increment, a phenomenon which may be explained by a slower
growth of portal capacity or, possibly, by the slower regeneration of portal
vessels.

The changes observed in the shape of lobes following hepatectomy were
presumably due to several factors. The lobes assumed more and more rounded
forms. Of course, the liver’s connective tissue, capsule, the juxtaposed lobules
growing in all directions, and the topography of the abdominal organs were all
contributory factors. The new special arrangement and the new form of the
lobes had modified the angles at which the vessels meet and ramify so that
considerable changes in blood flow resulted. Analysis of Fig. 8B justifies the
supposition, a speculative one since our results were not significant statistically
and revealed certain tendencies only, that intralobular regeneration is not uni-
form: changes occur first in the peripheral and subsequently in the central area.
W hat can confidently be concluded from the present experiments is that the
growth of hepatic tissue in the course of regeneration is the result of two
processes, i.e. the formation of new lobules and the hypertrophy of existing
ones. As to the process of hypertrophy, Jatropulos [14] showed by exact
measurements that the distance between Glisson’s triangles and the central
vein varied from 280 to 520 fi in normal livers; the most frequent values were
between 370 and 420 u. The diameter was found to grow at a rapid rate in
regenerating livers; the most frequent values were 460 fi in the second, and
490 /1 in the tenth week. Although Jatropulos observed a renewed diminution
of the diameter after the 20th week, he refrained from interpreting this phenom-
enon by a lobular re-formation owing to the inadequacy of his method. It is
easy to settle the problem by the corrosion method which showed that divi-
sions of the portal vessels were considerably more numerous in the regenerated
than in the corresponding control lobules. Considering that the portal lobule
contains not only terminal branches (which divide into sinusoids) but also
tertiary and quaternary branches, the hepatic lobe must obviously contain
more than the original number of lobules. Thus, the formation of new lobules
must be accepted as proven. This conclusion was confirmed by the results
of repeated resections. Certain sinusoids of Kiernan’s growing lobule shown
in Fig. 10 are evidently more elongated than the adjacent ones. It is presum-
ably from these sinusoids that the new central veins develop, and their prim-
ordial side branches indicate the formation of new sinusoids.

The above observations and considerations justify the conclusion sup-
posed by Higgins and Anderson in 1931 and supported but not proved by
Jatropulos in 1965, that, in contradiction to P fuhi’s statement [20], in the
course of compensatory hypertrophy, and possibly even independently thereof,
new hepatic lobules are formed during postnatal growth.
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STRUKTURVERANDERUNGEN DER GEFASSE
NACH SUBTOTALER LEBERRESEKTION AN WEISSEN RATTEN

GY. UNGVARY, J. DEMETER, A. HUDAK und J. TARI

Das Tempo der nach subtotaler Hepatektomie erfolgenden Regeneration wurde an
weilen Ratten mittels planimetrischer Bewertung der Portogramme sowie mit Hilfe einer
semiquantitativen Injektions-Korrosionsmethode verfolgt. Letzteres Verfahren ist zur Bestim-
mung des AusmaBes und der Qualitdt der GefalRkapazitdt (evtl, der GefdBRregeneration)
geeignet. Es sei erwahnt, dal es auch fir die Messung der Verdnderungen des Gesamtvolu-
mens samtlicher Organe anwendbar ist. Mittels mehrmaliger Resektion konnten die Ver-
d&nderungen der Leberldappchen demonstriert werden.

In der ersten Woche erreicht die GefdBkapazitat (evtl, die GefdlRregeneration), bezogen
auf das feuchte Gewicht, weder im Vena-portae-System, noch im Vena-hepatica-System,
das Tempo der Organregeneration. Die Kapazitdt der V. portae und der V. hepatica ver-
&ndert sich nicht parallel. In der fiir die Leber charakteristischen GefaRstruktur kommt keine
qualitative Veradnderung zustande.

Es wurde der (berzeugende Beweis erbracht, daf im Verlauf der Leberregeneration
zum Teil die bereits vorhandenen Lobuli hypertrophieren, zum Teil aber neue Lé&ppchen
entstehen.
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W3MEHEHWE BACKYAPHOW CTPYKTYPbl MEYEHW
MOCNE CYBTOTAJ/IbHON PE3EKLIMN MEYEHW Y BENbIX KPbIC

0. YHIBAPWU, . OEMETEP, A. XYAAK n N. TAPU

Temnbl pereHepauMu nocne Cy6TOTabllON renaTeKToOMUN GbiMM MPOCAEXEHbI Y 6eNbix
KPbIC MOCPEACTBOM MJAHUMETPUYECKON OLEHKN NOPTOrpaMM W MO/YKONMYECTBEHHOW MHbeK-
LIMOHHO-KOPPO3VNOHHOW MeToAMKoi. [locnefHas okasanach MOAXOAALIEN ANS ONpefeneHus
pasMepa W KauecTBa COCYAMCTON eMKOCTM (BO3MOXHO W pereHepaumu cocyfa). CnefiyeT oTme-
TUTb, YTO METOAMKAaBTOPOB MPUrOAHa N1 U3MEPEHUs BCEX U3MEHeHWiA obLiiero o6bema, npouc-
XOAsAWMX B NOGOM opraHe. [pu MOMOLUM MOBTOPHO pe3eKUMU YAanoch AEeMOHCTPUPOBAThb
U3MEHEHWSI MEYEHOUHBIX [J0JIEK.

YCTaHOB/IEHO, YTO eMKOCTb COCY/I0B (BO3MOXHO 1 WX PereHepalns), Ha nepsoii Hefdene
rocne pesekuMu, B Mepesojie Ha BNaxHbliA BEC, He JOCTUraeT Temmna pereHepaunu OpraHos, Hu
B CUCTEME MEYEHOUHOI, HU B CUCTEME BOPOTHOW BEH. V3MeHeHUs eMKOCTV BOPOTHOW U neve-
HOYHOIl BEH NMPOMCXOASAT He Mapasi/ieNlbHo. B xapakTepHoli Ans MeuyeHu CTPYKTYpe COCYZOB He
Hab/110/]aeTCA  KaueCTBEHHOrO W3MEHEHMS.

C MoMoLLbo 3TOl METOAMKU YAanoch YOEeAUTENbHO [0Ka3aTb, YTO B MPOLIECCE pereHe-
paLuy MeYeHy OTYacTW HaBMIofaeTcs rMnepTpodusauus yXe CyLIeCTBOBaBLUMX [OfieK, a OT-
uacTM 06pa3oBaHME HOBbIX [ONEK.

Dr. Gyodrgy Ungvaky
Dr. Joldn Demeter
Dr. Aranka Hudl k
Dr. Janos Tari

Budapest IX. TGzolt6 u. 58. Hungary
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A new method of marking has been elaborated for the examination of ossifica-
tion, bone reorganization and mineralization. In vivo fluorescence produced by com-
bined alizarin red S, tetracycline and fluorexon treatment yielded reliable results; it
inhibited calcification to a lesser extent and was, moreover, suitable for determining
the direction of these biological processes. Measurement of the diameter of the Haversian
lamellae is recommended for statistical evaluation.

Introduction

Sensitivity, selectivity, sharp contrasts and simplicity are well known
advantages of histochemical fluorescence methods. Secondary fluorescence
offers further facilities for the histochemical investigation of calcium salts in
bone. Most of the fluorochromes used for these procedures can be employed
in vivo, a fact which makes it possible to register conditions of mineralization
at predetermined intervals. By using standard methods, parenterally intro-
duced fluorescent substances appear like annual rings in the skeleton of the
test animal indicating the development of the Haversian system as well as
periosteal and endosteal ossification from the time of the first injection to the
sacrificing of the animal. No other morphological method reveals the dynamics
of ossification with equal accuracy. Although attempts have been made to
employ lead acetate as indicator [35, 57, 73] it has failed to find general
acceptance.

The more important fluorescence methods for the demonstration of cal-

cium salts are as follows.

1. Tetracycline

In 1951, Régna et al. [60] discovered that tetracycline formed a chelate
with calcium, Mitch et al. [53, 54] utilized this phenomenon for the localization
of calcium in hone. The method has since been generally adopted. Tetracycline
derivatives are especially suitable for the study of hone growth in animals [8,
14, 15, 16, 21, 26, 29, 32, 39, 47, 56] but can be used in human material as
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well [18, 22]. The procedure is moreover useful for quantitative histological
examinations [22, 23, 24, 27, 31, 43, 48, 67, 70], for the study of embryonic
ossification as also for that of tooth growth [4, 7, 30]. As regards skeletal
anomalies, the method has chiefly been used in cases of osteoporosis [17, 25,
68], rickets [64] and tumours [55]. By comparison to and combination with
other histochemical and histophysical procedures, the method at issue has been
perfected [15, 30, 36, 42, 43, 65]. Tapp et al. [66] employed tetracycline in
vitro as a histochemical reagent for calcium.

Tetracycline serves furthermore for the study and demonstration of
calcifying cartilage [21], various tumours [46, 52], atherosclerotic lesions [44],
fish scales [5], spermatozoa [19] and the mitochondria of living cells [13].

Various theories have been advanced in connection with the binding of
tetracycline derivatives in bone. Harris et al. [33] demonstrated the existence
of an interaction between tetracycline and collagen, while Urist and McLean
[69] suggested that apatite crystals and mucopolysaccharides may be involved
in this respect. Formation of a chelate complex with calcium may in any case
serve as a working hypothesis.

Ibsen et al. [40] elaborated a method for the quantitative determination
of deposited tetracycline. This method, if generally adopted for biological
xaminations, may yield valuable information about the mechanism of binding.

2. Alizarin red S

The use of this dye is one of the oldest methods in calcium histochem istry.
In 1900 Grandis and Mainini [28] dyed bones with purpurin, and they sub-
sequently studied ossification by means of sodium alizarin sulphonate, the
active principle of purpurin [9, 10, 41, 45, 49, 50, 58, 62, 63] and used this
compound to demonstrate calcium in sections [9, 10, 51]. Hoyte’s investiga-
tions [37, 38] gave the main impetus for developing the application of alizarin
red S into an exact method for the study of bone growth. Dixon and Hoyte
[12] applied autoradiography to determine the selectivity of alizarin red for
calcium.

Although an eminent fluorochrome, alizarin red S was not utilized in
fluorescence microscopy until recent times. Harris [31], Harris et al. [34] and
Adkins [1] were the first to apply the dye for fluorescence microscopic exami-
nations.

Especial credit is due to Hong et al. [36] for having instituted compari-
sons between the alizarin red method with the tetracycline, lead acetate, try-
pan blue and 45Ca autoradiographic techniques. Confirming earlier findings,
they demonstrated that alizarin red inhibited the development of bone [1,
31, 34].
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Fig. 1. Tibia, middle third, transverse section;
tetracycline fluorescence. X 100. Filters: BG-}- OG.
Six-month-old dog.The animal received one injecti-
on. Note yellow fluorescence in Haversian system
produced by" tetracycline bound to formed bone

Fig. 3. Tibia, middle third, transverse section;

alizarin red S fluorescence. X 100. Filters: BG-J-OG.

Six month-old dog. The animal received a single

injection and was sacrificed a week later. Note
brickred fluorescence

Fig. 2. Tibia, middle third, transverse section; fluo-
rexon -f- tetracycline fluorés cence. X 100. Filters;
BG -f OG. Six-month-old dog. The animal received
first fluorexon and a week later tetracycline. A
green and a yellow fluorescent ring in Haversian
system indicate growth during this time

Fig. 4. Tibia, middle third, transverse section,

tetracycline fluorescenX 100. ce. Filters: BG 4 OG.

Six-month-old dog. The animal received a total of

5 injections at weekly intervals. The Haversian

system shows five fluorescent rings whose distance
from one another is gradually decreasing



Fig. 5. Tibia, middle third, transverse section;
alizarin red S f- tetracycline -f- fluorexon fluores-
BG -f- OG. Six-month-old

cence. X 100. Filters:
dog. The animal received alizarin in the first,
tetracycline in the second, and fluorexon in the

third week. Outward shift of the fluorescent rings
shows the direction in which the Haversian system
is growing

Fig. 7. Tibia,

middle third,

Fig. 6. Tibia, middle third, transverse section;
alizarin red S -j- tetracycline 4“ fluorexon fluores-
cence. X40. Filters: BG -} OG. Six-month-old dog.
The Haversian canals of the periosteum and the
cortical substance display fluorescence in three
colours according to the injections administered
at weekly intervals. The fluorescent stripes of the
periosteum represent (in an outward sequence)
alizarin, tetracycline, fluorexon

transverse section;

alizarin red S { tetracycline -|- fluorexon fluores-

cence. X 100. Filters:

BG -f- OG.

Six-month-old

dog. Endosteum. Treatment as before. Sequence
of rings as in Fig. 6
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3. Fluorexon

Dieh1 [11] was the first to use calcein (fluorescein-iminodiacetic acid) as
an indicator of calcium, and it was Wallach et al. [71, 72] who produced its
active principle, 2,4 his [N ,N’di (carbomethyl/aminomethyl), i.e. fluorescein
(DCAF). Suzuki and Mathews [65], combining the compound with tetra-
cycline, obtained good diphasic fluorescence pictures of hones and teeth.
It seems strange that we have found no further report on the application of
this excellent combined method which produces more distinguishable annual
rings than the other techniques and is moreover suitable for the determination

of the direction of calcification.

4. Morin

Feigl’s [20] morin method allows the histochemical demonstration of
calcium in vitro.

The aim of the present study was to combine the useful properties of all
current in vivo methods and so to elaborate a simple procedure for the demon-
stration of mineralizing processes. The new methods for the qualitative and
gquantitative study of the development and mineralization of the Haversian

system are described in the following.

Material and method

Dogs, about 6 months old, were intraperitoneally injected with the following fluoro-
chromes.

1. Oxytetracycline (Chinoin Budapest), C22H2,09N 2 « 2H,,0.

2. Fluorexon (Chemapol, Prague). Chemical structure: condensation product of
fluorescein iminodiacetic acid 2,4 bis(N,\T)carbomethyl(aminomethyl)fluorescein.
C3,H2," 20 13 (as acid).

3. Alizarin red S (Schuchardt, Munich). Chemical structure: sodium alizarin sulp-
honate, Ci,H70,SNa.

4. Morin (BDH-England). Chemiial structure: 3,5,7,2’4’-pentahydroxyflavone.
Dosage. Oxytetracycline, 25 mg/kg, dissolved in its special solvent.

Alizarin red S: 20 mg/kg of a 1: 100 solution in distilled water.

Fluorexon: 20 mg/kg dissolved in distilled water.

Morin: 100 mg/kg dissolved in distilled water.

Experiment 1

One dose of each fluorescent agent w'as administered to different animals which were
sacrificed a week after the injection.

Experiment 11

The dogs received fluorexon, a Week later Oxytetracycline and WEere killed after another
week.
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Experiment 111

The dogs received first alizarin, a week later Oxytetracycline, after another week fluo-
rexon, and were killed in the fourth week after the first treatment.

Experiment 1V

The dogs received one dose of Oxytetracycline (weekly) over a period of 5 weeks, and
were killed in the 6th week.

Microscopic examination

Transverse sections were manually prepared from the cortical substance of the tibia
and mounted in dammar. The sections were examined under a fluorescence microscope by
means of a Zeiss HBO-50 type mercury-vapour lamp, with combined filters BG 3/4-OG 1/1 and
UG 1/3.5 GG 9/1. Agfacolor films CT 18 and Orwocolor films UT 16 were used for photo-

graphy.

Statistical evaluation

The longest and shortest diameter of the fluorescent rings around the Haversian canals
was measured by means of an ocular micrometer at tenfold magnification; the data so obtained
were evaluated according to Palkovits [59] and the results converted to microns by means
of an objective micrometer.

Results

Tetracycline produced well circumscribed rings of yellow fluorescence in
blue, and of yellowish-green fluorescence in ultraviolet light; rings obtained
with fluorexon in green light, those with alizarin red S in blue light were brick-
red, while in U.V. light the rings were purplish red in colour. Morin in hlue and
U.V. light produced hardly distinguishable green rings of weak fluorescence;
the compound moreover proved to be toxic so that we abstained from its
further wuse. The results of micrometric measurements are illustrated by
columnar and circular diagrams in which each unit is equal to 162.162 fi.
Development of the Haversian system can be followed well in Figs 8, 9 and 10.
Prolonged tetracycline treatment inhibited calcification; the distance between
the rings became gradually smaller in the dogs treated for 5 weeks (Fig. 11).
The best results were obtained with a combined treatment with alizarin red S,
tetracycline and fluorexon. A green fluorexon ring in the inner zone of the
Haversian system was surrounded by a yelloxv Oxytetracycline ring, while the
outer zone displayed a red alizarin ring in the areas freshly calcifying after
the injections. A red band was observed in the periosteum and the periosteal
zone of calcification towards the cortical substance in the innermost part;
there was a yellow stripe more outward, and a green one in the outer zone.
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Fig. ft. Columnar and circular diagrams illustrating fluorescence in the Haversian system of
dog treated with one dose of tetracycline
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Fig. 9. Columnar and circular diagrams illustrating fluorescence in the Haversian system of
dog treated with fluorexon and tetracycline

It is evident that the combined treatment producing trichromatic fluorescence
iseminently suitable for following the trends of ossification and mineralization.
Results are presented in Figs 1 to 11.
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Fig. 10. Columnar and circular diagrams illustrating fluorescence in the Haversian system
after the combined administration of alizarin, tetracycline and fluorexon. The inner ring is
narrower than in Fig. 9
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Fig. 11. Columnar and circular diagrams illustrating fluorescence in the Haversian system
of animal treated with a total of five tetracycline doses administered at weekly intervals.
Distances between the inner rings are narrower, and their diameters are shorter
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Discussion

Thu observations have shown that the combined fluorescence obtained
with alizarin red S, tetracycline and fluorexon is particularly useful for a pro-
longed observation of ossification dynamics, bone reorganization and mineral-
ization. It is presumably by one and the same mechanism that these fluoro-
chromes are bound to freshly calcifying tissue components. Urist and
McLean [69] postulate three possibilities of binding in this respect:

a) collagen-polysaccharide-apatite-fluorochrome;

b) collagen-fluorochrome-polysaccharide-apatite;

¢) collagen-polysaccharide-fluorochrome-apatite.

No matter to which component fluorochromes are attached in the freshly
mineralized tissue, their presence requires in any case that of the other cardinal
constituents as well.

Our method of employing three different fluorochromes represents a per-
fection of the combined treatment employed by Suzuki and Mathews [65].
Our procedure has the following advantages: better visual distinction (three
essentially different colours); consequent facilitation of quantitative measure-
ments; unequivocal demonstration of otherwise hardly interpretable trends
of ossification. This last one was clearly displayed by the demonstration of the
development of the Haversian lamellae and the periosteal apposition. The
combined method might be used with advantage in experiments where the
process of mineralization is morphologically not as simple as in the case of
lamellar bone.

Experiment IV has shown that a prolonged tetracycline administration
inhibits calcification. Although such inhibition has been observed with alizarin
red S as well, it is evident from the results that, if the in vivo indicators are
alternated, their inhibitory actions do not sum up as effectively as those of
repeated doses of tetracycline.

Micrometric measurement of the rings offers simple and reliable possibil-
ity of statistical evaluation, of following the dynamics of the growth of the
Haversian system and its changes. Parkovits’s method for the computation
of limits of error [59], elaborated for the measurement of thyroid acinus
diameters, is well adaptable for our purposes. A minimum of 500 Haversian
systems have to be measured in order not to exceed a 10% limit of error.
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FLUORESZENZ-HISTOCHEMISCHE UNTERSUCHUNG VON STUTZGEWEBE

Il. Untersuchungsmoglichkeit der Mineralisationsdanynamik des lamelldsen
Knochengewebes mittels Fluorochrom-Verbindungen

L. MODIS, M. PETKO und I. FOLDES

Verfasser beschreiben das von ihnen fiir die Untersuchung der Dynamik des Wachs-
tums, der Umbildung sowie der Mineralisationsprozesse von Knochen erarbeitete Markie-
rungsverfahren. Die Vorteile des kombinierten Alizarin Red S-Tetraeyclin-Fluorexon in vivo
Fluoreszenzverfahrens sind: leicht und zuverldssig bewertbare und meRbare Ergebnisse,
geringere Kalzifikation-hemmende Wirkung und Eignung fir die Aufklarung der Richtung
der obigen biologischen Prozesse. Fur die statistische Auswertung empfehlen die Verfasser das
Messen des Diameters der Havers-Lamellen.

PJTIOOPECUEHTHO-TMCTOXNMNYECKOE NCCNEAOBAHWME COE,EI,I/IHI/ITEI'II:HOM
TKAHN
I1. BO3MOXHOCTV W3y4YeHUsl AMHAMWU3Ma MUHepa/M3auuy MnacTUHYaTol KOCTHOW TKaHU
npu MOMOLLM CoeuHeEHWiA htoopoxpoMa

n. MoAWLW, M. METKO n UN. ®ENbAEL

ABTOpPbI COOGLLAIOT Pa3paGoTaHHYO VMMM METOAUKY AN U3YUYeHWs AMHaMM3Ma MpoLec
COB pOCTa, MEpPecTpavBaHUs U MUHepanu3auun KocTeid. [MpenmyluecTBa KOMOGUHMPOBAHHOTO
JIOOPECLIEHTHOrO0 MeTofa WCCNeA0BaHUS C MOMOLLBIO  a/iM3apyH-KPacHbIi-3-TeTpaLMKINH-
MIOOPEKCOHA N ViVO Criedytolime: MoayvatoTcs JIerkKo M HafleXXHO PacLieHUBAaeMble [aHHbIE,
ero TOpMOXatollee AeNCTBME HA KaibLUM(UKALUIO MEHbLUE, M OH MPUTOfEH AN BbIBAEHUS
HanpaBNeHMs BblLeYKasaHHbIX 610/I0TMYECKUX NPOLIECCOB. [l 15 CTATUCTMYECKOM OLIEHKM aBTOPbI
PEKOMEHIYIOT M3MepeHVe AvameTpa [aBepCOBbIX MAACTUHOK.

Dr. Laszl6 Medis
Dr. Mihaly Petko Debrecen 12, Hungary
Dr. Istvan Foldes
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EFFECT OF EXPERIMENTAL LYMPH CONGESTION
ON CORONARY ARTERY PERMEABILITY IN THE DOG

Z. Nagy, H. Jellinek, B. Veress, A. Kéczé, A. Balint and F. Solti

(Received January 27, 1969)

Disturbances of permeability accompanying coronary changes induced by experi-
mental lymph congestion have been studied. Intravenously administered colloidal iron,
used as indicator, was found to have passed into the vessel walls, a sign of increased
permeability. A theory is advanced for the explanation of this phenomenon and the
mechanism through which the observed vascular changes occur.

Myocardial lesions induced by insufficiency of lymph circulation have
been known since the investigations of Foldi et al. [4] and RusznyAk et ai.
[16]. Earlier experiments of our team [17] showed that in addition to myo-
cardial necrosis, lymph congestion induces also coronary changes consisting
in vasoconstrictive subendothelial plasmatic inhibition (plasmatic vasculosis)
and a necrosis of the smooth muscles of the media. Disturbances affecting
the permeability of the vessel walls are a decisive factor in the development
of vascular disorders [1, 6, 7, 8, 10, 12], and it was in this connection that the
question arose as to whether changes in permeability are involved in the patlio-
mechanism of coronary lesions induced by lymph congestion.

Material and method

Eleven dogs of both sexes with body weights of 15 to 25 kg were used, two of which
served as controls. Mechanical lymph congestion was induced by the slightly modified [17]
method of Foldi et al. [4]. Under hexobarbital and ether anaesthesia the chest was opened in
the fourth intercostal space; the regional lymphatics and lymph nodes were made visible
by ingesting Evans blue. These organs were ligated and the thoracic duct before its entry into
the subclavian vein. On the third postoperative day, all animals were given 3 doses of 10 ml
of Ferrlecit* at 30 min. intervals, and killed three hours after the last dose by an overdose of
hexobarbital. From the heart several specimens were excised, fixed in formalin, embedded in
paraffin and stained by PAS and Prussian blue, haematoxylin-eosin, azan and Mallory’s stain.

Results

Light-microscopic inspection following the administration of Ferrlecit
revealed no iron in the coronary wall of the controls, whereas the Prussian blue
reaction was positive in all the vessels in which lymph congestion had resulted

* Organic-complex compound of Fe(lll).
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in the subendothelial accumulation of plasma displaying PAS-positivity (Fig.
1) and staining red with azan. These areas were well visible not only suben-
dothelially but appeared at certain points to extend into the media (Figs 2, 3).

Discussion

Few authors have been concerned with the normal lymphatic drainage
of the arterial wall and the effect produced on the arterial wall by lymphatic
insufficiency. Neither vy offey and courtice [18] NOr Rusznyak et al. [16]
have touched upon this subject in their monographs. Rényi-VAmos [15] intro-
duced Indian ink to the boundary between the media and adventitia of the dog
aorta, and observed its passage to the regional lymph nodes. papp and serni-
nek [14] demonstrated the lymphatic drainage of the wall of veins. However,
in addition to lymphatic drainage the permeability of vessel walls is determined
also by the pinocytotic activity of the endothelial cells, the condition of inter-
cellular junctions [2, 11] and the filtering effect of the ground substance which
regulates inflow [3, 9, 13].

The disturbance of vascular permeability is especially conspicuous in the
early phase of damage induced by mechanical lymph congestion in the minor
coronary branches. The subendothelial accumulation of plasma substances is
greatly due to a pathological increase of permeability as proved by the inver-
sion of Ferrlecit into the vessel Avails. It was shown earlier [8, 12] that this
colloidal iron preparation is bound by certain plasma fractions, and its appear-
ance in the vessel walls points to a pathological increase of permeability.

Table 1

Lymph congestion-—--—-- » disturbance of transport of the coronary wall
pH crYlanges, shift of the ionic milieu
physico-chemical changes of the ground substance
disturbance of the permeability

— intima oedema

As regards now the mechanism through which permeability is increased
by lymph congestion, we suggest the following theory concerning the sub-
endothelial plasma accumulation and the enhanced influx (Table 1). The lymph
congestion interferes with the transporting activity of the arterial wall and
thus with the removal of metabolites arising in the course of the cells’ normal
metabolism. Their gradual accumulation induces pH changes and a shift of
the ionic milieu. This phenomenon presumably results in physico-chemical
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Fig. 1. Extensive vasoconstrictive subintimai plasmatic vasculosis involving the media of
a minor coronary branch after three days mechanical lymph congestion. PAS. X 800

Fig. 2. Continued section of the coronary branch shown in Fig. 1. Corresponding to the PAS-
positive areas, iron-positive areas subintimally to a slighter extent, also in the media. Prussian-
blue. X 800
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Fig. 4
Figs 3 and 4. Prussian-blue iron positive-granules partly subintiinally and partly in the
media of minor coronary branches after three days mechanical lymph congestion. Prussian-
blue. X600 and X 800
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changes of the mucopolysaccharides of the endothelial hasal membrane which
tend to increase the permeability of the vessel wall.

The inadequate transportation of substances passing through the vessel
wall leads, thus, shortly to a pathologic change of permeability so that both
factors should be regarded as responsible for the observed vascular disorders*
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DIE WIRKUNG DER EXPERIMENTELLEN LYMPHSTAUUNG
AUF DIE PERMEABILITAT DER ARTERIA CORONARIA IM HUND

Z. NAGY, h. JELEINEK, &. VERESS, A. KOCZE. A. BALINT und F. SOLTI

Verfasser untersuchten die sich an die unter experimentell herbeigefihrter Lymph-
stauung entstehende Koronarveranderung anschlieRende Permeabilitdtsstdrung. Entspre-
chend der geschadigten Koronarwand konnte das Eindringen des intravends als Markiersub-
stanz eingefiihrten kolloidalen Eisens beobachtet werden, was als Zeichen der gesteigerten
Permeabilitdt gewertet wird. SchlieBlich besprechen die Verfasser eine mdégliche Erklarung
fur den im Verlauf der nach Lymphstauung entstehenden GefdBverdnderungen beobachteten
Permeabilitdtsanstieg bzw. den Pathomechanismus der GefdRverédnderungen.
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OENCTBUE SKCMNEPUMEHTAJIBHOI O 3ACTOA JIIM®blI
HA MPOHNUAEMOCTb BEHEYHOW APTEPUN Y COBAKWU

3. HALb, X. WENNVHEK, B. BEPELWU, A KOAE, A. BAJIMHT u ®. WOJMbTA

ABTOpbI M3y4anu pacCTPOMCTBO MPOHWLAEMOCTM, COMPOBOXAAMOLLEE WU3MEHEHWE BEHEY-
HOW apTepuu, BO3HMKalOLlee MOL BAUSHWEM 3KCMEPUMEHTA/IbHO BbI3BAHHOTO 3acTOs SMMbI.
COOTBETCTBEHHO MOPAXEHWIO CTEHKM KOPOHApHOW apTepun Habnofasiock MPOHUKHOBEHME
BHYTPUBEHHO BBEJEHHOTO KOMMOMAANLHOTO >Kene3a (MeuyLLero-BellecTBa) B CTEHKY COCyJa.
3T0 HabMofeHne pacLieHUBAeTCA KaK 3HaK MOBbILIEHWS NPOHWLAEMOCTU. B 3aknioueHue co-
06114aeTcs BOMOXKHOE OGBSCHEHWE [/15 MOBbILUEHWST MPOHULLAEMOCTU, Pa3BMBAIOLLErOCS MOA
BAIMSHUEM U3MEHEHWIA COCYA0B MpU 3aCTOe /MM(bl U MaToMexaHW3Ma U3MEHeHWi cocyza.

Dr. Zoltdn Nagy
Dr. Harry Jellinek
Dr. Béla Veress
Dr. Antal Koczé
Dr. Andor BALINT
Dr. Ferenc Solti

Budapest I1X. UlGi Gt 93, Hungary
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CORNEAL VASCULARIZATION

HOLE OF LACTIC ACII)

Gy. Imkf.

(Received February 10, 1969)

The intracorneal injection of L-lactate induced more marked vascularization of
the cornea than the injection of D-lactate which does not occur in the organism. This
confirms the fact that endogenous lactic acid plays a specific role in vascularization.
The vascularizing effect of racemic lactic acid is considerably stronger than that of
racemic lactate. Considering that the pH value is indifferent in this respect, it is
probable that the vessel-producing cells are stimulated by the non-dissociated lactic-
acid molecules.

The racemic form of lactic acid, if injected intravitreally or intracorneally
into animals, induces significantly earlier and more pronounced vascularization
than other substances do [4, 5]. Although experimentally induced avascularcor-
neal swelling and human bullous keratopathy are accompanied by swelling,
an important condition of corneal vascularization [1, 2], they do nor give
rise to a vascularization of the cornea, and its lactic acid concentration is sig-
nificantly below the normal level [6]. This concentration is significantly ele-
vated for several weeks after alkali burnt corneal injury [3], and corneal vas-
cularization is known to be especially severe in such cases.

Although lactic acid constitutes an important factor in the formation
of new vessels, which is evident from these experimental and clinical obser-
vations, its specific effect requires further elucidation. This purpose is served
by the present study in which the vascularizing action of L-lactic acid, con-
tained in the organism, is compared with that of D-lactic acid which does not
occur in the organism.

Material and method

A total of 16 adult rabbits with an average body weight of 2.5 kg was used. The tech-
nique of intracorneal injections was described earlier [5].

In the first series of experiments, the substances injected were of 0.1% solution of
D-lactic acid lithium salt (Calbiochein) and L-lactic acid lithium salt (Calbiochem), while in
the second series an 0.1% racemic solution of D- and L-lactic acid lithium salt and DL-lactic
acid (Schidamsche) were intracorneally administered.

The length of the corneal vessels was measured daily under high power, and the differ-
ence of the two sides was examined for statistical significance by Student’s ( test.
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Table 1
Intracorneal injections
. No. of . 0.1%, 0.05 ml Days of incipient
No. of experiment animals Side ( ) ve){scularizat‘i)on
Compound pH No.
| n r. D-lactate 4.5 3 4-6
L L-lactate 45 3 3-6
2 5 r. DL-lactic acid 3.0 3 2-3
1 DL-lactate 45 3 4
* =p< 0.01, * = p < 0.02
Results

Detailed results are shown in Table 1.

First series. The intracorneal injection of L-lactate induced earlier and
more pronounced vascularization than that of D-lactate. Corneas treated with
L-lactate exhibited longer vessels even on the fourth and the sixth day. The
difference Mas significant (p <] 0.02) on the fourth day. Vascularization began
to disappear on both sides after the sixth day.

Second series. The intracorneal injection of racemic lactic acid produced
significantly more vigorous vascularization than that of racemic lactate
(p 0.01 on the 4th, 8th and 10th days, p <7 0.02 on the 6th day). The
vascularizing action of racemic lactate was even inferior to that of L-lactate.

Discussion

The fact that the vascularizing potency of L-lactate is significantly higher
than that of D-lactate shows that lactic acid produced by the organism plays
a specific role in vascularization. The minimum vascularizing effect of D-lactate
must be due to the corneal swelling caused by the injection, as well as to the
effect of the physiologically high lactic acid concentration of the cornea,
brought about in this way [7, 8). The concentration of L-lactate is low' in
racemic lactate, the reason why its vascularizing capacity must be inferior to
that of L-lactate.

In the second series of experiments, the vascularizing effect of racemic
lactic acid proved to be significantly stronger than that of racemic lactate,
a phenomenon that cannot be explained with the different pH-values of the
injected solutions, since earlier experiments showed this factor to play no role
in vascularization [4, 5], where lactic acid of pH 3.0 had the strongest vascular-
izing effect, while that of acetic acid of pH 3.5 and hydrochloric acid of pH 1.5
was considerably weaker in this respect. Although the organism’s well buffered
media contain lactate in the first place, it would appear from the present
results that the vessel producing cells are stimulated by the non-dissociated
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Distance (mm) between vascularized area and

No. of experiment aﬁ?rhe?lfs Side limbus (mean value 4
4th day 6th day 8th day 10th day
i " r 0.05+0.11 0.23+0.40
1 0.14 £0.15** 0.47 £0.38 -
2 5 r. 0.74+0.16 1.46 £0.31 1.98+0.35 2.76+0.43
1 0.18+0.29* 0.24 £0.53** 0.22+0.41* 0*

lactic-acid molecules. Elevated concentration or damages of the physiological
buffer system may produce this phenomenon under non-experimental con-
ditions.
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UBER DIE ROLLE IN DER HORNHAUTVASKULARISATION
GY. IMRE

Die intrakorneale Injektion von L-Lactat bringt eine intensivere Vaskularisation der
Kaninchenhornhaut zustande, als die intrakorneale Injektion des im Organismus nicht vor-
kommenden D-Lactats. Diese Beobachtung spricht fur die spezifische Bedeutung der im
Organismus entstehenden Milchsdure fir die Vaskularisation. Die Wirkung der razemischen
Milchsaure ubertrifft erheblich den Vaskularisationseffekt des razemischen Lactats, was,
angesichts dessen, daB die Rolle des pH-Wertes ausgeschlossen werden kann, wahrscheinlich
macht, dal die nichtdissoziierten Milchsduremolekiile die gefaRbildenden Zellen stimulieren.

O POJIN MOJIOYHOW KUCNOThbI B BACKYNAPUN3ALNW POTOBULUbI
0. UMPE

MHTpakopHeanbHOe BBefeHWe L-nakTaTa Bbi3blBaeT AOCTOBEPHO GO/iee BbIPaXXKEHHYH
BaCKy/IApM3aLMi0 POroBULbI KPOJIMKOB, YeM WHTpakopHeaslbHble WHbEKUMWM D-nakTtaTta, He
VMEHLLLErocsi B OpraHnamMe. 310 Hab/IHOfeHNe YKa3biBAeT Ha CNELM(HNYECKOe 3Ha4YeHNe MOIOYHOM
KMCMOTbl, 06pasyeMoli B opraHusaMe, B BacKy/nspu3auuu. Pauemuueckas (opma MOOYHON
KWUCMOTbl B 3HAUYUTE/IbHOW Mepe MPEBOCXOAMT [eiiCTBME PaLeMUUYECKOro fakTata Ha BacKy/si-
pr3auumio. Beudy TOro, YTO pPO/ib BEMUMHBLI pH MOXHO UCKIOUUTL, 3TO Hab/ItofeHe NO3BONSET
JenaTth BbIBOZ, UTO HEAWCCOLMMPOBAHHbIE MOJIEKY bl MOJIOYHON KUCMOTbI CTUMYNMUPYIOT COCY-
[006pasytolLme KNeTKu.

Dr. Gydrgy Imre, Budapest VIII, Maria u. 39, Hungary
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LYMPHADENOPATHIE, VERURSACHT
DURCH ARZNEIMITTEL

G. Krasznai und Gy. Szegedi

(Eingegangen am 20. Marz 1969)

Anhand von 10 Féllen werden die histologischen Kennzeichen und die wichtig-
sten klinischen Daten der durch Arzneimittel verursachten Lymphadenopathie beschrie-
ben. Die Verdnderung ist reversibel und bedarf keiner Behandlung; nach Entzug des
Medikamentes erfolgt Spontanheilung.

In allen Fallen sind der Nachweis allergischer Komplikationen anlaRlich einer
medikamentdsen Provokation und der Ausfall der Antikdrperprobe von diagnostischer
Bedeutung.

Histologisch charakteristisch sind eine Mikroangiopathie, die sich nebst einem
tumorartigen Bild in allergisch-entziindlicher Form manifestiert, eine Vasculitis mit
h&morrhagischer Nekrose und Thrombose. Fibrose und Sternberg-Reed-Zellen sind
nicht vorhanden. Gegenlber der kortiko-medulldren Verdnderung ist die Struktur
der Hilusregion erhalten.

Zur richtigen Diagnosestellung ist die Kenntnis der klinischen Daten unerldBlich.

Bei arzneimitteliberempfindlichen Patienten kann sich im Zusammen-
hang mit der Behandlung eine Lymphknotenschwellung — “drug-induced
lymphadenopathy” — (im weiteren DLP) ausbilden, die sich aufgrund der
klinischen Symptome von anderen reaktiven Lymphknotenverdnderungeil
unterscheidet, so dal das einem malignen Lymphom &hnliche histologische
Bild Anlal zum Irrtum giht.

Die Frage liegt nahe, inwiefern man die DLP als préneoplastischen
Zustand betrachten kann, und inwiefern eine direkte Verbindung zwischen
der tumorartigen DLP und den malignen Lymphknotenverdnderungen anzu-
nehmen ist. Die Frage wurde in dieser Form zuerstvon Saltzstein an einer
Klinikopathologischen Konferenz 1962 angeworfen, dann berichteten 1966
Hyman und Sommers Uber einen Morbus Hodgkin bzw. ein Lymphosarkom,
das im Laufe einer antikonvulsiven Behandlung aufgetreten war. Sie nahmen
einen Zusammenhang zwischen der antiepileptischen Behandlung und den
malignen Lymphknotengeschwilsten an, wobei sie einen direkten blastoino-
genen Effekt der Hydantoin- Abkémmlinge vermuteten. Die Frage wird sicher-
lich zu ausgedehnteren Untersuchungen Anla geben und zwar vor allem im
Hinblick auf die hauptsédchlich im Kindesalter verbreitete Anwendung anti-
konvulsiver Mittel.

Die Mehrzahl der Mitteilungen beschdaftigt sich mit der DLP als differen-
tialdiagnostisches Problem (Chiari 1951, Bodart 1953, Saltzstein und Mit-
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arb. 1958, Saltzstein Uund Ackerman 1959, Rosenfeld und Mitarb. 1961,
Doyle und Hellstrom 1963, Dévényi 1964, Schwartz 1966, Krasznai und
Szegedi 1967, Krasznai und Gyéry 1968). Juhasz und Mitarb (1968). konn-
ten nach Diphenylhydantoin-Behandlung bei M&usen Lymphoreticulosarkom
und Leukdmie beobachten. Demnach ist die Erkennung der DLP, die Fest-
stellung der richtigen Diagnose nicht leicht, weder am Krankenbett noch bei
der histologischen Untersuchung. Aufgrund unserer eigenen Erfahrungen ist
die DLP eine reversible Verdnderung, die keiner Behandlung bedarf. Dem
Entzug des Arzneimittels folgt eine Spontanremission, die man mit immuno-
suppressiven Mitteln beschleunigen kann. Demgegeniber bedeutet fir den
Kranken eine falsche Diagnose eine nicht gleichgiltige cytostatische Behand-
lung.

In den letzten 7 Jahren haben wir 10 DLP-Fé&lle beobachtet. Durch die
M itteilung der histologischen Befunde und der klinischen Daten mdéchten wir
zur Losung der diesbeziiglichen differentialdiagnostischen Probleme beitragen.

Klinische Daten. In 7 Fdllen hat sich nach Behandlung mit Hydantoin-
Abkémmlingen (Mephenytoin, 3-Methyl-5-phenyl-5-aethyl-hydantoin), in
2 Féllen nach Sulfanylamiden (Sulfathiourea, Sulfadimidin, Sulfamethoxy-
pyridazin, Sulfadimethylpyrimidin, p-Aminobenzolsulfonthiocarbamid) und
in einem Fall nach Phenylbutazon eine Lymphknotenschwellung ausgebildet
(s. Tabelle 1). Nach ein- bis zweiwdchiger Latenzzeit entwickelt sich eine im
allgemeinen symmetrische zervikale, axillare oder generalisierte Lymphknoten-
schwellung, meist mit schmerzlosen, beweglichen bohnen- bis haselnuBgroRen
Lymphknoten. Der eigentlichen DLP gehen die mit dem allergischen Immun-
status verbundenen Symptome voran, wie hohes Fieber, hohe BSG, Derm ati-
tis, Leukozytose, Eosinophilie und abh&ngig vom Medikament spezifische
Komplikationen. Bei Hydantoin-Abkdmmlingen sieht man Panzytopenie,
Blutungsbereitschaft, und eine positive Rumpel-Leede-Probe; bei Sulfonami-
den dagegen Thrombopénie, und Photosensibilisierung, und bei Phenylbutazon
Stomatitis und Vulvitis.

Die Hautverdnderungen sind durch makulo-papulése (Erythema
multiforme-artige), skarlatiniforme oder morbilliforme Ausschldge gekenn-
zeichnet. Zwei unserer Fdlle wurden mit der Diagnose Scharlach (Fall Nr. 6)
bzw. Masern (Fall Nr. 4) in die Infektionsabteilung eingewiesen.

In drei der Féalle bildeten sich die Symptome nach mehrmonatiger, in
7 der Fdlle nach kurzer, 2—3wdchiger Behandlung aus. Nach Entzug der Arz-
neimittel wurden die Patienten rasch fieberfrei, und die Hautverdnderungen
heilten. Im allgemeinen folgte der schnellen Besserung der allgemeinen Sym-
ptome eine Spontanremission der Lymphknotenschwellungen.

Bei der Mehrheit unserer F&lle war die Lymphadenopathie das vorherr-
schende klinische Symptom, der Kliniker dachte an einen malignen Prozess,
und eine Biopsie wurde vorgenommen. Wegen des Mangels an entsprechender
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Fall Nr.

10.

Alter.
Geschl.

13 J.
weibl.
8 J.
mannl.
35 J.
weibl.

21 1
mannl.

35 J.
weibl.
24 J.
mannl.
16 J.
mannl.
67 J.
mannl.
34 J.
weibl.
60 J.
weibl.

Medikament

Mephenytoin
3 Jahre
Mephenytoin
6 Monate
Mephenytoin
3 Wochen

Mephenytoin
3 Wochen

Mephenytoin
3 Wochen
Mephenytoin
2 Wochen
Mephenytoin
3 Monate
Sulfonamid
2 Wochen
Phenylbutazon
2 Wochen
Sulfonamid
3 Wochen

Lymph-
adenopathie

Generalisiert
Zervikal

Axillar
Generalisiert

Zervikal
Axillar
Generalisiert
Generalisiert
Generalisiert
Generalisiert
Zervikal
Axillar

Zervikal
Axillar

Tabelle 1

Histologisches

Bild
Foll.-medull.
Retikulose
Foil. Lympho-

blastomartig
Herdférmige
Retikulose (H)*

Herdférmige
Retikulose (H)*
Retikulosarkomartig
Herdférmige
Retikulose (LU*
Herdférmige
Retikulose (H)*
Retikulosarkomartig

Retikulosarkomartig

Retikulosarkomartig

Symptome

Dermatitis, Fieber

Hepato-Spleno-
megalie. Fieber

Dermatitis,
Panzytopenie

Dermatitis, Anti-
kdérper-Probe positiv

Dermatitis, Fieber
Dermatitis, Fieber
Dermatitis

Thrombozytopenie.
Fieber

Stomatitis, Derma-
titis, Vulvitis
Dermatitis, Fieber,
Photosensibilisation

* Morbus Hodgkin-éhnliches histologisches Bild. lir Sinne der Aufteilung von Lukes [10].

Beobach-
tungszeit

3 Jahre

31/2
Jahre
I Monat

4172
Jahre

212
Jahre
2 Jahre

4 Jahre
8 Jahre
31/2

Jahre
2 Jahre

Verlauf

Beschwerdefrei
Beschwerdefrei

Tumor cerebri op.
Haematocephalus
int. Exitus
Exazerbation nach
Suizidversuch mit
Mephenytoin, Spon-
tanremission
Beschwerdefrei

Beschwerdefrei
Beschwerdefrei
Beschwerdefrei
Beschwerdefrei
Provokation nach wie-
derholter Selbstmedi-

kation mit Sulfon-
amid
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Zusammenarbeit ist es nicht selten, daR der Pathologe nur von der Lymph-
knotenschwellung weill und die zur Diagnose fuhrenden anainnestisclien Anga-
ben nicht kennt. Ein gutes Beispiel dafiir stellt der Fall eines unserer ménn-
lichen Patienten dar (Fall Nr. 4). Nach dreiwdchiger antiepileptischen Behand-
lung nahm ihn die Infektionsabteilung mit Masern-Verdacht auf, in der Annah-
me eines Morbus Hodgkin wurde dann die Biopsie vorgenommen. Von der mit
Hautausschldgen einhergehenden akuten fieberhaften Erkrankung wuflte der
Pathologe nichts. Histologisch wurde die Verdnderung als Morbus Hodgkin
gedeutet, worauf der Patient Cytostatica erhielt. Vier Monate spéter unter-
nahm er mit 40 Tabletten Mephenytoin einen Suicidversuch, wonach sich eine
ausgeprédgte Lymphknotenschwellung ausbildete. Die Antikérperprobe mit
Mephenytoin fiel positiv aus. Im Grunde genommen hat diese Arzneimittel-
provokation geholfen, die richtige Diagnose zu stellen. Zur Zeit, drei Jahre
spdter, ist Patient beschwerdefrei, es bestehen keine auf Tumor hinweisende
Verdnderungen.

Eine unserer Kranken (Fall Nr. 3) starb an h&matologischen Kom-
plikationen. Wegen eines Hirntumors (Astrocytoma diffusum) wurde sie ope-
riert, nach der Operation begann man eine praventive antikonvulsive Behand-
lung. Nach drei Wochen bildeten sich eine schwere Knochenmarksschddigung

Hydantoin-Pancytopenie — und Symptome intrakranieller Drucksteige-
rung aus. Todesursache war Haematocephalus internus.

Neun Patienten sind nach einer durchschnittlich 3.5jdhrigen Beobach-
tungszeit beschwerdefrei, Lymphknoten sind nicht tastbar.

Histologie

Die histologischen Verdnderungen sind im wesentlichen in zwei Gruppen
einteilbar: 1. allergisch-entziindliche Erscheinungen, mit Blutung, Nekrose,
GefédRverdnderungen; 2. tumorartige Verédnderungen.

Mit Ausnahme von zwei Féllen (Fall Nr. 1 und 2) fanden wir stets ent-
zindlich-nekrotisierende Verdnderungen. Die Lymphknotenkapsel, das peri-
glanduldre Binde- und Fettgewebe zeigen entziindliche Zellinfiltrationen in
wechselndem AusmaRe. Bei der durch Hydantoin und durch Sulfonamide ver-
ursachten Lymphadenopathie bildete sich eine méaRige, nach Phenylbutazon-
Behandlung eine ausgeprédgte allergisch-granulomatdse Entzindung mit zen-
traler hd&morrhagischer Nekrose sowie mit leukozytérer, epitheloidzelliger Reak-
ion aus. Die Verdnderungen &hneln den Lé&sionen der allergischen Granulo-
matose oder der Wegenerschen Granulomatose. Bei der durch Arzneimittel
verursachten Lymphadenopathie hingegen ist immer eine hdmorrhagische
Nekrose (Abb. 1, 2) zu beobachten. Subkapsuldr war die Rinde blutreich, das
Lumen einiger erweiterten Kapillaren wurde durch einen frischen Thrombus
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Abb. 1. Fall Nr. 4. Allergisch-granulomatése Entzindung in der Rindensubstanz eines Lymph-
knotens (am linken Rande des Bildes). Die Lymphdrisenstruktur ist nicht erkennbar. H.E.
X100

Abb. 2. Fall Nr. 6. Hamorrhagisch-nekrotischer Bezirk auf der rechten Seite des Bildes. Das
nekrotische Zentrum enthdlt Kerntrimmer, wenig Leukozyten. Um die Nekrose eine aus
Histiozyten und Fibroblasten bestehende Reaktion. H.E. X200

verschlossen (Abb. 3, 4). Um die oben genannten Gefé&Re bildeten sieb in kleinen
Herden h&morrhagische Nekrosen aus, mit gemischtzeiliger Reaktion am
Rande der Nekrose, vielen eosinophilen Leukozyten, Plasmazellen, Epitheloid-
zellen und wenigeren segmentkernigen Leukozyten. Im Zentrum der Nekrose
waren Blutungen und Kerntrimmer zu finden, ohne Neigung zu eiterzelliger
Einschmelzung.
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Abb. 3. Fall Nr. 9. Thrombotische Mikroangiopathie mit GefdBwandnekrose und gemischter
perivasaler Zellreaktion. H.E. X 250

Abb. 4. Fall Nr. 7. Thrombotische thrombozytopenische Purpura &hnliche Verdnderung.
Um die GeféRe eine aus Fibroblasten, Histiozyten, Erythrozyten bestehende Reaktion. H.E.
X 200

In der Rinden-Marksubstanz kann, abhdngig von der jeweiligen Arznei-
mitteliberempfindlichkeit, neben der erhaltenen Struktur eine follikul&r-
medulldre retikuloseartige Verdnderung (Fall Nr. 2) oder ein mit schwerer
Strukturschddigung einhergehendes, einem Retikulosarkom &hnliches Bild er-
scheinen (Abb. 5, 6). Die follikuldar-medulldre Retikulose mar dabei die mildeste
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Abb. 5. Fall Nr. 10. Aus gleichformigen Zellen bestehende zellreiche, tumorartige Verénde-
rung. Die Lymphdrisenstruktur ist nicht erkennbar. H.E. X 200

Abb. 6. Fall Nr. 7. Tumorartige, pleomorphe Retikulumzell-Proliferation mit 2 Mitosen im
linken oberen Quadranten des Bildes. Zwischen den Retikulumzellen sind einige Plasmazellen
und Lymphozyten sichtbar. H.E. X 450
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Verdnderung. Die Follikel sind in solchen Fé&llen grof, ihre Grenzen ver-
schwommen, die Markstrdnge breit, zellreich. Sie enthalten neben zahlreichen
Retikulumzellen viele Plasmazellen und Mitosen. Die Sinus sind erweitert, die
Lymphknotenstruktur ist noch dberall deutlich. In Féllen tumorartiger
Verdnderungen ist die Lymphknotenstruktur nicht erkennbar. Man sieht keine
Follikel; in groBen, zusammenflieBenden, zellreichen Herden sind atypische
Retikulumzell-Proliferate sichtbar.

Abb. 7. Fall Nr. 6. Morbus Hodgkin ahnliches histologisches Bild. Die Reaktion enthalt
Retikulumzellen, Fibroblasten, Plasmazellen und Lymphozyten. H.E. X 250

In anderen Fdllen bestanden die tumorartigen Gebiete aus gleichférmigen
Zellen mit zahlreichen Mitosen (Abb. 5, 6). Ein andermal fanden sich unter
den Retikulumzellen viele Eosinophilen, so dall das Bild einer Lymphogranulo-
matose &hnlich war (Abb. 7). Die Nekrose hingegen war h&morrhagischen
Charakters, Fibrose und typische Sternberg-Reed-Zellen waren nicht zu sehen.

Dem tumorverdéchtigen kortico-medulldren ProzelR gegentiber war in der
Hilusregion die Struktur im wesentlichen erhalten. Hier liefen sich Sinus- und
Faserstruktur gut erkennen, die Markstrdnge waren zellreich und enthielten
viele Plasmazellen.

Diskussion

Bei unseren Fdallen war die Lymphadenopathie das prominente Zeichen
der Arzneimittel-Allergie. Die Medikamente bzw. deren einzelne Komponenten

Acta Morphologica Academiae Scientiarum Hungaricae 17, 1969



DURCH ARZNEIMITTEL VERURSACHTE LYMPHADENOPATHIE 183

spielen als Allergene oder als Haptene eine Rolle. Die Symptome sind Indizien
eines allergischen Immunstatus.

Klinisch-diagnostisch wertvoll ist der positive Ausfall der Antikdrper-
probe gegenliber dem Medikament und der Hautprobe. Negative Proben hin-
gegen sind kein Beweis gegen das Yorliegen einer Arzneimittelallergie. Die medi-
kamentdse Provokation kdnnte mit Uberzeugenden Beweisen dienen, aber im
Interesse der Kranken haben wir davon abgesehen. In zwei Féllen, bei wieder-
holter Einnahme des Pharmakons ohne &rztlichen Rat, erschienen die allergi-
schen Symptome erneut (Félle 4 und 10).

Fiar die richtige Diagnosestellung leisten die speziellen Arzneimittelaller-
giesymptome Hilfe, wobei sie sich zu den allgemeinen allergischen Symptomen
gesellen. Von diesen sind die Dermatitis und die hdmatologischen Zeichen
bedeutungsvoll. Mit anfénglicher Leukozytose und Eosinophilie wechseln
Leukopenie, Thrombopénie, schlieBlich Panzytopenie ab. Maligne Geschwulst-
erkrankungen der Lymphknoten grenzen sich durch die entsprechenden
Knochenmark- und Blutbhildbefunde ah.

Fir die Erkennung der DLP sind die histologischen Zeichen der Allergie
wichtig. In der hyperdmischen subkapsuldren Rindensubstanz kénnen aller-
gische Vasculitis, thrombotische Mikroangiopathie, und um die Gef&RBe herum
frische hd&morrhagische Nekrosen, in manchen Fdllen allergisch-granulomatdse
Perilymphadenitis wahrgenommen werden. Trotzdem standen in allen Féllen
die tumorartigen Verdnderungen im Vordergrund. Die entziundliche nekro-
tische Verédnderung liegt dabei nur in kleinen Herden vor, und wir fanden sie,
mit Ausnahme von nur 2 Féllen, bei der Aufarbeitung zahlreicher Schnitte
aus mehreren Bldcken.

Die DLP kann zahlreichen Krankheitsbildern dhneln, teils wegen der
allergisch-granulomatésen Entziindungszeichen, teils wegen der tumorartigen
Verdnderung mit Strukturverlusten. Verwechslungsmdéglichkeiten bestehen
fur folgende Krankheitsbilder: Wegenersche Granulomatose, allergische Gra-
nulomatose, thrombotische thrombozytopenische Purpura, Polyarteriitis
nodosa bzw. maligne Lymphknotentumoren und Lymphogranulomatose.
Im Hinblick auf die Differentialdiagnose machte Lennert (1961) auf zwei
weitere Krankheitsbilder aufmerksam, und zwar auf die Mononukleose und
die Piringersche Lymphadenitis.

Im Gegensatz zu den oben erwdhnten granulomatdsen Verdnderungen
finden sich bei der DLP durch frische Fibrin- und Plattchenthromben ver-
schlossene, kleine Gefé&Re, ferner eine aus Leukozyten, Erythrozyten und Kern-
trimmern bestehende perivaskuldre entzindliche Reaktion. AuBerdem liegt
eine hdmorrhagische Nekrose vor. Palissadenhaft geordnete Fibroblasten,
Histiozyten und Langhanssche Riesenzellen sind nicht vorhanden.

Bei Polyarteriitis nodosa sind die charakteristischen Ld&sionen extra-
nodal, sie bilden sich an den HilusgefdfRen aus (Lennert, 1961). Bei thrombo-
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tischer thrombopenischer Purpura findet sich um das mit homogenem Throm-
bus verschlossene GefdR keine entziindliche Reaktion, die Lymphknoten-
struktur ist erhalten.

Sternberg-Reed-Zellen und fibrotische Herde sind nicht sichtbar. Bei der
infektiosen Mononukleose und der Piringerschen Lymphadenitis fehlen die fir
die DLP kennzeichnenden Nekrosen, ferner die thrombotische Mikroangio-
pathie und Hyperdmie.

Die durch Arzneimittel verursachte tumorartige Lymphknoten-Retiku-
lose ist keine seltene Verdnderung, mit der man neben Hydantoin-Abkémmlin-
gen, Sulfonamiden, Phenylbutazon auch bei anderen Mitteln rechnen soll.

Es kann festgestellt werden, dall die allergische Vasculitis verursachen-
den Pharmaka in den Lymphknoten neben den typischen GefdBverdnderungen
auch tumorartige Zellproliferation mit einem strukturellen Umbau der Lymph-
knoten hervorrufen.
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DRUG-INDUCED LYMPHADENOPATHY
G. KRASZNAI and GY. SZEGEDI
The histological characteristics and pertinent clinical data of drug-induced tumour-
like lymphadenopathy are reported on the basis of 10 own cases. Drug-induced lymphadeno-

pathy is a reversible lesion which does not call for specific treatment. Drug withdrawal is
invariably followed by complete remission. Allergic manifestations complicating all cases,
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positive results of provocative drug administration and that of antidrug-antibody tests ensure
the correct diagnosis.

In addition to tumour-like features, characteristic of the histological picture allergic-
inflammatory micro-angiopathy and vasculitis with thrombosis and haemorrhagic necro-
sis were. Fibrosis and Sternberg-Reed cells were absent. In contrast to the cortico-medullary
involvement, the hilar region is well preserved.

For the correct diagnosis, a knowledge of the clinical data is indispensable.

ITMMOALQEHOMATUA, BbISBAHHAA JTEKAPCTBAMU
. KPACHAW n A. CETEAN

B cBasgn ¢ 10 HabnogeHUsAMKU 06CY)XAAKTCA TUCTONOTMYeckue nokasaTenn u 6onee
BaXHblE KNMHUYECKME AaHHble Onyx0ieo6pasHoii NuM@ageHonaTun, Bbi3BaHHOW NeKapcTBaMm.
370 06paTMMOe M3MEHEHMWE, He HyXjatolleecs B neuyeHnUu. Focne oTMeHbl IeKapcTBa HacTynaeT
CaMonpou3BoNibHOE ynyudlleHne. MpyU NOCTaHOBKE MPaBW/IbHOTO AMarHo3a BO BCEX CAyuasx
6OMbLWYIO MOMOLLb OKa3anyu annepruyeckue OCNOXKHEHUs, B HEKOTOPbIX CAyuyasx MeAuKameH-
TO3Has MPOBOKALMUS W MONOXMTENbHbIA pe3ynbTaT Mpobbl Ha aHTUTENa.

L5 TUCTONOTMYECKOl KapTUHbI XapaKTepHbl, Haps4y C Onyxonenoo6HbIM NPOLECCOM,
annepruyeckn-BocnanuTenbHble SBNEHUS, TPOMGOTMYECKas MWKpOAHTrMonaTus, annepru-
UeCKWii BaCKYNUT, TFemMopparnyecknii Hekpos, NNEOMOPHHOKIETOUHAs KapTuHa. ®u6po3 u
Knetkn LUTepHGepr—Puaa OTCYTCTBYHOT. B NpPOTUBOMONOXHOCTL KOPTUKOMEAYNNSPHOMY
M3MEHEHWIO CTPYKTypa 061acTy TWUNOCOB COXpaHeHa.

CyuiecTBEHHbIM AN NMOCTaHOBKW MPaBWU/IbHOTO AWArHo3a SBNSETCA BbIICHEHWE KAWHU-
UECKMX [aHHbIX.

Dr. Géza Krasznai

Debrecen 12, Ungarn
Dr. Gyula Szegedi ¥ g
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RELATIONSHIP OF ELASTIC FIBRE PRODUCTION
WITH SMOOTH MUSCLE CELLS
AND PULSATION EFFECT IN LARGE VESSELS

Anna Kadar, B. Veress and H. Jellinek

(Received May 3, 1969)

The development of the elementary units of elastic fibres and the process of
elastic fibre and lamella formation have been studied in experimentally induced intimai
thickenings and in the embryonic rat aorta. The results were compared to findings made
during the organization process of arterial grafts and surgical meshes.

It appears that vascular smooth muscle cells play a decisive role in the synthesis
of elastic granules which, made up of elastin, appear to be the elementary units of
elastic fibres. The smooth muscle cells apparently originate from multipotent mesen-
chymal cells specialized for fibre synthetizing function.

The absence of elastic lamella formation during the organization of arterial grafts
and surgical meshes has confirmed the decisive role of the pulsation effect in elastic
fibre formation.

The elastoblast theory is revised by a functional interpretation of elastic fibre
formation.

Elastic fibre formation is an unresolved problem of connective tissue
research and vascular pathology, though it has been extensively studied in
various tissues [4—9] and vessel walls [2, 3, 13, 20, 21, 22].

Recently, views on the morphology of elementary units composing the
elastic fibre seem to have come closer (Table 1) [24], but the mechanism ol the
formation of elementary units and their junction to elastic fibres or lamellae
as well as the role of the factors involved are still far from clear.

In the present study, the process of elastic fibre synthesis was approached
from the cellular angle, i.e. with respect to the site and initiation of elastic
fibre and lamella formation.

Material and methods

The examinations were carried out on experimental intimai thickenings of the rat and
embryonic rat aorta, and the results were compared to the organization of arterial grafts and
surgical meshes. In part of the studies on arterial grafts we have been aided by the cooperation
of G. Bartos (Department of Surgery, Pécs), whereas in our studies on surgical meshes by
L. Sin (Department of Surgery, Municipal Hospital, Székesfehérvar).

The test material, processing and methods have been described in detail earlier [10,
11, 12, 25].

Results

a) In the intimai thickenings arising after injuring tin' rat’s aortic wall
the cells making appearance beneath the superficial row of endothelial cells
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(Fig. 1) showed a positive birefringence reminiscent of smooth muscle cells.
Simultaneously, delicate fibre structures showing a negative birefringence
appeared between the former cells, often in close junction with them (Fig. 2).
Electron microscopically, all cells of the thickening proved to be smooth muscle
cells, with the ultrastructural properties typical of these. The hyaloplasm was
filled with parallel myofilaments, the cell organelles aggregated around the
nucleus, in the cytoplasm glycogen granules were apparent, along the cyto-
plasmic membrane pinocytotic vesicles and attachment bodies were seen and
along the cells there was a basement membrane (Figs 3, 4). In the dilated
ergastoplasmic ducts a delicate granular substance 60—80 A in diameter was
present. In the extracellular space round electron dense particles or granules
of 60 —80 A diameter, considered to represent the elementary units of elastic
fibres, and fibrils of 70 A diameter and 140 A periodicity composed of the
elementary units were seen. These units merged to form elastic clumps of
irregular shape, 500—2000 A in diameter and binding PTA. In every case,
elementary elastic granules in close junction with the periphery of the clumps,
and elastic fibrils practically radiating into the clumps, were clearly apparent
(Figs 5, 6). In the extracellular space, microfilaments 30—50 A in diameter
and collagenous fibres were also present. The elastic clumps joiner! to form
intercellular elastic fibres (Figs 7a, b, ¢) and in the intimai thickening the
elastic lamina (Fig. 8). Thus, the proliferation above the impaired vascular
area was composed of 3 layers, viz. (1) the new endothelium; (2) beneath it,
a newly formed undulating internal elastic lamina; and (3) the media composed
of the smooth muscle cells of the thickening, with newly formed elastic fibres
between the cells (Fig. 9). The newly formed vessel wall above the impaired
straightened internal elastic lamina may take over the role of the original
vessel wall, inclusive of its elasticity function.

b) In the embryonic rat aorta elastic fibre formation was found to take
place in the same way. Beneath the endothelial cells and between the smooth
muscle cells, elastic clumps intensively binding PTA were apparent (Fig. 10);
at their margins, but also independently, elastic granules, elastic fibrils, micro-

Fig. 1. Newly formed endothelial cell. Below it the granular substance, and underneath
a fragment of the impaired original elastic membrane. Above there are processes of smooth
muscle cells. Uranyl acetate—lead hydroxide stain. X 2400
Fig. 2. Polarisation microscopical picture. Note positive birefringence of smooth muscle cells
as contrasted to the negative birefringence of the surrounding fibre structures. Phenol-Canada
cover. X120
Fig. 3. Smooth muscle cell in a multi-layered intimai thickening. Note the basal membrane
along the cells. The cell organelles are in perinuclear location. Uranyl acetate lead hydroxide
stain. X7600
Fig. 4. Part of smooth muscle cell from intimai thickening. The hyaloplasm is filled by parallel
myofilaments. Note vigorous pinocytotic activity along the cytoplasmic membrane. Uranyl
acetate—lead hydroxide stain. X 60 000
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filaments and collagenous fibres were seen (Fig. 11). The medial smooth muscle
cells resembled those composing the intimai thickening (Fig. 12). Inside the
vessel wall the degree of merging of the elastic clumps seemed to be variable;
while in its inner third nearly fully developed lamellae, still binding PTA, were
present, in the outer part of the media only sporadic small elastic granules
were seen, showing a greater affinity to PT A than the fibres in the inner third.

Both in the intimai thickenings (Figs 13b, ¢, d) and in the embryonic
aorta (Fig. 13a) a close relationship was found between elementary units,
elastic fibrils and the basement membrane of the smooth muscle cells. Inside
the basement membrane, the elastic fibrils were clearly distinguishable and
also their connection with elastic clumps and fibres located at some distance
to the basement membrane was conspicuous (Figs 13a, b, c, d).

c) The above findings were compared to observations made during the
organization of arterial grafts. In the latter, elastic fibres or fibre parts occur-
red only in the superficial areas of the thickening brought about by the process
of organization or in areas close to the border between the host aorta and the
prosthesis. In no case did they form a mature, continuous elastic lamella, but
many collagenous fibres developed in the thickening, imparting to it the
appearance of a scar tissue (Fig. 14) According to the fibre structure, part
of the cells of the younger proliferation were smooth muscle cells occurring
in very low numbers (Fig. 15), whereas the aged proliferation consisted ex-
clusively of fibroblasts or fibrocytes (Fig. 16) and cell forms which seemed to
be cartilage-cells with large glycogen-like areas and 100 —150 A thick filaments
forming a fingerprint-like pattern.

d) In the organization of surgical meshes used for the repair of abdom-
inal hernia, no elastic fibres were demonstrable in the granulating tissue.
Initially, the synthetic grafts were surrounded by many foreign body giant
cells, macrophages and fibroblasts, while later only collagenous fibrous tissue,
poor in cells, was found (Fig. 17).

Fig. 5. In the extracellular space of the intimai proliferation, PTA-binding elastic granules
are apparent at the marginal parts of the elastic clumps. The basement membrane and the
elastic fibrils radiating into the clumps show a periodicity of 140 A, being composed of elastic
granules. PTA stain. X 3800
Fig. 6. Intimai thickening. At the marginal parts as well as inside the elastic clumps, the
elastic granules and elastic fibrils are clearly apparent. PTA stain. X 45 000
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Figs 7a, b. Formation of elastic fibres from elastic clumps in intimai thickening. PTA stain
a: X 60 000; b: X 80 000
Fig. 7c. Intimai thickening. Part of a mature elastic fibre, which has lost affinity to PTA
PTA stain. X 27 000
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Fig. fi. Newly formed internal elastic lamina. Note the clumps and fibres between this and
the newly formed endothelial cells. Beneath the new internal elastic lamina there are smooth
muscle cells surrounded by abasement membrane. Uranyl acetate-lead hydroxide stain. X 10 400
Fig. 9. The proliferation formed above the straightened injured internal elastic lamina
appears to consist of three layers: an upper endothelial cell row, a nearly electron-lucent new
internal elastic lamina in the middle, and typical smooth muscle eells below. Uranyl acetate
lead hydroxide. X 6400
7*
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10. Part of elastic fibre — or lamella — with medium PTA-binding, between the endo-

Fig.
thelial cells and smooth muscle cells in the aorta of a 15-day rat embryo. PTA stain. X 9440
11. Elastic clumps showing intensive binding of PTA in the wall of embryonic rat aorta.
X 28 000

Fig.
Note elastic granules and elastic fibrils at the clumps’ marginal parts. PTA stain.
12. Smooth muscle cells from the media of embryonic rat aorta. Note their marked
Uranyl acetate lead hydroxide

Fig.
resemblance to smooth muscle cells in intimai thickening.
stain. X 23 400

Acta Morphologicn Academiac Scientiarum Hungaricae 17. 1969



Fig. 13a. In the basement membrane of the smooth muscle cells of an embryonic rat aorta
there are clearly distinguishable clastic granules and elastic fibrils in close connection with
the marginal parts of elastic clumps and fibres. Uranyl acetate-lead hydroxide stain. X 36 000
Fig. 13b. Note the close relationship between the basement membrane of smooth muscle cells
of an intimai thikcening and the elastic clumps or fibres. Uranyl acetate lead hydroxide stain.
39 000
Figs 13c, d. In the basement membrane of the intimai thickening’s smooth muscle cells there
are elastic granules and fibrils whose connection with elastic clumps located at a distance to
the basement membrane is clearly apparent, a: Uranyl acetate lead hydroxide stain, X 48 000.
b: PT\ stain, 21 000
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Discussion

Our results suggest that the elementary units of elastic fibres, the elastic
granules composed of elastin, are produced by smooth muscle cells. It appears
that according to functional requirements,in given sites, as e.g. in the embryon-
ic rat aorta and in intimai thickenings, the multipotent mesenchymal cells
and the vascular smooth muscle cells, respectively, may transform to modified
smooth muscle cells specialized for fibre production by being capable of, or at
least participating in the synthesis of elementary units or ground substance
required for elastic fibre formation.

The elastic granules synthetized by the smooth muscle cells form elastic
fibrils in the extracellular space, where through aggregation, junction and
embedding into the acid mucopolysaccharide matrix they give rise to elastic
clumps which again unite to form the elastic fibres (Kadar et al. in press).

As shown by RomhANYi’s [23] polarisation optical studies, inside the
elastic fibre the fibrils do not run parallel to the longitudinal axis, but are
wound around it like a spiral ascending at 15° in young, and at 25° in
mature fibres. This spiral structure as well as the acid mucopolysaccharide
coat encasing the fibres (Banga |1 |) seem to bear the primary responsibility
for the elastic nature of the fibres.

It appears that the extracellular aggregation of elastic elements and
lamina formation are either preconditioned or brought about by the
mechanical pulsation effect. This effect seems to be responsible for the merging
of elastic clumps to elastic fibres and for the junction of the latter to a new
elastic lamina, in intimai thickenings and normal embryonic rat aorta alike.
In the areas where the pulsation effect is diminished or absent, as e.g. in the
organization process of abdominal surgical meshes, or where elasticity is
provided artificially, as e.g. in the case of arterial grafts, modified smooth
muscle cells and newly formed elastic fibres appear hardly or not at all and no
elastic lamellae whatever develop.

Similar conclusions have been drawn by Lelkes and Karmazsin [19]
who studied expiants of chick embryo heart and aorta. In the pulsating myo-

Fig. 14. Specimen from arterial graft implanted 4 years ago into the abdominal artery of
a dog. Between collagenous fibres a process of a fibrocyte is seen; at the margin of the picture
part of an elastic clump or fibre is apparent. Uranyl acetate-lead hydroxide stain. X 13 650
Fig. 15. Part of a smooth muscle cell formed in an early proliferation during the organization
of an arterial graft. Note myofilaments and glycogen granule in the cytoplasm and pinocytotic
vesicles and attachment bodies along the cytoplasmic membrane. Along the cell there is
a basement membrane, with collagenous fibres in its surroundings. Uranyl acetate lead
hydroxide stain. X 12 500
Fig. 16. Cartilage-cell from aged proliferation formed during the organization of an arterial
graft. On the cell, surface processes, while in the cytoplasm lipid droplets, electron dense gra-
nules and thick fingerprint-like filaments are seen. Uranyl acetate lead hydroxide stain. X 14 350
Fig. 17. Organization of surgical mesh. The synthetic filaments are surrounded by an oligo-
cellular scar tissue containing many collagenous fibres. Light microscopic picture. H and
E. stain. X60
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cardial expiant, elastic fibre formation started on the addition of embryonic
extract, while no such phenomenon took place in the absence of pulsation.
In aortic expiants, synthesis of elastic fibres occurred exclusively in the aortic
specimen connected with the pulsating heart explant. In aortic expiants pulsa-
tion seems to represent the adequate stimulus of elastic fibre formation.
According to Krompecher [15], pulsation is the specific stimulus of elastic
membrane formation as undifferentiated mesenchymal cells respond to the
intermittent mechanical stimulus by elastin production. In examinations car-
ried out on the ligated rat ureter, Ladanyi and Lelkes [17] found that the
smooth muscle cells of the pulsating muscular tunica above the ligature played
a role in elastic fibre formation. This function of the smooth muscle cells was
considered a qualitative adaptation which represents the activation by mechan-
ical factors of the “primordial fibro-elastoblast forming ability”. In this con-
text, reference should be made to the much disputed existence or nonexistence
of the “elastoblast”, a cell supposed to be specialized for elastic fibre synthesis.
Its existence was postulated by Krompecher [14] in 1928, but recent literary
data including our own findings and Krompecher’s revised view (personal
communication [16]) seem to exclude the existence of such specialized cells
in the vessel wall. It appears that vascular smooth muscle cells are capable
of synthetizing either the precursor, or certain components, of the elastic fibre.
According to Krompecher (personal communication) there would exist a cel-
lular function specialized for elastic formation.

In our view, under certain conditions, as e.g. under functional influences
or in a given stage of ontogenesis, vascular smooth muscle cells may specialize
for the elastic fibre synthetizing function. These young, multipotent mesen-
chymal cells whose smooth muscle cell nature could only recently be con-
firmed by electron microscopy, seem to be the counterparts of the *“elasto-
blasts” described by Krompecher.

The electron micrographs were prepared in the Central Electron Microscopy Laboratory,
Institute of Histology and Embryology, University Medical School, Budapest.

Symbols in the figures

BM = Basement membrane; E = Endothelial cell; EC = Elastic clump; EF = Elastic fibrii,
EGr = Elastic granule; ER = Elastic fibre; F = Fibrocyte; Fp = Fingerprint pattern;
G = Golgi apparatus; Gr = Granule; IL = Internal elastic lamina; KF = Collagen fibre;
L = Lipid; LEI = Internal elastic lamina (newly formed); My = Myofilament; P Pyno-

cytotic vesicle; PL = Plasma process; SLEI =Smoothened internal elastic lamina (old);
SG = Part of Teflon graft
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ZUSAMMENHANG ZWISCHEN DER BILDUNG VON ELASTISCHEN FASERN, DEN
GLATTEN MUSKELZELLEN SOWIE DEM PULSATIONSEFFEKT IN GROSSEN
GEFASSEN

Anna KADAR. B. VEHESS und Il. JELLINEK

Die Entwicklung der elementaren Einheiten von elastischen Fasern und der ProzeR
der elastischen Fasern- und Lamellenbildung wurden in experimentell herbeigefihrten Intiina-
verdickungen und in der Aorta von Rattenembryonen untersucht. Die Ergebnisse wurden
den bei dem Organisationsvorgang von Arterientransplantaten und chirurgischen Netzen
gemachten Erfahrungen gegenibergestellt.

Es hat den Anschein, dal die glatten Muskelzellen der GeféRe eine entscheidende Rolle
in der Synthese von elastischen Granuli innehaben, welche aus Elastin bestehen und vermut-
lich die elementaren Einheiten der elastischen Fasern darstellen. Die glatten Muskelzellen
stammen scheinbar aus den multipotenten Mesenchymzellen, die fir die Fasersynthese spezia-

lisiert sind.
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Das Fehlen der Entstehung von elastischen Lamellen wéahrend der Organisation von
Arterientransplantaten und chirurgischen Netzen bestédtigt die entscheidende Bedeutung des
Pulsationseffekts in der Bildung von elastischen Fasern.

Die Elastoblastentheorie wird revidiert und durch eine funktionelle Interpretation der
Bildung von elastischen Fasern ersetzt.

CBA3b MEXAY OBEPA3OBAHUMEM 3JIACTUYHbLIX BOJIOKOH, KNETKAMUN
FMAOKMX MblWL N NMYJIBCAUMOHHBIM 3®PEKTOM B KPYTMHbIX COCYAAX

A. KALAP, 6. BEPEU! n X. NENNVHEK

Pa3BnTVe aneMeHTapHbIX eAuHNL, 3N1aCTUYHBIX BOMIOKOH W Npouecc 06pa3oBaHns anacTuny-
HbIX BONOKOH U MAACTUHOK M3YYa/nCh B 3KCMEPUMEHTANbHO BbI3BaHHbLIX YTOMLLEHNAX NHTUMbI
N Ha aopTe 3MOPUOHOB KpbIC. Pe3ynbTaTbl 6Gbliv COMNOCTaBMEHbI C AAHHBIMW, NOAYYEHHBIMW BO
BPEMS OpraHvsauun apTepuanbHbiX TPaHCNNAHTATOB U XUPYPrUYeCKUX CeTeid.

MonaraeTcs, YTO KNETKN FNaAKUX MbiL, COCYAOB MIpaloT peLlatollyto pofib B CUHTE3e
3M1aCTUYHbIX 3ePHbILLEK, COCTOALLMX W3 3MacTMHA W, NO-BUAMMOMY, NPeACTaBNAOWMX 3NeMeH-
TapHble eAMHWLbI 31aCTUYHbIX BOSIOKOH. KneTku rNagkuMx Mbil, No-BUAUMOMY, MPOMUCXOAAT
OT MYNbTUNOTEHTHbLIX Me3eHXMMaNbHbIX KMETOK, CreLManM3MpoBaHHbIX AN CUHTE3a BOMIOKOH.

OTCyTCTBME MPOAYKLMM 31aCTUYHLIX NAACTMHOK MPW OpraHuW3auuyM apTepuaibHbIX
TPaHCNNaHTaTOB M XWPYPruYecKnx CceTell [OKa3blBaeT peluatollee 3HauyeHue MynbCaLMoHHOIo
appekTa nNpy 06pazoBaHUN 3NACTUYHBIX BOJSIOKOH.

Teopus 3nacTob6nacToB MOABepraeTcs peBM3MM U BblgBUraeTcsa (YHKUWOHaNbHas WH-
TepnpeTauusa 06pa30BaHNs 3MACTUUHbLIX BOJIOKOH.

Dr. Anna Kadar
Dr. Béla Veress Budapest IX, UlIGi at 93, Hungary
Dr. Harry Jelidnek

Acta Morphologica Academiae Scientiarum Hungaricae 17, 1969



INDEX

Morphologia Normélis et Experimentalis

Vajda, J. Fehér, E. Csanyi, K.: Effects of Mechanical Insufficiency and Increased
Peripheral Offer in the Mesenteric Lymphatic Region ...

Kelemen, J. Becus, M.: Rapid Myelin Sheath Staining in Paraffin, Frozen and Cel-
loidin Sections

Bhattacharyya, T. K. Sarkar, M.: Adenohypophyseal Cytology in Normal and Gonad-
ECTOMISEA PIJEONS ottt bbbt bbbt

Liszka, Gy. Kiss, /. Csiffary, 1).: Annular Calcifications in Benign Mammary Dis-
BASES (T UM O UTS) ittt eb bbbt bbbttt

Léranth, Cs. Ungvary, Gy. Donath, T.: The Innervation of the Juxtaglomerular
APPATATUS ot

Ungvary, Gy. Demeter, ./. Hudak, A. Tari, J.: Changes in the Vascular Structure
of the Liver Following Subtotal Hepatectomy in the Rat ...

Médis. L. Petkd, M .—Foldes, I.: Histochemical Examination of Supporting Tissues
by Means of Fluorescence. IL Fluorochromes as an Indicator of Lamellar Bone
M iNEraliZATION oo s

Nagy. Z. Jellinek, H. Veress, B. Kéczé, A. Balint, A. Solti, F.: Effect of P]x-
perimental Lymph Congestion on Coronary Artery Permeability in the Dog

Imre, Gy.: Corneal Vascularization. Role of Lactic Acid

Krasznai, G. - Szegedi, Gy.: Lymphadenopathie, verursacht durch Arzneimittel

Kadar. A. Veress, B. Jellinek, H.: Relationship of Elastic Fibre Production with
Smooth Muscle Cells and Pulsation Effect in Large Vessels

95

105

113

123

131

143

157

167
171
175



Printed in Hungary

A kiadasért felel az Akadémiai Kiad6 igazgatéja Miszaki szerkeszt6: Farkas Sandor
A kézirat nyomdaba érkezett: 1969. VII. 25. — Terjedelem: 9,25 (A/5) iv, 78 abra, (11 szines), 2 melléklet

69.68045 Akadémiai Nyomda, Budapest — Felelds vezet§: Bernat Gyorgy



The Acta Morphologies publish papers on experimental medical subjects in English,
German, French and Russian,

The Acta Morphologies appear in parts of varying size, making up volumes.

Manuscripts should be addressed to:

Acta Morphologica, Budapest 1X., T(zolt6 u. 58.

Correspondence with the editors and publishers should be sent to the same address.

The rate of subscription to the Acta Morphologica is 165 forints a volume. Orders may
he placed with “Kultiru” Foreign Trade Company for Books and Newspapers (Budapest I.,
F6 utca 32. Account No. 43-790-057-181) or with representatives abroad.

Les Acta Morphologica paraissent en francais, allemand, anglais et russe et publient
des travaux du domaine des sciences médicales expérimentales.

Les Acta Morphologica sont publiés sous forme de fascicules qui seront réunis en
volumes.

On est prié d’envoyer les manuscrits distinés a I’adresse suivante:

Acta Morphologica, Budapest IX., T(zolt6 un. 58.

Toute correspondence doit étre envoyée a cette méme adresse.

Le prix de I’abonnement est de 165 forints par volume.

On peut s’abonner a I’Entreprise du Commerce Extérieur de Livres et Journaux
«Kultdra» (Budapest L, Fd utca 32. Compte-courant No. 43-790-057-181) ou a I’étranger
chez tous les représentants ou dépositaires.

«Acta Morphologica» Ny6/MKYIOT TpakTaTbl 13 06/1aCTU 3KCNEPUMEHTANIbHLIX MeLULIWH-
CKMX HayK Ha PYCCKOM, HEMELKOM, aHI/IMACKOM W (DpaHLy3CKOM Si3blKax.
«Acta Morphologica» BbIXOAAT OTAE/bHLIMK BbIMyCKaMU pasHOro obvema. Heckonbko
BbIMYCKOB COCTaB/MAKT O4UH TOM.
MpegHasHayeHHble ANf Ny6aMKauum aBTOPCKME PYKOMWUCKU CrefyeT HanpasfsTb MO
ajpecy:
Acta Morphologica, Budapest 1X., T(zolté n. 58.

Mo aToMy >Ke afipecy HanpasnATb BCAKYK KOPPECNOHAEHUMIO ANA pefakuun u agmu-
HUCTpaLmN.

MognucHas LUeHa «Acta Morphologica» — 165 ()OPUHTOB 3a TOM. 3aKasbl MPUHUMAaET
npeanpusTAe MO BHeLUHe/ TOProBne KHWF W raseT «Kultdra* (Budapest 1., F6 utca 32.
Tekywmit cyet No 43-790-057-181) mnu ero 3arpaHu4Hble MpPeACTaBUTENbCTBA U YMOJHOMO-
YeHHble.



42,— Ft

Reviews of the Hungarian Academy of Sciences are obtainable

ALBANIA

Ndermarja Shtetnore e Botimeve

Tirana

USTRALIA

A. Keesing
Box 4886. GPO
Sydney

AUSTRIA
Globus Buchvertrieb
Salzgries 16
Wien /

BELGIUM
Office International de Librairie
30, Avenue Marnix
Bruxelles 5
Du Monde Entier
5, Place St. Jean
Bruxelles

BULGARIA
Raznoiznos

1, Tzar Assen
Sofia

CANADA

Pannénia Books
2, Spadina Road
Toronto 4, Ont

CHINA

Waiwen Shudian
Peking
P. O. B. 88

CZECHOSLOVAKIA

Avrtia

Ve Sméékdch 30

Praha 2

PoStovnd Novinova Sluiba
Dovoz tisku
Vinohradska 46

Praha 2

Mad’arska Kultura
Véclavské nam. 2

Praha |

Poitova Novinova Sluiba
Dovoz tlaée
Leningradska 14
Bratislava

DENMARK

Ejnar Munksgaard
Norregade 6
Copenhagen

15. X I1. 1969

at the following addresses:

FINLAND

Akateeminen Kirjakauppa
Keskuskatu 2
Helsinki

FRANCE

Office International de Documentation

et Librairie
48, rue Gay Lussac
Paris 5

GERMAN DEMOCRATIC REPUBUC
Deutscher Buch-Export und Import

Leninstrale 16
Leipzig 701
Zeitungsvertriebsamt
Fruchtstrale 3—4
1004 Berlin

GERMAN FEDERAL REPUBLIC

Kunst und Wissen
Erich Bieber
Postfach 46

7 Stuttgart S.

GREAT BRITAIN

Collet’s Holdings Ltd.
Dennington Estate

London Rd.

Wellingborough. Northants.
Robert Maxwell and Co. Ltd.
Waynflete Bldg. The Plain
Oxford

HOLLAND
Swetz and Zeitlinger
Keizersgracht 471—487
Amsterdam C.
Martinus Nij'hof
Lange Voorhout 9
The Hague

INDIA

Current Technical Literature
Co. Private Ltd.

India House OPP

GPO Post Box 1374

Bombay |

ITALY

Santo Vanasia

Via M. Macchi 71

Milano

Libreria Commissionaria Sansoni
Via La Marmora 45

Firenze

JAPAN

Nauka Ltd.

92, lkebukur O-Higashi 1-chome
Toshima-ku

Tokyo

Maruzen and Co. Ltd.

P. O. Box 605

Tokyo-Central

Far Eastern Booksellers

Kanda P. O. Box 72

Tokyo

KOREA
Chulpanmui
Phenjan

NORWAY

Johan Grundt Tanim
Karl Johansgatan 43
Oslo

POLAND

Ruch
ul. Wronia 23
Warszawa

ROUMANIA

Cartimex
Str. Aristide Briand 14—18
Bucurefti

SOVIET UNION

Mezhdunarodnaya Kniga
Moscow G—200

SWEDEN

Almquist and Wiksell
Gamla Brogatan 26
Stockholm

USA

Stechert Hafner Inc.
31, East 10th Street
New York, N. Y. 10003
Walter J. Johnson

111, Fifth Avenue
New York, N. Y. 10003

VIETNAM

Xunhasaba
19, Tran Quoc Toan
Hanoi

YUGOSLAVIA

Forum

Vojvode MiSicd broj 1
Novi Sad
Jugoslovenska Knjiga
Terazije 27

Beograd

Index: 26.017



ActaJHHHB])
Morphologica

Academiae
Scientiarum
Hungaricae

AAAAAAAAAAAA

B. KELLNER, I. KROMPECHER, GY. ROMHANYI,
E. SOMOGYI, J. SZENTAGOTHAI

IIIIIII

I. TORO

IIIIIIIIIIIIIIIIIIIIII

AAAAAAAAAAAAAAA



ACTA MORPHOLOGICA

A MAGYAR TUDOMANYOS AKADEMIA
ORVOSTUDOMANYI KOZLEMENYEI

SZERKESZTOSEG ES KIADOHIVATAL: BUDAPEST V., ALKOTMANY U. 21

Technikai szerkesztd:
Dr. Somogyi Endre

Az Acta Morphologica német, angol, francia és orosz nyelven kdzél értekezéseket a kisér-
letes orvostudomény targykorébél.
Az Acta Morphologica valtoz6 terjedelm( fizetekben jelenik meg. Tébb fiizet alkot egy

kotetet.
A kozlésre szant kéziratok a kévetkezé cimre kildendék:

Acta Morphologica, Budapest 1 X., T(zolté u. 58.

Ugyanerre a cimre kildendéd minden szerkeszt6ségi és kiaddohivatali levelezés.

Az Acta Morphologica el6fizetési 4ra kdtetenként belfoldre 120, kulfoldre 165 Ft. Meg-
rendelheté a belfdold széméara az Akadémiai Kiadonal (Budapest V., Alkotméany utca 21.
Bankszédmla 05-915-111-46), a kulfold szdméara pedig a ,Kultdra” Konyv- és Hirlap Kul-
kereskedelmi Vallalatnal (Budapest I., F6 utca 32. Bankszamla: 43-790-057-181) vagy annak
kilfoldi képviseleteinél és bizoméanyosainal.

Die Acta Morphologica verdffentlichen Abhandlungen aus dem Bereiche der experi-
mental-medizinischen Wissenschaften in deutscher, englischer, franzdsischer und russischer
Sprache.

Die Acta Morphologica erscheinen in Heften wechselnden Umfanges. Mehrere Hefte
bilden einen Band.

Die zur Verdffentlichung bestimmten Manuskripte sind an folgende Adresse zu

senden:
Acta Morphologica, Budapest IX., T(zolté6 u. 58.

An die gleiche Anschrift ist auch jede fir die Schriftleitung und den Verlag bestimmte
Korrespondenz zu richten.

Abonnementspreis pro Band: 165 Forint. Bestellbar bei dem Buch- und ZeitungscAulen-
handels-Unternehmen »Kultdra« (Budapest |., F6 utca 32. Bankkonto Nr. 43-790-057-181)
oder bei seinen Auslandsvertretungen und Kommissiondren.



Acta Morphologica Acad. Sei. Hung. 17 (3 4), pp. 201- 215, 1960

Institute of Anatomy (Director: Prof. J. Szentagothai), University Medical School.
Budapest

ESTERASE ACTIVITY IN THE HYPOTHALAMUS

T. MESZAROS, I. J. Csdrt, J. HAZAS and M. PalLKOVITS

(Received August 12, 1968)

AChE activity of varying intensity and cellular localization may be demonstrated
in the different areas of the hypothalamus. No neuropile reaction may be observed.
Non-specific esterase activity occurs in all the nuclei and areas.

In the different hypothalamic areas, there is no direct relationship between
AChE activity and the functional state, or at least no such relationship can be
revealed with the present histological methods. A change in the reaction may be
observed at sites where no adequate functional changes can be assumed to occur and.
conversely, AChE is lacking in areas where it might be expected to be present. The
AChE content of the hypothalamus seems to be connected to general cellular activity
and not to humoral regulation. Removal of some endocrine organs is usually followed
by a decrease in activity, independently of the kind of the organ and of the hypo-
thalamic localisation.

Introduction

The role in neuro-humoral regulation of the morphologically distinct
areas of the hypothalamus has considerably been clarified in the last two
decades. Within the main connexions the kind of cellular activity with which
the neurons and neuron groups participate in the above mechanism is, however,
still discussed. The question arises whether this functional difference is due
to the different metabolism of the cells of functionally different areas, or to
the specificities of neuronal connexions, or to both.

The exact morphology of the neurons of certain areas is known from
the descriptions of Krieg [28] and Szentagothai [45], the synaptic condi-
tions and the intrahypothalamic organisation from those of Szentagothai [45].
The anatomical concept of the small cellular neurosecretory system has been
introduced by Szentagothai [45].

The biochemical and histochemical examinations of the enzymes of
cellular metabolism were confined to a few selected hypothalamic areas.
Esterase activity of some hypothalamic nuclei was described by pep1er and
Pearse [37] and pPearse [36], While Bernsonn et al. [4] reported on the
suhcellular localization of these enzymes in the different parts of the brain.

Among the esterases, acetylcholinesterase (AChE) is of outstanding
importance. The first histochemical method for the morphological localiza-
tion of AChE was developed by Koet1e and Friedenwa1a [26]. The electron-
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202 T. MESZAROS et al.

microscopical histochemical examinations of the last years have shown that
AChE is found not only in the active cellular membrane but is also located
in great quantities in the endoplasmic reticulum of some neurones [6, 11, 19,
25, 32, 33, 47].

Earlier reports were mainly concerned with the AChE and pseudo-
cholinesterase (pseudo-ChE) activity of the hypothalamic magnocellular
nuclei, parvicellular areas were mentioned but sporadically. Data referring
to non-specific esterase (“B” esterase, aliesterase) activity are even more
scarce [2, 36, 37, 40, 44].

The aim of our examinations was (i) to study AChE and non-specific
esterase activity in every hypothalamic area in normal rats; (ii) to establish
whether AChE activity changed under the effect of changes of the hormonal
activity in those areas which have been found to play a regulating role in the
production of the given hormone.

Material and methods

Fifty white adult rats of both sexes (weighing 150— 180 g) and 16 infantile females
(weighing 40 g) were used; they were divided into an intact group and an experimental
group. The latter animals were examined 12 days after uni- and bilateral adrenalectomy
and 10 days after uni- and bilateral ovariectomy. In the second group sham-operated animals
were used as controls.

Examination of AChE activity

Under hexobarbital anaesthesia, the animals were perfused through the aorta first
with 50 ml physiological NaCl solution, then for half an hour with 150 ml of 10 % formalin,
pH 7.2. The removed brain was fixed in 10% formalin for 22 hours at 2—4°C. Series of frozen
40 [N thick sections were made from the hypothalamus. Applying the method of Koelle and
Friedenwald [26] modified by us, the preparation was incubated in acetyl-thiocholine-iodide
(Fluka). By decreasing the Na2504 concentration of the incubation solution to 5% we suc-
ceeded in inhibiting the crystallization of the reaction product. Control sections were inhibited
for 30 minutes with 10~6M nitrogen mustard, or 10-fiM DFP and 10-6 M neostigmine.

Examination of non-specific esterase

The material was fixed with the same perfusion technique for 2 hours. The substrates
applied were 1. a-naphthyl-acetate, and 2. naphthol-AS-acetate. 1. The cuts were incubated
with a-naphthyl-acetate for 30 seconds, then with pararosaniline hexazonium chloride accord-
ing to Davis and Ornstein [10] for 2 minutes. 2. The naphthol-AS-acetate method of Gomori
[14] was applied with the following modification: 0.1 g naphthol-AS-acetate was mixed
with 10 ml 0.1 M Sorensen buffer pH 7.2, then the mixture was shaken in a funnel. Ten mg
of Garnet GBC diazonium salt was added to 5 ml Sorensen buffer and mixed thoroughly.
The two solutions were mixed and shaken again in the funnel for 10 minutes, then clarified.
The sections were incubated in the filtrate for 2 hours, at 37°C, then the preparation was
rinsed in tap water for 5 minutes and covered with gelatin.

After unilateral and bilateral adrenalectomy it was examined karyometrically whether
the hypothalamic changes induced by corticoid deficiency had brought about an increase
of nuclear volume in the ventromedial nucleus. In the nucl. ventromedialis of both sides
(uniformly in the pars medialis) in 3000 X projection magnification, the diameters of 140
250 cell nuclei were measured and their volume calculated. The group average represents
values for 6 animals.

Acta Morphologica Academiae Scientiarum Hungaricae 17, 1969
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Results

I. Intact group
A) AChE activity in the hypothalamus

A cellular reaction of varying intensity may be observed in the different
areas of the hypothalamus. A significant neuropile reaction, like that in the
striatum, is not seen in any region of the hypothalamus.

Pars optica. A rather intensive activity may be seen in the magno-
cellular neurosecretory nuclei, in the nucleus supraopticus (NSO) and in the
nucleus paraventricularis (NPY). There is no appreciable difference in intensity
between the part of the NPY containing small and that containing large cells
(Fig. 1, a—d). The small fusiform cells of the nucleus periventricularis anterior
(NPVA), arranged parallel to the ventricular surface give an average reaction
(Fig. 1. e—f). The area hypothalamica lateralis (AHL) exhibits a strong
activity. In its anterior part, fusiform nerve cells and also some of irregular
shape occur. The thick dendrites of a few irregular nerve cells ramifying near
the cell are also discernible (Fig. 2, a). Regular, mostly ovoid, cells are found
in the posterior part of the area, the initial portion of the thick dendrite is
mostly well seen (Fig. 2, b). The intensity of the reaction agrees in the two
areas.

The reaction is negative in the nucleus hypothalamicus anterior (NAH)
and in the nucleus suprachiasmaticus (NSCH). In the area retrochiasmatis
(RCA) cells with two-three thin dendrites exhibit a slight AChE activity.
Some larger round cells are also observable among them.

Pars tuberalis. The intensity of the AChE reaction, as compared with the
optic region is considerably slighter and less circumscript. In the nucleus
ventromedialis (NVM) and in the nucleus arcuatus (NARC), the reaction is
usually negative (Fig. 2, ¢, e). At the border of NVM and NARC, along the
median-posterior third of the two nuclei, 20—30 cells manifesting a very
intensive AChE activity are arranged in orocaudal direction (Fig. 2, f). The
cells of the nucleus dorsomedialis (NDM) give reactions of different intensity
among the cells of characteristic medium intensity, some exhibit a con-
siderable activity (Fig. 2, d). Behind the NDM and partly ventrally, in the
dorsal part of the area hypothalamica posterior (AHP), from the 3rd ventricle
to the fornix, as well as in the region of the area perifornicalis (APF) an
intensive reaction may be observed, especially in the cells which embrace
the fornix from below. These are small, round or oval cells displaying a reaction
of varying intensity (Fig. 3, a—d).

Pars mamillaris. AChE activity of the mamillary area is generally slight.
Some cells of the nucleus supramamillaris (NSUM) and the large cells of the
nucleus praelateralis mamillaris (NPL) give medium reaction, while the

1* Acta Xlorphologica Academiae Scientiarum Hungaricae 17, 1969



204 T. MESZAROS et al.

nucleus praemamillaris ventralis (NPMV) and dorsalis (NPMD) are practic-
ally AChE negative. In the area between the ventro-medial edge of the fornix
and the capsula interna, the cell masses arranged at the level of the pre-
mamillarv nuclei display a slight reaction, occasionally some cells give a
medium reaction (area hypothalamica latero-dorsalis (AHLD)).

The above described AChE reactions were completely inhibited by
10-6 M nitrogen mustard.

B) Non-specific esteiase (NSEJ activity in the hypothalamus

oc-Naphthyl-acetate method. In the hypothalamus of the rat, NSE activity
of different intensity occurs in every area. In the magnocellular area (NSO,
magnocellular part of the NPY, NPL) tlie reaction is usually of medium inten-
sity, (Fig. 4, a, ¢). In the parvicellular nuclei and areas only some cells give
reactions of variable intensity, while others are negative. NSE positivity
could be observed in the NDM (Fig. 5 a) and NYM (Fig. 5, c¢); it was
intense in the NSUM and in the premamillary nuclei. A strong positivity
was observed in the posterior lateral part of the hypothalamus, around the
fornix (Fig. 5, b), where AChE activity is also fairly intensive. A slight peri-
karyonal reaction (Fig. 5, d) is found occasionally in the NARC. The most
intensive cellular reaction manifests itself in the cells arranged at the medial
side of the fornix, not far behind the level of the anterior commissure (Fig. 5, e).

A granular reaction is found in the ependymal cells of the 3rd ventricle
(Fig. 4, g) and a rather intensive one in the so-called tanycyte-ependyma
(Fig. 4, e, f) and in the vascular organ of the lamina terminalis.

Naphthol-AS-acetate method. NSE activity is rather intensive in the
magnocellular neurosecretory nuclei (NSO, magnocellular part of the NPV)
(Fig. 4, b, d). Cells of different intensity are found Mithin the nuclei. Apart
from these two nuclei, the reaction which may be observed in every hypo-
thalamic area, appears only sporadically in a few cells, and in the form of
coarser granules than with the a-naphthyl-aeetate method. The reaction of
medium intensity in the glia cells occurs in larger granules. In contrast to
the a-naphthyl-acetate reaction, average activity is found in the NSCH (Fig.
6, d) and the NDM-cells (Fig. 6, c). Many cells are positive in the mamillary
region (Fig. 6, e, f) and in the preoptic area (Fig. 6, a, b).

Il. Experimental group.

A) Effect of adrenalectomy on the AChE activity of the hypothalamus and on
nuclear volume in the nucleus ventromedialis

Following adrenalectomy a general decrease of AChE activity may be
observed in the hypothalamus, which becomes significant after bilateral

Acta Morphologica Academiae Scientiarum Hungaricae 17, 1969



Fig. 3. AChE reaction of AHP and APF (a—d). Modified Koelle—Friedensaid’s method (a = X100; b—d = x500)






Fig. 2. AChE reaction in the oral (a) and caudal part (/>) of the AHL. Negative AChE reaction
in the NVM (c), NARC (e). Cellular reaction in the NDM (d) and at the border of NVM NARC
(/). Modified Koelle Friedenwald’s method (a, ¢, e x50; d. J X 500)






Fig. I. AChE reaction in NSO (a, b), NPV (c, d) and NEVA (v. f). Modified Koelle
Friedenwald’s method (a, ¢, e — x50: b. d, f X 500)
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Fig. /. Non-specific esterase reaction in NPV (a,b), NSO (c,d). a-naphthyl-acetate method

a. c. Naphthol-AS-acetate method b, d. Non-specific esterase reaction in the ependyma-

cells “tanycyte-ependyma” of the recessus infundibuli (e) and the recessus inframamillaris

(f) in the ependyma of the median area of the 3rd ventricle (g). a-naphthyl-acetate method.
(a,g= x420: b = x350;c,d= x 140; e/f = x 220)

Acta Morphologica Academiae Scientiarum Hungaricae 17, 1969
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adrenalectomy. (In order to avoid subjective errors, concerning the reaction’s
intensity, AChE activity in the lentiformis and reticular nuclei was con-
sidered normal in intensity, since this does not change under hormonal effects.)

After bilateral adrenalectomy, AChE activity disappeared in the RCA
cells, and decreased in the cells arranged at the border of NVM and NARC.
The result was the opposite after unilateral adrenalectomy; AChE activity
vanished in the cells arranged at the border of NVM and NARC and persisted

Fig. 7. Change of AChE activity of the hypothalamus after adrenalectomy and ovariectomy.

Intensity of blackening represents the rate of the change; direction of the latter is label-

led by + (increase), and — (decrease). A = examined areas (labelling see in the text):
B = changes after ovariectomy;

in the RCA-cells (Fig. 7, C, D). After unilateral adrenalectomy, no difference
in AChE activity was found in the identical areas of the two sides. Karyometric
measurements revealed that wunilateral adrenalectomy did not essentially
influence nucleic volume in the NVM-cells, and the difference between the
two sides exceeded the evaluable 7.5% only in two of the 6 examined animals
(Table I). After bilateral adrenalectomy the cellular nuclei ofthe NVM increased

in volume by 24.6%.

Acta Morphologien Academiae. Scientiarum Hungaricae 17, 1969
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After unilateral adrenalectomy, AChE activity decreased in the NPV
and NSO and this decrease was significant also when compared with the
findings after bilateral adrenalectomy. Following both uni- and bilateral
adrenalectomy, a few large cells displaying a medium activ ity appeared in
the NAH.

= changes after unilateral adrenalectomy; D changes
after bilateral adrenalectomy

B) Effect of ovariectomy on hypothalamic AChE activity

Unilateral and bilateral ovariectomy has essentially the same effecl on
the AChE activity ofthe hypothalamus, except for the intensity of the reaction
which is less after total castration. In both cases AChE activ ity disappears
almost completely, in the NSO it is less intensive in the magnocellular part
of the NPV and negative in its parvicellular part. Simultaneously a capillary
activity of average intensity becomes manifest in these two nuclei. (This
cannot be considered a pseudo-ChE reaction, which is positive in the case
of cerebral vessels, as the capillaries of other areas fail to produce a simul-

irta Alorphologica Academiae Scientiaruni Hungaricae 17, 1904
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Table |

Nuclear volume in NV M after unilateral and bilateral adrenalectomy

| = intervention, Il —I111 = values of the two sides, 1V — difference, in per cent, between the
two sides, V = group average, VI = difference, in per cent, between the group averages
| I 111 \Y \Y \Y|
3 118 % KR %
162.2 160.0 1.4
156.7 163.8 4.5
Control 163.1 168.6 3.4 163.1 -
186.5 175.0 6.6
153.4 159.8 4.2
154.1 154.1 0
149.3 150.1 0.5
151.5 155.0 2.3
After 178.7 162.4 10.0 169.4 3.8
hemiadrenalectomy 145.0 151.6 4.5
195.3 179.1 9.0
203.2 211.6 4.1
196.0 199.7 1.9
209.7 216,2 31
After 205.3 211.9 3.2 203.2 + 24.6
adrenalectomy 195.0 196.6 0.8
200.9 204.4 1.7
199.3 195.9 1.7

taneous reaction.) The oral part of the AHL, the cells arranged at the border
of NVM and NARC also become negative.

Conversely, AChE activity considerably increases in the premammillary
area, in the cells arranged laterally from the fornix (AHLD) (Fig. 7, B).

Discussion

Both AChE and pseudo-ChE reactions are observed in the brain.
Opinions differ as to the question whether one enzyme or a group of enzymes
is responsible for the activity found in the hypothalamus. According to
Koelle [24], Abrahams et al. [1], Pepler and Pearse [37] and Pearse [36]
cellular activity in the magnocellular nuclei is due to AChE. On the other
hand, Burgen and Chipman [7] assume the presence of pseudo-ChE. Accord-

Acta Alorphologica Academiae Scicntiarum Hungaricae 17, 1969
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ing to I1jima et al. [18] the nerve cells give an AChE reaction oi medium
intensity, the neuropile and the vessels a moderate one, while the cell nuclei,
the nucleoli and the ependyma show negative reaction. The pseudo-CIliE
reaction displayed hy the glia, the neuropile, the ependyma and the vessels
is medium in intensity, that given hv the neurons is slight, the nuclei and
nucleoli are negative.

Shute and Lewis [43] found a strong positivity of the pseudo-ChE reac-
tion only in the glia cells and in the vessels in the rat brain, — while every
other intensive reaction points to the presence of AChE. In the evaluation
of our own material we also adopted this view, since we succeeded in inhibiting
the cellular reactions described above with 10-e M nitrogen mustard. Thus,
the topographical and functional aspects of the AChE content of the hypo-
thalamus may be summarized as follows.

1. In agreement with numerous earlier authors [1, 2, 7, 16, 18, 21, 22,
24, 29, 30, 35, 36, 37, 39, 42] an AChE activity of medium intensity was
found in the magnocellular neurosecretory nuclei. Pickfokd [38] verified the
close connection between ADI1 production and acetvicholine. Numerous
further examinations were performed in order to prove the parallelism of the
special activity of the above nuclei and the AChE content [21, 22]. Pepler
and Pearse [37], Pearse [36], Legait et al. [29] observed an increased
intensity of AChE activity parallel to the neurosecretory activity consecutive
to dehydration.

In our material an activity of average intensity was observed in the
magnocellular nuclei. After adrenalectomy or ovariectomy a change occurred.
The intensity of the reaction decreased after adrenalectomy while after ovari-
ectomy, the reaction decreased in the large cells of the NPV and became
negative in the small cells and the NSO. In this area the vanishing of the
cellular reaction was associated with the appearance of a capillary activity of
average intensity.

Following adrenalectomy the volume of the cellular nuclei of the NSO
and NPV increases [46, 7] and AChE activity of the cells decreases, without
any change in neurosecretory content [20]. After castration, the decrease of
cellular activity [46, 12] is associated with the decrease or disappearance of
AChE activity. Barry and Leonardelli [3] also observed a decrease of
AChE content after castration. These data favour the assumption that after
the decrease in the blood adrenal and ovarian hormone level, there is no
parallelism between the quantitative histological picture of NSO and NPV
and the change of AChE activity.

2. The connexion between AChE and cellular activity is similarly incon-
sistent in the parvicellular area of the hypothalamus. There is considerable
uncertainty in the evaluation ofthe normal picture. According to some authors,
the reaction is negative in the parvicellular area. Cohn and Richter [9]

Ada Morphologica Academiae Scientiarum Hungaricae 17, 1069
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observed an increase of AChE activity until the 15th day after birth. Burgen
and Chipman [7], Abrahams et al. [1] found a positive reaction in the emi-
nentia mediana, while Kobayashi and Earner [23], Follet et al. [13]
described a positive reaction in several species. In our normal material,
the cellular reaction was negative in the NSC.H and positive in RCA. The
eminentia medialis was practically negative, apart from the cells arranged
at the border of the NYM and NARC, where Porquet and Leonardelli [39]
also found a positive reaction in newborn cats. This cell group of strong
intensity is most likely identical with cells described by Szentagothai
[45] as the small cells of the NVM. Thus, these cells differ not only in size
from the larger cells forming the main mass of the NYM, but also in their
properties described above. Some cells of the NDM and NPV A gave a positive
reaction.

A considerable activity was observed in the lateral area of the hypo-
thalamus, from the preoptic to the mamillary region. Activity was especially
intensive in the perifornical area.

The changes in AChE activity observed in the parvicellular nuclei after
adrenalectomy and ovariectomy are also inconsistent. In the cells situated
at the border of the NVM and NARC, AChE activity disappeared after uni-
lateral adrenalectomy, while the cellular reaction of the RCA persisted.
On the other hand, after bilateral total adrenalectomy the RCA-cells became
negative but activity in the former cells was unchanged or decreased slightly.
Both uni- and bilateral adrenalectomy resulted in the appearance of a few
cells of average activity in the NAH.

Our observations do not support the view according to which a parallelism
would exist between humoral regulatory activity and AChE activity, since
this hypothalamic area is involved in the regulation of corticoid production.
Following adrenalectomy quantitative changes may be observed in the NVM
[15, 46] and, according to Ifft [17], in all the tuberal nuclei.

After unilateral adrenalectomy the reaction usually decreased in intensity
and the cells between the NVM and NARC gave a negative reaction, though
in the NVM no change could be revealed by means of karyometric measure-
ments. Halasz and Szentagothai [15], Sajonski et al. [41] using the karyo-
metric method, observed changes in the NVM after denervation or extirpa-
tion of the contralateral adrenal. Surmising a contralateral connexion between
the adrenal gland and the hypothalamus, we have expected that, if AChE
activity is in connexion with humoral regulation, a difference in the reaction
of the two sides will manifest itself following unilateral adrenalectomy.
However, we did not succeed in substantiating this view nor the above
mentioned contralateral effect.

After bilateral adrenalectomy, apart from a 24.6% increase in nuclear
Volume, a slight decrease of AChE activity was found in the NVM. The negative

4eta Morphologica Acadimine Scientit mi Hungaricae 17. 1969
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reaction of the RCA might have been due to the special synaptic connexions
[46] of these cells.

3. Leonardelti [30. 31], studying the posterior hypothalamic area of
the guinea pig, observed cyclical changes in AChE activity, which were the
most pronounced in prooestrus. Barry and Leonardelli [3] also found the
greatest change in the posterior hypothalamus after castration and on the basis
of this observation assume the sexual centre to be located at this site (nucleus
hypothalamicus latero-dorsalis interstitialis).

We also found an increased AChE activity in the posterior hypothalamus
after ovariectomy. In spite of these observations concerning the area between
the ventro-medial edge of the capsula interna at the level of the premamillary
nuclei, we have failed to establish that localization would be determined by
function, mainly as changes of similar order, though of negative nature, may
be observed also in areas that are certainly not involved in sexual activity.
It may be assumed that intensity of AChE activity is determined by several
factors the complex effect of which results in the above changes.

4. Stoper [44], Pepler and Pearse [37], Pearse [36], Arvy [2] exam-
ined the non-specific esterases in the hypothalamus. Different methods, such
as a-naphthyl-acetate, naphthol-AS-acetat.e, indoxyl-acetate substrates, reveal-
ed activity in the NSO and NPY. In contrast, our own studies showed non-
specific esterase activity in all the hypothalamic nuclei. The two methods
applied by us yielded a practically identical result. Activity could be revealed
in a few cells in the area preoptica and in the NSCH with the naphthol-AS-
acetate procedure.

The role of non-specific esterases in cellular metabolism has not been
elucidated. It is assumed that, as enzymes occurring in the microsomal
membrane [4, 8], they are involved in the detoxication of the endoplasmic
reticulum [34] and in intracellular transport [5]. As lysosomal enzymes [27],
they might play an important role in anabolic processes. Some observations
point to their possible peptidase nature [37, 36, 40]. According to the data
of Bernsohn et al. [4], non-specific esterase may also occur in the neuropile
structures and in the postsynaptic membrane.

These observations as well as the fact that non-specific esterases may
be found in the whole hypothalamus, would certainly favour the view that
within the hypothalamic neurons there is no probability of any special rela-
tionship to specific activities related to neuro-hormonal control functions.
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DIE ESTERASEN AKTIVITAT IM HYPOTHALAMUS
T. MESZAROS. I. .1 CSURI, J. HAZAS und M. PALKOVITS

In den verschiedenen Hypothalamusfeldern kann eine AChE-AKktivitdt unterschied-
licher Intensitdt und celluldrer Lokalisation nachgewiesen werden. Eine Neuropilreaktion
148t sich nicht beobachten.

Zwischen der AChE-AKktivitdt und dem funktionellen Zustand besteht in den ver-
schiedenen Hypothalamusbezirken keine direkte Beziehung, zumindest kann mit den gegen-
wartig zur Verfugung stehenden histologischen Untersuchungsverfahren keine solche Bezie-
hung aufgezeigt werden. An Abschnitten, in denen keine adequaten funktionellen Veréanderun-
gen angenommen werden kdnnen, lassen sich Reaktionsédnderungen beobachten, und umge-
kehrt, die AChE fehlt in Bereichen, wo ihre Anwesenheit erwartet werden konnte. Der AChE-
Gehalt des Hypothalamus scheint an eine allgemeine cellulare Aktivitdt gebunden zu sein,
und steht nicht unter humoraler Steuerung. Die Entfernung bestimmter endokriner Organe
wird in der Regel von einer Aktivitdtsverringerung gefolgt, unabhangig von der Art des
entfernten Organs oder der hypothalamischen Lokalisation.

OCTEPA3HAA AKTMBHOCTb B TMMNOTANTAMYCE

T. MECAPOLW, W. WN. YYPU N, XA3AW n M. TTAJTIKOBWNY

B pasnnuHbiXx 061acTsX runotanamyca MOXHO BbISIBUTb aKTUBHOCTb aUETUAXONNH-
acTepasbl PasNMUHON WMHTEHCMBHOCTW N KIETOYHOW nokanusauuu. HeyponunbHOW peakuuu
He HabntoaaeTcs. Hecneymduyeckas acTepasHas akTUBHOCTb BbiSiBNiieMa BO BCEX fApax W Nonsx.

B pasnnuHbIX MOASX runoTanaMmyca Mexay aKTUBHOCTbIO alleTUXONMHICTepasbl W
(YHKUMOHANbHLIM COCTOSIHMEM He CYLLeCTBYET HernoCpeACTBEHHOW CBA3W, MAKM N0 KpaiiHeii
Mepe TaKoii CBA3M HeNb3s BbIBUTb C UMEIOLLMMUCS B PACMOPsSXKEHUEe TMCTONOrMYECKUMU METO-
AamMn UCCNef0BaHNUs. M3MeHeHWUs peakuun HabBiofalTcs Ha ydacTkax, rfie HeNnb3s nonarath
afleKBaTHbIX (YHKLUMOHANbHBIX W3MEHeHMI, W, HaoBopoT, yuacTKax, e MOXHO mnonarath
Hanuuue aleTUNXONMHICTepasbl, OHa OTCYTCTBYeT. CofepXaHue aleTUNXONUHICTepasbl B M-
noTanamyce, NOBOAMMOMY, CBS3aHO C O6LLeli KNeTOUHOW aKTUBHOCTbIO, M OHO He MOAUYMHSIETCS
rymMopanbHoi perynsuun. YpaneHue onpefeneHHbIX HAOKPUHHBIX OpPraHoB, Kak Mpasuo,
BbI3bIBAET YMEHbLUEHWE aKTUBHOCTW, HE3aBUCUMO OT BUAA YAANeHHOro opraHa 4nu oT rumno-
Tanamuyeckoi noknmsalanu.

Dr. lamas Mészaros
Dr. Jalia 1. Csdri
Dr. Jozsef Hazas
Dr. Miklés Palkovits

Budapest IX., T@zolté u. 58. Hungary

Acta Morphologien Acaderniae Scientiarum Hungariaié 17, 1960






Acta Morphologica Acad. Sei. llung. 17 (3—4), pp. 217—234, 1969

Department of Neurology and Psychiatry (Director: Prof. P. Juhasz), University Medical
School. Debrecen, and Section of Neurology and Psychiatry (Head: Z. Pap), County Council
Hospital, Debrecen

EXPERIMENTAL CEREBRAL HAEMORRHAGE
IN THE DOG

L. Leel-Ossy

(Received October 2, 1968)

Led by the assumption that in cases of cerebral haemorrhage, systemic hyper-
tension plays an important role in producing dysfunction of the intracranial arterial
and venous circulation, a model dog experiment has been elaborated. After craniotomy
and opening of the dura, a nylon tube coming from one of the common carotids was
retrogradely introduced into a superficial cortical vein. Simultaneously with this
anastomosis, hlood pressure was increased by adrenaline. As a result, 20 of 33 dogs
developed haemorrhage in the white matter on the side of the anastomosis.

Hypertension endangers intracerebral circulation when the possibilities of
compensation are exhausted. Functional disorders of the arterial side due to hyper-
tension (spasm, vasodilatation, stasis) are accompanied by impeded venous drainage
or venous reflux. Under such conditions, blood flow is slowed down in the capillary-
venous area since the wall of these vessels becomes functionally passive. With the
slow blood flow, the vessels follow that hydrodynamic law according to which kinetic
energy changes into pressure when circulation is arrested. The increased pressure
induces sudden rupture of the vessels in the capillary and venous area, the most
vulnerable part of the cerebrovascular system and the extravasated blood forms a
haematoma. Site and nature of the observed haemorrhages corresponded to those
seen in human hypertensive cerebral haemorrhage.

Although investigations into the aetiology and pathomechanism of
hypertensive intracerebral haemorrhage have an almost century-old history,
no definitive conclusions have yet been reached. The modernized versions of
certain initial notions have still a number of champions.

Rouchoux (1914) attributed cerebral bleeding to prehacmorrhagic
parenchymal malacia, whereas Charcot and Bouchard (1868) regarded the
rupture of miliary aneurysms as the pathogenic factor. Again, Lowenfeld
(1887), Staemmler (1936), Westphal (1937) and others thought that cerebral
bleeding was due to local vascular necroses induced by diverse pathogenic
influences, e.g. degenerative vasopathies, enzymatic actions, angiolytic sub-
stances. Some authors, as for instance Beitzke (1937), claimed to have located
the point of rupture in or near the bleeding. It was pointed out by several
authors (Schwarz, 1926; Neubturger, 1928—1932; Alaiountne et ah, 1936;
Wolff, 1937) that no gross morphological changes hut vasomotor disorders
were the most essential prehacmorrhagic phenomena. Such phenomena were
observed by Par (1905, 1931) and Ricker (1919) in connection with hyper-
tensive vascular crises and brain commotion.

All the current theories reflect some old notion. The works of Rosen-
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BLATH (1918, 1926), Boshne (1927, 1929), Lehoczky (1933), Globus et al.
(1927, 1937,1949, 1952) and Hicks and Warren (1950) are based on Rochoux’s
theory of prehaemorrhagic necrosis.

Although Erris (1909) and Pick (1950) refuted Charcot’s and Bou-
chard’s aneurysm theory, they actually developed it by attributing the
haemorrhages to “supermiliary aneurysms”. Green (1938) and Russel (1963)
also referred to the significance of anomalous aneurysms.

Specific vascular lesions as the cause of haemorrhage have been dis-
cussed by Japanese authors (Ooneda, 1959; Kishi, 1959; lkeda, 1964);
Feigin and Prose (1959) also regard hypertensive fibrinoid arteritis as an
important pathogenic factor of the haemorrhages.

The pathogenic role of dissecting aneurysms, suggested by Virchow,
was later accepted by Sharapov (1938), Spatz (1939), Pautian et al. (1939),
Zimmermann (1949) and Quandt (1959, 1962).

The significance of prehaemorrhagic functional vascular disturbances
continued to be recognized and it was pointed out by Schwarz (1926, 1961)
that this was the most dynamic and most acceptable hypothesis of all. Func-
tional disturbances associated with hypertension arise at some terminal
arterial ramifications in the form of spasm, dilatation, paralysis of the vessels
and stasis. Each subsequent disorder becomes graver and increases the
possibility of bleeding. Prolonged spasm or vasomotor paralysis leads to dia-
eresis and diapedesis. This mechanism has been recognized by Kornyey (1939)
and Santha and Habertland (1951).

Scheinker (1940, 1945), too, described functional disturbances hut
observed their effect in the venous area and attributed the massive haemor-
rhages to venous rupture, a view shared by Murphy (1954), Zil’'Berberg
and Cherkasskii (1958), Courville (1957), Pal (1931), Hiller (1936),
Denny-Brown et al. (1956), CoBB (1957), Rakonitz (1961) and Mutlu et
al. (1963).

This survey, although far from being complete, shows the divergence
of views. Yet, two fundamental principles seem to be universally accepted.
According to the first, hypertension is the chief pathogenic factor of haem-
orrhages: its double role in this respect consists in being one of the causes
of morphological changes occurring in the cerebral veins and in being the
source of haemodynamic disturbances directly responsible for the haemorrhage.
W hile cerebrovascular lesions promote bleeding, they are less important in
this respect than hypertension, a theory championed among others by Molnar
and Balajthy (1966).

The second almost unanimously accepted principle is that several
mechanisms may be involved in the causation of massive haemorrhages. It is
conceivable that — as has been instructively demonstrated by Mutiu et al.
(1963) — bleedings may be due to rupture as well as to diapedesis. The present
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author and his co-workers (1964) also recognized the distinction between
diapedetic and rhexic bleedings and attempted to differentiate the two forms
both clinically and pathologically. To support this view, experiments were
made to imitate the beginning of bleeding and to discover its most essential
and most frequent mechanism.

We relied on the assumption that generalized grave hypertension is
accompanied by a slowing of venous flow in a given cerebral area and that
venous reflux may even occur there. Hypertension, by causing fluctuating
and variable changes in the vessels capable of contraction and dilatation,
leads to a slowing down of circulation the effects whereof manifest themselves
chiefly on the venous side of the capillary system. It is in this almost com-
pletely passive part of the cerebrovascular bed that conditions become favour-
able for the development of haemorrhages, this area being unable to com-
pensate disturbances of arterial and venous circulation.

First, an attempt was made to induce cerebral haemorrhage by elevat-
ing blood pressure in the systemic circulation and by creating at the same
time venous congestion in the head (Valsalva’s manoeuvre), an attempt
defeated by the abundant arterial and venous collaterals existing in the dog.
Therefore, the method described in the following has been elaborated.

Method

Under chloralose anaesthesia, a mercury manometer was tied into the femoral artery.
After isolating both common carotid arteries, a glass tube was introduced through the tra-
cheotomy opening for mechanical ventilation. Then bilateral craniotomy involving the midline
was performed. Anteriorly, the incision reached the frontal sinus, posteriorly the occipital
protuberance, laterally the approximate level of the zygomatic arch (above the Sylvian
sulcus). When opening the dura the superior sagittal sinus and the veins emptying into it
were avoided. Bleedings from ruptured emissary veins were carefully controlled. The cortical
surface behind the cruciate sulcus was exposed the posterior boundary whereof was usually
constituted by a line drawn on the initial portion of the ectosylvian sulcus. The operation
exposed furthermore the two upper (Il and 1V) gyri and the posterior part of gyrus Il (see
Fig. 1). Of the superficial cortical veins, the bilateral precentral, central and parietal vessels
became well visible, together with their ramifications and connections. Following haemostasis
iVaCl-saturated gaze was applied to the cortical surface.

The next manipulation consisted in the distal ligature of one of the common carotid
arteries into which a 55 cm long nylon catheter with a diameter gradually diminishing from
3to 1 mm was inserted. The thin end of the heparinized catheter was connected to the
largest contralateral precentral or central vein (Fig. 2), taking care to prevent reflux; we
always tried to avoid fastening of the catheter since this manipulation inevitably injured
the cortical surface.

The shunt between the common carotid and the cortical vein was clamped after a few
seconds of preliminary trial necessary for the checking of adequate blood flow and avoid
the possibility of coagulation. The shunt was reopened after 10 to 30 sec when after the
administration of 0.5 mg of adrenaline arterial pressure had reached a peak; this usually
amounted to 260 340 mm Hg. The brain invariably started to swell, first on the side of the
shunt and then on the opposite side. The animals were killed by intravenous hexobarbital when
the swelling had lasted 2 to 3 min. The shunt was closed for a short time whenever any
disturbance in blood flow, blood pressure, or an injury of the cortical surface was observed.

Slight deviations from the above intervals occurred in some cases owing to the taking
of photographs and arteriography.

The volume of arterial blood passing into the vein is given in ml, as determined mano-
metrically from the flow. (Table I shows the amount of blood passing through the catheter
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Fig. 1. The exposed area with a schematic illustration of the inserted catheter. Roman

Fig. 2. Surgical intervention:

numerals indicate arcuate gyri

swelling of brain (increase of mass) during free blood flow
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per minute at the given pressures.) The values so obtained express the increase in blood How
into the superficial cortical veins in relation to the increase in blood pressure. Owing to the
abundance of cerebrovenous anastomoses, jugular blood pressure would likewise have yielded
relative values. It was impossible to determine the pressure in the affected hemisphere.

Some observations made in the course of the experiments have to be mentioned.

I.The arterio-venous shunt, even if it was left open for several minutes or sometimes
half an hour, induced but slight swelling of the brain provided tension was normal; this was
checked in several instances so as to observe the difference between the effects of normal
blood pressure and hypertension. Abundant anastomoses between the superficial cortical
veins enabled the venous circulation to hear such stress. Dissection after these manipulations
revealed no changes, and histological examination disclosed but a few minute points of dia-
pedesis in the affected cortex.

Fig. 3. Phlebography through catheter tied into right cortical vein. A few superficial veins
are outlined, and the presence of a haematoma is indicated by the oval-shaped intracerebral
accumulation of contrast material

2. The dark violet colour of blood promptly changed into a bright red immediately
after the opening of the shunt, while the blood remained unchanged in the veins not involved
in the shunt. This allowed to check the size of the area affected by the shunt.

3. In two cases the cortical surface grew livid and petechiae appeared immediately
after opening the shunt. Venous drainage being impeded (by thrombosis or a malposition
of the catheter) the arterial blood passed directly into the subcortical veins in these cases.

4. The short duration of the experiment, the arterial blood passing into the shunt
and the abundant venous anastomoses prevented anoxia.

5. The pressure of blood flowing into the superficial cortical veins and the number
of veins participating in the shunt were inversely related so that the amount of blood shown
in Table | was dispersed in a few seconds.

6. When we did not succeed in inserting the catheter, it was introduced into the vein
on the side of the catheterized carotid. This alternative made no change in either the course
of the experiment or in the results obtained.

The experiment was too short to allow the registration of additional parameters, and
so it was oidy after fixation of the brain that we were able to ascertain the result. Palpation
of large haematomas (fluctuation !) provided information in some cases. Phlebography
revealed considerable accumulation of contrast material in one or two cases. (Fig. 3.)
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M aterial and results

To induce cerebrovascular changesin hypertension by means of perirenal
fibrosis, both kidneys of 12 mongrel dogs were wrapped in cellophane (Page,
1931). Two dogs died during the manipulation; in the surviving 10 animals
under chloralose anaesthesia blood pressure was measured in the femoral artery
before the renal operation, then 3 to 4 months later and for the last time
immediately before the cerebral operation, i.e. after 6 to 9 months, always
under identical conditions. Values so obtained are listed in Table 11. Blood
pressure tended toward normal after six months, a well-known phenomenon
in cases of experimental hypertension (Kovér et al., 1960). Two of the hy-
pertensive animals succumbed to the intracranial intervention so that only
eight dogs of this group were left for the second part of the experiment.

Table 11
Number Initial value, 3—4 months 6—9 months
of animals mm Hg mm Hg mm Hg
| 80 300 140
3 100 230 165
4 110 210 130
5 135 320 150
6 90 305 150
7 130 280 180
8 140 170 170
10 130 210 140
1 150 160 130
12 140 165 170

Only craniotomy was performed on 25 dogs; their blood pressure
amounted (in chloralose anaesthesia) to 90—140 mm Hg at the outset of the
experiment.

The two groups will not be treated separately in the following, as their
members showed no difference as regards either the extent or the nature of
the haemorrhages. The experiment with the 8 “hypertensive” and 25 “normal”
dogs yielded positive results, namely more or less extensive subcortical bleed-
ing, in 20 cases. Negative results were due mostly to our having failed to
create an adequate shunt. The haemorrhage had to be neglected in some cases
owing to superficial laceration.

The site of bleedings as also their nature and approximate extent are
shown in Table 111. Arabic numerals indicate members of the hypertensive,
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Table 111

Dog No. Localization | Nature Size, cm

of haemorrhage

3 R. subcortical parietooccipital Perisulcal linear
6 R. temporoparietal white matter Massive 2.3X 0.5
7 Bilateral subcortical parietal R. destructive 2.0X0.5
L. linear
8 L. subcortical central Massive (ventricular) 2.0X 1.0
11 R. subcortical parietooccipital Destructive (ventricular) 4.5X0.5
v R. hemispheral white matter Massive 45X 2.0
\% L. subcortical parietal Petechial —
Vi R. subcortical hernisph. Massive 5.0 X 2.0
Vil L. subinsular centroparietal Massive 20X 15
VIl L. subinsular white matter Massive 25X 1.0
I1X L. subcortical central Petechial —
X1 R. subcortical parietooccipital Linear -
X111 R. subcortical parietooccipital Petechial linear 2.0X 0.5
X1V R. subcortical white matter Linear _
XVII L. subcortical parietal Linear (ventricular) 1.0X0.3
XVIII L. temporoparietal white matter Massive 3.0X 1.0
XI1X R. frontocentral white matter Massive 15X 1.0
XX L. subinsular centroparietal Massive 3.5X 15
XXV R. subinsular Linear —
XXV R. subcortical-cortical parietooccipital Haemorrhagic infarction —

R. right side
L. left side

Homan numerals those of the normal, group. Figs 4 and 5 present pictures
of haemorrhages.

According to localisation and general features, three types of bleeding
were observed.

1. Subcortical linear haemorrhage limited in extension near the insertion
of the catheter. It was usually parallel to the U-fibres and situated below
one or two gyri. Small subcortical petechiae were also classifieil under this
type (Fig. 6a).

2. More extensive, usually wedge-shaped massive haemorrhage beneath
the parietal cortex reaching and often invading the upper and lateral border
of the lateral ventricle (Fig. 6b).
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Fig. 4. Massive haemorrhage in the white matter of the right hemisphere which saves lhe
cortex but destroys the basal ganglia

Fig. 5. Elongated haematoma in the temporal lobe. Bleeding on the opposite side is the result
of a preceding unsuccessful experiment

3. Large massive bleeding which destroyed the major part of the
sphere’s white matter. Adjacent to the basal ganglia, it did not affect the
cortex and was sometimes accompanied by ventricular haemorrhage (Fig. 6c).

Obstruction of venous drainage induced typical haemorrhagic infarction
in one case (Fig. 7).

Two main factors seemed to determine the type of bleeding.

1. Successful catheterization, i.e. production of a blood flow of adequate
kinetic energy. The extension of the venous system shunted with arterial
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Fig. (). Types of bleeding: a subcortical elongate; b wedge-shaped, invading the ventricle;
¢ - massive, destructive in the larger hemisphere

flow was a decisive factor in this respect. If it was of limited extent, the
resulting linear or petechial haemorrhage was subcortical.

Another factor was the degree of induced hypertension.

2. A further decisive factor was age. Massive hemispheral bleeding was
observed in three old dogs whose dura was calcified and whose superficial
piai arteries were tortuous and rigid. Age-conditioned vascular degeneration
rendered the animals susceptible to bleeding.

Arteriograms made in some cases of open shunt revealed a considerable
accumulation of contrast material in the subcortical medulla according to the
site of the petechial or massive haemorrhage (Fig. 3).
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Fig. 7. Haemorrhagic infarction

Histological results. No changes were found in the basilar, piai and
intracerebral vessels of the “hypertensive” dogs. The media in the arteries
of older animals displayed fibrosis and elastolysis in both groups. Grave
fibrosis and also hyalinosis of the basilar and piai vessels were registered in
some members of the hypertensive group. This group was not large enough
to admit of conclusions as to the vascular changes.

Bleedings were sharply circumscribed (Fig. 8). Petechiae, frequently
accompanied by a loosening of tissues, inhibitions with plasma, and oedema,
were observed in the marginal portions of the cerebral substance. Massive
haemorrhages were structurally similar to those of human subjects. The blood
flowed out sometimes at the removal of the brain leaving a narrow gap to
show the destroyed tissue. The cross section of an occasional large vessel,
suggestive of a vein, was dimly perceived in small haemorrhages (Fig. 9).
The surrounding concurrent bleedings appeared — as in humans — to be of
capillary or venous origin (Fig. 10).

Slight petechial and massive subcortical haemorrhages were often
associated with minute cortical diapcdetic bleeding which appeared in one
or two foci. They were like the cortical bleedings seen in haemorrhagic infarc-
tion without, however, any sign of anoxia. No cortical lesions were observed
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Fig. 8. The upper picture shows the sharp borders of bleedings, the lower one presents con-
current minute marginal bleedings

Fig. 9. Detail of vessel wall in haematoma
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Fig. 10. Minor haemorrhages in subcortical white matter and cortex

in connection with massive haemorrhages; minute cortical lesions seen in
cases of slight haemorrhage were often at some distance from and notimmediate-
ly below the insertion of the catheter. These observations tend to show that
our experiments did not consist in the rupture of one or two major vessels
since the point of bleeding was in most cases remote from the maximum of
inflow. The blood flowing in soon dispersed in the superficial venous apparatus.

Signs of passive hyperaemia were invariably more pronounced on the
side of bleeding, a natural haemodynamic phenomenon.

The experiments have proved that the cortex is more, and the white
m atter in the subcortex and near the basal ganglion less, resistant to hae-
modynamic stress. The analogue of this fact is well-known from human
hypertensive cerebral haemorrhage.

Discussion

Spontaneous cerebral haemorrhage imitating human apoplexy has not
been observed in animals, nor have investigators succeeded in inducing it
experimentally (Stamiter, 1958; W hisnant, 1958; Luginbuhl, 1966). As to
the attempts to induce cerebrovascular lesions in animals Wertheimer et al.
(1933) caused bleeding by increasing and decreasing the pressure of cerebro-
spinal fluid. Since intracerebral venous tension depends on the pressure of the
cerebrospinal fluid, their experiment showed that fluctuations of the venous
pressure contribute to the development of cerebral haemorrhage. Globus et
al. (1949, 1952), after unilateral ligation of the middle cerebral artery, pro-
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duced periodic hypertension by means of adrenaline and observed in some
cases haemorrhages during the postoperative days as also at later dates.
Following the ligature or embolism of the middle cerebral artery haemorrhages
were after parenchymal damages with or without hypertension (Van W ulff-
tf.n, 1932; Broman, 1939; Fazio and Sacchi, 1940 1943; Kase, 1959; KnTo,
1964). These attempts seemed to support the theory of prehaemorrhagic
malacia, but were — as stated by Scheinker (1946) and Adams (1953) -
really imitations of haemorrhagic infarction.

We received the impulse to elaborate our method from the attempts
of certain authors who tried to improve cerebroarterial circulation retrogradely
via the venous channels (Beck, 1949; McKhann et ah, 1950; Gurdjian et ah,
1950). Owens (1960) increased cerebral flow by ligating of the internal jugular
vein and demonstrated that a retrograde venous-capillary circle may he
produced which improves the oxygen supply of a given area (1963). Another
information concerning venous circulation was provided by Denny-Brown
et ah (1956) who succeeded in provoking various functional disturbances and
even haemorrhagic infarcts by retrogradely injecting saline solution into the
cortical veins.

Relying on the evidence of the present results, we propose to explain
our theory regarding the mechanism of cerebral bleeding.

Hypertension means a great stress for systemic circulation. Extracerebral
and intracerebral regulatory mechanisms protect the brain from the harmful
effects of the circulatory fluctuations. Prolonged hypertension and arterio-
sclerosis create a state in which the intracranial vessels too become involved
in the circulatory disorder (Aksyantev, 1956) so that certain areas will be
vulnerable by anoxia and stasis, a condition leading to spasms, vasodilatation,
acute or prolonged vasoparalysis which mav vary from one to the next
vascular segment. The result — whatever the actual disorder — will be the
slowing down of circulation. The compensatory mechanisms may counteract
the disturbance for some time, hut tin; situation on the arterial side may
then become such as to exclude further possibilities of compensation. Venous
and capillary dysfunction becomes still more pronounced since, lacking the
power of compensation, the veins and capillaries will be passively involved
in the arterial disturbance. According to hydrodynamic laws, extreme slowing
or stoppage of blood flow in the arteries, capillaries and veins of a given area
will cause these vessels to behave like rigid tubes. According to the most
important biophysical law of blood flow, all kinetic energy changes into pres-
sure when flow is arrested. Susceptibility of the vessels to rupture is greatly
promoted by the pressure which acts on the vascular wall, its force depend ing-
on the caliber of the vessel.

Under such conditions it is the capillary and venous system which is
most easilv ruptured. This tendency is the more pronounced the longer the
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vessel (e.g. the subcortical veins) and the poorer the anastomotic communica-
tions to divert the heavy pressure (regions of the basal ganglia) and, of course,
the thinner the wall of the affected vascular segment.

Rupture may occur at any point. One is dealing in most cases with
acute disturbances, and the development of a haemorrhage is a matter of
seconds. Once a haematoma develops, different actions will become operative
in and around the affected area. Extent, site and nature of the haemorrhage
depend on the quality of the area, its size and the quality of its vessels in
which blood flow is arrested to such an extent as to cause that amount of
kinetic energy to change into pressure which suffices for inducing a sudden
rupture of the vessel wall.

The last phase of massive hypertensive cerebral haemorrhage — irre-
spective of the nature of arterial dysfunction (spasm, dilatation) — is always
accompanied by increased venous pressure which tends to aggravate the
disturbance on the arterial side. Haemodynamic phenomena of this kind
explain the development of haemorrhage.

If it is permissible to speak of a “haemorrhagic unit”, it may be
represented by the smallest capillary or postcapillary segment in which
pressure becomes high enough to cause a sudden rupture and consequential
bleeding at a given moment. Numerous such closely packed miniature units
undergo rupture in massive hypertensive haemorrhage.

The pressure may be high enough to rupture a murally defective pre-
capillary arteriole or venule, hut the vessels of the “passive” (capillary
venous) segment are more likely to cede to pressure.

Our model experiment, in addition to explaining the mechanism of the
sudden development of massive bleedings, seems to prove that a lesion of
the vascular wall is not an invariable precondition of haemorrhage. In the
experiment the critical situation was produced by seriously impeding sub-
cortical venous drainage over the entire hemisphere; this was achieved by
means of a retrograde cortical venous-carotid anastomosis, while simultaneous
hypertension increased the vascular resistance and so the slowing down of
blood flow by why of the spasm of minor arteries, and of other circulatory
disturbances. Dysfunction was mostly apparent in the area drained by the
superficial veins. Our method seems to be suitable for producing haemorrhage
also in other parts of the body by a retrograde shunt of some venous bed
or sinus.

Similar “haemorrhagic units” are formed in connection with haemor-
rhagic infarcts, sinal and cortical venous thromboses, but anoxia, the essential
feature of such lesions, makes these haemorrhages different; besides, also
vascular factors and parenchymal damage have to be taken into account in
haemorrhages of this kind.

It will be evident from the foregoing that a cerebral circulatory dysfunc-
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tion is an essential feature of hypertensive haemorrhages. The functional
disturbance is usually restricted to a circumscribed area. Another essential
factor is the simultaneous or consequential increase of intracerebral venous
pressure which aggravates the circulatory disorder to the point of stasis and
may even give rise to backflow. The pathomechanism of cerebral haemorrhages
acts in our opinion by way of haemodynamic factors as outlined above, and
hypertensive bleeding is a result of their combined actions.
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EXPERIMENTELLES HERVORRUFEN EINER GEHIRINBLUTUNG AM HUND

L. LEEL-OSSY

Unter der Annahme, daB bei der Gehirnblutung der allgemeinen Hypertension im
Zustandebringen der funktionellen Stérungen sowohl des intrakraniellen arteriellen, als auch
des vendsen Kreislaufs eine grofe Rolle zukommt, wurde an Hunden der nachstehend beschrie-
bene Modellversuch angestellt. Nach Craniotomie und Eroffnung der Dura mater wurde aus
der A. carotis communis der einen Seite in dem Blutstrom entgegengesetzter Richtung ein
sich allméhlich verjingendes Nylonrohr in eine oberflachliche Corticalvene eingefiihrt. Gleich-
zeitig mit der Er6ffnung dieser arterio-vendsen Anastomose wurde den Tieren zwecks Blut-
drucksteigerung Tonogen verabreicht. Im Ergebnis dieser Eingriffe waren bei 20 der 33
Hunde auf der Anastomosenseite Gehirnblutungen unterschiedlichen AusmaRes in die weile
Substanz der GroRhirnhemisphére entstanden.

Die Hypertension wird fur den intracerebralen Kreislauf dann zur Gefahr, wenn eine
Lage entsteht, hei der das Einschalten der bekannten Kompensationsmechanismen unmaéglich
wird. Zu den funktionellen Stérungen der arteriellen Seite (Spasmen, Vasodilatation, Stase),
die in solchen Fallen durch die Hypertension herbeigefiihrt werden kdnnen, gesellt sich eine
Behinderung des vendsen Abflusses geringeren oder gréBeren Grades bzw. vendser Ruckfluf
hinzu. Durch diese Stdrung wird im Bereich der Venen und Kapillaren der Kreislauf erheblich
verlangsamt, da die Wéande dieser GefaRe funktionell passiv sind. Bei der bedeutenden Ver-
langsamung der Stromung gelangen diese GeféRe unter den EinfluB der Gesetze der Hydro-
dynamik. und es kommt die Regel zur Geltung, wonach bei der Einstellung der Zirkulation,
in einem gegebenen Bereich, sich jede kinetische Energie in eine auf die Wéande einwirkende
Druckenergie umwandelt. Auf dem Gebiet der Kapillaren und Venen, das am verletzlichsten
ist, entstehen in Sekundenschnelle in unterschiedlicher Ausbreitung Risse in der GefaB-
wand, die zur Bildung eines zusammenhdngenden Hé&matoms fihren. Das beschriebene
Experiment ist eine Nachahmung dieser Lage, die gemaB dem Verfasser eine entscheidende
Phase des Pathomechanismus der Gehirnblutung ist. Die Lokalisation und der Charakter
der beobachteten Blutungen entsprachen der hypertensionsbedingten Gehirnblutung des
Menschen.

CO3AAHUNE 3KCMNEPUMEHTAJIbHbIX KPOBOW3NNAHWA B MO3I ¥ COBAK

J1. NEENT—2U1LLUN

Monaras, 4YTo NpWU KPOBOM3MMSAHUKM B MO3r 06LLee MNOBbIlUEHWE KPOBSHOIO [aBNeHWs
“MeeT 60/blIOe 3HAuYeHKe ANS BO3HWKHOBEHMS (DYHKLMOHANbHbLIX PAcCTPOMCTB BHYTpuuepen-
HOTO apTepuanbHOr0 M BEHO3HOTO KPOBOOGPALULEHWS, aBTOPOM Obll MpPOBeAeH CredytoLimii
9KCMEpUMEHT Ha Moaenu. ocne KpaHUOTOMWMM 1 BCKPbITUS TBEPAO MO3roBOi 060/0YKM B
OfIHY MOBEPXHOCTHYIO KOPTWKaNbHYO BEHy M3 06LUeil COHHOM apTepuu OAHON CTOPOHLI B Ha-
npaBfieHe NPOTMB KPOBOTOKA 6bina BBeAEHa MOCTENEHHO YTOHYaloWascs HaiinoHoBas Tpy6Ka.
O/HOBPEMEHHO C CO3[]aHMEM 3TOr0 apTepuo-BEHO3HOTO aHACTOMO3a KPOBSHOE faBneHue 6bino
NoBbILIEHO fayeii ToHoreHa. B pesynbTaTe 3TUX BMELWATeNbCTB Ha CTOPOHE aHacTomo3a y 20
13 33 co6aK BO3HMKAN KPOBOW3NMAHWA B 6Genoe BELECTBO MOMYLWapWUs FONOBHOIO MO3ra.

CMNepToHMA NpeacTaBaseT OMNacHOCTb ANs BHYTPUMO3IOBOTO KpoBOOGpaLLeHMs TOrAa,
Korja BO3HWKAaeT TaKoe MOJoXeHWe, NpU KOTOPOM BK/OUEHWE WM3BECTHLIX KOMMEHCATOPHbIX
MEeXaHW3MOB CTaHOBWUTCS HEBO3MOXHbIM. K (YHKLMOHANbHLIM paccTpoiicTBam apTepuanbHoi
CTOPOHbI (CNasMbl, PacliMpeHKne COCY[0B, CTa3), Bbi3blBAEMbIM B TaKUX CAy4asX MOBbILIEHHbLIO
[aBNeHVeM, MPUCOeAMHSAIOTCS Gonee WAM MeHee 3HauMTenbHas MPEenATCTBEHHOCTb BEHO3HOT
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OTTOKA MU BEHO3HbIA 06paTHbI TOK. 3TUM PacCTPOWCTBOM B CYLLLECTBEHHON Mepe 3ameanfeTcs
KpoBooGpalieHe B 061aCTU KanuNnspoB M BeH, TaK KaK CTeHKU MocneAHuX (QyHKLUUOHANbHO
NacCUBHbI. Py 3HAUMTENLHOM 3aMeANeHUN KPOBOTOKA 3T COCY/Abl MOAUYNHSIOTCS YNPaBieHNIo
3aKOHOB TWAPOAWHAMUKM, U MPOSBASETCA MpPaBWIO, COFNacHO KOTOPOMY B C/lydyae MpuocTa-
HOBMEHNA UWPKYNALWM, HA KOHKPETHOW TeppuTOpWM, BCS KMHETUUYECKasa SHeprus npeobpaso-
BbIBAOTCS B 3HEPIUI0 [aBfieHWs, OKa3aHHOTo Ha CTeHKW. B o6nacTu KanuinspoB W BeH, B
HamGonee paHUMOM 4acTW, B TeUYEHME MIHOBEHWS BO3HMKAIOT TPEWMHbI CTEHKWM cocyfaa, uTo
NPUBOANT K 06pa3oBaHUI0 CAUSIOLLYEACS FeMaToMbl. BbIWIEN3N0XeHHbI 3KCMepuMeHT nod-
pakan 3TOMY MOMOXEHWIO, KOTOPOe, MO MHEHWIO aBTopa, ABASETCA camoii peliatolleil (asoii
naTomexaHu3Ma KpoBOM3NUSHUSA B MO3T. JIoKanu3auus 1 xapakTep Ha6nofaeMbiX KpoBOU3NUs-
HWIA COOTBETCTBOBANN KPOBOWU3NUAHMAM B MO3F Y uYefloBeKa BCNeACTBME TUMNEPTOHUMU.

Dr. LOrdnt Loe1-0ssy: Varosi Korhaz, Esztergom, Hungary
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FLUORESCENCE HISTOGHEMIGAL INVESTIGATIONS
OF CONNECTIVE TISSUE

II. FLUORESCENCE HISTOCHEMISTRY
OF THE HEPARIN CONTENT OF MAST CELLS*

L. MODis and Marianna Batschwarowa

(Received January 27, 1969)

In an attempt to find a relation between the histochemical properties of the
dyes and their chemical structure, staining of the heparin content of mast cells was
investigated using 18 different fluorochromes, under various histotechnical condi-
tions. Fluorochromes of strong cationic character and dyes showing metachromasy
seemed to be most suitable for the histochemical demonstration of heparin and acid
mucopolysaccharides. The group-reaction character of the staining processes isempha-
sized and the fact is stressed that the stains are heparin specific only.

Introduction

The mast cells occurring in most loose connective tissues have diverse
functions. On account of their heparin, histamine and serotonin content they
have a key position in several normal and pathological processes (blood
coagulation, fibrillogenesis, allergy, chronic inflammation, oncopathological
relations, etc.). They may rightly be called as unicellular endocrine glands
of the organism. Numerous attempts were made to develop reliable techniques
for the demonstration of mast cells. Their mono-amine content was demon-
strated by means of fluorescence histochemical methods using paraformaldehyde
e.g. for serotonin and o-phthalaldehydes for histamine. The heparin content
of mast cells can be determined by any basophilic reaction under standard
conditions, as in acid solution all cationic dyes or metal colloids of cationic
nature are hound by electrostatic forces to the anionic sulphates of heparin.
Considering that basophilia is a group reaction, the use of various staining
techniques introduced by various authors as specific procedures may he
misleading from the point of view of interpretation and evaluation of the
results, all the more as no rational standardization based on uniform criteria
of the staining reactions, has been achieved in histochemistry. Thus, the
staining methods used for histochemical demonstration are rather unreliable.

For the estimation of heparin, numerous staining techniques and méta-
chromasie reactions have been employed. On the basis of certain theoretical
considerations [8] we have concluded that particularly sensitive and simple

*This investigation has been supported by grants from the Hungarian and Bulgarian
Academies of Sciences.
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staining reactions for heparin and acid mucopolysaccharides can be obtained
with cationic fluorochromes. Some fluorescent liistochemical stains have been
known to demonstrate acid mucopolysaccharides and heparin [2, 4, 11, 14]
but the aim of the present study was to establish certain criteria for the right
selection of the fluorochrome reaction using heparin as a chromotrope, by
comparing the histochemieal effects of various cationic fluorescent dyes of
different chemical properties.

Material and method
a) Preparation of mast cell samples

1. Sterile coverslips were placed in the abdominal cavity of albino rats weighing 100-
200 g, under ether anaesthesia. Four hours later the rats were killed, the abdominal cavity
reopened and the coverslips removed and stained. On the coverslips a cellular layer rich in
mast cells and lymphoid elements was found.

2. Albino rats of about 100—200 weight were killed under ether anaesthesia and
2x2 cm specimens were excised from the back skin and stretch preparations were made also
from the panniculus carnosus.

b) Staining

Unfixed or prefixed preparations (prefixation in 4% neutral formol or absolute ethanol-
formalin, 4 : 1, for two hours) were immersed in staining solutions of various concentrations
(0.001; 0.01; 0, 1.0%) from 10 seconds to 30 minutes. Acetic acid in 5 and 10% concentra-
tion, distilled water or Walpole’s buffer pH 1.4; 2.6; 3.5; 4.5; 5.2 were used as solvents.

The dyes employed were 1. Acridine Orange (Michrome); 2. Acridine Yellow (Michrome);
3. Acriflavine (Michrome); 4. Auramine O (Michrome); 5. Aurophosphine (Michrome); 6.
Astra Violet 3R extra (Bayer); 7. Berberine (Fluka); 8. Coriphosphine O (Michrome); 9.
Euchrysine 2GNX (Michrome); 10. Flavophosphine (Michrome); 11. Magdala Red (Schu-
chardt); 12. Methylene Blue (Gribler); 13. Neutral Red (Chinoin); 14. Phosphine 3R (Mi-
chrome); 15. Pyronine Y (Michrome); 16. Rhodamine B (Michrome); 17. Rivanol (Bayer);
18. Thioflavine T (Michrome).

After staining at room temperature the preparations were washed with water and
buffer solution and mounted in distilled water.

c¢) Fluorescence microscopic examination

Fluorescence microscope: Zeiss HB 50. Filter combination: BG-OG and UG-GG.
To increase the inducing light, a drop of glycerol was placed between the condensor front
lens (aperture 1.4) and the slide. Photo: Practics, Orwocolor No. 16.

d) Control procedures

1. Digestion with ribonucléase (1 mg/ml distilled water at 37cC, for one hour (RNAse
Reanal, Budapest)).

2. Digestion with hyaluronidase (75 I. U./ml solvent at 37°C, for three hours (Organon,
0S59)).

3. Méthylation (at 60°C, for two hours).

4. Déméthylation (at room temperature, for 20 minutes).
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Fig. 13. Thioflavine T staining. Peritoneal mast Fig. 14. Thioflavine T staining. Peritoneal mast
cells. UG -f- GG filter combination. x640 cells. UG + GG filter combination. x!60

Fig. 15. Auramine O staining. Mast cells in stretch Fig. 16. Berberine staining. Peritoneal mast cells.
preparation. BG + OG filter combination. x120 UG + GG filter combination. x 400






Fig. 9. Acridine yellow staining. Mast cells in Fig. 10. Acridine yellow staining. Peritoneal mast

stretch preparation. BG — OG filter combina- cells. BG -j- OG filter combination. X120
tion. X120
Fig. 11. Acriflavine staining. Mast cells in stretch Fig. 12. Thioflavine T staining. Mast cells in
preparation. BG -f- OG filter combination. X120 stretch preparation. UG -f- GG filter combina-

tion. x50






Fig. 5. Euchrysine 2GNX staining. Mast cells Fig. 0. Acridine orange staining. Mast cells

round an arteriolar bifurcation. Stretch prepara- around a crossing of arterioles. BG -f- OG filter
tion. BG OG filter combination, x 400 combination. X400
Fig. 7. Acridine orange staining. Peritoneal mast Fig. 8. Coriphosphine staining. Peritoneal mast

cells. BG -f- OG filter combination. X 150 cells. BG OG filter. 120






Fig. 1. Flavophosphine staining. Peritoneal mast Fig. 2. Flavophosphine staining. Peritoneal mast

cells. BG-OG filter combination. X640 cells. BG -f* OG filter combination. X400
Fig. 3. Flavophosphine staining. Mast cells in Fig. 4. Euchrysine 2GNX staining. Mast cells in
stretch preparation. BG — OG filter combina- stretch preparation. GB OG filter combina-

tion. x!50 tion. X400
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Results

Under the histotechnical conditions of our laboratory, optimal results
were obtained with solutions containing 0.01% of dye dissolved in 10%
acetic acid, after prefixation of the samples in 4% neutral formol or ethanol
formol. Without previous fixation, at the low pH values applied the pattern
of mast cells was not clearly visible. Of all the dyes tested, Magdala Red was
the only non-selective one and the specificity of Phosphine RH and Pyronine Y
was weak. Methylene Blue and Neutral Red yielded a specific reaction but
their fluorochrome properties were poor. All the other dyes yielding secondary
fluorescence gave a positive and selective result with the granular substance
of mast cells. The fluorescence was not affected by ribonucléase and hyaluronid-
ase but always disappeared after méthylation. On déméthylation the staining
became similar to that of untreated preparations.

Heparin was selectively stained by the following dyes (optimal duration
of staining is given in brackets). In blue light orange-red metachromasia
fluorescence was obtained with Flavophosphine (10 sec) and with Euchrysine
2GNX (10 sec) (Figs 1, 2, 3, 4, 5), an orange-yellow fluorescence with Acridine
Orange (10 sec) (Figs 6 and 7) and with Coriphosphine (3 min) (Fig. 8).

Acridine Yellow (3 min), Aurophosphine (3 min) and Acriflavine (6 min)
produced in blue light a yellow-orange or yellow fluorescence of heparin
(Figs 9, 10, 11). Orange-red fluorescence was produced with Astra Violet 3R
Extra (2 min) in blue light. Rhodamine B (20 sec) showed a yellow fluorescence
in violet light. Thioflavine T (2 min), Auramine O (2 min) and Berberine
(2 min) produced in violet light a selective intensive lemon-yellow non-meta-
chromasic fluorescence of the mast cell granules (Figs 12, 13, 14, 15, 16).
The majority are acridines (Acridine Orange, Acridine Yellow, Acriflavine,
Aurophosphine, Phosphine 3R, Rivanol), two of them are xanthenes (Pyron-
ine Y, Rhodamine B) and two (Magdala Red and Neutral Red) azine dyes.

The rest of dyes used belong to various groups: Astra Violet 3R extra
is a methyne, Berberine is a natural (alkaloid) dye, Auramine O is a phenyl-
methane, Thioflavine T a thiazole and Methylene Blue a thiazine dye. The
cationic nature of all of these dyes is shown by the number of auxochrome
(salt-forming) groups of basic character. These are amino groups quaternizing
in solution, ensuring thus the dipolar character of the dye. In the list below
we have given the amino group content of the dyes tested (giving in brackets
the number of free and bound amino groups). The dyes have been listed also
in the order of their histochemical value estimated on the basis of the experi-
mental results.

Discussion

The heparin content of mast cells was verified by control procedures.
Resistance to hyaluronidase and ribonucléase was considered the criterion of
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Number of

Dye amino groups Free Bound
Flavophosphine 3 3 0
Euchrysine 2GNX 3 3 0
Acridine Orange 3 2 1
Acridine Yellow 3 3 0
Coriphosphine O 3 2 1
Acriflavine 3 3 0
Astra Violet 3R extra 2 1 1
Berberine 1 1 0
Auramine 0 3 1 2
Thioflavine T 2 1 1
Rivanol 3 2 ]
Pyronine Y 2 0 2
Rhodamine B 2 0 2
Phosphine 3R 3 3 0
Neutral Red 4 2 2
Methylene Blue 3 2 1
Magdala Red 4 2 2

the presence of heparin [13]. Méthylation has a blocking effect on the reactive
sulphates in the heparin molecule.

Satisfactory histotechnical conditions for heparin-selective reactions can
he ensured by previous fixation, a low concentration of the dyes at lo\s pH,
and a short staining time.

Of the dyes tested the acridine showing métachromasie fluorescence
(Auramine O, Astra Violet, Berberine and Thioflavine T) yielded the most
specific and intensive reactions. Comparison of the histochemical value and
cationic character of the stains revealed a parallelism between the number
of free amino groups, proportion of free and bound amino groups on the one
hand, and heparin selectivity on the other. Most of acridines have three free
basic salt-forming groups and the most reliable fluorescent metachromatic
reactions were obtained with these dyes. Acridine Orange having one free
salt-forming group was the only exception to this rule. Still, Acridine Orange
is widely used in fluorescence mucopolysaccharide histochemistry [2, 5, 9],
probably because it is the best known and chemically standardized fluoro-
chrome already popular in nucleic acid histochemistry. Our experience has,
however, shown that the pronounced cationic Flavophosphine and Euchrysine
2GNX dyes ensure better results with acid mucopolysaccharides than Acridine
Orange, and they give a strong métachromasie fluorescence with heparin.
Euchrysine 2GNX had been known to have this effect [17] but Flavophosphine
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has not been used for this purpose. The other acridine dérivates are also selec-
tive for heparin but their fluorescence is inferior to that shown by Euchrysine
and Flavophosphine. Since the metachromasia depends on certain conditions
being fulfilled by the chromotrope and the dye, such as a dense anionic charge
system on the chromotrope and a strong cationic activity on the flat dye
molecule [10, 15], this type of reaction seems to be preferable for acid muco-
polysaccharides. The fluorescent metachromasia of Acriflavine [3, 4, 11] and
Coriphosphine [6] is inferior to that of Flavophosphine and Euchrysine 2GNX
which may be due to a special electronic structure of the dye molecule.

Thioflavine T, Auramine O and Berberine, in spite of their being weak
cations, yielded a selective, non-metachromasic staining of mast cells. So far,
these dyes have not been employed for mast cell staining. As under certain
circumstances these stains are heparin selective but show no metachromasia
it seems that the strong cationic character is required first of all for the pro-
duction of metachromasia and not for the binding of the dye to the chro-
motrope.

In spite of their selective heparin reaction the dyes which are not strong
fluorochromes are not suitable for fluorescence histochemical assay.

The reactions obtained with all the above dyes are considered to be
heparin-specific only under certain limited conditions as we do not know
any stain that would be heparin or mucopolysaccharide specific ab ovo. Though
it should always be borne in mind that all these staining processes are anionic-
cationic group reactions a higher selectivity of acid mucopolysaccharides can
be achieved by working at low pH values with a short duration of staining
in diluted solutions, and the selection of fluorochromes rich in amino groups
capable of producing fluorescence metachromasia.
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FLUORESZENZ-HISTOCHEMISCHE UNTERSUCHUNG DER STUTZGEWEBE

I1l. Fluoreszenz-histochemische Untersuchung des Heparingehaltes von Mastzellen

L. MODIS und M. BATSCHWAROWA

Die Féarbung des Heparins in den Mastzellen weifer Ratten wurde mit Hilfe von 18
verschiedenen Fluorochromverbindungen, bei unterschiedlichen histotechnischen Verhélt-
nissen fluoreszenzmikroskopisch untersucht. Verfasser suchten die Zusammenhdnge zwischen
den vorteilhaften histochemischen Eigenschaften der Farbstoffe und ihrer chemischen
Struktur aufzuklaren. Sie nehmen an, daB zum histochemischen Nachweis des Heparins
und dartber hinaus der sauren Mukopolysacharide die Fluorochromverbindungen mit starker
Kationnatur und die Métachromasie herbeifiihrenden Farbstoffe am besten geeignet sind.
Sie betonen, daB ihre Experimente Gruppenreaktionscharakter tragen, und die Ergebnisse
der F&rbungen bewerten sie nur unter den gegebenen histochemisch-histotechnischen Bedin-
gungen als Heparin-spezifisch.

®JIMOOPECLUEHTHO-TMUCTOXUMWNYECKOE WN3YYEHWE COEAVHUTEJ/IbHbLIX
TKAHEWN

111, ®nOOPECLEHTHO-TUCTOXUMUYECKOE M3YYeHMe renapuHa B TYYHbIX K/eTkax

n. Mmoagnw n M. BAYBAPOBA

OkpallVBaH/e renaprHa B TYUYHbIX K/ETKax GefibiX KPbIC 6bi10 U3YYeHO C MOMOLLbIO
18 pasNUUHbIX COEAVMHEHWI (IDOPOXPOMA, NPU Pa3IUYHBLIX TUCTOTEXHUYECKUX YCOBUSX B
(hNOOPECLEHTHOM MUKpOCKOMNe. ABTOPbl UCKAN CBS3W MeXAy 61aronpusTHbIMU TUCTOXUMU-
UecKMMM CBOWCTBaMU KpacuTeneil M UX XWMUYECKOW CTPYKTypoii. Mpeanonaraetcs, yto s
TUCTOXMMMYECKOTO BbIABNEHNA renapuHa M, CBEPX 3TOro, KMC/bIX MYKOMO/MCaxapnaos,
Han6onee NOAXOAALMMK SBASHOTCS COEAMHEHUS (IFOOPOXPOMA C CUMBbHOM KAaTMOHOBOW Npu-
podoii 1 kpacuTenu, obycnasamsatolLme MeTaxpomasuio. MoA4YepKMBaeTCS, YTO KCMEPUMEHTE
Mo OKpallMBaHUIO WUMEN XapakTep rPpynroBOi peakuyuu, U Pe3ynbTaTbl PAcLiEHMBAIOTCH Kak
renapuvHo-CrneLuguyeckue NMllb NpU AaHHLIX FTUCTOXMMUYECKMX W TUCTOTEXHWUYECKUX YCO-
BUSX.

Dr. Laszl6 MOdis: Debrecen 12, Hungary
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Univ., Plovdiv, Bulgaria
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FLUORESCENCE MICROSCOPIC METHOD
FOR THE DIFFERENTIATION
OF MAMMARY CONNECTIVE TISSUE COMPONENTS

L. MODis and Gy. Matolay

(Received January 27, 1969)

Two fluorescence microscopic methods suitable for the differentiation of special
and general connective tissues of the female breast are described. The procedures
are simple, selective and sensitive and give a good contrast effect. They allow the de-
monstration of certain stages of breast tumours.

Introduction

The normal ratio of the two kinds of connective tissue forming the
mammary stroma, the special (periacinal) and general connective tissue was
found to undergo a change in malignant diseases or in the stages preceding
them. In certain precancerous stages an increase of the finely fibrillar con-
nective tissue surrounding the acini was especially obvious. After the onset
of cancerous proliferation the amount of special connective tissue was found
to decrease again as observed by Van den Hooff [11], Propst [7] and
others in experimental skin tumours. In the case of breast cancer the con-
nective tissue theory of neoplasms described recently by Fromme [2] should
be taken in consideration; Bertels [1] and Konjf.tzny [6] also refer to the
primary role of connective tissue in carcinogenesis.

Distinction between the two types of connective tissue components can
be made in various ways.

a) Morphological differentiation. The special connective tissue is cha-
racterized by a fine fibrillar structure while the general stroma is rich in coarse,
occasionally hyalinized, collagen fibres.

b) Histochemical differentiation. The special connective tissue stains
metachromatically and gives a positive result with the reactions used for the
demonstration of acid mucopolysaccharides [3, 10] and the general stroma
contains PAS positive mucopolysaccharides.

¢) Employment of staining methods used for differentiating precollagen
from collagen fibres [4].

d) Polarization microscopic topo-optical reactions used for the dif-
ferentiation of different types of collagen [8].
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Methods

Two fluorescence microscopic methods have been worked out, allowing a simple and
reliable differentiation between special and general connective tissue components in the
precancerous female breast.

Method A

Fixation in Carnoy’s fluid, embedding in paraffin. After deparaffination

1. staining in 0.005% aqueous solution of Thiazine Red (5 minutes);

2. rinsing in distilled water;

3. staining in 0.1% aqueous solution of Blankophor R (Bayer) (5 minutes);

4. washing in distilled water (3 minutes);

. dehydration in alcohol, clearing with bergamot oil and mounting in Fluoromount
(Michrome).

Evaluation of the results was made with a Zeiss fluorescence microscope type HBO 50
with filters UG + GG.

Results. The epithelium stained a rusty-red, the collagen fibres and basal membranes
a bright whitish-blue and the finely fibrillar perinuclear connective tissue gave a faint fluor-
escence (Fig. 1).

Remarks. Blankophor R, a condensation product of 4.4’ diainino-2.2’ stilbene-disulphonic
acid— phenylisocyanate, is a bleaching agent employed in the textile industry, synonyms are
Lumisol RV, Blancol C, Leucofor R, Photin R, Phontamine White BR, Tintofen X, Rylux
C. |. Fluorescent Brightening Agent 30.

Its identity with the Blankophorin R mentioned by Ziegenspeck [12] is questionable.
According to our observations, Blankophor is selectively staining the old collagen elements
of the cornea [91

Method B

Fixation and embedding in paraffin as in Method A. After deparaffination,

1. staining in 0.1% aqueous Titan Yellow (Michrome) or Primulin (Chroma) solution
(20 minutes);

2. washing in distilled water;

3. rapid alcoholic dehydration, clearing in bergamot oil;

4. mounting in Fluoromount.

Evaluation of the results was done as in the former procedure.

Results. Epithelium and special connective tissue stain a faint yellow or brownish-
yellow. The coarse collagen bundles give a blue secondary fluorescence (Fig. 2 and Fig. 3).

Remarks. Staining with Titan Yellow gives a deeper colour than with Primulin. These
colour effects are visible only if UG -f- GG filters are used.

o

Results

The described colour reactions, as most of the histological stainings,
are due to an electrostatic binding. Binding of certain dye fractions might
be responsible for the blue fluorescence observed on staining with Primulin
and Titan Yellow. The exact chemical structure of Primulin is unknown and
as a rule, it is the mixture of several fractions of different properties [5].

The following control results seem to he of interest. The fibres of special
connective tissue react positively with alcian blue, show metachromasia with
toluidine blue, and assume a greyish-black colour if impregnated with silver
(Perdrau). The fibres of the general stroma are PAS positive and show a
black colour on silver impregnation. The histochemical reaction used for the
demonstration of protein (bromphenol blue) yielded a positive result with
both kinds of connective tissue. Under a mercury vapour lamp no auto-
fluorescence was observed in unstained sections.
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Fig. 1. Case No. 55. Fibrous mastopathy. Thiazine Red- Fig. 2. Case No. 6. Cystic mastopathy and mammary

Blankophor staining, UG -j- GG filters, x30. The collagen mesoplasia. Primulin staining, UG + GG filters, X30. The

fibres of the general stroma are light blue, the epithelium fibres of the general stroma are light blue and those of the

rusty red in colour. The fibres of the special connective special connective tissue are ochre yellow in colour
tissue give a faint fluorescence

Fig. 3. Case No. 52. Mastopathie tissue adjacent to carci-

nomatous area. Titan Yellow staining, UG -f- GG filters,

X24. The general stroma gives a bluish and the special
stroma a yellowish secondary fluorescence



FLUORESCENCE MICROSCOPIC METHOD 243

From the above it may be concluded that the differences in fluorescence
are first of all direct indicators of qualitative differences existing between
the proteins of the special and general connective tissue. The role of muco-
polysaccharides cannot be excluded but they seem to be — at least from the
point of view of our reactions — of indirect importance since they seem to
have no part in fluorochrome binding.
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FLUORESZENZ-MIKROSKOPISCHE VERFAHREN ZUR UNTERSCHEIDUNG
DER BINDEGEWEBE DER MENSCHLICHEN MILCHDRUSE

L. MODIS und GY MATOLAY

Verfasser beschreiben zwei Verfahren zur Unterscheidung des spezifischen Bindege-
webes vom allgemeinen Bindegewebe der Milchdrise. Die von den Verfassern entwickelten
fluoreszenz-mikroskopischen Farbungsverfahren sind selektiv, empfindlich, einfach durch-
fihrbar und kontrastreich. Sie eignen sich zur Untersuchung gewisser pathologischer Stadien.
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Biological membranes show orientated dye binding reactions, characterized by
strong anisotropy effects, with cationic dyes such as toluidine blue or rivanol if
appropriate post-staining stabilization is applied. According to their different topo-
optical staining characteristics, three types of biological membranes could be dis-
tinguished. In each type the orientated dye binding of toluidine blue was dependent
on the presence of structural lipids in the membranes. It could, however, be shown
that the lipids were only playing a role in the orientation of the dye molecules which
were hound by anionic dye binding sites on the non-lipid framework of the membranes.

Polarization optical data indicated that the dye molecules were intercalated
with their planes in parallel between the hydrocarbon chains of the structural lipids.
In this capacity the polar-apolar conformation and the flat molecular form of the dye
molecules is decisive. By determining the ratio between anisotropy and optical density
induced by the toluidine blue staining of different membranes, an indirect evidence
of their ultrastructural density could be obtained.

The orientated dye binding reactions of the EP membranes in pancreas acinar
cells, active fibroblasts, plasma cells and other protein secreting cells depended on
the ionic strength of the dye solution, and that of the EP of the liver cells, in addi-
tion, on the reduced state and on the use of the electron acceptor ferricyanide as a post-
staining precipitant. In this way indirect evidence of the ultrastructural organization
of the RNA of the EP and of the oxidoreductive state of liver cell EP was obtained.
Thus, the topooptieal staining reactions provide a new approach to the study of the
ultrastructural organization of biological membranes in physiology and pathology.

Evidence has been accumulating to show that biological membranes are
built up of a himolecular lipid leaflet sandwiched between two films of protein
containing some other associated structural compounds such as mucoids
(Lippman, 1968; Nakao and Angrist, 1968), glycoproteins (Eyrar et ah,
1962; W attach et al., 1966) and RNA (Birober and Potter, 1967a, h), and
in addition a considerable amount of structured water (Hechter, 1965).

This structural pattern originally inferred from the physicochemical and
functional characteristics of biological membranes, e.g. surface tension,
semipermeability, conductivity (Danierti, 1935; Davson and D ainielli,
1952), has been supported by the results of ultrastructural methods such as
X-ray diffraction (Bear et ah, 1941; Finean, 1953; Finean et ah, 1966),
polarization optics (Schmidt, 1936, 1940) and electron microscopy (Wolpers,
1941; Robertson, 1955, 1964; Stoeckf.nius, 1959, 1960, 1966). Recent
electron microscopic observations have led to the suggestion that besides
this lamellar membrane texture also globular lipoprotein subunits (Luzatti,
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1962; Sjostrand, 1963, 1964, 1968; Lucy, 1964; Branton, 1966; Robertson,
1966; Staeheuin, 1968) may contribute to the membrane structure, and a
reversible dynamic transition between these two forms may be related to
functional changes (Kavanau, 1965). It has often been suggested that lipids
are of basic importance in all biological membranes (Witimer, 1961; van
Deenen, 1966; O'Brien, 1967), where they interact with structural proteins
(Hatch and Bruce, 1968) and membrane-bound enzymes and are crucial in
many enzymatic activities (Garzo et al., 1952; Reich, 1961; Oparin et al,
1966) in cation (Jacob et al., 1967) and electron transport function (Green
and Lester, 1959; Redfearn, 1960; Fireischer et al.,, 1962; Green and
Fleischer, 1963), and in phagocytic and pinocytic activities ofthe membranes
(Rustad, 1959; Karnovsky, 1962; Brandt and Freeman, 1967)

The ultrastructural organization of membrane lipids is not accessible to
microscopic morphology. The lipid substances of the cytoplasm are, as often
stated, “invisible”. For this reason microscopic morphology could not be
much interested in the ultrastructure of lipids, and attention has mainly heen
directed to the visible accumulation of lipid substances in the cytoplasm
during fatty degeneration.

Even high resolution electron microscopy cannot afford a direct insight
into the molecular organization of membrane lipids mainly because of the
insufficient resolution power at the molecular level, and even the ultra-
structural localization of lipid substances, based on their reactivity with
0s04 seems to be problematic in view of the aspecific osmiophilic reaction
of proteins (Stoeckenius, 1962, 1966; Robertson, 1964; Napolitano and
Lebaron, 1967)

The two methods capable of providing definitive indirect information
about the molecular structural organization of membrane lipids are X-ray
diffraction, and polarization optics.

Polarization optics has already been applied in the study of structural
lipids in different membranes by several investigators (Schmidt, 1935, 1936;
Schmitt et ah, 1936; Romhanyi, 1949; Mitchison, 1953; Ponder et ah,
1956; R olthauser, 1956; Rohtich, 1956; Missmaht, 1957, 1958; Kautz
et ah, 1957). All these investigations were performed on unstained substrates
and based on the intrinsic birefringence of lipid molecules in the membranes
and showed that the lipid molecules were arranged with their greater refractive
index (their hydrocarbon chains) in perpendicular direction to the plane of
the membranes. In a previous study of the ultrastructural basis of the meta-
chromatic staining reaction [63] we briefly dealt with the staining reactions
of structural lipids, which were found capable of binding some metachromatie
cationic dyes in an ordered pattern, similarly to the metachromatie staining
of other classic chromotropes such as acid mucopolysaccharides (MPS). This
could, however, be achieved only when a post-staining stabilization of the

Acta Morphologica Acadcmiae Scientiarum Hungaricae 17, 1969



ULTRASTRUCTURAL ORGANIZATION OF BIOLOGICAL MEMBRANES 247

orientated dye-binding reactions with potassium ferricyanide was applied.
When in the course of our studies it turned out that the orientated dye-
stabilizing effect of potassium ferricyanide on the structural lipids was not
satisfactory, we developed a more effective way to stabilize the anisotropic
dye-binding reactions on structural lipids. This has made it possible to study,
by means of topooptical staining reactions, the ultrastructural organization
of the biological membranes, on which we shall report in this paper.

Materials and methods

Freshly fixed kidney, liver, pancreas and lung of rats and cats were investigated in
frozen sections. Fixation was performed in 10% neutralized formol solution for 24 hrs. In the
case of liver ergastoplasm membranes (EP), the anisotropic staining reaction of which was
found to depend on the oxido-reductive state, fixation was carried out in formol solution
[prepared with freshly-boiled (1/2 hr) distilled water], containing 0.05% sodium dithionite
as a reductant, or in formol solution under anaerobic conditions (kept over a mixture of
20% pyrogallic acid and 10% sodium hydroxide and sealed in a reagent tube) for 24 hrs.
Smears of human blood were fixed in 5% glutaraldehyde solution (buffered to pH 7.2 with
0.15 M phosphate buffer at 4°C for 1 to 24 hrs). To study the sensitivity of the topooptical
staining reactions in demonstrating ultrastructural damage to biological membranes, rat
kidneys were investigated after short-term ischaemia induced by clamping the vascular pole
for 15, 20 and 30 minutes and Kkilling the animals 2—24 hrs after releasing the clamping. To
analyze the role of the different structural components of the membranes in the topooptical
staining reactions the effect of lipid extraction and removal of RNA by ribonucléase and
perchloric acid were tested.

Lipid extraction was made in two ways, a) by treatment of the frozen sections with
absolute ethanol for 5 minutes, to extract the more labile lipids; and b) by treatment with
choloroform— methanol (1 :3) for 24 hrs, for complete extraction of the structural lipids.
RNA was eliminated either by treatment with ribonucléase (RNAse,crystallized, Reanal Buda-
pest, 2 mg/ml in neutral distilled water at 37°Cf or 4 hrs) or by extraction with 10% perchloric
acid at 4°C, for 18 hrs [3].The following topooptical-(staining)-reactions [63, 64] were applied.

Toluidine blue staining. Frozen sections were stained in 0.1% toluidine blue (buffered
at pH 3.5 7.0 with Michaelis Veronal sodium acetate buffer), to which sodium chloride
was added to adjust the ionic strength of the dye solution to 0.1 1.0.

The sections were stained on the slides for 10 minutes, blotted with filter paper and
then treated with the following précipitants: a) 2% potassium ferricyanide, or b) a 7:1
mixture of potassium iodide (2%) and potassium ferricyanide (2%) (KJ/ferricyanide) to
stabilize the dye molecules bound on the structure. The sections were then mounted in gum
arabic, containing the précipitants at a concentration of 0.2%.

The gum arabic layer was allowed to dry. In this state the preparations could either
be preserved for indefinite time or were sealed with Canada balsam and cover-slips.

However, when the sections were covered with cover slips, with the gum arabic still
liquid, a slowly-progressing fading of the toluidine blue ensued in about a year, probably as
a result of electron transport from the tissues to toluidine blue, mediated by ferricyanide.
If, on the other hand, the gum arabic layer was allowed to dry, no electron transport could
take place, and the staining reaction persisted constant for unlimited time.

Ethacridine (Rivanol)-staining (Aibert, 1951) was carried out with a 1% aqueous
solution. The staining procedure was similar to that with toluidine blue except that the sec-
tions were shortly rinsed after staining and before being treated with ferricyanide. Mounting
was similar as in the case of toluidine blue. For comparison the following cationic dyes were used :
methylene blue of the thiazine group, gentian violet, crystal violet and methyl violet of the
triphenyl-methane group, and the copper phthalocyanin dye alcian blue.

Light microscope observations and polarization optical analyses were made with a
Leitz Ortholux polarization microscope equipped with rotating compensators (18 m/i and
57 mft) and a Rerek compensator. Investigations in monochromatic light were made with
a Zeiss interference filter, and a Leitz monochromator. Quantitative dye binding was estimated
either with a Leitz cytophotometer of the “MPV” type, or calculated on the basis of the
exposition times of an automatic exposure set (Leitz Orthomat) in the light microscope.
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Observations

We found that in all biological membranes investigated so far the
orientated binding oftoluidine blue was dependent on the presence of structural
lipids in the membranes. Besides this general condition, we found three types
of membranes differing in their anisotropic staining reactivity with toluid-
ine blue.

Type | membrane. The orientated dye binding of membranes of this
type was not dependent (as in the Type Il membrane) on the ionic strength
of the dye solution and could best be stabilized by a post-staining treatment
with KJ/ferricyanide. Many cytomembranes, cell membranes, nuclear mem-
branes as well as the basement membrane belong to this type.

Type |l membrane is represented by the RNA-rich EP membranes in
pancreas acinar cells, plasma cells, active fibroblasts and protein-secreting
glandular cells. Anisotropic staining of these membranes with toluidine blue
was dependent, besides the presence of membrane-attached RNA, 1. on the
presence of structural lipids, 2. on the ionic strength of the dye solution
and 3. on a stabilizing effect best obtained by post-treatment with ferricyanide.

Type 111 membrane is represented only by the EP membranes of liver
cells, the anisotropic staining of which was found to depend, besides the above
conditions (1, 2 of Type Il membrane) 4. on the oxido-reduetive state of the
structure and 5. could be stabilized exclusively by post-staining treatment
with the electron acceptor ferricyanide.

Type | membrane
a) Optimum wav of dye stabilization

The main characteristic of the anisotropic staining reaction of this type
of membrane is the way in which optimum stabilization of the dye molecules
on the structure can be achieved. Potassium ferricyanide, initially used by
us as a general post-staining precipitant for anisotropic staining reactions
with toluidine blue and Rivanol (Romhanyi, 1963; Romhanyi and Deak,
1967), had excellent effects in stabilizing the orientated dye binding of acid
MPS, but did not produce standard effects on the lipid structures of different
cytomembranes. When investigating the possibility of optimum dye stabiliza-
tion on the structural lipids we tested different précipitants such as KJ,
KSCN, potassium ferricyanide, potassium dichromate, ammonium molybdate,
either alone or in their various combinations and we found that the best dye
stabilization on the structural lipids of Type | membranes could be achieved
by using a 7 : 1 mixture of potassium iodide (2%) and potassium ferricyanide
(2%) (freshly prepared every 2—3 days). The effect of KJ alone was found
not to be favourable, because of its tendency to form microcrystalline artefacts.
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The superiority in dye stabilizing of KJ/potassium ferricyanide (7 : 1)
over that of ferricyanide manifests itself in two effects: a) it exactly preserves
the original shades of colour of metachromasia not only on the classic chromo-
tropes (such as acid MPS) hut also on structural lipids and can, therefore,
he used for the study of visually weak metachromatic effects in light micro-
scopy; and b) it results in optimum stabilization of the anisotropic effects of
orientated dye binding on structural lipids. This effect is shown in Fig. la
where the cytomemhranes of the different segments of the nephron reveal
uniformly strong birefringence dvie to the orientated binding of the toluidine
blue molecules. After ferricyanide treatment (Fig. Ih) only the basement
membranes and the brush-borders of the proximal tubuli stand out as a result
of a strongly anisotropic staining, while the cytomemhranes of the distal
segments of the nephron are ([uite inconspicuous due to ineffective stabiliza-
tion of the dye molecules on the structural lipids of these membranes, which
appear in the light microscope as basal striations of the cytoplasm correspond-
ing to the basal infoldings of the cytomemhranes and to the membranes of
interposed mitochondria as seen in the electron microscope. The effect of
KJ/ferricyanide was found equally satisfactory on a large number of other
cytomemhranes. The intensive anisotropic staining reaction of the capillary
endothelial cell membrane is noteworthy. Even the red blood cell membrane
(Mitchison, 1953), which has an extremely weak intrinsic birefringence, can
readily be demonstrated by this method. Fig. 2 shows the strong anisotropic
staining reaction of the human red blood cell membranes in a glutaraldehyde-
fixed smear. This strong anisotropic effect of the staining is, in view of the
extremely weak (unmeasurable) intrinsic birefringence of the red cell mem-
brane, very remarkable and shows the possibilities which can be provided by
the topooptical staining reactions in ultrastructural studies. This is further
shown in Fig. 3 demonstrating the drastic decrease in anisotropic staining
reaction of the brush-border and cytoplasmic membranes of the proximal
renal tubuli as a result of early structural damage induced by 30 min ischaemia.
At the same time the dye binding is not diminished, only the orientation of
dye molecules is lacking. By contrast, the cytomemhranes of the distal tubuli
have retained their orientated dye binding capacity, as shown by their strong
birefringence. These examples demonstrate that toluidine blue staining fol-
lowed by post-staining treatment with KJ/ferricyanide can be regarded as a
standard procedure for polarization optical analysis of the ultrastructural
organization of membranes in physiology and pathology.

b) Orientation of dye molecules with respect to the structural lipids in membranes

Optical phenomena of anisotropy (dichroism and birefringence) induced
by dye molecules hound on the membrane indicate that they are orientated
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Fig. 1. Frozen sections of rat kidney stained with toluidine bine, a: post-staining fixation
with KJ/ferricyanide (7 : 1), b: with ferricyanide. Pictures on the left were taken under the
light microscope (A 560 mfi) and those on the right are the same fields between crossed
polaroids. There is a marked difference in anisotropic staining reaction between a and b.
In a the brush borders, the cytomembranes and basement membranes are strongly biré-
fringent as a result of the orientated dye binding. In b only the brush border and basement
membranes are strongly biréfringent, while the cytomembranes appear isotropic indicating
a random binding of the dye molecules ( X300)
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big. 2. Glutaraldehyde-fixed smear of human blood, stained with the toluidine blue KJ/fcrri-
cyanide method, a) under the light microscope in linearly polarized light (A 560 m/<) the
plane of which is marked by the arrow; b) the same between crossed polaroids. In b) the
strongly biréfringent red cell membranes are seen in the form of radially positive polarization
crosses, indicating radially orientated dye molecules on the membranes. In aj radially positive
dichroism of the red cell membranes can also be recognized. Both sectors of the red cell mem-
branes, orientated perpendicularly to the plane (marked by an arrow) of polarization of the
light, are dark, indicating that the dye molecules are aligned with their light absorbing bonds
radially to the membranes. Two leukocytes seen in the picture show very weak anisotropy
of their cytoplasmic membranes (x!200)

with their light absorbing bonds (the planes of the dye molecules) parallel
to the hydrocarbon chains of the lipid molecules in the membranes, inducing
an additive type of anisotropic staining reaction. (For classification of the
topooptical staining reactions, see RoiMhanyi and Deak, 1967a.)

Dichroism. Toluidine blue-stained membranes revealed dichroism of
different degrees, wdth maximum absorption for light polarized perpendicularly
to the plane of the membranes, indicating that the light absorbing bonds of
the dye molecules were arranged parallel to the hydrocarbon chains of the
lipid molecules in the membranes (Fig. 4). Dichroism is however often weak
or undetectable, in spite of the strong effect of birefringence in the same
preparation. This is due to the fact that dichroism is very sensitive to the
thickness of the specimen and is easily masked by the dye molecules of overly-
ing layers with different orientation. By contrast, the birefringence induced
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Fig. 3. Frozen section of rat kidney after 30 min ischaemia induced by clamping the vascular
pole and investigated 2 hr after releasing the vascular clamping. Toluidine blue KJ/ferri-
cyanide. aJUnder the light microscope; b) the same field between crossed polaroids. In b)
staining of the brush border and of the proximal tubuli is isotropic as an optical sign of early
damage to the cytomembranes of these segments of the nephrons. Two distal tubuli show
intensive birefringence in the cytoplasm indicating that the structural lipids have retained
their ability to align toluidine blue in an orientated pattern. Staining of the proximal tubuli
was orthochromatic, that of the distal tubuli metachromatic, under the light microscope.
For comparison see Fig. la ( X300)

by the orderly alignment of dye molecules on micellar textures is much less
disturbed by such factors.

C) Birefringence of toluidine blue-stained membranes

The dispersion curve of birefringence of the toluidine blue-stained
membranes shows a typical course (Fig. 5). There is increased negative bire-
fringence with respect to the plane (tangent) of the membrane for light of
the long wave side and positive birefringence for the short wave side of the
spectrum (63]. From the curve it can be seen that in order to obtain standard
comparable values for the anisotropy induced by the staining reaction, the
measurements of retardation must be made at constant wave lengths. We used
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Fig. 4. Frozen section of rat kidney, thick Henle-segment. Toluidine blue KlJ/ferricyanide. a) and b) the same field undei
the light microscope in linearly polarized light (A 560 in//), the plane of which is indicated by arrow's; c) the same between
crossed polaroids. The cytomembranes seen as “basal striations” appear in a) dark, in b) lighter; there is maximum absorp-
tion for light polarized perpendicularly to the length of the basal striations (negative dichroism). The basement membranes
show negative dichroism with respect to their length, they appear in nj lighter, and in bj dark. The negative dichroism of
both the cytomembranes and basement membranes indicates that the dye molecules are arranged with their light absorbing bonds
(the planes of their molecules) perpendicularly to the cytomembranes as well as to the basement membranes i.e. parallel
with the hydrocarbon chains of the structural lipids. In c¢) the strong anisotropic staining effect of the basal striations and
basement membranes is seen, the optical character being negative with respect to their length as optical evidence that the
dye molecules are orientated perpendicularly to the membranes (x!200)
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light of A580 m(. The intensity of anisotropy of the staining reaction can be
expressed by means of the index of anisotropy [63]:

induced anisotropy m/t . . . .
o ] , which varied from 5.0 to 0.2 with the different
original anisotropy mg

membranes.
The dispersion curve of birefringence (in Fig. 5) indicates that the dye
molecules are aligned with their light absorbing bonds perpendicularly to the

Fig. 5. The absorption and dispersion curves of birefringence of a toluidine blue-stained
brush border of rat kidney. 1. Absorption curve for light polarized perpendicularly to the
microvilli of the brush border. 2. Absorption curve for light polarized parallel with the micro-
villi of the brush border. 3. Absorption curve for unpolarized light. There is maximum absorp-
tion for light polarized perpendicularly to the length of the microvilli of the brush border.
4. Intrinsic birefringence of the unstained brush border (negative with respect to the length
of the microvilli). 5. Dispersion curve of birefringence of the toluidine blue-stained brush
border. There is an inversion of the negative birefringence to positive at A 530 T/n (at the
zone of the metachromatic absorption band of toluidine blue). 6. Spectral curve of bire-
fringence of ethacridine-stained brush border. There is increased negative birefringence for
the whole visible spectrum

membranes and in parallel with tlic hydrocarbon chains of the lipid molecules.
Thus both dichroism and birefringence may be regarded as an indication
that the toluidine blue molecules are arranged in parallel with the hydro-
carbon chains of the structural lipids in the membranes.

d) Optical effect of ethacridine of staining on membranes

Ethacridine staining induces a strong increase in anisotropy of the mem-
branes, which is, for the whole visible spectrum, negative in respect to the
plane of the membranes (Fig. 5), indicating that the dye molecules are arrangad
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with their greater refractive index (the plane of the dye molecules) perpen-
dicularly to the membranes. However, the absorption band of ethacridine
being in the near ultraviolet part of the spectrum — (between 430 360 mp)
the dispersion curve of birefringence of the ethacridine-stained membranes
could not be followed in its whole course and owing to a similar fact dichro-
ism, which would have been effective within the spectral region of the absorp-
tion band, could not be observed.

e) The role of membrane lipids in the topooptical staining reactions

Optical evidence indicates that the cationic dye molecules used (toluidine
blue, ethacridine) are bound to the membrane structure in pattern orientated
parallel with the hydrocarbon chains of the lipid molecules in the membranes.
The question arises what role the lipids play in this phenomenon.

We found that lipid extraction, although it did not diminish quantitative
dye binding, resulted in a complete lack of orientation of the toluidine blue
molecules as shown by the isotropic staining reaction, in contrast to the an-
isotropic staining of membranes with lipids present in them (Fig. 6a, b).
In lipid-extracted slices the staining of the cytomembranes was orthochromatic,
in the control slices weakly metachromatic, indicating a random aggregation
of the dye molecules in the lipid-extracted membranes and a micellar dye
aggregation in the membranes of the control slices (Romhanyi, 1963). Thus
both polarization optics and the phenomena of orthochromasia-metachromasia
provide evidence of the important role of structural lipids in the orientated
dye binding of membranes in a remarkable way inasmuch as they are only
essential for the orientation of dye molecules, but not for their binding, which
is brought about by anionic groups of the nonlipid components of the frame-
work of the membranes.

f) Ethacridine staining after lipid extraction

Lipid extraction did not abolish the anisotropic staining reaction of
membranes with ethacridine, only diminished it to about 30%. This provides
a possibility to study the topooptical staining reactions of biological mem-
branes with ethacridine also in paraffin sections (Somogyi etal., 1967). Ethacri-
dine molecules are bound to the membrane structure either by the negative
side groups of the protein framework of the membrane or by membrane-
attached RNA, which can be tested by ribonucléase treatment (Fig. 8).
In contrast to toluidine blue, ethacridine molecules thus appear to be able
to maintain an orientated arrangement on the protein structure of the mem-
branes without the presence of lipids in them. This may be explained on a
molecular structural basis, which will be discussed later.
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Fig. 6. Rat kidney. Toluidine blue KJ/ferricyanide. a) Incomplete lipid extraction (5 min

absolute ethanol treatment), b) Complete lipid extraction with chloroform-methanol for

24 hr. In a) the proximal tubuli show isotropic staining as a result of the loss of their more

labile structural lipids; the nuclear membranes of the distal tubuli, however, retained their

anisotropic staining reaction indicating relative resistance to extraction of their structural

lipids. In b) the staining is isotropic indicating random binding of the dye molecules. For
comparison see Fig la (X 300)
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7’iii- 7. Rat pancreas and surrounding lymph node tissue. Frozen section, toluidine blue/
ferricyanide (at 0.6 M NaCl concentration of the dye solution), a) In the light microscope,
b) the same between crossed polaroids. In It) the EP of pancreas acinar cellsis strongly biré-
fringent as a result of orientated dye binding on the membrane-attached RNA: in the lym-
phoid tissue strongly biréfringent cells are seen which can be recognized in a) as plasma
cells. The anisotropic staining of the plasma cells is due to their highly developed EP which
can be abolished by treatment of the slices with ribonucléase. The orientated dye binding of
the EP in pancreas acinar cells and plasma cells depended on the high ionic strength of the
dye solution (0.6 M NaCl content) in which the cell nuclei of the pancreas acinar cells and
those of the lymph node cells appear unstained (x!50)

g) Intercalation of dye molecules between the hydrocarbon chains of the
structural lipids in the membranes

The membrane orientation of the dye molecules by the structural lipids,
as observed in our investigations, is indicative of a close molecular interaction
between dye molecules and structural lipids. From this and the optical evidence
indicating a parallel arrangement of the dye molecules with the hydrocarbon
chains of the lipids one can conclude that the dye molecules are intercalated
between the hydrocarbon chains of the membrane lipids. This capacity of
the dye molecules is related to their polar-apolar molecular conformation,
which enables them to he intercalated between the lipid molecules, which
also have a polar-apolar molecular conformation (Fig. 12). Methylene blue
for instance, a thiazine dye, structurally closely related to toluidine blue hut
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Fig. 8. Paraffin section of cat pancreas stained with ethacridine/ferricyanide and viewed
between crossed polaroids, a) before, b) after ribonucléase treatment, a) shows the strong
birefringence of the EP, optically negative with respect to the length of the membranes,
induced by the orientated dye binding, which obscures the birefringence of the nuclear mem-
branes; in b) the anisotropic staining effect of the cytoplasm disappeared as a result of the
elimination of RNA, the anisotropic staining of the nuclear membranes persists although
decreased in intensity. This may he taken as evidence of an orientated RNA layer on the
nuclear membrane belonging to the EP, as known from electron microscopic observations.
The remaining anisotropic staining reaction of the nuclear membrane is due to orientated
dye binding on the negative side groups of the protein framework ( X450)

with symmetrically distributed electrically charged groups on the molecule,
was found incapable of being bound in an orientated pattern on biological
membranes although its binding capacity was not less than that of tolui-
dine blue.

The cationic dyes of the triphenyl-methane group and alcian blue were
not able to induce an anisotropic staining reaction. It is probably for molecular
steric reasons that they are unable to intercalate between the membrane
lipids.

h) Ultrastructural density of biological membranes

The intercalation of dye molecules in the membrane structure is depend-
ent not only on the conformation of the dye molecules hut, similarly, on the
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structural density of the membranes, which varies considerably with the
different biological membranes. The degree of toluidine blue intercalation
can, to some extent, he considered an optical sign of ultrastructural density
of the membranes, which can be expressed quantitatively as a ratio between
the anisotropy (A) and the optical density (D) of the staining reaction. As a

A
standard reference value the ratio of toluidine blue KJ/ferricyanide films,
often seen on a slide in the neighbourhood of the slices, was taken. In a number

25 m/<
of measurements on such films a mean value of 01 was found for

25
which in the form of 1. This can be taken as an
D X 250 0.1 X 250

optica] unit value for a toluidine blue KJ/ferricyanide film texture with

A
optimum orientation. It was now of interest to see what values could

be found for different membranous structures when they were stained with
toluidine blue KJ/ferricyanide. The following values were obtained: for brush

50 m/x 40 mlu
border, - = 0.5; for red cell membrane, - ; = 0.32; for mye-
0.4X 250 0.5x250
40 in/t

lin, =0.12; these ratios show that the de%ree of membrane orienta-

is X250
tion (intercalation) of dye molecules was different in the various membranes,
the optimum value being found in the brush border, which, however, only
reaches half the value of optimum dye orientation in the film. Myelin shows
a very low7degree of dye intercalation.

Type Il membrane

The anisotropic staining reaction with toluidine blue of the EP of
pancreas, plasma cells, fibroblasts and many other protein-secreting cells,
was markedly influenced by the ionic strength of the dye solution. At low
ionic strengths these membranes gave isotropic overstaining with toluidine
blue (Fig. 9) but at higher ionic strengths the staining reaction was anisotropic.
The maximum degree of dye molecule orientation on the EP appeared at
high ionic strengths (0.6 —1.0 M sodium chloride) of the dye solution, at
which the cell nuclei remained completely unstained (Figs 7, 9). The orientated
binding of cationic dyes by such membranes is due to their RNA content.
Ribonucléase treatment or extraction of RNA with perchloric acid abolished
this dye binding (Fig. 8). The RNA and lipid dependence of the anisotropic
staining reaction of the EP of pancreas acinar cells reported in detail earlier
(Romhanyi and Deak, 1967b) gives some indirect indication of the ultra-
structural organization of EP, wKich will he briefly discussed below.
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f rozen section of rat liver stained with toluidine blue/ferricyanide in a) at low
b) the same staining; at high electrolyte concentra-
tion (0.6 M NaCl). The pictures on the left were taken under the light microscope (A
560 m//) and those on the right between crossed polaroids. In the light microscopic pic-
ture of a) the cell nuclei and cytoplasmic granules show intensive staining which, be-
tween crossed polaroids, appears isotropic indicating a random binding of the dye molecules
on these structures. The light microscopic picture of b) reveals selective strong basophilic

Fig. 9.
electrolyte concentration (0.02 M NacCl).

Acta Morphologica Academiae Scientiarum Hungaricae 17, 1969



ULTRASTRUCTURAL ORGANIZATION OF BIOLOGICAL MEMBRANES 261

Type |1l membrane

The anisotropic staining reaction of the EP of the hepatic cell, the only
representative of this membrane type, was found to depend, apart from the
conditions described above for Type Il membrane, on the oxidoreductive

Fig. 10. Frozen section of formol-fixed rat liver, stained with toluidine blue/ferricyanide of
0.6 M NaCl content of the dye solution. The EP reveals strong birefringence as a result of an
orientated dye binding of the membranes of the EP. In the two black areas the staining
is isotropic as an optical sign of random dye binding on the EP resulting from spontaneous
photooxidation of the slice in bright day light (3 hrs) (x120)

state of the EP. It should be pointed out that in this case the staining reaction
could he stabilized exclusively by the electron acceptor ferricyanide. In the
oxidized state the EP of liver cells showed isotropic staining, in the reduced
state anisotropic staining (Figs 10, 11). In the former state the dye molecules

staining of the EP. At an electrolyte concentration of 0.6 M the cell nuclei remain unstained
due to the lower critical electrolyte concentration of DNA; between crossed polaroids the
same field shows intensive birefringence of the cytoplasm, resulting from an orderly align-
ment of the dye molecules on the EP membranes ( X560)
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Fig. 11. Two halves of a frozen section of rat liver oxidized in 3% H2 2for 5 minutes (a),

and then reduced with 0.1% sodium dithionite for 5 minutes (b). Stained with toluidine

blue/ferricyanide of 0.6 M NaCl content. Between crossed polaroids the staining in the

oxidized half (a) is isotropic, indicating a random dye binding on the EP. In the oxidized-

reduced half (b) the cytoplasm of the liver cells shows intensive birefringence as a sign of

orientated binding of the toluidine blue molecules on the membrane ultrastructure of the
EP in the reduced state (x200)

were bound at random on the RNA, but in the latter they were aliened in an
orderly pattern, parallel to the hydrocarbon chains of the lipid molecules
in the EP membranes. Thus an indispensable condition of orientation of the
dye molecules in the EP membranes of the liver cell is the presence of electrons
with which the electron acceptor ferricyanide can interact to bring about a
membrane orientation of the dye molecules hound by the membrane-attached
RNA (Fig. 13a). In the oxidized state (Fig. 13b), in which electrons are lack-
ing, such an interaction cannot take place, and therefore the dye-ferricyanide
complex bound to the RNA remains unorientated giving rise to isotropic
staining.
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Toluidine blue

Methylene blue

Rivanol

Fig. 12. Schematic drawing of the molecular conformation of the dyes used, showing the
polar-apolar conformation of toluidine blue and ethacridine, which enables them to inter-
calate between the polar-apolar lipids of the membranes (a). Methylene blue with its sym-
metrically distributed electric charge is not capable of membrane-intercalation. After lipid
extraction (b) toluidine blue molecules bound by the anionic binding sites of the membrane-
framework remain unorientated giving rise to an anisotropic staining reaction

Fig. 13. Highly schematic structural model of the staining reaction of the EP in liver cell,

depending on the oxidoreductive state. R: membrane-attached, and membrane-orientated

ribosomal RNA, M: lipoprotein membrane. In a), membrane orientation of the RNA-dye-

ferricyanide complex resulted from the interaction between the electron acceptor ferri-

cyanide and the electrons present in the reduced membrane. In b), the RNA-dye-ferricyanide

complex remains unorientated, resulting in isotropic staining because of lack of electrons to
interact with ferricyanide

To preserve the physiological reduced state of the EP membranes of
liver cells (Rapoport, 1966) it was necessary to apply either anaerobic fixa-
tion or a formol solution containing a reducing agent (sodium dithionite) and
further to protect the slices from photooxidation by bright day light prior
to the staining process. The oxidoreductive state, as reflected by the isotropic-
anisotropic staining reaction of the EP, was reversible. More details are to be
reported in a separate paper (Romhajnyi and b eax, 1969).

Discussion

The role of structural lipids in the topooptical staining of membranes

Polarization optical analysis of the orientated dye-binding reactions on
biological membranes affords a new means of studying their ultrastructural
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organization. A general characteristic of the anisotropic staining reaction of
membranes with the cationic dye toluidine blue is the dependence of the
reactions on the presence of structural lipids in the membranes, as shown
by the fact that after lipid extraction (even after short ethanol treatment of
formol-fixed slices) the ordered alignment of the toluidine blue molecules on
the membrane structure is completely abolished, although dye-binding is not
diminished (Fig. 6b). This suggests that the negative groups of choline con-
taining phospholipids are not freely accessible to the cationic dye molecules
in the membrane structure owing to steric factors, or because they are
compensated with the electron-positive group of choline (Bangham, 1964;
VAN Deenen, 1966) and are present as non-charged lipids. This is noticeable
as phospholipids in spot tests were found to give a considerable basophilic
staining, although this was found also to depend on the state of aggregation
(Sinapius, 1968). In our experiments, however, no basophilic staining of the
structural lipids in the investigated membranes was demonstrable with
toluidine blue. It appears, however, that in other membrane types, with more
anionic phospholipids such as phosphatidyl glycerol and sulpholipids a ba-
sophilic staining may be observed in the lipid component itself. Thus one
can conclude that, in general, the lipid molecules of membranes do not play
a role in the binding of cationic toluidine blue molecules and are essential
only for the orientation of dye molecules, hound by the negative side groups
of the non-lipid framework (proteins, mucoproteins, RNA) of the membranes.

Intercalation of dye molecules in the membrane structure

Polarized light data indicate that in the orientated dye binding reactions
of biological membranes the dye molecules are intercalated with their light
absorbing (retarding) bonds (molecular planes) in parallel between the hydro-
carbon chains of the lipids and, thus, their planes perpendicular to that of the
membranes (Fig. 12a).

The ability of the dye molecules to intercalate between the structural
lipids is largely dependent on their molecular conformation. Apparently only
cationic dye molecules with polar-apolar conformation and a flat molecular
shape are able to intercalate between the phospholipids of membranes whose
molecules similarly possess a polar-apolar conformation.

As shown in the diagram in Fig. 12 the polar-apolar conformation of
toluidine blue and ethacridine appears to render these molecules capable of
intercalation between the lipid molecules of the membrane in such a way
that their positively charged polar groups are confronted with the negatively
charged polar groups of the lipids, and their apolar molecular parts intercalate
between the apolar zones of the hydrocarbon chains.
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Methylene blue, structurally closely related to toluidine blue, is not
able to induce anisotropic staining of the membranes because it is unable to
intercalate between lipids. This is probably due to the symmetrical distribu-
tion of the electrical charges on the methylene blue molecule, which renders
it unable to intercalate in the lipid layer. Ethacridine, which has two electric-
ally charged groups, located not symmetrically but diagonally on the molecule
(Fig. 12), induces a strong anisotropic staining reaction of the membrane not
only when the lipids are present, but even after lipid extraction, when its
anisotropic effect has been decreased to about 30%, indicating that the mole-
cule with its two diagonally located charged groups is able to maintain a
certain degree of orientation even on the lipid-extracted framework of the
membranes. Toluidine blue, on the other hand, with its single charged group
located on one side of the molecule, is not able to maintain an ordered align-
ment on the membrane structure when the structural lipids are absent.

Ultrastructural density of biological membranes

The degree of intercalation of dye molecules between structural lipids,

A
as reflected by the ratio ,may he regarded as an indication of the structural

density of different membranes. The factors assumed to play a role in determin-
ing the structural density of membranes (0O’'Brien, 1965, 1967; van Deenen,
1966) are 1. the length of the hydrocarbon chains of lipid molecules; 2. the
number of unsaturated double bonds of the hydrocarbon chains that cause
their bending, which inhibits the intercalation of dye molecules; 3. the cho-
lesterol content, which has a condensing effect on the structure of the lipid
leaflet; and 4. the number of side chains of proteins bending back into the
interior of the membrane (Stoeckenius, 1960, 1962; Hatch and Bruce, 1968).

On the basis of the available data 0’Brien suggested that myelin, as a
metabolically inert membraneous structure which contains a large amount
of cholesterol responsible for about 50—60% of the birefringence of myelin
(Bubis and Wolman, 1962), could be regarded as one of the most tightly-
structured biological membranes. While cytomembranes such as mitochondrial
and ergastoplasmic membranes with relatively low cholesterol and high
phospholipid contents (Takeuchi and Terayama, 1965; Whittaker, 1966)
represent, in the view of 0’B rien (1965), a loosely-structured membrane type.

A
We found the lowest ~ value for myelin (0.12), which seems to indicate a

low degree of dye intercalation in it. This agrees with the dense ultrastructural
pattern as suggested by O0’Brien for myelin. On the other hand, the mem-
brane of red blood cells, which was regarded by O’Brien as a compact type
of membrane, showed a strong anisotropic staining reaction and a relatively
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high value for — ,in contrast to its extremely weak intrinsic birefringence

(Schmitt el al., 1936; Bear, 1941; Mitchison, 1953; Ponder and Barreto,
1956). This suggests a rather more loosely-structured membrane type in the
red blood cells. This indirect evidence is at variance with the view of 0’Brien
hut seems to agree with the electron microscopic observations revealing a
more porous structural pattern in lipid-extracted ghosts (Hoffman, 1956).

The role and nature of non-lipid dye-binding sites in membranes

Further studies are needed precisely to clarify the nature of the negatively-
charged dye-binding sites of the non-lipid framework of different mem-
branes such as protein, RNA (Romhanyi and Deak, 1967b) and mucoproteins
(Gieten, 1968, Nakao and Angrist, 1968). It remains especially to be
clarified what role the acid groups of mucoproteins (sialic acid or neuraminic
acid), as components of different cellular membranes (Eyrar et ah, 1962;
Patterson and Touster, 1962; Waltach et ah, 1966; Gieten, 1968; Kemp,
1968), play in the topooptical staining reactions of membranes.

The significance and nature ofthe acid groups ofthe EP in the orientated
binding of cationic dyes (toluidine blue, or ethacridine) is evident since their
anisotropic staining was found to be dependent on the presence of membrane-
attached RNA, and to be abolished by ribonucléase treatment or extraction
of RN A with perchloric acid. A special characteristic of the anisotropic staining
reaction of the EP with toluidine blue was its dependence on the ionic strength
of the dye solution. In agreement with electron microscopic and functional
data, analysis of the topooptical staining reactions of the EP of the pancreas
acinar cell, has led to the conclusion [66] that the RN A of the EP is membrane-
bound and membrane-orientated, which is related to its functional activity in
protein synthesis (Székety, 1965; Henshaw et al.,, 1963; Hendier et al,
1964; Hendrer, 1965; Brobel and Potter, 1967a, b). The topooptical stain-
ing reactions of the EP of the pancreas acinar cell, dealt with in a previous
paper (Romhanyi and Deak, 1967b), will be discussed here briefly.

The membrane attachment of ribosomal RNA has been inferred from
our finding that toluidine blue molecules bound by RNA are orientated by
the structural lipids of the EP membrane. This could be taken as evidence
of a close molecular structural relation between RNA and membrane structure.
Furthermore, it is obvious that membrane-attached ribosomal RNA can
serve as a basis for orientated dye-binding only when it itself possesses a
membrane-orientated molecular ultrastructure. Free, not membrane-bound,
ribosomes (25% of the total ribosomal population, Bilober and Potter,
1967a, c), distributed at random contribute to the overall basophilic staining
of the cytoplasm but not to the anisotropic staining effect, which is brought
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about only by the membrane-attached ribosomal RNA (75% of the total
ribosomal population in the liver cell) with its membrane-orientated molecular
conformation. Such an assumption of the ultrastructural organization of
membrane-attached ribosomal RNA, with its membrane-orientated molecular
structure, seems to be in agreement with what is suggested by functional
and electron microscopical observations (Sabatini et al., 1966; Birober and
Potter, 1967b; Frorendo, 1969). Based on their studies on the binding of
ribosome to the membrane, Biobel and Potter (1967b) suggested that the
ribosome had specific binding sites to interact with specific receptor sites on
the membrane, and that these binding sites are topographically related to
other binding sites on the ribosome for mRNA and transfer RNA in such a
way, that they become orientated in a definite way when the ribosome is
bound to the membrane.

This orientation then may sterically facilitate the complex molecular
interactions during protein synthesis. In this connection the ribonucléase
resistance of membrane-attached ribosomal RNA is of special interest. This
may be the result of molecular conformational changes of RNA induced by
the binding to the membrane, which renders the RNA resistant to the enzyme
reaction (Birobet and Potter, 1967h).

Another point of interest is the dependence of the orientated dye bind-
ing of EP on high electrolyte concentrations of the dye solution. The isotropic
staining of EP observed at lower electrolyte concentrations (Fig. 9a) appears
to indicate an overcrowding of the RNA surface with dye molecules, which
cannot be orientated by the membrane lipids. At high electrolyte concentra-
tions, however, a great number of the negative side groups of the RNA are
neutralized by adsorbed electrolyte cations so that the dye molecules bound
to the remaining negative binding sites can be orientated by the structural
lipids of the membranes (Fig. 9b). Scott and W ikett (1966) have shown
that RNA has a higher critical electrolyte concentration than DNA and is
therefore able to bind cationic dye molecules at electrolyte concentrations at
which DNA remains unstained, and the staining of RNA is only moderately
decreased. Our observations show, however, that at electrolyte concentra-
tions over 0.4 it is not simply a quantitative change in dye binding that
takes place, but also a qualitative one, i.e. a transformation of the random
binding of dye molecules into a paracrystalline ordered dye association on
the ergastoplasmic structure (Fig. 9b).

Evidence is accumulating to show that cations (Mg++) play an important
role in the structural organization and functional activity of ribosomes in
protein synthesis (Breittatt and Dickman, 1966; Dalilner and Nilsson,
1966; Moore and Asano, 1966) Y oung Sung Choi and Carr (1967) suggested
that the structural stabilization of ribosomes by Mg++ was not simply a
random aggregation of subunits, but that the subunits associated in an organ-
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ized pattern to form the biologically active particles in the E. coli cell. Mg+ +
can be displaced by other cations (monovalent, divalent) or by spermine or
protamine. The said authors assumed that such a competitive binding of
cations on ribosomes might be involved in the cellular control mechanism
of protein synthesis. It would be tempting to speculate about whether the
structural organizational effect exerted by cations on an orderly pattern of
dye binding on the EP could be compared to the organizational effect of
cations on the ribosomal structure in vivo.

Role of electrons in orientated dye binding of the EP membranes of liver cells

The conditions of orientated dye binding by the EP membranes in liver
cells are of special interest. The EP in liver cells, unlike those in other cells
such as pancreas acinar cells, plasma cells or fibroblasts was found to bind
toluidine blue molecules in an orientated pattern only in the reduced state,
and only if the electron acceptor ferricyanide was applied as a post-staining
precipitant. The explanation of the role of ferricyanide might be that, as a
very active electron acceptor, it interacts with the electrons present in the
reduced membrane structure and, in this way, a membrane orientation of
the dye-ferricyanide complex is brought about (Fig. 13). It is of interest to
note that in this orientated dye binding reaction of the EP membranes of
liver cells a complex is formed in which the following structural components
are involved: 1) membrane-attached RNA which binds the dye molecules, 2)
structural lipids which play a role in the orientation of the dye-ferricyanide
complex, 3) the electron acceptor ferricyanide, which interacts with the
dye molecules and with 4) the electrons present in the reduced membrane
structure. The result is a multifactorial complex of a highly ordered struc-
ture dependent on the electrons present in the reduced state of the mem-
brane. When all factors, except electrons, involved in this orientated dye
binding reaction are given, no membrane orientation of the dye-ferricya-
nide complex is possible because in the oxidized state no electrons are avail-
able for the ferricyanide molecules to interact with, and therefore the RNA-
dye-ferricyanide-lipid complex remains unorientated (Fig. 136). This type
of topooptical staining reaction is a special characteristic of the EP of
liver cells since EP in all other cell types failed to show such a dependence
of the anisotropic staining reaction on the oxidoreductive state. The physio-
logical reduced state of the EP membranes of the liver cell can be assumed
to result from the constant electron flow (Rapoport, 1966) during the metab-
olic dehydrogenating processes governed by the enzymes of the electron
transport chain. The EP of liver cells is known to be rich in electron trans-
porting enzyme systems, especially in flavoproteins, involved in different
metabolic dehydrogenating processes (Ernster et al.,, 1962; Nishibayashi et
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al., 1963; Ernster and Orrenius, 1965; Kamin et al.,, 1965). The orientated
dye binding of the EP of liver cells depending, among other ultrastructural
factors, on the reduced state, provides an essentially new approach for the
study of the functional activity of a biological membrane at the ultrastructural
electronic level (Romhanyi and Deak, 1969).
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DIE ULTRASTRUKTURELLE ORGANISATION BIOLOGISCHER MEMBRANEN
AUF GRUND VON TOPOOPTISCHEN FARBREAKTIONEN

GY. BOMIIANY! und GY. DEAK

Biologische Membrane zeigen mit kationischen Farbstoffen (Toluidinblau oder Etha-
eridin) orientierte, durch starke anisotrope Effekte gekennzeichnete Farbstoffbindungsreak-
tionen, falls nach der Farbung eine entsprechende Fixierung vorgenommen wird. Auf Grund
ihrer verschiedenen topooptischen Farbreaktionen lieRen sich die biologischen Membranen
in drei Typen unterteilen. Bei allen drei Typen war die orientierte Bindung des Farbstoffs
(Toluidinblau) an die Anwesenheit von Strukturlipiden gebunden. Es lieB sich indessen nach-
weisen, dall die Lipide nur in der Orientierung jener Farbstoffmolekile beteiligt waren, welche
durch die anionischen Farbstoffbindungsstellen am nichtlipiden Geriust der Membranen
gebunden wurden.

Die polarisationsoptischen Angaben deuteten darauf hin, daB die Farbstoffmolekiile
zwischen den Wasserstoffketten der Strukturlipide mit ihren Flachen parallel eingeschaltet
waren. Die polar-apolare Konfoimation und die flache molekulare Form der Farbstoffmolekiile
spielt hierbei eine entscheidende Rolle. Durch die Bestimmung des Verhéaltnisses der Aniso-

Actn  Morphologien Academit Scientiarum Hungaricae 17.



272 GY. ROMHANY!I and GY. DEAK

tropie zu der Toluidinblau-Farbung-bedingten optischen Dichte der verschiedenen Membranen,
konnte ein mittelbarer Beweis ihrer ultrastrukturellen Dichte erbracht werden.

Die orientierten Farbbindungsreaktionen der EP-Membranen vonPankreas-Acinuszellen,
aktiven Fibroblasten, Plasmazellen und anderen proteinsezernierenden Zellen hing von der
lonenstédrke der Farbstofflosung ab, und diejenigen der EP-Membranen von Leberzellen,
darliber hinaus, auch von ihrem reduzierten Zustand und von der Verwendung des Elektronen-
akzeptors Ferrocyanid als Fallungsmittel nach der Farbung. Auf diese Weise wurden indirekte
Beweise der ultrastrukturellen Organisation der Ribonukleinsdure des EP und des oxydo-
reduktiven Zustands der Leberzellen-EP erhalten. Die topooptischen Farbreaktionen lietern
mithin eine neue Anndherungsmoglichkeit bei der Untersuchung der ultrastrukturellen Orga-
nisation von biologischen Membranen unter physiologischen und pathologischen Bedingungen.

YNbTPACTPYKTYPHAA OPITAHU3ALUUA BUOSTOMMYECKNX MEMBPAH
HA OCHOBE WX TOMOOMTUYECKWNX LBETHbLIX PEAKUNN

. POMXAHbW u . AEAK

Buonornyeckne MemGpaHbl JAlOT C KATMOHHBIMW KpacuTensMu (ToNyUAMHOBas CUHbKA W
3TaKpPWUAMH) OPUEHTUPOBAHHbIE, XapaKTepu3yemble CU/IbHbIMU aHU3OTPOMHbLIMK  SddeKTamu,
peakLn CBS3bIBAHUS KPacUTENsl, eC/in MOC/e OKPallMBaHUS MPUMEHSIETC COOTBETCTBYHOLLAs
(prkcaums. Ha OCHOBE pas/IMUHbIX TOMOONTUYECKUX LiBETHbIX peakuuil yaanoch 060c061sTh TpU
TMNa GMONMOrMYecKUX MembpaH. OpUEHTMPOBAHHOE CBs3bIBaHWE KpacuTens (TONyWAWHOBON
CWMHbKM) 3aBUCWT Y BCEX TPEX TUMOB OT MPUCYTCTBUS CTPYKTYPHbIX Nunugos. OAHaKo, yaanoch
[0Ka3aTb, UTO IMNUZbI YPacTBYIOT IULLb B OPUEHTUPOBAHUM TEX MOJIEKY, KOTOPbIE CBS3bIBAIOTCS
MeCTamMu CBsI3bIBaHUS aHNOHHbIX KpacuTeseli Ha He-MMUAHOM OCTOBE MEMGPaHI.

Monspu3aLMoHHO-0NTUYECKME [aHHble YKa3biBAKOT Ha TO, YTO MOJEKY/bl KpacuTess
pacnonaranuch Mexay YrneBoAHbIMU LensMu CTPYKTYPHBIX NUNWA0B NapaniefibHo UX Moc-
KocTW. Pelalollylo pojib UIPaldT MpW 3TOM MOMSPHO-anonspHas KoHGopMauusi 1 naockas
MonieKy/spHas (popMa MoeKyn KpacuTens. OnpefeneHneM COOTHOLLEHWS MEXZY aHU30TpOnmei
1 OMTMYECKON NNOTHOCTLI, 06YC/IOB/IEHHOTO OKPALIMBAHWEM Pa3NUYHbIX MEMOPaH TONYWUANHO-
BOI CUHBLKOA, 6bIN0 NOMYYEHO KOCBEHHOE [0KA3aTeNbCTBO UX Y/bTPACTPYKTYPHOI MAOTHOCTY.

OpUeHTMPOBaHHbIE LBETHblE peakLny EP-MemGpaH aLWMHO3HbIX KNeTOK NoakenynouHoi
)enesbl, aKTUBHbIX (PUGPOBGNACTOB, NAa3MaTUUYECKUX KNETOK M MPouYMX NPOTEMHOCELEepPHUpY-
IOLMX KNETOK 3aBUCUT OT WOHHOW CW/bl pacTBOpa KpacuTens, a peakuum EP neyeHOUHbIX
KNETOK, CBEPX TOro, TAKXE OT PeAYKLMOHHOTO COCTOSIHWSI M MPUMEHEHWs 371eKTPOHHO-aKLen-
Topa (eppuliMaHMia B KauyecTBe MpeLMnuTaTopa Moc/e OKpallMBaHUs. TakuM 06pa3oM Gblio
MOMTyYeHO KOCBEHHOE [10Ka3aTefbCTBO Y/bTPacTPyKTYpHoOi opraHmsaumm PHK EP n okucnu-
Te/IbHO-BOCCTAHOBUTENILHOFO COCTOSHUS EP meueHouHbIX kneTok. CriefoBaTesibHO, TOMOOMTY-
UeCKOe OKpalUMBaHWE NpefoCTaBseT HOBYH) BO3MOXHOCTb W3Yy4YeHUS Y/bTPacTPYKTYpHOI
opraHusaunu 6rUoNornyeckux MemépaH Npu (KU3UONOTMYECKUX W NATONOFMYECKUX YCIOBUSX.

Dr. Gy0rgy Romhanyi

Koérbonctani Intézet, Pécs, Hungar
Dr. Gvorgy Deak gary
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TERMINAL ARBORIZATIONS IN SPECIFIC AFFERENTS
IN THE SPECIFIC THALAMIC NUCLEI

Tmerese Tombol

(Received May 22, 1969)

Branching pattern and shape as well as size of arborizations of specific sensory
as well as specific non-sensory afferents have been studied in the thalamic and geniculate
nuclei of the adult cat. The brush-like arborizations known from the classical descrip-
tion correspond to preterminal arborizations. Their terminal parts, the so-called ter-
minal branching units, are described and some speculations about the significance of
these branching patterns for synaptic linkage are presented.

The specific afferents are easy to define in the specific sensory nuclei
where the optic fibres, for example, are the specific afferents of the lateral
geniculate body (LGB), or the lemniscal fibres art' the specific afferents of
the ventrobasal nucleus (VPL and VPM). if used in such a restricted sense,
the term “specific” would have little if any meaning as one might then use
the term sensory (secondary or of nth order) afferent as well. This would even
have the advantage of being more straightforward and unequivocal. The
term “specific” aims at giving a somewhat more general meaning to the clas-
scifiation of pathways or fibres. It signifies a judgement or opinion that the
connexion which is labelled specific is characteristic solely of the nucleus in
question. It also includes the statement that the connexion in question is
instrumental in leading to (or from) the nucleus the decisive information
processed there. Conversely “non-specific” would mean connexions which are
not unique and characteristic and which do not convey the decisive information
processed in the nucleus under consideration. — In this sense the main
afferent systems of the non-sensory relav nuclei, for example the cerebellar
afferents of the ventralis lateralis nucleus (VL) and the mamillo-thalamic
afferents of the anterior nuclear complex can be regarded as specific. They
have obviously to be separated from descending cortical or subcortical as
well as from intrathalamic connexions.

This paper aims at clarifying, whether the specific afferents in the above
sense of specific thalamic nuclei have some common features and whether
they can be distinguished on the basis of their caliber, branching pattern,
size or shape of the terminal arbor and whether on this basis they could be
distinguished from other types of connexions in the same nuclei. The study
has been based chiefly on Golgi preparations and may be considered an essen-
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tial preliminary step for any attempt at a better understanding of the numer-
ical and spatial divergence and convergence or what this amounts to at under-
standing the topology as well as the geometry of the connectivity of the relay
from specific afferents to cortical afferents.

Due to difficulties in the Golgi impregnation of specific thalamic and
geniculate afferents, data concerning their arborizations are scarce and apply
mainly to the undeveloped thalamus of newborn animals (Cajair, 1911).
Some more information has been offered by the studies of O’Leary (1940),
SzeNtagothai (1963), Guillery (1966, 1967) and Peters and Paray (1966)
on the arborization of optic fibres. Specific afferents of the medial geniculate
body (MGB) have recently been analyzed by Morest (1963, 1964, 1965) and
by Majorossy and Réthelyi (1968), those of the YPL by Scheibel and
Scheibel (1966) and Tombs1 (1966/67, 1968). — The present study, although
comprising some material of newborn or fewr days old animals, has been based
mainly on findings on adult or near adult (2—3 months) material, in which
the arborizations had undoubtedly reached full maturity.

Methods

The present study has been based on 150 brain series from adult cats and 40 series
from kittens. For kittens either the original rapid Golgi procedure (double impregnation)
or its modification by Vaitverde (1962) was applied. As seen in Fig. 1, these methods ensure
an excellent all-over picture of the preterminal arborization, without staining the real terminal
expansions. This led to misinterpretations of the relation between specific afferents and
thalamic geniculate neurons, considered by Cajar (1911) pericellular nets or nests, a de-
scription still influencing the authors (Scheibel and Scheibel, 1966). Specimens from two
to three months old cats were treated with a new perfusion Golgi—Kopsch procedure (Szent-
agothai, 1963; Tembol, 1966/67) which — as seen in Figs 2 and 3 — is inferior to the original
rapid procedure in staining preterminal arborizations, but much superior in demonstrating
the real terminal parts of the arborization. Thus, both methods are essential for an under-
standing of the arborization as a whole.

Results

From all the terminal axonal or collateral arborizations in the specific
thalamic nuclei the specific afferents are showing the most characteristic
branching patterns with almost individual specificities in the nuclei. In spite
of some similarities the arborizations are different in the case of the specific
sensory afferents and the specific non-sensory afferents.

1. Specific sensory afferents. The all-over shape of the arborization is
that of a cone. In the newborn or young animal the cones are pointed (Fig. 1)
and are showing the brush-shaped telodendria so clearly described by Cajal
(1911) and more recently by Scheibel and Scheibel (1966). In the adult
cat, the arbors assume their final shape of a broad cone 300—400 p in di-
ameter, and around 200—250 p in height. It is, of course, rare that a suf-
ficiently well stained complete cone should be traced in the same preparation
(Fig. 2). Therefore, little can be said about the variations in shape and size
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Fig. 1. Arborization pattern of lemniscal fibre in VPL. Rapid Golgi picture, X800
Fig. 2. Arborization pattern of lemniscal fibre in VPL. Golgi Kopsch picture, X500
Fig. 3. Detail of terminal arborizations of optic fibre in CGL. Golgi Kopsch preparations,

X800
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Figs 4—5. Details of terminal arborizations of lemniscal fibre in YPL. Golgi—Kopsch
preparations, X500
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Figs 6, 7. 8, 9. “Terminal units” of optic fibres. Golgi Kopsch preparations, X500

of the cones apart from that their base is not circular but elliptic. The dif-
ference, nevertheless, between the brushes in the newborn and the relatively
broad cones shows clearly the considerable transformation occurring during
postnatal growth and the later development of the neuropil.

The remarkable new information supplied by the perfusion Kopsch
procedure in the adult material is the separation from the preterminal arboriza-
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Fig. 10a. Arborization tree of specific fibre shown diagrammatically
Fig. 10b. Arborization tree of lemniscal fibre shown diagrammatically

tion cone of the real terminal units (Fig. 3). The terminal part of the ramifica-
tions termed terminal units are grape-like arborizations of varying density
and size. An average terminal unit measures 20—45 microns in diameters
but some may be as large as 60 microns and others considerably smaller (10—30
microns). Each of the final branches terminates in a club-shaped thickening.
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\arious terminal units of lemniscal fibres of the VPL are shown in Figs 6, 7,
8 and 9. Terminal units do not occur in the whole space occupied hy the
arborisation cone. The apical part of the cone is usually devoid of terminal
units and cannot, therefore, be considered a synaptically active part of the
arborization. As indicated diagrammatically in Fig. 10, the terminal units
are confined to a disk-shaped basal part of the cone 100 to 150 microns high.

Fig. 11. Ramification of spino-thalamic fibre. Golgi—Kopsch preparation, X500

This disk-shaped region is the space in which the specific afferent is synaptic-
ally active. The number of terminal units within a specific afferent arboriza-
tion varies considerably between 50 and 150.

The arborization of spino-thalamic fibres in the YPL differs considerably
from that of lemniscal fibres, by expanding diffusely over a much larger
space. A diffuse lattice is established by such fibres which is not confined to
the boundaries of the nucleus. Terminal knobs are also arranged diffusely
and no accumulation of a larger number of boutons from the same afferent
occurs within any restricted space (Fig. 11).

2. Specific non-sensory afferents. The specific non-sensory relay nuclei
are in many respects similar to the specific sensory afferents, being either
large or medium size fibres with a definite arborization shape. Only in the
medial dorsal (MD) and the ventralis lateralis (VL) nucleus are the arboriza-
tions somewhat more diffuse and uncertain in shape and pattern. Arborizations
are less rich in the non-sensory relay nuclei and most of them occupy a smaller
space than in the sensory relay nuclei. A particularly characteristic pre-
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Figs 12, 13. Terminations (arrows) of non-sensory specific fibres in AV. Golgi—Kopsch
pictures, X500
Fig. 14. Terminal arborization of non-sensory specific fibre in AD. Golgi—Kopsch picture,
X500
Fig. 15. “Terminal unit” of non-sensory specific fibre in VL. Golgi—kopsch preparation, x 500
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Fig. 16. Arborization pattern of non-sensory specific fibre, in VL, shown diagrammatically

Fig. 17. Terminal unit “arrows” of optic fibre articulating with dendritic tuft of relay neuron
in CGL. Golgi Kopsch preparation, x 800
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terminal course can be observed in the anterior nuclei where the preterminal
part of the mammillo-thalamic fibres is often tortuous or curved. No real
arborization cones are formed. The terminal units or expansions are also
characteristic and resemble in shape the mossy fibres of the cerebellar cortex
(Figs 12, 13, 14), as correctly observed already by Cajal (1911). The arboriza-
tions of the cerebellar afferents in the VL are more closely resembling the
lemniscus afferents, particularly as concerns the terminal units (Fig. 15).
The preterminal arborization is more elongated, having two to three final
branches with as many and similar terminal units as the ends of two to three
collaterals given off at a distance from the final branching. Thus, the arboriza-
tion of the cerebellar afferents is not confined to disk-shaped spaces as seen
in the case of the sensory afferents but to an indistinct elongated region cutting
through part of the nucleus (Fig. 16).

Discussion

The introduction of the perfusion Kopsch procedure in the study of
Golgi architectonics in the thalamus and geniculate bodies of adult animals
has clearly shown that the classical description of the specific afferent arboriza-
tion needs some reconsideration. The brush-like arborizations revealed in
young animals by the rapid Golgi procedures correspond to preterminal
arborizations, neither does the description by Cajar (1911) of pericellular
nests as the mode of synaptic connexions do justice to reality. The scarcity
in all specific thalamic and geniculate nuclei of axo-somatic synapses as
revealed by the EM (Szentagothai et ah, 1966; Majorossy and Réthelyi,
1968) shows also that pericellular baskets, nests or calyces cannot be the mode
of articulation between specific afferents and relay cells. In the MGB, Majo-
rossy and Réthelyi (1968) have shown that the main dendrites of the relay
cells are almost completely devoid of synaptic contacts, which suddenly start
in large abundance in the regions of the dendritic tufts, i.e. where the main
dendrite breaks up into several secondary dendrites. In fact it is most com-
mon to observe the dense parts of what has been described as terminal units
(Figs 4 to 9) to interdigitate intimately with the dendritic tufts (Fig. 17).

The size of the terminal units agrees well with the size of the dendritic
tufts and the presence of numerous dendritic protrusions in the regions of the
dendritic tufts. This situation often observed in the perfusion Kopsch picture
has been interpreted by Szentagothai (1963), Szentagothai et al. (1966)
and Majorossy and Réthelyi (1968), in agreement with the results of EM
analysis, by assuming that the predominating site of synaptic articulation
between specific afferents and relay cells are the dendritic tufts of the latter.
From the functional point of view the intimate interdigitation between a
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dendritic tuft and a terminal unit would, by numerous contacts established
between the branches of the same axon on one and the same dendrite on the
other side, ensure an effective contact. Szentagothai (1967) has based some
interesting speculations on the mode of synaptic action of a single terminal
unit on a number of relay cells and interneurons, if the distribution of these
elements were at random. Taking, however, into account the extreme degree
of specificity that seems to emerge from everything what recent physiological
evidence is constantly bringing up in the field of connexions between specific
afferents and relay cells, it is probably better to abandon in further specula-
tions the idea of randomness and to assume a high degree of specificity.

Starting from the data obtained for the specific sensory afferents in
the YPL or the LGB, according to which the number of terminal units — and
thus the number of potential major (multiple) synaptic sites — would be
between 50 and 150 per afferent, and assuming that all these would be in
contact with dendritic tufts of relay cells, the number of relay cells contacted
by a specific afferent would be around 5—20. This number follows from the
fact that each relay cell has about 5—10 main dendrites and as many dendritic
tufts. This calculation, however, is based on two unlikely assumptions, viz.
(i) that all dendritic tufts of any given relay cell are occupied by the terminal
units of the same afferent and, (ii) that the same dendritic tuft is involved
with a single terminal unit. If these assumptions would not hold true as is
probably the case — the number of relay cells contacted by a single sensory
afferent must be still higher. It is impossible to proceed further without
having data on cell numbers and dendrites. However, so much is clear from
these considerations, that the anatomical findings presented are irreconcilable
with the assumption of a one-to-one relation (or one close to this figure)
between afferents and relay cells.

The differences between specific sensory and non-sensory afferents are
only quantitative and concern the shapes of the tissue area encompassed by
the afferent axon arborization. Particularly the cell groups contacted by the
individual mammillo-thalamic afferents may be smaller or at least narrower.
The tortuous course of the afferents does not suggest that any simple geo-
metric grouping could be present in the anterior nuclei. In the YL, the arrange-
ment of relay cells contacted by the same afferent are relatively narrow groups
longitudinally arranged in ateroposterior direction.
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CHARAKTERISTISCHE ENDVERZWEIGUNGSMUSTER DER SPEZIFISCHEN
AFFERENTEN FASERN IN DEN SPEZIFISCHEN THALAMUSKERNEN

THERESE TOMBOL

Das Verzweigungsmuster sowie auch die Form und das AusmaB der Arborisation
der spezifischen sensorischen wie auch der spezifischen nichtsensorischen afferenten Fasern
wurde in den Thalamuskernen, ferner in den Kernen des Corpus geniculatum erwachsener
Katzen untersucht. Die aus der klassischen Beschreibung bekannte biirstenartige Arborisa-
tion entspricht nur der prdterminalen Verzweigung. Verfasserin beschreibt die Endteile der
Arborisation, die sog. terminalen Verzweigungseinheiten, und stellt Theorien in bezug auf
die Bedeutung dieser Verzweigungsmuster in der Herstellung synaptischer Verbindungen auf.

XAPAKTEPHbIE CBOWCTBA KOHLIEBbIX PA3BETBNEHUW CMELUUWOUYECKNX
APPEPEHTHBLIX BO/IOKOH B CMNEUNP®UYECKNX AOPAX TANAMYCA

T. TEMBEN

Pa3BeTB/EHMe, (opMa M pas3Mep apbopM3aLMK CeLMMUYECKUX YyBCTBATENBHBLIX W Crie-
LM(UYECKNX HEUYBCTBUTE/bHLIX BOSIOKOH M3yyasuch B sifpax Tanamyca U KOMeHYaToro Tesa
B3POC/bIX KOLLEK. VI3BECTHbIE M3 KNAacCUYECKOro OMUCaHMs apbopusaLn B BUAE LETKM COOTBET-
CTBYIOT MWL MPEAKOHLEBLIM pa3BeTBNeHUsM. [laeTcs ONMcaHUe KOHLEBbIX vacTeil ap6opu-
3alu, TaK Has. KOHLEBbIX €VHUL, PA3BETBEHNA W BbIBUrAlOTCA TEOPUM O 3HAYEHUM 3TUX
apobopuzauuii B CO30aHUM CUHANTUYECKUX CBS3eil.

Dr. Therese Tembes1: Budapest IX., Tlzolté u. 58., Hungary
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TWO TYPES OF SHORT AXON (GOLGI 2ND)
INTERNEURONS IN THE SPECIFIC THALAMIC NUCLEI

Therese Tombol

(Received May 22, 1969)

Two types of short axon (Golgi 2nd) interneurons can be distinguished in
perfusion Golgi—Kopsch preparations in the specific nuclei of the cat’s thalamus.
Distinction of the two types is based primarily on the length of the axon. The axon-
arborization of the Golgi 2nd type a neuron does not extend beyond the span of the
dendritic tree, whereas the axon of the Golgi 2nd type b neuron ramifies in a consider-
ably larger area. The axon of this type connects different intranuclear regions and
layers. — Connections of the Golgi 2nd type a neurons both with relay and with other
Golgi 2nd type interneurons have already been established but those of the type b
interneurons have not yet been clarified.

Introduction

Beside the relay or projective neurons in the specific thalamic nuclei,
the second main cell type are relatively short interneurons corresponding in
many respects to Golgi 2nd type neurons. They were described in the last
century hut their functional significance has been brought into focus only
recently by physiological observations. As these neurons by their locally
branching axons can only affect their immediate neighbourhood, they might
be considered an important factor of intranuclear synaptic organization.
Monakow (1895) termed them “Schaltzellen”, a name supported by the
morphological observation of specific afferents terminating on these cells in
some of the nuclei. This was, however, not corroborated by the observations
of Andersen et al. (1964, 1966).

The Golgi 2nd type interneurons are small or medium size cells with
long and sparsely branching dendrites usually covered by spines. Their axons
arborize profusely but the arborization as a whole is confined to the immediate
neighbourhood of the cell. Ramén y Cajal (1911) did not distinguish the
two main neuron types in all thalamic nuclei. Both in the description and
in the figures reference is made to small irregular cells having axons that
ramify immediately after their origin from the cells. In recent Golgi studies
(Morest, 1964, 1965; Guillery, 1966, 1967; Sciieibel and Scheibel, 1966)
these small cells are mentioned without giving details.

The ratio of the two main cell types — relay and Golgi 2nd type neu-
rons — was established by counting the large and small cell bodies in cresyl-

Acta Morphologica Academiae Scientiarum Hungaricae 17, 1969



286 T. TOMBOL

violet stained preparations (Me Lardy, 1963; Tombsl et al., 1968). The
assumption that the axon of Golgi 2nd type cells terminates mainly on relay
neurons has been verified in Golgi studies (Tembor, 1965, 1966/67, 1968;
Szentagothai et al.,, 1966).

It has been recognized during these studies that two types of short
axon interneurons can be distinguished in most of the specific thalamic and
geniculate body nuclei. A detailed account of this is presented below.

Methods

For studying the thalamic interneurons various modifications of the Golgi method
were applied. The observations are based on 150 complete series of the thalamus of cats
around or slightly over 2 months of age stained with the perfusion Kopsch procedure and
on 40 rapid Golgi stained (classical double procedure or Yalverde’s modification, 1962) series
of newborn to one week kittens. The interneurons stain well with both the classical Golgi or
its Valverde modification and the perfusion Kopsch procedure but the latter technique usually
warrants a better impregnation of some important structural details such as the dendrites,
dendritic spines, as well as of the axonal arborizations of the Golgi 2nd type neurons.

Results

A survey of the main characteristics of a great number of interneurons
with short or relatively short axons gave the impression that two different
types of such neurons might be distinguished on the basis of their axon
arborization pattern. Specific observations have shown that such a distinc-
tion is justified and the two types have been termed Golgi 2nd type a and
Golgi 2nd type b respectively (Figs la, b).

The size of the cell-body of interneurons shows considerable variations
of the two (the short and the long) diameters (8—12 u, and 12—18 p, respec-
tively). The only difference between the two subtypes with respect to size of
the cell hodv is that the cells of subtype a may have any size within the
above range, whereas the size of subtype b is always on the upper side of
the scale.

No essential difference between the two subtypes can be noticed in
dendrites, dendritic spines or general pattern of dendritic arborization. Cor-
responding to the larger size of the cell body, the dendrites of subtype b are
often somewhat thicker than those of subtype a. There are some minor dif-
ferences in dendritic arborization and dendritic spines both being somewhat
more profuse or aberrant in subtype b. This, however, would not suffice to
separate the two subtypes (Figs 2a, b).

In the lateral geniculate body (LGB), where a specific kind of dendritic
spines can be observed in subtype a, the two kinds of interneuron might also
be differentiated on the basis of the dendritic tree (Fig. 3).

The main difference between the two kinds of interneuron is in the
character of the branching of the axon, particularly in the distance bridged
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by the whole ramification. The axon of subtype a, originating either from a
principal dendrite or directly from the cell body, ramifies usually by repeated
dichotomy into branches of equal thickness immediately after its origin. The
space engulfed by the total ramification is small and does not, in general,
exceed the size of the dendritic tree. The arborization is dense (Tombél,

1‘igs la, b. Golgi 2nd a and b subtype neurons shown diagrammatically

1966/67) having the shape of a more or less regular disk (Fig. 4). Owing to the
small number of dendrites, the dendritic tree does not show a spheric arboriza-
tion. The axon ramification of subtype a may partly share the space with
the dendritic area, or may be shifted partially or totally in parallel to the latter.
Less often the main diameter of the two arborizating disks, that of the den-
dritic and the axonal, may deviate considerably in direction. The two (the
long and the short) diameters of the axonal discoid ramification spaces if
elliptic measure 300—400 )i and 150—200 (i, respectively, and are about 50 —
100 /1 in height (Fig. 5).
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Fig. 2a. Golgi 2nd subtype a neuron, Golgi—Kopsch preparation, X500
Fig. 2b. Golgi 2nd subtype b neuron, Golgi—Kopsch preparation, X500

The axon of subtype b can be traced as far as 700—800 /n (Figs 6 to 9).
Its axon may originate directly from the soma or from one of the main
dendrites. The axon is somewhat thicker than that in subtype a. The axon’s
arborization begins either immediately after its origin, or at a distance from
the cell. In the first case two main branches of equal thickness arise from the
axon; they can both be traced as far as 700—800 fi. One of the secondary
branches, however, gives rise to a secondary branch which terminates in a
dense arborization in the close neighbourhood of the cell. The main axon
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Fig. 3. Golgi 2nd subtype a neuron in CGL. Arrow shows the axon and its ramification.
Golgi—Kopsch preparation, X500

Fig. 4. Golgi 2nd subtype a neuron in VPL. Arrow shows the axon and its ramification.
Golgi—Kopsch preparation, X200

branches are gradually tapering, giving rise to numerous short and poorly
ramifying side branches. The terminal ramifications of the main branches
form similar terminal arborizations (Figs Ib, 10, 11, 12). In the second case
only few collaterals arise from the main axon to ramify near the cells or at a
small distance from their origin. The stem of the axon leaving the territory
of the dendritic tree has a sparse terminal ramification.
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Connexions between the axon ramifications of subtype a neurons and
the relay neuron have been shown both in Golgi and EM studies (Tembeo1,
1965, 1966/67, 1968; Szentagothai et al.,, 1966) (Figs 13, 14). The synaptic
relations of the axons of subtype b interneurons are more difficult to evaluate,
as due to the larger expansion of the terminal ramification of the axon, one
is less likely to find convincing synaptic contacts in the Golgi pictures. The
number of terminal knobs counted in the axon arborizations of interneurons
is considerable: 20—50 in subtype a and 20—70 in subtype b.

Fig. 5. Ramification space of Golgi 2nd subtype a cell axon shown diagrammatically

W hether or not a neuron with short axon is considered a Golgi 2nd type
neuron is often somewhat arbitrary. Subtype a corresponds in every respect
to the classical definition of Golgi 2nd type neurons with respect to both the
immediate arborization of its axon after its origin and the formation of a
relatively dense terminal arbor in the close vicinity of the cells of origin.
This is not so simple in the area of subtype 6, which satisfies neither of these
criteria. On the other hand, the similarity in various characteristics of the
perikaryon and the dendrites would certainly favour the view that the two
subtypes belong to the same category of neurons. The material studied offered
convincing evidence that the axons of subtype b although by no means short
in the sense of Golgi 2nd type neurons, does not leave the nucleus on which
the cell is located. They do, however, establish connections between different
divisions of the same nucleus. In the ventrohasal nucleus (VPL) dorsally
situated subtype b interneurons send their axons to ventral parts of the
nucleus and the reverse. In the LGB the axons of subtype b interneurons
cross the borders between neighbouring layers (from A to A, in the cat) and
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Figs 6% 7. Golgi 2nd subtype b neurons in VPL and MI). Arrows indicate the axons. Golgi—
Kopsch, X200

vice versa. In the MGB even axons from cells in the medial division have
been traced into the dorsal division of the same nucleus. These observations
may offer some clues for understanding the functional significance of the two
kinds of interneuron.

Discussion

There is, in most cases, no direct approach to the functional interpreta-
tion of structural details of any definite network, apart from the obvious
conclusion that the presence of local interneurons means local interactions
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Figs 8, 9. Golgi 2nd subtype 6 neurons in MD and VPL. Axons and their ramification are
indicated (ax). Golgi—Kopsch, x500

between the neurons of this network. Further conclusions have to be based
on indirect evidence, analogies and an attempt to compare physiological facts
with structural data.

The characteristically Golgi 2nd subtype a interneuron has a narrow-
field of action that might affect 5—10 other neurons, from which 1—3 (Tembos 1,
1968) might be other interneurons and the rest relay cells. There is some
evidence to the effect that interneurons with short axons are often inhibitory
in function. The existence of inhibitory interneurons in the VPL has been
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postulated by Andersen et al. (1964), to explain the observation of intra-
nuclear recurrent inhibition, and a probable anatomical pathway via recurrent
axon collaterals of relay cells, Golgi 2nd type interneurons, and back to
the relay cells, has been shown to exist (Tembol, 1966/67). The observations
by Andersen and Eccles (1966) that part of this recurrent inhibition is
presynaptic, might be explained by axo-axonic synapses in the VPL, although
there is no evidence that in these axo-axonic synapses the terminals of local
interneurons are presynaptic to the specific afferents of this nucleus.

Fig. 10. Axon ramification of Golgi 2nd subtype b neuron in VPL. Golgi Kopsch. 500

The abundance of local interneuron terminals in the glomerular synaptic
complexes in the LGB (Szentagothai et al.,, 1966) and in the synaptic clusters
of the MGB (Majorossy and Réthelyi, 1968) is in agreement with the large
number in these nuclei of subtype a interneurons (Tombosl, 1965, 1968). The
small and often flat vesicles of these terminals (Pecci-Saavedra and Vacca-
rezza, 1968; Majorossy and Réthelyi, 1968) would strongly suggest their
inhibitory character — provided that Uchizono’s concept (1965) is correct.
It would be difficult to believe that this great wealth of inhibitory terminals
should be serving exclusively recurrent inhibitory phasing of the discharge
of relay cells. Various other possibilités have been discussed by Szentagothai
(1967, 1968). Collateral inhibition, assumed in the VPL by Poggio and
Mountcastle (1963) and sharpening of contrast in the LGB (Jung, 1960)
might be one of these, but many other transform functions could be envisaged.

No functional explanation can be offered for subtype b of interneurons.
Not having identified their synaptic contacts under the light microscope and
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Fig. 11. Arrows indicate axon ramification of Golgi 2nd subtype b neuron. Golgi—Kopsch,
X 200
Fig. 12. Arrows indicate axon and its ramifications in Golgi 2nd subtype b neuron. Golgi—
Kopsch, x800

particularly under the EM it is not even known on what type of neuron they
might act. There is, however, one piece of information available which might
prove as a hinge by which the whole question can be removed from its present
deadlock. The fact that subtype b interneuron axons cross from one layer
of the LGB into another, points dearly to their role in binocular interaction
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1'igs 13, 14. Contacts (arrow) with dendrites of relay cells of Golgi 2nd subtype a neurons
in CGL and MI). Golgi—Kopsch, x 800

on the geniculate level. Of this, so far little is known apart from some evidence
of it being largely inhibitory (Freund et ah, 1969). This would he in accord
with the similarity of the cells and dendrites of subtype b and a, and their
Golgi 2nd character.
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ZWEI TYPEN VON KURZEN AXON (GOLGI 2)-INTERNEURONEN
IN DEN SPEZIFISCHEN THALAMUSKERNEN

T. TOMBOL

An Perfusionspraparaten nach Golgi Kopsch lassen sich in den spezifischen Tha-
lamuskernen der Katze zwei Typen von kurzen Axon(Golgi 2)-Interneuronen unterscheiden.
Die Unterscheidung der beiden Typen beruht hauptsachlich auf der Lange der Axonen. Die
Axonarborisation der Golgi-2-Neuronen vom Typ »a« erstreckt sich nicht Uber die Ausdeh-
nung des Dendritenbaumes hinaus, wéahrend sich die Axone der Golgi-2-Neuronen vom
Typ »b« erheblich weiter verzweigen. Die Axone dieses Typs stellen die Verbindung zwischen
verschiedenen nuclearen Bereichen und Schichten her. Verbindungen zwischen den Neuronen
Golgi 2 Typ »a« sowohl mit den Relay-Interneuronen als auch mit den Interneuronen von
anderen Golgi-2-Typen wurden bereits friher nachgewiesen, wahrend die Verbindungen der
Interneuronen vom Typ >ix bisher noch nicht geklart werden konnten.

OBA TUMA AKCOHO-(TOMIbAXWN 2)-UHTEPHEMPOHOB B CMELUM®UYECKUX
AOPAX TANAMYCA

T. TEMBEN

Ha nepgysnoHHbIX npenapatax no [onbmpku—Kponwy B chneumduyecknx sapax
Ta/lamMyca KOLUEK MOXHO 060co6naTb ABa TUMAa KOPOTKMX aKCOHO-(MOMbIXKW 2)-UHTepHeid-
poHoB. O60CO6NEHE iBYX TWUMOB OCHOBBLIBAETCS T/1aBHbIM 06Pa30M Ha [/IMHE aKCOHOB. AKCOHO-
ap6opu3aL s HelipoHOB T0bAXKKM 2 TUMNa «@ He PacrnpoCcTPaHseTcs 3a NPOCTUPaHUEM AeHAPUTH-
UECKOro flepeBa, Toraa Kak akcOHbl HepoHOB [onmku 2 Tuna «&» pasBeTBASKOTCS Ha ropasno
GO/bLIEM PACCTOSIHUU. AKCOHbI 3TOTO TUMA COEAMHSIIOT Pa3NUuHble BHYTPUSAEPHbIE 30HbI U
cnoH. CBsi3n Mexay HelipoHamu OMbKU 2 TWMNA «@ C pefie-MHTepPHEpOHaMn U ¢ WHTepHeid-
POHaMK pyroro TUna Monbmku 2 6bln BbIACHEHb! YXXe paHblue, B TO BpeMS KaK CBA3U MexXy
MHTEPHENPOHaMM TUNa «O» [0 CUX MOp elle He YAANO0Ch BbISCHUT.

Dr. Therese Tombos1 Budapest 1X., T@zolté u. 58., Hungary
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QUANTITATIVE ASPECTS OF NEURON ARRANGEMENT
IN THE SPECIFIC THALAMIC NUCLEI
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Quantitative studies on the specific thalamic nuclei gave the following results.

1. The ratio of thalamo (geniculo)-cortical relay cells to Golgi 2nd type
varies between roughly 2 : 1 and 3 : 1 in the relay and on the basis of more indirect
reasoning approximately 4 : 1 in the elaborative (associative) nuclei.

2. Cell nuclear volume measurements reveal the presence of two distinct cell
groups in the relay nuclei. No such separation of two cell populations appears in the
nuclear spectra of the elaborative (associative) nuclei.

3. The spheric dendritic tree of the relay neurons can be divided on the basis
of its synaptic relations into three zones, (a) a central space; (b) an interior zone;
and (c) an exterior zone.

4. No such division into zones is possible with the dendritic arborization of
Golgi 2nd type neurons.

Introduction

Correct interpretation of the functions of various neuron networks de-
pends on the understanding of the interneuronal connexions. Comprehension
of the geometry and topology of a neuron network as a connectivity system
is greatly facilitated hy the regularity of arrangement. The regular arrange-
ment of the neuronal elements facilitated, for example, in the cerebellum
the early development of synaptology (Ramén y Cajar, 1911) and later its
structural analysis on the ultrastructural level and its functional elucidation
(literature summarized by Eccies et al. in 1967).

A simple regularity in the geometric sense is not found at all or is rarely
recognizable in the arrangement of the elements of the specific thalamic
nuclei. Yet, even if there is no true geometrical regularity one might look for
some general principles of structure or arrangement that could help determin-
ing — at least in some approximation — the general synaptic and connection
arrangements. Several authors have realized (Jung, 1960; Andersen et al.,
1962, 1964; Mountcastle et al., 1963) that the arborization pattern of the
specific afferents must he the most important factor of neuron connectivity.
SzentAgothai (1967) has tentatively proposed a model of connectivity in the
specific thalamic nuclei, emphasizing that the features of crucial importance
are 1. the arborization pattern of specific afferents; 2. the types of neurons,
their relative numbers and densities; 3. the pattern of their dendritic ramifica-
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tion; and 4. the local connexion between the different types of neurons. The
model of Szentagothai (1967) was based on the assumption of a quasi random
spatial distribution of the terminal ramifications of specific afferents relative
to the dendritic arborization of the nerve cells. As shown, however, in a pre-
ceding paper (Tombs1, 1969), even the final parts of the axonal arborizations,
the so-called terminal units, are not of random distribution. An investigation
into the quantitative aspects of the neuron network seemed therefore to be
of even greater significance.

Methods

Part of the measurements was made on Golgi preparations, for which the modified
perfusion Kopsch procedure proved to be the most appropriate (Szentagothai, 1963; Tombol,
1966/67). On these preparations the diameters of the cells, the length of the dendrites and
their different portions were measured with a simple ocular micrometer, and the dendritic
ramifications were counted. The ratio of different cell types was established by cell counts
in the cytoarchitectonie picture (Nissl and HE preparations) on the basis of cell size and shape.
Another approach to the differentiation of the cell types recognized in the Golgi prepara-
tions, were discriminative measurements of the nuclear volume. The data obtained were
analyzed by different statistical procedures. Palkovits —CsapO’s microprojection table
(1968) was used for nuclear volume measurement. In each of the thalamic nuclei the diameter
and volume of 500—1000 nuclei were examined. Statistical analysis was aimed at showing
that — in some of the thalamic nuclei at least — the two main cell types recognized in the
Golgi as well as in the cytoarchitectonie picture can be differentiated also on the basis of
nuclear size and excentricity.

Results

As in every central nervous tissue, in the specific thalamic nuclei Golgi
preparations proved to be the most appropriate for the recognition of various
types of neurons. In these nuclei two main types of cells can be distinguished:
thalamo-cortical relay neurons and Golgi 2nd type interneurons (Caja1, 1911;
O’'Leary, 1941; Szentagothai, 1963; Morest, 1963/64, 1965; Guillery,
1966/67; Scheibel and Scheibel, 1966; Tombo1, 1966/67, 1968) (Figs la, b).
The size of the cell body of both neuron types was measured in Golgi and
Nissl preparations and there was no significant difference between the data
obtained with the two techniques. The two — the longest and a perpendicular
short — diameters of the relay cells were 18—30 /i, and 12—22 p, those of
the Golgi 2nd type neurons 8—15/1 and 10—18 fi respectively.

The ratio of the two main cell types was established in Nissl prepara-
tions. In each nucleus, in 100—150 visual fields chosen at random, the pro-
portion of relay and Golgi 2nd neurons was consequently identical. In the
relay nuclei, both in the sensory relay nuclei: lateral geniculate body (LGB),
medial geniculate body (MGB), ventrobasal lateral (VPL) and medial (YPM),
and in the non-sensory relay-nuclei: nucleus anterior ventralis (AY); nucleus
anterior medialis (AM), nucleus ventralis lateralis (VL) and ventro-medialis
(VM), nucleus medialis dorsalis (MD), the proportion of the relay and Golgi
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2nd neurons varies between 2 : 1, and 3:1. In the elaborative (associative)
nuclei: nucleus lateralis posterior (LP), nucleus lateralis dorsalis (LD), the
pulvinar (Pu) and the nucleus anterior dorsalis (AD), the ratio of relay cells
to Golgi cell type cells is 4 : 1

Fig. 1. a) Relay neuron (tufted type) in VPL; b) Golgi 2nd type neuron in VPL. Golgi
Kopsch method, x 500

An attempt was made to verify the somewhat subjective judgement of
the cytoarchitectonie pictures by systematic measurement of nuclear size.
The rough data were analyzed and compared by various statistical and plot-
ting procedures. In the nuclear groups (sensory, relay, non-sensory relay and
elaborative nuclei), data of tbe longitudinal diameter of the nuclei were plotted
against the logarithm of nuclear volume (Fig. 2). The dot diagrams thus
obtained show two neuron populations in the sensory (Fig. 2a) and in the non-
sensory relay nuclei (Fig. 2b) while no such subdivision is apparent in the
elaborative nuclei (Fig. 2c). In order to establish the boundary between the
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Fig. 2. a) Dot diagram of cell nucleus groups in the sensory relay nuclei
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NON SENSORY RELAY NUCLEI 2b

Fig 2. b) Dot diagram of cell nucleus groups in the non-sensory relay nuclei
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Fig 2. c) Dot diagram of cell nucleus groups in the elaborative nuclei

two cell types, another plotting technique was used. On Figs 3a, b and c the
data of the cell nuclei of representative nuclei of each group (VPL, AY and Pu)
were confronted as histograms ofthe long diameter ofthe cell nuclei represented
on the abscissa while the histograms of the logarithm of nuclear volume was
represented on the ordinate. Both histograms of the nuclear volumes show
two elevations in the sensory and the non-sensory relay nuclei but none in
the elaborative nuclei. The empirically found lines of separation between the
two elevations of the histograms (thin lines in Fig. 3a and b) were then trans-
ferred to the point diagrams of Fig. 2a and b and the regressions were cal-
culated for the two nuclear size groups. The regression straights show signifi-
cant breaks at the border between the two groups. These breaks are due either
to the directional tangent (“a”) of the line, or to the shift of the intersection
of the axis y (“6”), or possibly to the change of both factors. On the basis
of these calculations, the cell nuclei belonging to the highest classes of the
long diameter ought to be considered as a separate group of cells.
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Figs 3a. b, c. Histograms of the long diameter of cell nuclei and of the logarithm of nuclear
volume, in VPL, AV and pulvinar

Fig. 4 shows the distribution of the cell nuclei according to shape in
two representative nuclei. The long diameter of the cell nuclei was marked
on the abscissa, and on the ordinate the excentricity was plotted correspond-
ing to the ratio of the long versus the short diameter; the latter being the
diameter perpendicular to the middle point of the long diameter. This graph
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Figs 4a, b. Distribution of the excentricity of cell nuclei by means*of dot diagrams and
histograms in the AY and pulvinar thalami

reveals two groups in the sensory and non-sensory relay nuclei (shown here
only for the AY) and a continuous distribution of cell nuclei in the elaborative
nuclei. The graphs are compared with the respective long diameter histograms.

It may be surmised that one population of the cell nuclei observed in
the sensory relay nuclei is identical with the interneurons, the nuclear volume
is 170—350 p3 and the diameter varies between 6X8/n and 8X10 fi. (The
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given numbers are extreme values.) The other group of nuclei, corresponding
to the nuclei of relay-cells, has a volume of 350—1400/r3 the diameters
vary between 8x11 //, and 12x17 /. With respect to excentricity, the cell
nuclei are slightly ovoid in shape, hut among those of small size there are also
round nuclei.

In the non-sensory relay nuclei, in the group corresponding to the inter-
neurons, the nuclear volume is 150—300 /Is,, and the diameter measure 7 X 8 /i
and 7x10 /I. Nuclear volume in the other cell group is 450—1100 /Ig, with
diameters of 8x12 // and 12x16 /I, respectively. Occasional nuclei 11—17 //
in diameter are found in the latter group which, as judged from the difference
between the diameters are probably nuclei of large integrative cells. Accord-
ing to excentricity, slightly ovoid and ovoid shapes are found in every order
of magnitude, in the AM, MD and VL; in the AD and AV, however, only
slightly ovoid shapes occur.

In the elahorative nuclei, nuclear volume of the cells varies in a wide
range hut a clear separation into groups cannot be ascertained by this ap-
proach. With respect to excentricity, the nuclei are slightly ovoid.

Although the nuclear volume of the specific thalamic nuclei in itself
does not allow a clear separation of the two main cell types, it completes
the conclusions drawn from Golgi preparations and supports the separation
of the two types in the architectonic picture. Differentiation of the two cell
groups merely on the basis of numerical data is not possible because they

are overlapping.

Analysis of the dendritic arborization of the relay neurons

Beside data on size and type of neurons as well as ratios between groups,
some numerical observations on the dendritic arborizations were found to
he informative. Length of the dendrites was measured in perfusion Kopsch
preparations.

The length of the dendrites of the relay cells differs slightly in the three
arborization types (tufted, transitory, radiated) (Figs 5a, b, c), either are
essential differences in the various nuclei. The neurons of the tufted and
transitory dendritic type have less principal dendrites (5—8) of 12—15//
length. From the tufts of each principal dendrite 6—8 secondary dendrites
take tlieir origin. Characteristic dendritic protrusions can he observed on the
initial 10—25 microns of the secondary dendrites. The all-over length of tinl
dendrites is about 140 -160 //. With the exception of relay neurons having
spatially oriented dendrites the dendritic tree is of spheric shape. In the cells
with radiate dendritic arborizations, 10 to 15 principal dendrites emerge in
every direction. The length of the undivided part of the primary dendrites
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Fig. 5. a) Tufted type of arborization of dendrites of relay neuron in VPL. Golgi—Kopsch

method, x500; b) Transitory type of arborization of dendrites of relay neuron in pulvinar.

Golgi—Kopsch method, x500; c) Radiated type of arborization of dendrites of relay neuron
in AY. Golgi—Kopsch method. X 500
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varies considerably and they divide dichotoinically. Protrusions are found
only occasionally in the initial portions of their secondary dendrites. The
all-over length of dendrites in this type does not differ significantly from that
of the other types.

The spheric dendritic space measures about 300—400 L in diameter in
all the three relay-cell types. With respect to the predominant site of the con-
tacts with the afferent fibres, three zones of relay neurons may be distinguished:
1. the central space containing the cell body and the principal dendrites;
2. an interior zone or interior shell; and 3. an exterior zone or spheric shell

’00-'5Cu

Fig. Ha. The three zones of the shperic den- Fig. 6b. The three zones of the spheric den-
dritic space of the tufted type relay neuron dritic space of the radiated type relay neuron
shown diagrammatically shown diagrammatically

(Figs 6a, b). The central space measuring about 50 —60 /i in diameter is poor
in synaptic contacts. The interior zone is the predominant site of the termina-
tion of specific afferents. It embraces the ramifications of the principal den-
drites and the proximal portions of the secondary dendrites. The thickness
(10 —25 fi) of the interior zone corresponds to the proximal part of the second-
ary dendrites which are covered with protrusions. The third, exterior, zone
of the dendritic tree encompasses the distal part of the dendritic tree. Non-
specific afferents appear to terminate mainly here. In width, this zone is more
variable then the two internal zones.

The central space and the exterior zone show little if any difference in
the several types of relay neuron. The interior zone, where the primary den-
drites ramify, differs however, fundamentally in the three types. In the tufted

and the transitory cell types it contains the dendritic tufts or dendritic baskets
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with the numerous protrusions of the initial parts of the secondary dendrites.
The synaptic entanglement between the specific afferents and the dendritic
tufts occurs here (Fig. 7) with repeated contact between the branches of the
“terminal units” of the afferent and the branches of the dendritic tufts.
On the interior zone of the radiate type of relay-cells, where the arborization
of the dendrites occurs progressively and at random sites, there is no con-
centration of synaptic contacts at any particular zone of the dendritic tree.
Neither are there protrusions which are considered to represent specific
receiving surface differentiations.

Fig. 7. Terminal unit of optic fibre entangled with dendritic tufts of relay neuron in CGL.
Golgi—Kopsch method, X800

Analysis of the dendritic arborization of Golgi 2nd type neurons

Two parts can he distinguished in the dendritic tree, a central space
lacking or poor in spines and the space of the spiny dendrites. The dendritic
tree of Golgi 2nd type neurons is rarely if ever spheroid, as a consequence
of the small number of dendrites and of their poor ramification. The central
space having a diameter of 25—30 § contains the cell body and the initial
parts of the dendrites. The number of the axosomatic synapses is low also
in the Golgi 2nd type. The distal spiny dendritic portions vary widely in
length, they may rcacli in extreme cases 300—400 /j, although the distances
bridged, due to the wavy course, may measure not more than 80—100 /t
(Fig. 8). The numerous spines of the dendrites as well as their surface proper
may get into contact with cortical fibres, initial collaterals of relay neurons,
and also with specific afferents.
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Fig- fi- Dendritic arborization space of Golgi 2nd type neuron shown diagrammatically

Discussion

Utttey (1955) has developed mathematical models for estimating the
probability of synaptic contacts established between dendritic and axonal
arborizations of various shapes and densities. The speculations of Szent-
AGOTHAI (1967) were based on the assumption that a larger number of synaptic
contacts between any given axon and the dendrites of a given neuron would
secure a better transmission between these two elements, than could be secured
if only few chance contacts were present. Otherwise the distribution of den-
dritic arborizations and axon ramifications was considered to be random in
the network model of Szentagothai (1967). Our recent observation reported
in a previous paper (Toembo1, 1969) has, however, led us to assume that the
relative positions of these arborizations are not random but fairly specific
not only in a more general topographic sense but also in the sense that each
specific afferent must specifically be connected with a set of relay and possibly
also of Golgi 2nd type interneurons. The Golgi findings of Morest (1964,
1965) and of Scheibet and Scheibet (1966) are also better understood on the
basis of such an interpretation.

Unfortunately, the density and general spatial distribution of neurons
in most of the thalamic nuclei is subject to various non essential — quasi
chance — circumstances such as number, fasciculation and direction of fibre

systems running through, etc. Corresponding to this there are many distor-
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tions in shape and distribution of the ramifications of the specific afferents.

From the density of the so-called terminal units of specific afferents, — i.e.
from the average distances between the terminal units belonging to the same
afferent — it can be deduced that various dendritic tufts of the same relay

cell are unlikely to be contacted (in a major degree) by two or more terminal
units of the same afferent. This would mean that there is a convergence of
as many specific afferents upon the average relay cell as it has dendritic tufts.

On the other hand, the same terminal unit of an afferent may be in
intimate and multiple contact with two or more dendritic tufts of different
cells. In this way, the divergence from a specific afferent could be considerably
larger numerically than the number of its terminal units. But, obviously,
there are clusters of relay cells, and attached to them groups of interneurons,
which share a finite number of common specific afferents. Size and shape of
such cell clusters would be difficult to judge as long as one does not know how
complete — or conversely how much shifted — the overlap is between the
terminal arborizations of the specific afferent arbors that share common
spaces.

An approximate measure of this overlap is given by the 1. all-over size
of the specific afferent arborizations as compared with the 2. space of the whole
nucleus and 3. the number of specific afferents. Data concerning (1) have been
given in a previous paper (Téembol, 1969) and (2) could he calculated, but
as regards (3), we have only a vague idea about its order of magnitude. Further
efforts along these lines might he rewarding.
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QUALITATIVE VERHALTNISSE DER NEURONENVERTEILUNG
IN DEN SPEZIFISCHEN THALAMUSKERNEN

T. TOMBOL, GY. UNGVARY, F. HAJDU, M. MADARASZ und GY. SOMOGYI

Die quantitative Untersuchung der spezifischen Thalamuskerne erbrachte folgende
Ergebnisse:

1. Das Verhaltnis der thalamo-(geniculo)-kortikalen Relay-Zellen zu den Neuronen
vom Typ Golgi 2 variiert in den Relay-Kernen zwischen 2 : 1 und 3 : 1. In den Assoziations-
Zellkernen betrdagt es auf Grund einer indirekten Uberlegung approximativ 4 : 1

2. Aus Messungen des Zellkernvolumens gehl hervor, daR in den Relay-Kernen zwei
verschiedene Zellgruppen vorliegen, wahrend bei der Analyse des nuclearen Spektrums der
Assoziationskerne keine derartige Absonderung von zwei Zellpopulationen nachgewiesen wer-
den kann.

3. Der sphérische Dendritenbaum der Relay-Neuronen 148t sich auf Grund seiner
Synapsen-Verbindungen auf drei Zonen aufteilen: a) einen zentralen Teil, b) eine Tnnenzone
und c) eine Aulenzone.

4. Bei der Dendritenarborisation der Neuronen vom Typ Golgi 2 ist eine derartige
Zonenunterscheidung nicht moglich.

KOMMMUYECTBEHHbIE YC/IOBUSA PACMPEAE/EHNA HEVWPOHOB
B CNEUVNOUNYECKNX AAPAX TANAMYCA

T. TEMBEN, N1. YHIBAPU, . XANLY, M. MALAPAC n [i. LUOMOAbW

1. CooTHOLUEHVE MexXay Tanamo(reHVKyno)-KopTUKanbHbIMUA pene-Knetkamm U Heiipo-
Hamn Tuna FonbMXn 2 BapbupyeT B pene-agpax mexgy 2:1 u 3: 1, a B accoumaTMBHbIX
A4pax OHO COCTaB/IAET Ha OCHOBE 60/ee KOCBEHHOIO PasMbILLIIEHNS 4:1.

2. VN3mepeHns 06bema KIeTOYHOro sapa BbISBMIM MPUCYTCTBUE [BYX Pas/iUYHbIX Kie-
TouHbIX rpynn B PENE-AO0AX; B AA4epHOM CMEKTPe accoumaTuBHbLIX Af4ep Takoro 060cobneHms
[BYX KIETOYHbIX NONynsuuiA He Habnroganock.

3. Cihepnueckoe [LeHAPUTMYECKOE [epeBO pene-HeipOHOB MOXHO [eUTb Ha OCHOBE
CUHaNTUYeCKNX CBA3E Ha TPW 30HbI: @) Ha LEHTPanbHYH 4acTb, 6) HAa BHYTPEHHIOK 30HY U
B) Ha BHELLHIOW 30HY.

4. Takoe fieneHne Ha 30HbI HEBO3MOXHO B Cflyyae [AeHAPUTUYECKOW apbopu3aunm Heii-
poHoB Tuna [onbmkn 2.

Dr. Therese Tombo1

Dr. Gyorgy Ungvary

Dr. Ferenc Hajdu Budapest I1X., Tlzolté u. 58., Hungary
Dr. Magda Madarasz

Dr. Gyorgy Somogyi
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A SIMPLE METHOD
FOR CUTTING SEMITHIN SERIAL SECTIONS

G. Setalo
(Received June 30, 1969)

A simple method is described for cutting semithin serial sections. The metal
knife is replaced by a glass knife in the Reichert rotary microtome, and a large trough
is attached to the angle of the glass knife. This permits to collect long ribbons of serial
sections onto a film of liquid, and provides an easy way to mount the ribbons on
the slide.

The investigation of tissue sections of a thickness between the range of
traditional light microscopic and that of electron microscopic sections, com-
monly designated as semithin sections, has met with but moderate interest.
This may partly be due to the difficulties in preparing such sections witli
traditional cutting techniques, and to the situation that new techniques for
ultrathin and semithin tissue sections have been introduced with the advent
of electron microscopy which directed the investigation of cytological prob-
lems into a new line of histological methodology. There are, however, a number
of special problems for which light microscopical investigations performed
with a less laborious technique would provide more informative data, if sec-
tions thin enough could be made in an easily reproducible way. To prepare
semithin sections with the ultramicrotome would mean an uneconomical use
of this costly instrument, and also little saving of labour. zi1avex [1] has
recently described a simple device which is attached to the knife of a Spencer
rotary microtome, and permits to collect semithin sections onto a film of
liquid even in ribbons of serial sections. The level of the fluid on which tbe
sections are floated has to be altered with every downward and upward stroke
of the specimen block to avoid picking up of the last section by the block face
at the upward stroke. This causes complications which reduce the effectivity
of the technique in terms of successful sections in unit of time, and permits
to make; only very short ribbons when cutting in series. By combining some
of the advantages of ultramicrotomy, i.e. cutting with glass knife and collecting
the sections onto the surface of liquid, with traditional cutting techniques
we succeeded in elaborating a method which overcomes these difficulties.
W ith no more practice than required for ordinary microtomy, semithin sections
of specimens embedded either in paraffin, celloidin-paraffin or in epoxy resin
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Fig. 1. Glass-knife holder (b) and the adjustable supporting device (f and g) for holding
the trough

Fig. 2. Trough (e), glass knife (d), lever arm (i) with hinges (h)

can be cut in series, and ribbons 30—60 mm in length can easily be mounted
on the slide. The procedure consists in the following.

The Reichert rotary microtome is adapted to prepare semithin serial
sections (Figs 1to 3). Aflat steel bar (a) of the approximate size of a Reichert
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Fig. 3. Reichert rotary microtome adapted for cutting semithin serial sections. The slide
with a ribbon of sections is elevated half-way from the trough (e) hy the lever arm (i). For
further details, see text

microtome knife is placed in the knife holder, and a conventional glass knife
holder (b) is fastened to the middle of the steel bar. The clearance angle
of the glass knife can be altered with the original adjusting device of the
microtome (c). The advantage of the easily replacable glass knife (d) is that
it always provides a fresh cutting edge so that the special sharpening of metal
knives for semithin sections can be avoided. On the other hand, the use of
a glass knife sets the limit to the size of the specimen block. In order to float
sections on the surface of water, a large brass trough (e) is attached to the
angle of the knife by means of dental wax in a manner commonly used in
ultramicrotomy, and the other end of the trough rests on an adjustable
supporting device (Fig. 1). This device consists of a flat metal plate (f) with
one end fixed to the steel bar a, and a T shaped rod (g) stands out at its other
end. The height of the rod can be regulated with a fitting screw. The trough
should be as long as to bold conveniently a microscopic slide, and about twice
as wide as the width of a slide, so that any part of the slide could be placed
under the ribbon being cut. To the side of the trough a pair of brass plates
(h) are soldered, and they serve as hinges to the axle of a level arm (i) which
rests on the bottom of the trough (Figs 2 and 3).
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The maximum size of the tissue block allowing to cut long ribbons of
serial sections is about 5x5 mm. If the tissue is embedded in celloidin-paraffin
or in epoxy resin, the block should be coated with paraffin which sticks the
subsequent sections together. The block is to be trimmed to the form of a
tapering square pyramid. Special care must be taken that trimming is made
with a sharp razor blade to obtain clean and smooth pyramid sides and parallel
wedges, otherwise any little irregularity, especially on the sides lying parallel
to the cutting edge, interferes with the serial sectioning.

Cutting is done under the dissecting microscope (j). The slide, thinly
coated with a diluted eggwhite-glycerol mixture, lays on the lever arm. The
trough is to be filled with 10% ethylene, adding the last drops carefully under
the control of the microscope, to bring the water level right under the edge
of the knife. On the clean glass surface of the knife the water surface forms
a concave film reaching the cutting edge. The speed of cutting depends on
the size of the specimen block and on the embedding material. If everthing
is arranged correctly, 30—40 sections can be made in a minute. In the case of
any trouble with cutting, if sections would not adhere to form a ribbon, or the
block face would pick up the last section, one has to make sure that the sides of
the pyramid are really smooth, the wedges of the block face are really parallel
to another and to the edge of the knife, and the water level is properly set.
If the ribbon is long enough, the last section is freed from the knife with a
fine steel needle. The ribbon can easily be pushed on the water surface to the
appropriate place over the slide. While keeping the ribbon in place, the slide
is carefully elevated with the aid of the lever arm up to the point of contact
with the last section. After making once more sure that the ribbon is in cor-
rect position, the slide is lifted up from the trough by pushing down smoothly
the handle of the lever arm, and the ribbon stretches out on the slide (Fig. 3).
The water traces are removed with filter paper and the slide is dried for a
fewr minutes, at 56°C if the tissue is embedded in paraffin or in celloidin-
paraffin, or 85°C if it is embedded in epoxy resin, to facilitate the adhesion
of sections to the slide. Then the slide can be placed back into the trough to
mount the next ribbon. When manipulating with the slide, one has to observe
that the block-holder arm should stay in the downward position, otherwise
the warmth of the microscope light dilates the specimen block and the first
section will be too thick.

REFERENCE

1. Zrabek, K.: (1969) Serial Cutting of Semi-thin Sections with a Rotary Microtome.
Folia in Morph. (Warszawa) 17, 137—140.
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EINE EINFACHE METHODE ZUR ANFERTIGUNG
VON SERIENSCHNITTEN MITTLERER DICKE

GY. SETALO

Eine einfache Methode zur Anfertigung von Serienschnitten mittlerer Dicke wird
beschrieben. Statt dem Metallmesser wird an das Reichertsche Rotationsmikrotom ein Glas-
messer angebracht, an das ein Schiffchen zum Sammeln der Schnitte befestigt wird, das auch
zur Aufnahme des Objekttrdgers geeignet ist. Auf der groRen Flissigkeitsoberflache des
Schiffchens lassen sich lange Schittserien hersteilen, deren Ubertragung auf den Objekt-
tréger mit Hilfe der in das Schiffchen eingebauten Hebevorrichtung leicht zu bewerkstelli-
gen ist.

COOBLLAETCS MPOCTOMN METOJ AN W3rOTOBAEHUA MOAYTOHKUX
CEPVMNHBIX CPE30B

r. WETANO

MeTannnyecknii HOX pOTALMOHHOIO MMKPOTOMa PelixepTa 3aMeHSETCA CTEKNAHHbLIM
HOXOM, K KOTOpPOMY MpuKpennseTcs nojodyka Ans COGMPaHWUs CPes3oB, MPUrofHas ANS MOMe-
LWEeHNs NpeAMeTHOro cTekna. Ha 60MblOK MOBEPXHOCTH XMAKOCTU B /1040YKE MOXHO M3ro-
TOBNATb A/IMHHbIE NIEHTbI CPE30B, MEPEeHOC KOTOPbIX Ha MPeAMETHOe CTEeKNO IErKo MpPoBOAUMO
C MOMOLLbLI0 MOABEMHOIO YCTPOMCTBA, BCTPOEHHOIO B NOAOUKY.

Dr. Gyodrgy SETALO: Pécs, Anatomiai Intézet, Hungary
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It is for the first time that the Society of Hungarian Anatomists, Histo-
logists and Embryologists has organized a Conference of its own. With the
foundation of the Hungarian Association of Medical Societies the investigators
of normal morphology have formed their own group and separated themselves
from the pathologists, with whom they had cooperated in perfect harmony in
all the years ever since the end of World War Il. | hope that our fruitful
cooperation with the pathologists who now have also formed their independent
Society, will continue inthe same friendly way and that in the organization of
our Congresses we shall proceed according to a common plan.

Our present meeting is closely linked with the Semmelweis Festival and
with all the papers given at this meeting, the Hungarian morphologists wish
to render homage to the memory of the great Hungarian obstetrician. In the
name of the Society of the Hungarian Anatomists, Histologists and Embryo-
logists | welcome the members of our Society and all our guests.

At our first session we have to commemorate those of our Hungarian
predecessors who have done outstanding work in our scientific fields: Mihal-
kovich, Thanhoffer, Jozsef and Mihaly Lenhossék, Huzella, L. Nagy, Very,
Péterfy, O. Bartha and F. Kiss. They paved the way for us, they enabled us
to reach the present achievements. The future of our newly founded Society
is based on the memory of these great scientists.

I think that at our first meeting, today’s morphology should be discussed
in a way to offer our successors a basis for comparison and also for the evalua-
tion of the progresses achieved. The main subject, the connection between
structure and function, is a fundamental question of biology. It is not the
simple linkage of two different problems, hut the common essence of the
phenomena of life. If we meditate whether it is the structure which determines
the function, or vice versa, the function which determines the structure, then
it becomes clear that these two factors are inseparable and by itself neither
of them will be of assistance in the understanding of life.

l. Tores
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The Anatomical Substrates of Nervous Inhibitory Functions

J. SZENTAGOTHAI

(Department of Anatomy, University Medical School, Budapest)

A survey is made of the elementary structure and of neuron arrange-
ment in a number of synapses or synaptic systems that have so far been
identified in vertebrates by physiological means as being of inhibitory nature.
The general structural features of synapses taken into account were: (1) local-
ization of the synaptic contact (axo-somatic, axo-dendritic, axon-spine, axon-
hillock. axo-axonic); (2) ultrastructure of the so called contact regions of the
synaptic membranes (membrane thickenings, hexagonal structures of the
presynaptic membrane, subsynaptic cisterns or granulae, subsynaptic webs);
(3) size, shape and visible contents of the synaptic vesicles; (4) density of
terminal axoplasm stirrounding the synaptic vesicles.

In spinal motoneurons a considerable fraction of synaptic contacts has
to he assumed inhibitory. Unfortunately the number of distinctly different
terminal knobs in contact either with motoneuron soma surfaces or what
can he assumed being motoneuron dendrites, is much more than two, so that
a simple division into excitatory and inhibitory categories appears to he
impossible for the time being. D. Bodian distinguishes at least five types
of motoneuron synapses based on No (3) alone of the above listed criteria.
Obviously more types could be distinguished if the other criteria would be
taken into account too. Nevertheless close to one third, or depending on the
fixation technique used, perhaps one half of the synaptic contacts appears to
contain vesicles that tend to become flattened. This might give support to
the Uciiizono concept of flattened vesicles being characteristic of inhibitory
synapses. — An EM study of chronically isolated ventral horn preparations
that contain virtually only motoneurons and some Renshaw cells (Szent-
Agothai, 1958) showed that only one type of relatively small synaptic con-
tacts survive on the motoneuron that are deeply embedded in impressions
of the motoneuron body surface. The synaptic vesicles are small but their
shape is too irregular to be judged either flattened or spheroid. This might,
of course, be due to the unusual circumstances under which the neurons
survive in these preparations. Whenever the isolated ventral horn contains
more than a small part of the motor nucleus region — i.e. a substantial number
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of interneurons survives — numerous intact synapses of various kinds are
found in contact with the motoneurons.

In the cerebellum, where seven types of synapses can be relatively easily
identified, of which three are known to be excitatory (mossy terminals, climb-
ing fibers, parallel fibers) and four are known to be inhibitory (Golgi ter-
minals in the glomeruli, basket terminals, stellate terminals on Purkinje cell
dendrites, Purkinje axon collateral synapses on Golgi and basket neurons),
all of these synapses conform with the Uchizono concept; the inhibitory ter-
minals having smaller, usually flattened vesicles and the excitatory ones
having larger, spheroid vesicles.

The glomerular synapses of thalamic and geniculate body relay nuclei offer
ample opportunity to study both Golgi 2nd type neuron synapses — generally
assumed to be inhibitory — and axo-axonic synapses that might be con-
sidered as the structural bases of presynaptic inhibition. The synaptic terminals
of Golgi 2nd type neurons appear to belong almost invariably to the inhibitory
type of Uchizono (1965) having small synaptic vesicles with a clear tendency
to become flattened. The specific sensory afferents (lemniscal afferents in
the YPL, optic afferents in the LGB, and inferior collicular afferents in the
MGB) and also descending cortico-thalamic (and cortico-geniculate) fibers
have synaptic terminals of the excitatory type. — AXxo-axonic contacts are
found in abundance, mainly between the specific sensory afferents and Golgi
2nd axon terminals. In these synapses the specific sensory afferent is invariably
presynaptic, by structural standards — i.e. accumulation of synaptic vesicles
and subsynaptic web — to the Golgi 2nd axon terminals. This arrangement
leads logically to the assumption of a presynaptic inhibition of inhibitory
terminals, hence to the hypothesis of a presynaptic disinbibition. Presynaptic
disinbibition in the spinal neuronal network has been postulated on the basis
of physiological observations so that its existence in the thalamic relay nuclei
would be likewise conceivable.

Glomerular synaptic complexes in the substantia gelatinosa of the spinal
cord have been described earlier (Ratston, 1965 and Réthetyi and Szent-
Agothai, 1965). More recent analysis of neuron arrangement in these complexes
leads to the assumption that they might be the structural basis of primary
afferent depolarization and presynaptic inhibition of impulse transmission from
cutaneous afferents to dorsal horn ascending relay neurons (Réthetyi and
Szentagothai, 1969). The presynaptic terminal of this synaptic system,
which is of local spinal origin, contains unusually large synaptic vesicles that,
although spheroid in shape, cannot be classified as either of the two main
types of Uchizono.

In the cerebral cortex the basket interneurons described already by
Ramon y Cajal (1911) are the most likely candidates for being inhibitory
interneurons. These are cells that resemble Golgi 2nd type neurons but with
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a horizontal axon giving rise to basket terminals on pyramid cell bodies.
It has been shown earlier (Szentagothai, 1962) that most pericellular basket
synapses are of local origin while a considerable number of the synapses
established with dendritic spines originate from axons of extraneous origin.
Most recently Cotonnier (1968) in Canada and Hamori in this Department
have shown independently that most synaptic terminals contacting pyramid
cell bodies or the initial smooth parts of the pyramid cell dendrites have
small flattened vesicles, while the numerous synapses established with the
spines of the pyramid cell dendrites contain larger spheroid synaptic vesicles.
This might be used in favour of the assumption that the basket neurons are
of inhibitory nature. Neuron circuit models for surround inhibition in the
cerebral cortex have been proposed on the basis of this assumption already
earlier (Szentagothai, 1967). The basket type interncuron being, however,
only one of the numerous tvpes of Golgi 2nd type interneurons, the question
arises, whether all or some at least of the other interneurons are also inhibitory.
This seems unlikely especially in the case of the large Golgi cells giving rise
to so called “horse tail” axons that establish synapses mainly with the apical
dendrites of pyramid cells. — A considerable amount of work is required,
mainly in mapping the synapses established by various kinds of afferents
using experimental degeneration methods on the electron microscope level,
before the neuronal network of the cerebral cortex will be understood in
principle. But in dialogue with the modern unit level neurophysiological
methods and observations the histological methods available are offering
possibilities today that even five years ago one could not have dreamt of.
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Perspectives of Ultrastructural Research by Topooptical Reactions

Gy. Ronihényi

(Institute of Anatomy, University Medical School, Pécs)

The characteristics, conditions of development, optical effect and use in
ultrastructural research of topooptical reactions are discussed. Such reactions
may develop on micellar structures and without altering the basic structure
they produce typical anisotropic effects. Amorphous objects do not show such
reactions. Thus the demonstration of topooptical reactions of biological objects
is suggestive of a micellar structure even if it cannot be demonstrated by other
ultrastructural methods (electron-microscopy, X-ray interference, etc.). This
underlines the important role of topooptical reactions in the study of ultra-
structure. The reactions arise on micellar structures by oriented linkages of
molecules from coloured or colourless materials and cause either a marked
increase, or an inversion, of the structures’ original birefringence. Demonstrat-
ing the different types of reactions observed on biological structures, the
possibility of analyzing cytomembrane structures (ergastoplasm, nuclear
membrane, cell membrane) ultrastructurally by topooptical staining reactions
is discussed.

Considerations on the Unity of Tissular Structure
and Metabolic Activity

I. Krompecher

(Institute of Anatomy, Histology and Embryology,
University Medical School, Debrecen)

Structure and function form an inseparable unity in all living matter.

The different forms of metabolic activity are related to certain well-
defined structures such as the oxybiotic metabolism to a capillary net carrying
oxygen-rich blood. In the same tissue, metabolic processes take place also by
lactic acid fermentation and by mucopolysaccharide formation.

In poorly vascularized tissues the main form of metabolism is lactic acid
fermentation.

In avascular tissues the mucopolysaccharide-type metabolic activity
predominates.

Examinations in the fields of phylogenesis, ontogenesis, regeneration and
neodifferentiation have supported the above findings. The same has been
found under experimental conditions and during pathologic processes which
for different reasons resulted in a deficiency of vascular supply to certain
tissues.
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Ultrastructural, enzymological and biochemical studies have disclosed
further details of the above correlations.

The apparent alterability of the components of the unity of structure
and function by certain functional influences may offer some information as
to the structural modification of certain tissues, as the changes of either of
the two closely related components (form and function) will result in a cor-
responding alteration of the other component.

Ultrastructural Study of Carotid bodies

A. Abraham

(Institute of General Zoology, Jézsef Attila University, Szeged)

An ultrastructural study of glomus cells, endothelial cells and synapses has been
made. The glomus cells are of two types, chemoreceptor cells and capsule cells. The former
are polygonal in shape and have roundish nuclei; in their cytoplasm a pronounced endo-
plasmic reticulum composed of parallel tubes, a juxtanuclear Golgi complex, mitochondria
with cristae, osmiophilic bodies varying in shape and size and polymorphous lysosomes are
seen. The typicaj components of the chemoreceptor cells are cilia of 9+ 2 type, microvilli
and protrusions. The nuclear membrane is a double layer, the nuclear pores are clearly defined
and there are many nuclear membrane invaginations into the cytoplasm. The capsular cells
are elongated, their nuclei are dark, and in their hem-like cytoplasm nerve fibres surrounded
by mesaxon membranes are passing. They resemble the Schwann cells. The body of the
endothelial cells is roundish, some with long processes and many small vesicles in their cyto-
plasm. The nucleus is homogeneous, with many indentations. In the Schwann-type capsule
cells the nerve fibres form intricate mesaxon systems. The overwhelming majority of the syn-
apses is of the afferent type, hut desmosomal thickenings and the typical synaptic vesicle
aggregations are absent. These afferent synapses serve as the stimulus receptors of the chemo-
receptor cells. Synapses structurally identical with those of the central nervous system are
rare. They are efferent synapses which form the motor terminals of the reflex arc whose
sensory terminals are formed by the pressoreceptors located in the glomus vessels.

Propriétés biologiclnus des vaisseaux sanguins de I’embryon de poulet
en culture organo-typique

G. Conti
Institut d’Embryologie Générale

(Fribourg, Suisse)

Par la présente communication, nous voulons exposer certains résultats qui ressortent
d’une étude systématique portant sur les vaisseaux sanguins de I’embryon de poulet selon
la méthode de la culture organo-typique de Wolff. On a expiante, in vitro, des vaisseaux
sanguins de type élastique et musculaire, I’aorte et les artéres vitellines et chorioallantoidiennes
de I’embryon de poulet du 4e—5e jour d’incubation jusqu’a I’éclosion. Les arteres de type
élastique vivent mieux in vitro que les arteres de type musculaire. L’aorte montre in vitro
un comportement différent dans sa partie craniale élastique et dans sa partie caudale muscu-
laire. Toutefois, les vaisseaux sanguins de poulet ne manifestent pas, in vitro, la capacité
de se développer et de croitre comme les autres organes embryonnaires de poulet. L’auteur
discute les raisons éventuelles de ce comportement.
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Dans un autre groupe d’expériences, on a voulu observer les comportements de la
paroi vasculaire vis-a-vis de certaines stimulations experimentales: certaines d’entre elles
(coupures partielles ou totales) détruisant la paroi vasculaire, d’autres (corps étrangers
enfilés dans la lumiére) excitant certains composants de cette paroi. Les résultats acquis
réveélent des propriétés insoupconnées de la paroi vasculaire de I’embryon de poulet. Cette
paroi, portée en culture organo-typique dans des conditions expérimentales adéquates,
montre un haut degré de malléabilité et d’adaptation qui se traduit soit par une propriété
remarquable de régénération tissulaire, soit par une possibilité de véritable néoformation
vasculaire, soit enfin par une capacité d’adaptation aboutissant au dédoublement de la

lumiere.

Neuere Untersuchungen lber Fettgewebe
W. Bargmann

(Anatomisches Institut, Kiel)

Elektronenmikroskopische Untersuchungen ergaben, daR das lange Zeit hindurch
vernachlédssigte Fettgewebe komplizierter strukturiert ist, als bisher angenommen wurde,
und in sehr verschiedenen Typen auftritt. Der Vortrag beschéftigte sich zunéchst mit der
Abgrenzung des weilen vom braunen Fettgewebe und wendete sich den strukturellen Beson-
derheiten des letzteren zu, die mit seiner Rolle bei der Wéarmeregulation in Zusammenhang
stehen. Aufmerksamkeit wird vor allem der Innervation des braunen Fettgewebes geschenkt.
Als dritte Form von Fettgewebe wird das sog. epithelioretikuldre Fettgewebe geschildert,
das die Fettorgane der Amphibien aufbaut.

Ultrastructure of Cell Nuclei in Tissue Cultures
M. Kellermayer, K. Jobst and T. Angyal
(Department of Pathology and Microbiology, Medical University Pécs)

The effect of various fixatives, freeze drying and drying on the cell nuclei of HelLa
cells, as well as of primary and subcultivationable monkey kidney cultures prepared by the
“flying glass” method, was studied with polarization microscopy. During subcultivation,
freeze drying and drying caused anisotropy in all cell nuclei, after settlement only the mitotic
nuclei were found to be anisotropic. The polarization microscopic structure of the cell nuclei
varied after using various chemical fixatives.

Ultrastructural Changes of Interscapular Brown Fat Tissue
in Different Functional States in the Newborn Rabbit

F. Hajo6s, T. Heim and S. Kerpel-Fronius

(Institute of Anatomy, University Medical School. Budapest
and Department of Paediatrics, University Medical School, Pécs)

In some rodents and, as recently shown, also in newborn infants brown adipose tissue
plays an important role in thermoregulation. The ultrastructural relations of this function
have been studied in starved newborn rabbits in cold and warm environment. Electron micro-
scopic examinations revealed that in warm environment the brown fat tissue of the starved
animals was inactive and seemed to play the role of a reserve, whereas in cold environment
it became markedly active. Activation was indicated by the disappearance of lipid droplets,
increase of the cytoplasm of lipid cells, hypertrophy of the smooth endoplasmic reticulum,
increase in the number of mitochondria and the disappearance of the normally numerous
intramitochondrial granules. Changes of temperature caused no structural alteration of white
adipose tissue, suggesting that in thermoregulation exclusively the brown fat was involved,
owing supposedly to the marked adaptability of its oxidation processes as indicated by the
mitochondrial changes among the given experimental conditions.
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Generation Time of Cultured Bone Marrow Cells

Gy. Rappay, |. Fazekas, I. Csap6 and L. Csaki

(Institute of Experimental Medicine, Hungarian Academy of Sciences, Budapest)

Examinations have shown that in cultures of bone marrow cells usually the fibro-
blast-like (FL) cells proliferate.

The generation time of FL cells was examined by microcinematography and autora-
diography, using 3H thymidine.

The generation time of FL cells was found to take 24—30 hours, including an S-phase
of approximately 10 hours. The knowledge of the generation time failed to disclose any infor-
mation concerning cell origin.

Cell Differentiation and Granulogenesis in Hat Bone Marrow

A. Balazs, Gy. Rappay and B. Bukulya

(Institute of Experimental Medicine, Hungarian Academy of Sciences, Budapest)

The ultrastructural and cytochemical process of differentiation was examined in
bone marrow cells and peripheral granuloid cells in the rat.

Cellular pattern and mitotic index were assessed from myelo- and haemograms stained
according to Pappenheim. First of all the differentiation of the neutrophilic series from
myeloblast to mature granulocyte was examined. A description is presented of the ultra-
structural changes of cell organelles (mitochondria, Golgi apparatus, endoplasmic reticulum,
ribo- and polysomes, nuclear membrane, heterochromatin and nucleolus). It was demonstrated
that the ring-shaped nucleus typical of the rodents’ mature granulocytes originated through a
perforation of the nuclei of promyelocytes and myelocytes, and the Golgi apparatus and
the centrioles usually played a part in this process. In the perforated area alkaline phosphatase
and peroxidase activity was increased. The types of granules and their distribution during
the differentiation were determined and correlated with enzyme histochemical and ultra-
structural data. Deviations between the differentiation of eosinophilic and neutrophilic cells
is discussed and some types of basophilic granulocytes are described.

Fluoreszenzmikroskopische Befunde an GeféRkantlen
der knorpeligen Handwurzel

W. Kreutz

(Anatomisches Institut der Karl-Marx-Universitat, Leipzig)

Fur die Untersuchungen standen formalinfixierte Handwurzeln von Frih- und Neu-
geborenen beiderlei Geschlechts zur Verfigung. Neben makroskopischen Aufhellungsver-
fahren kamen zur Darstellung des Inhaltes und der Umgebung der Knorpelkanéle histolo-
gische Farbungen, Fluorochromierungen und histochemische Reaktionen auf Mucopoly-
saccharide in Anwendung.

In jeden Knorpel dringt, ausgehend vom anliegenden Perichondrium, Mesenchym
zusammen mit Blutgefalen unterschiedlichen Kalibers ein. Die dabei entstehende Kanal-
chen kénnen verzweigt sein. GroBere Blutgefdle werden von perivaskuldren Kapillarschlin-
gen umsponnen. Fluorochromierungen zeigen, daf die chemische Zusammensetzung der
Grundsubstanz in der Umgebung der Kandle im Gegensatz zu der restlichen Knorpelgebiete
verschieden ist. Nach histochemischen Reaktionen ist sie reicher an sauren Mucopolysaccha-
riden und PAS-positiven Substanzen. Von innen nach auBen schlieft sich einer schmalen
Zone saurer Mucopolysaccharide ein PAS-positiver Hof an.

Diese Verdnderungen im Aufbau der Grundsubstanz in der Umgebung von GefaB-
kanédlen embryonaler Handwurzelknorpel werden im Zusammenhang mit der spateren Ver-
kndécherung gesehen.
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Electron Microscopic Study of Megakaryocytes

Zs. Faragdé and |. Olah

(Central Research Institute of the Blood Bank and Department of Histology
and Embryology, University Medical School, Budapest)

A young and a mature form of megakaryocytes was differentiated in human bone
marrow and mouse spleen by electron microscopy. The young cells were characterized by the
presence of many free ribosomes in the cytoplasm and groups of smooth endoplasmic reticulum
located near the nuclear parts. In the cisterns of the endoplasmic reticulum a medium electron
dense substance was demonstrated. In the young cells, two nuclear lobules presenting different
chromatin structures were seen; this phenomenon seems to be related to the maturation of
megakaryocytes.

The mature megakaryocytes contain granules in the endoplasm which is likely the site
of origin of thrombocytes. The ectoplasm is poor in cell organelles. This area may play a role
in the further development of the megakaryocyte.

In some cells with apparently mature cytoplasm, mitoses were seen.

Histochemical and Electron Microscopic Study of the Granules
of Eosinophilic Leukocytes from Mammals

A. Németh and G. Kelényi

(Institute of Pathological Anatomy, University Medical School, Pécs)

Previous studies on certain histochemical and electron microscopic properties of the
granules of eosinophils from fishes, amphibia, reptiles and birds have been reported earlier.
In the present study the staining properties of the granules of mammalian (rodent, predator,
ungulate) eosinophilic leukocytes were examined using special dyes, polarisation and fluor-
escence microscopy, and their IEP-dependent acidophilic staining and neutral and alkaline
benzidine-peroxidase reactions were studied. Electron microscopy was carried out after
aldehyde or osmium tetroxide fixation; aldehyde-fixed preparations were treated with phos-
photungstic acid. Based on the appearance of matrix and crystalloid and certain structural
characteristics various granule forms were differentiated. A phylogenetic explanation is offered
for their origin.

Submicroscopic Morphology of Eosinophilic Leukocytes
with Special Regard to Electron Microscopic Staining Methods

G. Kelényi and A. Németh

(Institute of Pathological Anatomy, University Medical School, Pécs)

The electron microscopic morphology — matrix and crystalloid — of the eosinophil
granules is well known. Histochemically, the presence of certain enzymes and basic protein
was demonstrated; electron microscopic histochemistry revealed benzidine peroxidase and,
in some species, acid phosphatase activity. The matrix of the granules stains with uranyl
acetate and phosphotungstic acid, whereas the crystalloid with osmium tetroxide and potas-
sium permanganate.

In earlier studies a granular or granularvesicular transformation of the matrix of
eosinophil granules was observed in specimens obtained from humans and albino rats. Trans-
formation of the matrix was associated with certain changes of the crystalloid and of the
density relationship between matrix and crystalloid. Granular transformation allows the appli-
cation of various staining methods permitting a further characterization of the fine structures
in the matrix. From the structure and the reactivity of structural elements of the matrix
it is possible to draw conclusions concerning the functional role of the granules.
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Mechanism of Mast Cell Granule Formation

G. Csaba

(Institute of Histology and Embryology, University Medical School, Budapest)

Previous experiments have shown that in the tissue culture model of mast cell forma-
tion, heparin uptake by the cells did not whereas the serotonin or histamine uptake did result
in the formation of true mast cell granules. It could not however, be disclosed, whether sero-
tonin and histamine induced synthesis of heparin in the cells or promoted its uptake from
the nutrient medium. Other experiments revealed that the glucocorticoids induced mast cell
formation and subsequently were incorporated into the granules of mast cells. The present
experiments were undertaken to clarify the mechanism of mast cell formation on the basis
of the operon scheme. Thymus cultures were treated with actinomycin D or chloramphenicol
and subsequently serotonin, heparin or histamine were added to the nutrient medium. The
antibiotics did not inhibited the uptake of heparin and serotonin, but these brought about
the appearance of metachromatic granules in the cells. This implies that heparin appeared
in the cells as a result of active synthesis induced by serotonin or histamine. On this basis,
it is supposed that the glucocorticoids suppress the operon involved in serotonin production
through binding to arginine rich histones. The serotonin formed induces the synthesis of
heparin and histamine. The glucocorticoid-histon complex is, together with histamine and
serotonin, incorporated into the mast cell granule.

Zur hormonellen Beeinflussung des MPS-Stoffwechsels
der BlutgefdBRwand

J. Kunz, H. Brasclniann und D. Kranz

(Institut fur Pathologie der Humboldt-Universitat, Berlin)

Stérungen im metabolischen Verhalten der sulfatierten GefaRwandmukopolysaccharide
stellen einen frihzeitigen Indikator fur die Entwicklung von Angiopathien dar. Es wurden
daher anhand von Schnitt- und Flachenprdparaten autoradiographisch mit :55-Sulfat die
zelluldaren Bildungsorte der sauren MPS von Aorta und Coronarien untersucht; mit Hilfe
der Saulenchromatographie wurden die sulfatierten MPS aus der Aorta isoliert und ihre spe-
zifische Aktivitdat nach Variation der radioaktiven Versuchszeit gemessen. Diese Unter-
suchungen wurden durch photometrische Bestimmungen der Schwérzungsintensitdt von
Autoradiogrammen erganzt. So konnten Befunde U{ber die relative Bildungs- und Abbau-
geschwindigkeit der GefaRgrundsubstanz erhoben werden. Als Modell zur Erzeugung von
Abweichungen im MPS-Stoffwechsel der GefadRwand dienten Eingriffe in das endokrine
System, wie Alloxandiabetes, Radiothyreoidektomie und STH-Applikation. Die Bedeutung
der dabei erzielten Ergebnisse wird im Zusammenhang mit den heutigen Vorstellungen uber
die Entstehung von GeféRerkrankungen diskutiert.

Structural Alterations of Liver Vessels After Subtotal Hepatectomy
in the Albino Bat

Gy. Ungvary, J. Demeter and A. Hildék

(Institute of Anatomy, University Medical School, Budapest)

Data are scarce as to the changes taking place in the hepatic vessels in the course
of regeneration. The present experiments were undertaken to clarify, whether the changes
of organ weight during regeneration are associated with changes in the capacity of blood
vessels; and whether regeneration takes place through a hypertrophy of pre-existing lobules
or new complex lobules are formed.
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The rate of regeneration following subtotal hepatectomy was followed by a quantitative
injection-corrosion method. The procedure proved suitable for the assessment of the extent
and quality of vascular regeneration and for the determination of vascular capacity. Repeated
partial hepatectomy allowed a clear demonstration of the changes taking place in the liver
lobules.

During the first week, vascular regeneration in both the portal and the vena hepatica
system appeared to lag behind the rate of organ regeneration. There was no parallelism between
the regeneration rates of the portal and hepatic vessel systems. No qualitative alteration
occurred in the typical hepatic vessel structure. The examinations offered convincing proof
of the regeneration of liver lobules taking place partly by a hypertrophy of pre-existing lobules
and partly by the formation of new lobules.

Storing Capacity of Mesenteric Lymph Vessels
J. Vajda, E. Fehér, K. Csdnyi and M. Tomcsik
(Institute of Anatomy, University Medical School, Budapest)

The caliber of mesenteric lymph vessels was examined in experimentally induced
mechanical insufficiency. In the mesentery, lymph congestion spread retrogradely toward
the intestinal wall. The beginning of compensatory activity toward the reserve lymph vessels
and adjacent areas is shown in a graph. An attempt was made to demonstrate a correlation
between the caliber of lymph vessels, the number of valves and the rate of lymph flow. The
importance of the frequency of valves in mesenteric lymph circulation is pointed out.

The Structure of the Lymph Vessel Valves
K. Csanyi, J. Vajda and M. Tomcsik
(Institute of Anatomy, University Medical School, Budapest)

The structure of the lymph vessel valves was studied after impregnation and by
electron microscopy. The linking of endothelial cells coating the valvular surfaces and the
relationship between them and the elements of the lymph vessel wall and the elastic and
collagenous fibres at the base of the valve are reported.

Adenosintriphosphatase Activity of Cerebral Capillaries
and the Blood-Brain Barrier

F. Jodb
(Institute of Anatomy, University Medical School, Szeged)

According to Torack and Barnett, the ATPase activity of rat brain capillaries is
localized not so much in the pinocytotic vesicles of the endothelium and cytoplasm as in the
basement membrane of the capillary wall and in the surface membranes of glial feet, in contrast
to other capillaries of the organism.

To clarify the eventual relationship of that particular enzymic localization with the
physiological function of the blood-brain barrier, the barrier’s permeability and the fine
structure of cerebral capillaries were examined after blocking of ATPase activity. Examining
the histochemically demonstrable ATPase activity of brain capillaries after intraperitoneal
administration of 0.25 g/kg nickel chloride, ATPase inhibition was complete in 3—6 hours.
Subsequently, trypan blue injected intravenously was found to have extravasated and,
giving a marked perivascular fluorescence, diffused deeply into the brain matter. Electron
microscopy revealed that on treatment with nickel chloride, the basement membrane became
undulating and thickened considerably.

The present findings suggest that the ATPase activity localized in the basement
membrane of brain capillaries is closely related to the function of the blood-brain barrier,
and that the organization of the basement membrane needs an undisturbed ATPase activity.
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Substructure! and Functional Properties of Ribosomes
in the Rat and Mouse Placenta Cells

I. Toro, Jr.
(Institute of Histology and Embryology, Medical University, Budapest)

Electron microscopic studies revealed on the one hand an ultrastructural and dynamic
relationship between ribosomes and the so-called glomerular bodies first described by the
present author and, on the other hand, a supposedly primary role of ribosomes in the appearance
of acid phosphatase activity. The findings are summarized as follows:

1. Observing the pictures made with high power resolution in appropriate planes of the
sections, 12—15 A filaments were seen within the ribosomes, spirated in different degree.

2. Beside the known polysomes, other types of ribosomal aggregations were seen.

3. On the application of actinomycin D, ribosome-like particles of less than normal
size appeared.

4. ‘I'ne glomerular bodies consisted of helical bundles 400 —500 A in diameter, whose
density, staining properties and ultrastructure resembled those of the ribosomes. It is pos-
tulated that the glomerular bodies are formed by the aggregation of several hundreds of ribo-
somes, very likely through a polymerisation of ribosomes which then assume a complicated
steric structure inside the bundles of glomerular bodies.

5. Under the influence of actinomycin D, most of the glomerular bodies disappeared
from the cytoplasm; it is supposed that they fell again to ribosomes.

6. The cytoplasm of the protein-synthetic trophospongial cells, at the end of pregnancy,
shows a very high activity of acid phosphatase, associated partly to rough-surfaced membranes,
and, partly to the free ribosomes. In the surroundings of the enzyme active sites, the secretion
products disappeared from the cisterns of the endoplasmic reticulum, while in the ergasto-
plasm increasing autolysis took place, without the presence of preformed lysosomes or auto-
phagic vacuoles. Extensive studies indicated that the appearance of acid phosphatase activity
was due primarily to ribosomal function. The newly developed enzyme activity seemed to
be in no morphological relation to the Golgi apparatus.

Electron Microscopic Structure of the Palatine Tonsil

I. Oldh and L. Surjan
(Institute of Histology and Embryology, University Medical School, Budapest)

Light and electron microscopic studies of reticular area (the epithelium infiltrated by
lymphocytes) in rabbit tonsils reveal a connection between the intraepithelial passages and
subepithelial lymphoid tissue, through the discontinuities of the basal membrane. Two peculiar
cell types were found in the reticular area. One of them similar to the special cell was obser-
ved in the medulla of the rat thymus. The other cell contains some dense core vesicles as
the enterochromaffin cells in the gut epithelium.

The subepithelial lymphoid part of the tonsils is divided into intercommunicating
lacunae by septae, coming from the capsule. The surface of these septae is covered by fibro-
cytes. It is surmised that the subepithelial lymphoid space turns to be an efferent lymph ves-
sel of the tonsils.

Mucopolysaccharide Matrix Surrounding
the Photoreceptor Structures in Vertebrates and Insects

P. Hohlieh

(Institute of Histology and Embryology, University Medical School, Budapest)

Electron microscopy of the vertebrate retina revealed a moderately electron dense
substance located between the pigment epithelium and the photoreceptor inner and outer
segments. In some species (frog, monkey, man) the matrix occurs in large amounts. J1 simi-
lar substance was found in the so-called open rhabdoms of certain insects, where it sur-
rounded and separated the rhabdomeres of the individual retinula cells.
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In both cases, alcian blue and Hale’s stain showed the ground substance to contain
acid mucopolysaccharides. The role and the site of formation of matrix remains to be clarified.
Its close topographic connection with the photoreceptor structures (the outer segments, rhab-
domeres) seems to point to its auxiliary role in the photoreception process.

Osmiophilic and Osmiophobic Degeneration Patterns
of Postganglionic Autonomic Nerve Fibres

Elizabeth Knyihar, A. Pardutz and B. Csillik

(Institute of Anatomy, University Medical School, Szeged,
and Electron Microscope Laboratory, Jozsef Attila University, Szeged)

Ultrastructural investigations revealed two kinds of secondary axon degeneration of
the postganglionic adrenergic nerve fibres. In most cases,intraaxonal osmiophilic cytolysosomes
are formed in the degenerating axons, taken up later by the enveloping Schwann cell processes.
In striking contrast to this osmiophilic degeneration pattern, an osmiophobic degenera-
tion is characteristic of the postganglionic adrenergic nerve fibres of the rat iris. This form
is characterized by the appearance of large vacuoles, and a complete disappearance of axo-
plasmic material. 6-HODA administration (chemical sympathectomy) induces similar differ-
ences in the electron microscopic structure. Osmiophilic degeneration is accompanied by a strong
light microscopic (lysosomal ?) acid phosphatase activity, whereas no considerable acid phos-
phatase staining could be seen during osmiophobic degeneration.

Mesenteric Nerve Terminals

E. Fehér, J. Vajda, K. Csanyi and T. Kapédsa

(Institute of Anatomy, University Medical School, Budapest)

The different types of mesenteric nerve were studied after silver impregnation. In contrast
to the Vater- Pacini bodies, encased, semi-encased and free terminals were encountered in
the “mute”, less motile areas of the mesentery. The terminals were located either along the
blood and lymph vessels or in completely avascular areas. Free terminal(s) were often seen
either along, or in close junction with, the Vater—Pacini body. The structure of the Vater —
Pacini body’s internal cylinder was compared to that of the encased terminal. It was con-
cluded that in the mesentery such terminals are not specific of one or another sensory quality.

Innervation of Intestinal Wall and Villi

T. Kap6sa, W. Fehér and J. Vajda

(Institute of Anatomy, University Medical School, Budapest)

The location and relative position of nerve elements and reticula in the intestinal villi
and the various layers of the intestinal wall have been studied after silver impregnation
and histochemical examination. The nerve elements found in the villi and below the internal
circular muscle layer were of cholinergic nature. Adrenergic fibres were demonstrable exclusive-
ly in perivascular location in some of the layers. Morphologic and steric differences between
the nerve cells of the myenteric plexus and the submucous plexus, and interconnections
between certain cell groups are described. The extension and overlapping of the areas supplied
by the individual nerve cell types is discussed.

Acta Morphologica Academiae Scientiarum Hungaricae 17, 1969



PROCEEDINGS 337

Analysis of the Renal Monoaniinergic Mechanism by Fluorescence
and Electron Microscopy

T. Donath, Cs. Léranth and Gy. Ungvary
(Institute of Anatomy, University Medical School, Budapest)

The intraparenchymal topography of monoaminergic nerves has been examined by
the modified Falck method in cryostate sections from cat and rat kidneys.

The larger arteries of the renal parenchyma are surrounded by a rich monoaminergic
nerve net located at the border between adventitia and media. The terminals do not enter
the media. The specialized periarterial fibres can be followed along the afferent arteriole up
to the glomerule. At the vascular pole, the reaction becomes more pronounced owing to the
presence of juxtaglomerular cells. Some fibres bend over the Bowman capsule, while others
continue along the efferent arterioles. In the venous system, monoaminergic nerves were
found exclusively along the large collecting branches.

The monoaminergic nerve fibres located between, and apparently connected with,
the contorted tubules showed a relationship with the pericanalicular vessels in electron
micrographs, Thus, the catecholamine nervous control of tubular secretion seems to be
questionable.

In the medulla, monoaminergic nerve terminals were found around the narrow part
of Henle’s loop.

The electron microscopic counterparts of these terminals were axoterminals con-
taining dense-core vesicles but lacking Schwann sheath: they were closely connected with
the basement membrane of the fenestrated capillaries surrounding the portio conducens.
It is suggested that the catecholamines demonstrated at this site by fluorescence and electron
microscopy play a role in the control of capillary permeability.

Functional and Structural Relations
of the Monoaniinergic Innervation of the Iris

F. Tauber and T. Donéth
(Institute of Anatomy, University Medical School, Budapest)

In whole rat iris preparations considerable aggregations of monoaminergic nerve fibres
were found in the area corresponding to the pupillary sphincter. By means of Falck’s para-
formaldehyde method and Bielschowsky’s silver impregnation, a close relationship of the
specific nerve fibres to the peripupillary vessels was demonstrated, indicating their role in the
control of vascular supply.

In pharmaco-morphological experiments, the uptake of endogenous and exogenous
catecholamine and of its precursors by vegetative nerve terminals and post-synaptic structures
has been examined.

In animals pretreated with reserpine, the uptake of exogenous monoamine in the pres-
ence of ATP was particularly pronounced in the pupillary region of the iris, suggesting a
close relationship between noradrenaline and the vascular wall.

The above pharmacological data imply that the circulation in the vessels supplying
the pupillary margin is controlled by adrenergic fibres located in the area of the pupillary
sphincter.

Reabsorption of Monoamines in the Adrenergic Nerve Fibres
of the Rat Iris
Gy. Kéalméan, M. Fdldi and Maria Gajé
(Institute of Anatomy, University Medical School, Szeged)

Adrenergic nerve fibres of the iris show a fluorescence under the effect of formal-
dehyde gas. It is well known (Falck; Falck, Carlsson and Hillarp) that different chemical agents
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applied in vivo cause catecholamine depletion in these nerve fibres. In the present stud}
the reabsorption of some biogenic amines (adrenaline, noradrenaline, dopamine), was investi-
gated in vitro after depletion induced by chemical agents. The experiments were performed
on the rat iris. Twenty-four hours after intraperitoneal reserpine administration and removal
of the superior cervical ganglion, the iris was removed and immersed in different solutions
containing monoamines. The solutions were oxygenated and different kinds of macroergic
phosphates were added. After 20 minutes treatment the catecholamines were estimated by
the method of b alek.

The results showed that noradrenaline and dopamine are fixed in the tissues of iris.
Dopamine is bound to the cytoplasm and nucleus of endothelial cells while noradrenaline
reabsorption takes place in the axons of adrenergic nerve fibres. When using different types
of macroergic phosphates, different patterns of noradrenaline reabsorption were observed. When
ATP-ase was inhibited by strophantine, no ATP-enhanced reabsorption could be observed.

Origin of Axolemmal Acetylcholinesterase
P. Késa

(Institute of Anatomy, University Medical School, Szeged:
ARC Institute of Animal Physiology, Babraham, Cambridge, England)

Electron microscopic histochemical investigations have shown that end-product of
the acetylcholinesterase reaction is localized on the outer surfaces of the unit membranes
of cholinergic nerve cells.

Histochemical observations of developing nerve cells revealed that enzyme synthesis
takes place inside of the endoplasmic reticulum of the cholinergic neurones. It was attempted
to solve the problem how the enzyme passes from the inside of the cell body to the outer
surfaces of nerve cell processes.

We found some tubules exerting acetylcholinesterase activity inside the axon. At some
places enzyme active tubules were connected with the axolemma. These enzyme active tubules
seemed to “extrude” acetylcholinesterase into the space between the axons and dendrites.
From these results it may be concluded that the enzyme is in a soluble form while being trans-
ported through the tubules from the nerve cell body and becomes structurally fixed only on
the outer surface of the membranes.

The Neurosecretory Nucleus Preopticus as Member
of the Liquor Contacting Neuronal System

Ingeborg Vigh-Teichmann and B. Vigh
(Institute of Histology and Embryology, University Medical School, Budapest)

In our earlier studies it has been shown that the paraventricular organ which is one
of the ependymal organs of the 3rd ventricle, contains monoamine producing neurons. The
dendrites of the neurons form free ciliated terminals which extend into the cerebrospinal fluid.
On the basis of the morphological picture it has been supposed that the monoamine producing
neurons of the paraventricular organ have a receptor function in the cerebrospinal fluid.

In further studies an area resembling the paraventricular organ has been detected in
the preoptic recess. This so-called “preoptic recess organ” also contains monoamine producing
neurons whose ventricular processes form club-shaped terminals in the 3rd ventricle. The
terminals carry cilia. Since the structure of the two areas is similar, it has been assumed
that they form a common system, “liquor contacting neuronal system” whose main function
appears to be to maintain a special informative connection between cerebrospinal fluid and
central nervous system.

In the present study the neurosecretory nucleus preopticus was examined in different
species. The dendrites of the neurons which are known to pass toward the ventricular wall
do not terminate at the ependymal level but enter the ventricle where they form club-shaped
terminals resembling those of the paraventricular and recessus preopticus organs. The nerve
endings carry cilia. This finding indicates that the preoptic nucleus, too, belongs to the liquor
contacting neuronal system, and like its other members it may have a receptor function.
It is supposed that one of the main functions of the neurosecretory ADH system is to maintain
the homeostasis of cerebrospinal fluid.
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Comparative Study of the Area Postrema’s Monoamine System
in Various Vertebrates

1. Tiirk
(Institute of Histology and Embryology, University Medical School, Budapest)

The area postrema, classified as a circumventricular organ, is located at the caudal
end of the fourth ventricle, at the origin of the central canal. The area is clearly distinguishable
from the surrounding structures on the basis of its typical vascular system and special glial
and nerve elements. According to comparative studies, the area postrema is found exclusively
in high vertebrates (reptiles, birds, mammals). In the present study the area postrema of the
latter classes was examined by Falck and Owman’s fluorescence microscopic method to
demonstrate similar and dissimilar features of the monoamine systems in these areas.

A great variation was found in the location, number and shape of monoamine
containing nerve cells and fibres even in the different vertebrate species. A relatively uniform
response was observed to MAO inhibitors and to reserpine, which causes monoamine deple-
tion. The presence of monoamines in the cells of the area postrema allows to conclude

that these cells are nerve cells although their morphology may be often reminiscent of glia
cells.

Kreislaufversagen und Herzinsuffizienz beim Haifischkeiinliiig als Modell fiir
die Pathogenese des Fruchttodes nach Einwirkung von Histamin und Allylformiat

H. Fischer

(Humboldt Univ., Frauenklinik, Berlin)

(Filmvorfihrung)

Morphology of Synaptic Transmission in the Central
Nervous System of Lower Vertebrates

G. 1). Smirnov

(Severcov Institute, Moscow)

Paper not received

Contribution a I’6tude de Fhistophysiologie de I’organe sous-commissural

R. Milin
(Institut d’llistologie et d’Embryologie, Novi Sad)

On a étudié le comportement de I’organe sous-commissural (OSC) sous conditions du
stress aigu.

Les rats males adultes ont été soumis a la contrainte par immobilisation totale pendant
25 heures (immobilisation dans un grillage suspendu horizontalement), sans recevoir aucune
boisson ni nourriture.

Les épendymocytes et leurs noyaux sont hypertrophiés, la zone périnucléaire du cyto-
plasme est hyperbasophile. Les grains de sécrétion aldéhyde-fuchsine positifs varient en
quantité et en chromophilie d’une cellule a l'autre.

La morphodynamique corrélative des cysternes du réticulum endoplasmique et de
I’espace perinucléaire est plus accentuée que chez les rats témoins. Le pourcentage de la
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disposition des cysternes ergastoplasmiques est le méme dans les deux poles des cellules épen-
dymaires. C’est surtout le complexe morpho-fonctionnel formé de pieds des épendymocytes,
de cellules hypéndymaires et de capillaires, qui est affecté. Les corps & structure périodique
sont plus nombreux et plus vastes. Les cellules endothéliales présentent des protrusions
notables dans la lumiére capillaire. Les terminaisons axonales intraépendymaires sont bour-
rées de microvésicules synaptique («hypersynapsie fonctionnelle»).

Les résultats obtenus plaident en faveur d’une activité stimulée de 1I’OSC sous I’in-
fluence des facteurs agressifs associés (immobilisation, soif et faim) et d’une fonction bipolaire
des épendymocytes. Les corps a structure périodique faisant part d’une barriere d’échange
et de transport spécialisée de I’OSC, seraient doués d’une perméabilité séléctive entre les
épendymocytes et le sang.

Transmission Mechanisms in Motoneuronal Boutons

B. Csillik and Elizabeth Knyihéar

(Institute of Anatomy, University Medical School, Szeged)

According to electron microscopic studies, motoneuronal boutons contain a neuro-
filamentous ring, mitochondria and synaptic vesicles. After aldehyde fixation, boutons in
the rat spinal cord can be divided into four groups on the basis of shape and size of their
vesicles. Boutons containing large amounts of ovoid vesicles undergo marked structural
alterations after strychnine convulsion, suggesting their involvement in post-synaptic inhibi-
tion. Autoradiographic studies performed by means of ,4C thiosemicarbazide suggest that
the formation of gamma-amino-butyric acid takes place in glial cytoplasms, both in the white
and in the gray matter; thus, inhibitory neurons exerting their action by means of this sub-
stance, appear to utilize GABA-stores of glial cells.

Development of Synaptic Organization
in Partially Agranular Cerebellar Cortex

J. Hamori

(Institute of Anatomy, University Medical School, Budapest)

X-ray irradiation of the newborn cat’s cerebellum with a 200 r dose is apt to destroy
selectively, without damaging the prenatallv differentiated Purkinje and Golgi cells, 70 —
80% of the postnatally differentiating granule cells. In the partially agranular cortex, owing
probably to the numerical reduction of parallel fibres, development of the dendritic tree of
Purkinje cells is retarded. This is shown by the fact that tertiary dendritic spines which nor-
mally form synapses with the parallel fibres, develop in amuch lower number than in the non-
irradiated controls. In contrast with the dendritic spine system of the Purkinje cells, the
two inhibitory interneurons of the molecular layer, the basket and stellate cells do not seem
to be affected by the deficiency in parallel fibres or, indirectly, in the mossy fibre afferenta-
tion. In comparison to the controls their differentiation is even accelerated. This and other
data presented in the paper suggest that the climbing fibres of the cerebellum play a role in
the differentiation of stellate and basket cells.

Vesicle Population of Excitatory and Inhibitory Cerebellar Synapses
under Normal and Experimental Conditions

N. Halédsz and B. Csillik
(Electron Microscope Laboratory, Jézsef Attila University, Szeged)
According to Uchinozo and Bodian, excitatory and inhibitory synapses differ from

each other with respect to the size and shape of vesicles within the terminal. After perfusion
fixation with Karnovsky’s aldehyde mixture, three types of excitatory and four types of

Acta Morphologica Academiae Scicntiarum Hungaricae 17, 1969



PROCEEDINGS 341

inhibitory synapses were studied in the rat cerebellar cortex. Except for the synapses on prim-
ary and secondary Purkinje dendrites, a close correlation was found between the large-
spheroid vesicles in excitatory junctions and small-ovoid vesicles in inhibitory synapses.
The ratio of spheroid versus ovoid vesicles (Q) is characteristic of each type of junction.
Q values did not undergo considerable changes after blocking acetylcholine synthesis by
means of hemicholinium, or after blocking gamma-aminobutyric-acid-synthesis by means of
thiosemicarbazide.

Histological Analysis of the Cerebellar Granule Cell Layer in the Cat

I* Magyar and M. Palkovits

(Institute of Anatomy, University Medical School, Budapest)

The number of granule cells per 1 cu. mm of the cerebellar granule cell layer was
determined by the modified Chalkley method. The studies of karyometric homogeneity have
shown a diffuse homogeneous distribution of granule cells over this area. Their number as
related to one Purkinje cell and the dimensions of the area occupied by them in the layer
were calculated. By means of Palkovits—Hajtmann’s dot diagram method, the other cellular
components of the granule cell layer (Golgi cells, astrocytes) were differentiated and their
absolute numbers as well as their counts related to each other and the Purkinje cells were
determined. The above method allowed to differentiate between the Golgi cells (large, fusi-
form). The Golgi cell to Purkinje cell ratio was 1 : 3—4 on the average. The density of Golgi
cells was greatest below the Purkinje cell layer and tended to decrease, whereas the number
of astrocytes to increase, with the depth. The above quantitative and stereoscopic data should
serve to obtain more information on the cerebellar neuronal junctions and help to study
them in an experimental model.

Efferent Paths of the Frog’s Optic Centre
Gy. L&zéar
(Institute of Anatomy, University Medical School, Pécs)

After destruction of the optic centre on one side three path systems lending to dif-
ferent parts of the central nervous system could be followed.

Fibres emerging basally (laterally) from the 7th layer of the tectum opticum give
rise to one rostral and one caudal path. The dorsal part of the rostral path is partly formed
by fibres which leave the 7th layer anteriorly. The path provides an ipsilateral connection
with the isthmic nucleus, the mesencephalic tegmentum, pre-tectal region and thalamus,
then, after crossing in the postoptic commissure, some fibres are sent to the retina through
the optic nerve. After crossing, the path turns caudally and terminates in the contralateral
thalamus, pre-tectal region and mesencephalic tegmentum.

The uncrossed part of the caudal path, as well as its part crossed in the commissura
ansulata send fibres to the small cells surrounding the motor nuclei, to the intermediary
zone of the grey matter, and to the dorsal part of the anterior horn.

The third path leaves the 7th layer medially and connects the two tecta through the
posterior and tectal commissures. Its fibres terminate in the 2nd —6th layers of the tectum.

Electron Microscopic Study of Optic Fibre Terminals
Gy. Sétalo, Gy. Lazar and Gy. Székely
(Institute of Anatomy, University Medical School, Pécs)
According to electrophysiological studies of the optic centres of amphibia, the optic

nerve fibres terminate in three layers of the superficial zone. Traditional neurohistological
methods are not suitable for the reliable demonstration of optic terminals, but five days
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after removal of the eye the degenerated terminals are readily identifiable in the electron
micrograph. They are located in three not sharply demarcated layers of the superficial zone;
a thin fourth layer is seen along the border between the superficial and medial zone. The
superficial fibres terminate in glomerule-like groups formed by dendritic protrusions and
other axon endings; the deeper fibres are seen along the apical dendrites of the deep cells
of the optic centre. In addition to the optic terminals, three other axon terminals can be
differentiated on the basis of the electron density, size and density of vesicles, and the shape
of mitochondria; the origin of these axon terminals remains to be clarified.

Reaction of the Auditory Pathway Ganglia to Pure Tone Stimulation

E. Wistenfeld

(Institute of Anatomy, Wirzburg)

Stimulation of guinea pigs with pure sound was found to induce an increase of nuclear
volume in the outer hair cells of the organ of Corti whose structure and density depends
on the tone quality. The nuclei of the cochlear ganglion spiral respond to the stimulation
only by a small increase of nuclear volume in relatively extensive sections. All the cochlear
nuclei react with a steady and significant increase in nuclear volume but the cell size is
not influenced by the frequency. The cell nuclei in the inferior colliculi also respond to tone
stimulation by a small increase in size, but this increase as well as the position of the swollen
nuclei is again determined by the tone quality.

Cortical and Subcortical Connections of the Pulvinar Thalami

K. Majorossy and A. Kiss

(Institute of Anatomy, University Medical School, Budapest)

The morphological structure of the pulvinar complex has drawn attention to the
origin of the nerve fibres which help to form the synaptic glomerules.

The present experiments were undertaken to obtain direct anatomical evidence
(selective axon degeneration method, Fink —Heimer, Nauta —Gygax) of the cortical and sub-
cortical connections of the pulvinar which have been assumed on the basis of electrophysiologic
and retrograde degeneration studies.

The origin of the cortical afferent system of the pulvinar was demonstrable morpho-
logically in more cortical areas than previously supposed. The sites of origin of the cortical
fibres correspond to the area of efferent fibre terminals. The subcortical connections of the
pulvinar are formed by fibres originating from the tectum and spinothalamic tract.

The multiple cortical and subcortical connections of the pulvinar are suggestive of its
probable role in stimulus transformation.

Golgi Analysis of Anterior Thalamic Nuclei

Gy. Somogyi, Therese Tombdl and A. Kiss

(Institute of Anatomy, University Medical School, Budapest)

In the course of the Golgi analysis of the thalamic relay nuclei, in the anterior nuclei
the cell and fibre structures and the internal connections were studied. In the present experi-
ments, interconnections of the anterior nuclei were examined by the degeneration method,
with special regard to the AD connections. The Golgi analysis revealel that the three members
of the group of nuclei differed in respect of neurons, dendritic tree and collaterals. Tufted
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type relay cells occurred exclusively in the ventral nucleus, whereas the cells of the other
two relay nuclei were larger and showed a transitory or radial distribution of dendrites.

The proportion of Golgi Il type cells varied. The AD contained less Golgi-type neurons
than the two other nuclei, but the connection between relay cells and Golgi Il interneurons
was conspicuous in the anterior nuclei, too.

The terminals of the specific afferent fibres are characterized by a moss-like branching.
Such terminals occur chiefly at the division of the relay cells’ principal dendrites.

Degeneration studies have shown intensive connections of AD with AY and AM.
The connections as well as the distribution of the main cell types of AD are reminiscent of
those of elahorative nuclei.

Golgi Analysis of the Ventral Lateral and Medial Nuclei
of the Thalamus

A. Kiss and Therese Témbol
(Institute of Anatomy, University Medical School, Budapest)

Hodological examinations do not justify the independent discussion of the lateral
ventral and medial thalamic nuclei. The medial nucleus, too, receives the majority of its
afferent fibres from the cerebellum and pallidum. Similar observations have been made in
Golgi preparations. In the cortical projections of the two nuclei, located in the motor and
premotor areas, a certain regularity of order was observed.

According to physiological investigations, on stimulation of the brachium conjuncti-
vum, the excitatory phase was followed by postsynaptic inhibition in the lateral ventral
nucleus. An explanation of this phenomenon was sought for by Golgi analysis, which revealed
the presence of Golgi Il type neurons in addition to principal (relay) cells. The connection
between the latter two cell types offers a morphological explanation of the physiological
phenomena.

The Synaptic Structures of the Dorsunicdial Nucleus
Cs. Léranth and Therese Tombil
(Institute of Anatomy, University Medical School, Budapest)

In Golgi preparations, four cell types are demonstrable in the dorsomedial nucleus:
relay or principal cells, type Golgi Il/a and Il/b neurons and integrator cells belonging to
the reticular system. The afferent fibres arrive from several directions and form glomerule-
like synaptic junctions both along the relay cells and the dendrites of Golgi Il neurons, as
indicated also in Golgi preparations. Electron microscopic examinations were carried out
to identify the various cells and dendrites and also to differentiate the fibres and examine
the structures of synapses. The glomerular type of synapsis was apparent also in the electron
micrographs; a form not fully encased in glial capsule was seen chiefly in junction with the
dendrites of relay cells.

Quantitative Analysis of Synaptic Organization
in Non-sensory Relay Nuclei of the Thalamus

F. Hajdu, Therese Tombol, Gy. Ungvary, M. Madarasz and Gy. Somogyi

(Institute of Anatomy, University Medical School, Budapest)

The Golgi-analysis of non-sensory thalamic relay nuclei dorsomedial, ventrolateral,
anterior medial, dorsal and ventral yielded results similar to those obtained with the sensory
nuclei. The two main cell types, the relay (principal) cells and the interneurons (Golgi Il type)

were distinguishable also on the basis of their nuclear volumes. The further subgroups repre-
sent cell types known from Golgi preparations which seem to play different functional roles.
Correlating the proportions of cell types with quantitative data related to the area of the
dendritic tree and axon branchings in Golgi preparations, conclusions have been drawn as
to the functional morphology of synaptic organization.
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Quantitative Analyses of Synaptic Organization in Sensory Relay Nuclei
of the Thalamus

Therese Tombdl, Gy. Ungvary, F. Hajdd and M. Madaréasz
(Institute of Anatomy, University Medical School, Budapest)

The sensory relay nuclei of the thalamus — posterolateral ventral nucleus and the
lateral and medial geniculate bodies — have in spite of their different tasks in many respects
similar synaptic structures owing to the identical level of their integrative activities. The
main cell types and cellular structures of similar functional role are to be found in all the three
nuclei. Of the cellular structures, the initial collateral of the relay or principal cells and the
axon branching of the interneuron are important. The cells’ dendritic arborization which repre-
sents their stimulus perception, the area traversed by the terminal parts of the specific
afferent fibres, as well as the number of relay cells present in the latter area have been studied.

Data obtained with Golgi-preparations have completed and confirmed the results of
nuclear volume estimation.

The quantitative data on the synaptic organization of sensory relay nuclei contribute
some new information concerning the transmission activity taking place in these nuclei.

Golgi Analysis of the Cytoarchitectonies of the Nucleus Caudatus
M. Tomecsik
(Institute of Anatomy, University Medical School, Budapest)

A Golgi analysis of the nucleus caudatus was carried out with regard to elements
important for nuclear afferent fibre endings. The number of dendrites, their length and type
of branching as well as their spike patterns and the axon’s morphological properties were
examined. Cells differing in size and dendritic arborization could be divided into two groups
on the basis of axon behaviour: cells with long and short axons, viz. projective and interneuron-
type neurons. Within these groups several subtypes were differentiated by other properties.

New Possibilities of Golgi Analysis
M. Réthelyi
(Institute of Anatomy, University Medical School, Budapest)

Golgi sections were analyzed by superprinting of selected axon branchings and correlat-
ing them to data obtained by electrophysiological examinations. The method was found
to disclose information about axon endings and areas.

The working principle is that 5—20 axons, selected on the basis of predetermined
morphological criteria are drafted in one and the same scheme and on the drawing thus
obtained further common properties of the branching are sought for. Thus certain regularities
may be revealed in the endings or collateral systems of the axons which may remain incon-
spicuous if axons are studied one by one.

From the electrophysiological findings, monosynaptic connections may he conclusive
in neurohistological analysis, as they indicate the location of a group of nerve cells at the
termination of an axon. As an example the localisation of the ventral neurons of the spino-
cerebellar tract is demonstrated.

Afferentation and Intranuclear Structure
of Brain Stem Viscero-Sensory Nuclei

T. Mészéaros, Cs. Léranth and L. Z&borszky
(Institute of Anatomy, University Medical School, Budapest)

The afferent fibres which are sent to the brain stem by the glossopharyngeal and vagal
nerves terminate in three nuclei which are closely related to, but topographically well dis-
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tinguishable from, the fibre bundle of the solitary tract. The distribution of the afferent fibres
shows the following characteristics.

(i) Two thirds of the nucleus alae cinerea lateralis oralis are supplied exclusively by
terminals of ipsilateral n. 1X. and n. X. fibers, while (ii) its caudal third receives bilateral
afferentation from both brain nerves, (iii) The latter applies also to the commissural nucleus,
(iv) In the nucleus tractus solitarii exclusively ipsilateral, mainly vagal fibres have their
endings.

Following nerve transfixion, Fink Heimer’s method revealed coarse terminal elements
in the tractus solitarii and commissuralis nuclei whereas very delicate ones in the nucleus
alae cinerea lateralis. This correlates well with the data obtained by the Kopsch perfusion
method. These types of terminals characterize exclusively the nuclei and are unrelated to
the origin of the fibres.

Electron microscopically, the visceral afferents of the brain nerves in question appeared
to form primarily axo-dendritic synapses with the neurons of the above areas while on a
smaller, fusiform cell type chiefly axo-somatic synapses were apparent. In the latter case,
however, the axons originated from nerves other than the examined ones.

Corpus Luteiiiu Formation Induced by Ovariectomy
in Rats without Spontaneous Ovulation

L. Kwakyc, A. Itihmer, J. Vajda and B. Flcrké

(Institute of Anatomy. University Medical School. Pécs)

In rats with lesions in the anterior hypothalamus showing permanent cornification
of vaginal epithelium, corpus luteum formation started in 3—8 weeks following the operative
removal of one and a half ovary. Ten weeks after surgery lutéinisation was no longer observed.
Apparently, the reduction of the amount of oestrogen-producing tissue diminished the
negative oestrogen feedback and resulted in lutéinisation of the animals in whose ovaries
not a single corpus luteum had developed for two months prior to partial ovariectomy.
However, the ovarian tissue left in situ increased in 2.5—3 months to such an extent that
no corpus luteum formation could he elicited by removing again half the ovary.

Ovulation Elicited in Anovulatory Rats by Injection
of Autogenous Pituitarv Extract

L. Tima and B. Flerko

(Institute of Anatomy, University Medical School, Pécs)

Rats rendered anovulatory by various methods were treated with autogenous pituitary
extract. Forty-eight hours after treatment more than 50% of the animals had ova in their
oviducts. Inconsistently with the literary data this has shown that rats rendered anovulatory
by electrolytic lesion or frontal division of the anterior hypothalamus, or by prolonged light or
perinatal androgen treatment, had still enough luteinizing hormone in their pituitary gland
to elicit ovulation.

The Mechanism of Androgen Sterilization

B. Flerk6 and B. Mess

(Institute of Anatomy, University Medical School, Pécs)

The preoptic and anterior hypothalamic neurons which are sensitive to oestrogens
are indispensable in the neuro-hormonal feedback processes which ensure the cyclic secretion
of gonadotrophic hormones. Immediate postnatal androgenic influence resulted in a reduc-
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tion of the oestrogenic reactivity of these hypothalamic structures. In recent studies, the
oestradiol-binding capacity of the anterior pituitary, uterus and anterior hypothalamic region
of androgen-sterilized female rats was found to be reduced as compared to the controls.
This suggests that an immediate postnatal androgenic effect impairs the specific receptor
mechanism responsible for the binding of oestradiol molecules to the above hypothalamic
structures; the impairment of the receptor mechanism necessary for the development of
full oestradiol action seems to account for the absence of cyclic gonadotrophin secretion
in male or androgen-sterilized female rats.

Histoenzymatic Reactivity of the Thyroid in Tissue Culture

S. M. Milcu, C. Tasca, Ruxandre Petrescu, E. Angelescu and Elena Ghinea

(Institute of Endocrinology, Academy of the Socialist Republic of Roumania)

In cultures of normal and pathological thyroid tissue the activity of aerobic and
anaerobic glycolytic enzymes, pentose shunt enzymes, diaphorases, lysosomic enzymes, and
ATPase has been studied in tissue specimens obtained from patients with exophthalamie
goitre, thyroid cancer, adenoma, and diffuse goitre. In all cases the activity of enzymes belong-
ing to the Krebs and Embden-Mayerhof cycles was prevailing, both at the site of the lesions
and in normal thyroid tissue. As regards the type of lesion, the highest enzymatic activity
was noted in exophthalamie goitre and the lowest degree in embryonal adenoma. The DNA
content, determined histophotoinetrically, was highest in carcinoma and lowest in embryonal
adenoma.

Swelling of Nerve Cell Nuclei Following Surgical Interruption
of Neural Connections to the Medial Basal Hypothalamus

B. K 33aras, Ildik6 Szilvassy and B. Halész

(Institute of Anatomy, University Medical School, Pécs)

Partial or complete interruption of neural connections to the medial basal hypo-
thalamus of 70 adult rats was carried out stereotaxically. Three kinds of intervention were
undertaken: 1. Complete deafferentation; 2. frontal cut to disconnect the anterior connec-
tions; 3. partial deafferentation by cutting all except the anterior paths. 30 120 days after
the intervention nuclear volume was determined in the cells of the arcuate and ventro-
medial nuclei. In every case, 200 nuclei were measured. All the three types of intervention
induced a significant enlargement of the nuclei: in cases where the intervention was unilateral,
the change occurred on the deafferented side. In some cases there was a conspicuous nerve
cell hypertrophy in the deafferented area. As a control, a temporal cortical segment was
tsolated; swelling of the nerve cell nuclei occurred also in the isolated area. It is supposed
ihat the nuclear enlargement was due to a transneuronal degeneration.

Einschwingvorgdnge nach einmaligen Eingriffen
in das Hypophysenvorderlappen-Nebennierenrindensystem

M. Hermann und G. Winkler

(Medizinisch-Naturwissenschaftliche Hochschule,
Zentrum fir klinische Forschung, Universitat, Ulm)

Einmalige hochdosierte ACTH-Zufuhr 18st beim Meerschweinchen ein charakteristi-
sches Verhalten der 17-OHCS-Ausscheidung im Harn und der Kernvolumina der Zona fasci-
culata der Nebennierenrinde aus. Dem bekannten initialen Anstieg folgt innerhalb 48 Stunden
ein Abfall auf subnormale Werte, die Uber einen ldngeren Zeitraum bestehen bleiben. Die
Normalisierung setzt mit einem Rebound um den 10. Tag ein. Die Verfolgung der Kern-
volumina in Leber und Schilddrise zeigt, daB beide Organe von diesem Ereignis beeinfluflt
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werden. So lassen die Leberparenchymzellen einen sofortigen Abfall des Kernvolumens auf
subnormale Werte erkennen. Erst nach dem 7. Versuchstag erfolgt eine Anndherung an die
Norm. Die Schilddrisenepithelzellen reagieren auf die ACTH-Zufuhr mit einer kurzfristigen
Zunahme des Kernvolumens. Der folgende Abfall auf subnormale Werte endet am 5. Ver-
suchstag. Danach finden sich Kernvolumina im oberen Normbereich.

Zuséatzliche ACTH-Gaben in der Phase der niedrigen 17-OHCS-Ausscheidung und
der subnormalen Kernvolumina zeigen keine Auswirkung auf die beiden MeRgroBen. Ebenso
bleiben StreBreaktionen auf Diphtherietoxinvergiftung aus. Dieser Zeitraum wurde deshalb
als Depressionsphase bezeichnet.

DaR diese zusatzlichen ACTH-Gaben jedoch nicht ganz ohne Auswirkung bleiben,
laRt sich daran erkennen, daB durch eine ACTII-Gabe am 5. Versuchstag der am 10. Tag
nach der initialen ACTH-Zufuhr zu erwartende Rebound geléscht wird. Dafir findet sich
am 15. Tag, also 10 Tage nach der zweiten ACTII-Gabe, ein Reboundgipfel.

ACTH Production under the Influence of Metyrapone
in the Pituitary Transplanted in Prenatal Age

K. Straznicky, B. Bobus and B. Mess

(Institute of Anatomy and Physiology, University Medical School. Pécs)

Earlier studies have shown that the avian pituitary gland implanted subcutaneously
in prenatal age not only maintained TSH production but, under the influence of goitrogenic
agents, even elevated it above the basic level. The problem investigated at present was whether
the transplanted pituitary deprived of its hypothalamic connection was, under external
influences, able to increase the production exclusively of TSH or also of the other trophic
hormones.

Anterior pituitary was implanted on the 6th day of incubation under the abdominal
skin of chick embryos decapitated on the 2nd day of hatching, and after treatment with
3x0.1 mg of metyrapone, adrenal weight, nuclear volume of cortical cells and the ascorbic
acid content of the adrenalswere examined every hour for 3 hours. The results were correlated
with those obtained in 18-day-old intact chick embryos. The operated embryos responded to
metyrapone in a similar way as the non-operated controls.

It appeared that, in contrast to adult birds, the pituitary gland transplanted in
embryonic age is capable not only of basic ACTH secretion but, on adequate stimulation,
may even increase it above the basic level.

Hole of the Medial Habenular Nucleus in the Control of Salt
and Water Household

I. Lengvéari, K. Kdves and B. Fiahisz

(Institute of Anatomy, University Medical School. Pécs)

Several data have pointed to the role of the epithalamic region in the control of salt
and water metabolism. The present experiments were undertaken to clarify whether the medial
habenular nucleus (NHM) is involved in that function. The problem was approached from
two angles and the following observations were made: 1. The NHM was destroyed bilaterally
and nuclear volume of the adrenocortical cells was assessed. Two weeks after the intervention
there was a significant decrease in nuclear volume of the zona glomerulosa cells, while no
change occurred in the fasciculate zone. 2. A disturbance of salt and water metabolism was
induced and nuclear volume of the NHM cells was estimated. Salt load (2 X4 ml of 3% NaCl
through a gastric tube) for 3 3 days caused a significant decrease in the nuclear volume of
NHM cells. Treatment with 2x10 ml of physiological saline daily for 3 days had a similar
effect, but after 5 days the effect ceased. Five or eleven days after adrenalectomy, the NHM
nuclei increased in volume. Rased on the above observations it is assumed that the NHM
plays a role in the regulation of salt and water household.
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Cyto-histometric Studies of Sarcoma

E. C. Craciun and C. G. Tasca

(Victor Babes Institute of Pathological Anatomy, Bucharest)

Sarcomas of different cyto-histological types are often unsuitable for bio-micrometric
investigation, as their cells do not always show clear cut cytoplasmic borders, because they
keep the wusual architectonics of connective tissue, with occasional cytoplasmic processes
forming bridges between the cells. Moreover, if dense enough, hyaloplasmic structures are
seen under the phase contrast microscope. More favourable for study are the sarcomas of
lymphatic and myeloid tissues, but even in these the reticular elements, as well as histiocytes
and their polyblastic forms are often difficult to differentiate.

Thus, we found it convenient to apply only karyointerkaryometry for most of the
gliosarcomas and common sarcomas, and to use cytometry and intercytometry only when
the cytoplasm has clearly defined outlines.

Nuclear volume (Puff formula) and cellular volume (based on the previous one) were
measured in 50—1000 cells, tabulated as log-values, and presented in graphs, together with
the internuclear and intercellular distances.

When such objective findings are compared during follow up examinations, the bio-
logical conditions can be expressed well for each patient and it becomes possible objectively
to evaluate the prognosis and the therapeutic method.

The method is especially suitable for routine work in the hospital laboratory and all
what is needed is a micrometric device.

Catecholamine Synthesis and Storage by the Intermediate Pituitary Lobe

K. Szabé and T. Donath

(Institute of Anatomy, University Medical School, Budapest)

On treatment with paraformaldehyde, an intensive yellowish-green fluorescence of
the rat’s intermediate pituitary lobe was noted. Neuropharmaeological studies have shown
that the cells of the intermediate lobe contained primary catecholamines in high concentra-
tion, in the form of small granules. The cellular catecholamines formed with paraformaldehyde
a condensate which showed a specific fluorescence, was instable in UV light, resisted reserpine
and was not influenced by MAO inhibitors. This would mean that the catecholamines in the
pituitary are linked with bonds other than those in the nerve terminals.

On treatment with L-Dopa, the cellular fluorescence increased markedly and the cells
incorporated the L-Dopa and transformed it to dopamine. The increase in intensity could
be prevented by blocking the decarboxylase activity. This indicates that the cells of the
intermediate pituitary lobe contain large amounts of decarboxylase and accordingly play
a role not only in the storage, but also in the biosynthesis of catecholamines.

In the area bordering the posterior pituitary, many monoaminergic nerve terminals
sensitive to the appropriate drugs were demonstrated. Their close relationship with the cells
suggested the role of a monoaminergic mechanism in the intermediate lobe’s endocrine func-
tion which is the control of the secretion of the melanocyte-stimulating hormone.

RNA Production by Thyroid Epithelium of Normal
and Decapitated Chick Embryos

B. Mess and K. Straznicky
(Institute of Anatomy, University Medical School, Pécs)
According to earlier studies, the DNA production of thyroid epithelium is markedly

influenced by the onset of pituitary TSH secretion. TSH causes an abrupt decrease of the
intense DNA production characteristic of young embryos and simultaneously the secretion of
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thyroid hormone begins. The question was to what an extent RNA synthesis followed the
change in DNA synthesis, viz. how far it was influenced by TSH.

Uptake of 3H cytidine by the thyroid epithelium of normal and decapitated chick
embryos of similar age was examined by autoradiography between the 8th and 14th days
of incubation. In the case of decapitated embryos, viz. those developing without TSH, both
UNA nnd DNA synthesis tended to decrease with age. In contrast, in normal embryos, at
the onset of TSH secretion on the 11th day, there was a critical fall of 3H-cytidine uptake
by the thyroid gland, showing only a minor part of the activity observed in 8-day embryos.

Histochemical and Electron Microscopic Study of Parafollicular “C” Cells
in the Rat Thyroid Following Nervous Injury

K. Hollosi and T. Kerényi

(Institute of Pathology, Balassa Janos Hospital and Il. Department
of Pathological Anatomy, University Medical School. Budapest)

Though the parafollicular thyroid cells have been known for several decades, their
origin, structure and function have been clarified only recently by electron microscopic,
histochemical and fluorescence examinations, pharmacological experiments and clinical and
pathological observations. It has been shown that these cells are related to the monoaminergic
mechanism and secrete some additional hormones, such as thyrocalcitonine, bradiquinine
and protaglandine. An electron microscopic study of the rat thyroid revealed in the para-
follicular cells secretion granules which were the counterparts of the fine phase of the argyro-
philic granules shown by light microscopy. The electron microscopic counterparts of the
coarse phase were residual bodies which showed lipofuscin properties. In the parafollicular
thyroid cells and CNS of neurotraumatized rats a moderate increase and coarser granu-
lation of lipofuscin granules was seen. It appears that lesions of this type develop by
a similar mechanism in both the central and the peripheral nerve structures.

Ultrastructural Study of the Human Adrenal Medulla

K. Lapis and |. Benedeczky

(Institute of Pathological Anatomy and Pathohistology,
Postgraduate Medical School. Budapest)

For the study of the ultrastructural organization of the human adrenal medulla
practically only surgical specimens removed from patients suffering from various diseases
are available. In the present study, the ultrastructural properties of adrenal medulla from
patients with Buerger’s disease and inoperable breast cancer were examined. Pre-fixation
in glutaraldehyde allowed the differentiation of adrenaline and noradrenaline producing
cell types. The adrenaline and noradrenaline granules were found to measure 3000 and 2000 A
in diameter, respectively.

No notable ultrastructural difference was found in the nuclei and cytoplasmic organelles
of adrenal medullary cells between patients with Buerger’s disease and those with breast
cancer. The individual cell organelles showed no pathological alterations. The only con-
spicuous difference was that in Buerger’s disease the cells contained many lysosomes and
lipofuscin granules, whereas in breast cancer there was a marked increase in the number
of lipid droplets. At the border between adrenal medulla and cortex, special transitional cells
of corticomedullary architecture were seen, which contained tubulovesieular mitochondria
typical of cortical cells, and catecholamine granules, in adjacent location.

Since no significant difference has been found in the ultrastructural organization of
adrenal medulla between patients with Buerger’s disease and those with breast cancer, it is
assumed, that the submicroscopic appearance of the examined specimens essentially corre-
sponded to that of the normal adrenal medulla.
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Secretory Activity of the Adrenoinedullary Cell Nuclei in the Rat

K. Benedeczky and G. Viraghalmi

(Institute of Pathological Anatomy and Pathohistology,
Postgraduate Medical School, Budapest)

Ultrastructural cytomorphologic studies yielded extensive evidence of the role in
secretory function of the different cytoplasmic organelles. However, data are scarce as to the
secretory activity of the cell nucleus. In the present studies vigorous adrenaline secretion
was induced by excess insulin treatment in albino rats. Prior to the phase of hormone resyn-
thesis 5-fluorouracyl or actinomycin D was given with the aim to disclose an eventual cor-
relation between inhibition of nuclear DNA and RNA synthesis by these drugs and the
synthesis of catecholamine by the glandular cells. 5-fluorouracyl treatment was followed
by a reduction of nuclear electron density in the phase of resynthesis, whereas actinomycin D
treatment induced a segregation of the nucleoli. The disturbance of granulogenesis manifested
itself with the appearance of empty secretion granules of low electron density. It is assumed
that nuclear DNA and RNA synthesis has a direct influence on intracytoplasmic granulo-
genesis, through storage and transport of genetic informations.

Ultrastructure of the Adrenal Cortex of Rat Embryos
from Hypophysectomized Mothers

B. Bukulya, I. Okrés and D. Szab6

(Institute of Experimental Medicine, Hungarian Academy of Sciences, Budapest)

Normally, the endoplasmic reticulum and mitochondria of embryonic adrenal cells
tend to transform after the 15th day of foetal life into the vesicular type organelles reminiscent
of the zona fasciculata cells of adult animals. Earlier studies by others and ourselves have
shown that ACTH accelerates the transformation to vesicular organelles. In the present
studies an attempt was made to clarify whether an ACTH deficiency caused by maternal
hypophysectomy would influence the ultrastructure of embryonic adrenal cell organelles.
Maternal hypophysectomy was performed on the 15th day of pregnancy and the foetal
adrenals were processed on the 21st day. It appeared that post-hypophysectomy ACTH-
deficiency did not inhibit either qualitatively or quantitatively the vesicular-type trans-
formation of endoplasmic reticulum and mitochondria, but rather enhanced it slightly. This
implies that maternal ACTH has no direct influence on the development of the typical ultra-
structure of embryonic adrenal cells.

Cycloheximide-induced U ltrastructural Changes in the Rat Adrenal Cortex

D. Szah6, I. Okrés and Cs. Dzsinich
(Institute of Experimental Medicine* Hungarian Academy of Sciences, Budapest)

Cycloheximide (CHI) rapidly decreases corticoid synthesis and increases the free
cholesterol content of the adrenal cortex. In animals treated with CHI, A 5 pregnenolone
and ACTH enhanced the synthesis of corticoids and simultaneously increased the amount
of free cholesterol in the adrenal cortex. It was examined whether the biochemical changes
following CHI treatment had caused ultrastructural alterations involving the organelles of
cortical cells. In the cells of the fasciculate zone, aggregates of granules were seen between the
cell organelle which formed often double concentric membranes, or sometimes a net-like
structure. Parallel to corticoid synthesis, the endoplasmic reticulum varied in appearance:
in the cells of the fasciculate zone of the adrenal cortex from animals treated with CHI alone,
only cross-sections of a few vesicles were seen in addition to the granular substance, while
on treatment with CHI -J- ACTH vesicular endoplasmic reticulum, reminiscent of that of
the controls, was apparent.

It is believed that the granular substance represented one form of free cholesterol,
which may give rise — under the influence of the technical procedure — to thick conspicuous
membrane systems.
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Carbohydrate Metabolism in the Regenerating Joint Surface
H. Eva Olah, Cs. Hadhéazy, O. Kalaliii Amlidssy. B. Mamii and Eva Kiss

(Institute of Anatomy, Histology and Embryology,
and Institute of Medical Chemistry, University Medical School. Debrecen)

Thc early proliferative tissue layer formed on joint surfaces after Krompecher
Puky’s semi-joint surgery develops to a cartilaginous tissue. Parallel to this morphologically
well defineable change, biochemical changes are also taking place, of which the increase of
mucopolysaccharides appears to be the most conspicuous. The mucopolysaccharide com-
ponents are supposed to form in the course of carbohydrate metabolism. A study of the carbo-
hydrate metabolism of the proliferative tissue showed that in the 70 postoperative days the
hexosamine content decreased, whereas O, uptake and lactic acid production (glycolytic
activity) decreased after an initial rise. However, not all glycolytic enzymes followed the
changes of glycolytic activity.

Phosphoglucomutase activity decreased, while phosphohexose-isomerase activity
increased. Prior to the 33-day period of gradual avascularization and cartilaginous trans-
formation, phosphofructokinase activity showed first maximum then tended to decrease.
Simultaneously, there was a sharp rise of hexosamine-synthetase (hexose-6-phosphate trans-
aminose) activity.

Histocheinical and Biochemical Examination of Intact and Regenerating Joint
Cartilage Following Prolonged Prednisolone Treatment

S. K. Kostenszky and H. Eva Oléh

(Institute of Anatomy, Histology and Embryology,
University Medical School. Debrecen)

I'he effect of 70-day prednisolone treatment on intact and regenerating joint cartilages
of dogs was examined histochemically and biochemically with special regard to the behaviour
of the mucopolysaccharide component.

In the intact cartilage, the treatment did not seem to cause histological and histo-
chemical changes.

Biochemical assay showed no alteration of the total hexosamine content and an about
10% decrease of the galactosamine content. The uronic acid content decreased significantly
as compared to the controls, as assessed by Dische’s carbazol method, while its decrease was
lesser when estimated by Brown’s orcinol method.

The effect of prednisolone on cartilage regeneration was examined after Krompecher-
Puky’s semi-joint operation. In this case the regenerating tissue contained chiefly young
cartilage cells of fibrous appearance, and vessels narrower than normally.

In the newly formed cartilage of the articular surface there was an increase in total
hexosamine content resulting from an increase of galactosamine, and both methods of assay
showed a significant increase of uronic acid content. This implies that under the influence of
prednisolone the mucopolysaccharide components behave in a different way in normal and in
regenerating joint surfaces.

Total Adrenal Extract Enhancing Vascularization and Ossification
A. F. Kiss and S. Szabd

(Institute of Anatomy, Histology and Embryology.
University Medical School, Debrecen)

The vascularization promoting active substance in total adrenal extract has been
studied. Extinction coefficients of UV and visible light spectra and absorption maxima of
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extinction curves of the extracted aqueous phases indicated the presence of proteins, proteids,
nucleotides, lipids, haemoglobin derivatives, and compounds with a porphyrine base. The
curve of the infrared absorption spectrum of ether, petroleum benzene, and chloroform
extracts of the rest substance indicated the presence of glycerates of various saturated and
unsaturated fatty acids, and in the ether extract the presence of lipids. According to the
spectrophotometric findings, vascularization of umbilical cord pieces transplanted onto
chorioallantoic membrane was best promoted by the test substance’s ether extract and its
aqueous residue, though even in this case vascularization did not exceed 58 and 53%, respec-
tively, as related to results with the crude extract.

The vascularization promoting action of total adrenal extract may be regarded as
a complex effect of the adrenal medulla and cortex, with a thermolabile, non-dialysable
large molecular protein-like (enzyme?) substance as its chief component.

Study of the Osteo-hematopoietic Unity

E. Tarsoly

(Institute of Anatomy, Histology and Embryology,
University Medical School, Debrecen)

The interaction between bone and bone marrow has been studied on the basis of the
morphological and physiological relationship described by Yereby— Rdohlich, and the pathologic
and therapeutical relationship described by Krompecher who termed these relations as
osteo-haematopoietic unity. On a phylogenetic basis, this unity can be extended also to
regeneration and its stimulation.

Studying the regeneration of bone and bone marrow in bone cavities and after fractures,
it was found to take place in a phylogenetic sequence. Stimulation of bone regeneration
enhanced also the regeneration of the bone marrow. Alteration of bone regeneration by dif-
ferent hormonal and rickets-inducing processes resulted in a pathologic change in the bone
marrow. The pathological unity acts also during regeneration. The present experiments have
supported the existence of the osteo-haematopoietic unity and its multiple and extensive

realization.

A Histochemical Study of Mineralization During Ossification

M. Petké, L. Modis, I. Foldes, M. Gyurké, M. Kern and A. Jézsa

(Institute of Histology and Embryology, University Medical School, Debrecen)

The deposition of minerals is an important phase of ossification. The follow-up of
this process requires highly sensitive and specific methods. In the present experiments we
correlated the results obtained with traditional (Koss&, Gornori, alizarin red S) and new
methods (tetracyclin, fluorexon and morine fluorescence; N, N-naphtalyl-hydroxylamine,
polarisation optical and chloraniline acid techniques). The specificity of the histochemical
procedures was assessed by control tests (,5Ca autoradiography in vitro; determination of
C and P by chemical analysis). The comparison of the results yielded by the different methods
seems to allow a differentiation of the calcification and mineralization processes. In the present
study it was used to follow up the postembryonic chondral bone development of the albino
rat at 10, 30, 40, 60 and 90 days of age. The deposition of mineral salts was correlated with
the changes of the organic matrix (MPSs). The close relationship between mucopolysaccharides
and chalk compounds was confirmed by the process of calcification induced in the kidney.
Combination of fluorochrome stains in vivo allowed a study of mineralization dynamics
under both normal and experimental conditions.
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Correlation between Specificity and Chemical Structure
in the Histochemistry of Acid Mucopolysaccharides

L. Médis, I. Foldes, Il. Eva Olah and B. Szabé

(Institute of Anatomy, Histology and Embryology,
University Medical School. Debrecen)

The histochemical value of 120 diverse cation dyes has been examined in acid muco-
polysaccharide rich tissues (cartilage, mast cells, cornea). The results obtained under identica
staining conditions have been compared with regard to specificity. The selectivity of the
individual reactions was checked by digestion, blocking, autoradiography and other methods.
An attempt was made to demonstrate a correlation between the quality, number and loca-
tion of auxochromic and chrornophoric cation dyes and the histochemical results. Under the
given conditions, selectivity depended on the number and position of free auxochromes.
The results were confirmed by model experiments, paper chromatography and spectrophoto-
metric measurements. Histochemical specificity could be increased by the selection of fluoro-
chromes with favourable cationic properties; also, it appeared that the histophysical and
histochemical relations of fluorescence had advantageously completed each other. Some new
histochemical methods are described of which the two-phase fluorescent metachromatic flavo-
phosphin reaction appeared to be most promising, as it allowed the differentiation by TIV
spectrophotometry of the two acid mucopolysaccharides heparin and chondroitin sulphate.

Immunological and Immunohistochemical Study
of Contractile Proteins of the Calf Carotid

G. Conti, B. Mamii, L. Laszt and A. Mariangela

(Institute of Anatomy, Histology and Embryology, University Medical School.
Debrecen and Institute of General Embryology, Fribourg, Switzerland)

Tonoactomyosin was isolated from lbe common carotid artery of the calf by Laszt
and Hamoir’s method. By fractionation of this protein with ammonium sulphate, tono-
myosine and F-actin were obtained. The purity and immunological properties of the isolated
proteins were examined with the double agar gel diffusion precipitation test, using antisera
specific to tonoactomyosin and tonomyosin. It was found that tonoactomyosin contains at
least 4, whereas tonomyosin 2 components of antigenic nature. The origin of these com-
ponents was studied by biochemical and immunological methods. Using antisera labelled
with fluorescein isothyocyanate, the intracellular localisation of contractile proteins was
examined immunohistochemically. The morphologically different muscle cells of the media
contained both tonoactomyosin and tonomyosin.

Serum Mucopolysaccharide Fractions
in Experimental Hypo- and Hyperthyroidism in the Rat

B. Mamii

(Institute of Anatomy, Histology and Embryology,
University Medical School, Debrecen)

In clinical and experimental studies, Krompecher et al. have demonstrated a close
relationship between thyroid function and the serum mucopolysaccharide level. In the relevant
experiments chiefly the changes of serum hexosainine level were studied. The dissimilar
behaviour of serum mucopolysaccharide fractions has been extensively reported in the litera-
ture. The present experiments were performed on 58 albino rats. The hexosainine, glycoprotein,
sialic acid and fucose contents of the serum were examined after treatment for 30 and 44
days with thyroxine and methylthiouracyl, respectively. Thyroxine caused a decrease, while
methylthiouracyl an increase, in the quantity of all examined fractions.
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Influence of Constitutional Factors on the Tensile Strength
of Human Skin

I. Gy. Fazekas, F. Kosa and A. Basch

(Institute of Forensic Medicine, University Medical School. Szeged)

The behaviour of human skin on stretching, its elasticity and tensile strength have
been studied primarily from the surgical (Jansen, Rottier, Gibson, Kenedi, Craik), geriatric
(Arvai, Takacs, Verzar), and pathophysiological (Wihlisch et ah. Wenzel, Rollhauser, Zink)
angles. Literary data are, however, scanty and equivocal concerning the resistance to stretching
of the skin in the different body regions, in spite of the knowledge of the mechanical prop-
erties of human skin being of importance in forensic medicine as they may he conclusive of
the force of impacts.

The skin of different body regions (scalp, neck, anterior thorax, cardiac region, abdo-
men, back, buttocks, upper and lower arm, thigh, legs) from 121 corpses (71 men, 50 women)
was examined with an electric tensile meter provided with an automatic recorder. Tensile
strength was expressed in terms of kg/1 cm skin width. The results were studied according
to age groups, body regions and sex distribution. It was found that the tensile strength of
the human skin varies significantly with sex, body region and age. Statistical analysis of the
results revealed a correlation between the constitution and the tensile strength of the skin
in the different body regions.

Experimental Hypoxia in Rat Skin

B. Maria Laszlé

(Institute of Histology and Embryology, University Medical School, Debrecen)

Krompecher et al. have repeatedly described the role of tissue hypoxia in mucopoly-
saccharide formation. In the present experiments the changes induced in rat skin and serum
by abruptly blocking the local capillary supply by freezing have been examined. Freezing
was carried out with carbon dioxide ice on the dorsal skin for 2 minutes. The material was
processed one half hour, 3 days, 5 days, and 14 days after cold exposure.

According to the findings, the hexosainine contents in serum and tissue reached the
maximum on the 3rd day after freezing and fell to close the control value by the 14th day.
In further experiments, acid and neutral mucopolysaccharides were isolated quantitatively,
from the exposed areas and the percentual distribution of some of their typical components
was determined. Consistent results were obtained concerning tissular hexuronic acid, sialic
acid and hexose contents as well as serum hexuronic acid, sialic acid, fucose and seromucoid
levels. The local hexosainine production of the hypoxic skin was examined in vitro in the
W arburg apparatus, under aerobic and anaerobic conditions, with glutamic acid added.

Owing to the disturbance of tissue metabolism, a considerable increase of mucopoly-
saccharides took place in the impaired skin area as well as in the serum, throughout the
period of capillary occlusion.

Development of Elastic Fibre under Functional Strain
A. Kadar, B. Veress and H. Jellinek

(Second Department of Pathological Anatomy, University Medical School. Budapest)

The development of elastic fibres has been examined by light and electron microscopy
in the rat embryo, the newborn rat, experimental intimai thickening, organization of arterial
grafts, and of surgical meshes.

Electronmicroscopically, the elementary units of elastic fibres were found to be
granules 70790 A in diameter, with free basic groups. These granules partly formed micro-
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filaments, partly aggregates 300 —2000 A in diameter. The aggregates joined to form mature
elastic lamellae or, according to the functional requirements, an undulating internal elastic
lamina in the developing aorta or in experimental intimai proliferations.

In contrast to intimai thickening, in synthetic grafts a few isolated elastic fibres
developed exclusively in the segment close to the host aorta and lumen, where pulsation was
still felt. In the case of surgical meshes implanted into the abdominal wall, where neither tissue
elasticity is required in that sense as in the aorta, nor the supportive role of elastic fibres is
needed, no elastic fibre formation whatever was observed.

Hole of Golgi Apparatus in Mucopolysaccharide Synthesis

|. Foldes, L. Médis, L. Julow and J. Laezké

(Institute of Anatomy, Histology and Embryology,
University Medical School, Debrecen)

The precise role of the Golgi apparatus is still unclear. Many findings suggest secretion
of lipid (Palay and Bourne), protein (Ferquhar and Welleings, Helander), mucoid and muco-
protein (Petersen and Leblond) by the Golgi complex. Recently, various enzymes such as
alkaline and acid phosphatase, thiamine pirophosphatase, etc. have been demonstrated in
the Golgi systems of several organs from diverse animal species.

Comparative examinations have been carried out using methods suitable for the
demonstration of the Golgi apparatus in cartilage, salivary gland, adrenal, thyroid gland,
nerve tissue of the albino rat. The types of Golgi complex typical of certain organs or tissues
were correlated with the results of protein, lipid, carbohydrate and enzyme histochemical
reactions in the appropriate cells. Results obtained in normal organs were compared to those
found in the Golgi systems of cells with altered secretory activity. Evaluation was made
with special regard to the relationship between mucopolysaccharides and Golgi apparatus.
Based on these and earlier findings, a role in mucopolysaccharide synthesis is ascribed to the
Golgi complex.

Cytochrome Oxidase Activity of Various Farts of the Nervous System
in the Dog

Eva Kiss and T. Krompecher

(Institute of Anatomy, Histology and Embryology
and Institute of Forensic Medicine, University Medical School, Debrecen)

It is known that in animals of low order, cytochrome oxidase activity of the different
tissues is low owing to the low oxygen supply and the poorly differentiated circulatory and
respiratory organs.

Cytochrome oxidase activity was studied in various parts of the nervous system of
dogs, using the modified Pearl Cascarano—Zweifach method. Those parts of the nervous
system which occur also in low animals had a low cytochrome oxidase activity, whereas those
which are related to higher stages of phylogenetic development showed a gradual increase
of the enzyme activity.

Enzyme Histochemical Processes in Ganglial Cells
of the River Mussel (Unio pictoruin)

Méaria Nagy
(Institute of Anatomy and Histology, University of Veterinary Medicine, Budapest)

The lipofuscin of ganglial cells from river mussels of various ages was examined with
different methods for the presence of hydrolases (lipase, non-specific esterase, alkalin phos-
phatase, acid phosphatase, 5’nucleotidase, cathepsin, ATPase) and oxidases (succinic dehydro-
genase, monoaminoxidase, NADII2 diaphorase, cytochrome oxidase).
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Since lipofuscin is a coloured substance with a complex structure, the methods of its
enzyme histochemical and light microscopic examination have to be chosen and evaluated
with precaution.

Of the enzymes listed above, a positive reaction was obtained for non-specific esterase,
acid phosphatase, cathepsin, succinic dehydrogenase, cytochrome oxidase, NADH2diaphorase.
The reaction products were localized in the form of granules on the surface of the lipofuscin,
or surrounded it in the form of a letter C or less often O.

The presence of the enzymes was noted in more granules in young than in old animals,
but even in the former case not all the granules contained enzyme.

These localizations of enzyme reaction products seem to support the view that the
lipofuscin granules consist of a cortical and a medullary part, the former containing enzymes
and other substances, the latter chiefly neutral fat. The results suggest that mitochondria
and other cell organelles play a role in lipofuscin formation. Their development takes place
through the “segregosoma’Mike state described by Ericsson et al.

Pre- and Postnatal Cholinesterase Activity in the Chick and Rat Heart
Angéla Gyavai
(Institute of Experimental Medicine, Hungarian Academy of Sciences, Budapest)

Cholinesterase activity in the heart from chick and rat embryos and newborn and
older rats has been examined histochemically. In both species, myocardial cholinesterase
activity was demonstrable prior to the entry of the vagal nerve. Subsequently, the activity
tended to increase rapidly, then during ontogenesis to decrease. This reduction was incon-
spicuous when examined on successive days, whereas it was conspicuous when examined at
greater intervals. The decrease of enzyme activity went parallel with the morphological
differentiation of the cells, viz. with the gradual cessation of their activity. Spontaneous
activity and cholinesterase activity of young myocardial cells seems to be related. The sup-
posed quantitative relationships of heart acetylcholine content during embryonic develop-
ment are discussed.

Histochemical and Electron Microscopic Study of Intestinal Epithelium
from Young Ruminants, with Special Regard to Protein Absorption

B. Veress and K. Baintner, Jr.

(Second Institute of Pathological Anatomy, University Medical School,
and Research Institute for Animal Husbandry, Budapest)

Epithelial cells from the intestinal segments of dwarf Kameron goats were examined
for morphological changes occurring during the absorption of colostral proteins, viz. intact
immune material.

Comparing the intestines of lactated newborn goats to those of adult or colostrum-
deprived newborn animals, the former had in the jejunal and ileal epithelium eosinophilic,
PAS, ninhydrin and Schiff positive droplets varying in size and filling the entire cell. At the
margin of the droplets a pronounced annular alkaline phosphatase reaction and a lack of
acid phosphatase activity was demonstrated. Electron microscopically, many pinocytotic
vesicles were seen among the microvilli, with cloud-like electron dense contents. In the apical
parts of the cells vesicles different in size were seen, with contents of varying density but
otherwise resembling the contents of pinocytotic vesicles. The vesicular contents entered the
intercellular space by reversed pinocytosis at the cell base which appeared markedly broadened
as compared to the controls. After the third day the pinocytotic activity as well as the number
of vesicles had considerably decreased, then disappeared; the width of the intercellular space
became normal and the ultrastructure of the epithelial cells corresponded to that of the adult
animals.

The findings indicate that colostral protein uptake by pinocytosis takes place also
in ruminants: during their passage through the cell the colostral proteins are enveloped by
a membrane. This circumstance may play a role in macromolecular absorption and thus in
the passive immunity of the newborn.
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Electron Microscopic Observations on Capillary Innervation

W. Lines

(Institute of Anatomy, Friedrich-Schiller-University, Jena)

For the investigations tissue samples obtained from the jejunum and ileum of mice
were utilized after fixation in glutaraldehyde/OsO, or in 0sO.,, and following embedding in
Vestopal W or Epon. In the lamina propria mucosae blood capillaries were frequently observed.
In the neighbourhood often one or sometimes several unmyelinated nerves occurred. The
axons forming such a nerve are obviously varying in number. Part of these axons containing
numerous vesicles is dilated. The dilatations are frequently localized in that part of the unmyelin-
ated nerve which is turned towards the capillary. The distance of these vesicular segments
of the axons from the pericytes and endothelial cells was measured on electron micrographs.
The results are discussed with regard to capillary innervation.

Development of the Paneth Cell Population
in the Small Intestine of Young Mice

1. Méller

(Institute of Anatomy, Friedrich-Schiller-University, Jena!

The small intestine of mice, from one to twenty days old, has been investigated. The
material was analysed qualitatively and statistically, taking into consideration the ratio of
Paneth cells to intermedial forms in each part of the small intestine. The experiments have
confirmed the observation that the development of the gut occurs from proximal to caudal.
There are many intermediate forms in the first few days, whereas the number of Paneth’s
cells is still relatively small. During the second week, the Paneth cells increase in number,
the intermediate forms begin to decrease at the end of the second week. The third week shows
a further decrease of intermediate forms with a corresponding increase of Paneth’s cells,
until the number normal for adult mice has been reached.

The various possibilities of interpreting the results, concerning the development and
origin of intermediate forms and Paneth’s cells, are discussed.

Morphodynamics of the Cerebral Epiphysis in the Case of Stress

V. Devecerski and N. Sijacki

(Institute of Histology and Embryology, Novi Sad)

Histochemical changes of the rat pineal gland were studied with special reference to
the lipid content of the pinealocytes. The animals were subjected to 24-hour immobilisation
during which they were deprived of food and water.

Using the combination of different methods, hypertrophy of pinealocytes and their
nuclei, clear differentiation of bright and dark cells as well as the abundance of floxinophilic
granules in the pinealoeyte nuclei have been observed in the experimental animals.

Sudan black B reaction was less marked in the animals subjected to acute stress. The
sudanophilic substance was less than in the controls and occurred in the form of dispersed
bright granules of uneven size.

Results were quite different with Sudan Ill. The reaction as a whole was definitely
expressed, and the sudanophilic substance was present in larger amounts in the whole intra-
cellular space where the granule-like and larger formations of uneven colour intensity are
dominant.

The Oil Red 0 reaction was more expressed in the experimental rats where dark red
and red formations were observed in increased numbers.
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Phosphin 3R revealed a considerably wider fluorescent zone of uneven intensity in
the experimental than in the control animals.

Non-specific esterase activity was more expressed in the experimental animals,
especially in the vicinity of the capillary vessels.

The changes found are of a progressive character. Hypertrophy of the glandular cells
and their nuclei supports their stimulated activity. The decrease in the quantity of material
after the application of Sudan black B points to the mobilisation of certain lipid classes,
according to the supposition of Lison and other workers, especially of the phospholipids.
Both this finding and the increased activity of non-specific esterases suggest that in the case
of stress the pineal gland releases large amounts of its product from the complex lipid classes.

Assuming that the neutral fats are identified with Sudan 11l and triglycerides with
Oil Red, it may be concluded that the reaction is a reflection of the special phase of the complex
lipid metabolism in the epiphyseal glandular cells.

The above results are considered to support the hypothesis that in addition to melatonins
the epiphysis elaborates some other active substances of complex chemical structure and
biological activity.

Functional Anatomy of Corneal Degeneration

Ildiké Suveges
(Department of Ophthalmology, University Medical School, Debrecen)

Corneal degenerations, particularly its hereditary forms, occur infrequently. Accordingly
opportunities for their histological examination are rare and mostly limited to specimens
excised during keratoplasty. In the present studies reticular, nodular, spotty familiar degenera-
tions of the cornea and keratoconus were examined histologically. An interesting feature of
these types of corneal degeneration is that the partial or complete discoloration of the cornea
takes place without vascularisation.

In addition to usual histological methods, carbohydrate assays were also done.

It was found that in reticular, nodular and spotty degeneration, the degeneration
product was similar, differing only in localisation; in the reticular form it occurred in the upper
third of the parenchyma, in the nodular form beneath the epithelium, and in the spotty form
throughout the parenchyma. Accordingly, the reticular and nodular forms call for a lamellar,
while the spotty form calls for a perforating keratoplasty.

Tensile Strength of Abdominal Aponeuroses

B. Somogyi, Flora Undi and M. Kausz

(Institute of Histology and Embryology, University Medical School, Budapest)

Aponeuroses of the anterolateral abdominal region were tested for resistance to tension.
In 280 specimens obtained from fresh cadavers, lengthening was determined in absolute
per cent and tensile strength in kg.

The strength of the sheets was greater in the direction of the descent of aponeurotic
fibres than in the opposite direction. The linea alba and the rectus sheet were stronger trans-
versally than longitudinally and higher values were obtained above than below the Douglas
line. The anterior rectus wall was three times stronger than the posterior on longitudinal
stretching, while they behaved identically on transversal stretching. The iliotibial tract was
considered an indicator of individual aponeurotic strength; if its tensile strength was above
the average 50 kg the tensile strength of the abdominal aponeuroses was also higher. With
age, the resistance of abdominal aponeuroses seemed to decrease. Above 70 years of age,
the resistance of the iliotibial tract was found to have decreased on the average by 33%,
that of the supraumbilical linea by 21%, implying that the intricate tissular fibre system is
less liable to lose tensile strength.

It has been concluded that a strong transversal stretching force acts above the Douglas
line. Accordingly, surgery in that region should be done from a transversal rather than a
longitudinal abdominal incision.
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Experimental Disturbances of Carbohydrate Metabolism
and Teratogenesis

Cecilia Horvéath

(Institute of Histology and Embryology, University Medical School, Budapest)

To study the disturbances of carbohydrate metabolism induced by teratogenic sub-
stances, the effect of phenothiazine dérivates on the morphogenesis of chick and rat embryos
was examined. Pharmacologically, the teratogenic properties of phenothiazine derivatives
consist in the blocking of oxidative phosphorylation, a reduction of the FAD level, altera-
tion of cell membrane permeability and inhibition of the activity of nicotine amide methylferase.

Chick embryos in different stages of development were treated with various doses
of chlorpromazine. O.S mg of chlorpromazine given after 48 or 72 hours of incubation, or
| —2 mg given after 96 hours of incubation resulted in the lack or abnormal development
of an extremity.

Pregnant Wistar rats were treated with chlorpromazine on the 9th, 10th, 11th and
12th day of pregnancy. Depending on the time and dose of treatment, part of the embryos
died, while the survivors showed disturbances of bone development. Abnormalities were
restricted chiefly to vertebral ossification, to the occipital bone and the sternum.

The results are indicative of a correlation betw een the pharmacological effects of pheno-
thiazine derivatives and their toxic or teratogenic effects on embryos.
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