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Department of Neurology and Psychiatry
(Head: Prof. St. Koérnyey), University Medical School, Pécs

SILVER STAINING OF ALZHEIMER’S
NEUROFIBRILLARY CHANGES BY MEANS OF
PHYSICAL DEVELOPMENT

F. Gallyas

(Received July 1, 1970)

A simple and reproducible method for demonstrating Alzheimer’s fibrillary
changes has been worked out on the basis of a new silver staining principle. It may
be applied to 5—200 fi thick sections from both frozen and embedded material fixed
in formol even for years. The principle of it is as follows in an alkaline solution
Agl7 is adsorbed on Alzheimer’s changes. The bound Agl7 molecules are reduced to
colloidal silver grains. Finally, these grains are increased in size up to microscopic
dimensions by a special physical developer.

Introduction

Alzheimer’s neurofibrillary changes can be demonstrated by Bie1-
schowsky’s (1904) silver impregnation and its modifications (e.g. Braun-
maht, 1927), and by the staining methods for amyloid usual in polarisation
(Divry and Frorkin, 1927) and fluorescence microscopy (Vassar and Culling,
1959; Schwartz et al.,, 1964).

By means of a new silver staining principle, based on physical develop-
ment (Gallyas, 1971) we have elaborated a simple and reproducible method
for demonstrating Alzheimer’s neurofibrillary changes. The method by which
the tissue elements in tin* normal brain are not stained, demonstrates, however,

certain components of senile plaques and a number of fibrils of unknown
origin.

Staining procedure

1. Cut sections 5—200 /, in thickness from frozen or gelatin-, paraffin- or celloidin-
embedded material fixed in formol for a period of 1day to several years. Remove the paraffin
or celloidin embedding mass from the sections in the usual manner.

2. Immerse in 5% periodic acid for 30 min.

3. Wash in distilled water for 5 min.

4. Place the section in an alkaline solution of complex silver iodide. Preparation
of the solution: Dissolve 40 g sodium hydroxide then 100 g of potassium iodide in 500 ml
of distilled water. Add with a pipette 35 ml of 1% silver nitrate. While pipetting a yellow
precipitate forms, which soon disappears if the solution is vigorously stirred. Finally, make
it up to 1000 ml with distilled water.

1 Ida Morphologica Acadetniae Scienliarum Hungaricae 19. 1971



2 F. GALLYAS

5. Leave sections in physical developer until they become pale gray or brown in colour
(about 30 min). The developer is always prepared immediately before use by mixing three
stock solutions which, however, can be stored for months at room temperature. The stock
solutions are composed as follows.
Solution A: Dissolve 50 g sodium carbonate (anhydrous) in 1000 ml of distilled water.
Solution B: Dissolve 1.90 g of ammonium nitrate, 2.00 g of silver nitrate and 10.0 g
of tungsto-silicic acid (Si02+ 12W03+26H?0) all three of analytical grade, in 1000 ml of
distilled water in the order given.

Fig. 1. Alzheimer’s neurofibrillary changes in the cerebral cortex in senile dementia. Fine
fibres of unknown origin and senile plaques are also demonstrated (a) x400; (b) XIIOO

Solution C: Dissolve 1.90 g of ammonium nitrate, 2.00 g of silver nitrate, 10.0 g of
tungsto-silicic acid and 7.3 ml of 35% or 6.1 ml of 40% formol in 1000 ml of distilled water

in the order given.
The stock solutions should be mixed according to the following standards depending

on the tem perature:

Solution A Solution B Solution C
Temperature ml ml ml
20 dr 2 °C 10 3 7
25 + 2°C 10 5 5
30 £ 2°C 10 7 3
35+ 2°C 10 8 2

To solution A, first solution B then Solution C is added with a pipette in a thin jet.
W hile pipetting, and for some time thereafter, the mixture is vigorously stirred. If the solu-
tions are added too quickly or not in the given order or stirring is not vigorous enough, a white
precipitate will form which spoils the developer.

To terminate development, the sections are transferred into a 0.5% solution of acetic
acid just when they took on the optimum tint and colour intensity. Until sufficient practice
has been gained it is advisable to develop 3—4 sections simultaneously and to remove them

Acta Morphologien Academiae Scientiarum Hungaricae 19, 1971



SILVER STAINING 3

one by one at intervals of two minutes after their beginning to become pale brown in colour.
Among these sections there will certainly be one showing optimum development. Growing
of the silver particles can be observed under the microscope. For this purpose the sections
to be checked are placed in a 0.5% acetic acid solution in order to suspend the development
and, after the microscopic examination, placed back, in the developer to continue develop-
ment if necessary.

6. Wash in 0.5% acetic acid solution for 30 min then in distilled water.

7. Dehydrate in alcohol, clear in clove oil, mount in Canada balsam.

In sections of normal brain only the pale outlines of cell nuclei and capillaries stain
even after 40 —50 min. of development. In sections from patients with senile dementia, typical
Alzheimer’s neurofibrillary changes, senile plaques and a number of fine fibrils are demon-
strated (Fig. 1). These fibrils are considered pathological because the method does not stain
fibrous elements of the normal brain.

Discussion

In a recent paper (Gallyas) anew principle for silver staining of tissue
elements has been described. Tissue sections are immersed in the solution of
a certain substance (to be referred to as a “determinant substance”) which
combines with or is adsorbed on the tissue elements to be demonstrated in a
higher degree than on the others. The molecules of this substance, which have
been bound on the sections, are replaced with colloidal silver grains by means
of chemical reactions. Finally these grains are enlarged to microscopic dimen-
sions by physical development. (The latter term refers to a special kind of
photographic process for increasing colloidal silver particles in size so that
they can he seen under the microscope.) In contrast to conventional chemical
development, in physical development the silver atoms participating in the
growth of the silver particles, are provided by the developing solution, the
so-called “physical developer” itself, which contains both silver ions and a
reducing substance.

Table 1

Sequence of chemical reactions in silver staining of Alzheimer's neurofibrillary changes

1 Alzheimer’s changes -} Agir adsorption Alzheimer’s changes — Agir
2. Alzheimer’s changes Agir — reduction Alzheimer’s changes — Ag(con j
3. Alzheimer’s changes - Ag(\:lcoua de\eg%%ﬁ%nt Alzheimer’s changes —Agz\;njcr.\.

In the present method complex Agl.7 serves as determinant substance.
It can be replaced by colloidal silver according to the sequence of reactions
shown in Table I. The chemical mechanism of the method consists of 3 stages.
In the first stage the complex Agl2 molecules are adsorbed on Alzheimer’s
changes. This reaction can take place over the whole pH range. In the method,
however, a strong alkaline solution of Agl7 is used in order to suppress the
disturbing staining caused by the reducing groups present in the tissue.
The potassium iodide in the solution used in this step serves to dissolve the

1* Acla Morphologica Academiae Scientiarum Hungaricae 19, 1971



4 F. GALLYAS

water insoluble silver iodide in the form of a complex molecule. The remaining
stages occur in the physical developer itself. The Aglj” is reduced to metallic
silver by the formol present in the developer (stage 2). The number of the
Agl™ molecules bound on Alzheimer’s changes is so small that the metallic
silver grains which form are of colloidal dimensions. In the final stage the col-
loidal silver grains are enlarged by physical development up to microscopic
dimensions. For suppressing the tissue-produced silver staining which has
not been weakened enough by incubating the sections in the strong alkaline
medium, treatment with 5% periodic acid is used before stage one.

To control the above chemical mechanism of the method, examinations
were carried out on 30 N sections of the cerebral cortex from a subject with
senile dementia. Certain steps of the method given in the description of the
staining procedure were omitted or altered and the effects of these changes
on final staining were observed.

W hen incubation in periodic acid was omitted (Fig. 2b), or the pH value
of the solution containing Agi;, was adjusted to 10 (Fig. 2c) or 7, or 4, Alzhei-
mer’s changes were satisfactorily silverized, however, the picture was inter-
fered with by the staining effect of the tissue itself (Gallyas, 1971). When the
sections were treated in an alkaline solution of potassium iodide containing no
Agij- (Fig. 2d) or only in 4% sodium hydroxide, Alzheimer’s changes failed
to take the stain. From the above examinations the conclusion has been drawn
that for the silver staining of Alzheimer’s changes the Agl2 bound by them
are responsible.

Two alternatives of how Aglj" molecules act as determinant substance
can be considered, (i) Certain reducing groups of Alzheimer’s changes convert
a number of Agl2 molecules into colloidal silver grains, which are bound at
the site of their formation, (ii) The Aglj® molecules are adsorbed on Alzheimer’s
changes and act as nuclei for the physical development. The first alternative
can be left out of consideration because Alzheimer’s changes fail to be silver-
ized in acid (pH 4), neutral (pH 7) and alkaline (pH 11 and 14) solutions of
AgBr2 (Fig. 2e) or AgCl., (Fig. 2f). Namely, if Alzheimer’s changes would
reduce Agl2 molecules over the whole pH range, they ought to do the same
to AgBr7 or AgCLT molecules. The following examinations also contradict
the first and confirm the second alternative: Treatment of the sections with
either 5% sodium thiosulphate for 30 min (Fig. 2g) or 1% sodium cyanide
for 30 min (Fig. 2h) abolished the staining of Alzheimer’s changes. It is known
that sodium thiosulphate as well as sodium cyanide cannot dissolve metallic
silver while they dissolve silver iodide by forming complex compounds. Con-
sequently, they eliminate from the sections the adsorbed Agl2 molecules
blit cannot eliminate the metallic silver particles. On the other hand, staining
of Alzheimer’s changes was only diminished when, having been incubated in
the solution containing Aglj" molecules, the sections were treated with 5%

Ada Morphologien Academiae Scientiarum Hungaricae 19, 1971



SILVER STAINING 5

Fig. 2. Experiments on the chemical mechanism of tlie method. — Cerebral cortex in senile
dementia. X130 With the exception of item (a), treatment of the sections differed from
that given in the description of the staining procedure in the following points; (b) incubation
in periodic acid solution was omitted; (c) the solution containing Agl2 was adjusted to pH 10;
(d) Agl7 was replaced by AgClii ; (g) development was preceded by 30 minute treatment with
5% sodium thiosulphate; (h) development was preceded by 30 minute treatment with 1%
sodium cyanide; (i) before development the sections were immersed in 5% sodium sulphite
and then in 5% ammonium hydroxide, for 30 minutes each

sodium sulphite and then with 5% ammonium hydroxide (Fig. 2i). Thus,
the two above reagents can dissolve the silver iodide only in a small degree.

The assumption that AgT2 molecules can serve as precursor nuclei for
physical development has been confirmed by the examinations shown in
Table TT. They were carried out on 100 fi sections of 25% gelatin fixed in
formol. It was determined how long it took for the sections to become deep
brown in colour in the physical developer in consequence of the formation of

Acta Morphologien Academiae Scientiarum Hungaricae ‘19, 1971



6 F. GALLYAS

metallic silver (henceforth this length of time will be referred to as the “time
of brown-staining”). The solutions 1, 3 and 8 in Table Il are of the same com-
position as those used in steps 2, 4 and 6 of the method, respectively. Compo-
sition of solution 6 is similar to that of the physical developer; the difference
is that formol has been left out of solution 6. Solution 7 serves to wash out
the excess of solution 6 from the sections.

Table 11

Chemical processes of the method
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As Talde Il shows, the untreated gelatin sections remained colourless

in the physical developer for 70 min, after which they began to stain yellow,
and gradually turned dark brown, through all the tints and intensities of yellow
and brown, at 78 min (examination 1). The brown colour of the sections
resulted presumably from the enlargement by physical development of the
silver nuclei produced by the reducing groups in the gelatin.

The sections treated as detailed in the description of the staining pro-
cedure (examination 2) remained colourless in solutions 1 and 3, but in the
physical developer they became yellow after 16 min and deep brown in 26 min.
The same result was obtained when periodic acid treatment was omitted
(examination 3). In contrast, when instead of solution 3 an alkaline potassium
iodide solution free from AgI*"T was used, the time of brown staining was
93 min (examination 4). In examination 4 this time was about 15 min longer
than in examination 1, presumably because the formation of gelatin-produced
silver nuclei had been suppressed by sodium hydroxide and periodic acid.

A comparison of the first 4 examinations shows that in the physical
developer the time of brown-staining for sections containing Agl2 molecules
serve as precursor nuclei in the physical development.

The sections that had been immersed in a formol-containing solution
before physical development (examination 5) became deep brown in a shorter
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time than did those which were treated according to the original staining
procedure (examination 2). This suggests that it is not the Agl-7 molecules
themselves that act as catalyst in the physical development but the colloidal
silver grains which are formed by their reduction. Namely, when the reduction
of the Agl2 molecules takes place in the physical developer itself (examina-
tion 2) the whole time of brown-staining is composed of the part times required
for the above reaction and the enlargement of nuclei (the time of develop-
ment). On the other hand, if the reduction of the Agl® molecules occurs
before physical development (examination 5), the time of brown-staining
consists only of the time of development. It follows that the speed of reduction
of Agl2 molecules is low, probably because it takes place in a heterogeneous
phase. In examination 6, serving to control examination 5, silver staining
was brought about by enlargement of the silver nuclei produced by the reducing
groups present in gelatin.

The examinations shown in Table Il were carried out also in tissue
sections. However, the differences in the time of brown-staining between the
individual examinations were considerably smaller than with gelatin sections;
in fact, the examination aiming at a verification of the reduction of AglLT
molecules in the physical developer was inconclusive.
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SILBERFARBUNG DER ALZHEIMERSCHEN
NEUROFIBRILLENVERAND ERUNGEN MITTELS PHYSIKALISCHER
ENTWICKLUNG

F. GALLYAS

Eine einfache und reproduzierbare Methode fiir den Nachweis der Alzheimerschen
Fibrillenverdnderungen wurde aufgrund eines neuen Silberfarbungsprinzips erarbeitet. Sie
kann an 5- bis 200 ft dicken Schnitten von gefrorenen oder eingebetteten und in Formol fixier-
ten Objekten sogar nach Jahren angewendet werden. Das Prinzip der neuen Methode besteht
darin, daB nach der Adsorption einer alkalischen Ldsung von Agl<T-Molekeln an den Alzhei-
merschen Verédnderungen die gebundenen Agl.y -Molekeln zu kolloidalen Silbergranula redu-
ziert werden. SchlieRlich werden diese Granula mit Hilfe eines speziellen physikalischen Ent-
wicklers bis zu mikroskopischen Dimensionen vergroBert.
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OKPALUMBAHWE CEPEBPOM AJbIAMTEMMEPOBCKUX M3MEHEHW
HENMPODGUBPUN MYTEM ®UINKANIBHOIMO MPOAB/EHNA

®. FTANNAW

Ha ocHoBe HOBOro NMpuHLMNa A5 OKpaluMBaHusi cepeGpoM Gbun paspaboTaH NPocToi u
BOCMPOM3BOAUMbI/ MeTOA AN BbISIBNEHNS ANbLreliMepoBCKUX M3MeHeHUIA unbpunn. HoBbli
MeTOJ, MOXHO MPUMEHSITb Ha 5—200 MUKPOHOBbLIX Cpe3ax 3aMOPOXKEHHbIX WM 3aK/HYEHHbIX
N (UKCUPOBAHHbIX (HOPMa/IMHOM O0GBLEKTOB faXKe B TedeHMe MHOrMx neT. MpuHUMN cocTouT B
TOM, YTO LUEMOYHbIN pacTBop Aglyaacopbupyetcst Ha AnbLreiiMepoBCKUX M3MEHEHUSIX, a 3aTeM
MoneKynbl A gljBoccTaHaBIMBAOTCA B 3epHbILLKN KOM0MAANbLHOro cepebpa. Mocne aToro 3ep-
HbILWKW cepebpa YBeNMUMBAKOTCA MPU MOMOLUM CMeunanbHOro (hM3MKaibHOro MposiBUTeNs [0
MUKPOCKOMUYECKUX Pa3MepoB.

Dr. Ferenc Gallyas; ldeg- és Elmeklinika, Pécs, Rét ut. 2, Hungary
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ULTRASTRUCTURE OF THE SPINAL CSF
CONTACTING NEURONAL SYSTEM
IN THE WHITE LEGHORN CHICKEN

B. Vigh, |I. Vigh-Teichmann, S. Koritsanszky and B. Aros

(Received July 15, 1970)

Around the central canal of the spinal cord of the chicken, there are bipolar
nerve cells which send their dendritic process between the ependymal cells into the
cerebrospinal fluid (CSF). The processes form characteristic nerve terminals in the
lumen of the central canal. The terminal consists of a central body carrying stereocilium-
like processes which extend into the CSF in radial direction and sometimes touch
Reissner’s fibre. These stereocilia, 20—25 p long and 1.5—2// thick, are slightly tapering
and contain a bundle of filaments originating from the central body. The central body
of the nerve terminal encloses in addition to the above mentioned filaments also micro-
tubules, smooth endoplasmic reticulum and sometimes a multivesicular body. In a
funnel-like invagination of the terminal also a cilium of type 9 X2 -f- 2 arises. A basal
body and an accessory basal body with thin rootlet fibres are also present. The neck-
like part of the CSF contacting terminal is fixed to the adjacent ependymal cells by
desmosomes. In the dendrite, there are scattered microtubules, smooth and rough-
surfaced endoplasmic reticulum, mitochondria, granulated vesicles and, at the origin
of the process, Golgi areas. Axons form synaptic connections with the dendritic pro-
cess; in the presynaptic area there are mitochondria, synaptic and dense-core vesicles.
The perikaryon contains endoplasmic reticulum, mitochondria, Golgi areas and granu-
lated vesicles, 1300 A in diameter. In the axon terminals forming axo-somatic synapses,
dense-core vesicles, 750 A in diameter, are present beside mitochondria and synaptic
vesicles. The distal process of the perikaryon has axon character. At the origin of the
process, axons containing dense-core vesicles form synapses on the perikaryon. In the
neuropil surrounding the distal processes of the CSF contacting neurons, there are
many other nerve fibres forming axo-dendritic synapses. The lining ependymal cells
of the central canal are elongated and form several rows in which paler and darker
cells can be distinguished. On the basis of the morphological data, the probable receptor
function of the spinal CSF contacting neuronal system and its relation to Reissner’s
fibre is discussed.

Introduction

The term CSF or liquor contacting neuronal system was introduced by
us to designate all the CSF contacting nuclei of the central nervous system
(Vigh, Teichmann and A ros, 1969). Their neurons are characterized by a
dendritic process penetrating into the CSF and forming there a free nerve
terminal. Up to now the following CSF contacting nuclei have been described:
the neuronal part of the paraventricular organ (nucleus organi paraventri-
cularis; Vigh, 1966, 1967; Vigh, Teichmann and Aros, 1967), the parvo-
cellular part of the preoptic area (preoptic recess organ; Teichmann and
Vigh, 1968; Vigh-Teichmann, KoHLicH and Vigh 1969). Similar nerve cells
can be found in the area of the neurosecretory preoptic nucleus (Vigh-Teich-
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mann and Vigh, 1969, 1970), paraventricular nucleus (Yigh-Teichmann, Vigh
and Aros, 1970; Vigh-Teichmann, Yigh and Koritsanszky, 1970), lateral
tuberal nucleus (Yigh-Teichmann, Vigh and Koritsanszky, 1970; Vigh-
Teichmann, Vigh and Aros, 1970), infundibular nucleus (Vigh-Teichmann,
Vigh, Koritsanszky and Aros, 1970; Vigh-Teichmann and Vigh, 1970;
Vigh-Teichmann, Vigh and Aros, 1971), in the area of the periventricular
hypothalamic nucleus (Vigh-Teichmann, Vigh and Aros, 1970; Vigh-Teich-
mann, Vigh and Koritsanszky, 1970) as well as in the grey matter around
the central canal of the spinal cord (Vigh-Teichmann and Vigh, 1969; Vigh,
1971). All CSF contacting nuclei are localized in the periventricular central
grey substance, particularly in the hypothalamic and spinal areas. The latter
area has been defined as the spinal CSF contacting neuronal system (Vigh,
Vigh-Teichmann, Koritsanszky and Aros, 1970; Vigh-Teichmann, Vigh
and Aros, 1970; Vigh, 1971).

Neurons localized around the spinal cord and forming terminals in the
CSF were revealed earlier by silver impregnation (Kolmer, 1921; Agduhr,
1922). In previous studies, we demonstrated acetylcholinesterase-positive
neurons and their CSF contacting terminals around the central canal (Vigh-
Teichmann, Vigh and Aros, 1970). Using fluorescence histochemical tech-
nique, Baumgarten and W artenberg (1970) found monoamine containing
CSF contacting neurons at the level of the urophysis. Similar cells were ob-
served by us in the axolotl also in higher segments of the spinal cord (Vigh,
Vigh-Teichmann, Koritsanszky and Aros, 1970). The acetylcholinesterase-
positive and monoaminergic neurons might represent each a different cell
group of the spinal CSF contacting system. Two types of cells were found also
by electron microscopy in reptiles, viz. dark, hypendymal cells containing
dense-core granules and light, distal neurons containing large granules. The
CSF contacting nerve endings differ from similar nerve endings in the hypotha-
lamic area in as much as they carry stereocilium-like processes standing radially
in the CSF (Vigh,Vigh-Teichmann, Koritsanszky and Aros, 1970). Arnold
(1970) described neurons with similar terminals in the spinal cord of the sala-
mander, while it was in the newt where we found the stereociliated nerve
terminals and the two types of cells (Vigh, Vigh-Teichmann and Aros, 1970).
Leonhardt (1968) demonstrated in the rabbit club-like nerve terminals in
the upper portion of the central canal. Thus the spinal CSF contacting neuronal
system seems to exist in all classes between fishes and mammals. Up to now,
the ultrastructure of the special ciliated terminals of the central canal has been
described in amphibians and reptiles. Previous studies in birds revealed the
presence of many acetylcholinesterase-positive CSF contacting neurons in the
spinal cord (Vigh-Teichmann, Vigh and Aros, 1970). As information was
lacking on the ultrastructure of the spinal CSF contacting neuronal system
in avian species, the present studies in this respect were made in the chicken.
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Material and method

Two 10-day-old white leghorn chicken were fixed by aortic perfusion. After rinsing
with 6% dextran dissolved in 0.9% JNaCl for 20 sec and fixation in 5% glutaraldehyde in 0.1 M
phosphate buffer pH 7.2, for 15—20 min, the spinal cord was excised, cut into blocks and
fixed in 1% OsOj dissolved in 0.1 M phosphate buffer, at 4 °C for 2 hours. After dehydration
in ethanol, the specimens were embedded in Araldite. Ultrathin sections were cut with a Rei-
chert OMU-2 ultramicrotome, stained in methanolic uranylacetate and lead citrate and
examined with a JEM 6C electron microscope. Semithin sections prepared from the embedded
blocks were stained with toluidine blue-azure u.

Results

Ependyma. The ependymal cells arranged in several rows around the
central canal possess elongated, chromatin-rich nuclei. There are many micro-
villi and cilia on the cell surface. The cytoplasm is dark, owing to the highly
developed ergastoplasm, particularly to the large amount of polyribosomes.
Depending on the degree of the development of their ergastoplasm (Fig. 1A),
light and dark ependymal cells can be distinguished. In some cases, large cyto-
plasmic protrusions can be observed on the ependymal suriace (Fig. IB).

CSF contacting nerve terminals. The central dendritic processes of the
neurons localized beneath the ependymal cells form characteristic nerve ter-
minals in the central canal (Fig. 2A). The terminal consists of a central body
and 10 long processes resembling stereocilia. These stereocilium-like pro-
cesses stand radially in the CSF and taper slightly; they are 20 25 p long,
1.5 2p thick and are filled out solely by a bundle of filaments (Figs. 2B, C, D),
that can be followed into the central body of the nerve terminal (Figs. 3A, B).
Sometimes, the free end of the stereocilia touches Reissner’s fibre that passes
in the lumen of the central canal (Fig. 3C). In the central body of the nerve
terminal, there are apart from the bundle of filaments coming from the stereo-
cilia, the endings of microtubules that enter the terminal from the dendrite
of the neuron. Sometimes a multivesicular body can be observed (Figs. 3A, D).

The nerve terminal disposes also a kinocilium besides the stcreocilia
(Fig. 4A). Next to its basal body, there is an accessory basal body, both giving
rise to poorly developed thin rootlet fibres extending toward the perikaryon
(Fig. 4B). The structure of the cilium resembles that of normal kinocilia (type
9x2 -f- 2). The cilium characteristically originates from a funnel-like invagi-
nation in the central body of the nerve terminal (Figs. 4C, D).

Perikaryon and processes of the CSF contacting neurons. The cells consti-
tuting the CSF contacting nerve terminals are bipolar and localized between
the basal processes of the ependymal cells. The processes extended by the nerve
cells toward the central canal pass straight or in arch-like manner into the CSF.
Each process is fixeil by desmosomes to the adjacent ependymal cells (Fig. 5A).
The process is dendrite-like; it contains scattered microtubules, mitochondria,
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Fig. IA. Light (L) and dark (D) cells in the ependyma of the central canal of the spinal cord
of the chicken. C: central canal. X 6320. B. Cytoplasmic process extending from the surface
of an ependymal cell. C: central canal; G: Golgi area. X 57 500

smooth and rough-surfaced endoplasmic reticulum, sometimes a multivesicular
body and granulated vesicles with a mean diameter of 1300 A (Figs. 5A, C).
At the origin of the dendrite we found Golgi areas. Axons containing dense-
core vesicles, 700 800 A in diameter, form synapses with the dendritic CSF
contacting processes (Figs. 5B, C).

Fig. 2A. CSF contacting nerve terminal with stereocilium-like processes (arrows). C: central
body of the nerve terminal; DE: desmosomes; Ep: ependymal cells; N: neurotubules. X 50 000.
B. Longitudinal section of a stereocilium-like process (hollow arrows) extending from the nerve
terminal. At arrows cross sections of stereocilia in the surroundings. Ep: ependymal cell;
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N: neurotubules at the neck-like portion of the nerve terminal. X 23 750. C. Longitudinal

section of a stereocilium-like process with high power. Note the oriented filaments (F). The

arrow points to cross section of a stereocilium. X90 (VK). 1). Cross sections of stereocilium-like

processes (arrows) of a CSF contacting nerve terminal under high power, with cross sections
of kinocilia. X 57 500
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Fig. 3A. Central body (CL) of a spinal CSF contacting nerve terminal from the chicken with
ending neurotubules coming from the dendritic process. The arrows point to the site of origin,
viz. cross sections of the stereocilium-like processes. DE: desmosome fixing the neck-like part
of the nerve terminal to adjacent ependymal cells (Ep). X 45 000. B. Bundle of filaments
(F) passing from the stereocilium-like process (P) into the central body of the nerve terminal.
X 37 500. C. Stereocilium-like process (P) of the CSF contacting nerve terminal attaches to
Reissner’s fibre (RF). Below: cross section of a kinocilium, also adhering to Reissner’s fibre.
X 62 500. D. Multivesicular body in a CSF contacting nerve terminal. X 57 400
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Fig. 4A. Cilium arising from CSF contacting nerve terminal, and basal body. DE: desmosomes
linking the neck-like part of the terminal with adjacent ependymal cells (Ep). X 57 400, B. Root-
let fibres (R) arising from the basal body of the nerve terminal. B: basal body; DE: desmosome
linking the neck of the nerve terminal with the adjacent ependymal cells (Ep). X 37 500.
C. Funnel-like invagination (asterisks) at the base of the kinocilium (CI) arising from the CSF
contacting nerve terminal. The arrows indicate different sections of the stereocilium-like pro-
cesses extending from the terminal. Ep: ependymal cells. X 17 700. D. Funnel-like invagi-
nated part of the terminal (asterisks) around the cilium. X 62 500
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Fig. 5A. Longitudinal section of the central dendritic process of a CSF contacting neuron

which forms the terminal. B: basal body within the nerve terminal; DE: desmosome; Ep:

ependymal cells; G: granulated vesicle within the dendrite; N: neurotubules. X 37 500. B. Sy-

napse (arrow) on the central dendritic process of the CSF contacting neuron. N: neurotubules;

V: dense-core vesicle. x62 500. C. Central dendritic process of a CSF contacting neuron with

synapse (arrow). G: granulated vesicle (1300 A); N: neurotubules; Y: dense-core vesicles
within the axon (average diameter 750 A). X 28 000

Acta Morphologica Academiae Scientiarum Hungaricae 19, 1971



ULTRASTRI CTURE OF TUE SPINAL CSF 17

Fig. 6A. Part of the perikaryon of a CSF contacting neuron of the central canal. E: ergasto-

plasm; G: granulated vesicle; N: nucleus. X 25 250. B. Golgi area in the perikaryon of a CSF

contacting neuron. N: nucleus. X 37 500. C. Synapse (arrow) alongside the perikaryon (P)
of a CSF contacting neuron. V: dense-core vesicles. x62 500
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Fig. 7A. Synapse-forming, vesicle-filled axon in the neuropil localized distally to CSF con-

tacting neurons. X 37 500. B. Cross sections of small nerve fibres in the neuropil around the

central canal. X57 500. C. Axo-dendritic synapse (arrow) in the synaptic zone. V: dense-core

vesicles within the axon, X 45 000. D. Group of nerve fibres and synapses (arrows) surrounded

by glial cells in the area of the neuropil. Margins of the glial cells and fibres are indicated
by dotted line. M: mitochondrium. X 27 500
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Fig. 8. Schematic drawing of a CSF contacting neuron in the area of the central canal of the

spinal cord of the chicken. C: kinocilium of CSF contacting nerve terminal; 1): desmosome

fixing the neck of the nerve terminal to adjacent ependymal cells (Ep); P: characteristic

stereocilium-like processes of CSF contacting nerve terminal; RF: Reissner’s fibre in the

lumen of the central canal; S: synapses; the arrow indicates the synaptic zone around the distal
process of the CSF contacting neuron
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The perikaryon of the CSF contacting neurons is less electron dense than
that of the ependymal cells and contains a considerable amount of rough-
surfaced endoplasmic reticulum (Fig. 6A), but only few free ribosomes as
compared to the ependyma. There are also Golgi areas, mitochondria and sev-
eral granulated vesicles, 1300 A in diameter (Figs. 6A, B). Synapses (Fig. 6C)
formed by axon-like fibres, of the kind described for the dendritic process,
are present also on the cell body.

The distal process of the CSF contacting neuron has axon character, it is
thinner than the central dendrite and contains many microtubules. At the
origin of the distal process, axons containing dense-core vesicles form synapses
on the perikaryon. The distal process runs ependymofugally and can be fol-
lowed over a shorter or longer distance in the fibrous zone situated distally
to the neurons. The axons of the CSF contacting nerve cells pass toward the
lateral parts of the grey substance of the spinal cord.

Neuropil. Around the CSF contacting neurons, particularly distally to
them, cross sections of many nerve fibres are seen. These fibres, varying in
diameter, form multiple synapses with each other (Figs. 7A, B, C, D). The
synapses contain in addition to synaptic vesicles and mitochondria often also
dense-core vesicles (Fig. 7C). The granules measure from 550 to 1000 A, with
a mean diameter of 750 A. The processes of the ependymal and glial cells sur-
round part of the fibres and synapses into bundles, thus separating them from
the rest of the neuropil (Fig. 7D).

Comparing different segments of the spinal cord of the chicken, we did
not find any essential difference in the general structure (Fig. 8) of the CSF
contacting neuronal areas.

Discussion

The present findings suggest that the spinal CSF contacting nerve ter-
minals of the chicken are structurally analogous with those of amphibians
and reptiles (Vigh, Vigh-Teichmann, Koritsanszky and Aros, 1970; Vigh,
Yigh-Teichxmann and Aros, 1970, 1971; Arnold, 1970; Yigh, 1971). Similar
nerve endings were found by us in the central canal of Turdus merula (Vigh,
1970 unpubl.). The nerve terminals are covered by long stereocilium-like pro-
cesses which stand radially in the CSF (Fig. 8). This kind of nerve terminal
is typical only of the spinal CSF contacting system, as terminals in the hypo-
thalamic CSF contacting areas are morphologically different (Vigh, Vigh-
Teichmann, Koritsanszky and Aros, 1970). A further characteristic is the
presence of a kinocilium on most CSF contacting nerve endings. The structure
of the cilium is not atypical like in the hypothalamic terminals (9 X2 A 0),
hut resembles that of a normal kinocilium (9x2 A 2). These morphological
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differences suggest that the spinal and hypothalamic CSF contacting nerve
structures differ also functionally.

Contrary to our findings in amphibians and reptiles where two kinds of
nerve cells producing granules of about 800 900 A or 1300 A in diameter,
were present, only one type of neurons with granules 1300 A in diameter,
could be recognized by us in the chicken.

In both chickens and reptiles, a direct contact between the stereocilia
of the terminal and Reissner’s fibre was found in some cases. It seems likely
that the kinocilium of the nerve ending also contacts Reissner’s fibre, as cross-
sections of cilia are often seen on the latter structure. This morphological con-
tact recalls the hypothesis advanced by Agduhr in 1922 suggesting Reissner’s
fibre to play a role in the function of the neurons surrounding the central
canal, which the author already considered sensory cells.

From the point of view of the function of the spinal CSF contacting
neuronal system, it is interesting to know the fibre connections of its neurons.
Investigations into this subject by means of silver impregnation were carried
out first by Kotmer (1921) and Agduhr (1922) who found the neuntes to
pass either directly or through hypendymal associative cells to the motor
neurons and to the external surface of the spinal cord. To explain the function
of the fibres running to the motor cells, it may be assumed that the information
mediated from the CSF by the sensory cells, acts by facilitating or inhibiting
the activity of the motor cells. The role of those nerve fibres which pass to
the external surface of the spinal cord presents more of a problem, but recent
findings have disclosed an analogy for the function of this type of fibres,
too. In the area of the median eminence and of the primitive neurohypophysis
in lower vertebrates, the neurosecretory fibres pass to the brain surface or to
the vessels supplying it. In certain species the neuntes of the urophyseal
system, too, pass to the surface of the spinal cord, where they end ventrally
or bilaterally (Fridberg, 1962). In analogy to the median eminence, viz. the
neurohypophysis, these axon terminals may be considered the sites of release
of neurohormonal substances (Sterba, Luppa, Schuhmacher, 1965; Fridberg
and Bern, 1968; etc.). The distal processes of the CSF contacting neurons
which run to the surface of the spinal cord, seem to have the same morpholog-
ical relation with the surface as the above mentioned structures. At the same
time, the morphological substrate of the active substances produced by the
CSF contacting nerve cells is also present in the form of the various granulated
vesicles. Thus it may be suggested that the axon terminals on the outer surface
of the spinal cord would act as sites of release of chemically active substances
serving for the humoral mediation of informations taken up by the dendritic
terminals from the CSF.

In contrast, other authors believe that the CSF contacting terminals of
secretory nerve cells, e.g. those of the caudal neurosecretory system, serve to
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release active substances into the CSF (Fridberg and Nishioka, 1966).
Nevertheless, the structure of the CSF contacting terminals resembling that
of receptors, seems to be more in support of a sensory function. This applies
particularly to the spinal CSF contacting terminals, which contain secretory
vesicles infrequently or not at all, and their special stereocilium-like processes
filled with filaments do not show any morphological evidence of a secretory
activity. The fact that the CSF contacting nerve ending is always found on
the dendritic process of the neuron also seems to contradict a secretory func-
tion, the latter being generally associated with the neurite-like process, the
dendritic one serving mostly as a receptor. Thus, on the basis of the morpho-
logical data known up to now, we suppose a receptor function of the CSF
contacting terminals.
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ELEKTRONENMIKROSKOPISCHE STRUKTUR DES SPINALEN LIQUORKONTAKT-
NEURONSYSTEMS IN WEISSEN LEGHORNKUKEN

B.VIGH. I. VIGH-TEICIIMANN, S. KORITSANSZKY und B. AROS

An der Basis der Ependymzellen des Zentralkanals finden sich bipolare Nervenzellen,
ihr Dendrit verlduft zwischen den Ependymzellen, dringt in das Lumen des Zentralkanals ein
und bildet dort eine charakteristische Nervenendigung. Die Endigung besteht aus einem zen-
tralen Korper, von dem zahlreiche, stereociliumartige Fortsdtze in verschiedene Richtungen
in den Liquor eindringen und in einzelnen Féllen den Reissnerschen Faden erreichen. Die
Fortsdtze sind 1,5 bis 2 // breit und 20 bis 25 // lang, an den Enden werden sie schméler. Sie
enthalten groRe Massen von Filamenten, die sich in das Innere der Liquorkontaktendigung
fortsetzen. In der Endigung sind neben den Filamenten Neurotubuli. endoplasmatisches Reti-
kulum von glatter Oberflache, selten ein multivesikulares Kérperchen und granulierte Blaschen
nachweisbar. In der Endigung befindet sich dariber hinaus ein Basalkdrperchen und ein akzes-
sorisches Basalkdrperchen. Aus dem Basalkdrperchen entspringt ein Flimmerhaar, ferner
eine weniger entwickelte Flimmerwurzel. Das Flimmerhérchen tritt aus der Mitte der trich-
terférmigen Vertiefung der Nervenendigung aus und dringt gleichfalls in den Liquor ein. Seine
Struktur zeigt den Aufbau einer normalen Kinozilie (9x2 -f- 2). An der Stelle, wo die
Liquorkontakt Nervenendigung in den Dendriten des Neurons (bergeht, wird sie an die
benachbarten Ependymzellen mit Hilfe von Desmosomen fixiert. Im Dendriten lassen sich
zahlreiche diffus verlaufende Neurotubuli, endoplasmatisches Retikulum von grober und
glatter Oberflache, Mitoehondrien, granulierte Blaschen und an der Ursprungsstelle des Fort-
satzes Golgi-Felder aufzeigen. An beiden Seiten des Fortsatzes liegen Axoniliberkreuzungen, die
mit dem Dendriten eine synaptische Verbindung hersteilen. Im présynaptischen Gebiet finden
sich auer den synaptischen und dense-core-Vesikeln auch Mitoehondrien. Das Perikaryon ist
hell, seine Elektrondensitdt ist gering, es enthdlt in erheblicher Menge endoplasmatisches
Retikulum von grober Oberflache, ferner Mitoehondrien, Golgi-Felder und granulierte Blé&s-
chen der GroBenordnung von 1300 A. Am Perikaryon finden sich axosomatische Synapsen,
und im prasynaptischen Teil sind aufer den Mitoehondrien und synaptischen Bl&schen auch
dense-core-Vesikel erkennbar (750 A). Der distale Fortsatz des Perikaryons ist schmal,
in ihm verlaufen Mikrotubuli. An seiner Ursprungsstelle lagern sich synapsenbildende,
dense-core-Vesikel enthaltende Axone an das Perikaryon an. Der distale Fortsatz ist von
Neuropil umgeben, in dem axo-dendritische Synapsen auftreten. Einzelne Fasern- und
Synapsengruppen werden von Gliazellen zu kleineren Einheiten zusammengefalt. Die den
Zentralkanal auskleidenden Ependymzellen sind elongiert, sie bilden mehrere Reihen. Auf
Grund der Plasma-Densitét lassen sich zwischen ihnen dunkle und helle Zellen unterscheiden.
Anhand des morphologischen Bildes werden die einzelnen Hypothesen (ber die Rolle des
spinalen Liquorkontakt-Neuronensystems diskutiert.

SNEKTPOHOMUKPOCKOMUYECKASI CTPYKTYPA HEMPOHOBOW CUCTEMBI,
CO30AIOLLENA KOHTAKT CO CMMHHOMOS3IOBOW XMWAKOCTbIO,
Y UbINAAT MNOPOAbl NIEMTOPH BEJbIN

B. BUI, N. BUM-TENXMAHH, Ill. KOPUTWAHCUWN u B. APOLU

Y 0CHOBaHWSI aMEHAUMAa/IbHBIX KNETOK HAaXOAATCA GUMNONAPHbIE HEPBHbIE KNETKU, LiEHT-
pa/ibHbIA OTPOCTOK KOTOPbIX MPOXOAUT CPEAM 3NEeHAMMASbHLIX KMETOK M BXOAMT B MPOCBET
LieHTpanbHOro KaHasna, o6pasysl TaM XapaKTepHOe HepBHOEe OKOHYaHMe. Ha JIHKBOKOHTaKTHOM
OKOHYAHWUWN CUAAT MHOFOUMC/EHHbIE KPYMHbIe OTPOCTKM, HAMoMUHalOLLMe BOPCUHKW, KOTOpble B
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pasHbIX HaMpaBfeHUsX BXOAAT B CMMHHOMO3IOBYIO XMWAKOCTb, MocTuras rnoayac PeiiccHepoBble
BOMOKHA. LLIMpMHa OTPOCTKOB 1,5—2 MWMKPOHA, WX ANMHA cocTaBnseT 20—25 MUKPOHOB, K
KOHLLAMU OHWM Cy)KuMBatoTcsl. OHW cofepXkaT 3HAUUTENbHYH Maccy (UIaMeHTOB, KOTOpble BO
BHYTPEHHElW YacTi IMKBOPOKOHTAKTHOTO OKOHYaHWsl MPOJO/KATCA B BMAE TSXKKU: B OKOH-
YaHUAX Hapagy C (uiamMeHTamu BbISIBNSEMbl TaKXe HeMpOTPYyBOUKM, 3HAOMMa3MaTUYecKas
ceTouKa C rnaaKoii NoBpexHOCTbIO,U3PeLKaAMYNbTUBE3NKYISPHOETEbLIEN3EPHUCTbIENY3bIPbKU.
B OKOHYaHWUM PacrnosfioXeHbl KpoMe TOro 1 6asanibHoe Teslblie W A06aBoYHOe 6a3aibHOe TesbLie.
W3 6a3anbHOro Te/bLa MCXOAMT PEeCHMLA, a TakkKe Maso pasBuTbIi MepLaTe/ibHbIA KOPELLOK.
PecHMLA BbIXOAUT U3 CepeaHMN A BOPOHKOOBPA3HOIO Yriy6/ieHNs HEPBHOIO OKOHYAHMS U MPOHW-
KaeT TakXe B CMMHHOMO3IOBYIO XXMKOCTb. Ee CTPYKTypa MoKasbiBaeT HOPMaslbHOe CTPOEHe
ABUraTenbHbIX peHnl (9x2 + 2). Ha MecTe nepexofa SMKBOPOKOHTAKTHOMO OKOHYaHWUs B
LieHTPa/bHbIA OTPOCTOK HeipoHa OHO MPUKPENIEHO K COCEAHUM 3MeHAVMa/bHLIM KNeTKaM npu
MOMOLLM IECMOCOM. B LigHTpasibHOM OTPOCTKE Pacro/ioXKeHbl MHOTOUMC/IEHHbIE, AM(EY3HO, Npo-
XOAALLME HelipoTPY6BOUKM, SHAOMNIAa3MaTUUeCKas CETOUKa C rpy6oii 1M rNagKoi NoBepxHOCTAMM,
MUTOXOHAPUN, 3ePHUCTbIE MY3bIPbKK, & Y MeCTa BbIXoda OTPOCTKA BUAHLI Monst Fonbmxu. Mo
[BYM CTOPOHaM OTPOCTKa fie)XaT aKCOHOBble MepeKpallyBaHns, BCTYMaloLMe B CUHANTUYECKYIO
CBSI3b C LEHTPa/IbHbIM OTPOCTKOM. B MpeacvHanTVUYecKoi 06/1acT KPOMe CUHANTUYECKMX U
Ny3blpbKOB dense core 0G6HAPYXMBAOTCA TakKXe MUTOXOHAPUW. TMepuKapuoH CBET/bINA, o6na-
[AeT He3HaYMTeNbHON 3MEKTPOHHOM TFMUCTOTOM, OH COAEPXKUT 3HAUUTENbHOE KO/IMUECTBO SHLO0-
Maa3MaTU4eckoil CEeTOUKM C rpy6oii MOBEPXHOCTHI, & TKaXKe MUTOXOHAPWUM, Monst Fonbaxu un
3ePHUCTbIE My3bIPbKKM NMopsiiKa BeMumnHbl B 1300 A. Ha nepukaprioHe BUAHbI aKCOCOMATUUECKMNE
CUHanChl, U B MPeACYHANTWNYECKOW YacTW MPUCYTCTBYIOT, HAPSIAY C MUTOXOHAPUSIMA U CUHANTW-
YeCcKMMM My3bIpbKamu, Takxe ny3sbipbku dense core (750 A). AucTanbHbI 0TPOCTOK NepuKapu-
OHa Y3KWiA, B Heli NPOXOAAT TSXXKKM HeMpoTpy6oUeK. Y MecTa Haudana OTPOCTKa K MepuKapuoHy
NpUerarT akcoHbI, codepxaliune dense core My3bipbKK W 06pasytoLme cuHancbl. OKono auc-
TaNbHOr0 OTPOCTKA BbISB/SAEMbl MHOFOUMC/IEHHbIE MepPeKPEeLLMBaHNS OTPOCTKOB, 06pasytoLLme
HECKO/IbKO aKCOHOEHAPUTOBbIX CUHAMCOB. MexXy BO/IOKHaMW PacrofioXKeHbl MHOMOYMC/IEHHbIE
OYeHb TOHKME MepeKpeLiMBaHNS aKCOHOB. KETKM HEBPOr/IMM COEAVHAIOT OTAe/bHbIe TPpynMbl
BO/IOKOH 1 CMHAMCOB B HE6O/bLUNE eANHNMLbI. AMeHAMMASbHbIE KNETKM, BbICTUAOLME LIEHTPas b-
Hblii KaHan, YA/MHEHbl, OHU 06pa3yloT HECKONbKO PAA0B, CPEAN HUX, HA OCHOBE M/IOTHOCTM
Nnasmbl, MOXHO 060C06/1ATb TEMHbIE U CBET/Ible KNETKWU. Ha ocHOBE MOP(ONOrMYecKoli KapTuHbl
06CY)KA0TCA TUNOTE3bl, BbIABMIaeMble OTHOCUTE/IbHO POSIM CUCTEMbI, CO3AaloLleli CBSi3b CO
CMUHHOMO3I0BOI YMAKOCTbIO.

Dr. Béla ViGH

Dr. Ingeborg Teichmann Szdvettani Intézet,
Dr. Sara KoWwWT3AANTKT Budapest I1X., T@zolté6 u. 58
Dr. Béla Aros Hungary
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LIGHT AND ELECTRON MICROSCOPIC STRUCTURE
OF THE PREOPTIC RECESS ORGAN IN THE NEWT
(TRITURUS CRISTATUS)

I. Vigh-Teichmann, B. Vigh and B. Aros

(Received July 25, 1970)

The preoptic recess organ is situated rostrally to the neurosecretory preoptic
nucleus, in the parvocellular preoptic area, on both sides of the preoptic recess of the
third ventricle. The organ is composed of cylindrical ependyma and of a characteristic
group of neurons. These nerve cells are arranged intraependymally and in several
rows beneath the ependymal cells. Part of the neurons are bipolar, sending one process
to the preoptic recess and forming there special nerve endings, termed by us CSF
contacting terminals. Light-microscopically, the intraependymal and hypendymal cells
stain dark, while the distal cells stain light with toluidine blue azure Il. Electron mi-
croscopy reveals that the CSF contacting terminals of the dark neurons are relatively
large, they contain smooth and rough surfaced endoplasmic reticulum, as well as
dense-core vesicles 900 A in diameter. The CSF contacting nerve terminals of the
light cells are smaller, they contain several mitochondria and granules 1400 A in diam-
eter. Every intraventricular nerve ending bears an atypical cilium (9x2 -f- 0 tubules).
The ventricular process of the neurons is dendritic, the distal one has neurite character.
The perikaryon of the dark intraependymal and hypendymal nerve cells contains well-
developed ergastoplasm with free ribosomes, Golgi area, mitochondria and numerous
dense-core vesicles 900 A in size. There are synapses on the perikaryon, the ventricular
and distal processes; in their presynaptic area there are synaptic vesicles as well as
dense-core vesicles 800 to 900 A in diameter. The larger light cells forming the distal
neuron rows, contain granules 1400 A in size, and less free ribosomes, otherwise the
fine structure of these perikarya is similar to that of the hypendymal dark cells. The
neurons are embedded in a neuropil. The fibrous layers situated between the hypen-
dymal and distal neurons, and laterally to the distal cells, are synaptic zones. The two
kinds of neurons, of their CSF contacting nerve terminals and of their granules suggest
that the preoptic recess organ consists of two functional different components.

Introduction

The preoptic recess organ, as described by us in the frog and the axolotl
(Teichmann and Vigh, 1968; Vigh-Teichmann, 1968) corresponds to the par-
vocellular part of the preoptic area. In the neurons of this territory, mono-
amines were demonstrated by fluorescence histochemical method (Vigh-
Teichmann, Vigh and Aros, 1969). The monoamine-containing cells emit CSF
contacting nerve endings between the special, usually multilayered ependymal
cells. As the area resembles in structure the paraventricular organ, we have
termed it preoptic recess organ and assumed that, like the other CSF contacting
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areas, it would act as a receptor, establishing a direct informative connection
between the CSF and the central nervous system (Vigh, Teichmann and
Aros, 1969; Vigh, 1971). Later, acetylcholinesterase-positive CSF contacting
nerve cells were demonstrated in this area (Vigh-Teichmann, Vigh and
Aros, 1970). The enzyme-containing cells are apparently identical with the
distal neurons of the preoptic recessorgan, while the intraependymal and hypen-
dymal nerve cells show the induced fluorescence characteristic of monoamines.

Electron microscopy revealed that the CSF contacting nerve-endings
are characterized by atypical cilia, dense-core vesicles and mitochondria
(Vigh-Teichmann, Réhlich and Vigh, 1969). The preoptic recess organ was
demonstrated by light microscopy in the anurans Rana esculenta, Rana
arvalis, Rana ridibunda, Bufo bufo, Bombinator igneus and in the urodela Pleura-
deles waltlii, Ambystoma mexicanum and Triturus vulgaris. The CSF contacting
neurons of the organ, which is well-developed particularly in amphibians,
occur in all probability also in fishes and higher vertrebrates. Independently
from us, B raak (1970), too, described the fluorescence microscopic appearance
of the preoptic area in the frog. His findings fully agree with our earlier obser-
vations.

As data concerning the ultrastructure of the parvocellular preoptic area
of tailed amphibians are lacking, the present paper deals with the fine struc-
ture of this territory in Triturus cristatus.

Material and method

The animals were perfused through the aorta with 6% dextran in 0.9% NaCl for 20 sec,
then fixed in 5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.2, for 15 to 20 min. The
brain was removed, the preoptic area excised and fixation continued up to two hours. The
material was post-fixed in 1% Os04 dissolved in buffer, at 4 °C for 2 hours, dehydrated in
ethanol and embedded in Araldite. TJltrathin sections were cut with a Reichert OMU-2 ultra-
microtome, contrasted with methanolic uranyl acetate and lead citrate and examined with
a JEM 6C electron microscope. Semi-thin sections were stained with toluidine blue-azure II.

Results

Light microscopic structure. The frontal part of the preoptic area, anterior
to the preoptic nucleus, contains a group of small neurons, lying closely beneath
the ependyma. Most of the nerve cells are arranged in 5 to 7 rows parallel
to the ependyma. Only some neurons penetrate in between the ependymal
cells. The hypendymal nerve cells are situated closely side-by-side, while the
cells of the distal rows are localized more diffusely. The hypendymal neurons
are smaller than the distal ones; their size increases from row to row. In
contrast to the distal nerve cells, the intraependymal and hypendymal neurons
appear dark with toluidine blue-azure Il. Dark blue cells occur at sites also
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Fig. la. Neuron rows (N) and CSF contacting nerve endings (arrows) of the preoptic recess
organ. I): dark neurons. L: light neurons. Toluidine blue-azure Il. x450. b. High power view
of ventricular process (P) of a distal neuron. At arrows CSF contacting nerve terminals in
the preoptic recess. Ep: ependyma. Toluidine blue-azure Il staining. X1120. c. Mitosis from
the lower lateral part of the wall of the preoptic recess. Toluidine blue-azure Il staining. X1120

among the distal rows (Fig. la). Part of the nerve cells emitting one branch
to the ventricle, are bipolar. Their ventricular process passes through between
the ependymal cells and enters the preoptic recess to form there a free club-like
terminal (Fig. Ib). The nerve endings occur scattered over the wall of the
preoptic recess, dorsally up to the anterior commissure and ventrally also at
the floor of tin; recess. The neurons are embedded in a neuropil which forms
a small fibrous zone hypendymally and a broad one distally to the fourth row
of neurons. It is remarkable that even in the adult animal there are mitotic
cells in the ependyma (Fig. Ic) and between the neurons of the area, first of
all in its basal part.
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Fig. 2. Part of a hypendymal neuron (dotted line) with ventricular process and club-like CSF
contacting nerve ending. Ep: ependymal cells. N: nucleus of neuron. M: ependymal microvilli.
Montage, X7980
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Fig. 3. CSF contacting nerve terminal from preoptic recess organ. 15 basal body. I): desmo-
some. Ep: ependymal cell. G: dense-core vesicles. M: mitochondria. N: neurotubules. R: rootlet
fibre. X 37 500

Electron microscopic structure. Ependyma. The ependymal cells are
elongated, cylindrical, with elongated nuclei rieh in chromatin. The cells
contain a well-developed endoplasmic reticulum, free ribosomes and Golgi-
areas, as well as many mitochondria and a considerable amount of glycogen

4cta Morphologica Academiae Scientiarum llungnricae 19. 1971



30 . VIGH-TEICHMANN et al.

Fig. 4a. Two different, light and dark, intraventricular nerve endings side by side. E: endo-

plasmic reticulum. Ep: ependyma. M: mitochondria. R: rootlet fibre. Arrow: atypical cilium

(9 X2 -]- 0). X20500. 6. Dark CSF contacting nerve terminal with basal body (B) and rootlet

fibres (R). Ep: ependymal cell surface. X21 500. c. Part of a dark CSF contacting terminal

containing a large amount of rough-surface endoplasmic reticulum and dense-core vesicles.
C: cilium with basal body and slim rootlet fibres. X 26 250
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Fig. Sa. Cross-section of atypical cilia (9 X2 -f- 0). X 11 200. b. Longitudinal section of a ciliuin
arising from a CSF contacting nerve ending. R: rootlet fibre. Arrow: atypical cilium (9 x2 -f- 0).
X 23 750

granules. There are numerous microcilli on the cell surface, especially around
those sites where the nerve terminals enter the CSF.

77ie CSF contacting nerve endings are formed by the ventricular nerve
processes, they protrude into the CSF one by one or in small groups (Figs 3, 4a).
The arrangement in groups is particularly marked in the ventral half of the
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preoptic recess. In general, the terminals contain endoplasmic reticulum,
mitochondria, as well as microtubules coming from the ventricular process
into the ending and diverging there radially. In part of the endings there are
more, in others less mitochondria. The terminals containing more mitochondria
are relatively small, and are characterized by granulated vesicles of 1400 A
in size (Fig. 4a) and by less free ribosomes. Thus, the whole nerve ending ap-
pears electronlucent. In other intraventricular terminals, we observed a more
electrondense cytoplasm with numerous free ribosomes and also rough-surfaced
endoplasmic reticulum. These nerve endings are larger and contain dense-core
vesicles 800 to 1000 A in diameter (Figs 4a, b, c).

In both kinds of nerve endings there is a basal body (Fig. 4b) as well as
an accessory basal body; from the basal body a cilium arises (Figs 4c, 5b).
This cilium is atypical in structure (9x2 -f~-0 tubules, Fig. 5a). The basal
bodies emit well-developed rootlet fibres which may be followed over a long
distance into the ventricular process of the CSF contacting neurons (Figs
6a, b). Coated vesicles often in contact with the surface, may be found in the
intraventricular nerve terminal as well as in the apical part of the ependymal
cells (Figs 6a, c, d).

Ventricular processes of the CSF contacting neurons. The ventricular pro-
cess is dendritic in character. We found in it losely arranged microtubules,
numerous mitochondria, and near the perikaryon rough-surfaced endoplasmic
reticulum and Golgi-areas. The rootlet fibres of the cilia originating from the
CSF contacting terminal, run in the ventricular process (Figs 7a, b). In some
cases, we observed a basal body also in the ventricular dendrite (Fig. 7b).
At sites, long mitochondria and dense-core vesicles are visible (Fig. 7b). The
ventricular processes run alone or in small bundles toward the ependyma.
When several dendrites run side by side, they may form small bundles, but
near the ventricular surface, ependymal cell parts are usually inserted between
them (Fig. 7a). The ventricular dendrites are fixed by desmosomes to the
apical portion of the adjacent ependymal cells (Figs. 2, 3, 4b, 5, 6, 7a). Synapses
can be observed on the dendrites near their origin from the perikaryon, file
presynaptic area contains synaptic and some dense-core vesicles 900 A in size.
The ventricular processes belonging to the different types of neurons are
essentially similar in structure, except that those coming from the hypendymal
cells are thicker than those starting from the distal cells.

Perikaryon of the intra- and hypendymal CSF contacting neurons. The
cytoplasm of the intraependymal and hypendymal neurons is electrondense,
due to the presence of a well-developed smooth and rough-surfaced endo-
plasmic reticulum as well as free ribosomes. Furthermore, one can find mito-
chondria, Golgi-areas and microtubules. In the perikaryon there is a large
number of dense-core vesicles measuring 900 A (Fig. 8a). Most of the granules
are oval or elongated (Fig. 8c). On the perikarya, axo-somatic synapses are
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Fig. 6a. Multiple rootlet fibres in CSF contacting nerve ending and ventricular dendrite

(dotted). 11: basal body. C: cilium. 1): desmosome. Ep: ependymal cell. X22 750. b. High

power view of rootlet fibre, x 28 000. c. Connection of coated vesicle with cell membrane of
nerve ending. X 23 000. d. Coated vesicle. X 23 000
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visible. Their presynaptic cytoplasm contains synaptic and dense-core vesicles
900 A in size (Fig. 8b).

The distal process of the intraependymal and hypendymal CSF contacting
neurons is smaller in diameter than the ventricular dendrite. There are micro-
tubules, mitochondria and dense-core vesicles in it and synapses on the initial

Fig. 7a. Several ventricular dendrites situated side by side near the ventricular surface.

D: desmosome. Ep: ependyma. R: rootlet fibres. x23 750. b. Accessory basal body (B) and

rootlet fibre in ventricular dendrite. G: dense-core vesicle. M: mitochondrium of unusual
length. X 28 000

part of the process. In the presynaptic area there occur synaptic vesicles of
about 500 A and dense-core vesicles of 850 A,

The distal neurons are larger than those found intraependymally and
hypendymally, and contain less endoplasmic reticulum. The perikarya also
enclose electrondense granulated vesicles which differ with their diameter
of about 1400 A (Fig. 9a) from that of the dense-core vesicles (900 A in size)
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of the dark intraependymal and hypendymal nerve cells. Otherwise, the struc-
ture of the cytoplasm resembles that of the neurons described above. The ventri-
cular dendrite of the distal nerve cells runs toward the ependyma and enters
the ventricle. The processes of the cells lying far away from the preoptic
recess could not be followed continually into its lumen. The axons of the distal

Fig. 8a. Part of the perikaryon of a hypendymal neuron. E: rough-surfaced endoplasmic

reticulum. G: dense-core vesicles. X 45 000. b. Synapse on the perikaryon of a hypendymal

cell. G: dense-core vesicle. N: nucleus. X 37 500. c. Perikaryon of an intraependymal neuron
with numerous elongated dense-core vesicles. N: nucleus. x45 000

neurons pass ependymofugally and contain mitochondria and parallel micro-
tubules (Fig. 9b). At the initial part of the axon, synapses can be observed.

Neuropil. The neuropil surrounding the nerve cells, forms a small proxi-
mal or hypendymal synaptic zone between the two types of neuron layers as
well as a broad distal synaptic zone laterally to the distal neurons. In the two
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Fig. 9a. Part of the perikaryon of a distal neuron, with rough-surfaced endoplasmic reticulum.

G: granulated vesicle. N: nucleus. 45 000 X. b. Origin of neurite of distal neuron (asterisk).

M: mitochondrium. N: nucleus. X21 500. c. Synapses (arrows) in the hypendymal neuropil.
X 30 000. d. Part of the distal neuropil, at arrows synapses. X 30 000
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synaptic zones, axo-dendritic synapses occur first of all. In the presynaptic
area, we found synaptic vesicles, mitochondria, sometimes small (600 to 700 A),
sometimes large (900 A) dense-core vesicles (Fig. 9c, d). The axons containing
small dense-core vesicles occur mainly in the distal neuropil.

Discussion

According to the present findings, the pattern found in the preoptic
recess organ of tailed amphibians (Fig. 10) is similar to that in the frog (Vigh-
Teichmann, 1968; Vigh-Teichmann, Rohlich and Vigh, 1969). The preoptic
area is characterized by the small neurons forming CSF contacting nerve
endings. The nerve cells occur in several rows intraependymally and hypendy-
mally. The ventricular dendrite of the intraependymal and hypendymal neu-
rons may readily he followed up to the free nerve terminals protruding into
the CSF. On the other hand, the ventricular processes of remote neuron rows
cannot be tracted in their entire length. It seems likely, however, on grounds
of the semithin sections, that the second to fourth cell rows under the epen-
dyma are also in connection with the ventricular lumen. In earlier studies
made with acetylcholinesterase reaction in various frog species, we found that
also the ventricular processes coming from the distal cell rows and clearly
demonstrable by the enzyme reaction, form free club-like endings in the pre-
optic recess (Vigh-Teichmann and Vigh, 1969a, b; Vigh-Teichmann, Vigh
and Aros, 1970). It is, however, possible that the process of the cells situated
farthest away from the ventricle, runs merely to the hypendymal synaptic
zone and forms synapses there.

We have observed the cross-sections of the distal, neurite-like processes
of the intraependymal and hypendymal neurons in the external fibrous zone
where they form synapses. Similar fibres form also axo-somatic synapses,
thus there seem to he multiple synaptic connections between the various cell
rows. In the synapses there are not only such dense-core vesicles as found in
the hypendymal perikaryon, but also smaller ones, 600 to 700 A in size, mainly
in the distal synaptic zone. It is possible that, like in the other CSF contacting
areas, here, too, there are monoaminergic axons coming from outside, sug-
gesting the possibility of informative connections with other aminergic nuclei
of the brain. We did not succeed in demonstrating any connections between
these axons and the CSF contacting nerve terminals themselves, although in
reptiles we have found such synaptic contacts in large number in the para-
ventricular and infundibular nucleus and in fishes in the lateral tuberal nucleus
(Vigh-Teichmann et ah, 1970a, b, c). The absence of intraventricular synapses
suggests that the areas mentioned and the CSF contacting nerve endings of
llie preoptic recess organ differ in function. The absence of synapses may also
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Fig. 10. Scheme of the architecture of the preoptic recess organ. Arrows point at hypendymal
and distal synaptic zone. D: dark neurons. Ep: ependymal cell. 11l V: lumen of preoptic recess
of third cerebral ventricle. L: light neurons. S: synapses

be correlated with the lower differentiation of the parvocellular preoptic area
in amphibians. It seems noteworthy to mention once more the mitoses found
in this territory of adult animals, the mitotic cells indicating the preoptic area
to have a high regenerative ability (Kirsche, 1967; Richter, 1969).
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It is interesting that the granulated vesicles in the perikarya are of two
sizes; the vesicles in the dark, intraependymal and hypendymal cells measure
900 to 1000 A in size, while those in the light, distal cells attain as much as
1400 A. This agrees with our earlier finding that monoamine fluorescence could
be localized in the first place to the neurons between and under the ependymal
cells. The monoamine content is namely in harmony with the presence of the
numerous small-size dense-core vesicles (900 A), which are regarded as respon-
sible for the appearance of induced fluorescence also in other territories of the
brain. The distal neurons which in most aminals give positive acetylcholineste-
rase reaction, but do not show any induced fluorescence, contain the larger
granule type (1400 A). Granules of similar shape and size in the nerve cells
of the classical neurosecretory nuclei are known as containing peptides (s. in
Knowles, 1967; Bargmann, 1967; Bargmann et al., 1967; Scharrer, 1969)
inspiring Bargmann (1967), Bargmann et al. (1967) to introduce the term
“peptidergic” neurons. On the basis of the similarity, it might be supposed
that the large granulated vesicles of the preoptic recess organ represent some
kind of peptidergic activity.

Finally, attention should be called to the morphological variability of
the CSF contacting nerve endings. These terminals differ not only in the size
of their granulated vesicles, but also in the size of the endings themselves,
inasmuch as those belonging to the hypendymal cells are larger and contain
rough-surfaced endoplasmic reticulum beside the small dense-core vesicles
(900 A). 1n contrast, the intraventricular nerve terminals of the distal cells
are smaller in size and contain numerous mitochondria beside the bigger
granules (1400 A). The two kinds of neurons and their CSF contacting endings
might have different functions; perhaps they recept two different properties
of the CSF. The present findings do not yet allow to outline a detailed hypo-
thesis concerning the function of the preoptic recess organ, but the morpho-
logical evidence obtained, may serve as a basis for further morphophysio-
logical investigations.
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LICHT- UND ELEKTRONENMIKROSKOPISCHE STRUKTUR DES RECESSUS
PRAEOPTICUS-ORGANS BEIM MOLCH (TRITURUS CRISTATUS)

I. VIGH-TEICHMANN, B. VIGH und B. AKOS

Das Recessus praeopticus-Organ ist rostral des neurosekretorischen Nucleus praeopticus
in der Area praeoptica parvocellularis auf beiden Seiten des Recessus praeopticus lokalisiert.
Das Organ besteht aus einem zylindrischen Ependym und einer charakteristischen Gruppe
von Neuronen. Diese Nervenzellen sind intraependymal und in mehreren Reihen unter dem
Ependym angeordnet. Ein Teil der Neurone ist bipolar; sie senden einen ihrer Fortsdtze in
den Recessus praeopticus und formen dort spezielle Nervenendigungen, die wir als Liquor-
kontakt-Nervenendigungen bezeichnen. Lichtmikroskopisch sind die intraependymalen und
hypendymalen Neurone mit Toluidinblau Azur Il dunkel gefarbt, wéahrend die distalen Zellen
hell aussehen. Elektronenmikroskopisch stellten wir fest, dal die Liquorkontakt-Nervenendi-
gungen der dunklen Neurone relativ groB sind und glattes und rauhes endoplasmatisches Reti-
kulum, sowie dense-core Vesikel mit einem Durchmesser von 900 A enthalten. Die Liquor-
kontakt-Nervenendigungen der hellen Nervenzellen sind kleiner als die vorhergehenden und
enthalten mehrere Mitochondrien und Granula vom Durchmesser 1400 A. Jede intraventri-
kulédre Nervenendigung trégt ein atypisches Cilium (9x2 -j- 0 Tubuli). Der ventrikulare
Fortsatz der Neurone hat Dendriten-, ihr distaler Fortsatz hat Neuritencharakter. Das Peri-
karyon der dunklen intraependymalen und hypendymalen Nervenzellen enthdlt ein gut ent-
wickeltes Ergastoplasma mit freien Ribosomen, Golgi-Apparat, Mitochondrien und zahlreiche
dense-core Vesikel (Durchmesser 900 A). Auf den Perikaryen, den ventrikularen und distalen
Fortsdtzen kommen Synapsen vor. lhr praesynaptischer Bereich weist synaptische und dense-
core Vesikel (Durchmesser 800 —900 A) auf. Die gréReren, hellen Zellen, die die distalen Neuro-
nenreihen bilden, enthalten Granula mit einem Durchmesser von 1400 A und weniger freie
Ribosomen; im ubrigen gleicht die Feinstruktur dieser Perikaryen der der hypendymalen,
dunklen Zellen. Die Nervenzellen sind in ein Neuropil eingebettet. Die fibrésen Schichten,
die zwischen den hypendymalen und distalen Neuronen und lateral der letzteren ausgebildet
sind, sind synaptische Zonen. Die zwei Arten von Nervenzellen, ihrer Liquorkontakt-Nervenen-
digungen und ihrer Granula lassen vermuten, dal das Recessus praeopticus-Organ aus zwei
funktionell verschiedenen Komponenten besteht.
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CTPYKTYPA OPrAHA TIPEASPUTENBHOIO YIJIYBJIEHUA Y TPUTOHA
(TRITURUS CRISTATUS) B CBETOBOM U JTIEKTPOHHOM MUMKPOCKOIME

N. BUF-TEMXMAHH, 6. BUF n 6. APOLU

OpraH nNpea3puTENbHOrO Yray6neHUs pacrofio)KeH COOTBETCTBEHHO MESTKOKNETOUHOMY
npea3puTeIbHOMY MOS0 MNepes HelipoceKPeTOPHbIM MPeA3pUTeNbHbIM A4POM, MO ABYM CTOPOHaM
npeaspuTenbHOro yrnybneHua 1M-ro xenygouka. YKasaHHbIA OpraH COCTOMT M3 LUANHAPKU-
YeCKOW 3MNeHAVMbl M XapaKTepHOM HeMpOHOBOM rpynnbl. HepBHble KIETKW pPacnofiokeHbl B
HECKONbKMX psjax MeXay saneHAMMasibHbIMW KIeTKaMu 1 nog HAMKW. KneTKu no 60nbLueli vactu
6unonspHble, oanH 0TPOCTOK BXoAMT B I Kuid xxenypouek, obpasysa Tam crneuunasibHble HepBHbIE
OKOHYaHUS, Co3JaloLme KOHTaKT CO CMUHHOMO3IMOBOW XXWMAKOCTbIO (TaK Has3. IMKBOPOKOHTAKT-
Hble OKOHYaHus). o4 ONTUYECKMM MMKPOCKOMOM MNPV OKpalluvMBaHWW TONYUANHOBON CUHBbKOM
nasypb 11, BHyTpManeHAUMasbHble Y TMNeHAUMAabHbIE KNETKW OKPaLLMBalOTCA B TEMHbIA LIBET,
B AVCTa/IbHble KMETKN OCTAlTCA CBET/IbIMW. B 3N1eKTPOHHOM MWUKPOCKOME SIMKBOPOKOHTAKTHbIE
OKOHYaHWS TeMHbIX HelipOHOB 60/1ee KPYMHble, 1 OHW COAEPXKAaT 3HA0Ma3MaTUYECKYIO CeTYaTKy
rnagkon n rpy6oii MoBEPXHOCTM, a TakXKe 3epHUCTbIE Ny3blpbKU BennynHoi B 900 A. CrnMHHO-
MO3roBoe OKOHYaHWe CBET/IbIX K/IETOK MeHblle U COLepXUT MHOXEeCTBO MUTOXOHAPUEB U 3ep-
HbILIKW BeNnunHoi B 1400 A. 13 KaXKA0ro OKOHYaHWUA UCXOAUT PecHMLA HETUMUYHOrO NnocTpoe-
HMA (9x2 + 0). XKenyao4koBble OTPOCTKM HEMPOHOB VMEIOT AeHAPUTOBbLINA, a AUCTasbHble OT-
POCTKM HEMpOHOBbIV xapakTep. MepuKapuoH BHYTPUINEHAUMAbHBIX W FUNefuMasibHbIX TeMm-
HbIX HEPBHbIX K/ETOK COAEPXWUT 3practonnasMy € MHOrOYMC/IeHHbIMU CBO6GOAHbIMU PUbOCO-
Mamu. Kpome TOro B nepuKapuoHe BblsiB/seMbl annapat [o/ibAK1, MUTOXOHAPUN N MHOTo4YmC-
JIeHHble Ny3bIPbKM «dense core» co cpeaHer BennumHo 900 A. Ha nepukapuoHe, Ha >Xenyaou-
KOBOM W AWCTa/IbHOM OTPOCTKe 06HapyXXMBalTCA CMHANCbl, @ B NpeACUHANTUYecKol 0651acTu
HapsAgy C CbIHANTMYECKMMU NYy3blpbKaMun pacnonoxeHbl Ny3bIpKn «dense core» cO CPefHen Benu-
ymHori B 800—900 A. Bonee KpynHble, CBET/ble KETKN, 06pasytoLme ancTanbHble psabl Helipo-
HOB, cofiep>at 60s1ee KpynHble 3ePHbILLKNA CO CpedHein BennumHoi 1400 A 1 MeHblLe cBO6OA-
HbIX pubocoM. Bnpoyem ux TOHKas CTPYKTypa Nofo6Ha MWKPOCTPYKTYPe FUNeHANMaNbHbIX
TEMHbIX KNeTOK. HepoHb! BNOXEHbI B BOIOKHWUCTYHO 30HY, 06pasytoLLyto Nof, runeHauManbHbIMU
KMeTKamy 1 fnatepanbHO OT AUCTasbHbIX KNETOK 60/ee LUMPOKYH CUMHANTUYECKYHO 30HY.

Dr. Inge jorg Vigh-Teichmann Sz0vettani Intézet,
Dr. Béla VIGH Budapest IX., T(zolté u. 58
Dr. Béla Aros llungary
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Pathologisches Institut der Humboldt-Universitat,
das Rudolf-Virchow-Haus der Charité (Direktor: Prof. Dr. L. H. Kettler), Berlin

CHARAKTERISTISCHE MORPHOLOGISCHE BEFUNDE
IM NIERENMARK NACH NIEREN PUNKTION

G. Ditscherlein, Ingrid Witte und D. Kunde

(Eingegangen am 1. August, 1970)

Ausgedehnte Untersuchungen nach Nierenpunktion von Kaninchen, Ratten,
Hunden und Menschen haben ergeben, daB immer dann ein charakteristischer Bezirk,
der sog. rote Keil (rK) auftritt, wenn der Punktionskanal durch das Nierenmark ver-
lauft. Der rK zieht von der Verletzungsstelle aus papillenwdrts und ist scharf begrenzt.
Er ist schon nach 90 Minuten in ganzer Ausdehnung vorhanden und bis zum Versuchs-
ende nach einem Jahr nachweisbar, verwandelt aber in diesem Zeitraum allmahlich
sein makroskopisches und histologisches Bild. Folgende Faktoren werden fir die Ent-
stehung des rK verantwortlich gemacht: 1. die besondere Architektur des Nierenmarks,
2. die Unterbrechung aller Kanélchen und Vasa recta eines geschlossenen Bezirks
sowie das Ausbleiben ihrer Wiedervereinigung. Daraus resultieren chronische Durch-
blutungsstérungen und Funktionslosigkeit der Kandlchen. Enzyrnhistochemisch rea-
giert anfangs in den schwerer geschddigten Zellen die aPase stark positiv. Die ent-
differenzierende Atrophie der Tubuli geht einher mit Aktivitdtsverminderung der
Oxydoreduktasen. Die ATPase-Aktivitat ist in den Wéanden der hyperdmischen GefaRe
herabgesetzt. Fur eigenartige periodische Hohlrdume in Tubuli sind nach elektronen-
optischen Befunden verschiedenen Entstehungsmdoglichkeiten anzunehmen.

Nach Nierenpunktion koénnen verschiedene pathologisch-anatomische
Befunde beobachtet werden (s. Ubersicht, Ditscherlein, 1969a). Zu den
haufigsten Punktionsfolgen gehdrt der sog. rote Keil, den wir bei Hatten,
Kaninchen, Hunden und Menschen beobachteten. Er tritt immer dann auf,
wenn Nierenmark verletzt wird. Das ist im Tierexperiment hdufiger der Fall
als heim Menschen.

Material und Methoden

Bei 175 Kaninchen, 90 Ratten und 11 Hunden wurden fast 1000 Nierenpunktionen mit
dem Menghini-Besteck vorgenommen (Methoden hei Kaninchen, Naijtscii u. Ditscherlein,
1969a). AuRerdem wurden die Nieren von 27 menschlichen Obduktionsfallen nach vorangegan-
gener Punktion Uberprift. Die einzelne Niere wurde nach der Entnahme so eingeschnitten,
daB die Schnittflache senkrecht zur Achse des Punktionskanals lag, wodurch der umschriebene
Bezirk am besten getroffen wurde (vgl. Abb. 1, linkes Schema). Die Weiterverarbeitung erfolgte
je nach der beachsichtigten Untersuchungsmethode.

Histologische Untersuchung. Fixierung in Formalin, Paraffineinbettung; verschiedene
Farbungen bzw. Reaktionen: Hadmalaun-Eosin, Hdmatoxylin-van Gieson, Lepehne, Feulgen,
Berliner Blau, PAS, Tibor Pap.

Enzymhistochemische Untersuchung. An MessertiefkiihIschnitten Uberpriifung folgender
Reaktionen: Alkalische Phosphatase aPase n. (Gomori), Adenosintriphosphatase (ATPase
pH 7.2; 7,5; 9.4; s. Waciistein u. Meisel, 1957, sowie Schreiber u. Simon), Diaphorase |
(Hess et al., 1958), Lactatdehydrogenase (Hess et al.), Monoamindehydrogenase (Glenner
et al., 1957), Succinatdehydrogenase (Nachlass et al., 1957).

Elektronenmikroskopische Untersuchung. Immersionsfixierung in 1%igein gepuffertem
0sO,, Einbettung in Vestopal W, zum Teil Nachkontrastierung nach Reynolds.

Acta Morpholoftica Academiae Scientiarum Htiftgaricae 19. 1971



44 G. DITSCHERLEIN u. Mitarb.

Ergebnisse

Makroskopische Befunde

Der rote Keil (rK) ist nur auf Schnittflaichen durch das Nierenmark
sichtbar. Seine Ausdehnung ist aus den beiden Schemata in Abb. 1 zu ent-
nehmen. Der verdnderte Bezirk fallt vor allem durch seine dunkelrote Farbe
auf, die er fur viele Wochen beibehé&lt. Allm&hlich nimmt er einen braungrauen
Farbton an.

Abb. 1. Ausdehnung des roten Keile (punktierte Flachen) in Schema. Links Langsschnitt

durch eine Kaninchenniere, Punktionskanal (rund) im Querschnitt getroffen. Rechts Nieren-

querschnitt durch die Langsachse des Punktionskanals (parallele Linien). Gebiet lber den
Punktionskanal ist nephrohydrotisch. Gestrichelte Linie = Rinden-Mark-Grenze

Histologische Befunde

Bereits nach 5, 10 und 20 Minuten kénnen sich rings um den Punktions-
kanal (P) in den erdffneten Sammelrohren und Henleschen Schleifen Erythro-
zyten und Zelltrimmer befinden. Bereits nach 20 Minuten besteht eine Hyper-
dmie. Nach 90 Minuten ist der rK in seiner ganzen Ausdehnung vorhanden:
er beginnt am P und hat hier etwa die Breite des ausgestanzten Gewebsdefekts,
zieht in Richtung zur Papillenspitze und verjingt sich auf diesem Wege
(Abb. 2). In der Nachbarschaft des P sind vielfach H&morrhagien nachweis-
bar. Schon nach 2 1/2 Stunden sind in manchen Kapillaren vermehrt Leuko-
zyten nachzuweisen. — Nach 2 bis 5 Tagen beobachtet man haufig Einzel-
zellnekrosen, besonders von Epithelien, in der Nachbarschaft des P auch von
Bindegewebszellen. In den Kanélchenlichtungen kommen h&ufig abgestoRene
nekrotische Zellen, deren Trimmer und abgeblaBte Erythrozyten vor; oft ist
das alles zu Zylindern zusammengeballt. Ferner tritt vermehrt dinnflussiger,
homogener lepehne-positive Kanélcheninhalt auf (Ahh. 3).

Regeneratorische Prozesse beginnen nahe dem P; die epitheliale Proli-
feration geht der Mesenchymalen voraus. Besonders am 2. und 3. Tag findet
man in beiden Gewebsanteilen Mitosen (genauer bei Witte, 1969), am 3.
und 4. Tag eisenhaltige Phagozyten. Neben diesen frisch hinzugekommenen
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Erscheinungen sind aber auch noch die vorher beschriebenen vorhanden.
Je nach Lage des P und Ausdehnung des rK sind degenerative und regenerato-
rische Vorgéange stark ausgebildet. Bei urspringlich groBerem Gewebsdefekt
und Unterbrechung einiger GefaRbundel Uberwiegen Nekrosen, die Regenera-
tion setzt zdgernd ein. Ein beliebiger rK kann in einem Gewebsabschnitt in
Né&he des P einen geschlossenen Nekrosebezirk aufweisen, in einer anderen
Gewebsstufe sind kaum noch Einzelnekrosen nachweisbar, die Heilungs-

Abb. 2. Ubersicht iilber rK 3 Tage post punctionem (p.p.) Links oben angeschnitten Panktions-
kanal. Lepehne, 35 x

Vorgénge sind im vollen Gange. Die letzteren treten in der 2. Woche weiter
in den Vordergrund. Von jetzt an enthalten die Sammelrohre nur noch verein-
zelt und in geringem Male die oben genannten Bestandteile in ihrer Lichtung.
Dagegen sind die Henleschen Schleifen weiterhin von Zylindern ausgefullt.
Diese kdénnen ebenso wie die Tubuluszellen feine Eisenpartikel enthalten;
am intensivsten kommt aber Siderin in Histozyten vor.

Naeli 2 5 Wochen zeigen die Epithelzellen eine zunehmende entdiffe-
renzierende Atrophie. Die Tubuli ohne Lumeninhalt wandeln sich in solide
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Zellstrange um. Die Zylinder in den erweiterten Kandlchen sind meist homo-
gen, intensiv eosinophil und PAS-positiv.

Man beobachtet von nun an immer h&ufiger folgenden Befund: Im Lé&ngs-
schnitt stellen sich Zellstrange dar, die in periodisch wechselnder Reihenfolge
1 2 Zellen und Hohlrdume besitzen (Abb. 4). Manche Hohlrdume enthalten
einen homogenen Inhalt nach Art der oben beschriebenen Zylinder, in anderen

Abb. 3a. Ausschnitt aus rK 9 Tage p. p. Hyperdmie und H&morrhagien. In vielen Kandlchen-
lichtungen zusammengeballte Erythrozyten (schwarz) oder H&moglobinzylinder (grau bis
schwarz). Sammelrohre (hell) meist frei von Lumeninhalt. Lepehne, 114 X

Abb. 3b. Randpartie eines rK 9 Wochen p. p. Noch immer starke Hyperdmie und vereinzelte
Hamoglobinzylinder in lIlenleschen Schleifen. Lepehne, 320 X

Epithelstrdngen sind diese Hohlrdume optisch leer (Abb. 4). Im ubrigen findet
man weiterhin Uberwiegend stark blutgefullte Kapillaren, obwohl auch unauf-
fallige GefaBe Vorkommen. Die hyperdmischen Gefélle liegen nach langen
Beobachtungszeiten besonders in der peripheren Zone des rK; der zentrale
Teil erscheint dagegen arm an Kapillaren. Zwischen den Vasa recta und den
Epithelstrangen befinden sich die in Ublicher Weise »strickleiterartig« angeord-
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Abb. 4. Ausschnitt aus rK 20 Wochen p. p. Eigenartige periodische Hohlrdume der atropischen
Tubuli. Meist nur sehr wenig, offenbar eiweiBarmes Material in den Hohlrdumen, in einem
Epithelstrang kraftig angefarbte Massen (Pfeile). Hamalaun-Eosin, 720 x

liefen Zwischenzeiten des Nierenmarks. Der Gehalt an Kollagenfasern ist
reicher als in der gesunden Umgebung. Diese Befunde &ndern sich nicht mehr
prinzipiell bis zum Ende des Beobachtungszeitraums nach einem Jahr.

Enzym histochemische Befunde

Hydrolysen : Die aPase ist in den ersten Tagen im Kanélcheninhalt,
in vielen Epithelzellen, seltener in Interstitiumzellen stark positiv. Nach 5 7
Tagen nehmen diese Befunde schnell ab. Die ATPase der GefaBwdande zeigt
innerhalb der ersten Wochen eine allmé&hliche Aktivitatsverringerung. Nach
6 Wochen reagieren die GefdRBe sehr unterschiedlich, d. h. teils normal, teils
vermindert.

Oxydoreduktasen : Die Uberpriften Enzyme verhalten sich gleichsinnig.
Bereits vom 1. Tag an ist die Aktivitdt in den Epithelien der Sammelrohre
und Henleschen Schleifen betrachtlich herabgesetzt, besonders nahe dem P
(Abb. 5). Zur Spitze des rK hin reagieren die Epithelien normal. Die Inter-
stitiumzellen verhalten sich in den verschiedenen Partien jeweils &hnlich wie
die Epithelien. In nekrotische Zonen sprossen nach einigen Tagen Kkréftig
reagierende junge Bindegewebszellen ein. Die Aktivitdt der atrophischen Tubuli
nimmt stdndig ab. Die Interstitiumzellen reagieren in gleicher Starke wie
diejenigen der Umgebung.

Elektronenoptischen Befunde

Sie stellen nur eine Ergdnzung zu den Spéatbefunden dar, insbesondere
um die eigenartigen Epithelstrange mit den periodischen Hohlrdumen deuten
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zu kénnen. Nach einigen Wochen zeigen die Tubuli unterschiedliche Befunde:
In manchen Epithelstrdangen Uberwiegen degenerative Veranderungen (Mito-
chondrienschwellung, Erweiterung des endoplasmatischen Reticulums, vollige
hydropische Degeneration) in einzelnen oder allen im Schnitt vorhandenen
Zellen (Abb. 6 u. 8). Gelegentlich kommen Zellen mit zahlreichen Zytolysomen
vor, manche Zellen haben sich von der Basalmembran und aus dem Zell-
verband geldst. Die Lichtungen enthalten abgestofRene Zellen, einzelne oder

Abb. 5. Ausschnitt aus rK (rechter unterer Quadrant) und Punktionskanal (rechter oberer

Quadrant und oberer Bildrand links) 4 Tage p. p. Succinatdehydrogenase-Aktivitdt in den

Kandlchen hochgradig herabgesetzt bzw. nicht mehr eindeutig erkennbar (vgl. mit normaler
Enzymaktivitat links unten). Kerndarstellung nach Feulgen. 100 X

massenhaft degenerierte Zellorganellen oder ganz feingranuléres, maRig osmio-
philes Material beobachteten R&ume, die allseitig von Zellen umgeben sind,
teils aber auch auf beiden Seiten direkt an die Basalmembran grenzen. Bei
denselben Fallen kommen auch Epithelstrdnge vor, die aus jungen, organellen-
armen Zellen bestehen und periodisch wiederkehrende Hohlrdume im L&ngs-
schnitt besitzen (Abb. 8). Die stets vorhandenen kurzen Mikrovilli und die
nahe den Hohlrdumen liegenden SchluBleistenkomplexe der umgebenden
Epithelzellen lassen erkennen, dall diese Hohlrdume dem Tubuluslumen ent-
sprechen, aber offenbar nicht miteinander Zusammenhéngen (Serienschnitte).
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Abb. 6. Ausschnitt aus rK 1/4 Jahr p. p. Teil eines langsgeschnittenen Tubulus mit einem durch
dichtes, feingranuldres Material (M) ausgefullten Hohlraum. Benachbarte Epithelzellen zeigen
Mitochondrienschwellung, Erweiterung des endoplasmatischen Reticulum und von Inter-
zellularspalten, Vakuolen (v), lokale Erweiterung des Kernenhranspalts (x); Basalmembran =

Bm. Links unten angeschnittener Tubulus mit ahnlichen Zellverdnderungen. Interstitium
kollagen-faserreich (I). Rechts unten Vas rectum (vr). Orig.-VergréB. 6000 x

4
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Abb. 7. Ausschnitt aus rK 5 Wochen p. p. Hvdropische Degeneration von Tubuluszellen (hT)
Tubuluslumen ausgefilllt mit nekrotischen Zellen und Zellbestandteilen (Z). Orig.-Yergrof
3000 X
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Abb. 8. Ausschnitt aus rK 5 Wochen p. p. (von demselben Fall wie Abb. 7). Langsgeschnittener

Tubulus aus wenig differenzierten Zellen ohne Degenerationszeichen. Im axialen Bereich 3

Hohlrdume, in deren Ndhe SchluRleistenkomplexe () deutlich erkennbar sind. Einzelne kurze

Mikrovilli. In den Lumina dinnflissiges Material. Basalmembran (Bin) mehrschichtig und
gefaltet. Fotomontage. Orig.-VergroBR. 6000 X
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Diskussion

Bereits im dalteren Schrifttum (Barth, 1893; Ribbert und P eipers
1894/95; Wildbolz, 1906; Awataguti, 1939) wurden nach Messerstichen
Nierenspaltung oder Keilexzision z. T. Befunde beschrieben, die denen des
roten Keils ahneln; sie wurden aber nur am Rande erwahnt, da bei den schwe-
reren Eingriffen auch massivere L&sionen, besonders Nekrosen, im Vorder-
grund standen.

Durch Nierenpunktion (oder Lanzenstich) wird in einem umschriebenen
Bereich die Kontinuitat der Kanéadlchen und GefaRe unterbrochen, und es
entstehen bei Verletzung des Nierenmarks regelmdRig zwei verschiedenartige
charakteristische Befunde:

1. Zwischen P und Nierenoberflache entwickelt sich in einem sektor-
férmigen Bezirk eine Nephrohydrose (Ditscherlein, 1966, 1969c).

2. Auf der Gegenseite, also zur Papillenspitze hin bildet sich der sog.
rote Keil aus (Abb. 1). Beide Bezirke sind scharf begrenzt und in ihrer Lage
und Ausdehnung geradezu gesetzm&fig von der Lokalisation des P abhé&ngig
(Ditscherlein, 1969a). Die Ursache fur diese Verdnderungen besteht darin,
daR im Bereich des Gewebsdefekts trotz starker epithelialer Regeneration und
Granulationsgewebsbildung keine Wiedervereinigung der proximalen und
distalen Kandlchenstumpfe erfolgt, was im wesentlichen auch fir die kleinen
GefaRe zutrifft (Ditscherlein, 1969b; Ditscherlein und Dena, 1969).
Die Blutung aus den zahlreichen erdffneten GefadRen fuhrt unmittelbar nach
dem Eingriff zur schnellen Ausfiillung des durch die Gewebsentnahme ent-
standenen »Vakuums«; von hier aus gelangen sekund&r Blutbestandteile in
die erdffneten Kanélchen, wozu sich spédter nekrotische abgestoflene Epithel-
zellen und Zellorganellen gesellen. Das weitere Schicksal des Lumeninhalts
ist jedoch unterschiedlich und von den vorhandenen oder fehlenden Abfluf3-
bedingungen abhéangig. Es gibt folgende Mdglichkeiten:

a) Die weitaus meisten Henteseken Schleifen werden im zu- und abfih-
renden Schenkel unterbrochen; der gesamte entsprechende Schleifenteil wird
»stillgelegt«. Nach dem erfolgten Verschlufl der beiden Unterbrechungsstellen
innerhalb der ersten Tage nach dem Eingriff ist ein AbfluR des Lumeninhalts
nicht mehr maoglich. Der entsprechende Kandlchenabschnitt verliert seine
vorherige Funktion im Rahmen der Harnbereitung; dafiir steht er jetzt vor
der Aufgabe, das Material im Lumen abzubauen. DaR dies prinzipiell mdglich
ist, zeigt der positive Eisennachweis (Erythrozytenabbau !) in den Epithel-
zellen in der Folgezeit.

Andererseits scheint diese Mdglichkeit im Bereich des rK beschrankt
zu sein, da man sehr lange den Lumeninhalt (gréfRtenteils als Hamoglobin-
zylinder) beobachten kann.

b) Aus den unterbrochenen Sammelrohren kann das Material ohne Behin-
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derung abflieRen und gelangt in den Harn. Dies durfte die Ursache fir die
dem Kliniker wohlbekannte haufige Mikrohdmaturie in den ersten Tagen
nach Niorenpunktion sein. Es erklart auch, dal man histologisch in den Sam-
melrohren nur anfangs reichlich Lumeninhalt (meistens zahlreiche Erythro-
zyten) nachweisen kann. Die entsprechenden Sammelrohre werden dann
funktionslos und daher atrophisch.

c) Am Rand des rK gibt es sicherlich einzelne Henlesche Schleifen, die
nur im ab- oder zufuhrenden Teil unterbrochen sind. Je nachdem verhélt
sich die entsprechende Schleife wie unter a) oder wie unter b).

Die in der Nachbarschaft des P auftretenden Verdnderungen sind in
der ersten Zeit zum Teil mit direkt auf die mechanische Lasion (Stanzeffekt)
zurickzufuhren; das gilt besonders fiur Hamorrhagien und Basalmembranrisse
der Kanalchen. Hierdurch ist ein Teil der Zellnekrosen erklarbar. Ubrigens
beziehen wir den in den ersten Tagen in vielen Zellen stark positiven Ausfall
der aPase-Reaktion auf nekrobiotische Vorgénge, was in dhnlicher Weise nach
Intoxikationen und Durchblutungsstérungen schon mehrfach angegeben
wurde (Wilmer, 1944; Hepler et ab, 1945; Wachstein, 1947, 1955; Wach-
stein U. Meisel, 1957; Staemmler, 1956; Sachs u. Dulskas, 1956; Rudolph
u. Scholt1, 1958).

Im Ubrigen werden aber die Vorgdnge im rK sicherlich ganz wesentlich
von den Durchblutungsstérungen bestimmt. Da stets eine Reihe benachbarter
zufuhrender GeféBe unterbrochen wird, erwarteten wir eigentlich haufiger
anamische Nekrosen. Sie kommen aber nur dann im Zentrum des rK vor,
wenn mehrere GefédRbindel durchtrennt sind. Im Ubrigen Gberwiegen Hyper-
dmie und Einzelzellnekrosen des Parenchyms sowie mehr protrahiert ver-
laufende regressive Veranderungen der verschiedenen Gewebsanteile. Die sofort
nach der Punktion vorliegende starke Dilatation und Blutfille der Kapillaren
im gesamten Gebiet des rK dirfte auf Kapillarlahmung infolge des mechani-
schen Eingriffs zurickzufiihren sein, so daB man sie wohl als terminale Hy,ier-
amie auffassen kann. Enzymhistochemisch ist in diesem Stadium an den
GefédlRen der gleichmélige Reaktionabfall der ATPase auffédllig. Die in der
Anfangszeit Uberwiegenden schweren Zellschaden besonders an den Epithe-
lien kénnen durch die terminale Hyperdmie erklart werden. Dagegen ist
die Hyperdmie nach langerer Beobachtungsdauer anders zu deuten. Zuné&chst
ist die Feststellung wichtig, dal den Narbenstrang, der sich aus dem einstigen
P gebildet hat, kaum GeféalRe durchziehen. Daher erhebt sieb die Frage nach
dem Zu- und AbfluR zum bzw. vom rK. Unter Berucksichtigung der Studien
von Moffat und Fourman (1963), P1akke und P feiffer (1964), Rollhauser
et al. (1964), Kriz (1967), Kriz und Lever (1969) Uber die Architektur des
GefédlRbaums von S&ugernieren vermuten wir, daB die Auffullung der Geféale
in der Peripherie des rK von den benachbarten GefaRbindeln aus Uber das
terminale Stromgebiet erfolgt. Der BlutabfluR geht dann Uber Anastomosen
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der vendsen Vasa recta, die nach Rolthauser et al. (1964) bestehen sollen,
vor sich. Schon normalerweise ist das Druckgefédlle und damit die Blutstrom-
starke in diesem langsten terminalen Strombett des Korpers naturgeman
gering (Deetjen et al.,, 1964), eine weitere Verldngerung und/oder Blutfluf3-
beliinderung muR damit sehr leicht zu peripheren Durchblutungstérungen
fihren, da die vis a tergo zu gering ist. Der beobachtete Befund &hnelt dem
Zustand der Hypostase. Im zentralen Teil des rK bleibt die anféangliche Hyper-
dmie nicht auf die Dauer bestehen, das Gebiet zeigt dann mehr eine chronische
ischdmische Durchblutungsstérung. Beide Formen der Kreislaufstérungen
haben regressive Gewebsverdnderungen zur Folge. DaR sich die Gefédlle im
rK im chronischen Stadium unterschiedlich verhalten, zeigen die ungleich-
maflkigen Reaktionsausfalle (ATPase) und auch die differenten submikroskopi-
schen Befunde (Ditscherlein und Marx, 1970).

Die Verédnderung der Tubuluszellen besteht vor allem in einer entdiffe-
renzierenden Atrophie, die histologisch und vor allem elektronenoptisch deut-
lich wird. Enzymhistochemisch zeigt sich das in einer allm&hlichen Aktivitats-
abnahme der Oxydoreduktasen. Die Ursachen fir die Atrophie bestehen in
dem Verlust der eigentlichen Funktion und in den chronischen Durchblutungs-
stérungen.

Die eigenartigen Hohlraumbildungen, die wahrscheinlich nicht miteinan-
der in Verbindung stehen, sind nicht einheitlich zur beurteilen. Bei einem Teil
zeigen die benachbarten Tubuluszellen degenerative Verdnderungen und/oder
Zytolysomen; meist liegt dann Material in diesen Hohlrdumen. Mit Sicherheit
werden geschadigte Organellen oder ganze Zellen in diesen Hohlraum hinein
abgestoRen. Wahrend in durchgdngigen Nephronen Ublicherweise das abge-
stolRenes Material mit dem Harn ausgeschwemmt wird, ist im vorliegenden
Fall in der Regel der AbfluBweg versperrt, das Material bleibt somit liegen.
Daher mufl auch an die Mdglichkeit gedacht werden, daR es von den benach-
barten Epithelzellen aufgenommen wird; dann kdnnte es sich bei den oben
genannten Zytolysomen vielleicht um Phagosomen handeln. Die bisher
besprochenen Hohlrdume scheinen aus dem urspringlichen Tubuluslumen her-
vorzugehen. Offenbar gibt es fir die lichtoptisch leeren Hohlrdume als weitere
Entstehungsweise eine hydropische Degeneration der Tubuluszellen (vgl.
Witte, 1969), was bei einer Vielfalt von Schadigungsmdglichkeiten beobachtet
werden kann (Kettler, 1952). So laRt sich gelegentlich an einem Schnitt
beobachten, wie ein derart verdnderter Abschnitt in ein vollig normal aus-
sehendes Sammelrohr papillenwéarts vom rK UUbergeht. Da hier die obigen
Erdrterungen Uber die AbfluBbehinderungen nicht zutreffen, bleibt nur als
Erkldrung fiur die Verdnderung die chronische Durchblutungsstérung.
SchlieBlich seien periodische Hohlraumbildungen erwéahnt, die in Epithel-
strdngen aus jungen, undifferenzierten Zellen Vorkommen; die Hohlrdume
entsprechen hier ohne Zweifel dem Kanédlchenlumen (Mikrovilli, SchluB3-
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leisten), welches aber nicht axial durchgehend verlauft vermutlich deshalb,
weil hierzu keine funktionelle Notwendigkeit besteht. Diese Hohlrdume sind
aber stets klein (vgl. Abb. 8).
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CHARACTERISTIC MORPHOLOGICAL PHENOMENA IN THE MEDULLA
OF THE KIDNEY FOLLOWING RENAL PUNCTURE

G. DITSCHERLEIN, I. WITTE and D. KUNDE

Large-scale examinations following renal puncture performed on rabbits, rats, dogs
and human subjects have shown the appearance of a characteristic area, the so-called “red
wedge”, whenever the canal of the puncture passed through the renal medulla. The cuneiform
zone extends from the point of injury towards the papillae and is sharply circumscribed. It
attains maximal size after 90 min. and remains visible for a whole year during which both
its gross and microscopic features undergo gradual change. The following are supposed to be
responsible for the development of the “red wedge”: (a) the special architecture of the renal
medulla; (b) division of all minor vessels and the vasa recta in a closed area without their
subsequent reunion, anomalies which lead to chronic disturbances of blood supply and dys-
function of the small channels.

Initial ATP-ase reaction of the severely damaged cells is strongly positive. Dedifferen-
tiating atrophy of the tubules goes hand in hand with a reduction in the activity of oxido-
reductases. The walls of the hyperaemic vessels display diminished ATP-ase activity. Electron-
microscopic studies concerning peculiar periodic cavities in the tubules have shown various
possibilities in respect of their origin.

XAPAKTEPHbLIE MOP®OJ/IOTMYECKNE W3MEHEHWA TOCJ/IE NMYHKUNA
MEAYNNAPHOIO BEWECTBA TOYEK

[F. ANTWEPNEAH, W. BUTTE u . KYHAE

MHOroUMC/IeHHbIE UCCMe0BAHNS BbISIBUMM, UYTO Y KPOJIMKOB, KpbIC, CO6AK M YesioBeKa
nocne NyHKLMKW MoYeK MOSIBAISIETCS XapaKTepHas 06/1acThb, TakK Ha3. KpacHbIii KvH, Habnoaae-
Mblii TONIbKO TOrfa, KOraa KaHan NpoKona npoxoauT yepe3 MO3roBoe BELLECTBO MOYKMW. KpacHblii
K/MH NPOCTMPAETCs OT MecTa MOPaXeHUs! B HAMpaB/eHWM NoYeuHbIX COCOYKOB, Y OH PE3KO OT-
rpaHnyeH. Ye no uctedeHU 90 MUHYT KpacHbI KAWMH AOCTUraeT MOMHOro pasMepa W [0 OKOH-
YaHUs 9KCMepPMEHTA ero MOXHO BbISIBUTb Aake Mo UcTeveHUM roga. OfHaKo B TeueHue 3Toro
CpoKa HabnaaeTcs NocTeneHHoe M3MeHeHWe ero MakpoCKOMMYECKOM 1 rMCToNornyeckoii Kap-
TUHbI. OTBETCTBEHHbIM 38 BO3HWKHOBEHWE KPACHO0 K/IMHA MOXHO CUMTaTh CreytoLume paKTopbl:
1. apXUTeKTYpy MefyNnsipHOro BeLIeCTBa MoYeK, 2. MpepbiBaHue BCEX KaHa/bLeB M MpsiMbIX
COCY/10B 3aMKHYTOI 06/1aCTX MPU OTCYTCTBUM UX BOCCOEAMHEHUS. W3 3TOro CneaytoT XpoHuuec-
K1e paccTpoiicTBa KPOBOTOKA M MpeKpallieHe QYyHKUUM KaHaibles. Mpu gepMeHT-rUcToNoru-
YECKOM M3yueHUM BHadasie ATdasza Gonee TSHKENO MOPaXKeHHbIX KMETOK pearvpyeTt MosioXu-
TeNbHO. HegudepeHUMpyoLan aTpodus KaHanibLeB COMPOBOXAAETCS MOHWKEHMEM aKTUBHOCTM
OKCMA0peayKTasbl. 13 CTeHKax rmnepeMUYeckux COCyfoB aKTUBHOCTb ATdasbl MoHuKeHa. Ha
OCHOBE 3/IEKTPOHHOOMNTUYECKUX Pe3yNbTaToB [ANsl BO3HWKHOBaHWS CBOEO6pasHbIX nepuoau-
YeCcKMX MOJoCTel B KaHa/bLax MOXHO MofaraTh Pas/ivuHble BO3MOXHOCTU.
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ELEMENTS RY PHYSICAL DEVELOPMENT
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The principle which we propose for silver staining has the following advantages
over silver impregnation. (1) Its chemical and physical processes are known and standard-
izuble, which make staining with it easily reproducible; (2) the intensity of staining
can be controlled by varying the time of development.

A solution of a certain substance is used which combines with or is adsorbed
on the tissue elements to be demonstrated in a much higher degree than on the others.
The molecules of this substance, bound on the sections, are replaced by colloidal silver
grains with the help of chemical reactions. Finally the silver grains are enlarged to
microscopic dimensions by physical development.

On the basis of this staining principle methods have been elaborated for demon-
strating fibrous neuroglia, micro- and oligodendroglia, Alzheimer’s neurofibrillary
changes, myelin, degenerated axons and connective tissue.

Introduction

To eliminate the uncertainty in silver impregnation, Liesegang [6]
introduced a special kind of reducing bath, the so-called “physical developer”.
It contains a reducing substance and some silver salt, and thus the silver
atoms participating in the growth of the silver grains in photographic emulsions
or in tissue sections derive from the developer itself [7].

Silver staining with a physical developer has two advantages over the
use of a simple solution of a developing agent with: (1) its chemical and physical
processes are known and standardizable so that staining with it is repro-
ducible; (2) the intensity of staining (i.e. the size of the silver particles formed)
can be controlled by varying the time of development.

Despite these advantages, physical development has up to now been
utilized only, for demonstrating axons and incorporated heavy metals. The
methods for staining axons are in fact modifications of the impregnation
techniques serving the same purpose, in which, however, enlargement of the
silver nuclei produced by the reducing groups of axons is achieved by physical
development without [6; 8] or after removal [9 10] of the silver ions from
the sections. The principle of the histochemical demonstration of heavy metals
(the so-called “sulphide silver” techniques [12 15] is as follows. The material
to be stained is fixed in alcohol containing sulphide ions; the latter combine
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with the heavy metals forming insoluble metal sulphides which then act as
nuclei for physical development.

Intrigued by the advantages of physical development, we have carried
out investigations into the possibilities of its general application. As a result,
we have devised a principle for silver staining which allows a selective demon-
stration of fibrous neuroglia, micro- and oligodendroglia, Alzheimer’s neuro-
fibrillary changes, myelin, degenerated axons and connective tissue. A detailed
description of the individual methods and discussion of their processes will
be the subject of separate communications [2—A4].

The proposed principle for silver staining

To silverize tissue elements, submicroscopical metallic silver particles
are made to deposit on them and subsequently enlarged to microscopic dimen-
sions by means of aphysical developer. The silver grains acting as nuclei for the
development are produced in the following manner (Table I): Tissue sections are

Table |

General pattern of the proposed staining principle
adsorption or

tissue-element -~ DS - mmmmmemoen tissue-element—DS
chemical reaction

. chemical reaction
tissue-element—D S e e

chemical reaction

chemical reaction i
tissue-element—Ag(cou.)

physical

tissue-element—Ag(con ) tissue-element—Ag(mjcr)

development

DS = determinant substance (the substance determining the distribution of silver
in the final picture)

immersed in the solution of a certain substance (which will be referred to as
a “determinant substance”, i.e. the substance determining the distribution
of silver in the final picture) and which combines with or is adsorbed on the
tissue element to he silverized in a much higher degree than on the others.
The molecules of this substance, bound on the tissue elements, are replaced
by metallic silver with the help of chemical reactions. Selective staining can
be achieved only if the bound quantity of the “determinant substance” is so
small that silver grains of colloidal dimensions are formed as a result of the
replacement. The reactions must take place in a heterogenous phase. In this
way an insoluble compound is always formed from another insoluble substance.
Consequently, the silver nuclei representing the final result of these reactions,
as well as the microscopic silver particles resulting from the enlargement oi
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N PRINCIPLE FOR SILVER STAINING 59

the nuclei by physical development, are located in the very tissue element
hy which the determinant substance has been bound.

Two ways of replacing the determinant substance by metallic silver can
be taken into consideration: converting it into another compound which
(1) precipitates silver ions (Table 11. a), or (2) reduces silver ions (Table Il. b).
For this reason, every inorganic or organic compound which is able to precipitate
or reduce silver ions or can be converted into such a compound, as well as
molecules, colloids or complexes of silver salts and, finally, colloidal silver
can be used as determinant substance. Naturally, the chemical components
themselves of the tissue element to be silverized may also serve as deter-
minant substance.

Results and discussion

The physical developer

Preliminary examinations have shown that the physical developer suit-
able for the proposed silver staining had to fulfil the following conditions:

(1) The time needed for the silver nuclei deposited on the tissue elements
to grow to microscopic dimensions (in other words, the time of development)
should be about 10 minutes. This permits easy observation of the point when
optimum staining has been reached (see below). Besides, uniform staining of
sections with a large cut surface can be attained only if the time required for
them to unfold is considerably shorter than that of the development.

(2) Silver particles should not be produced within the solution itself
during the time of development. Some of the silver particles formed within
the solution would precipitate on the surface of the sections and result in
undesirable staining.

(3) The rate of formation of “tissue-produced nuclei” should be slow
enough to ensure that no considerable number of microscopic silver particles
develops as a result of their being increased. In a solution of silver salts the
reducing groups present in the tissue elements convert silver ions into silver
grains of colloidal dimensions, which are deposited at the site of their formation.
(These grains will henceforward he referred to as “tissue-produced nuclei”.
If the solution containing the silver ions is a physical developer, the tissue-
produced nuclei immediately begin to grow. The staining produced by this
mechanism (the “tissue-produced silver staining”) interferes with or suppresses
the silver picture having its origin in the determinant substance bound to the
tissue element to be silverized.

(4) The physical developer should not dissolve the silver salts insoluble
in water. For replacing the determinant substance by silver nuclei, as outlined
in Table lia, tissue sections are immersed in solutions of a silver salt, a reducing
agent and a physical developer in succession. As the latter contains both silver
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Table 11

Replacement by metallic silver particles of the determinant substance by converting it into another
compound able (a) to precipitate silver ions or (b) to reduce silver ions

a

) adsorption or )
tissue-element -f- US - e Nl tissue-element—DS
chemical reaction

tissue-element—DS e
chemical reaction

chemical reaction X
tissue-element—PA

i chemical reaction )
tissue-element—PA -|- Ag+ tissue-element—P A —A.g+

i reduction . .
tissue-element—PA —Ag+ tissue-element—Ag(GJj >

physical

tissue-element—Ag(cou ) development tissue-element—Ag(mjo>)

b

i adsorption or )
tissue-element — DS ) . tissue-element—D S
chemical reaction

. chemical reaction
tissue-element—DS e

chemical reaction

chemical reaction i
tissue-element—R A

. . reduction i
tissue-element—RA -j- Ag+ -----mmemmeeeee >- tissue-element—Ag(con

tissue-element—Agfmii\  —eeeemeoeee- >- tissue-element—Ag(mjcr j
development

DS = determinant substance
PA = precipitating agent
EA = reducing agent

salt and reducing agent, the last three steps of the substitution may occur in
the physical developer itself, provided it does not dissolve the water-insoluble
silver salts. Therefore treating the sections in separate solutions of silver salt
and reducing agent as well as washings in distilled water become super-
fluous.

(5) The pH of the physical developer should not he less than 7. In the
course of replacing the determinant substance by silver nuclei, the tissue
sections are placed in a solution containing silver ions, in which an insoluble
silver salt (Table lia) or colloidal silver grains (Table lib) will be formed.
As more substances have the ability to reduce silver ions or form insoluble
salts witb them in neutral and still more in alkaline media than in an acid one,
it is expedient to use an alkaline solution of silver ions, or an alkaline physical

developer if the possibility mentioned in paragraph 4 is to be taken advan-
tage of.
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A PRINCIPLE FOR SILVER STAINING 61

We propose a physical developer, which is composed as follows.

2.5% of sodium carbonate,

0.100% of silver nitrate,

0.095% of ammonium nitrate,

0.50% of tungsto-silicic acid and

0.013 0.125% of formol (depending on room temperature).

Sodium carbonate ensures an optimum of alkalinity (pH 10.3) for sup-
pressing the disturbing tissue-produced silver staining. The rate of formation
of tissue-produced nuclei depends on the pH of the solution containing silver
ions. To examine this, tissue sections of human brain, liver, spleen, kidney
and muscle were fixed in commercially available formol for three days and then
immersed in 0.05% silver nitrate solutions of different pH values. The solutions
also contained 0.1% ammonium nitrate to prevent the formation of silver
hydroxide or carbonate, 1% sodium borate to be buffered in the mild acid and
alkaline pH range and 10% sodium nitrate to keep ionic strength at a con-
stant level. The solutions were adjusted to pH values between 1 and 14 by
nitric acid or sodium hydroxide. The sections were removed from the solutions
at intervals, washed in 2% sodium sulphite then in distilled water to remove
the combined silver ions and finally immersed in Timm’s [13] physical devel-
oper (5 parts of 40% gum-arabic, 1 part of 1.2% boric acid, 0.3 parts of 10%
silver nitrate and 1.2 parts of 2% hydroquinone solution). This developer is
of moderate acidity and, for this reason, tissue-produced silver nuclei are not
formed in it. Consequently, if any staining appears it may only originate from
an enlargement of the nuclei formed in the 0.05% silver nitrate solutions.
The time was recorded during which the sections placed in the silver nitrate
solutions had formed enough silver nuclei to lend the sections a deep brown
colour after 10 minutes of development (Fig. 1). The sections which had been
treated with silver nitrate solutions of a pH less than 4, failed to stain even
after 120 minutes incubation. In cerebral grey matter the time of formation
of silver nuclei in sufficient amounts decreased gradually below and rapidly
above pH 11. As for white matter, the curve characterizing the relationship
between pH value and the time of formation of nuclei shows an abrupt drop
with a minimum at pH 7 8 then it increases to about pH 10, to decline again
above pH 11. On the curve for white matter of a material having been fixed
in formol for 6 months there is also a minimum at about pH 7 8, which,
however, is less distinct than that mentioned above. White matter fixed in
formol for 5 years did not form silver nuclei considerably faster than grey
matter along the whole pH range. In the case of the organs examined the corre-
lation under discussion ran a course similar to that of cerebral grey matter.
From the above facts it follows that an acid physical developer does not pro-
duce nuclei. Despite this fact, in the proposed silver staining the application
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of an acid physical developer would be impracticable, because, although not
offering the advantage outlined in paragraph 4, it would fail to prevent the
formation of tissue-produced nuclei. Viz., in the course of replacement of the
determinant substance by silver nuclei the sections have to be placed in an
alkaline solution containing silver ions (s. paragraph 5). In determining the

01
50.
4CH

£300

201

10j

pH

Fig. 1. The time needed ior the formation of tissue-produced nuclei as a function of the pH
of 0.05% silver nitrate solutions. W hite matter of human brain fixed in formol for 3 days
6 months (©), 5 years (©); grey matter of human brain fixed in formol for 3 days (0)

optimum pH value for the physical developer, the above-mentioned peculiar
behaviour of cerebral white matter must not be left out of consideration.
Because it is at about pH 10.5 that the rate of formation of tissue-produced
nuclei is the lowest in the alkaline pH range, the pH of our physical developer
is adjusted to 10.3 by sodium carbonate.

The other factor on which the rate of formation of tissue-produced nuclei
depends is the concentration of silver ions. To examine this dependence, sections
of human brain fixed in formol for three days, cut 20 fi thick were immersed
in silver nitrate solutions of various concentrations. The solutions contained
5% sodium carbonate, to be buffered at pH 10.3, and also ammonium nitrate,
in an amount equivalent to the silver ions, to prevent the formation of inso-
luble silver carbonate. The sections were removed from the solutions at inter-
vals, washed first in 2% sodium sulphite then in distilled water and finally
placed in Timm’s physical developer. The length of time was recorded in which
the sections placed in the silver nitrate solutions had formed enough silver
nuclei to lend the sections a deep brown colour after 10 minutes of devel-
opment.
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A PRINCIPLE FOR SILVER STAINING 63

Fig. 2 shows that the time of formation of tissue-produced nuclei increases
with the decrease in silver ion concentration. It seems to be expedient to choose
the silver nitrate concentration of the developer as low as possible, the limit
being set by the requirement that the developer should contain reducible
silver in sufficient amounts to enlarge the nuclei having their origin in the

60.

Fig. 2. The time needed for the formation of tissue-produced nuclei as a function of the con-
centration of silver nitrate solutions atpH 10.3. O white, # grey matter of human brain fixed
in formol for 3 days

determinant substance deposited in the sections. The silver nitrate concentra-
tion of our physical developer is 0.1%. Thus 1 ml of it can ensure the growth
of as many silver nuclei as are deposited in 2 sq.cm of a section.

In view of the presence of carbonate and hydroxide ions in the phys-
ical developer, the silver ions in it have to be masked by a complexing agent.
For this purpose ammonium nitrate is used in an amount just sufficient for
keeping the silver nitrate content in solution, as an excess of complexing agent
is undesirable (s. paragraph 4).

The speed of reduction of silver ions in a physical developer can be slowed
down by adding to it a protective colloid or an excess of complexing agent [7].
Since the latter is to he avoided the protective action of various substances
of high molecular weight was tested. Of these, tungsto-silicic acid proved to
be the most suitable. To assess the dependence of the protective activity on
the tungsto-silicic acid concentration, physical developers containing various
amounts of this acid were tested at different temperatures. The length of time
between the preparation of the solutions and their beginning to become turbid
from metallic silver particle formation was recorded. Fig. 3 shows that this
time increased with the rise in tungsto-silicic acid concentration. If this exceeds
0.5%, an unidentified compound will precipitate some minutes after prépara-
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tion of the developer which, thereby, becomes useless. In a physical developer
containing 0.5% tungsto-silicic acid no metallic silver particles are formed,
or can be detected with the naked eye within 1—2 hours, depending on the
temperature. In contrast, in the developer the sections are kept for a period
of 10 30 minutes, which includes the time necessary for the last two reactions
of replacement of the determinant substance by silver nuclei and the time of
development.

Fig. 3. The time needed for colloid silver particles to be produced in the physical developer
as a function of its tungsto-silicic acid concentration at various temperatures

In our physical developer the reducing agent isformol, which has proved
suitable in silver impregnation, too. To determine its optimum concentration,
20 fi thick tissue sections fixed in formol for three days were immersed in an
0.1 % silver nitrate solution at pH 7.3 for 5 minutes, washed in 2% sodium
sulphite solution then in distilled water and finally placed in our physical
developer of various formol concentrations and temperatures. It was deter-
mined how long it took for the solutions to render the sections deep brown
in colour by enlarging the nuclei produced in the 0.1% silver nitrate solution.
As can be seen in Fig. 4, the time of development is a function of the formol
concentration and temperature. In order to obtain a physical developer which
develops in about ten minutes time, its formol concentration is to be adjusted
depending on the solution’s temperature (which is usually the same as the
room temperature).

The physical developer is always prepared immediately before use by
mixing three stock solutions. These, however, can be kept at room temperature
for months. The stock solutions are composed as follows.

Solution A. Dissolve 50 g of sodium carbonate (analytic grade) (Na2C03,
anhydrous) in 1000 ml of distilled water.

Acta Morphologica Academiae Scientiarum Hungaricae 19, 1971
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Solution B. Dissolve 1.90 g of ammonium nitrate (analytic grade)
(NH4NO:), 2.00 g of silver nitrate (AgNO.,) (analytic grade) and 10.00 g of
tungsto-silicic acid (analytic grade) (SiO, ¢ 12WOs+26H,0) in 1000 ml of
distilled water in the order given.

per cent

Fig. 4. The time of development as a function of formol concentration of the physical developer
at various temperatures

Solution C. Dissolve 1.90 g of ammonium nitrate, 2.00 g of silver nitrate,
10.00 g of tungsto-silicic acid and 7.3 ml of 35%, or 6.1 ml of 40% formol in
1000 ml of distilled water, in the order given.

The stock solutions should be mixed according to the standards given
in Table III.

Table 111

Stock solutions for the physical developer at various room temperatures
and the concentrations of formol in the mixture

Temperature Sol. N Sol. B Sol. C Formol-
C !l ml ml concentration,

per cent

15+ 2 10 0 10 0.125
20 = 2 10 3 7 0.086
25 + 2 10 5 5 0.063
30 + 2 10 7 3 0.040
35+ 2 10 8 2 0.025
40 £ 2 10 9 1 0.01.3

First solution B then solution C is added to solution A with a pipette
in a thin jet. While pipetting, and for some time thereafter, the mixture is
vigorously stirred. If the order of mixing is inverted, or the solutions are
added too quickly, or stirring is not vigorous enough, a white precipitate will
form which spoils the developer.

Having been placed in the physical developer, the tissue sections carrying
the silver nuclei will little by little become black in colour, passing through
the tints of yellow and brown. The colour of the sections showing optimum
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staining under the microscope varies with the tissue elements to be silverized.
To terminate development, the sections are transferred into a 0.5% solution
of acetic acid or some other weak acid. Optimum staining of the sections can
be checked on the basis of their colour. Until sufficient practice has been ac-
quired it is advisable to develop 3—4 sections simultaneously and to remove them
one by one at intervals of two minutes after their beginning to become pale
brown in colour. Among these sections there will be one showing optimum
development. Growing of the silver particles can be observed under the micro-
scope. For this purpose the sections to be checked are placed in 0.5% acetic
acid solution in order to arrest temporary development and, after the micro-
scopic examination, placed back in the developer for continuing development
if necessary.

Decreasing the rate of formation of tissue-produced
silver nuclei by pretreatment

The formation of tissue-produced nuclei in our physical developer is not
to be neglected if the last reactions which replace the determinant substance
by colloidal silver grains, viz., those that occur in the physical developer, take
longer than the formation of tissue-produced silver nuclei. To prevent the
disturbing tissue-produced silver staining, we have attempted to decrease the
rate of formation of tissue-produced nuclei by pretreating the sections. Two
kinds of such pretreatment could be considered, (i) to decrease the number of
reducing groups in the tissue elements; (ii) to decrease the capacity of the tissue
elements for binding colloidal silver.

For decreasing the number of reducing groups the following alternative
presents itself: (a) blocking or (b) eliminating them. By blocking the aldehyde,
keto, hydroxyl, sidphydryl and amino groups and the unsaturated bonds [1]
the time that the formation of tissue-produced nuclei takes could not be
prolonged for each tissue element. Of the procedures tested the blocking of
hydroxyl and amino groups by acetylation proved to be the most successful.
It suppresses the formation of tissue-produced nuclei in all tissue elements
except myelin and erythrocytes. The abolition of reducing groups by oxidation
resulted in a considerable decrease in the rate of formation of tissue-produced
nuclei in all the tissue elements concerned. Three strong oxidizing agents wrere
tested, potassium permanganate, sodium-bismutate and periodic acid. They
showed similar effects. Of the three agents we chose periodic acid because
it did not render the sections fragile and its excess could be removed from the
sections by washing in water [5]. To determine its optimum concentration
and the optimum duration of treatment of the sections in it, frozen sections
20/i thick of human brain having been fixed in formol for some days were
immersed in periodic acid solutions of various concentrations and tempera-
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tures. The sections were removed from the solutions at intervals of 5 minutes,
washed with distilled water and placed in the physical developer. It was deter-
mined how long it took for the sections to become deep brown in colour (Fig. 5).
This period (i.e. the time needed for the tissue-produced silver staining to
develop) consists of two components. One is the time required by the forma-

10-
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min min
Fig. 5. The time needed for tissue-produced silver staining to develop in the physical devel-

oper as a function of the time of a previous incubation of the sections in periodic acid, a 1, 2,
5 and 10% periodic acid, 20 °C; b 5% periodic acid, 20, 37, 56 °C

tion of the tissue-produced nuclei; it can be varied by changing the length
of pretreatment. The other component is the time of development; it is constant
in a physical developer of given concentration and temperature, i.e. indepen-
dent of the pretreatment. Consequently, from a prolongation of the time
needed for the tissue-produced silver staining to develop it can be inferred
that the rate of formation of the tissue-produced nuclei has decreased. Fig. 5
shows that pretreatment with periodic acid can prolong this time only up to
a certain limit which can he reached in less time by using a periodic acid
solution of higher concentration and temperature. We incubate the sections
in 5% periodic acid solution at room temperature for 30 minutes if necessary.
This results in a prolongation by about 40% of the time needed for the tissue-
produced silver staining to develop.

It is well-known that periodic acid can form reducing groups while it
eliminates others. Thus, it converts 1,2-glycol groups into aldehydes. It appears
that the aldehyde groups form silver nuclei more slowly at the pH of the
physical developer than do the reducing groups that have been abolished by
the periodic acid. However, on increasing the pH the reducing strength of
the aldehyde groups increases, and beyond pH 12 a pretreatment with periodic
acid shortens the time necessary for the development of the tissue-produced
silver staining in certain tissue elements containing 1,2-glycol groups [4].

The capacity of tissue elements to bind colloidal silver depends on the
distribution of their positively and negatively charged chemical groups, which
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is not uniform. There are sites with relatively more positive charges and vice
versa. In the course of their formation, tissue-produced silver grains obtain
negative charges by absorbing anions and are deposited on the positively
charged sites of the sections [11]. Bearing the above fact in mind, two ways
can be thought of to decrease the capacity of tissue elements to bind colloidal

min min

Fig. 6. The time needed for tissue-produced silver staining to develop in the physical devel-
oper as a function of the time of a previous incubation of the sections in sodium hydroxide.
a 0.0In, O.In, In and tOre sodium hydroxide, 20 °C; b In sodium hydroxide, 20, 37 and 56 °C

silver, (i) blocking their positively charged sites with the help of negatively
charged compounds; (ii) modifying the distribution of charges on the sections.
For blocking the positively charged sites we have not been able to find any
substance which would have prolonged the time needed for tissue-produced
silver staining to develop in each tissue element. However, the tissue-produced
silver staining of certain elements can be suppressed in this way (for instance,
that of erythrocytes at pH 13 by sodium dodecyl-sulphate [4]).

For the modification of the distribution of charges on the sections the
only possibility that presents itself is an alteration of the shape of the macro-
molecules. Such an alteration can be expected to result only under a strong
effect, since the shape of the macromolecules is determined by the fixation.
A slight prolongation of the time needed for tissue-produced silver staining
to develop was obtained on incubating the sections in strong acids, hot water
and lipid-solvents, and a substantial one by pretreatment with strong alkali.
Sodium, potassium and lithium hydroxide proved to have the same effect.
To determine the optimum concentration of the alkali and the optimum
duration of treatment of the sections in it, frozen sections of human brain
fixed in formol for some days and cut 20 fi thick were immersed in sodium
hydroxide solutions of various concentrations and temperatures. Thereafter
the sections were removed from the solutions at intervals of 5 min,
washed with distilled water and placed in the physical developer. It was
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Fig, 7. Micrograms of tissue-produced silver staining in grey (a, c and e) and white (b, d and f)

matter of human brain fixed in formol; a and b, unpretreated section after 22 minutes physical

development; c and d, section pretreated with 5% periodic acid solution for 30 min, after 29

minutes of physical development; e and f, section pretreated with 4% sodium hydroxide
for 30 minutes, after 42 minutes of physical development. x400

recorded how long it took until the sections had become a deep brown in
colour. Fig. 6 shows that sodium hydroxide pretreatment prolonged this
period of time only up to a certain limit. A prolongation was achieved more
easily by using a sodium hydroxide solution of higher concentration and tem-
perature. We incuhate the sections in a 4% solution of sodium hydroxide of
room temperature, if necessary for 30 minutes; this results in a prolongation
by about 90% of the time required for the tissue-produced silver staining to
develop. The result of alkali treatment could not be influenced by subsequent
incubation in acid solutions, indicating that the modification by alkali of the
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distribution of charges in the tissue elements is irreversible. If the sections
are treated in periodic acid and alkali in succession, the effects are additive.

On developing the tissue-produced nuclei in an unpretreated section of
human brain fixed in formol, pathological micro- and oligodendroglia, nerve
cells, erythrocytes, blood vessels and nuclei of endothelial and glia cells become
visible (Fig. 7a, b). The rates of suppressing the tissue-produced silver staining
by the two above-mentioned pretreatments are not the same for the various
tissue elements enumerated above. That is why micro- and oligodendroglia
fail to stain in sections pretreated with periodic acid, and why the background
is considerably lighter compared with that of the unpretreated sections (Fig. 7c
and d). Incubation of the sections in alkali before development suppresses the
staining of all tissue elements, except that of fragments of pathological micro-
and oligodendroglia, to the level of the background (Fig. 7e and f). In sections
treated in both periodic acid and sodium hydroxide only pale spots of cell
nuclei can be observed. Consequently, to prevent disturbing tissue-produced
silver staining it is preferable to incubate the sections in alkali. A pretreatment
with periodic acid is advisable only if that with alkali is to be avoided or if
the latter alone has not proved effective. The introduction of alkaline treatment
into the individual methods based on the proposed silver staining principle
does not increase the number of steps. Namely, one of the reactions to replace
the determinant substance by colloidal silver can generally take place in alka-
line medium as well.
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EIN NEUES PRINZIP FUR DIE SILBERFARBUNG
VON GEWEBEELEMENTEN DURCH PHYSIKALISCHE ENTWICKLUNG

F. GALLYAS

Das vorgeschlagene Prinzip fir Silberfarbung bietet gegeniiber der Silberimpréagnierung
folgende Vorteile: 1. Die chemischen und physikalischen Prozesse sind bekannt und kdnnen
standardisiert werden, wodurch die Farbung leicht reproduzierbar wird; 2. die Farbungs-
intensitat l1akt sich durch das Variieren der Entwicklungszeit kontrollieren.

Man verwendet die Lésung einer bestimmten Substanz, die an die darzustellenden
Gewebeelemente in bedeutend hdherem MaRe als an andere Gewebeelemente gebunden oder
an ihnen adsorbiert wird. Die Molekeln dieser Substanz, die an den Schnitten gebunden sind,
werden mit Hilfe chemischer Reaktionen durch kolloidale Silbergranula ersetzt. Schlieflich
werden die Silbergranula mittels physikalischer Entwicklung bis zu mikroskopischen Dimen-
sionen vergroRert.

Aufgrund dieses Farbungsprinzips wurden Verfahren fiir die Darstellung von fibrosem
Neuroglia, Mikro- und Oligodendroglia, Alzheimersche Veranderungen der Neurofibrillen,
Myelin, degenerierten Axonen und Bindegewebe entwickelt.

MNPNHUWMM OKPAWWMBAHNA CEPEBPOM TKAHEBbLIX OJIEMEHTOB T1YTEM
DPUNSNKAJIBHOI O MNMPOABNEHNA

®. FANNbALL

Mpegnaraembiii NPUHLMN A8 OKpalUMBaHUS CepebpOM WMeeT criefytoLiue Mnpeumy-
LLecTBa nepef MMnNperHaumeli cepedbpom: 1. Xummyeckme n U3nYecKre nNpoLeccbl MeToga 13BecT-
Hbl 1 UX MOXHO CTaHAapTU3MpoBaThb, BCEACTBME Yero OKpallviBaHWe CTAHOBUTCS JIEFKO BOCMPO-
M3BOAUMBIM. 2. VIHTEHCMBHOCTb OKpaLUMBaHWs MOXHO NPOBEPSTb MyTeM BapbUpPOBaHUSI BPEMEHU
NposiBNEHNSI.

MpumeHsieTCcA pacTBoOp OMpPeAe/ieHHOr0 BELLECTBA, KOTOPOe B ropasfo Go/blueil Mepe Yem
C APYTMMU 3M1EMEHTaMUN CBSI3bIBAETCS C BbISB/ISIEMbIMA TKaHEBbIMW 3/1EMEHTamMy UK afcopbu-
pyeTcst Ha mocnefHux. Mpu NOMOLLM XMMUYECKUX peaKkuuii MOseKy bl 3TOF0 BELLECTBa, CBSI3aH-
Hble CO cpe3amu, 3aMeLlalT 3epHbILLKamMy KOIIOMAHOr0 cepebpa. 3aTeM 3epHbILLIKM cepebpa
YBENMUMBAIOT NP NMOMOLLY (DU3MYECKOT0 MPOSIBUTENSA 40 MUKPOCKOMUYECKUX Pa3MepoB.

Ha_ocHoBe 3TOr0 MpUHLMNA OKpaluMBaHUs Gbli pas3paboTaHbl METOAbI /151 BbIABMEHUS
(hr16PO3HOIN HEMPOrNNUKN, MUKPO- 1 ONIUTOAEHAPOr NN, ANbLreMMEPOBCKNX M3MEHEHWIA HeMpothmnb-
puUnn, MU3NINHA, NepPepoXAeHHbIX aKCOHOB U COeANHUTENbHON TKaHW.

Dr. Ferenc Gallyas ldeg- és Elmeklinika, Pécs, Rét u. 2.
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EFFECT OF ACTH ON REPLETION OF BLOOD
IN THE ADRENAL AND OVARIAN TISSUES
OF THE DOG

M. Palkovits, B. Varga and E. Stark

(Received October 16, 1970)

As measured by internal calorimetry, acute as well as chronic ACTH increases
adrenal and ovarian blood flow in the dog. In animals killed at peak flow, the volume
of blood in the glands is increased. This increase extends to all the glandular tissue
elements. As the morphological changes induced by acute or chronic ACTH were cor-
responding to those observed earlier by physiological methods, it seems evident that
the hormone-induced increases in blood flow and blood volume are concurrent processes.

ACTH lias been shown to increase both adrenal [6] and ovarian [7]
blood flow. With the hormone administered intravenously, the rise in flow is
related to the dose and attains its maximum the first 2 minutes. Synthetic
ACTII increases ovarian blood flow in the adrenalectomized animal, showing
that this effect of the hormone is an extra-adrenal effect [7]. These flow data
were obtained in dogs and cats [7] and in hamsters and rats [12] hy the
measurements based on thermal conductance or by the 8Rb method [5].
As measured with heated thermocouples, the increase in blood flow induced
by a single intravenous injection of ACTH took 20 to 40 minutes to return
to its pre-ACTH value, depending on the dose applied; and each subsequent
injection given when the effect of the preceding one had worn off, induced
a new rise in blood flow [7, 8, 9].

The present work was undertaken to study whether a single dose of
ACTH or its repeated injection would give rise to morphological changes
corresponding to those obtained earlier by physiological methods.

Materials and methods

Twelve dogs of various age and body weight were anaesthetized with chloralose and
urethane and adrenal and ovarian blood flow was measured by thermocouples [71 inserted
into the glands on the left side of the body. In one experimental series, flows were registered
for the first 5—6 hours, then each dog was given a single intravenous injection of 10 //g/kg
b.wt. of ACTH1-24 (Synacthen Ciha). When in the first two minutes the flows had attained
their maximum, the animals were sacrificed by saturated potassium chloride. The control
animals were treated in the same manner, except that they received physiological saline
instead of ACTH. In another series of experiments, each animal was given through an intra-
venous cannula, daily for 5 days a total of 10 //g/kg b.wt. of ACTH1-21 divided into several
doses. On the 6th day, these dogs were subjected to the same procedure as that in the first
experimental series.
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Immediately after killing, the adrenals and ovaries were fixed in 6% formalin, embedded
in paraffin, and sections 10 fi thick were cut at the largest sectional surface. To determine the
volume of blood in the tissues, a modified Azan method (haematoxylin-aniline blue-erythrosin-
orange G) was employed by which the ground tissue is stained blue and erythrocytes, purple.

Results

As in previous experiments [6 9, 11, 12], acute as well as chronic
ACTH produced a rise in both adrenal and ovarian blood flow' (Fig. 1). In the
adrenal, the increase varied from 40 to 55%, exceeding it sporadically. In the

Fig. 1. Effect of ACTH on ovarian and adrenal blood flow. A: ovary; B: adrenal; C: artéria
blood pressure; D: respiration. Time scale: 1 min.

ovary, it rose to even higher levels. Animals subjected to chronic ACTH
treatment responded with much greater sensitivity to the dose administered
on the 6th day. Inspection directly at removal show'ed the two organs to be
swollen and hyperaemic both after acute and chronic exposure.

The histological study revealed in the adrenal that a single injection
of ACTH increased the number of erythrocytes in both medulla and cortex
(Fig. 2b). In the control animals, insertion of the thermocouple produced,
apart from the local injury (Fig. 2d), no change either in morphology or in
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Fig. 2. Dog adrenal; modified Azaii staining ( x 40). a) control, b) after a single injection of
10 /Ig/kg b.w. of ACTH, c) after an injection of 10 /ig/kg b.w. of ACTH given to animal pre-
treated with ACTH for 5 days, d) control adrenal, showing stab wound caused by thermocouple
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Fig. 3. Dog adrenal; modified Azan staining ( x 200) after an injection of 10 ~g/kg b.w. of
ACTH given to animal pretreated with ACTH for 5 days, a) zona glomerulosa (ZG) and zona
fasciculata (ZF); b) zona reticularis
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Fig. 4. Dog ovary; modified Azan staining, a) control (x32); b) after a single injection of

10 //g/kg b.w. of ACTH (x32); c) after an injection of 10 //g/kg b.w. of ACTH given to animal

pretreated with ACTH for 5 days; d) extravascular erythrocytes among follicles ( X 80);
e) stroma of ovary ( X80); f) bibim of ovary (X 80)
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blood flow (Fig. 2a). In the zona glomerulosa the capillaries contained moder-
ate amount of blood (Fig. 3a). In the zona fasciculata the sinusoids were
dilated and replete with erythrocytes, and erythrocytes could be seen among
the cells (Fig. 3a). Most conspicuous for repletion of blood was the zona reti-
cularis, particularly near the boundary between the cortex and the medulla
(Fig. 3b). Prolonged exposure to ACTH produced an even greater volume
of blood in the adrenal gland (Fig. 2c).

Fig. 5. Dog ovary; corpus luteum; modified Azan staining, a) control ( X 15); b) after a single
injection of 10 ~tg/kg b.w. of ACTH (x15); c) after an injection of 10 /ig/kg b.w. of ACTH
given to animal pretreated with ACTH for 5 days
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The histological picture of the ovary showed that a single injection of
ACTH produced marked repletion when ovarian blood flow had attained its
maximum. This repletion involved all the structural elements of the gland.
Many erythrocytes were evident around the follicles, mostly within vessels
(Fig. 4b), others in the stroma (Fig. 4e). Prolonged exposure to ACTH provoked
a still greater increase in blood volume (Fig. 4c) with a great number of erythro-
cytes outside the vessels (Fig. 4d). The vessels in the hilum of the ovary were
dilated and replete with erythrocytes both after acute and after chronic ACTH
(Fig. 4f). The hyperaemia following ACTH treatment affected the corpora
lutca (Fig. b5).

Discussion

Increased adrenal blood flow due to ACTH has been observed by many
authors using various methods in various animal species [1,3 8, 10, 12].
In earlier work [7, 8] we demonstrated by a method based on thermal conduc-
tance measurement that intravenous ACTH increases ovarian blood flow
within the first two minutes after its administration. The present work yielded
morphological evidence of a marked excess of blood in both organs at that
time. Each subsequent injection of ACTH given after the effect of the pre-
ceding one had worn off, i.e. in 20 40 minutes, depending on the dose applied,
again produced a rise in flow.

Our investigations offered no information as to whether the increase in
blood volume caused in the tissues by the first ACTH injection still pre-
vailed, at least in part, when the subsequent injection was being administered.
If it did, then the rise in flow produced by the subsequent injection(s) obviously
passed off in the presence of an increased repletion of blood in the tissues.
In earlier reports [4, 6] it has been shown that the effects of ACTH in increasing
adrenal blood flow and corticosteroid secretion are not directly related phe-
nomena. From this it appears to follow that the blood flow-raising effect of
ACTH is a “trophic” effect, independent of the corticosteroidogenic effect.

Kovacs et al. [2] found that under the effect of chronic ACTH the
increase in the adrenal fraction of cardiac output was less than that in adrenal
weight; they concluded that the adrenal blood supply per unit weight was
reduced. It is not known whether in our chronically treated animals the increase
in blood flow was proportionate to the increase in adrenal weight, but we would
emphasize that at no time during the 5-day treatment we were able to detect
a lesion in any part of the cortex. Had the blood supply been impaired, we
should have noticed lesions arising in the course of treatment. It needs to be
mentioned that the dose of ACTH applied by us for pretreatment and as the
last injection, was an order of magnitude less than that employed by Kovacs
et al. [2].
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Both acute and chronic treatment with eitiier naturally occurring or
synthetized ACTH increases ovarian blood flow [8, 11]. In the present work,
the histological picture of the ovary — like that of the adrenal revealed
an increased repletion of blood in the tissues and a high degree of venous
filling. These morphological changes observed after acute and chronic ACTH
treatment have corroborated those revealed earlier by the use of physiological
methods. Further studies are required to elucidate the physiological signif-
icance of this effect of ACTH.
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ACTH-EFFEKT AUF DIE HYPERAMIE
DER NEBENNIEREN- UND OVARGEWEBE BEIM HUND

M. PALKOVITS, B.VARGA und E. STARK

Durch innere Kalorimetrie wurde aufgezeigt, daB sowohl akute als auch chronische
ACTH-Gaben einen Anstieg des Blutzustroms in die Nebennieren und die Ovarien des Hundes
bewirken. Bei den im Maximum der Blutzufuhr getéteten Tieren war in den untersuchten
Drisen auch das Blutvolumen erhdht. Der Anstieg erfalt sdmtliche Elemente des Driusen-
gewebes. Da die durch akute oder chronische ACTH-Gaben herbeigefihrten morphologischen
Veranderungen den friher mit Hilfe von physiologischen Verfahren beobachteten Befunden
entsprachen, scheint es evident zu sein, daR die hormonbedingten Durchblutungs- und Blut-
volumensteigerungen gleichgerichtete Prozesse darstellen.

OENCTBVE BBELEHWA AKTI HA HACBIWEHWE KPOBbHO TKAHU
HAAMOYEYHWNKOB M ANYHVKOB ¥ COBAK

M. MANKOBWY. b. BAPTA n 3. WTAPK

Ha ocHoBe BHYTpPeHHel Ka/lopumMeTpum, Kak 0CTpoe Tak M XpoHU4Yeckoe BBeaeHne AKTI
NOBbILIAKT KPOBOTOK B HAAMOYEYHUKAX W ANYHMKAX CO6AKWU. Y XXMBOTHbIX, YOUTbLIX B MOMEHT
MaKCUMas/IbHOTO0 KPOBOTOKA, B YKa3aHHbIX XXefle3ax Hall/in MOBbIWeHHbIA 06beM KpOBW. 3TO
NOBbILLIEHNE OXBATbIBAET BCe TKaHeBble 3/IEMEHTbI XXefe3. Moponornyeckme M3MeHeHUs, Bbl-
3BaHHble OCTPbIM WM XPOHUYeCKUM BBefeHVemM AKTIT, COOTBETCTBYIOT U3MeHeHUAM, Habnoaas-
WMMCA  paHblue  (U3NOMOTMYECKUMY  MeTofamu  uccnefoBaHus. CnegoBaTeslbHO — KadkeTcs
04YeBUAHbLIM, 4YTO BbI3BaHHble FOPMOHOM MOBbILLEHNA MNepdy3UM N NOBbILEHWS 06beMa KpPOBU
ABNAOTCA Napasifie/lbHbIMY  NpoLieccamm.

Dr. Miklés Palkovits
Dr. Bertalan Varga
Dr. Ervin Stark

KOKI, Budapest VIII.,
Szigony u. 43, Hungary
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EFFECT OF FOCAL COOLING
ON THE FINE STRUCTURE OF THE CEREBRAL
AND CEREBELLAR CORTEX

E. PASZTOR and J. HAMORI

(Received December 15, 1970)

Local cooling to 8—10 °C of the cerebral and cerebellar cortex results in an appar-
ent increase in number of microtubuli in the preterminal axons and causes a selective
increase of density of the synaptic terminals. The changes are completely reversible
and normal conditions are restored on rewarming the cortex to 37 °C. An attempt has
been made to correlate these morphological alterations with the simultaneous develop-
ment of electric silence in the cooled cortex.

Introduction

Short local cooling of the cerebral cortex below 20 °C cortical tempera-
ture results in a complete lack of cortical electric activity both in man [5]
and in animals [4, 6]. Light microscopic investigations of cooled cortical
regions [1, 2, 3] failed to reveal any correlative morphological alterations,
indicating that corresponding structural changes, if any, ought to be looked
for at the electronmicroscopic (EM) level. This paper reports some ultrastruc-
tural alterations observed in the axonal processes and synapses of the cooled
cerebral and cerebellar cortex in the cat.

Material and methods

In six cats under pentobarbital anaesthesia the parietal cortex was exposed and the
right hemisphere was cooled by sprinkling with 4 °C mammalian Ringer solution. The temper-
ature of the cortex, measured by surface and intracortical thermistors, fell in 2—10 minutes
to 8—16 °C on the surface, and to 14 24 °C in the deeper layers. At this stage — during the
complete absence of any electric activity, small pieces were excised from the cortex and
immediately fixed in glutaraldehyde of pH 7.4, at 20 °C temperature. The blocks were kept
in the aldehyde solution for two hours, rinsed briefly in buffer solution, postosmicated for
another 30 minutes, dehydrated in ethanol, and embedded in Durcupan. Control material
was obtained from the exposed non-cooled left parietal cortex.

In a second experimental series the cortex of the right cerebellar hemisphere was cooled
and than processed as described above while the left cerebellar cortex was used as control.

After identification of the cortical layers in toluidine blue stained semi-thick sections,
ultrathin sections were made by an LKB ultrotome of the superficial layers of the cerebral
cortex and of all three layers of the cerebellar cortex. The sections were stained with uranyl
acetate and lead citrate and examined with a Tesla BS 413 A type electron microscope.

Densitometrie measurements of the electronmicrograph negatives were made by aid
of a Zeiss densitometer.
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Results

Local cooling to 8 10 °C of the cerebral and cerebellar cortex did not
bring about significant changes in tissue structure; the only alteration that
could be observed even under small EM power was an apparent increase in
the number of microtubuli in the preterminal axons (Figs 1—4), whereas
plasma structure, perikaryon density and the thicker dendrites were practi-
cally unchanged.

Similarly, no conspicuous gross change occurred in the structure of the
predominantly axodendritic synapses (Figs 3 4). However, densitométrie
analysis of 580 synaptic contacts in the photographic plates revealed a signif-

Fig. 1. Control parietal cortex of cat, lamina I. A — axon terminal with synaptic vesicles;

Sp — dendritic spine in synaptic contact with the axon terminals. Arrows point to micro-
tubules in preterminal axons. Scale, 1 micron

Fig. 2. Cooled (10 °C) parietal cortex, lamina I. D = dendrite, G = glial process, A = axon

terminal. Apparent hypertrophy of microtubules (arrows) in thin preterminal axons
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Fig. 3. Higher magnification of control cortex, lamina I. Density measurements of synaptic
participants (axon terminal and dendritic spine - Sp -) were made along the black lines
(see Table 1). Arrows point to microtubules in preterminal axons

Table 1
Density values of dendritic spines and axon terminals of cat parietal cortex. lamina |
i Axon density in %
Axon terminal D(:S#]re';e of Dendritic

spine density

1/1 Control 5.84 « 0.21 6.85 + 0.25 85.2
1/2 Cooled 6.46 + 0.27 6.70 £ 0.19 96.4
11/1 Control 6.23 £+ 0.18 7.52 0.32 82.8
11/2 Cooled 6.93 + 0.23 7.32 + 0.29 94.6
1/1 =Exp. No. 1, Control cortex, mean value of densitométrie measurement of

150 synapses
1/2 = Exp. No. 1, Cooled (13 °C, 5'). 200 synapses
11/1 Exp. No. 2, Control cortex, 97 synapses
11/2 = Exp. No. 2, Cooled (14 °C, 10') 133 synapses
Cooling caused a significant density increase in the axon terminals
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Fig. 4. Higher magnification of cooled (10 °C) cortex, lamina I. Sp = dendritic spine sur-

rounded by an axon terminal which appears to be somewhat denser than those in the control

(Fig. 3), due probably to finely dispersed osmiophilic intervesicular material. Black line

across the synapses corresponds to densitométrie measurement lines. Arrow points to prolif-
erating microtubuli in the preterminal axons

icant increase in the density of axon terminals (Table 1). This increase in
axon density was probably due to the accumulation of fine dispersed osmio-
philic material between the synaptic vesicles (Fig. 4). In extreme cases, as
e.g. with the mossy terminals in the cerebellar glomeruli, the accumulation
of the osmiophilic material after cooling gave a dense appearance to the whole
axon terminal (Fig. 5).
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Fig. 5. Part of cerebellar glomerulus from cooled (12 °C) cerebellar cortex, showing fine gran-
ular osmiophilic intervesicular material, and providing a dense appearance of the whole
mossy terminal (Mo). Dp = dendritic processes of the granular cells

Both structural changes caused hy cooling, i.e. the microtubular hyper-
trophy and the density increase of the axon terminal disappeared and normal
conditions were fully restored on rewarming of the cortex to 37 °C.

Discussion

Local cooling of the cortex to 8 10 °C caused (a) an apparent increase
in the number of microtubuli in the preterminal axons and (b) an increase
in density of the presynaptic axon terminals. No other structural changes
could be detected in the cortex even by the electron microscope, which explains
the failure of light microscopic studies to find morphological alterations of
cortical structures by cooling.
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Ad (a). It is known from the investigations of Titnay and Porter [9]
that the microtubuli in the axopodium of Heliosoa are depolymerised and
consequently broken to short pieces by cooling the animal to 4 °C. Similar
phenomena might explain the apparent numerical increase of microtubuli in
the cerebral cortex, although on the basis of our pictures, owing to a lack of
serial sections, the assumption could not be substantiated. The original hy-
pothesis of Schmitt [7] on the role of microbutuli in the fast particle (vesicle)
transport in the axon has recently gained a convincing EM support by Smith
et al. [8]. The supposition is therefore at hand that the abolition of synaptic
transmission might be due at least partly to a breakdown in the fast transport
of vesicles in consequence of a structural disturbance of the microtubular
system.

Ad (b). The increase in density of the intervcsicular matrix of the synap-
tic axon terminals is obscure and calls for further electron histochemical
investigation.

The minute structural alterations induced by cooling turned out to be
completely reversible. This is reassuring from the point of view of local cooling
of the cortex, used as a treatment in certain forms of epileptic states not
influenced by drugs.
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E. PASZTOR, J. HAMORI:

DIE WIRKUNG DER LOKALEN ABKUHLUNG AUF DIE FEINSTRUKTUR
DER GROSSHIRN- UND KLEINHIRNRINDE

Eine lokale Abkiuhlung der GroRhirn- und Kleinhirnrinde bis zu einer Temperatur von
8 10° C fuhrt zu einer scheinbaren Vermehrung der Zahl der Mikrotubuli in den praetermi-
nalen Axonen und zu einer selektiven Verstarkung der Densitat der synaptischen Endungen.
Die Veranderungen sind vollstdndig reversibel und die normalen Verhéltnisse werden bei der
Erwarmung der Rinde auf 37° C wiederhergestellt. Es wurde der Versuch unternommen einen
Zusammenhang zwischen diesen morphologischen Verdnderungen und der gleichzeitigen
Entwicklung einer elektrischen Ruhe in der gekihlten Rinde festzustellen.

3. MACTOP, N. XAMOPMU:

LEACTBUE MECTHOIO OX/JIAXIAEHNA HA TOHKYI CTPYKTYPY KOPbI
FONOBHOI0 MO3rA N MO3XEYKA

MecTHOe OXnaXK/jeHe KOpbl FO/IOBHOMO MO3ra M MO3)euka [0 TeMnepatypbl B 8— 10° C
NPMBOANT K KaXYLLLOMYCS YBENMYEHUIO UMCiia MUKPOKaHa/bLEB B NPETEPMUHa/IbHBIX aKco-
HaX W BbI3bIBAET M3GMpATe/IbHOE YBESIMYEHWE TYCTOTbl CMHANTUYECKMX OKOHUaHWii. M3meHe-
HUA MNOMHOCTLIO 06PATUMHBbIE M HOPMasbHble YC/OBUSI BOCCTaHAB/MMBAOTCSA MPU HarpeBaHUm
Kopbl Ao 37° C. Bblfa npousBeaeHa MomMbITKA YCTAHOBUTL B3aVMOCBS3b 3TUX MOPQOOrMYec-
KWUX U3MEHEHWIA C 0HOBPEMEHHbIM Pa3BUTUEM 3MEKTPUUYECKON TULLMHBLI B OX/NaXKAEHHOM Kope.

Dr. Emil Pasztor: Orszagos ldegsebészeti Tutl Int.5
Budapest XI1V., Amerikai ut 57, lungary
Dr. J6zsef Hamori: Anatémiai Intézet,
Budapest 1X., T(izolté u. 58, ILimgary
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Klinik und Poliklinik fur Psychiatrie und Neurologie der Martin-Luther-Universitat
(Direktor: Prof. Dr. med. habil. H. Rennert), Halle

EIN HISTOCHEMISCHER BEITRAG
ZUM GLYKOGENGEHALT IM HIRN
VON CHRONISCH LEBERKRANKEN

VERGLEICHSUNTERSUCHUNGEN MIT EINEM UNAUSGEWAHLTEN
OBDUKTIONSMATERIAL

R. Lahl

(Eingekommen am 2. Juni 1970)

Neben Allgemeinbetrachtungen (ber den Glykogengebalt des Gehirns unter
normalen und pathologischen Bedingungen wird Uber das Vorkommen von Polysaccha-
riden bei Lehererkrankungen berichtet. 25 Hirne von Verstorbenen mit Leberzirrhose
bzw. -fibrose wurden hinsichtlich ihres histochemischen Glykogengehaltes mit 25 Kon-
trollhirnen aus dem laufenden Obduktionsgut des Pathologischen Instituts der Martin-
Luther-Universitadt Halle verglichen. An histochemischen Methoden verwendeten wir
die Best’sche Karmin-, PAS- und BTS- (Shimizu u. Kumamoto) Methode sowie die
Diastase bzw. Salivaprobe. Wahrend sich PAS-positive Substanzen in den meisten
Fallen besonders in Ganglienzellen, der Leptomeninx, in der GefdBwand und perivasal,
im Neuropil und perizelluldr nachweisen lieBen, konnten nur in den Hirnschnitten der
Leberzirrhotiker z. T. Polysaccharid- bzw. Glykogengranula verifiziert werden. In 8
Féllen waren diese Granula in proliferierten, nackten Makrogliakernen, in 12 peri-
nukledr (um Gliakerne), in 7 adventitiell bzw. perivasal und in 8 im Neuropil nach-
weisbar. Die Befunde erwiesen sich als signifikant. Eine Relation zwischen Leber-
und Hirnglykogen hingegen bestand nicht. Fir das Auftreten der Polysaccharidgranula
dirfte neben zum groRen Teil ungekldrten metabolischen Stérungen eine Beeintrachti-
gung der Glukoseverwertung verantwortlich zu machen sein. Mdglichkeiten des intra-
zerebralen Néahrstofftransportes werden diskutiert. Die Diskrepanz zwischen histoche-
misch nachweisbarem Glykogen und der Aktivitdt glykogensynthetisierender Enzyme
bereits unter Normalbedingungen deutet auf zusétzliche bisher unbekannte Faktoren
der zentralen Polysaccharidregulation hin.

Einleitung

Im Saugehirn kann unter Normalbedingungen histochemisch Glykogen
nur spérlich nachgewiesen werden (Adams, 1965; Friede, 1956). Diese Befunde
weisen auf eine nur geringe Glykogenreserve des Gehirns hin. In neueren, vor-
wiegend biochemischen Untersuchungen (Gottstein u. Held, 1968) konnte
Glykogen auch quantitativ erfalt werden. Nach Messungen von Villar-
Palasi u. Larner (1960) ist der Glykogengehalt im Hirngewebe von Hatten
mit 1,96 mg/g Feuchtgewebe sogar hoher als im Herzmuskel. Entgegen fru-
heren Meinungen, die Hirnzellen seien ausschlieBlich auf Glukose als Energie-
quelle angewiesen, ist die Verwertung vor allem von Aminosduren und Lipo-
proteiden als N&hrstoffe in Notsituationen und unter extremen Bedingungen
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des Hirnstoffwechsels durch exakte Untersuchungen hinreichend gesichert
(Knauff u. Mitarb., 1964; Gottstein u. Held, 1968; Hopker, 1968). Unter
besonderen und pathologischen Zustdnden sowie Einflissen enthé&lt das ZNS
histochemisch und elektronenoptisch vermehrt Glykogen. So teilte Oksche
eine eindrucksvolle Glykogenbildung in Gliazellen bei Winterstarre, im Winter-
schlaf, nach einem mehrtégigen experimentell erzeugten pharmakologischen
Schlafzustand mit Megaphen sowie in den Astrozyten an Tumorrandgebieten
mit. Auch Tiraspolskaya U. Toropova wiesen Glykogen in Hirntumoren nach.
Shimizu u. Kubo (1957) konnten tierexperimentell am Meerschweinchen
durch Elektroschocks eine Glykogenerhéhung erzielen. Shimizu u. Hamuro
(1958) berichten tber eine konzentrische Glykogenablagerung in der Umgebung
frischer Hirnwunden bei Ratten. Nach Friede (1962) lassen sich gewisse
Beziehungen zwischen histochemischen Glykogenbefunden und Hirnwellen-
frequenz im EEG von menschlichem Biopsiematerial nachweisen; eine EEG-
Frequenzverlangsamung soll mit Glykogenanreicherung, eine Frequenz-
beschleunigung mit Glykogenschwund einhergehen. Arseni u. Mitarb. (1967)
fanden in blastomatdsen Astrozyten sowie im bindegewebigen Stroma Glyko-
proteide und Mukopolysaccharide. Bei experimentellen Aufbrauchsituationen
im Hirn kommt es nach Meier-Ruge (1968) durch eine Stérung in der Uber-
tragerfunktion der Astrozyten fur Stoffwechselmetaboliten zu einer Steigerung
des Eigenstoffwechsels und zu einer Akkumulation von Glykogen. Elektronen-
optisch wurde der Nachweis einer vermehrten Glykogenablagerung im ZNS
unter anderem in den reaktiven Astrozyten der Hirnschwellungszone von
Glioblastomen (Kazumi u. Mitarb., 1967), in chronischen Odemen (Oksche,
1961; David u. Mitarb., 1967), nach Strahleneinwirkung und Thorotrast-
injektionen (Fischer u. Blinzinger, 1968; Lampert u. Mitarb., 1966; Selle
u. Mitarb., 1968), in den Astrozyten bei Hirninfarkten unterschiedlichen Alters
sowie im Kleinhirn von Kaninchen mit hereditarer Ataxie (O’Leary u.
Mitarb.) mitgeteilt.

Bei den Folgezustdanden schwerer Lebererkrankungen, insonderheit bei
dem Coma hepaticum, liegt neben den Stérungen des EiweiR- und Elektrolyt-
stoffwechsels auch eine erhebliche Beeintrachtigung des Kohlenhydratstoff-
wechsels vor; diese fuhrt zu einem reduzierten zelluldren oxydativen Metabo-
lismus im Gehirn. Da selbst bei schweren Hepatopathien eine Hypoglykédmie
duBerst selten (Erbstoh u. Mitarb., 1958; Zieve, 1966 u. a.), bzw. gar nicht
auftritt (Benhamou u. Mitarb 1960), mul angenommen werden, dall die dem
Hirn an sich in normaler Menge angebotene Glukose nicht verwertet werden
kann. Fur die gestdérte Glykolyse und Schadigung im Trikarbonsdurezyklus
durften auch der erh6hte Brenztraubensdurespiegel im Blut (Fazekas u.
Mitarb., 1967) sowie das vermehrte Vorkommen ihrer Metaboliten wie Acetoin
und 2,3-Butylen-Glykol (Muting u. Mitarb., 1966; Gioannini u. Mitarb. u. a.,
1969) sprechen. Ob dasintra-und perinukledre Auftreten von Glykogengranula
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bzw. Polysacchariden (Gaupp jr., 1939; Inose, 1961; Inose u. Mitarb., 1960;
Mossakowski, 1966; Kitani u. Mitarb., 1962; Lah1, 1967) im Hirn von an
schweren Lebererkrankungen Verstorbenen als Ersatz- bzw. Hilfsmechanismus
oder Reaktion eines gestérten Glukoseabbaus zu deuten ist, kann bis jetzt
nur vermutet werden. Die Beurteilung von Untersuchungsbefunden, die an
glykogensynthetisierenden Enzymen im Hirn erhoben wurden, ist &uflerst
schwierig (Friede, 1962). Histochemische Mitteilungen Uber das Enzym-
verhalten des Hirns bei Lebererkrankungen sind weder beim Tier noch beim
Menschen bisher bekannt. In unseren Ausfihrungen soll zu folgenden Proble-
men Stellung genommen werden:

1. Hé&ufigkeit und Lokalisation von Glykogen- bzw. Polysaccharid-
ablagerungen im Hirn von chronisch Leberkranken, sowie ein Vergleich mit
einem unausgewdahlten Kontrollmaterial.

2. Deutung der Topik der Glykogenablagerungen.

3. Relation zwischen nachgewiesenem Glykogen im eigenen Unter-
suchungsmaterial und der aus der Literatur bekannten Aktivitat glykogen-
synthetisierender Enzyme im Gehirn.

Eigene Untersuchungen*

Material und Methode

Untersuchungsmaterial. Aus dem laufenden Sektionsgut der dem Institut fir Pathologie
der Medizinischen Akademie Magdeburg angeschlossenen Prosektur des Bezirkskrankenhauses
Magdeburg-Altstadt sowie des Pathologischen Institutes der Martin-Luther-Universitat Halle
wurden 25 Hirne von Verstorbenen mit Leberzirrhose histologisch und histochemisch auf
ihren Glykogengehalt untersucht; es handelt sich um 12 Ménner und 13 Frauen. Das Alter
der Verstorbenen lag zwischen 50 bis 79 Jahren.

Kontrollmaterial. Dazu dienten 25 Hirne aus dem laufenden Sektionsgut des Patholo-
gischen Institutes der Martin-Luther-Universitat Halle; es handelt sich um 12 méannliche und
13 weibliche Hirne, das Alter der Verstorbenen lag zwischen 1 Jahr und 86 Jahren.

Methode. In jedem Falle wurden Leber, Frontalkortex, Neostriatum und Pallidum
untersucht. Fixierung des Materials (1 Stunde bis 2 Tage post mortem) in einem 4% Neutral-
formol, zur histochemischen Verarbeitung Athanol-Formol bzw. Athanol-Formol-Eisessig-
gemisch.

Farbung. Zum Nachweis vor allem der proliferierten, hellen Makrogliakerne HE,
van Gieson, Nissl, Trichromfarbung nach Goldner, Azanfarbung, Kresylviolett.

Histochemische Methoden. Best’sches Karmin, PAS, PAS mit Hd&matoxylin bzw. Licht-
grun als Kerngegenfarbung, BTS (nach Shimizu u. Kumamoto), Diastase bzw. Speichelprohe,
Jodprobe (histochemische Methodik siehe Kiszely u. POSALAKY, 1964). SchnittgréRe cca
3 4 cm, Schichtdicke 8 bis 12//(. Von jedem Schnitt wurden zur Beurteilung der quantitativen
Veranderungen 50 Gesichtsfelder hei einer 200-faehen VergroRerung untersucht.

Statistische Auswertung erfolgte nach dem Prinzip des Vergleiches zweier Haufigkeiten
mit der Formel.

* Fir die Uberlassung des Sektionsmaterials und der Obduktionsbefunde sei den Herren
Prof. Dr. med. habil. D. Essbach (Direktor des Institutes fir Pathologie der Medizinischen
Akademie Magdeburg) und Prof. Dr. med. habil. C. Coutelle (Direktor des Pathologischen
Institutes der Martin-Luther-Universitat Halle) herzlichst gedankt.
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Untersuchungsergebnisse

Hirnbefunde bei Leberzirrhose bzw. -fibrose

Bei der histologischen Untersuchung zeigten sich neben Altersverande-
rungen vor allem die Folgen der Kreislaufschddigung durch Hypoxydose und
Anéamie sowie der Intoxikation einschlieBlich Ikterus und Coma hepaticum.
Es fanden sich ausgedehnte Ganglienzelldegenerationen und Zytolysen, gefaf3-
abhéangiger und unabhéngiger Status spongiosus, kleine Erweichungen. In 21

Abb. 1. Schematische Darstellung der GlykogeneinschluBkérperchen in proliferierten Astroglia-
kernen im Hirn von Leberzirrhotikern

Abb. 2a—g. GlykogeneinschluRkérperchen in proliferierten »nackten« Astrogliakernen im
Frontalkortex, Neostriatum und Pallidum von Leberzirrhotikern. Methode: PAS, Best’sclips
Karmin (positive Diastaseprobe). Vergr.: ca. 700-fach

Féallen konnten proliferierte atypische astrozytdre Makrogliakerne nachgewie-
sen werden, davon in 5 Fallen vom Stadium I, in 9 vom Stadium II, in 7 vom
Stadium 11l (Einteilung siehe Lahi, 1967). Bei den histochemischen Unter-
suchungen stellte sich Glykogen 8mal deutlich und 4mal spérlich in den hellen,
nackten Makrogliakernen dar (Ahb. 1. und 2.), dabei maximal felderférmig
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in einem Drittel bis zur Halfte der Kerne. In den &uBeren Rindenschichten
und in den Windungstalern konnte die Einlagerung gehduft angetroffen wer-
den. KerngréBe und Glykogeneinschlisse standen nicht in unmittelbaren
Zusammenhang. In einem Teil der polysaccharidhaltigen Kerne lieR sich eine
deutliche Auflockerung der Kernmembran erkennen. Perinukledr (um die
nackten Gliakerne) waren 12mal karmin- und PAS positive Granula (Abb. 3.),
adventitiell bzw. perivasal 7mal und im Neuropil 8mal Glykogen- (Abb. 4),

Abb. 3a c¢. PAS und karminpositive Granula perinukledr und im Neuropil von Frontalkortex
Neostriatum und Pallidum chronisch Leberkranker. Verg.: ca. 700-fach

Abb. 4a e. Adventitielle und perivasale schollige Polysaccharidablagerungen im Kortex
und Neostriatum von Leberzirrhotikern. Methode: PAS. BTS (Shimizu u. Kumamoto),
Best’sche Karmin (positive Diastaseprobe). Verg.: a d ca. 300-fach, e ca. 700-fach
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bzw. Polysaccharidgranula nachweisbar. Glykogen konnte histochemisch in
der weillen Substanz und in Ganglienzellen nicht beobachtet werden. In fast
allen Fallen stellten sich besondern perinukledr (um die nackten Gliakerne)
sowie perizelluldar und im Neuropil PAS positive Granula dar, die jedoch keine
Diastase bzw. Salivaprobe ergaben. PAS-positive Substanzen wurden auch in
Ganglienzellen, der GefaBwand, intravasal und in der Leptomeninx ange-
troffen.

Leberbefunde des Untersuchungsmaterials

Bei der makroskopischen und histologischen Untersuchung der Lebern
handelte es sich in 16 Fallen um eine Zirrhose vom postnekrotischen und in 7
vom portalen Typ. In 2 Féllen lag eine Thorotrastfibrose der Leber bei gleich-
zeitig bestehendem Gallenblasen- bzw. Gallengangskarzinom mit Tumorstenose
der Gallengdnge und daraus resultierendem Coma hepaticum vor. Bei einem
Fall von postnekrotischer Zirrhose bestand ein multilokuldres hepatozellulares

Tabelle 1

Nachweis und Haufigkeit von karmin- u. PAS-positiven Substanzen
(Polysaccharide, pos. Diastaseprobe) im Kortex, Neostriatum

und Pallidum von 25 chron. Leberkranken
Aktivi- Polysaccharidnachwe s
tat u.  Zeichen i Leber-
Anzahl Progre- der Zeichen erkran-
) der dienz d. porta- der Kung u. | eper-  Intra- Peri-  Adven-
Zirrhoseform unter- Zir- len Leber- Folgen glia nuklear nuklear (- ticll
suchten rhose Hyper- insuffi- als (Glia- (Mw u. peri- Ne uropil
Falle bzw.  tension1 2ienz2  Todes- kerne) GIIa\) vasal
Fibrose ursache kerne
Postnekrotisch 16 15 14 14 14 14 7 10 5 7
Portal 7 5 7 2 4 5 1 | 11
Thorotrastfibrose 2 2 1 2 2 2 I 1 |
Insgesamt 25 22 22 18 20 21 8 12 7

1Vor allem MilzvergréRerung und Osophagusvarizen
-Vor allem Ikterus, Aszites, Prakoma o. Koma

Karzinom. In 22 Fallen war die Zirrhose bzw. Fibrose aktiv, 22mal lieRen
sich die Zeichen der portalen Hypertension, 18mal die Zeichen der Leber-
insuffizienz nachweisen. In 20 Fé&llen war die Lebererkrankung und deren
Folgezustdnde das zum Tode fuhrende Leiden. Bei der Untersuchung konnte
eine Relation zwischen Glykogengehalt der Leber und des Hirnes sowie zwi-
schen dem der Lochkerne in beiden Organen nicht nachgewiesen werden.
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Hirnbefunde der Konirollfalle

Histologisch fanden wir vor allem Alters- und Kreislaufverdnderungen
wie Ganglienzelldegenerationen bis zur Zytolyse, auflerdem Pigment- und
Kalkablagerungen, Drisen, GefaRsklerose und -byalinose mit Status spon-
giosus, Malazien und Mikrohdmorrbagien. In zwei Fallen lag eine zerebrale
Metastasierung bei Bronchial- bzw. Mammakarzinom, in einem Fall eine vasaié
und perivasale lymphozelluldre Infiltration bei chronischer Lymphadenose
vor. VergroRerte, nackte, helle Makrogliakerne konnten in keinem der Kontroll-

Tabelle 2
Nachweis und Haufigkeit von PAS-posiliven Substanzen (neg. Diastaseprobe)
im Kortex, Neostriatum und Pallidum von 25 Kontrollfallen
aus einem unausgeivahllen Obduktionsmaterial

PAS-positive Substanzen

Anzahl intra- perizellular adventitiell Neuropil
der nuklear (von Gliazellen) und perivasal
Art der Erkrankung untersuchten (von Glia-
Falle zellen)
gering deutlich gering deutlich gering deutlich
(+) 4 4) 4 (+)
Herz- und Kreislauf-
prozesse 9 2 7 5 4
Karzinom und
Folgezustande 6 - - 4 4 3
Entziindung und
Folgezustande 6 = 1 4 2 - 4
Chron. Lymphadenose 1 1 1 - 1
Steinleiden mit
Folgezustand 1 1 1 1
MiBbildung 1 — — _ _ 1
Pankreasnekrose 1 - 1 — 1
Insgesamt 25 — 3 18 13 14

falle nachgewiesen werden. Glykogen wurde mit den oben angefuhrten histo-
chemischen Methoden nicht dargestellt. PAS-positive Substanzen in Form
kleiner Granula fanden sich in 18 Féallen perizellular (um Gliazellcn), spérlich
adventitiell und perivasal (13 Falle) sowie im Neuropil (14 Falle). Geringe
Ablagerungen bzw. Einlagerungen histochemisch PHS-positiv reagierender
Substanzen beobachten wir in Ganglionzellen, gelegentlich in Gliazellen,
intravasal, in der Leptomeninx und in Drusen.
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Leberbefunde des Kontrollmaterials

Die histologische Untersuchung der Leberschnitte ergab Zellverfettung,
Zellatrophie mit Lipofuszinose, Aktivierung der Sinusendothelien und Blut-
stauung; in 2 Fallen bestanden Lebermetastasen, davon in einem mit schwerem
Leberparenchymikterus, je 1 X war ein Leberzelladenom, eine chronische
Lymphadenose und entzundliche Portalfeldinfiltration bei Septikopyamie
nachweisbar.

Diskussion

An den Anfang der Besprechung und Deutung unserer Befunde stellen
wir einige allgemeine Betrachtungen Uber die glykogensynthetisierenden
Enzyme des Gehirns:

Biochemische Untersuchungsergebnisse stimmen hinsichtlich des Glyko-
gennachweises mit den histochemischen, auch unter Normalbedingungen, nur
teilweise Uberein.

Die Glykogensynthese findet sowohl in der weillen als auch grauen
Substanz statt. Die Enzymbestimmungen orientieren sich vor allem auf
den Nachweis der Phosphorylaseaktivitdt (PhA). In der weillen Substanz ist
die Glykogensynthese diffus und in Axonen mit dicken Faserziigen herdférmig
vorhanden. Sotelo u. Wegmann berichten Uber eine bemerkenswerte AKkti-
vitat in den FuRplatten von Astrozyten. Die Angaben tUber den Phosphorylase-
gehait der grauen Substanz sind unterschiedlich. Dabei kann histochemisch
jeweils nur die aktive Form nachgewiesen werden. Eine Zunahme der
PhA tritt vor allem bei mechanischer Alteration des Gewebes auf. Unter-
suchungen Uber Bestimmungen anderer glykogensynthetisierender Enzyme
im Hirn, so der Glykogensynthetase und Branching-Enzyme sind selten.
Entgegen der Annahmen der Biochemiker zeigt die Phosphorylase in histo-
chemischen Gewebsschnitten mit geringer behandlungsbedingt-mechanischer
Schadigung eine strenge zytologische Lokalisation. Eine Aktivierung und
Inaktivierung des Enzyms scheint in Nervenzellen AusmaR der Glykogcn-
ablagerung nur teilweise Uberein. Oftmals konnte eine bemerkenswerte
Phosphorylaseaktivitdat an Stellen mit nur wenig Glykogen nachgewiesen
werden, so z. B. in der weilen Substanz des GroBhirns, in der Granularschicht
des Kleinhirns und im perivaskuldren Hirngewebe. Diese Tatsache deutet
darauf hin, daB noch andere, bisher nicht bekannte Faktoren das AusmafR
der Glykogenablagerung im Hirngewebe bestimmen miuissen (Friede, 1966).

Eine &tiologische Klarung der im Hirn von Verstorbenen mit Leber-
erkrankungen nachweisbaren Glykogen-Ein und -Ablagerungen liegt bisher
nicht vor. Entweder wird die Ursache Uberhaupt offengelassen (Gaupp jr.,
1939; Inose, 1961; Inose u. Mitarb., 1960; Mossaicowski, 1966; Kitani u.
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Mitarb., 1962) oder eine Glukoseverwertungsstorung (Lahit) diskutiert. Da
eine Ubereinstimmung zwischen der bisher bekannten Topik und Aktivitat
glykogensynthetisierender Enzyme und der nachgewiesenen Polysaccharidein-
bzw. -ablagerungen nicht vorliegt, muR sowohl die Mdglichkeit eines Stoff-
transportes als auch die Existenz bisher unbekannter Faktoren einer Glykogen-
synthese (Friede, 1966) in Betracht gezogen werden. Eine urséchliche Klarung
wird auch dadurch erschwert, dalR grundlegende pathoneurophysiologische
und biochemische Probleme bei Lebererkrankungen und deren schwerster
Folge, dem Coma hepaticum, ungekldrt sind. Insonderheit miRte Uberpruft
werden, ob unter Extrembedingungen, z.B. im Prédkoma oder Coma hepati-
cum mit Hirnédem ein Transport auch so groBer Molekiile wie das Glykogen,
z.B. in GefédBn&he maglich ist. Bei nicht hepatogenen Erkrankungen sind im
Hirn intranukledre Glykogengranula in Gliakernen u. E. bisher nicht bekannt.
Eine intranukledre Glykogensynthese in den fast ausschlieRlich degenerierten
Kernen mit Kernddem, weitgehendem Schwund der Kernbestandteile sowie
schwer gestdorter Kern-Plasmarelation ist unwahrscheinlich. Die Einschleusung
kleiner Glykogengranula durch eine geschadigte Kernmemhran kénnte ver-
mutet werden. Ein groRer Teil, auch der nicht glykogenhaltigen Astroglia-
kerne, wird von Polysaccharidgranula meist halbomondférmig und exzentrisch
umgehen. Bei den vorliegenden Untersuchungen war ein positiver Kernbefund
stets mit einer perinukledren Ablagerung vergesellschaftet. Perinukledre Gly-
kogengranula hingegen mit »leerem« Kern wurden h&ufig beobachtet. Dabei
durfte die Glykogeneinlagerung erst nach der Kernvakuolisation bzw. -liydra-
tisation erfolgt sein. Oh die nukledren Granula allerdings aus dem hei funk-
tioneller Uberbeanspruchung maoglicherweise glykogenhaltigen Zytoplasma des
untergehenden bzw. untergegangenen Zelleibes stammen oder aber extra-
zelluléar durch die Membran des bereits nackten Kernes transportiert wurden,
muR offenbleiben. Glykogengranula im Zytoplasma von intakten oder teil-
geschadigten Astrogliazellen konnten von uns nicht beobachtet werden. Wir
glauben, daB es sich bei den Einlagerungen in den Astrogliakernen entspre-
chend den von Sellyei u. Walton (1969) in der Leber erhobenen Befunden
um echtes oder Infiltrationsglykogen handelt. Ein férdernder EinfluR auf die
Entstehung des Kernglykogens als Folge des gestdrten Zellstoffwechsels und
lonengleichgewichtes zwischen Zytoplasma und Kern durch eine Hyper-
glykédmie, wie das fur die Leber von Zimmermann u. Mitarb. anhand der tber-
pruften klinischen Befunde nicht bestdtigt werden. Die Klarung einer ver-
starkten Glykogensynthese infolge eines Glukosestau durch enzymatische
Fehlleistungen muR biochemischen Untersuchungen Vorbehalten bleiben. Eine
verstdrkte Glykogenaktivierung unter toxischen Einflissen ist mdglich; wir
denken hierbei besonders an die Bildung von Lyoglykogen auf Kosten des
Desmoglykogens. Die teilweise erhebliche Ablagerung von schollig-granuldrem
Glykogen in der Adventitia und perivasal stimmt mit der in der Literatur
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angegebenen Phosphorylaseaktivitat teilweise Uberein. Es muf} jedoch auch
hier in Erwédgung gezogen werden, ob es sich bei dieser Lokalisation nicht um
die Zwischenstufe eines Transportmechanismus (&hnlich dem bei der freien
perivasalen Fettansammlung) handelt; eine zelluldre Fixierung konnte dabei
fur das Glykogen nicht beobachtet werden. Der Transport von Polysacchariden
aus dem Blut und seine perivasale Ablagerung im Gehirn hei gestérter Blut-
hirnschranke ist bisher nicht bekannt; diese Mdglichkeit mufl als unwahr-
scheinlich angesehen werden. Bei den zelluldaren Granula (um Gliakerne und
-zellen) handelt es sich nur um einen Lipoproteide (ihr histochemisches Ver-
halten siehe Wolman, 1961, zit. nach Adams, 1965). Diese vielfach auch als
Pigmentgranula beschriebenen Substanzen sind teilweise Stoffwechselprodukte
und Reste untergegangener glidser Zellstrukturen. Der bei schwer Leber-
kranken gestorte Zellstoffwechsel der Ganglienzellen fur Glukose kénnte eine
Glukoseanh&aufung in den entsprechenden Neuronen und eine verstarkte Gly-
kogensynthese zur Folge haben. Shimizu u. Hamuro (1958) vermuten, dal}
die Anh&ufung von Glykogen als Reaktion auf anaerobe Stoffwechselbedin-
gungen zuruckzufuhren ist. Sie weisen auf die herabgesetzte AKtivitat der
Succinodehydrogenase und die erhdhte Aktivitat der glykogensynthetisieren-
den Phosphorylase an den Ré&ndern von Hirnldsionen hin.

Auch durch neuere Untersuchungen ist die Regulation der Glukose-
versorgung der Ganglienzellen noch nicht hinreichend geklart, wenngleich die
Mehrzahl der Autoren eine priméar gliés gesteuerte (also zellulare) fur wahr-
scheinlich hé&lt. Ein erhdhtes Glukoseangebot des Hirnes, wie wir es ja auch
beim Diabetiker finden, reicht fir die vermehrte Glykogenbildung allein nicht
aus Palay (zit. nach Oksche, 1961) hélt einen extrazelluldren Glukosestrom
in den 200 300 A weiten Spaltrdumen fir unwahrscheinlich und eine intra-
zellulédre Regulation fur wahrscheinlicher. Brambring (1965) mifit denim GroR-
hirnmark zwischen den Markfasern elektronenoptisch nachgewiesenen leeren
Feldern eine Bedeutung fur den Stoffaustausch bei. Nach Meier-Ruge (1968)
fihrt eine experimentelle Aufbrauchsituation im Hirn zu einer Stoffwechsel-
hemmung in den Ganglienzellen mit einer kompensatorischen Aktivierung der
versorgenden Astroglia; dabei wird durch eine Stérung in der Ubertrager-
funktion des Astrozyten fir Stoffwechselmetaboliten sein Eigenstoffwechsel
aktiviert; es kommt zur Glykogenakkumulation und vermehrten Hydratisa-
tion. Ein &hnlicher Zusammenhang wird auch zwischen Astroglia und Kapil-
laren vermutet. Castan (1968) fand eine besondere Zwischenstellung der
Astrozyten bei toxischen und metabolischen Hirnschddigungen; sie stehen
sowohl mit den Kapillaren als auch Nervenzellen in Verbindung. Ihre Reaktion
wird far primér gehalten, der Verlust von Nervenzellen hingegen auf eine
sekundére Reaktion und Dysfunktion der Astroglia zurickgefuhrt. Auch
Tschirgi, 1958; Oksche, 1961 u. a. messen der Glia eine primére Bedeutung
bei der Glukoseversorgung der Ganglienzellen bei. Geiger u. Mitarb. (1954)
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hingegen glauben, dal? die Glukoseaufnahme durch das Hirn von verschiedenen
hamatogenen Aktivatoren, die im stromenden Blut unter Normalbedingungen
Vorkommen, reguliert wird und somit ein aktiver ProzeR ist. Wolfe u.
Nicholls (1967) jedoch konnten durch elektronenmikroskopische autoradio-
graphische Untersuchungen nachweisen, daB ein von Gliazellen befreites
Neuron zur normalen Glukoseaufnahme fahig war. Daraus wurde gefolgert,
daB zumindest ein Teil der im Hirn zu transportierenden Substanzen ohne
Mitwirkung der Gliazellen direkt aus den intrazellularen R&umen von den
Neuronen aufgenommen werden kdnnte. So lief} sich auch von Heild u. Mitarb.
(1968) durch Glukose-Tnsulininfusionen die Glukoseaufnahme des menschli-
chen Hirns verbessern, jedoch gelang es ihnen tierexperimentell an Ratten
nicht, durch Injektionen von Glukose und Insulin den Glykogengehalt des
Gehirns zu erhdhen; Blutzuckerwerte von 41 1146 mg % hatten dabei
keinen EinfluR. Erst in der tiefen Hypoglykdmie wurde eine signifikante
Abnahme des Hirnglykogens beobachtet.

Bei der Kl&rung der in dieser Arbeit absichtlich angefiihrten vielen
ungelésten Probleme dirfte sich eine Komplexforschung von Biochemikern,
Histochemikern, Neurophysiologen und Neuropathologen als besonders
fruchtbar erweisen.
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ON THE HISTOCHEMISTRY OF GLYCOGEN CONTENT IN THE BRAIN OF CHRONIC
IIEPATC)PATHIC PATIENTS

R. LAHI,

General information regarding the amount of glycogen contained in the brain under
physiological and pathological conditions is followed by discussions dealing with the presence
of polysaccharides in hepatopathic patients. The brain of 25 subjects died with cirrhosis and
fibrosis of the liver was examined histochemically for glycogen and compared with 25 control
brains taken at random from the autopsy material of the Institute of Pathology of the Martin
Luther University at Halle. Best’s carmine, PAS and BTS (Shimizu and Kumamoto) as also
digestion with diastase and saliva were employed for histochemical analysis. PAS-positive
substances were mostly found in the ganglion cells, in the leptomeninx, in the vessel wall and
perivascularly, in the neuropil and around the cells, while granules of polysaccharides and
glycogen were demonstrable only in the brain of hepatocirrhotic subjects. Such granules were
observed in proliferative naked macroglial nuclei in 8 cases; around neuroglial nuclei in 12
cases; in the adventitia or perivascularly in 7 cases; in the neuropil in 8 cases. These findings
proved to be significant. No correlation between cerebral and hepatic glycogen was observed.
The presence of polysaccharide granules maybe due to mostly unelucidated metabolic disturb-
ances as well as the faulty utilization of glucose.

Problems in respect of the intracerebral transport of foodstuffs are discussed. Discrep-
ancy between the histochemically demonstrable amount of glycogen and the activity of
enzymes which are known to synthesize it under physiological conditions, points to the existence
of undetected factors of central polysaccharide regulation.

MTMCTOXNMMUNYECKNE OJAHHBIE OTHOCUTE/IbHO COAEPXAHUA TJIMKOIMEHA
B NOJIOBHOM MO3ry bOJ/IbHbIX C XPOHNYECKWM 3ABOJIEBAHVNEM MEYEHN.
COMNOCTABJ/IEHNE C HEMNOAOBPAHHbLIM CEKUMNOHHbIM MATEPNAJ/IOM

P. AN

Hapagy ¢ obwummy npuMedaHusMM K COAEpPXXaHWio TFAMKOreHa B rofIOBHOM MO3ry B
HOpPMe W B NAaTOJIONMYECKUX YC/TOBUAX aBTOP NPUBOAUT AaHHble O BCTPEYaeMoCTU rosvcaxapu-
[0B npy 3a60/1eBaHMAX NeyveHn. 25 rooBHbIX MO3rOB YMePLUMX OT Lyppo3a nnv rubposa neveHn
OblnX conocTaseHbl B OTHOLLEHUN UX FTMCTOXMMUYECKOTO COLEepPXaHUA T/IMKOreHa ¢ 25 KOHT-
POMbHBIMK MO3ramy 13 maTepuasia BCKPbITUSA VIHCTUTYTa naTonornm npuv YHuBepcUTeTe WM.
MapTuHa JltoTep ropoga lanne. MNpumeHANUCL Cnepyrolime rMCTOXMMUYECKME METOAbI UCCe-
foBaHusa: Metog BECT-a ¢ kapMuHom, peakumn MACK mn BTC (no LLnmusy n KymamoTo),
a Takxe npobbl C AmactasoB W croHoTeveHveM. MACK-nonoxutenbHble BewecTBa B 60/b-
LUMHCTBE CNy4YaeB 6OblaM 06HapPY>KeHbl NMPEVMMYLLECTBEHHO B raHr/IMO3HbIX KETKax, B MATKON
MO3roBo/i 000/104Ke, B COCYAMUCTOM CTEHKe W MepmBasasibHO, B HEBPOMWIE U OKOMIOK/ETOYHO,
Torja Kak 3epHbILLKW MonmMcaxapuaos WM rANKOreHa YAanocb BbISBUTL TOMIBKO B cpesax
rofI0BHOr0 Mo3ra 60MbHbIX LMPPO30OM MNedyeHU. B 8 cnyuyasx 3Tu 3epHbIWKU Gbln HalgeHbl B
NponndepupoBaHHbIX, FoMbIX A4pax Makpornuu, B 12 cnyvanax nepuvHykieapHo (OKOMO Agep
HeBpPOrnMu), B 7 cAy4vaax B afBeHTUUMW WM MepmBasasibHO M B 8 criyvasx B HeBponwuse.
Pe3ynbTaTbl OKasa/MCb JOCTOBEPHbIMU. OfHAKO MeXJy COAepXaHweMm TF/IMKOreHa B MeYeHn U
€ro KOHLEeHTpauvein B roNoBHOM MO3ry He yAanocb BbISBUTb 3aBUCMMOCTU. OTBETCTBEHHbLIMU 3a
nosiBNeHVe nonncaxapuaHbIX 3epHbllleK cregyeT cuMTaTb, KpOMe MO 6ONblUei vacTu elue
HEBbIACHEHHbIX MeTab0/IMUYeCKUX PacCTPONCTB, MOHUXEHNE UCMOMb30BaHUS T1I0KO3bl. OBCYX-
[alTCA BO3MOXHOCTM BHYTPMMO3rOBOr0 TPAHCMOPTa MUTATEe/bHbIX BELLECTB. PacxoxieHue
MeXy FMCTOXUMWUYECKUN BbIABNSAEMbIM T/IMKOTEHOM W aKTUBHOCTLIO T/IMKOTeHCUMHTE3NPYIOLLNX
3H3UMOB, HabMAaeMoe yXKe B YC/I0BMAX HOPMbI, YKa3biBaeT He J06aBOYHbIE, 40 CUX MOP Hews-
BECTHble (haKTOpbl LEHTPa/IbHOM perynsauum nosamcaxapujos.

Dr. K. Laht Kilinik n. Poliklinik f. Psychiatrie und Neurologie, Martiii-
Luther-Universitdt Halle Wittenberg, DDR
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Biology of Amphibian Tumors

Special Supplement, Recent Results in Cancer Research. Ed. Merle Nizell. Springer Verlag,
Berlin —Heidelberg—New York 1969. — 484 pages.

The volume contains Ihe material of a symposium held at Tulane University, New
Orleans, in 1968. The conference convened in order to facilitate the exchange of ideas between
investigators concerned with the different problems regarding amphibian tumours, to review
the present state of knowledge about this subject and, finally, to present the recent results
in a book for researchers working in other fields of tumour-biology. These objects have not
only been fully realized but the symposium went even beyond its original assignment by having
ensured the presence of investigators concerned with the tumours of birds and higher verte-
brates. These specialists were given opportunity of exchanging views with the experts of
amphibian tumours.

The volume contains 11 chapters in which all biological aspects of amphibian tumours
are thoroughly discussed. Chapters exclusively dealing with tumours are preceded by papers
on the biology of amphibians, the cultivation of their cells, the immunity and tolerance in
this class of vertebrates. Although numerous spontaneous tumours of the different amphibians
are discussed in the book (lymphoma, lymphosarcoma, plasmacytoma, melanoma), the widest
space is devoted to the renal adenocarcinoma of the leopard frog (liana pipiens), the well
known tumour of Lucke. This is only natural because this is the most widely examined amphi-
bian tumour. Its viral origin has long heen conjectured, and recent investigations have yielded
important results concerning its aetiology. In 1956, Fawcett observed in the cells of certain
Licke tumours viruses which showed resemblance to the herpes virus. That the tumour is
subject to seasonal variations was observed long ago, and microscopic examinations confirmed
this phenomenon. Nuclear inclusions were found only in tumours arising in winter or in those
of hibernating animals, while the tumours of frogs captured in summer and kept at laboratory
temperature contained no nuclear inclusions. At the same time, electron-microscopic inspection
revealed viruses only in the tumours of winter and hibernating animals. If tumorous summer
frogs were kept for some time at low temperatures, viruses of the herpes-type became demon-
strable in their tumour cells, a phenomenon proving that the complete genom of the virus
must be present in some masked or latent form in the summer variety of the Luckc tumour.
The significance of this observation will be appreciated if we remember that the recovery of
viruses from tumours induced in rodents by DNA viruses (i.e. from neoplasms of undoubtedly
viral origin) means a thorny problem. It is, moreover, suggested by many authors that human
tumours may also harbour viral genoms in a masked form notwithstanding the fact that so
far it has been impossible to isolate viruses from human neoplasma of supposedly viral origin.

Since it is obvious from the foregoing that there is a correlation between the temper-
ature and the viruses of cells, frogs with Lucke’s tumour are owing to their poikilothermic
nature — particularly suitable for the study of gene repression and derepression.lt is worthy
of note that, after having incubated at a low temperature virus-free cell cultures prepared
from Shope’s papilloma, it was possible to induce the appearance of infective viruses.

The chapter on the immunological methods for the study of virus antigens associated
with tumours presents a concise clear review of recent results obtained in respect of tumour
virology and immunology. The chapter deals also with some important experiments which
have shown that the detection of specific antigens determined by the persisting virus genom
in virus-free tumours may allow to ascertain the viral aetiology of a given tumour by immuno-
logical methods.
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The last chapter of the volume is likewise instructive. It describes the present state of
knowledge of the role the herpes viruses are suspected to play in the aetiology of various
tumours (e.g., Burkitt’s lymphoma, human cervical carcinoma, the Marek disease of birds,
and the Lucké tumour of frogs).

The book is exemplarily executed, and its text is accompanied by rich illustrations,
instructive tables, diagrams and (at the end of each paper) abundant bibliographical data.

The work will undoubtedly promote cancerological research work in general and stim-
ulate also investigations in respect of human tumours. Biologists, medical research workers
and clinicians interested in the intriguing problems of tumour biology will derive benefit
from this interesting book.

K. Lapis
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EFFECT OF METYRAPONE, PREDNISOLONE AND
INSULIN TREATMENT ON THE DOMESTIC PIGEON’S
HYPOTHALAMUS

P. PECZELY

(Received January 29. 1970)

The hypothalamus of pigeons was investigated with histological and karyomet-
ric methods, after treatment with 10 mg of metyrapone daily for 4 and 14 days, 15 mg
of prednisolone three times daily for 4 days, 5 mg of prednisolone daily for 12 days
as well as with a single 40 1.U. dose of insulin administered intravenously. In the last
case the animals were killed 8 hours subsequent to the injection. Metyrapone treatment
for 4 days increased nuclear volume in the preoptic, medial and lateral divisions of
the supraoptic nucleus and in the arcuate nucleus; it stimulated the function of the
aldehyde-fuclisin positive neurosecretory cells and induced a depletion of secretion
in the anterior median eminence. Fourteen-day metyrapone treatment caused a
strong increase in nuclear volume in the preoptic and lateral cell groups of the supra-
optic nucleus as well as in the paraventricular and arcuate nuclei: it brought about a
significant transportation of secretion in the aldehyde-fuchsin positive cells and an
accumulation of large amounts of aldehyde-fuchsin positive secretion in the anterior
median eminence.

Prednisolone treatment for 4 days caused a definite decrease of nuclear volume
in the preoptic division of the supraoptic nucleus and in the paraventricular and arcuate
nuclei, further an accumulation of secretion in the neurosecretory cells and, to a limited
extent, also in the anterior median eminence. Twelve-day treatment induced a signif-
icant decrease of nuclear volume in the preoptic and lateral divisions of the supra-
optic nucleus, the paraventricular and arcuate nuclei as well as in the n. tuberis, with
an accumulation of secretion in the neurosecretory cells and the stratum palisadicum
of the anterior median eminence.

Under the influence of insulin, a significant increase in nuclear volume was
observed in all the investigated cell groups except in the entopeduncular nucleus.
The activity of the neurosecretory cells increased, the anterior part of the anterior
median eminence was totally emptied whereas in the anterior part of the posterior
median eminence aldehyde-fuchsin positive secretion appeared. The amount of secre-
tion in the neural part was not altered by the applied agents. The results indicate that
the aldehyde-fuchsin positive neurosecretory system of the anterior hypothalamus
and the median eminence is in close functional correlation with corticotropic activity.
At the same time, also the arcuate nucleus may play an important role in the regulation
of ACTH secretion.

Introduction

The hypothalamic neurosecretory systems are responsible partly for
the balance of water metabolism and osmoregulation and partly for the regu-
lation of adenohypophyseal function. The hypothalamo-neurohypophyseal
system (ADH) in mammals is well-known and there are a number of histologi-
cal and physiological data concerning its function in birds (Farner anti
Oksche, 1962; Munsick 1964; Munsick et al. 1960; Oota and Kobayashi,
1962; Kobayashi et al. 1961). According to these observations arginine-
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106 P. PECZELY

vasotocin and oxytocin are bound to the neurosecretion formed in the aldehyde-
fuchsin positive cell groups of the anterior hypothalamus and from there
they react the posterior pituitary through the supraoptic-paraventriculo-
hypophyseal tract.

At the same time in birds the histology of the hypothalamus shows two
important differences as compared to that of mammals, (1) a large number
of Goinori positive (aldehyde-fuchsin positive) cells in groups or dispersed
in the anterior and medial hypothalamus, and (2) the anterior median eminence
contains numerous aldehyde-fuchsin positive fibres terminating in the peri-
vascular connective tissue (Fakner and Oksche, 1962; Uemura and Ko-
BAYSHi, 1963; and Matsui, 1966).

It has been shown by Assenmacher (1958) that the aldehyde-fuchsin
positive secretion in the anterior median eminence disappears after a lesion
of the rostral hypothalamus, in other words, the secretion is produced by the
neurosecretory cells localized in the latter structure. At the same time, the
aldehyde-fuchsin positive fibres of the anterior median eminence do not ori-
ginate in the supraoptic-paraventriculo-hypophyseal tract. Thus two Gomori
positive tracts of different localization might exist; one of them would ter-
minate in the anterior median eminence and the other in the pars nervosa
(Matsui, 1966; Oksche et al. 1964).

The secretion of the anterior median eminence and that of the pars
nervosa differ from each other both histochemically (Oksche et al. 1959;
Farner and Oksche, 1962; Bern et al. 1966; Peéczely, 1966a; 1966b;
Oksche et al. 1964) and electronmicroscopically (Kobayashi et al. 1961;
Oehmke et al. 1969; Péczely and Calas, 1970).

The neurosecretion content of the pars nervosa is sensitive to osmotic
stimuli which do not affect that of the anterior median eminence (Farner
and Oksche, 1962; Oksche et al., 1963; 1964; Péczely, 1966b). On the other
hand in photosensitive birds the daily changes in light, adenohypophysectomy
or ACTH treatment were found significantly to affect the secretion content
of the anterior median eminence, in contrast to that of the pars nervosa
(Oksche et ah, 1969; Farner and Oksche, 1962; Uemura and Kobayashi,
1963; OKSCHEet al., 1964; Kobayashi et al., 1966; Péczely, 1966b).

Thus, the Gomori positive axons terminating in the outer zone of the
anterior median eminence and in the pars nervosa differ from each other
both morphologically and functionally. Accordingly, in birds, besides the Gomori
positive hypothalamo-hypophyseal (ADH) system, there exists another Go-
mori positive system the neurosecretory cells of which are also localized in the
anterior hypothalamus, most of its axons terminate in the anterior median
eminence and some in the posterior median eminence.

The Gomori positive neurosecretory system of the median eminence
was shown to regulate the gonadotropic, thyreotropic and corticotropic func-
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EFFECT OF METYRAPONE 107

tions of the pituitary in birds (Farner and Oksche, 1962; Matsui, 1966;
Assenmacher, 1968; Assenmacher and Tixier-Vidal, 1965; Kanematsu
and Mikami, 1969; Legait, 1969; Egge and Chiasson, 1963; Kawashima
et al.,, 1964; Péczely, 1969a; 1969h; Péczely and Zboray, 1967), and also
in amphibia (Rodriguez et ah, 1967; Rodriguez, 1969; Compiier, 1969;
Goos and Oordt, 1969).

It has been shown that in mammals the releasing factors regulating
the functions of the adenohypophysis, are produced by the parvocellular
groups of the mediobasal pituitary, the so-called hypophyseotropic area
(Szentagothai et ah, 1962; Halasz et ah, 1962; Porter, 1969). The role of
this area in the regulation of pituitary function in birds has also been proved.
Thus according to Wilson (1967), Graber et ah (1967), Ralph and Fraps
(1959, 1960) and Stetson (1969), the lesion of the infundibular nucleus (arcuate
nucleus) abolishes the photoperiodical testicular reaction and causes an
atrophy of the gonads and the crest. Frankel et ah (1967) reported on a
significant decrease in adrenal function after the lesion of the ventral tube-
ral area.

All these results show that, in contrast to the situation in mammals,
in amphibia and birds there exists a Gomori positive neurosecretory system
connected with the median eminence and regulating the function of the adeno-
hypophysis. This system is not identical with the classical ADH system. On
the other hand, the role of the tubero-infundibular area in the control of the
adenohypophysis is unquestionable both in birds and in mammals.

Thus, it seemed interesting to study by qualitative and quantitative
histological methods, how the aldehyde-fuchsin positive cell groups of the
anterior hypothalamus, the tubero-infundibular area and the median eminence
react to the agents mentioned above.

Material and methods

Adult domestic pigeons of both sexes were used. They were kept at 23°C temperature,
and illuminated for 11 hours daily. Eight pigeons served as control; 7 were treated intramus-
cularly with 5 mg of metyrapone in oil daily for 4 days and further 7 birds for 14 days. Seven
pigeons were treated orally with 15 mg of prednisolone daily for 4 days, while further 7 pigeons
received 5 mg of prednisolone daily for 12 days. Six birds were treated with a single intrave-
nous injection of 40 I.U. insulin and killed 8 hours later.

The animals were killed by decapitation. The brain was fixed in Heidenhain’s Susa
fixative. After double embedding according to Péterfi, sections 5 /i thick were cut and stained
with paraldehyde-fuchsin combined with haematoxylin.

In each case 200 cell nuclei of each hypothalamic cell group were measured on a pro-
jected picture of 2,500 fold magnification. The logarithm of the nuclear volumes was calculated
on the basis of the Fischer-Inke nomogram, using the formula a/6 LB2 The arithmetical mean
of the logarithms of each cell group as well as their scattering were computed. The changes
in nuclear volume were evaluated by Student’s t test. The differences were considered signifi-
cant if p = 0.001 and t 3.29. Taking into consideration the error of the methods used,
only those statistically significant cases were evaluated biologically where |ml — m2\ >=0.05.
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108 P. PECZELY

Results

The cell groups of the hypothalamus will be termed according to the
nomenclature used by Arai (1963), Farner and Oksche (1962), Péczely
(1966a; 1966b), Karten and Hodos (1967), Van Tienhoven and Juhasz
(1962).

1. sildehyde-fuchsin positive cell groups of the anterior and medial hypothalamus

The preoptic, lateral and medial divisions of the supraoptic, paraventri-
cular and entopeduncular nuclei can he differentiated; their topography has
been described by Péczely (1966a; 1966D).

a) Metyrapone treatment for 4 days. An increase of the secretory activity
was observed in all three divisions of the supraoptic nucleus. The granular
secretion content of the perikaryon decreased, a finely granular secretion
appeared in the axons and nuclear volume increased significantly. The highest
degree of functional activation was shown by the preoptic and lateral divisions.

In the cells of the paraventricular nucleus, the amount of secretion was
slightly increased and so was nuclear volume. The situation was the same in
the cells of the entopeduncular nucleus.

b) Metyrapone treatment for 14 days. The cells of the supraoptic nucleus
showed hypertrophy; the amount of Nissl-granules increased. Nuclear volume
was significantly increased as compared to the controls, but less than under
the effect of 4-day treatment.

The cells of the paraventricular nucleus showed a slight hypertrophy
whereas their secretion content decreased. Numerous cells were shrunk, filled
with secretion, some of them were pycnotic. Nuclear volume was significantly
increased.

The cells of the entopeduncular nucleus showed no essential change,
nuclear volume was slightly increased.

¢) Prednisolone treatment for 4 days. A roughly granulated secretion in
the cells of the supraoptic nucleus. There was a definite decrease of nuclear
volume in the preoptic division, whereas in the others an insignificant increase
occurred.

The cells of the paraventricular nucleus showed a considerable decrease
in nuclear volume, while those of the entopeduncular nucleus a slight
decrease.

d) Prednisolone treatment for 12 days. Granulated aldehyde-fuchsin pos-
itive secretion appeared in considerable amount in all cell groups.

Nuclear volumes decreased significantly in the preoptic and lateral
division of the supraoptic nucleus, and increased in their medial division.

The cells of the paraventricular nucleus showed a considerable decrease
in nuclear volume.

Acta Morphologica Academiae Scientiarum Hungaricae 19, 1971



EFFECT OF MKTYKAPONE 109

No essential cytological changes were found in the cells of the entope-
duncular nucleus, but nuclear volume was slightly increased.

e) Insulin treatment. A considerable hypertrophy was found in the neuro-
secretory cells of all the three divisions of the supraoptic nucleus. The cells
were characterized by a swelling of the perykaryon, finely granulated secre-

Fig. 1. Distribution of nuclear volume in the preoptic division of the supraoptic nucleus---------- :

control;----- :metyrapone treatment for 4 days;----------- > metyrapone treatment for 14 days;
X —: prednisolone treatment for 4 days; — X X —: prednisolone treatment for
12 days; --- insulin treatment. The significance of the lines is the same on all karyometric

curves of Figs 1 7

Fig. 2. Lateral division of supraoptic nucleus
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tion, well developed peripheral Nissl-granulation and vacuolization of the cyto-
plasm. Nuclear volume increased very significantly.

The cells of the paraventricular nucleus were less hypertrophic but the
increase in nuclear volume was significant.

Neither cytological nor karyometric changes occurred in the entopedun-
cular nucleus (Figs 1—5).

Fig. 3. Medial division of supraoptic nucleus

70

50 -

AO-

30-

20-

10 -

Fig. 4. Entopedurcular nucleus
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Fig. 5. Paraventricular nucleus

2. Parvocellular nuclei of the tubero-infundibular region

Two continuous cell groups were found. The arcuate nucleus was ol
ventromedial localization, it contained cells with small nuclei and surrounded
the end of the infundibular recess widening on the ventral side. Some of its
cells penetrated into the internal zone of the median eminence. In the peri-
karyon of these cells there was no aldehyde-fuchsin positive secretion.
Some of the cells of the arcuate nucleus contained a number of baso-
philic granules indicating an increased development of the endoplasmic
reticulum.

The nuclei of the periventricular cells of the arcuate nucleus were small-
er (the maximum was 2.0) than those of the cells localized more laterally,
where the maximum was 2.1. Since the cells of these groups reacted uniformly
to the treatments, the values for the two cell populations were considered
together.

The n. tuberis was of more dorsolateral localization than the arcuate
nucleus; its cells were larger and lighter, localized more diffusely and charac-
terized by an increased nuclear volume.

a) Metyrapone treatment for 4 and 14 days. A strongly significant
increase in nuclear volume occurred in both cell groups of the arcuate
nucleus.

b) Prednisolone treatment for 4 days. A considerable decrease in nuclear
volume occurred in the arcuate nucleus, whereas an increase in the n. tuberis.

Acta Morphologica Academiae Scientiarum Hungaricae 19, 1971



112 P. PECZELY

Fig. 6. Arcuate nucleus

¢) Prednisolone treatment for 12 days. A strongly significant decrease of
the nuclear volume was recorded in both groups of cells.

d) Insulin treatment. Nuclear volume increased strongly significantly
n both the n. arcuatus and the n. tuberis (Figs 6—8).

Fig. 7. Tuberai nucleus

Acta Morphologica Academiae Scientiarum Hungaricae 19, 1971
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. supraopticus

n. ento- n. para-

n3

pracoptical lateral medial peduncularis ventricularis " arcuatus - tuberis
Metyrapone 14 days + 5.6* +  8.3* + 6.5 + 6.9 + 12.4% +  4.5% + 7.7
Metyrapone 4 days 124.5% + 13.7* + 20.5% +  8.3% . 2.4 + 12.0* + 7.8
Prednisolone
12 days 15.2* 5.9 + 6.5 4 6.2 11.2* 12.2* 10.7*
Prednisolone
4 days 6.5* & 1-9 + 21 + 4.3 14.3% 9.1% + 6.0
Insulin + 18.8* + 13.7% + 29.9% + 3.8 +  8.3* + 26.5* + 18.3*%
Fig. 8. Table of *values (p = 0.001). — : not significant; + : significant and* m, — m, >
> 0.05

3. Median eminence

In the domestic pigeon this structure is divided into well defined ante-
In control birds, the supraoptic-paraventriculo-
hyophyseal tract running in the internal zone of the anterior median eminence,
contains Herring bodies. The reticular stratum of the external zone contains
more roughly granulated aldehyde-fuchsin positive secretion than the fine
granulated one in the palisadic stratum (Fig. 9).

rior and posterior parts.

Fig. 9. Control, anterior median eminence, Susa, paraldehyde-fuchsin-haematoxylin, X210
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114 P. PECZELY

a) Metyrapone treatment for 4 days. The amount of the secretion was
reduced in the external zone, except in one pigeon. The secretion content of
the reticular and palisadic stratum was considerably decreased. Some places
of the beta zone were more rich in secretion (Fig. 10).

4'ig. 10. Metyrapone treatment for 4 days, anterior median eminence, Susa, paraldehyde-
fuchsin-haematoxylin, X 210

1») Metyrapone treatmentfor 14 days. The amount of the secretion increased
considerably in the external zone. At the same time areas containing less or
almost no secretion were observed in the external beta zone, especially in the
lateral parts of the median eminence. A lack of secretion, as in the animals
treated for 4 days, occurred in the external zone in two pigeons. A number
of large Herring bodies were seen in the tract (Fig. 11).

¢) Prednisolone treatment for 4 days. The secretion content of the reticular
stratum decreased. Large neurosecretory grains appeared in the palisadic
stratum. The tract contained only a few Herring bodies (Fig. 12).

d) Prednisolone treatment for 12 days. The reticular stratum is almost
devoid of secretion, the palisadic stratum contained roughly granulated
secretion. A small number of little Herring bodies coud he observed in the
fibrose stratum (Fig. 13).
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Fig. 11. Metyrapone treatment for 14 days, anterior median eminence, Susa, paraldehyde-
fuchsin-haematoxylin, X210

Fig. 12. Prednisolone treatment for 4 days, anterior median eminence, Susa, paraldehyde-
fuchsin-haematoxylin, X 210
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116 P. PECZELY

Fig. 13. Prednisolone treatment for 12 days, anterior median eminence, Susa, paraldehyde-
fuchsin-haematoxylin, X 210

Fig. 14. Insulin treatment, anterior median eminence, Susa, paraldehyde-fuchsin-haematoxy-
lin, X 620
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e) Insulin treatment. The secretion disappears from the front part of the
anterior median eminence. The reticular and palisadic strata are devoid of
secretion. Even in the area of the fibrous layer there are only few aldehyde-
fuchsin positive granules. In the anterior part of the posterior median eminence
an aldehyde-fuchsin positive granulation occurs running in radial direction
(Fig. 14).

4. Pars nervosa

The agents did not essentially affect the aldehyde-fuchsion positive
secretion content of the pars nervosa. It slightly decreased under the in-
fluence of prednisolone and insulin, whereas metyrapone caused a certain
accumulation of the stained neurosecretion.

Discussion

The agents applied in the present study brought about significant chan-
ges in corticotropic function.

All the investigated aldehyde-fuchsin positive and negative (tubero-
infundibular) cell groups of the hypothalamus have reacted to the agents.
Thus, the results indicate that not only the neurones connected with adrenal
function were affected, but there was a possibility of secondary neuroendo-
crine responses.

However, taking into consideration the tendency and extent of the chan-
ges, certain differences could be found between the cytological changes of the
individual nuclei. The reaction of the preoptic and lateral divisions of the supra-
optic nucleus occurred in parallel with the changes in adrenal function. The
arcuate nucleus and the n. tuberis reacted to agents applied in the same way,
except to 4-day prednisolone treatment. However, among the Gomori positive
cell groups the origin of the axons reaching the median eminence could not
be established.

The karyometric and histological results can only he interpreted by com-
paring them with the results of physiological investigations. Several observa-
tions indicate a parallelism between the aldehyde-fuchsin positive elements
of the avian hypothalamus and its CRF activity. Apart from the median
eminence, only the supraoptic region has a considerable CRF activity (Peczely,
1969b). The CRF activity of the supraoptic area could not be decreased by
thioglycolate treatment, it did not react to thirst, but definitely decreased
upon the influence of prolonged metyrapone treatment (Peczely, 1971, in
press). On the other hand, a connection appears to exist between the aldehyde-
fuchsin positive secretion content and the CRF activity of the median eminence
(Peczely and Zboray, 1967).
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Metyrapone treatment for 4 and 14 days caused an increase in the
function of every aldehyde-fuchsin positive cell groups (secretion and deple-
tion, increase in nuclear volume). Four-day treatment resulted in a consider-
able depletion in the anterior median eminence, whereas 14-day treatment
caused a significant transportation and accumulation of the secretion in the
external zone together with a presumable further depletion.

Metyrapone treatment for 14 days increased the CRF activity of the
median eminence (Péczely, unpublished results) and caused a hypertrophy
of the ACTH cells of the adenohypophysis (Tixier-Vidal et ah, 1968; Péczely
and Szokoly, 1969).

Prednisolone treatment induced an accumulation of secretion in the
aldehyde-fuchsin positive nuclei, while the changes in nuclear volumes were
of a different character. The accumulation of the secretion took place in the
neuro-haemal zone of the median eminence, while it disappeared in the reti-
cular stratum. This shows that the transportation of secretion decreased to-
ward the external zone and the neurohormone depletion was inhibited.

Similar histological changes have been observed in the median eminence
under the influence of ACTH (Péczely, 1966a).

In earlier studies, CRF activity of the median eminence was consider-
ably decreased by prednisolone treatment (Péczely, 1969a) and an accumu-
lation of secretion in the epsilon cells as well as a parallel increase in pituitary
ACTH content was noted (Péczely and Szokoly, 1969).

The functions of all aldehyde-fuchsin positive cells are enhanced by
insulin. Characteristic changes occur in the median eminence: the stained
secretion disappears from the rostral part of the anterior median eminence,
meanw'hile in the front of the posterior median eminence many aldehyde-
fuchsin positive granules appear. A similar change has been observed by
Kawashima et al. (1964) in the median eminence of Zonotrichia under the
influence of thirst; the depletion was brought into connection with the hyper-
trophy of the adrenal cortex.

The median eminence of pigeons killed 8 hours subsequent to insulin
treatment (40 1.U.) showed practically no CRF activity (Péczely, 1969a).

These results render it probable that the CRF activity of the pigeon’s
hypothalamus is connected with the aldehyde-fuchsin positive neurosecretory
system in the anterior hypothalamus and the median eminence. However,
the methods used were unsuitable to determine the exact site of CRF for-
mation.

It should be emphasized at the same time that according to literary
data (Frankel et al. 1967b; Frankel, 1970; Péczely, 1969b), the pars
nervosa and the ADH system do not play any considerable role in the regu-
lation of corticotropic function either in vivo or in vitro. The histological re-
sults are in accordance with the above statements, since the neurosecretion
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content of the neurohypophysis was not significantly altered either by ACTH
(PECZELY, 1966a) or by metyrapone, prednisolone and insidin. Metyrapone
and insulin caused an increase, while prednisolone a decrease in nuclear vol-
umes, mainly in the arcuate nucleus of the tubero-infundibular area. The role
of tile ventral tuberal area in the regulation of corticotropic function has been
shown by Frankel et al. (1967a) using the experimental lesion technique.
At the same time, the tubero-infundibular region showed no considerable
CRF activity in vitro (Péczely, 1969b), so that it seems improbable that
the CRF should he formed in this region.

Monoamine containing cells of periventricular localization have been
found by Sharp and Follett (1968; 1969) in the infundibular area, the axons
of which together with those of the non-fluorescing aldehyde-fuchsin negative
cells of the most lateral localization, terminate in the external zone of the
anterior and posterior median eminence. According to these authors (Sharp
and Follett, 1969), in the quail the fluorescence originates from dopamine
and norepinephrine, which presumably play a role in the regulation of adeno-
hypophysial functions.

It has been shown in the rat by Akmayev and Donath (1965) that the
fluorescing substances of the median eminence react well to adrenalectomy
and hydrocortisone treatment. Nevertheless, some authors (Carr and Moore,
1968; Hirs and Moore, 1968; Barry 1969) claim that there is no correlation
between the catecholamine content of the brain and the corticotropic functions,
and metyrapone and cortisone did not alter the fluorescence of the infundu-
bular nucleus.

Both the literary data and the results of our histological investigations
indicate that the tubero-infundibular area might he connected with the regu-
lation of ACTH secretion. It may be assumed that this area modulated the
CRF activity of birds at the level of the median eminence either as part
of tht* monoaminergic system of the hypothalamus or through cholinergic
mechanisms. This assumption is supported by the results of Matsui (1966;
1969b) who described synaptic and synaptic-like connections between the
monoaminergic and neurosecretory fibres as well as between the monoaminer-
gic and glial fibres of the median eminence in the pigeon.
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DIE WIRKUNG DER METOPIRON-, PREDNISOLON- UND INSULIN-
BEHANDLUNG AUF DEN HYPOTHALAMUS DER HAUSTAUBE

P. PECZELY

Der Hypothalamus von Haustauben, die nach vier- und vierzehntdgiger Behandlung
mit 10 ing/die Metopiron, nach viertdgiger Behandlung mit 3x5 mg/die bzw. zwo0lftdgiger
Behandlung mit 5 mg/die Prednisolon und acht Stunden nach einmaliger intravendser Verabrei-
chung von 40 IF] Insulin getdtet wurden, wurde mit histologischen und karyometrischen
Methoden untersucht. Viertdgige Metopironverabreichung verursacht in den prdoptischen,
lateralen und medialen Zellgruppen des N. supraopticus und im N. arcuatus Kernvolumen-
vergrofRerung, Funktionsanstieg der acidophyl-positiven (AF +) neurosekretorischen Zellen,
ferner starke Sekretausscheidung in der vorderen Eminentia mediana. Vierzehntdgige Meto-
pirongaben rufen in den préoptischen und lateralen Gruppen des N. supraopticus, im N.
paraventricularis und im N. arcuatus starke Kernvolumenvergréferung, bedeutenden Sekret-
transport der AF' -(- Zellen, und in der vorderen Eminentia mediana das Auftreten einer
grolen Masse von AF + Sekret herbei. Viertdgige Prednisolonadministration hat in der
préoptischen Zellengruppe des N. supraopticus, im N. paraventricularis und im N. arcuatus
ausgepragte Kernvolumenverminderung, Akkumulation des Sekrets der neurosekretorischen
Zellen und in der vorderen Eminentia mediana Sekretanhdufung geringeren Grades zur Folge.
Zwolftagige Prednisolonbehandlung bewirkt in den prdaoptischen und lateralen Gruppen des

9 Acla Morphologica Academiae Scientiarum Hungaricae 19, 1971



122 P. PECZELY

N. supraopticus, im N. paraventricularis, im N. arcuatus und N. tuberis bedeutende Kern-
volumenverminderung bzw. in den neurosekretorischen Zellen Sekretakkumulation und im
Stratum palisadicum der vorderen Eminentia mediana Sekretanh&ufung. Nach Insulingabe
tritt mit Ausnahme des N. entopeduncularis in sdmtlichen untersuchten Zellgruppen eine
bedeutende KernvolumenvergroBerung auf. Die Sekretproduktion der neurosekretorischen
Zellen steigt an, der vordere Teil der vorderen Eminentia mediana wird vollig entleert, wéh-
rend im vorderen Teil der hinteren Eminentia mediana AF -f- Sekret erscheint. Die angewandten
Eingriffe riefen keine auffallenden Verdnderungen im Sekretgehalt der Pars nervosa herbei.
Die Resultate deuten darauf, daB das AF -j- Neurosekretionssystem im vorderen Hypothala-
mus — Eminentia mediana in engem funktionellen Zusammenhang mit der kortikotropen
Aktivitat steht. In der Steuerung der ACTH-Synthese dirfte jedoch auch dem N. arcuatus
eine wichtige Rolle zukommen.

BJIMAHWE OAYN METOMWPOHA, MPEAHN3O/IOHA N NHCYJIMHA
HA TUMOTAJIAMYC OOMALLUHEIO ronybe4d

n. NEUENN

MmnoTanamyc rony6eid, 3a6MTbIX NOCMe YeTbIPEXAHEBHOM W YeTbIpHaAUATUAHEBHOM faun
100 Mr meTonMpOHa B CYTKW, YeTbIpPeXAHEBHON faun 3 pasa no 5 Mr npegHW30/I0Ha B CYTKM,
[BeHaAuaTUAHEBHON daun 5 Mr npegHU30/10Ha B CYTKM M 4Yepe3 8 4acoB Mocie OLHOKPATHOM
BHYTPMBEHHON WHbekumn 40 ME wHcynuHa, 6bU1 MccnefoBaH FUCTONOTUYECKMMU U Kapwo-
METPUYECKUMUN MeTodamu. UeTblpexjHeBHas jadya MeTonupoHa obycnaBnvBaeT B NpeaspuTesib-
HOM, natepanbHOM Y MeauNbHOM KNETOYHbIX Fpynnax Haf3puTenbHOro sapa v B AyroobpasHom
AAPe YBeNMYeHWe AfepHOro 06bema, MOBbIeHVe (YHKUUKN  aungotmnbHO-NONOXUTENbHbIX
(AF +) HelpoCeKpeTOPHbIX KNEeTOK U B MepeHEM CpedHeM BO3BbILLEHWUN 3HAUNTENIbHOE Bblgene-
HWe cekpeTa. YeTblpHaguaTWAHEBHOe BBefeHVE METOMMPOHA BbI3bIBAET B MPeL3PUTENIbHON U
60KOBOW rpynnax Hag3puTenbHOro A4pa, B NapaBeHTPUKYNSPHOM U AyroobpasHoM sigpax 3Ha-
YMTeNbHOE YBeNMYeHNe SAepHOro o6bema 1 YCUeHHbI TpaHenopT cekpeTa AF + KNeTok, u B
nepegHeM cpefHeM BO3BbILLEHWUM MOSABMeHWe 6onbLuoii Maccbl AF -f- cekpeTa. UeTbipexgHeBHas
faya npegHM30M10HA MPUBOAUT B NPeA3pUTENbHOM Fpynne Haa3puTenbHOro sapa, B MapaBeH-
TPUKYNSPHOM U fyroobpasHoM sifpax K BblIPaXKeHHOMY YMEHbLUEHUIO SAfepHOro 06bema, K ak-
KYMYNALMIO BblAeNeHNs1 HeMpOCEKPETOPHbIX K/ETOK W B MNepefHeM CpefHEM BO3BbILLEHUN K
HaKOMN/EHMIO CeKpeTa MeHbLUero pasmepa. [BeHaguaTuiHeBHasA faya NpPeAHM30/I0HA Bbi3bIBaeT
B NpeA3pUTEeNbHONW 1 naTepasibHOW K/IETOYHbIX Fpynnax Haa3puTesbHOro fapa, B napaBeHTpu-
KYNSpHOM B AyroobpasHom fgpax v B n. Tuberis 3HaUMTeNbHOE YMeHbLLEHWe SAePHOI0 06beMa,
B HEMPOCEKPETOPHbIX K/ETKaX HaKOM/eHVe CeKpeTa, a B MasMCcafHOM Cfl0e NepesHero CpegHero
BO3BbILLIEHNA aKKyMynsUuMIO BblgeneHns. Mocne BBeAEHUS WHCYNNHA, 3@ UCKOYEHWe,M n. en-
topeduncularis, Bo BCex MUCCMeA0BaBLUMXCA K/ETOUHbIX Fpynnax HacTynaeT 3HauMTeNbHOe yBe-
NnyeHve agepHoro obbema. MNoBblwaeTcs 06pasoBaHVe BblfeneHN B HelipOCEKPETOPHbIX KeT-
Kax, MepefHss 4acTb NepefHero CpefHero BO3BbILLEHUS COBEPLUEHHO OMOPOXHSAETCH, B TO
BPeMs KaK B MepedHeli 4acTu 3afjHero cpefHero Bo3BbllweHns noseaseTca AF + cekpeT. B pars
nervosa npUMeHsieMble aBTOPOM BMeLUATeNbCTBA He Bbi3biBa/IM NOPa3sUTENbHbIX U3MEHEHWU B
cofepxXaHum cekpeta. Pe3ynbTaTbl yKasblBalOT Ha TO, 4To AF + HelipoceKpeTopHas cuctema
nepegHero rvnoTtanamMyca — CpefHEro BO3BbILEHUS HAxXOAUTCA B TeCHOM (YHKLUMOHa/IbHOM
CBSI3N C KOPTMKOTPOMHOM aKTMBHOCTbIO. B TO e Bpems nonaraeTcs, YTO B peryinmpoBaHuu
cekpeuun AKTI gyroobpasHoe sapo TakXXe UrpaeT BaXKHYH pofib.

Dr. Péter Péczely: ELTE Alt. Allattani és Osszehasonlité Bonét. tsz.
Budapest VIIIl., Puskin u. 3., Hungary
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EFFECT OF REPTILASE ON THROMBOHAEMORRHAGIC
REACTIONS

S. Toth, G. Lévai and T. Szilagyi

(Received June 25, 1970)

Administration of reptilase promotes the development and increases the inten-
sity of the generalized Shwartzman reaction in the rabbit. It induces severe thrombo-
haemorrhagic and necrotic changes in the kidney of all animals.

Thrombohaemorrhagic and mastocalcergic changes induced according to Selye
et al. in rats were aggravated by reptilase treatment while this had no effect on acute
conditioned necrosis.

The present experiments supplied further information about the role of blood-
clotting in the examined states.

According to Jancso [4], there is a correlation between experimental
inflammation and blood coagulation. It was shown in our earlier experiments
[12] that reptilase considerably intensified the local Shwartzman reaction.

Selye et al. have elaborated various methods to induce inflammatory
and thrombohaemorrhagic changes [10], necrosis |7] and calcification [8]
in rats.

It was after these antecedents that we studied the effect of reptilase
on several reactions of this kind as also on the development of the Shwartz-
man phenomenon.

Materials and methods

Generalized Shwartzman reaction. Intravenous DL20 amounts of E.coli 0111 endotoxin
prepared according to Boivin were administered to rabbits with body weights of 2000 + 200 g,
and the injection was repeated after 24 hours. The animals were killed after another 24 hours
and the gross renal lesions evaluated (0 —unchanged, 1 - moderate, 2 marked, 3
grave haemorrhagic necrosis). At the same time, specimens obtained for histological study
were fixed in Susa’s solution, embedded, and stained with Endes’ trichrome [2], Weigert’s
staining and in some cases with PAS. A number of rabbits received after the second dose of
endotoxin a single intravenous injection of 1 KU reptilase (i.e. one unit of Klobusitzky Haemo-
coagulase “Disperga”, Dr. C. SZALAGYI, Vienna); another group (controls) received 1.5 KU
reptilase instead of the second endotoxin injection.

Wi istar rats of 100 g weight were used in another series of experiments. In the control
animals (i.e. those not treated with reptilase), reactions of medium intensity were induced.

Thrombohaemorrhagic phenomena. A group of rats was injected with 2 mg carrageenin
(Marine Colloids Inc., USA) and members of another group with 2 mg ScCljJ(K and K Labo-
ratories, USA) in 1 ml volume intravenously. At the same time, the animals of both groups
received into the right hind paw 100 fig adrenaline (G. Richter Ltd., Hungary) in a volume
of 0.1 ml. One group then received intramuscularly 0.5 KU reptilase, the other physiological
saline. Intensity of the graded (0- 3) reactions was measured after 24 hrs.

Mastocalcergy. Simultaneously with the intravenous injection of 5 neutral lead acetate
(CH3C0O0)2, (Fisher Scientific Co., USA) 175//g 5-1IT (5-hydroxytryptamine creatinine sulphate,
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Fig. 1. Glomerulus with intact nuclear staining beside impaired, segmentally necrotized glo-

merulus adhering to Bowman’s capsule and showing vascular congestion. Note diminished

nuclear staining (basophilia) in the majority of tubules, further interstitial leucocytic infiltra-
tion. Haematoxylin-eosin, X 380

Fig. 2. Weigert-positive substance in the glomerular capillary walls. Weigert’s staining. X 140
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>lerck, Germany) or 150 //g 48/80 (Wellcome Research Laboratories, Canada) was injected
subcutaneously into the back of the rats in volumes of J ml. To other rats also 0.5 KU reptilase
was administered intramuscularly and the injection repeated 12 hrs later. The extent of
calcification was determined on the sixth day.

Acute conditioned necrosis. One group received intravenously 1 mg 5-HT, the other
0.1 mg 18/80 and simultaneously also a deep intracutaneous injection of 200 mg NaCl in 2 ml
volume into the back. The reptilase-treated animals were injected intramuscularly with 0.5
KU. Evaluation took place 24 hrs later.

Fig. 3. Endes-positive substance in the capillaries of both glomeruli, especially at the vascular
pole. Vascular congestion. Endes’ trichrome, X 340

Results

Gross inspection of the kidney revealed signs of the Shwartzman
reaction in all rabbits treated with reptilase (Table I) and only in about 66%
of the controls.

The kidney of rabbits which had received reptilase showed extensive
haemorrhage and necrosis. The vessels were hyperaemic, and the hyperaemia

Table |
Effect of reptilase on the generalized Shwartzman phenomenon

Number of Intensity.of renal lesions* Average
animals .
0 1 2 3 of reaction
y Control 3 3 3 0 1.0
11 Reptilase 0 4 4 3 1.9

=0 unchanged, 1= moderate, 2 marked, 3 =grave
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turned into congestion at some points of the cortex (Fig. 1). Numerous vessels
were obstructed by an erythrocyte mass in which the nuclear staining of
the leucocytes and the presence of fibrin were observable. Staining with Endes’
trichrome revealed a brick-red granular substance in the wall of certain ves-
sels which gave a positive fibrin reaction with Weigert’s staining (Figs 2, 3).
This phenomenon appeared also in the basement membrane of the glomeruli.

Fig. 4. Glomeruli and tubules with slight or no nuclear staining in the necrotic area (right upper
corner). Massive interstitial leucocytic infiltration at the boundary of necrotic area. Haema-
toxylin-eosin, X 180

Stained with PAS, the substance reacted positively in the vessel walls and
in the glomerular membranes alike.

There were necrotic areas in the cortex where the nuclear staining wras
weak or absent in the epithelial cells of the tubules and in several glomerules.
Signs of demarcation were observed at the periphery of the necrotized areas
(Fig. 4). These lesions were focal in mild and extended over the entire cortex
in grave cases.

The histological changes were considerably more serious than the renal
lesions observable in the generalized Shwartzman phenomenon and appeared
rather as special forms of ischaemic necrosis.

Administration of reptilase notably increased the intensity of the throra-
bohaeinorrhagic phenomenon, no matter whether carrageenin or ScCI3 has
been used in pretreatment (Table II).
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Table 11

Effect of reptilase on the thrombohaemorrhagic phenomenon

Carrageenin adrenaline

Number of Degree of reaction* _Average
animals Treatment intensity
0 1 2 * of reaction

n 0.5 ml physiol, saline 3 | 4 3 1.6

14 Reptilase 0 0 5 9 2.6

ScCl., -)- adrenaline
15 0.5 ml physiol, saline 2 8 5 0 1.2
14 Reptilase 0 1 5 8 2.5
* See Table |

The mastocalcergie reaction was likewise enhanced in the reptilase treat-
ed group at the sites of the 5-HT and 48/80 injections. Calcification extended
to the deep dorsal muscles (Table I11). That reptilase intensified this reaction
is worthy of note because only calcification and necrosis but no inflammatory
or thrombohaemorrhagic changes were seen by the sixth day.

Reptilase treatment had no effect on acute conditioned necrosis which
on gross examination appeared to have a thrombohaemorrhagic character
(Table 1V, Fig. 5).

Table 111

Effect of reptilase on the mastocalcergie reaction

Areas of omalcification, cm «cm
Local treatment

Controls After reptilase

5-HT 1.0 3.0
1.0 3.0

2.0 6.0

2.0 9.0

1.0 3.0

Average 1.4 4.8
48180 3.5 8.0
4.5 16.0

4.5 6.0

4.0 6.0

4.0 9.0

Average 4.1 9.0
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Table 1V
Effect of reptilase on conditioned acute necrosis

Area in cm ecm at site of local treatment
Systemic treatment

Controls After reptilase

1 mg 5-HT 10.0 7.5
7.0 10.0

10.0 6.0

7.5 8.0

9.0 7.0

Average 8.7 7.5

0.1 mg 48/80 6.0 5.0
3.5 7.5

4.0 4.0

6.0 5.0

8.0 6.0

Average 55 5.5

Fig. 5. Acute conditioned necrosis in rat, 24 hrs after its onset
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Discussion

Reptilase, a thrombin and thrombokinase-like substance prepared
from the venom of the snakes Bothrops jararaca and Lachesis atrox, is known
to enhance thrombohaemorrhage, necrosis and calcification. In this view our
findings point to the role of blood clotting in these reactions.

Although young rabbits (weighing 1000 to 1200 g) are the most suscep-
tible in this respect, a generalized Shwartzman reaction cannot be elicited
in every case by the usual method [11], whereas reptilase invariably provokes
it even in adult rabbits. The reaction manifested itself with severe thrombo-
haemorrhagic and necrotic phenomena and the appearance of a Weigert and
PAS-positive substance.

Thrombocytes play a decisive role in the generalized Shwartzman pheno-
menon [3,5]; they are agglutinated by the endotoxin used for provoking the reac-
tion [1]. Reptilase, too, agglutinates the thrombocytes [6] and in this way
it presumably enhances the Shwartzman reaction or in rats, the thrombo-
haemorrhagic phenomena. Of course, owing to its thrombin-like action,
reptilase promotes coagulation also directly which explains the enhancement
of the thrombohaemorrhagic reaction.

Reptilase intensifies the mastocalcergic reaction; the thrombohaemor-
rhagic character was no longer marked when the experiment was evaluated.
Thrombohaemorrhage obviously occurs at the onset of the injury and that
time reptilase exerts its aggravating effect.

It is clear from the control experiments that reptilase in itself does not
elicit the examined reactions but enhances them markedly once they have
started. Reptilase had no effect on acute conditioned necrosis. This necrosis,
in contrast to the mastocalcergic reaction and the thrombohaemorrhagic
phenomena cannot be prevented by heparin pretreatment [9].
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DIE WIRKUNG DER REPTILASE AUF DIE THROMBOHAEMORRHAGI SCHEN
REAKTIONEN

S. TOTH, G. LEVAI und T. SZILAGYI

Reptilasebehandlung fihrte an Kaninchen zum Auftreten und zur Intensivierung der
generalisierten Schwartzman-Reaktion. Laut den Ergebnissen der histologischen Untersu-
chungen entstehen in den Nieren aller Kaninchen schwere thrombohaemorrhagische und
nekrotische Verédnderungen.

Im Rattenversuch verstarkte die Reptilasebehandlung ebenfalls die nach Selye und
M itarbeitern hervorgerufene thrombohaemorrhagische Erscheinung bzw. die mastokalzergi-
sche Reaktion; dagegen lbte sie keine Wirkung auf die akute konditionierte Nekrose aus.

Unsere Versuche ergeben weitere Angaben zur Bedeutung der Blutgerinnung bei den
untersuchten Erscheinungen.

OEVNCTBWE PEMTU/AA3bI HA TPOMBOIMEMOPPAIMYECKWVE PEAKLVN
W. TOT, I. NEBAWN n T. CUIALLU

BBefieHMe penTuiasbl MOBbLILLAET Y KPO/MKOB MHTEHCUBHOCTbL M pasBUTMe reHepanunso-
BaHHOV peakuun LliBapumaHa. CornacHo rMCTOMOTMYECKUM WCC/e0BaHUAM B MOYKAX scex
KPONIMKOB BO3HUKAIOT TsXKefble TPOMB0remMopparmueckme U HeKpoTMUeckune 13MeHeHUs:.

B onbITax Ha Kpbicax Moc/e Aayn penTuiasbl Takxe Hab/MHOAanoch ycueHvre Tpom6o-
remMopparvMyeckoro SIB/IeHUs WM MacTOKasbLEPrMyecKoil peakuuu, Bbi3BaHHOM MO  MeTopy.
Cenbe 1 COTPYAHMKOB; B NPOTUBOMOMOXHOCTb 3TOMY BBEAEHWE PenTunasbl He oKasano AeicTBus
Ha OCTPbIA KOHAMLMOHNPOBAHHbI HEKpPO3.

SKCNEepUMEHTbI aBTOPOB NPeoCTaB/AT HOBbIE JaHHbIe 0 3HAUYeHUN CBEPTbIBAHWSI KPOBM
Npy M3yueHHbIX ABMEHUSX.

Dr. Sandor Toéth
Dr. Géza Lévai Debrecen, Korélettani Intézet, Hungary
Dr. Tibor Sziragyi
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DYNAMICS OF THE CORTISONE-EFFECT ON MAST
CELL FORMATION

G. Csaba and L. HODINKA

(Received July 15, 1970)

A study has been made of the dynamics of the cortisone effect. Cortisone was
found to exert both acute and prolonged effects. A single dose elicits synchronously a
destruction and the formation of mast cells whereas later their destruction dominates
at the periphery. This is followed by a regeneration in the lymphatic organs, but destruc-
tion of mature cells occurs even after 5 days. Prolonged treatment caused a similar
destruction as a single dose hut mast cell formation increased slowly. After cortisone
treatment a large number of mast cells was found in the bone-marrow, showing the
same reaction as those in the thymus and lymphatic organs.

There was a difference in behaviour between the peritoneal mast cells and those
in tissues. Among the latter in the thymus and lymph nodes there occurred stem cells
containing only biogenic monoamines while such cells were not found among the peri-
toneal ones. It is supposed that the formation of mast cells takes place only in the
lymph organs and perhaps in the bone-marrow, and only a maturation of these cells
occurs at the periphery. Upon the influence of strong stimuli, histamine appears in
the epithelial structures of thymus, too.

Introduction

Cortisone is known to induce mast cell formation [13], to enhance the de-
velopment of young mast cells in the lymphatic organs and their maturation at
the periphery. The hormone causes at the same time a degranulation of mast
cells [9]. These effects of cortisone have been noted after both acute and pro-
longed treatment [9], but it is not clear what a connection exists between the
mast cell formation and destruction induced by cortisone and the dosage,
the length of treatment and perhaps other factors. Similarly it is not clear
whether these effects are similar or different in the organs of mast cell produc-
tion and storage.

Experiments have therefore been performed to study the following ques-
tions.

1. How are correlated the effects of cortisone on the formation and
destruction of mast cells ?

2. Do the peritoneal and tissue mast cells react identically to cor-
tisone ?

3. How does the relation of heparin and biogenic amines change in the
cortisone-induced tissue and peritoneal mast cells?
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Material and methods

A) A total of 24 male, inbred Wistar CB rats of 200 g body weight were used. Half
of them received a single intramuscular 10 or 5 mg per 100 g body weight dose of cortisone
acetate (Adreson, Organon). Specimens were obtained 1, 3 and 5 days later from two animals
each. The other group was treated with 5 mg per 100 g body weight of cortisone acetate three
or six times and specimens were obtained 1, 3 and 5 days after the treatment from two animals
each. The thymus, an axillary lymph node and a bone-marrow sample were fixed in cold
absolute ethanol, embedded in paraffin and subjected to iron-alum alcian blue-safranin
staining [10]; paraformaldehyde induction (P) according to Falck [15] for the demonstration
of serotonin fluorescence; orto-phthal-aldehyde induction (OPT) according to Juhlin and
Shelley [17] for the demonstration of histamine fluorescence. Furthermore, the abdominal
cavity ofthe rats was washed with identical quantities of an isotonic solution of sodium citrate;
from the washing fluid thick drops were prepared and stained with alcian blue-safranin.

B) In these experiments 10 male Wistar CB rats of 150 —180 g body weight were used.
Four animals served as controls while 6 rats were treated intramuscularly with 5 mg
per 100 g body weight of cortisone acetate. Three of the animals were studied 24 hours after
a single dose whereas the other three after three days treatment. Either the OPT or the P
reaction was carried out first onthe mastcell preparations described above. Pictures were taken
from 20 fields of fluorescent preparations then they were stained with alcian blue-safranin.
The corresponding areas were identified and the number of fluorescing and stained cells was
compared.

Results

Ajl. One day after a single 10 mg per 100 g body weight dose of corti-
sone a limited number of mast cells was in the thymus while they were abun-
dant in the lymph node and the bone-marrow (Fig. 1). The great majority
of the mast cells in the lymph node was alcian blue-positive, several forms of
development could be found in the thymus, whereas in the bone-marrow there
were only a few safranin-positive and mostly alcian blue-positive mast cells.
Most of them were considerably damaged, disrupted. Many fluorescing cells
were observed in the organs. Most of those in the thymus were found at the
eorticomedullary border. A number of peritoneal mast cells was found; few
wekre degranulated but plenty of so-called “cadaver cells” [3] occurred (Fig.
2). The majority of cells seemed abnormal.

Three days after treatment, the number of mast cells was increased in
the thymus (Fig. 3) while in the lymph node it decreased as compared to the
situation observed after one day. A large amount of mast cells was observed
in the bone marrow, practically all of them were damaged. A high number
of mast cells was revealed by the OPT and P methods. Among the peritoneal
mast cells many “cadaver cells” were seen, with a wide alcian blue-positive
halo surrounding them (Fig. 4). Intact mast cells could not be found.

Five days after the treatment, few7mast cells could be seen in the thy-
mus, while they wkre numerous in the lymph node and a vast number of degran-
ulated ones wds present in the bone marrow. The fluorescence was of moderate
intensity. The number of peritoneal mast cells was high and they were mostly
undamaged.
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Fig. 1. Bone-marrow one day after a single 10 mg per 100 g body weight dose of cortisone.
Mostly alcian blue-positive mast cells. Alcian blue-safranin, 25 X 10
Fig. 2. Peritoneal mast cells one day after a single 10 mg per 100 g body weight dose of corti-
sone. “Cadaver cells” and degranulating mast cells. Alcian blue-safranin, 25 X 10
Fig. 3. Numerous degranulating mast cells in the thymus, 3 days after a single 10 mg per 100 g
body weight dose of cortisone. Alcian blue-safranin, 40 X 10
Fig. 4. Peritoneal mast cells, 3 days after a single 10 mg per 100 g body weight dose of corti-
sone. The alcian blue-positive cells are surrounded by an alcian blue-positive halo. Alcian
blue-safranin, 25 X 10
Fig. 5. Bone-marrow overcrowded with mast cells, one day after a single 5 mg per 100 g body
weight dose of cortisone. Alcian blue safranin, 25 X 10
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A/2. One day after a single 5 mg per 100 g body weight dose of cortisone
a limited number of mast cells was present in the thymus, hardly any were
overcrowded with degranulated mast cell (Fig. 5). A great number showed
OPT and P fluorescence in the thymus and lymph node (Fig. 6), their amount
outnumbered that of stained cells. A large number of peritoneal mast cells
occurred; they seemed to be intact.

Three days subsequent to the treatment, the number of mast cells decreas-
ed both in the organs and the peritoneal fluid. Almost every peritoneal cell
showed an alcian blue-positive halo and they were of “cadaver” character.
Few fluorescing cells were present in the thymus and the lymph node.

Five days after treatment the organs contained few mast cells and
there occurred only alcian blue-positive ones in the bone marrow. They were
partly degranulated. Similarly, a few of them were revealed by the fluores-
cence method. The peritoneal mast cells were not degranulated but they were
not entirely normal.

A/3. One day after the three times repeated administration of 5 mg per
100 g body weight of cortisone a limited number of mast cells occurred in the
organs and peritoneal fluid, and they were mostly degranulated, and few
of them displayed fluorescence.

Three days after treatment, both the organs and the peritoneal fluid
contained many mast cells. They did not seem normal, and plenty “cadaver
cells” occurred. Cytoplasmatic granulation as well as degranulation were
frequent, fluorescing cells were few.

Five days subsequent to the last treatment, a medium amount of de-
granulated mast cells were surrounded by an alcian blue-positive halo. The
number of fluorescing cells corresponded to that of stained ones.

A/4. One day following the six time repeated administration of 5 mg
per 100 g body weight of cortisone a vast number of mast cells was found in
both the organs and the peritoneal fluid. Many of them were degranulated,
the amount of fluorescing cells was identical with that of stained ones.

Three days subsequent to treatment, the number of mast cells was
high in both the organs and the peritoneal fluid, but their incidence was lower
than one day after treatment. The cells were degranulated, except those of
the peritoneal fluid which seemed intact, but stained mainly with alcian blue.
The amount of fluorescing cells corresponded to that of stained ones.

Five days after the last treatment, many mast cells were observed in
both the organs and the peritoneal fluid. There were numerous safranin-
positive forms among the mast cells of the bone-marrow and the peritoneum.
Many fluorescing cells could be seen in the thymus (Fig. 7), the cells lining
(he cysts showed OPT fluorescence (Fig. 8).

B) Among the 286 mast cells taken from controls and animals treated
with cortisone for 1 or 3 days, not a single cell was found to contain only one
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Fig. 6. Strongly fluorescing lymphoid cells in a lymph node, 3 days after a 5 mg per 100 g
body weight dose of cortisone. Fluorescence is localized in the cytoplasm, lhe area of the
nucleus shows no flurescence. One hour paraformaldehyde induction, 25 X 10
Fig. 7. Large number of mast cells in the thymus 5 days after a six times repeated 5 mg per
100 g body weight dose of cortisone. OPT reaction, 25 X 10
Fig. 8. Fluorescing epithelial lining cells surrounded by mast cells in the thymus, 5 days
after a six times repeated 5 mg per 100 g body weight dose of cortisone. OPT reaction, 25 X 10
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component. All the cells contained biogenic amines and heparin. The cells
of the cortisone-treated animals were similar in this respect. Results are sum-
marized in Table I.

Table |

Number of cells containing serotonin, histamine and heparin

Cortisone
Control Sum total
1 day 3 days

Histamine +

Heparin — 0 0 0 0
Histamine +

Heparin + 45 52 47 144
Histamine —

Heparin 4- 0 0 0 0
Serotonin +

Heparin — 0 0 0 0
Serotonin

Heparin 4- 39 55 48 142
Serotonin —

Heparin + 0 0 0 0

Discussion

A number of papers [22] discussed the effect of cortisone on the mast cells.
W ithout supposing the inductive role of cortisone in mast cell formation,
it has been stated that the number of mast cells increases [21] or decreases
[1, 2, 4] under the influence of cortisone, or the hormone is indifferent in this
respect [14, 18, 23, 24]. Thus the possibility arose that cortisone might have
manifold effect on the mast cells, the more so as our earlier experiments [8, 9,
13] where the inductive effect of cortisone in the mast cell formation has
been observed, its destructive, degranulating effect has also been recorded.

The present findings, although they did not solve the problem, throwed
some light on the dynamics of the cortisone effect. Thus, cortisone proved to
have both acute and prolonged effects on the mast cells. Twenty-four hours
after the single cortisone treatment, there was a great number of degranulated,
and decomposed mast cells, while there also appeared newly formed cells.
Comparing this fact with our earlier results [7] demonstrating that glucocorti-
coids are increasing the number of mast cells after a few minutes and cause
a degranulation, one can conclude that the constructive and destructive effects
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of cortisone start almost synchronously. Mast cell formation in the lymphatic
organs was intense after 3 days, whereas in the peritoneum the destruction
dominated. Five days after a single dose, the destructive effect still persisted
while the formation of new cells was expressed. On the hasis of these obser-
vations one may assume that immediately after cortisone administration the
drug accelerates the development of suitable intact cells and after an exhaus-
tion of the cell pool, the destruction of mast cells will dominate. Later, on the
third day, again new cells become suitable for mast cell transformation and
regeneration of the stores begins from them.

After the prolonged cortisone treatment, the destruction did not seem
to be more intense than after a single dose, indicating a strong effect of corti-
sone on the mast cells. The formation of new cells gradually increased and
reached a maximum on the fifth day. At the same time, histamine fluorescence
Teas observed in the epithelial elements of the thymus, demonstrating the
ability of the entodermal epithelium of this organ to produce biogenic amines.
The cells of almost every entodermal endocrine gland contained serotonin [5,
16, 19, 20] but this was not shown in the thymus. The phenomenon allowed
to assume that the formation of biogenic monoamines should be considered
a general capacity of the entodermal cells, manifesting itself in the thymus
only under the influence of extreme inductive effects.

The bone-marrow may contain a vast number of mast cells in special
situations such as after cortisone treatment. The presence of mast cells in the
bone-marrow of rats has not been proved unequivocally [22]. On the basis
of our findings it may be stated that mast cells are present in the bone marrow
and the changes of the mast cell reactions run parallel with those of the lym-
phatic organs. It seems likely that the presence of mast cells in the rat’s bone
marrow has remained unrecognized owing to technical reasons, viz. the major-
ity of the cells is alcian blue-positive, failing thus to be stained with basic
dyes at an acid pH.

Quantitative conclusions cannot be drawn from our findings. Thus,
we could not decide the significance of the great number of mast cells in the
bone-marrow during the regeneration subsequent to cortisone treatment (see
group A/4 at 5 days). It is possible that the stem cells arrive from the thymus
in the bone-marrow or vice versa. Further investigations are needed to decide
this question.

It seemed from our findings that the peritoneal mast cells and those of
tissues behave differently. Disintegration and disruption of tissue mast
cells were of a higher degree and varied more in time than that of the perito-
neal ones. This may have been the consequence of the different techniques
applied in the case of tissues and of the thick smears. However, il this is not
the case, one has to suppose the peritoneal mast cells to he more resistant
than those of tissues.
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The tlifference between the two kinds of mast cell appeared also in the
ratio of amines to heparin. It has been shown earlier [9] that while cortisone
increases the destruction of mast cells at the periphery, new cells are formed
in the thymus and lymph nodes. Our present findings showed that cells con-
taining biogenic amines without heparin did not occur at the periphery,
whereas they were present in the lymphatic organs. This allowed to assume
that, as a result of the biogenic amine effect [11] heparin synthesis started
in the lymphatic organs and by the time the cells are arriving to the periphery,
perhaps through the blood stream [12], even the youngest forms contain all
three components of the granules. This supports the assumption that under
normal circumstances mast cell formation does not take place at the periphery,
where only the maturation of the youngest, lymphoid forms occurs.
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DYNAMIK DER KORTISONWIRKUNG BEI DER BILDUNG
DER MASTZELLEN

G. CSABA und L. HODINKA

Bei der Untersuchung der Dynamik der Kortisonwirkung stellten die Verfasser im Laufe
ihrer Untersuchungen fest, daB die Kortisonwirkung gleichzeitig akut und dauerhaft ist.
Eine einmalige Kortisondosis induziert gleichzeitig die Destruktion und die Bildung von
Mastzellen, spéter tritt an der Peripherie die Destruktion in den Vordergrund, welcher in
den lymphoiden Organen die Regeneration folgt, aber die Destruktion der reifen Zellen dauert
auch noch dann (nach finf Tagen) an. Im Falle prolongierter Behandlung ist die Destruktion
nicht groRer, als nach einmaliger Dosis, aber die Zellbildung verstarkt sich nur langsam. Im
Knochenmark ist nach Kortisonbehandlung eine grole Menge von Mastzellen zu finden und
ihre Reaktion ist mit jener der im Thymus und in den lymphatischen Organen befindlichen
Mastzellen identisch.

Zwischen dem Benehmen der Mastzellen der Gewebe und des Bauchfells besteht ein
Unterschied. In den Mastzellen in den Geweben (im Thymus, in den Lymphknoten) kommen
auch nur biogene Amine enthaltende Urzellen vor, wahrend das zwischen den peritonealen
Mastzellen nicht der Fall ist. Verfasser nehmen an, daf die Bildung der Mastzellen nur in den
lymphatischen Organen vielleicht im Knochenmark vor sich gehen und daB dann an
der Peripherie nur die weitere Reifung dieser Zellen geschieht. Auf Einwirkung eines sehr star-
ken Reizes erscheint auch in den Epithelialgebilden des Thymus Histamin.

OVWVHAMUKA LENCTBUHA KOPTW3OHA HA OBPA3OBAHMWE TYUYHbIX KMETOK
O. YABA n 1. XOOANHKA

Mpy M3y4eHUN JUHAMUKN IeACTBUSI KOPTM30HA aBTOPaMU 6BbII0 YCTAHOB/IEHO, UTO FOPMOH
OKa3sblBaeT paBHbIM 06pa3oM Kak 0ocTpoe, TaK W MPOYHOE AeiicTBMe. PasoBasi 403a KOpPTM3OHa
BbI3bIBaET JECTPYKLMIO U 06pa3oBaHue Ty4YHbIX K/IETOK OfHOBPEMEHHO, a 3aTeM Ha nNepudepum
noslyyaeT nepeBec AeCTPYKLMS, MOC/E Yero B IMMGONAHbIX OpraHax NpoMCXoauT pereHepauus.
OpfHaKo JecTpyKLMS 3pefibiX KNeTOK NPOAO/KaeTCs 1 B3TOI hase (nocne nATU AHeid). B cnydae
ONVTENbHOW faun KOpPTWM30HA [eCTPYKUMSA He NpeBbILAaeT paspyLUeHusl, HabnogaemMoro nog,
B/IUSIHUEM Pa30BOi 403bl, 0fHAKO 06pa3oBaHMe KNEeTOK MOBbILLAETCA TO/IbKO Mef/IeHHO. B KOCTHOM
MO3ry Noc/fie BBEAEHUSI KOPTM30Ha OBHapyXmBaeTcs GoMbluas Macca TYUHbIX K/ETOK, MpUYeM
nX peakuusi nofobHa peakuUMU TYYHbIX KETOK, HaxoAsLuxcsi B 306HOW enese U B numdatu-
YeCKMX OpraHax.

Mexzay noBefeHMEM TKaHEBbIX U MEPUTOHeasIbHbIX TYYHbIX K/ETOK Habngaetcs pas-
HMUA. B TKaHeBbIX TyYHbIX (B K/eTKax 306HO »Kese3bl, B MMMGaTUYECKNX y3nax) 06HapyXnBa-
10TCA TakXKe MepBOObITHbIE KNETKW, COAepXKallune TONbKO 6GMOreHHble aMUHbI, B TO BPEMSI Kak
Cpeay NepuTOHeasIbHbIX TYUHbIX KMETOK HET TaKMxX KNeTOK. ABTOPbI nosaratT, 4To o6pasoBaHue
TYUHbIX K/IETOK OCYLUECTB/SIETCA TOMbKO B MM(ATUYECKMX OpraHax — BO3MOXHO elle U B
KOCTHOM MO3ry — W 4TO Ha nepudepunt NPOUCXOAMT MWL faNbHelilliee CO3peBaHUe 3TUX Kle-
TOK. [lof BAWSIHWEM OYEHb CUIBHOTO pasfpaXKeHUs B aNUTeNabHbIX 06pa3oBaHUAX 306HON
Xenesbl MOSIBMSIETCA TaKXe TUCTaMUH.

Dr. Gyodrgy Csaba

Budapest 1X., T(zolté u. 58, Hungar
Dr. Laszl6 HoODINKA P ' ' gary
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STUDIES ON THE ORGANON VASCULOSUM LAMINAE
TERMINALIS

11l. VASCULARIZATION OF THE ORGANON VASCULOSUM LAMINAE TERMINALIS
IN THE RAT

T. Wenger and B. aros
(Received July 30, 1970)

The vascular apparatus in the organon vasculosum laminae terminélis (OVLT)
of the rat has been studied by means of Indian ink injection. As in numerous verte-
brates, the OVLT of the rat has a particularly characteristic vascular network. Its ves-
sels form multiple anastomoses, are wider than those of the adjacent organs, and run
tortuous courses. The OVLT receives its vessels from the preoptic artery which form
a uniform system of anastomoses. The whole plexus is shaped like a truncated cone
whose hase faces the ependyma. The vessels do not reach the lumen of the third ventricle,
nor do they protrude between the ependymal cells. The efferent vessels are thinner and
run partly to the anterior commissure and partly to the optic chiasma. A number of
other vessels, running in the lamina terminéalis towards the anterior commissure, are
likewise emitted by the preoptic artery: they fork off at the level of the OVLT and
do not communicate at its height with the vessels of this organ.

Theories regarding the function of the OVLT are still speculative and require
further investigation.

The anterior part of the third cerebral ventricle is constituted by the
lamine termindlis in which there is a characteristic vascular and cellular pat-
tern in the area above and in front of the optic chiasma. It has been termed
organon vasculosum laminae terminalis (to be called OVLT in the following)
by Hofer [6] and Mergner [8]. Since the OVLT is morphologically similar
to the subfornical organ and the area postrema, Hofer classified it also as
a circumventricular organ.

Literature contains several papers on the vascularization of the OVLT.
Duvernoy and Koritké [1, 2, 3, 5], having studied its vascular structure
in numerous vertebrates, found that — although more or less different in the
various species — it was nevertheless typical and closely similar to the vascular
apparatus of the area postrema and the subfornical organ.

There are several reports on the light- and electron-microscopic structure
of the organ [6, 8, 12, 15] which was found to be present in every vertebrate.
Since the available literature did not seem to contain data in respect of the

albino rat, astudy has been made of the vascular pattern ofthe OVLT in the rat.

Material and method*

Ten laboratory male albino rats (Rattus norvegicus) with body weights from 150 to
200 g were anaesthetized with ether and injected with 4- and 8-fold diluted Indian ink through

* The authors are indebted to Prof. J. G. Koritké for assistance in the use of the
method described.
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the initial se ment of the aorta. Gelatin was added to the diluted Indian ink at the ratio
2—3 g/100 ml, and the fluid was administered at body temperature. The brain was removed
and fixed in 4 and 10% solutions of formalin; some brains embedded in paraffin, and then
serially sectioned in the horizontal and the sagittal plane to thicknesses of 10, 100 and 180
micra. Other brains were treated according to Spalteholz (v. Romeis [11]). Some sections
were stained with haematoxylin-eosin, others left unstained.

We compared the OYLT of each animal with its own subfornical organ and median
eminence.

Results

Examination of the vascular structure was investigated with the knowl-
edge of the light- and electron-microscopic picture of the OVLT. By this
the organ of the rat consists of an outer and an inner part. The outer part,
abutting on the preoptic cistern, contains a few vessels surrounded by a wide
perivascular space in which collagen fibres and connective tissue cells are
observed. The external area contains moreover nerve and glial fibres. The
inner area is separated from the third ventricle by the ependyma which is
stratified in the area of the OYLT. There are numerous capillaries below;
these, too, are surrounded by perivascular zones and are narrower than their
counterparts in the outer area. Also a few so-called parenchymal cells are
visible. The nerve fibres contain many dense-core granides.

The OVLT receives its vessels from the initial segment of the preoptic
artery (Figs 1, 6), a branch of the anterior cerebral artery, originating from
the main trunk above the optic chiasma [3, 8]. The vessels are running along
approximately horizontal courses. They enter the lamina terminalis without
emitting branches and ramify into capillaries after a short path (Fig. 2)
along which they do not form anastomoses (Fig. 6). A plexus of anastomosing
wide capillaries is formed immediately beneath the pia mater which extends
as far as the ependymal cells (Figs 2, 3). This anastomotic structure resembles
a vascular glomerulus in the shape of a truncated cone whose base confronts
the ependymal cells. No vessels were observed between the ependymal cells,
in the interior of the ventricle or on the apical surface of the ependyma. Vessels
were dilated along certain segments (Fig. 4). Dilatations were especially marked
at the points of anastomoses. As many as four or five vessels converge to
some of these points, a phenomenon which turns the entire plexus into a sort
of labyrinth.

It was obvious from the sections (Fig. 5) that the vessels of the OVLT
were more closely packed and their anastomoses much more abundant than
those of the adjacent hypothalamic areas.

In the lower and upper part of the glomerular structure the vessels of
the OVLT unit to form capillaries whose lumina are narrower than those of
the anastomosing vessels. Some of the capillaries run towards the optic chiasma,
others to the anterior commissure (Figs 5, 6). There are two or three of the
latter: after a long course they reach the anterior commissure and disappear
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Fig. 1. Horizontal section of the preoptic cistern at the level of the OVLT. Arising from the
preoptic artery (1), three or four vessels are running horizontally (2) through the cistern
to the lamina terminélis (3) to ramify there. 100 micra; X 16
Fig. 2. Sagittal section showing the vascular structure of the OVLT. After a short segment
at the outside of the OVLT (A), a rich plexus of anastomoses is formed. Note the comparative
tenuity and scarcity of vessels in the adjacent areas. CPO preoptic cistern; CHO optic
chiasma. Arrow points to lumen of ventricle. 100 micra; X 40
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Fig. 3. Parasagittal section of OVLT. Arrows point to vessels filled with Indian ink. They
do not reach the lumen of the ventricle. 3 V = third ventricle; EP = ependyma of OVLT:
CPO preoptic cistern: PF = frontal lobe. 15 micra; haematoxylin-eosin, X 60

Fig. 4. Vascular pattern of OVLT. Note dilatations (A) and multiple anastomoses (B).
120 micra; X 160
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there. They probably empty into the pericommissural vascular plexus. The
vessels running towards the optic chiasma pierce the surface of the brain and
empty into the preoptic vein together with other vessels. We observed no

Fig. 5. Parasagittal section showing part of the OVLT and the lamina termindlis. Vessels aris-

ing from the vascular bed of the OVLT, run toward the anterior commissure (1). System of

thicker vessels running parallel to the former (2). Arrows point to capillaries of a different
character in the adjacent parts of the brain. 120 micra, X 25

direct communication between the vessels of the OVLT and those of the sub-
fornical area, nor did we find connections between the vessels of the OVLT
and the median eminence. The vascular pattern of these two areas was strik-
ingly similar, whereas the vascular similarity between the OVLT and the
subfornical organ appeared to be less pronounced.
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Another vascular system encountered in the area of the OYLT origi-
nates directly from the preoptic artery, enters the lamina terminals at the
level of the OVLT and runs steeply upward to the anterior commissure (Figs
5, 6). These vessels are wider than those running to the OYLT and do not
communicate with them at the level of the organ.

Fig. 6. Schematic illustration of lamina terminé&lis in the sagittal plane at the level of the
OVLT. The preoptic artery sends direct branches to the OVLT; they run in the outer part of
the OVLT to form a plexus of multiple anastomoses. Vessels lead from this capillary system
to the anterior commissure (CA) and the optic chiasma (CHO) (2). Arrow points to the direction
in which vessels of the lamina termindlis travel towards the anterior commissure. These vessels
arise from the preoptic artery at the level of the vessels of the OVLT (1). LT = lamina termi-
néalis; Il VENTR = third ventricle of the brain: CPO preoptic cistern: IlIl ventr. ep. =
= normal ventricular ependyma; OVLT ep. = ependyma of OVLT

Discussion

The characteristic vascular pattern of the OVLT (dilatation, intricate
anastomoses, tortuous course, thin efferent vessels) was unmistakably clear
in every animal. The picture of the organ and its surroundings was pratically
identical in all cases.

Our observation that the vessels of the OVLT are wider than those of
the adjacent areas agrees with the findings of Duvernoy and Koritké [3].
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The dilatations described by them [5] in humans were clearly visible in the
rats, too, Like the vascular configuration of all circumventricular organs,
that of the OVLT is also remarkably different from the vascular pattern of
the adjacent hypothalamic and telencephalic areas, a phenomenon giving
support to the contention of Hofer and Mergner [6, 8, 9] that the OVLT
is a circumventricular organ.

W eiivdl et al. [13] mention vessels which project into the lumen of the
third ventricle. We have failed to note this, nor did we find vessels between
the ependymal cells. This agrees with our earlier observation that a direct
communication between the ependymal cells and the vessels is possible only
if the basement membrane of the perivascular area is in contact with the
ependyma feet [14].

The efferent vessels of the OVLT are narrower than those which consti-
tute the anastomotic network. The morphological pattern shows a similarity
to the portal system, as already noted by Monnier [10] in humans. The idea
that one is dealing here with a kind of portal system is supported by the fact
that the capillaries of the OVLT are similar to those of the pituitary portal
apparatus [4]. Wider anastomosing and narrowed efferent vessels point to
special conditions of pressure which must, of course, entail functional conse-
quences. The area is unfortunately so hidden and its afferent system so rami-
fied that OVLT, based on its structure, are more or less speculative. Whether
as a shunt or as an anastomosis, it may play some role in breaking through
the barrier between blood and cerebrospinal fluid. This supposition is confirm-
ed by the fact that, in the rat, only a few ependymal cells separate the ves-
sels or rather the perivascular space from the lumen of the ventricle.

It is, on the other hand, possible that the OVLT is involved in the process
of neuro-humoral regulation, a theory advanced by us on the basis of previous
findings. Structurally, the vessels of the OVLT are similar to those of the pitui-
tary portal system. Numerous nerve fibres with dense-core vesicles were
observed in the vicinity of the vessels. Some vessels in the rat are lined by
fenestrated endothelium. This, in combination with the vascular arrangement,
justifies the assumption that the OVLT is involved in neuro-humoral regula-
tion, but this assumption will have to be tested thoroughly.
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UNTERSUCHUNGEN AM ORGANON VASCULOSUM LAMINAE TERMINALIS

I1l. Vaskularisation des Organon vasculosum laminae termindalis von Ratten
T. WENGER und B. AROS

Verfasser untersuchten mittels Tuschinjektionsmethode das GefdBnetz der Lamina
termindlis des Organon vasculosum (OVLT). Die OVLT besitzt auch bei Ratten, wie bei vielen
anderen W irbeltieren ein charackteristisches GefdRnetz: die Gefdle geben untereinander
vielfache Anastomosen, sind weiter als die in der umgebenden Hirnsubstanz befindlichen
Gefale und besitzen einen gewundenen Verlauf. Die OVLT erhé&lt die GefdBe von der A. praeop-
tica. Auf dem Gebiete des Organs bilden die GefdRe ein einheitliches Anastomosensystem.
Das ist ein mit seiner Basis auf das basale Ende der Ependyma gerichteter Pyramidalstutz.
Die GefaBe erreichen nicht das Lumen der I11. Hirnkammer und erstrecken sich nicht zwischen
die Ependymazellen. Der AbfluB der OVLT-GefdBe geht in zwei Richtungen vor sich. Einer-
seits in Richtung der Commissura anterior, anderseits gehen die dinneren abfihrenden Gefale
in Richtung des Chiasma opticum. Von der A. praeoptica zweigen in der Hohe der OVLT
die in der Lamina terminélis zur Commissura anterior verlaufenden GefaRe, welche in der
Hohe des Organs nicht mit dessen Gefdlen in Verbindung kommen.

W ir besprachen aufgrund des morphologischen Bildes auch die vorstellbare Rolle des
Organs. Die Funktion ist aber aufgrund der bisherigen Untersuchungen noch nicht vollstandig
klarbar.

N3YYEHMNE TEPMWHAJIbHbIX TIJTACTUHOK COCYAUCTOro OPIrAHA

I11. Backynsipusaumsi TepMUHanbHOWM NNacTUHKN COCYAMCTOrO OpraHa Kpbichl

T. BEHIEP n B. APOLII

MeTooM MHBLEKUMU TylIM 6blNa M3ydeHa BaCKyNsipU3aLms TePMUHANIbHON MIaCTUHKM
cocyaucToro opraHa. OHa 0611aaeT y KpbICbl, TOUHO TaK Xe KaK M Yy MHOFOUMCIEHHbIX BUA0B
NO3BOHOUHbIX, XapaKTePHON COCYAMCTOl CEThbio: cocyabl 06pa3ytoT MHOTOKpPATHbIe aHAaCTOMO3bI
APYr C Apyrom, oHu 6ofiee LUMPOKME YeM COCYAbl OKPYXKaloLLero BellecTBa rofioBHOr0 mosra u
VIMEIOT M3BUMNCTBIN X04. TepMUHanbHas NIacTUHKA COCYAUCTOro opraHa mnosyyaeT COCydbl M3
npeAspuTensHOM apTepun. Ha TeppuTopum opraHa cocyfbl 06pasytoT eAuHyt0 CUCTEMY aHacTo-
M030B. dopMa 3TOl CUCTEMbI HAMOMUHAET OTCEUYEHHbI KOHYC, OCHOBaHME KOTOPOro o6paltleHo K
6a3aibHOMY KOHLY aneHauMbl. Cocyfbl He gocTuratoT npoceeta Il 1-ro xenyaouka v He NpPoHW-
KaloT cpeay aneHaMManbHble KneTku. OTBefeHVe COCYA0B TePMUHANbHOM NAACTUHKKM cocyau-
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CTOro opraHa MmeeT iBa HanpasneHusl. OTBOAALLME COCY/Abl, KOTOpble 60/1ee TOHKME YeM COoCyAbl
opraHa, uayT, C OfHOW CTOPOHbI, K MepeaHeii cnaiike, a ¢ ApYroi — K NepeKpecTy 3puTe/bHbIX
HepBoB. TaKxe 0T Mpea3puTe/IbHOV apTepun OTBETBASIOTCS HAa YPOBHE TePMUHAbHOW NAacTUH-
KV COCYAMCTOro opraHa cocyfpl, Uaylye B TepMUHA/IbHOW NIACTUHKE K NepeaHeit cnaiike, KOTo-
pble Ha YPOBHE OpraHa He 06pa3yt0T aHACTOMO30B C COCYAaMU MOC/edHEro.

Ha ocHoBe MOP(OMOrMYECKO KapTWHbI 06CYXAAeTCs TakKXe MpeanonoXnTe/lbHas

ponb opraHa. OgHaKo Ha OCHOBE MPOBOAMBLLMXCS 10 CUX MOP WCCMEfOBaHUI elle Heb3s Mos-
HOCTbIO BbISICHUTL (DYHKLMIO OpraHa.

Budapest IX., T(zolté u. 5B., Hungary
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RECOVERY OF SPERMATOGENESIS AFTER THE
WITHDRAWAL OF TESTOSTERONE TREATMENT
IN RANA HEXADACTYLA LESSON

S. Kasinathan and S. L. Basu

(Received August 5, 1970)

Inhibition of spermatogenesis at the secondary sperinatogonial stages by testo-
sterone treatment in Bana hexadaclyla, has been shown. In some species of mammals
and also in adult human cases it has been observed that cessation of testosterone ther-
apy results in the restitution to normal of the inhibited germinal epithelium and
interstitial elements. The present experiments were conducted to study whether such
restitution was possible in frogs after steroid treatment. It was observed that one month
after extraction of the testosterone pellet, the spermatogenetic processes had recovered.
Significance of the recovery of spermatogenesis after withdrawal of the exogenous
inhibitory substance is discussed.

Inhibitory effects of the male sex hormones on spermatogenesis in rats
and other mammals have been reported by several workers using a wide
range of doses of androgens in animals of various age groups. Small doses
of androgen caused greater injury than the larger ones [12]. Rubinstein
and Kurtand [14] reported that testosterone propionate in small doses
stimulated the germinal epithelium, while its higher doses inhibited testi-
cular growth and spermatogenesis. Shay et al. [15] reported that in young
rats treatment with 3 mg of testosterone propionate weekly led to a decrease
of testicular weight, inhibition of sperm maturation and damage to intersti-
tial tissue. They also noted that after the treatment had been discontinued,
spermatogenesis was partially restored and some of the animals became
fertile. Similar observations were made in adult humans [8— 11] where
testicular function improved after the cessation of testosterone adminis-
tration.

Recent investigations into the influence of testosterone on Leptodactylus
chacuensis [6], Rana temporaria [17], Rana esculenta [18], Rana tigrina [1],
Bufo melanostictus [2], Rana pipiens [5] and Rana hexadactyla [4] have shown
that the steroid inhibited the formation of secondary spermatogonia, thus
preventing a further increase in spermatogenetic activity.

The present investigation was designed to demonstrate whether
recovery of spermatogenesis was possible in Rana hexadactyla after the
cessation of testosterone treatment which had caused spermatogonial
inhibition.

Acta Morphologica Acadcrniae Scienliarum Hungaricac 19, 1971



152 S. KASINATHAN and S. L. BASU

Materials and methods

Adult male frogs, Rana hexadactyla, weighing approximately 60 g, and 90 mm snout
to vent length were locally collected and used in the experiment. Testosterone (Organon Labo-
ratory, England, Batch No. 9364) was implanted in the form of pellets (approximately 15 mg)
into the dorsal lymph sac of each frog. The animals were kept under similar conditions for
2 months and fed with earthworms twice weekly. The implanted steroid pellet was examined
periodically.

After one month of testosterone treatment, 5 animals were autopsied and from the
rest of the frogs the hormone pellet was removed. The latter frogs were autopsied after the
withdrawal of hormone treatment in two groups on the 15th and 30th day respectively. Total
body weight and testicular weight as calculated relative to body weight were recorded. The
testes were fixed in Bouin’s fluid, embedded in paraffin, sectioned at 7 [i, and stained with
haemalum and eosin. For quantitative assessment of spermatogenetic activity the process
was divided into six different stages based on the number of cells in a nest and specific cytolog-
ical details, as described by Van Oordt [16]. The salient features of these stages are as
follows:

Stage 0 Primary spermatogonia
| Secondary spermatogonia, less than 10 cells in a cell nest
Il Secondary spermatogonia, more than 10 cells in a cell nest
Il Primary spermatocytes
IV Secondary spermatocytes
V Spermatids

The number of stages were counted in 100 seminiferous tubules selected from 25 differ,
ent transverse sections of each animal.

In addition to the testosterone treated animals, control animals were similarly treated
and their testicular tissue was processed as above.

Two sets of experiments were conducted during the months December. 1967. till February
1968, and March till May, 1969, to note the effect of the seasonal variations on the recovery
of spermatogenesis.

Results

In the first set of experiments in the months December, 1967, till Feb-
ruary, 1968, secondary spermatogonia (Stage 1) and spermatids (Stage V)
were inhibited by the testosterone treatment (Table 1). The number of Stage
I cell-nests was significantly less (p < 0.01) in this group. Stage Il of the
secondary spermatogonia showed many picnotic cells in their cell-nests in
the treated animals. In view of the picnosis, these cell-nests were regarded as
non-functional and have not been represented in Table I. Spermatozoa were
found mostly in bundles attached to Sertoli’s cells. The interstitial tissue ap-
peared to be sparse (Fig. 2).

The second set of experiments conducted from March till May, 1969,
showed a similar effect. In Stage Il there was picnosis, but the reduction of

Plate |

1. Section through testis of control frog showing the presence of all spermatogenetic stages
and sperms (haemalum and eosin, X 450). 2. Section through testis of testosterone treated
(one month) frogs showing inhibitory effect of the hormone on Stage | and Il of the sperma-
togenetic cell-nests (haemalum and eosin, X 450). 3. Section through testis of frogs 15 day
after testosterone pellet withdrawal. Slight recovery of the spermatogenesis (haemalum and
eosin, X 450). 4. Section through testis of frogs one month after testosterone pellet with-
drawal. Note remarkable recovery of inhibited spermatogenetic cell-nests (haemalum and
eosin, X 450)
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Table |

Spermatogenetic stages of experimental and control frogs, Rana

Expérimentais

Series Relative
No. of Stage Stage Stage Stage Stage Stage testicular
animals 0 1 i \% \% weight
(mg)
Dec., 1967, till Febr., 1968
Testosterone treated 3) i)
(one month) 5 0.96 0.18 4a 3.35 0.89 0.31 0.94
+0.16 +0.06 +0.81 +0.47 +0.17 +0.03
15 days after pellet 1)
extraction 5 0.90 0.43 2.20 3.95 0.40 0.10 0.60

+0.05 +0.16 =+0.05 +0.20 +0.05 +0.10 +0.03

One month after 1)
pellet extraction 5 1.12 L.61 2.25 4.73 0.09 0.20 0.52
+0.24 +0.39 +0.23 +.021 +0.08 +0.18 +0.08

March till May, 1969

Testosterone treated 1) 1) 2) 1)
(one month) 5 1.26 0.58 4b) 3.10 0.30 0.21 0.46
+0.30 *0.14 +0.48 +0.09 +0.08 +0.13
15 days after pellet 5 1.18 0.98 2.75 4.18 0.08 0.12 0.39
extraction +0.16 +0.18 +0.08 +0.38 +0.06 =+0.09 +0.08
One month after 1)
pellet extraction 5 0.80 1.53 2.24 5.25 — 0.57
+0.20 +0.28 +0.39 +0.58 +0.33
1) p 0.05 — significance at5% level
2) p 0.02 — significance at2% level

3) p 0.001 — significance at0.1% level

the cell-nest number in stages 0, | and 1Y was significant only at the 5%
level (p 0.05). Relative testicular weight decreased significantly in com-
parison to the controls (Table 1).

After withdrawal of the testosterone pellet a gradual revival of
the suppressed stages (0, I and Il) was noted. Although 15 days after the
extraction, few cell-nests of Stage Il still revealed picnotic conditions, one
month after testosterone pellet withdrawal recovery was significant in all
the frogs (Table I and Figs 3, 4).
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hexadactyla, showing gradual recovery after testosterone treatment

Controls
Relative
No. of Stage Stafjr Stage Stage Stage Stage testicular
animals 0 1 1T v \% weight
Ong)
5 0.93 1.28 2.82 4.13 0.87 0.62 111
+0.16 +0.21 +0.60 +0.81 +0.30 +0.04 +0.05
5 0.88 1.10 2.80 5.18 0.53 0.65 0.56
+0.02 +0.25 +0.05 +0.17 +0.27 +0.25 +0.04
5 0.92 1.12 2.05 4.70 0.33 0.35 0.59
+0.20 +0.09 +0.14 +0.21 +0.13 +0.00 +0.06
5 0.53 1.05 3.40 4.93 0.03 0.03 1.02
t0.24 +0.10 +0.35 +0.24 +0.00 +0.00 +0.45
5 0.75 1.23 3.18 5.10 0.03 0.05 0.48
+0.20 +0.02 +0.22 +0.60 +0.02 +0.02 +0.01
5 0.98 1.05 1.89 4.34 0.06 0.10 0.63
+0.14 +0.16 +0.07 +0.37 +0.02 +0.06 +0.07

4a) & 4b) contained picnotic cells in the cell-nests. Hence counting, Nos.
(4a 213 + 0.09 & 4b = 2.76 £ 0.36) have not been represented in the Table.

+ indicates standard deviation.

The data obtained (Table 1) were analysed statistically by the split
plot technique (Table Il) to determine the differences in the spermatogenetic
progress between the treated and hormons withdrawal groups and the cont-
rols. It is evident from Table Il that inhibition and revival of spermatogenesis
showed a 1% level of significance, while the difference in the spermatogenetic
progress and the days of treatment was significant only at the 5% level
(p < 0.05) in both experimental series.

Rubinstein et al. [14] reported that small doses of testosterone pro-
pionate are stimulating spermatogenesis. Randolph et al. [13] then showed
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that testosterone propionate maintained spermatogenesis even in hypophys-
ectomised rats. Shay et al. [15 ] on the other hand observed that testosterone
propionate caused testicular inhibition but once treatment had ceased, sperma-
togenesis was restored and the rats again became fertile. Cases of spermato-
genetic revival and even enhancement have been observed in adult humans
too [9, 10, 7, 8, 11]; this was regarded as a “rebound recovery”.

Table 11

Analysis of variance of data on revival of spermatogenesis after testosterone treatment in Rana
hexadactyla
(Values significant at the *5% and **1% levels)

Sources of variation DE%I%EES Cg[]g]olo#C) Eij(rgl E)Ef) CE sum S(EﬁBf))fa Mean F
égelg' squares squares of squares squares Squares

Replicates | 0.3886 0.0225 0 0.0254 0.0254 -
Days 2 0.1766 0.4045 0 0.4057 0.2029 3.52*
Stages 5 84.9587 72.2982 75.7552 59.8679 11.9736 207.52**
Interaction between

days and stages 10 0.5245 5.3572 0.1391 5.3771 0.5337 9.25**
Error 17 1.0660 0.9888 0.0919 0.9809 0.0577 —

35 87.1144 79.0712  75.9862 66.6571 — —

Recently it has been shown that testosterone treatment and its effect
on spermatogenesis is mostly inhibitory on the secondary spermatogonial
level [4]. A similar effect has been noted in Rana hexadactyla after the implan-
tation of 5 mg [3] and 15 mg (present experiment) testosterone pellets.
This result corroborates the earlier reports on the inhibitory action of testo-
sterone in various frogs and toads [1, 2, 4, 5, 6, 17, 18].

In the present experiment we have planned to study the recovery of
the spermatogenetic processes after cessation of testosterone treatment. In
both experimental groups, spermatogenesis in general as well as the cell
counts 15 and 30 days after testosterone treatment revealed a gradual revival
to normal conditions. In mammals an enhancement of spermatogenesis was
noted after the cessation of testosterone treatment and the phenomenon
was termed “rebound recovery”. In Rana hexadactyla, no such rebound
phenomenon occurred, but it was clear that conditions one month after the
withdrawal of testosterone treatment had returned to normal. Hence the action
of the testosterone reflected the similar functional aspect noted in some
mammals.

The present observation has confirmed our view concerning the direct
action of exogenous testosterone on testicular tissue [5]. It might be suggested
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that exogenous testosterone acts as a shield between the spermatogonial cell-
nests and the circulating hypophyseal gonadotrophins responsible for gonadal
maintenance. As soon as this blocking effect is withdrawn by extracting the
pellet, the pituitary hormone slowly acts upon the germinal epithelium and
ultimately revives the spermatogonial cells. It may also be suggested that
steroid treatment is lowering the sensitivity of the germinal epithelium to
gonadotrophins necessary for the maintenance of spermatogenesis. Hence,
recovery is possible when the steroid is withdrawn and seminiferous epithelial
sensitivity is revived.

Acknowledgements. We are indebted to the Director of Organon Laboratories, England,
for the gift of the hormone pellets. Thanks are also due to Mr. R. Rangaswamy for statistical
analysis.
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DAS WIEDEREINSETZEN DER SPERMATOGENESE NACH DEM EINSTELLEN
DER TESTOSTERONBEHANDLUNG BElI RANA HEXADACTLYA LESSON

S. KASINATHAN und S. L. BASU
Die Hemmung der Spermatogenese in der sekundéren Spermatogonien-Phase durch

Testosteronbehandlung bei Rana hexadactyla wurde bereits friher festgestellt. Bei einigen
Séaugetierarten, sowie auch bei erwachsenen Menschen wurde beobachtet, daR nach Einstellcn
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der Testosteronverabreichung im gehemmten Keimepithel und in den interstitiellen Elementen
die Regeneration einsetzt und der Normalzustand wiederhergestellt wird. In der vorliegenden
Arbeit wurden Experimente durchgefiihrt, um zu ermitteln, ob auch in Fréschen eine solche
Regeneration nach Steroidbehandlung maéglich ist. Es wurde der Nachweis erbracht, daR
einen Monat nach der Entfernung der Testosteron-Pille die Spermatogenesisprozesse wiederein-
setzen und — ahnlich wie bei den S&dugern — den Zustand vor der Behandlung erreichen.
Die vermutete Bedeutung der exogenen Inhibitorsubstanz wird gleichfalls besprochen.

BOCCTAHOBJ/IEHNE CIIEPMATOIEHE3A TOCJ/IE MPEKPALWLEHWA BBEAEHWNA
TECTOCTEPOHA ¥ RANA HEXADACTYLA LESSON

C. KACMHATAH un C. 1. BACY

TopMoXKeHMe criepmaToreHesa B (hase BTOPUUHbLIX CMEPMAaTOrOHWEB Mocfe BBeAeHUS
TeocTocTepoHa y Rana hexadactyla 6b110 YCTAHOB/IEHO YK€ paHblle. Y HEKOTOPbIX BWA0B
M/IEKOMUTAIOLLMX W Y B3POC/bIX MIH0Aei HabMoAanm, uto nocne NpeKpalleHns Jaqum TeCTocTepoHa
3aTOPMOXXEHHbIVi 3apPOAbILLEBbIV ANUTENINIA N UHTEPCTULMANbHBIE 3/1EMEHTbI BOCCTAHAB/MBAOTCS
[0 COCTOSIHUSI B HOpMe. B HacToswlei paboTe 6bIi NPOBeAeHbI IKCMEPUMEHTbI B LIENAX YACHEHUS
BOMpOCa 0 TOM, BO3MOXHO /I TAKOe BOCCTAHOB/IEHME CriepMaToreHesa y NAryuwiKy nocrie BBe-
[EHNs cTepomaa. YCTaHOB/IEHO, UTO Yepe3 MeCAL, Moc/ie yAaneHusl nuaau TeCToCcTepoHa Mnpo-
LiecCbl crnepMaToreHesa BO306HOBSAOTCA W AOCTUTAOT COCTOSIHMSI, MpeLLecTBOBaBLUEro BBefe-
HUIO0 cTepomaa, NogobHO Kak 1y MiekonuTalowmx. O6CyXaaeTcs TakxKe MpeanonoxuTenbHoe
3HaueHMe 3K30reHHOro WHrMGMTOPHOrO BELLECTBA.

S. Kasinathan

Dep. of Biology, JIPMER, Pondicherry-6, India
S. L. Basu
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UISTOCHEMICAL CHARACTERISTICS OF ACETYL-
CHOLINESTERASE OF THE NERVES INNERVATING
THE BRAIN VESSELS

P. A. Motavkin and T. V. Dovbish

(Received December 10, 1970)

The neural apparatus of the cerebral blood vessels has been studied in 36 adult
cats. The pia mater of the cortex of cerebral hemispheres and cerebellum as well as
that of the basilar and tectal parts of the brain stem has been prepared for the demon-
stration of acetylcholinesterase and cholinesterase by the methods of Gerebtzoff,
Koelle and Gomori. Neural apparatuses of the intracerebral vessels were investigated
in sections cut from brain fixed in 10% neutral formaldehyde. As inhibitor, physostig-
mine was used.

The basilar, cerebellar, posterior, internal carotid, anterior and medial cerebral
arteries and all those of the pia mater more than 400 // in diameter displayed two cho-
linergic plexuses: an adventitial and an interlaminary one, the latter being situated
at the border of the outer and middle layers. The arteries less than 400 // in diameter
have only one superficial plexus. Around the intramedullary vessels, cholinergic nerves
10 -20 /1 thick can be found. In the cerebellar cortex, the mesencephalon at the level
of the nucleus ruber and in the tuber cinereum, muscle cells and endothelial cells
contain acetylcholinesterase. It is assumed that the mediator is released along the
whole fibre forming synapses with the muscle cells.

Introduction

In the neural regulation of the brain vessels, according to Klosowsky
(1951), one can regard as proved that the vasodilatatory innervation is rep-
resented by special parasympathetic fibres. Tin* majority of physiologists
dealing with cerebral haemodynamics share this opinion because the dila-
tatory effect of stimulation of certain nerves is more expressed on the piai
arteries than the constrictory one of stimulated sympathetic pathways.

Namely, 18—50% dilatation of the brain vessels was found stimulating
the n. vagus (Kedrov and Naumenko, 1954; Finesinger and Putnam,
1933), the n. petrosus superficialck maior (Chorobsky and Penfield, 1932)
and the vestibular apparatus (Klosowsky, 1951). Stimulating the latter,
the impulse reaches the piai vessels of the frontoparietal region through Dark-
schewits’ nucleus where the preganglionic fibres of the oculomotor nerve
originate (K1osowsky et al., 1951). However, the presence of parasympathetic
conducting elements going to the brain vessels has never been proved in
these nerves, using neurohistological and experimental-morphological methods
(Lazorthes, 1956).
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Thus, revealing the haemodynamical mechanisms of the brain circula-
tion is an important task of modern histochemistry the methods of which
are able to clear up the main points of the neural conducting elements directly
in the tissues.

Acetylcholinesterase is one of the substances playing a central role in
the maintenance of the specific functional activity of the nervous system.
It occurs in the neural elements releasing acetylcholine upon the influence
of nerve impulses (Koelle, 1962), and both the prc- and postsynaptic mem-
branes contain the enzyme. It is synthetized intracellularly and arrives gradually
to the site of its effect along the neural processes (Michelson and Zeimal,
1970). From the presence of acetylcholinesterase one may judge of the choliner-
gic nature of the nerve fibres (Folkow, 1952; Uvnas, 1966) and all such fibres
may be assumed to he parasympathatic ones in the postganglionic region
of the vegetative nervous system (Dale, 1935).

Histochemical studies of acetylcholinesterase deserves interest in this
relation, and especially as regards the nerves of the blood vessels of the brain
and the spinal cord. Data concerning the cholinergic fibres of these vessels
have been published recently (Belikov et al. 1970; Krochina et al. 1970;
Lavrenteva et al. 1968; Palashenko and Potemkina, 1970); these papers
give a detailed description of cholinergic fibres of many intracerebral arteries.
However, there is no consistent and systematic characterization of the cholin-
ergic apparatus of the total arterial system of the brain. This will form
the subject of the present paper.

Material and methods

The neural apparatuses of the blood vessels of the brain were investigated in 36 cats.
Adult animals of both sexes were used. They were killed by thiopental or bled to death. The
brain was removed immediately. The pia mater of the cortex of cerebral hemispheres and
cerebellum as well as that of the basilar and tectal parts of the brain stem has been prepared,
mounted on slides and treated accordingly.

Pieces of the brain fixed in 10% neutral formaldehyde were used for demonstrating
the neural apparatuses of intracerebral vessels. Sections 10 —15 i thick were cut either by a
freezing microtome or a cryostate. Acetylcholinesterase activity was investigated by the
thiocholine methods of Koelle, Gomori and Gerebtzoff. Acetylthiocholine iodide was used
as substrate. Cholinesterase activity was demonstrated with butyrylthiocholine iodide as
the substrate, this allowed the differentiation of the two enzymes on the basis of the degree
of activity. The duration of incubation was tested experimentally; it was not less than
one and not more than one and a half hour. Localization of the enzyme was indicated by
the brown copper sulphide granules. Control sections were treated with eserine before
incubation.

The results obtained by the different methods were essentially identical. The most intense
reaction could be observed at pH 6.2—6.8 in 1—1.5 hour with all three methods. The reaction
product was of uniform distribution along the nerve fibres.

For a quantitative evaluation of cholinergic fibres found on the vessels different in
diameter, the transversal and longitudinal bundles were counted and processed statistically.
Longitudinal bundles were considered those forming an angle of less than 45° with the longi-
tudinal axis of the vessel (Lavrenteva et al.,, 1968).
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Results

After optimal incubation, acetylcholinesterase activity was indicated
by small, yellow, brown or dark brown granules. The localization of these gran-
ules formed during the reactions corresponded to single nerve fibres, bundles
and small nerves. After longer incubation, small crystallized deposits appeared
around the nerves. The longer the incubation the greater was their number.
Voluminous conglomerates consisting of rough, yellowish, bright crystals had
formed on incubation longer than two hours. This phenomenon was observed
more frequently in sections prepared by Gerebtzoff’s method than in the case
of the Gomori and Koelle techniques. There was no acetylcholinesterase activ-
ity in the elements forming the wall of large arteries, thus the nervous fibres
rich in enzyme could be seen with good contrast and brightness. On rare occa-
sions there occurred forms consisting of angulated nuclear granules localized
in small chains, the arrangement of which corresponded to that of single
nerve fibres and small nerves in the wall of the vessel. On the basis of their
localization, these nuclei most probably belonged to the Schwann cells forming
the outer layer around the nerve fibres. Precipitation of granulated deposits
in the karyoplasm is, according to Portugalov (1955), an evidence of the
nuclear localization of the enzyme. Nevertheless, this point of view is not
shared by all cytochemists; some of them consider these deposits artefacts.
However, the latter opinion cannot he regarded as correct since biochemical
methods do not deny the presence of acetylcholinesterase in the nuclear appa-
ratus (Dixon and Webb, 1966). As it has been pointed out above, besides
acetylcholinesterase also cholinesterase was investigated in every experiment.

The pictures obtained during the investigations of the latter enzyme
considerably differed from those resulting from the acetylcholinesterase
reaction. Finely granular, diffusely dispersed deposits could be seen in the
entire Avail of the vessels. Nerve bundles or single fibres appeared in an indistinct
form before the background. Moreover, for distinction of acetylcholinesterase
from cholinesterase, eserine was used. A previous incubation with this agent
inhibited the reaction of acetylcholinesterase.

A typical neural network was found in the arterial wall by means of
demonstration of acetylcholinesterase, containing different amounts of cho-
linergic nerve fibres in different arteries.

A. basilaris (Fig. 1)

At the junction of the vertebral arteries, a dense cholinergic network
was found on the a. basilaris, consisting of thick nerve bundles 20—30 ~ in
diameter. The number of such bundles varied between 1—18 in different ani-
mals. The nerves of the right and left vertebral arteries partly remained on
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their own side, partly decussated to the opposite side at the beginning of the
a. basilaris. Thus, the nerves of right and left vertebral arteries are mixed
in the plexus of the a. basilaris.

Fig. 1. Function of vertebral arteries and origin of a. basilaris. Note the superficial and deep
cholinergic plexuses. Method of Koelle for acetylcholinesterase. Microphoto, FMN-3, objective
10, Gamal 7; height of chamber, 104 cm

In the cat, the a. basilaris in the oblong medulla, measured 1157 119 /(
in diameter.

It has been revealed by counting that in the a. basilaris longitudinal
nerves are dominant (15 1) in the region of the oblong medulla. The num-
ber of transversal nerve bundles was somewhat less (9 — 3.8) (Fig. 2).

The diameter of the a. basilaris decreases to 844 + 44.6 /i at the level
of the pons. The superficial nerve plexus is more dense here and at the same
time the number of thick bundles decreases in it. In different parts of the artery
this number fluctuates between 1 and 5. The number of longitudinal nerve
bundles remains unchanged (14 + 2.2).

At the same time, the number of thin transversal stipes noticeably increa-
ses and this is the reason for the higher density of the cholinergic plexus
(20 8.8). The average values show that the density of the neural plexus
is not uniform in the different regions of the a. basilaris. The plexus becomes
especially dense at the sites where the largest vessels such as the cerebellar
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ones are branched off. Besides the superficial plexus there isa deep one in the
total area of the basilar artery, localized between the outer and middle layers.
It consists of thin nerve stipes dispersed in single nerve fibres.

Fig. 2. A. basilaris in the area of pons. Cholinergic plexus with preponderating transversal
bundles and fibres. Method of Koelle, microphoto, FMN-3, obj. 10, Gamal 7; height of chamber,
104 cm

A. cerebellaris (Fig- 3)

The neural plexus of the a. basilaris spreads over to the cerebellar ves-
sels. It is composed mainly by thin nerve stipes not more than 11// in diameter.
The plexus covers the whole area of the vessels and in distal parts it becomes
rarer and wide-meshed. The increase in the number of nerve stipes can always
be observed at the branching off of smaller vessels. Bundles originate from
the superficial plexus, running to the core of the wall. They form a deep
plexus situated on the muscle cells. There were no essential differences in the
structure of the cholinergic plexuses of different cerebellar arteries. This is
the reason why the quantitative characteristics of the cholinergic nerve plexus
are given on the basis of one of the anterior inferior cerebellar arteries. Statis-
tical evaluation revealed that the number of longitudinal bundles strongly
varies along the vessel (12 + 5.3). This indicates that they are not uniformly
distributed in the proximal ami distal parts of the artery: there are more of
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them in the former than in the latter part. The same was the situation with
the transversal nerve fibres. Their number amounts to 21 + 7.8. Their high
scattering indicates the variability in the structure of the plexuses at different
sections of the same vessel.

Fig. 3. Beginning of a. cerebellaris anterior inferior; the upper right part of the a. basilaris
can be seen. Cholinergic plexus and pigment cells. Method of Gomori, microphoto, FMN-3,
obj. 10, Gamal 7, height of chamber, 104 cm

Posterior cerebral arteries (Figs 4 and 5)

The cholonergic plexuses of the posterior cerebral arteries are contin-
uous with those of the a. basilaris. The density of the neural plexus increa-
ses at the origin of the a. cerebralis posterior and remains almost unchanged
as far as the origin of the a. communicans posterior. Longitudinal and trans-
versal nerve bundles (7 2.3 and 32 + 0.2, respectively) forming superficial
and deep plexuses can be observed along the whole a. cerebralis posterior
which have measures 739 + 106 p, in diameter. The low variation coefficient
indicates that the number of transversal bundles is nearly identical along the
whole vessel in different animals. Among the longitudinal and transversal
stipes thin ones occur with not less than 11 u in diameter. More thick
ones appear only in rare instances.
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Fig. 4. A.cerebralis posterior. Cholinergic plexus with large nerve stipes. Methodof Koelle.
microphoto, FMN-3, obj. 10, Gamal 7; height of chamber 104 cm

Fig. 5. Caudal part of circulus arteriosus Willisi. Above, a. cerebralis posterior: bottom, a
communicans posterior. Cholinergic plexus with large nerves. Method of Koelle, microphoto
FMN-3, obj. 10, Gamal 7; height of chamber, 104 cm
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A. carotis interna

In the cats this artery represents a significantly reduced vessel (Tandlek,
1902), which is rarely well developed showing a diameter of 956 + 119 \i. Its
distal part gives off the anterior cerebral, communicating posterior and medial
cerebral arteries. In the wall of the a. carotis interna one can find two plexuses,
a superficial and a deep one. The first consists of thin nerve stipes and consid-
erably thick nerves. At certain sections of the vessel one can see three to
five times ramifying nerves of 20—32 g thickness. These nerves pass over to
the other side of the vessel; interchanging bundles, they give thin side bran-
ches ramifying later. The complex of thin and thick stipes composes the
outer plexus.

The deep plexus is composed of thin stipes. They form a wide meshed
network between the adventitious and muscular layers. Transversal bundles
(26 <« 4) are dominant in the plexuses as compared with the longitudinal
ones (9 + 4.5).

A. cerebralis media (Fig. 6)

This vessel is the thickest one (642 + 48 p) of the three branching off
of the a. carotis interna. Its outer plexus contains mainly thin bundles less
than 11 g in diameter. The number of transversal (14 ~ 9.6) and longitudinal

Fig. 6. A. cerebralis media. Cholinergic plexus. Method of Koelle, microphoto, FMN-3, obj.
10, Gamal 7; height of chamber, 104 cm
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(8 + 3.1) stipes varies strongly, indicating a great variability of the structure
of neural plexuses along the artery. There is also an internal, wide-meshed
plexus in the wall of the a. cerebralis media, consisting of thin nerve stipes.

Arteries of the pia mater (Fig. 7)

These vessels represent branches of the large arteries of the carotid and
vertebral systems. Their diameter fluctuates between 400 and 100 p or less.
The number of cholinergic fibres is about the same in the vessels measuring

Fig. 7. Arteries of pia mater, cholinergic neural plexus. Method of Koelle, microphoto, FMN-3,
obj. 10, Gamal 7; height of chamber 104 cm

400 p in diameter as in the main branches of the a. basilaris and a. carotis
interna. The number of longitudinal and transversal fibres amounts to 11 ! 3.8
and 13 1.2, respectively on the cat, these vessels represent the last cerebral
arteries in the wall of which superficial and deep plexuses are separated. In
all the thinner arteries one can find the superficial plexus. Counting the
nerve fibres of the vessels of different t. ickness revealed that the decrease
in vascular thickness was followed by a gradual decrease in the number of
both longitudinal and transversal fibres. Thus, their number amounts to
12 ;|- 2.3 and 4 [m2.5 in an artery of 300 p. thickness whereas only to 6 + 1.5
and 3 (-1.8 in one measuring 200 p in diameter.

The decrease in the number of transversal fibres is more expressed than
in that of longitudinal ones as compared with the larger vessels. As a conse-
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quence, the differences between the vessels of 400 and 300 fi thickness are
statistically significant concerning the transversal fibres (p]>99%). In the
arteries less than 100 /n in diameter, transversal fibres occur at random. The
number of longitudinal bundles decreases gradually and the difference becomes
statistically significant in the vessels of 200 /n thickness (p >¢99.9%).

Intracerebral arteries (Figs 8 and 9)

The blood vessels of the pia mater and the brain represent an anatomical
unity. Thus the neural apparatus of the piai vessels is directly continuous
with that of the intramedullary ones (Motavkiin and Tichvinskaya, 1969:
Bakay, 1941; Humphreys, 1939).

Fig. 8. Cholinergic nerves of the vessels in the cortex of cerebral hemispheres. Method of
Gerebtzoff. microphoto, magnification X 100

However, there are no data concerning the histochemical characteristics
of intracerebral nerves. Investigating their acetylcholinesterase activity, small
cholinergic nerves were found to enter the brain substance together with the
blood vessels. Such nerves of 10—20 g thickness have been found in the me-
dulla oblongata, mesencephalon and cortex of the cerebral hemispheres. They
could be followed into the pia mater and the brain where they ramified at
the branching off of the vessels.
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Fig. 9. Cholinergic nerves of the vessels in the cortex of cerebral hemispheres. Method of
Koelle for acetylcholinesterase; microphoto, magnification x 200

Acetylcholinesterase activity of capillary vessels of the brain (Fig. 10)

Using the methods of Koelle and Gerebtzoff, numerous copper sulphide
granules were seen in the wall of precapillary arterioles and capillaries. In
consequence of this, the capillary network can perfectly he seen in certain parts
of the brain such as the cerebellar cortex, medulla oblongata in the mesen-
cephalon at the level of the nucleus ruber and the tuber cinereum. In the
vessels, besides diffusely localized granules there are areas displaying a consid-
erable concentration of granules. These parts are of longitudinal direction,
intense hlack in colour and frequently occur at the sites where the arteriole
forms capillaries.

With butyrylthiocholine iodide, the staining of capillary vessels is weak
and the precapillary arterioles cannot be seen, indicating the presence of
acetylcholinesterase and cholinesterase in the capillary vessels. Control experi-
ments with eserine are most convincing in this respect. An incubation of
sections in eserine solutions for 2 hours inhibits but does not totally abolish
the reaction with acetylthiocholine. After 10 to 12 hours incubation the reac-
tion is so intensely inhibited that the capillary network cannot be seen. The
results obtained allow to assume that precapillary arterioles and capillaries
occur in certain parts of the brain, the muscle and endothelial cells of which
contain acetylcholinesterase.
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Fig. 10. Mesencephalon at the level of the nucleus ruber. Network of capillary vessels. Method
of Gerebtzoff, microphoto; magnification, X 100

Discussion

The above study of acetylcholinesterase activity the localization of which
indicates the presence of acetylcholine metabolism, revealed the cholinergic
neural apparatus. In the overwhelming majority of cases it was evident that
its nerves belong to the parasympathetic nervous system (Dale, 1935).

Two cholinergic plexuses, a superficial and a deep one, have been found
in the a. basilaris; a. cerebellaris; a. cerebralis anterior, posterior and media;
a. carotis interna; all arteries of the pia mater, the diameter of which is not
less than 400 //. These plexuses are in a close anatomical connection, since the
deep one represents a continuation of the outer one in the vascular wall. The
superficial plexus is composed of thick nerves situated in the periadventitious
and outer layers of the vessels. The deep plexus consists of thin nerve stipes
and single cholinergic fibres situated between the adventitia and middle layer
and contacting the smooth muscle cells.

Counting of cholinergic nerves and statistical analysis of the values
obtained indicate that the density of the cholinergic plexus increases with
the increase in the number of transversal nerve stipes.

The cholinergic plexus of a. carotis interna seems to he at a higher degree
of development than that of a. basilaris, since in the first vessel the transver-
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sal stipes preponderate (p 99%) while the number of longitudinal buntlles
is the same in both of them. The branches of the a. basilaris, namely the
a. cerebellaris anterior inferior and a. cerebralis posterior are more rich in
transversal nerve fibres (p _>99%) than the a. basilaris itself.

There is no difference in the number of nerve fibres in the a. carotis interna
and the a. cerebralis media (p <[ 95). At the same time there are more trans-
versal fibres in the plexus of the a. cerebralis posterior and anterior than in
that of the a. carotis interna (p 95% in both cases).

The density of the cholinergic plexuses is about the same in the a.
cerebellaris inferior and in all the branches of the internal carotid (p 95%
in all cases).

The a. cerebralis posterior is poor in longitudinal nerve bundles as com-
pared with the a. cerebralis anterior and media (p >95% and p >99%,
respectively). With the narrowing of the arteries, first the deep plexus ceases.
It is lacking already in the vessels 300 p in diameter. The decrease of the
number of transversal stipes is more expressed in the same direction than that
of the longitudinal ones.

Thus the results obtained on the basis of acetylcholinesterase activity
are in agreement with those obtained by means of silver impregnation of
the same material (Bakay, 1941). In both cases the presence of two plexuses
has been revealed. Nevertheless with the histochemical demonstration of
acetylcholinesterase the nerves are seen more perfectly and at the same time
there is a possibility of clarifying their functional significance which cannot
be achieved by impregnation methods.

The extra and intramedullary network of the blood vessels of the brain
is continuous anatomically. One could thus expect that the nerves of piai
arteries also proceed along their branches into the brain. This has been evi-
dence in many cases (Erkhov, 1969; Motavkin and Tichviisskaya, 1969).
For this reason the problem of innervation of the own vessels of the brain
is one of the most important questions. Further observations in this field may
he necessary for completing the general theory of cerebral blood circulation.

We have been the first to succeed in demonstrating that the intramedul-
lary nerves consist of cholinergic fibres proceeding into the brain together
with the vessels of the pia mater. These nerves 10—20 u in diameter can be
observed on the largest intracerebral arteries of the medulla oblongata, the
mesencephalon and the cortex of the cerebral hemispheres.

Tt would he important to clarify how far the intramedullary nerves spread
and whether they go over to the smallest arterioles and capillaries. The ques-
tion remains open, since our negative results cannot be assumed to be definitive.
We have failed to observe neural elements on the small intracerebral arterioles
and capillaries; this may, however, he explained by the fact that some other
elements of these vessels also contain acetylcholinesterase. These data concern-
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ing the extraneural localization of acetylcholinesterase are in agreement with
the wide occurrence of the enzyme. Electron microscopic evidence has been
published of the presence of acetylcholinesterase in both smooth muscle cells
and connective tissue elements (Naik and Cauna, 1970; Robinson, 1970).

Cholinergic fibres are in synaptic contact with the smooth muscle cells
(Krokhina et al.,, 1970), where acetylcholine is liberated, the dilatatory factor
of the brain vessels (Kedrov and Naumenko, 1954).

Thus, the results obtained explain that the cerebral arteries react better
in the direction of dilatation owing to the presence of a well-developed choliner-
gic neural apparatus.
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HISTOCHEMISCHE CHARAKTERISTIKEN DER AZETYLCHOLINESTERASE
IN DEN DIE GEHIRNGEFARE INNERVIERENDEN NERVEN

P. A. MOTAVKIN und T. V. DOVBISH

Im Gehirn von 36 erwachsenen Ratten wurde der Nervenapparat der Blutgefdle unter-
sucht. Die Pia mater der GroRhirnrinde und das Kleinhirn, wie auch die basilaren und tectalen
Teile des Gehirnstammes wurden zum Nachweis der Azetylcholinesterase und Cholinesterase
nach dem Verfahren von Gerebtzoff, Koelle und Gomori prédpariert. Der Nervenapparat der
intrazerebralen GefdRe wurde an Schnitten von Gehirnstickchen nach Fixation in 10%igem
Formaldehyd untersucht. Als Inhibitorsubstanzien dienten Eserinldsungen.

Die A. basilaris, A. cerebellaris, A. cerebralis posterior, A. carotis interna, A. cerebralis
anterior, A. cerebralis media und samtliche Arterien der Pia mater mit einem Diameter von
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Uber 400 ft haben zwei cholinerge Geflechte: ein adventitiales und ein interlaminares Geflecht,
wobei des letztere an der Grenze der auBeren und mittleren Schichten lokalisiertist. Die Arterien
mit einem Diameter von weniger als 400 /t besitzen nur einen oberflachlichen Plexus. In der
Umgebung der Intramedullargefdale finden sich cholinerge Nerven von 10 bis 20 // Dicke.
In der Kleinhirnrinde, auf dem Niveau des Nucleus ruber im Mesencephalon und im Tuber
cinereum enthalten die Muskel- und Endothelzellen Azetylcholinesterase. Vermutlich wird
der Mittler entlang der ganzen, mit den Muskelzellen Synapsen bildenden Faser freigesetzt.

MCTOXMMNYECKAA XAPAKTEPUCTUKA ALETUNXONNHICTEPASDLI
COCYANCTbIX HEPBOB IOJIOBHOIO MO3rA

n. A. MOTABKVWHA »n T. B. 4OBEbILW

M3yyancsa HepBHbI annapaT KPOBEHOCHbIX COCYLOB FOfIOBHOMO Mo3ra Yy 36 B3pocC/ibixX
KoLueK. C Kopbl 60/1bLUMX NONYyLUIAPUIA, KOPbl MO3XKEUKa, 0OCHOBaHWA W KpbILLUM MO3r0BOro CTBONA
CHMManacb Markas o6onoyka M B TakoMm BUe 06pabaTbiBanacb Ha aueTUIXoNuMHacTepasy U
X0NnHacTepasy metogamm >XKepebuosa, Kénne n ["omopu. HepBHbI annapat BHYTPMMO3ro-
BbIX COCYAOB M3y4asiCA Ha Cpes3ax, U3roTOB/EHHbIX U3 (PUKCMPOBaHHbLIX B 10% HelWTpasbHOM
thopmannHe KyCcOUYKOB Mo3ra. B KayecTBe MHrM6MTOpPa MUCNOMNb30BA/IUCH PACTBOPbI 33epUHA.

Ha 0CHOBHOW, MOKEYKOBOW, 3ajHE MO3roBOM, BHYTPEHHe COHHON, nepefHeil MO3roBoiA,
CpeAHEen MO3roOBOM M BCeX apTepusaX MATCKoW 060/104KM AnamMeTpoM He MeHee 400 MK ycTaHOB-
NEHO ABa XONMHEPrUYecKMX CreTeHus: afBeHTUUMaNbHOE M MEXC/I0eBoe, pacnosararolleecs
Ha rpaHuLe HapyXHoON 1 cpegHein 06onovkn. Ha apTepusax, guameTp KOTOpbIX MeHbLue 400 MK,
NMeeTCs OfHO MOBEPXHOCTHOE ch/jeTeHMe. B BellecTBe MO3ra OKO/0 MHTPamefynispHbIX Co-
Cyf0B 06Hapy>XeHbl XOMHepPrmnyeckue Hepsbl TonwmHon 10 20 MK. B Kope MO3XeukKa, cpea-
HEM MO3ry Ha YPOBHE KpacHOro sifpa M B Cepom 6yrpe MbilleyHble 1 3HAOTENNA/IbHbIE KIETKU
cofepKaT aueTWUIXonuHacTepasy. MNpegnonaraeTcs, YTo MeaMaTop BblAeNseTcs Ha BCeM NpoTs-
YKEHMUM BOMOKHA, KOTOPOe 06pasyeT C MblIleYHbIMU KeTKaMy HenpepbIBHbIA CUHANC.

P. A. MoTAVKIN j Department of Histology, Medical University,
T. V. Dovbish j Vladivostok, USSR
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VASCULAR INJURY ASSOCIATED WITH ACUTE
PANCREATITIS INDUCED RY OIL OR
Na-DEOXYCHOLATE

Z. Nagy, M. Papp* and A. Balint

(Received December 11, 1970)

Acute pancreatitis has been induced in pigeons by the intraductal injection of
sunflower oil or Na-deoxycholate. To visualize vascular leakage, the birds were given
intravenously a colloidal iron tracer solution which then was detected by means of
the Prussian-blue reaction. An increase in vascular permeability was demonstrated
in both oil-induced and Na-deoxycholate-induced acute pancreatitis. In oil-induced
pancreatitis, vascular leakage was of the histamine-type. In Na-deoxycholate-induced
pancreatitis, direct vascular damage occurred in addition to the histamine type leakage.
Local release of vasoactive substances is supposed to be a common factor in the vascular
effects of edible oil and Na-deoxycholate.

In acute pancreatitis, vasoactive substances may be formed in the pan-
creas (Forell, 1955; Hollenberg et al., 1962; Thal et al., 1963; Katz et al,,
1964; Ryan et al., 1965; Amundsen et al., 1968; Ofstad, 1969; Popieraitis
et al., 1969) which are known to increase local vascular permeability (Ander-
son et al.,, 1967) through a partial dissociation of the endothelium (Cotran et
al., 1964, Zweifach, 1964, 1965; Wilhelm, 1965).

Bile or bile salts injected into the pancreas were shown to cause direct
injury of the acinar cells by surface activity (Wanke et ah, 1966; W anke,
1968; Sum et ah, 1970). There was reason to suppose that bile salts would
cause a direct impairment also of the endothelium (Cotran, Majno, 1964).

As no literary data have been available on the nature of the structural
damage of pancreatic vessels in acute pancreatitis, changes of the perme-
ability and ultrastructure of pancreatic vessels were examined in acute pan-
creatitis of pigeons induced by intraductal administration of edible oil or
sodium deoxycholate.

Material and methods

In 16 pigeons, weighing 400 500 g, under ether anaesthesia the pancreatic gland was
exposed from an abdominal incision. Into the ventral lobe of the pancreas was injected through
the excretory duct commercial sunflower oil, or 1% Na-deoxycholate solution in Tris-HCI
buffer, or physiological saline, each in a 0.1 0.2 ml dose without controlled pressure. In a
fourth group of pigeons the pancreas was left intact. Each experimental group consisted of
4 pigeons. To visualize vascular leakage the birds in each group were given intravenously
2 ml/100 g body weight of colloidal iron solution (Ferrlecit, Natterman, Kdln) (Staubesand,
1963; Jellinek et al., 1969); one bird received the iron simultaneously with the abdominal
incision, while the other 3 birds received it 2 hours later. One hour after the injection of iron
i.e. at 1 and 3 hours after the abdominal incision, the birds were anaesthetized with ether.
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Pancreatic lobes treated and not treated (dorsal lobe) with oil from one and the same bird were
placed in saturated CuS04solution for a few minutes (Benda reaction). Into the pancreatic arte-
ries of the other birds a polyethylene cannula was tied (P app, 1970) and through this cannula the
vascular system of the gland was washed with a 2% isotonic neutral formalin solution of
3—4°C temperature (Holt et al., 1961) at a pressure of 100—130 mm Hg. Subsequently the
pancreas was fixed in situ, in 1.5% glutaraldehyde solution of 3—4°C temperature. Part of
the specimens secured from the fixed pancreas were postfixed in neutral formalin for 24 hours,
embedded in paraffin and cut into sections which were stained with haematoxylin and eosin
or subjected to the Prussian-blue reaction for the light microscopic detection of colloidal iron
tracer. The other part of pancreas specimens was fixed in 1.5% glutaraldehyde of 4°C for 2
hours, for electron microscopic examination. Subsequently, they were immersed in phosphate
buffer for 24 hours, postfixed in 1% osmium tetroxide buffered according to Millonig (1961),
and finally embedded in Araldite.

After the removal of Araldite semi-thin sections were made and stained with toluidine
blue or subjected to the Prussian-blue reaction (Imai et al., 1968). Light microscopic examina-
tion of this material allowed the selection of damaged vascular wall portions for the orientation
of sectioning for electron microscopy. Ultra-thin sections, prepared with LKB |1l Ultratome,
were stained with lead citrate and uranyl acetate. The micrographs were prepared with a
JEM 6AS electron microscope.

Results

In normal untreated pancreatic gland’s specimens, light microscopic
examination of the Prussian-blue reaction showed the absence of the colloidal
iron tracer from the walls of small arteries and veins and large elastic arteries
(Fig. 1). Electron microscopy showed few clumps of the tracer in the endo-
thelium of pancreatic blood capillaries.

In the pancreatic glands treated with edible oil, acute pancreatic necro-
sis developed (Figs 2a, 2b). The associated changes of the acinar parenchyma
will be reported elsewhere (Papp et al.,, 1971). Under the light microscope
the Prussian-blue reaction indicated the presence of iron tracer in the vessels
and perivascular tissues (Fig. 3) and in the arteriolar walls (Fig. 4). In semi-
thin sections the vascular structure appeared normal, with broadening of the
media at sites (Fig. 7). The subintimai deposition of the tracer was clearly
indicated by the Prussian-blue reaction (Fig. 8). Electron microscopy revealed
open inter-endothelial junctions in the walls of arterioles, venules and capil-
lary vessels, with deposition of clumps of the tracer in the patent junctions
(Plate 1). At sites the junctions opened only up to the adherent zonule (Plate
I/a), the processes of the endothelial cells were drawn apart (Plate l/a), and
here and there sac-like distensions between the processes (Plate l/e, f). The
tracer substance was present interendothelially (Plate I/b) and also in the
vesicles around the junctions (Plate l/c, d). In the muscular-type arteries
there was gap formation and a large amount of homogenously distributed
tracer substance appeared between the smooth muscle cells of the media
(Plate 1l/a, b).

In the pancreas treated with sodium deoxycholate, extensive necrosis
of the acinar parenchyma developed; on light microscopic examination the
Prussian-blue reaction indicated the perivascular presence of the tracer sub-
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Fig. 1. Normal pancreas. The Prussian-blue reaction is negative in the vessel walls and
also perivasculary. In' the lumen of the vein there are red blood cells. X 200

Fig. 2. Oil-treated (b) and normal untreated pancreatic lobe (a) from one and the same

pigeon. On the surface of the oil-treated lobe the necrotic area is green-coloured (Benda
reaction). X 1

Fig. 3. Pancreas 3 hours after treatment with edible oil. The excretory ductules are dis-

tended and dissolved oil droplets left round impressions in the acinar parenchyma. The

Prussian-blue reaction is positive in the perivascular area. X 160

Fig. 4. Pancreas 3 hours after treatment with edible oil. Note distended arteriole and

vein between the acini. Positive Berlin-blue reaction in vascular wall and perivascular
area. X 280



Fig. 5. Pancreas 3 hours after treatment with Na-deoxycholate. Positive Prussian-blue
reaction in perivascular area. Extravasated red blood cells. X 160
Fig. 6. Pancreas 3 hours after treatment with Na-deoxycholate. The acinar structure is
disorganised. The walls of arterioles, veins and capillaries show a. positive Prussian-blue
reaction. X 240
Figs 7, 8. Semi-thin sections (Pancreas treated with edible oil)
Fig. 7. The vascular structure appears normal with broadening of the med. ai. at sites. X 520
Fig. 8. The subintimai deposition of the. tracer is clearly indicated by the Prussian-blue
reaction. X 530
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Plate 1

Pancreas treated with edible oil (1 hour). The electron micrograph of a small arteriole and
blood capillaries shows tracer clumps ( f) in the distended interendothelial junctions (Ju)
and in the pinocytotic vesicles (pv). a) The interendothelial junction distended up to the
adherent zonula (za) comprises particles of tracer substance (x 62 000). b), e) Tracer material
in vascular lumen (Lu) and subendothelial space (b X 54 000: e = X 28 000). c), d) Large
vesicles (Ve) filled with tracer substance (d) in the surroundings of junctions (c, d) (c

- X 84 000;d =X 35 000).f) Tracer substance in patent inter-endothelial junction ( X 72 000).
Ec endothelial cell; Nu nucleus; Db dense body; Le = elastic lamina; = injured

endothelial cells
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Plate 11

Pancreas treated with edible oil (3 hours). Clumps of tracer substance (|)in the wall of the

small artery and in the gaps (G) between the rounded up endothelial cells (Ec) and smooth

muscle cells (Smc). The vascular lumen (Lu) contains red blood cells (Rc) and clumps of tracer

substance, (a = X 19000; b = X 22 000). Nu = nucleus; Li = lipid droplets; Le = elastic
lamina; fl = flap
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Plate 111

Pancreas treated with Na-deoxycholate (1 hour), a) Clumps of precipitated iron tracer (ft)

along the luminal surface (Lu) of the endothelium of a capillary vessel (Ec) and in the suben-

dothelial space (Se) (X 30 000). b), c) The tracer deposited along the surface is transported

into the subendothelial space by pinocytotic vesicles (Pv). There are tracer clumps in the endo-
thelial cytomemhranes ( ff)(x 84 000). Nu = nucleus
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Plate IV

Pancreas treated with Na-deoxycholate (3 hours), a) The injured endothelium has been re-
placed by tracer substance ( f) in ring-like fashion. The vascular lumen contains tracer sub-
stance and red blood cells (Re) (x 21 000). b) Part of injured capillary wall (not counter-
stained). Note retention of tracer substance (t)by the basement membrane (ff (X 30 000)

stance (Fig. 5). In semi-thin sections, not only the walls of blood capillaries
and veins, but also those of the muscular-type small arteries showed the
Prussian-blue reaction, as if the vascular walls were soaked with the tracer
flowing around the endothelial and smooth muscle cells. There was a marked

Acta Morphologien Academiae Scientiarum Hungaricae 19, 1971



VASCULAR INJURY 183

extravasation of red blood cells (Fig. 6). In the endothelial cells, electron
micrographs revealed the presence of vesicles containing considerable amounts
of tracer substance and showing different phases of vesicular transport (Plate
I11/b, c). At sites a confluent precipitate of tracer substance was seen on the
surface of the affected endothelial cells (Plate I1l/a). At other sites, the tracer
Mas seen in the necrotized endothelial cells and, being retained by the base-
ment membrane as by a barrier, surrounding the blood capillaries in a ring-
like pattern (Plate I1V/a). Retention of tracer substance within the vascular
wall by the basement membrane was clearly apparent also in not counter-
stained preparations (Plate 1V/b).

Discussion

Deposition of tracer substance in, or its passage across, the vascular
wall suggests a notable increase in vascular permeability (Majno et ab, 1961;
Cotrain et ab, 1964; Rowley, 1964). It is known that normally very little
or no tracer substance can pass across the vascular wall. In acute pancreatitis
induced with edible oil, an increase in vascular permeability was demonstrated
by means of colloidal iron tracer substance. The vascular leakage was of the
histamine type (Cotrain et ab, 1964) in that the interendothelial junctions
had opened up and gaps had formed in the vascular wall.

An increase in vascular permeability was noted also in Na-deoxycholate-
induced acute pancreatitis. Ultrastructurally, in addition to the histamine
type vascular leakage (Cotran et ab, 1964), the increased transendothelial
transport of the tracer by vesicles suggested the occurrence of another type
of vascular leakage, related to the direct impairment of the vessel wall (Cot-
rain et ab, 1964). Direct endothelial damage resulted first in tracer precipi-
tation along the luminal surface of the endothelium; upon deterioration of
the latter the tracer had advanced up to the basement membrane which retained
it w'ithin the vessel wall. Direct vascular impairment was suggested also by
an extravasation of considerable amounts of red blood cells.

The early endothelial damage in the pancreatic capillary vessels upon
the intraductal injection of bile salts was noted also by others (Doerr et ab,
1965; Wanke, 1968) without, however, giving consideration to the type of
vascular leakage. In both oil-induced and Na-deoxycholate-induced increase
of vascular permeability, the local release of vasoactive substances may have
been a common factor. The same was suggested by the increase of vaso-
active substances in the blood upon intraductal administration of bile (Thal
et ab, 1963; Ofstad, 1969, 1970). Injection of bile into the pancreas through
Santorini’s duct produced an immediate temporary increase in flow in the
superior pancreatico-duodenal artery (Mallet-Guy et ab, 1971) and, in
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due course, in the amount of blood drained by the pancreatico-duodenal vein
(Egdah1, 1958). Injection of vasoactive polypeptides, histamine or serotonin,
into the pancreatico-duodenal artery had similar effects (Papp et al.,, 1967).
From the above it follows that the vascular response to tissue injury of the
pancreas does not differ from that of the skin, where tissue injury increases
local blood flow and vascular leakage (Aschheim et al., 1961; Spector et al.,
1964, 1965; Zweifach, 1965).
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VON OL ODER NATRIUM-DEOXYCHOLAT HERVORGERUFENE MIT AKUTER
PANKREATITIS EINHERGEHENDE GEFARBSCHADIGUNG

Z. NAGY, M PAPP und A BALINT

Durch intraduktale Injektion von Sonnenblumendl oder Natriumdeoxycholat wurde
bei Tauben eine akute Pankreatitis hervorgerufen. Zur Veranschaulichung der GefaRpermea-
bilitat erhielten die Vogel intravends eine kolloide Eisenlésung, welche mit einer Preussiseh-
blau-Reaktion bestimmt wurde. Eine Erh6éhung der GefdRpermeabilitdit wurde in beiden
Féllen durch Ol und durch Natriumdeoxycholat induzierter akuter Pankreatitis nachgewiesen.
Bei der durch Ol induzierten Pankreatitis gehorte die Erhohung der GefaRpermeabilitit zum
Histamintyp. Bei der durch Natriumdeoxycholat induzierten Pankreatitis trat die direkte
GefalRschadigung zu der Permeabilitdtserh6hung vom Histamintyp hinzu. Das lokale Frei-
werden von vasoaktiven Stoffen ist wahrscheinlich ein gemeinsamer Faktor der Wirkung
von Speisedl und Natriumdeoxycholat.

BbI3bIBAEMOE PACTUTEJ/IbHbIM MAC/IOM WA OE3OKCUXOJIATOM HATPNA
COCYOANCTOE MOPAXEHUME, COMPOBOXAAIOWEECA OCTPbIM MAHKPEATUNTOM

3. HAAb, M. MAMNM n A BAVHT

BHYTPUMNPOTOUHBLIM BBeJeHMEM MOACO/HEUHOrO Macia WM Ae3oKcuxonaTa Hatpusi 6bil
Bbi3BaH Yy rosny6eit OCTPbIA NaHKpeaTWUT. 015 BbISIBNEHUS MPOHMLAEMOCTM COCYA0B MNTHLAM
BHYTPMBEHHO BBOAM/ICS KOMMOWAHLIA pPAcTBOP >Kenesa, KOTOpbIi 6Gbll onpefenieH peakLimelt
C MPYCCKOM CUHbKOM. B 060MX Crydasix oCTPOro naHKpeaTvTa, UHAYLMPOBAHHOIO BBEAEHMEM
pacTUTENIbHOTO Macna W [e30KCUxonata HaTpusl, 6bi10 BbISBAEHO MOBbILLEHVE NPOHULAEMOCTYU
cocyaoB. Mpy MHAYLMPOBAHHOM PacTUTE/IbHLIM MAac/oM MaHKpeaTUTe MOBbILLEHWE COCYANCTO
NPOHULIAEMOCTM NPUHAANEXANI0 K TMCTaMUHOBOMY TUMy. Mpu MHAYLMPOBaHHOM [1€30KCMX0/1aTOM
HaTpus NaHKpeaTuTe K MOBbLILLEHWIO MPOHULAEMOCTY COCY0B TUCTAMMHOBOIO TWMNa npucoe-
[VHWOCH TAKOBOE, BbI3BaHHOE MPSMbIM MOPaXKeHWeM cocyoB. MecTHoe 0CBO60XKieHWe Ba3oaK-
TUBHbIX BELLECTB, BEPOSITHO, COBMECTHbIN (hakTop Mpu AEMCTBUKM PacTUTENLHOrO Macna U [e3oK-
cuxonara HaTpus.

Dr. Zoltdn Nagy
Dr. Miklés Papp Budapest VT11l, Szigony 43, Hungary
Dr. Andras Balint
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VASCULAR CHANGES IN SMALL AND LARGE
ARTERIES IN RAPID HYPERTENSION AS AN
ATHEROSCLEROSIS PROVOKING FACTOR

Il. Jellinek
(Received December 11, 1970)

A study of atherosclerosis associated with rapid hypertension has been made.
Acute hypertensive vascular changes appear to constitute the initial phenomenon in
chronic arteriosclerosis. The development of acute lesions depends mainly on the degree
of the acute damage, and the type of fibrinoid (subendothelial or medial) depends
on the tissular structure of the vessel wall. These factors and the subsequent cell proli-
feration give rise to a musculo-elastic intimai thickening equivalent to atherosclerosis.
The subendothelial fibrinoid transforms into a hyaline, lipid-containing lesion of the
atherosclerotic type. The appearance of lipids is secondary and plays no role in the
development of the vascular lesions.

It is generally accepted that atherosclerosis is initiated by several proc-
esses rather than a primary factor [1, 2]; actually, the condition appears to
represent the end-product of a complex disease. Of the factors possible involv-
ed in the combination of pathologic processes leading to atherosclerosis psychic
and nervous effects, hormonal disorders, anomalies of lipid metabolism,
infectious and allergic processes have been studied in detail. All these factors
have been shown to induce in the vessel wall the degenerative and prolifera-
tive changes characteristic of atherosclerosis. Many authors are of the opinion
that both human and experimental hypertension may promote or intensify
the atheromatous changes [3—6].

We have studied the pathogenesis of human and experimental vascular
disease for more than a decade. Among others, we have shown that factors
of different nature induced vascular lesions of identical morphology in humans
as well as in experimental animals [7].

Extensive studies on more than 1500 animals with experimental renal
hypertension, revealed certain relationships of hypertensive vascular lesions
and atherosclerosis [8—28]. The pathomechanism of the hypertensive vascular
change seems to be poorly understood; some new information emerging from
our studies is therefore presented in this paper.

The pathogenesis of hypertensive vascular changes was found to be
identical in small, medium-size and large arteries. Nevertheless, the progres-
sion and severity of the changes depended largely on the structure of the
affected vessel.
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Lesions consisting of various stages of fibrinoid necrosis were most typical in the small
vessels. The first microscopic change seen in the initial phase of the hypertensive condition
was a necrosis of the smooth muscle cells in the media. The necrotic cells stained black with
Mallory’s phosphotungstic acid haematoxylin (PA) and red with PAS; on polarisation optical
examination they showed an increased birefringence after aniline reaction (Figs 1, 2). Electron-
microscopically, a pale swollen type and an osmiophilic dark type of necrotic muscle cell could
be distinguished (Fig. 3). Gardner [29] postulated that the initial muscle cell necrosis was
preceded by a morphologically undetectable prenecrotic phase consisting of certain biochemical
processes.

Simultaneously with the muscle cell necrosis, the vascular wall developed a tendency
to imbibe and accumulate blood plasma. Initially, this change may not be readily visualized.
It seems, nevertheless, to constitute a prelude to the prenecrotic process (Fig. 4) which initiates
the necrosis of muscle cells.

Fig. 1. Small artery with lamellar elastic membrane. Note necrotic muscle cells (arrows)
in the media (media fibrinoid (MF)) typical of acute hypertension. L: vascular lumen. Mallory’s
phosphotungstic acid haematoxylin dye (PTA)

Fig. 2. Increased birefringence of necrosed muscle cells (arrows) in polarized light, after ani-
line reaction. The dark internal elastic membrane (M) is clearly seen. There is no birefringence
in the subendothelial space. L: vascular lumen

Blood plasma accumulated in the vascular wall gives rise to the typical lesion known
as fibrinoid necrosis [12, 30 —35]. At this stage the vascular fibrinoid stains characteristically
red with Azan and black with PTA (Fig. 5).

The consequences of muscle cell necrosis and the penetration of plasma depend mainly
on the anatomical structure of the vascular wall. In the small vessels, necrosis and penetration
of plasma follow in rapid succession to form the typical vascular fibrinoid, while in vessels
with a distinct internal elastic membrane, the process becomes divided into stages.

The internal elastic membrane temporarily blocks the passage of the penetrating
plasma, thus the two components of the lesion evolve separately. The necrotic muscle cells
in the media form the media fibrinoid and the plasma retained in the subendothelial space above
the internal elastic membrane forms the subendothelial fibrinoid. These two forms of fibrinoid
are clearly differentiated by PTA staining (Fig. 6) and their non-identity has been confirmed
by their dissimilar polarisation optical, phase contrast and fluorescence microscopic properties
as well [19, 23].
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Segregation of the two components of vascular fibrinoid is the more pronounced, the
stronger the vessel’s internal elastic membrane. In large muscular arteries, as e.g. in the
femoral artery, hypertensive accumulation of plasma is of extreme degree, but the strong
resistant internal elastic membrane considerably limits its passage into the media. Thus in the
large vessels the change is only partial by the time when the vascular fibrinoid has fully evolv-
ed in the small vessels. In the large vessels, muscle cell necrosis is also less pronounced (Fig. 7).

Simultaneously with an advanced stage of subendothelial fibrinoid formation in the
femoral artery, aortic lesions are still of the early type. There are some small vacuoles in the

Fig. 3. Electron micrograph of a small artery. Endothelial cells (E) above the internal elastic

membrane (ME). Note swollen pale cell necrosis (EN) and osmiophilic dark cell necrosis (ON)

in the media. Some muscle cells (MS) of apparent structural integrity enclose cytoplasmic
vacuoles and myeline figures (arrow). L: vascular lumen

aortic endothelial cells, subendothelium and smooth muscle cells (Fig. 8). Accumulation of
plasma in the subendothelial space takes place subsequently and tends to progress (Fig. 9).

Apparently, the media fibrinoid and subendothelial fibrinoid represent the early phase
of hypertensive vascular change.

Later, not only further progression of the lesions, but regenerative phenomena also
occur. The three main alternatives of the further fate of the fibrinoid are as follow.

1 The subendothelial fibrinoid undergoes a hyaline transformation. In this phase, its
original red staining with Azan changes into blue and its black staining with PTA into yellow
(Fig. 10). Electronmicroscopically, this stage is marked by the appearance in the subendothe-
lial space of bodies with a periodic structure [19] (Fig. 11) which may be responsible for the increas-
ed birefringence and altered staining properties. This is followed by a condensation process
of hyaline during which the bodies with periodic structure successively lose their structure
(Fig. 12) until the entire subendothelial hyaline deposit has assumed a homogeneous appearance
in conventional micrographs, while electronmicroscopically it is found to contain myelin
figures and lipid-like substances (Fig. 13). This is the final complex arterial lesion resulting
from hypertensive vascular changes: from the subendothelial fibrinoid to hyaline formation.
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Fig. 4. Section from hypertensive aorta. Few fibrin clumps (F) in the subendothelial space,

in the media the Golgi complexes (G) of the muscle cells (M) are enlarged. Perhaps it is this

stage of the change which corresponds to the prenecrotic phase. ME: internal elastic mem-
brane; NM: relatively normal muscle cells in the media; E = endothelial cells; L: lumen

Fig. 5. Typical vascular fibrinoid (F) and perivascular granulation (G) arising from mural

necrosis and of extravasated plasma within and outside the vessel wall. L: lumen. PTA stain

Fig. 6. The two components of the vascular fibrinoid in a small vessel with internal elastic

membrane (M — ). Subendothelial (SEF) and media fibrinoid (MF) are distingiiishable on
staining with PTA. G: perivascular granulation. L: vascular lumen
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Fig. 7. Subeiidothelial fibrinoid (SEF) above the distinct internal elastic membrane (M) of
a large muscular artery. A few necrotic muscle cells (MF) are present in the media. G: granu-
lation; L: lumen. PTA stain
Fig. 8. Early hypertension. Part of the endothelial cells in the aortic wall surround large vacu-
oles (arrows) and protrude into the lumen (I.) above the internal elastic membrane (VI) like
vacuoles. In the media there are a few vacuolized muscle cells (X). M-E stain
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Fig. 9. Subendothelial fibrinoid (arrows) above the internal elastic membrane (M) of the aorta
on the 70th day of experimental hypertension. The lesions stain black with PTA. L: vascular
lumen
Fig. 10. The subendothelial fibrinoid (SEF) tends to lose affinity to PTA which is clearly seen
in Fig. 8. PTA-positivity is now apparent only along the internal elastic membrane (M). The
same phenomenon is observed on staining with Azan, when a gradual red to blue colour
transformation occurs. P: slight intimai proliferation; L: lumen
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2. Sometimes the subendothelial fibrinoid was phagocyted. This was often apparent in
conventional micrographs and was verified by the presence of intracellular fibrin structures
in electron micrographs (Fig. 14). With the progress of phagocytosis, the fibrinoid was replaced
by proliferation which contained many foam cells (Fig. 15) and, as revealed electronmicros-
copically, also muscle cells. Thus the subendothelial fibrinoid was replaced by intimai prolifer-
ation consisting of several cell rows.

Fig. 11. Electron micrograph of small artery in acute hypertension. In the subendothelial

space between the endothelial cells (E) and the internal elastic membrane (ME), fibrin-like

(F) material and typical crystal-like bodies with periodic structure (PC) are apparent. L:
lumen: MS: normal muscle cells in the media

3. If the damage to the media was slight, necrosis was limited to single smooth muscle
cells and no subendothelial fibrinoid developed. The regression of the media fibrinoid gave
rise to a proliferative process in the area corresponding to the media of small vessels. The
proliferation resulted in a thickening of the intima (Fig. 16) and a consequent narrowing
of the vascular lumen. Specific staining for elastic fibres revealed the presence of a newly formed
elastic lamella [21, 28] which sometimes appeared to consist of several layers (Fig. 17).

Between the layers there were cells exhibiting the characteristic staining properties of
smooth muscle cells. Their electron microscopic counterparts appeared as large, pale, undif-
ferentiated cells and muscle cells.

File decisive role of the structure of the vascular wall in the nature of the change is
illustrated in Fig. 18 which shows sections from different vessels of a rat after 60 days of
hypertension. In the small arteries, the lesions brought about cicatrization, while in the large
muscular artery the transformation of subendothelial fibrinoid into intimai proliferation is
still in progress. In the aorta, subendothelial fibrinoid and single muscle cell necroses are
seen. Thus the hypertensive vascular changes appear to depend mainly on the mural structure
and the time factor.
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Fig. 12. Electron micrograph of a small artery in the advanced stage of hypertension. The
crystalline bodies have closely approximated each other. The periodic structure (PC) tends
to disappear, though it is still apparent in places. Finally, the lesion assumes a homogeneous,
hyaline-like appearance (H). ME: internal elastic membrane; E: endothelial cell; L: lumen

Fig. 13. Electron micrograph of subendothelial fibrinoid in the stage of staining blue with

Azan. Above the internal elastic membrane (M) and between the row of endothelial cells (E)

a homogeneous hyaline substance, lipid droplets and myelin figures (arrows) are seen. L:
lumen
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Fig. 14. Electron micrograph of subendothelial fibrinoid in the stage of staining red with

Azan (small artery). Phagocytosis of the fibrinoid by cells from the proliferating intima has

started: note the fibrin structure (F) within the phagocytes. PC: periodically structured bodies;
ME: internal elastic membrane; E: endothelial cell; L: lumen
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Fig. 15. Phagocytosis of subendothelial fibrinoid (arrows) in an elastic vessel in chronic hyper-
tension. Phagocytosis is followed by endothelial (E) and muscle cell proliferation. Some of
the cells have a foamy cytoplasm (at P). M: internal elastic membrane; L: lumen. Azan stain

Fig. 16. Chronic hypertensive changes in small artery. Note mitotic cells in the vessel wall

(A) and proliferating cells (P) above the internal elastic membrane (M). L: lumen: G: granu-
lation. H-E stain
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Fig. 17. Chronic hypertensive change in small artery. Multiple row of newly formed elastic
membranes (LE) (lamellar clastosis) appear above the original internal elastic membrane (M).
A: vessel wall; L: lumen; G: perivascular granulation. Resorcin-fuchsin-Van Gieson’s stain

Fig. 18. Mural changes in different vessel types on the 70th day of experimental hyperten-

sion. Small artery (SA): [»art of the wall is undamaged, [»art of it is thickened and cicatrized.

Large muscular artery (L): [»art of the subendothelial fibrinoid (arrow) isstill seen with prolifer-

ating cells scattered along its surface (marked by arrow \»->-); at P only a row of proliferating

cells is seen above the internal elastic membrane (M). The vessel is surrounded by perivascular

granulation (G). Aorta (AO) with some subendothelial fibrinoid (arrows) and occasional single
muscle cell necrosis (N). PTA stain
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Evaluation

It appears that the two morphological components of hypertensive vas-
cular change, viz. subendothelial plasma deposit and muscle cell necrosis are
decisive factors in the development of atherosclerosis. With either component,
regeneration phenomena are preceded by a damage to the vascular wall [36]
and this is the point where the nomenclatural dispute has arisen in respect
of the characterization of the vascular fibrinoid. Certain authors have attrib-
uted the primary role to muscle cell necrosis [29, 37] while others to the pene-
tration of plasma into the vascular wall [30, 32— 34, 38—40, 52]. Our own
experience suggests that both factors are of equal importance in the develop-
ment of a typical vascular fibrinoid.

In this context, the question arises whether in hypertension the lipids
play a role in the development of lesions in the small vessels. The foregoing
considerations imply that the primary vascular damage consists of various
degrees of fibrinoid necrosis. When examining hypertensive vascular changes
for the occurrence and localization of lipids, we found that in the early phase
sudanophilic material was present exclusively in the necrotic smooth muscle
cells; the subendothelial fibrinoid in contrast to the opinion of other authors
[51] showed no affinity to lipid stains [27]. In the subendothelial lesion, lipids
were demonstrable exclusively in macrophages appearing in a later phase
and finally after hyalinization. The same was suggested by examinations for
nonspecific esterase which, too, occurred in the above localization [16]. Thus,
the lipids apparently play no primary role in the development of the vas-
cular hyaline change.

A certain terminological confusion has arisen from the equivocal defini-
tion of the terms “fibrin” and “hyaline”.The fibrinoid necrosis of the vessel
wall stains red and black, whereas vascular hyalinosis stains blue and yellow,
with Azan and PTA, respectively. But an unequivocal definition is actually
not as simple as that, because of the staining properties the vascular wmall
depends mainly on the time of examination.

The acute vascular change shows the staining characteristics of fibrin,
whereas the advanced lesion those of hyaline. Bet1 [41] postulated a correla-
tion between the severity of hypertension and vascular hyalinization. This is
apparently influenced by the extent of plasma penetration and muscle cell
necrosis. Smith [42] suggested that hyaline sclerosis was related to essential
malignant hypertension.

In this context the appearance of fibrin points to the degree of sever-
ity rather than to a specific vascular change. This accounts for the fact that
along this line even histochemistry has failed to disclose new details, as the
results depend mainly on the phase of change in which the examination is
undertaken.
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As indicated by the present findings, rapidly developing hypertension
produced acute vascular changes. In slowly progressing hypertension, chronic
changes of the hyaline type prevailed. The same was found on reducing blood
pressure with hypotensive drugs, in response to which small vessel lesions of
the benign hypertension type developed [44].

In the case of slowly progressing hypertension, the vascular wall adapts
itself to a certain extent to the raised blood pressure in that the muscle cells
hypertrophize [45] and subsequently proliferate. This appears only natural
when it is considered that muscle cell necrosis may be followed by regenera-
tion and the development of a new multilamellar elastic fibre and muscle
cell layer.

Intimai proliferation subsequent upon single muscle cell necrosis has
recently been observed under the traditional atherogenic diets [47, 48].
It is now generally accepted that the intimai proliferation consists of smooth
muscle cells [1, 2, 21, 28, 47, 50] which undergo a secondary transformation
to foam cells, as observed by us [26] in experimental hypertension of the rat.

Examination of primary vascular lesions associated with various patho-
logical conditions has revealed a close morphological similarity of the vascular
fibrinoid regardless of the type of the disease. Vascular fibrinoid of exactly
the type described here was found in collagénoses, renal diseases, tuberculous
meningitis, polyarteritis, lupus erythematodes, scleroderma and the Schwartz-
man phenomenon. As to the vascular changes in part of these conditions, we
may state that, in addition to fibrinoid necrosis, proliferation and hvalini-
zation appeared in due course, in analogy with the hypertensive vascular
lesions [13].

In a review on induced hypertensive vascular changes Dustin Jr. [46]
writes: “...the suggestion that arteriolar hyalinosis may be the equivalent
of atheroma formation in the large arteries may be useful for further research.’

It may be concluded from the evidence presented that the acute vascular
fibrinoid change which has a subendothelial and medial component plays
a decisive role in the further fate of the vascular wall. The result is either a
hyaline of a cellular proliferative atheroma and we hope to have succeeded
in disclosing the process of their evolution. Apparently, the sclerotic transfor-
mation of the vessel wall takes a similar course not only in hypertension, but
also in other conditions associated with acute vascular damage.
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HYPERTENSIVE VERANDERUNGEN IN KLEINEN UND GROSSEN ARTERIEN
ALS EIN FAKTOR DER ATHEROSKLEROSE
H. JELUNEK

Verfasser beschaftigt sich mit der Frage der Pathogenese der zur Hypertonie hinzutre-
tenden Atherosklerose. Er stellt fest, daR die akuten GefdBveradnderungen bei der Hypertonie
die Einleitung der chronischen atherosklerotischen Erscheinungen darstellen. Die Schwere
der akuten Schéadigung wirkt auf das Entstehen akuter Gewebsverdnderungen, die Gewebs-
struktur der GefdBwand entscheidet dagegen welche Erscheinungsform der fibrinoiden Ne-
krose zustandekommt. Diese fuhren gemeinsam als Ergebnis der Zellproliferation zur Myoleasto-
fibrose als arteriosklerotisches Aequivalent in den kleinen GefdBen. Aus dem subendothelialem
Fibrinoid entstehen hyaliniise, Lipoid enthaltende atherosklerotische morphologische Verdnde-
rungen. Die Lipoide besitzen keine Bedeutung bei der Entstehung der Verdnderungen in den
kleinen GefaBen, sie sind nur sekunddr nachzuweisen. Die Lamina elastica enthaltenden grofen
GefaBe antworten gleich auf die hypertonische Schadigung mit Proliferation der GefaBwand
und fahren zu der gleichen Intimaproliferation und zu den gleichen atheromatésen Erscheinun-
gen, w'ie andere zur Atherosklerose fiihrenden aetiologischen Faktoren.

FTMNEPTOHNWYECKUNE W3SMEHEHWNA B KPYMHbBIX W MEJAKWUX APTEPUAX,
KAK ®AKTOP ATEPOCKNEPO3A
r. ENNTNHEK

ABTOpPOM 6bl1 M3yUeH NaTOreHe3 aTepocK/eposa, NPUCOeAMHSOLLEACA K rMnepToHnM. OH
KOHCTaTMPYET, YTO OCTPbIe TMMEPTOHUYECKUE U3MEHEHNSI COCY[0B SIBMIIOTCA HayasioM XPOHU-
YeCKMX aTepOCK/IEPOTUYECKUX SBMeHUI. CTeneHb TSHXKECTU OCTPOro MOPaXKeHUsi BWSIET Ha
pas3BUTME OCTPbIX TKaHEBbIX W3MEHeHWI, a FMCTOMOrnyeckas CTPYKTypa COCYAUCTON CTEHKU
SIBNSIETCA PeLLatomm PakTopoM BOSHMKHOBEHWS TO MM UHON (hopMbl NPosiBNeHNs (PUBprHO-
NOHOTO HeKpo3a. JTW (pakTopbl B pe3ynbTaTe Mponudepauuy KAeTOK Bbi3blBalOT COBMECTHO
MMO0-3N1acTO-pM6PO3 B MENKMX COCYflaX B KaueCcTBe aTepoK/IepOTUYECKOro 3KBUBaneHTa. W3
cy63HA0TeNMaNnbHOro (hnbpuHoMaa pasBMBAKOTCA TMa/IMHOBbIE, COAepXKallve NMMnovibl WU3Me-
HeHWs ¢ aTepoCcK/epoTUYeckol Mopdonorveid. B pasBUTUM M3MeHeHWIA MeNKUX COCYAOB SMMO-
Wbl He UTPalT POK, UX MOXHO BbISBATL TOMbKO BTOPMYHO. KpynHble cocydbl, obnagatoLme
3M1aCTUYECKOW MNACTUHKOM, pearvpytoT Ha FMNepTOHUYECKOE MOPaXKeHWe MO aHa/Iorum MesTKuX
cocyfoB nponvdepauyeil cocyamcToli CTeHKU, M OHU MOKa3blBAlT TaKyk e Nponudepamio
WHTUMbI U MOAOGHbIE aTepoMaTO3Hble SIB/IEHUS, KaK Mof B/USIHUEM MPOYMX 3TUOSIOMMYECKUMX
(haKTOpOB, NPUBOAALLMX K aTepOCK/epo3y.

Dr. Harry Jettinek, Budapest IX., Unsi Gt 93, Hungary
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THE LYMPHATICS IN OEDEMATOUS SKIN

Sz. Vikagh,* M. Papi» and l. Rusznyak

(Received December 15, 1970)

Oedema was induced in the hindlimb of rats, either by treatment with dextran
or by perfusion. The lymph capillaries became dilated and took a cylindrical shape
below the papillary layer and the subcutis. The connective-tissue lamellae disintegrated,
part of the connective-tissue fibres detached from the endothelial cells of the lympha-
tics, while the remaining ones lost their connection with the swollen connective tissue
of the cutis and aponeurosis. Many of the intracellular junctions of the lymphatics
were open. Postcapillary lymphatics of the hindlimbs were dilated, the popliteal
lymph-nodes swollen, and lymph flow was enhanced from the lumbar lymphatic trunk.
The dilated lymphatics failed to collapse either in response to hyaluronidase injected
into the oedematous skin or after the inhibition of pinoc.ytosis.

The results have shown, in agreement with data obtained by others, that the
lymphatics are pulled apart by the connective tissue fibres attached to the endothelium
during the initial phase of oedema formation. As oedema progresses, dilatation of
the lymphatics is maintained by the increased passage of oedema fluid through the
open intercellular junctions of the lymphatics into the lumen, i.e. lymph flow is aug-
mented. Enhanced lymph flow is impeded mechanically by the regional lymph nodes,
the result of which is a retrograde dilatation of the postcapillary lymphatics and larg-
er lymph vessels of the extremity.

The lymphatic endothelium is connected to the surrounding tissues by
fibres (Putlinger, Florey, 1935) and fine filaments (Leak, Burke, 1966,
1968, 1970; Casley-Smith, 1967a). It is generally believed that when the
connective tissue is distended by oedema fluid, these anchoring fibres and
filaments tighten and the lymphatic vessel walls are pulled apart (Pullinger,
Florey, 1935; Casley-Smith, 1967a).

In earlier studies we found that in dextran-induced oedema the collagen
fibres decreased in number, became detached from the lymphatics and some
of them disintegrated; collagen fibres were rarely seen attached to the lym-
phatics (Viragh, Papp, Térs, Rusznyak, 1966). We assumed that the lym-
phatics were dilated by the increased lymph content entering the lumen,
partly due to increased pinocytosis and partly through opened intercellular
junctions by increased interstitial pressure (Guyton, 1965).

In a subsequent work, Casley-Smith (1967a) reported that local hyalu-
ronidase detached tin* connective fibres and filaments from the vessel wall,
and so the increased connective-tissue tension failed to pull apart the lymphatic
endothelium; hence the lymphatics collapsed.
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The finding that tin* lymph nodes resist to lymph flow (Papp, Makana,
Hajtman, 1971) has given ns new impetus to carry out further studies. At
the same time, we have attempted to verify our hypothesis concerning the
importance of pinocytosis. We have therefore investigated whether the lumina
of the lymphatics are collapsed if pinocytosis is inhibited or on local treatment
with hyaluronidase; further, whether the resistance of the popliteal lymph
node to flow promotes retrograde dilatation of the lymphatics in the skin of
the oedematous limb.

Material and methods

Male albino rats of the CFE strain weighing 250—300 g were used in the experiments.

For functional studies (i) intact animals were anaesthetized intraperitoneally with
pentobarbital (4 mg/100 g) and lymph was collected from the thoracic duct (Bollman, Cain,
Ghindlay. 1948) or the lumbar lymphatic trunk. The arterial blood pressure was measured
in the abdominal aorta. Statistical analyses were performed with the Student’s t test.
Animals with dextran-induced oedema were anaesthetized and lymph was collected from
them as from the intact animals.

For morphological purposes, oedema was induced with dextran (Viragii et al. 1966;
Casley-Smith 1967a) and in one group of animals the popliteal Jymph nodes were removed
from the hindlimb, or from the stump of the hindiimb amputated immediately before dextran
injection. In another group the animals were given either 150 IU of hyaluronidase (Hyason,
Organon) in 0.05 ml of physiological saline, or 0.05 ml of saline, or homologous serum, or 0.1 ml
of paraffin oil, always intracutaneously and interdigitally. Some rats were injected intravenously
with ouabain, 200 //g/100 g bw. (ii). In a second group of rats anaesthetized intraperitoneally
with sodium pentobarbital, the abdominal portion of the aorta and the inferior vena cava were
divided. The peripheral stumps were cannulated, and the lower part of the body was perfused
through the aorta by a Harvard peristaltic pump, at a rate of 3to 4 ml/min for 60 to 120 min;
the T-extension of the cannula allowed continuous measurement of the perfusion pressure by a
mercury manometer.

The perfusion fluids employed were as follows.

(a) a mixture of equal amounts of canine blood serum and physiological saline;

(b) a mixture of equal amounts of canine blood serum and 0.02 M KCN;

(c) a mixture of equal amounts of canine blood serum and 0.01 M dinitrophenol.

Hyaluronidase was used to dissolve the filaments attached to the lymphatic endothe-
lium (Casley-Smith 1967a), ouabain to inhibit Na! K dependent ATPase (Ridderstap
and Ronting, 1969), and KCN (DeTerra and Rustad, 1959; Gordon and King, 1960;
Casley-Smith, 1964, 1965. 1969) and dinitrophenol (Schumaker, 1958) to inhibit pinocy-
tosis in the lymphatic endothelium.

Specimens for morphological examination were obtained from the dorsal, in some ani-
mals from the plantar skin of the paw, 5and 30 min after the intracutaneous injections, 30 and
60 min after the intravenous injection, and between the 30th and 120th min of perfusion.

To prepare adequate specimens for electron microscopic studies, in most of the animals
the hindlimb was perfused with Plasmodex (Biogal Ltd., Debrecen) through the abdominal

Fig. 1. Normal rat paw skin fixed by perfusion. $ approximate width of snbcutis. A: arteries.
f: irregular lymph capillary in aponeurosis. X 50

Fig. 2. Paw skin, dextran-induced oedema. \ :widened subcutis. L: round dilated lymphatics.
In the aponeurosis, two dilated postcapillary lymphatics (PL) and artery (A). X 50

Fig. 3. Connective tissue fibres surrounding dilated lymphatics near border of cutis. X 300

Fig. 4. Portion of popliteal lymph node, dextran-induced oedema. Dilated intermediary sinuses

(IS); obvious tension of reticular fibres in dilated cortical sinus (MS). Paraffin embedding,

trichrome staining, X 120

Fig. 5. The two postcapillary lymphatics in the aponeurosis in Fig. 2 are seen to unite deeper

down. Lymphatics surrounded by connective tissue, fibres and cells. The extent of lymphatic
dilatation can be judged from the blood capillaries seen in the left top corner. X 100

Fig. 6. Tangential section of the lymphatic in Fig. 5. Most connective tissue fibres are disin-

tegrated around the lymphatic
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aorta, then fixed by glutaraldehyde at body temperature, the pH being adjusted by a phosphate
buffer to between 7.2 and 7.4. In some of the animals, tissue specimens were taken with utmost
care from the skin of the intact and oedematous hindlimb, then fixed in glutaraldehyde at
room temperature, by the immersion method. After fixation, tin* hindlimb skin specimens
were prepared for electron microscopic investigation, by a method described previously (Vi-
rago et al., 1966). Type JEM 6C and SEM 1Il electron microscopes were used.

The tissue samples fixed and prepared for electron microscopy were examined also
under the light microscope. The specimens were embedded in an oriented fashion, to obtain
a cross-sectional plane perpendicular to the epidermis, thus allowing examination of the cutis,
subcutis and aponeurosis in toto. Sections | to 2 // thick were prepared and stained with tolui-
dine blue, either after removal of the embedding substance or in some instances leaving it
intact. The popliteal lymph nodes were fixed in 4% formalin, then embedded in paraffin:
the 4 to 6 // sections were stained by the trichrome method.

Results

Normal skin is known to display collapsed lymph capillaries irregular
in shape. In dextran-induced oedema the texture of some skin layers was
loosened in various degrees. In a strip of about 500 fi width, the lymphatics
in the subepidermal connective tissue were irregular in shape and showed no
dilatation. Oedematous loosening of the connective tissue began beneath the
sebaceous glands and the hair follicles, where the tissue lamellae had separated,
the collagenous fibres disintegrated and, in the direction of the cutis, the lympha-
tics grew wider (Fig. 2). Lymphatic dilatation was less pronounced in skin
fixed by immersion than in skin fixed by perfusion. The amount of oedema
fluid was greatest in the subcutis; the distance between the cutis and the
aponeurosis was about five times the normal (Figs 1 and 2). A thin wreath
of connective-tissue fibres surrounded the lymphatics (Fig. 3), but these fibres
were not attached to the cutis and the aponeurosis, in which the nerves and
the blood vessels were surrounded by connective tissue fibres. In the aponeuro-
sis, lymph capillaries with variable lumina, and postcapillary lymph vessels
surrounded by smooth-muscle cells varying in number (Pfleger, 1964)
were observed. The connective tissue fibres around them had no attachement
to the connective tissue of either the tendon sheaths or the cutis (Figs 2, 5, 6).

Electron microscopy showed even more conspicuously that the number
of connective-tissue fibres adhering to the surface of the lymph capillaries
was less than normal (Fig. 12). In the oedema fluid disorganized filaments ol

Fig. 7. Oedematous paw skin treated with hyaluronidase. L,: moderately dilated irregular
lymphatic near the epidermis. Under it disorganized connective tissue with considerably
distended lymphatic (I>). BV: blood vessel. X 1SO
Fig. 8. Turning the block at 90° angle still revealed L,, as moderately dilated and irregular
in shape as in Fig. 7. BV: blood vessel. E: epidermis. subepithelial narrow lymphatic.
L: dilated lymphatic. X ISO
Fig. 9. Oedematous paw skin treated with hyaluronidase. Dilated lymphatic in the aponeurosis
is overlain with collagen fibres. X 280
Fig. 10. Oedematous paw skin treated with saline induced considerable dilatation of the valvular
lymphatic below the cutis. Near the valves the lymph stained a deep dark. X 190
Fig. 11. Normal paw skin after intradermal paraffin oil injection. The oil separated the colla-
gen bundles in the cutis and dilated the lymphatics (*) X 190
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70— 100 A thickness were observed. Several of the interendothelial junctions
of the dilated lymphatics were open.

As seen under the light microscope, hyaluronidase injected into the
oedematous skin caused no collapse of the lymph capillaries in either of the
skin layers. It did not reduce lymphatic dilatation in the cutis and the subcutis,
but increased it at the site of injection (Figs 7, 8, 9). Nor did electron micros-
copy reveal a higher degree of detachment of connective tissue fibres from
lymphatics under the action of hyaluronidase than under that of oedema
(Figs 13, 14). Whether injected into normal or oedematous skin, both physiolog-
ical saline and homologous serum induced a considerable dilatation at the
site of injection (Fig. 10). Intracutaneous or subcutaneous paraffin oil caused
the connective-tissue plates to separate, entered the gaps between them, and
not infrequently forced its way into the capillary lumina, dilating them (Fig. 11).

Inhibition of pinocytosis with KCN, ouabain or dinitrophenol induced
no lymphatic collapse. In the capillary endothelium pinocytotic vesicles were
seen in large numbers (Fig. 15). Blocking with KCN or dinitrophenol the
function of the endothelial cells and the perivascular smooth-muscle cells in
the blood and lymph capillaries resulted in substantial dilatation.

Table 1

Lymph flow from the lumbar lymphatic trunk in intact anaesthetized

rats and in anaesthetized rats with dextran-induced oedema

No. of Lymph flow, mg/120’
Groups rats mean N S.E.

Intact 7 81.4 + 147
164.7 + 8.61

~

Dextran-induced oedema
bp < 0.01

In dextran-induced oedema dilated lymph vessels were seen in the hilus
of the popliteal lymph nodes. Around the nodes, gross oedema was visible.
The cortical and medullary sinuses of the lymph noedes were dilated (Fig. 4).
Dextran produced no sinusal dilatation in the popliteal lymph node in the
stump of the hindleg ablated immediately before dextran.

Fig. 12. Electron micrograph of a portion of a lymph capillary in the subcutis of oedematous
paw skin. The connective tissue is disrupted. Collagenous (C) and elastic fibres as well as fine
connective tissue filaments (F) disorganized and detached from the luminal surface of the

endothelium (—| = 1 ju)
Fig. 13. Electron micrograph of a portion of a lymphatic in the suhcutis of oedematous paw
skin treated with hyaluronidase. Structure as in Fig. 12. (= 1 /)

Fig. 14. Electron micrograph of a portion of a lymphatic in the cutis of oedematous paw skin.
f: delicate filaments in the interstice (—1= 1//)
Fig. 15. Electron micrograph of a tangential section of a lymphatic capillary in oedematous
paw skin after ouabain. An endothelial cell full of pinocytotic vesicles (—1= 1 //)
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Table 11

Lymphflou from the thoracic duct in intact anaesthetized rats, and in anaesthetized
rats with dextran-induced oedema

No. of Lymph flow, ~I/min Arterial blood pressure.
Groups rats mean + S.E. mmHg, mean % S.E.
Intact 19 14 + 1.2 107.1 + 3.78
Dextran-induced oedema 20 9.8 £ 0.8b 79.5 + 2.09a
ap < 0.001
bp < 0.01

During dextran oedema, lymph flow from the lumbar lymphatic trunk
increased significantly (Table 1) while flow from the thoracic duct showed
a significant decrease (Table Il) due to a significant fall in blood pressure.

Discussion

The present results appear to suggest that dilatation of the lymphatics
during oedema is not produced by an increased tension of the connective tissue
fibres.

Our findings are inconsistent with those of Casley-Smith (1967a) as
in the present study hyaluronidase did not cause a collapse of the dilated lym-
phatics in the oedematous skin. Were they to collapse in the sense of Casley-
Smith (1967a) and of other authors (Leak and Burke, 1966, 1968; Burke
and Leak, 1970) hyaluronidase ought to resolve the connective-tissue fibres
still adhering to the lymphatic endothelium in oedema. Of this there was,
however, no sign either in the material of Castey-Smith (1967a) or in ours.
A disturbing element is that Casley-Smith (1967a) demonstrated dilated lymph
vessels without stating in which skin layer he found them; whether in retained
connective tissue, where they are not distended, or in disorganized tissue,
where they are.

As in the present work neither the inhibition of pinocytosis with KCN
or dinitrophenol, nor the inhibition of Na ;— K -dependent ATPase with
ouabain, has made the lymphatics to collapse, we have to revise our former
suggestion that in incipient oedema dilatation of the lymphatics is caused
by the increased fluid which by way of pinocytosis enters the lumina.

Solutions enter the lymphatics while being injected into the skin (Pul-
linger and Florey, 1935) and cause dilatation of the lymph vessels depending
on transmural pressure (Katz, 1969). Their entry is facilited by the open junc-
tions (Casley-Smith, 1967b). Closed junctions open readily in response to
movements, swelling of tissue, and flow of fluid into the lymphatics (Casley-
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Smith, 1967c); moreover they are opened, similarly as blood vessels, by locally
released vasoactive substance (Majno, Palade, Gutta and Sciioeffel, 1961)
liberated from the mast cells in dextran oedema. Oedema also develops in
and around the lymph nodes.

Our present findings clearly show that in the early phase of oedema the
fibres attached to the lymphatics are capable of pulling apart their walls. This
appears to substantiate the suggestion of Pullinger and Florey (1935)
that the collagenous libres attached to the endothelium have a share in pro-
ducing lymphatic dilatation.

According to the present findings the connective tissue bundles undergo
disintegration as oedema progresses, fibres become detached from the endo-
thelium, and those that remain attached lose their contact with the stratum
papillare of the cutis and with the connective tissue of the aponeurosis.

Acknowledgement. The authors are indebted to Mrs. B. Hajtman and G. Folly
for statistical analyses.
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UBER DIE LYMPHGEFASSE DER ODEMATOSEN HAUT
SZ. VIRAGH, M. PAPP und I. RUSZNYAK

Durch Behandlung mit Dextran oder mittels Perfusion wurde in den hinteren Glied-
maRen von Ratten ein Odem erzeugt. Die Lymphkapillaren erweiterten sich und nahmen unter
dem Stratum papillare und der Subcutis eine zylindrische Gestalt an. Die Bindegewehslamellen
disintegrierten; ein Teil der bindegewebigen Fasern léste sich von den Endothelzellen der
LymphgefaRe, wahrend der Rest der Fasern seine Verbindung mit dem geschwollenen Binde-
gewebe der Haut und der Aponeurose verlor. Viele der interzelluldren Junktionen der Lymph-
gefédBe waren offen. Die postkapillaren LymphgeféRe der hinteren Extremitdt waren erweitert,
die poplitealen Lymphknoten oedematds geschwollen, und der Lymphstrom war vom lumbalen
Lymphstrang erhéht. Die erweiterten Lymphgefale kollabierten weder nach Injektion von
Hyaluronidase in die 6dematése Haut, noch nach Hemmung der Pinozytose.

Die Ergebnisse zeigen in Ubereinstimmung mit Daten der Literatur, daB die Lymphge-
fdlRe durch die Bindegewebsfasern, die am Endothel haften, wéahrend der Anfangsphase der
Odembildung beiseite gezogen werden. Mit fortschreitendem Odem wird die Dilatation der
LymphgefaRe infolge der erhdhten Passage der 6dematdsen Flussigkeit durch die offenen inter-
zelluldren Junktionen der Lymphgefde in das Lumen erhalten, d. h. der LymphfluB st
vergroRert. Der erhohte LymphfluB wird durch die regionalen Lymphknoten mechanisch
behindert, wodurch eine retrograde Dilatation der postkapillaren und groReren Lymphgefale
der Extremitat auftritt.

NIMM®ATUYECKME COCY/[bl B OTEUHOMN KOXE
C. BUPAT, M. NAMNM n . PYCHbAK

BBefeHMEM [eKCcTpaHa WM Npy MoMoLLy Mepdy3nn aBTopbl Bbi3bIBa/IM OTEKU B 33JHMX
KOHEYHOCTAX KpbIC. JIMM(aTMYecKne Kanunnsapbl CTaM PaclUMPEHHbIMM Y MPUHUMAW nof, na-
NUANAPHLIM CI0EM W B NMOAKOXHOM C/10e  LNMHAPUYECKYIO (opMy. MNacTUHKN COeAUHUTENb-
HO TKaHW MoKasann Ae3nHTErpaLuio, YacTb BOSIOKOH COeAVHUTE/IbHONM TKaHW OTAenunacs ot
SHAOTENNANbHbIX KIETOK NMM(ATUUYECKUX COCY/A0B, TOrAa Kak OCTafibHble BOMOKHA MOTEps/n
CBSI3b C HaByXlleil COeAMHUTENbHOW TKaHbIO KOXM M anoHeBpo3a. MHOro BHYTPUKIETOUHbIX
COEANHEHUI TMM(ATUYECKNX COCYA0B 3ajHUX KOHEUHOCTEN BbIfIN pacLUMPEHHbIMM, NOAKONEHHbIE
NUMGaTNYECKME Y3/bl 0KA3aINCh YBE/IMUEHHBIMU U TOK JIMMMbI OCYLLLECTBU/CSA M3 MOSCHUYHOIO
NUM(ATUYECKOro COCyaMUCTOro CTBOMA. PacluvpeHHble ImdaTUyecKme cocydbl He cnajanncb HU1
nocne BBeAEHWSI MManypoHWUAAsbl B OTEUHYHO KOXY, HW BC/efiCTBME TOPMOXEHUSI MUHOLMTO3a.

PesynbTaTbl 3KCNEPUMEHTOB MOKa3asin, YTo — B MO/IHOM COF/laCuM C AaHHLIMW APYTUX
nccnenosateneil, — B HaudanbHOM (hase 06pasOBaHUs OTeKa MMMQATUUECKME COCYfbl pa3opBa-
0TCS BOMIOKHAMU COEAMHMUTENIbHOM TKaHW, CBS3aHHbIMW C 3HAOTenueM. Mo mMepe Mporpeccupo-
BaHMS OTeKa pacluMpeHve NMM(ATUUYECKUX COCYAO0B MOAAEPXKUBAETCS MOBbILLEHHLIM TOKOM
OTEUHOIN >KMAKOCTM uYepes OTKPbITble BHYTPUKIETOUHbIE COeAUHEHUS NIMM(ATUUYECKUX COCY/0B
B MPOCBET, TO €CTb TOK /IMM(bl SIBNISIETCS MOBbILLEHHBLIM. Y CKOPEHHbIM TOK IMM(bl MeXaHUYECK
3a[€PXKMBAETCS PErvOHapHLIMU MMMMATUYECKMMU Y3NaMu, B pesy/nibTaTe uero HabiogaeTtcs
peTporpagHoe pacluMpeHne MNOCTKANUANSPHbIX NMMEpATUUECKMX COCYA0B W 6Gonee KPYMHbIX
NMMEATUYECKNX COCY0B KOHEUHOCTEVA.
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u. 33, Hungary
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LIVER INJURY INDUCED BY ALPHA-NAPHTHYL-
ISOTHIOCYANATE

Marta Balazs

(Received January 15, 1970)

Liver injury induced by the administration of alpha-naphthyl-isothiocyanate
has been investigated by electron microscopic methods.

The acute stage was characterized by a damage to the bile secreting apparatus.

In the subacute stage severe, progressive alterations of the liver cell organelles,
as well as a fascicular proliferation of ductular cells poor in organelles were in the fore-
ground.

In the chronic experiment the pathological changes observed in the fine structure
of liver cells progressed, but the intense ductular proliferation, conspicuous in the sub-
acute experiment, regressed. This has been ascribed to a habituation to the compound
administered twice weekly.

In a previous paper [3] an account was given of the results of light
microscopic studies concerning the liver injury induced by acute, subacute and
chronic administration of alpha-naphthyl-isothiocyanate (in the following:
ANIT). In the acute experiments the septal and interlobular bile ducts showed
cholangiotoxic changes, reaching a peak at 3 to 4 days after the onset of ad-
ministration. During subacute administration cholestasis ceased, but a
marked cholangio-plastic effect wras noted. In the chronic experiments the
hepatotoxic effect was in the foreground, while the ductular proliferation
diminished, presumably due to habituation to the compound.

The effect of ANIT was first reported by Lopez and Mazzanti [12].
Since then, it has been widely studied by biochemical [18 —21], histochemical
[4, 6, 11, 25], immunological [31], light microscopic [3, 5, 7, 17, 30], as well as
electron microscopic [22, 24, 26 —29, 31] methods. The results obtained are
somewhat conflicting and the mode of action is still unclear. We have therefore
studied by electron microscopy the liver injury elicited by the acute, subacute
and chronic administration of ANIT.

Material and methods

W hite rats of either sex, weighing 160 to 200 g, were used. The animals were fed a com-
pressed, high-protein fodder supplemented with vitamins and minerals. Water was allowed ad
libitum. ANIT was dissolved in sunflower oil and administered through a gastric tube.

In the acute experiment, 20 animals received a single 100 mg/kg body weight dose of
ANIT, then 2 animals were sacrificed daily over 10 days. In the subacute experiment, 16 rats
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were involved. They were given 100 mg/kg body weight of ANIT twice weekly and during the
experiment lasting 1to 8 weeks two animals were killed every week. In the chronic experiment,
10 animals were treated in the same way over five months. The 4 controls received at the same
points of time sunflower oil through a gastric tube. The animals were killed by exsanguination.

For electron microscopic studies, small liver tissue specimens were fixed according to
Paiade in buffered 2% 0S04solution, at +4°C for one hour. This was followed by dehydration
in an ascending alcohol series and embedding in Araldite. Ultrathin sections were cut with a
Porter Blum ultramicrotome. For contrasting, uranyl acetate and lead citrate were used. The
electron micrograms were taken with a SEM 3—1 electron microscope.

Results

Group |. Acute experiment

After a single dose of ANIT, the biliary canaliculi became dilated gradu-
ally in 24 to 48 hours, reaching a peak on the 3rd or 4th day (Fig. 2). At that
point of time all the canaliculi were markedly dilated. Most of the microvilli
had disappeared, the canalicular cell surface was smooth. In the vicinity of the
dilated canaliculi, diverticles representing canalicular bulgings were visible (Fig.
1). The cementing structures of the canaliculi were well preserved.

In individual liver cells, sequestration of cytoplasmic portions (Fig. 3)
or autophagous vacuoles could be seen (Fig. 4). Otherwise the nuclei of cells,
the fine structure of cytoplasmic organelles and the vascular surface of the
cells were intact.

On the 5th or 6th day, the canalicular dilatation tended to decrease, the
normal structure was restored at 7 to 10 days.

Group Il. Subacute experiment

In addition to the canalicular changes observed in the acute experiment
profound alterations were demonstrated in the cytoplasmic organelles of liver
cells.

Changes of the endoplasmic reticulum and ribosomes

The commonest and most conspicuous change was an excessive dilatation
of the endoplasmic reticulum, visible in the majority of liver cells. There
parallel arrangement of the rough-surfaced endoplasmic reticulum practically
ceased, cystic dilatation was apparent with a degranulation of the surface at
many sites. In the hyaloplasm the free ribosome granules were usually in
rosette-like arrangement, appearing as polyribosomes (Fig. 5). The smooth-
surfaced endoplasmic reticulum formed small vesicles appearing in groups at
the border of the pericanalicular zone or in other areas of the cytoplasm (Figs
5 and 6).

Acta Morphologica Academiae Scienliazum. Hungaricae 19, 1971



LIVER INJURY 215

Fig. 1. Electron microscopic appearance of the liver of an animal killed 48 hours after a simple

dose of AN IT. Between two liver cells, dilated biliary canaliculi (Ec), with partially destroyed

microvilli and diverticles extending; into the adjacent cytoplasm (l)i). The organelles of the
pericanalicular cytoplasmic parts are regular. X 35,000

1* Acta Morphologica Academiae Scienliarum HUngarciae 19, 1971
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Fig. 2. Electron microscopic appearance of the liver of an animal killed 4 days after a simple
dose of ANIT. Excessive dilatation of biliary canaliculi (Ec). The structures joining the cells
together are well preserved. X 35,000
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Fig. 3. Electron microscopic appearance of the liver of an animal killed 48 hours after a single

dose of ANIT. Biliary capillaries in the interspace between three liver cells (Ec). The lumina are

dilated, there are diverticula (1)i) in the vicinity. In the areas marked by arrows the regular

cytoplasmic organelles are absent. In their place partly finely granulated, partly coarse

strongly eosinophilic structures have accumulated. At sites the marked areas are distinct

from the adjacent cytoplasmic parts. Beside the sequestration of the marked area the fine
structure of the cytoplasm is preserved. X 35,000
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Fig. 4. Electron microscopic appearance of the liver of an animal killed 48 hours after a single

dose of ANIT. On the left, part of a liver cell nucleus (N), on the right an extensive autophagous

vacuole (Av) surrounded by a single membrane. In the areas adjacent to the autophagous
vacuole the organelles of the liver cell show a well-preserved structure. X 35,000

Acta Morphologica Academiae Scientiarum Hungaricae 19, 1971
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Fig. 5. Electron microscopic appearance of liver tissue from an animal killed after 4-week

ANIT treatment. Part of the nucleus (N) of a liver cell is visible, with normal structure. In the

cytoplasm the endoplasmic reticulum has decreased in amount, the rough-surfaced endo-

plasmic reticulum is present in vesicular form. The surface is degranulated at many sites, the

ribosomal granules appear scattered or in rosette-like groups (pr) free in the hyaloplasm. In

some areas a group-wise accumulation of smooth-surfaced vesicles (ves) is seen. The mitochon-
dria vary in size, their crista system is disorganized. X 35,000

Aria Morphologica Acad*mine Scienliarum Hungaricae 19, 1971
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Fig. 6. Electron microscopic appearance of liver tissue from an animal killed after 5-month
ANIT treatment. Between the adjacent parts of liver cells the lateral cell membrane is con-
spicuously tortuous in course. The arrow points at a glove finger-like bulge of the cell membrane.
In the upper part, the mitochondria vary in shape and the cristae are fragmented (m). The
rough membranes of the endoplasmic reticulum are vesicular (ER), degranulated at many sites.
This phenomenon is particularly conspicuous in the bottom area . X 35,000
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Changes of mitochondria

The mitochondria became varied in shape, size and density. The crista
system was fragmented (Figs 5 and 6). The mitochondrial alterations were
the most severe in those cells in which the dilatation and degranulation of the
rough endoplasmic reticulum were most marked.

Other changes

The Golgi zones were extensive, with a marked increase in the number of
lysosomes in their vicinity. The cell nuclei were apparently intact. No patholog-
ical changes worth mentioning were demonstrated at the vascular pole of the
cells.

Group I11. Chronic experiment

The changes of the cytoplasmic organelles of liver cells were even more
marked than in Group Il (Fig. 7). In some cells the mitochondria perished,
necrobiosis had begun and large vacuoles with mammillary projections devel-
oped [26] (Fig. 7).

There were two conspicuous differences from the changes noted in the
subacute period.

Regeneration and hypertrophy of biliary canaliculi

A number of biliary canaliculi showed a longitudinal increase, the
canalicular cell surface was covered by closely packed microvilli, often elongated
like the fingers of a glove (Fig. 8). In addition, there were dilated canaliculi
with a reduced number of microvilli.

Changes in the Golgi region

Many Golgi lamellae were markedly dilated, the cisterns showing saccular
distension contained round granules of medium electron density (Figs 9a and
9b). The Golgi apparatus retained its characteristic peribiliary localisation,
hut was often unusually extended. In its neighborhood “peribiliary corpuscles”
of variable size and electron density were visible (Figs 9a and 9b).

Other changes

The nuclei of cells were normal in structure throughout. Binuclear cells
often occurred. In tin' Disse space an increase of collagen fibrils was noted,
otherwise the vascular pole of liver cells was intact.

Ada Morphologica Academiae Scienliarum Hungaricae 19, 1971
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Fig. 7. Electron microscopic appearance of the liver from an animal Kkilled after 5-month

ANIT treatment. Part of the nucleus (N) and the cytoplasm of a liver cell is shown. The mito-

chondria exhibit severe alterations. Most of them are swollen, the crista system is extensively

destroyed. On the right a large vacuole is visible. In the areas marked by arrows the organelle-

free parts of the adjacent cytoplasms from “mammillary projections” (Steiner et al., 1963).
X 35,000
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Fig. 8. Electron microscopic appearance of liver tissue from a rat killed after 5-month ANIT
treatment. Note in between 3 liver cells an elongated biliary canaliculus (Ec), the canalicular
surface is covered by many microvilli (Mv). X 35,000
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Fig. 9a. Electron microscopic appearance of liver tissue from an animal killed after 5-month

ANIT treatment. Elongated biliary canaliculus (Ec) with many microvilli. Near the biliary

canaliculus in both neighbouring liver cells an extensive Golgi zone is visible, with round
deposits in their dilated saccules. In their vicinity, lysosomes (Ly) are visible. X 35,000

Fig. 9b. Electron microscopic appearance of liver tissue from an animal killed after 5-month

ANIT treatment. In the vicinity of a biliary canaliculus (Ec) there is an extensive Golgi zone

(G), with round deposits of medium electron density in the lumen of its sacculi. Lysosomes (Ly)
between the Golgi zone and the biliary canaliculus. X 35,000
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Ductular proliferation

As described previously [3], in response to subacute ANIT treatment, the
trabecular, progressive proliferation of ductular cells became predominant,
regressing in the course of chronic treatment.

Under the electron microscope, the ductular cells, arranged usually in
groups or bundles, were sharply distinct from the adjacent liver cells. They
were mostly oval in shape, had relatively large, round, oval or irregularly
shaped nuclei. The cytoplasm contained few organelles and less and smaller
mitochondria than did the liver cells. The characteristic features of the cytoplasm
of proliferating ductular cells were a scarce, poorly developed endoplasmic
reticulum, the few free ribosome granules and the low electron density (Fig. 10).
Some single swollen microvilli occurred at some cellular junctions. Microvilli
were visible on the liver cell surface bordering the proliferating ductular cells.
A basement membrane was never observed around the proliferating ductular
cells.

Some proliferating ductular cells were arranged in small groups and
formed structures similar to ductules, but they never contained alumen and no
basement membrane developed around them (Fig. 11). These cells were often
irregular, processed, ramifying several times. Autophagous vacuoles were
(ommon in their cytoplasm (Fig. 12).

Discussion

The hepatic changes induced by ANIT treatment may be classified into
three main groups on the basis of electron microscopic evidence.

1) Changes of the bile secreting apparatus,
2) Changes of the liver cell organelles,
3) Ductular proliferation.

At 24 to 48 hours following a single dose of ANIT, the biliary canaliculi
showed changes similar to those induced by ligation of the biliary ducts [1, 2].
The dilatation of canaliculi and the destruction of microvilli reached a peak on
the 3rd day, in agreement with the results of light microscopic studies, in
which the severest ductular destruction and the temporary rise in the serum
bilirubin level were observed at the same point of time [3]. The damage to the
canalicular membrane was attributed to a direct toxic action of ANIT by
Steiner et al. [26, 28], as well as Spycher and Rattner [23, 24]. The func-
tional disturbance of the damaged canalicular membrane has been proved by
enzyme chemical methods: in the affected canalicular membrane, ATPase [4],
alkaline phosphatase and 5-nucleotidase [6] activity decreased.

Acta Morphologica Academiae Scientiarum Hungaricae 19, 1971
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Fig. 10. Electron microscopic appearance of liver tissue from an animal killed after 3-week
ANIT treatment. There are ductular cells (DSI, DSII) in the interspace separating three liver
cells (HI, HII, Hill). The ductular cells may be readily distinguished from the liver cells:
their cytoplasm is lighter, they contain less organelles. The nuclei (N) are relatively large, the
cytoplasmic lining is narrow. The nucleus of the ductular cell on the left (DSI) is round,
on the right (DSII) it is oval, slightly irregular, at the junction of the two ductular cells a
few microvilli (Mv) are visible. The surface of the liver cells is covered by microvilli in the areas
adjacent to the ductular cells. X 21,000
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Fig. 11. Electron microscopic appearance of liver tissue from an animal killed after 3-week

ANIT treatment. Three ductular cells (DSI, DSU, DSI1l) with the narrow cytoplasmic margin

of neighbouring liver cells. Between the ductular cells no lumen is visible and around them no

basement membrane has formed. The cytoplasm is poor in organelles. The upper ductular cell
(DSI) contains a large autophagous vacuole (Av). X 21,000
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Fig. 12. Electron microscopic appearance of liver tissue from an animal killed after 4-month

ANIT treatment. Parts of ductular cells are visible. Note the processed shape of the cells, the

presence in the cytoplasm of many autophagous vacuoles (Av), as well as the accumulation in

small groups of the small vesicles (vs) of smooth-surfaced endoplasmic reticulum. The ductular

elements are in direct contact with the adjacent liver cell. No basement membrane has devel-
oped. X21,000
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Seven to ten days after a single dose of ANIT the fine structure of the
canaliculi was completely restored. During subacute or chronic ANIT treat-
ment, canalicular dilatation and destruction of microvilli occurred focally,
while in other areas there were excessively distended biliary canaliculi, often
with elongated microvilli resembling the fingers of a glove. According to
Spycher and Rattner [24] this phenomenon would be a sign of regeneration
following destruction. In our material, dilated biliary canaliculi with partially
or totally destroyed microvilli persisted throughout the experiment, and there
were regenerated canaliculi possessing numerous elongated microvilli. Thus,
according to our observations canalicular destruction and regeneration con-
tinuously varied during the experimental period. In chronic experiments.
Goldfarb et al. [9] found persistent hydrocholeresis after an initial cholestasis.
Our results suggested that the extension of the biliary surface of liver cells and
the increase of the secretory suiface by the numerous elongated microvilli
would be the morphological substrate of the enhanced secretory activity.

During subacute treatment the electron microscopic findings significantly
differed from those obtained by light microscopy. While the conventional
histological methods showed intact liver cell structures [3], electron microscopy
revealed profound alterations, first of all in the ergastoplasin and the mito-
chondria. In the literature these are considered non-specific cellular reactions
[24, 26].

In the chronic experiment the marked changes in the Golgi zones were
conspicuous. By immunological methods, Zi1otnick et al. [31] proved that, like
the cancerogenic agents, ANIT in toxic doses produced alterations in the com-
position of the liver cell proteins. As demonstrated in the figures, the destroyed
Golgi zones contained accumulations of foreign material in their elements
exhibiting saccular distension. From this it has been concluded that in response
to ANIT the bile underwent changes so that the Golgi apparatus was unable to
eliminate it, and the foreign product stayed in between the elements of the
Golgi zone. The increased numbers of lysosomes in the vicinity of the Golgi
apparatus might also serve the uptake of this pathological product.

In our light microscopic studies [3] treatment with ANIT for 3 to 4 weeks
resulted in an excessive vascular proliferation of the ductular cells, which proved
to be reversible on continued administration. Electron microscopy then revealed
underdeveloped ductular cells poor in organelles, and these processed cells
with multiple ramifications were in loose contact with one another and their
environment. There was no tendency to lumen formation and no basement
membrane developed around the cells. Their cytoplasm exhibited an intense
autophagous activity. In our opinion the anatomical basis of the reversibility
of the process was represented by the small number of organelles in the ductular
cells proliferating in response to ANIT and by the increased autophagous
activity. At variance with our findings, Steiner and Carruthers [27] found
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in response to ANIT treatment a proliferation of well-developed cells rich in
free ribosomes and organelles, similar to the ductular proliferation induced by
a ligation of the bile ducts. It is assumed that the difference between our
results and those published by other workers was due to the difference in the
mode of ANIT administration.
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ELEKTRONENMIKROSKOPISCHE UNTERSUCHUNG DES DURCH a-NAPHTHYL-
ISOTHIOCYANAT-(ANIT-)GABEN BEWIRKTEN LEBERSCHADENS

M. BALAZS

Die unter Wirkung von or-Naphthyl-isothiocyanat-Gaben entstehenden experimentellen
Leberverdanderungen wurden elektronenmikroskopisch untersucht.

Das akute Stadium ist durch die Schadigung des Gallensekretionsapparates gekenn-
zeichnet.

In der subakuten Phase stehen schwere progressive Verédnderungen der Leberzellen-
organellen, ferner die strangférmige Proliferation der an Organellen armen Zellen der Gallen-
génge im Vordergrund.

Im chronischen Versuch progredieren die in der Mikrostruktur der Leberzellen wahr-
nehmbaren pathologischen Verdnderungen, wéhrend die im subakuten Versuch augenfallige
intensive Proliferation der Gallengdnge sich zuriickentwickelt. Diese letzte Erscheinung wird
mit der Gewdhnung an das Mittel erklédrt, die mit der wdchentlich zweimaligen Verabreichung
Zusammenhangen durfte.

SNNEKTPOHHOMUMKPOCKOTIMUMNYECKOE WM3YYEHWE TMNOPAXEHWA MEYEHW,
BbI3BBAHHOIO AAYEN ANIb®A-HADTUNB-M3OTUOLUMAHATA (AHWUT)

M. BAJTAX

ABTOp M3yyan npy NOMOLUY 3M1eKTPOHHOI0 MMUKPOCKONA 3KCNepUMeHTa/IbHbIE N3MEHEHUS
neyveHn, BO3HMKaOLWME nocne gaun anbda-HapTunb-nsotmoumaHata (AHUT).

OcTpas (hasa xapaKTepu3yeTcs MOPaKeHMeM CeKPeTOPHOro annapara >Kenuw.

B nogocTpoli (hase Ha nepefHeM MnaHe HaxXOAATCA TSXesfble, MPOrpeccupyloLine mnsme-
HEHUS1 OpraHesl MeYeHOUHbIX KIEeTOK W (hacuMKyNspHOe paspacTtaHue bGedHbIX opraHenamu
K/ETOK XXe/TYHOro MpoToKa.

B XpoHWYecKOM OnbITe MPOrpeccUpyoT MNaToNormyeckne M3MeHeHUsi, HabnogasLUMecs
B MWKPOCTPYKTYPE MEYEHOUHbIX KI/IETOK, OAHaKO MopasuTesibHOe, WHTEHCMBHOE paspacTaHue
KNETOK XXe/TYHbIX NPOTOKOB, HabnoaaBLLeecs B NOAOCTPON hase, pasBuBaeTcs obpaTHo. MNocnes-
Hee SIB/leHNe aBTOP 0ODBbACHAET MpuBbIKaHWEM K Mpenaparty, YTo NpeAnosioXUTeNbHO CBA3AHO C
Tem, uto AHWT paBanu ABa pasa B Hefesto.

Dr. Marta Balazs, Orvostovabbképzo Intézet, Budapest XIII., Szabolcs u. 33.,
Hungary
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ELECTRON MICROSCOPIC STUDIES ON THE
SPECIFICITY OF THE PA-SILYER REACTION

0. Csuka and J. Sugar

(Received January 19, 1971)

The specificity of the periodic acid-silver methenamine reaction (PA-silver reac-
tion, i.e. Schiff’s periodic reaction adapted for electron-microscopic examinations) has
been studied in tissues from various organs (kidney, breast, skin). After periodic acid
oxidation by this method it is possible to demonstrate the presence of glycoproteins
and sialomucin, which can be seen on the cell surfaces, in tbhe cytoplasmic organelles
(lysosomes, secretory granules) and in the basement membranes. Digestion with trypsin
weakens the specific reaction in the basement membranes and on the cell surfaces, while
digestion with neuraminidase does not have this effect. The non-specific reaction appear-
ing in the cytoplasm and the nucleus without previous periodic acid oxidation can be
considerably weakened by agents blocking the -SH group, such as p-chlorornercuric
benzoate or monoiodoacetic acid. Acetylation and the blocking of the aldehyde group
render the specific reaction negative and arrest some of the non-specific reactions.

Introduction

The electron microscopic demonstration of carbohydrates can he achieved
by various histochemical procedures. The presence of acid mucopolysaccharides
can be demonstrated by means of metal colloids adsorptively bound by the nega-
tive surface charge such as iron colloid [2, 5,6, 8, 19, 28], colloidal thorium [23]
and ruthenium red [12, 13, 26]. The periodic acid-silver methenamine reaction
(PA-silver reaction, i.e. Schiff’s periodic reaction adapted for electron-micro-
scopic examinations [16, 18, 20, 21, 22, 24, 25]) makes it possible to identify
intracellular and extracellular glycoproteins and neutral mucopolysaccharides.
The boundary between epithelium and connective tissue, which stains only
slightly with metal colloids can clearly be shown with the PA-silver reaction
which reveals the presence of glycoproteins at sites not amenable to light-
microscopic inspection (cell coat, certain cytoplasmic organelles).

Periodic acid oxidation causes the transformation of 1,2 glycol and alpha
aminohydroxy groups into aldehyde groups which reduce the silver from the
argentohexamethylene tetramine solution. Without previous periodic acid
oxidation the sections show non-specific deposits of silver in the nuclei, in the
red blood cells, in the keratin, etc. In the present experiments, the specificity
of the PA-silver reaction has been studied.
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Material and method

Kidney and skin of Swiss mice, epithelial hyperplasia and carcinoma induced in the skin
by 20-methyl-cholanthrene, human thyroid and mammary tissue served as test objects.

One cu.mm pieces of these tissues were fixed in a 2.5% solution of glutaraldehyde
buffered by 0.14 M cacodylate at 4°C for 2 hours. The samples were washed overnight with
this buffer (pH 7.2), dehydrated, and then embedded in Durcupan (ACM, Fluka). Sections
prepared by means of an LKB ultramicrotome were collected in distilled water, oxidized
for 20 to 25 min in a 1% solution of periodic acid at room temperature, washed in distilled
water three times for 10 min and then left in distilled water for 8 hrs. Unoxidized sections
served as controls. Both the oxidized and the unoxidized sections were incubated at 60°C
for 60 to 180 min, depending on the type of tissue.

Composition of the incubation fluid : 40 ml of 3% hexamethylene tetramine, 5 ml of 5%
silver nitrate, 5ml of 2% sodium borate, pH = 9[21]. Afterincubation the sections were washed
in distilled water for 5 min and then rinsed twice in 5% sodium thiosulphate for 15 min. The
sections were transferred from one solution to the other by means of a platinum loop, and only
after this treatment were they placed on grids.

Blocking reactions. Blocking of the -SH groups was achieved in ultrathin sections by
means of either 0.5 M monoiodoacetic acid or 10 mM p-chloromercuric benzoate (PCMB), at
60°C for 90 min. The pH was adjusted to 9.0 using sodium hydroxide. Blocking of the aldehyde
group before and after periodic acid oxidation was carried out in ultrathin sections by treatment
with a 2% solution of sodium bisulphite at 25°C for 180 min or at 60°C for 60 min.

Acetylation —known to esterify 1,2 glycol and 1,2 aminohydroxy groups — was carried
out on the 1cu.mm tissue fragments fixed in glutaraldehyde. The samples were then treated
with a 1: 3 mixture of acetic anhydride and pyridine at 60°C for 4—8 hrs [11].

Enzymatic digestion. The fixed blocks of tissue were digested using 0.1 mg/ml trypsin
dissolved in phosphate buffer pH 7.6 at 37°C for 4—16 hrs. Digestion at 37°C with sialidase
(300 U/tnl Vibrio cholerae) dissolved in pH 6.0 phosphate buffer lasted 24 hrs.

Results

Following periodic acid oxidation, reduced silver appeared in the form of
20 to 30 A electron-dense granules at the sites where glycoprotein was present,
viz. on the surface of cells, in cytoplasmic organelles (lysosomes, secretory
granules, ribosomes) and in the basement membranes (Figs 1, 2). Deposits of
silver on the brush border of the proximal convoluted tubules of the kidney, in
the numerous infoldings of the cell membranes facing the basement membrane
in the cells of the proximal and distal convoluted tubules, and also on the
surface of the endothelial cells of the capillaries, indicated the presence of a
coat rich in glycoproteins. The presence and growth of this coat were demon-
strated in numerous other test objects as well, e.g. in the induced hyperplasia
and carcinoma of mice, and in human mammary disease. Digestion with
trypsin diminished the staining reaction of the cell coat, while digestion with
sialidase left it unchanged.

No deposits of silver were found on the cell surfaces after PA-silver
reaction preceded by acetylation. -SH blocking agents had no effect on the
intensity of the surface-hound reaction: nor did specific reactions, i.e. those
bound to cytoplasmic structures (lysosomes, secretory granules, ribosomes),
become weaker by -SH blockage.

PA-silver reaction was positive in respect of the basement membranes
(basal laminae), and the collagenous and reticular fibres belonging to them, as
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Fig. 1. PA-silver reaction in a proximal convoluted tubule of mouse kidney. Specific staining,
as shown by deposits of electron-dense silver in the basement membrane (BM), the brush border
(BB), membrane infoldings (In) and the cytoplasmic organelles (arrows) indicates the presence
of glycoproteins. The fine granular diffuse staining of the cytoplasm and the staining of the
nucleus are results of aspecific reactions. 2150x2.5
Fig. 2. PA-silver reaction in the basal part of a proximal convoluted tubule. Specific staining
in the basement membrane (BM), and membrane infoldings (In). 2300x3.5

Fig. 3. PA-silver reaction after 6-hour digestion with trypsin. Note decreased staining of the
basement membrane (BM) of the distal convoluted tubule as well as that of the infoldings of
the membrane (arrow), as compared to Figures 1 and 2. 4000x2.5
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well as on the cell surface facing the basement membranes. These three layers
form an 800 to 1000 A thick elect,ron-dense zone in which it is difficult to
distinguish them; only in the thyroid gland do the collagenous fibres give a
somewhat stronger staining reaction, and can therefore be distinguished from
the basement membrane. Digestion with trypsin reduces the staining of the
basement membranes, while treatment with sialidase leaves it practically
unchanged (Figs 3, 4). The staining of the basement membranes, and similarly
that of the glomerular membranes is partially obliterated by acetylation and
treatment with sodium bisulphite (Fig. 5). Residual staining after such treat-
ment is the same as that exhibited by unoxidized control preparations.

Silver may be deposited without periodic acid oxidation in the nuclei,
and also in a non-structure-bound form in the cytoplasm and in the collagenous
fibres (Fig. 6). Blockage of the -SH group diminished the diffuse cytoplasmic
reaction quite considerably, and, to a lesser extent, also the nuclear reaction,
but it has no effect on the staining of Bowman’s capsule, the epithelium and
the basement membranes of the glomeruli (Fig. 7). Treatment with sodium
bisulphite blots out the staining of the collagenous fibres.

Discussion

There are numerous references in the literature indicating the presence
of carbohydrates covering the surface of cells [4, 5, 10, 17, 26]. Electron-
microscopic histochemistry shows this coat to be composed of acid muco-
polysaccharides [4, 5, 26] and glycoproteins [20, 21] and sialic acid — partially
responsible for the negative charge of the cell surface — also gives the PA-silver
reaction [20, 27]. After neuraminidase (sialidase) digestion, the intensity of the
PA-silver reaction is unchanged, possibly because this treatment may remove
only a terminal sialic acid moiety of the polysaccharide chain. The various
carbohydrate components remaining on the cell surface continue to give a
positive PA-silver reaction.

The lysosomes and ribosomes, and also the secretory gramtles of the
thyroid and mammary cells give a positive reaction. The lysosomes take the
stain because the glycoproteins are decomposed by their own enzymes: gly-
cosidase [1, 14] and neuraminidase [7].

The PA-silver reaction in the ribosomes is not due to the aldehyde groups
formed from carbohydrates, but to those formed from hydroxyamino acids
(serine, threonine, hydroxylysine).

Electron-microscopic examination reveals several structures at the junc-
tion of the epithelium and the connective tissue, thus;

1) basement membrane (basal lamina) of medium electron density which
is parallel to the basal cell surface;
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Fig. 4. 24-hour digestion with neuraminidase does not affect the staining of the basement
membrane (BM), the cell surfaces (arrows) and the membrane infoldings (In). 1750x2.5
Fig. 5. PA-silver reaction following acetylation. The site of the extinguished specific staining
of the glomerular basement membrane (BM) is occupied by an electron-lucent band. 1900x2.5

Fig. 6. Non-oxidized control section after silver-hexamethylene tetramine treatment. Aspecific
staining of nucleus and cytoplasm; the basement membrane (BM) did not stain. 2450x2.5
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Fig. 7. PA-silver reaction in renal glomerulus following -SH blockage. The aspecific staining
of the nucleus and cytoplasm has decreased, while the specific reaction of the glomerular
basement membrane and Bowman’s capsule is unchanged (arrow). 1750 X 2.5

2) an electron-lucent layer measuring 300 A in thickness which lies be-
tween the basement membrane and the cell surface;

3) layer of reticular and collagenous connective-tissue fibres which is in
close contact and constitutes a morphologically common structure with the
basal lamina.

Biochemical analysis [9, 15] and the PA-silver technique demonstrate
the presence of much glycoprotein at the boundary between epithelium and
connective tissue. The fact that digestion with trypsin reduces the silver-
methenamine staining of the basement membranes indicates that the majority
of carbohydrate is bound to protein. Some authors [25] hold that only the
collagenous fibre layer is stained by PA-silver and that this layer would re-
present the basement membrane visible under the light microscope.

All of the above mentioned three layers at the junction of epithelium and
connective tissue and on the surface of the basal cells appeared to be PA-silver
positive in our experiments, and we suggest that the whole of the electron-dense
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zone formed by them represents the basement membrane seen under the light
microscope.

The existence of non-specific reactions makes the examination of un-
oxidized preparations necessary. The reaction must not he regarded as specific
unless it appears after periodic acid oxidation hut does not do so in the un-
oxidized control sections [21].

Using various blocking procedures it was possible to clarify the causes of
the non-specific staining observed without periodic acid oxidation.

Treatment with sodium bisulphite blocks the free aldehyde groups of the
mucopolysaccharides contained in the fibres and so obliterates the staining of
collagenous fibres [3]. The application of -SH blocking agents results in the
blockage of -SH containing amino acids which weakens the diffuse non-
specific staining of the cytoplasm. -SH blockage in the nucleus affects only the
free -SH groups of the nascent proteins so that non-specific staining of the
nucleus is slightly decreased, while the binding of silver by the basic proteins
and the phosphates of the nucleic acid continues unchanged. Acetylation
arrests all specific reactions, i.e. those occurring on the cell surfaces, as well as
in the basement membranes, and also those shown by the cytoplasmic organ-
elles. It is in this manner that tin4specific staining of the cell surfaces, the cyto-
plasmic granules, the colloids of the thyroid and that of the basement mem-
branes has been verified.
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DIE ANWENDUNG DER PA-SILBERREAKTION FUR ELEKTRONEN-
MIKROSKOPISCHE UNTERSUCHUNGEN

0. CSUKA und J. SUGAR

Die Spezifitdt der fir Elektronenmikroskopie adaptierten PAS-Reaktion (Periodic
acid-silver methenamine, PA-Silberreaktion) wurde in verschiedenen Organen untersucht
(Nieren, Milchdriusen, Schilddrisen, Haut). Mit dieser Methode lassen sich nach Oxydation
in Perjodsdure das Glykoprotein und das Sialomucin an den Zelloberflachen, in den Zyto-
plasmagranula (Lysosome, Sekretionsgranula) und in der Basalmembran spezifisch nach-
weisen. Nach Trypsinverdauung war die Farbung der Basalmembran und der Zelloberflache
weniger intensiv, wahrend nach Sialidaseverdauung keine Abnahme der Farbungsintensitat
beobachet wurde. Die im Zytoplasma und in den Kernen ohne Oxydation in Perjodsdure vor-
kommende aspezifische Reaktion 1aRt sich durch Anwendung von -SH-Blockern (PCMB = p-
Chlormerkuribenzoat, Monojodessigsaure) in hohem MaRe vermindern. Durch Azetylieren und
Blockieren der Aldehyd-Gruppe wird die spezifische Reaktion negativ und ein Teil der aspezifi-
schen Reaktion aufgehoben.

MPUMEHEHMWE PEAKLVWN C MNEPVNOAKWNC/IbIM CEPEEPOM (PAS)
Ana SNEKTPOHHOMUMKPOCKOIMMNYECKOIO UCC/IEAOBAHNA

0. MYKA n A. WYTAP

CneyngunyHOCTb aganTUPOBaHHOM K MUKpPocKonuu peakuun ¢ PAS (Periodic acid-silver
methenamine), peakumsi ¢ NepiriogKUC/AbIM CepebpoM Oblna M3yyeHa B pasIMYHbIX OpraHax
(NOYKM, MOMOYHbIE >Xenesbl, LUMTOBUAHbIE >Kefesbl, Koxa). [pu Takom MeToge nocnie OKuC-
NIEHNA YeTbIPEXNOANCTON KUCNOTOM Ha KIETOYHON MOBEPXHOCTM, B 3epPHbILLKaX LMUTOMNAa3Mbl
(B nn3ocomax, CeKpeTOpHbIX 3epHbIlIKax) UM B 6a3anbHON MeMbpaHe MOXHO Ccreunpuryeckn
BbISIBUTb T[/IMKOMNPOTEMHbI U cranoMyLmH. ocne nepeBapvMBaHUS TPUMNCMHOM 6asanbHas MeM-
6paHa 1 KneTo4yHas NOBEPXHOCTb OKPaLLMBAKOTCA MeHee WHTEHCMBHO, B TO BPeMS Kak mnocne
nepeBapmMBaHnA CYaINAa30 YMeHbLUEHUS OKpallumMBaHuA He Habnogaetca. B umtonnasve u B
saapax HecneunduUecKyto peakuuio, HabtoaaemMyro 6e3 OKUCNEHUA YeTbIPEXNOLNCTON KUCIOTOM,
MOXXHO B CYLLIECTBEHHON Mepe YMeHbLUNTb NpumMeHeHneM — SH — 6nokatopoB (MXMB
p-xnopmepKypunbeH30aT, MOHOMOAYKCYCHAn KucnoTa). Mocne aueTnnmpoBaHus 1 6510KMpoBaHns
anbferngHor rpynnbl cneuuguyeckas peakums CTaHOBUTCHA OTpuLATeNIbHOW M OfHa 4YacTb
HecrneumpuYecKor peakuuy npekpaLiaeTcs.

Orsolya Csuka | Onkopathologiai Kutaté Intézet, Budapest X 11.,
Dr. Janos Sugar i Rath Gyodrgy u. 5., Hungary
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HISTOCHEMICAL AND BIOCHEMICAL EXAMINATION
OF /A"-GLUCURONIDASE ACTIVITY IN THE LIVER AND
SERUM OF SEVERELY BURNED RATS

A. Basch, |I. Gy. Fazekas, B. Rengei and L. Mindszenti

(Received November 11, 1970)

After causing 3rd degree burn over 20°0 of the body surface of rats, the activity
of /~-glucuronidase in their liver and serum was examined by histological and biochemical
methods at stated intervals over 72 hours. It is suggested that the observed changes in
activity of the enzyme were due to the 24-hour state of shock, associated with the burn,
and should not be regarded as characteristic of hepatic injury due to burn.

Severe burns of the skin affect the entire organism. The liver has been
observed to react by enlargement of its cells, fatty degeneration, turbid swelling,
loss of glycogen, hydropic degeneration and sometimes necrosis [2, 14, 21].
Histological examination of the liver after a burn revealed hydropic degenera-
tion in all cases. Baccino et al. [3, 4] observed an increased hydrolase activity
following hydropic degeneration. It was shown by Nilius [20] and Pineda et
al. [24, 25] that the activity of ~-glucuronidase (one of the hydrolases) became
more intensive in the serum in certain acute and chronic hepatopathies. The
present study was undertaken to establish whether the changes in hepatic and
/9-glucuronidase activity were indicative of hepatic injury due to burns.

Material and method

Thirty-five male Wistar rats of 150 to 200 g body weight were divided into groups of
five and superficially anaesthetized with ether. About 20% of the body surface (some 50 sg.cm
of the skin) was then burnt (3rd degree), and the animals were decapitated 2, 6, 16, 24, 48 and
72 hours later. The serum was examined biochemically, the liver both biochemically and histo-
chemically. The excised pieces of liver were frozen without delay with carbon dioxide snow
according to Seligman et al. [27]; 12 /] cryostat sections were then incubated for 4% hrs at
37°C in a solution of 6-broino-2-naphthyl 1) glucuronide, pH 4.95. The preparations were stained
with fast blue for 1 min. A dark (Prussian) blue or purple staining indicated the presence of
/N-glucuronidase, while a red or pink colour meant the decrease of its activity.

Immediately after decapitation, from the liver a 500 mg piece was excised, homogenized
in a Potter-Elvehjem apparatus in the presence of an 8.5% ice cold sucrose solution and then
centrifuged (800 r.p.m.) at 0°C for 30 min. The supernatant was divided into two parts. To one
half, Triton X 100 in a dilution of 0.1% at a ratio of 1: 10 was added, to achieve maximum
solubility of the enzyme. After another centrifugation at 500 r.p.m. for 30 min., enzymatic
activity was estimated photometrically by the method of Fishman et al. [15]. Values for the
material treated with Triton X 100 indicate total enzymatic activity, those for the untreated
supernatant show the activity of free enzyme. The same method was used for the determination
of enzymatic activity in the serum in which only the activity of free enzyme was measured. The
method is based on the fact that the ~-glucuronidase contained in the test material releases
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phenolphtlralei«' from the substrate (phenolphthalein -glucuronide); it was then estimated
colorimetrically in 10 mm cuvettes at 540 nm. Enzymatic activity is referred to protein: one
unit means 1//g phenolphthalein per 1 g protein, released after the incubation of 100 ml serum
or 1 g tissue for an hour at 37°C from the 0.0025 M substrate buffered to pH 4.5 by acetate.

Fig. 1. Rat liver. Determination of /5-glucuronidase by the method of Seligman et al. a = con-
trol; b = enzymatic activity 2 hrs; ¢ 6 hrs; d 16 hrs; e = 24 hrs;/ = 48 hrs; g = 72 hrs.
after the burn

Results

Results of the histochemical examinations are shown in Fig. 1. Fig. la
presents the section of a control liver with a medium enzymatic activity. Figs
Ib and Ic show strong activity 2 and 6 hrs after the burn. The pale blue and
pink colour in Figs Id and le, representing conditions 16 and 24 hrs after the

2n 16r 24n 48h 72"

liver serum Time elapsed after burning

Fig. 2. Columnar diagrams indicate (9-glucuronidase activities in the liver (total activity, free
activity); the linear diagram shows changes in the activity of the same enzyme in the serum
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Fig. 3. Hydropic degeneration in rat liver. Central vein. Haematox.-eosin, X400

burn, points to a decreased activity. It is increasing again at 48 and 72 hrs as
shown in Figs If and Ig.

The activity of /5-glucuronidase in liver and serum is shown in Fig. 2.
Immediately after the burn in the liver there was a moderate rise of the activity;
this elevation was followed by a decrease until the 16th hour, whereafter arenew-
ed mild increase lasted until the end of the experiment (72 hrs). Activity of the
free enzyme rose to a peak at 6 hrs when it decreased and remained constant
until the 72nd hour. Though somewhat prolonged in time, enzymatic activity
in the serum was similar to that of the free enzyme in the liver.

The haematocrit showed a rising tendency until 6 hrs whereafter the
observed values began to fall gradually and reached the initial level after 24 hrs.

Discussion

Dutton et al. [12] have shown that 55% of /5-glucuronidase is contained
in the lysosomes, 25% in the microsome and 10% in the nucleus. According
to the present findings, activity in the liver cells begins to increase 2 hrs after
the burn, a phenomenon that can be seen histochemieally and followed quanti-
tatively biochemically. In agreement with the data in literature, we have reach-
ed the conclusion that the observed increase was due to the lysosomal mem-
branes having become permeable to the dye [5, 7, 16, 19], further by an actual
increase in the amount of the enzyme [29]. The latter phenomenon is brought
about by the cellular mechanism which transforms the prelysosomes into
hydrolase containing lysosomes [10, 18, 29, 30, 31].

Up to 16 hrs after the burn there is a moderate outflow of/5-glucuronidase
from the liver cells, a phenomenon indicated by a reduction of the total enzym-
atic activity. The subsequent increase until the 72nd hour is indicative of re-
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generation [9]. The trend of changes in free enzymatic activity was the same
in the serum as in the liver which justifies the conclusion that, under certain
conditions, a moderate amount of hydrolase may pass from intact cells into
the systemic circulation.

The haemoconcentration indicated a state of shock lasting for 24 hrs; it
was reversible in the majority of our cases [1, 23, 28]. It seems to follow from
our observations that in state of shock induced by burn, blood flow is decel-
erated and tissue hypoxia develops [6, 13]. Thus, the permeability of cell mem-
branes is increased; this would explain the changes in /3-glucuronidase activity
observed in our 72-hour experiments. The hydropic degeneration, found in the
liver of burnt animals, is a further sign of hypoxia [8, 11]. Therefore, we do not
regard the changes in /3-glucuronidase activity as characteristic of hepatic
damage caused by burns; the observed changes are only sequelae of the state
of shock. That this is so seems to be confirmed by the fact that, for instance,
shock elicited by poisoning [26] or other factors [17] also induces changes in
/3-glucuronidase activity.
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HISTOCHEMISCHE UND BIOCHEMISCHE UNTERSUCHUNG DER BETA-
GLYKURONIDASE-AKTIVITAT VON LEBER UND BLUTSERUM DER SCHWEREN
BRENNVERLETZUNG AUSGESETZTEN RATTEN

A. BASCH, I. GY. FAZEKAS, B. RENGEI um! L. MINDSZENTI

Verfasser haben die beta-Glykuronidase Enzymaktivitdt von Leber und Blutserum
einer 25%igen Brennverletzung dritten Grades ausgesetzten Ratten in verschiedenen Zeit-
punkten bis 72 Stunden mit histochemischen und biochemischen Methoden untersucht. Es
konnte behauptet werden, daR in dem Verbrennungssyndrom ein cca. 24 Stunden lang dauernder
Schockzustand die Ursache der Anderungen in der Enzymaktivitiat sei und darum sei diese fir
die Verbrennung folgende Leberschadigung nicht charakteristisch.

TMCTOXMUMNYECKOE N BUWOXMMUNYECKOE WCCNEAOBAHUNE AKTWBHOCTU
3-MIOKYPOHNAA3bI B MNMEYEHW W CbIBOPOTKE KPOBW KPbIC TMOCJ/IE
TAXENIOIO OXXOrA
A BALLL N ®A3EKALLL B. PEHIEN v /1. MMHOCEHTA

B TeueHue 72 YacoB aBTOPbI B Pas/iMyHble CPOKWU ONPeaenisfin rucTonorm4eckumMu n ouo-
XUMUYECKUMW METOAAaMWN aKTUBHOCTb 3-T/IHOKYPOHMAA3bl B MEYeHN M B CbIBOPOTKE KPOBU KpPbIC
nocne 25%-0ro oxkora TpeTbell cTeneHW. Bblno yCTaHOBNEHO, YTO MPU CUHAPOME OXora W3-

MEHEHNE aKTMBHOCTU T/TIOKYPOHUAa3bl BbI3bIBAaETCA I'IpVI6ﬂVI3I/ITeﬂbHO 24-4aCcoBbIM COCTOSIHVEM
LLIOKa, N YTO 3TO He AB/IAETCA XapaKTepHbIM A1 MOpPaXKeHNA NnevyeHn OT 0XKora.

Dr. Andrés Basch

Prof. Dr. |I. Gyula Fazekas Szeged, lgazsagligyi Orvostani Intézet,
Dr. Béla Rengei Hungary

Dr. Laszl6 Mindszenti
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STRUKTUR EMRRYONALER ZELUPOPULATIONEN
IN DER LERER UND PRIMARER MONOLAYER-
KULTUR

G. Neupert

(Eingegangen am 5. Januar, 1971)

Die funktionell und strukturell verknipften Endothel- und Epithelzellen der
embryonalen tubuldren Huhnchenleber bilden nach proteolytischer Dissoziation des
Gewebesin primdrer Monolayer-Kultur zwei voneinander getrennt liegende Populationen
mit eigener Entwicklungstendenz. Das W achstum der beiden Populationen in einer sich
formierenden Monolayer ist neben physiologischen und nutritiven Faktoren des Kultur-
milieus in erster Linie von der ausgesdten Zelldichte abhangig. Der histochemische
Nachweis von Glykogen, Phosphorylase, UDPGTase, G-6-Pase und die Empfindlichkeit
gegentiber Sauerstoffmangel in der Priméarkultur sind Kriterien fir die Bestimmung
der Identitadt einer epithelial gewachsenen Parenchymzellpopulation und einer fibro-
blasten- und epithelahnlichen Population aus mesenchymalen Zellen.

Die Beziehung zwischen den Zellen eines Gewebes und den Populationen
einer daraus hervorgegangenen Monolayer sind neben der ontogenetischen
Differenzierung, dem N&hrstoffangebot und der physiologischen Mikroumge-
bung, in der die Zelle lokalisiert ist, wesentliche Faktoren bei der Beurteilung
der Struktur und Funktion von Zellen in vitro. Im allgemeinen finden die
unspezialisierten Begleitzellen in vitro gunstigere Bedingungen bei der Adapta-
tion und zur Proliferation als die organtypischen Epithelzellen, so dal} eine
Verschiebung der urspriinglich vorliegenden Zellpopulationen zugunsten der
Begleitzellen eintreten kann. Voraussetzung zur Bestimmung der Populations-
struktur und -dynamik ist die Abgrenzung und Identifikation der einzelnen
Zelltypen vor und nach der Gewebsdisaggregation bis zur Formation einer prim-
ar geschlossenen Zell-Monolayer. Die von KATSUTAet al. [8], Sandstrom [21]
und Zuckerman et al. [34] an embryonalen Leberkulturen unternommenen Ver-
suche, die Zelltypen allein nach ihrer Morphologie zu trennen, durften auf Grund
der Formvariabilitédt isolierter Zellen fur eine Populationsstudie kaum aus-
reichen.

Wir versuchten, die Zellpopulationen in der Leber und der daraus her-
vorgegangenen Monolayer-Kultur nach vorausgegangener ldentifikation der
Zelltypen aus summarischen Angaben Uber differente Enzymmuster und der
Empfindlichkeit gegeniiber Sauerstoff strukturell zu erfassen.
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Material und Methoden

Leberstickchen von Hihnchenembryonen 11 —13 Tage inkubierter Eier wurden mit
einer 0,15%igen Trypsinlosung (Difco 1 :250) in Ca++- und Mg++-freier phosphatgepufferter
Salzlésung in Einzelzellen disaggregiert. Die Zellen wuchsen als Monolayer auf Deckglaschen
(24x26 mm) in Petrischalen und Mikrokammern mit 0,4% Lactalbuminhydrolysat (Difco) in
Hanks-L&sung sowie einem Zusatz von 0,01% Glutamin und 10% Kalberserum. Die H-lonen-
konzentration des Mediums wurde mit NaHCO03aufpH 7,4—7,6 eingestellt und durch Begasung
mit einem Luft/C02Gemisch wéhrend der Kulturperiode konstant gehalten. In Petrischalen
von 70 mm Durchmesser wurden in 10 ml Medium bei verschiedenen Yersuchsserien 8 X 105 bis
1,2x10" Zellen suspendiert.

1. Phosphorylase nach Takeuchi und Kuriaki [29] modifizert nach Korsgaard und
Wulff [9].

2. Uridindiphosphatglucose:  Glykogen-4-Glucosyltransferase (UDPGGTase) nach
Takeuchi und Glenner [30] modifizert durch Sasse [25].

Kontrolluntersuchungen erfolgten fir jede Methode durch Inkubation ohne Substrat.
Das durch die Gram-Reaktion sichtbar gemachte Glykogen wurde mit a- und A-Amylase nach
der Methode von Takeuchi [31] verdaut.

3. Glucose-6-Phosphatase (G-6-Pase) nach Wachstein und Meisel [32].

Die Zellen wurden mit einer 0,02%igen EDTA-L&sung vom Glas abgeldst und in einer
Fuchs- Rosenthal-Kainmer gezéhlt.

Ergebnisse

Die embryonale Hihnchenleber unterscheidet sich durch ihren tubuldren
Bau deutlich von derjenigen erwachsener Hihner [7]. Sie besitzt das gleiche
Bauprinzip wie die Leber der niederen Wirbeltiere, z.B.Myxiden [15]. In der
Gesamtstruktur stellt die embryonale Huhnchenleber ein Netzwerk von
anastomosierenden Leberzelltubuli mit dazwischenliegenden lagunaartig er-
weiterten Sinusoiden dar. 6—8 Parenchymzellen bilden im Querschnitt die
dicht ineinandergesteckten kommunizierenden Epithelschlduche, die mantel-
formig von Endothelzellen umgeben werden (Abb. Ib, ¢) [19]. Im Zentrum des
Tubulus verlauft das Lumen des Gallenkanélchens [3, 19]. Das galleabfiihrende
System st bei 11 13 Tage alten Huhnchen noch undifferenziert und wenig
ausgebildet, so dalR nur vereinzelt Gallengdange mit dem typischen prismati-
schen Epithel angeschnitten werden. Die verh&ltnismafRig kleine Population von
Gallengangepithelzellen wurde bei der weiteren Betrachtung nicht bericksich-
tigt, da diese wenigen Zellen nach der Gewebsdisaggregation keine Chance
haben, in Monolayer zu wachsen. Die zu- und abfihrenden BlutgefédRe werden
von einer aus 2—6 Zellagen bestehenden Bindegewebsscheide umgeben
(Abb. le).

Bei regelmé&Riger Ausbildung der Tubuli sind im Querschnitt 6—38
Parenchymzellen 2 Endothelen zugeordnet. Die kubischen Parenchymzellen
sind durch eine basal absorbierende und apikal sezernierende Flache im Tubu-
lus polar ausgerichtet. Durch das funktionelle Zusammenwirken von Leber-
epithelzellen, die eine Population bilden, und der Zellpopulation aus dem
mesenchymalen Apparat wird der gewebliche Aufbau der Leber bestimmt. Da
nach anerkannter Vorstellung die Endothelzellen und Fibrozyten im frihen
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Abb. 7. Leber eines 13 Tage alten Hihnchenembryos (Carnoy, Paraffin, HE-Féarbung). a) Quer-
schnitt durch einen Leberlappen (Ubersicht X 13): b) Lebertubulus quer, x 650; c) Leber-
tubulus langs, x650; (1) Leberparenchym, x 120; e) BlutgefaB der Leber, X210
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embryonalen Stadium gemeinsame Merkmale besitzen und morphologisch
nicht trennbar sind, haben wir bei 11—13 Tage alten Hihnchenembryonen die
beiden Zelltypen zu einer Population von Endothelzellen zusammengefalt.
Durch Auszadhlen an Stufenschnitten in verschiedenen Regionen versuchten
wir die prozentuale Verteilung der beiden bestimmenden Zellpopulationen
zu ermitteln. 80 ~ 3% entfallen auf Parenchymzellen und 20 ~ 3% wurden
als Endothelzellen ermittelt. Die ldentifikation der Zelltypen im Gewebe er-
folgte hauptséachlich in HE und nach v. Gieson gefarbten Paraffinschnitten.
Parallel dazu wurden die Parenchymzellen von den Sinusoid- und Binde-
gewebszellen durch den Nachweis von G-6-Pase, Phosphorylase, UDPGGTase
und der Fahigkeit zur Glykogenspeicherung getrennt.

Unmittelbar nach Dissoziation des Lebergewebes setzen sich die einzelnen
isolierten Zellen auf der Glasunterlage der KulturgefaRe fest und beginnen sich
auszubreiten. Bei dichter Zellaussaat von 3x10° Zellen/cm2 (oder 1,2 X FO7
Zellen/Petrischale) ist die Voraussetzung geschaffen, dalR sich ein Teil der
isolierten Zellen bei der Sedimentation und Ausbreitung zu mehr oder weniger
grofRen Arealen agglutinieren. Der prozentual kleine Anteil von endothel- und
fibroblastdéhnlichen Zellen breitet sich am Rand oder in den Licken der gréRe-
ren Areale aus. Die Mitoseaktivitdt der Parenchymzellen von 2—4 Tage alten
Kulturen entspricht dem in vivo-Verhdltnis 9—13 Tage alter HUhnchen-
embryonen [10]. Die Verlaufsform des mitotischen Wachstums kann trotz
konstanter Bedingungen um 0,2% variieren. Bei inhomogener Verteilung der
Zellen wéhrend der Sedimentation stellen die dichter liegenden Areale Mitose-
zentren dar.

Die durch Zellteilung sich vergréRernden Kolonien von Parenchymzellen
fusionieren durch mehrzellige Zellstrdnge miteinander, so dal nach 6—8 Tagen
eine geschlossene Monolayer mit kleinen Lucken zusammengeschlossener
fibroblastahnlicher Zellen entsteht (Abb. 2b, d). Vom 5. bis 8. Tag sinkt die
Mitoserate bei den Parenchymzellen, bis die Mitoseaktivitdt zum Stillstand
kommt. Die mitotische Wachstumsaktivitdt der mesodermalen Zellen steigt um
das 3fache des Ausgangswertes (Abb. 3). Die Licken und Randpartien der
Parenchymzell-Monolayer werden criss and cross mit fibroblastdhnlichen Zellen
tiberwachsen. Nach der beschriebenen Methode und dichter Zellaussaat ent-
spricht das Zahlenverhéltnis der beiden Populationen bis zum 8. Tag dem in-
vivo-Verhéltnis.

Anders verhélt es sich, wenn weniger als 5X 104 Zellen/cm2 (oder 2x 106
Zellen/Petrischale) ausgesdt werden. Die einzeln liegenden Zellen wandern,
bevor sie ihren festen Standort in der sich formierenden Monolayer einnehmen,
zu Nachharzellen der gleichen Population, wo sie kleine Zellinseln von 20 bis
maximal 100 Zellen bilden. Selbst in den ersten Kulturtagen wurden in der
Parenchymzellpopulation sehr selten Mitosen beobachtet. Dagegen vermehren
sich die endothel- und fibroblastendhnlichen Zellen rasch und bilden nach
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Abb. 2. Hihnchenleberzellen in Monolayer-Kultur (a. b und ¢ Phasenkontrast, d — May-Grinwald-
Giemsa). a) Kolonie von Parenchymzellen. 24 Std. in Kultur, X300. b) Geschlossene Monolayer von Paren-
chymzellen nach 6 Tagen in vitro (dichte Zellaussaat), X 320. c) Epithelahnliche Zellen zwischen Paren-
chymzellen bei wenig dichter Zellaussaat nach 4 Tagen Kultur, X 140. d) Eingeschlossene epithel- und
fibroblastendhnliche Zellen in einer Parenchymzell-Monolayer nach 8 Tagen Kultur, X 90
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Tage

Abb. 3. Graphische Darstellung der mitotischen Wachstumsaktivitdt der Epithelzell-Popu-

lation (ausgezogene Linie) und der Population aus fibroblastenahnlichen Zellen (unterbroche-

ne Linie) einer Leberzell Monolayer-Kultur nach unterschiedlicher Zellaussaat; oben:

3xH0 5 Zellen/cm?2; unten: 5x104 Zellen/cm2 Die dazugehodrigen Mikrophotos zeigen nach 8

Tagen Kultur die ~typische Monolayer-Organisation. (Methylalkohol, May—Grinwald
Giemsa, oben x250, unten x!50)

wenigen Tagen ein zusammenhédngendes Retikulum, das die Parenchymzellin-
seln einschlieBt (Abb. 3 unten). Durch den EinfluR der zahlreichen Milieufak-
toren kénnen die in vivo bereits determinierten Fibrozyten und Endothelzellen
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Abb. 4. Zellen aus einer Leberzellmonolayer (n und b Phasenkontrast, c und d PAS Me-

thylenblau). a) Parenchymzelle, x960: b) Epithelahnliche Zelle aus der Population der

Endothelzellen, x960; c) Parenchymzellen 6 Tage in Kultur, x900; d) Fibroblasten-
&dhnliche Zellen 6 Tage in Kultur, x900

im Rahmen ihrer Entwicklungspotenzen wie Fibroblasten, fibroblastendhn-
liche oder epitheldhnliche Zellen nach der Terminologie von Fedoroff [4]
wachsen.

Die flachen, polygonal gewachsenen Parenchymzellen sind dadurch aus-
gezeichnet, dalR der Zellinhalt neben dem runden Kern von einer groflien
Anzahl runder bis ovaler Mitochondrien vollig ausgefullt ist (Abb. 4a). An der
Zellperipherie liegen grobgranulierte bis schollige diastasebestandige PAS-
positive Reaktionsprodukte, die als Glykogen identifiziert wurden (Abb. 4c),
und die in ihrer Form und Fage mit den Jodniederschldgen nach histochemi-
scher Phosphorylase- und UDPG G Tase-Reaktion identisch sind [16]. Bei 90%
der Parenchymzellen ist die G-6-Pase mit unterschiedlicher Aktivitdt in Form
von kleinen braunschwarzen Bleisulfidgranula im gesamten Zytoplasma sicht-
bar. In der Population der Endothelzellen wurden alle Fibroblasten bis
epitheldhnlichen, sehr diinn auf der Unterlage ausgehreiteten Zellen zusam-
mengefalRt. Die Zellen besitzen einen oval-langlichen Kern mit 2 bis 3 Nukleoli
umgeben mit unterschiedlich vielen filiformen Mitochondrien (Abb. 4b). Das
Zytoplasma reagiert nach PAS- und Gomori-Reaktion (G-6-Pase) negativ.
Die &auRere Gestalt der fibroblasten- und epitheldhnlichen Zellen ist sehr
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variabel und wird unter anderem vom Zellkontakt zu Nachbarzellen und durch
die Kultivierungszeit bestimmt. Ein weiteres Trennungsmerkmal ist kurz nach
der Gewebsdisaggregation gegeben. Alle Parenchymzellen beantworten die
hypoxische Milieubedingung mit starker Vakuolenbildung. Die fibroblasten-
und epitheldhnlichen Zellen bleiben vakuolenfrei.

Besprechung

Aus der fruihen embryonalen Korrelation von entodermalem Epithel des
Urdarrndaches und den indifferenten Bindegewebszellen des Mesenchyms ent-
wickelt sich bei allen Wirbeltieren die funktionelle Verknipfung von Sinus-
Endothelzelle und Parenchymzelle, die ihren gestal fliehen Ausdruck am deut-
lichsten in der von Rossle [20] bezeichneten Gewebseinheit — dem Hepaton
findet. Die strukturelle Besonderheit der embryonalen Huhnchenleber liegt in
der tubuldren Anordnung der Epithelzellen, die mantelférmig von Endothel-
zellen umgeben werden. Abgesehen von besonderen Stoffwechselfunktionen
(z. B. Lipoid- und Gallepigmentstoffwechsel) stellen die Sinus-Endothelzellen
auf Grund ihrer spezifischen Permeabilitit und Phagozytoseaktivitat ein
geeignetes Filter des kapillaren Plexus dar, der auf den erhdhten Stoffaus-
tausch der Parenchymzelle abgestimmt ist. Nach Isolierung und Dissoziation
des Lebergewebes, wobei die Architektur der Gewebseinheit aufgelést wird,
beginnt in vitro die Adaptation an eine villig neue Stoffwechselsituation. Die
funktionsbedingte polare Ausrichtung der Parenchymzelle wird bedeutungslos
und verschwindet bei der rAumlichen Orientierung der Eizellen. Die isolierten,
in Monolayer gewachsenen Zellen, die im gewissen Sinne als selbstdndige Mi-
kroorganismen angesehen werden kénnen [6], regulieren ihre Eigenbewegung
und Wachstumsfahigkeit durch cell-cell contact [1] und ihre Adhé&sion zur
Unterlage [2]. Die Zell—Zell Wechselwirkung und das Zell-Medium-Verhéltnis
sind bestimmend fir die Differenzierung der Zellen in vitro. Wahrend Moscona
[12, 13, 14] aus Suspensionen embryonaler tierischer Zellen (darunter Ilihn-
chenleber) in rotation-mediated-aggregation-Kultur unter geeigneten Bedin-
gungen organtypische Aggregate mit histotypischer Struktur zichten konnte,
ist es in Leberzell-Monolayer-Kulturen noch nie zu einer Seifaggregation ge-
kommen. Allgemein formieren sich in Monolayer-Kulturen Epithel- und
Endothelzellen jeweils getrennt. Dafur sind wahrscheinlich quantitative Dif-
ferenzen in der Adhé&sion der verschiedenen Zelltypen verantwortlich [27, 28].
Eine morphogenetische Bewegung zu einem organisierten Zellverband, der
dem typischen Charakter des Gewebes entsprechen wirde, kommt nicht zu-
stande.

Ob die fibroblastendhnlichen Zellen aus dem indifferenten endothelialen
Syncytium in der Monolayer-Kultur einen EinfluB auf die spezifische Dif-
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ferenzierung der Parenchymzellen haben, analog der von Le Douarin [11]
gefundenen experimental gezeigten mesenchymalen Induktion wéahrend der
frihen Embryogenese, konnte bisher in Kultur nicht geklart werden.

Obwohl in primérer Monolayer-Kultur die Parenchymzellpopulation und
die Population aus Zellen mesenchymaler Herkunft getrennt lagen, blich das
Zahlenverhéltnis der Populationen bei dichter Zellaussaat gegeniiber dem
Gewebe bis zum 8. Tag anndhernd gleich. Nach fortgesetzter Kultivierung ist
es aufgrund eigener Beobachtungen und Darstellungen von Sato et al. [26]
und Zucicerman et al. [34] nicht zu verhindern, daR die fibroblastendhnlichen
Zellen mesenchymalen Ursprungs schneller proliferieren und nach Subkultur
Uber die organtypischen Zellen dominieren. Die Parenchymzellen wahrend der
Disaggregation des Gewebes von den retikuloendothelialen Zellen zu trennen
und durch gezielt ausgewdhlte nutritive Zusdtze zum Medium in der Adapta-
tion zu beglnstigen, wie es Garvey [5] dargestellt hat, bringt nur Vorteile
fur die isolierten Kupfferschen Zellen [18] und nicht fur die Parenchymzellen.
Eine Reinkultur von primér angelegten Parenchymzellen herzustellen, mar
bisher trotz zahlreicher Versuche nicht méglich [8].

Waéhrend sich die entodermalen Epithelzellen in der Embryogenese auf-
grund ihres Genoms nur zu voll funktionsféhigen Epithelzellen ausbilden,
kénnen sich die undifferenzierten Retikulumzellen zu Histiozyten, Eibrozyten,
Sinusoid- und GefdRendotheben soM'ie hamopoetischen Zellen umwandeln. Die
Zellen des embryonalen Bindegewebes zeigen im Organ und in der Kultur eine
groBe Variabilitat [33].

Sandstrom [21] trennte in embryonalen HuUhnchenleberzell-Kulturen
die Parenchymzellen von drei weiteren epithel- und fibroblastendhnlichen Zell-
typen ah und demonstrierte kinematographisch, daR sich letztere ineinander,
die Parenchymzellen jedoch nie in epithel- oder fibroblastendhnliche Zellen
umwandeln kénnen. In Kultur kann man mit Sicherheit nur die Parenchym-
zellen von einer Zellpopulation mesenchymalen Ursprungs trennen. Da in den
kultivierten Leberparenchymzellen die Mé&chtigsten Stoffwechselenzyme und
-produkte bis 6 Tage nachweisbar sind [16, 17, 22, 23, 24], erscheint es berech-
tigt, mit Hilfe histochemischer Methoden die Parenchymzell-Population von
der anderen Zellpopulation zu trennen.
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STRUCTURE OF EMBRYONAL CELL POPULATIONS OF THE LIVER
AND OF PRIMARY MONOLAYER-CULTURE

g. neupert

The functionally and structurally connected endothelial and epithelial cells of the
embryonal tubular chicken liver appear after proteolytic dissociation of the tissue in primary
monolayer culture as two separate populations with own tendencies of development. The
growth of both populations depends besides physiological and nutritional factors first of all
on the density of disseminated cells. The histochemical demonstration of glycogen, phos-
phorylase, UDPGGTase, G-6-Pase and the sensitivity to oxygen deficiency in primary culture
are criteria of the determination of the identity of an epithelially grown parenchyme cell
population and of fibroblast-like and epithelium-like population of mesenchymal cells.
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CTPYKTYPA 3MBPUOHAJIbHBLIX KAETOYHbIX MNOMNYAAUUA B MEYEHWU
N B MEPBUYHOW MOHONAMEPOBCKOW KY/NbTYPE

r. HEMNEPT

DYHKUNOHANBHO N CTPYKTYPHO CBSA3aHHbIE 3HAOTENNANbHbIE W ANUTeNnabHble KNeTKN
aMOPUOHasIbHOIM TY6YNSIPHOM MeYeHn UbINAST 06pa30BbIBAOT MOCNe MPOTEO/IMTUYECKON AMCCO-
Laumm TKaH1 B NepBMYHOM MOHO/aliepOBCKOM Ky/IbTYpe ABE Pa3/IMUYHO PacrosioXKeHHbIe Nonyns-
UMM ¢ CO6CTBEHHOM TeHAeHUMel pa3BuTusl. PocT 06emx nonynsunim B GopmMmpytoLeincs MoHo-
NariepoBCKON KynbType 3aBUCUT, Hapsgy C (U3MON0rMYECKUMU U HYTPUTUBHBIMK (hakTopammu
cpefbl KynbTypbl, B NEPBYIO 0Yepefb OT IYCTOTbl paccenBaHUs KIeTOK. MMCTOXMMUYECKOe Bblis-
BfIeHME FnKoreHa, toctopunasbl, YAMNI T-asbl, M-6-P-a3bl U YyBCTBUTENbHOCTL B OTHOLLEHUN
HegocTaTKa B KMWC/OPOAE B MEPBUYHON KyNbType SABMAAIOTCA KPUTEPUAMU ANA onpefeseHus
TOXAECTBEHHOCTM 3NUTENNANbHO POCLUE NONYNALUN NapPeHXMMAaTO3HbIX KeTOK 1 ubpobnacTo-
I' anuTenManbHONOLO6HbBIX NONYAALNA U3 Me3EHXMMA/IbHbIX K/IETOK.

Dr. G. Neupert, Pathologisches Institut der Friedrich-Schiller
Universitat, Jena, DDR
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EFFECT OF POSTNATAL THYMECTOMY
ON ENCHONDRAL OSSIFICATION

B. Mandi, Cs. Hadhazy, A. Mandi and T. Glant

(Received February 20, 1971)

Thymectomy was performed in albino rats 36 to 48 hours after birth. The thym-
ectomized rats and their controls were examined once every week for a period of six
weeks following operation. Body length, the distance between shoulder and wrist, and
between hip and ankle, as well as femur length were measured. In addition, the epiphyseal
cartilages of long tubular bones were studied by histological methods.

Postnatal thymectomy resulted in the development of the characteristic wasting
syndrome. The length of the body and limbs of thymectomized rats was significantly
reduced as compared to their healthy littermates. The epiphyseal cartilage was remark-
ably narrower showing a thin zone of proliferating cartilage. The zone of calcifying
cartilage was likewise reduced, containing fewer and thinner newly formed bone trabe-
culae than the controls. These features are indicative of severe disturbances in enchondral
ossification and are responsible for the reduced growth of postnatally thymectomized
rats.

Introduction

Thymic activity is one of the less known organ activities. This might be
the cause that it has become the subject of innumerable immune biological,
endocrinological, morphological and physiological investigations. Mitter [25]
reported that neonatal thymectomy in mice was followed by a characteristic
syndrome termed wasting disease. The animals showed a retarded growth,
their fur was scarce, their skin thin and wrinkled, and the amount of sub-
cutaneous fat tissue was reduced. In wasted animals marked atrophy of the
lymphatic system was observed, with a reduction in the number of small
lymphocytes in the lymph nodes and peripheral blood, and diminution of the
number of Malpighian corpuscules in the spleen. According to Miller [26],
wasting disease is a progressive process as in two to four months following
thymectomy more than 70% of the animals died.

By a single large dose of glucocorticoid injection administered to mice 24
hours after birth, Schilesinger and Mark [31] were able to induce symptoms
similar to those of the wasting syndrome. Their observations were later con-
firmed by other authors [7, 10, 12, 30].

The marked difference in body length noted between postnatally thym-
ectomized rats and their healthy littermates, has prompted us to study the
relation between the thymus and bone development, the more so as it is known

Ada Morphologien Academiae Scienliarum llungaricae 19, 1971



260 B. MANDI et al.

that the skeletal system is of essential importance in the determination of the
length of the body. We have therefore studied the effect of neonatal thymec-
tomy on enchondral ossification which seemed the more interesting as hardly
any attention has been paid to this aspect of the problem. In the literature
available we have found only the work of Berek et al. [2] dealing with histo-
logical changes of hone due to thymectomy.

Material and method

Thymectomy according to Mmirt1er’s method [25] was performed on a total of 108 W istar
albino rats 36 to 48 hours after birth. From the transsternal approach the thymus gland situated
in the neck area, covered by a thin connective tissue capsule, was extirpated together with its
retrosternal lobe. After careful control of haemorrhage the wound was closed. A similar opera-
tion — though without removal of the thymus — was performed on littermates of the rats
subjected to thymectomy.

Two to four days following operation the majority of the operated animals died; of the
survivors 18 thymectomized rats and the same number of controls were submitted to measure-
ments and histological examination.

The animals were killed in groups of three in weekly intervals from the first to the sixth
week following the surgical intervention.

After exsanguination, body length (from the tip of the nose to the tail base), the length
of the upper limb (from the shoulder joint to the wrist) and that of the lower limb (from the
hip joint to the ankle) were measured. Then the humerus, radius, femur and tibia, as well as
the spleen were removed.

The bones were fixed and decalcified in Susa fluid, and the spleen in 4% formol. After
fixation the specimens were embedded in paraffin, sectioned in the usual way and stained with
haematoxylin-eosin, Azan, and Alcian blue-PAS reaction.

At the removal of the experimental material the surgical area was reopened and any
tissue remnants suggestive of thymic origin were removed and examined histologically. In all
instances such fragments proved to be fat tissue.

Results

Neonatal thymectomy induced characteristic symptoms of wasting
disease in most of the experimental animals (Fig. 1). In the first postoperative
week the average body length of thymectomized rats was 6.0 cm, whereas that
of the control group was 7.4 cm. This difference, taking the control value as
100%, means a reduction of 18%. The controls continued to grow more rapidly,
and by the sixth week their average body length was 14.5 cm, while that of
thymectomized rats was only 11 cm, a difference of 23% (Fig. 2). The difference
in growth was even more marked with the long bones. Mean femoral length of
thymectomized rats, as compared to that of the controls, was 21% less in the
first week, 27% less in the 4th, and 35% less in the 6th week following opera-
tion (Fig. 3).

The epiphyseal disks of long bones displayed practically identical changes
and will therefore be described with respect to the structure of the proximal
tibial epiphyseal cartilage disk, on the basis of Ham’s [16] zonal division.
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Fig. 1. Thymectomized (()) and control (C) rat 6 weeks after operation
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Fig. 2. Mean body length of thymectomized and control rats, including extreme values
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———————— FEMUR LENGTH OF CONTROL RATS

Fig. 3. Femur length in thymectomized and control rats, including extreme values

One-week stage. In the first week following operation there were no
appreciable differences between thymectomized and control rats. The epi-
physeal cartilage was undeveloped, the whole proximal epiphysis of the tibia
consisting of a homogeneous cartilage mass. In the interior, along the vessels
penetrating from the perichondrium, the cells were swollen, displaying a
lively chondroclastic activity with a consequential medullary cavity formation.
On the diaphyseal side of the cartilage mass, enchondral ossification was
proceeding.

Two-week stage. At this time the epiphyseal cartilage disk was not yet
developed in its whole extent. There was no difference in cartilage thickness
between thymectomized and control rats. There were, however, some differ-
ences in the structure of the cartilage. In thymectomized rats (Fig. 5) the rest-
ing zone and the hypertrophic zone were much broader than in the controls
(Fig. 4); the zone of proliferation was narrower and the zone of calcifying
cartilage was hardly perceivable.

Three-week stage. The epiphyseal cartilage disks were fully developed,
displaying their characteristic layers. The disks of thymectomized rats (Fig. 7)
were thinner than those of the controls (Fig. 6). The zone of proliferating cartil-
age was narrow. The calcification zone was thin containing comparatively
few ingrowing capillaries. The newly formed hone trabeculae of the metaphysis
were rather thin (Fig. 12) and there was a slight osteoblastic activity.

Fig. 4. Epiphyseal cartilage disk of two-week-old control rat. Haematoxylin-eosin
Fig. 5. Epiphyseal cartilage disk of two-week-old thymectomized rat. The zones of resting and
hypertrophic cartilage are broad, whereas the zones of proliferating and calcifying cartilage are
narrow. Haematoxylin-eosin
Fig. 6. Epiphyseal cartilage disk of three-week-old control rat. Azan
Fig. 7. Epiphyseal cartilage of three-week-old thymectomized rat. The cartilage disk is thinner
than that in the controls. The zones of proliferating and calcifying cartilage are thin. Haema-
toxylin-eosin
Fig. 8. Epiphyseal cartilage of four-week-old control rat. The cartilage disk shows a regular
zonal distribution. Haematoxylin-eosin
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Fig. . Epiphyseal cartilage of four-week-old thymectomized rat. The cartilage disk is thinner

than in the control. The zone of proliferating cartilage is thin and contains small scattered
groups of cells. Haematoxylin-eosin

Fig. 10. Epiphyseal cartilage of five-week-old control rat. Haematoxylin-eosin

Fig. 11. Epiphyseal cartilage of five-week-old thymectomized rat. The cartilage disk is remark-

ably thinner than in the controls. The zones of proliferating and calcifying cartilage are narrow.

Haematoxylin-eosin, Figs 4—11 show proximal tibial epiphyses. (Objective: Reichert Plan
10/0.25; eyepiece: Zeiss K 2.5)
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Fig. 12. Epiphyseal cartilage of three-week-old thymectomized rat. The zone of calcification is
narrow with a thin young bone trabecula (t) in the metaphyseal area. Haematoxylin-eosin
Fig. 13. Metaphysis of six-week-old thymectomized rat. Intact cartilage islets (J1) between
newly formed bone trabeculae. Haematoxylin-eosin
Fig. 14. Epiphyseal cartilage of six-week-old thymectomized rat. A capillary passing from the
calcification zone to the upper part of the zone of proliferation. Haematoxylin-eosin. Figs
12 —14 show proximal tibial epiphyses (Objective: Reichert Plan 25/0.45; eyepiece: Zeiss
K 2.5)

Four-week stage. As compared to the controls, the epiphyseal cartilage
of thymectomized rats (Fig. 9) was even thinner than in the former stages, due
almost exclusively to the narrowing of the zones of proliferation and calcifica-
tion. The newly formed bone trabeculae were likewise thin.

Five-week stage. While the epiphyseal cartilage disks of the controls (Fig.
10) had a regular structure showing numerous cell divisions in the zone of
proliferation and a lively bone building activity in the metaphyseal area, the
epiphyseal cartilage of thymectomized rats was very thin (Fig. 11). The zone
of proliferating cartilage usually consisted of 10—15 cell rows, whereas in the
controls it consisted of 25 to 30. In the metaphyses of thymectomized rats
there were fewer and thinner bone trabeculae than in the controls.

Six-week stage.The differences noted in earlier stages remained unchanged.
In addition, signs of marked cartilage breakdown and disturbed bone building
w'crc noted, e.g. at a distance from the zone of calcification, in the lower part
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of the metaphysis, islets consisting of intact cartilage cells were seen scattered
among the hone trabeculae (Fig. 13). In one specimen, athin capillary penetrat-
ing from the zone of calcification to that of proliferation was noted (Fig. 14).

In the spleen of thymectomized rats a reduction of Malpighian corpuscles
and an increase in the number of reticulum cells were observed.

Discussion

The thymus gland is regarded above all as an organ performing immune
biological and endocrine activity. Mitter [25, 26] laid special stress on its
immunological importance, showing that thymectomy performed in the first
24 to 48 hours of life caused a marked reduction of the immune response to
antigens. In consequence of this immune depression, allogenic and hetero-
specific transplants were retained longer by thymectomized animals than by
the controls. On the contrary, if neonatal thymectomy was immediately
followed by thymus implantation, the immune response was normal. From
these experiments it appeared that the role of the thymus was of essential
importance, particularly in the first postnatal days. On the other hand,
numerous observations have indicated that the thymus may have an important
immunological function in the adult organism, too [24, 27, 32]. According to
some authors [3, 14] the thymus seems to have an essential role in the develop-
ment of autoimmune diseases. Most probably, the immunological function of
the thymus is related to the fact that this organ is one of the sites of production
of immunologically competent cells [26]. The production of such cells seems to
he considerable as in the newborn the mitotic thymus-lymphocyte index is 4 to
6 times higher than that of other lymphatic organs [17]. Thus in young age the
thymus may be regarded as an essential site of production of lymphocytes of
peripheral blood [23].

It is also supposed that the thymus is a true hormone-producing endo-
crine organ. According to Tors and O1an [33] the epithelial cells of the guinea
pig are of a glandular character displaying a well developed ER system and
Golgi apparatus. Goldstein et al. [15, 18, 19] isolated from the thymus a
biologically active factor termed thymosin which, if given parenterally, caused
a marked increase of lymphocytopoietic activity and depression of the symp-
toms of wasting disease in thymectomized animals. The consequences of
neonatal thymectomy did not take place if thymic tissue placed in a small
diffusion chamber was implanted in the experimental animal immediately after
thymectomy [1, 22, 28]. Comsa [4] as well as Fachet et al. [8, 9] pointed to
interesting functional interrelations between the thymus and other endo-
crine organs.

The pathogenesis of the wasting syndrome is by no means clear. Some
authors regard it as an immunological catastrophe and emphasize the impor-
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tance of different antigens [4, 29]. Others suppose endocrinological occurrences.
In our experience, encliondral ossification also suffers severe damage in the
syndrome. We have found that neonatal thymectomy caused a considerable
reduction in thickness of the epiphyseal cartilage disks of long tubular bones,
and marked changes in their structure. The most conspicuous changes were
noted in the zones of proliferating and calcifying cartilage. The former was
found to be very narrow with disorderly arranged cells, and the latter was
sometimes so much reduced in width that in younger age groups it was hardly
recognizable as a distinct layer. In the epiphyseal cartilages the newly formed
bone trabeculae were considerably fewer and thinner in thymectomized rats
than in the controls. The histological pattern indicated a disorder in the equilib-
rium of nearly all phases of normal bone development (cartilage formation
cartilage destruction — bone formation — bone destruction). The disturbances
of cartilage formation and cartilage breakdown seem to be the primary conse-
quences of thymectomy followed undoubtedly by disturbances of bone building
and bone disintegration. A similar narrowing of the epiphyseal cartilage disk
following neonatal thymectomy was observed in mice by Foildes et al. [13].
On the basis of X-ray studies these authors also concluded that thymectomy
caused a reduction in the calcium content of bones.

From the present findings it was not possible to explain the cause and
mechanism of the changes noted in ossification following thymectomy. Several
hypotheses have been forwarded. It may be supposed that the thymus has a
direct effect on ossification, producing a substance required for normal bone
development and calcification. According to another hypothesis, disturbed
ossification might be the consequence of the general hormonal dysfunction and
metabolic changes caused by thymectomy. The explanation seems to be more
difficult on the basis of the immune biological concept, all the more that
cartilage, as regards immune response, is considered a passive tissue [5, 6]. We
are more inclined to believe that the cachexia subsequent to thymectomy may
be the primary cause of disturbances in bone development. Further studies are
required to elucidate this complex problem.
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WIRKUNG DER POSTNATALEN THYMEKTOMIE AUF DIE ENCHONI)RALE
OSSIFIKATION

H. MANDI, CS. HADHAZY, N. MANDI und T. GLANT

Die Thymektomie wurde an neugeborenen Albinoratten 36 48 Stunden nach der
Geburt durchgefuhrt. Die thymektomierten und die Kontrolltiere wurden wdchentlich im
Verlaufe von sechs Wochen nach der Operation untersucht. Es wurden die Korperldnge, die
Entfernung zwischen Schulter und »Handwurzelgelenk« und von der Hifte bis zum »FuB-
wurzelgelenk« sowie die Lange des Femurs bestimmt. Mittels histologischer Methoden wurden
weiterhin die Knorpelepiphysen der R6éhrenknochen untersucht.

Die postnatale Thymektomie verursacht ein charakteristisches Atrophiesyndrom. Die
Kdorperlange sowie die L&nge der Extremitdten war im Vergleich zu den gesunden Tieren des
gleichen Wurfes signifikant kleiner. Der Epiphyséarknorpel war auffallig schmaler, die Proli-
ferationszone der Knorpel war dinner. Die Verkalkungszone des Knorpels war ebenfalls
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geringer und die neuen Knochentrabekeln waren diinner als bei den Kontrollieren. Die charak-
teristischen Besonderheiten weisen auf schwere Stdrungen der enchondralen Ossifikation hin
und sind fir die Verringerung des Wachstums der Ratten verantwortlich, an denen nach der
Geburt eine Thymektomie durchgefiithrt wurde.

OEVNCTBUE MOCNEPOAOBOV TUM3KTOMUM HA 3HXOHAPANIbHOE
OKOCTEHEHVE

B. MAHOM, Y XAOXA3U, A MAHOV u T. [AHT

TuMaKTOMMS Gblla NPOBefeHa Ha Kpblcax-aibbuHocax yvepe3 36—48 yacoB Moc/e POX-
feHns.  TUMIKTOMU3MPOBAHHbIE W KOHTPO/bHbIE KpPbICbl WCCNEA0BANIUCL €XeHefeNlbHO Ha
NPOTSHKEHUWN LUECTW Hefenb nocne onepaunn. Onpeaensnucb agnvHa Tena, paccTosiHWe OT neda
[10 Ny4ye3ansiCTHOro 1 oT TazobepeHHOro A0 ro/IeHOCTOMHOMO CYCTaBoB. M3Mepsanach TakXxe Ann-
Ha 6efipeHHOl KOCTW. 3aTeM FMCTOMIOTMUYECKMMM METOAAMM U3yUannch XpsillieBble anudusbl Tpy6-
yaTbIX KOCTeM.

MocnepofoBas TUMAKTOMUS BbI3bIBAET XapaKTepHbIli cuHapom atpoduun. AnuHa Tena u
KOHEYHOCTEl Y TUMIKTOMM3MPOBAHHBIX KpbIC 6bl/1a J0CTOBEPHO MeHbLLAA M0 CPaBHEHUIO CO 3/0-
POBbIMU YXMBOTHLIMMW. INUGMN3aPHbIA XpsL, 6bU1 3aMeTHO YXXe, 30Ha nponmdepaumm xpswa bbina
TOHblUe. 30HA 06bI3BECTB/MEHNS XPsillia Bbla TakKXe YMeHbLLEHA U HOBble KOCTHble TPabeKy bl
ObI/IN TOHbLLIE, YeM Y KOHTPO/IbHbIX XXMBOTHbIX. OTN XapaKTepHble 0CO6EHHOCTM YKasbIBalOT Ha
TSXKeNble PaccTPoiicTBa 3HXOHAPASIbHOrO OKOCTEHEHVMS W OHW OTBETCTBEHHbI 33 YMEHbLUEHWe
pocTa KpbIC, KOTOPbIM MOC/E POXAEHMS 6blna NpoBeAeHa TUMIKTOMMSI.

Dr. Barnabas MAndi

Dr. Csaba Hadhazy Anatomiai-, Szovet- és Fejlédéstani Intézet,
Dr. Andras MAndi Debrecen, Hungary

Dr. Tibor Glant
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THE VENA PORTAE AS AN “INDEPENDENT” VENOUS
SEGMENT

ITS MURAL STRUCTURE AND INNERVATION
G. Ungvary, Erzsébet Petrovics, Cs. Féranth and S. A. Naszaly

(Received March 25. 1970)

The mural structure of the vena portae of guinea pigs was studied by connective
and muscle tissue staining methods, the innervation by histochemical reactions [acetyl-
cholinesterase (AChE) reaction, monoamino oxidase (MAO) reaction, as well as Champy’s
zinc iodine osmium (ZnlOs) method] and by electron microscopy. It has been demon-
strated that the inner circular muscular layer of the vena portae had a longitudinal
muscular coating, C-shaped in the middle part of the vascular segment and circular at
the confluence ard primary bifurcation.

Preterminal nerve bundles positive by the AChE test were found exclusively in
the adventitia. The most marked MAO reaction occurred in the longitudinal muscular
layers; at the junction of the adventitia and media there was a dense network of mono-
aminergic fibres. Fibres positive by the ZnlOs test occurred in all three layers of the
vascular wall.

By electron microscopy, fibres covered by Schwann cell cytoplasm or free from
Schwann cells could he detected in the adventitia, media and intima.

On the basis of its mural structure and peculiar innervation, the vena portae is
considered an independent venous segment.

Modern methods have made it possible to determine cardiac output
simultaneously witli total hepatic flow and so to estimate tlie hepatic fraction
of cardiac output. Myers (1950) found in man values ranging from 14 to 26%,
as compared to the 20 to 25% reported by Reichman et al. (1958). Fischer et
al. (1960) estimated the liver fraction at 11 to 40% (mean, 23%) in the dog;
of this, 6% fell to the hepatic artery and 17% to the vena portae. Thus, the
vena portae, which carries the venous blood from the abdominal viscera toward
the liver and the ligation of which has a fatal outcome, is capable of trans-
porting extremely large volumes of blood. In modern circulation physiology the
measuring instrument is the electromagnetic flow meter. Its application to
the indiv idual vascular segments including the vena portae represents a mechan-
ical, local stimulation, to which the vascular segment responds according to its
properties. It is known that in the various forms of cirrhosis there is a marked
hypertrophy especially of the longitudinal muscles of the wall of the vena portae.
Kohn and Richter (1959) explain this by suggesting that the increased resis-
tance produced inside the cirrhotic liver by the abnormal vascular system
(portal hypertension) is overcome by the portal trunk by means of a working
hypertrophy.

In a previous study (Ungvary and Faller, 1963) of injected-corroded
preparations we often found at the origin and bifurcation of the vena portae
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impressions, between which the trunk of the vena portae was located as a
“venous segment”.

It seemed therefore justified to study the functional anatomy of the portal
venous trunk, the precise structure of its vascular wall and the possibilities of
neural regulation of the vascular segment.

M aterials and methods

Thirty guinea pigs were used. The vascular segment was removed, so that to its caudal
end was continuous with the portal stump of the lienal and mesenteric veins while cranially
the primary bifurcation remained in connection with the vascular trunk. Part of the material
was fixed in 5% formaldehyde solution, at the levels shown in Fig. 1, embedded in celloidin-
paraffin, and the sections were stained with haematoxylin-eosin, Azan, as well as by the Van
Gieson and the Farkas-Mallory methods. The other methods employed were silver impregnation
according to Gross and Schnitze, Champy’s zinc-iodide-osmium (ZnlOs) method, the Falck
and Hillarp technique for the demonstration of catecholamines (CA), the monoamino oxidase
(MAO) method of Glenner et al. and the acetylcholinesterase (AChE) reaction of Coupland
ana h olmes. The latter was carried out at different pHs, after preincubation for 30 minutes
with 10-5M Iso-OMPA.

In the third group the specimens were subjected to electron microscopic study. The
material was fixed in paraformaldehyde solution, post-fixed in osmic acid and embedded in
Durcupan. Ultrathin sections were cut on the LKB ultrotome, contrasted according to Rey-
nolds, and examined in a TESLA BS 413 electron microscope.

Results

The methods suitable for the staining of muscle and connective tissue
fibres revealed that the mural structure was variable in the guinea pig portal
vein, in the trunk at the confluence of the lienal and mesenteric veins, at the
site where the portal vein divides into the primary trunci, as well as in the
primary trunci (Fig. 1). The circularly arranged muscle bundles of the media
at the confluence of the lienal and common mesenteric veins and the division
into primary trunci are surrounded circularly by longitudinal muscle bundles
parallel to the axis of the portal vein in the inner part of the adventitia. These
longitudinal bundles are absent in the ventral aspect of the middle segment of
the portal vein nor are they visible in the primary trunci.

Of the neurohistochemical reactions AChE demonstrated only major
preterminal nerve bundles, occurring invariably in the adventitia, in the con-
nective tissue of the portal vein (Fig. 2).

Even the widest scale of variation of the method failed to detect the
presence of AChE positive nerve fibres in the muscle. It is to be noted that we
have found copious quantities of AChE positive fibres intrahepatically in the
guinea pig.

Some of the fibres detaching themselves from major nerve bundles may
be demonstrated by the ZnlOs reaction (Fig. 3). The fibres are in the adventitia
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Fig. 1. Diagrammatic representation of the mural structure of the portal vein in the guinea pig

Fig. 2. Spread-out wall of portal vein. Note thick nerves running in the adventitial connective
tissue. Coupland—Holmes’ AChE reaction, six-hour incubation, 30 minutes of 10~5M Iso-OMPA
preincubation. X180
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Figs 3a c. Spread-out portai vein with ZnlOs positive nerves running in the adventitia.
Champy’s ZnlOs staining. Magnifications: a) x800; b) x500; c¢) X 180

(adventitial nerve plexus) and here only a few preterminal or terminal fibres
emerge from them, running then on the longitudinal muscle bundles of the
adventitia. Another part of the fibres run between the muscle bundles, or
penetrate the media, almost reaching the intima (Fig. 4). A number of nerve
fibres appears to be present at the bifurcation of the portal vein (Fig. 5).

The catecholamine reaction calls attention to a remarkably rich mono-
aminergic nervous netw ork. The terminals showing specific fluorescence, par-
ticularly at the origin and division of the portal vein, are so densely situated as
in the iris (Fig. 7). The sections cut at the portal vein division level show clearly
that the monoaminergic fibres at the junction of adventitia and media lie close
to the media and there are only a few “free” fibres in the space between the
trunci (Fig. 8).
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Fig. 4. Portal venous trunk. The nerve fibres penetrate between muscle bundles, showing at
sites a “terminal-like” pattern (insert). Champy’s ZnlOs staining. Magnification X 400.
insert X 800

Fig. 5. First portal division; numerous ZnlOs positive fibres, some of them almost reaching
the intima. Champy’s ZnlOs staining. X 800
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Fig. 6. Intensive extraneuronal MAO reaction of the muscular layer. The internal media is
negative. MAO reaction of Glenner et al. X400

Fig. 7. Spread-out portal vein with dense nervous monoamiuergic network, showing intensive
fluorescence by the Falck-Ilillarp paraformaldehyde reaction. Magnification on the left side
X 180, on the right side X 400

Acta Alorphologica Actidemiae Scienliarum Hungaricae 19, 1971



THE VENA PORTAE 275

Fig. 8. The first intrahepatic division. At the junction of adventitia and media there are mono'
aininergic fibres showing intensive fluorescence. Between the two trunci there are “free™
nerves, running onto the division from above. Falck Hillarp reaction. X 300

The localization of MAO corresponds only within broader limits to that
of tin' catecholamine containing nerve fibres. Hu* enzyme reaction is intensive
in the longitudinal muscle layer, while it is practically negative in the connec-
tive tissue, in the circular muscle layer of the adventitia and in the intima. The
reaction shows no fibre-like localization, it is found extraneuronally (Fig. 6).

By electron microscopy, nerves could be demonstrated in all three layers
of the portal venous trunk. In the adventitia (Fig. 9), there are several axons
in a common Schwann cell, a few of them contain dense core vesicles.

In the media, in the interspace between muscle fibres inside the Schwann
cell, partly without the Schwann cells, there are axons in intimate connection
with smooth muscle cells (Fig. 10).

The last electron microscopic picture shows axons inside a Schwann cell
in the intima, with a few axons already emerged from it (Fig. 11).

Discussion

The studies of the mural structure of the portal vein have thus revealed
that at the site of origin of the portal vein (confluence of common mesenteric
and lienal veins) and at the bifurcation into primary trunci, the vein has a
complete internal circular and an external longitudinal muscular layer. This
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Fig. 9. Electron microscopie appearance of part of the adventitia. Numerous nerve fibresin the

cytoplasm of the Schwann cell (Sc). In left upper corner, smooth muscle cell (me). A fibrocytic

process (fp) penetrates between the muscle cells and the fibre bundles. Scale, 1//. In the insert:
dense core vesicle axons in the adventitia. Scale, 1 /t
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Fig. 10. Electron microscopic appearance ofpart ofthe media. The nerve fibres are in the collagen

(e) between the smooth muscle cells. The axons (a) in the upper right corner are in no close

contact with the smooth muscle cells (me). In the left lower corner the axon terminal (a) con-

tains numerous empty vesicles and is covered only at sites by Schwann cell processes (arrows).
At this site is the axon nearest to the muscle cells (me). Seale, 1/i
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Fig. 11. Electron microscopie appearance of part of the intima. The axons (a) are in the collagen

(c) under the endothelial cell (ec) lining the lumen (1). The axons covered by Schwann cell

processes are separated from the muscle cells (me) of the media by a fibrocytic process (fp).
Scale, 1 /i
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may be interpreted with some caution to indicate that the mural structure of
the portal vein may make it capable of acting as a regulatory factor between
the splanchnic and hepatic-portal vascular beds. This hypothesis is supported
by the data according to which in portal hypertension the wall of the portal
vein becomes thicker, independently of the splanchnic or intrahcpatic blood
vessels (Kshn and Richter, 1959).

The innervation of the portal vein seems to he interesting. Although the
innervation of veins was rather extensively discussed in earlier literature, there
is scarce evidence concerning the portal vein.

A detailed paper on the innervation of the portal vein Mas published by
Mootz (1965) who had employed the ZnlOs method, the AChE technique and
Bodian’s impregnation procedure. The results obtained by the two latter
techniques are the same as ours. By Champa ’s method Mootz failed to demon-
strate the presence of nerves between muscle fibres, where ree have found
several nerve terminals.

Writing about innervation of the veins, Abranham (1969) stated that their
innervation mas practically the same as that of arteries. In the adventitia large
nerve trunci are visible, which toward the media decrease in number, and are re-
duced in diameter. In the media the nerves approach the muscle cells and end
there. The hypotheses put forward vary from author to author. Busch (1929)
described an intercellular network between the smooth muscles, built up of un-
myelinated fibres. According to Stonhr jr. (1932) there is a terminal reticulum
in the muscularis of the vascular wall. Hitrarp (1946) described between the
muscle bundles thinner and thicker nerve bundles Avhich ramify and anasto-
mose; this is called the “nervous ground plexus”. However, there is agreement
among the majority of authors that nerve fibres would not penetrate deeper
than the media. Our electron microscopic finding Mas therefore striking, hut
there is no doubt about the existence of an intimai innervation in the portal
vein. In the splanchnic region only sympathetic nerves can be demonstrated
by physiological methods (Bradiey, 1963). We do not therefore consider sur-
prising the masses of monoaminergic fibres M'hich, however, occur exclusively
at the junction of the adventitia and media. Intrahepatically, the monoamin-
ergic terminals of the portal venous nerves are at the junction of the adventitia
and the media too (Ungvary and Donath, 1969). The MAO reaction is local-
ized essentially to the longitudinal muscle bundles, corresponding to the mono-
aminergic innervation. This is in agreement with the observation of Radymska-
Wawrzyniak (1968) who found in certain venous segments of different species
the most intense MAO reaction essentially in the same layer. Lukas and Cech
(1966) found that also in the iris there was a gross parallelism between the
adrenergic nerves and the distribution of MAO.

The nerve fibres of the media and intima (the existence of which is proved
beyond doubt by the electron microscopic finding) cannot be demonstrated
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either by the Falck—Hittarp CA-specific reaction, or hy the method of
Coupland and Holmes specific for AChE. These fibres could he demonstrated
hy light microscopy exclusively hy the ZnlOs method of Champy. This was
unexpected, because according to Hitlarp (1959) the Champy technique would
demonstrate the adrenergic fibres, while Akert and Sandri (1968) found the
precipitate characteristic of the ZnlOs reaction in the synaptic vesicles of
cholinergic junctions.

In 1963, Brauer wrote that the portal vein itself was a collapsible reser-
voir, placed between two larger reservoirs, in which the pressure fluctuations
were the function of changes in abdominal pressure correlated with the move-
ments of the diaphragm.

In the light of recent data and our own results it seems that the portal
vein, placed between the splanchnic and hepatic circulation systems, may he
considered a venous segment of considerable independence. The functional
significance and potentialities of its apparently “closed unit” mural structure
are further enhanced hy the peculiarities of innervation which to our best

knowledge are not present in any other vein or in the more copiously innervated
arteries.
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DIE V. PORTAE ALS »SELBSTANDIGES« VENENSEGMENT
(Untersuchung der Wandstruktur und der Innervation)

G. UNGVARY, E. PETROVICS, CS. LERANTH und S. A. NASZALY

Die Wandstruktur der Pfortader von Meerschweinchen wurde mittels Féarbung des
Binde- und Muskelgewebes, ihre Innervation mit Hilfe von histochemischen Reaktionen
[Azetylcholinesterase-Reaktion (AChE), Monoaminooxydase (MAO) Reaktion, Zinkjodos-
mium (ZnJOs) Verfahren nach Champy], ferner elektronenmikroskopisch untersucht und fest-
gestellt, da die innere zirkuldre Muskelschicht der Pfortader im mittleren Teil des GefaR-
abschnitts in C-Form, bei ihrem ZusammenfluB und bei ihrer Abzweigung erster Ordnung
zirkuldr von einer langsgerichteten Muskelschicht umgeben ist.

AChE-positive praterminale Nervenbindel wurden nur in der Adventitia gefunden.
Die intensivste MAO-Reaktion wurde in den langsgerichteten Muskelschichten erhalten. An der
Grenze der Adventitia und Media finden sich monoaminerge Fasern, die ein dichtes Netzwerk
bilden. ZnJOs-positive Fasern, sind in allen drei Schichten der GefdRwand zugegen.

Im Elektronenmikroskop wurden sowohl in der Adventitia wie auch in der Media und
der Intima mit Schwannschem Zellplasma bedeckte oder von Schwannschen Zellen freie Fasern
nachgewiesen.

Aufgrund der W andstruktur und der eigenartigen Innervation wird angenommen, daf
die Pfortader ein selbstdndiges Venensegment darstellt.

BOPOTHAA BEHA .CAMOCTOATE/IbHbIN” BEHHbIA CEMMEHT (M3YYEHWE
CTPYKTYPbl COCYANCTOW CTEHKW U MHHEPBALILWN)

L. YHTBAPW, E. METPOBMUY, Y. NEPAHT n W. A HACAIN

CTpyKTypa CcOCyAUCTO/ CTEHKM BOPOTHOM BeHbl MOPCKOWM CBMHKM Gblia M3yyeHa MeTofa-
MM OKpaLUMBaHWUSA COEAMHUTENBHON W MbILLEYHOA TKaHeld, a ee WHHepBauusi — MNpyY MOMOLLM
rMCTONOrNYECKMX peakuunii (peakumsi ¢ aueTuUNxonmHacTepason (AX3) ¢ MOHOAMWHOOKCWAA30A
(MAO), ¢ uuHkiiogocMmem (ZnJOs) no metogy Champy), a TakXe B 313KTPOHHOM MWUKPOCKONE.
Bblno  ycTaHOBMEHO, YTO BHYTPEHHWIA KPYyroobpasHblii MbILIEYHbIA C/IOM B CpegHe 4acTu
y4yacTKa BOPOTHOV BeHbl OKPYXXeH MPOA0/IbHLIM MbILLEYHbIM CoeM, B opme C, a y MecTa ee
CNUAHNA N Yy MecTa ee pas3BeTB/IEHMSI MEPBOro nopsifika KpPYyroo6pasHo.

AUETUNXONNHECTEPA30-NONOKUTENbHbIE HPETEPMUHA/bHbIE HEPBHbIE My4YKWU OblAn 06-
HapyXeHbl TONbKO B afBeHTMUMWU. Haumbonee cunbHas peakumss Ha MAO 6blna nonyyeHa B
MPOAOBHBIX MbILLEYHbIX CNOAX. Ha rpaHuue agBeHTULMKM U MefuM NPUCYTCTBYHOT MOHOaMW-
HeprHble BO/IOKHA, 06pasytoLine rycTyto ceTb. ZnJOs-MoNoXUTeNbHbIE BOIOKHA 06Hapy»XuBa-
10TCSA BO BCEX TPEX C/I0SIX COCYAMCTOW CTEHKMU.

Mpu noMoLLM 3NeKTPOHHOr0 MMKPOCKOMA Kak B aflBEHTULMW, TaK U B CPEAHEM C/loe U B
WHTUMe, paBHbIM 00Pa3oM ObLIN BbISIB/IEHbI BOSIOKHA, NOKPbLITbIE M1a3Moii LLIBAHHOBCKMX KIETOK,
1N BoNoKHa 6e3 LLIBAHHOBCKUX KIIETOK.

Ha ocHOBe CTPKTYpbl COCYAUCTOW CTEHKU U CBOEOGPa3HOi MHHepBaLuK MosiaraeTcsi, yto
BOpPOTHasi BeHa MPeACTaB/IsieT cO00/ CaMOCTOSITE/IbHbIA BEHO3HbIV CErMeHT.

Dr. Gydrgy Ungvary

Dr. Erzsébet Petrovics Anatomiai Intézet,
Dr. Csaba Léranth Budapest IX.,Tlizolté6 u. 58., Hungary

Dr. S. Attila Naszaly
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ELECTRONMICROSCOPICAL CHANGES
DUE TO HISTAMINE IN THE SKIN OF THE RAT

l. Tors and . O1an

(Received May 27. 1971)

The endothelium of the histamine-rubbed skin behaves like the reticuloendothelial
system. 11 stores colloidal carbon by means of endocytosis. A new endothelial lining
replaces the site of the decaying endothelial cells in consequence of the flattening of
the adjoining endothelial cells. At that point the basement membrane undergoes decay
and a new one develops. The carbon granules arrive into the tissue partly through the
intercellular gaps and partly through the endothelial cells. First, the pericytes take up
the carbon from the endothelial cells with the help of endocytosis and detach from the
vascular wall. The pericytes migrate and transform into tissue macrophages, later they
disintegrate and the carbon passes into the tissue spaces by means of exocytosis. The
granules are then taken up by another macrophage and carried farther. The cells per-
forming endocytosis are rich in ribosomes and a lively membrane-flow is observable
in them.

The present electron microscopic studies have supported the previous light
microscopic findings, disclosing the details of the mechanism of the reaction caused by
histamine. Histamine as tissue hormone mobilizes the reserve cells of the reticuloendo-
thelial system and provokes the mechanism of a local sterile inflammation by the trans-
formation and mobilization of the cells In the endocytosis three variations of the vacu-
oles can be found; they display the different mechanisms of endocytosis.

Endocytosis is considered one of the most characteristic functions of the
cells belonging to the reticuloendothelial (RE) system. This specific cell func-
tion manifests itself in the capacity of taking up foreign substances circulating
in the blood by phagocytosis as well as storing them for a certain period and
digesting them later. Especially well known is this capacity of those RE cells
of the liver which line the sinusoids of this largest gland and enable it to
depurate the blood in a few minutes by filtering out the foreign substances.
Besides phagocytosis, the RE cells have further mechanisms for the uptake of
different substances, such as simple pinocytosis [11] and vermiform phago-
pinocytosis [27].

Our experiments [25] have shown that colloidal carbon or silver particles
taken up by the Kupffer cells may be evacuated in two directions. 1) They may
reach the circulating blood with cells detached from the vascular wall; or 2)
they may appear, in a short time, in the periportal interstices of the liver.
Challenging questions are why only the endothelium lining the liver’ssinusoids
possesses this capacity lacking in the endothelium of most other blood vessels.
In the case of skin injuries it can be observed that after the intravenous ad-
ministration of colloidal carbon the skin bordering the wound turns black as

Acta Morphologica Academiae Scicntiarum Hungaricae 19, 1971



284 I. TORO and 1. OLAH

the endothelium of the blood vessels and capillaries of this skin area is storing,
like the RES, the carbon taken up by the cells. Consequently, the endothelium
of the capillaries and postcapillary veins of the skin are capable of endocytosis
under certain circumstances. This tissue reaction may be due to substances re-
leased by the injured tissues.

JancsO [13] observed that, after administering India ink intravenously
to the rat, the histamine rubbed skin becomes black. Our light-microscopic
studies showed that also in this case, in the same manner as in the liver, the
carbon granules appear in the cells of the subcutaneous connective tissue. Since
the light microscope failed to clarify convincingly the mechanism taking place
[22, 23, 24], we have studied the process electron microscopically and shall
now present the results obtained.

Materials and methods

In the experiments white rats weighing 130—150 g were used. The abdominal wall of
the animals was depilated on the previous day and in ether anaesthesia its skin was painted
with a 5% histamine solutionand 1 ml of tenfold diluted fine granulated India ink was injected
into the vein of the tail. The substances taken from the liver and from the blackened skin area
were fixed for two hours in 4.5% buffered glutaraldehyde. Buffered rinsing was followed by
1% osmium tetroxide postfixation and subsequently the dehydrated material was embedded
in Araldite, slices were cut with a Reichert OMN-2 apparatus or with a microtome, and studied
under a JEM 6 C electron microscope.

Results

In the blood vessels, erythrocytes, sometimes leucocytes were found,
usually surrounded by an inhomogeneous medium. At those sites where the
vascular wall stored carbon in large quantities, thrombocytes were assembled
(Fig. 1). At the points where the thrombocytes were attached to the surface
the external coat covering the endothelium and the cell membrane were
remarkably thickened.

Endothelium

On the surface of the endothelial cells, numerous microvilli can he found
which protrude into the lumen as irregularly placed, shorter or longer cyto-
plasmic processes. The endothelium is usually protruding into the lumen

Fig. 1. In the lumen, side by side, attached to the vascular wall thrombocytes (Th). Under them
two endothelial cells (En). The one endothelial cell under the thrombocytes is darker, the other
lighter. The two endotheliel cells are connected with interlocked cell borders (Cj). In the en-
dothelium adjoining the thrombocytes, many ribosomes are seen. The basal surface of the cell is
rough, with microvilli on it. Desmosome (D) between two endothelial cells. The basement memb-
rane (Bm) is loose and in certain places it disappears and there the extensions of the adjoining
endothelial cells are visible. In the endothelium, carbon-containing phagosome (Ph). On the
basement membrane of the cell, pinocytotic invaginations (Pv). Under the endothelium a peri-
cyte (Pe) transformed into macrophage-containing phagosomes filled with India ink; on its
abluminal surface a basement membrane is seen. In this pericyte many thick-walled pinocy-
totic vacuoles and around them a detached vesicle, representing exocytosis (Ec) appears
X 21,000. The inset: India ink-filled phagosome in the endothelial cell, rising into the lumen
of the vein and separated from the lumen by a thin cytoplasmic structure
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showing here and there protuberances. The swelling is caused chiefly by empty
or India ink filled phagosomes resulting from vigorous phagocytosis. Where
phagosomes filled with India ink are found, the luminar wall of the swol-
len vacuoles becomes thin (inset), and numerous empty, dilated cisterns can
be seen causing the swelling and a spongy structure of the endothelium (Fig. 2).
The vacuoles communicate and they may later fuse form ing large cavities. Nume-
rous pinocytotic vacuoles can be found on the luminar surface ofthe endothelium,
though pinocytotic vacuoles can be seen also on the basal part of the endothelial
cells. The endothelium is usually filled with such vacuoles which have, already
at their formation (i.e. at the engulfment of the cell-membrane), electron dense
granules attached to their outer surface; thus they can be characterized as
thorny vacuoles. So-called coated vacuoles can also be found (Fig. 3), with an
evenly thick wall which generally appears homogeneous. In the case of larger
vacuoles of the same type, however, an electron dense stripe runs along the
middle-line of the thick wall; this stripe is lacking at that place where the
vacuole seems to open.

Consequently, three types of pinocytotic vacuole can be distinguished
in the endothelium, viz. 1) the common pinocytotic vacuole having a thin wall
and increasing more and more in size in the cytoplasm; 2) the thorny vacuole
showing a gradual enlargement towards the centre of the cell; 3) the lined
vacuole of unknown origin. The thorny vacuoles often open into enlarged
pinocytotic vacuoles, though two thorny vacuoles may communicate with
each other. The phagosomes in the endothelium filled with India ink may
grow large and within them stored carbon, numerous membrane-like formations
as well as their debris can be seen (Fig. 4). The smaller carbon granules are
surrounded by an electron-dense cover. The content of the phagosomes is
differing as to its quantity and structure. The endothelial cells which contain
more phagosomes filled with India ink are richer in ribosomes and consequently
much darker. In the endothelium, little endoplasmic reticulum can be observed.
The desmosomes of the endothelial cells are distinct (Fig. 1), though the inter-
cellular spaces are often dilated (Fig. 5), where well-characterized gaps can be
found.

At sites where the endothelium contains numerous phagosomes and
vacuoles, the basement membrane is loose and basal processes of the endo-
thelial cells protrude through it (Fig. 6). At the sites of membrane defects,

Fig. 2. Protruding, riddle-like transformed endothelium (En), under it a disintegrating base-
ment membrane (Bm) and layers of flattened cell lamelles, on their abluminal surface with
basement membrane. X 15,500
Fig. 3. Endothelium (En) with smooth and thorny vacuoles, phagosomes (Ph). In several
places a fusion of vacuoles is visible (arrows), sometimes like a string of pearls. The figure
reminds of pinophagocytosis vermiformis (double arrow). On the endothelium’s abluminal
surface microvilli and exocytotic vacuoles. In the pericyte (Pe) under the endothelium a large
phagosome as well as numerous pinocytotic vacuoles. X2000
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collagen fibres appear. The membrane is incomplete also beneath the swollen
endothelium having a sponge-like structure (Fig. 2). Here, similarly as on the
luminar surface, the endothelium sends microvilli towards the pericytes and the
spreading out ofanew endothelium can be observed beneath the old one (Fig. 6).
At certain points of the disintegrated basement membrane, the new endothe-
lium is closely connected to the old one forming desmosomes with it (Fig. 8a).
This new endothelial layer can be found at numerous places beneath the old
endothelium. Under this secondaiy endothelial layer, a basement membrane
is also found, moreover, the carbon-storing pericytes situated here have a more
expressed basement membrane. In this way, the flattened endothelial cells
show, at several places, a multilayered structure.

The new endothelium appearing under the generating old one is separated
from the latter by an electron dense substance and under the new endothelial
layer a new basement membrane develops.

Pericytes

After having stored more or less carbon within the phagosomes of the
endothelium, the pericytes detach from the blood-vessel wall and appear in a
rounded form (Figs 7a, b) having contracted their elongated bodies. As a
consequence, the venous wall remains bare, being composed only by the endo-
thelium and the basement membrane. The pinocytotic vacuoles of the peri-
cytes too can be classified into three groups. There are enlarged vacuoles in the
cell. The thorny vacuoles are more developed. We can find also the fusion of
the thorny and the smooth vacuoles like in the endothelium (Figs 1 and 3). The
pericytes detached from the vascular wall and the macrophages situated farther
from the blood vessel are distinguishable only by their localization, the peri-
cytes, like the macrophages, having numerous long processes as well as undulat-
ing membranes. Some of these tissue macrophages contain well-developed
endoplasmic reticulum thus bearing resemblance to plasma cells (Fig. 9a).
Owing to the dilated cisterns of the endoplasmic reticulum, their cell body
shows a spongy structure (Fig. 9b). The macrophages also contain large
phagosomes filled with carbon (Fig. 10). In both the pericytes and the macro-
phages, there are some homogeneous lipid droplets (Fig. 4). Some macrophages
contain bodies of lamellar structure; between their concentrically arranged
lamidlae carbon granules can be observed (Fig. 10). This points to the phago-
somal origin of these bodies.

Certain pericytes show a fine microfilamentar structure besides the large
phagosomes containing India ink.

Fig. 4. Tissue macrophage containing phagosomes filled with Indian ink (T). Around the carbon
granules an unoriented lamellar structure. Lipoids (L) sorrounded by ribosomes and dilated
rough endoplasmic reticulum (Er) with granularly structured content. X 21,000
Fig. 5. Dilated intercellular space between two adjoining endothelial cells (arrows). Under the
gap the flattened extension of the adjoining endothelial cell redoubles the endothelial layer
(En) and closes the gap. X 11,400
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Fig. 6. At the site of the loosened basement membrane (Bm) extended endothelial cell (En), the
endothelium seems to be in two or even in three layers. In the endothelium, fine fibrils. Occlud-
ing between the old and the new endothelium (D). X 19,000
Fig. 7a. A pericyte detaching from the vein-wall, contracting its body leaves the vascular wall
bare. In the lumen, extended young leucocyte figures (Gr) and erythrocytes (E). X 13,000
Fig. 7b. The detaching pericyte (Pe) contains confluent phagosomes filled with carbon.

En = endothelium. X 6,800
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Fig. 8a. Desmosome between old and new endothelium (En). Here and there loosened basal
membrane (Bm). Tissue maer»p-bage (M) with numerous undulating membranes. India ink
containing phagosomes and rough-surfaced endoplasmic reticulum (Er). X 8,000
Fig. 8b. Plasma cell containing rough-surfaced endoplasmic reticulum. X 18,200
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Fig. 9a Flattened tissue macrophage with dilated, rough-surfaced endoplasmic reticulum and
coated vesiculum. X 13,000
a spongy structure. X7,800

9b. Dilated endoplasmic reticulum, lending the cell
10. Lamellar (Lb) bodies deriving from lysosomes, encysting and isolating the carbon
granules in their interior. X 17,500
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Fig. 11. Flattened tissue macrophages. In the interior of one macrophage, carbon-containing
phagolysosomes and rough-surfaced parallel oriented endoplasmic reticulum with electron
dense content. X 19,200
Fig. 12. The cell organelles escaped from disintegrated macrophages are phagocyted later by
other macrophages, x 19,200
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Macrophages

The macrophages arc lying in a stratified structure and between the
layers collagen fibrils can be seen. In the flattened cells both agranular and
granular endoplasmic reticulum containing electron-dense substance is found,
with lamellae arranged parallel to the cell surface (Fig. 11). The number of
ribosomes and polysomes increases parallel with the number of phagosomes. The
macrophages filled with carbon show degeneration. The numerous lipid droplets
and mitochondria seen extracellularly originate from the disintegrated cells
(Fig. 12), as also the few carbon granules of similar localization.

Discussion

A certain kind of vascular endothelium belongs to the reticuloendothelial
system, lining the sinusoids of the liver and of the spleen. When different
colloidal materials such as colloidal dyes, carbon, metals (e.g. silver,
gold, iron, mercury sulphate, lead), thorium dioxide sol, etc. [1, 2, 6, 13, 16, 18,
24, 26] enter the circulation, these endothelial cells clear the blood from the
foreign material. The endothelium of the blood vessels of other organs (e.g.
muscles, skin) does not showr phagocytosis, only pinocytosis. The endothelium
of the liver sinusoids has been studied most thoroughly since its cells exert a
conspicuous storing activity. It is not known why this activity is remarkable
just in the liver and spleen and our knowledge is deficient also with regard to
its regulatory control. According to omosi [16] and TORSG [24], the character of
the reticuloendothelial system depends on that organ in which it is localized. If
we examine the endothelium of a liver sinusoid directly after having adminis-
tered India ink intravenously into it, in the intima cells we find carbon granules
and if w'e follow their fate [13, 25], the carbon appears extra-sinusoidally in
the Disse space and in the interstices of the periportal connective tissue where
it accumulates forming rough clumps. The carbon as an undigestible material
remains for several months in the cells and then sowly leaves the organ with
the wandering cells, and passes into the circulation. The carbon can leave the
liver in another manner too, when the Kupffer cells detach from the vascular
wrall and the circulation washes them away. This means that the carbon
granules can arrive in other organs, chiefly in the lungs, through the circulation.
The endothelium of the liver was examined by Parks [20] and w isse [30];
among others Parks examined the sinusoid endothelium electron microscopi-
cally and found its structure to differ from that of the vascular endothelium.
According to w isse, the sinusoid endothelium of the liver is perforated at sites
as a sieve and through its pores the lumen of the sinusoid communicates with
the Disse space. On the other hand, the microvilli of the liver cells protrude into
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the Disse space, they spread through the pores of the sieve even into the lumen
of the sinusoid, or the processes of the Kupffer cells reach the microvilli of the
parenchymal cells. Another characteristic of the sinusoid wall is that it is
devoid of basement membrane and thus the substances may easily reach into
the perisinusoidal space and the interstice. The capillaries of the skin and the
subcutaneous connective tissue as well as the postcapillary veins have no
sinusoid structure, and there is generally a basement membrane instead of the
Disse space.

The passing of the substances through the lamellated barrier is not easily
understood. Their permeability manifests itself only under certain effects.
After the intravenous administration of India ink a blackening can be observed
around the injuries caused by the shaving of the rat’s abdominal skin. JancsO
found that, after having administered carbon intravenously, tightening of a
grooved forceps resulted in persisting traces on the skin. This shows that some
compounds, released by injured tissues, may enable the vascular endothelium
to take up foreign colloidal substances. These observations then turned the
interest in the first line to histamine (JancsO [13]). The endothelium of the
capillaries and of the postcapillary veins in the histamine rubbed skin region is
capable of fixing India ink by increased endocytosis. Under the influence of
histamine the endothelial cells became swollen, activated, they took up the
carbon in phagosomes and showed increased pinocytosis. At the initial stage of
pinocytosis, granules line up at the invagination of the cell membrane and the
thus developing vesicle detaches as a thorny vacuole. After swelling more and
more, the thorny vacuoles may expand to cisterns. In the sinusoid endothelium
of the liver. Wisse too found thorny vacuoles. In the endothelial cells smooth
vacuoles can be found originating probably from the endoplasmic reticulum
and they, too, may expand further. The fusion of the two types of vacuole is
necessary for the development of lysophagosomes [10, 21]. The development
of lysosomes [5, 8. 9] was followed in tissue cultures where the phagolysosomes
originate from the fusion of phagosomes and vesicles (primary lysosomes)
developed in the Golgi apparatus, and the primary lysosomes release their
enzymes into the phagosomes. The dilated vacuoles often fill the cytoplasm
or the largest part of it. As a result of the swelling and vacuolization of the cells,
the desmosomes open up and the intracellular gaps dilate, sometimes to a great
extent.

Through the dilated intercellular passages in the endothelium the lumen
of the vein communicates freely with the subendothelial tissue spaces, thus it
may be supposed that the carbon granules can pass through the venous wall
without having previously entered the cytoplasm of the endothelial cells. The
endothelial cells contain numerous large clumps of India ink in phagosomes
and with their help the carbon granules arrive into the perivascular connective
tissue. The cytological effect of histamine starts here asr a-n endocytotic wave,
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spreading soon from the endothelium to the lower layers, first to the pericytes.
They contract, draw back their bodies filled with India ink from around the
vein and after rounding off, leave the veins hare. Dunn [4] injected carbon in
the vas efferens of a dog’s lymph node and studied with the electron microscope
the carbon granules passing through the sinus endothelium. Also here the carbon
granules passed by endocytosis into the endothelial cells, although the base-
ment membrane is missing there.

Under the influence of histamine, at places the basement membrane be-
comes loose, disintegrates and disappears, especially where the endothelium
shows a cribriform structure. Here under the old endothelium new flat cells
appear — sometimes in several layers — tightly attached to the old one. The
new layer corresponds to the flattened processes of the old, adjoining endo-
thelial cells, and stretching under the effect of histamine a new endothelial
layer develops below the old endothelium. Most probably the old endothelium
becomes detached.

Parallel with the loosening of the basement membrane, the basal border of
the endothelial cells is mobilized, microvilli develop on it, the cells become
elongated and a double layer of endothelial cells develops. At the points which
show the greatest change, thrombocytes accumulate in the lumen. These cells
certainly play some part in the mechanism of endocytosis. Under the new
endothelial layer a new basement membrane develops. According to Vracko
[29], the thickening of the basement membrane points to a decay or regene-
ration of the cells. In the regenerating capillary a secondary basement mem-
brane develops giving support to the regenerating cells.

It may be supposed that the phenomenon appearing as pinocytosis at the
basal part of the endothelial cells is identical with exocytosis, considering that
several indentations with thorny membranes can be seen. During the period
of investigation (20 hours) the carbon granules are already in large phagosomes
and thus it would be necessary to examine also the initial period of the phenom-
enon. Mitts [15] found on the cell membrane of isolated Kupffer cells that
the period of the dense cup-like invaginations nras the initial period of the
thorny vacuoles.

The thorny vacuoles develop from the detached cell membranes, while
the smooth-walled vacuoles originate most probably from the endoplasmic
reticulum. The Golgi apparatus being not sharply expressed, their Golgi-origin
cannot be proved. Some carbon granules under the endothelium may be situat-
ed intercellularly, accordingly they arrive there by the fusion of the vacuoles
with the cell membrane and later by their opening. This phenomenon can be
observed on the basal and luminar surface equally. The carbon granules are
incorporated in the pericytes and these after rounding off migrate farther
transforming into tissue macrophages. These cells which only partly originate
from the pericytes, containing large India ink-filled phagosomes as well,
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develop the same vacuoles as the endothelium, and even in a more expressed
form. The coated vacuoles in the macrophages remind strongly of the phago-
pinocytosis vermiformis [22, 27], being the sign of increased phagocytosis, a
phenomenon described by us and later examined by others as micropinocytosis.
This refers to the fact that this storage mechanism is not a characteristic feature
of the Kupffer cells or of the lymphoid reticulum cells. In these cells the ergasto-
plasm increases intensely, chiefly in the form of rough surfaced endoplasmic
reticulum. Polyribosomes can also be found. AIll these indicate an intense
synthetic cellular activity which is most certainly in connection with enzyme
production. The fact that in this case pinocytosis was not provoked by Indian
ink permits the supposition that some kind of material plays a part here, neces-
sary for the cell’s metabolism. Friedrich [7] found that after the removal of
part of the RES, the remaining reticuloendothelial organs were storing more
vigorously. A certain regulatory substance must be supposed in this cellular
function. According to Jeunet [12] the serum contains a factor which plays this
regulatory role [3, 18, 28], though the tissue fluid may contain it too and it
may be supposed that the increasing pinocytosis serves just its uptake [11].
This is indicated by the fact that during prolonged storage the substance may
become exhausted and storage may cease [12]. It is supposed that the thrombo-
cytes take part in the production of the substance in question.

From the phagosomes filled with carbon clumps, lamellar bodies develop
and encyst their undigestible contents. Many tissue macrophages containing
carbon-filled phagosomes degenerate and disintegrate if they cannot get rid of
the carbon; the phagosomes can stay for a long time in the cells as residual
bodies and kill the cells. The thus expelled carbon granules arc taken up by
macrophages developed from histiocytes. They transport the granules migrating
further and drawing more and more cells into the process. Histamine, apart
from increasing endocytotis, starts also an increased cell mobilization, where-
upon the tissue macrophages, situated farther from the storing blood vessel,
take part in the clearing action. Under the effect of histamine, cell mobiliza-
tion and transformation, endocytotic, and klasmacytotic processes, degeneration
and regeneration equally play a part in the tissue reactions.

Histamine is constantly regulating the cell and tissue processes according
to its liberated quantity. A sterile tissue inflammation may start under the
effect of a quantity of histamine (cell disintegration). For the removal of foreign
substances from the circulation, several cells may transform to assume the
character of the reticuloendothelial system. Besides the endothelial cells, the
thrombocytes, histiocytes, macrophages play a part in this process, and perhaps
even the plasma cells originating from histiocyte.

The reticuloendothelial system has an active and an inactive part. From
the latter so much is activated as is adequate for the intensity of the reaction
elicited by the stimulus of the foreign substance to be removed.

Acta Morphologien Academiae Scientiarum Hungaricae 19, 1971



208 I. TORO and I. OLAH

The reticuloendothelial system is a dynamical one and cannot be cir-
cumscribed sharply. The endocytosis, influenced by the external coat, its
structure and its electric charge, and also by the quality and structure of the
stored substance, starts a plasma-membrane flow which leads to vacuoliza-
tion and the formation of lysosomes. The plasma flow does not mean only the
engulfment of the cell membrane but also the flow of the endoplasmic reticulum.
In connection with this occurs the development of new cytomembranes, e.g. in
the differentiation of plasma cells or in the development of lamellar bodies.
The transport of the engulfed substance is hindered by the flattening of the
cells, the lamellar adhesion of the flattened cells and by the new basement
membrane at the site of the degenerated old ones. The membrane flow serves
equally the pinocytosis and phagocytosis. It seems certain that histamine
is not the only tissue hormone able to activate the resting part of the
reticuloendothelial system but it also takes part in the control of the reti-
culoendothelial system’s function.

Those factors which start the endocytosis on the cell membrane, start
also the membrane flow which, by developing the endocytotic vacuoles, draws
the foreign substance into the cell. The engulfment of the cell membrane,
together with the reorganized endoplasmic reticulum, develops phagosomes,
i.e. lysosomes. Parallel with these processes new cell membranes develop, isolat-
ing the foreign substances. The increased phagocytosis is followed by increased
pinocytosis being in connection with the synthesis occurring in the cell, the
synthesis of new lysosomal enzymes.
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ELEKTRONENMIKROSKOPISCHE VERANDERUNGEN VERURSACHT
DURCH HISTAMIN IN DER HAUT VON RATTEN

. TORG und 1. OLAH

Das Endothelium der Haut benimmt sich hei Histamineinreihung so wie das Retikulo-
endothelialsystein. Es speichert mittels der Endozytose kolloidale Kohle. Anstelle der abster-
benden Endothelialzellen ist als Ergebnis der Verflachung der angeschlossenen Endothelial-
zellen eine Linierung sichtbar. An dieser Stelle geht die Basalmembrane zugrunde und es
entsteht eine neue. Die Kohlenkdrner dringen ins Gewebe teils durch die interzellularen Spalten,
teils durch die Endothelialzellen. Zuerst wird die Kohle von den Endothelialzellen durch die
Perizyten bernommen, welche sich von der GefdRwand ablosen, spater gehen sie zugrunde und
die Kohle gelangt in die Gewebsspalten mittels Exozytose. Die Granula werden dann von
anderen Makrophagen aufgenommen und weitertransportiert. Die der Endozytose unter-
worfenen Zellen sind reich an Ribosomen und in ihnen ist eine belebte Membranstrémung zu
beobachten.

Die neusten Untersuchungen mittels des Elektronenmikroskops bewiesen die Richtig-
keit der fruher mit Hilfe des optischen Mikroskops gemachten Feststellungen und kléarten die
Details des Mechanismus der durch Histamin verursachten Reaktion. Histamin, als Gewebs-
hormon mobilisiert die Reservezellen des Retikuloendothelialsystems und verursacht eine
sterile Entziindung bei der Verdnderung und der Mobilisierung der Zellen. Beider Endozytose
kénnen drei Varianten von Vakuolen festgestellt werden, was auf den verschiedenen Mechanis-
mus der Exozytose hinweist.

3NEKTPOHHOMWKPOCKOIMMYECKME W3MEHEHWA, BbI3bIBAEMbIE
MCTAMVHOM B KOXE KPbIC

N. TEPE un U. ONAX

3H,CI|OTG]'II/II7I KOXW npu BTUpPaHUMN TUCTaMUHa BeaeT ceba Kak PeTUKynoaHaoTeNnnanbHasa
cucteMa. OH HaKoMAseT Npy MoMoLM 3HAOLIMTO3a KOI'U'IOVI,CI,BJ'IbeIVI yrono. Ha mecte normbato-
LUNX 3HAOTENUNa/IbHbIX KNETOK B pe3y/ibTaTe YNAoWeHUA npuneravowmx aHAoTeIMabHbIX Kie-
TOK BUAHa NINHeHOCTb. Ha 3Tom MecTe 6asasnibHas MeM6paHa nornéaet n pa3BnBaeTCA HoOBas.
3epHbILLKN YINA NPOHMKAKT B TKaHb YaCTUYHO 4Yepe3 MEeXK/eTOUHbIe LeM U oTyacTu 4epes
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3HA0TeNNANbHbIE KNETKW. MepBbIMU Yro/lb OT 3HA0TeNTMaNbHbIX KNETOK NepeHMMatoT NepuLmTbl 1
0TCNanBaloTCs OT COCYAMUCTON CTeHKM. MepuumThbl NPeBpaLLaloTcs B Makpogaryn TKaHu U 3aTem
OHW paspyLlalTCs M Yrofib NPOHWKAeT MpY MOMOLUM 3K30LMTO03a B LUEMM TKAHMW. 3epHbILLKM
3aTeM Mor/owaTea ApYruM1 Makpogaramm v nepenpaensioTcs. HAOLUMTO3HbIE KNETKN 6oratbl
pr6ocomMamm, B HUX Hab/l0aeTcs OXKMBNEHHOE MeMGPaHHOe TeueHue.

HacToslLume vccnefoBaHUs MK NMOMOLLY 31eKTPOHHOTO0 MUKPOCKONA MoATBepann ycTa-
HOB/IEHUSA, cAieNlaHHble Mepes 3TUM NpW NMOMOLLM ONMTUYECKOro MMKPOCKOMNa, 0CBeLlast AeTanun me-
XaHM3Ma Bbl3bIBaEMOl FMCTAMUHOM peakLUmn. MCTaMUH, KakK TKaHeBoW ropMoH, MoGUNu3yeT 3a-
nacHble KNETKN PETUKYN0IHAOTENNANIbHOM CUCTEMbI U BbI3bIBAET MeXaHu3M CTePUIbHOMO BoCMa-
NeHUs MPU NPeBpaLLeHnn U MOBUAM3aLMM KNETOK. Mpu 3HAOLMTO3e MOrYT 6biTb 0GHAPYXeEHbI
TPV BapuaHTbl BAKyO/ei, YTO MOKa3bIBaeT Pas/INUHbI MexaHW3M IHAOLMTO3a.
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THE SUBMICROSCOPIC STRUCTURE OF CONNECTIVE
TISSUE IN A CASE OF HUNTER’S SYNDROME

I. POLARISATION MICROSCOPIC EXAMINATIONS

L. JOZSA

(Received February 7, 1970)

The submicroscopic structure of the connective tissues from a patient with
Hunter’s syndrome Kkilled in an accident has been studied by polarisation microscopic
methods. By the Rivanol and toluidine blue precipitation techniques the femoral bone,
femoral cartilage, bronchial cartilage, mitral valve and skin were tested for acid muco-
polysaccharide content and state of dissociation in the matrix. By aniline-Canada and
acetylated aniline-Canada covering, the collagen structures, by the phenol binding
reaction the collagen protein-mucopolysaccharide bonds were analysed.

These procedures revealed an increased mucopolysaccharide content of the con-
nective tissues, as a result of an increase of some fractions present also normally and not
due to a deposition of chondroitin sulphate B and heparan sulphate characteristic of
Hunter’s syndrome. In Hunter’s syndrome the collagen composition is different from
the normal, in the collagen structures the number of free hydroxyl groups (oxyamino
acids) increases, as related to the peptide bonds. The collagen-mucopolysaccharide
bonds are significantly different from these in the normal collagen structures.

On the basis of the results, it is assumed that the changes in the composition of
the matrix and the pathological collagen structures represent one of the causes of the
ossification disturbance observable in mucopolysaccharidosis.

The group of mucopolysaccharidoses increases day by day with newly dis-
covered entities (JOZSA, 1969). To date, there are at least 15 independent
pathological conditions known, comprised previously under the heading
gargoylism. The first disease of this kind was described in 1917 by Hunter
and this condition is according to the present classification the 1lunter syndrome
or mucopolysaccharidosis Il. Brante (1952) recognized that gargoylism was a
disorder of mucopolysaccharide storage, with changes in the bones, liver,
kidneys, brain and eyes as the leading symptoms. The submicroscopic and
bistochemical changes of the brain, nerves, liver and spleen are the best known;
while less is known about the changes in bones, cartilages and connective
tissue (Anderson 1962, Bona et al. 1966, Bona et al. 1967, Bask 1963). As it
has been shown earlier (Jozsa and Szabé 1969), the disturbance in hyaluronid-
ase production is of great importance in mucopolysaccharidosis, preceding by
far the appearance of clinical symptoms. The enzymopathy is genetically
determined and is demonstrable not only in the patient, but also in the gene-
carrier relatives. In addition to the disturbance in hyaluronidase production,
several other enzymes are usually defective or show a low activity (Anderson
1962, Bona et al. 1966, Bona et al. 1967).
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The increased production of mucopolysaccharides and the deficiency or
defective activity of the lytic enzyme system lead are damaging not only the
ground substance of connective tissue, but also the fibre system. These changes
are still unclear and their elucidation is rendered difficult by the fact that muco-
polysaccharidosis or its model could not yet be induced in animals.

Materials and methods

The individual studied was an oligophrenic male, aged 32 years, a social care case. He
died at our Institute 4 hours after a tram accident. At necropsy, multiple bone injuries and
destruction of brain tissue were found. The 125 cm disproportionate dwarf exhibited post-
mortem evidence of osseous and organic changes characteristic of Hunter’ssyndrome. The urine
obtained from the cadaver contained mucopolysaccharide at a concentration of 147 mg/1, of
which 36 mg/l1 was heparan sulphate and 111 mg/l chondroitin sulphate B. The diagnosis of
Hunter’s syndrome was supported by radiological, postmortem and histological evidence and
by the urinary mucopolysaccharide finding.

Specimens of femoral head cartilage, femoral bone, rib cartilage, rib hone, parietal hone,
tracheal and bronchial cartilage and mitral valve were subjected to histological study. Bones
were decalcified with acid, then cryostat serial sections were cut from every organ. In addition
to the routine staining methods, for polarisation microscopy the following methods were
used:

. Covering with Canada balsam:

. Covering with 50% aniline-Canada:

. After acetylation (with pyridine control), covering with 50% aniline-Canada;
. Rivanol test (Romhéanyi 1962):

5. Toluidine blue precipitation staining in the pH range of 2.4 to 7.4, according to
Romhényi;

6. Serial covering with 1 to 10% phenol-xylol.

Birefringence was determined partly by a commercial compensator, partly by a home
made one, checked and declared suitable by the Institute of Pathology, University Medical
School of Pécs. Tissues from a healthy male of similar age, killed in an accident, were used as
controls.

The histochemical, biochemical and electron microscopic, electron microscopic histo-
rhemical findings will be described in another paper.

IR N

Results

The Rivanol test gives an anisotropic reaction in a proportion correspond-
ing to the acid components of the ground substance and allows conclusions
concerning the quantity of acid mucopolysaccharide components as well as the
number of acid (sulphate) groups. According to the Rivanol test in every
cartilage examined the acid components were present at a higher relative con-
centration than in the normal control. The increased Rivanol anisotropism of
the skin, heart valve and bone ground substance indicated an increase of acid
mucopolysaccharides (Table 1).

The Rivanol test allows but a rough estimate of the relative concentra-
tions of the acid components, while toluidine blue anisotropic staining supplies
information also as to the quality and state of dissociation of the mucopoly-
saccharide molecules. According to the results of toluidine blue anisotropic
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staining in the pH range of 2.4 to 7.4 the number of the sulphate radicals of
the matrix was increased in every tissue. The increase of acid mucopolysaccha-
ride content was especially marked in the femoral and costal bone, as well as in
the heart valve. Mucopolysaccharide concentration was increased also in the
respiratory tract cartilage, femoral head and costal cartilage, but the differ-
ence between the Hunter syndrome patient and the normal control was not
so conspicuous as it was in the case of the bone matrix and the heart valve

(Figs 1—9).
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Fig. 1. Toluidine blue precipitation Fig. 2. Toluidine blue precipita-
reaction. Femoral bone matrix. tion reaction. Costal bone matrix.

(Broken line: control. Solid line: (Broken line: control. Solid line:
Hunter’s syndrome) Hunter’s syndrome)
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Fig. 3. Toluidine blue precipita- Fig. 4. Toluidine blue precipita-
tion reaction. Parietal bone matrix. tion reaction. Bicuspid valve.

(Broken line: control. Solid line: (Broken line: control. Solid line:
Hunter’s syndrome) Hunter’s syndrome)
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Table 1
increase of acid mucopolysaccharides following of the increased Rivanol anisotropism

Phcnol-Cunada  Aniline-Canada anﬁfr?etyé?ﬁgda Hivanol
Bronchus g:r?ttr%: —?,ig (- 23 + zlgf 123
Traches Hunter on2  res eas %G
Femoral cartilage g:r?ttrf)rl 22731 : igg Z?II 182
Femoral hone g:nnttr%: 6%03? : ig; 2?23 -1103_;3
Costal cartilage ggr?ttreorl R éig : igg lgsi 1?8
Costal hone g:nnttr%rl 4?5 : 12(2) l??277 ig\’l’)

These findings showed that the deposition of mucopolysaccharides is not
restricted to the parenchymal organs as it was suggested earlier, but is demon-
strable in the mesenchymal tissues, too. The leading symptoms of Hunter’s
syndrome were thought to be an increase in heparan sulphate and chondroitin
sulphate B. According to data in the literature (Meyer et al. 1959), these frac-
tions are in fact deposited in the liver, kidney and brain, but not only these
two fractions are overproduced (JOZSA 1968). In the ground substance of
cartilage and bone there is neither heparan sulphate nor chondroitin sulphate
B, yet the mucopolysaccharide content of the matrix is increased. According
to our histochemical and microchemical investigations, the case was not one
of the appearance or increase in the matrix of cartilage and bone of the frac-
tions characteristic of Hunter’s syndrome, i.e. chondroitin sulphate B and
heparan sulphate, but of an increase of chondroitin sulphate A and keratosul-
phate, thus of fractions present also normally.

The mucopolysaccharides accumulating in cartilage and bone matrix
were linked to protein in an unusual fashion, but we have been unable to
approach the different type of linkage by polarisation microscopy. The dis-
turbance of the mucopolysaccharide-protein complex was indicated by the fact
that the protein bond was alkali resistant and that the degree of toluidine blue
anisotropism did not change following treatment with proteolytic agents
(pepsin, trypsin, papain).

The aniline and the phenol binding reactions permit insight into the
quality of the collagen-polysaccharide bond. The role played by chondroitin
sulphate in the formation of collagen fibres is known (Németh-Cséka 1960).
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Table 2

Toluidine blue anisotropic precipitation reaction

pH 2.4 pH 3.4 pH 44 pH 5.4 pH 6.4 pH T4

Trachea AR S T Y B 1+ SR+
B ronchus Contral  + a3+ a8 s e s IS
Skin Hunter - 25 —17.2 -21.0 - 26.6 - 34.2 - 36.1

Control + 13.9 + 6.1 - 54 - 127 19.0 - 213
wimalvave  GonEl 030 TS %o D e D oee < see
Femoral cartilage gg:ttr%rl 211% 3?782 ggg 13(1) N gg% 328
Costal cartilage  conet RS NS B0Y W0 s a0
Femoralbone  funlel 2O 296 -00.4 1030 1120 -1083
Cosal bone  Joiel PSS et %%y Tles o
Parietal bone  dORSL T80 TRS 050 TR s e

The process of collagen fibre formation, the chemical and submicroscopic
structure may vary in diseases (Verzar 1963, Viszl6y and Kasza 1967) and
experimentally induced pathological conditions (Németh-CsOka and Viszléy
1960, Martin et al. 1961). We have no data concerning the submicroscopic and
chemical structure of the collagen fibre system of patients with gargoylism.
W ith aniline cover a positive distance difference was found in every tissue
examined, suggesting that there were no gross structural changes on the colla-
gen fibres. The negative change in birefringence following acetylation indicates
the quantity of -OH groups related to peptide bonds. In our case the change in
birefringence following acetylation was more marked in the tissues of the
Hunter syndrome patient than in the controls, from which it may be concluded
that in the main collagen chain the number of hydroxyl groups per peptide
bonds whs higher than in the normal collagen structures.

Since not only the acid mucopolysaccharide ground substance, hut also
the chemical structure of the collagen protein were different from the normal,
it seemed interesting to study the salt-like bonds between collagen protein and
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Fig. 10. Phenol binding reaction. Abdom-
inal skin. (Broken line: control. Solid
line: Hunter’s syndrome)

Fig. 12. Phenol binding reaction. Costal
bone matrix. (Broken line: control. Solid
line: Hunter’ssyndrome)

Fig. 14. Phenol binding reaction. Costal
cartilage. (Broken line: control. Solid
line: Hunter’s syndrome)

Fig. 11. Phenol binding reaction. Mitral
valve. (Broken line: control. Solid line:

Hunter’s syndrome)

Fig. 13. Phenol binding reaction. Fern-
oral bone matrix. (Broken line: control,

Solid line: Hunter’s snydrome)

- 35h \
A0 v
- 50}

Fig. 15. Phenol binding reaction. Fem-
oral head cartilage. (Broken line: con-
trol. Solid line: Hunter’s syndrome)
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Table 3

Phenol binding

Organ Phenol
g per cont 05 10 15 20 25 30 35

Bronchus Hunter + 2.1 + 05 0.0 0.0 - 23 - 57 -12.0
Control + 13.8 -j-10.5 4 54 0.0 - 52 - 13.0 -18.6
Hunter  + 29 - 05 0.0 0.05 .2 - 27 — 80
Trachea Control 4140 +112 -1 64 0.0 — 45 110  —16.0
Femoral cartilage Hunter + 1.8 + 0.7 0.0 — 0.05 - 24 2.8 - 6.3
Y Control + 17.2 + 12.0 + 5.3 0.0 - 3.6 - 6.2 - 95

Femoral bone Hunter + 11.3 4-10.8 + 6.5 + 6.0 + 47 -1- 3.0 + 21

Control ~ +330 -28.0 270 +215 +150 4 55 + 10
Costal cartilage g:r?ttri: : 13? : 1%(7) r gg 88 ) i; ) gg _22506
Costal bone Comrol 1205 S8 +240 2250 s105 80 .+ 50
Skin bone ggr?ttreorl :_ 1;2 :_ 135 : é(Z) : 2(5) + (5)8 +_ %g SZJ
Heartvae — Hunter v 80+ 38 4 27 412 v o05 00 - 2

mucopolysaccharide. Ebner’s phenol reaction is suitable for use in such inves-
tigations, because the higher the number of the acid side radicals of the
mucopolysaccharide, the less phenol is bound by the tissue tested. The collagen
structures of the tissues tested were not uniform, inasmuch as the phenol

i
10 %
- 50(-
Fig. 16. Phenol binding reaction. Bron-  Fig. 17. Phenol binding reaction. Tra-
chial cartilage. (Broken line, control. cheal cartilage. (Broken line: control.
Solid line: Hunter’s syndrome) Solid line: Hunter’s syndrome)
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reaction
0 45 5.0 55 6.0 65 7.0 75 8.0 10.0
19.3 20.7 -21.0 - 21.2 -21.5 22.0 -22.2 226 —23.0 —23.4
22.3 -27.5 - 29.0 -32.0 335 40.0 -40.2 40.8 41.0 —43.3
14.0 17.2 19.0 19.2 20.0 20.3 20.5 20.5 -20.5 -21.0
19.5 26.0 -34.0 -39.0 42.0 -43.0 42.7 - 43.0 - 440 -46.0
—134 -17.5 -21.5 -21.5 -21.6 - 22.0 -22.2 -22.5 -22.8 —23.0
17.2 -24.5 21.0 -38.2 -42.6 46.0 -47.0 -47.2 -47.8 -48.0
H 1.0 0.0 - 25 2.9 - 8.0 -11.0 -11.5 -12.0 -11.0 -12.0
0.0 3.0 - 7.0 10.0 - 17.0 -21.0 -29.0 -36.0 - 44.0 —51.0
6.3 - 6.7 7.2 - 7.8 8.5 - 85 9.0 - 95 —10.0 -11.0
24.0 -32.5 -34.0 -41.3 -42.0 -42.6 -43.5 -43.5 -44.0 —44.5
mr 15 0.0 3.9 - 5.0 8.3 -11.0 —11.0 -11.5 11.5 12.0
1 2.0 0.0 - 20 8.0 -17.0 -24.0 —29.0 -31.0 -35.0 -39.0
6.3 7.0 - 85 9.5 10.0 - 105 -10.5 -10.5 —11.0 -11.0
3.0 - 5.0 - 95 12.0 18.0 -19.5 -20.0 -21.0 21.5 235
- 37 - 5.0 6.3 7.0 - 75 7.9 - 82 - 84 - 8.8 9.0
7.4 9.4 -11.5 -14.0 16.3 18.0 -19.0 -20.0 -21.0 -22.0

binding capacity was markedly reduced in skin, heart valve, rib cartilage, rib
and femoral bone matrix, while its reduction in the other tissues was found to
be less marked (Figs 10 to 17, Table 3).

The methods of connective tissue staining showed no substantial dif-
ferences in the connective tissues, or the differences found were comparable
(PAS reaction) to data in the literature, therefore no details are presented here.

Conclusions

In a case of Hunter’s syndrome an increase in mucopolysaccharides could
be demonstrated not only in the internal organs, but also in the connective
tissues. In every tissue tested the acid mucopolysaccharide content of the
matrix was. increased, but the degree of accumulation varied from tissue to
tissue. The Rivanol reaction and also toluidine blue anisotropic staining
revealed a most marked increase of mucopolysaccharides in the heart valves,
and the femoral and costal hone matrix. There was a moderate increase of
mucopolysaccharides in parietal hone, femoral cartilage and respiratory tract
cartilage.
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According to the acetylated aniline reaction, the chemical structure of
the fibrogenic collagen protein was so changed that in the collagen structures
the number of free hydroxyl groups (those disappearing on acetylation) in-
creased, as related to the peptide bonds. This suggests that the collagen of
gargoylism patients contains more oxyamino acids (serine, threonine, hydroxy-
proline) than the normal collagen.

It is explained partly by the change in the composition of the matrix
and partly by the difference from the normal of the amino acid composition
of the collagen protein that in the supportive tissues of patients with Hunter’s
syndrome the mucopolysaccharide-collagen bonds are differing from the
normal.
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UNTERSUCHUNG DER SUBMIKROSKOPISCHEN STRUKTUR DES STUTZGEWEBES
BEI KRANKEN MIT HUNTER-SYNDROM

I. Untersuchung mit Hilfe des Polarisationsmikroskops

L. JOZSA

Verfasser untersuchte mittels polarisationsmikroskopischer Methoden die submikro-
skopische Struktur der Stiitzgewebe eines infolge eines Unfalles ums Leben gekommenen an
Hunter-Syndrom leidenden Kranken. Verfasser untersuchte mit anisotropen Prézipitations-
methoden mit Rivanol und Toluidinblau den Gehalt saurer Mukopolysaccharide in der Grund-
substanz der Stitzgewebe (Femurknochen und -Knorpel, Rippenknochen und Rippenknorpel,
Os parietale, Tracheaknorpel, Bronchusknorpel, Mitralklappe und Haut), sowie den Dissozia-
tionszustand. Mit Hilfe von Anilin-Canada und azetyliertem Anilin-Canada untersuchte er die
Kollagenstruktur, mittels der Phenolbindungsreaktion — die Bindungen zwischen Kollagen-
eiweilen und Mukopolysacchariden.

Verfasser stellte fest, daB hei Hunter-Syndrom der Mukopolysaccharidgehalt der Stitz-
gewebe erhoht ist. Diese Erscheinung ist die Folge der Vermehrung der im Stiitzgewebe auch in
der Norm vorhandenen Fraktionen und nicht der Ablagerung des fir die Huntersche Krank-
heit bezeichnenden Chondroitinsulfats B, sowie des Heparansulfates. Die Zusammensetzung
des Kollagens beim Hunterschen Syndrom unterscheidet sich von der normalen Zusammen-
setzung, die Zahl der freien Hydroxylradikale (Oxyaminosauren) in den Kollagenstrukturen
erhoht sich im Vergleich zu den Peptidbindungen. Es kann auch nachgewiesen werden, daf
sich die Kollagen-Mukopolysaccharidbindungen wesentlich von denjenigen der normalen
Kollagenstruktur unterscheiden. Aufgrund dieser Untersuchungsergebnisse nimmt der Ver-
fasser an, daf die Grundsubstanz ver&dnderter Zusammensetzung sowie die pathologischen
Kollagenstrukturen gemeinsam einen der Grinde der Verkndcherungsstérungen bei den Er-
krankungen der Mukopolysaccharidanhdufung darstellen.

N3YUYEHWE CYBMWKPOCKOMWUYECKOM CTPYKTYPbl OMOPHOW TKAHW
Y BOJIbHbIX CMHOPOMOM XYHTEPA

1 Monapu3ayuMoOHHO-MUKPOCKOMUYeCKNe uccnefoBaHns

n. roxka

Mpy nomoLy MONAPM3ALMOHHOI0 MMKpPOCKona 6blia M3yyeHa CyGMMKPOCKOMMYecKast
CTPYKTypa OMOPHbIX TKaHel 60/bHOr0 CMHAPOMOM XYHTepa, YMepLUero BCeACTBUE HecuacT-
HOro cny4asi. TexHMKa aHU30TPOMHOM NpeunMnuTaLum puBaHoIeM U TONMYWAWHOBOW CUHbKOW
CNyXuna N5 BbISIBNEHNS COLEPXaHWUA KUCMbIX MYKOMo/McaxapuioB B OCHOBHOM BeLLECTBE
OMNOpHOM TKaHWn (6eapeHHON KOCTK, XpsiLia 6egpeHHON KocTW, pebpa, xpswa pebpa, TeMeHHOW
KOCTW, Xpsilla Tpaxeu, xpsia 6poHX0B, MUTPA/IbHOMO KianaHa cepaua M KoXu), a Takxe ee
[OUCCOLMALMOHHOMO COCTOSAHMA. MeTOAOM MOKPbITUA aHWIWMH-KaHafolh W aueTUIMPOBaHHOM
aHU/IMH-KaHazol 6bUIM 13yYeHbl KOMnareHoBble CTPYKTYPbI, a peakLmeil cBsizbiBaHUS heHona
MYyKOMo/ncax apuiHbie CBSI3N KO/1areHoBbIX 6e/KOB.

BbI10 yCcTaHOBMEHO, YTO NPY CUHAPOMe XYHTepa B OMOPHOI TKaHW NOBbILLIAETCS COfepXKa-
HVie MyKOMosncaxapuaoB. 3T0 SB/IEHUE BbI3bIBAeTCA yBeNYeHWEM (hpaKLuii, MPUCYTCTBYHOLLMX
B OMOPHOIA TKaHW U B YCNI0BUAX HOPMbI, & He OT/IOXKEHWEM XOHAPOUTMHCyNbthaTa B 1 renapan-
cynbarta, XxapaKTepHOro ans 6onesHn XyHTepa. 1llpyu cuHapome XyHTepa COCTaB KojjlareHa
OT/INYAETCS OT HOPMbI, B KOJIJIAareHOBbIX CTPYKTYpax 4YMC0 CBOGOAHBIX MMAPOKCU/bHbLIX paju-
KasioB (OKCMaMWHOKMC/IOT) MOBbILLAETCS M0 CPaBHEHWIO C MENTUAHLIMU CBA3SIMU. BbisSiBNsSeMO
M TO, YTO KOJ/IareHo-MyKononmcaxapuiHble CBSI3U CYLLECTBEHHO OT/IMYAOTCA OT CBs3eil Hop-
MaJIbHbIX KO//1areHoBbIX CTPYKTYp. Ha ocHOBe 3TMX pe3y/bTaToB aBTOPOM MosiaraeTcsi, YyTo
OCHOBHOE BELLECTBO M3MEHEHHOr0 cOCTaBa M MaTOMOrMYecKUe KosareHoBble CTPYKTYpbl CO-
BMECTHO SIBMSIIOTCA OfHOM MPUYMHOLM paccTPOMCTB OKOCTEHEHUS, HabNOAaeMbIx Npy 3a6oseBa-
HUSIX OT HaKOMMeHWUs MyKOMosmcaxapuios.

Dr. L&szlé yszsa, Orszagos Traumatolégiai Intézet,
Budapest VIII., Mez6 Imre at 17., Hungary
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*V. Babes” Institute of Pathology and Medical Genetics (Director: Prof. Dr. I. Moraru),
Bucharest

ULTRASTRUCTURAL DATA IN A CASE OF
DUBIN JOHNSON SYNDROME

C. Cotutiu,* I. Moraru and Violeta lonescu

(Received June 2, 1971)

In a case of Dubin —Johnson syndrome the ultrastructural lesions have been
studied on hepatic needle biopsy material.

The observed changes agreed with those described in literature.

From the localisation of acid phosphatase and ATPase it has been concluded
that the characteristic pigment is of lysosomal origin and might represent an enzymatic
defect of the lysosomes.

Dubin anti Johnson [4] and Sprinz and Nelson [11] described in
1954 a form of jaundice characterized in the first place by accumulation in the
liver cells of non-biliary pigment. Subsequent investigations revealed the
familial, congenital character of the disease [1], its ultrastructural morphology
[2] and characteristic disturbances.

The nature of the pigment and the relationship between the bile excretion
disturbances and pigment accumulation have not been clarified [2, 6].

By investigating the present case** and using ultrastructural-histo-
cnzymologic methods, we have attempted to contribute new data concerning
the nature of the pigment and the excretion disturbance.

Material and method

Liver tissue fragments were obtained by biopsy. Part of the fragments (for structural
preparations) were fixed in 3% glutaraldehyde buffered to pH 7.4 with cacodylate at 4°C for
2 hours, postfixed in Os04S-collidine, dehydrated in alcohol and embedded in Epon or Araldite
M. The other part (for histocheinical preparations) was fixed in glutaraldehyde for 6 hours,
buffered with cacodylate at pH 7.4 and sectioned with a freezing microtome (40—50 ju). The
sections were tested for acid phosphatase (Barka Andersson) and ATPase (Wachstein —
Meisel), postfixed in 0s04, dehydrated and embedded in Epon or Araldite.

The ultrathin sections obtained with an L.K.B. Il microtome and contrasted with
uranyl acetate and lead citrate (Reinolds), were examined in a Zeiss Oberkochen EM 9A and
SEM.j.-» electron microscope at direct magnifications of 1700 to 40,000.

* Electron Microscopy Laboratory, “V. Babes” Institute of Pathology and Medical
Genetics.

** Admitted to the 2nd Medical Department (Director : Prof. I. Galea) of “ Brincove-
nesc Hospital, Bucharest, Romania
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Results

The thin sections stained with toluidine blue revealed the hepatic cords
with maintained architectonics. The liver cells exhibited sharply outlined,
round, clear vacuoles, of variable size, loaded with pigment especially peribili-
arly. No periportal inflammatory changes or cholestasis were noted.

The ultrastructural alterations consisted in the presence of pigment,
mitochondrial changes, modification of the endoplasmic reticulum and of the
vascular pole of the liver cell.

a) Pigment was prevalently localized in the peribiliary zones of the liver
cell, appearing in the form of accumulations of osmiophilic granular material
containing sometimes less osmiophilic vacuolar areas. Within the same cell,
forms of transition were often noted from dense, strongly osmiophilic pigment
to clearer, multivacuolar zones. The pigmentary material was frequently
surrounded by a single, fine, continuous or discontinuous membrane; in other
instances no such membrane could he observed.

The form of these accumulations varied; round or oval structures, ir-
regular, budded or polymorphous forms (Figs 1, 2) occurred.

b) The mitochondria exhibited characteristic aspects, visible especially
in certain projections. In the matrix of several mitochondria, regular, parallel
filamentous structures could he seen. The more evident these structures were
and the more they invaded the matrix, the more reduced were the cristae and
larger the mitochondria. One or several neighbouring mitochondria were often
affected. This tvpe of alteration described by Jezequel [7] as crystalloid
fibrous myelinic dystrophy has no precise significance and has been observed
also in other hepatic lesions or even in the absence of any lesions [10].

In our case we noted giant mitochondria with a particularly evident
crystalloid aspect, almost entirely replacing the mitochondrial matrix and
cristae (Fig. 3).

c) The endoplasmic reticulum presented the most evident alterations,
consisting in a substantial reduction of the rough reticulum and the appearance
of dilated cisterns in the smooth reticulum. In many cells the rough reticulum
appeared only around the mitochondria, while the remaining cytoplasm con-
tained vacuoles, sacci and cisterns in the smooth reticulum. Here and there,
smoothly dilated cisterns could he seen, containing some electron-opaque
granules, which might >e interpreted as forms of transition from rough to
smooth reticulum.

Among these smooth structures the cytoplasm was loaded with glycogen
in the form of large, polyhedral electron-opaque granules. The more smooth
vacuolar-cisternal structures there were, the richer was the amount of glycogen
(Figs 2, 3).

d) The vascular pole of the liver cell was often bare after the disappearance
of microvilli; afine, granular material could he seen in Disse’s space. The endo-
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Johnson pigment of the compact, homogeneous type and of the heterogeneous
type, surrounded by a single membrane (arrow). X 24,000
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Fig. 2. The same aspect of pigment, with diminution of the rough endoplasmic reticulum, the
presence of glycogen and dilatation of the smooth reticulum. X 12,0000 M — mitochon-
drium; G — glycogen; Px — heterogeneous pigment; P2 —dense pigment

thelial and Kupffer cells exhibited no evident alteration or pigment accumula-
tion [12].

At the biliary pole the microvilli had disappeared and the bile ducts were
empty.

e) Enzyme ATPase gave a positive, granular reaction along the liver
cell membranes, strongly accentuated at the level of the bile canalicules (Fig. 5).
The reaction was likewise positive in the Kupffer cell membrane (Fig. 4), but
negative in the sinusoidal cells.

Acid phosphatase gave a positive reaction in the cytosomal structures,
sometimes in onion peel form. The intensity of the reaction was heterogeneous
in the pigmentary structures (Fig. 6). The smaller and denser ones gave a rela-
tively homogeneous reaction, whereas the polymorphous structures contained
only zones giving a positive reaction. At some sites, in the vicinity of the larger
pigmentary structures, smaller intensely positive cytosomes were observed,
sometimes sticking to them.
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Fig. 3. Giant mitochondria with crystalloid inclusions; glycogen and dilated smooth reticulum
(arrow). X 36,000

Fig. 4. ATPase in Kupffer cell; intensely positive cell membrane. X 4,000

In some instances, the reaction appeared to be positive within a vacuole
delimited by a membrane that contained besides pigment also glycogen and
organelle residues (Fig. 7).

A large number of intensely reacting cytosomes were found in the
Kupffer cells (Fig. 8).
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f*

Fig. 5. ATPase in liver cell. Positive reaction in the microvilli of the bile ducts (arrow) and
slightly positive reaction in the cell membrane. X 12.000

Fig. 6. Acid phosphatase in liver cell. Positive reaction in the peribiliary dense bodies
(cytosomes) and pigmentary structures. X 12,000
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Fig. ". Acid phosphatase in liver cell. Autophagous vacuoles with cytoplasmic content and
positive reaction. X 12,000

Discussion

The ultrastructural aspect of the pigment in our case was indicative of its
lipofuscin nature.

The data in literature are contradictory: most workers consider pigment
of lipofuscin type on the basis of a series of tinctorial and histochemical prop-
erties. However, other authors suggest its melanin nature [6, 13]. Our findings
were contradicting the latter assumption, as no elements were observed in favour
of melanization (matrices preceding the deposition of pigment). Although th m
structures varied in size, form and condensation, it is assumed that there was
a single type of pigment in different stages of organization.

The presence of acid phosphatase in the pigmentary structures lends sup-
port to their lysosomal origin, in agreement with previous findings [3, 5, 8].
Some of the structures observed raise the question of the existence of autophagy
in their mechanism of formation. Variations in the intensity of the reaction,
from the dense pigment to the heterogeneous type, plead in favour of periodical
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Fig. 8. Acid phosphatase in Kupffer cell. Numerous cytosomes with positive reaction.
No pigment is present, X 12,000

accumulations of material in the cytosomes, with a progressive decrease of their
lytic capacity.

In Dubin—Johnson syndrome, conjugation of the bile takes place
normally [6, 9], but its excretion is deficient. The positivity of the ATPase
reaction at the biliary pole of the liver cell shows that, at least from this point
of view, the transmemhranous transfer of bile is unaffected.

The changes observed at the vascular pole of the liver cell are more
difficult to interpret. The existence of an artefact arising during fixation
cannot be excluded, but if we bear in mind the good preservation of the struc-
tures even an artefact might reflect an increased fragility at this level [6].
These changes might be connected with icteric episodes due to regurgitation of
unexcreted bile.

Ultrastructural and histochemical investigations have demonstrated that
lipofuscin corresponds to the residual bodies of the lysosomal system. The
presence of acid phosphatase in the developing structures of the pigmentary
type, and its absence in the large polymorphous pigmentary structures suggest
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the existence of an insufficiency of the lysosomal lytic capacity. It is difficult
to establish the origin of the material accumulated intralysosomally and the
relationship with the bile excretion deficit. For this purpose, ultrastructural
investigations should be carried out on other lysosomal enzymes.

Our incomplete knowledge of all the metabolic links in the process of bile
formation and excretion under physiological conditions make it difficult to
offer a full interpretation of the disturbances observed in Dubin Johnson
syndrome. The familial character of the disease [deads for a genetic enzymatic
defect, associated probably with the excretion of bile.

Condusions

The changes observed have lent support to the diagnosis of Dubin—
Johnson syndrome.

The pigment accumulated in this syndrome appears to he of lipofuscin
nature and cytosomal in origin.

The disturbance incriminated appears to be at the level of excretion of
the liver cell.

The genetic character of the disease is obvious but the intimate substrate
of the disturbance still remains to be demonstrated.
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VERANDERUNGEN DER ULTRASTRUKTUR IN EINEM FALL
VON DUBIN —JOHNSON SYNDROM

C. COTUTIU, I. MORARU und VIOIL.ETA IONESCU

Verfasser untersuchten die Verdnderungen der Ultrastruktur beim Dubin—Johnson
Syndrom an mittels Nadelbiopsie aus der Leber gewonnenem Material.

Die festgestellten Verédnderungen stimmen mit den in der Literatur beschriebenen
Uberein.

Aus der Lokalisation der sauren Phosphatase und ATPase wurde festgestellt, dal das
charakteristische Pigment lysosomaler Herkunft ist und einen enzymatischen Defekt der
Lysosomen darstellt.

M3MEHEHUA YNbTPACTPYKTYPbl B CNYYAE CUHIPOMA [AYBWHA—
JPKOHCOHA

K. KOTYTWY, N. MOPAPY un B. MOHECKY

ABTOpbI MCCNEA0BaNN WM3MEHEHUS1 YNbTPAcTPYKTYpbl B Cy4vasix cuHipoma [y6uHa—
[>XOHCOHa Ha MaTepuasie, NOSyYeHHOr0 MPU MOMOLL UTJI0BO GMOMCUM U3 MEYeHN.

YCTaHOB/EHHbIE N3MEHEHMS COBMAZAOT C TAKOBbIMM, OMUCaHHbLIMK B MTepaType.

Mo nokanusaumm kucnon goctatasbl M ATP-as3bl ObII0 YCTAHOB/EHO, YTO XapaKTePHbI
MUIMEHT JIN30COMasIbHOT0 NMPOUCXOXAEHUSA USIBMSETCS BblpaXXeHNeM (hepMeHTaTMBHOTO fedeKTa
NIN30COM.

Coriolan Cotutw, Electron Microscopy Laboratory, “Y. Babes” In-
stitute of Path, and Med. Genetics, Bucharest,
Romania

lon Moraru “V. Babes” Institute of Path, and Med. Genetics

Yioleta lonescu
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T. Donath: Anatomical Dictionary with nomenclatures and explanatory notes
Publishing House of the Hungarian Academy of Sciences, Budapest, 1969,
pp. 634, price: 190,00 Ft

The bulk of the words of the medical terminology consists of anatomical terms and of
expressions formed of them. This terminology has been widening with the development of
anatomical science. The nomenclatures accepted by official bodies aim at drawing a line between
limited possibilities and necessity. The first official Nomina Anatomica was constructed in
Basel in 1895 and this Basel Nomenclature (BNA) was the only official and usual anatomical
terminology until 1935, when it was replaced in part by the Jena Nomenclature (JNA). In
1955, the Paris modification (PNA) based on the Basel Nomenclature has become the official
Nomina Anatomica, supplemented with the minor modifications of New York and Wieshaden.

In addition to the official variants of the Nomina Anatomica used simultaneously by
different generations, nomenclatures adapted to the national language are in use in the French,
English and other language territories. A dictionary explaining the correspondence between
the different names as well as the meaning of the anatomical terms seemed useful in order to
avoid confusion and errors.

The first and somewhat rudimentary dictionary of T. Donath and a co-author was
published in 1952; it defined anatomical terms as an aid to interested medical students. This
dictionary has gradually widened and became independent during the successive editions. The
true ancestor of the present edition is the explanatory dictionary edited in Hungarian in 1959
by the Publishing House of the Hungarian Academy of Sciences, soon followed by the editions
in German (1960), and Russian (1961).

The present edition consists of three chapters and an Appendix. In the first chapter
(pp. 15 315) the Basel, Jena and Paris Nomenclatures are compared. The terms for the same
concept are printed in three columns according to the three nomenclatures. The chapter begins
with the survey of general anatomical names, which have become numerous in the PNA. These
are not new expressions but nouns and appositions frequently used in the special expressions.
Fhe general part contains the indication of planes, directions as well as of the parts of the body.

In the special part the comparison of the nomenclatures is grouped according to organ
systems and organs. The names follow the course of the normal anatomical description of each
organ. In these cases the expression for the same concept in the second and third column
begins at the level of the last line of the preceding column. This make-up spaces the otherwise
condensed pages.

The first chapter includes the comparative nomenclature of the regions and ends with
the list of the new expressions accepted in Paris.

The second chapter (pp. 319 —517), the explanatory dictionary, contains 2500 entries in
alphabetical order with grammatical references and their explanations and the expressions
derived from them. The key-words are set in hold face, the related expressions in italics. In
addition to the terms included in the official nomenclature, those common in morphology
are treated. Authors’ names are ranged in if they are used for a concept in clinical practice.

The third chapter contains biographical data of 500 scientists and the concepts named
after them.

Finally, an important part of the dictionary is the Appendix: here the three nomen-
clatures are listed in alphabetical order, with different settings and with reference to the re-
spective page number.

The translation of the dictionary is the excellent work of Mrs. Karvinszky, the language
reader was G.N.C. Crawford, of the Anatomical Department of Oxford University.

As to the redaction of this well-compiled dictionary, there are only two remarks to be
observed. Orientation among the anatomical names arranged according to organs in the first
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chapter would be easier if they would follow in alphabetical order. The methodical chapter is not
restricted to the explanation of anatomical names but includes histological and embryological
concepts, the choice of which seems to be accidental. On the other hand, the explanation of
several anatomical concepts used especially by clinicians and not figuring in the official nomen-
clatures has been omitted; they ought to have found their place in the explanatory chapter.

The aim of dictionaries has changed in recent times. The prevailing functional approach
in the instruction of anatomy does not require a mass of names. Thus, this dictionary will
meet above all scientific requirements, and will be a useful guide especially for those teaching
anatomy, research workers in the field of morphology, authors of text-books and monographs.

T. Tombéol
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Institute of Anatomy, Histology and Embryology (Director: Prof. B. Fierke), University
Medical School, Pécs

THE PROJECTION OF THE RETINAL QUADRANTS
ON THE OPTIC CENTRES IN THE FROG

A TERMINAL DEGENERATION STUDY
Gy. Lazar

(Received March 15, 1971)

The Fink and Heimer technique was employed to study the projection of the
retinal quadrants upon the optic centres after focal retinal lesions in the frog. On the
side contralateral to the lesions the following projections were found.

In the lateral geniculate body and in the nucleus of Bellonci the nasal and
ventral retinal quadrants project on the anterior half of these neuropil areas. The ventral
quadrant fibres terminate dorsal to the nasal fibres. The temporal and dorsal retinal
quadrants project on the posterior half of these structures, and the temporal fibres
terminate more dorsally than the dorsal fibres.

In the pretectal area, fibres originating from the nasal and the ventral quadrants
terminate in the dorsal half, and the temporal and dorsal fibres in the ventral half
of the neuropil.

In the optic tectum the nasal quadrant fibres terminate in the posteromedial,
the ventral fibres in the anteromedial, the temporal fibres in the anterolateral and
the dorsal fibres in the posterolateral part of the tectum.

The temporal quadrant of the retina gives rise also to an ipsilateral projection
into the lateral geniculate body, the nucleus of Bellonci and the pretectal area.

Using silver technique on normal material, Stroer [35] was able to
show an ordered quadrantic projection of the retina upon the optic tectum in
lower vertebrates. The positions of scotomata evoked in the visual field with
focal lesions of the tectum referred also to an ordered retino-tectal projection
in frogs [33]. With the aid of the electrophysiological mapping technique
Gaze [13], Maturana et al. [27] and Jacobson [20] have shown a well-organ-
ized point-to-point retinal projection into the contralateral optic tectum. In the
lateral geniculate body of the frog Muntz’s physiological studies [30] revealed
a similar organization in the termination of optic fibres. A detailed analysis
with the aid of modern degeneration techniques of the projection of retinal
quadrants in the frog has not been reported. In the present investigation the
terminal degeneration technique has been applied for studying the retinotopic
projection of optic fibres on the diencephalic optic centres and the optic
tectum.

M aterial and methods

The experiments were made on 82 adult frogs (Rana esculenta). With the aid of a
glass insulated platinum electrode small electrolytic lesions were placed in the retina under
the dissecting microscope. The electrode was positive to earth and a current of 3 inA nya8
passed for 10 sec. Most of the lesions were placed close to the peripheral margin of the dorsal,
nasal, ventral and temporal quadrants, and a few others at the border between two quadrants.
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Usually, 1to 4 penetrations were made to destroy a sufficiently large field of the retina. Fol-
lowing the operation the animals were kept alive for 6 to 8 days in the summer, and 9 to 12
days in the winter, then they were anaesthetized and perfused with physiological saline and
10% formalin through the aorta. The brain and one half of the skull together with the oper-
ated eye were removed and stored in 10% formalin for a fortnight. Brains were embedded
in 25% gelatine solution and frozen sections 20 fi thick were prepared in the coronal, hori-
zontal and sagittal planes. Degenerated terminals were shown with the Fink and H eimer [11]
technique.

The sites of degenerated terminals were plotted in drawings made from serial sections
in the coronal plane of the diencephalon and mesencephalon. Sites of the retinal lesions
were checked under the stereoscopic microscope. The cornea and iris were removed, and a
cross-mark applied into the eye-piece and centred on the optic disc, was superimposed on
the retina. In the standard position used in these experiments, the horizontal line of the cross-
mark touched the upper rim of the tympanic membrane and crossed the middle part of the
optic disc. The sites of lesions indicated by opacities in the retina were determined with
reference to the cross-mark and plotted in a circle representing the retina. The size of the
lesions varied from 0.7 to 3.5 mm in diameter.

Results

Projections on the lateral geniculate body and the nucleus of Bellonci

In the oral part of the diencephalon, two well-defined neuropil areas
one of them in the lateral geniculate body (LGB) and the other in the nucleus
of Bellonci (NB), receive both contralateral and ipsilateral optic fibres [26, 31].
In the neuropil spotty degeneration appears after focal retinal lesions close to
the optic tract. The distribution of degeneration is different in the caudal and
oral parts of the contralateral LGB. In the caudal part, circumscribed lesions
of the retina evoked triangular fields of degenerated terminals in coronal
sections (Fig. 1). More orally the pattern of degeneration was not as regular.
Usually alarger spot of maximal density of granules could be seen surrounded
by smaller patches of scattered granules indicative of degenerated terminals.
In the NB the general distribution of degeneration was similar to that found
in the LGB.

The localization of the degeneration following lesions in the different
retinal quadrants is shown schematically in Fig. 4 in four representative cases.
A lesion in the nasal quadrant caused degeneration in the most oral part of
the LGB. The degeneration after a ventral quadrant lesion occupied also the
oral half of the neuropil but dorsal to the projection of the nasal quadrant. At
their border the two fields partially overlapped. Both fields extended as far
caudally as the middle part of the neuropil area, and from their initial latero-
dorsal position they tended to shift ventrally and medially. Lesions in the
temporal and dorsal quadrants brought about degeneration in the caudal half
of the LGB. The temporal quadrant projected somewhat oral to the dorsal
gquadrant, and in the middle third of this neuropil structure the terminations
of the temporal fibres were at the same level as those of the nasal and ventral
fibres. A little more caudally the two triangular areas occupied by the degen-
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Fig. 1. Degeneration in the neuropil area of the lateral geniculate body following a small
oval lesion made in the upper part of the temporal retinal quadrant of the contralateral eye.
The granules indicating degenerated optic fibre terminals occupy a triangular area. The medial
margin of the optic tract is shown by broken lines
Fig. 2. Degenerated optic fibre terminals in the neuropil area of the lateral geniculate body
after a large peripheral lesion made in the temporal retinal quadrant of the ipsilateral eye.
The medial border of the LGB is to the right. Silver granules are present in the dorsomedial
circumference of the neuropil area (arrows)
Fig. 3. Degenerated optic fibre terminals in the caudomedial part of the optic tectum aftéi
a lesion made in the nasal retinal quadrant of the contralateral eye. The large pigmented
spot indicates the surface of the tectum. St.z.: stratum zonale; 9, 8, 7, 6, 5, 4,: tectal layers.
The horizontal bar indicating magnification applies to all three photograins
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erated terminals of temporal and dorsal fibres partially overlapped and both
areas were located somewhat ventral to their initial position. At the most
caudal level the area for the degenerated temporal fibres was in the middle

part of the neuropil of the LGB, and the degenerated dorsal fibre terminals
filled up the posterior pole.

Fig. 4. Schematic representation of the projection of the four retinal quadrants on the lateral
geniculate body and the nucleus of Bellonci. The two upper rows of drawings were made from
a serial section of the diencephalon. Single drawings show the contralateral side, in the paired
drawings the left side is ipsilateral to the lesion. The distance of individual sections from the
anterior pole of the LGB is given in microns below the drawings. Patterned areas indicate
the localization of degenerated fibres of different origin according to the scheme of the right
lower drawing, which shows the position and extension of the retinal lesions. N, V, T, D:
nasal, ventral, temporal and dorsal quadrants of the retina. The left lower drawing is a side
view of the neuropil areas of the nucleus of Bellonci (NB), and the lateral geniculate body
(LGB) with a lateral projection of the areas of degeneration
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In the NB a similar order of projection was found. The sequence of the
representation of the quadrants was the same as in the LGB, but a considerable
number of granules was found in the medial part of the nucleus.

Temporal quadrant lesions result in ipsilateral degeneration as well. The
degenerated granules are fewer and are distributed more thinly than on the
contralateral side (Fig. 2). This degeneration occupies the dorsomedial circum-
ference of the middle third of the LGB (Fig. 4). In contrast to the contralateral
degeneration, the ipsilateral fibres terminate dorsally and medially, both in
the LGB and NB. The orocaudal extension of the ipsilateral projection measur-
ing about 200 jitin length, does not reach the caudal pole.

Projections on the pretectal neuropil area

The pretectal neuropil occupies a cylindrical area in front of the tectum
(Fig. 5). Fibres originating in the contralateral nasal and ventral quadrants
terminate in the dorsal half, while the temporal and dorsal quadrant fibres in
the ventral half, of that structure. Within this arrangement, the nasal and
dorsal fibres terminate medially and orally to the ventral and temporal fibres

Fig. 5. Schematic representation of the projection of the four retinal quadrants on the contra-

lateral pretectal area (PA) and the optic tectum. The left side of the second drawing is ipsi-

lateral to the lesion. The distances of the individual sections from the anterior pole of the

tectum are given in microns under the respective drawings. Patterned areas show the sites

of degeneration. In the circle representing the retina (right lower corner) the positions and

extensions of the retinal lesions are shown with the appropiate patterning. 9: the 9th layer
of the optic tectum
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which occupy a lateral and caudal position. This latter separation of fibre
terminals is not clearly demarcated, as the fibres originating in adjacent quad-
rants (nasal-ventral and temporal-dorsal) extensively intermingle in the dorsal
and ventral half, respectively, of the pretectal neuropil.

After temporal lesions degeneration can be found also on the ipsilateral
side. The ipsilateral optic fibres cover an area which occupies a caudal position
in the middle third of the pretectal neuropil.

Projections on the optic tectum

Focal lesions in the retina evoke degeneration in well-defined areas of
the contralateral optic tectum. Peripheral retinal lesions result in degeneration
in the lateral or medial edge of the tectum; the more the lesion approaches
the optic disc, the wider the degenerated zone in the tectum. If a whole quad-
rant is destroyed, the zone of degeneration covers half of the tectal circumfer-
ence in the coronal plane. The border of degeneration is always sharp and well-
defined in layers 9 and 8, w'hich are the receiving zones for optic fibres in the
tectum (Fig. 3). The distribution of degeneration in these layers has already
been described in detail [26].

The projection of the four retinal quadrants upon the optic tectum is
shown in Fig. 5. Fibres of ventral and nasal quadrant origin travel in the medial
division of the optic tract and invade the medial half of the tectum. Ventral
guadrant fibres terminate in the anterior part, nasal fibres in the posterior
part of this tectal area. In both cases represented, the lesions in the retina
are relatively small and situated close to the peripheral margin. Accordingly,
a narrow zone of degeneration is plotted at the anteromedial and postero-
medial edge of the tectum. Fibres of temporal and dorsal quadrant origin
reach the lateral half of the tectum through the lateral division, and temporal
fibres terminate orally to dorsal fibres. In the cases shown in Fig. 5, the tempo-
ral lesion is large and the dorsal lesion is positioned towards the optic disc. This
is why degenerated dorsal fibre terminals are filling almost the entire postero-
lateral part, and temporal fibre terminations are distributed in a comparatively
large field in the anterolateral part of the tectum. Unlike in the diencephalic
centres, overlapping areas of adjacent projections cannot be shown in the
tectum.

A retinotopically organized projection on the nucleus of the basal optic
root could not be established from the present material.

Discussion

The present findings on the contralateral retino-geniculate projection
are similar to those made by Muntz [30] with electrophysiological methods.
He succeeded in showing that the nasal visual field was projected caudal to
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the temporal field on the lateral geniculate body. With the Fink —Heiiner
technique we could distinctly localize the projections of the four retinal
guadrants onto the LGB and the NB. Following focal lesions placed into the
peripheral part of the retina, degenerated granules appeared in the lateral part
of these nuclei. In a few cases of larger and more central lesions, the degenera-
tion was found more medially. This suggests that the periphery of the retina
projects mainly on the lateral part of these nuclei, and their medial part is
occupied by the centre of the retina. An ordered retino-pretectal projection
on the pretectal neuropil area has not been described in the literature. In our
material a fairly good separation could be seen between the site of termina-
tions of fibres coming from the nasal-ventral and temporal-dorsal halves of the
retina. They terminate in the dorsal and the ventral part, respectively, of this
neuropil area, but within this separation the projections of adjacent quadrants
overlap extensively.

Like in mammals, the ipsilateral fibres to these three diencephalic optic
structures originate in the temporal retina, but only a smaller part of the
temporal fibres remains uncrossed in the frog. In the mammalian LGB
the pattern of termination of ipsilateral fibres is more complicated than
in the frog, though the tendency of ipsilateral fibres to terminate medially
to contralateral fibres seems to be a common feature. The ipsilateral optic
fibres occupy the medial part of the dorsal nucleus of the LGB in the rat
[18] and the rabbit [15]. In higher mammals, such as the cat [12, 25, 29,
34] the ipsilateral fibres terminating in lamina Aj occupy a central posi-
tion surrounded by contralateral fibres in the LGB. In animals in which
the fibres of the two eyes terminate in alternating layers of the LGB, the
ipsilateral fibres tend to accumulate in the more medial layers [7, 23, 36].
There seems to be only a single curious exception, Trichosurus vulpecula, in
which the ipsilateral fibres project lateral to the contralateral fibres [17].

The functional significance of the direct optic fibres is unknown in the
frog. In fishes and birds, which have panoramic vision without a binocular
visual field, direct retinal fibres could not be shown in the ipsilateral dience-
phalic centres [6, 8, 9]. During phylogenesis, the ipsilateral fibres appear first
in amphibia [21, 26, 31] and reptiles [1, 2, 5, 22], and the nasal fields partially
overlap in these animals [14]. It seems that the presence of ipsilateral retino-
diencephalic fibres is somehow associated with the development of binocular
vision.

The retino-tectal projection found in the present study is exactly the
same as that obtained in electrophysiological mapping experiments [13, 20, 27].
The apparent discrepancies are purely artificial and a consequence of repre-
sentation. In physiological experiments the eye is usually divided by a dorso-
ventral line into nasal and temporal halves. Here two oblique lines, both at
45° to the dorsoventral line, cut the eye into four quadrants. Hence the present
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map is rotated by 45° with relation to electrophysiological maps. In terms
of fibre distribution in the optic tract, the eye can be divided into a dorso-
temporal and a nasoventral half. Fibres of dorsotemporal origin travel in the
lateral division, and those of nasoventral origin in the medial division of the
optic tract. This line of separation runs in the orocaudal direction, the other
line which divides the eye into nasodorsal and temporoventral halves, runs
in the mediolateral direction on the tectum.

The retino-tectal projection is strikingly the same in the different ver-
tebrate classes [16, 19, 28, 32]. In lower mammals including rodents, where
the retino-tectal fibres are wholly crossed, or the number of uncrossed temporal
fibres is negligibly small, the pattern of projection is identical with that found
in the frog [3, 4, 15, 24]. In higher mammals the retino-collicular projection
shows basically the same pattern, however, with the increasing number of
ipsilateral temporal fibres and the bilateral representation of the fovea centra-
lis, the identical points of the visual field are projected on the same collicular
place [10, 12, 25].
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DIE PROJEKTION DER NETZHAUTQUADRANTEN IN DEN OPTISCHEN
ZENTREN DES FROSCHES. UNTERSUCHUNG DER TERMINALEN
DEGENERATION

GY. LAZAR

Verfasser untersuchte nach fokalen Retinaldsionen mittels der Methode von Fink und
lleimer die Projektion der Retinaquadranten in den optischen Zentren am Frosch. Auf der
der Netzhaut entgegengesetzten Seite wurden folgende Projektionen festgestellt.

Im Corpus geniculatum laterale und im Nucleus Bellonci werden die nasalen und
ventralen Netzhautquadranten auf die vordere Héalfte der Neuropilen projiziert. Die Fasern
des ventralen Quadranten enden dorsal von den nasalen Fasern. Die temporalen und dorsalen
Netzhautquadranten werden auf den hinteren Teil der Neuropilen projiziert und die tempora-
len Fasern enden dorsal.

Auf dem prétectalen Gebiet enden die von dem nasalen und dem dorsalen Quadranten
kommenden Fasern im dorsalen Teil der Neuropile, die temporalen und dorsalen Fasern
dagegen im ventralen Teil.

Im Tectum opticum enden die nasalen Fasern posteromedial, die ventralen Fasern
anteromedial: die temporalen Fasern anterolateral und die dorsalen Fasern posterolateral.

Der temporale Quadrant der Netzhaut besitzt auch eine Projektion auf die eigene Seite,
auf das Corpus geniculatum laterale, den Nucleus Bellonci und auf das préatectale Gebiet.

MPOEKUWVA KBALPAHTOB CETUATOW OBOJ/IOYKW NIATYLWKN HA 3PUTE/bHbIE
LEHTPbI. NCCZIEAOBAHNE KOHLUEBOIO NEPEPOXAEHWA

0. NA3AP
ABTOP MCCea0Bas Moc/e 0UaroBbIX NMoPaXEeHUM ceTyaToli 060/104KM Mo MeToay dPUHKa 1

Xelimepa NpoeKUMI0 KBapaHTOB CETYATKU B 3pUTE/bHbIX LEHTPax NArywKku. Ha cTopoHe,
NPOTMBOMO/MOXHOIM CeTUaTol 060/104Ke 6bIIN YCTAHOB/EHbI CrledyHoLLIMe NPOEKLUMN.
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B 60KOBOM KO/IeHUYaTOM Tesie M B siipe BennoHun HasanbHble U BeHTpasibHble KBaApaHTbl
CeTyaToil 060M4YKM NPOELMPYIOTCA Ha MepPeAHio YacTb HeliponuaoB. BonokHa BeHTPasibHOIo
KBajpaHTa OKaHYMBalOTCS [0PCa/lbHO OT TaKOBbIX HA3a/bHOro KBajpaHTa. BucouHble U fop-
cafibHble KBaApaHTbl MPOELMPYIOTCS Ha 3af|HIOK YacTb HEMpPOMW/IOB W BUCOYHbIE BO/TOKHA OKaH-
yMBaloTCA AopcasbHo.

B nperekTanbHO 06/1aCTU BOMOKHA, MAyLLIMe OT HOCOBOFO M OT A0PCa/ibHOr0 KBaApaHTOB
OKaHYMBAKOTCS B [J0PCA/IbHOM YacTM HeldponuIoB. BMUCOUHbIE M A0pcasibHble BO/IOKHA YK€ OKaH-
UMBAOTCA B BEHTPa/IbHOW YacTu.

B 06/1aCTV1 3pUTe/IbHOM MOKPbILLIKM Ha3a/ibHbIe BOSIOKHA OKaHUMBAOTCA MOCTepOMeANasib-
HO, BEHTpPa/IbHble BO/IOKHA — aHTPOMEANaIbHO; BMCOUHbIE BO/IOKHA OKaHUMBAIOTCS aHTposate-
pafibHO, a AopcasibHble BO/IOKHA — MOCTeponaTepasibHO.

BWCOYHbI/ KBagpaHT CeTyaToin 060/I04KM MMEET M MPOEKLIMIO Ha CBOEW e CTOpOHe Ha
60KOBOE KOJIeHYaToe Teno, Ha AP0 BensioHYM 1 Ha NpeTeKTabHy 06/1acTb.

Dr. Gyula Lazar: Anatomiai Intézet, Pécs, Hungary
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ABSORPTION OF COLOSTRUM
IN THE RAT ANI) THE CAT

A COMPARATIVE ELECTRON MICROSCOPIC STUDY
B. Veress and K. Baintner, jr.

(Received April 6, 1971)

Structures related to protein absorption have been studied in ileal epithelial
cells of rats and cats. Cells of embryos and newborn lactated animals alike con-
tained a system of tubules and vesicles (TVS) localized in the apical part of the cyto-
plasm. The limiting membranes of the TVS showed a particular structure, consisting
of a 56 A thick unit membrane, and an 80 A thick granular internal lining layer, thus
representing a transitory type between exo- and endoplasmic membrane systems.
The tubules had outlets to the intermicrovillous gaps and also communicated with
the supranuclearly localized large vacuole (SNV) which obviously served for storing
the absorbed proteins. In the rat cells, the latter structure retained its vacuole nature
throughout; its contents consisted partly of eccentrically aggregated granular material,
partly of filamentous structures. In contrast, in the cat cells the vacuole represented
a body containing homogeneous electron dense substance, the so-called central drop.
W ith the progress of protein absorption, the central drop filled almost the entire cyto-
plasm, compressing thereby the elements of the TVS.

Under the given conditions, no morphological difference was detected between
the TVS of the rat and the cat, animals known for selective and nonselective absorp-
tion of proteins, respectively. It appears that selectivity takes effect not so much
at the uptake as at the cellular passage or transfer of the absorbed proteins.

The majority of newborn mammals receive passive immunity through
the colostrum (Table 1). Intestinal absorption of antibodies takes place in the
ileum in undigested maeromolecular form [5].

In the rat, after the first week of life exclusively immunoglobulins are
absorbed [20]. No similar selection has been noted in ungulates and carnivores,
which absorb also proteins other than immunoglobulins [1, 2, 4, 5, 28]. The
morphological study of the absorption process has been centered on three main
aspects, (1) the manner in which the colostral proteins enter the intestinal
epithelial cells; (2) the fate of the proteins during their passage across these
cells; and (3) the manner of the exit of proteins into the intercellular space of
the villous stroma. The special structures arising in the cells during the entry
and passage of absorbed proteins have been analysed mainly in the rat intes-
tine [8, 12, 15, 21, 22, 23, 33]. Absorption from the intestine of the pig was
studied in the jejunum [26, 31] but, since proteins are absorbed in the middle
and lower segments of the small intestine [2, 12], these findings were not
fully conclusive as to protein absorption in general.

The present studies were carried out on ileal epithelial cells from cats
and rats, with the principal aim to clarify (1) whether the intake of protein
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by the cells takes place by means of a specialized structure or simply by pinocy-
tosis; and (2) whether there is a difference between the two species which
would account for the selective absorption in the rat.

Table 1
Routes of passive immune transfer (after Bbambell[5])

Species Prenatal Postnatal

Ox, sheep, goat, — + o+ 4+

pig and horse (Gut)

Dog and cat + ~bl“+

(Gut)

Rat and mouse + A

(Yolk sac) (Gut)

Rabbit and guinea pig “bl - H _
(Yolk sac)

Man and rhesus +
(Syncytiotrophoblast)

Materials and methods

Specimens of ileal epithelium from 15- and 21-day-old rat embryos, newborn non-
lactated rats, lactated 4- and 14-day-old rats as well as from cat embryos, non-lactated new-
born cats and cats killed 5 and 25 hours after the first sucking have been examined. Rectan-
gular blocks of 1 cuumm volume were excised from the intestine and fixed first in a 2% glu-
taraldehyde solution of pH 7.1 in cacodylate buffer at +4°C for 3 hours, then washed in the
buffer solution for 18 hours and fixed again in a 1% solution of 0s04. After dehydration in
ethanol, the blocks were embedded in Durcupan ACM. Sections were cut with a LKB |1l
ultrotome and stained with uranyl acetate and lead hydroxide. Electron micrographs were
made on Gewaert 23D50 slides in a JEM 6C Electron Microscope, in the 1st Central Electron
Microscopy Laboratory of Semmelweis University Medical School. Also 0.5—1p thick sec-
tions were cut with a Porter-Blum microtome and stained with toluidine blue.

To follow up the individual phases of absorption, a 50 mm long portion of the ileum
of a non-lactated 1-hour-old cat was ligated at both ends with the afferent mesenterium
left intact and goat colostrum was injected into the isolated segment. Blocks cut from the
intestinal mucosa 15, 30 and 60 minutes after administration were processed as described
above.

Results

In both species, epithelial cells were examined exclusively in the upper
and median thirds of the intestinal villi. As in previous studies [32] the morpho-
logical characteristics of absorption had been found to be lacking in the basal
third of the villi, viz. in the not fully matured cells of the crypts of Lieberkihn.

A. Rat (selective absorption of antibodies)

In the ileal epithelial cells of the 15-day-old rat embryo, the microvilli
had already developed. The cytoplasmic membrane consisted of two compo-
nents, a 96 A thick unit membrane and a 20—40 A thick “fuzzy coat”, cover-
ing the former. The intercellular space was 100 A wide, with frequently digit-

Acta Morphologica Academiae Scientiarum Hungaricae 19, 1971



ABSORPTION OF COLOSTRUM 337

ating neighbouring cells. In places the intercellular space was broadened. The
terminal web, typical of the epithelial cell of adults, was lacking, its place
having been occupied by compressed tubules and vesicles of 230 300 A
thickness. The walls of the latter structures were formed by a 52 60 A thick
unit membrane, the internal surface of which was covered by a 70 90 A
thick granular filamentous layer, particularly conspicuous in the slightly dis-
tended ductules (Figs 1, 4). Supranuclearly ribosomes, partly free and partly
forming a rosette-like pattern, as well as ergastoplasmic ducts and mitochondria
were seen.

In epithelial cells of the 21-day-old embryos and non-lactated newborn
rats, the tubules and vesicles formed distended empty ducts in the apical
area. Immediately above the nucleus, a so-called supranuclear vacuole sur-
rounded by a unit membrane was seen; it contained a medium electron
dense substance and glycogen. Adjacent to the vacuole there were smaller
vesicles of similar content (Fig. 2).

In the epithelial cells of the lactated 4- and 14-day-old rats the
apical tubules and vesicles were greatly distended, their ductules forming a
coherent cavernous system (Figs 3, 5) which, like in the embryonic cells, was
surrounded by a 52 60 A thick unit membrane. The internal surface of that
membrane was covered by a70 90 A thick granular filamentous layer, resem-
bling the external coat. This tubulo-vesicular system (TVS) communicated
directly with the intestinal lumen, in that the tubuli had their outlets at the
base of the microvilli, opening into the bottom of the intermicrovillous gaps
(Fig. 6). On the other hand, the deeply situated tubules and vesicles communi-
cated with the vacuole which filled almost the entire supranuclear space
(Fig. 7). The vesicles contained electron dense, aggregated clumps. At some
sites the vesicles were seen to communicate directly with the contents of the
supranuclear vacuole (SNY) (Fig. 8). The limiting membranes of the SNV and
TVS differed in that the SNV had no granular layer along its internal surface
and resembled, therefore, the endoplasmic membrane systems in both struc-
ture and width (50 - 60 A). The contents of the vacuole consisted of two
elements (Figs 3, 7): (1) clumps of material composed of25 30 A diameter parti-
cles, part of which aggregated peripherally, closely along the Avail, and part
within the vacuole, chiefly in eccentric position; (2) a net-like, medium electron
dense substance seen in the interspaces between the dense aggregates. After
sucking, neither glycogen clumps nor the low electron dense granular substance
seen in 21-day embryos could be demonstrated in the SNV.

In those cells in which the SNV reached maximum size and its contents
were electron lucent, the tubules and vesicles appeared compressed to their
original wielth (350 400 A). In such instances, a direct communication be-
tween the tubules and the intermicrovillous gap or the SNV was infrequent
(Figs 16, 18).
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B. Cat (nonselective absorption)

In the epithelial cells of the cat embryo (Fig. 10) and of the non-lactated
newborn cat (Fig. 9), 330 400 A wide tubuli and vesicles were present beneath
the microvilli. The 52 60 A thick unit membrane was lined by a 30 40 A
thick granular filamentous layer. Some cells of the newborn cat contained dis-
tended vesicles. Supranuclearly there was a large vesicle which contained a
loose substance of net-like structure. The limiting membrane of the vacuole
was 55—60 A thick and had no lining.

Four hours after sucking, the constituent elements of the TVS distended
to 5 7-fold of their original volume (Fig. 11). They contained 40 A thick
clumps, which filled the deeper situated tubules and vesicles almost completely
(Fig. 12). The contents of the latter structures and of the large central vacuole
were much more electron dense than those of the superficial ductuli of the
apical region, owing perhaps to a greater concentration (Fig. 11).

Twenty-four hours after the first sucking the epithelial cells of the cat
were filled by a single large electron dense body which, on the basis of its light
microscopic appearance, was termed “central droplet’ [32]. Beneath this drop-
let was situated the nucleus of the cell, tightly squeezed against the basement
membrane (Figs 15, 17). With maximum droplet size, there was a com-
pression of the TVS elements to the analogy of that seen in the rat cell, the
average width of the ductules having been 370 A (Figs 19, 20).

In the isolated can ileum, a loose granular structure, with density and
clump size corresponding to that of the colostrum, was seen in the TVS ele-
ments 15 minutes after the administration; the absorbed colostrum was seen
in the TVS and central droplet in a more condensed and more electron dense
form (Fig. 14).

Fig. 1. lleal epithelial cell from 15-day-old rat embryo. Note tubules and vesicles (arrow)
beneath the microvilli and the many free RNA-clumps and ergastoplasmic ductules in the
supranuclear cytoplasm. Mv, microvilli; N, nucleus. X4,500

Fig. 2. lleal epithelial cell from 21-day-old rat embryo. Note distension of certain elements

of the tubulo-vesicular system (Ts) and the supranuclear vacuole (Sv) which contains gly-

cogen (Gl) and medium electron dense granular substance. N, nucleus; M, mitochondria.
X 9,700

Fig. 3. lleal epithelial cell from 4-day old suckled rat. Beneath the distended TVS (arrow)
the cytoplasm is filled by a large SNV (Sv). The SNV contains aggregated granular substance
and filaments. Me, Goblet cell. X 2,400

Fig. 4. lleal epithelial cell from 15-day-old rat embryo. The elements of the TVS are 230—
300 A wide. The tubules are surrounded by a 52—60 A thick unit membrane which is lined
by a more electron dense granular 70—90 A thick internal layer (arrow). X 36,800
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Discussion

It is known from the studies of Comltine et al. [9, 10] and Hir1 and
Hardy [19] that the ileal cells of certain newborn mammals contain specific
structures. In the ileal epithelial cells of calves, homogeneous eosinophilic
droplets are seen in the first three days of extrauterine life, which tend to
disappear along with the absorption of colostrum. Comline et al. [9, 10, 11]
believed these structures to be related to globulin absorption. Brambel1 [5]
reviewed the literary data stating that newborn rats, kids, lambs, dogs and
kitten were able to absorb from their intestine protein molecules in undigested
form. This was verified by immunomorphological methods by Payne and
Marsh [28] and later by Lecce [24]. The studies performed by Lecce [24] by
means of metabolic inhibitors indicated absorption to be an energy requiring
active transport process.

The morphological dissimilarity of the ileal epithelial cells of newborn
and adult animals has been clarified electronmicroscopically during the last
decade. In the course of these examinations an attempt was made to answer
the first question posed in the introduction of this paper, viz. how the incor-
poration of immunoglobulin by the cell is taking place. In the mouse and the
rat, Crark [8] found the vesicular membranes of the apical cytoplams to
communicate with the cytoplasmic membrane and demonstrated absorbed
protein and clumps of colloidal gold and iron in the vesicles. On this basis,
he concluded that the cell engulfed the protein by pinocytosis and this then
was concentrated in the SNV. The colloidal iron and gold clumps did not leave
the cells, while the gamma globulin passed out of them to enter the lymph
circulation, as noted also by others [14, 28]. Based on rat experiments, K rae-
henbuhlt et al. [21, 22, 23] explained the intestinal absorption of protein by
pinocytosis. Bubin [29] arrived at the same conclusion from experiments
on dogs.

In contrast, Graney [15] and Wissig and Graney [33] stated that pro-
tein uptake occurred through a specialized membrane system rather than bv
pinocytosis. Examining the intestinal epithelial cells of the newborn nonlactat-
ed rat they found an apically situated system of tubules and vesicles with

Figs 5—8. Details of ileal epithelial cell from 4-day-old rat.

Fig. 5. The tubules and vesicles had distended to 1—2000 A width. The arrow points to the
communication between tubule and intestinal lumen. Sv, supranuclear vacuole; M, mito-
chondria. X 9,800
Fig. 6. The tubular limiting membrane of the TVS is continuous with the cytoplasmic mem-
brane (arrow). X 34,500
Fig. 7. Direct communication (arrow) between SNV and a larger vesicle (V) of the TVS.
X 33,400
Fig. 8. Communication (arrow) between the granular contents of the SNV and of a vesicle
of the TVS. X 16,200
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flat lumina which distended after lactation and appeared to communicate with
both the intestinal lumen and the SNV. Consistent conclusions were drawn
by Cornell and Padykula [12]; they demonstrated by enzyme histochemical
methods strong acid phosphatase and nonspecific esterase activities in the
TVS and SNV, termed by them superficial vacuoles and dense droplets, respec-
tively. On this basis, they regarded these structures as “phagolysosomes”.
Furthermore, they demonstrated in the SNV also thiamine-pyrophosphatase,
interpreted by them as suggestive of the structure’s relationship with the
Golgi apparatus.

The present findings, too, are in support of the existence of a system
specialized for protein uptake. Previous light microscopic examinations [32]
disclosed that a vesicular system had been present prior to lactation which
filled tip with a basophilic substance in the course of colostrum absorption.
Electron microscopic studies of intestinal epithelium from rat and cat embryos
have shown these vesicles to be unrelated to pinocytosis, as (i) elements of the
TVS were demonstrable in a compressed state already in the embryonic cells.
Immediately before birth as well as in the newborn nonlactated animals, part
of the tubules had distended as if in preparation for the intake of colostrum
from the intestinal lumen. The SNV, which stores the protein taken up by the
cell, was also present prior to the first sucking. On the other hand, (ii) the
fact that the limiting membranes of the tubules and vesicles represented a
transitory type between the various membrane systems is also in support of
the existence of a preformed system. The thickness of the unit membrane of
the TVS corresponds to that of the endoplasmic membranes, whereas its struc-
ture (coat unit membrane) to that of the exoplasmic membranes [30]. The
limiting membranes of the SNV or central drop resemble the Golgi membranes
in both structure and thickness thus, in agreement with Cornell and Pady-
kula [12] nee, too, believe the former membranes to derive from the Golgi

Fig. 9. Detail of ileal epithelial cell from newborn nonlactated cat. Most tubules and vesicles
(arrow) between the microvilli and the large vacuole are flat (350 A thick). X 15,300
Fig. 10. Detail of ileal epithelium from cat embryo. Above the nucleus there is a large vacuole
(arrow). Toluidine blue, X650
Fig. 11. Detail of ileal epithelial cell from 4-hour-old suckled cat. The distended tubuli of
the TVS open into the intermicrovillous space (arrow). The granular contents of the tubules
are less electron dense in the superficial structures and more electron dense in the deeper
situated ones. X 17,100
Fig. 12. Detail of ileal epithelial cell from 4-hour-old suckled cat. The limiting membrane
of the elements of the TVS is 50—60 A thick; along its internal surface there is a 70—90 A
thick granular layer (arrow). X 40,000
Fig. 13. Epithelial cell from isolated ileal portion of a baby cat 15 minutes after the admin-
istration of goat colostrum. Clumps of colostrum (C) are seen in the intestinal lumen and
the distended apical tubules and vesicles contain a granular substance of similar density.

X 16,000
Fig. 14. Epithelial cell from isolated ileal portion of a baby cat. 60 minutes after the admin-
istration of goat colostrum, the contents of the vacuole are electron lucent. Communication
between a tubule and the intestinal lumen (arrow) is well visible. X 19,400
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apparatus, (iii) In addition to the above evidences of the existence of a TVS,
literary data on the rate of absorption also suggest the presence of a preformed
system. It is known that while at birth the serum antibody level of the new-
born rat amounts to one sixteenth of the maternal level, it reaches the latter
on the second or third postnatal day [7]. Also, antibodies absorbed from the
colostrum are demonstrable in the blood of the baby rat within 30 minutes
after sucking [8].

As to the second question posed in the introduction, viz. whether there
is a morphologically demonstrable difference between the selective and non-
selective absorption types, the following may be stated. The light microscopic
structure of the intestinal epithelial cells of the two groups was different. Cells
from the selective rat and the mouse contained a SNY within which there
was an eosinophilic body in eccentric position [2, 3, 12]. In contrast, in the
ileal cells of non-selective animals, the absorbed protein appeared in the form
of a homogeneous central droplet [1,9,19,25,32]. Electronmicroscopically, the
morphology of protein incorporation showed no fundamental difference in the
two groups, whereas the sites of accumulation of the incorporated proteins
were dissimilar, consistently with the light microscopic findings. In the rat
cells, the SNY was inhomogeneous, showing eccentric and peripheral aggrega-
tions of a substance, with electron lucent filamentous structures in the inter-
spaces. In the cat cells, in contrast, the entire central droplet was filled by a
uniformly distributed substance, corresponding in shape and density to the
clumps of colostrum. As to the rat and mouse, selectivity is generallv believed
to take effect not so much at the intake as at the transfer of proteins [12] by
the intestinal epithelial cells. Brambell et al. [7] thought the selectivity to be
related to certain receptors which, by linking with proteins of appropriate
configuration, prevent their being hydrolysed. According to Brambel1 [6] and
Morris [27], this binding takes place at the periphery of the SNV, under
involvement of the limiting membrane. Enzyme histochemical examinations
suggested these configurations to represent phagolysosomes [12, 13], while
the biochemical examinations by Baintner and Juhasz [1] showed that in
the intestinal epithelial cells of the suckled newborn rat acid proteolytic
activity was negligible and the alkaline activity seemed to be related to the
pancreas.

Fig. 15. Detail of ileal cell from 25-hour-old suckled cat. Above the nucleus there is a homo-
geneous electron dense structure. Ic, intercellular space; SC, stromal cell. X 5,500
Fig. 16. lleal epithelium from 14-day-old suckled rat. Above the nucleus there are vacuoles
with inclusion bodies and above the vacuoles there are small vesicles. Toluidine blue, X580
Fig. 17. Ileum of 24-hour-old suckled cat. The epithelial cells are filled by large protein drop-
lets (P). Me, goblet cell. Toluidine blue, X750
Fig. 18. Detail of ileal cell from 14-day-old rat. The elements of the TVS are 400 A wide.
Sv, supranuclear vacuole. X 21,600
Figs. 19—20. Detail of ileal cell from 24-hour-old suckled cat. The elements of the TVS, situ-
ated above the central drop (C), are 370 A wide. (Fig. 19, X 18,000; Fig. 20, x 30,000)
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Graves [16] reported on the blocking of colostrum absorption by previ-
ous feeding of milk. Our observations may in part account for this finding. At
the stage when the central drop of enterocytes was almost entirely filled by
colostral proteins, the TVS appeared to be inactive. We suppose that beyond a
given degree of saturation, the SNV or the central drop may mechanically
compress the TVS, inhibiting thereby the uptake of further protein.

Acknowledgements. We are indebted to Miss K. Gyoskossy, Miss Gy. Toth and Mrs.
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RESORPTION DES KOLOSTRUMS BEI RATTEN UND KATZEN.
VERGLEICHENDE ELEKTRONENMIKROSKOPISCHE UNTERSUCHUNG

B. VERESS und K. BAINTNER Jun.

Verfasser untersuchen mit der EiweilRresorption zusammenhdngende Strukturen in
den Epithelialzellen des Ileums von jungen Ratten und Kéatzchen. Die Epithelialzellen des
Darmes von Embryonen und neugeborenen Tieren enthalten gleicherweise im apikalen Teil
des Zytoplasmas ein Tubular-vesikularsystem (TVS). Die das TVS abgrenzende Membrane
besitzt eine charakteristische Struktur, insofern sie aus einer »unit membrane« von 56 A
Dicke und einer 80 A dicken Schicht besteht und somit einen Ubergangstyp zwischen den
exo- und endoplasmatischen Membransystemen darstellt. Die Tubuli minden in den Spalten
zwischen den Mikrozotten und kommunizieren miteinander sowie mit der supranuklear
befindlichen groBen Vakuole (SNV). Die SNV dienen wahrscheinlich zur Deponierung der
aufgenommenen EiweiBe. In den Epithelialzellen des Rattendarmes besitzen die SNV immer
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den Charakter von Vakuolen; der Inhalt besteht zum Teil aus exzentrisch aggregiertem Stoff,
zum Teil aus faserigen Strukturen. In den Epithelialzellen des Darmes junger Katzen dagegen,
bilden die Vakuolen einen sog. zentralen Tropfen, welcher aus homogenem Stoff besteht.
Mit dem Fortschritt der Eiweiresorption fullt der zentrale Tropfen fast das ganze Zytoplasma
aus und drickt gleichzeitig die Elemente des TVS zusammen.

Unter den gegenwartigen Bedingungen fanden wir keinen Unterschied zwischen den
TVS der Eiweill selektiv resorbierenden Ratten und der nicht selektiv resorbierenden Katzen.
Anscheinend wird die Selektierung der EiweiRe nicht so sehr bei ihrer Aufnahme in die Darm-
epithelzellen, wie bei ihrem Transit durch die Zellen verwirklicht.

BCACbIBAHVE MOJIO3MBA ¥ KPbIC N Y KOLLEK.
CPABHUTENBbHOE 3/TEKTPOHHOMWKPOCKOIMMYECKOE WMCCNEAOBAHWE

B. BEPEW un K. BAUHTHEP wmn.

ABTOpPbI UCCMEfOBaIN CBA3AHHbIE CO BCacblBaHWeM 6efika CTPYKTYPbl B aNUTENNaNbHbIX
KNneTKax TOLel KULLIKA MOSI0AbIX KPbIC U KOTAT. OnNuUTeNuasibHble KNeTKW 3apofblilleid U Ho-
BOPOX/[EHHbIX XUBOTHbIX COAEPXAT B OAMHAKOBOW CTENeHW B anuvKa/bHON 4acTu LMUTOMNasmbl
TY6YNAPHO-BE3NKYNApHYto cuctemy (TBC) OtrpaHnumsatowlass TBC nepenoHka o6nagaeT xa-
paKTepHOl CTPYKTYPOi .NOCKONbKY OHA COCTOUT U3 «eMHOW NepernoHKu» TONLLMHON B 56 A 1 u3
cnos TonwmHolr B 80 A 1 Takum 06pa3oM MNpeLcTaBAseT NepPexofHY0 (hopMy MeXAy 39K30- U
3HAOMNNAa3MaTUYECKUMN  MeMOpaHHbIMK  cucTeMaMun. KaHanblbl OKaHUMBAKOTCH B LLENAX MeXAy
MUKPOBOPCMHKAaMW 1 COOBLLLAITCA Mexay CO60M, a TakxXKe C HagaLepHO pacrnonoXeHHbIMNU 60/1b-
wumn Bakyonsmn (HBB). HBEB, BeposiTHO, cnyxaT AenOHMPOBaHUIO MPUHATbLIX 6enkoB. B
ANUTeNManbHbIX KeTKax KuUWKK Kpbic HBEB Bcerga HOCAT xapakTep Bakyosei; cogepxXaHue
COCTOWUT OTYACTM U3 IKCLIEHTPUYECKN arpernpoBaHHOro BELLECTBa, 0THACTN XXe U3 BOSIOKHUCTbIX
CTPYKTYpP. B anuTenvanbHbIX KAETKax KULWKW KOTAT )K€ Bakyonn 06pa3oBbIBAOT TaK Has.
LeHTPasIbHYIO Kan/t, COCTOSALLYH M3 FOMOreHHOro BellectBa. C pa3BUTMEM BcacbiBaHUS 6e/1KOB
LeHTpasibHaa Kanns 3anosiHAeT Mo4vTu BCIO LMTOM/a3My U OJHOBPEMEHHO C3TUM CXXUMAET 3sie-
MeHTblI TBC.

Mpun gaHHBIX YCNOBUAX aBTOPbI He Halln pasHuLpbl Mexxay TBC n3bupaTenbHO BCacbIBato-
LWKMX 6enoK KpbIC U HemsbupaTe/bHO BCacblBaOLMX 6eNoK KoweK. O4ueBUAHO cenekuns 6enKoB
OCYLLLeCTB/IAETCH He CTO/IbKO MPU UX NOCTYMNNEHUN B 3aNUTENMaNIbHbIe KTETKN KULLIKW, KakK Npu nx
MPOXOXAEHNN Yepe3 HUX.

Dr. Béla Veress, Il. Kdérbonctani Intézet,
Budapest IX., (ill6i ut 93, Hungary
Dr. Karoly Baiivtner, Allattenyésztési Kutatd Intézet,
Budapest Il., Kitaibel P. u. 4, Hungary
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EFFECT OF IMMUNOSUPPRESSIVE AGENTS
ON THE TISSUE REACTION AROUND THE PACEMAKER
ELECTRODE

E. Somogyi, T. Varga, P. Sétonyi, F. Solti, Z. Szab6, F. Rényi-Vamos?
l. Fordes, and S. Varkonyi

(Received July 1, 1971)

The effect of anti-lymphocytic serum (ALS), prednisone and 6-mercaptopurine
was investigated on the tissue reaction induced by the implantation of pacemaker
electrodes in dogs. Under the effect of ALS the perifocal infiltration as well as the
consecutive cicatrization markedly diminished. After prednisone treatment, the for-
mation of connective tissue fibres was slightly repressed and changes of degenerative
character appeared in the fibroblasts. Upon the influence of 6-mercaptopurine there
was no considerable change. The direct mechanical damage was identical in all the cases.
The morphological alterations may serve as a basis for the favourable clinical effect of
the immunosuppressive agents.

Prolonged electric stimulation of the heart is applied more and more
frequently in the early stage of cardiac infarction as well as in the after-
treatment of heart operations. Apart from benefits, the method may lead to
some complications. The threshold of cardiac response increases for several
days after the implantation, then after 1 2 weeks it becomes constant [14, 17].
Nevertheless, it may happen that the threshold reaches such a high level that
the electric power of the apparatus becomes insufficient to induce a stimulus.
This is the so-called exit-block. In these cases necrosis, sterile inflammation,
then scarring are observed around the electrode [3, 7, 13, 19]. Obviously, a
close relationship may be assumed between the raised threshold and the extent
of the inflammatory reaction around the electrode. We have reported previous-
ly on the alterations appearing after the implantation of pacemaker electrodes
of different types [25, 28, 30]; the aim of the present study was to investigate
the influence of drugs on the tissue reaction.

Material and methods

The investigations were carried out on 20 mongrel dogs of 10—15 kg body weight
belonging to both sexes. Under hexobarbitalether-NO, anaesthesia, left thoracotomy was
performed, the pericardium was opened and a flat electrode of the Elema—Schdnander 567 type
was fixed to the surface of the left ventricle. Stimulation was carried out by means of Schon-
ander—Elema 139 apparatus working at constant frequency. The successful stimulation was
controlled by ECG.
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Five animals served as untreated controls and were bled on the 3rd, 5th, 6th, 8th
and 10th days, respectively, following the operation.

Six dogs were treated with 0.4 ml/kg ALS (Human) intramuscularly every second day
on four occasions before the operation and on the day of electrode implantation with 1 ml/kg.
The animals were killed on the 3rd, 4th, 6th and 8th days and two of them on the 10th
day subsequent to the operation.

Another group of six animals received four times 25 mg prednisone intravenously
once before, and every day after the operation. They were killed two by two on the 4th, 7th
and 9th days.

Three ol the animals received 1 mg/kg of 6-mercaptopurine on the day of implantation
and then daily subsequent to the intervention; they were killed on the 1st, 3rd and 4th
days. During suppuration they could not have survived longer.

Blood counts and body temperature were recorded before and after the treatments,
Specimens obtained from the heart were studied. For electronmicroscopy the material was
fixed in formaline buffered according to Holt, then in 1% 0504, then dehydrated and embedded
into Araldite. The ultrathin sections were stained with uranyl-acetate and lead citrate and
studied by a Hitachi type HU 10 electronmicroscope.

Results

Control group

On the 3rd day after the implantation, profound necrosis and inflamma-
tion were found under the electrode and in the environment of the suture. In
the uppermost layer of the change the pericardium was thickened with a great
amount of fibrin and numerous cell-ghosts in it. The inflammatory reaction
spread into the surrounding musculature between the muscle fibres (Figs 1
and 2). Round cells with an intensely pyroninophilic cytoplasm were dispersed
in the granulation tissue. On the 5th day, fibroblasts appeared and there was a
great amount of freshly synthetized collagen between the muscle fibres (Fig. 3).
Giant cellst of foreign body character were observed on the 10th day. The
muscles displayed necrosis and discoid degeneration in the environment of the
suture and the electrode, with oedema predominating in the marginal regions.
In some places sarcolysis could he seen whereas elsewhere only pearl-strings of
vacuoles appeared (Figs 1 and 2). Signs of regeneration occurred in the marginal
muscle fibres on the 8th and 10th days (Fig. 3).

Electronmicroscopically, the above cells of inflammatory as well as
macrophage type were found, under the electrode in the central region of the
change, together with fibrin deposition (Fig. 4). The muscle fibres are degener-
ated, the sarcolemma is disrupted or has disappeared, the mitochondria are
damaged (Figs 5 and 6). The myofilaments have lost their contact wdth the
intercalar discs (Fig. 7). Further from the centre the sarcolemma is separated
from the muscle fibres, the mitochondria are swollen and lipid granules accumu-
late in the vicinity of the sarcotubular system (Fig. 8). Phagocytosis of the
destroyed muscle fibres was observed at later stages (Fig. 9). The collagen
displaying a regular cross striation appeared on the 5th and 6tli days. Fibro-
blasts and fibrocytes of intact structure as well as newly formed capillaries
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are seen in great numbers in the granulation tissue (Figs 10 and 11). A crystal-
like substance showing a regular lattice structure was found in the wall of the
capillaries in two animals in both the operated and the intact muscle areas
(Fig. 12).

& fA
'ig. 1. Necrosis of heart muscles, sterile inflammatory infiltration appearing three days after

electrode implantation. Half-thin section, toluidine-blue staining

Fig. 2. The infiltration propagates between the intact muscle fibres. Myocytolysis at the
border of the necrosis. Hematoxylin-eosin
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Fig. 3. Large amount of collagen and signs of regeneration of muscle fibres 10 days after
electrode implantation. Half-thin section, toluidine-blue staining

Fig. 4. Inflammatory elements of regular structure under the electrode, deposition of fibrin
( X7800)
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Fig. 5. The muscle fibres are damaged in the area of necrosis, the myofilaments are fragmented
(X7800)

Fig. 6. The outer and internal membranes of mitochondria are fragmented in the necrotic
areas, a dense substance is accumulating in the mitochondrial matrix, (x 22,800)
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Fig. 7. The myofilaments have lost their contact with the intercalar disc displaying a compara-
tively intact structure. (X39,600)

Fig. 8. The myofilaments are intact at some distance from the electrode, the mitochondria
are swollen, lipid granules have accumulated in their environment. (x7800)
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ALS-treated group

The changes occurring under the electrode were of the same character
as in the control group. In spite of a 30% decrease in the peripheral lymphocyte
count, lymphocytes as well as round cells with pyroninophilic cytoplasm were
found in the infiltrations. A conspicuous light-microscopic difference was that
the inflammatory reaction was of lesser extent, localized to the environment
of the damaged area and did not spread over to the surrounding musculature
(Fig. 13). Thus, the above signs of a secondary lesion are absent in the surround-

Fig. 9. A membrane limited muscle fibre phagocyted by a macrophage, (x 18,000)

Fig. 10. Large amount of collagen and intact fibroblasts in the granulations tissue, (x 12,000)
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ing musculature. Electronmicroscopy revealed practically the same picture
as in the controls, the difference in the secondary lesion was also observed.
The crystal-like substance in the wall of capillaries was seen in 2 animals

Fig. 11. Newly formed capillary, pericytes and connective tissue elements. (x7800)

Fig. 12. Crystal-like substance in capillary wall. ( X33,000)
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Fig. 13. In animals treated with ALS, hardly any inflammatory infiltration between the
necrotizing muscle fibres. Toluidine-blue staining, half-thin section

Fig. 14. A substance with regular periodicity in the cytoplasm of a histiocyte, (x 12,000)
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of this group, too. It occurred only in this group that a substance of 230 A
periodicity had accumulated in the cytoplasm of histiocytes, around which
sometimes even a membrane was observed (Figs 14 and 15).

Fig. 15. The periodicity is of about 230 A; it is surrounded by a membrane. (x48,000)

Fig. 16. Prednisone-treated animal. Scarce fibril formation in the infiltration on the 9th
day in di-Adreson-treated animal. Yan-Gieson’s stain

Prednisone-treated group

On the 4th day of treatment the animals showed the same picture as
the controls. Nevertheless, the fibroblasts and fibrocytes produced less collagen
fibres than in the controls. The lysosomes in the cytoplasm of fibroblasts are
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larger and more frequent than usually and the endoplasmic reticulum teas
enlarged and empty (Fig. 17). Crystals in the capillary walls occurred in one
animal of this group.

6-mercaptopurine-treated group

Both light electron microscopy revealed the same picture as in the con
trois. The occurrence of capillary crystals was observed in one animal.

Fig. 17. Collagen is hardly to be found between the cells, the fibroblasts contain many lyso-
somal elements, the endoplasmic reticulum is enlarged. (X6 000)

Discussion

The tissue reaction to pacemaker electrode implantation has been studied
by several authors [3, 7, 13, 19] who reported on progressive fibrosis as well
as muscular destruction. In previous studies we have observed in detail the
changes around the different pacemaker electrodes [25, 28, 30]. The present
control group displayed lesions essentially corresponding to those. In all cases
in the mechanically damaged areas a discoid degeneration of the muscle fibres
surrounded by a diffuse, sterile inflammatory reaction was observed. Oedema
and hypoxic lesions, i.e. fibrillolysis, oedema and lipid degeneration of the
musculature were predominant in the perifocal regions. In the development
of such changes, first of all the mechanical effect may have some significance.
The process of degeneration is similar to those occurring under the effect of
other myocardial lesions [4, 8, 9, 15, 21, 27].

Few experiments have been carried out to test the effect of drugs on
the tissue reaction induced by pacemaker implantation and on the changes
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of the stimulus threshold. Preston et al. [26] observed a decrease of the
threshold after prednisolone treatment, and an increase after aldosterone treat-
ment. According to Kubler and Sowton [18], the threshold increases by
about 40% in patients with a pacemaker under the influence of beta blockers.
Mowry et al. [24] as well as Judge et al. [17] observed the disappearance of
the exit-block as a result of steroid therapy. We have shown previously that
in the rat heart ALS decreased significantly the extent of the necrosis induced
by coronary ligature [10]. This was the reason why we have investigated the
effect of immunosuppressive agents.

The degenerative lesions observed in the region of mechanical injury
even in the control group came into being in every case. Subsequent to the
ALS treatment, the peripheral lymphocyte number count decreased, the peri-
focal infiltration was reduced and accordingly the secondary lesions of the
musculature and the consecutive cicatrization were slighter. On prednisone
treatment the necrosis as well as the surrounding inflammation were of the
same extent as in the controls; collagen formation was, however, prolonged and
less intense and degenerative lesions were observed in the fibroblasts. There
was no considerable difference after 6-mercaptopurine treatment as compared
with the controls.

The exact mode of action of ALS is not known, only that it inhibits
both the afferent and the efferent sides of the immunological reaction [5, 7, 21,
32]. It has been revealed by immunofluorescent investigations that the serum
does not penetrate into the follicles, thus it most probably does not influence
the immunological memory [6]. The therapeutic observations agree with this
statement in that the most intense effect can be achieved by a previous admin-
istration of the antigenic stimulus [16, 29]. The serum used in our experiments
proved to be effective in vitro and its effect in vivo was evidenced by the de-
crease in the peripheral lymphocyte count. In spite of this fact, intact lympho-
cytes and round cells with pyroninophilic cytoplasm were observed in the
inflammatory tissue. Thus, first of all the decreased responsiveness following
the blocking of the immunological apparatus might be responsible for the
diminution of the infiltration. However, one cannot deny the possibility of an
autoantigenic inhibition similar to the post-cardiotomy syndrome.

Upon the influence of glycocorticoids the amount of oedema fluid marked-
ly decreased in the first phase of inflammation and so did later its hydroxypro-
line and hexoseamine content. Biochemical investigations revealed a decreased
activity of the Krebs cycle [20]. The incorporation of sulphurous amino acids
and the synthesis of chondroitin-sulphate decreases [31]. Morphological studies
showed a restriction of collagen formation [23]. Their membrane-stabilizing
effect is also well known on the lysosomes [33]. We could demonstrate a restric-
tion of collagen formation and a degeneration of fibroblasts after the implanta-
tion of pacemakers under the effect of glycocorticoids. These observations
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can well be explained by those of the quoted authors and may represent a
morphological basis of the advantageous clinical effect.

A crystal-like substance showing regular periodicity was found in the
capillary walls of six animals belonging to all of the groups. In the literature
at our disposal we have not found any description of capillary crystals localized
in the heart muscle. As the accumulation of a substance of similar structure
has been observed in a number of animal species, mainly in the retinal capilla-
ries of dogs [2], we do not attribute any special pathological significance to it.

However, the crystal-like substances of the cytoplasm of histiocytes
observed in the ALS-treated group had arisen most probably in another way.
Bessis [1] reported similar structures in the antigen forming plasma cells.
Recently, a crystal-like substance was found in human wire-loop lesions, dis-
playing the same periodicity and interpreted by the authors as a precipitated
antigen-antibody complex [12]. Since this substance of characteristic struc-
ture was found only in the ALS-treated group, we assume that protein or
lipoprotein molecules formed in a similar manner have played role a in this
case, too.

Our observations revealed some morphological data concerning the in-
hibitory effect of immunosuppressive agents on sterile inflammatory changes,
on the basis of which the favourable clinical results of treatment of exit-block
can well be interpreted.
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WIRKUNG IMMUNOSUPPRESSIVER MEDIKAMENTE AUF DIE GEWEBSREAKTION
IN UMGEBUNG DER PACEMAKERELEKTRODEN

E. SOMOGYI, T. VARGA, P. SOTONYI, F. SOLTI, Z SZABO, F. RENYI-VAMOS, I. FOLDES und S. VARKONYI

Verfasser untersuchten die Wirkung von antilymphozytdrem Serum, Diadreson und
Leopurin auf die in der Umgebung von Pacemakerelektroden entstehende Gewebsreaktion
an Hunden. Sie stellten fest, dal auf Wirkung der LS-Therapie sowohl die perifokale Entziin-
dung, wie auch die Narbenbildung geringer werden. Nach Diadresonbehandlung trat die
Bildung von Bindegewebsfasern etwas in den Hintergrund und in den Fibroblasten waren
degenerative Erscheinungen bemerkbar. Nach Gabe von Leopurin war keine bewertbhare
Verédnderung feststellbar. Die direkte mechanische Schadigung war in allen Fallen die gleiche.
Diese morphologischen Verdnderungen koénnen die Grundlage der gunstigen Wirkung der
immunosuppressiven Medikamente darstellen.

OENCTBUE WMMMYHOCYMNPECCUBHbIX MEAVKAMEHTOB HA TKAHEBYHO
PEAKUNIO BOKPYI Q3J/IEKTPOJL 3JIEKTPOCTUMYNATOPA

3. womMoaun, T. BAPTA, . WOTOHU, ®. WONbTU, 3. CABEO, ®. PEHN-BAMOL,
N. ®ENbAELWI u W. BAPKOHW

ABTOpbI MCCNEAOBaIN Ha cobakax AeiicTBMe aHTUAUMAQOLMTAPHON CbIBOPOTKW, Avafpe-
30Ha U NeonypuHa Ha TKaHEBYIO PeaKLMio, BO3HUKAIOLLYIO BOKPYT 9M1eKTPOL 3M1eKTPOCTUMY/S-
Topa. OHM Habnoganu, uyTo Kak nepudoKanbHoe BocMnasneHne, Tak U py6LeBaHe YMeHbLIAKTCA
nog BAvsiHuem Tepanuu JIC. Mocne fgauv avagpesoHa o6pasoBaHue COoeAMHUTENbHOTKAHHBLIX
BO/IOKOH HEMHOFO OTCTYMMW/O Ha 3af4HWii NnaH U Ha (ubpobnacTax HabMOAANNCL AereHepaTuB-
Hble M3MeHeHWs1. TTocne aadn neonypuHa He 6bUI0 OLEHMBAEMOTO M3MeHeHUs. MpsiMoe MexaHu-
yeckoe MNoBpexzaeHue 6bI10 BO BCEX Cy4YasX OAMHAKOBLIM. 3TV MOPMOMOrMYecKmne N3MeHeHUs
MOTYT 6biTb OCHOBOI 671aroNPUSTHOTO K/MHUYECKOro AeiCTBUS UMMYHOCYNPECCUBHBLIX MefnKa-
MEHTOB.
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FUNCTIONAL AND MORPHOLOGICAL CHANGES
OF THE LIVER INDUCED BY ELECTRIC SHOCK

E. Somogyi and T. Varga

(Received July 6, 1971)

After total-body electric shock the blood sugar and serum protein level of
rabbits shows a marked, momentary decrease and there are alterations in the quali-
tative composition as well as in the enzymatic properties of the serum proteins. Serial
biopsies revealed an acute vacuolar degeneration of the liver cells. Both the mor-
phological and the chemical alterations are of reversible character and most probably
they are induced by the oxidative disorder produced by the electric current.

During electric shock not only alterations of local character arise hut
also generalized ones involving the internal organs. It is known from clinical
observations that repeated electric shocks are followed by changes in the serum
protein and a temporary decrease in the blood sugar level [33]. It has been
reported by K apr1an [19] that the serum bilirubin level is always, whereas the
blood sugar value often, increased. sirensky [44] observed liver function tests
indicating hepatic lesions after electric accidents. kK aro1y [20] reported on
a temporary, aspecific disturbance of liver function in four cases of electric
shock. Kiritiov and Korotchkina [21] found a 10 50% increase of the
blood sugar level immediately after electroshock treatment. schofiera et
al. [37] observed a vacuolisation in the liver of experimental animals killed
by electric current and similar observations were made by k unn et al. [25].
The electronmicroscopic studies of these authors revealed unit-membrane limit-
ed vacuoles containing a homogeneous substance of very low electron density,
different from glycogen. The limiting membrane of the vacuoles displayed a
positive ATPase reaction. On this basis the vacuoles have been interpreted as
of pinocytotic origin and some role has been attributed in their formation to
the effect of the electric current and the hypoxia.

In our previous investigations, the changes brought about by electric
current in the epithelium, the connective tissue and the skeletal as well as
heart muscle have been studied in detail [32, 41, 42, 43]. The present experi-
ments were aimed at investigating the alterations of the serum protein level,
the blood sugar value and the morphology of the liver, occurring after total-
body electric shock.
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Material and methods

Ten rabbits of both sexes and of 3—5kg body weight were used. The electric shock
was 220 V AC and of 10 sec duration, applied on the two sides of the abdomen by means of
metal electrodes. Immediately after the shock then at different points of time from 10 min
till 52 days, blood samples were taken from the ear-vein for blood sugar and serum protein
determination. Blood sugar was estimated by the orthotoluidine reaction spectrophotometri-
cally [6]. Immune and agar electrophoresis, starch-ge lelectrophoresis, quantitative protein
determination, testing of beta-naphthyl and indoxylesterase as well as of RNase were per-
formed in the sera [4]. Liver biopsy was carried out immediately after the electric shock, then
at different points of time between 5 min and 20 days, in superficial ether anesthesia. Liver
specimens of three untreated animals obtained by biopsy as well as their blood samples taken
before the electric shock served as controls. The liver tissue was fixed in formalin buffered
according to Holt and postfixed in 1% 0s04, dehydrated in ethanol and embedded into
Araldite. Ultrathin sections were contrasted with uranyl acetate and lead citrate, and investi-
gated by a Hitachi HU 10 electronmicroscope. Routine histological stainings and diastase
digestion were also carried out on part of the material. Four animals received 2 ml/kg Ferrlecit
(Nattermann, Kdln) intravenously 15 min before the electric shock and the biopsy material
was investigated by the Prussian blue reaction to demonstrate the presence of iron [5].

Results

Mean blood sugar was 141.3 + 16.6 mg per 100 ml before the electric
shock. The values formed a sinus curve in the first one and half hour after
the treatment and by the 3rd hour returned to the control value. Thereupon a
slow decrease began, reaching the minimum by the 3rd to 10th day. The change
was strongly significant (p  0.001). Then the blood sugar level increased
again after the 10th day and although it did not reach the average of the con-
trols, there was no significant difference as compared with it. On the 48th
day the original value was restored (Fig. 1).

The amount of serum protein was 5.90 ~ 0.15 g per 100 ml in the con-
trols. In the samples taken on the 3rd day a marked decrease (4.62 ~ 0.20 g)
was observed, whereas on the 21st day it was practically identical with the
control value (5.84 ™ 0.14 g). The decrease was significant as compared to
both the control value and that of the 21st day (p - 0.01) (Fig. 2).

Immunoelectrophoresis showed no alteration during the first three days.
A decrease of alphaj-globulins and a change of mobility of beta-globulins could
he observed on the 6th day. This change persisted till the 48tli day and the
original pattern appeared again on the 52nd day. Agar electrophoresis revealed
a relative decrease of about 45% of the albumin fraction and a 5—10%
increase of 1gG on the 6th and 21st days. Beta-naphthyl and indoxyl esterase
activity decreased immediately after the electric shock. RNase activity of
serumalbumin decreased by about 66% to the 21st day. The alterations of
the enzyme activities were of a reversible character; on the 52nd day nor-
mal values were obtained both qualitatively and quantitatively.

The biopsy revealed that in half-thin sections made immediately after
the electric shock the cytoplasm of the liver cells hardly stained with toluidine-
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blue. A granular substance of blue staining (Fig. 3) should be found only in
the vicinity of the nucleus and cell membrane as well as dispersedly in the
cytoplasm. The light microscopic picture was unchanged till the third day;

5Ch

—_— v/

010301th  3h 5h 1 3 10

20 day

Fig. 1. Blood sugar level

day

Fig. 2. Serum protein level

the normal structure was restored step by step by the seventh and tenth
days. Regeneration started at the periphery of the acini. The empty areas of

the cytoplasm displayed a homogeneous, intense PAS-positivity disappearing
after diastase digestion (Fig. 4).
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Fig. 3. Half-thin section, toluidine-blue staining. The majority of liver cells is filled with
unstained vacuoles

Fig. 4. Intensive PAS-reaction in the vacuoles

In the electron micrographs the most conspicuous phenomenon was the
paucity of cells in organelles. The largest part of the cytoplasm was filled by
a homogeneous substance of low electron density, containing some compact,
scattered granules resembling the rosette-like arrangement of glycogen gran-
ules, as well as several membrane-limited vacuoles (Fig. 5). The picture 10 min
after electric shock was identical with the above described one, only the
amount of the compact granules decreased and by 20 min (Fig. 6) they disap-
peared. One hour after the shock the structure of the cytoplasm was similar
containing no glycogen. The nucleoplasm precipitated in the form of rough
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Fig. 5. In the cytoplasm a homogeneous substance of very low density, containing compact
granules resembling glycogen. The mitochondria are slightly shrunken, their matrix is dark,
other cell organelles are intact, (x 21,000, Hitachi HU 10)
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Fig. 6. The dark granules disappeared 30 min. after the electric shock, the compactness of
the mitochondrial matrix is conspicuous. Other organelles are intact. ( X30,600)
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Fig. 7. The nuclear chromatin appears in form of rough granules, the nuclear membrane is
extended; tails of cytoplasm are pressed to the nucleus, (x 12,600)
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Fig. 8. The mitochondria are normal in structure; the ducts of the smoth and rough endopla-
mic reticulum are enlarged and almost empty, (x 12,750)

granules partly scattered and partly adhering to the nuclear membrane
(Fig. 7). The other organelles were normal in structure, except for a slight
shrinking of mitochondria and the compactness of their matrix (Figs 6 and 7).
One day later the structure of the organelles is loosened, the mitochondrial
matrix is less compact, the smooth endoplasmic reticulum is increased in
amount, the cisterns of the rough endoplasmic reticulum are enlarged and
contain some flocculated substance (Fig. 8). Practically similar pictures were
observed till the third day. Seven days after the electric shock the acinocentral
cells are similar to those described above, the development of the smooth
endoplasmic reticulum is especially striking. In the acinoperipheral cells the
cytoplasm is almost completely filled by granulated endoplasmic reticulum
and mitochondria, between them, glycogen granules occur in rosette form,
hut their staining is weaker than usual (Fig. 9). The cisterns of the endoplasmic
reticulum are widened and practically empty (Fig. 10). Ten days after the
shock most cells show a similar regenerating structure, whereas on the 20th
day their structure is normal (Fig. 11).

After Ferrlecit treatment the presence of iron was detectable only in
the Kupffer cells; the cytoplasm of the liver cells was Prussian-blue negative.
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Fig. 9. Glycogen granules paler than the usual ones between the ducts of the endoplasmic
reticulum. (x 36,050)
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Fig. 10. Normal glycogen content. Some little flocculated substance in the widened ducts
of the endoplasmic reticulum, (x 31,200)

Discussion

It has been shown previously that the first signs of electrothermal
damage are degenerative alterations of the endoplasmic reticulum and the
mitochondria in the epithelium, the skeletal and the heart muscles [32, 41, 42,
43]. The alterations of the blood sugar level observed after an electric shock
in the present investigations can be attributed to Cannon’s reaction; when
this is over, both the blood sugar and the total protein values show a strongly
significant decrease. The enzymatic properties of the serum proteins also de-
crease. The fact that this decrease ensues later than that of the blood sugar
value can be attributed to the different speed of their decomposition. The
qualitative composition of the serum proteins also changes, first of all the
amount of albumin and of alphaj-globulin decreases. The slight, relative
increase in 1gG is most probably only a seeming one due to the decrease of the
total amount of the proteins. After the 10th and 20th days, blood sugar and
serum protein levels become normal and 7- 8 weeks after the electric shock
neither qualitative nor quantitative alterations can he observed.

There is a number of data concerning the morphology of the hepatic
lesions induced by different toxic substances [3, 16, 31, 35, 38, 39, 40, 47], drugs,
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Fig. 11. Intact cell structure on 20th day. (x25,200)
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carcinogens [1, 2, 10, 14, 18, 26, 30,34,36,45], and on liver regeneration induced
by partial hepatectomy [7,46]. In the case of toxic influences the rapid
disappearance of cellular glycogen is a common phenomenon. In the decom-
position of glycogen some role is attributed to the autophagous vacuoles con-
nected with the smooth endoplasmic reticulum, the peroxisomes [22, 23].
After the glycogen depletion, the vesicles of the smooth endoplasmic reticulum
increase in number and it is here that the resynthesis of glycogen takes place
[3, 12, 25, 28, 30, 34]. The glycogen detectable electronmicroscopically almost
completely disappeared even in the earliest samples taken after the electric
shock. A homogeneous substance of low density, without any limiting mem-
brane had accumulated between the organelles. The cell membrane is intact and
no pinocytosis or the signs of an active glycogen mobilisation were observed.
The fact that the colloidal iron did not penetrate into cells speaks against a
significant increase of permeability. Therefore, we assume that the disappear-
ance of glycogen did not take place in the way mentioned above, and in the
vacuoles formation of plasma inflow had no decisive role. There was an inten-
sive PAS-reaction in the vacuoles which disappeared after diastase digestion.
On this basis it seems most likely that the glycogen granules are decomposed
upon the influence of the electric shock, they lose their characteristic struc-
ture, and form homogeneous, PAS-positive areas distributed uniformly in
the cytoplasm.

According to literary data, the synthesis of plasma proteins starts in
the ribosomes attached to the membranes of the rough endoplasmic retic-
ulum, then they pass into the Golgi apparatus and are transported by the
Golgi vesicles toward the Disse space. Therefore, the substance observed
electronmicroscopically in the structures mentioned above may correspond to
plasma protein [8, 15, 27, 29]. The incorporation of radioactive amino acids
as well as the synthesis of plasma proteins decreases under toxic effects [1, 17,
40]. During the first hours following the electric shock the endoplasmic retic-
ulum and the Golgi apparatus maintain their regular structure. However,
later on the spaces of the granulated and smooth endoplasmic reticulum are
enlarged, they and the Golgi vesicles are almost empty. The number of coated
vesicles also decreases. These morphological changes are in good agreement
with the decrease of the serum protein level and the changes in the blood
counts.

Nevertheless, the alterations treated till nony seem to be rather con-
sequential ones and do not clarify the mechanism resulting in the damage.
On the basis of the above considerations an increase in permeability and
plasma exudation are unlikely to have a role. The vacuolisation induced by
other physical influences such as X-ray irradiation, is more prolonged in
time 111, 24]. At the same time, the mitochondrial matrix is compact and the
mitochondria seem to be slightly shrunken immediately after the electric shock.

Acta Morphologien Academiae Scienliarum Hungaricae 19, 1971



FUNCTIONAL AND MORPHOLOGICAL CHANGES 375

It has been shown previously during studies of isolated cardiac mitochondria
shocked electrically that a decoupling of the oxidative system occurs even
in areas remote from the site of the primary effect [9]. On this basis it may be
assumed that the primary damage involves the energetical system of the
cells, and the morphological picture as well as the damage of the carbohydrate
and protein metabolism are consequences of this.

The regeneration process was similar to that taking place after other
kinds of damage. At the same time, functional recovery was late as compared
to the morphological regeneration, in that the cellular glycogen content had
normalized by the tenth day, whereas the blood sugar values returned to the
original one only after 20 days. The qualitative serum protein pattern and the
enzymatic properties became normal even later, around the 50th day after
the electric shock.
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FUNKTIONELLE UND MORPHOLOGISCHE UNTERSUCHUNG
DER NACH STROMVERLETZUNGEN ENTSTEHENDEN LEBERVERANDERUNGEN

E. SOMOGYI und T. VARGA

Nach experimenteller Stromeinwirkung auf den ganzen Korper zeigt die Konzentra-
tion des Blutzuckers und der Serumeiweife bei Kaninchen eine voribergehende sehr aus-
gesprochene Verminderung. Verdnderungen treten weiterhin im qualitativen Bild der Leuko-
zyten und in den enzymatischen Eigenschaften der BluteiweiBe auf. Reihenmé&RBig durch-
geflihrte Leberbiopsien zeigten eine akut entstehende vakuoldre Degeneration der Leber-
zellen. Sowohl die morphologischen Verdnderungen, wie auch die abweichenden Labora-
toriumsbefunde sind reversibel und bei ihrer Entstehung spielen wahrscheinlich durch den
elektrischen Strom verursachte Storungen der Zelloxydation eine Rolle.

PYHKUNMOHAJ/IbHOE N MOP®OJ/IOT'MYECKOE WCCJ/IEAOBAHWE MEYEHOYHbBIX
N3MEHEHWN, BO3HUKAIOLWMX TMOCNE YAAPA 3/IEKTPUYECK/M TOKOM

3. womMoan n T. BAPTA

Mocne sKCNepUMeHTaIbHOMO yaapa BCEro Tefla 3/IeKTPUYECKMM TOKOM COofiepXKaHue caxa-
pa B KpPOBW U KO/IMYECTBO CbIBOPOTOUHbIX GE/IKOB MOKa3bIBaOT BPEMEHHOE, BECbMA BblPaXKeHHOE
CHWXKeHMe. MIMeloTca OTK/IOHEHUSA U B NeKouMTapHoi opmMmyne U B (PepMEHTATUBHbLIX CBOW-
cTBax 6enkoB KpoBu. CepuiiHble 61U 0T UYeCKUe UCCNejOBaHNS MeYeHW NOKa3a/in 0CTPO BO3HMKaAK0-
LLiee BaKYO/IbHOe MepepoXeHne neveHoUHbIX KNeToK. Kak Mopdonoruyeckue, Tak 1 nabopatop-
Hble OTK/IOHEHUSI OKasa/MCb 06pPaTUMbIMU U B fiefle UX BO3HWKHOBEHMS, MO BCE BEPOSITHOCTMY,
ponb UrpaeT HapylleHWe OKMC/IMTENbHbIX MPOLECCOB B K/eTKax, BbI3BAHHOE 3/1EKTPUYECKUM
TOKOM.

Dr. Endre Somogyi 1 lgazsagigyi Orvostani Intézet,
Dr. Tibor Varga j Budapest IX. UllGi ut 93., Hungary
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ULTRASTRUCTURE OF PANCREATIC
ACINAR PARENCHYMA IN ACUTE EXPERIMENTAL
PANCREATITIS OF THE PIGEON

M. Papp, Z. Nagy and |. Fodor
(Received September 1, 1971)

Intraductal administration of sunflower oil or Na-deoxyeholate into the pan-
creas of the pigeon elicited acute pancreatitis. After the injected sunflotver oil had
gained access into the acinar cells, it increased the number of zymogen granules in
different stages of maturity and increased the cells’ secretory activity. The normally
sharp boundary between the zymogen granules and the surrounding cytoplasm became
blurred; the zymogen granules merged with their environment, and/or they entered
into atitophagoxis vacuoles. Secondary lysosome-type vacuoles were also seen. Sunflower
oil induced autolysis. Sodium deoxycliolate impaired the acinar cells without causing
any change in the shape, electron density and localization of the zymogen granules.
Deoxycholate induced heterolysis.

Decomposition of neutral lipids by the pancreatic tissue of the pigeon
had been originally described by Bernarda (1856). Based on this finding,
it was supposed that like in the dog and the rat, edible oil injected through
the excretory duct into the pancreas would cause acute necrosis of the gland
also in the pigeon.

Previous studies in this laboratory have suggested the damage of acinar
cells to be initiated by intra-acinar lipolysis (Papp, Bacsy, Horvath, 1970).

Impairment of acinar cells by bile, bile acids or their salts was reported
by Sum, Bencosme, and Beck (1970). Treatment with bile was shown to elicit
early ultrastructural damage of acinar cells (Doerr, Diezel, Groézinger,
Lasch, Nagel, Rossner, Wanke, Willig, 1965; Wanke, 1968).

In this laboratory experiments have been undertaken to clarify the nature
of the ultrastructural changes caused in the pancreatic acinar parenchyma of
the pigeon by intraductally administered sunflower oil or sodium deoxycholate
and to assess whether these changes were typical of the injected agent(s).

M aterial and methods

Pigeons weighing 400—500 g were divided into 4 groups, each consisting of 10 birds.
The pancreatic gland was exposed by laparotomy under ether anaesthesia. Injection of
0.1 0.2 ml material into the ventral lobes was performed through the efferent duct by means
of an injection syringe. Pressure was not controlled. The experimental groups were given
commercial sunflower oil or 1% Na deoxycholate in Tris-HCI buffer (pH 7.1) or saline. In the
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fourth group the pancreas was left intact. To visualize vascular leakage (Staubesand, 1963;
Jellinek, Nagy, Huttner, Balint, Kéczé, Kerényi, 1969) 4 birds in each group were
injected into the wing vein with colloidal iron solution (Ferrlecit, Natterman, Koln;
2 ml/100 g body weight), one bird simultaneously with, and 3 birds 2 hours after, the lapa-
rotomy.

One hour after the injection of Ferrlecit all birds were anaesthetized with ether and the
ventral lobes were perfused through the pancreaticoduodenal artery (Papp, 1970) for 10 min-
utes with 1.5% neutral isotonic formalin solution of -j-4°C temperature at a pressure of 100—
130 mm Hg (Holt, Hicks, 1961).

(i) In the four iron-treated birds and in four iron-untreated birds perfusion was con-
tinued for another 10 minutes using a 1 : 1 mixture of glutaraldehyde and formalin in 1.5%
neutral isotonic solution of +4°C temperature. Subsequently several specimens were taken

Fig. 1. Normal pancreas from pigeon (semi-thin section). In the compact parenchyma un-
divided by connective tissue septa, acinar cells and ductular outlets are apparent. (Toluidine
blue, X 320)
Fig. 2. Control pancreas (b) and pancreas treated with sunflower oil, 3 hours after administra-
tion (a): Note necrotic areas (Benda reaction) on the surface of the oedematous gland. Natural
size, gross appearance
Fig. 3. Pancreas 1 hour after administration of sunflower oil. Semi-thin section. Note oil in
the distended outlets and zymogen granules at the apical poles of the acinar cells. (Toluidine
blue, X 400)
Fig. 4. Pancreas 3 hours after Na-deoxycholate administration. Semi-thin section. Note
radial pattern of cellular “lysis” around the ductular outlets and loss of acinar structure.
(Toluidine blue, X 280)
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from the pancreas and the tissue fragments were fixed in 4% neutral formalin for 24 hours
and embedded in paraffin. Sections 6// thick were stained with haematoxylin and eosin
and examined under the light microscope. Another specimen of pancreatic tissue was cut
into blocks of 1 cu. mm dimension under a steromicroscope. The blocks were allowed to stand
in a 1.5% solution of glutaraldehyde and formalin for 2 hours at -j-4°C, then immersed in
buffer solution for 24 hours at 4°C, postfixed in 1% osmiumtetroxide solution (MILLONIG
1961), and embedded in Durcupan-Araldite.

Semi-thin sections cut from the blocks were stained with toluidine blue. Sections cut
by an LKB 111 Ultratome were counterstained with lead citrate and uranyl acetate and
examined in a JEM 6 AS electron microscope.

(if) The ventral lobes of the pancreas of 2 iron-untreated pigeons from each experi-
mental group were perfused for 10 minutes with 1.5% neutral isotonic formalin and subse-
quently for another 10 minutes with an 0.5% OsO, solution. Specimens removed from the
pancreatic tissue were cut into 1 cu. mm blocks and these were allowed to stand in 0.5% OsOj
solution for 2 hours.

Subsequent fixation and embedding were the same as described under (i).

Results

Intraductally administered sunflower oil and Na-deoxycholate caused
oedema in the pancreas. The surface of the lobe treated with oil showed necro-
sis (Fig. 2) while that of the lobe treated with Na-deoxycholate showed haem-

Fig. 5. Electron micrograph of normal pancreas. Note strict pattern of acinar cells around
the duct (D) and nature zymogen granules (Z). M initochondrium; N nucleus. (OsO,
fixation; X0300)
Fig. 6. Zymogen granules (Z) under high power, with surrounding membrane rarely present.
D excretory duct; M initochondrium. (OsO, fixation; X 21,000)
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orrhage. Vascular changes related to the damage will be reported elsewhere
(Nagy, Papp, Barint, 1971).

In light micrographs the acinar parenchyma of the pancreas shows a
compact structure not subdivided by fibrous septa (Fig. 1). Treatment with
sunflower oil gave rise to distension of the outlets. The number of zymogen
granules appeared to increase at the apical pole of the acinar cells and a

Fig. 7. Pancreas treated with saline, 3 hours after administration, with the normal acinar
cell structure essentially retained. The intact ergastoplasmic sacs are distended with oedema
fluid (Oe). Er = ergastoplasm; M = mitochondria; N = nucleus, (x 12,500)

spotted necrosis developed (Fig. 3). Treatment with Na-deoxycholate induced
necrosis and haemorrhage around the outlets (Fig. 4).

Electron micrographs of normal pancreatic acinar cells revealed zymogen
granules at the apical pole. The granules were occasionally surrounded by a
membrane (Figs 5, 6).

Treatment with saline resulted in the accumulation of fluid in the ergasto-
plasmic sacs, but did not affect the cell organelles (Fig. 7).

Treatment with sunflower oil gave rise to intracellular oedema within one
hour, with the acinar cell structures undamaged; the mitochondria also became
oedematous. Lipid droplets surrounded by mature zymogen granules appeared
in apparently intact acinar cells (Fig. 8). Electron density of the lipid droplets
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corresponded to that of the sunflower oil injected into the outlet. In other
acinar cells, increased secretory activity was indicated by the appearance of
several zymogen granules in different stages of maturity. Zymogen granules
entered into limiting membraneless vacuoles containing ergastoplasmic frag-
ments (Fig. 9). In places the ergastoplasmic structure was loose. Three hours
later the lipid droplets were still demonstrable in the structurally disorganized

Fig. 8. Pancreatic gland 1 hour after sunflower oil administration. Intracellular oedema.

Oedematus mitochondrium (Oe M). The integrity of the cellular structure is essentially main-

tained; the ergastoplasmic lamellae (Er) are pushed apart by oedema. Note intracellular lipid

droplets (Li) and mature zymogen granules (Z). D = excretory duct; M = mitochondrium;
N = nucleus. ( X12.000)

acinar cells. Adjacently there were confluent zymogen granules, having lost
their sharp demarcation against the ergastoplasm (Figs 10, 11). In addition,
secondary lysosome-type vacuoles surrounded by a limiting membrane were
seen in the acinar cells (Fig. 12).

Na-deoxycholate caused not only inter-acinar, hut also intracellular
oedema (Fig. 13). In the acinar cells showing different degrees of structural
changes the shape, electron density and localization of the zymogen granules
was essentially unchanged (Figs 13, 14).
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Discussion

Claude Bernard was the first to induce an acute necrosis of the pan-
creas by injecting edible oil into the duct. He supposed the oil to enter the
pancreatic cells (1856). In the present experiments, intraacinar lipid droplets
were detected exclusively in the oil-treated glands. Since the electron density

Fig. 9. Same as above. At the apical pole of the acinar cells there are zymogen granules in
different stages of maturity (pZ). Zymogen granules (Z) entered into the vacuole (arrows)
without limiting membrane, localized in the right medium third of the cell. The vacuole
contains ergastoplasmic fragments (Er.fr). The mitochondrial matrix is electron dense. In
places the ergastoplasmic structure is loose. M = mitochondrium; N = nucleus, (x 17,700)

of the lipid droplets was identical with that of the injected sunflower oil in the
outlets, the intraductally injected oil must have gained access to the pancreatic
acinar cells. Our previous fluorescence microscopic studies showed that sunflo-
wer oil injected into the pancreas of dogs and pigeons had found its way into the
acinar cells (Papp, Bacsy, Horvath, 1970; Bacsy, Nagy, Papp, 1970). Passage
of sunflower oil across the basement membrane of an acinar cell may be promot-
ed by the soap formation due to lipolysis and/or by the separation of acinar
cells by the injection pressure (Sjostrand, E1fvin, 1962). Hess (1903, 1905)
interpreted the oil-induced acute pancreatic necrosis as a consequence of soap
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intoxication. Intraductal administration of trypsin promoted the entry of
Indian ink clumps into the acinar cells (Nudelman, Munger, Bernard, 1965).

In addition to our data, lipid droplets may presumably be produced
by a chronic disturbance of cell metabolism; fasting (Palade, 1958), malonic
acid injection (Kossting et al., 1967), feeding on low-protein or ethanol and
fat diet (Weisblum, Herman, Fitzgerald, 1962; Tasso, Clop, Sarles,

jJig. 10. Pancreas 3 hours after intraductal administration of sunflower oil. The acinar and

centroacinar cells (Cac) contain lipid droplets (Li). Different degrees of cellular disorganiza-

tion are apparent. The confluent zymogen granules (arrows) have lost their sharp demarca-

tion against the ergastoplasm. The mitochondrial matrix is electron dense. The ergastoplasmic

structure is loose over large areas (star). Au autophagic vacuole; Ly = lysosome-like
vacuole; M mitochondrium; N - nucleus, (x 7,800)

Picard, 1967), during hormonal stimulation of pancreatic secretion (Ribet,
Fedou, Frexinos, 1969), etc. In these cases, however, the lipid droplets
accumulated around the mitochondria. On feeding an amino acid analégon
containing diet, the location of lipid droplets was found to he non peri-mito-
chondrial (Hruban, Swift, Wissler, 1962; Hruban et al. 1963).

Upon the administration of sunflower oil, the sharp boundary between
zymogen granules and ergastoplasm tended to disappear, some zymogen gran-
ules having practically merged with the ergastoplasm. A similar phenomenon
in Lipofundin-induced necrosis of the pancreas was noted light microscopically
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by W anke (1968). This might be explained by the lipase activity demonstrated
histochemically at the surface of zymogen granules (Abe, Kramer, Seligman,
1964; Seligman, Ueno, Hanker, Kramer, Wasserkurg, Seligman, 1966).
In the pancreas of the pigeon the zymogen granules are rarely surrounded by
a membrane. The absence of a membrane around these granules was frequent
in the duck, too (Braun-Blancquet, 1969).

Fig. 11. Same as above, at higher magnification. Note confluent zymogen granules (Z) merg-
ing with the environment. Er = ergastoplasm; Gl = Golgi apparatus, (x 21,000)

Fig. 12. Pancreas 3 hours after intraductal administration of sunflower oil. Lysosome-like

vacuoles (Ly) limited by membrane (opposite arrows) contain myelin figures (My). Around

the vacuoles there are lipid droplets (Li) and zymogen granules (Z) in different stages of
maturity, (x 12,000)

The development of autophagous vacuoles in the acinar cells is presum-
ably related to the disturbance of protein metabolism in the exocrine pancrea-
tic cells induced by DL -ethionine (Herman, Fitzgerald, 1962), low-protein diet
(Lazarus, Volk, 1962), X-irradiation of the pancreas (Volk, Wellmann,
Lewitan, 1966), or on hormonal stimulation of secretion (Ribet, Fedou,
Frexinos, 1969), etc. Focal “cytoplasmic degradation” could be elicited by
a diet containing amino acid analogues (Hruban et al. 1962, 1963).

Confluence of zymogenic granules was noted in both the normal (EkholIm
et al. 1962; Sjostrand, 1962; Braun-Blancquet, 1969) and the hormonally
stimulated pancreas (lchikawa, 1965; Ribet et ah, 1969).
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Intra- and intercellular oedema of the acinar parenchymal cells in dogs
given edible oil intraductally was reported by Wanke (1968) and Doerr et al.
(1965).

There is reason to suppose that sunflower oil entering the acinar cells
initiates autolysis, by stimulating participation of the digestive enzymes stored
in the zymogen granules. In humans, chymus reflux from the duodenum to the
pancreas may initiate acute pancreatitis (McCutcheon, 1968).

Fig. 13. Pancreas 1 hour after intraductal administration of Na-deoxycholate. The exocrine
cells show different degrees of impairment. At bottom left there are acinar cells with dense
matrix, some of these oedernatous, but structurally essentially intact. Disorganized acinar
cell at top. The impaired membranes are impregnated by colloidal iron particles (double ar-
rows). Shape, electron density and localization of the zymogen granules (Z) remained essen-
tially unchanged. In the nucleus (N) the chromatin has aggregated. In the intercellular space
there are collagenous filaments (Kf) and colloidal iron particles (arrow). Er - ergastoplasm;
M mitochondria; Oe oedema. ( X 12,000)

Previous studies (Bacsy, Nagy, Papp, 1970) showed fatty acids in the
acinar cells after intraductal injection of sunflower oil. The pH-shift caused
by the fatty acid release may promote the activation of lysosomal cathepsin
(de Duve, 1958, 1963, 1967).

Na-deoxycholate has been shown to elicit acute necrosis of the pancreas
probably by disrupting cellular membranes (Wanke, Nagel, Willig 1966;
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Wanke, 1968; Sum, Bencosme, Beck, 1970). This does not seem to require
involvement of digestive enzymes according to the data of Wanke et al
(1966).

Fig. 14. Pancreas 3 hours after intraductal administration of Na-deoxycholate. Note complete
lysis of cellular structure, with fragments of ergastoplasm (Er) and broken membranes.
Zymogen granules (Z) with seemingly normal structure. (X 18,000)
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DIE ULTRASTRUKTUR DES ACINAREN PARENCHYMS
DER TAUBENPANKREAS BElI AKUTER EXPERIMENTELLER PANKREATITIS

M. PAPP, Z. NAGY und I. FODOR

Intraduktal in die Pankreas von Tauben eingefiihrtes Sonnenblumendl oder Na-Desoxy-
cholat rief eine akute Pankreatitis hervor. Die Sonnenblumendltrépfchen gerieten rasch in
die Acinuszellen und erhdhten die Zahl der zymogenen Kdrnchen verschiedener Reife und die
sekretorische Aktivitat der Zellen. Die scharfe Grenze zwischen den zymogenen Granula und
den sie umgebenden Zytoplasma wurde verwischt, die zymogenen Granula drangen in ihre
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Umgebung und (oder) gerieten in autophage Vakuolen. Weiterhin waren auch sekundére
Vakuolen lysosomen Charakters sichtbar. Das Sonnenblumendl fuhrt zu einer Autolyse.
Das Natriumdesoxycholat schadigte schon frih die Acinuszellen, ohne jedoch die charakteris-
tische Lokalisation, die Form oder die elektronische Densitdt der zymogenen Granula zu
verédndern. Natriumdesoxycholat ruft Heterolyse (Zytolyse) hervor.

YNIbTPACTPYKTYPA ALVHAPHOW MAPEHXWMbl MOAXENYLOYHOW XXEME3bI
FONYBEW MPUN OCTPOM 3KCMEPUMEHTA/IbHOM MAHKPEATUTE

M. MAMNM, 3. HAAb n N. ®0A0P

BBefieHVe B MPOTOK MOKENYA0UHOM >Kenesbl rony6Geii NoAconHeUHoe Macno 1 Ae3okcu’
X0/1aT HaTpWsl BbI3bIBa/IM OCTPbIA MaHKpeaTMT. KanmenbKy MoACOMHEYHOro macna nonaganm
paHO B auMHapHble KMETKW U YBEIMUMBASIMN B HUX YMCMO 3MMOTEHHbIX 3ePHbILLEK Pa3NNYHON
CTEMeHU 3PeNioCTh U CEKPETOPHYI0 aKTUBHOCTb K/ETOK. PesKas rpaHula Mexgy 3vMOoreHHbIMM
3ePHbILLIKAMU U OKPYXaloLLein MX LUTONNAa3MOi CTep/iach, 3MMOreHHbIe 3ePHBILLKN NMPOHWUKIN B
OKpY>XXaloLyo ux cpegy v (Mnm) nonanu B aytodaroBble Bakyonu. Habmoganmcb Takxe U BTO-
pVUYHble BaKyo/M NIM30COMHON0 XapakTtepa. loAconHeuHoe Mac/o BbI3bIBAeT ayTonus. [e30Kcu-
X0/M1aT HaTPWsA PaHo Mopaxkasn auuHapHble KNeTKW, He U3MEHB, 0AHAKO, XapaKTepHOro pacnoso-
KEHWUSI 3MMOTeHHbIX 3ePHbILLIEK, MX (DOPMbI WM 3MIEKTPOHHOW TYCTOTbI. [e30KCUXonaT HaTpus
BbI3bIBAET reTeponns (LMTonus).

Dr. Miklés papp: MTA KOKI, Budapest VIII. Szigony ti. 43., Hungary
Dr. Zoltdn Nagy: Il. Korbonctani Intézet, Budapest IX. Ull6i 4t 93., Hungary
Dr. Istvan Fodor: ORFI, Budapest Il. Frankel Leo u. 17/19., Hungary
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PEROXIDASE ACTIVITY IN GLIA AND
EPENDYMOCYTES OF THE MOUSE BRAIN

Z. Srebro, T. Cichocki and J. Godula

(Received September 28, 1971)

Peroxidase activity has been localized in ependymocytes and periventricular
glial cells of the mouse brain. At the ultrastructural level the activity is found in

1000 A large vesicles bounded by a double membrane. In addition, weak peroxidase

activity was observed in the large dense bodies occurring in large numbers in peri-

ventricular glial cells.

Among animals tissue, peroxidase activity has been found in the proximal
renal tubules, leucocytes, macrophages, lung epithelium and salivary glands
[1 11, 14 17]. Ultrastructurally, the peroxidase activity is localized in micro-
bodies (peroxisomes) [4, 7, 10, 11, 17], lysosomes [1, 3, 8], in the nuclear enve-
lope and membranes of the endoplasmic reticulum [7]. As regards the central
nervous system, there exists to our knowledge only the communication of
Rogovin et al. [15], who showed that peroxidase activity in the central horn
of the spinal cord is localized in lipofuscin granules, intramitochondrial gran-
ules, and the myelin sheath of axons. In the present report, observations on
the ultrastructural localization of peroxidase activity in periventricular glial
cells and ependymocytes of the mouse brain are presented.

Material and methods

Adult mice of both sexes of the inbred A strain were used. The animals were 3 months
old and weighed 25 g. Immediately after decapitation very small fragments of periventricular
brain tissue from the third brain ventricle were fixed by immersion in buffered 5% glutar-
aldehyde, pH 7.6, at 0°C, for 4 hr. The material was washed with 0.1 M phosphate buffer, pH
7.6, containing 5% saccharose, for 24—48 hr., and incubated for peroxidase according to
Graham and Karnovsky [12]. Control material was incubated in a medium from which the
hydrogen peroxide had been omitted. The tissue was postfixed in 2% osmium tetroxide for
2 hr., embedded in Epon, and prepared for electron microscopy. 600—900 A sections were
made and stained with lead hydroxide [13]. The preparations were examined in a Tesla
BS490A electron microscope. For light microscopy, material fixed in glutaraldehyde was cut
in a cryostat and the sections were incubated in the Graham —Karnovsky medium.

Results

Light microscopically, peroxidase activity is localized in cytoplasmic
granulations of periventricular glial cells and red blood cells (Fig. 1); no other
structures in the brain tissue showed activity. At the ultrastructural level,
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peroxidase activity is localized in the periventricular glial cells and in ependy-
mocytes.

Fig. 2. shows a low power view of cells occupying the subependymal layer
of the brain. These cells contain in the cytoplasm numerous vesicles about
1000 A in diameter with an electron opaque core. This core shows a strong
peroxidase activity as visible in Fig. 2 and the subsequent figures. The
vesicles are bounded by a double membrane (Fig. 3). Along vesicles filled

Fig. 1. Peroxidase reaction in a cryostat section of periventricular brain tissue of the mouse.
Activity is present only in the cytoplasmic granulations of periventricular glial cells (arrows)
and in red blood cells (r). (X800)

with the peroxidase-positive material, vesicles occur which do not show the
electron-dense core or only a trace of it in the form of an electron-opaque
central spot (Fig. 3). The vesicles lacking the core and those with the small
one are most probably under formation. The cytoplasm of the peroxidase-
positive hypependymal glial cells also contains large dense bodies bounded bv
a single membrane and showing a dense matrix (Figs 2—4). Generally, cells
with numerous peroxidase-positive double membrane-bound vesicles show a
type of dense body characterized by a homogeneous, granular matrix. This is
characteristic of ependymocytes and subependymal gliacytes.
Periventricular glial cells occupying the deeper layers of the brain,
although peroxidase-positive, present a somewhat different picture. The double
membrane-bounded characteristic peroxidase-positive vesicles are not so nume-
rous as in the former type of cell, while the dense bodies are more frequent
(Fig. 4). Another difference is that many dense bodies show an internal lamellar
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Fig. 2. Subependymal gliacytes of the mouse brain showing a positive peroxidase reaction. The activity is localized

in numerous 1000 A large cytoplasmic vesicles bounded by a double membrane. Large dense bodies with a granular

matrix are also present (b); n =nucleus. Glutaraldehyde, peroxidase reaction of Graham and Karnovsky, osmium,
lead hydroxide, KpoH. (X 8000)
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structure. Different degrees of peroxidase positivity were seen in the dense
bodies, the most frequent was a very weak one.

Both the ependymocytes and the periventricular glial cells, showing
peroxidase activity in the typical double membrane-bounded vesicles, and the

Fig. 3. Fragment of a peroxidase-positive subependymal gliacyte at higher magnification.

A large dense body (b) and numerous double membrane-bounded vesicles showing strong

peroxidase activity are seen. Vesicles are also present which contain only a small electron-

dense spot in the centre (arrow). Glutaraldehyde, peroxidase reaction of Graham and Kar-
novsky, osmium, lead hydroxide, Epon. (x 30,000)

numerous dense bodies, are characterized by copious rough endoplasmic
reticulum. The cisterns of the endoplasmic reticulum form parallel stacks (Fig.
4) or are randomly distributed. Many cisterns are dilated, showing sometimes
continuity with double membrane-bounded vesicles very similar to those with
the peroxidase-positive dense core. Some of the dilated cisterns contain single
membrane-bounded clear vesicles (Fig. 4).

A well-developed Golgi zone is observed in the peroxidase-positive glial
cells, along with sparse mitochondria.
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Fig. 4. Fragment of the cytoplasm of a periventricular peroxidase-positive glial cell. The

characteristic double membrane-bounded vesicles showing peroxidase activity are sparse (v).

Numerous dense bodies (b) with a delicate internal lamellar structure and weak peroxidase

activity. Arrow indicates a clear vesicle contained in the profile of a cistern of the rough endo-

plasmic reticulum. The right portion of the figure is occupied by a typical neuropil. Glutar-

aldehyde, peroxidase reaction of Graham and Karnovsky, osmium, lead hydroxide, Epon.
(x 20,000)

Discussion

The results show that in the brain of mice there occur glial cells show-
ing peroxidase activity localized in characteristic cytoplasmic structures. These
are the double membrane-bounded vesicles which appear to arise in connection
with the endoplasmic reticulum. Another characteristic feature of the peroxi-
dase-positive glial cells is the presence in them of large cytoplasmic dense
bodies. These dense bodies are of two types, one showing a granular homo-
geneous matrix, the second one containing in addition an internal laminar
structura. The second type is prevalent in the periventricular gliacytes occupy-
ing deeper layers of the brain tissue. The dense bodies usually give a weak
peroxidase reaction.

Thus, although peroxidase activity in the brain is localized to only one
or two types of glial cells, it is nonetheless constantly found at characteristic
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sites. The peroxidase-positive double membrane-bounded vesicles are different
from any known structure found in the cellular elements of the central nervous
system.

Peroxidase activity in kidney and liver cells is localized in peroxi-
somes [9, 10], the localization in other cell types varying considerably. Organ-
elles of hypependymal gliacytes most resembling morphologically the per-
oxisomes are the dense bodies. Sometimes a regular paracrystalline arrange-
ment of the internal lamellae can he observed resembling the ordered core of
the peroxisomes. However, considerable differences also exist. The peroxidase-
positive dense bodies in the glial cells are generally large, of uneven size and
shape, showing sometimes vacuolation, the internal lamellar structures occu-
py a considerable proportion of the organelle mass. Thus, morphologicallv
they resemble more the lysosomes. However, it has been shown that the per-
oxidase-positive granulations of the periventricular glia are negative for lyso-
somal enzymes [16]. The granulations of the periventricular glia are unusually
rich in thiol groups [16] and it has been suggested that they may be involved
in the decomposition of organic peroxides [16].
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PEROXYDASEAKTIVITAT IN DEN GLIA- UND EPENDYMAZELLEN
DES MAUSELIIRNS

Z. SREBRO, T. CICHOCKI und J. GODULA

In Maéusehirn lokalisiert sich die Peroxydaseaktivitdt in den Ependymozyten und
in den perivaskuldren Gliazellen. Auf ultrastrukturellem Niveau betragt die Aktivitat 1000 A
und ist an Vesikeln mit doppelter Membrane gebunden. Gleichzeitig konnte eine schwache
Peroxydase-Aktivitdt in den Dens-Kdrner groBer Ausbreitung beobachtet werden, welche
in groBer Zahl in den periventrikularen Gliazellen zu finden waren.
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AKTUBHOCTb MEPOKCUAA3blI B TMMNO3HbIX N ANEHAVMMANBbHbLIX KAETKAX
MO3FA MBbILLEN
3. CPEBEPO, T. UMXOUKWN n . roayna
Pestome
B MO03re MbIlLeli aKTUBHOCTb MePOKCMAasbl /I0KaM3MPYeTCsl B aNeHAMMOUUTaX 1 B nepu’
BaCKy/NAPHbIX [IMO3HbIX KneTkax. Ha ynbTpacTPyKTYpHOM YpOBHE aKTMBHOCTb CBSi3aHa C
nysbipkamu BennumHoii B HXX) A, obnagatoMmu ABOIHOM MembpaHoii. Hapsagy ¢ aTum cnabasi

AKTUBHOCTb nNepoKcuaasbl Haﬁmonanact) B pacrnpoCcTpaHeHHbIX AEeHCOBbIX TesibLaX, KOTOopble
O6Hapy)|(VIBaI'IVICb B 60/1bLLIOM YuC/Ee B NEPUBEHTPUKYNAPHBIX TNMNO3HbIX KNETKax.

Dr. Z. Srebro

. . Institute of Biomorphology, Medical Academy,
Dr. T. CICHOCKi phology y
Krakow, Poland
Dr. J. Godula
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THE FINE STRUCTURE OF MAST CELLS
IN THE TUMOURS OF PROTECTING
ORGANS OF THE EYE

K. Lapis and M. Radnét
(Received April 10, 1971)

The ultrastructure of the mast cells occurring in the stroma of two neoplasms
(squamous cell cancer, endothelioma) originating from the protecting organs of the
eye has been studied. Two types could be differentiated. One of them is character-
ized by a cytoplasm filled with granules, whereas the other one contains only few
granules and numerous vacuoles. The granules of the perineoplastic mast cells consist
of the same two basic components as those of normal mast cells found in different
tissues of the human organism. In the case of squamous cell cancer, some granules
contained a third component, displaying a crystal-like formation. Five types of mast
cell granules were differentiated on the hasis of the distribution and organization
of the subgranular structural components. As a rule, several types of granules are
present in the mast cell. The size of granules in the perineoplastic mast cells was the
same as in normal human tissues. A continuous or broken limiting membrane was
observed around one third of the granules. Papyrus roll-like lamellar structures as well
as structures displaying a lower level of organization were also observed in the cyto-
plasm, freely among the granules.

The mast cells have attracted attention long ago through their peculiar
granules reacting with different stains [26, 27, 60, 61, 62]. They have also been
studied electronmicroscopically in different specimens [10, 34, 35, 44, 48, 63,
64, 71]. The ultrastructural characteristics of the mast cells found in human
skin [29], stomach [41], gum [78], tonsils [73], the connective tissue of the
limbus [43] and the trachea [11, 61], have been described and their subcellular
organization has been studied under normal and pathological conditions [36, 39].

A number of mast cells is always present among the cellular components
of the stromal reaction appearing around malignant tumours [1, 13, 17, 23, 25,
42, 49, 50, 52, 55, 65, 66]. During the last years, the mast cells accumulating
around cancers have been studied electronmicroscopically, too [49, 50]. How-
ever, these observations are not sufficient for drawing definite conclusions
whether characteristic pathological alterations occur in the subcellular organi-
zation of such mast cells.

The present paper reports on observations concerning the ultrastructural
organization of mast cells found in the stroma of a palpebral and an orbital
tumour.
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Material and methods

The important clinical data and pathohistological findings of the cases were as
follows.

Mrs. S. I., 47 years old, had since one year a swelling on her lower lid which was slowly
growing. At admission, on 5th October, 1970, we observed a swelling 17 X4 mm in size in the
central third of the lower lid on the right side, localized in the intermarginal line, involving
the lachrymal point, infiltrating its surrounding and spreading over to the conjunctiva.
The bulb was intact. The left side was normal. Pathohistological diagnosis: planocellular
cancer.

Mr. H. P., 43 years old, had for several months a swelling of the left upper lid. Since
a month he observed a node in the internal corner of the upper lid. At admission, on 26th
August, 1970, the left bulb was protruded by 2 mm as compared to the right one. Cranial
posterior-anterior and lateral X-ray revealed a soft shadow in the medial upper part of the
left orbital cavity. The tumour removed by operation proved to be an endothelioma on the
basis of histological and electronmicroscopical investigations. A detailed description of this
case has been published elsewhere.

A remarkably large number of mast cells was present around the tumour in the first
case and in scattered localization inside the tumour in the second one.

For electronmicroscopic study, specimens of less than 1cu. mm volume were fixed
immediately in 2% 0s04solution buffered with veronal-acetate according to Palade [58]
at pH 7.3 at 4°C for | hour. After dehydration in ethanol and propylene oxide, the material
was embedded into araldite.

On the basis of half-thin sections stained with methylene blue, suitable blocks were
selected, trimmed and ultrathin sections were cut. The sections stained with uranyl acetate
and lead according to Karnovsky [45] were investigated ina JEM 7A electronmicroscope.
Measurements of the granules were carried out on positive pictures prepared from the plates
at a magnification of 3.4.

Results

The mast cells are large cells of oval shape, 20 25 p in longitudinal and
8 12 [l in transversal diameter (Figs la and 2). As a rule, they have a round
or oval nucleus 6 10+« in diameter and of central localization. The double
nuclear membrane is well outlined, the nuclear surface is smooth. Nuclei with
a lobular or segmented surface were observed only occasionally. Cytoplasmic
invaginations did not occur in the nuclei of mast cells.

The chromatin substance of the nuclei is of uniform distribution, no signs
of marginisation appear, the nuclear substance is of medium electron density.
In the majority of mast cell nuclei, there are irregular structures of high electron
density and 0.03 0.1 p in diameter, localized along the nuclear membrane
at a distance of 300—400 A (Figs la, Ib, 2, 5¢c and 8). They consist of aggre-
gated granules of the ribosomal order of magnitude. They are distinguished
from the environment by their high electron density. There is no limiting
membrane around them.

The usually small nucleolus (Figs 1, 2 and 7) is conspicuous, its electron
density being higher than that of the nuclear substance. As a rule, the nucleolus
is localized centrally and contains the usual granular and fibrillar components.
The brighter fields of lower electron density observable in the nucleolus
correspond to karyoplasmic invaginations.
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The most conspicuous components of the mast cell cytoplasm are the
round or oval granules of high electron density and of varying size. On the
basis of the number and distribution of the granules, one can distinguish two
types of mast cells.

The first one (Figs, la and 7) is characterized by a cytoplasm crowded
with granules of different internal structure, the other cytoplasmic organelles
become insignificant, disappearing among the numerous granules of high
density. Sometimes one can observe a narrow perinuclear zone of the cytoplasm
devoid of granules, where numerous mitochondria, the centriole and the Golgi
apparatus can be found (Figs la and Ib). The Golgi apparatus isusually weakly
developed and mainly of lamellar construction. However, in the majority of
the cells even the perinuclear zone is occupied by granules.

The other type of mast cell (Figs 2 and 5c) contains few dense granules;
the greatest part of the cytoplasm is occupied by numerous electron transparent
vacuoles different in size, limited by a single membrane. These vacuoles
probably represent the structures remaining after the partial or total deple-
tion ofthe granular content. This is indicated by the fact that some of them
contain granulated material of considerable density, and occasionally even
structures resembling lamellar papyrus rolls or corresponding to their frag-
ments. This second type of mast cell appeared more frequently in the imme-
diate vicinity of the cellular elements of the tumour, whereas the mast
cell type crowded with granules was predominant somewhat farther from
them.

Two basic components take part in the construction of the mast cell
granules, viz. a fine granulated substance in different distribution and peculiar
lamellar structures. The great majority of the mast cell granules consists of
these basic components combined in different proportions. A third component,
a peculiar crystal-like formation is also present in some granules. This, however,
was observed only in the patient with epithelial cancer.

The granular component is either loose or dense, of uniform distribution,
forming a ground substance or matrix of the granules. In other cases the
granules aggregate and become arranged into capricious, wavy bundles about
50 mp in diameter, forming a loose network covering the whole or part of the
granule mainly the central one (Figs 3a, 3b, 3c, 4a, 4b, 4c).

The lamellar component forms characteristic structures reminiscent of
papyrus rolls (Figs 3d, 3e, 3f, 3g, 3h). These consist of 3 7 membranes of
concentric arrangement, separated by a uniform space about 150 180 A in
width. They appear in different forms according to the section plane. In the
case of transversal section, one can see a fingerprint-like configuration, while
the longitudinal sections result in cylindric formations limited by 3 4 mem-
branes on both sides, the central part of which is filled by a fine granulated
substance displaying an electron density lower than that ofthe limiting mem-
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branes. The two ends of the cylindric formations melt into the surrounding
granular substance without any distinct border.

The third, rather infrequent component of the granules is a crystal-like
structure (Figs 5a and 5b) consisting of uniform linear elements of parallel
arrangement. The linear elements are at constant distance from each other.
They are composed by regularly arranged granules of uniform size. The crystal-
like structure is embedded into a granulated matrix of higher electron density
and less fine granulation.

The mast cell granules are round or oval structures 0.5 1 p occasionally
1.5 p in diameter. About one third of the granules is limited by a well outlined,
single membrane (Figs 3a, 3c, 3d, 4a, 6a, 8). However, the limiting membrane
is hardly or not at all recognizable in the majority of granules, especially
around those of higher density, being of mixed or clearly lamellar composition
(Figs 3f, 3g, 5a, 5b, 5f). On the basis of the variable proportions of the above
components as well as the internal structure of the granules, the following
types of granules could be distinguished.

There is a small number of granules which seem to be of purely granular
composition (Type Gr.l) (Figs 3a, 3b, 3c). They are of high electron density,
distributed uniformly, and crowded with the granular substance. As a rule,
one can see no limiting membrane around this type of granule, probably
because it confluates with the granular substance. On the other hand, occasion-
ally a narrow, completely electron transparent halo appears between the dense
granule of granular composition and the limiting membrane.

The second type of granule (Type Gr.2) is composed mainly by lamellar
structures (Figs 3d, 3e, 3f, 3g, 3h). It is filled with fingerprint-like or cylindrical
formations obtained on the transversal or longitudinal sectioning of the papy-
rus roll structures, the limiting membrane is smashed or recognizable only in
sections on the surface of the granule, it is discontinuous or occasionally
lacking. The quantity of granular components in these granules is rather
small, and is distributed uniformly in the matrix or in the form of the gran-
ulated substance present in the cavities of the cylindrical formations. The
arrangement of the papyrus roll-like structures in the granules is quite irregular
and accidental. In this way they fall into the plane of section sometimes in
longitudinal, sometimes in transversal direction.

Fig. la. Mast cell. The cytoplasm is crowded with granules of type Gr. 2 composed mainly
by lamellar structures. Nucleolus (N1) of regular structure in the nucleus (N), granular for-
mations of high electron density along the nuclear membrane (arrows). In the small granule-
free region around the nucleus, mitochondria (M), centriole (C) and Golgi zone (G) can be
seen. (X 18,200)
Fig. Ib. The perinuclear granule-free region of the previous cell at higher magnification.
Apart from the saccules of the centriole (C) and the Golgi zone (G), mitochondria (M) and
the vesicles of the smooth endoplasmic reticulum (sEr) can be observed. Dense granular
formations (arrows) near the nuclear membrane. (X36,000)
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Fig. 2. A type of mast cell containing few granules (Gr) but numerous electron transparent
vacuoles (Va). The nucleolus (N1) in the nucleus (N) and dense granular formation (arrows)
along the nuclear membrane can be seen
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Fig. 3. Different types of mast cell granule, a), b) and c). Granules of purely granular com-
X 44,700; 3b. X 15,000; 3c. x 150,500. d, e, f, g and h. Granules

position (Type Gr. 1). (3a.
composed mainly of lamellar structures (Type Gr. 2). 3d. X 36,300; 3e. X68,600; 3f. X68,600;
and j. Compound granules of mixed composition. Type Gr.

3g. X85,750; 3h. X36,300. i.
3a. 3i. X44,500; 3j. x68,600.)
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Fig. 4. Type Gr. 3b. of the compound granules of mixed composition. A narrow, electron-

transparent zone can be observed between the granular substance and the surrounding unit

membrane. (4a. X44,500; 4b. X 57,400; 4c. X44,500; 4d. X 51,000; 4e. X150,500; 4f. 150,500;
4g. x 150,500.)

Acta Morphologica Acadcmiae Scienliarum Hungaricae 19, 1971



FINE STRUCTURE OF MAST CELLS 405

Figs 5a and 5b. Granules containing crystal-like formations. (Type Gr. 4). (5a. x 150,500;
5b. x 150,000)
Fig. 5c. Detail of a inast cell. Granular remains of heterogeneous appearance, formed in
connection with the depletion of the granular content (Type Gr. 5), and electron transparent
vacuoles (Va) in the cytoplasm, (x 49,500)

6 Acta Morphologica Academiae Scienliarum Hungaricae 19, 1971



406 K. LAPIS and M. RADNOT

Fig. 6a. Compound mast cell granules of mixed composition. (Type Gr. 3) A narrow, electron
transparent zone is to be seen between the granular substance and the limiting membrane
(arrows). (X150,500)

Fig. 6b. Peculiar papyrus roll-like components of the mast cell granules, of free, “extra-
granular” localization in the cytoplasm, (x 85,750)

Acta Morphologica Academiae Scientiarum Hungaricae 19, 1971



FINE STRUCTURE OF MAST CELLS 407

fig. 7. Detail of a mast cell. The granules are filling the entire cytoplasm, the other cell

organelles are in the background. Occasional mitochondria (M). The majority of the granules

contains only lamellar elements (type Gr.2); compound granules of mixed composition (type

G.3) also occur. Around the majority of the granules there is a limiting membrane often

separated from the granular substance by a narrow electron transparent zone (arrows). The

lamellar components of the granules are occasionally seen freely in the cytoplasm (double
arrows). Detail of nucleolus (N1) in the nucleus (N). ( X36,300)
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Fig. 8. Detail of a mast cell. The cytoplasm s filled by granules of decreased electron density,

of mixed composition. (Type Gr. 3) Apart from the lamellar formations, a loose, network-like

structure is to be recognized in the granular substance of decreased density. There is either

no or only a discontinuous limiting membrane around the majority of the granules. Granular,

dense formations are present in the nucleus of medium electron density (N) along the nuclear
membrane. (X57,400)
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The third type of granule (Type Gr.3) is a mixed or compound form (Figs
3i, 3j). In its composition both the lamellar and the granular components take
part. According to the proportion and distribution of the two components, the
internal structure of these granules is extremely variable. Two important
forms can be distinguished.

In the first one the granular component forms capricious, dark bundles
50 A in diameter. These net-like bundles of granular composition form thread-
ball-like formations. The lamellar components are situated around the thread-
ball-like formation, often at the margin of the granule. In other cases, half
of the granule is occupied by a threadhall of granular composition, while the
other one contains lamellar structures (Figs 3i, 3j).

In the second form the granular component is predominant. The densely
packed granides are filling the granule. This granular ground substance of
either high or medium electron density contains several lamellar structures
localized mainly at the periphery, immediately under the limiting membrane
(Figs 4a, 4b, 4c, 4d).

The lamellar components are of less regular structure in the mixed or
compound granules than in those composed clearly or mainly by the lamellar
components. One can often see lamellar structures at the periphery of the
granule, consisting of segments of circles differing in diameter, corresponding
to the transversal section of a papyrus roll halved along its longitudinal axis
(Figs 4h, 4f, 49).

As a fourth type of granule (Type Gr. 4) one can mention those contain-
ing the crystal-like formation described above. This type occurred occasionally
in the patient with squamous epithelial cancer (Figs 5a and 5b).

A separate fifth type (Type Gr.5) are the forms arising on depletion
of the granular content (Fig. 5c). Strictly speaking this is not a type but a
group of heterogeneous granule rests. Their common feature is that the limiting
membrane is sharply outlined in some sections, while elsewhere it has disap-
peared completely. The most part of the granule is electron transparent with
scattered rests of the granular component of medium electron density or those
of the lamellar one of high density (Fig. 5¢). The rests of the lamellar components
are occasionally observed lying freely in the cytoplasm, so to say in “extra-
granular” localization (Fig. 6b).

Discussion

As far as the submicroscopic organization of the mast cell granules is
concerned, crystalloid [7, 78], honeycomb-like [28] and granular [79] composi-
tions are mentioned in the literature. The increasing number of ultrastructural
investigations [4, 7, 8, 10, 12, 16, 24, 29, 31, 32, 34, 35, 41 ,43, 48, 54, 67, 73, 78]
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has confirmed that granules of different submicroscopic organization can be
separated in the same material or even cell. The majority of the ultrastructural
differences, according to the opinion of more and more authors [31, 66, 69, 70,
72, 74] is determined by the chemical composition of the specific mast cell
granule.

Considering this circumstance as well as the accumulation of mast cells
around tumours [13, 18, 22, 25, 42, 49, 50, 55], furthermore, that the mast cell
granules may contain different substances being able to influence the com-
ponents, especially the ground substance of the connective tissue playing an
important role in the progression and propagation of cancer [1, 4, 8, 19, 20, 21,
36, 39, 54], investigation of the subcellular organization of the mast cells
accumulated around tumours may command a special interest in the general
biology of cancers.

The present study was aimed at describing the ultrastructural character-
istics and types of the mast cells found in the surroundings of tumours of the
eye-protecting organs, and at comparing them with data, concerning the
submicroscopic organization of mast cells occurring in different normal and
pathological human tissues.

The characteristics of the mast cells are determined by the specific
gramdes occurring in them. Relatively abundant and confirmed data are at
disposal concerning the submicroscopic organization of these granules [4, 10,
12, 16, 28, 29, 32, 34, 35, 44, 48, 63, 64, 67, 74]. Essentially, the classification
of mast cells is based on the differences observed in the number or structural
characteristics of their granules. The pathological effects influence first of all
the granules and manifest themselves in alterations of their number, size,
shape, structure and composition. This is why our attention has been directed
first of all to the granules. However, we have also studied the alterations occurr-
ing in the other organelles of the mast cells or in their organization.

The granules of human mast cells are composed of two basic components,
a granular substance as well as lamellar structures of considerable density [51].
These components have been found in almost all granules of mast cells present
in the different human tissues [4, 11, 13, 25, 29, 30, 31, 41, 43, 49, 50, 51, 73, 78]
under both normal and pathological conditions. These two basic components
may occur in different proportion and distribution in the granules.

The third and less constant component occurring infrequently in the
human mast cell granules is a crystal-like structure displaying a fine linear
pattern [29, 51].

A granular component is usually present in practically every other kind
of secretory granule [5, 6]. Therefore, the lamellar structures can be considered
characteristic components of the human mast cell, partly because similar
structural elements have not been found in the mast cells of other species [61]
apart from the mastocytomas of the mouse [15, 59], and also because they

Acta Mnrphologica Academiae Scientiarum Hungaricae 19, 1971



FINE STRUCTUKE OF MAST CELLS 411

have not been described in the other secretory granules of the human organ-
ism [51].

Whereas knowledge is relatively satisfactory concerning the chemical
composition of the mast cell granules [8, 19, 33, 54, 67], the exact chemical
composition of the subgranular components is not known. On the basis of
certain electron cytochemical staining properties [46] one may, however,
conclude with reservations that the lamellar components are rich in proteins,
the granular ones rich in polysaccharides, whereas the crystal-like structures
correspond probably to protein-polysaccharide complexes [37, 51]. The struc-
tural features arc determined by the degree of sulphatation, the nature of
proteins present in the granules and the relative amount of the proteins and
polysaccharides [16]. The active substances stored in the mast cell granules
seem to influence the structural organization to a lesser extent. For instance,
histamine release is not necessarily accompanied by structural alterations [9,
28, 68].

K obayashi and Asboe-Hansen [49, 50], observed different ultrastruc-
tural alterations in the mast cell granules in basocellular and squamous epitheli-
al skin cancers. According to their findings, pathological alterations occurred
only in the region of the cellular infiltration and in the mast cells localized in
the tumour’s immediate vicinity. This manifested itself in a change of the
granular volume, namely in their swelling in the case of basocellular cancers,
whereas, in the case of the squamous epithelial cancers significant alterations
appeared even in the composition and organization of the granules as compared
to those of normal tissues. The most significant difference was the appearance
of pathological subgranular components such as crystalline structures, myelin
formations composed by concentric lamellae in the granules. In addition, nume-
rous mast cells showed a honeycomb-like structure of the cytoplasm, indicat-
ing its degranulation.

Two types of mast cells, one crowded with granules and another one
containing only few granules but numerous electron transparent vacuoles
were observed by us in the tumours of the protecting organs of the eye as
well as in their surroundings. In this respect our findings agree essentially
with those of K obaa'asHI et al. [51] concerning the mast cells of skin cancers.
These authors described, apart from mast cells rich in granules, also mast cells
poor in granules and showing a honeycomb-like cytoplasmic structure. They
considered the latter type a consequence of degranulation, whereas christen-
sen et al. [15] are of the opinion that they are characteristic of the young
mast cell. According to our opinion this cytoplasmic structure is a result of
degranulation, as supported by the fact that the granules observed in the
cytoplasm of these cells are of a mature structure, the rests of lamellar struc-
tures can occasionally be recognized in the vacuoles, furthermore the so-
called progranules [16] described as characteristic for premature mast cells,
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localized around the Golgi zone and showing special structure, were absent in
these cells.

The mast cell granules found in periocular tumours are composed by the
same two basic components, namely the granular and lamellar structures
(among the latter special, papyrus roll-like formations, too) as in those of the
mast cells found in normal human tissues [4, 23, 29, 51, 56, 66, 74, 78] or in
human skin cancers [49, 50]. The essential characteristics of the granules are
determined by the proportion and distribution of these two basic components.
Taking into consideration their proportion and distribution, we differentiated
three types of granules occurring in both of our patients. There is no sharp
border between the said types and transitional forms appear in a significant
number. The different morphological pictures seem to be connected with the
maturation of the granules. Even the presence of transitional forms supports
this assumption.

K obayashi and Asboe-Hansen [49] separated s types of granules in
the mast cells found around basocellular cancers. They were able to register
alterations even in the size of the different types of granules [49, 50, 51]. We
have failed to find any considerable difference in size between the types of
granules. The diameter of the granules Mas uniformly 0.35 0.75 p in all types,
which agrees with other data concerning the size of granules of human mast
cells [4, 11, 29, 30, 31, 41, 43, 51, 73, 78]. There occurred significant differences
from this value, the lowest and greatest granular diameters were 0.12 and 1.2 fx
respectively.

The fourth type of granule containing the crystalline formations occurred
only in the patient MUth squamous epithelial cancer, nevertheless, even there
it was infrequent and sporadical. K obayashi and Asbof.-Hansen [50] de-
scribed the type of granule containing crystalline structures as a characteristic
manifestation of a pathological subgranular organization occurring in the mast
cell granules around squamous epithelial cancer. However, these authors them-
selves [51] observed granules containing crystalline formations in the mast
cells of the skin affected with another pathological process, urticaria pig-
mentosa. This fact as well as our observations according to which this type
of granule appears even in mast cells around atheromas support the assumption
that the crystalline structure cannot be considered a cancer-specific organiza-
tion. Seemingly, this kind of subgranular organization may appear anywhere,
if the granulogenesis or the depletion of the granular components are disturbed
by some kind of pathological process taking place in the vicinity of the mast
cells. We did not observe in our cases the other type of granules containing
myelin-figures, described [50] in the mast cells of tumours and squamous
epithelial cancers.

As far as its morphological appearance is concerned, the fifth type of
granule described by us represents a rather heterogeneous group. The hetero-
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geneous morphological appearance is connected with the depletion of the gran-
ular components as well as with its degree. It has been shown experimentally
that similar changes are brought about in the ultrastructural organization of the
mast cell granules during their depletion induced by different influences (X-ray,
48/80 treatment, etc.) [14, 36, 39, 47, 57, 67, 68, 69, 70, 75, 77].

Contrasting data are found in the literature concerning the limiting
membrane of the mast cells. Several authors [4, 9, 53] described a distinct
perigranular membrane around the mast cell granules, and considered its
presence a criterion of the integrity and the good fixation of the mast cell
granules. At the same time, there is usually no limiting membrane around
the isolated mast cell granules [16]. Taking into consideration the data con-
cerning the lysosomal nature of the mast cell granules [3, 38, 40, 76], the
proteolytic activity of the granular components as well as the high, polyanionic
heparin content of the granules, the maintenance of the integrity of the cell
which contains these granules seems to be guaranteed only then, if the granule
is limited by a membrane toward the surrounding cytoplasm. Therefore, it
is surprising that K obayashi and Asboe-Hansen [49, 50] should have been
able to find a well-outlined, distinct limiting membrane only around 6.1%
of the granules in the mast cells surrounding the basocellular carcinomas,
and even in our material only about one third of the granules showed a well-
defined limiting membrane. Most probably, the absence of a well-defined
membrane or its discontinuity is an artifact of fixation and processing in a
considerable part of the cases. On the other hand, the finding may be explained
by a confusion of the membrane with the dense ground substance of the
granules. Thus, it seems likely that the limiting membrane comes into being
as a rule around every granule and exists till their lysis, and what is more,
as it is shown by our findings, it persists during the lysis or even after it for
some time.

Apart from the alterations of the granular organization of the perineo-
plastic mast cells, no characteristic ultrastructural changes have been report-
ed [49, 50]. Neither have we observed specific and constant alterations, except
a certain peculiar nuclear one, as compared to the ultrastructure of the mast
cells of normal tissues.

The peculiar nuclear alteration observed in our cases involved the appear-
ance of irregular, dense bodies of granular composition in the karyoplasm along
the nuclear membrane. Similar formations have been described neither in
the mast cells of normal human tissues nor in those found in the vicinity of
pathological processes. The composition and significance of these bodies is
unknown. One might expect an elucidation of the problems arising in connec-
tion with them from the method of preferential staining by EDTA (ethylene
diamine tetraacetate) in aldehyde-fixed material as well as from the applica-
tion of methods of enzyme digestion on ultrathin sections.
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DIE FEINSTRUKTUR DER MASTZELLEN BEI GESCHWULSTEN
DER SCHUTZORGANE DES AUGES

K. LAPIS und M. RADNOT

Verfasser untersuchten die ultrastrukturellen Ziige der Mastzellen im Stroma von den
Schutzorganen des Auges ausgehenden Tumoren (Epithelzellenkrebs, Endotheliom), auf-
grund welcher sie zwei Typen der in den Tumoren vorkommenden Mastzellen unterschieden.
Der eine Typ wird durch mit Granula uberfilltem Zytoplasma, der andere Typ durch wenig
Granula aber viele Vakuolen enthaltendem Zytoplasma charakterisiert. Nach Beobachtungen
der Verfasser nehmen im Aufbau der Granula der Mastzellen in der Umgebung von Tumoren
dieselben zwei grundlegenden struktirdién Komponenten teil, wie im Falle der in verschieden
normalen Gewebe des menschlichen Organismus befindlichen Mastzellen. Im Falle des Platten-
epithelkrebses nahm in einem geringen Teil der Granula noch eine dritte Komponente — und
zwar eine kristallahnliche Formation — an deren Struktur teil. Aufgrund der Verteilung
der subgranularen strukturellen Komponenten unterscheiden die Verfasser 5 Typen der Mast-
zellengranula. In ein und derselben Mastzelle waren gewdhnlich mehrere Typen von Mastzellen-
granula vorhanden. Die Grofe der Granula in der Umgebung des Tumors unterschied sich
nicht von der GroBe der Granula von in normalen menschlichen Geweben vorkommenden
Mastzellen. Um ein Drittel der Granula beobachteten Verfasser das Bestehen einer kontinuier-
lichen oder diskontinuierlichen Membrane. Zwischen den Granula beobachteten Verfasser wei-
terhin sich frei im Zytoplasma befindliche Papyrusrollenartige, weniger hoch organisierte
plattenartige Strukturen.

TOHKAA CTPYKTYPA TYUYHbIX KJ/IETOK B OMNYyXOJ1AX
SALLNTHBIX OPFAHOB [J1A3A

K. TAOW n M. PAOHOT

ABTOpPbI M3yyasin Ha ABYX OMYX0/IAX, UCXOAUBLUNX U3 3aLLMTHBIX OPraHoB rnas (pak naoc-
OK) 3MUTeNIMSI N 3HA0TENMOMA) YNbTPACTPYKTYPHbIE YepTbl BCTPEUAIOLLMXCS B CTPOME TYUHbIX
K/NETOK, Ha OCHOBaHWW Yero oHW AndhepeHLMpoBaIv Ba TUNA TyUHbIX KNETOK, BCTPEYatoLLMXCS
B Onyxonax. OAuH TN XapaKTepusyeTcsl 6UTKOM HaBWUTON 3epHbILLIKAMK LIMTOMIa3MOM, a Apyroii
TUN XapaKTepu3yeTCcsi HeGO/bLLIMM YMC/IOM 3ePHbILLIEK, HO 3aTO LIMTOM/A3MOiA, CoflepKallleit MHOro
BayKoseii. Ha oCHoBaHWMM HaGMOAEHWIA aBTOPOB B CTPYKTYPE 38PHbILLEK TYUHbIX KIETOK B6/M3N
OMyX0/IN y4acTBYIOT Te Xe [Ba OCHOBHbIX CTPYKTYPHbIX KOHMOHEHTa, KaK U B Cyyae Ty4HbIX
KNETOK, UMEIOLLIMXCS B Pa3MUHbIX HOPMa/bHbIX TKaHSIX YeN0BeYecCKoro opraHusma. B cnydae
NI0CKO3MUTENINANBHONO paka B HE3HAUMTENbHOM YaCTU 3ePHBILLEK B UX CTPYKTYpPe y4acTBoBas U
TPETUI A KOMMOHEHT, a MUMEHHO KpUCTannonogobHoe o6pasoBaHue. Ha ocHOBaHWM opraHm3aumm
Cy6rpaHynsipHbiX CTPYKTYPHbIX 3/1EMEHTOB aBTOPbl AU(PMEPEHLMUPYIOT MSATb TUMOB 3epPHbILLIEK
TYUHbIX K/IETOK. B 0fIHOI W TOVi e TYUHOI KeTKe 06bIYHO 6bI10 HECKO/IbKO TUMOB 3ePHbILLIEK.
Be/lMumHa 3epHbILLEK B TyUHbIX KNETKax B OKPECTHOCTM OMyXosieil He OT/iMYanack OT TaKOBOM B
TYUHbIX KNeTKax HOPMasibHbIX Ue/l0BeYeCKMX TKaHel. BOKpPYT 0AHOM TPUTbI 3epHbILLEK aBTOPbI
Ha6noaaNN HeNpepbIBHYIO W MPEPbIBACTYIO MepPenoHKy. Mexay 3epHbIKaMy Habioaanvch
TaKXXe W CBOGOAHO PaCcMooXeHHbIe B LIMTOMN/Ia3Me NanvpyconofobHble MeHee BbICOKO 0praHu3o-
BaHHble MAacTVHYaTble CTPYKTYpbI.

Dr. Karoly Lapis: |. Kdrbonctani Intézet,

Budapest VIII. UllI6i at 26., Hungary
Dr. Magda Radnost: . Szemészeti Klinika,
Budapest VIII. 1llés u. 15, Hungary
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Abteilung fur Elektroiienmikroskopie (Direktor: Prof. Dr. H. David) des Pathologischen

Instituts (Direktor: Prof. Dr. H. L. Kettler) der Humboldt-Universitat, Berlin, II.

Pathologisches Institut (Direktor: Prof. Dr. H. Jettinek) und I. Kinderklinik (Direktor:
Prof. Dr. P. Gegesi-Kiss) der Medizinischen Semmelweis Universitdt, Budapest*

LYMPHKNOTENULTRASTRUKTUR
BEI NIEMANN-PICKSCHER KRANKHEIT**

T. KerENYI, J. RoMHANYI und G. PODER
(Eingegangen am 13. September, 1971)

Bei einem 9monatigen, an Niemann-Pickscher Krankheit leidenden Madchen
wurden die Speicherzellen eines subkutanen Lymphknotens histologisch und elektronen-
mikroskopisch untersucht. Im Lymphknoten konnte keine Fibrose nachgewiesen wer-
den, die Struktur war erhalten, in der Umgebung des Lymphsinus lieBen sich aber
mehrere Speicherzellen beobachten. Elektronenmikroskopisch war in verschiedenen
Zellformationen Histiozyten, Retikulumzellen, Endothelzellen, glatten Muskelzellen
der BlutgefadRe, Lymphoblasten, Lymphozyten - eine Speicherung nachzuweisen.
Hydration und Struktur der gespeicherten Substanz waren in den einzelnen Zelltypen
unterschiedlich. In den Histiozyten traten Mitochondriendegeneration, Zytolysosom-
bildung, atypische Zellorganellen und Kernveranderungen in Erscheinung. AufBer den
angefihrten Veranderungen waren eigenartige Partikeln zu beobachten, welche einige
Verfasser vorangehend in den Langerhansschen Zellen der menschlichen Haut und bei

Histiocytose X vorgefunden haben.

Die chemische Struktur der bei Niemann-Pickscher Krankheit gespeicher-
ten Lipide wurde durch die Untersuchungen von Kienk (1934) gekléart. Des
weiteren vermochten Diezel (1954) sowie Feyrter (1962) zu beweisen,
dall die gespeicherte, vornehmlich aus Sphingomyelin bestehende Lipid-
mischung eine, den einzelnen Speicherzellarten entsprechend unterschiedliche
Zusammensetzung zeigt. Die ultrastrukturellen Einzelheiten der Speicherzellen
und ihrer Lipideinschlisse wurden in den Leukozyten von Lazarus und
Mitarb. (1967), in der Milz und der Leber von Ross und Mitarb. (1961) sowie
Volk und Wallace (1966), in hirnbioptischem Material von Terry (1963)
untersucht. Mit der diesbezuglichen Untersuchung der Lymphknoten haben
sich Terry (1963) sowie Lynn und Terry (1964) befalt.

In unserem, in vorliegender Arbeit dargestellten Fall vermochten wir
einerseits bisher nicht beschriebene Speicherzellanomalien, andererseits gewisse
Partikeln zu beobachten, die vorangehend von Birbeck und Mitarb. (1961)
in den Langerhansschen Zellen der Haut und von Basset und Turiaf (1963)
bei Histiocytose »Xv vorgefunden worden waren.

* Fir ihre, bei der Zusammenstellung und Abfassung unserer Arbeit geleistete Hilfe
sind wir Herrn Prof. Dr. H. David, Leiter der Elektronenmikroskopischen Abteilung d. Hum-
boldt-Universitat Berlin, Herrn Dr. P. Weiss und Fri. |I. Uerlings zu besonderem Dank

verpflichtet.
** |In den letzten Jahren wurde es klar, dal die Krankheit keine klinische und biochemische

Einheit bildet. Bei bestimmten Formen ist die Sphingomyelin-Speicherung mit Cholesterin-
Ablagerung begleitet (Phitippart u. Mitarb. 1969).
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Material und Methodik

A. M. 9inonatiges Madchen. Klinikaufnahme wegen retardierter Entwicklung und
hochgradiger Hepatosplenomegalie. Aufgrund der klinischen Befunde konnte die Gauchersche
Krankheit ausgeschlossen werden. Blutausstrich: bei 50—60% der Lymphozyten und Mono-
zyten trat vakuoliertes Plasma in Erscheinung. Im Knochenmarkpunktat befanden sich
40—60 Il groBe Schaumzellen. Histologischer Befund des entfernten pfefferkerngrofen Lymph-
knotens (rechts 6, ICR, in der vorderen Axillarlinie): erhaltene Struktur, keine Fibrose, im
Sinus margindlis zahlreiche Lymphozyten; in der Umgebung des Randsinus sowie des Mark-
sinus 20—60 fi groBe Schaumzellen mit eosinophilem Zytoplasma. Aufden hilusnahen Gebieten
kamen diese Zellen in groBerer Anzahl vor, auRerdem war auch die Menge der durch dieselben
gespeicherten und sich anldBlich der Einbettung ausgeldsten Lipidsubstanz betrachtlicher.
In den Gefrierschnitten farbte sich der Inhalt der Schaumzellen mit Sudan Il lebhaft orange,
und zeigte intensive Doppelbrechung. Eine &hnliche kdrnige Farbung lieB sich auch in den
Paraffinschnitten nach Sudanschwarz-Farbung erkennen. Der Yakuoleninhalt erwies sich als
PAS-negativ (Feyrter, 1962; Diezel, 1954). Im Zytoplasma der Schaumzellen sowie der
Endothelzellen der Kleinarterien und Postkapillaren, in dem mit Chromalaun fixierten und
mit dem BAKERschen saueren Hamatein gefarbten Material waren bldulich-scharze Kérnchen
zu beobachten (Abb. 3c). Vorbereitung des Materials zur elektronenmikroskopischen Unter-
suchung: Fixierung der Rinden- und Markstickchen in einem aus 3 Vol. 4%iger Formalinl6-
sung (Holt und Hicks, 1961) und 1Vol. 25%iger Glutaraldehydldsung (Toré, Joo, 1966) be-
stehenden Gemisch; Nachfixierung in isotonischer, gepufferter Osmiumtetroxydldsung (Miu-
i.onig, 1962), Entwdésserung in Alkohol, Einbettung in Durcupan. Zunéchst wurden die auf-
zuarbeitenden Gebiete anhand der halbdinnen Schnitte ausgewé&hlt; zur Verfertigung der
Schnitte diente ein LKB-Ultrotom, zur Untersuchung der Prédparate kamen die Elektronen-
mikroskope JEM 6C und Elmiskop IA (Siemens) zur Anwendung. Die Schnitte wurden mit
gesattigter Uranylazetatlésung und Bleizitrat (Reynoltds, 1963) kontrastiert.

Ergebnisse

Etwa 50% der Lymphozyten und nahezu 70% der Lymphoblasten ent-
hielten 0,5 2 fi groBe elektronendichte Einschliusse, unter denen einige mit
einer Membran umgeben waren. Die sich in den Lymphozyten befindlichen
Lipide verfugten uber eine groéfitenteils feinkdrnige, zuweilen aber Uber eine
unregelméaRige, lamellare Struktur (Abb. la, b). In den, den Retikulumfasern
entlang verlaufenden Retikulumzell-fortsdtzen traten Einschlisse in Erschei-
nung, die in bezug auf GrofRe und Struktur den Lipidkérpern der Lymphobla-
sten &hnlich waren (Abb. la). In den Retikulumzellen (Retikulumzellen und
Histiozyten lieBen sich nicht mit Sicherheit unterscheiden) und in den, von
den Fasern unabhéngig verlaufenden Fortsdtzen derselben befanden sich
1—6 fi grofRe Einschlisse mit unregelmé&fRiger lamellarer Struktur. Die Den-
sitdt des Inhalts der auf diesen Gebieten ebenfalls beobachtbaren Einschlisse
mit kdrniger Struktur war mit ihrer GroBe umgekehrt proportional (Abb. Ic).
In der Umgebung dieser Zellfortsdtze konnte eine groRe Menge degenerierter
Zellfragmente, extrazelluldrer Zellorganellen (hauptsachlich Mitochondrien)
sowie Uber eine kornige oder eine lockere, konzentrisch-lamellare Struktur
verfugender Lipidkérper beobachtet werden (Abb. la, ¢, 3d). Die Mehrzahl
der die regelmaRigste konzentrische lamellare Struktur aufweisenden Ein-
schlisse befand sich im Zytoplasma der Histiozyten (Abb. Ib, 2a, 3a, 7a).
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Abb. la. 0,5 2fi groBe osmiophile Einschlisse von identischem Typ im Plasma eines Lympho-
blasts und im faserumhillenden Fortsatz einer Retikulumzelle (R). Zellfragmente (Zf).
Strukturlose Retikulumfortsatze (Rf). JEM 60, X 8200
Abb. Ib. Lipidkdrper von unterschiedlichem Typ im Zytoplasma der Lymphozyten (L) und
in einem Histiozyt (Hi). Die im Histiozyt ersichtlichen Einschliusse verfigen tber eine kon-
zentrisch-lamellare Struktur. JEM 60. X 10 400
Abb. lc. Unter den Lymphozyten befinden sich Retikulumzellfortsdtze mit Einschliissen von
unterschiedlicher GréBe, Struktur und Densitdt. Retikulumzelle mit hochgradiger Speicherung
(R). Zyklomembrandse Struktur in einer zerfallenden Zelle (C). Zellfragmente (Zf). JEM 6C.

X'3200
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Die Periodizitat der Membran betrug 90 A (Abb. 3a, 7a). Mitunter kamen auch
in ein und derselben Zelle Einschlisse mit einer lamellaren bzw. kdrnigen
Struktur vor (Abb. 3a). Die Endothelzellen der GeféaBwand zeigten ein hoch-
gradiges, die Glattmuskelzellen und Perizyten ein etwas maéligeres Speiche-
rungsvermdgen (Abb. 3b, 3d). In den letzterwdhnten Zellen lieRen sich vor-
wiegend 0,4 1 fi groBRe, Uber eine unregelmé&Rige Lamellarstruktur verfiigende

Abb. 2a. In einem, in der Umgebung des Golgischen Feldes (G) und des Zytozentrums (CC)
liegenden Histiozyt lamellenférmige Speicherkdrper. In der Ndhe des glatten endoplasmatischen
Retikulums zwei Langerhanssche Korper (eingerahmt). JEM 6C. X 15 000
Abb. 2b. Starkere VergroBerung der in Abb. 3a dargestellten Langerhansschen Kdérper. Mito-
chondrien mit verschwommener Struktur (M). JEM 6C. X40 000

Lipideinschliisse erkennen. Stellenweise war das Endothel der Arteriolen
fenestriert. Die Lipideinschlisse der Lymphozyten und Lymphoblasten stan-
den mit den geringzahligen Zellorganellen in keiner Verbindung, in den Histio-
zyten konnte aber vornehmlich in der Umgebung des Golgi-Apparats und
des vermehrten glatten endoplastischen Retikulums eine Anh&dufung von
Speicherkdrpern beobachtet werden (Abb. 2a). Wahrend etwa 40% der Histio-
zyten-Mitochondrien von normaler Struktur waren, lieBen sich bei mehr als der
Halfte dieser Gebilde Strukturanomalien feststellen: Quellung, Auflésung der
Struktur, Teilung der Mitochondrien (Abb. 4a), Myelinfigurbildung (Abb. 4b),
Verdickung und Fragmentation der &uBeren Grenzmembran (Abb. 5a), homo-
gene und lamellare Lipideinschlisse in den Mitochondrien sowie in ihrer un-
mittelbaren N&he (Abb. 4c, 5b). In den Lymphozyten- und Lymphoblast-
Mitochondrien ist die Struktur fast nicht mehr zu erkennen, auf der Ober-
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flache befinden sich kleine, mit Matrix ausgeflllte Protrusionen, wo auch
die &uBere und innere Membran ineinanderschmilzt. In den intensiv speichern-
den Histiozyten waren die freien Ribosome gering an der Zahl und auch der
Gehalt an endoplastischem Retikulum war niedrig, dagegen enthielten sie
h&aufig Zytolysosome mit einem ribosomalen oder mitochondrialen Inhalt oder
mit endoplasmatischen Retikulumfragmenten. In den meisten dieser Zytoly-
sosomen befanden sich nebst normalen Plasmabestandteilen auch feinkdrnige
oder unregelmaRig lamellierte Lipideinschlusse (Abb. 6a, b). In einer anderen
Gruppe der Zytolysosome lie} sich eine ausdrickliche Verdichtung des Zyto-
plasmasbeobachten. Im Zytoplasma der aktiv-eiweilsynthetisierenden Zellen —
welche betrachtliche Mengen der Ribosome und der endoplasmatischen Retikula
enthielten traten h&ufig flockige Vakuolen mit méfRiger Elektrondensitat in
Erscheinung (Abb. 6c). Einige dieser Gebilde standen mit Myelinfiguren, wieder
andere mit Lipideinschlissen im Zusammenhang (Abb. 6d), ihre dreischichtige
Membran war von auffallender Dicke (90 100 A) (Abb. 6d). Im Plasma der Ilis-
tiozyten waren besonders in der N&he des Kerns und des Golgi-Apparats
0,2 0,8/1lange, 500 600 A breite, mit einer dreischichtigen, 90 -100 A dicken
Membran umgrenzte stabfdrmige Organellen vorzufinden (Abb. 2a, b, 7a). In
einem Teil dieser Organellen verliefin der Mitte, zwischen den Grenzmembranen
eine, Uiber eine charakteristische (110 150 A) Querstreifung verfiigende, oder
eine doppelte, keine Periodizitat aufweisende Linie (Abb. 7a). Fallweise ver-
mochten wir derartige Organellen auch unter den Zellfragmenten im extrazel-
luldren Raum nachzuweisen (Abb. 7b, s. Pfeil). In ihrer Umgebung befand
sich zumeist endoplasmatisches Retikulum mit glatter Oberflache (Abb. 2a)
und mehrere 1300 1800 A groRe, runde, doppelwandige Gebilde (Abb. 7b, c).
Zuweilen blahte sich das eine Ende dieser stabférmigen Kdorper auf, worauf
sie die Form eines Tennisschldgers annahmen. In einigen F&llen standen diese
Strukturen mit doppelwandigen runden Kdrpern im Zusammenhang (Abb. 7c).
An anderen Stellen bildeten diese runden Korper, in paarweiser Anordnung,
brillenartige Formationen (Abb. 8a).

Im Kern der Histiozyten befanden sich zahlreiche Perichromatingranula,
in der Mitte des Kerns traten von Fall zu Fall 0,2 0,6 /i grofRe, mit feinflocki-
ger Substanz ausgeflllte Vakuolen in Erscheinung (Abb. 8b). In der Umgebung
der Zellfortsdtze waren nebst den strukturarmen interstitiellen Zellfragmenten
hdufig auch Demarkationserscheinungen zu beobachten (Abb. 8c).

Besprechung

Die lamelldése Struktur der Einschliisse wurde durch die meisten For-
scher, die sich mit der Ultrastruktur des bei Niemann-Pickscher Krankheit
gespeicherten Lipidgemisches befaflten, erwdhnt (Ross und Mitarb., 1961;
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Terry, 1963; Lynn und Terry, 1964; Casper und Wolman, 1964; King,
1966; David, 1967; Galfi, 1967). Die Untersuchungen von Ross und Mitarb.
(1961) in bezug auf die in den Milz- und Leberzellen beobachtbaren Speicher-
vakuolen bei verschiedenen Thesaurismosen ergaben, dall die Ultrastruk-
tur der erwdhnten Gebilde charakteristisch und von diagnostischem Wert ist.
In unserem Fall, in dem ausgedehnter Zellzerfall vorlag, ergibt sich jedoch
die Frage, ob wohl sémtliche Lipide die Produkte des priméar-pathologischen
Stoffwechsels sind, oder ob zumindest in den Histiozyten, die Einschlisse
zum Teil auch Strukturlipide enthalten. In diesen Fallen gelangen in den
Einschlissen wahrscheinlich den eigenartigen Stoffwechselverhdéltnissen der
Histiozyten zufolge — die polaren Lipidmolekeln zum Ubergewicht (Diezel,
1964; Casper und Wolman, 1964; Stejskal und Mitarb., 1966; Lazarus
und Mitarb., 1967; Philippart und Mitarb., 1969) und bilden im wasserigen
Medium sich regelméfRig anordnende Myelinfiguren (Stoecicenius, 1959, 1962).
Werden unsere Aufnahmen mit den Abbildungen der erwédhnten Verfasser
verglichen, so ergibt sich, dal? die obige Feststellung in bezug auf die Lymph-
knoten — trotz der Variabilitdt der Lipideinschlisse gultig ist. Aufgrund
der beobachteten Erscheinungen, d. h. der groflen Menge der extrazellular
liegenden Lipideinschlisse und des Zellzerfalls, durfte auch die Mdglichkeit
einer eventuellen Klasmatose erwogen werden.
Die geringe Menge des zur Verfiigung stehenden Untersuchungsmaterials
ermdoglichte die Durchfuhrung einer eingehenden liistochemischen Analyse
so z. B. die Pyridinextraktion bedauerlicherweise nicht. Die eine unter-
schiedliche elektronenmikroskopische Struktur aufweisenden Lipidkdrper erga-
ben aber lichtmikroskopisch stets identische Farbungsreaktionen. Da bei der
Niemann-Pickschen Krankheit nicht nur der Sphingomyelin-Stoffwechsel,
sondern auch der Zerebrosid-Umsatz gestdrt sind, durfte angenommen werden,
daR in jenen Zellen, in denen sich Einschlisse mit einer kdérnigen Struktur
befinden, die in geringerem Male polaren Zerebroside und Ganglioside Uber-
wiegen (Diezel, 1954).

Abb. 3a. Feinkdrnige und lamellése Einschlisse im Histiozytenplasma; das letzterwahnte

Gebilde besitzt ein inhomogenes Zentrum. Die 35 A dicken Lamellen verlaufen in einer Ent-

fernung von 90 A parallel oder auch paarweise nebeneinander. Zwischen den beiden dicken

Lamellen ist eine etwa 10 A diinne Linie ersichtlich. Siemens I. A., x76 400

Abb. 3b. Tangential geschnittene Wand einer kleinen Arterie mit lipidspeichernden glatten

Muskelzellen ( f)» Hochgradige Speicherung in der Endothelzelle (E). Basalmembran (B).
Siemens 1. A. X8000

Abb. 3c. Hilusarterie des Lymphknotens. Dunkle Farbung der phospholipidspeichernden

Endothelzellen (Backersche saure Hamateinfdrbung); die roten Blutkdrperchen farbten sich

ebenfalls dunkel. X120

Abb. 3d. Arteriole mit speicherndem Endothel (E) und Glattmuskelzellen (MC). Im Lumen ist

ein Lymphozyt mit einem Lipidkdrper ersichtlich. Die Einschliisse sind grdéftenteils kleiner

als 1fi, elektronendicht, feingranuliert oder unregelméBig lamellés. In der Umgebung eines

Histiozytenfortsatzes (Hi) degenerierte Zellbestandteile: Lipidkérper (| ) und Mitochondrien
(L). Siemens, I. A. X 8000
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Abb. 4a. Angeschwollenes, sich teilendes Mitochondrium im Histiozyt. Lipidkorper (L). Siemens

1. A. X48 000
Abb. 4b. Myelinfigurbildung in der Umgebung der Christae mitochondriales. Siemens, . A.
X 36 000
Abb. 4c. Homogener Lipidkdrper in Verbindung mit einem Mitochondrium. Siemens 1. A.
X 48 000

Abb. 5a. Diffuse Vermehrung und osmiophile Umwandlung der &uferen Mitochondrium-
membran im Histiozyt. Siemens I. A. X 48 000
Abb. 5b. Lamelléser Lipidkdrper in enger Verbindung mit einem degenerierten Mitochondrium.
Siemens |. A. X 88 000
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Abb. 6a. Verdichtetes Plasma, rauhes endoplasmatisches Retikulum und Lipidsubstanz iin
Zytolysosom. Siemens I. A. X 48 000
Abb. 6b. Zytolysosom mit lipidartigem und mitochondrialem Inhalt. Siemens I. A. X 48 000
Abb. 6c. Vakuolen mit flockigem Histiozytenplasmainhalt. Siemens 1. A. X 48 000
Abb. 6d. Die dickwandigen Vakuolen enthalten haufig Membranteilchen und dichtes fein-
granuliertes Material. Verschmelzung der Vakuolen mit den tber einen identischen granuléren
Inhalt verfugenden Lipidkérpern (L). Siemens 1. A. X80 000

Laut voik und w arrace (1966) sowie w arrace und Mitarb. (1966)
sind die Speicherungskérper der Leber lysosomalen Ursprungs. tynn und
Terry (1964) hielten dagegen bei Niemann-Pickscher Krankheit bei Erwach-
senen weder den mitochondrialen noch den lysosomalen Ursprung fiur wahr-
scheinlich. Die saure Phosphatase-Aktivitat der Speicherungskdrper ist  wie
darauf die Untersuchungen von Terry (1963) hingewiesen haben auller-
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Abb. 7a. Quer- (f)und Flachschnitt (|) von Langerhansschen Kd&rpern und ein Lipidkorper
(L) im Histiozytenplasma. Die Lange der dargestellten Partikeln betrdgt 0,3 go, die Breite
macht 500 A aus. Die begrenzende dreischichtige Membran besitzt eine Dicke von 100 A,
die Periodizitat der Querstreifung betrdgt 130 A. Siemens I. A. X80 000
Abb. 7b. Zahlreiche stabformige Organellen im Plasma der benachbarten Histiozyten. Oben
eine extrazelluladre Organelle ( | )» Der eingerahmte Abschnitt in Abb. 7c. Nucleus (n). Siemens
1. A. X24 000
Abb. 7c. Ein, an einem Ende tennisschlédgerartig aufgebldhtes Gebilde in Verbindung mit
einem 1300 A groRen, durch eine doppelte Membran umgrenzten Rundkérper. In der Mitte
des schmalen Teiles verlaufen in einem Abstand von 100 A nebeneinander zwei, keine Quer-
streifung aufweisende 30 A dicke Linien. Rechts unten eine runde und eine C-férmige Struktur
(die letzterw&hnte Partikel hat sich vermutlich aus verdnderten glatten endoplasmatischen
Retikula gebildet). Siemens I. A. x 80 000
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ordentlich gering. Die von Ross und Mitarb. (1961) beschriebenen Ubergangs-
formen bis zur Entwicklung der Lipofuscin-Residualkdérper, vermochten wir
in unserem Fall nicht vorzufinden. Anhand der Beobachtung, dall sdmtliche
Mitochondrien gewisse Schadigungen aufweisen, vertraten die letzterwdhnten
Verfasser und auch b avia (1967) die Ansicht, dafl die Speicherung in den
Mitochondrien beginnt. Die Mitochondrien waren zwar auch in unserem Mate-
rial l&diert, auBerdem lie} sich in den Histiozyten eine sich von den mafig
geschadigten Mitochondrien bis zu den Lipidkdrpern erstreckende forinalgene-
tische Reihe zusammenstellen, wegen der Aldehydfixierung (wobei die mit
den Mitochondrien verbundenen Myelink6rper im Vergleich zu dem ausschliel3-
lich mit Osmium fixierten Material hdufiger Vorkommen) haben wir aber diese
Veranderungen nicht eindeutig, als die ersten Zeichen der Speicherung betrach-
tet (Pick, 1967; Ericson UNd Bibenret1a, 1967). Die beschriebenen Degenera-
tionsformen der Mitochondrien und die Myelinfiguren kommen h&ufig auch
bei hypoxischen Zellverdnderungen vor (Bade UNd Schumacher, 1964;
Ericson UNd Glinsmann, 1965; Glinsmann UuUnd E ricson, 1966; Pick, 1967;
Richter uUnd Mitarb., 1967). In den retikulohistiozytdren Elementen der Milz
und der Lymphknoten, vor allem in den Mitochondrien kommt es bekanntlich
haufig zur Vermehrung endogener und exogener Substanzen (cGabier, 1960;
Hirosawa, 1968; w atanuki Und Mitarb., 1969). schafrfer undBassLER (1966)
vermochten in den GAUCHERschen Zellen das Ineinanderschmelzen der
auBeren und inneren Mitochondrienmembranen sowie Protrusionsbildung zu
beobachten.

Die Zytolysosombildung, welche sich in den hypoxischen oder toxisch
geschadigten Zellen bekanntlich regelm&Rig abspielt (1 ruban und Mitarb.,
1963; bavia, 1968), meldet sich offensichtlich in den stoffwechselaktiven
Histiozyten am intensivsten. In den spateren Stadien umwandeln sich diese
Gebilde aller Wahrscheinlichkeit nach in Lipideinschliisse mit einer lamellar-
kornigen Struktur.

Die Speicherung der Glattmuskelzellen der Gefalwand weist entweder
auf eine pathologische Lipidsynthese oder auf die Phagozytose der Zellen
(Buck, 1962; Parker und ¢ drana, 1966; w eiss, 1968).

Die von uns bei Niemann-Pickscher Krankheit beobachteten Gebilde
mit stabférmigem Querschnitt wurden zuerst von sirbeck und Mitarb. (1961)
als Langerhanssche Kdérper beschrieben, und zwar haben die erwdhnten Ver-
fasser diese Formationen in den intensiv eiweil3synthetisierenden Langer-
hansschen Zellen der menschlichen Haut beobachtet. Basser UnNd Turiar
(1965), die diese Organellen bei Histiocytose X in Lungen-und Knochenlésionen
vorfanden, erwogen die Mdglichkeit in bezug auf ihre eventuelle virusartige
Eigenart. Wahrend canciti1a und Mitarb. (1967), H attner und Mitarb. (1968),
schsngut Und Mitarb. (1968) die erwéhnten Gebilde im eosinophilen Granu-
lom bzw. in den Histiozyten der durch Letterer-Sivesche Krankheit bedingten
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Hautlésionen nachwiesen, fanden oi1an und Mitarb. (1968) in den — annehm-
bar epidermalen — Zellen des Rattenthymus &hnliche Strukturen. Die von
Renhtich UNd Tsrs (1965) in den Endothelzellen des Lebersinus und den
Retikulumzellen der Lymphknoten beobachteten Partikel zeigten eine &hn-
liche Struktur wie die von uns beobachteten, der GréRenordnung nach wichen
sie jedoch von diesen ab. Die von uns Vorgefundenen Organellen waren im
Vergleich zu den in der Literatur beschriebenen etwas kleiner, aul3erdem
schienen sie eher mit dem glatten endoplastischen Retikulum sowie mit der
umgewandelten Form desselben, den 1300 1800 A groRen, doppelwandigen
Gebilden im Zusammenhang zu stehen als mit der Zellmembran. Von struk-
turellem Standpunkt aus stimmen manche der von uns beobachteten Partikel
mit dem von sagebier UNd Reea (1968) hergestellten Dreidimensionsmodell
nicht Gberein. Obwohl zwischen den Langerhansschen Kérpern und den Uber
eine ebenso dicke dreischichtige Membran und einen flockigen Inhalt ver-
fugenden Vakuolen kein direkter Ubergang nachzuweisen ist, dirfte anhand
der Identitat der Dicke der Grenzmembran die eventuelle Verwandtschaft
der beiden Gebilde erwogen werden. Damit im Zusammenhang kénnte ange-
nommen werden, dal? die ungewodhnlich gestalteten Langerhansschen Kd&rper
einerseits an der Lipidspeicherung teilnehmen, andererseits die ausdrucksvollen
Zeichen der gesteigerten Aktivitat der Histiozyten sind. Auch das ware mdg-
lich, dal} einzelne extrazellulare Langerhanssche Kdérper  den extrazelluldren
Lipidkérpern und Mitochondrien &hnlich aus Zellzerfall stammen.

W atanuki und Mitarb. (1969) haben bei M&usen im Kern der phagozy-
tierenden Histiozyten intranukleare Gebilde mit feingranulierter Struktur be-
obachtet. Die in unserem Fall vorgefunden Kerneinschliisse waren jedoch mit
einer Membran umgeben und verfugten Uber einen flockigen Inhalt. Unseres
Erachtens ware es maglich, dal diese Gebilde nebst den zahlreichen, auf
allgemeine Stoffwechselstérung weisenden Veréanderungen die Zeichen einer
Eiweillretention im Kern sind.

Abb. 8a. Atypische endoplasmatische Retikulumformationen im Histiozytenplasma: brillen-,
ring- und C-formige Strukturen. Siemens I. A. X80 000
Abb. 8b. Vakuole mit feinflockigem Inhalt im Histiozytenkern. Mehrere Perichromatingranula
( f). Siemens I. A. X80 000
Abb. 8c. Demarkationsartige Zytolysosombildung im Histiozytenfortsatz mit verdichtetem
ribosomenreichem Plasma. Siemens |. A. xO0O0
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OBSERVATIONS ON THE ULTRASTRUKTURE OF LYMPH NODES
IN NIEMANN-PICK DISEASE

T. KERENYI. J. ROMIIANYI and GY. PODER

Histological and electron microscopic studies were performed on the storage cells of
a subcutaneous lymph node from a 9 months old girl, suffering from Niemann-Pick disease.
Fibrosis could not be observed in the lymph node, the structure was retained, several storage
cells could be detected however in the area of the lymphatic sinus.

Electron microscopic examinations revealed storage in different cell types, thus in
histiocytes, reticular cells, endothelial cells, in the smooth muscle cells of the blood vessels,
in lymphoblast cells and lymphocytes. The hydration and structure of the stored material
appeared to be different in the individual cell types. Degeneration of the mitochondria, lyso-
some formation, atypical cell organelles and changes of the nuclei were seen in the histiocytes.
Characteristic particles, observed by certain authors in the Langerhans cells of human skin
and in histiocytosis X, were also present besides the above mentioned alterations.

OAHHBIE K YNbTPACTPYKTYPE NNMM®OPATUHECKUMX Y3NOB TMPU BOJE3HN
HUMAHA-TTINKA

T. KEPEHW. . POMXAHW u [. NOJEP

Y 9-MecsiuMOii [eBOYKM, cTpajaBLleil 60ne3Hb0 HuMaHa-11lvka npoBoAwaoch rMcTonoru-
YECcKoe M 3/1eKTPOHHOMMKPOCKOMNYECKOe WCCMeoBaHMe (harogMTpapHbIX KIETOK MOAKOXHOM0o
nmMmdaTnyeckoro ysna. B numdgatnyeckom y3ne dmnbpo3 He Mor 6bITb BbIsIB/IEH, CTPYKTYypa 6bina
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COXpaHeHa, HO B OKPEeCTHOCTH }'II/IMCbaTI/I‘-IECKOFO y3na HaGI'IPO,lJ,aI'IOCb HECKO/1IbKO CbaFOLI'I/ITaprIX
K/1IeTOK. 3NeKTPOHHOMUKPOCKOMUYECKUM MyTEM MOXHO 6b1710 B PasIMYHbIX KNEeTOYHbIX 06pa30-
BaHNAX — TUCTOUUTaX, PETUKYNAPHbIX KNeTKaX, 3HAOTeMMalbHbIX KNeTKax, rnagkKomMbllLeYHbIX
KNneTKax KpPOBEHOCHbIX COCyaoB, B ﬂMMd]O6ﬂaCTaX n }'IVIM(i)OLI.I/ITaX — BbIABUTb HaKoOMN/ieHNe.
CTpyKTypa HaKOMUBLLEroCA BeLLecTBa B pPas/IMUHbIX TUNax KIeTOK 6bina pasnnyHasa. B rucrto-
unTax MMesin Mecto nepepoxkgeHme MMTOXOHAPUEB, 06pazoBaHV|e LMTOCOM, aTUMNYHbIE KNETOoY-
Hble opraHensibl 1 U3MeHeHus agpa. Nommmo npmBeaeHHbIX N3MEHEHNIA Haﬁl'IPO,EI'BJ'II/ICb CBOGOﬁpaS-
Hble YaCTulbl, KOTOPblE HEKOTOPbLIMW aBTOpamMu 6bIn paHbLle 06Hapy)KEHbI B KnieTkax JlaHrep-
raHca 4esloBEYeCKOM KOXN ” npuv rucrtoumTose X.

Dr. Tibor Kerényi: Il. Korbonctani Intézet, Budapest IX. Ul&i ut 93,
Hungary und Abt. f. Elektronenmikroskopie d. Path.
Inst. d. Humboldt-Universitat, Berlin, DDR

Dr. J6zsef Romhanyi

Dr. Georg Poder
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Prof. Dr. Béla Kellner: Die Ausbreitung
<les Krebses. Invasion und Metastasierung.
Akadémiai Kiadé, Budapest 1971. Gemein-
schaftsausgabe des Akadémiai Kiado6
Budapest mit dem Verlag Urban und
Schwarzenberg. Minchen—Berlin— Wien. 333
pages, 128 partly coloured figures and 29 tables.

Everybody interested in tumour patho-
logy will enjoy this book. In the introduction
it is emphasized that the problem of metasta-
sis formation is still quite often discussed on
the basis of some 19th century theories. The
considerable recent progress in the field of
therapy of primary tumours renders increas-
ingly necessary to develop a modern approach
to the study of pathogenesis and mechanism
of metastasis formation.

This book by Professor Kellner has the
advantages of both a textbook and a mono-
graph. It presents in a most concise manner
the body of generally accepted facts on
métastasés, reviews the relevant literature,
discusses the results of his own studies, and
gives his views on the problems in question.
The short introduction is followed by a survey
of the development of our knowledge on
metastasis formation. A whole chapter is
devoted to the phenomenon of “Abldsung”
i.e. separation of tumour cells from the pri-
mary tumour, together with the theory of
embolic-dissemination. Factors involved in
the process of “Ablésung” viz. ameboidal
movement of tumour cells, low calcium con-
tent of the tumour tissue, the phenomenon
of permeation and so called Zwergzellen are
reviewed. Comments are made on the possible
role of infection in metastasis formation. In
this chapter he presents his own theory of
metastasis formation. He supposes “disjunc-
tion” separation of tumour cells from the
primary tumour to he a consequence of
necrobiotic processes in the growing tumour.
This would explain the appearance of early
pericarcinomatous métastasés in the imme-
diate neighbourhood of the primary tumour.
The different forms of disjunction are present-

ed and illustrated with a series of excellent
light microscopic photographs and electron
micrographs. Interactions between the tu-
mour and the surrounding normal tissue are
reviewed. The different views on the most
fundamental biological feature of tumours,
the infiltrative growth are also considered
and richly illustrated.

Further chapters deal with another basic
process of metastasis formation viz. the
penetration into, and dissemination through
the lymph and blood vessels. A survey of
premetastatic changes of lymph nodes and
the different types of métastasés is given
and the relation of morphologic changes of
lymph nodes and the immunobiological state
of the tumourous organism is discussed. The
morphology, behaviour and fate of tumour
cells in the blood stream are considered
separately on the basis of the author’s experi-
mental findings. A large chapter is devoted
to the third fundamental phenomenon, the
settling down of liberated and circulation
transported tumour cells at a new site — so
called Ansiedlung. The earliest morphological
alterations caused by the settled tumour
cells are shown in a series of highly informa-
tive figures. The origin and further fate of
two- and multinucleated tumour cells are
discussed in detail. Their importance in
metastasis formation has been demonstrated
by the author and his coworkers.

The essentially theoretical chapters are
followed by one on the clinico-pathology of
the metastasis formation. The problem of
metastasis formation by implantation is
treated separately. The chapter entitled “Die
Entwicklung der Geschwulst im Hinblick auf
M etastasierung” is of special importance,
since it reflects most clearly the author’s
dynamic concept on the development of pre-
cancerous conditions. His ideas and views are
based on several decades’ work in the field
of pathology and experimental cancer re-
search.

The chapter devoted to the discussion of
the kinetics of metastatic growth appears
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to me as one of the most valuable parts of
this book. It also contains a survey of the
possible ways to quantitate the kinetics of
metastasis formation. A separate chapter is
devoted to the relatives of morphology and
biology of the primary tumour and its
métastasés. The chapter “Attempts to influ-
ence experimentally the formation of méta-
stasés” contains a broad review of the rele-
vant data. Further, the classic and new diag-
nostic methods for the demonstration of
métastasés are discussed. The chapter deal-
ing with the grading of malignancy of
tumours on a histological basis is of consider-
able practical importance. The last chapter
entitled “Prophylaxis and Therapy of Méta-
stasés” contains the recent results of experi-
mental and clinical studies evaluated on the
basis of literary data and the author’s own
views. The basic principles of a possible
rational therapy are outlined. This chapter

has been written with extreme care. To my
opinion, however, the author seems to be too
cautious and sceptical in evaluating achieve-
ments in the prophylaxis and therapy of
m étastasés.

| think, that with some minor modifica-
tions part of the 24 chapter could have been
more concise or even be melted into each-
other. This might be considered if a new
edition would later be planned.

Tables and figures in black and white are
ofexcellent quality thisisunfortunately not
true for the colour plates. The list of references
isrich and includes both eastern and western
authors.

Undoubtedly this book will be used
extensively by scientists working in the fields
of experimental cancer research and clinical
oncology. It is likely to become a classic
book on tumour pathology.

Dr. K. Lapis
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