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Institute of Pathology, University Medical School, Debrecen

ELECTRON MICROSCOPIC MORPHOMETRY
OF THE ZONA GLOMERULOSA CELLS
OF THE WISTAR RAT

Gy. Lustyik and J. Szabé

(Received August 6, 1974)

Results of morphometric measurements were compared on the cells of the zona glo-
merulosa (ZG) of the adrenal glandof the rat. The mean area covered by the cells, the nuclei,
the mitochondria and the lipid droplets, as well as the surface density of the endoplasmic
reticulum membrane and of internal mitochondrial membrane indicated an inliomogeneity
even in the ZG cells of the same animal, with considerable deviations in the ZG of different
animals. The dark and light ZG cells were ~“compared too. The results suggest hormonal-
functional differences, both among the normal animals and among the cells of the same
animal.

The light and electron microscopic structure of the zona glomerulosa
(ZG) cells and the function of these cells are well known. Their morphometric
investigation provided important data on the functional state of the cells. The
adrenal gland has repeatedly been subjected to histometric measurements
with the light microscope [2, 11, 24, 34], when often contradictory results
were obtained with respect to the morphological reactions of the ZG cells.
This might explain why so few morphometric data obtained with the electron
microscope have been published concerning the ZG. The hulk of quantitative
ultrastructural studies on the adrenal gland have been carried out on the zona
fasciculata [19—23]. Because of this scarcity of data we were obliged to find
suitable methods of sampling and measurement. In this paper we report on our
pertaining observations.

Material and method

Ten 160 to 180 g male Wistar rats, kept on a normal synthetic diet and drinking tap-
water ad libitum were used. Under light ether anaesthesia, the abdominal cavity was exposed
and the left adrenal gland of every animal was removed on the same day within half an
hour in the morning. The excised tissue was fixed in 3% glutarahlehyde at room tempera-
ture for 3 hours, followed by fixation with 1% osmium tetroxide at 4°C for 1 hour.
The pH of both fixing media was adjusted to 7.2 by Milolnig buffer. The samples
were dehydrated in an ascending alcohol series and embedded into Durcupan ACM.
For the preparation of ultrathin sections, the blocks were oriented using semi-thick
sections stained with 0.5% toluidine blue. Ultrathin sections prepared with a Reichert
OM U2 ultra- microtome were stained with uranyl acetate and lead citrate. A Tesla BS 513A
electron micro- scope was used.

Blocks containing 5 ZG were prepared from each animal. Measurements were done
on the micrographs of 10 ZG cells of every animal, the nuclei of which were situated in the
plane of section. As in this way the statistical criteria were not met these data were not suited
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2 GY. LU3TYIK and J. SZABO

for stereological processing, but still offered a possibility for comparisons of the ZG cells of
the same animal and of different animals. This comparison of the cells provides information
on the homogeneity of the ZG which again might help in the choice of the method of sampling.
From the results of different animals we tried to find an answer to the question whether the
ZG cells of animals kept under identical conditions were characterized by identical quantities
of cell organelles.

The area of cells, nuclei, mitochondria, lipid droplets and the cytoplasm containing
endoplasmic reticulum was measured on a total of 250 micrographs at 18,750 magnification. The
areas were measured by means of the planimeter and the point counting method [27, 38, 401
The surface density of membrane-structures in the perinuclear space (the surface of endoplasmic
reticulum Golgi membrane per unit cytoplasmic volume) was determined on 200 micrographs
at 48,750 magnification together with the area of the cross section of the endoplasmic reticulum
and the surface density of free ribosomes (this latter was referred to the cytoplasmic area
containing the endoplasmic reticulum) as well as with the density of the internal membranes of
the mitochondria (membrane surface per unit mitochondrial volume).

The methods of measurement and calculation were described by Weibel [36—40],
Chayes [4] and Loud [16, 17).

The validity of these results is in fact limited to the perinuclear space of the ZG cells.
This restriction was introduced for the sake of comparison of individual cells. We measured
organelles which — taking account the ultrastructural changes of stimulated ZG [6, 7, 12,
14, 26, 28, 29, 30, 31,41] and the cellular path of inineralocorticoid formation [8, 14, 25, 35]
might play a role in aldosterone synthesis.

Results

The ultrastructure of ZG cells showed the pattern known from the
literature [3,9, 13. 18, 26, 27, 29, 41—43]. Table | shows the mean area of cells,
the number of mitochondria and their mean area per animal. The absolute
values for these data offer no direct information, but their comparison means

Table 1

Number
Animal Area of cells of mitochondria
per section of cells

Average area
of mitochondria

. 61.0 + 59 46 + 8 0.31 + 0.04
2. 57.3+ 538 39+ 5 0.26 £ 0.02
3. 552+ 56 38+ 4 0.17 £ 0.02
4. 40.7 + 4.6 27+ 6 0.21 + 0.04
5. 66.4 + 7.8 44 + 4 0.27 £ 0.03
6. 772 + 715 43+ 5 0.32 =+ 0.05
7. 103.7 + 16.1 37+ 4 0.45 + 0.07
8. 69.5 + 8.0 36+ 7 0.24 + 0.02
9. 81.1 + 12.1 39+ 6 0.28 + 0.06
10. 86.5 + 17.9 44 + 8 0.29 £ 0.04

The Table shows the mean area (/i2) of 10 cells for each animal, the number of mito-
chondria in the cell and the mean area of the mitochondria (fi2) for each animal. Comparison
of the area of cells and mitochondria means a comparison of their volumes. The value for the
calculated mean error provides information on the deviations in the cells of the same animal

Acta Morphologica Academiae Scientiarum Hungaricae 23, 1975



ELECTRON MICROSCOPIC MORPHOMETRY 3

Table 11

Percentage ol the area of

Animal nuclei mitochondria lipid droplets membrane space ER sacs

in the area of the cell

. 16.4 £ 1.9 23.8 £ 2.0 19+ 0.8 56.4 + 2.8 3.2+ 11
2. 28.1 £ 2.6 18.9 ;t 2.1 40 ! 21 476 + 2.2 32+ 05
3. 28.8 1,3.1 121 + 19 6.8 + 2.4 511 + 18 54+ 07
4. 36.8 £ 5.0 12.8 h 2.2 55+ 2.6 421 + 18 21+ 0.8
5. 237+ 24 18.7 = 25 73+ 2.7 50.0 = 2.6 3.0+ 0.6
6. 173+ 18 16.1 £ 2.0 32+ 18 61.4 + 3.3 6.1+ 1.2
7. 213+ 3.2 169 + 2.2 87+ 35 523 + 2.2 58+ 0.8
8. 278 + 43 119+ 22 100 L 4.6 50.2 + 3.6 31+ 08
9. 23.6 + 3.7 11.7 =+ 2.2 7.0+ 3.2 55.7 + 3.3 42 + 0.6
10. 275+ 5.6 16.0 + 3.6 240+ 6.9 342 ; 41 24+ 05

The percentage ratio of the area of the nucleus, the mitochondria the lipid fraction, and
the membrane space as well as the area enclosed by the endoplasmic reticulum membrane in the
cell is shown. The devirations in the ratios of the lipid droplets per cell and per animal are the
greatest, in the case of the other data the differences are significant between the different
animals. The high relative error for the endoplasmic reticulum in due to the greatexperimental
error

Table 111
Membrane density Density of mito- Density of free  Percentage ratio
Animal in cytoplasm chondrial membranes ribosomes I of dark cells
(O] 0* ) (%)

l. 51+ 0.3 1.97 £ 0.10 122 20 18
2. 4.7 £ 0.3 2.08 £ 0.08 96 = 12 22
3. 58+ 0.4 1.72 + 0.18 103 £ 15 14
4. 48 =+ 0.4 1.85 0.09 84 9 24
5. 6.2 + 0.3 1.90 0.11 128 22 20
6. 50=x 0.4 2.10 _0.12 7610 8 16
7. 72 = 0.5 1.88 0.09 131 + 16 12
8. 54+ 0.3 1.75 £ 0.16 99 + 10 15
9. 40+ 0.4 2.05 = 0.14 103 = 12 14
10. 38+ 0.4 2.40 0.19 112 ;t; 12 13

Table 111 shows the density of the endoplasmic reticulum membranes (the membrane
surface) per unit cytoplasmic volume (/t ') and the density of the mitochondrial membrane
(surface of the cristae plus the internal membrane in unit mitochondrial volume) (//'*), the
number of free ribosomes in the unit area of the cytoplasm containing the endoplasmic reticu-
lum (fi~-) and the ratio of dark cells per 100 cells. There is a significant difference in the density
of free ribosomes per cell and per animal and there are remarkable deviations in the density
of the endoplasmic reticulum membrane in the different animals
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4 GY. LUSTYIK und J. SZABO

a comparison of the volume of cells and mitochondria and of the number of
mitochondria per cell. This showed less discrepancy, while the differences in
the volume of cells and mitochondria were remarkable. The calculated mean
error will provide information about the deviation from the average of the
different cells of the same animal. Thus, the data for the same animal show
significantly less deviation than those found among different animals.

The area-percentage of the nuclei, mitochondria, lipid droplets and the
membrane space are shown in Table Il. The nature of the deviations was similar
as in the differences in cell areas. Particularly high relative deviations were
found in the quantity of the lipid fraction and these deviations per cell were
also remarkable.

The surface density of membranes (endoplasmic reticulum -)- Golgi
membranes) and that of the internal membrane of the mitochondria, the nu-
merical density of free ribosomes as well as the percentage of dark cells are
shown in Table Ill. There were marked differences between the animals and
also among the densities of free ribosomes per cell.

The morphometric characteristics of the dark and light cells of zZG
were calculated separately (Table 1Y). The discrepancies between the two types
of cell might have been due to the shrinking of the dark cells during fixation,
since there were slight deviations between the percentage of the areas of the
various organelles.

Table 1V
Dark cells Light cells

Cell area (/12 50.1 * 15 702 + 2.2
Mean area of mitochondria (ft2) 0.22 + 0.01 0.31 + 0.01
Number of mitochondria in the cell area 33 + 3 40 + 3
Percentage ratio of the area occupied by the

nucleus in the cell 294 % 16 242 + 11
Percentage ratio of the area occupied by the

mitochondria in the cell 144 + 05 143 + 05
Percentage ratio of the area occupied by lipid

droplets in the cell 6.2 +1.3 48 + 11
Percentage ratio of the area occupied by the

membrane space in the cell 496 +1.5 55.9 + 1.7
Percentage ratio of the area occupied by the

membrane sacs in the cell 40 *+ 04 46 + 04
Density of free ribosomes in the membrane space (it - 114 + g 88 + 6
Density of the endoplasmic reticulum membrane

in the cytoplasm (it~ 1) 6.3 + 0.2 51 = 0.2
Membrane density of the mitochondria (it~1) 215+ 0.1 1.89 + 0.1

The morphometric indices of the dark and light cells of the ZG are shown separately
in Table IV. There is a significant difference in the mean cell and mitochondrial areas, as well
as in membrane density and in the density of free ribosomes. The difference in the percentage
ratios of the various organelles in the two types of cell is less significant

Acta Morphologica Academiae Scientiarum Hungaricae 23, 1975
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Discussion

W ith respect to the ZG, there are few morphometric (lata available
[18]. To the best of our knowledge no similar measurements have been reported
in the literature, so that we were unable to compare our results with those of
other authors.

We found remarkably great differences mainly among the ZG cells
of different animals, though — primarily on ground of the density of lipid
droplets and free ribosomes — the ZG of the same animal does not seem
to he homogeneous either. The role of lipids in the synthesis of mineralo-
corticoids is not yet fully known, although it is beyond doubt that they have
a role in the production of adrenal hormones [26]. Thus, the quantity of lipid
droplets in a single cell might he the function of cellular activity. Similarly, as
supposed by several authors [7, 10, 13], the dark and light ZG cells might be
the expression of two different functional states. In connection with these
cells we must bear in mind that — as supposed by Hhodin [26] — the appear-
ance of cells different in density might be the result of different degrees of
shrinking during fixation. This assumption was supported by the slight
difference between the percentage of the areas of the organelles in the two
types of cell while membrane density and the density of ribosomes was greater
in the dark cells. On this basis no unequivocal answer can, however, he given
to the question, and the numerical ratio between dark and light cells, the
separately measured morphometric indices ofthese cell varieties, might contrib-
ute to the assessment of the structural-functional relationship.

The quantitative morphological differences among of the different
animals may have been due to the different functional states of the ZG in indi-
vidual normal animals even under identical conditions. Changes in the
functional state from the morphological aspect are probably reflected in the
simultaneous changesin the number of the various cell varieties (cells with
high and low lipid content, dark and light cells) and in the quantity of cell
organelles in the various cells.

Hence, the quantitative morphological characterization of the ZG cells
is only possible by a number of simultaneously obtained parameters. Since
changes in functionare accompanied by macroscopic and light microscopic signs,
planning of experiments for the study of the structural-functional relationship
demands some caution. The method of fixation might also be of importance
and only results obtained on tissues which have been fixed and processed by
identical methods are suitable for comparison. A sufficiently large number
of blocks obtained from different areas of the ZG must he examined. The
number of blocks and the number of electron microscopic pictures necessary
for the measurements can be estimated from the relationship suggested by
De Hoff (cit. [36], p. 269) and important help might he obtained from light
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microscopic measurements too. In addition, parallel biochemical and morpho-
metric tests are necessary for the study of the structural-functional relation-
ship. Only such investigations might answer the question whether there exists
a quantitatively assessable relationship between mineralocortocoid production
and the structure of the ZG cells.
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ELEKTRONENMIKROSKOPISCHE QUANTITATIVE MORPHOLOGISCHE UNTER-
SUCHUNGEN AN DEN ZONA-GLOMERULOSA-ZELLEN
VON INTAKTEN WISTAR-RATTEN

GY. LUSTYIK und J. SZABO

Mittels elektroneninikroskopischer morphologischer Messungen wurden die Zellen der
Zona glomerulosa (ZG) von Rattennebennieren verglichen. Aufgrund der MefRergebnisse
der Flache der Zellen, der Zellkerne, der Mitochondrion sowie der lipid Droplets, ferner
der Dichte der Membran des endoplasmatischen Retikulums (ER) und der |Innen-
membran der Mitochondrien erwies sich, daR sogar die Zona glomerulosa der einzelnen Tiere
inhomogen ist, jedoch wurden weit gréBere Abweichungen zwischen den ZG-Zellen verschie-
dener Tiere erhalten. Die »dunklen« und die »hellen« Zellen der ZG wurden verglichen. Die
Unterschiede wiesen darauf hin, daR bei den Tieren auch in der Norm hormonelle und funk-
tionelle Abweichungen bestehen bzw., dal Zellen in unterschiedlichem hormonellem Zustand
vorhanden sind.

SNEKTPOHHOMWKPOCKOMMYECKOE KO/TMYECTBEHHOE MOP®O/10IMMYECKOE
N3YUYEHME KNETOK K/TYBOYKOBOW 30Hbl ¥ HOPMA/IbHbIX KPbIC MOPO/bI
BUCTAP

. NYWTbUK n . CABO
ABTOpamK 6b1/10 NPOBEAEHO CPaBHEHME KeTOK Ky604KOBOW 30HbI (ZO) Hafno4Ye4HUKOB
KpbIC C MOMOLLbKO 3/1EKTPOHHOMUKPOCKONUYECKUX MOPOMETPUUECKMX U3MepeHUiA. 1la ocHoBe

N3MEPEHNA NMOBEPXHOCTU KNETOK, KNETOYHbIX AAeEpP, MI/ITOXOH,U.DVII‘/JI, nnMnongHbIX Kanesnek, a Tak-
)Ke M/I0THOCTU MeM6paHbI 3H,D.0I'Iﬂa3MaTW—IeCKOVI CETOYKN ” BHyTpeHHEI‘/JI MeMﬁpaHbI MI/ITOXOH,D'pI/IVI

Acta Morphologien Academiae Scientiarum llungaricae 23, 1975



“ELECTRON MICROSCOPIC MORPHOMETRY”

6bINI0 YCTAHOB/IEHO, YTO K/TY60YKOBAs 30HA [JaXKe Y OTAe/bHbIX XMUBOTHbIX HEOAHOPOAHA, HO ellle
60/1ee 3HAUNTENbHbIE OTKNOHEHUSI 6bIIN 0GHAPYXKEHBI MEXAY KeTKaMu1 KNy60UKOBOW 30HbI pas-
NNYHBIX XMBOTHbIX. ABTOPbI CPABHMBA/IN «TEMHbIE» U «CBET/IbIE» K/ETKN KNy60UKOBOM 30HbI.
OGHapy>eHHble OTK/NOHEHMS1 YKa3blBAlOT Ha FOPMOHaNbHblE U (YHKUMOHAIbHbIE Pasnnuus,
Hab6/110/JaeMble Y XXMBOTHBIX TaKXXe B HOPMa/IbHOM COCTOSIHWM, WU Ha OAHOBPEMEHHOE Hann4une
KNEeTOK, HaXoAAWMXCA B Pa3NMUHOM (DYHKLIMOHA/IbHOM COCTOSIHUN.

GyoOrgy Lustyik 4QDOTE Kérbonctani Intézet,
Dr. Jend Szabo 4012 Debrecen, Pf. 22., Hungary
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Institute of Anatomy, Histology and Embryology, University Medical School, Debrecen

EFFECT OF TRIIODOTHYRONINE TREATMENT,
THYROPARATHYROIDEGTOMY AND MERCAPTO-
IMINAZOLE TREATMENT ON ENCHONDRAL BONE

GROWTH

CHANGES IN THE HISTOLOGICAL STRUCTURE OF THE GROWTH ORGAN

G. Lévai, S. Varga,* J. Gyarmati,Jr. and J. Laczké

(Received August 27, 1974)

Histological changes caused by triiodothyronine (T3) and nierraptoilliinazole
treatment as well as by thyroidectomy have been studied in the proximal growth organ
of the tibia of growing rats. On triiodothyronine treatment morphometric examina-
tions revealed an increased proliferation and resorption of cartilage associated with
a transitory acceleration of linear hone growth. Administration of mercaptoiminazole
and thyroidectomy inhibited cartilage proliferation and resorption resulting in a
slowing down of hone growth.

Anomalies clue to changes in thyroid represent a considerable part of
hone growth disturbances of endocrine origin. According to Riekstnice and
Aslting [31] thyroid hormones influence both the growth and the differentia-
tion of bone, and the effect of thyroxine on skeletal growth and development
is the one easiest to follow. There are numerous data to show the favourable
influence on bone growth ofthe thyroid hormones [12,27,30,33, 38], although
some contradictory ones have also been published [5, 10]. Our knowledge on
the ossification disturbances due to reduced thyroid function uniformly refers
to a slowing down of groxvth [8, 17, 18, 32]. Though the role of the thyroid
in controlling ossification is indisputable, the mechanism of action of its
hormones is not clear. In earlier papers [23, 24] we described the histological
changes observed in tin; growth organ of the tibia of developing male rats
after thyroxine and thyroid stimulating hormone (TSH) treatment. In the
present work the changes taking place in the proximal growth organ of the
tibia of male rats were subjected to morphometric analysis.

Material and methods

Male rats 29—30 days of age of our own breed were used. The animals were divided
into four groups; three consisted of 40 and one of 60 animals. From each group five animals
were sacrificed at the end of every week throughout 5 weeks from the beginning of treatment.

* Present address: Central Research Laboratory, University Medical School, Debrecen
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The first group was treated of liothyromine orally with daily 0.01 mg/100 g body weight.
The animals in the second group were untreated controls. The third group was treated orally
with daily 10 mg/100 g body weight of thiamazole.

The 60 animals of the fourth group were subjected to thyroparathyroidectomy accord-
ing to Griesbach and Purves [11]. Five animals being successfully operated on both in
anatomical and histological, respect were selected for the experiment; 8 to 12 animals
were sacrificed every week. The death rate ranged from 0 to 30%.

The bones of the most radically operated 5 animals were processed weekly. The drugs
were mixed to the food and conditions for feeding, environment, temperature, humidity and
illumination were identical for each group. The animals were given tap water ad libitum.
They were sacrificed in ether anaesthesia by heart transection. Their left tibia was fixed and
decalcinated in Susa’s mixture and after orienting the proximal end, embedded in paraffin.
Sections 7 n thick were cut and stained with haematoxylin-eosin, azan, and alcian green-
picrofuchsin. Before sacrifice the body weight and distance between the caudal base and the
tip of the nose were measured. For quantitative estimation, the sections were projected on
graph paper by a Leitz microprojector at 1: 1500 magnification and the contours of the epi-
physeal cartilage were drawn. The thickness of the cartilage was measured, and at 1, 3 and
5 weeks an area of 500x750 (J? was subjected to analysis of the epiphyseal growth organ
from 3 animals of each group. W ith the modified method of Glagolyev [9] a point-network
with a density of d = 15 fi was used and positions of 1836 points were examined within the
mentioned region. The percentage distribution of the cartilage ground-substance, chondrocytes,
capillary loops, trabecules and bone marrow of the growth organ was determined after cal-
culating their projected area.

Results

Table | demonstrates the body weight and length of the experimental
animals. Body weight of the treated animals was at every point of time less
than that of the controls and this difference (except for the first week) was
the smallest inthe case of T 3. Body length of T 3treated rats was approximately
the same as that of the controls, while the thyroidectomized and thiamazole
treated animals were significantly smaller. The thickness of the epiphyseal
cartilage of the growth organ showed significant changes (Table Il) with
deviations in both positive and negative directions.

After T3 treatment the epiphyseal cartilage was always significantly nar-
rower. After the firstweek of thiamazole treatment the cartilage was significantly

Table 1

Mean body iveight and tip of nose — caudal distance in experimental animals at the end of the 1st,
3rd and 5th weeks

Thyropara-
Control Triiodothyronine Thiamazole thy,gidepcmmy
Period of treatment

b. weight b. length b. weight h.length b. weight b.length b.weight b. length

© (cm) © (cm) © (cm) @ (cm)
1 week (7 days) 59.70 12.95 52.00 13.40 58.40 12.20 53.00 11.42
3 weeks (21 days) 91.00 14.20 77.00 14.00 74.00 13.50 73.00 13.54
5 weeks (35 days) 127.00 17.78 10500 17.85 98.00 14.95 98.00 16.32
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Table 11

Thickness (//) of the epiphyseal cartilage at the erul of 1st, 3rd and 5th weeks

1 week 3 weeks 5 weeks
Control 455+37 336+39 243+15
Triiodothyronine treatment 351+23 11] 291+41 [I] 219+ 16111
Thiamazole treatment 500+51 [11 223+28 [1] 223+ 17 [11
Thyroparathyroidectomy 374+16 [1] 306+15 [1] 313+ 10[11

[1] P < 0.001

thicker, while after the third and fifth weeks significantly thinner, than in the
controls. At the end of the first and third weeks after thyroparathyroidectomy,
thickness of the cartilage did not reach the control values, surpassing them,
however, by the end of the fifth week.

The thickness ofthe epiphyseal cartilage* depends on two factors: the rates
of proliferation and decomposition. The extension of the proliferative and
hypertrophic chondrocyte zone refers to the activity of these processes. In
this respect, we have adopted Ham’s [15] designations of proliferative zone

Table 111

Total thickness of epiphyseal cartilage (ft), thickness ofthe proliferative and hypertrophic cell zones
(ft) and their ossification rale at the end of the 1st, 3rd and 5th weeks

1 week 3 weeks 5 weeks
Control Total thickness of epiphyseal cartilage 455+37 336+39 243+15
Proliferative zone 184+37 171+ 16 133+10
Hypertrophic zone 166+19 102+ 16 7425
Prolif./hypertroph. ratio 1.11 1.67 1.79
Triiodothyroine Total thickness of epiphyseal cartilage 351+23 29141 219+16
treatment Proliferative zone 189+12 [7] 158412 [2] 110% 13[1]
Hypertrophic zone 91+15 [1] 59+12 [1] 40#% 15[1]
Prolif./hypertroph. ratio 2.07 2.67 2.75
Thiamazole Total thickness of epiphyseal cartilage 500+51 223+28 22317
treatment Proliferative zone 206+22 [5] 90+13 [1] 12323 [6]
Hypertrophic zone 178+ 1414] 90%13 [3] 78zx17 [7]
Prolif./hypertroph. ratio 1.15 1.00 1.57
Thyropara- Total thickness of epiphyseal cartilage 374+16 306+15 313+10
thyroidectomy Proliferative zone 156+39 [5] 144+ 911] 167% 9| 1]
Hypertrophic zone 120+ 18 [1] 116+ 17 [3J 103+ 19[1)
Prolif./hypertroph. ratio 1.30 1.24 1.62

[1] P < 0.001 [2] P < 0.005 [3] P < 0.02 [4] P < 0.025 [5] P < 0.05 [6]P < 0.1 [7] P < 0.6
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and hypertrophie zone; the latter comprises both the maturation and calci-
fication zones.

Table 11l demonstrates measurements of the proliferative and hyper-
trophic zones. The data show that the hypertrophic zone narrowed down
significantly after T3treatment as compared to the controls. At the same time
a significant narrowing of the proliferative zone was observed after thyro-
parathyroidectomy and thiamazole treatment. Even more interesting corre-
lations were obtained on dividing the thickness values for the proliferative and
the hypertrophic zone. This value of the rate of ossification showed an
upward tendency in the control animals with progressing age, as the hyper-
trophic zone diminished more than the proliferative zone. The effect of T3
treatment was similar, but the ratio was considerably higher than that for
the controls. At the third and fifth weeks after thyroidectomy and thiamazole
treatment the value for the ratio was lower than the control, due to the widen-
ing of the hypertrophic and narrowing of the proliferative zone.

Table 1Y demonstrates the results obtained with the Gragolyev’smeth-
od [9]. The table shows the percentage distribution of the 1836 points with-
in the examined region concerning cartilage ground substances, chondrocytes,
capillary loops of the metaphyseal surface trabecules and hone marrow. It
is seen that under the effect of T 3the area of capillaries on the metaphyseal

Table IV

Percentage distribution of measuring points corresponding to the constituents of the proximal
growth organ in the tibia as determined with Glagolyev’s point network method

Percentage distribution of points within the total examined area
Total area = 100% = (750x500) p'l1= 1836 measuring points

treatment,

weeks Cartilage Capillary Bone
Chondrocyte ground loop Trabecule marrow
substance
| 24.78 27.45 5.66 11.55 30.56
Control 3 17.10 25.49 5.01 15.85 36.55
5 11.17 22.22 2.72 20.37 43.52
Triiodothyronine treatment 1 20.92 25.65 11.60 15.20 26.23
17.59 18.79 7.24 19.72 36.66
5 13.34 15.25 6.21 10.46 54.74
Thiamazole treatment 1 24.40 38.89 4.25 9.04 23.42
3 11.00 27.70 1.20 5.01 65.09
8.17 23.20 1.74 15.36 51.53
Thyroparathyroidectomy 1 19.01 24.95 3.10 14.27 38.67
3 12.64 26.74 4.36 13.83 42.43
5 11.66 29.47 2.56 12.15 44.16
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Figs 1-3. Histological changes in the growth organof the tibia folowing interventions affecting

the thyroid gland. H.E. X 120.

5-week treatment;

a = triiodothyronine treated; b = control;
d = thyroidectomized

c=

la—d: 1-week treatment; 2a—d: 3-week treatment; 3a —d:

thiamazole treated;
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surface of the epiphyseal cartilage grew significantly as compared to controls
as soon as in the first week, and this remained unchanged till the end of the
experiment. This phenomenon may be considered a sign of the acceleration
of cartilage decay. The number of chondrocytes increased similarly upon
hormone treatment in the fifth experimental week, at the same time the amount
of ground substance decreased. Thus the relative cell content of the epiphyseal
cartilage increased on T 3treatment. A similar increasing tendency was ob-
served in the first and third experimental weeks in the number of points situ-
ated on the trabecules, while by the end ofthe fifth week an opposite tendency
prevailed. The accelerated hone formation in the first and third weeks, associat-
ed with increased bone decomposition in the fifth week, may have been re-
sponsible for the change. Under the effect of thiamazole treatment and thyro-
parathyroidectomy the number of capillaries was less than in the controls
at every point of time. A similar phenomenon was observed in the distri-
bution of trabecules. The higher number of points corresponding to the cartilage
ground substance and the lower number corresponding to the chondrocytes
suggested a relative decrease of cell content of the epiphyseal cartilage.

Figure 1shows the proximal growth organ of the tibia in rats treated with
T3 (la, 2a, 3a), in the controls (Ib, 2b, 3b), in thiamazole treated (lc, 2c, 3c), and
thyroparathyroidectomized (Id, 2d, 3d) animals, 1,3, and 5weeks after treatment.
The photos were taken of areas subjected to morphometric analysis and they
show the above-described extension of the proliferative and hypertrophic
zones, the thickness and cell richness of the epiphyseal cartilage, the distri-
bution of the metaphyseal capillary loops, the number of trabecules and the
extension of the hone marrow cavity.

Discussion

The changes developing in the so-called growth organ [25] of young
male rats subjected to different interventions during the period of enchon-
dral bone formation can be summarized as follows. T3 treatment accelerated
the resorption of epiphyseal cartilage, the hypertrophic cell zone was nar-
rowed down. Almost simultaneously, proliferation of the chondrocytes
increased, the proliferative zone became wider, the relative cell content of
the cartilage increased. The ratio proliferative/hypertrophic zone thickness
increased under the effect of thiamazole and thyroparathyroidectomy; this
ratio was smaller than in the controls after 3 and 5 weeks, as a result of a
relative narrowing of the proliferative zone and a widening of the hypertrophic
zone. The results indicated a slower proliferation and resorption of cartilage.
The reduced number of the metaphyseal capillary loops and the relative
cell content of the cartilage were further proofs of the above statement.
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According to Krompecher [22], normal enchondral bone growth is
characterized by the balanced process between cartilage formation and re-
sorption as well as bone formation and resorption. An increase in the activity of
either ofthese processes results in pathological bone growth. In our studies exper-
imentally produced thyroid hormone disorders induced a disturbance of linear
bone growth, by altering the afore-mentioned proportions. The changes occur-
ring in the process of bone growth can be characterized by the ratio prolifera-
tive/hypertrophic zone. The numerical value ofthis fraction increases with age in
the control animals. Thus the hypertrophied, decaying chondrocyte zone, which
is at the stage preceeding resorption, narrows down more rapidly than does the
proliferative zone, which produces the supply of chondrocytes. In other words
with age the proportions in the narrowing epiphyseal cartilage shift towards the
proliferative zone. Undernormal conditions chondral absorption reaches the pro-
liferative tone which then is also resorbed. The epiphyseal cartilage is resorbed
completely, and growth comes to an end. The values for the treated groups well
characterized the process of ossification under pathological conditions.

T3 compensates the growth disturbance of thyroidectomized rats 3—5
times more than does thyroxine [13] and is twice more effective in enhancing
appearance of the ossification centre [45]. These data are in good agreement
with our results according to which T 3treatment enhances chondral prolifera-
tion and resorption, and also with the observations that upon thyroxine
treatment the epiphyseal cartilage of the third metacarpal bone is absorbed
earlier, and that the cliondroclasts, being present in high number, play a role
in the absorption besides the capillary loops [23, 24]. The acceleration of
bone formation upon T 3treatment has also been recorded, in agreement with
earlier observations [29, 31, 35, 36]. The findings of Hall [14], Noback et
al. [29] and Walker [45] refer indirectly to an enhanced cartilage de-
composition and bone formation, and show that the ossification centres appear
earlier under the effect of thyroxine.

Tiiorngreen and Hansson [43,44] reported that thyroxine in a 20 pg/kg
dose increased the proliferation of epiphyseal chondrocytes of young hypophys-
ectomized rats. Longitudinal bone growth is the result of chondral prolifera-
tion occurring in the epiphyseal cartilage [15, 16, 39, 40]. Linear growth is accel-
erated by T3in growing rats [3, 4, 30], the process is, however, temporary
and the transient acceleration leads to premature resorption of the epiphyseal
cartilage [23], thus animals treated with thyroid hormone remain shorter than
the controls. McLean and Urist [25] observed a delay of growth in pubertal
hyperthyroidism. We have, however, failed to observe signs referring to
osteoclast accumulation and osteoporosis, despite the presence of numerous
chondroclasts. This might be explained by the fact that our experiments were
performed on growing young animals and, according to human observations
[20, 26], thyrogenous osteoporosis is a rare phenomenon in puberty. The rate
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of ossification of T3treated animals was significantly higher than that of the
controls at every point of time. This points to changes in the growth organ
where the increased proliferation and absorption of the cartilage indicate that
encliondral ossification in the treated animals proceeds much faster than in
the controls.

Hypothyroidism due to thiamazole treatment and thyroparathyroidectomy
delays cartilage resorption as well as cartilage proliferation [2, 18, 19, 23, 32,
37]. The pathological stage can be followed well in the skeletal alterations in
cretinism, the corresponding human condition: linear growth is retarded, per-
sisting cartilaginous islands may be observed even at the age of 40—50 years
at sites that normally have long before been replaced by hone [46]. Our
measurements corresponded with the above-mentioned observations. Thia-
mazole treated and thyroidectomized animals display certain differences in
the mechanism of dysostosis, due probably to differences in the loss of thyroid
hormone production. Under the effect of thiamazole, hypothyroidism develops
gradually, the blood TSH level is increased by a feed-back mechanism, the aci-
dophilic cells which produce the growth hormone degenerate gradually [17, 21,
34]. The minimum quantity of thyroid hormone essential for TSH production
persists for a long time after thyroparathyroidectomy[42]. Thiamazole in-
hibits peripheral metabolism and hormone activity and this effect cannot be
neglected. It is, however, difficult to estimate its rate as not even a simultaneous
substitution treatment with thyroid hormone helps to draw conclusions since
the peripheral inhibitory effect of the drug cannot be eliminated [41]. The
behaviour of the C cells of the thyroid gland, which produce thyrocalcitonine
(TCT) as well as the effect of TCT may represent further problems. Accord-
ing to Wuttke et al. [47] with the increased TSH level, the activity of the C
cells increases. Parathyroidectomy following the thyroidectomy is further
complicating the aspect. Parathyroid hormone plays a role in encliondral
ossification by influencing the calcium level. Parathyreoprival tetany, as a
sign of hormone loss, did not occur in our operated animals. This may have
been due to the parathyroid islands always demonstrable in the thymus of
rats [7], and these islands become hypertrophic after parathyroidectomy [6].
All these endocrine changes resulted in changes of the histological structure
of the growth organ of thyroidectomized and thiamazole treated animals.
This was manifest also in our measurements. In the case of thyroid hypo-
function, the calculated ossification rate was lower than in the controls at the
end of the third and fifth weeks of treatment. This indicated that, owing to the
slowing down of chondrocyte proliferation and cartilage resorption, bone
growth was delayed as compared with the controls.

Considering Krompecher’s [22] above mentioned thesis the conclusion
has been drawn that T 3treatment increased cell proliferation in the epiphyseal
cartilage and resorption of the latter, and enhanced to a lesser extent the proc-
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ess of bone formation. The contrary was found in the case of decreased thyroid
activity, although bone formation was less affected than chondrification and
chondral destruction.
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DIE WIRKUNG VON TRIJODTHYRONIN- (T3) UND MERKAPTOIMIDAZOL-
BEHANDLUNG SOWIE VON THYREO-PARATHYREOIDEKTOMIE AUF DAS
ENCHONDRALE KNOCHENWACHSTUM

G.LEVAI, S. VARGA, J. GYARMATI Jr. und J. LACZKO

Im proximalen Wachstumsorgen der Tibia wachsender Ratten wurden die
nach Trijodthyronin- und Merkaptoimidazol-Behandlung sowie nach chirurgischer Thy-
reoidektomie entstehenden histologischen Ver&dnderungen untersucht. An den histologi-
schen Préparaten wurde mit verschiedenen morphometrischen Messungen festgestellt, daB
die Trijodthyronin-Verabreichung das Tempo der Knorpelproliferation und -resorption stei-
gert, was mit der voribergehenden Beschleunigung des linearen Knochenwachstums einher-
geht. Unter der Wirkung von Merkaptoimidazol und nach Tyreoidektomie erfahrt hingegen
sowohl die Knorpelproliferation als auch die Knorpelresorption eine Hemmung, was zur Ver-

langsamung des Knochenwachstums fihrt. Die Ergebnisse werden mit den Literaturangaben
verglichen.
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OENCTBUE JEYEHUA TPUNOATUPOHWMHOM W MEPKAMNTOUMWAA3OMOM,
A TAK)XE TUPEO-MAPATUPEOUASKTOMUN MA 3HXOHAPASIbHbIA POCT
KOCTEW

. NEBAW, lll. BAPTA, . AbAPMATW, M1, u . IALLKO

ABTOpbI M3y4YasM B MPOKCUMaNbHOM OpraHe pocTa 6o/blue6epLioBoii KOCTU PacTyLmUX
KPbIC TMCTO/IOMMUYECKNE M3MEHEHUS!, HaGN0AaeMble Nof BVSIHUEM SiedeHUs TPUROATUPOHUHOM 1
MepKanToMMnaas30ioM, a TaKxKe Mof BVSHUEM XUPYPTUYecKoi TUpeouaskTomMun. Fpu npose-
JeHUM Pa3fIMUHbIX MOPHOMETPUYECKMX W3MEPEHWIA Ha FUCTOMOrMUeckUX npenaparax 6bIio
YCTaHOB/IEHO, YTO MOJ BAUSHWEM fauM TPUAOATMPOHMHA MOBbIWAETCS TeMn nponudepalnu
BCACbIBAHMS XPsiLlia, UTO COMPOBOX/AAETCS MPEXOAsLLMM YCKOPEHMEM JIMHEeRHOro pocTa KOocTei.
Mof BAVSIHWEM fleYeHUs1 MePKanTOMMUAA30/I0M U TUPEOMAIKTOMUM KaK Nponvgepaumus Tak u
BcacblBaHVie Xpsillia NpeTeprieBaloT TOPMOXKEHUE, U 9TO NPUBOAUT K 3aMefJIeHVNI0 POCTa KOCTeil.
MonyyeHHble pPe3ynbTaTbl COMOCTABAATCA C INTEPATYPHBIMU JaHHLIMU.
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Dr. Sandor Varga

Dr. Janos Gyarmaty, Jr.
Dr. Jen6 Laczko
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BLOOD SUPPLY OF THE RAT HYPOTHALAMUS.
HI. ANTERIOR REGION OF THE HYPOTHALAMUS

(NUCLEUS SUPRACHIASMAXIS, NUCLEUS HYPOTHALAMICUS ANTERIOR.
NUCLEUS PERIVENTRICULARIS)

G. Ambach and M. Palkovits
(Received October 28, 1974)

The arterial and venous blood supply of the anterior hypothalamus was studied
by means of double perfusion technique. The angiotopography and cytoarchitecture
of the hypothalamus were compared on serial sections by accounting for the three-
dimensional coordinates. A detailed description is given of the arteries and veins
contributing to the blood supply of the suprachiasmatic, the anterior hypothalamic
and the periventricular nuclei. The topography of the arterial and venous trunk on
the base surface of the rat diencephalon is described, as well as that of the larger
branches which enter from below and pass through the anterior hypothalamus.

Introduction

There are few data on the topography of the arteries and veins of the
hypothalamus in experimental animals, particularly in the rat [4, 8, 9]. The
majority of earlier works concentrated on the clarification of the structure of
portal veins which are of primary importance from the aspect of neuroendo-
crine regulation, but no data have been published on the vascularity of the
individual hypothalamic nuclei.

The vascularity of the hypothalamus — investigated in the rat [1] and in
other species — is more or less the same as that of the other regions of the
brain, except for the outstanding vascularity ofthe two magnoccllular nuclei:
the supraoptic and the paraventricular nuclei. The extremely rich vascularity
of these nuclei is no doubt related to their functional role, hence their angio-
topography was studied separately from the other vessels of the medial hypo-
thalamus [2, 3].

The method of double perfusion technique allowed to show the arteries
and veins separately [2]. By using our detailed map (Palkovits, in prepara-
tion) of the rat hypothalamus, showing the three-dimensional coordinates of
the various nuclei and subdivisions, this method can be applied to the prepara-
tion of a survery of the distribution of the hypothalamic arteries and veins.
In addition we wished to study:

1. any possible correlation between blood supply and cytologic topog-
raphy (whether any of the nuclei possesses an isolated blood supply, or the
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vascularization of the subdivisions within the various nuclei are identical or
different);

2. the relationship between the portal veins and the vessels supplying
the other parts of the hypothalamus;

3. the vascular link between the hypothalamus and the neighbouring
regions of the brain;

4. how and where the veins of the various hypothalamic nuclei meet and
what kind of topographic regularity exists between the arterial blood supply
and venous system of the various regions.

In this paper we shall deal with the vascular structure of the anterior
part of the medial hypothalamus and, within it, of the suprachiasmatic nu-
cleus, the anterior hypothalamic nucleus and the periventricular nucleus.
Vascularization of the other hypothalamic regions will be discussed in another
paper (Ambach and Palkovits, in preparation).

Materials and methods

Bicoloured Rotring ink perfusion preparations were made from 35 rats of 150 to 200 g
body weight by means of our method described earlier [2]. The highly viscous red ink filled
the arteries, the less viscous blue ink the veins. Serial sections of 100 to 400 1 thickness were
cut from various planes and projected, by accounting for the space coordinates, on the coordi-
nates of similar dimensions of the cytoarchitecture of the hypothalamus (Palkovits, in
preparation). Black Indian inks different in viscosity were also used for investigation of the
arteries only or of the entire vasculature.

Results

Since several classifications of the hypothalamus are known from the
literature, it seemed necessary to determine the spatial extension of the area
investigated. The medial hypothalamus extends laterally to the theoretical
perpendicular line passing through the fornix, up to the fibres of the medial
forebrain bundle, forming the lateral hypothalamus, i.e. up to the group of
cells embedded in these fibres. Its upper boundary is the thalamus which
practically corresponds to the horizontal passing on top of the 3rd ventricle.
Rostrally it is calculated to the preoptic region which corresponds to a distance
of 400 to 500 <behind the bregma. (It has not been settled whether cytologi-
cally the nuclei of the preoptic area can be regarded as part of the hypothala-
mus; in this paper they will be discussed separately.) Caudally, the limit of
the medial hypothalamus is the mamillary body which is not a sharp vertical
line, but can be drawn dorsally 3.8 mm behind the bregma and at 4.6 on mm
the base.

Didactically, the medial hypothalamus can be divided into 3 parts (Palkovits, in
preparation): 1. anterior part of the hypothalamus which contains the suprachiasmatic nucleus
(NSC), the anterior hypothalamic nucleus (NHA) consisting of four subdivisions and the
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periventricular nucleus (NPE) which is divided from the next region hy the retrochiasmatic
area (AR); 2. the middle (tuberal) part whose nuclei are the first three subdivisions of the
arcuate nucleus (NA 1—II11), the ventromedial nucleus (NVM) with seven and the dorso-
medial nucleus (NDM) with three subdivisions. The medial eminence (EM) with the portal
veins also belongs to this part; 3. the posterior (premamillary) part is the area between the
mamillary body and the infundibulum. Its nuclei are the two posterior subdivisions of the
arcuate nucleus (NA IV—V), the dorsal and ventral premamillary nuclei (NPMD and NPMV,
respectively), the posterior hypothalamic nucleus (NHP), and the supramamillary nucleus
(NSM).*

ARTERIES

The arteries of the medial hypothalamus

The arteries of the hypothalamus originate directly from the basal
vascular trunks or branches forming the circulus arteriosus Willisii (see Figs
1A, B). At the anterior boundary of the bridge the a. basilaris splits into two
aa. cerebellares superiores and two an. communicantes posteriores. The latter are
S-shaped and join on two sides, 2.5 and 3.0 mm from the midline and 6.0 mm
behind the bregma, the aa. cerebriposteriores coming from the a. carotis interna.
The internal carotic artery runs 1.6 to 2.2 mm laterally front the midline and
3.5 mm behind the bregma branches into tin; posterior cerebral artery which
runs backwards on the boundary of the cortex and the cerebral peduncle,
taking up the posterior communicating artery.

About 1000— 1200 p behind the bregma the a. carotis interna is divided
into the a. cerebri media and the a. cerebri anterior. The a. cerebri media runs
from its origin 1800 to 2000 p from the midline forwards and upwards along
the boundary of the piriform and parietal cortex. Near its origin the anterior
cerebral artery lies below the exterior border of the optic chiasm, then 900 to
1100 p before the bregma line it turns gradually above the optic nerve and
continues its path in the longitudinal fissure of the cerebrum. It branches
into the a. communicans anterior 800 1000 p before the bregma line. The
bilateral communicating arteries anastomose in the midline into a trunk above
the optic nerve. After division the branches of this trunk (a. hemispherica)
run parallel to the anterior cerebral artery. The branches proceeding towards
the hypothalamus arc shown in Table I.

Arteries of the suprachiasmatic nucleus

The nucleus is situated at a distance between 500 and 1200 p behind
the bregma, directly on the two sides of the 3rd ventricle above the optic
chiasm. Both laterally and upwards its maximum extension is 500 to 550 p.

* Of the three parts of the medial hypothalamus the present work is concerned with
the blood supply of the anterior part; the vessels of the tuberal and premamillary parts will
be the subject of forthcoming papers of the same series (Ambacii and Palkovits, in prep-
aration).
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Fig. 1. Arteries of the medial hypothalamus. A. Filled with Rotring ink. B. Arteries on the basal surface of the dienceplialon.
Abbreviations see in text
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Table 1
Hypothalamic arteries

. praeoptica medialis

. hypothalamica medialis

. subcommissuralis lateralis
. subcommissuralis medialis

a. communicans anterior

a

. . a

a. cerebri anterior — a
a

. . aa. thalamostriatae laterales
a. cerebri media —

— aa
-— aa. tuberales posteriores
a. cerebri posterior — aa. praemamillares —= a
a. mamillaris anterior a. hypothalamica lateralis
—* a. chiasmatica lateralis
retrochiasmatica — a. suprachiasmatica
— r. suprachiasmatis anterior
—* 3. ophthalmica interna —» aa.
a. tuberalis anterior
a. hypothalamica media >rr
— - a. hypophysea anterior —» a. infrachiasmatica rr.
— - a. hypophysea media '
a. hypophysea posterior — aa. tuberales mediae

--------------- a. hypothalamica lateralis
posterior minor

—a. hypothalamica lateralis
posterior major
------ a. choiioidea anterior a. thalamostriata medialis

. supraopticae laterales

. supraoptica anterior

medialis

supraoptici anteriores

retrochiasmates
chiasmates

— a. supraoptica medialis
a. supraoptica lateralis

— a. mamillaris posterior
a. communicians
posterior
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Fig. 2. Arteries of the suprachiasmatic nucleus. Numeration of vessels: 1. r. anterior, 2. r. posterior, 3. r. posterior inferior, 4. r. anterior
superior, 5.r. anterior. A. System of suprachiasmatic artery and the area supplied by it. B. Course of suprachiasmatic artery. C. Ter-
minal branches of suprachiasmatic artery. D. Course and branches of ramus suprachiasmaticus. Abbreviations see in text
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The nucleus is supplied by the suprachiasmatic artery originating from the
retrochiasmatic artery and by the medial branches of the suprachiasmatic
branch (Fig. 2A).

The a. suprachiasmatica, originating from the a. retrochiasmatica 600 p
behind the bregma passes laterally towards the middle through the lateral
third of the optic chiasm, then arching upwards and backwards it splits into its
main branches in the anterior region of the hypothalamus, 800 to 900 p be-
hind the bregma (Figs 2A, B). The branch proceeding to the area of the anterior
hypothalamic nucleus is the continuation of the main trunk which supplies
this group of nuclei and their immediate surroundings. The middle branch
runs in the direction of the ventricle and participates in the supply of the
periventricular nucleus. The r. paraventricularis inferior running to the ante-
rior part of the paraventricular nucleus originates from this branch [3]. The
inferior branches of the suprachiasmatic artery supply the NSC. The r. posterior
superior reaches the nucleus at its lateral superior part and divides into an
anterior and posterior branch. The two branches supply together the upper
two-thirds of the nucleus (Figs 2A —C).The r. posterior inferior runs from lateral
to the nucleus supplying the ventral-posterior two third of the NSC (Figs
2A, B). The branches of the suprachiasmatic artery (mainly the superior ones)
have terminals also in the anterior third of the nucleus which beside the r.
suprachiasmaticus play a secondary role in this area.

The ramus suprachiasmaticus originates directly from the retrochiasmatic
artery 300 to 400 p behind the bregma line, and supplies blood only to the
NSC (suprachiasmatic nucleus). This branch is narrower than the supra-
chiasmatic artery and runs before and medially to the latter above the optic
chiasm. Leaving the optic chiasm it proceeds to the anterior part of the NSC
where it splits into two branches (Figs 2A, D). The stronger r. anterior superior
is supplying the anterior superior third of the nucleus in an area of 500 to
800 p behind the bregma. The ramus anterior runs frontally to the lower part
of the nucleus. The area supplied by this branch varies, the branch splits as a
ride in the anterior inferior third of the NSC. If the lower branch of the supra-
chiasmatic artery is narrow, its terminal divisions may be observed in the
posterior inferior third of the nucleus.

Arteries of the anterior hypothalamic nucleus

The anterior hypothalamic nucleus is the main group of nuclei in the
anterior hypothalamus. Bostrally, the nucleus consists of ventral, medial and
dorsal subdivisions which begin 500 p behind the bregma and extend 1100 to
1300 p backward. The fourth subdivision (caudal part) starts behind the oth-
ers (from 1100 2000p) and fills the space below the paraventricular nucleus
laterally from the 3rd ventricle to the medial forebrain bundle. The ante-
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Table 11

Arteries of the anterior hypothalamic nucleus

r. anterior superior e*=—

r. anterior inferior *—

rr. ventrales mediales ---------
rr. medialesinferiores #—

; a. praeoptica medialis a. coinmunicans anterior
3

4.

5. rr. ventrales laterales #—

6

7

8

a. suprachiasmatica m—

r. ventralis posterior m—

r. anterior —_ a. retrochiasmatica

a. chiasmatica lateralis m- t

rr. dorsales anteriores e*------ t.
a. carotis interna

9. r. medialis superior

10. r. posterior superior +
11. r. posterior inferior +-----------
12. rr. dorsales posteriores ----—
13. rr. MinoOres <e----m---mmmmmmmmmeeme

a. hypothalamica lateralis m

rior hypothalamic nucleus is supplied by the medial preoptic artery and the
branches of the retrochiasmatic artery: the suprachiasmatic, the lateral chias-
matic and lateral hypothalamic arteries (Figs 3A-C, 4A-C, 5A-C; Table II).

The rami anterior superior and anterior inferior originate from the a.
preoptica medialis (a branch of the anterior communicating artery, Figs 3A,
13). The superior branch runs horizontally backwards and splits in the anterior
superior section of the medial part of the anterior hypothalamic nucleus. Its
course can he traced dorsally to a distance of 700 to 800 p. The inferior branch
also supplies the medial part running dorsally at the height of the middle and
lower third of the 3rd ventricle.

The main trunk of the a. suprachiasmatica passes through the lower
third, less often through the middle, of the ventral part of the anterior hypo-
thalamic nucleus to the area of the medial part of the NHA (Figs 2B, 3B, C).
The three or four branches originating opposite the rr. posterior and superior
running to the suprachiasmatic nucleus, the rr. ventrales mediales, supply the
lower medial section of the ventral part of the NHA to a distance of 1000 p
(Figs 2B, C, 3A, C). Usually one of the branches is stronger and splits in the
medial part of the NHA which is (comparatively) poor in cells. Another two
to three branches of the same artery provide by means of the rr. mediales
inferiores the frontal section of the medial part of the anterior hypothalamic
nucleus to a distance of 700 to 1100 p (Figs 2C, 3A, C).

The a. chiasmatica lateralis runs through the NHA at 900 to 1100 p behind
the bregma to the paraventricular nucleus (NPV), ramifying in its course
and sending branches to the NHA (Figs 3A, 4A; Table II).

The rami ventrales laterales proceed ventromedially (Figs 3A, 4B) into
the external half of the nucleus and can he traced dorsally to a distance of
1300 p. They appear to overlap with the branches of the suprachiasmatic
artery. The ramus ventralis posterior runs dorsally and supplies the posterior end
of the ventral part (Figs 3A, 4C). The ramus anterior originates from the sec-
tion of the a. chiasmatica lateralis which lies between the ventral and dorsal
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)

Fig. 3. Arteries of the anterior hypothalamic nucleus. Abbreviations see in text. Indication

of vessels see Table Il. A. Arterial system of anterior hypothalamic nucleus. B. Terminals

of the rr. anteriores of a. preoptica medialis. C. Terminal branches of the a. suprachiasmatica
in the anterior hypothalamic nucleus
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Fig. 4. The a. chiasmatica lateralis and its branches. Indication of vessels see in Table 11
and Abbreviations. A. Course of lateral chiasmatic artery. B. Rr. ventrales laterales. C. R.
ventralis posterior. D. R. anterior
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Fig. 5. Course of a. hypothalamica lateralis and its branches. Indication of vessels see in
Table Il. Abbreviations see in text. Jl. Rr. dorsales anteriores. B. R. medialis superior. C. R.
posterior superior and inferior. D. Rr. dorsales posteriores
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parts of the NHA and runs to the frontal section of the caudal part of the
NHA where it ramifies into two or three short branches (Figs 3A, 4D). The rr.
dorsales anteriores can be traced to the posterior section of the dorsal part of
the NHA. Several overlappings can be observed with the posterior dorsal
branches coming from the lateral hypothalamic artery (Figs 3A, 4A, 5A).
The a. chiasmatica lateralis usually sends a stronger branch — the ramus
medialis superior — proceeding laterally from above into the nucleus. This
branch ends above and behind the area in which the suprachiasmatic artery
ramifies (Figs 3A, C, 5B).

The a. hypothalamica lateralis supplies the caudal part of the anterior
hypothalamic nucleus. It enters the hypothalamus at 1200 p behind the breg-
ma and runs then steeply up to the fornix (Figs 3A, 4B, 5C) where it delivers
the main arteries of the paraventricular nucleus and finally ramifies in the
ventral thalamus. Its branches runnnig to the NHA (Table Il) originate from
the vascular section between the suprachiasmatic nucleus and the fornix;
the upper one, the ramus posterior superior, supplies the half of the nucleus
under the paraventricular nucleus, while the lower branch, the ramus poste-
rior inferior, supplies the inferior half of the latter (Figs 3A, 4B, 5B, C). Short,
minor branches — rr. minores — are found along the entire length of the vessel.
Two branches, the rr. dorsales posteriores, run frontally into the posterior end
of the dorsal part of the NHA and ramify behind the bregma at a distance of
900 to 1100 p (Figs 3A, 4A).

Arteries of the periventricular nucleus

The hypothalamic periventricular nucleus (NPE) is situated on the two
sides of the frontal part of the 3rd ventricle and is some cell layers thick. It
is the (periventricular) caudal continuation of the preoptic periventricular
nucleus. There is no sharp transition between the two nuclei which can be
separated 400 p behind the bregma. First, for a length of 400 to 500 p the
nucleus extends dorsally up to the height of the top of the ventricle then
gradually narrows down and can he found only below. It can be traced dorsally
2000 p to the appearance of the medial eminence. The periventricular nucleus
is supplied by the terminal branches of the arteries of the medial preoptic, the
suprachiasmatic and the anterior hypothalamic nuclei, as well as by the
branches of the anterior hypophyseal artery (Figs 3A, 6A). The terminal
branches of the a. preoptica medialis supply the upper (rr. anteriores superiores)
and middle third (rr. anteriores mediae) to a distance of 700 to 800 p behind
the bregma (Figs 6A, B). The lower third is supplied by the rr. anteriores in-
feriores (Fig. 6A), and the oro-caudal middle part of the nucleus (800 to 1000 p)
by the branches of the suprachiasmatic artery. Below this area are ending the
branches of the rami posteriores suprachiasmates (rr. mediales inferiores) and

Acta Alurphologica Academiae Scientiarum Hungaricae 23, 1975



BLOOD SUPPLY OF THE HAT HYPOTHALAMUS I11.” 33

Fig. 6. Arterial supply of the periventricular nucleus. Abbreviations seen in text. Numeration
of vessels: 1. rr. anteriores superiores, 2. rr. anteriores mediae, 3. rr. anteriores inferiores,
4. rr. mediales inferiores, 5. rr. mediales superiores, 6. r. periventricularis posterior superior,
7. r. periventricularis posterior major, 8. rr. periventricularis posteriores minores. A. Topog-
raphy of arteries supplying the periventricular nucleus. B. A. praeoptica medialis rr. ante-
riores. C. A. suprachiasmatica rr. mediales. D. Rr. periventriculares posteriores

Ada Morphologica Acatlemiae Scientiarum Hungaricae 23, 1975



34 G. AMBACH and M. PAI.KOVITS

there are above the rr. mediales superiores from the suprachiasmatic artery (Figs
6A, C). These latter branches supply, together with the ramus periventricularis
posterior superior coming laterally in an arch from the lateral chiasmatic
artery, the upper part of the periventricular nucleus dorsally to a distance of
1400 p (Figs 6A, D). The dorsal part of the NPE above the retrochiasmatic
area is supplied by branches of the anterior hypophyseal artery which proceed
towards the lower dorsal surface of the optic chiasm; the ramus periventricularis
posterior major runs steeply up the side of the ventricle 1800 p behind the
bregma and ramifies in the narrower dorsal part of the NPE. It supplies only
the nucleus and stays all along beside the ventricle. The rr. periventriculares
posteriores minores are the terminal branches of parallel arteries penetrating
into retrochiasmatic area. These branches ramify in the lower dorsal third of
the NPE (Figs 6A, D).

VEINS
Veins of the medial hypothalamus

The veins of the hypothalamus meet in the vena cerebri anterior and
the vena basalis, i.e. in the branches of the major venous trunks (Figs 7A, B).
The v. basalis is the strongest vein of the cerebral base. It originates from the
juncture of the v. cerebri anterior and media 500 to 1000 p behind the bregma
from where it runs backwards on the exterior side of the circulus arteriosus
W illisii. It by-passes the main branches of the circle on their cortical side (Fig
7B). The course of the vena cerebri anterior follows that of the anterior cerebral
artery. It runs from the longitudinal fissure of the cerebrum on the external
side of the anterior cerebral artery between the optic nerve and the cortex to
the frontal side of the division of the a. carotis interna (Figs 7A, B), where
it merges with the vena cerebri media with which it forms the basal vein. Above
the optic nerve it anastomoses with several branches with the contralateral
vein. Several variations of the middle cerebral vein have been observed. In
almost one third of the cases this is a double vein, when a stronger vein
appears in front of the middle cerebral artery and another runs 500 to 1000 p
frontally into the anterior cerebral vein. Occasionally, the vein runs behind
the middle cerebral artery to the cerebral base. Laterally from the internal
carotid artery, 4000 to 5500 p behind the bregma, the basal vein takes up from
the medial side the vena interpeduncularis anterior which forms with its contra-
lateral and the vena interpeduncularis posterior an X-shaped anastomosis in
the fossa interpeduncularis (Fig. 7A). The posterior interpeduncular vein lies
closely on top of the cerebral peduncle and joins the vena cerebri posterior
which runs forward on the external side of the posterior cerebral artery and
meets the vena basalis 4500 p behind the bregma (Figs 7A, B). These trunks
are draining the venous blood of the hypothalamus (Table I11).

Acta Morphologica Academiae Scientiarum Hungaricae 23, 1975



G/6T ‘€z eeourebuny wnienusiog eelwapedy ealbojoydio €10y

Fig.

7. Veins on the basal surface of the diencephalon. Abbreviations see in text. A. Venous system of the medial
B. Veins on the basal surface of the hypothalamus

hypothalamus.

11 SNNVIVHLOdAH 1vd 3IHL 40 A71ddNS dOO0O74,,



Table 111

Hypothalamic veins

V. hypothalamiea anteromedialis — V. Perioptica--m---memmmmmemmmeeeev *j—v. cerebri anterior-—----------
V. supraoptica anterior--s-c--ececeeceoeeee - V. subcommissuralis lateralis —»

V. paraventricularis inferior v. infraehiasmatica- --— v.cerebri media--

V. hypothalamiea posteromedialis-----—---- >

VV. tuberales anteriores--------------cce-e- > v. retrochiasmatica

V. supraoptica posterior---
v. hypothalamiea anterolateralis
vv. tuberales mediae------- --
vv. tuberales posteriores--
w . praemamillares

vv. mamillares anteriores--- v. interpeduncularis anterior »

) ) vv. mamillares posteriores — v. interpeduncularis posterior--------- »v. cerebri posterior
v. supraoptica media-— —

v. supraoptica anterolateralis- --
v. suprachiasmatica -------------------
v. chiasmatica lateralis
V. thalamostriata anterior
V. hypothalamiea lateralis--------

V. supraoptica centralis
v. thalamostriata medialis--------

VV. supraoptici posteriores
v. chorioidea anterior

o=
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Fig. 8. Veins of the suprachiasmatic nucleus. Numeration of vessels: 1. rr. suprachiasmates, 2. rr. posteriores, 3. rr. anteriores.
A. Veins of the NSC. B. The v. suprachiasmatica and its branches. C. V. perioptica. D. Rr. suprachiasmates
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Fig. 9. Veins of the anterior hypothalamic nucleus. Indication of vessels see in Table IV
and Abbreviations. A.Veins of the NHA. B.V. hypothalamica anteromedialis. C.V. hypo-
thalamica anterolateralis
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Veins of the suprachiasmatic nucleus

The blood of the suprachiasmatic nucleus (NSC) is led off by the branches
of the suprachiasmatic and perioptic veins (Figs 8A, 9A). The v. suprachiasma-
tica runs downwards from the anterior paraventricular branch and forwards
somewhat laterally from the suprachiasmatic artery to the supraoptic nucleus
[3]. At 600 [rthe vessel pierces the nucleus and flows into the basal vein. In
addition to its branches coming from the NSC it has important branches
from the area of the periventricular and anterior hypothalamic nuclei. Its
branches originate from the external dorsal half of the nucleus (rr. posteriores).
In general there are three or four veins which join in the lower part of the ante-
rior hypothalamic nucleus into one or two branches and meet the suprachias-
matic vein (Figs 8A, B, 9A). Considerable venous anastomoses are formed be-
fore the optic chiasma, frontally to the optic nerves. The two vena perioptica
participate in the anastomosis. These veins lie closely on the optic chiasm and
run on its cerebral side. (Figs 8A, B). They meet the anterior cerebral
vein frontally to the infracliiasmatic vein. The two contralateral peri-
optic veins meet in the midline by a short anastomosis. The anasto-
m osis is situated near the organon vasculosum laminae terminalis, in the
midline 300 to 400 p before the bregma, in the sulcus in which the two optic
nerves meet. From here a vein runs frontally and meets the anterior cerebral
vein or a stronger vein joining the latter in the longitudinal fissure of the
cerebrum. In addition to the veins of the NSC, the perioptic vein collects the
branches originating in the area around and below the anterior commissure,
in the preoptic region and in the optic chiasm. Its branches are the overwhelm-
ing majority of the branches of the vena hypothalamica anteromedialis that
originate in the NSC (rr. suprachiasmates), but as it proceeds it takes up minor
branches also from the preoptic region. It originates from 5 to 7minor branches
in the dorsal part of the NSC, these branches are then joined by one or two
branches from the NPE and NilAm. All these run downwards within the
nucleus, then arch forwards below the nucleus forming a common trunk (Figs
8A, D, 9A, B). The small branches originating from the medial third of the
anterior half of the nucleus reinforce by their fan-like structure the antero-
medial hypothalamic vein. This vein proceeds all along the inferior boundary
of the 3rd ventricle and joins the perioptic vein approximately at the height
of the bregma (Figs 8A, 9A). The rr. anteriores are two or three long veins
accompanying the artery (r. suprachiasmaticus) (Fig. 8A). They originate in
the anterior external part of the nucleus, run laterally immediately above the
optic chiasma and reach the perioptic vein 200 to 300 p behind the bregma.
Quite often two arteries are present, and the veins run always below them.
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Table TV

Veins of the anterior hypothalamic nucleus

rr. suprachiasmates -----------------—- -» V.hypothalam ica--——-- > V. perioptica v. cerebri
anteromedialis anterior
V. hypothalamica anterolateralis —
rr. dorsales »v. subcommissuralis
lateralis

rr. mediales

r. centralis - v. suprachiasmatica
rr. ventrales

rr. mediales

r. centralis -

rr. caudales v. chiasmatica lateralis

rr. dorsales -

rr. ventrales

rr. caudales v. paraventricularis-------------mmm-mmeoomeeeev > v. infrachiasmatica

inferior }
r. caudalis poSterior---------------mmmeeme »Vv. hypothalamica - v. retrochiasmatica

posteromedialis
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Veins of the anterior hypothalamic nucleus

The blood of the anterior hypothalamic nucleus is collected by the follow-
ing veins (Fig 9A; Table 1V).

The V. hypothalamica unteromedialis originates with one or two longer
branches in the antero-inferior section of the medial part the NHA. Below
the nucleus they join the rr. suprachiasmates in the area of the NSC (Figs 9A,
8D).

The branches of the v. hypothalamica anterolateralis originate in the
antero-external section of the ventral part of the NHA, 600 to 1000 p behind
the bregma. The vein runs laterally, by-passes the NSC and meets the vena
basalis. It receives outside the nucleus a few thin branches only from the area
below the NHA (Fig. 9C).

The upper branches of the v. subcommissuralis lateralis originate in the
area of the ascending fibres of the stria medullaris. They run laterally to the
dorsal part of the NHA, 600 to 900 p behind the bregma, and meet the basal
vein or the anterior cerebral vein near the margin of the NSO. Its lower
(dorsal) branches originate in the exterior third of the dorsal part of the NHA
and enter the vein laterally (Figs 9A, 10A, 3B).

The vena suprachiasmatica collects some of the veins of the NSC, NPV,
NPF and NHA. It runs laterally in the area of the NHA, penetrates into the
NSO and finally joins the basal vein (Figs 8A, B, 9A, 10B). It takes up
branches directly from the medial part of the NHA (rr. mediales) and indirectly
by the mediation of the ramus paraventricularis which passes through the
nucleus (Fig. 9A). The ramus centralis collecting the veins from the middle
part of the nucleus meets the suprachiasmatic vein dorsally above the NHAv.
From the anterior part of the NHAv as a rule 3 or 4 ventral branches reach
the suprachiasmatic vein (rr. ventrales).

The vena chiasmatica lateralis starts with rr. paraventriculares antero-
laterales and runs upwards from the NPV and laterally between the dorsal
and ventral parts of the NHA to the NSO (Figs 9A, 10B). It passes through
the NSO and meets the basal vein. This vein receives many branches from the
NHA: three to four rr. mediales originating from the dorsal part of the
middle part of the anterior hypothalamic nucleus (NIIAin) and running
laterally, meet the paraventricular branches (Fig. 9A). The r. centralis is
usually smaller, originating from the middle area of the nucleus poor in cells
and proceeding laterally backwards it meets the lateral chiasmatic vein. The
rr. caudales originate in the middle section of the anterior caudal part of the
NHA. These 2 to 4 branches meet the suprachiasmatic vein dorsally. The 5 or 6
small rr. dorsales on the dorsal part of the anterior hypothalamic nucleus
(NHAd) run downwards and meet side by side the lateral chiasmatic vein.
An anterior and a posterior group of branches can be observed. The 3 or 4
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Fig. 10. A. The v. subcommissuralis lateralis and its branches. B. The v. chiasmatica latera-

lis and its branches. C. The v. paraventricularis inferior and its branches. D. The v. hypo-

thalamica posteromedialis and its branches. Abbreviations see in text. Indication of vessels
see Table IV
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vv. ventrales originate from the dorsal, lateral and superior parts of the NHAv.
After by-passing its ventral part or running through its external part, they
are taken up by the lateral chiasmatic vein (Figs 9A, 10B).

The vena paraventricularis inferior runs between the medial caudal
part of the NHA and the ventricle into the infrachiasmatic vein. Its 4 or 5
small caudal branches issue on the ventricular side of the nucleus and collect
in the medial third of the NHAc (Fig. 10C).

The branches of the vena hypothalamica posteromedialis collect the blood
from the remaining greater part of the NHAc. This vein, proceeding down-
wards and somewhat laterally, meets about 2000 p behind the bregma and
700 to 800 p from the midline the retrochiasmatic vein (Fig 10D). It runs either
in the area between the ventromedial, the dorsomedial and the anterior hypo-
thalamic nuclei, or in the posterior section of the dorsal part the NHA and
collects 4 to 5 substantial branches from the caudal part of the NHA. In two
thirds of the cases a stronger branch (r. caudalis posterior) can he observed
originating from the external third of this part of the nucleus (Figs 9A, 10D).
In other cases this branch runs as an independent vein into the retrochiasmatic
vein.

Veins of the periventricular nucleus

The small veins of the periventricular nucleus (NPE) are collected by the
veins of the neighbouring nuclei. The nucleus has no independent vein of
its own. The blood of the NPF is drained by the anteromedial hypothalamic,
the suprachiasmatic, the lateral chiasmatic, the inferior paraventricular veins
and the medial retrochiasmatic branches, as well as the thalamic vein (Figs
8A, 9A, IIA). The blood of the inferior anterior part of the nucleus representing
the area next to the NSC, up to 1400 p behind the bregma, is collected by the
branches of the anteromedial hypothalamic vein. These are small venous
branches leading to the territory of the NSC. Above the suprachiasmatic
nucleus, 3 or 4 branches (rr. periventriculares anteriores), spread fan-like and
leading into the suprachiasmatic vein, are visible. They supply the anterior
half of the middle third of the periventricular nucleus, an area 1200 to 1300 p
from the frontal part of the nucleus (Figs 11A, B). In some cases the anterior
branches convey also the blood of the fine and long veins running along the
3rd cerebral ventricle backwards and upwards from the organon vasculosum
laminae terminalis. The branches of the lateral chiasmatic vein (rr. periventri-
culares posteriores) lie caudally to the former. There are, as a rule, 2 or 3 such
branches; they are collected below the anterior part of the NPY one behind
the other, in the area of the NPE and then taking a lateral turn meet the
lateral chiasmatic vein or its branches coming from the NPV (Figs 11A, C).
The blood of the caudal part of the NPE is collected by the small rr. paraventri-
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Fig. 11. Veins of the periventricular nucleus. Abbreviations see in text. Numeration of
vessels: 1. rr. suprachiasmates, 2. r. periventricularis anterior, 3. rr. periventriculares poste-
riores, 4. rr. periventriculares inferiores, 5.rr. retrochiasmatici mediales, 6. rr. periventri-
culares superiores. A.Venous supply of the periventricular nucleus. B. R. periventricularis
anterior. C. Rr. periventriculares posteriores. D. Rr. periventriculares superiores

Acta Morphologica Academiae Scientiarum Hungaricae 23, 1975



“BLOOD SUPPLY OF THE HAT HYPOTHALAMUS II11.” 45

culares inferiores of the inferior paraventricular vein which run next to the
nucleus parallel to the 3rd ventricle (Fig. 11A). (In one third of the cases, one
or two longer branches of the rr. retrochiasmatici mediales also participate
in the drainage of this dorsal part.) In the superior anterior third of the NPE
the rr. periventriculares superiores collect the blood. These 2 or 3 branches run
upwards opposite to the former and meet the thalamic vein 500 to 700 p
behind the bregma (Figs 11A, D). The thalamic vein follows the upper curva-
ture of the thalamus from behind the fornix and runs backwards into the
great vena Galeni.

Discussion

Surprisingly few data are available concerning the vascular network of
the rat hypothalamus, and the majority refers to the major arterial trunks
[8, 9] without discussing the vessels of the individual nuclei of the hypo-
thalamus. Akmayev’s data [1] are the only one known to describe the capillary
structure of the rat hypothalamus. The angiotopography of the hypothalamus
of species other than the rat has been worked out in far greater detail; this is
particularly true for the rabbit [5 —7] and the dog [4]. In several cases, es-
pecially in the case of the branches of major arterial and venous trunks, we
had to adopt the nomenclature used for these species.

The arterial blood supply of all the nuclei of the anterior hypothalamus
originates from the basal arteries and in all cases many smaller or larger
vessels supply the nuclei. In none of the investigated nuclei could an artery
supplying alone the given area be detected. A number of small, topographically
rather overlapping branches form the network of the nuclei, thus injury to a
single artery has practically no influence on their blood supply. This repeat-
edly ensured vascularity might explain the low incidence of ischaemic necrosis
of individual nuclei after experimental surgical interventions (lesions, dissec-
tions).

All the nuclei of the anterior hypothalamus obtain blood from arteries
of inferior origin (Table 1). Only some of these branches participate exclusively
in the vascular network of the hypothalamus, the terminal branch of the
majority is situated in the basal ganglia. This is not generally true for the veins
which, though their majority is collected basally, include, as in the case of
the paraventricular nucleus, dorsally running veins.

The nucleus suprachiasmatis obtains arterial blood from the retrochias-
matic artery. Four branches penetrate into the nucleus. Two of them are
branches of the suprachiasmatic artery which supplies also other areas of the
hypothalamus, and two are branches of the mididé suprachiasmatic artery
which supplies only the NSC. The bicoloured perfusion method has made it
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possible to recognize the basal branches described by Scremin [8] as an
artery, and the vessel running to the inferior-posterior part of the nucleus, as
veins. The venous system of the nucleus is only partly in topographic agree-
ment with the arteries. In addition to the suprachiasmatic veins there is also
the perioptic vein which, running on the dorsal part of the optic chiasma, meets
the anterior cerebral vein in front of the infrachiasmatic vein.

The nucleus hypothalamicus anterior is one of the largest nuclei of the
hypothalamus and is made up of four subdivisions. It is supplied by the
branches of four arteries (Fig 3A; Table Il) of which the branches of the middé
preoptic artery reach the nucleus frontally and the branches of the retrochias-
matic artery from below. Many small branches form the repeatedly ensured
capillary network of the NHA. The blood of the nucleus is collected by 7
venous trunks, all of which proceed towards the basal surface of the cerebrum.

The nucleus periventricularis has no independent artery; it is supplied
by the terminal branches of the three arteries which supply the neighbouring
areas (Fig 6A), and by the anterior hypophyseal artery. This is the most oral
area of the hypothalamus supplied by the anterior pituitary artery. The
periventricular nucleus has no independent vein; the small branches coming
from it are collected by the veins of the neighbouring nuclei. In contrast to
arteries, some of the veins are collected dorsally by the thalamic vein.

The angio-architecture of the anterior hypothalamus is no closed system
caudally, but is in connection with the middle part of the hypothalamus. The
special vascular system of the retrochiasmatic area separating the two parts
is closely linked to the anterior hypothalamus. Their separate treatment is,
however, justified didactically hence the forthcoming parts of this series
(Ambach and Palicovits, Blood supply of the rat hypothalamus, IV. and
V. in preparation) will be the continuation of the present work.

ABBREVIATIONS

ai = a. infrachiasmatica

AR = area retrochiasmatica

B = a. basilaris

ca = a. chorioidea anterior
CA = a. cerebri anterior

Cl = a. carotis interna

cl = a. chiasmatica lateralis
CM = a. cerebri media

CcO = chiasma opticum

CoA = a. communicans anterior
CoAnN = commissura anterior
CoP = a. communicans posterior
CcP = a. cerebri posterior

CS = a. cerebelli superior
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ha = a. hypophysea anterior

hal V. hypothalamica anterolateralis

ham V. hypothalamica anteromedialis

bl a. hypothalamica lateralis

hip a. hypothalamica lateralis posterior minor
hm a. hypophysea media

hp a. hypophysea posterior

hpm = a. hypothalamica posteromedialis

i V. infrachiasmatica

ma a. mamillaris anterior

mp a. mamillaris posterior

INlIAc = nucleus hypothalamicusanterior pars caudalis
NHAd nucleus hypothalamicusanterior pars dorsalis
NHAmM = nucleus hypothalamicusanterior pars medialis
NITAv = nucleus hypothalamicusanterior pars ventralis
NO nervus opticus

NPE = nucleus periventricularis

NPV = nucleus paraventricularis

NSC = nucleus suprachiasmatis

NSO = nucleus supraopticus

NSOpt = nucleus supraopticus pars tuberalis

0 = a. ophthalinica

OVLT = organon vasculosum laminae termindlis

P V. perioptica

P» V. paraventricularis inferior

pin a. praeoptica medialis

PT pars tuberalis

r a. retrochiasmatica

re rr. cliiasinates

rill r. meningeus

re rr. retrochiasinates

rs r. suprachiasmatis anterior

rsp r. suprachiasmatis posterior superior

S = a. suprachiasmatica

si V. subcommissuralis lateralis

tl a. thalamostriata lateralis

tin = a. thalamostriata medialis

TO tractus opticus

tua a. tuberalis anterior

turn a. tuberalis media

tup a. tuberalis posterior

vB V. basalis

vCA V. cerebri anterior

vea V. chorioidea anterior

el V. chiasmatica lateralis

vCM V. cerebri media

vCP V. cerebri posterior

VIA V. interpeduncularis anterior

VvIP V. interpeduncularis posterior

vma V. mamillaris anterior
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vmp = V. mamillaris posterii
vp = V. perioptica

vpr — vv. praemamillares
vr = V. retrochiasmatica
Vs = V. suprachiasmatica
vta = V. tuberalis anterior
vtm = V. tuberalis media
vtp = V. tuberalis posterior

1. = ventriculus tertius
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DIE BLUTVERSORGUNG DES HYPOTHALAMUS BEI RATTEN, III.

REGIO ANTERIOR HYPOTHALAMI (NUCLEUS SUPRACHIASMATIS, NUCLEUS
HYPOTHALAMICUS ANTERIOR, NUCLEUS PERIVENTRICULARIS)

G. AMBACII und M. PALKOVITS

Mit der Methode der doppelten GefaRauffillung wurde die arterielle und vendse Blut-
versorgung des vorderen Hypothalamus untersucht. An Serienschnitten wurde unter Beruck-
sichtigung der rdumlichen Koordinaten die Angiotopographie des Hypothalamus mit dessen
Zytoarchitektur verglichen und die an der GefaBversorgung des Nucleus suprachiasmatis,
Nucleus hypothalamicus anterior und Nucleus periventricularis beteiligten Arterien und Venen
ausfuhrlich besprochen. Die Topographie der auf der basalen Oberflaiche des Ratten-Dienze-
phalons verlaufenden Arterien- und Venenstdmme, ferner die in den vorderen Hypothalamus
von unten eintretenden und durch diesen verlaufenden gréReren Zweige werden beschrieben.
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KPOBOCHABXEHWE TUIMNOTANAMYCA Y KPbIC. IIl. MEPEAHAA OBJIACTb
FTMMOTANAMYCA

(nucleus suprachiasmatis, nucleus hypothalamicus anterior, nucleus periventricularis)

. AMBAX un M. MAKOBUTLL

MeTogoM [ABOMHOr0 HamofIHEHUS COCYAOB aBTopaMu 6bl10 M3yyYeHO apTepuasibHoe U
BEHHOe KPOBOCHabXeHWe nepefHeli YacTu runotanamyca. Ha cepuiiHbix cpe3ax — C Y4YeToM
NPOCTPaHCTBEHHbLIX KoopAauHaT aHruoTonorpagusa rvnotanamyca O6blia conocTaBneHa ¢
ero UMToapxuTeKTypoi. [aeTca nogpobHoe onmcaHue apTepuii 1 BeH, y4acTBYHOLLUX B KPOBO-
CHabXeHUW nucleus suprachiasmatis, nucleus hypothalamicus anterior, nucleus periventricularis.
O6cyxpaetca Tonorpausa apTepyasnbHbIX M BEHHbIX CTBO/MOB, HabnogaeMbix Ha 6asanbHOW
NOBEPXHOCTY AM3HLedanoHa KpbICbl, a TaKXe BXOASLLME B rmnotanaMmyc CHU3Y W NpoxogsLiue
Yepes runotanamyc 6onee KpynHble BETBU.

Dr. Gyodrgy Ambach I. Anatomiai Intézet,
Dr. Miklés Palkovits 1450 Budapest, T(zolté u. 58., Hungary
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EFFECT OF PROSTAGLANDIN F2 ALPHA ON THE
NEUROHYPOPHYSIS

A HISTOCHEMICAL STUDY

U. Singh and M. Katzarski*

(Received October 28, 1974)

Ten micrograms of PG F2 alpha in distilled water were injected intraperitone-
ally into thirty non-pregnant female rats and their hypophysis was studied after
aldehyde-fuchsin and performic acid-alcian blue staining. A definite depletion of
posterior pituitary principle was observed in the hypophysis. The role of oxytocin
in relation to the oxytocic effect of prostaglandin F2 alpha is discussed.

Introduction

The prostaglandins have successfully been used to induce therapeutic
abortion and labour (Embrey, 1971; Karim and Siiarama, 1971; Arnold
et al., 1972), but their mode of action is not fully understood. This study has
been carried out as a continuation of our preliminary investigations (Singii
and Sebum UFU, 1973) in order to ascertain any possible relationship which
might exist between the oxytocic effect of these compounds and the release
of posterior pituitary principle from the neurohypophysis.

Materials and methods

the experiments were carried out on 30 non-pregnant female rats of approximately
the same weight. They were arranged in groups of six using two as control in each group.
Ten //g of PG F2 alpha in 1 ml of distilled water was administered intraperitoneally to all
rats except the controls which were injected with a similar amount of distilled water.

After an interval of half and one hour from the time of injection, the rats in each group
were anaesthetized with ether and decapitated. The brain was immediately removed together
with the hypophysis, and fixed in formol-saline. The hypophysis was separated from the
brain and kept for further fixation in formol-saline, then embedded in paraffin. Five // thick
sections were cut and stained with aldehyde fuchsin (Gomori, 1950) and alcian blue-performic
acid (Adams and Stoper, 1956). Sections from control and experimental animals were stained
together to avoid any difference during staining.

* Present address: Dept, of Anatomy, Medical School Plovdiv, Bulgaria.
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Fig. 1. Horizontal section of pars nervosa of hypophysis of control rat, 30 minutes after injection with distilled water,
showing N.S.M. densely filled. Aldehyde-fuchsin X 100

Fig. 2. Horizontal section of part of pars nervosa of control rat, 30 minutes after injection with distilled water, showing
N.S.M. densely filled. Aldehyde-fuchsin, X 200
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Fig. 3. Horizontal section of pars nervosa of hypophysis of rat, 30 minutes after injection with PG F2 alpha, showing
depletion of N.S.M. Aldehyde-fuchsin X 100

Fig. 4. Horizontal section of part of pars nervosa of hypophysis of rat, after injection with PG F2 alpha, showing
depletion of N.S.M. Aldehyde-fuchsin X 200
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Fig. 5. Horizontal section of part of pars nervosa of hypophysis of control rat, one hour after injection with distilled
water, showing N.S.M. Performic acid-alcian blue, X 400

Fig. 6. Horizontal section of part of pars nervosa of hypophysis of rat, one hour after injection with PG F2 alpha showing
depletion of N.S.M. and empty spaces. Performic acid-alcian blue, X 400
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Observations

a) In the sections obtained from control animals, the neural lobe was
densely filled with neurosecretory material (N.S.M.) which appears purple-
blue in the case of aldehyde-fuchsin and bluish-green with performic acid-
alcian blue stains (Figs 2 and 5).

b) Sections obtained 30 minutes after the administration of PG F2
alpha showed less N.S.M. than in the controls (Figs 3 and 4).

c) Sections obtained one hour after the administration of PG F2
were almost devoid of N.S.M. and showed empty spaces (Fig. 6).

Discussion

Despite the limitations and doubts concerning the reliability of histo-
chemical reactions put forward by Enestrom (1969) they have been used for
the demonstration of N.S.M. and are considered specific (Bandaranayake,
1971; Choudhury, 1971; Pearse, 1968). As the experimental conditions for
control and experimental animals were similar, the depletion of N.S.M. seen
in the latter group of rats was probably not due to either physical or osmotic
stress which may also cause a depletion of N.S.M. (Rodecic and Braukmann,
1966; Choudhury, 1971; Rothballer, 1953). PG F2 alpha causes pain on
intramuscular injection (Horton and Main, 1967) but is tolerated well
by intravenous drip (Karim, 1971) and it is not known whether its
intraperitoneal administration is painful. Considering, however, the doses, time
interval and absence of physical signs indicating pain (hair raising, trembling)
in the rats, it is believed that the drug is tolerated well.

It is difficult to conclude, from histochemical reactions alone, whether
the changes seen in the neuro-hypophysis were due to depletion of oxytocin
or vasopressin, both being polypeptides rich in cystine (Pearse, 1968). The
results are therefore discussed in the light of the interrelationship between the
physiological and biochemical activity of these polypeptides and prostaglan-
dins. Whereas prostaglandin E antagonizes the vasopressin-induced activa-
tion of adenyl cyclase-cylic A.M.P. system to cause diuresis (Horton and
Main, 1967), PG F2 alpha does not affect this system presumably due to the
lack of a keto group at position 9 of the cyclopentane ring (Franks, et ah,
1971). Unlike PG and A, PG F2 alpha is a vasopressor compound; it causes
constriction of blood vessels and thereby increases venous return and cardiac
output (Dayer, 1970; Ducharme and Weeks, 1967; Horton and Main,
1967). It has been suggested that this effect on blood pressure is not mediated
by the renin-angiotensin A. D. H. system (Lee et ah, 1971). Thus there
exists an antagonism between the PG F2 alpha and vasopressin, as far as
their effects on the renal tubules and blood vessels are concerned.
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The effects of PG F2 alpha on the uterus are more closely related to
oxytocin. PG F2 alpha has synergistic action on uterine contractions when
administered with oxytocin (Embrey, 1971). These compounds have success-
fully been used for the induction of abortion and labour (Arnolid, et ah, 1972;
Bygdeman, 1971; Embrey, 1971; Karim, 1971; Karim and Sharma, 1971).
None ofthese workers have observed an abnormal rise ofblood pressure or any
other cardiovascular abnormality even after prolonged perfusion with the
compound. Recent reports indicate increased levels of oxytocin in blood fol-
lowing perfusion with PG F2 alpha forinduction of labour in pregnant wom-
en (Arnolid et ah, 1972).

It is quite likely, particularly inthe light of the observation of Arnoid
et ah, that in addition to their direct action on the myometrium (Karim and
Sharma, 1971) these compounds probably affect also secondarily the hypo-
thalamo-hypophysial system and cause an endogenous release of oxytocin
from the neural lobe. Such a hypothesis has already been suggested by Sperrof
(1971). To substantiate it, radio-immuno-assay and electron microscopic
studies have to he carried out on other species and preliminary work is in
progress for such investigations.
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DIE WIRKUNG VON PROSTAGLANDIN F2 ALPHA
AUF DIE NEUROHYPOPHYSE
EINE HISTOCHEMISCHE STUDIE

U. SINGH und M. KATZARSKI

30 nichtschwangeren Ratten wurde die waRrige Lésung von 10//g Prostglandin F2 Alpha
intraperitoneal eingefuhrt und anschlieBend die Hypophyse der Tiere mittels Aldehydfuchsin
und Performséure-Alzyanblau-Farbung untersucht. In der Hypophyse lieB sich dem hinteren
Teil entsprechend eine charakteristische Verminderung wahrnehmen. Die Rolle des Oxytozins
wird im Zusammenhang mit der oxytoxischen Wirkung ~des Prostaglandins F2 Alpha bes-
prochen.

OENCTBVE TMPOCTAMNALLANMNA F2 ALPHA HA 11EAPOrMMNo®oun3
MCTOXNMWYECKOE NCCNEJOBAHUE

Y. CUHI n M. KATLAPCKUN

30 HebepeMeHHbIM KpbIiCam aBTOpPbl BMpPbICKMBaAM BOAHbIA pacTBop M3KO MK/r F2 alpha
npoctarnaHivHa BHYTPUOPIOLLHHHO WM M3y4Yanu rUnodu3 >XMBOTHbIX METOAOM OKpallUBaHWA
anbaernapyKCMHOM ¥ HephOPMOKUCbIM — aflbLiMaHoBbIM  Fo/ly6biM.  COOTBETCTBEHHO 3afHeit
YacTu B runogumse HabnAaNIOCh XapaKTepHOe yMeHblleHMe. Pofb OKCUTOLMHA 06cyXxaaeTcs
B CBSI3M C OKCMTOKCMYecKMM athdekTom F2 alpha npocTtarnaHguHa.

Singh, U., M.B., B.S., M.S.

. M akerere Medical School, Kampala, Uganda
Katzarski, M., M.D.
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CONNECTIVE TISSUE ALTERATIONS
FOLLOWING NEONATAL THYMECTOMY

VI. CALCIUM HISTOCHEMICAL, GROWTH-DYNAMICAL
AND THERMOANALYTICAL INVESTIGATIONS ON BONE TISSUE
OF THYMECTOMIZED RATS

B. Mandi, M. Petks, Gy. Sz66r and T. Grant

(Received December 23, 1974)

Thymectomy was performed in newborn rats and the changes occurring in the
epiphyseal cartilage and bone were investigated by Ca histochemical and thermo-
analytical methods, one, two and six weeks following operation. Formation of Ca
complexes w'as slow'ed down in the epiphyseal cartilage and the rate of grow'th decreased.
At the same time the inorganic substance content decreased considerably in the bone
tissue of operated rats as compared to the controls.

Introduction

For a long time there have been few data available on the effect of the
thymus on the development and structure of connective tissue, though atten-
tion had turned long ago to the growth regulating function of the organ
[10, 13]. Then in the past 15 years, the question of the relation between thymic
activity and supporting tissues has been the subject of several studies.

According to the results, neonatal thymectomy brings about a decrease
of the proliferative activity of the epiphyseal cartilage [1, 2, 18] and retards
the process of ossification |2, 18]. Suhmicroscopic changes occur in the cells
of the epiphyseal cartilage [16] resulting in an altered composition of the carti-
lage matrix [19]. The hones of thymectomized animals are fragile and occasion-
ally skeletal deformities are encountered [12]. In the hone cells and matrix
ultrastructural changes can he observed [17]. Radiological examinations sug-
gested a decrease ofthe Ca content ofbones [3] and the development of arickets
like condition [14, 21] hut these were checked by conventional histological
methods which failed to give sufficient insight in the finer changes of the chem-
ical composition of hone tissue following thymectomy. It seemed therefore
interesting to perform Ca histochemical and thermoanalytical investigations.
As far as we know, the latter procedure has not yet been applied in bone
research.

Acta Murphologica Acadcmiac Scientiarum Hungaricae 23, 1975



60 B. MANDI et al.

Material and method

Thymectomy according to Miller’s [20] method was performed on a total of 200 albino
rats within the first 24 hours after birth. The operation resulted in a characteristic wasting
syndrome, with retardation of growth, loss of weight and atrophy of the lymphatic system
in about 30% of the animals. Since a great number of operated animals died from advanced
wasting, the experiments were carried out on 36 rats. In addition to the wasting syndrome
an impairment of the cellular immune response was also noted, as judged from the decrease
in the proportion of rosette forming cells (SRFC) of the spleen. As controls 36 rats from the
same litters as the operated ones were used. They were subjected to a sham operation consist-
ing of the exposure of the thymus without removing it. No wasting syndrome developed in
these rats.

The animals were killed and the material processed, one, two, and six weeks following
surgery. For the examinations the tibia and the femur were used.

I. Histochemical demonstration of Ca

1. Demonstration of ionic Ca with N,N-naphthalylhydroxylamine according to Voigt [28]
The proximal epiphysis of the tibia was embedded in paraffin and sectioned at 10 fi.

The sections were stained with 0.1% N,N-naplithalylhydroxylamine (Fluka A.G., Buchs,
Switzerland) and examined under the polarisation! microscope.

2. Demonstration of bound Ca according to KossA [23]

The proximal epiphysis was fixed in alcohol, embedded in paraffin and sectioned.
Then Kossa’s Ca reaction was performed followed by haematoxylin staining.

Il. Studies on growth dynamics

From all age groups 5 thymectomized and 5 control rats were injected intraperitone-
ally with 25 mg/kg Oxytetracycline hydrochloride (Chinoin, Budapest) 48 hours, and with

50 mg/kg Fluorexon® (2,4 bis N,N-dicarbomethyl-aminomethyl-fluorescein Cheinapol, Prague)
24 hours before sacrifice. The proximal epiphysis of the tibia was removed, fixed in absolute
alcohol, embedded in paraffin and sectioned. After dehydration, the sections were mounted
in Fluoromont. Micrometric measurements were performed under a fluorescence microscope
with BG 3/4 and OG 1/1 filters, by means of an ocular micrometer. Oxytetracycline produced
a yellow, and Fluorexon a green fluorescence. The two fluorochromes, well separated from
each other, were localized as stripes in the lower, calcifying part of the epiphyseal cartilage
disc. The distance measured between the lower margins of the two fluorescent stripes by means
of an ocular micrometer, corresponds — depending on the conditions of the experiment —
to the growth rate of bone in 24 hours. From each material 10 sections were prepared and
20 measurements were taken on each section. From the data so obtained we have calculated
the mean values.

II1. Thermoanalytic determination of the proportion of organic
and inorganic substances in the bone

The femurs of thymectomized and control rats were removed, cleaned of their soft
parts and dried over P305 After weighing and length measurement of the bones, the two
epiphyses were removed and the diaphyses measured again. For the examinations only the
diaphyseal parts of the femurs were used. The bones were then reduced to granules 0.06 mm
in diameter. The examinations were carried out in 0.015—0.100 g material by means of a
derivatograph (MOM) designed by Paulik et al. [22]. Heating was done at a rate of 10°C/min
in air at a temperature ranging from 20 to 1000°C.
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Results

Demonstration of ionic Ca with N,N-naphthalylhydroxylamine

One-week control rats. In the zone of calcification of the epiphyseal carti-
lage (Fig. 1) and in the metaphysis, large amounts of coarsely granulated
N,N-naphthalylhydroxylamine crystals showing marked birefringence are
present. The metaphyseal trabeculae are long and well-developed. In other
parts of the disc, especially in the zone of proliferation, the crystals are consider-
ably less biréfringent than in the zone of calcification.

One-week thymectomized rats (Fig. 2). Similarly as in the controls, biré-
fringent crystals —- though much smaller in number can be noted in the
calcifying cartilage zone of the epiphyseal disc and in the metaphysis. The
bone trabeculae are strikingly short. Some cells of the zone of proliferation
and marrow cavity display a certain activity.

Two-week control rats. In the epiphyseal cartilage (Fig. 3) a positive
reaction is displayed not only by the trabeculae of the zone of calcification
and in the metaphysis, but also in the cartilaginous trabeculae of the zone of
hypertrophy.

Two-week thymectomized rats. The bone trabeculae of the epiphysis (Fig.
4) show less biréfringent N,N-naphthalylhydroxylamine crystals than in the
controls. At the same time the crystals seem to have increased in amount in
the zone of proliferating cartilage.

Six-week control rats (Fig. 5). In the cartilaginous trabeculae of the lower
part of the proliferation zone biréfringent crystals are visible. For this reason,
the line of calcium incorporation has an irregular course.

Six-week thymectomized rats (Fig. 6). Appearance of biréfringent crystals
begins uniformly in the ground substance of the calcification zone and the line
of calcium incorporation is at the same level in the entire territory of the carti-
lage disc.

Demonstration of bound Ca

One-tveek controls (Fig. 7). In the epiphyseal cartilage, only the zones of
maturation and calcification are separated morphologically. In the ground
substance of the calcification zone insoluble, bound Ca is present. The meta-
physeal trabeculae are thin, showing a parallel course. At some sites they are
connected with each other.

One-week thymectomized rats (Fig. 8). The cells of the calcification zone
are close to each other with little ground substance between them. There are
few trabeculae showing a positive reaction; these trabeculae are thinner and
shorter than in the controls.
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Figs 1—6, Polarization photomicrographs of epiphyseal cartilages stained with N,N-naph-
thalylhydroxylamine. X 63

Fig. 1. One-week control rat. Large amounts of biréfringent crystals in calcification zone

and in metaphyseal trabeculae

Fig. 2. One-week thymectomized rat. Smaller amount of biréfringent crystals in calcifica-
tion zone and metaphysis

Fig. 3. Two-week control rat. In addition to the cartilaginous trabecules of the calcification

zone and metaphysis, those in hypertrophic cartilage also contain small amounts

of biréfringent crystals

Fig. 4. Two-week thymectomized rat. Few biréfringent crystals, in the bone trabecules more

in the proliferation zone of the epiphyseal cartilage
Fig. 5. Six-week control rat. Biréfringent crystals are visible also in the lower part of the
proliferation zone
Fig. 6. Six-week thymectomized rat. Biréfringent crystals are localized in the zone of calci-
fication and in the area distal to this zone. The epiphyseal cartilage disc is narrow
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7. One-week control.

8. One-week thymectoinized rat. Thin metaphyseal
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Figs 7—12. Kossa’s reaction in epiphyseal cartilage. X

metaphyseal trabecule showing a parallel course

content

80

Bound Ca in ground substance of calcification zone and in the

trabeculae with low bound Ca

9. Two-week control rat. Bound Ca also in the lower part of the zone of maturing car-

tilage. Numerous hone trabeculae rich in hound Ca

10. Two-week thymectoinized rat A few bone trabeculae containing small amount

of bound Ca

11. Six-week control rat. Bound Ca in the area extending to the upper margin of matur-
ing cartilage. Dense network of thick bone trabeculae rich in calcium

12. Six-week thymectoinized rat. Bound Ca only in the calcification zone and distally

to

it. The bone trabeculae are short and

less numerous than

in the controls
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Two-week control rats (Fig. 9). The zonal structure of the epiphyseal
cartilage disc is well discernible. Bound Ca is present even in the lower part
ofthe zone of maturation. The trabeculae forming a network are more numer-
ous than at the one-week stage.

Two-week thymectornized rats (Fig. 10). Some areas of the ground sub-
stance of the calcification zone are devoid of positivity. In the metaphysis,
the bone trabeculae containing bound Ca are short, thin and few in number.

Six week control rats (Fig. 11). Positivity extends to the upper part of
the zone of maturation. Cartilage cells displaying nuclear staining are visible
among the cartilaginous trabeculae containing calcium. The thick bone
trabeculae form a dense network.

Six-week thymectornized rats (Fig. 12). Positive reaction mainly in the
zone of calcification, sparsely in the ground substance of maturing cartilage.
There are fewer bone trabeculae than in the controls.

Growth dynamics

The method of Ca demonstration in vivo allowed to study the growth
dynamics. Results are summarized in Table 1.

Table 1

Growth in /Ini per 24 hr in control and thymectornized rats

Age Control Thymectornized
1 week 135.2 + 5.2 130.8 + 8.3
2 weeks 1134 + 9.4 95.4 + 10.1
6 weeks 102.6 £+ 7.8 88.3+ 9.9

As can be seen from Table I, there was no appreciable difference in
growth between the control and the thymectornized rats. At 2 weeks, however,
the daily growth rate was significantly lower in the thymectornized than in
the control rats. The difference was still significant at 6 weeks of age.

Thermoanalytical assay

For the examinations only materials from the two-and six-week groups
used as the materials obtainable at one week was not sufficient. As can be
seen in Table Il, the femurs of thymectornized rats were lighter in both age
groups. In the 2-week group, the quotient of weight and length in the controls
was 4.51 mg/mm, and in the thymectornized rats 2.1 mg/mm. In the 6-week
group the values were 8.91 mg/mm and 6.69 mg/mm, respectively.
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Fig. 13. Derivatogram of control animal. DTA 1 T0(°C) differential thermoanalytical

curve; DTG dm/dt/mg/min = derivative thermoanalytical curve; TG zlm (%) = thermo-

gravimetric curve, loss of substance at TG curve, in per cent; J = quantity of water evaporated

at 20—220°C; B = quantity of organic substance lost at 220—600°C; C = initial break-

down of carbonate hydroxyapatite at 600—1000°C, loss of 011C02: = total loss of sub-
stances (A -f- B -f- C) up to 1000°C; — Ca3(P04);, -f cad -f MgO residue

The derivatographic curves showed that the reactions taking place during
heating are qualitatively identical. The water content of the bone tissue is
represented by the value obtained at 20 220°C (A), tin* organic matter by the
value obtained at 220—600°C (B), whereas the inorganic substance content
is represented by the sum ofthe heating residue (~ 2)and the amount of inor-
ganic substances removed at 600 1000°C (C), as shown in Fig. 13.

On the basis of the results calculated (Table 111) a significant difference
can be noted in the distribution of organic and inorganic substances in the

5 Ada Morphologic» Academiae Scienliarum Hungaricae 23, 1975



66 B. MANDI et al.

Table 11

Mean length and weight offemur in control and thymectomized rats
at 2 and 6 weeks after surgery

Specimen FemEernl]e)ngth Femu;g;/veight
2 weeks, control 8T ©5 0.082 + 0.005
2 weeks, thymectomized 1193+ 0.4 0.026 + 0.002
6 weeks, control 26.43 + 0.5 0.235 + 0.003
6 weeks, thymectomized 23.06 + 0.7 0.154 + 0.002

Table 111

Composition of bone tissue in the femur of control and thymectomized rats,
in per cent of weight

Specimen A B c 2
2 weeks, control 1314+ 0.2 3920+ 0.6 4.07 £ 0.02 56.41: 09 4359+ 0.8
2 weeks, thymectomized 1142 : 0.3 5177+ 02 587 + 0.08 69.06: 0.7 30.94+ 0.9
6 weeks, control 1323+ 05 3176+ 04 213+ 005 4712+ 05 5288+ 1.0

6 weeks, thymectomized 1291 : 0.4 34.07+ 04 224+ 007 4922+0.6 5078+ 0.6

A = water content (20—220°C)

B = organic substances (220 —600°C)

C= inorganic substances (600—1000°C)
V*I= A+ B+ C (20—1000°C);
4 = inorganic residue (Ca3P04)3+ CaO + MgO

bone tissue between the controls and thymectomized rats. The bones of the
latter are characterized by a relative abundance of organic, and a decrease of
inorganic substances.

Discussion

According to the results, the localization of ionic, unbound Ca is nearly
identical in the epiphyseal cartilage of control and thymectomized rats. On the
other hand, the metaphyseal hone trabeculae of thymectomized animals are
thin and short and display a weaker positivity. In the control group Kossa’s
reaction was positive in the zones of calcification and maturation, while in
the thymectomized group marked positivity appeared only in the zone of calci-
fication. Thus, thymectomy seems to exert an injurious effect on the forma-
tion of Ca-complexes.
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In connective tissue research the interesting results offered by thermo-
analytical assay [4, 5, 9] have justified the application of this method. In our
experimental material the procedure revealed quantitative differences. The
total inorganic substance content of hone decreased in the thymectomized
animals as compared to the controls. Similar observations were made with
3ap [26]. It should be noted that part of the water evaporating in the domain
between 20 and 220°C (Fig. 13A) derives from water bound to organic macro-
molecules, but its loss coincides with that of the adsorbed moisture. From the
derivatographic curve it can be seen that the usual drying temperature of
100— 110°C is not sufficient in the case of bone as they will retain considerable
amounts of water at these temperatures.

On the 7th postoperative day the growth rate did not show appreciable
differences between the thymectomized and control groups. This means that
the growth retardation occurring later was probably due to the thymus de-
ficiency and not to the surgical injury because this would have manifested
itself earlier.

Thermoanalytical and growth dynamical investigations revealed marked
differences between thymectomized and control animals in the two-week
stage. The difference, though in a slighter degree, was still remarkable at 6
weeks. This is probably due to the fact that the animals with severe wasting
disease die before the age of 6 weeks and only those with a milder form of the
syndrome reach this age.

The cause of growth retardation and decrease of the amount of inorganic
substances in the bone after thymectomy seems to he attributable first of all
to endocrine changes. The alpha cells of the pituitary, after atemporary hyper-
activity [8] decrease in number and undergo degranulation [7, 24, 25]. A simi-
lar decrease was noted in the activity of the thyroid [7, 8] and the adrenal
glands [6—8]. On the basis of recent residts it cannot, however, be excluded
that the lack of biologically active substances produced by the thymus may he
the cause of the changes described above. Of these substances, thymosin [11]
should be mentioned first. In fact, this hormone-like substance produced by
the epithelial cells of the thymus has been found by us to be able to prevent
the wasting syndrome, and by administering to rats antithymosin rabbit
serum we could induce symptoms characteristic of the wasting disease [15].
Further investigation of this question is in progress.
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VERANDERUNGEN DES STUTZGEWEBES BEI THYMEKTOMIERTEN TIEREN, VII

CA-HISTOCHEMISCHE UND THERMOANALYTISCHE UNTERSUCHUNGEN DER

WACHSTUMDYNAMIK AM KNOCHENGEWEBE VON NEONATAL THYMEKTO-
MIERTEN RATTEN

B. MANDI, M. PETKO, GY. SZUOR und T. GLANT

An neugeborenen Ratten wurde eine Thyinektomie ausgefuhrt und 1, 2 und 6 Wochen
nach dem Eingriff mittels Ca-histochemisclier sowie thermoanalytischer Verfahren die in der
Knorpelscheibe und im Knochengewebe der Epiphysen vor sich gehenden Verdnderungen
untersucht. Den Ergebnissen zufolge erfahrt in der Epiphysenknorpel der thymektomierten
Tiere die Entstehung des Ca-Komplexes eine Verlangsamung. Das AusmaB des taglichen
Wachstums nimmt ab. Im Knochengewebe der operierten Tiere ist der Gehalt an anorgani-
schen Stoffen wesentlich geringer als im Knochengewebe der Kontrolltiere.
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M3MEHEHWNA OMOPHOW TKAHW ¥ >XWBOTHbIX MOC/E TVWM3KTOMUW, VII
Ca-TUICTOXUMWNYECKME N TEPMOAHA/IMTUYECKUE WCCNEQOBAHNA
OVNHAMUKW POCTA B KOCTHOWM TKAHW KPbIC MOC/IE HEOHATA/IbHON

TUM3SKTOMWA

B. MAHOW, M. METKO, A. CEP u T. IAHT

ABTOpbI MPON3BENN Y HOBOPOXKAEHHbIX KPbIC TUMIKTOMUIO U CrycTs 1,2 1 6 Hedenb noce
BMeLLIaTeNbCTBA M3ydany Ca-rmcTOXMMUYECKMMN 1 TePMOAHaIMTUYECKMMMI METOAAMMN U3MEHEHUS],
BO3HMKLLIVE B 3NU(U3APHOM XPSILLIEBOM AMCKE U B KOCTHOM TKaHW. CornacHo pesynbTaTam nocsie
TUMIKTOMUU B INU(U3APHOM XPSILLLE XKMBOTHbIX HaGl04aeTcs 3aMedsnieHVe obpasoBaHMn Ca-
KOMMIEKCa. YMeHbLLIAETCS AMHAMMKA CyTOUYHOTO pocTa. B KOCTHOM TKaHW OrnepypoBaHHbIX

JXMBOTHbIX cofep>XaHne HeopraHn4yecKoro BellecTBa 3Ha4NTEIbHO MEHbLLE, YEM Y KOHTPO/IbHbIX
JXNBOTHBbIX.
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MORPHOLOGICAL EXAMINATION
OF THE JUXTAGLOMERULAR APPARATUS
FOLLOWING THE FLUORESCENCE MICROSCOPIC
DEMONSTRATION OF SYMPATHETIC NERVES

Z. Nemes, Edit Bodolay, K. Pecze and P. Endes

(Received March 8, 1975)

Several catecholamine demonstrating fluorescence techniques based on the
formaldehyde-condensation principle have been examined for the possibility of applica-
tion of juxtaglomerular granulum demonstrating methods. Freezing and thawing
cause a distruption of juxtaglomerular granules. Short formalin fixation does not pre-
vent this damage. Juxtaglomerular granules were successfully stained after freeze-
drying.

Y gThe adaptation of Endes’s trichrome method on the basis of the classical
catecholamine technique of Falck and Owman resulted in a reliable practical method.
Procedures introduced into the trichrome methods to increase the colour and intensity
contrast of the staining of juxtaglomerular granules and to stain the elastic membranes
are described. Some aspects of the staining mechanism of juxtaglomerular specific
granules are also discussed.

Catecholamines cause renin release by stimulating the beta-adrenergic
receptors of renin-containing juxtaglomerular cells [1, 2, 22, 25, 28]. A series
of morphological examinations prove the adrenergic innervation of juxta-
glomerular cells [3, 11, 13, 17, 21, 27,]. Elimination or the influence of renal
symphatetic nerves results in an inhibition or reduction of the renin release
produced by a number of experimental stimuli [5, 6, 16, 19, 20, 26, 30]. These
effects depend on the liberation of the sympathetic neural transmitter, i.e.
noradrenaline, produced either by extrarenal stimuli via sympathetic reflexes
or by intrarenal regulating mechanisms.

The above observations suggest that the morphological evaluation of the
relation between the granular storage of renin and the noradrenaline content
of juxtaglomerular nerves may be a useful tool in the study of renin secretion.

In order to be able to demonstrate renin containing granules in the juxta-
glomerular cells following the fluorescence microscopic demonstration of sym-
pathetic nerves, we have studied the application of juxtaglomerular (JG)
granule-staining methods in sections used for catecholamine demonstrating
techniques. The most promising combination has been developed into a reliable
practical method.
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Material and methods

Albino mice of both sexes weighing 40—50 g were used. The frequency of arteriolar
granulated cells in mice, a favourable condition for studying the staining of JG granules,
accounted for the choice of the experimental animal.

The mice were decapitated under ether anaesthesia and 2x3 x5 mm transversal kidney
sections were obtained. Corresponding to the techniques of formaldehyde-condensation reac-
tion some kidney slices were immediately quenched in a dry ice—isopentane mixture and
1. cyrostat sections were prepared for the method of E1-Badawi and Schenk (1967), and
2. for the freeze-drying method of Csillik and Kalman (1967), or 3. they were freeze-dried
in block for the classical method of Falck and Owman (1965). Other slices were fixed in cold
aqueous solutions of 1—4% formalin for the method of Sakharova and Sakharov (1968).

Kidney blocks were freeze-dried for 5 days at —40°C below 10~3torr, in the presence
of P20- by means of an Edwards —Pearse EPD 2 tissue drier. Following freeze-drying
the blocks were treated with formaldehyde gas of 60% relative humidity [15] at 80°C for one
hour and vacuum-embedded in previously degassed paraffin. 3—6  paraffin sections were
prepared, fixed to slides with egg white-glycerol and mounted in paraffin oil.

Fluorescence microscopic examination of the catecholamine-specific reaction was
carried out by means of a Leitz Orthoplan microscope equipped with a Ploem’s incident
light fluorescence device [23]. Violet exciting light was produced by a HBO 200 high pressure
mercury lamp, with 3 mrn BG 3 exciting filter combined with 4 mm GB 38 red absorption
filter. The TK 455 interference dividing plate built into Ploem’s illuminator reflects 90% at
405 nm and transmits 80% at 480 nm. The K 460 barrier filter in the slot above the illuminator
absorbs remaining weak violet light reflected from the specimen (Fig. 1A). The catechol-

Fig. 1. Beam path for incident light fluorescence (A) and for phase contrast (B). [||||| visible
spectrum, ~violet light. 1. 3 mm BG 3 filter, 2. 4 mm GB 38 filter. 3. TK 455 interference
dividing plate, 4. K 460 barrier filter, 5 annular stop, 6. phase ring
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amine-specific intense yellowish green fluorescence can easily be distinguished from the
damped yellow-white backround autofluorescence.

The use of phase contrast objectives for fluorescence microscopy allowed the phase
contrast microscopic examination of the kidney structure in unstained sections simply by
switching on the transmitted light (fig. 1B). When appropriate fields for microphotography
were selected under phase contrast microscopic control, the transmitted light was switched
out and exposures were made with incident illumination. Coordinates of the photographed
fields were read off the scales of the object stage for a further examination after staining.

Subsequent to fluorescence microphotography the coverslip was gently removed, the
paraffin oil dissolved in xylene and the sections rehydrated through ethanol. These sections
with and without post-fixation were stained with different methods.

Post-fixation was carried out in Bonin’s fixative for 4—6 hours, or in Zenker-formol
for 24 hrs as recommended by Wilson (1952) for his modified Bowie-staining, or in 2.5%
potassium dichromate overnight as used by Wagermark et al. (1968) in their Bowie-modi-
fication.

The combined trichrome staining of Endes et al. (1969) and Wilson’s modified Bowie-
stain was used for the demonstration of JG granules. Modifications of Endes’ original method
were made 1 to improve the contrast in colour and/or intensity between the staining of ,1G
granules and that of nuclear chromatin in juxtaglomerular cells, and 2. to achieve adequate
elastic staining for distinguishing between different parts of the arterial and arteriolar vascula-
ture. For this purpose, Weigert’s resorcin-fuchsin stain, Romeis’ orcein stain, Verhoeff’s
elastica method and Gomori’s aldehyde-fuchsin stain 118] were applied interposed between
different steps of Endes’ trichrome technique.

To improve the staining contrast of JG granules the following procedures were carried
out: 1. Mallory’s phosphotungstic acid haematoxylin (PTAH) treatment with the ionic
strength adjusted by 0.1—0.8 M NaCl; 2. méthylation for 1—8 hrs by 1% 1IC1 in absolute
methanol at 60°C prior to staining.

If adequately stained the fields corresponding to the fluorescence microphotograms
were photographed again.

Results

The method of E1-Badawi and Schenk (1967) gave intense specific
fluorescence but its reproducibility was inferior to that of the classic method
of Frack and Oyvman (1965). The reproducibility of the technique of Sakha-
rova and Sakharov (1968) proved to be satisfactory but the intensity of
fluorescence was generally weak to moderate. Although the method of Csilik
and Kalman (1967) produced intense specific fluorescence with good repro-
ducibility, the sections came off the slides during further reatment. The clas-
sical freeze-drying technique of Falck and Owman (1965) was reliable as
regards fluorescence intensity and reproducibility.

There were nerve fibres and varicosities that exhibited a yellowish-green
fluorescence specific for monoamines around arteries and arteiioles in the
immediate vicinity of most glomeruli (Fig. 2). It appeared that in the pre-
glomerular granulated part of arterioles the varicosities were more numerous
than in the proximal non-granulated part containing internal elastic membrane.
In longitudinally sectioned afferent arterioles, fluorescent fibres appeared
as double chains due to varicosities whereas the varicose fibres formed beaded
closed circles when cross-sectioned and open circles when cut obliquely. Efferent
arterioles could be recognized only when sectioned longitudinally, by a single
or occasionally double chain running tangentially to the glomerulus (Fig. 3).
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Fig. 2. (a) Mouse kidney. Falck —Owman technique. Formaldehyde-induced catecholamine

fluorescence around two glomeruli. Weak autofluorescence in the surrounding tubules,

(b) Identical section stained with Endes’ trichrome method. The fields encircled by fluores-

cent fibres correspond to oblique-sectioned afferent arterioles with richly granulated juxta-
glomerular cells. X500
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Fig. 3. (a) Mouse kidney. Falck Owinan technique. Varicose fluorescent fibres running

longitudinally to the glomerulus. X 600. (b) Identical section stained with Endes’ trichrome

method. The fluorescent fibres in (a) indicate a longitudinally sectioned efferent arteriole.
X600
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Fig. 4. Mouse kidney. Longitudinally sectioned afferent arteriole. The preglomerular part
is long and richly granulated. The proximal part contains well-defined elastic membrane.
Endes’ trichrome; aldehyde-fuchsin-orcein-PTAH modification. X120

Under the fluorescence microscope the structural relations of arterioles
and glomeruli cannot be determined, neither can the specific granules of juxta-
glomerular cells be recognized. For these purposes phase contrast microscopic
examination is necessary. Poorly granulated juxtaglomerular cells cannot be
recognized with certainty even by phase contrast because of the similar
appearance of the nuclear chromatin. It is also difficult to judge the internal
clastic membrane in interlobular arteries and afferent arterioles by their
autofluorescence or by phase contrast. These problems can be solved only by
differential staining.

JG granules were stainable only in the sections prepared according
to Falcic and Owman (1965). Irrespective of post-fixation, these granules
could neither be recognized by phase contrast, nor stained in the sections
obtained by the fluorescence techniques of E1-Badawi and Schenk (1967)
and Sakharova and Sakharov (1968).

The staining intensity and contrast of JG granules appeared to be in-
adequate with the crystal violet technique of Wilson (1952) even after post-
fixation in dichromate as recommended by Wagermark et al. (1968). The
combined trichrome method of Endes et al. (1969) stained JG granules in-
tensely and selectively but the colour of chromatin granules was an equally
strong blue which made it difficult to recognize poorly granulated cells. The
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Table |

Effects of elastic stains combined with Endes’ trichrome method

S ¢ stai Staining of JG  Staining of nuclear Elastic staining
equence of stains ; ) )
a granules chromatin arteriolar 1 arterial

PTAII blue blue greyish-brown
+ + 4+ + 4+ + -t +
Resorcin fuchsin PTAH greyish-brown brown
+ + + +
PTAH -resorcin-fuchsin brown
+ + + +
Orcein- PTAH blue brown brownish-red
+ + + - + o+
PTAH orcein brownish-red brownish-red
+ + + +
Verhoeff’s stain PT/11 grey greyish-blue greyish-brown
PTAII-Verhoeff’s stain grey grey grey
+ + + + + + +
Aldehyde-fuchsin PTAH blue blue blue-lilac
+ + + + + + + + +
PTAH aldehyde-fuchsin blue-lilac
— — + + + +
Aldehyde-fuchsin orcein PTA 11 blue brown blue-lilac
4o+ o+ -J- =1
Orcein aldehyde-fuchsin PTAH blue blue blue-lilac
t4etm + + + 4- + o+

tliickor elastic membranes could be distinguished by their faint greyish-
brown staining.

The effects of elastic stains introduced into Endes method to improve
the staining of elastic membranes arc seen in Table I. For convenience these
methods are related to the most important step, the phosphotungstic acid
haematoxylin (PTAH) treatment. In some cases the staining was not limited
to elastic membranes but effected also the staining contrast of JG granules
by their affinity for nuclei. Orcein prior to PTAH stained the nuclei brownish-
red and the blue colour of JG granules was left unchanged. The clastic staining,
however, is not satisfactory. Aldehyde-fuchsin (ripened for 10 days) applied
prior to PTAII produced excellent elastic staining. The best combination was
achieved by orcein interposed between aldehyde-fuchsin and PTAH when the
elastic staining and the colour contrast of JG granules were equally satis-
factory (Fig. 4).
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Fig. 5. Mouse kidney. Endes’ trichrome method after méthylation. Longitudinally (a)
and cross sectioned (b) afferent arterioles. Strongly stained juxtaglomerular granules
againts a pale background. X800
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Raised ionic strength was not found to increase the contrast of staining
intensity between JG granules and nuclear chromatin with PTAH. The
staining of both juxtaglomerular granules and nuclear chromatin decreased
above 0.4 NaCl concentration.

M éthylation for 4 hrs eliminated the staining of nuclei and tubular mito-
chondria without any appreciable weakening of the colour of JG granules.
Strong blue JG granules were seen against a pale reddish-brown background

(Fig. 5).

Discussion

All kinds of catecholamine demonstrating techniques based on the
formaldehyde-condensation principle have been examined. For their relative
simplicity and the easiness of serial sectioning, the methods of E1-Badawi
and Schenk (1967), Csiltlik and Kalman (1967), and Sakharova and
Sakharov (1968) are frequently used. In our experience these techniques
cannot, however, be compared to the classical method of Falck and Owman
(1965) as regards the intensity and sharpness of fluorescence and reproducibility.

The technique of E1-Badawi and Schenk (1967) involves thawing of
unfixed cryostat sections onto slides. The thawing causes disruption of JG
granules [12]. In keeping with this observation we could not demonstrate JG
granules by phase contrast or staining, even after postfixation.

The method of Sakharova and Sakharov (1968) uses cryostat
sections from short formalin-fixed blocks. Thawing cannot be avoided. Wc
found that the catecholamine-specific fluorescence was prevented when the
fixation with 4% formalin had exceeded 60 min or with 2% formalin exceeding
120 min. This limited fixation at 0°C prior to freezing and thawing failed to
preserve the granules.

The method of Csittik and Kariman (1967) applies freeze-drying of
cryostat sections. The avoidance of thawing, however, eliminates the possi-
bility of spreading of the sections on and fixing them to, slides. Thus, for
practical reasons, these sections were not used for staining.

The classical method of Falck and Owman (1965) meets the require-
ment of preservation of JG granules and provides all practical conditions for
staining.

The crystal violet staining of Bowie needs special fixation and a long
staining time with extremely dilute solutions of the dye, and a critical differ-
entiation period. In our experience, the fixation of blocks with formaldehyde
vapor is not a suitable method for Bowie-staining even if the recommended
post-fixations are used [27, 29]. The granules stained only moderately and
without the required contrast.
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The method of Endes, however, which has the advantage of formalin-
requirement, gave a strong staining of JG granules, which then has focussed
our attention on this technique.

In order to recognize the poorly granulated juxtaglomerular cells as well,
we sought to increase the colour and/or intensity contrast between JG granules
and nuclear chromatin. To recognize and locate afferent arterioles in the
arterial tree we set out to develop a good elastic staining effect too.

PTAH treatment mostly removes the stain from the elastic membrane,
only the ripened aldehyde-fuchsin persists. Although the elastic staining of
orcein is liable to extraction by PTAH, the affinity to the nuclei of orcein is
stronger than that of PTAH. Orcein can be used for increasing the colour
contrast with Endes’ trichrome stain because it does not affect the staining
of JG granules. An aldehyde-fuchsin - orcein - PTAH sequence results
both in an adequate elastic staining and in a good staining contrast of JG
granules.

In order to compare the catecholamine content of arteriolar nerves
with the granularity of juxtaglomerular arterioles on microphotograms, es-
pecially when poorly granulated cells are seen, JG granule intensity-contrast
is necessary. Intensity-contrast could not be achieved by increasing the ionic
strength because the PTAH staining of nuclear chromatin is reduced parallel
with that of JG granules.

The required intensity contrast was achieved by méthylation which
completely eliminated the background staining with PTAH without reducing
the staining of JG granules. The resistance to méthylation of the staining of JG
granules with PTAH points to a minor importance of protein carboxyls in dye
binding. The staining mechanism of crystal violet, liaematoxylin—acridine
orange, haematoxylin-thioflavin-T and haematoxylin-Rivanol is different
in this respect [14].

Our results confirm in general the observations of Gomba et al. (1969)
on the sympathetic innervation of juxtaglomerular afferent and efferent
arterioles of mice. The increased frequency of varicosities in the preglomerular
granulated part of afferent arterioles as compared to that ofthe non-granulated
part that contains internal elastic membrane may he an expression of the
increased functional activity of sympathetic nerves around renin producing
cells. This would agree with the ultrastructural data of Barajas and Muller
(1973) in that the granulated cells of afferent arterioles of the rat are in contact
with more numerous nerve terminals than the arteriolar non-granulated cells.
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VERFAHREN ZUR MORPHOLOGISCHEN UNTERSUCHUNG
DES JUXTAGLOMERULAREN APPARATS
NACH FLUORESZENZMIKROSKOPISCHER DARSTELLUNG DER SYMPATHISCHEN
NERVEN

Z. NEMES, E. BODOLAY, K. PECZE und P. ENDES

Zahlreiche, auf dem Prinzip der Formaldehyd-Konzentration beruhende fluoreszenz-
mikroskopische Verfahren zum Nachweis der Katecholamine wurden im Hinblick darauf
untersucht, auf welche Weise sie an das Verfahren zum Nachweis der juxtaglomerulédren
Granula angeschlossen werden kdnnen. Das Einfrieren- und Schmelzenlassen fithren zur Dis-
ruption der juxtaglomeruldren Granula. Diese Schadigung &Rt sich auch durch kurzzeitige
Fixierung nicht vermeiden. Nach Gefriertrocknung konnten die juxtaglomeruldren Kdrnchen
erfolgreich gefarbt werden.

Das Endessche Trichrom-Verfahren ergab nach Adaptation an das klassische Falck —
Owmansche Verfahren zum Katecholamin-Nachweis eine zuverldssige Methode fiir die Praxis.
Die der Erhdhung des Farben- und Intensitdts-Kontrastes der Granula sowie der Férbung
der elastischen Membranen dienenden Modifikationen werden mitgeteilt, ferner auch einige
Besonderheiten des Farbungsmechanismus der spezifischen Kdrnchen des juxtaglomeruldren
Apparats besprochen.

TEXHNKA MOP®OJIOMTMYECKOIoO M3YYEHWA HOKCTAIJIOMEPYNAPHOIO
AMMAPATA TIOCJ/IE ®JTIOOPECUEHTHOMUWKPOCKOIMMYECKOIO BbIABJIEHNA
CUMIMATNYECKMX HEPBOB

n. HEMEW, E. BOAONAN, K. NEUE, N. SHAEW

ABTOpbI U3yyann pPsifi METOAOB [ANSi BbISIBNEHUS (P/IOOPECLEHTHBIX KaTexo/1amMmyHOB,
OCHOBAHHbIX Ha NpUHLUMNe KoHAeHcauuy (hopMasibaernaa, B LeNsax MX coueTaHus ¢ MeTO0M Ans
BbISIB/IEHUSI  OKCTar/IoMepy/isipHbIX 3epHbILLEK. 3aMopaXkKMBaHuWe W oTTaMBaHWe NPUBOAUT K
paspbIBY HOKCTAr/10Mepy/sipHbIX 3epHbilleK. KpaTKoOBpeMeHHast (MKcauusi He npefoTBpallaeTt
3TOro nospexaeHus. ocne NAMOMUAM3ALMM OKpaLLMBaAHME HOKCTAroMepyasipHbIX 3epHbILLIEK
6bIN10  YCMELLHbIM.

B pesynbTaTe ajantauuy TPUXPOMHOrO MeTofa JHAella K KAacCMuecKoMy MeTofy
danbka n OymeHa Ans BbISIB/IEHWS KAaTeX0/laMUHOB 6bl/1 NOMyYeH HafeXHbIi METOA A5 npume-
HeHUs Ha npakTuKe. Coo6LIAITCA MOAUMUKALMKM, CAYXalue MOBbLILEHNIO KOHTPACTHOCTYU
KPacoK M WHTEHCMBHOCTYM OKpaLUMBaHWs 3epHbILLEK, a TaKXe OKpalUMBaHUIO 3/1aCTUYECKUX
Mem6paH. OBCY)XAaloTCA HEeKOTOopble 0CO6EHHOCTM MeXaHM3Ma OKpaLUVMBaHUA CreLmpUUecKmnx
3epHbILLEK HOKCTar/I0Mepy/IsipHoOro annapara.

Dr. Zoltdn Nemes

Dr. Edit Bodolay DOTE Koérbonctani Intézet,
Dr. Karoly Pecze 4012 Debrecen, Pf. 14, Hungary
Prof. Dr. Pongrac Endes
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PERMEABILITY
OF THE POST-ISCHEMIC RAT AORTA

T. Kerényi, G. Horvath, Z. Detre, S. Kurunczi an(j H. Jellineic

(Received March 15, 1975)

The time course of the vascular permeability disorder following upon acute
hypoxia and the fate of plasma substances entering the vessel wall in consequence of
increased permeability were studied on the rat abdominal aorta rendered hypoxic
for one hour by double ligature and recirculated for periods ranging from one hour
to 30 days. The distribution and quantity of mural plasma inhibition were determined
histochemically by means of a colloidal iron tracer and Prussian blue reaction and
by photometric analysis, respectively. Plasma imbibition reached its maximum after
recirculation for 24 to 48 hours and fell to an almost normal level after 10 days.

Administration of the colloidal iron tracer on the second day of recirculation,
when the permeability disorder was at its peak, showed plasma imbibition in every
layer of the vessel wall. At seven days it was restricted to the outer third of the media
and the adventitia.

The endothelium is acting as the main barrier to mural plasma imbibition and
in the case of a permeability disorder only the elastic lamellae constitute a temporary
mechanical obstacle to the ingression of plasma.

During the recent decade interest has increasingly been centred on the
relationship between hypoxia and arteriosclerosis and it has been generally
accepted that temporary or lasting hypoxia in due course leads to arterio-
sclerotic changes. The role of hypoxia in the pathogenesis of arteriosclerosis
was first assumed by Hueper (1944). Later, investigations into human (Ormos,
1957; Defaria, 1967; Lapperouza, 1962) and experimental arteriosclerosis
(Burck and Hartmann, 1963; Kjeldsen et ah, 1969; Helin and Lorenzen,
1969; Garbarsch et ah, 1969) have unequivocally shown that certain
forms of the condition are initiated or accentuated by hypoxia. It has also
been shown that hyperlipidaemia, one of the accepted causal factors of arterio-
sclerosis, also acts towards the decrease of oxygen saturation and carbon
dioxide diffusion (Talbott and Frayser, 1963) and, vice versa, incorporation
of ,4C into triglycerides is enhanced by oxygen deficiency (Kesse, 1969). The
first lesion developing in early sclerosis, oedema of the aortic intima, has been
partly attributed to a hypoxia-induced disorder of endothelial permeability
(Meesen, 1939; Hotter, 1949; Muller and Loewenicii, 1961) and imbibition
of the hypoxic arterial wall by various plasma proteins (Dixon, 1961; Kerényi
and Jellinek, 1971) has also been reported. There is reason to believe that
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any local trauma eliciting increased plasma flow across the vessel wall acts
towards the reduction of mural oxygen supply, thereby potentiating the in-
fluence of other noxious factors, e.g. hyperlipidaemia (Whereat, 1967). In
order to obtain more information on the problem, examinations were carried
out on rat abdominal aortic segments rendered hypoxic for given periods.
This model proved especially suitable for the study of the endothelial
permeability disturbance, which plays a decisive role in determining the
morphological appearance of acute vascular lesions.

M aterials and methods

Acute mirai hypoxia was produced by double ligature of a 1 cm long segment of the
infrarenal aorta in rats of both sexes, weighing 200 —300 g. The ligatures were removed after
one hour and the ligated segment was recirculated for periods ranging from one hour to 30

Fig. 1. Double ligation of infrarenal aorta. A piece of rubber catheter prevents the mechan-
ical injury of the vessel wall

days. A thick silk thread was used for the ligation and a piece of a rubber catheter was placed

under it to prevent injury of the vessel wall (Fig. 1). The colloidal iron preparation Ferrlecit®
(Nattermann, Kdéln) was used as a tracer of plasma imbibition (Jerdnek et al.,, 1969). The
penetration, deposition and elimination of plasma substances entering the vessel wall were
examined in two groups of rats (Fig. 2). Following recirculation for periods ranging from 1 hour
to 30 d&ys (1, 2, 4, 16, 24 hours, 2, 3, 4, 8, 10, 12, 16, 20, 30 days), rats of the first group
were treated intravenously with 1 ml/100 g Ferrlecit® one hour before sacrifice, to determine
the actual permeability of the vessel wall. Aortic specimens of three rats at each recirculation
period were dried to constant weight, reduced to ashes and examined photometrically by
means of the TPZT reagent (Botwell and Mallet 1955, as modified by Benedek and
Sods, 1967) for the quantities of iron demonstrable in the vessel wall. The extinctions were
read at 595 m/r in a Spektromom MOM 360 apparatus and expressed interms of fig Fe/mg
dry matter.

The rats of the second group were treated intravenously with 1 ml/100 g Ferrlecit®
on the second day of recirculation and were killed at periods ranging from 30 minutes to 20 days
after the administration of the colloidal iron (for details see Fig. 2). This group served for the
study of the further fate of plasma substances entering the vessel wall.

The aortic specimens were fixed in formalin, embedded in paraffin and stained with
haematoxylin-eosin, Prussian blue, alcian blue—PAS or Azan. Corresponding aortic segments
from untreated and sham-operated rats served as controls.
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Results

Group 1. In sections from rats killed after one hour of recirculation, a
positive Prussian blue reaction was found in endothelial cells and subendo-
thelial spaces as well as in the media directly beneath the first elastic lamella
(Fig. 3). After 2-hour recirculation, deposition of iron was found in several cases
also in the deeper layers of the media. The iron-traced plasma was localized
in the intercellular spaces, especially along the elastic membranes, and showed
a homogeneous Prussian-blue positive reaction.

After recirculation for two days, two forms of iron deposition could be
distinguished in the media, viz. delicate granules within the cells and a homo-

fig. 3. Prussian blue reaction in the endothelial cells and beneath the first elastic lamella
after one hour recirculation
Fig. 4. Intensive homogeneous and granular Prussian blue positivity in the whole vessel
wall on the second day of recirculation. Elastic lamellae act as barriers to plasma imbibition
(arrows)
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Fig. 5. Slight permeability disturbance after recirculation for ten days

Fig. 6. Minimum (a) and maximum (b) permeability after two days recirculation

geneou? mass extracellularly (Fig. 4). The elastic fibres seem to act as a barrier
to plasma imbibition, temporarily preventing the entrance of plasma sub-
stances into certain layers of the media (Fig. 4). The Prussian blue positivity
of the intima was of a much lesser degree at two hours than after shorter
periods of recirculation.

After recirculation for 8 to 10 days, the presence of the tracer was
limited to endothelial cells, subendothelial space and tin; stomata of the first
elastic lamella (Fig. 5).

The intima showed a sparse, diffuse Prussian blue reaction in both re-
circulated and control specimens of aorta.

The histologically demonstrable iron content of the intima and media
varied widely in each experimental group, even in the uniformly injured
portion between the two ligatures, asjudged from the great variety of Prussian
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Fig. 7. Photometrically estimated iron content of the recirculated aortas shows the intensity
of actual permeability disturbance

blue positive reactions in the areas showing minimum and maximum im-
bibition (Fig. 6a, b). Serial sections were therefore prepared to assess the aver-
age degree of mural injury.

To exclude the subjective error involved in histological evaluation, the
iron contents of the injured sections were determined quantitatively by photo-
metric evaluation of ashed specimens, using TPTZ reagent. The values deter-
mined after the different recirculation periods were in pg iron/mg dry matter:
1.07 at 1 hour; 2.25 at 4 hours; 3.08 at 16 hours; 7.05 at 24 hours; 5.67 at 48
hours; 2.28 at 3 days; 0.796 at 10 days (Figs 7 and 8). The value for the
sham-operated control tvas 0.59 pg iron/mg dry matter).

Group 2. Aortic specimens from rats killed three hours after the ad-
ministration of Ferrlecit® showed the presence of iron-traced plasma sub-
stances over the entire width of the media. In this series too, the elastic la-
mellae were found to act as temporary barriers (Fig. 9a). Part of the colloidal

i Fe+/fng dry weight

Fig. 8. Time course of the permeability disturbance after 1 to 10 days recirculation
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gb o+

Fig. 9. Aortas from the second experimental group, a) Great amount of colloidal iron in

the vessel wall 3 hours after administration of plasma tracer. Elastic lamellae act as harriers

(arrows), b) Iron traced plasma gives Prussian blue positivity only in the outlier third of the

media and in the adventitia on the 7th day following the administration of colloidal iron
preparation
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iron was deposited intracellularly in the form of granules, part was distributed
homogeneously in the extracellular space. The flow ofiron traced plasma across
the stomata of the elastic lamellae could easily be followed up.

Rats killed seven days after Ferrlecit® treatment, viz. on the ninth day
of recirculation, had colloidal iron only in the outer third of the media and in
the adventitia, in which it was usually present in the form of granules and
coarse clumps (Fig. 9b).

Sections treated with staining techniques other than the Prussian blue
reaction showed in both experimental groups an initial vacuolization of the
medial smooth muscle cells, progressing to a disseminated muscle cell necrosis
by four to eight days. The localization of dystrophic changes in the media
only infrequently coincided with the areas heavily imbibed by plasma.

Discussion

It is clear from the present results that in rat abdominal aortic segments
the maximal plasma imbibition was found after 24 to 48 hours, both histolo-
gically and by quantitative determination of the iron tracer. Although according
to Constantinides and Robinson (1969), the inter-endothelial junctions open
up as soon as after 16 minutes of hypoxia, in the present experiments only a
minimum increase of permeability was found in the acute stage, viz. immedi-
ately after the release of the ligatures. There are two possible explanations of
this phenomenon, viz. (1) the endothelial cells and the closing structures
between them (maculae occludentes, overlaps, interdigitation) constitute an
incomplete permeability barrier (Schwartz and Benditt, 1972), in which
case the increase in permeability might be due to basement membrane dis-
balance resulting from hypoxic cell injury. (2) Regenerative processes begin
to predominate over the degenerative processes of the irreversibly damaged
endothelium only after two days. Clarification of the problem will require
further studies.

It was also found that plasma substances, once they have reached the
subendothelial space, continue to penetrate into the adventitia across the
intcrstitital gaps of the media and stomata of the elastic lamellae. Unlike
colloidal carbon, the saccharated iron oxide particles of Ferrlecit ® are not
retained by the basement membranes (Cotran ct al., 1967), so that the Prus-
sian blue positive reaction indicates the actual amount of plasma deposition.
A small amount ofthe traceris, however, rapidly incorporated by the media cells,
which store it probably in the lysosomal organelles; this particularity of the
media cells has been observed in various types of vascular wall injury (Ohta
et ah, 1959; Wissler, 1967; Weiss, 1968). Adventitital fibroblasts and histio-
cytes also show a similar storage phenomenon.

Acta Morphologica Acadcmiae Scientiarum Hungaricae 23, 1975



PERMEABILITY OF HAT AORTA 91

In the second experimental group the fate of the tracer administered
at the time of maximum permeability disorder was followed up in the vessel
wall. Elimination of the hulk of the tracer towards the adventitia took place
in a relatively short time, although some Prussian blue positive substance
was retained in necrotic smooth muscle cells and at sites also within granules
localized in the adventitia.

The pale, diffuse Prussian blue reaction, found in the adventitia of control
specimens and at certain periods of recirculation as well, probably corresponded
to the intra-vital Hale-reaction of adventitial acid mucopolysaccharides
(Yardley and Brown, 1965).

The permeability disturbance showed a focal distribution, although
the injury involved equally the entire area of the ligated segments. The
degree of plasma imbibition could nevertheless reliably be assessed by the
quantitative determination of iron by a chemical method which, along with
the histological studies, allowed to analyse the time course of the per-
meability disturbance.
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PERMEABILITATSUNTERSUCHUNGEN AN DER POSTISCHAMISCHEN
RATTENAORTA

T. KERENYI, G. HORVATH, Z. DETRE, S. KURUNCZI und H. JELUNEK

Untersuchungen dber den zeitlichen Verlauf und die quantitativen Verhdltnisse der
Permeabilitdtsstorungen nach akuter Gefdsswandhypoxie sowie Uber das Schicksal der in
die Gefdsswand gelangten Plasmaanteile.

Nach lokaler Hypoxie durch eine Doppelligatur der Aorta abdominalis der Ratte wurde
in der nachfolgenden Rezirkulationsperiode von 1 Stunde bis zu 30 Tagen mit histochemischen
und mikrochemischen Methoden in die Gefédsswand gelangtes markiertes Plasma bestimmt.
Das eine Stunde von den Herausnahme der Aorta zur Bestimmung der aktuellen Permeabi-
litdt injizierte kolloidale Eisen war am starksten nach 24 —48 stiindiger Rezirkulation. Am
Gipfelpunkt der Permeabilitdtsstorung, eingegebene kolloidale Eisen durchtrankte anféng-
lich die gesamte Gefédsswand. Ab 7. Tag war es nur im &usseren Drittel der Media und in der
Adventitia nachweisbar.

Hauptsachlich wird das Plasmaeindringen durch das Endothel verhindert. Fur Plasma-
anteile, die die Endothelbarriere tGberwunden haben, stellen nur die elastischen Membranen
ein zeitweliges mechanisches Hindernis dar.

MCCNELAOBAHWE MPOHMUAEMOCTWN MNOCTUWEMMYECKNX AOPTY KPbIC
KEPEHbW, T., XOPBAT, I'., AETPE, 3., KYPYHUWN, W. v NEANUHEK, X.

VccnegoBaHns 6biiv NpoBefeHbl NS BbIACHEHUS BPEMEHHbIX U KOMMYECTBEHHbIX OTHO-
WEHNA HapyLlleHUa NPOHMLAeMOCTU MOoC/e OCTPOM FMMOKCMM CTEHKWM COCYAOB WM W3MEHeHMWs
naasMaTUyecKnX BeLLeCTB, MONABLUNX B CTEHKY COCYAOB.

Mna3smaTnyeckoe MHAMKATOPHOE BELLECTBO, Mornajarollee B CTeHKY COCyfoB 6blno onpe-
[eNeHO0 C NOMOLLBIO FTMCTOXUMUYECKNX Y MUKPOXUMUYECKUX METOLOB B NepUOe PeLMpKynsaLmm,
0XBaTblBalOLLEM OT OAHOIO Yaca A0 LeCATW [Held, Moc/e FMNOKCUN, BbI3BAHHOW [ABOMHON nura-
TYPOW, HaNOXEHHOM Ha OAMH Yac Ha GPIOLLHYI0 aopTy KpbiC.

KonnongHoe eneso, BBeAEeHHOE C LENblo Onpefe/ieHnsl BPEMEHHON MPOHWLLaeMOCTN B
TeyeHMe OAHOro Yaca nepep yganeHneMm aopTbl, 6bU10 06HAPYXXEHO B CAMOM 60/IbLLIOM KONMYecTBe
B CTeHKax CocyaoB nocne 24—48 4acoBbIX PeLUPKYAALNIA.

Ha pecATbln feHb KONMYECTBO Xese3a B CTeHKax COCYLO0B MOHW3NIOCH MOYTU [0 HOp-
Ma/IbHOr0 YPOBHS.
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C Uenblo BbISCHEHMST [afibHEMLLEro COCTOSIHUS Na3MaTUYeCKMX BELLECTB, MoMnaBLUMX B
CTEHKY COCY[j0B B HavBbICLLUEM HapyLUEHUW MPOHWULLAEMOCTU, T. €. NMPU BBELEHWUN KOIOMAHOIO
XKenesa Ha BTOPOl AeHb Pe3VpPKyNsLMUK, OHO MPONUTLIBA/IO BHAYase BCHO CTEHKY COCYAOB, a Ha
CeAbMO [ieHb M MO3KE, KOMNOUHOE Xefe30 Obi10 06HAPYXKEHO TOMbKO B Hapy>XXHOU TpeTu
cpefHeit 060/104KN 1 B afBEHTMLMN.

MonagaHue B CTEHKY COCYA0B Mia3MaTUYeCKMX BELLECTB [O0BO/IbHO 3HAYMTENIbHO 3ajep-
XXMBaeTCA 3HAOTenMem. [Ns nnasmbl, NPOHWKaKOLWEl Yepe3 3HAOTENNIA, TONbKO 3MacTUYecKme
NNacTUHKMN CNyXKaT BPEMEHHOW MeXaHU4YeCKON MOMeXOl.

Dr. Tibor Kerényi

Dr. Gadbor Horvath Semmelweis Orvostudomanyi Egyetem
Dr. Zoltdn Detre Il. Kdrbonctani Intézete,
Dr. Sandor Kurunczi 1450 Budapest, Pf. 41, Hungary

Dr. Harry Jellinek
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Morphology of the Maxillo-Mandibular Apparatus

Ed.: G. IT. Schumacher. 9th International Congress of Anatomists. Thieme, Leipzig 1972,
204 pages

The 9th International Congress of Anatomists was held in Leningrad, between the
17th and 22nd August, 1972. Within the Congress a special Symposium, in which 41 authors
presented 30 papers, was devoted to the morphology of the maxillo-mandibular apparatus.

The book at issue contains their full text including figures and references. Among
the papers we find reports on comparative and functional anatomical, osteological, histo-
logical and electron microscopic studies and experimental observations; this makes impossible
to review the book as a whole, thus only some papers shall be mentioned to illustrate the
multiplicity of the subjects. The introductory lecture was held by G. G. Schumacher (GDR)
who, among others, described the lesion of Gasserian ganglia caused by tooth extraction and
local anaesthesia. R. Barghausen (USA) dealt with the comparative anatomy of the mastica-
tory organs of mammals. L. Du Brul (USA) spoke about the evolution of the oral apparatus
of hominoideae. N. Mosolov (USSR) reported on the anatomy of the masseter muscle, A.
Aronov (USSR) on the development of the soft and hard palate, M. Strassburg and S. Peters
(FRG) on experiments causing abnormal development of the palate, H. Fromme and II.
Riedel (FRG) on observations concerning the ultrastructure in the initial stages of dentin
formation, E. Lautenbach (FRG) on scanning electron microscopic tests of the fine structure
of the mandible. Some of the lectures included classical morphological tests e.g. of the neuro-
histological type (for instance that by J. Griffin and H. Spain [Australia] and H. Lau [GDR]).
L. L. Kolesnikov (USSR) summed up his X-ray anatomical findings, while L. ¥. Kutnetsova
et al. (USSR) and also K. Balogh and A. Csiba (Hungary) dealt with the gross examination
of the mandible.

This representative volume with its excellent figures helps the interested specialist
to become acquainted with the papers presented at this conference of a high scientific standard.

L. Harsanyt

Nomina Analoinica Veterinaria

Second Edition, with Index (International Committee on the Veterinary Anatomical
Nomenclature). Vienna 1973, 218 { XIII pages.
Price: U.S. $ 8.50

Available at: Anatomisches Institut der Tierarztlichen Hochschule in Wien. Linke Bahn-
gasse 11, A-1030 Wien, Osterreich

The Anatomical Nomenclature of Paris (A.N.P.) brought the veterinary anatomists
to subject the Veterinary Anatomical Nomenclature (V.A.N.) to revision. The acceptance
of the A.N.P. produced a considerable gap between human and veterinary anatomists and
to arrive at an understanding was considered necessary also by the human anatomists. Con-
sideration of erect posture as the standard position was the main difference between the
A.N.P. and V.A.N., which rather overshadowed the aspects of comparative anatomy. The
principles of the V.A.N. agree mostly with those of the A.N.P., especially in the adoption
of Anglosaxon words and the sometimes strange spelling of the original Latin terms, e.g.
esophagus instead of oesophagus and cecum instead of caecum. As to general principles, the
Nomenclature prescribes the use of contrasting epithets, but as regards the indication of
the head’s direction (rostralcaudal), this has not been attained in the new edition.

Ada Alorplwlogica Academiae Scienliarum llungaricae 23, 1975



96 RECENSIONES

Since the first edition, the thorough consideration of technical terms and of the require-
ments of comparative anatomy has caused certain changes. The Nomenclature suggests the
use of new, short, easily intelligible technical terms to serve standardization. At the same
time the effort at standardization is confined not only to the common use of words but also
to the similar way of application of the technical terms used only for domestic animals.

The system of technical terms follows that of descriptive anatomy, which is preceded
by the Termini Generales and regions as well as by the chapters of Henle’s technical terms
and by the names of the body parts. Within this system the differences among the individual
species, especially in angiology and to a lesser extent in splanchnology, are discussed in sub-
chapters. These highly facilitate the use of the book. Interpretation of the text and the alpha-
betical index which is newly presented in the second edition are also helpful in this respect.
Beyond that, the old Veterinary Nomenclature of Jena (V.N.J.) would also be of help and
so would be the comparative list of words in following the changes. In the second edition,
the changes accepted by the World Congress in Mexico have made the principles of compara-
tive anatomy more universal. The comprehensive work of the Nomenclature Committee,
which takes into consideration the proposals of veterinary anatomists of all over the world,
endeavouring at the same time to elaborate a uniform nomenclature, needs to be emphasized.
Fine examples of the above mentioned principles are to be seen in the fields of splanchnology
and nervous system and also among the technical terms of osteology and myology.The
Nomenclature Committee will be always glad to consider the opinion and proposals of both
veterinary and human anatomists.

The book gives useful information for medical doctors performing animal experiments,
for zoologists, biologists and for investigators of comparative physiology. Use of the Nomen-
clature has became practically universal in comparative anatomy, and it would be welcomed
if this common language were also used by medical doctors.

G. Fehér

Blyuger, A. F., Vexler, H. M., Novitsky, |I. N., Sinelnikova, M. P., Terenteva, L. A.:
Small Intestinal Biopsy in Acute Enteral Infections
Publication of the Academy of Sciences of the Latvian Socialist Republic, Zinatne
Publishing House, Riga 1973

The authors are the first to present modern intravital morphological findings in acute
enteral infections. They describe the method and report on its usefulness in cholera, acute
dysentery, E. coli enteritis, salmonellosis and virus hepatitis. They recommend their mono-
graph to scientists dealing with the problem of enteral infections and also to practitioners.
The rich illustration material (102 figures, 300 bibliographical data) as well as the detailed
presentation of modern morphological methods make this bibliography highly interesting
also for the morphologist.

The book consists of seven chapters. The first gives a general review of the history
of small intestinal biopsy technique. It is pointed out that even the most up-to-date instru-
ments are variants of those recommended by Wood and coworkers in 1949; the basic principle
has not changed. The first instrument of Soviet design has been used since 1961. The authors
performed their examinations with an instrument constructed by M. |I. Dimes, which offers
the possibility of taking several specimens with a single intubation. The tube giving a radio-
graphic shadow is provided with distance marks, thus the distance from the teeth can be
controlled. The method is considered harmless as repeated examinations revealed that the
3 to 10 mm large mucosal defects healed in 72 hours. An average loss of blood of 2 to 3 ml
must he taken into consideration. Because of eventual haemorrhagic complications (which
occur very rarely) the blood group should previously be typed. The authors discuss in detail
the fields of application of the technique. They use it for diagnostic and differential diagnostic
purposes, for controlling therapeutic effects, to study the pathogenesis of intestinal diseases
as well as for the evaluation of the effect of new drugs and new methods. Haemorrhagic dis-
orders, oesophageal stricture, phlebectasy, aortic aneurysm, bleeding stomach tumour and
significant hypertension are regarded as contraindications. Haemorrhages of different intensity,
peritonitis without perforation, and the gravest among them, intestinal perforation, are rare
complications of biopsy. These are, however, the reasons, why the authors are against the
ambulatory application of the method. They point out also the errors, emphasizing especially
that the exact localization cannot always be determined and thus the absence of morphological
alterations may only refer to a given region.

The second chapter gives a brief review on the techniques of evaluation (stereo-
microscope, electron microscope, light microscope).
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In the third chapter the knowledge obtained from morphological investigations is
discussed on the hasis of Soviet and international literature. The authors point out the defici-
encies and eventual errors, and give practical advice to the investigators.

The comprehensive fourth chapter deals with the intact intestinal mucosa. It is im-
portant to know its normal histological picture, considering the large number of “physio-
logical variants”. Our conventional morphological knowledge obtained post mortem has to
he completed by modern intravital morphological examinations. For this we must, however,
know the basic principles of general histology, histochemistry, cytochemistry, microchemistry
and electron microscopy. These problems are dealt with in detail. The different cell types
too are thoroughly discussed.

The authors are the first in the international literature to present results of biopsy
performed in acute enteral infections. These findings are included in the fifth chapter. The
post mortem data concerning cholera, which has ceased to he an “exotic” disease, must
be subjected to a thorough revision. Light and electron microscopic alterations are also dis-
cussed. In acute dysentery, significant structural histochemical and cytochemical changes have
been found. E. coli enterocolitis belongs to the third group studied by the authors. They
found that the light and electron microscopic as well as the histochemical and cytochemical
changes are usually less severe in this disease than in acute dysentery. In gastrointestinal
salmonellosis, proliferative changes of the mucosa dominate. Biopsy allows the recognition
and separation of latent and clinically mild cases of this disease. The chapter which deals with
the problem of viral hepatitis is of great importance. It describes the complex epithelial and
stromal changes occurring in the small intestinal mucosa. The possible connection between
the reduction of Kultschitzky-cells in viral hepatitis and the decrease of the serotonin level
is also discussed.

In the sixth chapter certain basic but non-specific morphological changes are treated.
Regeneration of the intestinal epithelium under physiological and pathological conditions is
also dealt with and the physiological regeneration of the epithelial cells in different intestinal
sections is presented in Tables. The intestinal epithelium is usually renewed every 1.6 —3 days.
Some syndromes are also discussed: hyperogeneration syndrome, sprue-like syndrome, sub-
total atrophy etc. The authors throw light upon the concept of “physiological inflammation”
and on the inflammatory syndrome.

In the last chapter the results obtained are analyzed from the clinico-pathological
point of view. It is pointed out that the response of the intestinal mucosa to pathological
effects is to a certain extent stereotyped; the reaction is a hyperogeneration or a sprue-like
syndrome. At the end of the book, pathogenesis and morphogenesis of certain acute enteral
infections are briefly summarized; among these the up-to-date information concerning the
problem of viral hepatitis is outstanding.

The light and electron microscopic photographs add new information to our experience
based so far chiefly on post mortem examinations. Small intestinal biopsy is an important
method for recognizing subclinical and latent enteral infections, considering that the clinical
picture and the structural functional changes do not always develop in parallel. The mono-
graph provides useful information especially for clinicians interested in gastroenterology, for
experts who perform endoscopic examinations and also for pathologists.

J. Juhasz

Research in Medical Care
British Medical Bulletin, Yol. 30, No. 3, September 1974

The recent number of the British Medical Bulletin edited by the British Council
summarizes various fields of research in a theoretical as well as practical way. The
general concept of Medical Care includes a broad sphere. The actuality of the discussion
of pertinent research is offered by the recently performed considerable reorganization of the
National Health Service (NHS). The predecessor of the NIIS, the National Insurance, intro-
duced by Lloyd George in 1911, provided medical care and emergency aid oidy for those of
low income without providing for hospital care. The NHS, following the legislation of 1946 has
been enacted in 1948. Since that time, in the course of 26 years, a great number of difficulties
manifested themselves and it has become obvious that the care of the aged, of mentally
retarded and mental patients failed to receive satisfactory attention. Following long disputes,
the triple organizational division existing until that time (district general practitioner, hospital,
local public health) was integrated into one single unit. It seems remarkable that the organiza-
tion within the United Kingdom is different in England from that in Scotland and there are
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further differences in Wales and Northern Ireland. The scientific material, knowledge and
research techniques collected in the course of the discussions have made it clear that the science
of health organization has not been sufficiently appreciated in the past and the true require-
ments were not appropriately coordinated with the possibilities. On the basis of this recogni-
tion the cost of research spent for this purpose has been increased between the years 1962 and
1972 from the original several hundred thousands to 10 million pounds.

The present number of the British Medical Bulletin contains the papers of those, who
had outstandingly participated in the research. It is thought in general that the efficacious
plan would be of reactive (circular) and mostly of self-regulating effect.

1. After the clearly outlined program follows 2. the drafting of alternative solutions;
3. the most suitable should be chosen and 4. has to be realized; 5. the result has to be evaluated
and, finally 6. on this basis the purpose, method and realization have to be modified. The
multilateral requirements are to be considered; it should be decided that on various levels
which ones are entitled to priority, in accordance with the requirements and the available —
obviously restricted — possibilities.

The present number, which of course is of importance in the first place for the actual
development of medical care of the United Kingdom, but at the same time enlightening for
all health services, has been assembled by a special committee directed by Professor W. W.
Holland. The themes discussed, each deserving special attention within its sphere, are as
follows. Organisation of Health Services Research (Sir Douglas Black); Evaluation of Health
Information Systems (M. R. Alderson); Demand, Need and Quality in General Practice (J. D.
E. Knox and D. C. Morrel); Sociology of Prescriptions (P. A. Parish); Studies of Patients (Ann
Cartwright); Evaluation of the Role of the Community Hospital (A. E. Bennet); The Hospital:
Towards a Rational Use (Vera Carstairs and M. A. Heasman); Demand for Laboratory Services
(J. S. A. Ashley); Techniquesfor Quality Control of Laboratory Services (T. P. Whitehead); Experi-
ments in Medical Care (M. W. Adler, K. Dunnell and J. M. Weddell); Research into Nursing
Services (Lisbeth Hockey); Cost-Benefit Approach (A. Williams); Operational Research Approach
to Problem Solving (J. Luckmann and J. Stringer); Mathematical Models of the Balance of Care
(A. G. McDonald, G. C. Cuddeford, E. M. L. Beale); Studies of Health Services Organization
(Maureen Dixon and J. Jacques); Research in Health Education (W. T. Jones, Helene Grahame).

No matter how different are the circumstances of the United Kingdom from those of
e.g. the socialist countries, many useful lessons may be obtained from these studies and still
more from the extensive literature quoted in them. The increased possibilities of demand and
supply for the health services is enormus. Whichever should be the direction of research in
the medical sciences, sooner or later any valuable result will assert itself in both diagnostics
and therapy. Apart from the difficulties to predict the future these should be taken also into
account by the research of Health Services organization.

The costs are ever increasing, characterized among others by the brief framed note,
which announces that from January 1, 1975, one number of the British Medical Bulletin
itself will be sold abroad for £ 3.5 instead of £ 2.5 as before.

It follows clearly from the theme that this group of studies will interest in the first
place the health service organisers; however, health service research will not be restricted
to the interest of those who are strictly occupied in this territory, but may become a profit-
able reading for all those, who are interested in the future of public health and the applied
medical sciences. It seems objectionable that in addition to provision and care, prevention
has been omitted. The excellent papers in this issue of the B.M.B. are completed by critical
reviews on some recently published books of pertinent themes. The whole issue will offer an
opportunity for profound study for all interested persons.

Prof. Gy. Petranyi
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THE EFFECT OF VASCULAR PERFUSION FIXATION
ON THE ULTRASTRUCTURE OF THE
JUXTAGLOMERULAR APPARATUS OF THE RAT

J. Szabé, Gy. Lustyik and R. Dreher

(Received December 21, 1974)

After fixation by low pressure retrograde perfusion the electron microscopic
picture of the rat JGA was studied and compared with the picture obtained after fixation
by dripping and immersion. The most conspicuous difference was the presence of the
basal compartments of the macula densa cells, which might land electron microscopic
support to the tubulo-glomerular feedback theory. Among the JG granular cells, des-
inosome-like connected structures were seen. Crystalline and granule in granules
specific secretion forms were frequent in the epitheloid cells.

Introduction

The electron microscopic picture of the JGA has been discussed in numer-
ous publications |1 8, 12 14, 18 21), but few data are available concerning
the electron microscopic picture of the JGA after perfusion fixation. Gomba
et al. and Riedel et al. [10, 21] discussed the characteristics of the macula
densa subsequent to perfusion fixation. In the present work we processed the
JGA ofkidneys fixed by the retrograde low pressure aortic perfusion method
elaborated by us [25]. In addition to a detailed analysis of the macula densa,

the electron microscopic picture of the JG granular cells and of Goormaglitigh’s
cells is also described.

Materials and methods

Male Wistar rats of 160 -180 g body weight were used in the experiments. The animals
were kept on a standard normal diet and received tap water ad libitum. In 10 animals under
light ether anaesthesia the abdominal aorta was prepared. Immediately over the bifurcation
through a cannule inserted into the aorta, perfusion at 50 cm water pressure was carried out for
3 minutes [25]; the fixing solution was 1% glutaraldehyde [16] dissolved in a modified
Tyrode’s solution. The final pll was adjusted to 7.2. Before perfusion the aorta was ligated
below the diaphragma and the left renal vein was cut. After the perfusion, about 1 cumin
specimens were obtained from the renal cortex; these were fixed in the same solution for fur-
ther 2 hours then after fixed in 1% OsO, solved in modified Tyrode’s solution for 90 min. Af-
ter alcoholic dehydration the material was embedded in Mikropal (FERAK, Berlin). In 1 p
thick sections stained with toluidine blue the presence of JGA was ascertained then after ori-
entation and reduction of the block surface ultrathin sections were prepared with a Reichert
OM U2 ultramicrotome. After uranyl-acetate and lead-citrate staining sections were examined

with the Siemens 171 and TESLA BS 513/1 electron microscope. In each animal, two JGA
were studied.

1 Acta Morphologica Acadcmiae Scicntiarum Hungaricae 23, 1975
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Results

Macula densa. The compartments observed by Riedel et al. and Gomba
et al. on the basal part of the macula densa cells could be detected in each
examined apparatus. It is clearly seen also on the light microscopic picture
that the compartments are confined to the area of the macula densa, whereas
on the opposite side of the distal tubular wall none can be found (Figure 1).
In the electron microscopic pictures the compartments proved to he dilated
intercellular spaces (Figures 2, 3, 4). In the cytoplasm surrounding these spaces
mitochondria, ribosomal groups and endoplasmic reticulum portions could be
seen. The basal membrane is covered by the processes of the macula densa cells
including gaps varying in width. Through these gaps direct contact is ensured
between the compartments and the basal membrane. On the hilar side of the
basal membrane no granular cells can be seen. There is a border consisting
of 1 or2 Goormaghtigh cells. The intercellular compartments do not reach the
lumen, the bordering cell membranes adhere to each other; in these areas regular
terminal bars could be observed (Fig. 3). Laterally the compartments are every-
where respecting the margin of basal membrane forming the base of the
macula densa. In the area of the division of the common basal membrane the
compartments gradually decrease in size then cease to the present (Fig. 4).

Granular cells : In the section of the afferent arteriole close to the hilus
there is a basal membrane-like network among the epitheloid cells which form
the media and are arranged in several layers. In some sections this network
is thin, thus the cytoplasmic membranes of the adjacent cells are closely

Fig. 1. Light microscopic picture. Marked vacuolization in the basal part of macula densa;
this cannot be seen in the distal tubule on the opposite side of the macula. 1 y thick section
stained with toluidine blue. X625

Acta Morphologica Academiae bcientiarum Hungaricae 23,1975
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Fig. 2. Electron microscopic picture. Wide intercellular compartments; in the basal part of

the macula densa on the opposite side of the tubular wall these are lacking. In the cytoplasmic

processes bordering the compartments ribosomes and mitochondria are present. C = com-
partment, L = tubular lumen. X8000

connected (Fig. 5). We bave failed to observe any tight junctions. Infrequently,
desmosome-like connected structures were seen among the epitheloid cells
(Fig. 6). The cells have processes and arc intertwined by means of these. The
specific granules vary in shape and size; part are spherical, part ovoid or have

1* Acta Morphologica Acadcrniae Scientiarurn Hungaricae 23, 1975
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Fig. 3. Electron microscopie picture. NO intercellular compartments (C) near the lumen, the
cell membranes bordering the compartment touch each other. Connected structures (arrows)
corresponding to terminal bars. L - distal tubular lumen, M = mitochondria. x 40 000

a rod-like elongated cross-section. Forms with lobular margins too may be
detected as if they would have developed by the fusion of several ovoid gran-
ules. The difference in density is also marked (Fig. 5). Rather infrequently
crystalline and granula in granulis forms can be seen (Fig. 7). The granules are
surrounded by a single membrane. The Golgi apparatus is localized near the
nucleus and has a sacculo-vesicular structure (Fig. 5). The cytoplasm contains
endoplasmic reticular cisterns, lamellar mitochondria and ribosomes; near
the cell membrane there is a narrow myofilament border.

Goormaghtiglis cells. Among the cells there is a network of basal mem-
branc-like material which in some places is growing thin. The surface mem-
branes of the cells are densely layered; connected structures could not be
detected (Fig. 8). The cells have processes and are interlocked. Inthe juxta-
nuclear region sacculo-vesicular Golgi-apparatus may be observed, the cyto-
plasm is poorin organelles and contains mitochondria, ribosomes and some
wide endoplasmic reticular cisterns (Fig. 8).

Acta Morphologica Academiae Scientiarum Hungaricae 23, 1975
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Fig. 4. Electron microscopic picture.

In the region of the division of the hilar — tubular

common basal membrane (arrow)

the compartments decrease in size than cease to be present. C = compartment; GoC - Goormaghtigh’s cell; IS = intertissular

space. x 24 000
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Fig. 5. Electron microscopic picture. Granular cells in the media of the afferent arteriole. Thinning of the intercel-
lular basal-membrane-like network; closely adhering cell membranes (arrow). The renin granules are different in shape
and density. G = Golgi apparatus; BML = basal membrane-like material among the granular cells. x 20 000
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VASCULAR PERFUSION FIXATION 105

Fig. 6. Electron microscopic picture. Desmosome-like connecting structure among the
juxtaglomerular granular cells (arrow). X 52 000

Fig. 7. Electron microscopic picture, a. crystalline granule form; 1). granula in granulis form.
X 73 000

Acta Morphologica Academiae Scientiarum Hungaricae 23, 1975
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Fig. 8. Electron microscopic

disappears

at

sites

picture. Among Goormaghtigh’s cells, basal membrane-like (BML) basic substance
(arrow). Closely adhering. Go = Golgie apparatus; M = mitochondrium. x 20 000
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Discussion

The regulatory mechanism of renin synthesis occurring in the juxta-
glomerular granular cells is a much disputed question. Essentially two opinions
keep themselves in the literature. According to the first renin synthesis and
secretion would he regulated by the pressure in the afferent arteriole and the
stretch acting on the JGC-s ofthe media (baroreceptor theory, stretch receptor
theory, [24, 28]). According to the second view the primary regulatory factor
would be the ionic composition of the distal tubular fluid (macula densa theory,
[17, 26, 27, 29, 30]). In the latter case a fiedback through the macula densa
towards the epitheloid cells should be supposed. This theory is supported by
the enzyme histochemical reactions of the macula densa cells [10] and by the
presence of the intercellular compartments described by Gomba et al. and
Riedel et ah, and observed also in the present study. This would refer to an
increased absorption in this region. It seems noteworthy that in the guinea
pig the macula densa compartments are found also in normal animals after
immersion fixation [20]. In rats rendered polyurie by glucose administration
[15], observed these wide intercellular spaces in the proximal and distal tubular
sections.

Although the supposed feedback of the ionic state of the distal tubular
fluid would be directed in the first place towards the renin-producing JGC-s,
we have failed to observe any direct connection between the macula densa cells
and the JGC. The macula densa cells were directly connected only with Goor-
maghtigh’s cells. Our findings agree with the results of the three-dimensional
examinations of Barajas [2, 3]. Cossel found by the ruthenium red method [9],
Gomba et al. by potassium pyroantimonate fixation [11] a continous intercel-
lular space encircling the granular cells from the base ofthe macula densa to the
lumen of the afferent arteriole, which may ensure free electrolyte transport
between the macula densa and the granular cells. In agreement with other
authors |2, 3, 6, 9, 11, 12] we observed the basal membrane-like continuous
basic substance connecting the macula densa cells with Goormaglitigh’s cells
and granular cells.

Studies concerning the innervation of the JGA [5, 6, 31] agree in that
only part of the JGC-s arc directly connected with nerve endings. Among the
JGC-s, similar as with the myocardial fibrils, there exists a syncytium-like
stimulation transfer or connection. This hypothesis is supported by the nexal
junctions by Biava and West [6]. These quintuple layered junctions are visible
only after KMnO04 fixation, thus they could not be studied by our glutaral-
dehyde perfusion method. In our material we have, however, observed struc-
tures with desmosomec-like junctions among the JGC-s. Ourresults and the nexal
junctions described by Biava and West support the existence of syncytium-
like connections of the JGC-s at the electron microscopic level.
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The ultrastructure of the granular cells is different in preparations fixed
by other methods. We have frequently observed crystalline granules and gran-
ula in granulis forms described before to occur in hyperfunctional states
[1, 19, 22, 23].

Our findings differed from those obtained in material fixed by conven-
tional methods. This may have been done to the effect of perfusion fixation
being closer to the physiological conditions. Thus, the procedure might offer
more useful information concerning the JGA than that supplied by other
methods.
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WIRKUNG DER VASKULAREN PERFUSIONSFIXIERUNG AUF DIE
ULTRASTRUKTUR DES JUXTAGLOMERULAREN APPARATES VON RATTEN

J. SZABO, GY. LUSTYIKund R. DREHER

Das elektronenmikroskopische Bild der JGA von Rattennieren nach retrograder Per-
fusionsfixierung auf niedrigen Dricken wurde untersucht und mit dem Bild der IGA, fixiert
mit dem Tropf- und Tauchverfahren, verglichen. Der augenfélligste Unterschied bestand in
der Gegenwart der basalen Compartemente der Macula densa-Zellen, die eine elektronenmikro-
skopische Bestatigung der »Tubulo-glomerular«-Theorie sein kénnen. Zwischen den gekdrnten
JG-Zellen werden desmosomaartig angeschlossene Strukturen beschrieben. In den epitheloiden
Zellen konnten auch verhéltnisméssig h&ufig kristalline und granula in granulis spezifische
Sekretumgranula-Formen beobachtet werden.

BIUAHUNE TMEP®Y3NOHHOWN ®UKCALMMN COCYLOB HA YNbTPACTPYKTYP
MAPATNTOMEPYNAPHOIO AIMAPATA Y KPbIC

M. CABO, . NtOCTOK W P. APEXEP

3NeKTPOHHOMMKPOCKOMMYECKM UCCMe0Ba/Ioch Mapar/ioMepynsipHbliA  annapart  noyku
KpbICbl MOC/e PeTPOrpagHoii nepy3voHHOW KcaLMmy Npu HU3KOM AaBfIEHMN U CPaBHUBAOCH
co CTpyKTypoii MIA-a nocne KaneibHOM W NOrpyXeHHoh dukcaunn. Hanmume 6asanbHbIX
YacTell  KIEeTOK MI0OTHOr0 MATHA 3/1EKTPOHHOMMKPOCKOMUYECKN [OKasaTeflbHbIX »Ty6ysno-
r/IOMepY/ISIPHON«  Teopun 0BHapYXXMBanoCcb CaMbIM 04YeBUAHLIM. OGHApYXMBa/NCb [AeCMO-
COMOBU/HbIE COEANHUTENbHbIE CTPYKTYPbl MEXAY 3ePHUCTLIMU KETKAMU U CPaBHUTE/IbLHO YacTo
KPUCTa/IIMYeCKMe U TPaHHYNsipHble OPMbl CNeLMBUYECKUX CEKPETOPHbIX 3epHbILLEK B 3nu-
TENOMAHbIX KeTKax.

Dr. Jend Szabo DOTE Kodrbonctani Intézet
Gyorgy Lustyik 4012-Debrecen, Pf. 22., Hungary
R. Dreher Institute of Pathology of Humboldt-University

(Charité), Berlin, GDI!
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ANTIGENICITY OF BONE TISSUE. I. IMMUNOLOGICAL
AND IMMUNOHISTOCHEMICAL STUDY OF NON-
COLLAGENOUS PROTEINS OF THE BOVINE CORTICAL
BONE

T. Grant, Cs. Hadhazy, L. Bordan and S. Harmati

(Received January 11, 1975)

From powdered bovine bone cortex an extract has been prepared with 0.15
M NaCl and its collagen-free fraction obtained on DEAE-cellulose column was used
for the immunization of rabbits. The non-collagenous protein fraction (NCP) produced
against immune serum two precipitation arcs both on agarose double gel-diffusion and
with immune electrophoresis.

After decalcination in 10% EDTA pH 7.4, direct and indirect immune histo-
chemical examinations were performed with fresh, freshly lyophilized, as well as with
bones kept for three and six months at 20°C, and the antigens were localized. Prolonged
storage increased the antibody-binding capacity of the bones, whereas lyophilization
decreased it. Fixation in cold acetone was suited best for immunohistochemical study
of the cortical bones.

Chalmers [12] in his studies of bone grafts was the first to use immuno-
logical methods. Subsequently, the antigenicity of various kinds of bone was
examined by anaphylactic reactions [32], skin sensitivity test [8], precipitation
reactions [5, 14, 27, 32], haemagglutination [5, 14, 32] as on the basis of mor-
phological changes induced in lymph nodes [6, 7, 9, 23, 29]. The majority of
the authors considered the red bone marrow responsible for the antigenicity,
since when washed spongiosa or cortical substance was used reaction failed to
appear, or was rather weak [1, 7, 8].

The composition of the hone extracts utilized for immunization was not
studied [5, 27, 32] or where it has been examined it was found to be of colla-
genous nature [35] or of serous origin [14] in almost every case. Several papers
discussed the composition of hone tissue [10, 11, 19—21] hut the antigenicity
of the components has not been studied. In the literature no data whatsoever
could be found concerning the antigenicity of the non-collagenous bone pro-
teins or their tissular localization. The present study aimed at clarifying these
questions by immunological methods.
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Materials and methods

Preparation of the antigen. Bovine cortical bone pieces were cleaned from the soft parts,
then washed with distilled water, refrigerated to —22°C and from these bone-meal was pre-
pared by a motor-driven rasp in such a way that its temperature would not exceed 0°C. For
preparation of the extract such meal was used which fell through a 26 mesh sieve. Extraction
was carried out with 0.15 M NaCl (1 :2= w:v) in the cold under constant mixing for 48
hours. The mixture was centrifuted (30 min, 6000 g, 4°C), the supernatant was desalted on a
Sephadex G-25 column (2.5x70 cm), then concentrated by lyophilization.

The collagen of the extract was removed on DEAE-cellulose column (Serva, Heidel-
berg; Type: DEAE-SS, capacity 0.72 mEq/g) according to Miller [26]. The collagen-free
fraction (NCP) was desalted, then lyophilized. For further examinations and immunization
this latter fraction has been used.

From both the complete bone extract and the collagen-free fraction, N was estimated
according to Kjeldahl, and protein by the biuret reactionas wellas hydroxyprolin [33],
uronic acid [4] and hexose [24] were determined.

Immune sera were produced in rabbits. “Hungarian giant” rabbits of both sexes
and 1500 to 2000 g body weight a mixture of 1 ml of complete Freund adjuvant (Difco Lab.,
Detroit, Mich) and 10 mg protein (1 ml in 0.15 M NaCl) was administered. Every 3 weeks the
mixture was injected into the paws and the gluteal muscles until the sera gave perceptible
precipitation arcs with the diluted antigen solution used for immunization. With the bone ex-
tract originating from one single cattle always the same rabbit was immunized. The immuno
sera were inactivated at 56°C for 30 min.

Immune diffusion was carried out in 0.5% agarose gel in 0.15 M NaCl (Serva, Heidel-
berg).

Immunoelectrophoresis was performed according to the micro-method of Scheidegger
[31] in 0.5% agarose (barbital-HCI buffer, u: 0.05, pH 8.2) at 4°C. For immunoelectrophoresis
the non-collagenous fraction was digested with hyaluronidase (From bovine testicles; Rea-
nal, Budapest; Activity: min. 300 USP Units/mg; — 10 mg protein +2 mg enzyme in 1ml 0.1
M Na-acetate buffer, pH 5.6, 37°C, for 1 hour) or with collagenase (Serva, Heidelberg; 387
Mandl U/mg; 10 mg protein -f- 1 mg enzyme in 1 ml 0.1 M Phosphate buffer, pH 7.4, 37°C, for
30 min).

Staining of the plates was performed with Coomassie-Brillant Blue R-250 (Serva
Heidelberg).

For the immunohistological examinations 1gG was prepared from the immune sera [3]
and conjugated with fluorescein-isothiocyanate (FITC) (BDH, England) [13]. Unbound dye
was removed by gel filtration. (Fluorescein to protein ratio, 2.2; protein content, 5.4 mg/ml).
In order to avoid unspecific conjugation, the conjugate was adsorbed before use on bovine
hepatic powder treated with acetone. For indirect immunofluorescent examinations 1gG
obtained from immuno sera and adsorbed to powdered bovine liver as well as fluorescent-
labelled goat gamma-globulin (Sevac, Praha) produced against rabbit gamma-globulin was
used.

For direct and indirect immunohistological reactions two to three mm thick bovine cortical
bone slices of bone were used, either fresh or freshly lyophilized, or stored at —20°C for 3
and 6 month. They were fixed for 72 hours in alcohol, acetone, 10% neutral formaldehyde
solution or 2.5% glutaraldehyde, or were kept without fixation in PBS (salt solution buffered
with phosphate: 0.15 M NaCl in 0.01 M phosphate buffer pH 7.4). Subsequently they were
washed in PBS changed several times for 72 hours then kept for 4 to 7 days in 10% EDTA pH
7.4, changed twice daily. Decalcination was followed by 24 hours washing in PBS. These pro-
cedures were performed under constant mixing at a temperature between 0 and 2°C. From
the decalcinated bones 4 to 6 mm thick cryostat sections were prepared at —22°C, or they
were dehydrated in acetone at 4°C and embedded into paraffin according to Sainte-Marie [30].

The sections were studied without digestion or after digested with hyaluronidase for
30 min or with collagenase for 22 min, by direct or indirect immunohistochemical methods.
(The conditions of enzymatic digestion have been described previously. The intervals were
chosen so that no disruption of the sections should result.) The sections were covered with
3 to 7 mixture of glycerin and PBS.

The following controls were used:

For direct immunohistochemical reaction:

a: unlabelled anti-bone rabbit IgG -» FITC-labelled anti-bone rabbit 19G;

b: unlabelled normal rabbit IgG -* FITC-labelled anti-bone rabbit 1gG;

c: FITC-labelled normal rabbit IgG;

d: Without treatment (except PBS covered sections).
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For indirect immunohistochemical reactions:

a: unlabelled anti-bone rabbit IgG -» unlabelled normal rabbit 1gG — FITC-labelled
anti-rabbit goat 1gG;

b: unlabelled anti-bone rabbit 1gG -» unlabelled anti-rabbit goat IgG -* FITC-labelled
anti-rabbit goat IgG (indirect blocking);

c: unlabelled normal rabbit IgG -- FITC-labelled anti-rabbit goat IgG;

d: FITC-labelled anti-rabbit goat 1gG (in itself).

After performance of the immune reaction and fluorescent examination, part of the
sections was stained with haematoxylin-eosin and azan.

Results

Table | demonstrates the composition of the bovine cortical bone extract
as well as of its collagen-free fraction obtained on DEAE-cellulose column.
Twelve per cent of the “complete” bone extract obtained with 0.15 M NaCl
was non-collagenous protein. After removal of the collagen, the fraction
displayed an altered chemical composition. This chemical fraction, in view of
its high uronic and hexosamine content was partly proteoglycan and on the
basis of its neutral carbohydrate content partly glycoprotein. In immunodiffu-
sion the non-collagenous (NCP) fractions gave two precipitation arcs (Fig. 1),
hut reacted neither with anti-hovinc rabbit scrum (Fig. 1: central and fifth
well) nor with the scrum of the control rabbit treated only with complete
Freund adjuvant.

In immunoelectroplioresis the antigen solution gave two distinct pre-
cipitation arcs in the alpha-beta regions (Fig. 2). The anti-hone rabbit IgG
labelled with FITC formed precipitation arcs identical to these of the
original immune serum (Fig. 2: lower well). The anti-NCP-fraction serum
reacted to the original extract containing large amounts of collagen with two

Fig. 1. Two-dimensional double gel-diffusion of the non-collagenous fraction of bovine corti-

cal bone extract in 0.5% agarose. Central well: non-collagenous (NCP) fraction obtained from

bone extract on DEAE-cellulose column. Wells 1, 2, 3, 4: anti-NCP fraction rabbit sera.

Well 5: anti-bovine-serum (normal) rabbit serum. Well 6: fluorescein-isothiocyanate (EITC)-
labelled anti-bone-NCP-fraction rabbit I1gG
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Fig. 2. Immunoelectrophoresis of NCP fraction of bovine cortical bone in agarose. Middle:
NCP fraction. Upper trough: FITC-conjugated anti-bone-NCP-fraction rabbit 1gG. Lower
trough: anti-bone-NCP-fraction rabbit serum

Fig. 3. Agarose immunoelectrophoresis of unfractioned extracts of bovine serum and bovine
cortical bone. Upper well: bovine serum. Lower well: unfractioned bone extract. Middle trough:
anti-bone-NCP-fraction rabbit serum

precipitation arcs, but failed to react with either of the components of
bovine serum (Fig. 3: upper well). When extracts digested with hyaluronidase
or collagenase were used, the number of precipitation arcs was unchanged
(Fig. 4).

Since FITC was bound to the complete 1gG fraction of the antiserum,
the two antigens were represented together in the immunohistological in-
vestigations.

In cyrostat sections the fresh, the freshly lyophilized and the bones
stored for 3 and 6 months at 20°C gave a slight immunofluorescence. When the
indirect method was used the degree of fluorescence increased and when
hyaluronidase digestion was performed before the indirect reaction, then a
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Fig. 4. Agarose immunoelectrophoresis of digested bovine cortical bone NCP-fractions. Upper
well: NCP-fraction digested with hyaluronidase. Lower well: NCP-fraction digested with colla-
génase. Middle trough: anti-bone-NCP-fraction rabbit serum

Table 1

Chemical composition of bovine cortical bone extract prepared with 0.15 M NaCl and the collagen-
free (NCP) fraction obtained from it on DEAE-cellulose column. Percentual values calculated
for dry substance

Composition b‘(‘)ﬁeomé))l(?}z‘(’:l NCP fiaction
Total protein 87.52 25.92
Glycosaminoglycan 2.07 65.12
llexose 1.50 7.46
Total 91.09 98.50
Hydroxiprolin 10.58 0.01
Collagen 75.54 0.07
NCP 11.98 25.85
Total N 15.22 6.03
Uronic acid 0.30 11.72
Hexosamine 0.77 24.21
Chondroitin sulphate 0.80 31.41

The individual values were calculated by multiplying with the appropriate index factor
[10, 28] as follows:

collagen hydroxiprolin x 7.14

non-collagenous protein total protein-collagen
hexosamine hexosamine N/0.078

hexosarnine N = total N (collagen/5.7 -|- NCP/6.25)
glycosaminoglycan hexosamine X2.69
chondroitinsulphate uronic acid x 2.68
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strong positivity was observed (Figs 5 7). In these cases the specific label was
localized in the osteocyte capsules, in the osteocytes and especially in the
proximity of Haversian and Yolkmann’s canals. Their connective tissue lining
displayed some autoflorescence both with and without digestion (Fig. 9).

The fixing solutions also influenced the immunohistochemical picture.
W ith neural formaldehyde the control sections showed such a strong auto-
fluorescence thatno evaluation of the reaction was possible. After fixation in
2.5% glutaraldehyde the time required for decalcination was prolonged;
it always took more than 3 to 4 weeks. Considerably better results were ob-
tained with alcoholic fixation, hut after this the fluorescence appeared in spot
in both the direct and the indirect reaction. Fixation in cold acetone was the
most suitable; in such materials, even if undigested the reaction was as strong
or even stronger than the indirect immunofluorescence of unfixed material
(Fig. 11) and the indirect reaction (Fig. 12) localized the antigens not only to
the proximity of the osteocytes and canals, but also to the junction lines
between the osteocyte processes and laminae. Hyaluronidase treatment

Figs 5—7. Bovine cortical bone. Indirect immunohistochemical method. Each of the three

preparations was prepared without fixing after EDTA decalcination and hyaluronidase diges-

tion. X 220. In freshly lyophilized bone (Fig. 6) antibody binding can be observed only in the

osteocyte capsules as well as in the wall of the Haversian canals. In fresh bones (Fig. 5.) it is

seen also in the periphery of osteocytes, in stored bones (Fig. 7) also in the region of the
special intercalar laminae
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Fig. 8. Fresh bovine cortical bone fixed in cold alcohol, decalcinated with EDTA, digested
with hyaluronidase. Indirect immunohistochemical method. Uneven distribution of the
positivity. X220
Fig. 9. Fresh bovine cortical bone without fixation. EDTA decalcination, hyaluronidase di-
gestion. Autofluorescent control. Outlines of the Haversian canals can only be seen. X220
Fig. 10. Fresh bovine cortical bone fixed in acetone decalcinated with EDTA. Indirect blocking.
Positivity around the Haversian canals, weak binding in the osteocyte capsules. x220
Fig. 11. Fresh undigested bovine cortical bone; fixation in cold acetone, decalcination in
EDTA, direct immunohistochemical method. The fluorescence is as intensive as the positivity
of the unfixed material (Fig. 5) observed after hyalouronidase digestion by indirect reaction X 220

(Figs 13, 14) increased the angiten-binding capacity of the intercellular spaces
of the intercalated lamine and of the osteocyte processes. The control of the
latter examinations (indirect blocking, Fig. 10) was only slightly different
from the autofluorescence control (Fig. 9); the intercellular substance was ab-
solutely negative.

The immunofluorescent picture of lyophilized hone embedded in paraffin
(Fig. 15) was similar to that of the unfixed predigested and lyophilized cryostat
section (Fig. 6). In the embedded material, predigested with hyaluronidase
(Fig. 16) or collagenase (Fig. 17) the positivity increased chiefly in the inter-
cellular substance and among the laminae, particularly after collagenase treat-
ment. Azan staining showed the absence of collagen in their sections.
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Fig. 12. Fresh undigested bovine cortical bone; fixed in cold acetone, decalcinated in EDTA.
Indirect immunohistochemical method. The surroundings, the canals and the osteocyte capsules
are more positive, the osteocyte processes are discernible, the junction lines and laminae
bind more antibodies. x 220
Fig. 13. Fresh bovine cortical bone; fixed in cold acetone, decalcinated in EDTA, digested
with hyaluronidase. Indirect immunohistochemical reaction. Compared with Fig. 12, positivity
is particularly increased in the region of the laminae intercalares. x 220
Fig. 14. Detail of Fig. 13. Region of the intercalated laminae on Fig. 13. X450

Figs 15—17. Bovine cortical bone, lyophilized, decalcinated in EDTA, dehydrated in acetone,
embedded in paraffin. Indirect immunohistochemical method. x 220
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Discussion

According to earlier data, bone tissue has weak antigenic properties;
the extracts point to the presence of one [35] or two [27] substances of anti-
genic nature. The composition of the extracts used in these studies was not
studied; they were made to react to immune sera produced against complete
bone extracts. In spite of this the arcs obtained after exhaustion with homo-
logous serum were presumed to be due to soluble collagen. The studies of
Engel and Catchpole [15] demonstrated that an antigen effect of collagenous
origin should in fact be taken into consideration. They labelled with FITC
the gamma-globulin fraction ofanti-“collagen-D” rabbit serum and localized the
collagen in different organs of the rat, at the periphery of newly formed bone
trabecules and around ostcocytes, among others.

According to the above results, the proteins ofnon-collagenous nature of
the bovine cortical bone have antigenic properties, on both immunodiffusion
and immunoelectrophoresis two well distinguishable precipitation arcs were
formed. This circumstance refers by all probability to the presence of at least
two non-collagenous proteins (proteoglycans? glycoprotein?) of antigenic
properties. Our present methods are not yet suited for their more exact defini-
tion. Taking into consideration that these can be eluted from the Sephadex-
G-200 column (1.9 X85cm; Tris-HCL 0.1 M pH 8) by exclusion volume, still
they could be separated into different fractions on Sepharose 6-B column they
seem to be considerable in size. This may explain why on agar the two anti-
gens can be separated only with difficulty or not at all whereas on agarose they
easily separate. In addition to these antigens the bone tissue seems to possess
antigenicity of collagenous origin.

Our NCP fraction displayed an immunoelectrophoretic pattern similar
to that of Dickson’sfraction Il [14]. Extraction with EDTAwas avoided be-
cause it would have removed those proteins too [11, 19, 20] which otherwise
could act as antigens [18], and induce a negative reaction. This supposition
was justified by the picture of the unfixed bones decalcinated with EDTA
(Figs 5-7).

Cold alcohol and acetone were found suitable as fixing solutions. Despite
the fact that the degree of autofluorescence was almost idential with alcohol
and acetone the result was slightly different. After fixation in alcohol, “mute
regions’’were obtained, antibody-binding was slight even with the indirect
reaction. These regions were located alternately nearer or farther to the surface.
This may have been due to incomplete diffusion or fixation, but there is a

Fig. 15. No digestion. Strong positivity of cells and canals. X 450
Fig. 16. Hyaluronidase digestion. In some regions intercellular specific binding. X450
Fig. 17. Collagenase digestion. Positivity in the laminar region. X 450
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possibility that the solubility of proteoglycans was influenced, was attacked
by the alcohol as indicated by Sefer et al. [32], who after decalcination with
EDTA, obtained a separate antigen fraction from human bone treated with
alcohol. After fixation in acetone no similar phenomenon occurred.

In the bones stored at —20°C for 3 and 6 months no decrease of the
binding of labelled specific antibodies could be observed; moreover, on immuno-
histochemical positivity had increased in extent. The phenomenon may be
explained by the action of lysosomal enzymes, which rendered numerous
determinants of the NCP antigens accessible, as demonstrated in cartilage by
Barland et al. [2]. Hyaluronidase digested cartilage [2, 16, 17, 25] displays
a similar phenomenon.

In lypophilized material the degree of antibody binding was less pro-
nounced; positivity of similar intensity and localization as in fresh and stored
bones appeared only subsequent to collagenase digestion. This may be connect-
ed with the decrease of antigenicity [22, 34], but freeze-drying and decalcina-
tion may have induced such changes in the collagen which could partly camou-
flage some of the determinants of the NCP antigen.
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DIE ANTIGENEIGENSCHAFT DES KNOCHENGEWEBES. I. IMMUNOLOGISCHE
UND IMMUNHISTOCHEM ISCHE UNTERSUCHUNG DER NICHT-KOLLAGENEN
PROTEINE IN DER KORTIKALEN KNOCHENSUBSTANZ DES RINDES

T. GLANT, CS. HADHAZY, L. BORDAN und S. HARMATI

Aus dem Mehl der kortikalen Knochensubstanz von Rindern wurde mit Kochsalzlésung
von 0,15 M ein Extrakt hergestellt und daraus auf DEAE-Zellulosesdule eine kollagenfreie
Fraktion gewonnen. Mit dieser Fraktion wurden Kaninchen immunisiert. Die nicht-kollagene
Proteinfraktion (NCP) hatte mit dem ihr gegenuber erzeugten Immunserum bei dem Doppel-
diffusionsverfahren auf Agarose und bei der Immunelektrophorese zwei Prézipitationsbdgen
ergeben.

Nach Dekalzinierung mit 10%iger EDTA-L6sung (bei pH 7,4) wurden an frischen,
frisch lyophilisierten sowie an drei und sechs Monate bei —20°C gelagerten Knochen direkte
und indirekte immunhistochemische Untersuchungen durchgefiihrt und die Antigene lokali-
siert. Den Ergebnissen nach wird durch ldngere Lagerung die Antikdrper-Bindungsfahigkeit
der Knochenstiicke etwas gesteigert, wahrend sie durch Lyophilisierung herabgesetzt wird.
Zur immunhistochemischen Untersuchung der kortikalen Knochenstiicke ist die kalte Aceton-
Fixierung am meisten geeignet.
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AHTUTEHHOE CBOWCTBO KOCTHOM TKAHW |. MMMYHOJ/IOIMYECKOE
NCCNEOOBAHNE HE-KOJ/IJTATEHHbBbIX BEJ/IKOB KOPKOBOIO BELUECTBA
KOCTEMN KPYMHOIO POrATOMO CKOTA

T.TAAHT, 4. XAAMNA3WN, N. BOPAAH n W. XAPMATHU

M3 MyKM KOpPKOBOIO BeLLleCTBA KOCTE KPYMHOro poratoro CKota aBTopbl NPUroToBuUaM
npu MomMoLLM pacTBopa noBapeHHoOW conn B 0,15 M BbITSXKY, U3 KOTOpoi Ha cton6be AEAE-
Lennonosbl bblia nonyyeHa gpakumsa 6e3 konnareHa. CaToid pakumein OHU UMMYHU3NPOBaIN
KponnkoB. He-konnareHoBast 6enkoBasi (pakumsa (NCP) gana ¢ MMMYyHHOW CbiBOPOTKOW (06-
pa3oBaHHOW MPOTUB Hee) Mpu ABOMHON Anddy3nn Ha arapose 1 Npu MMMYHO3/1eTpodopese ABe
4yru npeuunutaumm.

Mocne gekanbumHaumnm B 10%-om pacteope A TA (npu pH 7,4) Ha cBeXUX, Ha Nnounn-
3MPOBaHHbIX B CBEXEM BUAE KOCTAX, a Takke Ha KOCTAX, XPaHUBLUMXCA B TeYeHMe TPex Wan
LecTn mecsaues npu TemnepaTtype B —20 °C, NpoBOAUAN HEMOCPeACTBEHHbIE U KOCBEHHbIE VM-
MYHOT UICTOXMMMUYECKME NCCNeLOBaHNSA U IOKaNN30BaM aHTUreHbl. Ha ocHoBe Habnto4eHNn aBTo-
poB 60see ANUTeNIbHbIM XpaHeHWeM [0 HEKOTOPOM CTeneHW MOBbILAETCA COCO6HOCTb KOCTel
K CBA3bIBaHWIO NPOTMBOTEN, B TO BPems KakK AM0(MAn3aLms NOHMXKAET 3Ty CnocobHOCTb. Ans
MMMYHOTMCTOXMMUYECKOr0 MCCNef0BaHNSA KOPKOBbIX KYCKOB KOCTeli Havubonee noaxoasLinum
METOAOM SIBMISIETCHA X0/10f4HasA (MKcaums B aLeToHe.
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MORPHOLOGICAL AND HISTOCHEMICAL CHANGES OF
ULTIMOBRANCHIAL FOLLICLES OF THE RAT THYROID
IN THE COURSE OF POSTNATAL LIFE

M. Petko6™

(Received February 21, 1975)

Morphological and histochemical changes of ultimobrancliial follicles of the
thyroid have been investigated in rats from newborn to 18 months of age.

The first well-delimited ultimobranchial follicles, though with no lumen, were
detected in the thyroid gland of 10-day-old rats. At 30 days of age, follicles possessing
regular lumina were present in the thyroid. With age, the follicles gradually increased
in volume assuming extreme dimensions in adult age. The follicles displayed varying
shapes from simple cysts to bizarre forms. From the age of 50 days the cells of the
follicular wall are separated from the cell debris contained in the lumen. The latter gave
a PAS positive reaction. The cells of the ultimobranchial follicles did not exhibit argyro-
philia and metachromasia showing that they differ considerably from the C-cells like-
wise of ultimobranchial origin, which are known to give marked argyrophilic and meta-
chromatic reactions.

Introduction

In mammals, the thyroid gland has a double embryonic origin.

One part of the gland is derived from a ventral outgrowth of the floor of
the pharynx, while the other part develops from the ultimobranchial body [15,
18, 23]. Though this has long been known, the fact that the histological struc-
ture of the thyroid is not uniform, has only recently been recognized. Nonidez
[11] demonstrated that in addition to the follicular epithelium the thyroid pos-
sesses a “second follicular epithelium”. It has been shown that this epithe-
lium produces calcitonin, a hormone influencing calcium homeostasis [1, 7, 9].
On the basis of their calcitonin producing capacity, these cells were termed
C-cells [4, 12]. A second kind of follicle has also been found in the thyroid.
This kind has a different structure and has been termed postnatal ultimobran-
chial follicle by Van Dyke [19, 20] who was the first to describe it and assumed
its ultimobranchial origin. Numerous studies were carried out on the origin
[22], morphology and ultrastructure [2, 3, 22], of the ultimobranchial follicle.

According to these studies, the ultimobranchial (UB) follicle is a cyst-
like or tube-like formation varying in shape, composed of ultimobranchial (U)

* Present address: Institute of Anatomy, Histology and Embryology, University
Medical School, Debrecen (Hungary).
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cells [10]. In the lumen ofthe tube or cyst, cell debris and an acellular amorphous
substance can be found, while the wall is made up of U-cells of two different
types. The outer Avail of the follicle consists of several layers of flattened “basal
U-cells” characterized by numerous desmosomes and dense clusters of tono-
fibrils. The cells cover each other onion-like. The “apical U-cells” lining the
follicular lumen in a single layer, are usually flat, sometimes cuboidal or colum-
nar in form, having short microvilli in contact with the lumen. According
to Neve and Wollman [10] the general properties and cellular structure of
the ultimobranchial follicles are similar at all ages, though different in size.
The number and volume of follicles within the lobes increase with age.

The aim of the present work was to study the morphological and histo-
chemical changes of the postnatal ultimobranchial follicles, and to investigate
the histochemical differences existing between the U-cells and C-cells also of
ultimobranchial origin.

Material and methods

W istar rats of both sexes were used in the study. Thyroid glands were obtained from
newborn, 10, 30, 50, 70, and 120-day-old rats. One age group comprised 5 rats of either sex
from the same litter. Under pentobarbital anaesthesia, the thyroid was excised, one of the
lobes was removed and fixed in a mixture of glutaraldehyde-picric acid-acetic acid (GPA)
for 24 hours. This was followed by embedding in paraffin and serial sectioning (7 fi). The series
of sections prepared from each lobe were divided in three groups so that each third section was
included in a separate group. The sections were used for the following histochemical reactions:
— Silver impregnation according to De Grandi [6].

— Hydrolysis with 1 n hydrochloric acid at 60°C for 6 hr according to Solcia and Sam-
pietro [16], followed by staining with 0,01% 1:9-dimethylmethylene blue at pH 5.4
in Mcllwaine buffer.

— PAS reaction that in some cases was preceded by digestion with saliva.

Results

In the newborn rat no ultimobranchial cells could be differentiated from
the thyroid tissue by any of the reactions employed.

At 10 days of age well circumscribed ultimobranchial cell groups were
detected in the central area of the lobe (Figs 1 and 2). The cells were oval in
shape and localized in groups. No lumina surrounded by cells could be noted.
The cells did not exhibit argyrophilia and metachromasia and their PAS
reaction was negative.

At 30 days of age the area occupied by U-cells was much larger than in
the previous stage. The cells bounding a lumen were follicle-like in appearance
(Fig. 10). Sometimes several follicles close to each other could be noted (Fig.
11). The lumina of the follicles contained degenerated cells and cell debris
yielding orthochromasia and a positive PAS reaction. The wall of the follicle
was made up of cubic or ovoid cells displaying no argyrophilia and meta-
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Figs 1—5 Ultimobranchial follicles in the rat thyroid, 1: 9-dimethyl-methylene blue staining
Fig. 1. 10 days of age. Islet-like accumulations of U-cells (marked with arrow) in the central
area of the thyroid lobe. Magnification, 40x6.3
Fig. 2. 10-day stage. Rudimentary UB follicle (arrows). Magnification, 63 x6.3
Fig. 3. 50-day stage. UB follicle. Magnification, 40x6.3
Fig. 4. 120-day stage. Ultimobranchial process in the thyroid. Magnification, 40x6,3
Fig. 5. 18-month stage. UB follicle with thin wall and large amounts of cell debris in the lumen.
Magnification, 63x6.3



126

M. PETKO

Figs 6—9 Ultimobranchial follicles of rat thyroid De Grandi’s silver impregnation

Fig.
Fig.
Fig.

Fig.

6.

7.

8.

No argyrophilia in UB follicle of 50-day-old rat. In the vicinity, a few argyrophilic
C-cells are visible. Magnification, 25x6.3

In the 70-day-old rat the UB follicle is extremely large. No argyrophilia is present.

Magnification, 10 X6.3

In the 120-day-old rat the UB follicles exhibit no argyrophilia. In the vicinity, many
argyrophilic C-cells. Magnification, 25x6.3

Thyroid gland of 120-day-old rat. One large UB follicle and many small ones (marked

with arrows) in the environment. Magnification, 10x6.3
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Figs 10 14 Ultimobranchial follicles of rat thyroid. PAS reaction
Fig. 10. At 30 days ofage the UB follicles contain lumina filled with PAS postitive cell debris.
The cells of the follicular wall are PAS negative. Magnification, 40x6.3
Fig. 11. Thyroid gland of 30-day-old rat. Two UB follicles with lumina containing colloid-like
substance and PAS positive cell debris. The cells of the follicular wall are PAS negative.
Magnification, 63x6.3
Fig. 12. At 50 days of age the lumen of the UB follicle is filled with a PAS positive mass and
cell fragments. Some of the cells in the follicular wall exhibit a moderate PAS positive reaction
(arrows). Magnification, 40x6.3
Fig. 13. At 70 days of age the lumen of the UB follicle contains PAS positive degenerating
cells and cell fragments. No reaction in the follicular wall. Magnification, 25 X6.3
Fig. 14. At 120 days of age the mass in the lumen of the UB follicle is PAS positive. The cells
of the wall are PAS negative. Magnification, 25x6.3
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chromasia and no PAS reaction. In one section an UB follicle was detected
on the surface of the thyroid lobe, in the immediate vicinity of the thyroid
and parathyroid gland from which ultimobranchial processes penetrated into
the parathyroid gland (Fig. 15).

At 50 days of age large UB follicles were visible (Fig. 3). The cell debris
in the lumen became sharply separated from the wall of the follicle. Sometimes
a slit was formed between them. The cell debris in the lumen stained ortho-

Fig. 15. Thyroid and parathyroid glands of 30-day-old rat stained with 1 :9-dimethyl-

methylene blue. Magnification, 25 X 6.3. At the margin of the thyroid gland (T) an ultimo-

branchial follicle is visible. The ultimobranchial process connected with the follicle (marked
with arrow) penetrates into the substance of the parathyroid (PT).

chromatically, yielding a postive PAS reaction but no argyrophilia. Occasion-
ally, the cells forming the follicular wall also gave a slight PAS positivity (Fig.
12). Most of the cells were flat, covering each other onion-like. In the vicinity
of the follicles argyrophilic C-cells were often noted (Fig. 6). The follicles them -
selves never exhibited argyrophilia.

At 70 days of age pattern was the similar as previously, but at this age
the UB follicles assumed extreme sizes (Fig. 7). The central cell debris ex-
hibited marked orthochromasia and PAS positivity (Fig. 13).

At 120 days of age, in addition to large UB follicles similar as those seen
at 70 days (Fig. 8), tube-like formations (Fig. 4) were also present. In their
vicinity, numerous small follicles were noted (Fig. 9.); they were probably the
sections of contorted tube-like or bizarre-shaped follicles.
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At 18 month of age the UB follicles were extremely large (Fig. 5) contain-
ing many desquamated cells, dead cells and fragments. These cells giving a
positive PAS reaction and marked orthochromasia, were always well differ-
entiable from the follicular wall from which they were often separated by a
slit. No argyrophilia and metachromasia could be noted in these cells.

The PAS reaction performed after digestion with saliva was somewhat
less positive in all age groups beyond 30 days.

Discussion

In rats the ultimobranchial body migrates to the anlage of the thyroid
on the 16th day of embryonic life [17, 21]. According to our results on the
10th day of postnatal life, some of the U-cells migrated in the thyroid anlage
are still located as a homogeneous islet in the central part of the lobe. These
cells do not surround a lumen, display no differentiation into basal and apical
types and do not exhibit either argyrophilia or metachromasia, or PAS posi-
tivity. Most probably, this cell islet is the site where the UB follicles arise. The
cells of the UB follicles become more and more flattened showing an onion-like
structure. In the interior, the cells undergo degeneration and desquamate
into the lumen of the follicle. Other cells of the ultimobranchial body scatter
in the thyroid to become there parafollicular, or C-cells [8, 13].

At 30 days of age the rat thyroid was found to contain regular UB folli-
cles with lumina containing PAS positive cell debris. At this time the wall of
the follicle is made up of basal (flattened) and apical (ovoidal) cells displaying
no PAS positivity. In one case we have noted in a 30 days old rat that the UB
follicle was located between the thyroid and the parathyroid extending pro-
cesses into the latter gland (Fig. 15). This observation is consistent with the
results of Goldstein and White [5] that anlages migrate from the ultimo-
branchial pouch to the parathyroid and thymus where even secretion occurs.
Wollman and Neve [22] often observed UB follicles on the surface of the
thyroid. The UB follicles show a gradual increase with age, occasionally attain-
ing extreme dimensions. The largest follicles were noted in the thyroid glands
of animals 18 month of age. The follicles were variable in shape, sometimes
appearing as cysts or narrow tube-like formations. In some cases a central
large cyst was present with small, bud-like cysts detached from its Avail (Fig.
9). Woliman and Neve also described follicles containing rod-like structures
and epithelial pearls. Our findings were similar to, or identical with, those
described by the authors quoted.

From 50 days of age, the cells of the follicular wall are separated by a
slit from the mass filling the lumen. This is visible up to 18 month of age. The
fact that it may be an artefact, cannot be excluded.
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Neve and Wollman [10] noted mixed follicles containing both thyroid
follicular epithelium and U-cells in the thyroid gland of rats of all ages. In
our material we have not observed mixed follicles, but we used W istar rats,
whereas Neve and Wollman worked with Fischer rats. We have never noted
argyrophilia and metachroinasia in the UB follicles which shows that the folli-
cular cells have definitely differentiated from the C-cells likewise of ultimo-
branchial origin (the latter cells always exhibited marked argyrophilic and
metachromatic reactions). Thus, the ultimobranchial bodies migrating to the
anlage of the thyroid carry two types of cells: C- and U-cells play an important
part in calcitonin production, while the cells composing the UB follicles gradu-
ally degenerate and necrotize. The function of these cells is unknown.

It appears that glycoproteins are responsible for the PAS positive reac-
tion yielded by the degenerating and necrotizing cells and cell fragments in
the lumen of the UB follicles. Elucidation of this question needs further in-
vestigations.
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des Follikelepithels der S&ugerschilddriise. Springer-Verlag, Berlin, Heidelberg, New York 1972.
Pp. 12. —22. Wollman, S. H., Neve, P.: (1971) Ultimobranchial follicles in the thyroid glands
of rats and mice. Rec. Progr. Hormone Res. 27, 213 234. — 23. Zuckerkandl, E.: (1903)
Die Entwicklung der Schilddrise und der Thymus bei der Ratte. Anat. Hefte 21, 1—28.

DIE MORPHOLOGISCHEN UND HISTOCHEMISCHEN VERANDERUNGEN DES
POSTNATALEN ULTIMOBRANCHIALEN FOLLIKULUS IN DER RATTENSCHILD-
DRUSE WAHREND DES POSTNATALEN LEBENS

M. PETKO

Es wurden die morphologischen und histochemischen Verdnderungen der ultiino-
branchialen Follikuli in Rattenschilddrisen wéhrend des postnatalen Lebens, von der Geburt
bis zum 18. Monat, untersucht.

In den Schilddrisen von 10 Tage alten Tieren gelang es zum ersten Mal gut umschriebene
ultimobranchiale Zellengruppen zu finden, die den Lumen noch nicht umfassten. Im Alter
von 30 Tagen entstanden bereits die ultirnobranchialen Follikuli mit einem Lumen. Ihr Volu-
men nahm mit dem Alter der Tiere zu, und hei alten Tieren kamen riesige Follikuli zustande.
Die Follikuliformen zeigten sich, angefangen von einfachen Zysten bis zu den bizarren Formen,
als ausserordentlich variabel; die Wandzellen und die Zelltrimmer im Lumen trennten sich
von SOtégigen Alter an. Die Lumenzelltrummer ergaben eine PAS-Reaktion. Die Zellen der
ultirnobranchialen Follikuli ergaben nie eine argyrophile und metachromatische Reaktion,
was daraufhinweist, dass sie sich von den C-Zellen von ebenfalls ultimobranchialem Ursprung,
die gute solche Reaktionen ergaben, unterscheiden.

MOP®OJIOTMYECKME N TUCTOXUMNYECKVE M3MEHEHWA MOCJIEPOAOBOIO
YNTUMOXABEPHOIO ®ONI/INKYAA WNATOBUAHOW >XENE3bl Y KPbIC B
TEYEHWE TMOC/IEPOAOBOWV XXW3HU

M. METKO

Mopdonormyeckme U rMCTONOrMYECKMe U3MEHEHNS YNTUMOXKa6epHOro poNIMKyna WmTo-
BUAHOW Xenesbl 6blI0 MCCNef0BaHO B TeyeHMe MOCIePOLOBOM XXM3HU C HOBOPOXAEHHOr0o A0
BOCEMHaLaTUMECALHOro Bo3pacTa.

O6Hapy>XMBanuCcb XOPOLLO OMNMCaHHble YyNTUMOXabepHble rpynnbl KAeTOK cnepsa B
LUMTOBMAHOM XXene3e AeCATUAHEBHOr0 XXMBOTHOrO He o6pasyloLime npoceeT. B Tpuauatn gHeB-
HeM BO3pacTe YXe BWAHbl YNTUMOXabepHble (ONNNKY/bI MMeLOLLMEe NPOCBETOM. [locTeneHHo
C BO3pPacTOM yBe/IMYMBAIOCh MX 06BEM, B MOXWIOM BO3pacTe OrpoMHble GonnnKynbl o6pasosa-
nunck. O6HapyXXuBanmMcb pasHoobpasHble (opMbl POAIMKYNa ¢ MPOCTOA KWUCTOM MO CTPaHHbIM
Bugam. C 50-v JHeBHOro Bo3pacTa NPUCTEHOYHbIE KNETKU U AeTPUT K/ETOK B NPOCBETe OTAeNs-
toTCA.

B npoceeTe KNeTOUHbIA AeTpUT faeT peakuymio MALL-a. KneTku yntumoxkabepHoro con-
NINKyNa Hekorja He JaloT peakuuy aprupounny 1 MeTakpomasuu, m3obpaxkas pasnuuuve oT
APYTUX YNTUMOXAOEPHbIX KNeTOK »Li« XOpOLUO AaloLmux 3T peakumu.

Dr. Mihaly Petks, DOTE Anatémiai, Szovet- és Fejlédéstani Intézet,
H-4012 Debrecen, Pf. 14. Hungary
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THE ARTERIAL AND VENOUS BLOOD SUPPLY OF THE
SEPTUM PELLUCI1DUM IN THE RAT

G. Ambach, S. Horvath and M. Palicovits

(Received May 13, 1975)

The arterial and venous systems of the rat’s septum pellucidum has been studied
by means of the perfusion technique. The arteries may be classified into three groups.
The branches of each of the three groups originate from the a. hemispherica and enter
the septum from the frontal direction. The veins may be divided into an anterior and
a posterior group. The anterior veins flow through the v. subcallosa into the sinus
cavernosus, the posterior veins into v. cerebri magna. The arterial and venous blood
supply of the individual nuclei of the septum are compar independent.

The septum pellucidum is a well developed organ in the rat containing
numerous groups of nuclei [Palicovits, Horvath in preparation]. Forming
part of the limbic system, the septum is anatomically as well as functionally
connected with both the hypothalamus and the other parts of the limbic
system and specially with the hippocampus.

In recent years, an increasing number of experimental interventions
(lesion, inplantation, fiber transection) has heen performed in this region, but
the details of the angioarchitecture of the septum have not been detected.
Utilizing the recently elaborated double Indian ink perfusion technique [1],
the arteries and veins of the septum in the adult rat were mapped.

Materials and methods

In 50 rats of 150 to 200 g body weight such Indian ink perfusion blood vessel prepa-
rations were produced, where the arteries were filled with red, the veins with blue [1]. Into the
aorta of the rats anaesthetized with pentobarbital, blue Rotring Indian ink was injected until
the dye had appeared in the right atrium; subsequently the arteries were filled with red Rot-
ring Indian ink containing 5 to 7% gelatin. The brains were fixed in 8% formaldehyde for 10
days, then they were worked tip partly for macroscopic preparations, partly for 500 [i thick
frontal or sagittal serial sections. After alcoholic dehydration the sections were cleared in xylene.
Exclusively arterial fillings with gelatinous red Indian ink were also performed.

Results
rteries

On the basal surface of the brain, 1600—2000 p laterally from the mid-
line, the a. carotis interna runs forward and divides 1000— 1200 ft behind the
bregma into the a. cerebri media and the a. cerebri anterior (Fig. 1A) [1, 3].
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Initially, the a. cerebri anterior runs along the external lower margin of the
optic clilasma, then at 500 -700 ft before the bregma [»lane it ascends gradually
over the optic nerve and continues its course in the fissure longitudinalis
cerebri (Fig. IB). The a. olpliactoria takes from it its origin at 700—900 ft
before the bregma line and runs in ventral direction into the nasal cavity.
Then the bilaterally running aa. cerebri anteriores are united at an acute angle
in tbe midline, forming a single vessel, the a. hemispherica. (This is also called
as anterior cerebral trunk [4] or common anterior trunk [6].)The a. hemi-
splierica then forms a steep arch upward to the genu corporis callosi (Figs
IB, 2A) to run from there on the external surface of the corpus callosum in
the median-sagittal plane backward to the rear end of the splénium corporis
callosi, dividing again into two branches and supplying the median walls of
the hemispheres, the convex surface of the brain it anastomoses with the
branches of the a. cerebri media (Fig. I1B). The terminal branches form
anastomoses with the a. cerebri posterior as well as with the anterior
branches of the choroid plexus of the third and lateral ventricles.

From the section of the a. hemispherica below the corpus callosum origi-
nate the arteries supplying septum pellucidum they enter it substance from the
anterior and inferior directions (Figs 1B, IC, 2A).

The septal arteries may be classified into three groups (Table I).

1. The first group includes the artéria infracallosa and its branches. The
a. infracallosa takes its origin from the a. hemispherica directly before the
genu corporis callosi, 1800—2000 ft orally from the bregma plane. Then it
makes a turn around the genu corporis callosi, dividing below it into two
branches and takes its course backwards near the midline. It supplies the
anterior two-thirds of the median upper region of the septum. Frequently,
about 1000 ft before the bregma the a. infracallosa gives a branch running
laterally, that participates in the blood supply of the upper lateral third
of the septum (Fig. 2A).

2. The second group is formed by the branches of string trunk, the a.
subcallosa. The most a. subcallosa originates from the a. hemispherica at 2000—
2200 ft before the bregma plane (Fig. 2A), then it runs upward and backward
to thbe region below the corpus callosum. In its slightly winding course it gives
4 to 7 branches from the front to the septum. Its uppermost branch, the a.
septalis superior originates below the genu corporis callosi, 1400 1500 ft
before the bregma. It runs caudally near the median-sagittal plane below the
a. infracallosa parallel to the latter (Fig. 2A). The short branches of this sec-
tion, the rami minores anteriores divide in the median upper part of the sep-
tum. At 900 to 1000 fthefore the bregma line the a. septalis superior turns grad-
ually upward and its 2 to 3 terminal branches, the rr. minores posteriores
supply behind the dividing area of the a. infracallosa, the median upper septal
region directly rostral to about 900 ft before the bregma a strong branch, the
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Fig. 7. 1. Development of the a. hemispherica on the hase of the brain; B. The a. hemispherica

and its septal branches. Sagittal preparation; C. The a. hemispherica and its septal branches.

500 ft thick sagittal section; D. A. septalis lateralis superior. 500 ft thick frontal section; Num-
bering of vessels: See Table I. Abbreviations: See text
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a. cerebri anterior

Table 1

Arteries of the septum pellucidum in the rat

a. olphactoria rr. infracallosae

. mediales
—2a. infracallosa

r. infracallosus
lateralis

rr. minores anteriores

a. hemispherica . : . .
p —»a septalis superior rr. minores posteriores

a. septalis lateralis t septales laterales

a. subcallosa - )
superior superiores

aa. septales mediales

aa. septales laterales
inferiores

a. subcommissuralis . .
medialis a. triangularis

(1)
(2)

©)
4)
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a. septalis lateralis superior makes a lateral turn, supplying with 2 to 3 branches
the lateral superior region of the posterior two-thirds of the septum. This
artery is well visible on sections in the frontal plane (Fig. ID). From the a.
subcallosa, below the a. septalis superior, 3 to 5 parallel thin arteries take
their origin; these are the aa. septales mediales which enter the septum from the
frontal direction and supply the central and lower thirds of the anterior medial
part of the septum (Fig. 2A).

3. The third group is formed by 3 to 6 arteries diverging fan-like (aa.
septales laterales inferiores); they originate from the a. cerebri anterior or from
the initial section of the a. hemispherica, 800 1000 p before the bregma (Fig.
2A). These vessels enter from below into the substance of the septum and
branch off laterally throughout the entire length of the septum. One of these
arteries, the a. subcommissuralis medialis runs backward and upward in the
median-sagittal plane, encircles the central part of the commissura anterior
and supplies the median inferior septal region over the commissura anterior
(Fig. 2A).

Veins

In contrast to the arterial supply the venous drainage of the septum is
two-directional : the anterior group flows into the sinus cavernosus and the
posterior group drains the blood into the v. Galeni (Fig. 3A; Table II).

The veins of the septal region before the commissura anterior are collect-
ed into an important venous trunk, the v. subcallosa (Figs. 3A, 3B, 4A). This
forms numerous anastomoses with the veinsrunning downward from the cortex.
In this way below the corpus callosum, along the a. hemispherica, a venous
plexus infracallosus is formed (Fig. 3B). The v. subcallosa is connected back-
ward over the n. opticus with the v. perioptica and by a stronger branch run-
ning in frontal direction with sinus cavernosus.

1. The upper vein of the anterior group, the v. infracallosa originates with
small branches below the corpus callosum. It runs forward near the midline,
then flows into the v. subcallosa or the upper of the plexus infracallosus.

It drains the venous blood of the median upper third of the septum.
The collecting area of the vein corresponds mostly to the supplying region
of the a. infracallosa (Figs 3B, 4A). The veins originating at 300 400 u before
the bregma plane from the dorsal and median thirds of the septum (vv. septales
anteriores superiores) run forward for about 1000 1200 /t, then flow into the v.
subcallosa. These veins collect the blood from the anterior two-thirds of the
supplying region of the a. septalis superior (Fig. 4A).

From the lateral and inferior part of the frontal two-thirds of the septum,
5 to 8 veins drain the blood into the v. subcallosa; these are called the wvv.
septales mediales and laterales. Usually, 3—4 median and 2 4 lateral veins
may be found. The median veins originate above the commissura anterior and
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Fig. 2. Schematic drawing of the septal arteries. A. Septal arteries in the sagittal plane;
B. Arteries of the nucleus septalis dorsalis, pars intermedia and nucleus septalis lateralis;
C. Arteries of the nucleus septalis medialis and the nucleus tractus diagonalis pars septalis;
D. Arteries of the nucleus septalis fimbrialis and nucleus septalis triangularis. Numbering

of vessels: See Table |. Abbreviations: See text
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Fig. 3. Macroscopic and microscopic preparations of the veins draining the septal blood;

N. V. subcallosa and its septal branches. Sagittal preparation; B. Anterior veins of the septum.

Sagittal preparation; C. Posterior-superior veins of the septum. 500 /, thick sagittal section;

1). Posterior-inferior veins of the septum. 500 // thick sagittal section; Numbering of vessels:
See Table 11. Abbreviations: See text
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Anterior veins

Posterior veins

)
(2)
®)
4

®)
(6)

Table 11

Veins of the septum pellucidum in the rat

rr. infracallosae  --—*v. infracallosa--——-—*
vv. septales anteriores ] Y
superiores —»V. subcallosa---------- *sinus cavernosus
vv. septales m ediales -------mmoom coommee- Y
vv. septales laterales-------------ommmommmmomeeeme >

vv. septales posteriores superiores

—*y. cerebri magna (Galeni)

vv. septales posteriores inferiores
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Fig. 4. Schematic representation of the septal veins. /1. Principal septal veins: diagram in the

sagittal plane; B. Veins of the nucleus septalis dorsalis, pars intermedia and nucleus septalis

lateralis; C. Veins of the nucleus septalis medialis and nucleus tractus diagonalis; 1). Veins of

the nucleus septalis fimbrialis and nucleus septalis triangularis. Numbering of vessels: See
Table 1l. Abbreviations: See text
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transport the blood from the median and inferior part of the frontal two-tliirds
of the septum; the lateral veins take their origin from the lower part of the
identical region and run towards the v. subcallosa. They are frequently collected
into a common trunk and flow into the v. subcallosa (Fig. 4A). These veins are
frequently overlapping with the dorsal-inferior veins.

2. From the dorsal one-third of the septum the veins are connected with
the anterior veins of the hippocampus and are draining backward through the
v. Galeni. The superior veins (vv. septales posteriores superiores) originate below
the corpus callosum with several small branches from the posterior-superior
one-third of the septum. The originating branches may be found at 0 300 p
before the bregma plane in the full width of the septum (Figs 3C, 4A).

The inferior veins (vv. septales posteriores inferiores) collect the blood
from the middle and lower part of the posterior one-third of the septum as well
as from the region before the commissura anterior and in connection with the
superior veins, together with the anterior veins of the hippocampus flow into
the v. Galeni (Fig. 3D).

Frequently, the veins of the anterior and posterior groups are overlapping,
particularly in the median and inferior lateral parts of the septum.

Variations

Arteries. In 25% of the cases, the upper one-third of the a. subcallosa is connected by a
communicating branch with the a. hemispherica. Sometimes, instead of the a. subcallosa
the arteries classified into the second group originate from the a. hemispherica. Infre-
quently, the branches of the third group originate with one single common trunk at the
initial section of the a. hemispherica. The arterial supply of the two halves of the septum
is frequently asymmetrical.

Veins. In the venous system ofthe septum, on the collecting region of the veins draining
in anterior or posterior direction considerable overlapping and numerous variations are
frequent. Asymmetry of the venous drainage of the septal halves is common. In the ve-
nous drainage of the nuclei, groups of vessels are more dominant than single vessels; thus
the variations might be even numerous.

Discussion

In the rat the arteries of the septum pelluciduin take their origin ex-
clusively from the system of the a. cerebri anterior, in contrast with the rabbit
where the branches ofthe a. cerebri media too participate inthe blood supply
of the septum [5].

The septum similarly to the hypothalamus [1 3] possesses an abundant
network of blood vessels. Even where larger branches are dissected they are
favourable possibilities for the relatively undisturbed blood supply of the
septal nuclei, thus from this aspect the chances of surgical intervention are
promising. At the same time, when the divisions of the vessels are projected
together with the cytoarchitecture of the septum (Palkovits, Horvath;
in preparation) it is seen that the individual septal nuclei have a comparatively
independent blood supply.
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The nucleus septalis dorsalis is supplied by the branches of the a. septalis
lateralis superior (Fig. 2B); sometimes with the participation of the rr. infra-
callosae. Contrarily, the pars intermedia of the dorsal nucleus is supplied in
its great majority by these latter rami, whereas the a. septalis lateralis superior
gives branches only to the anterior part of this subdivision (Fig. 2B). In the
region of the nucleus septalis lateralis the aa. septales laterales inferiores, which
belong to the third group, arc dividing (Fig. 2B). The arteries originating
medially from the a. subcallosa, the aa. septales mediales supply the nucleus
septalis medialis and the pars septalis of the nucleus tractus diagonalis (Fig.
2C). In the major part of the region of the nucleus septalis fimbrialis the
a. septalis superior divides, while in the anterior-inferior part of the nucleus
some of the branches of the aa. septales mediales terminate (Fig. 2D). The
nucleus septalis triangularis possesses an independent artery, the a. septalis
triangularis, which is the median terminal branch of the a. subcommissuralis
medialis (Table 1I).

The septal veins flow in two directions: the anterior group flows into the
sinus cavernosus, the posterior group into the v. Galeni. The latter veins
communicate with those of the hippocampus.

When the venous system of the individual septal nuclei is studied, it is
seen that compared with the arteries the overlapping in the dividing region
of the veins is much more considerable. The two directional drainage is valid
in the case of all nuclei; from each nucleus venous branches are collected in
both the anterior and posterior direction.

From the nucleus septalis dorsalis (together with the pars intermedia)
frontally the wvv. septales anteriores, dorsally the vv. septales posteriores
superiores arc collected. (Fig. 4B). From the nucleus septalis lateralis the
vv. septales laterales (Fig. 4B), backwards the vv. septales posteriores superio-
res (sometimes also the inferiores) drain the blood. The nucleus septalis media-
lis and the nucleus tractus diagonalis pars septalis have common veins: for-
ward the vv. septales mediales, backward the vv. septales posteriores inferiores
are collected (Fig. 4C). The vv. septales mediales drain forward the blood of the
nucleus septalis fimbrialis and the nucleus septalis triangularis (Fig. 4D).
Backward from the former nucleus the vv. septales posteriores superiores and
jnferiores, while from the latter only lower branches, originate (Fig. 4D).

Abbreviations

ACA = 1. cerebri anterior

15 = Nucleus tractus diagonalis (Broca)
CA Commissura anterior

cc Corpus callosum

CM V. cerebri magna (Galeni)

CoA = A. communicans anterior

1) = Nucleus septalis dorsalis

F —Nucleus septalis fimbrialis
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FX = Fornix
H = A. hemispherica
| = A. infracallosa
IM = Nucleus septalis dorsalis pars intermedia
L = Nucleus septalis lateralis
M = Nucleus septalis medialis
NO = N. opticus
o = A. olfactoria
P = Y. perioptica
S = A. septalis superior
sC — A. subcallosa
SL = A. septalis lateralissuperior
SM = A. subcommissuralis medialis
T = Nucleus septalis triangularis
\2 = V. infracallosa
VL = Ventriculus lateralis
YS = V. subcallosa
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DIE ARTERIELLE UND VENOSE BLUTVERSORGUNG
DES SEPTUM PELLUCIDUM BEI RATTEN

G. AMBACH, S. HORVATH und M. PALKOVITS

Die Autoren untersuchten das arterielle und vendse System des Septum Pellucidum mit
kombinierten doppelten Perfusionstechnik bei Ratten.

Die Arterien sind in drei Gruppen zu teilen. Die Aste aller Gruppen entspringen der
a. hemispherica und gelangen von vorne in den Septum Pellucidum. Die Venen sind in vordere
und hintere Gruppen zu teilen. Die vordere minden sich durch der v. subcallosa in den sinus
cavernosus, die hintere in die v. cerebri magna. Die arterielle und vendse Blutversorgung der
einzelnen Kernen des Septum Pellucidum ist relativ selbstadndig.

APTEPVMANBHOE N BEHO3HOE KPOBOCHABXEHWE TMEPEMOPOAKWM KPbICbI
r, AMBAdA, W. XOPBAT u M. nankoBuTwW

ViccnegoBanach apTepuasnbHas v BeHO3Has cMcTeMa Meperopofky KpbiCbl METOAOM [BOIA-

HO Mepdy3un TyLuw.
ApTepun pas3gensitoTcst Ha TpW rpynnbl. BeTpu u3 Kaxaol rpynnbl HAYMHAKOTCS OT a.

XeMUCHepMKa 1 NPOXOAAT K Neperopofike crepean. BeHbl pasaensitoTcs Ha NepeqHIo 1 3afHI0K

rpynmel.
MepegHvie BNMBAOTCS Yepes B. Cy6Kaniosa B CUHYC KaBepHO3yC a 3afHue B B. Liepe6pu

marHa.
ApTepnanbHOe M BEHO3HOE KPOBOCHAGKEHUS KaXKAoro siapa Meperopojku cuuTaoTes

CaMOCTOATENbHbIMN.

Dr. Gydrgy Ambach | Semmelweis Orvostudomanyi Egyetem,
Dr. Sdndor Horvath | i. Anatomiai Intézete
Dr. Miklés Palkovits J 1450 Budapest, Pf. 95., Hungary
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EFFECT OF REHYDRATION OF RAT LIVER TISSUE
AFTER WATER DEPRIVATION

I. Bartok, Sz. Yiragh and J. Menyhart

(Received June 26, 1975)

Male albino rats were deprived of water for 6 days, then they were allowed to
drink tap water ad libitum. The structure of the liver was examined by light and elec-
tron microscopy, and the protein and dry matter contents, oxygen consumption and
glucose-6-phosphatase activity of the liver were determined after rehydration. At 10
minutes, the mitochondria showed signs of division and a peculiar transformation of
the cristae. At 60 minutes, the membranes of the rough endoplasmic reticulum were
found to have proliferated. At 12 hours, the smooth-surfaced membranes showed
hypertrophy and the bile canaliculi were distended. At 24 hours all rehydration induced
organelle alterations were declining. The biochemical findings agreed well with the fine
structural changes and both were indicative of an enchanced functional capacity of the
liver cells during rehydration.

The fine structural changes induced in the rat liver hy dehydration due
to water deprivation were described previously [1]. Six-day thirsting was fol-
lowed hy swelling of tlie mitochondria, quantitative decrease of rough and
smooth surfaced endoplasmic reticulum (ER), fragmentation and dilatation
of rough-surfaced ER (RER) cisternae and a reduction in size of tin* Golgi
complexes. There was also a marked constriction of the lumen of bile canaliculi,
and hepatic oxygen consumption and glucose-6-phosphatase activity were
decreasing. These alterations indicated a general reduction of the functional
capacity of the liver.

The present paper reports on further studies on the behaviour of dehydra-
tion-injured cell organelles after rehydration, with regard to the temporal
course of organelle alterations.

Materials and methods

Male albino rats weighing 3307370 g, and maintained on a semisynthetic diet were
deprived of water for 6 days and were subsequently allowed to drink tap water ad libitum.
The haematocrit was regularly recorded. Five rats were killed on the sixth day of water de-
privation and five each at 10, 20 and 60 minutes, and 12 and 24 hours after the beginning of
rehydration. Average water consumption of the rehydrated animals was 10 ml during the first
10 minutes, and 15, 20, 60 and 70 ml subsequently. Rats killed after 10, 20 and 60 minutes did
not receive food, whereas those killed later were fed normally. The livers of the water deprived
and rehydrated animals as well as of the five rats normally provided with food and water
were removed immediately after sacrifice and examined by the following methods.
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1. Dry matter content was determined from a specimen weighing about 150 mg, devoid
of capsule, after overnight drying at 90°C.

2. Protein content was determined by the micro-Kjeldahl technique.

3. Oxygen consumption was measured by the Warburg technique, in the presence of
0.01 M Glucose substrate.

4. G-6-Pase activity was estimated by the method of Bergmeyer [2], using G-6-P
as substrate.

5. Blocks for light microscopy were fixed in 10% neutral formalin, embedded in paraffin,
and the sections were stained with haematoxylin and eosin.

6. Small tissue blocks for electron microscopy were fixed in 4% glutaraldehyde and 1%
H 0s04buffered according to Millonig, then dehydrated in alcohol and embedded in Durcupan
ACM. Thick sections were stained with toluidine blue, thin sections with uranyl acetate and
lead citrate. Electron micrographs were made on a SEM-1 electron microscope.

Results

Haematocrit, hepatic dry matter and protein contents, oxygen consump-
tion and G-6-Pase activity of the liver of normal, dehydrated and rehydrated
rats are shown in Table I. Hepatic dry matter and protein content had approx-
imated the normal value after rehydration for 1 hour and reached it after
12 hours. Oxygen consumption had normalized one hour after rehydration
and persisted at that level throughout. The G-6-Pase activity increased at a
slower rate, hut after 12-hour rehydration it markedly exceeded the normal
hepatic activity and rose further until 12 hours.

Table 1

Haematocrit, hepatic dry matter and protein contents, oxygen consumption and giucose-6-phosphatase
activity in normal, dehydrated and rehydrated rats

. H tic d Hepatic protein Glucose-6-

Haematocrit, matetg? Igonteralt, content, QuUZ phosphatase

per cent per cent per cent iSE activity*
Normal 43 314 22.1 9.7 23.5
(41-48) (28-33) (19-23) + 1.6 +3.0
Dehydrated 53 39.2 30.8 6.1 16.4
(51-56) (37-42) (27-32) +0.9 +2.2
10-minute-rehydrated — 37.2 28.3 6.7 17.1
(35-39) (25-30) +1.1 +2.3
20-minute-rehydrated — — 27.4 7.6 19.6
(26-30) +1.0 +2.9
1-hour rehydrated 49 34.7 25.3 10.1 18.9
(48-51) (32-37) (22-27) +1.8 +2.7
12-hour rehydrated — 32.5 23.1 10.9 30.6
(30-3 5) (22-26) +1.7 + 4.4
24-hour rehydrated 46 32.0 22.9 10.1 37.4
(43-49) (29-36) (19 24) +2.0 + 4.8

* = p mole P03 gm liver/min
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In H. E. — stained sections from dehydrated rats the liver cells appeared
shrunken and the average number of nuclei found in 20 high-power fields
(X700) was 23 in contrast to the normal average of 12. Shrinking of the cells
disappeared gradually on rehydration and after 1 hour the average number of
nuclei in one field did not differ from the normal.

Electron microscopy

In liver cells of rats rehydrated for 10 minutes mitochondrial swelling
disappeared. Many mitochondria — more in the periportal than in the centro-
lobular hepatocytes — showed phenomena indicative of autoreproduction:
parallel membranes, continuous with the inner limiting membrane, extended
transversally into the matrix space, dividing it into 2 or 3 parts (Fig. 1); other
mitochondria became elongated and either assumed a dumbbell-shape owing
to constriction of the central part (Fig. 2) or exhibited ramifications. In many
other mitochondria, unusually long cristae, ordered parallel to the outer
membrane, were seen. The intracristal space contained a peculiar electron dense
substance (Fig. 4) which consisted of alternating dense and light lines. Mito-
chondria exhibiting this peculiar structure were found in material fixed in
both 0s04 and glutaraldehyde; they occurred in all parts of lobules. These
mitochondrial changes have been described in greater detail in a previous

paper [1].

Fig. 1. 10-minute rehydration. Dividing mitocliondrium: transversal double membranes
separate the matrix into three parts. x 24 000
Fig. 2. 10-minute rehydration. Dividing dumbbell-shaped mitochondrium. x 33 000
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Fig. 3. 20-minute rehydration. Dividing dumbbell-shaped mitochondrium. X25 000
Fig. 4. 10-minute rehydration. Mitochondria of different shapes with elongated cristae,
extending parallel to the inner limiting membrane. The intracristal space of the elongated
mitochondrium contains electrondense material (0s04 fixation). X23 000
Fig. 5. 20-minute rehydration. Many longitudinal parallel inner membranes inside the
elongated mitochondria (glutaraldehyde fixation). X 23 000
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After 10-minute rehydration a certain dilatation and fragmentation of
the RER persisted, but the change was much less expressed than during
dehydration. Single autophagic vacuoles were seen in several cells. The lumen
of some bile canaliculi contained a myelin figure-like, concentrically ordered
lamellar substance (Fig. 6).

After rehydration for 20 minutes, the structural changes induced by
dehydration disappeared completely. Dividing mitochondria and mito-
chondria with longitudinal cristae were still present in fair numbers, although
less abundantly than previously (Figs 3 and 5). Elongated parallel DER pro-
files were seen. The smooth ER(SER) formed a network of membranes contain-
ing glycogen granules. The cisternae and vacuoles of the Golgi complex in-
creased in number and either a homogeneous or a granular substance was
abundantly present inside them.

After rehydration for 60 minutes, dividing mitochondria and longitudinal
cristae Mere rarely seen. The RER membranes increased in number so that
30 or more parallel cistern profiles were frequent (Fig. 7). The SER formed a
circumscribed compact network in several cytoplasmic areas. One or two
autophagic vacuoles were still present in the cells. Several bile canaliculi were
distended and some had either an irregular amorphous, or a concentrically
ordered lamellar substance in the lumen.

After 12 hour rehydration, no dividing mitochondria were found, but in
the periportal and centrolohular hepatocytes some mitochondria contained
longitudinal cristae. Many liver cells in the centrolohular and periportal areas
showed a marked increase of SER. The SER tubules formed a continous, con-
torted and arborizing network that traversed the entire cytoplasm (Fig. 8).
Glycogen was not present in such hepatocytes whereas large fields of glycogen
were seen in others. Lipid droplets, part of which were surrounded by SER
tubules closely attached to the margin of the drop, were frequent in the glyco-
gen fields (Fig. 10). While at shorter periods of rehydration single, if any,
autophagic vacuoles were seen, 4 to 5 of them were found to have appeared
simultaneously in some hepatocytes (Fig. 12). Marked distension of bile
canaliculi was frequently seen in all lobular zones. The circumscribed di-
lated part of the lumen was occasionally bulging into the cytoplasm of liver
cells in a sac-like manner (Fig. 11). An amorphous or lamellar substance was
often present in the canalicular lumen (Fig. 9).

After rehydration for 24 hours, mitochondria with longitudinal cristae
were rare and were found only in centrolohular hepatocytes. Several bile
canaliculi were still distended, their lumen comprising the same substance as
before. The SER was still hypertrophic in part of the hepatocytes, mainly in
the centrolohular zone, yet less abundant than earlier.
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Fig. 6. 10-minute rehydration. A concentrically ordered lamellar substance inside the
bile canaliculus. X24 000
Fig. 7. 1-hour rehydration. Proliferation of rough-surfaced endoplasmic reticulum.
X13 800
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Fig. 8. 12-hour rehydration. Hypertrophy of smooth-surfaced endoplasmic reticulum.
X15 000
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Fig. 9. 12-hour rehydration. Lamellar substance inside the bile canaliculus. x 24 000
Fig. 10. 12-hour rehydration. Lipid droplets surrounded by profiles of smooth-surfaced
endoplasmic reticulum. Note increase of glycogen. x 22 000
Fig. 11. 12-hour rehydiation. Circumscribed sac-like dilatation of a bile canaliculus. x 22 00
Fig. 12. 12-hour rehydration. Hepatocyte containing three autophagic vacuoles. x22 0000
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Discussion

The present results indicate that in the liver cells of albino rats morpho-
logical changes induced by prolonged dehydration normalize rapidly. Apart
from the disappearance of dehydration-induced changes, certain structural
alterations are taking place, which suggest an increase of the functional
capacity of hepatocytes during rehydration.

Ten minutes after the beginning of rehydration many mitochondria
showed phenomena that are known to signify mitochondrial division in both
plant [5] and animal cells (3, 12, 13]. The beginning of mitochondrial division
within a few minutes after drinking indicates an extraordinarily rapid accommo-
dation of these organelles to the functional requirements of the hepatocytes.
Oxygen consumption of the liver rose parallel to the progress of mitochondrial
division and reached the normal level after its termination.

Simultaneously with mitochondrial autoreproduction, the cristae of many
mitochondria became elongated, arranged longitudinally, and a substance
showing a periodic pattern made appearance in the intracristal space in every
zone of the lobules. A similar transformation of the inner mitochondrial mem-
brane has been observed by several investigators under different conditions
in hepatocytes and other cells (see in [1]), but its exact role is still unclear.
According to our own findings and to others [15], the change is not due to
fixation. Elongation of the cristae enlarges the surface of the inner membrane
3to 4 times and the elongated membranes show a cytochrome oxidase activity
[8]. In the present experiment, the longitudinal transformation of the mito-
chondrial cristae, the autoreproduction of mitochondria and the increase in
hepatic oxygen consumption took place simultaneously. There is, accordingly,
reason to suppose that the formation of longitudinal cristae might be related
to the enhanced functional state of the mitochondria.

After rehydration for 1 hour, changes of the ER became predominant.
Proliferation of the RER was observed after 60 minutes and in many liver
cells the SER showed a marked hypertrophy after 12 hours. SER is known
to be the principal site of oxidative detoxification of lipid-soluble exogenous
substances [4, 6, 10] but it also plays a major role in the metabolism of endo-
genous substances such as steroid hormones, cholesterol [4, 6, 7] fatty acids
[4], bile salts [11] and bilirubin [9]. The circulatory disorder arising during
dehydration gradually normalizes on rehydration, to judge from the respective
haematocrit readings. Thus, presumably, a considerable amount of endo-
genous substances enters the liver cells and undergoes metabolic transformation
in the SER. The hypertrophy of the smooth membranes was accompanied by
an elevation of the G-6-Pase activity, indicating a simultaneous increase of the
system’s functional activity. Hypertrophy of the SER was preceded by multi-
plication of the rough-surfaced membranes. This agreed well with the impli-

Acta Morplwlogica Academiae Scientiarum Hungaricae 23, 1975



154 I. BARTOK et al.

cation that protein synthesis involved in the neogenesis of smooth membranes
takes place — at least partly — in the RER [4, 6, 7, 14]. As the ER plays a
role in fatty acid metabolism too [4], there is reason to suppose that the close
topographic association between lipid droplets and SER tubules implies a
functional relation between these components.

Twelve hours after rehydration the autophagic vacuoles temporarily
increased in number. The amorphous or lamellar substance found in the bile
canaliculi had probably been released from the autophagic vacuoles. The
distension and intracellular sacculation of the bile canaliculi might be related
with the increased secretion of bile[16].

It is concluded from the present findings that rehydration following
upon prolonged water deprivation induces in the hepatocytes a rapid and
intensive neogenesis of mitochondria and ER. It was shown previously [1]
that blood circulation and functional capacity of the rat liver diminished during
dehydration. On rehydration the circulation improved gradually, as judged
from the rise of the haematrocit. The fluid content of the liver cells increased
as shown by the reduction of dry matter content and protein concentration,
and, in all probability, the amount of substances transported to the liver also
increased. It appears, therefore, that the multiplication of cell organelles is
related to the increase in the functional capacity of hepatocytes. The surpris-
ingly rapid autoreproduction of mitochondria can lie interpreted as the earliest
manifestation of accommodation to the increased metabolic and energy re-
quirements. This is followed by proliferation of the RER, which indicates an
increased protein synthesis and membrane neogenesis. Finally the SER hyper-
trophies, apparently to enlarge its capacity for the metabolic transformation
of the increased amount of endogenous substances entering into the hepato-
cytes during rehydration.
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REHYDRATATIONSEFFEKT IN DER LEBERSTRUKTUR VON RATTEN
NACH DURSTEN

I. BARTOK, SZ. VIRAGH und J. MENYHART

Die Verfasser Hessen méannliche weisse Ratten 6 Tage lang dursten und erndhrten diese
nur mit Trockenfutter. Sodann erhielten die Tiere ad libitum Leitungswasser. W &hrend der
Rehydratation priften sie mit Hilfe von Licht- und Elektronenmikroskop die Leberstruktur
sowie den Trockensubstanz- und Eiweissgehalt, den Sauerstoffverbrauch und die Glukose-6-
Phosphatase-Aktivitat der Leber. 10 Minuten nach Beginn der Rehydratation zeigten sich
in zahlreichen Mitochondrien Anzeichen einer Teilung, und die Cristae wiesen eine eigentim-
liche Umwandlung auf. Nach 60 Minuten nahm die Zahl der Membranen des rauhen endo-
plasmatischen Retikulums zu. 12 Stunden spdter entstand eine Hypertrophie im Reticulum
des glatten endoplasmatischen Retikulums, autophagische Vacuola reicherten sich an, und die
Gallencanaliculi dehnten sich aus. Nach 24stindiger Flussigkeitsaufnahme zeigte die Leber-
zellenstruktur eine nahezu normales Bild. Die Ergebnisse der biochemischen Prifungen standen
in Einklang mit den Verédnderungen in der Feinstruktur, und diese wiesen insgesamt auf eine
Erh6hung der funktionellen Kapazitdt der Leberzellen wéhrend der Rehydratation hin.

BAWAHWE PETUAPAUWW HA TKAHb MEYEHW MNOCNE AWETbl NUWEHHON
XNOAKOCTWN ¥ KPbIC

M. BAPTOK, C. BUPAT n . MEHbXAPT

Benble KpbIChl MY)XXCKOTO pofa GblM COAEPXeHbI Ha 6e3BOAHOI AneTe B TeueHue 6 fHei,
KOPMWUN MX TONIbKO CYXWM TMULLEBbIM BELLECTBOM. [lanee KMBOTHble MOMYYUU MPOCTYHO BOAY
ad libitum. Bo Bpems peruapauum ONTUYECKU U 3/1IEKTPOHHOMUKPOCKOMUYECKM MCCNEA0Banoch
CTPYKTYpa MeyeHu, COCTaB CyXOro BELecTBa M Ge/IKM MeUYeHW, PacxXof KNCI0POAa U aKTUBHOCTb
rnyko3-6-tpoctatasbl. O6HapyxwmBasocb 3a 10 MUHYT moc/fe Havana MOMKU BOAbI MPU3HAKM
JE€NeHNsi BO MHOFMX MUTOXOHAPWAX, MOSIBUIOCH MEPeobpasoBaHMe CBOEOGPAasHbIX MUTOXOHU-
pUanbHbIX TPeBELLOK.

3a 60 MUHYT 06HapYXXMBas0Ch HapacTaHWe MeMBPAHOB 3ePHUCTON HAOMNAa3MaTUUECKO
cetn, 3a 12 u. runepTpodusi He3ePHUCTOI SHAOMNA3MATUYECKOI CETW, U HAapacTaHWe aBTO(aroTu-
UECKMX BaKyO/ W pacLUMpeHUe XeNuHbIX KaHafueB. B TeueHue 24 yacoB Nocne BBEAEHWUS XWJA-
KOCTW CTPYKTYpa K/ETOK MeYeHM 0KasblBaiacb MOYTU HOPMasbHOM.

Pe3ynbTaTbl GUOXMMMWYECKUX MCCMEA0BaHWA COBMafatoTCs YNbTPACTPYKTYPHLIMU U3Me-
HEHWSIMW W 3TU BMECTE KacalTCs (DYHKLUMOHANbHOW MOLYHOCTU KIETKW MevyeHu BO Bpems pe-
ruapalmm.
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A COMPARATIVE CHARACTERISTIC OF EFFECTOR
INNERVATION OF CEREBRAL ARTERIES IN MAMMALS
AND HUMANS

P. A. Motavkin, G. S. Vlasov and L. D. Palashchenko

(Received June 25, 1975)

The neural fibres of cerebral arteries in humans, rats, guinea-pigs, rabbits, cats,
dogs, swine, cows and horses have been studied using the methods of Flack-Hillarp
and Koelle. The large arteries of the carotid and vertebral systems bear dense cholin-
ergic and adrenergic plexuses formed by transversal and longitudinal neural fibres,
which are located in the superficial and deep adventitial layers. The highest density of
cholinergic and adrenergic fibres was observed on the arteries of humans and large
mammals. Depending on the density of cholinergic and adrenergic fibres in the said
arteries, the animals may be listed in the following order: rats, guinea-pigs, rabbits,
cats, dogs, swine, cows and horses. Basic differences in the structure of neural plexuses
of humans and animals were not observed.

Different methods have beenused for clarifying the functional significance
of neural plexuses on cerebral vessels. Carlyle and Grayson [1], Soko-
1off [18], Rosenblum [17], Politoff and Maori [16], Kobayashi et al.
[W], Nietsen and Owman [13] and Harper et al. [8] noted that on sym-
pathetic stimulation or introduction of catecholamines the diameter of the
piai arteries decreases whereas excitation of the vagal nerve or introduction of
acetylcholine the said arteries dilate.

Further advances in the study of vasomotor innervation are depending
on the histological techniques used for revealing the meditors and enzymes in
the neural fibres. The specific histochcmical fluorescence method [5], allowed
to describe the adrenergic neural plexuses on the cerebral blood vessels of
mammals and humans [2, 3, 6, 9, 10, 12, 14, 15, 19, 20, 23, 24]. The cerebral
vascular system possesses both adrenergic and cholinergic innervation [4, 21,
22]. Most authors used only 1 3 mammal species to study the innervation
of cerebral vessels, [4] being the only ones to have presented evidence obtained
in numerous animals e.g. mice, rats, rabbits, guinea-pigs, and cats.

The above-cited references convincingly indicate the presence of a mor-
phological substrate for neural regulation of cerebral blood circulation. Most
of the relevant papers, however, were based chiefly on the study of laboratory
animals. Farm animals have not been used, neither have the cerebral blood
vessels of humans been sufficiently studied. Yet, such evidence appears to be
indispensable for a comparative characterisation of the cholinergic and adre-
nergic innervation of cerebral vessels.
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M aterials and methods

Ten each of sexually mature rats, guinea-pigs, rabbits, eats, dogs, swine, cows, horses
and the cerebral arteries of 10 humans, who had died in accidents in wintertime, were used in
the study. The brains were removed immediately. The following arteries were examined:
internal sphenoid; middle, anterior and posterior cerebral; main, vertebral and cerebellar;
and pia mater arteries.

Intracranial arteries (diameter up to 800 fi) of the carotid and vertebral systems were
isolated with the pia mater. The larger vessels were cut longitudinally and mounted on slides.
Atthe same time 25—40 /nthick transversal and tangential cyrostate sections were prepared.
Adrenergic fibres were examined by means of the histochemical fluorescence method of Falck-
Hillarp. All preparations were dried in vacuo (5 «JO-1mm Hg) at room temperature for 5—10
min. After drying, the samples were treated with gaseous formaldehyde at 80°C for 1 hr in
closed glass vessels containing paraformalin at standardized humidity in a thermostat. Depend-
ing on the subjects examined, relative humidity varied from 65 to 75%. The preparations
were studied in a luminescent microscope in blue-violet light of 410—480 muy. The results were
photographed on X-ray film. Samples not treated with gaseous formaldehyde were used as
control to check the specificity of luminescence. Acetylcholinesterase (3.1.1.7) and cholinester-
ase (3.1.18) were estimated in cholinergic neural fibres by Koelle’s method using iodide and
bromide salts of acetylthiocholine and butyrylthiocholine. Control material was kept in 10-5 M
eserine solution. The optimum exposition time in the incubation solution was determined ex-
perimentally. The preparations were maintained in the medium at 37°C, pH 6.2—6.8, for
0.5—4 hr. The concentration of longitudinal and transversal conductors per sg. mm. was
counted to make a quantitative determination of cholinergic and adrenergic neural plexuses
in the arteries.

Results and discussion

Cholinergic and adrenergic neural plexuses were observed in all the
arteries of the carotid and spinal systems of every animal studied.

The cholinergic fibres were light-brown and brown in colour. Neural
conductors with high acetylcholinesterase activity contrasted sharply with the
vascular wall where enzymatic activity was lacking. Copper sulphide, a final
product of the histochemical reaction, falls out non-uniformly along the
conductor length to form segments of varicose intumescences with large-
granular structure. Adrenergic fibres have bright-green fluorescence, and also
contain varicose intumescences with more intensive fluorescence. Deep ad-
ventitia layers were not observed in the total preparations with thick vascular
walls due to tissue autofluorescence and fluorescence of the superficial plexus.
In such cases, the number of neural fibres was not counted.

In arteries and branches over 400 p in diameter two networks were
detected in a single neural plexus (Figs 1—4). A superficial large-loop network
was formed chiefly by periadventitial thick neural bundles (10—90 p) with
longitudinal, transversal and spiral-like directions. From the outer plexus,
fibre bundles branch to form, on the boundary with the middle pia mater, a
dense deep network consisting of thin chiefly circular neural fibres. The smaller
the vessel, the less the number of superficial neural conductors and the lower
the density of neural fibres in the deep plexus. In arteries less than 400 y
in diameter only one plexus was seen (Figs 3, 4c).
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Fig. 1. Cholinergic neural plexuses. Method of Koelle. x80: a. Middle cerebral artery of the
human; b. Middle cerebral artery of the horse; c. Middle cerebral artery of the cow; d. Middle
cerebral artery of the dog

In the large vessels of the cerebral base, the density of cholinergic con-
ductors was higher than that of adrenergic fibres. Thus, the density of the two
kinds fibre per sq.mm, of the middle artery in the brain of a dog was 74.18 + 2.34
and 67.64+ 3.28 respectively (P < 0.001) (Figs Id, 4b). The small arteries in
the pia mater of rats, guinea-pigs, rabbits, dogs, cats, swine, cows, horses and
humans contained the same number of cholinergic fibres. Thus, for instance,
the density of cholinergic and adrenergic conductors per sq. mm. in the piai
arteries (diameter 300 fi) of rabbits and guinea-pigs was 54.61+ 1.04 and
53.45+ 1.82 and 52.34+ 2.36 and 55.61+ 3.24 (P > 0.5), respectively.

Acta Morplwlogica Academiae Scicntiarum llungaricac 23, 1975



160 P. A. MOTAVKIN ot al.

Fig. 2. Cholinergic neural plexuses. Method of Koelle. a. Branch of the middle cerebral

artery of the swine. x80; b. Middle cerebral artery of the cat. xIOO; c. Middle cerebral artery

of the guinea-pig. X200; d. Anterior cerebral artery, middle cerebral artery and anterior
branch of the rat’s internal carotid artery. X200

In arteries less than 200 fi in diameter transversal fibres predominated
among the cholinergic and adrenergic plexuses. In thinner arteries, the density
of transversal fibres was less, while in arteries with a lumen of 25—100
there were more longitudinal conductors.

The highest density of fibres was found in the intracranial part of the
internal sphenoid artery and the first sections of the anterior and middle cere-
bral arteries, further in cats, in the intracranial branch of the internal maxillary
artery.
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Fig. 3. Adrenergic neural plexuses. Method of Falck-Hillarp, ML-2, a. Middle cerebral artery of the cat. x200; b. Small arteries
in the pia mater of the cat. X200; c. Middle cerebral artery of the rat. x150; d. Branch of the guinea-pig’s middle cerebral
artery. X200
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Fig. 4. Adrenergic neural plexuses. Method of Falck-Hillarp, ML-2 a. Middle cerebral artery of the cow. x200; b. Middle cerebral
artery of the dog. X200; c. Branch of the dog’s middle cerebral artery. x200; d. Middle cerebral artery of the rabbit. XIOO
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The vessels of the vertebrate system, namely the main spinal, cerebellar
and posterior cerebral arteries, displayed a lower density of neural fibres in
all the animals. Thus, the densities of cholinergic neural fibres per sq. mm in
the cat’s middle cerebral artery and the caudal direction were 67.88 + 1.48
and 52.49 + 1.73 respectively (P <+ 0.001). /1 similar regularity was character-
istic of the adrenergic fibres, too.

Thus no basic differences were observed in the structure and density of
cholinergic and adrenergic plexuses. The present study on the concentrations
of neural fibres in cerebral arteries showed especially dense cholinergic and
adrenergic neural plexuses to be typical of humans and large mammals.
According to the density of cholinergic and adrenergic fibres in the said
arteries, the animals may be listed in the following order: rats, guinea-pigs,
rabbits, cats, dogs, swine, cows and horses.
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VERGLEICHENDE UNTERSUCHUNG DER EFFEKTORINNERVATION DER
ZEREBRALEN ARTERIEN BEI SAUGETIEREN UND MENSCHEN

PA. MOTAWKIN, G.S. WLASOW und L.D. PALASCHENKO

Mit Hilfe der FALCK-HILLARPschen und KoELLEschen Methode wurden die Neurofibril-
len in den zerebralen Arterien von Menschen und Sé&ugetieren (Ratten, Meerschweinchen,
Kaninchen, Katzen, Hunden, Schweinen, Kihen und Pferden) untersucht. An der Karotis
und den grossen Arterien des vertebralen Systems waren dichte cliolinerge und adrenerge
Plexi aus Quer- und Langsfibrillen in den oberflachlichen und tieferen adventitiellen Schichten
zu beobachten. Die starkste cholinerge und adrenerge Fibrillenkonzentration zeigte sich an den
menschlichen sowie den Arterien der grossen Séaugetiere. Aufgrund der steigenden Cholinerg-
und Adrenerg-Fibrillenkonzentration in den gleichlautenden Arterien der Tiere konnte fol-
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gende Reihenfolge aufgestellt werden: Ratten, Meerschweinchen, Kaninchen, Katzen, Hunde,
Schweine, Kihe und Pferde. Es zeigte sich kein Unterschied von grundlegendem Charakter in
der Struktur der Nervenplexi zwischen dem Menschen und den untersuchten Tieren.

CPABHUTE/IbLHOE WCCNEAOBAHUE 3d®EKTOPHOW WMHHEPBALIMWN APTEPUIA
FO/IOBHOINO MO3rA MJIEKOMNTAKOLWNMX N YETOBEKA

n. A, MOTABKWH, I'. A, BNACOB n 1. N. NTANAW EHKO

V3yyanncb HepBHble BOIOKHA apTepuii FO/I0BHOr0 Mo3ra YesioBeKa M MIEKOMUTALLUX
(KpbIC, MOPCKWUX CBMHOK, KPO/MKOB, KOLUEK, cobaK, CBWMHEe, KOPOB W NOLIafein) MeTogamu
danbka—Xwunnapna u Kenne. Ha KpynHbIX apTepusix KapoTuAHO 1 BepTebpanbHOi cucTeM
MMETCA TYCTblE XOMIMH- U aapeHepruyeckme CnieTeHUsi, o6pasoBaHHble MOMNepeyHbIMU U Mpo-
[O/bHBIMW  HEPBHbLIMU BOJIOKHAMW, PacrofIoXKEeHHbIMM B MOBEPXHOCTHbLIX W FYy6OKMUX CNosiX
aaBeHTUUMK. Hawnbonee BbICOKas KOHLEHTPALUSi XOMMH- U afpeHepruyecKnx BOJSIOKOH YycCTa-
HOB/IEHa Ha apTepusaX YenoBeKa 1 KPYMHbIX MIEKONUTAOLWLMX. B cOOTBETCTBMM C BO3pacTatoLLelt
KOHLleHTpaLueil XoNnH- U aapeHepruyeckux BOMOKOH B OAHOMMEHHbLIX apTepusix XMUBOTHbIE
MOTYT 6bITb PacrofiOKeHbl B CAeAyHLLUA PsiA: KPbICbl, MOPCKWE CBUHKW, KPOMMKM, KOLLUKW,
cobaku, CBUHbW, KOPOBbI, Nowwiaan. MpUHUMNMANbHbBIX pa3nynii B CTPOEHUM HEpPBHbIX CMeTe-
HUIA Y YenoBeKa U M34yaeMbIX XXUBOTHbIX He YCTaHOB/IEHO.

Dr. P. A. MOTAVKIN

Dr. G. S. Vliasov Medical Institute, 690747 Vladivostok, U.S.S.R.
Dr. L. D. Palashchenko
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EFFECT ON THE HEART MUSCLE OF EXPERIMENTAL
CARBON MONOXIDE POISONING

T. Balogh, P. Sé6tonyi and E. Somogyi

(Received July 20, 1975)

The electron microscopic technique failed to reveal ultrastructural alterations
specific for carbon monoxide poisoning. In this contact, the specificity of the lead salt
detection method of calcium determination is discussed.

With the increase of motor vehicle traffic environmental air |mllution
lias become grave [5, 8] and carbon monoxide occurs at highest concentration
in the urban atmosphere [11, 19, 32j.

The most frequent sources of carbon monoxide poisoning are in addition
to the exhaust gases, the industrial and generator gases, the explosion gases
developing in mines as well as carbon monoxide liberated during the incom-

plete combustion of coal and the lighting gas particularly in towns [14, 18,
26, 28, 35].

Of the effects of carbon monoxide, chiefly its action on central nervous
system has been studied [14, 17]. Only few data [24, 37] deal with the changes
induced in tin* heart especially at the ultrastructural level.

The present examinations were aimed at studying tinleffect of acute
carbon monoxide poisoning on the heart muscle.

Materials and methods

The examinations were carried out on isolated rat hearts treated by perfusion according
to Langendorff. After heparinization and decapitation the hearts were immediately removed
and perfused through the coronaries with Krebs-Henseleit bicarbonate buffer solution contain-
ing 10 mM glucose. The temperature of the solution was adjusted to 31 C by a thermostat and
bubbled through with a mixture of 02 and C02 or CO, N2and C02 The perfusion solution
contained 95% 02and 5% CO02 the CO solution contained 45.10 vol% CO, 4.77 vol% CO02
and 50.13 vol% N2 Calcium was added at concentrations of 0; 0.075; 0.1506; 0.325; 0.625; 1.3
and CO perfusions was done for 1, 2, 5, 10, 15, 20 or 30 min.

The heart was fixed in 3% glutaraldehyde solution of 3I' C, and specimens were ob-
tained from the middle layer of the left ventricle surrounding the left descending coronary.
The material was fixed in 1% 0OsO,, dehydrated and embedded in Araldit (Durcupan ACM,
Fluka). In addition to the routine electron microscopic technique, for the localization of cal-
cium the ammonium oxalate [9, 25J, potassium oxalate and lead acetate methods were ap-
plied.
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Succinodehydrogenase was estimated according to Kerpel-Fronius and Hajos [23]
unfixed specimens which after dehydration were embedded in Araldit.

Ultrathin sections were prepared with the LKB ultrotom, then examined with a JEM
100B electron microscope at 60 kV acceleration voltage.

Results

The earliest change was a dilatation of the sacrotubular, and T-system.
After 20 to 30 min perfusion with CO or with a solution containing calcium
below the physiological concentration, the walls of the sacrotubular system
were also demaged. The capillaries were dilated, the pericapillary spaces were
also extended. The enlarged pinocytotic vesicles referred to increased transport
of materials. The pericapillary spaces and surrounding fibres contained oedema
fluid. The glycogen content was maintained. In the mitochondria, after 1—2
min perfusion, as one of the earliest changes, one of the cristae became elon-
gated, then stretched across to the opposite side, where a stricture appeared on
the mitochondrion! and thus practically two daughter-mitochondria developed.
At some sites the changes involveel only parts, especially the peripheral parts,
of the mitochonelrium (Plate Il; Fig. 3). Subsequently a circular arrangement
of the mitochondrial cristate, later their fragmentation, then complete lysis
of the inner structure occurred. In the first 5 to 10 min the mitochondrial
damage was restricted to the immediate vicinity of the capillaries, then
after 30 min also in more remote areas. In the muscle fibres the sarcomeres
were contracted and reduced in length after 2 min perfusion, when a disintc-
grat'on, stretching and breaking up of the Z-disk, also appeared (Plate I;
Figs 1, 2). Beside the hypercontracted areas hyperrelaxed parts could also he

observed (Plate Il; Figs 1, 3, 4). In the intercalated disks the intercellular
space was widened. At hypercontraction on both sides of the Z-disks strongly
electron scattering material could he observed (Plate II; Fig. 2).

Among the applied calcium detection procedures the lead-acetate assay
was applied as aroutine method. It gave a positive reaction in the mitochondria
and in the dilated sacrotubular systems, some of them with damaged Auvails
(Plate I11; Figs 1, 3). At some sites a positive reaction was seen along the Z-
disk as well as in the area of hypercontraction (Plate Il1l; Fig. 2). In the heart
muscle injured by carbon monoxide and perfused with a physiological amount
of calcium the changes develop later than if the perfusing solution contains a
low concentration of calcium. If the perfusion is carried out without calcium
and CO is subsequently added, the changes appeared as soon as 1 2 min
(Plate I11; Fig. 4) Otherwise they appeared only after 20 to 30 min. The succino-
dehydrogenase reaction failed to show any significant change in any of
the experimental groups.
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Plate I, Figs 1, 2
Fragmentation and disintegration of Z-membranes (arrows) in CO-poisoned heart
muscle. 1—2 = x36 000



168 I. BALOGH et al.

Plate 11,

Fig. 1. The sarcomere is shortened. Hypercontracted areas in the heart muscle. X 18 000
Fig. 2. Ou both sides of the hypercontracted fibres hyperrelaxation and torn fibres may be
observed. The intercalated disk is drawn out (arrow). x12 000
Fig. 3. Hypercontracted fibres and characteristic bridges (arrow) in the mitochondria:

X 18 000
Fig. 4. Hypercontracted fibres, incipient tearing of the fibrils. X 18 000
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Mate 111.
Fig. 1. Electron microscopic histochemical calcium detection in control heart muscle.
X 14 400
Fig. 2. Lead precipitate (arrow) in hypercontracted sarcomeres. X 13 440
Fig. 3. CO-poisoned heart muscle. Positive reaction in the walls of the dilated sacrotubular
system (arrows) and the mitochondria. X 14 000
Fig. 4. Perfusion in the absence and in the presence of CO. The sacrotubular system is
markedly dilated (arrow), its wall is fragmented at numerous sites, the heart muscle is dis-
integrated in some parts. X 14 000
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Discussion

Carbon monoxide responsible for one of the most frequent [28]; it is
absorbed by the erythrocytes and bound to haemoglobin. The affinity of
haemoglobin to carbon monoxide is 200 fold of its affinity to oxygen. In muscle,
carbon monoxide is bound to myoglobin, but the distribution of CO between
haemoglobin has not been clarified [1, 10].

Carboxyhaemoglobin shifts the normal oxygen dissociation curve to the
left and induces tissular hypoxia. In addition to the concentration of the
inhaled gas, its injurious effect is connected with the actual state of tissue
metabolism, with respiratory function as well as with the action of the heart
[2, 3].

In subjects with anaemia, atherosclerosis or coronary sclerosis, a low
carbon monoxide concentration may already induce severe alterations, even
in detail [34]. Carbon monoxide inhibits the activity of glucose-6-phosphate
dehydrogenase and lactic acid-dehydrogenase; it has no effect on malonic acid
dehydrogenase and it reduces the number of lysosomes [7, 39]. For its effect
on the heart muscle cells, the tissue hypoxia and the inhibition of ferroprotein
(cytochrome, myoglobin) due to carboxyhaemoglobin formation are respon-
sible. The mechanism of cellular ferroprotein inhibition is not quite clear,
partly because the cellular effects of carbon monoxide cannot be separated
from the effects produced by carboxyhaemoglobin in vivo [3, 6, 22].

According to clinical data, after acute CO poisoning changes pointing
to heart muscle cell injury may be absent, or appear immediately or several
days later [20, 21]. Petechial or diffuse bleedings may develop in the peri-
cardium, endocardium and the papillary muscles. In the myocardium, fatty
degeneration or necrosis may develop [16, 21].

The phenomena observed by us, namely the elongation of the crista
and the division the mitochondria occur also in other materials, thus in the
liver mitochondria of dehydrated rats after rehydration [4] and under the
effect of triiodo-thyronine and riboflavin deficiency in heart and liver mito-
chondria [30, 31]. In the heart muscle intracellular oedema, dilatation of the
sarcoplasmic reticulum and mitochondrial changes were observed following
the inhalation of 1 vol% CO [37].

Formation of a hypercontracted stripe was observed in potassium de-
ficiency [33], following electric shock [36] and after open heart surgery [38].

For the electronmicroscopic histochcmical detection of calcium, several
methods have been elaborated [9, 12, 13, 25, 27, 29]. The examinations dem-
onstrated that in the mammalian heart muscle beside the sacroplasmatic
reticulum other cellular organelles have also a role [13].

The changes found in the mitochondria developed early; the functionally
and partly structurally lost parts seem to be demarcated by a membrane
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from the intact regions. In the immediate surroundings of the capillaries, severe
mitochondrial changes are developing rapidly. The fragmentation and dis-
integration of the Z-disk may also be considered as an early effect of hypoxia,
but this change appears later than the dilatation of the sacrotubular system.

We have obtained correctly evaluable and experimentally well-reproduc-
ible reactions with the lead-acetate method. The lead precipitate pointing to
the highest amount of calcium was found corresponding to the mitochondria,
and frequently in the walls of the sacrotubular system. The precipitate cor-
responding to the Z-disk and the hypercontracted area supports only the view
that at sites not the amount of calcium but the lead-binding capacity has in-
creased, due probably to local pH changes and the accumulation of lead-
reactive groups.

Hence, it is assumed that in carbon monoxide poisoning the calcium
turnover is damaged. However to prove this hypothesis the present calcium
detection methods are not satisfactorily sensitive or specific.
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UNTERSUCHUNG DER AUSWIRKUNGEN
DER EXPERIMENTELLEN KOHLENMONOXYDVERGIFTUNG
AN DER HERZMUSKULATUR

I. BALOGH, P. SOTONY!I und E. SOMOGYI

Mit Hilfe der Elektronenmikroskoptechnik der Verfasser war es nicht mdéglich ein
ultrastrukturelle Veranderung festzustellen, die bei der Kohlenmonoxydvergiftung eine
Spezifischen Charakter aufweisen wirde. Unter anderem behandeln die Autoren das Spezi-
fikum der Kalziumdarstellung m it Bleisalzen.

NCCNELOBAHVE BNUAHNA 3KCMNEPUMEHTA/IbHON MHTOKCUKALMN OKUCU
YIrNepogA HA CEPAEYHYIO MbILLILY

n. sAnNOr, N, WOTOHLU n 3. womoabwn
Crieumduyeckme yNbTPacTPYKTYPHbIE WM3MEHEHWs MHTOKCUKALMKW OKUCK yrnepoja He

Ha6104aIMCb NPUMEHEHNEM 3/1EKTPOHHO-MUKPOCKOMMYECKO TeEXHUKM aBTopoB. VccnegoBanock
METOAMKU NS AEeMOHCTPaLMN KaflbLMW C MOMOLLLIO CBMHLOBOM COMW.

Dr. Istvdn Balogh Semmelweis Orvostudomanyi Egyetem,
Dr. Péter Sotonyi lgazsagligyi Orvostani Intézete,
Dr. Endre Somogyi 1450 Budapest, Pf. 9. Hungary

Acta Morphologica Academiae Scientiarum Hungaricae 23, 1975



Acta Morphologien Acad. Sei. Hung. 23 (2), pp. 173—177, 1975

Central Municipal Hospital for Infectious Diseases of Budapest, National Institute of
Hygiene, Budapest, Hungary

INTRANUCLEAR VIRUS-LIKE PARTICLES IN HB3AG-
AND IHXAG-NEGATIVE ACUTE HEPATITIS (TYPE C?)

(PRELIMINARY REPORT)
G. Kendrey, |I. Hollés and B. Laszlé

(Received September 20, 1975)
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Virus-like particles, acute hepatitis, hepatitis type C.

Intranuclear virus-like particles were found by electron microscopy in liver
cells of a woman suffering from mild HBsAg- and IH xAg-negative acute hepatitis.
The particles encountered were morphologically different from those found in hepatitis
B and hepatitis A respectively. Further studies are required to clarify whether the
structures represent an incidental finding of a new human (passenger) virus or they
may be related to the aetiological agent of the supposed hepatitis type C.

The discovery of Australia (i.e. HBsAg) antigen [2] with three distinct
types of particle in the serum using negative staining [1], electron microscopic
demonstration of intranuclear virus-like particles (i.e. virus-cores) in liver
cells of HBsAg-positive patients [12], furthermore visualization of virus-like
particles in faecal extracts of patients during the icteric phase of hepatitis
A [4, 18], have given new impulse to hepatitis research [17]. There are sero-
logical tests for the differential diagnosis of hepatitis A and B, i.e. by comple-
ment fixation and reverse passive hemagglutination methods [6, 7].

Recent data imply that a substantial proportion of post-transfusion
(i.e. inoculation type) hepatitis cases is caused neither by HB-virus nor by
the agent of hepatitis A and suggest the existence of an additional virus(es),
hepatitis type C [13].

Case report

A 24-year-old woman developed jaundice 2 months after delivery of a
healthy child and at the end of the first month after taking an oral contra-
ceptive. Clinical features and laboratory tests suggested hepatocellular injury
and cholestasis. Repeated search for HBsAg, anti-HBs and IH-antigen during
the acute icteric phase of the disease gave negative results. A liver biopsy
9 days after the onset of jaundice showed typical mild cholestatic hepatitis.
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Fig. 1. Portion of liver cell nucleus (N) with round and oval osmiophilic particles, some of
them surrounded by a clear halo X81 000
Inset: A higher magnification of the virus-like particle outlined in Fig. 1. with tubular inner
structure X375 000
(Osmium fixation, uranyl acetate and lead citrate, JEM 6CM electron microscope)
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Fig. 2. Part of hepatic cell nucleus (N). Some particles have a tale-like structure (circle and
arrows). X 102 000
Inset: Tubular inner structure and “tale” of the virus-like particle encircled in Fig. 2.
X 378 000
(Osmium-fixation, uranyl-acetate and lead citrate, JFjM 6CM electron microscope)
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In ultra-thin sections many hépatocytes contained intranuclear, round
or oval, highly osmiophilic particles of 30—40 nm in diameter, some of them
surrounded by electron lucent halo (Fig. 1). At higher magnification a tubular
inner structure could be demonstrated within the particles (Fig. 1. inset).
In a small number of liver cell nuclei there were similar particles which had
an osmiophilic, 28 -37 nm, tale-like structure (Fig. 2). The latter appeared
granular and had a denser outer layer (Fig. 2. inset).

The particles encountered had a virus-like morphology and were different
from those found in liver cell nuclei of HBsAg-positive patients either with
acute or chronic liver disease [5, 8—11, 15], or in HBAg-carriers with or
without liver involvement [3, 14, 16]. They had no morphological similarity
to virus-like particles seen in faecal extracts of patients with hepatitis A [4, 18].

The exact nature and significance of these particles are not known.
We would speculate that the structures we now describe represent an incidental
finding of a new human (passenger?) virus or they may be related to the aetio-
logical agent of hepatitis C.
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