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Introduction

The effect on the renal parenchyma of the compression of the renal artery
has been examined, among others, by the Hungarian authors ZADOR and
Balogh [33]. They have studied rat kidneys after compression for 1 to 20 minu-
tes, and dog kidneys after compression for 30 minutes. The kidneys were re-
moved 10 to 60 days later and stained with haematoxylin-eosin. From those of
foreign authors, the investigations of Montserrat [11] are remarkable, who
observed capillary changes after compression of the renal artery. In the well-
known surgical and pathological textbooks of Kirschner [22], Bier, Braun
and Kummel [8], Lichtenberg [23], Anderson [1] only brief mention is made
of the lesions ensuing after temporary compression of the renal artery. Recently,
numerous authors have discussed the problem e. g. Babics, Hamilton [21],
Badenock [4], but no exhaustive examinations have been published.

Our own examinations have been based on the assumption that after
compression of the renal artery for a short time, when the histological changes
are still absent or not yet appreciable, alterations of a subtler nature, not demon-
strable by clinical and histological methods, might occur, first of all in the physio-
logical and enzymatic functions of the kidney. These alterations influence only
the most delicate vital functions of the organ, without producing more con-
spicuous morphological changes. We have, therefore, sought an answer to the
questions, 1. what is the duration of the compression following which no mor-
phological changes occur, but functional disorders may already be observed
histochemically ? 2. In which parts of the organ are the enzymatic or histo-
physiological functional disorders most marked, and do they cease promptly,
or only after a prolonged time, and are they irreversible?

In our examinations especial attention has been paid to the juxtaglomeru-
lar complex, this extremely sensitive functional regulating system of the renal
parenchyma. Becher [6], Schloss [29], as well as earlier investigators, like
Mol lendorf [25], Zimmermann [34], Goormaghtigh [16, 17, 18], Appelt[2],
Feyrter [12], Clara [9], Ludwig [24] have all emphasized the high reactivity
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of the complex (manifesting itself with a swelling of the cells, an increase of pig-
mentation), as the sensitive indicator of renal function, acting by way of the
regulation of the vascular lumina.

To study the tendency for regeneration after compression we have extended
our investigation to the observation of capillarisation. Finally, to draw conclusi-
ons, we have compared the results of the above-mentioned examinations with
the findings of other authors.

Methods

The examinations were performed on dogs of roughly identical weight and the same sex,
kept on identical food. In sixseriesoffive dogs each, under Evipan anaesthesia laparatomy was
made and the right renal artery was compressed with rubber clamps. The compression was
maintained for 2 minutes in the first series and for 5, 15, 30, 60 and 120 minutes, respectively,
in the further series, each consisting of five animals ; the first animal of every series was Killed
with gas one hour after operation, the others were sacrificed in the same way on the 1st, 3rd,
7th and 14th day. The kidneys were removed and worked up histochemically. In order to avoid
an eventual inflammation interfering with the histochemical evaluation, the animals were treated
with 200 000 I. U. of crystalline penicillin daily for 3 days. At the same time care was taken to
observe identical feeding conditions and fluid intake. In some cases, mainly with a view to com-
paring with observations of capillarisation, the PAH clearance was also examined, hut its values,
obtained photometrically with Kedvessy’s method were not found reliable.

In all cases the left kidney served as control, and the right one was worked up. The re-
moved organs were washed with physiological NaCl, and then placed in a fixation, corresponding
to the reaction to be carried out, and then subjected to the histochemical reactions serving to
demonstrate capillarisation, lipids, proteins, alkaline phosphatase, acid phosphatase, the juxta-
glomerular complex. Staining was made with haematoxilin-eosin and Azan to reveal histological
changes. The different procedures were as follows :

Capillarisation

After fixing in neutral formaldehyde, frozen sections 100 to 300 p thick were prepared
and treated with benzidine.

Lipids

The removed tissue was cut into slices 2 mm thick, and fixed in 10 per cent formaldehyde.
Frozen sections 10 to 25 p thick were cut and stained with a 0,1 per cent alcoholic solution of
Sudan Black B for two hours. In order to control localisation, the material was treated for 20
minutes with a saturated aqueous solution of Nile blue sulphate, or with Romeis’ colloidal
Sudan 11l Solution.

Nucleoproteins

For. demonstrating parenchymatous elements rich in nucleoprotein we have adopted the
methylgreenpyronine method. After fixation in Carnoy’s fluid, sections 6 to 10 p thick were
prepared from paraffin blocks and treated according to Pappenheim-Unna’s method.

Alkaline phosphatase

The excised tissue was cut in 3 mm thick slices and fixed in 80 per cent alcohol at 5° C
for 24 hours. Frozen sections 10 to 15 p thick were prepared and incubated at 37° Cfor 4 hours,
mostly in a mixture of x + beta glycerophosphates and in a few instances, in betaglycerophos-
phate ; as a buffer Veronal was used, with a pH optimum of 9,5. As a control, for each reaction
3 sections were examined, inactivated either by heat, or 10 per cent acetic acid, or non-incubated.
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Acid phosphatase

The material was prepared according to the Newman method ; after fixation as in the
preceding method, it was incubated with lead nitrate ; the pH optimum of 5 was assured with
an acetate buffer (0,05 M). For both the alkaline and the acid phosphatase reaction, ammonium

sulphite was used.

The juxtaglomerular complex

For demonstrating the pigments of the juxtaglomerular complex we have applied the
staining procedure described by Wilson [32]. After fixation in Bouin’s fluid, sections 5to 10 p
thick were prepared from paraffin blocks and stained with crystalviolet (30 drops ofa 1per cent
solution to 20 per cent ethyl alcohol). As a counterstain, 0,4 per cent light green solution was
used.

Parenchyma

The renal parenchyma was stained with haematoxylin-eosin ; for examination of the
interstice, staining with Azan was made. The material was fixed in 8 per cent formaldehyde ;
the sections 5 to 10 /t thick were cut from paraffin blocks.

Observations
Capillarisation

In series I, Il, and Ill (duration of compression, 5, 10 and 15 minutes
respectively), the number of active capillaries diminishes for 24 hours only. In
series 1V, Y, VI (duration of compression, 30, 60 and 120 minutes respectively),
there were ischaemic areas especially in the cortex, even after 7 days, particulary
following compression for 2 hours. Temporary ischaemia was followed in each
case by a compensatory hyperaemia. The relative capillary density is designated
in the Table with -]-, and + + +, where corresponds to the normal
density.

It should be noted that in no instance have we observed the arteriovenous
anastomoses, situated extremely densely in the cortex (360/cm2), nor the renal
sinusoids connected with them, as described by Spanner. In connection with
this we agree with Trueta et al. that similar structures mentioned in the literature
may be considered in all likelihood as artefacts due to injection.

Lipids

From a”~ong the methods applied, Sudan Black B gave the most expressive
picture. In series I, I1, 111 there was already a marked accumulation of lipids in
the area of Henle’s loop and of the upper convoluted tubes. In series 1V, V, VI
the changes were not more definite. The extremely massive lipid accumulation,
which essentially may be considered as a fatty degeneration, persisted after the
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regression of the other histochemical changes, particularly in series IV and VI,
and complete regeneration did not ensue even after 14 days.

It was remarkable that from among the three kinds of stain, Nile blue sul-
phate brought about a vivid blue and Sudan Black a deep bluish-black colour
in the lipids, a sign of predominant phospholipid accumulation. On the other
hand, the fact that even the colloidal solution of Sudan 111 did not produce an
appreciable picture, indicates that lipid accumulation was intracellular and not
interstitial.

Alkaline phosphatase

Alkaline phosphatase activity declined perceptibly in series I, Il and III.
A considerable decline in activity was observable firstly in the more distally
situated tubular segments (Henle’s loop), and later on also in the area of the
proximal tubules. Despite the rapid decline of activity, nonspecific phosphatases
were soon regenerated even in series IV and VI, hence even after prolonged
compression. Activity is resumed as early as on the 4th to 5th day. In tissues
fixed for alonger period (1 week or more), we have observed a particulary marked
decline of activity. We have, however, considered this the consequence of an
autolytic breakdown of the desmoenzyme and did not assess it.

Acid phosphatase

The decrease of acid phosphatase activity became more definite after
prolonged compressions, which shows that it is less sensitive than alkaline phos-
phatase activity, or else, that the pH, arising in the compressed kidney approxi-
mates better the optimum for acid phosphatase.

The juxtaglomerular complex

In the sections treated with the staining method of Wilson, there is a
conspicuous increase in the amount of pigments in the juxtaglomerular cells.
The presence of a great number of paravascular, intertubular and Goormaghtigh
cell groups (Sockelplasmodium) is particulary marked. Less marked but relatively
more numerous are the macula densa per visual field. The most sensitive reaction
of the juxtaglomerular complex, the swelling of cells could not be assessed, owing
to the swelling caused by parenchymal degeneration also present in the sec-
tions. It should be noted that methyl-green pyronine is a very selective stain
of the granules in the juxtaglomerular complex ; these granules consequently
become easier to recognize than after staining with haematoxilin-eosin.
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Summary of histological and histochemical changes uithin the single series

Duration : : ; ;
Series cmp?gssion exa[r)r%na(t,ifon Lipid pﬁ(l)ts?)lh. phA(stgh. (i:saaPtliIA%r- de?;legn%rz?t];on
| N + N + + 0
3 N + N ++ 0
I 2' N N. N 4t 0
10 N N. N + + 0
14 N N. N 4"+ 0
1 N. + o+ + + 0
3 N. + + + 0
" 5' N. N. N. + 0
10 N. N. N. + + 0
14 N. N. N. P 0
1 N. + + + + 0
3 + + + + 0
hi. 15' + N. N + 0
10 + N. N + o+ 0
14 N. N. N 4+ 0
+ + 4+ + 4+ + +
3 + o+ + 4- + +
v 30' ++ N. N + +
10 - N. N. + +
14 + N. N. + 4+ +
+ o+ + 4+ o+ + + o+ o+ + o+ — o+
3 4+ + + + + + + o+ — 4+ +
V. 60° 7 + 4+ + (N) + ~r o+
10 + 4+ N N. ++ 4+ — + 4+
14 + 4+ + N. N. ++ 4 R E— h+ +
1 + + + 4+ + + + + + + + + + +
3 ++ 4+ + + + + + + + + + o+ o+ 4
VI. 120 7 + + + + + + + + + + + +
10 + 4+ N. N. 4- + o+ o+
14 + o+ + N. N. + + + o+ o+
N.: normal
+  mild reaction (capillary ischaemia)
+ + s medium reaction (normal capillarisation)
+ -(-+: strong reaction (capillary hyperaemia)
+ + + + : extreme reaction
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Although the multiplication of the juxtaglomerular cellular elements
must be considered with some reservation because the specificity of the Wilson
stain has not yet been established and statistically confirmed — nevertheless,
on comparing all the facts, the increase in number and size of the juxtaglomerular
structures appears incontestable. This seems to support the opinion of Becher
[6], that the distinctive features of juxtaglomerular cells are not always identical,
but are the corollary of a temporary, functional state.

Nucleoprotein

No appreciable difference between compressed and control side has been
obtained with Pappenheim—Unna’s stain.

Histological observations

The findings have borne out the observations of ZADOR and Balogh [33].
The changes became more conspicuous after compression for 30 minutes (group
1VV). Considering that we had compressed only the renal artery, the usual conges-
tion did not appear in the sections. In the mildest cases (duration of compres-
sion, 30 minutes ; sacrifice after 3 to 7 days) first of all a faintness of nuclear
staining, and a simultaneous swelling and granulation of nuclei were observable.
The parenchymal degeneration characteristic of the majority of cases was pre-
ceded by the disappearance of the brush border of the tubular cells. The outline
of the cells was indistinct or invisible ; the cells themselves were inflated, those
of the tubular epithelium shifted apart ; some of these had become detached
and remained in the lumen of a tubule. The interstice was usually rich, the
glomeruli shrunken. In some cases (duration of compression 120 minutes) there
were very grave changes tending to necrosis. Round cell infiltration or secondary
granulation were absent, probably because of the comparatively short period
(maximum 14 days), passed since the compression, in which regeneration could
not yet have started. This accounts for the fact that in no case were there symp-
toms ofregeneration. It must be noted, that the severe changes affected primarily
the cortical area, while the medullary substance was more or less intact.

Discussion

We again wish to emphasize that the examinations were made on dogs,
so that the conclusions drawn from the results may not be valid for man. Our
purpose has been to demonstrate the latent, most delicate functional disorders
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brought about by compression of the renal artery, disorders not to be established
by clinical or common histological methods. The duration of compression required
for inducing manifest changes was found to be 30 minutes. After compression
for a shorter time, no definitely appreciable morphological changes arose ; still,
there appeared extensive functional alterations in the parenchyma, which could
be demonstrated by histochemical methods.

The most sensitive part of the renal parenchyma is apparently the upper
tubular system ; it was here that the first changes appeared, and it was here that
subsequently they were most conspicuous. In case of slighter changes demonstrable
solely by histochemical methods, the functional disturbance of balance was
soon normalized, in 3 to 5 days. On the other hand, extensive morphological
changes revealed also histologically did not regenerate within the 14 day period
examined.

The great sensitivity of alkaline phosphatase is of a certain physiological
interest. If we accept the interpretation of ANDERSON, i. e. that enzymes, with
the help of the dephosphorylation of hexosephosphatases, play the chief part in
tubular sugar resorption, and, moreover, if we add the well-known phenomenon
that the activity of alkaline phosphatases considerably declines in disturbances
of tubular function (e. g. hydronephrosis) — the conclusion suggests itself that a
disturbance of sugar resorption is the earliest symptom induced by compression
of the renal artery.

When reviewing the lipid stains, we have already mentioned that on the
basis of their staining properties we consider as phospholipids the intercellular
lipid accumulation observed in the upper tubules. This is indicated, in addition,
by the very marked reaction to Sudan Black B — although, according to
GOMORI and his school, this stain is said to react to phosphatides with a special
colour (the result was controlled with Baker’s method specific to phosphatides) —
as well as the fact that with Nile blue sulphate a colour characteristic of acid
lipids develops. The decline of alkaline phosphatase activity occurring parallel
with the increase of lipids suggests the possibility that the increase in the amount
of phospholipids is actually a secondary process consequential to the decline of
activity of the enzyme that effects the breakdown.
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Changes of capillarisaticn in the renal cortex. Fig. 1. Normal renal cortex, x 120 Normal capillary density.
Fig. 2. Renal cortex, 72 hours after arterial compression for 120 minutes. Magnification as above. Few shrunken glo-
meruli. In the central part of the picture marked capillary ischaemia. Fig. 3. Renal coitex, 72 hours after arterial
compression for 30 minutes. Magnific ations as above. In the marginal part of the cortex, relative capillary hyperaemia ;
in the medullary rays, relative capillary ischaemia. Fig. 4. Renal cortex, 14 days after arterial compression for 30
minutes. Magnifications as above. Complete regeneration, relative capilliry hyperaemia in seme areas
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N) Lipid degeneration in the proximal tubules. Fig 5. Normal kidney Sudan Black B staining. X 12 Physio-
logical lipid accumulation in the region of the proximal tubules. Fig. 6. Kidney, 7 days ufter arterial compiession for
60 minutes. Staining, magnification, as above. Considérable lipid accumulation in the region of the proximal tubules
chiefly in Henle’e loop. Fig. 7. The same as No. 6, under high power (X 250). Granula degeneration in all tubular
parts. Degenerative symptoms along with intracellular lipid accumulation
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Changes of alkaline phosphatase activity. Fig. 8. Normal kidney. X 250 Normal enzymatic activity. Fig. 9.
Kidney, 24 hours after arterial compression for 120 minutes. Technique as above. Considerable decline of activity.
Fig. 10. The same as No. 9, under high power (x 500) enhanced enzymatic activity in Bertini’s columns, slighter
activity in the medullary rays. Fig. 11. Kidney, 7 days after arterial compression for 15 minutes. Technique as above.
X 250. Complete regeneration. The enzymatic activity in the medullary rays in normal
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A) Alkaline phosphatase reaction. Fig. 12. Kidney on the 14th day after arterial compression for 60 minutes.
Beside the glomerular pole a paraportal cell is'ct with weaker reaction. Above the dark homogeneous dens ty is So-
ckelplasmodium X 600. Fig. 13. The same as Fig. 12, x 800 Completely restoied enzymatic activity in the tubu'es
which still show signs of degeneration. B) Changes of acid phosphatase activity. Fig. 14. Normal kidney X 250. In-
tense nuclear reaction, enzymatic activity specially marked in the glomerulus. Fig. 15. Kidney, 24 after aiterial comp-
ression for 60 minutes. Technique and magnification as above. Decreased enzymatic activity in all areas. Signs of
degeneration in the tubular epithelium
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AJ Acid phosphatase reaction. Fig. 16. Kidney, 7 days after arterial compression for 30 minutes. X 800. Comp-
letely restored enzymatic function B) histological changes. Fig. 17. Kidney, 3 days after arterial compression for 30
minutes. Haematoxylin-eosin stain. X 250. Swollen tubular epithelial cells. Faint nuclear staining, contours indistinct.
Parenchymal degeneration. Fig. 18. 3 days after arterial compression for 60 minutes. Technique, magnification, as
above. Grave degeneration. Epithelial cells shifted apart, some of them necrosed. Tissue structure has disappeared.
Cell fragments in the tubular lumina. Fig. 19. Fig. 18 under high power (X 800). Brush border disappeared, nuclear
staining faint. The nuclei are inflated, in some cellls missing. A number of detached epithelial cells in the lumina
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Summary

Temporary compression of the renal artery is a procedure frequently adopted in urolo-
gical surgery for rendering the operative area ischaemic. The purpose of our examinations has
been to demonstrate the histochemical changes not yet attended by clinically and histo-patholo-
gically apparent symptoms that occasionally occur with arterial compression.

To study these changes, experiments in dogs have been carried out. A shorter or longer
time after, the renal artery has been compressed for from 2 to 120 minutes, the right kidney
was removed and subjected to ten different kinds of histochemical and histological examinations.

It has been found that compression for less than 30 minutes elicited changes which soon
regenerated, and were observable only by means of finer histochemical methods. After compres-
sion for more than 30 minutes, a more severe condition was produced, demonstrable by usual
histological methods. A characteristic feature was a marked decline of the alkaline and acid
phosphatase activity suggestive of a disturbance in tubular sugar resorption. Lipid degeneration,
the product of which has been considered to be phospholipids, ensues soon after prolonged com-
pression. In contrast with the histochemical changes, morphologically apparent changes (e. g.
parenchymatous degeneration, necrosis) did not regenerate within the 14-day examination
period. The changes affected first of all the renal cortex whereas the medulla was left compara-
tively intact.
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TMCTOXUMUWYECKUE U3MEHEHUSA B MOYEYHOW MAPEHXWUME
MOCAE MPUXATUA MOYEUYHOW APTEPUU Y COBAK
E. LUOMOAbW, T. AOHAT u M. BAVHT

B yponornyeckoih xupyprum pAns 06eCKpOBAMBAHWA oOnepauuoHHON o6nacTm 4acTto
NPUMeHAeTCA BPeMeHHOe NpuxaTue Mo4veyHoil apTepun. Llenblo onNbITOB, NPOBEfEHHbIX aBTO-
pamu, 6bIN0 BbIABNEHWE TUCTOXMMMWUYECKUX M3MEHEHWIA, MPOABNAOLWMUXCA BHYTPU 06patmumoro
BPEMEHW MpuXaTua, NpuM KOTOPbLIX elle He HaA6MOAATCA KAWHUYECKU U NaToNornyecku
BbIABNfiEMble CUMNTOMbI. [lna co3faHua M3MEHeHW aBTOpbl MPOBOAWAN OMepaLumn XWUBOTHbBIX.
Y cobak 60nee unu MeHee LONTOe BPeMSA NOC/ie NpuXaTus npaBoii NOYKKM B TeyeHne oT 2 - 1207
OHW yJanunu mnoyku u obpaboTannm nocnefHUX [AeCATbHI0 pPasIUYHbIMU TUCTONOTUYECKUMMU
cnocobamm.

PesynbTaTbl uccnefoBaHunii NokasblBaloT, 4TO NpuxaTue B TeyeHne MeHee 30’ Bbi3biBaeT
U3MEHEHUS, KOTOPbIE MOXHO BbIIBUTb TO/MIbKO C MOMOLLbIO TOHKUX FTMCTOXUMUYECKUX CNOCO60B,
N pereHepauus KOTOPbIX MPOUCXOAWUT CPaBHUTENbHO 6bICTPO. B cnydyae noyek, npuxatue
KOTOPbIX MPOBOAMIOCL B TeyeHue cBbilwe 30’ nposBndeTca yXxe 60/ee cepbe3Hoe, NMaTorucro-
NOTNUYecKN BbISBASSEMOE COCTOAHME. B nepsom cnyyae XapaKTepHbIM SABNAETCA CUNbHOE YMEHb-
LLUEHME LLENOYHO- U KMCNOTHO-(hochaTasHoW aKTUBHOCTM, YTO MO3BONSET CAeNaTb 3aK/IYeHUs
0 BO3MO>XHOCTMW HapyLleHnsa Ty6ynsapHoi pecopbumm caxapa. B cnyuyae npuxaTus B TeyeHue
6onee ANUTENbHOrO CpPOKa PaHO MNOABNAETCH NMNOWAHOE BbIPOXAeHWe TpybyaToil cucTemsbl,
npuyeM aBTOPbl TOF0 MHEHMUS, YTO XUMWUYECKUM BELLECTBOM 3TOr0 BbIPOXAEHMUA MOXHO pac-
cMmaTpuBath oconunongbl. B NPOTMBOMONOXHOCTL TFUCTOXUMUYECKUM WU3MeHeHMAM 6onee
rpybble Mopdonornyeckme WU3mMeHeHUs (MapeHXuMmaTo3Has [ereHepauus, HEKpPO3) B TeyeHue
14 fHEBHOro cCpoKa MccnefoBaHWA He MPOABNANU pereHepauuun. M3meHeHus Habnwopanuce
B MepBYl0 O4vepefib B KOPKOBOM BellecTBe, B MPOTUBOMNONOXHOCTb CPABHUTENBHO HEMOBPEX-
[leHHOMY COCTOAHWIO MO3roBOr0 BelecTBa.

HISTOCHEMISCHE VERANDERUNGEN IM NIERENPARENCHYM
NACH KOMPRESSION DER ARTERIA RENALIS VON HUNDEN
E. SOMOGYI, T. EONATH und J. BALINT

In der urologischen Chirurgie wird zur Entblutung des Operationsgebietes haufig eine
zeitweilige Kompression der Nierenarterie angewandt. Es wurden Versuche zur Untersuchung
der eventuell innerhalb der reversiblen Kompressionszeit auftretenden histochemischen Veran-
derungen durchgefihrt, bei denen klinisch oder pathologisch nachweisbare Symptome noch nicht
in Erscheinung treten. Zur Erzeugung solcher Verdnderungen wurden kiirzere oder langere Zeit
nach 2—120’ dauernder Kompression der rechten Nierenarterie des Hundes beide Nieren heraus-
genommen und nach zehnverschiedenenhistochemischen, bzw. histologischenVerfahrenbearbeitet.

Laut den Befunden ruft eine weniger als 30" dauernde Arterienkompression nur mit
feineren histochemischen Methoden nachweisbare Verdnderungen hervor, die verhédltnismassig
schnell regenerieren. Bei Nieren, deren Arterie ldnger als 30’ komprimiert wurden, tritt ein
schwererer, auch pathologisch definierbarer Zustand auf. Im ersten Fall ist die starke Vermin-
derung der Alkali- und Sdurephosphatasen-Aktivitdt charakteristisch, woraus auf eine Stérung
der tubularen Zuckerresorption gefolgert werden kann. Bei ldngerer Kompression tritt eine lipoide
Degeneration des oberen tubuldren Systems frih auf; als chemischer Stoff dieser Degeneration
kénnen die Phospholipoide betrachtet werden. Im Gegensatz zu den histochemischen Veran-
derungen zeigen die gréberen morphologischen Verdnderungen (parenchymatdse Degeneration,
Nekrose) wahrend der 14 tdgigen Untersuchungsdauer keine Regeneration. Sie betreffen in
erster Reihe die Rindensubstanz, wéahrend die Marksubstanz verhéltnisméssig intakt bleibt.

Dr. Emil Somogyi
Dr. Tibor Donath Budapest, 1X. T(izolté u. 58. Hungary

Dr. J6zsef Balint
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