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CHAPTER I 

INTRODUCTION 

I.l. GENERAL INTRODUCTION 

The everyday word „disease" is an abstraction and its concept has been 
established by extracting and totaling those characteristics of the sick 
which differ from the norm. During the last decades it has become increa
singly more difficult to distinguish a normal from a diseased cell as more 
and more the molecular structure and function of the cell were unveiled. 
Life is manifested in structure and function. The proper function appears 
to be supported by normal structures. It is therefore a common practice 
to recognise a disease from deviation of the normal structure, and sub
sequently to approach the functional lesion. From numerous cases it is 
known that the noxious, traumatic or other injury results in a structural 
defect which may induce functional lesions. In a minority of incidents an 
injury may primarily alter the cellular function. Subsequently a morpho
logical lesion may occur or not. In a relatively few number of diseases, in 
which primarily the function is disturbed, a characteristic sequence of 
morphologic changes can be observed. This holds true particularly for 
the group of systemic metabolic diseases. 
In a large number of diseases it remains unknown whether the functional 
lesion is prior to the morphologic defect or vice versa. This problem 
appears to be of peculiar interest in case of kidney lesions, since diseases 
which impair the renal function only evoke signs or symptoms when 
advanced, because there is a large reserve of exocrine function. Further
more, the study of structural lesions by means of light microscopy and 
electron microscopy reveals in most cases only the present state of the 
disease and does not allow sufficient insight in the inception and evolution 
of the morbid state. 
ROBINS (1967) pointed out that if one is able to recognize the cell in 
health, than he can identify the cells which are not normal. This holds 
true for both structure and function. 
Whereas the normal histology and ultra-structure of the kidney have been 
studied extensively, and the pre- and post-natal development of the 
kidney is almost completely known, investigations of development of 
kidney functions and the correlation of certain functions to certain struc
tures appears to be only at a starting point. 
Routine clinical chemistry reveals only the results of established changes, 
and biochemistry in its application to the analysis of changes is engaged 
without considerations of structure. Histochemistry employs the principle 
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of histologic techniques to demonstrate the localisation of enzyme activity. 
However, histochemistry is unable to inform us on a desirable scale about 
quantitative changes. Employment of the principles of anatomy, i.e. to 
separate separable things, and the application of biochemical methods on 
separated structures appears to be advantageous in the research on the 
evolution of the morbid state. 
Therefore, by means of ultramicro-chemistry various kidney zones and 
kidney structures were investigated in a variety of experimentally induced 
kidney diseases. In order to detect the inception of a functional lesion 
and its correlation to structural changes, in almost all cases the animals 
were followed during the whole course of the experiment. This study was 
completed by investigations on pre- and post-natal functional renal 
development and on kidney tissue in cationically abnormal state. 
Since renal function appears to depend on the activity of various phospha
tases, this group of enzymes and its relation to renal structures was 
chosen as the object of investigation. 

1.2. GENERAL KIDNEY ASPECTS 

Localisation. The localisation of the kidney is retroperitoneal and bilateral 
of the spine in the thoraco-lumbar region. In rats the position of the left 
kidney is somewhat more caudal than the right. The kidney is bean 
shaped and directed towards the spine with its concavity. 
Blood supply. The arterial blood supply is directly from the abdodminal 
aorta by means of the right and left arteria renalis. In rats the right renal 
artery originates more craniad from the aorta than the left renal artery 
(MOFFAT and FOURMAN, 1963; ROLLHÄUSER et al., 1964). The blood 
leaves the organ through the right and left renal veins, respectively, and 
drains into the abdominal part of the vena cava. 
Innervation. The kidney is innervated by both the sympathetic (GRIGOR'-
EVA, 1962) and the parasympathetic parts of the autonomic system. 
The nerve fibers reach the kidneys by way of the renal plexus. A review 
of the pertinent literature is given by DE MUYLDER (1952). 

1.3. STRUCTURAL ASPECTS OF THE KIDNEY 

Light microscopy 
Histology. The kidney is a compound of numeruous functional units, 
designated as nephrons. In textbooks of histology (e.g. HAM, 1968) 
the nephron is defined as a secretory tubular system, beginning with a 
blind sack-like enlargement, into which a cluster of capillaries is projected. 
As in most other glands „excretory" ducts are distinguished which convey 
the urine to the ureter. However, these excretory portions appear to play 
an important role in a (re)concentration mechanism. It is generally 
accepted that the glomerulus functions more or less as an ultrafilter. In 
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the tubular system various functions have to be fulfilled, e g. secretion, 
reabsorption, exchange of solubles, and maintenance of the electrolyte and 
water balance in homoeostasis. It may be assumed that the different func
tions are correlated with different cytological and histological structures 
of the nephron. It is therefore desirable to review briefly the structure 
of the normal nephron. 

The proximal convolute 
This part of the tubular system is marked by a prominent „brush border" 
covering almost uniformly the free surface of both its convoluted and 
straight portion. The latter leaves the labyrinth of coiled tubules, enters a 
medullary ray and passes down it. This part continues into the loop o/ 
HhNLE consisting of a very thin hair-pin like structure with a thin 
descending and a much thicker ascending limb. 

The distal convolute 
It is customary to subdivide the distal convolute into two major parts : 
the straight portion frequently identified with the thick limb of the loop of 
HENLE and the subsequent tortuous portion, almost contacting the 
glomerulus to which it belongs, after which the distal convolute debouches 
together with other distal portions into a branched system : the collecting 
tubular system. 
The collecting tubular system opens at the apex of the renal papilla into 
the renal pelvis. 

1.4. ELECTRON MICROSCOPY 

Glomerulus. There is very close contact between the vascular endothelium 
of the capillary loops and the inner layer of the BOWMAN's capsule. 
Both layers are separated only by the glomerular basement membrane 
which is considered to be the final site of blood ultra-filtration. This 
membrane has a typical triplicate aspect. The epithelial layer covering the 
mtermittantly projecting capillaries is discontinuous also. The cells exhibit 
foot-processes which interdigitate with those from other cells. 
The cytoplasm of the vascular endothelial cells shows scattered fenestrae 
of varying size and distribution. In electronmicrographs the vascular 
endothelium covers the basement membrane except at their most central 
axial folds. Here the basement membrane contacts with mesangial cells. 
Tubulus. The ultra-structural feature of the tubular part of the nephron 
differs widely, assumed in connection with the variety of physiological 
requirements (DALTON, 1967; ROUILLER and MULLER, 1969; BEC
KER, 1968). The proximal convoluted system exhibits a regular brush-bor
der. The cytoplasm has an abundance of free nbosomes and widely distri
buted mitochondria, frequently orientated perpendicularly to the cell base 
due to infoldings of the basilar membrane. Lysosomes are arbitrarily distn-
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buted. Lysosomes and multivesicular bodies have heterogeneous contents. 
The distal convoluted portion lacks microvilli. However, the basilar mem
brane exhibits pronounced infoldings by which membrane limited segments 
are established. Within these segments elongated mitochondria show the 
typical perpendicular orientation. These mitochrondria show an increased 
number of cristae. Both the amount of free ribosomes and the number of 
lysosomes appear to be smaller than in the proximal convoluted system. 
The epithelium of the thin limb of the loop of HENLE exhibits a sparse 
number of short micro-villi. There are only a few free ribosomes, a small 
number of mitochondria and lysosomes. Occasionally lipofucsein pigment 
bodies are encountered. 
The epithelial cell of the collecting duct shows scattered mitochondria, a 
small number of lysosomes and ribosomal clusters. 

1.5. GENERAL ASPECTS OF RENAL PHYSIOLOGY 

From the digestive tract a variety of nutrients, minerals and water are 
absorbed. From here the compounds are distributed. A control and regula
tion is essential in order to maintain homoeostasis. The kidney plays an 
important role in this regulatory system which is achieved by filtration, 
excretion, reabsorption and synthetic processes. Filtration of blood takes 
place in the glomerulus, resulting in the production of primary fluid. Ex
cretion and reabsorption take place in the tubular system, the length and 
coiled form of which permits the simultaneous occurrence of the two 
opposite mechanisms. Therefore, it is by tubular capacity that the so called 
primary urine is converted to the final urine by way of excretion of waste 
products and reabsorption of filtered soluble but re-utilisable compounds. 
An important capacity of tubular function is the ability to concentrate the 
primary urine by means of the countercurrent system (WIRTZ et al., 1951). 
Through synthetic processes, i.e. the formation of ammonia and exchange 
processes (e.g. NH+

4 against H~) the pH of the blood can be maintained 
within physiologic limits. The reabsorption of Na" and water by the 
tubular system is an important renal function. Particularly the reab-
sorption in the proximal tubular convolute is of paramount importance 
for the process of homoeostasis (BAYLISS, 1960; PITTS, 1963). Studies 
undertaken to explain the reabsorptive processes led as early as 1786 to 
the discovery of bioelectrical phenomena by GALVANI. Modern electro-
physiology elucidated that these bioelectrical phenomena were accom
plished at cell boundaries, particularly at basement membranes between 
the intra- and extracellular spaces. Furthermore, these phenomena appear 
to be caused by a difference in the intra- and extracellular ion-concentra
tion. 
One of the most obvious differences in ion-concentration concerns the 
relatively high potassium concentration within the cells, whereas the 
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intracellular Na+ concentration is low compared with that of the inter
cellular space. 
In adequate systems changes in these ratios are associated with normal 
physiologic events e.g. muscular contraction and the conduction of 
impulses in nerve fibres (OVERTON, 1901). Metabolic arrest or injury 
can cause an increase in auto-diffusion and can subsequently result in 
pathological states, e.g ectopic stimulatory centres in the heart muscle 
(von FLECKENSTEIN, 1972). 
In order to maintain the intracellular high potassium and low sodium 
content and to prevent normal equilibrating auto-diffusion, a mechanism 
exists by which sodium is pumped out and potassium retained within 
the cell. 
In contrast to passive diffusion through the cell membranes, this selective 
„cation pump system" by which potassium may even be withdrawn from 
the cellular environment requires energy. Thus, not only the active pump 
mechanism, but also ion concentrations in the extracellular environment 
are important for the maintenance of the physiologically optimal electro
chemical gradients. 
However, apparently only severe changes of the extracellular ionic con
centration can disturb the inverse intracellular sodium — potassium ratio. 
DANTZLER (1971) showed a depressed K+ uptake after the incubation 
of avian kidney shcs in a potassium free medium. 
On the other hand, an increase of K+ in the extracellular environment 
could provoke cellular damage. Slices of canine (ROBINSON, 1972) and 
rat (FOX et al., 1964) renal cortex exhibited a tremendous cellular swelling 
after incubation in media with high potassium concentration. Changes in 
single cells are reflected by organ function. Both surplus and deficiency 
can result in functional deterioration. In potassium deprived rabbits the 
renal tubular system showed poor, or even a lack of, concentrative power 
(BARACLOUGH et al., 1971). The same results were obtained with 
potassium deficient rats, hamsters, dog, and man. 
Through normal cation gradients electric potential profiles are maintained 
across the membrane of the renal tubular cell (GIEBISCH, 1960; WHIT-
TEMBURY, 1960, 1963a and b). An average gradient of approximately 
20 mV across the proximal epithelium has been found (CLAPP, 1962; 
SOLOMON, 1957, BANK, 1962). 
The influence of temperature on these gradients was studied by other 
groups. In 1941 HARRIS observed a tendency of red blood cells to abolish 
cation gradients at low temperatures, but a re-establishment of these 
gradients at physiological temperatures. Low temperatures as used in 
organ preservation techniques appears to influence also the intracellular 
ion-composition and ion-transport (COLLSTE, 1971). However, changes in 
extracellular ion composition alone (TULLOCH, 1972), as well as 
inhibition of energy metabolism diminishes or even abolishes cation 
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transport (HARRIS, 1941; DANOWSKI, 1941; MAIZELS, 1951). From 
the aforementioned facts it could be concluded that the mechanism of 
active cation transport is closely linked to a particular enzyme system. 
SKOU (1957) reasoned that this enzyme probably releases energy, e.g. 
from high energy-bond phosphates, and demonstrated a magnesium 
dependent adenosine tri-phosphatase activity first in a particular fraction 
of the horse-shoe crab nerve. 
However, since this activity was stimulated by addition of Na+ and K+ 

to the assay medium, a further enzyme, the Na"-K+ stimulated adenosine 
tri-phosphatase, was postulated. 
Already in 1953 SCHATZMAN detected the inhibition of cation transport 
by heartglycosides. It was again SKOU (1960) who could show that 
ouabain in particular sensitively and specifically inhibited the activity of 
the Na+-K+ ATP-ase. In this way it has become possible to distinguish the 
specific activity of the Mg'1"'" dependent activity from that of the Na+-K+ 

stimulated adenosine tri-phosphatase. This technique opened a wide 
field of research. Finally, it should be mentioned that these adenosine 
tri-phosphatases (ATP-ases) apparently contribute not only to cationic 
transport across cellular membranes, but may have a direct metabolic 
function : coupling oxydation (NOVIKOW et al., 1962; BLOND and 
WITTHAM, 1964; 1965), participation in phosphorylation, and transport 
of amino-acids. Moreover, phospholipid molecules appear to be pre
requisites for changes in activation energy (TANIGUCHI and IIDA, 1972). 
Thus, ATP-ase apparently plays a key role in supporting the life of the 
cell (WHITTAM and DA VIES, 1953; NOVIKOW et al., 1962; BAKER 
and SIMMOND, 1966; WEISS et ai, 1971; STAHL, 1973). 
Alkaline phosphatase is another nearly ubiquitous enzyme which could 
be demonstrated in numerous tissues of various species (NUKI and 
BONTING, 1960; JAIN, 1968; DeCHATELET and COOPER, 1970; 
TORRINGA, 1970). Since this enzyme is known as a membrane bound 
enzyme, it was believed to be involved in active reabsorbtive processes 
(WILLIGHAGEN, 1960) and was used in the research of phosphatases 
under normal and abnormal conditions as an indicator for the reabsorbtive 
capacity of tissues, and as an enzyme marker in the detection of patholo
gical changes (WILLIGHAGEN, 1960). However, alkaline phosphatase 
was also demonstrated in the serum (MASSOD et al., 1970) and the urine 
of rats (WRIGHT et al., 1971). In rat kidney tissue alkaline phosphatase 
was investigated under various conditions (LeDUC et al., 1967; BONTING 
et ai, I960; REALE and LUCIANO, 1966; 1967; JACOBSON et al., 
1967; DEIMLING et ai, 1967; MILES and MAYUDU, 1971; LATNER 
et al., 1971). 

In micro-dissecting methods the determination of this enzyme is particularly 
useful for the differentiation between proximal- and distal convoluted 
tubules of the nephron : alkaline phosphatase is present in abundance at 
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the brush border of the proximal tubule, but is distinctly less active in the 
distal convoluted tubules. 
Acid phosphatase is a lysosomal marker (DeDUVE and WATTIAUX, 
1966) and is concerned in intracellular degradation processes. Therefore, 
determination of acid phosphatase activity may contribute to the detection 
of disintegrating processes subsequent to cell necrosis. An increase in 
renal acid phosphatase activity appears to indicate tubular damage 
(KOBAYASHI et al., 1971). 
Glucose-6-phosphatase is an enzyme linked to energy supplying systems. 
In the present study it was occasionally determined histochemically and 
biochemically for the study of particular problems. 

For our study on renal lesions it appeared appropriate to follow the above 
mentioned phosphatases in the various kidney structures and whole kidney 
homogenates and, where possible, to correlate biochemical changes with 
structural deviations. 
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CHAPTER II 

MATERIALS AND METHODS 

ILA. MATERIALS 

II.A.a. ANIMALS 

Wistar rats (T.N.O.-Zeist) were used as experimental animals for most 
basic experiments. 
Studies on the development of malarial nephrosis were carried out in 
the model P. berghei infection in Swiss mice. 
Anti-rat kidney serum was prepared in New-Zealand white rabbits. 
Mongrel dogs served for investigations on the influence of procaine 
during cold perfusion before transplantation. 
For comparison, enzyme activity was determined on a surgical biopsy 
of a human kidney showing early nephrosis. 

II.A.a.l. SEX 

Exclusively female animals were used in rat experiments for the follo
wing reasons : first, it offered the possibility of investigating the offspring 
(male and female). Second, to avoid a possible male hormonal influence 
on extra sodium/potassium reabsorption in the kidney. Third, in given 
starins adult female rats usually developed a milder chronic nephritis 
than male rats (SMADEL and SWIFT 1941). 
For enzymatic studies on kidneys of mice infected with P. berghei, both 
female and male animals were used since the course of P. berghei infection 
appears independent of the sex of mice. 

П.А.а.2. BODY WEIGHT AND AGE 

For all experiments rats weighing 185 - 200 g and mice weighing 23 - 28 g 
were used. Since the age of rodents under standard conditions is largely 
correlated to total body-weight, rats and mice were 80 - 90 days and 
90 -180 days old respectively. 
Mongrel dogs used as kidney donors for perfusion experiments weighed 
between 15 and 20 kg and were approximately 12-18 months old. 

II.A.a.3. TIME SCHEDULE OF EXPERIMENTS 

To avoid influences of individual circadian rhythms all interventions were 
carried out between 9.00 -10.00 a.m. 
Removal of rat foetuses and preparation of foetal kidneys were done at 
9.00-10.00 a.m. and 21.00-22.00 p.m. (BAKKEREN and v.d. BEEK, 
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1971; ELING, 1967; HALBERG et ai, HAUS and HALBERG, 1969; 
JERUSALEM, 1964; 1967; JERUSALEM et ai, 1970; LESKE, 1963; von 
MAYERSBACH and LESKE, 1961; von MAYERSBACH and PHILIP
PENS, 1962; von MAYERSBACH and YAP, 1964; von MAYERSBACH, 
1965; MULLER et al., 1966). 
Anti-rat kidney serum was raised in rabbits only during the months of 
March and April. 
Injections of antigen were administered only in the morning as stated 
above. Experimental malarial infection (P. berghei) in Swiss mice was 
induced during the months of July/August. 

II.A.a.4. TIME SCHEDULE OF COLLECTING MATERIALS 

Again, under consideration of the possible influence of circadian rhythms 
foetal rat material was taken at 9.00 -10.00 a.m. and 21.00 - 22.00 p.m., 
experimental material from rats was obtained only between 9.00-11.00 
a.m., kidneys of mice infected with P. berghei were removed between 
14.00 and 15.00 p.m. 

ILA.a.5. MODUS OF SACRIFICING 

To avoid possible side effects from anaestetics on enzyme activity, the 
rats were decapitated and exsanguinated after a sharp blow on the head. 
Mice were sacrificed by exposure to very low temperatures (solid car-
bondioxyde) for 1 -2 minutes. 
Rabbits were exsanguinated from the carotid arteries by insertion of a 
thin cánula under Nembutal anaesthesia. 

H.A.b. CHEMICALS 

The following chemicals and materials were used in addition to the 
standard reagents (number between brackets refers to the supplier). 
Adenosine-tri-phosphate-disodium salt (8) 
Adenosine-tri-phosphate Tris-salt (8) 
Agar, purified (4) 
2-Amino-2.methyl. 1.propanol (8) 
BOEHRINGER test combinations used in : 

L.D.H. tests (3), I.C.D.H. tests (3), ALK. PHOSPH. tests (3) in 
amniotic fluid, AC. PHOSPH. tests (3) in amniotic fluid, CHOLES
TEROL tests (3). 

Fluorescein-isothiocyanate (FITC) (8) 
FOLIN-CIOCALTEUS-phenol reagent (6) 
FREUND's adjuvant (incomplete) (4) 
Glucose-6-phosphate-disodium salt (8) 
GRANUSIC phosphore pentoxide (2) 
Creatinine (6) 
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Merthiolate (5) 
Ouabain (g-strophantine) (6) 
Para-nitro-phenol (8) 
Phosphate substrate 104 (рага-nitro-phenylphosphate) (8) 
Pilerie acid solution (6) 
Procaine-HCl (6) 
Quinine-HBr cirstals (8) 
Sephadex A-50 DEAE (7) 
Sephadex G-200 (7) 
Tris-hydroxymethyl-amino-methane (6) 
In addition to routinely used dyes and reagents for histological and histo-
chemical staining procedures, the following chemicals were used for 
special staining methods. 
Cobalt nitrate (6) 
Gold chloride (6) 
Na-glycerophosphate (8) 
Phloxine (6) 
Silver nitrate (6) 
Tissue Тек O.T.C, compound (1) 
Urotropine (6) 

(1) Ames Comp. Division Miles Laboratories, Elkhart, Indiana, U.S.A. 
(2) Baker, J.T., Chemicals N.V. Deventer, Netherlands 
(3) Boehringer, CF., und Soehne GmbH, Mannheim, Germany 
(4) Difco Laboratories, Detroit, U.S.A. 
(5) Eli Lilly and Co., Basingstoke, England 
(6) Merck, E., A.G., Darmstadt, Germany 
(7) Pharmacia, Upsala, Sweden 
(8) Sigma Chemical Company, St. Louis, Missouri, U.S.A. 

II. A.c. INSTRUMENTS 

For weighing tissue fragments between 5-50 îg an R.I.I.C. 500 electro-
balance was used, and for tissue fragments ranging from 0.009 - 0.015 μg 
„fishpole" balances were applied. 

Centrifugation of micro-test tubes was done in a JANETZKI Th II micro
centrifuge with plastic home made adapters. 

Optical densities were read on a ZEISS P.M.Q. II spectrophotometer with 
a special equipment for LOWRY-BESSEY micro-cuvettes. 
For histochemical and micro-dissection purposes cryostat slices were 
cut on a DITTES DUSPIA (Heidelberg) microtome cryostat. 
For freeze-drying of sections and shell-frozen homogenates a N.Y. 
Scientific Freeze-Dryer was used. An EPPENDORF flame photometer 
was used to determine the Na+ and K+ of sera and/or urine. 
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Immunoelectrophoresis was carried out with L.K.B. equipment, while 
Polyacrylamide gel electrophoresis was performed with a PLEDGER 
Acrylophor apparatus, model 145. 

II.B. METHODS 

II.B.l. GENERAL PROCEDURES 

Kidneys 

After sacrificing the animal the kidneys were immediately removed and 
decapsulated. All further procedures, including transportation from the 
animal quarter to the laboratory, were carried out at temperatures between 
0° - 4° C. For histological investigation specimens were fixed with 4 % 
formalin in physiologic saline, embedded in paraffin and cut at 3 - 2 μπι. 
Histochemical methods and microdissection required cryostat sections 
of 10 and 16 μπι respectively. Whole kidney homogenates were prepared 
in a POTTER-ELVEHJEM grinder. Foetal kidneys were removed under a 
dissecting microscope and freeze-dried whole. Transport and freeze-drying 
of sections were accomplished in special micro dissection holders. 

Blood 

Blood from rats was obtained either by cardiac puncture or from the 
tail vein. Rabbits were exsanguinated by insertion of a cánula into the 
carotid artery under Nembutal anaesthesia. Blood from mice was collected 
from the orbital plexus. Sera from mice, rats, and rabbits were obtained 
from non-citrated blood by incubation at 37° С in a water bath for 
45 minutes and subsequent centrifugation at 2800 rpm for 10 minutes. 
Gamma-globulins were isolated from rat sera by precipitation with satura
ted ammonium-sulphate. 
Blood smears were stained according to MAY-GRUENWALD-GIEMSA. 

Urine 

Rats were kept in metabolic cages. In these cages the animals had free 
access to water and food, while urine remained free from food remnants, 
faeces and spilled drinking water. 
For control of 24 hour urine volumes and urine compounds over longer 
periods, rats were kept for 24 hours in metabolic cages, after which they 
were allowed to return to their usual environment for the next 24 hours 
before being put into the metabolic cages again, etc. 
Continuous stay in metabolic cages leads to a gradual increase of 
excretion of protein in the urine. 
Urine was collected, if necessary, by bladder puncture immediately 
before sacrificing the animals. However, since urine production of mice 
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is minimal, a metabolic cage is disadvantageous for the collection of 
murine urine. 
Therefore, urine was obtained by gentle massage of the bladder every 
4 hours, and immediately before the animals were sacrificed the urine 
flow was stimulated by a very slight whiff of ether. 
Amniotic fluid was collected by puncture of the amniotic cavity using 
a Monoject needle, 25 gauge, 5/8 inches. 

II.B.2. HISTOLOGICAL AND HISTOCHEMICAL METHODS 

II.B.Z.a. Histology 

After fixation with 4 % formalin in physiologic saline and embedding in 
paraffin the kidneys were sectioned at 3 μιτ. and stained with haema-
toxylin and eosin, and with the Periodic Acid Schiff reagent (P.A.S.) after 
Mc.Manus. 
For silver impregnation according to JONES sections were cut at 2 μπι. 

II.B.2.b. Htstochemtcal methods 

Histochemical enzyme reactions were performed according to the methods 
of GOMORRI (Alkaline phosphatase), BURSTON (Acid phosphatase) and 
the WACHSTEIN/MEISSEL method to reveal unspecific Adenosine tri
phosphatase. 

II.B.2.с Electron microscopy 

Material for electron microscopy was pre-fixed with chilled 3 % glutar-
aldehyde in cacodylate buffer (pH 7.3), post-fixed with 2 % OSO4 in 
veronal acetate buffer (pH 7.2 - 7.4), dehydrated in gradually increasing 
concentrations of ethanol and embedded in EPON 812 (LUFT, 1961). 
Thin sections were cut on a L.K.B. Ultramicrotome and stained with 
both uranyl-acetate and lead-citrate (REYNOLDS, 1963). 
Sections were viewed in a PHILIPS E.M. 300 electron microsope. 

II.B.2.d. Immuno-fluorescent assays 

Method of conjugation. 
Two different methods were used for the detection of target structures 
of nephrotoxic sera. 

1 IN VIVO METHOD 

Anti-rat-kidney gamma-globulins conjugated with FITC (fluorescein iso-
thiocyanate) were injected intravenously via the tail vein. 
Only one shot of 1.8 ml of a saline solution containing conjugated 
protein was administered. 
Twenty-five minutes after the injection the rats were killed, and the 
kidneys quickly removed. Small pieces of kidney tissue were immediately 
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frozen, using a mixture of petroleum/ether in a ratio of 1 : 1 cooled in 
liquid nitrogen. 
Thereafter, the pieces were fixed by freeze substitution with 100 % 
ethanol at —20° С and cut at 3 μπι in the cryostat. 
After allowing the sections to return to room temperature they were 
embedded in Water Mounting Medium (W.M.M.). 

2. IN VITRO METHOD 

After treatment with anti-rat-kidney serum (CHAPTER II В.З.а.1 Fig. 2) 
the kidneys were removed, frozen in liquid nitrogen cooled petro
leum/ether (COONS and KAPLAN, 1950; CRUICKSHANK and HILL, 
1953; COONS et al, 1955; MAYERSBACH and PEARSE, 1955; RIGGS 
et ai, 1961; SAINTE-MARIE, 1962; NAIRN, 1964; KAWAMURA, 1969). 
The sections were fixed in 100 % ethanol during 3 minutes, rinsed in 
phosphate buffered saline (P.B.S.) pH 7.2 - 7.4 and incubated with FITC 
conjugated anti-rat kidney gamma-globulins at 37° С for 30 minutes in a 
humidified atmosphere. Then the sections were rinsed again in P.B.S., 
embedded in W.M.M., and studied under a LEITZ fluorescent microscope. 

II.B.3. IMMUNOLOGICAL METHODS 

И.В.З.а.1. Glomerulotoxic serum 

Whole kidney homogenates prepared from rat kidneys were whashed twice 
with double distelled water and centnfuged at 10.000 rpm for 15 minutes. 
The supernatant was discarded and the pellet suspended in saline in a 
ratio of 1 : 4. Of this suspension rabbits received 10 injections of 
2.5 - 2.6 ml each, during a period of 6 weeks. 
The first dose was emulsified in FREUND's adjuvant (incomplete) in a 
ratio of 1.5 - 1.0 and administered intraperitoneally. 
The following injections were given subcutaneously (Fig. 1). 

in ject ion scheme,rabbit (rot kidney homogenate ) 

Fig. 1 
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Per shot, 0.5 ml of 1 : 3 diluted serum was administered. 
After exsanguination the sera of three rabbits were pooled and quantities 
of 5 ml stored at —20° С 
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This rabbit-anti-rat-kidney serum was then injected into rats according 
the following injection schedule (Fig. 2). 

Fig. 2 
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The first injection was given intravenously, the ensuing 9 intraperitoneally. 
Per shot, 0.5 ml of a 1 : 3 diluted serum was administered. 
II.B.3.a.2. It was attempted to induce immunological glomerular lesions 
in rats by injecting crude rat whole kidney homogenate subcutaneously 
(HEYMANN, 1959; HUNTER et al., 1960; HEYMANN et al, 1962 
HEYMANN et al, 1963; HESS et al, 1965; HEYMANN et al, 1965 
WATSON and DIXON, 1966; ERICSSON, 1968; ALOUSI et al, 1969 
ERICSSON, 1969), according to the following schedule (Fig. 3). A dose 
of 1.5 ml of 30 % homogenate suspension per shot was administered. 

injection scheme.,rat (crude homogenate) 

Fig. 3 
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II.B.3.b.l. Tubulotoxic serum 

For preparation of anti-rat kidney serum with tubulotoxic porperties the 
renal artery and vein of 15 rats were ligated. 
The ligated, and subsequently ischemic kidneys remained in situ during 
5 days. Thereafter, the kidneys were removed. Whole kidney homogenates 
were prepared from each animal. The homogenates were washed once 
with double distilled water and injected into rabbits according to schedule 
on Fig. 1. Each rabbit received 10 injections of 2.5 ml each of a 20 % 
homogenate resuspended in saline. Rabbit-anti-rat kidney serum with 
tubulotoxic properties was diluted in a ratio 1 : 3 with saline and 
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administered in doses of 0.5 ml into rats. Three weeks after a first intra
venous injection the animals were boostered intraperiotoneally with 
1.0 ml of a 50 % serum dilution. Two weeks after the booster injection 
the animals were sacrificed by decapitation. 

II.B.4. IMMUNO-CHEMICAL METHODS 

II.B.4.1. Modified method of OUDIN 

When only very small quantities of sera are available (about 25 μΐ) and 
quick information is desired on antigen binding antibodies, OUDIN's 
method can be carried out as follows : gradual dilution series of both the 
antigen-containing and the antibody-containing fluids are prepared. For 
the dilution of the antigen 25 0/o sucrose, and for the dilution of the 
antibody saline (0.9 %) is used. Standard glass capilaries (Microcaps 
25 lambda. DRUMMOND) are first dipped into an antigen solution at 
one end after which the other end is dipped into an antibody containing 
solution. Keeping the capillary horizontally both ends are sealed with 
„Seal-ease" (Tube sealer and holder, Clay-Adams, Inc. N.Y.). Then the 
capillaries are inserted vertically into a piece of foam plastic, keeping the 
antigen dilution downwards, and stored at a temperature of 37° C. 
Developing precipitation lines are assessed after respectively 4, 8, and 
12 hours. 

II.B.4.2. Double gel diffusion 

Double gel diffusion in purified agar gel according to OUCHTERLONI 
was performed on a microscale using the standard L.K.B. equipment. In 
contrast to the original method 0.9 % agar gel in Na-diethylbarbiturate 
buffer solution (0.050 M, pH 8.6) was used for better diffusion of homo-
genates. The plates were incubated at 37° С during 36 hours in a closed 
humidified chamber. Centre wells and surrounding wells were filled with 
20 μΐ and 2 μΐ solutions, respectively. After diffusion, the slides were 
rinsed with 0.9 % NaCl solution for 24 hours, dried on filter paper, 
stained with Amido Black for 15 minutes, and fixed with 2 % acetic acid. 

II.B.4.3. Immuno-electrophoresis 

Immunoelectrophoresis was carried out according to the method of GRA
BAR and WILLIAMS using a L.K.B. immunophor apparatus. The con
centration of the agar gel was 1.3 % , the buffer 0.050 M Na-diethylbarbi
turate at pH 8.6. The reaction time was 24 hours in 0.9 % NaCl solu
tion, after which the preparations were stained with Amido-Black 10B. 

II.B.4.4. Polyacrylamide gel electrophoresis 

Serum from rats exhibiting an immunologically induced nephrosis was 
separated on Polyacrylamide gels using the PLEUGER Acrylophor model 
145 according to BLOEMENDAL (1963). 
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Rat serum was diluted 1 : 10 and 1 : 20 with physiologic saline, and 
from each dilution 5 μΐ were applied to the gel. Electrophoretic runs were 
carried out at 30mA and 120V during 50 minutes. Bromophcnol blue was 
used as an indicator. After staining with Amido-Black 10B and electro
phoretic destaining, protein patterns were inspected in the gel. 

II.B.4.5. SEPRATEK electrophoresis 

SEPRATEK electrophoresis (GELMAN) was carried out for separation of 
rat sera with the aid of SEPRAPHORE III cellulose-polyacetate mem
branes. After a run of 25 minutes at 160V the samples can be evaluated 
by scanning after staining with PONCEAU—S (0.5 g in 100 ml 5 0/o tri
chloracetic acid). 

II.B.4.6. Gamma-globulin con/ugation with FITC 

Gamma-globulins were salted out of rabbit anti-rat kidney serum with 
saturated ammonium-sulphate. The precipitate was centnfuged during 
15 minutes at 2500 rpm and dialysed against phosphate-saline buffer 
(0.1 M; 0.9 % NaCl; pH 7.2). 
SEPHADEX DEAE A-50 was swelled and equilibrated in phosphate-
saline buffer (P.B.S.) and packed into a 2/65 cm glass column at a 
temperature of 4° C. The dialysate was concentrated under vacuum by 
means of a SARTORIUS-filter system against P.B.S. to the original volume 
of 5 ml. After passing the fraction to the SEPHADEX DEAE A-50 column, 
the gamma-globulins were eluted by phosphated saline buffer. 
A fraction collector (L.K.B. Stockholm) combined with a U.V. absorption 
meter (ZEISS M 4QIII), served for the collection of 2.5 ml fractions. The 
fractions containing the protein peak were then reconcentrated by means 
of a SARTORIUS-filter system to an amount of 2 ml and subsequently 
lyophilized. The lyophilized eluate was dissolved in 5 ml carbonate-bicar
bonate buffer (0.50 M; pH 8.6), and the protein content determined 
spectrophotometrically by measurement at two different wave-lengths, 
3 0/o FITC was added and allowed to conjugate with the protein during 
24 hours at 4° С 
Thereafter, any remaining free dye was removed by passing the FITC 
conjugated protein through a SEPHADEX G-200 column equilibrated 
with 0.10 M P.B.S., pH 7.0 at 4° С 
Fractions of protein-conjugated FITC were collected and concentrated 
under vacuum to an amount of 5 ml which was then lyophilized to be 
stored at —20° С until used in quantities of 10 mg protein/ml. 

II.B.5. CLINICAL CHEMISTRY 

II.B.5.1. Electrolytes in sera and urine samples from both rats and mice 
were determined using an EPPENDORF flame photometer. Solutions of 
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0.9 mM Na' plus 0.08 mM K+, and 0.2 т М Na+ plus 0.02 mU K+, 
respectively, were used as standards. All determinations were measured 
in triplicate. 

II.B.5.2. Creatinine was determined according to the method of BROD and 
SIROTA (1948), suitable dilutions of sera and urines were 1 : 10 and 
1 : 100, respectively. 

II.B.5.3. Protein was determined in urine and serum according to the 
method of LOWRY and ROSENBROUGH (1951). 

II.B.5.4. Enzymes in amniotic fluid were assayed using BOEHRINGER test 
combinations for the following enzymes : acid phosphatase, alkaline 
phosphatase, isocitrate dehydrogenase and lactate dehydrogenase. Total 
ATP-ase and Mg*1' ATP-ase was asayed in media containing Na~, K+ and 
Mg++; and Na+, Mg++, plus ouabain, respectively, as will be described in 
section II.B.7.3. 

II.B.6. BIOCHEMICAL METHODS 

II.B.6.1. Tissue preparation homogenates. Aqueous homogenates of usually 
10 0/o (w/v) were prepared from kidney tissue from rats, mice, and dogs 
at 0° to 4° С in POTTER-ELVEHJEM tissue grinders. The homogenate 
was shell-frozen in receivers in amounts of 2.5 ml, lyophilized, and stored 
at —20° С in a dessicator over granular phosphorus pentoxide (GRA-
NUSIC) until assayed. Small acounts of these homogenates were allowed 
to come to room-temperature while kept over SILICA GEL, and then 
accurately weighed on an electrobalance. The weighed materials were 
suspended in double distilled water in a ratio of 1 mg : 1.5 ml. Aliquots 
of 0.10 ml of this suspension were mixed with 3.00 ml of the assay 
medium to final concentrations of 22.22 μ£ dry weight/ml or 0.08 - 0.09 mg 
original wet weight/ml. 

Foetal kidneys were weighed entirely, after lyophilization and storing at 
—20° С over SILICA GEL in dissection holders. For quantitative deter
mination concentrations of 22.22 μg/ml substrate medium were prepared. 

II.B.6.2. Tissue preparation for quantitative histochemistry 
Immediately upon removal from the body the kidney was decapsulated, 
and a median segment measuring about 0.4 - 0.5 cm containing all zones 
from the cortex to the renal papilla was dissected out and immersed in 
isopentane, cooled by liquid nitrogen. The rapidly frozen specimen was 
then placed on a thin layer of O.T.C. Tissue Tek Compound covering the 
top of a microtome sample holder which was then frozen solid by com
pressed carbondioxyde. Cryostat sections were cut at 16 μπι, this being 
the most suitable thickness for dissecting out renal micro-structures. Every 
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third section was placed on a microscopic slide and taken out of the 
cryostat. By warming up the underside of the slide the sections were 
thawed and fixed to the glassslide. Thereafter the thawed sections were 
fixed with 100 % ethanol for 3 minutes, dipped in xylene and hydrated in 
descending alcohol solutions to a final bath of double distilled water and 
stained with the P.A.S. method, as used for paraffin embedded sections. 
The previous and ensuing section of every third cryostat section were 
placed in the numbered well of a section holder according to LOWRY. 
After inserting the section holders in a tube containing solid carbon 
dioxyde, the sections were then lyophilized overnight and stored under 
vacuum, with added SILICAL GEL at —20° C. Corresponding stained 
sections studied with a normal light microscope served for topographical 
identification of structures to be dissected out of freeze-dried sections. 
This method facilitated not only the recognition of glomeruli, but also 
the identification of various tubular structures. 

These units were then dissected out free-hand with hypodermic needles 
(MONOJECT). For glomeruli and arteriae arcuatae 25 gauge (5/8 inch), 
and for tubular structures 27 gauge (1/2 inch) needles were used 
(B IMPORT No 81). 

II.B.6.3. Quantitative histochemistry 

The specimens were weighed on a quartz-fibre „fish-pole" balance. All 
manipulations of loading and unloading the fibre balance was controlled 
stereomicroscopically. Between the stereomicroscope and the balance-
housing was a specimen holder standard constructed out of a microscope 
mechanical stage with an ajustment for moving the specimen holder both 
horizontally and vertically. A vertical, fine divided scale was placed in the 
ocular of the stereomicroscope, facilitating the reading of the displacement 
of the quartz-fibre after loading with dissected specimens. The quartz-fibre 
balance is not available commercially and was constructed and calibrated 
individually. A hollow quartz-fibre (HANAU, imported by HAEREUS) 
12 μπι in diameter was used. The fibre was fixed on a glass-pin and 
enclosed in a glass housing. To avoid electrostatic phenomena, recrystal-
lized uranyl acetate was placed into the glass-housing. Calibration was 
performed with quinine-НВг kept over SILICAL GEL during 24 hours. 
To obtain suitable crystalst the quinine-НВг was recrystallized twice. The 
quartz-fibre characteristic was found to be linear in relation to the sample 
weight over a range of 9-150 nanogrammes. A sensitivity and reproduci
bility of 9.8 nanogrammes per division was found. 

II.B.6.4. Ultra-micro enzyme assay of dissected tissue specimen 

Micro-test tubes (internal diameter 3.5 mm) were loaded with a small 
volume of substrate reagent. Precisely weighed tissue specimens were trans
ferred to these test tubes under the dissecting microscope, using a solid 
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glass needle. Generally, the reaction was carried out in glass micro-test 
tubes and subsequently pipetted into polyethylene disposable tubes (sec
tion II.B.7.) (MILIAN INSTRUMENTS S.A. SWITZERLAND, Geneve. 
Type : E.E.T. 23). Dissection, weighing and transfer of tissue fragments 
was carried out in an air-conditioned room maintained at a temperature 
between 18° and 21° С and a relative humidity between 30 - 35 % 
(DAIYA MITSUBISHI INSTRUMENTS). 

II.B.7. ENZYME ASSAYS 

Enzyme asays were done on both whole kidney homogenates (standard 
method) and on isolated kidney micro-structures (micro-method). In both 
cases the same substrate media were used. However, in micro-methods 
0.2 % bovine serum albumin (Armour Chemical Co.) was added to the 
media (DUBACH and RECANT, 1962) using one hundredth of the volume 
used in standard assays. 

II.B.7.1. Alkaline phosphatase 

For the determination of alkaline phosphatase, para-nitro-phenylphos-
phate (p-NPP, 4.7 mM) was used as a substrate. The substrate medium 
contained 0.5 M 2-amino-2-methyl-propanol-l-HCl (A.M.P.) as a buffer 
(pH 10.00), 2 mM MgCU and, in micro-assays only, 0.2 % bovine serum 
albumin (B.S.A.) (BONTING et al., 1960a, b; POLLAK and MATTEN-
HEIMER, 1962; DUBACH and RECANT, 1960). Micro-structures were 
inserted into glass micro-test tubes containing 5 μΐ of the substrate medium. 
After incubation at 37° С in a water bath for 60 minutes the reaction 
was stopped by adding 50 μΐ 0.1 N NaOH, and the extinction read at 
410 nm against water in a ZEISS spectrophotometer P.M.Q. II. Enzyme 
blanks and a suitable standard of 0.015 mM and 0.030 mM para-nitro-
phenol, respectively, were also assayed. Whole kidney homogenate was 
assayed in an amount of 22.22 μg original dry weight per ml substrate 
medium (Section II.B.6.1.). After incubation, 10 ml of 0.1 N NaOH was 
added and read as above. 

II.B.7.2. Acid phosphatase 

The substrate medium contained 0.2 M succinate (pH 5.45), 2.92 mM 
MgCl2, 0.2 % B.S.A., 9.35 mM EDTA and 16.66 mM para-nitro-phenyl-
phosphate. For micro-asays an amount of 5 μΐ was placed into the micro-
test tubes to which 125 μΐ 0.1 N NaOH was added to stop the reaction 
and allow colour development. Enzyme blanks were added, and 0.250 mM 
and 0.125 mM para-nitro-phenol, were used as standard solutions respec
tively. Incubation and reading were carried out as described for alkaline 
phosphatase. For whole kidney homogenate determination the quantities 
were : 0.3 ml substrate medium and 5 ml 0.1 N NaOH. 
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И.В.7.3. Adenosine tri-phosphatase 

Stimulation by Sodium (Na+) and Potassium (KT) ions and inhibition of 
Na+-K+ stimulated ATP-ase by ouabain or deficient media were the starting 
point from which Na+-K+ stimulated ATP-ase could be determined. For 
determination of both Magnesium dependent ATP-ase (Mg++ ATP-ase) 
and Sodium-Potassium stimulated ATP-ase (Na+-K+ ATP-ase) the method 
followed was a modification of a method described by BONTING et al. 
(1961), using the substrate media listed in Table 1. 

TABLE 1 

Chemical composition of the various substrate media 
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Determination of enzyme activity after incubation in each of the above 
substrate media (A - E) was carried out in three aliquots of 0.5 ml con
taining 11.11 μg original dry weight of kidney tissue. Another three 
aliquots remained temporarily at a temperature of 0° С in a water/ice 
bath, serving later as enzyme blanks. After 60 minutes incubation, 2.5 ml 
trichloro acetic acid 10 % (w/v) was added, and, after mixing and centri-
fuging, 2.0 ml aliquots of the supernatant were transferred to other test 
tubes. Then 2.0 ml of a colour reagent was added. The resulting colour 
was read after 20 minutes and within 120 minutes at 700 nm in a ZEISS 
spectrophotometer (P.M.Q. II). The colour reagent was prepared after 
FISKE-SUBAROW : 400 mg Fe.S04 in 5 ml of a 1 % NH4-molybdate 
solution in 1.15 N H2SO4. For ultramicro-enzyme determination the same 
procedure was followed using medium A (complete medium) and medium 
E (incomplete medium) only. Aliquots of substrate placed in glass micro-
test tubes before inserting kidney micro-structures were 10 μΐ for both 
media. Incubation time was 60 minutes at 37° C. The reaction was stopped 
with 30 μΐ of a 10 % (w/v) trichloro acetic acid. After mixing and centri-
fugation (JANETZKI MICROCENTRIFUGE Th II) aliquots of 30 μΐ 
were transferred to other polyethlylene micro-test tubes, with the addition 
of 30 μΐ of the colour reagent to each tube (FISKE and SUBAROW, 1925). 
The resulting colour was read against water at 700 nm in a spectrophoto-
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meter ZEISS P.M.Q. II, with special equipment for LOWRY-BESSEY 
micro-cuvettes. In all enzyme assays (section ІІ.В.7Л. - II.B.7.3.) activity was 
expressed as moles of phosphate split per kg dry weight per hour at 
37° C, shortly referred to as M.K.H. 

II.B.7.4. Adenosine tri-phosphatase determinations in amniotic fluid were 
done by determining total and Mg++ ATP-ase using media A and E (sec
tion II.B.7.3.). The enzyme activity was not calculated in M.K.H. but 
expressed in mU/ml amniotic fluid. 
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CHAPTER III 

RESULTS 

III.A. DEVELOPMENT OF PHOSPHATASES IN FOETAL KIDNEYS 

The development of the enzyme pattern in both foetal and postnatal 
kidneys was investigated between the 16 l h embryonic day and the 3 r d 

postnatal day. The enzyme distribution pattern in various kidney zones 
was studied by means of topographic assays. In whole kidney homoge-
nates developing enzyme activity was determined quantitatively by bio
chemical methods. 

III.A.l. Specific materials and methods 

Twenty pregnant Wistar rats were selected for this study. Beginning with 
the 16 t h embryonic day 2 rats were sacrificed and the foetuses removed 
every 12 hours (9.00 a.m. and 21.00 p.m.). Six foetuses were used and 
selected at random from rats bearing 7 or 8 foetuses. Rats bearing more 
than 8 foetuses, as well as obviously monozygotic and dizygotic twins were 
excluded. From 6 foetuses the left kidneys were weighed directly after 
preparation on a R.I.I.C. 500 electro-balance. These kidneys were then 
exposed to a temperature of 98° С during 48 hours and weighed again to 
determine the dry weight (Fig. 4). 
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For determination of enzyme activity of amniotic fluid, the amniotic 
cavity was punctured with a Monoject needle gauge 25, 5/8 inch. The 
amniotic fluid was then transferred to microtest tubes and diluted 1 : 1 
with double distilled water. Amniotic fluid could be aspirated until the 
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20 l h da>. Thereafter, the fluid was converted into a jelly. Each foetus and 
neonatus was weighed and its length measured from the crown to the 
tail root (Fig. 5) 
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After decapitation the kidneys were removed under a dissecting microscope 
and stored in cooled section holders (according to LOWRY) as used in 
ultra-microdissection procedures. The right kidneys served for histo-
chemical purposes, while the left kidneys were used for physiological and 
biochemical assays. In the morning hours of day 22 of foetal life all 
foetuses were born. Therefore, days 23 post conceptioncm could be con
sidered as the first day in rat neonatal life. 
There was no need to investigate male and female foetuses separately 
(DEIMLING and BAUMANN, 1964, DEIMLING and NOLTbNIUS, 
1964, DEIMLING et al., 1967), since sex differences in the distribution of 
phosphatases in the various kidney /ones appear not to occur before the 
29 ι" and 35 l h day post partum (MÜHLENbELD, 1969). 

III.A.2. Physiological data 

Body weight decreased from the 16"' till the midle of the 19th embryonic 
day, after which it increased until birth. During the first and second 
postnatal day the body weight decreased again, but only very slightly 
(Fig. 6). 
In contrast to the body weight the length of the foetus increased from 
the 16 ι" day of embryonic life till birth (morning of the 22'"' day post 
conceptioncm). Thereafter, it remained fairly stable during the first and 
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second day of postnatal life (Fig. 5). 
From day 16 to 18 of embryonic life the kidney wet weight increased only 
very little. Thereafter, the increase was more distinct and showed a 
remarkable rise just before birth, between day 20 and 21. Surprisingly, in 
new born animals the kidney weight was somewhat lower (mean about 
33 mg) than during the last prenatal day (mean about 35 mg). However, 
a further rapid increase was noticed 36 hours later and during the ensuing 
days. Due to the minuteness of specimens, kidney dry weight of 16 and 
17 days old foetuses could not be determined satisfactorily. Whereas wet 
weight showed an increase on day 19 and 20, kidney dry weight 
remained almost the same during this period. Fluctuations in wet weight 
immediately after birth do not go along with changes in dry weight which 
exhibit a gradual slow increase. Whereas the wet weight is higher in the 
evening than in the morning (except for the day of birth) kidney dry 
weight is lower in the evening during both the pre- and post-natal period 
(except for day 18 and 19). 

III.A.3. Enzymatic data 

ΠΙ.Α.3.1. ENZYME ACTIVITIES IN AMNIOTIC FLUID 

Amniotic fluid was collected from the amniotic cavity of each studied 
foetus, beginning on day 16L" of embryonic life until day 211'1, when the 
fluid becomes gelatinous. Amniotic fluid of the 6 amniotic cavities of one 
rat were pooled, and the following enzymes determined : acid-phosphatase, 
alkaline-phosphatase, total adenosine tri-phosphatase, Mg++ adenosine 
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tri-phosphatase, lactate dehydrogenase, iso-citrate dehydrogenase (abbre
viated respectively as acid P-ase, alk. P-ase, total ATP-ase, Mg++ ATP-ase, 
L.D.H., I.C.D.H.) (Fig. 7). 
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Mean acid P-ase activity was initially high, but decreased during foetal 
life, with a sharp decline on dav 19 In contrast, mean values of alk P-ase 
showed an increase with a maximum on day 19 The high initial total 
ATP-ase activity at the end of day 16 was followed by a dip at the end 
of day 17, after which a gradual increase could be noted The en/vme 
actiMty of Mg++ ATP-ase showed a similar pattern, including the distinct 
increase in activity between day 17 and 20 

Lactate dehydrogenase, barelv measurable on day 16, exhibited high 
actmty on day 17 and 18 and a dibtinct dip during the course of day 19. 
Thereafter, the activity increased again 

Iso-cttrate dehydrogenase showed a slight increase between the 16 ι" and 
19Ul day, and a remarkable rise on day 20 of embryonic life. 

Ill A3 2 FNZYMA1IC PATTFRN IN KIDNtYS 

In the foetal kidney development of enzymatic activity and topographic 
distribution in various kidney /ones was studied by means of histo
chemistry and biochemistry. 

Histochemistry 

On the 16"' and 17Ul embryonic day no enzyme activity could be deter
mined Enzyme activity was first noted on the 18Ul day post conceptionem 

Alkaline phosphatase (Figs. 8a - f) 

On day 18 some enzyme activity was detected in the juxtamedullary 
region, very low activity, mainly indicating the alkalme-phosphatase 
positive capillary walls, was seen in tubular structures which later reacted 
distinctly. On day 19 a distinct alkalme-phosphatase positive reaction could 
be observed in the juxta-medullary convoluted tubules, while a slight hint 
of enzymatical activity within the pelvical lining epithelial cells is given. 
On day 20 a developing alkaline phosphatase positive brush border in the 
proximal convoluted tubules indicated the onset of differentiation between 
proximal and distal convoluted tubules At this time a weak „colouring" 
indicated the distribution of papillary ducts (ductus colligentes) within the 
foetal renal papilla. On day 22, ι e. just before birth, tubular structures 
penetrating the medullary zone were noted, a distinct tubular pattern 
could now be distinguished, as a result of a more detailed en/ymatic 
differentiation of the various tubular structures. On day 25, three days 
after birth, generally both the distribution and the intensity of the tubular 
alkalme-phosphatase activity did not differ essentially from results obtained 
just before birth Only the papillary zone exhibited a stronger enzymatical 
actmty due to the more intensely reacting papillary ducts Three days 
after birth first indications of a faint alkalme-phosphatase activity of 
the glomeruli could be noted 
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Glucose-6-phosphatase (Figs. 9a - с). 

Except for a very faint indication of glucose-6-phosphatase activity in the 
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Fig. 9. Glucose-6-phosphatase in the foetal and early post-natal rat kidney, a) 18 l h - ; 
b) 20"' day of foetal life; c) I м post-natal day (a) and b) 60 χ and c) 40 x, respectively). 



juxta-medullary tubular structures on day 18, and in addition a more 
intense activity in the capillary walls on day 19, this enzyme could be 
satisfactorally indicated only at the time of birth (day 22). Thereafter 
G-6-P-ase is most clearly demonstrable in the differentiated juxta-
medullary tubules. During the first post-natal days no remarkable changes 
were observed concerning distribution and intensity of G-6-P-ase. 

Adenosine tri-phosphatase (Figs. 10a - b). 
A very slight activity of unspecific adenosine tri-phosphatase was first 
demonstrable one day before birth in structures apparently belonging to 
the convoluted tubular system. A somewhat intenser enzyme activity was 
observed on the 3 rd post-natal day, particularly in juxta-medullary glo-

Fig. 10a Fig. 10b 

Fig. 10. Adenosine tri-phosphatase in the foetal and early post-natal rat kidney, a) last 
foetal and b) first post-natal day (60 x). 
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meruli. Although enzyme activity was demonstrable, too, in tubular 
membranes and in the capillary walls, the proximal- and distal-tubular 
systems could hardly be distinguished. ATP-ase activity was almost absent 
in the papillary ductules. Two enzymes were chosen to study cell meta
bolism and cellular respiration : iso-citrate dehydrogenase (I.C.D.H.) and 
lactate-dehydrogenase (L.D.H.). 

Iso-citrate dehydrogenase (Figs. 11a - b). 

Iso-citrate dehydrogenase activity could first be shown to occur in the 

Fig. 11. Iso-citrate dehydrogenase in the foetal kidney. 
a) aO"1- ; b) 2 1 B t day of foetal life (25; 60 χ respectively). 
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juxta-medullary tubular structures two days before birth. The straight 
portions of the convoluted tubules as well as the collecting tubules 
exhibited slight activity. On day 21, i.e. just before birth, the enzyme 
activity increased very markedly also involving structures which were 
only slightly active the day before. The increased activity involved also 
the papillary ducts (ductus colligentes) and the elongated loops of HENLE 
within the papillary region. On day 22, i.e. immediately after birth, the 
enzyme appeared to be more localized and was more precisely distributed 
on intracellular structures. However, the intensity of enzyme activity did 
not seem to increase, when estimated three days after birth. 

Lactate dehydrogenase (Figs. 12a - d). 

Apart from heart L.D.H., the rat kidney is very rich in activity, as observed 
in adult animals. On day 18 of embryonic life first indications for L.D.H. 
activity could be observed. The enzyme was mostly distributed in the 
few tubular structures extending into the kidney zone, which will later 
differentiate into the medullary zone. 
In both the walls of blood vessels and in the epithelial structures marking 
the developing pelvic area the enzyme could also be detected. Until birth 
no further changes were observed. The day after birth (23 days post con-
ceptionem) proximal and distal convoluted tubules, as well as loops of 
HENLE, penetrating deeply into the renal papilla showed a distinct, 
positive reaction. Activity of L.D.H. was very weak in the straight portions 
of the tubular systems. The third postnatal day (25 days post conceptio-
nem) revealed a very strong L.D.H. activity of the whole tubular system, 
particularly of the straight portions and of the loops of HENLE. 

III.A.4. Biochemistry 

In foetal kidneys the following enzymes were determined quantitatively : 
alkaline-phosphatase; acid-phosphatase; glucose-6-phosphatase; Mg++ de
pendent adenosine tri-phosphatase and Na+-K+ stimulated adenosine tri
phosphatase. There were noticeable differences between results of histo-
chemical and biochemical investigations. Whereas histochemically most 
enzymes could not be determined before the 18"' day of embryonic life, 
biochemically the above mentioned enzymes were demonstrable already 
on day 16, with one exception : glucose-6-P-ase. Neither during the 
following days of intra-uterine life nor even immediately after birth, did 
biochemical assays reveal noticeable G-6-P-ase activity. This is in contrast 
to the clear increase in activity as shown by histochemical methods. 
Therefore, the development of this phosphatase in the various kidney 
zones and structures was analyzed qualitatively only. Biochemical tests 
revealed alkaline-phosphatase already on day 16 of the intra-uterine life 
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(Fig. 13). On day 18 and 19 the activity was quite distinct, although 
histochemical methods revealed only week alk. P-ase activity. Correspon
ding to an extended intensified histochemical distribution, the biochemi-
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cally determined activity increased also. The increase was even more 
distinct, and reached a peak, just before birth; after which a sharp 
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decrease was noted. This distinct decline was indicated in histochemical 
preparations. From results summarized in Fig. 5 a canonic diurnal rhythm 
can be deduced. Before birth the morning values were lower (except for 
day 16) than the evening values. After birth the evening values were found 
to be lower than the morning values, except on the day of birth. 
Daily variations in activity of acid-phosphatase (Fig. 14) are inverse to 
those of alkaline-phosphatase; the activity is higher in the morning than in 
the evening (except for day 20) before birth. After birth the evening values 
are higher than the morning values, except for the day of birth. In 
contrast to biochemical results, this enzyme could not be detected 
histochemically during this period. 
Biochemical activity of Mg++ ATP-ase and Na+-K+ ATP-ase (Fig. 15) 
could be assayed already on day 16, whereas histochemical tests did not 
reveal non-specific ATP-ase before day 21. Total ATP-ase remained fairly 
stable between day 16 and 19 of intra-uterine life. Thereafter, the 
activity first increased until one day after birth, and decreased again on 
the ensuing days. 
In general, the Mg'" ATP-ase followed the course of the above described 
total ATP-ase. However the Na~-KH ATP-ase showed an increase on day 20 
and remained almost stable till one day after birth. The activity of Na+-K* 
ATP-ase decreased markedly on the third day after birth. Whereas the 
morning values of Na+-K+ ATP-ase gradually increased until the first day 
after birth and then decreased, Na'-K^ ATP-ase showed a somewhat 
irregular course during the evening. 
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III.A.5. Discussion 

In rats the proportional increase in kidney weight is larger than that in 
body weight during the first two to three weeks after birth (KITTELSON, 
1917). This spurt of growth is due to an enlargement of the medullary 
region (KITTELSON, 1917), while the volume of the renal cortex increa
ses correspondingly (JERUSALEM, 1963). Thereafter the kidney growth 
rate decreases and finally becomes less than that of the whole body 
(JERUSALEM, 1964). At birth the number of glomeruli is not yet com
pleted, but by neo-genesis of branching tubules the formation of glo
meruli is induced from the metanephric blastema up to about 35 days 
postpartum (ARATAKI, 1925). Subsequently the diameter of the glome
ruli increases about twofold. In female animals both the number and the 
diameter of glomeruli increase to a lesser extent (ARATAKI, 1925). 
FALK (1955) assumed that during the first 2 weeks of postnatal life the 
number of nephrons doubles, and the tubular length appears to increase 
by about 20-fold (SMITH, 1951). 

There are indications that the kidney of the rat embryo starts to function 
about the 19th day of embryonic life (FALK, 1955; MANGIONE, 1957; 
McCANCE, 1948; McCANCE and YOUNG, 1941; McCANCE and 
WIDDOWSON, 1960; MÜHLENFELD, 1969), and not 16 hours previous 
to delivery as stated by WELLS (1946 a, b). 
GINNSBURG and WILDE (1954) studied the development of tubular 
function, particularly their concentrative power by means of KA2 isotope 
techniques. In the adult rat the uptake of isotope was found to be almost 
exclusively restricted to the cortex (MOREL and GUINNEBAULT, 1956), 
since potassium is reabsorbed from the proximal convoluted tubules and 
may be excreted in the distal ones (WALKER et al., 1941). However, in 
the foetal kidney and up to two weeks after birth the injected K42 isotope 
showed no preferential localisation (BEARN and HARRIS, 1961). There
fore, it may be concluded that the foetal and the early postnatal kidneys 
still lack concentrative mechanisms and produce a hypotonic urine 
(BAXTER and YOFFEY, 1948). 

Most authors define „kidney function" as the potency of the nephric unit 
for ultra-filtration of urine, rather than the ability of the tubular system 
to concentrate or to vary the composition and the volume of urine, 
respectively. In contrast to results obtained with K42 isotope by GINSS-
BURG and WILDE (1954), the onset of the function of foetal kidney cannot 
be defined sharply from results of histochemical and biochemical studies. 
Alkaline phosphatase activity is occasionally demonstrable at the developing 
brush-border of the tubular system shortly before the 19l" day of embryonic 
life. Other enzymes, too, appear to come into the picture gradually and 
not at a sharply defined period of maturation. 
The first occurrence of membrane bound enzyme activity involved in 
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reabsorption and secretion processes may indicate the first step in selec
tive kidney function. It can be assumed that morphologically developed 
nephrons are present already during earlier stages of embryonic life. 
Ultrafiltration of urine is apparently independent of histochemically 
demonstrable alkaline phosphatase activity, since even glomeruli of adult 
animals show only week activity in comparison with the surrounding 
structures. Ultrafiltration of primary urine may start earlier than might 
be supposed from the developing enzyme pattern. 
In cases of congenital polycystic kidneys in newborn children the kidney 
may contain only small amounts of hypoplastic renal tissue and a reduced 
number of nephrons besides an excessive amount of interstitial connective 
tissue. These changes are apparently not the result of functional deterio
ration during the ultimate prenatal period, but point to a course of 
events of longer standing. There are other indications of early renal 
patency. McCANCE and WIDDOWSON (1960) assumed that the foetal 
kidney is primarily responsible for the production of amniotic fluid and 
the control of its volume. In cases of renal agenesis the amniotic fluid may 
even be absent (BATES, 1933; POTTER, 1952; CROCHER et ai, 1971). 
Of course, amniotic fluid is produced much earlier thant he functional 
properties of the metanephros are assumed to mature. Results described 
in this chapter may support this assumption. The rise and fall of kidney 
en7)me activity was reflected in changes in enyyme activity of the 
amniotic fluid until the very moment at which the fluid was converted 
into a jelly just before birth. It remains an open question by which 
mechanisms the enzymes pass into the amniotic fluid and from which 
structures they may derive. If these results could be confirmed in other 
models, renal function during pregnancy might be gauged from enzyme 
activities in the amniotic fluid. 
There is no doubt that for some time after birth the urine is hypotonic 
(McCANCE and YOUNG, 1941). Although the release of antidiuretic 
hormone can be demonstrated already 3 days after birth, appropriate 
target structures appear to be too immature at this time to conduct 
specific kidney function, i.e. selective concentration and regulation of the 
volume of the urine. Gradually increasing glucose-6-phosphatase activity 
is concerned with the energy supply, and may indicate a gradual develop
ment of concentrative power. The process of functional maturation 
appears to be completed not earlier than 6 to 8 weeks after birth and to 
be correlated with the occurrence of enzymatically demonstrable sex 
differences (SCHIEBLER and MÜHLENFELD, 1966). 
It has been found to be impossible to arrive at a satisfactory explanation 
for the sharp increase in activity in most enzymes just before birth, and 
the decrease immediately thereafter. Similar results were reported by WAC
KER et al. (1961) for alkaline phosphatase. Possibly, enzymes are tempo
rarily stimulated by hormonal influences in connection with the process 
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of delivery. However, the influence of particular growth spurt can not be 
excluded. 
This holds true particularly for alkaline phosphatase, Mg+1 dependent 
ATP-ase, and the Na--K+ ATP-ase (BAKKEREN et ai, 1970). These 
enzymes exhibit a higher activity during diurnal hours. Since rats are 
most active during the night (BROWMAN, 1937), nocturnal suckling 
may induce increased enzymatic activity during the following diurnal 
period as a reflection of food digestion and subsequent reabsorption 
and'or excretion of waste products in and by the kidneys. FULLER and 
SNODDY (1967) showed an inverse rhythm when animals were fed 
during the day. However, the aforementioned results clearly demonstrate 
a circadian rhythm already in foetal rats, which may be independent of 
the uptake of food. (Fig. 15). 
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III.B. PHOSPHATASES IN ADULT NORMAL RAT KIDNEY IN 
RELATION TO POTASSIUM DEFICIENCY 

III.B.1. Specific materials and methods 

Two groups of 15 animals each were kept on a potassium free diet 
(HOPE FARMS). The animals were housed in groups of 3 at constant 
room temperature and constant relative humidity. Since administration 
of a potassium free diet was only possible in the form of a thick, almost 
dry porridge, the animals were trained to use this form of food and were 
kept on a porridge prepared from the normal pelleted diet three days 
prior to the experiment. The animals of the first group (A) were fed a 
potassium free diet only (in graphs later referred to as K+ free diet) and 
had free access to distilled water. The animals of the second group (B) 
were fed a potassium free diet plus an extra load of sodium (in graphs 
later referred to a K+ free Na+-loaded diet), administered as physiologic 
saline solution in distelled water to which they had free access. A group of 
15 animals served as controls and was kept under normal standard con
ditions. They were fed a normal standard laboratory diet, administered in 
the form of a thick porridge. The animals had free access to distilled water. 
The experimental period was 56 days. Food and fluid intake were 
initially measured daily until after about 15 days a constant uptake was 
noted. In the beginning of the experiment the body weight of the animals 
was almost uniform at between 180 and 200 g. Urine was collected during 
a 24 hours period on days 11 and 13 as well as on days 53 and 55. 
(For this study the animals were placed in metabolic cages during these 
days and allowed to recover in the usual environment on days 12 and 54). 
Blood smears were prepared from the tail vein blood at the end of the 
experiment. Immediately after sacrificing the kidneys were removed, 
decapsulated and prepared for histological and biochemical investigation. 

III.B.2.a. General features 

At the end of the experimental period rats exclusively kept on K+ free 
diet (group A) were in bad health, whereas the animals of group В (K+ 

free diet with an additional NaMoad) appeared to be less affected. In 
both groups the animals exhibited a remarkable loss of hair, lacked 
whiskers, and revealed an extensive scaliness, particularly of the tail. The 
animals were lazy and distinctly inactive. Their skin was slack and 
wrinkled. 

III.B.2.b. At necropsy the intestine appeared stuffed with scybala. The 
liver was enlarged with blunt edges. Liver and lungs exhibited some 
nodularity and several pale spots with dark-red coloured surroundings. 
The perirenal fat had disappeared and the kidneys were flabby. The 
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capsula renalis was not easy to strip off. There was some ascites in the 
abdominal cavity. The blood was distinctly thinner and less viscous 
than in normal controls. 

ІІІ.В.2.С. Physiological data 

Food and fluid intake during the first 4 days and the ensuing 10 days 
are given in Table 2. 

TABLE 2 

Food in g 
Fluid in ml 

Group 
day 1-4 

6.60 
9.50 

A 
5-15 

7.91 
17.10 

Group 
day 1-4 

6.97 
18.00 

В 
5-15 

7.91 
20.00 

Normal 
day 1-4 5-15 

7.05 8.10 
32.10 36.10 

Intake of nutrients during the first period of K+ free diet. 

Urine production during two periods of 24 hours, measured with 24 hours 
in between, 10 days after the beginning of the experiment and at the end 
of the experiment are noted in Table 3. The flame photometrically deter
mined electrolytes contents of the collected urine specimens are given 
also in the same table. 

TABLE 3 

Group A Group В Normal 

day 13 55 day 13 55 day 13 55 

Urine 9.29 3.92 9.80 1.80 5.50 7.34 
ml/24 h ± 3.40 ± 0.80 ± 1.80 ± 0.50 ± 1.67 ± 1.55 

Na+mEq/ml 32.00 50.00 32.00 62.00 28.90 27.80 
± 4.40 ± 3.00 ± 5.50 ± 1 . 8 0 ± 2.90 ± 2.80 

K+mEq/ml 8.00 5.10 4.00 4.80 37.60 36.80 
± 2.10 ± 0.60 ± 0.60 ± 0.60 ± 2.80 ± 2.70 

Urine volume (ml/24 h), sodium and potassium excretion after a period of respectively 
13 and 55 days of K+ free diet. Mean values are given, with the standard error of the 
mean (S.E.M.). 
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Fig. 12. Lactate dehydrogenase in foetal and early post-natal life. 
a) 18111 day of foetal life (25 x). 
b) and c) 1 s t post-natal day (25 x). 
d) З''·1 post-natal day (15 x). 
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The body weight at the end of the experiment, the weight of right and 
left kidney, and the ratio : body weight/total kidney weight is given 
in Table 4 

TABLE 4 

Kidney weight 
in mg 

Body weight 
in g 

B.W. 
1̂  

tot.K.W. 

Group A 

R. L. 
851.70 792.70 

195.50 

118.90 

Group В 

R. L. 
860.00 859.90 

198.20 

115.40 

Controls 

R. L. 
802.50 797.50 

235.00 

146.90 

Body weight, weight of right and left kidney, and the ratio of body weight to total 
kidney weight at the end of the experiment. 

III.B.Z.d. Histology 

B l o o d 

Blood smears prepared immediately before sacrificing showed little changes 
in animals fed a K+ free diet with an extra load of Na+ (Group B). There 
was some microcytosis, occasionally anisocytosis and poikilocytosis 
(Fig. 16). 

.•^••••••USÄe··*' 
Fig. 16. Blood smear prepared from a K+ deprived animal (235 x). 
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In animals fed a K+ free diet only (Group A) particularly erythrocytes 
exhibited distinct pathological changes, general macrocytosis, arcanthosis, 
and target cells (Fig. 17). 

Fig. 17. Blood smear prepared from a K+ deprived, Na+-loaded animal (235 x). 

K i d n e y s 
In kidneys of animals of the K+ deprived NaMoaded group (Group B) 
several histopathological changes could be observed (for comparison with 
normal kidneys see Figs. 18-19). 

Fig. 18. Glomerulus of a normal rat (P.A.S. reaction, 235 x). 



Fig. 19. Papillär tubular distribution of a normal rat (P.A.S. reaction, 135 x). 

There were glomerular aberrations such as irregular swelling of the base
ment membrane, increase in number of nuclei, and adhesion of podocytes 
to the capsula parietalis. Most tubules in the cortex appeared to be 
oedematous, while in the papilla tubules and ductules were wrinkled and 
shrunken (Fig. 20). Whereas in these kidneys the border between cortex 

Fig. 20. Papular changes in a K+ deprived, Na+-loaded animal (P.A.S. reaction, 25 x). 



and medulla appeared normal, the transition from medulla into the papilla 
was pronounced because of a slight oedema of the inner medulla and 
shrunken aspect of the papilla (Fig. 21). 

Pig. 21. Medullary changes in the same animal (JONES' silver imprcg. 235 x). 

Proximal and distal tubules were swollen and exhibited large basal vacuoles 
filled with a hyaline substance, while in the tubular lumen hyaline casts 
could be observed. There are indications of an increase in perivascular 
connective tissue. The collecting tubules showed hyaline casts of variable 
density. Occasionally, the loops of HENLE exhibited a thickened basement 
membrane and epithelial cell necrosis. Changes in kidneys of animals fed 
a K* free diet without extra Na+ (Group A) appeared to be more intense 
than in group B. The increase in perivascular connective tissue appeared 
to be more pronounced (Fig. 22), and the transition between the kidney 
zones was sharply defined (Fig. 23). 

Dilated arteriae arcuatae were obvious. Tubular lesions were more severe 
in both cortical and papillary region of the kidney. The proximal and 
distal tubules were swollen and exhibited large vacuoles at the basis of 

54 



Fig. 22. Interstitial changes in a K1" deprived animal (JONES' silver impreg. 145 x). 

Fig. 23. Accentuated transition between outer and inner medullary zone in a K+ deprived 
animal (JONES' silver impreg. 60 x). 
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the cell (Fig. 24). In these parts of the nephron and in the lining epithelium 
of the loops of HENLE epithelial cell necrosis was frequent. Furthermore 
the loops of HENLE contained numerous casts. 

Fig. 24. Distinct basal vacuolization of proximal tubular cells in K* deprived animals 
(P.A.S. reaction, 580 x). 

Fig. 25. Slight hvalinization of a glomerulus in a K+ deprived animal (P.A.S. reaction, 
235 x). 
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Glomerular lesions expressed as cloudy swelling of the basement mem
brane, increasing number of nuclei and some adhesive junctions with the 
capsula parietahs were noted. Occasionally, one may also observe initial 
hyaline degeneration (Fig. 25). 

III.B.2.e. Properties of the adenosine tn-phosphatase enzyme systems 

A number of characteristics of Na+-K+ adenosine tn-phosphatase were 
re-investigated on a variety of tissues to judge whether changes in medium 
composition, incubation temperature and pH e.g. were favourably modified 
for the adaptation to the special cases. 
The adenosine tn-phosphatase activity is composed mainly of two 
components : enzyme activity due to Na+-K+ activated adenosine tn-phos
phatase, and Mg++-dependent adenosine tn-phosphatase. The Na+-K+ 

ATP-ase system is characterized by the facts that the enzyme system 
needs for its activation besides Mg++ ions, both sodium and potassium ions. 

"We have investigated these properties, while the optimal incubation tem
perature, incubation time and the optimal pH of this system was also 
determined. It is known that the Na+-K+ ATP-ase system can be inhibited 
by cardiac glycosides, like ouabain and some alkaloids of which the 
inhibiting influence of procaine was investigated Furthermore, in normal 
rats the antagonistic influence of K+ ions on the inhibiting effect of 
procaine on Na+-K+ ATP-ase system, as well as the synergistic inhibitory 
effect of simultaneous ouabain and procaine administrations was studied. 
In the normal rat and in experimental animals the following investigations 
were carried out : replacement of K+ ions by NH 4

+ ions in this enzyme 
system, and the antagonistic influence of N H / ions on the inhibiting 
effect of procaine. Distribution of the Na+-K+ ATP-ase enzyme activity 
and, in addition, alkaline phosphatase and acid phosphatase in various 
kidney structures were determined by micro-dissection and ultra-micro 
enzyme chemistry (Chapter II.B.6. and II В 7.). Both Mg+ ' activated and 
Na+-K+ stimulated ATP-ase activities were determined by means of a 
modification of the method described by BONTING et al. (1961), using 
the substrates listed in Table 5 (for comparison of media A and E see 
Table 1 and chapter II.B.7.3.). 
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TABLE 5 

Chemical cc 

MEDIUM A 
ATP 2 
M g - 1 
K+ 5N;9A + B. 
Na+ 55N + A;40B. 
EDTA 0.1 
TRIS buffer 98 

(pH 7.5) 
Ouabain — 
(Procaine) — 

imposition 

В 
2 
1 

— 

of the various 

С 
2 
1 

5N;9A+B. 

substrate media 

D 
2 
1 

5N;9A + B. 
55N + A;40B. — 55Ν-1-Α;40Β. 

0.1 
98 

— 

— 

0.1 
153 

— 

— 

0.1 
98 

0.1 
(0.1) 

55N 

E 
2 
1 
— 

'-A;40B. 
0.1 

98 

0.1 
(0.1) 

All concentrations are expressed m mM 1, other ionic species : C b and CN-. In 
media A, B, D and E a disodium salt of ATP is used. In the medium С trissalt of 
ATP is used. 
N is representative for Normal, A for K - deprived and В for K+ deprived Na*-loadcd. 

III.B.3. More specific determination of the enzyme characteristics 

The effect of increasing Mg++ concentration from 0.0 to 6 mM, keeping 
the ATP level constant at 2 mM, is shown in Fig. 26 (for normal kidney 
tissue; K+ free NaMoaded diet and K+ free diet, Figs. 26 a, b, c, respectively). 
At a Mg++ concentration of 0.0 mM there was almost no activity in both 
normal kidneys and in kidneys of animals kept on K+ free diet; little 
activity was noticed in the K+ free NaMoaded group. Mg~+ ATP-ase 
activity was maximal at 2 mM Mg++ in the normal and K" free and 
between 2 and 3 mM Mg4"*· in the KH free Na"-loaded series. At routinely 
used concentrations of 1 mM Mg++ the activity of the Mg'" activated 
ATP-ase was about 5 % les in the normal, about 24 % less in the K+ free 
NaMoaded, 26 0/o less in the 1С free experiments. Na+-K+ ATP-ase activity 
was maximal in all experiments at 1 mM Mg*+. Thus, the optimal ratio 
Mg++ / ATP for the Na+-K+ ATP-ase system was 1/2. 

The influence of sodium on the Na*-K+ ATP-ase activity was measured in 
medium С to which increasing amounts of NaCl were added (0.1 -
100 mM) in the presence of 5 mM K+. The activation curves of normal, 
K+ deprived NaMoaded, and K+ deprived animals are shown in Fig. 27. 
Maximal activity was obtained in the normal rat kidney at 40 mM, in the 
K+ deprived NaMoaded at 25 mM, in the 1С deprived animals at 50 mM. 
At higher Na" concentrations the activity decreased 17 % in normal, 5 0/o 
in K+ deprived NaMoaded and 6 % in 1С deprived animals. Half maximal 
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Fig. 26 
Effect of Mg+ + concentration on the activity of 
Mg+ + ATP-ase (Z_ Δ ) and Na+-K" ATP-ase 
( · · ) m kidney homogenates of normal, K.* 
deprived Na+-loaded and K* deprived experi
mental animals. En/yme activities were mea

sured in media A and E, each containing 2 mM 
ATP. To medium E MgCl 2 was added (0.0 to 
6 mM). Medium E (lacking K+ plus IO - 4 oua
bain) showed Mg + + activity. Na+-K+ ATP-ase 
v\as calculated from the difference between the 
activities in medium A and medium E. 



activation occurred respectively at 6 m M in the normal, 4.5 m M in the 
K+ deprived Na"-loaded and at 7.6 m M in the K+ deprived group. 

enjyine aclrvi 'y тг "Ό 
oí total ΔΤΡ <-se г с і ^ -у 

SO 

-1С 

зс 

20 

10 

Fig. 27 , . . . _ 
го so 60 ее too 

Effect of increasing Na 4 concentration on Na+-K+ ATP-ase activity in homogenates of 
rat kidney tissue from normal, K+ deprived Na*-loaded and K+ deprived animals. 
Increasing amounts of NaCl were added to medium С (lacking Na + ), while the K+ 

concentration was kept constant at 5 mM in the incubation medium. 

The activation of the Na+-K+ ATP-ase enzyme system in the presence of 
increasing amounts of K+ was measured in medium В (lacking K+) by 
adding graded amounts of KCl, while keeping the Na+ concentration 
constant at 55 mM for normal and K+ deprived tissue, and at 40 mM for 
K+ deprived Na+-loaded tissue. Optimal activity was reached in the normal 
at 2.5 mM, in the K+ deprived NaMoaded at 7.4 mM and in the K+ 

deprived at 7.5 mM. Half maximal activation was respectively 
reached at 0.75 mM; 0.60 mM and 1.55 mM for normal, K+ deprived 
NaMoaded, and K+ deprived tissue. Potassium activation curves are 
shown in Fig. 28. In the normal rat kidney there was slight activity (3 0/o 
of Na+-K+ ATP-ase enzyme activity) without adding KCl. Presumably, 
this is due to slight activation of the enzyme by small amounts of intra
cellular potassium. There was no measurable activity at K+ concentration 
of 0.0 mM in the kidney tissues of K+ deprived NaMoaded and in those 
from K+ deprived animals. Although medium В contains no KT ions a slight 
activity of Na+-K+ ATP-ase could be observed, which was somewhat 
higher than the activity noted in medium E (lacking K+, plus ΙΟ"4 M 
ouabain). Activity in medium E is considered to represent Mg++ ATP-ase 
activity only. 
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Fig. 28 

enzyme acT i v i ty η "U 

of total ΔΤΡ ese act iv i ty 

60 J 

20 

cone K* ( m M / I ) 

Effect of K+ concentration on Na+-K+ ATP-ase enzyme activity m homogenates of rat 
kidney tissue, from normal, K+ deprived Na+-loaded, and K.+ deprived animals. Increa
sing amounts of KCl were added to medium В (lacking Ю), while the Na + concen
trations were kept at SS mM for normal and K+ deprived tissue, and at 40 mM 
for K+ deprived Na+-loaded tissue. 

A possible replacement of Kr ions by N H 4

+ tons was studied by adding 
NH 4Cl instead of K+ to medium В (lacking K+), while keeping the Na+ 

concentrations constant as previously described. Maximal enzyme activity 
of Ма+-К+ ATP-ase was observed in the three groups at 20 mM NH4C1 
(Fig. 29). Half maximal activations differed slightly for the three groups : 
4.1 mM for normal, 3.2 mM for K* deprived NaMoaded and 2.7 mM for 
K+ deprived tissues. The stimulatory effect of NH4+ ions on Na+-K+ ATP-ase 

enzyme cet ν ty η • 
ol totoi act ν ty 

Fig 29 
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/- /Λ* Hm.2 70 
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IO 15 SO 40 60 О 100 
cone NH4· ( т м / і ) 

Effect of Ν Η 4 ^ ions on Na*-K+ ATP-ase activity, replacing K+ ions. Graded amounts of 
NH 4 C1 were added to medium В (lacking K+). Sodium concentrations were kept 
constant at 55 mM for normal, and K+ deprived tissues, and at 40 mM for K+ deprived 
Na+-loaded tissue. Medium E (lacking K-, 10 4 M ouabain) gave Mg + + ATP-ase activity. 
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exceeded that of K+ ions, particularly in normal but also in K+ deprived 
NaMoaded and in K+ deprived tissue. 
The inhibitory effect of ouabain was measured by adding concentrations 
varying from 10"1 — IO"10 M to medium A. The activity in medium E 
(lacking K+, plus ΙΟ"4 M ouabain) was considered to represent that of 
Mg++ ATP-ase only. The percent inhibition of the Na+-K+ ATP-ase activity 
for each inhibitor concentration was calculated by setting the difference 
between activities in medium A (containing ouabain) and medium E. The 
difference between enzyme activity in unmodified medium A and medium 
E was taken to be 100 0/o. Complete inhibition of the Na+-K+ ATP-ase 
activity was noticed in the three tissues at an ouabain Molar concentration 
of 10"1. Half maximal inhibition occurred for normal tissue at an ouabain 
Molar concentration of 3.85 ( ± 0.15) for K+ deprived NaMoaded tissue 
at 3.45 ( ± 0.10) for K" deprived tissue at 3.55 (± 0.10). Inhibition curves 
for the three tissues are shown in Fig. 30. At a Molar concentration of 
10"c ouabain a slight stimulation in both the normal and the K+ deprived 
NaMoaded kidney tissue could be observed. Stimulation in the latter 
group was more impressive (more than 20 %) than in the normal tissue 
( ± 6 % ) . In contrast, Na+-K+ ATP-ase was not stimulated in kidney 
tissue of the K+ deprived group. 

°lv m l i D l ion Ol 
Να*-К'. ATP-ase act vity 

к fre« NoГ loaded diet 

normal diel 

K'(ree diet 

Fig. 30 
2 \ (-log Molar) 

ouabain concentration 

Inhibition of Na+-K+ ATP-ase activity in rat kidney tissues of normal, K+ deprived 
Na+-Ioaded, and K+ deprived animals. 
ATP-ase activity was determined in Medium A containing various concentrations of 
ouabain (10-1 to Ю-10 M). The activity of Medium E (lacking K+, IO-4 ouabain) 
represents Mg++ ATP-ase only. 
The ρΙΓιη is the negative logarithm of the Molar ouabain concentration. 

In the same way as described for ouabain, the inhibiting influence of pro
caine, a synthetic alkaloid was investigated. Maximal inhibition was obtai
ned for normal tissue at Ι Ο 1 M procaine and for K+ deprived Na+-loaded 
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as well as for K+ deprived tissue at 10"'· ' M A stimulation of approximately 
10 0/o in normal tissue could be observed at 10 ' 5 M, whereas in K* deprived 
NaMoaded and in K+ deprived tissue the stimulation is less distinct, m 
fact under 10 % . Half maximal inhibition concentration was obtained at 
an procaine Molar concentration of 2.25 ( ± 0.02) for normal tissue, 1.89 
(:± 0.02) for K+ deprived Naioaded tissue and 2.12 ( ± 0.02) for K+ 

deprived tissue. The inhibiting influence of procaine on normal, K+ deprived 
NaMoadcd and K+ deprived kidney tissue is shown in tig. 31. 

% mh bit on of 
No* К ATP ose a c t i v i t y 

^ 
- normal diet 

Fig 31 

0 ~" ώ ^. Υ γ К ' f r e e No'loaded d e 

к' free J \ \ 
set \ \ 

P . . 2 25 -2C 

2 ^ ( l o g Molar) 
procaine c o n c e n t r a i o r 

Inhibition of N a + K+ ATP ase activities in rat tissue of normal, K* deprived Na+-loaded 
and K+ deprived animals 
ATP ase was determined in Medium A containing various concentrations of procaine 
(10 1 - Ι Ο - 1 2 λΐ) The activity of Medium E (lacking K+, IO-4 procaine, and a second 
series containing Medium E, lacking K+ but 10 * ouabain) represented Mg + + ATP ase 
alone The p l ) 0 is the negative logarithm of the Molar procaine concentration 

In normal rat kidney tissue K" tons compete with the inhibitory effect of 
procaine as shown by adding graded amounts of K+ ions. A LINEWEAVER-
BURK plot revealed the nature of inhibition, which points to competitive 
kinetics. A more detailed description can be found in the chapter dealing 
with procaine inhibition in canine kidney tissue, CHAPTER 1II.E. 
Instead of adding graded amounts of K+ ions to antagonize procaine 
inhibition on Na+-K+ ATP-ase, addition of N H / ions had the same effect. 
Figures 32a-c represent the influence of N H / ions on the inhibiting effect 
of procaine on Na+-K* ATP-ase in normal, 1С deprived Na'-loadcd, and 
K+ deprived kidney tissues. As was shown for potassium, NH4 appeared 
to have the same influence on procaine inhibition, since the LINEWEA-
VER-BURK plots revealed competitive kinetics in all the three tissues. 
The lines showed intersections at the following coordinates : 
Normal tissue 
K+ deprived Na+-loaded tissue 
K+ deprived tissue 

1/M.K.H. = 0.32; 
1 MK.H. = 0.59, 
1/M.K.H. = 0.26; 

1/CNH/ 
1 Смі4 + 

1/См,4

+ 

= 0.009 
= 0.032 
•= 0.011 
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Fig. 32. LINF.WEAVFR-BURK analysis of procaine inhibited Na+-K+ ATP-ase activity at 
a constant Na+concentration of 55 mM for normal, K+ deprived tissues and 40 mM for 
K+ deprived Na+-loaded tissues at various NH4"-concentrations in the presence of 
3.10 4 M and ΙΟ - 2 M procaine. 1/v enzyme activity was plotted against 1/conc. N H -. 
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For all three tissues the effect of graded amounts of N H / added to 
Na+-K+ ATP-ase, inhibited by procaine points to competitive kinetics 
(Figs. 32a - c). 
To determine whether ouabain and procaine can act synergistically in 
normal rat tissue the simultaneous influence of both inhibitors was 
investigated. 
Method • To one portion of medium A procaine was added in an amount 
of 10 * and to another m an amount of 10"4 M. Each of these portions 
was subdivided and to these two series of preparations various amounts 
of ouabain were added. Another series containing no procaine served as 
controle. In medium E (lacking K+, plus ΙΟ"4 M ouabain) Mg++ ATP-ase 
activity was measured. The percentage of inhibition was then calculated 
by setting the activity in normal medium A (without any inhibitor) reduced 
by the activity in medium E at 100 % . The inhibition coefficient (pi) 
was calculated according to the formula : 

medium A + inhibitor — medium D + inhibitor 
X 100 

medium A — medium E 
(see Tables 1 and 5). 
Results of the above described set-up were as follows · 
Comparison of results obtained with medium E (lacking K+, plus IO"4 M 
ouabain) and medium B, enriched with two inhibitors (lacking K+, plus 
10 1 M procaine, plus 10"4 M ouabain) showed no inhibitory effect of 
procaine plus ouabain on Mg++ ATP-ase activity. Whereas low concen
trations of ouabain (10"c M) could produce some stimulation of the 
Na+-K+ ATP-ase епгуте system, no stimulation occurred in preparations 
containing both procaine (Fig. 33) and ouabain in concentrations of 
10 G M . 

· . nh b t On of 
Να К* ATP ose o d ν ty 

го-

го-

ас 

6 0 

3 0 

- ^ " 

-—' 

proco ^ О м ^ . . . 

ρ™~122ζ—-

[roca «ή « J j î L - · 
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rat normal d e1 

Fig 33 
" " " a> IO 9 θ 7 6 5 

од Mola oucjDQ π oncentrat суп 

Synergistic influences of procaine and ouabain on Na+-K+ ATP-ase in the normal kidne\ 

The higher the concentration of procaine, the lower the Na+-K+ ATP-ase 
activity at the given ouabain concentration of 10 h M (which concentra
tion gives a slight stimulation in the controle), and a further distinct 
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inhibition with increasing ouabain, so that : half maximal inhibition was 

observed at the following ouabain concentrations . 

no procaine added · piso = 3.85 ( ± 0.15) 
procaine added in a concentration of 10 4 M : piso = 3.60 ( ± 0.40) 
procaine added in a concentration of 10 2 M : piso = 4.00 (± 0.10) 
Surprisingly if ouabain was added in lower concentrations than 10 " M, to 
preparations containing the given standard concentrations of procaine 
(respectively 10~4 and 10"2 M) the Na+-K+ ATP-ase activity decreased 
again. In series containing ΙΟ"2 M procaine, but only traces of ouabain 
(10"10 M) the inhibition was still about 46 % . This is in agreement with 
the pl0o for procaine inhibition found at 2.25 ( ± 0.20). In series contai
ning 10"4 M procaine and less than 10 I 0 M ouabain an inhibition of about 
22 % was observed, which is not in agreement with the result that a 
procaine concentration of 10 * M added to medium A, without any possible 
influence of ouabain, produced a stimulation of about 10 0/o. 

After determination of the optimal ion concentration for maximal activity 
of the Na+-K+ ATP-ase enzyme system, several other properties were 
analysed. 
The incubation time in which the optimal activity was obtained, varied 
in all three tissues. In the normal kidney optimal activity was reached 
after 60 minutes for Mg++ ATP-ase. Longer incubation did not result in 
higher activity. Optimal Na+-K+ ATP-ase activity required an incubation 
period of 65 minutes, thereafter a slight decrease in activity (2 0/o) was 
observed (Fig 34a). In the K+ deprived NaMoaded tissue optimal Mg** 
ATP-ase activity was obtained after 60 minutes, while maximum Na+-K+ 

ATP-ase activity required an incubation period of 55 minutes, only. After 
a longer incubation time the Na+-K+ ATP-ase decreased gradually, whereas 
Mg"+ ATP-ase activity remained constant (Fig. 34b). 
In K+ deprived tissue a plateau of maximal Mg++ ATP-ase was reached 
after 55 minutes, and optimal Na+-K+ ATP-ase activity after 45 minutes. 
After a longer incubation period the enzyme activity remained almost con
stant. Variations of only about 1 - 2 % were measured (Fig. 34c). 
Furthermore, the influence of various pH values on the activity of the 
ATP-ase system was investigated. Tns-HCl buffer was used to adjust a 
pH range from 7.4 to 9.8, and pH values ranging from 5.2 to 7.4 were 
obtained with Tnshistidine buffer. The dependence of total ATP-ase 
activity on a varying pH was measured in medium A and that of Mg++ 

ATP-ase m medium E. In normal tissues optimal Na+-K+ ATP-ase activity 
was obtained at the pH of 7.4 - 7.6, whereas the most suitable pH for 
Mg++ ATP-ase was 8.8 (Fig. 35a). 
In K+ deprived NaMoaded tissues the Na+-K+ ATP-ase activity was optimal 
at the pH of 7.3 - 7.8, while Mg++ ATP-ase required a pH of 8.1 (Fig. 35b). 
Potassium deprived tissues required a pH of 7.5 - 7.7 to develop optimal 
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Na+-K+ ATP-ase activity, while Mg++ ATP-ase seemed to be most active 
at a pH of 8.1 (Fig. 35c). 
To investigate the influence of deviations in incubation temperature 
specimens of all three groups were incubated at temperatures varying 
between ± 0° С and + 60" С Both Na+-K+ ATP-ase and Mg++ ATP-asc 
showed maximum activity after incubation at 45" - 47" C. 
Substrate utilisation was measured in all three tissues. A constant ATP 
level at 2 mM was maintained, and increasing amounts of tissue homo-
genates were added. A linear relationship was found between en/yme 
activity and tissue concentration. Furthermore, from these results it could 
be deduced that the amount of tissue routinely used in our biochemical 
assays, i.e. 22.22 îg incubated per ml substrate medium, was suitable 
for enzyme determination. 
It has been generally accepted that the omission of sodium and/or potas
sium results in an average decrease in total ATP-ase activity. Since similar 
results can be obtained by the addition of a specific Na*-K* ATP-ase 
inhibitor, the remaining enzyme activity can be considered to represent 
the activity of mainly the Mg++ ATP-ase. To obtain further information 
enzyme activity was determined in the two experimental tissues (K+ depri
ved NaMoaded and K+ deprived) and in normal controls, using medium A 
for the total enzyme activity, medium В (lacking K+), medium С (lacking 
Na+), medium D (equal to medium A, but with 10 4 M ouabain), and in 
medium E (lacking K+, plus ΙΟ"4 M ouabain). The effect of omission of 
the various ionic-constituents is shown in Table 6. 
TABLE 6 

Effects of substrate media on rat kidney ATP-ase activity in normal, K+ 

deprived ( = K+ free diet), and K+ deprived NaMoaded ( = K+ free NaMoa
ded diet) tissues. 

MEDIUM 

A (complete) 
В (no K+) 

С (no NV) 

D (plus 10 + M 
ouabain) 

E (no K+, plus 
10 * ouabain) 

Average act. 

% NORMAL % 
DIET 

100 % 
39.10 

± 0 1 2 
35.10 

± 0.07 
62.60 

± 0.34 
56.70 

± 0.29 
48.37 

± 0.30 

K+ FREE Na+-: 
DIET 

100 % 
44.22 

± 5.60 
24.70 

± 5.25 
53.50 

± 4.98 
53.11 

± 4.43 
43.88 

dz 5.10 

LOADED 'Vo 1С FREE 
DIET 

100 % 
28.10 

± 7.96 
28.35 

± 3.02 
49.44 

± 6.18 
44.68 

± 3.15 
37.64 

± 4.80 

ATP ase activity in medium A (total ATP-ase activity) set at 100 "/o 
Activities given for media B, C, D, and F indicate the activities remaining after 
inhibition of Na+-K+ stimulated ATP-ase 
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Fig. 35 
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In the normal rat kidney decreasing inhibition of Na+-K+ ATP-ase was 
noticed in the following sequence : medium С - В - E and D. The same 
sequence was observed in K+ deprived NaMoaded and K+ deprived tissues. 
However, whereas in the first group Na+-K+ ATP-ase activity was almost 
the same in medium D and E, in the third group no distinct differences 
were observed between media В and C. Furthermore, remarkable diffe
rences were observed in enzyme activity between the three tissues after 
incubation in the same medium. These differences may be explained by 
experimentally induced changes in tissue cation-concentration and 
-distribution. 
In the normal kidney tissue the MgT+ ATP-ase activity in medium С (lac
king Na+) is somewhat lower than in the other media and it is generally 
known that Mg++ ATP-ase activity is stimulated by sodium ions. 
The Na+-K+ stimulated ATP-ase in medium В is somewhat less inhibited, 
probably due to K+ ions leaking out of tissue. This might have a noti
ceable effect, since in normal tissue the half-maximal activation is achieved 
by a potassium concentration of only 0.75 mM. 
In normal kidney tissue the mean Mg++ ATP-ase activity is 48.4 % , that 
of Na+-K+ ATP-ase consequently 51.6 0/o of the total. 
From these results can be concluded that media D and E were the most 
efficient inhibitors of Na+-K+ ATP-ase activity. 
Reduced inhibition in the potassium-free medium and increased inhibition 
in the sodium-free medium have previously been reported for rabbit 
kidney (BONTING et al., 1964a). It was confirmed, too, for rabbit brain, 
rabbit ciliary body (BONTING et al., 1964) cat choroid plexus (VATES 
et al., 1964), salt gland of the herring gull (BONTING et al., 1964b), 
rectal gland of elasmobranchs (BONTING, 1966), rat liver (BAKKEREN 
and BONTING, 1968a), dog pancreas (RIDDERSTAP and BONTING, 
1969), Escherichia coli (HAFKENSCHEID, 1969) and for chicken cochlear 
tissues (KUIJPERS, 1969). 
In K+ deprived Na+-loaded animals, too, the Mg++ ATP-ase is clearly more 
inhibited in the absence of Na+ (medium C). However the Na+-K+ ATP-ase 
is less inhibited in medium В compared with the normal kidney tissue, 
since in this experimental group the concentration of K+ ion necessary for 
half-maximal activation is only 0.60 mM. 
In contrast to results obtained from normal tissue, Mg+" ATP-ase activity 
was almost the same in medium D and E (which inhibited NaT-K+ 

ATP-ase activity most effectively). This may also be explained by experi
mentally changed cation distribution within the tissue specimen. 
It could be expected that in K+ deprived tissues medium B, although 
K+-free but containing Na+-ions should normally stimulate Mg++ ATP-ase 
activity. However Mg++ ATP-ase activity in both the media В and С was 
found to be equal. This can be explained by a lack of noticeable Na+-K+ 

ATP-ase activity which may occur eventually in medium В due to leakage 
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of intracellular potassium ions. As a result of preceding treatment, the 
tissue appears to be almost deprived of potassium ions. 
This assumption is confirmed by investigations on half-maximal stimula
tion (Fig. 28). The needed concentration of 1.55 mM, K+ appears to be 
high compared with normal tissue (0.75 mM) and K+ deprived NaMoaded 
tissue (0.60 mM). In the K+ deprived tissue inhibition of the Na+-K+ 

ATP-ase activity by medium D is more effective than it is by medium E. 
This may be due to the replacement of KMons by Na+-ions, and might 
indicate a N a * - ^ ATP-ase activity and/or, as a consequence of the latter, 
a somewhat decreased Mg++ ATP-ase activity. The optimal compositions 
of the substrate media used in the determinations of the above mentioned 
tissues are given in Table 5. 

After determination of their physicochemical properties the distribution 
of the Mg++ ATP-ase and the Na+-K+ ATP-ase in the various kidney zones 
was assayed in normal, K+ deprived NaMoaded, and K+ deprived tissues. 
Enzyme activities were expressed in moles of phosphate split per kg dry 
weight per hour at 37" С (M.K.H.) and are listed in Table 7. 

TABLE 7 

Enzyme activity in the various kidney zones 

ZONE 

o.e. I 

II 

i.e. 

O.M. 

I.M. 

B.P. 

A.P. 

NORMAL DIET K+ FREE Na*-

Mg++ 

6.33 
± 

4.75 

± 
13.27 

± 
6.91 

± 
9.97 

+ 

3.30 

± 
2.13 

± 

LOADED K* FREE DIET 

Να"-Κ+ Mg*+ Na+-K+ 

6.07 3.98 
1.17 ± 1.17 ± 0.97 

4.05 2.08 
1.20 ± 0.96' ± 0.40 

3.55 1.10 
3.61 ± 2.13 ± 0.20 

4.33 3.20 
0.35 ± 0.35 ± 1.03 

10.54 3.30 
1.28 ± 1.28 ± 0.10 

1.70 6.36 
0.04 ± 0.04 - 0.56 

1.90 4.95 
0.04 ± 0.04 ± 1.12 

1.28 
± 

2.46 
± 

4.79 
•+• 

1.31 
± 

0.34 
± 

0.95 
± 

1.89 
± 

Mg + + Na+-K+ 

3.80 
0.38 ± 0.38 

2.76 
0.40 ± 0.33 

5.02 
0.20 ± 0.88 

3.90 
0.24 ± 0.48 

2.66 
0.10 ± 0.32 

4.86 
0.59 ± 1.60 

2.11 
1.12 ± 0.57 

4.17 
± 0.38 

2.42 
± 0.33 

2.58 
± 0.39 

3.66 
± 0.48 

7.21 
± 0.32 

1.04 
± 0.59 

2.27 
± 0.57 

Mg+ + ATP-ase and Na+-K+ ATP-ase activity in the various kidney zones of normal, 
K+ deprived Na--loaded, and K+ deprived tissues expressed in M.K.H., with the standard 
error of the mean (S.E.M.). Kidney zones abbreviated as follows : O.C. I = outer 
cortical zone, outer segment; O.C. II = outer cortical zone, inner segment; I.C. = inner 
cortical zone; O.M. = outer medullary zone; I.M. — inner medullary zone; B.P. = 
basis papillae; A.P. — apex papillae. 
For each zone η = 15. 
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Most obvious is the distinct decrease in Mg++ ATP-ase activity in the inner 
cortical zone, particularly in the K+ deprived NaMoaded tissue, and the 
distinct increase in Mg++ ATP-ase in the basis papilla of both the K+ 

deprived NaMoaded and the K* deprived tissue. A remarkable increase 
in Na+-K+ ATP-ase enzyme activity could be observed also in the inner 
medullary zone and in the apex papillae of the K+ deprived tissue. 
Apart from zonal distribution, the enzyme activity of the different portions 
of the nephron was also studied. For this purpose glomeruli and various 
parts of the nephron were dissected out, separately weighed, and their 
enzyme activity determined (Table 8). 
In general an overall decrease in enzyme activity could be noted. 
Deviating from this general finding the glomerular Mg++ ATP-ase and the 
Na+-K+ ATP-ase showed higher activity in the K+ deprived tissue. The 
same holds true for the Na+-K+ ATP-ase activity in the medullary rays. 
Surprisingly in K+ deprived Na+-loaded specimens the arteriolar walls 
exhibited a Na^IC' ATP-ase activity twice as intensive as normal tissues, 
although it was distinctly lower in the K+ deprived tissue. The relative 
enzyme activity (i.e. the ratio of activities) in the distal — and the 
proximal — convoluted tubules showed inverse proportions : the initial 

TABLE 8 

Enzyme activity in the various kidney structures 

NORMAL DIET K+ FREE Na+-LOADED DIET K+ FREE DIET 
STRUCTURE 

Glom. 

Tub. С I 

Tub. С II 

Tub. coll. 

Art. arc. 

Med. rays 

Mg + + I 

7.65 
± 0 . 6 5 

9.42 
± 0 . 9 1 

11.59 
± 0 . 6 5 

4.01 
± 0 . 6 0 

8.53 
± 0 . 0 2 

4.29 
± 0 . 0 2 

Sia+-K+ 

6.12 
± 0 . 6 5 

5.46 
± 0 . 5 6 

4.93 
± 0 . 5 9 

1.56 
± 0 . 0 4 

1.06 
± 0 . 0 2 

1.40 
± 0 . 0 5 

Mg++ Na+-K+ 

5.98 
± 0 . 6 3 

3.92 
± 0 . 7 1 

6.56 
± 0 . 9 3 

2.37 
± 0 . 2 2 

4.35 
± 0 . 6 6 

2.52 
± 0 . 1 6 

2.78 
± 0 . 6 3 

1.96 
± 0 . 3 0 

1.58 
± 0 . 2 8 

1.55 
± 0 . 3 3 

3.75 
± 0 . 3 0 

0.55 
± 0 . 1 4 

Mg++ Na+-K+ 

9.73 10.91 
± 0.96 ± 0.33 

4.33 1.10 
± 0.27 ± 0.33 

3.87 3.07 
± 0.46 ± 0.49 

2.81 1.33 
± 0.33 ± 0.33 

2.86 0.07 
± 0.44 ± 0.25 

1.92 3.93 
± 0.40 ± 0.40 

Mg + + ATP-ase and Na+-K+ ATP-ase activity in the various kidney structures of normal, 
K+ deprived Na*-loaded, and K+ deprived tissues, expressed in M.K.H., with the 
standard error of the mean (S.E.M.)· Kidney structures abbreviated as follows : Tub. 
C.I = proximal convoluted tubules; Tub. C.II = distal convoluted tubules; Tub. 
coll. = collecting tubules; Art. arc. = artenae arcuatae; Med. rays = medullary rays. 
For each structure π = 30. 
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Mg++ ATP-ase ratio fell from 1.23 to 0.89, and the ratio of Na+-K+ 

ATP-ase activity increased from 0.90 to 2.79 in K+ deprived tissues. In K^ 
deprived NaMoaded tissues the ratio of enzyme activity in the distal 
— and proximal — convoluted tubules showed an increase for Mg++ ATP
ase and a decrease for Na+-K+ ATP-ase of 1.67 and 0.81, respectively. 
Changes in weight of the various kidney zones, glomeruli, and the different 
parts of the tubular system used for studies on enzyme activity are shown 
in Tabel 9. 

TABLE 9 

Weights of dissected tissues (in nanogrammes, 10 0 g). 

SUBJECT 

o.e. 

i.e. 

O.M. 

I.M. 

B.P. 

A.P. 

M.R. 

Glom. 

Tub. I 

Tub. II 

Tub. coll. 

Art. arc. 

NORMAL 

68.5 
± 

95.9 
ч^ 

68.5 
+ 

82.2 
±2 

337.4 
zh 

302.2 
+ 

217.7 
±2 

124.9 
+ 

71.6 
± 

72.1 
± 

217.0 

± 
65.1 

± 

DIET 

6.1 

9.6 

7.53 

6.12 

17.0 

15.8 

13.2 

8.3 

3.3 

5.3 

18.8 

4.3 

K+ FREE Na+-LOADED DIET 

219.2 
± 17 A 

246.6 
± 19.2 

137.0 
± 19.2 

287.0 
± 27.4 

205.0 
± 30.7 

383.6 
± 33.5 

150.7 
± 13.7 

98.0 
± 8.4 

78.4 
± 5.8 

78.0 
± 9.8 

57.7 
± 5.9 

98.0 
± 9.8 

K+ FREE DIET 

232.9 
± 

246.6 
± 

260.0 
± 

219.0 
± 

301.4 

± 
191.8 

± 
164.4 

± 
88.2 

± 
78.4 

± 
68.6 

± 
50.3 

± 
95.9 

± 

19.2 

19.2 

13.7 

23.3 

19.2 

13.7 

23.3 

4.9 

5.8 

3.6 

1.9 

10.9 

Weights oí dissected tissue fragments, expressed in nanogrammes, IO"9 g, with the 
standard error of the mean (S.E.M.). Abbreviations are as follows : O.C. = outer 
cortex; I.C. = inner cortex; O.M. = outer medullary zone; I.M. = inner medullary 
zone; B.P. = basis papillae; A.P. ~- apex papillae; M.R. = medullary ray; Glom. = 
glomeruli; Tub. I = proximal convoluted tubules; Tub. II = distal concoluted tubules; 
Tub. coll. = collecting tubules; Art. arc. = arteriae arcuatae. 
For each structure η ~- 30. 
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For better comparison of the three tissues, i.e. normal, K" deprived 
NaMoaded, and K+ deprived tissue, the aforementioned results were 
expressed in percent of total enzvme activity. Therefore, the enzyme 
activities of the total kidney homogenate are expressed in M.K H. 
(Table 10). 

TABLE 10 

Whole kidney homogenate enzyme activities 

MEDIA 

A. 

B. 

С 

D. 

E. 

NORMAL DIET K+ 1 

Mg++ 

8.1S 
4 : 

2.87 
± 0 . 3 5 

3.20 
± 0.65 

5.14 
± 0 . 1 6 

4.65 
± 0 . 2 5 

Average activity · 
3.96 

± 0 . 5 5 

Na+-K+ 

) 

: 0.43 
5.37 

± 0 . 6 5 
5.52 

± 0 . 9 5 
3.04 

± 0 . 3 5 
3.54 

± 0 . 6 5 

4.37 
± 0 . 6 3 

FREE Na+-LOADED DIET 

Mg*- I 

4.01 
± 

1.19 
± 0 . 2 6 

1.00 
± 0 . 2 2 

2.14 
± 0 . 3 6 

2.13 
± 0 . 1 8 

1.62 
± 0 . 9 6 

Sra+-K+ 

0.25 
2.81 

± 0 . 2 6 
3.01 

- 0 . 2 2 
1.96 

_ 0 . 1 9 
1.88 

± 0 . 1 9 

2.42 
^ 0 . 9 1 

K> FREE DIET 

M g -

5.85 
± 

1.66 
± 0 . 4 7 

1.67 
± 0 . 2 2 

2.91 
± 0 . 3 6 

2.64 
± 0 . 1 9 

2.22 
± 0 . 3 9 

Na + K + 

0.28 
4.19 

± 0 . 4 7 
4.17 

± 0 . 2 2 
2.94 

± 0 . 1 9 
3.21 

± 0 . 1 9 

3.63 
± 0 . 3 3 

Enzyme activity expressed in Μ Κ H , with the standard error of the mean ( S E M ) 
Activity in medium A (complete medium) represents total ATP ase activity Activity in 
medium В (lacking K+), medium С (lacking Na+), medium D (complete medium plus 
10"4 M ouabain), and medium E (lacking K+, plus 10 * M ouabain), represents Mg + + 

ATP-ase and Na+-K+ ATP-ase activities 
For all values η — 6 

Since alkaline phosphatase is common at the surface of cells which play a 
role m resorptive processes, alkaline phosphatase activity might serve as 
an indicator for reabsorption, too. For this reason alkaline phosphatase 
was assayed in the various kidney zones and in whole kidney homo
genate (Table 11). 

It appeared that in K+ deprived tissue the alkaline phosphatase activity in 
the whole outer cortex and in the inner cortex was either normal or 
even showed a slight increase. In K+ deprived NaMoaded tissues all renal 
zones showed decreased activity, with the highest remaining activity in 
the outer medullary zone. 
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TABLE 11 

Enzyme activity of alkaline phosphatase in the various kidney zones 

SUBJECT 

o.e. 

i.e. 

O.M. 

I.M. 

B.P. 

A.P. 

Hom. 

I 

II 

NORMAL 

23.94 
± 

34.47 
± 

20.45 
4 ; 

46.72 
± 

4.05 
± 

3.37 
± 

2.43 
± 

30.50 
± 

DIET 

2.64 

1.42 

1.36 

0.85 

0.25 

0.18 

0.12 

1.49 

K+ FREE Na+-LOADED DIET 

1.75 
± 0.17 

4.31 
± 0.33 

6.73 
± 0.49 

25.02 
± 0.95 

1.46 
± 0.14 

1.24 
± 0.14 

2.53 
± 0.17 

2.91 
± 0.91 

K+ FREE DIE 

23.60 
± 0.70 

37.24 
± 3.02 

24.26 
± 0.91 

7.79 
± 0.35 

0.32 
± 0.05 

0.35 
± 0.05 

1.28 
± 0.06 

3.17 
± 0.33 

Alkaline phosphatase activity in the various kidney zones and in whole kidney homo-
genate Activities are expressed in Μ Κ H., with the standard error of the mean (SEM) 
Kidney zones abbreviated as follows О С I = outer cortex, outer segment, О С II = 
outer cortex, inner segment, 1С = inner cortex, Ο M = outer medullary zone, 
I M = inner medullary zone, Β Ρ = basis papillae, A Ρ = apex papillae, Hom = 
whole kidney homogenate For all zones η = 15, for homogenate determinations η = 6. 

On the other hand, acid phosphatase is a lysosomal marker. Changes m 
activity of acid phosphatase might indicate changes in intensity of intra
cellular digestion. Since increased intracellular digestion is frequently an 
attendant symptom of local necrosis, activity of acid phosphatase might 
indicate the site of tubular catabohc changes (Table 12). In K+ deprived 
tissues a normal to relatively high activity (in the inner cortex, outer 
medullary zone and apex papillae) could be observed. This may indicate 
the degradation of reabsorbed catabohc products of cellular debris. 
In K+ deprived NaMoaded tissues normal or at best slightly increased 
activity was noticed in the apex papillae, inner cortex, inner medullary 
zone, and the inner segment of the outer cortex. 

In the other kidney zones acid phosphatase showed a decreased activity. 
A decrease in acid phosphatase activity may indicate a decreased 
overall function of tubular cells. However, an increased activity does not 
essentially indicate a general functional stimulation, it may be correlated 
with catabohc events. 
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TABLE 12 

Acid phosphatase enzyme activity in the various kidney zones 

SUBJECT NORMAL DIET K+ FREE Na+-LOADED DIET K* 1-RFE DIET 

o.e. I 

II 

i.e. 

O.M. 

I.M. 

B.P. 

A.P. 

Hom. 

9.03 
± 

15.01 
± 

7.24 
4 ; 

10.06 
± 

11.74 
± 

9.84 
± 

3.65 
± 

5.79 
± 

0.32 

1.33 

0.14 

0.82 

0.20 

1.56 

0.48 

0.19 

2.52 
± 

14.97 
± 

9.80 
± 

1.12 
± 

10.74 
± 

5.20 
± 

19.86 
4 ; 

1.14 
H ; 

0.17 

2.52 

0.25 

0.24 

0.67 

0.37 

1.36 

0.91 

5.61 
± 0 1 4 

7.23 
± 0.02 

10.32 
± 0.30 

11.33 
± 0.60 

2 57 
± 0.10 

3.66 
± 0.26 

15.24 
± 1.84 

0.91 
± 0.19 

Acid phosphatase enzyme activity m the various kidney zones and in whole kidney 
homogenate Activities are expressed in Μ Κ H , with the standard error of the mean 
(SEM) Kidney zones abbreviated as follows О С I = outer cortex, outer segment, 
О С II = outer cortex, inner segment, I С = inner cortex, Ο M ~ outer medullary 
zone, I M = inner medullary zone, Β Ρ = basis papillae, A Ρ = apex papillae, 
Hom = whole kidney homogenate For all zones η — 15, for homogenate determi
nations η = 6 

ΙΙΙ.Β.4. Discussion 

It is generally known that apart from passive transport mechanisms a 
second mechanism exists undeniably important in its capacity for active 
ionic transport. Active ionic transport was demonstrated in tissues with 
excitatory, secretory and reabsorbtive functions (JAERNEFELT, 1961; 
BONTING et al, 1961; 1962; 1964; VATES et al., 1964; BONTING et al., 
1964; MANGOS et al., 1966; YOUNG and SHOEGEL, 1966, EMRICH 
and ULLRICH, 1966; EMRICH et al., 1966). Active sodium transport is 
closely related to the enzyme Na+-K+ ATP-ase. The occurrence of the 
enzyme in relation to the sodium pump has repeatedly been demonstrated 
in various tissues (see review on Na+-K+ ATP-ase and cation transport by 
BONTING 1970) and in the kidney (LANDON et al., 1966; J0RGEN-
SEN, 1968; KATZ and EPSTEIN, 1967, 1968; NECHAY et al, 1967; 
KESSLER et al., 1968; MARTINEZ-MALDONADO, 1969, AVDALOVIC' 
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and SACHS, 1971; GIBSON and HARRIS, 1970; J0RGENSEN et al, 1971, 
J0RGENSEN and SKOU, 1971; PROVERBIO et ai, 1970, TOWLE and 
COPENHAVER Jr., 1970; COLESTE et al., 1971; DANTZLER, 1971; 
KATZ and GENANT, 1971; LINDHEIMER and KATZ, 1971; ROBIN
SON, 1971; SCHMIDT and DUBACH, 1971; DUGGAN and NOLL, 
1972; TULLOCH et ai, 1972; ROBINSON et ai, 1973). The energy 
essential for this system is supplied to 80 % by energy-rich bond phos
phates while 20 % apparently derived from non-ATP compounds (GYÖR 
and KINNE, 1971). 
In the kidney tubular reabsorption of sodium and the maintenance of 
low intracellular sodium content by extrusion of the surplus against the 
concentration gradients is one of the important active renal functions, 
often designated as the renal sodium pump. This sodium extruding 
mechanism is supposed to be located at or near the peritubular membrane. 
As a consequence of this active transport mechanism, CI" and water were 
assumed to follow passively. Na+ is extruded into the peritubular space 
in exchange for K+ that has leaked out of the cells or that is present in 
the peritubular fluid originating from the circulation (WHITTEMBURY 
and FISHMAN, 1969). Horn investigations on mamaban kidney slices an 
alternative hypothesis has been proposed by ORLOFF and BURG (1960), 
BURG and ORLOFF (1963), and BLOND and WHITTAM (1964) It 
appeared unlikely that a single pump mechanism, whether or not electro-
genic could explain the experimental finding that Na* extrusion is appa
rently independent of the ouabain sensitive enzyme Na+-K+ ATP-ase sys
tem (WHITTEMBURY, 1968). In the toad kidney and in the renal cortex 
of guinea pigs KLEINZELLER and KNOTKOVA (1964), WHITTEM
BURY (1968), WHITTEMBURY and PROVERBIO (1970), BANERJEE 
et al. (1970), ROBINSON (1971; 1973) could distinguish between the 
action of the ouabain sensitive Na^-K* ATP-ase system and another 
sodium pumping mechanism which appeared to be located in the proximal 
tubules of the kidney. WHITTFMBURY and PROVERBIO (1970) pro
posed a sodium for potassium exchange mechanism, which is sensitive to 
ouabain, non-electrogemc (PROVERBIO and WHITTEMBURY, 1969) 
and apparently mediated by a Na+-K+ ATP-ase (PROVERBIO, ROBIN
SON and WHITTEMBURY, 1970). However, since pumping of sodium 
continued also in the absence of external potassium or in the presence of 
ouabain, the authors postulated the existence of a second pumping 
mechanism which, unlike the exchange pump, was found to be electro-
gemc (PROVERBIO and WHITTEMBURY, 1969). Furthermore, this 
pump mechanism could be completely suppressed by low temperatures, 
inhibited by ethacrynic acid, and it was refractory to ouabain (ROBIN
SON, 1972). Similar results were obtained by BOWMAN et al (1973), 
McKNIGHT (1968), and WILLIS (1968). Under conditions in which the 
external K* concentration is less than normal, the sodium transport across 
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membranes is less too, despite of the above mentioned theories. 
In human red blood cells diminution of external K+ (less than 4 mEq/L, 
according to LEVIN et al., 1968) the sodium influx increased, and the 
rate normally constant for active outward transport was reduced by 
increased cell sodium concentration. In the kidney of Капа ndibunda, 
K+ deprived perfusion caused a decreased (from 85 % to 30%) Na+ netto 
transport. Furthermore, there appeared to exist an electrogenic sodium 
pump in snail nerve which caused an increase in membrane potential if 
sodium ions were injected. This hyperpolanzation was not brought about 
when K+ ions were injected (KERKUT and THOMAS, 1965) and did not 
occur when external potassium concentration was markedly reduced. 
Data from DANTZLER (1971) revealed that severe depletion of potas
sium impairs the mechanisms for both potassium and urate accumulation, 
although different results in domestic fowl and ophidian reptiles were 
obatined, which may be related to the membrane site of transport. 
Taken altogether, in kidney tubular cells one may expect two mecha
nisms : one mechanism extruding Na+ in exchange for K+, one mechanism 
extruding Na+ by means of another, non-ouabain sensitive, mechanism 
for which the extracellular potassium concentration appears to be of 
great importance but on which it does not essentially depend. Changes 
observed in the kidneys under experimental conditions should be discussed 
with respect to these two possible mechanisms of active transport. 
An attempt had been made to obtain kidney tissue wholly deprived of K+ 

ions by feeding the experimental animals a potassium free diet. To some 
extent the attempt succeeded, as judged from the mimmahzed excretion 
of K+ ions in the urine. Within certain limits, in K+ deprived tissue the 
half-maximal values in Na+ saturation (Km = 7.50 mM) did not differ 
largely from normal kidney tissue (Km = 6.00 mM). Since the relative 
activity of Na+-K+ ATP-ase differed only little from normal kidney Na+-K+ 

ATP-ase activity, it may be assumed that in K+ deprived tissue the actual 
Na'-K+ ATP-ase activity is primarily related to the second sodium pump 
mechanism. According to the statement of WHITTEMBURY and PRO
VERBIO (1970), under K+ deprived conditions the extent of the activity 
is comparable in magnitude to the Na+ extrusion pump provided by the 
ouabain sensitive Na+-K+ ATP-ase. It is possible that under extreme 
circumstances, like K+ deprivation, the second pump mechanism can be 
detected, since in steady state both pump mechanisms may react differently. 
In tissues of animals being deprived of K+ but kept on an extra load of 
sodium the half maximal values of Na" saturation varied within the same 
range as known from normal kidney tissue. However, the relative enzyme 
activity was higher than the normal Na+-K+ ATP-ase. It can be expected 
that in NaMoaded tissue the intracellular sodium content is higher than 
in non-sodium loaded tissues, particularly when extracellular K+ is far 
below the physiological concentration. It is very likely to explain the 
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very low half maximal sodium saturation value in this way. TOBIN and 
SEN (1970); HOSHI and HAYASHI (1970), and PITTS and ASKARI 
(1971) showed that Na+ ions could replace K+ ions electrogenically and 
possibly also in the enzyme system. Thus, the stimulation of enzyme 
activity could be noticed when NaT content increased in the tissues 
(KERKUT and THOMAS, 1965). In K+ deprived and NaMoaded tissues, 
Na+-K+ ATP-ase may be stimulated relatively as compared with normal 
and K+ deprived tissue, as a consequence of increased membrane permea
bility following K+ deprivation and subsequent K+ leakage. The total 
enzyme activity, however, may be decreased. We may assume that the 
shown enzyme activity is due to the ouabain non-sensitive Na+-K* ATP
ase, as suggested for the activity in K+ deprived tissues. Differences in the 
half maximal values in the potassium saturation curves may be explained 
by efforts to regain the intracellular K+ to maintain or to restore the 
enzymatic conditions optimal for the function of enzymes. In cases where 
assumedly Na+ had replaced K+ (in the K+ deprived, NaMoaded tissues) 
the half-maximal value in K+ requirement was consequently higher than 
in normal tissue. The replacement of K+ by N H / ions (SKOU, 1957) 
showed a maximal effect at 20 mM in the normal, K+ deprived NaMoaded 
and in the K+ deprived tissue. The relative activities of both experimental 
tissues were lower than the activity in normal tissue. There is a faint hint 
that a possible replacing of K+ by N H ^ ions concerns the ouabain sen
sitive Na'-K* ATP-ase pump mechanism only. Furthermore, several 
inhibition profiles of ouabain and procaine were determined. The inhibitive 
character of procaine was first presumed from the finding that the 
activity of the Na"-K+ ATP-ase decreased in dog kidney during perfusion 
with fluids containing 1 % procaine-HCl (see CHAPTER III.F.). Inhibi
tion curves obtained with kidneys of normal female rats pointed to a 
higher sensitivity of the kidney Na+-K+ ATP-ase to ouabain than to pro
caine. An antagonism between glycosides and K+ ions had been previously 
shown m vitro (DUNHAM and GLYNN, 1961; POST and ALBRIGHT, 
1961) and in vwo (ORLOFF and BURG, 1960; CADE et al., 1961; 
SCHATZMANN, 1965; MATSUI and SCHWARTZ, 1966). Therefore, 
with respect to an almost congruent shape of the inhibition curves obtained 
with both procaine and ouabain, cancelling of the inhibitory effect of 
procaine by K+ ions appeared proven. Data obtained from LINEWEAVER-
BURK plots revealed a more antagonistic capacity of K* ions on procaine 
inhibition than the inhibition by NH4

+ ions. All plots suggested competi
tive kinetics. Furthermore, a synergistic influence of oubain and procaine 
on the Na+-K+ ATP-ase could be demonstrated. 

In normal rat tissue, the higher the dose of added procaine the lower 
the Na+-K+ ATP-ase activity at a given dose of ouabain (IO-4 M). At an 
ouabain molar concentration at which no inhibitory influence on Na+-K+ 

ATP-ase could be demonstrated in the absence of procaine, the activity of 
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the Na+-K+ ATP-ase was distinctly inhibited even when only traces of 
procaine were present. This amount of procaine alone was not able to 
inhibit Na+-K+ ATP-ase activity to the same extent. This points to the fact 
that even very slow and normally unaffective concentrations of one 
inhibitor in the presence of another one, also in subliminal concentration, 
lowers the threshold for enzyme inhibition. The inhibitory effect of oua
bain at very low concentrations might be prevented by physiologic concen
trations of extra- or, possibly, by intracellular K+ ions. However, in cases 
of lowered extracellular K+ concentrations, K+ ions might leake out into 
the extracellular spaces, probably due to a previous inhibition of the 
Na+-K+ ATP-ase system. 
SCHATZMANN (1965) showed that external potassium could not 
completely eliminate the effect of external ouabain on „resealed" erythro
cyte ghosts. The concept of competition between K+ ions and ouabain at 
a given receptor site of the enzyme Na+-K+ ATP-ase had been widened by 
the supposition that a certain affinity existing between the enzyme and 
the ouabain allowed an enzyme-ouabain complex to form. LINDEN-
MAYER and SCHWARTZ (1973) suggested an increased dissociation 
constant for potassium (at constant Na+ levels) in the presence of oua
bain. From other studies it was concluded that ouabain interacts rather 
tightly with a receptor associated with Na+-K+ ATP-ase (MATSUI and 
SCHWARTZ, 1967,1968, ALBbRS et al, 1968, SCHWARTZ, 1968, BAR
NETT, 1970) and that potassium does not induce a dissociation of the 
glycoside-receptor complex (AKbRA et al, 1970, ALLEN and 
SCHWARTZ, 1970) 

Ammonium ions appeared to be able to replace K" ions in this system. 
However, their chemical potency is somewhat lower since in normal 
kidney tissue Km for K* ions is 0.60 and Km for NH 4

+ is 4.10. Therefore it 
can be concluded that N H ^ too, interacts with ouabain at the same 
molecular level and, just as K+ ions, does not induce a dissociation of 
the glycoside-receptor complex For this reason the inhibition will be 
increased when a second inhibitor is added · there will be a more 
powerful dissociation from the K+ binding sites provided that the second 
inhibitor acts in a like manner as ouabain This second inhibitor, ι e. 
procaine, could be antagonized, like ouabain, by both K+ ions as well as 
N H / ions. Both procaine and ouabain may act as mediating factors of 
K+ dissociation. If this is true, than the synergistic influence of procaine 
could possibly be understood as a potentiation of single effects, as shown 
on normal female kidney tissue In K+ deprived tissues, K+ ions appeared 
easily to dissociate from K+ binding sites at the Na~-K+ ATP-ase 
Thus, it is not surprising that in the case of ouabain the pi » index for K* 
deprived tissues is less than the pl> 0 index for normal tissues Under 
these conditions inhibition can be achieved earlier than in normal kidney 
tissues. According to the dissociation theory proved by LINDENMAYLR 
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and SCHWARTZ, the shape of the inhibition curve could indicate a 
favoured dissociation of K+ ions from the specific binding sites, due to a 
primary scarcely of K+ ions. Therefore, in K+ deprived tissues the compe
tition between potassium ions and ouabain is minimal, and the inhibi
tion due to the formation of complexes between enzyme and ouabain is 
maximal In this system the inhibition of potassium dissociation from the 
potassium active centre appeared to be impeded in the presence of Na+. 
In KT deprived tissues, provided with an extra load of sodium, Na+ ions 
can partially replace potassium. Therefore, a somewhat higher pi „ and a 
slightly increased enzyme activity could be noticed. Furthermore, in these 
tissues stimulation occured at very low ouabain concentrations, which 
was higher than the stimulation seen in normal tissues at the same ouabain 
concentrations. However, this activity may possibly be the expression of 
the second, non-ouabain sensitive, Na+-pump mechanism. 
In tissue deprived of K+ ions the pl j0 of ouabain inhibition is still lower 
than in K+ deprived but NaMoaded tissues. This could indicate that the 
mechanism preventing the formation of ouabain-enzymc complexes is no 
longer present In tissues from K+ deprived NaMoaded animals the disso
ciation of the few K+ ions still present in the tissue (tissues can not be 
freed entirely from potassium ions) was inhibited by the influence of the 
intracellular abundance of sodium ions. 
In both the K+ deprived tissues and in the K+ deprived Na'-loaded tissues 
the activity of almost all enzymes was found to be decreased. As an 
exception the alkaline phosphatase was highly active in the outer and 
inner cortex of the kidneys of the K+ deprived animals. In the same spe
cimen solely the glomeruli exhibited an increase in activity of the Mg*+ 

ATP-ase and Na+K+ ATP-ase. 
It remains an open question whether this increased activity is the reflection 
of an increased activiy of the glomerular capillaries, as has been assumed 
for the postglomerular capillaries m the experimental nephrotic syndrom. 
Furthermore, an inverse ratio of the activity between distal and proximal 
convolutes m favour of the distal convoluted tubules was observed, indica
ting a relative increase in enzyme activity in the distal convolutions. The 
proximal convoluted tubules, which are in the first place concerned with 
ion exchange, can be considered to be affected earlier and more severely 
than the distal ones. Therefore the distal convolutions were stimulated to 
compensate the disturbances occurring in the exchange mechanisms of 
the proximal convolutions. Although in tissues from K+ deprived, Na+- -
loaded animals the activity of the Na+-K+ ATP-ase was almost normal in 
the collecting tubular system, the cells of this portion of the nephron 
exhibited histopathological changes similar to those seen m cases of long 
standing water deprivation (JERUSALEM, 1962). It may therefore be 
concluded that an obviously normal enzyme activity does not exclude 
cellular lesions Whether these lesions are caused by a disturbed intra-extra-
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cellular water balance remains uncertain. The increase in acid phospha
tase activity in the inner cortex and the apex papillae indicates the site 
of cellular damage. 
Further investigations particularly by means of qualitative and quantitative 
cytochemistry will be necessary to detect the true nature of the increase 
of glomurular Na"-K+ ATP-ase and Mg++ ATP-ase. The question whether 
the capillary endothelium, podocytes or mesangial cells, respectively, are 
concerned is related to the glomerulo-tubular balance mechanisms. 
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JII.C PHOSPHATASES IN RAT NEPHROSIS 

In numerous experiments MASUGI's original method, and modifications 
of it, were used for studies on experimental glomerulonephritis. From 
pilot experiments it could be concluded that unstenle disintegrated kidney 
antigens were more effective in inducing glomerular antibodies than 
native antigens. To some extent bacterial proteinolysis is comparable to 
autolysis. Antigen in the form of autolytic tissue appears to be advanta
geous in avoiding possible side effects. 

III.C.l. Specific materials and methods 

Therefore, in 15 female rats the renal artery and vein were hgated, and 
the subsequently ischemic kidneys kept in situ for 5 days. On day 6 the 
animals were sacrificed by decapitation and the kidneys removed, decap-
sulated, homogenized in double distilled water, and centrifuged at 
10.000 rpm for 15 minutes. The supernatant was discarded and the 
resulting pellet resuspended in physiologic saline to a final concentration 
of 20 % kidney tissue. This suspension was injected into three rabbits 
according to the injection scheme as described in Chapter II, section 
В.З.а.1. During a period of 6 weeks the rabbits received 10 shots of 2.5 ml 
each, containing 0.5 g rat kidney tissue, i.e. a total of 5 g rat kidney 
tissue. One week after the last injection the rabbits were exsanguinated, and 
the blood collected for preparation of anti-rat kidney serum (ARKS) (see 
CHAPTER II, section B.l). The serum was stored at —20" С 

III.C.I.a. Prehmenary studies showed that the most effective route of 
administration of rabbit-ARKS into rats was the intravenous pathway. 
Results obtained after subcutaneous, intramuscular and intraperitoneal 
injection were less conclusive. The critical dose of antiserum to be injected 
was estimated from the onset and the intensity of shock phenomena 
(shivers, muscular twitching, raising of neck hairs) occurring within 
60 seconds after intra-venous administration of ARKS. From results of 
pilot experiments it was decided to apply the following injection sche
dule : Rabbit-anti-rat kidney serum (30 %) was administered intravenously 
in an amount of 0.5 ml to each of 5 rats. Three weeks later the animals 
were boostered intrapentoneally with 1 ml of 50 % diluted ARKS. Five 
weeks after the first injection three animals were sacrificed, and the right 
kidneys prepared for electron microscopical and light microscopical inves
tigations. The left kidneys were used in micro-dissection methods to 
determine the activity of phosphatases in the different kidney zones and 
kidney structures. At the same time, the two remaining animals were 
treated with an intravenous injection of FITC-conjugated ARKS (10 mg/ 
100 g body weight). Twenty-five minutes later the animals were sacrificed 
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and both kidneys prepared for immunofluoresccnt studies (CHAPTbR II, 
section B.2.d.2). 
During the course of the experiment the animals were placed in a meta
bolic cage once a week for a period of 24 hours. The urine was collected 
during this space of 24 hours and its volume, sodium and potassium 
content, and the concentration of protein, creatinine, and tree cholesterol 
determined. Blood was withdrawn from the tail vein, and the protein 
content, creatinine, and free cholesterol in the serum was assayed. Serum 
proteins were scanned by SLPRATEK technique (CHAPTER II, section 
B.4.5.). 

IH.C.l.b. In a second series it was attempted to induce renal lesions in 
rats by subcutaneous injection of crude kidney homogenatcs of the same 
rat strain, as described in Chaper II, section B.3.a.2. bach animal received 
3 injections of 1.5 ml of a 3 0 % kidney homogenate resuspended m 
physiologic saline on day 0, 21 and 28. Five weeks after the first injection 
the animals were sacrificed. The right kidneys were used for light micros
copical, the left kidneys for biochemical investigations Once a week the 
animals were placed in a metabolic cage for a period of 24 hours during 
the course of the experiment. The 24 hours urine was collected and its 
sodium, potassium and protein content determined. 

III.C.2. Histology 

Surprisingly, histopathological changes in animals treated with ARKS 
differed largely from the expected results. Whereas after administration 
of common anti-kidney sera mostly glomerular changes arc induced, 
ARKS prepared against autolytic antigen appeared to induce predomi
nantly tubular lesions. In P.A.S. and JONbS' silver impregnated kidney 
sections, focal necrosis of both the proximal and distal convoluted tubules 
were prominent. These portions exhibited either pyknotic nuclei, or a 
total loss of nuclei. In remaining epithelial cells large basal vacuoles 
were frequent (Figs. 36-37). 
Other portions of the proximal convoluted system exhibited moderate 
deposits of coarse granuels (Fig. 38) in silver stained sections. It did not 
become clear whether these granules corresponded with lysosomal struc
tures (Fig. 39). 
In the inner medullary zone and in the papillary region the subepithelial 
membrane of numerous loops of HLNLE was distinctly thickened (Fig 
40). These portions exhibited hyaline casts and occasionally a foamy 
substance. Epithelial changes could be detected at the ultrastructural level 
(Fig. 41). 
However, corresponding tubules apparently remained umnvolved. In con
trast to the distinct tubular changes, most glomeruli exhibited only 
occasional swelling of mesangial cells (Fig. 36) In obviously unchanged 
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Fig. 36. Apparently normal glomerular structure and tubular necrosis in a nephrotic 
(ARKS) rat (P.A.S. reaction, 235 x). 

Fig. 37. Incidentally observed glomerular changes combined with local tubular necrosis 
in a nephrotic (ARKS) rat (P.A.S. reaction, 145 x). 
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Fig. 38. Fine and coarse granules in tubular cells in a nephrotic (ARKS) rat (JONES' 
silver impreg., 145 x). 

Fig. 39. large (resorption) vacuoles (V) and various lysosomal structures (^) can 
be seen between the mitochondria within the cytoplasm of this proximal tubular cell. 

χ 8.500 



Fig. 40. Thickening of tubular basement membrane and hyaline casts in a nephrotic 
(ARKS) rat (JONES' silver impreg., 145 x). 

. 

i 

Fig. 41. Between two intact lining cytoplasmata a disruption by another projection at 
Q is distinct. 
Notice the oedematous interstitial space at if. 
H = lumen of thin limb of the loop of Henle. 
С = capillary lumen. χ 8.500 



glomeruli both the basement membrane and the podocytes showed a nor
mal appearance (Fig. 42). 

Fig. 42. Mesangial cells seem to be very pronounced and demonstrate close contact 
with the endothelium. {/<). 
Dilated RER cisternae and Golgi areas in the podocyte ( Q ) are distinct. χ 6.750 

However, a few glomeruli showed distinct, pathological changes. On one 
hand they had a hyaline-like appearance, on the other hand sclerotic 
changes were obvious (Fig. 37). In the adjacent interstices the number of 
mononuclear cells appeared to be increased. 

After the administration of crude kidney homogenates (series 2) both 
tubular and glomerular changes were more intense than in the first 
experimental group. There were extended areas of complete necrosis of 
the proximal convoluted tubules (Fig. 43), and numerous glomeruli 
exhibited changes suggestive of early mesangiosclerosis. Although pyknotic 
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nuclei in the distai tubular systems were frequent, thickening of the 
subepithelial membrane was completely absent (Fig. 44). Casts and chan
ges of the collecting tubular system could not be detected. 

Fig. 43. Fxtended necrosis of proximal convoluted tubules after injection of crude homo
logous kidney homogenate (JONES' silver impreg., 60 x). 

Fig. 44. Slight papillär changes after injection of homologous kidney homogenate 
(JONES' silver impreg., 145 x). 
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III.C.3. Immunofluorescent data 

In rats diseased as a result of previous administration of ARKS, FITC- -
conjugated anti-rat kidney serum was again injected intravenously in an 
amount of 10 mg/100 g body weight. Twenty-five minutes later the 
animals were sacrificed, the kidneys prepared for fluorescent studies and 
examined under a LEITZ fluorescent microscope (CHAPTER II, section 
B.2.d.l.)· The distribution of FITC conjugated anti-body corresponded 
largely with the type of histopathological change. Whereas most glomeruli 
remained unstained (Fig. 45), almost all proximal convoluted tubules 
exhibited a strong fluorescence. Apart from numerous small granules 
there were large irregularly shaped intracytoplasmic areas reacting dis
tinctly positive (Fig. 46). Diffusely reacting cells were arbitrarily distri
buted. In most cases the base of the cell was more strongly positive than 
the apex. The reaction was less distinct in the distal convoluted tubules. 

Fig. 4S. Negatively reacting glomerulus and positively staining proximal tubules after 
intravenous injection of FITC-conjugated anti-rat globulin. 

III.C.4. Physiologic data 

Five weeks after the first injection of anti-rat serum the animals appeared 
to be diseased and exhibited a dull coat, loss of hair, and scaliness (mostly 
at the tail). They looked dazed, anaemic and oedematous. Compared with 
the normal animals, weight-gain was distinctly retarded. The body weight 
of animals which had received crude kidney homogenate was found to 
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Fig. 46. The same preparation as fig. 45 : fine granular and coarse amorphous reaction 
products within the tubular cells. 

be decreased at the end of the experiment. Although these rats looked 
diseased, too, they were not as apathetic as those of the other group, and 
did not appear to be anaemic nor oedematous. 
Table 13 shows several clinical data of animals exhibiting mainly tubular 
lesions and animals showing glomerular-tubular lesions, respectively. It 

TABLE 13 

General characteristics 

Subject Controls ARKS CrH 

Body weight in g 
start exp. 180.5 184.8 210.5 
end exp. 345.0 284.1 199.0 

Kidney weight in g 
right kidney 0.902 ± 0.003 0.917 ± 0.002 0.795 ± 0.021 
left kidney 0.879 ± 0.002 0.926 ± 0.004 0.778 ± 0.024 
% dry weight 22.34 ± 0.001 19.77 ± 0.001 23.36 ± 0.001 

General aspects and shining coat dull coat, hair- dull coat, 
behaviour loss, scaliness. scaliness. 

vivaceous dull, anaemic, feverish, 
oedematous. fatigued. 

Physiologic data, general aspects, and behaviour of normal (controls) rats and 
treated with ARKS and CrH, respectively. 
ARKS= anti-rat-kidney serum; CrH = crude homogenate. 
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is striking that after treatment with anti-rat serum total kidney weight 
increased, but the percentage of dry weight decreased compared with 
normal animals. 
After administration of crude kidney homogenatc kidney weight decreased, 
but the percentage dry weight appeared to be slightly increased. In this 
group the protein loss through the urine was only half of that observed 
in animals which were treated with anti-rat serum. Since after treatment 
with ARKS renal changes were observed resembling a typical nephrotic 
syndrom, further investigations were carried out. Special attention was 
paid to protein excretion and serum protein distribution (Table 14). 
The decreased urine volume, the amount of excreted protein, and the 
huge amount of cholesterol are the most obvious findings in nephrotic 
animals. Sodium excretion was dimnished, while potassium excretion was 
doubled. Creatinine excretion, too, was much increased. A slight increase 
in total serum protein was noticed in the serum. Corresponding with 

TABLE 14 

Urine and serum constituents 

Subject 

Urine 
24 hours volume in ml 
protein mg/ml 
Na+ meq/ml 
K+ meq/ml 
cholesterol mg/100 ml 
creatinine ^ig/ml 
Serum 
total protein in mgltnl 
albumin 

α-globulin 
/3-globulin 
γ-globulin 

total protein constituents 1100 ml 
albumin 

a-gloubulin 
/3-globulin 
γ-globulin 

Ratio alb./glob. 
creatinine ^ig/ml 
Ratio creatinine P/U 
cholesterol mg/100 ml 

Controls 

5.50 
0.568 
0.285 
0.181 

211.80 
123.84 

166.80 
116.72 

11.06 
36.00 

3.02 

69.88 
6.63 

21.68 
1.81 
2.32 

117.40 
0.95 

133.90 

Nephrosis 

3.81 
10.898 

0.178 
0.380 

1722.40 
924.00 

179.50 
104.40 

16.95 
48.94 

9.21 

58.18 
9.45 

27.23 
5.14 
1.39 

138.60 
0.15 

296.50 

Urine and serum constituents in controls and nephrotic animals (ARKS). 
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morphological nephrotic changes induced by rabbit-anti-rat kidney serum, 
the following characteristic serum protein changes were observed : a 
decrease in albumin, an increase in all globulin fractions, particularly in 
gamma globulins, a decrease in the albumin versus globulin ratio, and 
an ample increase in cholesterol. The increase in serum creatinine and 
the diminished ratio between serum creatinine and urine creatinine could 
point to a deterioration of glomerular function. 

III.C.5. Immunochemical data 

It was possible to demonstrate an immunological reaction between anti-rat 
kidney serum and serum of the experimental rats of the one hand, and 
between rabbit-anti-rat-kidney serum and a fine homogenate of the 
involved kidneys on the other, by means of double diffusion according 
to OUCHTERLONI. It should be mentioned that for the diffusion test 
between the two sera the gel concentration was 1.3 0/o, whereas the gel 
used in serum against kidney homogenate diffusion tests had a concen
tration of 0.9 % , The diffusion of homogenates is facilitated in low gel 
concentrations. 
The centre wells were filled with various dliutions of rabbit-anti-rat- -
kidney serum and the surrounding wells with serum of disseased rats in 
dilutions up to 1 : 32. The most intense precipitation lines were observed 
if 1 : 1 diluted ARKS was used and the surrounding wells containing 
undiluted, 1 : 2 or 1 : 4 diluted serum of diseased rats. At lower concen
trations the number of precipitation lines was reduced, and at a dilution 
of 1 : 32 the reaction was negative (Fig. 47a). When homogenates of 
diseased kidneys were used as antigen a distinct precipitation line occurred 
only when both antigen and antibody (ARKS) were diluted 1 : 2. (Fig. 47b). 

О 
Fig. 47b 

Fig. 47. OUCHTERLONI double diffusion technique. 
a. The centre well was filled with ARKS, the surrounding wells with serum of the 

diseased rat. 
b. The centre well was filled with ARKS, the surrounding wells with homogenate 

of a diseased kidney. 

Fig. 47a 
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Immuno-electrophoretic preparations of serum of diseased animals reacted 
against rabbit-anti-rat-kidney serum showed 2 distinct precipitation lines 
in the region of the globulins (Fig. 48a). However, no precipitation 
lines were observed when normal rabbit serum was used (Fig. 48b). 

48a 

48b с 

Fig. 48. Immunoelectrophoresis reveals a positive reaction between the serum of a 
diseased rat and ARKS from rabbits (a), but no reaction with normal rabbit serum (b). 

hi poly-acrylamide gel electrophoresis serum of diseased rats exhibited an 
extra band in the globulin region (Fig. 49a). The most clear-out results 

-: * 

Fig. 49a Fig. 49b 

Fig. 49. a. Occurrence of an extra band in Polyacrylamide electrophoresis of a diseased 
rat. b. Control. 
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were obtained when 5 μΐ of a 5 % serum dilution were applied to the 
gel for separation as described in Chapter II, section B.4.4. (Fig. 49b). 

III.C.6. Biochemical data 

The kidneys of the nephrotic rats were processed for determination of 
phosphatase activity according to the above described methods. After 
free-hand dissection of various kidney zones and structures ultramicro-
chemical determination was carried out. In these kidneys discrete areas 
of affected tissue could be distinguished These foci apparently correspon
ded with generating and necrotizing tubules, as observed in stained 
parallel sections. These altered areas were separately assayed and listed in 
table 18 as D.A.A.T. (discrete areas affected tissue). Table 18 reveals also 
the Mg++ ATP-ase and Na+-K+ ATP-ase in the various kidney zones, while 
table 19 deals with the same enzyme activities in the various kidney 
structures. Alkaline phosphatase and acid phosphatase of normal and 
nephrotic kidneys are shown in table 15. 

TABLE 15 

Alkaline and acid phosphatase activities in the various kidney zones 

Controls Nephrosis 
Subje 

o.e. 

i.e. 

O.M. 

I.M. 

В P. 

A.P. 

:ct 

I 

II 

alk. phos 

23.94 
± 2.64 

34.47 
± 1.42 

20.45 
± 1.36 

46.72 
± 0.85 

4 05 
± 0.25 

3.37 
± 0 18 

2.43 
± 0.12 

acid phos. 

9.03 
± 0 32 

15.01 
± 133 

7.24 
± 0 1 4 

10.06 
± 0 82 

1174 
± 0 20 

2.00 
± 031 

5.79 
± 0 1 9 

alk. phi 

69.25 
± 

27.55 
±: 

13.75 
±: 

13 93 
+ 

2.92 
+ 

1.73 
•+-

0.88 
± 

OS 

2.64 

0.69 

0.95 

1.40 

0.56 

0.28 

0.08 

acid phos. 

11.91 
± 0.74 

8.90 
± 0.51 

10 12 
± 0.36 

6.90 
± 0.33 

2 58 
± 0.02 

5 46 
± 0 38 

0.65 
± 0.08 

Alkaline and acid phosphatase activities in the various kidney /ones of norma! and 
diseased animals expressed in Μ Κ H , with the standard error of the mean ( S E M ) 
Kidney zones abbreviated as follows О С I — outer cortex, outer segment, О С II -
outer cortex, inner segment, 1С — inner cortex, Ο M = outer medullary zone, 
I M = inner medullary zone, Β Ρ = basis papillae, A Ρ = apex papillae 
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Quantitative determination of enzyme activity in the various kidney zones 
revealed deviations from the normal ranges, particularly in the outer 
cortex, for alkaline phosphatase, acid phosphatase and both the ATP-ases, 
in the iner cortex for acid phosphatase and Na+-K+ ATP-ase, and in the 
outer medullary zone for alkaline phosphatase and Mg++ ATP-ase. 

Alkaline phosphatase 

The high enzyme activity in the outer segment of the outer cortex (Table 
15) was particularly remarkable : in this zone the activity increased about 
three times. However, in the inner segment the activity decreased by about 
20 %. In the other kidney zones the activity of alkaline phosphatase also 
decreased. 
Determination of alkaline phosphatase activity in dissected portions of the 
nephron revealed results similar to those obtained with whole zones : 
increased activity in the glomeruli and a decrease in the tubular system, 
except for the distal convoluted tubules which exhibited an almost normal 
activity (Table 16). 

TABLE 16 

Alkaline pho« 

Subject 

Glomeruli 

Tubules I 

Tubules II 

Tubules coll. 

Art. arc. 

Med. rays 

iphatase activity in the various kidney 

Controls 

8.07 
± 

35.60 
ziz 

13.50 
+ 

2.62 
±2 

12.20 
Hh 

38.10 
±2 

0.75 

0.95 

0.82 

0.42 

0.54 

0.42 

structures 

Nephrosis 

16.42 
± 2.21 

16.25 
± 1.28 

14.82 
± 1.11 

1.55 
± 0.53 

3.97 
i t 0.87 

24.45 
± 2.33 

Alkaline phosphatase activities in the various kidney structures of normal and diseased 
animals, expressed in M.K H., with the standard error of the mean (S E.M.) Kidne> 
structures abbreviated as follows · tubules coll. — collecting tubules, Art art = 
artenae arcuatae, Med ravs = medullary ravs. 

Acid phosphatase was found to be increased in both the outer segment 
of the outer cortex and in the inner cortex (Table 15). Since particularly 
glomerular structures showed an increase in activity of acid phosphatase 
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and the glomeruli are localized in the inner cortex, it is obvious that any 
increase in cortical activity is mostly due to raised glomerular activity 
(Table 17). In the other renal zones activity of acid phosphatase decreased 
consistently in the various parts of the nephron. 

TABLE 17 

Acid phosphatase activity in the various kidney structures 

Subject Controls 

Glomeruli 

Tubules I 

Tubules II 

Tubules coll. 

Art. arc. 

Med. rays 

2.30 
± 0.40 

2.40 
± 0.20 

2.80 
± 0.20 

3.50 
± 0.40 

2 20 
± 0.10 

4.80 
± 0.30 

Nephrosis 

2.79 
± 0.40 

1.66 
± 0.20 

1.82 
± 0.20 

1.53 
± 0.17 

169 
± 0.20 

2.90 
± 0.30 

Acid phosphatase activities in the various kidney structures of normal and diseased 
animals, expressed in Μ Κ H , with the standard error of the mean (SEM) Kidney 
structures abbreviated as follows Tubules coll = collecting tubules, Art arc = 
artenae arcuatae, Med rays = medullary rays 

Mg++ ATP-ase and Na+-K+ ATP-ase 

Whereas in the outer segment of the cortex the increase in Mg++ ATP-ase 
activity was remarkable, the increase m Na+-K+ ATP-ase activity was 
prominent in the inner segment. (Table 18) In the outer medullary zone 
both M g " ATP-ase and Na+-K+ ATP-ase increased noticeably 
The distribution of M g " ATP-ase and Na+-K+ ATP-ase activity in renal 
structures is specified in table 19. In contrast to an almost normal Na+-K+ 

ATP-ase activity glomeruli exhibited a largely reduced Mg++ ATP-ase 
activity. Total ATP-ase activity (Mg++ ATP-ase plus Na+-K+ ATP-ase) 
decreased in all tubular structures. However Na+-K+ ATP-ase activity in 
proximal tubules and distal tubules was in an inverse proportion in 
experimental animals. In arciform arteries both, total ATP-ase and Na+-K+ 

ATP-ase, were more active, but Mg++ ATP-ase activity was found to be 
decreased. Although the increase in total ATP-ase activity in the arterial 
system was striking, medullary rays which contain numerous arterioles, 
exhibited almost normal activity. 
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TABLE 18 

Enzyme activities in the various kidney zones 

Zone 

O.C. I 

II 

i.e. 

O.M. 

I.M. 

B.P. 

A.P. 

D.A.A.T. 

Control 
Mg++ATP-ase Na+-

6.33 
± 1.17 

4.75 
± 1.20 

13.27 
± 3.61 

6.91 
± 0.35 

9.97 
± 1.28 

3.30 
± 0.04 

2.13 
± 0.04 

s 
K+ ATP-ase 

6.07 
± 

4.05 
4 ; 

3.55 
± 

4.35 
± 

10.54 
4 ; 

1.70 
_ 

1.90 
4£ 

1.17 

0.96 

2.13 

0.35 

1.28 

0.04 

0.04 

Nephrosis 
Me++ATP-ase Na+ 

14.24 
± 1.40 

3.94 
± 0.36 

8.00 
± 0.35 

12.51 
± 1.14 

8.80 
± 0.39 

0.62 
± 0.11 

4.09 
± 0.79 

2.65 
± 0.74 

-K+ ATPase 

2.68 
= 1.40 

20.56 
± 0.36 

5.15 
=t 0.35 

12.47 
± 1.14 

4.73 
± 0.39 

2.73 
± 0.11 

0.97 
± 0.24 

1.65 
± 0.46 

Mg++ ATP-ase and Na+-K+ ATP-ase in the various kidney zones, expressed in M.K.H., 
with the standard error of the mean (S.E.M.). Kidney zones abbreviated as follows : 
O.C. I = outer cortical zone, outer segment; O.C. II = outer cortical zone, inner seg
ment; I.C. = inner cortical zone; O.M. = outer medullary zone; I.M. = inner 
medullary zone; B.P. = basis papillae; A.P. = apex papillae; D.A.A.T — discrete 
areas affected tissue. 

TABLE 19 

M g " ATP-ase and Na+-K+ ATP-ase activities in the various kidney 
structures 

Controls 
Subject MgT+ATP-ase Na+-

Glomeruli 

Tubules I 

Tubules II 

Tubules coll. 

Art. arc. 

Med. rays 

7.65 
± 0.65 

9.42 
± 0.91 

11.59 
± 0.65 

4.01 
± 0.60 

8.53 
± 0.02 

4.29 
± 0.02 

•K+ ATP-ase Mg" 

6.12 
± 0.65 

5.46 
± 0.56 

4.93 
± 0.59 

1.56 
± 0.04 

1.06 
± 0.02 

1.40 
± 0.05 

Nephrosis 
> ATP-ase Na+-K+ ATP-ase 

1.44 5.07 
± 0.17 ± 0.17 

1.29 1.48 
=b 0.14 ± 0.14 

1.93 2.32 
± 0.48 ± 0.48 

2.48 0.47 
zt 0.14 ± 0.17 

4.39 7.09 
± 0.63 ± 0.63 

3.37 1.70 
± 0.53 ± 0.36 

Mg** ATP-ase and Na+-K+ ATP-ase activities in the various kidney structures of 
normal and diseased animals, expressed in M.K.H. with the standard error of the mean 
(S.E.M.). Kidney structures abbreviated as follows : Tubules coll. = collecting tubules; 
Art. arc. = arteriae arcuatae; Med. rays = medullary rays. 



Ш.С.7. Discussion 

Various attempts have been made to induce the picture of human acute 
and chronic glomerulonephritis in rats (LINDEMAN, 1900; MASUGI and 
SATO, 1934; SMADEL and FARR, 1936; SMADEL, 1937; SCHLOSS, 
1945; SOLOMON et al., 1949; LIPPMANN et al., 1952; EHRLICH et al., 
1952; MOENCH et al., 1955; LAUS et al., I960; SMADEL and SWIFT, 
1962; GANG and KALANT, 1970). 

In most experiments anti-rat-kidney serum, injected intravenously, was 
used as the triggering agent (LINDEMANN, 1900; MASUGI and SATO, 
1934; SMADEL and FARR, 1936; 1937; SMADEL and SWIFT, 1941; 
1962; MOENCH et ai, 1955; HEYMANN and LUND, 1951; WACH
STEIN and LANGE, 1960; GANG and KALANT, 1970; GANG and 
MAUTNER, 1972; FUNG and KALANT, 1972). Histopathological chan
ges resembling human glomerulonephritis were observed by numerous 
investigators. In chronic diseases induced by the same procedure clinical 
manifestations of a nephrotic syndrome could be noticed. Occasionally 
a course of events similar to „pure" lipid nephrosis was observed 
(WEINREB, 1953). These observations confirmed the assumption that 
this disease may be caused by an antigen antibody reaction with the 
glomerular membranes as target. It has been shown previously that 
nephritogenic antigens may be of glomerular (RICHTERICH, 1960; 
GREENSPON and KRAKOWER, 1951) but also of non-glomerular origin 
(HEYMANN and WILSON, 1959; KEKWICK et al., 1955; EDGINGTON, 
1967). In human beings the immunologic reaction is still poorly understood, 
and the nature of the sensitizing antigen is still obscure. Nephritogenic 
bêtahaemolytic streptococci were assumed to play a decisive role. Expe
riments previously carried out in our laboratory appeared to confirm this 
assumption : when, rat kidney homogenates slightly degraded by unsterile 
autolysis, were used as an antigen, the antibodies raised in rabbits showed 
the highest potency to produce glomerular lesions. However, in an 
excellent review of this complicated subject SCHREINER (1963) found 
an antecedent streptococcal infection in only about 20 0/o of the patients. 
The glomerulus functions as an ultrafilter and the filtrate is generally 
spoken of as „protein free". However, small amounts of lowmolecular 
weight plasma proteins do filter through the glomerular membrane and 
are reabsorbed in the tubules. Thus, slight proteinuria may be of tubular 
origin only; however, in cases of distinct and severe proteinuria the 
glomerulus appears to be involved, too. The clinical term „nephrotic 
syndrome" does not exclude glomerular changes. On the contrary, many 
forms of renal diseases in which particularly glomeruli are involved are 
capable of inducing the nephrotic syndrome. 

Surprisingly, in the nephrotic syndrome experimentally induced by ARKS 
the glomeruli showed only occasionally slight histopathological changes. 
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However, the activity of the glomerular alkaline phosphatase was twice 
as high as normal. This corresponds with results obtained by BONTING 
et al., (1960) in human lupus erythematosus (only a faint increase in 
activity) and results by DUBACH (1965) in human nephrotic syndrome, 
whereas in nephrotic rats a decrease in glomerular alkaline phosphatase 
activity was found (DUBACH and RECANT, 1960). It remains an open 
question whether this activity can be traced to the onset of membrano-
prohferative changes subsequent to events which previously had altered 
the glomerular permeability. 
Another finding was the inverse ratio in enzyme activity between the 
proximal and distal convoluted tubules resulting from a relatively and 
absolutely increased enzyme activity in the distal portions This inverse 
ratio was also observed in animals suffering from a nephrotic syndrome 
during malarial infection (CHAPTER Ш.Е.). One may ask whether this 
corresponds with an increased specific function of the distal convolutions 
or is due to changes m distribution of intrarenal blood supply. The 
distal portions have several activities in common with the proximal ones, 
e.g. active reabsorption of sodium m exchange for secreted potassium 
and/or hydrogen (and reabsorption of water) which may be activated 
compensatonly in the case of proximal function deterioration. 
In the nephrotic rat kidney the activity of Mg++ dependent and Na*-K* 
stimulated adenosine tn-pbosphatase activity exhibited distinct deviations 
from the normal pattern. The interpretation of these results appears to 
be complicated with respect to divergency obtained in the activity of 
these enzymes in dissected kidney zones and portions of the nephron. 
Most obvious was the distinct increase in activity of Mg++ ATP-ase in 
preparations of the outer cortical zones, whereas both proximal and 
distal convoluted tubules showed a distinct decrease in the Mg++ ATP-ase 
activity. The same holds true for glomeruli. It may be that in prepara
tions of kidney zones, the activity of non-parenchymal elements, e.g. 
blood cells had contributed to changes in enzyme activity, whereas dis
sected portions of the nephron may be free from mesenchymal elements. 
It will be mentioned in CHAPTER III.E that changes in the intrarenal 
blood supply may contribute to the development of nephrotic syndrome. 
Changes in capillary activity may be another reason, although both large 
blood vessels (artenae arcuatae) and glomeruli showed a decrease in 
activity of Mg++ ATP-ase also. On the other hand artenae arcuatae 
showed a distinct increase in activity in Na+-K+ ATP-ase, whereas in the 
glomeruli this enzyme was only slightly, less active in comparison with 
controle values. Possibly cytochemical studies might reveal further diffe
rences in enzyme activity between the precapillary and capillary systems. 
The role of the capillary system in tubular damage is largely unknown, 
but appears to be of importance for the fate of morphologic changes. 
In the various dissected portions of the nephron the activity of Na+-K+ 
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ATP-ase was distinctly lower than in controls. Surprisingly, collecting 
tubules, too, exhibited decreased enzyme activity, although their epithelial 
cells were obviously morphologically unaltered. Therefore, the question 
rises to what extent tubular epithelial damage is essentially associated 
with distinct changes in Na+-K+ ATP-ase activity. Microdissected, distinctly 
damaged, tubular areas (D.A.A.T.) did not differ significantly from obviou
sly less altered portions of the nephron in activity of Na+-K+ ATP-ase. 
Therefore, on the other hand, it could be concluded particularly from the 
streptococcal proliferative glomerulonephritis, that the relevant immu
nologic mechanism involves cell-bound antibodies (SCHRHNER 1963) 
This apparently holds true for the spontaneous development and the 
progression of this disease as well as the transfer of the pathogenic 
mechanism from one diseased organism to another one Closely con
nected herewith is the question whether auto-immune mechanisms mav 
be the common factor in the pathogenesis of this disease, since similar 
changes can be induced by different experimental procedures. In one of 
our experiments heterologous anti-rat-kidney serum was used and m the 
other, rats were injected with crude homogenates of homologous kidneys. 
An auto-immunological factor possibly involved in our experimental 
model was detected by means of immuno-chemical studies and by the 
fluorescent antibody technique In the agar gel double diffusion method 
(OUCHTERLONI, 1956) and in immunoclectrophoretic preparations, 
precipitation lines could be observed between rabbit-anti-rat kidney serum 
and serum of diseased rats. Precipitation lines were absent when serum 
of diseased rats was allowed to react with unmodified rabbit serum This 
could point to the development of antibodies against established immune 
complexes, rather than against rabbit serum. This assumption was sup
ported by a positive reaction between rabbit-anti-rat kidney serum and 
a fine homogenate of kidneys of diseased rats, whereas no precipitation 
could be noticed when normal fine kidney homogenate was assayed 
against rabbit-anti-rat kidney serum. It remains an open question whether 
the total increase in gammaglobulins and the extra band in the globulin 
fraction in Polyacrylamide electrophoresis may be due to an auto
immune reaction. It is common knowledge that the glomerulus is suscep
tible to immunologic injury. Two main types of glomerulonephritis can 
apparently be produced by immunological mechanisms (McCLUSKFY 
and VASSALI, 1969; UNANUE and DIXON, 1967, KLASSEN et al., 
1971). In one form antibodies elicited by immunization with autologous, 
homologous or heterologous basement membranes, respectively, (usually 
prepared according to the method of KRAKOWER and GREENSPON, 
1951) react with the corresponding antigens in the glomeruli of the host, 
initiating a sequence of events leading to glomerulonephritis (STEBLAY, 
1962, UNANUE et al., 1966). In the other model the damage is assumed 
to be caused by circulating immune complexes which are deposited in 
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the glomeruli. The antigen participating in the formation of these com
plexes could be either from an endogenous source (McCLUSKEY, 1965) 
or deriving from exogenous sources (HEYMANN et al., 1965). 
In most experiments glomerular involvement was the target of experi
mentation, but little attention has been paid to the possibility that renal 
structures other than the glomeruli could be damaged by immunologic 
mechanisms (KLASSEN et al., 1971). UNANUE et al. (1966) showed that 
some rabbits immunized with homologous renal tissue developed not 
only glomerulonephritis, but also tubular lesions that were characterized 
by deposits of immunoglobulin and complement along the tubular basement 
membranes. In addition, STEBLAY (1970) reported on guinea-pigs which 
developed acute tubular necrosis after treatment with heterologous renal 
tissue. 
As shown in the present study anti-rat kidney serum, evoked in rabbits 
by injections of sterile necrotic rat kidney homogenate, predominantly 
induced tubular lesions rather than glomerular membranous proliferative 
changes. Modernate proteinuria, hypoproteinaemia, hypercholesterolaemia, 
and a reverse albumin/globulin ratio m favour of the globulin content 
are considered to be the general criteria of a nephrotic syndrome (JOHN
SON and READER, 1959). Except for hypoproteinaemia, the same chan
ges were observed in our experimental model, suggesting that ARKS 
induced predominantly tubular changes as was also indicated by the 
clinical findings. From these results it can be concluded that the actual 
condition of the antigen plays an important role as well as its source. 
Whereas ARKS obtained from unstenle, degrated antigen produces pre-
dominently glomerular lesions, the target of ARKS obtained from sterile 
autolytic antigens is obviously the tubular system. In immunofluorescent 
preparations of diseased rat kidneys depositions of HTC-conjugated anti-
rat gammaglobulins could be observed in the tubular systems. Similar 
results were obtained by ROY and RABER (1972). In the distal convolutes 
these deposits had a clumpy appearance, while in the proximal convoluted 
tubular system they were more granular. As in the type of human child
hood nephrosis m which glomeruli exhibited „minimal changes" (GRUPE, 
1971) and in lipoid nephrosis (mostly affecting the tubular system) the 
glomeruli in our model showed only insignificant back-ground fluores-
cense. Since the rabbit-anti-rat kidney serum was injected intravenously it 
had to pass the glomeruli before it was reabsorbed by the tubular cells. 
If there was any avidity of this serum for glomerular structures, it would 
have been possible to detect even „minimal" glomerular changes by 
means of this method. The inception of those changes, e.g. splitting and 
thickening of glomerular membranes, could have been overlooked in 
routine histological preprations. Electronmiscroscopy and immunofluo
rescent microscopy appear to be most appropriate for the detection of 
the nature of early renal lesions (DRUMMOND et al., 1966). With a few 
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exceptions, in this disease the activity of enzymes in the different kidney 
zones and kidney structures was decreased. Particularly in the proximal 
convoluted tubules the activity of the alkaline phosphatase was only 
about the half of controle values. Weak alkaline phosphatase was found 
in aminonucleoside nephrosis (DUBACH and RECANT, 1960; 1962), in 
renal lesions associated with lupus erythematosus (BONTING et al., 
1960) and in experimental rat nephrosis (GREGOIRE and GEPTS, 1966). 
Although the proper function of alkaline phosphatase at individual struc
tures had not been elicited entirely, m the kidney this enzyme may be 
connected with reabsorbtive processes. Decreased alkaline phosphatase 
activity may therefore point to a lowering of the threshold of particular 
substances : there exists a limit to the rate at which the active transport 
system can operate. This limit can be reached if either the substances to 
be reabsorbed are present in exessive amounts in the ultra-filtrate or 
the reabsorbtive mechanism is limited. This is of special interest with 
respect to the threshold of protein. It may be that changes in the composi
tion of basement mcbranes play a more decisive role. 
It has been shown that phospholipids are a constant component of rat 
and human basement membranes (MISRA and BERMAN, 1966; Von 
BRUCHHAUSEN and MERKER, 1967; GANG and KALANT, 1970; 
WESTBERG and MICHAEL, 1970; GRISHAM and BARNETT, 1972). 
These phospholipids have a peculiar composition which differs from 
that of renal subcellular components (FUNG and KALANT, 1972). 
According to FUNG and KALANT (1972) the amount of phospholipids 
decreased when kidney slices were exposed m vitro to anti-serum against 
basement membrane. The same effect was observed in m vwo experiments. 
The loss of phospholipids was associated with a sharp decrease in 
Na+-K+ ATP-ase enzyme activity. In several incubation series with normal 
rabbit serum and anti-rat kidney serum (nephrotoxic serum), it appeared 
that this serum produced a specific inhibition or even a loss of NaT-K+ 

ATP-ase activity. This decrease occurred much more rapidly than changes 
in phospholipids could be noted. According to STAHL (1973) the Na+-K" 
ATP-ase requires phospholipids for both formation and decomposition 
of the phosphorylated intermediate(s) which probably participate in the 
net reaction. Thus, not only the loss of phospholipids, but obviously also 
their architectural changes at the molecular level may influence Na+-K+ 

ATP-ase activity. A damage of basement membranes appears to disturbe 
the normal phospholipid pattern. However, the tubular basement mem
brane exhibits another phospholipid pattern (FUNG and KALANT, 
1972). Therefore, it might be that a different behaviour of enzyme activity 
is due to different changes in phospholipids in both types of membranes, 
although both were involved in the same basic disease. In our experi
mentally induced nephrotic syndrome thickening of the peritubular mem
branes was more impressive than changes of the glomerular membranes. 
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Although a sharp decrease in enzyme activity was noticed in the tubular 
tissues, there was an increased ratio in Mg+" ATP-ase and in Na^-K* 
ATP-ase activity between the distal and the proximal convoluted tubules : 
the ratio in activity of the Mg++ ATP-ase changed from 1.23 to 1.48 and 
the Na+-K+ ATP-ase ratio from 0.9 to 1.69. The functional implication 
of this inverse ratio of enzyme activity in favour of the distal convolutes 
is largely unknown. However, it appears to be a frequently occurring 
change in case of tubular alteration (cf. CHAPTER III.D.). 
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III.D. PHOSPHATASES IN A CASE OF IDIOPATHIC HUMAN 
CHILDHOOD NEPHROSIS 

In new born infants only a few cases of nephrosis have been observed, 
which could not be traced to respectively syphilis or an analogous basis 
disease, but apparently belonging to the congenital familial type (EARLY 
et al, 1971; McDONALD et al, 1971). We therefore seized the opportunity 
to investigate a surgical kidney biopsy from a child (by courtesy of 
MONNENS, L.A.H.), aged about 4 weeks and obviously suffering from 
this disease. This investigation can only be regarded as a pilot study, 
since to our knowledge biochemical determinations of the activity of 
various phosphatases in neonatal human renal tissue have not yet been 
carried out. Therefore, we were obliged to compare the results with data 
obtained from both the nephrotic syndrome (CHAPTER III.C.) in rats 
and the postnatal development of rat kidneys (CHAPTER III.A.). As 
another criterion, several results obtained from adult human kidneys were 
available (BONTING et ai, 1960; a, b, c). 

III.D.l. Specific materials and methods 

On the biopsy specimen the following investigations were carried out : 
histological examinations of P.A.S. and haemtoxylin-eosine stained sec
tions, and histochemical preparations for the distribution of alkaline 
phosphatase, acid phosphatase, glucose-6-phosphatase, and aspecific ade
nosine tri-phosphatase. Histochemical preparations were incubated for 
various periods (up tot 60 min.). The same enzymes were determined 
quantitatively in micro-dissected material by means of ultra-micro bio
chemistry. Fort his study the same media were used as described for rat 
tissue (CHAPTER II section В.7.1., B.7.3.), except for the determination 
of Mg++ ATP-ase and the Na+-K+ ATP-ase activity. For these enzymes 
media according to TULLOCH et al. (1972) were used, which appeared 
to be more appropriate to human kidney tissue. 
The biochemical determination of glucose-6-pbosphatase in human nephro
tic disease. The medium in which the enzyme was asayed consisted of 
the following components : 0.2 M citrate pH 6.35 used as a buffer; 2 % 
B.S.A.; 0.2 M glucose-6-phosphate (SIGMA Chemical company, St. 
Louis, MO). 
The procedure was as follows : 0.25 ml sample was used and incubated 
in a water bath during 60 minutes at 37" С Thereafter, 1.250 ml 10 0/o 
trichloracetic acid was added. Aliquots of 1.250 ml were transferred into 
clean test tubes and colour reagent was added (FISKE-SUBAROW, 
CHAPTER II section B.7.3.). Optical densities were read at 700 nm. 
Suitable standards, using ΚΗι,ΡΟί, and enzyme blanks were added; optical 
densities were read against water. 
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III.D.2. Histological findings 

Even in unstained freeze-dried sections as used for micro-dissection pro
cedure histological changes could be diagnosed (Fig. 50). 

Fig. 50. Survey of a freeze-dried, unstained section of a renal biopsy specimen. 

There was an arbitrary distribution of severely congested glomeruli alterna
ting with corpuscules exhibiting distinctly dilated capillaries, but no red 
blood cells. The number of glomerular cells was almost normal; mesangial 
cells and basement membranes showed no deviations. However, the space 
of BOWMAN was dilated in most corpuscules. Characteristic changes were 
observed within the tubular epithelium. The epithelial cells of the proximal 
convolute were finely granulated and exhibited slight vacuolar changes. 
Several foci of vacuolar degeneration were obvious. Proximal tubular 
cells were distinctly swollen and appeared to obstruct the lumina com
pletely. At one place the cells were necrotic. Numerous tubuli of the 
distal convolute exhibited casts consisting of a fine to coarsely granulated 
substance. Other distal segments were dilated and their epithelium was 
flattened. Several veins within the medullary rays also were dilated. 
Although the interstitial connective tissue appeared to be slightly increased, 
an interstitial cellular reaction was absent. This picture pointed to primary 
nephrotic rather than inflammatory events. 
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III.D.3. Histochemical data 

In contrast to normal incubation periods (usually no longer than 30 min.) 
in this material a sufficiently intense enzyme reaction could only be 
noticed after an incubation time of 60 minutes. 
The alkaline phosphatase distribution was apparently normal. However, 
whereas the brushborder of the proximal convolute reacted distinctly 
positive, even after longer incubation periods the distal segments remained 
negative (Fig. 51a). 
Acid phosphatase activity was only very week in histochemical prepara
tions. No increase of activity was observed when the sections were 
incubated for 60 minutes or longer, instead of the normally used maximal 
period of 30 minutes. 
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Fig. 51. Distribution of alkaline phosphatase (a) and adenosine tri-phosphatase (b) in 
histochemical preparations of early childhood nephrosis. 
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Glucose-6-phospbatase activity appeared to be distinctly less intense than 
known from normal kidney tissue. However, this enzyme, too, showed 
a normal distribution pattern. The activity of the histochemically demon
strable unspecific adenosine tri-phospbatase was somewhat weaker than 
in the adult kidney (Fig. 51b). 

III.D.4. Biochemical data 

Due to the minute size of the obtained tissue specimen, not all kidney 
structures could be studied sufficiently in micro-dissection preparations. 
The investigation had to be restricted to congested and non-congested 
glomeruli, medullary rays and the outermost segment of the outer cortex. 
A fragment too small for proper microdissection was used for the pre
paration of a total cortex homogenate. Congested and non-congested 
glomeruli were studied separately. The mean weight of congested corpus
cules was distinctly higher (8.10"8 g) than the weight of the blood-free 
ones (5.10-8 g). 
Most obvious was a high activity of alkaline phosphatase (Table 20) in 
the congested glomeruli, while the non-congested ones showed no activity. 
Thus, the relatively high activity of the total kidney homogenate appeared 
to be caused by the activity of congested glomeruli since medullary rays 
were only weakly active. 
Acid phosphatase too, was distinctly more active in congested glomeruli 
than in the non-congested ones. Apparently this activity is the reason for 
high activity of the total homogenate (Table 20). 

TABLE 20 

Phosphatase activities in early human nephrosis 

Subject 

Glomeruli 
congested 

Glomeruli 
non-congested 

Medullary rays 
Outer segment 

of O.C. 
Total homogenate 

Alk. Phosph. 

9.31 ± 0.05 

0.336 ± 0.19 
1.70 ± 0.24 

2.26 ± 0.11 
3.96 ± 0.19 

Acid Phosph. 

5.45 ± 0.04 

3.38 ± 0.25 

8.82 ± 0.24 

Glucose-6-Phosph. 

none 

none 
4.95 ± 0.03 

none 

Phosphatase activities in early human nephrosis. Alkaline phosphatase, acid-phospha-
tase and glucose-6-phosphatase activities expressed in M.K.H. with the standard error 
(S.E.M.) of the mean. 
Outer segment of outer cortex abbreviated as : outer segment of O.C. 
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Glucose-6-phosphatase was inactive in both types of glomeruli. 
Although in medullary rays a moderately intense activity was noticeable, 
no activity was measured in the total homogenate (Table 20). 
As shown in table 21 the congested glomeruli did not exhibit Na*-K* 
ATP-ase activity but only Mg++ ATP-ase activity, whereas in the non-con
gested glomeruli Na+-K+ ATP-ase activity was about twice as intense as in 
the other structures. The total homogenate and the outer segment of the 
outer cortex revealed almost the same Na+-KT ATP-ase activity and 
Mg++ ATP-ase activity, while in the medullary rays a much lower activity 
of both enzymes was measured. 

TABLE 21 

Mg++ ATP-ase and Na+-K+ ATP-ase activities in early human nephrosis 

Subject 

Glomeruli 
congested 

Glomeruli 
non-congested 

Medullary rays 
Outer segment of 
Total homogenate 

o.e. 

Mg++ ATP-ase 

6.66 ± 0.072 

11.05 ± 0.001 
2 32 ± 0.062 

10.43 ± 0.001 
10.71 ± 0.083 

Na+-K+ ATP-ase 

none 

6.23 ± 0.045 
3.67 ± 0.084 
3.59 ± 0.072 
2.87 ± 0.036 

Mg++ ATP-ase and Na+ K+ ATP-ase activities in the various kidney structures in early 
human nephrosis The activities are expressed in Μ Κ H with the standard error of 
the mean (SEM) Outer segment of outer cortex abbreviated as outer segment 
of O C 

III.D.5. Discussion 

The nephrotic syndrome in childhood is commonly seen to occur between 
1 and 4 years. It is comparatively rare during the first 12 months of life 
(McDONALD I97I). According to BARNETT et al. (1952) the incidence 
is only 1 % , and according to CORNFELD and SCHWARTZ (1966) 
this disease is reported under 1 year of age in only 5.8 % of all cases of 
childhood nephrosis. ARNEIL (1961) stated that 5 . 3 % of all paediatnc 
cases of nephrosis occur during the first 6 months. Most of the cited 
cases were due to congenital syphilis. A nephrotic syndrome as a congeni
tal occurrence „e causa ignota" is more rarely observed. Investigations by 
means of histochemistry and quantitative enzyme determination on micro-
dissected renal tissues may add some new facts concerning the pathoge
nesis of this disease. 
However, the evaluation of the present results was complicated, since 
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the biopsy specimen was too small to determine satisfactorily the enzyme 
activities in all kidney structures. Furthermore, to our knowledge, bio
chemical investigations on the activity of various phosphatases in normal 
neonatal kidneys have not yet been done. Therefore, the present results 
were compared with those obtained from foetal and neonatal rats 
(CHAPTER III.A) and with those described in the literature for adult 
human kidneys. 
In experiments with foetal and neonatal rats it was found that the 
activity of various enzymes was less in quantity and quality in the neonatal 
rat than in the adult rat kidney. The relation in enzyme activity of alkaline 
phosphatase, acid phosphatase, Mg++ ATP-ase and Na+-K+ ATP-ase, 
recpectively, between the neonatal and the adult rat kidney was : 0 01, 
0.11; 0.48; and 0.16, respectively. Therefore, it was not surprising that 
in a newborn human also enzyme activity was faint in comparison with 
the adult human kidney. This holds true for histochemical and biochemical 
determinations. "Whereas in the adult human kidney an almost complete 
histochemical reaction could be achieved after an incubation time of 
5 - 1 5 minutes, in young kidney tissue a sufficiently intense reaction could 
be noticed only after an incubation period of 50 minutes. More conclusive 
appeared to be the topographic differences in enzyme activity. Light micro
scopical preparations exhibited distinctly congested and non-congested 
glomeruli. It has been assumed that in human kidney development the 
number of glomeruli does not increase after the foetus has reached a weight 
of 2000 - 2500 g (POTTER and THIERSTEIN, 1943). Certainly, morpho
logically immature renal corpuscules differentiate during post-natal life. 
This process consists mainly of an expansion of the glomerular vascular 
bed and an increase in glomerular cells, and is associated with a growth 
in length of the loop of HENLE. Thus, the congested and the non-
congested condition of glomeruli might be explained as features of 
different stages of maturation. However, the two types of glomeruli 
exhibited different weights and, independent of weight differences, diffe
rent enzyme activités. These е ш у т е differences were only noticed in 
quantitative enzyme assays and not in histochemical preparations. Only 
in the non-congested glomeruli did the activity of alkaline phosphatase 
approximately agree with the enzyme activity found in healthy adult 
humans by BONTING et al. (1969) and DUBACH (1965). In the con
gestive glomeruli the activity was appreciably higher. 
Actd phosphatase in the non-congested glomeruli was almost as active 
as in normal healthy human glomeruli (BONTING et al., 1960), while the 
congested glomeruli exhibited a somewhat higher activity. Eurthermore, 
in both the congested and non-congested glomeruli the activity of the 
Mg++ ATP-ase appeared to be much higher than in normal healthy speci
mens. Na+-K+ ATP-ase activity was only measurable in the non-congested, 
but not in the congested glomeruli. BONTING et al. (1960) determined in 
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adult human glomeruli 0.25 M.K.H. of glucose-6-phospbatase activity 
However, in the present studies of a diseased kidney no activity was found 
in any glomeruli. Differences in enzyme activity between congested and 
non-congested glomeruli were apparently not the consequence of differen
ces in individual weight. Differences in cell composition as a reason for 
varying enzyme activity could be excluded, too. The increase in erythro
cytes in congested renal corpuscules should give rise to an increase in 
activity of erythrocytic enzymes. 
However, only the activity of alkaline and acid phosphatases was increased, 
whereas Na+-K+ ATP-ase and Mg++ ATP-ase were less active in the non-
congested ones. Therefore, biochemical studies suggest, but do not 
establish, that non-congested glomeruli exhibit a normal functional 
pattern, whereas congested corpuscules are functionally detenonated. It 
remains an open question whether this can point to the onset of 
membranoprohferative changes. It was suggested from both the clinical 
course and observed histopathological changes that there are at least two 
types of nephrotic syndrome in early infancy (MEHLS and SCHAERER 
1961; McDONALD et al., 1971). Unresponsiveness to treatment with 
corticosteroids, e.g., appears to point to progressive glomerular involve
ment. Prompt response to therapy supports the expectation of minimal 
glomerular changes. There is insufficient information whether alteration 
of renal hacmodynamics may induce comparable changes in the glomerular 
enzyme pattern. Congestion may also point to stasis from which hypoxae-
mic changes may result. Deviation in glomerular blood supply, due for 
example to constriction either of the pre- or post glomerular vascular 
pathway, may be a physiologic intrarenal regulative mechanism. However, 
in the case of extreme irritation this mechanism is suggested to contribute 
to histophathological lesions, e.g. in the crush syndrome. 
Some of the tubular changes observed resembled the congenital type of 
lesion (McDONALD et al., 1971). However, vacuolar changes and focal 
epithelial necrosis argue against this supposition. These changes were 
seen on the one hand in toxic nephrosis, and in the osmotic (vacuolar) 
nephrosis on the other (ROBINS, 1967). The pathogenesis of these lesions 
is uncertain, but it seems reasonable to assume that the provoking agents 
derange or poison one or more of the enzyme systems in the renal 
tubular cells. This recent knowledge may provide the key to the patho
genesis of various tubular lesions associated with marked disturbances in 
electrolytes. Only from histochemical studies it could be concluded that 
the tubular system was more involved than the glomeruli. In biochemical 
assays the medullary rays showed increased activity in glucose-6-phospha-
tase, which may be traced to the higher oxygenation rate of parenchymal 
cells in the new-born (McCANCE, 1948), particularly in the outgrowing 
and differentiating tubular portions. Compared with the normal adult 
human kidney (BONTING et al, 1960) the activity of the Mg++ ATP-ase 
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appeared to be only somewhat weaker. Activity of Na+-K+ ATP-ase, too, 
appeared to be within the normal range. There is a certain correspon
dence with results obtained with the experimental nephrotic syndrome in 
rats (CHAPTER III.C). However, as stated in CHAPTER III.B the cation 
concentration and the cellular environment appeared to be as important 
to the maintenance of the typical cation gradient profiles as the intactness 
of specific pump mechanisms. Therefore, in this case too, tubular changes 
might be induced by changes in the environment, and not exclusively by 
intracellular biochemical lesions. As mentioned above, the present study 
on the nephrotic syndrome in early childhood can be regarded as a pilot 
investigation only. The obtained results may be able to throw some new 
light on the pathogenesis of this disease. 
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ULE. CHANGES IN THE ACTIVITY OF VARIOUS PHOSPHATASES 
DURING DEVELOPING MALARIAL NEPHROPATHY (P. berghei) 

Introduction 

Renal disfunction is a frequent complication of malarial infection. 
Three different syndromes of malarial nephropathies can be distinguished 
(WOLTHUIS, 1967) : 1. primary glomerular changes; 2. tubular lesions; 
3. renal disfunction in black water fever. In general, degenerative pro
cesses appear always to be predominant over inflammatory events, and 
functional changes are reversible in most cases. Only when malaria 
becomes chrome, kidney function may decrease severely and uraemia 
may ensue. The pathogenesis of the various renal lesions is largely 
unknown. It is generally assumed that tubular lesions are the direct or 
indirect result of hypoxaemia (GRANBERG, 1962), due to vasoconstric
tion or obstruction of capillaries. Pilot experiments indicated in the 
kidney of malaria infected mice changes in the activity in various phos
phatases preceding morphological lesions (CREMERS et al, 1972). 
Therefore, the activity of this group of enzymes and its relation to the 
occurrence of malarial nephropathy was studied in detail during the 
course of P. berghei infection in mice. 

III.E.l. Specific materials and methods 

About 600 young adult Swiss mice weighing about 20 - 22 g were 
inocculated intrapentoneally with about 10(> parasitized red blood cells 
(P. berghei strain К 173). The animals were kept on standard laboratory 
diet and tap water ad hbidum at a room temperature of 23° C. The 
relative humidity was between 50 and 60 % . On days 9 and 29 after 
infection, respectively, 10 and 15 mice were selected at random. The 
urine was collected from each mouse of these groups. Twenty-four hours 
later, i.e. on days 10 and 30 after infection, respectively, the mice were 
frozen to death on dry ice to avoid possible side effects of ether or 
barbiturate anaesthesia on enzyme activities. Immediately after death 
the kidneys were prepared for histochemical and biochemical investigations. 
For topographic biochemical determinations of phosphatases 16 micron 
thick cryostat sections were made and freeze-dned. The cortex (I), the 
outer medullary zone (II), the inner medullary zone (III) and the renal 
papilla (basis = IVa; apex = IVb) were dissected separately out of the 
lyophihzed material under a dissecting microscope. In 10 days infected 
animals the basis and the apex papillae were separately investigated. 
Using the methods described by SKOU (1957, 1960) and BONTING et al. 
(1963 a en b, 1964) alkaline phosphatase, acid phosphatase, sodium-
potassium stimulated ATP-ase and Mg++ dependent ATP-ase were by 
means of biochemical methods quantitatively determined. In addition 
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enzyme activity was determined in homogenates obtained by mincing 
the whole kidney in ELVEHJEM tissue grinders. For light microscopy 
small pieces of kidney tissue were fixed with isotonic 4 % formol-sodium 
solution, and 3 micron thick sections stained after JONES silver impreg
nation and HOTCHKISS and McMANUS PAS method. The concen
tration of creatinine, sodium, and potassium of serum and urine as well 
as the urinary protein content (LOWRY) were determined. 

III.E.2. Results 

Clinical feature 

As shown in table 22 both the clinical picture and the chemical values of 
infected mice differ largely from the normal controls. Ten day infected 
animals are lethargic, their coat is dull, and they show symptoms of 
slight dehydration. Mice on day 30 of P. bergbei infection are apathetic 
and show signs of a severe dehydration. Their coat is distinctly dry and 
exhibits loss of hair. 

ΠΙ.Ε.3. The histological aspect of the kidneys of mice infected with 
P. berghei is quite heterogeneous and ranges from the apparently normal 
to the severly histopathological. 

Neither in 10 days nor in 30 days infected animals are the glomeruli 
distinctly pathologically altered. In animals infected longer the space of 
Bowman is somewhat dilated, and some podocytes adhere to the capsular 
epithelium. The glomerular capillaries are slightly dilated, and in some 
cases the number of mesangial cells appears to be somewhat increased. In 
late infections mesangial cells may contain black-brown pigment. In 
general, there is no distinct cell proliferation nor irregular thickening of the 
basement membrane. In PAS stained slices the brush-border of the 
proximal convoluted tubules is clearly demonstrable. However, some 
cells of the distal part of the convoluted tubules show slight cloudy swel
ling. The preferred site of pathological lesions appeared to be the loop 
of HENLE, particularly its thick limb. In this part of the nephron tubular 
epithelial cells may be stripped off and frequently exhibit pyknotic nuclei. 
In some cases the papillary interstitial tissue is oedematous. 

III.E.4. Electron microscopy 

After 10 days the endothelium of numerous glomerular and tubular 
capillaries was swollen, but the lumen not obstructed. Capillaries exhibited 
numerous parasitized and normal erythrocytes, some polymorphonuclear 
granulocytes and lymphocytes; fibrin deposits were absent. After 30 days 
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TABLE 22 

PHYSIOLOGICAL VALUES 

SUBJECT NORMAL 10. D. INF. 30. D. INF. 

Body weight g. 
R. kidney weight g. 
L. kindey weight g. 
Clinical picture 

Behaviour 
Coat 

Urine values 

24-h volume μΐ 
Protein mg/ml 
Creatinine ng/ml 
Na+ mEq'24h/100 ml. 
K+ mEq/24h/100 ml. 

Serum values 

Creatinine [igieni. 
N a + mEq/lOO ml. 
K+ mEq/100 ml. 
Ratio Creatinine U/P 

23.35 
0.182 
0.178 

normal 

vivid 
bright 

315.0 
3.92 

133.70 
98.200 

0.901 

148.12 
18.80 

0.720 
0.903 

28.85 
0.199 
0.185 

light dehydra
tion 
dull 
faint 

440.0 
5.93 

174.30 
35.980 

0.667 

297.30 
28.78 

0.332 
0.586 

18.70 
0.131 
0.138 

dehydration 

apathetic 
faint and dry 
hairloss 

129.6 
7.32 

259.99 
1.193 
1.833 

135.24 
15.80 

0.115 
1.923 

Enzvmes in total kidney bomogenate ( ± S.E. of the mean) 

Alk. Phosphatase M.K.H. 24.88 12.54 16.13 

Acid Phosphatase M.K.H. 

Na+-K+ A.T.P-ase M.K.H. 

Mg2+ A.T.P-ase M.K.H. 

± 2.40 
38.79 

± 2.68 
29.80 

± 1.75 
12.50 

± 1.80 

± 1.98 
20.60 

± 1.85 
35.35 

± 1.50 
21.29 

± 1.55 

± 1.99 
22.15 

± 1.90 
15.50 

± 0.98 
6.82 

± 1.05 

Physiological and clinical values of mice in early (10 days) and late (30 days) P. berghei 
infection. 
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the lining endothelium exhibited a normal appearance, with possibly 
slighlty dilated capillaries (Fig. 52). 

Fig. 52. Very thin endothelial cytoplasm of the dilated capillary (C) is easily recognizable. 
Note endothelial arcading (—») and the increased enveloping fibrillar components of 
the interstitium. x 10.800 

U M »J 
Fig. 53. Various electron-dense structures are present in close proximity to the nucleus 
(N). One of the autophagic vacuoles still demonstrates the remnant of a mitochon
drion {/*). χ 34.800 



There were no fibrin deposits. There were fewer red as well as white cells 
within the capillary lumen than 10 days after infection. Already after 10 
days the proximal convoluted tubules showed large autophagic vacuoles 
which increase in number during the course of the infection (Fig. 53). 
Numerous cells of the proximal parts of the nephron exhibited arbitrarely 
distributed, electron dense residual bodies which may arise from autopha
gic vacuoles, since they frequently contain mitochondrial fragments (Fig. 
54). Other cells showed large apical, electron lucent vacuoles (Fig. 55). In 
these cells the apical parts of the cytoplasm, the brush-border, and mito
chondria adjacent to these vacuoles appeared somewhat damaged. These 
changes were more frequent during the late stages of the infection. Vacuo
les containing a finely granulted substance resembling ferritin were only 
occasionally seen. In most cells the mitochondria exhibited a quite normal 
appearance. Swollen mitochondria were present in some tubular epithelial 
cells to almost the same extent during early and late infection. Most chan
ges were patchy in their distribution, and some tubules appeared to be 
completely uninvolved. Basilarly located electron light inclusions, which 
might represent accumulation of fatty substances, and pigment casts within 
the tubular lumen were absent. 

Fig. 54. The formation of an autophagic vacuole includes a mitochondrion at /^a, and at 
/"Ъ unrecognizable cell constituents. Near the nuclear mebrane a disrupted mitochrondrion 
(M) and a lipid droplet (L) containing lysosomal structure are shown. χ 43.000 
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Fig. 55. The apical cell cytoplasm of the proximal tubule demonstrates besides large 
vacuoles (V) a clearly oedematous matrix. 
Alteration of mitochondria {/<) is evident. 
N = nucleus χ 11.800 

III.E.5. Clinical data 

"Whereas several pathophysiological changes became increasingly more 
severe during the course of infection, others showed an intermittent trend. 
Remarkable is the enormous deviation of single values within the group. 
However, except for the urine values (Figs. 56, 57) these deviations became 

Fig. 56 
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gradually less extreme from control values to those of 30 days infection. 
The body weight and the weight of both kidneys increased slightly during 
the first 10 days, but decreased significantly until! the 30 t h day (Table 22). 
Whereas the total urine volume first increased and later decreased, sodium 
and potassium were excreted to a lower total amount during the early 
infection period (10 days), but in larger quantities during the late period 
(30Lh day of infection). In early infections the quantity of excreted sodium 
and potasium increased with increasing urine volume, but became stable 
when the urine production reaches about 500 microliters per day (Fig. 58). 

Fig. 58 

During the late infection period the curve for sodium excretion showed 
an increasing slope in cases of little urine production, but remained con
stant when 250 microliters and more urine were produced (Fig. 59). 
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Fig. 59 

The excretion of protein and creatinine in the urine generally increased 
steadily during the course of infection (Figs. 60, 61). In the serum 

IO D INF 

Fig. 60 

(Table22) the concentrations of creatinine and sodium first increased 
(10 days) but later decreased (30 days). Potassium concentration decreased 
steadily. Whereas the values for creatinine and sodium appeared to be 
within the normal range, 30 days after infection the serum was severely 
deprived of potassium. The disturbed creatinine metabolism was also 
indicated by changes in the ratio of urine and plasma creatinine content. 
This ratio decreased first about 30 0/o, but later increased by more 
than 100%. 
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III.E.6. Biochemical data 

In the total kidney homogenate the activity of alkaline phosphatase and 
acid phosphatase decreased distinctly during the first 10 days and remained 
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low during the late infection period. The sodium-potassium stimulated, 
as well as the magnesium dependent ATP-ase first increased in activity, 
but their activity was found to be reduced by about 50 0/o on the 30'" day. 
Determination of enzyme activity on microdissected material revealed chan
ges in both the topographical distribution and intensity. In controls the 
lysosomal marker acid phosphatase was highly active in the cortical area (I) 
and in the basis papillae (IVa) (Fig. 62). The lowest activity was found in 
the outer medullary zone (II). On the tenth day of malarial infection acid 
phosphatase decreased in the cortex but increased somewhat in the outer 
medullary zone and showed the highest activity in the inner medullary (III) 
region. The activity of this enzyme decreased gradually in the distal 
collecting tubular system. Thirty days after malarial infection the cortex 
and the inner medullary region exhibited high acid phosphatase activity, 
whereas the outer medullary zone and the papilla were only weakly active. 
In controls the highest activity of alkaline phosphatase (Fig. 63) were 
found in the inner medullary zone (III). On the tenth day the activity of this 
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enzyme decreased in this region and remained low until the 30'" day. 
However, the activity of alkaline phosphatase was very high in the cortex 
(I), outer medullary region (II) and the renal papilla (IVa + b) during the 
late infection. 
In controls the Mg++ dependent ATP-ase decreased gradually from the 
cortex to the inner medullary zone and was low in the collecting tubules 
of the papilla (Fig. 64). 
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After 10 days the activity in the cortex was lower than in controls, but 
higher in the inner medullary zone and in the papilla. On the ЗО"1 day 
Mg++ dependent ATP-ase was highly active in all zones of the kidney. 
However, the inner medullary zone showed no further increase compared 
with the 10 t h day. 
In controls the highest activity of the Na+-K+ ATP-ase was found in the 
inner medullary region (Fig. 65) and the lowest in the collecting tubules. 
Ten days after malarial infection the shape of the curve of enzyme 
activity resembled that of controls but exhibited differences in topo
graphical distribution. The highest active zone was the outer medul-
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lary zone, whereas the inner medullary zone showed only weak, and 
the papilla, almost no activity. After 30 days the distribution of enzyme 
activity was complete inversed. The cortex was nearly as active as in 
controls. Enzyme activity decreased rapidly in the outer medullary zone, 
but was found to be highly active in the collecting tubular system. 

III.E.7. Discussion 

The possible pathogenesis of malarial nephrosis has been discussed in 
detail by WOLTHUIS (1967), ROSEN et al. f1968) and SITPRIJA (1971). 
Although it is generally assumed that degenerative processes appear always 
to be predominant over inflammatory ones, primarily glomerular lesions 
have been described by BERGER et al. (1967) in human falciparum 
malaria, and by VOLLER (1971) in monkeys infected with human quartan 
malaria. In contradiction to the general experience that malarial nephro
pathy is largely reversible, primarily glomerular lesion caused by malarial 
infection may result in permanent functional changes, e.g. hypertension 
(BERGER et al., 1967). Possibly, a particular immunological stage of 
malarial infection or a second organ lesion, particular pulmonary changes, 
can induce glomerular alterations (STARZL et al., 1970). The presenta
tion of diffuse membranous glomerular nephritis can be the result of 
bronchial carcinoma (LEWIS et al., 1971) and vice versa, a „transplant-
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lung syndrome" was seen after rejection of human kidney homografts 
(TISON and BARUZZI, 1969). However, although in our experiments 
mice suffered from degenerative lung infections during late infection, 
glomerular lesions were not prominent. In most cases malarial nephropathy 
is associated with a degenerative tubular process („acute tubular necrosis", 
„lower nephron nephrosis", „acute intrinsic renal failure"). Malarial 
nephrosis is not a specific lesion. Similar alterations are seen after various 
events, .i.e severe burns, heat stroke, transfusion of incompatible blood, 
uteroplacental damage, serious intoxications, rattlesnake bite, and the 
crush-syndrome. It is generally assumed that in the pathogenesis of these 
nephropathies an hypoxaemic factor plays an important role. Hypoxaemia 
may result from the contraction of blood vessels in the renal parenchyma 
and from the formation of intra-renal shunts (TRUETA et al, 1946) 
deviding the blood stream and rendering cortical glomeruli ischaemia. 
In malarial infection a local disturbance of capillary blood flow caused by 
the sludging of blood elements in the microvasculature (KNISELY, 1945; 
MATSUMOTO et al., 1968) was regarded as a possible causative factor. 
However, under the electron microscope both glomerular and postglome-
rular capillaries are widely open and lack endothelial changes or aggrega
tions of parasiti7ed red blood cells. 
Circulating pigment has been considered to play a role in the pathogenesis 
of these nephropathies (JAENIKE, 1967) and of malarial nephrosis, too 
(WOLTHUIS, 1967). Myoglobinurie and haemoglobinunc nephrosis is 
characteristically observed after a massive increase of circulating free 
pigment, e.g. after severe crushing of muscular tissue, after transfusion of 
incompatible blood, and in black water fever. However, the hypothesis of 
mechanical obstruction of tubules by pigment casts does not find wide 
acceptance. In kidneys of infected mice pigment casts are absent as stated 
also by MILLER et al. (1968). Cast formation may therefore be the 
result of haemodynamical and histophysiological changes during either 
the agonal or an extended shock period. GRANBERG (1962) concluded 
that unfavourable changes of the glomerular filtration rate (G.F.R.) are 
due to a decrease in oxygen, rather than to an increase in carbon dioxyde. 
In contrast, WIND (1970) assumed that the important features are both, 
the increase in lactate and an increase m carbon dioxyde, which are 
frequently observed in several anaemic states (STINSON, 1971). Carbon 
dioxyde and lactate appear to have a distinct vasoconstrictive activity. 
This can lead to spasms of the glomerular vas afferens which causes a 
decrease of the G.F.R. (AYER et ai, 1971). SITPRIJA (1971) believed the 
discharge of norepinephrine to be responsible for vasoconstriction and 
subsequent tubular necrosis m falciparum malaria. However, a continuous 
abundant release of norepinephrine during malaria infection has not yet 
been proven. 
Similar effects can be expected from abnormal tubular reabsorption, which 

125 



may result in a disturbed glomerular filtration/tubular reabsorption 
balance. Unselective tubular reabsorption of urine secondary to hypoxic 
injury to the renal tubular epithelium appears to be a causative factor in 
the pathogenesis of the „shock kidney" (ROBBINS, 1967). Another possi
bility is the direct influence of hypoxic states on the cellular enzymatic 
pattern. According to ZWIEBEL et al. (1970) a reduction of the mitochon
drial NAD system may already be observed after 30 seconds of anoxia. 
Reduction of the NAD activity will finally result m the cessation of 
oxidative ATP production, and subsequently in the deterioration of the 
active transport across cell membranes; since ATP is the most important 
source of energy for numerous mebrane transport enzymes, particularly 
ATP-ases. Among this group, Na^-K* stimulated ATP-ase is the most 
important enzyme for active cation transport (OPIT and CHARNOCK, 
1965; FAHN et al, 1966, ALBERS, 1967; ALBbRS et al, 1968). 
In our experiments, the changes in sodium and potassium levels in both 
the blood and urine indicate a gradually increasing renal potassium loss 
during P. berghei infection. WOLTHUIS (1967) and SITPRIJA et al. (1967) 
also found low serum potassium levels in their malaria patients. Generally, 
a loss of potassium results in compensatory amount of intracellular sodium 
in order to maintain the intracellular balance of electrolytes and the 
membrane potential. To redress this unfavourable balance and to restore 
an optimal intracellular ion equilibrium, i.e. an intracellular high K+ and 
low Na+ concentration, but extracellular low K+ and high Na+ concen
tration, additional ATP is required to increase the activity of Na+-K+ 

stimulated ATP-ase. From the observation that mice apparently do not 
succeed in restoring the disturbed balance of intra- and extracellular 
cations, a chronic lack of ATP could be assumed. As mentioned above, 
hypoxic stages are one reason for insufficient ATP production, but a 
lack of ATP precursors may be another. SENGERS (1973) concluded 
from insulin tolerance tests that the entry of glucose from the blood 
into the cells is impaired and partially or totally passive Under nor
mal conditions, the intracellular uptake of sugars, amino-acids and most 
other essential nutrients is active and depends on the existence of an 
intact „sodium-pump", as stated in the theory of the Na+-Kx stimulated 
ATP-ase acting as such (CSAKY, 1963a; BITTNER and H H N Z , 1963; 
FOX et al, 1964; VIDA VER, 1964; CURRAN, 1965). Thus aberration 
from the normal cellular homoeostasis can result in higher protein permea
bility through glomerular capillaries and in disturbed tubular reabsorption 
of protein. Furthermore, during peak parasitaemia mice are hypoglycaemic, 
probably due to disturbed glyconeogenesis the production of insulin is 
disturbed, and during the normal course of the infection the fibrinogen 
concentration decreases below detectable levels in the electropherogram 
(SENGERS, 1971, 1973). Since, at least during the early phases of the 
disease, supplementary nutrient therapy protects mice to a certain degree 
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from metabolic disturbances, a lack of metabolic precursors may be a 
causative factor. 
On the other hand biochemical deterioration resulting from direct compe
tition between parasite and host for one or more metabolic precursors 
may be responsible for the pathogenesis of various lesions. Thus, these 
changes appear to be more generalized, rather than restricted to one 
organ or to an organ system. This would explain why the ATP concentra
tion (BREWER and COAN, 1969), potassium concentration (DUNER, 
1963), and ATP-ase activity (SENGERS, 1973) decreased in uneffected 
RBC of infected animals. ATP not only serves as the main source of 
energy for some of the ionic pumps, but also to make glucose available 
for further metabolism, i.e. phosphorylation of glucose to glucose-6-
phosphate. Reduced ATP production and/or an insufficient cellular 
oxygen supply results in increased anaerobic glycolysis, and subsequently 
in metabolic acidosis due to higher lactate blood levels. Concommitantly 
more carbon dioxyde is produced which may have some vasoconstric
tive effect. 
In this way a vicious circle of metabolic shortcomings is established : on 
the one hand insufficient and inefficient transport of metabolic consti
tuents as a cause of failing enzyme activity, due to decreased ATP pro
duction, results in an inverse cation concentration and unselected tubular 
reabsorption, which can lead to self-intoxication of the tubular cells and 
finally to cellular necrosis. On the other hand acid metabolic products 
may induce vasoconstriction and hypoxaemia, which may cause decreased 
ATP production. Self-intoxication of tubular cells may be the reason for 
changes resembling lower nephron nephrosis observed after deprivation 
of drinking water for 6 days (JERUSALEM, 1962). Attempts to concen
trate sodium through aldosteron hyperactivity results in a constant loss 
of potassium with subsequent disturbance of the cellular ionic balance 
(HObF, 1962). 
From these results it may be concluded that P. berghet infection in Swiss 
mice is causally related to a nephrotic syndrome. In contrast to the 
common conception, deterioration in several metabolic pathways appears 
to be the initiating factor. Considering the generalized occurrence of 
biochemical lesions during the course of infection, it seems likely that a 
catabohc vicious circle is established. Thus, for instance, cellular hypoxae
mia may be secondary to metabolic disorders and appears to play an 
aggravating role in the pathogenesis of malarial nephrosis. 
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III.F. INHIBITORY EFFECT OF PROCAINE ON Na+-K+ STIMULATED 
ADENOSINE TRI-PHOSPHATASE IN PERFUSED DOG KIDNEY AND 
NORMAL RAT KIDNEY 

Cold perfusion and/or storing the graft on ice to induce a metabolic break 
provides an improved method to avoid warm ischaemia during transplan
tation procedures. Numerous fluids for cold flushing and perfusion have 
proved useful to immediate ressumption of graft function (HARDNER 
et al., 1970). This aim could, however, not be achieved in every case, 
since the onset of function was delayed for more than 4 days in some 
human renal transplants (CARROLL, et al., 1969). We, too, lost several 
perfused canine kidney autografts due to early graft failure, although the 
conditons during the pretransplantation period appeared to be optimal. 
The actual reasons for early functional deterioration remain unknown. 
Little attention has been paid to changes in enzymatic pathways, possibly 
induced by perfusion per se. In 1966 KEELER et al. showed that con
tinuous hypothermic perfusion of rat kidneys led to a major loss of 
K+ and Mg+" after 1 - 3 hours. 
In an attempt to prevent this ion flux COLLINS et al. (1969) employed 
a K+ and Mg++ rich solution for brief initial kidney perfusion, and 
subsequently were able to store kidneys up to 30 hours. Other authors 
(COLLSTE et al, 1970; WEN-PEN LIU et al, 1970; WATKINS et al., 
1971; JOHNSON et al, 1972) confirmed the importance of K+ and Mg++ 

rich solutions for perfusion. Since the membrane-bound enzyme Na+-K+ 

ATP-ase obviously plays a key-role in kidney tubular function, early 
disfunction of kidney grafts may be caused by a biochemical lesion of 
the Ν3+-Κ" ATP-ase system due to an extended cold ischaemia (STATES 
et al, 1972) or, possibly, through the inhibition of enzymatic activity by 
the added stabilizers, respectively. 
In our experiments only procaine was added to the perfusate to avoid 
an increase of vascular resistance. Therefore we investigated the course 
of Na+-K+ ATP-ase activity of dog kidneys during extra-corporal perfusion 
and the possible inhibiting effect of procaine (FORTIUS and REPKE, 
1964) on the Na+-K+ ATP-ase system in the isolated dog and rat kidney. 

III.F.l. Specific materials and methods 

Dog kidneys were extracorporally perfused with 4" С cold Ringer's 
solution containing 1 % procaine. Biopsies from these kidneys were taken 
after various perfusion periods (2, 15, 45, 90, 115, and 120 minutes). 
Tissue obtained just before perfusion started (i.e. t = 0) served as con
trols. Normal female rats were sacrificed by decapitation and the kidneys 
removed immediately. To avoid side effects, e g. intrarenal accumulation 
of blood, the animals were not anaesthetized. Kidney tissue was homo
genized in double distilled water in a POTTER-EL VF H JEM homogenizer 
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at 0° С. The homogenate was lyophihzed and stored at —20" С The 
final tissue concentration was 66.6 μξ/ηύ reaction mixture. For ATP-ase 
determination a modification of the previously described method (BON-
TING and CARAVAGGIO, 1963) was used. Total ATP-ase activity was 
determined in medium A. The Mg++-dependent ATP-ase was determined 
in medium B. The Na+-K+ ATP-ase was defined as the difference between 
the inorganic phosphate liberated in the complete medium (medium A) 
and in the deficient medium (medium B). The inhibitory effect of pro
caine and ouabain on dog and rat kidney homogenate were determined 
by measuring the effect of ouabain or procaine added to the complete 
medium (medium A) in concentrations of 10 1 0 to IO"1. The inhibition of 
Na+-K+ ATP-ase is expressed in percent of the total uninhibited Na+-K+ 

ATP-ase. The influence of ouabain and procaine on Mg++-dependent 
ATP-ase was determined in a similar way in medium B. Possible reversal 
of procaine inhibition of Na+-K+ ATP-ase activity by K+ ions was investi
gated on both dog and rat whole kidney homogenate. The homogenates 
were incubated with increasing K+ concentrations at a constant Na+ 

concentration. In these media IO"2 and 10 3 · 5 molar procaine was added, 
respectively. The reciprocal values of Na+-K+ ATP-ase activity at each K+ 

concentration and the respective concentration of added inhibitor were 
plotted against the reciprocal K+ concentration values (method of LINE-
WEAVER-BURK) (LINEWEAVER and BURK, 1934) in order to deter
mine the nature of competition. 

III.F.2. Btochemtstry 

The activity of Na+-K+ activated ATP-ase and Mg++-dependent ATP-ase 
in the dog kidney during cold perfusion are depicted in Fig. 66. A decrease 

dog kidney 

Δ л Mg2*ATP ose 
c~—> Να' К*ATP ase 

2 ^ Ю 20 40 6 0 О ТОО ' 120 
perfusion t ime ( m m ) 

Fig 66. Activity of Na+-K+ ATP ase and Mg+- ATP-ase (in percent of total activity) in 
the dog kidney during extracorporal perfusion with cold Ringer's solution (4° C) con
taining 1 ο/ρ procaine 
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in Na+-K+ ATP-ase activity by about 20 0/o was noticeable already aiter 
the first two minutes. After 2 and 15 min. perfusion the activity of the 
enzyme dropped further to about 40 % of the control value. Thereafter 
Na+-K+ ATP-ase activity decreased less strikingly and maintained a 
steady rate of about 25 % of the control activity between 30 and 120 
minutes. In contrast the Mg++-ATP-ase increased in activity during the 
first 2 minutes, and particularly between the 2nd and 15th minute. 
Thereafter the increase in enzyme activity was less intense, and a plateau 
was reached after 30 minutes. A slight decrease of enzyme activity was 
noted after 90 and about 120 minutes. 

The results of influence of ouabain and procaine on Na+-K+ ATP-ase 
activity in the dog kidney are expressed in percent of inhibition, against 
the negative logarithms of the molar inhibitor concentration. 
At a molar ouabain (Fig. 67) concentration of 10"1 the enzyme was com
pletely inhibited. At a concentration of 10"1·5 molar ouabain only very 
little activity was noted, the enzyme being inhibited by 93 % . The negative 
logarithm of the molar inhibitor concentration at which 50 % inhibition 
of Na+-K+ ATP-ase activity occurred (plr.o) was 3.45 ( ± 0.18). In con
trast, the enzyme was activated by 23 % at a molar concentration of 
10"5. The stimulating effect increased slightly and was optimal at a 
concentration of 10"°, decreasing again with decreasing ouabain con
centration. At a molar concentration of 10"° the level of activity of the 
controls was reached, i.e. neither inhibition nor stimulation is produced 
by the influence of ouabain at this concentration. 
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Fig. 67. Effect of ouabain on Na+-K+ ATP-ase activity in dog whole kidney homogenates. 
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Using procaine (Fig. 68) the activity of the Na+-K+ ATP-ase was entirely 
inhibited at a molar concentration of 10"1. At a molar concentration oi" 
10"1·5 the activity was less depressed than at the same molar concentration 
of ouabain, being only 83 0/o in the dog kidney. The piso for enzyme 
inhibition by procaine was found at 2.20 ( ± 0.15), and stimulation 
occurred between concentrations of IO-3 to IO-"' molar procaine. With 
further decreases in concentrations neither inhibition nor stimulation 
was found, and the enzyme activity was equal to that of controls. 
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Fig. 68. Effect of procaine on Na+-K+ ATP-ase activity in dog whole kidney homogenates. 

The influence of increasing concentrations of K+ ions on the inhibitory 
effect of procaine on Na+-K+ ATP-ase activity using two different con
centrations of procaine (10"2 and IO"3·") on the dog kidney is shown in 
Fig. 69. Reciprocal values of K+ ion concentrations plotted against 
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Fig. 69. LINEWEAVER-BURK analysis of procaine inhibited Na+-K> ATP-ase activity at 
a constant Na+-conccntration of 55 mM at various K+ concentrations in the presence of 
ЗЛО-4 and ΙΟ"2 M procaine. 1/v enzyme activity was plotted against 1/conc. K+. 



reciprocal values of maximal velocities resulted in corresponding lines 
which intersect at point —0.8, 3.6 of the co-ordinate system, suggesting 
competitive kinetics. 
In order ot exclude a species specific influence of procaine on Na+-K+ ATP
ase enzyme activity, determinations were made on rat kidney en7yme sen
sitivity towards procaine. For comparison the well known inhibitory 
influence of ouabain on rat kidney Na+-K* ATP-ase enzyme activity 
was used (Fig. 70). No enzyme activity was noticed at 10 1 molar oua
bain, wherease at a molar concentration of 10 2, 88 % of the enzyme 
activity was inhibited. In the rat kidney pl.o of ouabain inhibition 
occurred at 3 85 ( ± 0 15). A slight stimulation could be noticed at molar 
concentrations between IO"" and 10~ч, reaching a maximum at 10 "", 
Accordance with control values was found at 10 9. 
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Fig 70 Effect of ouabain on Na+-K+ ATP ase activity m rat whole kidney homogenates 

The inhibition of Na+-K+ ATP-ase activity by procaine in rat kidney is 
given in Fig. 71. A complete inhibition of activity was found at a molar 
concentration of 10"1, while some activity could be noted (± 22 %>) at 
10 ' Λ The pLo for procaine inhibition on the rat kidney was determined 
at 2.25 ( ± 0 15). A very slight stimulation could be observed at a concen
tration of 10 3 · 2 molar procaine, reaching a maximum of 8 % at a molar 
concentration of 10~4. 
The enzyme activity values reached the level of control values very 
slowly, beginning at a molar concentration of 10 * and definitely ending 
at a molar concentration of 10"10. 
In the rat kidney, too, inhibition of Na -K+ ATP-ase enzyme activity by 
procaine could be circumvented with increasing concentrations of K+ ions. 
Reciprocal values of maximal velocities plotted against reciprocal values 
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Fig. 71. Effect of procaine on Na 4-K+ ATP-ase activity in rat whole kidney homogenatcs. 

of K+ ion concentrations in the presence of two different molar procaine 
concentrations (10"2 and IO"3·"') yielded lines which intersect at a point 
indicated by the co-ordinates —7.5 and 3.4 (Fig. 72). Increasing concen
trations of ouabain or procaine did not affect the Mg++-dependent 
ATP-ase enzyme activity in dog whole kidney homogenate or in rat 
whole kidney homogenate. 
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Fig. 72. LINEWEAVER-BURK analysis of procaine inhibited Na+-K+ ATP-ase activity at 
a constant N a + concentration of 55 mM and at various KH concentrations in the presence 
of ЗЛО"4 and ΙΟ-2 M procaine. 1/v enzyme activity was plotted against 1/conc. K+. 
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III.F.3. Discussion 

To avoid an increase in vascular resistance 1 0/o procaine is added to a 
number of media used for flushing and perfusion of organ grafts before 
transplantation. This concentration is equivalent to a IO-1·5 molar solu
tion. Results of this study indicated that procaine has an inhibitory 
influence on the Na+-K+ ATP-ase system. Since the pI.->0 value of pro
caine for this enzyme in dog kidneys was determined at 10"2·2" molar 
concentration, it can be deduced that procaine inhibits the activity of 
the Na+-K+ ATP-ase by more than 50 % when added in the commonly 
used concentrations. A characteristic property of NaT-K+ ATP-ase system 
is its inhibition by cardiac glycosides (e.g. ouabain) and by the alkaloids 
of the erythrophleum groups, e.g. erythrophleine (BONTING et al., 1964; 
PALMER and NECHAY, 1964; VATES et al., 1964; PALMER et al., 
1966; RIDDERSTAP and BONTING, 1968; RIDDERSTAP, 1969). 

In the dog and rat kidney the action of both procaine and ouabain 
resulted in biphasic curves, i.e. inhibition at high and stimulation at low 
concentrations. NELSON and NECHAY (1970) observed a monophasic 
inhibition effect after administration of ouabain through the renal 
artery in living dogs, but at the same time a biphasic curve in the non-
perfused contralateral kidney. Chicken kidney microsomal Na+-K+ ATP-ase 
appears to react biphasically to ouabain also (PALMER and NECHAY, 
1964). 

Stimulation at low and inhibition at high concentrations is a well known 
feature of many pharmaceuticals. Since in the present study the highest 
stimulation was obtained at about 10~4 molar procaine concentration in 
both species and the procaine concentration in the perfusate is about 
10"1·5 molar, inhibition rather than stimulation of the Na+-K+ ATP-ase 
system can be expected. Both the dog and the rat kidney are more 
sensitive to ouabain than to procaine. Although pI.-,0 values of ouabain 
indicate a higher sensitivity of the rat than the dog kidney, these species 
variations appear to be small in comparison to the amount of procaine 
commonly used in perfusates. Human renal microsomal fractions possibly 
show a still higher susceptibility of the transport ATP-ase to inhibition by 
cardiotonic drugs than that observed in the dog and rat kidney (GIBSON 
and HARRIS, 1970; TULLOCH et al., 1972). Species variations may be 
caused by species differences in the topographic localization of the 
Kx-centre to adjacent compounds at the outer surface of the cell mem
brane, rather than by differences in susceptibility to inhibitory agents of 
the enzyme itself (REPKE et al., 1965). The K+-centre as a point of 
contact with cardiotonic drugs is deducible from decreasing inhibition 
effects in the presence of increasing K+ ion concentrations. Antagonism 
between glycosides and K+ ions has been previously noted in other 
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Na+-K+ ATP-ase preparations in vitro (DUNHAM and GLYNN, 1961: 
POST and ALBRIGHT, 1961) and in vivo (ORLOFF and BURG, 1960; 
CADE et al., 1961; SCHATZMANN, 1965; MATSUI and SCHWARTZ, 
1966). In the present study cancellation of procaine inhibition of the 
Na+-K+ ATP-ase system by K+ proved successful. Thus, the same mechanism 
of procaine interference with the K+-centre as that suggested for cardio
tonic drugs may be assumed, since the type of procaine K+-antagonism 
suggests competitive kinetics. At a very low concentration of K+ ions i.e. 
0,25 mM, the linear relationship in the double reciprocal plot (LINE-
WEAVER-BURK method) (LINEWEAVER and BURK, 1934) terminated, 
as has been observed for ouabain by MATSUI and SCHWARTZ (1966), 
where the critical point was 0.20. Inhibition and stimulation of kidney 
Na+-K+ ATP-ase by ouabain in vitro is related to the in vivo functions of 
the kidney (PALMER and NECHAY, 1964; NECHAY and NELSON, 
1970; NELSON and NECHAY, 1970). An extended enzymatic lesion 
induced by the perfusion procedure may therefore result in early func
tional deterioration of the renal graft, since the close relationship of 
Na+-K+ ATP-ase to active cation transport across cell membranes has 
been demonstrated (BONTING et al., 1961; WHITTAM and WHEELER, 
1961; BONTING et ai, 1962; SKOU, 1962; WHEELER and WHIT
TAM, 1962; CHARNOCK and POST, 1963; KUIJPERS and BONTING, 
1963; LANDON and NORRIS, 1963; SKOU, 1964, 1965; SAMAHA 
and GERGELY, 1966; KATZ and EPSTEIN, 1967; KUIJPERS et al., 
1967; NECHAY et al., 1967; BRITTEN and BANK, 1968; BONTING, 
1970; AVDALOVIC and SACHS, 1971; TULLOCH et al., 1972). 
However, the disadvantageous influence may remain restricted to the 
perfusion period. The half-life time of an enzyme-ouabain-complex is 9 h at 
0° С and dissociation increases exponentially with temperature to Τ '/г = 

3 min. at 37" С (TOBIN and SEN, 1970). Thus, procaine, which appears 
to have similar competitive kinetics as ouabain, may be removed from 
its binding sites adjacent to the K+-centres soon after revascularization. 
Procaine inhibition of the Na+-K+ ATP-ase system may first result in a 
disturbance of ion gradients normally existing between intra- and extra
cellular fluids. Sodium ions, normally actively extruded by this cation 
pump mechanism from the cell into the intercellular space, accumulate 
within the cell. Simultaneously the net influx of potassium ions is inter
rupted and the normally high intracellular K+ concentration decreases. 
Long lasting changes in ion gradients may be fatal to the cell, or at least 
can result in interstitial oedema. This in turn may delay the restoration 
of the Na+-K+ ATP-ase system after revascularization. Studies are in 
progress with the aim to eliminate the disadvantageous effect of procaine 
on the Na+-K+ ATP-ase system. The perfusion fluids are enriched with 
K+ ions to induce both a possible increase of intracellular KT concentra
tion and competitive kinetics. 
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Higher potassium concentrations than already used by COLLINS et al. 
(1969) appear likewise recommendable for cold flushing and perfusion 
fluids which lack procaine. The metabolic break induced by low tempe
rature may inhibit Na+-K+ ATP-ase activity more intensely than delay 
the passive ion exchange. Erythrocytes, e.g. maintained at low tempera
ture, tend to abolish cation gradients, which results in intracellular loss 
of K+ and accumulation of Na+ (HARRIS, 1941). Furthermore, perfusion 
will be carried out at somewhat higher temperatures than normally used 
for organ conservation to allow minimum activity of cation pump 
mechanism. 
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SUMMARY 

It is common practice to recognize a disease from deviations of the 
normal structure, since proper function appears to be supported by normal 
structures. In numerous diseases it remains unknown whether a noxious 
agent or injury alters the function prior to the structure or vice versa. 
This appears of peculiar interest in the case of kidney lesions, since 
diseases which impair the renal function frequently only evoke symptoms 
when advanced, because ілеге is a large reserve of exocrine capacity. 
Employment of the principles of anatomy, i.e. to separate separable things 
and the application of biochemical methods on separated structures appears 
to be advantageous in the research on the inception and evolution of 
the morbid state. 
Therefore, by means of ultra-micro chemistry various kidney zones and 
kidney structures were investigated in a variety of experimentally induced 
kidney diseases. The study was completed by investigations on pre- and 
post-natal functional renal development. Since renal function appears to 
depend on the activity of various phasphatases, this group of enzymes was 
chosen as the object of investigation. 
For basic experiments exclusively female Wistar rats were used as experi
mental animals. Studies on the development of malarial nephrosis were 
carried out in Swiss mice of both sexes. 
Mongrel dogs served for the investigation on the influence of procaine 
during cold perfusion before transplantation. Enzyme activity was deter
mined, too, in a surgical biopsy of a kidney of an infant with a tentative 
diagnosis of early childhood nephrosis. For standardization, animals of 
the same body weight were used and the experiments were carried out 
at the same time of the day. 
To avoid side effects from anaesthesia on enzyme activity, rats were 
sacrificed by decapitation, mice were exposed to low temperatures (solid 
carbon-dioxide) and rabbits were exsanguinated from the carotid arteries. 
The following enzymes were determined biochemically : alkaline phos
phatase, acid phosphatase, Mg++ dependent adenosine tri-phosphatase, 
Na+-K+ stimulated adenosine tri-phosphatase. The activity of alkaline 
phosphatase, acid phosphatase, unspecific adenosine tri-phosphatase, and 
glucose-6-phosphatase were studied in histochemical preparations. 
Occasionally lactate dehydrogenase and iso-citrate dehydrogenase were 
also determined biochemically as well as histochemically. Quantitative 
studies on enzyme activity were carried out in total and zonal kidney 
preparations, as well as in microdissected portions of the nephron and 
in large intrarenal blood vessels. 
Tissue fragments between 5 - 50 μg were weighed on an R.I.I. C. 500 
electrobalance for tissue fragments of 0.009 - 0.015 ng „fish-pole" 
balances were used. 
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For histochemical and micro-dissection purposes cryostat sections were 
cut on a DITTES DUSPIA microtome cryostat (Heidelberg). 
Renal zones, glomeruli, and various tubular and non-tubular structures 
were dissected out of freeze-dned and lyophihzed sections free-hand by 
means of hypodermic needles. Dissection, weighing, and transfer of tissue 
fragments were carried out in an air-conditioned room at a constant 
relative humidity. 
Various incubation media were used, and after the reaction was stopped 
optical density was read in a ZEISS spectrophotometer P.M.Q.II, using 
a special equipment for LOWRY-BESSEY microcuvettes Furthermore, 
tissue specimens were prepared for light- and electronmicroscopical 
investigations. 
Standard immunofluorescent methods were used for the detection of 
target structures in diseased kidney. 
Below the main results will be summarized. 

From the occurrence of histochemically demonstrable enzyme activity 
and the course of this activity as seen in biochemical assays, it could be 
concluded that the kidney of the rat embryo starts to function about the 
19'" day of embryonic life. There was a sudden increase in the activity 
of various enzymes just before birth and a distinct decrease directly after 
birth. During the ensuing days the activity of enzymes gradually increased 
again. 
It has been discussed whether these fluctuations are the results of growth 
spurts, or caused by transitory hormonal influences. Although the occur
rence and the distribution of enzymes points to active reabsorption, the 
urine of new born rats is hypotonic. In the amniotic fluid the activity of 
enzymes appeared to reflect the activity of enzymes in the foetal kidney. 
Since it has been assumed that the functional kidney is primarily respon
sible for the production of amniotic fluid and the control of its volume, 
the kidney may be patent for ultrafiltration earlier than might be expected, 
from the developing enzyme patterns. 
Therefore „kidney function" may be defined as the ability of the tubular 
system to concentrate or to vary the composition and the volume of 
urine, respectively. Surprisingly even in embryonic kidneys circadian 
rhythms could be detected in the activity of various enzymes. 

The consequences of a) potassium deprivation and b) potassium depriva
tion combined with an extra sodium supplement were enzymatically 
determined. Potassium deprivation altered the characteristics of particu
larly the Na+-K+ stimulated ATP-ase distinctly. 
For optimal function this enzyme system required both increased Na+ and 
K+ concentrations. However, despite of high K+ concentrations in the 
assay medium the enzyme activity did not reach the same intensity as 
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measured under normal conditions. Furthermore, the remaining activity 
was more easily inhibited by ouabain than in normal kidneys. Replace
ment of K+ ions by ammonium ions revealed a maximal activity in 
agreement with that of normal tissue. 
At very low concentrations ouabain was not able to stimulate the 
activity of Na+-K+ ATP-ase in K+ deprived tissue. 
In potassium deprived but sodium loaded tissues enzyme changes were 
less obvious than in the exclusively K+ deprived tissue. For optimal activity 
of the Na+-K+ ATP-ase the sodium requirement was less than normal, 
probably as the result of the additional sodium load. The pI5o of maximal 
KT saturation was about 25 %> higher than in the normal kidney tissue. 
Replacement of K+ ions by N H / ions revealed a maximum equal to 
normal and K+ deprived tissues. However, the actual acivity of the Na+-K+ 

ATP-ase was approximately between the activity found in normal and 
in K+ deprived tissues under equal conditions. In the K+ deprived and 
Na+ loaded tissue ouabain inhibition revealed values for half maximal 
inhibition which were between those of the normal on one hand and 
of K+ deprived tissue on the other. 
At very low ouabain concentrations an appreciably higher stimulation of 
the Na+-K+ ATP-ase was observed than under normal conditions. 
With few exceptions the activity of various enzymes was decreased in the 
kidney zones and structures of both, potassium deprived and potassium 
deprived but sodium loaded tissues. In contrast, the alkaline phosphatase 
was more active in the outer cortex as well as in the inner cortical zone 
of the K+ deprived tissue. 
In the apex papillae of both experimental tissues the activity of the acid 
phosphatase was found to be increased. This could indicate celluar 
damage subsequent to a primary functional lesion. 

In adult female rats kidney lesions were induced by injection of either 
crude homologous kidney homogenate or xenogenetic anti-rat kidney 
serum (ARKS). This serum was obtained by the immunization of rabbits 
with rat kidney homogenate degraded by sterile necrosis. In contrast to 
results obtained with classic experimental procedures according to which 
ARKS predominantly induces glomerular lesions, in the present experi
ments predominantly tubular lesions were observed. The diagnosis of 
„nephrotic syndrome" was confirmed by means of clinical chemistry. It 
was concluded that ARKS obtained after the injection of sterile necrotic 
kidney tissue affects predominantly the tubular cells and the tubular 
basement membranes. After the injection of homologous crude kidney 
homogenate tubular lesions appeared to be more severe and, in addition, 
histopathological changes were observed more frequently. The involve
ment of auto-immune mechanism in the syndrome, obtained after ARKS 
injection was proved by means of the OUCHTERLONI technique, im-
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munoelectrophoresis, and Polyacrylamide electrophoresis. With the aid 
of the fluorescent techniques the topographical distribution of lesions 
was determined in vivo and in vitro. 
Most enzymes exhibited a distinct decrease in activity in all structures 
except the intrarenal large blood vessels. However, there were no striking 
differences in enzyme activity between areas of distinctly necrotic tubular 
cells and those exhibiting only slight pathological changes. A distinct 
increase in activity of the glomerular Mg++ ATP-ase could not be explained, 
but may be a consequence of proliferative changes. It has been discussed 
whether an inverse ratio in enzyme activity between distal and proximal 
convolutions may be the result of intrarenal functional compensation 

Histochemical and biochemical studies earned out on a surgical biopsy of 
a kidney of an infant revealed results similar to those obtained with the 
foetal rat kidney on the one hand, and to the nephrotic syndrome in rats 
on the other. However, the tentative diagnosis of „nephrosis" could not be 
confirmed definitely, since deterioration of the vascular system could not 
be excluded. 
In a murine malaria model (Swiss mice infected with P. berghei) the 
kidney involvement in early and late infections was investigated by means 
of micro-dissection and histochemical assays. In the early stages of infec
tion enzymatic deterioration preceded morphological alterations. During 
late infections a type of „lower nephron nephrosis" was observed resem
bling morphologically somewhat the changes seen in the crush-syndrome. 
Pathophysiologically, the picture was characterized by a continuous loss 
of potassium with subsequent disturbance of the cellular ionic balance. 
It was concluded that P. berghei infection in Swiss mice is causally related 
to this nephrotic syndrome. Enzymatic lesions may occur earlier than 
histopathologic changes. Possible reasons for enzymatic lesions, e.g. 
hypoxia, disturbance in energy supply, and vascular changes have been 
discussed. 
Another study was related to organ preservation Perfusion of dog 
kidneys before transplantation with fluids containing 1 % procaine results 
in a sudden decrease in renal Na+-K+ ATP-ase activity. Therefore, a 
possible inhibitory effect of procaine on the Na+-K+ ATP-ase system in 
both the dog and the rat kidney was investigated and confirmed. Although 
to a somewhat lesser degree than ouabain, procaine is able to inhibit the 
activity of the Na+-K+ ATP-ase. Furthermore, a synergistic action of 
ouabain and procaine could be detected. The consequences of this inhibi
tion on early graft functioning were discussed. 
Cancellation of the inhibitory effect of procaine by increased K" ion con
centration in the assay medium was proved in the dog and rat kidney 
tissue by setting up LINEWEAVER-BURK plots for both tissues. Compe
titive antagonism is suggested. 
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In general the following conclusions can be drawn. Morphologic lesions 
occurring in the kidney under various experimental conditions were 
frequently preceded by alterations of the enzymatic profile. Thus, bio
chemical determinations may be valuable in the early diagnosis of certain 
kidney diseases. Furthermore, in most cases morphological alterations 
were correlated to the changes in enzyme activity. However, occasionally 
morphologic changes were observed without enzymatic lesions, and in 
some cases deviations from the normal enzymatic pattern were noticed 
although the structure was obviously normal. 
This study has shown that a correlation between morphological and 
biochemical findings exists. 
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SAMENVATTING 

Het onderscheid tussen ziek en gezond weefsel wordt als regel bepaald 
door afwijkingen van de normale structuur; immers, de typerende 
functie van weefsel schijnt gedragen te worden door een kenmerkende 
vorm. In vele ziektebeelden is het onzeker of de functie dan wel de 
structuur het eerst aangetast wordt, hetzij door een ziekte verwekkend 
agens dan wel door een structuur veranderende factor. In het geval van 
nierafwijkingen blijkt dit van bijzonder belang, omdat ziekten die de 
nierfunctie verstoren, vaak pas in een gevorderd stadium tot uiting komen, 
mede als gevolg van de schier onuitputtelijke exocriene reserves in de nier. 
Het gebruik van anatomische principes d.w.z. het scheiden van scheid
bare entiteiten en de toepassing van biochemische methoden op onder
scheiden structuren, blijkt vruchtbaar te zijn voor het onderzoek naar het 
eerste begin en de ontwikkeling van bepaalde pathologieën. Met het oog 
hierop werden de verschillende nierzones en nierstructuren, afkomstig van 
nieren welke tot experimenteel pathologische veranderingen werden ge
bracht, met behulp van ultra-microchemische methoden onderzocht. 
Deze studie werd aangevuld met onderzoekingen naar de pre- en post
natale functionele nierontwikkeling. Omdat aangetoond is, dat de nier
functie zeer nauw verbonden is met de enzymatische activiteit van 
fosfatasen, werd juist deze groep enzymen voor het onderzoek gekozen. 
Voor het basisonderzoek werden uitsluitend vrouwelijke Wistar ratten als 
proefdieren gebruikt. Voor het onderzoek naar nephrose ten gevolge van 
malaria infectie met P. bergbei, werden zowel mannelijke als vrouwelijke 
Swiss muizen gebruikt. 

Voor het onderzoek naar de invloed van procaine op nierweefsel, dienden 
nieren van honden, welke vóór transplantatie met procaine houdende 
(1 %) koude vloeistoffen werden geperfundeerd. 
Tenslotte werden enzym-activiteiten bepaald in een biopsie van een 
kindernier afkomstig van een patientje, waarvan vermoed werd dat het 
leed aan idiopathische nephrose. 
Als proefdieren werden dieren gebruikt, die aan het begin van een 
experiment een gelijk lichamelijk gewicht hadden. De experimenten wer
den uitgevoerd op steeds hetzelfde tijdstip van de dag. 
Om eventuele invloeden ten gevolge van anaesthetica op enzym-activiteiten 
te vermijden, werden de ratten gedecapiteerd, de muizen door plotselinge 
bevriezing gedood, terwijl de konijnen werden verbloed vanuit de arteria 
carotis. 

De volgende enzymen werden biochemisch bepaald : alkalische fosfatase, 
zure fosfatase, Mg++-afhankelijke adenosine tri-fosfatase, Na+-K+ gesti
muleerde adenosine tri-fosfatase. Histochemisch werden bepaald : alka-
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lische fosfatase, zure fosfatase, onspecifieke adenosine tri-fosfatase en 
gIucose-6-fosf atase. 
In een enkel geval werden zowel biochemisch als histochemisch lactaat-
dehydrogenase en isocitraat-dehydrogenase bepaald. In nierhomogenaten, 
nierzones, onderscheiden nierstructuren en grotere intrarenale bloed
vaten werden de enzymactiviteiten quantitatief bepaald. Hierbij werd van 
microdissectie methoden gebruik gemaakt. 
Voor het wegen van weefsel fragmenten met een gewicht van 5 - 50 μg 
werd een eletrobalans (R.I.I.C. 500) gebruikt; voor fragmenten met een 
gewicht van 0.009 - 0.015 îg werd een kwartsdraad balans volgens 
LOWRY gebruikt. Voor histochemische doeleinden en coupes welke ge
bruikt werden voor microdissectie methoden werden cryostat coupes 
gesneden met een microtoom in een DITTES DUSPIA (Heidelberg) 
cryostat. 
Nierzones, glomeruli en verschillende tubulaire en niet-tubulaire struc
turen werden met de hand vrijgeprepareerd uit gevriesdroogde coupes met 
behulp van injectienaalden. 
Het uitsnijden, wegen en het overbrengen van weefselfragmenten vond 
plaats in een vertrek met constante temperatuur en vochtigheidsgraad. 
Verschillende incubatie media werden gebruikt en nadat de respectieve
lijke reacties waren beëindigd, werden de resultaten afgelezen in een 
ZEISS P.M.Q. II spectrofotometer, daarbij gebruikmakend van een spe
ciale uitrusting voor LOWRY-BESSEY microcuvetten. Tenslotte werden 
weefsels voor toepassing van licht- en electronenmicroscopisch onder
zoek bewerkt. Gestandaardizeerde immunofluorescentie methoden werden 
toegepast voor het opsporen van specifieke aangrijpingspunten in immuno
logisch bepaalde nierziekte-beelden. 

Hieronder volgen de belangrijkste resultaten. 

Uit histochemisch en biochemisch verkregen resultaten van enzym
activiteiten in de foetale rattenier, kon geconcludeerd worden, dat de 
embryonale rattenier reeds functioneel actief is op de 19e dag na con
ceptie. Er werd een plotselinge toename in de activiteit van verschillende 
enzymen vastgesteld vlak voor de geboorte, waarna deze activiteit na 
de geboorte snel afnam, om in de volgende dagen geleidelijk weer toe 
te nemen. 
Of deze fluctuaties het resultaat zijn van groeispurt, dan wel veroorzaakt 
werden door voorbijgaande hormonale invloeden, kon niet exact worden 
vastgesteld. Ofschoon men heeft kunnen vaststellen, dat de urine van 
pasgeboren ratten hypotoon is, wees de activiteit en de verdeling van 
enzymen op actieve resorptie. De activiteit van enzymen in de embryonale 
nier scheen zich te weerspiegelen in de activiteit van enzymen, bepaald in 
het amnionvocht. Aangenomen wordt, dat de functionerende nier in 
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eerste instantie verantwoordelijk is voor de productie en de handhaving 
van het amnionvocht. Klaarblijkelijk is de nier in eerste aanleg, eerder 
dan kon worden verwacht uit de ontwikkeling van het enzymatisch 
patroon, tot ultra-filtratie in staat. 
„Nier-functie" kan worden gedefinieerd als de mogelijkheid van het 
tubulaire systeem tot concentratie en variatie van de samenstelling en 
het volume van de urine. 
Het is opmerkelijk, dat uit de activiteit van de verschillende enzymen — 
zelfs bij embryonale nieren — een 24-uurs ritme geconstateerd kon wor
den. De gevolgen van a) kaliumloos dieet en b) kaliumloos dieet, aan
gevuld met een extra hoeveelheid natrium, voor het enzymatisch systeem 
werden vastgesteld. 
Toediening van kaliumloos dieet leidde tot duidelijke verandering van de 
eigenschappen van de ATP-asen, met name van het Na+-K+ gestimuleerde 
ATP-ase. Voor een optimaal functioneren van dit enzym-systeem zijn 
zowel Na+ als K+ ionen vereist. Ondanks verhoogde K+ concentraties in de 
proef-media, bleek het enzym tengevolge van vroegere K+ deprivatie zijn 
lagere enzym-activiteit te behouden. Daarenboven bleek de overgebleven 
activiteit gemakkelijker door ouabaine te remmen, dan de enzym-activiteit 
in normale nieren. Het vervangen van K+ ionen door N H ^ ionen vertoonde 
een gelijke maximale activiteit, overeenkomend met die in normaal nier
weefsel. Zelfs door zeer lage concentraties ouabaine, kon de enzym
activiteit van het Na+-K+ gestimuleerde ATP-ase niet gestimuleerd wor
den in nierweefsel van dieren met een kaliumloos dieet. Veranderingen in 
enzym-eigenschappen van nierweefsel, afkomstig van dieren met een 
kaliumloos, doch natriumrijk ideet, waren minder evident. Voor het 
bereiken van een optimale Na+-K+ ATP-ase activiteit in deze weefsels, was 
minder natrium vereist dan in normale weefsels, waarschijnlijk als gevolg 
van het overvloedig toedienen van natrium. De Різ0 van de maximale 
kalium concentratie, waarbij een optimale activiteit verkregen werd, was 
in deze weefsels ongeveer 25 % hoger dan de Pi,10 van normaal nier
weefsel. Het vervangen van K+ door N H / ionen bleek ook in deze 
weefsels een maximum te bereiken, gelijk aan dat voor normaal weefsel. 
Onder gelijkwaardige omstandigheden bleek de enzym-activiteit van het 
Na+-K+ ATP-ase in nieren, afkomstig van dieren met een kaliumloos, 
doch natriumrijk dieet te liggen tussen de enzym-activiteiten, gevonden 
in normale nieren en nieren afkomstig van dieren met een uitsluitend 
kaliumloos dieet. Evenzo was dit het geval voor de waarden van ouabaine 
concentraties, waarbij halfmaximale remming van het enzym-systeem 
bereikt kon worden. 

Ook kon in deze weefsels door uiterst lage ouabaine concentraties een 
hogere stimulatie van het Na+-K+ ATP-ase bereikt worden, dan onder 
gelijkwaardige concentraties in normaal nierweefsel. Op een enkele uit
zondering na, daalde de activiteit van de verschillende enzymen zowel in 
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de nierzones, als in de onderscheiden structuren in de nieren, afkomstig 
van zowel dieren met een uitsluitend kaliumloos dieet, als van dieren 
met een kaliumloos, doch natriumrijk dieet. 
In tegenstelling tot het bovenstaande, was de enzym-activiteit van de 
alkalische fosfatase in de buitenste en binnenste corticale nierzone in 
nieren van dieren met een kaliumloos dieet, toegenomen. 
In de apex papillae van de nieren van beide experimentele diergroepen 
was de activiteit van de zure fosfatase toegenomen. Dit zou een indicatie 
kunnen zijn voor cellulaire beschadiging als direct gevolg van een 
functionele laesie. 

Bij volwassen vrouwelijke ratten werden nieraandoeningen veroorzaakt, 
enerzijds door homoloog grof nierhomogenaat, anderzijds door xenogeen 
anti-rat nierserum. Dit serum werd verkregen door het immuniseren van 
konijnen met homogenaat van rattenieren, welke in staat van ontbinding 
gebracht werden door middel van steriele necrose. 
In deze experimenten werden voornamelijk tubulaire laesies geobserveerd 
in tegenstelling tot de resultaten, verkregen door toepassing van klassieke 
experimentele procedures, volgens welke ARNS voornamelijk tot glome-
rulaire laesies induceerde. 
De diagnose gesteld op „nefrotisch syndroom" werd bevestigd door 
klinische bepalingen. De conclusie leek gerechtvaardigd, dat ARNS, ver
kregen door injectie van steriel necrotisch nierweefsel voornamelijk de 
cellen en de basaalmembranen van het tubulaire systeem aantastte. Echter, 
na injectie van homoloog grof nierhomogenaat, bleken de tubulaire laesies 
intensiever te zijn. Daarbij bleken pathologische, niet-tubulaire veran
deringen frequenter voor te komen. Het specifieke auto-immune mecha
nisme in het syndroom, ontstaan als gevolg van het toedienen van ARNS, 
werd aangetoond door middel van de OUCHTERLONI gel dubbeldiffusie-
techniek, immuno-electroforese en Polyacrylamide electroforese. Met be
hulp van fluorescentietechnieken werd in vivo en in vitro de topografische 
distributie van de laesies bepaald. In de afzonderlijke nierstructuren ver
toonden de meeste enzymen in het algemeen een verlaagde activiteit, be
halve in de grotere intrarenale bloedvaten. Toch werden geen opvallende 
verschillen in enzym-activiteiten waargenomen tussen duidelijk necrotische 
tubulaire cellen en cellen welke slechts een niet uitgesproken pathologisch 
beeld vertoonden. Een duidelijke toename in de activiteit van de glomeru-
laire Mg++ ATP-ase kon niet afdoende worden verklaard, maar zou het 
gevolg kunnen zijn van proliferatieve veranderingen. 
In de discussie is nader ingegaan op de vraag, of een omgekeerde ver
houding tussen de enzym-activiteiten van het distale en proximale con
voluut het resultaat is van intra-renale functiecompensatie. 

Op een nierbiopsie van een 3 weken oud kind werden histochemisch en 
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biochemisch enzym-activiteiten bepaald. De resultaten hiervan lieten een 
overeenkomst zien met die van de foetale rattenier en met die van ratten 
met een nefrotisch syndroom. De voorlopige diagnose „nefrose" kon niet 
definitief worden bevestigd, omdat een ontaarding van het vasculaire 
systeem niet kon worden uitgesloten. 

Bij Swiss-muizen, geïnfecteerd met P. berghei werd in het vroege en late 
stadium van de infectie de invloed van malaria op de nieren onderzocht 
door middel van quantitatieve en qualitatieve enzym-bepalingen. In het 
vroege stadium van de infectie werden de morfologische veranderingen 
voorafgegaan door veranderingen in enzym-activiteiten. In het late infectie
stadium werd in de nieren een type van „lower nephron nephrosis" 
waargenomen, lijkend op de morfologische veranderingen zoals deze 
gezien worden in het crush-syndroom. Pathofysiologisch werd het beeld 
gekarakteriseerd door een voortdurend verlies van kalium met een daar
opvolgende verstoring van het intra-cellulaire ionen evenwicht. Een cau
saal verband tussen malaria (P. berghei) bij Swiss-muizen en dit nefrotisch 
syndroom, werd aangetoond. Afwijkingen in het enzymatisch systeem 
zouden daarbij vroeger kunnen optreden dan histopathologische afwij
kingen. Mogelijke oorzaken hiervoor zouden gevonden kunnen worden 
in hypoxic, veranderingen in de energievoorziening en vasculaire afwij
kingen. 

Tenslotte enige notities over orgaanpreservatie. Bij transplantatie van 
hondenieren pleegt men de nieren te perfunderen met vloeistoffen, welke 
1 % procaine bevatten. Hierbij bleek een plotselinge daling in de renale 
Na+-K+ ATP-ase activiteit op te treden. Een vermoeden van remmende 
werking van procaine op het Na+-K+ ATP-ase enzym-systeem werd na 
onderzoek inderdaad vastgesteld, zowel in hondenierweefsel als in ratte-
nierweefsel. Ofschoon minder sterk dan ouabaine is procaine ook in 
staat de activiteit van het Na^-K* ATP-ase te remmen. Bovendien kon een 
synergistische werking van ouabaine en procaine geconstateerd worden. 
Over de gevolgen van de inhibitie, door het procaine, voor initiële werking 
van het transplantaat werd gediscussieerd. Het opheffen van de remmende 
werking van procaine in weefsels van honde- en rattenieren door kalium 
ionen kon worden aangetoond. Het remmingspatroon in de beide weefsels 
werd bepaald door middel van LINEWEAVER-BURK plots. Er be
stonden aanwijzingen voor competitief antagonisme. 

De volgende algemene conclusies werden vastgesteld. 
Morfologische laesies welke optraden in de nier onder verschillende 
experimentele omstandigheden, werden merendeels voorafgegaan door 
veranderingen in het enzymatisch patroon. Derhalve kunnen bioche
mische bepalingen waardevol zijn bij vroege diagnose van bepaalde nier-
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ziekten. Bovendien kan in de meeste gevallen een correlatie gevonden 
worden tussen morfologische veranderingen en veranderingen in enzym
activiteit. Slechts zelden werden morfologische veranderingen gezien, 
zonder dat daarbij enzymatische veranderingen betrokken waren, terwijl 
in sommige gevallen afwijkingen van het normale enzymatische patroon 
konden worden opgemerkt, ofschoon de structuur ogenschijnlijk normaal 
was. 
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STELLINGEN 

I 

Wanneer men de aanwezigheid veronderstelt van twee Na+-pompen, t.w. 
een ouabaine gevoelige pomp en een non-ouabaine gevoelige pomp, 
blijkt het mogelijk te zijn de werking van de non-ouabaine gevoelige 
pomp tot uitdrukking te brengen niet alleen door remming van de 
ouabaine gevoelige pomp, maar ook door K+-onttrekking aan het proef-
medium en/of aan de te onderzoeken weefsels. 

II 

De activiteit van de onderscheiden Phosphatasen in de foetale rattenier 
wordt grotendeels weerspiegeld in de activiteit van deze enzymen in 
het amnionvocht. 

III 

De toepassing van ultra-microchemische bepalingen gekoppeld aan 
micro-dissectie methoden blijkt economisch aantrekkelijk en zou, indien 
routinematig toegepast, tot een waardevolle vroegdiagnostische methode 
kunnen worden ontwikkeld. 

IV 

Bij het verzamelen van 24 uurs urine van muizen gedurende een langere 
experimentele periode, verdient periodieke blaas-massage de voorkeur. 

Procaine toegevoegd aan perfusie vloeistoffen, gebruikt bij nierconservatie, 
gaat weliswaar vasculaire weerstand tegen maar kan tegelijkertijd de 
grondslag vormen voor tubulaire laesies. 

VI 

Ter opheffing van electrostatische invloeden in de directe omgeving 
van een kwartsdraad balans volgens LOWRY kan volstaan worden met 
het aanbrengen van gerekristalliseerd uranyl-acetaat. 

VII 

De bevindingen van BOJSEN-M0LLER betreffende de muceuze klieren in 
het neusslijmvlies van de rat, zijn discutabel. 

BOJSEN-M0LLER, Anat. Ree. 1964, ISO, 11. 





Vili 

In de meeste gevallen is aan de aanwezigheid van kristalloide insluitsels 
in mitochondria weinig betekenis toe te kennen. 

IX 

Opeenhoping van gemodificeerde eiwitten in ouder wordende cel-cultures 
zou niet de oorzaak maar het gevolg kunnen zijn van veroudering. 

X 

Onder leidinggevend personeel heerst, veelal ten onrechte de opvatting, 
dat met de ombuiging van het patriarchale systeem naar meer democra
tische verhoudingen, het element van persoonlijke waardering van uit
voerende medewerkers overbodig is geworden. 

A.J.B.H.A M. Cremers, De Federatieve Spoorweg 
Vakvereniging, doctoraalstageverslag sociologie, 
Universiteit Nijmegen, Aug. 1973. 

XI 

In de huidige maatschappelijke context verdient het aanbeveling, dat 
de overheid de voorkeur geeft aan het bevorderen van creatieve en 
recreatieve kunst boven de groei van consumptieve bestedingen. 

XII 

De distantie tussen kliniek en pre-kliniek aan de Nijmeegse Universiteit 
wordt geïllustreerd door het tussen beide gelegen Geert Groóte plein. 








