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Hypersalemia and Tubular  Azotemia 

T h e  m e c h a n i s m  of a z o t e m i a ,  r e n a l  as  well  as p r e r e n a l ,  
is g e n e r a l l y  c o n n e c t e d  w i t h  one  o r  b o t h  of  t w o  causes :  
n i t r o g e n  r e t e n t i o n  a n d  excess ive  p r o t e i n  c a t a b o l i s m .  T h e  
f i r s t  pos s ib i l i t y  is c h a r a c t e r i z e d  b y  t h e  dec rea sed  g l om er -  
M ar  f i l t r a t i o n  r a t e  ( G F R ) ,  i .e .  t h e  dec rease  in  t h e  c lear -  
a n c e  of some  s u b s t a n c e s  w h i c h  a re  n e i t h e r  s ec re t ed  n o r  
r e a b s o r b e d  b y  t h e  r e n a l  t u b u l e s  ( e n d o g e n e o u s  c r ea t i n in ,  
m a n n i t o l ,  inu l in ,  t h i o s u l p h a t e ) .  T h e  d r o p  of G F R  m a y  
be  due  to  r e n a l  d a m a g e ,  as in  n e p h r i t i s ,  or  to  p r e r e n a l  
a z o t e m i a  w i t h  a n a t o m i c a l l y  n o r m a l  k i d n e y  s t r u c t u r e .  I n  
case  of a n  excess ive  p r o t e i n  c a t a b o l i s m ,  t h e  o t h e r w i s e  
n o r m a l  k i d n e y  is n o t  c a p a b l e  of g e t t i n g  r id  of t h e  l a rge  
a m o u n t  of  u r ea  to  be  exc re t ed .  

I t  is well  k n o w n  t h a t  a p a r t  of  t h e  f i l t e red  u r e a  is ex-  
c r e t ed ,  wh i l e  a n o t h e r  p a r t  is r e a b s o r b e d .  T h e  r a t i o  of  
f i l t e red  u r e a  t o  t h e  e x c r e t e d  a m o u n t  is e x p r e s s e d  b y  t h e  
r a t i o :  u r e a  c lea r  a n c e / e n d o g e n e o u s  c r e a t i n i n  or  i n u l i n  
c l ea rance ,  w h i c h  n o r m a l l y  is a b o u t  0.6, i .e .  4 0 %  of  t h e  
f i l t e red  a m o u n t  of u r e a  is r e a b s o r b e d  d u r i n g  i t s  w a y  
t h r o u g h  t h e  t u b u l i .  VAN SLYKE et al. ~ f o u n d  t h a t  u n d e r  
c e r t a i n  e x p e r i m e n t a l  c o n d i t i o n s  t h e  r a t i o  m e n t i o n e d  
a b o v e  dec reases  m a r k e d l y ,  in  w h i c h  case  t h e  t u b u l a r y  
wa l l  s eems  t o  h a v e  los t  i t s  n o r m a l  c a p a c i t y  of r e s i s t i ng  
excess ive  u r e a  r e a b s o r p t i o n .  

T h e o r e t i c a l l y  i t  is q u i t e  c o n c e i v a b l e  t h a t  a n  a z o t e m i a  
m a y  d e v e l o p  w i t h  n o r m a l  G F R ,  w i t h o u t  excess ive  p ro -  
t e i n  c a t a b o l i s m ,  p u r e l y  t h r o u g h  excess ive  r e a b s o r p t i o n  
of  t h e  n o r m a l l y  f i l t e r ed  u rea .  I t  is  k n o w n  f r o m  
RlCtI/~RDS '~ e x p e r i m e n t s  o n  t h e  f rog k i d n e y  t h a t  in  
m e r c u r y  b i c h l o r i d e  i n t o x i c a t i o n ,  in  sp i t e  of t h e  n o r m a l  
q u a n t i t y  of g l o m e r u l a r  f i l t ra te ,  as c o n f i r m e d  b y  g l o m e r u -  
l a r  p u n c t u r e ,  a n  a n u r i a  develops .  I n  t h i s  case  al l  f i l t e red  
m a t e r i a l  is r e a b s o r b e d  b y  t h e  t ubu l e s .  

FERRO-LuzzI  3 r e p o r t s  a case of t e r t i a r y  syph i l i s  w i t h  
a z o t e m i a ,  a c c o m p a n i e d  b y  n o r m a l  c r e a t i n i n  a n d  de-  
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c r eased  u r e a  c l ea rance .  :PHILLIPS a n d  HAMILTON 1 and  
FOLDI, RUSZNY,~K, a n d  SZAB62 f o u n d  t h a t ,  a f t e r  c l amp-  
i ng  t he  r e n a l  a r t e r y  for  t w o  hour s ,  a n  excess ive  re- 
a b s o r p t i o n  of c r e a t i n i n ,  inu l in ,  m a n n i t o l ,  p a r a - a m i n o -  
h i p p u r i c  acid,  a n d  u r e a  t a k e s  p lace .  I n  sp i t e  of t h e  f ac t  
t h a t  h i s to log ica l  e x a m i n a t i o n  r e v e a l e d  no  pa tho log i c  
c h a n g e s  in t h e  g lomeru l i ,  t h e  c l ea rances  were  dep res sed  
b y  t h e  r e a b s o r p t i o n ,  a n d  t h u s  n o  d i r e c t  b iochemica l  
p roo f  was  a v a i l a b l e  of t h e  n o r m a l  f u n c t i o n  of the  
g l o m e r u l a r  a p p a r a t u s .  

As far  as  we know,  no  s ign i f i can t  dec rease  of t h e  r a t i o  
u r e a  c l e a r a n c e / c r e a t i n i n  c l e a r a n c e  ha s  b e e n  o b s e r v e d  
u n d e r  a z o t e m i c  cond i t ions ,  t h u s  no  d i rec t  e x p e r i m e n t a l  
p roo f  of a n  exc lus ive ly  t u b u l a r  a z o t e m i a  is a t  h a n d .  In  
a ser ies  of e x p e r i m e n t s ,  b y  i n j e c t i n g  la rge  doses  of  a 
h y p e r t o n i c  (3.6 resp.  7 .2%)  NaC1 s o l u t i o n  s u b c u t a n e -  
ously,  we were  ab le  to  d e m o n s t r a t e  t h a t  d u r i n g  h y p e r -  
sa lemia ,  i .e .  s e r u m  s o d i u m  v a l u e s  a b o v e  a b o u t  170 maeq .  
for  a pe r iod  of 24 hours ,  a n  a z o t e m i a  deve loped .  

I n  o u r  e x p e r i m e n t s  we used  r a b b i t s  of a b o u t  2 -3  kg. 
A f t e r  a c o n t r o l  p e r i o d  of 3 t o  4 hours ,  t h e  f a s t i n g  a n d  
t h i r s t i n g  r a b b i t s  were  g i v e n  s u b c u t a n e o u s l y  a NaC1 
so lu t i on  of 3.6 resp.  7 .2%,  a m o u n t i n g  to  2 to  6 %  of 
t h e i r  b o d y  weight .  Th i s  p r o c e d u r e  was  c o n t i n u e d  da i ly  
u n t i l  t h e  a n i m a l ' s  d e a t h ,  w h i c h  occu red  g e n e r a l l y  on  t he  
3 rd to  6 th d a y  of t h e  e x p e r i m e n t .  U r i n e  was  co l lec ted  
a n d  t h e  co l lec t ion  c o m p l e t e d  e a c h  m o r n i n g  b y  c a t h e t e -  
r i za t ion .  A b lood  s a m p l e  was  d r a w n  f r o m  t h e  m a r g i n a l  
ve in  of t h e  ea r  e a c h  m o r n i n g .  S e r u m  a n d  u r i n e  were  
a n a l y s e d  for  sod ium,  N P N  a n d  p r o t e i n  (B2iLINT a n d  
KAI3DEBda), ch lo r ide  (RuszNY,~K*), p o t a s s i u m  (R.~,I~PA- 
PORTS), urea (BXLINT, KINCSES, and ZSmA6), and 
c r e a t i n i n  (FonlNT). 
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No. 
Inter- Urine Serum Urine 

val flow sodium chloride urea N NPN urea N 
rain. ml/min maeq. ] maeq. mgO/° i mg % mg% 

510/1 2860 0.025 137 
2 2900 0-024 134 
3 2880 0-028 137 
4 2910 0-026 138 
5 2680 0"040 145 
6 3060 0.046 148 

619/1 
2 
3 

629/1 
2 
3 
4 

68/1 
2 
3 

230 
1210 
1365 

250 
1180 
1450 
1295 

240 
1365 
1375 

0"065 
0'055 
0-051 

0.100 
0.082 
0-081 
0.084 

0-025 
0.096 
0.037 

150 
168 
178 

138 
150 
175 
190 

146 
155 
175 

99 21 
107 26 
111 32 
113 42 
112 54 
105 53 

108 29 
132 42 
122 67 

109 14 
128 18 
143 40 
152 72 

108 17 
125 22 
141 63 

28 
40 
42 
54 
74 
74 

46 
50 
78 

26 
29 
46 
98 

36 
33 
72 

1920 
3120 
2560 
2720 
3280 
2960 

2480 
1200 
1800 

520 
894 

1085 
1320 

2160 
1160 
760 

Creatinin Urea N pro- 
....... Urea clearance duction 

clear, mg pro U/P clear. Creat. 
clearance die[kg 

185 4.6 2.3 
209 5.0 2.8 
177 5.0 2.5 
173 4-5 1.9 
107 4.3 2-7 
64 3.0 2-5 

120 7'8 5-6 
128 7.0 1-9 
100 5'1 1-7 

53 5'3 
59 4'8 
73 5"9 
82 6'9 

163 4"1 
56 5"4 
89 3-3 

3"7 
3"9 
3"0 
2"1 

3-3 
5"3 
0"7 

0'50 
0"56 
0'50 
0 "42 
0-63 
0"84 

0"71 
0"27 
0"33 

0-70 
0"82 
0-51 
0-30 

0-81 
0.98 
0-21 

480 without  salt  
665 without  salt  
510 without  salt 
590 wi thout  sal t  

1020 wi thout  sal t  
865 wi thout  sal t  

wi thout  salt  
870 a) 
890 a) 

wi thout  salt 
300 b) 
650 b) 
760 b) 

wi thout  salt  
770 c) 
490 c) 

a) 29 ml/kg body weight of a 3.6% NaC1 solution 
b} 20 ml/kg body weight of a 7-2% NaC1 solution 
c) 62 ml/kg body weight of a 3-6% NaCI solution 

subcutaneou~y 
subcutaneously 
subcutaneously 
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Urea and creatinin clearances were calculated accord- 
ing to the formula U V/P, We are aware tha t  there was 
much discussion about  the value of the endogeneous 
creatinin clearance determinations,  but  considering the 
use Of BARRET and ADDIS '1 modifications for the de- 
termination of the serum creatinin .and KAt'LAN and 
SMITH'S z report  about  the ident i ty  of creatinin and 
inulin clearances in the rabbit,  we thought  the procedure 
sufficient for determining rough changes in the G F R  
values. With  the more usual exogeneous infusion technics 
it would have been impossible to extend the durat ion 
of one period to 24 hours. 

We found t h a t  in all cases where we succeeded in 
sustaining the elevated serum sodium values above 170 
maeq. for a period of at  least 18 hours an azotemia de- 
veloped. This effect was reversible, as, when giving water  
ad libitum, we sometimes succeeded in restoring the 
normal chemical composition of the serum. There was 
much difference between the animals in their  reaction to 
the enormous quanti t ies  of NaC1 injected. Some of them 
excreted the injected quant i ty  in the form of 1,6 osmolar 
urine. In these cases there was no hypersalemia and no 
azotemia. In other cases we gave less salt, and never- 
theless the hypersalemia and consequent azotemia de- 
veloped. 

In the table we are giving the data  of one control 
(fasting and thirst ing rabbit ,  with no salt given) and 
three typical  experiments.  Comparison of the data  with 
the control reveals tha t  the three sera have an increased 
sodium content  and a marked azotemia. The endogene- 
ous creatinin clearances do not show significant changes 
(compared with the control period of each animal), and 
so there is no sign of a retention azotemia. The N produc- 

• tion, i.e. N excreted + N retained, calculated in rag/ 
day/kg, is not  higher than in cases with excessive protein 
catabolism wi thout  azotemia. Comparing the ratio urea 
clearance/GFR, a significant drop can be seen, the re- 
absorption of urea being 67, 79, and 70 % respectively of 
the filtered quant i ty .  The drop in urea clearance is well 
known in connection with decreased urine flow, but  in 
our cases the rate  of diuresis was fairly large throughout  
the experiment .  

The histological examinat ion of the kidney (Prof. G. 
Romh~nyi) revealed a fa t ty  infi l trat ion in the s t roma 
of the loop of Henle and on the basal membrane of the 
collecting ducts as well. The nuclei in the ascending loop 
of Henle are pyknotic.  Cortex and glomeruli were per- 
fectly normal. 

According to FISHBERG ~ " i t  has not  been demon- 
strated tha t  s tructural  changes in the kidney cause im- 
pairment of tubular  reabsorption while glomerular filtra- 
tion is unimpaired ". By giving large quanti t ies  of hyper- 
tonic NaC1 solution subcutaneously to fasting and thirst- 
ing rabbits  we succeeded in developing an enduring 
hypersalemic condition, always connected with azotemia. 
GFR (measured by endogeneous creatinin clearance) re- 
mained unaltered and the ratio urea c learance /GFR de- 
creased. Thus the greater par t  of the fil tered urea was 
reabsorbed through the damaged tubulary  wail, which 
seems to have lost its capacity to wi ths tand the enhanced 
urea reabsorption (or rediffusion). As the quan t i ty  of the 
filtered urea and N production of the body remained 
normal, the azotemia was exclusively due to tubular  re- 

I :E.BARRETT and T, ADDIS, J. C]in, Invest. 26, 875 (1947). 
B. I. KAPLAN and H. W. SMITH, Amer. J. Physiol. 113, 354 (1935). 
A.M.FIsHBERG, Hypertension and Nephritis (Lea and Febiger, 

Philadelphia, 1947), p. 3~. 

absorption. The histological picture of the kidney is an 
additional proof of the exclusivity of tubular  damage. 

P. BiLINT, L. H~RSING, M. LENNER, and I. RUSZNY~K 

Firs t  Medical Clinic of the Univers i ty  of Budapest,  
October 1, 1948. 

Zusamme n[assung 
Durch subkutane Verabreiehung grot3er lX~engen einer 

hypertonischen Kochsalzt6sung an hungernde und dur- 
stende Kaninchen gelang es uns, einen hypersal~.mischen 
Dauerzus tand mit  anschlieBender Azotiimie hervorzu- 
rufen. Die Bes t immung der glomerul~ren Fi l t ra t ion er- 
gab normale Werte,  das Verh/~ltnis Harnstoff-Clearance/ 
Kreatinin-Clearanee sank jedoch erheblich. Dies kann 
nur so gedeutet  werden, dab yon der normalen Menge 
fi l tr ierten Harnstoffes ein pathologisch hoher Prozent-  
satz resorbiert  wird. Es gelang also, eine Azot~imie aus- 
schlieBlich tubul/~ren Ursprungs hervorzurufen. Das 
histologische Bild der Niere mit  ausschlieBlich tubul/iren 
Veriinderungen bekr/iftigt obige Annahme. 

P R O  L A B O R A T O R I O  

E i n i g e  Y e r b e s s e r u n g e n  in der  H a l t u n g  
und A u f z u c h t  y o n  Xenop.s laevis 

Die Grundlinien der Zucht von Xenopus sind schon 
seit einigen Jahren bekannt  und aueh in der Li tera tur  
zug/inglich 1. Trotzdem bereitet  die Gewinnung regel- 
m/iBiger und gut  entwicklungsfi~higer Laichablagen in 
manchen Ins t i tu ten Schwierigkeiten. Dem Wunsche ver- 
schiedener Kollegen entsprechend teilen wir unsere Er- 
fahrungen mit, wobei wit haupts~iehlich die yon uns er- 
probten Verbesserungen (*), die u.W. noch nieht  be- 
kannt  sind, anffihren. In den iibrigen Einzelheiten ent- 
spricht unsere Zuchtmethode weitgehend der yon GA- 
scon= 2 und OcHs~ 3, erfordert  jedoch viel weniger Arbeit.  

1. Adulte Tiere. Die numerier ten erwachsenen Tiere 
(vgl. OCHS~, 1948) werden, ~ und d~ getrennt,  in groBen 
Aquarien gehalten, i m *  Sommer  wom6glich im Freien 
in gutbelichtetcn, aber nicht  direkt  besonnten Zucht- 
tr6gen (Hebung der Fortpflanzungsleistungen und des 
Gesundheitszustandes).  Adulte Spornfr6sche ertragen 
gr613ere Temperaturschwankungen ohne Schaden, doch 
sollte die "Wassertemperatur nicht unter  10-12 ° sinken. 
Das Opt imum liegt bei e twa 23 °. 

2. Gewinnung des Laiches. Die Spornfrbsche sind im 
Sommer (Mai-August) gegentiber der Hormonbehand-  
lung empfindlicher (sogar spontanes Laichen wurde im 
Freien beobachtet),  wahrend sie vom November  bis 
Februar  nur auf st/irkere Hormondosen reagieren (siehe 
unten). Zur Behandlung wird gonadotropes Chorionhor- 
mon aus Schwangerenharn (Pr~iparat der Ciba) verwen- 
det  (200 IE/mg).  Der E x t r a k t  wird in Frosch-Ringer- 
L6sung gel6st (Konzentrat ion:  5-6 mg auf 2 cm 3 im 
Sommer, 8 mg auf 2 cm a im Winter) und in den Rticken- 
lymphsack injiziert  (Abb. bei OCHS~, 1948). Die Dosis 
richter sich naeh Jahreszeit  und Zustand des Tieres. Bei 
den ~, oft auch bei den 9, hat  sich eine * Vorbehandlung 
sehr gut  bew~ihrt. 

Behandlung der ~: * Vorbehandlung: Inner t  4-7 Ta- 
gen 1-2 Injekt ionen mit  0,6 cm 3. Im Winter  ist meist 
die st~trkere Behandlung n6tig. Im tibrigen mu~ man 

i Eine Zusammenstellung der i~ber Xenopus erschienenen Ar- 
beiten findet sich in: H. ZWARENSTE~N, N. SAI'nIKA, and H.A. 
SHAFmO, Xenopus laevis, a bibliography (The African Bookman, 
Cape Town, 1946}. 
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