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Changes in  R ena l Circulation

I t  has been show n earlier th a t  in  d eh y d ra tio n  the  d isorder o f ren a l fu nc tion  
is due p a rtly  to  th e  dim inished fd tra tio n  pressure in the  g lom eruli an d  p a r tly  
to  th e  decrease in  th e  speed of ren a l c ircu la tion  (Gömöri and  al. 9, 11, 18). The 
decrease in filtra tion  pressure re su lts  from  the  decrease of blood p ressu re  and  
th e  increase in th e  osm otic pressure o f  p lasm a colloids. B o th  fac to rs  are d irec t 
sequels of the  flu id  loss, i. e. of co n cen tra tio n  and  decrease in  vo lum e of th e  
c ircu la tin g  plasm a. T he progress o f  th e  clearance m ethod  has m ade i t  possible 
to  determ ine  the  a m o u n t of blood p assin g  th ro u g h  the  k idney  of no rm al an im als 
su ffering  from exsiccosis.

Method. The ex p erim en ts were c a rr ie d  o u t on dogs, a fte r perin eo to m y . D eh y d ra tio n  
w as p roduced  by lig a tin g  the  pylorus (v o m itin g ). T he am oun t o f blood passing  th ro u g h  th e  
k id n ey  was determ ined  by m eans of p a ra -a in in o  hy p p u ric  acid clearance and th e  values were 
expressed  by  the  q u a n ti ty  o f plasm a passing  th e  k idney  in a tim e u n it ren al p lasm a flow, С рлн. 
G lom eru lar filtra tio n  w as estim ated  w ith  th e  endogenous creatin ine  c learance (Ck). F rom  th e  
tw o  d a ta ,  th e  f iltra tio n  frac tio n , i. e. th e  g lo m eru la r filtra te  ex tracted  from  th e  p lasm a passing 
th ro u g h  th e  kidney (F f) , w as calculated. I n  a ll experim ents the  d e te rm in a tio n s w ere perform ed 
before , th en  24, 48 and  72 hours after, th e  l ig a tu re  o f th e  pylorus. In  all ex p erim en ts 2 o r 3 periods 
w ere observed and on ly  those  experim ents w ere  recorded the  periods o f w hich  show ed a good 
accordance. The tab les give m ean values o f  th e  single periods.

T he experim ents led to the u n ifo rm  re su lt th a t  dehyd ra tio n  caused  a m arked  
red u c tio n  of the  a m o u n t of plasm a passin g  th rough  the  k idney  (Сранг T able I). 
As in  o u r earlier experim en ts, th e  decrease  of glom erular filtra tion  w as obvious, 
b u t  th e  reduction  o f  C/< and th a t  o f  Cp a h  displayed no paralle lism , th e  fo rm er 
lagg ing  behind th e  la tte r . Owing to  th is  fac t th e  filtra tion  frac tio n  show ed 
a considerable increase pointing to  a  contraction o f the efferent arteriole. H av ing  
ea rlie r observed [12] th a t  d eh y d ra tio n  due to  ligation of th e  py lo ru s  resu lts  
in  anatom ical changes in the tu b u le s , i t  h ad  to be assum ed th a t  in exsiccosis 
th e  excretion  of p ara-am ino  hippuric a c id  w ould be decreased because th e  tu b u les  
d id  n o t com pletely  e x tra c t the  co m p o u n d  from  the  blood passing  th em . T h ere ­
fore, th e  value of Cp a h  would be lo w er th a n  the  one ac tua lly  correspond ing  to
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th e  q u a n ti ty  of p lasm a w hich  passed th ro u g h  th e  k idney . I t  seem ed therefore 
n ecessa ry  to  exam ine th is  p roblem  experim en ta lly .

T A B L E  I

Glom. f iltr . Renal N. P . N.
m l/m in. ml/min. plasm a flow Ff mg %

CK ml/min.

1.
B efore pyloric

ligation

2,12 75 217 34 22
1 d a y  a fte r  
3  d a y s  a f te r

0,358
0,250

33
22

90
39

37
58

26
40

2.
Before pyloric

ligation

3,8 25 78 37 24
1 day  a f te r 0,135 27 47 56 38
3 days a fte r 0,090 13,3 21,3 62 86

3.
B efore pyloric 4,46 12,5 56,5 22 20
2  d ay s a f te r  . ligation 0,095 13,8 20,2 44 28

4.
B efore pyloric 7,4 36,6 128,3 28 30
3 days a f te r  . ligation 0,041 5,6 9 61 60

5.
B efo re pyloric 0,68 23,5 134,5 17 26
3  d ay s a fte r ligation 0,02 11 30 37 58

M ethod. F o r e stim a tin g  th e  ex trac tio n  ra te  o f p a ra-am in o  h ippuric  acid, i t  is necessary 
to  know  th e  co n cen tra tio n  of th e  com pound b o th  in  th e  w hole c ircu la ting  blood and in th e  
v en o u s  blood of th e  k id n ey . T he ex trac tio n  ra te  w as e s tim a te d  f ir s t  in norm al control dogs, 
th e n  in  dogs th ree  days a f te r  th e ir  py lorus had  been liga ted . V enous blood was ob tained  from  
th e  k id n ey  by  d irec t exposure. In  norm al dogs th e  e x tra c tio n  of p a ra-am ino  h ippuric  acid was 
on  a n  av erage  80 per cen t, in  good accordance w ith  th e  d a ta  o f o th e r  au th o rs  (P hilips  [21] ; 
85 p e r cen t). On th e  th ird  d ay  a f te r  ligation  of th e  py lo ru s th e  m ean  value  of ex trac tio n  
a m o u n te d  to  62 per cent. (Single values, 53, 60, 62, 65, 69.)

T A B L E  I I
V alues ca lcu la ted  on th e  basis o f th e  P A H  ex trac tio n

CK CPAH F f

1.

B efore 1 pyloric 25 108 23
3 days after* lig a tio n  . . . 13 34 38

2.

B efore 1 pyloric 37 177 21
3 d a y s  a f te r /  lig a tio n  . . . 5,6 15 37

A ccording to  th e  resu lts , ligation  o f th e  py lo rus undoub ted ly  resu lts, 
on th e  th ird  d ay  follow ing th e  operation , in  th e  decrease o f th e  ex trac tion  ra te  
o f p ara-am ino  h ippuric  acid . The decrease m ay  am o u n t to  from  20 to  25 p er
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cen t of th e  in itia l value. I f  th is  is tak en  in to  accoun t and  th e  Cp a h  values o b ta in ed  
in  th e  experim en ts are re-ca lcu la ted , th e ir  decrease following pyloric liga tion  
will be n a tu ra lly  less th a n  th e  one calcu lated  w ith o u t regard  to  th e  e x tra c tio n  
ra te . T he decrease is, how ever, s till considerable. T he tw o ex trem e cases are 
d em o n stra ted  in  Table I I ,  th e  case d isplaying th e  sm allest change an d  an o th e r 
in  w hich i t  surpassed all o th e r  experim ents. T he increase in  th e  filtra tion  frac tio n  
is also well m arked , even a fte r  re-calcu lation . T here  can be no d o u b t th a t  in  
dehydration due to pyloric ligation the quantity o j blood passing  through the k idney  
is d im in ished , even if  th e  decrease in the  e x tra c tio n  ra te  of para-am ino  h ippuric  
acid  has been tak en  in to  consideration .

B eyond th is , o th e r problem s too have  been p o in ted  ou t in  these  ex p e ri­
m en ts. A ccording to  th e  resu lts , the reduction o j renal circulation in  exsiccosis 
exceeds by Jar the value ascribable to the general Jailure o j circulation, even i f  th e  
decrease in  th e  fd tra tio n  ra te  has been su b s tra c te d . Sim ilar conditions ex ist 
in  card iac decom pensation  ( M erül, [19] ) an d  in  posthaem orrhagic  shock 
(V a n  S lyke  e t al, [20] ), a s ta te  in  w hich th e  red u c tio n  in  the  am ount o f blood 
passing th ro u g h  the  k idneys surpasses the  decrease in  m inu te  volum e. In  ad d itio n , 
th e  experim en ts d em o n stra ted  a considerable increase o f th e  filtra tion  frac tio n  
in  d eh y d ra tio n , as a sign of th e  con trac tio n  o f th e  efferen t vessels. A sim ilar 
increase of th e  filtra tio n  frac tio n  occurs in  card iac  decom pensation . All these  
facts suggest th a t  in  dehydration the reduction o j renal circulation is by no means 
a sim ple mechanical sequel o j the general circulatory Jailure  b u t o th e r fac to rs 
too, such as th e  co n trac tio n  of th e  p reg lom eru lar vessels, m ust p lay  a role. 
E v id en tly , th e  con trac tio n  o f the  efferen t a rte rio le  is a com pensatory  p h en o m ­
enon capab le  of ra ising  to  a certa in  e x te n t th e  g lom erular filtra tion  ra te  w hich 
w ould otherw ise suffer a decrease in  consequence o f th e  reduced ren a l c ircu ­
la tion . This phenom enon, to g e th er w ith  th e  red u c tio n  of renal c ircu la tion  
(con trac tion  o f th e  a ffe ren t arteriole) is doub tlessly  governed by  a regulatory 
mechanism . T he c ircu la to ry  failure occurring in  exsiccosis, in cardiac decom pen­
sation  [19] an d  shock [20] ap p aren tly  endangers th e  oxygen supp ly  o f th e  
b ra in , lungs, an d  m yocard ium . This danger is a v e rte d  b y  a process in  th e  course 
of w hich th e  blood is d iv e rte d  from  th e  k idney , a less im p o rta n t organ fo r th e  
m om ent, to w ard  th e  organs m entioned. In v es tig a tio n s  in to  th is p rob lem  in 
general an d  in to  the  de ta ils  o f th e  regu la to ry  m echanism  are  in  progress ( Görnöri, 
Kovách, F öldi, Szabó, N a g y , Takács, W iltner [8] ).

Beside functional exam ina tions morphological ones were also perform ed. 
These have been b riefly  rep o rted  in  H ungarian  in  1948 and  in 1952 ( Görnöri 
and  R om hányi [12, 13] ).

M ethod. H ypochloraem ic exsiccosis was p roduced  in ca ts  ligating  the  pylorus. A to ta l 
o f 25 anim als w as em ployed. T h ey  were sacrificed a t  d iffe ren t tim es afte r th e  liga tion . T he 
k idneys w ere fixed  in fo rm aldehyde  and alcohol, s ta ined  w ith  haem atoxylin-eosin  and f a t  dyes, 
and  th e  K ossá, phosphatase , an d  benzidine reac tions w ere applied .
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T h e  benzid ine  reac tion  revealed  in th e  k id n ey s  o f norm al anim als th e  u sua l conditions. 
T h e  c o rte x  w as m od era te ly  hyperaem ic, th e  su b co rtica l zone seemed to  co n ta in  m ore blood 
th a n  n o rm al while th e re  w as only l ittle  blood in th e  zone o f H enle’s loops, th e  in n er p a r t  o f th e  
m ed u lla r  su b stan ce  and  th e  system  of th e  v asa  re c ta  ; th is  p a r t  of th e  k id n ey  w as pale.

In  an im als suffering from  exsiccosis th e  circu lation  und erw en t a ch arac­
te r is tic  change as early  as tw o days a fte r  th e  pylorus had  been liga ted . The 
s e v e r ity  o f th is  c ircu la to ry  change w as fo u n d  to  increase in  a d irec t p ro p o r­
tio n  w ith  tim e being m ore ex tensive in  anim als killed la te r. E ssen tia lly  
th e  ch an g e  consisted  in  an uniform  an d  m ark ed  hyperaem ia of th e  co rtex  an d  
m ed u lla . Beside diffuse hyperaem ia m u ltip le  m iliary  hyperaem ic p a tch es also 
o ccu rred  in  th e  co rtex  ( F i g . l ) .  l in d e r  th e  m icroscope these p a tch es consisted  
o f g re a tly  d is ten d ed  pe ris ta tic  capillaries w hich  form ed fields of v a rious size.

T hese changes gave a defin ite  answ er to  th e  q u estio n  w hether or n o t Trueta 's  phenom enon 
a p p ea rs  in  exsiccosis. On th e  basis o f  th e  p ic tu re  described , th e  presence of Trueta 's  phenom enon 
could  be  excluded.

T h ere  is, how ever, a con trad ic tio n  betw een  th e  results o f th e  fu n c tio n a l 
ex am in a tio n s  and  th e  m orphological p ic tu re . T h e  form er ind ica ted  th a t  d eh y d ­
ra tio n  resu lts  in  a m arked  reduction  o f th e  am o u n t of blood passing th e  k idney . 
I n  co n trad is tin c tio n  to  th is, histo logy revealed  hyperaem ia w ith  en larged  tu f ts  
( F ig . 2 )  an d  pecu liar m ultip le  peristases ( F ig . 3 ) .  The elim ination  of th is  incon­
gruity ' req u ired  a de ta iled  com parative s tu d y  o f  th e  functional an d  m orphological 
d a ta . T he functional exam inations d e m o n s tra te d , beside th e  red u c tio n  of renal 
c ircu la tio n , also an  increase in the  f i ltra tio n  frac tion , i. e. th e  in tensive  con­
tra c t io n  o f th e  efferen t arterio les. A revision o f th e  m orphological p ic tu re  w ith  
re g a rd  to  th a t  fac t has shown th a t  th e  site  o f th e  m ultip le peristases is w ith o u t 
ex cep tio n  perig lom erular, i. e. a tu f t  can in v a riab ly  be found  a t  one of th e ir  
poles o r in  th e ir  cen tre . I t  coidd be observed in  th e  in itia l stage th a t  th e  peristasis 
o bserved  was circum scribed, involving solely th e  im m ediately  p ostg lom eru la r 
sec tion  o f the  cap illa ry  netw ork.

T hese phenom ena could read ily  be in te rp re te d  w ith  th e  in ten se  spasm  
o f th e  efferen t arterio le . The swelling an d  hy p eraem ia  of the  tu f ts  w ere obviously  
due to  th e  con trac tio n  of th e  efferen t vessels ; th e  increase in  in trag lo m eru la r 
p ressu re  resu lted  in swelling, en largem ent, o f  th e  glomeruli. O ur experim en ts 
h av e  fu rn ished  th e  first evidence th a t  a contraction o f the efferent arteriole resulted 
in  a visible enlargement o f the tu ft. T here is a fu r th e r  p o in t which follows from  
th e  en la rg em en t o f th e  tu f ts . The fac t th a t  in  exsiccosis the tu fts  becom e en larged 
p e rm its , w ith  regard  to  th e  considerable increase in th e  f iltra tio n  frac tio n , 
o f th e  conclusion th a t  the  con trac tion  of th e  efferent arterio le  is so in tense  
th a t  i t  rep resen ts a serious h indrance to  ren a l circulation. I t  mayr therefo re  
be in fe rre d  th a t  in  dehy d ra tio n  th e  diversion o f blood from th e  k idneys tow ard  
o th e r  organs is due n o t only to  th e  co n trac tio n  of the  afferen t a rterio le  b u t 
also to  th a t  of th e  efferen t one. On the  basis of these facts th e  reason  for th e  
p o stg lo m eru la r cap illary  stasis becom es clear. The contrac tion  of th e  afferen t
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a n d  efferen t arterio les resu lts  in  a decrease of th e  renal b lood  flow  a n d  conse­
q u e n tly  in  hypoxaem ia. Ow ing to  th e  la t te r  th e  capillaries becom e para lyzed  
a n d  undergo d ila ta tio n . I t  is in  th is  w ay th a t  in exsiccosis th e  slow c ircu lation  
an d  th e  hypoxaem ia developing  from  o ther causes too (  Kerpel- F ron ius  e t 
a l, 17) resu lt in  p ostg lom eru la r stasis.

C onsequently , no a c tu a l incongru ity  exists betw een th e  findings of the 
fu n c tio n a l and th e  m orphological exam inations. T he am o u n t of b lood  passing 
th ro u g h  the  k idney  is d im in ished , b u t in th e  k idney  th ere  is s till congestive 
hyperaem ia . The congestion resu lts  from  th e  in tense con trac tio n  o f th e  efferent 
a rte rio les  and th e  hypoxaem ic  stasis of postg lom eru lar capillaries.

Tubular Changes

In  fu rth e r experim en ts th e  functional and anatom ical problem s of the 
tu b u le s , first of all th e  re-ab so rp tio n  of urea in the  tubu les, were s tu d ied . This 
p rob lem  was first in v es tig a ted  b y  Gömöri, B álin t an d  H  ár sing  [7] . D ehydra tion  
w as produced  in th e ir  ra b b it  experim ents b y  rep ea ted  in tra p e rito n e a l in jection , 
an d  re -asp ira tion , of iso tonic  dex trose solu tion . In  these ex perim en ts th e  clear­
ance o f b o th  urea an d  crea tin ine  were found reduced ; th e  red u c tio n  of the 
la t te r  substance  su rpassed  th a t  o f the  form er, owing to  th e  increased  tu b u la r  
re-ab so rp tio n  of urea. P rio r to  dehydra tion  22 to  23 p er cen t o f th e  filtra ted  
u rea  becam e re-absorbed , w hile a fte r  dehydra tion  80 to  90 p er cen t. T h e  increased 
re-absorp tion  of urea was in d ep en d en t of the re-absorp tion  of f lu id  a n d  o f the 
m in u te  diuresis.

S ta rtin g  from  these ex p erim en ts K enney  [15] also de term ined  th e  tu b u la r  absorp tion  
o f u rea  a fte r  w a ter re stric tio n  in m an , and  confirm ed th e  d a ta  o f Gömöri, B á lin t an d  H ársing  [7]. 
I n  his experim en ts th e  ra tio  u rea  clearance per glom erular f iltra tio n  ra te  decreased  from  the 
p reex p e rim en ta l m ean  of 0,45 to  0,21 on th e  fo u rth  day  of th irs tin g . T his u n d o u b ted ly  ind icates 
a n  increased  absorp tion  of u rea  in th e  tu bu les. The reduction  in b o th , g lom eru lar f i ltra tio n  and 
re n a l c ircu la tion  of the  p lasm a, and  th e  increase in th e  f iltra tio n  frac tion  o bserved  by  K enney  
w ere sim ilar to  those found  in  our experim ents.

K enney  s ta te s  in  a n o th e r p a p e r (B arclay, Cook and  K enney, [ l j )  th a t  th e  reduction  
o f the  f iltra tio n  frac tio n  is follow ed by  an  increase o f the  ra tio  u rea  pe r g lom eru lar f iltra tio n  
ra te ,  in some cases even above I .  T h is observation  shows th a t  u rea  is in such  cases p a r tly  secret­
ed . K enney  [15], on th e  basis o f  these  experim ents and of those c ited  above, co n ten d ed  th a t  
th e  excre tion  of u rea  depends m ain ly  on th e  ac tual haem odynam ic conditions o f  th e  kidney. 
In  d eh y d ra tio n , th e  h aem odynam ic  changes alone should consequently  be m ade  responsib le 
fo r th e  increased tu b u la r  a b so rp tio n  of u rea  found by Gömöri, B á lin t and  H ársing  [7] an d  K enney  
[15 ]. In  our opinion, th is s ta n d p o in t can n o t be ad op ted , f irs t  because, as m en tio n ed  above, 
d e h y d ra tio n  leads to  anatom ical changes in the  tubu les, i.e . to  a  condition  p red isposing  to  the 
p assiv e  tu b u la r  re-diffusion of u rea . T he possibility  th a t  un d er certa in  co nd itions u rea  m ay 
passiv e ly  diffuse was d em o n stra ted  by  several H u ngarian  au th o rs , am ong th em  by Földi, Rusznyák  
a n d  S íab ó [6 ] in u ran iu m  poisoning, B á lin t, H ársing, Lenner and  R u sznyák  [3] p ro d u ced  tu b u la r  
in ju ry  b y  th e  adm in istra tio n  o f large  q u a n titie s  of salt, B álin t, H ársing  an d  Lenner [2] by  saccha­
ro se . T h e  clearance showed in all cases an  increased rediffusion of u rea .

All these experim en ts p o in t to  the  fact th a t  i t  is th e  anatom ical lesion of 
the tubules and  no t th e  change in  haem odynam ics w hich is responsib le  for the
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TA B LE I I I

D a y
D iuresis  
m l/m in .

Glom. f il tr . 
ml/min.

CK

U rea
clearance
m l/m in .

CU

N. P. N. 
m g % Cy-.C

D a y s  befo re  ligation \  1. 0 ,065 18 13 18 0,72
o f  th e  pylorus ? 2. 2,5 25 18 — 0,72

1 3. 4,9 22 22 16 1,00
1 d a y  a f te r  ligation .......... 0 ,093 22,5 17 24 0,70
2 d a y s  «  « ......... 0 ,088 17,5 13 26 0,74
3 d a y s  «  « ............ 0,078 12 2,7 56 0,22!

in c re a se d  tub u la r ab so rp tio n  o f  urea. There is s till a n o th e r a rg u m en t su pporting  
th is  opin ion . We rep e a te d  in  dogs those ex p erim en ts  w hich  h ad  been carried  
o u t  b y  Gömöri, B á lin t a n d  H ársing  [7] in  ra b b its . D eh y d ra tio n  was induced  
b y  lig a tin g  the pylorus. M in u te  diuresis, urea clearance , a n d  creatin ine clearance 
w ere  estim ated  before a n d  a f te r  th e  ligature . As seen from  th e  tab le  (Table 
H I ) ,  th e  ratio urea c lea ran ce  p er creatinine c learance w as on th e  first d ay  
a f te r  th e  ligature the  sam e as before  the opera tion . T he sam e value was o b ta ined  
on  th e  following day. O n th e  th ird  day the  v alue  o f th e  ra tio  decreased to  0,22. 
T h is  is indicative of th e  fa c t  th a t  rediffusion o f u re a  d id  n o t tak e  place before 
th e  th i r d  day. The h aem o d y n am ic  changes, as i t  has been dem o n stra ted  in  
th e  aforem entioned e x p e rim e n ts  (Table I), se t in  on th e  first and  second day  
a lre a d y  and  the blood flow  ex h ib ited  a m arked  decrease to  below th e  in itia l 
v a lu e . In  one of our e x p e rim e n ts  24 hours a fte r  th e  lig a tu re  th e C p ^ H 'was low er 
th a n  h a lf  the  sta rtin g  v a lu e . I n  a second ex p erim en t, one d ay  a fte r th e  ligatu re  
w e fo u n d  50 per cen t, a n d  tw o  days la ter, in  a th i rd  experim en t, one th ird , o f  
th e  in it ia l  value. This m ak es  i t  evident th a t  th e re  is no correlation  betw een 
th e  haem odynam ic changes an d  the  passive red iffu sion  o f urea.

T hus, in our op in ion , th e  cause underly ing  u re a  rediffusion is to  be sought 
in  th e  anatom ical change o f  th e  tubules, all th e  m ore  so since th e  onset of the  
in ju ry  sets in usually  th re e  d ay s  after the  py lo ric  lig a tu re . A t th e  sam e tim e, 
th e  experim ents m ay  be  re g a rd e d  as a confirm ation  of th e  resu lts  Gömöri, 
B á lin t  an d  Hársing  [7 ] h a d  fo u n d  in rabb its w ith  a n o th e r m ethod . In  add ition , 
th e  experim ents have fu rn ish e d  a reliable p ro o f o f  th e  claim  th a t  th e  passive 
re d iffu s io n  of urea an d  d iu resis  are independent o f one an o th e r. (M inute diuresis 
re m a in s  practically  u n c h a n g e d  from  the second to  th e  th ird  day  a fte r th e  ope­
ra t io n  while no rise in th e  tu b id a r  absorption ra te  ta k e s  place before th e  th ird  day.)

T he morphological ex am in a tio n  y ielded th e  follow ing resu lts.
a )  C haracteristic ch an g es  occur in the epithelial cells o j the convoluted 

tubules. They first a p p ea r in  th e  stra ig h t m edu llary  p a r t ,  subseq u en tly  to  ex tend  
to  th e  whole system  o f co n v o lu te d  tubules (F ig. 4). S im ilar phenom ena occur 
in  th e  cortical d istal c o n v o lu te d  tubules in  w hich  th e  changes are less prom i­
n e n t ,  th e re  being no h y p e r tro p h ic  basal m em brane . B y th e  th ird  day  th e  early  
ch an g es  become well recogn izab le . In  the ep ith e liu m  of th e  prox im al convoluted
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tubu les there  appears, below th e  brush-border, a hydrop ic  zone w hich in  th e  
subsequen t days becom es g rad u a lly  b roader, u n til finally  only an  en d o th e liu m ­
like f la tte n e d  p lasm a b o rd er rem ains a t  th e  basa l side o f th e  cell n e x t to  th e  
capillaries. A t th a t  tim e , th e  hydropic  loosened b ru sh -b o rd er rep resen ts  th e  
m a jo r p a r t  of th e  cell. D uring  th e  whole change th e  cy top lasm  exh ib its  a passive  
behav iour. The hydrop ic  zone does n o t reac t to  fa t  s ta in s . F a t  d rop le ts can n o t 
be seen except in  th e  f la tte n e d  cytoplasm  as a rem ain d er of th e  physiological 
lipo id  co n ten t of th e  tu b u la r  epithelium . A t a la te r  s tage  (on th e  7 th  to  8 th  
day) th e  change o f  th e  b ru sh -b o rd er m akes th e  cells o f th e  convolu ted  tubu les 
sim ilar to  those o f  m ucinous g lands, w ith  a nucleus pressed  to w ard  th e  base 
of th e  cell. Follow ing th e  changes described th e re  ap p ear, especially  in  th e  lu m ina , 
colloid droplets an d , a t  some sites, a b lu rred  g ran u la r s tru c tu re , w hich m ay  
occasionally  occur also in  th e  loosened hydrop ic  b rush -bo rder. This hyd ro p ic  
degeneration  of th e  tu b u la r  ep ithelium  in d eh y d ra tio n , first observed in  1948 
b y  Gömöri and R om hányi [12] , was described also b y  Bell [4] in his m onograph  
published  in 1950.

b)  S im ultaneously  w ith  th e  ep ithelia l changes, th e  phosphatase activity  
in  the tubular epithelium  is also a ltered .

U n d er norm al conditions th e  p h osphatase  co n ten t o f  th e  co rtex  is confined to  th e  epi­
th eliu m , stric te r to  th e  h ru sh -b o rd er, o f the  convoluted  tu b u les . In  th e  c a t’s k idney , a  m o d era te  
ph o sp h a tase  a c tiv ity  is p re sen t also in  th e  th icker ascending b ran ch  of H enle’s loop, th e  ep i­
th e liu m  of th e  d ista l convo lu ted  tu b u les , and th e  tu fts . T he th in  segm ent of H enle’s loop is free  
from  th e  enzym e.

In  d eh y d ra tio n  th e  phosphatase  a c tiv ity  of th e  ep ithelium  d isap p ea red  
para lle l w ith  th e  developm ent of anatom ical changes. In  th e  in itia l s tag e  sm all 
groups of tubu les con ta in ing  no p hosphatase  becom e visible in  th e  co rtex , 
m ostly  in  the  d is ta l convo lu ted  tubu les (F ig . 5 ) .  T hen  th e  areas free from  
p h o spha tase  g rad u a lly  increase in  ex ten t, u n til th e  m a jo rity  o f th e  prox im al 
convo lu ted  tu b u les  have  lo st th e ir  a c tiv ity . N early  all tubu les of th e  cortex  
show  a com plete lack  of th e  enzym e while in  th e ir  lum ina  calcium  granules ap p ear 
(F ig . 6 ) .  The lack  of enzym e a c tiv ity  is diffuse, b u t  confined to  th e  cortex . 
T he in ac tiv ity  o f  th e  b ru sh -b o rd er is com plete or n early  com plete. T he th ick  
b ran ch  of H en le’s loop ex h ib its  an unchanged  a c tiv ity  even in  th e  hypoclilorae- 
m ic k idney . T he red u c tio n  o f phosphatase  a c tiv ity  precedes th e  p rec ip ita tio n  
o f calcium  in th e  tu b u les . T his is why calcium  granules are p resen t solely in 
tu b u les  lined  w ith  in ac tiv e  ep ithelium .

The question  is w h a t significance have th e  anatom ical changes of th e  
tu b u la r  ep ithe lium  an d  th e  decrease of its  p h o sp h a tase  ac tiv ity . I t  is n o t easy 
to  decide th is  p rob lem . E arlie r histom orphologic exam ina tions h ad  been  unable  
to  d em onstra te  th e  fu n c tiona l significance o f th e  b ru sh -bo rder as an  ac tive  
bo rder zone in  tu b u la r  ac tion . The recen tly  revealed  subm icroscopic lipoid- 
p ro te in  honey-com b s tru c tu re  o f the  b rush -bo rder (R om hányi, [22] ) m ay  p resen t 
m eans for clarify ing th is . T he b rush -bo rder rep resen ts a pow erful lipo id -p ro te in
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b o rd e rlin e  zone w ith  a special grid  s tru c tu re . A sim ilar h y p ertro p h ied  b o rd er­
line  zone is p resen t, fo r in stan ce , on th e  su rface of th e  in te s tin a l ep ithe lium  
a c tiv e  in  absorption  (cuticle). T hus, th e  b ru sh -b o rd er rep resen ts a lipo id-pro tein  
g r id , a filtering a p p a ra tu s , w hich, how ever, does n o t y e t possess th e  biological 
a c t iv i ty  necessary fo r fu n c tio n in g  b y  itself. F u n c tio n  is m ade possible, am ong 
o th e rs , by  the high p h o sp h a tase  ac tiv ity . These facts involve th e  questio n  of 
th e  phospha tase  a c tiv ity  o f th e  b rush-border in  deh y d ra tio n . As i t  has been 
m e n tio n e d  the  p h o sp h a ta se  a c tiv ity  is g rea tly  reduced  in  th a t  s ta te . The 
ch an g e  affects d iffusely  th e  ep ithelium  o f th e  convo lu ted  tu b u les  a t  th e  site  
w h ere  th e  hydropic change of th e  b rush -bo rder occurs. This m eans th a t  the  
a c tiv e  borderline zone responsible for selective absorp tion  has decom posed 
b o th  s tru c tu ra lly  a n d  energetically . There can be no do u b t th a t  th e  double 
lesion  exerts a dele terious effect on tu b u la r  fu n c tion . One m u st n o t forget 
th a t  th e  glom erular f iltra te , unlike any flu id  in jec ted  in to  th e  tissues, un d er­
goes selective abso rp tion , i. e. ce rta in  of the  substances th e  filtra te  carries becom e 
re ta in e d  or co n cen tra ted . T h is function  is due m ain ly  to  th e  in tac tn ess  o f th e  
a c tiv e  borderline zone.

T he lesion of th e  bo rderline  zone m u st, therefo re , be followed by an  im pair­
m e n t of tu b u la r fu n c tion . As show n in d eh y d ra tio n  u rea  abso rp tion  is consider­
a b ly  increased, b u t i t  rem ains s till an open question  w hether for th e  increased 
a b so rp tio n  an ac tive  ce llu lar function  or th e  passive rediffusion should  be 
a c c o u n te d  for. M any au th o rs  believe th a t  u n d er no rm al conditions th e  tu b u la r  
a b so rp tio n  of urea is a diffusion process, considering  th a t  u rea  rep resen ts one 
o f  th e  m ost read ily  d iffusib le  substance  in  th e  organism  an d  its  excre tion  
d ep en d s , am ong o thers, also on th e  in ten s ity  o f diuresis.

W h atev er th e  case, th e  excre tion  of u rea  is governed b y  a precise reg u la ­
to ry  m echanism  w hich  enab les th e  in ta c t k id n ey  alw ays to  excre te  so m uch 
u re a  as necessary, in d ep en d en tly  of the  u rin a ry  o u tp u t. This m akes i t  obvious 
t h a t  th e  tu b u la r ep ith e liu m  is capable of reg u la tin g  th e  abso rp tio n  o f urea. 
O n  th e  o th e r hand , in  d eh y d ra tio n  th e  tu b u les  are  gravely  a ffec ted  an d  still 
th e  ab so rp tio n  of u rea  is increased . Is i t  w a rra n te d  to  presum e th a t  th e  dam aged  
tu b u la r  epithelium  w ould , b y  m eans of some »active«  cellular fun c tio n , absorb  
m ore  u rea  th a n  under n o rm al conditions? E v id e n tly  n o t. T herefore, th e  increased 
tu b u la r  absorp tion  of u rea  in  exsiccosis is doub tlessly  a consequence o f passive 
red iffu sio n  m ade possible b y  th e  tu b u la r  lesion, th e  failure o f th e  selective 
fu n c tio n  of the b rush -b o rd er.

T hus the structural and energetical decomposition oj the active borderline 
zone o j the renal epithelium  w ill be followed by a gradually increasing passive non- 
selective rediffusion. I t  is fo r th is  reason th a t  in re la tio n  to  th e  g lom erular filtra tion  
ra te  th e  clearance o f u rea  becom es g rea tly  decreased , rediffusion of u rea  occurs, 
a n d , in  some of th e  cases, h y p o sth en u ria  is developed.
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c) T he problem  of th e  so-called »hypoch lo raem ic  calcium  nephrosis«  
was also stu d ied .

I t  is a w ell-know n fa c t th a t  in  hypochloraem ic exsiccosis calcium  is depos­
ite d  in  th e  k id n ey  w hereby , according to  some a u th o rs , so grave necroses m ay  
resu lt w hich  suffice, w ith o u t an y  add itional fac to r , to  b ring  abou t u raem ia  
(  Fahr , [5] ). Calcium  deposits could be observed d u rin g  b o th  our earlier ( Gömöri 
a n d  Sárm ai, [14] ) an d  th e  p resen t exam inations a n d  th is  is w hy i t  has been  
endeavoured  to  clarify  th e  pathom echan ism  o f calcium  p recip ita tion . C alcium  
was found  in  th e  lum ina  of th e  tubu les a fte r th e  fo u r th  d ay  following liga tion  
of th e  py lo rus. N o necrosis was p resen t in th e  tu b u la r  ep ithe lium  only th e  a lread y  
m entioned , hydrop ic  swelling of th e  b ru sh -b o rd er a n d  its  lack in  p h o sp h a tase  
ac tiv ity . T here  was in  all cases a correlation between the lack oj phosphatase  
activity and the presence o j calcium deposits. The la t te r  occurred  in  those tu b u les  
only in w hich th e  lin ing ep ithe lium  showed no, or a t  m ost a very  low, p h o sp h a tase  
a c tiv ity  (F ig . 6 ) .  I t  seems m ost probable th a t  th e  p h o spha tase  escaping from  
th e  b ru sh -b o rd er com bines w ith  organic p h o sp h a te  an d  th e  inorganic p h o sp h a te  
sp lit off com bines w ith  calcium . In  th is w ay a com p o u n d  p ractically  inso luble  
in  alkaline m edia  is p roduced . H ypochloraem ic exsiccosis being associa ted  
w ith  alkalosis, i t  is v e ry  likely  th a t  p rec ip ita tio n  o f calcium  occurs in  acco rd ­
ance w ith  th e  above m echanism . This th eo ry  is su p p o rted  b y  the  fac ts  th a t  
deposited  calcium  is in v a ria b ly  found in th e  lu m in a  o f the  tubu li, an d  th a t ,  
as s ta te d  b y  K erpel— F ron ius  and  M artyn  [16], calcium  p rec ip ita tion  occurs 
on ly  in  alkalosis. This m eans th a t  the  old concep t accord ing  to  w hich in  h y p o ­
chloraem ic nephrosis calcium  deposition is a secondary  process, to  th e  ana logy  
o f m ercu ry  poisoning w here calcium  is deposited  in  th e  severely in ju red  ep i­
the lium , can n o t be m a in ta in ed  an y  longer. T his o ld  th e o ry  m ust all th e  m ore 
b e  d iscarded , since in  th e  tu b u la r  epithelium  h y d ro p ic  degeneration  an d  a de­
crease or com plete lack  o f th e  phosphatase  a c tiv ity  w ere always p re sen t but 
necrosis not in  one single case.

I t  is an  im p o rta n t questio n  w hether »hypoch lo raem ic nephrosis« is a con­
d ition  of clinical significance. As m entioned above, th e re  can be no d o u b t th a t  
i t  is th e  ana tom ica l lesion o f th e  tubu les th a t  p rom otes th e  passive red iffusion  
o f urea. In  add ition , th e  calcium  p recip ita ted  o b s tru c ts  th e  tubules an d  form s 
a serious h in d ran ce  to  u rin a ry  outflow . B y th em selves, how ever, these changes 
cannot be made responsible Jor the azotaemia developing in  exsiccosis. This prob lem  
has been fu lly  clarified also b y  Gömöri an d  Sárm ai [20] , who p roduced  h y p o ­
chloraem ic exsiccosis in  ca ts  b y  ligating  th e  p y lo ru s . O n th e  6 th  d ay  a f te r  th e  
opera tio n  th e y  rem oved  one k idney  for h isto log ical exam ination , lib e ra ted  
th e  pylorus an d  ad m in iste red  an  infusion of physio logical sa lt solution. D iuresis 
s ta r te d  im m ed ia te ly  an d  th e  n itrogen  o u tp u t w as also ab u n d an t. These ex p e ri­
m en ts d em o n stra te  th a t  b y  itse lf  the  renal lesion discussed does n o t b rin g  
ab o u t a severe d e te rio ra tio n  of renal function . A fte r th e  haem odynam ic cond itions
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h a d  b e e n  resto red  by  sa lt in fusion  th e  no rm al function  of the  k id n ey  w as im m ed ia­
te ly  resu m ed . The d is tu rb an ce  of ren a l fu nc tion  occurring in  d eh y d ra tio n  
m u s t th e re fo re  be due to  th e  decrease in  filtra tio n  pressure, i. e. to  a failure 
o f  th e  c ircu lation  while th e  passive red iffusion  of urea th ro u g h  th e  in ju red  
tu b u la r  ep ithelium  p lays th e  role o f an  ad d itio n a l factor. I t  is v e ry  p robab le  
t h a t  th e  so-called calcium  nephrosis in  i tse lf  does n o t resu lt in  a g rave  fu n c tiona l 
d iso rd e r o f  th e  kidney unless hypoch lo raem ia  has lasted  for a su ffic ien tly  long 
tim e  to  b rin g  abou t severe a lte ra tio n s . S im ilar cases no longer occur in  hum an  
p a th o lo g y , an d  the  case rep o rted  b y  F ahr  [5] represents a ra r ity .

Conclusions

I f  now  the  question  is raised  w hich o f th e  factors should  be m ad e  res­
p o n sib le  fo r th e  failure of ren a l fu nc tion  an d  th e  azotaem ia in  d eh y d ra tio n  
th e  fo llow ing  m ay, w ith  resp ec t to  b o th  o u r earlie r and th e  p resen t experim en ts, 
be  d e s ig n a ted  :

(I)  T h e  decrease in  filtra tio n  pressure  as a sequel of the  red u c tio n  o f blood 
p re ssu re  an d  of the  increase in  th e  colloid-osm otic pressure o f  th e  p lasm a.

( I I )  The reduced speed o f the circulation, re su ltin g  in a decrease o f th e  am oun t 
o f p la sm a  passing th e  k idney . T he ra te  o f d im inu tion  is, how ever, g re a te r  th a n  
i t  m ig h t be  expected from  th e  general d e te rio ra tio n  of the c ircu la tion . I t  follows 
th a t  th e  reduction  of renal c ircu lation  is n o t m erely  a simple sequel o f th e  deterio ­
ra t io n  o f  general c ircu lation  ; i t  is p a r tly  b ro u g h t abou t b y  o th e r  regu la ting  
fa c to rs  w h ich  d ivert th e  b lood  from  th e  k idneys tow ard o ther organs w hich a t 
th e  t im e  given p lay  a m ore im p o rta n t role. T he action  of th is  reg u la to ry  m echa­
n ism  is in ju rious to  fu n c tio n  o f th e  k id n ey  dam aged  b y  exsiccosis an d  leads to  
a f u r th e r  de terio ra tion  of renal function .

( I I I )  Owing to the anatom ical lesion o f the tubules an increased rediffusion  
o f urea occurs. This is, to g e th e r w ith  th e  decrease in filtra tion  p ressu re  an d  the  
re d u c tio n  o f renal c ircu la tion , a fac to r increasing  n itrogen  re te n tio n .

(IV ) As Gömöri e t al. h ad  d em o n stra ted  [ 10] in previous experim en ts, 
exsiccosis is accom panied b y  an  intense désintégration of protein. T his is, beside 
th e  d e te r io ra ted  renal fu n c tion , a sign ifican t additional fac to r re su ltin g  in  
az o ta e m ia .

A s a  final result i t  m ay  be estab lished  th a t  in  exsiccosis severa l an a to m ica l 
a n d  fu n c tio n a l factors com bining w ith  each  o th e r are responsible fo r th e  deve­
lo p m e n t o f azotaem ia, resp . uraem ia.
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Fig. 1. a )  C ontrol k idney. Benzidine reac tion . N orm al blood con ten t 
b) Benzidine reac tio n  in  th e  k idney  3, 5, 7 days a fte r lig a tio n  o f the  pylorus. N um erous sm all

haem orrhages in the  co rtex
Fig. 2. a )  B enzid ine reac tion  of a k idney w ith  norm al blood conten t 
b)  Swollen and  hyperaem ic tu f ts  4 days a f te r  liga tion  of the pylorus

2*
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F ig . 3. a )  an d  b) Peristases in th e  postg lom eru lar cap illa ry  netw ork w hich co rrespond  to  the  
hyperaem ic  areas in  th e  c o rte x  show n in Fig. 1 

F ig . 4. a )  H ydropic  degeneration  of th e  b ru sh  b o rd e r 4 days a fte r ligation  of th e  pylorus 
(ligh t zones a t  th e  in n er b o rd e r o f th e  lum ina) 

b)  In tense  hy d ro p ic  swelling 7 days a f te r  liga tion  of the  pylorus
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F ig. 5. a )  P h o sp h ata se  reac tion  in  a norm al k idney . P ositiv e  reaction  in the tu f ts  an d  cortical
tubules

b) M arked decrease o f phosphatase  a c tiv ity  5 d ay s a fte r  ligation of th e  p y lo ru s. The 
b lack  g ran u la r  stripes ru n n in g  in the  w hite fields correspond  to  calcium  deposits in  th e  tu b u les

deprived of p h o sp h a tase
F ig. 6. a )  4 days a f te r  ligation  of the  pylorus. In itia l calcium  precip ita tion  in th e  w h ite  tu b u le s

devoid of p h o sp h a tase
b) 7 days a fte r lig a tio n  of th e  pylorus. Л11 tu b u le s  are  devoid of phosphatase. C alcium  

granu les giving a positive  silver reac tion  in th e  lum ina . T he phosphatase  a c tiv ity  o f  th e  tu f ts
is preserved
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Sum m ary

( I )  I n  deh y d ra tio n  p ro d u ced  b y  ligating th e  p y lo ru s  th e  renal blood flow is g re a tly  d im i­
n ish ed . T h e  ra te  of d im in u tio n  is considerably g rea ter th a n  i t  could  be expected  from  th e  d e te rio ­
ra tio n  o f  c ircu la tion . F ro m  th is  fa c t i t  is inferred  t h a t  in  d eh y d ra tio n  a re g u la tin g  m echanism  
is a c tiv e , d iv e rtin g  th e  b lood from  th e  kidneys to  o th e r  o rg an s, th e  v ita l im p o rtan ce  o f w hich  
is g re a te r  a t  th e  tim e g iven. T h e  efferen t arterio le  u n d erg o es a com pensatory  c o n tra c tio n  b y  
w h ich  a n  anatom ical, visib le en la rg em en t of th e  tu f ts  ensues. In  th e  p o stg lom eru lar cap illaries 
sta sis  o ccu rs.

( I I )  In  th e  tu b u li, h y d ro p ic  degeneration  an d  d ecrease  o f the  p h osphatase  a c tiv ity  can  
be  o b se rv ed  an d , a t  th e  sam e tim e , a  passive tu b u la r  red iffu sio n  of urea. The cause of th e  la t te r  
m u s t  b e  so u g h t for in  an a to m ic  changes of th e  tu b u li .

( I I I )  T he calcium  nephrosis associated w ith  h y p o ch lo raem ic  exsiccosis is u n d o u b ted ly  
a seq u e l o f th e  alkalosis an d  th e  liberation  of p h o sp h a tase . Calcium  is deposited  in  th e  lum ina 
of th e  tu b u li  on ly  and no necrosis can  be d em o n stra ted  in  th e  tu b u la r  ep ithelium . H y p o ch lo r­
aem ic n ep h ro sis  has no ro le in  th e  developm ent o f azo taem ia .

(IV ) T he d istu rb an ce  o f ren a l function  observed in  d eh y d ra tio n  is a sequel o f th e  com bined 
e ffec t o f  severa l facto rs such  as th e  decrease in f i l t r a tio n  pressure , the  d e te rio ra tio n  o f  renal 
c irc u la tio n , an d  th e  an a to m ica l lesion of th e  tub u li.
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ФУНКЦИОНАЛЬНЫЕ И МОРФОЛОГИЧЕСКИЕ ИЗМЕНЕНИЯ ПОЧЕК
ПРИ ЭКСИККОЗЕ

П. Гёмёри, Дь. Ромханьи, М. Фёльди и Дь. Сабо 

Р е з ю м е

1. При эксиккозе (вызванной перевязкой привратника) количество крови, про­
ходящей через почек (Сp a n ), резко снижается. Снижение значительно, превышает сте­
пень, которую можно было ожидать по общему нарушению кровообращения. Из этого 
следует, что при эксиккозе какой-нибудь регулирующий механизм направляет кровь 
в другие, в данном моменте более важные для организма органы. Выводящий сосуд по­
чечного клубочка компенсаторно сужается, а это ведет к увеличению клубочка, устана­
вливаемого анатомическим исследованием. В постгломерулярных капиллярах наблю­
дается стаз.
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2. В почечных канальцах наблюдается гидропическое перерождение и умень­
шение активности фосфатаза. Одновременно с этим наблюдается в канальцах пассивная 
редиффузия мочевины. Причиной этого явления является анатомическое изменение 
почечных канальцев.

3. Причиной известкового нефроза, наблюдаемого при гипохлоремической форме 
эксиккоза, по всей вероятности являются освобождение фосфатазы и алкалоз. Извест­
ковые глыбы встречаются исключительно в просвете почечных канальцев, в клетках 
канальцев явления некроза не наблюдаются. Известковый нефроз, сопровождающий 
гипохлоремическую форму эксиккоза, не играет роли при возникновении азотемии.

4. Нарушения функции почек, наблюдаемые при эксиккозе (падение фильтра­
ционного давления, нарушения кровообращения почек, анатомические изменения по­
чечных канальцев) являются последствиями совместного действия некоторых факторов.
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