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Intrarenal Redistribution of the Organ Blood Flow, Induced by Bleeding or Hemorrhagic Shock 

Al though  evidence  was found x t h a t  renal  h y p o x i a  in 
the  acu te  hemor rhag i c  shock  is unl ikely t o  occur,  zonal  
i schaemia  m a y  poss ib ly  con t r i bu t e  to  the  pa thogenes i s  of 
t he  shock  k idney  ~,~. This  p a p e r  is conce rned  w i t h  t h e  
in t r a rena l  blood flow d i s t r ibu t ion  in ra t s  dur ing  b leeding 
a n d  hemor rhag i c  shock.  Therefore  t issue S~Rb d i s t r ibu t ion  
in t h e  rena l  zones  has  been  e x a m i n e d  us ing a t e chn ique  
prev ious ly  descr ibed 4,~, based  on a m e t h o d  in t roduced  by  
SAPIRSTEIN 6. This  t e c h n i q u e  could be employed  for our  
purpose ,  as we found  t h a t  t h e  ca lcu la ted  equi l ibr ium 
po ten t i a l s  for  R b  d i s t r i bu t ion  in  rena l  cells, in our  experi-  
m e n t a l  condi t ions ,  are  near  to  those  ac tua l ly  measu red  ~ 
in  i schaemic  renal  t issue.  D e t e r m i n a t i o n s  were  pe r fo rmed  
genera l ly  25 rain a f te r  end ing  of t he  hemor rhage .  A d e q u a t e  
ind ica t ions  h a d  to  be  obse rved  in h y p o t e n s i o n  s. 

l \{easurements  compr i sed  : card iac  o u t p u t  (CO), ar ter ia l  
p ressure  (AP), myocard ia l  f r ac t ion  (MF), renal  co r t ex  
f rac t ion  (RCF),  ou te r  medul la  f rac t ion  (RMF) and  inner  
medu l l a  f rac t ion  (RPF) .  Resu l t s  h a v e  been  expressed  as 
% of CO. Blood  f lows were  cMculated in  ml /g /min .  

Results .  D a t a  ref lec t ing shock s t a t e  (MF, CO, AP)  a n d  
in t r a r ena l  f low d i s t r i bu t ion  are  p r e s e n t e d  in t h e  Table .  
P r e s e n t a t i o n  of o rgan  a n d  zonal  f rac t ions  are  s igni f icant  
for our  pu rpose  a n d  less a f fec ted  b y  t h e  er ror  spreading .  

Fol lowing a 3% hemor rhage ,  overal l  b lood f low in t he  
k idney  decreases ,  whi le  in t r ao rgan  d i s t r ibu t ion  is a l t e red :  
t he re  is a more  p r o n o u n c e d  decrease  of medu l l a ry  blood 
flow t h a n  a cort ical  one. Decreased  A P  is associa ted  wi th  
a more  p r o n o u n c e d  decrease  of flow, while in n o r m o t e n s i v e  
animals ,  a l t hough  the  overal l  o rgan  flow is less decreased,  
the  i n t r a r ena l  d i s t r ibu t ion  is a l te red  in the  same manne r .  
L i t t l e  modi f ica t ion  of t he  cort ical  f low can be recorded  
a f te r  a 1% hemor rhage ,  never the less  t he  d i s t r ibu t ion  of 
b lood flows becomes  a l te red  by  a s igni f icant  decrease  of 
the  RMF.  No ac t ion  of hyderg ine  could be observed .  As 
p r e sen t ed  in t he  Figure,  r ed i s t r ibu t ion  of t h e  flow follows 
the  1% h e m o r r h a g e  in a b o u t  5 min,  while  no rmal i za t ion  
occurs in 60 min ;  af ter  a 3% hemor rhage ,  t h e  p h e n o m e n o n  
still pers is ts  a f te r  60 min.  

Discuss ion .  A decreased  S~Rb f ixa t ion  in t he  ou te r  
medul la  was  found,  which  we assume to  be a pa r t i cu la r  
i schaemic  reac t ion  in th is  t issue. Thus  we m a y  suppose  
t h a t  wi th in  t he  renal  blood flow, t he  medu l l a ry  c i rcula t ion  
has  a pecul iar  reac t iv i ty ,  a v iew also shared  by  o thers  L 
Ind i r ec t  ev idence  Iike u r ina ry  pC2 ~°,n, also suppo r t s  t h e  
ex is tence  of a medu l l a ry  i schaemia  in hemor rhag ic  shock. 

The  d a t a  ob t a ined  are  in d i s ag reemen t  w i th  t hose  
ob t a ined  b y  K~AMER ~ who, as a m a t t e r  of fact,  obse rved  
the  b lood flow of the  inner  medu l l a ry  zone x~. 

Our  f indings  m i g h t  comple t e  r ecen t  works  a~,xn on self- 
regu la t ion  of n e p h r o n  c i rcula t ion  and  N a  excre t ion ,  as 
well as t h e  a l t e ra t ions  of these  func t ions  in shock.  So, we 
assume  t h a t  t he  select ive i schaemia  of t he  ou te r  medu l l a  
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X controls, + hemorrhage I%, H, hemorrhage 1% (S.E. :h 0.08), 
O hemorrhage 3%, Q hemorrhage 3% {S.E. :k 0.04). RMF, outer 
medulla fraction. 
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No. CO (ml[100 g) AP (ram tlg) CF (% CO) RCF (% CO) RMF (% CO) RPF (% COl 

Control 18 42.0 :t= 2.6 

Hemorrhage 3% 22 30.4 ~ 4.1 • 

Hemorrhage 3% 9 19.3 ~ 4,0 b 
(AP < 80 mm Hg) 

Hemorrhage 3% 13 37.9 -I= 4.7 
(AP > 80 mm Hg) 

Hemorrhage 1% 12 38.3 ~ 5.1 

Hemorrhage 3% 6 35.8 -4- 8.2 
(+ Hydergin 0.0i mg/kg) 

120.0 ~ 7.9 . 2.46 :t: 0.32 12.27 ± 0.44 1.00 =h 0.05 0.25 -t- 0.02 

78.0 ~ 3.2 u 3.68 ~ 0.30 ~ 8.45 4- 0.43 b 0.45 -I- 0.04 b 0.12 :]z 0.02 b 

56.0 1 5.2 b 4.21 4- 0.51 b 6.60 ± 0.48 ~ 0.37 :h 0.05 b 0.10 -~- 0.01 b 

93.0 -t- 11.5 3.32 4- 0.34 9.74 =k 0-35 b 0.54 + 0.07 ~ 0.22 -V 0.06 

105.0 4- 2.9 2.95 ~ 0.21 10.66 ~ 0.63 0.55 4- 0.08 b 0.20 4- 0.02 

96.0 4- 10.8 1.29 ~ 0,60 7.72 4- 0.80 b 0.36 :h 0-09 b 0.19 =h 0.02 ~ 

0.01 <~ P < 0.02, b p < 0.01, ¢ 0.02 < P < 0.05. 
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m i g h t  be  t h e  n a t u r a l  f ac to r  which ,  in  h e m o r r h a g e ,  in- 
duces  t he  d a m a g e  of b o t h  t h e  cor t ica l  c i r cu la t ion  a n d  of 
t he  g l o m e r u l a r  func t ion .  The  m e c h a n i s m  a s s u m e d  is a 
f u n c t i o n a l  d i s t u r b a n c e  of t h e  t h i c k  s e g m e n t  of t h e  a scend-  
ing  l i m b  in  t h e  loop of Henle .  

W e  m u s t  e m p h a s i z e  t h a t  m e d u l l a r y  c i r cu la t ion  in r a t s  
is more  a c t i v e  t h a n  in o t h e r  species~,~% 

E f f e k t  is t  eine v e r m i n d e r t e  B l u t v e r s o r g u n g  de r  g~ussern 
Markzone .  
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Zusammen/assung. Es  wird  eine d u r c h  B l u t u n g  und  
h~tmorrhag ischen  Schock  h e r v o r g e r u f e n e  i n t r a r e n a l e  Neu-  
v e r t e i t u n g  de r  D u r c h b t u t u n g  besch r i eben .  De r  wesen t l i che  

x6 G. DEUTSCtI and O. DREICIH.tNGER, Fiziologia norm. patol, lO, 
417 (1964). 

Nephrectomy and Anaphylactoid Edema 

I t  is k n o w n  t h a t  c e r t a i n  o rgans  p l a y  a n  i m p o r t a n t  role 
in  t he  f o r m a t i o n  of a n a p h y l a c t o i d  e d e m a  (AE).  R e m o v a l  
of t h e  ad rena l s  increases  x whi le  b o t h  exc lus ion  of t h e  
insu la r  a p p a r a t u s  ~ a n d  h y p o p h y s e c t o m y  a,a p r e v e n t  t h e  
d e v e l o p m e n t  of t he  AE.  On t h e  basis  of our  ear l ier  exper i -  
m e n t s  we a s s u m e d  t h a t  t h e  l ddneys  m a y  p a r t i c i p a t e  in 
t h e  genesis of t he  AE.  Therefore ,  in  t h e  p r e s e n t  exper i -  
m e n t s  we w a n t e d  to  e x a m i n e  w h e t h e r  t he  A E  can  be 
in f luenced  b y  n e p h r e c t o m y  in ra ts .  

T h e  e x p e r i m e n t s  were ca r r i ed  o u t  on  female  a lb ino  r a t s  
of  t h e  s ame  s t r a i n  weigh ing  150-165 g. Local  a n d  genera l -  
ized A E  were  i n d u c e d :  b y  s u b p l a n t a r  in j cc t ion  of d e x t r a n  
(900 # g  I n t r a d e x  in 0.1 ml), b y  i.p. a d m i n i s t r a t i o n  of 
d e x t r a n  (120 m g / k g  b o d y  weight )  a n d  of egg w h i t e  (25% 
in phys io log ica l  sa l ine  g iven  in a dose of 1 ml /100 g b o d y  
weigh t ) .  T h e  changes  of t h e  v o l u m i n a  of t h e  h i n d  paws  
were m e a s u r e d  b y  a m e t h o d  us ing  d i s p l a c e m e n t  of m e r c u r y  
90 a n d  120 m i n  fol lowing t he  a p p l i c a t i o n  of t h e  e d e m a -  
p r o d u c i n g  agents .  T h e  degree  of i n h i b i t i o n  p r o d u c e d  b y  
t h e  m a n i p u l a t i o n s  was expressed  as % of t h e  con t ro l  
va lue .  N e p h r e c t o m y  a n d  t he  s h a m  o p e r a t i o n  were  ca r r i ed  
o u t  in  h e x o b a r b i t a l - N a  a n a e s t h e s i a  (50 m g / k g  b o d y  
w e i g h t  i.v.) 24 h before  t h e  expe r imen t s .  

N e p h r e c t o m y  inh ib i t s ,  24 h a f t e r  r e m o v a l  of t h e  k idneys ,  
t h e  e d e m a - i n d u c i n g  effect  of d e x t r a n  g iven  s.c. i n to  t h e  
h i n d  paws  b y  67%,  whi le  t h e  s h a m  o p e r a t i o n  on ly  pro- 
duces  a n  11% inh ib i t i on .  N e p h r e c t o m y  also i nh ib i t s  to  
a b o u t  t h e  s ame  e x t e n t  (65 ~ )  t h e  effect  of c o m p o u n d  48/80 
i n j ec t ed  in to  t h e  h i n d  paws  (25/~g in  0.1 ml), however ,  i t  
does  n o t  in f luence  t he  e d e m a  f o r m a t i o n  evoked  b y  sub-  
p l a n t a r  i n j ec t i on  of 5 -HT ( se ro ton in -c rea t in ine  su lpha te ,  
5 # g  in 0.1 ml). T a b l e  I. 

T h e  genera l ized  A E  induced  b y  d e x t r a n  is suppressed  
b y  n e p h r e c t o m y  to  a n  e x t e n t  of 71% a n d  in t he  case of 
t h e  a d m i n i s t r a t i o n  of egg w h i t e  t h e  i n h i b i t i o n  is 77% as 
c o m p a r e d  w i t h  t h e  con t ro l  va lues .  T h e  s h a m  o p e r a t i o n  
causes  on ly  a m o d e r a t e  i n h i b i t i o n  (14%) of t h e  d e x t r a n  
i n d u c e d  genera l ized  A E  (Table  I I ) .  

I n s u l i n  increases  in  n o r m a l  a n i m a l s  5 a n d  res to res  in  
d i abe t i c  r a t s  2 t h e  ef fec t  of a g e n t s  i n d u c i n g  AE.  I n  o u r  
e x p e r i m e n t s  insu l in  (4 I U  s.c.;  10 t i m e s  crys ta l l ized ,  
g lucagon-free ,  N o v o  6 a d m i n i s t e r e d  s i m u l t a n e o u s l y  w i t h  
d e x t r a n  c o u n t e r a c t s  t h e  i n h i b i t i n g  effect  of n e p h r e c t o m y .  
I n  t h e  i n s u l i n - t r e a t e d  an imal s ,  b i l a t e ra l  n e p h r e c t o m y  
resu l t s  in  a 38% i n h i b i t i o n  of t he  genera l ized  A E  on ly  
(see T a b l e  I I ) .  

T h e  f a s t i ng  b lood  suga r  levels a n d  t he  b lood  p ressures  
m e a s u r e d  in n e m b u t a l  a n a e s t h e s i a  do n o t  differ  in  
n e p h r e c t o m i z e d  a n i m a l s  f rom t h e  con t ro l  va lues .  Th e  

b lood  u rea  n i t r o g e n  (BUN)  is 103 4- 19 m g  in  100 ml  
blood.  Beside  t h e  e l e v a t i o n  of t h e  B U N  t h e r e  a re  no  
cons iderab le  changes  in b lood  c o n s t i t u e n t s  24 h fol lowing 
n e p h r e c t o m y  L 

I n  add i t ion ,  a cco rd ing  to  our  p r e l i m i n a r y  obse rva t i ons ,  
n e p h r e c t o m y  inhib i t s ,  to  a n  e x t e n t  of 85%,  t h e  fo rma l in  
i n d u ced  i n f l a m m a t i o n ,  too, whi le  t h e  s h a m  o p e r a t i o n  in- 
creases  the  ef fec t  of fo rmal in  co n s i d e r ab l y  (by 20%).  

T h e  m e c h a n i s m  of t h e  A E  is n o t  ye t  c leared.  A m e d i a t o r  
role was  a t t r i b u t e d  to  h i s t a m i n e  a n d  5 -HT s. As t h e  edema-  

Table I. The volume of hind paws in ml before (A) and 90 rain 
after (B) the local administration of edema producing agents 

Treatment VoL of the Inhibition 
(No. of hind paws in mt in % of 
experiments) control value 

Dextran, A 0.398 ~ 0.006 
control (20) B 0,665 ~ 0.027 - 

Dextran, sham A 0.383 ~ 0.014 
operation (10) B 0.620 i 0,018 11 ---~ 0.2 

Dextran, A 0.393 :~: 0.004 
nephrectomy (10) B 0.485 :~ 0.010 67 < 0.001 

Compound48/80, A 0,410 ~ 0,006 
control (15) B 0.593 t 0,027 - 

Compound48/80, A 0.398 q- 0.025 
nephreetomy (10) B 0.463 4- 0.042 65 < 0.001 

5-HT, A 0.396 :t: 0.005 
control (15) B 0.538 :t: 0.050 - 

5-HT, A 0.374 4- 0.018 
nephrectomy (t0) B 0.504 ± 0.020 9 0.5 > P > 0.2 
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