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Fm for 16- to  28-week-old n o r m o t e n s i v e  r a t s  and  of 120 to 
140 Fm w h e n  t he  an i m a l s  were m a d e  hyper t ens ive le :  In  
th i s  l a t t e r  s tudy ,  f i xa t ion  of t he  ar ter ies  was pe r fo rmed  in 
v i t ro  a t  v a r y i n g  pressures  accord ing  to the  blood pressure  
level. W e  assume t h a t  t he  ex tens ive  m a n i p u l a t i o n  of the  
ar te r ies  in v i t ro  an d  in t he  absence  of func t iona l  sympa-  
t he t i c  i n n e r v a t i o n  has  led to  unphys io log ica l  d i l a ta t ion .  

I n  our  expe r imen t s ,  t he  systol ic  a n d  diastol ic  b lood 
pressures  of S H R  were m u c h  h igher  t h a n  those  of N W R ,  
whereas  t he  h e a r t  r a t e  va lues  were no t  di f ferent .  This  was 
a genera l  f ea tu re  obse rved  in our  S H R  colony. 

Discussion. Our  f indings  sugges t  t he  fol lowing in te rp re -  
t a t i o n  of b lood pressure  r egu la t ion  in SHR.  The  baro-  
r ecep to r  ne rve -end ings  of S H R  are p ro t ec t ed  aga ins t  
excessive s t i m u l a t i o n  in spi te  of the  hype r t ens ion ,  since 
t he  t r an smi s s ion  of t he  pressure  s ignal  t h r o u g h  the  med ia l  
s m o o t h  muscles  is d a m p e n e d  to a larger  e x t e n t  as in  N W R .  
Th i s  expla ins  why  t he  e f fe ren t  s y m p a t h e t i c  tone  is no t  
depressed  a t  t he  level  of t he  v a s o m o t o r  cen te r  and  w h y  
t he  h e a r t  r a t e  is no t  slowed down  in the  h y p e r t e n s i v e  
rats .  On t he  con t r a ry ,  some ava i l ab le  d a t a  ind ica te  t h a t  
e f ferent  s y m p a t h e t i c  d ischarge  r a t e  is r a t h e r  increased in 
S H R ,  as c o m p a r e d  to  n o r m o t e n s i v e  la,14 or rena l  hyper -  
t ens ive  rats15. In  pa r t i cu la r ,  our  f indings  exp la in  a n  im- 
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O--O, experimental values published by NOSAKA and WANG 17. 
�9 -- �9 theoretical curve of NCR with increased peripheral reactivity, 
whithout modification of the baroreeeptor setpoint. 

p o r t a n t  aspec t  of t he  modi f ied  ba ro r ecep to r  func t ions  
r epo r t ed  in S H R  16, 17. NOSAKA and  WANG 17 h a v e  t a b u l a t e d  
t h e i r  m e a s u r e m e n t s ,  descr ib ing  t he  r e l a t ionsh ip  b e t w e e n  
sys temic  a r te r ia l  p ressure  a n d  ca ro t id  s inus  pe r fus ion  
pressure .  W e  h a v e  r ep resen ted  t he i r  resul t s  in a d i a g r a m  
(Figure) and  we h a v e  d r a w n  the  theo re t i ca l  curve,  wh ich  
would  be  o b t a i n e d  if S H R  h a d  only  a g rea te r  'e f fector  
response '  in  compar i son  w i t h  N W R .  These  factors,  
w h e t h e r  t h e y  resu l t  f rom a g rea te r  a m o u n t  4,5 or f rom a n  
increased  r e a c t i v i t y  ",7 of t he  vascu la r  s m o o t h  musc le  
cells in t he  res i s tance  vessels, would  on ly  elicit  a n  u p w a r d  
sh i f t  of t he  re la t ionsh ip -curve .  I t  is clear t h a t  t he  resu l t s  
of NOSAKA and  W A N t  w i t h  S H R  also revea l  an  i m p o r t a n t  
sh i f t  of t he  curve  f rom left  to  r ight ,  showing  t h a t  a 
g rea te r  ca ro t id  s inus  pressure  is necessa ry  before  baro-  
r ecep to r  r egu la to ry  func t i on  comes in to  play.  These  
au tho r s  specula te  u p o n  a n  increased r ig id i ty  of t he  s inus  
wall. Our  m o r p h o m e t r i c  s tud ies  on t he  med ia l  hype r -  
t r o p h y  in vascu la r  s t r e t ch - r ecep to r  areas  of S H R  p rov ide  
d i rec t  ev idence  for a s t r u c t u r a l  bas is  of th i s  h o r i z o n t a l  
sh i f t  of b a r o r e c e p t o r  func t ion  due to d a m p e n i n g  of t h e  
i n p u t  signal.  

Zusammen/assung. Morphome t r i s che  D a t e n  bei  R a t t e n  
m i t  gene t i s chem H o c h d r u c k  zeigen, dass  die Media  der  
Gef/ isswand u m  e twa  50% dicker  is t  als bei  n o r m o t o n e n  
Tieren.  Diese V e r d i c k u n g e n  s ind im A o r t e n b o g e n  und  in 
der  N~Lhe des Karo t i s s inus  gemessen  worden,  wo Pressor-  
r ezep to ren  a n  der  Aussense i te  der  Media  liegen. Die her-  
vo rge ru fene  Ve r sch i ebung  der  P r e s so r r ezep to r -S t eue rung  
wird  im Z u s a m m e n h a n g  m i t  der  ver&nder ten  B l u t d r u c k -  
regu l ie rung  bei  gene t i sch  h y p e r t o n e n  R a t t e n  d i sku t ie r t .  
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Bi la tera l  R e s e c t i o n  of  Super f i c ia l  Rat  K i d n e y  Cortex:  Effect  on  S o d i u m  B a l a n c e  

F u n c t i o n a l  h e t e r o g e n e i t y  of t he  n e p h r o n  p o p u l a t i o n  
ha s  been  p o s t u l a t e d  since some years  1. There  was no 
e x p e r i m e n t a l  model,  however ,  for d i rec t  s tudies  on j u x t a -  
m e d u l l a r y  n e p h r o n s  in conscious animals .  RASHID et  al. 2 
r ecen t l y  d e v e l o p e d  such  a n  e x p e r i m e n t a l '  model ,  pro- 
duc ing  un i l a t e ra l  necrosis  of t he  ou te r  r a b b i t  k i d n e y  
cor t ex  b y  surface h y p e r t h e r m i a .  We  p re sen t  here  a 
s imi la r  mode l :  b i l a t e ra l  surgical  ab l a t i on  of t he  whole 
superf ic ia l  k i d n e y  cortex.  Sod ium ba lance  was s tud ied  in 
r a t s  sub jec t ed  to th i s  t y p e  of pa r t i a l  n e p h r e c t o m y .  

Material and methods. Male W i s t a r  r a t s  weighing  350-  
450 g were used. 

Operative procedures. All r a t s  were anes the t i zed  w i th  
e ther .  B o t h  k idneys  were exposed f rom dorsa l  and  t he  
r ena l  pedicles  were c l amped  for a few minutes .  The  r a t s  
were t h e n  d iv ided  in to  4 g roups  a n d  each  group  was t r ea t -  
ed in a d i f fe ren t  way.  Group  I :  no f u r t h e r  t r e a t m e n t  

( sham opera t ion) .  Group  I I :  n e p h r e c t o m y  on t he  r i g h t  
side. G r o u p  I I I :  n e p h r e c t o m y  on the  r i gh t  side + pole 
resec t ion  on the  left  k i d n e y  ~ a p p r o x i m a t e l y  4/6 neph -  
r e c t o m y  ~. Group  IV :  resec t ion  of t he  whole ou t e r  
k i d n e y  cor t ex  us ing  a s h a r p  scissor. Thus,  a b o u t  50% of 
k i d n e y  t i ssue  was removed .  The  wound  surfaces were 
t h o r o u g h l y  dr ied w i t h  f i l ter  paper ,  a n d  t h e n  covered  w i t h  
H i s toac ry l  | B raun ,  Melsungen.  Seconds la te r  t he  r ena l  
pedicle c l amp  was removed .  Genera l ly  no b leed ing  occurr-  
ed. 
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Balance studies. The ra ts  were kep t  in ind iv idua l  
metabol ic  cages a t  room t e m p e r a t u r e  of 23~ They  
received a daily 15 g por t ion  of a syn the t i c  diet  4 wi th  low 
or h igh  sodium con ten t  (60 or 1500 ~zEq. sodium/100 g 
body  weight /day) .  The po tas s ium con ten t  of b o t h  diets  
was 0.5%. Fi rs t  the  low sodium diet  was given for 4 days,  
followed by the  high sodium diet  for several  days  unti l  
sodium balance was equi l ibrated.  Then again the  low 
sodium diet  was prescr ibed for 2-3 days.  The por t ion  of 
the  15 g of diet  was always comple te ly  ingested.  Ur ine  was 
collected in 24 h in tervals  and  analyzed for sodium and 
potass ium,  a t  t imes  also for creatinine.  For  several  days,  
blood was t aken  in the  morn ing  by  cardiac punc tu re  and 
analyzed for hema toc r i t  and serum concen t ra t ions  of 
sodium, potass ium,  creat inine and to ta l  protein .  These 
balance s tudies  were carr ied out  1 and  12 weeks af ter  
surgery on 5 ra t s  in each group ( I - IV) .  In  a fu r ther  
exper iment ,  the  same balance  s tudy  was carried out  on 9 
in tac t  rats.  These animals  were then  sub jec ted  to the  
superficial  cor tex  resection,  cor responding  to group IV 
6 weeks later  the  balance s tudy  was repeated .  

Additional examinations. One, 6 and 12 weeks af ter  
surgery, only extracel lular  volume (EZV) or p la sma  
volume (PV) or G F R  were measured  in 3-5 ra t s  of the  
groups I - I V ,  no t  subjec ted  to balance studies.  These 
animals  were kep t  on low sodium diet  for 4 days  pr ior  to 
the  invest igat ions .  After  sacrif icat ion by  cervical dislo- 
cation,  the  k idneys  of the  ra t s  in which G F R  was measur-  
ed, were removed,  weighed and histological ly examined  
af ter  f ixat ion in formol  (10%). 

Analytical procedures. Sodium and po tas s ium were 
measured  by  flanle pho tome t ry ,  creat inine was ana lyzed  
colorimetr ical ly af ter  react ion wi th  alkaline p ic ra te  
{reagents of Haury ,  Munich), serum pro te in  by  the  Biure t  
me thod  {reagents of Boehringer ,  Mannheim) .  GF  Rwas  
de te rmined  by  po lyf ruc tosan  clearance, in all detai ls  as 
descr ibed by  HORSTER and  THURAU 1, wi th  the  except ion  
t h a t  urine was collected by a b ladder  catheter .  PV was 
measured  by  the  E v a n s  blue method ,  in detai ls  following 
ref. 5, E Z F  by  de t e rmin ing  polyf ruc tosan  space a f te r  ne- 
ph rec tomy.  Po lyf ruc tosan  25%, 0.6 ml, was in jec ted  into 
a jugular  vein 1 h af ter  n e p h r e c t o m y  in e ther  anesthesia .  
90 rain later  blood was ob ta ined  by cardiac punc ture .  
Po lyf ruc tosan  was measured  as descr ibed by  HILGER et 
al.K During G F R  measu remen t s  blood pressure  was re- 
corded f rom a femoral  a r t e ry  by use of a s t ra in  gauge. 

Statistics. Data  of the  ra t s  of groups I - I V  was compared  
by  an analysis  of variance.  

Results. The ra ts  of group IV needed  some 2 days  
longer to res tore  the i r  sod ium balance when  placed f rom 
low to high sodium diet  t h a n  those of groups I - I I I .  This 
difference is s ta t i s t ica l ly  significant.  No signif icant  
difference,  however,  occurred for the  sod ium excre t ion  at  
the  end of the  first  low sodium period and at  the  change  
f rom high to  low sodium in take  at  the  end of the  experi-  
men t s  {Table I). Po tass ium excret ion did no t  differ in the  
4 groups. Serum creat in ine  levels were (in mg/100 ml) 
0.7 • 0.1, 0.9 -6 0.2, 1.4 ~:: 0.16 and  1.4 • 0.31 for the  
groups I - I V  respect ively.  No s ignif icant  difference of 
groups I - I V  ra ts  was found  for serum sodium, -po tass ium 
and -prote in  levels, hematocr i t ,  PV {about 4 - 5 %  of 
body  weight) and EZV (about  17-18% of body  weight) .  
Dur ing  sodium loading, f ract ional  sodium reject ion 
increased more  slowly af ter  resect ion of the  superficial  
k idney  cor tex {Table II). This  da t a  was calculated on the  
basis of 24 h creat inine clearance,  which  was abou t  10% 
lower dur ing low sodium die t  t han  the  values ob ta ined  at  
h igh  sodium intake.  This difference, however,  was no t  
significant,  a l though  it was observed in all expe r imen ta l  
groups. Blood pressure  was wi th in  the  normal  range in the  
ra ts  of all groups. D e v e l o p m e n t  of renal  h y p e r t r o p h y  in 
respect  to k idney  weight  and  G F R  per  g of k idney t issue 
are repor ted  in Table I I I .  We igh t  gain of residual  k idney  
t issue was s imilar  in the  groups I I - I V .  G F R  remained  
lower in the  ra ts  of group IV 1 and 12 weeks af ter  sur- 
gery in compar ison  wi th  the  animals  of groups I I  and I I I .  

Morphological /indings. In  the  ra t s  of group IV, the  
enlarged k idneys  adhered  to the  ne ighbor ing  t issue,  the  
original wound surface was covered wi th  connect ive  
tissue. No shr inkage and  no calcif icat ion was found,  
remains  of His toacry l  were p resen t  in va ry ing  amounts .  
In  some kidneys,  l ympha t i c  inf i l t ra t ion of a mild degree 
was observed.  The glomeruli  were general ly  enlarged and 
the i r  n u mb er  was reduced  by abou t  75%. Superficial  
nephrons  were p resen t  only in a small area a round  the  
hilus (d iameter  3-5 mm).  Tubular  h y p e r t r o p h y  occurred 
in the  rest  of the  cor tex  and in the  outer  medulla.  A 
detai led s tudy  of h y p e r t r o p h y  af ter  superficial  cor tex  
resect ion will be given later.  
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Table I. Sodium balance in rats 1 week and 12 weeks after partial nephrectomy at different localizations 

Sodium excretion 

Day of Sodium Experiment I week after surgery Experiment 12 weeks after surgery 
experiment intake (group of rats) (group of rats) 

I l i  II[ IV I II III IV 

4 60 7 4 i  25 41 i 30 40-t- 26 73~  38 45~_ 15 55~  23 50-t- 14 8 6 •  54 
5 1500 1525• 2060• 2045• 460• 1070-c109 938• 95 1030• 484• 
6 1500 22451505 1393• 1583~224 869-t-428 1442• 1766i433 1854i204 928 i158  
7 1500 1500~-104 2163• 2283• 948• 1460:~306 1598-c101 1514~-182 1344~ 77 
8 1500 1550~ 77 1765• 17284-130 1503-}= 82 1360i122 1534i388 1450• 1542-L151 
9 60 123• 51 164-c 64 205• 42 101-L 30 1 6 2 i  53 160• 30 1 3 1 i  19 166• 67 

10 60 39•  30 66•  23 71-t_ 11 37-6 10 4 1 •  13 39~- 12 4 6 •  15 70s 41 

I, sham operation, Ii, unilateral nephrectomy, III, 4/6 nephrectomy, IV, bilateral resection of superficial cortex. Means and SD of 5 rats in 
each group. Values are expressed in btEq. sodium/100 g body weight/24 h. 
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Table II. Sodium balance ill 9 rats before and 6 weeks after bilateral resection of superficial kidney cortex 

EXPERIENTIA 31/7 

Day of Sodium Before resection After resection 
experiment intake 

Sodium excretion Sodium rej ectiou ( % ) Sodium excretion Sodium rejection (%) 

4 60 474. 21 0.06• 624. 19 0.1 4.0.04 
5 1500 1947+295 2.4 i 0 . 6 7  7534-205 . 1.1 •  
6 1500 22654-302 11504-198 2.9 4-1.0 
7 1500 1349+450 16664-330 3.3 • 
9-11 1500 19914-771 14444-219 

12 60 1524- 47 504- 11 
13 60 48~  13 0.08:~0.01 40=t= 17 0.16• 

Means and SD. values are expressed in tzEq. Na/100 g body weight/24 h. 

Discussion. E v e n  when  k idney  mass  is cons iderably  re- 
duced,  normal  sod ium balance  can be ma in t a ined  7,2. In  
the  p re sen t  s tudy  sod ium balances  were examined  ill ra t s  
sub jec ted  to a special  t y p e  of par t ia l  n e p h r e c t o m y  : bi lat-  
eral surgical ab la t ion  of the  whole superficial  k idney  
cortex.  In  such ra ts  (group IV) a delay in sodium excre- 
t ion was observed  when  dai ly  sodium in take  was sud- 
denly  increased.  This seemed to be due to a slower in- 
crease in f rac t ional  sodium reject ion.  However ,  even these  
ra t s  can  ma in t a in  the i r  sodium balance at  a h igh intake.  
They  need  only abou t  2 days  longer for adap ta t ion .  The 
cri t ical  ques t ion  is: whe the r  the  slower a d a p t a t i o n  to 
sodium loading is an intr insic  qua l i ty  of these  k idneys  
conta in ing  a lmos t  only j u x t a m e d u l l a r y  nephrons ,  or 
whe the r  th is  migh t  be due to  ex t ra rena l  factors.  Since 
se rum elect rolyte  and  -prote in  concent ra t ion ,  hematocr i t ,  
P V  and  E Z V  were no t  d i f ferent  in the  ra t s  of all groups,  
the  f i rs t  exp lana t ion  should be favoured.  

Table III. Kidney weight and GFR after partial nephrectomy 

Group ofrats Time aftersurgery 

10 days 12weeks 

Reduc t ion  of k idney  mass  and  n u m b e r  of glomeruli  
were comparab le  in the  ra t s  of groups  I I I  and IV. 
Therefore,  th is  r educ t ion  alone does not  seem to be 
responsible  for t he  delayed sodium a d a p t a t i o n  in group 
IV. Since th is  p h e n o m e n o n  was observed in the  same way  
1 week or 12 weeks af ter  surgery,  the  ra te  of h y p e r t r o p h y  
obviously  does no t  influence tile modif ica t ion  in sodium 
balance.  

W i t h  respec t  to  the  ques t ion  of tile he te rogene i ty  of 
nephron  popu la t ions  and the i r  possible re lat ions to sodium 
excret ion 1, 0,10, our  results  m a y  be in t e rp re t ed  as follows: 
the  da ta  p re sen ted  here m a y  be compat ib le  w i th  the  view 
t h a t  superficial  nephrons  are of some impor tance  - a t  
least  for the  rap idness  of sodium excre t ion  when dai ly 
sodium in take  is sudden ly  increased.  

Summary. Bila tera l  resect ion of the  whole superficial  
k idney  cor tex  (approx imate ly  75% of glomeruli) was 
carried out  in rats .  These animals  needed  some 2 days  
longer to  res tore  their ,  sod ium balance  when placed f rom 
low to high sod ium intake in compar ison  wi th  ra ts  sub- 
jec ted  to o ther  t ypes  of par t ia l  nephrec tomy .  

]V[. HOHENEGGER, A. SONNTAG and 
I. SZEMERED111 

Kidney weight(%ofcontrols) I b 100 100 
II c 60 84 
l lI  e 62 82 
IV b 72 88 

Institute/or General and Experimental Pathology, 
University o/ Vienna, Wiihringerstrasse 13, 
A- I090  Wien (Austria), 17 March 7975. 

GFR (ml/min/g kidney wt.) I 1.01 0.98 
II 1.05 0.90 
III 0.85 0.90 
IV 0.68 ~ 0.63 

I, controls; II, unilateral nephrectomy; III, 4/6 nephrectomy; IV, 
bilateral resection of superficial cortex. Means of 3-5 rats in each 
group. 
ap < 0.05 to controls (I). b2 kidneys, cl kidney. 
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Invest. d8, 1002 (1969). 
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48, 869 (1969). 
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St imula t ion  of A u t o n o m i c  Nerves  to the Ur inary  Bladder  of the Rat  

Elect r ica l  s t imula t ion  of the  pelvic nerves  1,2 or 
hypogas t r i c  nerves  2 causes con t rac t ion  of t he  de t rusor  
muscle  in the  rat .  The contrac t i le  response  of t he  ra t  
b l adder  to  s t imula t ion  of the  pelvic nerves  a t  physio-  
logical f requencies  is p robab ly  caused via  cholinergic 
fibres 1, 3-e and  th is  seems also to  be the  case a t  s t imula ,  
t ion  of the  hypogas t r i c  nerves  in the  guinea-pig ~ and  in 
the  r a t  3, .. 

The  con t rac t ion  of the  de t rusor  muscle caused by  
s t imula t ion  of one pelvic nerve  has  by  a n u mb er  of 
inves t iga tors  been  descr ibed to  be conf ined to tile ipsi- 
la teral  half  of the  b ladder  ill the  dog, ca t  and  rabb i t  s-11. 
Others  suggest  t h a t  the  ent i re  de t rusor  can be made  to  
con t rac t  by  s t imula t ion  of one pelvic nerve,  a l though the  
response  of tile con t ra la te ra l  side is weaker  t h a n  t h a t  of 
the  ipsi lateral  in t he  cat  and  dog 12,18. In  t he  ra t  pos t -  


