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a r t e ry  so t h a t  t he  sharp  medial  edge of neocor t ica l  
necrosis represen ts  t he  b o u n d a r y  zone or 'wa te r shed '  be- 
tween  the  ter r i tor ies  of the  anter ior  and middle  cerebral  
ar ter ies  (ACA and  MCA). A typica l  'wa te r shed '  lesion a s  
well as a marked  loss of neurones  in the  ou te r  layers was 
seen in t he  con t ra la te ra l  neocor t ex  of 1 of 6 an imals  
killed a t  24 h. 

As neurona l  damage  was unequivocal  a f te r  a survival  
of 4 h, in te rva ls  be tween  24 and 4 h were omi t t ed  and  
animals  surviving 3, 2, 1 and 1/~ h were s tudied,  as well 
as 6 killed a t  the  end  of the  40 min exposure  to  n i t rogen  
('0' survival).  A na r row b a n d  of f inely spongy  t issue along 
the  line of the  ipsi la teral  ACA/MCA 'wa te r shed '  was 
recognizable in animals  surviving f rom 4 to  ~/2 h and  
con ta ined  neurones  in s tages  of ischaemic change.  E n -  
c rus ta t ions  of t he  Golgi ne twork  were visible here and 
also in sca t te red  neurones  in the  neocor tex  and  pyr i fo rm 
cor tex  af ter  a surviva l  of 1/2 h (Figure 2b). The earl iest  
evidence of ischaemic damage,  visible in 2 animals  af ter-  
'0 '  survival ,  took  the  form of microvacuola t ion  of neuro-  
nal  cy top lasm in sca t t e red  cells in the  outer  layers of the  
neocortex,  in the  pyr i fo rm cor tex  and in m a n y  ceils of the  
h i p p o c a m p u s  (H.1. and endfol ium Figure 2c). I schaemic  
cell change  wi th  encrus ta t ions  was visible in the  hippo-  
campus  af ter  1 h. I schaemic  damage  in the  tha lamus ,  
s t r i a tum and  amygdalo id  nucleus was less f requen t  and 
severe t h a n  in the  neocortex.  

In  the  cont ra la te ra l  neocor tex  and pyr i fo rm cor tex  of 
animals  surviving f rom '0'  h upwards ,  ischaemic cell 
change had  reached  the  same stage as in the  ipsi lateral  
hemisphere  bu t  was less extensive.  Typical  lesions in the  
cont ra la te ra l  ACA/MCA 'wa te r shed '  were seen in th ree  
animals  killed af ter  1, 3 and 4 h. 

Of 28 animals  exposed  to  n i t rogen alone by  the  m e t h o d  
a l ready described,  11 (39%) died dur ing the  exposure.  Of 
the  17 survivors  the  bra ins  were histological ly abnormal  
in 14. I schaemic  cell change occurred bi la teral ly  in the  
neocortex,  a lways spar ing the  ACA terri tories.  Sharply-  
def ined lesions in the  ACA/MCA 'wa te r sheds '  were seen 
in two animals  af ter  4 and 24 h. I schaemic  cell change 
was also seen in the  pyr i fo rm cor tex  and h ippocampus ,  
bu t  only occasionally in the  basal  ganglia. In  the  nee-  
cor tex  microvacuola t ion  of neurones  was visible af ter  '0' 
survival  and encrus ta t ions  of nerve  ceils in animals  sur- 
viving 1/~ h and more. 

The occurrence of lesions in neocort ical  'wa te r sheds '  
suggests  t h a t  a ma jor  reduc t ion  in overal l  cerebral  blood- 
flow had  occurred 7,8, mos t  p ro b ab l y  due to  myocard ia l  
hypoxia .  A similar  reduc t ion  in cerebral  blood flow is the  
mos t  p robab le  exp lana t ion  for t he  damage  in the  contra-  
la tera l  neocor tex  observed  w h e n  exposure  to  n i t rogen  
followed uni la tera l  carot id  l igation. 

In  the  'LEvINE prepara t ions ' ,  swelling of the  ipsi la teral  
hemisphere  was recognizable f rom 1/~ h onwards ,  b u t  was 
no t  de tec ted  before 3 h by  MACDONALD and  SPECTOR ~. 
SPECTOR 2,a,1~ has employed  the  cont ra la te ra l  hemisphe re  
as a cont ro l  in biochemical  and enzymat i c  studies.  In  t he  
p resen t  series, ipsi la teral  lesions, no more severe t h a n  
those  i l lus t ra ted  by  SPECTOR 10, w e r e  of ten  associated 
wi th  var iable  cont ra la te ra l  a l tera t ions .  

In  con t ras t  to  t he  d emo n s t r a t i o n  of ischaemic al tera-  
t ions  in neurones  f rom '0' survival  onwards  in the  p resen t  
series, the  earl iest  evidence of s imilar  changes  has been  
minimal  shr inkage of neurones  and sponginess  of t issue 
af ter  1 h ob ta ined  by  ZEMAN n, ischaemic cell change  in 
the  cauda te  nucleus af ter  3 h and in the  neocor tex  and  
h ippocampus  af ter  4 6 h ob ta ined  by  BECKXR and  
BARRON 4, and in the  h i p p o c a m p u s  af ter  10 18 h ob ta ined  
by SPECTOR a. 

Zusammen/assung.  Es wird gezeigt,  dass Schgdigungen 
von  Nervenzel len  nach  dem Ausse tzen  in eine Stickstoff-  
a tmosphgre ,  mi t  oder  ohne A b k l e m m u n g  der  Carotis, 
his tologisch e rkennbare  Ver~nderungen  ergeben. 
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Effects of Angio tens in  lI and Epinephrine  Infu- 
sion on J u x t a g l o m e r u l a r  Cell Granularity  and 

Arter io les  of the Rat Kidney 1 

In  general,  when  a k idney  is exposed to hype r t ens ive  
blood pressure levels e i ther  in vivo or in vi t ro  the  granu-  
lar i ty  of the  jux tag lomeru la r  ceils decreases 2-5, whereas  
k idneys  p ro t ec t ed  f rom excessive elevat ion of blood pres-  
sure show an increased number  of granules  in j ux ta -  
g lomerular  cells. Angiotens in  b o t h  increases a ldos terone  
secret ion by  the  zona glomerulosa of the  adrena l  cor tex  6,~ 
and di rec t ly  p romotes  vasopressor  ac t iv i ty  on in t r avenous  
infusion 8 i s  Indeed ,  ASSALI and WESTERST~N 12 have  
suggested t h a t  angio tens in  I I  is the  mos t  p o t e n t  known  
cons t r ic tor  of per iphera l  arteries,  par t icu lar ly  the  renal  
arteries. 

The p resen t  s t u d y  was pe r fo rmed  to observe the  
changes  in g ranu la r i ty  of the  jux tag lomeru la r  appa ra tu s  
in a k idney  exposed  in vivo to high blood pressure  t h a t  
was ma in ta ined  by  admin i s t r a t ion  of angiotens in  I I  or 
epinephrine.  

16 female Sprague-Dawley  ra ts  weighing 100-150 g 
were d iv ided into 2 groups of 8 ra t s  each. The left k idney  
of each r a t  was r emoved  unde r  e the r  anes thes ia  and 2 h 
la ter  infusion was begun wi th  the  ra t s  now anes the t ized  
wi th  N e m b u t a l  (0.06 0.08 ml/100 g b o d y  weight) .  

In  group 1 syn the t i c  angiotens in  I I  was infused for 1 h 
t h ro u g h  a po lye thy lene  tube  (PE 50) inser ted  in t he  
jugular  vein. The dosage and ra te  were control led  
manua l ly  in order  to ma i n t a i n  systol ic  blood pressure  
above 180 m m  Hg. The blood pressure  was measured  
di rec t ly  f rom the  carot id  a r t e ry  t h ro u g h  P E  60 poly- 
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e t h y l e n e  t u b i n g ,  u s i n g  a S t a t h a m  t r a n s d u c e r  a n d  a n  
O f f n e r  R S  D y n o g r a p h .  

I n  g r o u p  2 e p i n e p h r i n e  ( 1 - e p i n e p h r i n e  b i t a r t r a t e )  w a s  
i n f u s e d  for  1 h s u b c u t a n e o u s l y  a t  a r a t e  s u f f i c i e n t  t o  
m a i n t a i n  t h e  s y s t o l i c  b l o o d  p r e s s u r e  a b o v e  180 m m  H g .  

B o t h  k i d n e y s  we re  f i x e d  in  H e l l y ' s  s o l u t i o n ,  s e c t i o n e d  
a t  5 #,  s t a i n e d  w i t h  h e m a t o x y l i n  a n d  eos in ,  p e r i o d i c  a c id  
Schi f f ,  V e r h o e f f ,  V a n  G i e s o n  a n d  B o w i e  s t a i n s  for  m i c r o -  
s cop ic  s t u d y .  J u x t a g l o m e r u l a r  g r a n u l a r i t y  w a s  a s s e s s e d  
b y  HARTROFT'S m e t h o d  14 a n d  is e x p r e s s e d  in  t h e  f o l l o w i n g  
p r e s e n t a t i o n  as  t h e  j u x t a g l o m e r u l a r  i n d e x  ( JGI ) .  

Blood pressure response. "When a s i ng l e  d o s e  of  a n g i o -  
t e n s i n  I I  w a s  g i v e n  i n t r a v e n o u s l y ,  b l o o d  p r e s s u r e  in-  
c r e a s e d  to  2 0 0 - 2 2 0  m m  H g  s y s t o l i c  a n d  1 6 0 - 1 8 0  m m  H g  
d i a s t o l i c  w i t h i n  1 0 - 3 0  sec  a n d  r e t u r n e d  t o  t h e  p r e -  
i n j e c t i o n  l eve l  a f t e r  3 - 5  m i n .  H o w e v e r ,  w h e n  a n g i o t e n s i n  
I I  w a s  g i v e n  r e p e a t e d l y  a n d  t h e  d o s a g e  c o n t i n u o u s l y  
i n c r e a s e d ,  b l o o d  p r e s s u r e  l eve l s  a b o v e  180 m m  H g  s y s t o l i c  
a n d  150 m m  H g  d i a s t o l i c  c o u l d  be  r e a d i l y  m a i n t a i n e d .  
A n g i o t e n s i n  I I  d id  n o t  s h o w  a n  a c u t e  v a s o p r e s s o r  e f f ec t  
o n  s u b c u t a n e o u s  i n j e c t i o n .  A t t e m p t s  to  m a i n t a i n  c o n t i n u -  
o u s l y  h i g h  b l o o d  p r e s s u r e  l eve l s  b y  i n t r a v e n o u s  i n f u s i o n  
of  e p i n e p h r i n e  w e r e  u n s u c c e s s f u l ,  b e c a u s e  t o x i c  e f f e c t s  
a p p e a r e d  v e r y  ea r l y .  H o w e v e r ,  b l o o d  p r e s s u r e  l eve l s  of  
200 m m  H g  s y s t o l i c  a n d  160 m m  H g  d i a s t o l i c  c o u l d  be  
m a i n t a i n e d  b y  r e p e a t e d  s u b c u t a n e o u s  i n j e c t i o n .  

Juxtaglomerular index. A s  s h o w n  in  t h e  T a b l e ,  t h e  
J G I  of  g r o u p  1 i n c r e a s e d  f r o m  22.6 ~ 1.06 to  28.4 -4- 1.68. 
T h i s  d i f f e r e n c e  is  s i g n i f i c a n t  (p < 0.02). I n  c o n t r a s t ,  t h e  
J G I  of  e p i n e p h r i n e - i n f u s e d  r a t s  ( g r o u p  2) d e c r e a s e d  f r o m  
22.3 4- 1.72 t o  17.3 ~ 1.49, b u t  t h i s  w a s  n o t  s i g n i f i c a n t  
(p < 0.1). 

I n  g r o u p  1 t h e  k i d n e y s  s h o w e d  m o d e r a t e  d i l a t a t i o n  a n d  
c a s t  f o r m a t i o n  in  d i s t a l  c o n v o l u t e d  a n d  c o l l e c t i n g  t u b u l e s .  
S m a l l  a r C u a t e  a n d  i n t e r l o b u l a r  a r t e r i e s  w e r e  c o n t r a c t e d  
a s  j u d g e d  f r o m  t h e  m a r k e d  w r i n k l i n g  o f  t h e  i n t e r n a l  
e l a s t i c a  a n d  t h i c k e n e d  m e d i a  ( F i g u r e  A).  S l i g h t  v a c u o l a -  
t i o n  o f  t h e  m e d i a  w a s  n o t e d  b u t  t h e  s e v e r i t y  of  t h i s  c h a n g e  
w a s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  c o n t r o l s .  

I n  g r o u p  2 t h e  k i d n e y  c h a n g e s  c o n s i s t e d  of  h y p e r e m i a ,  
c a p i l l a r y  d i l a t a t i o n  a n d  c o n g e s t i o n .  S o m e  of  t h e  a r c u a t e  
a n d  i n t e r l o b u l a r  a r t e r i e s  we re  m a r k e d l y  d i l a t e d ,  t h i n -  
w a i l e d  a n d  c o n t a i n e d  n u m e r o u s  e r y t h r o c y t e s  ( F i g u r e  B).  
I n  t h e  m o r e  s e v e r e  ca ses ,  i n t e r s t i t i a l  b l e e d i n g  w a s  ob -  
s e r v e d .  A l t h o u g h  a f ew  c a s t s  we re  p r e s e n t  in  t h e  t u b u l e s ,  
t h e i r  i n c i d e n c e  a n d  s e v e r i t y  we re  m u c h  less  t h a n  in  
g r o u p  1. 

Fig. A. Section through an interlobular artery of a rat infused with 
angiotensin II. The wall is thickened and shows a smudgy cellular 
appearance of the smooth muscle and a greatly contracted internal 

elastic lamina. 

Fig. B. Section through a small arcuate artery, showing the great 
dilatation of the vessel which is reflected by the thin wall and 

stretched internal elastic lamina. (Both Verhoeff. • 800.) 

Juxtaglomerular  index (JGI) of rats infused with angiotensin II and 
with epinephrine 

Group 1 Group 2 

Angiotensin II infusion Epinephrine infusion 

Rat Before After Rat  Before 

3 22.1 32.8 1 17.6 
4 24.3 27.6 2 25.5 
5 23.6 34.8 3 16.9 
6 27.8 26.8 5 24.3 
7 23.3 29.4 6 16.8 
8 22.7 30.4 9 26.2 
9 20.0 26.0 10 29.7 

10 16.7 19.6 11 21.4 

Mean 22.6 28.4 Mean 22.3 
4- 1.06 4- 1.68 4- 1.72 

p < 0.02 p < 0.1 

17.3 
• 1.49 
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The o b s e r v a t i o n s  r epo r t ed  he re in  show a d i s c r epancy  be-  
tween  t h e  acu te  effects of e l eva t ed  b lood  pressure  as pro-  
duced  b y  ang io t ens in  I I  a n d  ep i neph r i ne  on t h e  g r a n u l a r i t y  
of the  j u x t a g l o m e r u l a r  a p p a r a t u s  a n d  conf i rms  t he  pre-  
v ious ly  r e p o r t e d  obs e r va t i ons  of KATZ et  al. n .  A l t h o u g h  
b o t h  c o m p o u n d s  are va s ocons t r i c t i ve  agen t s  s,10,1~-~s t h e i r  
effects on  va r ious  vascu la r  beds  a p p e a r  to  differ  i n a s m u c h  
as ang io t ens in  I I  ha s  a p re fe ren t i a l  cons t r i c to r  ac t ion  on  
rena l  vessels  which  is n o t  possessed equa l ly  b y  epi- 
nephr ine .  McQIJEZN and  MORRISON 1~ h a v e  s h o w n  t h a t  
ang io t ens in  p roduces  m a r k e d  depress ion  of g lomeru la r  
f i l t r a t ion  ra te ,  whereas  ep inephr ine  causes  no  s ign i f ican t  
change  in  th i s  p a r a m e t e r  desp i te  cons iderab le  r educ t i on  
in  rena l  p l a s m a  flow. On t he  o t h e r  h a n d ,  ASSALI and  
WESTERSTEN 12, HERRICK et  al. s and  DEL GRECO a n d  
PAGE 15 h a v e  r epo r t ed  t h a t  ang io tens in  also p roduces  
reduced  rena l  b lood flow in t he  dog. I n  v iew of TOBIAN'S 
proposa l  t h a t  j u x t a g l o m e r u l a r  cell g r a n u l a r i t y  is inverse ly  
p r o p o r t i o n a l  to  t he  rena l  per fus ion  pressure  i t  is possible  
t h a t  the  changes  obse rved  in t h e  J G I  in t he  p r e s e n t  s t u d y  
m a y  be causa l ly  r e l a t ed  to d i f fe ren t  h e m o d y n a m i c  re- 
sponses of the  r ena l  va s cu l a t u r e  to  ang i o t ens i n  I I  and  
ep inephr ine .  

The  c o n t r a c t i o n  of i n t e r l o b u l a r  and  smal l  a r cua t e  
a r te r ies  in  r a t s  infused w i t h  ang io tens in  cor re la tes  well  
w i t h  t he  f ind ings  of KATZ e t  a1.11, b u t  ev idence  of de- 
gene ra t ive  changes  in t he  vessel  walls was n o t  observed .  
The  changes  wh ich  th i s  s u b s t a n c e  p roduces  in rena l  
h e m o d y n a m i c s  suggests  t h a t  t he  p re -g lomeru la r  vascu la r  
c o n t r a c t i o n  m a y  reduce  the  pressure  i m p i n g i n g  on t he  
j u x t a g l o m e r u l a r  ceils, t h e r e b y  p r o v i d i n g  the  s t imulus  for 
g ranu le  accumula t i on .  The  h y p e r e m i a  a n d  conges t ion  of 
g lomeru la r  capil lar ies ,  t he  d i l a t a t i o n  of pos t -g lomeru la r  
ve ins  and  p re -g lomeru la r  a r te r ies  and  ar ter io les  seen in 
t he  r a t s  infused w i th  ep inephr ine  sugges t  t h a t  vaso-  
res i s tance  m a y  be  pos t -g lomeru la r ,  t h e r e b y  e l eva t ing  
p re -g lomeru la r  a r te r ia l  pressure  a n d  vo lume,  th i s  pro-  
duc ing  s t r e t c h  wh ich  would  t h e n  ac t  as the  s t imu lus  for 
t he  s l ight  fall  in t he  JGI .  

The  r a p i d i t y  of the  change  in j u x t a g l o m e r u l a r  cell 
g r a n u l a r i t y  u n d e r  t he  cond i t ion  of ang io tens in  I I  infus ion  

in th i s  e x p e r i m e n t  suggests  also t h a t  a d i rec t  f eedback  
m e c h a n i s m  m a y  be  involved ,  qu i te  i n d e p e n d e n t  of h e m o -  
d y n a m i c  effects. E l u c i d a t i o n  of th i s  poss ibi l i ty ,  however ,  
m u s t  awa i t  f u r t h e r  e x p e r i m e n t a t i o n  in  w h i c h  hemo-  
d y n a m i c  changes  are control led .  

These  f ind ings  show t h a t ,  a l t h o u g h  b o t h  ang io t ens in  I I  
a n d  ep ineph r ine  are h igh ly  ac t ive  d i rec t  va socons t r i c to r s  
capab le  of m a i n t a i n i n g  e l eva t ed  systol ic  b lood  pressure ,  
t h e y  differ  in  t h e i r  effects  on  i n d i v i d u a l  va scu l a r  beds  a n d  
j u x t a g l o m e r u l a r  cell g r anu la r i t y .  

Zusammen/assung. I n  R a t t e n  wurde  d u r c h  In j  ek t ion  v o n  
Ang io t ens in  I I  u n d  E p i n e p h r i n  a k u t e r  sy s t emische r  Hoch-  
d r u c k  erzeugt .  Ang io t ens in  I I  v e r u r s a c h t e  K o n t r a k t i o n  
de r  k le inen  Ar t e r i en  m i t  Zy l inde rn  in d i s t a l en  A b s c h n i t t e n  
u n d  S a m m e l r 6 h r c h e n .  Der  Juxtaglomerul~Lre I n d e x  (JGI)  
war  le ich t  e r h 6 h t  (p < 0.02). E p i n e p h r i n  v e r u r s a c h t e  
e rheb l iche  H y p e r ~ m i e  u n d  D i l a t a t i o n  de r  k le inen  Ar-  
t e r i en ;  der  J G I  wa r  e twas  e rn ied r ig t  (p < 0,1). Die 
Ergebn i s se  zeigen, dass, obwohl  Ang io t ens in  I I  u n d  E p i n e -  
p h r i n  h o c h a k t i v e  V a s o k o n s t r i k t o r e n  s ind u n d  auch  er- 
h 6 h t e n  B l u t d r u c k  a u f r e c h t z u e r h a l t e n  ve rm6gen ,  sie ver -  
sch iedene  Ef fek te  au f  ind iv idue l le  Gef~ssbereiche h a b e n .  
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l~ber den zei t l ichen Ablauf der Akt iv ierung  von 
C y c l o p h o s p h a m i d  i m  Menschen  und die Te s tung  

der zy tos ta t i sch  akt iven  F o r m  an 
E h r l i c h - M i i u s e - A s z i t e s - T u m o r z e l l e n  

Die A k t i v i e r u n g  v o n  C y c l o p h o s p h a m i d  im mensch l i -  
chen  O r g a n i s m u s  is t  u n t e r  den  v e r s c h i e d e n s t e n  Gesichts-  
p u n k t e n  e r fo r sch t  worden.  U n t e r s u c h u n g e n  de r  t h e r a -  
peu t i s chen  E i g e n s c h a f t e n  des C yc l ophos pham i ds  u n t e r  
A n w e n d u n g  des T r a n s p o r t f o r m - W i r k f o r m - P r i n z i p s  s t a m -  
m e n  insbesonde re  v o n  DRUCKREY et  al. 1 

l~ber die Biochemie  de r  C y c l o p h o s p h a m i d a k t i v i e r u n g  
g ib t  es zahl re iche  P u b l i k a t i o n e n  m i t  zum  Teil  noch  un te r -  
sch ied l ichen  Meinungen.  Nach  A ns i ch t  von  ARNOLD 2 und  
BROCK et  al.a is t  die A k t i v i e r u n g  yon  C y c l o p h o s p h a m i d  
ein Oxyda t ionsprozess ,  der  a n  mik rosoma le  E n z y m -  
sys teme,  v o r  a l lem der  Leber ,  g e b u n d e n  ist. N a c h  RAUEN 
et  al. 4,5 s ind N-f i -ChlorAthyloxazol idon u n d  N-fl-Chlor- 
/ i thy laz i r id in  die E n d p r o d u k t e  de r  A k t i v i e r u n g  von  
Cyc lophosphamid .  

Mit  d e m  Mechan i s m us  der  z y t o s t a t i s c h e n  W i r k u n g  v o n  
a k t i v e m  Cyc lophosp ham i d  besch/ i f t ig te  sich HOLZER% 

der  die W i r k u n g  a lky l i e rende r  S u b s t a n z e n  a m  Beispiel  
T r e n i m o n  a n  der  H e m m u n g  der  MilehsAuregS.rung v o n  
Ehr l i ch -M~use -Asz i t e s -Tumorze l l en  u n t e r s u c h t e .  N a c h  
LlSS et  al. 7,s is t  die H e m m u n g  der  Milchs/ iuregArung 
d u r c h  a lky l ie rende  S u b s t a n z e n  die Folge e iner  p r im~ren  
Sch~tdigung der  Nukle ins~turesynthese  der  Zellen. 

F t i r  die in  v i t ro  T e s t u n g  de r  Sensibi l i t / i t  m e n s c h l i c h e r  
T u m o r e n  gegeni iber  C y c l o p h o s p h a m i d  b e n 6 t i g e n  wir  
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