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hand,  a large va r i e ty  of o ther  act ions of s t rychn ine  
have  been d e m o n s t r a t e d  wi th  higher  doses, name ly  an 
an tagon i sm to the  inh ib i to ry  effects of GABA ~5,~6, and 
a curare-l ike act ion in s y m p a t h e t i c  ganglia and  in neuro- 
muscular  synapses17, ls, D-tubocurar ine  being itself an 
exc i t a to ry  agent  when  appl ied  to  t he  cerebral  cor tex ~9, 
possibly also act ing there  as an t i -GABA compond  ~0. 

S t rychn ine  a t  concen t ra t ions  higher  t h a n  10 -3 M 
appa ren t l y  also expands  p lasma m e m b r a n e s  2t This  l a t t e r  
effect, because of the  ve ry  large concen t ra t ions  needed,  
does no t  appear  to be re la ted  to the  ant ichol ines terase  nor  
to t he  in vivo effects of s t rychnine .  On the  o ther  hand,  a 
d iscr iminat ion  be tween  the  ant ichol inesterase ,  the  ant i-  
GABA and  the  curare-l ike effects canno t  be made  on the  
basis of concent ra t ion ,  since all occur a t  s imilar  ones. 
However ,  the  relat ive ineff icacy as neurona l  exci tors  of 
ant ichol ines terases  more  p o t e n t  t h a n  strychnine2% ~3, 
make  i t  unlikely t h a t  the  an t i -AChE act ion of th is  alka- 
loid is the  main  mechan i sm for its exc i t a to ry  effects 
when  appl ied topical ly  to  the  bra in  cortex,  a l though it 
could con t r ibu te  in some degree to  th is  h ighly  complex  
effect  2~, since it is known  t h a t  acetylcholine,  which  is a 
minor  cortical  t r ansmi t t e r ,  has  p r e d o m i n a n t l y  exc i ta to ry  
effects on th is  s t ruc ture  25, 26. Since nicotinic inh ib i tory  

receptors  in the  cerebral  cor tex  are ye t  to be found2% 
and  9 - tubocura r ine  itself has  some an t i -GABA effects ~~ 
i t  seems probable  t h a t  the  pr imord ia l  mechan i sm for the  
exc i t a to ry  act ion of s t rychn ine  in the  cerebral  cor tex  is its 
an t i -GABA act iv i ty .  

Resumen. La es t r icnina  inhibe  c o m p e t i t i v a m e n t e  a la 
acet i lcol inesterasa (ACHE, aceti lcolina aceti l -hidrolasa,  
E.C. 3.1.1.7) y a la col inesterasa  (ChE, acilcolina acil- 
hidrolasa,  E.C. 3.1.1.8) de cerebro de ra ta .  Se calcul6 un 
K~ de 7 x 10 -~ M p a r s  AChE y de 1.7 • 10 -~ M p a r s  ChE 
cuando sus ac t iv idades  enzim~ticas  se midieron con 
ace t i lbe tamet i lcol ina  y butir i lcolina,  r espec t ivamente .  Se 
analiz6 la re levancia  de estos hallazgos p a r s  el mecan ismo 
de accidn de dosis a l tas  de es t r icnina  in vivo, concluyTn- 
dose que esta  acci6n ant icol inesters  es de escasa 
impor tancia .  
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Fig. 3. L ineweaver -Burk  Plot of ChE. O, e n z y m e  alone; 0 ,  e n z y m e  
plus 5 • 10 -a M strychnine. 
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I n h i b i t i o n  o f  V a s o p r e s s i n - I n d u c e d  M o r b i d  E f f e c t s  

Studies  on renal  blood flow have  shown t h a t  low 
amoun t s  of vasopress in  d iminish  the  circulat ion in the  
renal  medul la  of the  ra t  1 and h a m s t e r  2. F r o m  this  f inding 
a selective sens i t iv i ty  to  A D H  of ar ter ies  of this  area has 
been  suggested 1. 

In  recent  expe r imen t s  in our laboratories,  it  has  been 
observed t h a t  vasopressin,  in doses near ly  propor t iona l  
to  those  which  have  been  occasionally used in man  3, 
induces  ra t  renal  ischemic lesions localized in the  region 
be tween  medul la  and  cor tex 4, suppor t ing  also the  
selective ar ter ial  sensi t ivi ty .  

Since some repor t s  indica te  t h a t  in the  A D H  effect  in 
animals  5, 6 and  in m a n  7 adrenergic  mechan i sm is involved 

o n  t h e  R a t  K i d n e y  b y  P i n d o l o l  a n d  P r o p r a n o l o l  

the  p resen t  expe r imen t s  were designed to examine  whe the r  
the  vasopress in- induced  ra t  k idney  damage  is inf luenced 
by  f i -adrenocept ive recep tor  blocking drugs. 

Material and method. The expe r imen t s  to be descr ibed 
were conduc ted  on young  adul t  albino ra ts  (Wistar  origin) 
of bo th  sexes, averaging 220-240 g, housed  4 in each cage, 
a t  21-22 ~ and  air h u m i d i t y  48-51%,  10-121/2 h l ight /day,  
on pellets  d ie t  (Zootrofiki Athens-Greece)  and t ap  wa te r  
ad l ib i tum;  food was only r emoved  12 h before the  
exper iment .  

The an t id iure t ic  hormone  (Vasopressin-Sandoz)  was 
in jec ted  i.p. once dai ly  a t  a dose of 100 mU/100 g body  wt. 
for 3 successive days.  As fl-adrenergic receptor  blocking 



15.3. 1974 Specialia 269 

agents ,  we used p indolo l  and  propranolo l ,  i n j ec ted  
iden t ica l ly  a t  t h e  dose of 20 ~g a n d  30 ag  per  100 g b o d y  
wt .  respect ive ly .  W h e n  a n i m a l s  were t r e a t e d  w i t h  b o t h  
subs tances ,  /3-receptor a n t a g o n i s t s  were i n j ec t ed  f i r s t  
in to  t he  r i g h t  iliac region a n d  vasopress in  15 rain  l a t e r  
in to  t he  left. 

All an ima l s  were sacrif iced 24 h a f t e r  t he  las t  i n j ec t ion  
b y  a s h a r p  b low on t he  head.  B o t h  k idneys  were t a k e n  
for h is to logical  e x a m i n a t i o n  a n d  k idneys  t i ssue  b locks  
were f ixed w i t h  n e u t r a l  buf fe red  f o r m a l d e h y d e  in sa l ine;  
p a r a f f i n - w a x - e m b e d d e d  sect ions  5 p.m t h i c k  were s t a ined  
w i t h  h e a m a t o x y l i n  a n d  eosin a n d  4 slides f rom each  
k i d n e y  were chosen  b y  a b l i nd  p rocedure  a n d  e x a m i n e d  
r a n d o m l y  b y  l igh t  microscopy.  The  degree of k i d n e y  
d a m a g e  was assessed f rom inspec t ion  of 8 r a n d o m  fields 
per  slide. 

The  an ima l s  were d iv ided  in to  4 groups.  I n  g roup  I 
40 r a t s  were in jec ted ,  20 w i t h  p indolo l  a n d  20 w i t h  
p ropranolo l ,  whi le  in  g roup  I I  24 r a t s  received vaso-  
pressin.  I n  g roup  l I I  56 r a t s  were t r e a t ed  s i m u l t a n e o u s l y  
ha l f  w i t h  A D H  and  p indolo l  a n d  ha l f  w i t h  A D H  a n d  
propranolo l .  I n  g roup  I V  38 an ima l s  were used as 
con t ro l s ;  t h e y  were t r e a t e d  s imi la r ly  to  group I I I  an d  
s u b d i v i d e d  in 2 s u b g r o u p s  of 20 and  18 an ima l s  respec- 
t ively.  I n  the  f i rs t  subg roup  t he  a p p r o p r i a t e  q u a n t i t y  of 
d is t i l led  w a t e r  was in j ec t ed  i n s t ead  of {Lreceptor b lock ing  
agents ,  wh i l e  in t h e  second e q u i v a l e n t  a m o u n t s  of 
d is t i l led  w a t e r  were in jec ted  i n s t ead  of A D H  an d  t h e  
/~-receptor an tagon i s t s .  

Results. I n  8 of g roup  I a n i m a l s  in jec ted  w i th  p indolo l  
and  11 w i t h  p rop rano lo l  t he re  a p p e a r e d  s l ight  degene ra t i ve  
changes  of t he  ep i the l ia l  t u b u l e  cells and  s l ight  hype rae -  
m ia  a n d  h a e m o r r h a g e s  of l imi ted  ex tens ion  in t he  cor tex  
and  in t he  b o r d e r  of co r t ex  and  medul la .  I n  g roup  I I  
an ima l s  t r e a t e d  b y  vasopres s in  t he re  appea red  changes  
cons i s t ing  of m o d e r a t e  to  severe  degene ra t i ve  a l t e r a t i ons  
of c y t o p l a s m  a n d  s h r i n k a g e  of nuclei  of t h e  cells of t h e  
c o n v o l u t e d  tubules ,  especial ly  in  t h e i r  lower par t ,  an d  a 
few t h r o m b o t i c  or t h r o m b o h a e m o r r h a g i c  foci localized 
m a i n l y  b e t w e e n  cor tex  and  medul la .  Tubu le s  were 
filled w i t h  a n  a m o r p h o u s  m a t e r i a l  c o n s i s t i n g  of mixed  
d e s q u a m a t e d  ceils a n d  a consp icuous  a l b u m i n o u s  
subs tance .  Foc i  of m e d u l l a r y  necrosis  were obse rved  in 
8 of an ima l s  showing  more  severe  d a m a g e  (Figure  t) .  T h e  
r a t s  of g roup  I I I  t r e a t e d  c o n c o m i t a n t l y  b y  A D H  a n d  
f l -adrenergic  r ecep to r  b lock ing  agen t s  d id  no t  deve lop  

changes  l ike those  p roduced  b y  vasopress in  alone. 16 ou t  
of 56 r a t s  p r e s e n t e d  h a e m o r r h a g e s  of l imi t ed  ex tens ion ,  
loca ted  m a i n l y  a t  t h e  a b o v e - m e n t i o n e d  region b e t w e e n  
cor t ex  a n d  medu l l a  (Figure 2). Mild ep i the l ia l  d eg en e ra t i ve  
changes  a n d  some a m o r p h o u s  ma te r i a l  w i th in  t u b u l e s  
was a l m o s t  obse rved  in all animals .  S u b g r o u p  a) an ima l s  
ot g roup  I V  (control)  showed  lesions wh ich  v i r t u a l l y  did 
no t  differ  t h a n  those  obse rved  in r a t s  t r e a t ed  b y  A D H  
alone.  S u b g r o u p  b) r a t s  d id  n o t  shoye k i d n e y  s t r u c t u r e  
changes .  

Discussion. In  t h e  p r e s en t  exper imen t s ,  A D t I  i nduced  
k i d n e y  lesions of i schaemic  t y p e  of cha rac te r i s t i c  locali- 
za t ion  a t  t h e  region of t h e  ou te r  p a r t  of the  med u l l a  a n d  
cor tex  like those  descr ibed  previously~.  The  s ens i t i v i t y  
of va r ious  b r a n c h e s  of t h e  rena l  a r te r ies  to  vasopress in  
seems to be selective,  a n d  to  sugges t  t h e  p a r t  of t h e  
medu l l a  p l ay ing  t h e  m a j o r  role in t h e  m e c h a n i s m  of t he  
r egu la t ion  of ur ine  c o n c e n t r a t i o n  *. The  fac t  t h a t  vaso-  
p ress in - induced  d a m a g e  was p r e v e n t e d  b y  b o t h  f i-adren- 
ergic r ecep to r  a n t a g o n i s t s  could suggest  t h a t  A D H  effect  
on t h e  c i rcu la t ion  of th i s  p a r t i c u l a r  area  is ve ry  p r o b a b l y  
inf luenced  b y  t h e  adrenerg ic  m e c h a n i s m  This  is also 
s u p p o r t e d  by  t h e  f ind ing  t h a t  i sopro te reno l  an d  ep ineph-  
r ine g iven  in o v e r h y d r a t e d  ra t s  cause ant id iures isa ,  6, in  
c o n t r a s t  to  n o r a d r e n a l i n e  wh ich  induces  diuresis,  inh ib i -  
t i n g  t h e  a n t i d i u r e t i c  effect  of i sopro te reno l  an d  A D H  ~n 
a n i m a l s  a n d  of vasopress in  in m a n  ~. 

On the  o the r  h a n d ,  t h e  an t i d i u r e t i c  ac t ion  of A D H  is 
also c o n t r i b u t e d  b y  f l -adrenergic  a c t i v i t y  ind i rec t ly  
t h r o u g h  inc rease  of cyclic A M P  c o n c e n t r a t i o n  in t he  
rena l  medu l l a  s 
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Fig. 1. Kidney of a rat injected once daily for 3 consecutive days 
with vasopressin i.p. and sacrificed 24 h after the last injection. Foei 
of necrosis in the lower part of the medulla, x 150, stained with H.E. 

Fig. 2. Kidney of a rat 24 h after combined treatment for 3 days with 
vasopressin and pindolol. Haemorrhage at the border between cor- 
tex and medulla. • 150, stained with tI.E. 
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Conclusions as to the mechanism of the fi-adreno- 
ceptive receptor blocking drugs cannot be exactly 
determined by the present experiments, since there is no 
evidence concerning the specificity of the effect of pindolol 
and propranoloi. Provided that  all /3-receptor blocking 
agents also act as fl-receptor stimulating agents, further 
experiments, such as the effect of low doses of isoprote- 
renol on ADH-indnced kidney alterations etc., are needed. 
The doses used in the present experiments are proportional 
to those which have used occasionally in man a. Indepen- 
dently of the exact mode of action of pindolol and 
propranolol, their inhibitory effect against ADH could be 
taken into consideration. 

Zusarnrnenfassung. Intraperitoneal injiziertes Vaso- 
pressin (einmal t~iglich w~hrend 3 Tagen) ftihrt bei Rat ten  
besonders im Nierenrindenmark-Grenzgebiet zu isch~- 
mischen Ver~tnderungen. Pindolol und Propanolol Ms 
sogenannte Blockersubstanz, hemmt, bzw, verhindert 
diese Vergnderungen. 
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Effect of J]-Adrenergic Excitation on Collateral Coronary Blood Flow 

Coronary dilatation mediated through fl-adrenergic 
activation may be considered the most important  neuro- 
humoral mechanism regulating the blood supply to the 
normal myocardium. At the same time, little is known of 
the/3-adrenergic effects exerted on the collateral coronary 
vessels supplying an ischaemic myocardial segment after 
acute occlusion of its major coronary branch. The present 
study was designed to elucidate this problem. 

Methods. Experiments were performed in 10 open-chest 
dogs under chloralose (0.11 g/kg body wt.). A myocardial 
area, amounting to about one-fifth of the total  left ventri- 
cular mass, was rendered ischaemic by occlusion of the 
left anterior descending artery (LAD) approximately half- 
way along its course. Local blood flow of this myocardial 
segment was measured by means of the heat clearance 
technique using DC current heated eopper-constantan 
thermal probes. Local flow was continuously registered on 
a sensitive compensograph. In order to study the collateral 
flow in a range as wide as possible, the distance of the 
probe from the supposed centre of the ischaemic zone var- 
ied from animal to animal. Local vascular responses to 
isoproterenol (Isuprel, Winthrop) were registered before 
and after LAD occlusion, the same myocardial segment 

serving as its own control. Isoproterenol was infused i.v. 
in increasing doses of 0.2, 0.8 and 1.6 Fg/kg/min. Cir- 
culatory parameters were chosen for data analysis during 
steady state responses. The flow changes were expressed in 
percentage of the initial control value, by determining 
zero flow line after having sacrificed the animal. The 
magnitude of coronary reactions were characterized as lo- 
cal vascular conductance values (%flow/%mean blood 
pressure) as weI1, 100% being the normal initial conduc- 
tance level before LAD occlusion. Thus, vascular changes 
of a given tissue locus supplied either by the normal or the 
collateral vessels were defined in the same units. Blood 
pressure was registered in the carotid artery with the aid 
of a Statham element; mean pressure was obtained by 
electrical integration. 

Results. LAD occlusion considerably decreased the local 
myocardial perfusion, while the general circulatory param- 
eters were not modified significantly by this procedure 
(Table). The effects of fi-adrenergic excitation are summed 
up in the Figure by indicating the linear regression lines of 
the dose-response relationships. The tissue blood flow of 
the myocardium increased significantly in the normal 
state, while it remained fairiy constant during the period 
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