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Opt imum Level of Combined Adrenergic Blockade for the Experimental  Study of Hemorrhagic  Shock ~ 

A l p h a  recep to r  bh)ckers  p r o t e c t  aga i n s t  t he  m e t a b o l i c  
consequences  of e x p e r i m e n t a l  h e m o r r h a g i c  shock  2. Th i s  
m a y  be  due  to  t h e i r  v a s o d i l a t i n g  effects, wh ich  requ i re  
a n  increased  c i r cu la t ing  b lood  vo lume.  P r o t e c t i o n  a g a i n s t  
t h e  m e t a b o l i c  consequences  of h y p o t e n s i o n  is the re fo re  
o b t a i n e d  a t  t he  expense  of a n  increased  s ens i t i v i t y  to  
b lood v o l u m e  loss, a f ac t  wh ich  crea tes  t h e r a p e u t i c  
p rob lems .  Conversely ,  i so la ted  b lockade  of f l-receptors 
a g g r a v a t e  the. course  of e x p e r i m e n t a l  h e m o r r h a g i c  shockL 
However ,  in  c o n j u n c t i o n  w i t h  ce r t a in  a d d i t i o n a l  p h a r m a -  
cological  measures ,  /3-bl()ckade m a y  a p p a r e n t l y  be  pro- 
tec t ive ,  too. I n h i b i t i o n  of p u l m o n a r y  a n d  sp l anchn ic  
b lood  pool ing  4, as well  as a s t r u c t u r a l  and  f u n c t i o n a l  
p r o t e c t i o n  of t h e  hea r t ,  h a v e  b e e n  d e m o n s t r a t e d  ~,~. Th i s  
c o m m u n i c a t i o n  r epo r t s  t he  effects  of a n  un id i r ec t iona l  or 
c o m b i n e d  adrenerg ic  b lockade  of v a r y i n g  i n t e n s i t y  on  t he  
course  of a s t a n d a r d i z e d  h e m o r r h a g i c  hypo tens ion .  

M a t e r i a l s  a n d  methods .  48 r a b b i t s  were a n e s t h e t i z e d  
w i t h  ,Nembutal |  30 mg/kg .  A h e m o r r h a g i c  shock  a t  a 
c o n s t a n t  b lood  pressure  of 40 m m  H g  was induced  a n d  
m a i n t a i n e d  (by  w i t h d r a w a l  or  infus ion  of a few mit l i l i t res  
of blood)  for 30 min .  T he  a n i m a l s  were hepa r in i zed  w i t h  
0.5 m l  h e p a r i n  in  1.5 m l  saline.  A 2 ~ fac to r ia l  des ign was 
adop ted ,  p e r m i t t i n g  t he  s t u d y  of each  b locker  a lone  a n d  
t h e  c o m b i n a t i o n  of b o t h  a t  all  dosage levels,  as com- 
p a r e d  w i t h  u n t r e a t e d  controls .  

a -b lockade  was p roduced  w i t h  Dibenzy l ine |  a t  4 dif- 
f e r en t  dosage levels :  0, 1.0, 2.5 and  4.0 mg/kg ,  de s igna t ed  
as A 0, A 1, A~ a n d  A a. f l -blockade was  effected w i t h  Tra-  
sicor | in  dosages  of 0, 0.1, 0.15 a n d  0.20 mg/kg ,  de s igna t ed  
as B 0, B 1, B 2 a n d  B~. Thus ,  A0B 0 was t h e  u n t r e a t e d  con-  
t ro l  group.  T h e  e -b locker  was  in jec ted  45 m i n  and  t h e  
fl-blocker 20 m i n  pr io r  to  t h e  s t a r t  of b leeding.  T he  48 
r a b b i t s  were a l loca ted  a t  r a n d o m  to t h e  16 e x p e r i m e n t a l  
g roups  of 3 a n i m a l s  each.  T h e  b lood  loss a t  t h e  end  of 
t h e  shock  period,  a r t e r i a l  pH,  pCO v base  excess, l a c t a t e  
a n d  p y r u v a t e  were  m e a s u r e d  (methods ,  cf. 2, 5). Blood 
samples  were d r a w n  before  bleeding,  a t  t h e  end  of shock  
and  3 h a f t e r  r e t r a n s f u s i o n  of 2/a of b lood  v o l u m e  loss. 

T h e  resu l t s  were sub j ec t ed  to  a n  ana lys i s  of va r i ance  
on  a Bul l  G a m m a  30 s compute r .  S t a t i s t i ca l  s ignif icances  
were  assessed a t  t he  5% a n d  1% level  (p < 0.05 or  < 0.01, 
respect ive ly) .  

R e s u l t s  a n d  d i scuss ion .  Figure  1 shows t he  ave rage  
b lood  loss a t  t he  end  of t he  h y p o t e n s i v e  per iod  for each  
of t he  16 e x p e r i m e n t a l  groups.  I n c r e a s i n g  levels of 
a -b lockade  reduces  b lood loss ( p < 0 . 0 1 ) .  A d d i t i o n a l  
/3-blockade increases  b lood loss, p a r t i c u l a r l y  so a t  t he  
lowest  dosage  level  of t he  f l-blocker a n d  less m a r k e d I y  

w i t h  increas ing  levels of e -b lockade  (p < 0.05). A signifi- 
c a n t  i n t e r a c t i o n  is n o t  d e m o n s t r a b l e .  The  closest  approx i -  
m a t i o n  to  t h e  b lood  loss of t h e  u n t r e a t e d  g roup  (AoB0) 
is o b t a i n e d  w i t h  t he  lowest  level  of c o m b i n e d  ~- a n d  
f l-blockade (A1B1), w i t h  abso lu t e  ave rages  of 27.6 a n d  
24.2 ml /kg ,  respect ive ly .  

The re  were  no di f ferences  of p re -b leed ing  m e t a b o l i c  
cont ro l  values.  The  m e t a b o l i c  s t a t u s  a t  t he  end  of t h e  
30 -minu te  h y p o t e n s i v e  per iod  is s h o w n  in F igure  2., 
Metabo l ic  acidosis  is i n h i b i t e d  a t  all levels  of ~-blockade,  
whereas  i t  is p r o n o u n c e d  in t he  A0B 0 g roup  a n d  fol lowing 
pure  fi-blockade. The  effect  of ~-blockade is s ign i f i can t  
wi th  p < 0.01 for pH,  pCO~ a n d  base  excess. However ,  
t h e  smal le r  b lood loss p roduced  b y  increas ing  levels of 
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Fig. 1. Average blood volume loss in percent of body weight at 
the end of 30 min of hypotension at 40 mm of mercury for the 16 
experilnental groups. A0,1,~, 3 = Dibenzyline. 0; 1.0; 2.5; 4.0 mg]kg 
Be,t,2, 3 = Trasieor. 0, 0.1; 0.15; 0.20 mg/kg. 
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Fig. 2. Changes of acid-base status in arterial 
blood at the end of the 30 rain hypotensive 
period. Means of 16 experimental groups, el. 
Figure 1. 
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x-blockade has a lmos t  no fu r the r  effect  on metabol ic  
acidosis. Conversely,  the  increased blood loss effected 
by  addi t ional  /?-blockade does no t  aggrava te  the  meta -  
bolic s ta tus  (p > 0.05)�9 These f indings  are ampl i f ied  by  
the  changes  of l a c t a t e / p y r n v a t e  me tabo l i sm depic ted  in 
Figure 3. W i t h o u t  t r e a t m e n t  and  wi th  pure  /?-blockade, 
t issue perfus ion is impa i red  following shock, as wi tnessed  
by  an average ar ter ia l  l , /P  rat io of 75. At  all levels of 
e-blockade,  the  rat io remains  low (p < 0.01). Again, the  
blood loss inc remen t  p roduced  by  addi t iona l  /?-blockade 
causes no metabol ic  de ter iora t ion .  

Three hours  af ter  reinfnsion,  metabol ic  recovery  as 
judged  by  ar ter ia l  p H  and base  excess was  be t t e r  fol- 
l o w i n g  combined  Blockade t h a n  a~ter ~-blockade only, 
as seen f rom the  Table.  A s ignif icant  in te rac t ion  (p < 0.05) 
be tween  e- and /?-blocker was, however ,  present .  A t  all 
levels of ~-blockade (A D A,~, A3), metabol ic  acidosis 
decreased wi th  a smal l  dose of /?-blocker  (B1), whereas  it 
increased again wi th  higher  levels of /?-blockade (I3 e 
and  B~). 

Combined  adrenergic  b lockade  at  t he  lowest  dosage 
level employed  in th is  s t u d y  (1.0 mg/kg  e-blocker  -- 
0.1 mg/kg/?-blocker)  thus  increases to lerance  to  an acute  
blood loss as compared  wi th  pur  e ~-blockade, w i t h o u t  
sacrificing the  metabol ic  p ro tec t ion  p rov ided  by  t h a t  

measure.  I t  therefore  represents  an o p t i m u m  in the  sense 
t h a t  i t  combines  a m i n i m u m  decrease of to le ra ted  b lood 
loss wi th  a m a x i m u m  inhib i t ion  of its metabol ic  sequels. 
The resnl ts  ob ta ined  wi th  th is  regimen in shocked dogs 
will be r epor ted  separa te ly  7. 

Generic and  t r ade  names  of drugs:  ]) ibenzyline |  
P h e n o x y b e n z a m i n e ;  Trasicor(,Y = 1-[sopropylamino-3-  
(o-a l ly loxyphenoxy)-2-propanol -hydrochlor ide  ; Nembu-  
tal|  = Pen toba rb i t a l .  

pH and base excess 3 h after reinfusion x and 95% confidence 
intervals. No overlapping =, p < 0.05 

Combined a-Blockade 
blockade mg/kg 
mg/kg 
1.0~ + 0.l~ ].o 2.5 4.0 

pII 7.447 7.323 7.345 7.255 
(7.402 -7.492) (7.315-7.331) (7.301-7.389) (7.215-7.295) 

BE --2.1 --8.9 - 8.5 --11.5 
(--] . l to 3.1) (--8.3to--9.5) (--7.8to--9.2) (--10.5to--12.5) 
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Fig. 3. Means of arterial iaetate/pyruvate ratios in arterial h]ood 
at the end of the 30 min hypotensive period, cf. Figure 1. 

Zusammen/assung. Die K o m b i n a t i o n  yon  1,0 mg/kg  
e-Blocker  und  0,1 mg/kg  S-Blocker ergibt  im exper imen-  
tel len h/~morrhagischen Shock die ger ingste  Reduk t ion  
des to ler ier ten  B l u t v e r h s t e s  z u s a m m e n  mi t  einer maxi -  
malen I ] e m m u n g  seiner metabol i schen  Konsequenzen  
und  erscheint  daher  als opt imal .  

G. ZIEROTT, H. RIEDWYL 
and  P. LUNDSGAARD-HANSEN 

University Department o/Experimental Surgery, 
Inselspital, and Institute o/!Vlathematical Statistics, 
University o/Bern, 
3008 Bern (Switzerland), 7 April 7969. 

7 G. ZIEROTT, J~. PAPPOVA and P. L~XDSGAA~D-HANsEX, Pfltigers 
Arch. ges. Physiol. 370, 1 (1969). 

P r e p a r a t i o n  of  ' N e w ' - V a s o c o n s t r i c t i n e  ( S V P x ) ,  a V a s o c o n s t r i c t o r  H o r m o n e  of  P l a s m a  

A previously  undescr ibed  vasbac t ive  ho rmone  1-4 has  
been separa ted  from p la sma  by  p a p a r c h r o m a t o g r a p h y  
and coun te r -cu r ren t  d i s t r ibu t ionS-L and can be charac-  
ter ized by  the  following proper t ies :  (1) t h e  mater ia l  
causes t he  isolated aor ta  of t he  r abb i t  to  con t rac t ;  
(2) its con t rac t ing  act ion is no t  an tagonized  by  sero tonin  
an tagon is t s" ;  (3) unlike ca techolamines ,  i t  leads to a 
con t rac t ion  of in tes t ina l  muscle  of the  r abb i t ;  and (4) it  
can be d is t inguished  f rom h i s t amine  and f rom a n u m b e r  
of c o m m o n l y  known  vasoac t ive  polypet / t ides  8. 

BATTI~LLI (1905) 6 coined the  t e r m  'vasocons t r ic t ine '  
for the  cons t r ic tor  mater ia l  p resen t  in serum, for the  
m o s t  p a r t  the  resul t  of serotonin released f rom blood 
pta te le ts  dur ing  the  (:lotting of t he  shed blood. We  shall  
refer  to  t he  se rum principle(s) as 'o ld ' -vasoconst r ic t ine .  
[n  contras t ,  when arterial  b lood is f reshly collected in the  
presence  of hepar in ,  there  is no evidence for newly formed 
cons t r ic tor  mater ia l  such as serotonin 9. Since the  p lasma  

of hepar in ized  blood incuba ted  at  37~ for as long as 
1 h showed no addi t iona l  cons t r i c to r  ac t iv i ty ,  i t  appears  
reasonable  to assume t h a t  the  vasocons t r i c to r  p o t ency  
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