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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 .  
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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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is essent ial ly the  same as tha t  in the  p lasma circulat ing 
in vivo.  

i n  a recent  paper  6 we showed t h a t  the  to ta l  contract i le  
ac t iv i ty  of p lasma was a composi te  of known and an 

a d d i t i o n a l  unknown principle,  t e rmed  in 1962 SVPX 1, 
and we are suggest ing for it  present ly  the  t e r m  'new'-  
vasoconstr ic t ine .  We showed t h a t  S V P x  can be separa ted  
by  pape rch roma tog raphy  6, and t h a t  counter -cur ren t  
d is t r ibut ion can be used as a p repara t ive  procedure.  The  
detai ls  of this l a t t e r  me thod  for beef p lasma a re  repor ted  
below. 

Methods and results. (1) Bioassay o/' new'-vasoconstrictine 
was per formed on the  spiral ly cut  rabbi t  aort ic  str ip 
suspended in oxygena ted  1R/inger's solution, as described 
before 6. The  antagonis ts  used were an ant iserotonin  
agent,  1)BMC (N-f i -d imethyl -aminoethyI-N-benzyl -m-  
me thoxy-c innamamide ,  D o m b r o  and \,Voolley 1964) 
20 ,~g/ml, and an an t ih i s taminic  agent,  mepyramine ,  
10 ,~g/ml ~. Samples  t aken  f rom individual  tubes of 
the  counter -cur ren t  d is t r ibut ion  (CCD) appara tus  were 
dried in a ro ta ry  evapora tor ,  and the  residue dissolved 
in Ringer ' s  solut ion for appl icat ion on the  isolated organ. 
The  resul t ing contract ion he ight  was referred to a cal ibra-  
t ion curve  previous ly  obta ined  wi th  norepinephr ine  
(NOR), and the  po tency  expressed in equiva len ts  of NOR.  

(2) Preparation o/'new'-vasoconstrictine from beef plasma 
(Figure). ]3lood flowing f rom the  severed blood vessels 
of the  neck was collected in a plast ic  bucke t  which 
conta ined  sufficient heparin to yield a final  concent ra t ion  
of app rox ima te ly  10 U/ml .  The  blood was centr i fuged at  
10,000 g in refr igerated centr i fuge a jus ted to 4~ and 
the  p lasma decanted  by  suction. Deproteinization by 
dialysis. Visking cellulose dialyzer  tub ing  was filled wi th  

p lasma and placed into an Er l enmeyer  which conta ined 
the  same vo lume of glass-distil led water .  Af ter  shaking 
for 3 h in the  cold, the  contents  of the  bags were discarded, 
and only the  protein-free diffusate  was fur ther  processed. 

Preliminary purification by counter-current distribution 
technique (CCD). Concentra t ion  of the  p lasma diffusate 
in this stage, whether  by  ro ta ry  evapora t ion  at  room 
tempera tu re  or by  freeze-drying,  usual ly  resulted in 
excessive loss of potency.  Therefore,  the  1 : 1 p lasma dif- 
fusate  was used unconcentra ted .  The  solvent  mix tu re  
consisted of equal  vo lumes  of 0 .1N acetic acid and 
n-butanol  equi l ibra ted  at  room tempera ture .  Accordingly  
1 1 of the  p lasma diffusate was also acidified and equili-  
b ra ted  wi th  the  same vo lume  of n-butanol .  

The  CCD apparatus ,  manufac tu red  by  H.O. Pos t  
Scientific I n s t rumen t  Co., contained 60 tubes, each holding 
40 ml of the  aqueous,  and 40 ml  of the  organic phase. The  
first  22 tubes were loaded with  40 ml  of each phase of 
the  s tar t ing material .  Then  the  organic phase of the  solvent  
mix tu re  was in t roduced  dur ing 200 transfers,  which t ake  
about  2 days. The set t l ing t ime  be tween  2 t ransfers  was 
15 rain because of emulsions formed in several  tubes  upon 
equi l ibra t ion of the  solvents.  Residual  vasoconst r ic tor  
ac t iv i ty  not  antagonized by  t h e  serotonin antagonist ,  
D13MC, was de tec ted  by  bioassay in the  tubes  f rom 
27-38. Their  contents  were s tored frozen. The  vaso- 
constr ic tor  mater ia l  de tec ted  around tube  50 was dis- 
carded because it  was antagonized by DBMC, it  had  the  
approx imate  par t i t ion  rat io  and therefore,  l ikely repre-  
sented serotonin. 

Second purification by counter-current distribution. The 
ac t ive  mater ia l  obta ined in 3 or 4 pre l iminary  runs, i.e. 
prepared f rom 3-4 1 of p lasma diffusate,  was concenLrated 

Preparation of 'new'-vasoconstrictine by counter current distribution. Bi0assay on rabbit aortic strip (n-butanol: 0.1N acetic acid). 
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in a ro ta ry  evapora to r  to approx imate ly  100 ml  wi thou t  
ever  carrying the  evapora t ion  to dryness as a p recau t ion  
against  loss of act ivi ty .  The  first  2 tubes of the  appara tus  
were now loaded wi th  the  s tar t ing material ,  and again 
run for 200 transfers.  The  set t l ing t ime  remained  15 rain. 

Samples t aken  f rom the  second run  left  bare ly  notice- 
able residues upon evaporat ion.  Contract ing ac t iv i ty  was 
usual ly conta ined in the  range of tubes extending  f rom 
11-20, wi th  a clear cut  peak  a t  15. This  corresponds to 
a d is t r ibut ion coefficient of 0.08. The  purif icat ion of 
3-4 1 of 1:1 p lasma diffusate processed in the  first  run 
provided  in the  second run  vasoconstr ic tor  mater ia l  
approx imate ly  equiva len t  in po tency  to 100-200 ~zg N O R  
in 800-900 ml  solvent  mixture ,  which was then  stored 
in the  frozen state.  

(3) 'New'-vasoconstrictine causes the {solated rabbit intes- 
tine to contract. Since on rabbi t  aor ta  N O R  is not  antago- 
nized by  a mix tu re  of D]3MC and mepyramine ,  i t  ap- 
peared impor t an t  to different ia te  i t  from 'new'-vaso-  
constr ict ine wi th  such conclusive biological evidence.  

Discussion. Comments on the method o/ preparation. I t  
was found i m p o r t a n t  to use hepar in ized blood in order 
to p reven t  release of serotonin f rom platelets.  Otherwise  
separat ion of 'new' -vasoconst r ic t ine  migh t  be handi-  
capped by  an overwhelmingly  large concent ra t ion  of 
serotonin. 

Meaningful figures on yields cannot  be g iven unti l  a 
s tandard  prepara t ion  of 'new' -vasocons t r ic t ine  becomes 
available.  By  express ing  the  amoun t  of 'new' -vasocon-  
s t r ic t ine in equiva len ts  of N O R  in a bioassay i t  is t ac i t ly  
assumed t h a t  f rom one prepara t ion  to the  o ther  there  
is no change in the  re la t ive  s e n s i t i v i t y  of the  tissue to 
N O R  and to 'new'-vasoconstr ic t ine .  This  possibi l i ty m a y  
however  no t  be r igorously c o r r e c t  

Differentiation Item other biologically active substances. 
As repor ted  in the  results, 'new' -vasocons t r ic t ine  could 

be  dis t inguished f rom serotonin, his tamine,  or catechot-  

amines. Oxytocin,  vasopressin, and bradykin in  were also 
excluded 8, because these substances did no t  affect  the  
aort ic  str ip at  all. Substance  P is re la t ively  inac t ive  on 
the  rabbi t  a r tery  (unpublished). Angiotensin was elimi- 
na ted  earlier on account  of biological  evidence s; and more 
recent ly  by  a p re l iminary  es t imate  of the  molecular  
weight  of 'new' -vasocons t r ic t ine  which is half  of t ha t  of 
angiotensin.  None of the  p lasma proteins  has any  con- 
t r ac t ing  ac t iv i ty  1~ 

Our observat ions  indicate  t ha t  the  bulk of the  vaso- 
constr ic tor  po tency  of p lasma which causes the  rabbi t  
a r te ry  to cont rac t  well beyond  50% of its max ima l  
response, can be a t t r ibu ted  to a mix tu re  of serotonin and 
'new' -vasocons t r ic t ine  n. 

Rdsumd. La  <mouvelle}~-vasoconstrictine (SVPx 1962), 
une hormone  vasoconstr ic t r ice  du plasma, a 6t6 pr6par6e 
par  dis t r ibut ion s cont re -courant  en quant i t6  suffisante 
pour  l '6 tude de sa s t ructure  ch imique  et  de ses pro-  
pri6t6s biologiques. 
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After-Potent ia ls  Due to an Electrogenic  P u m p  in 

A previously  undescr ibed hyperpolar iz ing wave  fol- 
lowing the  af ter -potent ia l  of every  somatic  spike was 
consis tent ly  found in ' H '  neurons, i.e. neurons showing 
cholinergic inhibi t ion 1, of the  abdominal  mass ganglia  
of the  Argent in ian  land snail Cryptomphallus aspersa. 
Exper imen t s  were carried out  to de te rmine  the  under-  
lying mechan ism of this wave  and the  results to be re- 
por ted  suggest  t h a t  i t  m a y  be due to  an electrogenic 
pump.  

Materials and methods. Isola ted  ganglia  were immersed  
in a saline solut ion for mollusc ~ conta ining:  NaC1, 
127.8 m M ;  MgSO 4, 3.5 m M ;  NaHCO 3, 3 raM;  CaC1, 
6 mM.  Neuronal  somata  were impaled  wi th  s imple or 
double glass microelectrodes.  The  methods  for recording 
and s t imula t ion  in this  prepara t ion  have  been previous ly  
described 3, ~. 

Results and discussion. The hyperpolar iz ing wave,  here- 
af ter  called Ap2 or second af ter  po ten t ia l  invar iab ly  
follows each somat ic  spike and begins about  10 msec 
af ter  the  typica l  af ter-potent ia l ,  hereaf ter  called App  
The  hyperpolar iza t ion  reaches its m a x i m u m  ampl i tude  
(about 4 m V ) ,  75 msec af ter  Apl  and the  total  dura t ion 
is abou t  800 msec (Figure 1A). 

Apl  has the  wel l -known propert ies  of the  c o m m o n  
after_p0teutial  3, 5; i.e. (a) W h e n  the  membrane  potent ia l  
is changed by  passing hyperpolar iz ing or depolarizing 

Molluscan Giant N e u r o n s  

currents  th rough the  cell, the  size of Apl  varies  (see 
Figure  1). I t  becomes smaller  as t he  cell is hyperpolar ized 
and beyond a po in t  of reversal  potent ial ,  i t  becomes a 
depolar izing wave.  (b) The  reversal  potent ia l  of Apl  is 
related to the  externa l  po tass ium concentrat ion.  W h e n  
this is increased f rom the  normal  4.9 m M  to 15 m~/ ,  
the  equi l ibr ium poten t ia l  is displaced f rom - -60  to 
-- 45 mV.  On the  o ther  hand,  a t  zero po tass ium concen- 
t ra t ion  it  is about  - -68  inV. (c) Var ia t ions  of chloride 
in the  solut ion produce no changes, e i ther  in the  size or  
in the  reversal  potent ia l  of A p t  These da ta  are in accord- 
ance wi th  the  po tass ium permeabi l i ty  theory  for the  
af ter_potential  s, 5 and the  reversal  po ten t ia l  of Ap1 m a y  
be considered equ iva len t  to the  equi l ibr ium potent ia l  for 
potass ium (EK). 

Ap~ behaves  ve ry  dif ferent ly  f rom App (a) I ts  size is 
independent  of the  membrane  po ten t ia l  (see Figure  1) 

t L. TAUC and  II .  M. GERSCHE~'FELD, Na tu re  792, 366 (1961). 
2 D. J. CHIARANDINI, Life Sci. 3, 1513 (1964). 
3 D. J.  CHIARANDINI and ]6. STEFANI, J.  gen. Physiol .  50, 1183 

(1967). 
4 j).  j .  CHIARANDINI and  H. ~{. GERSCHENFELD, Science 756, 1595 

(1967). 
J. S. Coo.~ns, J .  C. ECCLES and P. FATT, J .  Physiol .  130, 291 (t955). 


