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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) 
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and  i t  does no t  have  a reversal  potent ia l .  I t  is a hyper -  
polarizing wave  a t  po ten t i a l s  across the  m e m b r a n e  where  
Ap~ has  a l ready  reversed,  i.e. a t  values more  nega t ive  
t h a n  E K and  t h a n  t h e  chloride equi l ibr ium po ten t i a l  
(Eci), which  in these  cells is abou t  - -50  m V  4. (b) The 
vol tage  and  dura t ion  of Ap2 increase wi th  the  n u m b e r  of 
repe t i t ive  spikes, which  were fired by  s t imula t ing  the  
neurona l  soma t h rough  one of the  in t racel lu lar  e lect rodes  
e i ther  wi th  shor t  isolated s t imul i  or wi th  a long de- 
polar iz ing pulse. As the  n u m b e r  of spikes increases,  t he  
Ap2 which follows the  last  spike in a repe t i t ive  series is 
gradual ly  t r a n s f o r m e d  into  a large hyperpo la r i z ing  wave  
of tong dura t ion ,  resembl ing  the  pos t - t e t an ic  hyper -  
po lar iza t ion  (PTH) of o the r  sys t ems  6-~0. Figure 2 (B, 1) 
shows the  effect  of a depolar iz ing in t r a somat i c  pulse 
las t ing 2.5 sec and  which  p roduced  60 spikes. This t e tan ic  
s t imula t ion  evoked a hyperpolar iza t ion ,  w i th  an ampl i tude  
of 10 mV and  a dura t ion  of 30 sec. (c) The inpu t  resist-  
ance does no t  change  du r ing  the  Ap2 or P T H .  The pas-  
sage of square  wave  cur ren t  pulses t h rough  the  cell, 
e i ther  before or dur ing  these  phenomena ,  produces  a 
cons t an t  vol tage  drop. (d) Using 0.3 m~Y/ 2.4 d ini t ro-  
pheno l  (DNP),  a gradual  and  s imul taneous  decrease of 
t he  Ap~ and  P T H  was obta ined,  wi th  comple te  dis- 
appea rance  af ter  45 rain. This  effect  was  reversed  by  
wash ing  the  p r epa ra t i on  wi th  saline for 45 rain (see 
Figure  2). Similar  resul ts  were ob ta ined  wi th  3 m M  
sodium azide and  by  lowering the  t e m p e r a t u r e  (4~ of 
the  medium.  Whi le  the  cell was in ] ) N P  the  inpu t  resist-  
ance did no t  change.  Also, the  m e m b r a n e  po ten t i a l  and  
the  po t a s s ium equi l ibr ium po ten t i a l  (character ized by  

t h e  invers ion po ten t i a l  of Ap~) were no t  inf luenced by  
DNP.  Ouabain  5 • 10 4 M  (a value higher  t h a n  the  one 
used to  inh ib i t  the  sodium electrogenic p u m p  in Helix u) 
does no t  af fect  Ap2 or P T H  in our cells. 

I n  the  unipolar  cells of mollusca an axonic  spike m a y  
ac t iva te  o the r  b ranches  of the  axon w i t h o u t  invad ing  
the  soma x~. In  our  preparat iof l ,  axonic  spikes blocked 
near  t he  soma,  e i ther  by  hyperpo la r i z ing  cur ren ts  or 
fa t igue ~s, are never  followed by  an Ape (see Figure  3). 
Fu r the rmore ,  when  there  is a par t i a l  b lockade  of the  
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Fig. 1. Variations of the first after-potential (APl) and second after- 
potential (Ap~) with the membrane potential. (A) Spikes at 3 
membrane potentials; - 57 mV; - 63 mV and -- 67 inV. In the upper 
trace, simple arrow indicates Apl ; double arrows, Ap2. Middle trace 
shows Apl near the inversion potential, followed by Ap2. In the 
lower trace, APl has reversed and is followed by Ap~. (B) Relationship 
between the membrane potential, in the abscissa, and size of Apl 
(circles) and Ap2 (triangles) in the ordinate. Filled circles and 
triangles arc corresponding values for Apl and Ap2 at the membrane 
potentials shown in A. Apl (circles) presents inversion potential. 
It may be observed that the size of Ap2 is independent of the mem, 
brane potential. 
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Fig. 2. Abolition of Ap2 and post-tetanie hyperpolarization (PTH) 
with 2,4-Dinitrophenol (I)NP). (A) 1.-Control spike with Apl at 
the inversion potential, followed by Ap~. 2. After 30 rain in DNP; 
Ap2 is almost abolished. 3. Recovery of Ap2 after washing in fresh 
saline during 45 rain. (B) 1. Train of spikes obtained by a depolarizing 
pulse of 2.5 sec followed by a post-tetanie hyperpolarization (PTH). 
2. After 30 min in DNP, the PTH is greatly reduced. 3. Recovery 
of the PTII after washing in saline during 45 min. 
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Fig. 3. (a) Somatic spike showing Apl and Ap2. (b) Salne spike showing 
partial blockade produced by a hyperpolarizing current. The axonic 
and somatic components of the spike are seen. Ap2 follows the 
somatic part of the spike. The delay between Apl and Ap~ is constant 
with respect to the control. (c) At a more hyperpolarized potential, 
there is complete blockade of the somatic spike and only the axonic 
component is seen. It may be observed that Ap~ never follows the 
axonic spike. 

6 J..~{. RITCIIIE and R. W. STRAUB, J. Physiol. 136, 80 (1957). 
7 C. •. C O N N I { L L Y ,  Rev. rood. Phys. 31, 475 (1959). 
s p. W. GAGE and J. I. tIUBBARD, J. Physiol. 184, 335 (1966). 
9 S. NAKAJIMA and K. TAKAIIASUI, J. Physiol. 787, 105 (1966). 

lOH. P. RANG and J. M. RITCHIE, J. Physiol. 196, 183 (1968). 
I1 G. A. KERKIST and R. C. TIIOMAS, Comp. Biochem. Physiol. 7g, 

167 (1965). 
1~ L. TAUC and G. M. ituc;i{Es, j .  gen. Physiol. 46, 533 (1963). 
la L. TAI~C, J. gcn. Physiol. 45, 1077 (1962). 



828 Specialia 15. 8. 1969 

spike, t he  de lay  be t w een  Apl  and  Ap2 is c o n s t a n t  w i th  
respec t  to  t h e  con t ro l  w i t h o u t  a n y  b lockade .  I f  a r e c u r r e n t  
synap t i c  b r a n c h  is respons ib le  for 4\pe, t h i s  wave  should  
be  seen even  w h e n  t he  axon  is d i scha rged  w i t h o u t  a 
somat i c  invas ion .  Therefore ,  Ap=. is r e l a t ed  to somat i c  
and  n o t  to  t he  axon ic  spike  and  is no t  s y n a p t i c  in origin.  

These  f ind ings  on  the  Ap2 and  PTI-I exclude  t he  in ter -  
p r e t a t i o n  t h a t  t h e y  are caused b y  an  increase  in pe rmea -  
bi l i ty,  as was  p roposed  for P T H  in o t h e r  sys t ems  s. Ap2 
has  no reversa l  p o t e n t i a l  and  i t  is a hype rpo la r i z ing  wave  
a t  va lues  t h a t  are  b e y o n d  Eci or EK; fu r the rmore ,  t he re  
is no  change  in c o n d u c t a n c e  e i the r  d u r i n g  Ap2 or P T H .  

W e  conclude  t h a t  Ap2 and  PTt-I are caused  b y  a n  
ac t ive  p u m p ,  s t imu la t ed ,  p robab ly ,  b y  t h e  pos i t ive  
charges  which  p e n e t r a t e  t he  soma  d u r i n g  t h e  spike. B o t h  
are  i n h i b i t e d  b y  D N P ,  sod ium azide, or  low t e m p e r a t u r e ,  
t he  dif ference be tween  t h e m  be ing  m a i n l y  q u a n t i t a t i v e ,  
since b y  increas ing  t he  n u m b e r  of spikes Ap2 is g radua l ly  
t r a n s f o r m e d  in to  P T H .  

To exp la in  t h e  P T H  in m a m m a l i a n  C fibers, a neu t r a l  
p u m p  has  been p roposed  6. T he  hype rpo l a r i za t i on  would  
be  caused  b y  t he  r e m o v a l  of p o t a s s i u m  f rom t he  ex t ra -  
cel lular  f luid b y  t he  p u m p .  I n  our  sys tem,  t h e  va!ues  of 
Ap2 a n d  P T H  are more  nega t i ve  t h a n  those  of t he  m e m -  
b r a n e  p o t e n t i a l  in a m e d i u m  w i t h  zero po tass ium.  Th i s  
does no t  agree  w i t h  t he  n e u t r a l  p u m p  theory ,  a n d  hence,  
we do n o t  s u p p o r t  i t  for ' H '  neurons .  O t h e r  a u t h o r s  
favor  a n  e lect rogenic  p u m p  to  exp la in  P T H  in p r epa ra -  
t ions  s tud ied  b y  t h e m  ~, '% ~0. 

W e  bel ieve  t h a t  t he  m e c h a n i s m  of Ap~ a n d  P T t I  in  
our  s y s t e m  is an  e lect rogenic  ac t ive  p u m p ,  e x t r u d i n g  
pos i t ive  charges  which  h a v e  p e n e t r a t e d  d u r i n g  t he  spike, 
w i t h o u t  a t i g h t  coupl ing  w i t h  o the r  charges.  An ac t ive  
e n t r a n c e  of chlor ide  c a n n o t  exp la in  Ap2 or P T H ,  since 

a t o t a l  r e p l a c e m e n t  of th i s  ion b y  s u l p h a t e  or a ce t a t e  
d id  n o t  reduce  t h e  a m p l i t u d e  of these  p h e n o m e n a .  Since 
soma t i c  spikes in  ' H '  cells are m a i n l y  ca lc ium d e p e n d e n t  ~, 
a n d  t h e y  can  be  o b t a i n e d  in sod ium-f ree  m e d i a  concur-  
r e n t l y  w i t h  Ap2 or P T H ,  t he  e x t r u d e d  ion could be  cal-  
c ium. F u r t h e r  work  is p roceed ing  to clar i fy th i s  po in t .  
The  fac t  t h a t  o u a b a i n  does no t  af fec t  Ap~. no r  P T I t  is 
a n  i n t e r e s t i ng  f ind ing  s ince SCHATZMA~X ~5 found  t h a t  
the  ca lc ium p u m p  in  e r y t h r o c y t e s  is a!so insens i t ive  to  
o u a b a i n  16. 

Resumen. E n  un grupo  de i l en ronas  cen t ra les  de caracol,  
c a d s  po tenc ia l  de acc i6n  es seguido i n v a r i a b l e m e n t e  p e r  
u n a  e n d s  h ipe rpo la r i zan te .  E s t a  e n d s  no es d e b i d a  a u n  
a u m e n t o  de p e r m e a b i l i d a d  de la  m e m b r a n a ;  a u m e n t a  
en  du rac idn  y vo l t age  a m e d i d a  q u e s e  a u m e n t a  el n f lmero  
de po tenc ia les  de accidn que  la  p r o d u c e n  y es e l i m i n a d a  
reversible, m e n t e  p e r  in t i ib idores  metab61icos.  Se la in te r -  
p r e t a  come  p r o d u c i d a  p0r  u n a  b o m b s  e lec t rog6nica  que 
e x t r u y e  las  cargas  que  p e n e t r a r o n  al soma  neu rona l  
d u r a n t e  el po tenc ia l  de accidn. 
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Activity and Isolated Phytoestrogen of Shrub Palmetto Fruits (Serenoa repens Small) ,  a New Estro- 
genic Plant 

Very  few es t rogenic  c o m p o u n d s  h a v e  been  isola ted f rom 
p l a n t  ma te r i a l s  due  to  t h e  e x h a u s t i v e  t echn iques  a n d  
smal l  yield of t he  ac t ive  principle.  A m o n g  t h e m ,  fl-sitos- 
te ro l  possesses a cons iderab le  es t rogenic  p o t e n c y  w h e n  
i so la ted  f rom Glycyrrhiza glabra 1 and  rice pol ish  ~ as well  
as w h e n  t h e  c o m m e r c i a l  p r o d u c t  was  crys ta l l ized  f rom 
m e t h a n o l  a n d  t e s t ed  a. HXNSEL et  al. 4,5 de tec ted  a rela- 
t i ve ly  h igh  c o n c e n t r a t i o n  Of free (18 .gmg/100  ml) a n d  
b o u n d  (22.7 mg/100  ml) s i tos terols  in dr ied  s h r u b  pal -  
m e t t o  f ru i t s  ( family:  Pa lmae)  wh ich  is of some medica l  
value�9 This  big  s i t o s t e ro l - con t en t  of t h e  f ru i t s  s t i m u l a t e d  
t lm p l a n t  i n v e s t i g a t i o n  a n d  i ts  ac t ive  pr inc ip le  in  th i s  
work.  

The  d ry  :fruits (Serenoa repens Small. ,  fo rmer ly  called 
Sabal serrulatum Schult)  were  c rushed  a n d  Soxhle t -  
e x t r a c t e d  w i t h  90% m e t h a n o l  for  10 h. E v a p o r a t i o n  of 
t h e  a lcohol  unde r  r educed  pressure  lef t  5.34 gm/100  ml  
of a yel low b r o w n i s h  res idue which  possessed no es t rogenic  
a c t i v i t y  w h e n  10 m g  was in jec ted  s.c. in  10 i m m a t u r e  
female  mice  accord ing  to  E v A x s  et  al. *. As h igher  doses 
a lways  posed  t h e  p r o b l e m  of s epa ra t i on  f rom t he  n e u t r a l  
oil, t h e  o the r  p a r t  of t h e  e x t r a c t  was  sub j ec t ed  to  pa r t i a l  
pu r i f i e a t i onL  S u b c u t a n e o u s  doses of 2.5 m g  and  5.0 m g  
dai ly  g i v e n  3 days  of th i s  pa r t i a l ly  pur i f ied  e x t r a c t  i nduced  
increases  of 20.72 a n d  32.95 pe r  100 m g  of t he  con t ro l  
u t e rus  respect ively ,  e s t ab l i sh ing  a s ign i f ican t  es t rogenic  
ac t iv i ty .  

Then,  /5-sitosterol was i so la ted  c h r o m a t o g r a p h i c a l l y  s to  
be  recrys ta l l i zed  f rom m e t h a n o l  in  t h e  fo rm of needles  
me l t i ng  a t  137-138 ~ 

C29H500 (41.4.40) found :  C 83.61% H 1.1.93% 
ca lcu la t ion :  C 83.99% H 12.15% 

F u r t h e r  con f i rma t ion  was af forded b y  t he  R i  va lue  (0.87) 
on  silica gel p l a t e s  deve loped  in ch lo ro fo rm/ace tone  (8/2) 
a n d  p a p e r  c h r o m a t o g r a m s  deve loped  in e t h y l  a c e t a t e /  
ch lo ro fo rm/pa ra f f i n  oil (65/25/10). Also, t he  UV-  and  I R -  
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