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m e a s u r e m e n t  1.9 4- 0.2 mlxmoles ,  t h e  v a r i a n c e  r a t io  be ing  
s t a t i s t i c a l l y  s ign i f i can t  a t  t he  5% level.  

1 mt~mole  of p h o s p h o r u s  co r r e sponds  a p p r o x i m a t e l y  to  
t h e  r e m o v a l  of a 20 /k  l aye r  of enamel .  T he  resu l t s  sugges t  
t h a t  t h e  ou t e r  5 0 / k  of e n a m e l  is more  h e t e r o g e n e o u s  t h a n  
t h e  u n d e r l y i n g  enamel .  Th i s  m a y  be  due  in p a r t  t o  t h e  
d i f f i cu l ty  in  con t ro l l i ng  t he  r e m o v a l  of superf ic ia l  o rgan ic  
m a t t e r  b y  pol ish ing.  

Rdsumd. On a d6veloppd u n  u l t r a m i c r o d o s a g e  du  phos -  
p h o r e  e t  a app l iqu6  ceci k l ' e x t r a i t  du  p a p i e r  A f i l t re r  
q u ' o n  a s a tu r6  du  t a m p o n  c r i t ique  ~ p H  3,5 et  t e n u  su r  
la  sur face  d ' u n e  d e n t  d a n s  la  bouche .  

C. P. WALLIS 

Department o/ Biochemistry and School o/Dental  Surgery, 
University o/Edinburgh (Scotland), August  24, 7961. 

E f f e t s  de l'ac6tylcholine et de la fr6quence de 
st imulat ion s u r  l e  potentiel d'action et s u r  l a  

contraction de l'oreillette gauche du rat 

L ' e f f e t  i n o t r o p e  de  l ' a c ~ t y l c h o h n e  (ACh) su r  le myo-  
ca rde  d 6 p e n d  de  la  f r6quence  des  c o n t r a c t i o n s .  Ainsi ,  
l ' o re i l t e t t e  g a u c h e  du  cceur  de  r a t ,  s t imu l6e  in  vitro ~ la  
f r6quence  de  2,4]sec, es t  p lus  f o r t e m e n t  i nh ib6e  p a r  I 'ACh  
qu'& la  f r6quence  de 0 ,1 / sec l ;  Fac t ion  de  I 'ACh s u r  tes 
c o n t r a c t i o n s  de  f r6quence  encore  p lus  basse  es t  fa ib le  
ou  nul le .  

VAUGHAN WILLIAMS 2 a m o n t r 6  que  le p o t e n t i e l  d ' a c t i o n  
des  ore i l le t tes  du  l a p i n  e s t  t o u j o u r s  modif i6  sous Fac t i on  
de  I 'ACh,  m ~ m e  apr~s  u n  a r r~ t  de  longue  dur6e,  a lors  
que  la  force de  la  c o n t r a c t i o n  de repr i se  e s t  r e l a t ive -  
m e n t  g rande .  I1 cons t a t e ,  clans u n  t r a v a i l  u l t6 r l eu r  a, 
l ' ex i s t ence  d ' u n e  co r r e l a t i on  e n t r e  la  force de  c o n t r a c t i o n  
e t  ta dur6e  d ' u n  pos t -po ten t i e l .  

Nous  a v o n s  e x a m i n 6  les effets  de  I 'ACh su r  la force de  
c o n t r a c t i o n  e t  su r  le p o t e n t i e l  d ' a c t i o n  in t r ace l lu l a i r e  de  
l 'o re i l le t te  g a u c h e  isol6e d u  ra t ,  p r6par6e  selon une  t ech -  
n i q u e  d6cr i te  p r 6 c 6 d e m m e n t  ~. L a  p r 6 p a r a t i o n  a 6t6 s t i -  
mul6e  61ec t r iquement  ~ la  f r6quence  de 2,2/see. Les  
r6percuss ions  de  d ivers  t e m p s  d ' a r r ~ t  su r  la  c o n t r a c t i o n  
de repr i se  e t  su r  le p o t e n t i e l  d ' a c t i o n  o n t  6t6 6tudi6es  
sans  e t  avec  a d j o n c t i o n  d ' A C h  (Figure) .  
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Effets des changements de l'intervalle entre les stimulations sur le 
potentiel d'action intracellulaire (enregistrements a e t  b) et sur la 
force de contraction (enregistrements c et d) de l'oreiltette gauche du 
rat. (a), (c) sans ac6tylcholine, (b), (d) avec ac~tylcholine 10-~M. 

Los chiffrcs indiquent, err secondes, la duroc de l'intervalle. 

(a) Sans A Ch. U n  a r r~ t  de 8 sec a f o r t e m e n t  accdl6rd 
la  p h a s e  in i t i a le  de  la  r epo la r i sa t ion .  U n e  p r o l o n g a t i o n  
de  l ' a r r 6 t  a encore  a c c e n t u 6  ce t  effet ,  le m a x i m u m  6 t a n t  
a t t e i n t  ~ 30 see e n v i r o n .  E n  r e v a n c h e ,  la  p h a s e  t e r m i n a l e  
de  la  r epo l a r i s a t i on  a 6t6 r a l en t i e  p a r  l ' a r r d t :  sa  courbe ,  
qu i  a p r6sen t6  une  c o n c a v i t 6  ve r s  le h a u t  lo rsque  la  pr6-  
p a r a t i o n  6 t a i t  s t imu l6e  A la  f r6quence  de  2,2/see, es t  
d e v e n u e  c o n v e x e  apr~s  u n  a r r~ t  de  8 sec;  ce t  e f fe t  a 
a u g m e n t 6  lots  d ' u n e  prolongation de l ' a r r d t  au-del& de 
30 sec a lors  que  la  force de  c o n t r a c t i o n  qu i  s ' 6 t a i t  6gale- 
m e n t  acc rue  a v a i t  d6]h a t t e i n t  son  m a x i m u m .  

(b) Avec acdtylcholine h 10 -s 214. L ' A C h  a d i m i n u 6  la  
force de c o n t r a c t i o n  e t  r accourc i  la  dur6e  du  p o t e n t i e l  
d ' a c t i o n  de  l ' o re i l l e t t e  s t imul6e  £ la f r6quence  de  2,2/sec. 
C e p e n d a n t ,  apr&s 1 m i n  d ' a r r~ t ,  la  force a ins i  clue la  
duroc  de  la  c o n t r a c t i o n  de  repr i se  o n t  6t6 i d e n t i q u e s  
avec  e t  sans  ACh.  

L ' A C h  n ' a  donc  pas  agi  sur  la  c o n t r a c t i o n  qu i  s u i t  u n  
a r r~ t  s u f f i s a m m e n t  long  b i en  qu ' e l l e  n i t  r accourc i  le 
p o t e n t i e l  d ' ac t ion .  Quelle  q u ' a i t  6t6 la  dur6e  de  l ' a r r e t  - 
ffit-elle m6me  de 5 m i n  - la r epo l a r i s a t i on  a 6t6 accdldr~e 
p a r  I 'ACh.  

Ces exp6r iences  sugg~ren t  que  l ' e f fe t  de  I 'ACh su r  la  
force de c o n t r a c t i o n  de l 'o re i l le t te  du  r a t  n ' e s t  pa s  li6 
a u x  mod i f i ca t ions  du  p o t e n t i e l  d ' a c t i o n  qu 'e l le  p rovoque .  
E n  effet ,  la  c o n t r a c t i o n  qu i  su i t  u n  a r r~ t  s u f f i s a m m e n t  
long  n ' e s t  pa s  inh ib~e  p a r  I 'ACh 10 -5 M b ien  que  le 
p o t e n t i e l  d ' a c t i o n  subisse  le r a c c o u r c i s s e m e n t  ca rac -  
t~r is t ique) .  

Summary. T h e  force of c o n t r a c t i o n  of t h e  i so la ted  lef t  
aur ic le  of t h e  r a t  cou ld  n o t  be  co r re l a t ed  to  t h e  d u r a t i o n  
of t he  i n t r a c e l l u l a r  ac t ion  po ten t i a l ,  if s t imu l i  were  spaced  
a t  i n t e rva l s  of 30 sec or  more .  W i t h  these  long  in te rva l s ,  
ace ty l cho l ine  h a d  no  i no t rop i c  effect  b u t  st i l l  s h o r t e n e d  
t he  ac t ion  po ten t i a l .  

F. BAUMANN 

Institut de Physiologic de l'Universitd de GenOve (Suisse), 
le 72 septembre 1961. 
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A P o s s i b l e  R o l e  for Histamine in L a r v a l  G r o w t h  

T h e r e  a re  some 25 k n o w n  bio logica l  r e a c t i o n s  w h e r e  t h e  
e n z y m e  d e c a r b o x y l a s e  is needed .  Of t he se  r eac t ions ,  a t  
l eas t  9 a re  i n v o l v e d  in t h e  t r a n s f o r m a t i o n  Of a n  i m m e d i a t e  
p r e c u r s o r  i n to  a n  ac t ive  a m i n e  1. I n  t h i s  g r o u p  t h e r e  a re  

i m p o r t a n t  b io logica l ly  ac t ive  d i a m i n e s  such  as  h i s t a m i n e  
a n d  s e r o t o n i n e  w h i c h  a r e  d e c a r b o x y l a s e - d e p e n d e n t  for  
t h e i r  syn thes i s .  The  c o - e n z y m e  of d e c a r b o x y l a s e  is py r i -  
d o x i n e  a n d  t h e  absence  of t h i s  v i t a m i n  in  t h e  d i e t  

x W. CLARK, Circ. Res. 9, 721 (1961). 
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results in decarboxylase  inac t iva t ion  ~. Similar ly  sub-  
s tances  which  compe te  wi th  pyr idox ine  inhib i t  decar-  
boxylase  s. These  substances  have  a m u c h  fas ter  ac t ion  
t h a n  depr iv ing  the  organism of pyr idox ine  a,~. Unfor-  
t una te ly  these  inhibi tors  such as semicarbazide  or  deoxy-  
pyr idoxine ,  lack specif ici ty and  h a v e  l imi ted  va lue  in 
assessing the  role of var ious  decarboxylase-depending  
substances  on dif ferent  physiological  mechanisms.  H o w -  
ever, in deal ing wi th  d iamines  advan tage  can be t aken  
of t he  fact  t h a t  these  substances  are  t r ans formed  into  
re la t ive ly  inac t ive  p roduc t s  by  var ious  enzymes  including 
d iamineoxydase  (histaminase) which  is inhib i ted  by  
aminoguanidine~,L By  using these  inhibi tors ,  KAHLSON 
and h i s  group were  able  a f te r  m a n y  e labora te  and  well 
coord ina ted  studies,  to a t t r i bu t e  to h i s t amine  a seemingly  
d i rec t  role for a l l  m a m m a l i a n  g rowth  processes s. KAHLSON 
and ROS~NGREN ex tended  these  s tudies  to  vege tab les  and 
the i r  resul ts  also f avour  t he  impor tance  of h i s tamine  in 
growth. 

Knowing the vital importance of histidine I°, the 
immedia t e  precursor  of h is tamine ,  and also of pyr idoxine  
in la rva l  g rowth  of Tribolium con[usum we inves t iga ted  
the  effect  of a l te ra t ions  in h i s tamine  metabo l i sm on this 
phenomenon .  

Experimental Procedure. The  an imal  used was Tribolium 
con/usum. The  basal  diet  was composed of whole whea t  
flour wi th  5% dried brewer ' s  yeas t  n. Fo r  all  substances  
s tudied 30 larvae  were used. These larvae  were d iv ided  
into 3 groups kep t  a t  a t empera tu re  of 28 :t: 1 ° C and 
re la t ive  h u m i d i t y  of 70 :k 5%. The number  of  la rvae  
t r ans fo rmed  in to  pupae  were counted  s ta r t ing  on the  
16th  day.  F i v e  expe r imen t s  were done s imul taneously .  

I n  experiment 1, six groups were  used wi th  respec t ive ly  
0.001%, 0.01%, 0.1%, 2% and 4% aminoguanid ine  added  
to  the  diet ;  in expe r imen t  2, ~our groups were  used wi th  
respec t ive ly  0.01%, 1%, 1% and 2% of semicarbazide  
added to the  d ie t ;  in expe r imen t  3, four  groups were 
used wi th  respec t ive ly  0.01%, 0.1%, 1% and 2% deoxy-  
pyr idoxine  added  to the  d ie t ;  in expe r imen t  4, two 
groups were used wi th  0.1% aminoguanid ine  and 0.1% 
semicarbazide  toge the r  in the  first group and  0.1% 
aminoguanide  and 0.1% deoxypyr idox ine  toge ther  in the  
second group;  in expe r imen t  5, one group was used wi th  
0,005% semica rbaz ide  and  0.005% deoxypyr idox ine  
added  toge the r  to  t he  diet .  

Results. E x p e r i m e n t  1 : EHect o~ arninoguanidine on larval 
development. I t  is possible wi th  th is  substance to  comple-  
t e ly  inh ib i t  t he  ac t i v i t y  of d iamine  oxydase  in mammals .  
I t  is shown in Figure  1 t h a t  4% of aminoguanid ine  in the  
die t  g rea t ly  re tards  growth  wi thou t  being lethal .  Fu r the r -  
more  concent ra t ions  of this subs tance  400 t imes  smaller,  
t h a t  is 0.01%, h a v e  a h ighly  s ignif icant  effect on growth.  
Consequent ly  aminoguanid ine  marked ly  inhibi ts  l a rva l  
d e v e l o p m e n t  bu t  is non-toxic ,  

z W. H. SEBRELL and R. S. HARRIS, The Vitamins, vol. III (Aca-. 
demic Press, 1954). 
W. W. UMBREtT and J. G. WAI~DELL, Prec. See. exp. Biol. Med. 
70, 293 (1949}. 

4 R. E. PARKS JR., G. ~¢V. KIDDER, and V. C. DEWEY, Prec, Soc. exp. 
Biol. Mcd. 79, 287 (1952). 

S R. J.  WILLIAMS, R. E. EAKIN, E. BEERSTECHER, artd X. SHIVEW, 
The Biochemistry o/the B Vitamins (Reinhold, New York 1950). 

6 E. A. ZXLLER, Helv. chim. Acta ~I, 880 (1938). 
7 Vv'. SCHULER, Exper. 8, 230 (1952). 
8 G. KAHLSON, Lancet 1960, 68. 
9 G. KAHLSON and E. ROSENGREEN~ J, Physiol. 164, ~ (1960). 

x0 A. LEMONDE and R. BERNARD, Can. J. Zool. ~9, 80 (1951)'. 
xx L. HUOT and W. CORRIVEAULT, Arch, int. Physiol. Biochim. 68, 

577 0960). 

lOO/~ Aminoguanidine 0,01°/o 0.1% 1% 

~ 80 

~ 70~ 

.0 0 ) 2  o ~ aa 

N 

~o z5 3o 3S ~o .............. A ~o ~5 
Larval stage(in days) 

Fig. ]. Effect of aminoguanidine on larval stage of T r i b o l i u m  con-  
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Fig. 2. Effect of semicarbazide used alone or with dcoxypyridoxine on larval stage of Tribolium conjusum. Fig. 3. Effect of deoxypyridoxine 
on larval stage of Tribolium con/usum. Fig. 4. Effect of aminoguanidine combined with semicarbazide or with deoxypyridoxine on larval 

stage of Tribolium confusum. 
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E x p e r i m e n t  2: E//ect o[ semicarbazide on larval develop- 
ment. This subs tance  is k n o w n  to  inhibi t  a va r i e ty  of 
enzymes  of which  deca rboxy lase  and also h i s taminase ,  I t  
is poss ib ly  for th is  reason t h a t  the  ra te  of excre t ion  of 
h i s t amine  in m a m m a l s  is no t  grea t ly  modif ied.  In  o the r  
words b o t h  the  ra te  of h i s t amine  fo rma t ion  and  des t ruc-  
t ion would  be lowered so t h a t  the  avai lable  h i s t amine  
would  remain  re la t ively  unchanged .  In  Figure  2 we see 
t h a t  semicarbaz ide  has  ve ry  l i t t le effect  on growth,  
Howeve r  a t  h igher  doses, i.e. a t  1%, i t  was found  to be 
100% toxic  to  larvae.  

E x p e r i m e n t  3: E[/ect o/ deoxypyridoxine on larval 
growth. This  subs tance  is k n o w n  to  be p o t e n t  a n t i m e t a -  
bot i te  of pyr idoxine .  I t s  p resence  in a diet  would  inh ib i t  
all deca rboxy lase  including the  one for h is t id ine  and  
would  there fore  in ter fere  wi th  the  fo rma t ion  of amines  
such  as h i s t amine ,  serotonine ,  etc.  F igure  3 shows t h a t  
d e o x y p y r i d o x i n e  has  some effect  on larval  g rowth  b u t  
t h a t  th is  effect  is not  i n d e p e n d e n t  of a s imul t aneous  
toxic  ac t ion  con t r a ry  to  aminoguan id ine .  Indeed  a t  
2%,  d e o x y p y r i d o x i n e  r e t a rds  g rowth  b u t  a t  the  same 
t ime it is le thal  to a b o u t  66~o of the  larvae  as shown  in 
Figure 3. 

E x p e r i m e n t  4: Effect o/ aminoguanidine combined w, ith 
semicarbazide or deoxypyridoxine on larval growth. The 
purpose  of th is  s t u d y  was to  find ou t  if the  effect  of amino-  
guanid ine  on larval  growth ,  which  is p r e s u m a b l y  due to 
h i s t amine  accumula t ion ,  could be p r e v e n t e d  by  in- 
h ib i t ing  s imul taneous ly  the  t r an s fo rma t ion  of h is t id ine  
into h is tamine .  Figure 4 shows t h a t  semicarbaz ide  a lmos t  
comple te ly  p reven t s  the  effect  of aminoguan id ine  on 
p u p a t i o n  and  d e o x y p y r i d o x i n e  exer t s  a s imilar  act ion.  
I t  should  also be m e n t i o n e d  t h a t  b o t h  these  subs tances  
are s l ight ly  more  toxic  when  used in associat ion wi th  
aminoguan id ine  t h a n  when  used alone as m a y  be seen 
by  compar ing  Figure 3 and 4. 

E x p e r i m e n t  5: E//ect o~ semicarbazide combined with 
deoxypyridoxine on larval growth. As shown in Figure 2 
semicarbaz ide  and  deoxypy r idox ine  po t en t i a t e  one- 
ano the r  and  r e t a rd  pupa t i on  at  doses where  used sepa- 
ra te ly  these  subs tances  are re la t ively  inact ive.  This  
resul t  in the  l ight  of the  above  men t ioned  expe r imen t s  
would seem to indicate  t h a t  in ter ference  wi th  amine  
fo rma t ion  resul ts  in inhib i t ion  of larval  growth.  

Discussion. In  m a m m a l s  h i s t amine  has  ma rked  effect  
on s m o o t h  muscles  and  exer t s  s t rong  ac t ions  on the  
card iovascular  sys tem.  GILMOUR believes t h a t  this  amine  
canno t  have  m u c h  effect  on insects  ~2. Howeve r  since 
bo th  his t idine,  the  immed ia t e  precursor  of h i s tamine ,  and  
pyr idoxine ,  the  coenzyme of decarboxylase ,  are essent ia l  
in Tribolium con/usum and  since as pos tu l a t ed  by  
KAHLSON h i s t amine  could be involved in all g rowth  pro-  
cesses, its impor t ance  in larval  g rowth  was inves t iga ted .  

Two m e t h o d s  of app roach  were used in th is  s t u d y  which  
consis ted  first  in in ter fer ing  wi th  h i s t amine  des t ruc t ion  
by  using aminoguan id ine  and  in the  second case in 
p r e v e n t i n g  h i s t amine  fo rma t ion  by  deca rboxy lase  inhi-  
bi tors  such as d eo x y p y r i d o x i n e  or semicarbazide .  Our 
resul ts  show t h a t  aminoguanid ine ,  possibly by  inh ib i t ing  
h i s t aminase  and  consequen t ly  increas ing h i s t amine  con- 
c e n t r a t i o n ~ ,  has  a ma rk ed  effect  on larval  growth .  This  
effect  is non toxic  since even  at  quan t i t i e s  400 t imes  
h igher  t h a n  the  m i n i m u m  requ i red  effect ive  dose for 
s lowing of larval  growth ,  t he  larvae  are all t r a n s f o r m e d  
even tua l ly  in to  pupae.  I t  seems t h e n  t h a t  excess  h i s ta -  
mine  r e t a rds  larval  g rowth .  W h e n  a t t e m p s  were m a d e  
to inh ib i t  h i s t amine  fo rma t ion  it was  found t h a t  th i s  
p rocedure  did no t  af fect  g rowth  s igni f icant ly  w i t h o u t  
becoming  toxic.  KAHLSON found t h a t  in te r fe rence  wi th  
h i s t amine  fo rma t ion  in m a m m a l s  p r e v e n t s  fe tus  deve lop-  
m e n t  s . Our s tudy  shows the  same p h e n o m e n o n  to  be t rue  
in insects .  I t  would be in te res t ing  to  see if excess h i s t amine  
woutd r e t a rd  g ro w t h  in m a m m a l s  as i t  does in insects .  

I t  was shown recen t ly  t h a t  reserp ine  inh ib i t s  his-  
t aminase  ac t iv i ty  to  t he  same e x t e n d  t h a n  amino-  
guanid ine  14. On the  o the r  h a n d  two of us have  shown 
recen t ly  t h a t  reserpine  inh ib i t s  la rva l  g ro w t h  n.  Vehen 
the  effect ive  co n cen t r a t i o n  of reserpine  and  amino-  
guan id ine  needed  for r e t a r d a t i o n  of larval  g ro w t h  are  
c o m p a r e d  it is fi ;und t h a t  b o t h  subs t ances  are ac t ive  a t  
the  same concen t ra t ion ,  i .e.  a p p r o x y m a t e l y  0,01% in diet .  
I t is t hen  possible t h a t  bo th  reserpine  and  aminoguan id ine  
r e t a rd  larval  g rowth  because t h e y  increase h i s t amine  
concen t ra t ions .  

Rdsumd, Le r61e possible de l ' h i s t amine  au cours de la 
eroissanee larvai re  a 6t6 6tudi6. L ' i nh ib i t i on  de l ' oxydase  
des d iamines  au moyen  de l ' aminoguanid ine ,  a f o r t e m e n t  
ra lent i  la croissance larvaire  du Tribolium con[usum. Cette  
subs tance ,  c ependan t ,  ne s 'es t  pas  av6r6e toxique .  
D ' au t r e  p a r t  l ' inh ib i t ion  des d6carboxylases  pa r  le semi-  
ca rbaz ide  ou le d eo x y p y r i d o x i n e  ne modif ie  pas  la crois- 
sance sans deven i r  toxique.  
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A d r e n e r g i c  B l o c k i n g  A c t i o n  of C y s t e a m i n e  

I t  had  been found  previous ly  t h a t  cys t eamine  p ro t ec t s  
r a t s  sub jec ted  to  ex t r eme  hypox i a  (baromet r ic  pressure  
141 m m  Hg,  pO 2 30 m m  Hg) and  prolongs  the  surv iva l  
t ime  (unpubl i shed  data) .  In  t he  p r e sen t  expe r imen t s ,  
ev idence  is p r e sen t ed  t h a t  cys t eamine  has  an adrenerg ic  
b locking act ion and  causes  a rise in blood pressure  of the  
ra t  by  itself. 

R a t s  of bo th  sexes (170 to  210 g) were  used and  an-  
aes the t i zed  wi th  u re thane .  The  blood pressure  was re- 

corded  t h ro u g h  a cannu la  which  was  inse r ted  in to  the  
caro t id  a r t e ry  and  connec ted  wi th  a me rcu ry  m a n o m e t e r .  
A smal l  p o l y t h e n e  eannula ,  0.5 m m  in d iamete r ,  was  in- 
se r ted  in to  t he  jugu la r  vein and  was  used for in jec t ing  
drugs.  In  an o t h e r  group  of animals ,  cy s t eamine  was  in- 
j ec ted  in t r avenous ly  in a dose of 120 mg/kg,  and  1 h la ter  
these  an imals  were sacrificed.  The  adrena ls  were t a k e n  
ou t  and  the  a m o u n t  of ca t echo lamines  in t he  adrena l s  was 
e s t ima ted  biologically by  ra t  blood pressure.  The  ac t ion  of 
cys t eamine  on the  hyperg lycemic  effect  of adrena l ine  was  
s tud ied  in rabbi t s .  Fo r  p roduc ing  hyperg lycemia ,  ad ren -  


