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L ' a c c o u t u m a n c e  a u x  e x c i t a n t s  6tudi6s s ' e f fec tue  p a r  la  
d i spa r i t i on  des  t roub le s  resp i ra to i res  e t  des m o u v e m e n t s  
de l ' a n i m a l  d a n s  la cage ac tog raph ique ,  mais  auss i  p a r  
une  a u g m e n t a t i o n  m a r q u 6 e  des  g r o u p e m e n t s  - S H  n o n -  
p ro t6 iques  ( +  35,8%) e t  une  baisse  accen tu6e  des  
g r o u p e m e n t s  - S H  t o t a u x  e t  p ro t6 iques  (-- 12 ~ -- 18 ,9% ; 
P < 0,01). E n  ce qui  conce rne  la glyc6mie,  on  ass is te  ~ une  
t e n d a n c e  c o n t i n u e  vers  la  normale ,  ma i s  m 6 m e  chez  
l ' a n i m a l  d6j~. a c c o u t u m 6  elle res te  p lus  61ev6e (+  13%)  
que  la n o r m a l e  (0,02 > P > 0,01). 

Nous  ne  p o u v o n s  pas  encore  d o n n e r  une  i n t 6 r p r 6 t a t i o n  
sa t i s f a i s an t e  des p h 6 n o m ~ n e s  observ6s.  Mais  l ' a u g m e n t a -  
t i on  progress ive  des g r o u p e m e n t s  - S H  non-p ro t6 iques ,  
p e n d a n t  le d 6 r o u l e m e n t  d ' a c c o u t u m a n c e  £ u n  e x c i t a n t  
n o u v e a u ,  nous  c royons  p o u v o i r  l ' a t t r i b u e r  ~ la d 6 n a t u r a -  
t ion  r6vers ib le  des pro t6 ines ,  p h 6 n o m ~ n e  d6cr i t  auss i  p a r  
NASONOM lZ e t  UNGAR 18. 

E n  conclus ion,  nous  a v o n s  cons t a t6  que  le ref lexe 
d ' o r i e n t a t i o n  ~. u n  n o u v e l  e x c i t a n t  d 6 t e r m i n e  une  a u g m e n -  
t a t i o n  de la  glyc6mie e t  des g r o u p e m e n t s  - S H  n o n -  
p ro t6 iques  du  sang,  a ins i  q u ' u n e  baisse  des  g r o u p e m e n t s  

- S H  t o t a u x  e t  p ro t6 iques .  P e n d a n t  la d i spa r i t i on  du  re-  
f lexe d ' o r i e n t a t i o n  k la su i te  de l ' a c c o u t u m a n c e ,  les 
g r o u p e m e n t s  - S H  non -p ro t6 iques  r e s t e n t  les p lus  affect6s.  

S u m m a r y .  The  o r i e n t a t i o n  reflex, to  a new mil ieu,  
causes  increase  of t h e  g lycemia  a n d  t h e  n o n - p r o t e i n  - S H  
groups ,  a n d  a d i m i n u t i o n  of t h e  p r o t e i n  a n d  t o t a l  - S H  
groups  of r a b b i t ' s  blood.  

E.  A. PORA, MIRCEA PoP,  
e t  N. FABIAN 

Chaire de Phys io logic  an imale  de l' Univers i td  
de C lu j  (Roumanie) ,  le 21 ddcembre 7964. 

12 D. N. NASONOV, Rdaction locale du protoplasma et transmission de 
l'excitation (en russe) (Ed.: MEDOIZ, Moseou 1959). 

is G. UNGAR, Le probl~me de l'dvolution ]onctionnelle et l'enzymochimie 
du procds de l'excitation (en russe) (Ed.: MEDOIZ, Moscou 1961). 

Transmitter  Release in the Rat Diaphragm 
During Tetanic Nerve St imulat ion 

I n  cu ra r i zed  m a m m a l i a n  muscle  severa l  i nves t i ga to r s  
h a v e  obse rved  a progress ive  decl ine in r e p e t i t i v e l y  evoked  
e n d p l a t e - p o t e n t i a l s  (EPPs )  f rom t he  onse t  of t he  t e t a n i c  
s t i m u l a t i o n  per iod  1-3. As t he  s ens i t i v i t y  of t he  endp la t e  
m e m b r a n e  to  ace ty lcho l ine  (ACh) seems to be u n c h a n g e d  
d u r i n g  sho r t  per iods  of r e p e t i t i v e  t r a n s m i t t e r  ac t ion  4,s, 
a n d  as t he  E P P s  seem to be a p p r o x i m a t e l y  p r o p o r t i o n a l  
to  t he  a m o u n t  of t r a n s m i t t e r  l i be r a t ed  6, t h i s  a m p l i t u d e  
r e d u c t i o n  is usua l ly  p r e s u m e d  to i nd i ca t e  a d i m i n u t i o n  
of t h e  pe r  impu l se  release of ACh f rom the  n e r v e  ter -  
m i n a l s  *,7,s. Th i s  ha s  b e e n  i n t e r p r e t e d  as a phys io log ica l ly  
s ign i f i can t  p h e n o m e n o n  4,6, a v iew which ,  however ,  ha s  
been  cal led in  ques t i on  b y  NAESS s, since t he  decl ine  in 
E P P s  is seen in  p r e p a r a t i o n s  p r e t r e a t e d  w i t h  d - tubo-  
cura r ine ,  a s u b s t a n c e  w h i c h  seems to  in te r fe re  w i t h  pre-  
s y n a p t i c  e v e n t s  9-12. (For  a more  de t a i l ed  d iscuss ion  see 
LILLEHEIL a n d  NAESSg.) W h e n  h i g h  m a g n e s i u m  or low 
ca lc ium c o n c e n t r a t i o n s  are  used to  p r e v e n t  t he  i n i t i a t i o n  
of musc le  con t r ac t i on ,  t he re  is on  t he  c o n t r a r y  a n  in i t i a l  
p o t e n t i a t i o n  of successive E P P s  in a t e t a n i c  t ra in .  A 
r ea sonab le  e x p l a n a t i o n  of th i s  o b s e r v a t i o n  seems to  be  
t h a t ,  due to  h i g h  m a g n e s i u m  a n d  low ca lc ium c o n c e n t r a -  
t ion ,  a smal le r  f r ac t i on  of t he  ava i l ab le  ACh is re leased  b y  
each  impul se  t h a n  in the  n o r m a l  or cu ra r i zed  p r e p a r a t i o n .  
The  n e r v e  t e r m i n a l s  are t h u s  spa red  for  the  serious t r a n s -  
m i t t e r  dep le t ion  f rom wh ich  t h e y  p r o b a b l y  suffer  in  
cu ra r i zed  p r e p a r a t i o n s  ~,s. Th i s  h y p o t h e s i s  p resupposes  
t h a t  t h e  a m o u n t  of ava i l ab le  ACh is r o u g h l y  t h e  same  in 
t he  d i f f e ren t  e x p e r i m e n t a l  s i t u a t i o n s  m e n t i o n e d .  T he  
m e c h a n i s m s  concerned  w i t h  m ob i l i z a t i on  and  release of 
t r a n s m i t t e r  are  m o s t  p r o b a b l y  in f luenced  b y  t he  sub-  
s tances  used.  An  a t t e m p t  was the re fo re  m a d e  to  inves t i -  
ga te  t e t a n i c  series of E P P s  w i t h o u t  a d d i n g  a n y  m o d i f y i n g  
agents .  Th i s  is desc r ibed  cursor i ly  in  t he  following. 

Us ing  the  m e t h o d  f i rs t  desc r ibed  b y  ]~ARSTAD 11, in 
wh ich  t h e  muscle  f ibres  of a n  i so la ted  r a t  d i a p h r a g m  s t r ip  
were cu t  t r a n s v e r s a l l y  on  e i t he r  side of t he  e n d p l a t e  

region,  i t  is poss ible  w i t h i n  a l imi ted  t i m e  pe r iod  ( a b o u t  
30 120 ra in  a f t e r  cu t t ing )  to  m a k e  i n t r a c e l l u l a r  r ecord ings  
of E P P s  w i t h o u t  t he  d i s t u r b i n g  effect  of musc le  con t r ac -  
t ions  (Figures  1, 2, a n d  3). The  fol lowing c r i t e r i a  show 
t h a t  the  r ecorded  p o t e n t i a l s  rea l ly  are E P P s :  (i) Min ia -  
t u r e - e n d p l a t e  p o t e n t i a l s  ( m E P P s ) ,  i n d i c a t i n g  t h a t  t he  
e lec t rode  is s t a n d i n g  a t  o r  close to  t he  endp la t e .  (if) Sum-  
m a t i o n  of two  impulses  in qu i ck  succession.  (iii) E longa -  
t i on  of t he  p o t e n t i a l s  (Figure  3 B a n d  C) a f t e r  a d d i t i o n  of 
a n  a c e t y l c h o l i n e s t e r a s e - i n h i b i t o r  (pros t igmine) .  

F igure  1 shows record ings  of i nd i r ec t l y  evoked  t r a i n s  
of E P P s  a t  50/sec (B) a n d  100/sec (C) l a s t i ng  a b o u t  5 sec 
each.  The  in i t ia l  phase  of each  t r a i n  is c h a r a c t e r i z e d  b y  
a 10 20% fall  in  t h e  E P P  a m p l i t u d e  fol lowed b y  a g r a d u a l  
increase ,  wh ich  to  some e x t e n t  depends  on  t h e  s t i m u l a t i o n  
f r equency .  On  f u r t h e r  s t i m u l a t i o n  t h e r e  is a g r a d u a l  de-  
cl ine in t he  a m p l i t u d e  of t he  E P P s ,  w h i c h  reaches  ha l f  t he  
or ig ina l  va lue  in  a b o u t  5 ra in  a t  a f r e q u e n c y  of 50/sec 
(F igure  2). 

I t  was  checked  a t  h i g h e r  sweep ve loc i ty  t h a t  no  pre-  
s y n a p t i c  fa i lure  18 was p resen t .  F r o m  f ibre  to  fibre,  on ly  

1 A. W. LILEV and K. A. K. NORTH, J. Neurophysiol. /6, 509 (1953). 
A. LUNDBERG and H. QUILISCH, Acta physiol, scan& 30, Suppl. 
111, 111 (1953). 

a j .  I. HUBBARD and W. D. WILLIS, J, Physiol., Lond. 163, 115 
(1962). 

40 .  F. HUTTER, J. Physiol., Lond. 118, 216 (1932). 
5 M. OTSUKA, M. ENDO, and Y. NOSOMURA, Jap. J. Physiol. 12, 573 

(1962). 
s j .  C. EecLEs, The Physiology ol Synapses (Springer Verlag, Beflin- 

G6ttingen-Heidelberg 1964). 
7 j .  C. ECCLE$, B. KATZ, and S. KUFFLRR, J. Neurophysiol. 4, 363 

(1941). 
s K. NARSS, Acta pharmaeol, toxicol. 8, 400 (1952). 
9 G. LILLEHEIL and K. NxEss, Acta physiol, scand. 52, 120 (1961). 

10 W. F. RIKER JR., J .  ROBERTS, F. G. STANDAERT, and  H. FUJIMORI, 
J. Pharmaeol. 121, 286 (1957). 

11 j .  A. B. BARSTAD, Exper. 18, 579 (1962). 
12 j .  I. HUBBARD and R. F. SCRmDr, Nature 191, 1103 (1961). 
18 K. KRNJrVld and R. MIL~DI, J. Physiol., Lond. 140, 440 (1958). 
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Fig. 1. Intracellular recordings of membrane and endplate-potentials 
(EPPs) from isolated rat diaphragm in Tyrode solution at 37~C 
after transversal cutting of the muscle fibres on either side of the 
endplate region. - The approximate length of the muscle fibres after 
cutting was 5 ram. A glass microelectrode filled with 3 molar KCI 
solution and with a resistance of 10 M~:2 was used. The phrenic nerve 
was stimulated with supramaximal rectangular pulses of 0.05 msec 
duration. The uppermost trace in each recording represents the zero 
reference (the potential of the bath fluid). In A, membrane potential 
and EPP 70 rain after cutting. Stimulation frequency, 0.5/sec. In B 
and C, trains of EPPs at frequencies of 50/sec and 100]sec respec- 
tively. B recorded 1 rain after A, C 2 min after B. Voltage scale: 

10 mV. Time scale : 2 msec (A) and 1 sec (B and C). 

minor  var ia t ions  were seen in th is  pa t t e rn ,  w h i c h  was  
unaffec ted  by  change  of b a t h  fluid f rom T y ro d e  (Figure  1) 
to Ringer -Locke  (Figure 2) solution.  The obse rva t ions  are 
in ag reemen t  wi th  the  f indings of LILLEI4EIL and  NAESS g 
t h a t  the  ampl i tude  of the  ex t race l lu lar  E P P s  recorded  in 
the  i n t roduc to ry  phase  of curar iza t ion  are well m a i n t a i n e d  
dur ing  shor t  per iods  of t e tan iza t ion .  

I t  is assumed t h a t  a f ter  cu t t ing  and  s u b s e q u e n t  g radua l  
depolar izat ion,  the  pe rmeab i l i ty  change  in the  endp la t e -  
m e m b r a n e  caused by a cer ta in  a m o u n t  of ACh is approx i -  
ma te ly  normal .  The reduced  ampl i tudes  of the  E P P s  are  
p robab ly  ma in ly  due  to  t he  a l te red  ionic d i s t r i bu t i on  w i t h  
reduced e lect rochemical  d r iv ing  forces. Therefore  t he  
pos t synap t i c  mechan i sm of the  E P P  reduc t ion  in th i s  case 
cer ta inly  differs f u n d amen t a l l y  f rom the  m e c h a n i s m  of 
the  pos t synap t i c  curare  act ion.  This  difference,  however ,  
should  be of minor  i m p o r t a n c e  as long as t he  a m p l i t u d e s  
axe t a k e n  as indica t ions  only  of re la t ive  a m o u n t s  of  ACh 
l ibera ted per  impulse  in a t e t an ic  t ra in .  

The possibil i ty exis ts  t h a t  the  nerve  t e rmina l s  could be 
influenced by  a l tered condi t ions  b rough t  a b o u t  by  the  
cu t t ing  procedure.  In  some expe r imen t s  a reduc t ion  in the  
size of the  E P P s  wi th  no parallel  decrease in the  m e m b r a n e  
potent ia l  has  been observed dur ing  low f requency  s t imu-  
lat ion (0.5/see). This  could possibly be exp la ined  as a 
pre- or pos t synap t i c  side effect  of the  e lec t rode  lL bu t  
could also indicate  a reduced  per  impulse  o u t p u t  of ACh 
corresponding to a d iminished nerve  spike ampl i tude  1,, 
which in tu rn  migh t  be due  to  a p r e synap t i c  depolar iz ing 
effect  of the  muscle demarca t ion .  A p r e s y n a p t i c  effect  
of the  cu t t i ng  is also indica ted  b y  the  obse rva t ion  m a d e  
by  RANDI6 and STRAUGHAN 16 of an increased m E P P  fre- 
quency  4--40 min af ter  the  cut t ing .  Collecting ACh over  

i B 

Ilml lit 

Fig. 2. Procedure as in Figure 1, except for use of Ringer-Locke 
solution. In A, membrane potential and EPP 50 min after cutting 
the muscle fibres. Stimulation frequency, 0.5/see. In B, seven frag- 
ments, each of approximately 8 sec duration, from a continuous 
recording of EPPs at a frequency of 50[see. The upper two hori- 
zontal trains with zero reference line represent the first 16 sec of the 
stimulation period. Then follows below from left to right (without 
zero reference) fragments taken 1, 2, 3, 4, and 5 rain after the onset 
of stimulation. Time scale: 2 msec (A) and 1 sec (B). Voltage scale: 

5 mV (the amplitude of the time marker pulses). 
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Fig. 3. Effect of prostigmine on the recorded potentials. From the 
same muscle fibre as in Figure 2 approximately 10 min after the end 
of the tetanic train. Stimulation frequency, 0.5]see. In A, recording 
before prostigmine addition. In B and C, recordings 1 and 2 rain 
respectively after the addition of prostigmine bromide, 2/tg per ml 
bath fluid, Note the elongation of the potential. Time scale: 2 msec. 

Voltage scale: 5 mV (the amplitude of the time marker pulses). 

14 j .  I. HUBBARD and W. D. WILLIS, Nature 193, 1294 (1962). 
IS MIRJANA RANDI(~ and D. W. STRAUOHAN, J ,  Physiol., Lend. 173, 

130 (1964). 
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20 min  per iods  dur ing  s t imula t ion  a t  a f r equency  of 
20/sec, t he  same au thors  found  a r educed  ra te  of ACh 
l ibera t ion  t h e  first  1/2 h af ter  cut t ing.  Af te r  t h a t  t ime,  the  
ACh l ibera t ion  r e tu rned  to a p p r o x i m a t e l y  t he  p r e c u t t i n g  
value.  These t e m p o r a r y  effects  can p r o b a b l y  be avo ided  
w h e n  recordings  are m a d e  a t  la ter  s tages  af ter  cu t t i ng  
(Figures 1 and  2). On the  o the r  hand ,  HUBBARD and  
WILLIS 3 d e m o n s t r a t e d  t h a t  p r e s y n a p t i c  hyperpo la r iza -  
t ion,  t h o u g h  increas ing the  absolu te  E P P  ampl i tudes ,  
did no t  subs tan t i a l ly  c o u n t e r a c t  t h e  progress ive  decline 
of these  a m p l i t u d e s  in curar ized p repara t ions ,  This  seems 
to  rule  ou t  hype rpo la r i za t ion  as an  exp lana t ion  of t he  
differences  b e t w e e n  the  t e t an i c  t r a ins  here  p r e sen t ed  
(Figure 1 B and  C, a n d  F igure  2 B) and  those  seen dur ing  
la ter  s tages  of curar iza t ion .  

I f  t he  records  of t h e  t e t an i c  E P P  t ra ins  p r e sen t ed  above  
give a cor rec t  p ic tu re  of t he  no rma l  course of t r a n s m i t t e r  
release du r ing  t e t an iza t ion ,  t h e  m e c h a n i s m s  invo lved  in  

th is  release a t  t he  m a m m a l i a n  neuro -muscu la r  j unc t ion  
seem to be more  pe r s i s t en t  t h a n  genera l ly  assumed .  

Zusammen[assung. A m  isol ier ten Phrenicus-Zwerchfe l l -  
p f i ipa ra t  der  R a t t e  wurden ,  nach  t r ansver sa le r  Durch-  
schne idung  der  Muskelfasern  auf jeder  Seite der  E n d -  
p la t t enreg ion ,  E n d p l a t t e n - P o t e n t i a l e ,  ohne  Zusa tz  yon  
modi f iz ie renden  Subs tanzen ,  intrazellulSx regis t r ier t .  
W/ ih rend  k u r z d a u e r n d e r  t e t an i sche r  Ne rven re i zung  er- 
wies sich der  Abfal l  der  E P P - A m p l i t u d e n  als une rheb l i ch  
u n d  die F re i se tzung  des neuro-muskulXren  t3bertr i tgers 
Ace ty lchol in  bei  S'gugetieren w/~hrend des Te tanus ,  en t -  
gegen der  gew6hnt ichen  Auffassung,  als o f f enba r  an-  
ha l t ende r .  

G. LILLEHEIL 

Division o/ Toxicology, Norwegian De/ence Research 
Establishment, K~eller (Norway), February 7 5, I965. 

Intestinal Transport  of Glucose and Sodium: 
Changes in Al loxan Diabetes and Effects of 

Insul in 

SOLS 1 has  r epo r t ed  t h a t  insul in s t imu la t ed  glucose ab-  
so rp t ion  f rom in tes t ina l  loops, b u t  i t  has  been  sugges ted  
t h a t  changes  in b lood  sugar  levels m a y  have  been  respon-  
sible for t he  effectS, 3. Insu l in  in v i t ro  failed to  increase 
galactose u p t a k e  by  r ings of h a m s t e r  in tes t ine  4. In  view 
of these  confl ic t ing repor ts ,  i t  seemed of in t e res t  to s t u d y  
effects  of insul in on glucose t r a n s p o r t  in v i t ro  b y  eve r t ed  
s e g m e n t s  of ra t  in tes t ine ,  a p r e p a r a t i o n  free f rom the  in- 
f luences of changes  in b lood compos i t ion  and  flow. Severa l  
r epor t s  indica te  t h a t  glucose abso rp t ion  is increased  in 
a l loxan-d iabe tes  5-7, b u t  resul ts  concern ing  effects  of insu- 
lin again confl ict .  Recent ly ,  i t  has  been  shown t h a t  int i-  
m a t e  re la t ionsh ips  exis t  be tween  in t e s t ina l  t r a n s p o r t  of 
Na  and  glucose "-1°, b u t  the re  appea r  to  be no repor t s  on  
effects  of insul in and  the  a l loxan-d iabe t ic  s t a t e  on Na  
absorp t ion .  Therefore ,  glucose and  Na t r a n s p o r t  in 
a l loxan-d iabe tes  and  the  effects  of insul in in no rma l  and  
d iabe t ic  ra t s  were  s tudied .  

Male H o l t z m a n  ra t s  weighing a b o u t  300 g were used.  
All were  fas ted  for 18 h pr ior  to sacrifice. One 15 cm seg- 
m e n t  of uppe r  j e j u n u m  and  a second of lower j e j u n u m  and  
uppe r  i leum were  t aken  f r o m  each r a t  and  i ncuba t ed  for  
90 rain in a D u b n o f f  shaker .  The buf fe r  was  a Krebs -  
b i ca rbona te  w i t h  glucose 3 mg/ml .  Detai ls  of s egmen t  
p r e p a r a t i o n  and  incuba t ion  appea r  e lsewhere  n.  Al loxan  
was  g iven  b y  ta i l  ve in  a t  a dose of 40 mg/kg  a f te r  a 24 h 
fast ,  Mood sugar  de t e rmined  one week l a te r  and  r a t s  w i th  
values  above  300 m g %  cons idered  diabet ic .  AII were  
sacrif iced 13 or 14 d a y s  a f t e r  a l loxan.  Insu l in  was  ad-  
min i s t e red  in d iv ided  doses,  hal f  as P Z I  18 h before sacri-  
fice and  t h e  res t  as L e n t e  I l e t in  1 h before  sacrifice. 
Glucose in  t he  serosal  (absorbed) fluid was  d e t e r m i n e d  b y  
t h e  Sol~IOGYi m e t h o d  xz and  N a  b y  f lame p h o t o m e t r y .  
Segmen t s  were  dr ied  to  c o n s t a n t  we igh t  and  abso rp t i on  
in F*g/mg t issue  d r y  we igh t  de t e rmined .  

Ef fec t s  of insulin in n o rma l  an imals  a p p e a r  in t he  TaMe. 
The  t e r m  ' a b s o r p t i o n '  m e a n s  ne t  t r ans fe r  f rom mucosa l  
(outer) f luid to  serosal  fluid. The  h o r m o n e  caused  a 
m a r k e d  increase in glucose abso rp t i on  and  a smal l  de-  

Effects of insulin and alloxan diabetes on Na and glucose transport 

Group No, of Glucose Serosal fluid Na Fluid 
seg- absorption glucose con- absorption absorption 
ments (pg]mg]h) centration (#g/rag/h) (mglmg/h) 

(mg/ml) 

Normal 11 48 4- 6 7.4 -t- 0.6 11.8 4- 1.1 4.3 -I- 0.3 

Normal 11 80 4- 5~ 11.3 4- 0.4, 9.0 4- 1.1~ 4.2 4- 0.4 
insulin 
0.75/* 

Normal 6 45 4- 8 7.9 4- 1.5 9.8 4- 2.3 3.5 4- 0.8 
Diabetic 6 96 ~ 5 • 10.8 4- 0.6 • 19.0 :~ 2.1 ~ 7.0 4- 0.7 • 

Diabetic 6 96 4- 8 9.6 4- 0.6 19.1 4- 1.5 7.9 4- 0.6 

Diabetic 8 96 4- 9 11.4 4- 0.7~ 13.7 4- 1.1~ 6.2 4- 0.5 • 
insulin 
0.75]t 

Diabetic 6 80 -b 6 11.1 4- 0.3 12.5 4- 1.6 5.2 4- 0.5 

Diabetic 8 76 4- 7 12.5 -4- 0.5- 9.5 -I- 0.6~ 4.0 4- 0.3~ 
insulin 
2.50/* 

Mean 4-S.E. ~ P <  0.05. 
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