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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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crease in Na absorption. The high final serosal fluid glu- 
cose concentrations seen in the insulin treated rats indi- 
cate a marked increase in the sugar concentrating ac- 
t iv i ty  of the mucosal cells, a process which has also been 
taken to be a measure of sugar transport ~3. Since water 
accompanies Na movement  from mucosal fluid to serosal 
fluid, the small intestine does not concentrate Na, and 
absorption is generally taken as the measure of Na trans- 
port  xs. Segments from alloxan-diabetic rats transported 
more glucose than non-diabetics, confirming the results of 
previous studies. I a  addition, Na transport was approxi- 
mately doubled in the diabetic animals. The final series of 
experiments was concerned with the effect of insulin in 
alloxan-diabetes. Given first at the same dose level em- 
ployed in normal rats (0.75 U/rat) the hormone de- 
pressed Na absorption and increased serosal fluid glucose 
concentration as was observed in normal animals, but  
failed to change glucose absorption. The same results were 
observed in a second group in which insulin was given in 
larger amounts (2.5 U/rat).  The failure of insulin to in- 
crease sugar absorption in alloxan-diabetes may be related 
to decreased fluid absorption, an effect of the hormone 
seen in diabetic but  not  ill normal rats. 

The increases in sugar transport seen in both alloxan- 
diabetic and insulin treated normal rats appears contra- 
dictory. However, the increased glucose and Na transport 
in alloxan diabetes may have been the result of mucosal 
cell metabolic changes compensatory to the renal losses of 
glucose and Na characteristic of the diabetic state. 

SCHULTZ has recently proposed a model system sug- 
gesting linked entry of Na and actively transported sugars 
into the mucosal cell in which Na and the sugar share a 
common carrier 1°. The complex dissociates inside the cell 

and Na is removed by a ' pump'  located at  the serosM sur- 
face of the cell. Sodium removal favors dissociation of the 
common carrier and the sugar probably moves out of the 
celt down its concentration gradient. Changes in alloxan- 
diabetes appear to fit this hypothesis of linked Na and 
glucose entry, since absorption of both is increased. 
However, it appears that  insulin increased glucose trans- 
port by some other pathway, since Na absorption is de- 
creased by the hormone. The decreased Na absorption 
produced by insulin may be accountable to depression of 
dissociation of the Na-carrier-glucose complex by high 
intracellular levels of sugar accumulated under the influ- 
ence of the hormone, reducing the amount  of Na available 
to the serosal 'pump' t4 

Zusammen[assung. Die Natrium- und Glucoseabsorp- 
tion in Diinndarmsegmenten alloxandiabetiseher Rat ten  
war erh6ht. Durch Insulininjektionen wurde bei diesen 
Tieren die Natriumabsorption herabgesetzt, wtthrend bei 
normalen Ratten Insulin die Glucoseabsorption erh6hte 
und die Natriumabsorption erniedrigte. 

K. A. AULSEBROOK 

Department o/Physiology, University Medical Center, 
Little Rock (Arkansas USA), December 23, 1964. 
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Potentiation of Bradykinin and Eledoisin by 
B P F  ( B r a d y k i n i n  P o t e n t i a t i n g  Fac to r )  f r o m  

Bothrops  jararaca V e n o m  

As shown in previous papers from this laboratory ~-a, 
a factor called B P F  (bradykinin potentiating factor), ex- 
tracted from the venom of Bothrops ~araraca, was capable 
of increasing some of the pharmacological activities of 
bradykinin on the guinea-pig ileum, rat  uterus and rabbit 
duodenum, as well as the hypotensive effects of the poly- 
peptides in cats and dogs. ]3PF has no effect upon con- 
tractions elicited by histamine and acetylcholine, and 
little effect on the actions of angiotensin and oxitocin on 
the smooth muscles of the guinea-pig ileum and the rat 
uterus respectively. 

In this paper an analysis of the effects of BPF was 
extended to the polypeptide eledoisin, since it has been 
shown tha t  this substance is more resistant to inactivation 
by plasma enzymes and considerably more active than 
bradykinin on the guinea-pig ileum and blood pressure of 
the cat and the dog4-L 

(a) Experiments on the guinea-pig ileum. The deductions 
as to the potentiat ion of the agonists by BPF  were taken 
after plotting the reciprocals of the effects (l/y) against 
the reciprocals of the doses (I/x) according to the tech- 
nique described previouslyS,L B P F  produced a definite 
potentiating effect upon bradykinin (BRS 640, Sandoz) 
and kallidin (KL 698, Sandoz) responses without any 

apparent action on eledoisin (ELD 950, Sandoz) contrac- 
tions. Figure 1 gives a view of the experimental data  
recorded from two typical experiments. We can see tha t  
bradykinin and kaliidin lines tcmt to displace towards 
eledoisin lines during the t reatment  of the guinea-pig 
ileum with BPF. I t  must be noticed that,  when the con- 
centration of BPF  reached 5/,g/ml,  the sensitivity of the 
isolated preparation to bradykinin and eledoisin was 
almost the same. Concentrations of B P F  up to 10 pg/ml 
did not consistently change the pat tern of responses ob- 
tained with 5 #g/ml. 

(b) Arterial blood pressure experiments. These experi- 
ments were performed on the arterial blood pressure of 
the dog and cat recorded from a common carotid artery 
by means of a mercury manometer. B P F  potentiates the 
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