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Effect  of T e t r o d o t o x i n  on  Ascaris S o m a t i c  M u s c l e  

I t  has  b een  sh o wn  in ce r ta in  ne rve  and  musc l e  t i s sues  
t h a t  t e t r o d o t o x i n  se lect ively  depresses  s o d i u m  conduc-  
t a n c e  rise d u r i n g  ac t ion  po t en t i a l  sp ikes  ~. Cer ta in  prepa-  
ra t ions ,  n o t a b l y  t he  t a en i a  coli of t h e  guinea-p ig ,  t h a t  
show s p o n t a n e o u s  sp ikes  can, however ,  be t r e a t e d  w i th  
large c o n c e n t r a t i o n s  of t e t r o d o t o x i n  w i t h o u t  show ing  
m e a s u r a b l e  c h a n g e s  in spike  he igh t  ", a r e su l t  f avou ra b l e  
to  the  conc lus ion  t h a t  in these  p r e p a r a t i o n s  ca l c ium con- 
d u c t a n c e  a n d  n o t  s o d i u m  c o n d u c t a n c e  is i nvo lved  in t he  
spike.  I t  was  therefore  decided to see w h e t h e r  t e t r o d o t o x i n  
h a d  a n y  effect  on the  po t en t i a l  spikes  t h a t  can  be recorded 
f rom th e  non -myof ib r i l l a r  bellies of Ascaris soma t i c  
musc le  cells. 

Several  Ascaris p revu lva l  p r e p a r a t i o n s  3 t h a t  were 
showing  rel iable  spikes  in a su i tab le  sal ine were t r e a t e d  
w i th  t e t r o d o t o x i n  up  to a c o n c e n t r a t i o n  of 5 • 10 3 g/1. 
I n  no case was  t h e  spike he igh t  or f r e q u e n c y  s ign i f i can t ly  
changed ,  an d  ne i the r  were t h e y  c h a n g e d  w h e n  t he  musc le  

was  w a s h e d  aga in  w i t h  pu re  saline. In  some  e x p e r i m e n t s  
t he  t ox in  was  left  in c o n t a c t  w i th  t he  p r e p a r a t i o n  for 2 h. 
T h e  e f fec t iveness  of t h e  t o x i n  was  checked  pos t -exper i -  
m e n t a l l y  on  frog scia t ic  nerve.  

N e ga t i ve  r e su l t s  f r o m  e x p e r i m e n t s  of th i s  t y p e  m u s t  
be  i n t e rp r e t e d  w i t h  s o m e  c a u t i o n  as the re  are severa l  
m e m b r a n e s  a r o u n d  t he  musc l e  cell bel ly  vis ible  e lec t ron  
microscopica l ly  4 t h a t  could  in ter fere  w i th  t he  p a s s a g e  of 
t he  t ox in  to  t he  si te  of act ion.  However ,  t he  i n s e n s i t i v i t y  
to t e t r o d o t o x i n  wou ld  t e n d  to  conf i rm t h a t  in r e spec t  of 
t he  ionic m e c h a n i s m  of t he  spike  the  Ascaris s o m a t i c  
musc l e  cell is more  ak in  to s m o o t h  musc le  w i th  ca lc ium-  
c o n d u c t a n c e  spike  t h a n  to ske le ta l  musc l e  w i th  s o d i u m -  
c o n d u c t a n c e  spike.  A s e ns i t i v i t y  to  Mn++ ions a t  5 m M  
c o n c e n t r a t i o n  a nd  t he  h igh  va lue  of 22Na loss f rom loaded  
musc le s  (up to 130 p icomoles  c m  2 sec 1) in v ivo  4 as well 
as t he  t ime -c ou r se  of t he  spikes  lend we igh t  to th i s  
sugges t ion .  
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Typical recorils showing inuscle cell potential spikes before (upper) 
and after (lower) of tetrodotoxin to the bathing saline. The COlIcen- 
tration in this cxperinicnt was 5 • 104 g/l, one tenth of that used in 
the most stringent experiment. 

Rdsumd. La  t e t r o d o t o x i n e  ne p r o d u i t  a u c u n  effet  su r  
les po in t e s  de vo l t age  q u ' o n  enreg is t re  d a n s  tes m u s c l e s  
s o m a t i q u e s  de l'Ascaris. Ce fa i t  s ' accorde  avec  I ' hypo-  
thSse que  les ions a u t r e s  que  ceux  du  s o d i u m  son t  les 
po r t e u r s  de charge  p e n d a n t  les po in tes  de vol tage .  
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E n h a n c i n g  Effect  of I n s u l i n  on  E n d o t o x i n  L e t h a l i t y  

W h e n  bac te r i a l  e n d o t o x i n s  are in jec ted  in to  exper i -  
m e n t a l  a n i m a l s  an  initial ,  t r a n s i e n t  h y p e r g l y c e m i a  is 
p roduced ,  followed by  a p r o m p t  fall in blood suga r  to 
h y p o g l y c e m i c  levels. A l t h o u g h  severa l  m e c h a n i s m s  h a v e  
been  su g g es t ed  to a ccoun t  for t he  t ox i c i t y  of l ipopoly-  
sacchar ide  endo tox ins ,  t he  effect  of t hese  a g e n t s  on carbo-  
h y d r a t e  m e t a b o l i s m  has  received s c a n t  a t t en t i on .  BERRY 
et  al. 1 r epo r t ed  t h a t  the  su rv iva l  of e x p e r i m e n t a l  a n i m a l s  
rece iv ing a le tha l  dose of e n d o t o x i n  and  a t h e r a p e u t i c  
in jec t ion  of cor t i sone  appea red  to be re la ted  to carbo-  
h y d r a t e  m e t a b o l i s m .  SHANDS et  al. 2 h a v e  sugges t e d  t h a t  
in mice r endered  h y p e r r e a c t i v e  to e n d o t o x i n  b y  BCG 
inject ion,  or zy m osan ,  a l tered  glucose m e t a b o l i s m  m a y  
be invo lved  in the  obse rved  toxic  m a n i f e s t a t i o n s .  I n  
in v i t ro  me tabo l i c  s tud ies  e n d o t o x i n  ha s  been  s h o w n  to 
exe r t  an  insul in- l ike  ac t ion  on cel lular  g lycoly t ic  pro- 
cesses ~. Since the  i nduc t i on  of h y p o g l y c e m i a  can  a u g m e n t  
t he  suscep t ib i l i t y  of a n i m a l s  to m a n y  i n f l a m m a t o r y  a n d  
h y p e r s e n s i t i v i t y  react ions ,  as well as to  ce r t a in  phys i ca l  
s t resses  4 6, we felt  t h a t  it  would  be of i n t e r e s t  to de ter -  
m i n e  the  effect  of insu l in  on the  suscep t ib i l i t y  of mice to 
bac te r ia l  endo tox in .  

Six g roups  of 15 g female  C F W  mice, 8 10 mice  per  
group,  were used  in th i s  e xpe r ime n t .  3 g roups  were 
in jec ted  i.p. w i th  0.5 IU  of I l e t in  insul in.  10 m i n  l a te r  
1 of these  g roups  was  cha l l enged  i.p. w i th  200 [xg of 
Salmonella typhosa 0901 endo tox in ,  a n o t h e r  w i th  400 ~xg 
endo tox in ,  a nd  t he  t h i r d  g roup  received no a s soc ia t ed  
inject ion.  T h e  r e m a i n i n g  3 g roups  received e n d o t o x i n  
on ly  (200, 400 a n d  800 ixg). D e a t h s  were t a b u l a t e d  a t  
18 h. F r o m  the  re su l t s  show n  in the  Tab le  it  is a p p a r e n t  
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�9 t h a t  the  p re l iminary  in jec t ion  of insulin grea t ly  increased 
the  suscept ib i l i ty  of mice  to endo tox in  shock. 

E igh teen  hours  a f te r  t he  admin i s t r a t i on  of e i ther  insulin 
or up to 800 txg of endo tox in  the re  were no deaths .  Signifi- 
can t  mor t a l i t y  was found,  however ,  among  mice pre- 
t r ea t ed  wi th  insulin and  chal lenged wi th  e i ther  200 or 
400 [zg of endo tox in  (70% and 90% morta l i ty ,  respec- 
t ively).  

Insul in  is capable  of he igh ten ing  the  sens i t iv i ty  of 
exper imenta l  animals  to the  vasoac t ive  amines,  h i s t amine  
and sero tonin  7, to  immed ia t e  and  de layed- type  hyper -  
sens i t iv i ty  s ta tes  4, as well as to  anaphy lac to id  agents  
such as d e x t r a n  and  pep tone  4,6. The presen t  expe r imen t  
suggests  t h a t  insul in- induced hypog lycemia  can also 
exacerba te  endo tox in  shock in mice. This resul t  is con- 
s i s ten t  wi th  the  thesis  t h a t  there  is a reciprocal  re la t ion-  
ship be tween  the  glycemic s ta te  of a hos t  and its suscep- 
t ib i l i ty  to a wide va r i e ty  of s t ressor  agents  4-6. If  the  

enhanced  suscept ib i l i ty  of insu l in -pre t rea ted  animals  to  
endo tox in  shock is a resul t  of t he  compound ing  of the  
hypoglycemic  effects  of b o t h  of these  agents,  one migh t  
expec t  t h a t  glucose would exer t  a p ro tec t ive  effect  aga ins t  
endo tox in  shock. Recent ly ,  it  has  been  d e m o n s t r a t e d  
t h a t  glucose is capable  of pro longing the  survival  t ime  
of adrena lec tomized  ra ts  chal lenged wi th  endo tox in  s. W e  
are cur ren t ly  inves t iga t ing  th is  p h e n o m e n o n  in i n t ac t  
animals.  

Rdsumd. Nous avons cons ta t6  que les souris t rai t6es 5. 
l ' insul ine poss~dent  une sensibili t6 ~lev~e 5. l ' endotox ine  
de bact6ries  5. g ram n6gatif.  Ce r6sul ta t  concorde  avec 
l 'hypoth~se  d ' u n e  re la t ion inverse  ent re  la quant i t6  de 
glucose dans  le sang et  la sensibili t~ d ' u n  h6te  5. une 
grande  vari6t6 de <~stressors~>. 

R. E.  I)IERONI and  L. LEVINE 

Effect of insulin on susceptibility of CFW mice to Salmonella typhosa 
endotoxin 

Sensitizing Dose Challenge Dose Dead] 
agent IU agent a [zg total b 

Endotoxin 200 0/10 
- - Endotoxin 400 0/9 

- Endotoxin 800 0/10 
Insulin 0.5 - - 0/8 
Insulin 0.5 Endotoxin 200 7/10 
Insulin 0.5 Endotoxin 400 9/10 
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o/ Public Health, and the Department o/ Microbiology, 
Harvard School o/Public  Health, 
Boston (Massachusetts 02130, USA),  6 January 1969. 

a Challenge agent injected 10 min after sensitizing agent. All injec- 
tions i.p. b Deaths tabulated 18 h after challenge. 
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E t h a n o l  B l o o d  L e v e l s  F o l l o w i n g  A c u t e  i . v .  A d m i n i s t r a t i o n  in  M i c e  

The ra te  of me tabo l i sm of e thanol  in vivo is general ly 
accepted  a s  be ing l inear  and  i n d e p e n d e n t  of blood con- 
cent ra t ion .  The pr inc ipa l  ra te  control l ing factors  are 
t h o u g h t  to  be the  a m o u n t  of l iver alcohol dehydrogenase  
and  the  avai labi l i ty  of NAD 1. In  the  p resen t  s tudy  the  
ra te  of d i sappearance  of blood alcohol has  been  measured  
af ter  a single i.v. in jec t ion  and  has  been found to be b o t h  
concen t ra t ion  d e p e n d e n t  and,  a t  h igh concentra t ions ,  non- 
linear. 

Materials and methods. Adult ,  male, DBA/2  mice, 
20-25 g, were in jec ted  wi th  e thanol  in physiological  saline 
into t he  tai l  vein. Doses of 0.33, 0.67 and  2.67 g/kg were 
used. The dura t ion  of t he  in jec t ion  was 1 min  and  blood 
samples  were w i t h d r a w n  a t  5, 20, 35 and 50 min af ter  
the  in jec t ion  was complete .  Samples  were t aken  f rom 
the  re t ro-orb i ta l  sinus d i rec t ly  into a 50 [xl disposable  
mic rop ipe t t e  and the  e thanol  concen t ra t ion  de te rmined  
by  the  m e t h o d  previous ly  descr ibed ~. 

Results. The resul ts  are shown in the  Figure. At  the  
lowest  dose level (0.33 g/kg) t he  blood e thanol  concen-  
t r a t ion  decreases a t  a ra te  of 17.3 txg/ml/min dur ing the  
first  per iod and  falls to  less t h a n  half  th is  ra te  dur ing  the  
second interval .  For  t he  0.67 g/kg dose the  ra te  dur ing  
the  f irs t  2 per iods  is cons t an t  and  equal  to  the  init ial  
ra te  a t  the  lower dose level. I n  the  final 15 min  per iod 
the  ra te  decreases s l ight ly  b u t  no t  significantly.  Af ter  the  

2.67 g/kg dose the  initial  decline of blood alcohol is more  
t h a n  twice t h a t  seen af ter  the  lower doses ( P <  0.002). 
During the  second in terval  t he  ra te  is s o mew h a t  grea ter  
t h a n  t h a t  a f ter  the  smaller  doses b u t  in the  final 15 min  
is very  s ignif icant ly  smaller  ( P  < 0.01). 

Discussion. The results  ob ta ined  here wi th  the  2 lower 
doses (0.33 and  0.67 g/kg) conform wi th  the  idea t h a t  
the  ra te  of e thanol  me tabo l i sm is l inear and  independen t  
of concen t ra t ion  provided  t h a t  t he  concen t ra t ion  exceeds 
t h a t  requi red  to sa tu ra te  the  avai lable  alcohol dehydro-  
genase. Below this  concen t ra t ion  blood alcohol levels 
are known  to fall exponen t ia l ly  3 and this  explains the  
fall off in ra te  seen here a t  the  lowest  dose. The results  
ob ta ined  wi th  the  h ighes t  dose (2.67 g/kg) do not,  how- 
ever, f i t  th is  concept .  The to ta l  me tabo l i sm over  the  
whole 50 min per iod is subs tan t i a l ly  the  same as t h a t  
seen a f te r  the  lower doses b u t  th is  is made  up of a ve ry  
rapid  init ial  ra te  ba lanced by  a smal l  or negligable final 
rate.  The large increase in ra te  in the  init ial  per iod 
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