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assoc ia ted  w i t h  t h e  decrease  in s u r v i v a l - t i m e  in T. 
castaneum (Figure).  These  resul t s  seem to  c o n t r a d i c t  t h e  
conc lus ion  a r r i ved  a t  in  Drosophila b y  LINTS a n d  LINTS 7; 
viz., t h a t ' a  p r o l o n g a t i o n  or a s h o r t e n i n g  of t he  d u r a t i o n  of 
d e v e l o p m e n t  resu l t s  in  an  increase  or in  a decrease  in t he  
speed of t h e  ag ing  process ' .  Th i s  a p p a r e n t  c o n t r a d i c t i o n  
m a y  be  due  to  t h e  d i f f i cu l ty  of c o m p a r i n g  ' n o r m a l '  life 
span  w i t h  life s p a n  s h o r t e n i n g  a f t e r  i r r ad i a t i on  wh ich  m a y  
be due  to l e tha l  r a d i a t i o n  s y n d r o m e  no t  re la ted  to ag ing  s. 
To c o m p a r e  l e t h a l i t y  a n d  life s p a n  s h o r t e n i n g  a lower 
r a d i a t i o n  dose should  be  used. However ,  t h e  p r e sen t  
resu l t s  i nd i ca t e  t h a t  l e t h a l i t y  of a species as m e a s u r e d  b y  
s u r v i v a l - t i m e  is u n d e r  t i le con t ro l  of a genet ic  sys tem.  
Most  l ike ly  such  a s y s t e m  has  evo lved  as a resu l t  of t he  
forces t e n d i n g  to  p ro long  life a n d  t he  e n v i r o n m e n t a l  
h a z a r d s  t e n d i n g  to  cu r t a i l  i t" ,  s0. O t h e r  i nves t iga to r s  h a v e  
also r ecorded  ti le effect  of p a r t i c u l a r  ch r om os om es  on t he  
v a r i a b i l i t y  of l ongev i ty  in  Drosophila n. 

I n  some of t h e  p o p u l a t i o n s  (Table  I) s u r v i v a l - t i m e  
was found  to  be  pos i t i ve ly  assoc ia ted  w i t h  su rv iva l  r a t e  
(e.g., K e n y a  a n d  France) .  Th i s  o b s e r v a t i o n  suggests  t he  
poss ib i l i ty  of co r re l a t ion  b e t w e e n  t he  2 m e a s u r e m e n t s  of 

l e tha l i ty ,  i.e., su rv iva l  r a t e  a n d  s u r v i v a l - t i m e  a f te r  i r rad ia -  
t ion.  However ,  i n t e r - p o p u l a t i o n  cor re la t ion  (r = 0.16, 
P = 0.1) ind ica tes  t h a t  th i s  is no t  t he  case. Recen t ly ,  
BLAIR and  BAXTER 6 h a v e  sugges ted  t h a t  t he  2 t ypes  of 
i n j u r y  are m u t u a l l y  i n d e p e n d e n t .  The  l e tha l  i n j u r y  
r e su l t ing  ill r educ ing  su rv iva l  r a t e  is m a i n l y  cy top lasmic ,  
t he  d a m a g e  is of a chemica l  n a t u r e  a n d  repa i rab le ;  whereas  
r e d u c t i o n  in  s u r v i v a l - t i m e  is due to  nuc l ea r  i n j u r y  
(chromosomal) ,  w h i c h  in these  cases is n o t  repa i rab le .  A 
t h e o r y  based  on loss of cel lular  func t ion  was also sugges ted  
b y  GARTNER 12 to  exp la in  r a d i a t i o n  induced  life span  
shor ten ing .  

Rdsumd. Apr6s i r r a d i a t i o n  des pupes  ~g6es de 2 jours ,  
le t e m p s  de surv ie  des adu l tes  de Tribolium castaneum 
d6croi t  avec  l '~ge de la pupa t i on .  Cet te  corr61ation g6n6- 
t i que  n6ga t ive  ind ique  que la v i tesse  de d 6 v e l o p p e m e n t  
contr61e la 16talit6 qui  est  m a i n t e n u e  k une  va l eu r  in te r -  
m6diaire ,  peu t -~ t re  ~ cause  d ' u n  jeu de forces oppos6es 
qui, elles, t e n d e n t  X a l longer  on 5~ raccourc i r  le t e m p s  de 
survie .  
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Table II. Inter-populatiou correlation between fitness parameter and 
response after X-irradiation (Table I) in Tribolium castaneura 

Department o/Genetics, University o/Alberta, 
Edmonton T 6G 2 E9  (Alberta, Canada), 
24 October 7972. 

Traits Survival- Age-at- Productivity 
time (days) pupation (%) 

(days) 

Adult emergence (%) ~ 0.16 0.18 0.57 
Survival-time -- 0.87 b 0.31 
Age-at-pupation -- -- 0.25 

After angular transformation, b Significant at P = 0.01. 
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Intestinal Motility Increased by Tetrodotoxin,  Lidocaine, and Procaine 

The  ex is tence  of in t r ins i c  i n t e s t i n a l  i n h i b i t o r y  ne r vous  
m e c h a n i s m s  ha s  been  d e m o n s t r a t e d ~  b u t  t h e  e x t e n t  to  
w h i c h  i n t e s t i n a l  m o t i l i t y  is a resu l t  of myogen ic  a c t i v i t y  
a n d  modi f ied  b y  in t r ins i c  e x c i t a t o r y  a n d  i n h i b i t o r y  
n e r v o u s  fac tors  is unce r t a in .  An  increased  m e c h a n i c a l  
a c t i v i t y  in  ea t  i n t e s t i n a l  c i rcular  muscle  has  been  shown  
in v i t r o  u p o n  b lockade  of n e u r o n a l  d i scharge  in  Auer-  
b a c h ' s  p l exus  and  t he  poss ib i l i ty  of a ton ic  i n h i b i t o r y  
inf luence  on  c i rcular  muscle  a c t i v i t y  v ia  in t r ins i c  neuro-  
genie e l emen t s  ha s  been  p o s t u l a t e d  2. 

Th i s  p r e l i m i n a r y  r e p o r t  descr ibes  obs e r va t i ons  in  
a n e s t h e t i z e d  ca t s  where  i n t r a a r t e r i a l  in jec t ions  of t he  
ne rve  b lock ing  d rugs  t e t r o d o t o x i n ,  l idocaine,  and  
p roca ine  to  t h e  ex t r ins i ca l ly  d e n e r v a t e d  i n t e s t i n a l  
va scu l a r  bed  increases  i n t e s t i n a l  mot i l i ty .  I t  is sugges ted  
t h a t  th i s  increased  m o t i l i t y  m i g h t  be due  to  a supress ion  
of in t r ins i c  ne rvous  inh ib i t ion .  

Methods. E x p e r i m e n t s  were pe r fo rmed  on 10 ca t s  
we igh ing  2.0-3.8 kg  a nd  fas ted  for 24 h. A n e s t h e s i a  was  
induced  b y  e the r  fol lowed b y  i.v. chlora lose  (50-60 
m g / k g  b o d y  wt.) .  Ar t e r i a l  p ressure  was recorded  v ia  a 
f emora l  a r t e r y  cannula ,  a n d  t he  lef t  and  r i g h t  sp l anchn ic  
ne rves  were sect ioned.  I n  some e x p e r i m e n t s  all  ne rves  
r u n n i n g  a long  t he  super io r  mesen te r i c  a r t e r y  were also 
cu t  a n d  p laced  on  a b ipo la r  e lec t rode  for d i s t a l  s t i m u l a -  
t ion.  A sec t ion  of j e j u n u m  a n d  i ts  l y m p h  nodes,  t o g e t h e r  

weigh ing  15-25 g, were p laced  in s i tu  in to  a luc i te  c h a m b e r  
c o n t a i n i n g  Tyrodes  so lu t ion  m a i n t a i n e d  a t  38~ a n d  t he  
res t  of the  i n t e s t i ne  was r emoved .  Venous  ou t f low was 
recorded  b y  m e a n s  of an  op t ica l  d rop  coun t e r  a n d  j e j una l  
m o t i l i t y  as i n t r a l u m i n a l  p ressure  changes  v ia  an  open-  
t i p p e d  sal ine fi l led cannula ,  b o t h  ends  of t he  s e g m e n t  
be ing  t ied.  The  fo l lowing drugs  were in jec ted  in to  t he  
super ior  mesen te r i c  a r t e r y  v ia  one of i t s  sma l l  b r a n c h e s :  
0.2-0.5 m g / k g  b o d y  wt.  a t r o p i n e  su l fa te  (6 cats),  2 -6  
ag /kg  t e t r o d o t o x i n  (3 cats) ,  10-20 m g / k g  l idoca ine  
ch lo r ide -Xyloca ine ,  A s t r a  (8 cats),  a n d  10-20 m g / k g  
p roca ine  h y d r o c h l o r i d e  (1 cat) .  

Results. I n t r a a r t e r i a l  t e t r o d o t o x i n ,  l idocaine,  a n d  
p roca ine  cons i s t en t l y  induced  a n  increase  in  r h y t h m i c  
i n t e s t i n a l  m o t i l i t y  a f te r  a l a t ency  of 1-5 ra in  a n d  l a s t i ng  
up  to  30 rain,  d e p e n d i n g  on t he  a m o u n t  of d rug  g iven  

1 G. BURNSTOCK, G. CAMPBELL, M. BENNET and IV[. E. HOLMAN, 
Int. J. Neuropharmac. 3, 163 (1964). M. R. BENNE% G. BURN- 
STOCK and M. E. HOLMAN, J. Physiol., Lolld. 182, 541 (1966). 
G. BURNSTOCK, G. CAMPBELL and M. J. RAND, J. Physiol., Loud. 
782, 504 (1966). H. W. KOSTERLITZ, Am. J. dig. Dis. 12, 245 
(1967). E. BOLBRING, Rendic. R. Gastroent. 2, 197 (1970). 

o j .  D. WOOD and C. L. PROSSER, Physiologist 72, 398 (1969). 
J. D. WooD, Physiologist 73, 347 (1970).~J. D. WOOD, Am. J. 
Physiol. 219, 159 (1970). 
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Recordings from 3 cats illustrating the intestinal motility response to 8 ~xg tetrodotoxin (A) and 40 mg lidocaine (I3), and the effect of 
40 mg lidoeaine on intestinal motility and blood flow (C). Note in (C) that the height of the blood flow ordinate is inversely proportional 
to the magnitude of blood flow. 

(Figure).  The  m o t i l i t y  increase  was seen i n d e p e n d e n t  of 
t he  degree of s p o n t a n e o u s  a c t i v i t y  p r e s en t  p r io r  to  t h e  
d rug  in jec t ion .  I n t e s t i n a l  m o t i l i t y  was  neve r  increased  b y  
a t rop ine ,  no r  d id  a t rop ine  or comple te  sec t ioning  of t he  
ext r ins ic  i n n e r v a t i o n  a l t e r  t he  e n h a n c e d  m o t i l i t y  induced  
b y  t e t r o d o t o x i n ,  p roca ine  or l idocaine.  These  drugs  d id  
no t  affect  a r t e r ia l  pressure,  and  a f te r  an  in i t ia l  vasocon-  
s t r i c to r  ( t e t rodo tox in)  or va sod i l a to r  ( l idocaine and  
procaine)  response  d u r i n g  d rug  in jec t ion ,  m e a n  in t e s t i na l  
b lood  f low r e m a i n e d  u n c h a n g e d  du r ing  t he  per iod  of 
e n h a n c e d  mot i l i ty .  F u r t h e r m o r e ,  a f t e r  t e t r o d o t o x i n  and  
l idocaine  i n t e s t i na l  s y m p a t h e t i c  n e r v e  s t i m u l a t i o n  pro-  
duced  no  va socons t r i c t o r  response  a n d  d id  no t  af fec t  t he  
d rug - induced  m o t i l i t y  increase.  

Discussion. The  p r e s en t  obs e r va t i ons  on  t he  smal l  
i n t e s t ine  ind ica te  t h a t  t e t r o d o t o x i n ,  l idocaine,  a n d  
p roca ine  increase  i n t e s t i n a l  m o t i l i t y  i n d e p e n d e n t  of t he  
i n t e s t i ne ' s  ex t r ins ic  i n ne r va t i on .  Th i s  effect  could ref lect  
a d i r ec t  e x c i t a t o r y  inf luence  of t he  d rugs  on  v iscera l  
s m o o t h  muscle,  b u t  m i g h t  also ref lect  a b lockade  of 
in t r ins ic  nonchol inerg ic  m e c h a n i s m s  t h a t  n o r m a l l y  exe r t  
a ton ic  i n h i b i t o r y  inf luence.  

Because  t r a n s i t o r y  per iods  of e i t he r  v a s o d i l a t a t i o n  or 
vasocons t r i c t i on  were  in i t i a l ly  i nduced  b y  these  drugs.  
the  increase  in m o t i l i t y  is p r o b a b l y  no t  a s econda ry  effect  
to  a l t e r a t i ons  in  b lood  flow. Also, as t he  in i t i a l  effects  of 
t h e  d rugs  on  t h e  va scu l a r  s m o o t h  muscle  were  qu i t e  
t r a n s i e n t ,  i t  seems less l ike ly  t h a t  t he  p ro longed  e n h a n c e d  
m o t i l i t y  of t he  in t e s t ine  shou ld  ref lect  a d i rec t  s t i m u l a t o r y  
effect  of these  d rugs  on  t he  i n t e s t i n a l  s m o o t h  muscle  
proper .  R a t h e r  i t  is sugges ted  t h a t  t he  m o t i l i t y  increase  
is a consequence  of t he  ne rve  b lock ing  ac t ion  of t e t ro -  
do toxin ,  l idocaine,  a n d  procaine ,  caus ing  e l i m i na t i on  of 
a local  neurogenic  i n h i b i t o r y  inf luence  wh ich  n o r m a l l y  
supresses  myogen ic  ac t iv i ty .  Such  a n  i n t e r p r e t a t i o n  is 

also s u p p o r t e d  b y  recen t  in v i t ro  s tudies  on i n t e s t i na l  
muscle  s t r ips  a d e m o n s t r a t i n g  an  exc i t a t i on  of c i rcular  
muscle  b y  these  drugs  wh ich  is p o s t u l a t e d  to  be m e d i a t e d  
b y  t h e i r  ac t ion  on  en te r ic  neurons .  

Cu r r en t  ev idence  would  t h e n  i m p l y  t h a t  i n t e s t i n a l  
m o t o r  a c t i v i t y  is exposed to  a c o n t i n u a l  a n d  va r i ab l e  
i n h i b i t i o n  v ia  local neurogenic  or n e u r o h o r m o n a l  mecha-  
nisms.  Thus,  w h a t  is of ten  descr ibed  as s t i m u l a t e d  
i n t e s t i na l  m o t i l i t y  m a y  in m a n y  cases ac tua l ly  r ep resen t  
a release f rom in t r ins ic  i nh ib i t i on .  A d d i t i o n a l  expe r imen t s  
are in progress  to  e luc ida te  f u r t h e r  t h e  n a t u r e  of these  
i n h i b i t o r y  m e c h a n i s m s  4. 

Zusammen/assung. I n  U n t e r s u c h u n g e n  a n  K a t z e n  in 
v ivo  wird  eine b e d e u t e n d e  Z u n a h m e  der  D i i n n d a r m -  
Mot i l i t i i t  n a c h  lokMen in t r aa r t e r i e l l en  I n j e k t i o n e n  yon  
Te t rodo tox in ,  L idoca in  u n d  P roca in  demons t r i e r t .  Es  
wi rd  d i sku t ie r t ,  dass  diese W i r k n n g  auf  der  Blockade  
eines loka len  neu rogenen  oder  n e u r o h o r m o n a l e n  Heln-  
n m n g s m e c h a n i s m u s  be ruh t ,  der  an  der  n o r m a l e n  Kon-  
t rol le  der  D a r m m o t i l i t ~ t  be te i l ig t  ist. 
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