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r e sponds  to a coopera t ive  b i n d i n g  process,  whereas  a 
m u c h  less s ign i f ican t  effect  is d e t e r m i n e d  b y  a com pe t i t i ve  
in te rac t ion .  

I t  is s igni f icant  t h a t  widely  d i f fe rent  confo rmat ions ,  
such  as those  obse rved  for B S A  a t  two  p H  va lues  (2.2 
a n d  6.8 respectively)~2 do no t  necessar i ly  i m p l y  a p ropor -  
t i o n a l  difference in b i n d i n g  and  t r a n s p o r t  capac i t ies  of t he  
p ro t e in  for t he  an t ib io t i c  11. 

F u r t h e r m o r e ,  t he  v o l m n e  decrease  p roduced  b y  t h e  
i n t e r ac t i on  of SDS w i t h  n e g a t i v e l y  cha rged  B S A  33, wh ich  
occurs  a t  p remice l l a r  d e t e r g e n t  concen t r a t i ons ,  suggests  
t h a t ,  a long w i t h  b i n d i n g  processes,  changes  in t he  geome- 

t r y  of t h e  b i o m e b r a n e  m i g h t  be  s ign i f ican t  in  d e t e r m i n i n g  
t he  t r a n s p o r t  r a t e  of t h e  p e r m e a n t s .  

Rdsumd. L ' 6 t u d e  de l ' in f luence  de c o n c e n t r a t i o n s  
pr6micel la i res  des t ens ioac t i f s  sur  l ' i n t e r a c t i o n  B S A - C A F  
p e r m e t  de conclure  qu ' i l  s ' ag i t  d ' u n  m6can i sme  coopera t i f  
s u i v a n t  le mod61e a l los te r ique  propos6 p a r  MONOD, 
WYMAN e t  CHANGEUX 19. Co m6can i sme  rep r6sen te  une  
possible  exp l i ca t ion  de l ' in f luence  des t ens ioac t i f s  sur  
l ' a b s o r p t i o n  des m6d icamen t s .  
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Contract i l e  R e s p o n s e  of H a l o t h a n e - D e p r e s s e d  I so la ted  Atr ia  to Var ious  S u b s t r a t e s  

I n  our  p rev ious  reportX deal ing  w i t h  t h e  m e c h a n i s m  of 
card iac  d e p r e s s a n t  ac t ion  of i n h a l a t i o n  a n e s t h e t i c  halo-  
t hane ,  i t  has  been  d e m o n s t r a t e d  t h a t :  1. a p p r o x i m a t e l y  
6 rag/100 ml  h a l o t h a n e  is r equ i red  to  m a i n t a i n  50% 
depress ion  of t he  force of c o n t r a c t i o n  of i so la ted  r a t  
a t r i a  in  Krebes -R inge r  b i c a r b o n a t e  glucose m e d i u m ;  
2. p y r u v a t e  pa r t i a l ly  res tores  t h e  c o n t r a c t i l i t y  of halo-  
t h a n e - d e p r e s s e d  a t r ia ,  b u t  has  no  effect  on  n o r m a l  a t r ia .  
F r o m  these  f ind ings  we conc luded  t h a t  t h e  card iac  
dep res san t  ac t ion  of h a l o t h a n e  on r a t  a t r i a  is a man i fes t a -  
t i on  of i n h i b i t i o n  of glucose u p t a k e  or u t i l iza t ion .  The  
p r e s e n t  s tudies  were u n d e r t a k e n  to  observe  t he  effect  of 
o the r  s u b s t r a t e s  on ha l o t hane - dep r e s s ed  a t r i a  in  order  to  
s u b s t a n t i a t e  our  conclusions.  As w i t h  t he  case of p y r u v a t e ,  
l a c t a t e  and  ace t a t e  also p a r t i a l l y  r e s to red  t h e  force of 
c o n t r a c t i o n  of h a l o t h a n e - d e p r e s s e d  a t r ia .  These  d a t a  are 

cons i s t en t  w i t h  t h e  h y p o t h e s i s  t h a t  h a l o t h a n e  i nh ib i t s  
glucose u p t a k e  or u t i l i za t ion  in t h e  glycolyt ic  cycle of t he  
m y o c a r d i u m .  

Method. Atr i a  f rom d e c a p i t a t e d  r a t s  were used  as 
p r ev ious ly  described1,  2. H a l o t h a n e  was  a d m i n i s t e r e d  
i n to  t he  m e d i u m  b y  m e a n s  of anae s the s i a  3. The  h a l o t h a n e  
c o n c e n t r a t i o n  in  t h e  m e d i u m  was d e t e r m i n e d  a t  10 to  
30 rain  in t e rva l s  w i t h  a gas c h r o m a t o g r a p h  t h r o u g h o u t  t he  
e x p e r i m e n t a l  pe r iod  3. 

1 1~. C. KO, R. R. PARADISE and D S. HAN, Experientia 28, 1466 
(1972), 
P. ]3. HOLLA~D=R and J. L.  WEBB, Circulat ion Res. 3, 604 (1955). 

8 R. R. PARADIS~ and L. K.  GRIFFITH, J. Pharmac. exp. Ther.  15d, 
281 (1966). 
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Fig. 1. Effect of lactate (5 raM) or acetate (2.5 mM) on atria depressed with halothane. In this and subsequent figures, halothane was added 
at zero time (i.e. following a 60 rain equilibration period in the normal Krebs-Ringer bicarbonate glucose medium). Substrates were added 
30 rain after start of halothane administration. Vertical bars represent 1 SE of the mean. 
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Results. E//ects ol lactate or acetate on atria depressed with 
halothane. Sod ium l ac t a t e  (5 m M )  or  sod ium ace t a t e  
(2.5 m M )  was added  to  t he  b a t h i n g  m e d i u m  30 ra in  a f t e r  
t he  s t a r t  of t he  h a l o t h a n e  a d m i n i s t r a t i o n .  The  F igure  1 
shows t h a t ,  desp i te  t i le  c o n t i n u e d  a d m i n i s t r a t i o n  of 
h a l o t h a n e  a n d  m a i n t e n a n c e  of t h e  h a l o t h a n e  concen t r a -  
t i o n  ( a p p r o x i m a t e l y  6 rag/100 ml  m e a n  value)  in  t h e  
med ium,  t h e  a d d i t i o n  of e i the r  l a c t a t e  or ace t a t e  p roduces  
a g r adua l  a n d  p a r t i a l  increase  in t i le force of c o n t r a c t i o n  
of a t r i a  depressed  w i t h  h a l o t h a n e  s imi la r  to  t h a t  previ -  
ous ly  d e m o n s t r a t e d  w i t h  p y r u v a t e .  The  m a x i m a l l y  
ef fec t ive  c o n c e n t r a t i o n  of l a c t a t e  was  5 m M  and  of 
a ce t a t e  2.5 m M .  

E//ect o/ additional glucose on atria depressed with 
halothane. Since t he  ear ly  r e p o r t  b y  LOCKE a n d  ROSEN- 
HEIM 4, t he  glucose m e t a b o l i s m  ill t h e  h e a r t  has  been  well  
s tudied ,  q~[ASUOKA et  al. s t lave  r e p o r t e d  t h a t  glucose was 
ineffec t ive  in inc reas ing  t h e  a m p l i t u d e  of c o n t r a c t i o n  of 
ven t r i c l e  s t r ip  depressed  b y  iodoace ta te ,  b u t  p y r u v a t e  
caused  a m a r k e d  s t imu la t ion .  S imi la r  i nves t iga t ions  w i t h  
2-desoxyglucose  on  i so la ted  r a t  a t r i a  h a v e  r ecen t l y  been  
r epo r t ed  b y  GIMENO et  aI. ~. I f  i t  is a s s um ed  t h a t  t h e  
ca rd iac  d e p r e s s a n t  ac t ion  of h a l o t h a n e  m a y  be  s imi la r  to  
t he  ac t ion  of these  e n z y m e  i n h i b i t o r s  on  glucose m e t a b -  
o l i sm of t he  hea r t ,  t h e  e x p e r i m e n t s  to  t e s t  t he  effects of 
glucose a t  d i f fe ren t  c o n c e n t r a t i o n s  on t h e  h a l o t h a n e -  
depressed  a t r i a  m a y  h a v e  bea r i ng  on  t he  p r o b l e m  of t he  
ac t ion  of h a l o t h a n e  on  t he  m y o c a r d i u m .  T h e  resu l t s  
p r e s e n t e d  ill F igure  2 show t h a t  t he  a d d i t i o n  of glucose a t  
e i the r  5 or 20 m M  c o n c e n t r a t i o n  p roduces  l i t t l e  change  in 
t h e  con t r ac t i l e  force of h a l o t h a n e - d e p r e s s e d  a t r ia .  The  
d a t a  o b t a i n e d  f rom these  series of e x p e r i m e n t s  are 
cons i s t en t  w i t h  t he  p rev ious  r e p o r t  w i t h  iodoace ta t e  ~ or 
2-desoxy-glucose ~ a n d  i nd i ca t e  t h a t  t h e r e  is some defect  
in  glucose u t i l i z a t i on  of t he  h e a r t  i nduced  b y  h a l o t h a n e .  

Relative abilities o/ substrates to restore the contractile 
activity o/ atria depressed with halothane. I t  is e v i d e n t  
f rom F igure  3 t h a t  r ecove ry  of t he  force of c o n t r a c t i o n  
f rom the  depress ion  b y  ha lo t t l ane  occur red  to  v a r y i n g  

degrees w i t h  p y r u v a t e ,  l a c t a t e  and  ace ta te .  The  g rea tes t  
effect  was  p roduced  b y  lac ta te ,  whi le  p y r u v a t e ,  a n d  
ace t a t e  were less effective.  H igh  concen t r a t i ons  of glucose 
were no t  effect ive  a t  a n y  c o n c e n t r a t i o n  tes ted .  The  resu t l s  
o b t a i n e d  w i t h  p y r u v a t e ,  l a c t a t e  and  ace t a t e  are s imi la r  
to  p rev ious  r epor t s  s, 7 in  which  t he  force of c o n t r a c t i o n  
of s u b s t r a t e - d e p l e t e d  r a t  h e a r t  was  s t i m u l a t e d  b y  a d d i t i o n  
of these  subs t ra tes .  

Discussion. I t  has  been  well  d e m o n s t r a t e d  t h a t  glucose, 
p y r u v a t e ,  a n d  ace t a t e  c an  be  me tabo l i z ed  for  t he  purpose  
of su s t a in ing  t he  con t rac t i l e  process  of t he  m y o c a r d i u m  5-~2. 
Resu l t s  o b t a i n e d  f rom the  card iac  p r e p a r a t i o n s  in v i t ro  
sugges t  t h a t  e i the r  t h e  u p t a k e  of glucose or o p e r a t i o n  of 
the  glycolysis  are i m p o r t a n t  for  a f r ac t ion  of t he  myo-  
ca rd ia l  con t rac t i l i t y ,  i n a s m u c h  as p y r u v a t e  is on ly  
p a r t i a l l y  effect ive  in r e s to r ing  t h e  deve loped  t ens ion  in 
t he  absence  of glucose or du r ing  b lock  of glycolysis  w i t h  
enzyme  inh ib i to r s  5,6,~3, or w i th  b i ca rbona te - f r ee  m e d i u m  t~. 

I n  F igure  1 we h a v e  found  t h a t  l a c t a t e  and  ace t a t e  
pa r t i a l l y  res to red  t he  reduced  c o n t r a c t i l i t y  of h a l o t h a n e -  
t r e a t e d  atr ia ,  s imi la r  to  t h a t  p rev ious ly  d e m o n s t r a t e d  w i t h  

4 F. S. LOCKE and O. ROSENttEIM, J. Physiol., Lond. 36, 205 (1907). 
D. T. MASUOKA, D. A. BERMAN and P. B. SAVNDERS, Am. J. 
Physiol. 170, 301 (1952). 
A. L. GI~ENO, J. L. LACUA~A, E. CEREmTI and J. L. WE~B, 
Molec. Pharmae. 2, 77 (1966). 

7 A. L. GIMENO, 1Yr. F. GI~ENO, E. A. SAVlNO and S. A. BE?CDEERS, 
Proc. Soc. exp. Biol. Med. 723, 857 (1966). 

s j .  L. WEBB, P. R. SAUNDERS and C. H. THIENES, Arch. Biochem. 
22, 451 (1949). 

90.  H. PERSON, A. B. HASTINGS and H. BUNTINGS, Am. J, Physiol. 
158, 251 (1949). 

10 M. BRIN, R. E. OLSON and F. J. STARE, J. biol. Chem. 799, 467 
0952). 

11 M. BI~G, Am. J. Med. 30, 679 (1961): 
r2 j .  E. Hood and P. R. SAUNDERS, Am. J. Physiol. 190, 525 (1957). 
18 W. C. YANa, Am. J. Physiol. 205, 78i (1963). 
14 K. C. Ko, A. L. GIMENO and D. A. BERMAK, Am. J. Physiol. 216, 

853 (1969). 
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macology, School of Medicine, Kyung Hee University, Dong- 
daemoon-ku, Seoul (Korea). 

p y r u v a t e .  The  resu l t s  o b t a i n e d  w i t h  these  e x p e r i m e n t s  
are cons i s t en t  w i t h  t h e  cons iderab le  d a t a  in  t h e  l i tera-  
t u r e  t h a t  l ac ta te ,  a ce t a t e  a n d  p y r u v a t e  were  ef fec t ive  in 
inc reas ing  the  s u b s t r a t e - d e p l e t e d  r a t  ven t r i c l e  s t r ips~ 
a n d  those  in b i ca rbona t e - f r ee  m e d i u m ' S i n  wh ich  glu- 
cose m e t a b o l i s m  on t h e  h e a r t  was  impaired1% I n  F igure  
2, i t  was  shown  t h a t  glucose a t  a n y  c o n c e n t r a t i o n  t e s t e d  
was ineffec t ive  in inc reas ing  t h e  decl ined c o n t r a c t i l i t y  
of r a t  a t r i a  b y  h a l o t h a n e .  The  d a t a  o b t a i n e d  f rom 
these  e x p e r i m e n t s  are s imi la r  to  those  in t he  p rev ious  
r epo r t s  t h a t  glucose was inef fec t ive  in r e s to r ing  t he  
force of c o n t r a c t i o n  of r a t  a t r i a  depressed  b y  2-desoxy- 
glucose s or b y  b i ca rbona t e - f r ee  m e d i u m  14. Glucose was 
also ineffect ive  in r e s to r ing  t he  a m p l i t u d e  o f  c o n t r a c t i l i t y  
of r a t  ven t r i c l e  s t r ips  depressed  b y  iodoace ta t e  5. 

Thus,  ou r  resu l t s  are  cons i s t en t  w i th  t h e  h y p o t h e s i s  
t h a t  h a l o t h a n e  exer t s  a t  leas t  a p a r t  of i t s  nega t i ve  
ino t rop ic  effect  on r a t  a t r i a  b y  i n h i b i t i n g  e i the r  t he  u p t a k e  
or u t i l i za t ion  of glucose v ia  t h e  g lycolyt ic  p a t h w a y .  The  
s i te  of b lockade  m u s t  be  p r io r  to  t he  convers ion  of 
p y r u v a t e  to  ace ty l  CoA. 

Zusammen/assung. Nachweis ,  dass  die n a c h  H a l o t h a n  
e inge t r e t ene  V e r m i n d e r u n g  der  K o n t r a k t i l i t g t  des Myo- 
k a r d s  d u t c h  L a c t a t  oder  A c e t a t  v e r h i n d e r t  we rden  k a n n .  
Das  E rgebn i s  s t i i t z t  die Hypo these ,  H a l o t h a n  h e m m e  die 
A u f n a h m e  yon  Glykose  oder  bee in t rXcht ige  de ren  
Verwer tung .  

KYE-CHANG K017 a n d  IR, PARADISE 

Department o/ Pharmacology School o/ Medicine, 
Kyung Hee University, Dongdaemoon-hu, Seoul 
(Korea) ; and Department o/ Pharmacology, Indiana 
University, Bloomington (Indiana, USA), 26 August 7974. 

Brain Abnormal i t i e s  in the Lurcher  (Lc) Mutant  Mouse  

L u r c h e r  (symbol  Lc) is a mouse  m u t a n t  f i rs t  d i scovered  
a n d  descr ibed  b y  PHILLIPS 1. T he  m u t a t i o n  arose spon-  
t a n e o u s l y  in a YVhite (Miwn) h o m o z y g o t e  and  is expressed  
as a s e m l d o m i n a n t  in he t e rozygo tes  (Lc/+). The  Lc gene 
is on  c h r o m o s o m e  6 ( l inkage group  XI) .  H o m o z y g o t e s  
(Le/Lc) are be l ieved  to die du r ing  t he  ear ly  n e o n a t a l  
per iod.  He te rozygo te s  are  ferti le,  a l t h o u g h  t he  l i t t e r  size 
of Lc/+ females  is reduced.  L u r c h e r  b o d y  we igh t s  of 
b o t h  sexes are  less t h a n  those  of n o r m a l  c o u n t e r p a r t s .  

L u r c h e r  he t e rozygo tes  show a b n o r m a l  b e h a v i o r a l  
charac te r i s t i c s  cons i s t ing  of a t a x i a  w i t h  a t e n d e n c y  to  fall  
to  e i the r  side 1, 2. These  an i m a l s  also t e n d  to  wa lk  back-  
wa rd  w h e n  p laced  ou ts ide  of t he  cage on  a s m o o t h  
surface  1. A l t h o u g h  lu rche r  has  been  classified as a neuro-  
m u s c u l a r  m u t a n t ,  l i t t l e  is k n o w n  a b o u t  t h e  m o r p h o l o g y  
of t he  ne rvous  sys t em in  these  an imals .  However ,  l u rche r  
man i fe s t s  m a n y  of t he  b e h a v i o r a l  cha rac te r i s t i c s  wh ich  
h a v e  been  descr ibed  in t he  m u t a n t  reeler  (rl) in  w h i c h  t he  
ce rebe l lum has  b e e n  s h o w n  to  be  defec t ive  ~-s. Since 
severa l  o the r  cerebe l la r  m u t a n t s  such  as s taggerer  (sg), 
weave r  (wv), a n d  ne r vous  (nr) also exh i b i t  a t ax i c  be- 
h a v i o r  2, a -n ,  t he  p r e s e n t  s t u d y  was  u n d e r t a k e n  to  o b t a i n  
i n f o r m a t i o n  on  t he  gross s t r u c t u r e  of the  bra in ,  pa r t i cu l a r l y  
t h e  cerebel lum,  in  t h e  l u rche r  m u t a n t  mouse.  

Materials and methods. T he  lu rche r  m u t a n t  co lony used 
in t h i s  s t u d y  was or ig ina l ly  der ived  f rom a ma le  lu rche r  
he t e rozygo te  (Lc/+) ca r ry ing  t he  t r a n s l o c a t i o n  T(2:6)  
7Ca who  was m a t e d  to  C57BL/6J  females.  Lc/+ p r o g e n y  
were s u b s e q u e n t l y  backcrossed  to C57BL/6J  i nd iv idua l s  
for severa l  genera t ions .  L u r c h e r  (Lc/+ ) a n d  n o r m a l  ( + / + )  
l i t t e r m a t e s  of b o t h  sexes were sacrif iced a t  ages r a n g i n g  

f rom b i r t h  to  a p p r o x i m a t e l y  10 m o n t h s  of age. The  b r a i n s  
were qu ick ly  r e m o v e d  a n d  we t  weigh ts  were de t e rmined .  
The  b ra ins  were t h e n  f ixed for  4 to  5 days  in B o u i n ' s  
solut ion,  t r a n s f e r r e d  to  70% e thano l ,  a n d  e x a m i n e d  a t  
magn i f i ca t i ons  up  to 60 •  The  n o m e n c l a t u r e  of SIDMAN 
et  al. 12 was used to descr ibe  gross fea tu res  of t h e  mouse  
b ra in .  

Results. L u r c h e r  (Lc/+) mice  in our  co lony show a 
he s i t an t ,  l u r ch ing  ga i t  as well  as a t e n d e n c y  t o w a r d  tonic-  
clonic seizures, p a r t i c u l a r l y  w h e n  sudden ly  d i s tu rbed .  
Th i s  b e h a v i o r  is c lear ly  m a n i f e s t e d  on  a p p r o x i m a t e l y  t he  
12 th  d a y  a f te r  b i r th .  P r io r  to  t h i s  t i m e  t he  pale  coat ,  l i gh t  
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