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Activities of enzymes and protein content in the myocardium from 
rats subjected to a conflict situation for 7 days 

Enzyme Control Stressed p 

SDH 42.1 • 2.64 52.1 4- 2.00 < 0.02 
MDH 616 • 10.5 844 • 26.5 < 0.001 
CS 159 /_ 3.28 181 ~: 3.52 < 0.001 
HK 6.38 4- 0.12 6.97 4- 0.14 < 0.01 
PFK 39.3 ~_ 1.12 41.6 =~ 1.13 NS 
LDH 916 • 32.2 876 i 16.9 NS 
Protein 92.6 ~ 0.80 95.8 • 0.75 NS 

Enzyme activities are expressed as bmoles of substrate utilized per 
min per g wet weight, and protein content as mg protein in cell-free 
homogenate from 1 g ol muscle. Values are the means 4- SE of 10 
animals. 

da i ly  w a t e r  c o n s u m p t i o n  of s t ressed  r a t s  a t t a i n e d  t he  
level  of con t ro l  an imals .  The  t o t a l  w a t e r  c o n s u m p t i o n  
d u r i n g  t he  7-day  o b s e r v a t i o n  per iod  r a n g e d  f rom 122 to  
154 m l / a n i m a l  in  t he  ' s t ress  g roup '  in  compar i son  w i t h  
198-216 m l / a n i m a l  in  t he  con t ro l  group.  
The  re la t ive  we igh t  of t he  ad rena l s  increased  b y  15% in 
response  to t i le  conf l ic t  s i tua t ion ,  be ing  18.3 • 0.30 rag/  
100 g of b o d y  we igh t  in  t he  cont ro l s  a n d  21.1 • 0.70 mg /  
100 g ill t h e  s t ressed  an ima l s  (p < 0.005). T he  re l a t ive  
we igh t  of t h e  h e a r t s  was  n o t  c h a n g e d  (269 4- 7.7 mg/100  gr) 
as c o m p a r e d  to  t h e  cont ro l s  (267 ~= 8.4 mg/100  g). 
The  resu l t s  p r e sen t ed  in  t he  t ab l e  show t h a t  exposure  of 
r a t s  to  a conf l ic t  s i t u a t i o n  for  7 days  s ign i f i can t ly  in-  
c reased  t he  ac t iv i t i e s  of aerobic  enzym es  (SDH,  MDH,  
CS) in  t he  m y o c a r d i u m .  Of t he  anae rob ic  e n z y m e s  s tud-  
ied, on ly  H K  showed  s ign i f ican t  a c t i v a t i o n  in response  
to  t he  stress.  The  p r o t e i n  c o n c e n t r a t i o n  in t h e  cell-free 
h o m o g e n a t e  f rom s t ressed  an i m a l s  was  n o t  s ign i f i can t ly  
d i f f e ren t  f rom t h a t  of t he  controls ,  an  i n d i c a t i o n  of in-  
c reased  a c t i v i t y  r a t h e r  t h a n  increased  c o n t e n t  of t h e  
enzymes .  
The  g r a p h s  in t he  f igure  show t h a t  t h e  s t ress  s i t u a t i o n  
d id  n o t  cause  a n y  s ign i f i can t  changes  in a t r i a l  r esponse  
to  ISO,  whi le  i t  lowered t h e  s ens i t i v i t y  to  P H E .  Th i s  can  
be  seen in t he  sh i f t ing  to  t h e  r i g h t  of t he  c o n c e n t r a t i o n -  
response  curves.  Because  th i s  t r e a t m e n t  r educed  t he  m a x i -  
m u m  response,  t he  ECs0-values, however ,  d id  n o t  d i f fer  

f r o m  each  o the r  in  con t ro l  a n d  e x p e r i m e n t a l  groups.  The  
basic  c o n t r a c t i o n  f r equency  of i so la ted  a t r i a  in  t h e  
s t ressed  r a t s  (254 ~ 13 b e a t s / m i n )  was n o t  s ign i f i can t ly  
d i f fe ren t  f rom t h a t  of t he  cont ro l s  (226 • 15 bea t s /min ) .  
Discussion. Our  p r e s e n t  resu l t s  show t h a t  exposure  of 
r a t s  to  a conf l ic t  s i t u a t i o n  decreases  t he  s ens i t i v i t y  of 
i so la ted  a t r i a  to  PILE,  whi le  i t  does n o t  change  t he  sensi-  
t i v i t y  to  ISO.  Our  p rev ious  s tud ies  h a v e  shown  t h a t  
s imi la r  changes  can  be  induced  also b y  phys i ca l  stresses,  
such  as cold exposure  or  phys ica l  t r a i n i n g  3, 4. F u r t h e r -  
more,  subsens i t i z a t i on  of a - ad reno recep to r s  c an  be  pro-  
duced  b y  r epea t ed  in jec t ions  of e- or  f l -adrenergic  a m i n e s  
or of ad renoco r t i co t rop i c  h o r m o n e  4,41. T h u s  t he  conclu-  
s ion was  d r a w n  t h a t  p ro longed  s t i m u l a t i o n  of t i le h e a r t  
b y  ca techo lamines ,  as re leased in t he  o rgan i sm in s t ress  
s i t ua t i ons  or as p roduced  b y  r epea t ed  in jec t ions  of exoge-  
nous  drugs,  or a sens i t i za t ion  of adrenerg ic  ac t ions  b y  
cor t icos te ro ids  (released b y  ACTH)12, are respons ib le  for 
subsens i t i z a t i on  of ~ -adrenorecep to r s  8, 4,11. I n  these  s i tu-  
a t ions ,  however ,  t he  s ens i t i v i t y  of /9-receptors r e m a i n s  
u n c h a n g e d ,  wh ich  m e a n s  a sh i f t  f rom e- to  fl-receptors.  
T h e  ' oxygen  was t i ng  effect '  of card iac  s t i m u l a t i o n  t h r o u g h  
/%receptors has  been  sugges ted  18,14. T h u s  t he  increased  
re la t ive  s ens i t i v i t y  of /%receptors in  s t ress  s i t ua t i ons  in-  
creases t he  oxygen  d e m a n d  of t he  m y o c a r d i u m .  Th i s  c an  
be  c o m p e n s a t e d  for b y  increas ing  t he  c a p a c i t y  of ox ida t ive  
m e t a b o l i s m  a n d  t h e r e b y  t he  enzymes  involved .  L a t e r  t h i s  
s i t u a t i o n  can  re su l t  in  c o m p e n s a t o r y  card iac  en l a rgemen t ,  
as obse rved  ear l ier  in  co ld-acc l imat ized  and  t r a i n e d  r a t s  3. 
Th i s  was  n o t  seen in t he  p r e s e n t  s t u d y  of p sych ica l ly  
s t ressed  animals ,  due  to  t he  re la t ive  s h o r t  d u r a t i o n  of t he  
s t ress  period.  The  response  of I l K  to a single s h o r t  pe r iod  
of exercise has  been  s h o w n  3,1~. Thus ,  t he  c h a n g e d  ac t iv -  
i t y  of t h i s  e n z y m e  is more  an  i nd i ca t i on  of t he  acu te  
n a t u r e  of the  s t ress  s i t u a t i o n  t h a n  of p ro longed  a l t e r a t i ons  
of m e t a b o l i c  p a t h w a y s .  

11 R. Tirri, A. Siltovuori and M. Harri, Experientia 32, 1283 (1976). 
12 A. J'. Kaufmann, Naunyn-Schmiedebergs Arch. Pharmak. 273, 

134 (1972). 
13 W.C. Govier, J. Pharmae. exp. Ther. 159, 82 (1968). 
14 P . J .  Privitera and I. Rosenblum, J. Pharmac. exp. Ther. 756, 

325 (1967). 
15 R.J .  Barnard and J. B. Peter, J. appl. Physiol. 27, 691 (1969). 

Improved diffraction patterns from isolated heart muscle  with infrared l ight 1 

J. W. Kruege r  2 
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Summary. Dif f rac t ion  m e a s u r e m e n t  of m y o f i l a m e n t  ove r l ap  can  be  m a d e  w i t h  g rea te r  reso lu t ion  or e x t e n d e d  to t h i c k e r  
h e a r t  musc le  p r e p a r a t i o n s  b y  us ing  l igh t  of a nea r  I R  wave l eng th .  

L i g h t  d i f f r ac t ion  m e t h o d s  h a v e  been  wide ly  used  to  
obse rve  sa rcomere  l e n g t h  changes  in s t r ips  of i so la ted  
s t r i a t ed  muscle  3-5. R e c e n t l y  these  t e c h n i q u e s  h a v e  been  
appl ied  to  s t u d y  sa rcomere  m o t i o n  and  t h u s  t h e  role of 
m y o f i l a m e n t  s l id ing  in ca rd iac  c o n t r a c t i o n  6, 7, b u t  recog- 
n izab le  d i f f rac t ion  p a t t e r n s  h a v e  been  o b t a i n a b l e  on ly  
f rom v e r y  t h i n  specimens .  T h i n  (i.e., less t h a n  200 ~m), 
s u i t a b l y  s h a p e d  m a m m a l i a n  h e a r t  muscles  are scarce, so 
t h a t  such  s tud ies  h a v e  been  l imi ted  to t r a b e c u l a r  a n d  
r i g h t  v e n t r i c u l a r  p a p i l l a r y  muscles  f rom rats .  D i f f r ac t ion  
spec t r a  f rom th i cke r  t r a b e c u l a e  of o t h e r  species8 t e n d  to  
obscure  u p o n  con t r ac t i on .  I n  v iew of t he  ab i l i t y  of I R  

1 Supported in part by National Heart and Lung Institute, grant 
5 R01 HL 18668-02. 
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for advice, and Mr Andrew Hopkins, Jr, for technical assistance. 

3 A. Sandow, J. cell. comp. Physiol. 9, 55 (1936). 
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16 (1970). 
5 D.R.  Cleworth and K. A. P. Edman, J. Physiol. 227, 1 (1972) 
6 R. Nassar, A. Manring and E. A. Johnson, in: The Physiological 

Basis of Starling's Law of the Heart, p. 57. Ciba Found. Symp. 
24 (1974). 

7 7. W. Krueger and G. H. Pollack, J. Physiol. 25J, 627 (1975). 
8 I. Matsubara and B. M. Millman, J. molec. Biol. 82, 527 (1974). 
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Fig. I. Light intensity distribution in the first order diffraction pat- 
tern with a IR and b visible light. Diffraction patterns were sampled 
during the interval between contractions from the same area of a rat 
papillary muscle 350 [xm thick. The position of the diffracted light 
in the display is directly proportional to the wavelength, J, and the 
muscle's Fourier spatial frequency content, l/d, where d is the 
striation spacing (10). c Direct comparison of the light intensity dis- 
persion in a and b as a function of the striation spacing, d. The spatial 
coordinates have been normalized by the striation spacing occurring 
at the muscle length for maximum active force development, 2.3[zm 7 
Similarly, light intensity, I, has been normalized to the first order 
maximum, Im~x, to compensate for the wavelength dependent sen- 
sitivity of the silicon optical sensor. 

l ight  to  p e n e t r a t e  cardiac t issue 9 i t  has  been used in the  
p re sen t  r epo r t  to  form the  d i f f rac t ion  pa t t e rns .  The  
resul t ing  spec t ra  has been  shown to resolve myocard ia l  
sa rcomere  l eng th  popu la t ions  more  sha rp ly  t h a n  the  
visible spect ra .  This  pe rmi t s  d i rec t  m e a s u r e m e n t  of sarco- 
mere  l eng th  d y n ami cs  in re la t ive ly  th icker  pap i l l a ry  
muscles  f rom the  r ab b i t  and  cat,  where  myocard ia l  
mechanics  have  been  s tud ied  b y  more  classical b u t  
po ten t i a l l y  less precise means .  
Mater ia l s  and methods. R i g h t  ven t r i cu la r  pap i l l a ry  mus-  
cles were isolated f rom ra ts  and  rabb i t s  and  m o u n t e d  
hor izon ta l ly  be tween  2 clips in an expe r imen ta l  c h a m b e r  
sea ted  on the  s tage of a microscope.  One clip was  at-  
t ached  to  a force t ransducer ,  t he  o the r  to  the  movab le  
core of a small,  se rvo-cont ro l led  ga lvanomete r .  The  prep-  
a ra t ion  was submerged  in oxygena t ed  (95% 03, 5% 
COs) physiological  sal t  solut ion (composi t ion in raM: 
NaCI 117, NaHCO 3 27, KC1 4.2, CaCle .2HeO 1.9, 
MgSO 4 . 7H~O 1.2, NaH2PO ~ 1.2, glucose 5.6) whose  t e m -  
pe ra tu re  was 25.2 • 0.2~ The muscles  were electr ical ly  
s t imula ted  to  co n t r ac t  a t  ra tes  of 25/min (rat) and  6/rain 
(rabbit) .  The th ickness  of t he  p r epa ra t i on  was measured  
d i rec t ly  using a mir ror  alongside the  p repa ra t ion  angled 
45 ~ to  t he  microscope ' s  opt ical  axis. A he l ium neon CW 
laser (632.8 n m  wave leng th ,  5 m W  power ;  Hughes  
E l e c t r o d y n a m i c s )  and  a gal l ium arsenide  pulsed laser 
diode t r a n s m i t t e r  (904 n m  peak  emission,  3.5 n m  spec t ra l  
wid th ,  2.9 m W  average  power,  40 ns pu l sewid th ;  Laser  
Diode Labs,  Inc.) were used as visible and  I R  l ight  
sources,  respect ively .  Di f f rac ted  l ight  was collected wi th  
e i ther  a 40X, N.A. 0.75 (Zeiss) or a 50X, N.A. 1.0 (Leitz) 
w a t e r  immers ion  objec t ive  lens. The d i f f rac t ion  p a t t e r n  
a t  t he  ob jec t ive ' s  rear  focal p lane  was focused s imul tane-  
ously onto  2 opt ical  sensors.  The first ,  a s i l icon-vidicon 
te levis ion tube  (Cohu 4400), was used to  align and  focus 
t h e  I R  di f f rac t ion  p a t t e r n  onto  the  second,  a self scanned  
l inear  a r r ay  of 256 pho tod iodes  (Ret icon Corp.). The l ight  
i n t ens i t y  d i s t r ibu t ion  wi th in  the  f i rs t  order  d i f f rac t ion  
spec t ra  was  visual ized b y  d isp lay ing  the  o u t p u t  vol tages  
of t he  pho tod iode  a r r ay  on a ca thode  r a y  oscilloscope. 
Resul ts  and  discussion. The effect  of wave l eng th  upon  the  
sharpness  of t he  d i f f rac t ion  p a t t e r n  f rom a r a t  papi l la ry  
muscle  is shown in figure 1. The  musc le ' s  th ickness  was 
chosen to  give a re la t ive ly  poor  visible d i f f rac t ion  spectra .  
The f irs t  order  spect ra l  i n t ens i ty  of t he  I R  p a t t e r n  f rom 
the  same area of t he  muscle  appears  no t i ceab ly  sha rpe r  
t h a n  t h a t  fo rmed b y  visible l ight  (figures 1 a and  l b, 
respect ively) .  W h e n  normal ized  and  expressed  di rec t ly  as 
a func t ion  of spat ia l  coordina tes  (1.e., s t r ia t ion  spacing),  
t he  d ispers ion of t he  d i f f rac ted  l ight  is clearly na r rower  

Fig. 2. IR spectra from rabbit papillary muscles, a First order in- 
tensity distribution at rest and at the peak of contraction (top and 
bottom traces, respectively) are shown from a specimen 750 [xm thick. 
The ends of the muscle were held fixed. The vertical row of dots 
denotes the initial position, the difference at peak contraction cor- 
responding to a sareomere length change of 8%. The initial sarco- 
mere length was 2.27 [~m at a muscle length producing 95% maximal 
active force, b Appearance of the diffraction pattern during maximal 
shortening. The intensity distribution is displayed every 40 msee 
during a contraction in which a 300 ~tm thick muscle was shortened 
to keep tension near the preload level. The arrows denote an initial 
sarcomere length of 2.30 [zm and that at peak shortening of 1.67 [xm. 

9 L.C. Massopust, Anat. Ree. 57, 71 (1934). 
10 J .W.  Krueger, D. A. Christensen, and G. H. Pollack, Proe. 26th 

A.C.E.M.B.E., p. 97 (1973). 

Fig. 3. Discrete light intensity distribution within first order spectra. 
The IR diffraction pattern from a rat papillary muscle 300 tzm thick 
was sampled late in the interval between contractions. The arrows 
denote peaks corresponding to sarcomere lengths (from left to right) 
of 2.00, 2.07, 2.16, 2.24 and 2.36 ~zm. The peaks move slowly in a 
random fashion. There was no detectable change in resting tension 
during the process. 
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a n d  s h a r p e r  w i t h  t h e  I R  l igh t  (figure l c ) .  T he  re l a t ive  
i m p r o v e m e n t  w i t h  I R  i l l u m i n a t i o n  was more  p r o n o u n c e d  
w i t h  t h i c k e r  muscles .  
I R  d i f f rac t ion  spec t r a  were  o f t en  o b t a i n e d  f rom t h i c k e r  
muscles  w h i c h  showed  no v is ib le  d i f f r ac t ion  spect ra .  
F igure  2 a  i l lu s t r a t e s  t he  I R  d i f f r ac t ion  spec t r a  f rom such  
a case, a r a b b i t  p a p i l l a r y  muscle  whose  t h i cknes s  (750 ~m) 
was 3 t imes  t h a t  of spec imens  g iv ing  c o m p a r a b l e  spec t r a l  
c l a r i ty  w i t h  h e l i u m  n e o n  laser  i l l u m i n a t i o n L  T he  use of 
I R  l igh t  t h e r e b y  p e r m i t s  d i rec t  c o m p a r i s o n  of t he  effects  
of sa rcomere  m o t i o n  u p o n  con t r ac t i l e  b e h a v i o r  in  m a m -  
m a l i a n  h e a r t  musc les  w h i c h  h a v e  d i f fe ren t  i n t r ace l lu l a r  
p a t h w a y s  of con t r ac t i l e  a c t i v a t i o n  a n d  control .  Fo r  
example ,  t h e  m a x i m u m  sa rcomere  s h o r t e n i n g  in a n o t h e r  
r a b b i t  p a p i l l a r y  muscle  (2.30-1.65 [zm, f igure 2b) is com- 
pa r ab l e  to  t h a t  seen in r a t s  11, a l t h o u g h  t he  onse t  a f t e r  
s t i m u l a t i o n  is a p p r e c i a b l y  de layed  (i.e., 40 msec  vs  
15 msec).  No de le te r ious  effect  of I R  i l l u m i n a t i o n  u p o n  
con t rac t i l e  force was no t i ced  over  t he  3 h of obse rva t ion .  
I m p r o v e d  spec t ra l  c l a r i ty  w i t h  I R  i l l u m i n a t i o n  suggests  
t h a t  t h e  d ispers ion  of f i rs t  o rder  l igh t  is a f fec ted  more  b y  
low angle  s c a t t e r i n g  t h a n  b y  the  a c t u a l  sa rcomere  l e n g t h  
d i s t r i b u t i o n  w i t h i n  t he  muscle.  W h e n  a u n i f o r m  g r a t i n g  
was  i l l u m i n a t e d  b y  l igh t  pass ing  f i rs t  t h r o u g h  t h e  muscle ,  
t h e  d ispers ion  of f i rs t  o rder  s pec t r a  was  e q u i v a l e n t  to  t he  
i n t e n s i t y  d i s t r i b u t i o n  of f igure  i c. D i rec t  i l l u m i n a t i o n  of 
t he  g r a t i ng  p r o d u c e d  equ iva len t ,  n a r r o w  d ispers ion  for  
b o t h  l igh t  sources.  Thus ,  t he  zero o rde r  l igh t  co l l ima t ion  
is c o m p r o m i s e d  a t  each  d i f f rac t ing  layer  of t he  muscle  
t issue,  a n d  t he  a c t u a l  d i s t r i b u t i o n  of sa rcomere  l eng ths  

m u s t  be  n a r r o w e r  t h a n  t h e  l igh t  i n t e n s i t y  d ispers ion  
shown  in f igure  l c .  This  specu la t ion  is s u p p o r t e d  b y  
d i rec t  m e a s u r e m e n t s  b y  o the r s  wh ich  show l i t t l e  sarco-  
mere  l e n g t h  d ispers ion  in l iv ing  p a p i l l a r y  muscles  a t  
r e s t  12. 
Desp i te  u n c e r t a i n t i e s  a b o u t  inference  of sa rcomere  l eng th  
d i s t r i b u t i o n  b y  d i f f r ac tome t ry ,  i t  is o f ten  possible  to  de t ec t  
d iscre te  sa rcomere  l eng ths  in  these  p r epa ra t i ons .  Since 
t h e  l igh t  e m i t t e d  b y  t i le  ga l l ium arsen ide  laser  d iode  ha s  
a f in i te  spec t ra l  b a n d w i d t h  (3.5 nm),  t he  I R  d i f f rac t ion  
p a t t e r n s  are no t  as speckled  la as those  o b t a i n e d  f rom 
the  h e l i u m  neon  laser  (refer to  lack of sma l l  i n t e n s i t y  
f l uc tua t i ons  on  f igure  l a  as c o m p a r e d  to  l b ) .  I n  t he  ab-  
sence of speckle  noise i t  is o f ten  possible  to  resolve smal l  
peaks  wh ich  occur  on ly  on  t h a t  p a r t  of t he  d i f f rac t ion  
p a t t e r n  where  a c o m p o n e n t  due to sa rcomere  d i f f rac t ion  
would  be  p red ic t ed  (figure 3). The  pos i t ion  of these  peaks  
is n o t  s t a t i o n a r y  a n d  m a y  be  r e l a t ed  to t he  p resence  of 
small ,  n o n p r o p a g a t e d  loci of s p o n t a n e o u s  con t r ac t i l e  
a c t i v i t y  seen la te  d u r i n g  t he  i n t e r v a l  be tween  c o n t r a c t i o n s  
in  i n t a c t  7,14 a n d  sk inned  1~ muscle  p r epa ra t i ons .  

11 G.H. Pollack and J. W. Krueger, Eur. J. Cardiol. d (suppl.), 53 
(1976). 

12 A. F. Grimm and B. Wohlfart, Acta physiol, scand. 92, 575 
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G A B A  in the caudate  nucleus:  A poss ib le  synapt ic  t rans mi t t er  of in terneurons  1 

R. S p e h l m a n n ,  K. Norcross  and  E. J.  G r i m m e r  2 
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Summary. Micro ion tophore t i c  app l i c a t i on  of GAI3A and  i ts  an t agon i s t ,  p ic ro tox in ,  a l t e red  focal  p o t e n t i a l s  evoked  in 
t he  c a u d a t e  nuc leus  b y  s t i m u l a t i o n  nea r  t he  record ing  s i te  to  a m u c h  g rea t e r  e x t e n t  t h a n  p o t e n t i a l s  el ici ted b y  s t im-  
u l a t i on  of a f fe ren t  p a t h w a y s ,  sugges t ing  t h a t  G A B A  is a t r a n s m i t t e r  of i n t e r n e u r o n s  in th i s  nucleus .  

The  poss ib i l i ty  t h a t  g a m m a - a m i n o b u t y r i c  acid (GABA) 
acts  as a n e u r o t r a n s m i t t e r  in  t h e  c a u d a t e  nuc leus  (CN) is 
sugges ted  b y  t h e  fa i r ly  h igh  c o n c e n t r a t i o n  of G A B A  a n d  
i ts  s y n t h e t i z i n g  enzyme,  g l u t a m i c  acid deca rboxy la se  
(GAD) in th i s  nuc leus  3-5. G A B A  a n d  G A D  are r educed  
in t h e  CN in H u n t i n g t o n ' s  cho rea  e, ~, w h i c h  is c h a r a c t e r -  
ized b y  a loss of i n t e r n e u r o n s  in  t h e  CN, a n d  in P a r k i n s o n ' s  
disease s, 9, sugges t ing  t h a t  s t r i a t a l  G A B A  plays  a role 
in  t h e  p a t h o p h y s i o l o g y  of h u m a n  m o v e m e n t  disorders .  
W h e n  appl ied  m i c r o i o n t o p h o r e t i c a l l y  to  c a u d a t e  neurons ,  
G A B A  reduces  t h e i r  f i r ing  rate10, n a n d  mimics  t he  
effect  of s y n a p t i c a l l y  i nduced  i n h i b i t i o n  1~. Poss ib ly ,  some 
G A B A - c o n t a i n i n g  t e r m i n a l s  in  t h e  CN are  r e c u r r e n t  
co l la te ra l  f ibers  f rom s t r i a to -n ig ra l  connec t i ons ;  these  
connec t ions  were f i rs t  cons idered  GAl3Aergic  because  t he  
G A B A  an tagon i s t ,  p ic ro tox in ,  b locks  focal  evoked  
p o t e n t i a l s  and  t h e  depress ion  of n e u r o n a l  f i r ing  p r o d u c e d  
in  t he  s u b s t a n t i a  n ig ra  b y  s t i m u l a t i o n  of t h e  CN18,1~. 
However ,  i t  is un l ike ly  t h a t  r e c u r r e n t  co l la tera ls  a c c o u n t  
for t h e  h igh  c o n c e n t r a t i o n  a n d  widesp read  effects  of 
G A B A  in t he  CN, s ince less t h a n  5% of t h e  c a u d a t e  
neu rons  give r ise to  e f fe ren t  f ibers  15. ,Moreover, because  
lesions of m a j o r  connec t ions  to  a n d  f rom t h e  CN do n o t  
reduce  c a u d a t e  G A B A  or G A D  levels,  i t  h a s  been  sug- 
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