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I n h i b i t i o n  of whole  cell r e sp i r a t i on  b y  tobacco  smoke  
f rac t ions  is in  a g r e e m e n t  wi th  o the r  r epo r t s  ~0, n.  Adverse  
effects of m i c r o g r a m  q u a n t i t i e s  of t obacco  smoke  frac- 
t ions  on  m i t o c h o n d r i a l  oxidases  sugges t  a n  i n t e r a c t i o n  
of tobacco  smoke  c o n s t i t u e n t s  w i t h  t he  m i t o c h o n d r i a l  
e lec t ron  t r a n s p o r t  cha in  c o m p o n e n t s  as well  as assoc ia ted  
enzymes .  C o m p l e x i t y  of s imi la r  i n t e r ac t i ons  of tobacco  
smoke  w i t h  pur i f ied  yeas t  a lcohol  dehyd rogenase  has  
been  reported1~, ~3. Recen t ly ,  f r ac t ions  h a v e  also been  
i so la ted  f rom tobacco  smoke  c o n d e n s a t e  wh ich  cause  
e n z y m a t i c  i n h i b i t i o n  b y  b i n d i n g  t he  essent ia l  me ta l s  ~*. 

Our  p r e l i m i n a r y  s tud ies  i nd i ca t e  t h a t  t he  W S  f r ac t i on  
f rom tobacco  smoke  c o n d e n s a t e  i nh ib i t s  yeas t  g r o w t h  b y  
in te r fe rence  w i t h  t he  r e s p i r a t o r y  m e t a b o l i s m  of t he  ceils. 
Since t he  t obacco  smoke  a n d  i ts  f rac t ions  h a v e  complex  
chemica l  composi t ion ,  t h e  m e c h a n i s m  of t h e i r  i n h i b i t o r y  
ac t ion  can  be b e t t e r  u n d e r s t o o d  only  w h e n  sub f r ac t i ona -  
t i on  a n d  i den t i f i c a t i on  of t he  c o n s t i t u e n t s  h a v e  been  
achieved .  

Zusammen/assung. Das aerob ische  W a c h s t u m  der  
Saccharomyces carlsbergensis wird  bei  A n w e s e n h e i t  des 
wasser16sl ichen T a b a k r a u c h k o n d e n s a t e s  im L a k t a t  N~thr- 
m e d i u m  s t a r k  g e h e m m t ,  obwohl  e i n e W a c h s t u m s h e m m u n g  
im G l u k o s e m e d i u m  n i c h t  s t a t t f i nde t .  M i k r o g r a m m e n g e n  

des K o n d e n s a t a n t e i l s  h e m m e n  die A t m u n g  i n t a k t e r  
Zel len sowie die jenige isol ier ter  M i t o c h o n d r i e n  der  Here.  
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a r e a ,  R i c h a r d  B. Russel l  Agr i cu l t u r e  Resea rch  Center ,  Athens ,  
Georgia ,  30604, a n d  p ro j ec t  No. 24058 of K e n t u c k y  T o b a c c o  
Resea rch  Board .  The  a u t h o r s  t h a n k  Dr.  JOHN F. BENNER for  
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P e r i p h e r a l  Inh ib i t ion  in S u s t a i n e d  and T r a n s i e n t  O n l C e n t e r  G a n g l i o n  Cells  in Gat Re t ina  

Over  t he  pa s t  8 years  r e sea rch  f rom severa l  labo-  
ra tor ies  ~-7 ind ica t e s  t h a t  on -cen te r  r e t i na l  gang l ion  cells 
of t he  ca t  can  be  d iv ided  in to  2 groups.  T he  2 groups  h a v e  
been  refer red  to  as X a n d  Y cells ~,7, Type  I and  Type  I I  
cells3, 5, Group  I a n d  G r o u p  II6,8, 9 or as su s t a ined  a n d  
t r a n s i e n t  cells 2, 4. W e  shal l  a d o p t  t h e  l anguage  of CLELAND, 
DUBIN a n d  LEVlCK ~ and  refer  to  these  un i t s  as transient 
a n d  sustained cells. T he  c r i t e r i a  t h a t  we use for cate-  
gor iz ing  these  cells h a v e  been  descr ibed  in de ta i l  else- 
where  6, s, 9. 

The  pu rpose  of t he  p r e s en t  s t u d y  was to assess in te r -  
ac t ions  b e t w e e n  t he  cen t r a l  (on) a n d  p e r i p h e r a l  (off) 
regions  of t i le r ecep t ive  fields of on -cen te r  t r a n s i e n t  and  
s u s t a i n e d  cells. The  s t u d y  differs  f rom o the r  cen ter -  
s u r r o u n d  interact ion,  i n v e s t i g a t i o n s  6,~~ in t h a t  i t  deals  
specif ical ly  w i t h  t he  t e m p o r a l  cha rac te r i s t i c s  of t he  
in te rac t ions .  
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Fig.  1. T ime  series for  t yp i ca l  su s t a ined  cell. A v e r a g e  response  his- 
t o g r a m s  are  g e n e r a t e d  f rom 15 s t imulus  repe t i t ions .  N e g a t i v e  
n u m b e r s  i nd i ca t e  t h a t  the  onse t  a n d  t e r m i n a t i o n  of the  cen t e r  spo t  
p r eceded  t h a t  of the  a n n u l u s ;  pos i t ive  n u m b e r s  s ign i fy  t h a t  the  
a n n u l u s  was  p re sen ted  f irst .  All t imes  are  in  msec.  The  lowest  t r ace  
shows the  response  to  the  cen t e r  spo t  p r e s e n t e d  alone.  B a c k g r o u n d  
i l l umina t i on  is 0.3 eand le s /m 2. All t a rge t s  a re  1.2 log un i t s  a b o v e  
threshold .  

Single cell r ecord ings  were m a d e  f rom 97 op t ic  t r a c t  
f ibres  of l igh t ly  a n e s t h e t i z e d  cats .  De ta i l s  of t he  record ing  
sys tem,  op t ica l  sys tem,  a n d  a n i m a l  p r e p a r a t i o n  can  be  
o b t a i n e d  b y  re fe r r ing  to  WINTERS, HICKEY and  POLLACK S. 
The  t a rge t s  for t he  s t u d y  were a 0.8 ~ spo t  f lashed  in t he  
r ecep t ive  field cen te r  a n d  a concen t r i c  4.0 ~ • 10.5 o annulus .  
The  t e m p o r a l  re la t ion  be tween  these  2 t a rge t s  was va r i ed  
over  a 150 msec range.  B o t h  t h e  spo t  and  a n n u l u s  were 
square  wave  m o d u l a t e d  (in t ime)  w i t h  a d u r a t i o n  of 1 sec 
a n d  f r equency  of 0.3 cycles/sec. The  t a r g e t s  were super im-  
posed upon  a di f fusely  l i t  t a n g e n t  screen loca ted  80 cm 
f rom the  ca t ' s  eyes. Th re sho lds  for t he  spot  a n d  a n n u l u s  
were d e t e r m i n e d  sepa ra t e ly  and  t he  i n t e n s i t y  of each  
t a r g e t  was  a d j u s t e d  so t h a t  i t  was 1.2 log un i t s  a b o v e  
th re sho ld .  

Average  response  h i s t o g r a m s  for a t yp i ca l  sus t a ined  
cell are shown  in F igure  1. The  lowest  t r ace  in t he  f igure  
shows t he  response  of t he  cell to  0.8 ~ spo t  in  t he  r ecep t ive  
field center .  The  o t h e r  4 t races  give t he  responses  to  t h e  
same spot  p r e sen t ed  in c o n j u n c t i o n  w i t h  a 4 . 0 ~ 2 1 5  10.5 ~ 
concent r ic ,  a n n u l u s  f lashed in t he  r ecep t ive  field pe r iphe ry .  

1 C. ]~NROTH-CUGELL a n d  J .  G. ROBSON, J .  Physio l . ,  Loud .  187, 517 
(1966). 
B. G. CLEILAND, IV[. W.  DUBIN a n d  W. R. LEVlCK, J .  Physiol . ,  
Lond .  271, 473 (1971). 

3 y .  FUKADA, Vision Res. 17, 209 (1971). 
4 H.  IKEDA a n d  1V[. J .  WRIGHT, J .  Physio l . ,  Lond .  227, 769 (1972). 
5 D. I. HAMASAKI, J .  FENGEL a n d  L. R. HAZELTON, Vision Res. 13, 

1421 (1973). 
6 T. L. HICKEY, R.  W. WINTERS a n d  J .  G. POLLACK, Vision Res. 13, 

15ll (1973). 
J. STONE and Y. FUKADA, J .  Neurophys io l .  37, 722 (1974). 

s R. W.  WINTERS, T. L. HICKEY a n d  J .  G. POLLACK, Vision Res. 73, 
1487 (1973). 

9 R. W.  WINTERS, T. L. HICKEY a n d  D. H.  SKAER, Vision Res. 73, 
1499 (1973). 

lo C. ENROTI-I-cI~GELL a n d  L. H .  PINTO, J .  Physio l . ,  Lond .  220, 403 
(1972). 



306 Specialia EXPERIENTIA 31/3 

Nega t ive  n u m b e r s  s ignify  t h a t  t he  onse t  and  t e r m i n a t i o n  
of t i le cen te r  spo t  precedes  t he  annulus ,  whereas  pos i t ive  
n u m b e r s  i nd i ca t e  t h a t  t h e  a n n u l u s  precedes  the  spo t  
in  t i m e ;  zero de lay  means  t h a t  t he  spot  a n d  a n n u l u s  
were p re sen ted  s i m u l t a n e o u s l y  for t he  full d u r a t i o n  of the  
s t imulus .  The  de lay  (in msec) be t w een  t he  spot  and  
a n n u l u s  w h i c h  leads to  t he  g rea t e s t  a m o u n t  of suppress ion  
of t he  on-d i scharge  will, hence fo r th ,  be  referred to  as the  
best delay for  t he  cell. The  bes t  de lay  for t he  sus t a ined  
cell of F igure  1 is zero. I t  c an  also be  seen f rom t he  f igure  
t h a t  t he  a m o u n t  of suppress ion  d i m i n i s h e d  for de lays  
t h a t  are e i t he r  sho r t e r  (spot  l ead ing  annulus)  or longer  
(annulus  lead ing  spot)  t h a n  t he  bes t  delay.  The  m e a n  bes t  
de lay  for 51 sus t a ined  cells was  found  to  be  7.32 msec  
(S.D. = 3.8), w i t h  t he  a n n u l u s  l ead ing  t he  spot.  

The  ave rage  response  h i s t o g r a m s  of F igu re  2 i l l u s t r a t e  
t he  effect  of s t imu lus  t i m i n g  upon  t he  responses  of a 
t yp i ca l  t r a n s i e n t  cell. As was t h e  case for sus ta ined  cells 
t he re  is a c lear ly  def ined bes t  de lay  and  the re  is an  
increase  in  response  s t r e n g t h  of the  on-d i scharge  as 
de lays  become  sho r t e r  or longer  t h a n  t he  bes t  delay.  
The  be s t  de lay  for  t he  cell in F igure  2 is 40 msec, w i t h  t he  
a n n u l u s  l ead ing  t he  spot .  The  m e a n  bes t  de lay  for  46 
t r a n s i e n t  cells was  d e t e r m i n e d  to  be 38.4 (S.D. = 5.9). 
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Fig. 2. Time series for typical transient cell. Refer to Figure 1 for 
details of stimulating procedure. 

This  m e a n  is s ign i f i can t ly  (p < 0.001) larger  t h a n  t h e  
m e a n  bes t  de lay  for t he  su s t a ined  ceils. A l t h o u g h  t h e r e  
is a cIear d i f ference be tween  t h e  bes t  de lay  for  suppres s ion  
o f  the  on-discharge ,  we were no t  able  to  f ind  s y s t e m a t i c  
differences  b e t w e e n  t he  off -discharges  of these  two  cell 
types .  

The  resu l t s  of severa l  s tud ies  a,6, n sugges t  t h a t  t he  
pe r iphe ra l  i n h i b i t i o n  is s t ronger  in  sus t a ined  cells t h a n  in 
t r a n s i e n t  cells. I n  v iew of t he  f ind ings  of t he  p re sen t  
s tudy ,  these  ear l ier  resul t s  m a y  requ i re  r e i n t e r p r e t a t i o n .  
Fo r  example ,  FUKADA a r epo r t s  t h a t  su s t a ined  cells give 
weaker  responses  to  diffuse l igh t  t h a n  t r a n s i e n t  cells. 
The  n a t u r a l  inference  f rom th i s  f i nd ing  is t h a t  p e r i p h e r a l  
i n h i b i t i o n  is weaker  in t r a n s i e n t  cells. I t  m u s t  be  p o i n t e d  
out ,  however ,  t h a t  t he  s t imu lus  cond i t ions  of the  FUKADA 
s t u d y  favor  p e r i p h e r a l  i n h i b i t i o n  in  t he  sus t a ined  ceil 
because  t h e  cen te r  a n d  s u r r o u n d  were s t i m u l a t e d  s imul-  
t aneous ly .  I f  t he  p e r i p h e r y  h a d  been  s t i m u l a t e d  40 msec 
ear l ier  t h a n  t he  center ,  t he  t r a n s i e n t  cells would  p r o b a b l y  
a p p e a r  to  h a v e  s t ronger  s u r r o u n d  inh ib i t i on .  W e  f ind  no  
evidence  for d i f ferences  in  s u r r o u n d  i n h i b i t i o n  in t r a n s i e n t  
and  sus t a ined  cells w h e n  cells are c o m p a r e d  a t  t h e i r  bes t  
delays.  

Zusammen/assung. Die R e s u l t a t e  d e u t e n  d a r a n f  hin,  
dass  n ich t ,  wie b i she r  v e r m u t e t  wurde ,  die St t i tzze l len  
schwaeh  auf  Di f fus l i ch t  reagieren,  sonde rn  dass  n n t e r  
b e s t i m m t e n  U m s t g n d e n  die I n h i b i t i o n  st~trker bzw. 
schw/icher  sein kann .  
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D i f f e r e n t  P a t h w a y s  f o r  H e p a t i c  U p t a k e  o f  T a u r o c h o l a t e  a n d  I n d o c y a n i n e  G r e e n  

T r a n s p o r t  across t he  s inusoida l  m e m b r a n e  o f  the  
h e p a t o c y t e  r ep resen t s  t he  f i rs t  and  leas t  well  k n o w n  s tep  
in t he  b i l i a ry  exc re t ion  of m a n y  organic  anions .  S tudies  
on  t he  hepa t i c  h a n d l i n g  of s u l f o b r o m o p h t h a l e i n  in the  
dog* and  of i n d o c y a n i n e  gree in t he  ra t2 ,  ~ i n d i c a t e  t h a t  
t he  h e p a t i c  u p t a k e  of an ion ic  dyes  is d e p e n d e n t  oil a 
s a t u r a b l e  t r a n s p o r t  s y s t e m  obey ing  MICHABLIS-MENTE~V 
kinet ics .  A l t h o u g h  bile acids m a y  be  r ega rded  as t he  m o s t  
i m p o r t a n t  organic  an ions  wh ich  are excre ted  in to  t h e  
bile, t he  m e c h a n i s m s  gove rn ing  t h e i r  r e m o v a l  f rom the  
b lood  are  insuf f ic ien t ly  unde r s tood .  Only  r ecen t ly  i t  has  
been  shown  t h a t  t h e  k ine t ics  of hepa t i c  bile acid u p t a k e  
are  also c o m p a t i b l e  w i t h  c a r r i e r - m e d i a t e d  t r a n s p o r t  4-~. 
I t  is no t  dea r ,  however ,  w h e t h e r  an ion ic  dyes  a n d  bi le  
acids en t e r  t he  h e p a t o c y t e  v ia  one or more  p a t h w a y s .  
Mul t ip le  m e c h a n i s m s  h a v e  been  sugges ted  for t he  b i l i a ry  
excre t ion  of organic  an ions  7. Thus ,  i t  appea r s  poss ible  t h a t  
d i f fe ren t  p a t h w a y s  exis t  for t he  hepa t i c  u p t a k e  of bi le  
acids a n d  an ion ic  dyes.  To t e s t  t h i s  hypo thes i s ,  t he  
k ine t i c  p a r a m e t e r s  of h e p a t i c  u p t a k e  of t a u r o c h o l a t e  a n d  
of i n d o c y a n i n e  green  were c o m p a r e d  in  t h e  per fused  r a t  
l iver,  a n d  i t  was i n v e s t i g a t e d  w h e t h e r  c o m p e t i t i v e  inh ib i -  

t i on  p h e n o m e n a  are p r e sen t  w h e n  b o t h  an ions  are 
adminis terec l  toge the r .  

Materials and methods. Male S P F - r a t s  of t he  Sprague  
Dawley  s t r a i n  weigh ing  344 4- SD 37 g and  m a i n t a i n e d  
on  a s t a n d a r d  r a t  d ie t  (A l t romin  300 R) were used as 
l iver  donors.  The  l iver  we igh t  ave raged  3.4 4- SD 0.3% 
of t he  b o d y  weight .  
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