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b e t w e e n  the i r  exposed t ips  m e a s u r e d  0.5 ram.  The  
s u b s t a n t i a  n igra  was s t i m u l a t e d  w i t h  a 0.1-0.15 msec  
pulse of 4 .5-5.0 V. T he  cond i t ion ing  s t imulus  to  t h e  
s u b s t a n t i a  n ig ra  p receded  t he  t e s t  s t imu lus  b y  a n  i n t e r v a l  
v a r y i n g  be tween  1 a n d  1000 msec.  Af te r  a w a i t i ng  per iod  
of 75 sec or longer,  t h e  n e x t  s t imulus  c o m b i n a t i o n  was  
given.  A t  t h e  end  of t he  e x p e r i m e n t  t he  b r a i n  was r e m o v e d  
and  p r e p a r e d  for f rozen sections.  All s t i m u l a t i n g  e lec t rode  
p l a c e m e n t s  were ver i f ied  his tological ly .  

Results and discussion. S t i m u l a t i o n  of t h e  s u b s t a n t i a  
n igra  resu l ted  in a n  increase  in a m p l i t u d e  of p r i m a r y  
c o m p o n e n t s  of visual ,  aud i to ry ,  a n d  s o m a t o s e n s o r y  
evoked  responses  in  cor t ica l  p r i m a r y  rece iv ing  areas  bi -  
la tera l ly .  This  is i l l u s t r a t ed  in F igure  1. The  uppe r  row 
shows t he  v i sua l  evoked  response  (C), w h i c h  was e n h a n c e d  
b y  n ig ra t  s t i m u l a t i o n  (T). T he  middle ,  a n d  lower  rows 
r ep re sen t  aud i to ry ,  a n d  s o m a t o s e n s o r y  evoked  responses,  
respect ive ly .  B o t h  were e n h a n c e d  b y  cond i t i on ing  
s t i m u l a t i o n  of t he  substantia nigra (T). Nigra l  s t i m u l a t i o n  
a lone  p roduced  no  response  in each  record ing  site. 

The  t i m e  course of effects  of n ig ra l  s t i m u l a t i o n  on  t he  
v i sua l  evoked  response  in t he  ips i l a te ra l  l a t e ra l  gyrus  is 
shown  in  F igure  2. T he  lef t  g r a p h  p re sen t s  t h e  pos i t ive  
component of the response and the right graph the 
negative one. o O T �9 represent values from different 
animals ,  a n d  each  e lec t rode  p l a c e m e n t  is i l l u s t r a t ed  in 
t h e  lower d iag ram.  Po lyphas i c  curves  could be  seen, a n d  
a m a r k e d  increase  in a m p l i t u d e  of t h e  response  occur red  a t  
cond i t i on ing - t e s t  i n t e rva l s  of 9-19, 30-40, 60-75,  and  
410-590 msec. F igure  3 shows t he  t i m e  course of effects 
of n ig ra l  s t i m u l a t i o n  on  t h e  v i sua l  evoked  response  in t he  
c o n t r a l a t e r a l  l a te ra l  gyrus.  T he  effect ive  cond i t i on ing - t e s t  
i n t e r v a l  r anges  were t he  same.  

Modi f i ca t ion  of sensory  impulses  b o t h  b y  t he  r e t i cu la r  
f o r m a t i o n  and  b y  t he  nonspeci f ic  t h a l a m i c  nucle i  has  been  
wel t  e s t ab l i shed  6-~. I n  t h e  las~ decade  effects  of c a u d a t e  
s t i m u l a t i o n  on  sensory  ac t iv i t i e s  h a v e  been  s tud ied  10-~2. 
I n  our  p rev ious  s tud ies  2-4 e n h a n c e m e n t  of p h o t i c a l l y  
evoked  p o t e n t i a l s  b y  len t icu lar ,  cauda te ,  and  r u b r a l  
s t i m u l a t i o n  wag observed ,  a n d  in t h i s  i n v e s t i g a t i o n  t h a t  
of v isual ,  aud i to ry ,  a n d  soma tosenso ry  evoked  responses  
b y  n ig ra l  s t i m u l a t i o n  was found.  T he  a n a t o m i c a l  f ind-  
ings ~3-15 t h a t  t h e  substantia nigra receives  a f f e r en t  f ibers  
f rom the  striatum, globus pallidus, etc., a n d  sends  e i fe ren ts  
to  t he  striatum, globus pallidus, r e t i cu la r  fo rmat ion ,  etc. 
seem to  s u p p o r t  t he  resu l t s  o b t a i n e d  in t he  p r e s en t  s tudy .  
The  f i rs t  ef fect ive  cond i t i on ing - t e s t  i n t e r v a l  r ange  of n igra l  

s t i m u l a t i o n  is s imi la r  to  t h a t  of r u b r a l  s t i m u l a t i o n  ~, a n d  
longer  t h a n  t h a t  of l en t i cu la r  a n d  c a u d a t e  s t i m u l a t i o n  3, 8. 
The  second, th i rd ,  a n d  f o u r t h  ones are s imi la r  to  those  of 
len t icu la r ,  cauda te ,  a n d  r u b r a l  s t i m u l a t i o n  2-4. Th i s  
suggests  a n  i n t i m a t e  f u n c t i o n a l  r e l a t i on  b e t w e e n  these  
s t ruc tures .  

Since i t  has  been  asse r ted  t h a t  t he  d e s t r u c t i o n  of t h e  
substantia nigra is respons ib le  for pa rk in son i sm,  i ts  role in 
m o t o r  func t i on  has  been  i n v e s t i g a t e d  ~. On  t h e  o the r  h a n d ,  
TATETSU ~6 r epo r t ed  psychologica l  s y m p t o m s ,  such  as 
pe r sona l i t y  changes ,  d i s t u r b a n c e  of t h e  self, a n d  delusions,  
t h a t  were  assoc ia ted  w i t h  d a m a g e  of t h e  substantia nigra. 
F r o m  th i s  a n d  our  f indings ,  i t  c an  be  said t h a t  t h e  
substantia nigra func t ions  as 'nonspec i f ic '  in t h e  b r a i n  
s tem.  

Zusammen/assung. Nachweis  e iner  , unspez i f i s chen ,  
f 6 r d e r n d e n  W i r k u n g  y o n  S t i m u l a t i o n  der  S u b s t a n t i a  
n igra  auf  , evoked  po ten t i a l~  in den  p r i m ~ r e n  sensor i schen  
Z e n t r e n  des Grosshi rns .  
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Effects of Octanoate on the Electrical Activity of Purkinje Fibres 

M u c h  discussion ha s  r ecen t ly  cen t red  a r o u n d  a possible  
a r r h y t h m o g e n i c  effect  of increased  c i rcu la t ing  free f a t t y  
acid (FFA) levels in  acu te  m y o c a r d i a l  infarc t ion .  On one 
hand ,  an  assoc ia t ion  be t w een  h i g h  s e r u m - F F A  concen t r a -  
t ions  a n d  inc idence  of serious a r r h y t h m i a s  and  d e a t h  
ha s  b e e n  found  in p a t i e n t s  w i t h  c o r o n a r y  occlusion 1, a n d  
e v e n  a causa t i ve  role for  increased  FFA- leve l s  h a s  b e e n  
sugges ted  b y  resu l t s  ob t a ined  in dogs w i t h  e x p e r i m e n t a l  
i n fa rc t ion  2, 3. o the r  obse rva t ions ,  however ,  a rgue  aga in s t  
such  a d i rec t  a r r h y t h m o g e n i c  effect  of F F A s  b o t h  in 
cl inical  s i t ua t i ons  ~, 5 a n d  u n d e r  e x p e r i m e n t a l  cond i t ions  ~. 
Inc reased  ectopic  p a c e - m a k e r  ac t iv i ty ,  o r g i n a t i n g  m a i n l y  
f rom t e r m i n a l  P u r k i n j e  fibres,  is k n o w n  to  p l ay  a n  
i m p o r t a n t  p a r t  in  t he  d e v e l o p m e n t  of severe v e n t r i c u l a r  
a r r h y t h m i a s  fol lowing acu te  co rona ry  occlus ionL The  
p r e s e n t  i n v e s t i g a t i o n  was u n d e r t a k e n ,  therefore ,  to  
s t u d y  t h e  effect  of a F F A  on t h e  e lectr ical  a c t i v i t y  of 

Purk i l l j e  fibres.  To pe r fo rm  such  e x p e r i m e n t s  seemed 
wor th-whi le ,  all  t h e  more  because  no  i n f o r m a t i o n  is as ye t  
ava i l ab le  on  t h e  e lec t rophys io logica l  effects of F F A s  in 
single ca rd iac  fibres. The  p r e l i m i n a r y  resu l t s  to  be  
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p r e s e n t e d  in th i s  p a p e r  d e m o n s t r a t e  t h a t  one of t he  
m e d i u m  cha in  FFAs ,  oc tanoa te ,  is capab le  of p r o f o u n d l y  
a l t e r ing  t he  ac t ion  p o t e n t i a l  cha rac te r i s t i c s  of calf 
P u r k i n j e  fibres. Some of t h e  changes  obse rved  m i g h t  be  
r e l e v a n t  to  a p o t e n t i a l  a r r h y t h m o g e n i c  effect. 

Mater ials  and r~ethods. P u r k i n j e  f i b r e - v e n t r i c u l a r  
muscle  p r e p a r a t i o n s  were d issec ted  f rom t he  r i g h t  
ven t r i c l e  of calf h e a r t s  o b t a i n e d  f rom t he  s l a u g h t e r  house.  
The  p r e p a r a t i o n s  were p i n n e d  u n d e r  s l igh t  t en s i on  to  a 
sof t  p las t ic  b lock  in a t i ssue  b a t h  c o n t a i n i n g  modi f ied  
Locke ' s  so lu t ion  a t  32 ~ T r a n s m e m b r a n e  p o t e n t i a l s  were  
r ecorded  I r0m smal l  t e r m i n a l  radic les  of P u r k i n j e  f ibres  
b y  us ing  a s t a n d a r d  mic roe lec t rode  t echn ique ,  as descr ibed  
earlierS,% The  p r e p a r a t i o n s  were e lec t r ica l ly  d r i v e n  a t  a 
r a t e  of 60/min.  I n  some e x p e r i m e n t s  t he  s p o n t a n e o u s  
a c t i v i t y  of r i g h t  v e n t r i c u l a r  s t r ips  was  also fol lowed 
c o n t i n u o u s l y  b y  record ing  surface  p o t e n t i a l s  t h r o u g h  
b ipo la r  p l a t i n u m  elec t rodes  on  a pen - reco rde r  (Hel- 
coscriptor) .  The  n u t r i e n t  so lu t ion  c o n t a i n e d  ( m M ) :  
NaC1 125; KC1 2,8; CaC12 2.16; NaHCOa 25; glucose 11, 
a n d  was gassed w i t h  95% O~ a n d  5 %  CO 2 (pH 7.4). The  
r e l a t i ve ly  low p o t a s s i u m  c o n c e n t r a t i o n  was used to  
p r o m o t e  t he  d e v e l o p m e n t  of s p o n t a n e o u s  ac t iv i ty .  
O c t a n o a t e  was  p r e p a r e d  w i t h  N a O H  f rom oc tanoic  acid 
(Fluka) .  T a k i n g  in to  a c c o u n t  t he  resu l t s  of ear l ier  
e x p e r i m e n t s  ~0, ~ and  cl inical  o b s e r v a t i o n s  ~, o c t a n o a t e  
w a s  used  in a h i g h  c o n c e n t r a t i o n  (2.4 m M ) .  S ta t i s t i ca l  
s ignif icance was ca lcu la ted  b y  S t u d e n t ' s  t- test .  Mean  
va lues  ~ S.E. h a v e  been  given.  

Results  and discussion. T he  m o s t  s t r i k ing  effect  of 
o c t a n o a t e  (2.4 m M )  on t he  t r a n s m e m b r a n e  p o t e n t i a l s  of 
e lectr ical ly  d r i v e n  P u r k i n j e  f ibres  was  a v e r y  m a r k e d  
s h o r t e n i n g  of t h e  ac t ion  p o t e n t i a l  du ra t i on ,  chief ly  due  
to a decrease  in t h e  p l a t eau  leng th .  A t  t he  s ame  t ime,  t he  
ear ly  r ap id  phase  of r epo la r i za t ion  b e c a m e  more  p ronounc -  
ed. E x p o s u r e  of t h e  f ibres  to  o c t a n o a t e  for 60 m i n  d id  no t  
resu l t  in  a n y  change  in t h e  r e s t ing  m e m b r a n e  po ten t i a l ,  

whereas  a s l igh t  decrease  in t he  a m p l i t u d e  of t he  ac t ion  
p o t e n t i a l  was obvious.  The  m a x i m u m  ra t e  of depolar iza-  
t i on  was r educed  nea r ly  b y  half,  and  the re  was a decrease  
in c o n d u c t i o n  veloci ty .  The  changes  were revers ib le ;  
a f t e r  60 ra in  wash ing  w i t h  con t ro l  solut ion,  a s ign i f ican t  
r ecove ry  was a p p a r e n t .  A typ ica l  e x p e r i m e n t  in  wh ich  i t  
was  poss ible  to  observe  these  t i m e - d e p e n d e n t  a l t e r a t ions  
in  t h e  same  cell is shown  in F igure  1. S t a t i s t i ca l  ana lys i s  
of some cha rac te r i s t i c s  of t he  ac t ion  p o t e n t i a l s  recorded  
u n d e r  con t ro l  cond i t ions  (n = 2 0 ) a n d  a f te r  60 m i n  
exposure  to  o c t a n o a t e  (n = 16) has  revea led  t h a t  the  
50, 70 a n d  90% repo la r i za t ion  t i m e s  decreased  f rom 
317 4- 0,6, 341 4- 0,8 a n d  361,1 4- 1 msec to 187,6 4- 2,1, 
223,4 4- 1,8 a n d  241,6 4- 4,2 msec. respect ive ly .  The  
m a x i m u m  ra t e  of depo la r i za t ion  was  r educed  f rom 520,7 

1,8 'to 275 4- 1,5 V/sec, a n d  t he  ac t ion  p o t e n t i a l  
a m p l i t u d e  f rom 116,8 4- 0,4 to  107,6 4- 0,5 mV.  All 
these  changes  were s t a t i s t i ca l ly  s ign i f ican t  (p < 0,001). 
The  r e s t i ng  m e m b r a n e  p o t e n t i a l  a m o u n t e d  to 90,4 ~= 0,2 
m V  u n d e r  con t ro l  cond i t ions  a n d  i t  was  essent ia l ly  un-  
c h a n g e d  in  t h e  p resence  of o c t a n o a t e  (98,8 ~= 0,3 mV),  

I t  is n o t  ye t  k n o w n  exac t ly  w h a t  changes  in t he  electr ical  
a c t i v i t y  of a single cardiac  f ibre  are  causa l ly  r e l a t ed  to  t he  
onse t  of m o s t  a r r h y t h m i a s  e n c o u n t e r e d  in t he  clinic. 
However ,  t he  m a j o r  effects of o c t a n o a t e  (i.e. t h e  shor t en -  
ing of t he  ac t ion  p o t e n t i a l  d u r a t i o n  and  t he  decrease  in 
r a t e  of depo la r i za t ion  a n d  c o n d u c t i v i t y  of P u r k i n j e  fi- 
bres)  are k n o w n  to  be  p re sen t  in  n u m e r o u s  cond i t ions  

s L. SZEKERES and E. M. VAUGHAN-WILLIAMS, J. Phisiol., Lond. 160, 
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Fig. 1. Effects of octanoate on the intracellularly recorded action potential of a calf Purkinje fibre. In each panel, upper traces: 
stimulus artefact from driving electrode on Purkinje fibre and the same intracellular action potential at Mow (left) and fast sweep speeds 
(right); bottom traces: stimulus artefact from driving electrode on Purkinje fibre and the differential of intracelluIar record, the am- 
plitude of this spike being proportional to the maximum rate of depolarizatiozz (dV===/dt). The interval between the stimulus artefact 
and the differentiated record gives an estimate of conduction time. O: zero potential. The cMibration indicated at control traces is the 
same for each panel. Driving frequency: 60/min. 
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e.g. anox ia  12, h a l o t h a n e  anaes thes i a  1~, etc) wh ich  can  
p rec ip i t a t e  t he  d e v e l o p m e n t  of d y s r h y t h m i a s .  A decrease  
in conduct ion ,  even  in a shor t  s egmen t  of P u r k i n j e  
fibres, c an  increase  t he  p r o b a b i l i t y  of a r r h y t h m i a s  in  
m a n y  ways  ]4, and  t he  sho r t en ing  of t he  ac t ion  p o t e n t i a l  
dura t ion ,  especial ly  t o g e t h e r  w i t h  t he  s lowing of conduc-  
t ion,  m i g h t  be  expec t ed  to f a v o u r  r e - en t ry  ac t i v i t y  ~5. 
A n o t h e r  m e c h a n i s m  b y  which  o c t a n o a t e  could p r o m o t e  
t he  t e n d e n c y  t owards  a r r h y t h m i a s  is if i t  d id  no t  sho r t en  
t he  ac t ion  p o t e n t i a l  d u r a t i o n  of a d j a c e n t  card iac  f ibres 
or groups  of f ibres  to  t he  same  ex ten t .  This  m i g h t  resu l t  
in  an  increase  in  t he  n o r m a l  a s y n c h r o n y  of r ecovery  of 
exc i t ab i l i t y  wh ich  has  long been  cons idered  a n  i m p o r t a n t  
a r r h y t h m o g e n i c  fac to r  u n d e r  va r ious  condi t ions ,  such  as 
local myoca rd i a l  ischemia,  s y m p a t h e t i c  ac t iva t ion ,  digi- 
ta l is  in tox ica t ion ,  etc~S, iv. F u r t h e r  s tud ies  to  clear  th i s  
p o i n t  a p p e a r  w a r r a n t e d .  

A n  a r r h y t h m i a  m a y  also resu l t  f rom e n h a n c e d  auto-  
rus t i c i ty  in  ectopic  p a c e - m a k e r  areas.  A n u m b e r  of 
fac tors  k n o w n  to  cause  or p o t e n t i a t e  d e v e l o p m e n t  of 
v e n t r i c u l a r  a r r h y t h m i a s  can  p roduce  an  increase  in spon-  
t a n e o u s  f i r ing  of cells in  t he  d is ta l  p a r t s  of a t r i o v e n t r i c u l a r  
node  and  in t i le H i s - P u r k i n j e  system~4,1L I t  ha s  been  
p o s t u l a t e d  t h a t  u n b o u n d  F F A s  m i g h t  h a v e  de t e rgen t  
effect  on  card iac  cell m e m b r a n e s ,  t h e r e b y  caus ing  ca t ion  
loss a n d  r e s u l t a n t  increase  in ectopic  impulse  f o r m a t i o n  1,. 
Th i s  a s s u m p t i o n  d id  no t  p rove  to  be  cor rec t  in  our  
e x p e r i m e n t s  in  which  a f t e r  60 ra in  exposure  to  o c t a n o a t e  
(2,4 mM) ,  t he  s p o n t a n e o u s  ac t i v i t y  of v e n t r i c u l a r  s t r ips  
comple t e ly  (Figure 2). The  ini t ial ,  en t i re ly  regular  
s p o n t a n e o u s  r a t e  (about  70/min)  was p rogress ive ly  
reduced,  a n d  f rom t i m e  to  t i m e  a r r h y t h m i a s  appeared .  
B y  t h e  end  of t h e  t e s t  period,  no  a c t i v i t y  was de tec ted  in 
9 ou t  10 p repa ra t ions .  Af te r  60 rain  wash ing  w i t h  con t ro l  
solut ion,  a n  a lmos t  comple t e  r ecovery  occurred.  I n  th i s  
con tex t ,  i t  is of i n t e r e s t  to  no te  t h a t ,  in  a n  u n p u b l i s h e d  
series of exper imen t s ,  o c t a n o a t e  (2,4 raM)  d id  no t  a l t e r  

s u b s t a n t i a l l y  the  in t r ins ic  f i r ing r a t e  of t he  s inoa t r i a l  node  
of i so la ted  r a b b i t  a t r i a  19. 

I n  spi te  of t he  fac t  t h a t  in our  e x p e r i m e n t s  o c t a n o a t e  
did  no t  increase  t he  a u t o m a t i c i t y  in  ce r t a in  ectopic  pace-  
m a k e r  areas  of t he  n o r m a l  card iac  t issue, i t  m i g h t  sti l l  be  
shown  to  p o t e n t i a t e  t he  effect  of local  m y o c a r d i a l  
i s chaemia  or ca techo lamines ,  b o t h  of wh ich  can  cause 
s p o n t a n e o u s  d ischarge  of P u r k i n j e  f ibres  r e su l t i ng  in 
v e n t r i c u l a r  a r r h y t h m i a s  ~4,17. I t  is, of course,  h a r d l y  to  be  
expec ted  t h a t  a m o n g  t he  complex  h a e m o d y n a m i c ,  au to-  
nomic,  local  and  genera l  m e t a b o l i c  changes  occur r ing  
a f te r  acu te  c o r o n a r y  occlusion, t he  e l eva t ion  of u n b o u n d  
F F A  level  would  be  a lone  respons ib le  for t h e  develop-  
m e n t  of ea r ly  pos t - i n f a r c t i on  a r r h y t h m i a s .  I n  th i s  
respect ,  t he re  is a real  need  for f u r t h e r  s tud ies  of t he  car- 
diac  e lec t rophys io logica l  effects of F F A s  u n d e r  in  v ivo  
condi t ions ,  w i t h  due  rega rd  also to  t he  pa tho log ica l  
processes  cha rac t e r i s t i c  of an  acu te  m y o c a r d i a l  in farc t ion .  

W h a t e v e r  t he  role of a F F A  m a y  be  as a n  a d d i t i o n a l  
fac to r  in  t he  genesis of a r r h y t h m i a s  due  to  a pa tho log ica l  
s i tua t ion ,  f rom our  resu l t s  w i t h  0 c t a n o a t e  i t  seems 
reasonab le  to  conc lude  t h a t  m e m b r a n e  func t i on  can  be 
ser iously a l t e red  b y  a F F A  a l r eady  in a n o r m a l  P u r k i n j e  
fibre. I n  f a v o u r  of our  suggest ion,  i t  has  r ecen t l y  been  
shown  t h a t  u n b o u n d  F F A s  (oc tanoa te  1~ olea te  ~0, and  
p a l m i t a t e  ~~ can  p roduce  severe  a r r h y t h m i a s ,  i nc lud ing  
v e n t r i c u l a r  f ibr i l la t ion ,  even  in n o r m a l  i so la ted  r a t  hear t s .  

Zusammen/assung. A m  Beispiel  yon  O c t a n o a t  (Kapry l -  
s~ure) wird  nachgewiesen,  dass  F e t t s ~ u r e  das  Akt ions -  
p o t e n t i a l  von  P u r k i n j e - F a s e r n  des X a l b e s  ve rgnde r t .  
Diese lben  O c t a n o a t k o n z e n t r a t i o n e n  y o n  2,4 m M  un te r -  
d r t i ck ten  s u c h  die s p o n t a n e n  Aktivit~Lten isol ier ter  Herz-  
k a m m e r -  Streifenpr~Lparate. 
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Fig. 2. Changes in the spontaneous rate of ventricular strips under 
the influence of octanoate. Exposure to octanoate started at Q rain 
right after the control measurements. Between 60 and 120 min, the 
preparations were washed with control solution. Vertical bars 
indicate q- S.E.; n = 10. 
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A b s e n c e  of E v i d e n c e  of  B i o t r a n s f o r m a t i o n  of  M o r p h i n e  to  C o d e i n e  in  M a n  

I n  s tudies  of t he  h u m a n  m e t a b o l i s m  of morph ine ,  i t  was  
found  t h a t  in  add i t i on  to  m o r p h i n e  glucuronide ,  m o r p h i n e  
e the rea l  sulfate,  n o r m o r p h i n e  and  n o r m o r p h i n e  con juga t e  
were me tabo l i t e s  of m o r p h i n e  1. A recen t  p a p e r  2 r epo r t i ng  
t h e  f o r m a t i o n  of codeine  f rom m o r p h i n e  in m a n  p r o m p t s  
t he  p u b l i c a t i o n  of the  p r e s en t  paper .  

_Material and methods. Ur ine  was col lected for consecu-  
t ive  24-hour  per iods  f rom p o s t - a d d i c t  p r i soner  vo lun t ee r s  
rece iv ing  chronic  a d m i n i s t r a t i o n  of m o r p h i n e  sulfate,  
60 m g  q.i.d., s.c., a n d  was , ana ly sed  for m o r p h i n e  and  i ts  
me t abo l i t e s  w i t h  th in- layer ,  c h r o m a t o g r a p h y  (TLC)a a n d  
gas- l iquid  c h r o m a t o g r a p h y  (GLC)4. Spo t s  of m o r p h i n e  a n d  


