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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. 

J .  BORBOLA, Jr. ,  J. Gu PAPP a n d  
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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  
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Fig. 1. Gas liquid chromatograms of extracts from aqueous solutions 
containing 10 Fg of codeine phosphate (A) and 10 mg of stock mor- 
phine sulfate (B), and from acid hydrolyzed urine of a subject receiv- 
ing chronic administration of 240 mg morphine sulfate per day, 5 ml 
(C) and 20 ml (D) of pooled urine collected during a 24-hour 
period. The ~mrnbcr under the curves represent the attenuation • 
range (Amps/mV). 

n o r m o r p h i n e ,  b u t  no t  of codeine  were obse rved  on  T L C  
of t h e  free d r u g  f r ac t ion  of t he  X A D - 2  res in  e x t r a c t  of t h e  
u r ine  1 a nd  of t he  organic  so lven t  e x t r a c t  of t he  acid 
h y d r o l y z e d  u r ine  ~. A sma l l  shou lde r  c o r r e spond ing  to  t he  
pe a k  of a u t h e n t i c  ace ty lcode ine  was  obse rved  on t he  GLC 
of t he  u r ine  e x t r a c t  de r iva t i zed  w i t h  acet ic  a n h y d r i d e  6 
(Figur  1C); whereas ,  e x t r a c t s  de r iva t i zed  w i th  Tri-Si l -Z 
(a s i lan iz ing  agent) ,  t r i f luoroace t ic  a n h y d r i d e  a n d  pen to -  
f luoropropionic  a n h y d r i d e  d id  n o t  show th i s  peak .  T L C  
of t h e  e x t r a c t  ob t a ine d  f r o m  75 ml  acid h y d r o l y z e d  urine,  
t heore t i ca l ly  c o n t a i n i n g  24 m g  of a d m i n i s t e r e d  m o r p h i n e  
sulfate ,  showed  a f a in t  spo t  c o r r e spond ing  to  codeine.  
GLC of t he  ace ty l  de r i va t i ve  of t he  e x t r a c t  ob t a ine d  f rom 
20 ml  h y d r o l y z e d  ur ine  showed  a sma l l  p e a k  cor respond-  
ing  to  ace ty lcode ine  (Figure  1 D). 

To  e x a m i n e  t h e  poss ib i l i ty  t h a t  t h e  sma l l  a m o u n t  of 
codeine  f o u n d  in t h e  u r ine  m i g h t  h a v e  o r ig ina ted  as a 
c o n t a m i n a n t  of t he  in jec ted  m o r p h i n e  a n d  no t  a bio- 
t r a n s f o r m a t i o n  p r o d u c t  of morph ine ,  0.5 to  25.0 m g  of 
s tock  m o r p h i n e  su l fa t e  was  ex t r ac t ed ,  a c e t y l a t e d  a n d  
e h r o m a t o g r a p h e d .  T h e  G LC show e d  t h a t  in t h e  m o r p h i n e  
s a m p l e s  la rger  t h a n  2.0 m g  t h e r e  were  p e a k s  co r respond-  
ing  to  ace ty lcode ine  (Figure  1 ]3). The  c o n c e n t r a t i o n  of 
codeine  in t he  m o r p h i n e  s a m p l e  ca lcu la ted  f rom a s t a n d a r d  
cu rve  p r e p a r e d  f rom 2.5 to 20 Fg of codeine p h o s p h a t e  
was  found  to  be 0.04% (Figure  2). As can  be seen f rom 
F igu re  1 D the  a m o u n t  of codeine  p r e s e n t  in t he  20 ml  
h y d r o l y z e d  u r ine  is less t h a n  1/2 t he  a m o u n t  f o u n d  in a 
10 m g  s a m p l e  of m o r p h i n e  sul fa te .  Ba se d  on t h e  a s s u m p -  
t ion  of t he  da i ly  u r ine  c o n t a i n i n g  all da i ly  a d m i n i s t e r e d  
drug,  t h e  s a m p l e  t heo re t i ca l l y  shou ld  c o n t a i n  a b o u t  7 m g  
of m o r p h i n e  su l fa t e  a n d  i t  was  f o u n d  to  c o n t a i n  5.2 m g  
w i t h  GLC ana lys i s .  T h e  a m o u n t  of codeine  f o u n d  was  
a b o u t  31.1% of t h e  codeine  p r e s e n t  as i m p u r i t y  in 7 m g  
of a d m i n i s t e r e d  m o r p h i n e  sul fa te .  T h e  o b s e r v a t i o n  of 
codeine  in t h e  u r ine  of m o r p h i n e  add ic t s  du r ing  t he  24-hour  
per iod  of u r ine  coilection,  therefore ,  could  be a c c o u n t e d  for 
b y  c o n t a m i n a t i o n  of t he  in j ec ted  m o r p h i n e  sulfate ,  

Discussion.  Codeine in sma l l  a m o u n t s  was  de t e c t e d  in 
t h e  h u m a n  ur ine  a f te r  chron ic  a d m i n i s t r a t i o n  of 240 m g  
m o r p h i n e  su l fa t e  da i ly  a nd  in  t h i s  r e ga rd  t h e  p r e s e n t  d a t a  
pa r t i a l l y  con f i rms  t he  o b s e r v a t i o n  of BONER a n d  ABBOTt % 
However ,  t he i r  f i nd ing  of a large a m o u n t  of codeine  
(0.7 to 6% re la t ive  to  morph ine )  in  u r ine  s a m p l e s  c a n n o t  
be conf i rmed .  T h e  source  of codeine  obse rved  in t h e  
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Fig. 2. Standard curve of codeine phosphate (0--O),  and codeine 
found in morphine sulfate ( • -- • ), U.S.P. 

1 S. Y. YEH, Fedn. Proc. 32, 763 (1973). 
2 U. BORNER and S. A B B O T T ,  Experientia 29, 180 (1973). 
3 TLC was performed on Quantum Silica Gel preeoated plates, de- 

veloped with ethyl acetate :methanol: ammonium hydroxide 
(28%) (17:2:1) and sprayed with pot. iodoplatinate reagent. 

4 A Varian Aerograph, Series 2700, equipped with a 5 foot • 2 mm 
stainless steel column packed with 3% SE-30 coated on Varaport 
100/120 and a 3 foot • 2 mm glass column packed with 3% OV-17 
coated on gas-chrom Q, 60/80 mesh and flame ionization detectors. 
Temperatures for injector, column and detector, were 255 ~ , 250 ~ 
and 295 ~ respectively. 

s S. Y. Y ~ ,  Report of the 36th Annual Meeting of NAS-NRC Com- 
mittee on Problems of Drug Dependence (1973), p. 215. 

6 Five ml urine was hydrolyzed with 20% by volume of concentra- 
tion He1 in a steam jacketed autoclave at 15 lb pressure for 30 rain, 
adjusted to pH 14 with NaOH, salted with NaC1 and extracted 
with 15 ml of CHC13 by shaking for 15 min and centrifuged for 15 
rain. The aqueous phase was discarded and 13 ml of the organic 
phase was extracted with 2.5 ml of 2N He1. After removal of the 
organic phase the acidic aqueous phase was again adjusted to pH 
14 and extracted with CHC13. 13 ml of the organic phase and 0.05 ml 
of cholestane (0.1 mg/ml) solution were evaporated to dryness and 
the residue aeetylated with 0.2 ml of acetic anhydride and 0.1 ml 
of pyridine in a sealed tube at 60 70 ~ for 1 h. The excess acetic 
anhydride was removed and the residue dissolved in 0.05 ml ethyl 
acetate and 1 [xI of the solution injected into the GC. 
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urine in the  p resen t  s tudies  was a t t r i bu t ed  to  the  codeine 
t h a t  was p resen t  as an impur i t y  in the  morph ine  injected,  
and not  to a b io t r ans fo rma t ion  p roduc t  of morphine .  

The f inding of a large a m o u n t  of codeine in urine sam- 
pies by  t361aIVXR and  ABBOTT ~ m i g h t  be due to  on column 
acetylaf ion of the  urine ex t rac t  wi th  b o t h  monoace ty l -  
morph ine  and  acetylcodeine  in the  same peak. 

I t  has  been po in ted  out  t h a t  on co lumn ace ty la t ion  of 
morph ine  shows 2 peaks,  t he  f i rs t  cor responding  to 
m o n o a c e t y l m o r p h i n e  and the  second to d iace ty lmor-  
ph ineL  GLC results  ob ta ined  in the  p re sen t  s tudies  
indicate  m o n o a c e t y l m o r p h i n e  and  acety lcodeine  have  
similar  r e ten t ion  t imes,  and  canno t  be resolved in e i ther  
3% OV-17 or 3% SE-30 columns at  var ious t empera tu res .  
Therefore,  there  is the  possibi l i ty  of measur ing  the  f irs t  
peak  of ace ty lmorph ine  as acetylcodeine  when  on column 
ace ty la t ion  is used for samples  conta in ing  b o t h  codeine 
and morphine .  

The f indings of codeine (8 to  15% relat ive to morphine)  
in t he  urine of heroin  addic ts  2 migh t  be due to  the  
con t amina t i on  of heroin  wi th  acetylcodeine  and  column 
acetyla t ion.  I t  is well known  t h a t  acetylcodeine  is a 
b y p r o d u c t  of heroin, especial ly when  the  heroin is ob ta ined  
f rom an illicit source s. The presence of acetylcodeine  and 
codeine in the  illicit heroin  has  been  de tec ted  wi th  paper  
c h r o m a t o g r a p h y  and  TLC. The m e a n  rat io  of codeine to  
morph ine  in the  20 hydro lyzed  hero in  samples  has been  
quan t i t a t i ve ly  de t e rmined  and  f o u n d  to be 0.11 (0.10- 
0.14) s. BORNER and  ABBOTT 2 s t a t ed  t h a t  the  heroin  
sample  ob ta ined  f rom the  s t ree t  was analysed  and no 
codeine or ace ty lcodeine  were found.  However ,  the  size 
of sample  used for analysis  of codeine and  acety lcodeine  
could affect  the  de tec tab i l i t y  of a small  a m o u n t  of 
contaminants in the drug. 

In studies of the metabolism on morphine in vivo. 
ELISON and  ELLIOTT 9 observed a rad ioac t ive  spot  
cor responding  to codeine in the  ex t r ac t  of a pooled 24-hour 
urine sample  of L o n g - E v a n s  ra ts  p re t r ea t ed  wi th  
morphine-N-l*CHa (the dose given was no t  s ta ted,  it  was 
p r e s u m a b l y  20 mg/kg) and a Gunn ra t  s.c. given 20 mg/kg  
of morphine-N-~CH~.  The au thors  po in ted  out  t h a t  "a  
24-hour urine sample  f rom a single j aundiced  ra t  was 
sufficient  to give de tec tab le  metabo l i t e  spots  in duplicate,  
whereas  4 Pooled 24-hour urine samples  f rom normal  
ra t s  were necessary  to  give one single de tec tab le  spo t" .  
The rad ioac t ive  spo t  cor responding  to codeine in normal  
ra t s  observed  by  E~LLISON and  ELLIOTT was in t e rp re t ed  
by  me to  poss ibly  come f rom the  original source as a 
c o n t a m i n a n t  in t he  morph ine  injected.  The da ta  of 
ELISON and ELLIOTT were therefore  in t e rp re t ed  t h a t  
0 - m e t h y l a t i o n  of morph ine  does no t  t ake  place in normal  
ra ts  ~ bu t  does in Gnnn  ra ts  which  possess he red i t a ry  
defects  in glucuronide fo rma t ion  ~~ Thus, only when  the  
major  metabol ic  pa thway ,  glucuronidatioI1 a t  the  3-posi- 
t ion,  is blocked then  O-methy la t ion  of morph ine  takes  
place. 

Codeine has been qua l i t a t ive ly  ident i f ied in t he  urine 
of dogs af ter  s.c. in jec t ion  of 350 mg/kg of morph ine  
sulfate  9. The codeine migh t  also come f rom the  original  
source;  p r e sumab ly  all or at  least  a large q u a n t i t y  of t he  
urine had  been  used for those  studies.  

Using h ighly  sensi t ive techniques  the  me tabo l i sm of 
N-l~C-methylcodeine in m a n  tl, monkeys  1~, dogsla, ~4, 
rabb i t s  ~4, cats  ~ and  rats la  has been  s tudied  and it was 
found t h a t  abou t  90% of the  admin i s t e red  codeine was 
b io t ransformed.  O-demethy la t ion  (except  i n dogs) and 
glucuronidat ion  were the  major  metabol ic  p a t h w a y s  for 
codeine in man,  monkeys ,  dogs, r abb i t s  and  rats,  and  
N -d eme t h y l a t i o n  was the  major  metabol ic  p a t h w a y  for 
cats. The ap p a ren t  morphine ,  a b io t r ans fo rma t ion  prod-  
uct  of codeine, was fu r ther  conjugated .  In  o ther  words,  
if b io t r ans fo rma t ion  of morph ine  to  codeine does take  
place, t h e n  the  a p p a r e n t  codeine will be metabol ized.  
Never theless ,  no evidence was observed in t he  p resen t  
s tudies  for the  fo rmat ion  of codeine f rom morph ine  in man.  

Zusammen/assung. Nachweis  yon  Codein im H a r n  von  
chronisch mi t  Morphin- In j  ek t ionen behande l t en  Personen.  
Diese Codein-Spuren  k6nnen  j edoch aus Verunre in igungen  
des ben i i t z t en  Morphins  s t a m m e n  und  bi lden daher  keinen 
]3eweis daftir, dass Codein be im Menschen durch  Bio- 
t r ans fo rma t ion  als Metabol i t  yon Morphin  en t s teh t .  
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S t r y c h n i n e  as  an  A n t i c h o l i n e s t e r a s e :  in  v i t r o  S t u d i e s  w i t h  Rat  B r a i n  E n z y m e s  

The convuls ive  effects of re la t ively  low doses of 
in t r avenous ly  in jec ted  s t rychn ine  have  been  largely 
expla ined by  the  f ind ing  of BRADLEY, EASTON and 
ECCLBS 1, who showed t h a t  th is  alkaloid reduces or 
abolishes inh ib i t ion  in the  cent ra l  nervous  sys tem,  
especial ly in t he  spinal  cord, medul la  and  ports. The 
mechan i sm by  which it so acts  appears  to  be the  b ind ing  
of the  drug to  pos t - synap t i c  receptors  for a 'glycine-l ike '  
inh ib i tory  t r ansmi t t e r ,  p robab ly  in a compet i t ive  man- 

ner~,K However ,  ne i ther  the  molecular  mechan i sm by  
which  s t rychn ine  acts  a t  low concent ra t ions ,  nor  t he  
mechan i sms  by  which  h igher  doses of s t rychn ine  are 
exci ta tory ,  especiMly when  topica l ly  appl ied to bra in  
cortex,  a s t ruc tu re  largely insensi t ive  to in t ravenous  
s t rychnine ,  and  which  is the  basis  for the  classical 
neuronography ,  are suff ic ient ly  unde r s tood  at  present .  

Our l abora to ry  has been concerned  w i t h  t he  in v i t ro  
effects  of s t rychn ine  on d i f ferent  neura l  componen t s ,  as a 


