
266 Specialia t~XPERIENTIA 30/3 

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 
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means  of solving some of the  problems4,  5 indicated.  In  
th is  respect  i t  seemed of in te res t  to  follow up the  f inding,  
f i rs t  r epor ted  by  NACHMANSO~ in 1939% t h a t  s t rychn ine  
was in v i t ro  a r a the r  p o t e n t  inhb i to r  of ace ty lchol ines te-  
rase (ACHE, acety lchol ine  acety l -hydrolase ,  E.C. 3.1.1.7), 
par t i cu la r ly  since t h a t  s tudy  was carr ied out  before t he  
differences exis t ing be tween  AChE and  chol ines terase  
(ChE, acylchol ine acyl-hydrolase ,  E.C. 3.1.1.8), especial ly 
w i th  respec t  to  the i r  subs t r a t e  specifities,  were  recogniz- 
ed~, s. La t e r  s tudies  have  shown t h a t  also the  p l a sma  
acetylchol ine  hydro lyz ing  ac t iv i ty  is inh ib i ted  by  th is  
drug~, ~~ however  no s tudies  have  been  per fo rmed  using 
specific subs t ra tes  for AChE and  ChE, and  the  t y p e  of 
inh ib i t ion  exer ted  by  s t rychn ine  on these  enzymes  is 
unknown,  t hus  render ing  the  bear ing  t h a t  those  f indings  
have  o n ' t h e  in vivo pharmacolog ica l  effects of the  drug 
only  a m a t t e r  oI conjecture .  
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Fig. 1. inhibition of AChE and ChE by Strychnine. O, AChE assayed 
with 3 mM acetytbetamethylcholine; m, ChE assayed with 3 mM 
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Fig. 2. Lineweaver-Burk Plot ol ACHE. O, enzyme alone; A, enzyme 
plus 5 • 10 -5 M strychnine. 

Materials and methods. Ace ty lbe t ame thy lcho l ine  and  
bu ty ry lcho l ine  were used as specific subs t ra tes  for AChE 
and  ChE, respect ively,  and  the  acid l ibera ted  was recorded 
cont inuous ly  by  means  of an au toma t i c  recording p H  
s ta t  (Rad iomete r  SBR2 Titr igraph) ,  exac t ly  as previously  
descr ibed n.  U n d e r  these  condit ions,  reac t ion  ra tes  are 
l inear for a t  least  40 rain. The par t ia l ly  pur i f ied ra t  bra in  
AChE and ChE uti l ized were also ob ta ined  as indica ted  in 
our  previous  r epo r t  n.  

S t rychn ine  sulfate  was  f rom Sigma Chemical  Co. and  
was homogeneous  in 2 ch roma tograph ic  sys tems :  Thin  
layer  on silical gel G wi th  xylene,  bu tanone ,  methanol ,  
d i e thy lamine  (20:20 : 3: 1) as solvents,  or ascending  on 
W h a t m a n  No. 1 paper  using n-butanol ,  concen t ra t ed  
HC1 and  wa te r  (100 : 15 : 34) as so lvent  sys tem.  

Results. \ u  AChE was incuba ted  wi th  3 m M  
ace ty lbe t ame thy lcho l ine  (the Km of t he  enzyme for th i s  
subs t r a t e  being 2.3 • 10' M),  s t rychn ine  had  an  inh ib i to ry  
effect  a t  concen t ra t ions  h igher  t h a n  10 -~ M (Figure 1). 
On the  o the r  hand,  ChE incuba ted  wi th  3 m M  subs t r a t e  
(K~ for bu ty ry lcho l ine :  6.6 • 10 -~ M) was mark ed l y  less 
sens i t ive  to  s t rychnine ,  and  only a t  10 -3 M drug was in- 
h ib i t ion  detec table .  W i t h  b o t h  enzymes,  low s t rychn ine  
concen t ra t ions  cons i s ten t ly  enhanced  enzyme act iv i ty .  

The inh ib i t ion  of AChE by  s t rychn ine  was n e x t  
s tud ied  a t  d i f fe rent  subs t r a t e  concent ra t ions ,  and  the  
resul ts  expressed  in a double  reciprocal  p lo t  (Figure 2). 
S t rychn ine  behaves  as a compet i t ive  inhib i tor  and a K,  of 
7 • 10 -5 M was e s t ima ted  f rom the  L ineweaver -Burk  
plot.  A Dixon  plot  1~ (not shown),  us ing 0.5 and  2.5 m M  
subs t r a t e  concen t ra t ions  gave a similar  K~ value (4 • 10 -5 
M).  ChE was also inh ib i t ed  by  s t rychn ine  in a compe t i t ive  
m a n n e r  (Figure 3); and  a K~ of 1.7 X 10 -~ M was  e s t ima ted  
in th is  case. 

Discussion. While  conf i rming  previous  repor t s  t h a t  
s t rychn ine  is an anticholinesterase%9,1~ the  main  
f inding of th is  s tudy  is t h a t  s t rychn ine  inhib i t s  compet i -  
t ive ly  b o t h  AChE and ChE, showing a s o mew h a t  h igher  
af f in i ty  for the  former.  This  should allow a more  def ini te  
assessment  of the  bear ing t h a t  th is  ac t iv i ty  of s t rychn ine  
has  on i ts  in v ivo  m e c h a n i s m  of act ion.  

Even  0.2 mg /kg  of i.v. in jec ted  s t rychn ine  is able 
cons iderab ly  to  reduce the  I P S P s  of spinal  mo toneu rons  2. 
If the  u n w a r r a n t e d  a s sumpt ion  is made  t h a t  s t rychn ine  
is only d i s t r ibu ted  in t he  extracel lu lar  fluid space, t he  
max i ma l  concen t ra t ion  t h a t  i t  could reach is 3 • 10 -6 21~, 
t h a t  is more  t h a n  one order  of magn i tude  lower t h a n  the  
K~ of the  A Ch E -s t ry ch n i n e  complex.  I t  does no t  therefore  
appear  feasible to a t t r i bu t e  to  th is  an t ichol ines te rase  
ac t iv i ty  of t he  drug  i ts  mechan i sm of act ion when  act ing 
in low doses. A similar  conclusion had  a l ready  been  
reached by  LAPIcQu~ ~4 on o the r  grounds.  On the  o the r  
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hand,  a large va r i e ty  of o ther  act ions of s t rychn ine  
have  been d e m o n s t r a t e d  wi th  higher  doses, name ly  an 
an tagon i sm to the  inh ib i to ry  effects of GABA ~5,~6, and 
a curare-l ike act ion in s y m p a t h e t i c  ganglia and  in neuro- 
muscular  synapses17, ls, D-tubocurar ine  being itself an 
exc i t a to ry  agent  when  appl ied  to  t he  cerebral  cor tex ~9, 
possibly also act ing there  as an t i -GABA compond  ~0. 

S t rychn ine  a t  concen t ra t ions  higher  t h a n  10 -3 M 
appa ren t l y  also expands  p lasma m e m b r a n e s  2t This  l a t t e r  
effect, because of the  ve ry  large concen t ra t ions  needed,  
does no t  appear  to be re la ted  to the  ant ichol ines terase  nor  
to t he  in vivo effects of s t rychnine .  On the  o ther  hand,  a 
d iscr iminat ion  be tween  the  ant ichol inesterase ,  the  ant i-  
GABA and  the  curare-l ike effects canno t  be made  on the  
basis of concent ra t ion ,  since all occur a t  s imilar  ones. 
However ,  the  relat ive ineff icacy as neurona l  exci tors  of 
ant ichol ines terases  more  p o t e n t  t h a n  strychnine2% ~3, 
make  i t  unlikely t h a t  the  an t i -AChE act ion of th is  alka- 
loid is the  main  mechan i sm for its exc i t a to ry  effects 
when  appl ied topical ly  to  the  bra in  cortex,  a l though it 
could con t r ibu te  in some degree to  th is  h ighly  complex  
effect  2~, since it is known  t h a t  acetylcholine,  which  is a 
minor  cortical  t r ansmi t t e r ,  has  p r e d o m i n a n t l y  exc i ta to ry  
effects on th is  s t ruc ture  25, 26. Since nicotinic inh ib i tory  

receptors  in the  cerebral  cor tex  are ye t  to be found2% 
and  9 - tubocura r ine  itself has  some an t i -GABA effects ~~ 
i t  seems probable  t h a t  the  pr imord ia l  mechan i sm for the  
exc i t a to ry  act ion of s t rychn ine  in the  cerebral  cor tex  is its 
an t i -GABA act iv i ty .  

Resumen. La es t r icnina  inhibe  c o m p e t i t i v a m e n t e  a la 
acet i lcol inesterasa (ACHE, aceti lcolina aceti l -hidrolasa,  
E.C. 3.1.1.7) y a la col inesterasa  (ChE, acilcolina acil- 
hidrolasa,  E.C. 3.1.1.8) de cerebro de ra ta .  Se calcul6 un 
K~ de 7 x 10 -~ M p a r s  AChE y de 1.7 • 10 -~ M p a r s  ChE 
cuando sus ac t iv idades  enzim~ticas  se midieron con 
ace t i lbe tamet i lcol ina  y butir i lcolina,  r espec t ivamente .  Se 
analiz6 la re levancia  de estos hallazgos p a r s  el mecan ismo 
de accidn de dosis a l tas  de es t r icnina  in vivo, concluyTn- 
dose que esta  acci6n ant icol inesters  es de escasa 
impor tancia .  
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I n h i b i t i o n  o f  V a s o p r e s s i n - I n d u c e d  M o r b i d  E f f e c t s  

Studies  on renal  blood flow have  shown t h a t  low 
amoun t s  of vasopress in  d iminish  the  circulat ion in the  
renal  medul la  of the  ra t  1 and h a m s t e r  2. F r o m  this  f inding 
a selective sens i t iv i ty  to  A D H  of ar ter ies  of this  area has 
been  suggested 1. 

In  recent  expe r imen t s  in our laboratories,  it  has  been 
observed t h a t  vasopressin,  in doses near ly  propor t iona l  
to  those  which  have  been  occasionally used in man  3, 
induces  ra t  renal  ischemic lesions localized in the  region 
be tween  medul la  and  cor tex 4, suppor t ing  also the  
selective ar ter ial  sensi t ivi ty .  

Since some repor t s  indica te  t h a t  in the  A D H  effect  in 
animals  5, 6 and  in m a n  7 adrenergic  mechan i sm is involved 

o n  t h e  R a t  K i d n e y  b y  P i n d o l o l  a n d  P r o p r a n o l o l  

the  p resen t  expe r imen t s  were designed to examine  whe the r  
the  vasopress in- induced  ra t  k idney  damage  is inf luenced 
by  f i -adrenocept ive recep tor  blocking drugs. 

Material and method. The expe r imen t s  to be descr ibed 
were conduc ted  on young  adul t  albino ra ts  (Wistar  origin) 
of bo th  sexes, averaging 220-240 g, housed  4 in each cage, 
a t  21-22 ~ and  air h u m i d i t y  48-51%,  10-121/2 h l ight /day,  
on pellets  d ie t  (Zootrofiki Athens-Greece)  and t ap  wa te r  
ad l ib i tum;  food was only r emoved  12 h before the  
exper iment .  

The an t id iure t ic  hormone  (Vasopressin-Sandoz)  was 
in jec ted  i.p. once dai ly  a t  a dose of 100 mU/100 g body  wt. 
for 3 successive days.  As fl-adrenergic receptor  blocking 


