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secret ion is no t  p r imar i ly  med ia ted  th rough  H m  release is. 
The poss ibi l i ty  t h a t  the  absence of PG- induc t ion  of H d D  
could be due to  higtl t issue levels of H d  causing inter-  
ference in the  in v i t ro  assay sys tem has  been  ruled out. 
Similarly, we have  shown t h a t  t he  t r ans i en t  e ther  
anes thes ia  required for pylorus- l igat ion does no t  p r even t  
PG- indnced  ac t iva t ion  of H d D  ~9. 

I t  is now well es tab l i shed  in the  rat ,  t h a t  exogenously  
supplied l i r a  can be t a k e n  up by  the  OGA, and PGA 19, s0. 
In  addi t ion,  large loading doses of the  immed ia t e  pre- 
cursor amino  acid H d  can produce  a similar  increase in 
H m  stores in the  OGA 6, bu t  no t  in the  PGA, since th is  
t issue is low in t I d  deca rboxy la t ing  ac t iv i ty  ~. I t  is no t  
cer ta in  however  into which  pool th is  exogenously  suppl ied 
h i s tamine  is going. 

In  the  OGA up take  is a t  least  par t i a l ly  into the  PG- 
sensi t ive pool, s i n c e  some reduct ion  can be p roduced  by  
th is  ho rmone  (Table). Storage of H m  following the  H d  
load p robab ly  occurs in addi t ion  in the  en te rochromaff in -  
like cell system2~; these  cells have  the  capac i ty  to  t ake  
up precursor  amino acids and decarboxyla te  t h e m  in situ 
to  the  cor responding  amine.  I t  is a lmost  cer ta in  tha t ,  
speculat ively,  the  en terochromaff in- l ike  cell H m  pool, 
and the  PG-sens i t ive  pool, are no t  wi th in  the  same unit ,  
since up take  of p re fo rmed  amine  by  the  en te rochromaff in -  
Iike cells does no t  occur ~, 2~ 

Zusammen[assung. Nachweis ,  dass  P e n t a g a s t r i n  (IC1- 
50123) 200 ~zg/ml/kg/h die Magensaf t sekre t ion  in der  
S h a y - R a t t e  2 h nach  L iga tu r  des Pylorus  erh6ht .  Die 
His t aminspe iche r  des R a t t e n m a g e n s  wurden  reduzier t  
und  l i i s t id indecarboxylase-Akt iv i t~ i t  gesteigert .  Verab-  
re ichung yon  1000 mg/kg  ] l i s t ]d in  e rh6h t  den basa len  
l i i s taminspiege l ,  j edoeh wurde  die His t id indecarboxylase -  
Akt ivi t t t t  be] normale r  Magensaf t sekre t ion  n ich t  durch  
Pen t agas t r i n  induzier t .  
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N e w  Observat ions  in t h e  M e t a b o l i s m  of Morphine .  

During opia te  screening of urines f rom heroin  addicts ,  
spots  were f r equen t ly  no ted  Oil the  t h in - l aye r  ch roma te -  
grams (TLC) corresponding  in Rf  and  iodopla t ina te  
color to  codeine. I t  was bel ieved t h a t  in man,  codeine 
migh t  be formed as t he  O-me thy la t ed  me tabo l i t e  of 
morphine ,  which  had  previous ly  been  observed in ra t s  
and dogs by ELISON and ELLIOTT I. 

In our study, urines from 75 heroin addicts applying for 
admittance into the Acute Detoxification Study Unit at 
San Francisco General Hospital were analyzed for opiates 
according to the method of PARKER et el. 3. 85% of these 
urines which were found to be morphine positive also 
contained codeine. The presence of codeine was established 
by mass speetrometryK The codeine concentration was 
determined in 5 samples by TLC ~ and gas-liquid chroma- 
tography (GLC)~. Codeine was found to be present in 
amounts between 12 and 15% relative to morphine. 

To check whether the codeine in the addict urines was 
arising from codeine-contaminated street heroin, the 
street heroin currently available in the San Francisco 
Bay Area was analyzed by TLC, GLC, and mass spectro- 
metry. The samples showed almost exclusively absence 
of codeine or acetylcodeine. 

These findings make it reasonable to assume that 
codeine is formed as a metabolite of morphine via-0- 
methylation. To demonstrate whether the quantity of 
codeine formed is related to chronic morphine administra- 
tion, the following study was performed on morphine 
tolerant and non-tolerant humans. 

Group i, non-tolerant subjects, Route of administration 
of morphine: oral-subjects AI, A2, 2 male volnnteers, 
each receiving 50 mg morphine sulfate, intravenous- 
subjects 131, B2, 2 aortic-bypass patients, receiving as 
i.v. drip over 30 rain., 180 and 195 mg morphine sulfate. 

Group II, tolerant subjects. Route of administration of 
morphine: oral-subj ect C, male cancer patient, receiving 
for the sixth day, 220 mg morphine sulfatein Schlesinger so- 
lution as daily dose. Intravenous-subjects DI, D2, 2 known 

The F o r m a t i o n  of Codeine f r o m  Morphine  in Man 

heroin addicts, who volunteered to inject heroin. Heroin 
is known to rapidly deacetylate to 6-monoacetylmorphine 
and morphine s . The dose injected was unknown. Urine 
samples supplied before injection and samples of the 
heroin injected served as control for absence of codeine. 

The urines of all subjects were collected for 24 h after 
heroin and morphine administration. In Group 1 (non- 
tolerant subjects), urinalysis for opiates was performed 
according to the above procedures2-K To recover the 
small amounts of codeine observed, the extraction method 
was modified ~ and the extract analyzed as before. Codeine 
was found to be present in all urines of Group i in amounts 
of 0.7-0.9% relative to morphine. No significant diffe- 
rences between oral and i.v. administration were noted. 

1 C. ELISON and H. W. ELLIOTT, J. Pharmac. exp. Ther. 144, 265 
(1964). 

2 IK. D. PARKER, C. H. HINE, iNT. NOMOF and H. W. ELLIOTT, J. 
forens. Sci. 11,155 (]966). 
Varian CVA-5 mass spectrometer. Direct injection into membrane 
separator-quadrupole MS system. Membrane temperature 180 ~ 
electron energy 70 ev: ion source temperature 250 ~ ion monito- 
ring at m/e 285,299 for morphine, codeine and molecular fraction: 
J. Am. chem. Soc. 89, 4494 (1967). 

4 Thinlayer chromatography was performed on 20• cm glass 
plates with 0.30 mm Silica Gel GF 254 (according to STAHL). 
Mobile phase was a mixture of 1.4-dioxane, chloroform, ethyl- 
acetate 6:2,5-1 and ammonia atmosphere. Sprayreagent: iodo- 
platinate. 

s Varian Aerograph, Model 204B gas chromatograph was used, 
equipped with 6 foot 1/s inch diameter, 5 % SE-30 column, and flame 
ion detector. Inlet temperature 260~ column temperature 
program 180-280~ at 8~ 60 ml/min He carrier gas; 30 ml/ 
rain H~ to flame ion detector. Analysis according to the one-column 
acetylation procedure of MULE (Analyt. Chem. 36, 1907 (1964). 
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adjusted with 16 N KOH to pH 14 and extracted 4 times with 
benzene. The combined extracts were filtered through sodium 
sulfate, evaportated and chromatographed. 
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Ur ine  w o r k u p  and  op ia te  ana lys i s  of Group  I I  ( to le ran t  
subjects)  was  p e r f o r m e d  accord ing  to t he  s t a n d a r d  
p rocedures  ~-5. Case C showed t he  presence  of 6% codeine 
r e l a t ive  to morph ine .  0 .9% codeine re la t ive  to  m o r p h i n e  
was p r e sen t  as t he  c h l o r o f o r m - e x t r a c t a b l e  free base. 
Cases D1 a n d  D2 showed presence  of 8 a n d  10% codeine  
re la t ive  to  morph ine .  Con f i r m a t i on  of codeine was ob ta in -  
ed in all cases b y  mass  s p e c t r o m e t r y  3. 

Discussion. P r e l i m i n a r y  s tudies  in  h u m a n s  h a v e  shown  
m o r p h i n e  to  undergo  0 - m e t h y l a t i o n  a n d  to fo rm codeine 
wh ich  is excre ted  in t he  u r ine  as t he  free base  a n d  b o u n d  
(p r e sumab ly  glucuronide) .  A s ign i f i can t  increase  of 
codeine  in add ic t  u r ine  would  ind ica te  a s t rong ly  increased  
0 - m e t h y l  t r ans fe ra se  ac t iv i ty ,  wh ich  m a y  be  specific for 
add ic t s  a n d  t h u s  supp ly  a m a r k e r  for add ic t ion .  

F u r t h e r  s tudies  of t he  k ine t ics  of O - m e t h y l a t i o n  are 
p l a n n e d  and  are in  progress  s. 

Zusammen/assung. N a c h  M o r p h i u m -  oder  H e r o i n g a b e n  
w u r d e n  im U r i n  n o r m a l e r  und  hero ins t i ch t ige r  Versuchs-  

pe r sonen  freies u n d  gebundenes  Codein als neues  Mor- 
p h i u m s t o f f w e c h s e l p r o d u k t  m i t  D i i n n s c h i c h t c h r o m a t o -  
g raph ie  u n d  Massenspek t roskop ie  nachgewiesen .  
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Interaction of Chloramphenicol and A1-Tetrahydrocannabinol in Barbital-Anesthetized Mice 

The  ab i l i t y  of A l - t e t r a h y d r o c a n n a b i n o l  (A1-THC) to  
p ro long  t h e  d u r a t i o n  of b a r b i t a l  hypnos i s  in  mice  is 
e n h a n c e d  b y  2 - d i e t h y l a m i n o e t h y l  2 , 2 - d i p h e n y l v a l e r a t e  
HC1 ( S K F  525-A), a recognized i n h i b i t o r  of hepa t i c  micro-  
soma1 enzymes  1. Based  on  t h i s  i nd i r ec t  evidence,  i t  was  
sugges ted  t h a t  t h e  m a j o r  c en t r a l  dep re s san t  effect  of 
A1-THC was due  to  t he  i n t a c t  molecule  r a t h e r  t h a n  a 
me tabo l i t e ,  a n d  t h a t  t he  m i c r o s o m a l - m e d i a t e d  bio- 
t r a n s f o r m a t i o n  of A1-THC to  i ts  7 -hyd roxy  m e t a b o l i t e  
was  i n h i b i t e d  b y  S K F  525-AL BURNSTEIN a n d  KUPF~R ~ 
l a t e r  d e m o n s t r a t e d  in v i t ro  t h a t  S K F  525-A does indeed  
i n h i b i t  t he  7 - h y d r o x y l a t i o n  of A I -THC in l iver  microsomes.  

Ch lo ramphen ico l  (CHPC), a wide ly  used b r o a d - s p e c t r u m  
an t ib io t i c ,  has  been  shown  to  m a r k e d l y  p ro long  t h e  dura-  
t ion  of h e x o b a r b i t a l  hypnos i s  in  mice  a n d  also i n h i b i t  
i t s  r a t e  of in  v ivo  a n d  in v i t r o  b i o t r a n s f o r m a t i o n  a. Pro-  
l onga t i on  of b a r b i t u r a t e  anes thes i a  b y  C H P C  has  since 
b e e n  co r robo ra t ed  in severa l  species of l a b o r a t o r y  
an ima l s  4-s. I n  man ,  t he  biological  hMf-l ives  of severa l  
c o m p o u n d s  h a v e  been  r epo r t ed  to be  increased  b y  C H P C  ~,s. 
I t  has  been  sugges ted  t h a t  CHPC, like S K F  525-A, 
i nh ib i t s  t he  l iver  mic rosoma l  enzym es  respons ib le  for d rug  
m e t a b o l i s m  ~. 
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Mean duration of sleeping time after administration of barbital 
sodium (300 mg/kg) in mice treated with A1-THC alone or in com- 
bination with CHPC. 

The  p r e sen t  r epo r t  p re sen t s  ev idence  for i n t e r a c t i o n  
b e t w e e n  C H P C  and  A1-THC in  b a r b i t a l - a n e s t h e t i z e d  
mice. 

Method. The  e x p e r i m e n t  was  c o n d u c t e d  us ing  72 
Swiss -Webs te r  ma le  a lb ino  mice, we igh ing  20 to  25 g a t  
t h e  t i m e  of tes t ing,  i.e., fol lowing 5 days  acc l ima t ion  to  
t he  l a b o r a t o r y  e n v i r o n m e n t .  Fo l lowing  r a n d o m  d iv i s ion  
in to  groups  of 8 each, all  mice  were in jec ted  i.p. w i t h  
b a r b i t a l  sod ium (300 mg/kg) ,  fol lowed 15 ra in  l a t e r  b y  
e i the r  C H P C  or i t s  vehic le  (0.3% sod ium suec ina te -0 .9% 
saline), a n d  40 m i n  a f t e r  b a r b i t a l  b y  e i t he r  A1-THC 
(supplied b y  N I M H )  or i ts  vehic le  (10% p ropy lene  
g l y c o l - l %  Tween  80-0.9% saline). V o l u m e  of all  in jec t ions  
was 0.1 ml  pe r  10 g of b o d y  weight .  Sleeping t i m e  was 
m e a s u r e d  as t he  t i m e  d u r i n g  wh ich  t he  r i g h t i n g  ref lex was 
comple t e ly  absen t ,  obse rved  for 30 sec a f t e r  t he  a n i m a l  
was  p laced  on  i ts  back .  Mean  s leeping t imes  were ca lcu la ted  
and  s t a t i s t i ca l ly  e v a l u a t e d  us ing  t h e  S t u d e n t ' s  t- test .  

Results, The  F igure  g raph ica l ly  depic t s  t h e  resu l t s  of 
th i s  s tudy .  The  f i rs t  3 ba r s  r evea l  t h a t  n e i t h e r  dose of 
C H P C  (50 m g / k g - b a r  2; 100 m g / k g - b a r  3) s ign i f i can t ly  
a l t e red  b a r b i t a l  s leeping t i m e  (bar  1). However ,  a d m i n -  
i s t r a t i on  of A~-THC alone s ign i f i can t ly  increased  b a r b i t a l  
s leeping t i m e  w h e n  g iven  e i the r  a t  10 m g / k g  (bar  4; 
t = 6.71; df = 14; p < 0.001) or 2 0 m g / k g  (bar  7 ; t  = 8.60; 
df = 14; p < 0.001). B a r b i t a l  s leeping t i m e  was n o t  
re l i ab ly  longer  w i t h  20 m g / k g  of A1-THC t h a n  w i t h  
10 m g / k g  (t = 2.08; df = 14; p > 0.05). 

However ,  t h e  p ro long ing  effect  of b o t h  doses of A ~-THC 
was s ign i f i can t ly  a u g m e n t e d  b y  p r e t r e a t m e n t  w i t h  
100 m g / k g  of CHPC. W i t h  10 m g / k g  of A~-THC plus  
100 m g / k g  of C H P C  (bar  6), s leeping t i m e  was signifi- 
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