
675 

Glucuronide Formation o f  Narcotic Drugs in zu’tro arid in vivo. (25631) 

JULIUS AXELKOD AND JOSEPH K. TNSCOE (Introduced by S. S. Chernick) 
Lab. of Clinical Science, Nat .  I m t .  of Mental Health, U .  S .  D c p t ,  o f  H .  E .  W., BethPsda, M d .  

A major pathway for metabolism of the 
narcotic drugs morphine ( 1,2 ) , nalorphine ( 3 ) ,  
I-dromoran (4 , s )  and codeine ( 6 )  involves con- 
jugation. Morphine( 2 )  and I-dromoran(4) 
have been shown to be excreted as glucuro- 
nides, but the nature of “bound” codeine and 
nalorphine has not been established. The 
enzymatic mechanism whereby glucuronides 
are formed has been recently clarified. Dut- 
ton and Storey( 7 )  found that o-aminophenol 
is conjugated with glucuronic acid by an en- 
zyme in the microsomes of the liver that 
transfers glucuronic acid from UDP-glucu- 
ronic acid to the phenolic acceptor. This 
process has been shown to occur with many 
normally occurring and foreign phenols (8,9, 
10) , carboxylic acids ( 1 1 ) and amines ( 12 ) as 
acceptors. The formation of UDP-glucuronic 
acid is catalyzed by an  enzyme that oxidizes 
UDP-glucose and requires diphosphopyridine 
nucleotide as the hydrogen acceptor ( 13) .  
This paper describes in vitro formation of glu- 
curonides of the narcotic drugs morphine, 
nalorphine, I-dromoran and codeine by an en- 
zyme in the microsomes of guinea pig liver 
requiring VDP-glucuronic acid. In  addition, 
excretion of glucuronides of morphine, nalor- 
phine, I-dromoran and codeine by the guinea 
pig is shown. 

Preparation mad 
cissny of glucuronide forming cnzywie. Adult 
male guinea pigs were killed, exsanguinated 
and the livers immediately removed and 
chilled in cracked ice. All subsequent steps 
were carried out a t  0-5°C. The liver was 
homogenized with 4 volumes of isotonic KC1 
and the resulting homogenate centrifuged a t  
SO00 x g to remove mitochondria, nuclei and 
unbroken cells. After separating the micro- 
mmes by centrifugation a t  78,000 x g, they 
were washed with isotonic KCl and resus- 
pended in this medium. Incubations were 
carried out a t  37”C, using microsomes ob- 
tained from 1 g of guinea pig liver, 20 pmoles 
IL’IgClZ, 200 pmoles tris (hydroxymethyl) 
aminomethane buffer pH 8.0, 0.8 pmole UDP- 

Methods and materials . 

glucuronic acid, 0.5 pmole substrate and water 
to1 make a final volume of 4 ml. To determine 
extent of enzyme activity aliquots of the in- 
cubation mixture were taken a t  O time and 
after 30 minutes of incubation, and amount 
of substrate remaining was measured. Esti- 
mution of narcotic drugs. Morphine and nal- 
orphine were isolated from biological material 
by extraction into chloroform containing 3 o/o 
isoamyl alcohol a t  pH 9.0 after saturating the 
aqueous phase with sodium chloride. The  
narcotic drugs were returned to 0.1 N HCl 
and measured using silicomolybdate reagent 
(14).  Codeine( 14) and I-dromoran were de- 
termined by procedures described previously 
( 5 ) .  Mnteiin1.s. UDP-glucuronic acid was 
prepared enzymatically from UDP-glucose 
(Sigma Co,) and diphosphopyridine nucleo- 
tide by a procedure described previously ( 1 3 ) . 
Bacterial p-glucuronidase was obtained from 
Sigma Chemical Co. 

Glucuronide con jugation of m r -  
cotic drugs in vitiv. Incubation of morphine, 
nalorphine. I-dromoran and codeine with mi- 
crosomes obtained from guinea pig liver and 
UDP-glucuronic acid resulted in disappear- 
ance of these compounds (Table I ) .  Tn the 
absence of UDP-glucuronic acid, disappear- 
ance of these substrates was negligible. After 
30 minutes incubation with UDP-glucuronic 
acid, 1 in1 of pH 6.0 acetate buffer 0.5 N 
containing 500 units of p-glucuronidase was 
added to an aliquot of the reaction mixture 
and incubation was continued for 18 hours. 
Almost all of the narcotic drug that disap- 
peared when incubated with UDP-glucuronic 
acid reappeared after treatment with p-glu- 
curonidase. From these results i t  can be con- 
cluded that an enzyme present in guinea pig 
microsomes can transfer the glucuronic acid 
of UDP-glucuronic acid to narcotic drugs. 
The  conjugation presumably occurs on the 
hydroxyl group. 

Glucuronide formation of nrrrcotic drugs 
in vivo. Guinea pigs were given morphine, 
nalorphine, I-dromoran and codeine intraperi- 

Resulis. 



* Drugs giveii i n  3 dividcd portiuns iriti-i:pei-. 
cvcry 3 hr. 

t Urine was autoclaved with one-tciitli vol of’ 
colicelitrated ligdrochloric acid a t  1 1 .?“C f o r  20 
mi 11. 

$ Urine ( 3  nil) was iiiculJatctl with 2.3,()00 i i i i i t c  

of bacterial p-glueuroiiidase, 1’11 6.0 f o r  24 I ,  I.. 

toneally and the urine collected for 24 hours. 
Vrine was examined for unchanged com- 
pound. drug liberated after acid hydrolysis 
a n d  after treatment with p-glucuronidase 
(Table I I ) .  All the administered drugs were 
excreted as glucuronides. Ih7ith the exception 
of codeine, all conjugated material was pres- 
ent in the urine as glucuronide. Codeine was 
elcretetl partly as a glucuronide and partly in 
;i no t her con j uga t ed form . 

S ‘ i i i i z i ~ i ~ z i ~ y .  Glucuronides of morphine, nal- 
orphine. I-dromoran and codeine are formed 
I)!- an enzyme in liver microsomes that can 
transfer gl ucuronic acid from UD P-glucuronic 
acid to the narcotic drug. Morphine, nalor- 
1,hine. I-dromoran and codeine are excreted as 
qlucuronic acid conjugates in guinea pigs. 
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