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The N -  and 0-demethylation of codeine in 
vivo by morphine tolerant male mice has 
been reported by Adler ( 1 )  to be significant- 
ly increased compared to nontolerant male 
mice where the X-demethylation of morphine 
by morphine tolerant mice was not changed. 
Tolerance development in male rats has 
been reported to decrease the N-demethylat- 
ing activity ilz vivo ( 2 )  as well as in vitro 
(3-6) but not in female rats (7-8). Ac- 
cordingly, a comparative study in N-demeth- 
ylation of codeine by morphine tolerant 
and nontolerant male and female rats and 
tolerant male mice was undertaken. 

Methods. Sprague-Dawley male and female 
rats, weighing 190 to 210 g, were made 
tolerant to morphine with sc injection of mor- 
phine sulfate, twice daily, 10 mg/kg (as 
base), for 3 days, 1.5 mg/kg for subsquent 3 
days and finally maintained on 20 mg/kg. 
Control rats were injected sc with equal vol- 
ume of saline, 2 ml/kg. After sc injection of 
20 m,g/'kg of morphine for a t  least 3 days, the 
rats were injected sc with 40 mg/kg (as 
base) of N-14CH3-codeine HC1 (9) and 
placed in a Delmar-Roth metabolism cage. 
The respiratory 14COa was collected and esti- 
mated by the procedure described (10). 

Swiss-Webster male and female mice, 
weighing between 25 to 30 g, were used. The 
male mice were made tolerant to morphine 
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4Morphine-pellets, kindly provided by Dr. E. L. 
Way, the Department of Pharmacology, San Fran- 
cisco Medical Center, The University of California, 

by implantation of a morphine pellet4 (1 1) in 
the dorsal subcutaneous tissue. Sham oper- 
ation was performed without placebo tablet 
on the control male mice. A group of 2 to 3 
mice were kept in a cage after morphine- 
pellet implantation. The animals implanted 
with morphine-pellet exhibited the typical 
Straub tail within 30 min which lasted for 
several hr. By 24 hr  this effect had largely 
subsided and their general behavior except 
for sedation was similar to that of control 
animals. 

The mice were injected sc with 40 mg/kg 
of N-'-'CH3+odeine between 66 to 68, 90 to 
92, and 192 hr after morphine-pellet im- 
plantation and the respiratory 14C02 collected 
and estimated. Four mice were used in each 
group and the experiment conducted in- 
dividually. The animal was sacrificed at the 
end of the 24-hr experiment; the morphine- 
pellet was removed, dissolved in 1 N HCl, 
centrifuged, and morphine content in the 
supernatant was deter mined spec trophot o- 
metrically at wavelength 285 mp. The amount 
of morphine absorbed from the pellet by 
mice after 4 and 5 days implantation was 
165 -+ 14 (SE) mg/kg/day. 

The modified hot plate method (12) was 
used to test for analgesia. Analgesia occured 
in both control male and female rats 30 min 
after injection of 5 mg/kg of morphine as 
indicated by increase in the reaction time by 
15.4 I 2 .7  (mean t SE) and 11.2 t 2.17 
sec for male and female rats, respectively, 
whereas the saline control group showed no 
significant change. Analgesia was not ob- 
served in the rats treated with morphine for 9 
days, indicating tolerance developed in mor- 

consisted of morphine base, 75 mg; fumed silicone 
dioxide, 0.75 mg; and calcium stearate, 1.5 mg. 
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FIG. 1. Pulmonary elimination )of '*COa from the 
morphine (tolerant and nontolerant male and female 
rats after sc injection of 40 mg/kg oif N-I4C€L- 
codeine. The points and bars represent the mean and 
SE, respectively. 

phine-treated rats. 
The mean reaction time of the mice before, 

and 24, 48, 72, 96, 144, and 192 hrs after 
morphine-pellet implantation was 6.5 + 
0.81; 13.2 t 1.54; 19.7 t 1.9; 14 t 2.93; 
11.5 t 2.6; 10.2 t 3.06; and 6.2 * 3.5 sec, 
respectively, whereas the mean reaction times 
of control mice tested on three successive 
days were 6.7 rt 0.67; 6.8 -t- 0.53; 6.5 t 
0.58 sec. This result is similar to that ob- 
served by Way et al. ( 13). 

Results and Discussion. N-Demethylation 
of N-WCH,-codeine in the rat. In 24 hr 7.8 
t 0.42 and 18 t 1.86% of injected radioac- 
tivity were recovered as I4CO2 in the exhaled 
air from 3 morphine tolerant and 3 non- 
tolerant male rats, respectively; and 6.4 + 
0.05% and 5.4 t 0.05% from 3 morphine 
tolerant and 3 nontolerant female rats, re- 
spectively (Fig. 1).  The difference in N-de- 
methylation of codeine between morphine 
tolerant and nontolerant male and female 
rats was significant. 

N-Demethylation of N-14CH3-codeine mea- 
sured as exhaled 14C02 in tolerant male rats 
in the present studies was similar to that of 
dihydromorphine ( 2 ) ,  morphine and amino- 
pyrine (3-6, 14-1 5). The N-demethylating 
activity of morphine tolerant male rats de- 
creased to the level of nontolerant female 
rats. Sex-dependence has been observed in 
the N-demethylation of codeine ( 9 ) ,  dihydro- 

morphine ( 2 ) ,  morphine, and aminopyrine 
(8). The N-demethylation of aminopyrine in 
castrated male rats did not show further de- 
crease by the administration of morphine 
(8). Remmer (7) observed acceleration in- 
stead of decrease in the N-demethylating ac- 
tivity of female rats made tolerant to moder- 
ate doses of pethidine and morphine. T'he 
present result confirms these observations. Ka- 
to and Onoda (15) proposed that the adminis- 
tration of morphine blocked the action of 
male sex hormone which stimulated the activ- 
ity of rat liver microsomal enzymes. Elison 
and Elliott (16) reported that tolerance did 
not affect the N-demethylase activity in the 
brain slices of rats. 

N-DemeShyEation of N-14CH3-codeine in 
mice. In  24 hr, 22.0 t 1.38, 22.1 t 1.26, 
and 22.6 t 1.11% of injected radioactivity 
were recovered as 14C02 in the respired air 
from 7 female mice, 7 control male mice, and 
12 morphine-pellet implanted male mice, re- 
spectively (Fig. 2). There was no significant 
difference in mean recoveries of I4CO2 in 
groups of 4 male mice 3 and 4 days after 
morphine-pellet implantation (peak analgesic 
time) and after 8 days when analgesic re- 
sponse returned to control values. These re- 

1 I , I f {/-I 

O' 4 6 8 10 12 24 

HOURS AFTER S. C. INJECTION 

FIG. 2 .  Pulmonary elimination of 'TOz fnom mor- 
phine tolerant and nontolerant male mice, after sc 
injection #of 40 mg/kg of N-14CHbcodeine. The 
points and bars represent the mean and SE, respec- 
tively. 
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sults show no significant difference in N-de- 
methylation of codeine in normal and mor- 
phine tolerant male and female mice and 
confirm earlier observations on morphine (1, 
15, 17) .  No sex difference in metabolism of 
hexobarbital has also been reported for mice 
(18) and the liver microsomal activity of male 
mice did not increase after treatment with 
testosterone and methyltestosterone ( 19). 
The  findings of Adler (1, 20) that N-deme- 
thylation of codeine between male and female 
mice was significantly different and that 
A’-demethylation of codeine increased in mor- 
phine tolerant mice could not be confirmed. 

Summary. N-Demethylation of codeine by 
morphine tolerant male rats decreased signif- 
icantly as compared to nontolerant male rats 
to the level of nontolerant female rats; 
whereas in the nontolerant female rats, fe- 
male mice, and tolerant male mice, it was 
not changed. 

The authors thank Dr. A. L. Miwa for many 
helpful discussions and Mr. Kevin Kingsbury for 
excellent technical assistance in this study. 
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