








ANTINOCICEPTION OF MORPHINE DERIVATIVES 669 

only a gradual onset of weak analgesia over 100 min, which 
reached a maximum equivalent to only 27% of maximal anal- 
gesia over 4 h. The dipolar betaine, MM3A6S, was devoid of 
any analgesic properties when tested at an equivalent molar 
dose. 

Antinociceptive Activity of Morphine-&O-Sulfate Derivatives 
After Intracerebroventricular Administration 

The above five compounds were also evaluated for analge- 
sic activity by the tail-flick assay after administration by intra- 
cerebroventricular injection. These results are shown in Fig. 
3. Two doses of morphine were initially employed. The lower 
dose of morphine (0.23 pg/4 ,ul/rat) failed to produce an anal- 
gesic effect. The higher dose (23.6 pg/4 kl/r,l.t) produced 
a rapid analgesic response (6 min after ICV injection), and 
maximal analgesia was achieved within 10 min of adminis- 
tration and maintained for an additional 3 h. Administration 
of M6S at a molar dose equivalent to the lower dose of mor- 
phine produced a maximal analgesic effect, within 10 min, 
that was maintained for 70 min. M3A6S administered at 
an equivalent molar dose to M6S exhibited a similar profile, 

maximal analgesia being established at 10 min and lasting for 
an additional 90 min. A similar dose of either M3B6A or 
MM3A6S afforded no analgesic response over the 100 min 
time period examined. 

Receptor Binding 

The results of binding studies using guinea pig brain ho- 
mogenates are presented in Table 1. M6S and M3A6S dis- 
played a greater affinity than that of morphine to mu and 
kappa, receptors. Both compounds were even more mu- 
selective than DAMGO, a mu-preferring peptide. M6S also 
had greater affinity than that of morphine to delta receptors. 
Both M6S and M3A6S bound kappa1 sites weakly in guinea 
pig brain homogenate. In addition, M3A6S showed a better 
ability to discriminate between mu and delta sites than mor- 
phine (Ki mu/Ki delta = 0.0052 and 0.043 for M3A6S and 
morphine, respectively). In contrast, the Ki of the nonanalge- 
sic compounds M3B6S and MM3A6S were 15 x and 14x 
greater than that of morphine for mu-receptor site and exhib- 
ited much greater KiS for delta, kappa, and kappa, sites. 
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FIG. 3. Antinociceptive response to treatment with saline vehicle, morphine, and morphine derivatives. For intracere- 
broventricular drug administration, two doses of morphine were used; low dose morphine (0.236 gg/rat, 0.83 pmol 
pmol/rat as free base) and high dose of morphine (23.6 pg/rat, 83 pmol/rat). Doses of morphine derivatives adminis- 
tered intracerebroventricularly were equimolar to the low dose of morphine and were as follows: M6S (0.22 pg); 
M3A6S (0.25 pg); M3B6S (0.29 pg); and MM3A6S (0.26 pg). Antinociception is shown as the percent of maximum 
possible response in the tail-flick test. Predrug response latencies for saline, morphine low dose, morphine high dose, 
M6S, M3A6S, M3B6S. and MM3A6S were 2.05, 2.06, 1.69, 1.92, 2.62, 2.06, and 1.82 s, respectively. Analysis of 
variance revealed a highly significant treatment by time interaction. TRepresents a significant difference (p c 0.009) 
of M6S from the corresponding response to saline-, M3B6S-, and MM3A6S-treated rats. (Represents a significant 
difference (p < 0.0001) of M6S and M3A6S from the corresponding response to morphine high dose-, saline-, 
M3B6S-, MM3A6S-, and morphine low dose-treated rats. *Represents a significant difference @ c 0.0001) of mor- 
phine high dose, M6S, and M3A6S from the corresponding response to MM3A6S-, morphine low dose-, MJB6S-, and 
saline-treated rats. 4Represents a significant difference (p C 






