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The newly synthesized 14-alkoxymetopon derivatives, 14-methoxymetopon, 14-ethoxymetopon, 14-methoxy-5-methyl- 
morphinone, exhibit high affinity for the naloxone binding sites in rat brain. A substantial decrease in affinity was observed, in 
the presence of NaC1 indicating a high degree of agonist activity. All three 14-alkoxymetopon derivatives displayed high affinity 
for [3H][D-Alae,(Me)Phea,Gly-olS]enkephalin ([3H]DAMGO) binding sites, much less potency toward ~ sites and were the least 
effective at r sites. Isolated tissue studies using the guinea pig ileum preparation confirmed their high agonist potency. Following 
administration the new compounds produced naloxone reversible antinociceptive effects and were 130-300 times more potent 
than morphine in the acetic acid induced abdominal constriction model in the mouse, and the hot plate and tail flick tests in the 
rat. The compounds also produced dose-dependent muscle rigidity, and potentiated barbiturate-induced narcosis. The in vivo 
apparent pA 2 values for naloxone against 14-ethoxymetopon and morphine were similar in analgesia, suggesting an interaction 
with the same (/z) receptor site. The dependence liability of 14-alkoxymetopon derivatives in the withdrawal jumping test was less 
pronounced than that of morphine in either rats or mice, similar to tolerance to the their analgesic action. It is concluded that 
the 14-alkoxymetopon derivatives studied are selective and potent agonists at /~ opioid receptors, with reduced dependence 
liability. 

Opioid receptors; Analgesia; Physical dependence; 14-Alkoxymetopons; (Binding) 

1. Introduction pharmacological experiments (e.g. analgesic assays, 
narcosis potentiation, catalepsy, testing of physical de- 

Substitution in position 14 of N-methylmorphinan- pendence and tolerance) were performed. 
6-ones has a significant role in opioid receptor agonist 
activity. Structure-activity relationship studies showed 
that although a 14-hydroxy group does not significantly 2. Materials and methods 
alter antinociception (Jacobson et al., 1981; Schmid- 
hammer et al., 1983), introduction of a 14-methoxy 
group leads to a dramatic increase in antinociceptive 2.1. Materials 

potency (Schmidhammer et al., 1984). 3 2 4 5 
A similar observation was made with 14-methoxy- [ H][D-AIa , (Me)Phe ,Gly-ol ]enkephal in  ([3H] 

metopon, which was found to possess much higher D A MG O )  (60 C i / m m o l ) , ( 5 a , 7 t x , 8 [ 3 ) - ( - ) - N - m e t h y l - N -  
antinociceptive potency in the acetic acid writhing test (7-[pirrolidinyl]-l-oxaspiro-[4,5]dec-8yl)-benzenacetam- 
in mice than its 14-hydroxy counterpart,  14-hydroxy- yd ([3H]U69.593) (44 Ci /mmol)  were purchased from 

3 2 5 6 
metopon (Schmidhammer et al., 1990). A m e r s h a m .  [ H ] [ D - S e r  ,Leu  ,Thr  ] e n k e p h a l i n  

To evaluate the mechanism of action of these novel ([3H]DSLET) (41.5 Ci /mmol)  was from New England 
highly potent 14-alkoxymetopon derivatives, biochemi- Nuclear. [3H]Naloxone (71.9 Ci /mmol)  was prepared 
cal (in vitro opioid receptor binding assays) and further at the Isotope Laboratory of the Biological Research 

Center (Szeged, Hungary), as described earlier (T6th 
et al., 1982). Morphine, normorphine and naloxone 
hydrochloride were kindly provided by Alkaloida, 

Correspondence to: A. Borsodi, Institute of Biochemistry, Biological Chemical Works (Hungary). Inactin (ethylobutyl-thio- 
Research Center of the Hungarian Academy of Sciences, P.O. Box 
521, H-6701 Szeged, Hungary, Tel. 36-62-23022, fax 36-62-23668 or barbiturate) was from Gulden (Germany). All other 
36-62-313-726. chemicals were of analytical grade. 
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2.2. Methods volume of 5 and 10 ml /kg  of body weight, respectively, 
if not stated otherwise. Guinea pigs of 300-400 g body 

2.2.1. Biochemical assays weight were also used. 

2. 2.1.1. Membrane preparation 2. 2. 2. 2. Guinea pig longitudinal muscle myenteric plexus 
A crude membrane fraction from rat ( P V G / C  strain) preparation (guinea pig ileum; GPI) 

was prepared according to Simon et al. (1986). Briefly, The myenteric plexus longitudinal muscle was pre- 
the rats were decapitated and whole brains without pared according to Paton and Vizi (1969). The strip 
cerebella were homogenized in 30 volumes of ice-cold was suspended in a 5-ml bath and was stimulated by an 
50 mM Tris-HCl buffer (pH 7.4) with a Teflon-glass electrical field at 0.1 Hz, pulse duration 1 ms, and 
homogenizer. After centrifugation for 20 min at 40 000 supramaximal voltage. 
× g ,  the pellet was suspended in fresh buffer and 

incubated at 37°C for 30 min to remove endogenous 2.2.2.3. Analgesiometric assays 
opioids. The centrifugation step described above was 

2.2.2.3.1. Hot plate test The original method of 
repeated, the pellet was resuspended in a Tris buffer 

Wolf and McDonald was used (1944). Hot plate laten- 
containing 320 mM sucrose and was stored at -70°C.  

cies were determined by placing each rat on a hot plate 
Before use the membranes were thawed and washed to 
remove sucrose. Protein concentration was determined kept at 55 + I°C and observing the occurrence of noci- 

ceptive responses: l icking of paw or jumping. Each 
by the method of Bradford (1976) with bovine serum 
albumin as a standard, animal served as its own control. The arbitrary cut-off 

time, taken as 100%, was 2.5 times the control reaction 
time. 

2.2.1.2. In vitro receptor binding assays 2.2.2.3.2. Tail flick test The original method of 
Binding experiments were run in Tris-HCl buffer D'Amour  and Smith (1941) was used to determine 

(pH 7.4) in a final volume of 1 ml containing 0.3-0.5 
mg protein as described by Buzfis et al. (1992). Briefly, analgesia in the rat by measuring the time required to 
incubation was carried out for 1 h at 0°C in the case of respond to a radiating heat stimulus. A beam light was 
[3H]naloxone, 45 min at 35°C in the case of [3H] focused on the tip of the tail, and the latency required 

for the rat to remove its tail was determined before 
DAMGO,  30 min at 30°C in the case of [3H]U69.593, (baseline) and after drug administration, using an arbi- 
and 45 min at 25°C in the case of [3H]DSLET. Incuba- 
tion was terminated by rapid filtration through What- trary cut off time of twice the control reaction time and 

man glass fiber filters using a Brandel Cell Harvester, expressed as a percentage. 
The ADs0 values are defined as the doses of nalox- 

followed by washing twice with 10 ml of ice-cold Tris- 
one required to reduce by 50% the effects of equianal- 

HC1 buffer. The radioactivity was measured in a gesic (EDg0)doses of test compounds. 
toluene-based scintillation cocktail with a Beckman LS 

2.2.2.3.3. Acetic acid-induced abdominal constriction 
5000TD scintillation spectrophotometer.  All assays test Mice were injected i.p. with 0.2 ml of a 0.6% 
were performed in duplicate and repeated at least acetic acid solution to produce the writhing reaction 
three times. The percentage of specific binding was 85, according to Hendershot  and Forsaith (1959). The 
50 and 60 for the /x ,  K and t5 and ligands respectively, number of abdominal constrictions (writhing) per ani- 

2.2.1.3. Data analysis mal was counted during a 5 min period. Analgesic 
activity was expressed as % inhibition of the average 

Displacement data were analyzed by means of the number of writhes in control animals. 
L IGAND computer program (Munson and Rodbard, 
1983) utilizing a non-linear least squares fitting algo- 
rithm. 2. 2. 2. 4. Narcosis potentiation 

This effect was determined by measuring the sleep- 
2.2.2. Pharmacological tests ing times in groups of 10 male rats. Inactin was in- 

jected as 35 m g /k g  doses into the tail vein. The times 
2.2.2.1. Animals and procedures at which animals lost and regained their righting reflex 

Male and female Sprague-Dawley rats weighing were recorded. 
120-150 g and CFL-P (Carworth Eur. England) mice 
of both sexes weighing 20-25 g were used. They were 2.2.2.5. Catalepsy 
allowed free access to standard laboratory diet and tap Experiments were carried out with rats according to 
water, and were kept under artificial light for 12 h the original method of Morpurgo (1962). The cataleptic 
every day. The room temperature was 22 + 2°C. All effects of the drugs tested were estimated 30 min after 
drugs were dissolved in physiological saline. The drugs s.c. administration to groups of 10 rats. The percent of 
were administered s.c. to six rats and ten mice, in a animals leaving both hind and fore legs over a horizon- 
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C H 3 TABLE 2 

N /  Affinities of compounds (2), (3) and (4) to [7,8,19,20,3H]naloxone 
binding sites in the absence and in the presence of 100 mM NaCl o~oR (n = 3). 

1 
K i (nM) Index 

8 7 -Na+ +Na+ 

(2) 0.87 36 41 
(3) 0.75 100 133 

H (4) 0.89 98 110 

Fig. 1. The chemical structure of 14-alkoxymetopon derivatives. (1) 

R~ = R E = H (oxymorphone); (2) R 1 = R 2 = C H  3 (14-methoxymeto- tated was then observed for 120 rain. The severity of 
port); (3) R~ = CzH 5, R 2 = CH 3 (14-ethoxymetopon); (4) R 1 = R z = 

CH3, A 7,8 (14-methoxy-5-methylmorphinon). abstinence was assessed by a point scoring technique 
according to Buckett (1964) slightly modified by us. 
The signs scored with the maximum possible score for 

tal metal rod (4 cm above bench level) for longer than each sign are shown in table 1. 
Weight loss was also estimated, during the observa- 

45 s was recorded, tion period and was taken as positive when it was > 3 

2.2.2.6. The effect of  chronic administration g according to Cowan et al. (1988). 
2.2.2.6.1. Testing physical dependence 2.2.2.6.2. Quantitation of tolerance The analgesic 
2.2.2.6.1.1. In mice Physical dependence induction activity (EDs0, mg/kg) was assessed using the tail flick 

test in rats treated according to the same protocol as and precipitation of withdrawal were studied by means 
used in the physical dependence test. The tolerance of the mouse naloxone-jumping method of Saelens et 
ratios (dose ratio: the ratio of EDs0 in chronically al. (1971). The effects of the tested drugs compared to 

those of morphine were studied in a two-day test: in treated animals to EDs0 of saline-treated (control) 
the mice pretreated with seven equianalgesic doses of animal) were calculated. 
drugs, the number of jumps precipitated by 50 mg/kg 
naloxone injected i.p. was counted. 2.2.2. 7. Estimation of the in vivo equivalent of pA2: 

2.2.2.6.1.2. In rats Groups of five rats were injected apparent pA 2 
In our experiments the in vivo equivalents of pA z twice daily at 9:00 and 15:30 h with morphine and test 

compounds (2), (3), (4) i.p. (fig. 1) in physiological were determined for naloxone in the tail flick test (in 
saline. The initial doses on the first day were approxi- the rat) according to Hayashi and Takemori (1971). 
matively 10 times the antinociceptive EDs0 values, The dose-response curves were made for the agonist 
measured in rat tail flick test: 20, 0.075, 0.120, 0.150 alone and in combination with three different doses of 

naloxone, at the time of the peak effect of both drugs. mg/kg for morphine and compounds (2), (3), (4) re- 
spectively. These doses were increased by daily incre- The ratios of EDs0s in the presence of naloxone to the 
ments, up to 100 times the analgesic EDs0: 170, 0 .825,  EDs0s of the drugs alone (dose ratio) were calculated 
1.380, 1.500 mg/kg for morphine and compounds (2), for each shift in dose-response curve: 

(3), (4), respectively, given twice a day, for 11 days. A Dose ratio EDs0 in the presence of antagonist 
group of five control rats received saline twice a day. EDs0 of the drug alone 

Quantitation of abstinence: rats were denied the - log  doses of naloxone, in mole per kg were plotted 
9:00 h injection of test drugs, and instead were given 3 against log (dose ratio - 1), and fitted to a straight line. 
mg/kg naloxone and the withdrawal syndrome precipi- The intercept on the abscissa gives the apparent pA z 

value. 

TABLE 1 

Withdrawal signs monitored and maximum possible score for each TABLE 3 

sign. Inhibition of the binding of subtype-specific radioligands by com- 
Withdrawal sign Score pounds (2), (3) and (4) (n = 3). 

Writhing 3 K i (nM) S~,/~ S , /~  
Squealing/rearing 2 
Diarrhea 2 [3H]DAMGO [3H]DSLET [3H]U69'593 

Teeth chat ter /head shakes 1 (2) 0.33+0.05 13.7+1.1 25.2+ 6.8 41.5 76.6 
Ptosis 1 (3) 0.46 + 0.01 12.2 + 1.8 43.2 ± 5.7 26.5 94.0 
Wet dog shakes 1 (4) 1.65 ± 0.03 14.4 + 1.0 130.0 ± 22.0 8.7 78.8 
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TABLE 4 TABLE 5 

Relative affinity constants of compounds (2), (3) and(4) to ~, ~ and ~¢ Agonist action on the isolated guinea pig longitudinal muscle prepa- 
receptors according to Kosterlitz and Paterson (1980). ration (n = 8). 

Drug Relative affinity Drug Relative potency 
~ ~ K (normorphine = 1) 

(2) 96.4 2.3 1.3 (2) 72.4 
(3) 95.4 3.6 1 (3) 48.8 
(4) 88.7 10.1 1.2 (4) 61.8 

To establish the subtype specificity of the new com- 
2.2.2.8. Data analysis pounds competit ion experiments were performed with 

The EDs0 and confidence limit determinations and highly selective radioligands (table 3). [3H]DAMGO 
regression and parallelism testing were done with the was used to label /x, [3H]DSLET for 3, and 
parallel line assay. The mean, S.E.M. and confidence [3H]U69.593 for K sites. All three 14-alkoxymetopon 
limits were estimated for the individual values and derivatives displayed high affinity for [3H]DAMGO 
Student 's  t-test was used for their comparison. A prob- sites; K i values were found to be 0.33, 0.46 and 1.65 
ability value of less than 5% was considered significant, nM for (2), (3) and (4), respectively. The compounds 

showed much less potency toward the ~ sites (K i 
values were about 12-14 nM), and were the least 

3. Results effective at K sites (K i values were 25.2, 43.2 and 130 
nM, respectively). 

3.1. Receptor binding The relative affinity constants of compounds (2), (3) 
and (4) were calculated (table 4) according to Koster- 

The agonis t /an tagonis t  characteristics and subtype litz and Paterson (1980), with the following equation 
specificity of compounds (2), (3) and (4) (fig. 1) K~x 
(Schmidhammer et al., 1990) were investigated using in Relative affinity = ' ( K ~  = 1 / K i )  

vitro receptor  binding assays with the tritiated antago- Ka" +Ka~ + Ka~ 
nist, naloxone, and subtype-specific selective agonists. The estimated data suggest the s t rong/x  preference of 
In the competi t ion studies all three compounds exhib- the ligands. 
ited high affinity for the naloxone binding site and the 
est imated K i values were under  the nanomolar  range 3.2. GPI 
(0.87, 0.75 and 0.89 nM respectively). When the experi- 
ments  were carried out in the presence of 100 mM On the isolated, electrically stimulated GPI  prepara-  
sodium, competi t ion curves shifted to the right in each tion, compounds (2), (3) and (4) induced a concentra- 
case and a substantial increase in K i values was ob- t ion-dependent,  naloxone reversible (data not shown) 
served (table 2). An exceptionally high enhancement  inhibitory effect, 72.4, 61.8 and 48.8 times more potent,  
was found for compounds (2) and (3). Sodium indexes, respectively, than normorphine (table 5). 
reflecting the agonist character of the ligands, were 
estimated and found to be 41, 133 and 110 for com- 3.3. Analgesic effects 
pound (2), (3) and (4), respectively. These values indi- 
cate extremely high opioid agonist potencies of these As indicated in table 6, all the alkoxymetopon 
drugs, derivatives studied have remarkable antinociceptive aC- 

TABLE 6 

Antinociceptive effects of alkoxymetopon derivatives (2), (3), (4) compared to those of morphine in rats and mice. Antagonist effect of naloxone 
in the rat tail flick test. 

Drug Antinociceptive effects Naloxone antagonism 
ED50, mg/kg s.c. (95% confidence limits) ADs0 mg/kg s.c. 
Hot plate (rat) Tail flick (rat) Abdominal constriction (95% confidence limits) 

(mouse) Tail flick (rat) 

(2) 0.015 (0.013-0.016) 0.0072 (0.005-0.0093) 0.007 (0.005-0.008) 0.032 (0.022-0.044) 
(3) 0.017 (0.015-0.018) 0.011 (0.009-0.013) 0.015 (0.011-0.019) 0.017 (0.01-0.028) 
(4) 0.015 (0.01-0.022) 0.014 (0.01-0.016) 0.015 (0.008-0.025) 0.056 (0.029-0.10) 
Morphine 4.7 (3.6-6.11) 1.8 (1.28-2.52) 0.69 (0.49-0.96) 0.024 (0.018-0.031) 
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log DR- l )  TABLE 8 
I I I I I I I I I I I I I I I 

Development of physical dependence on compound (2) compared to 
2 - ~ \ ~  ~7. morphine in mouse jumping test (Saelens et al., 1971). 

D r u g  Treatment n Withdrawal jumping 
i.p. (mg/kg) jumps No. jumped/treated 

1 Mean 5: S.E.M. % 

(2) 7×0.1 30 5.52_+ 1.7 30 
3 8  7×0.5 30 10.9 _+2.4 70 

7 × 1.0 30 48.9 ± 5.2 90 
0 

' ' ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ Morphine 7×10.0 60 18.7 ±0.9 78 
6 7 8 7× 100.0 50 34.5 ±1.4 100 

- log dose of naloxone mol/kgs.c 
Saline 7 × 5 m]/kg 10 0.0 0 

Fig. 2. Apparent pA 2 plots using naloxone and morphine (o) and 
naloxon¢ and compound (2) (e) in the tail flick test. The -1o8 dose 
of naloxone mol/k8 is plotted against log (dose rat io-1) (see text 

for details). 

tween the EDs0s required to induce catalepsy and 
analgesia were 8.3, 2.0, 5.0 and 2.5 for compounds (2), 

tion in several analgesic assays. The compounds were (3), (4) and for morphine respectively. Compounds (2) 
approximatively 300 times more potent, in the hot and (4) potentiated barbiturate narcosis in their anal- 
plate, 130-250 times more potent in the tail flick, and gesic dose range, while higher doses were required in 
50-100 times more active in the writhing test than the case of compound (3). 
morphine, when injected s.c. 

3.5. Physical dependence 
3.3.1. Naloxone antagonism 

The sensitivity of the compounds toward naloxone 3.5.1. In mice 
antagonism was demonstrated using the tail flick test Naloxone elicited maximal jumping responses in 
(table 6). The ADs0 values for naloxone were 0.032, morphine-dependent  mice: compound (2) induced a 
0.017 and 0.056 with compounds (2), (3) and (4), re- lower degree of physical dependence, than morphine 
spectively, and 0.024 when morphine was used as ago- (38 and 78% showed jumping reaction, respectively) 
nist, demonstrating a high sensitivity of the alkoxyme- when animals were treated 7 times with doses equipo- 
topon derivatives for naloxone antagonism comparable tent to morphine (15 times their analgesic EDs0 in 
to that of morphine, mice: 0.1 and 10 mg/kg,  respectively). Only the higher 

The in vivo equivalent of the pA 2 (apparent pA 2) doses of compound (2) administered (7 × 1 mg/kg,  142 
value was determined for naloxone vs. compound (2) times EDs0)induced maximal jumping responses (table 
and morphine (fig. 2). The apparent  pA 2 values of 8). 
naloxone, against morphine and compound (2) for tail 
flick analgesia were not significantly different: 7.18 and 3.5.2. In rats 
7.38 respectively. Naloxone induced abstinence scores obtained on the 

11th day with each test agent are shown in table 9. 
3.4. Sedative and cataleptic effect Negligible syndromes (scores of < 2) were precipitated 

by naloxone in rats receiving saline and compounds (2), 
Sedative and cataleptic effects are given in table 7. (3), (4), while a high abstinence score 7.2 was observed 

All three test compounds produced dose-dependent with rats receiving morphine: a significant weight loss 
muscle rigidity by s.c. administration. The ratios be- was only associated with morphine. 

TABLE 7 

Comparison of the sedative (narcosis potentiation) cataleptic and analgesic (rat tail flick, RTF) effects (EDs0, mg/kg s.c. 95% confidence limits). 

Drug Catalepsy EDs0 mg/kg s.c. Ratio of cataleptic vs. Sedative effects EDso mg/kg s.c. 
(95% confidence limits) analgesic (RTF)EDso (95% confidence limits) 

(2) 0.06 (0.033-0.10) 8.3 a 0.0088 (0.006-0.012) 
(3) 0.023 (0.016-0.032) 2.0 0.040 (0.025-0.064) 
(4) 0.07 (0.058-0.084) 5.0 a 0.018 (0.010-0.03) 
Morphine 4.5 (2.8-7.2) 2.5 0.7 (0.46-1.05) 

a Significantly different from morphine P < 0.05. 
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TABLE 9 pound (2) and (4) than for morphine while an identical 

Abstinence scores precipitated by naloxone, weight loss, and the ratio was found for morphine, and compound (3): 2.5 
tolerance to antinociceptive action in rats receiving test agents twice and 2.0 respectively. Compounds (2), (3) and (4) exhib- 
daily for 11 days. ited a potent agonistic action on isolated electrically 

Compound  Abst inence Weight  Tolerance stimulated GPI preparations as well. 
score + S.E. loss (g) (rat tail flick) When receptor selectivity of the ligands was tested 
in therat _+S.E.M. with tritiated DAMGO, DSLET and U69.593, the 
(max. = 10) highest affinity was for the /x sites. DSLET competed 

Morphine 7.2+1.3 12 +1.9 12.5+0.5 with much less affinity whereas the ligands were least 
(2) 1.45:0.7 a 2.8+ 1.5 a 1 . 8 +  1 . 0  b 
(3) 2.2_+ 1.1 a 3.5_+ 0.9 b 1.7 + 0.9 b potent at the K sites. The relative affinity constants for 
(4) 1.5_+ 0.6 b 3.1 + 1.4 a 2.2 + 1.1 a the/X sites estimated according to Kosterlitz and Pater- 

son (1980) were found to be 96.4, 95.4, and 88.7 for 
Significantly different from morphine a p < 0.05; b p < 0.01. compounds (2), (3) and (4), respectively. This means 

that the 14-alkoxymetopons tested, label the /X sites 
3.6. Tolerance almost exclusively. Further proof for their /x selectivity 

was obtained when sensitivity versus naloxone antago- 
On day 11, the magnitude of tolerance was assessed nism was investigated. It was found that very low doses 

in each group by establishing dose-response curves and of naloxone (0.017-0.056 mg/kg)  were able to antago- 
EDs0 values for morphine and test compounds. In nize their analgesic effect in the tail flick test. This 
morphine-treated animals, the morphine EDs0 in- suggests an interaction with the /x opioid receptor, 
creased by a factor of 12.5 as compared to that for since it is widely accepted that this subtype is the most 
saline-treated animals, whereas the EDs0 of corn- sensitive to the antagonist action of naloxone (Millan 
pounds (2), (3), (4) shifted by a factor of approxima- et al., 1989; Stein et al., 1989). 
tively 2, as indicated in table 9. Thus, a significantly Additional evidence for the supposed interaction 
greater shift (tolerance ratio) was observed in mor- with /X receptors can be assumed from the pA 2 plot. 
phine-treated than in test compound-treated animals Our analgesic studies demonstrated that compound (2) 
as compared to control animals. Therefore,  in contrast and morphine might interact with the same receptor 
to morphine, two treatments dailywith increasing doses population, since similar pA 2 values could be esti- 
in groups treated by compounds (2), (3), (4) failed to mated in the presence of naloxone. The actual value 
induce significant tolerance to the antinociceptive ac- for morphine was similar to those reported from other 
tion. studies (Tallarida et al., 1979; Fiirst and Knoll, 1985). 

On the other hand, the alkoxymetopon derivatives 
differ from morphine in their physical dependence 

4. Discussion capacity as estimated in the mouse withdrawal jumping 
test: a dose of naloxone as high as 50 m g /kg  i.p. 

Both biochemical and pharmacological assays pro- precipitates only a very low incidence of repetitive 
vided further evidence for the strong opioid agonist jumping in this species when (2) is run in the primary 
effects of 14-alkoxymetopons. dependence test described by Saelens et al. (1971). 

The ligands exhibited high affinity for the [3H]nalo- There was no significant sign of withdrawal when de- 
xone binding sites (K i values under nanomolar range), pendence was elicited by the administration of the 
Extremely high sodium indexes were found in each 15-fold analgesic dose of compound (2), while treat- 
case, indicating the high agonist potency of these com- ment with an equivalent dose of morphine produced 
pounds, significant withdrawal jumping (70% of the animals). 

Compounds (2), (3) and (4) have been shown to Only treatment with 75 times or 142 times the EDs0 
possess potent, naloxone-reversible antinociceptive dose of compound (2) evoked a similar degree of 
properties. The 14-OCH 3- and 14-OC2Hs-substituted dependence. 
compounds were remarkably more potent than mor- Compounds (2), (3), (4) were found to induce mini- 
phine, by a factor of 130-300 in the rat and 50-100 in mal physical dependence producing liability only after 
the mouse. Compounds (2), (3) and (4) all significantly 11 days of treatment with an increasing dose which was 
prolonged barbiturate narcosis, similarly to morphine, approximately 100-125 times more than their EDs0 by 
close to their expected antinociceptive dose range, Buckett's method (1964), in the rat also. The negligible 
except for compound (3) which was active at a higher syndromes in rats that received compounds (2), (3), (4) 
dose. All three test compounds produced dose-depen- were characterised mainly by the /x-like signs, e.g. wet 
dent catalepsy by s.c. administration. The ratio be- dog shakes (Cowan et al., 1988), but quantitatively 
tween the EDs0 required to induce catalepsy and that different levels of abstinence might exist. These results 
for analgesia was 8.3 and 5.0 times higher for com- are consistent with the hypothesis that the develop- 
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ment of dependence on opiates is associated with ~z of phenylbenzoquinone induced writhing in the mouse by weak 
opioid receptors (Bhargava and Gulati, 1990). analgesics and non-analgesics, J. Pharmacol. Exp. Ther. 125, 237. 

Jacobson, A.E., F.L. Hui, M.D. Rozwadowska and H. Schmidham- The low degree of tolerance observed after pro- 
mer, 1981, Structure-activity relationships of oxygenated morphi- 

longed treatment with these compounds, is consistent nans I.: 4-mono- and 3,4-dimethoxy-N-methylmorphinans and 
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