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Abstract

 

Stereo-structural difference of ohmefentanyl stereoisomers on analgesic action and receptor afÞnity
has been studied. To assess the difference of ohmefentanyl stereoisomers in physical dependence, the
potency of physical dependence was quantiÞed by estimating the ED

 

50

 

 value of ohmefentanyl stereo-
isomers in the naloxone-precipitated jumping test in mice. Morphine was used to assess the method
and as a drug of comparison. The results indicate that the degree of physical dependence of morphine
can been quantiÞed by estimating the ED

 

50

 

 value of morphine withdrawal jumping induced by nalox-
one. A signiÞcant difference was observed in withdrawal jumping ED

 

50

 

 values among ohmefentanyl
stereoisomers. Of these isomers, F9202 and F9204 had similarly potent analgesic action, but very sig-
niÞcant difference in naloxone precipitated withdrawal response. Dependent potency index of F9204
was 618-fold weaker than that of F9202. It is concluded that a stereo-structural difference in physical
dependence is found to exist among ohmefentanyl stereoisomers. Compound F9204 displayed a strong
analgesic action and weak physical dependent potency. © 2000 Elsevier Science Inc. All rights reserved.
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Introduction

 

Ohmefentanyl, [N-1 (

 

b

 

-hydroxy-

 

b

 

-phenylethyl)-3-methyl-4-piperityl]-N-phenylpropana-
mide, which is derived from fentanyl and synthesized through the introduction of methyl
group in the 3-position and replacement of the phenylethyl group in the 1-position of piperi-
dine ring of fentanyl by a hydroxyl phenylethyl group, is a novel and potent analgesic agent.
As an analgesic, ohmefentanyl is 28 times more potent than fentanyl and 6300 times more
potent than morphine in mice (1). As all opioids, repeated administration of analgesic dose of
ohmefentanyl also can result in the development of physical dependence. The potential ability
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of the compound to induce dependence has been preclinically evaluated in different animal
species (2). The ability to develop physical dependence of ohmefentanyl is lower compared
with that produced by morphine, qualitatively similar to that of fentanyl in animals, although
it has been demonstrated that ohmefentanyl is a potent and highly selective 

 

m

 

-agonist (3Ð8).
Due to the presence of three chiral centers in chemical structure of ohmefentanyl, it has eight
stereoisomers. The analgesic activities and selectivity for opioid receptor of these stereoiso-
mers had been studied in our laboratory (9). It was showed that there was a large difference in
analgesic activity among ohmefentanyl stereoisomers. However, the relationship between
stereo-structure and dependence of ohmefentanyl had not been described. In the present
study, we established a new quantitative index to estimate the degree of physical dependence,
and determined the physical dependence of ohmefentanyl stereoisomers in mice.

 

Materials and Methods

 

Chemicals

 

Ohmefentanyl stereoisomers were synthesized by the Shanghai Institute of Materia Med-
ica, Chinese Academy of Sciences (Shanghai, China). The absolute conÞgurations of eight
stereoisomers (F9201Ð9208) of ohmefentanyl were determined by X-ray crystallographic
study. Morphine was purchased from Qinghai Pharmaceutical Factory (Xining, China).
Naloxone was obtained from Shanghai Medical University (Shanghai, China).

 

Animals

 

Kunming strain male mice (ZKD-005) weighting 18Ð22g, were supplied by the Animal
Center, Shanghai Medical University. Mice were maintained on a 12/12 hr light/dark cycle and
fed and watered 

 

ad libitum

 

 before the experiment procedures. The mice were transferred to the
laboratory environment after a Þnal administration of morphine or ohmefentanyl stereoisomers.

 

Treatment of morphine and ohmefentanyl stereoisomers

 

All drugs were administered s.c. in an injection volume of 10ml/kg, injections were deliv-
ered at 8:00 a.m. and 4:00 p.m., and solutions were freshly made prior to each injection. To
develop morphine dependence, mice were treated with morphine twice a day for 6 days. The
doses were started at 20mg/kg (2

 

3

 

analgesic ED

 

95

 

) and increased by 20mg/kg every time to
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remain Þnally a dose of 100mg/kg (10

 

3

 

ED

 

95

 

). On the different days of morphine administra-
tion, the animals received a Þnal injection of morphine. Naloxone was challenged and with-
drawal signs (jumping and other parameters) were observed for 30min. For study of appro-
priate precipitated-time and doses of naloxone, withdrawal was precipitated at various times
(1, 2, 4 and 6hr) after a Þnal administration of morphine by injection of various doses of
naloxone (0.25, 0.5, 1, 2, and 4 mg/kg). Ohmefentanyl stereoisomers (F9201Ð9208) were ad-
ministered at the similar schedule as for morphine. The initial doses of these isomers were
administered on the basis of analgesic ED

 

95

 

 dose level as follows: F9201 10mg/kg, F9202
0.25

 

m

 

g/kg, F9203 5.0mg/kg, F9204 5.0

 

m

 

g/kg, F9205 15

 

m

 

g/kg, F9206 165

 

m

 

g/kg, F9207
120

 

m

 

g/kg and F9208 25

 

m

 

g/kg twice daily. The dose was increased by 1

 

3

 

 initial dose every
day until a maintenance dose (5

 

3

 

 initial dose) was attained. All drugs were freshly prepared
by dissolving in normal saline and doses were calculated on the basis of the drug salts.

 

Assessment of physical dependence

 

The degree of physical dependence was evaluated by the cumulative dose of tested drugs
inducing 50% positive jumping response (ED

 

50

 

) in naloxone precipitated jumping test. The
jumping response can be measured by determining the percentage of mice that jump verti-
cally within 30 min after injection of naloxone. The mice were placed singly into 30

 

3

 

30 cm
glass cylinders immediately after i.p. injection of naloxone. The number of vertical jumping
was recorded during a 30 min observation period. The positive jumping response was deÞned
as jumping more than 4 times within a 30 min period.

 

Statistics

 

ED

 

50

 

 and 95% conÞdence limited for dose-response curves were calculated according to
the method of LitchÞeld and Wilcoxon (10) with the aid of a computer program. The line was
obtained by linear regression analysis of the dose-response curve. The correlationship be-
tween dosage of morphine and jumping response rate (number of positive animal/number of
total animal tested) was analyzed by using PearsonÕs two-tailed test.

 

Results

 

Quantitative determination of physical dependence in morphine-dependent mice

 

To explore an appropriate dose and administration time of naloxone, effects of different
dose and precipitated time of naloxone on jumping response were studied. The results
showed that a dose of 2mg/kg naloxone induced vertical jumping beyond 4 times in 95%
morphine-dependent mice, the jumping response rate reached maximum at 2hr after a Þnal
morphine administration (Fig. 1). This dose and injection time of naloxone were used in sub-
sequent experiments. Fig. 2 showed the curve of percentage of positive jumping and cumula-
tive dose of morphine in naloxone precipitated jumping test. A good linear relationship was
obtained between dosage of morphine and jumping response rate with a correlation coefÞ-
cient of 0.96 (P

 

,

 

0.01).
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Fig. 1. Withdrawal jumping precipitated by naloxone in morphine-dependent mice. The positive jumping response
rate denote the number of mice jumped more than 4 times over the total number of mice tested, expressed as per-
cent rate (%). A: naloxone (2mg/kg) was injected at various time (1, 2, 4 and 6 hr) after a Þnal morphine adminis-
tration; B: naloxone was injected at various doses (0.25, 0.5, 1.0, 2.0 and 4.0 mg/kg) at 2 hr after a Þnal morphine
administration. Data were expressed as mean6SEM, n53.
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Liability of physical dependence of ohmefentanyl stereoisomers

 

Except F9201, All isomers showed the physical dependence liability. The syndrome elic-
ited by the antagonist naloxone in ohmefentanyl dependent mice resembles that in morphine
dependent mice in many respects. On basis of ED

 

50

 

 value, the order of physical dependent
potency of these isomers was F9202

 

.

 

F9205

 

.

 

F9208

 

.

 

F9204

 

.

 

F9206

 

.

 

F9207

 

.

 

F9203

 

.

 

morphine. Withdrawal jumping of mice pretreated with F9201 was not observed in the dos-
age up to 60mg/kg, which elicited severely toxic signs, and death of a few mice. To assess
relative dependence capacity, dependence potency index (DPI) was calculated as withdrawal
jumping cumulative ED

 

50

 

/analgesic ED

 

50

 

. Higher DPI indicates relatively lower dependent
capacity. DPI of F9204 is maximal, over 618-fold higher than that of F9202, another ex-
tremely potent analgesic. Fig. 3 showed the curve of percentage of positive jumping and cu-
mulative dose of F9202 and F9204 in naloxone precipitated jumping test We have reported
on the analgesic activity of ohmefentanyl stereoisomers (9), these data were collected in the
present study (Table 1).

 

Discussion

 

Morphine withdrawal syndrome were typically produced by either terminating chronic
morphine exposure or by administering an opiate antagonist to morphine pretreated animals.

Fig. 2. Dose-response curve of morphine dependence mice in naloxone precipitated jumping test, each point rep-
resents the mean6SEM of three experiments for 10 mice in each group.
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The stereotyped jumping response has been shown to be a highly characteristic sign of mor-
phine withdrawal syndrome (11), and the vertical jumping test has been used to estimate the
degree of physical dependence (12). Generally, the degree of physical dependence was as-
sessed by the intensity of withdrawal signs, or by the amount of naloxone required to precip-
itate the withdrawal jumping (11Ð13). However, the former is only used to compare relatively
with the dependence of morphine, the later is limited by the dose range of naloxone. There-
fore, the quantiÞcation of the degree of physical dependence is not direct, it is difÞcult for
comparing physical dependence capacity among several drugs. To quantify the physical de-
pendence capacity of morphine, and to compare the difference of ohmefentanyl stereoiso-
mers in the physical dependence, Cumulative dose of morphine and ohmefentanyl stereo-
isomers inducing 50% positive jumping response in naloxone precipitated jumping test were
measured. Our study indicated that there was a good correlationship between the dosage of
morphine and jumping response rate, ED

 

50

 

 value of morphine can be measured according to
the dose-response curve. Ohmefentanyl has been reported to produce tolerance quickly (2).
In this study, the tolerance of ohmefentanyl stereoisomers has not been compared.

Numerous attempts have been made to study the role of various opioid receptor types in
development of morphine phisical dependence, mu opioid receptors are known to play a ma-
jor role in the development of morphine dependence (14, 15). Ohmefentanyl is an effective
analgesic agent derived from fentanyl and exhibits a good analgesic efÞcacy comparable to

Fig. 3. Dose-response curve of withdrawal jumping induced by the i.p. administration (2mg/kg) of naloxone in
mice chronically pretreated with a progressively increasing dose of ohmefentanyl stereoisomers (F9202 and
F9204). Data are values obtained from 10 mice in each group, as described in the Method section.
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morphine and fentanyl in animal experiments. In the bioassay, ohmefentanyl also showed to
be a potent 

 

m

 

-receptor agonist with high selectivity and afÞnity (9). This study reveals that
physical dependence induced by ohmefentanyl stereoisomers displays a signiÞcant differ-
ence as with their analgesic activity, it was indicated that there were perhaps stereo-structural
requirements for physical dependence at mu receptor levels. By comparing the analgesic and
withdrawal jumping ED

 

50

 

 of ohmefentanyl stereoisomers, it is shown that analgesic action
and physical dependent capacity of ohmefentanyl stereoisomers have great difference. Iso-
mer F9204 and F9202 exhibited extremely potent analgesic activity and high afÞnity and se-
lectivity for mu receptors. It was considered that (3R, 4S) conÞguration at piperidine 3- and
4-carbon was very important for analgesic action. In the earlier study, Brine et al. (16) also
reported on marked differences in the functional properties of four ohmefentanyl stereoiso-
mers that are quite consonant with the present study. However, it is interesting that F9204 and
F9202 have similar stereo-structure, mu and delta receptor afÞnity and analgesic action, but
withdrawal jumping ED

 

50

 

 value of F9204 is 140-fold higher than that of F9202. DPI of
F9204 is 618-fold higher than that of F9202. The results indicate that physical dependent po-
tency of F9204 is low relatively. Similarly to the properties of the fentanyl isomer F9204, the
potent opioid analgesics, etorphine and dihydroetorphine, also show much higher analgesic
action and much lower physical dependence than morphine both in rodents (17Ð20) and
monkeys (21). In addiction, we found that the physical dependent capacity was observed by
administration of low dosage of compound F9203, which exhibited no analgesic action at
dose of 10mg/kg. It is suggested that there is a different mechanism between analgesic and
dependence of these compounds.

In conclusion, it is convenient and feasible to use the ED

 

50

 

 value of drugs to assess and
compare the dependence liability in mice. There are signiÞcant differences for the degree of
physical dependence of ohmefentanyl stereoisomers. Two most potent isomers, F9204 and
F9202, which had signiÞcant difference in physical dependence, may be proposed as useful
tools in the study of the mechanism of opioid dependence.

 

Table 1
Analgesic and withdrawal jumping ED

 

50

 

 values of ohmefentanyl stereoisomers

Compound
Absolute 

ConÞguration
Analgesic ED

 

50

 

 
(95% C.L., mg/kg)

 

a

 

 (9)

Withdrawal Jumping 
Cumulative ED

 

50

 

 
(95% C.L.,mg/kg)

Dependence 
Potency
Index

 

b

 

F9204 (

 

1

 

)-

 

cis

 

-(3R,4S,2

 

9

 

S) 0.00106 (0.0008Ð0.0013) 0.0984 (0.0684Ð0.141) 92.8
F9207 (

 

1

 

)-trans-(3S,4S,2

 

9

 

R) 0.075 (0.064Ð0.087) 0.383 (0.233Ð0.629) 5.1
F9206 (

 

2

 

)-trans-(3R,4R,2

 

9

 

R) 0.072 (0.057Ð0.091) 0.361 (0.211Ð0.617) 5.0
F9208 (

 

2

 

)-trans-(3R,4R,2

 

9

 

S) 0.0097 (0.006Ð0.15) 0.0445 (0.0282Ð0.0701) 4.6
F9205 (

 

1

 

)-trans-(3S,4S,2

 

9

 

S) 0.014 (0.011Ð0.017) 0.0303 (0.0197Ð0.0466) 2.1
F9202 (

 

2

 

)-

 

cis

 

-(3R,4S,2

 

9

 

R) 0.0046 (0.0031Ð0.0066) 0.0007 (0.0004Ð0.0010) 0.15
F9203 (

 

2

 

)-

 

cis

 

-(3S,4R,2

 

9

 

R)

 

.

 

10 (0/10) 9.941 (6.111Ð16.17)

 

,

 

1
F9201 (

 

1

 

)-

 

cis

 

-(3S,4R,2

 

9

 

S) 10 (4/10)

 

.

 

60

 

.

 

6
Morphine 6.8 (5.5Ð8.4) 513 (424Ð620) 75.4

 

a

 

 C.L. 

 

5

 

 conÞdence limits. 

 

b

 

 Dependence potency index was obtained by withdrawal jumping cumulative ED

 

50 /analgesic ED50.



120 G.-W. Guo et al. / Life Sciences 67 (2000) 113Ð120

Acknowledgments

This work was supported by the National Natural Science Foundation of China (No
29790123) and Developed Project of National Key Basic Research of China (G1998051126).
We thank Ms. H.P. Zhang and Ms X.J. Chen for their skillful technical assistance during
this study.

References

1. W.Q. JIN, H. XU, Y.C. ZHU, S.N. FANG, X.L. XIA, Z.M. HUANG, B.L. GE and Z.Q. CHI, Sci. Sin. 24
710Ð720 (1981).

2. G.M. ZHAO, W.J. ZHENG, W.Q. JIN and Z.Q. CHI, Bulletin of the New Drug Research Foundation 1 165Ð
172 (1991).

3. H. XU, J. CHEN and Z.Q. CHI, Sci. Sin. (Series B) 28 504Ð511 (1985).
4. S.Z. YE, G.F. LI and Z.Q. CHI, Acta Pharmacol. Sin. 7 193Ð198 (1986).
5. W.Q. JIN, X.J. CHEN and Z.Q. CHI, Sci. Sin. (Series B) 30 176Ð181 (1987).
6. H. XU, Y.H. YAO, Y.C. ZHU, J. CHEN and Z.Q. CHI, Acta Pharmacol. Sin. 8 289Ð292 (1987).
7. H. WANG, A. SARRIEAU, D. PELAPRAT, B.P. ROQUES, A. VANHOVE, N. KOPP, Z.Q. CHI and W. ROS-

TENE, Synapse 8 177Ð184 (1991).
8. A. GOLDSTEIN and A. NAIDU, Mol. Pharmacol. 36 265Ð272 (1989).
9. W.Q. JIN, Z.X. WANG, J. CHEN, X.J. CHEN and Z.Q. CHI, Acta Pharmacol. Sin. 17 421Ð424 (1996).

10. J.T. LITCHFIELD and F. WILCOXON, J. Pharmacol. Exp. Ther. 96 99Ð113 (1949).
11. F. HUIDOBRO and C. MAGGIOLO, Acta Physiol. Latinoamer 11 201Ð209 (1961).
12. E.L. WAY, H.H. LOH and F.H. SHEN, J. Pharmacol. Exp. Ther. 167 1Ð8 (1969).
13. E.L. WAY, H.H. LOH and F.H. SHEN, Science 162 1290Ð1292 (1968).
14. G.E. DELANDER, P.S. PORTOGHESE and A.E. TAKEMORI, J. Pharmacol. Exp. Ther. 231 91Ð96 (1984).
15. E.E. ABDELHAMID, M. SULTANA, P.S. PORTOGHESE and A.E. TAKEMORI, J. Pharmacol. Exp. Ther.

258 299Ð303 (1991).
16. G.A. BRINE, P.A. STARK, Y. LIU, F.I. CARROLL, P. SINGH, H. XU and R.B. ROTHMAN, J. Med. Chem.

38 1547Ð1557 (1995).
17. K.F. SHEN and S.M. CRAIN, Brain Res. 636 286Ð297 (1994).
18. K.F. SHEN and S.M. CRAIN, Brain Res. 757 176Ð190 (1997).
19. M.D. ACETO, L.S. HARRIS and E.R. BOWMAN, Eur. J. Pharmacol. 338 215Ð223 (1997).
20. T.J. MARTIN, S.A. KIM, L.S. HARRIS and J.E. SMITH, Eur. J. Pharmacol. 324 141Ð145 (1997).
21. T.J. MARTIN, C.T. HAIRSTON, P.O. LUTZ, L.S. HARRIS and F. PORRECA, Eur. J. Pharmacol. 357 25Ð

32 (1998).


