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Abstract

Ohmefentanyl is a very potent and highly selective agonist for m-opioid receptors. We now study analgesia, in vitro activity and opioid
receptor affinity of the stereoisomers of ohmefentanyl isothiocyanate. We found that some isomers of ohmefentanyl isothiocyanate had a

Ž X .potent analgesic effect and that all isomers except 3R,4S,2 S -ohmefentanyl isothiocyanate had a more potent inhibitory action on the
electrically evoked contractions of mouse vas deferens than of guinea pig ileum. The inhibitory actions could be antagonized by naloxone.
However, compared with the activity of the corresponding stereoisomers of ohmefentanyl, these ohmefentanyl isothiocyanates had

w3 x Žw 2 5x .significantly reduced analgesia and in vitro activity. They also inhibited the binding of H DPDPE D-Pen ,D-Pen enkephalin and
w3 x Žw 2 4 5x .H DAGO D-Ala ,Mephe ,Gly-ol enkephalin to opioid receptors in mouse brain membranes. The inhibitory effect of stereoisomers of
ohmefentanyl isothiocyanate at m-opioid receptors was markedly lower than that of their parent compounds. The affinity of stereoisomers
of ohmefentanyl isothiocyanate for d-opioid receptors was, however, greater than or equal to that of their corresponding stereoisomers of
ohmefentanyl. The results showed that the introduction of an isothiocyanato group into the phenyl ring in position-1 of ohmefentanyl
reduced bioactivity and affinity to m-opioid receptors but that the selectivity of these compounds for d-opioid receptors was enhanced.

Ž X . Ž Ž . Ž . .Isomer 3R,4S,2 R -ohmefentanyl isothiocyanate showed highest selectivity for d-opioid receptors K m rK d s13.6 and potenti i
Ž .analgesic activity ED s0.25 mgrkg . q 2001 Elsevier Science B.V. All rights reserved.50
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1. Introduction

We have previously reported that ohmefentanyl is a
very potent analgesic agent and a highly selective agonist

Žfor m-opioid receptors Jin et al., 1981, 1987; Xu et al.,
.1988; Goldstein and Naidu 1989 . Ohmefentanyl not only

has a 6300 times more potent analgesic activity than that
of morphine, but it has relatively lower physical depen-
dence and psychic dependence liabilities than morphine
Ž .Chen et al., 1995a,b . Due to presence of three chiral
centers in the structure of ohmefentanyl, there are eight
enantiomers of ohmefentanyl. We had studied analgesic
activity, physical dependence and selectivity for opioid

Žreceptors of these enantiomers Jin et al., 1996; Guo et al.,
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.2000 . Several studies have shown that non-peptide d-
opioid receptor agonists have clinical potential as safe and

Ž .effective pain relieving agents Clark and Dondio, 1997 .
In the study of structure–activity relationship, introducing

Ž .an isothiocyanato-group SCN-group into the phenyl ring
in position-1 of some fentanyl derivatives may shift recep-

Žtor selectivity to a d-selective property Rice et al., 1983;
.Burke et al., 1984, 1986; Kim et al., 1989 . Therefore, the

eight enantiomers of ohmefentanyl isothiocyanate were
synthesized, and the analgesia, in vitro activity and recep-
tor selectivity of these stereoisomers are reported here.

2. Materials and methods

2.1. Drugs

Eight stereoisomers of ohmefentanyl isothiocyanate
were synthesized in the Chemical Group, 2nd Department
of Pharmacology, Shanghai Institute of Materia Medica,
Chinese Academy of Sciences. The absolute configurations
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of eight stereoisomers of isothiocyanato-ohmefentanyl were
determined by X-ray crystallography. Naloxone was ob-

w3 x Žwtained from Shanghai Medical University. H DAGO D-
2 4 5 x .Ala ,Mephe ,Gly-ol enkephalin, 54 mCirmmol and

w3 x Žw 2 5 x .H DPDPE D-Pen ,D-Pen enkephalin, 36 mCirmmol
were purchased from Amersham-Pharmacia and Dupont,

Ž .respectively Fig. 1 .

2.2. Animals

Male or female Kunming strain mice and guinea pigs
Ž .ZKD-005 were supplied by the Shanghai Experimental
Animal Center, Chinese Academy of Sciences. The ani-
mals were housed in plastic cages with food and water ad
libitum. All experiments were conducted during the light
period of a 12:12-h light–dark cycle.

2.3. AntinociceptiÕe assay

Antinociceptive activity of the compounds was mea-
Ž .sured in the mouse hot-plate assay Zhao and Zhu, 1956 5

min after subcutaneous injection. Animals were placed on
a zinc plate heated to 55"1 8C. The pain response was
defined as licking of hind paws. The efficiency of antinoci-
ceptive activity was defined as doubling of the pain thresh-

Ž .old after medication Huang et al., 1984 . The analgesic
duration of the compounds was determined at the ED95

dose of the compounds. The number of animals in each
dose group was 10. Analgesic ED values were calculated50

Ž .using the method of Bliss 1938 .

2.4. Bioassay

The mouse vas deferens and the myenteric plexus-longi-
tudinal muscle of guinea pig ileum were prepared accord-

Ž .ing to the methods described by Hughes et al. 1975 and
Ž .Kosterlitz et al. 1970 , respectively. All preparations were

suspended in an organ bath containing 4 ml Krebs solu-
tion. The bath fluid was kept at 37"1 8C and gassed
continuously with 95% O and 5% CO . The resting2 2

tension was maintained at 250 mg for mouse vas deferens
and 500 mg for guinea pig ileum. The composition of the

Ž .Krebs solution was in mmolrl : NaCl 119, KCl 4.7,
CaCl 2.55, KH PO 1.6, NaHCO 25, glucose 11 and2 2 4 3

mepyamine maleate 0.00013. MgSO 1.18 was included4

Ž)Fig. 1. Chemical structure of ohmefentanyl isothiocyanate asymmetric
.carbon atom .

for guinea pig ileum. After equilibration for 45 min,
longitudinal contractions were evoked by field stimulation
through Pt-electrodes at the upper and lower ends of the
bath. The parameters of stimulation were as follows. For
mouse vas deferens, the trains consisted of four pulses at

Ž .intervals of 200 ms 40 V, 1.0-ms duration, 15-s interval .
ŽFor guinea pig ileum, single pulses of 1 ms were used 30

.V, 1.0-ms duration, 15-s interval . The contractions were
recorded with a force displacement transducer and an
auto-equilibrium recorder. The agonist potencies of the
compounds were obtained from dose–response curves by
calculating the concentration of the compounds that re-

Ž .duced the height of the contractions by 50% IC .50

2.5. Binding assay

Mouse brain homogenates were prepared as described
Ž .by Jin et al. 1981 . The binding for m- and d-opioid

receptors was determined with the highly selective m-opioid
w3 xreceptor ligand, H DAGO and the highly selective d-

w3 xopioid receptor ligand, H DPDPE, respectively. Non-
specific binding was measured by incubation in the pres-
ence of 10 mmolrl naloxone. The binding assays were

Žconducted at 30 8C in 0.05 molrl Tris–HCl buffer pH
. Ž7.4 . Aliquots containing 1.5 mg protein in the final

.volume of 1 ml of crude membrane preparation were
incubated with the drugs and tritiated ligand at 30 8C for
40 min. After the incubation, the mixture was immediately
cooled in an ice bath and then filtered rapidly through
Whatman GFrB glass fiber filters in a Brand harvester.
The filters were washed three times with 4-ml aliquots of
ice-cold 0.05 molrl Tris–HCl buffer, and transferred to
counting vials. Four ml hydrophilic scintillation cocktail
was added and allowed to stand overnight. The radioactiv-
ity was counted with a Beckman LS6500 liquid scintilla-
tion analyzer. The IC values of the drugs tested, defined50

as the concentrations that produced 50% inhibition of the
specific binding of radioligand, were estimated by linear
regression from a concentration-probit semi-logarithmic
plot. The K values, the equilibrium dissociation constanti

of the inhibitor was calculated from the formula K si
w Ž . xIC r 1q L rK , where L is the concentration of la-50 d

belled ligand and K the dissociation constant of labelledd
Ž .ligand Cheng and Prusoff, 1973 .

3. Results

3.1. Analgesic actiÕity

Ž X . Ž X .Except for isomers 3S,4R,2 S , 3S,4R,2 R and
Ž X .3R,4R,2 R -ohmefentanyl isothiocyanate, the enantiomers
showed potent analgesic activity. The most potent isomer

Ž . Ž X .was q -cis- 3R,4S,2 S -ohmefentanyl isothiocyanate. Its
analgesic ED was 0.113 mgrkg, being 34 times more50

Ž .active than morphine ED 3.86 mgrkg, s.c. . Its enan-50
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Table 1
Ž . Ž .Analgesic ED mgrkg, s.c. and duration min of action of eight50

Ž .enantiomers of ohmefentanyl isothiocyanate mouse hot-plate
a bAbsolute configuration Analgesic ED Analgesic Duration50

potency
XŽ . Ž .q -cis-3S,4R,2 S 10 inactive
XŽ . Ž .y -cis-3R,4S,2 R 0.256 0.212–0.308 15 50"26
XŽ . Ž .y -cis-3S,4R,2 R 10 inactive
XŽ . Ž .q -cis-3R,4S,2 S 0.113 0.097–0.132 34 43"31

XŽ . Ž .q -trans-3S,4S,2 S 1.95 1.56–2.54 2 35"14
XŽ . Ž .y -trans-3R,4R,2 R 10 inactive

XŽ . Ž .y -trans-3S,4S,2 R 9.27 7.39–11.6 0.42 15"10
XŽ . Ž .q -trans-3R,4R,2 S 7.22 5.30–9.84 0.53 69"20

Ž .Morphine 3.86 2.82–5.27 1 64"13

a95% confidence limits.
b Mean"S.D.

Ž . Ž X .tiomer, y -cis- 3S,4R,2 R -ohmefentanyl isothiocyanate,
however, had no analgesic activity in doses up to 10
mgrkg. The order of analgesic potency of these enan-

Ž X . Ž X . Ž X .tiomers was 3R,4S,2 S ) 3R,4S,2 R ) 3S,4S,2 S )
Ž X . Ž X .3R,4R,2 S ) 3S,4S,2 R -ohmefentanyl isothiocyanate
Ž .Table 1 .

3.2. Effects on isolated organs

Ž X .Except for isomers 3S,4R,2 S -ohmefentanyl isothio-
Ž X .cyanate and 3S,4R,2 R -ohmefentanyl isothiocyanate, the

other six stereoisomers of ohmefentanyl isothiocyanate
exhibited potent inhibitory actions on the electrically
evoked contraction of guinea pig ileum and mouse vas

Ž .deferens Table 2 . For guinea pig ileum, the most potent
Ž X .isomer was 3R,4S,2 S -ohmefentanyl isothiocyanate.

For mouse vas deferens, the most potent isomer was
Ž X .3R,4S,2 R -ohmefentanyl isothiocyanate. The effects of
these compounds on guinea pig ileum and mouse vas
deferens were reversed by naloxone. Except for isomer
Ž X .3 R ,4S,2 S -ohmefentanyl isothiocyanate, the other
stereoisomers showed more potent activity on mouse vas
deferens than on guinea pig ileum. The activities of these
isomers were, however, markedly lower than those of their

Žcorresponding stereoisomers of ohmefentanyl Jin et al.,
.1996 .

Table 2
Ž .The inhibitory actions IC , mmolrl of stereoisomers of ohmefentanyl50

isothiocyanate on electrically evoked contraction of guinea pig ileum
Ž . Ž . Ž .GPI and mouse vas deferens MVD mean"S.D., ns3

Absolute configuration GPI MVD GPIrMVD
XŽ .q -cis-3S,4R,2 S )10 )10
XŽ .y -cis-3R,4S,2 R 2.26"1.62 0.17"0.08 13.3
XŽ .y -cis-3S,4R,2 R )10 )10
XŽ .q -cis-3R,4S,2 S 0.30"0.03 0.36"0.07 0.83

XŽ .q -trans-3S,4S,2 S 2.6"0.18 1.05"0.26 2.5
XŽ .y -trans-3R,4R,2 R 2.6"0.15 1.36"0.27 1.9

XŽ .y -trans-3S,4S,2 R 11.0"1.4 1.56"0.15 7.1
XŽ .q -trans-3R,4R,2 S 0.70"0.23 0.40"0.17 1.7

Table 3
Ž .The inhibitory constant K , mmolrl of stereoisomers of ohmefentanyli

Žisothiocyanate for opioid receptors in mouse brain homogenates mean"
.S.D., ns3

3 3Ž . Ž . Ž .Absolute configuration H DAGO H DPDPE K m ri
Ž . Ž . Ž .m d K di

XŽ .q -cis-3S,4R,2 S 1.04"0.02 3.28"0.95 0.32
XŽ .y -cis-3R,4S,2 R 1.63"0.76 0.12"0.07 13.6
XŽ .y -cis-3S,4R,2 R 2.45"0.57 3.25"1.13 0.75
XŽ .q -cis-3R,4S,2 S 0.08"0.04 0.18"0.13 0.44

XŽ .q -trans-3S,4S,2 S 0.29"0.07 0.03"0.02 9.7
XŽ .y -trans-3R,4R,2 R 0.51"0.12 0.21"0.07 2.4

XŽ .y -trans-3S,4S,2 R 0.36"0.05 0.23"0.08 1.6
XŽ .q -trans-3R,4R,2 S 0.17"0.10 0.21"0.14 0.80

3.3. Affinity to m- and d-opioid receptors

The affinities of all enantiomers of ohmefentanyl iso-
thiocyanate to m- and d-opioid receptors are shown in
Table 3. As compared with that of the corresponding

Ž .stereoisomers of ohmefentanyl Jin et al., 1996 , their
affinity to m-opioid receptors was markedly low, but their
affinity to d-opioid receptors was almost equal to or more
potent than those of their corresponding stereoisomers of
ohmefentanyl. The most active of these isomers at d-opioid

Ž . Ž X .receptors was q -trans- 3S,4S,2 S -ohmefentanyl isothio-
cyanate with a K value of 30 nmolrl; the most selectivei

Ž . Ž X .isomer for d-opioid receptors was y -cis- 3R,4S,2 R -
Ž . Ž .ohmefentanyl isothiocyanate, which had a K m rK di i

value of 13.6.

4. Discussion

The analgesia, in vitro activity, and opioid receptor
selectivity of stereoisomers of ohmefentanyl isothiocyanate
are described in this paper. By comparing analgesic actions
of cis-isomers of ohmefentanyl isothiocyanate, we showed

Ž .that the 3R,4S configuration at the piperidine 3- and
4-carbon is very important for analgesic activity. For

Ž . Ž X .example, isomers q -cis- 3R,4S,2 S -ohmefentanyl iso-
Ž . Ž X .thiocyanate and y -cis- 3R,4S,2 R -ohmefentanyl iso-

thiocyanate exhibited potent analgesic activity. However,
Ž . Ž X .their antipodes y -cis- 3S,4R,2 R -ohmefentanyl iso-
Ž . Ž X .thiocyanate and q -cis- 3S,4R,2 S -ohmefentanyl iso-

thiocyanate had no analgesic activity, suggesting strict
stereospecificity of the structure for opioid receptors. Com-
paring the analgesic actions of six active enantiomers of
ohmefentanyl isothiocyanate also showed that the anal-
gesic activity of the isomers with a 2XS-hydroxyl group
was more potent than that of corresponding isomers with
the 2XR configuration.

Consistent with the results of the analgesic assay, the
Ž X .isomers 3S,4R,2 S -ohmefentanyl isothiocyanate and

Ž X .3S,4R,2 R -ohmefentanyl isothiocyanate were not found
to be active in guinea pig ileum and mouse vas defe-

Ž X .rens. Isomer 3R,4S,2 R -ohmefentanyl isothiocyanate and
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Ž X .3R,4S,2 S -ohmefentanyl isothiocyanate had the most po-
tent inhibitory effect on the electrically evoked contrac-
tions of guinea pig ileum or mouse vas deferens. Except

Ž X .for isomer 3R,4S,2 S -ohmefentanyl isothiocyanate, the
five other active isomers were more potent on mouse vas

Ž . Ž .deferens GPI than on guinea pig ileum MVD . It is
Ž . Ž .remarkable that the IC GPI rIC MVD ratio for iso-50 50

Ž X .mer 3R,4S,2 R -ohmefentanyl isothiocyanate was 13.3.
The selectivity of this isomer for d-opioid receptors was

Ž Ž .markedly higher than that of superFIT cis- q -3-methyl-
.fentanyl isothiocyanate , a partial agonist of d-receptors

Ž .Burke et al., 1986 .
Our previous study had shown that the two most active

Ž X . Ž X .isomers 3R,4S,2 S -ohmefentanyl and 3R,4S,2 R -ohme-
fentanyl showed very potent affinity and very high selec-

Ž .tivity for m-opioid receptors Jin et al., 1996 . However, a
corresponding isomer of ohmefentanyl isothiocyanate,
Ž X .3R,4S,2 R -ohmefentanyl isothiocyanate showed more
potent affinity and higher selectivity for d-opioid recep-
tors. Another corresponding isomer of ohmefentanyl iso-

Ž X .thiocyanate, 3 R,4S,2 S -ohmefentanyl isothiocyanate
showed markedly low affinity for m-opioid receptors as

Ž X .compared with that of 3R,4S,2 S -ohmefentanyl.
The present study demonstrated that introducing an

isothiocyanato-group into the phenyl ring in the position-1
of ohmefentanyl may enhance the selectivity for d-opioid
receptors, but the bioactivity and affinity for m-opioid
receptors of these compounds were significantly reduced.

Ž .The most interesting of these stereoisomers was y -cis-
Ž X .3R,4S,2 R -ohmefentanyl isothiocyanate which exhibited

Ž .potent analgesic activity ED s0.25 mgrkg and highest50
w Ž . Ž . xselectivity for d-opioid receptors K m rK d s13.6 .i i

Further study of the physical and psychic dependence for
these stereoisomers is necessary for exploration of the
mechanism of opioid dependence and the development of
new drugs.
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