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This report contains information on opioid abuse liability evaluations on compounds that have been submitted to the Drug Evaluation Committee of the College and released for publication by the submitters.  The information obtained usually involves in vitro evaluation in opioid binding assays.  In addition, the compounds may be evaluated for discriminative and reinforcing effects.  Analgesic and respiratory function assays are also possible.  These behavioral assessments are conducted in rhesus monkeys.  Usually when limited information is provided (e.g., in vitro assessment only), it is because the sample provided by the submitter was insufficient to carry out further evaluation.

The evaluation of new compounds by the programs at the University of Michigan and the Medical College of Virginia  is currently coordinated by Dr. A. Coop, University of Maryland.  The compounds come originally from pharmaceutical companies, universities, government laboratories, and international organizations.

At the UM and MCV laboratories, drug samples arrive from the Biological Coordinator with only the following information: (1) an identifying NIH number, (2) molecular weight, (3) solubility information.  After the evaluation is complete and the report submitted to Dr. Coop, the submitter is requested to release the chemical structure to include with the evaluation data in the ANNUAL REPORT.  The submitter has up to three years before release of the structure is required.  When the structure is released all of the data on the compound are reported herein.

SUMMARY OF TESTS PERFORMED
The compounds that were evaluated at the University of Michigan during the past year are shown in the following Table.  Also shown are dates of Reports to the Biological Coordinator, Dr. Coop.  

	NIH # 
	Date Submitted to 

Biological Coordinator 
	NIH#
	Date Submitted to

Biological Coordinator

	09929
	17 March 2003
	11126
	14 March 2003

	10650
	10 April 2002
	11127
	14 March 2003

	10997
	25 April 2000
	11129
	14 March 2003

	11031
	14 March 2001
	11139
	17 March 2003

	11099
	14 March 2002
	11145
	10 February 2003

	11100
	14 March 2002
	11155
	17 March 2003

	11101
	09 September 2002
	11156
	17 March 2003

	11102
	09 September 2002
	11157
	17 March 2003

	11109
	09 September 2002
	11158
	17 March 2003

	11110
	09 April 2003
	11162
	31 January 2003

	11112
	09 September 2002
	11165
	17 March 2003

	11113
	09 September 2002
	11166
	17 March 2003

	11114
	09 September 2002
	11167
	17 March 2003

	11122
	09 September 2002
	11168
	17 March 2003

	11125
	17 March 2003
	
	


OPIOID RECEPTOR BINDING AND IN VITRO EFFICACY ASSESSMENT
Details of the binding assay been described previously (Lee et al., 1999).  Briefly, aliquots of a membrane preparation are incubated with [3H]diprenorphine (0.3 nM) in the presence of different concentrations of the drug under investigation at 25( C for 1 hr.   Specific, i.e., opioid-receptor-related binding is determined as the difference in binding obtained in the absence and presence of 10M naloxone.  The potency of the drugs in displacing the specific binding of 3H-ligand is determined from data using Graphpad Prism (GraphPAD, San Diego, CA) and converted to Ki values by the method of Cheng and Prussoff (1973). Opioid binding is performed in membranes from C6 rat glioma cells expressing recombinant  (rat; Emmerson et al., 1994) or  (rat; Clark et al., 1997) and CHO cells expressing the recombinant  (human, Zhu et al., 1997).  The affinity (Kd) values of [3H]diprenorphine at the receptors are:  (0.15 nM);  (0.45 nM);  (0.25 nM).

In the ANNUAL REPORT, the results of the selective binding assays are given as means ( SEM from three separate experiments, each performed in duplicate.  Ki values for standard compounds using recombinant receptors and [3H]diprenorphine as radioligand  are:  (DAMGO, 7.6 nM; morphine, 11.2 nM),  (SNC80, 0.8 nM) and  (U69593, 0.3 nM). If less than 50% displacement of [3H]diprenorphine is seen at 10 (M it is reported as > 10 (M and the percent displacement given in parentheses.

[35S]GTPS assays are carried out using membranes from C6 cells expressing either  (Emmerson et al., 1996) or  (Clark et al., 1997) receptors or CHO cells expressing   receptors (Zhu et al., 1997).  Assays are performed as described by Traynor and Nahorski (1995).  Values are given as EC50 with % effect compared to standard agonist (DAMGO, SNC80, or U69593) or as maximal stimulation achieved at 10 M.  EC50 values (nM) for standard compounds are as follows:  mu receptor (morphine, 65 nM; DAMGO, 34 nM; fentanyl, 13nM), delta receptor  (SNC80, 9 nM; DPDPE 8.3 nM), and kappa receptor (U69593, 31.0 nM; bremazocine, 0.5 nM)

DPDPE (60%) and bremazocine (86%) are partial agonists compared with the standards SNC80 and U69593.  Morphine and DAMGO give equivalent responses.

Antagonist activity is given as AD50 values or as pKB values. AD50  refers to the concentration of test compound that reduces [35S]GTP(S binding stimulated by an ED80 concentration of appropriate agonist (DAMGO, (; DPDPE, (; U69593, () by 50%.  pKB is the concentration of antagonist required to shift the dose-effect curve for appropriate agonist by 2-fold.  It is a measure of the affinity of the antagonist for a receptor.

NIH 09929
Morphine Sulfate
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OPIOID RECEPTOR BINDING (nM) 

-receptor:   12.5 ( 3.9 

-receptor:    171 ( 18.9
-receptor:    60.9 ( 17.3

(Data from smooth muscle assay  and displacement of [3H]etorphine binding were initially reported previously.  See:   SEQ CHAPTER \h \r 1Woods, J.H.; Winger, G.D.; Medzihradsky, F.; Smith, C.B.; Gmerek, D.; Aceto, M.D.; Harris, L.S.; May, E.L.; Balster, R.L.; and Slifer, B.L. Evaluation of new compounds for opioid activity in rhesus monkey, rat, and mouse (1984). In: Harris, L.S. (ed.), Problems of Drug Dependence. National Institute on Drug Abuse Monograph 55, U.S. Government Printing Office, Washington, D.C., 1984, pp. 309-393.)

SUMMARY

NIH  09929 has affinity for the ( opioid receptor and is 5-fold and 14-fold selective for ( over ( and  ( receptors, respectively. 

*   *    *

NIH 10650
(+)-(1S,5S,9S)-2-Benzyl-5,9-Dimethyl-2’-hydroxy-6,7-benzomorphan.HBr
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OPIOID RECEPTOR BINDING (nM) 

-receptor:   588 ( 16.9 

-receptor:    3966 ( 486
-receptor:    75.6 ( 3.1

(Data from smooth muscle assay  and displacement of [3H]etorphine binding were initially reported previously. See: Woods, J.H.; Medzihradsky, F.; Smith, C.B.; Winger, G.D.; and France, C.P. Evaluation of new compounds for opioid activity (1990). In: Harris, L.S. (ed.), Problems of Drug Dependence. National Institute on Drug Abuse Monograph 105, U.S. Government Printing Office, Washington, D.C., 1991, pp. 682-724.)

SUMMARY

NIH 10650 has affinity for the ( opioid receptor with less affinity for ( >  ( receptors. 

NIH 10997  
N-Methyl-N-[(1S)-(1-phenyl-2-pyrrolidinyl)ethyl]-2-methanesulfonamidylphenylacetamide. 

 methanesulfonate
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OPIOID RECEPTOR BINDING (nM)

-receptor:
1994 ( 631
 

-receptor:
2592 ( 112 

-receptor:
12.0 ( 1.2

 [35S]GTP(S ASSAY 

Agonist Activity

(-receptor:   no agonist activity up to 10 (M

(-receptor:   EC50 = 7.56 ( 5.4 nM (102.0 ( 1.1% stimulation*)
SUMMARY  

NIH 10997 is a kappa agonist with good potency and relative efficacy the same as U69593.  In the binding studies, this compound was highly selective (160-fold) for the ( receptor over ( and ( receptors.

*  relative to U69593 = 100%.  In this assay, U69593 has an EC50 of 22 nM.  

*    *    *

NIH 11031          17-Cyclopropylmethyl-[5(,7(,3’,5’]-pyrrolidino-2’-[S]-phenyl-7(-methyl-6,14-

                            endoethenomorphinan.HCl
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OPIOID RECEPTOR BINDING (nM) 

-receptor:   0.35 ( 0.04 

-receptor:   0.95 ( 0.08

-receptor:   0.08 ( 0.01

SUMMARY
NIH 11031 has very high affinity for all three opioid receptor types with some preference for the ( receptor.

NIH 11099
18-(1-Methyl-(E)-benzylidene)-4-hydroxy-3-methoxy-17-methyl-[6,7:2’,3’]-indolomorphinan.oxalate
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OPIOID RECEPTOR BINDING (nM) 

-receptor:   46.0 ( 12.1

-receptor:   31.4 ( 12.2 

-receptor:   21.0 ( 2.5

SUMMARY
NIH 11099 has similar affinity for all three opioid receptors.


*     *     *

NIH 11100
18-(E)-benzylidene-4-hydroxy-3-methoxy-17-methyl-[6,7:2’,3’]-indolomorphinan.oxalate
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OPIOID RECEPTOR BINDING (nM) 

-receptor:   41.8 ( 17.2

-receptor:   30.0 ( 3.6

-receptor:    60.0 (  9.3

SUMMARY
NIH 11100 has similar affinity for all three opioid receptors.

*    *    *

NIH 11101   
18-Isopropylidene-4-hydroxy-3-methoxy-17-methyl-[6,7:2’,3’]-indolomorphinan.oxalate
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OPIOID RECEPTOR BINDING (nM)

(-receptor:   267 ( 18

(-receptor:   148 ( 33

(-receptor:   158 ( 51

SUMMARY 

NIH 11101 has low, but the same affinity at all three opioid receptors.

NIH 11102     18-(E)-Ethylidene-4-hydroxy-3-methoxy-17-methyl-[6,7:2’,3’]-indolomorphinan.oxalate


[image: image9.wmf]N

M

e

O

H

M

e

O

N

H

C

2

H

2

O

2


OPIOID RECEPTOR BINDING (nM)

-receptor:   233 ± 22

-receptor:     97 ±  9.0

-receptor:   276 ± 60

SUMMARY
NIH 11102 has low, but similar, affinity at all three opioid receptors.

*    *    *

NIH 11109
3-O-Butyrylnaltrexone.oxalate
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OPIOID RECEPTOR BINDING (nM)

(-receptor:   3.1 ( 0.6

(-receptor:   63 ( 17.0

(-receptor:   3.5 ( 1.1

SUMMARY

NIH 11109 has high equal affinity for ( and ( receptors and has 20-fold reduced affinity for ( receptors.

*   *   *

NIH 11110
(-)-(1R,5R,9R)-5,9-Dimethyl-2’-hydroxy-2-(4-phenylbutyl)-6,7-benzomorphan.oxalate
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OPIOID RECEPTOR BINDING ((M)

(-receptor:   1.4 ( 0.54*

(-receptor:   9.5 ( 2.8

(-receptor:  19.5 ( 5.2

SUMMARY

NIH 11110 has high affinity for ( opioid receptors with affinity for ( and ( receptors.  It has approximately 7-fold selectivity for the ( receptor.

*  Varied results were obtained from 0.12-3 nM.  This is the mean of 6 separate experiments.

NIH 11112
      (+)-(1S,5S,9S)-5,9-Dimethyl-2’-hydroxy-2-(2-methyl-1,3-dioxalanly)-6,7-benzomorphan. 



      hemioxalate       
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OPIOID RECEPTOR BINDING  (nM)
-receptor:  475 ( 88

-receptor:  1074 ( 106

-receptor:  193 ( 14

SUMMARY

NIH 11112 has low affinity for opioid receptors in the order ( > ( > (.  There is no notable selectivity.

*    *    *  

NIH 11113
(+)-(1S,5S,9S)-5,9-Dimethyl-2’-hydroxy-2-cyclopentylmethyl-6,7-benzomorphan.HCl
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OPIOID RECEPTOR BINDING (nM)
-receptor:  32.7 ( 8.4 

-receptor:   606 ( 159

-receptor:   3.5 ( 0.9

SUMMARY

NIH 11113 has high affinity for ( opioid receptors > ( opioid receptors.  It is 9-fold selective for ( over ( and 170-fold selective for ( over (.


*   *   *

NIH 11114
(-)-(1R,5R,9R)-5,9-Dimethyl-2’-hydroxy-2-cyclopentylmethyl-6,7-benzomorphan.HCl
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OPIOID RECEPTOR BINDING (nM)
-receptor:     
0.8 ( 0.2

-receptor:
8.3 ( 3.8

-receptor:
0.2 ( 0.07

SUMMARY
NIH 11114 has very high affinity for ( > ( receptors and high affinity for ( receptors.

NIH 11122
17-Cyclopropylmethyl-14(-(2-methylcinnamido)-7,8-dihydrocodeinone.oxalate
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OPIOID RECEPTOR BINDING (nM) 

-receptor:  0.54 ( 0.13

-receptor:  5.8 ( 0.54

-receptor:  0.69 ( 0.11

SUMMARY

NIH 11122 has very high affinity for the ( and ( opioid receptors and is 8-10-fold selective for these over the ( receptor.

*    *    *

NIH 11125
14(-(4-Methylcinnamido)-7,8-dihydrocodeinone.oxalate
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OPIOID RECEPTOR BINDING (nM) 

-receptor:  0.62 ( 0.2

-receptor:  17.3 ( 2.5

-receptor:  34.0 ( 1.6

SUMMARY

NIH 11125 has very high affinity for ( opioid receptors and affinity for ( and ( receptors.  The selectivity for ( is 29-fold over ( and 55-fold over (.

*    *    *

NIH 11126
(-)-(1R,5R,9R)-2’-Chloroacetoxy-5,9-dimethyl-2-(2-propenyl)-6,7-benzomorphan.HCl
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OPIOID RECEPTOR BINDING (nM) 

-receptor:  2.0 ( 0.6

-receptor:  31.1 ( 8.1

-receptor:  0.74 ( 0.36

SUMMARY

NIH 11126 has high affinity for ( > ( opioid receptors.  The compound has low (/( selectivity, but a markedly lower affinity for ( receptors.

NIH 11127
(-)-(1R,5R,9R)-5,9-dimethyl-2’-Hydroxy-2-(7-hydroxyheptyl)- 6,7-benzomorphan.HBr
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OPIOID RECEPTOR BINDING (nM) 

-receptor:  4.6 ( 0.1

-receptor:  202 ( 73

-receptor:  36.1 ( 11.2

SUMMARY

NIH 11127 has high affinity for ( opioid receptors.  It is 9-fold selective for ( over ( and 44-fold selective for ( over ( receptors.

*    *    *

NIH 11129
(+)-(1S,5S,9S)-2’-Chloroacetoxy-5,9-dimethyl-2-(2-propenyl)-6,7-benzomorphan.HCl
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OPIOID RECEPTOR BINDING (nM) 

-receptor:  1223 ( 411

-receptor:  6732 ( 453

-receptor:  347 ( 39

SUMMARY

NIH 11129 has low affinity for ( > ( opioid receptors and very low affinity for ( receptors.

*    *    *

NIH 11139
(-)-(1R,5R,9R)-5,9-Dimethyl-2’-hydroxy-2-(8-hydroxyoctyl)6,7-benzomorphan.HCl
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OPIOID RECEPTOR BINDING (nM)
-receptor:
5.8 ( 2.3

-receptor:
34.7 ( 8.0

-receptor:
8.8 ( 2.6

SUMMARY

NIH 11139 has high affinity for ( and ( opioid receptors with approximately 5-fold selectivity for these receptors over the ( receptor.

NIH 11145
17-Allyl-4,5(-epoxy-5(-methyl-3-[(prop-2-inyl)oxy]-14(-propoxyindolo[2’,3’:6,7]morphinan-3-ol.HCl
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OPIOID RECEPTOR BINDING (nM)
-receptor:
1599 ( 328

-receptor:
36.8 ( 10.6

-receptor:
4132 ( 2057

SUMMARY
NIH 11145 has affinity for the ( opioid receptor, but very low affinity for ( and ( receptors.  Selectivity ratios are 43-fold over ( and 112-fold over (.

*    *    *

NIH 11155
(+)-(1S,5S,9S)-2-(4-Acetoxybutyl)-5,9-Dimethyl-2’-hydroxy-6,7-benzomorphan.oxalate
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OPIOID RECEPTOR BINDING (nM)
-receptor:
>10 (M (51 ( 3.8% displacement at 10 (M)

-receptor:
>10 (M (31 ( 9.5% displacement at 10 (M)


-receptor:
2627 ( 438

SUMMARY
NIH 11155 has no appreciable affinity for opioid receptors.

*    *    *

NIH 11156
(+)-(1S,5S,9S)-2-(4-Hydroxybutyl)-5,9-Dimethyl-2’-hydroxy-6,7-benzomorphan.HBr
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NIH 11156 (continued)

OPIOID RECEPTOR BINDING (nM)
-receptor:
>10 (M (16 ( 5.0% displacement at 10 (M)

-receptor:
>10 (M (12 ( 1.0% displacement at 10 (M)


-receptor:
3042 ( 702

SUMMARY
NIH 11156 has no appreciable affinity for opioid receptors.

*    *    *

NIH 11157
(-)-(1R,5R,9R)-2-(4-Acetoxybutyl)-5,9-Dimethyl-2’-hydroxy-6,7-benzomorphan.oxalate
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OPIOID RECEPTOR BINDING (nM) 

-receptor:  8.6 ( 1.1

-receptor:  36.6 ( 4.1

-receptor:  47.6 ( 11.3

SUMMARY

NIH 11157 has affinity for all three opioid receptors.  Its affinity at ( is 4-6-fold higher than its affinity at ( and  ( receptors.

*    *    *

NIH 11158
(-)-(1R,5R,9R)-2-(4-Hydroxybutyl)-5,9-Dimethyl-2’-hydroxy-6,7-benzomorphan.HBr
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OPIOID RECEPTOR BINDING (nM) 

-receptor:  34.0 ( 5.21

-receptor:  273 ( 33.6

-receptor:  104 ( 34

SUMMARY

NIH 11158 has affinity for all three opioid receptors in the order ( > ( > (.

NIH 11165
(+)-(1S,5S,9S)- 2-(5-Acetoxypentyl)-5,9-Dimethyl-2’-hydroxy--6,7-benzomorphan.HCl
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OPIOID RECEPTOR BINDING (nM) 

-receptor:  15.2 ( 7.6

-receptor:  140 ( 27

-receptor:  55.3 ( 4.2

SUMMARY

NIH 11165 has affinity for all ( > ( >  ( receptors but with little selectivity.

*    *   *

NIH 11166
(-)-(1R,5R,9R)- 5,9-Dimethyl-2’-hydroxy-2-(5-hydroxypentyl)-6,7-benzomorphan.HCl
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OPIOID RECEPTOR BINDING (nM) 

-receptor:  32.9 ( 1.2

-receptor:  300 ( 32.2

-receptor:  257 ( 116

SUMMARY

NIH 11166 has affinity for the ( opioid receptor and is 8-9 times selective for ( over  ( and  ( receptors.

*   *   *

NIH 11167
(-)-(1R,5R,9R)- 5,9-Dimethyl-2-(1,3-dioxanylethyl)- 2’-hydroxy-6,7-benzomorphan.HBr


[image: image28.wmf]N

H

O

O

O

H

B

r


OPIOID RECEPTOR BINDING (nM) 

-receptor:  19.8 ( 3.0

-receptor:  58.1 ( 9.8

-receptor:  67.1 (  3.5

SUMMARY

NIH 11167 has affinity for opioid receptors with a slight preference for ( over  ( and  ( receptors.

NIH 11168
(+)-(1S,5S,9S)- 5,9-Dimethyl-2-(1,3-dioxanylethyl)- 2’-hydroxy-6,7-benzomorphan.HB
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OPIOID RECEPTOR BINDING (nM) 

-receptor:  
1850 ( 250

-receptor:  
16.8% displacement at 10 (M

-receptor:  
539 (  66.3

SUMMARY

NIH 11168 has low affinity for opioid receptors in the order of  ( > ( >  (.

STUDIES IN RHESUS MONKEYS

NIH 11162
Neurotensin analog
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REINFORCING EFFECTS IN RHESUS MONKEYS

Subjects and Apparatus

Four adult rhesus monkeys (Macaca mulatta) experienced with self-administration of alfentanil and saline served as subjects.  Animals were surgically prepared with indwelling silicone rubber catheters using 10.0 mg/kg IM ketamine and 2.0 mg/kg IM xylazine as anesthetics.  Catheters were implanted in either a jugular (internal or external), femoral, or brachial vein as necessary.  Catheters passed subcutaneously to the mid-scapular region, exited the body, and continued through a hollow restraining arm to the outside rear of the cage.  During these studies, each animal wore a Teflon mesh jacket (Lomir, Québec, Canada) connected to a flexible stainless steel spring arm attached to the rear of the cage.  Animals were individually housed in 83.3 x 76.2 x 91.4 cm-deep stainless steel cages.  A side-mounted panel was present in each cage, equipped with a row of three stimulus lamps (red-green-red) across the top, and two response levers (one mounted under each red light.)  Animals were fed between 10 and 12 Purina monkey chows twice per day, and water was available ad libitum.  Daily fresh fruit and other treats supplemented this diet.  In accordance with IACUC requirements, environmental enrichment toys were also provided on a regular rotating basis.  

Procedure
Two 130-minute experimental sessions were conducted each day: a morning session starting at 10:00 AM and an afternoon session starting at 4:00 PM.  Each session presented the opportunity to self-administer 4 discrete doses of 

IV alfentanil.  This schedule is quite similar to that previously described by Winger et al. (1989,1992) and engenders stable alfentanil responding across the dose range tested.  Each component of this multiple schedule was followed by a 10 min blackout period during which all stimulus lights were turned off and responses had no programmed consequences.  The onset of each component was signaled by the illumination of the red stimulus light.  In the presence of this light, the 30th response on the lever beneath it (FR 30) resulted in operation of the infusion pump.  During the infusion, the red stimulus light was extinguished and the center green light was illuminated. Each component of this multiple schedule allowed a maximum of 20 self-injections, or the lapse of 25 min. Infusions were followed by a 45 s inter-injection timeout period (TO 45 sec) during which all lights were turned off and responses had no programmed consequences. 

The components differed from each other in the duration of infusion pump operation.  The pumps were calibrated to deliver 1 ml of solution over a 5 s interval, thus, by lengthening the infusion interval, a greater amount of solution was administered, thereby providing a higher dose per infusion.  Throughout these experiments the pump durations were 0.5, 1.7, 5.0 and 16.7 s.  These durations corresponded to alfentanil doses of 0.00003, 0.0001, 0.0003, and 0.001 mg/kg/inj.  Similarly, these pump durations delivered NIH 11162 doses of 0.00003, 0.0001, 0.0003, 0.001, 0.003 and 0.01 mg/kg/inj.  Four different orders of pump durations were used: an ascending order, a descending order, and two mixed orders.  One of these orders was selected randomly before each alfentanil or saline session; however, all results are based upon data obtained under the ascending order schedule. Saline was substituted for the baseline drug (alfentanil) approximately every third session.  During saline substitution sessions, saline was available during all four components.
Under baseline conditions, animals were maintained on alfentanil following the above outlined schedule requirements, with periodic saline substitution sessions interspersed every 3 or 4 sessions, often for two consecutive sessions.  Substitutions of NIH 11162 occurred two to three times per week during AM sessions, and no substitutions were made on weekends.  All drug substitutions followed an ascending dose order within-drug, and at least 4 recovery sessions occurred between substitution trials.  The reinforcing effects of each dose of each test compound were assessed at least twice in each animal.

Drugs

All alfentanil doses were infused in a constant injection volume per dose as described above.  The expanded dose range for NIH 11162 was assessed by hanging two distinct concentrations – one to test the lower four doses, and another to test the higher four doses – during different sessions.  Thus, the two intermediate NIH11162 doses were administered at distinct infusion volumes depending on which range (low or high) was being tested.  As we have previously observed with this schedule, infusion volume did not alter responding for a given dose.  Alfentanil and NIH 11162 were dissolved in physiological saline. 

Results

Six doses of NIH 11162 were evaluated in four rhesus monkeys.  Each animal was tested at least twice per dose.  This compound engendered very low response rates across the dose range tested (Figure 1), and was not self-administered by any animals studied (Figure 2).   

Figure 1 shows the mean dose-effect curve (± SEM) for NIH 11162 self-administration, aggregated across all four animals and plotted as percent of alfentanil-maintained responding.  Rates of response for NIH 11162 were low across the entire dose range.  Previous studies conducted in this lab (c. 1999) assessed the behavioral effects of this compound administered non-contingently via the intravenous route across a dose range between 0.001 – 0.03 mg/kg.  The highest dose tested produced several behavioral and physiological effects, including pale face, possible hypotension, hyperthermia, mild antinociception, and increased defecation in all subjects.  Thus, the dose range here tested should have been sufficiently wide to capture doses with behavioral effects.  NIH 11162 thus appears to lack reinforcing effects in monkeys.
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Figure 1

NIH 11162 (continued)
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Figure 2

ANTINOCICEPTIVE EFFECTS IN RHESUS MONKEYS

Subjects and Apparatus 

Three adult rhesus monkeys (Macaca mulatta) were used. Individual weight did not significantly change throughout the entire study. They were housed individually with free access to water and were fed approximately 25-30 biscuits (Purina Monkey Chow; Ralston Purina Co., St. Louis, MO) and fresh fruit daily. All monkeys were previously trained in the warm water tail-withdrawal procedure and did not have exposure to any drug for one month before the present study. Animals used in this study were maintained in accordance with the University Committee on the Use and Care of Animals in the University of Michigan, and the Guide for the Care and Use of Laboratory Animals (7th ed.) by the Institute of Laboratory Animal Resources (Natl. Acad. Press, Washington DC, revised 1996).

Procedure 

Nociceptive responses to thermal stimuli were measured by a warm water tail-withdrawal procedure that has been described previously (Ko et al., 1998). Briefly, monkeys (n=3) were seated in restraint chairs and the lower part of the shaved tail, approximately 15 cm, was immersed into warm water maintained at temperatures of 42, 46, or 50oC. Tail-withdrawal latencies, up to a maximum of 20 sec, were measured by an experimenter who was blind to the experimental conditions. Each experimental session began with control determinations at three temperatures in a varying order. Subsequent tail-withdrawal latencies were determined at 15, 30, 45, and 60 min after injection. After capsaicin was administered subcutaneously in the tail, it dose-dependently caused thermal nociception. This thermal nociception, allodynic/hyperalgesic response, was manifested as a reduced tail-withdrawal latency, from a 

NIH 11162 (continued)

maximum value of 20 sec to approximately 2-3 sec, in 46oC water at 15 min after injection. Based on previous results (Ko et al., 1998, 2002), we choose 100 (g of capsaicin in 46oC water as a standard noxious stimulus to evoke thermal allodynia/hyperalgesia for the present study. NIH 11162 was administered intravenously through a saphenous vein from either side of the lower legs, immediately after capsaicin injection. A single dosing procedure was used in all test sessions. Each experimental session was conducted once per week. 

Results
Monkeys used in this study displayed a consistent profile in tail-withdrawal responses. They kept their tails in 42 and 46oC water for 20 sec (cutoff latency) and removed their tails from 50oC water rapidly (within 1-3 sec). After capsaicin 100 (g was injected subcutaneously in the tail, it evoked a nociceptive response, thermal allodynia/hyperalgesia, which was manifested as a reduced tail-withdrawal latency in 46oC water. These responses were similar to those we have reported previously in different groups of monkeys (Ko et al., 1998, 2002). Intravenous administration of NIH 11162 attenuated capsaicin-induced nociception in a dose-dependent manner [F(3,8)=78.7; p<0.05]. Post hoc comparisons indicated that both doses of NIH 11162 (0.01 and 0.03 mg/kg) significantly attenuated capsaicin-induced nociception (p<0.05).

EFFECTS OF NIH 11162 ON PHYSIOLOGICAL VARIABLES IN RHESUS MONKEYS

Subjects and Apparatus
A single adult female rhesus monkey was studied for changes in blood pressure following several i.v. doses of NIH 11162. Following training and adaptation to the restraint chair, chronic arterial and venous catheters were implanted as described above. Instead of exiting the body, catheters were attached to plastic injection ports (DaVinci Biomedical, South Lancaster, MA) that were sutured into s.c. pouches. Initiation of experimental conditions did not occur until the monkey had fully recovered from surgery (approximately two weeks).

Rectal temperature was measured in five adult chair-trained rhesus monkeys using standard thermometers. Before the initiation of the study, monkeys were habituated to the chairing procedure and insertion of the temperature probe over a period of several days.

Procedure

For blood pressure experiments, the subject was removed from the home cage and seated in a primate chair. Following habituation to the restraint chair (approximately 15 minutes), the arterial catheter was connected to a pressure transducer coupled to a Grass polygraph and data were recorded using Polyview software, Astro-Med (West Warrick, RI). Various doses of NIH 11162 were injected through the previously-implanted i.v. access port and arterial blood pressure was monitored over a 1 hour period.

During temperature experiments, monkeys were removed from home cages and seated in restraint chairs. Each experimental determination began approximately 15 min after seating each monkey with two pre-drug control observations to obtain baseline temperatures. Saline or one of two doses of NIH 11162 was then injected intravenously and subsequent temperatures were determined at 5, 15, 30, 45, 60, and 90 min after injection. Experimental sessions were conducted once per week.

Results
The smaller doses (0.001 and 0.003 mg/kg) of NIH 11162 each produced a 10 mmHg drop in mean arterial pressure between 5-10 min after delivery, while the two larger doses (0.01 and 0.03 mg/kg) led to more dramatic blood pressure reductions of 30-35 mmHg. Although the absolute pressor effects of NIH 11162 were dose-dependent, the time-courses of these effects were similar across all four doses tested.

NIH 11162 (continued)

Following a control injection of equivolume saline, rectal temperature fluctuated during the observation period up to approximately 0.4oF higher than the pre-infusion baseline value. In contrast, both 0.01 and 0.03 mg/kg of NIH 11162 induced a modest hypothermia that was significantly different from saline control values at 15, 30, 60, and 90 min post-injection (p<0.05). It should be noted, however, that at no point did absolute temperatures deviate outside the normal temperature range (98.6 – 103.1 oF) for an adult rhesus monkey (Am. Ass. Lab. Animal Science 2001/2002 Reference Directory).

SUMMARY  

NIH 11162 has modest analgesic activity; it reduces blood pressure and body temperature.  It fails to reinforce self-injection responding.  It is not likely to have significant opioid abuse liability.
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