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Chlordiazepoxide Increases the Force of Two Topographically Distinct Operant Responses in Rats S T E P H E N C. F O W L E R , S A N D Y E. G R A M L I N G



R O N A L D M. L E W I S , A N D G R E G L. N A I L



D e p a r t m e n t o f Psychology, University o f Mississippi, University, M S 38677 R e c e i v e d 11 M a y 1983 FOWLER, S. C., R. M. LEWIS, S. E. GRAMLING AND G. L. NAIL. Chlordiazepoxide increases the force of two topographically distinct operant responses in rats. PHARMACOL BIOCHEM BEHAV 19(5) 787-790, 1983.--By using operant conditioning techniques one group of 8 rats was trained to reach through a hole in the wall of an operant chamber, and to exert downward responses on a force-sensing circular disk. Eight other rats learned to reach through the hole and grasp and pull toward them a wire bail attached to a force transducer. Both behaviors were maintained on a fixed ratio 20 schedule of water reinforcement. The effects of chlordiazepoxide (CDP, 2.5, 5.0, 10.0 mg/kg) on response force and rate were assessed for both groups. CDP significantly increased response force in a dose-related manner in both groups; regardless of topography, response rate was little affected by the 2.5- and 5.0-mg/kg doses but was decreased by the highest dose. Results were discussed in terms of CDP's antipunishment and neuromuscular effects. Response force
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examine the effects of CDP on behavior maintained by a conventional schedule of reinforcement (namely FR 20) to extend the generality of the CDP-produced increase in response force. Likewise, response topography was explicitly manipulated as an independent variable in a between-groups design in order to ascertain whether or not a response other than bar-pressing also reflected the force elevating effects of CDP. An important reason for focusing attention on response force lies in the fact that this dependent variable can provide information about the neuromuscular effects of drugs that is unavailable from the rate measure [7]. In analyzing the effects of CDP on positively reinforced operant behavior in rats, investigators have had difficulty in determining the extent to which the rate-increasing and rate-decreasing effects are produced by any, or some combination, of the many pharmacological effects of this drug. For example, CDP's anxiolytic, anticonvulsant, appetite-enhancing, sedative, ataxic, or muscle-relaxant effects may each have some influence on operant rate increases or decreases. With the discovery of new compounds having primary or exclusive activity on only one of these dimensions (e.g., anxiolytic effects, without sedative or ataxic effects such as CL 218,827 [4,21]), it is important to have behavioral measures which can reflect such pharmacological specificity. Examining response force as a dependent variable in operant behavioral pharmacology is one step in this direction.



N U M E R O U S investigators have demonstrated that low to moderate doses of benzodiazepines increase rates of operant response in rats while higher doses decrease rate [2, 18, 19, 22]; further, such effects appear to be rate dependent [2,19]. Although comparable data for the effects of benzodiazepines on response force are scant, two studies [5,7] do provide some interesting, and perhaps surprising, observations on the effects of chlordiazepoxide (CDP) on operant response force of rats. When these animals underwent extinction following continuous food reinforcement training, 5.0 mg/kg CDP significantly increased response force in comparison to a control group also exposed to extinction [5], and substantial force increases were maintained by the drug group in the face of declining response rate. In a second study [7] rats' responding was reinforced by water on a tandem FR 24 C R F C R F C R F C R F schedule of water reinforcement (that is, 24 unreinforced responses, followed by 4 consecutive, reinforced responses, followed by 24 unreinforced responses, etc.). In this paradigm CDP produced dose-related increases in response force and decreases in response rate with the drug effects occurring primarily during the u n r e i n f o r c e d " FR run" (cf., [12]). Because this latter work made repeated observations on the same rats with three different drugs (damphetamine, chlorpromazine, and CDP with doses spaced only three days apart), drug interaction effects could not be ruled out as contributing to the CDP-related force increases. Moreover, since both experiments used conditions that arranged for unreinforced responses to occur in close proximity to the relatively " d e n s e l y " reinforced responding of CRF, one cannot rule out the possibility that the observed increases in force were specific to these two procedures. Accordingly, one purpose of the present research was to



METHOD



Animals Sixteen male, Sprague-Dawley-derived rats with a group



787



788 mean body weight of 250 g served as subjects. Rats were maintained on water deprivation in individual home cages that provided continuous access to food. To keep body weight nearly constant, the rats received 3.5 min daily access to water in their home cages after experimental sessions. During the course of the experiment one rat died of undetermined causes.



Apparatus Two operant chambers measuring 23 cm long, 20 cm wide, and 19 cm high were each enclosed in sound attenuating plywood boxes. The front panels were composed of aluminum; all other sides and the top were made of clear Plexiglas. Flooring consisted of 6.5 mm diameter steel rods running parallel to the front of the chamber. A 6-watt light bulb was centered 4 cm from the top of each chamber to provide illumination. A brass water cup, serviced by a solenoid valve calibrated to deliver 0.1 ml water, was mounted on the lower right front panel. A rectangular opening, 3.0 cm wide and 2.5 cm high, was centered in the front panel 5.5 cm above each grid floor and permitted access to the manipulanda positioned outside the chambers. For one chamber the force sensing manipulandum was an 18 ramdiameter aluminum disk with its center located 25 mm from the outside of the front wall of the chamber. The surface of the disk was parallel to the floor of the operant chamber and was 5 mm above the bottom of the front panel opening through which the subject gained access to the manipulandum. The second chamber was equipped with a "pull-type" manipulandum attached to a Grass Instruments force transducer (FT. 03). The wire bail was triangularly-shaped with the plane of the triangle being parallel to the grid floor and with its 18 mm base positioned 15 mm from the outside of the chamber front wall. The "apex" of the bail was affixed to the shaft of the Grass transducer. Wire, out of which the bail was fashioned, was approximately 1 mm in diameter. An electronic filter with a low-pass corner frequency of 25 Hz was used to reject natural frequency vibrations which occasionally resulted from a "flick" of the rats claws on the pull-type manipulandum. Contingencies were programmed and data were recorded via a PDP8/e minicomputer and associated peripherals. Details of these techniques are described elsewhere [6]. Under computer control an analog-to-digital converter sampled the analog voltage output of the transducers every 0.01 sec. From these measurements the peak forces of individual responses above an 8-g threshold (cf., [14]) were obtained online. Responses were defined by the force amplitude rising above and then dropping below the threshold. Peak force of response is the maximum amplitude attained during a single response.



Procedure The rats were randomly divided into two groups of 8 rats each. After two weeks of the water deprivation regimen, the rats were manually shaped to reach through the aperture in the chamber wall to exert forces on the manipulanda. Locating the manipulanda outside the chambers encouraged relatively uniform topographies and precluded biting. In the case of the press-type operandum, the response topography was a downward vertical press, whereas the "pull" rats grasped and pulled the wire bail toward the cage. Thus, force on the press type manipulandum was exerted primarily by forelimb
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