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Conditioned taste avoidance and preference using wheel running

Abstract
Wheel running in forward taste-conditioning induces conditioned taste avoidance, while backward taste-conditioning results in conditioned taste preference, a bivalent effect of the wheel-running as unconditioned stimulus. In the present study we replicated the bivalent-conditioning design used by Dobek, Heth and Pierce (2012), but added a constant amount of tension to the running wheels. Six rats were exposed to a flavor before access to the wheel (before flavor), then placed in the running wheel to allow for wheel activity, and subsequently exposed to a second flavor (after flavor). Results indicated less consumption of the before flavor. Adding force to the wheels reduces the number of wheel revolutions over conditioning sessions, reducing the conditioned taste avoidance effect but not the flavor preference that followed wheel running. 
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Evitación y preferencia condicionada al sabor usando una rueda de actividad
Resumen
La vueltas producidas por una rueda de actividad en un procedimiento de condicionamiento anterógrado induce aversion condicionada al sabor, mientras que un procedimiento retrógrado resulta en preferencia condicionada al sabor, un efecto bivalente de usar la actividad como estímulo incondicional. En el presente estudio se replicó el diseño de condicionamiento bivalente reportado por Dobek, Heth y Pierce (2012), pero agregando tension a la rueda de actividad. Seis ratas fueron expuestas a una solución con un sabor antes del acceso a una rueda de actividad (sabor antes de la rueda), posteriormente fueron colocadas en la rueda de actividad permitiendo hacer girar la rueda, subsecuentemente fueron expuestas a un segundo sabor (sabor después de la rueda). Los resultados indicaron un menor consumo del sabor que se presentó antes de la rueda. Agregar tensión a la rueda redujo el número de vueltas a lo largo de las sesiones de condicionamiento, reduciendo el efecto de aversion condicionada pero no la preferencia al sabor que siguió la actividad en la rueda.

Palabras clave: evitación condicionada al sabor, preferencia condicionada al sabor, rueda de actividad, ratas.






     A study in which the running wheel as US was made by Lett and Grant (1996), in their study they exposed a group of rats to two flavors, using a forward procedure, in which the presentation of the conditioned stimulus (CS) followed the presentation of the unconditioned stimulus (US). One of the flavors was followed by activity in the running wheel while the other was not. The authors reported that, on a preference test, rats preferred to consume the flavor that was not paired with the running wheel, indicating a conditioned taste aversion (CTA).
     This finding implies that not only the use of drugs or radiation (i.e., Garcia, Kimeldorf & Koelling, 1955; Garcia & Koelling, 1966; Dragoin, 1971; Nachman & Ashe, 1973; Barker & Smith, 1974) results on taste aversion, but also, the use of the running wheel appears to be an efficient US. This was showed by Masaki and Nakajima (2006) in a study where different group of rats were given access to a solution, followed by different types of US. Those consisted of forced swimming, voluntarily running, forced running, optional running, lithium chloride and return to home cages (control group). Results indicated that the group that had lithium chloride as US had less consumption of the solution, followed by forced running and voluntarily running, supporting the conception of the running wheel as US. 
     Some studies have shown that activity on the running wheel also induces consumption or preference, but instead, using a backward procedure, in which the presentation of the US comes first, and the presentation of the CS comes later. Lett, Grant, Byrne and Koh (2000) used this procedure for the conditioning of place preference. The authors confined a group of rats to the running wheel, and then placed them in a chamber with specific cues on some trials; while in the other trials, the rats were confined in a small cage and then in another chamber with other cues. Rats showed preference for the chamber that was paired with the running wheel. Other studies have used this procedure to the conditioning of taste preference (CTP) (Hughes & Boakes, 2008). 
     This kind of studies reveal the bivalent effect that activity on a running wheel can have as US, both aversive and appetitive properties (Lett, Grant, Koh & Smith, 2001; Salvy, Pierce, Heth & Russell, 2004; Hughes & Boakes, 2008; Dobek et al., 2012). Dobek et al., (2012) explored this effect. The researchers exposed rats to conditioning sessions in which a flavor preceded wheel activity using a forward procedure (Flavor 1  Wheel) and a second flavor after the wheel running (Wheel  Flavor 2) using a backward-conditioning preparation. Rats received a sequence of forward and backward taste-conditioning sessions. Rats had 10 min to drink one flavored solution (i.e., before flavor), followed by 40 min of access to a free-turning wheel, and then a 10-min opportunity to drink a second flavored solution (i.e., after flavor) (Flavor 1  Wheel  Flavor 2). Rats showed CTA by consuming less of the flavor presented before wheel running, and CTP by consuming more of the flavor presented after wheel running. Results showed a bivalent effect of the wheel-running, which means, that CTA and CTP depends on the 
temporal location of the US (wheel) with respect to the CS (flavor).
     The critical factor, in order to establish the running wheel as US, is the activity that it implies. Hayashi, Nakajima, Urushihara & Imada, (2002, Exp. 3) assessed this assumption by exposing different group of rats to different US. For one group, the running wheel was locked, so the wheel could not rotate; a second group had access to the running wheel unlocked and a third group (control group) was returned to their home cages after the presentation of a taste solution. Results of the preference taste showed less consumption on the group that had the running wheel unlock, implying more taste aversion. By this findings, confinement in a running wheel by itself does not generate taste aversion, the crucial point is the activity. Masaki and Nakajima (2006) also supports this idea.
         Some studies have explored the effects of varying parameters of the US (e.g. dose of drugs) either for the study of conditioned avoidance or preference, reporting that they are a function of US dose. For example, Nachman and Ashe (1973) using a forward conditioning procedure, evaluated the effects of different doses of LiCl, finding a direct function between dose and consumption of the flavor, which implied that the increment of the dose of the US generated a stronger aversion effect. On the other hand, Spyraki, Fibiger and Phillips (1982) reported conditioned preference by using different doses of D-amphetamine as US, founding a stronger effect on the rats that were exposed to a higher dose of the US.
     In the use of the running wheel as US, some of the parameters that have been used are the duration of confinement, delay and preexposure. The general results suggest that more duration of confinement, less delay and no preexposure, results in more taste aversion (Salvy, Pierce, Heth & Russell, 2002; Hayashi et al., 2002, Exp. 1 and 2; Baysari & Boakes, 2004; Masaki & Nakajima, 2006); also, less delay results in more taste preference (Lett, Grant & Koh, 2002).
     Another parameter is the friction of the wheel. Collier, Hirsch, Levitsky and Leshner (1975, Exp. 1) assessed the effect of adding friction to the wheel, on activity in rats. The authors exposed the subjects to different friction levels (5, 55, 105 and 155 gm) and tested the amount of activity. Number of wheel turns was a decreasing function of friction, showing that when the friction was higher, the amount of activity was less than when the friction was lower. 
     Based on this, if activity is the important aspect of using the running wheel as US, increasing the friction could affect it’s properties in the conditioning of taste aversion and preference. The present study was designed to replicate the bivalent-conditioning design used by Dobek et al. (2012), but with constant friction added to the running wheels. One possibility is that wheel tension is a parameter of the US that modulates taste aversion and taste preference effects. 
Method
Subjects
     Six male Wistar rats of 41 days old and with a mean weight of 121 g at the start of the experiment were used in the study. Rats were individually housed in clear polycarbonate cages (21 x 45 x 24 cm) with wood chip bedding. Feeding cages were identical, but without bedding. Room temperature was 21 ± 2 ° C with a light cycle of 12 hours (8:00 – 20:00). Animals had free acces to water throughout the experiment except during the acclimatization sessions. The care and handling of the animals were according to the institutional guidelines.
Apparatus
     Six Med (ENV-008) conditioning chambers were used. Each chamber was enclosed in a sound-attenuating box (Med Associates Inc., ENV-022MD) equipped with a ventilation fan. The experimental chamber had an aperture of 7.0 x 10.0 cm which allowed access to a running wheel (ENV-042) (1.1 m circumference). Rats could freely use it in any direction, and friction of the wheel was held constant during all the experimental sessions and fixed at 96 N. Houselight was provided by a bulb located at the opposite wall of the running wheel. Turns were recorded by a computer equipment connected to an interface and MED-PC IV software. The body weight of the subjects was registered by a precision scale.
     Flavors used as CS were presented with an Ensure vanilla solution (Abbott Laboratories). Three extracts were used: mint, almond and star anise (McCormick) as flavors. Flavors were presented in bottles of 150 ml of solution and 1.5 ml of extract, and were assigned as control, after, or before wheel flavors, with each rat randomly assigned to one of the six permutations.
Procedure
     Procedure was the same as reported by Dobek et al. (2012). The animals were acclimatized with unlimited water but restricted food for the first 6 days after arrival. On day 1, 2 and 6 each rat’s weight was recorded at 9:00 h followed a presentation of 30 g of standard laboratory chow (Lab Diet 5001 Rodent diet, PMI Nutrition International, Inc., Richmond, IN) in its home cage. At 19:00 h any remaining chow was weighted and removed. On days 3, 4 and 5 rats were weighted at 9:00 h and transferred to the feeding cages where they received 10 min of the control flavor. At the end of the 10 min, they were transferred to home cages for 40 min with no access to water followed by another 10 min of control flavor in their feeding cages. Finally, they were returned to their home cages with 30 g of chow and water. At 19:00 h any remaining chow was weighted and removed.
Conditioning phase
     The conditioning phase started on Day 7 and proceeded for 6 days. At 9:00 h rats were weighed and placed in feeding cages where they received 10 min of the before flavor, then they were transferred to the running wheels for 40 min. Following the wheel-running period, the rats received 10 min of the after flavor in their feeding cages and then were returned to their home cages with free access to water and 14 g of chow. At 19:00 h any remaining chow was removed and weighted.
Test phase
     On days 13 and 14, at 9:00 h, rats were weighted and placed in their feeding cages where they were given a two-bottle test. One test compared consumption of the control flavor and the before flavor and the other compared the control flavor with the after flavor. Four rats randomly assigned, received the Before Test first while the others received the After Test. After the test the rats received 14 g of chow in their home cages with free access to water. Any remaining chow was measured and removed at 19:00 h. The next day the rats received the opposite test. The position of the control flavor was switched during the two tests.
Results
     On the last session of the conditioning phase (session 6), subjects consumed a mean of 10.33 g (SEM  1.12) of the before flavor and 8.08 g (SEM  0.9) of the after flavor. To test if there was any preference for the flavors, a paired sample t test was run, confirming no significant differences, t (5) = 1.147, p = .303.
     Figure 1 shows solution intake during the test phase. On the before test, subjects consumed an average of 9.17 g (SEM  2.98) of the control flavor, and 3.86 g (SEM  2.32) of the before flavor.  For the after test, the average intake of the control flavor was of 0.37 g (SEM  0.13), while after flavor intake was of 13.02 g (SEM  0.19). The analysis showed no differences among consumptions on the before test, t (5) = 1.019, p > 0.05; but did show a significant effect on the after test, t (5) = -50.506, p < 0.05.
-------- Insert Figure 1 about here --------
     In Dobek et al’s (2012) study, wheel turns were reported for each of the conditioning sessions. To compare number of wheel turns between Dobek’s et al study and the present results, Table 1 shows the average of the wheel turns per session. The mean number of wheel turns in the present study decreased across sessions (from 166.74 to 82.12), in contrast in Dobek et al’s (2012) study wheel turns increased progressively across sessions (from 144.8 to 398.8).
-------- Insert Table 1 about here --------
Discussion
     The present study assessed the effect of adding constant tension to the running wheel on the development of conditioned taste aversion and preference in a replication of the bivalent effect of wheel running by Dobek et al (2012). We found an effect on preference (CTP) as previously reported by Lett et al (2000), Salvy et al. (2004), Hughes and Boakes (2008), but no taste avoidance effect (CTA) as reported by Dobek et al (2012), Lett and Grant (1996) and Masaki and Nakajima (2008). The absence of this effect could be due to having added tension to the wheel.
     Dobek et al. (2012) reported an increase of number of wheel turns, 144.8 on the first session and 398.8 on the last session; while in the present study, number of wheel turns decreased across sessions, 166.8 on the first session and 82.1 on the last session. 
[bookmark: _GoBack]Since the activity on the wheel is the crucial factor for the develop of preference or aversion, the decrease in number of wheel turns might have affected the conditioning of aversion. Therefore, it is possible that the absence of an aversion effect was due to the tension of the wheel, which will suggest that varying the tension of the running wheel, modulates the effects of aversion but not the preference.
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Figure 1. Mean consumption (g) on test days for the CS flavors compared with the Control flavor. For the before flavor t (5) = 1.019, p > .05; for the after flavor t (5) =-50.506, p < .05.







								
Table 1. Number of wheel turns, results of Dobek et al. (2012) and the present study are shown. 
	
	Sessions of conditioning

	Wheel turns
	Session 1
	Session 2
	Session 3
	Session 4
	Session 5
	Session 6

	Dobek et al. (2012)
	144.8
	195.7
	349.3
	347.7
	316.2
	398.8

	Present study
	166.8
	159.3
	135.2
	107.9
	71.8
	82.1
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