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Trait Sensitivity to Negative and Positive Feedback Does Not Interact With the Effects of Acute Antidepressant Treatment on Hedonic Status in Rats












	
	ORIGINAL RESEARCH
published: 27 August 2020
doi: 10.3389/fnbeh.2020.00147





[image: image2]

Trait Sensitivity to Negative and Positive Feedback Does Not Interact With the Effects of Acute Antidepressant Treatment on Hedonic Status in Rats

Paulina Surowka, Karolina Noworyta* and Rafal Rygula*


Affective Cognitive Neuroscience Laboratory, Department of Pharmacology, Maj Institute of Pharmacology Polish Academy of Sciences, Krakow, Poland

Edited by:
Nuno Sousa, University of Minho, Portugal

Reviewed by:
Luisa Pinto, University of Minho, Portugal
Juan Francisco Rodríguez-Landa, University of Veracruz, Mexico

* Correspondence: Karolina Noworyta, k.a.noworyta@gmail.com
 Rafal Rygula, rygula@gmail.com

Specialty section: This article was submitted to Emotion Regulation and Processing, a section of the journal Frontiers in Behavioral Neuroscience

Received: 26 May 2020
 Accepted: 28 July 2020
 Published: 27 August 2020

Citation: Surowka P, Noworyta K and Rygula R (2020) Trait Sensitivity to Negative and Positive Feedback Does Not Interact With the Effects of Acute Antidepressant Treatment on Hedonic Status in Rats. Front. Behav. Neurosci. 14:147. doi: 10.3389/fnbeh.2020.00147



Aberrant cognition plays a pivotal role in the development and maintenance of depression. One of the most important cognitive distortions associated with depression is aberrant sensitivity to performance feedback. Under clinical conditions, this sensitivity can be measured using the probabilistic reversal learning (PRL) test, which has also been recently implemented in animal studies. Although the evidence for the coexistence of depression and altered feedback sensitivity is relatively coherent, it is unclear whether this sensitivity can influence the effectiveness of antidepressant treatment. In the present research, we investigated how trait sensitivity to negative and positive feedback interacts with the effects of acute antidepressant treatment on hedonic status in rats. We tested a cohort of rats with a series of 10 PRL tests, and based on this screening, we classified each animal as sensitive or insensitive to negative and positive feedback. Subsequently, in the Latin square design, we evaluated the effects of a single administration of two antidepressant drugs (each at three different doses: agomelatine: 5, 10, and 40 mg/kg; mirtazapine 0.5, 1, and 3 mg/kg) on the hedonic status of rats in the sucrose preference tests. There was no statistically significant interaction between trait sensitivity to feedback and the effects of acute antidepressant treatment on hedonic status in rats.
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INTRODUCTION

A depressive disorder is a serious mental illness characterized by lowered mood and anhedonia (i.e., the loss of pleasure; Belzung et al., 2015). It has also been associated with sustained widespread cognitive impairments, including abnormal responses to negative (NF) and positive (PF) feedback (Clark et al., 2009). Indeed, several studies have demonstrated that depressed individuals are hypersensitive to NF (punishments) and hyposensitive to PF (rewards), which leads to altered processing of negatively and positively valenced information (Beats et al., 1996; Elliott et al., 1998). Such negatively distorted thinking perpetuates a maladaptive belief system and low mood, leading to a specific state in which criticism or minor errors are overemphasized and major achievements are ignored (Clark et al., 2009). Although clinical evidence for the coexistence of depression and altered sensitivity to performance feedback is relatively coherent, we still do not know whether increased or decreased sensitivity to NF/PF are associated with better/worse antidepressant treatment outcomes.

One of the most influential, recent theories of the antidepressant drug action, implies that antidepressants may produce their ultimate, clinical effects by early actions on information processing biases, including distorted sensitivity to feedback (Harmer et al., 2003b, 2009). It has been proposed that, at a neuropsychological level, antidepressant drugs remediate the negative affective biases and that, contrary to common opinion, these actions occur relatively quickly, even following a single drug administration (Harmer et al., 2009). This induction of a more positive way of processing environmental stimuli (positive bias) leads to cognitive and psychological reconsolidation and wider antidepressant effect. There is now a growing body of experimental evidence that antidepressants can affect emotional processing very early in treatment. Several studies revealed that in healthy subjects, even single doses of antidepressants increase the recognition of happy facial expressions (Harmer et al., 2003a,b), and increase attention to positive, socially relevant stimuli in a visual probe task (Browning et al., 2007). Studies in animals yielded similar results. It has been demonstrated that acute administration of several widely prescribed antidepressants changes the affective bias of naïve rats in the affective bias test [citalopram, desipramine, fluoxetine, mirtazapine, venlafaxine, reboxetine, clomipramine and ketamine (Stuart et al., 2013, 2015)], modulate cognitive judgment bias in the ambiguous-cue interpretation (ACI) test [citalopram, desipramine (Rygula et al., 2014; Golebiowska and Rygula, 2017) and reboxetine (Enkel et al., 2010; Anderson et al., 2013)], and alter the sensitivity of rats to performance feedback in the preclinical version of the PRL task [agomelatine, mirtazapine (Drozd et al., 2019), citalopram (Bari et al., 2010) and ketamine (Rychlik et al., 2017)].

The recent implementation of the preclinical version of the probabilistic reversal learning (PRL) paradigm (Bari et al., 2010) allowed for the investigation of this question in animal models. The results of our previous studies demonstrated that in rodents, sensitivity to NF and PF are stable and enduring behavioral traits (Noworyta-Sokolowska et al., 2019) and that even single doses of agomelatine or mirtazapine could change this sensitivity in the PRL test (Drozd et al., 2019). In that latter study, acute agomelatine treatment reduced the sensitivity of rats to NF, as indexed by the decreased proportion of lose-shift behaviors, while mirtazapine increased the sensitivity of rats to PF, as indexed by the increased proportion of win-stay behaviors. This decrease in NF sensitivity and the increased sensitivity to PF were hypothesized to manifest antidepressant-induced, positive, information-processing biases, similar to those reported previously in humans following acute antidepressant treatment (Arnone et al., 2009; Rawlings et al., 2010; Komulainen et al., 2016).

In the current study, we build off of these prospective findings by testing a hypothesis that the effects of antidepressant drugs on reward-related processes may be influenced by trait sensitivity to NF or PF. In other words, we designed this study to investigate whether trait sensitivity to NF/PF could boost/diminish the effects of acute antidepressant treatment on the hedonic capacity of rats.

The animals were screened in a series of PRL tests and classified as sensitive/insensitive to NF/PF. Subsequently, the influence of this trait on the effects of acute administration of two antidepressant drugs, namely, mirtazapine and agomelatine (each in three different doses), on the hedonic processing of rats was investigated using sucrose preference (SP) tests.



MATERIALS AND METHODS


Subjects and Housing

In the present study, we used 80 male Sprague–Dawley rats (Charles River, Germany) weighing 175–200 g (about 10 weeks old) upon arrival. Rats were kept in groups (four animals/cage) under controlled temperature (21 ± 1°C) and humidity (40–50%) under a 12/12 h light/dark cycle (lights on at 7:00 h). The cage size was 56 (L) × 35 (W) × 21 (H) cm.

During the entire experiment, rats were mildly food restricted to 85% of their free-feeding weight (according to normal growth curve recommended by the laboratory rodent supplier—Charles River Research Models and Services Catalogue) by providing 15–20 g of food pellets per rat per day (standard laboratory chow). Food restriction began 1 week before behavioral training. Water was available ad libitum.

The experiments were performed during the light phase of the light/dark cycle.



Apparatus

The PRL training and testing was performed in 16 computer-controlled operant conditioning boxes (Med Associates, St. Albans, Vermont, VT, USA). Boxes were equipped with a fan, light, speaker, a food dispenser set to deliver a sucrose pellet (Dustless Precision Pellets, 45 mg; Bio-Serv, Flemington, NJ, USA), and two retractable levers which were located on opposite sides of the feeder. We have programmed the experimental protocols using Med State notation code (Med Associates). The data were analyzed using a custom-written R programme. The experimental procedure for the PRL task used in this study was a modified version of the procedures used and described previously by Bari et al. (2010) and has been described in detail elsewhere (Noworyta-Sokolowska et al., 2019).



Measuring Feedback Sensitivity Using the PRL Test


PRL Training and Testing

After the initial instrumental training described elsewhere (Noworyta-Sokolowska et al., 2019), the rats were trained in the PRL paradigm. Each PRL training session consisted of 200 trials, and each trial lasted for a maximum of 22 s. The start of a trial was signalled by the house light, which remained on until the end of the trial. Two seconds after the trial had started, both levers were presented, and one of them was randomly assigned as the “correct” lever, which delivered a reward 80% of the times it was pressed. A press on the other lever—the “incorrect” lever—would result in a rewarding outcome only 20% of the times it was pressed. No response in 10 s triggered the ITI and was counted as an omission. The same ITI directly followed a punishing outcome, i.e., no reward on 20% of the “correct” and 80% of the “incorrect” lever presses. After every eight consecutive “correct” lever presses (regardless of the outcome), the criterion for the reversal of the outcome probabilities was reached. The previously “correct” lever now became “incorrect” and vice versa. This pattern was followed until the end of the session.

This training phase was repeated daily until the individual animals achieved sufficient performance levels. The criteria to be met were a minimum of three reversals completed during three consecutive training sessions, with less than 15% omissions per session.



Parameters Measured in the PRL Test

To monitor the sensitivity of rats to PF and NF, the animals’ decisions were tracked on a trial-by-trial basis. To evaluate the sensitivity to NF we assessed the ability of animals to ignore infrequent and misleading, punished (non-rewarded) outcomes on the “correct” lever. For this, the animal’s decisions to switch levers following such a misleading punishment (probabilistic lose-shifts), were scored and expressed as a ratio of all punished (unrewarded) outcomes on that lever. To evaluate sensitivity to PF, all rewarded outcomes (true and misleading) followed by a decision to stay with the lever that delivered them (win-stays) were counted jointly for the “correct” and “incorrect” levers and expressed as a ratio of all rewarded outcomes.


Measuring Hedonic Capacity Using the SP Test

The preference for palatable sweet solutions is the most frequently used test to measure sensitivity to rewards/hedonic capacity in rodents (Papp et al., 1991; Willner et al., 1992). In this test, animals can choose between a palatable sweet solution and plain water, and the decreased or increased preference for the palatable solution is considered to reflect the decrease or increase in hedonic capacity respectively. The advantages of this test, which explain its popularity in laboratories throughout the world, are its simplicity and reliability. The method itself has been used in our laboratory for several years and has been thoroughly validated using various behavioral and pharmacological manipulations (Rygula et al., 2005, 2006, 2008, 2013; Noworyta-Sokolowska et al., 2019). During the SP test, the rats were separated into single cages and were offered a voluntary choice between two bottles for 1 h, where one bottle contained a 2% (w/v) sucrose solution and the other bottle contained tap water. To prevent potential effects of side preference in drinking, the position of the bottles was switched after 30 min. The consumption of water and sucrose solution was measured by weighing the bottles. The preference for sucrose was calculated from the amount of sucrose solution consumed and is expressed as a percentage of the total amount of liquid that was consumed.



Experimental Design and Drugs

The experimental schedule is presented in Figure 1. Initially, the rats were trained for the PRL test as described above. After achieving a stable performance, animals that reached the criterion were subsequently tested in 10 consecutive PRL tests over 10 days. Based on this “sensitivity screening,” the rats were divided using a median split into sensitive and insensitive to NF and PF. The division according to sensitivity to NF was made based on the average ratio of lever changes following misleading punishment (probabilistic lose-shifts) made by the animals across all 10 screening tests. The division according to the sensitivity to PF was made based on the average ratio of pressing the same lever (win-stays) following both true and misleading rewards across all 10 screening tests. To confirm the stability of the feedback sensitivity traits, we additionally analyzed the “frequency of sensitivity,” expressed as the number of the PRL tests (out of the 10 comprising screening) in which an animal displayed sensitivity to feedback. After the feedback sensitivity screening, the effects of acute administration of agomelatine and mirtazapine on the hedonic capacity of rats were evaluated using SP tests in the fully randomized Latin square design, which means that on any given day all treatments were represented and were balanced across the tests. This within-subject study design, contrary to the between-subject designs, allowed us to reduce the variance of the data and the number of animals used. The use of a Latin square design is a common and valid method in pharmacological research (Howell, 1997). It has been also successfully applied in a number of our previous studies (Drozd et al., 2017, 2019; Golebiowska and Rygula, 2017; Rychlik et al., 2017).
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FIGURE 1. Experimental design. After achieving a stable performance in the probabilistic reversal learning (PRL) training sessions, the rats were subjected to (A) feedback-sensitivity screening, consisting of 10 PRL tests carried out over 10 consecutive days. Based on the results of this screening, each rat was (B) classified as insensitive or sensitive to negative and positive feedback. Subsequently, differences in the effects of (C) acute treatment with two different antidepressant drugs (agomelatine and mirtazapine, each in three doses) on hedonic processing were evaluated using (D) sucrose preference (SP) tests conducted in a fully randomized Latin square design.



The drugs and their doses were chosen based upon our previous study, which demonstrated that even single doses of agomelatine or mirtazapine could change the sensitivity to the feedback of experimental animals in the PRL test (Drozd et al., 2019). Agomelatine (TCI Europe, Zwijndrecht, Belgium, HPLC −98%), a relatively novel antidepressant drug that acts as a potent agonist of melatonin MT1/MT2 receptors (Yous et al., 1992; Ying et al., 1996) and an antagonist of the 5-HT2C receptor subtype (Millan et al., 2003) was dissolved in 1% hydroxyethyl cellulose and applied in doses 5, 10, and 40 mg/kg). Mirtazapine (TCI Europe, Zwijndrecht, Belgium, HPLC −98%), a tetracyclic antidepressant modulating noradrenergic and serotonergic neurotransmission via blockade of central α2-adrenergic auto- and heteroreceptors, stimulation of 5-HT1A receptors (Berendsen and Broekkamp, 1997), and blockade of 5-HT2A, 5-HT2C and 5-HT3 receptors (de Boer, 1995), was dissolved in an equimolar solution of citric acid and injected in doses 0.5, 1, and 3 mg/kg. The drugs were administered intraperitoneally in a dose volume of 1 ml/kg 30 min. before the SP test. Control animals received corresponding injections of vehicle solutions. The wash-out period between administrations of different drug doses in the Latin square design was 1 week, what considering the pharmacokinetics of tested drugs (the elimination half-lives of a few hours), was more than enough to avoid the accumulation of drug effects (Zupancic and Guilleminault, 2006; Rouini et al., 2014; He et al., 2018).



Statistics

The data were analyzed using SPSS (version 25.0, SPSS Inc., Chicago, IL, USA). The distribution of the experimental data was tested using the Kolmogorov–Smirnov test. The effects of trait sensitivity to NF/PF and the effects of antidepressant treatment on parameters measured in the SP test were investigated using two-way repeated-measures ANOVAs with the between-subject factor of sensitivity (two levels: “sensitive,” “insensitive”) and the within-subject factor of dose (four levels: vehicle, D1, D2, and D3). Homogeneity of variance and sphericity of ANOVA were verified using Levene’s and Mauchly’s tests, respectively. For pairwise comparisons, the values were adjusted using the Sidak correction (Howell, 1997). All of the tests of significance were performed at α = 0.05.






RESULTS


Effects of Acute Agomelatine Administration on Sucrose Preference in Rats Classified as Sensitive/Insensitive to Negative and Positive Feedback

All animals fulfilled the training criteria and qualified for PRL screening. Two rats were removed from the analysis due to fluid leakage during the SP test.


Negative Feedback Sensitivity Screening

For the animals classified as NF-insensitive, the average proportion of lose-shift behaviors following misleading NF ranged from 0.341 to 0.501, with an average of 0.461 ± 0.009. For those classified as NF-sensitive, the average proportion of probabilistic lose-shift behaviors ranged from 0.503 to 0.734 with an average of 0.561 ± 0.013. The sensitivity to NF in both subgroups was stable across the screening period (nonsignificant Screening day × NF sensitivity interaction (F(9,324) = 0.913, p = 0.514, Figure 2A).
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FIGURE 2. Results of the sensitivity to feedback screening in animals treated with agomelatine (A–F) and mirtazapine (G–L). Panels (A,G) show the average proportion of lose-shift behaviors following misleading punishment in rats classified as insensitive (open circles, N = 19) and sensitive (filled circles, N = 19) to negative feedback (NF) across all 10 screening probabilistic reversal learning (PRL) tests in cohorts of rats treated with agomelatine and mirtazapine, respectively. Panels (B,H) show the average number of reversals in rats classified as insensitive (open circles, N = 19) and sensitive (filled circles, N = 19) to NF across all 10 screening PRL tests in cohorts of rats treated with agomelatine and mirtazapine, respectively. Panels (C,I) show the average frequency of sensitivity to NF in a cohort of rats treated with agomelatine and mirtazapine respectively. Panels (D,J) show the average proportion of win-stay behaviors following a reward in rats classified as insensitive (open circles, N = 19) and sensitive (filled circles, N = 19) to positive feedback (PF) across all 10 screening PRL tests. Panels (E,K) show the average number of reversals in rats classified as insensitive (open circles, N = 19) and sensitive (filled circles, N = 19) to PF across all 10 screening PRL tests in cohorts of rats treated with agomelatine and mirtazapine, respectively. Panels (F,L) show the average frequency of sensitivity to PF in a cohort of rats treated with agomelatine and mirtazapine respectively. The frequency is expressed as the number of PRL tests (out of the 10 comprising screening) in which an animal displayed the value of given feedback sensitivity located above the median of the values from the entire cohort. Data are presented as the mean ± SEM. *Indicates p < 0.05 compared to the insensitive group.



The average number of reversals made by the animals classified as insensitive to NF during the screening period ranged from 4.6 to 9.5, with an average of 6.12 ± 0.28; for animals classified as sensitive to NF, the average number of reversals ranged from 3.6 to 7.7, with an average of 5.60 ± 0.24. Reversal performance in both groups was stable [there was a nonsignificant interaction between screening day and NF sensitivity (F(9,324) = 0.662, p = 0.743), Figure 2B].

The average frequency of NF sensitivity in animals classified as NF-insensitive ranged from 0 to 5, with an average of 3.4 ± 0.3; in those classified as NF sensitive, the average frequency of NF sensitivity ranged from 5 to 10, with an average of 6.6 ± 0.4. The animals classified as NF-insensitive were significantly less sensitive to NF than the rats classified as NF-sensitive (t = 6.853, df = 36, p < 0.001, Figure 2C).



Positive Feedback Sensitivity Screening

The average proportion of win-stay behaviors in the animals classified as PF-insensitive ranged from 0.635 to 0.725, with an average of 0.696 ± 0.006. The average proportion of win-stay behaviors in the animals classified as PF-sensitive ranged from 0.733 to 0.865, with an average of 0.770 ± 0.008. The sensitivity to PF in both subgroups was stable across the screening period [there was a nonsignificant interaction between screening day and PF sensitivity (F(9,324) =1.740, p = 0.079, Figure 2D)].

The average number of reversals made by the animals classified as insensitive to PF during the screening period ranged from 3.6 to 6.7, with an average of 5.24 ± 0.19. This average was significantly (p < 0.05) lower than that for animals classified as sensitive to PF, where it ranged from 4.6 to 9.5 with an average of 6.48 ± 0.26. Reversal performance in both groups was stable [there was a nonsignificant interaction between screening day and PF sensitivity (F(9,324) = 0.740, p = 0.672, Figure 2E)].

The average frequency of PF sensitivity in animals classified as PF-insensitive ranged from 1 to 7, with an average of 3.8 ± 0.4; in those classified as PF-sensitive, the average frequency of PF sensitivity ranged from 5 to 10, with an average of 6.8 ± 0.3. The animals classified as PF-insensitive were statistically significantly less sensitive to PF than those classified as PF-sensitive (t = 5.958, df = 36, p < 0.001, Figure 2F).



Sucrose Preference Test

The animals classified as NF-insensitive and NF-sensitive did not differ in sucrose preference either basally or after acute treatment with agomelatine [nonsignificant effect of NF sensitivity (F(1,36) = 0.014, p = 0.907) and not significant Treatment × NF sensitivity interaction (F(3,108) = 1.733, p = 0.164)]. Acute agomelatine treatment itself also had no statistically significant effects on sucrose preference [there was a nonsignificant effect of treatment (F(3,108) = 0.504, p = 0.680), Figure 3A].
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FIGURE 3. Effects of acute administration of agomelatine (Ago) on the hedonic status of rats measured in the sucrose preference test. The data represent the average sucrose preference of rats classified as insensitive (open bars) and sensitive (filled bars) to (A) negative feedback (NF) and (B) positive feedback (PF) following acute administration of three different doses (5, 10 and 40 mg/kg) of agomelatine and vehicle solution. Data are presented as the mean ± SEM. N = 19 rats per group.



Similarly, PF sensitivity had no statistically significant effects on sucrose preference either basally or after acute treatment with agomelatine [the effect of PF sensitivity was nonsignificant (F(1,36) = 3.181, p = 0.083), and there was a nonsignificant interaction between treatment and PF sensitivity (F(3,108) = 1.500, p = 0.219, Figure 3B)].


Effects of Acute Mirtazapine Administration on Sucrose Preference in Rats Classified as Sensitive/Insensitive to Negative and Positive Feedback

All animals fulfilled the training criteria and qualified for PRL screening. Two rats were removed from the analysis due to fluid leakage during the SP test.


Negative Feedback Sensitivity Screening

For the animals classified as NF-insensitive, the proportion of lose-shift behaviors following misleading NF ranged from 0.390 to 0.518, with an average of 0.475 ± 0.008. For those classified as NF-sensitive, the proportion of probabilistic lose-shift behaviors ranged from 0.521 to 0.722, with an average of 0.607 ± 0.015. The sensitivity to NF in both subgroups was stable across the screening period [there was a nonsignificant screening day × NF sensitivity interaction (F(9,324) =0.833, p = 0.586, Figure 2G)].

The number of reversals made by the animals classified as NF-insensitive during the screening period ranged from 3.5 to 9.9, with an average of 6.38 ± 0.33; for animals classified as NF-sensitive, the number of reversals ranged from 3.8 to 8.1, with an average of 5.68 ± 0.24. Reversal performance in both groups was stable [there was a nonsignificant interaction between screening day and NF sensitivity (F(9,324) = 0.174, p = 0.997, Figure 2H)].

The frequency of NF sensitivity in animals classified as NF-insensitive ranged from 0 to 7, with an average of 3.4 ± 0.4; in those classified as NF-sensitive, the frequency of NF sensitivity ranged from 5 to 10, with an average of 7.16 ± 0.38. The animals classified as NF-insensitive were statistically significantly less sensitive to NF than the rats classified as NF-sensitive (t = 7.011, df = 36, p < 0.001, Figure 2I).



Positive Feedback Sensitivity Screening

The proportion of win-stay behaviors in the animals classified as PF-insensitive ranged from 0.649 to 0.755, with an average of 0.708 ± 0.007. The proportion of win-stay behaviors in the animals classified as PF-sensitive ranged from 0.759 to 0.875, with an average of 0.808 ± 0.007. The sensitivity to PF in both subgroups was stable across the screening period [there was a nonsignificant screening day × PF sensitivity interaction (F(9,324) =1.726, p = 0.082, Figure 2J)].

The number of reversals made by the animals classified as PF-insensitive during the screening period ranged from 3.5 to 7.1, with an average of 5.41 ± 0.21. This average was significantly (p < 0.05) lower than that for animals classified as PF-sensitive, where it ranged from 4.3 to 9.9 with an average of 6.65 ± 0.30. Reversal performance in both groups was stable [there was a nonsignificant interaction between screening day and PF sensitivity (F(9,324) = 0.427, p = 0.920, Figure 2K)].

The frequency of sensitivity to PF in animals classified as PF-insensitive ranged from 0 to 7, with an average of 3.3 ± 0.4; in those classified as PF-sensitive, the frequency of sensitivity ranged from 6 to 10, with an average of 7.7 ± 0.3. The animals classified as PF-insensitive were statistically significantly less sensitive to PF than those classified as PF-sensitive (t = 8.268, df = 36, p < 0.001, Figure 2L).



Sucrose Preference Test

The animals classified as NF-insensitive and NF-sensitive did not differ in sucrose preference either basally or after acute treatment with mirtazapine [nonsignificant effect of NF sensitivity (F(1,36) = 0.883, p = 0.354) and nonsignificant treatment × NF sensitivity interaction (F(3,108) = 0.514, p = 0.674)]. Acute mirtazapine treatment itself also had no statistically significant effects on sucrose preference [nonsignificant effect of treatment (F(3,108) = 0.645, p = 0.588, Figure 4A)].
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FIGURE 4. Effects of acute administration of mirtazapine (Mir) on the hedonic status of rats, measured in the sucrose preference test. The data represent the average sucrose preference of rats classified as insensitive (open bars) and sensitive (filled bars) to (A) negative feedback (NF) and (B) positive feedback (PF) following acute administration of three different doses of mirtazapine (0.5, 1 and 3 mg/kg) and vehicle solution. Data are presented as the mean ± SEM. N = 19 rats per group.



Similarly, PF sensitivity had no statistically significant effects on sucrose preference either basally or after acute treatment with mirtazapine [nonsignificant effect of PF sensitivity (F(1,36) = 0.088, p = 0.769) and nonsignificant treatment × PF sensitivity interaction (F(3,108) = 1.302, p = 0.278, Figure 4B)].







DISCUSSION

The results presented here confirmed that in rats, sensitivity to NF and PF can be considered stable and enduring behavioral traits. They also confirmed that these traits do not interact with basal hedonic capacity. Most importantly, they demonstrated that trait sensitivity to feedback does not determine the effects of acute administration of two antidepressant drugs, agomelatine and mirtazapine, on hedonic processing in rats.

Over the past years, behavioral research has revealed that a concept of cognitive/behavioral traits exists and can be measured in animals (Gosling, 2001). It also revealed that there exists considerable cross-species overlap for some of these traits and that the assessment of these traits in animals has numerous practical applications that can contribute to a better understanding of psychiatric disorders (Rygula et al., 2018). For instance, recent studies using animal models have demonstrated that trait “pessimism,” which has been previously linked with increased sensitivity to NF (Rygula and Popik, 2016), is associated with a “pro-depressive profile” that predicts increased vulnerability to stress-induced anhedonia (Rygula et al., 2013) and motivational deficits (Drozd et al., 2017). They also showed that biased judgement, as a trait, is associated with alterations in the effectivity of antidepressant drug treatment (Drozd et al., 2019). Other studies suggested that trait sensitivity to NF and/or PF could be candidates for a cognitive biomarker of depression (Noworyta-Sokolowska et al., 2019). Although we did not observe statistically significant interactions between trait sensitivity to feedback and the hedonic capacity of tested animals in the present study, this result was not surprising and has already been explained elsewhere (Noworyta-Sokolowska et al., 2019) using Beck’s cognitive model of depression (Beck, 1987, 2008). According to this theory, although biased acquisition and processing of information has a primary role in the maintenance and recurrence of depression, the development of depressive symptoms usually requires environmental triggers, e.g., stress. Thus, studies using animal models of depression based on chronic stress will be required to ultimately confirm whether the sensitivity to feedback (especially to PF) is a latent trait that could determine the hedonic capacity of rats.

It has also been recently proposed that antidepressant drugs may produce their ultimate clinical effects by early actions on information processing biases (Harmer et al., 2003b, 2009). Indeed, in our previous study, we demonstrated that both agomelatine and mirtazapine produce rapid effects on feedback sensitivity in the PRL paradigm (Drozd et al., 2019). In that study, acute agomelatine treatment reduced the sensitivity of rats to NF, as indexed by the decreased proportion of lose-shift behaviors, while mirtazapine increased the sensitivity of rats to PF, as indexed by the increased proportion of win-stay behaviors. This decrease in NF sensitivity and the increased sensitivity to PF were hypothesized to manifest antidepressant-induced, positive, information-processing biases, similar to those reported previously in humans following acute antidepressant treatment (Arnone et al., 2009; Rawlings et al., 2010; Komulainen et al., 2016). Building off these prospective findings, in the current study, we tested a hypothesis that the basal valence of individuals’ sensitivity to feedback, measured as a stable and enduring behavioral trait, could moderate the effects of these two antidepressant drugs on hedonic processing in rats.

The fact that the results of the conducted experiments did not confirm this hypothesis, at least concerning the acute effects of antidepressants on sucrose preference, might suggest various effects of these drugs on the “wanting” and “liking” of rewards. Indeed, according to incentive sensitivity theory, brain mechanisms that determine how much a reward is “wanted” are separate from those that determine how much the reward is “liked” (Berridge and Robinson, 1998). “Wanting,” which was expressed herein by the ratio of win-stay behaviors, is generated by the mesolimbic dopamine system, while “liking,” or the actual pleasurable impact of reward consumption, which is indexed herein by the sucrose preference, is mediated by other, dopamine-independent and mainly opioidergic mechanisms (Berridge and Robinson, 1998). Although they were not investigated in our study, these various mechanisms could contribute to the observed differences in the effects of mirtazapine on win-stay behaviors in the PRL test, as previously observed by Drozd et al. (2019), and the effects on sucrose preference, as reported in the present study.

There are several limitations to this study that need to be mentioned. When considered in the context of depression, the first limitation would be the use of naïve rats. According to Beck (2008) and Harmer et al. (2003b), altered processing of information may play an important role in the effectiveness of antidepressant treatment; however, as mentioned above, a truly naturalistic animal model would require the use of environmental triggers, e.g., stress. Based on the present results, we cannot exclude that the expected interaction between trait sensitivity to feedback and the effects of antidepressants on hedonic processing in the SP test would become more salient if investigated in a model of depressive-like symptoms based on chronic psychosocial stress (Rygula et al., 2005). This limitation, however, in our opinion, does not undermine the validity of the present data, since the antidepressant efficacy of drugs is being widely and commonly studied in naïve animals [e.g., in the forced swim test (Porsolt et al., 2001)] and because both antidepressant drugs tested in the present study have been demonstrated previously to produce “antidepressive-like” effects in naïve animals (Stuart et al., 2013; Drozd et al., 2019).

The second limitation would be the use of only male subjects. Indeed, since the prevalence of the depressive disorder is significantly higher in women than in men, it seems more accurate to investigate the associated processes in females. However, the decision to use only male subjects was based on practical reasons: males do not have an oestrous cycle that could quite likely, by itself, affect the sensitivity to feedback. Thus, to avoid this additional confounding factor, we decided to test only male rats.

The third limitation would be the use of only one method for the measurement of the hedonic capacity of rats. Although indeed testing the hedonic capacity in a variety of other tests e.g., the cookie test (Surget et al., 2011) or the sweet drive test (Mateus-Pinheiro et al., 2014) could make the results more robust, we are convinced that the results obtained in the SP test are valid and reliable. The advantages of this test, which explain its popularity in laboratories throughout the world, are its simplicity and reliability. The method itself has been used in our laboratory for several years and has been thoroughly validated using various behavioral and pharmacological manipulations (Rygula et al., 2005, 2006, 2008, 2013).

Finally, it might be interesting to test the impact of trait sensitivity to feedback on hedonic processing in animals subjected to chronic antidepressant treatment. Although the tested compounds were previously reported to be effective in changing sensitivity to feedback following a single administration (Stuart et al., 2013; Drozd et al., 2019), the full antidepressant effects of these compounds (including their effects on hedonic processing) could perhaps be achieved following prolonged treatment.

The results of our study add to the growing body of experimental data regarding the role of cognitive traits in the development, maintenance, and treatment of affective disorders. These results also show that the immediate effects of some antidepressant drugs on cognitive processing are not immediately conveyed by changes in the hedonic processing of rewards.
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