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Abstract

Anabolic-androgenic steroid (AAS) abuse is implicated in maladaptive decision making such as 

increased risk taking and problem gambling. Endogenous testosterone correlates with economic 

risk taking in both the stock market (Coates and Herbert, 2008) and in the laboratory, as measured 

by the Iowa Gambling Task (Stanton et al. 2011). Additionally, AAS use has been associated with 

problem gambling behavior in adolescents (Proimos, 1998). Thus, AAS may impair economic 

decision making. However, studies of human AAS users cannot control for pre-existing risky 

behavior or normalize androgen levels. Accordingly, the present study investigated AAS effects on 

decision making in rats using a novel, balanced rodent model of the IGT. Adolescent male Long-

Evans rats were treated chronically with high-dose testosterone (7.5 mg/kg) or vehicle (13% 

cyclodextrin in water) sc, and trained to work for sugar pellets in an operant chamber equipped 

with 4 levers, each associated with a different schedule of reward magnitude (number of pellets), 

probability, and punishment (time-out) duration. By RM-ANOVA, there was a main effect of lever 

(F3,78=25.33, p<0.05), such that all rats preferred lever L4 offering a large reward (4 pellets), but 

with low probability (45%) and a long (35 sec) time-out. There was also a significant interaction 

of testosterone x lever (F3,78=2.78, p<0.05), with testosterone increasing preference for L4 and 

decreasing preference for the other levers, relative to vehicle-treated controls. These data extend 

our previous findings of altered decision making in AAS-treated rats, and suggest that AAS may 

alter economic decision making in human users.
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INTRODUCTION

Anabolic-androgenic steroids (AAS) are drugs of abuse associated with maladaptive 

behavioral effects such as impaired decision making and increased risk taking (Pope et al, 

2014). Once limited to elite athletes in professional sports, AAS abuse has spread to college 

and high-school athletics. It is estimated that 4 million Americans have used AAS, including 

4–6% of high-school boys (Johnston et al., 2013; Pope et al, 2014). High-school students 

who report AAS use also exhibit higher rates of risk taking: drinking and driving, carrying a 

weapon, and not wearing a helmet or seat belt (Middleman et al. 1995), activities that can 

result in physical harm. AAS use has also been associated with problematic gambling in 

adolescents (Proimos, 1998), suggesting AAS may contribute to poor economic decision 

making, as well. Problem gambling is a costly disorder, with the magnitude of monetary 

losses increasing rapidly in recent decades. Americans lost $92 billion through gambling in 

2007, nearly 10 times the amount lost in 1982 (Skolnik, 2011). Furthermore, adolescents and 

young adults demonstrate a high prevalence of problem gambling, which is frequently 

associated with substance abuse (Barnes et al, 2009). Adverse effects on decision making are 

particularly problematic for young AAS users, as the neural circuitry underlying cognition is 

still under development in the adolescent brain (Blakemore and Choudhury, 2006). 

Therefore, it is important to determine if AAS use may cause increased economic risk 

taking.

Studies of AAS in humans are complicated by users’ motivation to increase muscle-mass 

and enhance appearance, and by preexisting potential for risky behavior (Pope et al, 2014). 

Animal studies eliminate this confound, and also control for AAS type and dose. In 

particular, behavioral paradigms adapted from human tasks allow us to study AAS effects on 

executive function. We have previously shown that AAS alter decision-making behavior in 

discounting tasks where rats choose between two levers (Wood et al, 2013; Cooper et al. 

2014; Wallin et al. 2015). One delivers a small “safe” reward (1 sugar pellet), while the other 

lever gives a large reward (3 or 4 pellets) that is “discounted” or made less desirable by 

pairing with a cost such as delay, effort, uncertainty, or punishment. In effort, delay and 

punishment discounting, AAS-treated rats were willing to work harder, wait longer and 

accept discomfort in order to earn bigger reward (Wood et al, 2013; Cooper et al. 2014; 

Wallin et al. 2015). These findings are perhaps not surprising, as athletes and body builders 

exert tremendous effort and endure physical pain in pursuit of their aesthetic and athletic 

goals. However, we were surprised that AAS-treated rats were more sensitive to reward 

uncertainty in probability discounting (PD). Compared with vehicle controls, they were less 

likely to choose a large uncertain reward, and instead preferred a small reward delivered 

with 100% probability (Wallin et al., 2015). These studies demonstrate that AAS do not 

cause a “win-at-all-costs” mentality. Rather, AAS sensitize subjects to different costs in 

discounting tasks.

Thus far, we have tested the effects of AAS on discounting tasks that require consideration 

of only 1 variable. In real life, decisions are seldom 1-dimensional. Instead, we integrate 

multiple cost and reward variables to make choices that maximize reward. To study decision 

making in humans, participants in the Iowa Gambling Task (IGT) choose among 4 card 

decks, which offer monetary gains and losses of varying magnitude and probability (Bechara 
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et al. 1994). By sampling the decks, subjects aim to earn as much money as possible 

throughout the session. To investigate AAS effects on decision making in rats, we developed 

a balanced rat model of the Iowa Gambling Task (brIGT), offering 4 lever choices to obtain 

food reward. Previous studies with a rat IGT task (Zeeb et al. 2009) showed that rats develop 

a stable preference for the reward option that maximizes pellets earned over the 30-minute 

session. The brIGT task expands on these previous rat IGT models, by holding each decision 

variable (reward magnitude, win probability, and time-out duration) constant between two 

lever choices. This allowed a direct comparison of the relative importance of each variable to 

vehicle- and testosterone-treated rats. With this model, we can evaluate how AAS alter the 

salience of and sensitivity to different reward variables.

We hypothesized that AAS would increase risk taking and decrease performance on the 

brIGT, similar to IGT studies in humans. In the IGT, men with high testosterone are more 

likely to choose cards from decks offering large monetary gains paired with larger, 

infrequent losses (Stanton et al. 2011). As a result, they earned less money throughout the 

session, relative to men with lower levels of testosterone. High levels of endogenous 

testosterone also correlate with economic risk taking outside the lab. In a study of London 

stock traders, morning testosterone levels predicted risk taking throughout the day (Coates 

and Herbert, 2008). Conversely, when the sexes are compared, men generally perform better 

than women on the IGT (Bolla et al, 2004), even though men have higher testosterone than 

women. Together, these findings suggest that the relationship between testosterone and 

decision making in the IGT is not linear. Rather, a moderate level of testosterone may reduce 

loss aversion to facilitate optimal decision making, while high levels can impair 

performance.

METHODS

Animals

28 male Long-Evans rats (5 weeks old at the start, Charles River Laboratories, MA) were 

treated chronically with either vehicle or testosterone (n=12–16/group) and tested for 

decision making in the brIGT. Rats were pair-housed with ad libitum access to water under a 

reversed 14L:10D photoperiod, and were tested daily (5 days/week) during the dark phase. 

Rats remained gonad-intact to approximate human AAS use. To facilitate operant 

responding, rats were food restricted to maintain a slow rate of growth (3–4 g BW/day), as 

in our previous studies (Wood et al, 2013; Cooper et al. 2014; Wallin et al. 2015). Vehicle- 

and testosterone-treated groups did not differ in body weight at the start of the study or 

throughout testing. Experimental procedures were approved by USC’s Institutional Animal 

Care and Use Committee and were conducted in accordance with the Guide for the Care and 

Use of Laboratory Animals, 8th Ed (National Research Council, National Academies Press, 

Washington DC; 2011).

AAS treatments

As a model for AAS abuse, the present study exposed rats to chronic high-dose testosterone 

beginning in adolescence (5 weeks of age; Spear, 2000), at least 2 weeks prior to behavioral 

testing. Rats received daily injections of testosterone (7.5 mg/kg; Steraloids, RI) or vehicle 
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[3% ethanol and 13% cyclodextrin (RBI, MA)] sc immediately before behavioral training or 

testing for the duration of the experiment (5 days/week for 8 weeks). Testosterone was used 

because it is the prototypical AAS, and is the most common performance-enhancing 

substance (55.5%) detected in urine tests by World Anti-Doping Agency-accredited 

laboratories (World Anti-Doping Agency, 2012). Among human users, testosterone is a 

popular choice due to its low price, easy availability, and the difficulty differentiating 

exogenous testosterone from endogenous production in drug testing. The 7.5 mg/kg dose 

approximates heavy doses of AAS used by humans, and has been previously used to test 

effects of AAS in discounting tasks (Wood et al, 2013; Cooper et al. 2014; Wallin et al. 

2015).

Operant Chambers

Studies were conducted in operant chambers (Med Associates, VT) with a houselight for 

illumination and two pellet dispensers connected to food cups on opposite sides of the 

chamber. Each food cup was flanked by two retractable levers (Figure 1A). Chambers were 

enclosed in sound-attenuating boxes with fans for ventilation.

Lever Training

Initially, rats were trained to respond on each lever to receive 45mg sucrose pellets (Bio-

Serv Inc., Frenchtown, NJ) as in Wallin et al (2015). Next, rats were habituated to lever 

insertion in 100-trial daily sessions (25 trials/lever). Each trial began in darkness with all 

levers retracted in the inter-trial interval (ITI) state. Three seconds later, the house-light was 

illuminated and 1 lever was inserted into the chamber in pseudorandom order. If the rat 

responded on the extended lever within 30 sec, 1 pellet was delivered to the adjacent food 

cup, and the house-light stayed on for 4 seconds before returning to ITI. If the rat failed to 

respond, the chamber reverted to ITI and the trial counted as an omission. The criterion for 

success in lever training was omission of <10% of trials. After reaching criterion, lever 

extension was decreased to 20 seconds, and subsequently to 10 seconds. Once criterion was 

met on the 10-second task, rats began brIGT testing.

Balanced Rat Iowa Gambling Task (brIGT)

Operant procedure—In 30-minute daily sessions, trials began in darkness with all levers 

retracted. On each trial, all 4 levers were inserted, and rats had 10 seconds to respond. Once 

a lever was selected, the 3 other levers retracted while the chosen lever remained extended 

for the duration of the trial. If the lever choice was rewarded (win), the house light remained 

illuminated for 5 seconds while pellets were delivered. If the lever choice was not rewarded 

(loss), no pellets were delivered, and the house light blinked at 0.5 Hz for the duration of the 

time-out period (1, 8.5 or 35 seconds, Figure 1B). Additional responses on the chosen lever 

were recorded but had no effect. A 5-second ITI followed each reward or time-out period. If 

no lever was selected in 10 seconds, the trial was counted as an omission, and the chamber 

reverted to ITI. Rats were tested for 22 days until behavior was stable over 5 days of testing, 

as defined by no effect of day on choice behavior by repeated measures ANOVA (RM-

ANOVA) with day as the repeated measure, as in St. Onge and Floresco (2009); Cooper et 

al. (2014); and Wallin et al. (2015).
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Lever reward schedules—Each lever offered a distinct reward profile which varied the 

reward magnitude (number of pellets per win), probability (percent chance of winning) and 

time-out duration (seconds of time-out after a loss; Figure 1C). Because rats were not able to 

earn any pellets during time-outs, losses not only resulted in no reward in the current trial, 

but also decreased the time available to earn future pellets. Thus, levers varied in their 

objective value—number of available pellets per unit time. As in the human IGT, there were 

two advantageous and two disadvantageous choices. The two advantageous levers (L265 and 

L245) delivered 2 pellets with each win, for a maximum of 208 and 205 pellets/session, 

respectively. L265 and L245 differed in reward probability, with L245 offering a less certain 

reward (45%) compared with L265 (65%). The two disadvantageous levers (L1 and L4) 

delivered 1 and 4 pellets per win, respectively, with a maximum of only 125 and 122 pellets/

session, respectively (Figure 1C). Lever position did not vary between rats, but was arranged 

so that each side of the chamber had one advantageous lever and one disadvantageous lever 

(Figure 1A).

Data analysis

Lever choice—Data for each session included the total number of trials, number of trials 

completed, trials omitted, responses on each lever, wins and losses on each lever, total 

pellets won, and responses on the selected lever after wins or losses. Lever choice was 

calculated as the proportion of completed trials in which each lever was chosen. Lever 

choice was analyzed via RM-ANOVA, with day of testing and lever as repeated measures 

and drug (vehicle vs testosterone) as the between-subjects factor. An arcsine transformation 

was performed before analysis of variables expressed as a proportion to limit the effect of an 

artificially imposed ceiling, as in Zeeb et al. (2009). Responses per second on inactive levers 

after wins and losses were averaged for vehicle- and testosterone-treated rats and compared 

by RM-ANOVA, with wins versus losses as the within-subjects factor, and drug as the 

between-subjects factor. Trials completed, omissions and pellets won were averaged for 

vehicle- and testosterone-treated rats, and compared by Student’s t-test.

Decision variable salience—By holding each variable constant between two of the lever 

choices, the brIGT permits comparison of sensitivity to different aspects of choice (i.e. 

reward magnitude, win probability, and time-out duration) for vehicle and testosterone-

treated rats. As shown in Fig. 1C, L265 and L245 offered the same reward magnitude, L245 

and L4 offered the same win probability (45%), and L1 and L4 gave the same time-out 

duration (35 sec) following a loss. Six planned comparisons were used to detect differences 

in preference between levers in a pair, and vehicle- and testosterone-treated rats’ lever 

preference within each of the 2 lever pairs. For instance, a preference for L4 over L1, 

suggests that rats value reward magnitude over win probability, whereas a preference for 

L265 over L245 indicates that win probability is more salient than time-out duration. 

Comparisons were made by Student’s t-test with Bonferroni’s correction for multiple 

comparisons (α=0.008).

Win-stay/Lose-shift behavior—To measure sensitivity to reward delivery and omission, 

win-stay (WS) and lose-shift (LS) ratios were calculated as in Wallin et al. (2015) and 

Stopper and Floresco (2011). A WS occurred when the rat received a reward (win), and 
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responded on the same lever again in the following trial (stay). A LS occurred when the rat 

received no pellets on a trial (loss), and selected a different lever on the following trial 

(shift). Overall WS and LS ratios were calculated by collapsing the number of wins, losses, 

stays and shifts across all levers, and then calculating win-stay and lose-shift ratios based on 

these numbers. This method is analogous to collapsing win-stay and lose-shift data over 

blocks, as in St. Onge et al. (2011) and Stopper and Floresco, (2011). Individual ratios for 

each individual lever were calculated as “win-stays/total wins” and “lose-shifts/total losses” 

on each individual lever. The overall ratio is not a sum or a simple average of the individual 

lever ratios. Rather, relative to the overall ratio, the individual lever ratios have different 

weights depending on how often each lever was selected. Overall WS and LS ratios were 

compared by Student’s t-test. WS and LS ratios for each lever were compared by RM-

ANOVA with lever as the repeated measure and drug (vehicle vs. testosterone) as the 

between-subjects factor. All statistical analyses were conducted in SPSS for Windows, with 

p<0.05 considered significant.

RESULTS

Choice behavior

Choice behavior was stable for vehicle- and testosterone-treated rats over days 18–22 of 

testing, and there was no significant effect of day on behavior (F4,104=0.74, p>0.05). With 

continued testing beyond 22 days, there was no change in choice behavior (data not shown). 

Figure 2 compares lever choice by vehicle- and testosterone-treated rats in the brIGT. By 

RM-ANOVA, there was a significant main effect of lever (F3,78=25.33, p<0.05), such that all 

rats significantly preferred L4 to the other choices. Ranking of available choices by both 

vehicle- and testosterone-treated rats followed the order: L4>L265>L245>L1. Although 

vehicle- and testosterone-treated rats ranked levers in the same order, testosterone altered 

choice behavior, indicated by a significant testosterone x lever interaction (F3,78=2.78, 

p<0.05). In particular, testosterone-treated rats exhibited a significantly greater preference 

for L4 (57.1±7.1% of trials) than vehicle-treated controls (38.8±5.0% of trials; p<0.05 by 

post-hoc comparison with Student’s t-test).

Decision Variable Salience

Reward magnitude vs probability (L1 vs L4)—L1 and L4 offered the same time-out 

duration (35 sec) and comparable numbers of possible pellets per session (125 or 122), but 

with 4x more pellets per win (L4) or 2x probability of winning (L1). Vehicle-treated rats 

significantly preferred L4 over L1 (41.6±4.7% vs 13.9±2.6%; p<0.008). Testosterone-treated 

rats also preferred L4 over L1 (57.1±7.1% vs 9.2±2.4%; p<0.008), indicating that both 

groups of rats valued the large reward magnitude over a high win probability.

Reward magnitude vs time-out (L245 vs L4)—L245 and L4 offered the same 

probability of winning (45%), but with 2x more pellets per win (L4) or a substantially 

shorter time-out duration after a loss (L245). As a result, the maximum possible pellets from 

responses on L4 was only 60% of those from L245. Nonetheless, both groups preferred L4 

over L245 (vehicle: 17.5±2.6%; p<0.008, testosterone: 11.7±2.5%; p<0.008) suggesting that 
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the large reward magnitude was more important to rats than a short time-out duration 

following a loss.

Time-out vs probability (L245 vs L265)—A response on L245 or L265 delivered 2 

pellets, with similar potential maximum pellets per session (205 or 208). With L245, wins 

occurred less frequently (45% vs 65% for L265), but time-outs were shorter (1 sec vs 8.5 sec 

for L265). Vehicle-treated rats displayed no statistically significant preference for L245 

(17.5±2.6%) vs L265 (24.5±2.9%; p>0.008) reflecting that win probability was equally 

salient to time-out duration in our model. However, testosterone-treated rats did exhibit a 

trending preference for L265 (21.3±5.5%) over L245 (11.7±2.5%; p=0.03), suggesting that 

testosterone increases sensitivity to win probability, as in our previous study of PD (Wallin 

et al, 2015).

Win-Stay and Lose-Shift Behavior

WS and LS ratios, measuring sensitivity to reward delivery and omission, respectively, are 

shown in Figure 3. For the overall WS ratio, there was no effect of drug, suggesting that 

testosterone does not affect sensitivity to reward delivery (p>0.05). By RM-ANOVA, there 

was a main effect of lever (F3,54=31.21, p<0.05), such that all rats were more likely to “stay” 

after a win on L4 than on the other levers, suggesting that rats are highly sensitive to the 

delivery of a large magnitude reward. Additionally, there was no effect of drug (F1,18=0.20, 

p>0.05), and no drug x lever interaction (F4,104=0.11, p>0.05; Figure 3A).

However, there was a main effect of testosterone on the overall LS ratio, where testosterone-

treated rats were less likely to shift after a loss (0.43±0.07) compared to vehicle-treated 

controls (0.59±0.04; p<0.05; Figure 3B). By RM-ANOVA, there was no effect of lever on 

the LS ratio (F1,18=1.96, p>0.05), and no drug x lever interaction (F1,18=0.87, p>0.05). 

There was a trend toward a main effect of testosterone, with testosterone decreasing LS ratio 

across all levers (F1,18=3.93, p=0.063).

Trials Completed, Omissions, Pellets Won, and Responses on Inactive Levers

Figure 4A shows the average number of completed trials for vehicle- and testosterone-

treated rats over the last 5 days of brIGT testing. By Student’s t-test, there was no effect of 

drug on number of trials completed (p>0.05). However, there was a significant effect of drug 

on trials omitted, with vehicle-treated rats omitting more trials per session (2.4±0.6) than 

testosterone-treated rats (0.6±0.2; p<0.05). Somewhat surprisingly, although vehicle- and 

testosterone-treated rats exhibited significantly different lever choices, the groups did not 

differ in average number of pellets earned per session (p>0.05; Figure 4B). Rats in both 

groups averaged 98.7±4.3 trials in each 30-min session, earning 137.6±4.4 pellets. In AAS-

treated rats, the increase in selection of L4 was paired with a decreased selection of L1 (also 

disadvantageous) and a decrease in omissions, so that the total pellets earned was not 

significantly different from that in vehicle-treated rats. Figure 4C shows responses per 

second on the inactive lever during pellet delivery (after wins) and during time-outs (after 

losses). While there was no main effect of testosterone (F1,26=1.19, p<0.05), there was a 

testosterone x trial outcome interaction (F1,26=6.18, p<0.05) with testosterone-treated rats 
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making significantly more responses per second on the inactive lever during the time-out 

period following a loss.

DISCUSSION

The present study investigated effects of testosterone treatment on decision-making in a 

balanced rodent version of the IGT. As hypothesized, testosterone altered decision making 

on the brIGT, significantly increasing selection of the most disadvantageous lever (L4), 

compared to vehicle-treated controls. This altered choice behavior was due to diminished 

loss sensitivity, as testosterone significantly decreased the LS ratio. Testosterone-treated rats 

also made significantly more inactive lever responses after losses than vehicle-treated rats, 

perhaps indicating frustration when rewards were not delivered. These results show that 

testosterone modifies decision making in a task incorporating multiple variables including 

reward magnitude, win probability, and punishment duration.

Results from the brIGT show that reward magnitude is the most salient decision variable in 

this paradigm. Although L1 and L4 offered equal time-out duration (35 sec) and similar 

objective value (125 and 122 total possible pellets, respectively), all rats exhibited a drastic 

preference for L4 over L1. Thus, it appears that a large reward magnitude with low win 

probability (L4, 45%) is more desirable than a small reward magnitude with a high win 

probability (L1, 90%). Likewise, when win probability was held constant, all rats preferred 

L4 over L245. This was surprising, as L4 is objectively worse than L245, offering only 122 

vs 208 total possible pellets, respectively. However, rats again preferred the lever offering a 

large magnitude reward, even when it resulted in fewer pellets earned overall. Finally, when 

reward magnitude was held constant (L245 and L265), testosterone-treated rats tended to 

favor the lever offering a higher win probability, despite the longer time-out following a loss.

The strong preference for L4, an objectively disadvantageous lever, suggests the rats may 

have not correctly integrated the probability of reward delivery and time-out, plus time out 

length, with reward magnitude in order to choose optimally. We know that rats can do this. 

In the rodent IGT model of Zeeb et al. (2009), rats were able to determine the optimal 

strategy, exhibiting a significant preference for the most advantageous nose-poke choice (2 

pellets delivered with 80% probability). So why can’t they do it in our brIGT? It is important 

to note that the layout of our brIGT task (2 pairs of levers on opposite sides of the chamber) 

differed from that of the rodent IGT (4 nose-pokes on 1 wall, with the pellet dispenser on the 

opposite wall). Nonetheless, the increased L4 responses in the brIGT cannot be explained by 

a consistent preference for levers near the door (L4 and L245) or for the levers to the left of 

the pellet trough (L4 and L1). Although lever position was not counter-balanced in our 

study, changing lever positions within the chamber during pilot testing of the brIGT did not 

affect lever choice. Likewise, Zeeb et al. (2009) varied the arrangement of nose-pokes in 

their model, and found no effect on choice behavior.

Instead, it seems likely that the animals are simply responding based on which option 

delivers the largest amount of sugar per trial win, and hence prefer L4. The different results 

with the brIGT and the rodent IGT of Zeeb et al. (2009) may be due to differences in the 

relative value of available choices. In the brIGT, L4 yielded a maximum of 122 total pellets, 
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while L265 offered 208 pellets (a 170% increase). In Zeeb et al. (2009) the disadvantageous 

4-pellet option gave 99 total pellets, while the advantageous 2-pellet option yielded 411 total 

pellets (a 415% increase). This large difference in objective value likely allowed rats to 

overcome preference for a large magnitude reward and discern the optimal strategy. 

However, when the difference is smaller, as in brIGT, it appears that rats are swayed to an 

ultimately disadvantageous choice by the temptation of a large magnitude reward. These 

findings have important implications for the design of decision making tasks. From the 

comparison of these IGT tasks, it appears that choice behavior is not transitive, but is 

influenced by the context of the choices available (i.e. choice architecture, discussed below). 

Thus decision-making behavior in one task cannot be predicted by behavior previously 

observed on similar paradigms.

Comparing responses of vehicle- and testosterone-treated rats in the brIGT, the two groups 

show the same rank order of lever preferences (L4>L265>L245>L1), but testosterone 

increased preference for L4. This, combined with the drop in omissions, could indicate that 

testosterone-treated rats are more sensitive to reward magnitude, or more motivated. To 

address these possibilities, it is useful to consider the current findings in the context of our 

previous work on chronic high-dose testosterone and decision making in discounting 

paradigms. Compared to control rats, testosterone-treated rats were significantly more likely 

to choose the large reward despite an effort cost, delivery delay, or pairing with a footshock 

(Wood et al. 2013; Cooper et al. 2014; Wallin et al. 2015). Thus, testosterone decreases 

sensitivity to these costs, which is consistent with increased sensitivity to reward magnitude. 

On the other hand, with PD, testosterone-treated rats chose the large/uncertain reward 

significantly less than vehicle-treated controls (Wallin et al. 2015), indicating increased 

sensitivity to reward uncertainty. This argues that testosterone-treated rats are not more 

motivated towards the large reward in all circumstances, compared with vehicle-treated rats. 

While the effects of testosterone on lever choice in the brIGT and PD may seem 

contradictory, there are some important differences between the two tasks. For instance, PD 

offers a small reward delivered with 100% certainty, while no option in brIGT is a 

guaranteed win. Furthermore, in PD, the win probability associated with the large reward 

decreases throughout the session. An unstable win probability may be more aversive to 

testosterone-treated rats than a stable one, especially since testosterone impairs cognitive 

flexibility (Wallin and Wood, 2015).

Like rats in the present study, humans value short-term rewards and may not choose 

outcomes that maximize their long-term interests (reviewed in Kalenscher and van 

Wingerden, 2011). However, only animal studies question the potential cognitive limitations 

of their subjects. Instead, comparing choice behavior on PD, brIGT, and Winstanley’s IGT 

(Zeeb et al. 2009) suggests that rats are prone to some of the same cognitive biases and 

irrational behavior exhibited by humans. For instance, rats appear to exhibit the phenomenon 

of probability distortion—meaning that the subjective values assigned to probabilities from 

0–100% are not linear. Humans tend to overestimate the likelihood of small probabilities and 

over-weight values close to 0 or 100%. For example, the difference between a 100% and 

90% chance of winning seems much more meaningful than a difference between a 45% and 

55% chance of winning, even though the objective difference in value between the two pairs 

of chances are the same (Kahneman and Tversky, 1979; Baron, 2000; Ariely, 2008). 
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Likewise, testosterone-treated rats show a substantial difference in subjective value assigned 

to a 1 pellet reward delivered at 100% probability (preferred in Wallin et al. 2015) and a 1 

pellet reward delivered at 90% probability (strongly disfavored in current study). 

Additionally, it is well known that choice architecture can influence decision behavior in 

humans. Both the relative value of available options (the reference effect) and increasing the 

number of options (choice overload) can alter behavior and result in suboptimal decision 

making (Ariely, 2008). Thus, the availability of 4 vs 2 choices may influence the contrasting 

preferences exhibited in PD and brIGT, and the difference in relative values between choices 

likely causes behavioral differences in brIGT compared to Zeeb et al. (2009). These 

phenomena are well-documented in human behavioral economic studies, and the current 

study suggests that rats are subject to some of the same cognitive biases as well.

In human patients, deficits on the IGT are seen with neurological damage to brain regions 

including the OFC, mPFC, and amygdala, suggesting these areas are important for optimal 

economic decision making (Bechara et al. 1999; Fellows and Farah, 2005). Animal studies 

have confirmed and clarified these associations, showing that mPFC inactivation or BLA 

lesion impair decision making on a rodent version of the IGT, increasing selection of the 

disadvantageous options (Zeeb et al. 2011 and 2015). Additionally, OFC lesions impair 

initial acquisition of the optimal strategy on the rodent IGT, suggesting that this brain region 

is required for the learning phase of a decision making task (Zeeb et al. 2011). In addition to 

supporting economic decision making behavior in the IGT, PFC is required for other types 

of decision making and executive function. For instance, both the mPFC and OFC are 

involved in cognitive flexibility (Floresco et al. 2008; Ghods-Sharifi et al. 2008). We have 

previously shown that testosterone impairs both set-shifting (dependent on mPFC) and 

reversal learning (supported by OFC; Wallin and Wood; 2015). Thus, it is not surprising that 

testosterone also impairs decision making on the brIGT, which likely depends on similar 

mesocorticolimbic brain circuitry.

Human imaging studies have also shown sex differences in OFC function during decision 

making. In an fMRI study, females exhibited more dynamic OFC activity than males during 

performance of the Risky Gains decision making task (Lee et al. 2009). In an fMRI study of 

the Ultimatum Game, a social economic decision making task, high testosterone levels 

correlated with both reduced OFC activity and with “aggressive” responses to unfair offers

—rejection of the offers, resulting in no monetary gain for either player (Mehta and Beer, 

2010). This suggests that decreased OFC activity mediated by testosterone is a likely 

candidate for impaired decision-making behavior in testosterone-treated rats. Altered OFC 

function may also underlie the striking increase in inactive lever responses by testosterone-

treated rats. The tendency to continue lever pressing after a loss (when no pellets can be 

earned) resembles perseverative behavior, which is associated with OFC dysfunction 

(Bechara et al, 2000) and high testosterone in human and animal studies (Broverman et al, 

1964; Andrew and Rogers, 1972). Continued responding after a loss does not reflect motor 

impulsivity, and we have previously found no effect of testosterone in a “go/no-go” task of 

impulsive behavior (Cooper et al. 2013). Furthermore, there is no effect of testosterone to 

increase general locomotor activity (Wallin-Miller et al, in press). It is worth noting that our 

model begins testosterone treatment in late adolescence to model the human condition of 

AAS use, as most AAS abusers begin use as teenagers or young adults (Pope et al, 2013). 
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Testosterone treatment may have different effects on decision making if not initiated until 

adulthood, when the underlying prefrontal cortical circuitry is mature (Spear, 2000). It is 

possible that adult rats may be more resilient to the effects of exogenous testosterone on 

decision making.

Our body of work investigating testosterone effects on decision making shows that AAS 

often increase the drive to go for a big payout despite the cost, above and beyond what is 

normal. In particular, testosterone-treated rats in the current study exhibited increased 

selection of a disadvantageous choice associated with large reward magnitude and low win 

probability, with the caveat that neither group of rats preferred the advantageous levers in 

this task. Likewise, problematic gambling in humans involves compulsive pursuit of large, 

tempting payouts despite the unlikely odds of winning. This study suggests a causal 

relationship between AAS use and problematic gambling, behaviors previously shown to be 

associated in human subjects (Proimos, 1998). The finding that testosterone increases risk-

taking behavior in a gambling paradigm also corresponds with trends observed in human 

populations. Among humans, males are twice as likely as females to be problem gamblers 

(Welte et al. 2015). Thus, it is possible that even normal levels of testosterone are conducive 

to maladaptive gambling behavior, perhaps explaining the preference for a large, risky 

reward exhibited by even our control rats (intact males). Furthermore, adolescents exhibit 

higher rates of problematic gambling than any other age group (Welte et al. 2015). 

Therefore, the increase in circulating gonadal hormones during adolescence may both 

facilitate problem gambling and render adolescents especially vulnerable to AAS effects on 

decision making and risk taking. This study reveals previously unknown side effects of AAS 

use, and highlights the association between drug abuse and behavioral addiction—common 

comorbidities. Both drug and gambling addiction are costly to individuals and society, and 

rodent models of substance abuse and decision making will be crucial to understanding the 

neurobiology underlying these disorders.
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Figure 1. 
Experimental design in brIGT. A: Location of levers and pellet cups in the operant chamber. 

B: Flow chart for each trial. See Methods for details. C: Reward profile for each lever. Pairs 

of identical values in each row are in bold.
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Figure 2. 
Lever choice behavior in rats playing brIGT as a proportion of total trials. Vehicle controls 

(Veh) are in open bars; testosterone-treated rats (Testo) are in closed bars. Cross indicates 

significant effect by RM-ANOVA.
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Figure 3. 
A: Win-Stay and B: Lose-Shift ratios in rats playing brIGT, including overall session ratios 

(left) and response ratios for individual levers (right). Vehicle controls (Veh) are in open 

bars; testosterone-treated rats (Testo) are in closed bars. Asterisk indicates significant 

difference by Student’s t-test. Cross indicates significant effect by RM-ANOVA.
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Figure 4. 
A: Total trials and B: pellets earned in rats playing brIGT. C: Responses on inactive levers 

after wins and losses. D: Trial omissions. Vehicle controls (Veh) are in open bars; 

testosterone-treated rats (Testo) are in closed bars. Cross indicates significant effect by RM-

ANOVA.
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