Supplementary information
Materials and methods

Brain cannulation: For behavioral testing, all rats were implanted with a guide cannula (26 gauge cannula; Plastics One, Roanoke, VA) targeting the lateral ventricle (LV) or the ventral tegmental area (VTA) under ketamine/xylazine anesthesia. The cannulas were positioned and attached to the skull with dental acrylic and jeweler's screws and closed with an obturator (Skibicka et al., 2011). The following coordinates were used for the LV: ±1.6 from the midline, 0.9 mm posterior to bregma, and 2.0 mm ventral to skull, with injector aimed 4.0 mm ventral to the skull; and for the VTA guide cannula: ±0.75 from the midline, 5.7 mm posterior to bregma, and 6.5 mm ventral from the surface of the skull, with injector aimed 8.5 mm ventral to skull. The LV placement was verified with the Angiotensin II drinking test. Briefly, Angiotensin II was injected at a dose of 20ng in 2µL of aCSF and water intake was measured immediately. Rats that drank at least 5ml of water in 30 min, were considered to have a correct cannula placement. The microinjection site for the VTA guide cannula was verified post mortem, by microinjection of India ink at the same microinjection volume (0.5μl) used throughout the study.

Gene expression

Ninety minutes after the ghrelin injection the brains were rapidly removed and the NAc, dorsal striatum, mPFC and OFC were dissected using a brain matrix, frozen in liquid nitrogen and stored at -80°C for later determination of mRNA expression. Individual brain samples were homogenized in Qiazol (Qiagen, Hilden, Germany) using a TissueLyzer (Qiagen). Total RNA was extracted using RNeasy Lipid Tissue Mini Kit (Qiagen) with additional DNase treatment (Qiagen). RNA quality and quantity was assessed by spectrophotometric measurements (Nanodrop 1000, NanoDrop Technologies, Wilmington, DE, USA). For cDNA synthesis, total RNA corresponding to 1µg was reverse transcribed in a total volume of 20µl using iScript cDNA synthesis kit (Bio-Rad Laboratories, CA, USA). All the cDNA reactions were run in duplicates and the duplicates were pooled together.  Real-time reverse transcription PCR was performed using TaqMan probe and primer sets for target genes (Life Technologies; Table 1). Gene expression values were calculated based on the ∆∆Ct method (Livak and Schmittgen 2001), where the vehicle-treated group was designated the calibrator. A combination of ß-actin and peptidylprolyl isomerase A was used as reference genes for the OFC. ß-actin was used as reference gene for the NAc, mPFC and dorsal striatum. 

Table 1. TaqMan probe and primer sets for target genes examined.

	Gene Symbol
	Gene Name
	Assay ID

	Actb
	actin, beta
	Rn00667869_m1

	Comt
	catechol-O-methyltransferase
	Rn00561037_m1

	Comt
	catechol-O-methyltransferase
	Rn01404927_g1

	Ddc
	dopa decarboxylase (aromatic L-amino acid decarboxylase)
	Rn00561113_m1

	Drd1
	dopamine receptor D1
	Rn00432253_m1

	Drd2
	dopamine receptor D2
	Rn01418275_m1

	Drd2
	dopamine receptor D2
	Rn00561126_m1

	Drd3
	dopamine receptor D3
	Rn00567568_m1

	Drd5
	dopamine receptor D5
	Rn00562768_s1

	Gad1
	glutamate decarboxylase 1
	Rn00566593_m1

	Grin1
	glutamate receptor, ionotropic, NMDA1 (zeta 1)
	Rn01436038_m1

	Grin2a
	glutamate receptor, ionotropic, NMDA2A (epsilon 1)
	Rn00561341_m1

	Grm1
	glutamate receptor, metabotropic 1
	Rn00566625_m1

	Grm2
	glutamate receptor, metabotropic 2
	Rn01447672_m1

	Grm5
	glutamate receptor, metabotropic 5
	Rn00566628_m1

	Htr1b
	5-hydroxytryptamine (serotonin) receptor 1B
	Rn01637747_s1

	Htr2c
	5-hydroxytryptamine (serotonin) receptor 2C
	Rn00562748_m1

	Htr3a
	5-hydroxytryptamine (serotonin) receptor 3a
	Rn00667026_m1

	Maoa
	monoamine oxidase A
	Rn01430950_m1

	Npy
	neuropeptide Y
	Rn01410145_m1

	Npy1r
	neuropeptide Y receptor Y1
	Rn02769337_s1

	Oprd1
	opioid receptor, delta 1
	Rn00561699_m1

	Oprk1
	opioid receptor, kappa 1
	Rn01448892_m1

	Oprm1
	opioid receptor, mu 1
	Rn01430371_m1

	Pdyn
	prodynorphin
	Rn00571351_m1

	Penk
	proenkephalin
	Rn00567566_m1

	Ppia
	peptidylprolyl isomerase A (cyclophilin A)
	Rn00690933_m1

	Slc6a3
	solute carrier family 6 (neurotransmitter transporter, dopamine), member 3
	Rn00562224_m1

	Nrg3
	neuregulin 3
	Rn01420566_m1


Three tests of impulsive behavior in rodents were used to assess the role of ghrelin in impulsivity behavior. Each test was performed in a separate group of rats. 
Differential reinforcement of low rate (DRL)

Differential-reinforcement-of-low-rate (DRL) schedules are used to maintain a low rate of responding because a reinforcer is provided only when a response is made after a specified, predetermined time interval has elapsed. The DRL procedure was modified from 
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(Peterson et al., 2003)
. Rats were first trained on a fixed ratio 1 schedule (FR1) to press either the left or right lever to obtain one food pellet (session-performance criteria of 50 rewarded trials). Most rats reached the criterion of 50 lever presses in five sessions, over five days. After FR1 the rats graduated to FR3, most rats reached the criterion of 50 lever presses in one session. Rats were then trained on the DRL procedure. The initial time limit was 5 seconds so the rats had to wait 5 seconds after pressing the lever before they could press and get a reward (up to 8 sessions). After >50 pellets were earned in two consecutive sessions, the rat advanced to 10 seconds (2 sessions) and followed by 20 seconds. After the introduction of the 20s interval, the rats received LV or VTA cannulation. Before the initiation of injections/testing, the rats were allowed to reestablish a reliable baseline on the 20s DRL (up to 20 sessions). DRL training was always run 1 session per day. For DRL-20 the training was performed until the average efficiency of the performance did not differ by more than 15% for three consecutive training sessions. The sessions lasted for 1h and terminated after 1h had elapsed, alternatively they would terminate if a rat earned more than 100 rewards, but none of the rats in the study reached that level of rewards earned. The rat was not reinforced for the premature presses, thus pressing prematurely resulted in a wasted effort (and loss of efficiency); the trial clock was not reset at this point. Impulsivity, or the inability to withhold a response, was assessed by the efficiency of the performance -ratio between the responses rewarded with a food pellet and total responses (rewarded + incorrect).
Delay discounting

The delay discounting procedure was modified from (Mar and Robbins, 2007). Rats were first trained to press either the left or right lever to obtain one food pellet (session-performance criteria of 60 rewarded trials (30 per lever)). Rats were then trained on the delay-discounting procedure. Each session comprised 60 trials (five 12-trial blocks). Each block began with two forced trials in which only one lever was presented (randomly left or right per trial pair), followed by 10 choice trials in which both levers were presented. Each rat had one lever designated (counterbalanced) as immediate (associated with one, immediate pellet) and one lever as delay [associated with four pellets, delivered after a delay that was increased progressively (0, 10, 20, 40, 60 s) between successive blocks]. Trial onset was signaled every 100 s by illumination of the house and receptacle lights, after light on rats had the opportunity to press the lever. Failures to lever-press within 10 s were deemed omissions and the chamber reset to the intertrial interval (ITI) state—all lights extinguished and levers retracted—until the next trial. Following lever-presses, levers were retracted and the house light extinguished. Reward delivery coincided with 6 s illumination of the light above the pressed lever followed by the ITI state. After 30 days of daily delay discount training rats exhibited a significant amount of omissions during the last two delay intervals. In order to reduce this inactivity the amount of choice trials per delay was reduced from 10 to 8, and subsequently the last delay of 60 s was also removed. Performance was judged to be stable when there was no significant difference in choice of large rewards over 3 consecutive sessions. For all delay discount experiments, including the mock delay discount task all rats were trained and maintained at 70% ad libitum intake, with the exception of the experiment testing the impact of altered levels of deprivation on the delay discount performance where rats were acutely deprived to 50% of their intake.
Results

For each impulsivity test the training baseline was compared to the performance of the same rats injected with vehicle. Overall no significant impact of the brain-infusions alone was found on the core parameters of impulsivity in each test.  In the DRL test the number of rewards earned (65±3.9 and 60±3.6 for injected and non-injected rats respectively, p<0.25), number of active lever presses (202±11.9 and 192±17.6 for injected and non-injected rats respectively, p<0.62), or the efficiency of the performance (33%±3 and 35%±4 for injected and non-injected rats respectively, p<0.65) did not differ between rats that were injected with vehicle and those that were handled in the same manner as the vehicle injected rats, except they did not receive any injections.  In the go/no-go test the number of rewards earned during go sessions (18±3.9 and 25±6.7 for injected and non-injected rats respectively, p<0.36), number of active lever presses during go (109±24.5 and 133±34.7 for injected and non-injected rats respectively, p<0.56) or the number of active lever presses during no-go (9±4.3 and 17±5.5 for injected and non-injected rats respectively, p<0.23) did not differ between rats that were injected with vehicle and those that were handled in the same manner as the vehicle injected rats, except they did not receive any injections. The total number of inactive lever presses (8±2.0 and 3.3±0.8 for injected and non-injected rats respectively, p<0.02) was higher in vehicle-injected rats compared to non-injected rats.  For delay discount two-way ANOVA (delayXinjection) indicated a significant effect of delay (F (3, 75) = 90.18; P < 0.0001), but no significant effect of injection (F (1, 25) = 0.03154; P = 0.8605), or no significant interaction between the two factors (F (3, 75) = 0.6827 P = 0.5654). The following values were obtained for non-injection vs injection. 0s delay: 62.98 and 60.56, 10s delay: 36.54 and 34.00, 20s delay:  15.38 and 18.41, 40s delay:  5.288 and 9.410.
During the delay discount task changing the level of food deprivation did not result in altered impulsivity behavior. Rats maintained daily on 70% of their ad libitum chow intake did not alter their impulsivity behavior when their daily chow ratio got reduced to 50% (Figure S2).  Two-way ANOVA (delayXrestriction level) indicated a significant effect of delay (F (3, 60) = 32.05; P < 0.0001), but no significant effect of food deprivation (F (1, 20) = 0.8594; P = 0.3650) or significant interaction between the two factors (F (3, 60) = 0.7729; P = 0.5137). These results demonstrate that increasing the level of food deprivation in the delay discount task, in contrast to the DRL task, does not produce the same behavioral effects as ghrelin administration further supporting the specific conclusions about the impact of ghrelin on impulsivity behavior in the delay discount task.
Ghrelin did not change any of the measured parameters in the mock delay discount task (Figure S3). Ghrelin did not change choice measured in the mock delay discounting task. Two-way ANOVAs (mock delay X ghrelin) did not detect any significant interaction, effect of mock delay or ghrelin: (F (3, 24) = 1.474; P = 0.25, F (3, 24) = 2.037; P = 0.14, F (1, 8) = 0.027; P = 0.87. Ghrelin did not change the amount of large rewards obtained when offered with no delay in any of the trial blocks early or late during the session. Two-way ANOVAs (mock delay X ghrelin) did not detect any significant interaction, effect of delay or ghrelin: (F (3, 24) = 1.474; P = 0.25, F (3, 24) = 2.037; P = 0.14, F (1, 8) = 0.027; P = 0.87 respectively. Even though in the normal delay discount ghrelin slightly increased the number of rewards earned and percent choice for large rewards during the first 0 delay block, this effect was not significant during the mock delay. However when 0 delay results are compared statistically for the normal and mock experiments, no significant differences are detected in either the % choice or the number of rewards earned (two-way ANOVA ghrelin or vehicle 0 delay X mock vs normal experiment: choice: F (1, 66) = 0.2855, P = 0.5949; F (1, 66) = 0.08026, P = 0.7778; F (1, 66) = 0.5096, P = 0.4778 for the interaction between drug effect and experiment, or for the effect of experiment or drug respectively, rewards F (1, 64) = 0.9954, P = 0.3222, F (1, 64) = 0.5760, P = 0.4507; F (1, 64) = 1.32, P = 0.2541 for the interaction between drug effect and experiment, or for the effect of experiment or drug respectively) confirming the similarity of behavior during this first 0 delay block between these two experiments. Ghrelin also did not significantly affect the latency to press the lever. Two-way ANOVAs (mock delay X ghrelin) did not detect any significant interaction, effect of delay or ghrelin: (F (3, 24) = 0.2638; P = 0.85, F (3, 24) = 0.4662; P = 0.71, F (1, 8) = 5.275; P = 0.05 respectively. There were no significant differences in omission rates (the average choice omission rate was 0 for both ghrelin and vehicle-injected groups). However when the rats were offered chow immediately after the test ghrelin significantly increased the intake of chow indicating that ghrelin injection was effective and also that the rats were still capable of ingesting a significant amount of food after the delay discount test.
Figure legends:

Figure S1: While ghrelin increased impulsive choice measured in the delay discounting task it did not change the latency to press the lever during this task (A). Two-way ANOVA (delayXghrelin) indicated a significant effect of delay (F (3, 75) = 3.754; P < 0.05), but no significant effect of ghrelin (F (1, 25) = 2.323; P = 0.1401) or significant interaction between the two factors (F (3, 75) = 0.7204; P = 0.5429). It did significantly alter the number of choice trials that the rats competed, where surprisingly ghrelin slightly increased the amount of trials omitted at the two longest delays (20s and 40s) (B). Two-way ANOVA (delayXghrelin) indicated a significant effect of delay (F (3, 75) = 11.79; P < 0.0001), significant effect of ghrelin (F (1, 25) = 8.503; P = 0.0074), and a significant interaction between the two factors (F (3, 75) = 3.204; P = 0.0279). Since at the 10s delay ghrelin significantly and potently reduced the choice for larger delayed rewards, but did not change the number of omitted trials, the two results can still be separated within this test. During the choice trials the ghrelin-injected rats omitted on average one extra trial compared to the vehicle-injected rats. This may seem surprising since ghrelin should also make the rats hungry and therefore increase the motivation to complete the trials. Nonetheless these results further support the idea that motivational drive or hunger are not the main driver of the behavior during the delay discounting task at the larger delays. Data are expressed as mean ±SEM. n=26 per each treatment group. 
Figure S2: Changing the level of food deprivation does not result in altered impulsivity behavior in the delay discount test. Rats maintained daily on 70% of ad libitum food intake did not alter their impulsivity behavior when their daily chow ratio was reduced to 50%. Data are expressed as mean ±SEM. n=21 per each treatment group. 
Figure S3: Impact of ghrelin on a no delay version of the delay discount tsk. Ghrelin did not change choice measured in the mock delay discounting task (A). Ghrelin did not change the amount of large rewards obtained when offered with no delay in any of the trial blocks early or late during the session (B). It also did not significantly affect the latency to press the lever (C). However when the rats were offered chow immediately after the test ghrelin significantly increased the intake of chow indicating that ghrelin injection was effective and also that the rats were still capable of ingesting a significant amount of food after the delay discount test (D). Data are expressed as mean ±SEM. n=9 per each treatment group. 
Figure S4: Ghrelin-induced changes in the expression of OFC genes previously associated with impulsivity behavior. (A) Genes associated with glutamate signaling in the OFC. Ghrelin treatment reduced the expression of GRM2 glutamate receptor, metabotropic 2, leaving the remaining glutamate receptors tested intact. (B) No significant changes were detected in genes associated with the serotonergic or opioid signaling (C). Neuropeptide Y (Npy) receptor 1 levels were increased by ghrelin. Data are expressed as mean ±SEM. n=20-24 per each treatment group. # p<0.1, * p<0.05. 
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