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inhibiting BLA-to-NAc fibers during cue-reward pairing caused an attenuated response to 

reward cue and subsequent intake of natural rewards (Stuber, Sparta et al. 2011). 

Moreover, BLA neural responses to reward cues precede those of NAc neurons and cue-

evoked activation of NAc neurons is dependent on BLA inputs (Ambroggi, Ishikawa et 

al. 2008). As a result, future studies will investigate the neural activity and plasticity in 

the BLA following sexual experience and further investigate the importance BLA 

projections to the NAc in reward seeking. In addition, our data showing sexual 

experience produced a sensitized drug reward suggests that there still may be important 

change in projections from the mPFC to the NAc since these inputs are thought to 

modulate compulsive reward-seeking behavior (McFarland, Lapish et al. 2003; Kalivas 

and Volkow 2005). Clearly, there is great potential for future investigations into the role 

of glutamate - originating from the mPFC or BLA - in sex experience-induced 

neuroplasticity in the NAc. 

 

Although the set of studies included in my thesis provide a critical and in-depth 

investigation into the underlying cellular and molecular mechanisms mediating 

neuroplasticity induced by sexual experience and subsequent reward abstinence, many 

questions remain. Future studies will build on some of the major findings of this thesis in 

order to advance the breadth of knowledge on mechanisms mediating natural reward 

experience-induced neuroplasticity. Together, the studies included in this thesis and 

proposed future studies will be critical for further understanding reward and 

reinforcement in general, and how the reward system ‘malfunctions’ following drug 

reward leading to drug addiction.  
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Figure 7.1. Thesis summary figure. Schematic illustrating the number of neural and 

behavioral alterations that occur following sexual experience and subsequent reward 

abstinence. 
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Supplemental Information for Chapter 2 
 

 

 

Supplemental Figure 1. Sexually experienced animals in experiment 2 showed a greater 

locomotor response to the sex-paired environment after the first day of mating. Data are 

presented as mean ± SEM of total number of crossovers over 15 minutes prior to 

introduction of a female. Data for experienced animals on Day 4 are missing due to 

computer failure. * indicates statistical significant difference between experience and 

naïve groups (p < 0.05). 

 

Supplemental Figure 2. Locomotor response during the first 30 minutes of the test of 

sexually experienced and naïve animals to SAL or AMPH injection one day (A), one 

week (B) or one month (C) following the pre-test mating sessions. No differences in 

responses to AMPH were found between experienced and naïve animals, in contrast with 

the sensitized response during the subsequent 60 minutes (Figure 2.2). Mean ± SEM of 

total number of crossovers during the first 30 minute time interval after injection.* 

indicates statistically significant difference between AMPH and SAL (p < 0.05). 
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Supplemental Figure 3. Animals in experiment 1 that did not mate to ejaculation do not 

show a sensitized locomotor response. Shown are locomotor responses of sexually 

experienced (Exp), naïve (Naïve) animals, and animals that only mounted and/or 

intromitted (M/I; n = 6) during mating sessions, to saline or AMPH one week after final 

mating session. Mean ± SEM of total number of crossovers over 90 minutes. These data 

are also found in Figure 2.2 except for M/I group. * indicates statistically significant 

difference between AMPH and saline. # indicates statistically significant difference 

between experienced and naïve groups (p < 0.05). 

 

Supplemental Experiment 1 

Methods: The purpose of this experiment was to test if social and sexual interactions that 

do not include ejaculation result in behavioral sensitization to AMPH. Sexually naïve 

male rats (Sprague Dawley) were divided into 4 groups and received the following 

treatment during five consecutive days in mating test cages: 1. Mate with receptive 

female to 1 ejaculation (n = 7); 2. Mate with receptive female to 8 intromissions (n = 8); 

3. Exposure to scents of receptive female placed on top of the cage (n = 7); 4. Control 

(handled, housed in the same room, but no direct exposure to females; n = 8). Six days 
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after last treatment, animals received three days of saline injections and were placed in 

the locomotor activity chamber (Med Associates Inc., St Albans, VT, USA) for 60 

minutes. Locomotor activity on the third day served as the baseline saline response 

measure. On the following day (10 days following last treatment day), all animals 

received 0.5 mg/kg AMPH (s.c.), were placed in the locomotor activity chambers and 

total distance traveled (in centimeters) in a period of 60 minutes was measured. All drug 

and behavior treatments and activity analysis were performed during the first half of the 

dark phase. 

 

Results: Locomotor response to AMPH was significantly increased (sensitized) in males 

allowed to mate to ejaculation, confirming our previous findings (supplementary figure 

4). In contrast, display of intromissions or access to female scents did not cause sensitized 

responses to AMPH. In conclusion, ejaculations are essential for the development of 

locomotor sensitization to AMPH induced by sexual experience. These findings indicate 

that alterations of the mesolimbic system induced by mating are dependent on display of 

ejaculation; thus, not caused by social or sexual interactions that do not include 

copulation to ejaculation. 
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Supplemental Figure 4. Locomotor response of animals exposed to the scent of 

receptive females (Scent), restricted mating to only mounts and intromissions (M/I), 

mated to ejaculation (Exp), or controls (Naïve), to saline (sal) or amphetamine (amph). 

Mean ± SEM of total distance traveled (cm) over 60 minutes. * indicates statistically 

significant difference between Exp amph and M/I amph groups. # indicates statistically 

significant difference between Exp amph and Naïve amph groups (p < 0.05). 
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Supplemental Information for Chapter 3 
 

 

Supplemental Table 1. Behavioral paradigm used in experiment 1 to test the effects of 

sexual experience, and consequential deltaFosB induction, on the induction of the 

immediate-early gene c-fos by sexual behavior. Animals were intracardially perfused 

either 1 hour (NS, ES) or 18-24 hours after final mating session (NNS, ENS). 

 

Group Day 1 Day 2 Day 3 Day 4 Day 5 Final Day 

Naïve No Sex - - - - - perfusion 

Naïve sex 

(NS) 

- - - - sex; 

perfusion 

 

Experienced 

no sex (ENS) 

sex sex sex sex sex perfusion 

Experienced 

sex (ES) 

sex sex sex sex sex; 

perfusion 

 

 

 

 

Supplemental Table 2. Sexual behavior data for animals in experiment 1 (mean ± sem). 

Animals were sacrificed either 1 hour (NS, ES) or 18-24 hours (ENS) after first (NS) or 

fifth (ENS, ES) mating session (n = 6/group). *indicates significant difference from first 

mating session. No significant differences were detected between groups for any 

behavioral measures within the appropriate mating session.  Sexual behavior measures: 

ML, mount latency; IL, intromission latency; EL, ejaculation latency; M, number of 

mounts; IM, number of intromissions. 
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Group Sexual 

Behavior 

Measure 

Mating 

Session 1 

Mating 

Session 2 

Mating 

Session 3 

Mating 

Session 4 

Mating 

Session 5 

Experienced 

No Sex 

ML 207 +/-11 70 +/- 27* 108 +/- 

41 

23 +/- 9* 19 +/- 8* 

IL 207 +/- 11 82 +/-  32* 118 +/- 

43 

23 +/- 9* 19 +/- 8* 

EL 1105 +/- 

356 

369 +/- 62* 789 +/- 

399 

355 +/- 74* 298 +/- 

117* 

M 9 +/- 5 7 +/- 3 13 +/- 4 3 +/- 2 2 +/- 1 

IM 16 +/- 3 16 +/- 3 25 +/- 9 19 +/- 1 10 +/- 1 

Experienced 

Sex 

ML 389 +/- 119 84 +/- 35* 162 +/- 

126 

43 +/- 17* 73 +/- 33* 

IL 392 +/- 117 118 +/- 56* 165 +/- 

129 

50 +/- 18* 101 +/- 

46* 

EL 1008 +/-  

242 

769 +/-  

348* 

746 +/- 

336 

442 +/- 

151* 

303 +/- 

71* 

M 8 +/- 3 18 +/- 9 16 +/- 8 9 +/- 3 4 +/- 2 

IM 13 +/- 1 16 +/- 3 18 +/- 4 18 +/- 7 9 +/- 2 

Naïve Sex ML 329 +/- 182 - - - - 

IL 373 +/- 175 - - - - 

EL 792 +/- 217 - - - - 

M 6 +/- 2 - - - - 

IM 11 +/- 2 - - - - 
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Supplemental Figure 1. Schematic drawings illustrating the area of analysis (indicated 

by the boxes) of deltaFosB-IR in the caudate putamen (CP; B), and nucleus accumbens 

core and shell at rostral (A), middle (B) and caudal (C) levels. Abbreviations: C, NAc 

core; S, NAc shell; ac, anterior commissure; LV, lateral ventricle; cc, corpus callosum. 
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Supplemental Figure 2. Schematic drawings illustrating the area of analysis (indicated 

by the boxes) of deltaFosB-IR in the ventral tegmental area at rostral (A), middle (B), 

caudal (C) and tail levels (D). Abbreviations: ML, medial lemniscus; FR, fasciculus 

retroflexus; pc, posterior commissure; AQ, cerebral aqueduct; SC, superior colliculus; 

PAG, periaqueductal grey; PH, posterior hypothalamus; MGv, medial geniculate ventral 

part; cpd, cerebral peduncle; RN, red nucleus; IPN, interpeduncular nucleus; MM, medial 

mammary nucleus. 



244 

 

 

 

 

Supplemental Figure 3. Schematic drawings illustrating the areas of analysis (indicated 

by the boxes) of deltaFosB-IR in the medial prefrontal cortex (A) and medial preoptic 

nucleus (B). Abbreviations: cc, corpus callosum ac, anterior commissure; ACA, anterior 

cingulate area; PF, prelimbic area; IL, infralimbic; MPN, medial preoptic nucleus; MPO, 

medial preoptic area; LV, lateral ventricle; AQ, cerebral aqueduct; CP, caudate putamen; 

fx, fornix; BST, bed nucleus of the stria terminalis; GPe, globus pallidus external 

segment; och, optic chiasm; ec, external capsule.  
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Supplemental Figure 4. Representative NAc section showing DAB-GFP staining for 

injection site verification. Abbreviations: AC, anterior commissure; LV, lateral ventricle. 
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Supplemental Information for Chapter 5 

Supplemental Experiment 1 

Methods: Methods described in section 5.2.3. 

Results: Data described in 5.3.1.  

 

Supplementary Figure 1. Sexual experience does not alter circularity of VTA DA 

neurons (1D: Naive, Exp, n = 6; 7D: Naive, n = 5, Exp, n = 6; 31D: Naive, n = 6, Exp, n 

= 8). Data represent mean ± SEM. 

 

Supplemental Experiment 2 

Methods: To determine which elements of sexual behavior are essential for the sex 

experience-induced decrease in VTA DA soma size, animals were exposed to different 

elements of sexual behavior and then analyzed for reduced VTA DA soma size. During 5 

consecutive days, male rats either mated to one ejaculation as described in experiment 1 

(n = 4; including group average of 17 intromissions per mating session), exposed to odors 

from an estrous female placed on top of their cages (n = 4), mated including mounts and 

intromissions, but no ejaculation (n = 4; females were removed after display of 6 

intromissions), or handled as described in experiment 1 (n = 4; sexually naïve controls). 

All animals were perfused with paraformaldehyde (as described in experiment 1) 7 days 
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after the last day of mating. Sectioning and immunohistochemistry for DA soma size 

were conducted as described above in experiment 1. Data were analyzed by one-way 

ANOVA (factor: mating) followed by post hoc analysis using Holm-Sidak method. 

 

Results: Mating caused a significant decrease in perimeter (F(3,12) = 3.56; p = 0.048) and 

a trend toward a decrease for area (F(3,12) = 3.56; p = 0.060). Pairwise comparisons with 

naïve controls revealed a significant reduction in soma size was only detected in males 

that mated to ejaculation (supplemental figure 2: A, area, p = 0.033; B, perimeter, p = 

0.007). In contrast, exposure to an estrous female, or display of mounts and intromissions 

did not result in a significant reduction of VTA DA soma size (Female: area, p = 0.164, 

perimeter, p = 0.133; Intro, area, p = 0.251, perimeter, p = 0.162). 

 

 

 Supplemental Figure 2. VTA DA cell area (A) and perimeter (B) in animals that mated 

to ejaculation (Ejac), exposed to female odors (Estrous), displayed mounts and 

intromissions (Intro), or remained sexually naïve (Naïve) (n = 4/group). Data represent 

mean ± SEM. * indicates significant difference compared to sexually naïve controls.  
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Supplemental Experiment 3  

Methods: To determine whether mating had to occur daily for the sex experience-

induced VTA DA soma size reduction, a different mating paradigm was tested consisting 

of bi-weekly mating sessions, but consisted of the same number of total mating sessions 

(5). Animals were euthanized 1 day after final mating session. Sectioning and 

immunohistochemistry for VTA DA soma size were conducted as described in 

experiment 1. Area and perimeter data were compared between sexually naïve (n = 8) 

and sexually experienced (n = 8) groups using t-tests.  

 

Results: Reduced VTA DA soma size in terms of area and perimeter were detected in 

sexually experienced animals compared to naïve control following a mating paradigm 

consisting of bi-weekly mating sessions (supplemental figure 3: area, p = 0.004; 

perimeter, p < 0.001). Therefore, the reduction in VTA DA some size is an outcome of 

sexual experience independent of the frequency of mating. 

 

Supplemental Figure 3. Fold change in VTA DA soma area and perimeter in sexually 

naïve (white) and experienced (black) animals. Data represent mean ± SEM. * indicates 

significant difference compared sexually naive controls.  
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Supplemental Experiment 4  

Methods: To determine whether the reduced VTA DA soma size caused by sexual 

experience was associated with decreased TH expression in the VTA, Western Blot 

analysis was used to measure TH levels in sexually experienced (n = 5) and naïve (n = 5) 

males. 

 

Tissue Collection and Protein Isolation 

Male rats received sexual experience or were handled (naïve) as described above. One 

day after last mating or handling session, animals were deeply anesthetized using sodium 

pentobarbital (270 mg/kg; i.p.). Brains were rapidly removed, frozen on dry ice, and 

stored at -80
o
C until processing. The VTA was microdissected and homogenized 

mechanically in RIPA buffer [50 nM Tris-HCl; 150 mM NaCl; 1% Nonidet P 40; 0.1% 

sodium dodecyl sulphate (SDS); 0.5% sodium deoxycholate] supplemented with a 

protease inhibitor cocktail tablet (Roche, Indianapolis, IN, USA). The homogenized 

mixture was centrifuged at 12 000 rpm for 20 min at 4
o
C and supernatant collected. 

Protein concentrations were determined using a BCA assay (ThermoFisher Scientific, 

Waltham, MA) and a NanoDrop ND-1000 spectrophotometer (ThermoFisher Scientific).  

 

Western Blot Analysis 

Protein samples (10 g) were boiled at 96
o
C for 4 minutes using an Accublock Digital 

Dry Bath (Labnet International, Edison, NJ, USA) and loaded on a 10% polyacrylamide 

gel and separated under reducing conditions using a Mini Trans-Blot Cell system (Bio-

Rad) and Tris-Glycine-SDS running buffer [25mM Tris, 192 mM Glycine, 0.1% SDS 
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(pH8.3)]. Precision Plus protein All Blue standards (Bio-Rad) were used as molecular 

weight markers. Following separation, proteins were transferred to Millipore Immobilon-

FL polyvinylidene difluoride membranes  (PVDF; Millipore, Billerica, MA, USA) using 

the Trans-Blot Cell wet blotting system (Bio-Rad) for immunoblotting. The protein 

transfer form gel to membrane was in transfer buffer (20% methanol and 0.037% SDS in 

Tris-Glycine [25 mM Tris, 192 mM Glycine (pH 8.3)]) (Bio-Rad) at 82 V for 1 hr at RT. 

All samples were run in triplicate, and balanced across groups and individual gels. 

 

Next, membranes were incubated in a 2:3 solution of Odyssey Blocking Buffer 

(LI-COR Biosciences, Lincoln, NE, USA) and Tris-Buffered Saline (TBS; 50 mM Tris 

and 150 mM NaCl (pH 8.0)) for 1 hr on a shaker tray at RT. Membranes were then 

individually incubated for 16 hr on a shaker at 4
o
C with mouse polyclonal anti-TH 

(1:200K; AB152; Millipore, Temecula, CA) and mouse anti-GAPDH (1:20K, MAB374; 

Millipore, Temecula, CA, USA) and for 1 hr in IR Dye 800 CW-conjugated goat anti-

mouse (1:10K; L-COR Biosciences). All antibodies were diluted in a 2:3 mix of Odyssey 

Blocking Buffer with TBS-T (TBS + 0.05% Tween-20 (pH 8.0))  

 

Quantification and statistical analysis 

Bands of fluorescent immunoreactivity were visualized and images captured using an 

Odyssey 2.1 scanner (LI-COR Biosciences). For each protein sample, fluorescence 

intensity levels for each band (supplemental figure 4B: TH, 62 kDa; GAPDH 35-37 kDa) 

were determined using the Odyssey software. Ratios of TH/GAPDH were determined for 

each protein sample and averages calculated for each animal. Ratios for each animal were 
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expressed as a fold change over the mean of the naïve control group to calculate group 

mean. Sexually experienced and sexually naïve groups were compared using unpaired t-

tests with a significance level of 0.05. 

 

Results: Sexual experience did not alter TH protein expression in the VTA (supplemental 

figure 4A; p = 0.37). Hence, the reduction in VTA DA soma size caused by sexual 

experience is not correlated with loss of TH protein expression or immunoreactivity. 

 

 

Supplemental Figure 4. A, VTA TH/GAPDH expressed as fold change over the mean 

of sexually naïve control group. B, Representative bands for TH and GAPDH in sexually 

experienced and naïve males.  Data represent mean ± SEM.  

 

Supplemental Experiment 5 

Methods: To determine whether the reduced VTA DA soma size caused by sexual 

experience altered basal DA levels in the NAc, High Performance Liquid 

Chromatography (HPLC) and electrochemical detection were used to measure NAc DA 

levels in sexually experienced (n = 7) and naïve (n = 7) males. 
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Tissue Collection and Protein Isolation 

Animals were deeply anesthetized using sodium pentobarbital (270mg/kg; i.p.) 7 days 

after final mating session. Following decapitation, each brain was rapidly removed and 

immediately placed into ice-cold saline. Bilateral NAc was dissected using a rat brain 

matrix (ASI Instruments, Warren, MI, USA) and scalpel blade according to NAc 

boundaries defined by Paxinos & Watson (1998). NAc samples were immediately frozen 

on dry ice and stored in -80
o
C until processing. NAc samples were thawed, weighed and 

homogenized in a Tissuemiser (ThermoFisher Scientific) on ice in 400 µL of internal 

standard solution [600pg/µL dihydroxybenzylamine (Sigma-Aldrich, St. Louis, MO, 

USA), 1.6 mM ethylenediaminotetraacetate, 8mM sodium metabisulfate and 0.05M 

perchloric acid]. The homogenate was centrifuged at 14 000 rpm for 5 min at 4
o
C. The 

supernatant was collected and filtered through a 0.22 µm syringe before analysis. 

 

High Performance Liquid Chromatography 

NAc tissues were assayed using HPLC with electrochemical detection for DA. Processed 

tissue samples were separated on an ESA HPLC column (HR-80 33.2, 3 mm particle 

size, 80 mm length; ESA Biosciences, Chelmsford, MA, USA) with a mobile phase 

consisting of 75 mM NaH2PO4, 0.2 mM EDTA, 2.0 mM OSA (1-octanesulfonic acid 

sodium salt monohydrate, Fluka Cat#74882), and 15% methanol (pH 3.0). Flow rate 

through the column was set to 0.7 mL/min. DA was quantified using a coulometric 

detector (Coulochem III, ESA Biosciences) equipped with a high-sensitivity analytical 

cell containing dual coulometric working electrodes (ESA model #5014B). The detector 

settings were as follows: detector 1 - 75 mV and detector 2 +100 mV. Output from 
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detector 2 was used for DA quantification. Chromatograms were integrated using an 

internal standard calibration on a HP 3396 integrator. 

 

Quantification and statistical analysis 

The amount of DA and 3,4-Dihydroxyphenylacetic acid (DOPAC; DA metabolite) were 

expressed ng/mg. Amount for each animal was normalized to sexually naïve controls and 

thus expressed as a fold change over the mean of naïve controls. Data were analyzed 

between sexually experienced and sexually naïve controls using unpaired t-tests with a 

significance level of 0.05. 

 

Results: Reduced VTA DA soma size was detected up to 7 days after final mating 

session. To investigate the effect of this reduced soma size on the function of these DA 

neurons, DA levels in the NAc were measured. Levels of DA were significantly 

decreased (p = 0.049), whereas levels of DOPAC trended towards a decrease (p = 0.09) 

in sexually experienced animals compared to naïve controls (supplemental figure 5). 

Therefore, reduced VTA DA soma size is associated with decreased DA in the NAc.  
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Supplemental Figure 5. Levels of DA and DOPAC of sexually experienced animals 

expressed as fold change over the mean of sexually naïve control group. Data represent 

mean ± SEM. * indicates significant difference compared to sexually naïve controls.  

 

Supplemental Experiment 6 

Methods: To determine whether it was NLX treatment when paired with sexual 

experience and not repeated to NLX alone that causes impairment of sexual behavior 7 

days after last treatment, sexually naïve animals received either NLX (10 mg/kg; s.c.) or 

saline injections on 5 consecutive days prior to a mating test 7 days after final injection. 

On this final test day, animals did not receive any injection. Sexual behavior was 

observed and recorded. Parameters of mating were compared between groups using 

unpaired t-tests. For all statistical tests a probability value less than 5% was considered to 

be statistically significant.  

 

Results: No significant differences were detected for any mating parameter between 

saline and NLX pre-treated groups (supplemental figure 6: A, ML, p = 0.753; B, IL p = 
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0.773; C, EL, p = 0.547). These results indicate that NLX alone is not sufficient to alter 

subsequent sexual behavior. Rather, NLX paired with sexual behavior is required for the 

loss of experience-induced facilitation of sex behavior. 

 

 

Supplemental Figure 6. Latencies to mount (A), intromission (B) and ejaculation (C) for 

animals that received pretreatment with either NLX or Saline for 5 consecutive days, 7 

days before mating. Data represent mean ± SEM.  

 

Supplemental Experiment 7 

Methods: In experiment 4, it was demonstrated that NLX action during sexual behavior 

blocked the sex experience-induced facilitation of sexual behavior when tested 7 days 

after last mating session on Test day. On Test day, animals did not receive an injection. 

In order to show that altered sexual behavior on Test day was not due to the absence of 

NLX, we administered either NLX or saline on the Test day to animals that received 

NLX with mating while they gained sexual experience (supplemental figure 7A: 

experimental design). Specifically, all animals received NLX injection (10 mg/kg, s.c.) 

30 minutes prior mating to one ejaculation during 5 consecutive days as described in 

experiment 1. On test day (7 days later), animals received an injection of NLX (10 
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mg/kg, n = 7) or saline (n = 6) 30 minutes before introduction of a receptive female. 

Sexual behavior was observed and recorded.  

 

Parameters of mating were compared to determine whether NLX affected either 

sex experience-induced facilitation of mating (day 1 vs day 5) or maintenance of this 

facilitation (day 5 vs test) using a two-way ANOVA (factors: treatment (saline versus 

NLX) and day (day 1, day 5 or test)) and Holm-Sidak method for post hoc comparisons. 

For all statistical tests a probability value less than 5% was considered to be statistically 

significant.  

 

Results: There was a significant main effect of mating day on latencies to mount (F(2,27) = 

30.031; p = 0.038) and intromission (F(2,27) = 10.686; p = 0.048). Similar to experiment 4, 

NLX treatment during mating did not affect the facilitation of sexual behavior during the 

5 sexual experience sessions. Both NLX and saline groups (both received NLX during 

mating) demonstrated facilitated sexual behavior on day 5 compared to day 1 showed 

significantly shorter latencies to first mount (supplemental figure 7B: Sal, p = 0.033; 

NLX, p = 0.014) and intromission (supplemental figure 7C: Sal, p = 0.034; NLX, p = 

0.026). Both groups had longer latencies to mount (supplemental figure 7B: Saline, p = 

0.018; NLX, p = 0.029) and intromission (supplemental figure 7C: Saline, p = 0.019; 

NLX, p = 0.020) on test day compared to the fifth day of sex experience. Therefore, the 

administration of NLX or saline on the test day immediately prior to mating did not 

influence the effect of NLX treatment during sexual experience sessions and attenuation 
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of long-term facilitation of sexual behavior was identical to that shown in animals that 

did not receive any injection on Test day (experiment 4). 

 

 

Supplemental Figure 7. A, Experimental design for supplemental experiments 7. 

Latencies to mount (B) and intromission (C) on day 1 and day 5 for two groups that both 

received systemic NLX during each of five consecutive days of mating. In addition, data 

are shown for the final test day, 7 days following day 5, when animals were administered 

either Saline (dark grey) or NLX (black). Data represent mean ± SEM. * indicates 

significant difference between day 1 and day 5 within treatment. # indicates significant 

difference between Test day and day 5 within treatment.  
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Supplemental Experiment 8 

Methods: We hypothesize that NLX treatment during the acquisition of sexual 

experience disrupts the long-term expression of sex experience-induced facilitation of 

sexual behavior. To test this further, the effects of NLX treatment during mating was 

tested on subsequent sexual behavior during a final Test day, which was conducted only 

1 day after last mating (supplemental figure 8A: experimental design). The design was 

similar to that described in experiment 4 and supplemental experiment 7. 

 

Results: There was a significant main effect of mating day on mount (F(2,20) = 19.780; p < 

0.001) and intromission latencies (F(2,20) = 19.041; p < 0.01). Similar to experiment 4 and 

supplement experiment 7, NLX treated males showed facilitation of sexual behavior 

during the 5 sexual experience sessions indicated by  indicated by significantly shorter 

latencies to mount (supplemental figure 8B: Saline, p = 0.002; NLX, p = 0.018) and 

intromission (supplemental figure 8C: Saline, p = 0.006; NLX, p = 0.009) on day 5 

compared to day 1.  More importantly, NLX treatment during mating did not 

significantly affect the sex experience-induced facilitation of sex behavior when tested 1 

day after sex experienced in saline (n = 5) or NLX (n = 4) injected males.  



260 

 

 

 

Supplemental Figure 8. A, Experimental design for supplemental experiment 7. 

Latencies to mount (B) and intromission (C) on day 1 and day 5 for two groups that both 

received systemic NLX during each of five consecutive days of mating. In addition, data 

are shown for the final test day, one day following day 5, when animals were 

administered either Saline (dark grey) or NLX (black). Data represent mean ± SEM. * 

indicates significant difference between day 1 and day 5 within treatment.  

 

Supplemental Experiment 9 

Methods: One possibility for NLX’s attenuating effects on the display of maintenance of 

facilitated sexual behavior is that NLX blocks the rewarding effects of sexual behavior.  

To test this possibility, CPP was conducted for sexual behavior immediately following 

NLX or saline injection. The utilized CPP paradigm consisting of a pre-test, conditioning 
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days and post-test, and apparatus was identical to that outlined in experiment 5 and based 

on Tenk et al. (2009). Sex behavior was paired with the initially non-preferred chamber. 

In a counterbalanced manner, each animal received an injection of NLX (n = 12) or saline 

(n = 11) 30 minutes prior to receiving access to a receptive female. The average duration 

of mating session was approximately 13 minutes. Approximately, 1 minute following 

ejaculation, the animal was placed in the paired chamber. On the other conditioning day, 

animals received an injection of either NLX or saline (whichever they received before 

mating) and were placed into the unpaired chamber 30 minutes later. In order to 

determine chamber preference 3 measures were used: (i) Preference score, defined as 

percent of total time spent in the pair chamber (P) divided by the sum of time spent in the 

pair and unpaired (U) chambers (P/(P+U)); (ii) Difference score, defined as the time 

spent in the paired chamber minus time spent in the unpaired chamber (P-U); and (iii) 

TIP score, defined as the time spent in the paired chamber. For statistical analysis, paired 

t-tests were used to compare preference, difference scores, and TIP scores during the pre-

test and post-test to determine whether CPP was formed for sexual behavior. A p-value of 

less than 0.05 was considered significant. 

 

Results: NLX administered immediately before mating did not alter formation of CPP 

for mating, hence did not alter sexual reward. Both saline and NLX treated groups 

formed a significant CPP for sexual behavior as indicated by significantly higher 

preference (supplemental figure 9A: Saline, p = 0.016; NLX, p < 0.001), difference 

(supplemental figure 9B: Saline, p = 0.016; NLX, p < 0.001), and TIP (supplemental 

figure 9C: Saline, p = 0.038; NLX, p = 0.002) scores during the post-test compared to the 



262 

 

 

pre-test. Therefore, NLX does not exert its detrimental effect on maintenance of 

facilitated sexual behavior by blocking the reward associated with sexual behavior.  

 

 

Supplemental Figure 9. NLX does not alter sexual reward. Preference (A), Difference 

(B), and TIP (C) scores during the pre-test (white) and post-test (black) for animals 

receiving either NLX or Saline prior to mating. Data represent mean ± SEM. * indicates 

significant difference compared to pre-test.  

 

Supplemental Experiment 10 

Methods: Methods described in section 5.3.6. 

 

Results: Similar to saline control males, the missed injection NLX group displayed 

facilitated sexual behavior with sexual experience (supplemental figure 10). Moreover, a 

significant difference in latencies to mount and intromission on the test day between 

NLX and missed injection animals was detected using a Mann-Whitney U in terms of 

mount and intromission latencies on the test day (ML, IL: p = 0.024; NLX data in Figure 

5.2.). However, only one of the three animals mated on day 1 hindering statistical 

analysis between groups on day 1 and within the group between day 1 and day 5.  
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Supplementary Figure 10. Sexual behavior for animals that had cannulas directed 

adjacent to the VTA (miss, Figure 5.2H-J). Latencies to mount (A), intromission (B), and 

ejaculation (C) on any mating day (Day 1, n = 1; Day 5, n = 3; Test, n = 2) were not 

different from saline controls (Experiment 4). Number of animals varied due to not all 

animals mating each day. Data represent mean ± SEM. 
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2010-211::2: 

AUP Number: 2010-211 

AUP Title: Neural regulation of rewarding behavior and substance abuse 

Approval Date: 03/22/2010 

The YEARLY RENEWAL to Animal Use Protocol (AUP) 2010-211 has been approved. 

1. This AUP number must be indicated when ordering animals for this project. 

2. Animals for other projects may not be ordered under this AUP number. 

3. Purchases of animals other than through this system must be cleared through the 

ACVS office. 

Health certificates will be required. 

REQUIREMENTS/COMMENTS 
Please ensure that individual(s) performing procedures on live animals, as described in 

this protocol, are familiar with the contents of this document. 

The holder of this Animal Use Protocol is responsible to ensure that all associated safety 

components (biosafety, radiation safety, general laboratory safety) comply with 

institutional safety standards and have received all necessary approvals. Please consult 

directly with your institutional safety officers. 

Submitted by: Kinchlea, Will D  

on behalf of the Animal Use Subcommittee  
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The University of Michigan 

University Committee on Use and Care of Animals (UCUCA) 

 

PI: Coolen, Lique 

Protocol Number: #10531 

Approval Period: 03/02/2011 - 03/02/2014 

Funding Agency: Canadian Institutes of Health Research 

Title: Effects of Sexual Experience on Drug Responsiveness 

DRDA Number:  

Date: 03/03/2011 

 

Dear Principal Investigator,  

 

The University of Michigan Committee on Use and Care of Animals (UCUCA) has 

reviewed your application to use vertebrate animals (Application #10531). This project 

has been approved. The proposed animal use procedures are in compliance with 

University guidelines, State and Federal regulations, and the standards of the "Guide for 

the Care and Use of Laboratory Animals."  

 

When communicating with the UCUCA Office please refer to the Approval Number 

#10531. The approval number must accompany all requisitions for animals and 

pharmaceuticals.  

 

The approval date is 03/02/2011. The approval period is for three years from this date. 

However, the United States Department of Agriculture (USDA) requires an annual 

review of applications to use animals. Therefore, each year of this application prior to the 

anniversary of its approval date, you will be notified via email to submit a short annual 

review. Your continued animal use approval is contingent upon the completion and return 

of this annual review. You will also be notified 120 days prior to the expiration of the 

approval period so that your renewal application can be prepared, submitted and 

reviewed in a timely manner in the eSirius program and an interruption in the approval 

status of this project avoided.  

 

UCUCA approval must be obtained prior to changes from what is originally stated in the 

protocol. An amendment must be submitted to the UCUCA for review and approved 

prior to the implementation of the proposed change.  

 

The University's Animal Welfare Assurance Number on file with the NIH Office of 

Laboratory Animal Welfare (OLAW) is A3114-01, and most recent date of accreditation 

by the Association for the Assessment and Accreditation of Laboratory Animal Care 

International (AAALAC, Intl.) is November 06, 2009.  
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If you receive news media inquiries concerning any aspect of animal use or care in this 

project, please contact James Erickson, News and Information Services. If you have 

security concerns regarding the animals or animal facilities, contact Bill Bess, Director of 

Public Safety. 

Sincerely, 

 

Richard Keep, Ph.D. 

Professor, Neurosurgery 

Chairperson, University Committee on Use and Care of Animals 
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