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Abstract

Protein interacting with C kinase 1 (PICK1) is an AMPA receptor binding protein that works in 

conjunction with glutamate receptor interacting protein (GRIP) to balance the number of GluA2-

containing AMPARs in the synapse. In male mice, disrupting PICK1 in the medial prefrontal 

cortex (mPFC) leads to a decrease in cue-induced cocaine seeking and disrupting GRIP in the 

mPFC has the opposing effect, consistent with other evidence that removal of GluA2-containing 

AMPARs potentiates reinstatement. However, PICK1 does not seem to play the same role in 

female mice, as knockdown of either PICK1 or GRIP in the mPFC leads to similar increases 

in cue-induced cocaine seeking. These previous findings indicate that the role of PICK1 in the 

prefrontal cortex is sex specific. The goal of the current study was to examine whether ovarian 

hormones contribute to the effect of prefrontal PICK1 knockdown on reinstatement of cocaine 

seeking. While we replicated the increased cue-induced cocaine seeking in prefrontal PICK1 

knockdown sham mice, we did not see any difference between the GFP control mice and PICK1 

knockdowns following ovariectomy. However, this effect was driven primarily by an increase in 

cocaine seeking in ovariectomized GFP control mice while there was no effect ovariectomy in 

PICK1 knockdown mice. Taken together, these findings suggest that circulating ovarian hormones 

interact with the effects of PICK1 on cue-induced reinstatement.

Keywords

PICK1; sex differences; cocaine; prefrontal cortex; reinstatement

Address correspondence to: Lisa A. Briand, Ph.D., Temple University, Department of Psychology, Weiss Hall, 1701 North 13th 

Street, Philadelphia, PA 19122, lbriand@temple.edu

Ethics approval and consent to participate
All procedures using experimental animals were approved by Temple’s Institutional Care & Use Committee.

Consent for publication
All authors read and approved the final manuscript for publication.

Competing interests
The authors declare no conflict of interest.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review 
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Horm Behav. Author manuscript; available in PMC 2024 September 01.

Published in final edited form as:
Horm Behav. 2023 September ; 155: 105408. doi:10.1016/j.yhbeh.2023.105408.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Introduction

Cocaine use is highly prevalent in the United States, with a reported 5.2 million American’s 

having used cocaine in 2020 (U.S. Department of Health and Human Services, 2021). 

Further, cocaine use accounted for 45.52% of emergency department visits in adults between 

the ages of 26 to 44 in 2021 (U.S. Department of Health and Human Services, 2022). 

Despite this, effective treatments for cocaine use disorder (CUD) remain elusive. Gaining a 

better understanding of the mechanisms driving CUD, as well as whether these mechanisms 

differ across biological sex, could provide novel avenues for treatment.

While the primary pharmacological action of cocaine is to bind to the dopamine 

transporter and increase dopamine in the synapse, chronic cocaine also impacts glutamate 

neurotransmission (Pierce et al., 1996; Schmidt and Pierce, 2010). One way that cocaine 

alters glutamate transmission is through altering the trafficking of glutamate receptors 

(Boudreau et al., 2007; Boudreau and Wolf, 2005; Famous et al., 2008). Alpha-amino-3-

hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) glutamate receptors are made up of 

four subunits, GluA1–4. The distribution of these subunits can confer different receptor 

properties; GluA2-containing AMPA receptors are calcium impermeable while those lacking 

GluA2 subunits are calcium permeable. As calcium permeable AMPA receptors exhibit 

higher conductance, activity dependent alterations in the distribution of these receptors can 

lead to changes in excitability. For example, cocaine self-administration leads to GluA2 

containing AMPAR internalization via protein kinase C (PKC)-mediated phosphorylation 

and subsequent dissociation between GluA2 and glutamate receptor interaction protein 

(GRIP) (Dong et al., 1997; Matsuda et al., 1999). GRIP anchors AMPARs to the synaptic 

membrane and when the association between GRIP and GluA2 is dissolved, GluA2 binds to 

protein interacting with C kinase 1 (PICK1) leading to receptor removal from the synapse, 

as PICK1 is responsible for regulating AMPAR trafficking and synaptic plasticity (Chung et 

al., 2000; Volk et al., 2010).

Alterations in glutamate neurotransmission due to chronic cocaine use are also influenced 

by baseline sex differences in AMPAR trafficking. In females, higher levels of glutamate 

have been observed during the proestrus stage of the estrous cycle – when levels of ovarian 

hormones are at their highest (Frankfurt et al., 1984). Additionally, under basal conditions, 

female rats have enhanced hippocampal AMPAR synaptic responses compared to their male 

counterparts, likely due to increased phosphorylation of the GluA2 subunit (Wickens et al., 

2018). In males and females, the GluA2 subunit is internalized through dissociation from 

GRIP, allowing PICK1 to bind to the subunit in its place (Chung et al., 2000).

The prefrontal cortex plays a prominent role in cocaine relapse and cocaine can impact the 

function of the PFC to potentiate cocaine seeking (Bechard et al., 2021; Capriles et al., 

2003; Guercio et al., 2020; Hofford et al., 2021; McFarland et al., 2003; Rubio et al., 2019; 

Warren et al., 2019). Previous work from our lab found that disruption of GRIP in the mPFC 

potentiated reinstatement of drug seeking behavior in male and female mice (Wickens et 

al., 2019). Because of this, we then hypothesized that prefrontal deletion of PICK1 would 

have an opposite effect due to a net decrease in AMPA transmission. In females, however, 
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this was not the case. Female mice with a PICK1 knockdown exhibited an increase in 

cue-induced cocaine responding compared to their male counterparts (Wickens et al., 2021). 

This suggests that PICK1 may play a different role in the prefrontal cortex of females 

compared to males (Wickens et al., 2021, p. 202).

These sex differences in glutamate signaling and AMPAR trafficking mechanisms may be 

driven by gonadal hormones, as glutamate levels fluctuate across the female menstrual 

cycle. Specifically, blood glutamate has an inverse relationship with plasma estrogen and 

progesterone, as females exhibit lower levels of blood glutamate during the beginning 

phases of menstruation (Zlotnik et al., 2011). In female rats, endogenous estrogen impacts 

excitatory and inhibitory synaptic transmission in the reward system (Freese et al., 

2020). Specifically, estrogen acts through positive modulation of glutamate postsynaptic 

membranes and increases the number of NMDA receptors, leading to an increase in 

neuronal excitability (Freese et al., 2020).

Gonadal hormones also play a role in cocaine taking and seeking. In female rats, 

administration of the reproductive hormone estradiol increases cocaine intake during self-

administration (Zhao and Becker, 2010). Additionally, female rats treated with estrogen 

benzoate consistently choose cocaine over a food reward more than males (Kerstetter et 

al., 2012). In humans, females report more intense effects of cocaine when estrogen levels 

are highest (Evans et al., 2002). The same has been seen in rodents. When ovaries are 

removed in rats who are trained on cocaine self-administration, these effects are reversed 

(Kerstetter et al., 2012). In male mice, removal of gonadal hormones eliminates the effects 

of PICK1 knockdown on cue-induced reinstatement of cocaine seeking (Wickens et al., 

2021). While prefrontal PICK1 knockdown on its own blunts cocaine seeking in a cue-

induced reinstatement test, following gonadectomy, prefrontal PICK1 knockdown leads to 

an increase in cue-induced reinstatement responding, mimicking what is seen in female mice 

(Wickens et al., 2021). The current study buildings upon this work examining interaction 

between gonadal hormones and PICK1 to examine the effect of ovariectomy in female mice 

on cocaine self-administration following PICK1 knockdown in the mPFC.

Materials and methods

Subjects.

Mice homozygous for the Cre/lox-conditional allele of PICK1 (flox/flox) were bred on 

a C57bl/6J background. These mice were bred from founders provided by Dr. Richard 

Huganir at Johns Hopkins University as previously described(Lin and Huganir, 2007; 

Steinberg et al., 2006; Wickens et al., 2021). Adult female mice (2–6-months old, age 

matched across group) were group housed until three days before the first day of food 

training, at which time they were single housed and began food deprivation. Food 

deprivation (receiving 1 standard rodent chow pellet/day) lasted until the third day of 

cocaine self-administration. The single housing condition lasted throughout the duration of 

the experiment. All mice were housed in a temperature- and humidity-controlled animal care 

facility with a 12-h light/dark cycle (lights on at 0700 hours). All procedures were approved 

by the Temple University Animal Care and Use Committee. Cocaine was obtained from the 
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National Institute on Drug Abuse Drug Supply Program (Bethesda, MD) and dissolved in 

sterile 0.9% saline.

Prefrontal Microinjections and Adeno-Associated Virus Constructs.

The adeno-associated virus (AAV) expressing Cre recombinase (AAV2/9.CMV.PI.CRE, 

titer 2.84 × 1013 vgc/μl) and the AAV expressing green fluorescent protein (eGFP) 

(AAV2/9.CMV.eGFP, titer 3.74 × 1013 vgc/μl) were generated by Addgene. PICK1 flox/flox 

mice (6–8 weeks) were anesthetized with isoflurane and 0.4μl of the viral construct (Cre 

or GFP) was injected bilaterally into the prefrontal cortex through a 30-gauge needle at 

a rate of 0.1 μl/min. Stereotaxic coordinates for the prefrontal cortex are (from Bregma) 

anterior-posterior 2.6, lateral +/− 0.3, dorso-ventral −2.3. Following recovery, mice remained 

in the home cage for 6 weeks prior to behavioral testing. The procedures involving the AAV 

viruses have all been approved by the Temple University Institutional Biosafety committee.

Ovariectomy.

Two weeks prior to food training, mice underwent ovariectomy or sham surgery. Mice 

were anesthetized with .80 mg/kg ketamine and 12 mg/kg xylazine via an IP injection. 

An incision was made into the midline and the ovaries were removed. The peritoneum 

and skin were then sutured, and a drop of betadine surgical scrub was applied to promote 

healing. Sham mice received incisions into the skin and peritoneum only. All mice were 

placed under a heat lamp until awake and mobile. For the week following ovariectomy 

or sham surgery, mice were monitored to ensure proper healing. Meloxicam (2.0 mg/kg, 

subcutaneous injection) was administered for the first three days following surgery, and 

triple antibiotic ointment applied to the surgical site until the skin had fully healed.

Operant Food Training.

Before catheterization, mice were trained to perform an operant response for sucrose pellets. 

The mice were placed in operant chambers (Med-Associates) and trained to spin a wheel 

manipulandum to receive a sucrose pellet, with one-quarter spin measured as a single active 

response. Mice performed 10 days of FR1 responding. A compound cue stimulus consisting 

of a cue light above the active wheel, a 2900-Hz tone, and house light off was concurrent 

with each pellet administration, followed by an additional 8 s time-out when responding had 

no programmed consequences and the house light remained off. Mice were allowed to self-

administer a maximum of 50 pellets per 60 min operant session. During the food training 

phase, mice were food restricted to >90% of their free-feeding weight. Mice returned to ad 
libitum food access 3 days following the start of the cocaine self-administration phase.

Jugular Catheterization Surgery.

Prior to surgery, mice were anesthetized with 80 mg/kg ketamine and 12 mg/kg xylazine. An 

indwelling silastic catheter was placed into the right jugular vein and sutured in place. The 

catheter was then threaded subcutaneously over the shoulder blade and was routed to a mesh 

backmount platform (Instech Laboratories, Inc.) that secured the placement. Meloxicam (2.0 

mg/kg, subcutaneous injection) was administered for the first three days following surgery 
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while animals were allowed to recover. Catheters were flushed daily with 0.1 ml of an 

antibiotic (Timentin, 0.93 mg/ml) dissolved in heparinized saline.

Cocaine Self-Administration.

Following recovery from surgery, mice were tested for cocaine self-administration behavior 

in 2-hour sessions in the same chamber used for sucrose pellet self-administration. During 

testing, responding on the wheel now delivered an intravenous cocaine injection (0.6 mg/kg/

infusion), paired with the same compound cue, under the same schedule as the food 

training. After the cocaine self-administration phase, mice began extinction training, in 

which cocaine-seeking behavior was extinguished by replacing the cocaine with 0.9% saline. 

During this time the light and tone cues paired with cocaine delivery were not present. 

Daily 2-h extinction sessions continued until mice met the extinction criterion of less than 

25% of their self-administration responding (average of last 3 days). Twenty-four hours 

after meeting the extinction criterion, mice underwent a cue-induced reinstatement session. 

During the cue-induced reinstatement session, the light and tone cues were presented 

non-contingently for 20 seconds every 2 minutes during the first 10 minutes of the 

session. After this time period, the cues were presented contingent with operant responding, 

just as was done during the cocaine self-administration phase. During the reinstatement 

session, mice received saline infusions following responses on the active wheel. During 

self-administration, extinction, and reinstatement, experimenters were blind to the condition 

of the mice.

Statistical Analysis.

Self-administration results were analyzed with two-way repeated measures ANOVAs in 

which viral vector injection and day were the independent variables and pellets/infusions/

responses as the dependent variable. Groups were separated into ‘sham control’ or 

‘ovariectomy’. An additional two-way ANOVA was performed on the reinstatement data 

with surgery condition and viral vector injection as the independent variables and responses 

as the dependent variable. Sidak’s post hoc comparisons were made when main effects or 

interactions were detected (p < 0.05).

Results

3.1 Prefrontal knockdown of PICK1 and ovariectomy have no effect on sucrose self-
administration.

Six weeks following viral injections into the mPFC, PICK1 knockdown mice and GFP 

controls were trained for 10 days on an FR1 schedule of reinforcement to acquire sucrose 

self-administration. Both ovariectomized and sham treated mice from both groups acquired 

sucrose self-administration, evidenced by a significant increase in number of pellets earned 

across the 10 sessions [sham: effect of session, F(2.131, 68.19)=13.4, p< 0.0001; OVX: 

effect of session, F(1.846, 59.08)=12.3, p< 0.0001; Figure 1A, B] and increase in responses 

[sham: effect of session, F(1.627, 52.07)=11.2, p=0.0002; OVX: effect of session, F(1.600, 

49.59)=13.01, p<0.0001; Figure 1C, D]. There was no effect of virus on number of pellets 

earned [sham: effect of viral infusion, F(1, 32)=0.0057, p=0.947; OVX: effect of viral 

infusion, F(1, 32)=0.18, p=0.67; Figure 1A, B] or active responses [sham: effect of viral 
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infusion, F(1, 32)=0.47, p=0.50, OVX: effect of viral infusion F(1, 31)=0.77, p=0.39; Figure 

1C, D].

3.2 Prefrontal knockdown of PICK1 and ovariectomy have no effect on acquisition of 
cocaine self-administration.

Following 10 days of operant food training, mice were implanted with a jugular catheter 

and trained on cocaine self-administration. During the 10-day period, sham mice exhibited 

a slight increase in cocaine intake, while mice in the OVX conditions did not [sham: 

main effect of session, F(1.883, 52.71)=3.8, p=0.03; OVX: effect of session, F(2.618, 

68.06)=2.30, p=0.09; Figure 2A, B]. There was no effect of PICK1 knockdown on 

responding for cocaine in either the sham of OVX conditions [sham: F(1, 28)=1.55, p=0.22; 

OVX: F(1, 26)=0.57, p=0.46; Figure 2A, B]. Additionally, there were no differences in 

responding either over the 10 days [sham: F(2.749, 76.97)=0.34, p=0.78; OVX: F(1.876, 

50.65)=1.25, p=0.29] or between the different viral infusion groups [sham: F(1, 28)=0.03, 

p=0.87; OVX: F(1, 27)=1.58, p=0.22; Figure 2C, D].

3.3 Ovariectomy eliminates effects of prefrontal PICK1 knockdown on cue-induced 
reinstatement.

After completion of cocaine self-administration, mice began extinction training followed 

by a single cue-induced reinstatement test. There were no significant differences between 

groups in responding on day 1 of extinction [effect of surgery condition, F(1,21)=2.34, 

p=.14; effect of viral injection, F(1,21)=1.85; p=.19; Table 1]. or in the number of days 

needed to meet extinction criterion [effect of surgery condition, F(1,21)=0.33, p=.57; 

effect of viral injection, F(1,21)=0.26; p=.62; Table 1]. Sham treated PICK1 knockdown 

mice exhibited a significantly higher number of active responses during their cue-induced 

reinstatement test compared to GFP controls [effect of virus, F(1, 9)=10.97, p=0.009, effect 

of session, F(1,9)=24.6, p=.0008, interaction, F(1,9)=10.2, p=.01; Sidak post-hoc, GFP 

control vs. Cre PICK KD, p=0.0005; Figure 3A]. In contrast, following OVX, there are 

no differences between the GFP and PICK1 knockdown mice in cue-induced reinstatement 

responding [effect of virus, F(1, 12)=0.23, p=0.64, effect of session, F(1,12)=34.7, p<.0001, 

interaction, F(1,12)=0.59, p=.46; Figure 3B]. A two-way, independent measures ANOVA 

comparing reinstatement responding across both surgical conditions reveals as significant 

interaction between PICK1 knockdown and ovariectomy [effect of virus, F(1, 21)=10.23, 

p=0.004, effect of OVX, F(1,21)=0.87, p=.36, interaction, F(1,21)=4.85, p=.039].

Discussion

Overall, we found that ovariectomy eliminated the differences in cue-induced reinstatement 

driven by mPFC PICK1 knockdown in female mice. Similar to our previously published 

findings in gonadally-intact mice (Wickens et al., 2021), sham surgerized mice exhibit 

an increase in cue-induced cocaine seeking during a reinstatement test following mPFC 

knockdown of PICK1. However, following ovariectomy, there was no difference between 

GFP control mice and mPFC PICK1 knockdown mice. We did not see any effects of either 

mPFC PICK1 knockdown or ovariectomy on sucrose self-administration or cocaine taking 

during the drug self-administration phase. This suggests that the effects of mPFC PICK1 
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knockdown in females may be mediated in part by ovarian hormones. A closer look at the 

data reveals that this lack of effect of PICK1 knockdown may be driven, in part, by an 

increase in cue-induced cocaine seeking seen in control mice following ovariectomy. Of 

note, the current study did not track estrous cycle in our sham mice, so it is possible there 

are differences in cycle stage across groups that are driving some of these differences in the 

control groups.

4.1 Prefrontal PICK1 knockdown enhances cue-induced reinstatement in sham females 
while not influencing reinstatement following ovariectomy.

Knockdown of PICK1 in the mPFC resulted in a significant increase in cue-induced 

reinstatement responding in sham treated mice when compared to their GFP counterparts. 

However, following OVX, there were no differences between the GFP and PICK1 

knockdown mice, with both exhibiting greater reinstatement than the sham treated GFP 

controls. The lack of effect seen between the OVX GFP control mice and the OVX PFC 

PICK1 knockdown mice is driven by an increase in cue-induced reinstatement in the control 

mice following OVX rather than a decrease in cue-induced cocaine seeking in PICK1 

KO mice following OVX. This data may seem to conflict with other work suggesting 

that estrogen promotes drug seeking. Acute and chronic estrogen treatment following 

ovariectomy enhances escalation of cocaine intake and cocaine-primed reinstatement 

(Doncheck et al., 2018; Larson et al., 2007, 2005). However, the influence of estrous cycle 

on cue-induced cocaine seeking are less clear. In rats, female mice in estrus exhibit similar 

rates of cue-primed reinstatement following extinction training compared to females in 

non-estrus at many doses (Bechard et al., 2018; Fuchs et al., 2005). Similarly, no differences 

were seen between estrus and non-estrus female rats in cue-induced cocaine seeking in 

the absence of extinction (Kerstetter et al., 2008). However, other studies utilizing similar 

incubation of craving models, have seen higher levels of cue-induced cocaine seeking in 

estrus females compared to non-estrus females following longer withdrawal time periods 

(Corbett et al., 2021; Nicolas et al., 2019). These differences could be due, in part, to 

differences in the self-administration paradigms, including differences in the length of the 

sessions, presence of prior food training, or differences in dose, as lower doses often uncover 

subtle sex differences as well as effects of estrous cycle stage (Fuchs et al., 2005).

As OVX disrupts the cyclicity of multiple hormones beyond simply estrogen, the current 

findings may be caused by the disruption of progesterone or allopregnanolone. In line 

with this hypothesis, progesterone treatment in sham animals dampens escalation of 

cocaine intake in an extended access self-administration paradigm (Larson et al., 2007) and 

decreases reinstatement of cocaine seeking (Anker et al., 2007). Further, higher progesterone 

levels can be associated with lowered levels of cocaine craving in humans (Sinha et al., 

2007). Similarly, allopregnanolone administration also dampens reinstatement behavior in 

female rats (Anker et al., 2009).

While many studies have investigated the difference between groups treated with high 

levels of estrogen and OVX groups, these levels are not physiologically accurate. Because 

of this, research has been done to examine these differences in free-cycling rodents. In 

free-cycling rodents tested during estrus and non-estrus, results found that there was a 
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significant effect of withdrawal day – with females in the estrus stage of their cycle 

exhibiting significantly increased responding on a cue-induced reinstatement test following 

cocaine self-administration (Corbett et al., 2021). Levels of estradiol and progesterone 

fluctuate greatly across the estrous cycle, with estradiol being higher than progesterone 

during proestrus, and levels of progesterone levels being higher during the subsequent stage 

of metestrus and diestrus (Becker et al., 2005). Further research needs to be conducted on 

the relationship between PICK1 and the estrous cycle, noting that OVX reverses the effects 

of PICK1 knockdown on cue-induced reinstatement as described here.

4.2 Ovariectomy and PICK1 knockdown have no effects on self-administration of sucrose 
or cocaine.

Neither PICK1 knockdown nor OVX influenced either sucrose or cocaine taking over the 

course of self-administration. This is consistent with previous findings showing that PICK1 

has no effects on natural reward reinforcement (Turner et al., 2020). Our lab has previously 

demonstrated that knockdown of PICK1 has no effects on natural reward in males or females 

who had not experienced OVX or sham surgeries (Wickens et al., 2021). These data indicate 

that the effects of OVX and PICK1 knockdown on cue-induced reinstatement are specific 

to the rewarding effects of cocaine, and not a result of operant learning. Additionally, 

these data show that OVX and PICK1 knockdown did not cause any deficits in operant 

learning. Previous work in rats has shown that there are no differences in motivation to 

self-administer sucrose between males and females, regardless of estrous cycle stage (Datta 

et al., 2017). Furthermore, compulsive reward seeking behavior in female rats was not 

predictive of cocaine-seeking behavior during self-administration, indicating that increased 

cocaine responding is specific to the rewarding effects of the drug (Datta et al., 2018). 

This finding is consistent throughout the literature, indicating that the rewarding effects of 

cocaine are distinct from natural reward.

Conclusion

The data in this study replicate our previous finding that knockdown of PICK1 in the 

mPFC in female mice leads to an increase in responding on a cue-induced reinstatement 

test following cocaine self-administration. However, there is no effect of PICK1 knockdown 

in female mice treated with ovariectomy to stop the circulation of ovarian hormones. Of 

note, the lack of effect of PICK1 knockdown in OVX mice was driven in part by increased 

cue-induced reinstatement in GFP control mice following OVX. These data indicate that 

ovariectomy can occlude the effects of PICK1 knockdown on cue-induced reinstatement, 

emphasizing the importance of examining the effects of estrous cycling on addiction 

circuitry. Further study is needed to examine the specific connections between prefrontal 

PICK1, and the hormones involved in the estrous cycle.
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Figure 1. Experimental Design.
Male and female mice were injected bilaterally with 0.4μl of either AAV-Cre recombinase 

or AAV-GFP into the medial prefrontal cortex. Four weeks following viral injection, mice 

underwent either ovariectomy or sham surgery. Two weeks later, mice began behavioral 

training and testing. Mice were run on operant food training for 10 days prior to jugular 

catheterization surgery. After 4 days of recovery, mice ran for 10 days on cocaine self-

administration, followed by extinction and cue-induced reinstatement.
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Figure 2. PICK1 knockdown in the mPFC does not alter operant learning during sucrose 
self-administration in female mice.
There were no significant effects of prefrontal PICK1 knockdown among OVX or SHAM 

females during sucrose self-administration, as measured by the number of sucrose pellets 

received (A,B) or the number of responses made (C,D) during a 1-hour testing session 

(n=14–20/group).
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Figure 3. PICK1 knockdown in the mPFC does not alter acquisition of cocaine self-
administration in female mice.
There were no significant effects of prefrontal PICK1 knockdown among OVX or SHAM 

females during cocaine self-administration, as measured by the number of infusions received 

(A-B) or the number of responses made (C,D) during a 2-hour testing session (n=12–15/

group).

Birmingham et al. Page 14

Horm Behav. Author manuscript; available in PMC 2024 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. Ovariectomy interfered with the ability of prefrontal knockdown of PICK1 to enhance 
reinstatement of cocaine seeking.
In sham surgerized animals, prefrontal knockdown (KD) of PICK1 led to an increase in 

responding during a cue-indued reinstatement session compared to GFP injected controls 

(A, #p<.05 main effect of test session; *p<.05 PICK KD RI vs. GFP Control RI). However, 

in OVX treated mice, the only significant effect was a main effect of test session (#p<.05) 

and no effect of PICK1 knockdown (n=5–7/group).
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Table 1

Neither PFC PICK knockdown nor ovariectomy influenced extinction of cocaine seeking.

Group Extinction Day 1 Responding
(Mean +/− SEM)

Days to Extinction Criterion
(Mean +/− SEM)

Sham GFP Control 122 +/− 53 10.0 +/− 4.3

Sham Cre PICK Knockdown 215 +/− 43 18.0 +/− 5.5

OVX GFP Control 105 +/− 20 13.4 +/− 3.9

OVX Cre PICK Knockdown 116 +/− 34 9.7 +/− 3.4
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