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Traumatic stress disorders are defined in part by persistent avoidance of

trauma-related contexts. Our lab uses a preclinical model of traumatic stress

using predator odor (i.e., bobcat urine) in which some but not all rats exhibit

persistent avoidance of odor-paired stimuli, similar to what is seen in humans.

Bobcat urine exposure increases alcohol consumption in male Avoider rats, but

it has not been tested for its effects on intake of other drugs. Here, we tested the

effect of bobcat urine exposure on cocaine self-administration in adult male

and female Wistar rats. We did not observe any effect of bobcat urine exposure

on cocaine self-administration in male or female rats. We observed that (1)

female rats with long access (6 h) to cocaine self-administer more cocaine than

long-access males, (2) long-access males and females exhibit escalation of

cocaine intake over time, (3) stressed rats gain less weight than unstressed rats

following acute predator odor exposure, (4) baseline cocaine self-

administration is predictive of subsequent cocaine self-administration. The

results of this study may inform future work on predator odor effects on

cocaine self-administration.
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Introduction

Traumatic stress disorders have a lifetime prevalence around 8% in the general

population (1) with women being twice as likely as men to develop PTSD after

experiencing a traumatic event (2-4). Traumatic stress disorder symptoms are

classified in four clusters that include negative affect, intrusive thoughts and

memories of the traumatic event, hyperarousal, and avoidance of contexts and stimuli

associated with the trauma (5). Patients with traumatic stress disorders are at higher risk

for developing comorbid conditions such as substance use disorders (SUDs). Patients with

SUDs, particularly cocaine use disorder (CUD), present with more severe traumatic stress

disorder symptoms and respondmore poorly to treatment (6). The rate of traumatic stress

disorders among cocaine users is approximately twice that of the general population
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(7–9). In patients with comorbid traumatic stress disorder and

CUD, cocaine craving severity is correlated with traumatic stress

disorder symptom severity (10, 11). Currently, the specific

mechanisms underlying the high prevalence of comorbid

traumatic stress disorders and CUD are unclear.

Cocaine has high abuse potential. Over 1.3 million people

meet criteria for CUD and over 19,000 people died from cocaine-

related overdoses in 2020 (12). Women exhibit higher rates of

cocaine dependence (13). Although men use more cocaine than

women, women experience a phenomenon in drug use known as

“telescoping” in which women progress from casual use to

problematic use and dependence at a faster rate than men

(14, 15). In rat models of cocaine self-administration, females

display more cocaine self-administration and drug seeking than

males during acquisition, escalation, and reinstatement (16).

Long-access (LgA) cocaine self-administration (6–12 h/day

sessions) but not short-access (ShA) (1–3 h/day sessions)

produces escalation of cocaine intake (17).

Patients with a history of cocaine misuse are more likely to

relapse following periods of stress, and stress potentiates cue-

induced cravings in cocaine-experienced people (18). However,

stress exposure does not predict the severity of cocaine cravings

(19). In cocaine-experienced rats, stressors (i.e., footshock,

restraint, yohimbine) are highly effective at promoting

reinstatement of cocaine seeking after extinction (20–25), and

there are sex differences in this phenomenon. For example,

female rats are more susceptible to cocaine reinstatement after

yohimbine administration than males (26); and relative to male

rats, female rats exhibit greater reinstatement of cocaine seeking

induced by the combination of a priming dose of cocaine and

restraint stress (27).

History of cocaine use influences subsequent stress effects on

cocaine seeking in rats. For example, male rats with a history of

LgA self-administration (6–12 h/day) exhibit footshock-induced

reinstatement to cocaine seeking, whereas rats with ShA self-

administration (1–2 h/day) do not (28). Similarly, social defeat

causes increases in cocaine self-administration and cocaine

“binge” intake in rats (29, 30). Additionally, acute- and

intermittent-socially defeated male rats more readily acquire

cocaine self-administration and self-administer more cocaine

than non-defeated rats (31–33). Interestingly, social defeat-

stressed females exhibit enhanced locomotor sensitization to

cocaine relative to stressed males (34).

Previous work examining predator odor stress on cocaine

self-administering rats has shown that male rats that avoid

Trimethylthiazoline (TMT; fox feces extract) exhibit greater

sensitization to the locomotor-stimulating effects of cocaine

and greater motivation to consume cocaine than non-

susceptible and control rats (35). Another research group

showed that adult male Sprague Dawley rats exposed to TMT

one time exhibit increases in cocaine self-administration over

time during ShA (1 h/day) and LgA (6 h/day) cocaine sessions

(36). Prior work examining the effects of stressful odors (e.g.,

feline urine, predator feces, TMT isolate) or other stressors

(i.e., footshock, social defeat, restraint stress) on cocaine self-

administration has been performed almost exclusively in male

subjects—here, we tested predator stress effects on escalation of

cocaine self-administration in male and female adult Wistar rats

with long and short access to cocaine.

To do this, we used a model of traumatic stress in which rats

are indexed for avoidance of a predator odor (i.e., bobcat urine)-

paired context (37, 38). In humans, avoidance severity correlates

with likelihood of diagnosis with a traumatic stress disorder, is

associated with greater psychological distress after trauma, and is

predictive of traumatic stress disorder symptom duration

(39–41). Furthermore, avoidance-related symptoms predict

drug craving in stimulant users, suggesting that individuals

with high levels of avoidance may self-medicate with

psychostimulants (42). To this point, our lab has primarily

used this model to examine stress effects on alcohol self-

administration in animals that do or do not exhibit persistent

avoidance of predator odor-paired stimuli. In those studies, we

have repeatedly observed that bobcat urine exposure produces

reliable and lasting increases in alcohol self-administration in

adult male Wistar rats (37, 43). Prior work from our group also

shows that this procedure produces reliable increases in anxiety-

like behavior (44) and HPA axis activation (44) in rats. Here,

using the same model, we tested predator odor stress effects on

cocaine self-administration in male and female adult Wistar rats.

We hypothesized that predator odor exposure would lead to

higher long-access cocaine self-administration in Avoider rats,

and that this effect would be greater in females than in males.

Methods

Subjects

Male and female adult Wistar rats (n = 64 per sex) were

obtained from Charles River Laboratories aged 8 weeks old

(Raleigh, NC, USA) and were single-housed in a 12-hr reverse

light cycle humidity- and temperature-controlled (22°C) colony

room. Rats were allowed to acclimate to the colony room for

4 days prior to the start of surgeries. Animals were handled daily

following surgery. Testing occurred during the dark period

(between 8:00 am and 8:00 pm). All animals were provided

with additional enrichment (Nestlet, BedderNest, and Nylabone)

in their home cages throughout the study. Food was available ad

libitum except during the first 4 days of the experiment while

lever training. Water was always available. All procedures were

approved by the Institutional Animal Care and Use Committee

of the Louisiana State University Health Sciences Center and

were in accordance with the National Institute of Health

guidelines. For final analyses, 39 total rats were excluded due

to either loss of catheter patency, post-surgical complications, or

outlier behavioral responses.
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Jugular catheter implantation surgery

Rats were anesthetized with 4% isoflurane gas and

maintained on 2.5% isoflurane gas throughout the surgery.

They received an implanted chronic indwelling catheter into

the right jugular vein using catheters made in house. The

catheters were inserted under the skin directly posterior to

the shoulder blades and the Silastic tubing was threaded over

the right shoulder and inserted into the right jugular vein.

Catheter cannulas were covered with a small piece of clean

plastic tubing and a metal screw top to prevent debris from

entering the catheter. Rats were allowed to recover from

surgery for 1 h on a heating pad before being returned to a

clean home cage. 3 mL of sterile saline was administered

subcutaneously to aid in recovery time. Flunixin

meglumine (Covetrus; Portland, Maine, USA) was

administered at the start of the surgery subcutaneously

(2.5 mg/kg). After the sterilized (Maxicide supplied by

Henry Schein; Mandeville, LA, USA) catheter was set in

place, the catheter was flushed with 0.2 mL of cefazolin/

heparin (1,000 USP units per mL) solution to prevent

infections and catheter clogging. Heparin was supplied by

Sagent Pharmaceuticals; Schaumburg, IL, USA, and cefazolin

was supplied byWG Critical Care LLC.; Paramus, New Jersey,

USA. Post-operative care included weighing and visually

inspecting animals daily after surgery and a catheter flush

with 0.2 mL cefazolin/heparin solution once daily until the

end of the experiment. Rats were allowed to recover from

surgery for at least 5 days before starting experiments.

Drugs

Cocaine (-) HCl was generously provided by the National

Institute for Drug Abuse (NIDA) Drug Supply Program and

Research Triangle Institute (RTI). Cocaine was dissolved in

sterile saline and delivered at a dose and volume of 0.5 mg/

0.1 mL/infusion. Rats were weighed daily before the start of each

session and unit cocaine dose for each rat was calculated based on

body weight.

Drug acquisition

To establish a baseline of cocaine intake per animal and

facilitate lever-response training, rats were food restricted

(20 g/day for males and 15 g/day for females) 1 day prior to

the start of acquisition sessions and during the first 3 days of

acquisition. Rats were placed into sound- and light-attenuated

operant-conditioning chambers (30 cm × 20 cm × 24 cm; Med

Associates Inc., St. Albans, VT) for 2 h/day for 10 consecutive

days beginning at the same time each day. Rats began sessions

1–3 h into the dark cycle every day for 7 days/week. Each

chamber contained two retractable levers, a stimulus light

above each lever, a food trough between the levers, a fan, and a

speaker connected to a tone generator (ANL-926, Med

Associates). A single lever press on the active lever (right

lever) resulted in the delivery of a single cocaine infusion

(FR1; 0.5 mg/kg/0.1 mL) along with a 20 s presentation of 1)

light above the active lever, 2) tone cue, and 3) 20 s timeout

period during which time no subsequent cocaine could occur.

Presses of the left lever had no consequence but were recorded.

To meet criteria for progression to the next phase of the study,

rats were required to press the active lever at least 10 times

during a 2-hr session for the final three consecutive days of

acquisition (days 8–10)—most animals achieved this during

the 10-day baseline period.

Stress exposure and conditioned place
aversion

One day after the final day of the acquisition/baseline

period, predator odor place conditioning began. No cocaine

was given during this part of the experiment. All rats completed

conditioned place aversion (CPA) procedure as previously

described (38, 45) using a 3-chamber apparatus. Briefly, on

day 1 of this procedure, each rat is given 5 minutes to freely

explore the three connected chambers in the apparatus (3-

chamber pre-test), each with unique visual cues on the walls

and tactile cues on the floor. To maintain an unbiased design,

the chamber each rat preferred most or least relative to the other

two was excluded for the remainder of the experiment. On day

2, each rat explored the two chambers it spent the most similar

amounts of time in during day 1 for 5 minutes (2-chamber pre-

test). Rats were then separated into predator odor-exposed or

unstressed control groups. Again, to maintain an unbiased

design, the chamber in which odor exposure would occur

was assigned in a counterbalanced fashion based on chamber

preference. On day 3 of the procedure, rats were confined to the

“no odor” chamber in the absence of any odor for 15 min. On

day 4 of the procedure, rats were confined to the “odor”

chamber for 15 min, during which time rats in the odor

group were exposed to bobcat urine odor and rats in the

control group were exposed to no odor (same as day 3). On

day 5 of the procedure, rats were once again allowed to freely

move about the two chambers (2-chamber post-test). Rats were

classified as “Avoiders,” or “Non-avoiders” based on the

differences in time spent in the “odor” chamber between the

2-chamber pre-test and post-test. Rats with greater than a 10 s

decrease in time spent in the “odor” chamber from pre-test to

post-test were categorized as “Avoiders,” and all other odor-

exposed animals were categorized as “Non-avoiders.”

Unstressed controls were never exposed to bobcat urine.
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Post-stress cocaine self-administration

Rats were assigned to ShA or LgA self-administration groups

based on their avoidance score in a counterbalanced fashion,

such that unstressed controls, Non-avoiders, and Avoiders were

equally represented in the two cocaine access groups. One day

following the 2-chamber post-test of the place conditioning

procedure, rats were once again allowed to self-administer

cocaine (0.5 mg/0.1 mL/infusion) on an FR1 schedule of

reinforcement for either 1 h/day (ShA) or 6 h/day (LgA) for

10 consecutive days in the same operant chambers used for

acquisition and baseline. Specific operant boxes were used for

males only, and others were used for females only during the

entirety of the experiment. At the end of the study, 1 day after the

10th day of self-administration, rats were allowed to self-

administer cocaine for 1 h and then anesthetized with 4%

isoflurane gas, decapitated, and the brains were flash frozen in

2-methylbutane for future analysis.

Catheter patency

Catheter patency was checked once per week by flushing

catheters with 0.2 mL Brevitol Sodium (distributed by Henry

Schein; Mandeville, LA, USA) and observing body response. Rats

that failed to go limp after 3 s were excluded from the study.

Statistical analysis

All data was analyzed using Prism Graph Pad version 9.0

(GraphPad Software, Inc., La Jolla, CA, USA). Data were

analyzed using ANOVAs with stress groups, sex, and self-

administration access groups as between-subjects factors and

session days as a within-subjects factor when appropriate.

Significant effects were followed up with Tukey’s or

Bonferonni post hoc tests where appropriate (Bonferonni post

hoc tests were used for all repeated measures ANOVAs). Outliers

were detected using the interquartile range (IQR) rule, and data

analyzed after outliers were detected were analyzed using Mann-

Whitney test. Correlations were performed using Pearson

correlations. Statistical significance was set at p < 0.05.

Results

Avoidance of predator odor context is not
associated with cocaine self-
administration

Adult male and female Wistar rats were exposed to bobcat

urine and indexed for avoidance behavior of the odor-paired

chamber (see Figure 1), and 62% of males and 46% of females

were categorized as Avoiders. A Pearson correlation revealed no

association between avoidance and cocaine deliveries in ShA

stressed males (r = 0.30; p = 0.37), LgA stressed males (r = 0.25;

p = 0.41), ShA stressed females (r = −0.05; p = 0.89), or LgA

stressed females (r = −0.07; p = 0.83). We analyzed the effects of

avoidance phenotype and time on cocaine deliveries using

separate two-way repeated measures (RM) ANOVAs for LgA

males, LgA females, ShA males, and ShA females. There was no

effect of avoidance phenotype on post-stress cocaine deliveries in

any of these groups (p > 0.05 in all cases). Because we did not find

differences in cocaine intake between Avoiders and Non-

avoiders, we collapsed Avoiders and Non-avoiders into a

single group of “Stressed” rats for each sex, and we compared

stressed rats to unstressed controls in all subsequent analyses.

Predator odor exposure does not alter
cocaine self-administration

A 2-way RM ANOVA showed that LgA males escalated

cocaine drug deliveries regardless of stress history (F [2.41,

55.64] = 6.29; p < 0.01), but there was no effect of stress (F

[1.23] = 0.02; p = 0.88) (Figure 2A). Neither stress (F [1.20] =

2.11; p = 0.16) nor day (F [1.93, 38.53] = 1.92; p = 0.16) had effects

on ShA males’ cocaine deliveries (Figure 2A). Figure 2B

highlights that LgA males exhibit greater increases in cocaine

deliveries over time relative to ShA males (F [1.43] = 27.94; p <
0.0001) in the absence of stress effects (F [1.43] = 1.90; p = 0.18).

A separate 2-way RM ANOVA showed that LgA females

escalated cocaine deliveries regardless of stress history (F [2.15,

45.22] = 26.18; p < 0.0001; Figure 2C), and again there was no

effect of stress (F [1.21] = 0.21; p = 0.65). A separate 2-way RM

ANOVA in ShA females revealed a main effect of day (F [2.48,

42.13] = 3.29; p = 0.04) but not of stress (F [1.17] = 0.05; p = 0.83)

(Figure 2C). Figure 2D highlights LgA females exhibit greater

increases in cocaine intake over time relative to ShA females (F

[1.38] = 54.74; p < 0.0001) in the absence of stress effects (F

[1.38] = 2.738; p = 0.11).

Males and females escalate cocaine
deliveries

In separate analyses, we compared self-administration

across sexes in animals with the same access conditions

(LgA or ShA) collapsed across stress history. In a 2-way

RM ANOVA analysis of cocaine delivery data in LgA

animals, we observed that all rats escalate cocaine deliveries

over 10 days (F [2.50, 115.0] = 22.93; p < 0.0001; Figure 3A).

There was no main effect of sex (F [1.46] = 3.35; p = 0.07;

Figure 3A). ShA males and females did not differ in intake (F

[1.39] = 0.23; p = 0.64), but there was a main effect of day (F

[2.46, 95.82] = 3.81; p = 0.02) on ShA cocaine delivery showing
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all rats escalated cocaine deliveries over time. A 2-way

ANOVA on cocaine deliveries in LgA rats showed LgA

males and females take more cocaine during the second

half of post-CPA self-administration (days 6–10) than

during days 1–5 (D1-5) of post-CPA self-administration

(main effect of access days: F [1.46] = 21.52; p < 0.0001;

FIGURE 1
Experiment timeline. Each cohort was treated identically upon arrival to the LSUHSC animal facility. The experiment lasted 26 days from the
start of cocaine exposure to sacrifice. All rats acquired cocaine operant conditioning. Then rats underwent place aversion conditioning with bobcat
urine. Rats in the control group never experienced bobcat urine. Avoidancewasmeasured and subjects were divided into ShA or LgA groups. The ShA
and LgA groups completed 10 days of post-CPA self-administration. created with biorender.com

FIGURE 2
Long-access males and females escalate self-administration; no effect of stress. (A,B) LgA males escalated cocaine intake (p = 0.01), but ShA
males did not change intake over time. (C,D) LgA and ShA females escalated cocaine intake. Data presented as mean ± SEM. Dollar signs denote a
main effect of time ($ denotes p < 0.05 and denotes p < 0.0001). Asterisks denote a main effect of access condition (**** denotes p < 0.0001).
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Figure 3B). In LgA rats, females take more cocaine than males

during self-administration days 6–10 (D6-10) (days x sex

interaction: F [1.46] = 2.750; p < 0.01; Figure 3B).

A follow-up 2-way ANOVA highlights that LgA rats display

greater escalation of cocaine deliveries than ShA rats (F [1.85] = 76.46;

p < 0.0001; Figure 3C). LgA males and females escalated drug

deliveries similar amounts across all 10 days post-CPA self-

administration (F [1.85] = 1.06; p = 0.31). When comparing total

cocaine deliveries, we found all LgA rats received more cocaine

deliveries than ShA rats (F [1.85] = 876.9; p < 0.0001; Figure 3D).

There was not a significant difference between sexes in total deliveries

in 10 days, but there was a trend that showed females self-

administered more than males (F [1.85] = 3.53; p = 0.06;

Figure 3D). Figure 3E illustrates LgA males and females increase

total active lever presses (with andwithout drug delivery) over time (F

[3.20, 107.5] = 4.21; p < 0.01) with no sex differences (F [1.34] = 2.96;

p = 0.09). There was no change in active lever presses across days (F

[1.81, 51.56] = 1.07; p= 0.34) nor sex (F [1.30] = 0.04; p= 0.84) in ShA

rats (Figure 3E). A 3-wayANOVAon total active lever presses during

the time-out period, when no cocainewas available, revealed that LgA

rats press the active lever more during 20 s timeouts than ShA rats (F

[1.60] = 18.70; p < 0.001; Figure 3F); there was no effect of stress (F

[1.60] = 0.11; p = 0.74) nor sex (F [1.60] = 0.013; p = 0.91) on

responding during time-out periods.

Figure 3G shows inactive lever presses (lever presses

resulting in no reinforcer delivery) for all LgA and ShA

males and females during post-CPA sessions. We used a

2-way RM ANOVAs to analyze sex and time effects on

FIGURE 3
LgA females self-administer more cocaine than LgAmales on days 6–10. (A) All LgAmales and females (combined control and stressed groups)
escalated cocaine intake over 10 days post-CPA self-administration. (B) LgA males and females received more cocaine deliveries during the second
half of post-CPA self-administration, and females received more cocaine deliveries than males on days 6–10. (C) LgA males and females escalated
cocaine intake, but ShA rats maintained similar intake levels throughout the 10-day testing period. LgA males and females escalated intake
similar amounts across all 10 days. (D) All LgA rats received more cocaine deliveries than ShA rats. (E) LgA males and females increased total active
lever presses (with and without drug delivery) over time. (F) LgA males and females pressed the active lever more during 20 s time-outs than ShA
males and females; there was no effect of stress. (G) There was no difference between how many inactive lever presses males and females made
during post-CPA self-administration sessions. Data presented as mean ± SEM. Asterisks denote a main effect of access condition (**** denotes p <
0.0001). Dollar signs denote a main effect of day ($$ denotes p < 0.01; denotes p < 0.0001). Pound signs denote a main effect of sex (####
denotes p < 0.0001). Plus signs denote an interaction (++ denotes p < 0.01).
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inactive lever presses in LgA and ShA animals. After

removing outliers (1 male) identified using the IQR test, a

Mann-Whitney test revealed that there were no differences in

inactive lever pressing during post-CPA self-administration

between any group. There was no time x sex interactions

between LgA males and LgA females (F [9, 288] = 0.82; p =

0.60), and no time x sex interactions between ShA males and

females F [9, 225] = 0.87; p = 0.56). There was no difference in

inactive lever presses between ShA and LgA animals (F [27,

513] = 0.65; p = 0.91). Outlier data appeared to be

associated with traditional stimulant-induced stereotypy

behavior.

Baseline cocaine intake correlates with
post-CPA cocaine self-administration

Collapsing across stress groups, in the ShAmale, ShA female,

and LgA female groups, baseline cocaine intake (average cocaine

intake [mg/kg] during acquisition days 8, 9, and 10) was

positively correlated with post-CPA cocaine intake (ShA males

[r = 0.66; p < 0.001; Figure 4A]; ShA females [r = 0.57; p = 0.01;

Figure 4C]; LgA females [r = 0.50; p = 0.01; Figure 4D]). LgA

males exhibited a trend toward the same correlation (r = 0.40; p =

0.058; Figure 4B).

Weight gain during self-administration
and stress exposure

Rats were weighed daily throughout the experiment. We

analyzed percent change in body weight during the pre-CPA

cocaine acquisition period (2 h/day cocaine access), and during

the post-CPA LgA (6hrs/day cocaine access) and ShA (1 h/day

cocaine access) period. Males and females increase body weight

similarly during acquisition (unpaired t-test: p = 0.59; Figure 5A).

During post-stress self-administration, all (control and stressed

combined) LgA males gained less weight than all ShA males (F

[1.85] = 7.04; p < 0.01); and there was a sex x access condition

interaction effect on body weight gain (F [1.85) = 8.38; p < 0.01;

Figure 5B).

Next, we collapsed data across LgA and ShA conditions to

examine acute effects of predator odor exposure (i.e., during

the 5-day conditioning procedure) on body weight gain in

male and female rats. When comparing body weight (g) 48 h

after the CPA test (i.e., day 1 of post-CPA self-administration

FIGURE 4
Baseline cocaine intake predicts future cocaine intake. (A–D) Male and female ShA and LgA rats that were low responders during acquisition
continued to be low responders and high responders continued to be high responders after the conditioned place aversion test regardless of stress
exposure group and access group. *denotes p < 0.05; *** denotes p < 0.001.
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prior to the start of the operant session) to body weight prior

to day 1 of the conditioning procedure, we observed that

stressed males and females gain less weight than controls (F

[1.85] = 5.59; p = 0.02; Figure 5C), and females gained less

weight overall than males (F [1.85] = 8.16; p < 0.01;

Figure 5C) during the 5 days of the conditioning

procedure, presumably due to acute stress effects of the

predator odor exposure.

Finally, we used a 2-way ANOVA to analyze percent body

weight gain in male rats during the 10 days of post-CPA self-

administration. LgA males gain less weight than ShA males (F

[1.43] = 20.85; p < 0.0001; Figure 5D), and stressed males gain more

weight than control males during the 10 days of post-CPA self-

administration (F [1.43] = 8.41; p < 0.01; Figure 5D). A separate 2-

way ANOVA of percent body weight gain in female rats during the

10 days of post-CPA self-administration revealed there was no

difference in post-CPA body weight gain between LgA and ShA

females (F [1.38] = 0.002; p = 0.97), nor was there a stress effect (F

[1.38] = 3.28; p = 0.08; Figure 5E) on body weight gain in females

during the 10-day post-CPA self-administration period.

Discussion

The main results of this experiment demonstrate that 1)

acute predator odor stress does not affect ShA or LgA cocaine

self-administration in adult male and female Wistar rats; 2) male

and female rats exhibit greatest escalation of cocaine intake under

long-access conditions; 3) females self-administer more cocaine

than males; and 4) early cocaine intake during 2-hr acquisition

periods is positively associated with subsequent levels of cocaine

intake in males and females under LgA and ShA conditions. We

also report that 1) stressed rats gain less weight in the days

immediately following bobcat urine exposure than unstressed

controls; 2) LgA males gain less weight than ShA males, and

surprisingly, 3) stressed males (regardless of access condition)

gain more weight than unstressed control males during 10 days

of post-CPA self-administration. Interestingly, cocaine access

condition and stress exposure did not affect body weight gain

in females.

In this study, females acquired cocaine at a similar rate to

males; then they self-administered more under long-access

conditions, but this was only seen in the later session (LgA

D6-10). We originally hypothesized that Avoider rats would take

more cocaine than Non-avoiders and unstressed rats and that

females would take more than males. Our data indicated that

Avoiders did not differ in their cocaine intake fromNon-avoiders

nor unstressed rats. Furthermore, all stressed rats (Avoiders +

Non-avoiders) did not self-administer more cocaine than

unstressed rats. This differs from previous results from our

lab in which bobcat urine exposure produces long lasting

increases in alcohol self-administration in Avoiders (37, 43)

FIGURE 5
Weight gain during acquisition, CPA, and post-CPA ShA and LgA. (A) Males and females increased body weight similarly during acquisition. (B)
LgA males gained less weight than ShA males while females were unaffected. (C) Stressed males and females gained less weight than controls
following acute predator odor exposure across the 5-day CPA procedure. (D) LgA males gained less weight than ShA males, and stressed males
gained more weight than control males after predator odor exposure during post-CPA 10-day self-administration. (E) There was no difference
in post-CPA weight gain between LgA and ShA females nor control and stressed females during 10-days post-CPA self-administration. Data
presented as mean ± SEM. Asterisks denote a main effect of access condition (** denotes p < 0.01; **** denotes p < 0.0001). Pound signs denote a
main effect of sex (## denotes p < 0.01). @ symbols denote a main effect of stress (@ denotes p < 0.05; @@ denotes p < 0.01). Plus signs denote an
interaction (++ denotes p < 0.01).
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and blunts alcohol aversion (46). It is possible that a single odor

exposure was not sufficient to change cocaine self-administration

due to the strong reinforcing properties of cocaine.

Prior work from another research group also reported that a

one-time exposure to predator odor (TMT in this case) failed to

alter LgA cocaine self-administration (FR1; 0.33 mg/infusion)

(36). That work differed from ours in that their animals were

exposed to predator odor without prior cocaine experience,

subjects were Sprague Dawley rats, and LgA sessions began

23 days after a 10 min TMT exposure. That prior study

reported that TMT-stress resilient rats, identified according to

anxiety-like behavior and startle reactivity, self-administered

fewer cocaine infusions during ShA sessions compared to

controls and TMT-stress susceptible rats. Comparing between

experiments, Sprague-Dawley rats in the (36) study responded

less for cocaine and received fewer cocaine infusions during ShA

(1 h/day) and LgA (6 h/day) sessions than Wistar rats in the

current study (2-to-4 fold higher responding in the current

study). These differences may be attributable to strain and/or

procedural differences between the studies (timing of self-

administration acquisition, type of odor, etc.). Future work

may benefit from utilizing repeated stress exposures and/or

fewer baseline acquisition sessions prior to odor exposure.

Bobcat urine is an innately stressful stimulus that triggers the

release of pro-stress hormones (e.g., corticosterone) and

increases anxiety-like behaviors in rats (44, 47–50). A subset

of rats exposed to bobcat urine exhibit long-lasting and

extinction-resistant avoidance of stimuli paired with that odor

(37). Other work reported that cat urine-exposed rats exhibit less

habituation in the acoustic startle response than unstressed

controls (51). Interestingly, female rats exposed to bobcat

urine exhibit lower acoustic startle reactivity relative to

unstressed control females, unlike what is seen in males,

highlighting sex differences in the behavioral response to

bobcat urine exposure in male and female rats (49).

Previous work in our lab reported that bobcat urine exposure

reduces body weight gain in Avoiders and Non-avoiders relative to

unstressed controls (43, 49). Here, we confirmed those findings

such that stressed animals gained less weight during the week in

which bobcat urine exposure and place conditioning occurred.

Interestingly, however, predator odor-exposed males subsequently

gained more weight than unstressed controls during the following

10 days of cocaine self-administration, regardless of access

condition. Cocaine is frequently used as a weight control

strategy, more so in women than in men (52, 53). One study

reported that cocaine-dependent men have lower bodymass index

than non-dependent men, but report more compulsive eating and

consume more calorie-dense food indicating cocaine’s weight loss

effects may be due to changes in nutrient metabolism rather than

changes in feeding behavior (54).

Preclinical work has reported that cocaine does not change

long-term food intake in rats, but rather cocaine has acute

anorexigenic effects (55). It has been suggested that increases in

mesolimbic dopamine may suppress food consumption, similar to

what is seen following administration of the dopamine type-2

receptor agonist, bromocriptine (56). However, following acute

cocaine-induced appetite suppression, rats display increased

motivation for high-calorie food which may lead to “binge

eating” in cocaine-experienced rats (57). Clinical and preclinical

work suggests that subjects with a history of cocaine use consume

more calories and more high-fat food, but they do not gain more

weight than non-cocaine users (54, 58). It has been speculated that

these effects may be due to cocaine stimulation of cocaine and

amphetamine-regulated transcript (CART) release and activation

of CART-expressing nucleus accumbens neurons, as well as

subsequent reductions in leptin production (59–61).

Furthermore, cocaine’s ability to antagonize the serotonin

transporter and norepinephrine transporter (resulting in a

decrease in pre-synaptic serotonin and norepinephrine

reuptake) likely result in increased appetite, decreased leptin

production, and increased thermogenesis (62, 63). Here, we

report that males with extended access (6 h/day) to cocaine

exhibit attenuated weight gain across 10 days of long-access

cocaine self-administration relative to males with shorter access

(1 h/day) to cocaine. One limitation of this study is that we did not

measure food intake over time.

Intravenous self-administration experiments report that

female rats respond more for cocaine than males at all stages

of access (i.e., acquisition, escalation) (16, 64). Female rodents

also more readily reinstate drug use after a period of abstinence

in the absence of any reinforcing cues when compared to males

(65, 66). Here, in adult male and female Wistar rats, we

confirmed prior work showing that LgA cocaine self-

administration but not ShA produces escalation of cocaine

intake (17). Women begin using cocaine earlier in life (67),

develop CUD faster than men (13, 68, 69), experience more

cocaine-related stress, paranoia, and hyperalgesia than men

(70), and seek treatment for CUD more times in their lives

than men (71). It is possible that different strategies will be

effective at reducing cocaine use in men versus women.

Furthermore, sex/gender differences in cocaine reward may

depend on menstrual cycles and circulating/brain estradiol

and progesterone in women (72–79). Unfortunately, we did

not monitor the estrous cycles of females, which is a limitation

of this study considering that female rodents self-administer

more cocaine during estrus/proestrus than diestrus and when

given estradiol (80, 81).

In conclusion, this study confirms various prior findings in

the cocaine self-administration and predator odor stress fields.

Prior findings showing that bobcat urine exposure produces

escalation of alcohol self-administration did not generalize to

cocaine self-administration in this study regardless of sex and

cocaine access condition. Strategies for future work in this area

may consider exposing animals to repeated stress, changing the

timing of stress relative to cocaine self-administration, or

exploring other predator odors.
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