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Abstract: Depression is a psychiatric disorder characterized by a marked decrease in reward sensitiv-
ity. By using the olfactory bulbectomy (OBX) model of depression, it was shown that OBX rats display
enhanced drug-taking and seeking behaviors in a self-administration paradigm than sham-operated
(SHAM) controls, and sex is an important regulating factor. To reveal potential strain effects, we
compared the operant behavior of male and female Sprague–Dawley and Wistar OBX and SHAM
rats trained to self-administer palatable food pellets. Results showed that Sprague–Dawley OBX
rats of both sexes exhibited lower operant responding rates and food intake than SHAM controls.
Food restriction increased responding in both OBX and SHAM groups. Female rats responded
more than males, but the OBX lesion abolished this effect. In Wistar rats, bulbectomy lowered food
self-administration only during the last training days. Food self-administration was not significantly
affected in Wistar rats by sex. In summary, this study showed that bulbectomy significantly reduces
operant responding and food intake in male and female Sprague–Dawley rats while inducing a
mild reducing effect only in the Wistar strain. Strain-dependent effects were also observed in the
modulating role of sex and food restriction on operant responding and palatable food intake.

Keywords: olfactory bulbectomy; depression; reward; self-administration; sex; strain

1. Introduction

Decreased reward responsiveness, weaker encoding of reward value, and greater
difficulty in engaging in goal-oriented behaviors increase the risk of developing anhedonic
symptoms that may result in loss of motivation. Blunted sensitivity to rewards and lack of
motivation are core symptoms of major depressive disorders, potentially life-threatening
mental disorders characterized by severe and long-lasting symptoms that make them highly
disabling illnesses [1]. Over the years, various animal models have been developed to
investigate the pathophysiology of depression and to test novel pharmacological strategies,
including genetic and stress models and models based on disruption of the circadian
rhythm or pharmacological manipulations [2–4].

Olfactory bulbectomy (OBX) is an animal model for major depression that results in
neurochemical, behavioral, and neuroendocrine alterations that are reversed by chronic, but
not acute, treatment with antidepressants [5–7]. Like other animal models of depression,
the OBX model shows several phenotypes of depression-related behavior, altered neuro-
transmitter activity, and neurotransmitter-related gene expression. Yet, it appeared to be
characterized by manic-depressive symptoms more than other classical animal models of de-
pression, such as the unpredictable chronic mild stress or the glucocorticoid/corticosterone
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model [8]. OBX rats have been widely used not only for investigating the molecular,
neuroanatomical, and neurobiological bases of depression [9,10] but also for studying its
psychiatric comorbidity and isolating the contributing factors [11,12].

Depression and addiction, for example, are frequently comorbid with both directions
of causality demonstrated, i.e., depression leading to subsequent drug taking and substance
use triggering mood disorders [13,14]. The likelihood of drug addiction and depression
occurring together in the same individual is approximately five times greater than expected
by the prevalence of each disorder alone [15]. Studies combining the OBX model of
depression with the intravenous self-administration procedure showed a higher intake of
amphetamine in Sprague–Dawley (SD) OBX rats [16], of methamphetamine and ketamine
in OBX Wistar (WI) rats [17,18] and of synthetic cannabinoids in OBX Lister-Hooded (LH)
rats [19] with respect to corresponding sham-operated (SHAM) controls. On the other hand,
cocaine self-administration in WI rats was not affected by olfactory bulbectomy [20]. In
contrast, OBX rats of WI and Long–Evans (LE) strains showed increased oral nicotine intake
when tested in the two-bottle choice drinking paradigm [21]. Furthermore, bulbectomy
in adult WI rats exposed to alcohol during adolescence significantly altered drinking
patterns concerning SHAM control rats [22]. In models of drug-seeking reinstatement
after drug abstinence, OBX WI rats showed increased methamphetamine and nicotine [23]
but not ketamine [17] seeking behavior and higher drug-induced reinstatement of cocaine
seeking [20].

To confirm decreased reward sensitivity in the OBX model, previous studies have
demonstrated suppressed sucrose preference after OBX lesion in SD rats [24–30], LH
rats [19], WI rats [31–34], and LE rats [35]. Yet, negative results were also reported, showing
no effect of OBX lesion on sucrose intake in SD [36] and WI rats [37]. Curiously, very few
studies on OBX animals were conducted using more than one strain. When this was the case,
it turned out that bulbectomy produced quite different neurophysiologic and behavioral
alterations in the two strains used [21,38]. The hypothesis that the strain of rats used can
represent a potential confounding factor and that outcomes can be different depending on
the specific strain used is strengthened by the evidence that rat strain differences exist not
only in other animal models of depression [39,40] but also in reward sensitivity [41,42], self-
administration of drug [43] and palatable food pellets [44] and in other hedonic behaviors
such as social play [45] and the investigatory behavior of a novel conspecific of the opposite
sex [46].

Therefore, the present study’s first aim was to verify whether the OBX-induced anhe-
donic trait could differ depending on the genetic background and whether sensitivity to
natural rewards varies between rat strains in the OBX model of depression. To this purpose,
we assessed the impact of strain on operant responding for palatable food by using two
rat strains commonly used in preclinical research, i.e., SD and WI, which were not used
in our previous study [47]. In addition to strain, sex is another factor that has been poorly
studied in the OBX model [48], although it is known to affect both depressive-like [49] and
reward-related behaviors in rats [50–53], including OBX rats [47]. In light of this evidence,
this study included males and females, and strain x sex interaction was analyzed and
discussed. We finally extended our investigation to analyze the feeding conditions (ad
libitum vs. restricted diet) on food self-administration in OBX rats.

2. Material and Methods

The study was performed in two different laboratories using two different types of
operant responses, namely lever-pressing and nose-poking, where animals were required
to press a lever or to put their nose into a specific hole to obtain a contingent food pellet.
Although the studies were performed at different sites, the laboratories have collaborated
for over a decade and established the OBX procedure together. Experiment 1 with Sprague–
Dawley (SD) rats and lever-pressing as operandum was performed in the University of
Cagliari (Italy, IT), while Experiment 2 with Wistar (WI) rats and nose-poking as operandum
was performed in the Masaryk University, Czech Republic (CZ). Notably, both surgeries
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(i.e., OBX and insertion of the intravenous catheter) and self-administration training were
performed by the same experimenters in the two laboratories.

2.1. Animals

Twenty-four male and twenty-four female SD rats (weight range 225–250 g upon
arrival) were purchased from Harlan-Nossan (Italy) and housed 4 per cage at the Animal
Facility of the Department of Biomedical Sciences, University of Cagliari, IT. Fifty male
and thirty-two female WI rats (weight range 225–250 g upon arrival) were purchased from
the Masaryk University breeding facility and housed 4 per cage at the Central Animal
Facility of the Faculty of Medicine, Masaryk University, CZ. Males and females were
housed in different rooms with free access to water, while food was available either ad
libitum or restricted to 18 g/day for the food-restricted cohorts to reach approximately 80%
of the free-feeding body weight. Environmental enrichment was provided throughout the
study to all animals. Environmental conditions during the whole study were constant:
relative humidity 50–60%, room temperature 23 ± 1 ◦C, inverted 12 h light–dark cycle
(7 a.m. to 7 p.m. darkness). All procedures were performed following EU Directive No.
2010/63/EU and approved by the Animal Care Committee of the Faculty of Medicine,
Masaryk University, Czech Republic and Czech Governmental Animal Care Committee, in
compliance with Czech Animal Protection Act No. 246/1992.

2.2. Olfactory Bulbectomy Surgery

At the beginning of the experiments, rats were randomly divided into two equal
groups: bulbectomized (OBX) and sham-operated (SHAM) rats. The bilateral ablation
of the olfactory bulbs was performed as previously described [17,19,54]. Animals were
anesthetized with isoflurane 2% (SD rats, IT) or ketamine 50 mg/kg and xylazine 8 mg/kg
given intraperitoneally (WI rats, CZ); the top of the skull was shaved and swabbed with an
antiseptic solution. Then, a midline frontal incision was made on the skull, and the skin
was retracted bilaterally. Two burr holes, 2 mm in diameter, were drilled in the frontal
bone 7 and 7.5 mm anterior from the bregma, 1.5 and 2 mm lateral to bregma suture for
rats weighing 230 ± 10 g and 260 ± 10 g, respectively. Both olfactory bulbs were removed
by aspiration, paying particular attention to not damaging the frontal cortex. Prevention
of blood loss from the ablation cavity was achieved by filling the dead space with a
hemostatic sponge. The skin above the lesion was closed with a suture. Finally, bacitracin
plus neomycin powder was applied to prevent bacterial infection. Sham-operated rats
underwent identical anesthetic and drilling procedures, but their bulbs were left intact. A
period of at least 20 days was allowed to recover from the surgical procedure and develop
the characteristic phenotype. During this period, animals were handled regularly to
eliminate aggression, which could otherwise arise [5,55]. At the end of the study, rats
were euthanized by an aesthetic overdose, and the brains were dissected to confirm the
successful removal of the olfactory bulbs. Animals with incomplete removal of the olfactory
bulbs were eliminated from the analysis: specifically, 6 SD males, 9 SD females, 11 WI males
and 7 WI females were not included.

2.3. Food Self-Administration Apparatus and Protocol

Experiment 1 (SD): Food self-administration was conducted in 12 operant chambers
(29.5 × 32.5 × 23.5 cm, Med Associates, VT, USA) using lever pressing as an operandum.
Each chamber was encased in a sound and light-attenuating cube and provided a ventilation
fan and a front panel equipped with two retractable levers (each 4 cm wide) positioned
12 cm apart 8 cm from the grid, and 1.5 cm into the box. A white house light illuminated
the cage during the whole session.

Experiment 2 (WI): Food self-administration was conducted in 10 operant boxes
(30 × 25 × 30 cm, Coulbourn Instruments, Allentown, NJ, USA) using a nose-poke operandi
encased in a sound and light attenuating cube. Each cage was provided with two nose-
poke holes allocated on one side and programmed by the software Graphic State Notation
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3.03 (Coulbourn Instruments, Allentown, NJ, USA). A white house light illuminated the
cage during the whole session.

In both experiments, the training was conducted under a fixed ratio 1 (FR1) schedule of
reinforcement, i.e., the animal had to press the active lever or break a photobeam by putting
its nose into a hole (i.e., by acting an active nose-poke) once to obtain a single palatable pel-
let (BioServ, sweet dustless rodent pellets, F0021-Purified Casein Based Formula—45 mg).
After each active lever-press, both levers were retracted for a 15 s timeout period. Stim-
ulation of the inactive operandum was recorded but did not lead to any programmed
consequence. The session lasted 30 min, and the house light was on throughout. The length
of the training was 10 consecutive days. All animals consumed the vast majority of the
gained pellets. All self-administration sessions were conducted at the same time daily
(10 a.m.–12.30 p.m.) during the dark period of the inverted light–dark cycle.

2.4. Statistical Analysis

Primary data were summarized using arithmetic mean and standard error of the
mean estimate (SEM). The analyses were calculated using Statistica 13.2 (StatSoft, Tulsa,
OK, USA). A value of p < 0.05 was recognized as a boundary of statistical significance in
all applied tests. Food self-administration data were analyzed by ANOVA for repeated
measures (RM) with factors: OBX model, feeding status, repeated variable: day, followed
by Bonferroni’s post-test for analysis of significant interactions of factors. Sex differences in
the food self-administration were also assessed (RM) ANOVA (factors: OBX model, sex,
repeated variable: day) followed by Bonferroni’s post hoc test for analysis of significant
interactions of factors. In this analysis, the factor of the feeding status was not included, as
we observed the same effect of food restriction in male and female rats of both strains.

3. Results
3.1. Experiment 1 (SD)

In Experiment 1, we evaluated the self-administration of palatable food pellets over
10 consecutive days in male and female SD rats. Data are presented as mean active and
inactive lever presses and as a cumulative number of pellets gained over time, i.e., day
1: number of pellets delivered on day 1; day 2: sum of the pellets obtained on day 1 + those
obtained on day 2; day 3: sum of the pellets obtained on day 1 + day 2 + day 3, etc).

3.1.1. Male SD Rats

In active lever pressing, RM ANOVA revealed a highly significant effect of the OBX
model (F1,20 = 29.48, p < 0.001), feeding status (F1,20 = 5.69, p = 0.027), day (F9,180 = 45.52,
p < 0.001) and day*OBX model interaction (F9,180 = 10.54, p < 0.001). According to the
Bonferroni’s post hoc test for day*OBX model interaction, active responding in the OBX rats
resulted significantly decreased from day 6 onwards (days 6: p = 0.004, days 7–10: p < 0.001),
while inactive lever pressing did not differ among the groups. RM ANOVA detected a
significant effect of the repeated factor—day only (F9,180 = 5.81, p < 0.001). Significant effects
of a day in both active and inactive operant responding reflect the learning process during
acquisition, which is irrelevant to this study.

The cumulative number of delivered pellets showed similar trends as active respond-
ing. RM ANOVA showed a highly significant effect of the OBX model (F1,20 = 19.23,
p < 0.001), feeding status (F1,20 = 8.24, p = 0.009), day (F9,180 = 368.10, p < 0.001), day*OBX
model interaction (F9,180 = 28.78, p < 0.001) and day*feeding status interaction (F9,180 = 4.90,
p < 0.001). Bonferroni’s post hoc test for day*OBX model interaction revealed significantly
suppressed pellet intake in OBX rats from day 7 onwards (day 7: p = 0.005, days 8–10:
p < 0.001). Bonferroni’s post hoc test for day*feeding status interaction revealed higher
pellet intake in the food-restricted animals on day 10 (p = 0.024). The significant effect of
day in pellet delivery reflects the learning process during acquisition, which is irrelevant to
this study. All variables are shown in Figure 1 alongside an overview of statistical results.
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Figure 1. Self-administration of sweet pellets in male SD rats. The graphs present the mean ± SEM
of daily numbers of active lever presses (A), inactive lever presses (B), and cumulative numbers of
self-administered pellets (C) in all experimental groups. The tables summarize the results of RM
ANOVA and Bonferroni’s post-test for each variable (* p < 0.05, ** p < 0.01, *** p < 0.001 and # p < 0.05,
### p < 0.001 for day*feeding interaction). N/A: not applicable; n.s.: not significant.

3.1.2. Female SD Rats

In active lever pressing, RM ANOVA revealed a highly significant effect of the OBX
model (F1,20 = 155.44, p < 0.001), feeding status (F1,20 = 6.54, p = 0.019), day (F9,180 = 51.45,
p < 0.001) and day*OBX model interaction (F9,180 = 13.31, p < 0.001). Bonferroni’s post hoc
test for day*OBX model interaction indicated significantly lower responding in the OBX
rats from day 3 onwards (p < 0.001). Interestingly, in inactive lever pressing, RM ANOVA
indicated not only a significant effect of the day (F9,180 = 7.16, p < 0.001) but also significant
day*feeding status interaction (F9,180 = 2.22, p = 0.023) and day*OBX model*feeding status
interaction (F9,180 = 1.96, p = 0.047). However, Bonferroni’s post hoc tests for the interactions
did not reveal any relevant differences.

In the analysis of the cumulative number of delivered pellets, RM ANOVA showed a
highly significant effect of the OBX model (F1,20 = 198.02, p < 0.001), feeding status (F1,20 = 8.67,
p = 0.008), day (F9,180 = 951.06, p < 0.001), day*OBX model interaction (F9,180 = 169.66, p < 0.001)
and day*feeding status interaction (F9,180 = 4.73, p < 0.001). Food pellet intake was significantly
decreased in the OBX rats from day 3 onwards (day 3: p = 0.044, days 4–10: p < 0.001,
Bonferroni’s post hoc test for day*OBX model interaction). Conversely, food pellet intake was
higher in the food-restricted animals on days 9 (p = 0.030) and 10 (p = 0.004, Bonferroni’s
post hoc test for day*feeding status interaction). All variables are shown in Figure 2 together
with an overview of statistical results.
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3.1.3. Evaluation of Sex Differences in SD Rats

Analysis of sex differences included ad libitum-fed groups only, i.e., analyzed groups
were males SHAM, males OBX, females SHAM, and females OBX, while variables included
active lever presses and cumulative pellet intake (Figure 3).

In active lever pressing, RM ANOVA revealed a significant effect of the OBX model
(F1,20 = 84.94, p < 0.001), day (F9,180 = 59.26, p < 0.001), and day*OBX model interaction
(F9,180 = 17.00, p < 0.001) but no effect of sex. Bonferroni’s post hoc test for day*OBX model
interaction indicated significantly lower responding in the OBX rats from day 3 onwards
(day 3: p = 0.001, day 4–10: p < 0.001), which is consistent with findings in both sexes.

In the cumulative number of delivered pellets, RM ANOVA showed a highly signif-
icant effect of the OBX model (F1,20 = 91.60, p < 0.001) and OBX model*sex interaction
(F1,20 = 7.46, p = 0.013). Bonferroni’s post hoc test for OBX model*sex interaction indicated
a significantly higher intake of food pellet in female SHAM rats as compared to the cor-
responding male group (p = 0.032) but not in female OBX rats as compared to male OBX
rats (n.s.). As expected, the difference between OBX and SHAM groups within each sex
was also present: SHAM rats consumed more pellets than the OBX group (p < 0.001 in
both sexes). Furthermore, as expected, RM ANOVA indicated a significant effect of the day
(F9,180 = 554.48, p < 0.001), day*OBX model interaction (F9,180 = 80.35, p < 0.001) but also
a day*OBX model*sex interaction (F9,180 = 2.36, p = 0.015). Bonferroni’s post hoc test for
day*OBX model interaction revealed a decreased number of pellets in the OBX animals
from day 5 onwards (p < 0.001). Bonferroni’s post hoc test for the day*OBX model*sex
interaction revealed that the effect of OBX in male rats is present from day 7 (p = 0.004)
until day 10 (day 8–10, p < 0.001), while in female rats, this effect is apparent already on
day 5 (day 5–10, p < 0.001).
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Figure 3. Sex differences in the self-administration of sweet pellets in SD rats. The graphs present
the mean ± SEM of daily numbers of active lever presses (A) and cumulative numbers of self-
administered pellets (B) in ad libitum-fed experimental groups of both sexes. The tables summarize
the results of RM ANOVA and Bonferroni’s post-test for each variable (* p < 0.05, ** p < 0.01,
*** p < 0.001). N/A: not applicable; n.s.: not significant.

3.2. Experiment 2 (WI)

Experiment 2 assessed an operant self-administration of palatable pellets over 10 days
under the FR1 schedule of reinforcement in male and female WI rats. Data are presented as
daily mean numbers of active nose-poking, inactive nose-poking, and cumulative number
of delivered pellets (i.e., as in Experiment 1).

3.2.1. Male WI Rats

In active nose-poking RM ANOVA revealed only a trend to an effect of the OBX model
(F1,45 = 3.14, p = 0.083) but a significant effect of the day (F9,405 = 51.07, p < 0.001), day*OBX
model interaction (F9,405 = 5.97, p < 0.001), day*feeding status interaction (F9,405 = 2.37,
p = 0.013) and day*OBX model*feeding status interaction (F9,405 = 3.11, p = 0.001). Bon-
ferroni’s post hoc test for day*OBX model interaction indicated significantly decreased
responding in the OBX rats on day 10 (p = 0.038). Bonferroni’s post hoc test for other
interactions did not detect any significant results. In inactive nose-poking, RM ANOVA
revealed a significant effect of the OBX model (F1,45 = 9.79, p = 0.003), day (F9,405 = 25.10,
p < 0.001), and day*OBX model interaction (F9,405 = 4.97, p < 0.001). Bonferroni’s post hoc
test for day*OBX model interaction indicated significantly increased responding in the
OBX rats on day 1 (p < 0.001). This corresponds to our earlier findings showing higher
inactive nose-poke responding in the OBX model, which was likely due to novelty-induced
hyperactivity [17,47]. In the cumulative number of delivered pellets, RM ANOVA did not
detect a significant effect of the OBX model but only day (F9,405 = 248.86, p < 0.001) and
day*OBX model interaction (F9,405 = 4.18, p < 0.001). However, Bonferroni’s post hoc test
for day*OBX model interaction did not reveal significant results. All variables are shown in
Figure 4 together with an overview of statistical results.
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Figure 4. Self-administration of sweet pellets in male WI rats. The graphs present the mean ± SEM
of daily numbers of active lever presses (A), inactive lever presses (B), and cumulative numbers of
self-administered pellets (C) in all experimental groups. The tables summarize the results of RM
ANOVA and Bonferroni’s post-test for each variable (* p < 0.05, ** p < 0.01, *** p < 0.001). N/A: not
applicable; n.s.: not significant.

3.2.2. Female WI Rats

In active nose-poking, RM ANOVA revealed a significant effect of the OBX model
(F1,26 = 10.76, p = 0.003), day (F9,234 = 54.21, p < 0.001), day*OBX model interaction (F9,234 = 3.32,
p < 0.001) and day*feeding status interaction (F9,234 = 2.08, p = 0.032). Bonferroni’s post hoc
test for day*OBX model interaction indicated significantly lower responding in the OBX rats
on days 9 and 10 (p = 0.028). For the day*feeding status interaction, Bonferroni’s post hoc
test did not show any relevant differences. In inactive nose-poking RM ANOVA revealed an
effect of the OBX model (F1,26 = 7.35, p = 0.012), day (F9,234 = 22.47, p < 0.001), and day*OBX
model interaction (F9,234 = 11.07, p < 0.001). Bonferroni’s post hoc test for day*OBX model
interaction indicated significantly increased responding in the OBX rats on days 1–2 (p < 0.001)
analogously as in male WI rats and our previous studies [17,47]. In the analysis of the
cumulative number of delivered pellets, RM ANOVA showed a significant effect of OBX
model (F1,28 = 7.96, p = 0.009), feeding status (F1,28 = 8.12, p = 0.008), day (F9,252 = 536.01,
p < 0.001), day*OBX model interaction (F9,252 = 12.07, p < 0.001) and day*feeding status
interaction (F9,252 = 2.84, p = 0.003). Bonferroni’s post-hoc test for day*OBX model interaction
indicated significantly decreased pellet intake in the OBX rats on days 9 (p = 0.002) and
10 (p < 0.001). Bonferroni’s post hoc test for day*feeding status interaction did not show
significant differences. All variables are shown in Figure 5 together with an overview of
statistical results.
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Figure 5. Self-administration of sweet pellets in FEMALE WI rats. The graphs present the
mean ± SEM of daily numbers of active lever presses (A), inactive lever presses (B), and cumu-
lative numbers of self-administered pellets (C) in all experimental groups. The tables summarize the
results of RM ANOVA and Bonferroni’s post-test for each variable (* p < 0.05, ** p < 0.01, *** p < 0.001).
N/A: not applicable; n.s.: not significant.

3.2.3. Evaluation of Sex Differences in WI Rats

The analysis of sex differences included ad libitum fed groups only and the number of
active nose-pokes and cumulative pellets as variables (Figure 6). In active nose-poking activ-
ity, RM ANOVA revealed only a trend to a significant effect of the OBX model (F1,35 = 3.79,
p = 0.060) but indicated a significant effect of the day (F9,315 = 68.68, p < 0.001), day*OBX
model interaction (F9,315 = 9.16, p < 0.001) and day*sex interaction (F9,315 = 1.93, p = 0.047).
Bonferroni’s post hoc test for day*OBX model interaction indicated significantly lower re-
sponding in the OBX rats compared to SHAM on days 8 (p = 0.001), 9 (p = 0.031), and
10 (p = 0.032). Bonferroni’s post hoc test for day*sex interaction showed no relevant signifi-
cant results. In the cumulative number of delivered pellets, RM ANOVA showed a highly
significant effect of the day (F9,315 = 252.66, p < 0.001) and day*OBX model interaction
(F9,315 = 7.12, p < 0.001). Bonferroni’s post hoc test for day*OBX model interaction confirmed
a decreased number of pellets in the OBX animals on day 10 (p = 0.014).
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Figure 6. Sex differences in the self-administration of sweet pellets in WI rats. The graphs present the
mean ± SEM of daily numbers of active nose-pokes (A) and cumulative numbers of self-administered
pellets (B) in ad libitum-fed experimental groups of both sexes. The tables summarize RM ANOVA
and Bonferroni’s post-test results for each variable (* p < 0.05, *** p < 0.001). N/A: not applicable;
n.s.: not significant.

4. Discussion

Overall, the present study confirmed that OBX reduced food self-administration in
male and female rats and demonstrated that sex does not seem to play a major role in
the OBX-induced changes in food self-administration behavior. Notably, we observed
a relatively consistent influence of OBX on the food self-administration behavior in two
different rat strains (i.e., SD and WI).

In general, data obtained in SD rats align with those we previously reported in LH
rats [47], as OBX lesion decreased active responding and food intake in both sexes, and
the restricted diet condition moderately increased food pellet intake in both males and
females. Actually, food restriction is known to facilitate the acquisition and maintenance of
self-administration of most abused drugs, so we expected that palatable food acts as a more
effective reinforcer when animals are food deprived [56,57]. Contrary to the LH strain,
however, we found that in the SD strain, the effect of sex is evident in SHAM animals only,
as OBX SD male and female rats did not significantly differ in their active responding or the
cumulative number of pellets. Notably, the finding that female SD rats self-administered
by lever pressing more pellets than SD males is in line with another previous study [58]
where a nose-poking operandum was used, which ensures that such a sex-dependent effect
does not depend upon the specific response requirement.

In the WI strain, the effect of OBX was relatively weak, more robust in females than in
males, but still weaker than in SD rats, and with no significant sex-dependent effects. These
observations would suggest that WI rats could not represent the best strain to investigate the
co-occurrence of depression and motivated or reward-related behavior when using animals
of both sexes, as this rat strain might not reveal potential underlying sex-dependent effects.
Notably, although WI rats displayed sex-dependent differences in the self-administration
of palatable food [59,60], no study at present has used this strain in the OBX model of food
self-administration, and none of the previous studies investigating operant responding
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for drugs in OBX WI rats used animals of both sexes [18,20,61,62]. The present study is
thus the first to test WI OBX rats in the food self-administration paradigm and to evaluate
potential sex differences in responding for food. With respect to the SD strain, WI rats
have been reported to display a weaker response to another natural reward, i.e., social
play [43], suggesting a different reward sensitivity in the two strains, which could explain
the differences we observed in their response to palatable food. It is noteworthy that in
line with our previous observation in this strain [17], both female and male WI OBX rats
displayed higher inactive responding than WI SHAM rats during the first day of training,
suggesting the occurrence of hyperactivity as a consequence of bulbectomy. This effect
was not detectable in the SD cohort likely due to the use of levers instead of nose pokes.
Indeed, while the nose-poking mechanism is easier to stimulate repeatedly as photobeams
are constantly present and available to rats, levers retracted after each active press, making
it more difficult to appreciate potential hypermotility.

The reducing effect of OBX on active responding was less evident in WI than in SD
rats, which is similar to the effect of the ad libitum food condition that significantly reduced
food intake in both SHAM and OBX rats in the SD but not the WI strain.

Motivation for food is regulated by both homeostatic and hedonic mechanisms, so
we included the feeding status factor in our study to assess whether satiety may interfere
with the reward value of the hedonic food and affect the operant responding of rats. Our
findings demonstrated that OBX affects the motivational effects of hedonic food rewards
independently of the homeostatic needs, i.e., in both the “fed ad libitum” and the “restricted
diet” groups. As expected, food restriction consistently increased food self-administration
in both SHAM and OBX rats [63], the difference between ad libitum vs. restricted food
conditions becoming more evident as the training days went by. Yet, we did not detect
OBX*feeding status interaction on either strain or sex, which suggests that this factor can
be excluded from future studies, as it affects all experimental groups consistently.

Importantly, although not always reaching a statistically significant level, a more
evident OBX-induced reduction in food self-administration was observed in female than in
male SD rats, suggesting that besides the strain, also sex should be considered an important
variable in the OBX model [47]. In addition to direct strain-dependent effects, protocol-
dependent differences may also play a role in the reported findings, with WI rats (in which
OBX showed a minor effect) accessing food pellets through nose poking, which requires
less motor and motivational output than lever-pressing. WI rats were also able to nose
poke more than once at a time unintentionally or to continue nose poking intentionally
in the active hole until the presentation of the food pellet (i.e., even during the delivery
time), which are events that are both not possible for SD rats that operated through levers
that retracted immediately after each active lever press. These small protocol differences
could explain (at least in part) the relatively higher interindividual variability of active
responding in WI vs. SD rats, with the latter showing higher responding for food by
operating through a modality that typically requires more motor and motivational outputs.

Interestingly, while other studies that used the OBX model for investigating depression
and drug abuse comorbidity reported enhanced responding for amphetamine [16], metham-
phetamine [18], cannabinoid [19], and ketamine [17], the present study confirms that the
opposite occurs when OBX rats are given free access to a natural rewarding stimulus like
palatable food [47]. This evidence suggests that while the neurochemical abnormalities
associated with depression may enhance the addictive properties of some drugs of abuse,
although not all [61,62,64], they may also render the subjects less responsive to other types
of reinforcers. Yet, the possibility that OBX rats self-administer some drugs more than
SHAM animals to alleviate the depression-like symptoms cannot be ruled out [21].

In conclusion, this study demonstrates for the first time that while there are some
strain-dependent differences in operant responding for food, the OBX lesion exerts changes,
which are relatively consistent among the rat strains and sexes. Mainly, our data confirm
that OBX reduces the self-administration of palatable food in rats and that its effect may
vary significantly between males and females. Our findings suggest that innate differences
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in susceptibility to develop depression-like symptoms after OBX may be present between
rat strains. Lever pressing could represent the most useful response-like operandum when
testing male and female OBX rats in self-administration paradigms.

Yet, some limitations of this study should be considered. Despite our efforts to
minimize differences between the two laboratories where the two strains of rats have been
tested, including having the same person in charge of OBX surgeries and training, a “lab
effect” cannot be excluded. Notably, our purely behavioral approach does not offer any
mechanistic insight into the strain- and sex-induced effects. However, it does not affect
the main take-home message of this study, i.e., to consider the rat strain, the response-like
requirement, and the animals’ sex when using the OBX model for reward-related studies.
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