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ABSTRACT

Introduction: Natural rewards are essential for survival. However, drug-seeking
behaviors can be maladaptive and endanger survival. The present study was conducted

Article info: to enhance our understanding of how animals respond to food and morphine as natural
Received: 25 Nov 2020 . and drug rewards, respectively, in a conditioned place preference (CPP) paradigm.

First Revision: 27 Jan 2021 . Methods: We designed a protocol to induce food CPP and compare it as a natural reward
Accepted: 28 Jan 2021 . with morphine CPP in rats. The protocol for reward induction in both groups (foods and
Available Online: 01 Sep 2022 : morphine) consisted of three phases: pre-test, conditioning, and post-test. In morphine

groups, we injected morphine as a reward (5 mg/kg, SC). To induce natural reward, we
used two different protocols. In the first one, the rats were deprived of food for 24 h. In
the other method, the rats were restricted to food for 14 days. During the conditioning
period, the animals received daily chow, biscuits, or popcorn as a reward inducer.

Results: Results revealed that CPP was not induced in food-deprived rats. A combination
of food restriction (as a facilitator) and a biscuit or popcorn-induced reward using

Keywords: . CPP. In contrast, food deprivation did not facilitate food CPP in response to regular
Natural reward, Morphine food. Interestingly the CPP score of the group which received biscuits during a 7-day
reward, Food deprivation, . conditioning period was more than that of the morphine group.

Food restriction, Conditioned

Conclusion: In conclusion, food restriction could be a better protocol than food
place preference, Rat

deprivation to facilitate food reward.
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e Consumption of regular did not induced conditioned place preference in food deprived rats.

e Palatable food induced the conditioned place preference in food-restricted rats.

e Food restriction was a better facilitator than food deprivation for induction of food/natural reward.

e Specific food as compared with morphine significantly induced the conditioned place preference in the rats.

Plain Language Summary

In today's society, addiction is a growing problem, which is not only restricted to drugs, but also to foods, sex,
and shopping as well. On the other hand, to maintain a healthy lifestyle, we must also enjoy natural rewards. In
drug addiction treatment, one of the goals is to maintain the natural response. This kind of treatment requires an
understanding of the brain reward circuits underlying drug and natural rewards. We examined inducing morphine-
CPP as a drug reward and designed different conditioned place preference behavior (CPP) paradigms for inducing
food reward as a natural reward model to compare drug-induced and natural-induced CPP behavior.

1. Introduction

ddiction is a severe public health prob-
lem that is not just limited to the abuse
of drugs such as morphine, cocaine, and
methamphetamine but is also associated
with compulsive behavior related to eating
food, gambling, sex, and shopping (Lew-
Starowicz, et al., 2020).

Drug and non-drug addiction targets the reward sys-
tem (Olsen, 2011). One of the non-drug (natural) cues,
i.e., food, especially palatable food, could induce re-
ward and affect its circuit. For the first time, “food ad-
diction” was presented in the literature as a term in
the 1950s. While many studies have focused on drug
addiction, few reports have been published on food
addiction (Krashes & Kravitz, 2014). Morphine is an
exogenous opioid used therapeutically to modulate se-
vere, acute, or chronic pain (Rosenblum et al., 2008).
However, opioid misuse is a major problem in the
world (Strang et al., 2020).

Several areas in the brain are involved in reward-related
behaviors, including the Ventral Tegmental Area (VTA),
Nucleus Accumbens (NAc), Hippocampus (HIP), pre-
frontal cortex (PFC), hypothalamus, and amygdala (Lee
et al., 2020; Ng et al., 2013). Induced changes in the re-
ward system’s activity are related to prevalent disorders
such as addiction and obesity. Thus, understanding the
reward-associated behaviors and mechanisms is essen-
tial for treating these disorders (Domingo-Rodriguez et
al., 2020; Grosshans et al., 2011; Hogarth, 2020; Inbar

et al., 2020). The growth of obesity has become a severe
problem that affects many countries worldwide. An in-
crease in food reward and consumption can lead to obe-
sity (Leigh & Morris, 2018; Stice et al., 2013).

The circuit and mechanisms involved in food reward
(as a natural reward) and compulsive eating behavior
may be similar to those that induce compulsion toward
drugs (Krashes & Kravitz, 2014). Studies suggest simi-
larities between behavioral and neurochemical charac-
teristics of drug addiction and food addiction (Allen et
al., 2012; Avena et al., 2009).

On the other hand, treatment of addiction influences
natural reward behaviors. It seems that abused drugs
and natural rewards both use the same reward circuit
(Lau et al., 2006), which is considered a problem in ad-
diction treatment because survival depends on natural
rewards such as food and sex. Disrupting the natural
reward system could induce anxiety, depression, and
other reward-related disorders (Saper et al., 2002). It
has been proven that the ability to follow food and wa-
ter rewards is crucial for animal survival. The critical
question is, “What is the difference between natural-
and morphine-reward-related behavior in Conditioned
Place Preference (CPP)?” To answer this question, we
investigated and compared the animals’ reward related
behavior in morphine- and food-induced CPP.

There are different protocols for the induction of food
reward. Food deprivation or food restriction before ani-
mal conditioning to food is mostly used in this regard
(Toth & Gardiner, 2000). The challenge of using depri-
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vation and restriction as a motivational stimulator for
behavioral training is to find the sweet spot between
the severity of the imposed deprivation and restriction
schedule and the need for motivated learning or perfor-
mance. Therefore, one aspect of this experimental study
revolves around whether food restriction or deprivation
could be a facilitator to food reward induction or not.

Food deprivation and food restriction procedures are
necessary parts of various protocols in behavioral stud-
ies in neuroscience. They cover protocols for feeding
behavior, impulse control, and reward-aversive behavior
(Carlini et al., 2008; Conrad, 2010; Ouyang et al., 2017,
Williams et al., 2020). “Deprivation” and “restriction”
are different terms and concepts. In food reward (as a
natural reward model), studies on the deprivation or re-
striction procedure are not only essential but the type of
food that animals receive as the reward is also important
(Sampey et al., 2011). There is no single standard food
deprivation or restriction protocol to facilitate food re-
ward (Prescott et al., 2010).

Conditioned place preference, as one of the most popu-
lar tests, is increasingly used to investigate the reward-
related effects of drugs and non-drug treatments in ani-
mals. In this study, we also designed a CPP paradigm to
answer our questions (Marion-Poll et al., 2019; Shirazy
et al., 2020).

Therefore, the current study examines the trend of food
deprivation and food restriction to induce food reward as
a natural reward model. Furthermore, we compare the
reward-related behavior of morphine (as a drug reward)
with a food reward (as a natural reward model).

2. Materials and Methods
Study animals

All subjects (n=103) were adult male Wistar rats (Pas-
teur Institute, Tehran, Iran) weighing 220-270g at the
start of the experiment. The rats were housed in a 12/12h
light/dark cycle at a temperature of 25°C+2°C and hu-
midity of 55%+10% in a controlled central animal facil-
ity. All subjects were randomized in groups of two per
cage and housed with bedding and free access to water.
Experimental procedures were approved by the Ethics
Committee of Shahid Beheshti University of Medical
Sciences (IR.SBMU.SM.REC.1395.373), Tehran, Iran.
All protocols followed the internationally accepted prin-
ciples for the Care and Use of Laboratory Animals (Na-
tional Institutes of Health [NIH] publication No. 80-23,
revised in 1996).

September & October 2022 Volume 13, Number 5

Drugs

Morphine sulfate (Tehran, Iran) was dissolved in phys-
iological saline (0.9% NaCl) and administered by the
subcutaneous (SC) route at the dose of Smg/kg in the
conditioning phase.

Food deprivation and food restriction

Ad libitum-fed subjects had free access to standard lab
chow pellets. Food-deprived animals had access to pel-
lets except for 24h before the beginning conditioning
phase (Food was withdrawn from all subjects 24h be-
fore the beginning of the conditioning). Food-restricted
rats followed a feeding regimen (Carr, Kim, & de Vaca,
2000; De Vaca & Carr, 1998; Toth & Gardiner, 2000)
in which they received 50% of ad libitum chow intake
(11g) daily (22g each cage) until body weight was re-
duced by 15%-20% (after 14 days). The palatable food
(popcorn or biscuit) or regular chow was considered the
reward (Ong & Muhlhausler, 2011). Each rat received
17g of food (daily pellet+reward food) for maintaining
the body weight during the experiment (or until the end).

After an initial body weight measurement and a pre-
test, the animals experienced 24h food deprivation to
facilitate the food reward. They had no access to food.
After the deprivation period, animals were weighed.
Furthermore, the percentage of body-weight loss, con-
sidering the initial weight, was calculated.

To investigate the weight loss trend in animals during
the food restriction (FR) period, they were weighed
before applying FR (day 0). Subsequently, their weight
was recorded on the following checkpoints of days 2,
4, 6, 8, 10, 12, and 13. If any significant weight loss
happened to an animal observed between any of the
specific weight-measuring checkpoints and its previ-
ous checkpoint, the animal would have to be excluded
from the study and fed with a regular diet to compen-
sate for the excessive weight loss.

Conditioning place preference paradigm

The experiments were performed in a three-compart-
ment Plexiglas CPP apparatus. The CPP apparatus is a
form of classical conditioning used to evaluate motiva-
tional properties, such as rewarding or aversive effects
of reward-related cues in animals. Two equal-sized
compartments (as the main chambers) for the condi-
tioning session, isolated by a guillotine door, lead into
the third part, known as the null part (30x15%40 cm).
The floor texture (smooth or rough) and wall-striped
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pattern made the two main compartments different.
One of the compartments’ walls is striped horizontally,
and the other compartment wall is striped vertically.
The rats’ behavior was monitored through a 3CCD
camera (Panasonic, Japan) held directly above the ap-
paratus. Data were analyzed by EthoVision software
(v. 7), a video tracking system for automating behav-
ioral experiments (Noldus Information Technology,
the Netherlands). The distance traveled and time spent
in each compartment were recorded. The CPP scores
were calculated by subtracting the time spent in the
non-drug or food-paired compartment from the time
spent in the morphine- or food-paired compartment
for morphine- and food-CPP scores, respectively. The
total distance traveled (in cm) was considered as the
index of locomotor activity for each animal.

The CPP procedures of all groups consisted of three
phases: habituation and pre-conditioning, conditioning,
and post-conditioning. Each animal experienced two
daily 45-minute sessions during conditioning days.

Habituation and pre-conditioning phase

Rats were handled at least four days before initiating
behavioral testing and habituated for 10 min in the CPP
box one day before pre-conditioning day. Each animal
was separately placed in the null compartment. The door
was removed, and the rats could move freely in the three
compartments for 10 min. The time they spent and lo-
comotor activity in each compartment was calculated.
Each animal that spent more than 70% of total time in ei-
ther compartment was considered to have initial bias and
was excluded from the study (6 in total) (Pourhamzeh et
al., 2019). This procedure was performed on all animals.

Experiment 1: morphine conditioning

On the first day of the conditioning phase, each animal
received morphine (Smg/kg, SC) in the morning and was
immediately confined to the morphine-paired chamber
for 45 min; about sixh later, the animals were injected
with saline as a vehicle, (1mL/kg, SC) and were placed
in the assigned compartment as a saline-paired compart-
ment for 45 min. On an alternate day, morphine and sa-
line injections time were arranged in a counterbalanced
manner. The third day of conditioning was the same as
the first day. During this phase, access to other chambers
of the CPP box was blocked.

Basic and Clinical

Experiment 2: Food conditioning after deprivation

To facilitate food reward in rats, after the first body-
weight measurement, the animals were examined for
the pre-test phase and then underwent food deprivation
while housed in groups of two per cage. After 24h of
food deprivation, the deprived animals were divided ran-
domly into three groups in which each group experienced
3 days of conditioning period (FD-3d-pellet group), five
days of conditioning (FD-5d-pellet group), or 7 days of
conditioning (FD-7d-pellet group), while receiving com-
mercial rodent pellet (regular food) as a reward.

Regarding the food-deprived animals that experi-
enced 3-day conditioning (FD-3d-Pellet), the only
difference between this and the morphine group was
the reward (pellet vs morphine). During the condition-
ing days, the animals had access to pellets as a reward
cue in the food (reward)-paired compartment for 45
min while they were conditioned with nothing in the
opposite compartment (Duan et al., 2016) for 45 min
in alternate session. In the food-paired compartment,
animals received pellets (6 g) (Figure 1 A). At the end
of the food session, the residual food was removed,
collected from the food compartment, and weighed to
calculate the amount of food consumed. At the end of
each day, the residual food of 6-g reward food plus
an 11-g regular pellet was placed in the home cage
to maintain the rat’s weight until the end of the ex-
periment. Furthermore, on pre- and post-conditioning
days, food (as a reward) was absent for all animals.

Regarding the food-deprived animals that experienced
5-day conditioning (FD-5d-Pellet), the procedure was
similar to that experienced by the FD-3d-pellet group.
The only difference was the conditioning phase duration
(5 days: 10 sessions) (Figure 1B).

Regarding the food-deprived animals that experienced
7-day conditioning (FD-7d-Pellet), the procedure was
similar to that experienced by the FD-3d-pellet group,
and the difference was the number of conditioning days
(7 days: 14 sessions) (Figure 1C).

Food conditioning after restriction

To induce food reward in rats, after the first body-
weight (W0) measurement, they were restricted to food
to a target of 80%-85% of their initial body weight.
After 14 days of food restriction, the restricted animals
were divided randomly into three groups that expe-
rienced 3, 5, or 7 days of conditioning, respectively,
while receiving palatable food, including biscuit (B)

Jamali et al. (2022). Natural- and Morphine-induced Reward. BCN, 13(5), 731-744
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Figure 1. Experimental design for inducing food Conditioned Place Preference (CPP) in deprived animals

They received regular chow during 3, 5, or 7 conditioning days.

or popcorn (P), as the reward cues during conditioning dle of the reward compartment, and 6h later, they were
phase (Figure 2 parts A, B, and C). placed into the no-reward compartment with no food;
each session lasted 45 min. On the following days, bis-

When the food-restricted animals received biscuits as a cuit and no-food session times were arranged in a coun-
reward, after the pre-test, the animals were divided into terbalanced manner over the conditioning period. The
three groups. On the second day of the experiment, the  difference between these three groups was the duration
first day morning session of the conditioning period, the of the conditioning phase. The FR-3d-B group experi-
animals received 6 g biscuit as the reward in the mid-  enced food restriction protocol before starting the con-

Pre-test Conditioning (3 days. reward food: Pellety  Post-test
(A) | 1 1o l ”_H

FD-3d-Pellet I day 1 | day 2 ‘ day 3 ‘ day 4 ‘ day 5 |

Food deprivation (FD) (24 h)

Pre-test Conditioning (5 days. reward food: Pellet) Post-test
(B) J J |
I | | | 1
FD-5d-Pellet | day 1 | day 2 ‘ day 3 | day 4 | day 5 | day 6 | day 7 |
N

Food deprivation (FD) (24 h)

Pre-test Conditioning (7days, reward food: Pellet) Post-test
| | |
(c) i W [ 1
FD-7d-Pellet ‘ day 1 | day 2 | day 3 | day 4 | day 5 | day 6 | day 7 ‘ day8 | day9 |

Food deprivation (FD) (24 h)

Figure 2. Experimental design of inducing food conditioned place preference (CPP) in restricted animals

They experienced palatable food (biscuits or popcorn) during 3, 5, or 7 conditioning days.
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ditioning phase and received biscuits (B) as the reward
during 3 days of conditioning. The FR-5d-B group also
underwent a food restriction protocol and was award-
ed by biscuit during 5 conditioning days. In FR-7d-B,
food-restricted animals got biscuits for 7 conditioning
days (Figure 2 parts A, B, and C). In this subset, as pre-
viously mentioned during the CPP test (pre-test, condi-
tioning phase, and post-test), all animals received 17g
of food per day (6 g of favorite food [reward]+11 g of
regular food). In the pre-test and post-test, the animals
did not receive any food reward.

When the food-restricted animals received popcorn
as a reward, all procedures were similar to the previous
section except for the type of food reward. The food-re-
stricted animals received popcorn as a reward instead of
a biscuit. After restriction and pre-test, animals were di-
vided into three groups in which they experienced three,
five, or seven days of conditioning (FR-3d-P, FR-5d-P,
and FR-7d-P, respectively), while receiving popcorn as
the reward in food-conditioning sessions and they did
not get food in the unrewarded compartment.

Post-test

Twenty-four hours after the last conditioning day, the
animals were examined for CPP, similar to the pre-test.
The rats were placed into the null chamber with free ac-
cess throughout the apparatus for 10 min. The CPP scores
were calculated, and the traveled distances were recorded.

Figure 3. The trend of body-weight loss in rats

Basic and Clinical

Statistical analysis

The data are expressed as mean+=SEM, and the Gauss-
ian distribution was tested using the Kolmogorov-
Smirnov normality test. The data were processed by
the commercially available software GraphPad Prism
(version 5.0). To compare the CPP scores between the
pre-test and post-test of each group, we used the paired t
test. The 1-way or 2-way ANOVA followed by Tukey’s
or Bonferroni multiple comparison tests were used to
compare the calculated CPP score of post-tests between
groups. Also, we used repeated measures 2-way ANO-
VA followed by Bonferroni to compare the weight loss
between the considered times during the food restriction
days. The 1-way ANOVA, followed by Tukey multiple
comparison test, was used to compare the distance trav-
eled between groups. Results were statistically consid-
ered significant when P<0.05.

3. Results
Body-weight loss during the restriction period

To induce food reward, the animals were deprived or re-
stricted from food. FD-3d-pellet, FD-5d-pellet, and FD-
7-pellet groups were deprived of food for 24h before the
conditioning phase. The FR-3d-B, FR-5d-B, FR-7d-B,
FR-3d-P, FR-5d-P, and FR-7d-P groups were restricted
to 50% of their daily food before the conditioning period
for two weeks. During the food-restriction period, the

Effect of food restriction on body weight loss percentage (WL %) in restricted rats. Expressed is the mean body weight loss (%) of
each checkpoint concerning an animal’s body weight loss at the onset of the food restriction period (d0) (d=day). The checkpoints
were d0, d2, d4, d6, d8, d10, d12, and d13. There is no significant difference between the weight loss (WL%) of two consecutive

checkpoints in each group.

Jamali et al. (2022). Natural- and Morphine-induced Reward. BCN, 13(5), 731-744
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Figure 4. A: CPP Scores of pre-test and post-test of deprived animals received pellet as reward during 3, 5, and 7 conditioning
days, as FD-3d-Pellet, FD-5d-Pellet, and FD-7d-pellet, respectively; B: Comparing the CPP scores during the post-test phase

between food-deprived animals and morphine-group
Data are presented as Mean+SEM.

*** P<0.001 compared with the pre-test.

P< 0.001 compared with the morphine group.

animals were weighted frequently until reaching 80%-
85% of their initial weight (15%-20% weight loss). We
showed the trend of weight loss in the food-restricted
groups (Figure 3). The body-weight loss in each check-
point (0, 2,4, 6, 8, 10, 12, and 13) was calculated (in %)
compared to the initial checkpoint (W0) and this trend is
presented in Figure 3. The two-way repeated-measures
ANOVA, followed by Bonferroni multiple comparison
test (treatment effect: F 5, 324=1.537, P=0.1939; time
effect: F 6, 324=758.3, P<0.001; interaction effect: F30,
324=2.235, P=0.003), showed no significant difference
between the %weight loss (%WL) of two consecutive
checkpoints in each group and also, Figure 3 showed that
the 15%-20% WL trend toward the final day (d13) of
restriction compared to day 0 (d0) of the 6 restricted-
groups in terms of percentage. Also, results indicate no
significant difference between any specific weight-loss
checkpoint of each group compared to other groups.

Effect of treatment with morphine on the induc-
tion of reward

The paired t test showed that the CPP score of ani-
mals treated with morphine (Smg/kg, SC) increased
compared to the pre-test (P<0.001; supplementary fig-
ure). These results showed that Smg/kg of morphine
could induce a reward.

Effect of 24h food deprivation on the induction
of pellet reward and comparing the CPP score of
food CPP and morphine CPP

To find out whether food deprivation can facilitate in-
ducing the food reward (pellet as food reward), the ani-
mals experienced 24h of food deprivation before the first
day of the conditioning period while they had access to
water. A paired t test was used to examine the difference
between the CPP scores of pre-test and post-test of each
group: FD-3d-pellet, FD-5d-pellet, and FD-7d-pellet.

Jamali et al. (2022). Natural- and Morphine-induced Reward. BCN, 13(5), 731-744
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The results showed no significant difference between
the CPP score of pre-test and post-test of FD-3d-pellet
(P=0.8629; Figure 4A). Furthermore, no significant dif-
ferences were found between pre-test and post-test of
FD-5d-pellet (P=0.0547; Figure. 4 A) and FD-7d-pellet
group (P=0.1378; Figure 4A). Therefore, 24h food de-
privation did not facilitate the food CPP even though ex-
tinction of conditioning period (5 or 7 days).

One-way ANOVA followed by Tukey’s multiple com-
parison tests (P<0.001; Figure 4B) indicated a signifi-
cant difference between the CPP scores of post-test of
animals that received 5 mg/kg of morphine compared to
the saline group (P<0.001) while there was no signifi-
cant difference between the CPP scores of post-test of
animals that experienced food deprivation and received
food during 3, 5 and 7 days conditioning period com-
pared to saline group. The CPP score of the morphine
group was significantly different from the FD-3d-pellet,
FD-5d-pellet, and FD-7d-pellet groups (P<0.001). These
results showed the lack of food reward induction in de-
prived animals who experienced a different duration of
conditioning days while receiving pellets as the reward.

Investigating CPP induced by biscuit or popcorn
in food restricted rats

To determine whether food restriction can facilitate
food reward, we restricted animals for food for two
weeks before the conditioning period. Three different
groups, FR-3d-B, FR-5d-B, and FR-7d-B, were condi-
tioned in the CPP box with biscuits as food reward dur-
ing the three, five, or seven days of conditioning period,
respectively. The paired t test indicated a significant dif-
ference in CPP scores between the pre-test and post-test
of the FR-5d-B group (P<0.001; Figure 5A) and FR-7d-
B group (P<0.001; Figure 5A). However, there was no
significant difference between the CPP score of pre-test
and post-test of that group, which experienced a 3-day
conditioning period (P=0.3983; Figure SA). These data
showed that biscuits as a palatable food could induce
food (natural) reward during a 5- and 7-day conditioning
period in the food-restricted animals.

The paired t test showed a significant difference in the
CPP score between pre-test and post-test in each group
of animals that underwent two weeks of food restriction
and was conditioned for 5 days (P<0.001; Figure 5B)
and 7 days (P<0.001; Figure 5B) in the CPP box by pop-
corn as the food reward. On the other hand, there was
no significant difference between pre-test and post-test
of animals that experienced restriction and got popcorn
during three days of conditioning (P = 0.9251; Figure

Basic and Clinical

5B). These results indicated that popcorn could induce
natural-CPP during 5-day and 7-day conditioning period
in food-restricted animals.

Also, 2-way ANOVA, followed by Bonferroni’s mul-
tiple comparison test (Treatment effect: F 1, 40=3.477;
P=0.0770; time effect: F, , =70.66; P<0.001; interaction
effect: F, ,=5.011; P= 0.0114; Figure 5C] showed a sig-
nificant difference between the CPP score of restricted
animals that received biscuit during a 7-day condition-
ing with those that received popcorn for 7 days (P<0.01).
These results indicate that the potency of biscuits is more

than popcorn in reward induction.

Comparing the CPP induced by palatable foods
(biscuit or popcorn) with morphine CPP

One-way ANOVA followed by Tukey’s multiple com-
parison tests (F 4.3025.84; P<0.001; Figure 6A) revealed
that CPP scores of animals that received biscuits as a
palatable food during 5- or 7-conditioning days (FR-5d-
B and FR-7d-B, respectively) increased compared to
saline group. However, the CPP score of the FR-3d-B
group did not increase compared to the control group,
while there is a significant difference between this group
and the morphine group (P<0.001). The CPP score of
the group that received biscuits for 7 days, FR-7d-B,
increased compared to the morphine group (P<0.01).
These results indicate that biscuits as a food reward
could induce reward in deprived animals in a duration-
dependent manner in terms of conditioning days.

To compare the CPP score of animals that got popcorn
as the food reward with saline and morphine groups,
we used 1-way ANOVA, followed by Tukey’s multiple
comparison test. The results (F, ,=26.76; P<0.001; Fig-
ure 6B) showed that the CPP score of animals that re-
ceived popcorn for 5 or 7 days increased compared to the
saline group (P<0.001). However, there is no significant
difference between the CPP score of the group that re-
ceived popcorn during 3 days of conditioning and the sa-
line group. Therefore, these results indicate that popcorn
could induce food reward in food-deprived animals.

3.6. The effect of morphine, food deprivation, and
food restriction on locomotor activity

Furthermore, 1-way ANOVA, followed by Tukey’s
multiple comparison test (F,, ,,=0.2781; P=0.9842; Fig-
ure 7A), showed no statistically significant difference in
the distance traveled among the groups. These results
showed that neither morphine nor food deprivation or
restriction affected locomotor activity among groups.
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Figure 5. A: Induction of food conditioned place preference (CPP) (comparing the cpp score of pre-test and post-test) in
restricted animals received biscuit; b: as reward during 3, 5, and 7 days of conditioning, as fr-3d-b, fr-5d-b, and fr-7d-b
groups, respectively; B: comparing food-induced reward (cpp score as index) in restricted animals received popcorn (P)
as food reward during 3, 5, and 7 days of conditioning, as fr-3d-p, fr-5d-p, and fr-7d-p groups, respectively; C: comparing
the magnitude of reward induced between restricted animals received biscuit (B) with popcorn (P) in different condition-
ing periods (3, 5, and 7 days).

Data are presented as Mean+SEM. *** P<0.001 compared with the pre-test. 1T P<0.01 compared with the FR-7d-B group..
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Figure 6. A: Comparing the CPP scores during the post-test between food-restricted animals received biscuit during the ac-
quisition phase for 3, 5, or 7 Days (FR-3d-B, FR-5d-B, or FR-7d-B groups) and morphine group; B: Comparing the CPP scores
during post-test between food-restricted animals received popcorn during the acquisition Phase for 3, 5 or 7 days (FR-3d-P,

FR-5d-P or FR-7d-P groups) and morphine group

Data are presented as Mean+SEM. *** P<0.001 compared with the saline group. T P<0.05 and 11t P<0.001 compared with the

morphine group.
4. Discussion

To better treat addiction, which is a rising massive
global problem, it is necessary to understand the
mechanisms involved in the development and induc-
tion of reward-associated behaviors. In this regard,
morphine, as an opioid, is one of the most important
drugs of abuse. Moreover, food addiction is a growing
trend that results in obesity, a current global issue due
to the increased reward system activity. On the other
hand, food intake assures the animal’s survival, and
food-induced reward, as a natural reward, is necessary
for eating. Given this, manipulation of the reward sys-
tem for controlling drug abuse disorder is a more criti-

cal issue while facing addiction treatment, which can
adversely influence natural rewards such as food and
sex. Therefore, it is necessary to investigate different
aspects of a drug (morphine) and natural reward (food)
before considering an ideal treatment.

In this study, we aimed to explore and compare the re-
ward-related behavior in morphine-induced and food-in-
duced rewards (as a natural reward) in a CPP paradigm.
At the same time, we examined different protocols for
the induction of natural reward.
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Figure 7. Distance travelled as the locomotor activity by all groups

The results show no significant difference between all groups. Data are presented as Mean+SEM.

The main findings of the present research demonstrat-
ed that 1) morphine (5 mg/kg, SC) could induce mor-
phine CPP; 2) the combination of food deprivation as a
facilitator and pellet as a food reward, could not induce
food CPP during 3, 5, and 7 days of conditioning (the
food CPP was not induced in deprived animals which
received pellet, as food reward during 3, 5, and 7 days
of conditioning); 3) the food reward was induced in two
groups of restricted animals that received biscuit during
5 or 7 days of conditioning while three days of condi-
tioning could not induce food reward; 4) the food reward
was induced in the two restricted animal groups that got
popcorn during 5 or 7 days of conditioning; 5) the CPP
scores of the restricted animals that received biscuit dur-
ing seven days were higher than others that conditioned
by popcorn during 7 days; 6) in the restricted group that
experienced 7 days conditioning by biscuit the CPP score
increased more than morphine; and 7) neither morphine
nor FD/FR could affect locomotor activity.

Our results showed that food CPP was not induced
in rats that experienced 24-h FD with multiple condi-
tioning periods (3, 5, and 7 days), while food restric-
tion facilitated the food CPP in animals restricted from
food and received palatable food during the acquisi-
tion phase. Contrary to the current study, Spiteri et
al. showed that food deprivation (24 h) in mice could
facilitate CPP to the pellet through an increase in the
time spent in the conditioning compartment (Spiteri et
al., 2000).

Our results showed that food reward was not induced
in rats that experienced FD during multiple condition-
ing periods (3, 5, and 7 days). This difference may de-
pend on the type of animals used in these studies (mice
or rats, respectively). Previous studies show that sym-
pathetic activation and glucocorticoid levels, as stress
indexes, increased in the plasma of the rats exposed to
FD for 24h (Heiderstadt, McLaughlin, Wrighe, Walker,
& Gomez-Sanchez, 2000). Therefore, FD may act as
a stress factor and prevent the induction of reward in
food-deprived animals. Also, other studies indicate
that stress, 24-h FD, could mainly reduce food intake
(Adam & Epel, 2007). So, after 24h of food depriva-
tion, animals will be hungry and additional food may
not be necessary for maintaining homeostasis or health.
Also, it seems that the first session of exposure to CPP
(the first day of conditioning) can be a determining fac-
tor for an animal’s behavior and conditioning of reward
(Toth & Gardiner, 2000). Therefore, the CPP scores did
not significantly increase even when the conditioning
days increased to 5 and 7. Although studies use “depri-
vation” and “restriction” terms interchangeably, in our
study, these procedures affect reward induction in dif-
ferent ways (Heiderstadt et al., 2000).

Contrary to the fact that food deprivation does not facil-
itate food CPP in response to regular food, food restric-
tion facilitates food CPP in response to palatable food.
To induce food reward, in the other subsets of our experi-
ment, animals underwent food restriction. Studies show
that food restriction augments the rewarding and motor-
activating effects of direct DA receptor agonists, and the
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D1 dopamine antagonist reverses these induced effects
of drugs. Also, food restriction increases the induction of
c-Fos in limbic forebrain dopamine (DA) terminal areas
in the presence of drug reward. Therefore, it seems that
food restriction changes the dopamine level and receptor
expression, and sensitivity in reward-related areas (Carr,
2007, 2020; Carr et al., 2000). Therefore, food depriva-
tion and restriction may affect dopamine levels and the
expression of dopamine receptors in reward-associated
areas (Patterson et al., 1998; Raynor & Epstein, 2003).

The observed increase of the CPP score in animals that
received biscuits or popcorn as a reward following the
extended duration of conditioning days (3, 5, to 7 days)
showed a time-dependent manner of conditioning in the
hedonic signals of eating.

The difference between the CPP score of animals that
received biscuits during 7 days of conditioning and those
that received popcorn shows that rats prefer biscuits
more than popcorn under the same condition. Therefore,
we concluded that the place preference observed after
food conditioning is dependent on the reward-related
behavior of feeding. The magnitude of food-induced
reward is related to the palatability of foods (Khoo et
al., 2018) as to their hedonic component (Coccurello &
Maccarrone, 2018; Harb et al., 2014). Also, the level of
dopamine release in the nucleus accumbens (NAc), an
important area of the reward system, increased in ani-
mals that received palatable food compared to regular
chow (de Macedo et al., 2016). It is interesting that after
the replacement of dopamine into NAc and putamen of
dopamine-deficit animals (DA—/-), they started eating
but showed interest only in palatable and sweet foods.
Studies show that the dopaminergic system is activated
in response to palatable food. Additionally, this system’s
activity is affected by modulators, such as orexin, ghre-
lin, and neuropeptide-Y (NPY).

The Ventral Tegmental Area (VTA) is known as the most
critical dopaminergic region in the reward circuit that proj-
ects dopaminergic neurons to the amygdala (amyg), hippo-
campus (HIP), prefrontal cortex (PFC), NAc (Bernstein et
al., 2018). The dopamine projections from amyg and PFC
to the lateral hypothalamus (LH) have a direct role in food
intake (Kenny, 2011). Our results show that in animals con-
ditioned by food and morphine, surprisingly, the CPP score
of deprived animals that received biscuits during 7 days of
conditioning was more than the morphine group. Lau et al.
showed that naloxone could block morphine CPP and food
CPP in zebrafish. Also, they showed that too few (tof) mu-
tant zebrafish underwent reduction of a selection of dopa-
minergic and serotoninergic neurons in the basal dienceph-

Basic and Clinical

alon and were conditioned to food, while morphine did not
induce any reward (Lau et al., 2006). So, these effects sug-
gest that the regulation of morphine- and natural-reward-
related behavior may recruit different pathways selectively
targeted for the treatment of morphine abuse or addiction.
Neuroplasticity of dopaminergic neurons of VTA is induced
by exogenous opioids such as morphine. Also, endogenous
opioid release during natural reward can induce neuroplas-
ticity of these DA neurons using Mu-opioid receptors and
[ endorphin. These results show the role of the plasticity of
VTA-DA neurons in natural and morphine reward memory
(Pitchers et al., 2014).

Studies show that food reward induces cortical
acetylcholine release that requires orexin signaling
through the OX1 receptor. In response to food reward,
the projections from accumbens and amyg affect LH-
orexin neurons, which play an important role in food
CPP (Zheng et al., 2007). Fos-expression in NAc shell,
LH, and basolateral amygdala decreased when absti-
nent animals experienced food-CPP, while it increased
in animals tested for morphine CPP (Aston-Jones &
Harris, 2004).

5. Conclusion

In conclusion, our results show that palatable food
could induce reward and morphine. Moreover, food re-
striction is a better facilitator than food deprivation for
the induction of food reward. Therefore, in future stud-
ies, we can consider food-induced reward as a natural
reward compared to morphine reward for electrophysi-
ological and molecular investigation.
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