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Abstract

Background: Anxiety is one of the comorbid disorders of opioid addiction, which leads to opioid abuse or persuades people to
engage in opioid abuse. Evidence revealed that morphine exposure before conception changes the offspring’s phenotype. The
current study aimed to investigate the influence of morphine dependence and abstinence on anxiety-like behavior in morphine-
exposed and drug-naive offspring.

Methods: Adult male and female rats were treated with morphine or vehicle for 21 days. Then, all rats were left without drug
treatment for 10 days. A morphine-exposed female rat was mated with either a vehicle-exposed or morphine-abstinent male.
According to parental morphine exposure, the offspring were categorized into four distinct groups: (1) control (both drug-naive
parents), (2) paternal morphine-exposed, (3) maternal morphine-exposed, and (4) biparental morphine-exposed. The anxiety-like
behavior was measured in adult male offspring using open field and elevated plus-maze tests before morphine exposure (naive), 21
days after morphine exposure (dependence), and ten days after the last morphine exposure (abstinence).

Findings: The results indicated that anxiety-like behavior increased before morphine exposure in maternal and biparental morphine-
exposed offspring (P<0.05). However, after morphine exposure, the anxiety level did not change among the groups. Ten days after
the last morphine exposure, anxiety-like behavior increased only in biparental morphine-exposed offspring (P<0.05).

Conclusion: The offspring of morphine-abstinent parents exhibited an anxious phenotype. Disruption of the HPA axis was seen in
the progeny of maternal and biparental morphine-exposed rats. Indeed, morphine exposure for 21 days did not change anxiety-like
behavior in these offspring which might be correlated to disruption of HPA axis in them.
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Introduction
Substance use disorder is one of the most critical health
problems in the world. In opiate abusers, physical
dependence comes after the euphoria, and both positive
and negative reinforcing effects develop relapse.'
Dysphoria, somatic signs of withdrawal, and physical
distress occur during morphine abstinence. Consequently,
these negative signs (negative reinforcement) lead to
craving and relapse.? Like humans, chronic exposure to
morphine increases reward and decreases pain thresholds
in rodents, followed by dysphoria and anxiety-like
behaviors.?

There are social differences in the pattern of drug abuse
among countries. Evidence shows that drug addiction
is an inherited disorder, and it is claimed that genetics

influences substance use disorder approximately by
0.07-0.30%.° However, it should be noted that the effect
of hereditary factors might vary depending on gender,
age, and cultural characteristics.” Recent evidence reveals
that the interaction between genes and the environment
determines the risk of drug addiction.*” Meanwhile,
epigenetic  changes (histone acetylation, DNA
methylation, and miRNA) in different brain regions play
an important role in both drug addiction and anxiety.®’
Since epigenetic changes pass through generations, they
might cause molecular and behavioral alterations in the
offspring.

Anxiety disorder has a crucial role in opioid addiction."
An animal study revealed that chronic morphine
treatment caused an enhancement in anxiety levels in
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the open field test."" Furthermore, animal studies showed
that maternal morphine exposure during adolescence
influences anxiety levels in female litters depending on
the estrous cycle.!? Besides, it was reported that parental
morphine exposure before mating leads to changes in
anxiety-like behavior in the offspring.'>'

The results of previous studies indicated that parental
(maternal, paternal, and biparental) morphine treatment
ten days before conception dramatically affects the
behavior of the offspring. Along with behavior, molecular
changes were also detected in different regions of the
brain in the offspring of morphine-exposed rats.!**"”
Accordingly, the main objective of this study was to
assess the anxiety-like behavior during dependence and
abstinent phases of morphine addiction in the offspring
of morphine-exposed parent(s).

Methods

Animals

In this study, a total of 32 female (200-220 g, 8 weeks old)
and 32 male (220-250 g, 8 weeks old) Wistar rats were
used as FO (parents). The animals were kept in Plexiglas
cages (n=4) under a 12/12 light and dark cycle with lights
on at 6:00 AM. Animals had free access to food and water.
The temperature was constant during the experiment
(22+2°C).

Morphine exposure protocol

Morphine sulfate (Faran Shimi, Iran) was administrated
to 16 male and 16 female rats for 21 days. They received
morphine orally, as was described previously.”® The
protocol of oral morphine exposure contains a different
dosage of morphine during days 1-6 dissolved in water.
Rats received 0.1 g/L on days 1 and 2, 0.2 g/L on days
3-4, and 0.3 g/L on days 5 and 6. Then, the amount of
morphine was set at 0.4 g/L from day 7 till 21. By adding
sucrose (2%, Merck, Germany) to the water, the bitter
taste of morphine was eliminated. It should be noted that
the control group received a solution of water and sucrose
(2%) as a vehicle. Figure 1 shows the experimental
procedures.

Mating protocol

On the 10™ day after the last morphine exposure, the rats

were prepared for mating. The mating procedures were

as follows:

1. Vehicle-exposed male and female rats: male offspring
included in the study as the control group

2. Morphine-abstinent male and vehicle-exposed
female: male offspring included in the study as
paternal morphine-exposed offspring (P.ME)

3. Vehicle-exposed male and morphine-abstinent
female: male offspring included in the study as
maternal morphine-exposed offspring (M.ME)

4. Morphine-abstinent male and female: male offspring
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Figure 1. The summarized diagram of the experimental procedures
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included in the study as biparental morphine-
exposed offspring (P + M-ME)

Female rats were examined daily (between 8:00-10:00
AM) for pregnancy, and once the vaginal plug was formed,
they were separated from the male. Eight male offspring
of the first parturition (one animal from one female
rat) were included in behavioral studies. Animals were
subjected to behavioral tests before and after morphine
exposure. In addition, after ten days of abstinence, they
were subjected to behavioral tests again.

Behavioral tests

Each animal was handled before the test (3 days before
the test for 5 minutes each day) and transferred to the test
room one hour before the behavioral test to habituate.

Elevated plus-maze (EPM)
The EPM apparatus is an equal-armed cross-shaped
wooden maze. It has two open arms (50 cm x 10 cm x 0.5
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cm) and two closed arms (50 cmx 10 cm x40 c¢cm). In
the center of the apparatus, there is a square-shaped
platform. The height of the EPM apparatus from the
floor was 50 cm. Each rat was placed gently in the middle
of the maze facing the open arm and was allowed to
explore the apparatus for 10 minutes. A camera recorded
all movements of the rats during the test; after that, an
investigator who was blind to the grouping calculated the
open and closed arm time and entries. The percentage
of open arm time (OAT) and entries was calculated as
follows:

total time spent in open arms

OAT (%)= (

x100
total time spent in open and closed arms

total entries in open arms

OAE (%)= [

%100
total entries inopen and closed arms

Open field test

A box (1x1x1 m) was used for the open field test. The
arena within the walls was divided into squares. Each
animal was gently put in the middle of the open field
apparatus, and a video camera recorded all movements
for 5 minutes. Total locomotor activity (horizontal
activity), the total number of rearing (vertical activity),
and the total number of grooming were recorded by
observers who were blind to group data. It should be
noted that between each test, the apparatus was cleaned
with ethanol (70%).

Statistical analysis

The Statistical Package for the Social Sciences (SPSS)
version 24 was used to analyze the results. At first, all
data were analyzed by the Kolmogorov-Smirnov test for
normal distribution. Then, repeated measures analysis
of variance (ANOVA) was used to find the differences
between groups. In addition, in all analyses, a significant
difference was considered when P<0.05.

Results

Anxiety-like behavior changes in the offspring of
morphine-exposed parents in EPM test

Figure 2 illustrates the effect of morphine exposure on
anxiety-like behavior in the offspring of morphine-
exposed parents compared with the drug-naive offspring.
As is shown in Figure 2A, the open arm entries (OAE)
percentage decreased in the M.ME and P+ M.ME before
morphine administration. After 21 days of morphine
exposure (dependence phase), no significant changes
were detected in OAE between groups. However, 10 days
after the last morphine exposure (abstinence phase),
OAE decreased in P+ M.ME group compared to the
drug-naive offspring (Tests of within-subject effects:
parental morphine exposurexmorphine exposure
(Greenhouse-Geisser): F =501, P=0.028, Tests of

between-subject effects: parental morphine exposure:
F,,,=5.44, P=0.022).

The percentage of OAT also decreased in M.ME and
P+M.ME in comparison to the control group before
the administration of morphine. Morphine exposure
for 21 days did not alter OAT between groups, although
OAT decreased in P+M.ME 10 days after last morphine
exposure (Figure 2B, Tests of within-subject effects:
parental morphine exposurexmorphine exposure
(Greenhouse-Geisser): F ,=7.78, P=0.007, Tests of
between-subject effects: parental morphine exposure:
F, ,,=9.05, P=0.004).

In Figures 2C and 2D, groups are categorized according
to parental morphine exposure. As is shown, in the
dependence phase, the anxiety-like behavior increased
only in drug-naive and P.ME groups. Thus, the results
showed maternal and biparental morphine exposure ten
days before mating enhanced the levels of anxiety in male
offspring. However, after 21 days of morphine exposure
(dependence phase), there was no difference between the
offspring of morphine-exposed parents and drug-naive
offspring. In the abstinence phase (ten days after the last
morphine exposure), anxiety-like behavior increased only
in P+M.ME compared with the drug-naive offspring
(Figure 2).

Open-field test in the offspring of morphine-exposed
parents

Figure 3 shows the total number of grooming (A), the
total number of rearing (vertical activity, B), and total
locomotion (horizontal activity, C) in the open field
test. Before the administration of morphine, the total
number of grooming increased in the morphine-exposed
offspring; however, in the dependence and abstinence
phases, there were no significant differences in grooming
among groups (Figure 3A, Tests of within-subject effects:
parental morphine exposurexmorphine exposure
(Greenhouse-Geisser): F ,=0.76, P=0.38, Tests of
between-subject effects: parental morphine exposure:
F1,34=0-55’ P=0.36). The vertical activity also increased
in the offspring of morphine-exposed parents only before
the administration of morphine. It should be noted that
during the dependence and abstinence phases, there were
no differences among groups (Figure 3B, Tests of within-
subject effects: parental morphine exposure x morphine
exposure (Greenhouse-Geisser): F ,=7.92, P=0.006,
Tests of between-subject effects: parental morphine
exposure: F =799, P=0.006). Like other parameters
measured in the open field test, locomotion was not
affected during the dependence and abstinence. Before
the administration of morphine, the locomotor activity
decreased in M.ME and P + M.ME groups compared with
the drug-naive offspring (Figure 3C, Tests of within-
subject effects: parental morphine exposure x morphine
exposure (Greenhouse-Geisser): F ,=16.145, P<0.001,
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Figure 2. Effect of morphine exposure on anxiety-like behavior in the offspring of morphine-exposed rats in the EPM test. (A) the percentage of open arm
entries (OAE) and (B) the percentage of open arm time (OAT) in drug naive (control), paternal (P.ME), maternal (M.ME), and biparental (P+M.ME) morphine-
exposed animals are shown before morphine exposure (naive), 21 days after morphine treatment (dependence), and ten days after last morphine treatment
(abstinence). (C) OAE and (D) OAT percentages before, during, and after morphine exposure in control, paternal, maternal, and biparental morphine-exposed
offspring. Data are expressed as mean+SEM. * P<0.05 vs control, $ P<0.05, %% P<0.001 vs abstinence, (A-B) * P<0.05 vs drug-naive group, (C-D) * P<0.05,

** P<0.01, ***P <0.001 vs control group

Tests of between-subject effects: parental morphine
exposure: F =18.07, P<0.001).

Figure 3D-F shows the effect of morphine exposure
(naive, dependence, and abstinence phases) in parental
morphine exposure. The enhancementin the total number
of rearing and grooming was only observed in drug-naive
offspring. There were no statistically significant changes
in other groups before and after morphine exposure
(Tables 1 and 2).

Discussion
The results of this study implicated that anxiety enhanced
in the maternal and biparental morphine-exposed male

offspring. Besides, the anxiety-like behavior in the
offspring that were treated chronically (21 days) with
morphine did not change between groups. The results of
the present study are in line with previous studies'>'*!¢
showing that chronic morphine exposure prior to mating
enhances anxiety-like behavior in male offspring (F1).

It has been indicated that genetics can play a role in
an individual’s susceptibility to addiction. However,
simple Mendelian inheritance did not explain the
transgenerational effect of abused drugs.”” Obviously,
genetic and non-genetic (such as developmental and
environmental factors) factors are mutually involved in
the susceptibility of substance use disorder.” There are
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Figure 3. Effect of morphine exposure in the open field test. (A) the total number of grooming, (B) the total number of rearing, and (C) the total locomotor
activity in drug naive (control), paternal (P.ME), maternal (M.ME), and biparental (P+M.ME) morphine-exposed animals are shown before morphine exposure
(naive), 21 days after morphine treatment (dependence), and ten days after last morphine treatment (abstinence). (D) grooming, (E) rearing, and (F) locomotor
activity before, during, and after morphine exposure in control, paternal, maternal, and biparental morphine-exposed offspring. Data are expressed as
mean +SEM. * P<0.05, ** P<0.01

Table 1. The statistical results of the study according to morphine exposure

phases (naive, dependence, abstinence)

One-way ANOVA

Repeated measures

Table 2. The statistical results of the study according to the parental
morphine exposure (drug naive (control), paternal (P.ME), maternal (M.ME),

and biparental (P+M.ME) morphine exposed animals)

Test Phase F P (Greenhouse-Geisser)
Naive 5.37 0.049

OAE Dependence  1.64 0.21 5.01 P=0.028*
Abstinence 3.83 0.026
Naive 6.85 0.013

OAT Dependence  0.73 0.54 7.78 P=0.007**
Abstinence 1.58 0.04
Naive 6.66 0.0013

Grooming  Dependence  0.77 0.52 0.76 P=0.38
Abstinence 0.37 0.77
Naive 3.77 0.01

Rearing Dependence  0.99 0.41 7.92 P=0.006**
Abstinence 2.76 0.06
Naive 5.87 0.0026

Locomotion Dependence  2.17 0.12 16.14 0.007%***
Abstinence 1.88 0.16

One-way ANOVA

Test Group
F P
Control 11.78 0.0004 ***
P.ME 5.54 0.014
OAE
M.ME 0.88 0.43
P+M.ME 0.62 0.55
Control 9.41 0.001#***
P.ME 3.93 0.042
OAT
M.ME 1.59 0.23
P+M.ME 0.37 0.69
Control 4.92 0.017*
P.ME 0.78 0.47
Grooming
M.ME 1.57 0.23
P+M.ME 2.59 0.101
Control 3.89 0.03*
P.ME 3.23 0.06
Rearing
M.ME 1.18 0.31
P+M.ME 0.18 0.82
Control 2.66 0.09
P.ME 1.78 0.19
Locomotion
M.ME 1.56 0.23
P+M.ME 2.63 0.1

*P<0.05, **P<0.001, and ***P<0.001 diffrent of behavior (OAE, OAT,
Rearing, and locomotion) between groups.

*P<0.05, **P<0.001, and ***P<0.001 vs control
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studies showing that drug exposure before gestation
induces phenotype changes in the next generations.”
It has been shown that exposing males to some kinds
of stress, such as maternal separation, social instability
stress, and some drugs during their lifetime, affects the
levels of some mi-RNA in the sperm. Thus, it passes
through generations and affects the phenotype of the
offspring.”*** In addition, exposure to stress and drugs
also affect the epigenome of ovules, which are involved
in the phenotype changes in the next generation.**
Then, all epigenetic modifications, including histone
acetylation, DNA methylation, and changes in mi-RNAs,
might be implicated in changes in the offspring’s anxiety-
like behavior. Since epigenetic changes are stable, it can be
proposed that these changes act as the primary modulator
of phenotype changes in the offspring of morphine-
exposed rats.

Robust data indicate anxiety disorders and opioid abuse
correlate with each other.'” The anxiogenic effect of
chronic morphine exposure in rodents was also previously
reported. It has been declared that chronic morphine
administration increases corticotropin releasing factor
(CRF), consequently enhancing anxiety-like behavior.?
Besides, in the EPM and light/dark box tests, male rats
exposed to morphine for ten days exhibited more anxiety-
like behavior than saline-exposed groups.® Indeed,
morphine-dependent rats displayed more anxiety-like
behavior.!! Furthermore, it has been declared that the
levels of CRF in the plasma and cerebrospinal fluid (CSF)
increase after 21 days of morphine exposure in drug-naive
male rats.'* All these might lead to enhancing anxiety-like
behavior in morphine-dependent animals. In this study,
parents were exposed to morphine or saline (21 days
exposure) before mating, then, after 10 days free period,
each gender was allowed to mate with a saline-treated or a
morphine-treated rat. As far as morphine exposure causes
stress and anxiety-like behavior, especially in abstinence
(as mentioned above), it can influence the development
of offspring. Thus, morphine exposure in parents before
gestation leads to a higher rate of developing addictive
behaviors (psychological stress is more important than
physical stress in developing addictive behaviors in the
offspring). Since maternal care was affected by anxiety
and poor maternal care caused disruption in HPA in
the offspring,” it might involve in the occurrence of the
anxiety-like phenotype observed in M.ME and P + M.ME.

In addition, as previous research showed,* the
anxiety levels enhanced in the offspring of maternal
and biparental morphine-exposed rats in comparison to
the control group. Exposure of female rats to morphine
during adolescence caused an anxious phenotype in the
female offspring.”® In line with the results of the present
study, Li et al® indicated that maternal and biparental
morphine exposure three weeks prior to mating enhanced
anxiety levels in the offspring. Besides, a study conducted

by Farah Naquiah et al*’ demonstrated that paternal
heroin (diacetylmorphine) exposure 14 days prior to
gestation increased anxiety levels in the first and second
generations. In contrast, recent evidence showed that
maternal morphine exposure 20 days before gestation
decreased anxiety-like behavior in the female offspring
(F1, and F2); this reduction occurred during diestrus."

Parental morphine exposure before gestation disrupts
the HPA axis in the offspring."*** The levels of CRF in
the plasma and CSF increased in both male and female
rats after 21 days of chronic morphine treatment.
Interestingly, the levels of CRF remained higher than
the control group after ten days of abstinence. It is
speculated that the increase in CRF levels is transferred to
the offspring, and in the case of male offspring, the levels
of CRF remain elevated." Current results indicated that
anxiety did not change among morphine-exposed and
drug-naive offspring after chronic morphine exposure
(21 days). However, after ten days of abstinence, the levels
of anxiety-like behavior increased only in biparental
morphine-exposed offspring. The anxiety-like behavior
did not change after chronic morphine exposure and
ten days after withdrawal in the maternal and biparental
morphine-exposed offspring. Thus, it could be suggested
that as these offspring had a disruption in the HPA axis
and showed anxiety-like behavior more than the drug-
naive offspring, morphine exposure could not affect
anxiety-like behavior anymore. It should be noted
that higher mortality rates among morphine-exposed
offspring were one of the limitations of this study, which
is also in line with previous studies."

Conclusion

In conclusion, the administration of morphine before
gestation increased anxiety-like behavior in the first
generation (F1). Moreover, in F1, chronic morphine
exposure did not change the anxiety levels in male rats.
However, in abstinence (10 days after the last morphine
exposure), anxiety-like behavior increased only in biparental
morphine-exposed offspring. In other words, morphine
exposure for 21 days increased anxiety-like behavior in
control and P.ME; after ten days of abstinence, anxiety-
like behavior decreased. Nevertheless, in M.ME and P + M.
ME, morphine dependence and abstinence did not affect
anxiety-like behavior. It has been suggested that morphine
exposure even before conception disrupts the HPA axis and
increases anxiety-like behavior in F1 males, but morphine
exposure for 21 days did not influence it again. Accordingly,
itis proposed that epigenetic mechanisms might be involved
in this phenomenon. However, more studies should be
conducted to determine the exact epigenetic changes in
parents confronting drug abuse.
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