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Abstract
Background: Investigations into neurochemical mecha-
nisms of opioid addiction are difficult due to the complexity 
of behavior and multiplicity of involved neurotransmitter 
and hormonal systems. The aim of this study was to examine 
the benefits of structured analysis of these mechanisms us-
ing the framework of the neurochemical model Functional 
Ensemble of Temperament (FET) and the example of mater-
nal behavior under the condition of opium consumption in 
pregnancy. The FET differentiates between (a) endurance, 
(b) speed of integration, and (c) emotionality aspects of be-
havior suggesting that these systems are differentially regu-
lated by (a) serotonin-neuropeptides-brain-derived neuro-
trophic factor (BDNF), (b) dopamine-GABA, and (c) opioid 
receptor systems, correspondingly. The FET also suggests 
that mu-opioid receptors (MORs) binding the endorphines 
(including opium’s ingredient morphine) have a stronger as-
sociation with regulation endurance, whereas delta-OR have 

a stronger association with integration of behavior and kap-
pa-OR – with the perceptual mobilization seen in anxiety. To 
test the predictions of this model, we compared the impact 
of massive MOR dysregulation on 3 behavioral aspects of be-
havior and on serotonin, BDNF, and corticosterone levels. 
Methods: The study used 24 female white Wistar rats which 
were randomly divided into (1) control group: pregnant rats 
without any intervention; (2) opium-exposed group: animals 
that were exposed to opium during pregnancy and after the 
delivery until the end of the study. At the end of the study, 
the levels of BDNF, serotonin (5-HT) in the hippocampus of 
the mother’s brain, and serum corticosterone, as well as 12 
aspects of the maternal behavior were evaluated. The differ-
ences between control and experimental groups were as-
sessed using the t test for independent samples. Results: The 
BDNF and serotonin concentrations in the hippocampus of 
the mother rats which were exposed to opium were lower 
than in the control group; the mean corticosterone in ex-
posed mothers was higher than in the control group. Behav-
iorally, opium-consuming mothers showed lower endur-
ance in 4 distinct behavioral categories (nesting, feeding, 
grooming, and retrieval) than the mothers in the control 
group. Ease of integration of behavior was affected to a less-
er degree, showing a significant effect only in 1 out of 5 ap-
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plied measures. Self-grooming, seen as an emotionality-re-
lated aspect of behavior, was not affected. Conclusion: Opi-
um exposure during pregnancy in our experiment primarily 
reduced the endurance of rat’s maternal behavior, but the 
speed of integration of behavioral acts was less affected. This 
negative impact of opium on endurance was associated with 
a decrease of BDNF and serotonin levels in the hippocampus 
and an increase in corticosterone level in opium-consuming 
mothers. There is no effect of opium exposure on self-groom-
ing behavior. This pattern supports the FET hypothesis about 
the role of 5-HT and BDNF in endurance, differential regula-
tion of endurance, integrative and emotionality aspects of 
behavior, and differential association of the MOR system 
with endurance aspects, in comparison with kappa- and del-
ta opioid receptors. © 2021 S. Karger AG, Basel

Introduction

Analysis of the neurochemical nature of behavioral 
changes in individuals affected by opiate use can help to 
choose directions in psychopharmacological and psycho-
logical interventions and as well could highlight the fun-
damental interactions between neurochemical systems. 
One of the oldest psychostimulants in the world is opium, 
which contains >40 alkaloids (including morphine, the-
baine, codeine) and >70 other components, such as sug-
ars and organic acids [1, 2]. Opioid drug use is illegal in 
Iran, but has a long history, and still is very much preva-
lent among males and females [3, 4], especially in south-
ern Iran [5]. Currently, opium dependency among the 
Iranian women has become a public health problem [4, 6, 
7] as it is illegally used for leisure or to treat pain, diarrhea, 
and insomnia [1, 2].In a study that examined the pattern 
of drug abuse in rural communities in Iran, it was report-
ed that 8.3% of rural Iranian women consumed opium 
daily [8]. The abuse of opiate substances results in consis-
tent changes in nerve physiology and its connectivity 
leading to psychopathology [4, 9, 10].

One of the most sensitive forms of drug abuse is dur-
ing pregnancy, which may cause compromised cognitive 
and social functions, increased pain sensitivity and anxi-
ety in mothers, altered pain and drugs sensitivity in chil-
dren [4, 11], and changes in maternal behavior. Maternal 
behavior is complex and multifaceted, so measuring it 
even in healthy individuals is a challenge. In studies of 
maternal behavior in rats, it has been shown that mor-
phine (i.e., opium component), inhibits and disturbs the 
maternal behavior in rats leading to a reduction of moth-

ers’ postpartum cleanup of infants, pup retrieval, crouch-
ing over the pups for feeding, etc. [12, 13]. Šlamberová 
and colleagues [14] showed that morphine-treated moth-
ers were less often in contact with their litter in the nest 
and had less licking and grooming their pups.

This study examined the analytical benefits of the 
structure proposed within the neurochemical model 
Functional Ensemble of Temperament (FET) [15–18]. 
The FET highlights the 12 formal-dynamical aspects of 
behavior that are universal in the behavior of animals 
and humans and are proven to be neurochemically based. 
These 12 behavioral aspects are classified into 3 formal-
dynamical categories (energetic, or endurance; speed of 
integration of actions; orientation) and emotionality. 
Our study analyzed the benefits of differentiation be-
tween 3 aspects of maternal behavior: physical endur-
ance related, speed of integration of actions, and emo-
tionality.

The role of 5-HT and brain-derived neurotrophic fac-
tor (BDNF) in physical endurance (later – endurance) re-
lates to the ability of an individual to sustain prolonged 
physical activities. As summarized in the FET, endurance 
is regulated by multiple endocrinal and neuropeptide fac-
tors, and, out of all monoamine systems, serotonin has 
the strongest links to it [15, 17, 18]. Serotonergic (5-HT) 
regulation of the endocrine system depends on many fac-
tors, 2 of which were the focus of this study: BDNF and 
mu-opioid receptors (MORs). It has been shown that 
5-HT deficiency plays an important role in the dysregula-
tion of maternal behavior. Reduction in 5-HT release 
weakens the maternal behavior and reduces the chance of 
survival of infants in laboratory animals [19]. BDNF in-
teracts with the 5-HT transporter in the regulation of 
RNA synthesis within the cells of the nervous system [20] 
and plays an important role in the neuroplasticity of syn-
aptic transmission and maintenance of neural circuits 
[21]. Increased BDNF mRNA levels in the hippocampus 
in animals with a deficiency of 5-HT transporter were 
shown to increase susceptibility to the environment [22]. 
Reduced BDNF levels reportedly result in neuronal atro-
phy and cell death in the hippocampus as observed dur-
ing stress, whereas enhanced BDNF levels are associated 
with neurogenesis, cell survival, and dendritic arboriza-
tion [22]. Animal studies show that methylation of the 
BDNF gene (which leads to reduced production of BDNF) 
is associated with depression, in which low endurance 
(fatigue) and psychomotor retardation are the main 
symptoms [23]. Previous studies have shown that a low 
level of BDNF (BDNF methylation) disrupts maternal be-
havior [24].
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Ease of Integration of Actions
Behavioral integration requires a strong of the most 

relevant elements of actions and suppression of a large 
number of irrelevant elements. The FET model high-
lights the key role in this selection process of dopaminer-
gic-GABA systems that facilitate the speed of integration 
of actions. The dopaminergic systems also interact with 
BDNF and MOR systems, and therefore MOR over-acti-
vation by an excess of morphine potentially could com-
promise the integrative aspects of behavior. According to 
the FET model, and as commonly reported [16, 25], the 
MOR activates the release of dopamine, facilitating be-
havioral integration (speed of actions, ease of putting to-
gether a program of actions). Recent animal studies have 
shown that chronic morphine consumption suppresses 
the expression of the BDNF gene in the part of the rat 
brain causing an increase in dopamine release in re-
sponse to morphine [26]. Addiction to morphine that 
binds to MOR, therefore, can deregulate the speed of in-
tegration of actions in maternal behavior, such as plastic-
ity and tempo of mothers in performing their parenting 
routines.

Opium use is likely to affect all areas of the brain [4], 
and serotonin systems, which project to all areas of the 
brain, are good targets for research on the effects of this 
substance. Since we could not examine all the areas of 
brain affected by opium, we chose the measurement of 
serotonin in the hippocampus since this brain structure 
plays a role in the homeostatic behavior (i.e., supporting 
well-learned behavioral actions by memory schemata). 
This functionality of the hippocampus is supported by 
direct projections of serotonergic neurons from the me-
dian Raphe Nucleus (RN) to hippocampus and then cor-
tex, which are separate from the serotonergic projections 
of the dorsal RN to other brain structures. Our study an-
alyzed a differential pattern for the endurance of actions 
versus number of integration of actions, and, therefore, 
we felt that the potential changes in endurance might be 
associated with the changes in 5-HT release in hippocam-
pus.

Entanglement of MOR System with 5-HT Systems and 
Differences in Functionality between Kappa Opioid 
Receptors and Delta Opioid Receptors
MORs are a part of the G-protein-coupled receptor 

family that also include kappa opioid receptors (KORs) 
and delta opioid receptors (DORs). MORs also regulate 
the release of serotonin, and this regulation depends on 
the type of 5-HT receptors and their location [27–29]. 
It has been shown that administration of morphine, a 

key component of opium-activating MOR, induces a 
short-term increase followed by a long-term decrease in 
brain serotonin release [30]. Therefore, addiction to 
opium might cause changes in serotonin, BDNF, and 
MOR systems, impacting physical endurance required 
to maintain maternal behavior. The FET model under-
lines the important role of the DOR system in the speed 
of integration of actions rather than in supporting emo-
tional, energetic, or orientational processes [15, 16, 18]. 
The DOR and MOR systems often use each other’s 
binding peptides, that is, enkephalins and endorphins, 
but morphine, as an endorphin, preferentially binds to 
MOR. This means that when pregnant rats are exposed 
to opium that contains morphine and codeine, it might 
affect the MOR (and therefore endurance) rather than 
the DOR (i.e., speed of integration) processes, and 5-HT 
rather than DA release. From this perspective, we would 
expect that opium use compromises endurance aspects 
of behavior more severely than integration aspects of 
behavior. However, due to MOR-DOR and 5-HT-DA 
frequent coactivation, we should expect that speed of 
integration aspects should be also affected to some de-
gree.

HPA-Based Arousal and Anxiety
The morphine component of opium binds to MOR, 

activation of which was linked to the induction of positive 
mood, relaxation, and suppression of an acute stress re-
sponse within the hypothalamus-pituitary-adrenal axis 
(HPA) [31]. Responses to stress involve a set of physio-
logical changes, including neuromuscular changes and 
neurochemical processes within the HPA [31]. Activa-
tion of the HPA axis is associated with the release of stress 
hormones, such as corticosterone. cAMP response ele-
ment-binding protein plays an important role in the in-
teraction between 5-HT and BDNF, with all 3 agents 
changing the basic chemistry of hippocampal cells when 
the reprogramming regulatory system is overwhelmed 
during prolonged stress [32, 33]. Anxious dispositions 
(over reactivity to stressors and dispositional behavioral 
alertness in the absence of specific triggers) are described 
in the FET model as neuroticism, in line with the com-
mon terminology in differential psychology [15, 16]. The 
FET model highlights research into the contribution of 
KORs in anxious dispositions (seen in chronic anxiety) 
and KOR entanglement with noradrenalergic and stress-
hormone systems.

Two opioid receptor systems, KORs and MORs, of-
ten mutually suppress each other and work in opposite 
directions in suppressing or facilitating the release of 
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monoamine neurotransmitters and their action on the 
HPA axis. MOR activation leads to the release of dopa-
mine, selective release of 5-HT, suppression of the re-
lease of noradrenaline, and suppression of the stress-
response associated with HPA arousal. KOR activation 
is associated with the opposite pattern. However, it is 
important to note that KOR activation is linked more 
with behavioral and sensory mobilization rather than 
with negative emotions [16]. This mobilization is a key 
component of chronic anxiety, but also an important 
component of the alertness needed in normal behavior. 
When it comes to the impact of morphine (i.e., the key 
component of opium), animal studies showed that it 
had paradoxical effects on HPA axis activity. Some 
studies have reported an increase in activity of the HPA 
axis, but others reported a decreased activity following 
the use of morphine [31, 34]. Klausz and colleagues 
[31] used adult female Wistar rats in their study of 
morphine exposure during pregnancy and observed 
the rats’ performance on the elevated plus maze (EPM) 
(provoking anxiety) and the forced swimming test 
(provoking initiation of actions). Despite of anxiety-
provoking task, there was a hypoactivity of adrenocor-
ticotropin and corticosterone measured postpartum 
even though the morphine exposure in these animals 
was associated with spending less time in the open 
arms of the EPM and longer time with floating (i.e., 
hesitation) and shorter time with climbing during the 
forced swimming test [31]. This suggests that mor-
phine might not have a direct impact on stress hor-
mones. The decrease in the activation of the HPA axis 
and a reduction in corticosterone release were found to 
reduce the quality of maternal behaviors [35]. In fact, 
Graham et al. showed that removal of the adrenal gland 
leads to reduced maternal behaviors and corticoste-
rone injections enhance maternal behaviors [36]. 
There are, therefore, complex relations between the ac-
tivation of MOR-KOR systems (triggered by the use of 
opium), corticosterone release, and behavioral mobili-
zation, including anxiety symptoms, which should be 
investigated.

Considering a possible effect of opium on serotonin 
levels, corticosterone, and BDNF during pregnancy, the 
goals of the current study were (1) to investigate the effect 
of opium on these neurochemical systems; (2) to analyze 
the effect of these neurochemical changes on maternal 
behavior using the structure of the FET framework, dif-
ferentiating between the aspects of (a) endurance, (b) 
easy of integration, and (c) emotional regulation of be-
havior.

The hypothesis of the study was based on the current 
literature and the proposed mechanisms of the interac-
tion between specific neurochemical systems (opioid 
receptor systems, BDNF, and serotonin) and behavior-
al patterns. According to this hypothesis, the compro-
mised endorphin activity (administration of morphine) 
would:
A. Decrease the endurance aspect of maternal behav-

iour, serotonin release and BDNF presence, possibly 
entangled with the MOR system. 

B. Possibly slow down the integration of behavioural 
acts, due to the impact of morphine on dopaminer-
gic receptors and the MOR system. 

C. The effect of opium might be less profound on emo-
tionality-related aspects of behaviour, such as self-
grooming, however it might increase  corticosterone 
as part of behavioural mobilization compensating 
for the 5-HT deficiency. 

Materials and Methods

Sample
In total, 24 female Wistar rats (weighing 200–220 g) were used 

for the present study. The rats were kept under controlled environ-
mental conditions at the Animal Research Center for Laboratory 
Animals of Zahedan University of Medical Sciences with free ac-
cess to water and food, a 12-h cycle of darkness-lighting and a tem-
perature of 22 ± 2°C. Animals were randomly divided into 2 
groups: (1) Control group: animals, which were pregnant without 
any other intervention; (2) Opium exposed: animals, which were 
pregnant and were exposed to opium, continuing opium con-
sumption till the end of the study.

Materials and Procedures
To induce pregnancy, every 3 female rats were kept in a cage 

with 2 male rats. A sperm smear was taken from the vagina of the 
female animals every morning, and those animals whose test was 
positive were transferred to another cage [37].

In the experimental group, opium dependence began 10 days 
before the mating process and continued until the end of the study. 
To enforce the opium exposure, opium was dissolved in the drink-
ing water with a gradual increase of dosage [2, 38]. The schedule 
was as follows: in the first 48 h, a dose of 0.1 mg/mL; the second  
48 h – a dose of 0.2 mg/mL; the third 48 h – a dose of 0.3 mg/mL; 
the fourth 48 h – a dose of 0.4 mg/mL. After that, the dose of 0.4 
mg/mL continued till the end of the study [2, 39].

Opium was provided by the Iranian police’s narcotics division 
and was documented as having originated from Afghanistan. The 
opium composition was analyzed by GC-mass spectrometry. Over 
35% of the opium used in this study consisted of alkaloids, the most 
abundant of them were morphine 18%, codeine 7%, thebaine 5%, 
and papaverine 5%. Other materials were organic compounds and 
nonorganic ones. Available water (moisture) was 15%. This alka-
loid content was similar to the study by Remberga et al. [40] on 
Afghanistan’s alkaloid opium content.
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At the end of the study, blood samples were taken from the 
heart of the animals for measurement of the level of corticosterone 
using the ELISA kit. Brain hippocampal tissue was analyzed for 
levels of BDNF and serotonin using the ELISA kits.

Measurement of Maternal Behavior
The rat’s maternal behavior includes the following actions that 

require endurance and plasticity of behavior, and elements of at-
tachment behavior: building the nest, moving the nest, retrieval of 
pups scattered around the area and moving them into the nest, and 
pup grooming and pup nursing. On the second day after childbirth, 
the dams were removed from their cages. Then, the pups were im-
mediately placed inside the cage (opposite to the nest and scattered 
around the cage), and the mother was returned to the cage.

Maternal behavior observations were performed between 9:30 
and 11:30 a.m. The following maternal behaviors were observed 
and recorded [41] for 60 min:

A. Related to endurance behavior (duration of actions)
A1. Duration (in seconds) of nesting: moving the nest with 

the mouths and claws and building the nest.
A2. Duration (in seconds) of breastfeeding (nursing): when 

the mother is hanging on the pups or lying next to the 
pups. The purpose of this position is to allow the pups to 
access the nipple and breast milk to maintain their body 
temperature, and support environmental factors.

A3. Duration (in seconds) of pup grooming, with a separate 
observation of licking the body, and licking the genital 
area of the pups.

A4. Efficiency (speed, in seconds) of pup retrieval. Retrieval 
means the mother takes the pups to their nest or to a new place 
where a new nest is made. The longer it takes the mother to 
complete the retrieval, the less efficient it was considered.

B. Related to the ease of integration of behavior (speed of 
actions and latency of actions)
B5. Number of nestings, that is, number of moves of the nest 

with the mouths and claws, and building of the nest.
B6. Number of breastfeedings (nursing): when the mother is 

hanging on the pups or lying next to the pups. The pur-
pose of this position is to allow the pups to access the 
nipple and breast milk, to maintain their body tempera-
ture, and to support environmental factors.

B7. Number of pup groomings that involve licking the genital 
areas of pups.

B8. Number of pup retrievals (finding a pup and bringing it 
to the nest).

B9. Latency to the onset of pup retrieval (in seconds): these 
behaviors appear more often after childbirth and when 
the pups tend to disperse. In fact, this behavior reflects the 
level of care and protection of children.

C. Behavior related to emotionality (self-calming or anxiety)
C10. Duration (in seconds) of self-grooming.
C11. Number of self-groomings (Fig. 1).

Data Analysis
GraphPad Prism Ver. 7 was used to analyze the data. At first, 

the normality of the distribution of data was assessed by the Kol-
mogorov-Smirnov test. The result of the Kolmogorov-Smirnov 
test showed that all the variables of the control and opium-exposed 
groups had normal distributions (p > 0.05). To assess the differ-
ences between the control and experimental groups, we used the 
independent samples T tests, with p < 0.05.

Endurance (A): 
energetic aspect, how long or 
how efficient a behavioural act 

could be performed.  

Ease of integration, switching (B) as 
a function of the number of 
actions. 

Making-moving
nests 

A1) Duration (in seconds) of nesting: 
moving the nest with the mouths 
and claws and building the nest.

B5) Number of nestings, i.e. number of 
moving the nest with the mouths and 
claws and building the nest 

A3) Duration (in seconds) of pup 
grooming, with a separate observati-
on of licking the body and licking the 
genital area of the pups. 

B7) Number of pup groomings that 
involve licking the bodies of pups

Retrieval 

A4) Efficiency (speed, in seconds) of 
pup retrieval. Retrieval means the 
mother takes the pups to their nest 
or to a new place where the new nest 
is made. The longer it takes the 
mother to complete the retrieval, the 
less efficient it was considered.

B8) Number of pup retrievals (finding a 
pup and bringing it to the nest).
B9) Latency to onset pup retrieval (in 
seconds): These behaviours appear more 
often after childbirth and when the pups 
tend to disperse. In fact, this behaviour 
reflects the level of care and protection of 
children. 

Breast-feeding 

A2) Duration (in seconds) of 
breastfeeding (nursing), when the 
mother is hanging on the pups or 
lying next to the pups.  

B6) Number of breastfeedings (nursing), 
when the mother is hanging on the pups 
or lying next to the pups. 

Grooming 

Fig. 1. Matrix of behavioral measurements 
of 2 dynamical aspects, endurance and ease 
of switching of actions in maternal behav-
ior.
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Results

The results of the study are presented in Table 1 and 
Figures 2–4.

Biochemical Analysis
The results of biochemical analysis showed that the 

mean concentration of BDNF in the hippocampal tissue 
of opium-consuming mothers was significantly lower 
than in nonconsuming mothers. The mean blood serum 

concentration of corticosterone in opium-exposed dams 
was significantly higher than in nonexposed dams. The 
mean serotonin concentration of the hippocampus in the 
opium-exposed dams was significantly lower than the se-
rotonin concentration of the hippocampus tissue of the 
nonexposed dams (Fig. 2).

Behavioral Analysis
A. The results related to the endurance of maternal behav-

ior showed that the mean durations of nesting, pup 

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000

BD
N

F 
co

nc
en

tra
tio

n,
 p

g/
m

g 
w

et
 ti

ss
ue

On opium Control

BDNF concentration: M and SD

■ Mean
■ Mean±SE

 Mean±SD 

5-
H

T 
co

nc
en

tra
tio

n,
 n

g/
g 

w
et

 ti
ss

ue

On opium Control

Serotonin concentration: M and SD
Co

rti
co

st
er

on
e 

co
nc

en
tra

tio
n,

 n
g/

m
l

On opium Control

Corticosterone concentration: M and SD

140

160

180

200

220

240

40

60

80

100

120

140

Fig. 2. Results of neurochemical measures: BDNF, serotonin (5-HT), and corticosterone. BDNF, brain-derived neurotrophic factor.
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Table 1. Mean, standard deviation, confidence intervals, and effect sizes of the measured behavioral and biochemical variables in 
experimental and control groups

Variables Experim. group
Mean (SD)

Confidence 
intervals

Control group
Mean (SD)

Confidence 
intervals

t p value Effect size 
(Cohen’s d)

Related to endurance of behavior
Duration of nesting, s 212.4 (17.03) 173.9–250.9 292.3 (100.93) 220.1–364 2.21 0.040 3.12
Duration of breastfeeding, s 534.8 (49.73) 422.3–647.3 712.7 (151.59) 604.3–821.1 2.57 0.019 3.64
Duration of pup grooming, s 163.1 (53.78) 124.6–201.6 238.8 (67.08) 190–286 2.75 0.013 3.89
Number of pup grooming 22.6 (6.63) 17.85–27.35 27.9 (8.08) 22.11–33 1.60 0.126 2.27

Related to the ease of integration of behavior
Speed of pup retrieval (duration, s) 714.41 (173.1) 604.4–824.4 480.83 (176.89) 368.4–593 3.27 0.003 4.62
Latency in onset pup retrieval, s 264.5 (95.39) 196.3–332.7 199.3 (55.77) 159.4–239 1.86 0.078 2.63
Number of moving the nest 1.1 (0.31) 0.87–1.32 1.3 (0.48) 0.95–1.64 1.09 0.287 1.56
Number of pup retrievals 7 (1.15) 6.00–7.99 7 (0.94) 6.23–7.77 0 0.999 0
Number of breastfeeding 7.9 (2.76) 5.92–9.87 5.3 (1.7) 4.08–6.51 2.53 0.021 3.66

Related to emotionality (self-calming or anxiety)
Duration of self-grooming, s 73.3 (25.55) 55.02–91.58 61.3 (31.97) 38.43–84.1 0.92 0.366 1.31
Number of self-grooming 6.66 (2.73) 4.56–8.77 5.33 (1.73) 4–6.66 1.23 0.234 1.75

Biochemical variables
BDNF concentration, pg/mg wet tissue 35,119.8 (18,161.94) 23,580–446,659 58,224.4 (16,018.1) 48,047–68,402 3.31 0.003 1.34
Corticosterone concentration, ng/mL 107.8 (20.55) 94.77–120.9 73.42 (20.43) 60.43–86.4 4.11 0.000 1.65
Concentration of serotonin, ng/g wet tissue 171.42 (21.3) 157.9–185 203.42 (24.72) 187.7–219.1 3.39 0.002 1.45

Zeros are omitted for p values. BDNF, brain-derived neurotrophic factor; s, seconds.
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Fig. 3. Results of behavioral measures (means, SE and SD): nesting and breast-feeding.
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grooming, and breastfeeding (nursing) were significant-
ly lower (shorter) in opium consuming mothers than the 
same scores in nonconsuming mothers (Fig. 3, 4). The 
duration of pup retrieval was much longer in opium-
consuming mothers, indicative of lower efficiency in 
these elements of behavior, in comparison to controls. 

B. The results showed a tendency for a slower speed of 
integration, however, not in all aspects of maternal be-
havior in opium-exposed rats, in comparison to the 
control group. The number of nursing attempts in the 
exposed group was significantly higher than in con-
trols, likely due to the significantly short duration of 
nursing requiring more initiations for breastfeeding 
(Fig. 3). However, the numbers of nestings, pup 
groomings, and pup retrievals were not significantly 
different between 2 group (Fig. 3, 4). The mean latency 
to the onset of pup retrieval in opium-consuming 
mothers was also longer than in the control group; 
however, it did not reach the level of statistical signifi-
cance (p = 0.078), likely due to the small sample.

C. Number and duration of self-groomings did not show 
statistically significant differences between experi-
mental and control groups.

Discussion

Previous studies on the impact of opiate exposure on 
maternal behavior showed a detrimental effect of this 
exposure. However, many neurochemical systems are 
involved in this process, and maternal behavior itself is 
a multifaceted phenomenon. It is, therefore, challeng-
ing to decouple the various neurochemical and behav-
ioral factors in analyzing the mechanisms of opioid ad-
diction. Unlike previous investigations, our study ap-
proached this analysis in a more systematic way, 
classifying the behavioral aspects in line with the func-
tional specificity of neurochemical systems, as pro-
posed in the neurochemical FET model. When behav-
ioral aspects of maternal behavior were grouped ac-
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cording to the FET framework, it became evident that 
the endurance aspects of maternal behavior were affect-
ed by opium consumption, and therefore, part A of our 
hypothesis was supported by the results. As noted 
above, opium, as an opioid substance acting on MORs, 
might impact endurance due to MOR regulation of the 
release of serotonin and BDNF. Indeed, in all 4 ele-
ments of maternal behavior studied (nesting, feeding, 
grooming, and retrieval), energetic aspects (i.e., endur-
ance [duration of actions]) and efficiency were signifi-
cantly compromised in opium-consuming mothers, in 
comparison with controls. This was associated with 
lower concentrations of 5-HT and BDNF in hippocam-
pal tissue. Our results support the findings from other 
studies [41–43] showing that morphine treatment dur-
ing pregnancy reduces the number of pup groomings 
and nursings in rats [42, 43] or increases the latency 
time to nursing of pups [44]. The low level of BDNF 
(methylation of BDNF) reduces and disrupts maternal 
care behaviors. These results support the FET assign-
ment of the regulation of endurance to 5-HT-neuro-
peptide systems and the BDNF, and the stronger links 
between these systems and MOR, in comparison to 
DOR and KOR systems. Our results showed that the 
ease of switching between actions (i.e., the ease of inte-
gration of maternal behavioral acts) was significantly 
less affected than its endurance aspects.

We can suggest that an abnormal influx of exoge-
nous endorphins (administered as opium) lead to the 
downregulation of MOR receptors – a mechanism that 
is well documented in the literature on opioid receptors 
[1, 28, 45, 46]. This is also in line with results reported 
elsewhere. For example, Šlamberová et al. [14] showed 
that the treatment of pregnant dams with morphine 
leads to a slower return of pups into the nest than the 
control group. Yim and colleagues [44] showed that the 
dopamine concentration in the morphine-treated 
group was significantly lower when compared to the 
control group.

With regards to part C of our hypothesis, related to 
possible anxiety and changes in self-soothing, it was 
supported in terms of the neurochemical component. 
Our results showed that the serum corticosterone con-
centration in the opium-consuming group was higher 
than in the control group. However, in the opium-con-
suming group, the duration and number of self-groom-
ings showed no difference from the control group. 
There were, therefore, no differences in aspects of be-
havior related to emotionality, even though the corti-
costerone level was increased in opium exposed. Pos-

sible explanations of these results could be that (1) 
physical touch of mothers to pups might suppress the 
activation of the HPA axis associated with an emotion-
al arousal [47]; (2) corticosterone might be associated 
with behavioral arousal but not always with anxiety, 
especially when there is an ongoing influx of endor-
phins suppressing HPA axis activation This complex-
ity could explain the conflicting reports in the litera-
ture. Nock et al. [48] showed that chronic morphine 
treatment increased serum corticosterone of juvenile 
rats that were exposed to mild stress, and this might be 
associated with an increased corticosteroid-binding 
globulin [49]. Yet, Yim et al. showed that morphine 
treatment in female rats before mating increased cor-
ticosterone levels but had no effect on corticosterone 
concentration in late pregnancy [44]. This highlights 
the challenges in the analysis of anxiety symptoms of 
behavior that likely have multiple aspects and neuro-
chemical mechanisms. Our results also suggest that the 
MOR system is likely not directly associated with anx-
iety, behavioral arousal or its suppression, and despite 
suppressing KOR (which was linked to chronic anxi-
ety), it has relative independence from KOP in behav-
ioral regulation.

This study was limited by administering opium 
with drinking water and not using more common 
ways of opium administration employed by the gen-
eral public. Moreover, animals had individual differ-
ences in how much water they drank, and so likely 
there were variations in the doses received. However, 
the standard deviations in our plots showed a trend 
that supported our results. Opium distribution in the 
brain was measured only in hippocampus and, per-
haps, studies using other brain areas could be a prom-
ising line of future research.

Conclusion

Since maternal behavior consists of multiple compo-
nents, and its neurochemical regulation has multiple en-
tangled neurotransmitter and hormonal systems, a novel 
structured and a formal approach was needed. This study 
was structured in line with the neurochemical framework 
of the FET model, highlighting the role of 5-HT and 
BDNF in the endurance aspects of behavior, the role of 
DA in speed of integration of behavioral acts, and the po-
tential for dysregulated MOR systems to negatively im-
pact the release of 5-HT and DA. To test the predictions 
of the FET model, the present study investigated how dys-
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regulation in multiple neurochemical systems caused by 
the opium consumption can impact maternal behavior in 
rats. The results confirmed the benefits of this structured 
framework in differentiating between energetic, integra-
tive, and emotionality-related aspects of behavior. The re-
sults showed that the following:
1. The most profound negative effects of opium consump-

tion in pregnancy and maternal behavior related to en-
durance (ability to sustain prolonged actions), and these 
effect were significant in all 4 types of behavior under 
study (nesting, feeding, grooming, and pups’ retrieval).

2. These changes were associated with significantly lower 
BDNF and serotonin concentrations and higher corti-
costerone in the experimental group, in comparison 
with controls. This suggests that there are negative ef-
fects of opium associated with MOR action on hippo-
campal 5-HT and BDNF systems.

3. In contrast to endurance, to the ease of integration 
measured as numbers of various maternal actions was 
affected to a much lesser degree. Only the frequency of 
breastfeeding was much higher, likely as a compensa-
tion for dramatically low duration of breastfeeding in 
exposed rats, in comparison to controls.

4. There were, however, no statistically significant differ-
ences between experimental and control groups in be-
havior related to the symptoms of anxiety, such as 
number or duration of self-grooming actions. This 
suggests that the MOR system might act relatively in-
dependent from the DOR and KOR systems.

5. This study also provided evidence that the quality of 
maternal behavior dramatically decreased in opium 
exposed animals, which lead to negative psychological 
and developmental impact on the newborns.
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