
Introduction
Addiction is one of the major issues facing human society 
and is particularly prevalent in developing nations. 
Moreover, it contributes to family, societal, and personal 
issues.1 Addiction to opioids and opioid use disorders are 
global epidemics. Sixteen million individuals worldwide 
have or are currently experiencing opioid use disorder.2 
Worldwide, opioid use disorders claim the lives of 
around 120 000 individuals each year.3 With 10% of the 
population affected, drug use and dependence place 
substantial health costs on our society.4 Approximately 
50% of children admitted to hospitals for mental illnesses 
also have parents diagnosed with substance use disorders 
(SUDs).5 Child maltreatment and parental SUD are 
linked.6 Many types of substance use cause long-lasting 

alterations in synaptic transmission and brain circuit 
function.7 Therefore, it would be very useful to directly 
address possible mechanisms and alterations regarding 
the increased risk of dependence symptoms in animals 
and humans exposed to maternal addiction or separation. 
The alcohol-drinking behaviour of young adult males 
is impacted by parental factors from early childhood, 
including active parenting (such as monitoring, setting 
rules, and being aware of their places) and the perception 
of their parents’ SUD. Consequently, in alcohol prevention 
initiatives, health practitioners should emphasize the 
significance of active parenting and parental drug use 
prevention.8 A family history of addiction is a risk factor 
for SUD. A greater frequency of externalizing disorders, 
reward processing impairments, and impulsivity are all 
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Abstract
The likelihood of substance dependency in offspring is increased in cases when there is a family history of drug or alcohol 
use. Mothering is limited by maternal addiction because of the separation. Maternal separation (MS) leads to the development 
of behavioural and neuropsychiatric issues in the future. Despite the importance of this issue, empirical investigations of the 
influences of maternal substance use and separation on substance use problems in offspring are limited, and studies that 
consider both effects are rare. This study aims to review a few studies on the mechanisms, treatments, genetics, epigenetics, 
molecular and psychological alterations, and neuroanatomical regions involved in the dependence of offspring who underwent 
maternal addiction and separation. The PubMed database was used. A total of 95 articles were found, including the most 
related ones in the review. The brain’s lateral paragigantocellularis (LPGi), nucleus accumbens (NAc), caudate-putamen (CPu), 
prefrontal cortex (PFC), and hippocampus, can be affected by MS. Dopamine receptor subtype genes, alcohol biomarker 
minor allele, and preproenkephalin mRNA may be affected by alcohol or substance use disorders. After early-life adversity, 
histone acetylation in the hippocampus may be linked to brain-derived neurotrophic factor (BDNF) gene epigenetics and 
glucocorticoid receptors (GRs). The adverse early-life experiences differ in offspring›s genders and rewire the brain›s dopamine 
and endocannabinoid circuits, making offspring more susceptible to dependence. Related psychological factors rooted in early-
life stress (ELS) and parental substance use disorder (SUD). Treatments include antidepressants, histone deacetylase inhibitors, 
lamotrigine, ketamine, choline, modafinil, methadone, dopamine, cannabinoid 1 receptor agonists/antagonists, vitamins, 
oxytocin, tetrahydrocannabinol, SR141716A, and dronabinol. Finally, the study emphasizes the need for multifaceted strategies 
to prevent these outcomes.
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present in youth with a family history of SUDs. High-
risk adolescents, including those with attention-deficit/
hyperactivity disorder and parental SUD, have the highest 
levels of accuracy and learning impairment.9

Parental psychopathology, family environment, 
sibling, and peer behaviors affect child psychopathology 
subtypes.10 Adolescents with drug-dependent parents are 
at high risk for drug use and dependence. Psychological 
and interpersonal variables may influence the relationship 
between parents’ psychoactive SUD and adolescent drug 
use.11 In a study, 18.4% of teenagers reported family 
member substance or alcohol use, including 50.6% 
parental alcohol usage and 19.1% parental drug use. 
Parental drug usage influences the severity of substance 
dependence, major depressive disorder (MDD), and 
post-traumatic stress disorder (PTSD).12 An established 
risk factor for teenage and adult substance use is a 
familial history of drug use.13 Parental drug use problems, 
antisocial conduct, and children›s disruptive disorders 
are strongly linked.14 Parental death and separation 
may cause drug use.15 Owing to parental grief, sickness, 
mental stress, or drug use, sometimes children replace 
parental duties. If these kids have to over-function as 
adults, their development may fail.16 Among different 
adverse childhood experiences, parental drug use was 
the only significant explanatory risk factor for nicotine 
dependence in females.17 Parental opioid addiction has 
been linked to a weaker mother-child attachment.18 People 
with alcohol and SUDs report more maternal separation 
(MS), particularly owing to marital discord and parental 
separations. Paternal separations may not cause drinking, 
although marital discord may cause opiate addiction.15

To the best of our knowledge and based on the 

searches, the impact of mother drug use, both before and 
during pregnancy and lactation, as well as MS, on the 
likelihood of children dependency in terms of molecular, 
neurobiological, neuroanatomical, and psychological 
factors and possible interventions would be of importance 
but are not well understood. Despite the importance 
of this issue, empirical investigations of the influences 
of maternal substance use and MS on substance use 
problems in offspring are sparse and studies that take into 
account both effects are rare.

Therefore, this review aims to first examine the 
independent effects of maternal addiction and MS on 
dependence criteria in offspring and then their combined 
effects. Secondly, this review summarizes the multiple, 
interconnected neuroanatomical circuitry, molecular, 
and psychological factors related to substance-using 
mothers exposing their offspring to dependence. Thirdly, 
pre- or post-natal interventions targeting the complex 
and numerous proximal and distal risk factors crucial to 
the development of offspring dependence are reviewed. 
Figure 1 illustrates these factors and their interplay with 
maternal substance use and offspring dependence, while 
Table 1 provides a summary of the relevant literature. 

Methods
The PubMed database was used. After duplicate deletions, 
a total of 95 articles were found, of which the most related 
ones were included in the review. The data were analyzed 
using content analysis.

Search strategies included:
(“maternal morphine exposure”[Text Word] 

OR “maternal separation”[Text Word]) AND 
“dependence”[Text Word] 

Figure 1. Risk factors crucial to the development of offspring dependence and their interplay with maternal substance use and separation. Substance use 
disorder(s) (SUD(s)), neonatal abstinence syndrome (NAS), major depressive disorder (MDD), post-traumatic stress disorder (PTSD), alcohol use disorder 
(AUDs), prefrontal cortex (PFC), cornu ammonis area 1 (CA1), lateral paragigantocellularis (LPGi), caudate-putamen (CPu), nucleus accumbens (NAc)
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Table 1. A summary of the relevant literature on the effects of maternal substance use and separation on the offspring’s drug/alcohol dependence

Species Age Gender Drug type Model/task/tool Drug dose/route/duration MS Lactation Study type Changes in criteria assessed

HS Neonates B Heroin
History and/or physical 
examination in mothers, narcotic 
withdrawal in neonates

NR N N R
Forty-one neonates (61%) exhibited withdrawal symptoms.
Tremors, agitation, and high-pitched crying were the most prevalent 
signs. Also, poor feeding, diarrhea, and vomiting were reported.19

HS
Before 15 years 
of age

B Drugs and alcohol
Family history of alcoholism (brief 
screening questionnaire) or other 
drug problems 

Most users inject (IV) between 0.5 and 1 g of heroin 
every day.
The typical use period is 12 months, with minimum 
usage of 6 months and maximum usage of 10 years.
All had used other illegal substances, and most had a 
history of poly-drug misuse before heroin dependency.

Y N R

Antisocial personality is associated with early grief and alcohol and 
substance use. 
Male sex was associated with more frequent paternal losses and 
narcotic addiction.
Addicts lose more.
Alcoholics separated more for most reasons.15

HS 16 years or over M Alcohol
Semistructured psychiatric 
interview: the TOSHI

NR Y N CC
Alcohol-dependent males and healthy controls had similar rates of 
parental death and separation.20

HS
3 points in time 
into adulthood

B Drugs and alcohol Interview
Maternal smoking 10 or more cigarettes or more nearly 
every day while pregnant

N Y 10-year LS
More than five-fold incidence of adolescent-onset drug 
dependency in girls.21

HS Adolescence B SUDs SCID

32% of parents had SUDs.
Drug use disorders were 17%, alcohol 25%, and drug 
and alcohol 30%.
29% of children exposed to a drug use disorder, had at 
least one parent with cannabis use.

N N
5-year 
Follow up

Parental SUDs are nonspecific, putting kids at risk for SUDs.
Parental SUDs are one of numerous environmental risk factors for 
SUDs.22

HS B
Methadone, alcohol 
and substance use

Views of self as a parent
At a mean dosage of 79.4 mg, the average time on 
methadone maintenance was 3.3 years.

N N RCT
A decrease in concurrent alcohol use, and maintenance dose of 
methadone.23

HS Adolescence B Alcohol

C-SSAGA-A)
SARAH 
The SARAH items include both 
parental alcohol and drug use 

Alcohol was consumed by 69% of the mothers and 89% 
of the dads. 
11% of the moms and 20% of the dads engaged in drug 
usage.

N N CS

Adolescent alcohol dependency was highly correlated with father's 
drug usage.
Mother's anger and avoidance while drinking or using drugs were 
both strongly linked to teenage alcohol dependency; 
Mother's anger predicted alcohol dependence for females but not 
for boys.24

Rr Adult M Morphine
Self-administration of morphine 
(25 mg/L) utilizing the two-bottle 
choice paradigm and preference

Oral 2 or 5 mg/kg morphine Y Y A
Although non-deprived animals need 5 mg/kg of morphine to 
induce conditioning, deprived rats only required 2 mg/kg of 
morphine to do so.25

Rr Adult M
Morphine, ethanol, 
amphetamine and 
cocaine 

Long-term continuous free choice 
self-administration paradigm

Morphine (25 mg/L), ethanol (10%), amphetamine (25 
mg/L) and cocaine (100 mg/L)
Route

Y Y A

78% of the deprived rats demonstrated a gradual reduction in 
aversion to morphine as their consumption of the morphine rose. 
Deprived rats exhibited a minor but considerable increase in oral 
amphetamine intake.26

HS 12-17 B Alcohol or drugs CATI technology/surveys NR N N CS-Census
Parental drug abuse has identified as a moderating factor for 
Substance abuse/dependence.12

Rr
2.5–3 months 
of age

M Morphine CPP
Morphine (5 mg/kg) during conditioning to offspring
Route

Y Y A
BP 897 (0.5 or 2 mg/kg), a selective partial D3 receptor agonist, 
increased the expression of morphine conditioning in control rats. 
Same dosages had no effect on rats' morphine conditioning 27.

HS Neonates

Heroin, Methadone 
or their combination, 
barbiturates, 
benzodiazepines, and 
marijuana

Type of drug, Neonatal abstinence 
syndrome

Among the 85 pregnant addicts, 51 (60%) used heroin, 
6 (7%) used methadone alone, and 9 (11%) used both 
heroin and methadone. 15 women (19%) reported using 
benzodiazepines in conjunction with heroin and/or 
methadone that was the most common.

N Y R, Co
Seventy-one percent incidence of NAS, mostly among infants 
delivered to heroin and methadone dependent mothers.28
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Species Age Gender Drug type Model/task/tool Drug dose/route/duration MS Lactation Study type Changes in criteria assessed

Rr Adolescence M
Chronic dronabinol 
(natural THC)

Place preference and oral self-
administration over 12 weeks 
employing a two-bottle choice 
paradigm

Exposure to dronabinol during postnatal days 35-49. The 
administration of morphine at a dose of 1 mL/kg with a 
concentration of 25 mg/L, together with dronabinol, was 
carried out during a period of abstinence and at higher 
doses (5 mg/kg or 10 mg/kg i.p.) among postpartum days 
35-48. 

Y Y A
A decrease in PPE mRNA expression in the striatum is associated 
with an increase in oral morphine self-administration behavior and 
preference.29

Mm

8 months and 
early adulthood 
(approximately 4 
years)

B Alcohol
Voluntary ethanol consumption 
experiment, mother- vs. peer-raising 
paradigm

Two weeks (1 h/d) ethanol solution (final concentration, 
8.4% v/v), 7-week voluntary ethanol (5 days/week) 
experimental phase

Y Y A

The dopamine D1 receptor gene may have a role in regulating 
alcohol use, particularly in the setting of early environmental stress. 
Males heterozygous for the T gene and without a mother consumed 
substantially more ethanol.30

Rr
Adolescent and 
adult

M
Chronic THC/
morphine 
consumption

Oral morphine self-administration

Oral Morphine (25mg/L) self-administration, Using a 
two-bottle choice paradigm for 14 weeks.
For two weeks, SR141716A, a cannabinoid CB1 receptor 
antagonist/inverse agonist, was injected chronically at 
doses of 3 mg/kg and 1 mL/kg. 

Y Y PS
Alterations in brain endocannabinoid levels in a model of maternal 
deprivation may be responsible for the increase in morphine 
consumption.31 

HS
Children and 
adolescents

B Drugs or alcohol DAST-20 and AUDIT
Less than 13% of caregivers in the sample reported 
harmful use or dependence on drugs or alcohol

NCR NCR L,R

The incidence of drug problems would be much greater among 
parents whose children were first taken from the family following 
an inquiry or evaluation.
Caseworkers were less likely to recognize drug misuse when their 
caseloads were large and when dads were the primary caretakers.
102 (68%) of the youngsters had drug abuse or exposure 
allegations.32

HS 17.9 ± 4.20 years F 
Alcohol or drugs of 
abuse

Structured psychiatric interviews Diverse NCR NCR Co

Parental drug use may increase the risk of SUD in these 
adolescents.
Offspring exposed to their mother's drug use problem were 7.40 
times more likely to acquire a drug use disorder.33

HS
Adolescents and 
young adults.

B
Alcohol, alcohol/
cannabis, nicotine

Telephone-administered diagnostic 
interviews

NR NCR NCR CS

Offspring with any pattern of comorbidity were more likely to have 
dads who were not presently married to the biological mother 
(separated, divorced, or never married).
Regarding parental drug use, mother marijuana abuse/dependence 
was remarkably high in the SUD–CD class (15.2%) and paternal 
(but not maternal) smoking history was more prevalent in all 
affected classes.10

HS Adolescents
Alcohol and drugs of 
abuse

Reward region response to 
anticipated monetary reward and 
pictures of alcohol.
Structured Clinical Interview for 
DSM–IV Axis I Disorders, fMRI

26 adolescents among 128 had a parental record of drug 
use problems (46.2% males, 86% father record, 7% 
mother record, and 7% father and mother record).

NR Excluded CS, Imaging
The brain regions implicated in reward are more responsive in 
adolescents at risk of future SUDs.34

Table 1. Continued.
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Species Age Gender Drug type Model/task/tool Drug dose/route/duration MS Lactation Study type Changes in criteria assessed

HS
Young (mean age 
19.51 years)

M Drugs or alcohol 
Abstention, RSOD, volume drinking 
and dependence

Just 5.8% of Swiss conscripts said they did not drink. Of 
those who did not abstain, 50.1% reported engaging in 
RSOD behavior, while 6.9% reported drinking in excess. 
Of those who did not abstain, 50.1% reported engaging 
in RSOD behavior, while 6.9% reported drinking in 
excess. An alcohol dependency was found in 11% of the 
patients.

NCR NCR Co

Self-reported parental characteristics are related with self-reported 
alcohol use. 
Both heavy drinking and dependency were much more frequent 
among young males who reported parental substance abuse.
Active parenting was connected with decreased alcohol 
dependency.8

HS

Mean age of 5.9 
years (ranging 
from 3 months to 
20 years)

B
Methadone 
maintenance 
treatment

Data collection interviews NCR Y NCR MM

There was also diminished maternal identity in the subtheme of 
interrupted mothering or long-term separation of mother and child 
due to physical separation or inability to provide child care due to 
illness or withdrawal symptoms.35

HS
Childhood and 
adolescence

B
Alcohol, drug, and 
cigarette 

K-SADS
CIDI-SAM
DSM-III (childhood) or DSM-IV 
(young adult) criteria (APA, 2000)

N NCR Y L,P (Co)

Cigarette use in kids was predicted by prenatal exposure to 
cigarettes.
Alcohol intake during pregnancy was linked to a greater likelihood 
of SUD in the child. 
Family record of SUD increases risk for substance use.36

HS

Preadolescent 
( ≤ 12) or 
adolescent ( > 12) 
years) to young 
adulthood

B
Non-nicotine SUD 
and Alcohol

Cox proportional hazard models Diverse NCR NCR

L, CC + 10-
year follow-
up
(Co)

Prenatal alcohol exposure was linked to an increased risk for 
offspring SUD.
Prenatal cigarette exposure predicted offspring cigarette smoking.
Risk of drug use rises in families with SUD.37

Rr Adult M Alcohol
Continuous voluntary alcohol 
drinking protocol (two-bottle 
choice) and food self‐administration

Started on PND 130. Over a 10-day period, single-
housed rats had continuous access to water and 10% 
(w/v) alcohol

Y Y A
• High alcohol intake is linked to MD, high anxiety, high CB1R 
expression in the NAc, and low CB1R production in the PFC.38

Rr Adult M Alcohol

Continuous voluntary alcohol 
drinking (two-bottle choice) for 10 
days (grams of alcohol/ body weight 
(kg) and percent preference for 
alcohol relative to liquid intake)

Continuous voluntary alcohol drinking (10 % alcohol 
solution (w/v)) started on PND 64 and lasted until PND 
74

Y Y A

In addition to increasing D2R, D3R, and CB1R expression in the 
NAc, MS, aSI, and MS + aSI significantly increased anxiety and 
alcohol consumption.
More alcohol was taken in and favored by MS rats. 
aSI rats had higher desire for and consumption of alcohol.39

HS 13–17 years B Nicotine 

European Addiction Severity Index, 
seven-item mFTQ for assessment 
of the level of ND, modified 
Fagerström Tolerance

Alcohol, drugs or other substances
Doses and duration: NCR

Parental 
divorce

NCR CS, R

Regular smoking in teenage females was linked to violent ACEs, 
including: witnessing domestic violence, physical and sexual abuse by 
parent(s), parental divorce, and drug use. 
Just one kind of ACE, parental drug use disorders, accompanied by 
frequent, moderate, or high levels of ND. 
The characteristics of regular smokers were old age, drug use, and 
conduct disorders.17

Abbreviations: APA, American Psychiatric Association; Hs, Homo sapiens; Rr, Rattus rattus; Y, Yes; N, No; NCR, Not clearly reported; L, Longitudinal study; P, Prospective; R, Retrospective; CC, Case-Control; CS, Cross-sectional; A, Animal; 
RCT, Randomized clinical trial; Co, Cohort; MM, Mixed method; Mm, Macaca mulatta; IV, Intravenous; SD, Standard deviation; SUD, substance use disorder; CD, conduct disorder; EPM, elevated plus maze; g, gram; IV, Intravenous; NAS, 
Neonatal abstinence syndrome; PPE, Preproenkephalin; mRNA, Messenger ribonucleic acid; DSM–IV, Diagnostic and Statistical Manual of Mental Disorders; fourth edition; CB1R, Cannabinoid receptor type 1; D2R, Dopamine D2 receptor; D3R, 
Dopamine D3 receptor; NAc, Nucleus Accumbens; TOSHI, Time-Ordered Stress and Health Interview; SCID, Structured Clinical Interview for the DSM‐IV; C-SSAGA-A, Comprehensive Semi-Structured Assessment for the Genetics of Alcoholism 
for Adolescents; SARAH, Structured Assessment Record of Alcoholic Homes; CATI, Computer Assisted Telephone Interviewing; CPP, conditioned place preference; THC, delta-9 tetrahydrocannabinol; DAST-20, Drug Abuse Screening Test; 
AUDIT, Alcohol Use Disorders Identification Test; RSOD, risky single occasion drinking; aSI, adolescent social isolation; ACEs, adverse childhood experiences; ND, nicotine dependence; CIDI-SAM, CIDI-Substance Abuse Module.

Table 1. Continued.
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(“maternal substance use”[Text Word] OR “maternal 
separation”[Text Word]) AND “dependence”[Text 
Word]

(“maternal addiction”[Text Word] OR “maternal 
separation”[Text Word]) AND “dependence”[Text 
Word]

(“maternal substance abuse”[Text Word] OR “maternal 
separation”[Text Word]) AND “dependence”[Text 
Word]

(“maternal substance use”[Text Word] OR “maternal 
deprivation”[Text Word]) AND “dependence”[Text 
Word]

(“parental substance use”[Text Word] OR “maternal 
deprivation”[Text Word]) AND “dependence”[Text 
Word]

(“parental addiction”[Text Word] OR “maternal 
separation”[Text Word]) AND “dependence”[Text 
Word]

(“parental addiction”[Text Word] AND “maternal 
separation”[Text Word] AND “dependence”[Text Word]

The data were collected on all dates. Preclinical or 
human studies that clearly referred to the effects of 
maternal substance use and/or separation or deprivation 
(interventions, mechanisms, prevention, or treatment 
strategies) on offspring dependence were included in 
the present study. Articles that indirectly referred to 
addiction or were restricted to one aspect of addiction 
or comorbidities (not related to maternal substance use, 
separation or offspring dependence) were excluded. 

Results 
Maternal substance use 
Prenatal alcohol, cigarette, and other drug exposures 
have several negative effects on offspring, including an 
increased risk for substance use and addiction.36 Even 
when accounting for psychopathology, only 38% of 
opioid-using mothers remained primary-caregiver of 
their children throughout the 10 years compared to other 
mothers (81%).40 Children born to mothers who smoked 
during pregnancy had an increased possibility of having 
fathers with alcohol and/or anxiety disorders, while 
simultaneously displaying a decreased probability of 
developing substance abuse difficulties themselves. The 
association between mother smoking during pregnancy, 
early-onset conduct disorder in males, and drug use 
in girls was not influenced by the father’s diagnosis.21 
Alcohol use disorder (AUD) rises with prenatal, infant, 
and adolescent ethanol exposure. Early exposure to 
ethanol’s positive and negative reinforcing effects may 
cause this.41 The most relevant literature is summarized 
in Table 1. 

Public health necessitates that pregnant women should 
avoid alcohol and tobacco. A family history of alcoholism 
tends to increase maternal drug use during pregnancy.36 
Moreover, women who experienced vagal tone 

reactivity (activation or suppression) after methadone 
at the end of pregnancy had babies with more severe 
neonatal abstinence syndrome (NAS). Nevertheless, 
it has been found that no relationships exist between 
NAS expression and maternal methadone maintenance 
characteristics such as trimester of commencement, 
duration, methadone exposure throughout pregnancy, 
and maternal drug use before pregnancy.42 

Pregnancy offers substance-using moms a “window 
of opportunity” for treatment motivation.43 Prenatal 
therapies that focus on the maternal-fetal attachment 
link and the mother’s capacity to reflect on her baby, 
mothering, and attachment history also help substance-
using women acquire parenting skills. Addiction 
pregnancies are infrequent but high-risk. Proper obstetric 
and neonatal care can reduce pregnancy complications 
and improve perinatal outcomes.28 Additionally, it has 
been suggested that there are worldwide deficiencies in 
neurological and substance-related caregiving systems. 
They should be addressed throughout pregnancy by 
encouraging abstinence, emerging motherhood, and a 
bond with the fetus.44 The literature on prenatal opioid 
exposure takes into account that this is not just a one-
time occurrence but rather a cycle of events that can span 
across generations. Various mechanisms of transmission 
from one generation to the next are identified, including 
gut-brain axis and biological factors such as genetics, and 
epigenetics. Furthermore, this intergenerational cascade 
is influenced by various parent-child interactions, such as 
past events of child maltreatment, the level of parenting 
quality, infant behaviors, the diagnosis of neonatal opioid 
withdrawal, and wider environmental concerns such as 
stigmatization by society and destitution, engagement 
with childcare agencies, and exposure to aggression.45

Summary 
A family record of using alcohol or drugs heightens the 
likelihood of dependence and NAS in offspring. Proper 
obstetric and neonatal care and encouraging abstinence 
can reduce pregnancy complications and improve 
motherhood and perinatal outcomes.

Maternal separation 
Parental loss, abuse, and social deprivation are 
rodent and primate models of early trauma.46 Stress, 
inflammation, and starvation in early childhood may 
cause psychopathology or cognitive impairments in 
maturity. Childhood trauma causes antisocial behavior 
and drug use. Antisocial people often use drugs.15 
Maternal care deficits harm CNS development and 
offspring mental health.47 The MS animal paradigm has 
been accepted as a preclinical model of early-life stress 
(ELS), an essential determinant for mental disorders.48 
There are two models, which have been given the name 
“MS”, vary in ways that distinctly shift the stress between 
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the mother and her offspring units. The distinction is that 
early maternal deprivation (MD) separates pups on an 
individual basis, while the mother is left with a portion of 
her littermates at home rather than being left alone. The 
alternative variant, designated MS, separates the pups 
while isolating the mother in a unique cage.49 Since MS 
and MD might differ in some aspects, the usage form of 
each word in the manuscript was based on the original 
reference.

Mother-pup interaction affects mammalian 
development. Behavioral and neuropsychiatric issues 
might result from MS. Maternal morphine exposure may 
exacerbate MS-induced spatial learning and locomotor 
activity in adolescent male rats.50 MS causes long-term 
brain development changes and hippocampus-related 
neuropsychiatric, cognitive, learning, and memory 
impairments.51-53 MS may impede CA1 hippocampal 
long-term potentiation (LTP) induction in adolescent 
female rats.51 External effects appear highest during 
times of experience-based development or natural 
oxytocin oscillations.54 Furthermore, MD from post-
natal days (PND) one to 14 (pups were separated from 
13:00 to 16:00) extends morphine conditioned place 
preference (CPP).27 MD rats have increased susceptibility 
to the pleasurable effects of morphine, making them an 
appropriate candidate for investigating their behavior 
using a two-bottle-choice experimental setup. During the 
plateau phase of the experiment, MD rats had a morphine 
consumption rate that, compared to rats who were not 
deprived, was double as high.25 Brief MS may protect 
mice against alcohol addiction, but protracted neonatal 
separations may dose-dependently increase adult alcohol 
consumption.4,55 Postnatal environment modification 
increases morphine dependence and hypersensitivity to 
its reinforcing effects.4 People with AUDs had greater 
maternal losses than controls. They also had longer 
and more frequent losses and were more likely to lose a 
mother. 25% of people with AUDs and 9% of controls had 
parental separations.15 However, there is evidence that 
childhood parental loss and alcohol use are not directly 
related. Alcohol-dependent males and healthy controls 
had similar rates of parent death and separation.20

Summary 
MS increases polydrug self-administration and sensitivity 
in adulthood. Hence, MS may be a valid paradigm for the 
evaluation of drug addiction therapies in traumatized 
children.4 MD in rodents is a viable model of ELS that 
causes significant anxiety, motivation,38 and cognitive50 
changes, which may enhance sensitivity to alcohol38 and 
drug dependence. 

Combination of maternal addiction and MS
Early MD and morphine use impair brain development. 
Hence, early morphine and MD may alter core phenotypic 

traits that are adaptive in adulthood.56 Addiction 
weakens parental identity by limiting mothering and 
interrupting it due to separation. Reduced maternal 
identity was evident in cases of interrupted mothering or 
prolonged mother-child separation brought on by illness, 
physical separation, or withdrawal symptoms. The act 
of separating from their children greatly distressed the 
mothers. Some women stopped caring for their children 
or chose to separate from them altogether as a result of 
committing crimes such as check fraud or robbery in 
order to acquire funds for drugs. Additionally, many 
mothers were separated from their children due to being 
incarcerated.35

Children who experienced their mother smoking 
when she was pregnant had a 1.75-fold increased risk 
of experiencing parental divorce and a 2-fold increased 
risk of seeing conflict between parents and children 
(Risk ratio [RR] = 2.03). Male kids had a higher risk of 
conduct disorder (CD) at prepubertal onset (RR = 5.67), 
whereas female offspring had a higher risk of drug use/
dependence at teenage onset (RR = 4.68). 70% of drug-
using women utilized several substances. Only parental 
divorce was related to male prepubertal-onset CD and 
significantly lowered maternal smoking’s effect size. 
Males who experienced their mother smoking while 
pregnant showed a greater frequency of prepubertal-
onset CD (RR = 4.1) even after adjusting for divorce. 
CD and substance use/dependence models incorporated 
interaction factors for alcohol, smoking, and coffee 
consumption of mother during pregnancy.21

Summary
Maternal addiction diminishes parental identity by 
restricting and halting mothering due to separation. 
MS enhances male prepubertal-onset CD and female 
adolescent drug dependence.

Neurocircuitry involved in the effects of MS
In MD animals, it was shown that lateral 
paragigantocellularis (LPGi) neuron interspike 
interval variability was reduced in both inhibitory and 
excitatory responses at baseline. Deprived animals 
had less morphine-induced discharge inhibition. The 
observations suggest that acute morphine use in MD 
during their early years alters LPGi neuronal activity 
over the long run. Hence, MD may change adult opiate 
use risk.57 MD rats showed decreased preproenkephalin 
(PPE) mRNA in their nucleus accumbens (NAc) and 
anterior caudate-putamen (CPu) nuclei. In the NAc, 
MD rats displayed a similar drop in PPE mRNA levels 
in the four main subregions. MD may lower striatal PPE 
mRNA levels. Variations may be explained by differences 
in methodology (separation procedure, quantification 
of peptides, brain regions, and origins of peptides).25 
Dronabinol restored normal levels of PPE reduction in 
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the striatum, morphine consumption, and susceptibility 
to morphine conditioning in MD rats.29 MD induces 
inflammatory biomarkers (in the prefrontal cortex [PFC] 
and hippocampus),58 long-term changes in hippocampal 
microglia, spatial memory, and depressive-like behavior 
via synaptic gene expression.59 MS can also impair average 
field excitatory post-synaptic potentials, induction of early 
LTP, and maintenance in the CA1 area of the offspring’s 
hippocampus.60 MD affects neuroendocrine responses 
to stress by dysregulating the hypothalamic-pituitary-
adrenal (HPA) axis.61 MS reduces the number of c-Fos 
positive cells and plastic capacity of the medial amygdala, 
paraventricular nucleus of the hypothalamus, lateral 
septum (LS), NAc, and medial PFC.62 LS contributes to 
the regulation of NAc function.63 Taken together, these 
neuroanatomical structures seemed to be linked to the 
neural networks of maternal behavior,64 anxiety,65 and 
reward circuits. Hence, animal models can shed light on 
the underlying neuroanatomical circuits modified by MS. 
Family, psychological risk factors, and neuroanatomical 
regions involved in maternal substance dependence 
and separation effects on the offspring’s substance 
dependence are summarized in Figure 1.

Summary
Many brain structures, including the LPGi, NAc, CPu, 
PFC, and hippocampus, can be affected by MS.

Sex differences in maternal substance use and separation 
outcomes
After unfavorable childhood experiences, girls smoke 
more and become more nicotine dependent than 
boys. Why adolescent boys develop no such habits is 
unknown.17 However, males under stress exhibit increased 
susceptibility to the stimulating effects of alcohol and 
are more inclined to initiate drinking for its pleasurable 
outcomes; thus, the genetic influence is primarily 
seen in them.30 MS affects male rats’ alcohol intake 
more than females, according to most investigations.55 
Notable exceptions to the models of parents and peers’ 
effects on externalizing behavior and drug use were 
found according to gender.66 Only MD males showed 
depressive-like behavior in the forced swimming test, 
while both sexes showed a reduction in grooming 
time. Gender affects treatment responsiveness to MDD 
induced by ELS. Treatments including electroconvulsive 
stimulation with ketamine or escitalopram had a gender-
dependent impact (e.g., a reduction of catalase activity 
only in females’ hippocampi were reported).58

Summary
Following negative early experiences, girls may be more 
susceptible to developing SUDs and nicotine addiction 
compared to boys. Men with high levels of stress are more 
likely to drink alcohol due to its higher perceived reward 

value. MD has been shown to induce behaviors similar to 
depression in animals. Moreover, an individual’s gender 
can influence their response to therapy for MDD.

Role of genetics in offspring dependence induced by 
maternal substance use and separation
Pregnant women from SUD households are more likely 
to use drugs.36 Prenatal nicotine exposure is linked to 
several adult-onset, basal metabolic index, and weight-
related health issues in 235 children from families 
stratified for familial/genetic risk for alcohol and smoking 
dependence.67 

On the other side, dopamine receptor subtype genes 
are promising potential loci for understanding alcohol 
dependence and its associated behavioral phenotypes. 
A genotype-gender-environmental interaction has 
been reported. The dopamine D1 receptor (DRD1) 
locus’s effect on alcohol intake is modest and only 
phenotypically quantifiable in certain gender and rearing 
condition combinations. The alcohol biomarker minor 
allele (T) influences MD men and works as a biomarker 
of susceptibility to alcohol use. The DRD1 locus may 
make people more likely to use alcohol as an anxiolytic. 
The D1 receptor modulates alcohol consumption in 
primates and non-primates. D1 receptor gene alterations 
may influence alcohol intake and motivating behaviors in 
a rhesus model. This research found a DRD1 restriction 
site polymorphism near the transcription start point. It is 
not clear whether the consequences of this polymorphism 
are functional.30

In MD rats’ NAc and CPu nuclei, PPE mRNA 
expression decreased significantly.25 Extended treatment 
of dronabinol in AFR rats heightened their susceptibility 
to morphine conditioning in the place preference model. 
It reduced the PPE mRNA concentration in the NAc 
and CPu nuclei, but it didn’t change the preference for 
oral morphine.29 Yet, a strong heritable general liability 
causes parent-child transmission of externalizing 
psychopathology 14 that is related to offspring substance 
dependence.66,68 A graphical abstract sums up the 
evidence from genomics, epigenomics, proteomics, and 
metabolomics about how SUD and MS in the mother 
affect substance dependence in the child and how they 
might interact with each other as shown in Figure 2.
Summary 
Adult-onset health problems have been found to be 
associated with prenatal exposure to nicotine in children 
from families classified based on their familial or genetic 
dependence on alcohol and smoking. The dopamine 
receptor subtype genes, the DRD1 locus, the restriction 
site polymorphism, and the T allele alcohol biomarker 
in men with MD are all genetic factors that are affected 
by AUD or SUD. Additionally, alcohol or SUDs have an 
impact on PPE mRNA and the parent-child transmission 
of externalizing psychopathology.
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Epigenetic regulation in the context of maternal 
separation 
Evidence suggests that ELS has diverse molecular 
and behavioral effects over the lifespan. Epigenetic 
processes may contribute to temporally specific 
transcriptional alterations after ELS.69 Glucocorticoid 
receptor (GR) activation is one way these stressful events 
alter brain development. Hormone receptors are key 
epigenetic targets for developmental program changes. 
Transcription factors are the principal hormonal 
receptors. Neurogenesis, neural fate, differentiation, 
and survival are all linked to such receptors.70 Some 
transcription factors include the transcription factor 
nerve growth factor inducible protein A, STAT5, 
and heat shock transcription factor 1.71 Childhood 
maltreatment in humans is associated with a reduction 
in hippocampus GR expression and an increase in stress 
responses throughout adulthood. The aforementioned 
effects are modulated by epigenetic processes, namely 
DNA methylation and hydroxymethylation within the 
GR gene’s promoter regions. The elucidation of histone 
post-translational changes occurring in the promoter 
region of the GR in the hippocampus of rats has been 
described.72

MS induces transgenerational behavioral impairments 
that could be inherited via epigenetic mechanisms.73 
MS produces long-term brain epigenetic alterations 
and enhances adult traumatic events sensitivity. The 
epigenetic fingerprints of the brain-derived neurotrophic 
factor (BDNF) genes may be associated to histone 
acetylation in the hippocampus as a reaction to stress, 
which may be useful for people exposed to stress-related 
psychopathologies.74 Expression of the transcription 
factor cAMP response element-binding protein and 

neuropeptide Y and a reduction of Jun-B mRNA have 
been reported after MS. Jun-B is one of four genes in the 
activator protein-1 complex that could be epigenetically 
regulated.75 ELS triggers epigenetic modifications in genes 
outside the HPA axis, including BDNF, the serotonin 
transporter (5-HTT or Slc6a4) gene, the estrogen 
receptor-α gene, glutamate decarboxylase-1, and Reelin 
genes.71

The amount and quality of early-life maternal care are 
major contributors to lasting, bidirectional changes in 
gene expression patterns. These include glucocorticoids 
and corticotropin-releasing hormone (CRH) which 
are associated with phenotypes that are resistant or 
sensitive. Several essential questions remain unanswered. 
The mechanism by which maternal-derived signals 
reach specific neuronal populations that regulate gene 
expression through epigenetic mechanisms is not yet 
fully understood. The available data on this topic is 
still limited. It is not yet clear how neurons “switch on” 
the epigenetic machinery. The question of how gene 
expression impacts function remains an active area of 
research. However, recent studies have shown that CRH-
expressing hypothalamic neurons that regulate stress 
response amplitude can be affected by recurring bursts 
of sensory input from the mother, which is commonly 
referred to as “mother’s love”.76

Summary
Following exposure to ELS, epigenetic mechanisms can 
have a temporal impact on transcription. Stress can 
activate GRs, leading to changes in brain development. 
MS has been shown to cause long-term alterations in 
brain epigenetics. There is evidence to suggest that stress-
induced histone acetylation in the hippocampus may 

Figure 2. Genomics, epigenomics, proteomics, and metabolomics mechanisms involved in the effects of maternal SUD (Substance Use Disorder(s)) and MS 
(Maternal Separation) on the offspring’s substance dependence and possible interactions among them
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be linked to the epigenetics of the BDNF gene. Despite 
these findings, there are still critical questions that have 
not been fully answered. One of these questions is how 
maternal-derived signals reach neuronal populations that 
regulate epigenetic mechanisms.

Mechanisms of different responses to drug types after MS
MD may induce opposing outcomes.29 MS also variably 
alters adult reactions to psychostimulants, in line with 
the extent of its MS history.4 Morphine-dependent rats 
with a history of MS had higher somatic withdrawal 
ratings.77 The oral self-administration testing in a free 
choice paradigm showed that MD rats finally took more 
morphine than AFR animals. Compared to AFR rats, 
MD rats took somewhat more amphetamine but not 
cocaine or ethanol. Control and MD rats consumed 
and preferred cocaine and ethanol similarly. Gustative 
and post-digestive characteristics and monoaminergic 
system processes may explain the distinctions between 
these two psychostimulants. Amphetamine increases 
extracellular monoamine levels, whereas cocaine 
prevents monoamine reuptake. Amphetamine and 
cocaine also have different effects due to their dopamine 
release mechanisms, dependence, and dopamine 
transporter surface expression regulation.26 Repeated and 
irregular exposure to rising tetrahydrocannabinol (THC) 
dosages throughout adolescence changed adult rats’ 
enkephalinergic systems. This is seen in changes in PPE 
mRNA levels and morphine sensitivity. MS amplifies 
opiates’ acute stimulating and reinforcing characteristics 
and may increase susceptibility to their dependence-
associated hypohedonic effects.4 MS additionally 
sensitizes rats to heroin’s acute regulation of lateral 
hypothalamus intracranial self-stimulation thresholds, 
causing threshold elevations at moderate dosages.78 The 
somatodendritic autoreceptors in adult MS rats are more 
sensitive, while the binding of 5-HT1A receptor in the 
dorsal raphe nucleus remains unchanged.79 After female 
mice are kept in solitude, MS increases their demand for 
ethanol.80 

Early life trauma rewires the brain’s dopamine 
and endocannabinoid circuits, making people more 
susceptible to anxiety, alcohol, and drug dependence.38,39

Summary
MD rats have been found to consume more morphine 
and amphetamine compared to non-deprived rats. MS 
has been shown to enhance the acutely stimulating and 
reinforcing effects of opiates. Exposure to THC has been 
linked to changes in PPE mRNA levels and morphine 
sensitivity. The effects of MD on drug responses are 
complex and can vary depending on the type of drug. 
Some unique drug responses observed after MS may 
be attributed to differences in the pharmacological 
and neurobiological properties of the drugs or alcohol. 
Adverse early-life experiences can rewire the dopamine 

and endocannabinoid circuits in the brain, which may 
increase susceptibility to substance dependence.

Molecular correlates of MS/MD
MS has a substantial effect on the regulation of genes 
associated with histone methylation, β-catenin, 
neurotrophin, endogenous opioid, and glucocorticoid 
signalling pathways.81 A possible case in terms of MS 
molecular etiology (after drug or alcohol use) is the 
DRD1 receptor gene. Possible involvement of the DRD1 
gene has been shown in alcohol use, particularly in early 
environmental stress. Parental deprivation may change 
the lives of those who inherit a gene variation that 
influences dopamine transmission. Since macaques that 
are carriers of the T allele get higher rewards, they may 
consume more alcohol.30 At a distance, amphetamine 
self-administration between MD and control rats 
cannot be accounted for by expression of dopamine 
transporter.82 Amphetamine injection “paradoxically” 
impacts corticosterone secretion exclusively in deprived 
individuals. MD may “sensitize” the HPA system, 
disinhibiting several corticosterone secretion processes.83 
Recurrent early MS may alter the HPA axis, permitting 
ethanol ingestion.84 Moreover, the endogenous oxytocin 
system may affect stress, anxiety, addiction, and mental 
health sensitivity.54

Adolescent MD rats showed higher baseline 
anandamide levels in the NAc, CPu nuclei, and 
mesencephalon compared to adolescent AFR rats, 
while adult MD rats had higher anandamide and 
2-arachidonoylglycerol levels 31. Exposure to maternal 
care deficits affects the endocannabinoid system region-
specifically, downregulating cannabinoid 1 receptor 
(CB1R) in the PFC and upregulating it in the NAc.38

MD increases protein carbonylation, lipid peroxidation, 
nitrite/nitrate content, and activity of myeloperoxidase 
in both male and female PFC and hippocampus while 
decreasing interleukin-10 in both groups.58 MS delays 
the hippocampal γ-aminobutyric acid (GABA) switch 
and suppresses membrane K ( + )-Cl (-) co-transporter 
(KCC2) expression until adolescence.85 Astrocytes’ role 
in early-life adversity-induced brain programming has 
recently been recognized. Early-life adversity affects 
astrocytes short- and long-term.84 MD enhances intrinsic 
sensitivity to dependence, especially for opiates, making 
it an excellent model to research environmentally driven 
interindividual vulnerability to opiate addiction.82

Summary
MD has been found to increase intrinsic sensitivity 
to drug dependence. Various genes, including DRD1, 
serotonin transporter genes, μ-opioid receptor, CRH, 
MAOA, oxytocin, anandamide, CB1R, myeloperoxidase, 
interleukin-10, superoxide dismutase, and catalase, as 
well as neurotransmitters such as GABA and KCC2, and 
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nitrite/nitrate content, are thought to be involved in the 
effects of MS on substance dependence.

Psychological risk factors affecting offspring dependence 
in the context of maternal substance use and separation
Violence-exposed teens with parental alcohol or 
drug use had the highest rates of mental illness.12 ELS 
influences several brain components, including the link 
between prenatal multi-hit and subsequent neurological 
problems.86 Family unity reduces psychoactive SUDs 
and adolescent drug addiction. Parental psychological 
concerns increase alcohol use but not drug addiction, 
according to research. Psychoactive SUD is linked with 
teenage drug and alcohol use when adolescents have 
inadequate self-esteem, greater depressive symptoms, 
more stressful life events, low family integration, and 
socializing with drug-using peers.11

Maternal smoking and CD are influenced by parental 
antisocial personality disorder as a confounding 
factor.21 Maternal drug use is linked to insensitive and 
poor parenting behavior when mothers interact with 
their infants; however, this is mostly due to comorbid 
maternal psychopathology, notably antisocial and related 
personality disorders.40

Anxiety and impulsivity, risk factors for AUD, may 
result from MD. Alcohol may be used for its anxiolytic 
effects rather than its euphoric, sedative, and rewarding 
effects.30 Both family drug and alcohol use are separately 
linked to a heightened risk of various externalizing 
disorders in teenage kids.68 The path from unsupportive 
parenting to adolescent externalizing behaviors was 
mediated by deviant peer behavior, and the path to drug 
use was mediated by peer drug use.66

Drug use is higher in those with PTSD. PTSD 
patients commonly have comorbid stress and drug use 
problems, which burden health care without appropriate 
treatments. The long-term impact of chronic stress on 
drug self-administration should be studied. MS, foot 
shock, and social defeat may be useful models for treating 
co-occurring PTSD and addiction. Medication for drug 
issues might target stress response systems.4 In rodent 
models, stresses increase acute responses, drug intake,4 
and the return to morphine dependence.87

Depression scores were highest in people with SUDs 
and then in people with AUDs.15 Some mothers suffer 
from severe depression, life challenges, and family 
dysfunction. High-depressive women reported hostile 
parenting, which may indicate their limited emotional 
or “mechanical” caring.88 Depression is prevalent after 
opioid agonist therapy.

Summary
Psychological factors such as depression, violence, adverse 
early life experiences, psychoactive SUD, family cohesion, 
stress, self-esteem, anxiety, impulsivity, social defeat 

stress, and antisocial and related personality disorders are 
closely associated with maternal and offspring addiction 
and separation (Figure 1).

Treatments and interventions for improving offspring 
dependence induced by maternal substance use and 
separation
Venlafaxine as an antidepressant may improve depression-
induced reinstatement of morphine dependence.87 
Lamotrigine reduced immobility in MD rats. Lamotrigine 
restored amygdala BDNF levels in MD rats treated with 
saline.89 Ketamine alleviates MD-induced male depression 
and prevents male MD-induced lipid peroxidation. It 
reduces protein carbonylation in both genders. ELS may 
cause behavioral, neuroimmune, and oxidative stress, 
depending on sex and brain region. Ketamine has anti-
inflammatory and antioxidant qualities and may be 
an option for those who are resistant to conventional 
therapies. Ketamine reduced nitrite/nitrate in male 
PFCs but not in females. Male and female-deprived and 
ketamine-treated groups had lower antioxidant enzymes 
(superoxide dismutase, and catalase) activity. Ketamine 
reduces MD-induced myeloperoxidase activity and 
interleukin-6 levels in men.90 Moreover, lithium reduces 
dose-dependently ethanol-induced developmental 
toxicities, including morphological changes, cognitive 
retention, and oxidative stress in brain tissue.91 Choline 
supplementation during periadolescence may reduce 
newborn stress-induced memory loss.92

Mothers are less likely to participate in methadone 
maintenance therapy (MMT), the addiction treatment of 
choice. To involve mothers in MMT, we must understand 
how mothers experience addiction and recovery.35 Child 
protection system engagement was substantially related 
to mental health issues, parental support, and child 
number.93 Mothers gradually become aware of the impact 
of addiction on their ability to be good mothers and 
choose rehabilitation and MMT to benefit their children 
and preserve their identity. Most mothers redefined their 
maternal identity and enhanced mothering and mother-
child connections after MMT and recovery.35 

Environment enrichment (EE) therapy may prevent 
drug addiction and help adults recover from neonatal 
MS-related cognitive impairments.94 Moreover, EE may 
completely compensate for the harmful effects of stress. 
Stressed people with EE performed comparably to 
enriched people without stress manipulation.95

Morphine CPP alters D2/D3 receptor function. 
Early alterations of infant-mother bonding may affect 
opioidergic and dopaminergic neurotransmission and 
disclose pharmacological features of dopamine receptor 
partial agonists or antagonists that might be used 
therapeutically.27 A nonhuman monkey model explores 
the role of the mesolimbic dopamine system in alcohol 
and other μ-opioid receptor reward and genetic diversity 
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in the DRD1 locus for drug discovery.30

THC’s homeostatic modulator effects impair 
morphine’s reward effects on naive animals but improve 
them in MD rats. These data suggest cannabis medication 
postnatally in adverse environments.29 In MD rats, 
prolonged THC exposure inhibits morphine dependence 
in adolescents (PND 35–48).29

SR141716A chronically prevented morphine intake 
increases in adolescent MD rats. Selective CB1 receptor 
antagonists/inverse agonists may assist teenage people 
with opiate dependence to SUDs quit, especially those in 
stressful postnatal environments.31

Dronabinol treatment in MD animals increased 
morphine conditioning tolerance in CPP and suppressed 
oral morphine self-administration test escalation.29 
Early, short-term micronutrients supplementation may 
avoid ELS’s long-term consequences.96 Further on, a 
study reported that treatments involving children are 
not useful.97 The role of histone deacetylase enzymes in 
cognitive and affective changes caused by binge alcohol 
use during gestation and breastfeeding suggests that 
histone deacetylase inhibitors may help certain elements 
of fetal alcohol spectrum disorders.98 Modafinil improves 
newborn MS-induced memory deficits.99 Oxytocin-
targeted interventions during or after adversity may 
be protective.54 Handling lowers adult cocaine self-
administration at all dosages.100 It also decreases adult 
male rats’ sensitivity to amphetamine’s rewarding effects, 
blunting their choice for the drug-paired chamber in a 
CPP test.101 Family counseling seems to uncover issues 
and bring some emotional comfort.16 Pre- and postnatal 
care education for mothers, particularly teens, may 
improve mother and baby perinatal outcomes.28,44,102

Although some interventions like family counseling, 
EE, modafinil, oxytocin, THC, and CB1 receptor 
antagonists/inverse agonists may have more known 
effects on both MS and SUD, there are few or rare studies 
that discuss their effects on the combination of maternal 
substance use and MS outcomes. It doesn’t mean that 
other interventions may only affect one of MS or SUD. 
On the other side, stress, maternal identity, and reward 
seem to bridge the gap between each intervention and 
have indirect effects on the combination of maternal 
substance use and MS. 

Summary 
Antidepressants may reduce depression-induced 
drug dependence. Handling also reduces adult drug 
dependence. Lithium and histone deacetylase inhibitors 
reduce some alcohol-induced disorders. Lamotrigine 
and ketamine reduce MD-related deficits. Choline or 
modafinil may improve neonatal MS memory loss. 
MMT and recovery, family counseling, education, 
and dopamine receptor partial agonists or antagonists 
may improve mother-offspring bonding and perinatal 

outcomes. Vitamin or oxytocin supplementation may 
prevent ELS’s effects. THC, SR141716A, and dronabinol 
reduce morphine dependence in MD animals. EE 
treatment may prevent drug addiction and aid individuals 
with neonatal MS cognitive deficits. Teenage people 
with opiate dependence and SUDs in stressful postnatal 
circumstances may benefit from selective CB1 receptor 
antagonists/inverse agonists. 

Future suggestions for studies about offspring dependence 
induced by maternal substance use and separation
Several animal experiments use a rank-dependent access 
prevention method to provide all animals with unrestricted 
and voluntary access to medicines or alcohol.30,50 Whether 
rank-dependence or dominance happens in communities 
or groups, the outcome is unclear. Future studies are 
suggested to focus on disseminating parenting principles 
and incorporating advice into everyday life.8 Substance-
use therapy for women should include mental health 
and parenting measures.40,44 New comorbid disorder 
treatments should be prioritized.4 Considering gender-
dependent differences and agents against oxidative stress 
and inflammation58 may open up new horizons for more 
targeted treatments for MS outcomes. 

Conclusion
An MS vulnerability model might provide useful insights 
into the neurological dysfunctions associated with 
addiction and facilitate the development of novel preventive 
and therapeutic strategies to reduce susceptibility during 
maternal addiction and after childbirth. Although not 
derived from the same group of research participants, 
these studies suggest that maternal addiction and MS 
play a significant role in brain programming in offspring 
and that maternal addiction and separation predispose 
progeny to drug dependence in both animals and 
humans. The mechanisms, interventions, psychological, 
neuroanatomical, and molecular correlates reviewed here 
might comprehensively encapsulate these phenomena, 
although it should be noted that all of these events 
occurred after maternal addiction and separation. This 
study emphasizes the importance of maternal addiction 
and separation outcomes and emphasizes the necessity 
for innovative and comprehensive strategies to avoid or 
solve these consequences. Therefore, clinicians, clinical 
social workers, medical practitioners, psychiatrists, and 
all staff involved in addiction prevention, rehabilitation, 
and therapy are suggested to consider this vulnerability.
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