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Abstract: Maternal behavior is critical for offspring survival. Used for psychotropic effects, benzydamine 

may influence maternal behavior through its actions on the central nervous system. In this study, 6 pregnant 

rats received oral benzydamine every 48 hours throughout gestation, while 6 dams served as untreated 

controls. Maternal behavior and offspring viability were monitored for seven days postpartum, focusing on 

nursing, pup retrieval, licking/grooming, absence from the nest, and pup-directed aggression or infanticide. 

Litter size at birth was unaffected by treatment, however, postnatal survival was markedly reduced in 

benzydamine-exposed dams, with most mortality occurring within the first 24 hours. Treated dams exhibited 

impaired maternal care, including prolonged absence from the nest, reduced nursing, delayed pup retrieval, 

and occasional pup-directed aggression. Prenatal benzydamine exposure can impair maternal caregiving and 

postnatal offspring survival, highlighting the potential neurobehavioral risks of gestational exposure to 

compounds with central nervous system activity. These results underscore the need for further mechanistic 

studies to delineate the pathways underlying disrupted maternal behavior and to inform reproductive safety 

assessments. 
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1. Introduction 

Postnatal maternal care is a cornerstone of 

mammalian reproduction, critically influencing 

offspring survival, growth, and long-term 

neurobehavioral development. In rodents, 

maternal behaviors encompass a range of 

actions, including pup retrieval, nursing, 

licking and grooming, nest building, and 

defensive behaviors toward pups. These 

behaviors serve multiple functions: they 

maintain pup thermoregulation, ensure 

adequate nutrition, stimulate physiological 

processes such as elimination reflexes, and 

promote social bonding and neural 

development (Day and Shea, 2025). Maternal 

care is instinctive, but it is also shaped by 

neural circuits that integrate sensory input, 

motivation, and reward, allowing mothers to 

respond appropriately to the needs of their 

offspring (Swain et al., 2014). 
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During pregnancy, exposure to substances 

that modulate central neurotransmitter systems 

(dopamine, serotonin, endocannabinoids, or 

opioids) may lead to neuroadaptive changes 

(Hess et al., 2002). Sudden withdrawal after 

parturition can disrupt these adaptations, 

resulting in dysregulation of mood-related 

circuits and stress-response systems. This 

withdrawal-associated neurochemical 

imbalance may increase vulnerability to 

depressive symptoms, anxiety, and impaired 

maternal motivation during the postpartum 

period (Whiteman et al., 2014). Such effects 

are particularly relevant given the critical role 

of dopaminergic reward pathways, serotonergic 

regulation, and oxytocin signaling in both 

mood regulation and maternal behavior. 

Adaptations in reward-related behaviors and 

mesolimbic dopamine function during 

motherhood and the postpartum period 

(Rincón-Cortés et al., 2020). Consequently, 

postpartum deprivation from psychoactive 

substances may represent an underappreciated 

risk factor for postpartum depression and 

associated disturbances in maternal care. 

Pharmacological exposures during 

gestation can disrupt neural and 

neuroendocrine systems potentially leading to 

long-lasting alterations in maternal care 

(Franks et al., 2020). Benzydamine is a non-

steroidal anti-inflammatory drug with a 

multimodal pharmacological profile, including 

anti-inflammatory activity, voltage-gated 

sodium channel blockade, and modulation of 

dopaminergic, serotonergic, and 

endocannabinoid signaling. It has also been 

reported to exhibit psychotropic effects in 

humans and animal models, likely due to its 

ability to influence central neurotransmitter 

systems (Ősz et al., 2023). Given that maternal 

behavior relies on the precise balance of these 

systems, prenatal benzydamine exposure may 

interfere with the development or function of 

maternal neural circuits, thereby altering 

postnatal caregiving behaviors. 

The present study was designed to 

investigate the impact of prenatal benzydamine 

exposure on postnatal maternal behavior in 

rats. A range of maternal behaviors, including 

nursing, pup retrieval, licking/grooming, nest 

attendance, and pup-directed aggression, over 

the first seven days postpartum, a critical 

period for offspring survival and maternal-

infant bonding were assessed. Litter size at 

birth, pup viability, and postnatal survival were 

also monitored to distinguish between effects 

arising from fetal toxicity and those stemming 

from disrupted maternal care. Understanding 

how gestational exposure to pharmacologically 

active compounds such as benzydamine affects 

maternal behavior is essential for evaluating 

reproductive and neurobehavioral safety. 

2. Materials and Methods 

The experiment was performed on white 

female Wistar rats (n = 12), aged 10-12 weeks 

at the time of mating. The animals were housed 

under standard laboratory conditions 

(temperature 21 ± 2°C, relative humidity 50 ± 

10%, 12 h light/12 h dark cycle), with free 

access to food and water. Following 

confirmation of pregnancy, the females were 

randomly assigned to two experimental groups: 

a treated group (n = 6), which received 

benzydamine (B1-B6), and a control group (n = 

6), which received the vehicle (C1-C6). All 

experimental procedures were approved by the 

Scientific Research Ethics Committee of 

UMFST “G.E. Palade” Târgu Mureș (Approval 

no. 2073 / 15.02.2023) and were conducted in 

accordance with Directive 2010/63/EU on the 

protection of animals used for scientific 

purposes. 

Benzydamine was administered orally by 

gavage every other day throughout gestation at 

a dose of 261 mg/kg, calculated based on doses 
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reportedly used for recreational purposes in 

humans and calculated using the dose 

conversion method described by Nair and 

Jacob, 2016.  The control group received an 

equivalent volume of vehicle. 

After parturition, each dam was housed 

individually with her litter. For each female, 

the total number of pups at birth and the 

survival rate of the offspring up to postnatal 

day 7 were recorded. 

Maternal behavior was observed and 

analyzed over a 7-day postpartum period, 

corresponding to the phase of maximal parental 

activity. All observations were conducted under 

quiet conditions and at the same time each day 

to minimize circadian influences. 

Maternal behavior was assessed by direct 

observation (2 hours / day, same time) during 

the first 7 postpartum days. Instances of 

maternal neglect, offspring rejection (e.g., 

active pushing away or absence of nursing), 

and potential episodes of infanticide (defined as 

active attacks on the offspring) were recorded. 

Throughout the observation period, the nests 

were not disturbed to avoid interference with 

maternal behavior.  

On postnatal day 7 (PND7), pup retrieval 

behavior was assessed. Each dam was briefly 

removed from the nest, after which the pups 

were evenly distributed throughout the home 

cage. The dam was then returned to the cage, 

and the number of pups retrieved to the nest as 

well as the latency to retrieve each pup were 

recorded during a 15-minute observation 

period. 

3. Results and Discussions 

Litter size at birth, offspring viability and 

postnatal survival  

As seen in table 1, there were no 

meaningful difference in litter size at birth, 

suggesting benzydamine did not affect prenatal 

gestation outcome. 

In the benzydamine-treated group, a 

marked reduction in offspring viability was 

observed. Complete postnatal loss of all live-

born pups within 24 h of birth occurred in 3 out 

of 6 litters. Consequently, the postnatal 

viability index (PND0–PND1) showed high 

inter-litter variability and was substantially 

lower compared with the control group. 

 

Table 1. Neonatal viability and survival in relation to litter size at birth 

G
ro

u
p

s 

A
n

im
a
ls

 

Total no. of 

live fetuses 

Litter size at birth 
No. of 

pups after 

day 1 

Survival 

(%) 

No. of 

pups after 7 

days 

Survival 

(%) 
Total 

live pups 

Mean ± 

SD per 

dam 

B
en

zy
d

am
in

e 

1 10 

65 

 
10.8 ± 1.7 

0 

49.2 % 

0 

47.7% 

2 11 1 1 

3 12 12 12 

4 13 13 13 

5 11 0 0 

6 8 6 5 

C
o

n
tr

o
l 

1 9 

63 10.5 ± 1.3 

9 

98.4% 

8 

98.4% 

2 11 10 10 

3 9 9 9 

4 12 12 12 

5 12 12 12 

6 10 10 10 
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The postnatal survival index (PND0–

PND7) was markedly reduced in the 

benzydamine-treated group relative to controls. 

Only minimal additional pup loss was recorded 

between postnatal Day 1 and Day 7, indicating 

that most postnatal mortality occurred during 

the first 24 h after parturition. 

 

Maternal behaviour during the postnatal 

period 

Females exposed to benzydamine during 

gestation exhibited abnormal maternal behavior 

in the postpartum period compared with 

controls. A marked reduction in maternal care 

behaviors was observed, including a decreased 

frequency of nursing, reduced time spent in 

direct contact with the pups, and limited 

engagement in maternal grooming. In addition, 

prolonged periods of absence from the nest 

were noted, suggesting diminished maternal 

interest and impaired motivation to protect the 

offspring. In some cases, these behavioral 

alterations were accompanied by aggressive 

responses toward the pups, culminating in 

episodes of infanticide (Table 2). 

Overall, these findings indicate a 

significant disruption of post-gestational 

maternal behavior in females prenatally 

exposed to benzydamine. 

Rodents have become a widely used 

laboratory model for the study of parental care, 

with maternal behaviors commonly including 

pup retrieval, nursing, licking and grooming, 

and defensive responses toward offspring 

(Rilling and Young, 2014). One of the core 

maternal behaviors in rodents is pup retrieval, 

whereby the dam detects the distress 

vocalizations and locations of displaced pups, 

retrieves them, and transports them back to the 

nest. This behavior consists of a sequence of 

actions requiring intact sensory processing, 

motor coordination, and motivational drive. 

Following retrieval, the dam engages in close-

contact caregiving behaviors, including nursing 

and licking/grooming, which serve critical 

functions such as thermoregulation, maternal-

offspring bonding, and stimulation of pup 

physiological processes, including elimination 

reflexes (Numan et al., 2009). 

 

 

Table 2. Maternal behavior parameters during the first 7 days postpartum in rats 

Maternal behavior parameter 
Observation 

window 
Control  

Benzydamine-treated dams 

during the observation period 

Time spent nursing (% of 

observation time) 
PND 0–7 80%   0–68%** 

Time absent from nest PND 0–7 <10–15% vs 35% 20–35% 

Active pup rejection (pushing 

away, refusal to nurse) 
PND 0–7 Rare to absent  1–7 events 

Pup retrieval deficits PND 7 
0–1 delayed 

retrieval/day 
Frequent delays or failure 

Infanticidal behavior (active 

attacks) 
PND 0–7 Absent* 50% dams 

Complete litter loss due to 

maternal behavior 
PND 0–7 0% 33 % 

*One control dam exhibited infanticidal behavior, resulting in the death of one pup. 

**damns that exhibited infanticidal behavior spent 0% of the observation period nursing their pups. In 

contrast, the two dams that did not display infanticide spent, on average, 68% of the observation period 

engaged in nursing and other pup-directed maternal behaviors. 
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Prenatal pharmacological disruption of any 

of these systems has the potential to alter 

maternal motivation, bonding, and defensive or 

agonistic behaviors toward offspring (Fuentes 

et al., 2022). 

Benzydamine exhibits a multimodal 

pharmacological profile, including anti-

inflammatory activity, blockade of voltage-

gated sodium channels, and modulatory effects 

on the endocannabinoid, dopaminergic, and 

serotonergic systems (Ősz et al., 2023).  During 

the peri- and postnatal periods, the neural 

circuits that regulate maternal behavior, such as 

the medial preoptic area (MPOA), ventral 

tegmental area (VTA), nucleus accumbens, and 

the hypothalamic paraventricular nucleus 

(PVN), critically depend on the coordinated 

regulation of oxytocin and prolactin signaling 

and dopaminergic tone. 

In the following section, we outline 

mechanistic considerations that may underlie 

the altered maternal postnatal behavior 

observed following prenatal benzydamine 

exposure and that could inform future research 

directions. 

Our findings indicate that prenatal 

exposure to benzydamine is associated with 

alterations in maternal postnatal behavior, 

including impaired caregiving, prolonged 

absence from the nest, and, in some cases, 

infanticide. Given that litter size at birth was 

not affected, the observed postnatal offspring 

loss is unlikely to reflect prenatal toxicity or 

impaired fetal viability; however, assessment of 

neonatal viability at birth was limited in dams 

that exhibited immediate pup-directed 

cannibalism, as offspring were killed shortly 

after parturition. Instead, the pattern of early, 

litter-specific mortality suggests a disruption of 

maternal neurobehavioral regulation. Several 

interacting neurochemical and neuroendocrine 

mechanisms may contribute to this phenotype. 

Based on its chemical structure and 

similarities to lysergic acid diethylamide 

(LSD), benzydamine has been proposed to 

exhibit agonistic activity at serotonergic 5-

HT2A receptors (Balaban et al., 2013), which 

has been suggested to potentially enhance 

dopaminergic neurotransmission in the central 

nervous system (Howell et al., 2015). 

Dopamine signaling within the mesolimbic 

pathway, particularly the VTA to nucleus 

accumbens (NAc) circuit, is essential to 

maternal motivation and the rewarding 

properties of pup-directed behaviors. 

Activation of this pathway promotes pup 

retrieval, nursing, and sustained maternal 

engagement (Day and Shea, 2025). Prenatal 

exposure to benzydamine may induce transient 

dopaminergic hyperstimulation (Ősz et al., 

2023) that could disrupt the finely tuned 

dopaminergic balance required for normal 

maternal motivation, resulting in either 

diminished caregiving behavior consistent with 

an anhedonia-like state or maladaptive 

responses such as hyperactivity or aggression. 

Behaviorally, this may manifest as reduced 

nursing postures, delayed pup retrieval, and 

decreased time spent in contact with offspring 

(Rincón-Cortés and Grace, 2020). 

Moreover, 5-HT2A receptors, plays an 

important role in the regulation of anxiety, 

impulsivity, and aggressive behavior. 

Dysregulation of serotonergic tone can lead to 

behavioral instability and impaired control of 

emotionally salient responses (Rosell et al., 

2010). Prenatal benzydamine exposure may 

result in abnormal activation of 5-HT2A-

mediated signaling, either directly or indirectly, 

leading to persistent alterations in serotonergic 

function during the postnatal period. Such 

dysregulation may increase irritability, 

behavioral disorganization, and stress reactivity 

(Jagtap et al., 2023), thereby promoting 

inappropriate responses to pup-related cues, 

including neglect or directed aggression. 

Stimulation of cannabinoid receptors has 

been also proposed as an additional mechanism 



Bianca-Eugenia Ősz et al. 

 

23 

 

underlying benzydamine’s effects (Avvisati et 

al., 2018; Howlett et al., 2021). In the adult 

maternal brain, CB1 receptor signaling 

modulates reward processing and anxiety, 

whereas CB2 receptors contribute to immune 

and neuroinflammatory regulation (Friuli et al., 

2025). Prenatal disruption of endocannabinoid 

signaling by benzydamine may alter the 

development and later function of neural 

circuits underlying maternal reward and 

motivation. Consequently, maternal 

responsiveness to pup-derived stimuli may be 

reduced, leading to diminished caregiving 

behaviors and increased avoidance or 

disengagement from the litter (Schechter et al., 

2013). 

Previous studies have shown that 

disruption of endocannabinoid signaling can 

modify oxytocin receptor expression 

(Schechter et al., 2013). Oxytocin and prolactin 

are central regulators of maternal bonding, 

nursing, and the inhibition of offspring-directed 

aggression (Georgescu et al., 2021). High 

licking/grooming dams exhibit increased VTA 

oxytocin projections and greater nucleus 

accumbens dopamine release in response to 

pups, which is attenuated by VTA oxytocin 

antagonism (Stolzenberg et al., 2011). 

Oxytocin regulates social behaviors, including 

parenting and bonding. Pharmacological or 

genetic disruption of central oxytocin signaling 

impairs maternal care, as seen in CD38 

knockout mice, whose deficits are rescued by 

oxytocin administration. Centrally released 

oxytocin during parturition and nursing 

facilitates maternal approach behaviors, and 

rodent dams typically display indiscriminate 

caregiving toward pups (Ross and Young, 

2009). 

Numerous studies have documented 

disruptions of the oxytocin system in 

depression, suggesting that investigating its 

role in maternal depression could inform both 

research and intervention strategies. Plasma 

oxytocin levels are reduced in individuals with 

major depression and show an inverse 

correlation with the severity of depressive 

symptoms (Frasch et al., 1995; Scantamburlo et 

al., 2007). Third-trimester plasma oxytocin 

levels have been shown to predict maternal 

postpartum depression, while lower first-

trimester oxytocin is associated with both 

postpartum depressive symptoms and reduced 

maternal attachment behaviors (Skrundz et al., 

2011; Feldman, 2012). 

Prenatal benzydamine exposure may 

increase dopaminergic activity, reducing 

prolactin release (Fitzgerald and Dinan, 2008) 

and impairing lactation and maternal 

caregiving behaviors (Kraus et al., 2025). 

Conclusions  

Prenatal benzydamine exposure may 

disrupt the coordinated neurochemical and 

neuroendocrine regulation of maternal 

behavior. Rather than reflecting direct fetal 

toxicity, the observed postnatal offspring loss 

appears to arise from altered maternal 

motivation, stress responsiveness, and social 

behavior. These findings highlight the 

importance of considering maternal 

neurobehavioral endpoints when evaluating the 

developmental and reproductive toxicity profile 

of pharmacologically active compounds with 

central nervous system effects. 

Conflict of interest  

The authors declare that the research was 

conducted in the absence of any commercial or 

financial relationships that could be construed 

as a potential conflict of interest.  

Author Contributions  

Conceptualization: Conceptualization, 

Bianca-Eugenia Ősz; Data curation, Bianca-

Eugenia Ősz, George Jîtcă, Andreea Sălcudean, 



ABMJ 2026, 9(1): 18-26 

 

24 

 

Camil-Eugen Vari; Formal analysis, Bianca-

Eugenia Ősz, George Jîtcă, Andreea Sălcudean, 

Camil-Eugen Vari; Funding acquisition, 

Bianca-Eugenia Ősz; Investigation, Bianca-

Eugenia Ősz; George Jîtcă, Andreea Sălcudean, 

Camil-Eugen Vari; Methodology, Bianca-

Eugenia Ősz, George Jîtcă; Project 

administration, Bianca-Eugenia Ősz; 

Resources, Bianca-Eugenia Ősz, Andreea 

Sălcudean; Software, George Jîtcă; 

Supervision, Bianca-Eugenia Ősz, Camil-

Eugen Vari; Validation, Bianca-Eugenia Ősz, 

Camil-Eugen Vari; Visualization, Bianca-

Eugenia Ősz, George Jîtcă; Writing – original 

draft, Bianca-Eugenia Ősz, George Jîtcă; 

Preparation, Bianca-Eugenia Ősz, George Jîtcă; 

Writing – review & editing Bianca-Eugenia 

Ősz, George Jîtcă, Camil-Eugen Vari. 

Disclaimer/Publisher’s Note 

The authors alone are responsible for the 

content of this article. The validity, accuracy of 

data and views expressed are solely those of the 

author(s) and do not necessarily reflect those of 

their affiliated institutions, the publisher, the 

editors, or the reviewers. Any product 

evaluated or claim made by its manufacturer is 

not guaranteed or endorsed by the publisher. 

Generative AI Statement 

During the preparation of this work the 

author(s) used ChatGPT in order to improve 

language and grammar. After using ChatGPT, 

the author(s) reviewed and edited the content as 

needed and are fully responsible for the 

originality and integrity of the content of the 

manuscript. 

Acknowledgments 

This work was supported by George Emil 

Palade University of Medicine, Pharmacy, 

Science, and Technology of Târgu Mures, 

Research Grant number 163/6/10.01.2023. 

Fundings 

This work was supported by George Emil 

Palade University of Medicine, Pharmacy, 

Science, and Technology of Târgu Mures, 

Research Grant number 163/6/10.01.2023. 

References 

1. Avvisati R, Meringolo M, Stendardo E, 

Malavasi E, Marinelli S, Badiani A (2018) 

Intravenous Self-Administration of 

Benzydamine, a Non-Steroidal Anti-

Inflammatory Drug with a Central 

Cannabinoidergic Mechanism of Action. 

Addict Biol. 23:610–619. doi: 

10.1111/adb.12516 

2. Balaban OD, Atagun MI, Yilmaz H, Yazar 

MS, Alpkan LR (2013) Benzydamine 

Abuse as a Hallucinogen: A Case Report. 

Bull Clin Psychopharmacol. 23:276–279. 

doi: 10.5455/bcp.20111212083751. 

3. Day KR, Shea SD (2025) Dopamine 

dynamics underlying maternal motivation 

and reward. Neurosci Res. 218:104928. 

doi: 10.1016/j.neures.2025.104928.  

4. Feldman R (2012) Oxytocin and social 

affiliation in humans. Horm Behav. 

61:380–391.  

doi: 10.1016/j.yhbeh.2012.01.008. 

5. Fitzgerald P, Dinan TG (2008) Prolactin 

and dopamine: what is the connection? A 

review article. J Psychopharmacol. 22:12-

91. doi: 10.1177/0269216307087148. 

6. Franks AL, Berry KJ, DeFranco DB (2019) 

Prenatal drug exposure and 

neurodevelopmental programming of 

glucocorticoid signalling. J 

Neuroendocrinol. 32(1):e12786.  

doi: 10.1111/jne.12786.  

7. Frasch A, Zetzsche T, Steiger A, Jirikowski 

GF (1995) Reduction of plasma oxytocin 

levels in patients suffering from major 

depression. Adv Exp Med Biol. 395:257–

258. 



Bianca-Eugenia Ősz et al. 

 

25 

 

8. Friuli M, Eramo B, Sepe C, Kiani M, 

Casolini P, Zuena AR (2025) The 

endocannabinoid and paracannabinoid 

systems in natural reward processes: 

possible pharmacological targets? Physiol 

Behav. 296:114929.  

doi: 10.1016/j.physbeh.2025.114929. 

9. Fuentes I, Morishita Y, Gonzalez-Salinas S, 

Champagne FA, Uchida S, Shumyatsky GP 

(2022) Experience-Regulated Neuronal 

Signaling in Maternal Behavior. Front Mol 

Neurosci. 15:844295.  

doi: 10.3389/fnmol.2022.844295.  

10. Georgescu T, Swart JM, Grattan DR, 

Brown RSE (2021) The Prolactin Family of 

Hormones as Regulators of Maternal Mood 

and Behavior. Front Glob Womens Health. 

2:767467. doi: 10.3389/fgwh.2021.767467.  

11. Hess CW, Hahn ME, Benno RH, Schanz N 

(2002) Prenatal cocaine exposure alters 

maternal retrieval behavior in mice. Behav 

Genet. 32(4):259-66.  

doi: 10.1023/a:1019776729821.  

12. Howell LL, Cunningham KA (2015) 

Serotonin 5-HT2 Receptor Interactions with 

Dopamine Function: Implications for 

Therapeutics in Cocaine Use Disorder. 

Pharmacol Rev. 67(1):176–197.  

doi: 10.1124/pr.114.009514. 

13. Howlett AC, Thomas BF, Huffman JW 

(2021) The Spicy Story of Cannabimimetic 

Indoles. Molecules. 26(20):6190. doi: 

10.3390/molecules26206190.  

14. Jagtap A, Jagtap B, Jagtap R, Lamture Y, 

Gomase K (2023) Effects of Prenatal Stress 

on Behavior, Cognition, and 

Psychopathology: A Comprehensive 

Review. Cureus. 15(10):e47044. doi: 

10.7759/cureus.47044.  

15. Kraus V Jr, Čižmárová B, Birková A 

(2025) When Your Body Tells You to Not 

Breastfeed-The Connivance of Oxytocin, 

Prolactin, and Dopamine. Int J Mol Sci. 

26(12):5909. doi: 10.3390/ijms26125909.  

16. Nair AB, Jacob S (2016) A simple practice 

guide for dose conversion between animals 

and human. J Basic Clin Pharm. 7(2):27-3. 

doi: 10.4103/0976-0105.177703. 

17. Numan M, Stolzenberg DS, Dellevigne 

AA, Correnti CM, Numan MJ (2009) 

Temporary inactivation of ventral 

tegmental area neurons with either 

muscimol or baclofen reversibly disrupts 

maternal behavior in rats through different 

underlying mechanisms. Behav Neurosci. 

123(4):740-751. doi: 10.1037/a0016204.  

18. Ősz BE, Jîtcă G, Sălcudean A, Rusz CM, 

Vari CE (2023) Benzydamine-An 

Affordable Over-the-Counter Drug with 

Psychoactive Properties-From Chemical 

Structure to Possible Pharmacological 

Properties. Pharmaceuticals (Basel). 

16(4):566. doi: 10.3390/ph16040566.  

19. Rilling JK, Young LJ (2014) The biology 

of mammalian parenting and its effect on 

offspring social development. Science. 

345(6198):771-776.  

doi: 10.1126/science.1252723.  

20. Rincón-Cortés M, Grace AA (2020) 

Adaptations in reward-related behaviors 

and mesolimbic dopamine function during 

motherhood and the postpartum period. 

Front Neuroendocrinol. 57:100839. doi: 

10.1016/j.yfrne.2020.100839.  

21. Rosell DR, Thompson JL, Slifstein M, Xu 

X, Frankle WG, New AS, Goodman M, 

Weinstein SR, Laruelle M, Abi-Dargham 

A, Siever LJ (2010) Increased serotonin 2A 

receptor availability in the orbitofrontal 

cortex of physically aggressive personality 

disordered patients. Biol Psychiatry. 

67(12):1154-1162.  

doi: 10.1016/j.biopsych.2010.03.013. 

22. Ross HE, Young LJ (2009) Oxytocin and 

the neural mechanisms regulating social 

cognition and affiliative behavior. Front 

Neuroendocrinol. 30(4):534-547. doi: 

10.1016/j.yfrne.2009.05.004. 



ABMJ 2026, 9(1): 18-26 

 

26 

 

23. Scantamburlo G, Hansenne M, Fuchs S, 

Pitchot W, Maréchal P, Pequeux C, 

Ansseau M, Legros JJ (2007) Plasma 

oxytocin levels and anxiety in patients with 

major depression. 

Psychoneuroendocrinology. 32:407–410. 

doi: 10.1016/j.psyneuen.2007.01.009. 

24. Schechter M, Weller A, Pittel Z, Gross M, 

Zimmer A, Pinhasov A (2013) 

Endocannabinoid receptor deficiency 

affects maternal care and alters the dam's 

hippocampal oxytocin receptor and brain-

derived neurotrophic factor expression. J 

Neuroendocrinol. 25(10):898-909. doi: 

10.1111/jne.12082.  

25. Skrundz M, Bolten M, Nast I, Hellhammer 

DH, Meinlschmidt G (2011) Plasma 

oxytocin concentration during pregnancy is 

associated with development of postpartum 

depression. Neuropsychopharmacology. 

36:1886–1893. doi: 10.1038/npp.2011.74. 

26. Stolzenberg DS, Numan M (2010) 

Hypothalamic interaction with the 

mesolimbic DA system in the control of the 

maternal and sexual behaviors in rats. 

Neurosci Biobehav Rev. 35(3):826-847. 

doi: 10.1016/j.neubiorev.2010.10.003.  

27. Swain JE, Kim P, Spicer J, Ho SS, Dayton 

CJ, Elmadih A, Abel KM (2014) 

Approaching the biology of human parental 

attachment: brain imaging, oxytocin and 

coordinated assessments of mothers and 

fathers. Brain Res.1580:78-101. doi: 

10.1016/j.brainres.2014.03.007. 

28. Whiteman VE, Salemi JL, Mogos MF, Cain 

MA, Aliyu MH, Salihu HM (2014) 

Maternal opioid drug use during pregnancy 

and its impact on perinatal morbidity, 

mortality, and the costs of medical care in 

the United States. J Pregnancy. 

2014:906723. doi: 10.1155/2014/906723. 


