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Abstract

Pregnancy induces a range of hormonal and physiological changes and also affect the brain. Yet the specific cerebral
morphometric markers and their associated molecular profiles throughout pregnancy remain poorly understood. In this study,
we investigated the cerebral morphometric changes in 23 pregnant women using T1-weighted MRI scans, with pregnancy
progression quantified by post-menstrual age (PMA). We performed a whole-brain regression analysis to examine how gray
matter volume (GMV) was influenced by PMA, and further explored the molecular profiles of these changes by integrating
GMV findings with the JuSpace toolbox. Our analysis revealed that with PMA increased, there was a significant reduction in
the left medial frontal gyrus (MFG) GMYV, suggesting structural brain changes associated with pregnancy progression. Spatial
correlation analyses did not reveal any significant associations between neurotransmitter distribution and the observed GMV
changes. Gene enrichment analysis pointed to an important molecular shift: protein binding was the most significantly enriched
term during pregnancy. This suggests that molecular mechanisms related to protein binding may play a crucial role in the
neurobiological adaptations observed during pregnancy. In conclusion, our findings provide new insights into how pregnancy
is associated with alterations in both brain structure and molecular profiles. The decreased GMV in the left MFG and the
changes in molecular functions contribute to our understanding of the neural and biological mechanisms underlying pregnancy.
These findings offer a foundation for future research into maternal brain health and the long-term effects of pregnancy on brain
structure and function.
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1. Introduction

1.1. Pregnancy and Brain Insults

Pregnancy is a transformational period in women's life,
accompanied by atypical neurobiological changes. Almost
all body systems are affected during pregnancy, even in-
volving physiological changes for a long time after deliver [1,
2]. Studies have demonstrated that pregnancy causes a de-
cline in women's general cognitive function, memory, execu-
tive function, and other cognitive abilities, all of which are
linked to changes in brain structure during this period [3].
Any brain regions that change in volume during pregnancy
exhibit a pattern of reduction [4], with significant decreases
in gray matter volume (GMV) persisting for at least two
years post-pregnancy [5]. Researchers have found that preg-
nancy can lead to changes in the frontal lobe, especially the
middle frontal gyrus (MFG) [5, 6]. Structural changes are
associated with functional alterations, and a decrease in
MFG GMYV is thought to contribute to emotional disorders
such as depression [7] and anxiety [8], which may indicate
the impact of pregnancy on the emotional well-being of
pregnant women.

1.2. Pregnancy and Neurotransmitter Changes

The maternal brain plays a pivotal role in the fundamental
physiological changes during pregnancy, involving the network
organization and molecular mechanisms within the neuroendo-
crine system. These changes may contribute to emotional dis-
orders such as depression as the mother adapts to new roles [9].
Serotonin (5-HT), a crucial neurotransmitter, is implicated in
various psychiatric disorders, including depression, anxiety,
panic attacks, and obsessive-compulsive disorder [10, 11]. Ad-
ditionally, the metabotropic glutamate receptor 5 (mGIUR5) is
significantly linked to the pathophysiology of anxiety and has
been suggested as a potential therapeutic target for this condi-
tion [12]. Animal studies have shown that serotonin levels in the
brains of female rats during the third trimester are below normal,
which may significantly contribute to the prevalence of emo-
tional disorders in pregnant women [13]. Therefore, changes in
neurotransmitter levels during pregnancy are critical for brain
regulation and essential for understanding the neuropsychiatric
issues related to pregnancy.

1.3. Genetic Changes in Pregnancy

Compared to the pre-pregnancy period, the proportion of
cell types and gene expression in healthy women undergoes
extensive systemic changes [14]. During pregnancy, many
hormone levels fluctuate significantly, including sex steroids
and estrogen, to support the pregnancy [15, 16]. Pregnancy
affects not only the woman but also the fetus, with substanc-
es transported via the placenta influencing the mother's brain.
Placental secretory molecules play a crucial role in initiating
physiological processes such as labor and lactation. Two
types of placental genes—imprinted genes and placen-
ta-specific genes—are particularly important in their interac-
tion with the maternal brain [17].

1.4. The Present Study

In this study, T1 MRI scans were used to explore the ef-
fects of pregnancy on brain structure. Additionally, we ex-
amined the molecular profiles of pregnancy by integrating
morphometric data with open-source atlases of neurotrans-
mitters and genes. This approach may help us hypothesize
about the potential impact of these morphometric and mo-
lecular features on the emotional stability of pregnant women
throughout their pregnancy.

2. Methods

2.1. Participants and Data Acquisition

This study included 23 pregnant women, and the basic
clinical information of the participants is provided in Table 1.
All data were collected in the Department of Radiology at
Tongji Medical College, Huazhong University of Science
and Technology. T1 MRI scans were performed using a 3T
scanner (Signa HDxt; General Electric Medical Systems)
with the following parameters: repetition time/echo time
(TR/TE), 600 ms/20 ms; flip angle, 90< slice thickness, 6
mm,; field of view (FOV), 240 mm; matrix size, 256 > 256
pixels; and acquisition time, 3-5 minutes. This study was
approved by the Ethics Review Committee at Beijing Uni-
versity of Technology.

Table 1. Basic clinical information for all subjects.

Participant ID Age Scan PMA (weeks)
sub001 35 33.86
sub002 31 38.43
sub003 36 29.29
sub004 24 37.71

30

Scan status TIV (mm?)
2 days after Postpartum 1439.6
Prenatal 1471.7
Prenatal 1317.8
2 days after Postpartum 1304.5
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Participant ID Age Scan PMA (weeks)
sub005 30 34.00
sub006 30 26.29
sub007 27 27.57
sub008 29 35.29
sub009 31 32.14
sub010 23 37.00
sub011 23 29.14
sub012 35 26.57
sub013 31 39.00
sub014 33 15.43
sub015 33 14.71
sub016 41 34.43
sub017 30 31.00
sub018 30 35.86
sub019 34 30.71
sub020 23 28.71
sub021 27 39.29
sub022 33 33.71
sub023 34 36.43

Scan status TIV (mm?)
Prenatal 1406.5
Prenatal 1281.3
Prenatal 1328.2
Prenatal 1305.3
Prenatal 1551.0
1 day after Cesarean section 1418.5
2 days after Cesarean section 1217.7
Prenatal 1107.5
Prenatal 1481.2
Prenatal 1307.0
Prenatal 1183.2
Prenatal 1492.5
Prenatal 1202.4
4 days after Cesarean section 1176.0
1 day after Cesarean section 1332.2
Prenatal 1445.1
1 day after Postpartum 1502.6
2 days after Postpartum 1408.0
3 days after Postpartum 13914

Note: We do not expect changes in the brain structure to affect the results of the experiment for up to four days after birth, and the woman
after birth is considered to be pregnant, and the post-menstrual age (PMA) at the time of the scan is the PMA at the time of birth. TIV: Total

intracranial volume.

2.2. Data Preprocessing and Statistical Analysis

MRI images were preprocessed using CAT12, which in-
cluded skull stripping, registration, standardized segmenta-
tion, and smoothing with an 8 mm Gaussian kernel at Full
Width at Half Maximum [18]. Additionally, total intracranial
volume (T1V) and gray matter volume (GMV) were calcu-
lated. In group analyses, a whole-brain regression was per-
formed to assess the relationship between GMV and
post-menstrual age (PMA), adjusting for age and TIV as
covariates. Results were evaluated using a voxel-wise
threshold of p < 0.005 (uncorrected) and a cluster signifi-
cance threshold of p < 0.05, corrected for family-wise error
(FWE) based on Gaussian random field theory, as imple-
mented in SPM. It is important to note that the T map uti-
lized in conjunction with the JuSpace neurotransmitter atlas-
es was not thresholded.

JuSpace (https://github.com/juryxy/JuSpace) allows for
spatial correlation analyses between cross-modal neuroim-
aging data [19, 20]. To determine the neurochemical basis
underlying the morphological alterations as pregnancy pro-

31

gresses, we calculated the spatial correlation of the SPM T
maps derived from whole-brain regression of GMV against
PMA and JuSpace maps of serotonin receptor (including
5-HT1la_1, 5-HTla 2, 5-HT1b_1, 5-HT1b_2, 5-HT2a_l,
5-HT2a_2, 5-HT4); cannabinoid type | receptor (CB1); do-
pamine receptor (including D1, D2_1, D2_2); dopamine
synthesis capacity receptor (FDOPA); gamma-aminobutyric
acid receptor (including GABAa_1, GABAa_2); mu opioid
receptor (including MOR_1, MOR_2); metabotropic gluta-
mate  receptor  (including mGIuR5_1, mGIuRS5 2,
mGIuR5_3); dopamine transporter (DAT); noradrenaline
transporter (NAT); serotonin transporter (including SERT_1,
SERT_2, SERT_3); vesicular acetylcholine transporter (in-
cluding VAChT_1, VAChT_2, VAChT_3). Pearson correla-
tion coefficients between the SPM T maps and these 27 neu-
rotransmitter maps were calculated.

Correlation analyses was performed using gene expression
matrix and SPM T map (using AAL 116 atlas). The gene
expression data were obtained from the Allen atlas
(http://human.brain-map.org/) and subsequently aligned to
the Brainnetome atlas using the ‘“abagen” toolkit
(https://github.com/rmarkello/abagen). We selected the most
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related genes with a threshold p < 0.00001.

3. Results

3.1. Effect of Pregnancy on Gray Matter
Volume in the Brain

L]
i
o

Left FMG GMV

Left frontal middle gyrus

15 20 25 30 35 40
Gestational Week of Scans

T-value 0 B

Figure 1. Brain region showing GMV in correlation with PMA. (4)
Left frontal middle gyrus (FMG) GMV showing negative correlation
with PMA; (B) Scatter plot of correlation between PMA and the left
MFG GMV. PMA: post-menstrual age, TIV: total intracranial vol-
ume, GMV: gray matter volume. Note that the residuals are plotted
here with age and TIV accounted for in the regression.

Whole-brain linear regression of the GMV against PMA
reveal a cluster in the left frontal middle gyrus (MFG, X, v, z
= -46, 26, 48; T = -5.86, 1390 mm?; Figure 1A) showed a
significant negative correlation with the PMA. The left MFG
GMV was significantly correlated with gestational age (r =
-0.796, p < 0.001; Figure 1B) in a linear regression with age
and TIV as covariates.

Table 2. Correlation between 27 neurotransmitters and T map of
whole-brain regression of the GMV against PMA.

Characteristic Correlation

r -0.04
5-HTla 1

p 0.717

r -0.03
5-HTla 2

p 0.830

r -0.10
5-HT1b 1

p 0.447

r 0.02
5-HT1b 2

p 0.780

r 0.06
5-HT2a 1

p 0.486
5-HT2a 2 r 0.08
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Characteristic

5-HT4

CBl1

D1

D2 1

D2 2

DAT

FDOPA

GABAa_1

GABAa 2

MU _1

MU 2

NAT

SERT 1

SERT 2

SERT 3

VAChT 1

VAChT 2

VAChT 3

mGIluR5_1

Correlation

0.529
0.30

0.741
-0.05
0.775
-0.02
0.829
-0.07
0.440
-0.05
0.586
-0.06
0.553
-0.06
0.506
0.07

0.433
0.09

0.521
-0.05
0.807
-0.06
0.819
0.02

0.798
-0.06
0.508
-0.04
0.661
0.08

0.373
-0.07
0.432
-0.00
0.990
0.01

0.943
-0.02
0.918
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Characteristic

mGluRS5 2

mGluRS5 3

Correlation

-0.01
0.964
-0.12
0.406

PMA: post-menstrual age, GMV: gray matter volume.

Figure 2. Correlations between T values of whole-brain regression of the GMV against PMA and neurotransmitter distribution maps, or-
ange/blue each represents positive/negative Pearson's. Abbreviations: 5-HT,5-hydroxytryptamine (serotonin); CBI1, cannabinoid type 1; D,
dopamine receptor;, DAT, dopamine transporter; FDOPA, fluorodopa, an analog of L-DOPA to assess the nigrostriatal dopamine system;
GABAa, gamma-aminobutyric acid a; MOR, mu opioid receptor; NAT, noradrenaline transporter; SERT, serotonin transporter; VAChT,
vesicular acetylcholine transporter; mGIluRS5, metabotropic glutamate type 5. PMA: post-menstrual age, GMV: gray matter volume.

Fisher’s z (Pearsonr)

Cross-region spatial correlation analyses revealed no sig-
nificant link between the GMV correlates of pregnancy pro-
gress and neurotransmitters (all p's > 0.373, Figure 2). The
most closely were serotonergic 5HT1b_1 and mGIuR5_3.
Table 2 listed the statistics of all the 27 neurotransmitters.

3.2. Neurotransmitters Associated with GMV
Characteristic of Pregnancy
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3.3. Gene Enrichment Associated with GMV Characteristic of Pregnancy

Figure 3. Bubble map of gene enrichment. The horizontal coordinate is the ratio of the number of genes associated with the Go term to the
total number of target genes in the target gene set, %. The ordinate lists Go terms for significant gene enrichment, with the first 15 terms
representing a specific Biological Process (BP), and the 16th to 25th terms being Cellular Component (CC). Terms 26-30 stand for Molecu-
lar Function (MF).
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441 genes were selected for gene enrichment. Figure 3
shows the analysis results of gene ontology (Go). The most
significantly enriched Go terms were mainly concentrated in
protein binding, cytoplasmic matrix, cytoplasmic membrane
and cytoplasm, among which the concentration ratio of pro-
tein binding was the highest, indicating that protein interac-
tion functions were important during pregnancy progress.

4. Discussion

In this study, the left MFG GMV was negatively correlat-
ed with PMA. Meanwhile, spatial correlation analyses re-
vealed that the cerebral morphometric features showed a
near-significant correlation with 5-HT1b and mGIuR5. Gene
enrichment analyses identified that genes associated with
cerebral morphometric features were primarily concentrated
in protein binding, cytoplasmic matrix, cytoplasmic mem-
brane, and cytoplasm. These may play roles in metabolism,
signal transduction, and enzyme regulation mechanisms.

The human brain undergoes a series of changes during
pregnancy, primarily characterized by a widespread reduc-
tion in gray matter volume (GMV) [2]. A longitudinal fol-
low-up study revealed that the GMV of the frontal gyrus in
women was higher before pregnancy than after [5]. Addi-
tionally, another study indicated that the brain regions most
affected by pregnancy were concentrated in the frontal cortex
and temporal lobes [6]. These findings align with the current
work, which also observed a decrease in the left medial
frontal gyrus (MFG) GMV during pregnancy, consistent with
prior research. The medial frontal gyrus is associated with
emotion regulation [21, 22] and plays a critical role in de-
pression [23] and schizophrenia [24]. Although the maternal
brain undergoes structural changes due to basic behavioral
adaptation during pregnancy, this neural plasticity renders
the maternal brain more susceptible to mental disorders, such
as depression, anxiety, and puerperal psychosis [9, 25].

The decrease in GMV may be related to processes such as
synaptic pruning, neuronal connectivity, or cell proliferation.
Studies have shown that during pregnancy and the perinatal
period, rodent brain cells experience both proliferation and
volume reduction [26]. The 5-HT1b receptor inhibits the
release of several neurotransmitters, including serotonin,
GABA, acetylcholine, and glutamate. Reduced activity of the
5-HT1b receptor may lead to increased impulsivity [27].
Another study also found that dysfunction of the 5-HT1b
receptor can increase susceptibility to depression [11]. Simi-
larly, mGIuR5, a receptor involved in various mental disor-
ders, plays a role in conditions such as anxiety, depression,
and schizophrenia. Glutamate exerts excitatory effects by
acting on ionotropic or metabolic glutamate receptors on the
cell surface, and dysfunction of mGIuR5 may contribute to
anxiety, depression, and other psychiatric conditions [28].
Thus, the reduction of both 5-HT1b and mGIuRS in the brain
may lead to emotional disorders such as depression and im-
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pulsivity, which could be significant factors contributing to
the emotional instability observed in pregnant women.

In the Gene Ontology (GO) terms enrichment analysis,
genes related to protein binding are highly enriched. This
suggests dynamic adjustments in intracellular molecular in-
teractions during pregnancy, such as the assembly of signal
transmission complexes and regulation of enzyme activity
[29, 30]. Throughout pregnancy, both protein expression and
cellular metabolism become more active [31-33]. For in-
stance, in rodent studies, levels of estradiol and progesterone
have been found to increase during pregnancy in several
brain regions, including the hypothalamus, preoptic area,
hippocampus, frontal cortex, and cerebellum. Importantly,
these changes in hormone expression are tissue-specific [34].

5. Limitations and Conclusion

Several limitations should be considered in this study. First,
the MRI data were obtained from routine clinical scans, which
were not originally intended for scientific research. As a result,
the image slices were relatively thick (6 mm), which may
have introduced errors. Second, this is a cross-sectional study
rather than a longitudinal one, meaning it cannot capture the
dynamic process of brain changes during pregnancy. Third,
the lack of additional scale information limited the explora-
tion of cognitive and affective factors. Moreover, all partici-
pants were considered healthy based on their medical history,
potentially overlooking the influence of underlying health
conditions on the findings.

Future research should utilize higher-resolution imaging
techniques and implement longitudinal designs to better in-
vestigate the dynamic changes in brain structure during
pregnancy and their relationship to emotional stability. Addi-
tionally, incorporating a wider range of health statuses in the
study could provide valuable insights into how health condi-
tions or individual differences influence brain changes dur-
ing pregnancy, thus enriching our understanding of the neu-
robiological mechanisms associated with pregnancy.

In conclusion, this study revealed that the left MFG GMV
decreased as pregnancy progressed. The altered cerebral
morphometric features were associated with the serotonin
and glutamate neurotransmitter systems, and gene expression
during pregnancy was significantly enriched in processes
related to protein binding.

Abbreviations

PMA Post-menstrual Age

GMV Gray Matter Volume

MFG Medial Frontal Gyrus

TIV Total Intracranial Volume

FOV Field of View

5-HT 5-hydroxytryptamine (Serotonin)
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CBI1 Cannabinoid Type 1

D Dopamine Receptor

DAT Dopamine Transporter

FDOPA  Fluorodopa

GABAa  Gamma-Aminobutyric Acid a
MOR Mu Opioid Receptor

NAT Noradrenaline Transporter
SERT Serotonin Transporter

VAChT  Vesicular Ace-tylcholine Transporter
mGIluR5  Metabotropic Glutamate Type 5
BP Biological Process

CC Cellular Component

MF Molecular Function
Acknowledgments

This research was supported by the National Natural Sci-
ence Foundation of China (12402350, U20A20388). We
thanks to the Department of Radiology, Tongji Medical Col-
lege, Huazhong University of Science and Technology and
Tongji Hospital for their assistance in data collection.

Author Contributions

Yanan Su: Conceptualization, Formal Analysis, Method-
ology, Software, Visualization, Writing — original draft,
Writing — review & editing

Xiaohang Ren: Data curation, Formal Analysis, Software,
Validation, Writing — review & editing

Shufang Li: Data curation, Project administration, Re-
sources, Validation, Writing — review & editing

Guangfei Li: Conceptualization, Data curation, Formal
Analysis, Funding acquisition, Methodology, Project admin-
istration, Validation, Visualization, Writing — review & edit-
ing

Ziyan Sun: Data curation, Project administration, Re-
sources, Writing — review & editing

Conflicts of Interest

The authors declare that they have no competing interests.

References
[1] P. Duarte-Guterman, B. Leuner, and L. A. M. Galea, "The long
and short term effects of motherhood on the brain", Frontiers in
Neuroendocrinology, vol. 53, p. 100740, Apr 2019.
https://doi.org/10.1016/j.yfrne.2019.02.004

[2] E.F. Cardenas, A. Kujawa, and K. L. Humphreys, "Neurobi-
ological changes during the peripartum period: implications for
health and behavior", Social Cognitive and Affective Neuro-
science, vol. 15, no. 10, pp. 1097-1110, Nov 10 2020.

https://doi.org/10.1093/scan/nsz091

35

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

H. Luo et al., "Effects of normal pregnancy on maternal EEG,
TCD, and cerebral cortical volume", Brain and Cognition, vol. 140,
p. 105526, Apr 2020. https://doi.org/10.1016/j.bandc.2020.105526

H. L. Cao et al., "Interactions between overweight/obesity and
alcohol dependence impact human brain white matter micro-
structure: evidence from DTI", European Archives of Psychi-
atry and Clinical Neuroscience, 2024.
https://doi.org/10.1007/s00406-024-01760-9

E. Hoekzema et al., "Pregnancy leads to long-lasting changes
in human brain structure", Nature Neuroscience, vol. 20, no. 2,
pp- 287-296, Feb 2017. https://doi.org/10.1038/nn.4458

N. Chechko, J. Dukart, S. Tchaikovski, C. Enzensberger, I.
Neuner, and S. Stickel, "The expectant brain-pregnancy leads
to changes in brain morphology in the early postpartum period",
Cerebral Cortex, vol. 32, no. 18, pp. 4025-4038, Sep 4 2022.
https://doi.org/10.1093/cercor/bhab463

Z. Zhang et al., "Neural mechanisms underlying the processing
of emotional stimuli in individuals with depression: An ALE
meta-analysis study", Psychiatry Research, vol. 313, p. 114598,
Jul 2022. https://doi.org/10.1016/j.psychres.2022.114598

E. Zhou et al., "Prediction of anxious depression using mul-
timodal neuroimaging and machine learning", Neuroimage, vol.
285, p. 120499, Jan 2024.
https://doi.org/10.1016/j.neuroimage.2023.120499

P. J. Brunton and J. A. Russell, "The expectant brain: adapting
for motherhood", Nature Reviews Neuroscience, vol. 9, no. 1,
pp. 11-25, Jan 2008. https://doi.org/10.1038/nrn2280

P. Dayan and Q. J. Huys, "Serotonin, inhibition, and negative
mood", PLOS Computational Biology, vol. 4, no. 2, p. e4, Feb
2008. https://doi.org/10.1371/journal.pcbi.0040004

B. M. Ruf and Z. Bhagwagar, "The 5-HT1B receptor: a novel
target for the pathophysiology of depression", Current Drug
Targets, vol. 10, no. 11, pp. 1118-38, Nov 2009.
https://doi.org/10.2174/138945009789735192

X. Li et al., "mGIluRS in hippocampal CA1 pyramidal neurons
mediates stress-induced anxiety-like behavior", Neuropsy-
chopharmacology, vol. 48, no. 8, pp. 1164-1174, Jul 2023.
https://doi.org/10.1038/s41386-023-01548-w

P. H. Desan, W. W. Woodmansee, S. M. Ryan, T. K. Smock,
and S. F. Maier, "Monoamine neurotransmitters and metabo-
lites during the estrous cycle, pregnancy, and the postpartum
period", Pharmacology Biochemistry and Behavior, vol. 30, no.
3, pp. 563-8, Jul 1988.
https://doi.org/10.1016/0091-3057(88)90066-4

M. L. Wright et al., "Pregnancy-associated systemic gene
expression compared to a pre-pregnancy baseline, among
healthy women with term pregnancies", Frontiers in Immu-
nology, vol. 14, p. 1161084, 2023.
https://doi.org/10.3389/fimmu.2023.1161084

P. J. Brunton and J. A. Russell, "Endocrine induced changes in
brain function during pregnancy", Brain Research, vol. 1364,
pp. 198-215, Dec 10 2010.
https://doi.org/10.1016/j.brainres.2010.09.062


http://www.sciencepg.com/journal/ijpbs

International Journal of Psychological and Brain Sciences

http://www.sciencepg.com/journal/ijpbs

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

L. M. Glynn, E. P. Davis, C. A. Sandman, and W. A. Goldberg,
"Gestational hormone profiles predict human maternal be-
havior at 1-year postpartum", Hormones and Behavior, vol. 85,
pp- 19-25, Sep 2016.
https://doi.org/10.1016/j.yhbeh.2016.07.002

A. B. Janssen et al., "A Role for the Placenta in Programming
Maternal Mood and Childhood Behavioural Disorders", Jour-
nal of Neuroendocrinology, vol. 28, no. 8, p. n/a, Aug 2016.
https://doi.org/10.1111/jne.12373

G. Li et al., "Perceived stress, self-efficacy, and the cerebral
morphometric markers in binge-drinking young adults", Neu-
roimage Clinical, vol. 32, p. 102866, 2021.
https://doi.org/10.1016/j.nicl1.2021.102866

J. Dukart et al., "JuSpace: A tool for spatial correlation analyses
of magnetic resonance imaging data with nuclear imaging de-
rived neurotransmitter maps", Human Brain Mapping, vol. 42,
no. 3, pp. 555-566, Feb 15 2021.
https://doi.org/10.1002/hbm.25244

Y. Li et al., "Functional Networks of Reward and Punishment
Processing and Their Molecular Profiles Predicting the Sever-
ity of Young Adult Drinking", Brain Sciences, vol. 14, no. 6,
Jun 18 2024. https://doi.org/10.3390/brainsci14060610

M. Dricu and S. Frithholz, "Perceiving emotional expressions
in others: Activation likelihood estimation meta-analyses of
explicit evaluation, passive perception and incidental percep-

tion of emotions", Neuroscience & Biobehavioral Reviews, vol.

71, pp. 810-828, Dec 2016.
https://doi.org/10.1016/j.neubiorev.2016.10.020

Y. B. Ahmed et al., "Limbic and cortical regions as functional
biomarkers associated with emotion regulation in bipolar dis-
order: A meta-analysis of neuroimaging studies", Journal of
Affective Disorders, vol. 323, pp. 506-513, Feb 15 2023.
https://doi.org/10.1016/j.jad.2022.11.071

X. Y. Gou et al., "The conscious processing of emotion in
depression disorder: a meta-analysis of neuroimaging studies",
Frontiers in Psychiatry, vol. 14, p. 1099426, 2023.
https://doi.org/10.3389/fpsyt.2023.1099426

T. M. Guimaraes, J. P. Machado-de-Sousa, J. A. S. Crippa, M.
R. C. Guimaraes, and J. E. C. Hallak, "Arterial spin labeling in
patients with schizophrenia: a systematic review", Archives of
Clinical Psychiatry, vol. 43, no. 6, pp. 151-156, Nov-Dec 2016.
https://doi.org/10.1590/0101-60830000000103

E. Barba-Miiller, S. Craddock, S. Carmona, and E. Hoekzema,
"Brain plasticity in pregnancy and the postpartum period: links

36

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

to maternal caregiving and mental health", Archives of Wom-
en's Mental Health, vol. 22, no. 2, pp. 289-299, Apr 2019.
https://doi.org/10.1007/s00737-018-0889-z

A. Rolls, H. Schori, A. London, and M. Schwartz, "Decrease in
hippocampal neurogenesis during pregnancy: a link to im-
munity", Molecular Psychiatry, vol. 13, no. 5, pp. 468-9, May
2008. https://doi.org/10.1038/sj.mp.4002126

M. S. Clark and J. F. Neumaier, "The 5-HT1B receptor: be-
havioral implications", Psychopharmacology bulletin, vol. 35,
no. 4, pp. 170-85, 2001 2001.

A. Deschwanden et al., "Reduced metabotropic glutamate
receptor 5 density in major depression determined by
[(11)C]ABP688 PET and postmortem study”, American Jour-
nal of Psychiatry, vol. 168, no. 7, pp. 727-34, Jul 2011.
https://doi.org/10.1176/appi.ajp.2011.09111607

Z. Chaker et al., "Pregnancy-responsive pools of adult neural
stem cells for transient neurogenesis in mothers", Science, vol.
382, no. 6673, pp. 958-963, Nov 24 2023.
https://doi.org/10.1126/science.abo5199

K. 1. Matsuda, T. Takahashi, S. Morishita, and M. Tanaka,
"Histological analysis of neuronal changes in the olfactory
cortex during pregnancy”, Heliyon, vol. 10, no. 5, p. €26780,
Mar 15 2024. https://doi.org/10.1016/j.heliyon.2024.¢26780

M. J. Wiegman, L. V. Bullinger, M. M. Kohlmeyer, T. C.
Hunter, and M. J. Cipolla, "Regional expression of aquaporin 1,
4, and 9 in the brain during pregnancy", Reproductive Sciences,
vol. 15, no. 5, pp. 506-16, May 2008.
https://doi.org/10.1177/1933719107311783

Z. Khant Aung, D. R. Grattan, and S. R. Ladyman, "Pregnan-
cy-induced adaptation of central sensitivity to leptin and insu-
lin", Molecular and Cellular Endocrinology, vol. 516, p.
110933, Oct 1 2020.
https://doi.org/10.1016/j.mce.2020.110933

R. Haddad-Tévolli and M. Claret, "Metabolic and feeding
adjustments during pregnancy", Nature Reviews Endocrinol-
ogy, vol. 19, no. 10, pp. 564-580, Oct 2023.
https://doi.org/10.1038/s41574-023-00871-y

A. Gonzalez-Arenas, A. G. Pifia-Medina, O. Gonzalez-Flores,
A. Galvan-Rosas, G.-A. Porfirio, and 1. Camacho-Arroyo,
"Sex hormones and expression pattern of cytoskeletal proteins
in the rat brain throughout pregnancy", The Journal of Steroid
Biochemistry and Molecular Biology, vol. 139, pp. 154-8, Jan
2014. https://doi.org/10.1016/j.jsbmb.2013.01.005


http://www.sciencepg.com/journal/ijpbs

