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Abstract
Depression, a prevalent biopsychiatry disability leading to dysfunction behavioural abilities due to its symptomatic expression, is much more severe in gestational period affected both maternal and child’s health. Paroxetine, a selective serotonin reuptake inhibitors (SSRI) is used in the treatment of chronic and severe depression, but its impact on foetus via utero exposure has not been fully established. Thus, this study assessed the neurodevelopmental and neurocognitive changes in the offspring of depressed mice administered paroxetine prenatally. The effects on miroglia, neuromodulatory, neuroinhibitory, apoptotic and neuronal architectural mapping at adulthood biomarkers were assayed for in the selected brain hippocampal region of cornu ammonis and dendate gyrus. Seventy female Swiss mice (25-30g) were induced with prenatal depression using chronic unpredictable mild stress (CUMS) in pregnant Swiss dams at gestation days (GD) 13 to 19. Group 1 which served as control, consisted offspring of non-CUMS-treated dams, and received saline (2 mL/kg, p.o). Groups 2 and 3 include offspring of non-CUMS-treated dams and received paroxetine (2.5 mg/kg and 5mg/kg, p.o) from GDs 13-19. Group 4 consist of offspring of CUMS-exposed dams and served as CUMS control. Groups 5 and 6 consist of offspring of CUMS-exposed dams, treated with paroxetine (2.5 and 5 mg/kg, p.o) from GD 13-19. Offspring (pups: males and females) were weaned at postnatal day (PND) 21-22 and randomly assigned into 6 groups (n =10) above. Paroxetine potentiated IBA-1 across hippocampal regions except paroxetine reversal intervention in cornu ammonis 1 (CA1) and dendate gyrus (DG) of male and that of the female CA3 and DG.  Paroxetine also potentiated BDNF across the brain region except in the reversal effect of CA1 region in female mice when compared to CUMS. In addition, paroxetine increased PARV across hippocampal region except CUMS and paroxetine groups when compared to control in male. Paroxetine advanced BCL-2 and reduced BAX across hippocampal regions in both sexes while paroxetine potentiated normal neuronal cells, and CUMS showed the expression of pyknotic cells. These implychanges in microglia function and paroxetine displayed improved hippocampal neuronal life, neuroinhibitory and neurogenesis with a normal neuronal architectural circuitry except in stressed mice in CA1, CA3 and DG.
1. Introduction
A major depressive episode is characterized by the presence of a severely mental disabled mood that persists for at least a period of fourteen days termed reoccurring or secluded. It can be categorized as mild with little signs of displayed behavioral dysfunction, moderate, or severe as seen in inefficient interaction and when included with a psychosis trait it causes psychiatric depression [1, 2]. These cases could be worsen in pregnancy with clinical manifestation in the form of unipolar or bipolar emotional disorder [4, 5]. These depressive episode are triggered by painful life events that could be loss of life, properties, associational trauma and even cases of bereavement [3, 6, 8]. Gestational depression could be life threatening due to its multiple life complexity of mother and child’s health perspective [7, 9, 16]. It becomes more worsen with diagnosis of dysthymia [10, 12] which involves a chronic but milder mood disturbance with recurrent brief episodes induced by unprecedented stressful life circumstances [11, 17, 20].
Paroxetine has been one of the major medicines in the class of selective serotonin reuptake inhibitors (SSRI) for maintaining normal mood function and cognitive due to  its peculiarity as a long acting agent in making the availability of serotonin as a neurotransmitter available within the synaptic cleft [13,15, 17]. This makes it a more better choice when compared to monoamine oxidase inhibitors and the tricyclic antidepressant class of drugs used in the management of severe depression [, 18, 19, 32]. Paroxetine is also indicated for obsessive compulsive disorder, premenstrual disorder and social phobia [20, 21, 22].   Paroxetine also acts on dopamine and norepinephrine receptors though with low affinity but also useful in the management of psychiatry conditions. [24, 25, 27]. Due to its choice in treatment of gestational depression, there is need to evaluate its impact on foetus due to its potency in crossing placenta barriers and active coordination of sympathetic and parasympathetic control in brain signaling [23, 25, 34]. 
 There are previous studies that involves the use of paroxetine in the treatment of gestational depression but thorough modeling of a real life experiences with examination of neurobehaviorals across age trajectories assessment has not be well established, involving measuring of the histological architecture and immunochemical changes of essential neuronal brain biomarkers within the hippocampal region of the cornu ammonis 1 (CA1), cornu ammonis 3 (CA3) and dendate gyrus (DG) [24, 27, 30]. Other studies have been able to mimic a single stress restraint model after postnatal administration of antidepressant but unlike this studies that mirrors the impact of paroxetine on neurobehaviorals at infancy, adolescent and adulthood with essential biomarker measurement after sacrifice at adulthood [25, 26, 28]. It is this literature gap that this study tends to attend to through histological, immunohistochemical  and neuronal density count appraisal of sex-dimorphism on the impact of paroxetine and chronic unpredictable mild stress in the hippocampal regions [24, 27, 29, 30]. 

2. Materials and Methods
2.1 Use and Care of Animal
The study was performed at the Faculty of Basic Medical Sciences, Delta State University (DELSU), Abraka, Nigeria, having an ethical approval RBC/FBMS/DELSU/24/305. A total of seventy female Swiss Albino mice (24–29 g) were obtained from the Animal Centre of the College of Health Sciences, Abraka, Nigeria. These animals were housed in a temperature-controlled environment (22±3 ◦C) with a 12-hour light: 12-hour dark cycle and relative humidity of 40–70%, with standard pellets and water provided ad libitum during acclimatization and experimentation.

2.2 Preparation of Chemicals
Paroxetine was purchased from Phegacare Pharmaceuticals in Nigeria, which was procured from Globela Pharma Pvt Ltd. Reagents included thiobarbituric acid (Cat No. SIG T5500), sodium hydrogen phosphate (Cat No. BDH9298), potassium carbonate (Cat No. BDH9256), Ellman reagent [5′, 5′-Dithiobis-(2-nitrobenzoate) DTNB] (Cat No. D8130), and sodium chloride (Cat No. BDH9286). Inflammatory assay kits were sourced from BioLegend (San Diego, USA): TNF-α: Cat no: 430904, IL-6: Cat no: 43260. The processes were conducted following the standard protocols outlined by the manufacturer.



2.3 Experimental Plan, Animal Randomization and Administration of Drug
Depressive episodes was conducted prenatally using CUMS in gestational Swiss mice on gestation days (GD) 13 to 19, equivalent to the second and third trimesters of human pregnancy as pertaining to embryo development and peak brain growth spurts. Serving as the control, Group 1 consists of offspring from non-CUMS-treated dams and received saline (10 mL/kg, p.o.). Group 2 consists of offspring from non-CUMS-treated dams that collected paroxetine (2.5 mg/kg, p.o.) from GD 13-19. Group 3 consists of offspring from non-CUMS-treated dams who were administered paroxetine (5 mg/kg, p.o.) from GD 13-19. Group 4 is made up of offspring from CUMS-exposed dams from GD 13-19 and serves as the negative control. Group 5 consists of offspring from CUMS-exposed dam’s dispensed paroxetine (2.5 mg/kg, p.o.) from GD 13-19. Group 6 consists of offspring from CUMS-exposed dams treated with paroxetine (5 mg/kg, p.o.) from GD 13-19. Neurodevelopmental malformation due to sex variations, male and female offspring of non-CUMS, CUMS, and CUMS-paroxetine administered dams were weaned on postnatal days (PND) 21-22 and randomly delegated into six groups (n = 10). To prevent the litter effect, N = 3 were randomly chosen from each dam. Behavioral assessment of Y-maze were conducted on the offspring at various periodicals equivalent to various developmental stages: PNDs 25-30 (infancy stage), PNDs 35-40 (adolescence), and PNDs 85-90 (adulthood) (Scheme 1). Specific brain region hippocampus were harvested.
2.3.1 Induction of Stress Paradigm
The procedure for CUMS was outline based on modification [9], which comprises of random and unpredictable exposure of rodents to different stressors. Based on this research, dams were exposed to various stressors from GD13-19 as scheduled below (Table 1):
Table 1: Schedule of stressors in CUMS-induced prenatal depression of dams
	GD
	Stressors and duration 

	13
	Hypoxia (15 min)

	14
	45◦ cage tilting (18hrs)

	15
	Damping bedding (4 hrs)

	16
	Forced swim test (20 mins)

	17
	Cold stress (15 min)

	18
	Cylinder Constraint (15 mins)

	19
	Food/water deprivation (15hrs)
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Scheme 1: Schematic experimental flow chart
2.4 Immunohistochemical Assay 
Mice brains in the respective groups for immunohistochemistry of glial parvalbumin (PARV), ionized calcium-binding adaptor molecule 1 (IBA-1), Bcl-2-Associated X (BAX), B –cell lymphoma 2 (BCL-2) and Brain-Derived Neurotrophic Factor (BDNF) were anaesthetized with ether and perfused transcardially with sterile phosphate buffered saline (PBS) and later with 10% buffered formaldehyde. Thereafter, brains were rapidly harvested, and fixed with 10% phosphate buffered formaldehyde at 25°C for 48 h. Selected brain regions were assayed for using immunohistochemical procedures previously described [37] including preparation of tissue, tissue fixation, serum blocking, primary antibody incubation, marked second antibody incubation, staining, result judgment and imaging. Selected brain region was assayed for using immunohistochemical procedures of which includes preparation of tissue or cell, tissue or cell fixation, serum blocking, primary antibody incubation, marked second antibody incubation, staining, result judgment and imaging.
2.5 Histological Tissue Preparation for Microscopic Examination
The process of preparation of tissue for histological examinations is separated into the following tissues (brain) under these stages: Firstly, the tissue was processed by impregnating the specimen into embedding medium to provide a support and suitable consistency for the microtomy sectioning using different graded solutions of alcohol from 70% to 100% to dehydrate, the tissue. Thereafter the tissue was processed using the paraffin wax method with an automatic tissue processor by the following schedule. The sample was embedded in paraffin wax at 700C and cut with a rotary microtone 4µ. The staining technique employed in this study is the haematoxylin and eosin staining techniques. Stained tissue images were captured using digital microscopic eyepiece ‘Scoptek’ Dcm 500, 5.0mega pixels connected to Usb 2.0 computer.
2.6 Statistical Measurement
Data were presented as Mean ± S.E.M. (standard error of the mean), and the analyzed results were compared among groups using one- or two-way ANOVA followed by Bonferroni’s test post hoc. Differences in data were considered statistically significant when the p-value was ≤ 0.05. Statistical analyses were conducted using Graph Pad Prism software (Version 8.0).

3. Results
[bookmark: OLE_LINK2]3.1 Effects of prenatal paroxetine administration on microglia’s function in hippocampus of male and female mice offspring induced with prenatal depression
[bookmark: OLE_LINK8]The effect of Paroxetine and CUMS on ionized calcium-binding adapter molecule 1 (IBA-1) induced significant immunohistochemical changes in Hippocampus (HPC) in male and female mice are shown in Fig. 1a-d. In Fig. 1a male, there is a significance increase (P<0.05) immunopositive cells in paroxetine (2.5mg/kg, 5mg/kg) and CUMS respectively when compared to control in the cornu ammonis 1 (CA 1), cornu ammonis 3 (CA 3), and dendate gyrus (DG) while there is a decrease in combination of paroxetine (2.5mg/kg, 5mg/kg) with CUMS respectively when compared to CUMS alone in CA 1 and DG except for CA 3. In Fig. 1b female, there is a significance increase (P<0.05) immunopositive cells in paroxetine (2.5mg/kg, 5mg/kg) and CUMS respectively when compared to control in the CA 1, CA 3, and DG while there is a decrease immunopositive cells in combination of paroxetine (2.5mg/kg, 5mg/kg) with CUMS respectively when compared to CUMS alone in CA 1 and DG except for CA 3 except for CA 1 paroxetine (5 mg/kg) and CUMS combination. The photomicrograph of the effect of paroxetine and CUMS on mice offspring neuroimmunity ionized calcium-binding adapter molecule 1 (IBA-1) in hippocampus of direct appreciable values as captured are below  in Fig. 1c male and Fig. 1d female having a clear neuro-immunopositve cell expression within the brain regions.





Fig. 1a-b: Effects of prenatal paroxetine on ionized calcium-binding adapter molecule 1 (IBA-1) in the brains of male (a) and female (b) mice offspring following to prenatal depression 
Bars are expressed as mean + SEM (n=4). ****P<0.0001versus vehicle control, #P<0.05, ##P<0.001, ###P<0.001, ####P<0.0001 versus CUMS treated group. Statistical level of significance analysis was by two way ANOVA followed by Turkeys post hoc test. CUMS= Chronic Unpredictable mild stress.
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 Fig. 1c-d: Illustrative photomicrographs showing effects of prenatal paroxetine immunohistochemical changes and expressions of ionized calcium-binding adapter molecule 1 (IBA-1) immunopositive cells in the brains of male (c) and female (d) mice offspring following to prenatal depression. Higher expression in the images indicates high immunopositive cell expression, while lower expression indicates low immunopositive cell expression. 
Photomicrograph are expressed as mean + SEM (n=4). ****P<0.0001versus vehicle control, #P<0.05, ##P<0.001, ###P<0.001, ####P<0.0001 versus CUMS treated group. Statistical level of significance analysis was by two way ANOVA followed by Turkeys post hoc test. CUMS= Chronic Unpredictable mild stress
 
3.2 Effects of prenatal paroxetine delivery on neurogenesis in hippocampus of male and female mice offspring induced with prenatal depression
[bookmark: OLE_LINK4]The effect of Paroxetine and CUMS on brain derived neurotrophic factor (BDNF) immunochemical changes in Hippocampus (HPC) in male and female mice are shown in Fig. 2a-d. In Fig. 2a male, there is a significance increase (P<0.05) immunopositive cells in paroxetine (2.5mg/kg, 5mg/kg) and CUMS respectively when compared to control in the cornu ammonis 1 (CA 1), cornu ammonis 3 (CA 3), and dendate gyrus (DG) while there is increase in combination of paroxetine (2.5mg/kg, 5mg/kg) with CUMS respectively when compared to CUMS alone in CA 1, CA 3 and DG except for CA3 paroxetine (2.5 mg) with CUMS that decreases immunopositive cells. In Fig. 2b female, there is a significance increase (P<0.05) immunopositive cells in paroxetine (2.5mg/kg, 5mg/kg) and CUMS respectively when compared to control in the CA 1, CA 3, and DG while there is a decrease immunopositive cells in combination of paroxetine (2.5mg/kg, 5mg/kg) with CUMS respectively when compared to CUMS alone in CA 3 and DG except for CA 1 paroxetine (5 mg/kg) and CUMS combination. The photomicrograph of the effect of paroxetine and CUMS on mice offspring neurodevelopment brain derived neurotrophic factor (BDNF) in hippocampus of direct appreciable values as captured are below in Fig. 2c male and Fig. 2d female having a clear neuro-immunopositve cell expression within the brain regions.




Fig. 2a-d: Effects of prenatal paroxetine on brain derived neurotrophic factor (BDNF) in the brains of male (a) and female (b) mice offspring following to prenatal depression 
Bars are expressed as mean + SEM (n=4). ****P<0.0001versus vehicle control, #P<0.05, ##P<0.001, ###P<0.001, ####P<0.0001 versus CUMS treated group. Statistical level of significance analysis was by two way ANOVA followed by Turkeys post hoc test. CUMS= Chronic Unpredictable mild stress
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Fig. 2c-d: Illustrative photomicrographs showing effects of prenatal paroxetine immunohistochemical changes and expressions of brain derived neurotrophic factor (BDNF) immunopositive cells in the brains of male (c) and female (d) mice offspring following to prenatal depression. Higher expression in the images indicates high immunopositive cell expression, while lower expression indicates low immunopositive cell expression. 
Photomicrograph are expressed as mean + SEM (n=4). ****P<0.0001versus vehicle control, #P<0.05, ##P<0.001, ###P<0.001, ####P<0.0001 versus CUMS treated group. Statistical level of significance analysis was by two way ANOVA followed by Turkeys post hoc test. CUMS= Chronic Unpredictable mild stress
[bookmark: OLE_LINK5]
3.3 Effects of prenatal paroxetine delivery on neuroregulatory marker in hippocampus of male and female mice offspring induced with prenatal depression
[bookmark: OLE_LINK30][bookmark: OLE_LINK6]The effect of Paroxetine and CUMS on Parvalbumin (PARV) immunochemical changes in Hippocampus (HPC) in male and female mice are shown in Fig. 3a-d. In Fig. 8a male, there is a significance increase immunopositive cells in paroxetine (2.5 mg/kg, 5 mg/kg), CUMS respectively when compared to control in cornu ammonis 1 (CA1), cornu ammonis 3 (CA3) and dendate gyrus (DG) while there is a significance increase in combination of paroxetine (2.5 mg/kg, 5 mg/kg) and CUMS when compared to CUMS alone in the CA1, CA3 and DG. In Fig. 3b female, there is a significance increase in paroxetine (2.5mg, 5mg), CUMS when compared to control in CA1, CA3and DG except a decrease  immunopositive cells in paroxetine (2.5 mg/kg), CUMS in CA3. While there is a significance increase (P<0.05) in combination of paroxetine (2.5 mg/kg, 5 mg/kg) and CUMS when compared to CUMS only in CA1, CA3 and DG. The photomicrograph of the effect of paroxetine and CUMS on mice offspring neuroinhibitory parvalbumin (PARV) in hippocampus of direct appreciable values as captured are below  in Fig. 3c male and Fig. 3d female having a clear neuro-immunopositve cell expression within the brain regions.






Fig. 3a-d: Effects of prenatal paroxetine on Parvalbumin (PARV) in the brains of male (a) and female (b) mice offspring following to prenatal depression 
Bars are expressed as mean + SEM (n=4). *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001versus vehicle control,  ##P<0.001, ###P<0.001, ####P<0.0001 versus CUMS treated group. Statistical level of significance analysis was by two way ANOVA followed by Turkeys post hoc test. CUMS= Chronic Unpredictable mild stress
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Fig. 3c-d: Illustrative photomicrographs showing effects of prenatal paroxetine immunohistochemical changes and expressions of parvalbumin (PARV)immunopositive cells in the brains of male (c) and female (d) mice offspring following to prenatal depression. Higher expression in the images indicates high immunopositive cell expression, while lower expression indicates low immunopositive cell expression. 
Photomicrographs are expressed as mean + SEM (n=4). *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001versus vehicle control, ##P<0.001, ###P<0.001, ####P<0.0001 versus CUMS treated group. Statistical level of significance analysis was by two way ANOVA followed by Turkeys post hoc test. CUMS= Chronic Unpredictable mild stress

3.4 Effects of prenatal paroxetine delivery on apoptotic markers in hippocampus of male and female mice offspring induced with prenatal depression
[bookmark: OLE_LINK10][bookmark: OLE_LINK13]The effects of Paroxetine and CUMS on Bcl-2 associated X protein (BAX) and B-cell leukemia/lymphoma 2 (BCL-2) immunochemical changes in the Hippocampus (HPC) in male and female mice are shown in Fig. 4a-f. In Fig. 4a male, there is a significance increase immunopositive cells in paroxetine (2.5 mg/kg, 5 mg/kg), CUMS when compared to control across cornu ammonis 1 (CA 1), cornu ammonis 3 (CA 3) and dendate gyrus (DG), while there is a significance decrease (P<0.05) immunopositive cells in combination of Paroxetine (2.5 mg/kg, 5 mg/kg) with CUMS when compared to CUMS alone across CA1, CA3 and DG except for paroxetine 5mg/kg combination with CUMS in DG. In Fig. 4b female, there is a significance increase in (P<0.05) in paroxetine (2.5 mg/kg, 5 mg/kg), CUMS when compared to control across CA1, CA3 and DG while there is a significance decrease (P<0.05) immunopositive cells in combination of paroxetine (2.5 mg/kg, 5 mg/kg) with CUMS respectively when compared to CUMS in CA1, CA3 and DG except in the CA3 were there is significance decrease in paroxetine (2.5 mg/kg) with CUMS when compared to CUMS alone. 
[bookmark: OLE_LINK14]In Fig. 4c male, there is a significance increase (P<0.05) in paroxetine (2.5 mg/kg, 5mg, kg), CUMS respectively when compared to control in the CA1, CA3 and DG, while there is a significance decrease in combination of paroxetine (2.5 mg/kg, 5 mg/kg) with CUMS when compared to CUMS only in the CA1 and DG except for CA3 that increase when compared to CUMS alone. In Fig. 4d female, there is a significance increase (P<0.05) immunopositive cells in paroxetine (2.5 mg/kg, 5mg, kg), CUMS respectively when compared to control in the CA1, CA3 and DG, except for CUMS group across the hippocampal regions while there is a significance increase (P<0.05) immunopositive cells in combination of paroxetine (2.5 mg/kg, 5 mg/kg) with CUMS respectively when compared to CUMS only in the CA1, CA3 and DG. 
The photomicrograph of the effect of paroxetine and CUMS on mice offspring apoptotic B-cell leukemia/lymphoma 2 associated X protein (BAX) and B-cell leukemia/lymphoma 2 (BCL-2) in hippocampus of direct appreciable values as captured are below in Fig. 4e-f male and female (BAX) and Fig. 4g-h male and female (BCL-2) having a clear neuro-immunopositve cell expression within the brain regions.










Fig. 4a-d: Effects of prenatal paroxetine on Bcl-2 associated X protein (BAX) and B-cell leukemia/lymphoma 2 (BCL-2) in the brains of male BAX (a) and female BAX (b); male BCL-2 (c) and female BCL-2 (d ) in mice  offspring following to prenatal depression 
Bars are expressed as mean + SEM (n=4). ****P<0.0001versus vehicle control, #P<0.05, ##P<0.001, ###P<0.001, ####P<0.0001 versus CUMS treated group. Statistical level of significance analysis was by two way ANOVA followed by Turkeys post hoc test. CUMS= Chronic Unpredictable mild stress.
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Fig. 4e-h: Illustrative photomicrographs showing effects of prenatal paroxetine immunohistochemical changes and expressions of  B-cell leukemia/lymphoma 2 associated X protein (BAX) and B-cell leukemia/lymphoma 2 (BCL-2) immunopositive cells in the brains of male BAX (e) and female BAX(f); male BCL-2 (g) and female BCL-2 (h) mice  offspring following to prenatal depression. Higher expression in the images indicates high immunopositive cell expression, while lower expression indicates low immunopositive cell expression. 
Photomicrograph are expressed as mean + SEM (n=4). ****P<0.0001versus vehicle control, #P<0.05, ##P<0.001, ###P<0.001, ####P<0.0001 versus CUMS treated group. Statistical level of significance analysis was by two way ANOVA followed by Turkeys post hoc test. CUMS= Chronic Unpredictable mild stress.

3.5 Effects of prenatal paroxetine delivery in hippocampus histological view of male and female mice offspring induced with prenatal depression
The effects of Paroxetine and CUMS on histology in the Hippocampus (HPC) in male and female mice are shown in Fig. 5a-b. In Fig. 5a male, in the hippocampus (HPC) control group, there are normal area of hippocampal formation noted; the cornu ammonis (CA) layers including CA1,CA3 and dendate gyrus (DG) are normal, their  neuronal cells are well structurally organized (white arrow).   In HPC  paroxetine (2.5 mg/kg) group, the area of the hippocampal formation appeared normal; the CA layers including CA1 ,CA3 and DG neuronal cells are well structurally organized with very few pyknotic cells across all the layers (black arrow). In HPC paroxetine (5 mg/kg) group, there are normal area of hippocampal formation noted; the CA layers including CA1,CA3 and DG are normal, their  neuronal cells are well structurally organized (white arrow).  In HPC CUMS group, the area of the hippocampal formation appeared moderately normal; the CA layers including CA1, CA3 and DG showed moderate pyknotic neuronal cells (black arrow). In HPC paroxetine (2.5 mg/kg) + CUMS, the area of the hippocampal formation appeared moderately normal; the CA layers including CA1 and DG showed moderate pyknotic neuronal cells (black arrow) while the CA3 layer appeared normal(white arrow).  In STR paroxetine (5 mg/kg) + CUMS group, The area of the hippocampal formation appeared moderately normal; the CA layers including CA1 ,CA3 and DG showed moderate pyknotic neuronal cells (black arrow).
In Fig. 5b female, in the hippocampus (HPC) control group, there are normal area of hippocampal formation noted; the CA layers including CA1,CA3 and DG are normal, their  neuronal cells are well structurally organized (white arrow).  In HPC paroxetine (2.5 mg/kg) group, there are normal area of hippocampal formation noted; the CA layers including CA1 and DG are normal, their neuronal cells are well structurally organized (white arrow).  There are few pyknotic neurons in the CA3 layer (black arrow). In HPC paroxetine (5 mg/kg) group, there are normal area of hippocampal formation noted; the CA layers including CA1,CA3 and DG are normal, their  neuronal cells are well structurally organized (white arrow).  In HPC CUMS group, the area of hippocampal formation noted appeared moderately normal; the CA layers including CA1, CA3 and DG are moderately normal with few pyknotic neuronal cells (black arrow).  In HPC paroxetine (2.5 mg/kg) + CUMS, The area of hippocampal formation noted appeared moderately normal; the CA layers including CA1, CA3 and DG are moderately normal with few pyknotic neuronal cells (black arrow).  In STR paroxetine (5 mg/kg) + CUMS group, the area of hippocampal formation noted appeared moderately normal; the CA layers including CA1, CA3 and DG are moderately normal with few pyknotic neuronal cells (black arrow).
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Fig. 5a-b: Histology showing effects of prenatal paroxetine and CUMS in the brains of male (a) and female (b) mice offspring following to prenatal depression. 

4. Discussion
The investigation into the impacts of maternal unexpected stress protocol and intermittent prenatal exposure to paroxetine exposes complex developmental programming across structural, behavioral, neurochemical, and molecular domains in the adult mice offspring [33, 34, 35]. The evaluation of IBA-1 a marker of microglial activation supports this immune involvement and increased neuroinflammation activity due to paroxetine and CUMS treatment compared to controls [37, 45, 50]. Therefore, a highly relevant finding concerns the co-exposure groups in several hippocampal sub-regions (CA1, CA3 and DG), the combination of paroxetine and CUMS resulted in a deduction in IBA-1 expression compared to CUMS only [34, 36]. This introduces that while paroxetine causes its own inflammatory changes, it may also moderate the deep inflammatory phenotype induced by chronic stress, possibly through stabilizing the stress axis or impairment of neurotransmitter availability that influences microglial state [38, 42].
The investigations related to neuroplasticity and cell survival further opens the nature of the developmental adjustment as both CUMS and paroxetine exposure led to super expression of Brain Derived Neurotrophic Factor (BDNF) and Parvalbumin (PARV), as the neuroinhibitory marker being an important marker for inhibitory GABAergic interneurons [36, 37]. This concurrent upregulation of development determinant and inhibitory parameters can be analysed as a rewarding signalling based on the developing brain is attempting to increase both synaptic equilibrium and regulatory inhibition to manage over stimulation or cell loss induced by stress and paroxetine exposure [42, 44]. Chronic stress protocol have been shown to raise hippocampal B-cell lymphoma-2 associated X protein (BAX) and lower B-cell lymphoma-2 (Bcl-2) appearances, marking increased cell death [45, 52], inferring treatments with paroxetine can normalize these biomarkers [43, 49]. Prior work with paroxetine in adult animals infers a neurotrophic/anti-apoptotic profile as reductions in pro-apoptotic proteins, though sexual di-morphic and developmental stage-specific differences [50, 52]. Our finding suggest by demonstrating that the combination of paroxetine + CUMS produced a sex-dependent moderation of BAX and BCL-2 in the dendate gyrus, consistent with a protective/anti-cell death influence in various mechanisms, although through distinctive intrinsic strategies in sexes. These opens up that males and females make use of distinct molecular strategies to give feedback to combined prenatal insults, particularly regarding CA1, CA3 and DG inherent perseverance [53, 54].
The histology demonstrated that chronic unpredictable mild stress triggers pyknotic neurons and moderately alters hippocampal frame work in both male and female mice, in line with former work on stress-induced neurodegeneration [28, 32] as administration of paroxetine only largely preserved normal hippocampus stability [20, 45]. Importantly, stressed-exposed male mice treated with 2.5 mg/kg paroxetine exhibited substantial coverage of the CA3 neuronal layer, preventing the pyknotic changes observed in other sub-regions and in untreated CUMS groups [27, 31]. This neuronal safeguarding effect was lowly evident in female mice majorly at higher paroxetine doses, pointing notable sex and dose-dependent responses. Such variability in depression inhibitors action and neuroplasticity are well-noted in the research [44, 51]. These outcomes refers paroxetine offers dose-specific neuroprotection against stress-induced hippocampal deterioration especially in males, affirming its multiplicity in therapeutic potential [37, 53]. 
Conclusion 
Paroxetine and gestational stress induces prolonged deficits in offspring via impaired adult working memory as these behavioral outcomes are notably connected to disruptions in neuroimmunity and cellular homeostasis with effects in sexes differences. Prominently, as both paroxetine and CUMS generate neuropathology, the concurrent administration of paroxetine often modulated the most severe stress effects specifically by reducing pro-apoptotic signaling. Evaluation of histology affirmed magnitude association of CUMS dysfunction hippocampus structure, but paroxetine at lower dosage provided neuro-protection to the CA3 neuronal stratal, an effect appreciated substantially in male mice only. Outcome of the work diligently marked that the neurobiological consequences of paroxetine use and maternal stress are highly complex, showing proof sex-dependent and dose feedback. Hence, futuristic study and clinical guide must put into consideration both sex in developmental stage.
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Perinatal paroxetine exposure in mice offsprings prenatally
exposed to depressive model
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