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The pathophysiology of postpartum depression (PPD) was not well understood. 
Some studies however managed to strengthen the link between PPD with 
inflammation and neurochemistry alteration. PPD animals showed increased 
levels of pro-inflammatory cytokines and alleviated levels of neurotransmitter in 
brain. Fish oil supplementation reported to decrease the pro-inflammatory 
cytokines and increase brain neurotransmitter in many depression models of 
animals including PPD animal model. Fish oil intake reduced depression 
symptoms by modulating on the serotonergic neurotransmitter (serotonin) and 
regulation of inflammasome NLRP3 complex. Thus, it was postulated that 
antidepressant-like effects of fish oil in PPD animal model was influenced by 
serotonin modulation and NLRP3 inflammasome inhibition. The recent study 
designed the experiment into two batches (batch A (BA); investigated the effects 
of 10 days fish oil in PPD rats involvement with NLRP3 complex) and batch B 
(BB); investigated the effects of 10 days fish oil in PPD rats with the alteration of 
serotonin (5HT) concentration. The rats were induced to PPD model using 
hormone simulated pregnancy withdrawal (HSPW) regime for 23 days. The day 
after 23 days of induction was considered as PPD day 1. All supplements were 
given for 10 days consecutively. On day 2 and day 10 PPD, force swimming test 
(FST) and open field test (OFT) were conducted. Rats were sacrificed and brain 
tissue was collected for serotonin (5HT), histological and inflammasome NLRP3-
dependent pro-inflammatory IL-1β analysis. Statistical analysis was evaluated 
using one-way analysis of variance (ANOVA) followed by the post hoc Tukey’s 
multiple comparison test with p<0.05 was considered significant. The histological 
change has been observed using hematoxylin & eosin staining. The results 
showed that PPD rats without fish oil or fluoxetine showed increased immobility 
time in FST, NFкB/NLRP3/caspase-1/IL-1β cascade concentration, 5HIAA and 
5HT turnover. Supplementation of fish oil or fluoxetine in PPD rats managed to 
ameliorate the effects of PPD in rats’ hippocampus and PFC.  However, the 
histological findings did not show any significant difference among groups. The 
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PCPA and WAY100135 challenged in PPD rats managed to prevent significant 
decreased of immobility time in PPD rats with fish oil compared to PPD rats with 
fish oil without PCPA and WAY100135 injection. It showed that 5HT alteration 
influenced the antidepressant-like effects of fish oil.  Therefore, as a conclusion, 
the antidepressant-like effects of fish oil in PPD rats given for 10 days were 
influenced by the modulation of inflammation and serotonergic system. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk Ijazah Doktor Falsafah 

KESAN ANTI-KEMURUNGAN MINYAK IKAN KE ATAS KERADANGAN 
DAN SISTEM SEROTONERGIK KEPADA MODEL TIKUS KEMURUNGAN 

POSTPARTUM 

Oleh 

NURUL UYUN BINTI ABDUL AZIZ 

Januari 2020 

Pengerusi : Mohamad Taufik Hidayat Baharuldin, PhD 
Fakulti : Perubatan dan Sains Kesihatan 

Patofisiologi bagi kemurungan postpartum (PPD) tidak difahami sepenuhnya. 
Beberapa kajian walau bagaimanapun berjaya mengaitkan PPD dengan 
inflamasi dan perubahan neurokimia. Haiwan PPD menunjukkan peningkatan 
paras sitokine pro-inflamasi dan merendahkan paras neurotransmiter di dalam 
otak.  Suplementasi minyak ikan dilaporkan mampu mengurangkan sitokin pro-
inflamasi dan meningkatkan neurotransmiter otak dalam banyak model 
kemurungan haiwan termasuklah model haiwan PPD. Pengambilan minyak ikan 
dapat mengurangkan gejala kemurungan dengan mengubahsuai 
neurotransmiter serotonergik (serotonin) dan regulasi komplek inflammasome 
NLRP3. Oleh itu, ia telah diandaikan bahawa kesan antidepresan minyak ikan 
kepada model haiwan PPD dipengaruhi oleh modulasi serotonin dan perencatan 
komplek inflammasome NLRP3. Kajian terkini ini mengubah reka bentuk 
eksperimen kepada 2 kelompok (kelompok A (BA) ; mengkaji kesan 10 hari 
minyak ikan ke atas tikus PPD dengan penglibatan komplek NLRP3) dan 
kelompok B (BB); mengkaji kesan 10 hari minyak ikan ke atas tikus PPD dengan 
pemindaan kepekatan serotonin (5HT). Semua tikus diaruhinduksi dengan 
model PPD menggunakan aruhan pengunduran hormone bagi kehamilan 
(HSPW) selama 23 hari. Hari yang selepas hari 23 induksi dianggap sebagai 
hari 1 PPD. Semua supplemen diberikan selama 10 hari berturut-turut. Pada hari 
ke 2 dan 10 PPD, ujian paksa renang (FST) and ujian lapangan terbuka (OFT) 
telah dijalankan. Tikus dikorbankan dan tisu otak telah dikumpul untuk ujian 
analisis serotonin (5HT), histologi and pro-inflamasi IL-1β yang bergantung 
kepada inflammasome NLRP3. Analisa statistik dibuat menggunakan 
menggunakan analisis varian satu hala (ANOVA) diikuti dengan ujian 
perbandingan pelbagai Tukey post hoc dengan nilai p<0.05 dianggap signifikan. 
Perubahan histologi dilihat menggunakan pewarnaan hematoxylin & eosin. 
Keputusan tikus PPD tanpa minyak ikan ataupun fluoxetine menunjukkan 
peningkatan masa immobilisasi dalam ujian FST, kepekatan lata 
NFкB/NLRP3/caspase-1/IL-1β, 5HIAA and perolehan 5HT. Supplementasi 
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minyak ikan atau fluoxetine di tikus PPD rats berjaya memperbaiki kesan PPD 
bagi hippocampus and PFC tikus. Walaubagaimanapun kajian histologi tidak 
menunjukkan perubahan yang signifikan. Pemberian PCPA dan WAY100135 
kepada tikus  PPD berjaya menghindari penurunan signifikan masa immobilisasi 
tikus PPD yang diberi minyak ikan apabila dibandingkan dengan tikus PPD yang 
tidak disuntik dengan PCPA dan WAY100135. Ini menunjukkan alterasi 5HT 
mempengaruhi kesan antidepresan minyak ikan. Oleh itu, sebagai kesimpulan, 
kesan antidepresan minyak ikan terhadap tikus PPD selama 10 hari dipengaruhi 
oleh modulasi inflamasi dan sistem serotonergikAbstrak merupakan ringkasan 
keseluruhan tesis dan wajib diberi perhatian rapi sepertimana bahagian tesis 
yang lain.  
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

Depression is increasingly recognised as a serious, worldwide public health 
concern. It is associated with emotions instability and the symptoms of negative 
though, behavioural changes as well as lack of motivation. Depression 
influences 300 million people and making it a leading cause of disability 
worldwide (World Health Organization, 2017). The screening of depression 
among children and adult including postpartum women has been recommended 
in some developed countries as it is costly regarding health care allocation and 
management (Maurer, Raymond & Davis., 2018). The most familiar problems 
regarding on depression that occur in women after birth is postpartum 
depression (PPD) which could affect 10-20% women (Pawluski, Lonstein & 
Fleming, 2017). PPD women often suffers from anhedonia, dysphoria, 
hopelessness, anxiety and sleep disturbances. In worse cases, PPD leads to 
increase risk of suicide and infanticide (Trujillo et al., 2018). The symptoms seen 
in PPD women are more likely apparent in major depressive disorder (MDD). 
Thus, PPD is considered as among the subtypes of MDD. A very good 
management is crucial as poor management leads to interference of a good life 
of postpartum women such as their relationship with their partners, infants, 
families and societies (Pawluski et al., 2017).  

Development of PPD has been associated with many factors which vary from 

the status of mental health of the mothers during pregnancy, the status of ovarian 

hormones level after birth and the status of social interaction of the mothers with 

families and societies (Palumbo, Mirabella & Gigantesco, 2017) . Among all the 

above status, the rapid change of ovarian hormones from pregnancy to afterbirth 

condition has played a significant role in PPD development (Craft et al., 2010). 

Changes in ovarian hormones concentration during pregnancy to afterbirth 

condition leads to onset of PPD symptoms. An animal model has been used 

employing the concept of hormonal changes. Hormone simulated pregnancy 

withdrawal model (HSPW) is one of the models used in inducing the PPD in 

rodents. Animal studies applying this concept of reduction of ovarian hormones 

after birth demonstrated increased risk factors in PPD (Arbabi, Baharuldin, 

Moklas, Fakurazi, & Muhammad 2014, Shukkoor, Saleem, Baharuldin,  Jais, 

Manan, Moklas, & Basir, 2017).  

HSPW model showed less antidepressant activity in behavioral test in force swim 

test (FST). The passive behavior (immobility time) observed during FST was high 

while the active behavior (swimming and climbing time) was low (Stoffel & Craff., 
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2004; Arbabi et al., 2014 & Shukkoor et al., 2017). The HSPW animals also 

showed increased level of anxiety in open field test (OFT) and elevated plus 

maze test (EPM) (Suda, Segi-Nishida, Newton, & Duman, 2008). Increased 

anxiety is one of the features of postpartum depression (Ross, Evans Sellers & 

Romach, 2003). Increased pro-inflammatory cytokine IL-1β has been seen in 

HSPW rats (Arbabi et al., 2014). In addition, HSPW model has decreased the 

level of serotonergic neurotransmitter, serotonin (5HT) as well (Shukkoor et al., 

2017). 

A key aspect of monoaminergic neurotransmitter impairment in depression is the 

modulation of serotonin. The issues of serotonin modulation in depression 

received considerable critical attention where several researchers have reported 

the involvement of serotonergic neurotransmission serotonin and its receptors in 

the mechanism of antidepressant drugs. Several attempts have been made to 

link serotonin receptors as a target for many antidepressant drugs due to its 

involvement in many diseases such as in depression and anxiety. Serotonergic 

receptors can be further divided into a few subgroups and the most common 

serotonin receptor associated with depression is serotonin 1A receptor (5-

HT1A). This receptor is responsible in modulating neuronal, glial cells 

proliferation and maturation (Whitaker-Azmitia, 2001) and the dysfunctional of 5-

HT1A receptor can lead to depressive behaviour (Albert, Vahid-Ansari, & 

Luckhart, 2014; Vahid-Ansar et al., 2017; Cao et al., 2019). Besides, a study with 

agonist of 5HT1A receptor has managed to show possible antidepressant effects 

(Kosari-Nasab et al., 2019). 

Impaired monoaminergic neurotransmitter and modulation of inflammatory 

biomarkers in the brain are important components in the PPD, which play a key 

role in depression (Szewczyk, Kotarska, Siwek, Olech & Kuter, 2017). Although 

extensive research has been carried out on serotonergic system involvement in 

depression, fewer studies are available regarding serotonergic neurotransmitter 

modulation with PPD. Fluoxetine is one example of antidepressant drug from 

selective serotonin reuptake inhibitors (SSRIs) group used in treating depression 

and PPD.  

Furthermore, in recent years, there has been an increasing interest in bringing 

together the immune system in depression that potentially improved the 

therapeutic outcomes (Haapakoski, Ebmeier, Alenius & Kivimaki, 2016). How 

immune system decreased the risk factors and aetiology of depression are 

currently debated. Depression is associated with the changes of inflammatory 

transcriptional factor Nf-кB in brain tissues. It was shown for the first time that 

inflammasome nod-like receptor family pyrin domain containing 3 (NLRP3), a 

protein complex consisted of intracellular sensor in cytosol, a nod-like receptor 

(NLR), an adaptor apoptosis-associated speck-like protein (ASC) and a 
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precursor of procaspase-1 potentially involved in the modulation of 

neuroinflammation regarding on depression (Zhang et al., 2015).  

 

The pathophysiology mechanism of inflammasome complex NLRP3 is related to 

high level of pro-inflammatory cytokines production, which is interleukin 1-β (IL-

1β). The protein inflammasome complex helps in IL-1β production by assisting 

the maturation and cleavage of pro-IL-1β to mature IL-1β. Increased of IL-1β 

level in blood and brain tissues pro-inflammatory has increased the risk factors 

in depression development (Leonard, 2018). It is suggested that inflammasome 

complex NLRP3 has become a new target for therapeutic intervention of 

depression (Bhattacharya & Jones, 2018). Modulation of NLRP3 complex 

associated with modulation of IL-1β concentration and maybe useful in 

therapeutic modulation of depression. However, association between NLRP3 

and IL-1β in PPD is not well studied. Therefore, the study on relationship of 

inflammation and depression could bring a new hope in treating depression.  

 

PPD women are reluctant to seek for medicinal helps and consume anti-

depressant drugs. They believed that the anti-depressant drugs gave bad side 

effects to the infants as it can be transferred to the infants through breastfeeding. 

Therefore, the supplementation of alternatives medicine is warranted and 

preferable. Fish oil is one of the popular alternatives supplementation given to 

postpartum mothers.  Supplementation of fish oil is recommended as a 

preventive measure instead of as a treatment itself (Ellulu et al., 2015). However, 

the antidepressant-like study on fish oil, which is enriched with omega-3 fatty 

acids, is still controversial as there are less reports that could define the site of 

action for omega-3 fatty acids in treating depression especially in postpartum-

induces model (dos Santos Vaz et al., 2017). Fish oil possesses good anti-

inflammatory properties and can potentially decrease the risk factors of 

depression. Previous studies indicated the therapeutic potential of fish oil 

ingestion in many diseases such heart disease, depression and anxiety 

(Siscovick et al., 2017; Parletta et al., 2019).  

 

Fish oil is rich in omega-3 fatty acids. Omega-3 fatty acids are mostly consumed 

through fish oil supplementation and diet. Omega-3 fatty acids, which have many 

benefits towards health can be found numerously in marine life such as in 

seafood, fishes and algae in a form of long-chain fatty acids: docosahexaenoic 

acid (DHA) and eicosapentaenoic acid (EPA).  A study by Laino et al. (2010) 

showed a potential benefit of fish oil in treating depression especially in patients 

with depression resistance to conventional treatment by combining the 

therapeutic approaches of current antidepressant with omega-3 fatty acids 

(Laino, Fonseca, Sterin-Speziale, Slobodianik, & Reinés, 2010). Beydoun et al. 

(2013) study that based on Epidemiologic Studies-Depression scale indicated 
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the relationship between the high intakes of omega-3 fatty acids with low risk of 

elevated depressive symptoms.  

 

It is shown that antidepressant-like effect of fish oil is associated with 

serotonergic system together with the activation of serotonin receptor, 5HT1A 

(Vines et al., 2012). Post synaptic receptor of 5HT1A in hippocampus is involved 

with its antidepressant-like effects (Carabelli et al. 2015). Fish oil 

supplementation also potentially reduced peripheral pro-inflammatory cytokines 

(Borsini et al. 2017). Fish oil has been observed to modulate central inflammation 

and activation of serotonin receptors and neurotransmitter (Carabelli et al., 

2015). The neuroprotective effects of fish oil have been seen in bulbectomy rat’s 

model. The ingestion of fish oil had increased hippocampal brain-derived 

neurotrophic factor (BDNF) and 5-HT, which are the two major regulators of 

neuronal survival and long-term plasticity in brain structure in bulbectomy rats 

(Pudel et al. 2014). In PPD animal models, supplementation of fish oil decreased 

the immobility time in FST indicating its antidepressant-like effects (Arbabi et al., 

2014). In other study, the potential benefits of fish oil in controlling or modulating 

inflammation-associated depression has been demonstrated (Shi et al., 2017). 

 

To obtain therapeutic approaches regarding diseases involving neurology, fish 

oil was studied on several factors such as its anti-inflammatory effects, 

antioxidant effects and also neurotropic processes (Jia, Heng, Yang & Gao, 

2014; Shi et al., 2015). In addition, it was observed that the benefits of fish oil 

regarding on mood disorders are influenced by serotonergic system as well as 

kynurenine pathway making fish oil as a promising therapeutic approach in mood 

disorders (de Gomes et al., 2018).  

 

Thus, this study attempts to show the possible mechanisms of action of fish oil 

antidepressant-like effects in PPD rats. The aims of this study project are 

focused on trying and establishing what serotonergic neurotransmitter and 

NLRP3 inflammasome complex did in PPD rats regarding fish oil 

supplementation. The investigation was focused on antidepressant-like effects 

fish oil supplementation for 10 days  in HSPW model (Figure 1.1) with the 

involvement of serotonergic neurotransmitter, 5HT, its metabolites, 5-

hydroxyindolacetic acid (5HIAA) and its turnover rate (5-HIAA/5-HT) as well as 

inflammasome NLRP3 cascade that are responsible for IL-1β pro-inflammatory 

production in prefrontal cortex (PFC) and hippocampus. The antidepressant-like 

effects of fish oil supplementation have been observed in FST, a standard model 

test used in the antidepressant screening. Neurochemical analysis involved 

measurement of 5HT, 5HIAA and 5HT turnover as well as IL-1β dependent 

NLRP3 inflammasome cascade (NfкB/NLRP3/caspase-1/IL-1β) in both PFC and 

hippocampus. In addition, the brain tissue PFC and hippocampus were collected 

for light histological analysis using hematoxylin & eosin staining (H&E).  This 
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study helps in providing a detailed understanding on the pathophysiology of fish 

oil antidepressant-like effects in postpartum depression model in animals. 

 

 

 

 

 

 

 

 

 

 

 

 

Time (Days)  

Figure 1.1: Timeline of experiment procedure 

 

Legend: The figure above showed the timeline of the study. Begin at day 0, the rats were 

acclimatized and followed by ovariectomy. After one week recovery period from ovariectomy, the 

rats were induced into postpartum depression model at day 14. The induction involved the injection 

of ovarian hormones for 23 days starting from day 14 until day 38. On day 37, the maternal nesting 

behavior was conducted to observe for maternal simulated pregnancy period of rat. The rats with 

positive result of maternal simulated pregnancy period were withdrawn from the ovarian hormone 

injection on day 38. The postpartum depression period was calculated starting at day 38 until day 

48. Treatment with fish oil or fluoxetine was given starting from day 38 until day 48 as well. On 

day 48 rats were sacrificed and brain tissues were collected for biochemical analysis. 
  

0 7 14 37 38 48 

Acclimation period 

Ovariectomy 

Day 1 hormone injection for PPD model 

and continue for 23 days – maternal 

nesting test at Day 36 

Day 1 hormone withdrawal and begin of 

diet/drug supplementation for 10 days 

40 

Behavioral test 
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1.2 Problem statement 

 

Pathophysiology of postpartum depression (PPD) is not well understood. PPD 

was associated with inflammation modulation as well as serotonergic pathways 

alteration. The supplementation of fish oil, a good anti-inflammatory agent has 

given the antidepressant-like effects in depression by influencing the serotonin 

and pro-inflammatory cytokines concentration as well. Fish oil intake has been 

shown to control the depression risk factors by increase the level of serotonin 

concentration and decreasing the pro-inflammatory cytokines concentration. 

However, the result regarding on antidepressant-like effects of fish oil in 

postpartum depression model with the involvement of serotonergic 

neurotransmitter and inflammation is not well understood. There was lack of 

studies investigating on the mechanism of action of fish oil in its antidepressant-

like effects in postpartum depression. Thus, this study was conducted to highlight 

an initial association between ten days administration of fish oil anti-depressant 

like effects with the involvement of serotonergic neurotransmitter, serotonin and 

neuroinflammation (NLPR3 complex which controlling the IL-1β pro-

inflammatory cytokines production) in postpartum depression rats. 

 

1.3 Hypothesis 

 

1. The antidepressant-like effects of ten days fish oil supplementation in 

postpartum depression rats’ model observe during behavioral force 

swim test (FST) is influenced the decrease of immobility time and 

increase of swimming and climbing time. 

2.  The antidepressant-like effects of ten days fish oil supplementation in 

postpartum depression rats’ model is influence by IL-1β-dependent 

NLRP3 inflammasome concentration in brain prefrontal cortex (PFC) 

and hippocampus. 

3. The antidepressant-like effects of ten days fish oil supplementation in 

postpartum depression rats’ model is influence by alteration of serotonin 

concentration in brain prefrontal cortex (PFC) and hippocampus observe 

in force swim test.  

4. The antidepressant-like effects of ten days fish oil supplementation in 

postpartum depression rats’ model is influence by alteration of serotonin 

receptor 5HT1A observe in force swim test. 

5. The antidepressant-like effects of ten days fish oil supplementation in 

postpartum depression rats’ model is influence the histological changes 

of prefrontal cortex and hippocampus. 

 

© C
OPYRIG

HT U
PM



7 
 

 

 

1.4 Objectives 

 

1.4.1 General Objective 

To investigate the antidepressant-like effects of fish oil in postpartum depression 

model in rats for ten days administration on modulation of serotonergic 

neurotransmitter and inflammasome complex NLRP3. 

 

1.4.2 Specific Objectives  

1. To determine the antidepressant-like effects of ten days fish oil 

supplementation in postpartum depression rats’ model on behavioral 

changes during force swim test (FST). 

2. To determine the antidepressant-like effects of ten days fish oil 

supplementation in postpartum depression rats’ model on IL-1β-

dependent NLRP3 inflammasome cascade concentration in brain 

prefrontal cortex (PFC) and hippocampus. 

3. To determine the antidepressant-like effects of ten days fish oil 

supplementation in postpartum depression rats’ model on behavioral 

changes during force swim test (FST) involving the alteration of 

serotonin concentration in prefrontal cortex (PFC) and hippocampus.  

4. To determine the antidepressant-like effects of ten days fish oil 

supplementation in postpartum depression rats’ model on behavioral 

changes during force swim test (FST) involving on serotonin receptor 

5HT1A. 

5. To observe the antidepressant-like effects of ten days fish oil 

supplementation in postpartum depression rats’ model prefrontal cortex 

and hippocampus histological changes if any. 
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