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ABSTRAK 

Safaei V, Shariati M. Studi fungsi hati tikus neonates jantan untuk induk yang disertraline. JITV 26(4):132-138. DOI: 

http://dx.doi.org/10.14334/jitv.v26i4.2945. 

Sertraline merupakan sebuah antidepresan yang memiliki efek racun pada hati. Penelitian ini dilaksanakan untuk 

mengevaluasi pengaruh penambahan Sertraline di masa kebuntingan pada fungsi hati tikus neonates jantan. Sebanyak 25 tikus 

Wistar betina bunting dibagi menjadi empat kelompok dengan jumlah masing masing sebanyak lima ekor. Kelompok control 

tidak mendapatkan perlakuan penambahan obat apapun, tetapi kelompok eksperimen (Exp) 1, 2 dan 3 menerima 5, 10 dan 20 

mg/kg berturut-turut Sertraline sebagai pakan paksa selama masa kebuntingan. Dua puluh dua hari setelah lahir, tikus jantan 

dibagi menjadi empat kelompok yang terdiri dari 10 ekor berdasarkan pembagian sebelumnya. Setelah ditimbang, sampel darah 

diambil langsung dari jantung. Kadar serum Alanine transaminase (Alt), Aspartate transaminase (AST), Alkaline phosphatase 

(Alp), Albumin (Alb), Total protein (TP), dan Bilirubin (Bili) diukur. Kemudian, jaringan hati juga dianalisis secara 

histopatologis setelah ditimbang. Pada kelompok Exp, terjadi penurunan berat badan, TP dan serum Alb yang signifikan 

dibandingkan dengan kelompok kontrol (p<0,05). Pada kelompok Exp 3, penurunan berat hati yang signifikan diamati 

dibandingkan dengan kelompok kontrol (p˂0,05). Pada kelompok Exp 2 dan 3, terjadi peningkatan signifikan kadar serum Alp, 

Alt, dan Bili dibandingkan dengan kelompok kontrol (p˂0,05). Sebuah peningkatan yang signifikan dalam tingkat serum AST 

diamati pada kelompok Exp dibandingkan dengan kelompok kontrol (p˂0,05). Kerusakan jaringan hati diamati pada ketiga 

kelompok Exp. Pemberian Sertraline pada tikus betina bunting menyebabkan kerusakan hati dan meningkatkan enzim hati serta 

parameter biokimia darah pada keturunan jantannya. 

Kata Kunci: Albumin, Perkembangan Hati, Enzim Hati, Tikus, Sertraline 

ABSTRACT 

Safaei V, Shariati M. Studying the liver function in male neonates of rats born to sertraline-treated mothers. JITV 26(4):132-

138. DOI: http://dx.doi.org/10.14334/jitv.v26i4.2945 

Sertraline is an antidepressant which has toxic effects on the liver. This study was conducted to evaluate the effect of 

Sertraline administration in pregnancy on liver function of male neonates of rats. Twenty-five pregnant female Wistar rats were 

divided into 4 groups of 5. The control group did not receive any drug treatments, but experimental (Exp) groups 1, 2 and 3 

received 5, 10 and 20 mg/kg Sertraline as gavage throughout the pregnancy, respectively. Twenty-two days after birth, male rats 

were divided into 4 groups of 10 based on the previous division and after weighing, by taking blood directly from the heart, 

serum levels of Alanine transaminase (Alt), Aspartate transaminase (AST), Alkaline phosphatase (Alp), Albumin (Alb), Total 

protein (TP), and Bilirubin (Bili) were measured and the liver tissue was also analyzed histopathologically after weighing. In 

Exp groups, a significant decrease in body weight, TP and Alb serum levels were observed compared to the control group 

(p<0.05). In Exp group 3, a significant decrease in liver weight was observed compared to the control group (p˂0.05). In Exp 

groups 2 and 3, a significant increase in serum levels of Alp, Alt and Bili in was observed compared to the control group 

(p˂0.05). A significant increase in AST serum level was observed in Exp groups compared to the control group (p˂0.05). Liver 

tissue destruction was observed in all 3 Exp groups. The administration of Sertraline in pregnant female rats causes liver damage 

and increases liver enzymes and blood biochemical parameters in their male offspring.  

Key Words: Albumin, Liver Development, Liver Enzymes, Rat, Sertraline 

INTRODUCTION 

Depression is a common and recurrent disorder that 

reduces the functional and cognitional role and even in 

some cases, it leads to death (Wang et al. 2017). 

Sertraline is a drug that is widely used in the treatment 

of depression. It is used in a wide range of psychiatric 

disorders, including panic disorder, obsessive-
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compulsive disorder, and post-traumatic stress disorder. 

Sertraline also acts as an appetite suppressant in weight 

loss. The most important drug activity of Sertraline is 

the inhibition of presynaptic Serotonin reuptake (Singh 

and Saadabadi, 2021). It also has very weak effects on 

norepinephrine and neuronal absorption of Dopamine 

(Suen et al. 2013) and it should not be used in 

combination with Monoamine oxidase (MAO) inhibitor 

(Aboukarr and Giudice, 2018).  It is believed that 

Sertraline works by increasing the effects of Serotonin 

in the brain (Willard et al. 2015). By inhibiting 

Serotonin reuptake, extracellular Serotonin levels 

increase, thereby increasing serotonergic 

neurotransmitters in the brain. This action appears to be 

responsible for the antidepressant, anti-anxiety, and 

anti-obsessive effects of Sertraline. Sertraline has little 

tendency for Norepinephrine transporters or Serotonin, 

Dopamine, Adrenergic, Histamine, or Acetylcholine 

receptors. On the other hand, it shows a strong affinity 

for the Dopamine receptor and the    receptor (But not 

for the     )Albayrak and Hashimoto, 2017). 

Sertraline is slowly absorbed when taken orally and 

reaches a maximum plasma concentration 4 to 6 hours 

after ingestion and 98.5% of it binds to plasma proteins. 

Based on in vitro studies, Sertraline is metabolized by 

several cytochrome 450 isoforms (Chen et al. 2020). 

The active metabolite of Sertraline is Norsetraline (N-

Dismethylsertraline) which is significantly less 

biologically active than Sertraline (McIntyre and 

Mallett, 2012).  

The usual dose of Sertraline in the treatment of 

major depressive disorders is 50 mg daily, which can be 

gradually increased to a maximum of 200 mg per day 

which is guided by the therapeutic response (Honko et 

al. 2017). The side effects of Sertraline include nausea, 

diarrhea, insomnia, and sexual dysfunction. Acute 

secondary hepatitis after Sertraline use is rare, but given 

the widespread use of Sertraline, awareness of this side 

effect is important to ensure early diagnosis (Suen et al. 

2013). Sertraline is one of the most commonly used 

antidepressant during pregnancy, and generally 

recognized safe for this use (Molenaar et al. 2020). 

Nevertheless, the findings represent that the 

administration of Sertraline during pregnancy is 

associated with an increase of this drug in fetal amniotic 

fluid. Therefore, it seems that the fetus is exposed to 

this drug through various routes such as placenta and 

digestion. Also, studies measuring the concentration of 

Sertraline and its major metabolite, dismethylsertraline, 

in maternal blood and umbilical cord blood show that 

the serum concentration of Sertraline in the umbilical 

cord is almost always lower than the maternal serum 

concentration (Hostetter et al. 2000, Horackova et al. 

2021). The concentrations of Sertraline and 

dismethylsertraline in breast milk are highly variable 

and, on average, are equally concentrated as the 

maternal blood plasma (Pinheiro et al. 2015). 

Some studies indicate that hepatotoxicity following 

Sertraline administration is negligible, but some other 

studies show that Sertraline is associated with toxicity 

and liver damage (Tabak et al. 2009; Todorović 

Vukotić et al. 2021). Because there are not enough 

findings about the effect of Sertraline on liver tissue and 

Sertraline is one of the most widely used 

antidepressants and the effect of this drug in pregnancy 

on fetal liver function is unknown, therefore, this study 

was conducted to evaluate the effect of Sertraline on the 

liver tissue of neonates of male rats born to mothers 

who have been exposed to different doses of Sertraline 

during pregnancy. For this purpose, body weight, liver 

weight, serum levels of liver enzymes and some blood 

biochemical parameters as well as histopathological 

changes of the liver were evaluated in this study.  

MATERIALS AND METHODS  

Animals 

In this experimental study, 20 adult female Wistar 

rats weighing 190±10 g were provided from the 

animal’s house at Islamic Azad University of Kazerun 

and were kept in the standard conditions at 23±2 ºC, 12 

hours of light/darkness, and 70% moisture in 5-

individual groups in polycarbonate cages with 

dimensions of 15× 2.5 × 40 cm with steel mesh roof. In 

order to adapt to the new environmental conditions, the 

animals were kept together for 2 weeks. The animals 

received the same amount of water and food throughout 

the study without any restrictions. The ethical principles 

of working with laboratory animals were observed in 

this study and approved by the Ethics Committee of 

Islamic Azad University of Kazerun (Ethical code no: 

IR.IAU.SHIRAZ.51053279901007). 

The Experiment Protocol  

The pregnant female rats (n=20) were divided into 4 

groups of 5 including control, experimental 1 (Exp 1), 

experimental 2 (Exp2) and experimental 3 (Exp 3). The 

control group did not receive any drug treatment. 

Animals in Exp groups 1, 2 and 3 received 5, 10 and 20 

mg/kg Sertraline (Zoloft, Pfizer, Germany), 

respectively, at 9 a.m. every day until the end of 

pregnancy as a gavage. The doses prescribed in this 

study were determined based on the previous studies 

(Mikail et al. 2012; Pereira-Figueiredo et al. 2014). The 

duration of breastfeeding in male rats from sertraline-

treated mothers was 3 weeks.Twenty two days after 

delivery, male neonates of female rats were divided into 

4 groups of 4 as in the previous division. At the end of 

day 22, male rats were anesthetized with ether (Merck, 
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Germany), and blood samples were taken directly from 

the heart, and then liver tissue was removed for 

histopathological evaluation.  

Analysis of Blood Parameters 

For blood sampling, the animals were first weighed 

and then anesthetized using ether and opening the chest; 

blood was drawn directly from the heart with a 5 ml 

syringe. In order to perform the agglutination process, 

blood samples were kept in the laboratory for 30 

minutes and then centrifuged at 3000 rpm for 5 

minutes.  The resulting sera were frozen at -20 ° C until 

serum levels of Alanine transaminase (Alt), Aspartate 

transaminase (AST), Alkaline phosphatase (Alp), 

Albumin (Alb), Total protein (TP) and Bilirubin (Bili) 

were measured. 

Serum levels of AST, ALT, ALP, Alb and TP were 

measured by RA-1000 auto-analyzer (Technicon, USA) 

according to the manufacturer's instructions (Pars 

Azmoon Company, Iran). Serum ALT and AST levels 

were measured by IFCC (international federation of 

clinical chemistry) method without the addition of 

Pyridoxal-50phosphate and serum ALP level was 

measured by PGKC (Deutsche Gesellschaft Fur 

Klinische Chemie) method. Also, serum Tp level was 

measured by photometric method based on Biuret 

method and serum Alb level was measured by 

BROMOCRESOL-GREE method. (Letafat et al. 2021) 

Liver Tissue Changes Analysis 

For histopathological examination of the liver, the 

abdominal cavity of all animals was opened and the 

liver was removed. First, the liver weight of all animals 

was calculated and then the tissue samples were washed 

with normal saline and fixed in 10% formalin buffer 

solution. The dehydration process of the samples was 

performed in 60% to absolute alcohol and the tissue 

samples were clarified with Xylene. Tissue samples 

were molded with paraffin and then 10 transverse 

sections with a thickness of 5 microns were prepared 

from each sample using a rotating microtome. Under a 

light microscope (Nikon, Japan), 5 different areas of 

each cross section were randomly selected and tissue 

changes were examined. The amount of empty space 

created due to hepatocyte necrosis was examined in 

different samples with 40x magnification. 

Statistical Analysis 

Using Kolmogorov-Smirnov test (SPSS Statistics 

version 20, SPSS Inc., Chicago, IL), the normal 

distribution of data was first investigated and then, 

using one way ANOVA test and Tukey post hoc test, 

statistical comparison was performed between control 

and Exp groups at the level of p˂0.05. Results were 

presented as mean ±mean standard deviation in the 

graph (GraphPad Prism 6, Inc., San Diego, CA, USA) 

and table. 

RESULTS AND DISCUSSION 

In Exp groups 1, 2 and 3 (Figure 1A) a significant 

decrease in body weight (Figure 1A) was observed 

compared to the control group (p˂0.05). There was no 

difference in liver weight (Figure 1B) in Exp groups 1 

and 2 compared to the control group (p˃0.05), but in 

Exp group 3, a significant decrease was observed 

compared to the control group (p˂0.05). There was no 

difference in serum levels of Alt, Alp and Bil (Figure 

1C, 1D and 1E, respectively) in Exp groups 1 compared 

to the control group (p˃0.05), but in Exp groups 2 and 

3, a significant increase was observed compared to the 

control group (p˂0.05). A significant increase in serum 

AST levels (Figure 1F) was observed in Exp groups 1, 

2 and 3 compared to the control group (p˂0.05). Also, a 

significant decrease in serum levels of TP and Alb 

(Figure 1G and 1H, respectively) was observed in Exp 

groups 1, 2 and 3 compared to the control group 

(p˂0.05). In the present study, the administration of 

Sertraline in doses of 5, 10 and 20 mg/kg of body 

weight caused liver necrosis, weight loss and liver 

weight loss in Exp groups. Also, serum levels of Alt, 

AST, Alp and Bili also increased, while serum levels of 

Alb and TP decreased. Sertraline is one of the most 

common Serotonin reuptake inhibitors, which is 

considered as a safe drug during pregnancy (Molenaar 

et al. 2020). Plasma concentrations of Sertraline may 

decrease or increase during pregnancy, but no clear 

association has been found between different doses of 

Sertraline and its associated clinical effects. Although 

the rate of Sertraline passage through the placenta is 

very low, its side effects on fetal tissues and organs are 

unclear. Sertraline is generally a weak compound that 

binds to two plasma proteins, Albumin, and more to 

alpha 1-acid-glycoprotein. Plasma levels of Albumin 

and alpha-1-acid-glycoprotein decrease during 

pregnancy so they can affect the plasma concentration 

of Sertraline (Heinonen et al. 2021). At birth, however, 

plasma Albumin concentrations in infants are usually 

higher than in mothers, while the plasma concentration 

of alpha 1-acid-glycoprotein is one third of the maternal 

plasma concentration (Ewing et al. 2015).  

The enzyme family of cytochrome P450 plays an 

important role in the metabolism of Sertraline to its 

major and weak metabolite, dismethylsertraline 

(Huddart et al. 2020). It seems that any change in the 

expression of cytochrome P450 family enzymes can 

affect  the plasma  concentration of  Sertraline.  One  of 

these factors is pregnancy, which can induce changes in 

the activity of metabolic enzymes (Westin et al. 2017).  
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Figure 1. Comparison of mean and standard deviation of mean A) body weight, B) liver weight, C) Alt, D) Alp, E) Bili, F) AST, G) TP and H) 

Alb levels in control, Exp groups 1, 2 and 3. a (p˂0.05): compared with the control group. 

Serotonin is a neurotransmitter that plays an 

important role in controlling the appetite and it is 

directly related to the amount of Tryptophan in the diet 

and its amount in the brain changes as the amount of 

Tryptophan decreases or increases. Serotonin receptors 

inhibit the function of neuropeptide Y, a potent 

stimulant of hunger and food absorption.  Decreased 

activity of this neuropeptide may be associated with 

increased activity of Leptin. Leptin is made by adipose 

tissue in the human body and travels to the brain 

through the bloodstream, acting on hypothalamic 

receptors and reduces the appetite (Yabut et al. 2019). 

Given the abovementioned, it is possible that Sertraline 

drug increases Leptin by increasing brain Serotonin and 

A 
B 

C D 

E F 

G H 
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decreasing the function of neuropeptide Y, resulting in 

decreased appetite and weight loss. 

Serotonin reuptake inhibitors are commonly known 

to reduce serum levels of inflammatory cytokines such 

as TNF-α and IL-1β in patients with major depressive 

disorder (Hannestad et al. 2011). However, the effects 

of these Serotonin reuptake inhibitors, such as 

Sertraline, appear to be possible at low doses. The 

studies show that the administration of high doses of 

Sertraline in rats is associated with increased TNF-α 

and IL-1β mRNA expression (Sitges et al. 2014). In the 

present study, with increasing the dose of Sertraline, 

further destruction of liver tissue was observed. 

Therefore, due to the dose-dependent effects of the 

drug, the destruction of the liver parenchyma and the 

reduction of liver cell density could be a reason for 

weight loss. 

Histopathological examination showed that (Figure 

2) in the control group, the liver tissue is healthy and 

hepatocyte cells are regular and dense (Figure 2A). 

However, liver tissue degradation was observed in all 3 

Exp groups. In Exp group 1, the liver parenchyma was 

slightly necrotic and some empty spaces were observed 

between hepatocyte cells (Figure 2B). In Exp groups 2 

(Figure 2C) and 3 (Figure 2D), the liver parenchyma 

had moderate to severe necrosis, respectively, and 

empty spaces were observed between hepatocytes. In an 

in vivo study, significant morphometric and hepatic 

histological changes, such as hepatocyte necrosis and 

hydropic degeneration, were detected in Sertraline-

treated rabbits orally (8 mg/kg) for 9 weeks, which was 

consistent with the histopathological results of this 

study. It was suggested that, the hepatic necrosis could 

indicate oxidative stress by glutathione depletion as a 

consequence of Sertraline toxicity (Almansour et al. 

2018). The studies represent that Sertraline 

consumption during pregnancy is associated with short-

term and long-term adverse effects in children (Shen et 

al. 2017). Other studies also indicate that Sertraline can 

induce oxidative DNA damage and increase the level of 

cellular apoptosis (Jajoo et al. 2020). The studies 

suggest that Sertraline has teratogenic and toxic effects 

 

 
Figure 2. Optical photomicrograph of liver tissue of male rats born to mothers treated with Sertraline. A) In the control group, liver tissue has a 

normal structure, and healthy hepatocytes are observed. B) In the Exp1 group, very mild necrosis of liver tissue is observed. Damage 

and structural changes in liver tissue are minor (yellow arrows). C) In the Exp2 group, liver tissue necrosis is observed. Damage and 

structural changes in liver tissue are moderate (yellow arrows). D) In the Exp3 group, liver tissue necrosis is very severe and large 
vacuole spaces are observed between hepatocyte cells (yellow arrows). (E&H staining, 40X) 
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on the fetus. It seems that Sertraline can increase 

Serotonin (5-HT) receptors by altering Serotonin 

reuptake. 5-HT, as a messenger molecule, regulates 

many developmental events such as replication, 

migration, differentiation, and gene expression. 

Therefore, Sertraline seems to cause damage to various 

fetal tissues such as the liver by increasing Serotonin 

levels and increasing 5-HT (Wise et al. 2020). It has 

been suggested that some antidepressants, such as 

Sertraline and Fluoxetine, may inhibit P450 family 

enzymes, thereby increasing toxic metabolites in the 

liver. Therefore, it seems that the cause of liver necrosis 

is the increased serum levels of Alt, AST, Alp and Bili, 

as well as decreased Alb and TP in this study and the 

teratogenic and toxic effects of Sertraline on liver’s 

development and function in male rats that is consistent 

with previous studies (Friedrich et al. 2016). 

CONCLUSION 

Dose-dependent administration of Sertraline in 

pregnant rats causes hepatic necrosis, increases serum 

levels of Alt, AST, Alp, and Bili, and decreases Alb and 

TP in their male neonates during 28 days. Sertraline at 

the maximum dose (20 mg/kg of body weight) has the 

most destructive effects on liver tissue. Therefore, it is 

recommended to use this drug with more caution during 

pregnancy. 
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