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ABSTRACT 

Amitriptyline is a tricyclic antidepressant that is frequently used in the 
treatment of many neuropathic and inflammatory diseases as well as 
depression. As a result of contamination to the aquatic environment, the 
effects of amitriptyline antidepressant, which has long lasting properties, 
on the serum biochemistry of gilthead sea bream fish was investigated in 
this study. For this purpose, gilthead sea bream were exposed to 
amitriptyline concentrations of 0.2 µg/L, 10 µg/L, 100 µg/L and 1000 
µg/L for 14 days. Glucose, albumin, globulin, total protein, triglyceride, 
cholesterol, aspartate aminotransferase, alanine aminotransferase, alkaline 
phosphatase and lactate dehydrogenase biochemical parameters were 
determined from the blood serum samples of the fish taken on the 7th and 
14th days of the study. Significant changes occurred on the 14th day in the 
values of triglyceride, cholesterol, aspartate aminotransferase, alkaline 
phosphatase and lactate dehydrogenase, which did not show a significant 
difference on the 7th day. These results reveal that different amitriptyline 
concentrations cause negative changes in the fish biochemistry. 

Amitriptilinin Çipura (Sparus aurata) Serum Biyokimyası 
Üzerindeki Etkisi 

ÖZET 

Amitriptilin, depresyonun yanında, birçok nöropatik ve inflamatuar 
hastalığın tedavisinde sıklıkla kullanılan trisiklik antidepresandır. Bu 
çalışmada, sucul ortama karışması sonucunda uzun süre kalıcılık gösterme 
özelliğine sahip olan amitriptilin antidepresanının çipura (Sparus aurata) 
balıklarının serum biyokimyasına olan etkisi araştırılmıştır. Bu amaçla 
çipura balıkları 14 gün boyunca 0,2 µg/L, 10 µg/L, 100 µg/L ve 1000 
µg/L’lik amitriptilin konsantrasyonlarına maruz bırakılmıştır. Çalışmanın 
7. ve 14. gününde alınan balıkların kan serum örneklerinden glukoz, 
albumin, globulin, total protein, trigliserid, kolesterol, aspartat 
aminotransferaz, alanin aminotransferaz, alkalen fosfataz ve laktat 
dehidrogenaz biyokimyasal parametreleri belirlenmiştir. 7. günde anlamlı 
bir farklılık göstermeyen tüm serum biyokimya parametrelerinden, 
trigliserid, kolesterol, aspartat aminotransferaz, alkalen fosfataz ve laktat 
dehidrogenaz değerlerinde 14. günde anlamlı değişimler meydana 
gelmiştir. Bu sonuçlar farklı amitriptilin konsantrasyonlarının balık 
biyokimyasında olumsuz yönde değişimlere neden olduğunu ortaya 
koymaktadır.

 

 

Article Info 

*Corresponding author: 

Institution:2 Çanakkale Onsekiz 
Mart University, Faculty of Arts 

and Sciences, Department of 
Biology, Çanakkale, Turkey  

e-mail: nihanakinci2@gmail.com 
 

ORCID: 0000-0002-3917-6412 

 
1 Kastamonu University, Faculty 

of Aquaculture and Fisheries
3Çanakkale Onsekiz Mart 

University, Marine Science and 
Technology Faculty

Article history 

Received:  30.03.2022 

Accepted: 13.04.2022 

Available online: 29.04.2022 

Keywords:  

Antidepressant, Biochemical 
activity, Aquatic environment  

Anahtar Kelimeler:  

Antidepresan, Biyokimyasal 
aktivite, Akuatik çevre 

How to Cite: O.N. Kenanoğlu, N 
Akıncı Kenanoğlu, S. Yılmaz, S. 

Bilen, " Effect of Amitriptyline on 
Serum Biochemistry of Gilthead 

Sea Bream (Sparus aurata)", 
Environmental Toxicology and 

Ecology, c. 2, sayı. 1, ss. 66-75, Nis. 
2022. 

 

 

 

 



                                                     
© Environmental Toxicology and Ecology                                       
 2022, Vol. 2 (1)  
 e-ISSN: 2757-9719              

 

  
O.N. Kenanoğlu, N Akıncı Kenanoğlu, S. Yılmaz, S. Bilen, " Effect of Amitriptyline on Serum Biochemistry of Gilthead Sea Bream 
(Sparus aurata)" 

67 

 

1. INTRODUCTION 

Amitriptyline is a tricyclic antidepressant that has been widely used in the world for many years 
due to its high efficacy and low cost [1-3]. Acting as a serotonin and noradrenaline reuptake 
inhibitor, amitriptyline is widely prescribed to treat depression, severe neuropathic and 
inflammatory diseases in both humans and animals [2-5]. It is known that amitriptyline ranked 
56th (5.91 tonnes) among the 100 most consumed pharmaceutical compounds by mass in the 
UK in 2000 [6]. 

Studies of amitriptyline on aquatic organisms are very scarce [2]. However, it has been reported 
that amitriptyline is present in low detectable concentrations in aquatic environment [2,4]. 
Amitriptyline can be detected up to 72 ng/L in surface waters and up to 223 ng/L in wastewater 
treatment plant wastes [7-10]. Amitriptyline at concentrations as low as 10 ng/L can impair the 
immune system of aquatic organisms and affect their reproduction, growth and development 
[2,10-12]. Along with these findings, it is stated that amitriptyline has the potential to 
bioaccumulate and is observed up to 1.8 ng/g in aquatic organisms [9-10,13-14]. It has been 
reported that amitriptyline is one of the five substances that may cause problems on aquatic 
organisms in the future, based on accumulation and biodegradation in sewage treatment plants 
[6]. In addition, the classification of chronic aquatic toxicity of amitriptyline hydrochloride is 
indicated as very toxic effect, long-term persistence in the aquatic environment [15]. 

It has been reported that gilthead sea bream exposed to amitriptyline at doses of 0.2 μg/L and 
10 μg/L for 7 days had residues in the brain and gill tissues, and 33 amitriptyline metabolites 
were encountered in gall, liver and plasma [10]. In another study, it was determined that sea 
bream exposed to 0.2 μg/L amitriptyline for 7 days had changes in the brain and liver 
metabolome [14]. 

In a study on investigating the effect of amitriptyline at 1, 10, 100 ng/L, 1, 10, 100 μg/L  and 1 
mg/L concentrations on zebrafish (Danio rerio) embryos, it was determined that both 
incubation time and body length in embryos were significantly reduced due to increasing 
concentrations of amitriptyline [2]. They also found that amitriptyline caused changes in 
physiological and biochemical parameters in zebrafish embryos [2]. In the mentioned study, it 
was stated that the negative effects of amitriptyline on fish embryos could be measured at 
concentrations as low as ng/L levels [2]. 

When the results of these studies are evaluated together, amitriptyline, which is used 
extensively in veterinary and medicine, can cause various problems on aquatic organisms with 
the increasing residue problem as a result of contamination to wastewater, however, it is seen 
that the studies in this field are quite limited. The aim of this study is to determine the 
biochemical effects of 0.2 µg/L, 10 µg/L, 100 µg/L and 1000 µg/L concentrations of 
amitriptyline antidepressant, which is reported to have long-term persistence in sea water and 
in the aquatic environment, on gilthead sea bream fish. 
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2. MATERIAL and METHODS 

The fish, obtained from Çanakkale İda Gıda Tarımsal Üretim İç ve Dış Pazarlama A.Ş., were 
brought to Çanakkale Onsekiz Mart University Faculty of Marine Sciences and Technology 
Live Source Laboratory, where the study was carried out, for acclimatisation. At the end of the 
2-week acclimatisation period, 150 Sparus aurata with an average weight of 20 ± 5 g (average 
mean ± S.D.) were used for the study. After an adaptation period, the fish were transferred into 
15 tanks (180 L) as 10 for each group in triplicate. The natural sea water used for the experiment 
was transferred to the aquariums after the necessary filtration processes. The temperature, 
salinity and pH of the sea water was determined as 22±0.5℃, ‰26 and 8.04, respectively. 
Photoperiod was set to 14 hr:10 hr (light:dark). Required ethics committee approval was 
approved by Çanakkale Onsekiz Mart University Animal Experiments Local Ethics Committee 
with the decision numbered 2021/08-07. 

2.1.  Chemical Used in the Study and Its Application 

Amitriptyline antidepressant was used in this study. For this purpose, a commercial preparation 
containing 28.30 mg of amitriptyline hydrochloride equivalent to 25.0 mg of amitriptyline was 
obtained. Dose range was determined and implemented in experimental aquariums as 0 
µg/L(control), 0.2 µg/L, 10 µg/L, 100 µg/L and 1000 µg/L concentrations based on previous 
studies [2,10]. Water inlet and outlet were stopped in the aquariums for 14 days during the 
experiment. 

On the 7th and 14th blood sampling days, fish were anesthetized with 20 mg/mL clove oil, which 
is a natural product and widely used [16]. Then, in order not to mix the blood with the mucous 
membrane, after thoroughly cleaning the posterior part of the anal fin with alcohol, 
approximately 500 µL of blood was collected by entering the caudal vein with an insulin 
injector without harming the fish. Blood samples were placed in serum tubes and centrifuged 
at 5000 g for 10 minutes. Obtained serum samples were stored at -80 °C until the time of 
biochemical analysis. 

2.2. Biochemical Analysis 

Biochemical analyzes of blood serum were performed spectrophotometrically using a 
commercial kit (Bioanalytic) used in fish experiments [17]. Glucose (GLU), albumin (ALB), 
globulin (GLO), total protein (TP), triglyceride (TG), cholesterol (CHO), Aspartate 
transaminase (AST), alanine aminotransaminase (ALT), alkaline phosphatase (ALP) and 
lactate dehydrogenase (LDH) biochemical parameters were determined. 

2.3. Statistical Analysis 

SPSS v.17 package program (SPSS Inc., Chicago, IL, USA) was used to statistical analyze of 
all data obtained from this study. Tukey test was performed at 95% confidence level to 
determine the differences between the groups. 
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3. RESULTS and DISCUSSION  

It is known that blood parameters of fish are affected by various factors as health status, season, 
age, water quality variables, sex, genetic characteristics, nutrition, transportation, other 
environmental factors, sampling and laboratory analysis methods [18-20]. While amitriptyline 
can be found at low concentrations in aquatic environments, it has been reported in various 
studies that it causes damage to aquatic organisms even at these concentrations [2,7-12]. The 
aim of this study is to reveal the changes in the biochemical parameters of gilthead sea bream, 
caused by amitriptyline antidepressant. 

At the end of the study, the changes in biochemical parameters of GLU, ALB, GLO, TP, TG, 
CHO, AST, ALT, ALP and LDH from biochemical analyzes are given in Figure 1, respectively. 

In this study, it was determined that GLU levels did not differ significantly on the 7th and 14th 
days compared to the control (P>0.05) (Fig. 1a). The amount of GLU in the blood is the most 
important parameter that determines the stress status of fish [21-22]. It is known that increased 
GLU affects stress hormones, such as adrenaline, in muscle and liver [22-23]. It has been 
reported that persistent hyperglycemia often causes slow growth in fish [22,24]. 
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(e) (f) 

(g) (h) 

(i) (j) 
Figure 1. The serum parameters of gilthead sea bream exposed to amitriptyline on days 7th and 14th, a) GLU, b) 
ALB, c) GLO, d) TP, e) TG, f) CHO, g) AST, h) ALT, i) ALP and j) LDH (P<0,05) 

According to our findings, there was no significant change in the GLO levels of gilthead sea 
bream exposed to amitriptyline compared to the control (Fig. 1c) (P>0.05). GLO, a protein that 
is insoluble in water but soluble in dilute salt water, is a simple protein that precipitates in a 
medium semi-saturated with ammonium sulfate or saturated with sodium and magnesium 
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sulfate [28]. In some immune system diseases, an increase in the amount of GLO occurs [28-
29]. 

In the present study, no significant change was found between the groups in TP values on the 
7th and 14th days (P>0.05) (Fig. 1d). TP in the blood is considered as an element of the non-
specific immune system and provides information about the state of the immune system 
[22,27,30]. Serum protein is suppressed as a result of various stress sources and prolonged 
fasting conditions [21-22,26]. Therefore, the increase in TP will enable the fish to be more 
resistant to stress conditions.  

Considering the TG values on day 14th of our study, it was determined that the doses of 100 
µg/L and 1000 µg/L showed a significant increase compared to the control group (P<0.05) (Fig. 
1e). With its high caloric value and low water content, TGs (triglycerides) are fatty acid esters 
of glycerol, where energy is actively stored in the fat storage [28,31]. There is a positive 
correlation between plasma TGs and CHO concentrations, which vary with age, gender, and 
diet [28,32]. TG values decrease in long-term fasting conditions [28,29].  

In this study, there was no change in CHO values on the 7th day. A difference was detected in 
the 100 µg/L and 1000 µg/L dose groups compared to control and 0.2 µg/L doses on the 14th 
day and this difference was in the form of an increase (P<0.05) (Fig. 1f). CHO, a component of 
plasma membranes in all eukaryotic organisms, is essential for cell survival and growth in 
higher organisms. However, the buildup of CHO ester plaques can cause atherosclerosis, so 
excess CHO can be lethal. CHO is also a precursor to steroid hormones such as testosterone, 
progesterone, estradiol, and cortisol [33-34]. In a study on human CHO and fatty acid 
biosynthesis of antidepressant drugs, it was determined that antipsychotic drugs activate sterol 
regulatory element binding protein (SREBP) transcription factors in human and rat glial cells, 
resulting in upregulation of many downstream genes involved in CHO and fatty acid 
biosynthesis [35]. 

ALT, AST, ALP and LDH enzymes found in blood serum have been accepted as stress 
indicators and are widely used in the diagnosis of fish diseases and in the detection of tissue 
damage caused by environmental pollution [36]. As a result of this study, no change was 
observed in the AST, ALT, ALP and LDH values between all groups on the 7th day, while a 
decrease was observed in the AST, ALP and LDH values on the 14th day of the 100 µg/L and 
1000 µg/L dose groups compared to the control group (P<0.05) (Fig. 1g, Fig. 1h, Fig. 1i, Fig.1j). 
These results showed that sea bream exposed to high concentrations of amitriptyline for 14 days 
became stressed. In a study of hematological and biochemical changes induced by the 
antidepressant amitriptyline in male rats, it has been reported that significant increases in ALP, 
AST, lipid profiles (CHO, TGs, LDL and HDL) in amitriptyline-treated rats compared to the 
control group [37]. 

Unlike our results (P>0.05), which found that amitriptyline caused significant changes in AST, 
ALP, LDH and cholesterol values in gilthead sea bream, in a study on examining the changes 
in biochemical parameters of trout (Oncorhynchus mykiss) as a result of contamination of 
sertraline antidepressant with water from food sources, no significant difference was found 
between the control and experimental groups for these parameters [38]. Similar to our results, 
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it was also stated that there was no dose-related change in GLU, ALB and TP values, the 
difference between the control and experimental groups was insignificant [38]. In a study on 
investigating the effect of amitriptyline on the liver of male rats, it was determined that high 
dose of amitriptyline increased affect the liver activity by increasing all liver enzymes due to 
the cytotoxic effects of amitriptyline [37,39]. 

1. CONCLUSIONS and FUTURE OUTLOOK  

As a result, according to the findings obtained in this study, it was determined that there were 
significant changes in some serum biochemical parameters of fish exposed to amitriptyline 
antidepressant for 14 days. We think that there is a need to investigate the physiological, 
hematological and genotoxic effects of amitriptyline in fish in future studies. 
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