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Abstract

Bisphenol A (BPA), an important component of the plastics industry, is characterized as an 
endocrine disrupting toxic substance for aquatic organisms. This study focused on the toxic effects 
of BPA on endangered Danube sturgeon larvae (Acipenser gueldenstaedtii). In the study, LC50 values 
for five different BPA concentrations (100, 200, 400, 800, 1200 µg/L) were observed as 803.4 µg/L,  
63.1 µg/L, and 39.6 µg/L at 24th, 48th and 72nd hours, respectively. Especially, the lethal effect of BPA 
on the larvae was remarkable after the 24th hour. On the other hand, histopathological changes were 
examined based on the LC50 value at the 24th hour. Vacuolization symptom was noted in the gills of the 
larvae. In addition, vacuolization and melanomacrophage centers caused a severe degradation in liver 
and kidney tissues of BPA group. In the intestine, the number of goblet cells per ville was lower in the 
BPA group. As a result, it has been proven by LC50 and histopathological studies that BPA has high 
toxicity in A. gueldenstaedtii larvae.
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Introduction

Concerns over Bisphenol A (BPA) have increased 
in the last four decades due to its widespread use and 
consequent release to the environment [1]. It is obvious 
that the increase in plastic production every year will 
bring BPA accumulation to critical levels in aquatic 
environments. The annual production of BPA, which is 
the most produced bisphenol component, has exceeded 
5 million tons [2]. It is widely used in industry as a raw 

material for various plastics such as powder paints, paper 
coatings, plastic bottles, and polycarbonate plastics [3]. 
In addition, the main usage area of BPA is industrial 
activities in epoxy resin production. BPA reaches the 
aquatic ecosystem through sewage system as a result of 
the degradation of synthetic plastics, with the discharge 
of industrial wastewater in the production processes, 
and with animal feces [4]. It has been reported that 
the presence of BPA in the river varies between 5 and  
320 ng/L [5]. Not only the presence of BPA in natural 
waters, but also studies of BPA residue on aquatic 
organisms have been reported [6].
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Animals and potentially humans are systematically, 
developmentally and reproductively adversely affected 
by BPA. BPA is responsible for altering the functioning 
of estrogenic and androgenic hormones and are known 
as endocrine disrupting chemicals (EDC), which are 
commonly found among identified pollutants in soil 
and water bodies [7]. Exposure to BPA adversely affects 
fish growth, reproduction and survival rate [8]. The 
effect of BPA is more in larval fish than in adults [9]. 
The lethal media concentration (LC50) of BPA in aquatic 
invertebrates was between 0.96-2.70 mg/L, while it 
ranged from 6.8 to 17.9 mg/L in fish [10].

BPA exposure always poses a danger up to death 
for organisms in aquatic ecosystems. The toxic effect  
of BPA can be seen in natural conditions as well as 
among the future problems for aquaculture. In this 
context, Danube sturgeon (Acipenser gueldenstaedtii) 
is a species worth researching with its aquaculture 
potential and its presence in natural waters. In addition, 
A. gueldenstaedtii, which is critically endangered 
species, has delicious meat and caviar with high 
commercial value, revealing its significance for 
aquaculture and fisheries [11]. Since it takes many years 
to reach sexual maturity, the physiological responses of 
this fish to reproductive toxic substances such as BPA 
should be investigated. This study reveals the LC50 
concentration of A. gueldenstaedtii larvae against BPA. 
In addition, the morphological and histopathological 
alterations of the larvae were also examined in the BPA 
concentration at the 24th hour. The lack of previous 
studies on the potential effect of BPA, especially on 
sturgeon larvae, is an important novelty that will fill this 
gap in the literature.

Experimental

Experimental Design and Water Quality

Trials were established in toxicology laboratory, 
Recep Tayyip Erdoğan University, Rize, Türkiye. 
Sturgeon larvae (<1 g; older than 4 days”90 day/ºC”) 
were inseminated from broodstock in Aquaculture 
Application and Research Center. A total of six different 
concentrations (Control, 100, 200, 400, 800, 1200 µg/L) 
including control were designed in triplicate. 10 fish 
were monitored for 72 hours for each replicate. Larvae 
were fed with Artemia nauplii 6 times a day. The 
study was carried out with a 12 h light and 12 h dark 
photoperiod. Behavioral changes and deaths of the fish 
were regularly monitored and noted.

Stock solution was prepared by dissolving BPA with 
ethanol (99% purity, analytical grade, Sigma Chemicals, 
Inc. St. Louis, MO, USA). The study was carried out 
with underground water in each 1 L beaker. Aeration is 
provided with air stones placed in each beaker at a flow 
rate that will not adversely affect the larvae. Daily water 
changes were applied to prevent the larvae from being 
affected by the water quality. Water quality parameters 

were monitored daily. Accordingly, pH, dissolved 
oxygen (DO; mg/L), temperature (°C), salinity (‰) 
and electrical conductivity (EC; µS/cm) were measured 
instantaneously with a portable multi-parameter (Hach, 
HQ40D 58258- 00).

Histological Examinations

At the end of the 72th h, the fish exposed 800 
µg/L BPA were anesthetized for histopathological 
examination. Gill, liver, kidney, and intestinal tissues 
were fixed in 10% neutral buffered formalin during one 
day. Subsequently, samples were placed to 50% ethanol 
solution for two days. Tissues were treated with alcohol 
(%80, %90, %95, and %100 for 15 min, respectively) 
and xylene series (10 min×2 times). Tissues were placed 
in the paraffin at +65ºC for 1 night after series. Next 
day, paraffin has cooled and samples with a thickness 
of 0.5 microns were taken to microscope slide from 
paraffin-blocked tissues using a microtome. Preparates 
were treated by xylene (1.5 h×2 times) and stained by 
hematoxylin (10 min) and eosin (5 min). Finally, tissues 
on the preparate were examined by light microscopy 
[12].

Statistical Analyzes

Water quality parameters were presented in mean ± 
standard deviation. The LC50 value of BPA on sturgeon 
larvae was tested by Probit analysis. Normality of 
variance were detected based on Kolmogorov Smirnov 
test. One-way ANOVA were used to determine 
differences between concentration groups for the water 
quality. A maximum p value of 0.05 was considered 
in order to interpret statistical differences. All data-
set were analyzed by SPSS 25 software package for 
Windows (Version 25, IBM Corp., Armonk, New York, 
USA).

Results and Discussion

Water Quality Monitoring

Water quality parameters were monitored daily 
during 72 hours of acute exposure. Water quality 
parameters are among the limit values suitable for 
the survival standards of A. gueldenstaedtii larvae  
(7.29-7.25 mg/L, 23.2-23.6ºC, 2.48-2.66‰, and  
4.17-4.46 mS/cm for DO, temperature, pH, salinity, and 
EC, respectively). Due to the use of groundwater as  
a water source, the EC and salinity values are slightly 
higher. However, these values are also below the limits 
that will adversely affect the larvae. No significant 
differences were observed between groups for all 
water quality parameters (p>0.05). Although the larvae 
continued to feed intensively during the study, daily 
water changes were provided to prevent possible poor 
water quality. Therefore, it was ensured that histological 
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and physiological alterations were only caused by BPA. 
Previous studies have revealed that water quality is 
adversely affected by acute BPA exposure [13]. Since  
A. gueldenstadii, which spends most of its life in the 
Black Sea, is an anadromous species [14], the high 
salinity and EC in the study did not adversely affect the 
larval life.

Fish Behavior and LC50

Abnormal behavior was observed in fish exposed 
to BPA concentration during the acute trial. Especially, 
abnormal behaviors such as low mobility or stationary 
on the bottom were observed at high concentrations. 
Although DO concentration remained at normal levels, 
only gill movement was observed depending on time. 
The LC50 values of A. gueldenstaedtii larvae exposed 
to five different BPA concentrations at 24th, 48th and 
72nd hours were 803.4 µg/L, 63.1 µg/L, and 39.6 µg/L, 
respectively (Table 1). After 72 h, the fish were 
examined under a stereo microscope. Fish in the BPA 
group produced more mucus secretion than the control 
group.

Swimming behavior in fish often changes during 
stress. Therefore, slowing or accelerating the swimming 
movement in toxic studies provides information about 
the toxicity of the material. BPA exposure has been 
reported to slow down the swimming movement of fish 
in previous studies [15]. In the present study, larvae 
exposed to BPA remained stable at the bottom and only 
provided rapid gill movement. This low mobility and 
poor swimming were observed in our previous study 
[13]. Several studies have been reported showing that 
rapid operculum movement occurs under stress [16, 
17]. Toxic substances disrupt nerve cells, axons and the 
myelin sheath, altering the synthesis of neurotransmitters 
involved in behavior [18]. In general, toxic substances 
cause neurotoxic effects in fish and thus pose behavioral 
differences [17]. Skin mucus is a potential matrix for 
minimally invasive environmental monitoring in fish 
[19]. Skin mucus in fish has the ability to reflect the 
effects of stress on various biological conditions such 

as respiration, reproduction, resistance to disease 
and nutrition [20]. In the present study, the larvae of  
A. gueldenstadii exposed to BPA secreted more mucus 
than the control [17]. An increase in mucus secretion as 
a behavioral response was mentioned in another acute 
study (96 h exposure) as a result of exposure to BPA 
[13]. It is an expected hypothesis that mucus secretion 
increases with exposure to a toxic substance. However, 
future studies on the content of secreted mucus will be 
needed. Fish mucus contains a number of compounds 
such as glycoproteins, immunoglobulins, proteolytic 
enzymes and pheromones [21]. Therefore, the 
composition of the mucus will be an important indicator 
for effect of the toxic substance on fish welfare.

In the current study, LC50 values show a high 
mortality in fish, especially after the 24th hour. While 
the alarm reaction and resistance phase of acute stress 
ended within the first 24 hours, high mortality rate was 
observed with the exhaustion phase in the following 
process. BPA is classified as “moderately toxic” and 
“toxic” to the aquatic environment with an LC50 value of 
1-10 mg/L [22]. Accordingly, the current study showed 
that the LC50 value is less than 1 mg/L even at 24 hours. 
Therefore, we advocate the highly toxic effect of BPA 
for A. gueldenstadii larvae. LC50 variation of BPA for 
fish is related to age, sex, size, physiological status, 
water quality and genetic background of the fish [23]. In 
addition, the current study will shed light to researchers 
and commercial fish farming facilities with the dose 
response model in terms of BPA toxicity.

Histopathological Findings

The histopathological whole body view of A. 
gueldenstaedtii larvae were presented in the Fig. 1a). 
There are no significantly histopathological differences 
between gill tissues of control and BPA groups  
(Fig. 1(b, c)). Mild vacuolization was observed in the gill 
tissues of control group, while moderate symptom was 
detected in the BPA group. The exposure of BPA caused 
symptoms of vacuolization and melanomacrophage 
centers in the liver of larvae (Fig. 1(d,e)). Similar 

Concentration (µg/L) Total fish (n)
Number of dead fish (mortality%)

24th hour 48th hour 72nd hour

100 30 9 (30%) 18 (60%) 21 (70%)

200 30 9 (30%) 21 (70%) 24 (80%)

400 30 11 (37%) 23 (77%) 26 (87%)

800 30 12 (40%) 24 (80%) 27 (90%)

1200 30 20 (67%) 29 (97%) 30 (100%)

LC10 (µg/L) 15.68 3.41 3.31

LC50 (µg/L) 803.4 63.1 39.6

LC90 (µg/L) 41166 1168 473.2

Table 1. LC50 values of A. gueldenstaedtii larvae in 24th, 48th, and 72nd h.



Minaz M., et al.3356

symptoms were observed in the kidney of larvae  
(Fig. 1(f,g)). In addition, the degradation/distortion of 
goblet cells was detected in the intestine tissues of larvae 
exposed to BPA (Fig. 1(h,i)). The number of goblet cell 
per ville was counted 11.39±2.2 and 5.61±1.7 in the 
control and BPA groups, respectively. Accordingly, the 
number of goblet cell per ville was significantly less 
compared to control group (p<0.01; t = -8.713).

Histopathological studies are often preferred to 
demonstrate the health status of a population. Based 
on a previous study, the whole body histological view 
of a healthy A. gueldenstadii larvae was presented 
in the current study [24]. The gills are the primary 
organs in contact with water, so they are the most 
important markers for histological studies [25].  
In the present study, we focused on the histopathological 

Fig. 1. The histopathological view of A. gueldenstaedtii larvae. a) Whole body of larvae; b) Gill tissue in control group; c) Gill tissue 
in BPA group; d) Liver tissue in control group; e) Liver tissue in BPA group; f) Kidney tissue in control group; g) Kidney tissue in BPA 
group; h) Intestine tissue in control group; i) Intestine tissue in BPA group. Arrow: vaculization, star: melanomacrophage centers, and 
red circle: goblet cells in the ville.
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alterations of LC50-72 h concentration due to current 
study can be an inspiration to future studies. In this 
context, vacuolization symptoms were observed in the 
gill tissues of the control and BPA groups. There is a 
high correlation between the toxic effect of a pollutant 
and the severity of the lesion [26]. Although there was 
no significant difference between the gill tissues of the 
fish in the control and BPA groups, the BPA group was 
slightly more adversely affected than the control. It has 
been discussed before that BPA causes vacuolization 
in the gill and liver tissues of fish [8, 27]. In fish, the 
liver is the main organ for detoxification of xenobiotic 
pollutants such as BPA [26]. Therefore, the liver of 
fish is an important indicator for estimating the water 
quality of the aquatic environment. In the present study, 
vacuolization and severe melanomacrophage centers 
were observed in the liver of the BPA group. Although 
the presence of melanomacrophage centers in tissues 
is an expected situation, similar to our study, severe 
melanomacrophage center is an indicator of a response 
to toxic substance. Because macrophages are indicator 
cells of innate immunity in fish and other vertebrates 
and have the ability to phagocytosis, they have functions 
such as post-inflammatory repair, tissue regeneration 
and elimination of old cells [28]. In fish, the kidney is 
represented as a hematopoietic and osmoregulatory 
organ [26]. The kidneys are another organ that shows 
the effect of the toxic substance because it collects 
a large part of the post-branchial blood [29]. In the 
current study, vacuolization and melanomacrophage 
centers were observed in the kidney tissue, similar to 
the liver. However, melanomacrophage centers in the 
kidney tissue were more severe in the BPA group than 
in the liver. When fish encounter toxic substances in the 
aquatic environment, they react by secreting mucus by 
the skin goblet cells. On the other hand, mucus-secreting 
goblet cells in the digestive system produce a lubricant 
that protects the mucous membrane from physical and 
chemical effects during the digestion [30]. The mucus 
secretion of goblet cells is involved in the absorption 
of digestible substances in fish and all other mammals 
[31]. The distortion effect of potentially toxic substances 
on intestinal goblet cells has been discussed previously 
[32]. In the current study, the number of goblet cells per 
ville in the intestine was found to be significantly lower 
in the BPA group (p<0.01). This may be related to BPA 
degrading or distorting sensitive goblet cells.

Conclusions

In conclusions, this study presented the LC50 value of 
BPA for A. gueldenstadii larvae and explained its toxic 
effect on gill and visceral organs histopathgologically. 
Especially the lethal effect of BPA on the larvae was 
remarkable at the end of the first 24 hours. On the 
other hand, histopathological adverse effects of BPA 
on liver and kidney were observed. Negative results of 
BPA on goblet cells in the intestinal tissue were also 

highlighted. Future studies should focus on the effects 
on reproduction activity, rather than the lethal or acute 
toxic effects of larvae exposed to BPA.

Acknowledgements

We thank the scientific and administrative staff 
at Recep Tayyip Erdogan University, Rize, Turkey 
Fisheries Research Center for their valuable assistance. 
This work was supported by the Research Fund of the 
Recep Tayyip Erdogan University [grant numbers: FDK-
2023-1480].

Conflict of Interest

The authors have no relevant financial or non-
financial interests to disclose. 

References

1. MCCRACKEN K.E., TAT T., PAZ V., YOON J.Y. 
Smartphone-based fluorescence detection of bisphenol A 
from water samples. RSC Advances. 7 (15), 9237, 2017.

2. MOON M.K. Concern about the Safety of Bisphenol A 
Substitutes. Diabetes metabolism journal. 43 (1), 46, 2019.

3. HAHLADAKIS J.N., IACOVIDOU E., 
GERASSIMIDOU S. An overview of the occurrence, 
fate, and human risks of the bisphenol-A present in 
plastic materials, components, and products. Integrated 
Environmental Assessment and Management. 19 (1), 45, 
2023.

4. LIU J., ZHANG L., LU G., JIANG R., YAN Z., LI, 
Y. Occurrence, toxicity and ecological risk of Bisphenol 
A analogues in aquatic environment – A review. 
Ecotoxicology and Environmental Safety. 208, 111481, 
2021.

5. XIN X., SUN S., LI H., WANG M., JIA R. 
Electrochemical bisphenol A sensor based on core–
shell multiwalled carbon nanotubes/graphene oxide 
nanoribbons. Sensors and Actuators B: Chemical. 209, 
275, 2015.

6. CORRALES J., KRISTOFCO L.A., BAYLOR STEELE 
W., YATES B.S., BREED C.S., SPENCER WILLIAMS 
E., BROOKS B.W. Global Assessment of Bisphenol A in 
the Environment: Review and Analysis of Its Occurrence 
and Bioaccumulation. Dose-response: a publication of 
International Hormesis Society. 13 (3). 2015.

7. CATENZA C.J., FAROOQ A., SHUBEAR N.S., 
DONKOR K.K. A targeted review on fate, occurrence, 
risk and health implications of bisphenol analogues. 
Chemosphere. 268, 129273, 2021.

8. MINAZ M., ER A., AK K., NANE I.D., IPEK Z.Z., 
YALCIN A., KAYIS S. Investigation of long-term 
bisphenol A exposure on rainbow trout (Oncorhynchus 
mykiss): Hematological parameters, biochemical indicator, 
antioxidant activity, and histopathological examination. 
Chemosphere. 303, 135136, 2022.

9. BROWN A.R., GREEN J.M., MOREMAN J., 
GUNNARSSON L.M., MOURABIT S., BALL J., 
TYLER C.R. Cardiovascular Effects and Molecular 



Minaz M., et al.3358

Mechanisms of Bisphenol A and Its Metabolite MBP in 
Zebrafish. Environmental Science and Technology. 53 (1), 
463, 2019.

10. MATHIEU-DENONCOURT J., WALLACE S.J., DE 
SOLLA S.R., LANGLOIS V.S. Influence of Lipophilicity 
on the Toxicity of Bisphenol A and Phthalates to Aquatic 
Organisms. Bulletin of environmental contamination and 
toxicology. 97 (1), 4, 2016.

11. SONG H., DONG T., HU M., YAN X., XU S., HU 
H. First single-step genomic prediction and genome-
wide association for body weight in Russian sturgeon 
(Acipenser gueldenstaedtii). Aquaculture. 561, 738713, 
2022.

12. KURTOGLU İ.Z., KAYIS S., AK K., GENCOGLU S., 
DUZGUN A., ER A. Histopathology of rainbow trout 
(Oncorhynchus mykiss) and sturgeon (Acipenser baerii) 
exposed to sublethal concentrations of cement. Fresenius 
Environmental Bulletin. 25 (9), 3523, 2016.

13. MINAZ M., ER A., AK K., NANE İ.D., İPEK Z.Z., 
KURTOĞLU İ.Z., KAYIŞ Ş. Short-term Exposure to 
Bisphenol A (BPA) as a Plastic Precursor: Hematological 
and Behavioral Effects on Oncorhynchus mykiss and 
Vimba vimba. Water, Air, Soil Pollution. 233 (122), 1, 
2022.

14. FRIEDRICH T., REINARTZ R., GESSNER J. Sturgeon 
re-introduction in the Upper and Middle Danube River 
Basin. Journal of Applied Ichthyology. 35 (5), 1059, 2019.

15. AKRAM R., IQBAL R., HUSSAIN R., ALI M. Effects 
of bisphenol a on hematological, serum biochemical, and 
histopathological biomarkers in bighead carp (Aristichthys 
nobilis) under long-term exposure. Environmental Science 
and Pollution Research 2021, 1, 1, 2021.

16. NAVEIRA C., RODRIGUES N., SANTOS F.S., 
SANTOS L.N., NEVES R.A.F. Acute toxicity of 
Bisphenol A (BPA) to tropical marine and estuarine 
species from different trophic groups. Environmental 
Pollution. 268, 115911, 2021.

17. SHARMA P., CHADHA P. Bisphenol A induced toxicity 
in blood cells of freshwater fish Channa punctatus after 
acute exposure. Saudi journal of biological sciences. 28 
(8), 4738, 2021.

18. SHARMA S., BORADE J.S. Clinical profile of PCOS 
patients in a rural tertiary care hospital. International 
Journal of Clinical Obstetrics and Gynaecology. 3 (4), 01, 
2019.

19. MEUCCI V., ARUKWE A. Detection of vitellogenin 
and zona radiata protein expressions in surface mucus of 
immature juvenile Atlantic salmon (Salmo salar) exposed 
to waterborne nonylphenol. Aquatic Toxicology. 73 (1), 1, 
2005.

20. SHEPHARD K.L. Functions for fish mucus. Reviews in 
Fish Biology and Fisheries, 4, 401, 1994.

21. EKMAN D.R., SKELTON D.M., DAVIS J.M., 
VILLENEUVE D.L., CAVALLIN J.E., SCHROEDER 
A., COLLETTE T.W. Metabolite profiling of fish 
skin mucus: A novel approach for minimally-invasive 

environmental exposure monitoring and surveillance. 
Environmental Science and Technology. 49 (5), 3091, 
2015.

22. LIU F., REICHL F.X., MILZ S., WÖLFLE U.C., 
KÜHNISCH J., SCHMITZ C., STERNECKER K. 
Disrupted biomineralization in zebra mussels after 
exposure to bisphenol-A: Potential implications for molar-
incisor hypomineralization. Dental Materials. 38 (4), 689, 
2022.

23. KRISHNAPRIYA K., SHOBANA G., NARMADHA 
S., RAMESH M., MARUTHAPPAN V. Sublethal 
concentration of bisphenol A induces hematological and 
biochemical responses in an Indian major carp Labeo 
rohita. Ecohydrology Hydrobiology. 17 (4), 306, 2017.

24. GAWLICKA A., TEH S.J., HUNG S.S.O., HINTON 
D.E., DE LA NOÜE J. Histological and histochemical 
changes in the digestive tract of white sturgeon larvae 
during ontogeny. Fish Physiology and Biochemistry 199, 
14:5, 14 (5), 357, 1995.

25. DILER Ö., ÖZIL Ö., NANE İ. D., NAZIROĞLU M., 
MINAZ M., ASLANKOÇ R., ATSATAN K. The Effects 
of Bisphenol A on Oxidative Stress, Antioxidant Defence, 
Histopathological Alterations and Lysozyme Activity in 
Narrow-Clawed Crayfish (Pontastacus leptodactylus). 
Turkish Journal of Fisheries and Aquatic Sciences, 22 (10). 
2022.

26. FAHEEM, M., JAHAN, N., LONE, K. Histopathological 
effects of bisphenol-A on liver, kidneys and gills of Indian 
major carp, Catla catla (Hamilton. 1822). The Journal of 
Animal and Plant Sciences. 26 (2), 514, 2016.

27. MINAZ M., ER A., AK K., NANE İ.D., İPEK Z.Z., 
ASLANKOÇ R. Bisphenol A Used in Plastic Industry 
Negatively Affects Wild Vimba Bream (Vimba vimba). 
Turkish Journal of Fisheries and Aquatic Sciences. 23 (8), 
2023.

28. YU Y., YUE Z., XU M., ZHANG M., SHEN X., MA Z., 
XIE, X. Macrophages play a key role in tissue repair and 
regeneration. PeerJ, 10, 2022.

29. CENGIZ, E.I. Gill and kidney histopathology in the 
freshwater fish Cyprinus carpio after acute exposure 
to deltamethrin. Environmental Toxicology and 
Pharmacology. 22 (2), 200, 2006.

30. HUR S.-W., KIM S.-K., KIM D.-J., LEE B.-I., PARK 
S.-J., HWANG H.-G., LEE Y.-D. Digestive Physiological 
Characteristics of the Gobiidae. Development 
Reproduction. 20 (3), 207, 2016.

31. KÖSE Ö., KARABULUT H.A., ER A. Dandelion root 
extract in trout feed and its effects on the physiological 
performance of Oncorhynchus mykiss and resistance 
to Lactococcus garvieae infection. Annals of Animal 
Science. 2023.

32. MOHANTA M.K., SALAM M.A., SAHA A.K., 
HASAN A., ROY A. Effects of Tannery Effluents on 
Survival and Histopathological Changes in Different 
Organs of Channa punctatus. Asian J. Exp. Biol. Sci. 1 (2), 
294, 2010.


