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Abstract

Heavy metals are ubiquitous and deleterious contaminant present in the aquatic ecosystem. Their concentration has increased magnificently 
due to anthropogenic wastes, geochemical composition, farming and mining activities. Fishes are susceptible to heavy metal contamination and fishes 
live in aquatic environment which made them 
inevitable exposure to heavy metal. The 
excess release of contaminants into aquatic 
ecosystem has forced the fish to accumulate 
more heavy metal in their tissues. However, 
fishes reproduce in natural ecosystem which 
might have contaminated with heavy metal. 
Fish reproduction is the key process for fish 
recruitment in natural ecosystem and 
inevitable for aquaculture production. 

Water quality in terms of heavy 
metal contamination has a definite impact on 
fish reproduction. Hence, it is important to 
know the consequence of heavy metals on 
aquatic ecosystem and their effect on fish 
reproduction. Several reviews and reports 
are available that deals with the effect of 
heavy metals on fish health, blood 
biochemical changes and histological 
changes, cellular and physiological stress in 
vital organs but few comprehensive reports 
on toxic effect of heavy metals on fish 
reproduction are available. 

Heavy metals are reported to cause reproductive disruption in fish, inhibiting induction of vitellogenin, delaying oogenesis, enhancing luteinizing 
hormone secretion, declining parameters of gonadal somatic index and ovulation in fish. Therefore, this review paper presents a holistic details on the 
toxic effects of heavy metal on fish reproduction with special reference to male and female reproductive system. 
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Fish reproduction process: Fish reproduction involves variety 
of process and there exists variation among different fishes. For 
example, breeding process varies between freshwater and 
marine species, fish do internal or external fertilization process 
(Behera et al., 2010). Fish can be semelparous (spawn only once 
in the lifetime) or iteroparous (spawn more than once in lifetime). 
The fish reproduction mostly depends on the environmental 
factors. These environment factors stimulate the pineal organ in 
brain which in turn activates the hypothalamus to produce 
gonadotrophin releasing hormone (GnRH). These GnRH 
stimulates the production of gonadotrophin in pituitary gland and 
release it in the blood stream, activate gonads to release steroids 
involved in the maturation and spawning of fishes (Fig. 1). In most 
teleost fishes, external fertilisation occurs and the reproduction 
success mostly depends on the environment factors. 

Effect of heavy metals on reproductive hormone: 
Reproductive hormones are essential for the successful 
reproduction of fish (Cao et al., 2019). One of the most important 
hormones in the regulation of reproduction is gonadotropin 
(GTH). GTH has two distinct structural and chemical roles, as well 
as two different forms. GTH-I is engaged in vitellogenesis or 
spermatogenesis (the initial step of gametogenesis) whereas 
GTH-II is involved in spermiogenesis and spermiation (Mehdi 
Yousefian and Seyed Ehsan Mousavi, 2011). The hypothalamus 
releases GnRH, a gonadotropin-releasing hormone, which 
causes the pituitary to release and synthesise GTH, remarkably 
FSH and LH. FSH and LH regulates the annual gonadal 
development cycle such as sex steroids production in both sexes, 
ovulation in females and release of sperm in males (Takahashi et 
al., 2016). FSH and LH, in turn, can promote steroidogenesis and 
gonad gametogenesis (Kim et al., 2014).

Gonadotropic hormones are then delivered to the 
gonads, where they produce steroidogenesis, which results in the 
production of sex steroid hormones that govern the reproductive 
process while disrupting hypothalamus and pituitary regulatory 
processes via feedback mechanisms (Nagahama and 
Yamashita, 2008). As a result, gonadotropin secretion disruption 
can have a significant impact on fertility. Fish reproductive 
hormone synthesis is disturbed when the hypothalamic-pituitary 
system is compromised. Another reproductive hormone, 
testosterone, is involved in the development of gonads toward the 
conclusion of the menstrual cycle and acts as a precursor to 
estradiol production (Barannikova et al., 2002). 

Females are the main producers of estradiol (E2). It also 
has a crucial role in men, regulating spermatogonia proliferation 
and Sertoli cell function, both of which are regulated by nuclear 
oestrogen receptors (ERs). ERs are important in sexual 
differentiation and maturation, such as testicular development, 
oogenesis, and vitellogenesis. (Kim et al., 2014). Estradiol 
hormone is necessary for calcitonin induction, which impacts 
vitellogenin secretion and oocyte development. Testosterone (T) 
levels rise as the gonads mature in both male and female fish (Li 
et al., 2016). Males' testicular growth is influenced by T and 11-

Introduction

Heavy metals are among the most hazardous and widely 
distributed contaminants that naturally occur as trace elements in 
the hydrosphere, but their concentration has risen dramatically 
due to anthropogenic wastes, geochemical composition, farming, 
and mining activities (Kumar et al., 2019). Heavy metals are found 
in the sediments and water of natural water body (Samanta et al., 
2020). Fish are one of the most widely spread species in the 
aquatic environment, and they are more vulnerable to heavy 
metal contamination. Heavy metals including copper, iron, and 
zinc are essential for fish metabolism (Joseph et al., 2012; Solgi et 
al., 2021) whereas mercury, cadmium, arsenic and lead have no 
biological role (Ramon et al., 2021; Kumar et al., 2021). Fish 
consume trace metals from the water through skin, gills and 
through osmoregulation process which are necessary for the 
body physiological process. Due to excess pollution load in the 
aquatic ecosystem, fishes are forced to consume more heavy 
metals into their body and have more pronounced effects on fish 
health and also destruct the natural habitat where fish thrives.

Heavy metal toxicity in fish organs, tissues, and cells 
have been extensively researched (Baby et al., 2010; Kumar et 
al., 2018). Accumulation of heavy metals in fishes also have toxic 
effects on consuming population (Kumar et al., 2020). They may 
impact individual development rates, physiological processes, 
mortality, and reproduction in fish (Sfakianakis et al., 2015), and 
also have a harmful effect on fish immune, blood biochemical 
parameters, cellular oxidative stress, and other organs (Zhang et 
al., 2017; Lee et al., 2019). Reproduction is one of the most 
critical physiological systems in the life cycle of all living 
species, including fish (Suresh et al., 2017; Sahoo et al., 2018; 
Sarkar et al., 2021). As compared to the terrestrial animals, fish 
reproduction process is quite complex since most fishes 
fertilize externally and the reproduction success mostly 
depends on the water quality (Bhakta et al., 2021; Behera et al., 
2015). Reproductive functions, according to Mekkawy and 
Hassan (2011) are a significant component in determining the 
dynamics of fish populations. Heavy metals have been 
discovered to interfere with gametogenesis by influencing the 
quality and number of gametes, as well as the endocrine 
system (Carnevali et al., 2018; Gallego et al., 2019). 

Many studies have reported that heavy metals affect fish 
reproduction by lowering the gonado somatic index (GSI) 
(Gerbron et al., 2014), inhibiting hormone reproduction (Ebrahimi 
et al., 2011), wincing oocyte diameter (Alquezar et al., 2006), 
changing reproductive behaviour (Bertram et al., 2015), and 
increasing fish larval abnormalities (Sfakianakis, 2015). Despite 
the fact that various research have been conducted on the 
effects of heavy metals on fish reproduction, there is no 
comprehensive worldwide study and report on the harmful 
effects of metals on fish reproduction and their impact on fish 
recruitment and loss. This review article discusses the harmful 
effects of heavy metals mainly cadmium, lead, copper, mercury 
on fish reproduction from the available literature. 
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energy available for growth in fish (McGeer et al., 2015). 
Pollution-induced decreases in hormone levels can serve as 
valuable biomarkers and resources for assessing the effects of 
stresses on fish (Ghazala et al., 2014). Cadmium is an extremely 
hazardous metal for fish, acting as an endocrine disruptor with a 
variety of reproductive effects, including changes in secondary 
sexual characteristics, elevated level of 11-ketotestosterone 
(Sellin and Kolok, 2006), decrease in gonadosomatic index (Drg-
Kozak et al., 2018), and sperm motility (Acosta et al., 2016), and 
alter in Cadmium exposure resulted in a decrease in oestrogen 
levels in Nile Tilapia (Luo et al., 2015). Garriz et al. (2017) found 
that pejerrey males exposed to Cd had higher levels of 
Gonadotrophin-releasing hormone expression. Cd may prevent 
enzymes involved in gonadal steroidogenesis and hepatic steroid 
metabolism from working properly. Increase LH level in blood 
plasma coupled with  delay in gonad maturation was found in 
Carassius gibelio B when exposed to 0.4 ppm or 4 ppm cadmium 
concentration (Kozak et al., 2018). 

-1In rainbow trout juveniles, Cd @ 0.05 mg l  or more may 
raise the levels of estradiol (E2) while both E2 and testosterone 

-1 (T) were reduced in medaka (Orizias latipes) subjected to 10 g l
Cd (Garriz et al., 2018). The brain and gonads of Girardinichthys 
viviparous subjected to relevant environmental quantities of a 
mixture of metals showed an increase in FSH, a decrease in LH, 
and changes in E2 levels (Olivares-Rubio et al., 2017). Cd 

ketotestosterone (11-KT), with 11-KT being more effective than T. 
(Kim et al., 2014). 11-KT is thought to be important for male sexual 
behaviour and LH release (Kim et al., 2014). A complex mix of 
endocrine and neuroendocrine inputs from several receptors, as 
well as local autocrine and paracrine secretion modulation and 
feedback control, are all involved in this process. Contaminants 
that disrupt the equilibrium of gonadotropin and sex hormones 
may thus have an impact on fish reproduction (Liu et al., 2010). 
Sex steroid hormones play an important role in sex differentiation, 
maturation, and reproduction (Wang et al., 2018). 

Changes in sex steroid hormones are thought to be the 
most purposeful and decisive biomarker for reproduction, and 
they are reliable with aberrant steroidogenic gene expression in 
zebrafish (Ma et al., 2012). In fish, the hormonal equilibrium 
among androgens and estrogens is critical for gonadal 
development, which is dependent on the action of P450 
aromatase (an enzyme that changes androgens to estrogens) 
(Schulz et al., 2010). Sex differentiation and gonadal 
development in fish could be affected by changes in level of sex 
hormone, such as E2 and T. The hormones oestrogen, 
progesterone, and testosterone were shown to be lower in 
Cyprinus carpio and Capoeta sp. after exposure to heavy metals 
(Ebrahimi and Taherianfard, 2011). Metal exposure may cause 
the body to expend more energy to maintain normal metabolism, 
resulting in a faster metabolic pace along with a lesser amount of 
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lowered thyroid hormone levels in rainbow trout, disturbing iodine 
metabolism, and bonded to the oestrogen receptor DNA 
sequence, influencing its transcription levels (Garriz et al., 2018). 
Furthermore, Cd was observed to disturb calcium homeostasis in 
the pituitary gland and gonads, causing hormone output to be 
disrupted. Exposure to a mixture of metals in the environment 
(Cu, Fe, Mn, Pb, Zn) leads to changes in gonadotropins and E2 
profiles in Girardinichthys (Olivares-Rubio et al., 2017). Enzymes 
concerned in gonadal steroidogenesis and hepatic steroid 
metabolism may be directly inhibited by Cd. In addition, sex 

-1mature medaka subjected to 10g l  Cd for 7 weeks showed a 
significant reduction in E2 and T levels (Tilton et al., 2003). In 
another study, Luo et al. (2015), found no differences in plasmatic 

-1levels of T for fish subjected to 50 and 100 g Cd l .

Copper is a necessary component of all living creatures, 
serving as a cofactor for key regulatory enzymes involved in 
cellular homeostasis (Belyaeva et al., 2011). Nevertheless, high 
levels of this metal pose negative effects on animal health and 
performance (Silva et al., 2014), causing disruptions in a variety of 
cellular and physiological processes, including ionic and osmotic 
regulation, antioxidant system (Zebral et al., 2019) and 
respiration (Belyaeva et al., 2011). Cu (30 days of exposure to 20 

-1and 40 g l ) decreased body weight and GSI in both female and 
male zebrafish. It was found to cause lesions, reduced gonadal 
maturation, altered plasma sex hormone concentration and 

endocrine-related gene expression profi les in the 
hypothalamic–pituitary–gonadal (HPG) axis in zebrafish (Cao  et 
al., 2019). Other fish species have also been shown to have Cu-
dependent growth inhibition (Zebral et al., 2019). The levels of 
cyp19a1b and fshb transcripts in fish exposed to Cu decreased 
(Cao et al., 2019). In female zebrafish, Cu lowered E2 and 11-KT 
levels while increasing T levels lowering E2, T, and 11-KT levels in 
male zebrafish, implying that it has endocrine disruptive potential, 
which can be induced by reproductive system damage (Cao et al., 
2019). GnRH is a key hormone in fish that controls the release 
and synthesis of gonadotropin hormone and is involved in 
reproductive behaviour regulation (Okuzawa et al., 2003). 

Any changes in GnRH or GnRHR levels in fish may 
disrupt the sex hormone equilibrium. Gonadal steroids can have 
both positive and negative feedback effects on the discharge and 
production of fsh and lh. In female fish, lh is mostly responsible for 
oocyte maturation, while fsh is mostly responsible for 
vitellogenesis (Clelland and Peng, 2009). In female fish, 
expressions of fsh and lh mRNA in the brain and ovary, were 
downregulated after Cu exposure and this may be due to the 
feedback regulation of lower E2 levels (Cao et al., 2019). 
Reduced fshr and lhr transcription in the ovary of Cu-exposed 
females could be due to lower fsh and lh mRNA generated by the 
pituitary. The pituitary hormones fsh and lh govern 
spermatogenesis in fish and are the most essential controlling 

Fig. 2: Impact of heavy metals on reproductive hormone.
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quality of various freshwater fish species like D. rerio (Coward et 
al., 2002), C. carpio (Dietrich et al., 2010) and Gymnotus carapo 
(Vergilio et al., 2015) were discussed. Exposure to Cd also 
resulted in the loss of motility and velocities (Marquez et al., 2019) 
in Prochilodus magdalenae spermatozoa. Exposure of 
Colossoma macropomum at 0, 0.6, 1.2 and 1.8 ppm cadmium 
concentration decreased motility rate of spermatoazoids and also 
fertilization and hatching rate were found to be decreased (Pinto 
et al., 2020). Cadmium exposure at 2.5 pm and 25 ppm for 27.3 
seconds duration decreased sperm motility and velocity in 
Prochilodus magdalenae (Marquez et al., 2019; Browne et al., 
2015). Furthermore, egg and sperm quality were also found to be 
decreased in Gasterosteus aculeatus when exposed to 1ppb 
concentration of cadmium for 15, 60 and 120 days (Hani et al., 
2019). Similar effects was also found in Rhamda quelen where 
20-110 ppm concentration of exposure to cadmium lead to 
reduced sperm mortility (Witeck et al., 2011) (Table 1).

In external fertilisation of fish, sperm motility facilitates 
fertilisation of oocytes and sperm before expiration of sperm 
motility time (Browne et al., 2015). Thus, sperm motility has 
directly linked to fertility and it has been used as a bio indicator of 
heavy metal-induced deleterious effects in fish. Cadmium 
reduced sperm quality by reducing rapid and medium motility, 
resulting in 46.5 and 16.4 percent inhibition of sperm motility, 
respectively, at 25 and 0.25 ppm (Marquez et al., 2019). Similar 
impacts were also reported in fishes like D. rerio (Acosta et al., 
2016) and Clarias gariepinus (Acosta et al., 2016), with sperm 

-1motility entirely inhibited at more than 50 mg l  (Eagderi et al., 
2020). In teleost fish, osmolality (i.e., Ionic alterations mediated 

2+ 2+by Ca  exchange through L- or T-type Ca  channels) (Wang et 
al., 2017) and aquaporins play a considerable role in sperm 
motility (Boj et al., 2015). Ca reduces Cd-induced toxicity in fish 
(Bielmyer-Fraser et al., 2018), and Cd disrupts Ca homeostasis 
(Bielmyer-Fraser et al., 2018; Wu et al., 2018). Fertilization 
success is also influenced by the duration of motility. Cadmium at 
25 ppm reduced the motility duration (27.3 s) by 22.3% when 
compared with the control group (p < 0.05) (Marquez et al., 2019). 
There was also a reduction in motility duration when Rhamdia 
quelen was treated with Cd concentrations in the range of 20–110 
ppm (Witeck et al., 2011). Thus, the finding of previous study 
implies that sperm motility is affected by Cd toxicity and is one of 
the possible causes of decrease in fish fertility. 

Cd toxicity effects on P. magdalenae were detected at 
concentrations as low as 0.0025 ppm (Marquez et al., 2019), a 
level that is both environmentally relevant and extremely close to 
acute maximum water quality guideline for Cd (0.0018 ppm) 
(EPA, 2016). When exposed to cadmium, Oreochromis niloticus 
and Barbodes sp. showed a decrease in sperm content and 
fertilisation capability (Nursanti et al., 2017). According to El-
Greisy and El- Gamal (2015), heavy metal contamination, notably 
cadmium, has been demonstrated to influence the development 
of common carp embryos. In Danio rerio, a concentration-
dependent Cd-induced effect was reported (Acosta et al., 2016), 
while sperm motility was completely stopped in C. gariepinus at 

major reproductive hormones in both females and males (Schulz 
et al., 2010). Fsh is mostly involved in the early stages of 
spermatogenesis, while lh is involved in the later stages of 
maturation (Schulz et al., 2010). The downregulation of 
expressions of fshr and lhr mRNA in the testis and brain of Cu-
exposed males could be due to positive feedback effects of 
restricted T synthesis. This could probably delay 
spermatogenesis and maturation. In male goldfish, similar results 
were observed while exposed to monocrotophos (Tian et al., 
2010), which showed a significant decrease in T levels as well as 
a drop in lh. Cu has been shown to form persistent complexes with 
gonadotropin-releasing hormone, affecting its activity. 

Danio rerio exposure to this metal (30 days) resulted in 
altered gonadal development due to change of transcription in 
steroidogenesis-related genes in the gonad and brain, change in 
reproductive hormonal levels (estradiol, testosterone, and 11-
ketotestosterone) (Cao et al., 2019).  In a similar study, Zebral et 
al. (2019) found that prolonged Cu exposure disrupted the 
somatotropic-axis, resulting in decreased growth in P. vivipara.  
Gonadal hormones are critical indications of mercury exposure in 
the reproductive system. The endocrine system and hormone 
production are both affected by mercury poisoning (Carvan et al., 
2017). In fish serum, TST and KT levels in male sea bream 
(Sparus aurata) exposed to HgCl , Hg has been demonstrated to 2

be a prominent endocrine disruptor and suppressor of sex 
hormones. The concentration of estradiol in several fishes was 
reported to decrease when exposed to heavy metals (Pb, Hg, Cd, 
and As) (Ebrahimi and Taherianfard, 2011).

Effect of heavy metals on testes and spermatogenesis: 
Fertilization success is the most comprehensive sperm quality 
indicator and one of the early markers of egg quality that can be 
recorded (Bobe and Labbe, 2010). A spherical nucleus, highly 
condensed chromatin, and a nuclear fossa are all features of fish 
sperm, and a variable-size midpiece with or without a cytoplasmic 
channel, but no acrosome. Spermatogenesis is the process of 
production of a large number of highly differentiated 
spermatozoa, having haploid, recombined genome and a 
structurally complete flagellum by small number of diploid stem 
cells (spermatogonia). Several studies found that heavy metals 
have an effect on sperm production (Zulfahmi et al., 2018; 
Marquez et al., 2019; Hayati et al., 2019; Zebral et al., 2019; 
Garriz et al., 2019). Heavy metals have been found to cause 
histological damage in the gonads of various fish species 
(Zulfahmi et al., 2018; Garriz et al., 2019). 

Among heavy metals, very few heavy metals such as 
cadmium, zinc, copper, lead and mercury found to have negative 
impacts and most studies focused on these heavy metals. One-
third of Cadmium found in aquatic environments is thought to 
derive from the manufacturing and utilization of phosphate 
fertilisers (Le Croizier et al., 2018). Fish exposed to Cd may result 
in accumulation processes that differ depending on the species' 
trophic level. This heavy metal has a unique effect on sperm cells 
(Marquez et al., 2019; Acosta et al., 2016). Its impact on sperm 
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200 ppm. The length of motility has an impact on fertilisation 
success. In all of the heavy metal treatments, pyknotic cells were 
seen in the pejerrey testis during histological analyses (Garriz et 
al., 2017). Pyknotic cells among spermatogonia are a proven 
marker of germinal cell degeneration, which can lead to sterility 
(Gárriz et al., 2017). From the previous studies, it is clear that 
cadmium affects the sperm motility via calcium ion exchange 

pathway and their homeostasis. Oxidative stress has been 
implicated in the principal pathways mercury toxicity (Hayati et al., 
2019). Mercury can produce reactive oxygen species (ROS), 
which can cause DNA and lipid oxidation, DNA fragmentation, 
and lipid peroxidation. Furthermore, after exposure to reactive 
oxygen species, which is a subsequent consequence of lipid 
peroxidation malondialdehyde (MDA) is generated, which causes 

Table 1: Effects of metals toxicity on fish reproduction

Fish name Heavy Exposure Duration Effects References
metals concentration

Trematomus bernacchii Cd - - Oocyte degeneration, reduce fecundity Motta et al. (2021)
Anguilla anguilla Cd - - Birth defects in offspring Nowosad et al. (2021)
Colossoma macropomum Cd 0, 0.6, 1.2 Motility rate of spermatoazoids was Pinto et al. (2020)

and 1.8 ppm decreased, reduction of fertilization and
hatching rate

Prochilodus magdalenae Cd 2.5 and 25 ppm 27.3 s Sperm mortality and velocity was reduced Marquez et al. (2019),
Browne et al. (2015)

Gasterosteus aculeatus Cd 1 ppb 15, 60, Decreasing egg and sperm quality Hani et al. (2019)
120 days

Carassius gibelio B. Cd 0.4 or 4.0 ppm - Increase LH level in blood Plasma, Kozak et al. (2018)
delay in gonad Maturation

Oreochromis spp. Cd 0, 250, 500, - Inhibited spawning of females, impaired El-Ebiary et al. (2013)
1000 ppm ovarian development, Significant decrease

in sperm number and sperm motility
Rhamda quelen Cd 20- 110 ppm - Sperm mortility was reduced Witeck et al. (2011)
Danio rerio Pb 0.1 ppb, 1 ppb, - Induced the reduction of lipid droplet Tuan Van Ngo et al.

10 ppb, 20 ppb, number in zebrafish oocytes.  (2021)
100 ppb

Oreochromis niloticus Pb 0.21 ppm, 0.42 10 days Deformities of Nile tilapia larvae including Melanie et al. (2021)
ppm, 0.63 ppm lordosis, kyphosis, and curved tail

Clarias batrachus Pb 5ppm 50 days Deformities in testes and ovary Authman et al. (2015)
Carassius gibelio B. Pb 0.1 ppm, 8 ppm, 12 month, Affecting ovarian steroidogenesis, Trojnar et al. (2014)

13ppm, 23 ppm, 24 month gametogenesis, and ovulation
48 ppm

Clarias gariepinus Pb 6.1, 12.2, 96 h Sperm motility was reduced after 4 Alkahemal et al. (2011)
24.4 ppm weeks of exposure

Trematomus bernacchii Cu - - Oocyte degeneration, reduce fecundity Motta et al. (2021)
Colossoma macropomum Cu 0, 0.4, 0.8 Motility rate of spermatoazoids was Pinto et al. (2020)

and 1.2 ppm decreased, reduction of fertilization
and hatching rate

Danio rerio Cu 20 and 40 ppb 130 days Gonad maturation GSI reduce Cao et al. (2019)
(steroidogenesis)

P. vivipara Cu - - Spermatic mitochondrial and Endocrine Zebral et al. (2019)
functionality disruption

Gambusia affins Cu - 10 days Premature births Zebral et al. (2019)
Pelteobagrus fulvidraco Cu - - Yolk platelets, ovary morphosis Zhang et al.  (2016)
Oncorynchus mykiss Cu - - Altered mitochondria Sappal et al. (2015)
Carassius auratus Cu - 40 days Altered mitochondria Garceau et al. (2010)
Fundulus sp. Cu - 40 days Reduce ovary weight James et al. (2008)
Danio rerio Hg 0.6, 3, or 5 days In F0 generation Lesser spawning, lesser Chen et al. (2021)

 15 ppb fertilization observed
In F1  generation Hg effect recovered

Anguilla anguilla Hg - - Birth defects in offspring Nowosad et al. (2021)
Cyprinus carpio Hg 0.5-5 ppm 72 hr Sperm mortality and sperm Hayati et al. (2019)

fertilization reduced
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infertility. ROS reduces sperm motility and flexibility through 
membrane lipid peroxidation and MDA generation. Mercury may 
also attach to sperm tail proteins that alter sperm movement and 
beat-cross frequency, as well as sperm cell metabolic enzymes 
that affect motility duration, morphology, and sperm survival 
(Dietrich et al., 2010). Alterations in aquatic environment in 
terms of water temperature, pH and dissolved oxygen and 
presence of pollutants are external factors to cause DNA 
fragmentation in sperm cells viz, 180 days exposure of male 

-1walking catfish (Poecilia reticulata) at 30 to 50 g l  mercury 
caused delayed in spermatogenesis and decrease in  
Gonadosomatic index (Hayati et al., 2017). In male P. reticulata 
and Oryzias latipes, testicular degeneration, arrested sperm 
formation, inhibition in spermatogenesis and spermatocrit were 
observed after Hg exposure (Liao et al., 2006). 

Both Hayati et al. (2019) and Minguez-Alarcon et al. 
(2018) discovered that Hg treatment reduced motile spermatozoa 
and sperm speed ratings significantly. Fish treated with fungicide 
mercurial, showed visible necrotic patches, indicating direct 
cytotoxic effects. Because sperm membranes rich in unsaturated 
fatty acids were especially sensitive to ROS assaults, sperm 
mobility reduced as mercury levels increased (Jaishankar et al., 
2014; Martinez et al., 2014). The rapid formation of reactive 
oxygen species was triggered with increase in mercury content 
(ROS). This cause damage in sperm DNA and membrane by 
oxidising the membrane and lowering sperm motility. ROS can 
cause apoptosis in sperm by activating caspase enzymes, 
which damage sperm DNA and limit sperm survival. It was 
previously studied that sperm core and egg core mix in the 
cytoplasm during fertilisation to generate a zygote (Mojer, 
2015). Because of low quality of eggs and heavy metal 
contamination, not all of the fertilised eggs grew and developed 
into larvae. Mercury contamination of egg reduced the quality of 
sperm, preventing fertilisation of fish eggs (Martinez et al., 
2014). Cu exposure over time may have caused cellular 
malfunction in P. vivipara sperm (Zebral et al., 2019). 

When compared with control fish, animals exposed to 
both Cu doses showed a loss in spermatic mitochondrial 
functionality (Acosta et al., 2016). This organelle is in charge of 
supplying energy to sperm in order to maintain motility and in the 
processes of hyperactivation, capacitation, and acrosome 
response, all of which are necessary for fertilisation to be 
successful (Piomboni et al., 2012). Following Cu exposure, the 
fish Oncorhynchus mykiss revealed altered mitochondrial 
function, according to Sappal et al. (2015). Chronic Cu exposure 
results in a decrease in certain spermatic parameters, which is 
linked to increased testicular oxidative damage. As compared to 
control circumstances, spermatic DNA integrity was likewise 
diminished after exposure to both metal concentrations, but no 
concentration-dependent effects were seen (Zebral et al., 2019). 
This finding suggests that persistent metal exposure caused 
nuclear injury in P. vivipara sperm, which resulted in DNA 
fragmentation. Clarias gariepinus exposed to at 6.1, 12.2, 24.4 
ppm lead for 96 hr lead reduced sperm motility (Alkahemal et al., 

2011). 
ppm copper reduced motility rate of spermatoazoids, reduced 
fertilization and hatching rate (Pinto et al., 2020). Furthermore, 
Danio rerio exposed to 20 and 40 ppb copper for 130 days 
hampered gonad maturation (Cao et al., 2019) (Table 1). 
Recently, Chen et al. (2021) reported that Danio rerio exposed to 
0.6, 3, or 15 ppb mecury for 5 days caused lesser spawning in F0 
generation and later reduced fertilization. Sperm mortality and 
sperm fertilization were reduced in Cyprinus carpio when 
exposed to 0.5-5 ppm mercury for 72 hr (Hayati et al., 2019). 
Similar impeding effects was also found in Anguilla anguilla 
exposed to mercury (Nowosad et al., 2021) (Table 1). Deformities 
in Nile tilapia larvae including lordosis, kyphosis, and curved tail in 
Oreochromis niloticus was noted on exposure to 0.21 ppm, 0.42 
ppm, 0.63 ppm lead for 10 days (Melanie et al., 2021) (Table 1).

Effect of heavy metals on ovary and oogenesis: The impact of 
heavy metals on the ovary and ova genesis in fish is well 
documented (Shobikhuliatul et al., 2013; Ambani, 2015). 
Oogenesis is the process of developing immature or pre-
vitellogenic oocytes into mature oocytes in teleosts by 
accumulating yolk vesicles during vitellogenesis and maturation 
of mature oocytes. Oocyte maturation occurs before ovulation 
and is essential for fertilisation to be effective (Gautam et al., 
2018). Oocytes maturation is extremely vulnerable to intoxication 
in the life cycle of fish development. Heavy metal toxicants 
released from different sources causes damaging effects on 
ovary (Brraich et al., 2015) and ultimately fish surival. 

The quality of an embryo's oocytes is crucial for its 
healthy growth. Oocyte maturation appears to be crucial in 
oogenesis (Ebrahimi and Taherianfard, 2011). Heavy metal 
contaminants can cause changes in fish oocytes due to egg 
intoxication, metal accumulation in eggs, or direct effect of 
metal on the oogenesis process (Brraich et al., 2015). Metal 
toxicity affects the maturation of oocytes the most, which might 
result in the production of fewer and lower-quality oocytes. The 
oocytes maturation is most sensitive to metal intoxication. 
Therefore various disturbances induced by heavy metal pollutants 
during development of oocytes results in a reduced quantity and 
quality of eggs. Shortly after the spawning phase, the ovaries of 
female fish that do not spawn become atretic with the increase in 
heavy metal concentrations, the fraction of developed oocytes falls 
and atresia rises. Increase in heavy metals (Cu, Pb, Ni, and Cd) 
induces enhanced atresia in Tilapia zillii ovary. Ovaries of Tilapia 
zillii fish obtained from El-Nasria station at river Nile delta area 
showed signs of maturation ceasing due to discharge of heavy 
metal from industrial waste (Azab et al., 2019).

Because of egg intoxication, metal accumulation in eggs, 
or a direct effect of metal on the oogenesis process, heavy metal 
pollutants can cause alterations in fish oocytes (Singh et al., 
2015). Chronic cadmium exposure affects fish reproduction by 
blocking vitellogenin induction, delaying oogenesis in brown 
trout, increasing luteinizing hormone secretion, and reducing 
gonado somatic index and ovulation parameters in Prussian carp 

Colossoma macropomum exposed to 0, 0.4, 0.8 and 1.2 
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(Szczerbik et al., 2006). Ovarian atresia of female fishes has been 
suggested to associate with heavy metal concentration (Levavi-
sivan et al., 2004). Increase in heavy metals increased atresia in 
Tilapia zillii ovary coupled with degenerative and necrotic 
changes in the oocytes and proliferative changes in most oocyte’s 
granulose. As a result of different disruptions caused by heavy 
metal pollution during oocyte development, the number and 
quality of eggs are diminished (Azab et al., 2019). Cadmium can 
robustly excite the pituitary–gonadal–liver axis in maturing female 
eels and persuade early and intensive vitellogenesis. The 
maximum Cd content was observed in eggs of European eel, 
which may subsequently have a harmful effect on the fertilization 
process, embryonic development, and embryo survival rate 
(Nowosad et al., 2021). Embryos effected by cadmium commonly 
exhibit birth defects and low survival rates (Hani et al., 2019). 

Additionally, mercury has been shown to have negative 
effects on gonad growth, fish spawning, and egg production and 
development (Crump and Trudeau, 2009). Cadmium damages 
gonad structure directly by generating vacuolization (El-Ebiary et 
al., 2013). It interferes with the productions of reproductive 
hormones that control egg cell growth and ovulation during 
vitellogenesis and oocyte maturation (Gautam et al., 2018). 
Oogenesis was observed to be delayed in brown trout and 
hindered in rainbow trout after exposure to Cd (Jones et al., 
2001). Oreochromis spp. exposed to different concentrations of 
Cd led to inhibition of spawning in females, impaired ovarian 
development, and significant decrease in sperm number and 
sperm motility (El-Ebiary et al., 2013). Oocyte degeneration and 
reduced fecundity was found in Trematomus bernacchii (Motta 
et al., 2021) and also birth defects were reported in offsprings of 
Anguilla anguilla (Nowosad et al., 2021) when exposed to 
cadmium. Cadmium interferes with the presence and 
localisation of estradiol beta receptors and reduces feuncidity in 
T. bernacchii by increasing degeneration among preitellogenic 
oocytes (Motta et al., 2021) (Table 1).

The oogenesis cycle of freshwater murrels significantly 
reduced post exposure to inorganic mercury or mercurial 
fungicide, which was accompanied by a reduction in GSI. 
Exposure of 180 days leads to formation of immature oocytes 
without vitellogenin while control fishes were observed with the 
formation of complete ovary having substantial number of mature 
and maturing oocytes (Crump and Trudeau, 2009) lead the 
presence of in the environment can impair ovarian 
steroidogenesis, gametogenesis, and ovulation, which can have 
a negative impact on fish reproductive and population density 
(Chaube et al., 2010). At low concentrations, heavy metals raised 
GVBD, but at high concentrations, they lowered it (Gautam et al., 
2018). Lead has been demonstrated to reduce the expression of 
steroidogenic acute regulatory protein (StAR), limit LH secretion, 
and enhance lipid peroxidation and ROS generation.

Lead slowed ovarian growth, decreased the number of 
eggs oviposited, lengthened interspawn times, and reduced 
embryo development in adult fathead minnows (Luszczek et al., 

-12014). After 12 days of exposure to 10 g Pb l , Ruby et al. (2000) 
found that female rainbow trout exposed to heavy metals 
developed exogenous vitellogenesis, with GSI considerably 

-1 lower in control fish than in fish subjected to 10 g Pb l exposed 
to different concentrations resulted in reduced lipid droplet 
number in zebra oocytes (Tuan Van Ngo et al., 2021). Lead 
decreased ovarian development and lowered spermatocyte 
production (Mondal et al., 2018). In Clarias batrachus 
deformities in testes and ovary was found when exposed to 5 
ppm lead for 50 days (Authaman et al., 2015). Trojnar et al., 
2014 reported that a broad spectrum effect (0.1 - 48 ppm) of lead 
concentration on affecting ovarian steroidogenesis, 
gametogenesis, and ovulation in Carassius gibelio has been 
noticed (Table 1). 

Oocyte degeneration coupled with reduced fecundity was 
found in Trematomus bernacchii exposed to Cu (Motta et al., 
2021). Reduced ovary weight was observed in Fundulus sp. 
(James et al., 2008) exposed to copper. Steroid hormones 
regulate the development of fish ovary, and regulated hormone 
production is required to maintain these activities of 
gametogenesis, oocyte maturation, and ovulation exposed to 
copper. Cu had inhibitory effects on proteins' expression which 
lead to impaired ovarian development and ovary morphosis in 
Pelteobagrus fulvidraco (Zhang et al., 2016) (Table 1). The 
bioaccumulation  and biomagnifications of heavy metals on 
aquatic organisms have been increasingly reported in various 
contaminated ecosystem. In most of the fishes, external 
fertilisation occurs, hence the water quality of the ecosystem 
plays a major role in fish breeding. Heavy metal exposure to 
aquatic ecosystem has shown to cause a number of negative 
effects at the reproductive function of fishes. Fish species, age, 
environmental conditions, exposure duration, and exposure 
concentration or their combinations all affect reproduction function 
in fish. The scientific data (mostly Cd, Pb, Cu and Hg) discussed in 
this review serve as a foundation for better understanding of the 
possible effects. 

Surface water, which consists of both natural and man-
made water bodies (rivers, lakes, reservoirs, wetlands, parks, 
etc.) plays a vital role in urban ecosystem services and remains 
an important source for drinking water, irrigation, and recreation, 
etc. However, changes in urban surface water may result in 
fluctuation of heavy metal concentration (viz, Cd, Pb, Cu and Hg), 
which have negative consequences to fish health, reproduction 
and survival. Hence, the quest for methods to manage heavy 
metal concentration is an important challenge for the sustainable 
management of aquatic ecosystem. Additionally, further studies 
are required on other hazardous heavy metal effects including 
their underlying cellular and molecular mechanism for further 
enhancing our understanding of heavy metal lethality on fish 
reproduction and risk assessment. Most of the studies utilized 
sub-lethal concentration of heavy metal for the toxicity 
assessment under controlled laboratory conditions. There exits 
lack of info about the toxicity evaluation under environmental 
realistic concentration. 
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