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Abstract: The stressful environment in Pranburi River estuary of Thailand severely impacts
the aquatic ecosystem and may be causing reproductive alteration in the estuarine fishes living
in this area, although there is little evidence of such deteriorated reproductive system. Thus,
we aim to investigate the reproductive system, in particular the ovarian alteration using
histological techniques in two groups of fishes: (1) demersal fishes, viz. long-whisker catfish
(Mystus gulio), dark sleeper (Butis humeralis) and maned goby (Oxyurichthys microlepis),
and (2) pelagic fishes, viz. greenback mullet (Planiliza subviridis), green puffer (Tetraodon
fluviatilis) and Singapore glassy perchlet (Ambassis kopsii). Ten samples of each fish were
collected during January - March of 2016-2018. Histological observation demonstrates that
both demersal and pelagic fishes have an asynchronous oocyte development and maturation,
which proceeds through two successive phases: primary growth phase and secondary growth
phase. The fishes exhibit significant histopathological alterations in ovaries, including the
atretic oocytes in both phases, with irregular shapes and degeneration of yolk granules.
Interestingly, all collected demersal fishes possess a significantly higher number of atretic
oocytes compared to the pelagic fishes. The observed abnormalities seem to be associated
with the environmental stress, which may be more severe in the benthic region of the estuary.

Keywords: estuarine fishes, microanatomy, oogenesis, pelagic fishes, demersal fishes,
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INTRODUCTION

Pranburi River estuary of Thailand is recently in a critical condition as a result of untreated
water released from communities, fisheries, aquaculture and other industries. The high aquatic
pollution in this estuarine region is characterised by numerous pollutants, especially heavy metals
and petroleum hydrocarbons accumulated in sediment and water [1, 2]. In particular, total lead
found in water of this estuary was about 0.5 mg/L [1], which is considerably higher than that in the
World Health Organisation guideline for drinking water (0.01 mg/L) [3]. It is possible that this high
pollutant level could have negative effects not only on the ecosystem status but also on the health
and wellness of aquatic organisms.

An animal sentinel system provides information on adverse effects of contaminants on the
specific environment. The animals used in this purpose are called ‘sentinel species’ and recognised
as a key to the environmental health assessment [4]. Evaluating or monitoring appropriate
biological markers using the sentinel species could help keep track of the degree of environmental
hazards and the exposure of species to environmental contaminants. Histopathological methods
have been commonly used is this field as the most accurate and powerful tool for assessing the fish
health under specific environmental exposure in both the laboratory and field studies [5-8].
Pathologists typically use organs sensitive to effects of environmental stressors, especially the
ovarian tissue, the primary organ of reproduction [6, 9-13]. Understanding the pathology of ovarian
tissue has helped in assessing the female reproductive health as well as the monitoring of
unsuccessful reproduction as reported by many investigators [11-14].

For this current study, six important fishes were selected as sentinel species for health
assessment based on their different habitats: demersal fishes (Mystus gulio, Butis humeralis and
Oxyurichthys microlepis) and pelagic fishes (Chelon subvitidu, Tetraodon fluviatilis and Ambassis
kopsii). These fishes potentially play roles in the estuarine ecosystem and are commonly found in
overlapping areas in the estuary affected by environmental contaminants. The objective of the study
is to address the ovarian structure in six fish species together with their histopathological
information to assess the ovarian health status. This can unveil what is happening in fish biology
under a contamination circumstance and help understand the impact of environmental stress caused
by human community’s practices on the environment and aquatic organisms.

MATERIALS AND METHODS
Fish Collection and Study Sites

Fixed fish samples at the Fish Biology and Aquatic Health Assessment Laboratory,
Department of Marine Science, Chulalongkorn University were used. These samples were
originally collected for our previous studies [15, 16] by beach seine net (mesh size 1 cm) in the
Pranburi River estuary (N12° 24.314° E099° 58.597°), Thailand, during January-March 2016-2018.
We randomly obtained two groups of fishes from the fixed samples (N = 10 for each species): (1)
demersal fishes i.e. long-whisker catfish (Mystus gulio, 15.2 £ 0.98 (SD) cm in total length), dark
sleeper (Butis humeralis, 9.1 = 1.20 cm), and maned goby (Oxyurichthys microlepis, 12.9 £ 1.2
cm); (2) pelagic fishes, i.e. greenback mullet (Planiliza subviridis, 15.2 £ 1.22 cm), green puffer
(Tetraodon fluviatilis, 10.6 = 1.2 cm), and Singapore glassy perchlet (Ambassis kopsii, 3.3 = 1.5
cm). To collect the ovary, an abdominal incision was made and then the fish was cut from the
cloacal opening towards the anterior region. Ovarian tissues were dissected out and placed in 70%
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EtOH for morphological and histological observations to assess signs of ovarian/oocyte
abnormalities.

Histological and Histochemical Observations

To confirm the histological structure of the ovaries, the fixed ovarian tissues were processed
according to standard histological techniques [17, 18]. Paraffin sections of 4-pm thickness were
stained with haematoxylin—eosin and Masson's trichrome staining method [17, 18]. Histological
sections of the ovarian structure and oogenesis of six fish were viewed under the light microscope
and diagnosed based on the modified criteria of Uribe et al. [19]. The sections were photographed
with a Leica TE750 camera (Heidelberg, Germany).

Histopathological Assessment and Counting of Atretic Oocytes

The histopathological diagnosis/alterations of the ovarian tissue were determined under a
Leica light microscope equipped with a digital camera according to the guidelines of Dietrich and
Krieger [6] and Blazer [14]. The atretic follicles were diagnosed based on Senarat et al. [20].
Numbers of atretic follicles were quantified from three sections (50 oocytes/fish per section) in the
middle area of three ovarian sections under a light microscope (10x and 40x) and averaged as mean
+ SD.

Statistical Analysis

A two-sample t-test was used to compare the average number of atretic oocytes in demersal
and pelagic fishes between sites A and B in Pranburi River estuary. The statistics were calculated
using Statistical Package for the Social Sciences (SPSS) software (version 16.0).

RESULTS AND DISCUSSION

Parameters of Environmental Factors

Environmental factors were recorded to assess the water quality in the study areas (Table 1).
These data were originally received from Mitparian [21]. The depth, water temperature and pH
were quite similar between sites. It is noted that the dissolved oxygen (OD) was higher at site A
than site B, fitting well with the fact that site A was located in the mangrove forest while site B
being in the urban area received wastewater from the communities. In addition, site B was lower in
salinity (27.9 ppt) than site A (30.7 ppt) as a result of the inflow of freshwater from Pranburi River.

Table 1. Environmental factors at Pranburi River estuary [21]

Site
Parameter A B
Depth (m) 0.5 0.5
Water temperature ("C) 25.3 25.7
Dissolved oxygen (mg/L) 5.65 5.00
pH 7.65 7.69
Salinity (ppt) 30.7 27.9
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Histological Structure of Ovarian Tissue and Oogenesis

The reproductive feature of nine estuarine fishes has been recorded [10]; however, it has
never been investigated for the three demersal and three pelagic fishes which we selected as sentinel
species in Pranburi River estuary. Representative images of mature ovarian tissues of the six
teleosts are shown in Figure 1. The ovarian surface is basically covered with a thin layer of tunica
albuginea while the parenchymal ovaries carry oocytes at different developmental stages (Figure 1).
We observe the asynchronous development of oocytes in all examined fishes, similar to what is
seen in other teleost fishes [22, 23]. All of the selected six species are also known to exhibit
protracted spawning period with multiple spawning, which is typically associated with the
asynchronous development of oocytes. Histologically, we can classify the oocytes of the six fish
species into two distinct developmental phases: the primary growth phase and secondary growth
phase (representative Figures 1A, 1D, 1G).

Two stages are identified in the primary growth phase: perinucleolar stage and oil droplet
and cortical alveolar stage. Oocytes in the first stage have quite similar characteristics among all
species tested, being composed of a central nucleus called germinal vesicle with several peripheral
nucleoli inside. Images from M. gulio (Figures 1A-C), B. humeralis (Figures 1D-F) and O.
microlepis (Figures 1G-I) are shown as examples. In addition, the ooplasm stains well with
hematoxylin and exhibits a strong basophilic feature, indicating the presence of a high amount of
RNA and ribosome [24]. Oil droplets and cortical alveoli in the ooplasm were dispersed along the
nuclear membrane and periphery of the oocytes, as shown in the representative images from M.
gulio (Figure 1B), B. humeralis (Figure 1E) and O. microlepis (Figure 1H). It has been shown that
the secretion of enzymes and proteins from the cortical alveoli functions to prevent polyspermy
[25]. The presence of this structure in the tested fish indicates the conserved mechanism of ‘slow
block to polyspermy’ as demonstrated in other teleosts and amphibians. Overall, all of these
characteristics of the primary oocyte are clearly similar to those of other well-studied teleosts [25,
26].

The secondary growth phase is classified into two successive stages: secondary growth stage
and full-grown oocyte stage. Examples are those from M. gulio (Figures 1A-C), B. humeralis
(Figure 1D) and O. microlepis (Figures 1G, 1I). Secondary growth oocytes exhibit acidophilic yolk
globules at the periphery of the ooplasm, being found in both demersal and pelagic species. The
nucleus has an eccentric shape and is obviously folded. The zona pellucida is formed as an acellular
acidophilic layer and distinctly striated in all fishes. The nutrients, supposed to be mainly
vitellogenin, are accumulated in the yolk granules which progressively increase in number and size;
the fusion of the yolk granules is observed only in O. microlepis (Figures 1G, 11).

Macroscopic Abnormality and Histopathological Alteration of Ovarian Tissues

No macroscopic abnormality is observed in the ovarian tissues of both demersal and pelagic
fishes. Based on histological observation, most distinct degenerative changes in the oocytes in all
examined fishes are atretic oocytes which are broken down and exhibit an irregular shape along
with the degeneration and disorganisation of the yolk granules (Figures 2A-G). All of C. subvitidu
(Figure 2A), A. kopsii (Figure 2B), T. fluviatilis (Figure 1H), B. humeralis (Figure 2C), O.
microlepis (Figure 2D) and M. gulio (Figures 2F-G) exhibit similar abnormality of oocytes and
follicle complex, as also described in some other fishes [14, 28]. The abnormality observed in
this study might be related to an unfavourable environment during the study period [14, 29-31]. At
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Figure 1. Representative light photomicrographs of oogenesis during primary growth phase
(perinucleolar (Pn) and oil droplets and cortical alveolar step (Oc)) and secondary growth phase
(secondary growth step (Sgs) and full-grown oocyte step (Fgo)) in Mystus gulio (Figures A-C),
Butis humeralis (Figures D-F) and Oxyurichthys microlepis (Figures G-I). Ca = cortical alveoli, Fe
= follicular cell, Od =oil droplet, nu = nucleolus, Yg = yolk granule, Zp = zona pellucida.
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Figure 2. Representative light photomicrographs of atretic oocytes at primary growth phase (Apgp)
and secondary growth phase (Asgp): Chelon subvitidu (A), Ambassis kopsii (B), Butis humeralis
(C), Oxyurichthys microlepis (D), Mystus gulio (E-F). Dfc = degeneration of follicle cell, Dyg =
degeneration of yolk granule

Pranburi River estuary, the water released from the agricultural area might also flow into the river
stream. It has been shown by Spano et al. [11] that the ovarian degeneration and increasing atresia
in the ovary of Carassius auratus occurred after exposure to 100 and 1000 g/L of atrazine, a
commonly used herbicide. Also, Tillitt et al. [13] reported that the adult fathead minnow,
Pimephales promelas, exposed to different concentrations of atrazine (5 pg/L and 50 pug/L) showed
different degrees of follicle atresia in a dose-dependent manner. The present data underscore the
need of detailed water quality assessment targeting not only heavy metals and petroleum
hydrocarbons, but also herbicides from agricultural run-off.

The number of atretic oocytes is summarised in Figure 3, comparing sites A and B as well as
demersal and pelagic fishes. Fishes from site B show significantly higher abundance of the atretic
follicles than those from site A irrespective of the oocyte development phases (M. gulio, B.
humeralis and O. microlepis) (Figure 2), although atretic follicles are common in both groups. It is
likely that demersal fishes are more heavily exposed to environmental contaminants than pelagic
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fishes since they generally have a higher number of atretic oocytes. In Pranburi River estuary lead
and petroleum hydrocarbons are known to be present as contaminants in the sediment [1, 2]. Some
heavy metals can attach strongly to soil particles. While heavy metals at this state are sometimes
considered to be inactive [32], they might persistently affect demersal fishes more than pelagic
fishws in the estuary. In addition, some heavy metals exhibit moderate lipid solubility and can thus
penetrate into animal tissues [33] and accumulate in the lipid-rich tissues, especially the gonadal
tissue [34, 35]. This could probably explain why the atretic oocytes are observed mostly at the
secondary growth stage (high lipid accumulation) of demersal fishes. Altogether these could
deteriorate the reproduction of the demersal fishes in a more severe manner compared to pelagic
fishes. More observation in further to monitor the heavy metal contamination in various sampling
sites and its relation to ovarian bioaccumulation in wild fishes and reproductive histopathology is
required. Pesticides and heavy metals such as chromium, arsenic and lead have also been associated

with the gonadal impairments [36, 37].
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Figure 3. Numbers of atresia at primary growth phase (PGP) and secondary growth phase (SGP)
(meant+ SD) of demersal fishes and pelagic fishes from site A and site B. Values represent mean +
SD; significantly different at *P<0.05.

On the other hand, there is relatively little information on the effect of inadequate salinity on
the frequency of atretic oocytes in wild fishes, although it has been reported that the salinity is
related to the fertilisation, survival and egg development of fishes [38, 39]. A high proportion of
atretic oocytes was observed in all examined fishes from habitat with high salinity (site A). This
agrees well with a previous study which reported a reduction in the percentage of impaired eggs in
both euryhaline and stenohaline fishes at low salinity [40]. However, more in-depth analysis needs
to be done to verify the relationship of salinity and the aberrant development of atretic oocytes.
Also, it has been shown that several kinds of pollutants, especially the endocrine-disrupting
chemicals, directly affect the reproductive system and induce the abnormality in ovarian tissues in
fishes, apart from atretic oocytes and follicular cell degeneration [41].

CONCLUSIONS

The ovarian development and alterations of demersal and pelagic fish species (3 of each),
inhabiting in Pranburi River estuary have been elucidated. The oocyte abnormality was found in all
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fishes, possibly leading to decreased total egg production. In addition, demersal fishes exhibit a
higher degree of histopathology of the reproductive system than pelagic fishes, which is probably
related to polluted and stressful conditions of the sediment of this estuary. Subject to further in-
depth analysis of this relationship between pollutants and histopathology, these fishes can be used
as sentinel species and good biomarkers for assessing the environmental status.
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