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Abstract

Naung Tong Lake was chosen as the study area to conduct the present research from June, 2017
to March, 2018. Naung Tong Lake is located in Kyaing Tong Township. Water is stored in this
lake within an area of 2414.02 m in length and about 600 m in width. Presently, cyanobacterial
bloom and water pollution are found in Naung Tong Lake by anthropogenic activities. In the
present study, some cyanobacteria, Microcystis spp. were observed in four sample collection
sites in Naung Tong Lake. Microcystis spp. are toxic cyanobacteria and can produce bioactive
compounds that may be harmful called cyanotoxins. Fish specimen, Oreochromis sp. was used
for histological investigations. The occurrences of histological changes in gill tissues of fish,
Oreochromis sp. were recorded. Histological changes in gills were epithelial lifting, epithelial
separation, dilation of gill filaments with blood congestion, incomplete and complete fusion of
lamellae, shortening of lamellae, hyperplasia, curling the lamellae, necrosis, elastic cartilage and
deformed structure of gill. Histological changes in gill tissues of studied fish revealed metabolic
disturbance and cellular disorder due to environmental contaminations, toxic cyanobacteria,
Microcystis spp. and water pollution in Naung Tong Lake.
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Introduction

Aquatic ecosystems are exposed to excessive input of pollutants and contaminants from
various sources like domestic and industrial sewage, agricultural processes, heavy metals and
others. The uncontrolled discharge of these compounds into the water directly affects aquatic
organisms, including fish, which are considered a bioindicator of environmental pollution or
contamination (Lin et al., 2010).

Phytoplanktons are very useful tool for the biomonitoring of a water body with regard
to its pollution status. However, excessive growth of algae and cyanobacteria may even
harmful. Because of their importance to aquatic ecosystem and susceptibility to changes in the
environment, algal measurements are often key components of water quality monitoring
programs. Increased occurrence of harmful algal blooms (HABs) worldwide, caused mainly by
human activity, has important effects on aquatic ecosystems. In fresh-water environments,
planktonic cyanobacteria are associated with eutrophication, as they are the case for
Microcystis blooms (Moat War Dine Naw, 2001). Water pollution is one of the principal
environmental and public health problems. Pollution of the aquatic environment is a serious
and growing problem. Increasing number and amount of industrial, agricultural and
commercial chemicals discharged into the aquatic environment is leading to various
deleterious effects on the aquatic organisms. Aquatic organisms, including fish, accumulate
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pollutants directly from contaminated water and indirectly via the food chain (Sasaki et al.,
1997).

Fish are economically important as a source of income in many countries. Fish have also
been the subject of extensive eco - toxicological research during the last few decades of
twentieth century. In the past 25 years, numerous biomarkers have been developed with the
objective to apply them for environmental biomonitoring and risk assessment programs (Sousa
et al., 2013; Munoz et al., 2015).

Histology is a useful tool for assessment the effects of toxicants, in cells, tissues, and
organs (Adams 2002). Today, histological biomarkers have been widely used in fish for
detection and assessment the effects of exposure to pollutants (Oliveira et al., 2005) as well as
monitoring the fish health status during exposure to pollutants (Thophon et al., 2003).
Histological biomarkers allow evaluating specific target organs, including gills, gonad and
liver, that are responsible for vital functions, and the advantage of this fact is making them as
biomarkers in monitoring programs of water environments (Gernhofer et al., 2001).

Histological changes are more sensitive and occur earlier. They provide a better
assessment of fish health, as well as the effects of pollution on each biochemical parameter.
Histopathological changes have been integrated with the impact of various stressors (microbial
pathogens, toxic compounds, nutritional and adverse environmental conditions) (Marchand et
al., 2009). Gills of fish are extremely sensitive to chemical and physical modifications in the
environment, mainly because of the large surface of the respiratory epithelium and the high
perfusion rate that facilitates the entry of pollutants into this tissue (Cerqueira and Fernandes,
2002).

Naung Tong Lake was chosen as the study area to conduct the present work. Naung
Tong Lake is located in Kyaing Tong Township. Water is stored in this lake within an area of
2414.02 m in length and about 600 m in width. Presently, environmental contaminations,
cyanobacterial bloom and water pollution are found in Naung Tong Lake by anthropogenic
activities. Anthropogenic activities such as industrial and vehicular emissions, agricultural
operations sewage discharge, and waste disposal have been responsible for a rapid increase of
the environmental pollutions. There has been an increasing awareness that the aquatic pollution
and other anthropogenic impacts on water resources may have the potential to damage natural
fish in lake. The research aimed to identify and record the toxic cyanobacteria found in Naung
Tong Lake and to examine the histological changes in gill tissues of Oreochromis sp.

Materials and Methods

Study Area

Naung Tong Lake is located in Kyaing Tong Township between 21° 17" 56.4" North
Latitude and 99° 35" 91.2" East Longitude. Water is stored in this lake within an area of
2414.02 m in length and about 600m in width. At the time of this study, a water depth of the
lake is 1.778 m. Water samples containing microorganisms were collected from four study
sites of Naung Tong Lake.

Site | (21°29" 55.70" N and 99° 59" 91.14" E)
Site 11 (21° 28' 55.60" N and 99° 55' 91.06" E)
Site 111 (21° 28" 56.54" N and 99° 50" 91.05" E)
Site IV (21°28' 56.56" N and 99°50' 91.12" E)
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Study Period
The study was conducted from June, 2017 to March, 2018.

Sample Collection and Preparation

Water sampling was carried out once a month from four sampling sites in Naung Tong
Lake during the study period. Water samples containing cyanobacteria were collected during
7:00 — 8:00 am by using the plastic basket and then put into one-liter plastic bottle. The
collected water samples were carried to the laboratory of Zoology Department, Kyaing Tong
University. One drop of water sample from beaker was sucked up with micropipette and placed
on a glass slide and then covered by cover slip for the observation of toxic cyanobacteria.
Examination of water samples was done at least 20 slides under light microscope for each site.
Water samples containing cyanobacteria were preserved in 4% formalin solution.

Identification and Examination of Specimens

Cyanobacteria were examined using a compound microscope (CE DAL — 180M) under
various magnifications of x40, x100 and x400. Taxonomic determination of cyanobacteria was
performed with a light microscope on living materials and photomicrographs were taken with
SONY digital camera and microscope (CE DA 1 -180M). Classification of cyanobacteria
based on Bellinger and Sigee (2010), Desikachary (1959), Otsuka et al (2000).

Specimen Preparation for Histology

Fishes (25 specimens) were dissected and parts of gill were carefully removed and
fixed in 10% formalin for histological examination.

Histological Procedures

The procedures generally include the following steps: (1) tissue processing, (2)
embedding into paraffin wax, and (3) sectioning by microtome. Tissue processing was made in
the present study. Wax sections were cut at 7um by using a microtome (MRM — ST Semi
Automic Rotary Microtome, Medimeas Instruments and India)

Staining (H& E Staining) and Mounting

Wax sections affixed to the slides were subjected to heat at 60 C for one hour and then
stained with Hematoxylin (Ehrlich) and Eosin yellowish (Merck), India. Regressive staining
was practiced in the present study. The routine procedures for H&E staining include
deparaffinization in xylene series, rehydration in descending alcohol series, staining in
Hematoxylin, bluing in Scott’s tap water, staining in Eosin, dehydration in ascending alcohol
series, cleaning in xylene series. The slides were subsequently mounted into Balsam Canada
(Synthetic), Avi Chem Industries, India.

Examination of the Slides

Histological changes in the gill tissue of fish were examined under a binocular
microscope (BX4, Olympus, Japan), which is manually attached with a USB digital
microscope camera with built —in 10X eyepiece (MA88-900, C&A Scientific, USA) and
recorded on photographs.
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Fig.1 Location map of study area, Naung Tong Lake (Source: Google Earth)
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E. Study site 111 F. Study site IV
Plate 1. Study area, Naung Tong Lake, study sites and fish sample

Results

In the present study, some cyanobacteria, Microcystis spp. were observed in four
sample collection sites in Naung Tong Lake during the study period. Microcystis spp. are toxic
cyanobacteria and can produce bioactive compounds that may be harmful called cyanotoxins.
The occurrences of histological alterations in gill tissues of sampling fish, Oreochromis sp.
were recorded. Histological changes in the gills were epithelial lifting, epithelial separation,
dilation of gill filaments with blood congestion, incomplete and complete fusion of lamellae,
shortening of lamellae, hyperplasia, blood congestion, necrosis, elastic cartilage, deformed
structure of gill filaments and separation of gill epithelium. Based on the present results,
histological changes in gill tissues of studied fish, Oreochromis sp. revealed metabolic
disturbance and cellular disorder due to environmental contaminations, toxic cyanobacteria,
Microcystis spp. and water pollution in Naung Tong Lake.

A. Microcystis sp. B. Microcystis sp.

Plate 2. Cyanobacteria, Microsystis spp. in Naung Tong Lake
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J. Curling of lamellae

Plate 3 Histological changes in gill tissues of fish, Oreochromis sp. (x400)
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Discussion

Fish are relatively sensitive to changes in their surrounding environment including an
increase in pollution. Fish health may reflect and give a good indication of the health status of
a specific aquatic ecosystem. Fish are widely used to evaluate the health of aquatic ecosystem
and their physiological changes serve as biomarkers of environmental pollution (Kock et al.,
1996). Histological analysis appears to be a very sensitive parameter and is crucial in
determining cellular changes that may occur in target organs, such as the gills, liver and kidney
(Dutta, 1996). In this study, the gill histology of the fresh water fish was analyzed.

In the present study, some cyanobacteria, Microcystis spp. were observed in four
sample collection sites within Naung Tong Lake. Microcystis spp. are toxic cyanobacteria and
can produce bioactive compounds that may be harmful called cyanotoxins. Moat War Dine
Naw (2001) first reported that the dominant genera in freshwater from Myanmar are
Microcystis, Anabaena, Oscillatoria and Cylindrospermopsis. Toxic producing cyanobacteria,
Microcystis spp. and Oscillatoria were found in fish culture ponds during blooming condition
(Ni Ni Win, 2007). Hepatotoxins are produced by fresh water cyanobacteria, Microcystis spp.
This toxin produced symptoms including nausea, vomiting and acute liver failure (WHO,
2004).

Cyanobacterial toxins have been implicated in human and animal illness and death in
more than 50 countries. In addition, a study on cyanobacteria in Myanmar shows that almost
all of toxic genera contain in freshwater body. In the present study, Microcystis sp. were found
in all sample collection sites I, 11, Il and IV of Naung Tong Lake during blooming condition.
This finding shows that since Microcystis spp. are nuisance cyanobacteria should be monitored
and investigated regularly for aquatic fauna. Ni Ni Win (2007) reported Microcystis spp. can
produce toxins which cause histological changes in gill and liver tissues of fish during
Microcystis bloom condition in aquatic environment. In this study, the occurrence of
histological alterations in gill tissues of sampling fish Oreochromis sp. were recorded.
Histological changes in gills were recorded epithelial lifting, epithelial separation, dilation of
gill filaments with blood congestion, incomplete and complete fusion of lamellae, shortening
of lamellae, hyperplasia with blood congestion, necrosis, elastic cartilage, deformed structure
of gill filaments and separation of gill epithelium. In the present study, epithelial lifting in gill
tissues was recorded. Part et al., (1982) reported epithelial lifting of gill lamellae will impair
oxygen transfer as a result of the increased distance between water and lamellar capillaries.
The lamellar structure is optimized for exchange with the environmental medium with short
diffusion distance. The lifting of the respiratory epithelium is one the earliest injuries found in
fish; it is characterized by displacement of the lining epithelium of the secondary lamellae, in
which the formation of a space called edema occurs.

In this study, the hyperplasia and lamellar fusion in gill tissues of sampling fish
Oreochromis sp. were recorded. According to Brito et al. (2012), the occurrence of lamellar
fusion is frequently found in fishes exposed to urban sewage. Similarly, Ewald (1995) reported
tissue alterations are preceded by biochemical and physiological responses and once the
damage is detected, the adverse effects on the organisms are incontestable. When the
alterations occur in organisms exposed to environmental samples, they confirm the degradation
of the area. In the present study, histological changes in gill tissues of studied fish revealed
metabolic disturbance and cellular disorder due to environmental contaminations and water
pollution in Naung Tong Lake.

According to Winkalar et al. (2001) and Tkatcheva et al. (2004), the exposure of gills
to different contaminants may be marked by the occurrence of lamellar fusion, tissue
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hyperplasia and aneurysms. In the present study, hypaplasia, fusion, dilation of gill filaments
and damage of lamellae were observed. The present findings are agreement with Olurin et al.,
(2006). who reported that, vasodilation was found in fishes which seem to indicate severe
exposure to polluted water. When fish are under more severe stress, vascular changes can
occur in the lamellae and the response function can become dysfunctional and impair their
physiology. Kock et al., (1996) reported fish gills are critical organs for respiration,
osmoregulation and excretion. Gills serve as a good indicator of water quality. They are
sensitive to any change of water components since gill filaments and lamellae provide a very
large surface area for direct and continuous contact with contaminants in water. The gills are
the primary respiratory organs of fish.

In this study, histological changes in gill tissues of studied fish revealed metabolic
disturbance and cellular disorder due to environmental contaminations, toxic cyanobacteria
Microcystis spp. and water pollution in Naung Tong Lake.

Conclusion

The present study was conducted to investigate toxic cyanobacteria and histological
changes in gill tissues of studied fish, Oreochromis sp. in aquatic habitat of Naung Tong Lake.
The present study has shown that Cyanophyta, toxic cyanobacteria Microcystis spp. can
produce toxins in water. Histological changes in gill tissues of studied fish, revealed metabolic
disturbance and cellular disorder due to environmental contaminations and toxic cyanobacteria
Microcystis spp. in Naung Tong Lake. It is believed that the present research will provide
some information about pollution for further research.
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