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ABSTRACT

Diuron has been substantially used in different parts of the world as an herbicide and as a
bioactive ingredient in antifouling paint. However, knowledge on the toxicity of Diuron
that could adversely affect non-targeted aquatic organisms, especially fish; is still deficient.
Therefore, this study was conducted to determine the possible sublethal effects of phenyl-
urea herbicide Diuron at the cellular level of the liver and kidneys of an adult Javanese
medaka (Oryzias javanicus), which has been used as the novel model organism. In the
present study, histological assessment was carried out using the hematoxylin and eosin
(H&E) staining protocol where the samples were preserved in 10% buffered formalin
and sectioned into 5 um thickness. The 210 samples used contained a range of Diuron
concentrations comprising 1 pg/L, 50ug/L, 100 pg/L, 500 pg/L and 1000 pg/L; which also
included the control treatments. Semi quantitative analysis revealed that liver and kidney
tissues exposed at higher concentrations (500 ug/L and 1000 pg/L) showed significantly
moderate to severe deformities and mild lesion alterations were already shown even at a

lower concentration of Diuron exposure (1.0

ng/L), as compared to the control treatment

of dechlorinated water (p<0.05). The most
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Jjavanicus as the novel model organism to represent tropical regions in aquatic toxicological
studies. Although the level of Diuron in Malaysia is unthreatening, this emerging hazardous
chemical can seriously affect the aquatic ecosystem in later years.
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INTRODUCTION

Globally, herbicides are phytotoxic chemicals that have relatively played a pivotal role in the
agriculture sector by eliminating or destroying unwanted vegetation in crop and plantation
areas. Since the 1960s, Malaysia has been a country, which has flourished its agricultural
economy with various plantation crops such as oil palms and rubber plantations (Istikoma
& Rahman, 2015). These agricultural developments coincide with the use of herbicides.
De et al. (2014) reported that the worldwide use of herbicide contributed to almost 48% of
the total pesticide usage and it was represented as the most rapidly growing section in the
past three decades in the pesticide industry. Although the use of herbicides is focusing on
the killing of weeds in the agriculture industry, it unintentionally affects aquatic organisms,
since it can be found in water bodies as a toxic pollutant.

Diuron is one of the most heavily used herbicides around the world as it is easily taken
up by the plant through the root system from the soil solution (Moncada, 2004). Giacomazzi
and Cochet (2004) had affirmed that Diuron was mostly used to control the annual grassy
weeds and broadleaf weeds in the pre- and post-emergent stages. In addition, Ali et al.
(2014) and Hanapiah et al. (2017) reported that the other sources of Diuron found in the
coastal areas of Malaysia were from the antifouling paint applied underneath boats and
ships which caused contamination in the coastal areas of Klang, Johor, and Kemaman.

The runoff sedimentation, leaching, spring drift or accidental spills of Diuron from
the plantation area into ecosystems such as rivers, can indirectly affect freshwater
vertebrates such as tilapia and goldfish (Hanapiah et al., 2018; Saglio & Trijasse, 1999) and
invertebrates such as water fleas and freshwater snails (Lopez-Doval et al., 2014). Also, the
level of toxicity reported for fish and aquatic invertebrates is considered moderately toxic
if the Diuron’s acute median lethal concentration (LC50) is between 1 mg/L to 10 mg/L,
based on the Wildlife Toxicity Category. Moreover, Abushaala et al. (2015) also reported
that the LC50 value of Diuron on brine shrimp (Artemia salina) ranged between 6 mg/L
to 24 mg/L. Also, Moncada (2004) reported that, due to the long half-life, Diuron could
contaminate groundwater as it was persistent and mobile in the soil.

There are several studies related to Diuron that have shown how it can cause mortality
at higher concentrations, but exposure at lower concentrations causes more toxicity effects
in the whole body system over a longer period of time. These sublethal effects can affect the
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neurotransmitter, immune response, physiological, morphological as well as reproduction
(Lopez-Doval et al., 2014). The objective of this study is to observe the impairment and
abnormalities in the cell and tissue structures of the liver and kidney of Javanese medaka
(Oryzias javanicus) as a novel model organism. The distinctive characteristic of the
Javanese medaka as part of the euryhaline species, is the ability to represent the wide
range of salinity in a contaminated aquatic ecosystem (Mohamat-Yusuff et al., 2018).
Furthermore, the selected endpoints of Diuron exposure in Javanese medaka have not been
studied recently or to this date.

MATERIALS AND METHODS
Experimental Design

This study was conducted using adult O. javanicus, sized between 3-4 cm (n=210; including
control treatments) obtained from Sungai Pelek, Bagan Lalang, Selangor, Malaysia. The
fish was acclimatised in freshwater environment for 6 months in Medaka’s Laboratory
in the Department of Biology, Faculty of Science, Universiti Putra Malaysia, before the
experiments were conducted in the Ecotoxicology Laboratory. During the acclimatisation
period, the water tanks used to keep the O. javanicus were timely changed with de-
chlorinated water and maintained in a recirculating water flow-through system.

To maintain the O. javanicus in the laboratory, we followed the protocols as suggested
by Aziz et al. (2017). The water pH and temperature values were maintained and monitored
the same way as the experimental conditions. All O. javanicus were fed with freshly
cultured nauplii of brine shrimp, while the Artemia salina were cultured as explained by
Abushaala et al. (2015) and were fed with commercial diet fish pallet three times per day.
The photo-period was also maintained on 14 h L: 10 h D cycle. A multi-parameter device
(YSI Model MPS 556) was used to measure water parameters such as temperature, pH,
and dissolved oxygen and the mean results recorded (£SD) were 25 £+ 1°C, 7.0 £ 0.5, and
6.9+ 0.6 mg/L, respectively.

The experiments were conducted for three weeks (21 days) with three replicates of
seven treatments (total of 21 tanks) including the dechlorinated water control and solvent
(DMSO) water control sets. Ten individuals of O. javanicus were individually stocked
in each treatment tanks in a static water system; which were changed regularly to reduce
the build-up of ammonia from the feces which subsequently were replaced back into the
tank with the same volume removed and with the same treatment concentration in each
tank. Diuron was purchased from Sigma-Aldrich Diuron (>98%) in powder form and the
stock solution was prepared using DMSO as a solvent prior to the experiment. Diuron
concentrations were determined from a series of preliminary tests; namely 1 pg/L, 50 pg/L,
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100 pg/L, 500 pg/L and 1000 pg/L, dechlorinated water controls, and solvent controls.
The water parameters were monitored and checked regularly throughout the experiments.

Tissues Preparation and Histology

After three weeks of exposure to sublethal herbicide Diuron concentrations, the fish were
killed immediately. The whole body of the fish was fixed in Davidson’s solution for 24 hours
and transferred into 10% buffered formalin. Histological assessment was carried out using
the Hematoxylin and Eosin (H&E) staining protocol and sectioned at 5 pm thicknesses.
This method is also guided by Johnson et al. (2009) through the OECD guidelines for the
fish histopathology analysis by United States Environmental Protection Agency (US EPA,
1996) and Bernet et al. (2001). The histopathological changes in tissues were examined
in randomly selected sections from each organ of each fish. The mean prevalence of each
histological parameter was categorised as none (0), mild (1, <25% of sections), moderate
(2, 25 — 50% of sections) and severe (3, >50% of sections) (Mishra & Mohanty, 2008;
Korkmaz et al., 2009). The histological treatments in the tissues were photographed
using Leica Histology Microscope with a colour camera, which was connected directly
to a monitor using a Leica’s Application Suite. Statistical analyses were performed using
statistical package of SPSS 22.0 for Windows. Differences among the treated group
were analysed using a one-way analysis of variance (ANOVA) followed by Duncan test
(Korkmaz et al., 2009).

RESULTS AND DISCUSSIONS

Table 1 summarises the histopathological analyses of the liver and kidney of O. javanicus
for the control and sublethal Diuron samples with the micrograph of tissue images captured
in Figure 1 and Figure 2. The hepatocytes and other cells of the liver in both control groups
were normal and systematically arranged. The liver tissues showed moderate changes
starting at a concentration of 100 ug/L (Figure 1(b)) of Diuron while the kidney tissues
showed moderate changes at a lower concentration of 50 pg/L (Figure 2(b)). More severe
changes can be observed when kidney tissues were exposed to higher concentrations of
Diuron which resulted in tubule degeneration, glomerulus, shrinkage, and hemosiderin
which affected more than 50% of the tissue; (Figure 2(c)) as compared to the liver tissues
which was moderately changed exhibiting only 25%-50% of the tissues affected by
vacuolation of hepatocytes, congestion and nodule necrosis (Figure 1(¢)).

This study presented the results relevant to the sublethal effects of herbicide Diuron on
O. javanicus with reference to tissue histology analyses. These histopathological alterations
generally represented the stress-related outcomes of fish tissues triggered by a variety of
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environmental factors (Harper & Wolf, 2009). The present study showed the important
general effects to the liver organ; such as vacuolation, congestion, and nodule necrosis; in
all the treatment groups. These non-specific hepatic lesions in organisms have been reported
due to exposure to sub-toxic concentration of pesticides and heavy metals (Cengiz & Unlu,
2003). The liver carries out essential body function as the target organ due to its large blood
supply that causes noticeable toxicant exposure, accumulation, clearance function and its
pronounced metabolic activity (Mohamed, 2009). Moreover, based on the study by Olurin
et al. (2000), the exposure to a wide range of aquatic pollutants such as herbicides and
steroid hormones reportedly caused hepatic tissue alterations in fishes. The observations
recorded in the present study are similar to that reported by several authors, e.g. Blahova et
al. (2014) and Sharma and Sharma (2016). Histopathological alterations of the liver tissue
structures in fish can be used as biomarkers to detect changes in the quality of the aquatic
ecosystem thus revealing the damages that were induced by xenobiotics in an organism
at the cellular and tissue levels (Mela et al., 2013). Several other studies were conducted
using wild fish and the results showed significant histological lesions especially in the
liver, which indicated that the fishes are living under stressful environmental conditions
(Abdel-Moneim et al., 2012; Camargo et al., 2007; Paulo et al., 2012).

In the present study, tubule degeneration, glomerulus, shrinkage, and hemosiderin
were observed in the histological alterations of kidney tissue structures after being exposed
to different concentrations of sublethal Diuron. The kidney proved to be more sensitive
towards Diuron exposure compared to the liver. This is due to the fact that the kidney is
the primary organ for water elimination and efficient in ion reabsorption mechanism to
minimise ion loss (Salamat & Zarie, 2012). The deformities present suggested that Diuron
enters the kidney and disrupts their normal function by histopathological alteration in the
kidney tissues (Sharma & Sharma, 2009). Consequently, the necrosis of the renal tubules
affects the metabolic activities and promotes metabolic abnormalities. Similar results were
obtained by other studies with herbicide treatments as seen in Kannan and Kathiresan
(2002), Dumitrescu et al. (2010), and Devasigamani (2015).

The severe effects on the kidney are more severe and prominent as compared to the
liver even though they work together to remove the toxic substances from the body. This is
due to the important role the kidney plays as one of the first organs that can be affected by
contaminants in water polluted with the harmful materials (Thophon et al., 2003). Although
these renal alterations alone can provide evidence of toxic exposure, the pathological
changes seen in combination with other organs could provide stronger indications of
xenobiotic effects (Rhodes et al., 1987).
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Table 1
Histopathologic analyses of Javanese medaka (Oryzias javanicus) exposed to sublethal Diuron during 3
weeks (n=36)

Tissues and Diuron concentration (ng/L)

histopathology Control 1 50 100 500 1000
Replicate

Liver

Vacuolation; Congestion; Nodule Necrosis

1 1 2 3 3 3 3

2 1 2 2 2 3 3

3 1 1 1 3 3 2
4 1 2 2 2 2 3

5 2 1 2 1 3 2
6 1 2 1 1 1 3
Mean 1.17* 1.67* 1.83* 2.00% 2.50%b¢ 2.67¢
Kidney

Tubule degeneration; Glomerulus shrinkage; Hemosiderin

1 1 2 3 3 2 3

2 1 2 2 3 3 3

3 1 1 2 2 3 3

4 2 1 2 3 3 3

5 1 2 3 3 3 3

6 1 1 2 3 3 3
Mean 1.17* 1.50* 2.33% 2.83ub¢ 2.83ub¢ 3.00¢

Note: Score value: none (0), mild (1, <25% of sections), moderate (2, 25— 50% of sections) and severe
(3, >50% of sections)
Remark: Different alphabets indicate a significant difference (p<0.05) between the groups

Figure 1. (a) Micrographs of control treatment of Javanese medaka’s liver section (Sum) stained with H&E
x 400. (HP) hepatocyte, (NC) hepatocyte nucleus, (VC) hepatic portal vein branch with erythrocytes; (b)
micrographs of 100 ppb of Diuron chronic exposure of Javanese medaka’s liver section (5um) stained with
H&E x 400. Congestion of the central vein (CV), vacuolation (VC). The center of granuloma appears necrotic
(NN); (c) micrographs of 1000 pg/L of Diuron chronic exposure of Javanese medaka’s liver section (5um)
stained with H&E x 400. Severe vacuolation (VC) shown in the tissue of liver and the brown areas contain
hemosiderin (HR). Dilation and congestion in blood sinusoids (DS); congested central vein with RBC (CV)
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Figure 2. (a) Micrographs of control treatment of Javanese medaka’s kidney section (Sum) stained with
H&E x 400. Normal kidney, normal tubule (RT), glomerulus (GR), Bowman’s capsule (BW) and little
amount of hematopoietic tissue (HT); (b) micrographs of 50 ppb of Diuron chronic exposure of Javanese
medaka’s kidney section (5pum) stained with H&E x 400. Showing glomerulus shrinkage (SG), severe tubule
degeneration (TD) and hemosiderin (HR); (¢) micrographs of 1000 pg/L of Diuron chronic exposure of
Javanese medaka’s kidney section (5um) stained with H&E x 400. Showing glomerulus shrinkage (SG),
severe tubule degeneration (TD) and hemosiderin (HR)

CONCLUSIONS

Diuron can be considered a hazardous toxicant to non-targeted organisms in aquatic
organisms especially fishes. Fish kidneys appeared to be more sensitive towards Diuron
as the lesions and degenerative changes were more severe than in the liver. The observed
alterations in the histopathology of vital organs demonstrate the severe adverse effects to
chronic exposure of Diuron in the medaka species. Therefore, the chronic exposure may
cause severe damages and impairments or even death at higher concentrations of Diuron
exposure, which can affect the physiology, life cycle and population of aquatic creatures
in the natural environment. Also, this study has reaffirmed the documented evidence in
developing Javanese medaka (O. javanicus) as the model organism for tropical areas in
aquatic toxicological studies.
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