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Abstract

Background: Tributylin chloride (TBTCI) has been demonstrated to be acutely toxic to aquatic organisms.

Aim: This study was conducted to investigate the effects of TBTCI on epithelial cell of gut Artemia salina in different
stages (Nauplii, Juveniles, and Adults).

Methods: Samples of A. salina used were cultivated in incubators for hatching. Nauplii were harvested at 24 hours
of age, while the juveniles and adults were harvested at 21 and 35 days of age, respectively. These three stages of A.
salina were exposed to different concentrations of TBTCI (1 ng.L™! to 500 ng.L") for 24 hours. For nauplii, juveniles,
and adults, 100 individuals were exposed, and those that survived in the exposure test were harvested for histological
analysis.

Results: The histological examinations revealed significant differences (p < 0.05) in type of lesions associated with
different TBTCI concentrations and at different stages. The predominant lesions associated with different stages and
different concentrations of TBTCI were epithelial cell necroasis, degeneration, cell loss, disruption, piknosis, and
submucosal necrosis. Cell scoring was a significant difference (p < 0.05) between the groups of different TBTCI
concentrations and different life stages.

Conclusion: Overall, in this study, the generality of the lesion scores showed that the adults are relatively more

susceptible to the effects of TBTCI compared to the juvenile and the nauplii.
Keywords: Antifouling biocides, Artemia salina, Histology, Toxicity, Tributyltin chloride.

Introduction

Tributyltin (TBT) has been demonstrated to be
acutely toxic to aquatic organisms and associated
with reproductive impairments in both snails and
oysters (Abushaala et al., 2015; Gibbs et al., 1988;
Li et al., 2015). On the other hand, tributylin chloride
(TBTCI) has been shown to have both high fungicidal
and bactericidal properties. It is widely admitted that
triorganotins and most specifically TBTs are probably
the more toxic compounds ever deliberately introduced
into the marine environment. These organotins
are extensively utilized in wood preservation, for
disinfecting circulating industrial cooling waters, and
in marine antifouling paints (Costa et al., 2013; Mee
and Fowler, 1991). A careful examination of studies
that have reported the toxicities of TBTCI in water
and in different species revealed very large in acute
response (Gallo and Tosti, 2015; Meador, 1997; Zuo
etal., 2014).

The effects of TBTCI on different tissues and cells of
diverse animal species in the aquatic environments
have been established in several related studies
(Abushaala et al., 2015; Costa et al., 2013; Gallo and
Tosti, 2015). The study of the internal part of marine
crustaceans was conducted much earlier, for example,
by Couch (1977), who investigated the effect of TBTCI
on the gills of the marine shrimp, Penaeus duorarum,

and later Griffiths (1980) reported the effects of TBTCI
on the gut diverticula of Daphnia magna. Besides
that Papathanassiou and King (1986) investigated the
effects of TBTCI on the gills and hepatopancreas of
the prawn Palaemon serratus, while Papathanassiou
and King (1986) reported the effects of TBTCI on the
gill cells of the brown shrimp, Crangon crangon. Later,
Soegianto et al. (1999) investigated the effect of TBTCI
on the epithelial cells of gills, hepatopancreas, and
epipodites of the late juveniles of Penaeus japonicas,
while Wu et al. (2009) reported the effects of TBTCI
on the gills of a white shrimp, Litopenaeus vannamei.
Collectively, these studies suggested that TBTCI
concentrations altered the cell organelles of aquatic
organisms especially of crustacean (Gallo and Tosti,
2015; Li et al., 2015; Mitra et al., 2015).

Studies using brine shrimp Artemia salina were mostly
addressing different types of pollutants and as a model
ofacute toxicity to TBTCI and other compounds (Nunes
et al., 2006; Panagoula et al., 2002). Very limited
information on histopathological effects of TBTCI
on A. salina but numerous studies were conducted on
other types of pollutants in other marine crustacean as
example studies on the effect of mercury on the gill
and hepatopancreas of the prawn, Macrobrachium
malolmsonii (Pack et al., 2014; Yamuna et al., 2009),
and the effects of sublethal concentrations of zinc
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and cadmium on the hepatopancreas cells of the
terrestrial isopod, Porcellioscaber (Znidarsi¢ et al.,
2003). Petroleum hydrocarbons at high sublethal
concentrations have been shown to cause intense
damage to the hepatopancreas cells (B-cells) of the
penaeid shrimp, Metapenaeus dobsoni (Sreeram and
Menon, 2005). Mixtures of heavy metals have been
demonstrated to have a similar impact on the gills,
hepatopancreas, and epipodites of juveniles white
shrimp, Litopenaeus vannamei (Frias-Espericueta et
al., 2008). In aquatic environments, the risk of TBTCI
toxicity is considered greater for marine and freshwater
organisms (Ranilalitha ez al., 2014). In marine water
species, TBTCI has the ability to accumulate in the
bodies of crustaceans and fish than in ambient water
and subsequently transferred to the food chain (Cuypers
et al., 2010; Peranandam et al., 2013; Ranilalitha et
al., 2014). Therefore, a greater understanding of the
sublethal effects of TBTCI on marine water crustacean
species is a high priority for research. Hence, the aim of
this research was to investigate the effects of different
concentrations of TBTCI on the epithelium layer in the
gut of these three different stages of a model species
brine shrimps 4. salina.

Materials and Methods

Test organisms

The A. salina was hatched and cultured in the
Ecotoxicology Laboratory Department of Biology,
Faculty of Science, Universiti Putra Malaysia. They
were placed on 600 mm plastic aquarium with artificial
seawater of 35 + 1%o, pH at 8 + 0.5, and temperature at
28°C + 1°C with continuous aeration. The photoperiod
cycle was 12 hours light and 12 hours dark. The A.
salina was fed with marine microalgae commercially
produced Tetraslimis sp (Abushaala et al., 2015; 2017).
Reference toxicant

Tributyltin chloride (TBTCI C,H,.CISn) was
purchased from Sigma-Aldrich (USA; 96% purity).
The preparation of TBTCI stock (1 mg/L) was made
using artificial seawater and Instant Ocean®; Aquarium
Systems, Sarrebourg, France at 35 + 1%o with aeration
and stabilization for 24 hours. After that, the appropriate
different concentrations of TBTCl were made using
artificial seawater (Abushaala et al., 2015; 2017).
Experimental design

The samples of A. salina were acclimatized to
laboratory conditions (24 hours for nauplii, 21 days for
juveniles, and 35 days for adults stage) prior to being
exposed to different concentrations of TBTCIL. The test
was carried out in small Petri dishes, and 10 individuals
of A. salina were transferred with a Pasteur pipette into
each Petri dish in five replicates for each concentration.
The general range of concentrations of TBTCI dilutions
was 1, 25, 50, 100, 150, 200, 250, 300, 350, 400,
450, 500 ng.L! for all different stages of A. salina to
different stages (nauplii, juveniles, and adult stage), In
two groups (Set A & Set B), A. salina was placed in

the Petri dishes (10 individuals in each dish) with 10
ml of TBTCI at different concentrations. All the Petri
dishes were covered to avoid evaporation, and constant
aeration was supplied via a glass pipette for 24 hours
exposure to TBTCI. The survivors were used to study
the effect of toxicant on the histological changes. The
experiment was conducted in fully artificial seawater
(Abushaala et al., 2015; 2017).

Histological observation and analysis

The TBTCI had an effect on the A. salina tissue
in different stages exposed to the acute different
concentrations. After exposing individuals from
different stages to corresponding concentrations of
TBTCI for 24 hours, the mortality rate was recorded
and those that survived were used for histological
studies. After 24 hours of exposure, we observed
that some nauplii, juveniles, and adults still survived
but they were not as active as the normal ones. The
histopathological result showed several lesions on
the tissues of nauplii, juveniles, and adult stages after
exposed to TBTCI. Dissection was performed under
a light microscope (Wild Haardage) by a fine needle
and forceps. Samples for light microscopy were fixed
in Bouin's solution for 24 hours and rinsed in several
changes of 70% alcohol to remove picric acid. Prior
to dehydration, prestaining hematoxylin was used for
nauplii stage for 10 minutes, subsequently dehydrated
in a series of ethanol from 80% to 100%. The tissues
were then cleared in xylene prior to embedding in
paraffin wax. Finally, serial sections of 5 um thickness
were cut by microtome (AS 325, Shandon) and stained
with hematoxylin and eosin (H&E).

Data analysis

The statistical analysis for histological study after
observed acute toxicity effects of TBTCI on cell
structures of epithelial layer in gut 4. salina in different
stages using means and standard error (SE) of cell score
system assessing histological effects of TBTCI in the
epithelial cell structures of nauplii, juveniles, and adult
stages and the scoring methods for pathological lesions
were [0: Normal (0), 1: Mild (< 25), 2: Moderate
(< 50), 3: Severe (< 75), 4: Very severe (above 75)
based on the type of epithelial cell damage structures].
Statistical analysis was performed using the non-
parametric Kruskal-Wallis test, chi-square p < 0.05.
Differences were considered significant at p < 0.05 to
find different effects between the pathological lesions
of epithelial layer in gut A. salina and increasing the
concentration of TBTCI. Tissue sections were scored
on a grade of 0 to 4. Analysis software was used to
analyze the photomicrographs (Amer, 2014; Coolidge
etal., 1979).

Results
Effects of TBTCI on the gut epithelial layer of nauplii
stage
The mean lesion scores for 24 hours after exposure
of the nauplii to different concentrations of TBTCI
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are depicted in Table 1. The predominant lesions
were epithelial cell necrosis, degeneration, cell loss,
disruption, and piknosis, and the exposed groups were
significantly different, and the results showed according
to non-parametric Kruskal-Wallis test, chi-square p
< 0.05 a significant between the control and different
concentrations. At the concentration of 200 ng.L™
exposure, the epithelial cell necrosis was seen to have
the highest lesion score 2.00 + 0.29 compared to the
other lesions and the least was epithelial cell loss and
disruption, which had scores of 0.50 + 0.09 each. At
the concentration of 300 ng.L™" of TBTCI, predominant
lesions were epithelial cell necrosis and piknosis with
scores of 1.75 + 0.15 each while the least lesion scores
0.5 = 0.09 were epithelial cell loss. At the concentration
of 350 ng.L!, epithelial cell degeneration and disruption
recorded the highest scores of 1.33 + 0.06 each while
the least lesion under this concentration was epithelial
cell necrosis. At concentrations of 400 ng.L™' and
450 ng.L™", the lesion scores ranged from 1.5 + 0.29
in epithelial cell necrosis in 400 ng.L™" to 0.5 + 0.09.
However, at 500 ng.L ! concentration, the highest lesion
scores were recorded in epithelial cell disruption 2.5 +
0.99 and epithelial cell degeneration 2.25 + 1.25. Based
on the lesion scores of the tissues of the nauplii 24 hours
after exposure, the highest lesion score of 2.5 and 2.25
was found in the concentration of 500 ng.L"!, which had
the highest total score of 8. This was followed by lesions
associated with TBTCI at a concentration of 300 ng.L™!,
which had a total score of 6.17, and the least lesion score
was associated with 400 ng.L™' concentration, which
had a total score of 4.01. The results show lesion under
different concentrations in Figure 1.

Effects tributyltin chloride (TBTCl) on the gut
epithelium layer of juveniles stage

The mean lesion scores for 24 hours post-exposure
of the juveniles to different concentrations of TBTCI
are presented in Table 2. The predominant lesions
associated with different concentrations of TBTCI
were epithelial cell necrosis, degeneration, cell
loss, disruption, and piknosis. For the juveniles, the

concentrations of TBTCI were 50, 100, 150, 200 and
250 ng.L™". The results showed according to the non-
parametric Kruskal-Wallis test, chi-square p < 0.05 a
significant between the epithelium layer in juveniles gut
and TBTCI different groups. In this group, lesion scores
associated with TBTCI at 50 ng.L™", 100 ng.L™", and
200 ng.L™" were not significantly different from each
other. However, at the concentration of 150 ng.L™", the
total lesion scores were 11.33, which was significantly
higher compared to the other concentrations, and the
least total score (8.5) was obtained from TBTCI at the
concentration of 250 ng.L™". Epithelial cell disruptions
have the highest lesion scores compared to other
lesions. Generally, the lesion scores in the juveniles
were significantly higher compared to those from the
nauplii. The lesions for different concentrations are
provided in Figure 2.

Effects tributyltin chloride (TBTCI) on the gut epithelial
layer in adult stage

The mean lesion scores for 24 hours post-exposure of
adults A. salina to different concentrations of TBTCl are
shown in Table 3. The concentrations of the TBTCI in
this group were 25, 50, 100, 200, and 300 ng.L™". The
predominant lesions were similar to those of the nauplii
and juveniles. The results showed according to the non-
parametric Kruskal-Wallis test, chi-square p < 0.05 a
significant difference between the groups of TBTCI
and gut epithelial layer in adult 4. salina. Lesions with
the highest scores were epithelial cell necrosis and
degeneration, and the least was epithelial cell disruption.
The least total lesion scores of 8.1 were associated with
TBTCI at the concentration of 200 ng.L™" followed by
TBTCI at 25 ng.L”!, which had a total lesion score of
9.2. However, lesion scores at the concentration of 50,
100, and 300 ng.L™! were not significantly different
from each other and were the highest in this group. The
generality of the lesion scores showed that the adult
is relatively more susceptible to the effects of TBTCI
compared to the juvenile and was more susceptible
compared to the nauplii. The adult results show lesion
under different concentrations in Figure 3.

Table 1. The means and the SE of cell scores from the cell scoring system assessing histological effects of (TBTCI) in epithelial

cell structures of nauplii 4. salina tissues [No. of sample 5].

Epithelium cell  Epithelium cell

Epithelium cell

Epithelium cell Nucleus

LG 1L necrosis degeneration loss disruption piknosis Total
0 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00

200 2.00 +0.29 1.75+0.15 0.50 = 0.09 0.50 = 0.09 1.00 +0.19 5.75

300 1.75+0.15 1.50 +0.29 0.50 +0.09 0.67 +0.33 1.75+0.15 6.17

350 0.50 +0.09 1.33 +£0.06 1.00+0.19 1.33+£0.06 0.67 +0.33 4.83

400 1.50 +0.29 0.67 +0.33 0.50 +0.09 0.67 +0.33 0.67 +0.33 4.01

450 1.00 +0.19 1.00 +0.19 1.00+0.19 1.00+0.19 1.00 +0.19 5.00

500 2.00+0.29 2.25+1.25 1.00+0.19 2.50+0.99 1.25+£0.24 8.00

Scoring Methods: 0: Normal (0); 1: Mild (< 25); 2: Moderate (< 50); 3: Severe (< 75); 4: very severe (above75). Remark: All data are presented

with £SE.
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Fig. 1. Representative photomicrograph of gut section of nauplii showing normal
histologically structures of gut epithelial cells of control [C]. 200 ng.L™' showing
histologically changes following 24 hours. exposure to TBTCI at with indications of nucleus
piknosis (black arrows). 300 ng.L ™! showing indications of nucleus piknosis (black arrows)
and epithelial cell disruption (yellow arrow). 400 ng.L™! showing indications of epithelial
cell necrosis (black arrow), nucleus piknosis (red arrow) and epithelial cell disruption
(yellow arrow). 450 ng.L "' showing histological indications of disrupted gut epithelial cell
lining (black arrow) and nucleus piknosis (red arrow) and 500 ng.L"' showing histological
changes following indications of disrupted epithelial cell lining (black arrows), epithelial
cell loss (red arrow) and necrosis (yellow arrow). [H and E - 40x%].

Table 2. The means and the SE of cell scores from the cell scoring system assessing histological effects of tributyltin chloride
(TBTCI) in the epithelial cell structures of juveniles A. salina tissues [No. of sample 5].

mrcimg L) ML Neneration o dieuption_piknogs 10081 mean
0 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 = 0.00 0.00
50 2.00 +0.29 2.00+0.29 2.00+0.29 2.00+0.29 1.00+0.19 9.00
100 2.00 +0.29 2.00 +0.29 2.00 +0.29 3.00 +0.99 1.00+0.19 10.00
150 2.33£0.67 2.67+0.33 2.00+0.29 3.00 £ 0.99 1.33£0.67 11.33
200 2.00 +0.29 2.33+0.67 2.33+£0.67 2.00 +0.29 2.00+0.29 10.66
250 2.00 +0.29 2.00+0.29 1.50+0.29 2.50+0.99 0.50 = 0.09 8.50

Scoring Methods: 0: Normal (0); 1: Mild (< 25); 2: Moderate (< 50); 3: Severe (< 75); 4: very severe (above75). Remark: All data are presented

with £SE.
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Fig. 2. Representative photomicrograph of mid gut section of the juveniles with indications
of normal histological structure of gut epithelial cells of the control [C]. 50 ng.L™' showing
histological changes following 24 hours. exposure to TBTCI concentrated with indications
of disrupted epithelial cell (black arrow), epithelial cell loss (red arrow) and necrosis
(yellow arrows). 100 ng.L! showing degenerating epithelial cells (yellow arrow) with
disrupted epithelial cells floating in the gut lumen (black arrows) and necrosis (red arrow).
150 ng.L ! showing histological changes of epithelial cell loss (black arrows). 200 ng.L™"
showing histological changes of the disrupted epithelial cell (black arrow), epithelial cell
loss (red arrow) and necrosis (yellow arrows). 250 ng.L™! showing histological of the
disrupted epithelial cell (black arrow), epithelial cell loss (red arrow) and necrosis (yellow
arrows). [H and E - 40x].

Table 3. Mean and the SE of cell scores from the cell scoring system assessing histological effects of tributyltin chloride (TBTCI)

in the epithelial cell structures of adult 4. salina tissues [No. of sample 5].

TCH g PPl Bt el Epithlum - Epftlum ol Sl s
0 0.00 + 0.00 0.00 £ 0.00 0.00 + 0.00 0.00 + 0.00 0.00 £ 0.00 0.00
25 2.00+£0.29 2.40+1.00 1.80 £0.50 2.00+£0.29 1.0+£0.19 9.20
50 3.00+£0.99 2.80+0.60 1.50 +£0.29 1.30+0.10 1.6 +0.19 10.20
100 2.80 £0.60 2.80 +£0.60 2.00+0.29 1.60 +£0.19 1.4+0.10 10.60
200 240+ 1.00 240+1.21 1.00+0.19 1.00+£0.19 1.3+£0.10 8.10
300 2.80 £+ 0.60 2.80+0.60 1.30+0.10 1.30+0.10 2.2+0.90 10.40

Scoring Methods: 0: Normal (0); 1: Mild (< 25); 2: Moderate (< 50); 3: Severe (< 75); 4: very severe (above75). Remark: All data are presented

with £SE.
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Fig. 3. Representative photomicrograph of mid gut section of the adult with indications of
normal histological structure of gut epithelial cells of the control [C]. 25 ng.L™" showing
histological changes following 24 hours. exposure to TBTCI concentrated with indications
of epithelial cell loss (yellow arrow), piknosis (black arrow) and necrosis (red arrow). 50 ng.
L~'showing histological changes of the disrupted epithelial cell lining (red arrow), epithelial
cell loss (yellow arrow) and piknosis (black arrow). 100 ng.L™! showing histological of the
disrupted epithelial cell lining (red arrow), epithelial cell loss (yellow arrow) and necrosis
(black arrow). 200 ng.L' showing histological changes of the disrupted epithelial cell lining
(red arrow), epithelial cell loss (yellow arrow) and necrosis (black arrow), and 300 ng.L™!
showing histological changes of disrupted epithelial cell line (yellow arrow) and haemocytic
inflammation (black arrow) at the basal layer of the cuticular epithelial linings and gut

epithelial lumen filled with cellular debris (red arrow) [H and E - 40x].

Discussion

Owing to the proven effectiveness of TBTCl-based
antifouling paints, they were popular in the 1960s.
However, some years later, TBTCI was found to have
harmful effects on aquatic organisms (De Castro
et al., 2012). Since 1991, measurements of TBTCI
concentration in United States waters have indicated
no risk of acute toxicity to aquatic organisms, hence
the risk of chronic toxicity was considered as low
levels as at 1996 (Cardwell et al., 1999; De Castro
et al., 2012). Unfortunately, only a limited number
of studies have demonstrated significant histological

changes and toxicity of TBTCI on marine crustacean
species (Alytirik and Cavag, 2013; DeLorenzo et al.,
2001; Rao et al., 2007). This study reports pathological
changes in epithelial cell gut of A. salina at different
developmental stages for 24 hours post-exposure to
different concentrations of TBTCL

The global still affected by organotin compounds in
addition to their known toxicity potential has led to
increasing concern on the environmental impact of
these pollutants and their effects on the ecosystem for
years to come (Furdek et al., 2012). In recent years,
the use of organotins as antifouling agents has been
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shown to significant pollutants in aquatic ecosystems
(Ranilalitha et al., 2014). The mortality recorded in
all the three stages of A. salina investigated following
exposure to TBTCI is associated with the toxicity of
TBTCI, which has been similarly reported in previous
related studies to be toxic to Artemia sp (Abushaala et
al.,2017; Kungolos et al., 2001).

The gut of A. salina is a simplified straight tube
made of a single layer of epithelial cells, which has a
pair of small globular diverticula in the head region.
Additionally present in the gut tube is a thin peritrophic
membrane (Croghan, 1958). In this study, the gut
epithelial cells were most affected with lesions such as
epithelial cell necrosis, nucleus piknosis, degeneration,
and epithelial cell loss. Since it has been established
that shrimps ingest some of its medium both in the
presence or absence of particles (Croghan, 1958),
and in this case, the medium was contaminated with
TBTCI, it, therefore, follows that the pathological
lesions observed in the gut of the brine shrimps were
a result of the brine shrimps ingesting the toxic water
that was contaminated with different concentrations of
TBTCI. The presence of these lesions is indications of
the toxicity induced by TBTCI pollution. Even though
studies investigating histopathological changes in the
gut epithelium of the brine shrimps are scanty or not
available, the histopathological changes such as the
epithelial cell necrosis, nucleus piknosis, epithelial
cell degeneration, and epithelial cell loss could be
associated with TBTCI toxicity. However, the exact
mechanisms through which TBTCI toxicity causes
these lesions may require further studies.

Like many other aquatic organisms, the brine shrimps,
A. salina also accumulate trace elements that are
subsequently transferred to higher levels in the food
chain; hence it is essential to determine the relationship
between the brine shrimps and its tolerance range
for various water pollutants. In this study, significant
differences were seen in the level of resistance to TBTCI
concentrations by different stages of the brine shrimps.
The nauplii were observed to be more resistant to
TBTCI contamination compared to the juveniles and the
adults' brine shrimps. This was seen in the differences
recorded in lesion scores where the nauplii scored less
compared to the juveniles and the adults. This finding
corroborates with the findings documented in other
related studies (Sanchez et al., 2016; Sorgeloos et al.,
1978) who reported that brine shrimps at the resistance
of newly hatched larvae of brine shrimps were high and
relatively inconsistent, just as observed in this study.
The reason for this difference in resistance to TBTCI
could be associated with the feeding habit of the brine
shrimp. Since the brine shrimps have been documented
to be filter feeders (Croghan, 1958), ingesting the
surrounding water together with food particles, the
juvenile and the adults probably ingested more of the
TBTCI through feeding, unlike the nauplii which fed
less, thereby leading to less pathological lesions.

Conclusion

This work revealed for the first time not only the
toxicity of TBTCI to the brine shrimps but further the
pathological changes such as epithelial cell necrosis,
degeneration, disruption, cell loss, and nucleus piknosis
that were associated with the gut epithelial cells of the
brine shrimps A4. salina exposed to TBTCI contaminated
water. Based on the results of this work, it is clear that
toxicity of TBTCI to the brine shrimps was associated
with pathological lesions as stated above, which cause
mortality following exposure. This study also noted
that the nauplii were more resistant to TBTCI toxicity
compared to the juveniles and the adult Arfemia. This
study reconfirmed the suitability of the brine shrimp
Artemia sp for assessing the marine toxicity profile of
any toxicant with simple and reproducible results.
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