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Abstract

Malachite green (MG) is a triphenylmethane dye that is widely used in aquaculture as a fungicide, bactericide, ectoparasiticide, and
antiprotozoal. There is great debate regarding the potential for this compound to trigger adverse effects. Here, we review the previous
findings and then evaluate the lethal and sublethal effects of MG in the species Hemichromis bimaculatus (jewelfish). The lethal
concentration for 50% of the fish in 96 h was 1 mg/L. We observed a dose-dependent increase in the percentage of fish mortality as well
as physical and behavioral changes. We further found that the highest tested sublethal dose significantly increased the DNA damage
index identified using the comet assay (74.97 = 13.8 at a significant level of P <0.05 for the 0.75 mg/L concentration), but did not
significantly alter the results of the micronucleus test. Although our results suggest that MG confers risks on exposed fish, the findings
were significant only at the highest exposure concentration (0.75 mg/L). At lower concentrations (0.25 mg/L and 0.5 mg/L), no adverse
effect was observed. The maximum MG concentration recommended for use in ornamental fish farming is 0.2 mg/L. Therefore, our
results suggest that, specifically for the parameters analyzed in this work, MG does not have any adverse effect when users strictly

adhere to the recommended concentration criteria for ornamental fish.

Keywords Micronucleus - Comet assay - Lethal concentration - Mutagenicity - Genotoxicity - Jewelfish

Introduction

Malachite green (MQ) is a chemical compound that has been
used as a dye and in aquaculture since the 1930s. At present,
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this substance is used mainly for the maintenance of ornamen-
tal fish as a fungicide, bactericide, ectoparasiticide, and
antiprotozoal. Many aquaculture producers consider it to be
irreplaceable due to its low cost, ready availability, and high
efficacy (Schmabhl et al. 1992; Ruider et al. 1997; Wan et al.
2011).

There is a wide-ranging debate regarding the toxicological
effects caused by MG, with some authors considering it to be a
safe compound, while others report a number of adverse ef-
fects following exposure to MG and its main metabolite,
leucomalachite (LM) (Table 1). Different fish species appear
to vary widely in their sensitivity to MG (Table 2), with the
LCso (lethal concentration to 50% of a population) ranging
from 0.154 mg/L for Micropterus dolomieu to 5.6 mg/L for
Heteropneustes fossilis. These results also call attention to the
caution that must exist when handling the compost. Given this
debate and the widespread use of MG, further studies are
needed to fully evaluate its safety and optimum dosage in fish.

The fish species, Hemichromis bimaculatus (commonly
known as jewelfish), is popular in the aquarist trade because
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Table 2 Malachite green toxicity found in various fish groups

Species LCs pH Temp. (C°) Exposure time (h) Reference
(mg/
D)
Lepomis macrochirus (adults) 2.0 8.0 12 3 (Bills et al. 1977)
7.43 6.5 12 3
2.19 7.5 12 3
Ictarulus punctatus (fingerlings) 0.238 7.5 22 6 (Bills et al. 1977)
0.960 7.5 12 6
0.4 7.5 22 6
0.519 9.5 12 6
1.72 8.0 12 6
1.3 8.0 12 6
0.286 8.0 12 24
Oncorhynchus mykiss (fingerlings) 14 7.5 12 3 (Bills et al. 1977)
235 8.0 12 3
6.8 8.0 12 6
Micropterus dolomieu (fingerlings) 0.154 7.5 12 24 (Bills et al. 1977)
Micropterus salmoides (fingerlings) 0.282 7.5 12 24 (Bills et al. 1977)
Oncorhynchus kisutch (fingerlings) 3.0 7.5 12 6 (Bills et al. 1977)
0.569 7.5 12 24
0.383 7.5 12 96
Salmo salar (fingerlings) 3.560 7.5 12 3 (Bills et al. 1977)
1.090 7.5 12 6
0.497 7.5 12 24
0.283 7.5 12 96
Salmo trutta (fingerlings) 1.730 7.5 12 3 (Bills et al. 1977)
1.270 7.5 12 6
0.352 7.5 12 24
0.237 7.5 12 96
Heteropneustes fossilis (fingerlings) 5.60 7.7 22 24 (Srivastava et al. 1995)
1.40 7.7 22 48
1.25 7.7 22 72
1.0 7.7 22 96
Hemichromis bimaculatus (adults) 1.0 6.8 25 96 Present study

of'its rusticity and colors (Rowland 1975; Bhosale et al. 2017).
We chose this species as the test organism because it is an
ornamental fish (representing the main target group for the use
of MQG); it is easy to maintain and reproduce in the laboratory;
and it has been used in previous physiological and ethological
studies (Rowland 1975; Bell 1982; Bhosale et al. 2017) and is
thus relevant for studies aimed at determining acute toxicity
and concentration of use of MG without causing damage to
ornamental fish.

Currently, most studies related to MG have been carried
out with species from temperate regions, and although this
substance is widely used in aquaculture ornamental and con-
sumer fish, little research has investigated its impact on spe-
cies present in tropical ecosystems. Although the use is
prohibited in fish farming for human consumption, the MG
is released for ornamental fish farming, and its improper

@ Springer

handling can cause damage to the environment and the people
who handle it. Therefore, to increase knowledge regarding the
possible adverse effects of MG, we thoroughly examined the
effects of lethal and sublethal doses of MG on Hemichromis
bimaculatus.

Material and methods
Sample

Fishes were adults obtained from and maintained by the
Amazonian Ichthyology Laboratory IFPA (Campus
Abaetetuba), where the sanitary conditions are constantly
monitored. The animals were acclimatized for 15 days with
a photoperiod of 12 h, in constantly aerated aquaria with
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filtered and dechlorinated water. They received commercial
fish feed twice a day. During experiments, we constantly mon-
itored the physical and chemical parameters of the water and
kept them optimized for the maintenance of Hemichromis
bimaculatus: 26 °C+2, pH between 6.8 and 7.2, ammonia
0.002 mg/L, dissolved oxygen 6 mg/L, and conductivity
500£50 uS/cm. The study was approved by the Ethics
Committee of the Federal University of Para, permit No. 68/
2015. All the tests were done in duplicate to confirm the re-
sults obtained.

Acute toxicity test

The fish were separated into six groups (5 experimental and 1
control) of seven fish each. The aquariums with a volume of
35 L of filtered and dechlorinated water each functioned in a
static system; the five experimental tanks were treated with
five different concentrations of water-diluted MG (0.167 mg/
L, 0.5 mg/L, 1.5 mg/L, 4.5 mg/L, and 13.5 mg/L).
Concentrations were based on the recommended treatment
for fish (approximately 0.2 mg/L); from this concentration,
we tested values above and values below in order to find
LCsq (concentration lethal to 50% of fish). The control groups
were left untreated. Each test was applied according to the
recommendations established by the OECD - (Organisation
for Economic Co-operation and Development) (1992). Fish
were exposed for 96 h, and mortality was observed at 24,
48, 72, and 96 h to enable us to calculate the LCs, values at
these times. The calculation of the LCso was done using the
software PROBIT STATGRAPHICS PUS, version 1.8.
Results were expressed as mean and standard deviation.

Studies of physical and behavioral changes

The presence or absence of behavioral changes, such as irri-
tability, leakage reflex, contortion, tremors, convulsion, stim-
ulation, hypnosis, anesthesia, loss of direction, and shock
against the wall, was observed throughout the experiment.
Physical changes, such as mydriasis, depigmentation of the
skin, defecation, and swelling of the body and eyes, were also
observed. All parameters were analyzed as described by Melo
et al. (2015).

Genotoxicity assays

Genotoxicity was assessed at sublethal concentrations, which
were calculated from the LCs, determined in the acute toxicity
test. The fish were separated into 4 groups (3 experimental
groups and 1 negative control) with six animals in each group.
They were exposed to 0.25 mg/L, 0.50 mg/L, and 0.75 mg/L,
which corresponded to 25%, 50%, and 75% of the LCsy,
respectively. After 96 h of exposure, they were euthanized
by marrow section, and myelotomy was performed. From

the cut made in the marrow, blood was collected. The fish
length was determined, and the weights of the liver and total
animal were quantified. For this experiment, aquariums with a
volume of 35 L of filtered and dechlorinated water were used,
in the proportion of 1 g of animal weight for each liter of water
as recommended by OECD - (Organisation for Economic Co-
operation and Development) (1992).

Comet assay

The comet assay was performed as described by Hartmann
and Speit (1997). Blood (5 uL) was collected with a micropi-
pette and transferred to an Eppendorf tube containing 500 puL
of fetal bovine serum (FBS), and 40 uL of the mixture was
combined with 120 puL of low-melting-point agarose (0.5%)
kept in a water bath at 37 °C. The material was placed on
microscope slides that had been previously lined with normal
agarose (1.5%) and covered with coverslips. The slides were
refrigerated, the coverslips were removed, and the slides were
submerged in freshly prepared lysis solution (2.5 M NaCl,
100 mM EDTA, and 10 mM Tris; pH 10.0-10.5) containing
1% Triton X-100 and 10% DMSO and held at 4 °C for 1 h.
The slides were then alkaline treated for 30 min in pH 13
buffer solution (300 mM NaOH and 1 mM EDTA) previously
cooled in an ice bath. Electrophoresis was performed using a
horizontal system at 25 V and 300 mA for 30 min. The slides
were neutralized (0.4 M Tris-HCI, pH 7.5) three times for
5 min each time, stained with 30 uL of ethidium bromide
aqueous solution (Gibco Industries Inc., USA) and observed
under a x 400 fluorescence microscope with a 515- to 560-nm
excitation filter and a 590-nm barrier. One hundred nucleoids
were analyzed per slide, as recommended by Collins et al.
(2001). The cells were classified into categories from tail size
in classes 0 to 4 (0 =no tail, 1 =little damage, 2 = moderate
damage, 3 =severe damage, 4 = maximum damage level,
80% DNA or more in the tail), according to Collin et al.
(1995). One hundred cells were analyzed per treatment. The
damage index (ID) was calculated using the following
formula:ID = (0 x n0) + (1 x nl) + (2 x n2) + (3 x n3) + (4 x

n4), where n is the number of cells in each class analyzed
(Collins et al. 2001; Silva-Pereira et al. 2005). Finally, the total
score per specimen, which represented the frequency of
breaks in DNA, was calculated as the mean of the scores of
obtained from the two slides corresponding to that specimen.
For each fish, slices were made in duplicate.

Micronucleus test

Blood (5 pL) was collected by a micropipette and transferred
to an Eppendorf tube containing 500 uL of FBS, and 50 puL
per slide was used to prepare two blood smears per animal.
The slides were dried for 24 h at room temperature, fixed in
absolute methanol for 10 min, and stained with Giemsa (10%)

@ Springer
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Fig. 1 Red blood cells of H. bimaculatus, exposed to MG. Normal cells (a). Micronucleus, MN (b and ¢). Notched, NT (d). Blebbed, BB (e and f).

Lobed, LB (g). Double nucleus, DN (h). Images from the authors

diluted in phosphate buffer (pH 6.8) for 10 min. The slides
were coded to blind the analyst and avoid bias and analyzed
under a light microscope using a x 100x objective. For each
fish, 3000 erythrocytes were analyzed for the frequency of
micronuclei and nuclear erythrocyte abnormalities (NEAs).
For the micronucleus analysis, we used the criteria of
Cavalcante et al. (2008), in that a micronucleus must be mor-
phologically similar to the main nucleus; have a diameter be-
tween 1/16 and 1/3 of the main core; not be refringent; do not
have a physical connection with the nucleus; and have the
same staining intensity as the main nucleus. Cells were con-
sidered to have NEAs if they were binucleate or had blebbed,
lobed, or notched nuclei, as described by Carrasco et al.
(1990) (Fig. 1).

Statistical analysis

Statistical analysis was performed with the Biostat 5.0 pro-
gram (Ayres et al. 2007). The utilized test was chosen

Table 3 Values of LCsy

(mg/L) in Exposure time (h) LCso (mg/L)

H. bimaculatus after

exposure to MG at 24 4.3 (£0.14)*

different times 48 1.87 (£0.0)
72 1.34 (£0.47)
96 1.0 (£0.0)

*Differs statistically in relation to the other
exposure times (P < 0.05)

ANOVA (multiple Tukey comparisons)

@ Springer

according to the sample normality, which was assessed using
the Kolmogorov-Smirnov test. ANOVA (multiple Tukey
comparisons) was used for normally distributed data, while
the Kruskal-Wallis test (multiple Dunn comparisons) was
used for non-normally distributed data.

Results
Acute toxicity and determination of the LCs,

The values found for LCsq at 24, 48, 72, and 96 h are present-
ed in Table 3. The highest concentration tested (13.5 mg/L)
caused mortality in fish beginning at 24 h after MG exposure.
The LCsq value increased significantly from 24 to 48 h and
then remained stable to 96 h. As shown in Fig. 2, the mortality

120
y =7.4344x -1.2238
100 R?=0.995

80
60
40
20

Mortality (%)
[ ]

0 5 10 15

o 24 48 o 72 e 9
Concentrations (mg/L)

Linear (48)

Fig. 2 Graphical dispersion demonstrates a strong linear correlation of
H. bimaculatus mortality as a function of MG concentration in the acute
toxicity test. Pearson linear correlation test
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Fig. 3 Changes observed in fish exposed to MG. a Left fish: negative
control with normal characteristics of pigmentation and absence of
dilation in the eyes. Right fish treated with MG (0.75 mg/L) where
depigmentation and swelling in the eyes is observed. b Abdominal
swelling, depigmentation, and eye swelling in fish treated with
0.75 mg/L of MG

rate increased with the MG concentration. The value of the
linear regression coefficient calculated for the obtained data
(R*=0.995) confirmed that there was a concentration-
dependent relationship.

Physical and behavioral changes

Among the sublethally exposed and control fish, those ex-
posed to the control condition and lower concentrations of
MG (0.25 and 0.5 mg/L) were active and fed normally. In
contrast, those exposed to the highest concentration
(0.75 mg/L) did not feed well from the first day of the exper-
iment. They also exhibited the following behavioral manifes-
tations: loss of leakage reflex, slow lateral flaps, increased

irritability, writhing, respiration on the surface of the aquari-
um, swiveling, and decreased flow rates. Physically, fish ex-
posed to the highest dose of MG exhibited abdominal swelling
due to fluid retention, depigmentation of the scales, and swell-
ing of the eyes (Fig. 3).

Measurements of length, fish weight and liver weight

For sublethally exposed fish, Fig. 4 presents the total weight
and length of them and the weight of the fish liver. The results
indicate that the treated fish did not exhibit any between-group
difference in weight or length, relative to the control (Fig. 4a
and b), but there was a statistically significant increase in fish
liver weight at the highest concentration of MG exposure
(0.75 mg/L) (Fig. 4c).

Comet assay

The results of the comet assay indicated that there was a sig-
nificant increase in the total and high damage index in the
erythrocyte DNA of H. bimaculatus exposed to the highest
sublethal concentration of MG (0.75 mg/L), compared with
the other treatment groups (Fig. 5).

Micronucleus test

The MN test was evaluated by comparing the frequency of
MNs found in the different tested concentrations of MG
(0.25 mg/L, 0.50 mg/L, and 0.74 mg/L) in relation to the
negative control. Table 4 shows the means and standard devi-
ations of the frequency of MNs and NEAs for the different
concentrations. The observed results did not show significant
difference for any of the concentrations, being able to be vi-
sualized in the average of the frequency of MNs and NEAs,
and confirmed by the ANOVA test (multiple Tukey compar-
isons) (P <0.05).

75

8 o *
E) § E)
=z £ 55 £ oo
2 o =)
D [

@

2 = 60 E 004
2 g 2
= L 3

4 55 002

2 50 00

o 025mg  0Smg  075mg = 0Bm  OBmo  075m o 0%mp  OSp  O7Smp
Concentrations (mg/L) a Concentrations (mg/L) b Concentrations (mg/L) (o

Fig.4 Mean and standard deviation of weight and total length of animals and liver weight exposed to sublethal concentrations of MG. a Total weight. b
Total length. ¢ Liver weight. Parametric test one way ANOVA; multiple Tukey comparisons. *Differs statistically from the other treatments (P < 0.05)

@ Springer
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90 BModerate ID *
@High ID *
80|  wrotalld
- 70
xX
x 60
0
o
£ 50
>
© 40
£
[
o 30
20
0 L
Negative control 0.25 0.5 0.75

Concentrations (mg/L)

Fig. 5 Mean and standard deviation of the indices of moderate, elevated,
and total damage in erythrocytes of H. bimaculatus exposed to MG in the
Comet assay. Parametric test one way ANOVA; multiple Tukey
comparisons. *Differs statistically from other treatments (P < 0.05)

Discussion

The realization of bioassays in fish gives important answers
on the effects of MG on a main target organism. Here, we
report that the LCs(-96 h value for H. bimaculatus is 1 mg/L
of MG. The comparison with the corresponding values for
other fish species shows that there is a large variation in the
toxic effects of MG on fish (Table 2). This may reflect differ-
ences in the utilized experimental conditions, such as temper-
ature and pH. The ionization constant (pK) of MG is 6.9. It is
100% ionized at pH 4.0, 50% ionized at pH 6.9, 25% at 7.4,
and 0% at pH 10.1 (Goldacre and Phillips 1949). According to
Kubitza and Kubtiza (2004), the tolerance of fish to MG is
lower under high temperatures and high pH, although there
are species- and fish size-related differences in this pattern.
Thus, we might expect that the toxicity of MG would increase
with the acidity of the water. Regarding temperature, fish are
poikilothermic animals and their metabolic activities increase
with temperature, suggesting that the toxic effects of MG
could be more severe at higher temperatures.

The strong correlation observed herein (R*>=0.995)
(Fig. 2) indicates that the MG concentration and exposure

Table4 Mean and standard deviation of micronuclei (MN) and nuclear
erythrocytic alterations (NEAs) observed in H. bimaculatus, exposed to
malachite green

Treatments MN NEAs

Negative control 0(£0) 0.58 (£0.52)
Malachite green (0.25 mg/L) 0.05 (£0.04) 0.24 (£0.31)
Malachite green (0.50 mg/L) 0.09 (+£0.07) 0.53 (£0.52)
Malachite green (0.75 mg/L) 0.02 (£0.03) 0.61 (£0.30)

ANOVA (multiple Tukey comparisons)
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time can strongly influence the toxicity of this substance.
Srivastava et al. (1995) also observed different LCs, values
for MG in Heteropneustes fossilis at different exposure times.
Thus, we propose that the between-study variations in MG
toxicity (Table 2) are likely to reflect differences in the admin-
istration conditions. It is difficult to compare the toxicity of
MG in different species given that the information was col-
lected under various combinations of water temperature, pH,
hardness, and dissolved oxygen (Schoettger 1970; Smith and
Heath 1979; Gluth and Hanke 1983; Doerge et al. 1998).

Under the conditions tested in this work, we were able to
determine the LCso and examine the effects of sublethal doses
of MG. We saw adverse effects only at the highest sublethal
exposure concentration tested (0.75 mg/L). The observed be-
havioral changes, such as surface clogging and an unusual
operculum beat, suggest that MG is likely to interfere with
the respiratory system of fish, making it difficult for them to
exchange gas with the environment. Other authors also detect-
ed respiratory discomfort in MG-treated fish of additional
species, such as rainbow trout (Ross et al. 1985) and Nile
tilapia (Omoregie et al. 1998). According to Werth and
Boiteux (1968), the compound blocks respiratory enzymes.

The liver weight was increased in animals treated with
0.75 mg/mL of MG, suggesting that the treatment may affect
this organ. Since the liver comes into direct contact with toxic
substances that have entered the body, liver weight is consid-
ered to be an excellent marker of toxicity. An increase in the
liver weight of rats treated with MG (100 ppm) was reported
by Sundarrajan et al. (2000), who associated this change with
N-nitrosodimethylamine that potentializes the induction of tu-
mors in the liver of rats. In studies on rats fed with MG and
LM, the authors observed histological injuries, such as necro-
sis and vacuolization of liver cells (Culp et al. 1999, 2002).
The possible toxic effect of MG on the liver is highly relevant,
since changes in this organ can lead to general health
problems.

Another issue is related to nuclear abnormalities, described
in the literature as an important indicator of genotoxicity
(Ferraro et al. 2004; Ozkan et al. 2011). It is known that the
damage observed depends mainly on the type of pollutant
involved and the species of fish exposed (Kousar and Javed
2015). In the present study, the species analyzed exposed to
MG do not have a significant increase in nuclear abnormali-
ties, although they are in higher number when compared with
micronucleus. This is due to the presence of NEAs being
brought together in a single counting point. Although the
mechanisms responsible for the formation of nuclear abnor-
malities are not yet fully understood (Bolognesi et al. 20006;
Cavas 2008; Strunjak-Perovic et al. 2009), some authors have
already described that several substances can interfere in the
DNA synthesis of the exposed organism and thus result in this
type of observation (Da Silva and Fontanetti 2006). An exam-
ple is the study by de Campos Venturaet al. (2008) reporting
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that invaginations, which were also observed in our work,
may be the result of aneuploidies that occur due to tubulin
failures. This failure makes the action of the mitotic spindle
difficult, generating aneuploid cells with this type of abnor-
mality after cell division (Fernandes et al. 2007).

At the DNA level, our comet assay showed that MG has
genotoxic potential in the tested fish species. Unexpectedly,
however, our analysis of micronuclei and erythrocytic nuclear
alterations failed to find any significant treatment-related
change. Two hypotheses may be suggested to explain this:
(1) the DNA is repaired before a micronucleus is formed, or
(2) the DNA-damaged cells enter apoptosis and do not com-
plete another cell cycle, so no micronucleus is formed. We
suggest that the latter possibility is more likely, as eukaryotic
cells with high levels of DNA damage and errors tend to be
earmarked for apoptosis (Bose et al. 2005; Alberts et al. 2008).
According to Fessard et al. (1999), the bactericidal and cyto-
toxic activity of MG can hide mutagenic effects at higher
concentrations. Even though cell death may be a beneficial
event when programmed, excessive apoptosis may be indica-
tive of toxicity caused by external agents (Grisolia et al. 2009).
Therefore, we speculate that the breaks detected by the comet
assay may reflect DNA fragmentation and that this induces the
cells to undergo apoptosis.

Few previous reports have addressed the ability of MG
to cause DNA fragmentation (Bose et al. 2005). To our
knowledge, this is the first study to use the comet assay
to examine the effect of MG on DNA in fish. Our review of
previous reports on the cytotoxic, genotoxic, and carcino-
genic effects of MG and LM in fish and mammals
(Table 1) found that there are a number of contradictions
in dosage weighing to the actual effect caused by the com-
pound. It is possible that these variations reflect the lack of
standardization in the exposure dosages. For example,
Bergwerff et al. (2004) treated Anguilla anguilla with
0.1 mg/L of MG and observed no side effect or
persistence of residues after 100 days. Niska et al. (2009)
treated Oncorhynchus mykiss eggs with 1 mg/L, 3 mg/L,
and 6 mg/L and failed to observe any teratogenic effect
after hatching. However, Yonar and Yonar (2010) ob-
served immunosuppression and oxidative stress in
Oncorhynchus mykiss treated with 1/15,000 (66.7 mg/L)
and 1/150,000 (6.67 mg/L) of MG. Nebbia et al. (2017)
treated Oncorhynchus mykiss with 25 uM (9.12 mg/L),
50 uM (18.25 mg/L), and 100 uM (36.50 mg/L) of MG
and found that it had potent in vitro inhibitory effects on
hepatic metabolism. Thus, the concentrations applied in
these studies varied widely, from 0.1 mg/L to 66.7 mg/L,
likely explaining the differences in the obtained results.
When studying sublethal effects, it is important to deter-
mine an appropriate concentration range. Here, we first
determined the LCs( in our model organism and then used
this information to examine sublethal effects. It was

possible to observe that in many studies, the investigators
did not to establish the LCs, for the organism, being there-
fore a failure to determine the effect in sublethal dosages.

Although GM is not approved by Food and Drug
Administration (FDA) for or use in aquaculture, its low cost
and high efficacy in the control and prevention of zoonoses mean
that it is often used (and potentially abused) in the production of
fish for both the aquarium trade and food consumption (Yonar
and Yonar 2010). Therefore, it is important to promote actions
that define the safe use of MG, which can have cytotoxic and
mutagenic effects and cause serious problems when used at in-
appropriate concentrations. In addition, environmental pollution
and contamination of exposed fish and people may be recurring
problems associated with its indiscriminate use. The use of acti-
vated charcoal filters has been shown to reduce the risk of ad-
verse effects from MG, in addition to having antiparasitic effects
(Bills et al. 1977; Niska et al. 2009).

We note that all of the significant adverse effects observed
herein were seen only at the highest tested sublethal concen-
tration of MG (0.75 mg/L). No adverse effect was seen in fish
treated with the lower doses of 0.25 mg/L and 0.5 mg/L. At
the higher dose, however, the damage was severe, indicating
that we must take care in using this compound. Previous stud-
ies found that MG and ML had dose-dependent effects on
DNA (Culp et al. 1999) and that MG dose dependently in-
duced severe cell death in the intersomitic region of the Danio
rerio embryo (Jang et al. 2009). Biosafety tests regarding the
carcinogenicity of MG and LM indicate that these compounds
can dose dependently trigger tumor formation (Mittelstaedt
etal. 2004) and LM was reported to dose dependently increase
skeletal abnormalities in rats (Wan et al. 2011). The meticu-
lous work of Bassleer (2009) in several species of ornamental
fish suggested that the maximum safe dose of MG is 0.2 mg/L.
Therefore, adherence to appropriate sanitary criteria for orna-
mental fish would seem likely to guard against possible MG
toxicity.

Conclusion

Above all, our findings emphasize that more research is need-
ed to clarify the effects of MG on various relevant parameters
beyond those examined herein. This will help ensure that the
use of MG, when allowed, can be properly managed. We must
seek to maximize the effectiveness of MG without damaging
treated organisms and the environment.
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