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ABSTRACT

The cyto-nephrotoxicity in fishes induced by dyes is a global issue. Fluorescein dye has a wide range of
applications in industry and biological laboratories. In vivo experiment was planned to assess the sub-
lethal effects of Fluorescein dye, Eosin Y, and Eosin B in Labeo rohita. This freshwater fish was exposed
to increasing concentrations (0.0011, 0.0023, and 0.0047 mg/L) of both dyes in the aquarium for definite
time intervals. A dye-free trial was set as a control. Fish was anesthetized and dissected by cutting on the
ventral side to remove a kidney. Cyto-nephrotoxicity was detected through histopathology. The fish’s sig-
nificant mortality was observed when exposed to 0.0023 mg/L (LCso) and 0.0047 mg/L concentration of
Eosin Y dye. These trial groups showed many kidney tissues alterations such as glomerular, tubular
epithelial cell’s degeneration, a reduced lumen of tubules, vacuolation, absence of bowmen’s space,
necrosis, glomerulonephritis with increased per tubular space, shrinking of the glomerulus, congestion,
clogging, and degeneration of tubules. Eosin B showed less mortality and tissue damage, including
glomerular contraction and increased space between glomerulus and capsule. ANOVA showed a highly
significant reduction in weight gain of fish at different treatments levels of Eosin Y, but less or none in
the case of Eosin B. Increase in fish weight was found to be 66.3 + 0.38 g when exposed to Eosin Y at
0.0047 mg/L, but it was 69.05 = 0.63 g when exposed to Eosin B while it was almost identical 69.2 + 0.
23 g for both dye-free trial groups. The pair-wise comparison showed that exposure of the Eosin Y at
treatment level 0.0047 mg/L was found to be highly toxic for the kidneys of Labeo rohita. Although both
classes of dye are cytotoxic at small concentrations, Eosin Y is acute cyto-nephrotoxic and was found to
be involved in growth retardation. To prevent society from fatal consequences, usage of dyes having acute
toxicity must be banned or switched to alternates having no effects.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

of untreated into natural water bodies causing severe aquatic pol-
lution (Sinha and Hanamghar, 2019; Robinson et al., 2001). Dyes

Exposure to biological and industrial dyes causes serious health
issues in organisms. Significant sources of dyes are textile indus-
tries, pharmaceutical industries, tannery, etc. They are disposed
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and their derivatives like benzidine, naphthalene, and other aro-
matic compounds are highly mutagenic and carcinogenic
(Forgacs et al., 2004). Fish are exceptional model organisms to
absorb such xenobiotics. Fish is the best model to study these con-
taminants’ carcinogenic or mutagenic potential and cytological
alterations (Strzyzewska et al., 2016). Fish organs like kidneys
and liver having a role in the filtration of body fluids and metabo-
lism are essential in determining the health of fish in the freshwa-
ter ecosystem. The biomarkers study of such vital organs has led to
marvelous environment risk assessments (Dai et al, 2020).
Histopathological studies are considered helpful to identify sub-
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lethal and chronic effects of freshwater pollutants (Hussain et al.,
2019).

Pollutants enter into fish organs (Kondera et al., 2014) and dam-
age metabolic pathways. The kidney and liver are specific organs to
perform essential functions like excretion and have a role in main-
taining the volume and pH of body fluids and erythropoiesis. They
are also involved in osmoregulation to provide fish a stable internal
environment. Kidneys produce hormones, excrete toxins, and
ensure adequate plasma for its proper flow to vital organs. Toxi-
cants like dyes can damage nephrons, resulting in kidney dysfunc-
tion (Nordberg et al., 2012). Thus kidneys are excellent organs to
reflect environmental stress to fishes, and tissue damage acts as
a tremendous biomarker to estimate a load of pollutants (Perera
and Pathiratne, 2010; Nordberg et al., 2012). This project was
designed to detect in-vivo cyto-nephrotoxicity induced in Labeo
rohita due to fluorescein dye Y and B.

2. Material and methods
2.1. Fish procurement and water sampling

Labeo rohita in the weight range of 60-85 g was procured from
fish seed hatchery, Satiana Road, Faisalabad. Fish were acclima-
tized in glass tanks for eight days in fisheries laboratory with con-
tinuous aeration before exposure to the fluorescein dye Y and B.
After four days, water in an aquarium was replaced with fresh
water, and fish were fed with commercial feed 5% of body weight.
The water was replaced daily with fresh water to remove fish exc-
reta. All necessary fish morphometric measurements were per-
formed before and after the application of both classes of dye.
Fish was exposed to both categories of dye for 15 days.

2.2. Experimental plan

Healthy fish specimens were grouped into four major groups
having twenty specimens. Both dyes were dissolved in distilled
water, and three dilutions viz., 0.0011 mg/L, 0.0023 mg/L, and
0.0047 mg/L of Eosin Y and Eosin B dye were prepared. Standard
water quality parameters such as temperature, pH, and dissolved
oxygen were kept normal during the experiment (Ben Ameur
et al., 2012). Each experimental trial group was exposed to these
increasing concentrations in triplicate. LCso value was determined
by exposing fish for both classes of dyes for 24, 48, 72, and 96 h. A
dye-free fish group on similar conditions was set as a control. Mor-
phometric measurements of fish specimens were performed
weekly to note growth performances.

2.3. Histopathology

Fish specimens from each trial group were anesthetized by
chloroform, dissected to remove kidneys, and immediately pre-
served in formalin (10% solution). These tissues (2 mm) were sub-
jected to histopathological assessment by the paraffin wax
method. Dehydration of kidney tissues was conducted by isopropyl
alcohol grading, with 50%, 70%, 90%, and absolute isopropyl alcohol
for 1 h and then cleaned in xylene. These tissues were solidified
and inserted in a paraffin cube. Tissue specimens were mounted
on microtome for cutting it into sections. The optimal thickness
of the sections was 5 pm. Paraffin was cleared by xylene (1-
2 min) before section staining. Dehydrated slides were placed in
water. These rehydrated sections were placed in Hematoxylin stain
solution for 30 min. These slides having sections were washed in
tap water for 3 min. The sections on the slides were turned bluing.
Then sections were treated with 70% ethanol + 1% HCI for few sec-
onds. This step removed the excess stain and exposed nuclear con-
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tents. Slides were washed in tap water for 3-5 min until they
attained clear blue color. The slides were placed in eosin stain solu-
tion for 10-12 min and washed in tap water for 1-5 min. Slides
were dehydrated, cleared, and mounted (Ben Ameur et al., 2012;
Chavan and Muley, 2014). Photomicrographs of these stained sec-
tions were taken through a microscope at 400x and 600x.

2.4. Statistical analysis

Fish mortality data were used to calculate LCsq values by Probit
analysis. ANOVA was used to compare the LCso values for both
classes of dyes exposed to fish. All experiments were repeated
three times, and data were presented average means of these repli-
cates. Mean values were compared and evaluated with the DMR
test (p < 0.05). Growth performance data were analyzed through
one-way analysis of variance through SPSS 9 software. Data was
plotted to prepare charts through MS Excel (2007).

3. Results

The fish Labeo rohita exposed to increasing concentrations
(0.0011, 0.0023, 0.0047 mg/L) of Eosin dye Y and B. LCso was
detected as 0.0023 mg/L, which showed almost 50% instant mor-
tality of fish after exposure to Eosin Y dye while it was far greater,
i.e.,, 0.039 mg/L for the Eosin B dye. All necessary water quality
parameters such as pH, DO, alkalinity, BOD, COD, conductivity,
salinity, etc. were normal in all trial groups. Although fish speci-
mens in each trial group were fed with the same commercial feed
according to 5% of their body weight but significant differences
were found among the weight of fish at different levels of treat-
ments indicating the more toxic effect of the Eosin dye Y. The high-
est weight reductions were noticed for trial group 0.0023 and
0.0047 mg/L even at these lower concentrations of Eosin dye Y.
Increase in fish weight was found to be 66.3 + 0.38 g when exposed
to Eosin Y at 0.0047 mg/L but it was 69.05 + 0.63 g when exposed
to Eosin B while it was almost same 69.2 + 0.23 g for both dye free
trial groups. Significant weight reduction was observed with
increase in the concentrations of Eosin dye Y but not in the case
for Eosin dye B (Fig. 1).

Histopathology of kidney tissues indicated normal structural
arrangements of cells in control groups. Average normal arrange-
ments of chromaffin cells, epithelial cells, normal structures of glo-
meruli, tubules, bowmen’s capsule and thin inter capsular space
were observed (Fig. 2). Fish treated with different grading concen-
trations of dye Y showed various tissue alterations in kidney tis-
sues. The fish treated with Eosin dye B treated with 0.0011 mg/L
and 0.0023 mg/L concentration showed mild necrosis in the
tubules and slight degeneration of glomerulus (Fig. 3). Kidney tis-
sues of fish treated with 0.0047 mg/L concentration of Eosin dye B
showed shrinkage of the glomerulus, mild tissue degeneration and
increase in space between glomerulus and capsule (Fig. 4). Pho-
tomicrograph for the kidney of Labeo rohita exposed to lower con-
centration (0.0011 and 0.0023 mg/L) of Eosin Y dye showed the
tubular, epithelial cell’s and glomerular degeneration, necrosis in
the kidney, and absence of bowmen'’s space (Fig. 5). Photomicro-
graph for the histopathology of kidney exposed to higher concen-
tration (0.0047 mg/L) showed the vacuolation, necrosis, reduced
lumen of tubules (Fig. 6), absence of bowmen’s space, shrinking
of a glomerulus, congestion, glomerulonephritis with increased
per tubular space, clogging and degeneration of tubules (Fig. 7).
From histopathological examination of kidney tissues of fish
exposed to both dyes, Eosin dye Y was found to be a highly toxic
dye responsible for the induction of many alterations in tissues
of the kidney, an organ of prime importance in the body. Eosin
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Fig. 1. Comparative analysis of the effect of exposure of both types of fluorescein dye on the weight gain of fish during experimental trials. Different alphabets in each trial

group indicate significant (p < 0.05) differences. *Highly significant differences.

Fig. 2. Histopathology of fish Labeo rohita shows the normal kidney structure in the
control group (400x).

dye B did not significantly influence the fish’s weight gain or loss
and was less toxic than Eosin dye Y.

4. Discussion

Industry discharges dyes directly into the freshwater ecosys-
tems. These dyes directly induce harmful or toxic effects on aquatic
life and indirectly on human beings. Such detrimental effects are
genotoxic, nephrotoxic, and cytotoxic (Villela et al., 2006). Such
textile dyes diminish water quality and make it unsuitable for
aquatic fauna (Verma, 2011) by damaging vital organs such as
the kidney, liver, brain, and intestine. Histopathological evaluation
provides a complete estimation of the health of aquatic organisms

Fig. 3. Histopathological examination showed the structure of the kidney of Labeo
rohita treated with 0.0011 mg/L and 0.0023 mg/L concentration of dye showed mild
necrosis (N) in the tubules and slight degeneration of glomerulus (DG) (400x).

and acts as a valuable tool to monitor the effects of environmental
toxicants (Drishya et al., 2016). Such biomarkers were found to be
very useful in toxicant exposure studies. The kidney of fish is a pri-
mary organ to be affected by freshwater pollution (Paulo et al.,
2012; Oliveira et al., 2013) due to its filtration of body fluids.
Paulo et al. (2012) and Vijay et al. (2015) used histopathology as
a tool to determine the effects of textile dyes and environmental
contaminants on kidney tissues of fish Cirrhinus mrigala.
Histopathological modifications in fish organs are mainly due to
toxicants and stressors and in the vicinity of the fish (Abdel-
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Fig. 4. Histopathological examination showed the structure of the kidney of Labeo
rohita treated with 0.0047 mg/L concentration of Eosin dye B showed mild
degeneration of tissue (DT), shrinkage of the glomerulus (SG), and increase in space
between glomerulus and bowmen'’s capsule (ISGB) (600x ).

Fig. 5. Histopathological examination showed the structure of the kidney of Labeo
rohita treated with 0.0011 mg/L and 0.0023 mg/L concentration of Eosin Y dye
showed the tubular (TD), epithelial cell’s (ED) and glomerular degeneration (GD)
and necrosis (N) in the kidney (600x).

Fig. 6. Histopathological examination showed the structure of the kidney of Labeo
rohita treated with higher concentration (0.0047 mg/L) showed the vacuolation,
necrosis, reduced lumen of tubules (600x).

Moneim et al., 2012; Paulo et al,, 2012; Neelima et al., 2015;
Drishya et al., 2016; Hussain et al., 2020).

The present study’s findings of the induction of tissue alter-
ations in fishes corroborate the conclusions of Sreedevi and
Chitra (2014) and Drishya et al. (2016). Goel and Garg (1980) also
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Fig. 7. Histopathological examination showed the structure of the kidney of Labeo
rohita treated with higher concentration (0.0047 mg/L) showed the shrinking of the
glomerulus (SG), absence of bowmen'’s space, glomerulonephritis with increased
per tubular space (GITP), clogging of tubules (CT), and degeneration of tubules (DT)
(600x).

observed similar findings in the kidney of C. punctatus when
exposed to triaminoazobenzene dye. Barot and Bahadur (2011)
also found tubular degeneration and glomerular contraction when
they exposed the Labeo rohita to the low concentration of acid
orange dye. Vacuolation has been found in the kidney of Labeo
rohita after exposure to Eosin Y, corroborating the findings of
Javed et al. (2017) who also found vacuolation in fish kidney tis-
sues. There was degeneration, congestion, and necrosis in the kid-
ney of Labeo rohita when exposed to the eosin Y dye. Hadi and
Alwan (2012) and Bijoy Nandan and Nimila (2012) also noticed
the many degenerative changes, congestion, and necrosis in the
kidney of fish during a histopathological examination. Barot
(2015), de Oliveira et al. (2016), Rocha et al. (2017), and Aksu
et al. (2017) also confirmed that prolonged exposure to industrial
dyes stimulates toxicity and induces alterations in fish tissues.
Only glomerular contraction and increase in space between
glomerulus and bowmen'’s capsule was observed in the fish kidney
after exposure to lower to a higher concentration of Eosin B dye.
Saenphet et al. (2009) also observed similar alterations in the kid-
ney tissues. Karthikeyan et al. (2006) researched the impacts of
dyes in textile effluents on Mastacembelus armatus fish. This fish
species is widely consumed due to its protein profile and was
found with tissue degradation, corroborating the current study’s
findings.

Water quality parameters such as pH, DO, alkalinity, conductiv-
ity, and salinity, etc. were kept normal, and feeding was the same
in all trial groups because changes in the quality of the water cause
behavioral abnormalities (Jacquin et al., 2020) may affect feeding.
Sharma et al. (2008) performed research to determine the harmful
or toxic effects of tomato red dye on fish and reported similar find-
ings. Birhanli and Ozmen (2005) researched the hazardous or poi-
sonous effects of six different textile dyes on frog embryos and
reported similar results. Tissue alterations increase with rising
concentrations of fluorescein dye. Kaur and Kaur, (2015) said iden-
tical findings. Decreased lumen, degeneration of nephrons, and
glomerulus contraction were due to the intervention of dye in
the kidney filtration process (Barot and Bahadur, 2013; Oliveira
et al,, 2013; Dai et al., 2020). Barot (2015), in his study, described
similar tissue alterations in Indian major carp Catla catla confirm-
ing the findings of this research work that fluorescein dye induces
nephrotoxicity in Labeo rohita like shrinkage glomerulus and
degeneration of renal tubules etc. Results of this study, such as
glomerular degeneration, necrosis, and shrinkage of the glomeru-
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lus were due to environmental pollution (Abdel-Moneim et al.,
2012; Paulo et al., 2012; Massar et al., 2014; Drishya et al., 2016;
Brraich and Kaur, 2017; Hussain et al., 2019). The findings of the
current study will be helpful in environmental monitoring strate-
gies and minimize the eco-toxicological impacts of freshwater
pollution.

5. Conclusion

Fluorescein dye has two classes, Eosin Y and Eosin B. While
Eosin Y showed acute vacuolation, necrosis, reduced lumen of
tubules, absence of bowmen’s space, shrinking of the glomerulus,
clogging and degeneration of tubules, congestion, and glomeru-
lonephritis. It is concluded that the application of eosin dye B
showed mild tissue degeneration, glomerular shrinkage, and
increased space between glomerulus and capsule. The present
study recommends the use of less toxic Eosin dye B. The study also
suggests and insists on its removal before releasing in the effluent
as a small amount of fluorescein dye released untreated is quite
lethal to aquatic life. The current study will help in environmental
screening strategies to minimize the toxicological impacts of fresh-
water contamination.
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