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ABSTRACT 
 

Nigrosine Black (Acid Black-2) is popularly used in tanning industries and a huge amount of this dye 
comes out with effluent of tanning industries, this dye reached near water bodies, and what impact 
produced on their aquatic life not reveal yet, Hence a study was plan to find out the impact of 
Nigrosine black dye on the renal cell of freshwater fish Channa punctata. Sub-acute and chronic 
exposure to Nigrocine Black produced significant renal cellular degeneration in fish C. punctata. 
The 1/20th LC50 (96h) of the Nigrocine Black produced degenerating changes in the kidney tissues 
of fish. Renal corpuscles were revealing swollen and contained some degenerated RBC and 
thmbrocytes, which appeared to be cellular debris in Bowman space, due to the rapid destruction of 
the nuclei of erythrocytes. The liberated hemoglobin and other cytoplasmic materials were also 
observed, while 1/20th  of LC50 (96hr) of Nigrosine Black produced renal degeneration in Bowman’s 
capsule and swelling in the glomerulus in the intoxicated fish along with renal tubules atrophy, 
degeneration  as compared to the control group of fish. The low dose of Nigrosine Black Toxicity in 
fish produced nephropathy, and nephrosis. While the high dose of Nigrosine black dye produces 
Glomerulonephritis in experimental fish. The kidney cells of experimental fish are damaged by both 
doses of Nigrosine Black. The physico-chemical property of aquarium water was kept constant 
during whole duration of experiment. 
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1. INTRODUCTION 
 
In Indian tanning industries, about 700000 tons 
of hides have processed every year by 3000 
tanneries. Among these tanneries, few large 
firms are reported and more than 90 percent of 
tanneries are small to medium-sized. Small and 
medium-size tanning industries are processed 
less than two to three tons of skin/per day. These 
tanneries are processed sheep goat cow and 
buffalo hides and use vegetable and chrome 
tanning techniques. The thick concentration of 
tanning industries is located in India along the 
bank of the Ganga River System at Jajmau area 
in city Kanpur of Uttar Pradesh while in South 
India these industries are located around the 
Palar River System. Most of the Indian tanneries 
are using old techniques and production methods 
and these techniques are responsible for a high 
load of effluent pollutants. So, a tannery needs 
130 tons of dye instead of 100 tons of dye. 
These 30 tones dyes go out as effluent that 
contaminates soil and water bodies located 
around the tanning industries. Olivera et al., [1] 
reported the presence of Azo dyes in drinking 
water in Brazil and produced mutagenicity in 
aquatic animals. Cavallin et al., [2] observed the 
effect of wastewater treatment plant effluents on 
fish reproduction and they conclude that 
wastewater containing compounds has affected 
the endocrine system especially hypothalamic-
pituitary-gonadal axis function. 
 
Pickering et al., [3] investigated acute and 
chronic toxicity of dyes and pigment receiving 
effluent to fathead minnow and they found that 
effluent is lethal to the embryos and larvae of 
Zebra fish.  Bomberger and Boughton [4] 
reported the waste from the manufacture of dyes 
and pigments is a large source of aquatic 
pollution. Some workers also studied the toxic 
effect of different dyes on freshwater fish Rai et 
al., [5]; Barot and Bahadur [6-9]; Kaur et al., [10] 
in fishes and King (2015) in Human. Otavio et al., 
[11] studied ecotoxicology risk assessment of the 
leather industries using Acid Black-210 dye and 
they conclude this dye is safe from the 
ecotoxicological point of view.  
 
Yoshifumi et al., [12] observed the lethal and sub 
lethal effects of Aniline and chlorinated Aniline on 
Zebra fish embryos and larvae and they were 
found that Aniline showed delayed lethal effect 
on the fish embryo. Srivastava et al., [13] 

revealed alterations in the activity of a certain 
enzyme in the gill of a Labeo rohita when 
exposed to an Azo dye, Eriochrome Black -T. 
Vigneshpriya et al., [14] found out that green dye 
exposure to Labeo rohita brings out alteration in 
hematology, biochemistry, enzymology, and 
histopathology parameters in experimental 
fishes. 
 
Alaguprathana and Poonkothi [15] were 
observed histoarchitecture alteration in the cell of 
the kidney when they exposed to methyl orange 
dye solution. Pathophysiological alteration in 
RBC of freshwater fish Channa punctata under 
Nigrosine Black dye was observed by Srivastava 
[16]. 
 
The effluent brought out by tanning industries 
contains many dyes and exerts a severe impact 
on the ecosystem. The released effluent from 
tanning industries contains investigating dye that 
contaminates the water stream, river, and 
underground water system as well as the 
ecosystem nearby [17-20]. The effluent which 
contains the dye Nigrosine Black will cause a 
variety of toxic effects on aquatic organisms in 
recipient water. Kidney, gill, and skin play a 
major role in osmoregulation, ion salt balance, 
and excretion in freshwater fishes. If these dyes 
affect the renal system, it will negatively impact 
the fish's health and well-produced high mortality 
among them [21-25]. There are copies of 
literature available on the various impacts of 
dyes on the different organs of fish but no study 
is present on the impact of Nigrosine Black on 
the renal system of freshwater fish. Hence 
keeping this point of view, we decided to 
investigate the Impact of Nigrosine Black (Acid 
Black -2) a tanning industry dye on the 
histoarchitecture of renal cells in freshwater fish 
Channa punctata. 

 

2. MATERIALS AND METHODS 
 

2.1 Test animal  
 
According to USEPA, [26], because of their 
surroundings, fishes are excellent study models 
for studying the effects of water and sediment 
borne pollutants. There are several other good 
reasons for studying toxicity in fish. 
 

1. As many of disease are related to 
environmental quality. 



 
 
 
 

Srivastava and Chand; AJFAR, 17(4): 46-57, 2022; Article no.AJFAR.87600 
 
 

 
48 

 

2. Various pollutants have toxic potential. 
3. Fishes are easy to obtain. There is a wide 

range of knowledge and its economic 
interest facilitates the search for research 
resources. 

 

Our test animal model is freshwater fish Channa 
punctata (Bloch.) fulfill all the criteria as out lined 
above. It is easy to available and acclimatizes 
due to its air breathing habitat and hardy in 
nature. The fish live generally in low oxygen 
contained polluted freshwater bodies and can be 
cultured for its economic and food value.  
 

2.2 Collection of Freshwater Fish Channa 
punctata and Acclimatization 

 

About 180 fishes of both sexes with varying 
weight (150gm±3.45) approx. 4 inches in length 

were collected from a local fish farmer from Jyoti 
fish Farm, Kanpur city, and disinfected by dipping 
them in 0.01% KMNO4 solution. After collection, 
the fish were maintained in glass aquaria for 
about 10 days for acclimatization. Fish were kept 
in a large size aquaria (3`x1.5`x1.5`) containing 
80 liters of water in each. Commercial fish food 
was supplied daily with water that was 1/10th of 
their body weight. The water was changed daily 
with aeration (Figs. 1 and 2). 

 
2.3 Test Chemica  
 
The test chemical is used in the present study is 
Nigrosine black dye (Acid Black-2), procured 
from a local vendor in Kanpur city and it has             
the following chemical property (PUBCHEM 
2022). 

 

  
 
Fig. 1 and 2. showing test animal Channa punctata is acclimatized ten days prior to experiment 
 

2.4 Chemical Properties of Test Chemical 
 

Appearance Black Powder 

CAS Number 8005-03-6 

IUPAC Name Disodium(6e)-4-Amino-3-(4-Nitrophenyl)Diazenyl-5-Oxo-6-
(Phenylhydrazinylidene)Naphthalene-2,7-Disulfonate 

Melting Point 275
o 
C 

Molar Mass 616.49g/mol 

Molecular Formula C22H14N6Na2O9S2 

NFPA 704 H-0,F-1,R-0,C-NA 

RTECS Number GC4762250 

Solubility Soluble 10-50 mg/ml at 64 ºF (NTP) 

 
Uses: Nigrosine is used in the dyeing of leather, wood, and textiles, manufacturing of ink, shoe polish 
cream, carbon paper, and toner. 
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Physico - Chemical Parameters of water, which was used in aquaria and their Methods of 
Analysis. 
 

Parameter Method Of Analysis Range References 

pH Digital pH meter 7.36 ± 1.97  
Total hardness EDTA titrimetric method 283.22 ± 4.57 mg/l APHA (2005) 
Dissolved oxygen Wrinkle method 10.2 ± 0.44 mg/l APHA(2005) 
Turbidity Nephlometric 281 ± 3.85 mg/l APHA (2005) 
Temperature  Digital thermometer 28.87 ± 1.47

O
C APHA (2005) 

 
Experiment design, Dose, and schedule of 
Experiment. 
 
Dose and schedule of experiment was followed 
as Srivastava [16] 
 

1. 1/5th concentration of LC50 i.e. 378 mg/liter 
for 56 days exposure (sub-acute). 

2. 1/20th concentration of LC50 i.e.  94.5 mg / 
liter for 80 day exposure (chronic). 

3. Exposed fish in normal water used as 
controlled with the whole duration of the 
treated experiment.  

 
All parameters for study in fish will measure at 7, 
21, and 35 days for sub-acute toxicity while 20, 
40, 60, and 90 days for chronic toxicity test along 
with control. Each group had 10 fish. 
 

2.5 Histological Study  
 
All treated and control fish was sacrificed 
according to the schedule of the experiment.  
Tissues of treated and control animals were 
preserved in 10 per cent saline formaldehyde 
solution and the procedure for histology was as 
follows (Kolomer et al., 1960). 
 
Tissue fixation  washing  Dehydration     
Cleaning     Wax embedding     Wax Block 
Making      Wax block cutting     Wax ribbon 
making     Wax ribbon    de-waxing      Hydration     
Staining (Haemotoxyline + Eosin)     Mounting. 

Histologically prepared slides were seen under 
microscope for identification of pathological 
lesion in renal tissues of kidney in experimental 
fish.  
 

2.6 Kidney Histology of Control Group 
Fish 

 
The histopathology of the control group fish 
kidney shows that the nephron is an excretory 
part and it is inter-fused into hematopoietic 
tissue. The anterior region of the kidney has 
more hematopoietic tissues but the number of 
nephrons increased caudally with reduced 
hematopoietic tissue. Nephrons are arranged in 
a chaotic manner and different parts of nephrons 
are scattered virtually anywhere. A nephron of 
control fish has the following parts. 
 

1. Glomerulus 
2. Different tubules (Neck segment, proximal 

and distal tubules) 
3. Collecting ducts: - These are differentiated 

from tubules by their cuboidal epithelium 
manner, large diameter and presence of 
smooth muscle fibers with connective 
tissue. 

 

The glomerulus is a complex structure and its 
components are the fenestrated capillary 
endothelium, Glomerulus basement membrane, 
podocytes, and parietal epithelium cells. These 
parietal epithelial cells lined the bowman`s 

Molecule Structure Image of Nigrosine black 
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space. Some plasma filtrates were also seen in 
bowman`s space. The entire glomerular tuft is 
supported by mesangial cells. The capillaries 
branches of the renal artery are seen in the 
glomerulus. Few melanomacrophages (Mnc`s) 
were also present in between hematopoietic and 
lymphoid tissues of the control group fish`s 
kidneys. Eosinophilic granules cell (EGC) was 
also revealed (Fig. 3).  
 
Neck renal tubules were small in size with low 
cuboidal epithelium and their brush border has 
long cilia. The central canal of neck tubules has a 
small diameter in comparison with proximal 
tubules. The nuclei of neck tubules were oval in 
shape and located basally (Fig. 3).  
 
The proximal convoluted tubule (1

st
 segment) 

was large in comparison with neck tubules and 
small in comparison with distal tubules in terms 
of diameter. The anterior region of proximal 
tubules epithelium was cuboidal to columnar in 
shape and their nuclei are large in size and 
round in shape. The nuclei were located in the 
center of the cell and a few were located at the 
base portion of the cell. The Brush border of 
proximal tubules was distinct and the central 
canal was large in comparison with neck tubules 
(Fig. 3).  
 
The posterior proximal convoluted tubule (2

nd
 

segment) epithelium was tall columnar in shape 
and their nuclei are oval in shape and it was 
located centrally in the cell. Their brush boarder 
was prominent (Fig. 3).  
 
Distal convoluted renal tubules have columnar 
was wide in diameter. The epithelium has oval 
shape nuclei and is located at the base of the 
cell. There was no brush boarder in distal 
convoluted renal tubules (Fig. 3). 
 

2.7 Histology of Fish Kidney Exposed in 
to 1/5th LC50 of Nigrosine Black 

 
In the present study, the exposure of 1/5th of 
LC50 of Nigrosine black (378 mg/liter) produced 
vacuolization of the epithelial cells of tubules. 
The nuclei of proximal renal tubules showed 
vacuolation and some of them were pycnotic. 
There were mild degenerations of the cells 
membrane also present on the 7th day of the 
experiment. (Fig. 4). 
 
Exposure to 1/5th LC50 of Nigrosine black for 21 
days in experimental fish produced more 
vacuolization in the different renal cells. There 

was hyperplasic growth of cells and the nuclei of 
the cells were displaced to the periphery. The 
cells of the renal corpuscles showed 
cytoplasmolysis. The nucleus of cells showed 
lysis leading to a gap in between the cells. Due 
to the lysis of the cell membrane of adjacent 
cells, there was an aggregation of the nuclei 
leading to the syncytial condition. (Fig. 5). 
 
In experimental fish that were exposed to 1/5th 
LC50 of Nigrosine black for 35th days, the 
toxicant produced significant pathological 
changes in the kidneys of experimental fish. 
There were large vacuoles found in the interstitial 
cells. Most of the cells showed cytoplasmolysis in 
the multinucleated condition. (Fig. 6). 
 

2.8 Histology of Fish Kidney Exposed 
into 1/20th LC50 of Nigrosine Black 

 
The present study found that on the 20th day of 
the experiment, 1/20th of LC50 Nigrosine black 
(94.5 mg/l) exposure to experimental fish 
produced mild histopathological changes in the 
kidney. The distal and collecting tubules 
(convoluted) of the kidney showed mild 
degeneration and have a large lumen due to 
hypertrophy (Fig. 7). 
 
After the 40

th
 day of experiment, the cells of the 

kidney were showing vacuolization, shrinkage 
and breakage of tissue. Swollen nuclei in 
degenerated tubular epithelium were also 
observed in the kidney of fish exposed to 1/20

th
 

LC50 of Nigrosine Black (Fig. 8). 
 
Within the 60th days of the experiment, the 
kidney of fish showed that the cell boundaries 
were disrupted and hence the cells became 
indistinct. Glomerulus disorganization, pycnotic 
nuclei, degeneration and atrophy of renal 
tubules, Intercellular spaces formation were also 
observed in experimental fish (Fig. 9). 
 
Degeneration and atrophy of renal tubules, 
degeneration in the glomerulus,  disorganization 
of the glomerulus, severe necrosis, and highly 
pycnotic nuclei were observed at the 90th  days 
of the experimental fish that were exposed to 
1/20th LC 50  of Nigrosine black with the variable 
degree. (Fig. 10). 
 

3. DISCUSSION 
 

Fish kidney is a composite organ with three 
distinct functions i.e. excretory, hematopoietic 
and endocrine. In Nigrocine black dye exposed 
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fish kidney were showed a lot of 
histopathological variation which indicate 
alteration in renal function of toxicated fish. In 
any renal disease they affected any of the four 
major structural component of kidney i.e. 

glomerulus, tubules, interstial tissue and blood 
vessels separately, because these all structure 
are interdependent hence that disease in one 
functional unit almost affected neighboring 
structure [27]. 

 

 
 

 
 

Fig. 3. Fig. 5. 

Fig. 4. 
Fig. 6. 
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Figure-7 showing T.S. Kidney of exposed 

1/20  LC of Nigrosine black dye. Mild renal tubules 
degeneration (RTD) , renal tubules atrophy(RTA),
Degenerated Glomerulus (DG), shrunk glomerulus ( SG), 

 were seen  at 20  day of experiment . X400

C.punctata 
th

th

50 

Figure-8 showing T.S. Kidney of  

exposed 1/20  LC of Nigrosine black dye. Degeneration

in hematopoietic tissues(DHt) and fragmented Red blood
cells (F,RBc) were seen  at 40  day of experiment . X400

C.punctata
th

th

50 

Figure-9 showing T.S. Kidney of  

exposed 1/20  LC of Nigrosine black dye. Renal tubules
atrophy (RTA), degenerated proximal convoluted tubules
(DPCT), Degenerated glomerulus (DG), Degeneration of 

heamatopoitic tissue were seen  at 60  day of experiment . X400

C.punc tata
th

th

50 

Figure-10 showing T.S. Kidney of  

exposed 1/20   LC  of Nigrosine black dye. Increase space between

Glomerulus and bowman parietal epithelium cell line(TBM),
Shrink Glomerulus(SG) and thick parietal membrane(TPM) were

seen  at 90  day of experiment . X1000

C.punctata
th

th

50

7

8

9

10

TBM

SG

TPM

 
 
The kidney of the Nigrosine black dye exposed 
group fish showed highly significant 
histopathological alteration like fatty change in 
the renal tubular cells. The most common 
changes found in the kidneys of both exposure 
groups were severe degeneration and necrotic 
changes in the tubules of renal tissues. However, 
intra-renal hematopoietic tissue also showed 
significant changes like distortion of the 
continuity for the parenchyma of renal tissues 
and increased lymphocytes in the kidney. Dose 
and time duration enhance the quantity of 
hemosiderin pigment was also observed 
indicating the erythrocyte disruption and 
accumulation of this pigment in 

melanomacrophages (Mela et al., 2007). In 
addition to necrotic and degenerative changes in 
the focal areas of the epithelium and necrosis of 
the renal tubules, there was atrophy of glomeruli 
and widening of the space between the 
Bowman’s capsule and declinator glomeruli. The 
fatty change in the renal tubular cell was 
significantly increased over time [28,29,30]. In 
fish, as in higher vertebrates, the kidney 
performs an important function to maintain 
homeostasis. Kidney tissues are the main organs 
that are affected by water contaminants [31] 
(Mela et al., 2007). In the present study, the 
kidneys often show cloudy swelling in the tubular 
cells after exposure to Nigrosine Black. Cengiz 

Fig. 9. Fig. 7. 

Fig. 8. Fig. 10. 
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(2006) observed degeneration in the renal canal, 
pycnotic nuclei in hematopoietic tissue, and 
glomerulus degeneration. Similar kidney changes 
have been reported in Neil Talpia [232]. 
 
In the present study, the exposure of 1/10th and 
1/20th LC50 of Nigrosine black dye toxicant to 
experimental fish showed mild changes in intra-
renal hematopoietic tissue like distortion of the 
continuity of the renal parenchyma and increased 
lymphocyte in the kidney. The cells showed 
hyperplasic condition and there was an 
aggregation of the cells also. Along with time 
duration the hemosiderin pigment that indicating 
the erythrocyte disruption and accumulation of 
this pigment in melanomacrophages. 
Cytoplasmolysis was observed in the corpuscles 
of kidney cells. Declinator and necrotic changes 
in renal tubular epithelium and focal areas of 
necrosis, there was atrophy of glomeruli, and 
widening of the space between the Bowman’s 
capsule and glomerulus were also revealed [33].  
 
The results of the present study are different 
from the above-mentioned results of various 
authors and there is no study is seen in past and 
current literature cited for Nigrosine black toxicity.  
This is the first study about the toxicity of 
Nigrosine Black on the kidneys tissues of fish. 
 
Changes in the kidneys of the tilapia have been 
observed in a wide variety of fish exposed to 
heavy metals, and these changes have been 
described by Oliveira Ribeiro et al., [34]; 
Thophon et al., [31] and Gupta and Srivastava 
[35]. Some authors 
[36,33,37,38,39,40,29,30,15,28] were also 
reported cyto- nephrotoxicity in fishes under 
exposure of different industrial effluents and 
dyes. The present result shows that the 
Nigrosine black dye directly affects the aquatic 
life of freshwater fish. Therefore, a scientific 
method of detoxification is necessary to improve 
the health of these economical fish in any 
stressful environmental conditions. However, the 
high concentration of the analyzed dye in the 
whole body tissue examined can explain the role 
of these problems. Fish contaminated with 
Nigrosine black dye undergo pathological 
changes, resulting in inhibition of metabolic 
processes, hematological changes, and reduced 
fertility and survival [41,42,43]. From this study, it 
can be concluded that dye tends to accumulate 
in polluted environments along with fish. Since 
practically all dyes tested were found to be in 
high concentration, the government should 
maintain laws that ensure that industries have 

standard waste treatment plants before 
discharging their waste into water bodies. 

 
CONCLUSION 
 

 The low dose of Nigrosine Black has 
produced an alteration in the histology of 
kidney tissue especially proximal tubules, 
distal tubules, Collecting duct, and 
glomeruli but it was not severe. 

 Changes in Glomerular structure indicate 
an alteration in blood flow as well as flow-
through tubules and composition of filtrate 
after which it affected the tubular 
epithelium. 

 Occlusion of the tubular lumen may 
increase as the pressure in Bowman's 
space increases-resulting in glomerular 
atrophy. 

 As a consequence, a disorder of one 
component of the kidney will sooner or 
later have severe implications for another 
component of the kidney as well. 

 The low dose of Nigrosine Black Toxicity in 
fish produced nephropathy, and nephrosis. 

 While the high dose of Nigrosine black dye 
produces Glomerulonephritis in 
experimental fish. 

 These histological alterations 
(nephropathy, nephrosis, and 
Glomerulonephritis) may also affect the 
hematopoietic and endocrine function of 
experimental fish. There is a need to 
further investigation of these factors under 
Nigrosine Black toxicity in fishes. 

 Thrombocyte accumulation in renal tissue 
also indicates extensive hemorrhage due 
to glomerulonephritis.  
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