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Abstract

The present paper emphasizes on the histopathological effects of an azo dye, Direct Green 6 on the

kidney and gills of Labeo rohita by light microscopy. Fingerlings were exposed to  sublethal

concentrations (2.5, 5.0 and 10.0 ppm) of dye for 5, 10 and 15 days to study histopathological

changes. No histopathological changes were seen in the kidney and gills of control fingerlings. Unlike

control fingerlings, both the target organs showed some histopathological changes. Fingerlings

exposed to 2.5 ppm concentration of the dye showed shrinkage of glomerulus, increased peritubular

space, decreased lumen while 5.0 ppm produced haemorrhage in the interstitial tissue and mild

degeneration in the kidney. Necrosis in the tubular epithelium, distruction of cell membrane and

loss of cellular cytoplasm were observed in kidney of fingerlings exposed to 10 ppm dye

concentration. Gills of fingerlings exposed to 2.5 ppm of dye showed aneurism and mild degenerated

central axis. 5 ppm of dye concentration produced remarkable changes like epithelial lifting,

hyperplasia, enlarged and vacuolated cartilage cells. Haemorrhagic tip, fusion and curling of

secondary gill lamellae and at some places complete removal of them were also observed in gills

of fingerlings exposed to 10 ppm.
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Introduction

Azodye account for an important class of dyes

synthesized and commonly used in textile, food, paper-

making and cosmetic industries (Carliell et al., 1995). Water

pollution by dyes is common as about 15% of them are

discharged during manufacturing and dyeing/printing

process (Spadarry et al., 1994). Even low concentrations of

dyes (0.1 ppm) can pollute water (Golob and Ojstrsek, 2005).

Their entry in water stream is aesthetically undesirable and

has serious environmental impact as they lower the light

penetration capacity, increase COD level, decreased DO

level etc.) affecting the aquatic flora and fauna (Figueiredo

et al., 2000). Their biotransformation products such as

leucomalachite green, a toxic byproduct of malachite green

has been found to be toxic and carcinogenic (Al. Sabti,

2000; Brown and De Vito, 1993; Isik and Sponza, 2005).

Labeo rohita occupies an outstanding position as

the chief cultured species in aquaculture practices in India

(FAO, 2003). Numerous characteristics such as  sensitivity

to changes in any physico-chemical parameters of the water

body, tendency to bioaccumulate xenobiotics discharged

into water bodies etc. add to their  value as a prime model in

toxicological tests (Ballatori and Villalobos, 2002; Sheikh

and Jae-Seong, 2008). It is economically important and hence

was selected (Barot and Bahadur et al., 2011) as a test model

in the present study. Toxic effects of dyes on fish have

been reported earlier by several authors, most of which are

confined to haematological and biochemical studies (Sharma

et al., 2003; Zahn and Braunback, 1995; Srivastava et al.,

1998; Afaq and Rana, 2008). Histopathological studies on

the effect of different toxicants on Labeo rohita have also

been reported (Patel et al., 2010; Das and Mukherjee, 2003;

Dutta and Kaviraj, 2001; Javid et al., 2007).The kidney
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performs an important function related to electrolyte and

water balance and maintains a stable internal environment

(homeostasis) by excreating nitrogenous waste products

like ammonia, urea and creatinine (Gernhofer et al., 2001).

Tissue damages can be easily seen in the kidney at the level

of glomerulus and renal tubule epithelium. Likewise, the

gills make a multifunctional organ of fish that is responsible

for respiration, ionoregulation, acid-base regulation and

excretion (Wendelaar Bonga and Lock, 2008). The gills are

not only major site of uptake for most waterborne toxicants

but also the first and most important site of toxic impact

(Vigliano et al., 2006). All these major processes performed

by the gills are essential for life and are sensitive to any

kind of disturbance that may cause death of fish (Wood,

2001). Hence, a study of histopathological changes in kidney

and gills could be a good evaluation for field assessment

for the impact of environmental pollutants on fish (Teh et

al., 1997). In view of the above, the present study was

conducted to examine the effect of azodye, Direct Green 6

on histopathology of kidney and gills of L. rohita fingerlings.

Materials and Methods

Test animals and experimental design : Fingerlings (6±2 g;

7±3 cm long) procured from Government fish farm, Valod,

Gujarat, India were disinfected with 0.1% KMnO
4. 

They were

acclimatized for 15 days in glass aquaria with continuous

aeration. The physico-chemical parameters of tap water like

temperature 25±3oC, pH 7.3±0.3, dissolved oxygen 6.8±0.2

ppm, alkalinity 130.2±0.4 ppm, hardness 125.0±0.5 ppm were

analyzed following the method of APHA (2005) and

maintained through out the experiment. Fish were fed with

standard meal once daily. Water and excreta were changed

after every 48 hrs.

The Direct Green 6 (C
37

H
34

N
2
O

10
S

3
Na

2
) dye was

obtained from local distributor in Gujarat, India. Based on

LC
50 

value (33.84 ppm), three different concentrations (2.5,

5.0 and 10.0 ppm) of dye were selected. Healthy fingerlings

were divided into 3 different groups, each having 10

fingerlings and exposed to above mentioned dye

concentrations. The exposed groups were not fed 24 hrs

before they were sacrificed. Ten fingerlings were maintained

in the aquarium as a control group. The changes were

observed in all dye exposed fingerlings after 5, 10, 15 days

of exposure.

Histopathological studies : At each duration, the kidney

and gills were dissected out from the exposed fingerlings

and fixed in 10%  neutral buffered formalin for 24 hrs.  They

were processed to form paraffin blocks. Sections (5-6 µm

thick)  were prepared and stained with Haematoxylin and

Eosin (Roberts, 1978). Charged Coupled Device (CCD)

camera micos medical system attached to a trinocular

microscope was used to observe changes. Microphotographs

were taken and changes were compared with those of the

controlled one.

Results and Discussion

None of the fingerlings died during exposure period

till 15 days even at highest concentration (10 ppm) indicating

that the dye concentrations used were able to cause the

damages that were harmful to fish physiology and showed

visible disturbance in their normal behaviour. Fingerlings

exposed to different concentrations of dye showed

uncontrolled / unsteady jerking movements, hitting against

the wall of test aquaria and trying to jump out from aquaria

upto 24 hrs. Other behavioural changes like faded body

colour, loss of equilibrium and appetite, increased opercular

movement, rapid surfacing, gulping of air and severe

diarrhoea were also noticed. High mucus the body surface

and on gills was also seen in all exposed fingerlings. After

10 to 12 days of exposure scales were shed off from the

skin.

Unsteady jerking movements and loss of balance in

treated fingerlings was seen not only because of high

intensity of the dye but also due to low AchE activity (Rao

et al., 2005). Similar characteristic in L. rohita exposed to

sodium cyanide was observed by Dube and Hosetti (2010).

Loss of appetite might be observed due to gradual

accumulation of dyes in the gastrointestinal tract of exposed

fingerlings. Mucus secretion on the body surface and gills

were probably due to immunologic response to the dye and

disfunctioning of gills respectively. These may lead to

respiratory distress causing suffocation and resulting into

rapid opercular movement, gulping of air and surfacing

phenomena. Gulping of air may help to avoid contact of

toxic medium while surfacing might be a demand of high

oxygen level during the exposure period (Katja et al., 2005).

Intoxicated dyes  absorbed by the skin to some extent might

damage the dermis part  leading to falling of scales (Scott

and Sloman, 2004; Kane et al., 2005).

Fig. 1(i) shows the microphotographs of kidney from

control fingerlings. It showed no histopathological changes

and contained well characterized glomerulus, renal tubules and

intestinal tissue along with haemopoetic tissues. Fingerlings

exposed to lowest dye concentration (2.5 ppm) after 5 days

revealed only minute changes viz, increased periglomerular

space along with the shrunken glomeruli (Fig. ii) and decreased

lumen of the renal tubules whereas after 10 days showed

changes like increased periglomerular and peritubular space

(Fig. iii). Tubules were highly degenerated with fat deposition

in the interstitial tissue (Fig. iv) after 15 days of exposure.

Fingerlings exposed to moderate dye concentration (5.0 ppm)

also showed all the former changes along with very mild necrosis

(Fig. vii) after 5 days. After 10  days fingerlings showed all

changes along with the loss of cell membrane (Fig. viii) followed
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by the vacuolation and loss of cytoplasm from the tubular

cells (Fig. ix) after 15 days. Similar changes were observed in

fingerlings exposed to 10 ppm with severe haemorrhage (Fig.

vi), infiltration of RBCs in some tubules (Fig. v) and increased

intertubular space.  Glomeruli shrink and developed gaps

between capsule and tuft.

Mild necrotic changes and vacuolation in the kidney

have also been observed in Heteropneustes fossilis and

Catla catla exposed to malachite green and (Srivastava et

al., 1998) and heavy metal ions (Patel and Bahadur, 2010).

Tubular epithelium of kidney showed necrotic changes

characterized by karyolysis in L. rohita and Clarius lazera

exposed to hexachlorocyclohexane (Das and Mukherjee,

2000) and chemical wastewater containing reactive azo dyes.

The histopathological changes in the kidney after exposure

to different concentration of the effluent included shrinkage

and damage of glomerulus as well as desquamated,

vacuolated and degenerated tubular epithelium thus

indicating kidney failure in the fish (Abdel-Moneim et al.,

2008). Floride exposed group of Labeo rohita juvenile

showed changes like thick lining of the Bowman’s capsule,

shrunken glomerulus, increased capsular space with

swelling, and sloughing off of the epithelium of the capsule

cells. The renal tubules exhibited shrunken lumen and

vacuolated cytoplasm after 30, 60, 90, and 120 days of

exposure, respectively (Bhatnagar et al., 2007). The

degenerative and necrotic changes with infiltration of red

blood corpuscles in the tubular lumen and haemorrhage

were moderately matched with aflatoxin B
1
 treated Labeo

rohita (Sahoo et al., 2003; Reyad and Salah ,2008).

The gills of the fingerlings from the control group

showed normal histological pattern with a central axis,

Fig. 1 : Microphotographs (H and E; X 100) of kidney of L. rohita fingerling exposed to various doses of azodye (i) control (ii) 2.5 ppm for

5 days showing (a) shrunken glomerulus with increased periglomerular space (b) degenerated glomerulus (iii) 2.5 ppm for 10 days showing (a)

reduced lumen of tubules (b) increased peritubular space (iv) 2.5 ppm for 15 days showing (a) fat deposition in the interstitial tissue (v) 10 ppm

for 5 days showing (a) severe haemorrhage in the lumen of the tubule (vi) 10 ppm for 10 days showing (a) severe haemorrhage in the interstitial

tissue (vii) 5 ppm for 5 days showing (a) mild necrosis in the tubule (viii) 5 ppm for 10 days showing (a) destruction of cell membrane (ix) 5

ppm for 15 days showing  (a) degenerated tubule with loss of cytoplasm of the cells

(viii)

( ii )

b

a

(iii)

b

a

(iv)

a

(i)

(vi)

a

(ix)

a
a

(vii)

a

(v)

a
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primary and secondary gill lamellae and a prominent

branchial simple squamous epithelium (Fig. x). Varied

changes in the gills of the treated groups were concentration

as well as time dependent. The fingerlings exposed to 2.5

ppm dye showed histological alterations like fusion of

secondary gill lamellae and mild disorganization of central

axis after 5 days of exposure. The disintegration of the pilaster

cell system induced an expansion of the vessel lumen,

resulting in blood congestion (aneurysm) and severe

haemorrhage at the base of primary gill lamellae after 10 and

15 days of exposure (Fig. xi). Fingerlings exposed to the 5.0

and 10 ppm dye showed drastic histological changes in the

gills. At 5.0 ppm of dye, fingerlings showed mild hyperplasia,

vacuolation in cartilage cells and enlargement (Fig. xii),

epithelial lifting (Fig. xiii) and haemorrhagic tip of the primary

gill lamellae along with erosion of secondary gill lamellae at

space (Fig. xiv, xvii).  Some portion showed erosion, swelling

and curling of secondary gill lamellae (Fig. xv, xvi). The

group of fingerlings treated with 10.0 ppm revealed complete

loss and necrosis of secondary lamellae at many places

(Fig. xviii).

The fish exposed to different concentrations of DG

6 showed some histological alterations like haemorrhage

and sloughing off of branchial arteries at the opercula end

of primary lamellae which results in haemorrhagic alteration

at the base as well as the tip of primary gill lamellae. As a

result, oxygen uptake is hampered which leads to death of

the fish. The infiltration of RBCs in Heteropneustes fossilis

was also observed when the fish were exposed to malachite

green dye (Srivastava et al., 1998). Haemorrhage in gills

was also observed in Gambusia affinis and Clarias

Fig. 1 : Microphotographs (H and E; X 100) of gills of L. rohita fingerling exposed to various doses of azodye (x) control (xi) 2.5 ppm for 15

days showing (a) aneurism (b) degenerated central axis (xii) 5 ppm for 10 days showing (a) hyperplasia (b) enlarged and vacuolated cartilage

cells (xiii) 5 ppm for 15 days showing (a) epithelial lifting (xiv) 10 ppm for 10 days showing (a) haemorrhagic tip of the primary gill lamellae

(b) erosion of the secondary gill lamellae at the places (xv) 10 ppm for 10 days showing (a) swelling of branchial epithelium (b) swollen tip (xvi)

10 ppm for 15 days showing (a) curling of secondary gill lamellae (xvii) 10 ppm for 15 days showing (a) haemorrhagic tip of the primary gill

lamella (xviii) 10 ppm for 15 days showing (a) complete erosion of secondary gill lamellae

(xii)

b

a

(xi)

a

b

(x)

(xii i )a (xiv)

b

a

(xv)

b

a

(xviii)

a

(xvii)

a

(xvi)

a
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gariepinus exposed to textile effluents and herbicide

(Sharma et al., 2007; Olurin et al., 2006). Oliveira Ribeiro et

al. (2000) observed proliferation of epithelial cells and fusion

between the secondary lamellae in Salvelinus alpines

exposed  inorganic mercury and methyl mercury.

Oedema and epithelial lifting are the results of defence

mechanism. As the distance of the lamellar epithelium

increases from the secondary gill lamellae, it prevents the

direct diffusion of the toxicant present in the water body.

These kinds of histological changes in the gills have been

observed by researchers due to toxic effects of copper

(Fernandes et al., 2007). Most common changes like

hyperplasia, desquamation, and necrosis of epithelium,

epithelial lifting, oedema, lamellar fusion, collapsed secondary

lamellae and curling of secondary lamellae have  been reported

by Velmurugan et al. (2009) and Jiraungkoorskul et al. (2003)

in Cirrhinus mrigala and Oreochromis niloticus exposed to

pesticide and herbicide.

Hyperplasia shown by the gills of dye exposed

groups, as defence activity by fish reduces the branchial

surface and protects the body from diffusion of toxicant

(Van Heerden et al., 2004). Hyperplasia in gills of L. rohita

and damage in respiratory system of Piaractus

mesopotamicus exposed to pesticide has been reported

earlier (Das and Mukherjee, 2000; Mataqueiro et al., 2009).

Exposure to the dye also caused severe damage to

gills, resulting in necrosis of lamellar cells and epithelium

followed by the erosion of the secondary gill lamellae. It is

known to be caused by respiratory stress by which an animal

tries to maintain and re-establish a normal metabolism in the

stressed condition.

Thus the histopathological study reveals that azo

dye Direct 6 green severly affected kidney and gills of L.

rohita.
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