Journal of Entomology and Zoology Studies 2018; 6(4): 223-230

Journal of Entomology and [oalogy Studies

and

Zoology Stucizs

Available online at www.entomoljournal.com

E-ISSN: 2320-7078
P-ISSN: 2349-6800

JEZS 2018; 6(4): 223-230
© 2018 JEZS

Received: 06-07-2018
Accepted: 09-08-2018

MS Juginu

Department of Zoology,
Kongunadu Arts and Science
College, Coimbatore,

Tamil Nadu, India

Correspondence

MS Juginu

Department of Zoology,
Kongunadu Arts and Science
College, Coimbatore,

Tamil Nadu, India

Histopathological alterations in the gill, liver and
kidney of Labeo rohita on exposure to plywood
effluent

MS Juginu

Abstract

Study was conducted to assess the histopathological damage of Gill, Liver and Kidney in the fresh water
fish, Labeo rohita after sublethal exposure to plywood effluent. A parallel control was maintained
simultaneously along with the fishes exposed to sublethal concentration of plywood effluent for short
term (24, 48, 72 and 96 hours) and long term (10, 20 and 30 days) durations. Gill, Liver and Kidney of
exposed individuals exhibited some remarkable changes in their histology in comparison to control.
Prominent changes include degeneration of epithelial lining, epithelial proliferation in gills, clumping of
nucleus, degenerated hepatocyte cells, fatty degeneration in liver and in kidney shrinkage of the
glomerulus and dilation of tubular lumen. Duration of exposure appears to have a profound effect on gill,
liver and kidney. With increasing duration of exposure, histopathological damages become more severe.
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1. Introduction

More and more of our habitats are being deteriorated day by day due to increased
environmental pollution by means of various anthropogenic activities. The industrial effluents
that contain toxic substances like heavy metals, pesticides and other chemicals are discharged
into the water bodies. Any pollutant which is discharged into water will change the features of
water like surface tension, thermal properties, conductivity, density and pH value. The acidic
and alkaline pollutants destroy most of the invertebrates and microorganisms.! As a result, the
aquatic fauna and flora are adversely affected which lead to bioaccumulation in aquatic
organisms and bioconcentration in higher vertebrates.l! Eco-friendly environment is a
necessary condition for the well-being of human race. The degree of contamination in aquatic
environment is frequently assessed by comparingcontaminent concentration in associated
biota. Water pollution induces pathological changes in fish.

The assessment of histopathological changes in animal tissues is an invaluable tool in the
determination of environmental pollutiont®® 171, It serves as an early warning sign of injury to
cells, tissues and organs. One of the great advantages of using histopathological biomarkers in
environmental monitoring is that this category of biomarkers allows examining specific target
organs including gills and liver that are responsible for vital functions such as respiration,
excretion, accumulation and biotransformation of xenobiotics in the fishll and serve as
warning signs of damage to animal health*3, The plywood industry involves the production of
plywood from thin layers of wood veneer. The effluent from the plywood industry affects the
surface water bodies and ground water adversely. The present study was performed to evaluate
the sublethal effects of plywood effluent on histopathological alterations in the vital organs
such as gill, liver and kidney of fresh water fish, Labeo rohita which was selected as a
laboratory animal model. The Labeo rohita was selected for the bioassay experiments because
it is one of the most economically important fresh water fish that is extensively cultured in
India, Nepal, Bangladesh and other countries.

2. Materials and Methods

Active specimens of Labeo rohita (10.50+ 0.10 in length and 16.85 + 1.040 gms in weight ) of
both sexes were used for the experiments. All fishes used were procured from local aqua agri
farm. Fish was treated with 0.02 % KMNO, for two minutes to avoid any dermal infection.
The fishes were then acclimatized under laboratory conditions in static conditions for 15 days
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and kept in rectangular glass aquaria of capacity 200 liters.
They were fed with commercial fish food ad libitum. The
faecal matter and other waste material were siphoned off daily
to reduce ammonia content in water.

Thirty fishes were exposed to sublethal concentration of
plywood effluent for the study. Simultaneously two control
groups, one each for short term and long term were also
maintained. The experimental set up was maintained properly
by the daily renewal of effluent and provided fish feed daily.
After the duration of experiment, fishes were taken from the
respective concentrations and subsequently the vital organs
(gill, liver and kidney) were removed by live dissection and
fixed in Davidson fluid for 24 hours. Then organ tissues were
washed with 70% ethanol and dehydrated through a graded
series of ethanol [5 24, Subsequently, the tissues were
embedded in paraffin sectioned at 4 to 5 mm thickness stained
with haematoxylin and eosin and finally examined under
photomicrography 241,

2.1 Determination of LCso

LCso for plywood effluent comes out to be 1.27 mg/L. Based
on the sublethal concentration of 0.127 mg/L ( 1/10" of LCsp )
fishes were exposed to short term (24, 48, 72 and 96 hours)
and long term (10, 20 and 30 days) durations to examine the
histopathological changes in the organs like gill, liver and
kidney.

3. Results

3.1 Histopathology of Gill:

The untreated gills showed an arrangement of filaments in
double rows and the secondary lamellae arise from these
filaments (Plate 1-A). The present investigation on the
histology of gills in Labeo rohita exposed to plywood effluent
revealed severe damages due to the nature of the effluent.
Marked histopathological changes including necrosis and
degenerative changes in the epithelial cells and pillar cells of
the gills. The capillaries in the secondary lamellae were
dilated. The epithelial cells as well as pillar cells were
exfoliated. Consequently haemorrhage occurred in the
damaged areas. Partially empty rachis with sloughed tissues
indicated disorganization of gill structure. Original shape of
the secondary gill filaments was distorted and curling of these
filaments were observed. At some places the lamellae
appeared like swollen bulging sacs filled with blood cells.
Epithelial wall of secondary lamellae seemed to be ruptured.
Loss of cellularity and fragmentation of gill lamellae were the
most common feature indicating serious impairment in the
respiratory function of the gills (Platell B-E). It was observed
that the histopathological alterations in the gill of fish, Labeo
rohita increased with the increase in the days of exposure
(Plate 111 F-H).

Plate I Histopathology of Gill of Labeo Rohita
A. Control Gill section of Labeo Rohita

PL Prlmary Lamelae SL - Secondary Lamellae

LS — Lamellar Space, ILS -
SA - Supporting Axis

Plate 11
B. Gill section of fish exposed to 24 hours of plywood
effluent

PL - Prlmary Lamellae SL - Secondary Lamellae
LS - Lamellae Space, ILS - Inter Lamellar Space
DEL-Degeneration of Epithelial Lining

Inter Lamellar Space

C. Gill section of fish exposed to 48 hours of plywood
effluent

PL - Primary Lamellae, SL - Secondary Lameila
LS - Lamellar Space, ILS - Inter Lamellar Space
DEL - Degeneration of Epithelial Lining
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D. Gill section of fish exposed to 72 hours of plywood
effluent

PL - Primary Lamellae, SL - Secondary Lamellae
LS - Lamellar Space, ILS - Inter Lamellar Space
DEL - Degeneration of Epithelial Lining

E. Gill section of fish exposed to 96 hours of plywood
effluent

PL - Primary Lamellae, SL - Secondary Lamellae,
LS - Lamellar Space, ILS - Inter Lamellar Space,
DEL- Degeneration of Epithelial Lining,

EP - Epithelial Proliferation

Plate 111
F. Gill section of fish exposed to 10 days of plywood
effluent

LF - i_amellar Filament, LS - Lémellar pace,
DEL - Degeneration of Epithelial Lining
ILS - Inter Lamellar Space
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G. Gill section of fish exposed to 20 days of plywood
effluent

Epithelial Lining, EP - Epithelial Proliferation

H. Gill section of fish exposed to 30 days of plywood
effluent

thelial

v
EP - Epi
DEL - Degeneration of Epithelial Lining

3.2 Histopathology of Liver

The unexposed fish shows intact liver structure with unaltered
hepatocyte cells, hepatic cords and central efferent vein (Plate
IV-A). In the study, several histological alterations were
observed in Labeo rohita on exposure to short term duration.
These pathological alterations included dilation in hepatic
cells, focal areas of necrosis, hepatic cells degeneration and
vacuolar degeneration with infiltration of lipid, blood vessels
degeneration, haemorrhage and severe dilation in liver cells
(Plate V B-E). The damage was severe in those fishes
exposed to long term period (Plate VI F-H).
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Plate IV

Histopathology of Liver of Labeo rohita
A. Control Liver Section of Labeo rohita

RS g

T

S e e
Tt e oY
\ ] > oy "y A . -
PR N

HC - Hepatocyte Cells, HCH - Hepatic Cords
CEV - Central Efferent Vein

Plate V

B. Liver section of fish exposed to 24 hours of plywood
effluent

DHC - Degenerated Hepatocyte Cells
HC - Hepatocyte Cells, HCH - Hepatic Cords
CEV - Central Efferent Vein

C. Liver section of fish exposed to 48 hours of plywood
effluent

HC - Hepatocyte Cells, GC iln’s

Caps
VC - Vacuoles, CN - Clumping of Nucleus
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D. Liver section of fish exposed to 72 hours of plywood
effluent

T T 3~

-
DHC
»

~v e Y

VC - Vacuoles
CN - Clumping of Nucleus
FD - Fatty Degeneration

E. Liver section of fish exposed to 96 hours of plywood
effluent

VC — Vacuoles, GC - Gilssen’s Capsule
FD - Fatty Degeneration, CN - Clumping of Nucleus

PLATE VI

F. Liver section of fish exposed to 10 days of plywood
effluent

VC - Vacuoles, GC - Gilssen’sCapsule
FD - Fatty Degeneration, CN - Clumping of Nucleus
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G. Liver section of fish exposed to 20 days of plywood Plate V111
effluent B. Kidney Section of fish exposed to 24 hours of plywood
effluent

e - -
HC - Hepatocyte cells, VC -
GC - Gilssen’s Capsule, FD - Fatty Degeneration

CN - Clumping of Nucleus

H. Liver section of fish exposed to 30 days of plywood Peosi: * 800 AW
effluent GL — Glomeruli, LC - Lymphoid Cells
PC - Parenchyma Cells, BC - Bowman’s Capsule

C. Kidney Section of fish exposed to 48 hours of plywood
effluent

FD - Fatty Degeneration, CN - Clumping of Nucleus

3.3 Histopathology of Kidney

The unexposed fishes shows kidney with unaltered structures like
glomeruli, lymphoid cells, parenchyma cells, Bowman’s capsule and
tubules (Plate VII A). Meanwhile, short term exposed fishes showed

shrunkened glomerulus, damaged tubule nucleus and Bowman’s PC — Parenchyma Cells, BC - Bowman’s Capsule

capsule (Plate VIII B- E). The damages were severe in long term T — Tubules, GL — Glomeruli

exposed fishes. These fishes showed highly altered kidney with

almost all its structures degenerated (Plate IX F-H). D. Kidney Section of fish exposed to 72 hours of plywood
effluent

Plate V11

Histopathology of kidney of Labeo Rohita
A. Control Kidney Section of Labeo rohita

el *
LC - Lymphoid Cells LC - Lymphoid Cells, PC - Parenchyma Cells
PC - Parenchyma Cells BC - Bowman’s Capsule, SG - Shrunkened Glomerulus
BC - Bowman’s Capsule TN - Tubule Nucleus, SC - Shrunken of Cells
T - Tubules
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E. Kidney Section of fish exposed to 96 hours of plywood
effluent

ya BYIONRE
e, SG - Shrunkened Glomerulus

BC - Bowman’s Capsul
TN - Tubule’s Nucleus

Plate 1X
F. Kidney Section of fish exposed to 10 days of plywood
effluent

SG — Shrunkened Glomerulus, TN - Tubule’s Nucleus

G. Kidney Section of fish exposed to 20 days of plywood
effluent

BC - Bowman’s Capsule, SC - Shrunken of Cells
TN - Tubule’s Nucleus

H. Kidney Section of fish exposed to 30 days of plywood
effluent

X, LR R A

SC - Shrunken of Cellé, SG - Shrunkened Glb‘nTerqus
TN - Tubule’s Nucleus

4. Discussion

The extent of damage in the fish organs increases as the
exposure period increases. The histopathological alterations in
the study indicates the toxic nature of plywood effluent.

The present study was in the line of degenerative changes in
respiratory epithelium of the fishes exposed to aquatic
pollutants metals 1. The noticed clubbed shaped lamellae
indicating progressive degeneration in the gill due to fusion of
secondary lamellae. As a result of lamellar fusion, the
lamellar surface area may be reduced minimizing oxygen
delivery to the tissues (8l They further noted that after
chronic exposure to the pollutants progressive degenerative
changes resulted into complete disorganization of the gill
lamellae. The present study also agreed with the findings of
severe damages in the respiratory epithelium of gills exposed
to heavy metals [ 13, Damages occurred at cellular level in
the gills of Cirrhinus mrigala exposed to metallic salts 24, In
the present study, fishes exposed to very low concentration of
effluent resulted in remarkable histopathological changes
which lead to decreased efficiency of gill surface for gaseous
exchange. Mucous secretion mainly from the base of the
primary lamellae and proliferated primary lamellar epidermis
form a tenacious outer layer of different consistency leading
to obstruction of respiratory exchange. Another characteristics
pathological change of the gill observed in the present study
was lamellar telangiectasias recognized grossly by the
presence of the small red spots on the secondary lamellae.
The lesion had its genesis in the rupture of the retaining pillar
cells which normally joins the dorsal surface of secondary
lamellae to the ventral. The result was dilation of the lamellar
capillary and pooling of the blood which thrombosed and
eventually fibrosed. Multiple telangiectasias occurred when
the fishes exposed to metals 22,

The damages observed in the present study is explained by the
fact why liver plays an important role in vital function, basic
metabolism and accumulation, transformation and excretion
of contaminants [* 21, Moreover, the liver as the major organ
of metabolism comes in close contact with xenobiotics
absorbed from the environment and liver lesions are often
associated with aquatic pollution. Deteriorations of the liver
can be due to the storage of heavy metals in the body [,
Histopatholgical alterations observed in the liver of
Gymnocephalus cernua collected from the Elbe Estuary
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contaminated by domestic, industrial and agricultural
pollutants 261, The liver anomalies in this work are similar to
those observed in Clarias gariepinus after exposure to lead.
These authors observed cells hepatic degeneration after 3 days
and necrosis after two weeks exposure to lead [, The present
results are in agreement with those observed in other fish
species under the influence of different pollutants [ 1311,

The kidney is a vital organ of body and proper kidney
function is to maintain the homeostasis. It is not only involved
in removal of wastes from blood but is also responsible for
selective reabsorption which helps in maintaining volume and
pH of blood and body fluids and also makes erythropoiesis
(12 The teleostean kidney is one of the first organs to be
affected by contaminants in the water 2. Most common
alterations found in the kidney of fishes exposed to water
contamination are tubule degeneration (cloudy swelling and
hyaline droplets) and changes in the corpuscle such as dilation
of capillaries in the glomerulus and reduction of Bowman’s
space 27, Exposure to metals frequently causes alterations in
the tubules and glomerulus in the perch (Lates calcarifer)
exposed to cadmium [ Bowman’s capsule cells and
melanomacrophages in the kidney of trout (Salmo trutta) and
tilapia (Oreochromis mossambicus) found swollen exposed to
mercuric chloride P, Similar alterations were found in fishes
exposed to organic contaminants [ and mixed environmental
contaminants 2> 21, In the present study, kidney of the fish
often showed cloudy swelling in tubule cells. This alteration
can be identified by the hypertrophy of the cells and the
presence of small granules in the cytoplasm which takes on
the appearance of a net. This initial stage in the degeneration
process can progress to hyaline degeneration characterized by
the presence of large eosinophilic granules inside the cells.
These granules may be formed inside the cells or by the
reabsorption of plasma proteins lost in the urine, indicating
damage in the corpuscle 1% 271 In more severe cases, the
degenerative process can lead to tissue necrosis 2. The
presence of tubule degeneration coupled with the absence of
necrosis in the kidney in the present study indicates that the
kidney suffered damage after exposure to the water of the
plywood industry.

5. Conclusion

The present study shows the harmful effect of pollution due to
industrialization. Even though the development and
industrialization are the two sides of the same coin, we should
be very responsible to protect our environment; its flora and
fauna. The results of the present study have proven
remarkable damages to gills, kidney and liver of fishes
exposed to plywood effluent. The industrial effluents
discharged into the water bodies is the main reason of
depleting fish fauna among water bodies.
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