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INTRODUCTION
The agricultural, industrial and many other

man made activities are a major source of heavy metal
pollution to the aquatic environment. Heavy
metalsrequired in trace amounts by the organisms but
in excess or higher concentration are detrimental
(Lorenzon et al., 2000). The heavy metals important as a
source of pollution are hazardous to target aquatic
animals of economic importance (Chourpagar &
Kulkarni, 2011). Crustacean’s forms an important link
in the food chain and being sensitive to heavy metal
toxicity play an important role in the study of heavy
metal toxicity. Hepatopancreas being responsible for
important metabolic processes plays a very important
role in the detoxification activities and results in
histological alterations on being exposed to xenobiotics
(Manisseri and Menon, 1995& 2006;Wu et al., 2008). To
assess the stress response to xenobiotics the
histopathological techniques are very rapid, sensitive,
reliable, and inexpensive. Hepatopancreas in prawns is
recognized as an important target organ for studying
the effects of heavy metal pollution, possessing the

capability of detoxifying heavy metals and displays
considerable cytological cytochemical and ultra
structural alterations at chronic exposure to low levels
of heavy metals. Crustaceans form a group of animals,
which are frequently sensitive to heavy metals and act
a very good bioindicators(Manisseri & Menon, 1995;
Sreeram&Menon, 2005).

MATERIALS AND METHODS
The fresh water prawn, Macrobrachium dayanum
(Henderson) (Crustacea – Decapoda), were collected from
river Gomti at different localities in and around Lucknow
(U.P.) India and brought to the laboratory (N-26559
E-805617).The animals were maintained in water
having following physio-chemical characteristics
(APHA, 1998; Sharma & Shukla, 1990). pH -7.66 ± 0.27;
Temperature- 27.66 ± 0.66ºC;Partial Alkalinity - 18.75 ±
3.75 mg/l; Total Alkalinity - 425 ± 11.36 mg/l ; Total
Hardness-268 ± 2.67 mg/l ; Dissolved Oxygen - 6.6 ± 0.74
mg/l.Animals before being used for experimental
purpose were acclimated to laboratory conditions for
at least 5-7 days. The male animals having an average
length- 4.86 ± 0.18 cm; average weight - 0.92 ± 0.06 gm
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and females having an average length- 3.12 ± 0.14 cm,
average weight - 0.52 ± 0.03 gm) is used for the
experimental purposes.For short-termtoxicity, tests 96
hours LC50 values of CdCl2 for male and female
M.dayanum(0.15 mg/l and 0.16 mg/l respectively) is used
in present study to evaluate histopathological studies.
At the intervals of 24, 48, 72 and 96 hours the
observations is studied. For sub-acute toxicity tests, 25%
of 96hr LC50 values of CdCl2 for males and females
(0.0375mg/l & 0.04 mg/l respectively) are used in present
study. For histological observations, hepatopancreas is
used as target organs in males and in female animal.
Tissues were carefully dissected out under the stereo
binocular on desired exposure time (24, 48, 72 & 96 h
and 10, 20 & 30 day exposure) from both experimental
and control animal. Tissues were washed in Crustacean
Ringer’s Solution and fixed in alcoholic Bouin’s fluid for
24 h. Fixation was followed by routine dehydration with
ethyl alcohol grades; clearing and embedding in paraffin
wax (58-600C).The 5-6µ thick sections were serially
arranged and flattened on albumenized slides. The
sections stained with Harris’s Haematoxyline and Eosin
stained were studied and photographed on Olympus
microscope comparing with controls.

RESULTS
Marked alterations were observed in the

hepatopancreas after exposure to acute concentration
of cadmium chloride and the changes in males were more
prominent than in females when compared with control
(Figs- 3,4,5 & 6 and Fig-1&2)Vacuolization appears to be
very prominent, hyperplasia and hypertrophy was
seen. Necrotic and degenerative changes noticed were
greater in males than in females. Nuclear pyknosis was
also observed. Granular depositions wasfound common
in intertubular connective tissue after 24 h
exposure.After 48 h, of exposure Necrosis and
degenerative changes in the cells became common in
intertubular connective tissue and were more prominent
than in females. Pyknotic nuclei were also common.

Haemocyte influx was found increased further.After 72
h, exposure granular deposition was prominent.
Necrotic and degenerative changes were evident at this
stage, showing cellular damage. Karyolysis and
karyorrhexis were seen. The lumen of hepatopancreatic
tubules were found filled with cell exudates and broken
nuclei. Severe effects were noticed mainly in R & B cells
of the hepatopancreatic tubules. Haemocyte influx in
intertubular spaces was found increased and tunica
propria of most of the tubules was found broken due to
degenerative changes.After 96 h, complete loss of
architecture of hepatopancreas was observed due to
necrosis, lysis and degenerative changes in
hepatopancreatic tubules. Haemocyte influx was
reduced. Karyolysis and karyorrhexis were seen. About
90% tubules were broken due to severe degenerative
changes leaving tissue debris and broken nuclei in
intertubular connective tissue. Acute exposure of
cadmium chloride showed marked alterations in the
hepatopancreas of female prawn(Figs-7, 8, 9 & 10)
Vacuolization begins to appear, hyperplasia and
hypertrophy was observed. Necrotic and degenerative
changes were seen. Nuclear pyknosis was observed in
some of the cells. Granular depositions was found
common in intertubular connective tissue after 24 h
exposure.After 48 h of exposure, vacuolization became
prominent and increased. Necrosis and degenerative
changes in the cells became common in intertubular
connective tissue, along with broken tissue and pyknotic
nuclei were common. Haemocyte influxwas increased
further.After 72 h, exposure granular deposition was
prominent. Necrotic and degenerative changes were
evident at this stage, showing cellular damage.
Karyolysis and karyorrhexis were seen at most of the
places. The lumen of hepatopancreatic tubules were
found filled with cell exudates and broken nuclei. Severe
effects were noticed mainly in R & B cells of the
hepatopancreatic  tubules. Haemocyte influx in
intertubular spaces was found increased and tunica
propria of most of the tubules was found broken due to
degenerative changes.After 96 h, complete loss of
architecture of hepatopancreas was observed due to
necrosis, lysis and degenerative changes in
hepatopancreatic tubules. Separation of tubular
epithelium was common. Haemocyte influx was
reduced. Karyolysis and karyorrhexis were seen. About
90% tubules were broken due to severe degenerative
changes leaving tissue debris and broken nuclei in
intertubular connective tissue. Cadmium chloride
severely damaged the hepatopancreas inM.dayanum on
its sub-acute exposure (Figs-11, 12 &13). After 10 day
exposure vacuolization in B and R cells of the
hepatopancreatic tubule was observed. Hypertrophy,
degenerative and necrotic changes were observed in
tubular epithelium. Haemocyte influx was also
observed.After 20 day exposure vacuolization,
degenerative changes and necrotic changes were

Dr.Rashmi Tripathi did her Ph.D. in
the field of aquatic toxicology from
Lucknow University and joined
Banasthali University as Assistant
Professor in 2010. She is engaged in
taking classes at both PG and UG

levels and plans to pursue research in Aquatic
Toxicology. She has several research papers to her
credit in journals of repute and presented papers at
international and national conferences. She is the
proud recipient of BPA (Best Poster Appreciation
Award) at the 22nd Annual Session of the Academy
of Environmental Biology, Award for the Best
Presentation  2-3rdFeburary 2012 Guru Ghasidas
Central University Bilaspur, Award for the Best  Oral
Presentation 11th-13th March , Dayal Singh College ,
Karnal. She has also supervised seven research
students for dissertation under her guidance.



THE SCIENTIFIC TEMPER 7

Figure-1: Photom
icrographs of T.S. of

H
epatopancreas of M

.dayanum
 M

ale
(C

ontrol : Scale Bar: 50 µm
)

Fi
gu

re
-2

: P
ho

to
m

ic
ro

gr
ap

hs
 o

f 
T.

S.
 o

f
H

ep
at

op
an

cr
ea

s 
of

 M
.d

ay
an

um
 F

em
al

e
(C

on
tr

ol
 : 

Sc
al

e 
Ba

r: 
50

 µ
m

)

Figure- 3: Photom
icrographs of T.S.of

H
epatopancreas of m

ale M
.dayanum

show
ing acute exposure (24h) of cadm

ium
chloride exposure (Scale Bar: 50 µm
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Figure-5: Photom
icrographs of T.S.of

H
epatopancreas of m

ale M
.dayanum

show
ing acute exposure (72h) of cadm

ium
chloride exposure (Scale Bar: 50 µm
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Figure-7:  Photom
icrographs of T.S.of

H
epatopancreas of  Fem

ale M
.dayanum

show
ing  acute exposure (24h) of cadm

ium
chloride exposure (Scale Bar: 50 µm

)
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Figure-9:  Photom
icrographs of T.S.of

H
epatopancreas of  Fem

ale M
.dayanum

show
ing aacute exposure (72h) of cadm

ium
chloride exposure (Scale Bar: 50 µm

)

Fi
gu

re
-1

0:
  

Ph
ot

om
ic

ro
gr

ap
hs

 o
f 

T.
S.

of
H

ep
at

op
an

cr
ea

s 
of

  
Fe

m
al

e 
M

.d
ay

an
um

sh
ow

in
g 

ac
ut

e 
ex

po
su

re
 (9

6h
 )o

f 
ca

dm
iu

m
ch

lo
ri

de
 e

xp
os

ur
e 

(S
ca

le
 B

ar
: 5

0 
µm

)

Fi
gu

re
-1

2:
  

Ph
ot

om
ic

ro
gr

ap
hs

 o
f 

T.
S.

of
H

ep
at

op
an

cr
ea

s 
of

  
M

al
e 

M
.d

ay
an

um
sh

ow
in

g 
 s

ub
-a

cu
te

 e
xp

os
ur

e 
(2

0d
ay

)o
f

ca
dm

iu
m

 c
hl

or
id

e 
ex

po
su

re
 (

Sc
al

e 
Ba

r: 
50

µm
)

Figure-11:  Photom
icrographs of T.S.of

H
epatopancreas of  M

ale M
.dayanum

show
ing  sub-acute exposure (10day)of

cadm
ium

 chloride exposure (Scale Bar: 50
µm

)

Figure-13:  Photom
icrographs of T.S.of

H
epatopancreas of  M

ale M
.dayanum

show
ing  sub-acute exposure (30day)of

cadm
ium

 chloride exposure (Scale Bar: 50
µm

)
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Figure-15:  Photom
icrographs of T.S.of

H
epatopancreas of  Fem

ale M
.dayanum

show
ing  sub-acute exposure (20day)of

cadm
ium

 chloride exposure (Scale Bar: 50
µm

)

Fi
gu

re
-1

6:
  

Ph
ot

om
ic

ro
gr

ap
hs

 o
f 

T.
S.

of
H

ep
at

op
an

cr
ea

s 
of

  
Fe

m
al

e 
M

.d
ay

an
um

sh
ow

in
g 

 s
ub

-a
cu

te
 e

xp
os

ur
e 

(3
0d

ay
)o

f
ca

dm
iu

m
 c

hl
or

id
e 

ex
po

su
re

 (
Sc

al
e 

Ba
r: 

50
µm

)



THE SCIENTIFIC TEMPER 9
observed. Pyknosis and karyolysis were common.
Breakage of tunica propria was observed due to necrosis
and lysis. Degenerative changes were observed in
epithelial cells. Broken tissue debris was noticed in the
lumen of hepatopancreatic tubules. Intertubular space
was filled with granular depositions. Wandering cell
number increased in the intertubular spaces. Whereas,
after 30 day exposure almost 90% of the
hepatopancreatic tubules lost their normal cellular
organization due to necrosis and degenerative changes.
Tubules were in the form of broken tissue mass
containing haemocytes and broken nuclei showing
karyorrhexis. Granular deposition in tubules was highly
pronounced. Hepatopancreas of female M.dayanum(Figs
-14, 15 &16) was severely damaged on being exposed to
sub acute exposure of cadmium chloride. After 10-
dayexposure, vacuolization in B and R cells of the
hepatopancreatic tubule was observed. Tubular
epithelium showed hypertrophy, degenerative and
necrotic changes at some places. Haemocyte influx was
also observed.After 20-day exposure vacuolization,
degenerative changes and necrotic changes were
observed. Large vacuoles were observed in epithelial
cells. Pyknosis and karyolysis were common. Breakage
of tunica propria was observed due to necrosis and lysis.
Degenerative changes were observed in epithelial cells.
Broken tissue debris was noticed in the lumen of
hepatopancreatic tubules. Intertubular space was filled
with granular depositions. Wandering cell number
increased in the intertubular spaces.After
30dayexposure, almost 90% of the hepatopancreatic
tubules lost their normal cellular organization due to
necrosis and degenerative changes. Most of the tubules
were in the form of broken tissue mass containing
haemocytes and broken nuclei showing karyorrhexis.
Granular deposition in tubules was highly pronounced
and haemocyte influx was found increase in comparison
to 20 day exposure. Most of the haemocytes were found
deformed.

DISCUSSION
Hepatopancreas of crustaceans not only

perform important role in secretion, absorption, and
storage of food but also acts for metabolism of xenobiotics
and their detoxification (Vonk, 1960; Gibson & Barker,
1979; Vogt & Quintio, 1994). Vacuolization, hypertrophy
of tubular epithelial cells, granuloma in connective
tissue, pronounced cell shedding in lumen, necrosis,
karyolysis and increase in wandering cells population
were the major histopathological alterations after acute
exposure of cadmium. Vacuolization, hypertrophy, cell
shedding in lumen, degeneration of tubules, increased
interstitial cells, granuloma, thinning of tubular wall,
Karyolysis and karyorrexis were chief changes after
acute and sub acute exposure of cadmium chloride.
Haemocyte aggregation and brown to black colored
granular deposition in tunica propria, hypertrophy,
increased number of haemocytes and nuclear pyknosis

were the peculiar features after cadmium exposure in
M. dayanum.The histopathological changes observed in
present study are almost similar to the reports of other
workers on fishes(Anguilla anguilla,Heteropneutes
fossilis,Garramullya, Tilapia mossambica, Channa punctatus,
Bariliusvogra, Sarotherodonmossambicus, Anabas scandens,
Clariasbatrachus,Senegales sole,Soleasenegalensis)after
exposure to Cadmium, (Neol-lambatet al., 1978; Gupta
& Rajbanshi, 1982; Wani & Latey, 1983; Rani &
Ramamurti, 1989; Ghosh  & Chakrabarti, 1993; Cope et
al., 1994; Kumari & Kumar, 1995; Akram et al., 1999; Bae,
1999; Naidu et al., 1983; Ghosh& Chatterjee, 1985; Sastry
& Tyagi, 1982; Venugopal& Reddy, 1992; Misra & Singh,
1997; Kumari& Kumar, 1997; Ray & Banerjee, 1998;
Arellano et al., 1999). Crustacean hepatopancreas has
also shown similar histopathologial effects as reported
by Hopkin& Nott, (1979) in Carcinus maenas;
Papathanassiou & King, (1986) in prawn Palaemon
serratus; Narayanan et al., (1994) in Scylla serrata; Guarinoet
al., (1974) in Idoteabatlica; Doughtie& Rao, (1984) in grass
shrimp Palaemonetes pugio; Anderson & Batraup, (1988)
in Crangon crangon; Krishnamoorthy & Subramanium,
(1996) in Macrobrachium lamarrei. The findings of present
investigations are also similar to exposure of various
toxicants on crustaceans and other invertebrates
(Nagabhushnam et al., 1987; Chandy&Kolwalker, 1984;
Aiken &Beyard, 1972; Lajtneret al., 1996).The cell
shedding in lumen of hepatopancreatic tubules as
observed in present study in case of both the metals is
probably a indication of stress as indicated by Lozzi,
(1971) and Gibson and Barker, (1979) where they
emphasized that cell shedding in holocrine manner
occurs during prolonged starvation and stress.The
aggregation of haemocytes may be due to alterations in
cell membrane leads to sequestration of hemocytes. As
it is well known that due to similar ionic radii, Cadmium
replaces Ca++ on the phospholipid headgroups of plasma
membrane (Schaltz& Marinetti, 1972). Such similar and
other alterations may be the reason for haemocyte
aggregation but needs further confirmation.The
hyperactivity of hepatopancrectic cells, nuclear
pyknosis and chromatin condensation observed in
present study might be due to hyper activity induced
by metals as reported in from of inclusion formation
and metal complexing with nuclear proteins (Lucas,
1942; Goyer et al., 1970; Sorensen et al., 1982).

Heavy metals accumulate in the biological
system particularly in fishes and in soft tissues in
decapod crustaceans (Gibson & Barker, 1979; Dall &
Moriarty, 1983; Rainbow, 1988). Metal uptake, transport,
distribution, sequestration within the body and metal
excretion, these all process define metal accumulation
strategy in invertebrates (Rainbow &White, 1989;
Rainbow et al., 1990; Rainbow & Dellinger, 1993). Metals
not required by the animal even in traces include lead,
cadmium, Mercury Rand, et al., (1985).These metals are
absorbed and accumulated in the soft tissues of organism
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(Bryan, 1979; Rainbow et al., 1990), and these required to
be detoxified to avoid the toxicity. There are two possible
mechanisms for the detoxification. Heavy metals can
either bound to insoluble inert metaliferous granules
(Mason & Nott, 1981; Brown, 1982; Taylor & Simkiss,
1982) or bind to soluble metal binding ligands such as
metalothioneins (Olafson et al., 1979; Engel & Brouwer,
1989; Roesijadi, 1992; Curtis, 2004).Vijayram
&Geraldine,(1996) reported well pronounced metal
regulation in marine crustaceans, lacking in fresh water;
thus the freshwater crustaceans showed severe
toxicological effects for metals ,and this might be the
reason for heavy tissue damage. Freshwater prawns due
to the weaker metal regulation mechanism and higher
metal accumulation tendency provide an indication of
toxicity and therefore serve as a good biological indicator
of metal pollution (Philips & Rainbow, 1993; Jenkins,
1980; Mushak, 1980; Anderson & Baatrup,
1988).Metallothioneins are as such a protective device,
protecting cell from toxicity by binding with
metals.When accumulates in excess binding with free
metallic ions becomes highly toxic and lead to severe
tissue damage (Webb & Etienne, 1977; Nordberg, 1978;
Martinez et al., 2002).Metallothioneins can bind about
seven cadmium ions and this protects against
toxicityand once metallothioneins saturate, cadmium
is available to bind to other protein thiols leading to
toxicity reported by Curtis, (2004).The tolerance to the
metals accumulated in the animals is because of the
active detoxification mechanism by the trapping of
incoming metals by ligands such as metallothioneins in
the cytosol (Viarengo, 1989). Metallothioneins are
synthesized in the aquatic organism as a defense against
the toxic metals (Couillardet al., 1993). Metallothioneins
considered central in the regulation of metals such as
Cadmium, Copper and Zinc. Increased synthesis of
metals is associated with increased capacity to bind with
the metals leading to detoxification against metal toxicity
(Roessijadi, 1992).
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INTRODUCTION
Oranges (Citrus sinensis) are produced all over

the world.  Orange ranked first among the citrus fruit.
In India, it is mainly produced in Maharastra, Karnataka,
West Bengal, Orissa, Assam, some parts of Rajasthan
and other North-Eastern part. It is well established that
orange or orange product are a rich source of vitamins,
minerals, sugar etc. that are essential for normal growth,
development and overall nutritional well being.
Microorganisms influence the quality and quantity of
fruit.  According to Jay (2003) a single infected orange
can be the source of infection to other oranges during
storage and on transmit. Common air molds such as
Penicillium species may gain entry into the susceptible
tissue and cause loss during packaging (Ronald,
1988).The fungi influenced the stored substance or
nutrient by absorbing them or by converting some of
the substance complex form into simple ones ( Sawant
and Gawai, 2011). A number of post harvested disease
attacks on these fruits which deteriorate its nutritional
value. The objective of this study was to obtain
information on the effect of fungus infection on the
nutrient value of post harvested orange fruit.

MATERIALS AND METHODS
Fresh and infected samples of oranges were collected
from the farmer,s field of Kota district in Rajasthan for
the biochemical and pathological analysis. Total 20
samples were collected for the study. Spoiled or diseased
oranges were identified by physical examination.
Healthy samples were used as control.

Isolation of fungi: In pathological study, 10 gm
of samples was taken and blended with 100 ml of buffered
peptone water. In initial suspension 1 ml was taken
aseptically and transferred to the sterile petri dishes. 15
ml of Yeast extract-dextrose chloramphenical-agar
medium was poured (previously melted and maintained
at 45+1°C in water bath from culture bottle) into each
petri dish. Inoculums was carefully mixed with medium
and allowed to solidify by leaving petri dishes to stand
on cool horizontal surface of bio safety cabinet (Indian
standard method for yeast and mould count of food stuff
IS 5403:1999). A separate controlled plate was made with
15 ml of medium to check its sterility. Petri dishes were
placed inverted in the BOD incubator at 25+1°C for five
days. After 5 days a loop full of fungus was taken from
petri dishes on slide. Staining was done by cotton blue
stain and morphological characters were observed
under microscope.

Biochemical study: Estimation of vitamin C or
ascorbic acid was done by Aberg method of Johnson
(1948).  The changes in non reducing sugar and reducing
sugar was estimated by following the phenol sulphuric
method of Dubois et al., (1956) and Miller (1972)
respectively. Alpha amylase was detected by the method
of Bernfield (1955) and starch was detected by the
method of Mc Cready et al., (1950). Total phenols were
estimated using standard method described by Bray and
Thorpe (1954). Protein was separated by the method
described by the Lowry et al., (1951).The estimation of
total antioxidant activity has done by following the
method described by Choong et al., (2007).

ABSTRACT
Orange (Citrus sinensis) is a very nutrient and beneficial fruit all over the world. Study were

conducted on changes in the nutrient value like reducing sugar, non reducing sugar, starch, protein,
phenol, vitamin C, alpha-amylase and total antioxidant activity of the post harvested infected orange
fruit. In this analysis two fungi were isolated from infected orange fruits. The effect of these fungi
indicate the reduction  in non-reducing sugar, vitamin C, alpha-amylase and antioxidant activity  but
the amount of reducing sugar, protein and phenol increased in infected fruit. The nutrient value
declined or increased due to the infection of penicillium and phytophthora fungus. From the present
investigation it can be concluded that the fungus decrease or increase the nutrient value of fruit
because they use them for their successful growth and establishment.
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