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Abstract
The present study was designed to evaluate the impact of gamma radiation (60Co) on freshwater prawn Macrobrachium
rosenbergii by using electron microscopic (SEM, TEM) studies. One set of prawns (experimental group) was irradiated (3,
30, 300, and 3000mGy) by Theratron Phoenix TeleCobalt Unit [P-33], while other set of prawns (control group) was maintained
(non-irradiated) separately. Scanning electron microscopic observations of gills and hepatopancreas showed fused and swollen
lamella, abnormal gill tips, wrinkled lamellar epithelium, and necrotic epithelium surface in irradiated groups, while no such
abnormalities were obvious in the control group. Transmission electron microscopic studies showed damaged nucleus, granu-
lated mitochondria, vacuoles with crystalline granular inclusions, destructed membrane, vacuoles filled with granules, rough
endoplasmic reticulum with residual bodies, shrunken mitochondria, dilated rough endoplasmic reticulum, and dilated cisternae
of the Golgi body in irradiated groups. The structural abnormalities of vital organs could affect physiological functions such as
respiration, osmo-ionic regulation and storage, secretion of the gills, and hepatopancreas, which in turn could adversely affect the
growth and survivability of M. rosenbergii.
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Abbreviations
60Co Cobalt-60
SEM Scanning electron microscopic
TEM transmission electron microscopic
ICRP International Commission on Radiological

Protection
TLD Thermo luminescence disks
BARC Bhabha Atomic Research Centre
GVN G.Viswanathan
PBS Phosphate-buffered saline
OsO4 Osmium tetroxide
mGy milligray

Introduction

Radiation is one of the most widespread sources of environ-
mental stress in living environment and their exposure causes
oxidative stress and metabolic changes in the living organisms
(Mohamed 2011). The International Commission on
Radiological Protection (ICRP) emphasized the need to pro-
tect non-human biota from the potential effects of ionizing
radiation (ICRP 2007). The severity of a toxicant can be mea-
sured at the level of the molecular, cellular, tissue, organ,
individual, or population (Moore 1985). The detection of re-
sponses to toxicants at the cellular or tissue level is of great
value and where histopathological studies reflected the impact
of toxicants on metabolic processes at the cellular level
(Triebskorn and Kohler 1996; Mathur and Gupta 2008).

Scanning electron microscope (SEM) helps to study the
organ’s morphological characteristics and abnormalities if
any in treated samples. Transmission electron microscope
(TEM) studies reveal the cell organelle features and their path-
ological conditions in treated samples. Ultrastructural alter-
ations were studied by several authors for assessing the effects
of organic chemicals and metals (Segner and Braunbeck
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1998). In the last few decades, many studies focused on the
influences of exogenous factors on crustaceans. Bhavan and
Geraldine (2000) reported that always a close correlation ex-
ists between different kinds of stresses and ultrastructure of
tissues.

The gill is used as a model organ for assessing the environ-
mental radiation impact on testing the species and performs
multifunctions like gas exchange (McMahon and Wilkens
1983), osmo-ionic homeostasis (Mantel and Farmer 1983),
and transbranchial NaCl absorption and water excretion
(Kirschner 2004). A Crustacean hepatopancreas acts as a pri-
mary organ responsible for absorption and storage of ingested
materials and plays a major role in accumulating, neutralizing,
and eliminating harmful chemicals (Abdelmeguid et al. 2009).
The present study was designed to evaluate the impact of
gamma radiation (60Co, 3, 30, 300, and 3000 mGy) on fresh-
water prawn Macrobrachium rosenbergii by using electron
microscopic (SEM, TEM) studies.

Materials and methods

Experimental design and Gamma irradiation

Macrobrachium rosenbergii was collected from the river
Cauvery (11° 29′ N; 79° 50′ E), Tiruchirappalli, Tamil
Nadu, India, acclimatized in Environmental Research
Laboratory, Jamal Mohamed College, Tiruchirappalli, and
fed with boiled chopped goat liver ad libitum (Stalin et al.
2013). Prawns (n = 10) were irradiated (3, 30, 300, and
3000 mGy) along with Thermo Luminescence Disks (TLD,
BARC, India) for dose measurement (Sadiq Bukhari et al.
2012) by using Theratron phoenix (P-33) Tele cobalt unit
(60Co radionuclide source)in GVN Cancer Cure Research
Centre and Hospital, Tiruchirappalli (Tamil Nadu, India).
Control (non-irradiated) and irradiated groups were main-
tained in the laboratory for the next 96 h and were sacrificed.

Scanning electron microscopic studies

The animals were anesthetized on ice for 3 min, and gills and
hepatopancreas were dissected out following Poljaroena et al.
(2010). Gills and hepatopancreas were fixed in 2.5%
Glutaraldehyde in 0.1 M PBS, pH 7.4, at 4 °C for 24 h and
were post-fixed in 1% Osmium Tetraoxide (OsO4) in 0.1 M
PBS, pH 7.4 for 1 h and dehydrated through increasing con-
centrations of ethanol. Tissues were coated with platinum and
palladium in a Hitachi ion-sputtering apparatus (E2500). The
processed tissues were examined in a Hitachi S-2500 scanning
electron microscope (SEM) operating at 15 KV in the
Centre for an Advanced Study in Botany, in the
University of Madras, Chennai (Tamil Nadu, India) fol-
lowing Cheng et al. (2010).

Transmission electron microscopic studies

The gills and the hepatopancreas tissues were kept in vivo
condition prior placing it into the fixative medium (fixed in
3% Glutaraldehyde and post-fixed by 1% OsO4). Tissues
were dehydrated in ascending graded alcohol and cleared by
propylene oxide. Tissues were molded with epoxy resin, kept
in an incubator at 60 °C for 48 h, cooled down (Manush et al.
2007), sectioned (1 μm) through ultra microtome (Leica
ultracut UCT) with a glass knife, and stained by toludine blue.
The sections were transmitted in Tecnai TR spirit
(Netherland) and photographed in Histopathological Unit,
Christian Medical College (CMC), Vellore (Tamil Nadu,
India).

Histological gradations

Semi-thin sections were cut at 1-m thickness and stained with
methylene blue. The histological changes if any were exam-
ined and ranked semiquantitatively (Mishra and Mohanty
2008; Stalin et al. 2013): none (0%), mild changes (< 10%),
moderate changes (10 to 50%), severe changes (50 to 70%),
and extended severe changes (> 70%) in prawn tissues. Data
was represented as the mean of slides (25 slides/organ) for
each prawn, i.e., 250 slides per group.

Results

Scanning electron microscopic studies

Gill

Scanning electron micrographs of gills of M. rosenbergii in
the control prawn show the filament (F), lamella (L), interla-
mellar region (IL), and pillar cells (Fig. 1 (A1 and A2)). Gills
ofM. rosenbergii, treated with 3 mGy and 30 mGy Cobalt-60
gamma, showed fused lamellae (FLU), abnormal gill tip
(AG), and wrinkling of the lamellar epithelium (WLE) (Fig.
1 (A3 and A4; A5 and A6)). The 300-mGy Cobalt-60
gamma–treated to M. rosenbergii showed swollen lamellae
(SL) besides fused lamellae (FLU) and abnormal gill tip
(AG) (Fig. 1 (A7 and A8)). Epithelial necrosis with and with-
out blood emerging (asterisk shaped) besides fused lamellae
(FLU), abnormal gill tip (AG), and swollen lamellae (SL) was
observed in the gills of the animal treated with 3000-mGy
Cobalt-60 gamma radiation (Fig. 1 (A9 and A10)).

Hepatopancreas

Scanning electron micrographs of hepatopancreas of
M. rosenbergii in the control prawn were found with B cells,
S cells, L-lipid droplets, and epithelial in normal structure
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(Fig. 2 (B1 and B2)). However, the hepatopancreas of
M. rosenbergii treated with 3-mGy Cobalt-60 gamma showed
with large lipid droplets inside the B cell, extrusion of large
and small lipid (L) droplets, few completely mineralized

lamellae body (LB), and irregular bulbous surface with necrot-
ic crystalline fragments (N) (Fig. 2 (B3 and B4)). About 30-
mGy Cobalt-60 gamma–irradiated prawn showed small and
rare lipid droplets inside a B cell (decaying surface) (B), large

Fig. 1 Scanning electron
microscopic images of control
and 60Co gamma irradiated
freshwater prawn M. rosenbergii.
(A) Gill: Control (A1–A2),
3 mGy (A3–A4), 30 mGy (A5–
A6), 300 mGy (A7–A8), and
3000 mGy (A9–A10) groups. F
filament, L lamella, IL
interlamellar region, FLU fusion
of lamellae, AG abnormal gill tip,
WLE wrinkling of the lamellar
epithelium, SL swollen lamellae,
* epithelial necrosis
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lipid droplets inside the B cell (L), extrusion of large and small
lipid droplets, lamellae body (LB), vacuoles formation(V),
and necrosis (N) (Fig. 2 (B5 and B6)). About 300-mGy

Cobalt-60 gamma–treated prawn was observed with extrusion
of large and small lipid droplets, lamellae body (LB), vacuoles
formation (V), and small and rare lipid droplets inside a B cell

Fig. 2 Scanning electron
microscopic images of control
and 60Co gamma irradiated
freshwater prawn M. rosenbergii.
(B) Hepatopancreas: Control
(B1–B2), 3 mGy (B3–B4),
30 mGy (B5–B6), 300 mGy (B7–
B8), and 3000 mGy (A9–A10)
groups. B B cells, S S cells, L
lipid droplets; N necrosis; L
(circle) large lipid droplets inside
the B-cell; LB extrusion of large
and small lipid droplets, lamellae
body; V vacuoles formation, B
small and rare lipid droplets
inside a B cell (decaying surface)
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(decaying surface) (B) (Fig. 2 (B7 and B8)). Scanning electron
micrographs of M. rosenbergii treated with 3000-mGy
Cobalt-60 gamma showed small and rare lipid (L) droplets
inside a B cell disintegrated apical part of a cell and decaying
surface, necrotic epithelium surface, formation of vacuoles
(V), and lamellae body (LB) (Fig. 2 (B9 and B10)).

Transmission electron microscopic studies

Gill

Transmission electron microscopic observation of control
prawn gill showed pillar cell (PC) and hemocoelic space
(HS). The lamellar region of the gills showed an epithelial cell
with cuticle (C), nucleus (N), and mitochondria (M) associat-
ed with infolded cell membranes (IC) (Fig. 3 (A1 and A2)).
Cobalt-60 gamma–irradiated (3 mGy) prawn gills showed
HS, the E cell with centrally placed nucleus (N), few mito-
chondrial swelling with degenerated cristae, and vacuolated
area with degenerated mitochondrae (MV). The lamellar re-
gion characterized by elevated cuticle (EC), vacuoles with
crystalline granular inclusion (VC), and granular cells (Fig.
3 (A3 and A4)). About 30-mGy-irradiated prawn was ob-
served with necrosis of mitochondria (M), damaged nucleus
(N), lamellar region characterized by elevated cuticle (EC),
and vacuoles with crystalline granular inclusion (VC) (Fig. 3
(A5 and A6)). About 300-mGy gamma–irradiated prawn was
observed with necrosis of mitochondria (M), damaged nucle-
us (N), elevated cuticle (EC), vacuoles with crystalline gran-
ular inclusion (VC), formation of vacuoles(V), and granular
cells(GC) (Fig. 3 (A7 and A8)). About 3000-mGy-irradiated
prawn gills showed damaged nucleus (N), mitochondria with
granular cell (Gc) formations, VC found at the basal regions of
the gills, mitochondrial degeneration and devoid of cristae,
and MV in adajcent intralamellar septal cell(s) (Fig. 3 (A9
and A10)).

Hepatopancreas

The hepatopancreas of control prawns showed E cell
with centrally placed nucleus (N), few mitochondria
(M), rough endoplasmic reticulum (RER), and rich in
glycogen granules (G) and without microvilli (Fig. 4
(B1 and B2)). Hepatopancreas of 3 mGy irradiated
group of prawns showed absorptive (R) cell with cen-
trally placed nucleus (N), large lipid vacuoles (LV),
hepatocyte vacuoles filled with granular inclusions
(VG), cytoplasm with many electron dense granules
(EG), shrunken mitochondria (SM), dilated rough endo-
plasmic reticulum (DRER), and dilated cisternae of the
Golgi body (DGB) in the tubule epithelium (Fig. 4 (B3
and B4)). About 30-mGy treated prawn was observed
with vacuolated cell with granular inclusions (VG),

nucleus (N), dilated cisternae of the Golgi body
(DGB), dilated Golgi body complex (GC), lipid vacu-
oles (LV), residual bodies in rough endoplasmic reticu-
lum (RB), shrunken mitochondria (SM), and dilated
rough endoplasmic reticulum (DRER) (Fig. 4 (B5 and
B6)). About 300-mGy treated prawn was observed with
necrotic nucleus (N), glycogen granules (G), microvilli
(MV), dilated cisternae of the Golgi body(DGB), dilated
Golgi body complex (GC), lipid vacuoles (LV), residual
bodies in rough endoplasmic reticulum (RB), shrunken
mitochondria (SM), and dilated rough endoplasmic re-
ticulum (DRER) (Fig. 4 (B7 and B8)). Lipid vacuoles
LV, vacuolated cell with granular inclusions (VG),
shrunken mitochondria (SM), dilated rough endoplasmic
reticulum (DRER), dilated cisternae of the Golgi body
(DGB), and residual bodies (RB) formation in RER
were observed in the hepatopancreatic tubule epithelium
of 3000 mGy irradiated prawns (Fig. 4 (B9 and B10)).

Histological gradations

In irradiated groups, the histological anomalies increase as
dose increases. Maximum histological changes were found
at 3000 mGy followed by lower level. Semiquantitative scor-
ing of gill and hepatopancreas abnormalities observed by
scanning electron microscopic studies was done (Table 1).
Similar scoring was done for the gill and hepatopancreas ab-
normalities observed by transmission electron microscopic
studies (Table 2).

Discussion

The impact of radiation on biota has been identified as
priority area for future research within both scientific
and regulatory communities especially in crustaceans in
aquatic ecosystem (Fuller et al. 2015). In this study, the
effects of 60Co gamma radiation at dose level of 3, 30,
300, and 3000 mGy on the gill and hepatopancreas of
freshwater crustacean M. rosenbergii were investigated
by electron microscopic studies.

Scanning electron microscope

Gill

The SEM study showed fused to swollen lamellae (FLU-SL),
abnormal gill tip (AG), and wrinkling of the lamellar epithe-
lium (WLE) which may reduce the surface area and in turn
likely to lead to decreased ionic permeability as suggested by
McNamara and Lima (1997). Segner (1987) reported that gill
epithelial cells in decapods crustaceans undergo structural re-
organization in response to low dose radiation.
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Hepatopancreas

Hepatopancreas of irradiated group of prawns showed various
levels of abnormalities in various organelles. Icely and Nott

(1980) reported several types of granulate inclusion, respon-
sible for regulation of the concentrations of metals in the
blood, in cells. Hence, gamma radiation exposure may disturb
the regulations of the concentrations of metals. They may act

Fig. 3 Transmission electron
microscopic images of control
and 60Co gamma irradiated
freshwater prawn M. rosenbergii.
(A) Gill: Control (A1–A2),
3 mGy (A3–A4), 30 mGy (A5–
A6), 300 mGy (A7–A8), and
3000 mGy (A9–A10) groups. PC
pillar cell, HS hemocoelic space,
C epithelial cell with cuticle, N
nucleus, M mitochondria, IC
infolding of cell membrane, MV
vacuolated mitochondria, EC
elevated cuticle in lamellar
region, VC vacuoles with
crystalline granular inclusion
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as a “barrier” to the diffusion of potentially harmful amounts
of essential and non-essential metals into the blood. Hence, it

is likely that the gamma radiation exposure may disturb the
regulations of the concentrations of metals.

Fig. 4 Transmission electron
microscopic images of control
and 60Co gamma irradiated
freshwater prawn M. rosenbergii.
(B) Hepatopancreas: Control
(B1–B2), 3 mGy (B3–B4),
30 mGy (B5–B6), 300 mGy (B7–
B8), and 3000 mGy (A9–A10)
groups. E embryonic cell, N nu-
cleus, M mitochondria, RER
rough endoplasmic reticulum, G
glycogen granules, R absorptive
cell, LV lipid vacuoles, VG vac-
uolated cell with granular inclu-
sions, EG electron dense gran-
ules, SM shrunken mitochondria,
DRER dilated rough endoplasmic
reticulum, DGB dilated cisternae
of the Golgi body, RB residual
bodies in rough endoplasmic
reticulum
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Transmission electron microscopic

Gill

TEM study revealed mitochondrial swelling with degenerated
cristae, vacuolated area with degenerated mitochondrae, vac-
uoles with crystalline granular inclusion and granular cells,
necrosis of mitochondria, damaged nucleus (N), lamellar re-
gion characterized by elevated cuticle, and formation of vac-
uoles (V) and granular cells. Manush et al. (2007), in the gills
of M. rosenbergii exposed to 35 °C, observed severe degen-
eration of mitochondria with no cristae, irregular nuclear
membrane and marginated chromatin. Gills of M. olfersii
showed flattened hemilamella, narrow, hemolymph-filled
space, and layers of pillar cells (Freire and McNamara
1995).

Hepatopancreas

The electronmicroscopic studies in controlled hepatopancreas
of M. rosenbergii showed a normal arrangement with intact
nuclear membrane, less number of nuclear pores and vacu-
oles, eccentric position of nucleolus, and more number of
microvilli (Ramalingam and Ramarani 2007). Tissue destruc-
tion and bacterial accumulation found in the hepatopancreatic
tubular lumen of Penaeus vannamei infected with Vibrio
anguillarum (Esteve and Herrera 2000). The hepatocytes pos-
sessed distinct boundaries and apical membranes showed long
microvilli which represented the brush border during TEM
analysis (Abdelmeguid et al. 2009).

The folded basal lamina in the tubules evidenced in
P. argentinus and P. monodon exposed to pesticides (Vogt
1987). TEM study on P. serratus exposed to 100 ng/μL pe-
troleum compound revealed cellular disorganization and in-
creased thickness in basal lamina, degeneration of the
hepatopancreatic epithelium. No attempt has however been
made to assess the impact of (mGy) of 60Co gamma radiation
at low level (Sadiq Bukhari et al. 2012). Hence, the present
work is a novel attempt to study the 60Co gamma (3, 30, 300,
and 3000 mGy) radiation-induced ultrastructural studies in
adult freshwater crustaceans (prawn) Macrobrachium
rosenbergii.

Conclusion

The impact of 60Co gamma radiation was studied on
Macrobrachium rosenbergii. Ultrastructural damages were
found in gills and hepatopancreas of M. rosenbergii exposed
even at 3-mGy level. However, no lethality was observed in
the select dose levels. Hence, it is recommended that radiation
output may be kept at below 3-mGy level in order to protect
the biota from radiation effect.

Table 2 TEM grading of Gill and Hepatopancreas of control and 60Co
gamma irradiated M. rosenbergii

Histological parameters Gamma irradiation dose (mGy)

Control 3 30 300 3000

Gill

Mitochondria swelling - ++ ++ +++ +++

Elevated cuticle - ++ + + -

Vacuole with granular inclusion - ++ ++ +++ ++++

Granular Cell - ++ ++ +++ +++

Necrotic Nucleus - + + ++ +++

Vacuolated cytoplasm - - + ++ +++

Mean - + ++ ++ +++

Hepatopancreas

Large lipid vacuole - + + ++ +++

Vacuoles with granules - + ++ +++ +++

Electron dense granules - + ++ ++ +++

Shrunken mitochondria - + ++ +++ ++++

Dilated rough endoplasmic reticulum - + + +++ ++++

Dilated Golgi body - ++ + ++ ++++

Residual bodies - + ++ +++ +++

Mean - + ++ +++ ++++

- none (0%), + mild (< 10%), ++ moderate (10 to 50%), +++ severe (50 to
70%), ++++ extended severe (> 70%)

Table 1 SEM grading of Gill and Hepatopancreas of control and 60Co
gamma irradiated M. rosenbergii

Histological parameters Gamma irradiation dose (mGy)

Control 3 30 300 3000

Gill

Fusion of lamellae - + + ++ ++

Abnormal gill tip - + + ++ +++

Wrinkling of the lamellar epithelium - ++ + + -

Swollen lamellae - - + ++ ++++

Epithelial necrosis - - + ++ +++

Mean - + ++ ++ +++

Hepatopancreas

Lipid droplets in B cells - + + ++ +++

Lipid body extrusion - + ++ +++ +++

Necrotic crystalline fragments - + ++ ++ ++

Necrotic epithelial surface - - + ++ ++++

Vacuoles - - + ++ ++++

Mean - + ++ ++ +++

- none (0%), + mild (< 10%), ++ moderate (10 to 50%), +++ severe (50 to
70%), ++++ extended severe (> 70%)
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