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ABSTRACT

Haematological profile of the M. dayanum will be helpful in monitoring the health status of this prawn species
which is a potential animal for fresh water aquaculture as well as a good model for monitoring the pollution
level of the fresh water ecosystems. The haemocytes of the freshwater prawn, Macrobrachium dayanum were
classified into seven types based on morphology and behaviour like formation of pseudopodia, encapsulation of
foreign particles clumping etc., under phase contrast microscope and their reactions with different stains. The
seven types of haemocytes included prohaemocytes, plasmatocytes, spindle cells, granular haemocytes, spherule
cells, adipohaemocytes and the cystocytes. The structural details and their significance in haemocyte
classification along with probable functions like transport of food, phagocytosis and encapsulation of foreign
particles, defense against various infections, hardening of exoskeleton, prevention of blood loss by promoting
immediate clotting, confinement of invasive organism and detoxification, of different haemocyte types have
been discussed.

Keywords: Macrobrachium dayanum; Crustacea; haemocytes; classification; functions.

1. INTRODUCTION functions like transport of food, phagocytosis and
encapsulation of foreign particles, defense against

Haemocytes are the major component of the various infections, hardening of exoskeleton,
circulation of Arthropods, which perform various vital ~ prevention of blood loss by promoting immediate
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clotting, confinement of invasive organism and
detoxification [1,2,3,4,5,6]. Numerous light and
electron microscopic studies have been reported
concerning the classification of  arthropod
haemocytes, especially that of insects [7,8,9,10,3,11,
12,13,14,15,16,17,18] but the classification schemes
for crustaceans are not uniform [19].

Classification of haemocytes in Decapod Crustaceans
is mainly based on the presence of cytoplasmic
granules, on the basis of which they have been
classified as Hyaline cells, semi granular cells and
granular cells [19,20,21]. In M. rosenbergii three
types of haemocytes were defined by [17] viz. hyaline
haemocyte, granular haemocytes and undifferentiated
haemocytes whereas hyaline haemocyte, small
granule haemocytes and large granule haemocytes
were described by [22] in M. rosenberghi and M.
acanthurus.

Because of inconsistency in haemocyte classification
of crustaceans [19,23], we have adopted the
classification proposed by [24], for insect haemocytes
which appears more suitable for other groups of

arthropods [25, 26, 14, 15,27,28]. Classification
scheme for arthropods and suggestions of
[3,29,30,31,32,20,4] were also  taken into

considerations as described in the observation of
haemocytes of M. lamarrei [23]. Fresh water prawn,
Macrobrachium dayanum (Henderson) is a small
Palaemonid prawn, early available throughout year, a
good laboratory model for environmental monitoring
and potential animal for fresh water aquaculture
[33,34,35], specially to non coastal areas [36,37]. For
successful culture and the knowledge of immune
system and health parameter is a primary requisite.
Present work has been taken to study the Haemocyte
of fresh water prawn, Macrobrachium dayanum
(Henderson) (Crustacea-Decapoda) [38] which will be
helpful in monitoring the health status of prawns
without sacrificing them.

2. MATERIALS AND METHODS

The freshwater prawns, M. dayanum were collected
from river Gomti at Lucknow (U.P.) INDIA, with the
help of local fisherman and were brought to
laboratory (N-26°5’59” E-80°56°17”) in large plastic
containers. Studies were performed on both freshly
collected as well as laboratory maintained [39]
animals of inter moult stage of moulting cycle.

Haemolymph samples were obtained from normal
prawns, preheated (48 to 50°C) and chilled (4°C)
prawns. Haemolymph was obtained from the dorsal
carapace just above the pericardial sinus or from the
inter segmental arthrodial membrane between the first
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and second abdominal segments at dorsal side by
puncturing with sterilized needle (Direct method) as
well as by inserting a fine capillary or parafinised
syringe in between thorax and abdomen from the side
holding horizontally (indirect method) [23].

Various preparation like hanging drop [24], thick and
thin film [40], moist chamber preparations [41],
Vaseline sealed thin and thick preparation [42] and
fresh undiluted or diluted preparation [43] were made
to observe morphology and behaviour under phase
contrast microscope (Olympus). Observations were
made on fresh and fixed as well as stained
preparations. Haematoxylene and Eosin, Wright’s
Eosin Methylene blue, Giemsa’s and Malory’s triple
staining techniques [44] and [23,45,46] were used for
light microscopic studies.

Histochemical tests were carried out on air dried and
wet films with or without prior fixation.
Histochemical test for identification of lipids,
carbohydrates, proteins and enzymes like Acid and
Alkaline phosphatase were routinely performed as
described in [44,47] and [45,46]. Cells were observed
and photographed on Olympus Trinocular Microscope
(Olympus) and the line diagrams were made with the
help of Camera Lucida (ELEITZ WETZLAR).
Measurements of the size of cells and nucleus were
made with the help of ocular and stage micrometer. At
least 30 cells of each cell type were measured that all
data was analyzed using MINITAB software on a PC.

3. RESULTS

The haemocytes of the freshwater prawn
Macrobrachium dayanum (Henderson) (Fig. 1) when
observed under the light microscope were found
mainly of two types, agranulocytes and the granular
haemocytes; however using various light microscopic,
histological and histochemical preparations examined
with light microscope and fresh haemolymph
examined under phase contrast microscope the
haemocytes of freshwater prawn M. dayanum,
appeared to be further distinguishable into different
types. The classification of haemocytes and the
terminology adopted according to [24] and [3,29]
described by [23] for the classification of haemocytes
of M. lamarrei.

After studying the haemocyte morphology and
behaviour under Phase contrast microscope, their
staining reactions with different stains, utilizing the
relative size calculated using the Camera lucida and
micrometer under light microscope along with
histochemical observations (Tables 1&2, Plate 2)
following 7 types of cells were distinguished in the
haemolymph of Macrobrachium dayanum.
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Fig. 1. Photograph of the freshwater prawn, Macrobrachium dayanum (average size 5.64+0.42 cm)

3.1 Prohaemocytes (PH) (Plate 1, Fig. 1)

Prohaemocytes of M. dayanum were regular in shape
and smooth in appearance. The cell size was
14.55+0.82umX 11.89+0.48p having a nucleus of the
size 11.43£0.64 p X 9.96+0.55. These haemocytes
bear discoid round or oval nucleus and with small
nucleo-cytoplasmic ratio. No granules or any other
types of cytoplasmic inclusions were found to be
present in the smaller Prohaemocytes but a few
vacuoles and one or two granules appeared in the
larger Prohaemocytes (Plate 2, Figs. 1, 2, 3). Presence
of this type of inclusion probably indicated
development of these cells and differentiation into the
other cell types. In wet film preparation the
Prohaemocytes appeared spherical or oval structure
floating around freely. Prohaemocytes can be
regarded therefore as the stem cells. Another
interesting feature of these cells is that unlike other
cells described below, these cells did not quickly
disintegrate in wet haemolymph preparations and
remain entangled between the clotted structures for
longer periods.

3.2 Plasmatocytes (PL) (Plate 1, Fig. 2)

Plasmatocytes were one of the two more common
type of haemocytes observed in the blood of the
freshwater prawn and the size of Plasmatocytes was
29.82+1.57p into 14.69+0.55p with a nucleus of the
size 17.10£0.93uX 14.64+£0.47u. These were
pleomorphic in nature with around to elongated
nucleus and where able to change their shape in vitro,
such as round, pear shape, fusiform and podocyte type
(Plate 2, Figs. 4-9). The nucleocytoplasmic ratio was
quite high. The cytoplasm was either homogenous or
with fever very fine granules which were dispersed
around the discoid nucleus or present scattered in the
cell. In round cells these fine granules were
concentrated around the nucleus but in elongated cells
concentration of these granules was towards one pole
i.e. with the elongation (Plate 2, Fig. 9). Small or

111

large vacuoles were also seen especially at the
elongated end. After few minutes of haemolymph
withdrawal these cells send out one or more
cytoplasmic extensions. In wet preparations most of
the Plasmatocytes seemed like podocyte, within 2 to 5
minutes of haemolymph withdrawal.

3.3 Spindle Cells (SC) (Plate-1, Fig. 3)

These were the haemocytes rarely observed in the
circulating haemolymph during normal condition but
their findings increased rapidly during stress
conditions especially after injury or Monday these
cells were characterized with their specialist print and
save to body having such a good place to Nucleus and
pointed ends the size of the cells was 41.68+1.47uX
10.9940.41p with the nucleus of the size 20+0.98u X
9.48+0.36p but sometimes the length was found up to
58.9u (Plate 2, Figs. 19, 20). These haemocytes when
allowed to settle on the slide, expanded into flattened
angular forms with blonde cytoplasmic extension that
taper into fine points at peripheral angles. These
haemocytes have been clustered in large numbers
around some cellular debris with the longitudinal axis
of each cell pointing to the centre of the cell
aggregation.

3.4 Granular Haemocytes (GH) (Plate -1,
Figs. 4,5)

Majority of the haemocytes were the granular
haemocytes containing varying numbers of phase-
light and phase-dark granules. These cells were also
pleomorphic mostly round or oval, spherical, discoid,
crescentric or even irregular in outline. The
granulocytes may also be further classified as small
granule haemocytes (SGH) containing fine but large
number of granules and large granule haemocytes
(LGH) containing fewer but large sized granules. The
size of small granule haemocytes was 26. 0.5+1.59u
X 2137131 p  with nucleus of the size
20.79£1.24puX 16.80+0.88p whereas that of large



Table 1. Summary of staining reactions in haemocytesof freshwater prawn, macrobrachium dayanum
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S.No. Stains Haemocyte type
Pro Plasmato Granular Spherule cell Adipohaemocytes Cystocytes Spindle cell
Nu. Cyt. Nu. Cyt. Gra. Va. Nu. Cyt. Gra. Nu. Cyt. Sph. Nu. Cyt. Glo. Nu. Va. Nu. Cyt. Va.
1 Leishman’s  Blue Deep Light Deep sky Fine dark - Magenta Light Blue Orange Magenta Light Deep Orange Deep Orange to  Bright Light Blue & Light Light Blue Faint Blue -
Blue Violet Blue Red refractile Violet or with Red Violet Red refractile Nucleolus Deep Bluish Pink with
Pink periphery Orange Blue with Dark scattered
Blue Chromatin chromatin
2 Giemsa’s Deep Reddish Blue to Sky Blue Few - Sky Blue Pink Deep Sky Blue Pink Bright Orange Blue Light Pink  Bright + With Blue Blue or Pinkish -
Blue Blue Violet with with light small Violet or Red Orange to periphery Violet Blue
Deep Blue Blue dots Orange Magenta
chromatin patches refractile
patches
3 Wright’s Violet Pinkish Deep Light Blue - - Violet  Blue Orange Light Faint Pink Reddish Deep Deep Violet With Orange + + - - -
Eosine- Blue or Violet Violet orange Violet red periphery
Methylene light
Blue Violet
4 HaematoxyleneDeep Deep Blue Pink with - - Light Bluish PinkReddish ~ Light Blue Dark Red Orange Blue Light Sky  Muddy Light Blue with Light Sky - Deep Blue  Pink -
& Eosine Blue Reddish Bluish Blue Blue Blue Black or dark Blue
blue patches Orange Chromatin
Patches
Nu.=Nucleus; Cyt.=Cytoplasm; Gra.=Granules
Va.=Vacuole; Sph.=Spherule; Glo.=Globule
Table 2. Summary of staining reactions in haemocytesof freshwater prawn, macrobrachium dayanum
S.  Histochemical tests Haemocyte type
No. Pro Plasmato Granular Spherule cell Adipohaemocytes Cystocytes Spindle cell
Nu. Cyt. Nu. Cyt. Gra. Va. Nu. Cyt. Gra. Va. Nu. Cyt. Sph. Nu. Cyt. Glo. Nu. Cyt. Vac. Nu. Cyt. Gra. Va.
1 Protein
Ninhydrin Schiff”’s ++ ++ ++ + - ++ - - +++ - + - ++ - - + + - - ++
Aquous Bromophenol Blue  +++ +++ ++ + - - ++ - ++ - + - ++ + - + ++ - - ++ ++ +
Hg-Bromophenol Blue +++ +++ ++ ++ - ++ ++ + +++ - + - ++ - + + ++ - - + ++ + -
2 Carbohydrates
PAS + + + - ++ - - - +++ - - - + + - - - - ++ -
Best’s Carmine + + + + + - + ++ +++ - - + ++ - + - - + + +
3 Lipoides
Sudan Black-B - - - - - - + + - - - - ++ - + 4+ - - - -
(in 70%)
Acetone Sudan - - - - - - - + - - - - ++ - + +++ - - - +
Black-B
Sudan-IV - + - + - + - ++ + - - + ++ - + +++ - - - -
4 Enzymes
Acid Phosphatase - - - ++ - - ++ - +++ ++ - + ++ - - - - + - ++
Alkaline Phosphatase - - - - - - + + + + - - - - - - + + + +

Nu.=Nucleus; Cyt.=Cytoplasm; Gra.=Granules

Va.=Vacuole; Sph.=Spherule
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Plate 1. Explanation of figures: Photomicrographs of the haemocytes of M. dayanum (Scale bar 0.01mm)
Fig. 1. Prohaemocyte, Fig. 2. Plasmatocyte, Fig. 3. Spindle cell, Figs. 4 and 5. Granular haemocytes,
Fig. 6. Spherule cell, Fig. 7. Adipohaemocyte and Fig. 8. Cystocyte

granule haemocytes was 23.91+0.889 pX 19.54+0.94
p with a nucleus of the size 12.59+0.89u X
8.59+0.43u (Plate 2, Figs. 10, 11, 12).

In fresh haemolymph preparations the granular
haemocytes appeared as pale yellow shining
bodies. These were always packed with coarse
granules almost invariably obscuring the nucleus. In
between these granules a few smaller vacuoles
were also present. In wet preparations, granular
haemocytes form fine filamentous cytoplasmic
extensions and not broad cytoplasmic extension after
some times of haemolymph withdrawal, as do the
Plasmatocytes. The blabbing of these haemocytes
just after few seconds of withdrawal was also
observed, followed by the movement of the granules
towards the cell periphery. After this these cells,
expanded granules darkened up gradually and the
nucleus became prominent. The adherence of these
cells in wet moist preparations was also apparent.
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3.5 Spherule cells (SPH) (Plate 1, Fig. 6)

These were round or sometimes oval cells slightly
larger than granulocytes with a size 31.52+0.23uX
23.49+0.55p with the nucleus sizing 19.56+0.21
uX 17.2240.31p. Spherule cells can be easily
identified in wet preparation under phase microscope
on account of the presence of round prominent
signing spherules in them, much larger than the
granules of the granular haemocytes and usually
spherical in shape (Plate 2, Figs. 13, 14). The
spherules were invariably packed in the haemocytes
and thereby completely obscuring the nucleus. In wet
preparations after some times of withdrawal these
cells spread out on the glass surface, their nucleus
become more distinct and spherules arranged
themselves around the nucleus. The nucleus usually
centrally placed. Occasionally spherules were seen
liberated from the spherule cells due to their
rupturing.
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Plate 2. Explanation of figures: Diagramatic representation of the haemocytes of M. dayanum (Scale bar 0.01mm) Figs. 1, 2 and 3. Prohaemocytes,
Figs. 4 to 9. Plasmatocytes, Figs. 10 to 12 - Granular haemocytes, Figs. 13 to 14. Spherule cells, Fig. 15 to 16- cystocytes, Figs. 17 to 18. Adipohaemocytes,
Figs. 19 to 20. Spindle cells
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3.6 Adipohaemocytes (ADH) (Plate -1, Fig. 7)

Adipohaemocytes are the rarest haemocyte types
found not to be very common in the circulating
haemolymph. Adipohaemocytes were characterized
by the presence of large round or irregular shaped fat
globules in them. The size of these cells was
29.66+1.47uX 20.79+1.24p with nucleus of the size
12.3941.29uX 12.23+1.18p(Plate 2, Figs. 17,18).
Nucleus of these cells found usually centrally placed
with irregular periphery due to the presence of fat
globules in it. These were the cells with least changes
in wet preparations and disappear only after the
complete coagulation of haemolymph.

3.7 Cystocytes (CYS) (Plate -1, Fig. 8)

Cystocytes were the least common type of
haemocytes rarely present in the undiluted wet
haemolymph preparations. The size of the cells was
24.39+1.26uX 21.33+£0.97u with a nucleus of the size
16.17+0.76uX 12.37+0.46p (Plate 2, Figs. 15, 16).
Cystocytes were characterized by their cartwheel
shaped nucleus. This cartwheel shaped structure was
due to the specific arrangement of the chromatin
material and the nucleolus. The nucleolus usually
centrally placed and a large amount of chromatin was
on the nuclear membrane attached with the nucleolus
by chromatin filaments, which were broadly separated
with each other.

4. DISCUSSION
Prawns, shrimps and lobsters are among the most
important constituents of the fisheries, playing

important economic role and are on the top of foreign
exchange earning items among fisheries products.
Due to economic importance their use in aquaculture
is rapidly expanding in several countries including
India. Extensive culture methods, adopted for prawn
culture and increasing load of pollutants particularly
heavy metals to our water bodies is causing
physiological stress to the aquatic animals and
consequently predisposing them to infections and
toxic manifestations. To reduce depleting effects of
pathogens and toxicants it is essential to have proper
knowledge of defense mechanisms and immune
system of these crustaceans.

The immune system of crustaceans is primarily
related to their blood or Haemolymph and to its
circulating cells called Haemocytes. The haemocytes
are mainly responsible for cellular immune reactions
such as phagocytosis of invading microorganisms,
their immobilization in nodular aggregates, and
encapsulation of large foreign bodies and healing
wounds which is accompanied by an immediate
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clotting of the haemolymph. To assess the
physiological conditions and health status of these
animals adequate knowledge of different haemolymph
parameters like haemocyte types, total haemocyte
counts (THCs), differential haemocyte counts (DHCs)
etc., is highly needed for setting proper standards.

In present study with the help of light microscopy,
phase contrast microscopy and cytological and
cytochemical techniques, 7 types of circulating
haemocytes have been found in the haemolymph of
Macrobrachium  dayanum.  The  characterized
haemocytes were Prohaemocytes (PH); Plasmatocytes
(PL); Spindle cells (SC); Granular Haemocytes (GH);
Spherule cells (SP); Adipohaemocytes (ADP) and
Cystocytes (CYS).

Literatures scan reveals the earlier studies on the
crustacean haemocytes [48,49,10,50,51,52,53] and
[54,55] represent an ambiguous picture of haemocyte
types indifferent  crustaceans, therefore the
classification and nomenclature adopted in the present
study is as that proposed by [56] for insect
haemocytes which appears suitable also for other
groups of arthropods  [57,25,26,14,15,27,28].
Suggestions of [3,29] were also taken into
consideration as described for crustaceans.

The present work established the occurrence of all the
classical haemocyte types in Macrobrachium
dayanumin contrast to the reporting of earlier workers
in the genus Macrobrachium, using morphological
and cytochemical features with the help of light and
electron microscopy [22,58,17,59] except reporting of
Ravindranath, for isopod Ligia exotica, mole crab
Emerita asiatica [54,55,56] and Freshwater crab,
Potamon fluviatilis [60], where almost all classical
types of haemocytes were found.

Srivastava ans Narayan, reported only a single cell
type and circulating amoebocyte in Macrobrachium
species [58], whereas Tsing et al, using
morphological and cytochemical techniques including
ultrastructural details reported three haemocyte types
in M. rosenberghii [17] along with two other decapod
crustaceans. The haemocytes were grouped as the
haemocytes with small granules, haemocytes with the
large granules and haemocytes with a low level of
differentiation. Vazquez, supported the findings of
Tsing, but their description was in another way
[17,59]. They classified the three haemocyte types of
M. rosenberghii as hyaline haemocytes, granular
haemocytes and undifferentiated haemocytes. The
description of Gorgioni & Margherita, about the
haemocytes of M. rosenbergii and M. acanthurus [22]
further differs with earlier descriptions as they
classified the three-haemocyte types as hyaline
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haemocytes, small granule haemocytes and large
granule haemocytes.

The Prohaemocytes were the smallest and simplest
cell types comparable to the proleucocytes,
leucoblasts, proleucocytoids, nucleocytes, and smooth
contour chromophobic cells, lymphoid cells,
Prohaemocytes and type-Z cells of some insects
[10,24,61] and small hyaline leucocytes [62],
Prohaemocytes [63,25,26,14,15,64,65,66],
Prohyalocytes [67,68] and haemocytes with low level
of differentiation [17] of crustaceans.

The prohaemocytes were regarded as immature forms
with a small nucleo-cytoplasmic ratio and relatively
small number of cytoplasmic inclusions. The simple
structural organization of Prohaemocytes prompted
[69] to term them as immature cells while [70] and
[71] called them as stem cells.

The plasmatocytes of M. dayanum were similar to
phagocytes of [72], phagocytic cells [73], half
granular haemocytes [8], Small granulocytes [74, 17],
intermediate cells [75], hyalocytes [67,68] hyaline
haemocytes [76, 3,59,77] a granular haemocytes [29],
amoebocytes [16], phagocytic cells [73], small
granule haemocytes [14] and plasmatocytes
[63,26,14,15,66].

The positive reactions for PAS, Best’s carmine,
Ninhydrin Schiff’s, Hg-bromophenol blue, Aqueous
bromophenol blue, Sudan Black-B and tests of acid
phosphatase show the presence of carbohydrates,
proteins and lipoids along with enzymes in the
plasmatocytes of these prawns. These results are
comparable with the reactions of similar cells in other
crustaceans [22,14,15,17]. The high
nucleocytoplasmic ratio, eccentric nucleus and
presence of one large or a few small blunt
pseudopodia were the morphological features of
plasmatocytes characterized in present study are very
similar to the descriptions of earlier workers.

The granular haemocytes were identified by the
presence of granules of different sizes filling the
cytoplasm almost completely. The centrally placed
and sometimes obscured nucleus is another important
feature of granulocytes. The granulocytes of M.
dayanum correspond to the granular amoebocytes
[72], granuleor Cystocytes [65], large granulocytes
[29,74,17] eosinophilic granulocytes [68] haemocytes
containing elongated and spherical granules and
granular haemocytes or granulocytes
[8,76,75,63,67,3,26,14,15,16,59,66]. The description
of granulocytes as round ovoid cells with a relatively
small nucleus and the cytoplasm filled with numerous
large refractilegranules that sometimes obscure the
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nucleus is very similar to the earlier descriptions.
Sternshein and also Gorgioni and Margherita
described these as large granule haemocytes [22,16].

The presence of large spherical globules or spherules
helped in the identification of spherule cells. The
spherule cells of M. dayanum responded to the
spheres and vacuolated cells of [62], spherule cells of
[63, 78, 79, 56, 15, 27, 28] and chromophobic
granulocytes of [67,68]. Adipohaemocytes were
characterized by presence of large globules with faint
nucleus and black staining with Sudan Black- B
showing the presence of lipoid material inside the
globules. The lipoid material in globules stained
blackish red with Sudan-IV. These descriptions of
adipohaemocytes are very much similar to the
descriptions of [26,14,15,80] and [73] who described
these as cells containing lipidic inclusions.

The cystocytes of the prawns morphologically
appeared identical with the cystocytes of
[42,79,81,56,26,14,15, 65] While Stang-Voss,

described them as clotting cells [72] and Sternshein &
Burton, as coagulocytes [16]. The description of these
cells as containing large cytoplasmic vacuoles, a
larger nucleus containing a large nucleolus in centre
and chromosomal material on Periphery giving it a
cartwheel shaped structure was very much supported
as that described by [26,14,15].

The spindle cells of prawns contain an elongated
nucleus and pointed pseudopodia at both ends. Most
of the workers have described these cells along with
Plasmatocytes, as fusiform plasmatocytes [7,82,80]
and spindle shaped plasmatocytes [14] but
morphologically they were quite distinct from
Plasmatocytes. Nucleocytoplasmic ratio was almost
found equal in spindle cell and pseudopodia were
pointed at ends in contrast to blunt pseudopodia and
high nucleocytoplasmic ratio of Plasmatocytes. Since
these cells were also found in undiluted fresh
haemolymph  preparations in  Macrobrachium
dayanum, it appeared quite reasonable to categories
them into a separate category as described in Noctuids
by [61] and [83] as vermiform cells. Vazquez et al.,
reported most of haemocytes as spindle cells in a
freshwater prawn, Macrobrachium rosenbergii [59]
and called them as hyaline haemocytes and were of
view that freshwater crustacean haemocytes do not fit
in scheme of haemocyte classification described for
marine crustaceans. These cells also take part in
encapsulation of foreign materials along with other
cells like granulocytes as evident by the observations
of [84] and author himself for the cysts of helminth
parasite, Phyllodistomum lucknowensis parasitising
Macrobrachium lamarrei. Present study will be
helpful in monitoring the health status of freshwater
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prawn, M. dayanum, a potential animal for freshwater
aquaculture.

5. CONCLUSION

This paper provides fundamental information
necessary for understanding the immune system of
freshwater prawns which is primarily based on the
haemocytes. Therefore the characterization and
classification of different haemocytes becomes the
primary requirement which is taken in account in this
paper. The findings will be helpful in better
maintenance of the freshwater prawns, the potential
animals for freshwater aquaculture.

ACKNOWLEDGEMENTS

Authors are highly thankful to Professor U. D.
Sharma for his kind supervision and affection, and
Head Department of Zoology University of Lucknow
for providing necessary laboratory facilities.

COMPETING INTERESTS

Authors have declared that no competing interests
exist.

REFERENCES

1. Bauchau AG. Crustaceans. In: Invertebrate
Blood Cells. Vol.2 Eds N.A. Rotcliffe and A.F.
Routey. (Academic Press: Sydney). 1981;385-
420.

2. Durliat M. Clotting processes in Crustacea-
Decapoda. Biol. Rev. 1985;60:473-498.

3. Hose JE, Martin GG, Gerard AS. A decapod
haemocyte classification scheme integrating

morphology, cytochemistry and functions.
Biol. Bull. (Woodshole). 1990;178(4):35-
45.

4. Martin GG, Poole GD, Hose JE, Arias M,
Reynolds L, McRell N, Whang A. Clearance of
bacteria injected into the hemolymph of the
penaid shrimp Sicyonia ingentis. J. Invertebr.
Pathol. 1993;62(3):308-315.

5. Sequeira T, Tarvares D, Chaves MA. Evidence
for circulating hemocytes proliferation in the

shrimp, Penaeus japonicas. Dev. Comp.
Immunol. 1996;20:97-104.

6. Wood PJ, Shenk TE. Cytochemical
observations of hemolymph cells during

coagulation in the crayfish, Orconectes
virilis. J. Morphol. 1971;134(4):479-488.

7. Barracco M, Gianni AA. Morphological and
cytochemical studies of the Haemocytes of

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

117

Lodhi and Shukla; UPJOZ, 41(10): 109-120, 2020

Squilla mantis (Stomatopoda). J. Crustacean
Biol. 1992;12(3):372-382.

Bauchau A, DeBrouwer M. Ultrastructure of
hemocytes of Eriocheir sinensis, Brachyura-
Decapoda, Crustacea. J. Microsc. (Paris). 1972;
15(2):171-180.

Bauchau A, Jacqueline P. Variation of the
number of hemocytes in Crustacea-Brachyura.
Crustaceana (Leiden). 1973;24(2):215-223.

Hardy WB. The blood corpuscles of the
crustacean, together with a suggestion as to the
origin of the crustacean fibrin-ferment. J.
Physiol. 1892;13:165-190.

Howse HD, Victor EJ, Richard GH. A light and
electron microscopic study of the heart of a
Cray fish Procambarus clarkii (Girand). II:
Fine structure. J. Morphol. 1975;133(3):353-
374.

Jussila J, Jago J, Treventuembo E, Dunstan B,
Evans DH. Total and differential haemocyte
counts in western rock lobsters (Panulirus
cygnus George) under post-harvest stress. Mar.
Freshwat. Res. 1997;48:865-867.

Ravindranath MH. The circulating hemocyte
population of the mole-crab Emerita(=Hippa)
asiatica Milne Edwards. Biol. Bull. (Woods
Hole). 1977;152(3):415-423.

Ravindranath  MH. The hemocytes of a
scorpion  Palaemnaeus swammerdami. .
Morphol. 1974a;144(1):1-10.

Ravindranath MH. The hemocytes of anlsopod
Ligia exotica Roux. J. Morphol. 1974b;144(1):
11-21.

Sternshein DJ, Burton PR. Light microscopic
and electron microscopic studies of crayfish
hemocytes. J. Morphol. 1980;165:67-84.

Tsing A, Arcier JM, Brehelin M. Hemocytes of
penaied and palaemonid shrimps: Morphology,
Cytochemistry and haemograms. J. Invertebr.
Pathol. 1989;53(1):64-77.

Wood PJ, Visentin LP. Histological and
histochemical observations of the hemolymph
cells in the crayfish, Orconectes virilis. J.
Morphol. 1967;123:559-568.

Johansson MW, Keyser P, Sritunyalucksana K,

Soderhall K. Crustacean haemocyte and
haematopoiesis. Aquaculture. 2000;191:45-
52.

Martin GG, Lin HMJ, Luc C. Reexamination
of Haemocytes in brine shrimp (Crustacea-
Branchiopoda). J. Morphol. 1999;242:283-294.
Persson MA, Vey L, Soderhall K.
Encapsulation of foreign particles in vitro by
separated blood cells from crayfish, Astacus



22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

leptodactylus. Cell Tissue Res. 1987;247: 409-
415.

Gorgioni R, Margherita AB. Hemocytes of the
palaemonids, Macrobrachium rosenberghii and
M. acanthurus and the penaid, Penaeus
paulensis. J. Morphol. 1998;236(3):209-221.

Lodhi HS, Shukla S, Sharma UD. Light
microscopic and histochemical studies on the
haemocytes of fresh water prawn,
Macrobrachium lamarrei (Crustacea-
Decapoda). Aquacult. 2008;9(2):121-134.

Jones JC. The normal hemocyte picture of the
yellow mealworm, Tenebrio molitor Linnaeus.
Iowa State College. J. Sci. 1950;24:355-361.

Ravindranath MH. Haemocytes in
haemolymph coagulation of arthropods. Biol.
Rev. 1980;55:139-170.

Ravindranath MH. The hemocytes of a
millipede Thyropygus poseidon. J. Morphol.
1973;141:257-268.

Ravindranath MH. Effects of temperature on
the morphology of hemocytes and coagulation
process in the mole-crab FEmerita(=Hippa)
asiatica. Biol. Bull. (Woods Hole). 1975a;148:
286-302.

Ravindranath MH. Effects of hydrogen ion
concentration on the morphology of hemocytes
of the mole crab, Emerita asiatica. Biol.
Bull. (Woods Hole). 1975b;149(1):226-
235.

Hose JE, Martin GG, Guyen VN, Lucus J,
Roenstein T. Cytochemical features of shrimp
hemocytes. Biol. Bull. (Woods hole). 1987;
173(1):178-187.

Martin EA. Nutrition in Action. II Edition.
Holt, Rinchart & Winston, New York, San
Frisco; 1966.

Martin GG, Brenda LG. Fine structure and
classification of shrimp hemocytes. J. Morphol.
1985;185(3):339-348.

Martin GG, Hose JE. Vascular Elements and

Blood (Haemolymph). 1In: Microscopic
Anatomy of Invertebrates 10: Decapod
Crustacea.  Wiley-Liss, Inc.  1992;117-
146.

Jhingran VG. In: Fish and Fisheries of India,
2" edition. Hindustan Publishing Corporation
(India); 1982.

Proudfit FT, Robinson CH. Nutrition and diet
Therapy. 11™ Ed. McMillan Company, New
York; 1955.

Singh D. Unani Dravya Guna PartlIl,
Ayurvedic& Tibbi Academy Lucknow, India;
1997.

118

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Lodhi and Shukla; UPJOZ, 41(10): 109-120, 2020

Holthuis LB. Shrimps and Prawns of world. An
annotated Catalogueof species of interest to
fisheries. FAO Fisheries Synopsis. 1980;
125(1):1-272.

Shukla S, Sharma UD. Smaller freshwater
prawns: Their aquaculture potential and
suitability as good laboratory model. In:
Kulkarni, G.K. and Pandey, B. N. (eds.)
Bioresources for food security and rural
livelihood. 2010;189-204.

Sharma UD, Shukla S, Lodhi HS. A report on
Macrobrachium dayanum (Henderson)
(Decapoda-Palamonidae) from river Gomti
Lucknow (U.P.), India. Him. J. Env. Zool.
1997;11:21-24.

Sharma UD. Fluctuations in total haemocyte
count in the common Indian Scorpian
Palamnaeus bengalensis (Koch).Biol. Mem.
1990;16(1/2):29-32.

Gregoire C. Blood coagulation in Arthropods.
IT Phase contrast microscopic observation on
hemolymph coagulation in sixty-one species of
insects. Blood. 1951;6:1173-1198.

Muttkowski RA. Studies on the blood of
insects. III-The coagulation and clotting of
insect blood. Bull. Brooklyn Entom. Soc. 1924;
19:128-144.

Gregoire C, Florkin M. Blood coagulation in
arthropods : The Coagulation of insect blood,
as studied with the phase contrast microscope.
Physiologia Comp. Oecol. 1950;3:126-139.

Yeager JF, Shull WE, Farrar MD. On the
coagulation of blood from the cockroach,
Periplaneta orientalis (Linn.) with special
reference to blood smears. Iowa state Coll. J.
Sci. 1932;6:325-344.

Lillie RD. Histopathologic technique and
Practical Histochemistry. 1953;501.

Pearse AGE. Histochemistry, theoretical and
applied. I: Preparative and optical Technology,
IV edition. Churchill Livingstone, Edinberg
London Melbourne and New York; 1985a.
Pearse AGE. Histochemistry, Theoretical and
Applied. II: Analytical Technology, IV edition.
Churchill Livingstone, Edinberg London
Melbourne and New York; 1985b.

McManus JEA, Moury RW. Staining methods,
Histological and Histochemical. —Hoeber
Medical Division, Harper & Row Publisher,
Incor, New York; 1960.

George WC, Nichols J. A study of the blood of
some crustacean. J. Morphol. 1948;83:425-439.
Halliburton WE. On the blood of the Decapod
crustacean. J. Physiol. 1885;6:300-335.



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Lochhead JH, Lochhead MS. Studies on the
blood and related tissue in Artemia (Crustacea):
Anostraca. J. Morphol. 1941;68:593-632.

Tait J, Gunn JD. The blood of Astacus
Sfluviatiles : A study in crustacean blood, with
special  reference to coagulation and
phagocytosis. Quart. J. Exp. Physiol. 1918;17:
35-80.

Tait J. Types of crustacean blood coagulation.
J. Mar. Biol. Ass. U. K. 1911;9:191-198.

Yeager JF, Tauber OE. On the hemolymph cell
counts of some marine invertebrates. Biol.
Bull. 1935;69(1):66-70.

Toney ME. The morphology of the blood cells
of some crustacean. Growth. 1958;22(1):35-50.

Toney ME. The structure and origin of formed
elements in the blood of some crustacean. U.
Amer. Biol. Ser. 1956;35:1-25.

Jones JC. Current concepts concerning insect
hemocytes. Am. Zool. 1962;2:209-246.

Gupta AP. Arthropod haemocyte and
phylogeny. In: Arthropod Phylogeny (ed. A.P.
Gupta) Van Nostrand-Reinhold, New York;
1979.

Srivastava AK, Narayan AS. Hemocytes of a
fresh water shrimp (Macrobrachium dayanum):
Folia Morphol (Prague). 1985;33(3):276-
279.

Vazquez L, Perez A, Maldonado G, Agundis
C, Zenteno E. Morphology of the hemocytes
from the fresh water prawn, Macrobrachium
rosenberghii. J. Morphol. 1998;234(2):147-
153.

Yildiz HY, Atar HH. Haemocyte classification
and differential counts in the fresh water crab,
Potamon fluviatilis. Turk. J. Vet. Anim. Sci.
2002;26:403-406.

Yeager JF. The blood picture of the Southern
army worm Prodenia eridania. J. Agric. Res.
1945;71:1-40.

Kollamann M. Pecherches sur les leucocytes et
le tissue lymphoide des Invertebres. Ann. Sci.
Nat. Zool. 1908;8:1-240.

Cornerio ME, Daemon E. Characterisation of
cellular types present in the haemolymph of
larvae and nymphs of  Rhipicephalus
sanguineus (Latreille) (Ixoidea-Ixodidae) in
different nutritional stages. Revista Brasileria
de Zoologia. 1996;13(3):609-920.

Vostal ZD, Pircova KE. Knowledge of the
haemocytes of  Diplopoda. Biologia
(Bratislava). 1968;23(2):161-165.

Vostal ZD. On typification of tracheate

hemocytes. Biologia (Bratislava). 1970;25(11):
811-818.

119

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Lodhi and Shukla; UPJOZ, 41(10): 109-120, 2020

Zhioua E, Leburn RA, Johnson PW, Ginsberg
HS. Ultrastructure of the hemocytes of Ixodes
scapularis (Acari-Ixodidae). Acarologia
(Paris). 1996;37(3):173-179.

Cornick JW, Stewart JE. Lobster (Homarus
americanus) hemocytes: Classification,
differential counts and associated agglutinin
activity. J. Invertebr. Pathol. 1978;31(2):194-
203.

Manjula P, Kaleem-ur-Rahman A, Jawahar T.
Hemocyte classification and differential counts
in the Indian spiny lobster, Panulirus homarus
(Linnaeus). J. Aquacult. In Tropics. 1997;
12(2):113-121.

Wigglesworth VB. The principles of Insect
Physiology, 6™ Ed. Methuen, London; 1965.

Lai-Fook J. The structure of the haemocytes of
Calpodes ethlius (Lepidoptera). J. Morphol.
1973;139:79.

Beeman SC, Wilson ME, Bullar LA, Consigli
RA. Structure and characterization of the
haemocytes of Plodia interpunctella. J. Morph.
1983;175:1-16.

Stang-Voss C. Studies on the ultrastructure of
invertebrate hemocytes : On the hemocytes of
Astacus astacus {(1) Crustacea}. J. Zellforsch
Microsc. Anat. 1971;122(1):68-75.

Sagrista E, Durfort M. Ultrastructural study of
haemocytes and phagocytes associated with
hemolymphatic vessels in the hepatopancreas
of  Palaemonetes  zariquieyi  (Crustacea-
Decapoda). J. Morphol. 1990;206:173-180.

Srivastava PN, Narayan AS. The blood cells of
the fresh water crab, Paratelphusa spinigera
(Wood —Mason). Arch. Biol. 1977;88(2):157-
166.

Bodammer JE. Cytological observations on the
blood and haemopoietic tissue in the crab
Callinectus sapidus: The fine structure of
hemocytes from intermolt animals. Cell. Tissue
Res. 1978;187(1):79-96.

Benjamin LR, James BL. Light and electron
microscopy of the hemocytes of Ligia oceanica
(crustacean-Isopoda). J. Invertebr. Pathol.
1987;49(1):19-25.

Waite ME, Walker G. The hemocytes of
Balanomorph barnacles. J. Mar. Biol. Assoc.
U. K. 1988;68(3):391-398.

Gupta AP, Sutherland J. Phase contrast and
histochemical studies of the spherule cells in
cockroaches (Dictyoptera). Ann. Entom. Soc.
Am. 1967;60:557-565.

Gupta AP. Hemocytes of Scuttigrella
immaculate and the ancestry of insects. Ann.
Entomol. Soc. Am. 1968;61(4):1028-1029.



80.

81.

82.

Sharma UD. Morphological, histochemical and
physiological studies on haematocytes of some
arthropods. Ph. D. Thesis, Department of
Zoology, University of Lucknow, Lucknow
(India); 1976.

Hoffmann J. Study of haemocytes recovery
after experimental haemorrhage in the
orthroptera Locusta migratoria. J. Insect.
Physiol. 1969;15(8):1375-1384.

Sharma UD. Haemocyte of Indian scorpion
Palamnaeus bengalensis (C. Koch)

83.

84.

Lodhi and Shukla; UPJOZ, 41(10): 109-120, 2020

(Arachnida-Scorpionida). Lucknow J. Sci.
2005;2(1):53-60.

Jones JC. The circulatory system of insects.
Springfield, III Charles C. Thomas. 1977,
116.

Shukla S. Studies on histopathology and
behaviour of the fresh water prawn
Macrobrachium lamarrei (Crustacea-
Decapoda) infected with a helminth parasite,
Phyllodistomumlucknowensis  Pandey, 1970.

Biol. Mem. 1988;14(1):55-56.

© Copyright MB International Media and Publishing House. All rights reserved.

120



