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Abstract.- Insect haemocytes belong to different categories that carry out various immune functions in larvae
and adults. Survey of their studies in different orders of insects would help and suggest that discrepancy in their
nomenclature is based on the individual description of their shapes and metabolic contents and the same would be
resolved by putting up their characteristics and features together to name different types of haemocytes consistently.
Basically, there are three basic forms, prohaemocytes, plasmatocytes and granular haemocytes forming the bulk of the
population. Other three types are spherulocytes or cystocytes, oenocytoids and adipohaemocytes. Plasmatocytes and
granular haemocytes are functionally termed as immunocytes.
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INTRODUCTION

Morphologically, haemocytes are distinct

variety of cells (Price and Ratcliffe, 1974; Mead et
al, 1986), comparable to the vertebrate leucocytes
(Jones, 1977), which constitute the important and
inevitable components of haemolymph in the open
circulatory system of insects (hexapods) as well as
in other arthropods and invertebrates
(Wigglesworth, 1933, 1939,1955, 1956, 1979;
Jones, 1962, 1975, 1977; Gupta, 1979a).
Haemocytes were first discovered by Swammerdam
(1669) according to Jones (1962) and their versatile
features in a species and reproduction of similar and
compatible shapes amongst different species urged
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Cuenot (1896) to classify them for the first time into
4 different categories (Millara, 1947). The
classification has been revised several times
(Yeager, 1945; Wigglesworth, 1956; Jones, 1962;
Gupta, 1979; Dean et al., 2004; Carlos and Michel,
2006; Qamar and Jamal, 2009; Siddiqui and Al-
Khalifa, 2012).

Functionally, haemocytes are the generally accepted
cellular defense units in insects and partially are
responsible to their immune system, (Ratcliffe and
Rowley, 1979). In fact insects and other arthropods
present different physico-chemical methods to
combat, check or onslaught the challenges exerted
by their biological enemies including viruses,
bacteria, protozoans, fungi and cestods (Ratcliffe et al.,
1976; Mead et al., 1986). Trespass of these biological
agents into haemocoel usually elicits the cellular
responses as phagocytosis, nodule formation and
encapsulation by the haemocytes (Ratcliffe and Rowley,
1979; Gupta, 1979). The contribution of haemocytes in
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prophenoloxidase system through the involvement of
granular and/or plasmatocytes has prompted (Gupta,
1985; Yokoo et al., 1995; Tojo et al., 2000; Ling and Yu,
2006) to label these two, categories of haemocytes as
immunocytes. However, type of immunocytes and their
role in insects are debatable and need more information
on the subject for clarity (Alfonso and Jones, 2002).

However, to-date, there exist lacunae, pitfalls
and controversies on over all knowledge about
insect haemocytes thus the scope for fundamental
studies on various aspects of insect haemocytes
demands more investigations and researches. In
view of this, in the present review attempt has been
made to unify the haemocytes classification.

TYPES OF HAEMOCYTES IN MAJOR
ORDERS OF INSECTS

Haemocytes were reported in a variety of
insects belonging to different orders on the basis of
staining reactions, shape, and size etc. but generally
there was no uniform criterion. Following review on
the haemocytes of different orders of insects will
indicate the diverse nomenclature as well as types.
This information is based on the reviews of
Wigglesworth (1956), Jones (1962), Gupta (1979a),
and Khan (1986) as well as later informations
(Alfonso and Jones, 2002; Carlos and Michel, 2006;
Wood and Jacinto, 2007).

Thysanura

Francois (1975) reported the microscopic and
ultrastructure of the haemocytes in Thermobia
domestics and categorised these cells as
plasmatocytes (PLs), granular haemocytes (GRS)
and coagulocytes (COs).

Orthoptera
Akai and Sato (1979) categorised the

haemocytes of  Locusta  migratoria  as
prohaemocytes  (PRs),  plasmatocytes  (PLS)
coagulocytes (COs), oenocytoids (OEs), and

reticular cells (RTs). However, Sharma and Dutta
(1979) recorded the presence of PRs, PLs, GRs,
CYs, COs, SPs, ADs, OEs, POs and vermicytes
(VEs) in Chrotogonus trachypterus Blach and
Acrida exaltata Walk by using phase contrast
microscopy. Eventually, these grasshoppers did
have more variety of cells in their haemocytes.

Islam and Roy (1982) identified only four types of
haemocytes, PRs, PLs, ADs, and SPs in
Schizodactylus monstrosus Drury. Khan et al.
(1984) in 5th instar hoppers as well as in adults of
Hieroglyphus nigrorepletus (rice grasshopper)
reported the occurrence of PRs, PLs (spherical, oval
and fusiform in shape), GRs and OEs. Later, in the
same species Ahmad (1988) and Ahmad and Khan
(1986) varified and confirmed these types.

Dictyoptera

Jones (1962) studied the microscopic
structure of the haemocytes in Periplaneta
americana and described only two categories of
these cells which were named as PLs and CYs.
However, later Boerwald (1975) added three more
categories of haemocytes viz,, PRs, GRs, and SPs in
the same species. Hagopian (1971) in Leucophaea
maderae L. reported PRs, PLs, GRs, SPs, and COs
CYs. Arnold (1972) reported, PRs, PLs, GRs and
Cystocytes in 16 species of cockroaches but in none
of these species COs were observed, although these
cells were reported in P. americana and L. maderae.
Scharrer (1972) found similar types of haemocytes
in other dictyopterous insects, viz., Periplaneta
australai F. Blaberus giganteus L., B. discoidalis, B.
cranifer, Blatta germanica L., Diploptera punctata
Esch, Gromphadorhina portentosa, Brysotria
fumigata, Pycnocellus surinamensis and
Sphodromantis bioculata. Amirante and Mazzali
(1978) in Leucophaea maderae did not find PRs but
PLs, GRs, and SPs, were present. Kochetova (1978)
added two more types of haemocytes in Nauphoeta
cineria Oliver, unlike other cockroaches, and
labelled them as OEs and ADs. Akai and Sato
(1979) in Panesthia anqustipennis reported the
presence of PRs, PLs, GRs and SPs but
coagulocytes (COs) were not seen even under
electron microscope. Gupta (1985) labelled PLs and
GRs as immunocytes. Gupta and Han (1988) as well
as Han and Gupta (1989) followed the term
immunocytes  in  cockroaches,  Periplaneta
americana and Blattella germanica.

Phasmida
In Clitumnus extradentatus, PRs, PLs, GRs,
SPs, and CYs were the main cells (Gupta, 1979a).
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Dermaptera

Arvy and Lhoste (1944) investigated the
haemocytes in Forficula auricularia L. and named
them leucoblast, small rounded basophil leucocytes,
with dusty cytoplasm and leucocytes with
crystalloids. In addition to these, they noticed large
cells in the larval stages which were named as
megacytes.

Mallophaga

In this group of insects, fewer types of
haemocytes have been reported. According to
Saxena and Agarwal (1979) in Lipeurus lawrensis
tropicalis identified three categories of haemocytes
i.e. PRs, GRs and OEs but universally occurring
PLs were not found.

Hemiptera

Phenolic inclusion were the haemocytes in
this species. Later, several insect haematologists
studied the haemocytes in this order, in Rhodnius
prolixus Wigglesworth (1956) gave different
nomenclature to various haemocytes and labelled
them as proleucocytes; phagocytic leuocytes of
various shapes such as PLs, POs, SPs, OEs and
adipocytes. However, Ballard and Jones (1959)
reported these cells as PRs,PLs,GRs,ADs,OEs, and
CYs or COs and later Laifook (1970) confirmed
these types described by Jones and Bellard using
supravital staining and phase optics in R. prolixus.
But under electron microscope he could identify
only PRs, PLs, OEs, and granulocytophagous
haemocytes. Le Blanc (1971) also in R. prolixus
categorised the haemocytes into PRs, PLs, GRs and
OEs. Zaidi and Khan (1974) followed the criteria of
Jones (1962) and classified the haemocytes of
Dysdercus cingulatus as PRs, PLs, ADs, GRs and
OEs. However, in the same species Qamar (1990)
could not observe granular haemocytes (GRs).
Boiteau and Perron (1976) in Macrosiphum
euphorbidae(Thomas) described six types of
haemocytes viz., PRs, PLs, GRs, SPs, OEs and wax
cells. The haemocytes of Leptocorisa varicornis
(Siddiqui and Khan, 1979), Nepa cineria (Siddiqui
and Khan, 1979) and Nezara veridula L. (Mall and
Gupta, 1978) D. cingulatus (Zaidi and Khan, 1974)
were studied  extensively and six types of
haemocytes, PRs, PLs, GRs, SPs, OEs and

adipohaemocytes (ADs) were described in general
but in L. varicornis and N. cineria, the term CYs
was used in place of SPs whilst Behura and Dash
(1978) reported only four types of haemocytes, PRs,
PLs, POs and CYs in Bhopalosiphum maidis Fitch.

Lepidoptera

In this order haemocytes were comparatively
studied in myriad species. Yeager (1945) gave an
extensive description and classification of the
haemocytes of Prodenia eridania larvae and on the
basis of the variation in shape, size and staining
reactions he classified the haemocytes into ten
classes; proleucocytoids, small chromophil cells,
OEs, PLs, POs, vermiform cells, CYs,
sheroidocytes, eruptive cells and degenerative cells.
These classes were further divided into 32 types.
But the free haemocytes of P. eridania larvae were
labelled as PRs, PLs (polymorphic), POs and SPs by
Jones (1959) who rather simplified the classification
given by Yeager (1945). Arnold (1952a) identified
only four categories of haemocytes in the
haemolyph of Ephestia kuhniella as PRs, PLs, SPs
and OEs. Gupta (1979) investigated the haemocytes
of the larvae of Bombyx mori, which were only
differentiated as PRs, PLs, SPs and OEs. However,
they also described two subclasses of PRs as
macronucleocytes and micronucleocytes depending
on their size. Nittono (1960) also studied the
haemocytes in adult Bombyx mori and classified
them into PRs, PLs, GRs, SPs, imaginal spherule
cells and OEs. Jones (1967) in Galleria mellonella
identified PRs, PLs, GRs, SPs, and OEs. But in the
fully grown larvae of G. mellonella, Neuwirth
(1973) reported only PLs, GRs, SPs and OEs.
Rabaglio (1970) made comparative study of the free
haemocytes of six Japanese and Italian races of
Bombyx mori and described micronucleocytes, PRs,
GRs, SPs and OEs and dropped the term PLs as
used by Nittono (1960). In Spodoptera littoralis, he
included PLs, PRs and POs whilst GRs represented
OEs but ADs had separate identity. Arnold (1975)
made a comparative study of the haemocytes of two
closely related species, Euxoa compestris (Grote)
and E. declarata but in these species he
concentrated on the ratio of Length-width of
fusiform PLs and differences were recorded in
between to evaluate their taxonomic imporrtance.
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Later, Arnold (1982) made an extensive survey of
the haemocytes of eighty-four species from the
family noctuidae and identified five categories; PRs,
PLs, GRs, SPs and OEs bhut then he could not relate
haemocyte shapes to the taxonomic divisions. Nishi
(1982) in Spodoptera litura described PRs, PLs,
POs, GRs, CYs, ADs, SPs, and OEs and Khan et al.
(1984) further confirmed these cells in the 5th & 6th
instar larvae, prepupae and pupae of S. litura.
Ahmad (1986) extended observations of Nishi
(1982) in S. litura to its larvae of 3rd and 4th instars
and adults of both sexes and further verified that the
types of haemocytes were the same in these stages
as mentioned by Nishi (1982) in other stages of this
species further it was also added that no change in
types occurred between various stages of S. litura.
Ahmad (1988) also described the haemocytes of
middle aged larvae of 3rd, 4th, 5th and 6th instars,
prepupae, pupae and adults of Spilosoma obligua.
These haemocytes were only characterized as PRs,
PLs, POs, OEs and ADs, which were uniformly
found in all stages. But in Heliothis armigera larvae
PRs, PLs and OEs were common with both S. litura
and S. obligua. Whereas, presence of CYs and SPs
was like that of S. litura (Khan et al., 1990).

Diptera

In Sarcophaga falculata, four types of
haemocytes were described and were labelled as
PRs, phagocytes, GRs and OEs (Dennel, 1947).
Rizki (1953) investigated the haemocytes in the
haemolyph of Drosophila willistoni in its three
instars and classified them into PLs, POs, SPs, OEs,
nematccytes and crystalloid cells. According to him,
there was a sharp decrease in the number of PLs and
increase in the population of POs towards the end of
third instar. The reason for this change was
described as transformation of PLs into POs. Jones
(1956) observed the haemocytes of Sarcophaga
bullata by phase contrast microscopy and reported
only the occurrence of PLs, GRs and SPs. However,
Whitten  (1964) studied haemocytes in D.
melanogaster and D. bullata and found the presence
of PLs, GRs, ADs, SPs and OEs in both the species
but aside these cells a few multinucleate haemocytes
were also reported by him in the haemolyph of
adults only. Five types of haemocytes were
observed in D. melanogaster by electron

microscope, which were labelled as PRs, PLs, GRs,
crystal cells and OEs by Yu (1976) as compared to
the observation of Whitten (1964) in this species.
Kaaya and Ratcliffe (1982) studied the haemocytes
in G. morsitans, Aedes aegypti, Culex
guinguefasciatus, stomoxys calcitrans, Calliphora
erythrocephala and Lucilia sericata and described
seven types of haemocytes as, PRs, PLs
thrombocytoids, GRs, ADs, OEs, and spindle cells.
But by electron microscopy they were able to
observe only PRs, PLs and SPs.

Coleoptera

According to Arvy and Lhoste (1946) in
Leptinotarsa decemlineata (Say) the haemocytes
were classified into leucoblasts (mother cells), small
rounded basophil leucocytes with dusty cytoplasm
and leucocytes with crystalloids. They further found
megacytes in the larvae of L. auricularia. Jones
(1950) studied the haemocytes in Tenebrio molitor
and recognized them as PRs, smooth contour
chromophilic cells and oenocyte like cells, PLs,
vermiform cells cystocytes (or coarsely granular
haemocytes); SPs and degenerating cells. Jones
(1954) further studied haemocytes in T. molitor by
phase contrast microscopy and grouped these cells
into PRs, PLs, OEs and CYs. Again in T. molitor
ultrastructure of the haemocytes was studied by
Zachary and Hoffmann (1973) who reported clotting
cells, spindle shaped, amoebocytes and phagocytic
amoebocytes. Later Devauchelle (1971) described
the haemocytes of Melolontha melolontha as PRs,
PLs, GRs, ADs, SPs and OEs. According to Ahmad
(1974) the haemocytes of Aulacophora fovicollis
were PRs, PLs, SPs, OEs and CYs whereas, in
Mylabris pustulata the haemocytes were classified
into PRs, PLs, CYs, OEs, ADs, and lamellocyte.
The haemocytes in Dermestes vulpinus, Dermestes
maculates, Hybosorus illegari and Dineutes aerius
were studied by Al Khalifa and Siddiqui (1985) who
reported PRs, PLs, GRs, SPs, OEs and ADs. Al-
Khalifa and Siddiqui (1986) described six types of
haemocytes, PRs, PLs, GRs, CYs, OEs in D.
vulpinus and conforming these four coleopterous
species, Siddiqui and Al-Khalifa (2012) found
similar six types of haemocytes in red palm weevil,
Rhynchophorus ferrugenius.
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Hymenoptera

Muller (1925) studied the haemocytes of
honey bee, Apis mellifera larvae and described
single category prior to caping and observed second
category appearing after caping. He could find
three types of haemocytes in the haemolymph of
honey bee, Apis mellifera as leucocytes and
pycnonucleocytes and further extended his studies
on the haemocytes in the haemolymph of eggs,
larvae and pupae of worker honey bee of Apis
mellifera, in which he found PRs only in the eggs
and larvae while neutrophils, eosinophils, basophils,
normal leucocytes, pycnonucleocytes, hyaline
leucocytes and stem cells were reported in the
heamolymph of the pupae. In the haemolymph of
Polistis hebrocus free haemocytes contained PRs,
PLs, GRs and a special type of cell in the females
whereas the males of this species had only PRs and
PLs (Ahmad, 1974, 1986).

CONCLUSION

Circulating haemocytes have been
extensively studied in the different phylogenic
orders, although lacunae, discrepancy, pitfall
remained destined to this aspects. Terminology need
uniformity in adapting the ultratechnique of studies
by transmission electron microscope (TEM) and
scanning electron microscope (SEM) and at the
same time physical condition of insect should be
closely monitored before preparing the specimen
study as myriad factors are known to effect their
shape and size. Hypothesis to reach the agreement
on uniform terminology would further open the
vistas of information on the type study of
haemocytes. A common criterion to classify the
haemocytes is based on structure that fits the
function. In the open circulatory system,
haemocytes play key role in the survival of the
insect species of medical and extreme economic
importance. However, there is no single method to
determine the haemocyte types and different
methods must be used (Carlos and Michel, 2006).
Functional study of phagocytosis and encapsulation
depends on several factors before reaching to
conclusion, the size of the particular particle like
india ink i.e. 1um thick and silicon beeds, Spm like
haemocytes in G. mellonella easily engulf the

silicon beed and fail to intake the india ink particles
(Tojo et al., 2000). Further phagocytosis depends on
the formation of wvesicles by golgi apparatus,
lysosomes.  Concept that haemocytes are
interchangeable in their forms and structure in the
different phases of the life cycle have been
established by THC and DHC reports in different
species. Ling and Yu (2006) have studied the
phagocytosis and reported that biological particles
are phagocytosed by granular haemocytes whereas,
inert beads are phagocytosed by only palsmatocytes.

Monoclonal antibodies (MADb) should also be
tried as a tool for identifying the different categories
of circulating haemocytes and such studies are
scanty (Gardiner and Strand, 2000). In using the
MAb as specific markers of antigens shown to be
specific to a haemocytes must be based on studying
its signal pathways activated during differentiation
(Lebestky et al., 2000). Another approach is lectin
labeling and it also has the similar limitation as
labeling by MADbs.

Concluding remark include the diversified
nomenclature of the haemocytes should be resolved
by comparing the features of different types and use
the commonest terminology for the analogus types
and it seems evident that there are far more
similarities in the haemocyte picture of the different
species than disparities and resolution should be
reached by consistant and uniform criteria of
characterization.

ACKNOWLEDGEMENTS

This work was mainly supported by King
Saud University, project no. (NLCP-1/2009)
through the Program of "Attracting Nobel Laureates
at King Saud University". Authors would like to
thank the consultant of the project, Prof. Ginter
Blobel, (Laboratory of Cell Biology, Howard
Hughes Medical Institute, Rockefeller University,
New York, USA) for his insight and critical review
throughout the study.

REFERENCES

AHMAD, A., 1974. Haemocytes of Polistes hebrocus
(Hymenoptera:  Vespidae) Aulacophora fovicolis
(Coleoptera:  Chrysomelidae), Mylabrus pustulata
(Coleoptera:  Cantheridae). M.Phil.  dissertation.



1748 M.1. SIDDIQUI AND M.S. AL-KHALIFA

Aligarh Muslim University, Aligarh. India.

AHMAD, A., 1986. The study of haemocytes of some insects.
Ph.D. thesis, Aligarh Muslim University, Aligarh. India.

AHMAD, A., 1988. Free haemocytes in adult Polistes hebrocus
Fabr. (Hymenoptera: Vespidae). J. ent. Res., 12: 28-35.

AHMAD, A. AND M.A. KHAN, 1986. Effect of triol and
makisterone A on the haemocytes of Hieroglyphus
nigrorepletus Bolivar (Orthoptera: Arctidae). Proc. Indian
Acad. Sci. (Anim. Sci.), 97: 203.-210.

AKAI, H. AND SATO, S., 1979. Surface and internal
Ultrastructure of hemocytes of some insects. In: Insect
hemocytes (ed. A.P. Gupta), Cambridge University
Press, New York, London, pp. 129-154.

AL-KHALIFA, M.S. AND SIDDIQUI, M.l, 1985 A
comparative study of haemocytes in some Coleopterous
species. J. Coll. Sci., King Saud Univ., 16: 119-134.

AL-KHALIFA, M.S. AND SIDDIQUI, M.I., 1986. A study in
vitro of phagocytosisin the haemocytes of the scavenger
beetle, Dermestes vulpinus (Klug.) (Dermestidae:
Coleoptera). J. Coll. Sci. King Saud Univ., 17: 47-54.

ALFONSO, T.B. AND JONES, B.W., 2002. Gcm2 promotes
glial cells differentiation and is required with glial cells
missing for macrophage development in Drosophila.
Devel. Biol., 248: 369-383.

AMIRANTE, G.A. AND MAZZALAI, F. G. 1978. Synthesis
and localization of of hemoagglutinins in hemocytes of
the cockroache, Leucophaea maderae L. (Blatt,
Blaberidae). Develop. Immunol., 2: 735-740

ARNOLD, J.W., 1952a. The haemocytes of the Mediterranean
flour moth, Ephestia kuhniella Zell. (Lepidoptera:
Pyralididae). Canad. J. Zool., 3 0: 352- 364.

ARNOLD, J.W., 1972. A comparative study of the haemocytes
(blood cells) of cockroaches (Insecta: Dictyoptera:
Blattaria), with a view of their significance in
taxonomy. Canad. Entomol., 104: 309-348.

ARNOLD, J.W., 1975. Haemocytological distintions between
two closely related species Eoxa campestris and E.
declarata. Canad. Entomol., 107: 1095-1100.

ARNOLD, J.W., 1982. Larval hemocytes in noctuidae (Insecta:
Lepidoptera). Int. J. Insect Morphol. Embryol., 11: 173-
188.

ARVY, L. AND LHOSTE, J., 1944. Le milieu interi cur Ches
Forficula auricularis L. Bull. Soc. Zool. France, 69:
230-235.

BALLARD, R.C. AND JONES, J.C., 1959. A phase contrast
study of the haemocytes of Rhodnius prolixus_(Stal).
Bull. entomol. Soc. Am., 5: 121-129.

BEHURA, B.K. AND DASH, A.P., 1978. Haemocytes of the
common maize aphid, Bhopalosiphum maidis (Fitch)
(Homoptera: Aphidae) in relation to the action of six
insecticides. J. entomol. Res., 2: 199-202.

BOITEAU, G. AND PERRON, J.M., 1976. Study of the
haemocytes of Macrosiphum euphorbidae (Thomas)
(Hom. Aphididae). Canad. J. Zool., 54: 228-234.

BOERWALD, R.J., 1975. Inverted gap and other cell junctions
in Cockroach haemocyte capsules: A thick section and
freeze-fracture study. Tissue Cell, 7: 575585.

CARLOS, R. AND MICHEL, B. 2006. Insect haemocytes :
What type of cell is that? J. Insect Physiol., 52: 417-
429.

CUENQOT, L., 1896. Etudes physiologiques sur les Orthopteres.
Arch. Biol., 14: 293-341.

DEAN, P., RICHARDS, E.H.., EDWARD, J.P., REYNOLDS,
S.E. AND CHARNLEY, K., 2004. Microbial infection
causes the appearance of hemocytes with extreme
spreading ability in monolayers of the tobacco
hornworm Manduca sexta. Devel. Comp. Immunol., 28:
689-7000.

DENNEL, R., 1947. Oenocytoids as course of tyrosinase:
Sarcophagi falculata (Dipt). Proc. R. Sci. Lond., 134:
79-110.

DEVAUCHELLE, G., 1971. Etude ultrastructurale des
hemocytes du Coleoptera Melolontha melolontha (L). J.
Ultrastruct. Res., 34: 492-516.

FRANCOIS, J., 1975. L'encapsulation  hemocytaire
experimentale chez le Lepisme Thermobia domesticus.
J. Insect Physiol., 21: 1535-1546.

GARDINER, E.M.M. AND STRAND, M.R. 2000.
Hematopoiesis in larvae of Pseudoplusia includes and
Spodoptera frugiperda. Arch. Insect Biochem. Physiol.
43: 147-164.

GUPTA, AP, 1979%. Insect hemocytes development, forms,
functions and techniques. Cambridge University Press,
New York.

GUPTA, A.P., 1979b. Arthropod hemocytes and phylogeny. In:
Arthropod phylogeny (ed. A.P. Gupta), Van Nostrand
Reinhold, pp. 669-735.

GUPTA, AP, 1985. The identity of the so called crescent cell
in the hemolymph of the cockroach, Gromphadorhina
portentosa  (Schaum) (Dictyoptera:  Blaberidae).
Cytologia, 50: 739-745.

GUPTA, AP. AND HAN, S.S., 1988. Arthropod immune
system. Septate junctions in the hemocytic capsule of
the German cockroach, Blattella germanica, Tissue Cell, 20:
629-634.

HAGOPIAN, M., 1971. Unique structures in the insect granular
hemocytes. J. Ultrastruct. Res., 36: 646-658.

HAN, S.S. AND GUPTA, AP., 1989. Arthropod immune
System. Il. Encapsulation of implanted nerve cord and
"Plain Gut" surgical suture by granulocytes of Blattella
germanica (L,) (Dictyoptera: Blattellidae). Zool. Sci., 6:
303-320.

ISLAM, A. AND RQOY, S., 1982. Diurnal rhythm of hemocyte
populationin an insect Schizodactylus monstresus Drury
(Orthoptera). Experientia, 38: 567-569.

JONES, J.C., 1950. The normal hemocyte picture of the yellow

mealworm Tenebrio molitor Linnaeus. lowa State Coll.
J. Sci., 24: 356-361.



HAEMOCYTES IN INSECTS 1749

JONES, J.C., 1954. A study of mealworm hemocytes with
phase contrast microscopy. Ann. entomol. Soc. Am., 47:
308-315.

JONES, J.C., 1956. The hemocytes of Sarcophagi bullata
Parker. J. Morphol., 99: 233-257.

JONES, J.C., 1959. A phase contrast study of the blood cells in
Prodenia larvae (Order: Lepidoptera) J. microsc. Sci.
100: 17-23.

JONES, J.C., 1962. Current concepts concerning insect
haemocytes, Review. Am. Zool., 2: 209-246.

JONES, J.C., 1967. Changes in the hemocyte picture of
Galleria mellonella L. Biol. Bull. (Woodshole), 132:
211-221.

JONE, J.C., 1977. The circulatory system of insects. Thomas
Springfield, Illinois.

KAYYA, G.P. AND RATCLIFFE, N.A., 1982. Comparative
study of the haemocytes and associated cells of some
medically important dipteran. J. Morphol., 173: 351-
365.

KHAN, M.A.1986. Haemocytes of Indian insects. In: Advances
in insect physiology, morphology and ecology. Todays
and tomorrows (eds. S.C. Pathak and Y.N. Sahai), New
Delhi.

KHAN, M.A., AHMAD, S., NISHI, S.P. AND AHMED, A,
1984. Role of ecdysones and their analogues in
controlling certain agricultural insect pests. Technical
Report of Indian Council of Agricultural Research, New
Delhi.

KHAN, M.A,;, M. HASHMAT, A. AHMAD AND K. JAMAL,
1990. Effect of Moulting Hormones (ecdysons) on the
growth and reproduction of certain pests of agricultural
crops. Technical Report of Indian Council of
Agricultural Research, New Delhi

KOCHETOVA, N.l, 1978. Formed elements in the
haemolymph during postembryonic development of the
cockroach Nauphoeta cineria. Zool. Z., 57: 206-213.

LAIFOOK, J., 1970. Haemocytes in the repair of wounds in an
insect, Rhodnius prolixus. J. Morphol., 130: 297314.

LEBESTKY, T., CHANG, T., HARTENSTEIN, V. AND
BANERJEE, U., 2000. Specification of Drosophila
hematopoietic lineage by conserved transcription factor
factors. Science, 288: 146-149.

LE BLANC, N.N., 1971. Studies on general morphology
ultrastructure and physiology of haemocytes of
Rhodnius prolixus Stal. Ph.D. thesis, Queen's
University, Kingston, Canada.

LING, E. AND YU, X.Q., 2006. Hemocytes from the tobacco
hornworn, Menduca exta have dinstint functions in
phagocytosis of foreign particles and self dead cell.
Develop. Comp. Immunol., 30: 301-309.

MALL, S.B. AND GUPTA, G.S., 1978. The free haemocytes of
green stink bug Nezara veridula L. (Heteroptera:
Pentatomidae). Indian J. Ent., 40: 312-316.

MEAD, G.P., RATCLIFFE, N.A. AND RENWRANTZ, L.R,,

1986. The separation of insect hemocyte types on
percoll gradients, methodology and problems. J. Insect
Physiol., 32: 167-177.

MILLARA, P., 1947. Contributions a 1 etude cytologique et
Physiologique des leucocytes d'Insectes. Bull. Biol. Fr.
Belg., 81: 129-53.

MULLER, K., 1925. Ueber die korpuskularen Elemente der
Blutflussigkeit bei. Der erwaschsenen Honigbiene Apis
mellifera. Erlanger Jahrb. Bienenk., 3: 527.

NEUWIRTH, M., 1973. The structure of the hemocytes of
Galleria mellonella (Lepidoptera). J. Morphol., 139:
105-124.

NISHI, S.P., 1982. Observation on the haemocytes of different
stages of Spodoptera litura (Noctuidae: Lepidoptera) in
relation to application of betaecdysone. M.Phil.
dissertation, Aligarh Muslim University, Aligarh, India.

NITTONO, Y., 1960. Studies on the blood cells in the
silkworm, Bombyx mori L. Bull. Seric. exp. Stn. Tokyo,
16: 171-266.

PRICE, C.D. AND RATCLIFFE, N.A., 1974. A reappraisal of
insect haemocyte classification by the examination of
blood from fifteen insect orders. Z. Zellforsch. mikrosk.
Anat., 147: 537-549.

QAMAR, A., 1990. Haemocytes of Dysdercus cingulatus
(Hemiptera: Pyrrhocorirae) affected with DDT,
Cythion and Furadan. M.Phil. dissertation, Aligarh
Muslim University, Aligarh, India.

QAMAR, A. AND JAMAL, K., 2009. Differential haemocyte
counts of 5" instar nymphs and adults of Dysdercus
cingulatus Fabr (Hemiptera: Pyrrhocoridae) treated with
acephate, an organophosphorus insecticide. Biol. Med.,
1:116-121.

RABAGLIO, M.A.,, 1970. The haemocytes of certain instars of
Bombyx mori L. (Lepidoptera: Bombycidae). Bull.
Zool., 34: 161.

RATCLIFFE, N.A. AND ROWLEY, AF. 1979. Role of
haemocytes in defense against biological agents. In:
Insect haemocytes (ed. A.P. Gupta). Cambridge
University Press, Cambridge.

RATCLIFFE, N.A., GAGEN, S.J,, ROWLEY, AF. AND
SCHMIT, A., 1976. The role of granular hemocytes in
the cellular defense reactions of the waxmoth, Galleria
mellonella. Proc. 6th Eur. Congr. Electron Microsc.,
pp. 295-297.

RIZKI, M.T.M., 1953. The larval blood cells of Drosophila
willistoni. J. exp. Zool., 123: 397-411.

SAXENA, AK. AND AGARWAL, G.P., 1979. Free
haemocytes of Lipeurus lawrensis tropicalis Peters, an
Ischenoceron mallophaga (Sens. Lat. Pthirapter)
infesting poultry. Birds. Ind. J. Ent., 41: 231-236

SCHARRER, B., 1972. Cytophysiological features of
hemocytes in cockroaches. Z. Zellforsch., 129: 301-319.

SHARMA, V.N. AND DUTTA, S.K., 1979. Studies on the
haemocytes of Chrotogonus trachypterus Blach. and



1750 M.1. SIDDIQUI AND M.S. AL-KHALIFA

Acrida exaltata. Res. Bull: Sci., 29. 1-9.

SIDDIQUI, M. I. AND KHAN, M.A., 1979. Free haemocyte of
an aquatic bug, Nepa cineria. Ind. J. Zool., 7: 2-12.

SIDDIQUI, M.l. AND KHALIFA, M.S., 2012. Ultrastructure
of haemocytes in Rhynchophorus ferrugenius. 26" Sci.
Conf. Taif, Saudi Arabia.

SWAMMERDAM, J., 1669. Historic insectorium generalis,
Utrecht, Dreunen, pp. 168.

TOJO, S., NAGANUMA, F. AND YOKOO, S., 2000.
Involvement of both granular cells and plasmatocytes in
phagocytic reactions in the greater wax moth, Galleria
mellonella. J. Insect Physiol., 46: 1129-1135.

WHITTEN, J.M., 1964. Haemocytes and the metamorphosing
tissues in  Sarcophagi  bullata,  Drosophila
melanogaster, and other cyclorrhaphous Diptera. J.
Insect Physiol., 10: 447-469.

WIGGLESWORTH, V.B., 1933. The physiology of the cuticle
and ecdysis in Rhodnius prolixus (Triatomidae,
Hemiptera), with special reference to the function of the
oenocytes and the dermal glands. Microsc. Sci., 76:
269-319.

WIGGLESWORTH, V.B., 1939. The principles of insect physiology,
1st ed. Methuen, London.

WIGGLESWORTH, V.B., 1955. The role of haemocytes in the
growth and molting of an insect, Rhodnius prolixus
(Hemiptera). J. Exp. Biol., 32: 649-663.

WIGGLESWORTH, V.B., 1956. The function of the

amoebocytes during molting in Rhodnius prolixus. Ann.
Sci. Nat. Zool. (Ser. 11) 18: 139-144.

WIGGLESWORTH, V.B., 1979. Hemocytes and growth in
insects. In: Insect hemocytes (ed. A.P. Gupta).
Cambridge University Press, New York.

WOOD, W. AND JACINTO A., 2007. Drosophila
melanogaster Embryonic haemocytes: masters of
multitasking. Nature Rev.: Mol. Cell Biol., 8: 542-551.

YEAGER, J.F., 1945. The blood picture of the southern
armyworm, Prodenia eridania. J. agric. Res., 71: 1-40.

YOKOOQO, S., GOTZ, P. AND TOJO, S., 1995. Phagocytic
activities of haemocytes separated by two simple
methods from larvae of two lepidopteran species,
Sgrotis segatum and Galleria mellonella. Appl. Ent.
Zool., 30: 343-350.

YU. C.H., 1976. Electron microscopic studies on the larval
haemocytes of Drosophila melanogaster (Diet) Korean J.
Zool., 19: 143-154.

ZACHARY, D. AND HOFFMANN, J.A., 1973. The
haemocytes of Tenebrio mlitor. Z. Zellforsch. mikrosk.
Anat., 141: 55-57.

ZAIDI, Z.S. AND KHAN, M.A., 1974. Free haemocytes in the

adult red cotton bua Dysdercus cingulatus Fabr. (Henri:
Pyrrhocoridae). Ind. J. Ent., 36: 302-307.

(Received 26 June 2012, revised 10 September 2012)



