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INTRODUCTION  

The hemolymph of insects and other invertebrate groups have cellular inclusions called hemocytes. These 
hemocytes play important role in the physiology of the organism to which they belong. They are 
responsible for coagulation of hemolymph10,11 connective tissue synthesis23,24,25 wound healing, self 
recognition, general and specific immune response and opsonisation14,18,26,27,28. They form the cellular 
immune system of many arthropods being involved in phagocytosis and encapsulation21. Furthermore, 
hemocytes produce and store substances which may be discharged after infection such as bacterial 
substances like lectins and hemolysins and elements of the phenoloxidase system28. In some arthropods, 
hemocytes are also responsible for production and storage of the respiratory pigments28.  
Therefore the study of hemocytes is very important from the physiological point of view and many works 
have been carried out to ascertain the morphology as well as the physiological and histochemical 
reactions of hemocytes in different invertebrate groups. But the most important pre-requisite for such 
studies is a clear classification of different hemocyte types. [lack of which has so far hindered assigning 
any clear cut physiological function to the possible hemocyte types.] Unfortunately most previous 
classification of hemocytes has been confusing as it is an accumulation of the works of various workers 
on various groups of species. As the technique of study and the developmental stages under study varied 
with different workers, establishment of a uniform classification/terminology became difficult. The result 
has been the identification of over seventy different hemocyte types. Jones reduced this number to nine. 
Further advancement in technology, employing autoradiography and electron microscopy limited the 
number to seven basic types4,13,16 with certain intermediate types. However, Hagopian15, Moran19, etc 
went a step further and suggested that there may be only one basic type of hemocyte from which all 
others are derived. 
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ABSTRACT 
The ultrastructure of the circulating hemocytes of the fifth instar larvae of Antheraea assama were 
investigated by means of light microscopy as well as electron microscopy (Scanning Electron 
Microscopy and Transmission Electron Microscopy). Five types of hemocytes were found in the 
hemolymph of Antheraea assama and were identified as prohemocytes, plasmatocytes, granulocytes, 
spherulocytes and oenocytoids, in addition to certain preparation artefacts. Plasmatocytes and 
granulocytes were found to be the most abundant cell types in the hemolymph, whereas oenocytoids 
the rarest. 
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The aim of the present study therefore is the characterisation of the different classes of hemocytes for a 
reliable uniform classification of the hemocyte types especially in our target species Antheraea assama 
Ww, a sericigenous insect native to the state of Assam, India, and world famous for producing the golden-
hued muga silk fibre6. The study assumes more importance in the sense that there is scanty data on A. 
assama hemocytes and this is a first attempt of its kind on this species using Phase Contrast Microscope 
(PCM), Scanning Electron Microscope (SEM) and Transmission Electron Microscope (TEM) technology. 
According to Arnold2,3, since a species has distinct hemocyte types, a proper classification of the same 
can be utilised to clarify the taxonomy of the group. 

 
MATERIALS AND METHODS  

Animals: Originally disease free eggs of A. assama were obtained from the Nongpoh unit of Central Silk 
Board, Meghalaya, India. Several generations of this stock have been cultured and maintained in the 
Sericulture Farm, Khanapara, Assam, India and also in our laboratory for experimental purpose. 
Light microscopy (Phase-contrast microscope): Hemolymph drops were obtained from live specimen, 
i.e. 5th instar, 48hr post-moult larvae, by severing the tip of one of the prolegs, as at this stage full 
complement of hemocytes are available7. Unfixed hemolymph drops were directly collected on clean 
glass slides, smeared, air-dried and was fixed in methanol following Bardoloi and Hazarika7. Hemocytes 
were then observed under phase contrast optics (make RADICAL, magnification 40X). 
Transmission Electron Microscope (TEM): TEM have been performed for identification of the 
circulating hemocytes of A. assama as Chiang et al.,8 reported in their comparative study of light, SEM 
and TEM of Blatella germanica that all hemocytes could be recorded by TEM. Hemolymph samples were 
obtained from the larvae (5th instar, 48hr post moult) by severing one of the prolegs and collected in 
microcentrifuge tubes having equal volume of Karnovsky’s fixative, washed in 0.1M Sodium Cacodylate 
buffer (pH:7.2-7.4) and the hemocytes were pelleted at 3000 rpm centrifugation for 30 mins. The pellets 
obtained were then post-fixed in 1% osmium tetraoxide in the same buffer, serially dehydrated in acetone 
and embedded via propylene oxide in araldite. Sections were cut on ultramicrotome and collected on 200 
mesh copper grids. Sections stained with uranyl and lead citrate for 5 mins each were observed with a 
TEM [Model: JEM-100X II] 12. 
Scanning Electron Microscope (SEM): For observation of hemocytes under SEM, hemolymph samples 
were collected from 5th instar larvae 48hr post moult as mentioned above. Samples were prefixed in 3% 
glutaraldehyde in 0.1 M Sodium Cacodylate buffer (pH 7.2-7.4) for 2hrs at 0⁰C. The specimen were then 
washed three times (30 mins each) with the same buffer, followed by subsequent post fixation in 1% 
osmium tetraoxide for 2 hrs, and then washed three times (30 mins each) in distilled water. Following 
dehydration in a graded series of acetone, they were dried to critical point using CO2 and mounted on 
copper stubs with double sided sticky tape and coated with gold palladium. They were then examined 
under Scanning Electron Microscope [Model: JSM-6360 (Jeol)] at 20kV. 

 
RESULTS 

Light and electron microscopic studies have revealed the presence of basically 5 types of hemocytes in A. 
assama hemolymph. These include: Prohemocytes (PRs), Plasmatocytes (PLs), Granulocytes (GRs), 
Spherulocytes (SPs) and Oenocytoids (OEs).  
Light Microscopy (PCM) 
Under phase-contrast microscope, plasmatocyes and granulocytes are the most readily distinguishable 
hemocyte types. Prohemocytes are mostly round or oval and the smallest of the hemocyte types. 
Plasmatocytes in A.assama are easily identifiable because of their spindle-shaped structure. Granulocytes 
are mostly round and are larger than prohemocytes but smaller than plasmatocytes, and can be identified 
by the presence of numerous cytoplasmic granules, as observed under phase-contrast microscope. 
Spherulocytes have characteristic spherule-like protrusions on the cell surface and are generally 
spherical/elliptical in shape. All other cell types have more or less smooth cell surface. The oenocytoids 
are the largest of the hemocyte types and also the less frequent cell type in A. assama. (Fig. 1) 
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Electron Microscopy (TEM, SEM) 
Prohemocytes: Prohemocytes (size: length=6.164±0.54µm, width=5.18±0.99µm) are the smallest cells 
of all hemocyte types and are mostly spherical or oval (Fig.2). The nucleus (size: length=3.68±0.24µm, 
width=2.51±0.38µm) is large as compared to the cell volume with an evident nucleolus and evenly 
dispersed chromatin. Cytoplasm constitute few cellular organelles and fewer electron dense vesicles.  
Plasmatocytes: Plasmatocytes are typically spindle-shaped in A. assama, which makes them readily 
identifiable (Fig.3). These are significantly larger (size: length=11.83±0.31µm, width=4.065±0.78µm) 
than prohemocytes. The nucleus is the largest (size: length=7.03±0.22µm, width=3.58±0.33µm) among 
all hemocytes and is mostly elongated or oval with an evident nucleolus. The cytoplasm shows well-
developed cell organelles, including small round or very elongated mitochondria, and a number of 
electron translucent vesicles of variable size. The surface shows few small projections/filopodia. 
Granulocytes: Granulocytes (size: length=9.62±0.4µm, width=7.96±0.8µm) show a circular or oval 
profile and are smaller than plasmatocytes but larger than prohemocytes (Fig.4). The nucleus (size: 
length=4.28±0.19µm, width=2.41±0.15µm) shows an irregular profile with an evident central nucleolus. 
Cytoplasm shows small circular mitochondria and numerous vesicles of variable size and density. A 
characteristic feature of granulocytes is the presence of a large number of electron dense granules (size: 
diameter=0.8-1.12µm) in the cytoplasm, which makes their identification in TEM/SEM easier. Another 
consistent feature of granulocytes is the formation of pseudopodia/filopodia on the cell surface. 
Spherulocytes: Spherulocytes (size: length=8.53±0.22µm, width=7.15±0.35µm) display characteristic 
spherule-like (globular) protrusions on the cell surface and are generally spherical to oval in shape 
(Fig.5). These spherules are formed due to the presence of large electron translucent vacuoles/granules 
(size: diameter=1.75-2.18µm) in the cytoplasm. Thus, in TEM sections these vacuoles, of variable sizes, 
tend to obscure the nucleus and as such the nucleus is not prominent in such sections. 
Oenocytoids: Oenocytoids are large in size (size: length=8.76±7.2µm, width=5.9±0.2µm), however, they 
are also rare. Under SEM, oenocytoids appear typically disc-shaped, (Fig.6) and from lateral and dorsal 
view, these hemocytes are slightly biconcave. However, they generally have smooth cell surfaces without 
any cytoplasmic projections. Oenocytoids have a large central nucleus (size: length=3.53±0.06µm, 
width=3.13±0.09µm) and a few, small, electron dense granules in the cytoplasm.  
 

                            

                               

Fig.1: Phase-contrast microscopy images of hemocytes: Prohemocyte (PR), 
Plasmatocyte (PL), Granulocyte (GR), Spherulocyte (SP) and Oenocytoid (OE) 
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Fig. 2: SEM and TEM ultrastructure of prohemocyte (PR). (From left to right) SEM images of 
prohemocytes, smallest of the hemocyte types. TEM structure of prohemocyte, showing short 
filopodia in the inset 

 

                

                
Fig. 3: SEM and TEM ultrastructure of plasmatocyte (PL). (From left to right) Top line: SEM 
ultrastructure of a plasmatocyte and a smaller granulocyte. SEM image of a plasmatocyte, tapering 
at one end and giving rise to cytoplasmic processes. SEM image of plasmatocyte, showing a 
puckered plasma membrane. Bottom line: TEM image of plasmatocyte showing a large nucleus 
and vesicles (v) along the plasma membrane (inset). Plasmatocyte with network of vesicles (v) 
(inset). Two different plasmatocytes, one giving rise to long, slender filopodia. (inset). 
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Fig 4: SEM and TEM ultrastructure of granulocyte (GR). Top line: (left to right) SEM ultrastructure of  
granulocytes, identifiable due to their uneven surface topology, short filopodia and oval or near-spherical 
shape. Two of the SEM images show granulocytes with fine cytoplasmic processes. Bottom line: TEM images 
clearly show the electron-dense granules, characteristic of granulocytes, and long, slender filopodia (inset). 
  

 

                            
Fig. 5: SEM and TEM ultrastructure of spherulocyte (SP). SEM ultrastructure of spherulocyte showing 
spherule-like protrusions and several cytoplasmic processes. TEM ultrastructure images showing large 
spherules (sp)/ vacuoles (va) in the section that obscure the nucleus and several filopodia (inset). 

 

                                  
Fig. 6: SEM and TEM ultrastructure of oenocytoid (OE). The two SEM images of oenocytoid show the 
hemocytes as large, biconcave cells. Second SEM image showing an oenocytoid with a granulocyte. TEM 
image of oenocytoid showing smooth cell surface with dense cytoplasm. 

  
DISCUSSION 

Elimination of variations in the blood picture by comparison of PCM, SEM and TEM results has enabled 
us to establish the existence of Prohemocyte (PR), Plasmatocyte (PL), Granulocyte (GR), Oenocytoid 
(OE) and Spherulocyte (SP) as basic hemocyte types in A. assama.. Other inclusions observed have to be 
considered as preparation artefacts. Intermediate cellular forms were also observed which indicate the 
development of one cell type to another and this would explain the difficulty sometimes encountered in 
distinguishing cell types. Nevertheless, light and electron microscopic (SEM & TEM) morphology of the 
hemocytes of A. assama was found to correspond to that of other arthropods, particularly the 
lepidopterans viz. Bombyx mori1, Agrotis segetum5 etc.  
Plasmatocytes (PLs) were found to be the most abundant cell types in A. assama. The spindle shape of the 
PLs with cytoplasmic projections, membrane enclosed vesicles are in accordance with the description of 
other authors in different insect taxa viz Bombyx mori1, Blatella germanica8, Agrotis segetum5, 
Pectinophora gossipiella etc. 
Granulocytes (GRs) having characteristic granules of size 0.8-1.12µm are the readily distinguishable type. 
The granules and the filopodia/other irregular cytoplasmic process conform to the description of GRs in 
species like B. Mori1, A. Segetum5, Melolontha melolontha9, Cetonischema aeruginosa12 etc. 
The spherule cells (SPs) of A. assama show distinctive spherule protrusions against the plasmamembrane 
in SEM which is substantiated by TEM photographs (Fig.5). The presence of membrane bound spherules 
obscuring the nucleus makes the SPs of A. assama easily comparable to those of B. mori1 and A. 
Segetum5. 
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The oenocytoids (OEs) of A. assama are the most readily distinguishable type of hemocytes. Being 
characteristically biconcave with a depression in the centre they are more or less similar to those reported 
in B. Mori1. They are also comparable to the ultrastructure of the oenocytoids reported in Cetonischema 
aeruginosa larvae12. 
The structure of the cells named by Akai & Sato1 as prohemocytes of larval B. mori, Locusta migratoria17 
and A. segetum5 are very similar in size and shape with A. assama both under light microscopy as well as 
electron microscopy. 
Finally it is worth mentioning that in addition to the recognisable hemocyte types, there are some cells, 
identification of which was very difficult. These might be the intermediate types or have to be considered 
as preparation artifacts. These kinds of cells were also encountered in electron as well as light 
microscopic study by Shapiro22, Xylander28 etc. to name a few. However, it is not the presence or absence 
of cell types or developmental stages which is of prime importance, but the role of these various types in 
the overall physiology of the insect. As such, further study in this regard is most essential.  
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