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In 1965, Ritter reported unusual anucleate, crescent-shaped cells in the he

molymph of the hissing roach, Gromphadorhina portentosa and claimed that each of 

these cells was associated with a small, flat cell with scant cytoplasmic content, which 

is eventually ingested by the crescent cell, thus suggesting that these latter cells were 

phagocytic in nature. Ritter at that time discounted the possibility that the "alien" 
small cell represented an extruded nucleus of the crescent cell itself, and concluded 

that there was no evidence of the "functional integration between the ingested 

nucleus and its adopted cytoplasm."

Although Ritter's earlier erroneous observation that the crescent cell was an 
anucleate cell phagocytozing another small cell was corrected (Ritter and Blissit 
1969), the identity of this cell has remained controversial to date. Jones (1975) 
thought that they were possibly spherulocytes with an extremely eccentric nucleus, 
and later (Jones 1979) considered them as a separate category of hemocytes. I 
also did not categorize them under any of the several morphologically distinct he
mocyte types (Gupta 1979a, b). Most recently (Gupta 1985), while preparing a 
review on insect hemocytes, I decided to resolve the problem of the identity of this 
mysterious cell. This paper reports that these so-called crescent cells are indeed 
oenocytoids (OEs).

Materials and methods

The specimens of G. portentosa for this study were taken from colonies main

tained in an incubator at 25•Ž on Purina laboratory chow and water. The hemocytes 

were studied in hanging-drop preparations, in Giemsa-stained monolayer films 

(Gupta 1979a, 1985), and by histochemical tests. For the latter, the hemocyte 

smears were fixed in 4% formaldehyde in 2% calcium acetate for 15 min.; a few 

slides were left in the fixative overnight, while others were exposed to the vapor of 

the fixative in a desiccator. Hemolymph samples were always obtained from the 

antennae of the roaches. The following histochemical tests were performed: PAS, 

mercury-bromophenol, Sudan Black B, ninhydrin-Schiff, and DOPA-oxidase 

(Pearse 1960. Ashhurst 1982).

The identity of various types of cells was confirmed by observations in last 

instar nymphs and both newly emerged and older adults. The same roaches were
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used to study the hemocytes over a period of several days. I have adopted the same 
hemocyte classification as previously (Gupta 1979a, b, 1985). The hanging-drop 

preparations were examined under a Zeiss Nomarski phase-contrast microscope.

Results and discussion

G. portentosa nymphs and adults possess six types of hemocytes: prohemocytes, 

plasmatocytes, granulocytes, spherulocytes, coagulocytes, and the so-called crescent 

cells. The plasmatocytes and granulocytes are here designated as immunocytes, 

because of their capacity to distinguish between "self" and "non-self" tissues. I 

have reported elsewhere that the OEs in insects are "small-to-large
, thick, oval, cres

cent-shaped, spherical, or elongate cells with widely variable sizes (16-54ƒÊm or 

more) and shapes. The nucleus is generally small and eccentrically located and the 

cytoplasm is generally thick, homogeneous and may have different kinds of in

clusions" (Gupta 1979a, b, 1985). My observations lead me to believe that the 

crescent cells in this cockroach are oenocytoids (OEs) that appear as polymorphic 

anucleate or nucleate cells. The most peculiar features of these cells in this cock

roach are: 1) a single inclusion body, instead of several as in most other insects, and 

2) gradual nuclear extrusion, as the cell ages. The nucleus, when present
, is pro

minent. Each OE has the so-called inclusion body that gradually fills the cell and 

diminishes in size as the cell ages. Normal and healthy OEs vary from 16 to 28ƒÊm 

in length and 10 to 22.4ƒÊm in width. They generally constitute 2% of the total 

hemocyte counts in both nymphs and adults.

It is erroneous to call these hemocytes crescent cells because they are poly
morphic and may be spindle or barrel-shaped, elongated, dumb-bell-shaped , oval, 
reniform, cresecent-shaped, pyriform, and spherical (Figs. 1A, C, B, D, E , F, 2D, 
E, 3C). Polymorphic OEs have also been reported in some Mallophaga (Saxena 
and Agarwal 1979). These various forms in G. portentosa are evanescent stages 
and at least some of these are due to the position of the nucleus during extrusion 
from the cell or its absence. I did not observe any nuclear extrusion in any of the 
other five hemocyte types. Occasionally, mitotic nuclei were observed (Fig. 3F). 
It is important to emphasize that neither the inclusion body is always crescent-shaped, 
nor the nucleus always eccentric. As a matter of fact, both these features seem to 
represent the later stages in the aging and disintegration processes of these cells, the 
nuclear extrusion being the terminal stage, followed by the disintegration of the cell. 
Disintegrating OEs, following nuclear extrusion, were more commonly found in 
nymphs than in adults. These processes are, in fact, comparable to the maturation 
processes of the mammalian erythrocyte, during which the erythrocyte behaves simi
larly and extrudes its nucleus. I have commented elsewhere that in insects OEs are 
highly labile cells and are particularly fragile in vivo, lyse quickly, ejecting material 
into the hemolymph (Gupta 1979a, b, 1985). Note that disintegrating OEs cannot 
be confused with disintegrating coagulocytes (COs) (cf. Figs. 2E-J with Figs. 2K
M). Furthermore, the extruded material from the OEs produces only localized 
cytoplasmic strand formation (see Figs. 1F, I, 2A, C), and does not cause plasma 
gelation as does that from the COs. The nuclear extrusion may occur apically
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Fig. 1. This shows various polymorphic OEs and apical and subapical nuclear extrusion: A, 

spindle-shaped OE. Note outline of inclusion body (arrowhead). •~1,800. B, elongated OE. 

•~ 1,900. C, barrel-shaped OE. •~1,700. D, dumb-bell-shaped OE. x 1,700. E, oval OE. 

•~ 1,600. F, reniform OE. Note cytoplasmic strands. •~1,600. G, oval OE showing apical 

nuclear extrusion. •~1,400. H, spherical OE showing apical nuclear extrusion. •~1,300. I,

 oval OE showing initial stage of subapical nuclear extrusion. •~1,700.
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(Fig. 1G, H), subapically (Fig. 11, 2A), mediolaterally (Fig. 2B, C), or at any other 
point along the length of the cell, thus producing the various forms of anucleate 
cells. Various probable stages of the transformation of the so-called crescent cell
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from an oval cell with a central nucleus to the penultimate nuclear and terminal 

anuclear stages have been reconstructed in Figs. 1H, I, 2A, D. In two instances, 

I was able to observe all these stages in single monolayer, and in Giemsa-stained 

film preparations from single cockroaches. How soon after nuclear extrusion the

Fig. 3. Giemsa-stained preparations: A, OE with inclusion body filling cell. Note perinuclear 

space (arrowhead) and density of inclusion body. •~1,600. B, OE with subapical nucleus in the 

process of extrusion. Note reduction in the density and size of inclusion body and increase in the 

perinuclear space. •~1,600. C, later stage of B. •~1,600. D, nuclear extrusion about to occur. 

Note ruptured cell wall and reduction in the size of the inclusion body. •~1,600. E, OE in which 

the perinuclear inclusion body is considerably reduced prior to nuclear extrusion. •~1,500. F,

 OE with mitotic nucleus. •~1,600.

cell disintegrates is uncertain, although it perhaps depends on the physiological 

state of the cockroach.

The anucleate (Figs. 1A, B, D, E, 2D, E) OEs are the most common hemocytes 
in hemolymph samples and were probably responsible in influencing Ritter (1965)

Fig. 2. This shows various types of nuclear extrusion and disintegration of OEs and COs: A, 

oval OE showing later stage of subapical nuclear extrusion. •~1,400. B, oval OE showing me

diolateral nuclear extrusion. •~1,600. C, spherical OE showing mediolateral nuclear extrusion. 

•~ 1,400. D, crescent-shaped OE after nuclear extrusion. •~1,500. E-J: stages in the disintegra

tion of OEs. E, note apical disintegrating fragment. •~1,800. F, apical disintegration. •~1,400. 

G, OE splitting across entire width. •~1,400. H, a crescent-shaped OE disintegrating. •~1,400. 

I, advanced stage of disintegration. •~1,300. J, same as I. •~1,300. K, coagulocyte showing 

initial stage of disintegration. Note presence of peripheral cysts (arrowhead) and central nucleus 

(nu). •~1,600. L, coagulocyte showing a later stage of disintegration. •~1,800. M, coagulocyte

 showing the terminal stage of disintegration. •~1,800.
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to suggest that these anucleate cells were phagocytic, cytoplasmic bodies, mostly 
crescent-shaped. I have stated elsewhere that OEs are not phagocytic (Gupta 1979a, 
b, 1985). The OEs in various insects and other arthropods are reported to contain 
several kinds of plate-, rod-, needle-, or filament-like cytoplasmic inclusions that are 
responsible for such other names of these cells as crystalloid or crystal cells (Gupta 
1979a, b, 1985). In the OEs of G. portentosa, there is a single, electron-dense cres
cent-shaped body that is limited by a single membrane, which appeared to be part 
of the rough cytoplasmic cisterna (Scharrer 1965). Ritter and Blissit (1969) re
ported that these cells originate from "amoeboid prototypes" and the crescent in
clusion body is formed as a result of the coalescence of several cytoplasmic vacuoles 
into a single large vacuole that separates the cell nucleus from the cytoplasm, creat
ing a concavity in that part of the cytoplasm that contacts the nucleus and a con
vexity of greater curvature at the opposite end. According to these authors, after 
forming this crescent-shaped mold, the vacuole disappears and the area of cytoplasm 
near the convexity becomes the "dense, fixed cresecent-shaped inclusion body." 
Regardless of the probable origin of these intracytoplasmic bodies of the OEs, it 
seems that they gradually lose both their density and size as the cell ages (Figs. 
3A-E).

Table 1. Histochemical tests of various hemocytes in nymphs and 

adults of G. portentosa

CO=coagulocyte, GR=granulocyte, OE=oenocytoid (the so-called crescent cell), PAS= 

periodic acid-Schiff, PL=plasmatocyte, PR=prohemocyte, SP=spherulocyte, +=positive, 
-=negative .

Histochemically, OEs in insects are reported to contain tyrosinase (Dennell 

1947), protein (Gupta 1985), and PAS-positive-only granules, indicating the pre

sence of glycoproteins or glycosaminoglycans, and sulfated, periodate-reactive si

alomucin (Costin 1975). Both Ritter (1965) and Scharrer (1965) reported the in

clusion body in G. portentosa to be intensely PAS-positive and Sudan Black B

negative. My results confirm their observations (Table 1). Both short and long 

(over 18 hrs.) periodate oxidation produced PAS-positivity, the longer oxidation 

producing deeper stain. Wigglesworth (1979a, b) reported that OEs play an indi

rect role in the final stages of cuticle formation in Rhodnius, and suggested that they 

are involved in the metabolism of phenols, and thus might be involved in scleroti

zation. Indeed the presence of mucopolysaccharides in these hemocytes supports 

their possible role in cuticle formation. As a matter of fact, we have suggested 

earlier that perhaps the mucopolysaccharides undergo hydrolysis and break into ƒÀ
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D-glucosamine and ƒÀ-D glucoronic acid; the former might be used in glycolysis or 

after phosphorylation might enter into formation of new chitin molecules (Gupta 

and Sutherland 1967). More recently, Ashhurst (1982), on the basis of histochemical 

tests on the spherulocytes (SPs) of the greater wax moth, Galleria mellonella, sug

gested that the presence of sulfated glycosaminoglycan polymer (confirmed by very 

long periodate oxidation) indicates the presence of heparin-like molecules in the 

SPs. If this were also true in case of the OEs of G. portentosa, it would indeed be 

consistent with my observation that the disintegrating OEs in this cockroach do not 

cause plasma gelation, probably due to the presence of heparin-like substance in 

them. This, however, needs confirmation. The OEs also showed positive reac

tion with mercury-bromophenol and ninhydrin-Schiff stains, indicating the presence 

of proteins. Negative reaction with DOPA-oxidase tests suggests the absence of 

tyrosinase (Table 1); the latter, however, has been reported in the OEs of some 

insects (see Gupta 1985).

Summary

The identity of the so-called cresecent cell in the hemolymph of the cockroach, 

Gromphadorhina portentosa (Schaum) (Dictyoptera: Blaberidae) has been established. 

These hemocytes are indeed oenocytoids (OEs). The identity of these cells was con

firmed by observations in both the last instar nymphs and adults. The OEs appear 

as polymorphic anucleate cells. Each OE has a crescent-shaped inclusion body 

that generally fills the cell and gradually diminishes in size and density as the cell 

ages. The OEs vary from 16 to 28ƒÊm in length and 10 to 22.4ƒÊm in width. They 

generally constitute 2% of the total hemocyte counts in both nymphs and adults. 

The most peculiar features of the OEs in this cockroach are presence of a single 

crescent-shaped cytoplasmic body and gradual nuclear extrusion as these cells age. 

No nuclear extrusion was observed in any of the other five types of hemocytes found 

in this cockroach. The nuclear extrusion may occur at any point along the length 

of the cell, thus producing the various forms of anucleate cells. Histochemically, 

the inclusion body shows intense PAS-positivity and is Sudan Black B-negative. 

These cells may play an indirect role in the final stages of cuticle formation.
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