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ABSTRACT 
 The hemocytes participate in the cellular encapsulation around foreign material implanted into the insect 
hemocoel. However, the suppression of this reaction by entomopathogens remains largely misunderstood. 
This study describes the ultrastructural modifications in one type of hemocyte of Diatraea saccharalis larvae, 
the oenocytoid (OE), along the parasitism by the wasp Cotesia flavipes, using conventional and cytochemical 
techniques. The OE of parasitized D. saccharalis larvae exhibited areas of cytoplasm rarefaction with 
intensity proportional to the time of parasitism. There was cell lyse at long-term parasitism, although we did 
not observe melanization either into the host haemocel or around of parasitoid. The OE of either control or 
parasitized larvae did not show phenoloxidase activity in the ultrastructural preparations; these absence was 
related with the morphological modifications caused by the parasitism. The trimetaphosphatase and acid 
phosphatase activities were not detected in OE of control larvae, but were visualized along the parasitism, 
reinforcing the role played by the OE in the defense reactions. 
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INTRODUCTION 

The processes of phagocytosis and nodule-capsule formation are efficient mechanisms against invaders into 

the insect hemocoel, with the direct participation of the hemocytes in these reactions [12, 20, 27, 32, 34, 35, 

36, 37, 42]. Parasites and pathogens, however, can develop into their host insects without an efficient defense 

reaction [14, 36, 37, 39]. The ability of same parasitoids to escape of the host insect immune reaction has been 

used in the biological control of insects that affect the agricultural production [3, 7, 36, 37, 47]. The strategies 

utilized by the parasites to avoid the host response have been studied and revised by many authors [2, 3, 4, 36, 

37, 39]. However, there are few investigations correlating the immune response and morphology of the host 

insect hemocytes along the parasitoid development [15, 45, 46, 47]. 

The Diatraea spp  is the major pest of the sugarcane crop; this insect may be controlled by the parasitoid 

wasp Cotesia flavipes [29, 38,48]. Six hemocytes types has been morphologically described in the 

hemolymph of non-parasitized D. saccharalis larvae: prohemocyte (PR), plasmatocyte (PL), granulocyte 

(GR), oenocytoid (OE), spherule cell (SP) and vermicyte (VE) [11, 17, 18, 19]. 

The PL and GR are the two hemocyte types that are frequently associated with phagocytosis or 

encapsulation of the foreign material in many insect species [14, 15, 17, 19, 20, 24]. However, very little is 

known about the role played by the OE in the defense reactions [9, 20, 24, 25, 35].  

The propheloloxidase (proPO) system is one of the most important component of the defense 

mechanisms in insects [5, 6, 22]. The phenoloxidase (PO) is the main produced enzyme, derived from the 

proPO by the activation of the system that involves enzymatic reaction in cascade [6]. The PO catalyses the 

initial stage of the melanization process observed into the hemocoel of the insects in response to the presence 

of strange material or injury. The OE of several Lepidoptera species contains the PO, as detected in Galleria 

mellonella [12, 13], Bombyx mori [1, 6, 22] and Spodoptera litura [23, 24]. Falleiros [17] showed positive 

reaction for PO in the OE of D. saccharalis larvae, using light microscopic preparations. 

This work aims to describe the ultrastructural modifications in the OE of the D. saccharalis larvae along the 

reaction against the parasitoid C. flavipes, using conventional and cytochemical techniques. 

 

MATERIAL AND METHODS 

The insects Diatraea saccharalis and Cotesia flavipes were provided by the 

Laboratório Entomológico, Usina Barra Grande, Lençóis Paulista, S.P., Brazil. The D. 

saccharalis larvae were maintained with artificial diet [21] under controlled temperature 

(25-27oC) and photoperiod (14h light/10h dark), and 80% relative humidity [28]. 



Twelve days old D. saccharalis larvae were naturally infected by the wasp C. 

flavipes. After different times of parasitism (6, 72 and 144h), the hemocyte pellets were 

obtained by centrifugation of the hemolymph. 

For conventional preparations, the pellets were fixed for 18 h in 2.5% glutaraldehyde 

in 0.1M phosphate buffer pH 7.3, post-fixed for 2h in 1% osmium tetroxide using the same 

buffer, dehydrated through a graded series of acetone and embedded in Araldite resin. 

Ultrathin sections were double stained with uranyl acetate and lead citrate.  
For cytochemistry preparations, the hemolymph was dropped in insect anticoagulant 
solution (62 mM NaCl; 100 mM glucose; 10 mM EDTA; 30 mM trisodium citrate; 26 mM 
citric acid) [30]. The hemocyte pellet was obtained by centrifugation and was immediately 
fixed for 20min in 2% glutaraldehyde in 0.1 M sodium cacodylate buffer pH 7.2 (GA) at 
4oC. The fixed pellets were embedded in 2.5% Bacto-agar (DIFCO) prepared in the same 
buffer, cooled in ice and sliced into small fragments with a razor blade. The fragments were 
incubated in different solutions at 25ºC for detection of the following enzymatic activities: 
a)- acid trimetaphosphatase (TMPase): incubated for 10-60min in solution containing 
sodium trimetaphosphate, according to Berg [10]; b)- other acid phosphatases (AcPase): 
incubated for 60min in solution containing citydine-5-monophosphate, according to Pino et 
al. [31]; c)- phenoloxidase (PO): pre-incubated with 1% trypsin in sodium cacodylate 
buffer solution for 30-60min and post-incubated with L-DOPA saturated solution in sodiun 
cacodylate buffer for 30min-3h, according to Söderhäll & Smith [43]. Independent of the 
incubated solution, the materials were re-fixed in 2.5% GA for 40min, post fixed for 2h in 
1% osmium tetroxide in cacodylate buffer and embedded in Araldite resin. Stained and 
non-stained ultrathin sections were examined under transmission electron microscope. 

 

RESULTS  

The OE of non-parasitized D. saccharalis larvae is a rounded cell, larger than all the other hemocyte 

types; scarce vesicles are observed in close association with the regular plasma membrane (Figs. 1 A-B). The 

nucleus is small and eccentric and shows a distinct chromatin distribution pattern, alternating loose and dense 

chromatin packages attached to the nuclear envelope (Figs. 1 A-B). The cytoplasm is homogenous and 

electron dense with few organelles, presenting abundant free ribosome (Figs 1 A-B). Mitochondria, many of 

them ring-shaped, are observed (Figs. 1 C). The reaction for TMPase, AcPase and PO activities were not 

detected in our control preparations.  
The OE of D. saccharalis larvae parasitized by the wasp C. flavipes exhibited cytoplasmic 
areas of low electron density with intensity proportional to the time of parasitism (Figs. 1 
D-E, 2 A-B); there are plasma membrane disruption and cell lyses at long-term parasitism, 
mainly after 144 h of parasitism (Figs 2 C-D). With 6 h of parasitism the OE presented an 
increase in both the number and volume of the cortical vacuoles (Figs. 1 D-E), and 
moderate reaction for AcPase was detected in the cytoplasmic vacuoles. With 72 h of 
parasitism the OE still showed the increase of the vacuoles (Fig 2 A) and heterogeneous 
electron-dense bodies (Fig 2 B) were observed. With 144 h of parasitism the few better-
preserved OE showed moderate reaction for TMPase in the heterogeneous bodies (Fig. 2 D-
detail). No PO activity was detected in the OE of D. saccharalis larvae along the 



parasitism. Concomitant macroscopic observations of the dissected insects did not show 
melanization either into the host hemocoel or around the parasitoid at any time o hemocoel 
or around the parasitoid at any time of parasitism. 
 
 
 
 
 

 
 



 
 
 
Figure 1- A-C. OE of non-parasitized D. saccharalis larvae. D-E. OE of D. saccharalis larvae 
after 6 h of parasitism by the wasp C. flavipes. A= 13.000x; B= 10.000x; C= 41.000x; D= 
6.500x; E= 13.000x. Nucleus (N); vacuoles (V); nucleolus (Nu); mitochondria (M); ring-shaped 
mitochondria (*); lipid droplets (Li). 
 
 
 



 
Figure 2- OE of D. saccharalis larvae parasitized by the wasp C. flavipes. A to B- 72 h of 
parasitism. C to D- 144 h of parasitism. A= 8.000x; B= 10.000x; C= 10.250x;  D= 10.250x. 
Vacuoles (V); heterogeneous dense bodies (large arrow); nucleolus (Nu); plasma membrane 
disruption (*). Detail: positive reaction for TMPase (arrow). 14.500x. 

DISCUSSION 



The general ultrastructural aspects of the OE in non-parasitized D. saccharalis larvae are in 

agreement with the previous description for the same insect [11, 17, 18] as well as for many other Lepidoptera 

species [1, 8, 9, 16, 26, 33, 35, 41, 44].  
The lyses of OE is often described in insects after different injury. Kurihara et al 

[24] observed the same phenomenon in OE of Spodoptera litura during an in vivo study of 
either India ink phagocytosis or latex particles encapsulation. The host Heliothis virescens 
parasitized by Campoletis sonorensis also exhibited lyses of OE, as described by Davies et 
al [14]. Ribeiro et al [35] describe the electron lucent OE as ghost hemocyte in Mythimna 
unipuncta (Lepidoptera) after injection of iron saccharate or pig red blood cells. Our results 
also showed lyses of OE at long-term of parasitism; however, our data were not enough to 
determine whether the OE disrupted to release the cytoplasm content, including the PO or if 
the hemocyte is affected to prevent the release of the activated enzyme. There was no 
activation of proPO system  in parasitized D. saccharalis larvae as the parasitoid C. flavipes 
did not exhibit any sign of melanization inside the host hemocoel. 

The proPO in insects is activated through the action of a protease cascade triggered by minutes 

amounts of foreign components. In most of the insects, the enzyme was found in the inactive form (proPO), in 

the plasma [40] or into the hemocytes [12, 28]. Falleiros [17] showed positive reaction for PO into the OE of 

D. saccharalis, under light microscopy; the reaction was detected when the hemocytes were pre-incubated 

with trypsin, indicating the presence of the enzyme into this cell type in the proPO form. The reaction was 

visualised in a diffuse way all over the cytoplasm, not being apparently confined to any cytoplasmic 

compartments. In our ultrastructural preparations the detection of the proPO (in the trypsin pre-treated 

hemocytes) or even of the PO was not successfully. The discrepancy of these results with the one for light 

microscope observation showed by Falleiros [17] can be credited to the difficulty for visualising a soluble 

enzyme in the naturally electron-dense citosol, as observed in our OE ultrastructural images.  

The detection of lysosomal enzymatic activity (TMPase and AcPase) into the heterogeneous 

vacuoles observed in the OE of infected larvae reinforce the role played by this cell type in the defense of the 

insect. Falleiros & Gregório [19] showed that the PL, GR and occasionally ES and OE of D. saccharalis were 

involved in the phagocytic process of microorganisms. Although the PL and GR cells are the two types of 

hemocytes most often related with the defense reactions in Lepidoptera [14, 15, 17, 19], the OE was also 

associated with phagocytosis, showing strong lysosomal enzyme activity (AcPase and unspecific esterase) 

during the process [13]. Works concerning the participation of the OE in the reaction against invaders are 



scarce, but these results indicate that the involvement of this hemocyte type in the immune reactions of 

Lepidoptera species should be more deeply investigate. 

 

ACKNOWLEDGEMENTS 

We thank: the Laboratório Entomológico da Usina Barra Grande – Lençóis Paulista, SP-Brazil for 

providing the insects, and the Centro de Microscopia Eletrônica (CME)- IBB, Unesp for helping in the 

procedure and analyze of the materials. This work was partially supported by CAPES and CNPq.  

 

REFERENCES  

1 Akai H, Sato S (1973) Ultrastructure of the larval hemocytes of the silkworm, Bombyx 

mori (Lepidoptera: Bombycidae). Int. J. Insect Morphol. Embryol. 2, 207-31. 

2 Alleyne M, Wiedenmann RN (2002) Effect of time in culture on the suitability of two 

novel-association pyralid hosts for Cotesia sesamiae (Hymenoptera: Braconidae) 

development. Biol. Control, 25, 116-22. 

3 Alleyne M, Wiedenmann RN, Diaz RR (2001) Quantification and development of 

teratocytes in novel-association host-parasitoid combinations. J. Insect Physiol., 47, 

1419-27. 

4 Asgari S, Hellers M, Schmidt O (1996) Host haemocyte inactivation by an insect 

parasitoid: transient expression of a polydnavirus gene. J. Gen. Virol., 77, 2653-62. 

5 Ashida M (1996) Studies on the phenol oxidase system of insect. Zool. Science, 13, 3-4. 

6 Ashida M, Dohke K (1979) Activation of pro-phenoloxidase by the activating enzime of 

the silkworm Bombyx mori. Insect Biochem., 10, 37-47. 

7 Bauer E, Trenczek T, Dorn S (1999) Instar-dependent hemocyte changes in Pieris 

brassicae after parasitization by Cotesia glomerata. Entomologia Experimentalis et 

Applicata, 88, 49-58. 



8 Beaulaton J, Monpeyssin M (1976) Ultrastructure et cytochimie des hémocytes 

d’Antheraea perny Guer (Lepidoptera: Attacidae) au cours du cinquième age larvaire. J. 

Ultrastruct. Res., 55, 143-56. 

9 Beaulaton J, Monpeyssin M (1977) Ultrastructure cytochimie des hémocytes d’Antheraea 

perny Guer (Lepidoptera: Attacidae). II Cellules à shérules et oenocytoides. Biol. Cell, 

28, 13-8. 

10 Berg GG (1960) Histochemical demonstration of acid trimetaphosphatase and 

tetrametaphosphatase. J. Histochem. Cytochem., 8, 92-101. 

11 Bombonato MTS; Gregório EA (1995) Estudo morfológico e quantitativo dos hemócitos 

em larvas de Diatraea saccharalis (Fabricius) (Lepidoptera: Pyralidae). Rev. Bras. 

Zool., 12 (4), 867-879. 

12 Brookman JL, Ratcliffe NA, Rowley AF (1989) Optimization of a monolayer 

phagocytosis assay and its application for studying the role of the prophenoloxidase 

system in the wax moth, Galleria mellonella. J. Insect Physiol., 34, 337-45. 

13 Chain BM, Anderson RS (1983) Observations on the cytochemistry of the hemocytes of an insect,Galleria 

mellonella. J. Histochem. Cytochem., 31, 601-7. 

14 Davies DH, Strand MR, Vinson SB (1987) Changes in differential haemocyte count and 

in vitro behaviour of plasmatocytes from host Heliothis virescens caused by Campoletis 

sonorensis polydnavirus. J. Insect Physiol., 33, 143-53. 

15 Davies DH, Vinson SB (1988) Interference with function of plasmatocytes of Heliothis 

virescens in vivo by calyx fluid of the parasitoid Campoletis sonorensis. Cell Tiss. Res., 

251, 467-75. 

16 Essawy M, Maleville A, Brehélin M (1985) The hemocytes of Heliothis armigera. 

Ultrastructure, function, and evolution in the course of larval development. J. Morphol., 

186, 225-64. 

17 Falleiros AMF (1995) Células sangüíneas de Diatraea saccharalis (Lepidoptera: 

Pyralidae). Estudo citoquímico ultraestrutural e à microscopia eletrônica de varredura. 



Botucatu, 154p. Tese (Doutorado em Anatomia) - Instituto de Biociências, 

Universidade Estadual Paulista. 
18 Falleiros AMF; Bombonato, MTS; Gregório, EA (2003) Ultrastructural and quantitative 

 studies of hemocytes in the sugarcane borer Diatraea saccharalis (Lepidoptera: 

Pyralidae). Braz. Arch. Biol. Technol., 46 (2), 287-294.  

19 Falleiros AMF, Gregório EA (1995) Hemócitos fagocitários em larvas de Diatraea 

saccharalis (Fabricius) (Lepidoptera: Pyralidae). Rev. Bras. Zool., 12, 751-8. 

20 Giulianini PG, Bertolo F, Battistella S, Amirante GA (2003) Ultrastructure of the 

hemocytes of Cetonischema aeroginosa larvae (Coleoptera: Scarabaeidae): 

involvement of both granulocytes and oenocytoids in in vivo phagocytosis. Tissue & 

Cell, 35, 243-51. 

21 Hensley SD, Hammond Jr., AM (1968) Laboratory techniques for rearing the sugarcane 

borer on an artificial diet. J. Entomol., 61, 1742-3. 

22 Iwama R, Ashida M (1986) Biosyntesis of the prophenoloxidase in hemocytes of larval 

hemolymph of the silkworm, Bombyx mori. Insect Biochem., 16, 547-55. 
23 Kurihara Y, Shimazu T, Wago H (1992)a Classification of hemocytes in the common 

cutworm, Spodoptera litura (Lepidoptera, Noctuidae) I. Phase microscopic study. Appl. 

 Entomol. Zool., 27, 225-35.  

24 Kurihara Y, Shimazu T, Wago H (1992)b Classification of hemocytes in the common 

cutworm, Spodoptera litura (Lepidoptera, Noctuidae). II. Possible roles of granular 

plasmatocytes and oenocytoids in the cellular defense reactions. Appl. Entomol. Zool., 

27, 237-242. 

25 Lackie AM (1973) Haemocyte behaviour. Adv. Insect Physiol., 21, 85-177. 

26 Lai-Fook J (1973) The structure of the haemocytes of Calpodes ethlius (Lepidoptera). J. 

Morphol., 139, 79-104. 

27 Lavine MD, Strand MR (2001) Surface characteristics of foreign targets that elicit an 

encapsulation response by the moth Pseudoplusia includens. J. Insect Physiol., 47, 965-

74. 



28 Leonard CM, Söderhäll K, Ratcliffe NA (1985) Studies of prophenoloxidase and 

protease of Blaberus craniifer haemocytes. Insect Biochem., 15, 803-10. 

29 Lima Filho M (1989) Quantificação de Apanteles flavipes (Cameron, 1891) em cana-de-

açúcar para o controle de Diatraea spp. Piracicaba. 107p. Dissertação (Mestrado em 

Entomologia) Escola superior de agronomia Luiz de Queiroz, Universidade de São 

Paulo. 

30 Mendes AC (1980) Métodos de criação de parasitos da broca da cana-de-açúcar 

Diatraea saccharalis (Fabricius, 1794). In: Congresso Brasileiro de Entomologia, v. 6, 

Anais, Campinas: UNICAMP, p.103-32. 

31 Pino RM., Pino LC., Bankston PW (1981) The relationships between the Golgi 

apparatus, GERL, and lysosomes of the fetal rat liver Kupffer cells examined by 

ultrastructural phosphatase cytochemistry. J. Histochem. Cytochem., 29, 1061-4. 

32 Rahmet-Alla M, Rowley AF (1989) Studies on the cellular defense reactions of the 

madeir cockroach, Leucophaea maderae: in vivo phagocytosis of different strains of 

Bacillus cereus and either effect on hemocyte viability. J. Invertebr. Pathol., 54, 200-

207. 

33 Raina AK (1976) Ultrastructuture of the larval hemocytes of the pink bollworm, 

Pectinophora gossypiella (Lepidoptera: Gelechiidae). Int. J. Insect Morphol. Embryol., 

5, 187-95. 

34 Ratcliffe NA, Rowley AF (1987) Insect responses to parasites and other pathogens. In: 

jouslby, EJL (ed.). ‘Immune responses in parasitic infections: immunology, 

immunopathology and immunoprophylaxis, protozoa, arthropods and invertebrate’. 

Florida: CRC Press, pp. 123-254. 

35 Ribeiro C, Simões N, Brehélin M (1996) Insect immunity: the haemocytes of the 

armyworm Mythima unipuncta (Lepidoptera: Noctuidae) and their role in defense 

reactions. In vivo and in vitro studies. J. Insect Physiol., 42, 815-22. 



36 Richards EH, Edwards JP (1999) Parasitization of Lacanobia oleracea (Lepidoptera: 

Noctuidae) by the ectoparasitic wasp, Eulophus pennicornis. Effects of parasitization, 

venom and starvation on host haemocytes. J. Insect Physiol., 45, 1073-83. 

37 Richards EH, Edwards JP (2000) Parasitization of Lacanobia oleracea (Lepidoptera) by 

the ectoparasitic wasp, Eulophus pennicornis, supresses haemocytes-mediated 

recognition of non-self and phagocytosis. J. Insect Physiol., 46, 1-11. 

38 Riscado GM (1982) Eficiência comparada de Apanteles flavipes no controle biológico 

de Diatraea spp no Rio de Janeiro. Piracicaba: ESALQ/USP. 77p. 

39 Rutledge CE, Wiedenmann RN (1999) Habitat preferences of three congeneric braconid 

parasitoids: implications for host-range testing in biological control. Biol. Control, 16, 

144-54. 

40 Saul SJ, Bin L, Sugumaran M (1987) The majority of prophenoloxidase in the 

hemolymph of Manduca sexta  is present in the plasma and not in the haemocytes. Dev. 

Comp. Immunol., 11, 479-86. 

41 Saxena BP (1992) Comparative study of haemocytes of three lepidopterans by light and scanning electron 

microscopy. Acta Entomol. Bohemoslov., 89, 323-9. 

42 Schmit AR, Ratcliffe NA (1978) The encapsulation of araldite implants and recognition 

of foreignness in Clitummus extradentatus. J. Insect Physiol., 24, 511-21. 

43 Söderhäll K, Smith VJ (1983) Separation of the haemocyte population of Carcinos 

maenae and other marine decapods and prophenoloxidase distribution. Dev. Comp. 

Immunol., 7, 229-39. 

44 Strand MR, Johnson JA (1996) Characterization of monoclonal antibodies to hemocytes 

of Pseudoplusia includens. J. Insect Physiol., 42, 21-31. 

45 Strand MR, Noda T (1991) Alterations in the haemocytes of Pseudoplusia includens 

after parasitism by Microplitis demolitor. J. Insect Physiol., 37, 839-50. 



46 Tanaka, T (1987) Morphological changes in haemocytes of the host, Pseudaletia 

separata, parasitized by Microplitis mediator or Apanteles kariyai. Dev. Comp. 

Immunol., 11, 57-67. 

47 Wago H, Kitano H (1985) Effects of the venom from Apanteles glomeratus on the 

hemocytes and hemolymph of Pieris rapae crucivora. Appl. Entomol. Zool., 20, 103-

10. 

48 Wiedenmann RN, Smith JR, JW (1995) Parasitization of Diatraea saccharalis 

(Lepidoptera: Pyralidae) by Cotesia chilonis and C. flavipes (Hymenoptera: 

Braconidae). Environ. Entomol., 24, 950-61. 
 

                                        Recebido em 15/12/2003 
                                            Aceito em 21/05/2004 

 


