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ABSTRACT

The initial effects of the infection by AgMNPV lire ttotal and differential counts of the hemocytednticarsia
gemmatalis(Lepidoptera: Noctuidadparvae were studied. The total number of the hetescdid not decrease in
infected larvae, as it occurred in non infectedvi. In infected larvae, the hemocyte types shdledollowing
frequencies: plasmatocytes - 47.8%, esferulocyB®s9%, granulocytes - 15.8%, oenocytoids - 7.28sh@mocytes
- 2.8%, vermicytes - 0,5%. Only the percentagéefgranulocytes was different among infected andintected
larvae, indicating that these cells responded dyit& the initial viral infection. These resultscsted the effective
role of the hemocytes in the response of the Angaaiis to the infection by AQMNPV. The compretmnsif the
immunological mechanisms of this insect is an irtgrdrtool to understand its biological control.
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INTRODUCTION responses, as phagocytosis, nodulation and
encapsulation (Lavine and Strand, 2002).
Insects use the immunity system to counteracthe velvetbean caterpillaAnticarsia gemmatalis
infections by a diverse array of pathogendilbner, is the major destructive lepidopteran pest
(Janeway and Medzhitov, 2002; Ratcliffe andof soybean due to the frequent foliar damages that
Whitten, 2004; Nappi and Christensen, 2005). Thig causes to the crop (Moscardi, 1993; Hoffmann-
system presents humoral and cellular defense€ampo et al 2003). A program was established in
The humoral defenses include direct and indiredBrazil since early 1980’s to use &n gemmatalis
pathogen recognition; extracellular andmulticapsid nucleopolyhedrovirus (AgMNPV) as a
intracellular signal transduction citotoxic effectmicrobial insecticide to control the insect instead
responses. The cellular defense is promotedf chemical insecticides. This virus is highly
through the interaction of different hemocytesspecific and able to escape efficiently from the
(Beutler, 2004; Gupta et.aR005). The hemocytes defense mechanisms of the host larvae, consisting
are cells that circulate in the hemolymph,0of an excellent agent of biological control
providing quick and efficient response agains{Moscardi, 1999).
pathogens that invade the hemocoel. The celluldrhe success of the immune response depends on
defense refers to hemocyte-mediated immunthe role of the hemocytes in this process (Russo et
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al,, 2001). In the hemolymph oA. gemmatalis quantifications were carried out in 15 larvae per
larvae, Andrade et a{2003) identified six types of day of larval development o 11" day).
hemocytes: plasmatocytes (PL), granulocyteShe THC was performed in not diluted
(GR), prohemocytes (PR), spherulocytes (SPhemolymph analyzed in a Neubauer modified
oenocytoids (OE) and vermicytes (VE). Althoughchamber.
the biology of this pest has received a lot ofror the DHC, the hemolymph was diluted in ASI.
attention, little is known about the immune systenWe counted an allotment of 200 cells for each
of A. gemmatalisgspecially in infected insects. larva in phase-contrast microscope.
The alterations in the number of the hemocytes iRor statistical analysis, it was used the Kruskal-
response to the entomopathogens in hemolympWallis test complemented by Dunn (p<0,05) and
and consequently the role of these cells in defenske Mann-Whitney test, according to Zar (1999).
mechanisms are so far not characterized. This
work aims to study the role of the hemocytes in
antiviral immunity through the quantitative RESULTS AND DISCUSSION
alterations in these cells if. gemmatalidarvae
infected by the AQMNPV. In general, the total number of hemocytesAn
gemmatalignfected larvae (Table 1) did not show
significant alterations during the days of
MATERIALS AND METHODS development. However, in non-infected larvae the
THC showed a significant decreasing in the
The A. gemmatalidarvae, provided by Embrapa number of hemocytes during the larval
Soja, Londrina-PR, Brazil, were kept underdevelopment (Andrade et .al2003). Thus, it
laboratory-controlled conditions, according tosuggests that presence of virus in the insect
Hoffmann-Campo et al1985). The insects were hemolymph after two hours of the infection,
taken to the Laboratory of Histology/Universidadecaused alterations in the total hemocyte number,
Estadual de Londrina, and kept in roomkeeping high levels during the studied period.
temperature during the experiment. According Rosenberger and Jones (1960), the
Larvae of 4 instar (7" to 11"day of development) presence of pathogens in the hemocoel of the
were divided into two groups: a group consistingnsects can activate their defense system, causing
of infected larvae and a control group of non-alterations in the total number of hemocytes.
infected larvae. Both groups were kept on plaitHowever, there is no consensus in associating the
artificial diet (Hoffmann-Campo et .al1985) and defense response to the decrease or the increase in
to the infected larvae, were use modified diet, ithe total number of these cells. Some authors, as
which were incorporated 4,860 AgMNPV Ratcliffe et al (1985), Morton et al(1987) and
occlusion bodies/ml of diet. On each day, theRivers et al (2002), reported that the presence of
larvae of the experimental group were infecteghathogens would cause a decrease in the number
through contact with this modified diet for 2 hoursof circulating hemocytes so as to make the
before the extraction of the hemolymph. Thdnfection successful. This decrease is relatetido t
larvae were anesthetized and immobilized by lowmodule formation and encapsulation around the
temperature (0°C, 5 min) and cleaned in 70%nvaders, as well as the degranulation of some cell
alcohol. The hemolymph was collected throughypes. In contrast to that, Richards and Edwards
delicate puncture with a hematological needle i11999) and Russo et.al2001) reported that the
the abdominal region of the insect. The drops gbresence of pathogens in the hemocoel stimulated
hemolymph were collected with Pasteur pipetteshe hemopoiesis, increasing the number of the
previously rinsed in Anticoagulant Solution forcells in the hemolymph. Thus, the values in the
Insect (ASI) (Leonard et al1985), and kept for total number of hemocytes i\. gemmatalis
the Total Hemocytes Count (THC) to determindnfected larvae can be the indicatives of activatio
the total number of circulating hemocytes pér of the defense mechanisms of the insect against
and the Differential Hemocytes Count (DHC) tothe AgMNPV, promoting faster response to the
determine the percentage of each cell type. Thes@al infection.
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Figure 1 - Differential Hemocyte Count (DHC) &. gemmatalidiemolymph, in infected larvae
with AQMNPV and non-infected larvae. Values représtne means of the counted
cells per development day"(#o 11") + standard deviation. PL: plasmatocytes; SP:
spherulocytes; GR: granulocytes; OE: oenocytoid®}: Fprohemocytes; VE:
vermicytes.

Table 1 - Total Hemocyte Count (THC) &nticarsia gemmatalifemolymph, in infected larvae and non-infected
larvae with AQMNPV.

Total Hemocytes Count (cellgdl of hemolymph)*
Development days

Infected larvae*® Non-infected larve?
7 16226.7+ 4054.8 a A 18773.85502.3 a A
8 18243.3 3757.4a A 20480.66150.4 a A
9 15910.0+ 4523.0 a A 13363.8 25209 b A
10 15096.7+ 3288.7 a A 7630.65125.5¢c B
11 13353.3+t 4370.1 a A 9923.32 3278.0 bc B

T'Means * standard deviation.

2Means followed by different minuscule letters ie ttolumns indicate significant variation in the menof cells between the
development days, determined by Kruskal Wallis (gs0.05).

®Means followed by different capital letters in {ires indicate significant variation in the numioécells between the NIL
and IL, determined by Mann Whitney test (p<0.05).

The values obtained for the DHC (Fig. 1) allowedn immunological defense mechanisms on insects.
the quantification of the six cellular types &/ According to Gupta (1979), the PL activation and
gemmatalis infected larvae, with the relative mobilization in nodules and capsules lead to a
frequency of these cells determined aseduction in their percentage in relation to the
PL>SP>GR>0OE>PR>VE. other circulating cells. However, i. gemmatalis,
Both PL and GR are the main hemocytes involvethe infection with AGMNPV did not affect the
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number of PL and its value was high (47.9%) andlterations of OE in response to pathogens in the
constant during the period of larval developmenthemocoel ofA. obliqualarvae and are discordant
similar to the observed in control group. to Bauer et al(1998), who reported the increase of
In the infected larvae, the GR represented onlthis cellular type in larvae ofP. brassicae
15.7% of the circulating cells, while in the non-parasited byCotesia glomerata However, this
infected larvae the frequency of this cell was 23%pecies is a parasitoid and we worked with a virus
(Andrade et aJ 2003). The difference of these that might have led to the different results. It is
values suggests that the initial viral infection isknown that the OE cells are involved in the
responsible for the alterations in the populatibn oproduction of prophenoloxidase (Lavine and
the GR. According Giiski and Kostro (2001), Strand, 2002), an enzyme that actively participates
some viruses of a low virulence infecting thein the mechanisms of defense in insects (Crossley,
insects are killed by hemocytes whereas heavi979). However, in the period of infection used,
infections or virulent strains can replicate anill ki we could not detect alteration in the frequency of
specific types of hemocytes involved in antiviralthe OE in infected\. gemmatalidarvae compared
defensive reactions. This would be justified to théo non-infected larvae, suggesting that these cells
lower frequency of the GR in infected larvae. Oumre not directly involved in the processes of
data is discordant to the one presented by Shapimmmunological defense against the AgMNPV or
(2979) in ample literature review, in which wasthat its participation occurs in the posterior stag
related the increase in GR percentile in respamse bf immunological responses.

viral diseases. However, this fact was not shown imhe VE has been confirmed as a rare type of
A. gemmatalisinfected larvae. The difference hemocyte. Our results were similar to the ones
between our data and the ones presented bgported by Bombonato and Gregério (1995) and
Shapiro (1979) are probably due to the long timé&alleiros et al (2003), who found values lower
of post-infection considered by this author. than 5% for VE in the hemolymph oD.

For the SP, our results were similar to the 20%accharalis larvae, and to ones observed by
presented by Bombonato and Gregorio (1995Kurihara et al (1992) inS. litura larvae, where
Falleiros et al(2003), and Kurihara et.a(1992) these cells represented less than 1% of the
in other insects. Different functions are attriltlite hemocytes. The average percentages of VE
to the SP, as: tecidual remodeling, substanagbserved in infected larvae were similar in non-
transport and synthesis (Ratcliffe etE85), what infected larvae suggesting that these cells do not
could justify the absence of differences betweehave an important role in the defense mechanisms
non-infected and infected. gemmatalisarvae. of A. gemmatali¢arvae against the AQMNPV.

The PR showed a low rate of occurrenceAin In this study, we can conclude through DCH
gemmatalis in agreement with Chiang et.al analysis, that the GR are involved in a fast defens
(1988), Bombonato and Gregério (1995), Falleirosesponse to the presence of the virus in the
et al (2003), and in disagreement with Silva et alhemolymph after two hours of infection.

(2002), who reported the frequency of 38% for this'his work can be used as in additional tool to help
cell type in Anastrepha obliquaAs the results in the investigation of the role of the differemtlc
obtained in infected larvae and non-infected larvagypes on the defense mechanisms of the
(Andrade et aJ 2003) were similar, we can gemmatalislarvae. They may also contribute to
suggest that this cellular type is not directlythe improvement of the techniques used in the
involved in the immune responses to thecontrol of this pest, specially the biological awmht
AgMNPV. that occurs when the virus successfully deceives
In general, the low values presented by OE ithe defense system of the host.

infected and non-infected larvae were similar to

the low frequency of these cells described in other

insects, asGalleria mellonella (Shapiro, 1979), RESUMO

Spodoptera litura (Kurihara et gl 1992), D.

saccharalis(Barduco et al1988; Bombonato and Os efeitos iniciais da infeccdo por AQMNPV nas
Gregorio, 1995; Falleiros et.aP003),Lacanobia contagens total e diferencial dos hemadcitos em
oleracea (Richards and Edwards, 1999). OurAnticarsia gemmatalis(Lepidoptera: Noctuidae)
results are similar to those observed by Silvd.et &foram estudados. O nimero total de hemdcitos ndo
(2002), who reported the absence of quantitativéiminuiu nas larvas infectadas, como ocorreu nas
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larvas nao infectadas. Nas larvas infectadas, @¥ossley, A. C. (1979), Biochemical and ultrastuaitu
tipos de hemdcitos apresentaram as seguintegspects of synthesis storage, and secretion in
frequiéncias: plasmatocitos - 47,8%, esferuldcitos - hemocytes, In: Gupta, A. Plnsect Hemocytes
25,9%, granuldcitos - 15,8%, oenocitdides - 7,20, Cambridge University Press, England, pp. 424-473.
prohemécitos - 2,8%, vermiformes - 0'50/0.|’:alle|ros, A. M. F, Bombonato M. T. S. and Greggrio

A ¢ d l6cit foi E. A. (2003), Ultrastructural and quantitative $ésd

penas a porcentagém 0e gran~u OCltos 101 ¢ hemocytes in the sugarcane bor&ijatraea
phfgrente entre larvas mfectagas e nao infectadasg,ccharalis (Lepidoptera: Pyralidae)Braz. Arch.
indicando que estas células responderampio|. Technol46, 287-294.

rapidamente a infeccdo viral inicial. EstesGlinski, Z. and Kostro, K. (2001), Key stones in insect
resultados mostraram o papel efetivo que dosimmunity.Cent. Eur. J. ImmunoR6, 46-50.
hemdcitos na resposta Aegemmatalis infeccdo Gupta, A. P. (1979), Hemocyte types: their struggur
por AQMNPV. A compreensdo dos mecanismos Synonymies, interrelationships, and taxonomyc
imunolégicos deste inseto é uma ferramenta Significance, In: Gupta, A. Plnsect Hemocytes:

importante ara compreender seu control Cambridge University Press, England, pp.85-127.
bioﬁégico P P %upta, S., Wang, Y., and Jiang, H. (2005), Putiiica

and characterization of Manduca  sexta
prophenoloxidase-activating proteinase-1, an enzyme
involved in insect immune responsé&gotein Expr.
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