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Change in Hemocyte Populations of the Beet Armyworm, Spodoptera exigua,

in Response to Bacterial Infection and Eicosanoid Mediation

Jiyeong Park and Yonggyun Kim*
Department of Bioresource Sciences, Andong National University, Andong 760-749, Korea

ABSTRACT: Eicosanoid mediates various cellular immune responses in insects. This study aimed to discover its novel action on the
modulation of hemocyte populations in response to an immune challenge. Upon bacterial challenge, the last instar larvae of the beet
armyworm, Spodoptera exigua, increased their total hemocyte density in 2 h, and then decreased it to a basal hemocyte density level. This
rapid increase in total hemocyte density was explained by an increase of plasmatocyte and spherulocyte densities. When larvae were
treated with dexamethasone (a specific phospholipase A, (PLA;) inhibitor), they did not show any increase in hemocyte density in
response to bacterial challenge. However, the addition of arachidonic acid (a catalytic product of PLA)) to larvae treated with
dexamethasone recovered the up-regulation of hemocyte density in response to bacterial infection. Among eicosanoid, cyclooxygenase
(COX), but not lipoxygenase (LOX), products seemed to mediate the increase of hemocyte density in response to bacterial infection
because naproxene (a COX inhibitor) inhibited the hemocyte density increase, though esculetin (a LOX inhibitor) did not. Prostaglandin
E», a COX product, significantly increased the hemocyte density even without bacterial infection. These results suggest that eicosaniod
mediates a rapid increase in total hemocyte density in response to immune challenge.
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Fig. 1. Change of hemocyte populations during last instar larvae
of Spodoptera exigua. 'L5D1-L5D5' represents the daily age of
fifth instar larvae. (A) Total hemocyte counts (THCs) (B) Differential
hemocyte counts (DHCs). Granulocyte (GR), spherulocyte (SP),
plasmatocyte (PL), oenocytoid (OE) and prohemocyte (PH) were
morphologically classified by characters of Gardiner and Strand
(2000). Each age was analyzed three times. Different letters above
standard deviation bars indicate significant differences among
means at Type | error = 0.05 (LSD test).
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Fig. 2. Effect of bacterial challenge on hemocyte populations
durlng last instar larvae of Spodoptera exigua. Escherichia coli
(10* cells) was injected into the hemocoel of each larva (3 uL). (A)
Total hemocyte counts (THCs) (B) Differential hemocyte counts
(DHCs). Granulocyte (GR), spherulocyte (SP), plasmatocyte (PL),
oenocytoid (OE) and prohemocyte (PH) were morphologically
classified by characters of Gardiner and Strand (2000). Each
treatment was analyzed three times. Different letters above
standard deviation bars indicate significant differences among
means at Type | error = 0.05 (LSD test).
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Fig. 3. Effect of different bacterial concentrations on hemocyte
populations during the last instar larvae of Spodoptera exigua.
Different concentrations of £scherichia coliwere injected into the
hemocoel of each larva (3 uL) and they were then incubated for 2
h at 25C. (A) Total hemocyte counts (THCs) (B) Differential
hemocyte counts (DHCs). Granulocyte (GR), spherulocyte (SP),
plasmatocyte (PL), oenocytoid (OE) and prohemocyte (PH) were
morphologically classified by characters of Gardiner and Strand
(2000). Each treatment was analyzed three times. Different letters
above standard deviation bars indicate significant differences
among means at Type | error = 0.05 (LSD test).



160

140 a

120 -
-
£ 100} )
[=)
- 8ol be
= C
] -
T 60
'_

40

20 -

0 -
control Gram+ Gram- Fungi
Bacteria

Fig. 4. Effect of different microbes on hemocyte populations
during last instar larvae of Spodoptera exigua. Paenibacillus
polymixawas used as a Gram-positive (‘Gram+') bacterial microbe
and Escherichia coliwas used as a Gram-negative (‘Gram-') bacterial
microbe. For fungal microbe, Phytophthora capsiciwas used as a
fungal mlcrobe for the immune challenge. All bacteria used a
dose of 10 cells per larva for injection to hemocoel. Fungal injection
used a dose of 10* spores per larva. Total hemocyte counts (THCs)
were analyzed 2 h post injection. Each treatment was analyzed
three times. Different letters above standard deviation bars
indicate significant differences among means at Type | error =
0.05 (LSD test).
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Fig. 5. Effect of eicosanoid on the increase of hemocyte density in
response to bacterial challenge during the last instar larval stage
of Spodoptera exigua. Escherichia coli (10° cells) was injected to
hemocoel of each larva (3 uL) and they were then incubated for 2 h
at 250C. Hemocyte populations were analyzed for total hemocyte
counts (THCs). Dexamethasone (DEX, 500 nM with DMSO) was
prepared and injected into the larva (3 uL). Arachidonic acid (AA)
was also injected into the larva (500 ng). Each treatment was
analyzed three times. Different letters above standard deviation
bars indicate significant differences among means at Type | error
=0.05 (LSD test).
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three times. Different letters above standard deviation bars
indicate significant differences among means at Type | error =
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exigua. Different concentrations of PGE, were injected into the
hemocoel and they were incubated for 2 h at 25C. Hemocyte
populations were analyzed for total hemocyte counts (THCs).
Each treatment was analyzed three times. Different letters above
standard deviation bars indicate significant differences among
means at Type | error = 0.05 (LSD test).
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