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in Mamestra brassicae (Lepidoptera: Noctuidae)

M4gria KAZIMIROVA' and Mirko SLOVAK?

'Institute of Experimental Phytopathology and Entomology, Slovak Academy of Sciences,
SK-900 28 Ivanka pri Dunaji, Slovakia

*Institute of Zoology, Slovak Academy of Sciences, Dibravskd cesta 9, SK-842 06 Bratislava. Slovakia
Noctuidae, Mamestra brassicae, phagocytosis, phenoloxidase, heavy metals, fluorine

Abstract. Phagocytic response to injected iron saccharate and yeast cells (heat-killed Saccharomyces cer-
evisiae or viable Candida tropicalis) and haemolymph phenoloxidase (PO) activity were studied in Ma-
mestra brassicae larvae fed on diets contaminated by copper, lead, cadmium or fluorine ions. In
copper-stressed larvae, increased and reduced percentage of plasmatocytes and granular cells, respec-
tively, and a reduced phagocytosis of iron saccharate were found. Cadmium- and fluorine-treatment re-
duced phagocytosis of S. cerevisiae. Cadmium showed a stimulatory effect, copper an inhibitory effect on
phagocytosis of C. tropicalis. PO activity was reduced by all toxicants, in copper-stressed larvae it
reached only 22% of the activity in the control.

INTRODUCTION

Rapid industrialization causes an increase of the amount of trace elements in the envi-
ronment. Heavy metals accumulated in insects can exert toxic effects at all levels of bio-
logical organization (Hare, 1992). Also fluorine, as a part of industrial immissions, affects
negatively the development and survival of insects (Weismann & Rehdkovd, 1993a).

In general, the toxicity of trace elements is primarily attributed to perturbation of bio-
chemical functions by metal ions, probably due to their alteration of enzyme-ligand inter-
action and changes in the macromolecular structure of cellular components. For example,
in crabs, raised levels of copper and cadmium were found to interfere with respiratory ac-
tivity, osmoregulation and energy metabolism by influencing the activity of enzymes in-
volved in these processes (Hansen et al., 1992a,b). Heavy metal ions also inhibit the
activity of enzymes playing a key role in insect metabolism (Weismann & Rehdkovi,
1993b). In aquatic molluscs, copper ions were found to cause lysozomal membrane desta-
bilization and affect the activity and synthesis of acid phosphatase (Suresh & Mohandas,
1990). In these organisms, an altered immunocompetence has been observed after expo-
sure to copper (Cheng, 1988b) or cadmium (Coles et al., 1995). However, immunotoxic
and immunomodulating effects of heavy metals have been reported mainly in vertebrates
(Benkov4 et al., 1992, 1993; Morozzi et al., 1992; Daum et al., 1993; Rougier et al., 1994).
In insects, cadmium and lead ions were found to cause reduction of total protein, lipid and
glycogen content in ovaries (Jamil & Hussain, 1993) and a delay in development (Akins et
al., 1992). Chronic exposure to toxins may affect genetic variation of populations and lead
to genetic adaptation to heavy metals (Posthuma & Van Straalen, 1993).
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As little information is available about insect immunity under stress imposed by envi-
ronmental pollutants, it was thought worthwhile to investigate some aspects of immune re-
sponse, namely phagocytic response of haemocytes and the activity of haemolymph
phenoloxidase involved in insect defence mechanisms, in cabbage moth, Mamestra brassi-
cae (L.) (Lepidoptera: Noctuidae) larvae exposed via food to sublethal doses of copper,
cadmium, lead or fluorine ions.

MATERIAL AND METHODS

Insects

Eggs of Mamestra brassicae were obtained from a laboratory stock reared at 23+ 1°C, 65+5% RH and
16:8 (L. D) h photoperiod. The first three larval instars were fed on leaves of Brussels sprouts, and subse-
quent instars on a semi-synthetic diet (Podmanickd & Weismann, 1975).

From the 4th instar to the sampling of haemolymph, larvae were fed continually on diets contaminated
with 5% CuCl,:2H,0, 5% Pb(NO,),, 5% CdCl,-2.5H,0, or 5% NaF, which were mixed with the liquid
diet during its preparation.

Following concentrations were applied: 7.6 or 76 pg of Cu, 8.9 pg of Pb, 8 pg of Cd or 7.2 pg of F per
g diet dry matter.

Haemocyte count and phagocytosis assay

Differential haemocyte count (DHC) and phagocytic activity were investigated in 4-day-old 6th instar
larvae. Prior to injection, larvae were anaesthetized by immersion into cold water. Haemolymph was ob-
tained by cutting off the first abdominal proleg.

A. DHC and phagocytosis of iron saccharate: larvae were injected with 5 ul of Ferrum-Lek (Ljubljana,
Yugoslavia) in insect saline (1:9). After 1 h incubation period at 23+ 1°C blood films were prepared, air-
dried, fixed in formaldehyde: methanol (1:9), immersed into K,[Fe(CN,)} : HCI (1:1) and stained with
basic fuchsin : neutral red (for details see Slovdk et al., 1991). Under light microscope, 200 haemocytes
were differentiated from each larva and examined for their phagocytic activity. The percentage of haemo-
cytes which had phagocytized non-self material was recorded as the phagocytic index. The degree of
phagocytosis was evaluated as follows: + cells with few small particles to small aggregates of engulfed
material, ++ cells filled approximatelly to 75% with engulfed material, nucleus visible, +++ cells full of
engulfed material.

B. Phagocytosis of yeast cells: Saccharomyces cerevisiae (Endomycetales: Saccharomycetaceae)
(commercial brand) suspension (1 g/50 ml of insect saline) was boiled for 10 min 2.5 x 10° cells in 10 i
of saline were injected per larva. Blood films were prepared after 5 h incubation at 23£1°C. Air-dried
films were fixed in methanol for 10 min and stained with May-Griinwald solution (diluted 1:1 in phos-
phate buffer, pH 7.2) for 5 min.

Candida tropicalis {Deuteromycetales: Cryptococcaceae) (isolate CCY 29-7-6, State Yeast Collection,
Chemical Institute, Slovak Academy of Sciences) culture was suspended in insect saline. Each larva was
injected with 3.6 x 10° cells in 10 pl saline. After 3 h incubation (at 23 +1°C) blood films were prepared,
air-dried, fixed in methanol for 10 min and stained with 0.1% methylene blue for 3 min. Phagocytosis of
yeast cells was evaluated as follows: phagocytic index was determined as the percentage of haemocytes
that had phagocytosed yeast cells; endocytotic indices were evaluated as the percentages of phagocytizing
haemocytes containing 1 to more than 5 endocytosed yeast cells.

Assay of phenoloxidase (PO) activity

10 ul of haemolymph were obtained from 4-day-old 6th instar larvae. Haemolymph samples from each
individual were diluted 1:19 in chilled phosphate buffer by Sorensen (pH 6.8) and kept at 4°C for 1 h.
The assay was performed in microtiter plates. To each well, 100 pl of haemolymph sample, 100 pl of DL-
DOPA (Sigma) (0.02 M in phosphate buffer, pH 6.8) were added. The mixture was incubated at 30°C for
30 min. The reaction was stopped by 5 pl of 1% thiourea. The absorbance of the resulting dopachrome
was measured at 490 nm using a microreader. PO units were expressed as absorbance units (at the speci-
fied wavelength multiplied by 1,000).
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Data were analysed by one-way ANOVA and the Duncan multiple range test. Percentages were trans-
formed to arcsine \/p.

RESULTS

Differential haemocyte count

Five haemocyte types could be distinguished in M. brassicae larvae (Table 1). The bulk
of the total haemocyte population 1 h post-injection with iron saccharate was made up of
plasmatocytes (PL) and granular cells (GR) comprising 24-34% and 52-61% of the total,
respectively.

Significantly higher percentage of PL was found in copper-stressed larvae. Chronic ex-
posure to copper decreased the percentage of GR (though not significantly at P < 0.01).

TasLE 1. Differential haemocyte count in iron saccharate-injected Mamestra brassicae larvae fed on
heavy metal- and fluorine-contaminated diets.

Haemocyte types (mean percentage + S.E.M.)

n Prohaemocytes  Plasmatocytes  Granular cells  Spherulocytes  Oenocytoids

Control 20 6.76x091 a 24.05+x1.35a  58.70+1.20 ab 8.74+0.84 a 1.754£0.26 ab
Copper 25 3.65+1.24 be 3273141 cd 5242+2.19a 10.17+1.40 a 1.04+0.23 ¢
10 Copper 19 2.94+0.98 bed  34.36+1.80d 51.67x1.75a 10.50x1.05a  0.54+0.12¢
Lead 22 4.64+0.81 ab 26.80+1.02ab  60.29+1.71 be 6.40+0.57 a 1.87+0.23 a
Cadmium 20 3.68+0.85 be 26.32+1.56 ab  59.00+1.22 bc 9.11+0.69 a 1.89+0.27 ab
Fluorine 20 2.54+0.82bcd  25.29+1.57a  61.28+1.78 bc 8.78+0.99a  2.11+x0.28 a

n — number of individuals in a treatment; means in a column followed by the same letter are not signifi-
cantly different at P < 0.01 (ANOVA and Duncan multiple range test after arcsine transformation of
data, actual percentages are presented). 10 Copper — 76 ug Cu/g diet dry matter.

Phagocytosis

GR were the predominant phagocytic cells in M. brassicae, comprising 92% of the to-
tal. The remaining 8% were recognized as PL. The extent of the phagocytic response var-
ied according to the injected foreign material.

A. Phagocytosis of iron saccharate. In most treatment groups except for that exposed to
lead, phagocytic indices were lower than in the control. Copper- and fluorine-stress re-
duced significantly phagocytosis of this non-self material (Fig. 1). Iron saccharate was
readily phagocytized by M. brassicae haemocytes. On average, the proportion of haemo-
cytes engulfing this material to a certain extent, defined as the degree of phagocytosis, was
14:36:50% (i.e., degree + : ++ : +++). This ratio was not significantly affected by toxi-
cant bioaccumulation.

B. Phagocytosis of yeast cells. Phagocytic indices after injection of unviable S. cere-
visiae cells were lower (9-16%) than those obtained after injection of viable C. tropicalis
cells (16-26%) or iron saccharate (35-46%).

Phagocytic response to S. cerevisiae was reduced significantly in cadmium- and
fluorine-stressed larvae (Fig. 1). However, phagocytic response to viable C. tropicalis in-
creased in cadmium-stressed larvae (Fig. 1). Chronic copper-stress did not affect consid-
erably the phagocytosis of yeast cells. Endocytotic indices remained unaffected by
toxicant-stress. On average, the proportions of phagocytizing haemocytes having engulfed
I, 2, 3, 4, 5 and > 5 yeast cells were 57:23:10:4:3:3% (S. cerevisiae) or
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Fig. 1. Phagocytosis of iron saccharate, heat-killed Saccharomyces cerevisiae and viable Candida

tropicalis cells by heavy metal- and fluorine-stressed Mamestra brassicae larvae. Data represent actual
percentages of phagocytizing haemocytes (mean + SEM). Values at the base of each column represent
numbers of individuals per treatment. *P < 0.05, **P < 0.01 indicate the significance of differences as
compared with the control (one-way ANOVA and LSD of data transformed to arcsine \/p); C-control; Cu

(7.6 ug/g diet dry matter), 10Cu (76 pg/g diet dry matter).

34:26:16:9:5:10% (C. tropicalis) and did not differ significantly among the treat-
ment groups.

Phenoloxidase (PO) activity

Significant reduction of PO activity in M. brassicae haemolymph was detected follow-
ing chronic exposure to all toxicants (Fig. 2). Copper (both concentrations) and cadmium
reduced PO activity to 22% and 45% of the activity measured in control larvae. Both lead
and fluorine reduced PO activity to 78%.

DISCUSSION

Immune response depends not only on the characteristics of the non-self object, but also
on the physiological state of the organism. Wounding, injection of different foreign parti-
cles, application of several poisons can cause changes in insect haemocyte populations
(Shapiro, 1979). Reduced haemopoiesis was observed in copper-stressed molluscs, while
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300 cadmium  appeared to
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No alteration was dem-
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Fig. 2. Effect of heavy metal- and fluorine-stress on haemolymph itself could not have led to
phenoloxidase activity (mean + SEM) in Mamestra brassicae larvae.  dramatic DHC changes

*** P <0.001, for others see Fig. 1. within a 1 h incubation pe-
riod. As no nodule forma-
tion occurs after iron saccharate injection, the reduced phagocytic response in
copper-stressed larvae might have been, in part, due to reduction of the number of GR (the
main phagocytic cells in this insect species). Similarly, an inhibition of phagocytosis of
bacteria was observed in copper-stressed bivalves (Cheng, 1988b). Copper has been re-
ported to decrease the number of kidney-leucocytes and reduce the phagocytic response in
fish (Rougier et al., 1994). Heavy metals immission inhibited up to 70% the phagocytic
activity of the alveolar macrophages of mice (Morozzi et al., 1992), reduced phagocytic
ability of peritoneal macrophages of guinea pigs (Benkovd et al., 1992) and that of leuco-
cytes of sheep (Benkova et al., 1993). However, copper-stressed cabbage moth larvae dis-
played only a slightly reduced phagocytic response to C. tropicalis and their response to S.
cerevisiae did not differ from the control. Cadmium and fluorine appeared to inhibit
phagocytosis of S. cerevisiae, while cadmium stimulated phagocytic response in C. tropi-
calis. Exposure to cadmium increased phagocytosis of bacteria (Cheng, 1988b) and neutral
red (Coles et al., 1995) in aquatic molluscs. However, cadmium was found to inhibit the
RNA, DNA and antibody synthesis in murine B-lymphocytes (Daum et al., 1993). Differ-
ences in the phagocytic response between the two yeast species might be due to the differ-
ent surface characteristics of these objects, to the extent of nodule formation after their
injection and to possible differences in the modulation of cellular immune response by
variuos toxicants.
In this study, copper-stressed larvae appeared to bleed more readily than control larvae
or those treated with other toxins, and their haemolymph PO activity was reduced to 22%
of the control. Until now, inhibition or suppression of PO activity have been observed in
insects parasitized by hymenopterous parasitoids (Stoltz & Cook, 1983) and
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entomopathogenic nematodes (Yokoo et al.,, 1992), or after administration of phen-
ylthiourea (Brewer & Vinson, 1971).

In conclusion, this study has shown that cellular immune response and PO activity in in-
sects may be influenced by heavy metals or fluorine. However, studying the effects of
various environmental contaminants on insect immunity is a complex problem. Other fac-
ets remain unknown, e.g., the mechanism by which melanin biosynthesis is inhibited by
toxins. Also more knowledge is required of histopathological changes in blood cells and
the modulation of different aspects of immune function in insects under heavy metal-
stress. The question whether insects and their immune system could adapt to sublethal
doses of toxins requires investigation.

ACKNOWLEDGEMENTS. We wish to thank J. Sandula (Chemical Institute, Slovak Academy of Sciences
for providing Candida tropicalis culture. This work was supported, in part, by Slovak Grant Agency for
Science (Grant No. 2100994).

REFERENCES

Akins J.M., ScHROEDER J.A., BROwWER D.L. & ArosHian H.V. 1992: Evaluation of Drosophila melanogaster
as an alternative animal for studying neurotoxicity of heavy metals. Biometals 5: 111-120.

BENKOVA M., BoroSKOVA Z., SoLTvs J. & Krupicer I. 1992: Variations in the number of T and B cells and
in the macrophage activity of guinea pigs with experimental ascariosis after subchronic intoxication
with industrial immission. Helminthologia (Bratislava) 29: 211-215.

BenkovA M., SoLtys J. & Boroskova Z. 1993: Modulation of the blood leucocytes and sheep comple-
ment activity by heavy metal immission in experimental fasciolosis. Helminthologia (Bratislava) 30:
29-34.

Brewer F.D. & Vinson S.B. 1971: Chemicals affecting the encapsulation of foreign material in an insect.
J. Invert. Pathol. 18: 287-289.

Cueng T.C. 1988a: In vivo effects of heavy metals on cellular defense mechanisms of Crassostrea vir-
ginica: Total and differential cell count. J. Invert. Pathol. 51: 207-214.

CHeng T.C. 1988b: In vivo effects of heavy metals on cellular defense mechanisms of Crassostrea vir-
ginica: phagocytic and endocytotic indices. J. Invert. Pathol. 51: 215-220.

CoLes J.A., FarRLEY S.R. & PipER.K. 1995: Alteration of the immune response of the common marine mus-
sel Mytilus edulis resulting from exposure to cadmium. Dis. Aquat. Org. 22: 59-65.

Daum J.R., SuepHERD D.M. & NoEeLLe R.J. 1993: Immunotoxicology of cadmium and mercury on B-
lymphocytes: I. Effects on lymphocyte function. Int. J. Immunopharmacol. 15: 383-394.

Hansen J.I., MusTara T. & DepLEDGE M. 1992a: Mechanisms of copper toxicity in the shore crab, Carcinus
maenas [. Effects on Na,K-ATPase activity, haemolymph electrolyte concentrations and tissue water
contents. Marine Biol. 114: 253-257.

HanseNn J.I, Mustara T. & DEpLEDGE M. 1992b: Mechanisms of copper toxicity in the shore crab, Carcinus
maenas II. Effects on key metabolic enzymes, metabolites and energy potential. Marine Biol. 114:
259-264.

HaRre L. 1992: Aquatic insects and trace metals: bioavailability, bioaccumulation, and toxicity. Crit. Rev.
Toxicol. 22: 327-369.

JamiL K. & Hussain S. 1993: Biochemical variations in ovaries of water hyacinth weevils Neochetina
eichhorniae (Warner) exposed to heavy metals. Ind. J. Exp. Biol. 31: 36-40.

Morozzi S., MasTRANDREA V., TRoTTA F., ToNTI A., ScARDAZZA F. & MANENTIR. 1992: Chemical composi-
tion and biological properties of air particulate matter. Ig. Mod. 98: 383-390 (in Italian, English abstr.).

PopmanickA D. & WeismanN L. 1975: Einfluss von Riboflavin auf die Fruchtbarkeit der Imagines von
Scotia segetum Den. et Schiff. (Lepidoptera). Bioldgia (Bratislava) 30: 361-368.

PosTHUMaA L. & VAN STRAALEN N.M. 1993: Heavy-metal adaptation in terrestrial invertebrates: A review of
occurrence, genetics, physiology and ecological consequences. Comp. Biochem. Physiol. (C) 106:
11-38.

472



Rougier F., Troutaup D., NpoYE A. & DescHaux P. 1994: Non-specific immune response of zebrafish,
Brachydanio rerio (Hamilton-Buchanan) following copper and zinc exposure. Fish Shellfish Immunol.
4: 115-127.

Suapiro M. 1979: Changes in hemocyte populations. In Gupta A.P. (ed.): Insect Hemocytes. Develop-
ment, Forms, Functions, and Techniques. Cambridge Univ. Press, New York, pp. 475-523.

Stovik M., Kazimirova M. & BazLikova M. 1991: Haemocytes of Mamestra brassicae (L.) (Lepidop-
tera, Noctuidae) and their phagocytic activity. Acta Entomol. Bohemoslov. 88: 161-172.

SuresH K. & MoHanDas A. 1990: Haemolymph acid phosphatase activity pattern in copper-stressed bi-
valves. J. Invert. Pathol. 55: 215-220.

StoLtz D.B. & Cook D.I. 1983: Inhibition of host phenoloxidase by parasitoid Hymenoptera. Experientia
39: 1022-1024.

WEeIsMANN L. & RenAkova M. 1993a: Toxic influence of copper to insects. In Blahutiak A. (ed.): Works
Inst. Exp. Phytopathol. Entomol. 4. Vesna, Bratislava, pp. 217-224.

WeisMaNN L. & REHAKOVA M. 1993b: Toxic effect of selected industrial immissions and heavy metals on
postembryonic developmental stages of insects. Entomol. Probl. (Bratislava) 24(1): 13-29.

Yokoo S., Tojo S. & IsHiBasHI N. 1992: Suppression of the prophenoloxidase cascade in the larval haemo-
lymph of the turnip moth, Agrotis segetum by an entomopathogenic nematode, Steinernema carpocap-
sae and its symbiotic bacterium. J. Insect Physiol. 38: 915-924.

473



