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note: Histology of the Midgut and Peritr ophic Membrane
in Lymantria dispar Caterpillars Fed on Leavesof Quercus
cerrisor Robinia pseudoacacia
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The structureof the columnarcells, goblet cells and peritrophicmembranevas studiedin
the midgut of gypsy moth (Lymantriadispar L.) caterpillarsfed with a suitable(Quercus
cerris L.) or an unsuitable(Robiniapseudoacacid..) host. Columnarcells in the midgut
of caterpillarsfed on R. pseudoacacideaveswereelongatedvith small nuclei, partial loss
of microvilli andvacuolatedcytoplasm. The numberand height of goblet cells and their
nuclei weregreaterin caterpillarsfed on Q. cerris leavesin comparisorwith larvaefed on
R. pseudoacacideaves. Peritrophicmembranewere thin and delicatein the midgut of

caterpillarsfed on R. pseudoacacideaves.

KEY WORDS: Lymantriadispar, midgut; columnarcells; gobletcells; peritrophicmem-
brane;Quercuscerris; Robiniapseudoacaciaeaves.

Thegypsymoth (LymantriadisparL.), with
a host range estimatedat 500 plant species
(10), is the mostimportantdefoliating insectof
hardwood treesin America, Europe and Asia.
Oak speciesare preferredhosts,and the locust
tree (Robinia pseudoacacial..) is avoided by
the gypsy moth (8). A R. pseudoacacideaf
dietleadsto a decreasedurvival rate,prolonged
larval development,and lower weight of larvae
andpupae(11,16). The unfavorableeffect of R.
pseudoacacideaves on gypsy moth caterpillars
could be attributed to the presenceof a high
amountof allelochemicals- a vonoids,alkaloids
and condensedannins(3,9). Gypsy moth ecol-
ogy has beenwell studied, but the effects of
the hostplant on its midgut structureare poorly
understood. The insect midgut is the largest
portionof thedigestvetract,playingamajorrole
in the absorptionof nutrients, alellochemicals
andinsecticideq20). The midgut epitheliumof
the gypsy moth larvae consistsof four morpho-
logically distinguishablecell types: columnay

goblet, regeneratre and endocrinecells. The
epitheliumof the gypsymoth midgutis covered
andprotectedby the peritrophicmembrane.

This work representsa continuationof our
previous investigationsconcerningthe role of
midgutcharacteristicen the processesf trophic
adaptatiorof thegypsymothto novel hostplants.
The aim of our study was to determinedif-
ferencesin the structureof the columnarcells,
goblet cells and peritrophic membranein the
middle midgut of gypsy moth caterpillarsfed
on suitable(Q. cerris leaves) and unsuitable(R.
pseudoacaciteaves)hostplants.

Eggmasse®f L. disparwerecollectedfrom
anoak forest(Karavukovo, nearBacka Palanka)
in Decemberandkeptat 4 C until April, when
they weretransferredto a constanttemperature
of 23 C to hatch. After hatching,gypsy moth
caterpillarswere divided into two experimental
groups: | - caterpillarsfed on Q. cerris (O),
and Il - caterpillarsfed on R. pseudoacacia.
The effects of the suitableand unsuitablehost
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plant on the epitheliumstructureof the midgut
andperitrophicmembranaveremonitoredin the
caterpillarson the third day after moulting into

thefourth larval instar After the caterpillarshad
beensacri ced, the midgutswere dissectedand
x edin Bouin's xati ve for 24 h. The midguts
were thenrinsed, dehydratedand embeddedn

wax. Serial 3.5- m-thick cross-sectionsf the
midgut were stainedwith hematoxylin, eosin,
and PAS-alcian blue (15). Width and height
of cells and nuclei, as well as width of the
peritrophicmembranewere analyzedand mea-
suredin acomputerizedsystem(Q-WIN Lite 2.5
Leica). Histologicalillustrationsweremadefrom

directobserationsandphotograph®f mounted
sections Datawereanalyzedoy ANOVA (18).

The cell types (columnay goblet and re-
generatre cells) were readily visible by light
microscopein the midgut epithelium of gypsy
moth caterpillars andthe microvillar borderand
peritrophicmembranewere also clearly notice-
able(Fig. 1).

Histopathologicakffectsof the R. pseudoa-
cacia leavesin the gypsy moth middle midgut
include vacuolization of the cytoplasm, elon-
gation of the columnarcells, and partial loss
of microvilli (Fig. 1). The midgut columnar
cells of caterpillarsfed R. pseudoacacideaves
were signi cantly higherand narraver, but the
nuclei were smallerthan in caterpillarsfed Q.
cerris leaves, which suggeststhe presenceof
degeneratie processedn this cell group (Table
1, Fig. 1).

Gobletcells in the midgut epitheliumwere
signi cantly larger and their nuclei were larger
in larvaefed on Q. cerris leaves comparedwith
larvae fed on R. pseudoacacideaves (Table 1),
where thesecells were disruptedat the apical
region (Fig. 1). The peritrophic membrane
wassigni cantly thinnerandmoredelicatein the
middle midgutof caterpillarswhich werefed on
R.pseudoacaciteasesin comparisorwith those
fedonQ. cerrisleaves(Tablel, Fig. 1).

Plant avonoids (also presentin R. pseu-
doacacia leaves) are a group of allelochemi-
cals with widely noted prooxidant effects (7).
These effects include protein and lipid dam-
age and DNA strandscissiondue to excessie
productionof reactve oxygen and free radical
species(7). Feeding gypsy moth larvae on
an unfavorable host plant, viz., R. pseudoaca-
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cia, led to anincreasein superoxidedismutase
and glutathione-S-transferasetivities and glu-
tathione content, which con rms the presence
of prooxidatie effects of the R. pseudoacacia
leaves(17). The peritrophicmembranerotects
the midgut epitheliumfrom abrasie food parti-
cles,allelochemicalsaindthetoxic effectsof food
(19). The peritrophicmembranes a “sacri cial-
scavenging' antioxidantin caterpillarsand pro-
tectsthe midgut epitheliumfrom oxidatve dam-
age (2). Bearingin mind that the peritrophic
membraneconsistsof approximately50% pro-
tein, 21%lipids and13%carbohydrate§l 9), we
suggesthat chronic peroxidatve effects of the
R. pseudoacaciazomponentschange(degrade)
the structureof the peritrophicmembraneof the
gypsy moth midgut. R. pseudoacacideaves
have low nutritive content:little proteinsandfree
sugarsfructoseandglucose(M.E. Montgomery
pers. commun.). Our previous investigations
shaved that the rate of consumptiondecreases
in gypsy moth caterpillarswhich were fed on
R. pseudoacacideaves(12). Feedingof insects
on unsuitablehost plantsresultsin changesn
their midgut epithelium: the form and size of
the nuclei change,and cell height is reduced
(21). Histological studiesof the midgut tissue
of Hofmannophilgpseudospatella (Stt.) shaved
that there are differencesin the size and activ-
ity of middle midgut columnarand gobletcells
dependingon food quality (6). The signi cant
differencein size of both columnarand goblet
cells in gypsy moth larvae fed on suitable Q.
cerris leaves comparedwith larvae fed on R.
pseudoacacideaves is associatedwith higher
digestie actiity.

The cellular componentghat Il the apical
region of thecolumnarcellsarethoseinvolvedin
theelaboratiorof the digestive enzymeg20). R.
pseudoacacideaves contain anti-nutritive sub-
stances(such as the phytotoxin ‘robin’) (13)
which may interactwith the peritrophic mem-
braneand apical region of the gut cell's wall,
andcausenon-speci cinterferencawith nutrient
absorption(4).

In addition, R. pseudoacacideaves contain
highlevels of condensediannins(9), which have
a profoundreducingeffect on digestibility and
a negative in uence on the growth of the gypsy
moth (5). Gypsy moth larvae derived from Q.
cerris foresthadsigni cantly decreasedrowth
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Fig. 1. Longitudinalview of the midgutsof the caterpillarsfed on oakandlocusttreeleaves.
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5" Y

GOBLET CELLS

PERITROPHIC MEMBRANE

TABLE 1. The meanvalues( S.E.)andF valuesfrom one-way ANOVA for heightandwidth of
thecolumnarcellsandgobletcellsandtheir nuclei,andfor width of the peritrophicmembranén the
midgutof thegypsymothcaterpillarsfed on oak (O) andlocust(L) treeleaves

Cell traits (O) L) F (df) P

X S.E. X S.E.
Columnar Cells 62.63 0.28 65.8 0.33 55.83(1) < 0.001***
Heightof cell
Width of cell 21.49 0.46 14.54 1.68 259.087(1) < 0.001***
Heightof nucleus 11.51 0.15 10.55 0.26 9.303(1) <0.01**
Width of nucleus 9.47 0.186 8.94 0.18 4.109(1) <0.05*
Goblet Cells
Heightof cell 73.22 0.24 53.03 0.31 2171.6391) < 0.001***
Width of cell 23.73 0.33 23.1 0.22 2.242(1) 0.139
Heightof nucleus 12.83 0.17 11.34 0.42 18.067(1) < 0.001***
Width of nucleus 11.11 0.23 10.06 0.22 7.8665(1) <0.01**
Width of Peritr ophic 4.10 0.6 2.65 0.36 55.83(1) < 0.001***

Membrane

* P<0.05,* P<0.01,** P<0.001.
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andtotal proteas@ndtrypsinactivity in response
to tannicacid in the diet (14). The peritrophic
membraneof insectsis ableto absorba certain
amountof tannicacid(1,3). The harmful effects
of tanninspresentn treeleavesmaybecausedy
theirability to bindtightly to themidgutcell wall
and cell protein, thus decreasingdigestibility
(9). It is possiblethat changesn the structure
of the peritrophicmembraneesultfrom effects
on the midgut epithelium, which secretesthe

peritrophicmembrane. R. pseudoacacideaves
have negative effectson life history processesf
the gypsymoth, partially becaus®f the damage
they generateon the epitheliumand peritrophic
membraneof the midgut, which, we presume,
leadsto digestve andfood absorptiondisorders.
Whichof thecomponentsf theR. pseudoacacia
leaveshasthe mostnegative effect on the gypsy
mothwill bethe subjectof our futureresearch.

ACKNOWLEDGMENT

Thiswork wassupportedy the Ministry of ScienceandEnvironmentalProtectionof Serbia.

REFERENCES

1. BarbehennR.V. (2001)Rolesof peritrophicmembrane protectingherbivorousinsectsromingestedplant
allelochemicalsArch. InsectBiochem.Physiol.47:86-99.

2. BarbehennR.V. and Stannard,J. (2004) Antioxidant defenseof the midgut epitheliumby the peritrophic
ervelopein caterpillarsJ. InsectPhysiol.50:783-790.

3. BarbosaP. andKrischik, V.A. (1987)In uence of alkaloidsonfeedingpreferencef easterrdeciduougorest
treesby thegypsymothLymantriadispar Am.Nat. 130:53-69.

4. BerenbaumM. (1986)Postingestie effectsof phytochemical®n insectsin: Miller, J.R.andMiller, T.A.
[Eds.]Insect— PlantinteractionsSpringer New York, NY.

5. Bourchier R.S. and Nealis, V.G. (1993) Developmentand growth of early- and late-instargypsy moth
(LepidopteraLymantriidae)eedingontannin-supplementediets Environ. Entomol 22:642-646.

6. Gerard,PJ. (2002) The digestve systemof the keratin-feedinglarvae of Hofmannophilapseudosyetella
(LepidopteraOecophoridaeN.Z.J. Zool. 29:15-22.

7. Halliwell, B. andGutteridge,J.M.C.(1985)FreeRadicaldn Biology andMedicine.ClarendorPressOxford,

UK.

8. Janlovit, L. (1958) Forestplantsof the gypsy moth (Lymantriadispar L.) in the openin the courseof a

singlegradationBiol. Inst. N.R.Serbie2:1-15.

9. Kumar R. andSingh,M.(1984) Tannins:their adverserole in nutrition. J. Agric. Chem.34:447-453.

. Lance,J.D.(1983)Host-seekingehaior of the gypsymoth: thein uence of polyphagyandapparentiost

plants.in: Ahmad,S. [Ed.] HerbiorousiInsects:Host-seekind3ehavior andMechanismsAcademicPress,

New York, NY.
11.

Lazareit, J., Pert-MatarugayV., Ilvanoi€, J. and Andelkovi¢, M. (1998)Hostplant effectson the genetic

variationandcorrelationin theindividual performancef the gypsymoth. Funct.Ecol. 12:141-148.

12.

Lazareit, J., Pert-Mataruga,V., Stojkovi¢, B. and Tuci¢, N. (2002) Adaptationof the gypsy mothto an

unsuitablenostplant. Entomol.Exp.Appl. 102:75-86.

13.

Lienar, I.E. (1985)Anti-nutritional factors.in: Matthevs, R.H. [Ed.] Legumes,Chemistry Technologyand

HumanNutrition. MarcelDekker Inc., New York, NY.

14.

Mrdakovi€, M., Vlahovi€, M. andLazareic, J.(2004)Effectsof tannicacidon larval growvth andactiity of

proteolyticenzymesn thegypsymothderived from two populationsAbstiactsCongessof Plant Protection

(Zlatibor, Serbia& Montengro), 1.26.
15.

Panos, A.A. (1980) Demonstratiorof neurosecretorgellsin the insectcentralnenoussystem.n: Panoy,

A.A. [Ed.] NeuroanatomicalechniqueslnsectNeurosystemSpringerVerlag,New York, NY.

16.

Pert, V., lvanwi€, J. andJanlovi¢-Hladni, M. (1994) The effect of hostplanton survival anddevelopment

of the gypsymoth caterpillarsLymantriadispar L. originatingfrom differentpopulations Bull. Acad.Sci.

Serb 35:16-21.
17.

Peri-Matarugay., Blagojevic, D., Spast, M., Ivanari¢, J.andJanlovic-Hladni,M. (1997)Effectof thehost

planton the antioxidatve defencein the midgutof Lymantriadispar L. caterpillarsof differentpopulation

origins.J. InsectPhysiol 43:101-106.
18.
19.
Midgut. Chapmar& Hall, London,UK.

52

Sokal,R.R.andRohlf, F.J.(1981)Biometry FreemanSanFranciscoCA, USA.
Tellam,R.L. (1996) Theperitrophicmatrix.in: LehaneM.J.andBillingsley, PF. [Eds.] Biology of theInsect

V. Peric-Matarugeaetal.



20. Terra,W.R.,Ferreira,C. andBaker, J.E.(1996)Compartmentalizationf digestion.Structureandultrastruc-

tureof theinsectmidgut.in: LehaneM.J. andBillingsley, P.F. [Eds.]Biology of thelnsectMidgut. Chapman
& Hall, London,UK.

21. Triselera, T.A. (1995)Onthein uence of feedingon differentplantson the epitheliumof midgutin Myzodes
persicaeandTrialeurodesvapomriorum. J. Zool. 74:76-82.

Phytopaasitica34:1,2006 53



