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NOTE: Histology of the Midgut and Peritr ophic Membrane
in LymantriadisparCaterpillars Fedon Leavesof Quercus

cerris or Robiniapseudoacacia

V. Períc-Mataruga,1;� J.Lazarević,1 M. Vlahović,1

M. Mrdaković1 andL. Ilijin 1

The structureof the columnarcells, gobletcells andperitrophicmembranewasstudiedin
the midgut of gypsymoth (Lymantriadispar L.) caterpillarsfed with a suitable(Quercus
cerris L.) or an unsuitable(RobiniapseudoacaciaL.) host. Columnarcells in the midgut
of caterpillarsfed on R. pseudoacacialeaveswereelongatedwith small nuclei, partial loss
of microvilli andvacuolatedcytoplasm. The numberandheight of goblet cells and their
nuclei weregreaterin caterpillarsfed on Q. cerris leavesin comparisonwith larvaefed on
R. pseudoacacialeaves. Peritrophicmembraneswere thin and delicatein the midgut of
caterpillarsfedonR.pseudoacacialeaves.
KEY WORDS:Lymantriadispar; midgut; columnarcells; gobletcells; peritrophicmem-
brane;Quercuscerris; Robiniapseudoacacia;leaves.

Thegypsymoth(LymantriadisparL.), with
a host range estimatedat 500 plant species
(10), is the most importantdefoliating insectof
hardwood trees in America, Europeand Asia.
Oak speciesare preferredhosts,and the locust
tree (Robinia pseudoacaciaL.) is avoided by
the gypsy moth (8). A R. pseudoacacialeaf
diet leadsto a decreasedsurvival rate,prolonged
larval development,and lower weight of larvae
andpupae(11,16). Theunfavorableeffect of R.
pseudoacacialeaveson gypsymoth caterpillars
could be attributed to the presenceof a high
amountof allelochemicals– �a vonoids,alkaloids
andcondensedtannins(3,9). Gypsymoth ecol-
ogy has been well studied, but the effects of
the hostplant on its midgut structurearepoorly
understood. The insect midgut is the largest
portionof thedigestivetract,playingamajorrole
in the absorptionof nutrients, alellochemicals
andinsecticides(20). Themidgut epitheliumof
the gypsymoth larvaeconsistsof four morpho-
logically distinguishablecell types: columnar,

goblet, regenerative and endocrinecells. The
epitheliumof thegypsymothmidgut is covered
andprotectedby theperitrophicmembrane.

This work representsa continuationof our
previous investigationsconcerningthe role of
midgutcharacteristicsin theprocessesof trophic
adaptationof 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)andunsuitable(R.
pseudoacacialeaves)hostplants.

Eggmassesof L. disparwerecollectedfrom
anoakforest(Karavukovo, nearBa�ckaPalanka)
in Decemberandkept at 4� C until April, when
they were transferredto a constanttemperature
of 23� C to hatch. After hatching,gypsy moth
caterpillarswere divided into two experimental
groups: I - caterpillarsfed on Q. cerris (O),
and II - caterpillars fed on R. pseudoacacia.
The effects of the suitableand unsuitablehost

ReceivedMarch9, 2005;acceptedAug. 16,2005;http://www.phytoparasitica.org postingNov. 8, 2005.
1 Institute for Biological ResearchSini�sa Stanković, 11060Belgrade,Serbia& Montenegro. *Corresponding
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plant on the epitheliumstructureof the midgut
andperitrophicmembraneweremonitoredin the
caterpillarson the third day after moulting into
thefourth larval instar. After thecaterpillarshad
beensacri�ced, the midgutsweredissectedand
�x ed in Bouin's �xati ve for 24 h. The midguts
were then rinsed,dehydratedand embeddedin
wax. Serial 3.5-� m-thick cross-sectionsof the
midgut were stainedwith hematoxylin, eosin,
and PAS-alcian blue (15). Width and height
of cells and nuclei, as well as width of the
peritrophicmembrane,wereanalyzedandmea-
suredin acomputerizedsystem(Q-WIN Lite 2.5
Leica).Histologicalillustrationsweremadefrom
directobservationsandphotographsof mounted
sections.Datawereanalyzedby ANOVA (18).

The cell types (columnar, goblet and re-
generative cells) were readily visible by light
microscopein the midgut epithelium of gypsy
mothcaterpillars,andthemicrovillar borderand
peritrophicmembranewere also clearly notice-
able(Fig. 1).

Histopathologicaleffectsof the R. pseudoa-
cacia leaves in the gypsy moth middle midgut
include vacuolization of the cytoplasm, elon-
gation of the columnar cells, and partial loss
of microvilli (Fig. 1). The midgut columnar
cells of caterpillarsfed R. pseudoacacialeaves
were signi�cantly higher and narrower, but the
nuclei were smaller than in caterpillarsfed Q.
cerris leaves, which suggeststhe presenceof
degenerative processesin this cell group(Table
1, Fig. 1).

Goblet cells in the midgut epitheliumwere
signi�cantly larger and their nuclei were larger
in larvaefed on Q. cerris leavescomparedwith
larvaefed on R. pseudoacacialeaves(Table1),
where thesecells were disruptedat the apical
region (Fig. 1). The peritrophic membrane
wassigni�cantly thinnerandmoredelicatein the
middlemidgutof caterpillarswhich werefed on
R.pseudoacacialeavesin comparisonwith those
fedonQ. cerris leaves(Table1, Fig. 1).

Plant �a vonoids (also presentin R. pseu-
doacacia leaves) are a group of allelochemi-
cals with widely noted prooxidanteffects (7).
These effects include protein and lipid dam-
ageand DNA strandscissiondue to excessive
productionof reactive oxygen and free radical
species(7). Feeding gypsy moth larvae on
an unfavorablehost plant, viz., R. pseudoaca-

cia, led to an increasein superoxidedismutase
andglutathione-S-transferaseactivities andglu-
tathionecontent, which con�rms the presence
of prooxidative effects of the R. pseudoacacia
leaves(17). The peritrophicmembraneprotects
the midgut epitheliumfrom abrasive food parti-
cles,allelochemicalsandthetoxic effectsof food
(19). Theperitrophicmembraneis a `sacri�cial-
scavenging' antioxidantin caterpillarsand pro-
tectsthemidgutepitheliumfrom oxidative dam-
age (2). Bearing in mind that the peritrophic
membraneconsistsof approximately50% pro-
tein,21%lipids and13%carbohydrates(19),we
suggestthat chronic peroxidative effects of the
R. pseudoacaciacomponentschange(degrade)
thestructureof theperitrophicmembraneof the
gypsy moth midgut. R. pseudoacacialeaves
havelow nutritivecontent:little proteinsandfree
sugars,fructoseandglucose(M.E. Montgomery,
pers. commun.). Our previous investigations
showed that the rate of consumptiondecreases
in gypsy moth caterpillarswhich were fed on
R. pseudoacacialeaves(12). Feedingof insects
on unsuitablehost plants resultsin changesin
their midgut epithelium: the form and size of
the nuclei change,and cell height is reduced
(21). Histological studiesof the midgut tissue
of Hofmannophilapseudospretella(Stt.) showed
that thereare differencesin the size and activ-
ity of middle midgut columnarandgobletcells
dependingon food quality (6). The signi�cant
differencein size of both columnarand goblet
cells in gypsy moth larvae fed on suitableQ.
cerris leaves comparedwith larvae fed on R.
pseudoacacialeaves is associatedwith higher
digestive activity.

The cellular componentsthat �ll the apical
regionof thecolumnarcellsarethoseinvolvedin
theelaborationof thedigestive enzymes(20). R.
pseudoacacialeaves contain anti-nutritive sub-
stances(such as the phytotoxin `robin') (13)
which may interact with the peritrophic mem-
braneand apical region of the gut cell's wall,
andcausenon-speci�cinterferencewith nutrient
absorption(4).

In addition,R. pseudoacacialeavescontain
high levelsof condensedtannins(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 decreasedgrowth
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Fig. 1. Longitudinalview of themidgutsof thecaterpillarsfedonoakandlocusttreeleaves.

TABLE 1. Themeanvalues(� S.E.)andF valuesfrom one-way ANOVA for heightandwidth of
thecolumnarcellsandgobletcellsandtheirnuclei,andfor width of theperitrophicmembranein the
midgutof thegypsymothcaterpillarsfed onoak(O) andlocust(L) treeleaves

Cell traits (O)
X� S.E.

(L)
X� S.E.

F (df) P

Columnar Cells
Heightof cell

62.63� 0.28 65.8� 0.33 55.83(1) < 0.001***

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 2171.639(1) < 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
Membrane

4.10� 0.6 2.65� 0.36 55.83(1) < 0.001***

* P< 0.05,** P< 0.01,*** P< 0.001.
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andtotalproteaseandtrypsinactivity in response
to tannic acid in the diet (14). The peritrophic
membraneof insectsis able to absorba certain
amountof tannicacid(1,3). Theharmfuleffects
of tanninspresentin treeleavesmaybecausedby
theirability to bindtightly to themidgutcell wall
and cell protein, thus decreasingdigestibility
(9). It is possiblethat changesin the structure
of the peritrophicmembraneresult from effects
on the midgut epithelium, which secretesthe

peritrophicmembrane.R. pseudoacacialeaves
have negative effectson life historyprocessesof
thegypsymoth,partially becauseof thedamage
they generateon the epitheliumandperitrophic
membraneof the midgut, which, we presume,
leadsto digestive andfood absorptiondisorders.
Whichof thecomponentsof theR.pseudoacacia
leaveshasthemostnegative effect on thegypsy
mothwill bethesubjectof our futureresearch.
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unsuitablehostplant.Entomol.Exp.Appl.102:75-86.

13. Lienar, I.E. (1985)Anti-nutritional factors.in: Matthews, R.H. [Ed.] Legumes,Chemistry, Technologyand
HumanNutrition. MarcelDekker Inc.,New York, NY.
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