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Derris (Lonchocarpus) urucu (Leguminosae) Extract Modifies the
Peritrophic Matrix Structure of Aedes aegypti (Diptera:Culicidae)
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Aqueous suspension of ethanol extract®efris (Lonchocarpus) uruglieguminosae), collected in the state of
Amazonas, Brazil, were tested for larvicidal activity against the mos8eiles aegypti(Diptera:Culicidae). The
aim of this study was to observe the alterations of peritrophic matfe.imegyptiarvae treated with an aqueous
suspension oD. urucuextract. Different concentrations d@. urucuroot extract were tested against fourth instar
larvae. One hundred percent mortality was observed at 150 pg/my, 6 pg/ml) 24 h following treatment. In
response td. urucufeeding, larvae excreted a large amount of amorphous feces, while control larvae did not
produce feces during the assay period. Ultrastructural studies showed that larvae fed with 150 p@mirwdu
extract for 4 h have an imperfect peritrophic matrix and extensive damage of the midgut epithelium. Data indicate
a protective role for the peritrophic matrix. The structural modification of the peritrophic matrix is intrinsically
associated with larval mortality.
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Despite significant advances in the techniques useaany insects (Greenhalgh 1986). Other important constitu-
for its control during recent decades, the mosquito coants ofDerris root (deguelin and tephrosin) have been
tinues to pose serious public health problems. Mosqushown to be toxic to insects, however they are less active
toes are the principal vector of a variety of serious dishan rotenone (Davidson 1930). This natural pesticide is
eases, including malaria, yellow fever, dengue, and ea+espiratory inhibitor acting between NAD+ and Co-en-
cephalitis. Alone, malaria is estimated to kill between 1.5yme Q interfering in energy production (Greenhalgh 1986,
and 2.7 million people every year (Beier 1998). Beattie et al. 1994). A secondary detrimental effect, the

Insecticides have been used for vector control, mainigduction of cell death by rotenone, has been attributed
organic compounds in origin such as organochloridet a very advanced stage of poisoning (Lindahl & Oberg
organophosphates, carbamates and pyrethroids. Thi61).
method of control has proved to be ineffective and unde- The peritrophic matrix (PM) is an acellular sheet that
sirable because of development of insect resistance dandolves the food separating it from the midgut epithe-
environmental pollution due to continued accumulatiotium (Richards & Richards 1977, Peters 1992, Terra 1996).
of the slowly degradable toxic compounds (Palchick 1996)here are two fundamental types of PM defined by their

Co-evolution has equipped plants with a plethora dfite of synthesis. Type | PM is produced from the midgut
chemical defenses against insect predators. Aware of thjgithelium, often in response to feeding, while type I PM
effect, mankind has used plants or plant extracts to cds-typically constitutively synthesized by a small group
trol insects since ancient times. Plant derived produat$ highly specialized cells in an organ called the cardia,
have received increased attention from scientists and mdoeated in the anterior midgut region. Both types of PM
than 2,000 plant species are already known to have insace composed of proteins, proteoglycans and chitin, which
ticidal properties (Balandrin 1985, Sukamar et al. 1991).together form the robust structure as well as the protec-

Roots of certain tropical plants Leguminosae, esp¢ive and semi-permeable functions of the matrix. The PM
cially species oDerris, have been used as insecticideds present in most insects at least at some stage in their
The biological activity of these roots has been attributdidfecycle. It has important roles in facilitating the diges-
to a modified isoflavonoid known as rotenone (Davidsotive process in the gut, protecting insects from invasion
1930). Rotenone is considered highly toxic to fish andy viruses, bacteria, protozoa and helminthes, and pro-

tecting midgut cells from abrasive food particles
(Shahabuddin et al. 1996, Tellam 1996, Lehane 1997, Terra
2001). A novel role for the PM is suggested. It may pro-
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pore size (Derksen & Granados 1988). The ingested toxdcetate for 40 min, lead citrate for 3 min, and photographed
chemicals may cross passively or disrupt of the PM struasing a Zeiss 900 transmission electron microscope at 80
ture, which negatively affects the insect. kV electron acceleration. Larvae maintained in 1% latex
The current study is part of a broader study undebeads were used as a control.
taken to screen plant extracts in order to isolate new Sequential extraction of PM proteirg-ourth instar
secondary metabolites for larvicidal activity. Here, wd\e. aegyptiarvae were maintained . urucuroot bark
investigate by light and electron microscopy the morphokqueous suspension (150 pg/ml) for 2 h (passage time of
ogy and ultrastruscture modifications of the peritrophitood bolus throughout the gut). Larvae fed with 1% latex
matrix inD. urucutreatedAedes aegyptarvae. suspension were used as a control. One hundred and
fifty PMs from each treatment were homogenized and se-
MATERIALS AND METHODS quentially centrifuged (22000 x g, 5 min, 4°C) using buffer
Plant collection- D. urucuwas collected in the state A: 100 mM Tris-HCI, pH 7.5/NaCl 150 mM/5 mM
of Amazon, Brazil. ethylenediaminetetraacetic acid (EDTA)/0.1 mM
Mosquitoes - Ae. aegyptias originally obtained from phenylmethylsulfonylffluoride (PMSF), and buffer B: 100
Dr Ricardo L de Oliveira, from a colony established at thgym Tris-HCI, pH 7.5/4% Sodium docecyl sulfate (SDS)/
Fundagéo Oswaldo Cruz, Rio de Janeiro, Brazil. The adufisi mM (PMSF). Following the extractions, the superna-
were reared in a room maintained at 27°C in humidifieghnts containing the released proteins were Trichloroace-
cages and provided with 10% sucrose. Larvae were reafgdacid (TCA) precipitated and analyzed by silver stained

on a ground commercial mouse food. Early fourth instafricine-SDS-PAGE (Schagger & von Jagow 1987).
larvae were used in the experiments. The larvae were anes- RESULTS AND DISCUSSION

thetized by placing them iRetri dishes on crushed ice.
Dissections were carried out in cold phosphate-buffered The mosquito larvae secrete a layer of non-cellular
saline (PBS). material which separates the food from the epithelial cells
Extracts preparation The roots of the plants were of the gut. This layer is called peritrophic matrix PM. The
dried at room temperature, ground in a knife mill or in M acts as a protective barrier against various chemical,
homogenizer and extracted for 24 h with methanol at roopiysical and microbial food components (Peters 1992). In
temperature. The solvent was removed by rotatory evapbis study, larval mortality caused by methanol extract of
ration at a temperature below 45°C. The resulting crud® urucuappears to be related to disruption of PM struc-
extracts were transferred to an open vial and the residtiate and rupture of midgut cells.
solvent removed for at least 24 h. Aqueous suspensions of different concentrations of
Bioassay Each root extract (medulla and bark) wer®. urucubark and medulla root extract were tested against
homogeneized using 100 pl of distilled water irfourth instar larvae. Dose-response curves obtained after
microcentrifuge tubes, then diluting in water to the af24 h of treatment were exponential (Fig. 1A), showing that
propriate concentration (13, 25, 50, 100, 150, 200, 250 Hagth extracts were very effective agaifst Aegyptiar-
ml). Thirty larvae were then pipetted into each 20 ml volvae. Root bark extract was more active than root medulla
ume and observed for a maximum of 24 h, when mortaligxtract presenting L) and LDy, values of 17.6 pug/ml;
was recorded. Larvae were considered dead or moribub8.4 pg/ml and 33.32 pg/ml; 83.69 pg/ml, respectively. Mor-
if they stopped moving for a prolonged period even afteality among controls was zero for more than 95% of the
gentle probing with a small spatula, as described in tlassays, and in no instance did it exceed 10%. Time-re-
World Health Organization’s technical report series. Larsponse curves, obtained for 250 pg/ml (100% of mortality
vae maintained in distilled water were used as a contrétr both extracts), were also exponential (Fig. 1B)g§.T
All experiments were run in triplicate. kgand LGowere  for D. urucuroot bark and medulla were approximately 6 h
calculated using probit analysis (Armitage & Berry 1987)and 7 h, respectively.
LTgywas calculated using GraphPad Prism computer pro-
gram (GraphPad Software Incorporated 1995). A B
Light microscopy and transmission electron micros- 4. 100
copy- Histopatological effects of ingestion Bf urucu
root bark (150 pg/ml in water suspension) were studied 2%

fn

on midguts ofAe. aegyptlarvae. After 4 h of treatment, s ¢/
the midguts were fixed in 2.5% glutaraldehyde, 0.1 M so2
dium cacodylate, pH 7.2 for 12 h at room temperaturé. ]
After several washes with the corresponding buffer, they 5 204
were post-fixed in 1% osmium tetroxide plus 0.8% potas-
sium ferrocyanide (1:1) for 1 h at room temperature. Tis- °% 2 100 150 200 250 T 4 e & 10

sue samples were then dehydrated in a graded series of  Extract concentration (ug/ml) Duration of the treatment (h)
acetone. Epon resin was used for embedding, and thick _ _ _
S e o K T oy -t e comamiaions o i
;ectlong were Stamed,WIth O',l% tOI_UIdme blue and exa_ ot bark (oper; ci.rcle) and medulla (closed circle) aqueous suspen-
ined using a conventional light microscope. Also, thigion after 24 h of treatment; B: time course of larvae mortality
sections of 7@)m were cut with diamond knife using anusing 250 ug/ml oD. urucuroot bark (open circle) and medulla

Ultracut S (Reichert) ultramicrotome, stained with uranyfclosed circle) agueous suspension.
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In mosquito larvae, excreted food residues are envel- Electron microscopy of thAe. aegypticontrol PM
oped by PM. Fecal pellets of mosquito larvae are rod-likeveals a regular pattern of 5 electron-translucent and 6
shape when they are fed inert particles (Fig. 2A). Larvadectron-dense layers. These are progressively thicker
fed with extracts oD. urucuexcreted a large amount ofthrough the epithelium side (Fig. 4A, Peters 1992). The
amorphous feces (Fig. 2B). Control larvae, maintained iaM from root bark fed mosquitoes is greatly modified (Fig.
distilled water did not produce feces. Modified fecal pedB), probably due to alteration of the chitin meshwork
lets started to appear 1 h after the beginning of the exparéntaining pores. The enlarged PM pores allow the pas-
ments. InSchistocerca gregariamore than 30% of the sage of ingested food material to midgut epithelium (Harper
potentially toxic dietary tannins are associated with thet al. 1998, Wang & Granados 2000).

PM and discharged with the fecal pellets (Bernays & Cham-
berlain 1980). It has been reported that aegyptiarvae

of DDT resistant strain produce nine times more PM the A
the susceptible strain (Abedi & Brown 1961). Peters (199 m
suggests that this enhanced synthesis of PM, induc

by the uptake of DDT, is a unusual insect mechanism
resistance. Therefore, the elimination of toxic chemica
enveloped by PM appears to a defensive physiologic
response of the insect larvae. E

Light microscopy resolution was not enough to de
tect any effect on the PM structure fr@murucutreated
larvae (Fig. 3A,B). Its appearance was similar to the co
trol PM (Fig. 3B). Plant extract particles were entirely co
tained by the thin PM. However, during dissections, t
PM of treated-larvae was consistently fragile and difficu
to pull out from the midgut.

Fig. 3: transversal sections Akdes aegyptiarval midgut. A: light
micrograph of larva fed during 4 h on 1% latex beads (control; x
630), and B: larva fed during 4 h @erris urucu extract (x 630).
Fig. 2: light micrograph ofAedes aegyptiarvae feces. A: fecal The semi-thin sections were stained with toluidine blue; C: electon
pellets with intact peritrophic matrix, obtained after 4 h feedingnicrograph of larva fed as in B (x 12,000) stained with uranyl
with 1% latex (x 60); B: fecal pellets after 4 h of treatment withacetate/lead citrate. EP: epithelium; FB: food bolus; MV: microvilli;
Derris urucu aqueous suspension (x 60). PM: peritrophic matrix.
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Light microscopy revealed histological alterations ir986). Rotenone action in the fish has been attributed to
the midgut epithelium of treated larvae. Fig. 3B showthe epithelium lysis and blockage of circulation of the
less stained cells detached from neighbor cells or frogills. Rotenone also causes decrease in oxygen consump-
the basal lamina. The midgut of untreated larvae is excliien in mouse liver (Lindahl & Oberg 1961).
sively composed of regular stained columnar cells (Fig. In order to verify whether thB. urucuroot bark ex-
3A). Cell damage was most apparent using electron ntiact treatment could also interfere in the interaction of
croscopy. Some midgut columnar cells extruded their c®M and its associated proteins, two buffers were se-
toplasmic contents into the midgut lumen as shown iquentially employed to extract PM proteins according to
Fig. 3C. In crickets, rotenone feeding leads to rupture &lvin et al. (1996)Ae. aegyptproteins are strongly bound
gastric caecae and Malpighian tubules cells (Greenhalghthe PM. Few proteins were extractable either by buffer
A, or buffer B from control PMs (Fig. 5, lanes 2 and 4).
Strongly bound PM proteins were also observed in
Trichoplusia ni(Lepidoptera) larvae (Wang & Granados
2000) and_ucilia cuprina(Diptera) larvae (Elvin et al.
1996). The majority of the total PM proteins frantuprina
are not solubilized by strong denaturants such as SDS
used in our experiments (Tellam et al. 1999). However, in
vitro extractions using the same buffers stated above re-
leased a significant amount of proteins from PMDof
urucutreated larvae (Fig. 5, lanes 3 and 5). These results
suggest that PM disruption Y. urucu extract weak-
ened the interaction among PM proteins and other PM
constituents, chitin and/or proteoglycans.

The extract oD. urucuhas already been the subject
of phytochemical studies and has been shown to contain
insecticidal isoflavonoid-type compounds known as
rotenoids (Davidson 1930). In addition to these studies, a
bioassay-guided chemical fractionation protocol will be
conducted in order to identify further larvicidal compo-
nents in this extract, mainly those responsible for PM dis-
ruption. These metabolites could be used as part of a
novel strategy for insect control. Disruption of PM struc-
ture could facilitate the transport and enhance the insec-
ticidal activity of different agents such as virus, bacteria,
protozoans, toxic proteins and plant secondary metabo-
lites.

= .

144 -

Fig. 5: SDS-PAGE analysis of proteins extracted fridetdes aegypti
peritrophic matrix (PM). Molecular mass standard (lane 1); pro-
teins extracted from control PMs (lane 2) abdrris urucu fed

Fig. 4: transversal sections Akdes aegyptperitrophic matrix. A: larvae PMs (lane 3) with 100 mM Tris-HCI, pH 7.5/150 mM NaCl/
transmission electron microscopy of larva fed during 4 h on 1% mM EDTA/0.1 mM PMSF; proteins extracted from control PMs
latex beads (control; x 12,000), and B: larva fed during 4 h oflane 4) andD. urucufed larvae PMs (lane 5) with 100 mM Tris-
Derris urucuextract (x 12,000) stained with uranyl acetate/leaddCl, pH 7.5/4% SDS/0.1 mM PMSF; lane 6: 2 mgDofurucu root
citrate. EC: ectoperitrophic space (epithelium side); ENbark extract. Proteins from 150 fifty PMs were loaded on lanes 2-
endoperitrophic space (food bolus side); PM: peritrophic matrix 5.
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