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ABSTRACT
Plant extracts and isolated metabolites have loagrba subject of research due to the increaged
concern for adverse effects of conventional insgles on human health and environment. The
larvicidal activity of the neotropical “matico” Pier tuberculatum on the tobacco budworf,
Heliothis virescens was evaluated by contact bimgssThe secondary compounds were extragted
from mature spikes with fruits and seeds of wilantd and in vitro 12-months-old plants of
tuberculatum.CHCI;:MeOH (2:1) extracts from mature spikes caused 268 83.3% mortality|
when doses of 0.012 mg/uL were applied to H. v@resin 76 and 120 h of exposure, respectivegly,
with LDsy 0.007 mg/pL and L§g 0.033 mg/uL, in 76 h of exposure. The ,CHMeOH (2:1)
extracts from in vitro plants caused 56.6% monjalithen doses of 0.012 mg/uL were also applied
in 76 h of exposure with LgD.011 mg/uL and L§ 0.046 mg/uL. The potential value of extragts
derived from P. tuberculatum as efficient insedisi against H. virescens is discussed.

Keywords: CH,Cl,:MeOH extract, in vitro propagation, insecticidearval susceptibility, lethal
concentration.

INTRODUCTION
The tobacco budworm or tomato budwolgliothis virescengFabricius) omHelicoverpa virescenss a
native species which is distributed throughout éastern and southwestern United States, though it i
also known from California. It also occurs widetythe Caribbean, and sporadically in Central anatSo
America. H. virescensis a major pest of many row crops throughout thetdd States, and larvae
typically cause economic damage to tobacco androspecially, in the mid-South of the United State
although their relative abundance can vary front yeageat’. In PeruH. virescens known as “gusano
silvador”, “bellotero” or “perforador grande deballota del algodonero”, and is a major pest ickpea,
cotton and apple, respectivéty>*®
Since commercialization in 1996]. virescens currently controlled by cotton plants engineeted
expressBacillus thuringiensigBt) CrylAc toxin; however, although this techrgjois highly effective
againstH. virescens supplemental foliar insecticide applications tontrol Helicoverpa zea other
heliothine frequently associated witH. virescens have been used extensively in Bollgard fields
(Bollgard, Monsanto Co.; St. Louis, M®)
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In addition, analysis of midgut proteinases fr@n thuringiensissusceptible and resistahteliothis
virescenscan avoid intoxication by Bt toxins, since sernmeteinases are a critical component of Bt toxin
mode of action, these differences may contributel@oreased toxicity in the Bt-resistant stréinn
Australia, it has been reported that transgenitonoplants expressing therylAc gene fromBacillus
thuringiensisBerliner varietykurstakiare less toxic to first-instdtelicoverpa armigerafter the plant is
producing fruif®.

The method currently used to contkdl virescensand other insect pests, is based mainly on theofuse
organochlorine and organophosphorous insecticitiesyever, chemical control of insect pests of
agricultural crops is plagued with problems such iasecticide resistance and environmental
contaminatioA?. The indiscriminate use of synthetic insecticides not only caused environmental
contaminations but also toxicity to living organigmindicating the need of developing not-hazardous t
the environment, target-specific and biodegradptbducts.

In that sense, biopesticides, biochemical or mialphre an important group of naturally occurrinfien
slow-acting crop protectans that are usually saferhumans and environment than conventional
pesticides, and with minimal residual efféct®iochemical pesticides may include plant-derived
pesticides that can interfere with the growth, fiegdor reproduction of pests or insect pheromones
applied for mating disruption, monitoring or attrand-kill strategie In a study of insecticidal activity
of eight plants collected from Burkina Faso, them@atested at 250 pg/mL concentratiorHmticoverpa
zeaandHeliothis virescengarvae in the antifeedant assays agathsteaandH. virescensthe MeOH
extracts ofCassia nigricansSwartzia madagascariensénd Strophantus hispidusiere more effective
againstH. zeaas indicated by 74% larval weight reduction as gared to the control, probably by the
presence ofemodin, the most abundant and activeaaptinone inC. nigricans®. The essential oils of
Cymbopogon nardugitronelal 49.8%) an®€oriandrum sativun{linalol 76.8%) significantly inhibited
the feeding larvae oHeliothis virescenswith 90 and 63%, respectively, while the volatdds of
Plecthanthus amboinicugarvacrol 58.1%) aniflentha spicatgcarvona 24.5%) were effective against
Spodoptera frugiperdéarvaé®. In this regard, many authors have studied thédigial and antifeedant
activities of essential oils on LepidoptEtalelayed growth and development of laRamnd its deterrent
effect on ovipositio. Likewise, the stem wood of the Caribbean shriityania speciosa
(Flacourtiaceae) contains the alkaloid ryanodihat &cts as a muscle poison; ryania has toxic sowltky
inhibiting effects againsHeliothis virescer§, and has seen limited use by organic apple and pea
growers for control of the codling motBydia pomonelfa

In addition, about 3% aqueous ethanolic spray féatiran derived from the lipophilic extract of
Excoecaria agallochddry leaf) was evaluated agaitrétlicoverpa armigeran Abelmoschus esculentus
(lady’s finger) andCajanus cajar(pigeon pea), in field conditions, and this conration was found to be
promising for the control of the insect g8sSimilarly, the aqueous extract of individual antked form

of Azadirachta indicaseeds kernel and leaves Miflletia ferruginea and Croton macrostachyusas
tested against African bollwornijelicoverpa armigerain chickpea,Cicer arietinum however, even
though Diazinon 60% EC (positive control) was foundbe effective by considering the interaction of
beneficial in the field botanical preparations amach better particularly NSKE (Neem Seed Kernel
Extract) and also suitable to spray under rain deddition to protect the crop by small farming
communitie§”.

On the other hand, microbial pesticides containieranrganism such as a bacterium, virus, fungus,
protozoan or an alga as an active ingredient tarabpests, although, the most widely used microbia
pesticide is the bacteriumacillus thuringiensisor Bt for control of insect pests on various cfops
Interactions among insect-resistant soybean geastygxtracts with populations of the velvetbean
caterpillar, Anticarsia gemmmatalissusceptible and resistant to its nucleopolyhddisvAgMNPV),
used regularly in Brazil as a biological insectiidere studied. The two resistant genotypes, ifiethis

Pl 227687 and Pl 274454, contain higher concentratdf rutin (quercitin rutinoside) compared to
other genotypes, and play an important role in sagbdefense against defoliator insects, such as
Heliothis virescensTrichoplusia niand A. gemmatal'r?; however, the oxidation of phenolics such as
rutin and chlorogenic acid by foliar oxidative enss (e.g., peroxidases and polyphenol oxidases) can
also decrease the infectivity of NPVs agaldszed” andH. virescendarvaé®.
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In another study, diluted plasma from lantéliothis virescensexhibited a virucidal effect against
Helicoverpa zeasingle capsid nucleopolyhedrovirudzSNPV) in vitro, reducing the TCIR mI* by
more than 64-fold (from 4.3+3.6 x 1@o 6.7+0.6 x 18 Likewise, a recombinant baculovirus
expressing ScathL (AcMLF9.ScathL), a cathepsinke-Icysteine protease derived from the flesh fly
Sarcophaga peregrinathat functions in basement membrane (BM) remodeliuring insect
development, kills larvae of the tobacco budwokaliothis virescenssignificantly faster than the wild-
type virus, and was also lethal to adult pea apkidgrthosiphon pisurwith a similar loss of integrity of
the gut and fat body,
Several species diper (Piperaceae) have been reported in the literatuteve insecticidal activity,
For example, the Amazonian speci€iper rotundistipulumis locally used as insecticide and fish
poisof’. Crude extracts, essential oils and seed powderBimer guineenseare effective against
numerous Tropical African insect peétsandP. guineensend P. nigrumare used as insecticide and
molluskicide in several parts of Afritta The Indian specieBiper longumP. betle P. peepuloideandP.
cubebahave demonstrated insecticidal activity againssauitos and fli€d. Recently, the potential value
of extracts and amides derived frdPiper tuberculatumas insecticides againsinticarsia gemmatalis
was determineti, and the dichloromethane and ethanolic extractspikes andn vitro plants ofP.
tuberculatumhave shown insecticidal activity agairidtatraea saccharalis Spodoptera frugiperda
Aedes aegyptAnopheles pseudopunctipenaisdDysdercus peruvianré’ 4’
Chemical studies carried out on Brazilian Piperacggecies have revealed the occurrence of pyrones,
lignoids and chromenes besides various amides rgeasobutyl, pyrrolidine, dihydropyridone and
piperidine moietie€** however, in spite of the large array of secondamgtabolites produced by
Piperaceae species, to date only lignans and antidge demonstrated potential insecticidal and
antifungal activity’**** One of these species R. tuberculatum known as “matico”, “nudillo”,
“cordoncillo” or “palo soldado”, which is widely sfiributed from Brazil to Mexicd.
The objective of this research was to investighteibsecticidal activity of extracts from matureksg,
with fruits and seeds, of wild plants aimdvitro plants ofP. tuberculatumon third instar larval of.
virescens

MATERIALS AND METHODS
Plant material
Spikes with mature seeds Bf tuberculatumJacqg. were collected in december 2009 from Cunnlgf
(Lambayeque, Peru). Botanical identification wadgrened by Dr. Guillermo E. Delgado-Paredes from
Universidad Nacional Pedro Ruiz Gallo (UNPRG) basethxonomic description realized by Yuncker
and botanic specimen vouchers were deposited &NRRG Herbarium (HPR).
I n vitro micropropagated plants
The protocol for micropropagation d?. tuberculatumhas been extensively described in previous
studied’*’".
Insects
Larvae ofH. virescenswvere collected from “lenteja de palo” or “pigeonpéCajanus cajah during its
middle to late reproductive stage, in the casedenie El Pavo, Tucume — Lambayeque, and were reared
in the Laboratorio de Entomologia of the Facultadddronomia (UNPRG), under laboratory conditions.
Larvae were grouped in six instars (instar | to ®d introduced in 500 cc plastic vials coverechwit
tulle. Larvae were reared at 24G and 72.5% RH under a 16:8 (L:D) photoperiod, fetidaily with
pigeon pea and geranium leav@elargonium hortorumuntil reaching the pupal stage. Subsequently,
one day old pupae were sexed (genitalia openinfpéneighth abdominal segment for the female and
ninth abdominal segment for the male), and surfeglized with sodium hypoclorite 0.1% (w/v) fod 3
sec. The adults were kept in glass jars (25x15iemjoportion 6:5 (female:male) and covered witletu
Inside the glass jars folded papers were conditidioeincrease the area of oviposition and placed a
branch of geranium in a small jar with water foipmsition. The adults were provided with hooney bee
solution (10%) and sterilized water soaked in cotswvabs. After mating and oviposition eggs were
removed from the paper and the branch of geraniinpdaced in incubation until hatching. Third insta
larvae ofH. virescenavere fed to repletion with fresh seeds of pigeea.p
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Extraction of the constituents
25 g of spikes of wild plants d?. tuberculatumwere oven dried at 4%, milled and submerged three
times in CHCI,:MeOH (2:1) at room temperature, yielding 9.1% &g} of extract; likewise, 25 g drf
vitro micropropagated plants of 12 months-old yieldifigl% (2.53 g) of extracts with GAl,:MeOH
(2:1). The extracts obtained were evaporated uratierced pressure (46).
Topical test
Bioassays were carried out in the Laboratorio defnlogia of UNPRG. The stock solutions of extracts
(mature spikes anth vitro plants) were prepared by dissolving 1800 mg of ekiract in 1.5 mL of
methanol-water to obtain 1200 mg/mL concentratiolutfon, and 0.3 mL (300 pL) were prepared for
each treatment with application of the followingrfmla: GxV;1 = CxV,. After 24 h, and using an
Eppendorf® 0-10 pL pippette, 10 pL of the soluticontaining an aliquot of each of the treatmentss w
applied directly on the larval mesothoraxtbf virescens The plant extract was tested at doses of 0.0,
0.00025, 0.0005, 0.001, 0.002, 0.004, 0.006, 0.0@8,0 and 0.012 mg/uL for each larva. Thirty lava
were tested per treatment and the experiment waiedaut twice. The control insect received a ¢opi
application with MeO—water alone. Larval mortalityas recorded at 24, 48, 72, 96 and 120 hours post
treatments, under the same conditions of temperatnd humidity described above. The larvae were
considered dead if they displayed no observablporee to a mechanical stimulus, i.e. short-time
pressure applied with a spatula.
A dose-response correlation was obtained usingeaidiregression model to fit the probit data toltige
of the dose of each extract applied.sbRnd LDy, values were determined used the software US. EPA
Probit Program Version 1*5

RESULTS
The response of tobacco budworm to the topicaliegmns of CHCI,:MeOH (2:1) extract from mature
spikes of wild plants and GRBI,:MeOH (2:1) extract fromin vitro plants ofP. tuberculatunmshowed a
positive relationship between dose and mortalitye Tesponses varied with the time of exposure.
The larval mortality at 76.6% was reached aftehAhen using 0.012 mg/uL of GEl,:MeOH (2:1)
extract from mature spikes; and a mortality of 88 ®as reached with 0.012 mg/pL in 120 h (Table 1).
In reference to thim vitro plants, the extract obtained with gF,:MeOH (2:1) generated a 56.6% larval
mortality with 0.012 mg/uL in 72 h (Table 2). Therality of the control group was 0%.
The resultant regression lines for all the extragigeared to be very similar by showing a relajivast
intoxication process on the insects exposde. timberculatumextracts.
In general, the LE) and LDy, values decreased when the time of applicationemaduation increased
(Table 3); likewise, the small variations with respto time of exposure also suggest a rapid tasiion.
Our data confirms that mature spikes anditro plants extracts frorR. tuberculatunpresented potential
insecticide activity; however, in general, topigadipplied CHCl,:MeOH (2:1) extract from mature
spikes induced the highest mortality of Ill instabacco budworm larvae compared with thevitro
plants.
The results also showed an increase of mortaltgsraf 50% (LGg) only after 72 h of application of the
dose of 0.012 mg/uL, although lower doses as 0&0iD 0.008 mg/uL showed that the larvae ceased
feeding and died after 120 h of application.

Table 1: Percentage of mortality by dichloromethananethanol (2:1) extract from spikes of
P. tuberculatum on H. virescens

Treatment Larvae Hours after application/Mortality (%)
(mg/uL/ tested
larvae) (N°)
24 48 72 96 120

0.00 30 0.00 0.00 0.00 0.00 0.00

0.00025 30 0.00 0.00 0.00 0.00 3.33
0.0005 30 3.33 3.33 3.33 3.33 3.33
0.001 30 3.33 6.67 10.0 10.00 10.00
0.002 30 10.00 16.67 26.67 26.67 30.00
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0.004 30 10.00 16.67 30.00 30.00 33.33
0.006 30 13.13 20.00 43.33 46.67 46.67
0.008 30 13.13 30.00 53.33 56.67 56.67
0.010 30 13.13 33.33 63.33 70.00 70.00
0.012 30 16.67 36.67 76.67 80.00 83.33

Table 2: Percentage of mortality by dichloromethanamethanol (2:1) extract fromin vitro plants of
P. tuberculatum on H. virescens

Treatment Larvae Hours after application/Mortality (%)
(mg/uL/ tested
larvae) (N°)
24 48 72 96 120

0.00 30 0.00 0.00 0.00 0.00 0.00

0.00025 30 0.00 0.00 0.00 0.00 0.00
0.0005 30 0.00 0.00 0.00 0.00 0.00
0.001 30 0.00 3.33 3.33 3.33 3.33
0,002 30 0.00 6.67 13.33 13.33 16.67
0.004 30 0.00 6.67 13.33 16.67 16.67
0.006 30 3.33 13.33 26.67 26.67 30.00
0.008 30 6.67 16.67 40.00 43.33 43.33
0.010 30 6.67 20.00 50.00 56.67 56.67
0.012 30 10.00 26.67 56.67 63.33 66.67

Table 3: Components of the probit analysis and LE) and LDy, values for the larvae of tobacco budworm
Heliothis virescens exposed to two extracts (spikes of wild plants arich vitro plants) of Piper tuberculatum

Lethal concentration (mg/pL)
Extract Time after Slope (+SE) LDy 95% LDso 95% FL
treatment (h) FL
LDso Lower- LDgo Lower-upper | Significance X
upper (g.1¢
Spikes 72 1.81 (£0.32 0.007 0.005-0.009 0.033 216-0.085 3.71ns
96 1.95 (+0.33 0.00¢ 0.005-0.00¢ 0.02% 0.01¢-0.05¢ 3.93 n:
12C 1.96 (+0.35 0.00¢ 0.004-0.007 0.02¢ 0.017-0.05¢ 4.34 n:
In vitro plants 72 2.06 (+ 0.46 0.011 0.009-0.0p 0.046 2%.0.194 3.36 ns
96 2.23 (£ 0.46) 0.009 0.008-0.01 0.035 0.021-0.1 3.59 ns
120 2.15 (+ 0.43) 0.009 0.007-0.012 0.036 0.02B8. 4.72 ns

Significance level: ns = not significant (P>0.05)

DISCUSSION
The results have demonstrated that,ClkiIMeOH (2:1) extracts from spikes of wild plants d@ndvitro
plants showed insecticidal activity against tharHtar ofH. virescendested at dose ranging from 0.0 to
0.012 mg/uL.
Previous studies d?. tuberculatumshowed that the results agree with dose reportettia control of
several orders of insect species, for examplehéncontrol of third instar larval ddiatraea saccharalis
(Lepidoptera)®, second and third instar larval and adult stageAetles aegyptiand Anopheles
pseudopunctipenni®iptera), third instar larval oSpodoptera frugiperdé_epidoptera)’ and adults of
Dysdercus peruvianu€oleptera)’; however, disagree with the results reported fraets of leaves and
stems ofP. tuberculatumused in the control ofAedes atropalpdsand Anticarsia gemmatalis.
According to Scotet al***®interplant differences related to the efficacy gfracts may be due to the
large variability observed with the individual pipenide concentrations, especially 4,5-
dihydropiperlonguminine, in leaves. In our studg,8pikes extracts used from wild plants showed that
the amide content is greater than in leaves amistteas well as irin vitro adult plants (12 months-old)
where it is even possible biosynthesis of new sgagnmetabolite’s
According to Bernarat al® and Scotet al®®, the action mechanism and toxicity of the peliiter 4,5-
dihydropiperlonguminine and others related compsujpiberamides), found iRiper species, could be
attributedto the presence of the methylenedioxypheémg (MDP) in their structures.
Copyright © August, 2015; JPAB 5
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The piperamides present dual biological activitlesing neurotoxic, affecting the activity of thentral
nervous system and also as inhibitors of cytochr®de0 enzymes; these characteristics also arelusefu
for plants ofPiper genus as a defense strategy against herbiVores

As previously described for larvae éfnticarsia gemmatalf$ and Spodoptera frugiperd4 almost
immediately following the application of doses ath treatment, larval movement decreased and fgedin
practically ceased almost immediately following thgplication of doses of each treatment; and
furthermore, typical intoxication symptoms, suchdescribed by Marchine et &land Sahayaray and
Shobd®, spasmodic movements, regurgitation and faecalirdition, were observed, thus confirming the
acute toxicity of these extracts for tobacco buadwor

In the other hand, there are several studies atmafuthe biological activity of crude plant extiaas
botanical insecticides against Lepidoptera. Foraimse, crude methanolic extractsBifora radiansand
Humulus lupulusncorporated into diet of obliquebanded leafroliéhoristoneura rosaceandeterred
larval feeding, andH. lupulus and Arctium lappaextracts were deleterious to larvae, exhibitingido
developmental, and antifeedant effétt€rude methanolic extracts of six specie3chilia collected in
Costa Rica exhibited toxic activity against thevés of Asian armyworm$Spodoptera lituraand the
most active species was americana - Likewise, ethanolic seed extractsAinona squamosaere
significantly more active (20-fold) than thoseAfmuricataand both reduced larval growth 8f litura
and the cabbage loopdrichoplusia nf’, while crude extracts dflelia volkensiihave shown to inhibit
larval growth ofT. niand the armywornmPseudaletia unipunctatand were also the most potent feeding
deterrent for third instaP. unipunctataand Plutella xylostell& In another study, aqueous extract of
Melia azedarachNerium indicumandAzadirachta indicashowed higher mortality of larvae of cabbage
butterfly, Pieris brassica€19.6 to 18.5%.

In the case ofHeliothis species, antifeedant activity of selected plantsaets, aqueos extracts of
individual and mixed form ofAzadirachta indica(Neem) seeds kernel, leaves Milletia ferruginea
(Birbira), andCroton macrostachyusvere tested at several concentrations agathststar larvae of.
armigerain the laboratory and under field condition, arldtlhe tested plant extracts showed 100%
protection at 5 and 10% concentration, and amoagvéitious botanical treatments Neem Seed Kernel
Extract (NSKE) and NSKE+BLE (Birbira Leaves Extlautere effective at 2.5% concentration with
minimum chickpeaGicer arietinum pod damag@. In another study, about 3% aqueous ethanolicyspra
formulation derived from the lipophilic extract wfilky mangrove treé&xcoecaria agallochédry leaves)
was evaluated against armigerain Abelmoschus esculent(lady’s finger) andCajanus cajar(pigeon
pea), under field conditions, and on the 9th dathef4th spray the larval count in the plot treateith

3% E. agallochaformulation drastically came down to 0.23 larvafi| compared to 1.63 in the ethanol
control plot and 1.60 in the unsprayed fflot
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