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Juvenile hormone Il (JH 1), a sesquiterpenoid involved in the regulation of insect development and
reproduction, appears to be ubiquitous in insects and has also been isolated from some species of sedge. The
quantification of JH Ill extracted from the sedge Cyperus iriaby HPLC and by radioimmunoassay (RIA)
has been compared. The RIA, developed originally to determine insect haemolymph titres, was optimized
for the analysis of plant tissues. The antiserum 31867 displayed minimal cross-reactivity with precursors of
JH Il from the insect biosynthetic pathway or with extracts from related plant species. Analysis of
standards and plant extracts by HPLC and RIA confirmed that there was no significant difference between
the ability of these two techniques to quantify JH IlI (paired t-test). Therefore, RIA was subsequently used
to determine the distribution of JH Il in mature plants of C. iria. Substantial concentrations were detected
in the above-ground plant tissues (0.2—-1.ag/g fresh weight), but the majority of JH 11l was found in the
roots (43.5ng/g fresh weight). Copyright © 2000 John Wiley & Sons, Ltd.
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the sedge<yperus iriaL. and C. aromaticus(Ridley)

INTRODUCTION Mattf and Kik. This was the first example, and remains
the only one to date, of the extraction and identification
Insect juvenile hormones (JHs) are sesquiterpenoidsof a JH from a plant. The level of JH Ill was reported to
involved in the regulation of physiological processes be 151ug/g fresh weight, and this is approximately 200
associated with metamorphosis and reproductive maturatimes the maximal JH Il level found in whole body
tion (Wigglesworth, 1985; Gilbert al, 1996). To date,  extracts of the adult (day 4) female cockroach,
six naturally occurring JHs have been identified; they Diploptera punctata(Tobeet al, 1985).
share a common sesquiterpenoid backbone, a methyl One of the objectives of the present work was to
ester on C-1 and an epoxide function between C-10 anddetermine the distribution of JH Il in the sed@eiria. In
C-11. Of these compounds, JH Il (methylRQ1- order to do so, an accurate means for the extraction and
epoxy-3,7,11-trimethyl-,6E-dodecadienoate; Fig. 1) subsequent determination of JH Il had to be established.
appears to be ubiquitous and has been isolated fromPresently, quantification of JH Il is possible using either
many insect orders including Lepidoptera (moths and HPLC or a radioimmunoassay (RIA) technique that was
butterflies), Coleoptera (beetles), Hymenoptera (sawflies,developed to determine JH levels in insect haemolymph
wasps, ants and bees), Orthoptera (grasshoppers, locust§oodman et al, 1990, 1995). GC-MS (chemical
katydids and crickets), Dictyoptera (cockroaches) and ionisation or electron impact) may also be used to
Isoptera (termites) (Schooley, 1977; Tobe and Feyerei-quantify JH IIl, but this method utilizes specialized,
sen, 1983). In most of these orders, JH Il is the only costly equipment and often requires extensive derivatiza-
juvenile hormone present. tion of the epoxide group: furthermore, the sensitivity of

One defensive strategy of plants against insect this method is not necessary for the analysis of plant
herbivory is the production of secondary metabolites tissue (Schooley, 1977). In the present study the RIA
which interfere with insect physiological functions method has been optimized for the detection of JH llI
(Rosenthal and Berenbaum, 1991 and references thereextracted fromC. iria and compared with the HPLC
in). Some plant compounds have been shown to mimic method of analysis of plant tissues.
JH activity or to inhibit their biosynthesis (for a review
see Bede and Tobe, 1999). However, Tooely al.
(1988) isolated JH 11l and its biosynthetic precursor in
insects, namely methyl-E6E)-farnesoate (Fig. 1), from EXPERIMENTAL
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Figure 1. Structures of insect JH Il and its biosynthetic
precursors, farnesol, farnesal and methyl farnesoate.

a greenhousdrom seedsobtainedfrom Y. C. Toong
(PenangMalaysia).Voucherspecimen®f thefollowing
plants are available from the Royal Ontario Museum
Herbarium, Canada(TRT): C. iria, C. eragrostis, C.
polystachyosand Fimbristylis dichotoma For experi-
mentalpurposesplantsweregrownin individual potsin
organic potting mix (Home Gardener)and the soil was
kept continuouslymoist by maintainingthe plantsin 2—
5cm water. Individual plants were analysed after
maturity (flowering) asfreshly harvestednaterial.

Extraction of plant material for HPLC analysis

All  solvents used were of HPLC grade and were
purchasedrom Burdick and Jackson(Muskegon,Ml,
USA). Pre-weighedplant tissueswere groundin acid-
washedsand (Sigma, St. Louis, MO, USA) and liquid
nitrogen, and extractedovernightin pentaneat room
temperatureThe extractwasevaporatedo neardryness
and subjected to column chromatographyover an
hydroxyapatite column (HA; BioRad, Hercules, CA,
USA), to remove chlorophyll and other contaminants.
The anhydroussodium sulphate(BDH, Toronto, ON,
Canada)—HAcolumn preparedin a Pasteumpipettewas
pre-washedwith diethyl etherand iso-octane followed
by additionof the sampleandelutionwith pentane:ether
(70:30). The solvent was evaporatedunder nitrogen
(Canox, Murray Hill, NJ, USA), and the sample
resuspendeth hexanefor HPLC analysis.

Extraction of plant material for radioimmunoassg

In comparativestudieshetweerHPLC andRIA, theplant
sampleswere preparedas for HPLC analysis.In other
experimentsplanttissuesveregroundin liquid nitrogen,
weighedand extractedwith acetonitrile (HPLC grade;
Burdick andJacksonpr pentane.
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Acetonitrile extraction. JH Il was extractedfrom the
plant by a modificationof the purification procedurefor
insect haemolymph (Goodman et al., 1995). Plant
material (0.1-0.4g) was extracted with acetonitrile
(ImL) at 60° C for 3min after which sampleswere
vortexed,centrifuged(450 g for 5 min), the supernatant
removed and the extraction of the pellet repeated.
Volumes(1 mL each)of aqueoussodiumchloride (4%;
Sigma)andpentanavereaddedo the pooledacetonitrile
extractsthe mixture vortexedandcentrifuged(450g for
5 min) in orderto separatehe two phasesThe pentane
phasewasremovedandthe pentaneextractionrepeated.
The pentanephaseswere pooled, evaporatedunder a
stream of nitrogen and resuspendedn toluene (ACS
grade;BDH) for RIA analysis.

Pentane extraction. After tissue maceration, plant
samples(0.1-0.4g) were weighedand extractedover-
night at room temperaturavith pentang2 mL). Follow-
ing incubation,the sampleswere vortexed,centrifuged
(450 g for 5 min) andthe supernatantemoved.Pellets
were washedagainwith pentaneyortexed,centrifuged
andthe supernatantpooled.Samplesveredriedundera
streamof nitrogenand resuspendeth toluenefor RIA
analysis.

Preparation of JHs and their biosynthetic
precursors

Farnesalwassynthesizedhroughtheallylic oxidationof
trans, trans-farnesol(11.4mmol; 96% pure;Aldrich, by
activatedmanganesealioxide (228 mmol; Aldrich, Mil-
waukee WI, USA) in the presencef anhydrousodium
carbonate (228mmol; BDH) and hexane (125mL)
according to the modified protocol of Corey et al.
(1968) asdescribedby Xiao and Prestwich(1990). The
mixture was stirred for 22h at 0° C, filtered througha
layer of Celite (Fisher,Fair Lawn, NJ, USA), andthen
concentratedin vacuo to yield the aldehyde (2.1g;
9.53mmol; 71.1% vyield; 85% pure by ‘H-NMR).
Farnesalvasfurtherpurified by TLC on silica gel plates
(Merck, Darmstadt,Germany) eluted with 10% ethyl
acetate (HPLC grade; BDH) in hexane and 5%
triethylamine(Sigma)afterfocussingn methano(HPLC
grade;BurdickandJacksonjSenandGarvin,1995).The
final sample(Rs = 0.88)containedwo majorcomponents
(31.5%and51.6%)representingwo farnesaisomersas
well asthreeminor componentgP. Teal, USDA, Florida,
USA).

Methyl farnesoate was synthesizedfrom farnesal
(9 mmol) incubatedwith activated manganesalioxide
(284mmol), sodium cyanide (46.1mmol; BDH) and
glacial acetic acid (0.76mL; ACS grade; BDH) in
200mL methanol (Latli and Prestwich, 1991). The
mixturewasstirredfor 14 h atroomtemperaturefiltered
throughCeliteandthenconcentrateéh vacuoto yield the
methyl ester(1.5g; 6 mmol; 53.3%yield; 80% pure by
'H-NMR). Methyl farnesoatewas further purified by
TLC on silica gel plates eluted with toluene: ethyl
acetate:acetiacid (85:15:4)afterfocussingin methanol.
The final sample (R;=0.66) contained two major
components(21% and 78%) representingtwo methyl
farnesoatésomers(P. Teal).

JH Il wasextractedfrom the plantasdetailedabove
and purified by HPLC. The structurewas confirmedby
'H-NMR (W. G. Reynolds,Departmentof Chemistry,
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University of Toronto, Canada).The concentrationsof
stock solutions were determined from spectrophoto-
metric measurementst 218nm. Tritiated JH 1l was
synthesizedthrough the incubation of radiolabelled
methionine with the corpora allata from the Pacific
beetle cockroach, Diploptera punctata followed by
purification by HPLC (Tobe and Clarke, 1985; King
andTobe,1988).Corporaallatafrom day5 matedfemale
cockroachesvereincubatedin methionine-freeTC 199
medium containing 2% Ficoll (Pharmacia,Uppsala,
Sweden),1.3mM calcium chloride dihydrate (Analar
grade; BDH), 40uMm farnesoicacid (70%) and L-[3H-
methyl]-methioning(3.11 TBg/mmol; Amersham Little
Chalfont, UK) overnightat 27° C. The aqueousmedia
was extractediwice with iso-octanethe pooledextracts
eluted over a Seppaksilica gel column (Millipore,
Bedford,MA, USA) andtheresultingeluentevaporated
undera streamof nitrogenand resuspendedéh hexane
prior to final purification of enantiomericallypure [H-
methyl]-1R,11-JHIII by HPLC.

TLC analysis

The preparation of samplesfor TLC analysis was
modified from that described by Goodman et al.
(1995).Bractsandinflorescencef C. iria wereextracted
overnightin 2 mL pentaneatroomtemperatureSamples
were spiked with Sudan Black B, divided into two
aliquots (sample and control) and subjectedto TLC
accordingo Goodmaretal. (1995).SudarBlack B gives
rise to two major blue bandswhich, during chromato-
graphy,bracketthe JH Ill andmark its separatiorfrom
theslowermigratingdiglyceridesandpolarlipids andthe
faster moving triglycerides and nonpolarlipid compo-
nents. The putative JH-containingbandswere scraped
from the TLC plate and extracted.Sampleswere then
analysedby RIA and an aliquot of thesesampleswas
measuredspectrophotometricallat 492nm in orderto
determinelossesduring chromatographyThe presence
of any pigmentsin the plantextractwascorrectedor by
subtractionof the control from the absorbancef Sudan
Black B in the samples.

Hydroxyapatite and hydroxyapatite/C,g
chromatography

Pentaneextracts of plant sampleswere subjectedto

hydroxyapatitechromatographyn columnspreparedas
describedabove Followingthis chromatographisepara-
tion, somesampleweresubjectedo chromatographyn

C18125A (Waters Milford, MA, USA) in Pasteupipette
columns. These columns were washedwith pentane,
etherandthenacetonitrile.Following applicationof the

sample compoundsvereelutedwith pentane.

HPLC analysis

Plant extractswere quantified by normal-phaseHPLC
using a Varian (Georgetown, ON, Canada) model
LC5020 chromatograplequippedwith a Spheri-5silica
(Brownlee, Santa Clara, CA, USA) column
(250 x 4.6mm i.d.). The mobile phasewasdiethyl ether
(50% water-saturated):hexar(10:90) at a flow rate of
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I mL/min. JH lll was monitored at 219nm using a

SpectroMonitor Il (SpectroMonitor, San Jose, CA,

USA) and the concentrationof extract calculatedfrom

the peak areaby comparisonwith external standards.
Statisticalanalyseswere performedusing the statistical
packageSPSS7.5 (Chicago,IL, USA).

Radioimmunoassay

Glasswarewas treatedfollowing recommendationsut-

lined in Granger and Goodman (1988); whenever
possible,the use of plastic was avoided. Where noted
in the below procedure,glasswarewas coated with

polyethylengglycol (PEG,15000-20000MW; Sigma)to

reduceJH binding (Gieseetal., 1977).Microcappipettes
(Fisher)andglasssyringes(Hamilton, Reno,NV, USA)

wereusedto prepareJH Il standards.

TheRIA procedurevasmodifiedfrom Goodmaretal.
(1990, 1995). Antiserumwas diluted in buffer A which
contained 1.0 m sodium phosphatebuffer (pH 7.2;
Sigma) containing 0.1% bovine serum albumin (pro-
tease-freeSigma),0.1% immunoglobinG (Sigma)and
0.02% sodiumazide (Fisher). Tritiated JH 11l standard
waspreparedn buffer A in a PEG-treatediial. Both the
antiserumandradiolabelledJH Il standardwvere gently
agitatedfor at least30min at 4° C. Variousamountsof
stockJH Il standardsolutionandthe unknownsamples
wereaddedto borosilicateculturetubes(60 x 5 mmi.d.;
Kimble, Vineland,NJ, USA) thathadbeenPEG-treated.
The volumeof eachsamplewasadjustedo 100uL with
toluene. After the solvent had been removed by
lyophilisation, 1 uL of ethanol (Commercial Alcohols
Inc, Brampton,ON, Canadaasaddedto eachtubeand
the contentsvortexedmixed. Tritiated JH Il stockand
antiserumwere addedto eachtube and the contentsre-
mixedby vortexing.Samplesvereincubatedvernightat
4° C. Theassaywasterminatedby the additionof 100%
saturatecammoniumsulphate(pH 7.2; Sigma)at 4° C.
After incubationfor 20min, the tubeswere centrifuged
(4509 for 15 min), andthe supernatanaspiratedPellets
were dissolvedin 50% ammoniumsulphate(pH 7.2)
containing0.1% bovine serumalbumin. Tubeswerere-
centrifugedand the supernatanaspirated.The resultant
pelletwasdissolvedin 20 uL water.

Following additionof scintillationfluid andvortexing,
the samples were radioassayedusing a Beckman
(MississangaON, Canada)model LS6500scintillation
counter. The standardcurve was generatedby a four
parametetogistic curve (GraphpadPrism, version 1.0:
GraphpadPrism, SanDiego, CA, USA). Concentrations
of unknownsamplesvere determinedrom the standard
curve.Assayswere performedin triplicate.

Quantification of JH Il in C.iria

Theamountof JHIII in theplantwasquantifiedusingthe
optimized RIA procedure.Tissuesfrom mature plants
were divided into the roots (below-groundportion), the
culm (stem), leaves, bracts (modified leaves which
subtend the inflorescence), inflorescence (pedicels,
pedunclesand inflorescence)xand nutlets (fruits). Plant
materialwassubmittedto pentaneextractionasoutlined
above,and JH Ill measuredby RIA. In this paper,the
termlevelrefersto the JHIII contentperamountof plant
tissue.

PhytochemAnal. 11: 21-28(2000)
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Table 1. Optimization of extraction proceduresfor JH Il

Extraction efficiency

Treatment (% + SD)

Acetonitrile (1.5 mL) 83+1.6
Acetonitrile 4+ water (2 mL) 38.4+5.3
Acetonitrile + 2% brine (2 mL) 33.6+0.8
Acetonitrile + 4% brine (2 mL) 271+156

Acetonitrile was spiked with [*H-methyll-JH II; triplicate
samples were treated as indicated and finally extracted
with pentane (2 x 1 mL). The radioactivity in the resulting
sample was determined and compared to the initial amount
added.

RESULTS AND DISCUSSION

Optimization of plant tissueextraction

The extraction of JH 1ll from insect haemolymph
requiresthe useof acetonitrileand brine to disruptthe
interactionsbetweerthehormoneandits bindingprotein,
followed by partitioningof JHIII into pentaneHowever,
the efficiencyof extractionof JH Il from C. iria tissues
by acetonitrilewaslow (Tablel). In comparisonahigher
yield was observedby direct extraction into pentane
(Table 2). JHs are lipophilic compoundswhich adsorb
stronglyto manysubstrate¢Gieseetal., 1977):in order
to determingheextentof JH Il bindingto plantmaterial
or glassware[*H]-JH lll wasaddedto planttissuesprior
to extractionwith pentaneNo significantdifferencewas
observedetweenrnthe controlandplanttissueqTable3),
thusconfirmingthe high efficiencyof extractionof JH I
from C. iria tissuesby pentane(Tables2 and 3). All
subsequentplant extractions were performed using
pentaneassolvent.

Comparison of chromatographic clean-up
procedures

After acetonitrileextraction,insecthaemolymplsamples
are typically subjectedto TLC in order to eliminate
lipophilic compoundshatinterferewith the RIA (Good-
man et al., 1990). For pentaneextractsof JH Il from
planttissuesa comparisorof threeclean-upprocedures
wasmade(Table4). Therewasno significantdifference
in the measured@&mountof JH Il in samplesvhich were

Table 2. Optimization of extraction of JH Il from plant

tissues
Relative extraction efficiency (% =4 SD)
Pentane 100 + 15.2
Acetonitrile 60.6 +12.3

C. iria tissues (bracts and inflorescence) were ground in
liquid nitrogen and extracted with either pentane (2 x 1 mL)
or acetonitrile (2x1mL): 1TmL of brine (4% sodium
chloride) was added to the acetonitrile supernatant and the
mixture extracted with pentane (2 x 1TmL). Triplicate
samples were subject to TLC and appropriate bands
extracted and analysed by RIA with antiserum 31867
(1:2000) and [*H-methyl]-10R-JH IIl. Paired t-tests (one tail,
p=0.049) demonstrated that there is a significant difference
between the extraction efficiency of these two solvents.

Table 3. Efficiency of extraction of JH 1l
samplesusing pentane

from plant

Plant tissue Extraction efficiency (% + SD)
Control 100 +1.9
Bracts 927 +7.4
Inflorescence 87.0+7.2

Roots 100.1 £ 2.9

Culm 97.7 +24.6

Tritiated JH Il was added to triplicate plant samples which
were then extracted in pentane (2 x 1mL). No significant
differences were observed in the extraction efficiencies
between the control and the plant tissues (one factor
ANOVA, p=0.636); blank samples (plant tissues incubated
without the radiolabelled ligand) contained less than 25
dpm per sample.

directly extractedin pentaneor thosewhich had under-
goneTLC. A decreasén JHIII amountwasobservedn
sampleswvhich hadbeensubjectedo hydroxyapatiteand
hydroxyapatite/Gg chromatographgomparedwith con-
trols. However,SudanBlack B was usedasan internal
controlduring TLC allowing for the correctionof losses
during this procedure but no internal standardfor the
column chromatographigrocedureswvas used. There-
fore, observedlifferencesin JH Il betweenthe pentane
controlandsamplessubjectedo thesefurther chromato-
graphicprocedureseflectslight lossesduring manipula-
tions. In subsequengxperimentspentanesxtractsof the
planttissuewereuseddirectly for analysisby RIA.

Comparison of related plant species

Plant material may interfere with the RIA throughthe
binding of the antiserumor JH Il to plant compounds
suchaslignins andtanninsor throughcross-reactivityof
theantiserunto compound®therthanJHIII. In orderto
determinethe extent of thesenon-specificinteractions,
threerelatedplant speciesveretested,namely,Cyperus
eragrostisand C. polystachyogof the samegenusasC.
iria) and Fimbristylis dichotoma(which belongsto the
samesubfamily, Cyperoideae)JH was not detectedin
extractsof theseplantsthus permitting their usein the
determinatiorof the amountof plantmaterialthatwould
cross-reactwith the RIA. The results indicate that

Table 4. Comparison of efficiency of the purification
proceduresemployed

Method Relative extraction efficiency (% =+ SD)
Pentane extraction 100 + 33.1
Pentane extraction/TLC 87.1+30.9
Pentane extraction/HA 75.2 + 36.4
Pentane extraction/HA/C4g 81.24+19.8

C. iria tissues (bracts and inflorescence) were ground in
liquid nitrogen, extracted with pentane (2 x 1 mL) and either
analysed directly or subjected to clean-up chromatographic
procedures such as TLC, hydroxyapatite (HA) chroma-
tography or reversed-phase chromatography (C4g) prior to
analysis; triplicate samples were analysed by RIA with
antiserum 31867 (1:2000) and [*H-methyl]-10R-JH Ill. No
significant differences were observed in the extraction
efficiencies between the methods (one factor ANOVA,
p=0.706).

© 2000JohnWiley & Sons,Ltd.
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Table 5. Radioimmunoassay cross-reactivities of closely
related plants

Plant Cross-reactivity observed at:

Fimbristylis dichotama
Cyperus polystachyos

>20 mg of plant tissue
None detected (at
concentrations up to 200 mg)

Cyperus eragrostis >150 mg

Plant + JH Il

Fimbristylis dichotama
Cyperus eragrostis

>25 mg (interferes with RIA)
>25 mg (interferes with RIA)

Cross-reactivities of extracts of three plant species related
to C. iria were compared by RIA using antiserum 31867
(1:1750) and [®H-methyl]-10R-JH Ill as the radiotracer. In the
second experiment, pentane extracts were spiked with
500 pg of JH Ill and analysed by RIA.

amountgreatetthan20 mg of planttissuecouldinterfere
with theassay(Table5). In thesecondexperimenttissue
extractswere spikedwith JH Il and analysedHere, it

wasobservedhatamountgreatethan25 mgof material
interferedwith the RIA, preventingthe detectionof JH

lll. Thereforejn all subsequergxperimentsvith C.iria,

lessthan 10 mg of tissuewasassayed.

Cross-reactivity of the biosynthetic precursors of JH
1

In the corporaallata of the cockroachD. punctata the
biosynthesiof JH Il from farnesyldiphosphateoccurs
throughfive enzymaticsteps(Cussonet al., 1991). The
competitive displacementcurves of three of these
biosyntheticintermediatesfarnesol farnesaland methyl
farnesoatewith the antiserum31867 demonstratedhat
theantiserumhaslittle affinity for thesecompoundgFig.
2); the EDsq valuesof thesecompoundselativeto JH I
indicate that the antiserumhasover a 2000-fold higher
affinity for JH Il than for the biosyntheticprecursors
tested(Table6).

120
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=]
g 4
2 80
/M }
s 60
W
[} 4
5 40
A
i . c
204
0 T T * T 1
-10.0 -7.5 -5.0 -2.5
Log Competitor (g)
Figure 2. Competitive displacement curves for the biosyn-
thetic precursors of JH lll, namely farnesol, farnesal and
methyl farnesoate. The cross-reactivities of farnesol (—ll—),
farnesal (——) and methyl farnesoate (—A—) with the

antiserum 31867 (1:1750), compared with JH Il (—W¥—), were
determined by RIA using [®H-methyll-10R-JH III. Each point
represents the mean + the standard deviation of triplicate
experiments.
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Table 6. Summary of displacementvaluesfor JH Il andits
biosynthetic precursors

Compound EDs (ng)?
10R-JH 1l 0.323
Farnesol 89590
Farnesal 21290
Methyl farnesoate 735

® Dose of competitor compound required to displace 50%
of the radiotracer [3H-methyl]-10R-JH III.

Comparison of HPLC and RIA methodsfor the
analysisof JH Il in tissuesof C. iria tissues

Standardsof JH Il and extractsof plant tissue were
analysedy HPLCandRIA [Fig. 3(A, B)]. No significant
differencedn JHIII levelswereobservedisingthesewo
techniques, confirming that they can be used inter-
changeablywith confidence.The RIA techniquehasa
highersensitivityfor JHIII thanHPLC; antiserun31867
displaysan EDsg in the rangeof 323pg against10R-JH
11, using[3H]-JH Ill astheradiotrace(Table6), whereas
thedetectiorlimit of HPLCis in thengrange.Therefore,

30
E A,
] B8 HPLC
<
£
t ol
[~
=
=
=2
@
>
=
-
Standards
15
E B.
g B8 HPLC
g5 104
=
<
= 20
o 0
ERC b
2
K
0 i

Culm

Plant tissues

Figure 3. Comparison of HPLC and RIA. (A) JH Ill standards
(8.7 ng/mL and 17.4 ng/mL) were analysed in triplicate by
HPLC and RIA (bars represent means + standard deviation).
The results were compared by a paired t-test followed by a
sequential Bonferroni test; no significant difference was
found between these two techniques [two tail, p=0.084
(8.7), p=0.964 (17.4)]1. (B) Extracts of C. iria tissues (culm and
root) were assayed in triplicate by HPLC (as outlined in the
Experimental section) and also by RIA [with antiserum 31867
(1:1500)] and using [3H-methyl]-10R-JH Ill which had been
optimized for plant tissues (bars represent means + standard
deviation). Results were compared by a paired t-test followed
by a sequential Bonferroni test; no significant difference was
observed between these two techniques [two tail, p=0.034
(culm), p=0.823 (roots)].
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Figure 4. Distribution of juvenile hormone lll in Cyperus iria plants. JH lll in the tissues of mature plants was measured by RIA with
antiserum 31867 (1:2000) using [*H-methyl]-10R-JH Il as the radiotracer. Plant tissues were divided into the nutlets (n=86),
inflorescence (Inflr., pedicels, peduncles and inflorescence, n = 6), bracts (n = 6), culm (stem, n=5), leaves (n=5) and roots (n = 6).
The total amount of JH Il in the plant (Ttl. Plan) was also determined (n=5) (bars represent means =+ standard error).

the RIA allows determinationof JH Il in as little as
10mg of plant material.

Distribution of JH Il in mature plants of C. iria

Sitesof accumulatiorof JH 111 in C.iria weredetermined
using the optimizedRIA (Fig. 4). Levelsin the above-
groundtissuesrangedfrom 0.2to 1.2ug/g freshweight,
whereasn theroot tissuethe averagdevel was43.5ug/
g, representingver 90% of thetotal JH 11l in the plant.
Theselevels are approximately3.5-fold lessthan those
previouslyreported(Toonget al., 1988). Thereis alsoa
6-fold differencebetweenthe level of JH Il detectedn
thesewhole plant extractsand thosereportedfrom leaf
extractsof 2-month-oldplantsof C. iria (Schwartzetal.,
1998). Thesediscrepanciesire attributedto changesn
JH Il levelsin the plantthroughoutdevelopmentandto
differencesin cultivars and environmentalconditions
underwhich the plantsweregrown.

Theseresultsdemonstratéhatthe amountof JH I in
C. iria can be determinedby HPLC or RIA and that
there is good correlation between these two assay
techniquedFig. 3(A, B)]. The RIA was developedfor
the analysisof JH Il titresin insecthaemolymphwhere
it is necessaryo extractthe compoundnto acetonitrile,
partition into pentaneand then separatethis compound
from the interfering lipids using TLC (Goodmanet al.,
1995).In C. iria, direct extractionof JH Il from plant
tissues with pentane was more efficient than with
acetonitrile (Table 2) and subsequentlean-upof the
extracts was unnecessanbecauseof the lower lipid
content(Table4). Cross-reactivityof the antiserumwith
biosynthetic precursorsof JH Ill (insects)or extracts
from closely related plants specieswas not significant
(Fig. 2, Tables5 and 6). However, theseresults did
indicate that analysesemploying concentratedplant
extracts(>25mg/mL toluene)interferedwith the RIA
(Table5).

The advantageof RIA over HPLC is its increased
sensitivitywhich permitsdetectionof pg amountsof JH
lll, allowing accuratedeterminationsof the JH in ca.
10mg amountsof planttissue.In the distributionprofile
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of above-groundissues,the highestamountsof JH IlI
werelocalizedin theleavesjnflorescencendculm (Fig.
4); however the vastmajority of JH Ill wasdetectedn
theroots. This suggestshat the rootsmay be the site of
biosynthesisalthoughit is fully possiblethat JH Il is
synthesizedh theleafytissuesandtransportedo theroot
tissuefor storage.

AlthoughJH Il hasonly beenisolatedfrom C. iria and
C. aromaticus(Toonget al., 1988), structurally similar
compoundshavebeenisolatedfrom the rootsof C. iria
and related Cyperusspecies(lwamuraet al., 1978b,c,
1979;lwamura,1979;Komai et al., 1981).For example,
methyl farnesoatethe biosyntheticprecursof JHIII in
insects,hasbeenisolatedfrom C. iria, C. monophyllus,
C. pilosus and C. serotinus(lwamuraet al., 1978a,c,
1979;Komaietal., 1981;Toongetal., 1988),aswell as
from grapeskins (Versini et al., 1994) and the bark of
Polyalthia viridis Craib (Kijjoa et al., 1990). Other
structurally related linear sesquiterpenoidhiave been
isolatedfrom C. microiria (lIwamuraetal., 1978b)andC.
polystachyoglwamura,1979).This suggestshat JH I,
methyl farnesoateand other similar compoundsmay be
presentin a diversearray of plant speciesHowever,in
this,andanotherstudy(Schwartzetal., 1998),JHIIl was
not detectedoy RIA in thefollowing plantspecies— C.
albostriatus C. alternifolius,C. eragrostis C. esculentus,
C. miliifolius, C. papyrus,C. polystachyosand Fimbris-
tylis dichotama

Therelativelyhighlevelsof JHIII in theplantsuggests
thatthis compoundplaysanimportantrole(s)in C. iria.
At presentits biological relevances speculative(Bede
et al., 1998; Bede and Tobe, 1999), but possibilities
include plant—insect,plant—plant and plant-nematode
interactions.There are a few reportswhere C. iria has
been shown to interfere with insect developmentand
theseeffectsmay be attributableto JH Il (Toongetal.,
1988; Menesesand de la Osa, 1988; Schwartzet al.,
1998).Howeverotherreportsindicatedthat someinsect
specieswere able to feed on the plant without adverse
effects (Nareshand Smith, 1984; Dela Cruz, 1986).
Thesemay be examplesof insectspeciesvhich areable
to avoid planttissuesich in JH Il or to metabolizeany
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ingestedcompound.JH Ill may also function to reduce
plant competition by inhibiting the germination and
growth of plantsin the immediatevicinity. Two of the
biosyntheticprecursorof JH Ill, methyl farnesoatend
farnesol,have demonstrateghotentallelopathicactivity
(Komaietal., 1981;WardleandShort,1982)whichmay,
in part,explaintheinvasivenatureof C. iria (Holm etal.,
1977).JH Il may alsoserveto protectthe plantagainst
phytoparasitimematodesIH, or biosyntheticprecursors,
havebeenusedto arrestthe developmenbf nematodes
(Meerovitch,1965;Rogers 1978;Glassburgetal., 1983;
Davey, 1988). However, an effect on plant parasitic
nematode$asnot yet beendemonstrateqJohnsorand
Viglierchio, 1970;Rogers,1978).
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