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Aktmct-The phcnobc dibctone, dlpgic acid, was isolated and identified from the hot mcthanolic extracts of five 
species of semi-arid land plants as an insect growth inhibitor active against the polyphagous herbivore, Hcliorhir 
oirescm (tobacco budworm). Ella& d bound as its hcxahydroxydipbatoyl cskr in the cllgitannin, gcraniin, also 
was isoktai (using milder utroaion pocadurcs) and spaztrally idcntifkd from OIK of the tin sp&s (i.e. Geranium 
uiscom var. uiscoriss~) as a growth inhibitor of H. t;irscens. Evidence is given for the hypothesis that the labik 
gcraniin is a protoxin which rckascs insect growth inhibitors, particularly dlagic acid, upon hydrolytic ckavw. The 
fraeandboundformsofeUagicacidmaycxplain the~gfowthinhibitorycrtivityd~actad inthcmthanolkntracts 
of many species in the HamameMidgDilknii stock. 

INlXODlXTtON 

In or&r to identify compounds which may be useful as 
sources and models of new insect control agcntr, we have 
ban screening over 800 SpccilX of xaophytic plant& 
mostly from orid and semi-arid regions of the wutcm 
U.S.A., for activity against insscts. For exampk, we have 
isolated mosquito lakAdal chrm from Hemizda 

fir&ii (Cornpit@ [l] and itw&3al linear furano- 
coummrins from 77umno~ Monroe (Rutaau) [2]. 

The availability and biological activity d some xcro- 
phytic plants make them a promising area of rcscar& for 
the discovery of new insazt control agents. For instnna. 
xerophytic plants are available on a massive scale from 
marginal rc@ns which generally cannot be used ccon- 
omically for food production [3]. In addition, a biologi- 
cally active chemical constituency against insect pests has 
been discovered in several species of xerophytic plants 
[4* 51. 

In the present paper, we report on the isolation, 
idcntifkation, quantitation and bioassay of free dlagic 
acid (1) from the biologically active hot mahanolic 
cxtrpcts of two species of semi&d land plants, Tamrix 
chincndt Lour. (T e) and Gerfznium visco- 
sisskwn Fisch. and Meyer var. viscm 
(Geraniocepe), and on the dctaion and quantitation d 
dlagk acid (1) from an additional three specks, Qlutcus 
g&Iii Nutt. (Fagace&, Erudium cicurcuium (L.) L’Ha. 

l ~2intbcsaia’&dogiallyActivcConrulucnlrolNonb 
Amtrian klr”. For Rn 1. lde ref. [I]. Racntsd at tbc 2Stb 
Annul Malng of the m Society of u. 
Univauty of Tarr Awrm. Tcxu August (1984). 

t Racnl ddrus Drprtaenl of Cbanistry. Monunr Sue 
University. Eoxuxun, MT s971-I. USA. 

(Gcraniaccac) and Cimu dlbsus L. (Cistcrceoej In ad- 
dition, we report herein on the isolation, kkntidation and 
bioassay of dlagk acid bound as its hexahydroxydi- 
phcnoyl cater in the ellagitannin, gmniin (2). Gzaaiin (2), 
ami at least two of its hydrolysis pod- dlagk rid (1) 
and galk acid (3). exhibited growth inhibitory Activity 
against larvae of the pdyphagow insect pest, Heliothir 
uitescms (Fabr.) (Noctuidacj 

RESULTS AND DCSCUSSlON 

The hot mcthanok extracts of the aaial parts of G. 
~iscosissimm var. I;iscosissimq T. chitunsis, Q. qcrmbclii, 
E. ckurarium and C. cillosus caused growth inhibition 
whcnfaiinana&cialdicttofirstinstarlarvacofH. 
uirescm (to&co budwormj The same bi~y was 
used to monitor the fractionation of the active utrofts d 
G. viscosksimum var. viscosksimum and T. chinmds. This 
resultal in the isolation and itkntilkation of the phendk 
dikone, dlagk Ad (I). as the active constituent in both 
pknt extracts. Subsequently, dlagk a&l (1) was detected 
in the growth inhibitory extracts of Q. BumMii, E. 
cicururi~ pnd C. uiU0su.s (Table 1 j 

Following its isolation, the potary dellagk &d (1) as 
an insect growth inhibitor was determined. Thus chc 
EClo, oc effective concentration for 500% growth in- 
hibition. was found IO be 147 ppm or 0.49 mmd/kg diet 
wet weight (Table 23. At Iam a part of this growth 
mhibidon may be attributed to a lowering of the nu- 
tritional quality d the dia. For example, even though 
dietary dhgic acid (1) at 400 ppm actually stimulated the . . . 
asumhma of mot&al xxmu the gut wall (approximate 
di@x.tibility, AD) of third instar Luns both the EC1 
(dB6mcy d convQEion of ingested food) and ECD 
(c&ckcy of convasion of digested food) were dcprerrad 
being about one half of control values (Table 3). The 

85 



86 J. A. KLCJCKE cr al. 

(‘ooti 

4 3 
HO OH 

011 

3 4 

lower dietary concentration of 200 ppm dlagic acid (1) 
only slightly affected the nutritional physiology of the 
third instar larvae. 

Although the mode of eEtion of dlagk acid (1) as an 
insea growth inhibitor is unknown, other rtivitia of 
ellagic s&d (1) are amociatai with the ability of its four 
phcndic groups to readily compkx with metals such as 
mag~Gum and caJcium. For example, in the wo4 
pulping process, troublesoaK deposits of dlagic 
acid-metallic complexes can ausc corrosion and scale 
formation [6, SJ and can advcrsdy aEcct the we( strength 
of bonds of phenol-formaldehyde adhesives with wood 
[8-J. On the other hand, such compkxu are hemostatic 
and can control Mccding in animals 19, lo] and in humans 

[ 11,12]. The folklore of North American Indians records 
that cllagitannincontaining plnnt.s, such as those in the 
pncra Arcroslaphylos, Geranium, Emdim, Rhus and 
Quercus wae used for preparing hemostatic, astringent 
and antiseptic ISIS Thcsc teas, prepared by boiling 
appropriate plant parts (e.g rootx) in wata, were usal lo 
control bleeding both topically and systanicdy, in oral 
infactions and in&unmations (e.g. moniliasis, candidirsis. 
thrush, pyorrhw paiodontai disease), as mild uterine 
hemostats (to control cxczssive menstrual bleeding and 
post-partum hemorrhaging), to treat skin bums and 
abrasions, and in the treatment of hemorrhoida diarrhea 
and dysentery [13-IS]. The effects of cllagic acid on the 
mammalian cooguhtion mechanism are well known 
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[ 16,171. Apparently, dlagic scid-metallic compkxcs 
form insoluble ag,qcSata which bind to factor XII 
(Hagman factor) of the intrinsic Mood coagulation 
pathway [18]. The resulting induced hypcrcoagulation 
state is charactcrixcd by a shortening of the clotting time. 

Ellagic acid (1) can also form adducts with some 
doctrophihc mokcuks. For example, dlagic a&l (1) has 
been observed to inactivate the mutagenic bay-region dial 
cpoxides of benxo(o]pyrcr~ and other polycydic aro- 
matic hydrocarbons via adduct formation [19,20]. 
Presently, ellagic acid (1) is being evaluated as a prototype 
of a new ctass of cancer-preventing drugs [21], and may 
prove useful in modulating the risk of cutaneous cancer 
from environmental chankab [U]. Various other ac- 
tivities ascribed to dlagic acid (1) indude sedation and 
ataxia in mice 1231 and the inhibition of enxymatic 
activities [22.24 , inhibition of nitritication by 
Nirrosonwnas [25 I and inhibition of plant germination 
and growth (i.e. alklopathy) [2630]. 

We detected dtagic acid (1). as its prtrimethylsilyl 
derivative, by GC at kids bttwan 0.77:~ (in E. cicu- 
ttium) and 1.50 “/ (in G. uiscosi&num var. uiscosissimum) 
of the total dry weight of the aerial parts of the five plant 
specks (Tabk 1). Varying amounts of fra dkagk acid (1) 
have been reported previously in several spa5es in the 
genera GerMium [31-341, Tuwwix [31,3537), Qwcus 
[3l.38~]andCistw[4l].Nopcviousrcponofdlngic 
acid (1) in any spa&s of Erodium was found. However, 
there are folklore reports concerning the hemostatic and 
antiseptic properties of aqueous Erodium cicurarium 
extracts [IS]. 

Although the large amounts (0.77- 1.50%) of fra dlagr 
acid (1) could explain, for the most part, the activity of the 
hot mcthanobc extracts against H. cirescens (E&o 
0.0147 “/.), in the fresh plant very little ellagic acid (1) is in 
the fret form, but is instead bound Into more complex 
mokcuks such as the cllagitannins [34.42]. For instance. 
in a number of specks of Gertium, dkgic acid (1) is 
predominantly bound in the ellagitannin. gcraniin (2) 
[33,34.43]. A mikkr extrrction method, that is, one 
cxduding heat. revealed this to also be the cast for G. 
Gcods.umum var. ciscosissimwn Graniin (2) was easily 
detected in tissue which had been extracted at room 
tcmpcratum, while no gcrantin (2) was detected in heated 
sampks of similar tissue (see Experimental). Apparently, 
the large amounts of dlagic acid (l)&tcctcd, at least for G. 
~iscosissiacuwt var. t&osissimwn, were artifacts of the 
extraction method used. 

Since dlagic acid (1) is probably not encountered fra tn 
large amounts in fresh plant tissue but rather as one or 
more bound forms, we isolated and bioassayed geraniin 
(2). On a mmol/lrg diet basis, gcraniin (2) was almost twice 
as active as a growth inhibitor of H. uitescens larvae than 
was cllagic acid (1) (EC,,, 0.26 and 0.49, respectively) 
(Table 2) An incrca& activity of gcraniin (2) might be 
expected since complete hydrolysis of pranitn (2) in uivo 
would yidd, bcsuks dlagic acid (l), equimdor amounts of 
brcvifohn (4) (or other phcnohc tactones) and galhc acid 
(3) [44,45]. Although the biological activity of brcvifohn 
(4) as an insect growth inhibitor is unknown. gallic acid (3) 
exhibited some growth inhibitory activity against H. 
uirescens larvae (EC,,, 7.40 mmol/kg diet) (Table 2). 

Ellagitannins are ctuuactcrirzd by the tanning property 
of forming hydrogen bonds bctwan the phcnolic hy- 
droxyls of the tannin and the fra amino and amid0 
groups of proteins [46,47]. In addition to being u.& for 
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Tab& 2. Growth inhibitory activity of sow Mvc con~itucn~ derived frotl, 
Gera~um riscm var. viscosiukvm fed in an anihcial diet to hrst inrtar 

Lrne of Hrborhis tdresceu 

Test compound 

GtrPnun 0.26 250 19S32O 1.68 
ElLoic=d 0.49 147 103-I40 1.78 
Galhcacid 7.40 1262 931-3843 203 

l EC,0 Is the dToztivc coactntntiorl of dditivc noxnary to ralucc tarval growth 
to 50 % of the control valuea Units ue given in both rnmol& diet wet weight and 
pgm ol diet wet weight. 

+ ConMcnce limits and rlopc were detcruum~J using tk tnctbod of Ltchftdd and 
Wikoxon [70]. 

T&k 3. The nut&&al indiccr (*se.) of third insw H. 
wcscem larvae grown for 5 days on an artibciat dtct containing 

cttagic acid 

Control 

AD. 43.17 f 3.88 O0 39.96 f 7.06 ?* 61.75* 1219go 
ECD+ 37.47 f 4.73 3. 40.40 f 3.60 f. IS.41 *8X6’/. 

ECU 15.90* l.08~~ 15.74* I.%?& 8.28 f 1.90~~ 

*AD refers to rpproximatc digestibility - (amount qgsted 
- faujamount mgested) x IOOO, 

t ECD refers to cw of conversion of -ted food 
- (weight gain/amount ineed -feces) x 100%. 

SEC1 refers to dBcicncy of conversion of ingested food 
- (wzighl gain/amouIlt ingcstal) X 100% 

the commercial conversion of hides and skins into 
nonputrescible lather [48,49], this tanning property has 
also been hypothesized to be rcsponsi& for the biologicaJ 
activities of eUagitannins inciuding enzymatic inhibition 
[SO], ahciopathy [Sl], fungitoxicity 52,531 and feeding 
deterrent activity against reptiles [W I , mammals [46,55] 
and insects 138.6 S-57]. 

The latter activity, that of feeding deterrency, has barn 
considered to be due to the potcin binding capacity of the 
tannins which renders potential food sources unpalatable 
(hencedeterring feeding) Recently, however, this view has 
come under criticism, especially in the light of the Lock of 
“explicit physicochcmical information relating to the 
ability of polyphcnols to bind protein” [Xl]. In thccasc of 
the polyphcnd gcraniin (2), it sams unhkdy that its insect 
growth inhibitory activity is due to a feeding deterrent 
effect since in a cotton leaf disk ‘choice’ bioassay [59] it 
was found to be inactive against H. virescem larvae at 
levels as high as ZXi&m’ disk (unpublished obscr- 
vations). Ehagnannins, although more active as protein 
precipitants than are the condensed tannins [60]. are 
ncvcrthdess fairly labile, cspc&lJy to heat, enzymatic 
hydrolysis and acidic and alkaline conditions [48,61,62]. 
Although geraniin is a fairly stable dlagitannin due to its 
2.4linked dchydrohuahydroxydipbenoyl ester group 
[63- 651, we have shown that it is hydrolyscd by hot 
wthanolic extraction of leaves containing it. For in- 
stana, no gcraniin (2) was detected when aerial parts of G. 
viscos&imum var. oiscosis&man were extracted with hot 
methanol in a Soxhlet apparatus, while easily detectable 

quantities of gtraniin (2) (over I % of the total dry weight 
of the aerial parts) were evident in aerial parts extracted 
with methanol at ambient temperature (see 
Experimental). In addition, when gcraniin (2) was in- 
cubated with a larval gut homogenate of H. virescenr at 
pH 8.0 (the pH of the gut), an increase in the UV 
absorbance at 360 nm was observed, possibly indicating 
the release of ellagic acid (1) (see Experimental). No 
changes in absorption were observed with gcraniin (2) in 
buffer alone (unpublishai observations) The labile gcra- 
niin (2) therefore possibly acts as a protoxin by rekasing 
insect growth inhibitory hydrolytic products such as 
chagic acid (1) in ciw, following ingestion. 

Other workers have been interested in the chcmosyste- 
matic signi6cance of free and bound forms of dla& acid 
[3 1,42,66,67]. For cxampk, the B ofdlagicacid 
(1) in the dicots was found to be conlined to 15 out of 39 
orders [3 I]. Subacquent work with dlagic acid (1) bound 
as its hcxahydroxydiphenoyl ester in dlagitannins has 
shown a fundamental cleavage between the subclasses 
Magnoliidae. caryophy))idas Asteridae and 
Ranuncuhdae, from WM they are virtually absent, and 
the subclasses Hamamdididac, Dillcniidae and Rosidac, 
all of which contain a high percentage of genera contain- 
ing these compounds [4Z 461. The possession of ellagi- 
tannins apparently is a primitive condition of 
HamamdididatDilleniidae (H-D) stock [&I]. 

Knowlaigcofthcdistributionof thefrcc(l)and bound 
(2) forms of ellagic acid may be useful for explaining the 
insect growth inhibitory activity we have identified in the 
hot methanolic extracts of the aerial parts of many spbcics 
in the H-D stock (Table 4). We are presently investigating 
the possibility that thcactiveconstitucncicsofthcscpl.ants 
at least include the insect growth inhibitor cllagicacid (1). 

In the light of the susceptibility of at least one species of 
insect (i.e. H. rirerens)~oingestion ofeithcr the free (1)or 
bound (2) forms of dlagic acid. coupkd with the Large 
amounts of fra (1) or bound (2) cllagic acid found in a 
number of plant species, dlagic acid (1) is probaMy a 
constituent of the natural chemical defenses of certatn 
plants against some insects. As such, it could become a 
candidate model for the total synthesis or semisynthesis of 
new insecticides, especially if its solubility and potency can 
be enhanced. Fortunately, dlagic acid (1) is neither 
mutagenic [ 191 nor acutdy toxic in tests with expcrimcn- 
tal animals [I I, 681 and humans [ 121. Of course, more 
active compounds moddkd after dlagic acid (1) would 
also have to bc tcstai for mutagenicity, mammalian 
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Tab&c 4. Plant IpeFia found IO con&n insect growth inhibitory Avity in the hot methanolif cxtKts of tbeu acnal p”s 

Order’ FMlity spacia 

Eric&l F Atiw orfronica (Gny) Sug.. Arclosrofiyk~ parula Grunt, A. pumaens H.B.K. 
Euphorbuks EupbcdAeu Crtim tcxensis (Kbtsh) Mull-Arg cx DC., Euphorbur es& L.. E. rtio (Engdnt.) Small, 

Jturopha dioiro Sew cx Grv. 

FU= FW=- Qwmu gtdulii NW, Q. huonrdii Rydb.. Q. hypokncdda A Gmus 

-la Gimniwrw Em&m cirumrium (L.) L’Hcr, Geranium viscoJtuimurr, Fisch. ud Mcya var. &cosiuirrrum 
RoS&S RoSXXSC Amr&uu&cr MI&&S Koehne. Crrcororpw Icdifdius Nuts. cx T. arA G. YPT. iruric~lw (S. 

Watr) M. E Jones. C. mor(lunsu Rd.. Cowaniu mrxicmur D. Don, Fallugia prrrcdoxu (D. Don) 
Endl, Pcraphyllum ranw- NW.. Purshba ~rdenrao (Fursh) DC.. Rosa wooddi Lindl. 
vu. woodsii YaqucIin.lQ coli/ornico (Ton.) sarg 

s@Idaks AnacardlPccne Rhus &bra L, R. trilobmo (NW.) Gray. R. rrilobolo NuI~. var. simplirijdia (Greene) BarkL. R. 
uirens tindhcmxr ex Gray 

Tamuicab Turvriame Tamorix ophyllo (L.) Karst.. T. ch&nsis Lour. 
Viokles CiStVZUc ci.Siu.5 dllosus L 

l Ellagic acid has been found in these orders [31]. 

toxidty. etc. HopcfuUy. such hypothetical compounds 
would prove not only to be effective insazt control agents, 
but also to be environmentally acceptable in terms of 
biodegradability and health safety. 

EXPERIMENTAL 

CoIkcri0n ald rxtrcwrkm. Acrid whok plrnl puts of 
Q. g&l& E. cuucariurrg G. dsco- vu. cix~ 

T. chkmdc and C. dlbm.~ were cdkual in Wy and June in 
v8riousbaIionsinColondo,Wu&ingtoa.TeuclbdcAifomir 
(Tabk I j Following &ion, the pknt pnr were tidriod 4 
m8ikd&Xlpwitbrvoucbcrrpscimcn IO wt LAkc city. Tbc 
VoufbatpocimearhVCkcadcpositCdiilthtbcrbri~dtbC 

Northern Rqiond Rcaarcb Ckntcr. US aputmcnt of 
AgTinllturr. Pcof& nlinois. U.S.A. Tbc rcmrinda d the mt 
tna~cri& were ovcndrkd upon urival(70”). d then pound to 
pw a 20 mah ~ntn in l Wiley mill. Approximrtdy 20 g of ach 
sunpk were squentirlly Soxhkt-cxt~al for 2Ohr. firs1 with 
hcunc and then with &OH. (HCXUX d&ted the plant 
materials by removing non-pokr atmbka) The ruidtbcs 
(m) WQC oven-dried (4 hr at 70’) followi bexanc cxtrrclion 
to remove trues of sotvcn~ before atrnzting with MeOH. 
FollowinR at~ioit with M&H to ranove cxtrrubk arbe 
hydrata. pdyp&ndia md other pdu and semi-pokr con- 
sthutats_ the midua (mltKs) were &II ovendried (48 hr at 70‘) 
and weighed. The haanc and McOH extrr(s WQC coned by 
evmtioo rind weighed, and yields were tbcn ceukrcd 
gr0vimc1rially (-llbk Ij 

Bioouoys. As prwtously docribal (691. an art&A dti 
bioassay with newly-htchcd Lme of the tobcco budworm, H. 
c~resccns, was usai to dctact insect growth inbibitq activity in 
the phnt at~smd to monitor the fruztionation of the at-. 
Thesamck~ywasusaltodetuminc the potency of the 
isoktul conslitumls. Polency w determined 1l th dia%vc 
conanmtlon (EC,,,) of compound xkkd to the diet v to 
Quse 1507. redleon in weight. EC,0 values were determined 
from loo Fobit peps ud w stati~rially by the method of 
tilch&ld ud wilcoxon [70]. 

Therrmeuti6c&ldictbiouvywuuscdtodetumioctbc 
nutritionrJ India of d&c rid (1) following the method of 
Rccac ti Beck [?I]. Tbc outritionrl indim indurkd the 
approxima~c diwibility (AD), d%ckncy ui convenkm of di- 
gested &XI (ECD) ud c&cncy of -version of inspkd food 
(ECIj 

An in ~rro urry was utdizul to determine the hydrolysis of 
genntin (2) by I pt bomopnCtc of third inuu H. uiwscens 
~Tbcrury~nriubdolthmonitoringoC~incuhtionof 
miin (2) in Rut -te a~ 2Y ud I M Tris butTcr II 
pH 8.0 (the pH of rbc kml gut) for UI iNXaK In the uv 
rbsoAmm~ It 360 nut [a m&mum of free dlqic rdd (l)]. 

iso&rton 4 rlhic aid (I). Snce only the hot methanolic 
atr8cts of the five &nt spa&s were found to be vtivc in the 
bioumys with H. tdrrums, furtbcz frmxiamc~oo was conbcd IO 

than Foe aunpk, tbc hoc mcchutdr CXI~M of G. oiscodrdrmor, 
VLT. ciscosid was w-a&d with beunc ( x 3) ubd putitlced 
betwan EtoAc UKI wltcf. The bio&gi&y &Xive EtoAc 
fraction YII then rubjstal IO ppa putition chromatogmphy 
(Whalen 0.16 mm No. I Chr) in n-BuOH-HO&-H10 (BAW 
4:l:S,upperphrt,~entlyrtcmA~6’/v~q.HOAc(rdwnt 
system B), and Hz0 (sdvcnt rystan C-j BUK% were cut from the 
chromrtogr~~~, cxtnncd with wum McOH ud biwyed 
&@nst H. cirescc~~. -i-k band8 UUSil4 qowlb inhibitiOn Weft 

-binal and pscipiu~ai from c&d EtOAc. The procipiutc 
that formal was raxysMkd from m to yidd kologially 
rtive pk ydlow nccdk Spcctropbotoax.trk (UV. IR) and 
duomtogr@ic (Ihin-laya. ppes. gu-Liquid) cxmlprirolu of 
the necdks wrth an l u~hcaric umpk (as wdl as cbanial ra*ion 
withnirrourrd)aublirbadtbeidmti~yoltbe~iwcons~trrct 
as dlagic aad (1). Ella@ wid (1) - subraqucntly isoktcd or 
daactcd In the tiiw hot mahnolk extracts of all five SpoFia of 

pknts. 
Qlwl~rarion ojfier clklgir acid (1 j Free cllagr acid (I) in the 

hot mcthanolr extrxts of IF. chinen% G. uuros- var. 
ciwodrdmcq Q. p&Ii& E. cicutarium and C. ti’uaau was 
patrimahyl&iatal (in Tri-Sd Z) and uulysal by GC [8]. 
Qurntttation of the pmk dutinl at the same rctmttan tune 
(26.1 mm under tbc cond~uons kuibal bdow) as an authentic 
amp& of pertriakthylsilylatal dlagic acid was wrompkshcd by 
coapnson of e~tbcr the pak height plotted on a linear 
calibration curve (w the peak arca cakuked by mtegration. with 
that of the authentic sampk. 

Glou cap&vy gas c&omarograpI~y. GC analyses were pcr- 
roruKd using a variul vista a00 scrk gas Cbroabalograph 
a&pal with a s@it/EpLitka cqilluy injector and a kc 
Kmintion dctoctor (FID. 35CP j Seprrtiom were &IAxI with a 
fused silia wrllarta! open tub&r (WCOT) apilw column 
(30 m x 0.32 mm id.) ca~od rirb bonded pbuc D&S (0.2s pm 
6lm thicknar; J & W Scimti& Inc.. Ran&o cordon. CA) &I8 
nitrogen u tbe carwr gas [column had pcssurc. lOpsi 
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(0.70 k@lP)]. Gc analyxs wac ti out in Ihc xplil mode 
(sph ratio. I :25) with rhc injlmor (all-~ inlet syucm) 

wmpcmurc PI 2-W. The ovm tanpemurc vu pmgmmcd 
from 120 IO 325” at I”/& and b&l II 32Y for 5 min. 

Ellqpcaid(l)vmsdindvaIinf&SilZ(l%raChanicdCo, 
Rockford. IL) IO ensure oompktc sitybtion of all free bydroxyl 
groups Sun* (0.1-1.0 d) wac ddivaal with L Hmihn 
Mcroliltr MOdeI 7001 I.0 jd xytinge fitted with a ncedk rprcr. 
PUkx~CrC4=dl?dalKlpC4k~wCrCUkUlUedWiflgx 
Vuian (Spectra-Physics) modd SP4270 computiq ram&r/ 
integmtor (dm tpssd IO mm/mink 

Isdmion oj@aUr, (2) Frcsb aerial pm of G. t&cm 
vu. tiosi&mul were cul into mall pisca and soakal in 
McOHrtrmbicatt~turrTbcraul~4.MeOHavwu 
were subsequently combined, Bash cvsporated in L;QCUO (at 
ambient tanperature) followed by frcaedryin& w&cd with 
haanc ad prtitioned between EtOAc and HaO. The EIOAC 
frwtion, which was found IO be rtivc in biarorys with H. 
uimcnu. yu Ben subjected to liquid duomrtograp&y on 
Sepharkx LH-2@l00 (&loO& Sigma) in 100% McOH citbcr 
on a grxvity or a low pressure (I .2 ml/min. 4 pai) cdumn. EJuted 
fnaions were cot&&d recording lo their rdativc retention 
nlua on cetlubsc thin-layer plater (Eastam Kod&) in BAW 
(4: I : 5, upper) and tbcir cdour ration to tbc Procter-P8uskr 
reagent (nitrous rid in the rbawr of orypa) [66. 721. The 
bioaxsxy indiated lhl the majority of Ibc ac!ivity raidal in two 
frxtions. Ctymk done of tbac frartionr. giving a ydiow cdour 
in the Proaer-Paaskr rapt, were idmtieod (UV, IR) u 
clbgic acid (1 L lk o&r active frmion ykldod cryat& which, 
atIer an initial fukknina rap&y turned blw and bmily Jowly 
tumod ydlow in the Procter-Plsdcr rqent, iodimting the 
pnart ofesters ofbaabydroxydipbcnic mid [42]. Tbae Ialla 
biolqially active cryst& which rcpescnted OVCT I % Ortbc dry 
weight of the vrirl parer. were subqucntty idcntidsd (UV. IR, 
‘HNMR.FABMS)or~~n(t)bycom~narithlir~ture 
VJua [33,45.73]. 

Fasi atom tm&a&um lllou specwa~ry ofwsndin (2). A 
far atom bombardment (FAB) mua q-mmm of g=aniin (2) IYU 
obuincd on a Varian MAT 73 I high-radution do&k-focusing 
rmu~ spectrometer c+crataJ at an occdmting po~cntixl of8 kV. 
The instrument wax mod&d to wzcept a FAB pub (Ion To& 
Ltd.. FAB I I N saddk ficbd-type ion rouru) doady fobwins the 
configuntmn d Martin et ai. [74]. A neutral lenon (XC’) barn of 
6 kV energy and a neutral current drpproxinutdy 5 x IO-’ A 
were cmp&oycd. Ion soufu pressure was I x IO-’ ton. 
Conditions for mass qruroavctry and tbc FAB pun YQC the 
spme in mh tbc positive and neptive ion modes. No poxitivc ion 
FAB S~~~NIII YU obuinrb& with urha &asd rdution or 
with giycuol con&a 5 7. HOAc. Tbc xampk dinotvcd in IKst 
8ljerd did, bowever, fiord 8 qcctrum under negative ion 

detection. ~hc ~jor ion derval (m/z 95 I ) wmpoadr to [M 
- H] -, with dditional ions obxrved a1 m/r %5 (M’l ml m/z 
935. ~bc comrpondino glyarol adduas wae seen shifted by 
+ 92 MU. M’. which ix 14 amu -la than lbc ion cOrrc+‘nd- 
in8 to the apcctsd mo&n&r wei@ (at m/x 95l), auy indiatc 
~~pracnccofamdaFukrIpadaC0nuiningMrddicionrl 
ulethyknc cquivaknl co-mabyi &roup) CoqxraJ to ocrrniin (2b 
~hc ion o&cd al mir 935 could be [M-O]- or [M’ 
-CH*O] 

Ellogic acU (lb R, (A) 0.39 (urak). R, (B) 0.01. R, (c) 0.05 
(streak) (mauve under longwave UV Ii&l; red-brown afIcr 
spraying with 6 ‘/A ni~ow rid ~1 ti wl); UV 1p: 
253. 365 nm; UV i, (I M Tti bulTer, pH 8.0) 219.254. 279. 
3.60~ 1R vz: W2Q u##), 1695.1620.1585.1505.1425.1395. 
1335. 1260, 12a3, 1115. l050.925.880.815.760an-‘. 

Geraniin (2L R, (A) 0.58 (suak). R, (8) 0.15. R, (c) 0.12 

(urak) (dark Hue under longwan UV li& rod-brown after 
sprayinp with 6% nitrow rid VI and hating); UV 1e! 
223.283 nm; UV 1, (I M Tris bulTer. pH 8.0)~ 224.240,328 m 
IR vs: MOO, l7Ul @I), 1730, 1710, I700 (xbh 1615. 1345, 
12lOan- ‘; ‘H NMR (JEOL 270 MHz. raoncd& 84.32 (w 
lH. glu-H-9 4.gM.93 (m. 2H. @-H-3, Hb,) 5.17 (s, IH, H,). 
5.40-5.57 (I), 3H, du-H-2 H4. Hb,), 653 (q IH, H,), 6.56 (&J, 
lH,du-H-I),667[s, lH,tiydrox@pha@(HHDP)J,7.15 
(J. IH. HHDP), 7.19 (J. 2H. galbyi). 7.20 (s, IH, H,); FAB-MS 
(-live ion mode), m/r 951 [M-H]- (C.,H,,O,,), an- 
~ndingtoamdsculu formula ofC.,HI,Oa, (M 952). 

ActilaagaaatTbc l utbocJ thank K. 1. Brown, P. Grain. 
M. Dndin#oa, D. M&lain, 1. oboa and G. A. Stoat 
for tcEhnial rupoon and W. Kdly. A. J. G&nutin, M. Powdl 
md D. Clark for plan1 cdlaccioar This work was supported 
by a grant awardal by the National scitna Foundation 
(PCM-836Ia34) 
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