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LISTA DE ABREVIATURAS

ADP: Adenosindifosfato

ATP: Aden051ntrifosfato

CCCP: CarbAni ro ‘3~ cloro fenllhldrazona

CTC: Carbonato tartrato cobre

DCMU : 3-(3(, y ‘;métii:ﬁréa 
DCPIP: Diclorofenil-indofenol e
DMSO: Diﬁét
DNP: Dihigrofenol
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EDAC:

arbodiinida
EDTA : ' E
FCCP:
FeCN:
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NEM: N-etilmaleimida
NH,C1l: Cloruro.

Pi:



PMS: N- metllfena21na metosulfato

SDS: Dodecll sulfato de SOle

SF6847:
SiMo:
Tricina:

Tris: Tris(hidroximetil)aminometano

4-fenilcumarinas

4: 7,4'~- dlmetoxl 5’-h1drox1 4 fenll 5 2’-ox1do cumarlna




1. RESUMEN

Los metabolltos secundarlos se blOSlntetlzan a traves de.;las
vias del metabolismo. prlmarlo & deivias: s1mllares,.poseen dlversas.
caracteristicas’ Gue:los:diferencian’ claramente de los’metabolitos’
primarios, pero. compartenucon ellos algunas propledad s {por esto; . -

secundario
ecoldégica

metabolito
1ntera001on
accidén son: f n
que pueden
fotosintesi
actividad e
utilizados:
plaguicidas

Las  la
entre los meta
de acthldade
compuestosi“

uinona. QB, y en’ menor

sobre la fotosln esis- (fase lumlnosa),,
blologlca de ‘stos metabolitos, com

lumlnosa) se 1
(Spinacea olera ea Li.):
de H' !y “.transporte’
fosforllante) :

trlhldrox1 4- fenllcumarlna ¥y 1la:5-0-6-D- glucoplran051l 7 metox1-

,4’'-dihidroxi-4:fenilcumarina inhibieron’ la: sintesis de ATP”
bombeo de protone ero estimularon el transporte de electro es”
basal, fosforllante wy desacoplado (en menorq’porcentaje) ‘Se
concluyd que el mecanlsmo de ac01on de estos compuestos esta




2

determinado por la: actividad desacoplante de los mismos; 3)
finalmente, la'5-0-8-D- galactoplran051l 7-metoxi-3‘,4’-dihidroxi-4-
fenilcumarina.-inhibié- la- sintesis de ATP 'y el ‘transporte de
electrones fosforllante, sin embargo, no afecto laQCapta01on de
protones ni-el: transporte de electrones basaly:desacoplado. ”Estos~
resultados.indican: ‘que: este compuesto actuo como’un 1nh1b1dor de’ 1a"
transferencla d 4 )

Los resultado
permiten 1
fenilcumarinas
pueden interferi
fot051ntetlcos
moléculas.

ejercen un efectq b;oléglco divers




2. ABSTRACT..

Secondary metabolltes are synthes1zed through routes typlcal
for primary metabolltes ‘or: 51mllar -to these. ‘Both: primary.. and
secondary compounds are! dlfferent 1n ‘some characterlstlcs although
they share certaln propertles is: dlfflcult then: to establlsh a
clear frontler between’ them

site, and
biosynthes

electron | tr 3 i(basali:
1solated -spi ] L ‘oleraceae’” L.) chloroplasts
fraction ‘were characterlzed'

acting: as a: Hill eactlopv;nhlbltor (electron transport. 1nh1b1tor) pa
2) 4

5, 3’,4’-tr1hyd,
7- methoxy 3
and:. proton

trahydroxy-4-phenylcoumarin, ' the ::7:-methoxy-
phenylcoumarln and the 5-0-8-D- glucopyranosyl-
: -phenylcoumarln 1nh1b1ted ATP; syntheSLS.”
, stimulated basal, , :
‘electro transport It was concluded that: th M
thes is determlned by thelr u

;act1v1ty‘
©3).yiThe:

transport;iir
electroniitr ns
transfer ;

‘It can then be* concluded that the 1soalloalantolactone and 4?
phenylcoumarins are allelopathlc compounds ‘that ;nterfere with
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photosynthetic..organisms :growth-acting updh*these.Sites. It is
important to point-out that .these compounds may:have other modes of
action through which exert a ‘different biologic effect.::



3. INTRODUCCION

3. 1 ALELOPATIA.

Las interacCionQS”plahta;bléht' '6h7diver5aé y;éefestaﬁlecen

entre aquelldsfﬁééeﬁélés.gq

deriva de

pathos=suft

de cadena 1srga

(Rice, 1984).



3.2 DESTINO Y SIGNIFICADO DE LOS ALELOPATICOS.

El destinok de ilosf ﬁeﬁabélitqs ~se¢undérios es diverso .y

frecuentemente, < debido: +- pueden ser tdéxicos

para las piaht

alguno de éstos¢

de inmediato;

para la pléhta productora ‘aumenta: (Einhelli

La produccidn

quimicas, - cuyos

ecoldgicas muy significativas’

de todo :tipd  Qde ;in;gra¢ciones; :bi@jégicas; j(intfaf_'o
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interespecificas), que surgen y evolu01onan, dependlendo de la

naturaleza qulmlca de los metabolltos secundarlos, la constanCLa de'

medio de lixiv

mismos."

3.3 MODOS DE ACCION DE LOS ALELOPATICOS. -

efectos puede

aumento en 1a susceptlbllldad a ciertas_enfermedades en la planta
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receptora, © bien, de una- inhibicidén de algunos microorganismos

cuya relacién con  ‘la /. planta. sea’ vital. Estas “limitaciones

nutricionaies dependientesd “la‘élélopéfié,iséh'eépécialﬁéhte

proteinas,

Miiller, 197

Balke, 1985
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fendlicos, ya que muchos de ellos alteran dlversas fun01ones

metabélicas~ La“* perturbac1on de estos procesos se ha logrado ‘con ..

concentra01ones de’O 1-1" secundarlos,

mismas con las‘ ue se ha logrado una inhibiciédn del’ crec1m1ento :

(Elnhel}lg, 1989)

3. 4 ALELOPATICOS Y HERBICIDAS.

Los compuestos alelopatlcos y ‘1dé'f ‘

muestran acthldades

‘emejantes

- suspensién

- detencid

tejido vaSédia

- las ralces plerde u habllldad de absorbervagua y sales

- 1nh1b1c1on de la fot051nte51s v
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- obstrucclon del floema

- estlmula01on de la producc10n de acetlleno causando dano en’

las hojas y tallos ETV

Todos éstds»efe \lan de unrdesbalance hormonal general

inferir las.
investigacidr

los que aun

potencial en:
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una interaccién»Jdés}tipbfaaleLQpético :ghtré  ghaf planta .y otro

organismo, intérvenga  interviene’no s6lc un- compuesto,; sino :una:’

presentan una

1984).

y que comprenden:mis

utilizados, son aquellas:que;bloquean:las:funciones fotosinteticééf"

1. los :grupos: quimicos: de.‘la

triazinonas)

herbicidas tipo diurdn;:éstos herbicidasise caracterlzanapor‘

tener su,blanco;de acciéh §£n1§elrdenla;proteiha de132xkﬁa
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unida a Quk(Pfister y Séhreiber;f1984}fSidérériy‘ééis.,'iQQh).

2. los nitrofenoles

‘conocidos - como  herbicidas tipo . II

(inhibidores PS-I ‘dé la-
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3.5 FOTOSINTESIS. -

La fotosintesié ;es;:el‘fp:oceso ‘mediante';ei*fcqai;_deuﬁosf

almidén),
Goodchild,

Los clérqp
longitud) :

Estos organelos

dos membran

cual pose

nucledtidos;

por

contiene 50% de protel (llpoprotelnas):;

(gllCOllpldOS) y 10% de clorofllas (Ellls, 1989)
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3.6 FASE LUMINOSA DE LA FOTOSINTESIS.

En las plantas: supéfiores, laluz  es absorﬁida por ‘los

pigmentos antépéuque“" ?lejqé}b¢ ech déieéyaé?;@z;

importante)

1990).
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formando generalmente dlmeros unidos a protelna. Cuando una

molécula de cloroflla absorbe un cuanto de luz, eleva su energla ¥

excitado, los’fotones absor

ejemplo los

esta forma.

prov1enen de la‘ox1dac1on del agua, mientras:que.en:el fot051stema

I la donadora de electronesﬁe a. plast001an1na redu01da.
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Membrana externa A

Membrana interna

Estroma

Membrana
tilacoidal

Representac1on de (A) Y

Figura 1. _1nterrlor ide un cloroplasto

del FSII,

como

~interacciona con' la luz, se .genera un
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estado Pg' que debe regresar a Psao para kcontinuar . con:-las

fotorreacclones. La reducc1on de Pum se lleva a cabo cuando el agua

cede electrones ‘a1 ox1dars por los cuantos deﬁluz, la reacclon se

é; del agua, de 2 a:3 1ones Ca2+

y varios iones clo uros,(Débus, 1992)

Potencial ‘redox (V)

Figura 2. Esquéma{}z,:del~ transporte " de .electrdnésk—en la
fotosintesis.. : :
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Acoplada”a “estos eventos,'se” encuentra-‘la” formacién' de’ un

gradiente deiprdtoﬂé‘

(1961), se

electrones
electrones .

protones

(Hinkle y Mcé t

Los componentes

intratilacoidal cuando ;se oxida nuevamente a:

be/f (Anderson y Beardall, 1991).

‘por: el complejo
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3.7 ATPsJ.ntetasa DE CLOROPLASTO.

Es el complejo multlenz:LmatJ.co que se. encarga de 51ntet1zar

es dec:.r, es: una ATPs:Lntetasa

canal (Barbei*,

2) EI’

superficie estromal de la membrana CF‘1 catallza la s:.ntes:.s de ATP
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en respuesta al ApH generado al iluminar a, los ClOI‘OplaStOS'

(Ketcham, 1984) Presenta un peso molecular de 325 'kDa "y esta

1984; Rodermel’:

Racker, 1965 Plck Y. Bass 11 n,

y col‘s., 1995). La ATPasa actlvada por ‘calor es. estlmulada por law
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incubacién con compuestos tioles; su ,eliminacién origina una
inhibicidén " de 1a act1v1dad Tde” la en21ma 'La‘ N-malelmlda o
por calor}pero no por

1odoacetam1da 1nh1be la actlvaclon de CF1

3.8 COMPUESTOS QUE AFECTAN LAS REACCIONES LUMINOSAS ' DE' IA

FOTOSINTESIS.

[tris(hidroXimet.

agua; DCMU L3

Y Qu; KCN (cianuro.d

DSPD (dlsa1101llden propano -diamina _A *ﬁ AN'{SQ 1éfé¢tolrén‘fe1
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complejo ferredox1na, etc. (Ouitrakul e Izawa, ;973; Izawa y ort,

1974; Trebst y Avron, 1977; Astier 'y cols., 1984).

Dio-9, DCCD;

1983; Vermegl

o Dbases

Los ;de

abaten el ApH, el,

electrones en’ ausenCLVVy presenCLa de ADP y i

AY y la 31ntes1s de ATP, estlmulan la hldrollsls de ATP (Terada,;
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1990). Algunos ejemplos de. desacoplantes son DN?:(dihitrdfenol),‘

el cloruro # -de.’ amonlo,. gel :
hidroxibencilidé
trifluoroméﬁoi

clorofenilh

Terada, 1951

ser utlllzados

fot051ntesls,;

fenazina-metosulféto,Y'". Mahler y Cordes, 1966)
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3.9 ANTECEDENTES DE LAS FUENTES - NATURALES DE  LOS COMPUESTOS
(METABOLITOS SECUNDARIOS). '

Ratibida mexicana.

El género Ratibida Richérdé'pertéhécefa la’ familia“Asteraceae’

e incluye seis especies y ‘una :variedad. 'La ‘familia Asteraceae,

tradicionaif
desérdenes ;
inflamacipﬁéé 1 > mo
utilizankpé%a‘lbs dolores: de’cabeza
,‘Eétddi§s fitpqu; i
Peduncqla}iéyjééfﬁit;erqn

veintiséis - lactonas ' “:sesquiterpénicas
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fenilpropanoide; tres acetllenos y dos sesqulterpenos (Herz 'y

cols., 1985; Ellma erer y cols 1987)

AsimiSMOp*:‘ fltoqulmlco,“"'""

latipaleafisf"

El estudi
los mismos biocensa

identificacié

Soto, 1994).°
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Exostema carlbaeum e Hintonla 1at1flora (Rublacea)

La familia Rublaceae esta compuesta de 6000 ‘a 7000 espec1es

4rbol de die
tubulosas'ny
Popularmenfé"
. .

como un sust

1989; Harbone:

7,4',5’-trih‘

vy 15 mg/ml, fespég

El genero Hlntonla pr senta cuatro espec1es las‘cuales ‘se

encuentran dlstrlbuldas en la reglon mesoamerlcana ,La‘espe01e
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Hintonia latiflbra ésﬁla'més importante ‘desde el punto de vista

medicinal (Martinez, 1989 )

1987;

Soto y cols

3.10 EFECTO ALELO: E LACTo" AS‘ SESQUITERPENICAS'.‘

Las lactonas esqulterpenlcas constltuyen uno de los grupos de

metabolitos Se¢

origen mevaldni

de plantas,
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sesqu1terpenlcas se locallzan ,en 1as gléndulas de las hojas,

1nflorescen01as v bracteas, ralces, tallos, madera y en - das floresi"

de algunas espec1e

conocidos:

lactonas

citotéxica,

molusquicida),

sesquiterpéﬁi
regulacidn Aé
y malezas (Ami
Baruah y cols

lactonas se encue
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inhibitorioAsobreAelgcrecimiénto del’coiééptilo en:trigo:(Sequeyra

1991)

y cols., 1968;;Fi§¢he:,

Fischei

confertifl
germinacié
artemisini

desarrollo

muestran que estos compuestos afectan diversos procesos metabdlicos

en una célula'Védepalf(Tablaﬂl)v
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Tabla 1.

Niveles de. accidén de. lactonas sesqu1terpenlcas sobre dlversos
procesos celulares. el L ; R .

LACT. SESQUITERPENICA  NIVEL DE ACCI

Isoalantodieno Actividad’EnZimétibap> Kalsi7yfcol$5'Ki989)'
o
-0
Divisién Celular . Duke y . .cols. (1991)
Alantolacténa  . Respiracién : Rddriguez (1976)

Isoalantola¢£5nak ~ Fisher (1991)°
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LACT. SESQUITERPENICA  ~ NIVEL DE ACCION ' REFERENCIA '

Artemlslnlna'flfg e e F DR Stileéfyiéols; (i994)
Arbuscullna A - . cotni v Einhellig..(:1995)..~

] ‘sintesis :
: de protelnas

Artemisinina“

oleracea L.

fotosistemé IT:

fueron moéfrad
derlvados »del
fot051ntet1c n : L 18~ | nns n: : ernal-

Morales y cols

ello lo constltuye;la rtemlslylna,,la cual a 10 mM presento un
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efecto 1nh1b1torlo mayor sobre Lemna que otros tratamlentos ,como el

2,4-D a lé mlsma~ concentra01on (Chen

de frondaéfy

1990; Stiles 'y cols

3.12 EFECTO ALEI

Las cumarin n metabolltos secundarlos que contlenen el_,*

nucleo de”ri

adaptan a est

la luz,

reVifandO'de:est

corteza y frutos
Las cumarinaé
hidroxi-'y‘fénil

Estosi:.
biolégicas éntre

como la alelopatlc

como la antlhelmlntlca,_lﬁ'ahtifﬁngicé,fiafaﬁtiCdégq1aﬁteﬁf la
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induccién en- la producc1on de melanlna, entre otras (Feuer, 1974;

Brown, 1981; Berenbaum, 1991; Kady'y cols . 1992; Zobél‘y'Browp,

1995).

y cols.,
furanocumariné
el tomate, la:calabaza

Macias y"

como el

concentracione

imperatorina mostro una estlmula01on sobre la longltud radlcular de

L, sativa (MaCLas y cols j 1993)
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Las fenllcumarlnas constltuyen el grupo de cumarlnas que ha

recibido menor atencmon desde el punto de v1st ‘blOlOglCO, 1os

dnicos estudlos reallzados han 51do sobre act1v1dades antlfunglca

Y antlpaludlca,

Por otra parte,.estudlos prev1os han descrlto 1os efectos de‘

cumarinas sobre alg nos procesos metabollcos en u cel la vegetal'

(Tabla 2).

Tabla 2.

Niveles de-accié

NIVEL DE ACCION

Escopoletina

Cumarona ‘, S < Brown  (1981)

L
o (s]
Cumermicina . Harbone y Baxter (1993)
] 7 ' ‘
RHN CHy

IS e
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NIVEL DE ACCION _ CUMARINA - . REFERENCIA

Umbeliferonaff‘i~f Divisiéﬁfcélﬁlaf jx' Einhélli§ﬁ(1986)’

Escopoletina "*fLPerméébiiiaéd‘wf

“Membranal. ...

Cumarona
Dicumarol

Y stenlid (1970) .
27 Brown(1981).

Esculina . oo . Einhellig (1986)
GH,0H

HO :
HO. Q L
o,

OH

Escopoletina / = " "Sintesis. . Caméroh‘y Julian-(1980)
de  proteinas < - X Binhellig (1995) =
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3.13 EFECTO DE CUMARINAS SOBRE LA FOTOSINTESIS.
Las cumarinas, esculetlna y escopoletlna, suprimiérqn ‘ia

fotosintesiS‘_neta jdeijemna mlnor L.

esculetina, ‘si

(Rice, 1984;:Einhellig

actud como un lnhlbldor cla51co de la'transferen01a de energla
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4. OBJETIVOS

4.1 OBJETIVO GENERAL.

El propésité dél3pré$eﬁféﬂtfébajb*fue'exém;pa§ e¥ efé?tdfdé:la

isoalloalan;dlgétona

sobre la actiyidad.fqtosinté;icé; _
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4.2 OBJETIVOS ESPECIFICOS.

4.2.1.- Separar?méaiéhfé métodos fitoquimicos convencionales las 4-

fenilcumarin:

4.2.2.- Purifica

y de las 44fe '

4.2.5.

naturales, com:l tructura--

actividad de’ ésth

- compuestos ~actividades

fotosintéticas examinadas.



E /O/ﬂ@C‘bW |
/f/ocCéL



_ TRABAJO NO 1.

"BTOCHEMICALLY ACTIVE SESQUITERPENE LACTONES
" FROM:Ratibida mexicana

Calera, M.R., Sotd,.

] chéz,'P., Bye, R., Herndndez-Bautista,
B., Anaya;’: .

6tina-Hennsen, B. y Mata, R.

bphytdéhémistry (en prensa)
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BlOCHEMlCALLY ACT!VE SESQUITERPENE LACTONES FROM '
ATIBIDA MEXICANA

" Key. Word [ad ib rools

thaceae; * Echinochloa | crus-galli;.- Grami phytog h-inhibitory - activity; i
phytopathogenic fungi; Hill's reaction inhibil quiterpene lactone; isoalloalantal, elema-
1.3, 1-trien-8,12-olide. :

Abstract—Bioactivity-di d fracti jon of the methanol extract of the roots of Ratibida mexicana resulted in the
nsolauon of two b pene factones, i and elema-t,3,11- lncn-s 12-olide. Both com-
pounds caused a sigmfcanl lnlubmon of the radicle growth of Amaranthus k h and Echinochl
crus-galli, exerted moderate cylnloxrc activity ngums( lhrec dnlr:n:nl solid tumour cell lines and inhibited significantly
the radial growth of three phy ic fungi. It i also caused the inhibition of AT P synthesis,
proton uplake and electron transport (basal, horylation and led) from water to methylviologen,
therefore nmng asan Hil's rcncnon inhibitor. The lactone did not affect photosystem I but inhibited photosystem Il
Thesite of i of i: I: is focated in the span of Pgga to Q4 tedox enzymes because the uncoupled
electron transport from water to siticomolybdate and, from DPC to DCIP are inhibited a pprosimately to the sume
extent. -

INTRODUCTION

Ratibida {Wats.) Sharp (A isa yellow-
flowered perennial medicinal herb which grows scattered
along the Sierra:Madre Occidental in northwestern
México. The Tarahumar Indians refer 1o the plant as
Howinowa and crush the roots to use onlegs for theuma- - )
tism. Other Indian tribes use the roots for a wash and g
a potion of the leaves in a beverage for headaches and
colds {1].

As a part of our search for biologically active com-
pounds with medicinal and/or agrochemical importance
from plants of the Ratibida geaus {2-4], we describe the
isolation of isoalloalantolactone and elema-1,3,1 L-trien-_ ... .
8,12-0lide, the major antifungal and phytotosic prin-
ciples of R. mexicana. In addition, the cffect of isoal-
{oalantolactone and three semi-synthetic derivatives
(12-¢) on different photosynthetic activities was investi-
gited.




002 : M. R. CALFRA et al.

RESULTS AND DISCUSSION identical to those previously reported {9]. Treatment of
' . . 1 with m-chloroperbenzoic acid afforded the epoxide (1c),
not. previously described, which was characterized by
spectral means. The NMR spectra (see Experimental) of
c.were similar to those of 1, except that the signals for
¢'double bond at C-3/C-4 were missing. In their place. :
ands for the epoxide group were observed at 62,96 (H-3)
.in_the '"H NMR spectrum and at 560.9 (C-J) nnd 576, ‘
-4) in the '*CNMR spectrum. o
Compound 2 was also characterized by spcclral annly- o
‘The NMR and the mass spectral data were identical
‘to those previously reported [11, 12]. This’ compound
ight be an artifact of isolation since clemanolide sesqui-
terpene lactones are frequently found to.be decomposi-
tion pmducls of germncr'mohdes ci

Preliminary bmlugtcal wahmu

The roots of R, me\'qu were, cxlmclcd wllh metl
anol. The methanol residue wa; then partitioned between
hexanc(FD 1) and IO% aq us MeOH (Fo-2). The ong-

' (BST] [5] (Tablc 1)
activity [6] was e\'al

mendlol )8:-acclox)cnplomend|ol an .
ll -en- 4:0[ by comparison with nuthcnuc samples pre- -

Bioactivity guideﬁ .isolatio
elema-13,11-trien-8, 12-olide’.

According to thc results summnrl
2 the methanol extract of R.';r

ntly. inhibited radu:lc’
:md F rrus'-galh m a con- -

chromatographies over s:hca”gel u
bioautographic phytogrowt} i
[8] as activity directed_fraction
yielded two active sesquiterpen
tolactone (1) and clemn 1,3,1
three inactive known’ selmnne lype of scsquncrpcncs
lsoalloal.nnlolactonc (). was identified

sccdhngs of E. crus-galli werc lcss sensmvc to dcnvnmcs ‘
Icat ho:h'c ncentrations (Fig. 1).- Thc<c rcsults re-',

aled that'in addition to the' mcth)lcnc group in ‘the
lﬂclonc, the ‘4% double bond in isoalloalantolactone is'
an important ‘structural fealure fo hlgh ’ hylogroulh-
mhrbllory 1cuvny [

monOp)mzohne (1b), obtained from th
tone 1 with NaBH, and dmzom

Methanol cxl
Forl
Fo-2:
Compound'1
Compound 2

*BST (brine shrimp restlts are expr
tResults are expressed as EDgq' valués (pgml 1)
HT-20 (human ‘colon” adcnncarcmnma), McC
(hum:m lung carcmo N




Serquiterpene lactones of Ratibida mexicana

Table 2. Phytogrowth-inhibitory activity of the methanol ex-

tract, primary fractions and isolated lactones from Ratibida

mexicana on radicle elongation of Amaranthus hypochondriacus
and Echinochloa crus-galli

ICso (ngmi™")

LA, h)'pochlbn'dr'i‘avc;uf ; E.f(us-galli ; iy Sl

Methanol extract '; A, 18"
Fo-1

Fo-2
Compound 1
Compound 2 : -
Tricolorin A® "

*Positive standard,
IC;o = 50% inhibitory concentration.

A. hyparha;ldrincu:

12 q
0 B N,
100}~ Bl P2ic 5
,§ 80 e p<0.05 E
) o
£ o :
-
©  40b-
w®
20}~
0 50
Concentration (pug/ml)
E. crus-galli
.
120 1 Kta
100 Bl P 1c
e
£ 80
B
£ )
E
S a4pl-
®
20/
0 50 Z

Concentration (pg/ml)

Fig. 1. Phytogrowth-inhibitory activity of isoalloalantolactone
derivatives (1a-c) on radicle elongation of A. hypachondriacus
and E. crus. galli,

Kaur and Kalsi [9] found that |so:llloalamolnclone (1
promoted root formation on stem cuttings of Phasenlus

vulgaris. On the other hand,ithe correspondmg*cnan i

tiomer, dlploph)”nlldc. shoWed :inhibitory v
wards the gcrmmauon and rool elongallon of ncc husk

[14]).

_ dihydro deriva

the epoxide, (1c
_syn 1thesis only by 46 and 18%, respectively (Fig. 2). These
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M is important to point out that the concentration level
of phytogrowth-inhibitory activity exhibited by | and 2 is
comparable with those previously described for other
sesquiterpene lactones [15]. Several other cudesmanol-
ides have exhibited phytotoxic and plant growth regula-
tory propertics. However, vernolepin has been the only

“elemanolide whose phytogrowth-inhibitory activity was
‘- previously described [15].

Cytotoxic activity of natural lactones 1 and 2

The cytoloxic activity of lactones 1 and 2 is sum-
marized in Table 1. Both compounds were active in the

"BST [5] and showed low cytotoxicity against A-549

(lung), MCF-7 (breast) and HT-29 (colon) in 7-day hu-
man solid tumour cell in vitro test, using adriamicyn as
the positive control compound.

Antifungal activity

The radial growth of Helminthosporium was totally
inhibited by lactones 1 and 2 at the tested concentra-
tions. The minimum inhibitory concentrations - were
<50 ugml~ ! in both cases. Concerning the three deriva®

tives, only the cpoxide (1¢) showed comparable aclivi(y,r‘

with a minimum mhlbnory concentration of 75 pgml~,

lactones exnmmcd l
phylopalhogenlc fung:

plasts

a conccnlra-
tion- dcpendent manne
(Tso was 200 uM). Als

a) lnhlbllcd ATP synlhcs:s by N%

P)thmm was more suscepllblc tol and b wnlh mmlmum‘i

d by!iso
’)(Figurc'z).(f;i ;
G

BE

at 500 uM."At this ¢ conccnlranon the pyrazolme(lb) and »

he wg:d a weaker effect, inhibiting ATP

ndicated thnl the 434 double bond of isoalloalan-

nhlbuory eﬂ'ect 'on-ATP synthesis. However, the a-

that the same trend ‘was obscrved for the phylogrowth-

; mhlbnory activity.

i:tolactone (1) is an cs‘cnlml structural requirement for its

clhyl -y-lactone moicty was important but not essential
“for ATP syn(hes:s inhibition. It is important to point out
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120 ' 100@-~@=
l\e ®
e A
80 \ —
o]
2 >
g ‘g 604 L \
g < 40 .
® x O O
[
20 \
. 5 - . .
o 100 200 300
..~ [1soalloalantolactone] y.M
Fig. 2. Inhibitory effect of e (1) and its deriv- cyclic_electron port (basal, phosphorylating

nd uncouplcd) from water to methylviologen as a function of
ation. Photophosphorylating elec-
on’ transport’ was d in p ¢ of 1 mM ADP and
mM- K;HPO,. A 3mM NH.CI was added for measuring
‘uncoupled ‘electron transport. Each cuvette contained 20 ug
‘I chlorophyll per ml in the i dium. Other conditi
“were as described in the Experimental. Control values rates for
basal, phosphorylating and uncoupled electron transport were
2536, 954.8 and 2161, sespectively in ueqe "hr~* mg Cht~*. Basal
. (@), phosphorylating (O) and pled (A )el port.

atives (lu-c) on pholophospho Ianon from waterto methyl-.

viologen in chloroplast lhylnkold solal

phorylation and proton uptake process. The ta'rigcl"of [
this !actone is exposed when the chloroplast is cnergnzed :
because in this condition the inhibition is stronger lh:m

>
':'é 60 when the chloroplast is unencrglzcd (uncouplcd s(atc) :
E In order to loc1hze lhe sue of mhlbmon, lhe eﬂ'ccl of o
® 401

20

04— 1.' SABLES :

0 L1 2007 : e
: 0o 20 :0f©200 ‘and 400 uM xsoalloalanlolaclone (l) “inhibited -’

[Isoolloolanloloctone] p.M

E uncoupled cleclron lransportf!

Fig. 3. Proton unlake as.a
conc«.mrauon “In cuch ‘case;

; rs lnlcrcsnng to.mention :thatother. scsquncrpenc'
loncs such as cacalol, zalummn Cand ivalin [17-19],
re also ablc to mterferc with the pho(osynlhctlc proccss"
clmg as Hl"S reactlon mhlbuor owcvcr, these’ ter-
On lhc othcr hand,

uncoupled electron flow from v.nler to. mclhyhlologc; carbonylcyanide m- “chlorophenylhydrazone (CCCP),
were inhibited . in"a: concemr.mon depcndcnt manner, . heav; metals ions as Cu(ll) ‘dinoseb (a’ phenolic herbi-
These results md:cale that' lsoalloalanlolaclonc behaves cide) . and’ cacnlol dcrlvauvcs have been found to inhibit
as a Hill's reaction inhibitor, ‘since it has mlubucd not?,j rcdox enzymes at lhe samc level as isoalloalantolactone

only the cleclron. transport but also lhc, pholop"hos-k' y docs, ie. in |he span P“a lo QA {17, 20—26]

photosyslcm 1B from» o
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Serquiterpene ! of

Table 3. Effect of isoalloalantolactone on uncoupled photosystem I and U electron transport rate. Control

values rates in pcqeh Tmg Chi~! for PSI (DCIP to MV}, PS1i {from H,0 to DCIP, H,0 to SiMo and
. DPC to DCIP} were 2000, 680, 140 and 105, respectively

. Addition DCIP MV H,0 H,0 SiMo DPC DCIP ‘
Compound .- .. (uM) (%) (%} (%) (%) I
Controt.- . ‘none 100 - 100 100 . 100 [
tsoalloatan=" .~ 200 100 8 ‘ 7 62
Jantalactone 400 100 50 » 28 } .

}

The results of this study showed that natural lactones  raphed on silica gel (480 g), eluted with CsHe-EtOAc

1 and 2 posses remarkable antifungal and phytogrowth- , (4:1) to yield 1.70g of isoalloalantolactone (1), mp

inhibitory activities. Therefore, they might be developed | 74-75° (Lit. mp 70°) {91 and 14 mg of (—)-selin-11-en-
into environmentally safe herbicide and/or fungicide | 4x-ol, mp 82-84°.,

agents. Also, it is probable that 1 and 2 are involved in The toxic fraction F,-2 (14.45 g) was further resolved

the aflelopathic interaction of R. mexicana [15]. In the | on another silica ge! (280g) column eluted with

casc of isoalloalantolactone (1) the ailelopathic mode of | hexane-EtOAc (9:1) to yield impure elema-1,3,11,trien-

action could involve an alteration in the photosynthetic | 8,12-ofid (2}. Further purification by prep. TLC on silica

process by inhibiting the Hill’s reaction and, thereforc. gel impregnated with AgNO, and using C¢H¢—EtOAc

the growth of photosynthetic organisms. (9 1) as mobile phase, rendered 124 mg of pure 2, mp

72-73° (Lit. mp, unreported).

‘When primary fraction Fo-2 was dissolved in MeOH,

EXPERIMENTAL P , 63.3 g of a gummy solid pptd (F¢-1). Fs-1 (44.53 g) was

Instruments. IR spectra were . obtained in KBr on“ subjected to CC over silica gel (600 g) eluted with a concn

. -gradient of CsHe-EtOAc-MeOH, starting with CeHs

and ending with EtOAc-MeOH (1:1). A total of 112 frs

vere collected and combined into 9 groups (Fs-1~Fs-9)°

accordmg to their TLC profiles. Fraction Fs-2, eluted

nh CeHe-EtOAc (1:1) yielded a mixture (37.1 mg) of

inactive compounds “The mlxture was rcsolved by

B spectrometer.’ Mp
(70-230 mesh) Merck. wa
out using precoaled sili
Planl malena

}Sz-aceloxycryupto- .
,standard snmplcs 133
la olaclone‘ Compoundb‘

eration at room temp. with: MeOH, After filtration’ the
cx\racl was concd in vacuo. The McOH resxduc (397 g)’

When fraction Fo-1 was tested by' the ﬁholé
inhibitory  bicautographic = bioassay ' using i
CoHe~EtOAc (4:1) system, the activitywas found ‘at
a R, of 0.5 0.6. Fy-1 (56 g) was subjected to CC ovcrsvhca t), 21, l (C-15; q).
gel (523 g) eluted with a concn gradient of hexane-EtOAc. - (rel. int.) 248 ([M
starting with hexane only. A total of 110 frs (400 ml each) = 77 (17. O), 67
were collected and pooled based on TLC profiles to yield .. % i
7 major frs (F,-1~F,-7). Bioactivity in.the.BST bio--
assay showed two active -pools:. F;-27(BST,” LCso
=271.73 pgml™'] and ' F,-3° [BST, LCy0'=90.77.; : /
ugml=1]. Similarly, using the bloautognphxc bnoassay‘ TLC,’ ‘usmg silica: gcl plates |mprcgnated wnh AgNO,""
only fractions F;-2 and F,;-3 “also: contained:the 'd CeHe= EtOAc 9: l) as cluant to’ xcld 940mg 1a:
phytotoxic activity, which was localized at Rsof0, 5 and AL ne:: b,

0.4, respectively, F,-3 (lS 03 g) was- funher chromalog- 1(70 mg) m E:,o was aﬂowed Io react Mlh an El,O soln
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of CH;N; until the yellow color persisted for mote than
20 min. After 24 hr the solvent was evapd and the residue
recrystallized from Et,0 to yicld 82.24 mg of 1b,

Brine shrimp lethality test (BST) and cytotoxicity bioas-
says. The extract, fractions, isolated compounds and de-
rivatives . were .cvaluated - for lethality to brine shrimp

larvae as described. Cytotoxicitics against human solid -

tumor cells were measured at the Cell Culture Laborat-
ory, Purdue Cancer Center, for. the A-549 lung carci-
noma, -MCF-7 -breast, carcinoma  and". HT-29 . colon
adcnocarcmoma, ‘with adnam ycm as a posmve conlrol
in 7-day assays {5]

Phytogrowth: inhibitory. bmassays The photogrowth-,

inhibitory acuvny of the: MeOH ‘extract, primary frac-
tions and:pure; compounds was cvaluated on seeds:of

Amaranthus hy, pachandrmcus and Echinochloa trus-galh .
by usmg a Peln dish’ blonssay {6}..In addmon, a dlrcct“

guide sccondnry fract
of the acuvc compo

Seed St.l‘VlCc, :
chondriacus fr
Meéxico. Thc

only at 50.and; :200 p
positive conlrol {273

The direct broautographlc assay, W
target spccrcs grow dlrcc(ly on the thin’ layer chromntog

150 and 200 pigm! >
50, 75 and 100 jig

Chloroplasts. isolati
Chloroplast lh)lﬂko

Tine
28] and suspended; unl
5mM MgCly, 40mM

Mrusurunwnl af proton upic
tron trunspurl Proton upt

5 mM MgCl,; lOmM KCI 3 mM tricine pH 80, “ATP.

synthesis was mcasured as in prolon npmke condmons m

,‘;",mnﬁs spcclm measurements: M R{ Calera ncknowlcdges o
= the fcllowshlp awdrded by DGA PA UNAM to carry out” .
; k

M. R. CALFRA ¢1 al.

the presence of ! mM ADP and 3 mM KH,PO, condi-
tions in the presence of ! mM ADP and 3 mM KH,;PO,
[28]. Methyiviologen (0.05 mM) was added as electron
acceptor for Hill reaction.

Photosynthetic noncyclic electron transport activity
from water to methylviologen was determined with an

“oxygraph 5300. The reaction medium was the same as in

the proton uptake assay except that the tricine concen-

~tration -was 15mM and presence or absence of 3 mM

NHCI[17]. Photosystem I electron transport was deter-
mined in a similar form to noncyclic electron transport
{17, 28]. The following reagents were added: 100 uM
DCIP, 300 uM ascorbate, 10 uM DCMU and 3 mM
NH,Cl. Photosystem II was measured in presence of
50 uM DCIP, 1 uM DBMIB, 300 iM [Fe(CN)s}s and
3mM NH,CI [17, 28). Uncoupled clectron transport
from water to silicomolybdate, was measured with a re-
action mixture as in photosystem II except that 200 uM
silicomolybdate and 10 uM DCMU were added [31].
Uncoupled clectron transport from diphenylcarbazide
(DPC) to dichlorophenol-indophenol (DCIP) was meas-
ured spectrophotometncally as reported [32], 200 uM
DPC-was added to the medium. All reaction mixtures
were illuminated with actinic light of a projector lamp
(GAF 2660) passed through a S-cm filter of al% CuSO.
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Abstract

5-0-8-D-galactopyréndsYl-7-methok§?31‘ ‘-dihYdroiy-4-phenylcoumarin

isolated from Exostema carlbaeum (Rublaceae) has been found to act

synthesis -and . phosphorylating.

hydroxyethylplp

morpholino) ethanesulphonlc aci vTCA trlchloroacetlc ac1d




,Introduction

Amongvnatural products the coumarlns are certalnly one of the

most numerous:ahd

coumarins’ is ~the

compound

animals,

these investigation

coumarins, furanocoumarins.and; pyranocoumarins®which are” perhaps




’ 4
the most commonly occurrlng coumarlns The 4 phenylcoumarlns posses

a limited dlstrlbutlon in the plant klngdom and from the blologlcal

1992, Mata 1993




Materials and methods

Phenylcoumarin sourée. 5= O 6 D galactopyranosyl 7 methoxy 3, "-

et al. .5
mM MgCl,, 20 mM

1972) using:a’ ¢o
potentiomete
(Gilson recor

MgCl,, 10 mM KCl

measured asl

water to methlelologen s determlne

Spring Instrument) Model 5300 The reactlon medlum was the same: asl~



6
in the proton uptake assay except that the tricine concentratlon

was 15 mM and presence or absence 6 mM NH Cl (Lotlna Hennsen et al

1991) . all reaction\mlxtures were lllumlnated w:.t

*CuS0O, solution:

ATPase isolati

EDTA, 1 mM MgCl,,

5 mM CaCl2 and

1974,,G1aqu1.nt‘ et al

determlnatlon of 914 as,evaluated (Sumner 1944) In each case four

i repet lta.ons were :‘tes ted



Results and discussion ;

Effects of the 4-pbenylcoumar1n ‘on’ ATP"formatJ.on’and electron

transport. Photophosph‘:yl t

2).

hlor trl -n- butylln, plquerol‘ a

DCCD, DIO 9,

diacetyl plquerol (McCarty and Racker, 1967, Arntzen

et al. 1994)’

’966 Arntzen 1974, Gould 1976, -
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In order to test thlS p0551b111ty,,e1ectron transport rates

were determlned under phosphorylatlng and uncoupled condltlons

Figure 3

dependent msnn

as for thev'inhibitory détan

strengthened the propos An energj-
transfer inhibitor, because uncoupled electron transport was alsov

not affected (Fig. 3).

Effect of the 4-pbenylcou arin-on. My”'snd!Ca*AATPase?aCtivities.,

300 uM),

on




inhibitor.

Restoration of H+ ?hptake~ih'EDTA-t#éaﬁéd:éhlbrbpiéétsﬁbyftbef4_

phenylcoumarip[_iﬁ}fb er. to. localize . e i ‘ ‘acti the

coumarin was tésﬁéd;bn*chlor lasts without . CF;

of maintaining

Jagendorf 196;):

(McCarty

coumarin
(control

presence

= 0.85) indicates that

hydrophobic natute:'Thé*synthéSiékdf”phdtoaffinity"deriyativéé’wili
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provide further evidences about the 4-phenylcoumarin target in CF,.

The éffect:' df' 5 o 6 D galactopyranosyl 7 methoxy 3' 47~

However,

marginal

behavior
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a putative hlgh energj 1ntermed1ate for A’I'P synthes:.s 1s 1mpa1red

Accordlng to Arntzen et al ~‘C(l_974) kaempferol ’acts at"a step‘

allelochemical ;co;;mpo;ihczi's R
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Table 1. Effect of the 4-phenylcoumarin on the Mg?*-dependent ATPase
activity of chloroplasts and Ca"’-dependent ATPase activity of

purified coupling factor‘i ,Cdntrql\ alues for Mg? ATPasé‘aanQQ”j

ATPase weré;léG

Coumarin’ .=
concentration
(uM) ;
None s B - *U8
25 ot T ge g3 100 +:9°
50 S e eBhE2L 1022 75%
100 e L8767 100 £27.00
200 : 872 100 % 12
300 R .85 ® 1. 106':[5¢



Legends

Figure 1. Structure of 5-0-8-D-galactopyrandsyl47-methbxy~3’,4’-

dihydroxy-4}phég§lcoum§rin.

Figure 2. ofkthe 4- phenylcoumarln on ATP formatlon and’

medium. Other

uncoupled'(é)

/h-mg Chl,

Figure 4. Reconstl utlon of llght derEH proton,uptake 1n EDTA-H

washed chloroplasts :bj’ dlfferent ,concentratlons (6f Ehé  a-



phenylcoumarin. Details of the reaction mixture are given in

Materials and methods.
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ABSTRACT

The effect of several 4 phenylcoumarlns 1solated from




3
the uncoupling - effect of the investigated 4-

phenylcoumarins.



INTRODUCTION . |
The biological role of coumarins, compounds found

in microorganisms, ‘animals éﬁdfhiéhéffpiaﬁﬁé‘jl,lzf_3])__

or chloroplasts

have demonstrated t

phenylcdhmarlns (
and 2a-2é}[] 

isolated spinach chloroplasts. =



RESULTS  AND DISCUSSION

Effect of -phenylcoumaxuns n” . AT formatlon.‘

Effect of '4 enylcoumarlns ‘on pr

electron transport rate The light- dependent syntheSLS

of ATP on: thylak01‘s may be lnhlbl ed ‘y bloc 1ng the 

electron transport, by uncoupllng ATP synthe51s fromv:



6
the electron transport or by blocking the

phosphorylatlon reactlon 1tself [14]

,In order to'vdlstlngu‘sh “between thesg_;three

proton. per:

by the phenylcoumarln or ‘by+th ctlvatlon of one (orj.f

more) redox enzym s whlchfrvgula_e electron flow “in

chloroplasts



7
The inhibitory effect of 4- phenylcoumarlns on ATP-
synthe51s’an§_}rjuptake, as well as the stlmulatory

effect on baéai énd“?hosphprylatln 4electron transport,

indicatéﬂthar

have been demenstrated tok,ct asvuncouplersi 15; 16]

It has been proposed that the uncoupllng effect of'



8
phenol SF6847 (2,6-di-t-buty1§4-;(2,‘2-

dlcyanov1nyl)phenol) is attrlbutable to’ v its

protonophor}c actlon on: chloroplast ‘embrcnes?[17] ?he,

“Ifor;

between dlfferent plant spec1es or 1n the mechanlsm of

defense agalnst plant pathogens or predators [3, 4, 6,



9
8, 9]1. The blochemlcal baSlS of thls actlon, w:.th few

exceptz.ons*, ‘1s not well known ’I‘he sens:.t1v1ty of

photosynthetlc energy conservatlon machlnery to 4-'

biosynthesized these compounds .
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EXPERIMENTAL

Tested material Compound 1 was obtained from Huntonla

DC. ) Bullock [20] Natural coumari'

[24] Methylv1d
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Photosynthetch nonfcyclic electron transport

activity from wate v .Ftt'v .t‘t'kt‘:" s determlned;

ATPase 1solat . A activity and

released inorganic Pi,were carried out~as reported [27

287.
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LEGENDS

Figure 1. Inhlbltory effect of: the 4- phenylcoumarlns on

photophosphorylatlon from water ; to 'methylv::.ologen J.n

chloroplast thy

(®);




17
and phosphorylatlng electron transport were 300 and -

600, respectlvely 1n ueqe h1 mg Chllz ‘Basal™ (o) and"

phosphorylatlng (0) electron transport

experlmental sectlon.



Table 1. Activity of the effects of 4-phenylcoumarins
on electron flow 1n 1solated chloroplasts compared to

control: (100% act1v1ty)
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5. DISCUSION:Y:CONCLUSIONES

Diversos ~ estudios.

alelopéticos:pued

celulares.

diversos enf
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alteraciones a nlvel de fotos1nte51s (Andreo y cols e 198g;:Lotina-

Hennsen y cols. 199: w ”j Mer51e y Slngh,,199 '_A;bértiq,y

Morales y cols ;

cols., 1994; Bernal— Eiﬁhéiii§/ f,

1986, 1995).

El estudio itoguimico:convencionalid especies EWostemal'
caribaeum e?ﬁ
4-fenilcumérina
ﬁnicamente;fd
crecimiento‘d
parte, un e#ﬁhdi

permitid

conocer su mecanismo - de:
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I.~ Efecto de las lactonas sesquiterpénicas y de las 4-

fenilcumarinas sobre la fotofosforilacién en cloroplastos.

A. Lactonas sesquiterpénica

Los resultaddslébtéﬁiﬂbs e 1 .presente trébéjdldemuéstran

asin a sintesis de ATP.en

C (ICs= 4.6 mM; Loti

6.8 mM; Bernal-M

el grupo o-me

importancia para

contrasta con:

la mayoria de

Sadrzadeh, 1994) i

accidn para este grupo de compuestos.:
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B. Cumarinas.

En el presente trabajo se observo que de; las ocho ' 4-

fenllcumarlnas estudladas,‘unlcamente'los compuestos la,
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II.- Caracterizacién~délﬁftipo~‘dé,éfecﬁo producido en la fase

luminosa de la fotosintesis por las lactonas sesquiterpénicas y las

4-fenilcumarinas.

La isoallqaiéntolacton

sintesis de AT

redox a nivel

contrasta con-e

cols., 1994

electrones e'

oxigeno.
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B. Cumarinas.
En las 4-fenilcumarinas  examinadas. en  este. estudio "se

determinaron dos formas “l'Ctopif ﬁ§$'1-7¥

comportamient

Racker, 1967

bloqueadores’ de: CF,

la Mg?*-ATP:
reportado para 1.

es considerada’p
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exacto de accién de este compuesto.
Por otraipéite;‘iés 4-fenilcumarinas 5,7,3',4’ -tetrahidroxi-4-

fenilcumarinal(ié) trihidrpxi€4-fenilc@mariha,~

metilacién - d

(Terada, 1988

podrian actuar.iicc

cumarina, la novobiocina,-que forma canales:idénicos’ en membranas
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lipidicas artificialési‘”con ‘una ‘séléctividad similar a 1la

gramicidina - (Felgln, 1995)

Es 1mportante con51derar‘ que los dlferentes patrones 'de

inhibicién de estos desacoplantes estan probablemente rela01onados

con las dlferenc1as ' los mecanlsmos :def acc1on de -estos

compuestos.

III.- Importancia de los aleloqulmlcos como poslbles fuentes de

herbicidas naturales.

que permltlrlan ln mayor‘entendlmlento ‘de: los¢d1versos,procesos,

metabélicos en los 51stemas blologlcos.v
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6. PERSPECTIVAS

- Determinar el sitio de ‘interaccién del ‘compuesto 5-0-8-D-

galactopiiéﬁé

(inhibidor de 1

permitiria precisar el

tentativahenﬁ

fenflcumariﬂ
completa. Co
compuestos‘é
demostrar yéu

cloroplastos
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selectividad vegetal que estos compuestos puedan presentar sobre'

las diversas espec1es, con51derando su- pOSlble 1mplementac1on en la

agricultura como herb1c1das selectlvos que ldealmente no: afectaran;

la funcién. fotOSLntetlca en especxes vegetales utlles al hombre.
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