
www.elsevier.com/locate/phytochem

Phytochemistry 66 (2005) 811–815

PHYTOCHEMISTRY
Cytotoxic lignans from Larrea tridentata

Joshua D. Lambert a,*, Shengmin Sang a, Ann Dougherty b, Colby G. Caldwell b,
Ross O. Meyers c, Robert T. Dorr c, Barbara N. Timmermann b

a Department of Chemical Biology, Ernest Mario School of Pharmacy, Rutgers, The State University of New Jersey,

164 Frelinghuysen Road, Piscataway, NJ 08854, USA
b Department of Pharmacology and Toxicology, College of Pharmacy, University of Arizona, Tucson, AZ 85721, USA

c Arizona Cancer Center, University of Arizona, Tucson, AZ 85724, USA

Received 9 March 2004; received in revised form 6 December 2004
Abstract

Six lignans, including the cyclolignan 3,4 0-dihydroxy-3 0,4 0-dimethoxy-6,7 0-cyclolignan, were isolated from the flowering tops of

Larrea tridentata. Additionally the flavanone, (S)-4 0,5-dihydroxy-7-methoxyflavanone, was isolated for the first time from L. triden-

tata or any member of the family Zygophyllaceae. All of the compounds were assessed for their growth inhibitory activity against

human breast cancer, human colon cancer and human melanoma cell lines. The lignans had IC50 values of 5–60 lM with the linear

butane-type lignans being the most potent, and it was found that colon cancer cells were the least sensitive cell type tested. The rel-

ative potency of linear butane type lignans against human breast cancer appears to correlate positively with the number of O-methyl

groups present on the molecule.

� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Larrea tridentata (Moc. & Sess.) Cov. (Zygophylla-

ceae) has a long history of ethnobotanical use among
native peoples in northern Mexico and the southwestern

USA. Cancer, tuberculosis, menstrual pains, and diabe-

tes treatment are among the indications listed for chap-

paral, as the plant is commonly known (Tyler, 1992).

Others have previously shown the efficacy of nord-

ihydroguaiaretic acid (NDGA), a lignan found at high

levels in this plant, as an anticancer compound (Khan

et al., 1993; Moody et al., 1998; Snyder et al., 1989).
This compound inhibits a number of enzymes including

lipoxygenase, phospholipase A2, and NADH oxidase

(Avis et al., 1996; Burk and Woods, 1963; Lanni and
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Becker, 1985). Additionally, NDGA has been shown

to block the formation of actinic keratoses, a use for

which it was previously approved by the Food and Drug

Administration (Kulp-Shorten et al., 1993; Olsen et al.,
1991). We and others have shown that a tetra-O-methyl

derivative of NDGA (M4N) retains the anticancer activ-

ity of NDGA and inhibits tumor growth in vivo (Heller

et al., 2001; Lambert et al., 2001). The present study was

undertaken to isolate further lignans from L. tridentata

and determine the anticancer activity, if any, of these

compounds.

Here, we describe the isolation of the new cyclolig-
nan, 3,4 0-dihydroxy-30,4-dimethoxy-6,70-cyclolignan (1),

as well as five known lignans and (S)-40,5-dihydroxy-7-

methoxyflavanone (2) which had not been previously

isolated from any member of the Zygophyllaceae family

(Fig. 1). All isolated compounds were assessed for

cytotoxicity in several human tumor cell lines.

mailto:joshua_lambert@hotmail.com


R3

R4

R2

R1 R1

R2

R4

R3

O

OOH

H3CO

OH

1.   R1=R3= OH; R2=R4= OCH3

7.   R1=R3= OH; R2= OCH3; R4= H

8.   R1=R4= OCH3; R2=R3= OH

2.

3. R1 = R4 = OH; R2 = R3 = OCH3

4.   R1 = R3 = OH; R2 = R4 = OCH3

5. R1 = R4 = OCH3; R2 = R3 = OH

6.   R1 = R2 = R4 = OCH3; R3 = OH

8

8'

7

7'

1

1'

9

9'

3'

3

1
2

3

4
5

6

7
8

9

1'
2'

3'

4'

5'

6'

7'
8'

9'

2

4

5
6

2'

4'
5'

6'

1'

2'
3'

4'

5'

6'

6

7
8

5

Fig. 1. Lignans and a flavanone isolated from Larrea tridentata.
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2. Results and discussion

Compound 1 was isolated as a brown gum, ½a�25D ¼
�19:2� (CHCl3). Its molecular formula was determined

as C20H24O4 by HRESIMS. Its IR spectrum featured

strong absorptions at 3442 and 3539 cm�1 due to hydro-

xyl groups. The 1H and 13C NMR spectroscopic data

showed that 1 had two methyl groups (dH 0.86 d,

J = 6.6 Hz and 0.88 d, J = 7.8 Hz; dC 15.4 and 16.4),
two methoxyl groups (dH 3.66 s and 3.78 s; dC 55.9

and 55.9), one methylene group (dH 2.40 dd, J = 8.4,

16.8 Hz and 2.82 dd, J = 5.4, 16.8 Hz; dC 34.5), three

methine signals (dH 1.89 m, 1.99 m, and 3.63 d,

J = 6.0 Hz; dC 28.5, 40.9, and 51.1), and two sets of aro-

matic resonances (dH 6.30 s, 6.49 dd, J = 1.8, 7.8 Hz,

6.50 brs, 6.64 s, and 6.77 d, J = 7.8 Hz; dC, see Table

1). These signals corresponded to a molecule similar in
structure to the di-O-methyl cyclolignan, isoguaiacin

(8). HMBC and NOESY experiments were used to as-

sign the O-methyl substitutions. One of the O-methyl

substituent (dH 3.78) showed a three bond coupling with

a carbon at dH 146.4. This carbon showed a two-bond

coupling with H-2 0 (dH 6.49) and a three bond coupling

with H-5 0 (dH 6.78). Thus, dC 146.4 was assigned to C-3 0:

this methoxyl group was located to position 3 0. This
assignment was further confirmed by the cross-peak be-

tween dH 3.78 and H-2 0 dH 6.49) in the NOESY spec-

trum (Fig. 2). In the HMBC spectrum, the cross-peaks

between dH 6.64 and C-7 (dC 34.5) and dH 6.30 and

C-7 0 (dC 51.1) indicated that dH 6.64 was assigned to

H-2 and dH 6.30 to H-5. Therefore, the other O-methyl
group was assigned to position 4 according to the cross-
peak between dH 3.66 and H-5 in the NOESY spectrum

(Fig. 2). Thus, the skeleton of compound 1 was

confirmed.

The coupling constants of the two methylene protons

(dH 2.40 dd, J = 8.4, 16.8 Hz and 2.82 dd, J = 5.4,

16.8 Hz) suggested the H-8 to be at one axial position.

In the NOESY spectrum, H-6 0 showed cross-peaks with

H-8 and H-8 0 (Fig. 2). According to the three-dimen-
sional structure model, this indicated that H-8 0 and the

phenyl group were on the same side as H-8, indicating

that both H-700 and H-8 0 were in the equatorial position.

This stereochemistry was further confirmed by the

chemical shifts of the two methyl groups (dH 0.86 and

0.88) which are comparable to that of stereochemically

similar isoguaiacin (dH 0.86 and 0.84) but not to guaia-

cin (dH 0.84 and 1.85) which has a different stereochem-
istry (Wang et al., 2000). All of the signals in the 1H and
13C NMR spectra were unquestionably assigned on the

basis of extensive two-dimensional NMR spectral stud-

ies (Table 1).

Six other known lignans and one known flavanone

were also isolated. Three butane-type di-O-methylated

lignans (3–5), one butane-type tri-O-methyl lignan (6)

and the cyclolignan, 3 0-demethoxyisoguaiacin (7) were
identified. To our knowledge, the flavanone, (S)-4 0,5-

dihydroxy-7-methoxyflavanone (2), has not previously

been isolated from any member of the Zygophyllaceae

family.

Growth inhibition was assessed in human melanoma

(ACC375), human breast cancer (MCF7) and human



Table 1

NMR spectroscopic data for 3,4-dihydroxy-3 0,4-dimethoxy-6,7 0-cyclolignan (1)

Position dH dC HMBC NOESY

1 – 129.3 –

2 6.64 (s) 114.1 C1, C3, C4, C6

3 – 143.8 –

4 – 144.9 –

5 6.30 (s) 112.6 C4

6 – 129.2 –

7a 2.82 (dd, J = 5.4, 16.8 Hz) 34.5 C8, C9 H8

7b 2.40 (dd, J = 8.4, 16.8 Hz) 34.5 C8, C9 H8

8 1.99 (m) 28.5 C7, C9 H8

9 0.88 (d, J = 7.8 Hz) 15.4 C7, C8, C80

1 0 – 139.5 –

2 0 6.50 (s) 122.1 C30, C40, C60

3 0 – 146.4 –

4 0 – 144.0 –

5 0 6.77 (d, J = 7.8 Hz) 113.7 C4, C6, C70, C3
6 0 6.49 (dd, J = 1.8, 8.4 Hz) 111.4 C10

7 0 3.63 (d, J = 6 Hz) 51.1 C1, C1 0, C30, C4, C40, C6 0 H8 0

8 0 1.89 (m) 40.9 C7, C7 0, C90 H7 0

9 0 0.86 (d, J = 6.6 Hz) 16.4 C70, C80, C80

OH 5.41 (s) – –

OH 5.43 (s) – –

OCH3 3.66 (s) 55.90 C4

OCH3 3.78 (s) 55.92 C30
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colon cancer (SW480) cell lines after 120 h using the sul-

forhodamine B assay (Skehan et al., 1990). Table 2

shows the IC50 values of compounds 1–7 in each of
HO

CH3O

OH

CH3O

Fig. 2. Significant NOESY correlations and proposed stereochemistry

of compound 1.

Table 2

IC50 values of L. tridentata compounds 1–6 for growth inhibition of

human melanoma (ACC375), breast (MCF7), and colon cancer

(SW480) cell lines

Compounds ACC375 (lM) MCF7 (lM) SW480 (lM)

1 50 25 50

2 >80 60 >80

3 7 10 30.2

4 13.7 13.7 28

5 10 12.1 31

6 7 5.3 55

7 22 9.6 55.1

NDGA 7.9 24 27

NDGA is included as a positive control for growth inhibition.
the cell lines tested. SW480 cells appeared to be approx-

imately twofold less sensitive to all of the assayed com-

pounds when compared to ACC375 or MCF7 cells.

While all of the lignans showed IC50 values in the micro-

molar range, (S)-4 0,5-dihydroxy-7-methoxyflavanone (2)

was relatively inactive. Similarly, the cyclolignans (1 and

7) were significantly less potent against all three cell lines

suggesting that free movement of the butyl chain, which
is prevented in the cyclolignans, may be required to al-

low the molecules to assume the optimal conformation

for cytotoxicity.

Finally, the number of O-methyl groups on butane-

type lignans appears to be positively correlated with

the potency of those compounds, at least against

MCF7 human breast cancer cells. Previously, we have

reported that M4N, which has four O-methyl groups,
inhibits MCF7 cells with an IC50 of 6 lM while NDGA,

which has no O-methyl groups, has an IC50 of 24 lM
against the same cells (Lambert, 2001; Lambert et al.,

2001). Here, it is seen that the three di-O-methyl com-

pounds (3–5) are approximately twofold more potent

than NDGA but half as potent as compound 6. Com-

pound 6 has three O-methyl groups and a similar po-

tency to M4N. The reason for this increased potency
with O-methylation may be due simply to increased lipo-

philicity which allows more compound to cross the plas-

ma membrane of the cell. Alternatively, it may relate to

the ability of the molecule to bind to a lipophilic target,

such as the estrogen receptor (ER) which are expressed

in MCF7 cells. This hypothesis is supported by the fact

that the effect seems confined to the ER-positive MCF7

breast cancer cells. Previously, others have shown that
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NDGA binds to the ER to elicit an estrogenic response

(Sathyamoorthy et al., 1994). Perhaps methylation in-

creases the affinity of the molecule for the ER, and

may also change the compound�s effect to that of an

antiestrogen.
3. Experimental

3.1. General

Optical rotations were measured on a JASCO P1020

polarimeter. IR spectra were determined using a Ther-

mo Nicolet Avatar 360 FT-IR spectrometer (Waltham,
MA). UV spectra were determined using CH3CN as a

solvent and a Varian Cary 50 Conc UV spectrophotom-

eter (Palo Alto, CA). 1H and 13C NMR spectra were re-

corded on a Bruker AMX-500 (Billerica, MA) or Bruker

DRX-600 (500 or 600 MHz for 1H and 125 or 150 MHz

for 13C) in CDCl3. The chemical shifts are given in d
(ppm) values relative to that of the solvent (CHCl3).

HMBC spectra were acquired with 1/2J = 0.05 s. Med-
ium pressure liquid chromatography (MPLC) was per-

formed using a Büchi 688 pump (Zurich, Switzerland)

with a C18 column (40 mm · 490 mm) and a CH3CN–

H2O mobile phase grandient (30–100% CH3CN, flow

rate = 20–30 mL/min). Semi-preparative high perfor-

mance liquid chromatography (HPLC) was performed

on a Varian 9012 chromatograph (Palo Alto, CA,

USA) equipped with a Varian 9065 Polychrome diode
array detector with a C18 reversed phase column (Relia-

sil C18, 10 mm · 250 mm, pore size = 5 lm, Column

Engineering, Ontario, CA, USA, flow = 5 mL/min).

Compounds 1, 3–5, and 7 were eluted in CH3CN–H2O

(1:1) containing 0.15% HCO2H with tR = 10.9, 15,

16.5, 17.5, and 11.9 min, respectively. Compound 2

was eluted in CH3CN–H2O (4:6) containing 0.15%

HCO2H (tR = 17.3 min), and compound 6 was eluted
in CH3CN–H2O (7:3) containing 0.15% HCO2H

(tR = 17.8 min). Elution was monitored at kmax =

280 nm.

3.2. Plant materials

Flowering tops of L. tridentata were collected in May,

2000 in Tucson, AZ, USA. This material was shade-
dried and ground to sub-millimeter particles. A voucher

specimen was deposited at the University of Arizona

Herbarium (Lambert s.n., 08 April 2002, Tucson, AZ).

3.3. Extraction and isolation

Ground plant material (500 g) was extracted for 24 h

at room temperature with Et2O:toluene (1 L, 1:9). The
solvent was evaporated in vacuo to yield a crude extract,

(55 g) which was fractionated using silica-gel flash chro-
matography with acetone (0%, 2.5%, 5%, 7.5%, 10%,

12.5%, 15%, 20%, 30%, 40%, 50%, 60%, 75%, 100%

(1 L each)) in hexane. This yielded 29 fractions (250–

1000 mL) that were recombined based on thin layer

chromatographic analysis. Fractions 14–18 were recom-

bined and subjected to silica gel flash chromatography
(Silica gel 60, 40–63 mesh, Scientific Adsorbents, Inc.,

Atlanta, GA, USA) with EtOAc:hexane (8:2, 7.5:2.5,

7:3, 6:4, 1:1) to yield 23 fractions. Fractions 11–13 were

recombined and separated by MPLC to yield 35 frac-

tions. These were further separated using HPLC with

CH3CN–H2O mobile phase containing 0.15% HCO2H

to yield compounds 1–7 (4–20 mg). Compounds 1, 3–

5, and 7 were eluted in CH3CN–H2O (1:1) containing
0.15% formic acid with tR = 10.9, 15, 16.5, 17.5, and

11.9 min, respectively. Compound 2 was eluted in

CH3CN–H2O (4:6) containing 0.15% HCO2H

(tR = 17.3 min), and compound 6 was eluted in

CH3CN–H2O (7:3) containing 0.15% HCO2H

(tR = 17.8 min).

3.4. 3,4 0-Dihydroxy-3 0,4-dimethoxy-6,7 0-cyclolignan (1)

Brown gum; ½a�25D ¼ �19:2� (c = 0.5 in CHCl3); HRE-

SIMS (negative) m/z 327.1911 (Calc. 327.1596 for

C20H24O4); UV (CH3CN) kmax = 213 and 280 nm; IR

(neat) vmax 3539, 3442 cm�1; for 1H NMR (600 MHz,

CDCl3) and 13C NMR (150 MHz, CDCl3), HMBC,

and NOESY analyses, see Table 1.

3.5. Cell lines and growth inhibition assay

Human colon cancer (SW480) and human breast can-

cer (MCF7) cell lines were maintained in log-phase

growth in either PDRG (ACC375 or MCF7) or RPMI

1640 (SW480) medium supplemented with 5% calf ser-

um, 100 U/mL penicillin/streptomycin, and 2 mM L-glu-

tamine. For growth inhibitory assays, cells were plated
in 96-well microtitre plates (5–10 · 103 cells per well)

and treated with test compounds (in DMSO) at a final

concentration of 0–100 lM for 120 h at 37 �C (Leibovitz

et al., 1976; Levenson and Jordan, 1997). Inhibition of

growth was assessed using the sulfarhodamine B

(SRB) assay (Skehan et al., 1990). Cells treated with

0.1% DMSO or NDGA served as a negative or positive

control, respectively. Dose–response curves were pre-
pared and the IC50 value for each compound was deter-

mined. Each compound was tested three times with six

replicates per determination.
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