PLANT ANTICANCER AGENTS. XXVI. CONSTITUENTS
OF PEDDIEA FISCHERI'

SukHDEV 8. HaNpa?, A, DovcLas KiNcHORN, GEOFFREY A. CorDELL and
NorMAN R. FARNSWORTH

Department of Pharmacognosy and Pharmacology, College of Pharmacy,
University of Illinois at the Medical Center, Chicago, IL 60612

ABsTRACT.—The in vitro P-388 lymphocytic leukemia activity of the chloroform-
soluble fraction of the roots of Peddiea fischeri (Thymelaceaceae) was found to be due
principally to the quinone 2,6-dimethoxybenzoquinone (2,6-DMBQ), and to a lesser
extent the two coumarins daphnoretin and umbelliferone. This is the first report of the
occurrence of 2,6-DMBQ in the family Thymelaeaceae. The occurrence of 2,6-DMBQ
in higher plants is reviewed.

In a continuing search for antineoplastic agents from terrestrial plants, the
roots of Peddiea fischeri Engl. (Thymelaeaceae) were investigated. There have
been no phytochemical or biological studies reported on this genus.

In the present investigation, the chloroform extract of the roots displayed
activity in the P-388 lymphocytic leukemia test system in vitro (EDj 0.038
ug/ml).  Bioactivity-directed fractionation of this extract led to the isolation
of daphnoretin, umbelliferone and 2,6-dimethoxybenzoquinone.

EXPERIMENTAIL*

PraNT MATERIAL.—Roots of Peddiea fischeri Engl. (Thymelaeaceae) were collected in Kenya
in 1979 by the Economic Botany Laboratory, BARC-East, Beltsville, MD. A voucher speci-
men documenting the collection is deposited in the Herbarium of the National Arboretum,
Washington, D.C

EXTRACTION AND FRACTIONATION.—Extraction of the air-dried and milled roots (27 kg) of
P. fischeri with petroleum ether (bp 60-80°) afforded a petroleum ether extract (145 g, P-388,
ED; 0.21 ug/ml). The remaining marc was extracted with chloroform, and evaporation i»
vacuo afforded a chloroform extract (160 g, P-388, ED;, 0.038 ug/ml). Partition between
between petroleum ether and methanol:water (9:1) yielded a petroleum ether-soluble fraction
(35 g, P-388, ED: 0.25 pg/ml), and further extraction with chloroform gave a chloroform-
soluble fraction (50 g) and a chloroform-insoluble fraction (14.5 g). Only the chloroform-
soluble fraction was further examined.

CHROMATOGRAPHIC SEPARATION OF THE CHLOROFORM-SOLUBLE FRACTION.—The chlorform-
soluble fraction (50 g) was chromatographed on silica gel® (750 g) and eluted with chloroform
and chloroform-methanol mixtures of increasing polarity. About 30 fractions of one liter each
were collected. Fraction 4, eluted with chloroform-19, methanol (P-388, ED; 0.53 ug/ml),
yielded daphnoretin (1.45 g, 0.0048%;), which crystallized from chloroform/methanol, mp
234°; ir, ymax (KBr) 3400, 1730, 1620, 1590, 1510 and 1280 em™!; uv, amax (MeOH) 228 (loge
4.21), 260 (3.60) and 340 nm (4.20); 'H nmr, (DMSO-d,, 60 MHz) & 3.82 (3H, s, ArOCH;), 6.40
(14, d, 7=9.8 Hz, 3'-H), 7.15 (1H, d, 7=8.7 Hz, 6'-H), 7.30 (1H, d, J=8.7 Hz, §'-H), 6.95,
7.70, 7.90 and 7.98 (1H each, s, 4 x Ar-H) and 8.10 (1H, d, /=9.8 Hz, 4"-H); ms, m/3 352 (M*,
1009%), 324 (5), 309 (12), 294 (4), 270 (5), 191 (3), 179 (52), 164 (14), 145 (10), 120 (4), 117 (12),
89 (58), 68 (23), 62 (37) and 50 (12). These spectral data are consistent with those reported
(3) for daphnoretin.

Further elution of the column with the same solvent system afforded an in vitro active

For Part XXV. See reference 1.

q 2Present address: Faculty of Pharmaceutical Sciences, Punjab University, Chandigarh,
India.

3All extracts, fractions and pure compounds were bioassayed according to established
protocols (2). An extract, fraction or pure compound is considered active if it displays T/C>
1259 in vivo (P-388 test system), and an isolate is considered active if it shows an ED; <4 ug/mi
in the KB or P-388 cell culture system in vitro.

‘Melting points were determined by means of a Kofler hot plate and are uncorrected. The
uv spectra were obtained with a Beckman, model DB-G, grating spectrophotometer, and the
ir spectra with a Beckman, model IR-18A, spectrophotometer. Proton magnetic resonance
spectra were recorded in CDCl; or DMSO-d; solutions with a Varian model T-60A instrument,
operating at 60 MHz with a Nicolet, model TT-7, Fourier Transform attachment. Tetra-
methylsilane was used as an internal standard and chemical shifts are reported in § units. Mass
s;{gctra were obtained with a Varian MAT 1128, double focusing spectrometer operating at 70
eV.
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fraction (P-388, EDs, <0.01 ug/ml) from which umbelliferone (200 mg, 0.000669) was isolated,
mp 235-237°; ir, vmax (KBr) 3160, 1725, 1625, 1695 and 1600 cm™!; H nmr, (DMSO-d¢, 60 MHz)
56.20 (1H, d, J=9.4 Hz, 3-H), 6.73 (1H, d, J=2.5 Hz, 8-H), 6.76 (1H, m, 6-H), 7.53 (1H, d,
J=8.3 Hz, 5-H) and 7.93 (1H, d, /=9.4 Hz, 4-H); ms, m/z (M*, 1009,), 134 (89), 106 (8), 105
(21), 78 (29), 77 (15), 69 (10), 67 (15), 62 (11) and 51 (22). These spectral data are consistent
with those reported (3) for umbelliferone.

The fraction eluted from the column with chloroform (2 g, P-388, ED;, 0.098 ug/ml) was
rechromatographed on silica gel (40 g) and eluted with chloroform. The first fraction afforded
2,6-dimethoxybenzoquinone (20 mg, 0.000069;), mp 195-198°; ir, ymax (KBr) 1710, 1660, 1615
and 1490 em™!; uv, Amax (MeOH) 288 nm (log € 4.10); 'H nmr (CDCI., 60 MHz) § 3.82 (6H, s,
2x OCHj;) and 5.85 (2H, s, 3,5-H]); ms, m/z 168 (M™, 529), 140 (8), 138 (16), 125 (11), 112 (10),
110 (7), 97 (11), 80 (38) and 69 (100). Comparison with 2,6-dimethoxybenzoquinone obtained
previously (4) confirmed the identity.

BIOLOGICAL ACTIVITY OF THE ISOLATES.—Daphnoretin (NSC-291852), umbelliferone (NSC-
019790), and 2,6-dimethoxybenzoquinone (NSC-56336) displayed activities of 2.2, 0.4 and 0.0015
ug/ml, respectively, in the P-388 lymphoeytic leukemia test system in vifro. Daphnoretin
and umbelliferone were also evaluated at doses in the range 2.2-17.5 mg/kg and 1.4-11.4 mg/kg,
respectively, in the P-388 test system ¢n vivo but were found to be inactive.

DISCUSSION

We could find no reports of any ethnomedical information, biological testing
in vilro, in vive, or in humans, nor any reports of prior phytochemical studies
on the genus Peddiea.

Fractionation of the chloroform extract of Peddiea fischeri native to Kenya
by means of the P-388 lymphocytic leukemia test system in vitro afforded 2,6-
dimethoxybenzoquinone as the most active constituent. The first report of the
cytotoxicity of 2,6-DMBQ in the KB test system in vifro (4) was subsequently
confirmed by Kingston and co-workers (5). This present report indicates that
2,6-DMBQ is approximately 100 times more active in the P-388 system. Unfortu-
nately, insufficient material was available for in vivo testing; such experiments
might yield interesting results.

A surprisingly widespread compound, 2,6-DMBQ has been reported in 46
genera in 27 families, exclusive of the present report, as shown in Table 1. The

TaBLE 1. Distribution of 2,6-dimethoxybenzoquinone in higher plants.

Family Genus (Reference)

Aceraceae............. Acer (6)

Apocynaceae........... Rauvolfia (7)

Asclepiadaceae. . ... ... Marsdenia (8)

Betulaceae. ........... Betula (9)

Compositae............ Verbesina (10)

Dipterocarpaceae. . . . .. Shorea (11)

Ericaceae............ .. Enkianthus (12), Tripetalia (13)

Fagaceae.............. Fagus (14), Quercus (11,15)

Flacourtiaceae......... Xylosma (4)

Gramineae.. . ...... ... Sasa (168), Triticum (17)

Guttiferae. ............ Kielmeyera (18)

Leguminosae........ ... Acacia (11,19), Afzelia (11), Bowdichia (20), Ceesalpinia (21), Glycine
(22), Guibortia (11), Milletia (11,19), Pericopsis (11), Phaseolus (22)

Magnoliaceae.......... Liriodendron (11), Talauma (11)

Melastomatoceae. . . . .. Tibouchina (5)

Meliaceae............. ((Z‘edrela (11), Entandropharagma (11,23), Khaya (11,24), Swietenia
11,19)

Moraceae. . ............ Brosimum (11)

Myristicaceae......... Virola (11)

Proteaceae......... ... Hakea (25)

Ranunculaceae......... Adonis (26)

Rhizophoraceae. . .. ... Kandelia (27)

Rubiaceae. ... ... .. ... . Canthium (28)

Salicaceae............. Populus (29)

Sapotaceae............ Tieghemella (11,19)

Simaroubaceae...... ... Ailanthus (30-33), Eurycoma (23), Picrasma (24,34), Quassia (34),
Samadera (35), Simarouba (34)

Ulmaceae. ............. Ulmus (36,37)

Vochysiaceae.......... Vochysia (38)

Zingiberaceae.......... Aframomum (39)
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significant eytotoxicity of this compound should, therefore, be considered in
relation to fractionation of highly cytotoxic (P-388 test system) non-alkaloidal
fractions.

As expected, daphnoretin and umbelliferone, which were substantially less
cytotoxic, showed no in vive activity at doses up to 17.5 and 11.4 mg/kg, respec-
tively. This is in agreement with previously determined data (40,41).

It is noteworthy that none of the phorbol or daphnane esters which are fre-
quently found as antineoplastic constituents in members of this plant family
were isolated in this study.
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