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Abstract—Callus and cell suspension cultures of Tabebuia avellanedae produce promising antitumour-promoting
furanonaphthoquinones, 5-hydroxy-24(1-hydroxyethylnaphtho( 2,3-b]furan-4,9-dione and 2-acetyl-5-hydroxy-naphtho[2,3-

b]furan-4,9-dione in high yields.

INTRODUCTION

Tabebuia avellanedae Lorentz and Griseb. is native to
South America from Brazil to northern Argentina. Collo-
quial names for this plant include Ipé, Ipé roxo, Lapacho,
Pau d’Arco Roxo, Peuva, Peuva roxa, Piuva, Queraiba,
or Upeuva in Brazil, Lapacho and Lapacho negro in
Argentina, Lapacho in Paraguay, Tayihu in Guarani, and
Taheebo in ancient Inca. The bark of this plant has been
used as a diuretic and as an astringent [1-3].

Recently, from the inner bark of Argentine 7. avellane-
dae, 5-hydroxy-2-(1-hydroxyethyl)-naphtho[2,3-b]furan-
49-dione (1), 8-hydroxy-2-(1-hydroxyethyl)-naphtho
[2,3-b]furan-4,9-dione, 2-acetyl-5-hydroxynaphtho[2,3-
blfuran-4,9-dione (2), 2-acetyl-8-hydroxynaphtho[2,3-
blfuran-4,9-dione and 2,3-dihydro-5-hydroxy-2-(1-
methylethenyl)naphtho[2,3-b]furan-4,9-dione were isol-
ated [4], besides other naphthoquinones and anthraquin-
ones [5].

From the bark of T. avellanedae (=T. impetiginosa)
obtained from Peru, T. chrysantha (Jacq.) Nichols
(‘Tahuari’} collected in Peru and 7. rosea (Bertol.) DC.
collected in Cartagena, Colombia, 2-1-hydroxyethyl)}-
naphtho[2,3-b]furan-4,9-dione and 2-acetylnaphtho-
[2,3-b]furan-4,9-dione were isolated. From the bark of
T. rosea, also (5 or 8)-hydroxy-2-(1-hydroxyethyl)-
naphtho[2,3-b]furan-4,9-dione was obtained and from
the wood, only lapachol and dehydro-a-lapachone [6].

Quinone 1 was first obtained from the wood of Kigelia
pinnata DC. and designated as kigelinone. The structure
of this compound was erroneously assigned to
8-hydroxy-2-(1-hydroxyethyl)naphtho[2,3-b]furan-4,9-
dione [7]. The same compound was also isolated from the
stem bark of T. cassinoides (Lam.) DC. An alcoholic
extract from the stem bark was cytotoxic in the P-388
assay and the KB cell culture assay [8]. Recently, brine

shrimp lethality-directed fractionation of the 95% eth-
anol extract of the bark of T. barbata (E. Mey.) Sandwith
has led to the isolation of antitumour quinones, e.g.
8-hydroxy-2-(1-hydroxyethyl)naphtho[ 2,3-b Jfuran-4,9-
dione. These quinones have demonstrated potent cytoto-
xicity to human solid tumours in vitro (A-549, MCF-7,
HT-29) [9].

Among the South American plants so far investigated
as medicinal resources, 7. avellanedae is worthy of more
attention because of its highly promising therapeutic
effects and its rich variety of naphthoquinones. However,
artificial propagation of this plant is very difficult. Thus
far, only wild T. avellanedae plants of over 20 years old
have been used for medicinal purpose {1]. These facts
prompted us to develop a high naphthoquinone-produ-
cing cell line of T. avellanedae. Tabebuia caraiba (Mart.)
Bur. (=T. argentea Britton) cell cultures produced four
naphthoquinones, 1, 2, 2-acetylnaphtho[2,3-b]furan-4,9-
dione and 5-hydroxy-2-(1-methyl-ethenyl)naphtho[2,3-
b]furan-4,9-dione [10].

RESULTS AND DISCUSSION

Callus tissues of 7. avallanedae were induced according
to the method applied to Catalpa ovata [11]. Callus and
the cell suspension cultures grown on Murashige—Skoog
medium [12] supplemented with indole acetic acid (IAA)
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Table 1. Inhibitory effects of T. avellanedae naphthoquinones against 12-O-tetradecanoyl-phorbol-13-acetate (TPA)-
induced Epstein—-Barr virus early antigen (EBV-EA) activation

Concentration: molar ratio (test compound/TPA)

Compound 1000 500 100 10 1 0.1 0.01
1 0*(0)t 0(0) 0(0) 9.2 (20) 18.9 (50) 65.2 (80) 90.3
2 0(0) 0(0) 0(0) 53.7 (70) 90.4 100 100
Lapachol 19.7 (80)  46.2 (80) 68.4 100 100 100 100

1 +lapachol (molar

ratio 1:1) 0(20) 0 (30) 36.6 (80) 56.0 83.6

*Values are EBV-EA activation (%) +s.d. ¢ (1 5.0%) in the presence of test compound relative to the positive control
(100). The activation was caused by TPA (32 pmol).

+Values in parentheses represent the viability per cent of Raji cells measured through Trypan Blue staining, followed by
counting of the surviving cells 48 hr after the concomittant treatment of the cells with TPA, n-butyrate and test substances

in a 0.25% phosphate buffer solution (pH 7.2).

and kinetin produced S-hydroxy-2-(1-hydroxyethyl)-
naphtho[2,3-b]furan-4,9-dione (1) in high yield (0.05%,
dry weight base) along with a trace of 2-acetyl-5-hydroxy-
naphtho[2,3-b]furan-4,9-dione (2). The physical and
spectral data for these two quinones were consistent with
the literature values [5]. The yield of 1 from cell cultures
was more than 100 x higher than that of 1 from the bark
of the tree.

A short-term in vitro assay utilizing the activation of
Epstein—Barr virus (EBV) expression in EBV genome-
carrying human lymphoblastoid cells has been used to
detect tumour promoters, e.g. 12-O-tetradecanoylphorb-
ol-13-acetate (TPA) and anti-tumour promoters {13-15].
This assay system is composed of EBV-non-producer
cells as the indicator, n-butyrate as the trigger, TPA as the
EBV-activator and the test substance.

Following addition of n-butyrate, TPA and either
naphthoquinone 1 or naphthoquinone 2 to the culture
medium, the cells were cultivated for 48 hr at 37° and the
ratio of EBV early antigen (EA)-expressing cells estim-
ated using immunofluorescence. Both quinones 1 and 2
showed significant dose-dependent inhibitory effects in
this in vitro assay (Table 1). In particular, the activity of 1
was ca 100 x greater than that of 2. It is also noteworthy
that the cancer preventive activity of 1 shown by the
short-term in vitro assay was 10* x greater than that of
lapachol (Table 1).

EXPERIMENTAL

Mps: uncorr.; UV: MeOH; IR: KBr discs; 'HNMR:
220 MHz, CDCl, (TMS as int. standard); high resolution
MS: positive ion mode; analytical TLC: Merck silica gel
60 F,,, plates (0.25 mm layer for analytical purpose and
0.5mm layer for prep. mode) developed with
toluene-EtOAc (4:1). TLC plates were examined under
UV light at 254 and 360 nm. '

Plant material. The fruits, bark and herbarium speci-
mens were provided by Professor Emeritus W.R. Accorsi,
Universidade de Sdo Paulo. The bark was also obtained
from Taheebo Japan, Osaka, Japan.

Establishment of tissue culture/cell suspensions. Seeds of
T. avellanedae were sterilized by soaking successively in
70% EtOH for 30 sec and in sodium hypochlorite soln
(1% active Cl) for 30 min. The seeds were washed ( x 5)
with sterile H,O and placed on 2% agar plates and
incubated at 25° in the dark. Within a period of 30 days,
most of the seeds had germinated. The seedlings of ca
5mm in length were transferred to Linsmaier—-Skoog
(LS) basal agar medium [16] supplemented with
1073 mol 2,4-D and incubated at 25° in the dark. Callus
tissues induced from the seedlings over an incubation
period of 1-3 weeks were transferred to
Murashige-Skoog (MS) basal agar medium supple-
mented with 2 x 10~ 3 mol IAA and 10~ % mol kinetin, pH
5.8, before autoclaving at 25° in the dark and subcultured
every 4-5 weeks. After 3-5 transfers, the agar medium
under the callus tissues was coloured yellow indicating
naphthoquinone production in the callus tissues. The
callus tissues were then transferred to a 500-ml flask
containing 200 ml agar-free MS medium (composition as
above). The liquid culture was kept at 25° in the dark on a
reciprocating shaker (85 strokesmin~!, 8 cm in ampli-
tude). The cells were subcultured every 4-5 weeks.

Extraction and isolation of naphthoquinones 1 and 2.
Lyophilized T. avellanedae callus tissue (10 g) was ex-
tracted 4 x with MeOH under reflux for 30 min. The
combined MeOH extracts were concd in vacuo to give a
brownish residue which was triturated repeatedly with
CHCl,. The CHCl, extract was washed with H,O, dried
over MgSO, and concd in vacuo to yield a yellowish
residue. The residue was applied to TLC to give 2 yellow
bands. Extraction of a yellow band at R 0.3 with a mixt.
of CHCl, and MeOH (9:1) gave 5-hydroxy-2-1-
hydroxyethyl)naphtho[2,3-b]furan-4,9-dione (1), yield
5 mg. In the same way, another yellow band (R, 0.8) gave
2-acetyl-5-hydroxynaphtho[2,3-b]furan-4,9-dione  (2),
yield 0.5 mg. The content of quinone 1 in this cell line is
more than 100 x higher than that of the bark collected in
Brazil.

5-Hydroxy-2<1-hydroxyethylnaphtho[ 2,3-b]furan-4,9-
dione (1). Yellow needles (from EtOH), mp 181°; HR-MS,



m/z: 258.0541 [M]* (C,,H,,O; requires 258.0525); [«]3®
—25.0° (MeOH); UV 4., nm (log ): 204 (4.26), 233 (sh
3.74), 247 (4.05), 300 (3.88), 396 (3.83); IR v, cm ™~ ': 2950,
2860, 1670, 1640, 1580, 1460, 1370, 1190, 1170, 970;
"HNMR: 61.65 (3H, d, J =6.6 Hz), 2.25 (1H, br s, disap-
peared on addition of D,0), 5.05 (1H, m), 6.85 (1H, d, J
=0.7Hz), 7.27 (1H, dd, J=8.3, 1.5Hz), 7.62 (1H, ¢, J
=8.3 Hz), 7.82(1H, dd, J =8.3, 1.5 Hz), 12.18 (1H, disap-
peared on addition of D,0).

2-Acetyl-5-hydroxynaphtho[2,3-blfuran-4,9-dione (2).
Yellow needles from EtOH, mp 218-220° UV 4., nm
(log ¢): 200 (4.36), 240 (4.07), 255 (4.30), 275 (4.12), 414
(3.50; IR v,,,, cm~1: 2950, 2860, 1700, 1670, 1650, 1580,
1460, 1370, 1250, 1200, 1170, 1110, 970; *H NMR: §2.67
(3H,s), 7.33 (1H, dd, J =8.4, 1.5 Hz), 7.60 (1H, s), 7.67 (1H,
t, J=78 Hz), 7.82 (dd, J=74, 1.5Hz), 12.13 (1H, s,
disappeared on addition of D,0).
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ROMKRDIEFETHS ., ZORPIDEFRL, 752 L Tlidlpe,
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xh7=17],
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THlaaEME A B 72 [8] o ol  ARTAT -7 L S—2 Dfi
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FEHIIEFITHEL O I S T2 D1 204E L) Eo
WAEDRNTAT  TRNIXL LT THS (1]

ZDEENS AXTAT - TRNIIZTOEGT TN VAR
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KR AT Ty LAY (1) (2) . 2-72FILF T2,
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BIEREENT LT AYA 2 N— LV ADFI DHLIE (EBV-EA) i TEAL

UREE BV (7 AN A/TPA)

A 1000 500 100 10 1 0.1 0.01
1 0% (0)T 0(0) 0(0) 92(20) 189(50) 652(80) 903
2 0(0) 0(0) 0(0) 537(70)  90.4 100 100
F8a— ) 19.7(80)  46.2(80)  68.4 100 100 100 100
1+7/83—)L 0 (20) 0 (30) 36.6 (80)  56.0 83.6

(Ao 1:1)
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DRI00f5 L1 Th -7z, X A Eba 7 vv 4T (1) D%
BATPHIEMETZ 2 ST— L D1000f5L) ETh-7-, (1)
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