Flavonoids from the Genus Taxus
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From the needles of Taxus baccata the following flavonoids were isolated: 3-O-rutinosides
quercetin, myricetin and kaempferol, 7-O-glucosides kaempferol and quercetin, kaempferol,
quercetin, myricetin. The composition of flavonols and biflavones in some of the species of
the genus Taxus, namely T. celebica, T. cuspidata, T. media and cultivar varieties 7. baccata
‘Aurea’, T. baccata ‘Aurea decora’, T. baccata ‘Elegantissima’, T. baccata ‘Fastigiata’, T. baccata
‘Pyramidalis’, T. media ‘Hatfieldii’ were compared by HPLC separation.
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Introduction

The genus 7axus — a natural source of pacli-
taxel — was intensively investigated for the
content of taxoids, that could be used in a semi-
synthesis of this diterpene (Li et al., 2001). At the
same time, several reports concerning other chem-
ical constituents occurring in this genus, belonging
to a group of biflavones (Di Modica et al., 1962;
Khan et al., 1976; Das et al., 1994, 1995; Konda
etal., 1995; Reddy and Krupadanam, 1996; Par-
veen et al., 1985; Singh et al., 1997; Wollenweber
et al., 1998; Krauze-Baranowska and Wiwart,
2002) and lignans (Das et al, 1995; Singh et al.,
1997) were published.

The literature data confirm, that flavonoids pre-
sent in species of the genus 7axus are apigenin
C-8"/C-3" dimers (Di Modica et al., 1962; Khan
etal., 1976; Das et al., 1994, 1995; Konda et al.,
1995; Reddy and Krupadanam, 1996; Parveen
et al., 1985; Singh et al., 1997; Krauze-Baranowska
and Wiwart, 2002). It is worth to notice, that other
groups of flavonoids in the genus 7axus have not
yet been investigated in detail (Niemann, 1988).
The presence of the following biflavones was re-
vealed: sciadopitysin, ginkgetin in needles and
stem barks of 7. baccata (Khan et al., 1976; Das
et al., 1995; Reddy and Krupadanam, 1996), in T.
wallichiana (Parveen et al., 1985; Singh et al., 1997)
and in 7. cuspidata (Konda et al., 1995), kayafla-
vone, amentoflavone in needles and stem barks of
T. baccata (Das et al., 1994, 1995), and T. walli-
chiana (Parveen et al., 1985; Singh et al., 1997), 7-
O-methylamentoflavone in 7. baccata (Khan et al.,
1976), 7"-O-methylamentoflavone in 7. baccata
(Di Modica et al., 1962), bilobetin and 4"-O-

methylamentoflavone in needles of 7. baccata
(Krauze-Baranowska and Wiwart, 2002). More-
over, Wollenweber et al. (1998) reported the pres-
ence of sciadopitysin, ginkgetin, amentoflavone
and bilobetin as external biflavonoids accumu-
lated on the surface of needles of 7. baccata.

The objective of this work was to isolate and
identify flavonoids other than biflavones, present
in the needles of Taxus baccata as well as the chro-
matographic analysis (HPLC) of the flavonoid
complexes occurring in needles of several species
and cultivar varieties of the genus Taxus.

Material and Methods
Plant material

The needles of Taxus baccata L. were collected
from the Medicinal Plants Garden of Medical Uni-
versity of Gdansk (Poland) in January 1997. The
needles of cultivar varieties of 7. baccata namely,
T. baccata ‘Aurea decora’, T. baccata ‘Aurea’, T.
baccata ‘Elegantissima’, T. baccata ‘Fastigiata’, T.
baccata ‘Pyramidalis’ and two other species of the
genus Taxus, T. celebica Li. and T. media Rehd.,
were obtained from the Botanical Garden of the
University of Wroctaw (Poland) in February 1997.
The needles of Taxus cuspidata Sieb. et Zucc., and
Taxus media ‘Hatfieldii’ were collected from the
Arboretum of the Botanical Garden in Wirty (Po-
land) in September 1997. The above plants are de-
posited at the Herbarium of the Department of
Pharmacognosy of the Medical University of
Gdaiisk (Poland) with the following numbers of
voucher specimens: 97-001 (7axus baccata), 97-002
(T. baccata ‘Aurea decora’), 97-003 (T. baccata
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‘Aurea’), 97-004 (T. baccata ‘Fastigiata’), 97-005 (T.
baccata ‘Elegantissima’), 97-006 (T. baccata ‘Py-
ramidalis’), 97-007 (T. celebica), 97-008 (T. media),
97-009 (T: media ‘Hatfieldii’), 97-010 (T. cuspidata).

Extraction and isolation

Dried and pulverized needles of T. baccata
(0.5kg) were extracted in a Soxhlet apparatus
with: petroleum ether (b.p. 61 °C), chloroform and
methanol. The methanol extract was concentrated
(50 ml) and chromatographed over a polyamide
column (100 g, 45 cm x 3 cm, 15 ml each eluate)
using methanol/water mixtures with increasing
concentration of MeOH (v/v): 30 % (eluates 1-
22), 60 % (eluates 23-44), 80 % (eluates 45-51).
Compound 1 was separated from eluates 5-19
over a polyamide column (10 g, 9 cm x 1.5 cm, elu-
ates 1-28, 5 ml each eluate) with a mobile phase
F and obtained from eluates 8—20 in crystalline
form (25 mg). Compounds 2 (10mg) and 3
(10 mg) were isolated from the filtrate of eluates
8-20 by preparative TLC on cellulose with the
mobile phase C and next purified over Sephadex
LH-20 column (5 g, 8 cm x 1 cm, 1 ml each eluate).
From the eluates 25-34 a mixture of compound 4
and 5§ was precipitated as pale yellow powder
(25 mg). Both compounds, 4 (6 mg) and 5 (6 mg),
were isolated from a precipitate by preparative
TLC on cellulose with the mobile phase D and
subsequently purified over Sephadex G-10 column
(5g 8cm x 1 cm, 1 ml each eluate) with MeOH.
Eluates 45-51 were chromatographed over Se-
phadex LH-20 column (10 g, 18 cm x 1.5 cm, 1 ml
each eluate) with MeOH and from the obtained
eluates 9, and 10-12, respectively, compounds 8
(1.0 mg), 7 (4.0 mg) and 6 (1.5 mg) were purified
by preparative TLC on polyamide with the mobile
phase A.

NMR spectra were recorded on a Bruker MSL
300 instrument at 500 MHz (for 'H) and 75,5 MHz
(for 3C) in DMSO-ds using TMS as an internal
standard. FAB-MS (+) and LSI-MS (+) (NBA,
Cs*, 6 keV) mass spectral data were obtained
using an AMD-Intectra spectrometer.

Analytical and preparative TLC were carried
out on precoated plates with polyamide 11 Fjsy
(Merck, 20 cm x 20 cm, 0,25 mm thickness) and
cellulose F,s4 using mobile phases: CHCl;-MeC-
OEt-MeOH (4:8:6 v/v/v) (A), IsoPrOH-HCOOH-
H,O (2:5:5 v/viv) (B), BuOH-H,0O-CH;COOH
(4:1:5 v/vIv) (C), CH;COOH-H,0 (30:70 v/v) (D),
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(15:75 v/v) (E), BuOH-MeOH-H,0 (40:5:5 v/v/v)
(F). Column chromatography was performed with
polyamide (Roth) and Sephadex LH-20 (Phar-
macia). Total hydrolysis was done by heating 1 mg
of compound with 1 N HCI (100 °C, 30 min). Par-
tial hydrolysis was made by heating 1 mg of com-
pound with 1% HCI (100 °C, 15 min). Enzymatic
hydrolysis was performed by incubation a solution
of compound (1 mg) with -glucosidase (2 mg) at
34 °C for two days. Sugar analysis was carried out
on aluminium sheets precoated with Si gel 60 Fys4
(Merck, 0,2 mm thickness) using mobile phase
AcCN:H,O (15:85 v/v). The chromatograms were
visualized by spraying with aniline phthalate, fol-
lowed by heating at 105 °C.

3-O-Rutinoside quercetin (1): TLC cellulose:
R¢(C) =0.38, R¢(E) = 0.34. — HPLC: tg =22.5 min.
— LSI-MS (+): m/z (rel. int.) = 611 [M+H]* (85),
466 [M+H-rhamnose]* (10), 303 [A+H]* (39). -
UV, 'H and '3C NMR data are in agreement with
literature data (Krauze-Baranowska and Cisow-
ski, 1995).

3-O-Rutinoside kaempferol (2): TLC cellulose:
R¢(C) = 045, R(E) = 0.37. — HPLC: tg = 19.5
min. — LSI-MS (+): m/z (rel. int.) = 595 [M+H]*
(72), 449 [M+H-rhamnose]* (15), 287 [A+H]*
(28). — UV, 'H and '*C NMR data are in agree-
ment with literature data (Chaurasia and Wichtl,
1987).

3-O-Rutinoside myricetin (3): TLC cellulose:
R((C) = 0.26, R{(E) = 0.30. — HPLC: tg =24.7
min. — LSI-MS (+): m/z (rel. int.) = 627 [M+H]*
(65), 482 [M+H-rhamnose]* (12), 319 [A+H]*
(15). — UV, 'H and *C NMR data are in agree-
ment with the literature data (Bennini and
Chulia, 1994).

7—-0-Glucoside kaempferol (4): TLC poly-
amide: R{A) = 0.53, cellulose: R{(C) = 0.47,
R¢(D) = 0.71. — HPLC: tg = 30.5 min. — UV data
as described in the literature (Markham, 1982). —
FAB-MS: m/z (rel. int.) = 449 [M+H]* (100), 287
[A+H]* (24).

7—0-Glucoside quercetin (5): TLC polyamide:
Ri(A) = 0.41, cellulose: R(C) = 0.29, R¢(D) =
0.62. — HPLC: tg = 27.8 min. — UV data as
described in the literature (Markham, 1982). —
FAB-MS (+): m/z (rel. int.) = 465 [M+H]* (100),
303 [A+H]* (30).

Kaempferol (6): TLC polyamide: R¢(A) = 0.40,
cellulose: R¢(B) = 0.45, Ry(C) = 0.87. — HPLC:
tg =42.8 min. — UV data as described in the litera-
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ture (Markham, 1982). — FAB-MS (+): m/z (rel.
int.) = 287 [M+H]* (80).

Quercetin (7): TLC polyamide: R¢(A) = 0.31,
cellulose: R¢(B) = 0.23, R¢(C) = 0.76. — HPLC:
tg = 40.5 min. — UV data as described in the liter-
ature (Markham, 1982). — FAB-MS (+): m/z (rel.
int.) = 303 [M+H]* (95).

Myricetin (8): TLC polyamide: R¢(A) = 0.20,
R¢(B) = 0.07, R{(C) = 0.68. — HPLC: tg = 37.8
min. — UV data as described in the literature
(Markham, 1982). — FAB-MS (+): m/z (rel. int.) =
319 [M+H]* (58).

HPLC analysis

An HPLC system from Knauer (Berlin, Ger-
many) was used. HPLC analysis was carried out
on a Lichrospher RP-18 column (250 mm x 4 mm,
Sum; Merck, Darmstadt, Germany) with the
following program of gradient elution: THF (A),
H;PO4H,O0 (1:99; B), from 0 min to 35 min linear
gradient at increasing concentration of A from
10% to 40% in a mixture A + B, from 35 min
isocratic elution at concentration A 40 % in a mix-
ture A + B, with a reequilibration period of 10 min
between individual runs, flow rate 1.0 ml/min, UV
detection for biflavones at 330 nm and for stan-
dard diterpenes at 228 nm. The needles of species
of Taxus (10.0 g) were preliminary purified with
petroleum ether and chloroform in a Soxhlet ap-
paratus. Flavonoids were extracted from the plant
material with methanol (100 ml). After evapora-
tion of the solvent (20 ml) the extracts were in-
jected. On the basis of the obtained HPLC data
the content (%) of each compound in the flavo-
noid mixture was calculated as follows:

% content of flavonoid =
peak area of flavonoid

— x 100
sum of peak areas of all flavonoids

The standard biflavones were isolated from the
needles of Taxus baccata according to the pro-
cedure described earlier (Krauze-Baranowska and
Wiwart, 2002).

Results and Discussion

For the first time the following flavonoids were
isolated from the methanol extract from the
needles of Taxus baccata: 3-O-rutinoside quercetin
(1), 3-O-rutinoside kaempferol (2), 3-O-rutinoside
myricetin (3), 7-0O-glucoside kaempferol (4), 7—
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O-glucoside quercetin (5), kaempferol (6), querce-
tin (7) and myricetin (8). The structures of the
compounds were established by classical meth-
ods — acidic and enzymatic hydrolysis, co-chroma-
tography with standards and spectroscopic meth-
ods —, UV, MS (1-8), NMR (1-3) (Bennini and
Chulia, 1994; Chaurasia and Wichtl, 1987; Mark-
ham, 1982). The results confirm earlier report by
Niemann (1988) on occurrence of flavonols in the
genus Taxus.

Under optimized conditions of RP-HPLC
analysis — gradient elution for mixture of solvents:
tetrahydrofuran (organic modifier) and water-for-
mic acid (99:1) — a good separation of all flavo-
noids, flavonols and biflavones present in the plant
material was achieved. Moreover, the use of the
above conditions, but with UV detection at
228 nm, makes it also possible to analyse the diter-
penes, paclitaxel and baccatin, with the values of
tg 30.1 min and 60.5 min, respectively. The domi-
nant compounds in all investigated genera were
flavonols, with 3-O-rutinoside quercetin together
with 3-O-rutinoside myricetin as the major ones
(Table I, Fig. 1). Other flavonoids such as 3-O-ru-
tinoside kaempferol (Taxus baccata, T. baccata
‘Aurea decora’, Taxus media, Taxus cuspidata), 7-
O-glucoside kaempferol (T. baccata, T. cuspidata)
and 7-O-glucoside quercetin (7. baccata, T. baccata
‘Aurea’, T. baccata ‘Pyramidalis’, T. cuspidata)
were present either as the main compounds (the
above mentioned genera) or as minor constituents
(all genera except the above mentioned) depend-
ing on the species (Table I). Besides O-glycosides,
flavonol aglycones, myricetin, quercetin, kaempfe-
rol were also shown to be present in minor quanti-
ties, with the exception of 7. baccata ‘Elegantis-
sima’. This cultivar variety differed from others by
the presence of quercetin as one of the main com-
pounds (Table I, Fig. 1). Biflavones in the Taxus
species were mainly represented by sciadopitysin,
ginkgetin, amentoflavone, 7-O-methylamentofla-
vone while bilobetin, 4”-O-methylamentoflavone
occurred in small amounts (7. baccata ‘Fastigiata’,
T. celebica, T. baccata, T. baccata ‘Aurea’) or were
absent (7. baccata ‘Aurea decora’, T. media ‘Hat-
fieldii’) (Table 1, Fig. 1). Sciadopitysin and amento-
flavone are dominant compounds in a group of
biflavones from 7. baccata, T. media, T. celebica
and in cultivar varieties 7. baccata ‘Aurea’, T. bac-
cata ‘Aurea decora’, T. baccata ‘Elegantissima’, T.
baccata ‘Pyramidalis’. Ginkgetin accompanied the
above mentioned biflavones as the main compo-
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Fig. 1. HPLC chromatograms from methanol extracts
from A) Taxus media, B) Taxus baccata ‘Fastigiata’, C)
Taxus baccata ‘Elegantissima’. 1: 3-O-rutinoside myri-
cetin, 2: 3-O-rutinoside quercetin, 3: 3-O-rutinoside
kaempferol, 4: 7-O-glucoside quercetin, 5: 7-O-glucoside
kaempferol, 6: myricetin, 7: quercetin, 8: kaempferol, 9:
amentoflavone, 10: bilobetin, 11: 7-O-methylamentofla-
vone, 12: ginkgetin, 13: sciadopitysin, 14: 4”-O-methyl-
amentoflavone.
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nent in 7. baccata ‘Aurea’, T. baccata ‘Pyramidalis’,
T. baccata ‘Fastigiata’, T. media ‘Hatfieldii’. Three
species are different from the others, regarding
composition of biflavones: in 7. cuspidata amento-
flavone significantly dominates, 4"-O-methyl-
amentoflavone and 7-O-methylamentoflavone oc-
curred among main biflavones in 7. media, and in
T. media ‘Hatfieldii’, respectively. The analysis of
the HPLC peak areas allows the conclusion, that
flavonoid dimers constitute only ¢ 2.8 % (Taxus
baccata ‘Aurea decora’) to 19.9 % (T. baccata ‘Ele-
gantissima’) (Table 1) of all flavonoids, which are
biosynthesized in needles of several species of the
genus Taxus. Furthermore, these results lead to the
conclusion, that biosynthesis of flavonoids in plant
is strictly controlled: if non-dimeric flavonoids ap-
pear as dominant compounds, biflavones are pre-
sent in small amount, and opposite — if the plant is
rich in biflavonoids, the amount of other flavonoid
compounds is significantly lower and they even ex-
ist as traces only. This latter relationship was ob-
served for flavonoids in Microbiota decussata
(Krauze-Baranowska et al., 2002) and Cupressocy-
paris leylandii (Cupressaceae) (Krauze-Baranow-
ska et al., 1999). Lebreton (1962) analysed the UV
spectra of methanol extracts from the family Cu-
pressaceae and also demonstrated that in some
species flavonols dominated whereas in other di-
meric flavones were dominant. The similar depen-
dence was shown for bioflavonoids from an etha-
nol extract from the leaves of Ginkgo biloba
(Sticher, 1993), in which biflavones dominated but
several forms of flavonoid O-glycosides were pre-
sent in comparatively lower amounts.
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Table 1. The composition of flavonoids* in some species of the genus Taxus.
Species
Compound Taxus T T T T. T. Taxus T. Taxus  Taxus
baccata baccata baccata baccata baccata baccata  media media celebica cuspidata
‘Aurea’  ‘Aurea ‘Elegantissima’ ‘Fastigiata’ ‘Pyramidalis’ ‘Hatfieldii’
decora’
3-O-Rutinoside 153 19.9 14.5 151 18.3 10.2 24.4 21.7 151 20.5
myricetin
3-O-Rutinoside 41.2 50.5 65.7 47.3 46.5 52.8 47.0 52.5 57.3 48.0
quercetin
3-O-Rutinoside 114 6.3 10.9 6.4 10.1 6.9 10.2 5.1 7.1 4.3
kaempferol
7-O-Glucoside 14.4 7.0 42 22 29 6.0 2.4 55 32 72
quercetin
7-O-Glucoside 11.7 5.1 0.8 1.3 0.8 6.1 1.2 42 0.7 10.2
kaempferol
Myricetin — 0.7 0.6 1.6 0.7 1.3 0.3 0.5 0.5 0.2
Quercetin 0.7 0.4 0.5 11.2 0.2 0.4 0.5 0.5 0.4 0.5
Kaempferol 0.2 0.2 - 1.7 0.3 0.2 - 0.2 - 0.4
Flavonols 94.9 89.9 97.2 86.8 79.8 83.9 86.0 90.3 84.3 91.3
Amentoflavone 1.5 2.1 0.9 53 4.1 3.0 4.5 1.5 4.0 4.4
Bilobetin 0.2 0.7 - 0.3 22 0.9 0.8 0.7 0.8 0.6
4"-O-Methylamento- 0.3 1.2 - 0.3 1.4 1.2 1.8 - 0.6 0.5
flavone
7-O-Methylamento- 0.4 0.7 0.4 0.2 0.7 0.7 1.2 2.8 2.1 0.9
flavone
Ginkgetin 0.4 2.8 0.4 1.9 5.8 45 1.5 2.2 2.6 0.9
Sciadopitysin 2.3 24 1.1 52 6.0 5.8 4.1 2.6 5.6 1.4
Flavones 5.1 9.1 2.8 13.2 20.2 16.1 14.0 9.7 15.7 8.7

* % Content of compound in flavonoid complex.
** Compound chromatographically detected as trace.
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