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Ten known taxoids, paclitaxel, 7-epi-taxol, taxol C, baccatin VI, taxayuntin C, taxuyunnanine C and its
analogues (2-5), and yunnanxane (6), and an abietane, taxamairin A, were produced in the callus culture
of Taxus cuspidata cultivated on a modified Gamborg’s B5 medium in the presence of 0.5 mg/L NAA.
After stimulation with 100 µM methyl jasmonate, five more taxoids, cephalomannine, 1â-dehydroxybac-
catin VI, taxinine NN-11 (1), baccatin I, and 2R-acetoxytaxusin, and one more abietane, taxamairin C,
were found in addition to the above-mentioned compounds. It was also observed that the content of the
products increased over three times. Taxinine NN-11 (1) is a new taxane whose structure was assigned
as 5R,13R-diacetoxy-9R-cinnamoyloxy-4(20),11-taxadien-10â-ol by analysis of its spectral data. Taxinine
NN-11 (1) exhibited significant MDR reversal activity toward 2780 AD tumor cells. The results of primary
screening based on 39 human cancer cell lines suggest that 1 also belongs to a new mechanistic class.
Efficient production of 1 was investigated using the callus culture of T. cuspidata.

Since paclitaxel (Taxol) has been found to exhibit sig-
nificant antitumor activity against various cancers, great
attention to its supply by efficient methods has been made.
Plant cell culture of Taxus species is considered as one of
the most promising approaches to obtain paclitaxel and
related taxanes. In the past decade, there have been some
successful reports and patents on the production of pacli-
taxel by callus or cell culture of various species of yew, but
the paclitaxel content was markedly different according to
the particular Taxus species being investigated.1-5 How-
ever, for most of these methods, only paclitaxel accumula-
tion was reported, and its content was generally low. A few
years ago, we established a stable and fast-growing callus
culture induced from the Japanese yew (Taxus cuspidata)
through optimization of the culture conditions.6 In a
previous paper,7 we have reported that the callus culture
produced not only taxane derivatives but also abietane
derivatives. Moreover, the callus culture of this species
contained significant amounts of taxuyunnanine C (2) and
its analogues (3-6) (Figure 1, Supporting Information)
with an acyloxy group at C-14, which were reported to be
the major products of suspension cultures of Taxus chin-
ensis.8,9

As a part of our ongoing studies on increasing the
accumulation of paclitaxel and some other bioactive taxoids
in the callus culture of T. cuspidata, we have investigated
the effect of methyl jasmonate, which is known to strongly
enhance the paclitaxel content in cell cultures of T. media
and T. baccata.9-14 We wish to report the structure
elucidation of a new taxane, taxinine NN-11 (1), isolated
from the callus after stimulation with methyl jasmonate.

We also report the activities of 1-6 on vincristine (VCR)
accumulation in multidrug-resistant (MDR) cancer cells
and the anticancer activities of 1 and 5 based on a panel
of 39 human cancer cell lines.15 Finally, we report the
results of efforts to increase the yield of taxinine NN-11
(1) in the callus culture.

Results and Discussion

The callus culture was induced from young stems of T.
cuspidata collected in Sendai, Japan, on modified Gam-
borg’s B5 solid medium16 in the presence of 0.5 mg/L NAA.
This callus culture (code-named CR-5) has the ability to
grow continuously on the medium containing 0.5 mg/L
NAA and shows fast growth compared with the callus
cultures established on media with higher concentrations
of NAA or other plant growth regulators such as 2,4-D and
4-Cl IAA.7 The CR-5 callus line was subcultured every 60
days. After reaching a stable state, a part of CR-5 was
cultivated on the medium supplemented with 100 µM
methyl jasmonate. The calluses harvested for analysis were
freeze-dried and extracted with hexane, EtOAc, and metha-
nol, successively. The methanol extracts were diluted with
water and further extracted with CHCl3. The hexane,
EtOAc, and CHCl3 extracts were separated by combina-
tions of flash column chromatography and normal- and
reversed-phase HPLC. The yields of the compounds iso-
lated from the calluses are summarized in Table S1 in the
Supporting Information. From CR-5, 10 known taxoids,
paclitaxel,17-19 7-epi-taxol,18,20 taxol C,4,21 baccatin VI,22-24
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taxayuntin C,25 taxuyunnanine C (2) and its analogues (3-
5),8,26 and yunnanxane (6),8,27 and one known abietane,
taxamairin A,28,29 were isolated. Taxuyunnanine C (2) and
its analogues (3-6) were obtained as major products in
0.486% yield based on the weight of dry callus. Paclitaxel
was produced in 0.0104% yield. The yield of paclitaxel in
CR-5 is almost the same as that in the bark of the Pacific
yew (Taxus brevifolia).30

When 100 µM methyl jasmonate was added as an elicitor
into the medium, five more taxoids, cephalomannine,18,19

1â-dehydroxybaccatin VI,24 taxinine NN-11 (1), baccatin
I,22,31 and 2R-acetoxytaxusin,32 and one more abietane,
taxamairin C,29 were found in addition to the above-
mentioned compounds [paclitaxel, taxol C, baccatin VI,
taxayuntin C, taxamairin A, taxuyunnanine C (2) and its
analogues (3-6)]. It was also observed that levels of
taxuyunnanine C (2) and its analogues (3-6) increased 3.1-
fold, and paclitaxel and its analogues increased 5.2-fold
compared with those in CR-5. The production of phenolic
abietane derivatives, taxamairin A and taxamairin C, was
also promoted.

A new compound, taxinine NN-11 (1), was isolated under
these conditions as colorless microcrystals in a yield of
0.0259%, mp 228-231 °C. An elemental composition of
C33H42O7 was determined by a combination of HREIMS
and its 1H and 13C NMR spectra. The IR spectrum of 1
showed the absorption of a hydroxyl group at 3620 cm-1,
two acetyl carbonyl groups at 1732 cm-1, and an R,â-
unsaturated ester carbonyl group at 1712 cm-1. Since the
resolution of the 1H NMR signals of 1 in C6D6 was much

better than that in CDCl3, especially for the H-9 and H-13
signals, the NMR data were measured in C6D6 to elucidate
the structure of 1. The 1H NMR spectrum indicated the
presence of a taxane skeleton with four C-Me groups at
0.86, 1.14, 1.79, and 1.86 ppm, two acetyl Me groups at
1.57 and 1.85 ppm, and a cinnamoyl group [δ 6.55 (1H, d,
J ) 16.0 Hz), 7.91 (1H, d, J ) 16.0 Hz), 7.16 (2H, o-Ph),
6.99 (3H, m- and p-Ph)]. The 1H-1H COSYcorrelations of
vicinal protons were observed. The assignment of all
protonated carbons was determined by DEPT and HMQC
experiments. The HMBC experiment was used for the
assignment of the attachment of functional groups. A
correlation of the signal due to the cinnamoyl carbonyl (C-
1′) at 167.2 ppm with those of H-9 (6.18 ppm), H-2′ (6.55
ppm), and H-3′ (7.91 ppm) indicated the location of the
cinnamoyl group at C-9. Correlation of the signals due to
two acetyl carbonyls at 169.1 and 169.9 ppm with those of
H-5 (5.53 ppm) and H-13 (6.10 ppm) showed the location
of two acetoxyl groups of 1 at C-5 and C-13. The location
of a hydroxyl group was determined at C-10 by the HMBC
correlations of the hydroxymethine proton at 5.04 ppm to
C-9, C-11, C-12, and C-15. The multiple-bond 1H-13C
correlations of the remaining five nonprotonated carbons
of 1 were assigned from the HMBC experiment and allowed
the unambiguous carbon skeletal connectivities to be made.
The stereochemistry of the taxane skeleton of 1 was
determined by 1D-NOE and NOESY experiments as well
as by a consideration of vicinal coupling constants. The full
NMR data in C6D6 of 1 are summarized in Table 1. The
1H and 13C NMR data in CDCl3 are shown in the Experi-

Table 1. NMR Data of Taxinine NN-11 (1) in C6D6

position 13Ca connected 1Hb H-H COSYc HMBCd NOESYe,f

1 40.8 (d) 1.50 (m) H-2R,â, 14R,â H-2R,â, 3, 14R,â, 16, 17 H-2â (m), 14â (s), 16 (m), 17 (m)
2 28.5 (t) R: 1.45 (br dd, 15.5, 5.5) H-1, 3 H-1, 3, 14R,â H-2â (s), 3 (w), 20b (s)

â: 1.65 (ddd, 15.5, 6.0, 1.5) H-1, 3 H-1 (m), 2R (s), 9 (s)
3 38.4 (d) 3.10 (br d, 6.0) H-2R,â, 20a,b H-1, 2R,â, 5, 7â, 9, 19, 20a,b H-2R (w), 7R (m), 10 (w), 14R (s)
4 149.6 (s) H-2R, 3, 5, 6R, 20a,b
5 76.3 (d) 5.53 (t, 2.5) H-6R,â H-3, 6R, 7R,â, 20a,b H-6R (m), 6â (m), 20a (m)
6 27.9 (t) R: 1.78 (m) H-5, 6â, 7R,â H-5, 7R,â H-5 (m)

â: 1.57 (m) H-5, 6R, 7R,â H-5 (m), 7â (m)
7 27.9 (t) R: 1.84 (m) H-6R,â, 7â H-5, 6R,â, 9,19 H-3 (m), 7â (s), 10 (m)

â: 1.92 (m) H-6R,â, 7R H-6â (m), 7R (s), 19 (m)
8 43.5 (s) H-2R,â, 3, 6R, 7R,â, 9, 19
9 80.6 (d) 6.18 (d, 10.5) H-10 H-7R,â, 10, 19 H-2â (s), 17 (s), 19 (m)
10 70.8 (d) 5.04 (d, 10.5) H-9 H-9 H-3 (w), 7R (m), 18 (s)
11 139.0 (s) H-1, 10, 13, 16, 17, 18
12 133.6 (s) H-10, 13, 14â, 18
13 70.7 (d) 6.10 (ddd, 10.0, 6.5, 1.2) H-14R,â, 18 H-1, 14R,â, 18 H-14R (m), 14â (s), 16 (m), 18 (m)
14 32.2 (t) R: 1.12 (br dd, 14.5, 6.5) H-1, 13, 14â H-1, 2â, 13 H-3 (s), 13 (m), 14â (s)

â: 2.62 (ddd, 14.5, 10.0, 10.0) H-1, 13, 14R H-1 (s), 13 (s), 14R (s)
15 39.6 (s) H-1, 2R,â, 10, 14â, 16, 17
16 31.4 (q) 1.14 (s) H-17 H-1, 17 H-1 (m), 13 (m), 17 (m)
17 27.8 (q) 1.79 (s) H-16 H-1, 16 H-1 (m), 9 (s), 16 (m)
18 14.9 (q) 1.86 (d, 1.2) H-10 (s), 13 (m)
19 18.1 (q) 0.86 (s) H-3, 7R, 9 H-7â (m), 9 (m)
20 113.8 (t) a: 5.09 (br s) H-3, 20b H-3, 5 H-5 (m), 20b (s)

b: 4.64 (d, 1.1) H-3, 20a H-2R (s), 20a (s)
OAc 169.1 (s) H-5, OAc-5 (Me)

169.9 (s) H-13, OAc-13 (Me)
20.9 (q) 1.85 (s)
21.5 (q) 1.57 (s)

1′ 167.2 (s) H-9, 2′, 3′
2′ 118.8 (d) 6.55 (d, 16.0) H-3′ H-3′ o-Ph (m)
3′ 145.4 (d) 7.91 (d, 16.0) H-2′ H-2′, o-Ph o-Ph (m)
q-Ph 134.8 (s) H-2′, 3′, m-, o-Ph
o- 128.3 (d) 7.16 (m) H-3′, m-, p-Ph H-2′ (m), 3′ (m)
m- 129.0 (d) 6.99 (m) o-, p-Ph
p- 130.3 (d) 6.99 (m) o-, m-Ph
a Multiplicities were determined by DEPT. b Connections were determined by HMQC and multiplicities, and coupling constants in Hz

are in parentheses. c Determined by PFG-COSY. d Correlations from C to the indicated protons. e NOESY cross-peaks. f s ) strong; m )
medium; w ) weak.
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mental Section. Accordingly, compound 1 was assigned
as 5R,13R-diacetoxy-9R-cinnamoyloxy-4(20),11-taxadien-
10â-ol.

The known compounds (Supporting Information) were
also identified by the analyses of their spectral data
compared with those in the corresponding literature.

At the same time, an additional callus line code-named
CR-6 was induced and cultivated from the same explants
on the medium in the presence of 1.0 mg/L NAA and 0.3
mg/L KTOS. KTOS33 is a mixture of oligosaccharides that
can promote cell growth. It was found that CR-6 showed
even faster growth than CR-5, and the color degree was
lower than that of CR-5. However, in this fast-growing
callus culture, although the yield of taxuyunnanine C
increased, the content of paclitaxel and its analogues was
lower than that in CR-5, as shown in Table S1.

The multidrug resistance (MDR) in cancer chemotherapy
is attributed to overexpression of P-glycoprotein (P-gp),
which has been widely observed in various MDR cell lines.

P-gp transports antitumor agents outside the cells in a
manner analogous to the ATP-driven ion pumps, involving
the conformational change of P-gp induced by ATP hy-
drolysis. The cellular accumulation of VCR is reduced in
MDR tumor cells as compared with the parental cells. The
MDR-reversing agent, verapamil, increases the accumula-
tion in MDR cells and overcomes multidrug resistance.34

The effects of taxinine NN-11 (1) and 14-acyloxy taxoids
2-6 on the cellular accumulation of VCR in human ovarian
cancer 2780 AD cells were examined, and the results are
summarized in Table 2. Compounds 1, 3, and 5 showed
more potent activities than verapamil toward VCR ac-
cumulation in MDR tumor cells, and 1 exhibited about 2
times the activity of verapamil.

As shown in Figure 1, the alkyl moiety of the 14-acyloxy
group at C-14 influenced the MDR-reversing activities of
the compounds significantly. A polar alkyl group decreased
the activity as in the case of 6. Elongation of an unbranched
alkyl side chain increased the activity as shown in the

Table 2. Effects of Compounds 1-6 on the Accumulation of Vincristine (VCR) in Multidrug-Resistant Cells 2780AD

VCR accumulationa

compound
concentration

(µg/mL)
averageb

(dpm/well) % of controlc activitiesd
verapamil

(%)e
evaluation max.

verapamil % conc

1 0.1 370 162 + 139 Pf

1 909 399 ++ 191 191%
10 1478 648 +++ 122 1 µg/mL

3 0.1 272 119 + 102 Pf

1 673 295 + 134 145%
10 1755 770 +++ 145 10 µg/mL

4 0.1 218 96 ( 82 Nf

1 445 195 + 95 98%
10 1190 522 +++ 98 10 µg/mL

5 0.1 252 111 + 95 Pf

1 584 256 + 123 132%
10 1599 701 +++ 132 10 µg/mL

verapamil 0 (control) 228 100
0.1 266 117 + 100
1 473 207 + 100

10 1211 531 +++ 100

2 0.1 448 105 ( 91 Nf

1 658 155 + 97 97%
10 1039 244 + 78 1 µg/mL

6 0.1 477 112 + 97 Nf

1 637 150 + 94 97%
10 995 234 + 75 0.1 µg/mL

verapamil 0 (control) 425 100
0.1 490 115 + 100
1 680 160 + 100

10 1335 314 ++ 100
a The amount of VCR accumulated in multidrug-resistant human ovarian cancer 2780AD cells was determined with the control in the

presence of 0.1, 1, and 10 µg/mL of taxoids. b The values represent means of triplicate determination. c The values are the relative amount
of VCR accumulated in the cell compared with the control experiment. d The indices are expressed on a scale of seven by the range of the
relative amount of VCR accumulation as compared with the control experiment (%): +++++, >2001%; ++++, >1000-2000%; +++,
501-1000%; ++, 301-500%; +, 111-300%; (, 91-110%; -, <90%. e The values are expressed as the relative amount of vincristine
(VCR) accumulation in the cell as compared with that of verapamil. f P, positive: the activity is stronger than that of verapamil (verapamil
% >100%); N, negative: the activity is weaker than that of verapamil (verapamil % <100%).

Figure 1. Structure-activity relationship of the 14-acyloxy taxoids 2-6.
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changes from 2 to 3, and in 3 and 4. These results suggest
that compounds with a hydrophobic less-hindered alkyl
side chain of the C-14 acyloxy group bind preferentially to
P-gp to block the efflux channel, allowing the anticancer
agent to penetrate into the cancer cells.

It is noted that the potent taxoids 1, 3, and 5 possess a
structure different from those of previously reported MDR-
reversing taxoids, with a cinnamoyl group at C-5 or a
oxetane ring.35-38 The results of biological activities of 1,
3, and 5 suggest that these taxoids isolated from the callus
culture of T. cuspidata might be useful for overcoming
multidrug resistance and that cell culture would be a
promising approach to produce the taxoids as modulators
of MDR tumor cells.

The cytotoxicity of taxinine NN-11 (1) and 2R,5R,10â-
triacetoxy-14â-(2′-methyl)butyryloxy-4(20),11-taxadiene (5)
was examined. The results of in vitro primary screening
of 1 and 5 based on the 39 human cancer cell lines15,39 are
shown in Tables 3 and 4, respectively. Although the
effective concentration of 1 is rather high, differential
growth inhibition is recognized. Since the result of COM-
PARE analysis of 1 was negative (r < 0.5), it possibly
belongs to a new mechanistic class and a new member of
anticancer agents. On the other hand, the cell growth
inhibition effect (MG-MID of GI50 ) -4.53) and differential
growth inhibition of compound 5 were weak. The results
suggest that compound 5 is not an effective anticancer
agent per se.

Taxinine NN-11 (1) exhibited such marked bioactivities
that it was thought necessary to produce it in further
quantity for additional bioassays. Therefore, we investi-
gated the production by the callus cultures in several
conditions. As shown in Table 5, 1 was not produced in

culture CR-5, although it was obtained from CR-5 in
0.0259% yield by addition of 100 µM methyl jasmonate into
the medium, the growth rate became slower, and the callus
turned dark brown. Thus, it was not easy to improve the
yield of 1 by further addition of methyl jasmonate. Since
it was found that the callus culture (CR-6) cultivated on
the medium containing 0.3 mg/L KTOS and 1.0 mg/L NAA
showed faster growth than CR-5, we attempted to use
callus culture CR-6 instead of CR-5. When methyl jas-
monate was added at a concentration of either 100 or 200
µM to the medium of CR-6, the growth of the callus was
markedly improved in comparison with that of the callus
of CR-5 stimulated with 100 µM methyl jasmonate. The
maximum content of taxinine NN-11 (1) was obtained when
the concentration of methyl jasmonate in the medium was
200 µM. However, when the concentration was increased
to 300 µM, the callus turned completely dark brown and
no 1 was found.

Experimental Section

General Experimental Procedures. Melting points were
determined with a Yanagimoto micro-melting point apparatus
and are uncorrected. Optical rotations were measured using
a Horiba SEPA-200 polarimeter. IR spectra were recorded in
CHCl3 on a Hitachi 270-30 spectrometer. 1H NMR (499.87
MHz) and 13C NMR (125.70 MHz) spectra were recorded on a
Varian UNITY-PS 500 spectrometer. HREIMS spectra were
obtained using a JEOL JMS HX-110 spectrometer. The flow
rate for HPLC was 5 mL/min, and the solvent used for
reversed-phase HPLC was MeOH-0.05 M ammonium acetate
buffer (pH 4.8)-MeCN (1:2:2). Inertsil Prep-sil (GL Science),
25 × 1 cm and 25 × 2 cm i.d., stainless columns were used for
normal-phase HPLC, and Inertsil Prep-ODS (GL Science),
25 × 1 cm i.d., stainless columns were used for reversed-phase
HPLC, unless otherwise stated. Silica gel (70-230 mesh) was
employed for column chromatography, and silica gel (230-
400 mesh) was employed for flash column chromatography.

Plant Material. Young stems of T. cuspidata Sieb. et Zucc.,
collected in Sendai, Japan, in January 1997, were used as
explants in the experiments. The stems were stripped of
needles, washed with distilled water, immersed for 3 min in
70% ethanol, and surface sterilized by immersion in saturated
calcium hypochlorite solution for 10 min. After sterilization,
the stems were rinsed three times with sterile distilled water
and aseptically dissected into explants 5-8 mm in length.

Induction and Culture Conditions. Gamborg’s B5 me-
dium supplemented with 2 × vitamins and 20 g/L sucrose was
used with either 0.5 mg/L NAA for CR-5 or a combination of
1.0 mg/L NAA and 0.3 mg/L KTOS for CR-6. (All medium
components except KTOS were purchased from Wako Pure
Chemicals, Co., Ltd., Osaka, Japan.) After the pH of the media
was adjusted to 5.8 with 0.1 M sodium hydroxide, 10 g/L agar
was added. The media were autoclaved at 120 °C for 15 min.
The explants were placed on the solidified nutrient media and
incubated in the dark at 25 °C for 30-40 days. Then the
initiated calluses were subcultured continuously every 60 days
under the same conditions.

After the callus of CR-5 was subcultured eight times, one
part of this callus line was harvested for analysis. The other
part was subcultured subsequently on the medium supple-
mented with 100 µM methyl jasmonate (Wako Pure Chemicals,
Co., Ltd.) and incubated for another 60 days.

After CR-6 was subcultured 13 times, a part of this callus
line was harvested for analysis. The remaining callus was
divided into three parts, which were subcultured subsequently
on the media supplemented with methyl jasmonate at con-
centrations of 100, 200, and 300 µM, respectively, and incu-
bated for another 60 days.

Extraction and Isolation of the Products from CR-5.
The fresh callus (2678.5 g) was freeze-dried for 2 days to give
dry callus (206.6 g). It was extracted with hexane (3 × 1.3 L)

Table 3. Summary of Evaluation of Compound 1 Based on the
39 Human Cancer Cell Linesa

Parameters of Effective Concentrations

GI50 TGI LC50

MG-MID -4.65 -4.01 -4

Results of the COMPARE Analysis

rank compound rb molecular targets/drug type

1 interferon-R 0.335
2 ICRF-193 0.318 topoisomerase
3 W80 0.313 tubulin

a The mean graph of compound 1 was compared with those of
200 standard compounds using the COMPARE analysis. Drugs
were ordered according to the correlation coefficient. Drugs with
correlation coefficients higher than 0.5 (P < 0.001) were included.
b Peason correlation coefficient.

Table 4. Summary of Evaluation of Compound 5 Based on the
39 Human Cancer Cell Linesa

Parameters of Effective Concentrations

GI50 TGI LC50

MG-MID -4.53 -4.03 -4

Results of the COMPARE Analysis

rank compound rb molecular targets/drug type

1 W80 0.506 tubulin
2 ICRF-154 0.447 topoisomerase
3 W80 0.437 tubulin

a The mean graph of compound 5 was compared with those of
200 standard compounds using the COMPARE analysis. Drugs
were ordered according to the correlation coefficient. Drugs with
correlation coefficients higher than 0.5 (P < 0.001) were included.
b Peason correlation coefficient.

Biologically Active Taxoids of Taxus Journal of Natural Products, 2004, Vol. 67, No. 1 61



for 3 h to give a crude hexane extract (523.5 mg). The
remaining cell mass was successively extracted with EtOAc
(3 × 1.3 L) for 3 h to give a crude EtOAc extract (1396.8 mg).
The remaining cell mass was further extracted with MeOH
(3 × 1.3 L) for 3 h. After removal of MeOH, the extract was
diluted with a saturated aqueous solution of NaCl (150 mL)
and extracted with CHCl3 (3 × 100 mL) to give a crude CHCl3

extract (2655.0 mg). Subsequently, the crude CHCl3 extract
was dissolved in a mixture of MeOH-EtOAc (1:4, 25 mL) and
extracted with a 0.5 M aqueous solution of H2SO4 (3 × 5 mL).
The organic layer was successively extracted with a 29%
aqueous solution of NH4OH until the pH value of the aqueous
solution became 9.0, washed with a saturated aqueous solution
of NaCl, dried over Na2SO4, and concentrated to give a crude
neutral fraction of CHCl3 extract (1362.0 mg).

The crude hexane extract (523.5 mg) was separated into four
fractions by column chromatography using a gradient elution
from hexane-EtOAc (1:1) to EtOAc (100%). Fractions 2 (254.6
mg) and 3 (116.1 mg) were purified further by normal-phase
HPLC [hexane-EtOAc (8:2)] to give compounds 5 (165.1 mg),
4 (8.5 mg), 3 (9.4 mg), and 2 (77.6 mg).

The crude EtOAc extract (1396.8 mg) was separated into
four fractions (EF1-EF4) by column chromatography using a
gradient elution from hexane-EtOAc (1:1) to MeOH (100%).
EF1 (609.3 mg) was further purified by normal-phase HPLC
[hexane-EtOAc (8:2)] to give compounds 5 (202.4 mg), 4 (9.8
mg), 3 (18.1 mg), and 2 (80.3 mg). EF2 (199.0 mg) was
separated by reversed-phase HPLC [MeOH-H2O-MeCN
(1:1:2)] to give two subfractions, EF2-1 (53.9 mg) and EF2-2
(109.6 mg). EF2-1 was separated by a combination of reversed-
phase HPLC and normal-phase HPLC [hexane-EtOAc (4:6)]
to give taxamairin A (2.9 mg) and paclitaxel (0.9 mg). EF2-2
was purified by normal-phase HPLC [hexane-EtOAc (1:1)] to
give compounds 2 (13.4 mg), 6 (47.2 mg), and taxayuntin C
(4.9 mg). EF3 (111.7 mg) was separated by reversed-phase
HPLC to give paclitaxel (11.6 mg) and a subfraction that was
further purified by normal-phase HPLC [hexane-EtOAc
(1:1)] to give 7-epi-taxol (0.4 mg) and taxol C (1.2 mg).

The crude neutral fraction of CHCl3 extract (1362.0 mg) was
separated into six fractions (CF1-CF6) by column chroma-
tography using a gradient elution from hexane-EtOAc (6:4)
to MeOH (100%). CF1 (655.0 mg) was purified by normal-
phase HPLC [hexane-EtOAc (8:2)] to give compounds 5 (190.4
mg) and 2 (71.7 mg). CF2 (176.0 mg) was separated by two
steps of normal-phase HPLC [hexane-EtOAc (1:1 and 8:2)]
to give compounds 5 (9.3 mg), 4 (1.1 mg), 3 (2.2 mg), 2 (36.0
mg), and 6 (53.0 mg). CF3 (51.0 mg) was separated by
reversed-phase HPLC to give compound 6 (8.5 mg). CF4 (154.8
mg) was separated by reversed-phase HPLC and normal-phase
HPLC [hexane-EtOAc (1:1)] to give 7-epi-taxol (2.9 mg),
baccatin VI (1.1 mg), paclitaxel (9.0 mg), taxol C (0.6 mg), 6
(0.6 mg), and taxayuntin C (1.0 mg).

Extaction and Isolation of Compound 1 and the Other
Products from CR-5 Stimulated with 100 µM Methyl
Jasmonate. The fresh callus (721.1 g) was freeze-dried for 2
days to give dry callus (74.1 g). It was extracted with hexane
(3 × 1 L) for 3 h to give a crude hexane extract (1126.1 mg).
The remaining cell mass was successively extracted with
EtOAc (3 × 1 L) for 3 h to give a crude EtOAc extract (1673.0
mg). The remaining cell mass was further extracted with
MeOH (3 × 1 L) for 3 h. After removal of MeOH, the extract
was diluted with a saturated aqueous solution of NaCl

(150 mL) and extracted with CHCl3 (3 × 100 mL) to give a
crude CHCl3 extract (1445.5 mg).

The crude EtOAc extract (1673.0 mg) was separated into
five fractions by column chromatography over silica gel using
a gradient elution from hexane-EtOAc (1:1) to MeOH (100%)].
A part (200 mg) of fraction 2 (549.3 mg) was separated by
normal-phase HPLC on a Inertsil Prep-sil (GL Science) 25 ×
2 cm i.d. column [hexane-EtOAc (1:1); flow rate 10.0 mL/min]
to give a subfraction (tR 5.0-11.0 min, 73.6 mg), which was
further purified by normal-phase HPLC [hexane-EtOAc
(8:2)] to give compound 1 (tR 39.7 min, 7.0 mg).

Similarly, the isolation of the other products was performed
by the same operation mentioned above, and their yields are
shown in Table S1 (Supporting Information).

Extraction and Isolation from CR-6. The fresh callus
(648.0 g) was freeze-dried to give dry callus (49.0 g). The
extraction and isolation were carried out according to the
method described above. The products and their yields are also
shown in Table S1 (Supporting Information).

Extraction and Isolation of Compound 1 from CR-6
Stimulated with Methyl Jasmonate. The freeze-dried
calluses were defatted with hexane (3 × 20 mL/g dry callus)
for 3 h. The remaining cell masses were successively extracted
with EtOAc (3 × 20 mL/g dry callus) for 3 h to give the crude
EtOAc extracts. The crude EtOAc extracts were separated by
the method described above, and compound 1 was obtained
in the yields shown in Table 5.

5r,13r-Diacetoxy-9r-cinnamoyloxy-4(20),11-taxadien-
10â-ol (Taxinine NN-11) (1): colorless microcrystals; mp
228-231 °C; [R]20

D +99.8° (c 0.538, CHCl3); IR (CHCl3) νmax

3620, 1732, 1712 cm-1; 1H NMR (CDCl3) δ 7.76 (1H, d, J )
16.0 Hz, H-3′), 7.58-7.53 (2H, m, o-Ph), 7.42-7.38 (3H, m, m-
and p-Ph), 6.52 (1H, d, J ) 16.0 Hz, H-2′), 5.92 (1H, d, J )
10.3 Hz, H-9), 5.92 (1H, m, H-13), 5.37 (1H, br t, J ) 2.7 Hz,
H-5), 5.21 (1H, d, J ) 1.1 Hz, H-20a), 5.05 (1H, br d, J ) 10.3
Hz, H-10), 4.86 (1H, d, J ) 1.1 Hz, H-20b), 3.04 (1H, br d, J )
6.1 Hz, H-3), 2.71 (1H, dt, J ) 15.0, 9.8 Hz, H-14â), 2.17, 2.08
(each 3H, s, acetyl methyl), 2.00 (3H, d, J ) 1.5 Hz, H-18),
1.92-1.68 (7H, m, H-1, 2R, 2â, 6R, 6â, 7R, and 7â), 1.72 (3H,
s, H-17), 1.22 (3H, s, H-16), 1.09 (1H, br dd, J ) 15.0, 8.0 Hz,
H-14R), 0.79 (3H, s, H-19); 13C NMR (CDCl3) δ 170.5 (s, 13-
OAc), 170.0 (s, 5-OAc), 167.7 (s, C-1′), 148.9 (s, C-4), 145.8 (d,
C-3′), 138.2 (s, C-11), 134.3 (d, q-Ph), 134.1 (s, C-12), 130.5 (d,
p-Ph), 128.9 (d, o-Ph), 128.2 (d, m-Ph), 117.7 (d, C-2′), 114.1
(t, C-20), 80.6 (d, C-9), 76.4 (d, C-5), 70.9 (d, C-13), 70.6 (d,
C-10), 43.2 (s, C-8), 40.5 (d, C-1), 39.4 (s, C-15), 38.1 (d, C-3),
32.0 (t, C-14), 31.4 (q, C-16), 28.3 (t, C-2), 27.5 (t, C-6), 27.4 (t,
C-7), 27.4 (q, C-17), 21.8 (q, 5-OAc or 13-OAc), 21.5 (q, 5-OAc
or 13-OAc), 17.8 (q, C-19), 15.0 (q, C-18); HREIMS m/z
550.2936 (calcd for C33H42O7, 550.2931).

Cellular Accumulation of [3H]-VCR. The MDR 2780AD
cells were maintained in PRMI-1640 medium (Nissui, Tokyo,
Japan) supplemented with 5% heat-inactivated fetal bovine
serum and 100 µg/mL of kanamycin. 2780AD cells (1 × 106

cells/well) were seeded in a 24-well plate and cultured for 18
h before the assay. The cells were treated with 1 × 105 dpm of
[3H]-VCR (222 Gbq/mmol; Amersham Pharmacia Biotech,
Tokyo, Japan) in the presence or absence of verapamil or
taxoids. Immediately after incubation for 2 h at 37 °C, the cells
were washed five times with ice-cold phosphate-buffered saline
containing 0.1 mg/mL of nonradioactive VCR and lysed with
500 µL of 0.2 M NaOH. After incubation for 45 min at 56 °C,

Table 5. Production of 1 Using Callus Culture of CR-6 by Addition of Methyl Jasmonate

parameter CR-5
CR-5 + methyl

jasmonate 100 µM CR-6
CR-6 + methyl

jasmonate 100 µM
CR-6 + methyl

jasmonate 200 µM
CR-6 + methyl

jasmonate 300 µM

dry callus (g) 206.6 74.1 49.0 87.0 93.6 12.9
growth ratea 1 0.68 1.36 1.06 0.98 0.67
color degreeb 1.9 3.5 1.6 2 2.2 5
isolated yield of 1 (mg) no 19.2 no 22.3 59.1 no
content of 1 (%) no 0.0259 no 0.0256 0.0631 no

a The relative values were compared to those of CR-5. b The color of the callus cultures was evaluated in five degrees: 1 (colorless) to
5 (dark brown).
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lysates were neutralized with 2 M acetic acid, and the
radioactivity was counted in ACS II (Amersham Pharmacia
Biotech).

Measurements of Cell Growth Inhibition and Data
Analysis. The details of measuring cancer cell growth inhibi-
tion are described elsewhere.15,40,41 Briefly, the cells were plated
at proper density in 96-well plates in RPMI-1640 medium with
5% fetal bovine serum and allowed to attach overnight. The
cells were exposed to drugs for 48 h. Then, the cell growth
was determined according to the sulforhodamine B assay,
described by Skehan et al.42 Three dose response parameters
were calculated for each experimental agent according to the
method described previously:40 growth inhibition of 50% (GI50),
which was the drug concentration resulting in a 50% reduction
in the net protein increase (as measured by SRB staining) in
control cells during the drug incubation, the drug concentra-
tion resulting in total growth inhibition (TGI), and the drug
concentration resulting in a 50% reduction in the measured
protein at the end of the drug treatment as compared to that
at the beginning (LC50), which indicated a net loss of cells
following treatment.40 The mean graph, which shows the
differential growth inhibition of the drug in the cell line panel,
was drawn based on a calculation using a set of GI50.43,44 To
analyze the correlation between the mean graphs of drugs A
and B, the COMPARE computer algorithm was developed
according to the method described by Paull et al.43 Peason
correlation coefficients were calculated using the following
formula: r ) (∑(xi - xm)(yi - ym))/(∑(xi - xm)2∑(yi - ym)2)1/2,
where xi and yi are log GI50 of drug A and drug B, respectively,
against each cell line, and xm and ym are the mean values of xi

and yi, respectively.
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