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Abstract

The aim of this paper was to study the active substances in Taxus uspidate and their anti-
osteosarcoma effect. Preparative chromatography, column chromatography and preparative
HPLC were used for the structural characterization of isolated active substances. MTT assay,
electron microscopy and flow cytometry were applied to detect the anti-osteosarcoma effect of
paclitaxel. Five compounds were isolated. Different concentrations of paclitaxel test solutions all
had an inhibitory effect on MG-63 cells. With the increase in action time, the survival rate of
tumor cells declined. Under an inverted microscope, MG-63 cells; which were treated with
paclitaxel for 24 h, partially turned round and were floating. Cell volumes diminished, after
which the cells immediately detached from the adjacent cells, and apoptosis occurred.
Osteosarcoma is one of the most common bone tumors in the adolescent group, and Taxus
uspidate has a significant anti-osteosarcoma activity.
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| ntroduction tubulin, block the normal dynamic regeneration of
microtubule bundles, cells cannot form normal rnutot

Taxus cuspidata is a plant in the genus Taxuseofanily ~ spindles, thereby inhibiting cell division and [feation.

Taxaceae, which is an evergreen arbor or shrublynainClinically, paclitaxel compounds can effectivelyiioit the

found in the northern hemisphere. It has two sutispe growth of a variety of drug-resistant tumor ceties, and

T. cuspidata Sieb. et Zucc. and T. cuspidata ®ielzucc. thereby have relatively significant effects on émmeal

var. nana Rehder. Compared with other speciesxisfa cancer, nasopharyngeal cancer, bladder cancerhtme

T. cuspidate has a relatively higher paclitaxeltenh  prostate cancer, malignant melanoma, gastroirdsamcer

Experimental studies have shown that2], paclitaxel —and other diseases [9-12].

content in various parts of T. cuspidate variey; logirk

has the highest paclitaxel content, followed byeryl In this study, the active constituents in T. cuafedare

while twig and leaf have the lowest content. Beedlis isolated and identified, while its osteosarcomalhibry

cuspidate grows slowly, and its resource is scdhege is  effect is also investigated.

a relative shortage of raw materials for obtaining

paclitaxel. Although paclitaxel content ?n the hrhra_nd Materials and Method

leaf of Taxus is only about 1/10 of that in the beyk, its

total production is much larger than the dry bash,

increased usage of twigs and leaves is an impoviagt

to ease the serious shortage of paclitaxel proalucti

Bruker AV superconducting NMR, CO2 incubator (NBS,
USA), clean bench (Suzhou Purification Equipment
Factory), flow cytometry (BECKMAN-COULTER, USA),

In 1922, Kono first reported that T. cuspidate amst low-speed centrifuge (Shanghai Anting Scientific
Taxine, since then' the research on Taxus p|am§)ean Instrument FaCtOfy). 200-300 mesh column chromat-
increasing. So far, taxane diterpenoids, sesqeiteigs, 0graphy silica gel (Qingdao Haiyang Chemical Fagtor
steroids, lignans, flavonoids, glycosides, and aeaof  Sephadex LH-20 column chromatography media (Pharm-
other compounds have been isolated from T. cugpjde8].  acia), RPMI 1640 medium (HyClone); fetal bovineuser

(Hangzhou Sijiging Bioengineering Materials Co.¢d.)t
Modern pharmacological studies have shown thattpeel DMSO, MTT (Sigma, USA). The reagents used were all
can promote the irreversible polymerization andrsgis of  of analytical or chemical grade.
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The crude drug was identified as the twigs anddeasf were collected separately (each group had threés)wel
T. cuspidata Sieb. et Zucc. in the genus Taxushef t The collected cells were stained with propidiumided
family Taxaceae. Paclitaxel test solution was pregpan  (PI), and loaded on the flow cytometer for detectEmd
appropriate concentrations as per the experimentahnalysis.
requirements. MG-63 cells were purchased from China
Center for Type Culture Collection, Wuhan Univeysit Satistical analysis

Data were processed using SPSS 13.0 statistidalesef

measurement data were expressec #S, comparison
among groups was performed by t test, and P<0.G5 wa
considered statistically significant.

Extraction and isolation

Fifteen kilograms ofTaxus cuspidata twigs and leaves
were ground into a coarse powder, and soaked gtgrni
with methanol (medicinal materials were submerged a
depth of 2-4 cm) with three changes. The extraadsew esults
then combined, and methanol was removed. The fin.all?

extract was dissolved with an appropriate amount of L i i

water, defatted with cyclohexane, and extractech wit Sructural characterization of active constituents:
dichloromethane. The extractant was then evapotated

give the extract. The extract was loaded on therso] ~ €ompound 1 )

gradient eluted with chloroform-methanol. Similar Colorless crystals, m.p. 258-260 "HNMR(CDCl,,
fractions were combined, and subjected to preparati 500MHz):5 1.31, 1.25s (Me-16, Me-18), 2.19s, 2.17s,
chromatography, column chromatography and preparati 2.11s, 2.05s (3H, OAc), 2.38, 1.85 (m-6), 2.62 (1H, d,

HPLC to isolate 5 compounds. H-148), 3.11 (1H, dd, H-14), 3.57 (1H, d, H-3), 4.12,
3.58 (1H, H-17), 5.24, 4.42 (1H, d, #19), 5.62, (1H,
Cell culturing H,-20), 5.63 (2H, m, H-5, H-7), 5.34 (2H, brs, H-9; H

MG-63 cell lines were cultured in DMEM medium 10), 6.24 (1H, dd, H-2), 7.86 (10H, m, Ph), 8.0D5/(IH,

containing 10% fetal bovine serum, placed in £3%%  CinnCH=CH), 8.23 (10H, m, Ph).

CO, incubator and subcultured routinely. Cells in

logarithmic growth phase were used in the experimen  ‘HNMR spectral data of compound 1 were basically
consistent with the reported literature [13], sositructure

MTT assay was 1-hydroxybaccatini.

After digestion with 0.25% trypsin, logarithmic gvth

phase MG-63 cells were prepared into a cell suspens

with a concentration of 810" cells/mL, and seeded in

96-well plates. Three replicate wells were set uthw

different concentrations of paclitaxel test solnoso ""-....

(concentrations of 300 nmol/L, 600 nmol/L, 900 nfijpl

and in the control group was added an equal volame O

PBS. After culturing for 24 h, 36 h and 48 h, ircleavell

was added 2QuL of MTT (5 mg/mL) solution, and

incubation was continued for another 4 h till crilig Y

was terminated. Supernatant was carefully discartied E 'Cinn

uL of DMSO was added to each well and after proper OAC

shaking, A490 of each weII_was measured on an ELISA Figure 1. 1-hydroxybaccatini

reader, followed by calculation of MG-63 cell inttibn

rates by various concentrations of paclitaxel.

ACQ  AcO ooBy
: OAcC

Compound 2
White amorphous powder, m.p. 160-162 HNMR

Cell inhibition rate = (mean A490 of the controbgp - . _ )
mean A490 of the experimental group) / mean A490 o CH%():Bi :Slg(()é\f_'Hz):lSl)g((l::;)n T? 4)1(11H12(§: ’ i'e;i

the control group x 100% 1.83(3H, s, 19-CH3), 1.98(3H, s, 18-CH3), 2.23(3H,
e OCOCH3), 2.25(1H, dd, H-B}, 2.52(1H, dt, H-6),
nverted microscopy 3.08(1H, d, H-3), 4.12(1H, d, H-ap 4.25(1H, t, H-7),

After the treated MG-63 cells were grown on slidesy 38(1H, dd, H-9), 4.48(1H, d, H-BD 4.52(1H, m, H-

were observed under scanning electron microscope. 10), 4.55(IH, m, H-13), 4.92(1H, d, H-5), 6.11(1d, H-

, , 2), 7.42(2H, t, Ph-m), 7.63(1H, t, Ph-p), 8.05(2H Ph-
Flow cytometric detection of cell cycle _ 0). ®*C-NMR(CDCh, 125MHz}: 11.6(C-18), 12.5(C-19),
The 5<10°ml MG-63 cells were seeded in 96 well 22.2(0COCH:), 25.2(C-17), 27.9(C-16), 37.7(C-6),439
plates, and treated with the above test concemt®®f (cl14)  42.5(C-8), 44.2(C-3), 67.9(C-1), 68.2(C-10)
paclitaxel and PBS as in the experimental groupisthe 68.3(C-2), 72.8(C-7), 74.3(C-20), 76.8(C-15), 7CAB),
control group. After culturing for 24 h, cells ia@h group 80.1(C-4), 80.4(C-9), 84.5(C-5), 128.3(Ph-m), 120t
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0), 129.7(Ph-1), 133.2(Ph-p), 137.6(C-11), 146.5%)-
166.5(COPh), 171.4(OCOCH).

'H-NMR and**C-NMR spectral data of compound 2 were
basically consistent with the literature [14], sts i
structure was identified as 7,13-dideacetyl-9,10
didebenzoyl taxchinin C.

OH OH
HO,

HOw-

OCOPIPAC

OH

Figure 2. 7, 13-dideacetyl-9,10-didebenzoyl taxchinin C

Compound 3

White powder, m.p. 170-172. HNMR(CDC13,
500MHz): 8 1.13(3H, Me-16),1.32(3H, Me-18), 2.05(3H,
s,0Ae), 2.04(3H, s,0Ae), 2.12(3H, s,0Ae),2.16(3H
s,0Ae), 2.251.82(1H, my6), 2.78(1H, d, H-148),
3.05(1H, dd, H-14), 3.74(1H, d, H-3), 4.12(1H, dH
17), 4.48(1H, t, H-5), 5.25(1H, d,,H9), 5.34(1H, d, H-
9), 5.37(1H, d, H-10), 5.45,4.72(1H, s,H-20), 5158(
dd, H-7), 7.83(5H, m,ph), 8.17(1H, dd,, H-2).

Structural data of compound 3 were basically coests
with the literature [15], so its structure wasd@acetoxy
taxinine J.

AcO
ACO 00Bz
OAcC

0 Ac OBz

Figure 3. 20-deacetoxy taxinine J

Compound 4

White crystals, m.p. 178-180. 'HNMR (CDC13,
500MHz):6 1.17(3H, s, 16-Ch), 1.25(3H, s, 17-C¥),
1.30(3H, s, 19-C), 1.72(1H, dd, H-1), 1.94(1H, d, H-
3a), 1.97(3H, s, 18-CH, 2.01(3H, s, 7-OCOCH3),
2.11(2H, m, H-6), 2.18(3H, s, 10-OCOCH3), 2.19(3H,
13-OCOCHS3), 2.12(1H, m, H-14), 2.59(1H, d, H-3),
2.68(1H, ddd, H-14), 4.42(1H, m, H-5), 4.62(1H, dd,
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H-2), 5.21(1H, t, H-7), 5.38(1H, brd,H-13), 5.74(1#
H-20), 6.37(1H, s, H-10)**C-NMR(CDCk, 125MHz)
§:18.9(C-18), 20.2(7-OCOCJH 20.3(10-OCOCH),
20.4 (13-OCOCH), 20.8(C-19), 24.2(C-17), 25.2(C-14),
35.3(C-6), 35.4(C-16), 35.5(C-3), 37.5(C-15), 4G4,
67.4(C-2), 68.3(C-5), 69.1(C-13), 69.7(C-7), 52.8)C
77.4(C-10), 127.2(C-20), 131.8(C-11), 136.2(C-137.6
(C-4), 167.2(7-OCOCH), 169.5(10-OCOCH), 169.8(13-
OCOCH), 205.5(C-9).

o
Figure 4. 2-deacetyl taxin B

H

The above data were basically in line with the rtgumb
literature [16], so the structure of compound 4 \gas
deacetyl taxin B.

Compound 5

Colorless crystals, m.p. 245-281 compound 5 and the
previously isolated taxayuntin were chromatograpbed
the same thin layer plate with multiple development
systems, the results revealed that their Rf valuese
identical, so the structure of compound 5 was tarty.

Its 'HNMR spectral data are as followsINMR(CDC13,
500MHz):6 1.04(3H, s, Me-16), 1.25(3H, s, Me-16),
1.57(3H, s, Me-16), 1.93(3H, OAe), 2.02(3H, OAe),
2.17(3H, OAe), 2.15(3H, OAe), 2.27(1H, mH-6),
2.58(1H, d, H-14), 3.05(1H, dd, H-14 ), 3.45(1H, d,
H-3), 4.92(1H, d, H-9), 5.45m(2H, H-7), 5.57(1H,, dit

2), 7.94, 6.95(1H, d, CInnCH=CH), 7.85(5H, m, Ph).

AcO éCO OH
_ OAc

:OCinn

Figure5. taxayuntin

Determination of the inhibitory effect of paclitaxel on
MG-63 cellsby MTT assay.

The experimental results showed that all the dffier
concentrations of paclitaxel test solutions had an
inhibitory effect on MG-63 cells. With increase action

3
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time, the survival rate of tumor cells declined.gii groups. It is thus evident that the inhibitory effeof
concentration group had a significantly higher @ffen  paclitaxel on MG-63 cell survival was in a time-des
cell survival rate than the medium and low concidn  effect relationship.

S0 r
80
70 r
60 —
30 a 24h
H 48h

0O 7Zh

40 r

Survival rate of tumor cell (%)

High dose of paclitaxel Middle dose of paclitaxel Low dose of paclitaxel

Figure 6. Determination of the inhibitory effect of paclitaxel on MG-63 cells by MTT assay

Morphological observation Flow cytometry results

Under an inverted microscope, MG-63 cells which ewer After treatment withdifferent drugs (low dose of
treated with paclitaxel for 24 h, partially turneslind and paclitaxel, middle dose of paclitaxel, high dose of
were floating. Cell volumes diminished and the scell 4 cjitaxel.Yfor 24 h, the MG-63 cells were stained with

immediately detached from adjacent cells. Loss o ; ;
X I~ X , X I, and its apoptosis rate was analyzed by flowrogtry.
microvilli, cytoplasmic concentration, cell shrigeg poor The results ng shown in Fig. 7. A?/poptos);s rat@ﬁﬂ\%

fadhef[fenc?_ and kahryoplyknos]!s ;/r\]/ere d_sec_er_n. r:N'(;h thease phase cells increased significantly, which reache®%
In action m:e,t C; vgunlwe ur e:_ |Im|n|s ed, aylasm in the high-dose group, presenting an obvious G2/M
was concentrated, endoplasmic reticulum was explooe phase arrest. With the increase of action time ptasis

bubbly form and fused with the cell membrane. Narcle
: ) rates of GO/G1 and S phase cells gradually dealgase
chromatins were condensed and were in a half-mapes where the GO/G1 phase apoptosis rate was only §7%

Parts of cell nucleoli were fragmented, leading cil : T ; .

. o A the high-dose group. With increasing concentratiohs
membrane retraction. Cells were self-divided intoltipie aclitaxel, apoptosis rate of MG-63 cells markedly
apoptotic bodies enveloped by cell membranes witho hcreased

overflow of inclusions.

90 r
B8O ]
T F
60 r
50 | [ GO/G1 phase (%)

' B S phase (%)
10 ¢ ] G2M phase (%)
30 r
20 r
0 1 1 1 0 ]

The control Low-dose of Middle dose of High doge of
group paclitaxel paclitaxe] pachitaxel

E'!El)

The constituent ratios of cell cycle

Figure. 7. Flow cytometry results
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Discussion

Taxus cuspidate is a plant in the genus Taxuseofaimily

separating the Terpenoids of Taxus cuspidate, amd f
Terpenoids were gained. Through activity study of
pharmacology, it finds that there is good inhibitieffect

Taxaceae, which is also known as Zishan. At presen@f paclitaxel on MG-63 osteosarcoma cell. For paxél

there are a total of 11 Taxus species worldwidd,@mina
has 4 species and 1 variant, they are: T. cuspiiata et
Zucc., T. wallichiann zucc, T. yunnanensis Chenf. 4.
Fu, T. chinensis (Pilger) Rhd, as well as T. cha®war.
mairei cheng etL. K. Fu [17-18]. Taxus cuspidateais
plant in the family Taxaceae S. F. Grey, order Texa

is the featured composition of Taxus cuspidateyelsas

the Terpenoids, other featured Terpenoids of Taxus
cuspidate should be separated and five featuregeTer
noids Monomers of Taxus cuspidate were gained. The
content of the five Terpenoids in Taxus cuspidatkttie,

so the gained quantity after separation is liteveell.

class Coniferopsudec, subdivision Gymnospermaegtwhi And then the five Monomers should be accumulated to
is distributed in Heilongjiang, Liaoning and Jilin build foundation for the further activity studyyfthe high

provinces. It is also found in countries like Japard
Korea.

value of activity study on these five Terpenoids.

Conclusions

T. cuspidate was recorded in the "Compendium of

Materia Medica" to be mainly used for the treatmeht
cholera, typhoid and detoxification. In the folk aiene,
the fruits, twigs and leaves of Taxus plants ase #ken

Through MTT methods, morphological observation and
flow cytometry test, it finds that the inhibitiorifect of
paclitaxel on MG-63 osteosarcoma cell shows ratatib

in decoction, mainly for dispersing accumulationstime-dose-effects. Five Terpenoids were separaieah f

expelling parasites, moistening dryness, inducingegis
and stimulating menstrual flow, it can also treataaiety
of intestinal parasites.

To fully protect the Taxus resources, and find &tiiss
for traditional medicinal parts of Taxus, this esipent
was carried out using the extract from 15 kg oftthigs
and leaves of Taxus cuspidata.

Osteosarcoma is one of relatively common bone tamor
which belongs to primary bone malignancy, it occurs”

mostly in the adolescent age group bringing a héxdowy
to the patients and their families. Currently, osegcoma

is treated mostly with surgery plus chemotheramd a

cisplatin is used extensively in the clinical sejtiowing
to its excellent anti-tumor effects. Due to itsizes side
effects and increasingly prominent drug
problems, its clinical application is restrictechdathe
search for effective substitutes is needed urgently

Paclitaxel is an active substance isolated froraraety of
Taxaceae plants, whose anti-tumor activities hdrezady
been clinically demonstrated. A study has repotteat

the important pathway for paclitaxel's inhibitionf o

osteosarcoma growth is that paclitaxel can inHitor
cell mitosis, induce and promote tubulin polymetia
to form stable microtubule polymers while inhibgithe

depolymerization of formed microtubules, making the
interconnect with the

vascular bundles unable to
microtubule organizing center, significantly rechgithe
number of free microtubules, and arresting celthanG2
and M phases.

division, causing apoptosis of tumor cells by blagk
their replication.

The characteristics of the research lie in makicigvidgy
study of anti-osteosarcoma on paclitaxel, extrgctind

Biomed Res- India 2015 Volume 26 Issue 1

resistance’

It breaks the dynamic balance of
microtubule system functionally necessary durindl ce

the extraction of Taxus cuspidate: 1-hydroxybaogati
7,13-dideacetyl-9,10-didebenzoyl taxchinin C,a-2
deacetoxy taxinine J, 2-deacetyl taxin B, taxayunt
makes research on the Terpenoids of Taxus cuspittate
lay material basis for the future activity study axfti-
osteosarcoma on Terpenoids of Taxus cuspidate.
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