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Abstract

To analyze the main chemical constituents of Veratrum dahuricum, and study their anti-
bladder cancer activity. Chloroform and ethyl acetate fractions are obtained by ethanol extrac-
tion, and subsequent extraction with chloroform, ethyl acetate, saturated water and n-butanol.
The fractions are then further purified through silica gel column chromatography, preparative
HPLC, repeated silica gel column chromatography (chloroform-methanol), D101 macroporous
resin column chromatography, Sephadex LH-20 gel column chromatography (methanal), C-18
rever sed-phase silica gel column chromatography (methanol-water), preparative TLC and re-
crystallization. Inhibitory effect of resveratrol on T24 cells is observed by MTT assay and in-
verted microscopy. Six compounds are isolated from Veratrum dahuricum, namely verzine,
germitrine, quercetin, stigmasterol, polydatin and resveratrol. MTT assay results show that the
test concentrations of resveratrol can effectively inhibit the proliferation of T24 cells. The in-
hibitory effect is enhanced gradually with increasing drug concentration, showing a certain
dose-response relationship. Under inverted microscope, adherently growing cells are visible in
the control group, with tight and full intercellular junction and intact membranes. In the test
group, cell growth density becomes gradually spar se with increasing drug concentration, inter-
cellular junction is loose, adherent capacity is clearly insufficient, cell surface iswrinkled, and
cell debrisis also plentiful. In the high concentration group, most cells are disrupted, cell mor-
phology is incomplete, and adherent cells are reduced in number. Veratrum dahuricum can in-
hibit the proliferation of human bladder cancer T24 cells, which has a certain anti-cancer activ-

ity.
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I ntroduction Modern pharmacological studies have confirmed that
Veratrum plants have rather remarkable anti-tunotiva

Veratrum nigrumL., also known as Heililu or Shancong, ity [3-5], which is achieved by inhibition of Hedgeg
is a perennial herb in the genus Veratrum of theilja  Signaling pathway transduction and expression vie S
Liliaceae. It is mainly grown in valleys or hillgd, and antagonism by cyclopamine, thereby leading to itibif
distributed in China's northeastern region, HelStian- of cancer cell proliferation. In a(_jdltlon, Veratrqniantg
dong, Henan and other places. The herb is usetiein talso_ have bloqd pressure lowering, hemorheology-inf
treatment of hypertension, schistosomiasis, hookwor €ncing and anti-fungal effects [6-8].

filariasis, stroke, phlegm obstruction, throat imineent,

epilepsy, malaria, fractures, scabies, malignargsseetc. This paper extracts, isolates, purifies and stmadiy
Main constituents oMeratrum nigrumL. are steroidal elucidates the chemical constituents of Veratrum da
alkaloids, stilbenes and flavonoids, which inclydevi- huricum, and studies the anti-cancer activity acivera-
nes, cevines, solasodines, veratrines, resveratrakol isolated, with the aim of providing scientifsup-
quercetin, isorhamnetin, 4'-methoxy isorhamnetsp-i port for effective clinical treatment of bladdentars.
quercitrin, etc [1-2].
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Material

I nstruments and reagents

NMR spectrometer (Bruker DRX-500); melting point
detector (model RY-2, uncorrected, Tianjin Analgtic

added with an equivalent volume of culture medigifa.
ter culturing for another 48 h, supernatant wasatited,
100 pL of 0.5 mg/mL MTT solution was added, and the
culturing was continued for an additional 4 h. HinaA

Instrument Factory); mass spectrometer: Mat-212-magalue was measured with a microplate reader, aid ce
netic (EI-MS); Q-Tof micro (ESI-MS). Reagents usedinhibition rate was calculated.

were of analytical grade. RPMI 1640 (Gibco); FBS

(Hangzhou Sijiging Biologicals); MTT (Sigma).

Drug and célls

Veratrum dahuricum was purchased from the medicin

market in Anguo; and resveratrol, with a purity ao
98%, was self prepared. Human bladder transitioail
carcinoma T24 cell line was purchased from Shangh
Institutes for Biological Sciences, CAS.

Methods

Extraction and isolation

10 kg of Veratrum dahuricum was pulverized into
coarse powder, and reflux extracted with an 8-fol
amount of 80% ethanol for 2 h three times. Themarol

was removed, and the extract was dissolved with 5093

agueous tartaric acid, extracted with diethyl ethad pH
adjusted to 9 with 10% NaOH solution to obtain fine-
cipitate and lye parts. Next, the precipitate peas ex-
tracted successively with chloroform, ethyl acetatgu-
rated water and n-butanol to give respective etdrac

The chloroform fraction was loaded on silica gduon,

and gradient eluted with chloroform-methanol. Then

similar fractions were combined, and further pedfiby
preparative HPLC to give compounds 1-3.

Ethyl acetate fraction was subjected to repeatezh siel

column chromatography (chloroform-methanol), D101
macroporous resin column chromatography, Sephadey
LH-20 gel column chromatography (methanol), C-18 re

versed-phase silica gel column chromatography (@eth
nol-water ), preparative TLC and recrystallizationgive
compounds 4-6.

Cdll culturing

Human bladder transitional cell carcinoma T24 te#s
were cultured in 10% FBS-containing RPMI 1640 me
dium, and passaged routinely in &3;75% CQ incuba-
tor. Logarithmic phase cells were used for the grpnt.

Determination of the effect of resveratrol on T24 cell
proliferation by MTT assay

Logarithmic phase T24 cells (concentration of 1¥t{14
were seeded in 96-well plates at 1@0per well, cultured
in a 37C, 5% CQ incubator for 24 h, then added with
different concentrations of resveratrol test solsi (50
umol/L, 100 umol/L and 200 umol/L). Six parallel Nge
were set up for each concentration, and contralyreas
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Inhibition rate = (A value of control group - A v of
treatment group) / A value of control group

Qbservation of cell morphological changes under in-
verted microscope
Logarithmic phase T24 cells were concentration stdjli

;5? 5x10/mL, cultured for 24 h, and then added with res-

veratrol test solution (100 umol/L). After cultuginn a
37°C, 5% CQ incubator for 24 h, cell morphology was
observed under an inverted microscope (10x40 miagnif
cation).

atistical methods
Analysis was done using SPSS13.0 statistical softwa
omparison among groups was performed by ANOVA,
nd pairwise comparison was done by t test. P<@#5
considered statistically different.

Results

Structure elucidation of compounds

Compound 1: white powder, orange by Dragendorff
reagent, and positive to bismuth potassium iodide
reaction, indicating that the compound may be an
alkaloid. '*H-NMR (CD;OD): & 6.78 (1H, brs), 6.35 (1H,
t,J = 1.6, 2.5 Hz), 6.65 (1H, brs), 7.36 (2H, &,8.0 Hz),
6.81 (2H, t, J = 8.5 Hz), 6.80 (1H, d, J = 15.8 Hzl4
(2H, d, J= 8.5 Hz), 4.80 (1H, d, J = 7.5 Hz), 3¥8, d, J

= 12.5 Hz), 3.48 (1H, d, J = 12.5 Hz), 3.36 (1H, dd
0.5, 2.4 Hz), 3.19-3.35 (2H, m), 3.21 (1H, tc& 4.4,

.8, 4.8 Hz);"*C-NMR (DMSO-d) &: 37.5 (C-1), 32.6
(C-2), 71.9 (C-3), 41.8 (C-4), 142.5 (C-5), 121(®4q),
33.3 (C-7), 32.5 (C-8), 50.9 (C-9), 37.8 (C-10),128C-
11), 39.3 (C-12), 43.7 (C-13), 57.1 (C-14), 27.118),
26.1 (C-16), 53.9 (C-17), 20.2 (C-18), 12.9 (C-144,8
(C-20), 19.3 (C-21), 175.2 (C-22), 26.0 (C-23),7C-
24), 56.9 (C-25), 57.6 (C-26), 18.6 (C-27). After
comparison with the literature [9], the structuré o

compound 1 was identified as verzine.

Figure 1. Verzine
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Compound 2: white powder, orange by Dragendortjeat
and positive to bismuth potassium iodide reaciimticating
that the compound was an alkaloft-NMR (CD;OD): §

6.78 (1H, brs), 6.39 (1H, t, J = 1.8, 2.5 Hz), 6(BH, brs),
7.49 (2H, d, J = 8.5Hz), 6.89 (2H, t, J = 8.0 1637 (1H, d,
J=16.5Hz), 7.12 (2H, d, J =85 Hz), 4.81 (1H) & 7.5
Hz), 3.69 (1H, d, J = 12.5 Hz), 3.63 (1H, d, J 556123z, 3.39
(1H, dd, J =9.5, 2.6 Hz), 3.23-3.40 (2H, m), 3.2A,(td, J =
4.5, 3.8, 5.0 Hz)**C-NMR (75 MHz, DMSO-d%: 32.8 (C-
1), 27.4 (C-2), 76.1 (C-3), 105.1 (C-4), 47.3 (CH).9 (C-
6), 67.2 (C-7), 47.2 (C-8), 95.7 (C-9), 45.9 (C;1¥).2 (C-
11), 46.9 (C-12), 33.9 (C-13), 81.8 (C-14), 68.818), 71.1
(C-16), 45.4 (C-17), 62.1 (C-18), 19.7 (C-19), 7@220),
20.8 (C-21), 71.2 (C-22), 19.3 (C-23), 29.6 (C-286 (C-
25), 61.3 (C-26), 17.4 (C-27), 3-OMB: 175.8 (C-4p.1
(C-2), 175 (C-3), 26.3 (C-4), 11.1 (C-5’), 15+MB:

176.5 (C-17), 75.0 (C-2"), 25.8 (C-37), 34.3 (@), 7.9 (C-

57). After comparison with the literature [10],abstructure

of compound 2 was found basically consistent wiia t
so compound 2 was

known compound germitrine,
germitrine.

Figure2. Germitrine

Compound 3: yellow needle crystals. Molecular i@alp
by ESI-MS was m/z 303H-NMR (DMSO-d;): & 12.55
(1H, s, OH-5), 7.59 (1H, d, J=2.5 Hz, H-2"), 7.3 ( dd,
J=8.5, 2.5 Hz, H-6", 6.98 (1H, d, J=8.5 Hz, H-B)51
(1H, d, J=2.5 Hz, H-8), 6.31 (1H, d, J=2.5 Hz, H-6L-
NMR (75 MHz, DMSO-g) é: 145.5 (C-2), 136.2 (C-3),
175.7 (C-4), 156.9 (C-5), 98.9 (C-6), 164.5 (C93,6
(C-8), 161.4 (C-9), 102.9 (C-10), 121.4 (C-1"), AGC-
2", 146.5 (C-3"), 148.1 (C-4'), 115.2 (C-5"), 120(C-6").
After comparison with the literature [11], the sture of

compound 3 was found basically consistent with

guercetin, so compound 3 was quercetin.

Figure 3. Quercetin
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Compound 4: colorless needle crystals, positive to
Liebermann-Burchard reactiotd-NMR (CDCL): § 5.23
(2H, m, H-7, 22), 5.12 (1H, dd, J = 15Hz, 8.5 Hz28),
1.11, 0.89, 0.83 (3H, d, GM3), 0.85 (3H, t, Ch), 0.83,
0.58 (3H, s, Ch2); *C-NMR (CDC}): 5 140.1 (C-8),
139.2 (C-21), 128.5 (C-22), 119.1 (C-7), 71.2 (C5H.8
(C-17), 55.9 (C-14), 52.6 (C-24), 44.1 (C-13), 48389),
40.2 (C-20), 41.2 (C-5), 39.9 (C-12), 38.7 (C-4),98B(C-
1), 34.5 (C-10), 31.2 (C-26), 32.2 (C-2), 29.1 (C#B.5
(C-16), 24.9 (C-28), 22.8 (C-15), 22.2 (C-11), 20
27), 21.7 (C-25), 19.6 (C-21), 14.9 (C-19), 11.91@),
12.6 (C-29). After comparison with the literaturg2],
compound 4 was identified as stigmasterol.

HO

Figure 4. Stigmasterol

Compound 5: white needle crystals, positive to Btoli
reaction. ESI-MS m/z 413‘H-NMR (CD;OD): § 6.74
(1H, brs), 6.35 (1H, t, J = 1.8, 2.4 Hz), 6.58 (1Hs),
7.43 (2H, d, J = 8.0 Hz), 6.86 (2H, t, J = 8.0 HZB8
(1H, d, J = 16.0 Hz), 7.11 (2H, d, J= 8.0 Hz), 484, d,
J=7.0Hz), 3.71 (1H, d, J = 12.2 Hz), 3.51 (AHJ &
12.0 Hz), 3.33 (1H, dd, J = 9.6, 2.4 Hz), 3.22-3(2A,
m), 3.20 (1H, td, J = 4.2, 3.6, 4.8 HZJC-NMR (75
MHz, DMSO-g): § 139.7 (C-1), 105.1 (C-2), 159.1 (C-
3), 101.7 (C-4), 159.2 (C-5), 106.8 (C-1"), 127C-7"),
116.5 (C-3), 115.6 (C-4’), 116.1 (C-5)), 127.2 &)
101.0 (C-17), 73.8 (C-2"), 77.5 (C-3"), 68.8 (@), 76.4
(C-5"), 61.5(C-6"). After comparison with the &tature
[13], and combined withH NMR and**C-NMR spectral
data, compound 5 was identified as polydatin.

OH

Figure5. Polydatin

Compound 6: pale yellow needle crystals, quasi-
molecular ion peak by ESI-MS was m/z 229 [M+Hj-
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NMR (CD;0OD): 6 6.88 (H, d, J = 16.5 Hz), 7.03 (1H, d, Jrate reached 42.59%. These indicated that reswkratr

= 16 Hz), 6.54 (2H, d, J = 2.0 Hz), 6.27 (1H, £ 2.0
Hz), 6.87 (2H, d, J = 8.0 Hz), 7.45 (2H, d, J = B,
¥C-NMR (75 MHz, DMSO-g) 5: 140.9 (C-1), 105.4 (C-
2), 159.4 (C-3), 102.1 (C-4), 158.7 (C-5), 106.26)C
130.2 (C-1'), 128.7 (C-2'), 116.6 (C-3’), 157.1 &
117.1 (C-5), 128.9 (C-6"). The above data wereidadly
consistent with the known compound resveratrol ,[$4]
the structure of compound 6 was identified as nedra.

.QQ

OH

Figure 6. Resveratrol

MTT assay results

could significantly inhibit T24 cell proliferatiorywwhose
inhibitory effect was time- and dose-dependent.

Table 1. Effect of resveratrol on in-vitro proliferatiorf o
human bladder cancer T24 cellst$X

Group 24h (%) 48h (%)

T24 cell group 3.35£0.675 4.59+0.577
Resveratrol (50 umol/L) 17.64+2.377 29.62+2.558
Resveratrol (100 umol/L) 19.54+3.443 36.32+3.587
Resveratrol (200 umol/L) 25.67+2.578 42.59+3.875

Effect of resveratrol on morphology of human bladder
cancer T24 cells

Under inverted microscope, adherently growing cells
were visible in the control group, with tight andl finter-
cellular junction and intact membranes. In the tgsup,
cell growth density became gradually sparse witheas-

Determination of structure by MTT assay demonstrateing drug concentration, intercellular junction wasse,

that the test concentrations of resveratrol coffettvely
inhibit the proliferation of human bladder cance24T
cells. Moreover, the inhibitory activity was enhadavith
increasing concentration of test solutions; andch4&ter
treatment with 200 umol/L test solution, the intidn
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adherent capacity was clearly insufficient, celtface
was wrinkled, and cell debris was also plentiful. the
high concentration group, most cells were disrupted
morphology was incomplete, and adherent cells were
duced in number. The results are shown in Figure 7.
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Figure7. Effect of resveratrol on morphology of T24 céliscontrol group; B: test group)

Discussion

to deacetylation reaction in solution, so the ib#ity of
these components is evident, which greatly affelots

Veratrum dahuricum contains rather many constigjent isolation, purification and structure elucidatidy rapid

which are mainly steroidal alkaloids, flavonoidsdastil-
benes. But due to the low content of each compoisod,
lation and purification are rather difficult. Dugnisola-
tion, the flavonoidal compounds (quercetin, etbfamed
have quite stable structures, so they are less ri#inga

elution, low-temperature drying, crystallizationdaother
methods, supplemented by modern means such as NMR,
isolation is completed smoothly to ultimately ohtaix
compounds.

on the experimental conditions. But for cevine-base Bladder cancer is the most common cancer of theagyi

steroidal alkaloids, most contain 3, 7 and 15 dcaty
isovaleryl groups, and veratroyl and angeloyl gsape
replaced, so their structures are instable. Duspfation

system in China, which accounts for 3.2% of alligral
nancies. Transitional cell tumors make up over @0%il
bladder cancers, which seriously threat the survibfa

Biomed Res-India 2015 Volume 26 Issue 4

der cancer is on the rise, so the search for apptep
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drugs, especially TCM preparations to alleviateepeas'
pain has become an important issue faced by rés=arc

In this experiment, the effect of resveratrol om@psis
of human bladder cancer T24 cells is observed. M3T
say results show that the test concentrationssvieratrol
can effectively inhibit the proliferation of T24 Ik The

inhibitory effect is enhanced gradually with incsiesy

drug concentration, showing a certain dose-respmiae
tionship. Under inverted microscope, adherentlyngng

cells are visible in the control group, with tiglmd full

intercellular junction and intact membranes. In thet
group, cell growth density becomes gradually spaiitie

increasing drug concentration, intercellular jumatiis

loose, adherent capacity is clearly insufficiergll cur-

face is wrinkled, and cell debris is also plentifid the

high concentration group, most cells are disruptel,

morphology is incomplete, and adherent cells adeced
in number. The apoptosis-inducing mechanism ofaresv
trol on T24 cells needs further confirmation.
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