This article was downloaded by: [Kunming Institute of Botany]

On: 18 May 2015, At: 19:39

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Journal of Asian Natural Products

R Research

Asban Hataral Publication details, including instructions for authors and
Praducts subscription information:

Reseorch http://www.tandfonline.com/loi/ganp20

- %h*"- One new ergostane-type steroid
«“w4  and three new phthalide derivatives
Mo r 25 from cultures of the basidiomycete

R "k Albatrellus confluens
Hua Guo™™®, Zheng-Hui Li®, Tao Feng® & Ji-Kai Liu®

& State Key Laboratory of Phytochemistry and Plant Resources
CrossMark in West China, I_<unm|ng Instltl_Jte of Botany, Chinese Academy of
® Sciences, Kunming650201, China

® School of Chemistry and Life Science, Anshan Normal College,
Anshan114005, China

¢ Graduate University of Chinese Academy of Sciences,
Beijing100049, China
Published online: 03 Dec 2014.

Click for updates

To cite this article: Hua Guo, Zheng-Hui Li, Tao Feng & Ji-Kai Liu (2015) One new ergostane-
type steroid and three new phthalide derivatives from cultures of the basidiomycete
Albatrellus confluens, Journal of Asian Natural Products Research, 17:2, 107-113, DOI:
10.1080/10286020.2014.951925

To link to this article: http://dx.doi.org/10.1080/10286020.2014.951925

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,

and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever

or howsoever caused arising directly or indirectly in connection with, in relation to or
arising out of the use of the Content.



http://crossmark.crossref.org/dialog/?doi=10.1080/10286020.2014.951925&domain=pdf&date_stamp=2014-12-03
http://www.tandfonline.com/loi/ganp20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/10286020.2014.951925
http://dx.doi.org/10.1080/10286020.2014.951925

Downloaded by [Kunming Institute of Botany] at 19:39 18 May 2015

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &
Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions



http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Kunming Institute of Botany] at 19:39 18 May 2015

Journal of Asian Natural Products Research, 2015

Vol. 17, No. 2, 107-113, http://dx.doi.org/10.1080/10286020.2014.951925

Taylor & Francis
Taylor & Francis Group

One new ergostane-type steroid and three new phthalide derivatives
from cultures of the basidiomycete Albatrellus confluens

Hua Guo™©, Zheng-Hui Li?, Tao Feng® and Ji-Kai Liu®*

“State Key Laboratory of Phytochemistry and Plant Resources in West China, Kunming Institute of
Botany, Chinese Academy of Sciences, Kunming 650201, China; "School of Chemistry and Life
Science, Anshan Normal College, Anshan 114005, China; “Graduate University of Chinese
Academy of Sciences, Beijing 100049, China

(Received 15 May 2014, final version received 28 July 2014)

One new ergostane-type steroid, (12(3,158,22R,235,245)-22,25-epoxy-12,15,23-
trihydroxyergost-4,6,8(14)-trien-3-one (1), three new phthalide derivatives,
5-(2',3'-epoxy-3',3'-dimethylpropoxy)-7-methoxy-6-methylphthalide (2), (2')-(Z)-5-
(3-hydroxymethyl-3’-methylallyloxy)-7-methoxy-6-methylphthalide (3), and 5-(3',3'-
dimethylallyloxy)-7-hydroxy-6-methylphthalide (4), along with one known phthalide
derivative, 5-(3',3'-dimethylallyloxy)-7-methoxy-6-methylphthalide (5), were isolated
from cultures of the basidiomycete Albatrellus confluens. The structures of the new
compounds were established on the basis of extensive spectroscopic data (IR, MS, 1D,
and 2D NMR) analyses. All compounds were evaluated for their cytotoxic activities on

five tumor cell lines.
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1. Introduction

The fungus Albatrellus confluens (Alb. &
Schwein.) Kotl. & Pouzar, belonging to
the Polyporaceae family, is widely dis-
tributed all over the world. Pyrazines,
aurovertins, cleistanthane-type diterpenes,
and isocoumarine have been reported from
the fruiting bodies or from the cultures of
A. confluens, and most of which showed
biological activities [1-6]. During our
studies on A. confluens, albaconol and
grifolin were discovered successively, and
have been identified to possess immuno-
suppressive and anti-inflammatory activi-
ties and antitumor activity, respectively
[7—11]. In the course of our search for
more biologically active compounds, we
have investigated an enlarged culture on
the fungus once more. As a result, one new
ergostane-type steroid, 22,25-epoxy-trihy-
droxyergost-4,6,8(14)-trien-3-one (1),
three new phthalide derivatives, 5-(2',3'-

epoxy-3',3/-dimethylpropoxy)-7-methoxy-
6-methylphthalide (2), (2/)-(Z)-5-(3'-
hydroxymethyl-3’-methylallyloxy)-7-
methoxy-6-methylphthalide (3), and
5-(3',3’-dimethylallyloxy)-7-hydroxy-6-
methylphthalide (4), along with one known
phthalide derivative, 5-(3',3'-dimethylally-
loxy)-7-methoxy-6-methylphthalide (5),
were obtained (Figure 1). In this paper,
we describe the isolation and structure
elucidation of the four new compounds.

2. Results and discussion

Compound 1 was isolated as a yellow oil
which possessed a molecular formula
C,gH4005 as determined by HR-EI-MS at
m/z 456.2858, indicating nine degrees of
unsaturation. The IR spectrum showed
absorption bands at 3411 and 1640cm ™'
due to hydroxy and unsaturated ketone
groups. The latter was also indicated by
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Figure 1. Structures of compounds 1-5.

the 'H NMR signals at 6 5.68 (1H, s, H-4),
6.15 (1H, d, J=9.7Hz, H-6), and 6.85
(1H, d, J = 9.7 Hz, H-7) and the '*C NMR
signals at oc 198.4 (C-3), 122.9 (C-4),
163.4 (C-5), 125.2 (C-6), 133.6 (C-7),
127.1 (C-8), and 154.9 (C-14). The "3C
NMR and DEPT spectra revealed 28
carbon signals including 6 methyls, 4
methylenes, 11 methines (4 oxygenated
and 3 olefinic), and 7 quaternary carbons
(1 oxygenated, 3 olefinic, and 1 carbonyl).
The "H NMR spectrum showed resonances
for four methyl singlets at § 0.99 (3H, s, H-
18), 0.94 (3H, s, H-19), 0.90 (3H, s, H-26),
and 1.15 (3H, s, H-27), two methyl
doublets at 6 0.92 (3H, d, J = 6.6 Hz, H-
21) and 0.89 (3H, d, J = 7.4Hz, H-28),
and four oxymethine signals at 6 3.33 (1H,
m, H-12),4.53 (1H, dd, J = 7.7, 7.4 Hz, H-
15), 3.54-3.55 (1H, m, H-22), and 3.37
(1H, dd, J = 9.0, 8.9 Hz, H-23) (Table 1).
These data revealed that compound 1
should be an ergostane-type steroid with
several hydroxy substituents [12]. The
'H-"H COSY correlation of H-1/H-2 and
the HMBC correlations from H3-19 to C-1
(6 33.6), C-5 (6 163.4), C-9 (6 44.6), and
C-10 (6 36.4) suggested the existence of a
4-en-3-one moiety in ring A. Furthermore,
the HMBC correlations from the olefinic

4R =0OH
5R = OMe

proton H-7 to C-5 (6 163.4), C-8 (6 127.1),
C-9 (6 44.6), and C-14 (6 154.9), together
with the 'H-'H COSY correlation
between H-6 and H-7, allowed the
locations of the two double bonds at C-6/
C-7 and C-8/C-14. These data established
a 4,6,8(14)-trien-3-one moiety in the
structure of 1. In addition, a hydroxy
group at C-12 was revealed by the '"H—"H
COSY correlations of H-9/H-11/H-12 and
the HMBC correlations from Hs-18 to
C-12 (6 73.8), C-14 (6 154.9), and C-17
(6 52.9). Similarly, the 'H-'"H COSY
correlations of H-15/H-16/H-17 and the
HMBC correlations from H-15 to C-8 (o
127.1), C-13 (6 47.6), and C-14 (8 154.9)
indicated a hydroxy substituent at C-15.
Further inspection of HMBC and 'H-'H
COSY spectra led to the establishment of a
side chain from C-20 to C-28. HMBC
correlations from the proton H-17 to C-16
(6 36.3), C-21 (6 14.4), and C-22 (6 82.6)
and from the methyl protons of Me-28 to
C-23 (6 76.6), C-24 (6 49.7), and C-25
(6 79.5) indicated that the oxygenated
carbons were C-22, C-23, and C-25,
respectively. In addition, the HMBC
correlations from OH-23 to C-22 (6 82.6),
C-23(676.6), and C-24 (649.7), as well as
the analysis of MS data, indicated the
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Table 1. 'H and 'C NMR spectroscopic
data of 1 at 600/150 MHz, respectively, in
DMSO-dg.

Position oy (J, Hz) Oc
1 1.89, ddd (13.4, 4.1, 3.0) 33.6, CH,
1.73, ddd (13.3, 5.0, 4.6)
2 2.48-2.50, m 33.9, CH,
2.28, br d (16.0)
3 198.4, qC
4 5.68, s 122.9, CH
5 163.4, qC
6 6.15,d (9.7) 125.2, CH
7 6.85,d (9.7) 133.6, CH
8 127.1, qC
9 2.21-2.23, m 44.6, CH
10 36.4, qC
11 1.57-1.61, m 28.5, CH,
1.52-1.54, m
12 3.31-3.34, m 73.8, CH
13 47.6, qC
14 154.9, qC
15 4.53,dd (7.7, 7.4) 67.5, CH
16 2.20-2.23, m 36.3, CH,
1.59-1.61, m
17 1.08-1.10, m 52.9, CH
18 0.99, s 14.6, CH;
19 0.94, s 16.6, CH;
20 2.11,brs 30.3, CH
21 0.92, d (6.6) 14.4, CH;
22 3.54-3.55, m 82.6, CH
23 3.37,dd (9.0, 8.9) 76.6, CH
24 1.66—1.68, m 49.7, CH
25 79.5, qC
26 0.90, s 25.1, CH;
27 1.15, s 29.4, CH;3
28 0.89, d (7.4) 12.3, CH;

OH-12  4.69, brs
OH-15 4.95,brs
OH-23 497, brs

existence of a furan ring formed by C-22,
C-23, C-24, and C-25. The '"H-'H COSY
correlations of H-17/H-20/H-22/H-23/H-
24 further supported the connectivity of the
side chain from C-20 to C-28 (Figure 2).

The relative configuration of 1 was
determined on the basis of an ROESY
experiment. ROESY correlations from
OH-12 to H3-19 and OH-15 to H3-18
indicated that these protons were
[B-oriented, while the correlations from
H-15 to H-9 and H-17 indicated that these
protons were a-oriented. The stereochem-
istry of the side chain was determined by
correlations of H-22 to H-24 and OH-23 to
H-24 (Figure 2). From the above results,
the structure of 1 was established as
(12B,15B,22R,238S,245)-22,25-epoxy-12,
15,23-trihydroxyergost-4,6,8(14)-trien-3-
one.

Compound 2 was obtained as a yellow
oil. Its molecular formula was determined
to be C15H]805 by HR-EI-MS at m/z
278.1158 [M]", corresponding to seven
degrees of unsaturation. The '*C NMR and
DEPT spectra showed 15 carbon signals
that attributed to 4 methyls, 2 methylenes,
2 methines, and 7 quaternary carbons
(Table 2). These data were similar to those
of 5-(3',3'-dimethylallyloxy)-7-methoxy-
6-methylphthalide (5) [13], except that
the double bond of the isoprenyl group in §
was oxidized into an epoxy ring between
C-2' (8¢ 61.1,d) and C-3' (6¢ 58.3,d) in 2,
as supported by the HMBC correlations
from H-2' at &y 3.18 (1H, dd, J = 6.0,

N
'H-HCOSY: === HMBC:H ©~ C  ROESY:H H

Figure 2. Key 'H-'H COSY, HMBC, and ROESY correlations of 1.
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Table 2. 'H and '*C NMR spectroscopic data of 2—4 in CDCls.

24 32 4b

Position 6H (J, HZ) 5C SH (J, HZ) 5(: SH (J, HZ) 6C
1 168.9, qC 168.9, qC 172.9, qC
3 5.19,d (3.2) 68.8, CH, 5.18,s 68.7, CH, 5.23,s 70.4, CH,
3a 148.1, C 148.1, qC 145.5, qC
4 6.67, s 99.5,CH 6.63,s 99.4,CH 6.46,s 96.7, CH
5 163.0, C 163.2, qC 164.3, C
6 120.8, qC 121.9, qC 113.2, qC
7 158.0, C 157.8, qC 154.7, qC
7a 110.1, qC 109.8, qC 103.8, qC
1’ 4.30,dd (11.0,4.0) 68.1,CH, 4.68,d(6.4) 64.8,CH, 4.58,d(6.4) 658, CH,

4.10, dd (11.0, 6.0)
2 3.18, dd (6.0, 4.0) 61.1, CH 5.65,t(6.3) 121.9,CH 547,t(6.0) 119.0,CH
3 583, qC 1407, qC 138.5, qC
4 1.38, s 19.1, CH; 4.24,s 62.0,CH, 1.74,s 18.3, CH;
5 142, s 24.6, CH; 1.90, s 21.4,CH; 1.80,s 25.8, CH;
Me-6 2.19, s 8.7,CH; 2.15,s 8.8, CH; 2.10,s 7.7, CH;
OMe-7 4.04,s 62.2, CH; 4.03,s 62.2, CH;

#Measured at 600/150 MHz.
® Measured at 400/100 MHz.

4.0Hz) to C-1' (8¢ 68.1, t) and C-3', as
well as the MS data analysis. Detailed
analysis of other 1D and 2D NMR data
suggested that the other parts of 2 were the
same as those of 5. However, the
stereoconfiguration of this epoxy moiety
could not be determined correctly. There-
fore, the structure of 2 was determined to
be 5-(2/,3'-epoxy-3',3/-dimethylpropoxy)-
7-methoxy-6-methylphthalide.
Compound 3 exhibited the molecular
formula C,5sH,305, as determined by its
HR-EI-MS at m/z 278.1159 [M]™, corre-
sponding to seven degrees of unsatura-
tion. Comparison of the spectroscopic
data of 3 with those of 5§ also indicated
similar patterns except for signals of an
oxygenated methylene [6y 4.24 (2H, s,
H-4"); ¢ 62.0 (t, C-4")] in 3 instead of the
methyl in 5, which was established by the
HMBC correlations from the protons of
H-4' to C-3' (6 140.7) and C-5' (6 21.4).
In addition, the ROESY correlation of
H-2' (8y 5.65, 1H, t) with H-5" (&g 1.90,
3H, s) suggested that the double bond
between C-2 and C-3' was cis form.
Thus, the structure of 3 was established as

(2")-(Z)-5-(3'-hydroxymethyl-3'-methylal-
lyloxy)-7-methoxy-6-methylphthalide, as
shown.

The molecular formula of compound 4
was inferred to be C4H;50,4 on the basis
of its HR-EI-MS. Preliminary analysis of
the NMR data also indicated that 4
possessed the same skeleton as that of §,
except that the methoxy at C-7 was
replaced by a hydroxy group, as indicated
by the loss of signals for the methyl
group and the MS data. Detailed analysis
of other spectroscopic data (HSQC,
HMBC, 'H-'H COSY, ROESY) estab-
lished the structure of compound 4 to be
5-(3',3'-dimethylallyloxy)-7-hydroxy-6-
methylphthalide.

All compounds were evaluated for
their cytotoxicities against five human
cancer cell lines (HL-60, SMMC-7721,
A-549, MCF-7, and SW-480) using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) method.
The results showed that only compound 4
exhibited moderate cytotoxicity against
SMMC-7721 and MCF-7, with ICs, values
of 1.81 and 29.02 pM, respectively.
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3. Experimental
3.1 General experimental procedures

Optical rotations were measured on a
Jasco-P-1020 polarimeter (Horiba, Kyoto,
Japan). UV spectra were measured on a
Shimadzu UV-2401 PC spectropho-
tometer (Shimadzu, Kyoto, Japan). IR
spectra were obtained by using a Bruker
Tensor 27 FT-IR spectrometer (Bruker,
Karlsruher, Germany) with KBr pellets.
NMR spectra were acquired with Avance
III 600 or Bruker AV 400 (Bruker)
instruments. HR-EI-MS were measured
on a Waters Autospec Premier P776 mass
spectrometer (Waters, Milford, MA,
USA). Preparative HPLC was performed
on an Agilent 1100 series with a Zorbax
SB-C18 (5 pm, 9.4mm X 150 mm) col-
umn (Agilent Technologies, Santa Clara,
CA, USA). Preparative MPLC was per-
formed on a Biichi apparatus equipped
with Biichi fraction collector C-660, Biichi
pump module C-605, and manager C-615
(Biichi Labortechnik AG, Flawil, Switzer-
land). Silica gel (200—300 mesh and 80—
100 mesh, Qingdao Marine Chemical Inc.,
Qingdao, China), RP-18 gel (40-75 pm,
Fuji Silysia Chemical Ltd, Kasugai,
Japan), and Sephadex LH-20 (Amersham
Biosciences, Uppsala, Sweden) were
used for column chromatography (CC).
Fractions were monitored by TLC
(Qingdao Marine Chemical Inc.) and
spots were visualized by heating silica
gel plates immersed in vanillin—-H,SO,
in EtOH.

3.2 Fungal material and cultivation
conditions

The fungus A. confluens was collected
from Ailao Mountain of Yunnan Province,
China, in July 2003, and identified by Prof.
Mu Zang, Kunming Institute of Botany.
A voucher specimen (HFG0307252) has
been deposited at the Herbarium of the
Kunming Institute of Botany, CAS.
Culture medium: glucose (5%), pork

peptone (0.15%), yeast (0.5%), KH,PO,
(0.05%), MgSO, (0.05%). The initial pH
was adjusted to 6.0, the fermentation was
first carried out on an Erlenmeyer flask for
6 days till the mycelium biomass reached
the maximum. Later it was transferred to a
fermentation tank (1001) at 24°C and
250rpm for 20 days, ventilation was
settled to 1.0vvm (vvm: air volume/
culture volume/min).

3.3 Extraction and isolation

The culture broth (701) was extracted three
times with EtOAc (3 X 101). The com-
bined EtOAc extracts were evaporated
in vacuo to give a residue (50.0g). The
residue was subjected to silica gel CC with
a gradient elution system of chloroform—
methanol (100:0 — 0:100) to obtain 11
fractions (A-K). Fraction D (4g) was
subjected to preparative MPLC with a
reversed-phase C;g column (MeOH-H,O0,
0-60%) to obtain subfractions DO1-D10.
Fraction D03 (800 mg) eluted with pet-
roleum ether (PE)—acetone (6:1) was
further separated by preparative HPLC
(MeCN-H,0, 40%, 10 ml/min) to give 1
(5.0mg) (r.t. = 12min). Fraction D05
(1.2 g) was eluted with PE-EtOAc (4:1)
and then subjected to Sephadex LH-20 CC
(CHCl3-MeOH, 1:1) to give 3 (1.0mg).
Fraction E (2.3 g) was chromatographed
over a silica gel column using PE—acetone
(10:1 = 0:1) to produce fractions EOl—
E06. Compound 2 (2.0 mg) was obtained
by preparative HPLC (MeCN-H,O0, 30%,
10 ml/min, r.t. = 8 min) from fraction E03
(130 mg). Fraction E06 (580mg) was
chromatographed on a RP-18 column
(MeOH-H,0, 50%) and then purified on
a silica gel column (PE—acetone, 2:1) to
yield 5§ (5.0mg). Compound 4 (8.0mg)
was obtained from fraction F (1.8g)
after Sephadex LH-20 CC (CHCl;—
MeOH, 1:1), followed by preparative
HPLC (MeCN-H,0, 10%, 10ml/min,
r.t. = 14 min).
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3.3.1 (I2B,15B,22R,23S5,24S)-22,25-
Epoxy-12,15,23-trihydroxyergost-4,6,8
(14)-trien-3-one (1)

Yellow oil; [oz]ll)5 + 254.9 (c =0.33,
MeOH); UV (MeOH) A,.x (loge) 336
(3.5), 232 (3.0), 203 (3.1) nm; IR (KBr)
Vmax 3441, 1640cm ™ '; '"H NMR (DMSO-
ds, 600 MHz) and >C NMR (DMSO-d,
150 MHz) spectral data, see Table 1; HR-
EI-MS: m/z 456.2858 [M]*t (caled for
CygH400s5, 456.2876).

3.3.2 5-(2',3-Epoxy-3',3'-
dimethylpropoxy)-7-methoxy-6-
methylphthalide (2)

Yellow oil; [01]11)5 —18.9 (c = 0.06,
CHCl;); UV (MeOH) A, (loge) 258
(3.1), 214 (3.5) nm; IR (KBr) v, 3442,
3426, 1753, 1627, 1141, 1096cm™"; 'H
NMR (CDCl;, 600 MHz) and '*C NMR
(CDCl;, 150MHz) spectral data, see
Table 2; HR-EI-MS: m/; 278.1158 [M]"
(caled for CysH;gOs, 278.1154).

3.3.3 (2')-(Z)-5-(3'-Hydroxymethyl-3'-
methylallyloxy)-7-methoxy-6-
methylphthalide (3)

White powder; [a]s —20.2 (c =0.10,
MeOH); UV (MeOH) A,.x (loge) 259
(3.4), 215 (3.8) nm; IR (KBr) vn,., 3434,
1752, 1608cm™'; '"H NMR (CDCls,
600 MHz) and ')C NMR (CDCls,
150 MHz) spectral data, see Table 2; HR-
EI-MS: m/z 278.1159 [M]" (caled for
C5H,30s, 278.1154).

3.3.4  5-(3',3'-Dimethylallyloxy)-7-
hydroxy-6-methylphthalide (4)

White powder; [a]5 —3.9 (c=0.40,
MeOH); UV (MeOH) A, (loge) 332
(2.8), 269 (3.3), 231 (3.7), 197 (3.5) nm;
IR (KBr) vmax 3438, 1710, 1638, 1615,
1254, 1142, 1100cm ™ '; 'H NMR (CDCls,
400MHz) and '*C NMR (CDCls,
100 MHz) spectral data, see Table 2;

HR-EI-MS: m/z 248.1060 [M]" (calcd
for C14H16O4, 2481049)

3.4 Cytotoxic assay

All compounds were evaluated for their
cytotoxicity against five human cancer cell
lines: breast cancer SK-BR-3, hepatocellu-
lar carcinoma SMMC-7721, human
myeloid leukemia HL-60, pancreatic cancer
PANC-1, and lung cancer A-549 cells. Cells
were cultured in Roswell Park Memorial
Institute-1640 or in Dulbecco’s modified
eagle medium (Hyclone, Logan, UT, USA),
supplemented with 10% fetal bovine serum
(Hyclone) in 5% CO, at 37°C. The
cytotoxicity assay was performed according
to MTT method in 96-well microplates
[14]. Briefly, 100 pl of adherent cells were
seeded into each well of 96-well cell culture
plates and allowed to adhere for 12 h before
addition of test compounds, while sus-
pended cells were seeded just before drug
addition with initial density of 1 X 10’ cells/
ml. Each tumor cell line was exposed to the
test compound at concentrations of 0.0625,
0.32, 1.6, 8, and 40 M in triplicates for
48h, and all tests were done twice with
cisplatin (Sigma, Santa Clara, CA, USA) as
a positive control. After compound treat-
ment, cell viability was detected and a cell
growth curve was graphed. ICsy values
were calculated by Reed and Muench’s
method [15].
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