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Abstract: Four new anthraquinone derivatives 1-4 were obtained along with seven known
compounds 5-11 from the extracts of the fungal strain Alternaria sp. XZSBG-1 which was
isolated from the sediments of the carbonate saline lake in Bange, Tibet, China. Their
structures were determined by spectroscopic methods, mainly by 2D NMR spectra.
Compound 1 is a novel tetrahydroanthraquinone with an epoxy ether bond between C-4a
and C-9a. In the primary bioassays, compound 3 (alterporriol T) exhibited inhibition of
a-glucosidase with a ICso value 7.2 uM, and compound 9 showed good inhibitory activity
against the HCT-116 and HeLa cell lines, with ICso values of 3.03 and 8.09 uM, respectively.
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1. Introduction

In 2002, we reported research on the metabolites of a fungal strain from a saline lake locates in the
Bahamas [1]. Since that time, it seems that that little research on fungal metabolites from saline lakes
has been published. Recently, we have been interested in the microorganisms from Tibetan saline
lakes, which live under the special plateau habitat conditions, including low temperatures and high salt
levels that are similar to those of the ocean, and we have thus obtained some unique and
significant compounds.

The fungus Alternaria sp. XZSBG-1 collected from the sediment of the salt lake in Bange, Tibet,
China was studied. We found that this fungus contained abundant anthraquinone compounds. Four
new anthraquinone and tetrahydroanthraquinone derivatives 14, were isolated from this fungus along
with seven known compounds (5-11) (Figure 1). Compound 1, a novel tetrahydroanthraquinone with
an epoxy ether bond between C-4a and C-9a, and compound 2, a tetrahydroanthraquinone dimer with a
C-4-C-4' linkage, are rare.

Figure 1. Structures of compounds 1-11 isolated from Alternaria sp. XZSBG-1.
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Anthraquinones and tetrahydroanthraquinones are widely distributed as secondary metabolites in
natural biosources, and show important biological activities [2-5]. So far, 18 compounds of
alterporriol family [6—12] and 14 compounds of altersolanol family [9,13—-16] have been reported.
Herein, we report that the isolation, elucidation and biological activities of the anthraquinone and
tetrahydroanthraquinone derivatives from Alternaria sp. XZSBG-1.

2. Results and Discussion

Compound 1 was yellow, amorphous powder. A HR-ESI-TOF-MS peak at m/z = 375.0688 (calcd.
for C16H15NaOo, 375.0687) indicated the molecular formula C1sH1609. The "H-NMR spectrum (Table 1)
showed two aromatic protons (6u = 6.91 ppm and du = 6.81 ppm), one methoxyl (du = 3.86 ppm), one
methyl group singlet (6u = 1.12 ppm), three oxygenated methine groups (ou = 4.43, 4.42 and 3.27 ppm)
and a chelated hydroxyl (81 = 11.16 ppm) resonances. The '*C-NMR spectrum (Table 1) displayed
two carbonyl signals (6c = 193.61, 191.12 ppm), six aromatic carbon signals, including three
quaternary carbons (6c = 74.14, 68.37 and 67.16 ppm) and three methines (6c = 71.84, 67.64 and
67.28 ppm), one methoxyl group (6C = 56.43 ppm) and one methyl group (6c = 21.78 ppm). These
data implied that compound 1 possessed a tetrahydroanthraquinone skeletone (Figure 2). In compound 1,
the two aromatic protons (dc = 106.19 ppm; ou = 6.91 ppm, d, J = 2.48 Hz) and (¢ = 106.98 ppm;
on = 6.81 ppm, d, J = 2.48 Hz) were at meta positions from each other on the aromatic ring, based on
their 2.48 Hz coupling constant; The HMBC correlations from H-5 to C-6, C-7, C-8a and C-10,
combined with from H-7 to C-5, C-6, C-8 and C-8a, and from H-12 (methoxy) to C-6, in addition, the
NOE correlations of H-12(OCHs) to H-5 and H-6 (that supported the deduction that OCH3-12 is
attached to C-6), established the substitution pattern of the aromatic ring (Figure 2). The protons in the
cyclohexane ring, including three oxygenated methines H-1 (0u = 4.42 ppm, d, J = 8.1 Hz), H-2
(on = 3.27 ppm, d, J = 8.1 Hz) and H-4 (6u = 4.43 ppm, s) were also observed. The coupled signals
from H-1 to H-2 in the 1H-1H COSY spectrum combined with the HMBC correlations from H-1 to
C-2, and from H-4 to C-2, C-3, C-4a, C-10 and C-11, established the substructure of the cyclohexane
ring (Figure 2).

The HMBC correlations from H-11 to C-2, C-3 and C-4 indicated the methyl group was linked to
C-3. One methoxy group, two carbonyl groups and five hydroxyl groups all together occupied eight
oxygen atoms, so the remaining two carbons C-4a (6c = 68.37 ppm) and C-9a (dc = 67.16 ppm) must
combine with the remaining oxygen to form an epoxy ether bond.

The relative configuration of the chiral centers of C-1, C-2, C-3 and C-4 were deduced by 2D
"H-"H NOESY experiments (Figure 2). A NOESY correlation among CHs-11 (8u = 1.12, singlet),
H-2 and H-4 suggested that they are on the same side of the cyclohexane ring, and this was supported
by the correlation between H-4 and H-2 (Figure 2). The coupling constant 8.1 Hz between H-1 and
H-2 implied that H-1 and H-2 were positioned in a pseudoaxial orientation from each other. We could
not deduce the relative configuration of the chiral centers of C-4a and C-9a by NOESY experiments or
other spectroscopic methods other than X-ray single crystal diffraction. Therefore, compound 1 was
determined as (1R*2R*3R*4R*)-1,2,3,4,8-pentahydroxy-6-methoxy-3-methyl-1,2,3,4-tetrahydro-
4a,9a-epoxyanthracene-9,10-dione. We propose for this compound the trivial name altersolanol O.
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Table 1. NMR data of compounds 1 and 2 (DMSO-ds), measured at 400 MHz ('H) and

100 MHz (1C).
Compound 1 Compound 2
Position 5, (ppm) on (ppm) HMBC Position 8¢, (ppm) ou (ppm) HMBC
(mult., J in Hz) (mult., J in Hz)
1 67.28 4.42d(8.1) C-2 L1 67.78 4.38d(4.32) C-2,3,4a,9,9a, 11
2 71.84 3.27d(8.1) C-1 2,2' 71.69
3 74.14 3,3 69.59 3.77 br. d (7.8,4.8 overlap) C-4
4 67.64 4435 C-2,3,10, 11 4.4' 42.7 3.82dd (1.3,4.8) C-3,4', 4a,9a
4a 68.37 4a4a' 149.43
5 106.19 6.91d(2.48) C-6,7, 8a, 10 5,5 163.04
165.49 6,6’ 105.49 6.80d (2.5) C-5,7,8, 10a
7 106.98 6.81d(2.48) C-5,6,8, 8a 7,7 164.89
8 162.11 8,8 105.63 7.05d (2.5) C-6,7,9, 10a
8a 110.0 8a,8a’ 133.69
9 193.61 9,9 183.08
9a 67.16 9a,9a' 140.62
10 191.12 10,10' 188.59
10a 134.46 10a,10a’ 109.91
11 21.78 1.12s C-2,3,4 1,11 22.22 1.13s C-1,2,3
12 56.43 3.86s C-6 12,12' 56.08 391s C-7
1-OH 1,I'-OH 5.12d(4.32) C-1,2,9a
2-OH 2,2'-OH 4.14s C-1
3-OH 3,3'-OH 4.09d(7.8) C-3,4
4-OH 5,5'-OH 12.26 s C-5,6, 10a
8-OH 11.16 s

Figure 2. HMBC correlations and selected NOESY correlations of compound 1.

/\ I
HMBC COSY

NOESY

Compound 2 was obtained as a red, amorphous powder. The HR-ESI-TOF-MS peak at
m/z = 637.1559 [M—H] (calcd. For C32H29014, 637.1563) indicated the molecular formula C32H30014.
According to the 'H and '*C-NMR spectra (Table 1), we concluded that compound 2 was a

symmetrical tetrahydroanthraquinone dimer. Compared to the reported compound alterporriol O [12],
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their '"H and '3C-NMR spectra were almost identical, but there were notable differences between the
corresponding basic UV and optical rotation spectra, whereby the specific rotation value of compound 2
was large (—1200 in acetone) while that of the alterporriol O was —39.0 (in acetone). The NOESY
correlation (Figure 3) between CHs-11 (du = 1.13 ppm, s) and H-1 implied that they were also on
the same side of the cyclohexene ring, unlike in alterporriol O. Therefore, compound 2 was identified
as (15%,1'S*2R* 2'R* 35* 3'S*45*4'S*)-1,1'2,2',3,3",5,5"-octahydroxy-7,7'-dimethoxy-2,2'-dimethyl-
1,1',2,2'3,3',4,4'-octahydro-[4,4'-bianthracene]-9,9',10,10'-tetraone. We propose for this new compound
the trivial name alterporriol S.

Figure 3. HMBC correlations and selected NOESY correlations of compound 2.

HMBC 1H-1H COSY NOESY

Compound 3 was obtained as a red, amorphous powder. The HR-ESI-TOF-MS peak at
m/z = 617.1279 [M—H] ™ (calcd. for C32H25013, 617.1301) indicated the molecular formula C32H26013.
The 'H and '3C-NMR spectra (Table 2) were reminiscent of those obtained for the known monomeric
compounds 10 and 11, which suggested that compound 3 is a modified bisanthraquinone dimer. We
could readily deduce that compound 3 included one tetrahydroanthraquinone unit and one anthraquinone
unit. On the anthraquinone unit, two aromatic proton singlet signals for H-1' (du = 7.70 ppm, s) and
H-4' (6u = 7.56 ppm, s) implied that H-1' and H-4' were in the para position from each other; a chelated
hydroxyl signal (6u = 13.60 ppm, s) was observed and HMBC correlations from OH-8'
(0r = 13.60 ppm) to C-8a', C-8', C-7' and from OCH3-12' (du = 3.68 ppm) to C-6' all these indicated
the anthraquinone unit to be a macrosporin unit. Furthermore, the HMBC correlations and NOESY
correlations (Figure 4) of this unit might indicated that the unit was macrosporin.

In the tetrahydroanthraquinone unit, the HMBC correlations from H-1 to C-2 and C-9a, and from
H-4 to C-2, C-3, C-4a, C-10 and C-11, revealed the cyclohexene ring substructure (Figure 4). The
chelated hydroxyl signal (6u = 13.04 ppm, s) was observed with its HMBC correlations to C-8a, C-8,
C-7, correlations from H-7 to C-5, C-8, C-8a and from OCH3-12 (éu = 3.70 ppm, s) to C-6, and
combining with NOESY data, these established the substructure of the aromatic ring (Figure 4).
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Table 2. NMR data of compound 3 and 4 (DMSO-ds), measured at 400 MHz ('H) and

100 MHz (3C).
Compound 3 Compound 4
Position dc, on (ppm) dc, ou (ppm)
(ppm) (mult.,(l.)lpin Hz) HMBC NOE (ppm) (mult.fl‘)lpin Hz) HMBC NOE
1 68.39 447dd C-2,9a H-4-OH 68.45 448 dd C-2,4a,9a,9 H-4
(5.78, 7.06) (5.60, 6.87)
2 73.78 3.37dd C-1 H-11 73.74 333 dd C-1 H-11
(7.06, 7.06) (6.87, 6.87)
3 72.83 72.87
4 6822  4.03d(6.93) 2,3, 4,10, H-11,1-OH 6827  4.05d(6.77) €2 92,10, H-1, 11
11 4a, 11
4a 14331 143.42
5 122.86 122.59
6 164.28 164.33
7 103.77 6.93 s C-5, 8, 8a 103.77 6.92's C-6, 8, 8,9 H-12'
8 163.63 163.73
8a 109.27 109.3
9 188.77 188.79
9a 142.78 142.61
10 184.09 183.88
10a 12886 129.02
11 22.18 1.13 s C-3,4 H-2,41-OH 2222 1.13s C-3,4 H-2, 4
12 56.74 3.70's C-6 H-7 56.71 3.69's C-6 H-7
1-OH 5.64 d (7.06) C-1,3,9a H-4 4.98 d (5.60) C-1,2,9a  H-4-OH
2-OH 4.36's C-2,4 4.81d(6.87) C-1,2,3 H-4-OH
3-OH 4.85d(6.93) C-1 438's C-2,4,11 H-1-OH
4-OH 5.04 d (5.78) C-2, 4, 4a H-1 5.44d(6.77) C-3,4,4a  H-2-OH
8-OH 13.04 s C-7,8, 8a 13.04 s C-7,8, 8a
I 110.44 7.56's C-2,3,9,9' 110.42 755 23,9, H-2'-OH
9a', 10'
2! 161.19 161.24
3 125.25 125.27
4 130.18  7.70 d (0.56) 3’ 4a. 10 H-11' 13033 7.70 d (0.69) €2, 2.9, H-11'
3N 100, 11"
4a' 132.39 132.38
5' 121.81 123.12
6 164.18 165.25
7 104.01 6.94 s C-5,8,8a",9 103.54 6.94 s C-6,8,8,9 H-8-OH
8' 164.85 165.23
8a’ 109.98 109.92
9 186.7 186.61
9a' 1322 1322
10' 181.1 180.97
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Table 2. Cont.

Compound 3 Compound 4
Position dc, oH m dc, on (ppm

(ppm) (mult.,(l;pin )Hz) HMBC NOE (ppm) (mult.fl.)Ipin )Hz) HMBC NOE

10a' 131.48 130.43
9 16.03 220s C-2'4' H-4' 16.09 2.19s c-2,3.4 H-4'
12' 56.65 3.68s C-6' H-7' 56.83 3.72s C-6’ H-7'
2'-OH 11.07 br. s 11.03 br. s H-1'
8'-OH 13.60 s Cc-7\ 8, 8a' 13.66 s C-7, 8, 8a' H-7'

Figure 4. HMBC correlations and selected NOESY correlations of compound 3.

HMBC 1H-1H COSY NOESY

The HMBC correlation between H-12(OCH3) and C-6 indicated that the OCHs attached at C-6.
Further, the HMBC correlations from H-7 to C-5, C-8, C-8a, especially the NOE correlation between
OCHs3-12 and H-7, established that the junction between the two moieties of 3 was between C-5 and
C-5' Besides, based on the HMBC correlations from H-7 to C-12, from H-4' to C-11', from H-7' to
C-12' located the positions of three methyl groups.

The relative configuration of the chiral centers of C-1, C-2, C-3 and C-4 were deduced by 2D
'H-'H NOESY experiments (Figure 4). The NOESY correlations from CHs-11 (81 = 1.13 ppm, s) to
H-2 and H-4, from H-1 to OH-4, from H-4 to OH-1, suggested that H-2, H-4, OH-1 and CH3-11
were on the same side of the cyclohexene ring, the rest (H-1, OH-2, OH-3 and OH-4) were on the
other side of cyclohexene ring (H-1, OH-2, OH-3 and OH-4); finally compound 3 was determined as
(18*,2R*,35*,45%)-1,2,2',3,4,8,8'-heptahydroxy-6,6'-dimethoxy-3,3'-dimethyl-1,2,3,4-tetrahydro-[5,5'-
bianthracene]-9,9',10,10'-tetraone. We propose for this compound the trivial name alterporriol T.

Compound 4 was also obtained as a red, amorphous powder. The HR-ESI-TOF-MS peak at
m/z = 617.1282 (calcd. for C32H25013, 617.1301) indicated the molecular formula C32H26013. The
'H- and 3C-NMR spectra of compounds 3 and 4 were very similar. In the 3C-NMR spectrum, only
three carbons’ chemical shifts were slightly different, they were C-5', C-6', C-8' (Table 2). The HMBC
correlations indicated that compounds 3 and 4 had a same planar configuration. However, the specific
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rotation value of the two compounds were very different (compound 3, —39.95; compound 4, —337; in
ethanol), and their CD spectra were also very different (Figure 5). All these suggested that they were
isomers and the relative configuration of compound 4 was different from that of compound 3. In the
NOESY correlation spectra, the correlations from CHs-11 (6u = 1.13, s) to H-1, H-2 and H-4 suggested
that H-1, H-2, H-4 and CH3-11 were on the same side of the cyclohexene ring.

Figure 5. HMBC correlations and selected NOESY correlations of compound 4.

HMBC H-H COSY NOESY

NOESY correlations of the anthraquinone unit (from H-1' to OH-2', from H-4' to CHs-11', from
H-7' to OCH3-6', and from H-7' to OH-8') were also observed. Finally, we could elucidate the structure
of compound 4 as (1R*2R*35*45%)-1,2,2'3,4,8,8-heptahydroxy-6,6'-dimethoxy-3,3' dimethyl-
1,2,3,4-tetrahydro-5,5"-bianthracene-9,9',10,10'-tetraone. We propose for this compound the trivial
name alterporriol V.

Compounds 3 and 4 also contain a chiral axis. Comparing the CD spectra (Figure 6) with that of the
the known compound alterporriol N, because the CD spectra were less sensitive to the configuration of
the four chiral centres [10,16], according to the trends of CD between compound 3 and alternporriol N,
we suggest that the absolute configuration of the chirality axis for compound 3 can be assigned as aS.

The compounds 5-11 were identified by comparing their spectroscopic data with those of the
corresponding known compounds.

Compounds 1-11 were evaluated for cytotoxic activity against several human cancer cell lines by
MTT assay [17,18]. The results showed that compound 9 showed good inhibitory activity against
HCT-116 and HeLa cell lines, the ICso values are 3.03 and 8.09 uM, respectively (Table 3). The other
compounds show no notable inhibitory activity against any tested cancer cell lines.
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Figure 6. CD spectra of compounds 3 (A), 4 (B) and 7 (C, alterporriol N) in acetonitrile solution.
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Table 3. Cytotoxicity test with anti-tumor, Epirubicin as a positive control.

ICso (M)
Compound
MCF-7/ADR HCT-116 HeLa
1 18.48 23.24+285 43.74+4.02
2 >100 >50 >50
3 ND 32.38 +£1.57 >50
4 >50 >50 >100
5 >100 >100 >100
6 >100 >100 >100
7 >100 >100 >100
8 44.99 >50 >50
9 >100 3.03 £ 0.05 8.09 +0.89
10 >100 >100 >100
11 >100 >100 >100
EPI 2.36 0.96 + 0.02 0.48 £ 0.03

Note: ND—No detected.
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Compounds 1-11 were also tested for their ability to inhibit o-glucosidase by a described
method [19]. Compound 3 (Alterporriol T) shows good inhibitory activity on a-glucosidase, with an
ICso value 7.2 uM (Table 4). The other compounds show no inhibitory activity against a-glucosidase.

Table 4. The inhibition activities on a-glucosidase for selected compounds.

Comp. 1 2 3 4 5 6 7 8 9 10 11  Genistein *
ICso (uM) >100 720 7.2 >100 >400 >100 >100 >100 >100 >100 &3.5 13.6

Note: * Genistein—positive control.

3. Experimental Section
3.1. General Procedures

Column chromatography (CC) was performed using silica gel (200-300 mesh, Qingdao Marine
Chemical, Qingdao, China). The HPLC system consisted of a Waters 2010 series (Waters, Milford,
MA, USA). A mini ODS column (250 x 10 mm, 10 pm particle size) was used. Melting points were
determined on an X-4 micro-melting point apparatus and were uncorrected. Circular dichroism was
measured on a Schmidt Haensch Polartronic HH W5 polarimeter (Schmidt, Germany) and was
uncorrected. UV spectra were measured on a Shimadzu UV-3501 PC spectrophotometer (Shimadzu,
Japan). 'H (400 MHz) and '*C-NMR (100 MHz) data were recorded on a Bruker AVANCE 400
spectrometer (Bruker, Switzerland) with TMS as internal standard. LC/MS data were acquired using
an Applied Biosystems/MDS Sciex (Applied Biosystems, Grand Island, NY, USA) and ana ESI
source. HR-ESIMS were measured on a Shimadzu LCMS-IT-TOF.

3.2. Fungal Material

The fungal strain Alternaria sp. XZSBG-1 was isolated from a piece of sediment involving rotten
branches and leaves, which was collected from the saline carbonate lake of Bamucuo, in Bange
county, Tibetan Autonomous Region, China in July 2007. The strain was deposited in the Guangdong
Province Key Laboratory of Functional Molecules in Oceanic Microorganism, School of Chemistry
and Chemical Engineering, Sun Yat-sen University of China, Guangzhou, China.

3.3. Identification of Fungal Cultures

The fungal strain was identified as an Alternaria sp. according to morphologic traits and a
molecular biological protocol by DNA amplification and sequencing as described [12,20]. The
sequence data have been submitted to GenBank, accession number HM622756, and the strain was
identified as Alternaria sp. Its 591 base pair ITS sequence had 99% sequence identity to that of
Alternaria sp. 1A249 (AY 154699).

3.4. Fermentation, Extraction, and Isolation of Alternaria sp. XZSBG-1

The fungal strain was cultivated in potato glucose liquid medium (15 g of glucose and 3 g of crude
sea salt in 1 L of potato infusion) in 1 L Erlenmeyer flasks each containing 400 mL of culture broth
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at 25 °C without shaking for 4 weeks. The fermentation broth (80 L) was filtered. The culture broth
was extracted three times with an equal volume of EtOAc. The combined EtOAc layers were
evaporated to dryness under reduced pressure to give an EtOAc extract (25.2 g). The mycelia was
extracted with MeOH three times. The MeOH layer was evaporated under vacuum; then the combined
residue was suspended in H20 and partitioned with EtOAc to provide the EtOAc extract (28.0 g), all
the crude extract combined together (53.2 g) was subjected to silica gel column chromatography (CC,
petroleum ether, EtOAc v/v, gradient) to generate eight fractions (Fraction 1-8). Fraction 4 was
isolated by CC on silica gel eluted with petroleum ether—EtOAc (v/v, 10:1, 8:1, 6:1, 4:1, 2:1) and then
subjected to Sephadex LH-20 CC eluting with mixtures of petroleum ether—CHCI;—MeOH (2:1:1) to
obtain macrosporin (11, 3.0 g). Fraction 5 was subjected to repeated silica gel CC (CHCls—MeOH, v/v,
50:1, 40:1, 30:1, 20:1, 15:1, 10:1, 9:1, 8:1, 7:1, 6:1, 5:1) to obtain altersolanol A (10, 8.0 mg),
altersolanol C (9, 3.0 mg), altersolanol O (1, 2.4 mg), alterporriol A (8, 23.0 mg), alterporriol N (7,
20.6 mg), alterporriol S (2, 2.0 mg), fraction 9, and fraction 10, respectively. Fr. 8 was subjected to
repeated Sephadex LH-20 CC (MeOH) and further purified on HPLC (40% MeOH—-H20) to afford
alterporriol E (5, 18.0 mg) and alterporriol D (6, 11.0 mg). Fr.9 was subjected to repeated silica gel CC
(CHCI3-MeOH, v/v, 100:1, 80:1, 60:1, 40:1, 20:1, 15:1, 10:1) to obtain alterporriol U (3, 22 mg);
fraction 10 was purified on HPLC (55% MeOH—H:0) to afford alterporriol V (4, 16 mg).

Altersolanol O (1): yellow, amorphous powder; [a]y = —29.46 (¢ = 0.34, MeOH); UV (MeOH)
Amax (log €) = 289 (1.03), 375 (0.40) nm; 'H-NMR (DMSO-ds), see Table 3; *C-NMR (DMSO-ds),
see Table 3; ESIMS m/z 351.0 [M—H]"; HRESIMS m/z 375.0688 (calcd. for Ci¢H15sNaOo, 375.0687).

Alterporriol S (2): red, amorphous powder; [a]; = —1200 (¢ = 0.2, MeOH); UV (ethanol) Amax
(log €) = 258 (3.99), 396 (0.597) nm; 'H-NMR (DMSO-ds), see Table 3; *C-NMR (DMSO-ds), see
Table 3; ESIMS m/z 637.0 [M—H]"; HRESIMS m/z 637.1559 (calcd. for C32H20014, 637.1563).

Alterporriol T (3): red, amorphous powder; [o]y = —39.95 (¢ = 2.5, MeOH); UV (ethanol)
Amax (log €) = 248 (4.0), 437 (0.542); '"H-NMR (DMSO-dbs), see Table 2; *C-NMR (DMSO-ds), see
Table 2; ESIMS m/z 617.0 [M—H]"; HRESIMS m/z 617.1279 (calcd. for C32H25013, 617.1301).

Alterporriol U (4): orange, amorphous powder; [a], = —337 (¢ = 1.99, MeOH); UV (ethanol)
Amax (log €) = 254 (3.90), 436 (0.722) nm; 'H-NMR (DMSO-ds), see Table 3; 3 C-NMR (DMSO-ds),
see Table 3; ESIMS m/z 617.0 [M—H] ; HRESIMS m/z 617.1282 (calcd. for C32H25013, 617.1301).

3.5. Biological Assays
3.5.1. Antitumor Activity in Vitro
Cell Culture

MCF-7/ADR, HeLa, HCT-116 cell lines were cultured in Dulbeccos’ modification Eagle’s medium
(DMEM, Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (FBS, Hyclone,
Logan, UT, USA), 2 mM L-glutamine, 100 pg/mL streptomycin and 100 U/mL penicillin (Invitrogen).
The cells were incubated at 37 °C in a humidified atmosphere with 5% COx.
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Assessment of Antitumor Activity by MTT Assay

Cells were harvested during logarithmic growth phase and seeded in 96-well plates at a density
of 1 x 10* cells/mL, and cultured at 37 °C in a humidified incubator (5% COz2) for 24 h, followed by
exposure to various concentrations of compounds tested for 48 h. Subsequently 20 pL of MTT
(Genview, Houston, TX, USA) solution (5 mg/mL) was added to each well and mixed, the cells were
then incubated for an additional 4 h. Culture supernatant was moved, 150 pL of DMSO (Sangon
Biotech, Shanghai, China) was added to each well to fully dissolve the MTT-formazan crystals. Cell
growth inhibition was determined by measuring the absorbance (Abs) at A = 570 nm using a
microplate reader and calculated according to the following equation:

Growth inhibition = (1 — OD of treated cells/OD of control cells) x 100%

The half maximal inhibitory concentrations (ICso) were obtained from liner regression analysis of
the concentration-response curves plotted for each tested compound [17,18].

3.5.2. Enzyme Assays

Alpha-glucosidase activity was assayed using 50 mM phosphate buffer at pH 7.0, and the
appropriate PNP glycoside (at 1| mM) were used as substrates. The concentration of the enzyme was
specified in each experiment. Curcuminoids at the designated concentration was added to the enzyme
solution and incubated at 37 °C for 30 min, and the substrate was then added to initiate the enzyme
reaction. The enzyme reaction was carried out at 37 °C for 30 min. Product (PNP) was monitored
spectrophotometrically by measuring the absorbance (A =400 nm) [19].

4. Conclusions

Alternaria sp. XZSBG-1 is a prolific producer of anthraquinones. Eleven more compounds have
been isolated from this strain, including one new altersoanol and three new alterporriols. Compound 1
is a novel tetrahydroanthraquinone with an epoxy ether bond between C-4a and C-9a. In the primary
bioassays, compound 9 showed good inhibitory activity against HCT-116 and HeLa cells and
compound 3 showed good inhibitory activity on a-glucosidase. Although these new compounds
showed no real activity in our primary bioassay, except 3, in view of the structural features of these
compounds, it is valuable further to study their other biological activities, especially for compound 1.
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