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Chemical investigation of the EtOAc extract of the plant-associated fungus Alternaria alternate in rice culture led
to the isolation of a novel liphatic polyketone, alternin A (1), a new indole alkaloid (8), and a new sesquiterpene
(11), together with 12 known compounds. Their structures were elucidated by the interpretation of extensive
spectroscopic data, and the absolute configurations of 1-3 were established using calculations of ECD spectra,
NMR data, and optical rotation values. Compound 1 possesses an unprecedented C25 liphatic polyketone ske-

leton. Compounds 5 and 10 exhibited potential cytotoxic activities against MCF-7 and HepG cells, and com-
pounds 2, 7, and 9 exhibited potential neuroprotective activities in glutamate induced-PC12 injured cells.

1. Introduction

Recently, secondary metabolites from plant-associated fungi have
drawn attention from chemists and pharmacologists due to their novel
structures and significant biological activities. The genus Alternaria,
comprising more than 250 species, is widely distributed in the natural
environment [1], and some members of this genus exhibit phytotoxicity
because of the production of multifarious phytotoxins, such as poly-
ketides [2,3], pyrone derivatives [4], and cyclic depsipeptides [5]. In
recent years, many novel secondary metabolites, belonging to different
classes of natural products, including aromatic polyketide dimers, di-
benzo-a-pyrones, dehydrocurvularins, diterpenoids, cyclic pentadepsi-
peptides, tricycloalternarenes, and sulochrin dimers, have been re-
ported in the genus Alternaria [6-12]. Additionally, some of these
molecules display acetylcholinesterase inhibition, neuroprotective, cy-
totoxic, PPAR-y antagonistic, IKKS inhibition, and antibacterial activ-
ities [6-11].

Alternaria alternate, a common fungus, is widely distributed in
plants. However, only several alternariols, nitidasanes, and tricy-
cloalternarenes have been reported from this fungus [12-14]. By
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analyzing the EtOAc extract of A. alternate in rice culture using thin
layer chromatography (TLC) and high performance liquid chromato-
graphy-electrospray mass spectrometry (HPLC-MS), we found that the
extract contained a variety of secondary metabolites. To clarify the
active compounds, a systematic chemical investigation of the EtOAc
extract of A. alternate was performed, which led to the isolation of three
new compounds and 12 known compounds. In addition, the neuro-
protective and cytotoxic activities of these compounds were evaluated
in this paper.

2. Experimental section
2.1. General experimental procedures

Optical rotations and ECD spectra were obtained on a Perkin-Elmer
341 polarimeter and an Applied Photophysics Chirascan spectrometer,
respectively. A Waters Micromass Q-TOF instrument was used to
measure HRESIMS data. NMR spectra were acquired on Bruker AM-
600, AM-400 and AM-300 spectrometers at 25°C. Semipreparative
HPLC with a SPD-M20A PDA detector was carried out on a YMC-Pack

E-mail addresses: fengsunlight@163.com (F. Feng), cpunmc _zj@163.com (J. Zhang).

https://doi.org/10.1016/j.bioorg.2019.103046

Received 28 April 2019; Received in revised form 5 June 2019; Accepted 5 June 2019

Available online 06 June 2019
0045-2068/ © 2019 Elsevier Inc. All rights reserved.


http://www.sciencedirect.com/science/journal/00452068
https://www.elsevier.com/locate/bioorg
https://doi.org/10.1016/j.bioorg.2019.103046
https://doi.org/10.1016/j.bioorg.2019.103046
mailto:fengsunlight@163.com
mailto:cpunmc_zj@163.com
https://doi.org/10.1016/j.bioorg.2019.103046
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bioorg.2019.103046&domain=pdf

J. Xu, et al.

Bioorganic Chemistry 90 (2019) 103046

Table 1

'H and '3C NMR data for compound 1-3 in CDCls (8 in ppm, J in Hz).
Position 1? 8 11°

Ou 8¢ Ou S Oy 8¢

1 3.86, s 72.0 3.39,t(2.4) 74.6
2 2.55, m 42.7 7.11,d (2.4) 123.0 1.92, dd (3.0, 5.1) 1.73, overlapped 31.1
3 1.87, m 39.2 108.5 2.16, ddd (2.1, 5.1, 12.9) 2.37, overlapped 31.9
4 4.79, dd (8.4, 10.8) 83.0 7.36, d (8.0) 111.4 147.9
5 5.57, dd (8.4, 15.0) 128.5 7.18,dt (1.2, 7.2) 119.8 2.34, overlapped 50.5
6 6.29, dd (10.8, 15.0) 135.0 7.23,dt (1.2, 7.2) 122.3 3.72, t (9.6) 67.4
7 6.11, dd (10.8, 15.0) 135.3 7.65, d (8.0) 118.6 1.31, overlapped 49.4
8 6.23, dd (10.8, 15.0) 129.1 136.2 1.53, m 1.27, overlapped 18.0
9 6.04, dd (10.8, 15.0) 127.9 127.1 1.83, overlapped 1.22, overlapped 33.0
10 5.69, dd (7.2, 15.0) 142.5 3.83, dd (0.4, 14.6) 3.80, dd (0.4, 14.6) 31.8 42.0
11 2.44, m 34.9 171.8 2.26, m 25.8
12 2.09, overlapped 1.95, dd (7.8, 8.8) 47.5 4.77, m (6.4) 75.5 0.88, d (6.9) 16.1
13 134.3 3.71, m (6.4) 70.1 0.96, d (6.9) 21.3
14 5.77, d (10.8) 126.8 1.11,d (6.9 18.9 5.02,54.73, s 107.1
15 6.18, dd (10.8, 15.0) 124.7 1.25, d (6.4) 16.4 0.76, s 17.9
16 5.45, dd (7.8, 15.0) 138.7
17 2.09, overlapped 38.8
18 1.35, overlapped 29.9
19 0.86, t (7.8) 12.0
20 174.4
21 1.31,d (7.2) 12.9
22 1.01, d (6.6) 13.9
23 0.96, d (6.6) 20.4
24 1.70, s 16.6
25 0.99, d (6.6) 19.6
NH 8.26, br s

2 Recorded at 600 MHz.
> Recorded at 400 MHz.
¢ Recorded at 300 MHz.

ODS-A column (250 X 10 mm, S-5pum, 12 nm) with MeOH-H,0 at the
flow rate of 2.5 mL/min. ODS (12 nm, S-50 um, YMC Co., Ltd.), silica
gel (200-300 mesh, Qingdao Haiyang Chemical Co., Ltd.), and MCI gel
(CHP20P, 75-150 um, Mitsubishi Chemical Industries Ltd.) were em-
ployed for column chromatography.

2.2. Isolation and taxonomic identity of A. alternate

The fungal strain A. alternate was isolated from the leaves of Psidium
littorale Raddi collected from Quanzhou, Fujian Province, People’s
Republic of China, in May 2018. The fungus was identified by mor-
phological studies and by comparing its internal transcribed spacer
(TIS) sequences with those of known A. alternate. (GenBank accession
number MH715974.1). The fungal voucher specimen (number: PLR-
2017JX-AA) was deposited at the Department of Natural Medicinal
Chemistry, China Pharmaceutical University.

2.3. Fermentation

Solid fermentation was carried out in 30 Erlenmeyer flasks (1 L),
each containing 140 g of rice and 140 mL of water. After autoclaving
the contents at 15 psi for 30 min, each flask was inoculated with 20 mL
of seed culture and incubated at 25 °C for 30 d.

2.4. Extraction and isolation

The fermented material was extracted with EtOAc three times at
room temperature. After the evaporation of the combined aqueous
EtOAc extracts in vacuo, the crude residue (78.0 g) was separated via
silica gel column chromatography (CC) and eluted with petroleum ether
(PE)-acetone (0:10 to 5:5) to afford 13 fractions Fr.1-Fr.13.

Fr.4 (4.7 g) was subjected to silica gel CC with step-gradient solvent
systems of PE-EtOAc (10:1) to give six subfractions Fr.4.1-Fr.4.6. Fr.4.3
(203.1 mg) was repeatedly purified by semipreparative HPLC to yield

12 (7.2mg; MeOH-H,0 = 90:10, tg = 35.7min), and 13 (11.1 mg;
MeOH-H,0 = 90:10, tz = 31.4 min). Fr.4.4 (130.5 mg) was purified by
preparative TLC (PE-EtOAc = 5:1, Ry = 0.6) to afford 9 (30.2 mg). Fr.5
(3.5g) was separated by silica gel CC (PE-acetone = 15:1) to afford
seven subfractions Fr.5.1-Fr.5.7. Fr.5.5 (93.2mg) was purified by
semipreparative HPLC (MeOH-H,0 = 87:13, tg = 40.7 min) to yield 10
(6.1 mg). Fr.7 (3.5g) was subjected to chromatography over ODS
(MeOH-H,0 = 55:45 to 90:10) to give nine subfractions Fr.7.1-Fr.7.7.
Fr.7.6 (117.5mg) was further purified by semipreparative HPLC
(MeOH-H,0 = 75:25, tg = 36.5min) to give 1 (43.6mg). Fr.7.3
(407.3 mg) was separated via silica gel CC (PE-EtOAc = 5:1) to give
five subfractions Fr.7.3.1-Fr.7.3.5. Fr.7.3.4 (30.5mg) and Fr.7.3.5
(47.6 mg) were repeatedly purified by recrystallization and semi-
preparative HPLC (MeOH-H,0 = 73:27, tz = 31.1min) to yield 11
(8.7mg) and 2 (12.5mg), respectively. Fr.9 (3.5g) was chromato-
graphed over MCI gel (MeOH-H,0 = 4:6 to 8:2) to obtain seven sub-
fractions Fr.9.1-Fr.9.7. Fr.9.2 (57.3 mg) was purified by recrystalliza-
tion to yield 4 (35.8 mg). Fr.9.4 (72.1 mg) was repeatedly purified by
semipreparative HPLC to yield 7 (6.7mg; MeOH-H,0 = 45:55,
tg = 29.3min) and 8 (9.2mg; MeOH-H,0 = 50:50, tgz = 26.7 min).
Fr.10 (3.0 g) was separated via MCI gel CC (MeOH-H,0 = 30:70 to
80:20) to give eight subfractions Fr.10.1-Fr.10.8, followed by semi-
preparative HPLC to yield 3 [14.9 mg, from Fr.10.3 (71.2 mg); MeOH-
H,0 = 36:64, tg = 27.9min], 5 [65.7 mg, from Fr.10.4 (125.8 mg);
MeOH-H,0 = 39:61, tz =35.9min], 6 [25.1mg, from Fr.10.2
(77.1 mg); MeOH-H,0 = 32:68, tz = 29.7min], 14 (9.6mg, from
Fr.10.2; MeOH-H,0 = 32:68, tg = 11.7 min), and 15 (12.4mg, from
Fr.10.2; MeOH-H,0 = 32:68, tz = 18.3 min).

2.4.1. (1) was a colorless oil with the following properties

[a]25 D +114.8 (c 0.30, CH,Cl,); UV (MeOH) An.x (log €) 258
(4.07); IR (KBr), 3491, 2963, 2925, 1725, 1461, 1380, 1204, and
974cm™Y; 'H and '*C NMR data, see Table 1; HRESIMS m/z 387.2863
[M+H]* (caled for CosH3903, 387.2899).
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Fig. 1. Structures of compounds 1-15.

2.4.2. (8) was a colorless solid with the following properties

[a]25 D +52.0 (c 0.12, CH,Cl,); UV (MeOH) A« (log €) 261 (3.94)
nm; IR (KBr), 3267, 2929, 1721, 1445, 1364, 1250, 1179, 1103, 1039,
and 743cm™ Y 'H and '3C NMR data, see Table 1; HRESIMS m/z
248.1292 [M+H]* (calcd for CaoHz90s, 248.1287).

2.4.3. (11) was a colorless needle with the following properties;

[a]25 D —49.5 (c 0.20, CH,Cl,); UV (MeOH) A« (log €) 215 (3.04)
nm; IR (KBr), 3320, 2953, 2928, 1691, 1462, 1381, 1021, and
966 cm ™~ '; 'H and '3C NMR data, see Table 1; HRESIMS m/z 261.1745
[M+H]" (caled for C;5Hy,0,, 261.1830).

2.5. Preparation of the (R)- and (S)-MTPA ester derivatives of 8

The (R)- and (S)-MTPA Ester Derivatives of 8 were prepared fol-
lowing the reported procedures [15].

2.6. Computation methods

2.6.1. ECD calculation

Conformational analysis was carried out via Monte Carlo searching
with the MMFF94 molecular mechanics force field using the Spartan 10
software, which afforded stable conformers with an energy cutoff of
2 kcal/mol to the global minima [16]. All these conformers were further
optimized using the time-dependent theory (TD-DFT) methodology at
the B3LYP/6-31 g(d,p) level in gas phase by using Gaussian09 software
[17]. The ECD spectra were calculated using the TD-DFT at the B3LYP/
6-31(d,p) level in gas phase [18].

2.6.2. NMR calculation
The NMR data of the stable conformers and TMS were calculated

using the Gauge-Independent Atomic Orbital (GIAO) method in
Gaussian 09 software at the MPWIPW91/6-311+g(d,p) level. The
calculated NMR data of these conformers were averaged according to
the Boltzmann distribution theory and their relative Gibbs free energy
[19-21].

2.6.3. Optical rotation calculation.

The optical rotation (OR) values of the stable conformers were
calculated using the TD-DFT at the B3LYP/6-31(d,p) level in CDCl; by
using Gaussian09 software [19-21].

2.7. Cytotoxicity assays

The cytotoxic activities of the isolated compounds were determined
on 4T-1, A549, HepG-4, and MCF-7 cell lines. The detail procedures
were following the previous literature [22]. Gambogic acid was used as
the positive control substance.

2.8. Neuroprotection assays

The neuroprotective activities of compounds 1-15 were evaluated
with a 15mM glutamate induced-PC12 injured cell model using the
MTT method. Nimodipine (150 uM) was used as the positive control
substance. The optical density (OD) values were measured using a
microplate reader (Thermo Fisher Scientific Co., Waltham, MA, USA) at
490 nm [23,24].

Cell Viability (%) = (ODtreated - ODblank) / (ODcomrol - ODhlank) X 100%.
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Fig. 2. Key 'H-'"H COSY (===), HMBC (—=) and NOESY (»-4) correlations of compound 1.
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Fig. 3. *NMR and ECD calculation results of two plausible stereoisomers of 1a-1R,2R,3R,4S,11R,17S and 1b-15,2S,3S,4R,11R,17S. (A) Linear correlation plots of
calculated vs experimental 13C NMR chemical shift values for each potential configuration. (B) The DP4+ probability of chemical shifts. (C) Calculated and

experimental ECD spectra of 1.

3. Results and discussion

3.1. Isolation of compounds from the EtOAc extract of the rice culture of A.
alternate

The EtOAc extract (78.0g) of the fermentation was isolated and
purified by multiple column chromatography on silica gel, MCI, and
ODS, preparative TLC, recrystallization, and HPLC to obtain compounds
1-15 (Fig. 1).

3.2. Structural elucidation of the isolated compounds

The molecular formula, C55H3503, of alternin A (1) was revealed by
the HRESIMS at m/z 387.2863 [M+H]". The 1D NMR spectra of 1
displayed signals for six methyls, two sp® methylenes, six sp> methines
[including two oxygenated methines at g 4.79 (dd, J = 8.4, 10.0 Hz)
and 3.86 (s), 8¢ 83.0 and 72.0, respectively], nine sp> methines [8}; 5.57
(dd, J = 8.4, 10.8 Hz), 6.29 (dd, J = 10.8, 15.0 Hz), 6.11 (dd, J = 10.8,
15.0Hz), 6.23 (dd, J = 10.8, 15.0Hz), 6.04 (dd, J = 10.8, 15.0 Hz),
5.69 (dd, J = 7.2, 15.0 Hz), 5.77 (d, J = 10.8 Hz), 6.18 (dd, J = 10.8,
15.0Hz), and 5.45 (dd, J = 7.8, 15.0Hz), &c 128.5, 135.0, 135.3,
129.1, 127.9, 142.5, 126.8, 124.7, and 138.7, respectively], one sp®
quaternary carbon [§¢c 134.3], and one carbonyl carbon [§c 174.4], as

evidenced by HSQC experiments. The comparison of the above data
with these of nafuredin A[25] suggested that their structures are closely
related, except for the additional signals of a double bond group and a
methyl in 1, indicating 1 was a liphatic polyketone derivative.

The full structure of 1 was established by 2D NMR data analyses
(Fig. 2). The "H-'H COSY correlations of H-4/H-3/H-22, H-2/H-1, and
H-21/H-2 and the HMBC correlations from H-22 to C-3 and C-4, from
H-21 to C-1 and C-2, from H-2 to C-20, C-1, and C-3, and from H-1 to C-
20, C-4, and C-3 confirmed that the additional methyl is located at C-2
in 1, which allowed to establish the hydrogenated furan moiety (moiety
a). The methylated olefinic hydrocarbon chain (moiety b) with an ad-
ditional /\*>® double bond was indicated by the 'H-'H COSY correla-
tions of H-23/H-11 and H-25/H-17, the contiguous sequence of 'H-'H
COSY correlations from H-5 to H-12 and from H-14 to H-19, and the
HMBC correlations from H-24 to C-12, C-13, and C-14. Finally, the
'H-'H COSY correlation of H-4/H-5 and the HMBC correlations from H-
4 to C-5 and C-6, and from H-5 to C-3 and C-4 allowed the connectivity
of moieties a and b through the C-4—C-5 bond. Thus, the gross structure
of 1 was established as shown in Fig. 2.

The geometry of the double bonds in the moiety b were all de-
termined to be E according to the NOESY correlations of H-5/H-7/H-9,
H-24/H-15, and H-16/H-14. Moreover, the comparison of the 1D NMR
data of moiety b with those of nafuredin A, whose absolute
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Fig. 5. Values of A8(8s—8r) (in pyridine-ds) of the MTPA esters of 8.

configuration was determined based on asymmetric synthesis [25],
indicated these molecules shared the same 11R,17S-configuration. To
confirmed the configuration of moiety a, the NOESY spectrum was
further analyzed. As shown in Fig. 2, the correlations of H-5/H-3/H-1/
Me-21 suggested they were all a-oriented, while the NOESY cross-peak
of H-4/Me-22 revealed their cofacial relationship. Finally, the calcula-
tions of the *C NMR and ECD data were used for determining the
absolute configuration of moiety a. [19-21] As shown in Fig. 3, the
higher correlation coefficient (1a: 0.9974; 1b: 0.9967) and DP4+
probability (1a: 99.96; 1b: 0.04) between the calculated 13C NMR data
of 1a-1R,2R,3R,4S,11R,17S and experimental data than these between
1 and 1b, suggesting 1a possessed a better agreement with 1 than 1b.
Meanwhile, the calculated ECD spectrum of 1a was highly similar to the
experimental data [18]. Therefore, the absolute configuration of 1 was
determined as 1R,2R,3R,4S,11R,17S. Therefore, the structure of 1 was
unequivocally characterized as an unprecedented C25 liphatic poly-
ketone skeleton.
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The molecular formula, C,4H;7,NO3, of alternatine A (8) was de-
termined by HRESIMS. The "H and '3C NMR spectra of 8 exhibited the
characteristic signals of an indole moiety: an NH group (8y 8.26, br s),
and five aromatic protons [8y 7.65 (d, J = 8.0Hz), 7.23 (dt, J = 1.2,
7.2Hz), 7.18 (dt, J = 1.2, 7.2 Hz), and 7.36 (d, J = 8.0 Hz); 5. 118.6,
122.3, 119.8, and 111.4, respectively]. Carefully comparison of the 1D
NMR data of 8 with these of compound 6 suggested that they are
analogues [26], and the main difference between the two molecules
was an additional side chain at C-11 in 8. The key correlations of CHs-
15 with C-12 and C-13, and of CH3-14 with C-12 and C-13 in the HMBC
spectrum of 8 (Fig. 4) established the 2,3-butanediol moiety. Moreover,
the HMBC correlation of H-12 with C-11 suggested that the 2,3-buta-
nediol moiety was located at C-11 through an ester bond.

Due to the free rotation of the side chain and the non-special cou-
pling constants (Jy.12,1.13 = 6.4 Hz), the relative configurations of C-12
and C-13 were difficult to establish from 'H NMR and NOESY spectra.
To determine the configuration of C-13, a mosher’s method was used.
Careful analysis the 'H NMR spectra of the (R)- and (S)-MTPA ester
derivatives of 8 (8r and 8s) revealed the negative chemical shift dif-
ference (AS(S-R), Fig. 5) for H-14, as well as the positive chemical shift
differences for H-15, and H-12, respectively. These data unambiguously
suggested the S configuration of C-13 [27]. The absolute configuration
of C-12 was established by comparing the calculations of OR and *°C
NMR data with these of experimental data [18-21]. The results re-
vealed that the experimental OR value of 8 (+52.0) was similar to the
calculated data of 8a-12S,13S (+295.6) but was opposite in sign to that
of 8b-12R,13S (-275.9). Moreover, the higher correlation coefficient
and DP4 + probability between the calculated *C NMR data of 8a and
the experimental '3C NMR data of 8 than these between 8b and 8.
These results suggested that 8a possessed a better agreement with 8
than 8b (Fig. 6). The absolute configuration of 8 was thereby confirmed
to be 125,138S.

(1R,5R,6R,7R,10S)-1,6-Dihroxyeudesm-4(15)-ene (11) had the
molecular formula of C;5H;¢0,, deduced from HRESIMS at m/z
261.1745 [M+Na] *. The 1D NMR and HSQC spectra exhibited signals
for three sp> methyls, four sp> methylenes, five sp> methines [including
two oxygenated methines at 8y 3.39 (s), and 3.72 (t, J = 9.4 Hz); ¢
74.6, and 67.4, respectively], one sp> quaternary carbon, one sp> me-
thylenes [8y 5.02 (s), and 4.73 (s); §c 107.1], and one sp2 quaternary
carbon [8c 147.9], suggesting that 11 was an analogue of 1f-hydroxy-
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Fig. 6. ">NMR calculation results of two plausible stereoisomers of 8. (A) Linear correlation plots of calculated vs experimental '3C NMR chemical shift values for

each potential configuration. (B) The DP4+ probability of the chemical shifts.
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Fig. 7. Key HMBC (—=) and NOESY (+-+) correlations of compound 11.
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Fig. 8. Calculated and experimental ECD spectra of 11a-(1R,5R,6R,7R,10S) and
11b-(18,58S,6S,7S,10R).

Table 2
Protective Effects of Compounds 1, 2, and 7 on PC12 Cell Injury Induced by
Glutamate.”

Compound Cell viability (mean * SD, %)

20 uM 40 uM 80 uM
1 64.7 + 4.9 67.8 = 5.1 72.3 + 45
2 65.9 + 3.9 69.7 + 2.9 74.6 = 4.0
7 68.4 + 3.6 75.6 = 4.2 84.8 + 6.5

2 Compounds 3-6, and 8-15 were inactive.

6,7a-dihy-droxyeudesm-4(15)-ene [28], an eudesmane-type sesqui-
terpene. Further careful comparison of the 1D NMR data of 11 and
those of 1B-hydroxy-6,7a-dihy-droxyeudesm-4(15)-ene revealed the
absence of OH-7 in 11. The HMBC correlations from H-12 to C-13, C-11,
and C-7, and from H-6 to C-4, C-5, C-7, C-11, and C-8 verified the above
deduction (Fig. 7).

In the NOESY spectrum, the correlations of Me-12/H-6/Me-15/H-1
and Me-15/H,-2 (6y 1.92) suggested that they were all a-oriented,
whereas those of H,-2 (8 1.73)/H-5 revealed the S-orientation of H-5.
To determine the absolute configuration of 11, the ECD spectra of 11a-
(18,55,6S,7S,10R) and its enantiomer were calculated. As shown in
Fig. 8, the experimental ECD spectrum matched the 11b data well.
Accordingly, the absolute configuration of 11 was finally elucidated as
1R,5R,6R,7R,108S.

The structures of known compounds were established by comparing
their ESI-MS and 1D NMR data with reported data. The compounds
were identified as isosclerone (2) [29], alternariol methyl ether (3)
[30], alternariol (4) [31], stemphyperylenol (5) [32], 1H-indole-3-
carboxylic acid (6) [26], indole-3-methylethanoate (7) [26], ergosta-
4,6,8(14),22-tetraen-3-one (9) [32], (17R)-4-hydroxy-17-methylincis-
terol (10) [33], 3({)-hydroxy-octadeca-4(E),6(Z)-dienoic acid (12)
[34], E-7,9-diene-11-methenyl palmitic acid (13) [35], p-hydro-
xybenzonic acid (14) [36], and benzoic acid (15) [37].

3.3. Cytotoxicity of compounds 1-15 against four human cancer cell lines

All isolated compounds were evaluated for their cytotoxicity against
four cancer cell lines (4T-1, A549, HepG-4, and MCF-7). Among these
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substances, compound 10 showed cytotoxicity with an ICso value of
9.73 = 1.2uM against HepG cells, and 5 exhibited cytotoxicity with
ICso values of 4.2 + 0.6 and 7.9 * 0.9 uM against MCF-7 and HepG
cells, respectively. Other compounds showed no cytotoxic activity on
all selected cell lines. Meanwhile, the ICsy values of gambogic acid
against the 4T-1, A-549, HepG-4, and MCF-7 cell lines were
13.1 * 1.3,9.5 = 1.1,19.7 * 2.4, and 15.2 * 1.5pM, respectively.

3.4. Neuroprotection of compounds 1-15 on injured glutamate induced-
PC12 cells

Glutamate, a common endogenous neurotoxin, can cause neuronal
cellular necrosis and apoptosis [38]. Therefore, glutamate induced-
PC12 cells were used for evaluating the neuroprotective activities of the
isolated compounds. Our results showed that the cell viability of the
model group and the positive control group were 65.5 = 5.5% and
92.3 + 4.6%, respectively. Interestingly, the cell viabilities were sig-
nificantly improved with the values ranging from 67.8 * 5.1% to
84.8 + 6.5 after treatment with compounds 2, 7 and 9 (40 and 80 uM,
respectively) (see Table 2). These results suggested that these three
compounds 2, 7 and 9 possess potential neuroprotective activities.

4. Conclusions

In summary, three new compounds (1, 8, and 11) were isolated
from A. alternate. Alternin A (1) was a novel liphatic polyketone with an
unprecedented C25 skeleton. Due to the flexible features of liphatic
polyketones, it is quite difficult to establish the absolute configurations
of this type of compounds. In this paper, the absolute configuration of 1
was unambiguously determined using the GIAO method. This result
will provide a new method for determining the absolute configurations
of liphatic polyketones. Moreover, two cytotoxic compounds (5 and 10)
and three neuroprotective compounds (2, 7, and 9) were identified in
this work.
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