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Nine novel compounds, comprising seven tetrahydroanthraquinones (auxarthrolones A-G,
1-7), a y-butenolide glycoside (malfilamentoside E, 26), and a y-butenolide (auxarthrolide A,
27), together with eighteen known compounds (8-25) were isolated from rice-based solid
culture of Auxarthron umbrinum (A. umbrinum) DSM3193 using the one strain many com-
pounds (OSMAC) approach. The structural elucidation of these compounds was accomplished
through nuclear magnetic resonance (NMR), mass spectrometry (MS), and NMR calculation
combined with DP4+ analysis or MAEAAS parameter, while the absolute configurations of
new compounds were established through single-crystal X-ray diffraction, electronic circular
dichroism (ECD) spectroscopic data analysis and/or chemical derivatization. Austro-
cortilutein (10) and auxarthrol H (14) demonstrated moderate cytotoxicity against U87 and
U251 [half maximal inhibitory concentration (ICso) 3.5-12.1 pmol-L™"]. Additionally, auxarth-
rolone A (1), auxarthrol H (14), eupolyphagin B (15), and 7-hydroxy-2-(2-hydroxypropyl)-5-
methylchromone (17) exhibited torsional effects on fibroblast proliferation challenges in-

duced by oleic acid, thus demonstrating fibroblast proliferation-promoting activity.

1. Introduction

Fungal natural products exemplified by penicillin G, lovastat-
in, and cyclosporine have attracted significant attention due to
their complex structures and profound biological activities .
The fungus Auxarthron umbrinum (A. umbrinum) has been not-
able as a producer of diverse natural products, exhibiting signific-
ant bioactivities, including anti-HIV *, cytotoxicity *”, inhibitory
activity of cannabinoid CB1 receptor °, and a-glucosidase inhibi-
tion °. In our previous study, the whole genome of A. umbrinum
DSM3193 was sequenced *, revealing the presence of substan-
tially more biosynthetic gene clusters for natural products than
compounds previously isolated from it °*. This finding suggests
numerous undiscovered secondary metabolites. Therefore, fur-
ther investigation of the secondary metabolites of A. umbrinum
remains essential.

Many putative gene clusters demonstrate limited expression
under laboratory conditions, significantly impeding the discov-
ery of compounds with novel structures and functionalities "***,
Modifying the growth conditions of microorganisms can yield
various secondary metabolites; consequently, the one strain
many compounds (OSMAC) approach has been widely employed
in the discovery of new natural products '>'°. In this study, A. um-
brinum was cultivated using different media, including potato

* Corresponding author.
E-mail address: huyoucai@imm.ac.cn

https://doi.org/10.1016/S1875-5364(25)60930-7

dextrose agar (PDA), malt medium, and rice medium. LC analysis
of metabolites across different media revealed the highest meta-
bolite richness from A. umbrinum grown on a rice-based solid me-
dium (Fig. S1). Systematic chemical investigation resulted in the
isolation and characterization of twenty-seven compounds, in-
cluding nine new ones (1-7, 26 and 27) from the metabolites of
rice medium (Fig. 1). All compounds underwent assessment for
their cytotoxicity and activity in promoting fibroblast prolifera-
tion. This paper describes the isolation, structure elucidation, and
biological evaluation of compounds 1-27.

2. Results and discussion

2.1. Identification and structural elucidation

Auxarthrolone A (1) was isolated as a colorless crystal. Its
molecular formula was established as C;gH,(0;( through high-
resolution electrospray ionization mass spectrometry (HR-ESI-
MS) (m/z 397.1134 [M + H]", Calcd. 397.1130), indicating 9 de-
grees of unsaturation. Analysis of 1D nuclear magnetic resonance
(NMR) data of 1 (Tables 1 and 2) revealed a structure closely re-
lated to auxarthrol B (9) /. Compound 1 was distinguished from
9 by the presence of an additional methyl (6. 21.0, C-14; 6y 1.81,
H-14) and an ester carbonyl (8¢ 169.5, C-13) in 1, suggesting that
1 represented the acetylated derivative of 9. The heteronuclear
multiple bond correlation (HMBC) from H-14 to C-9a confirmed
the acetoxyl group’s position at C-9a (Fig. 2). The relative config-

Copyright © 2025, China Pharmaceutical University. Published by Elsevier B.V. All rights reserved.
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Fig. 1 Structures of compounds 1-27 isolated from A. umbrinum DSM3193.

uration of C-2, C-3 and C-4 was established as 25,35 ,4R" based
on the small value of J3 4 (3.1 Hz) and nuclear Overhauser effect
spectroscopy (NOESY) correlation from H-3 to H-4, and from 4-
OH to H-11 (Fig. 3). The relative configuration of C-4a and C-9a
remained unassigned due to the absence of NOESY correlations,
suggesting four possible relative configurations for 1 (Fig. S2).
The *C NMR calculation at the PW1PW91/6-31 + G(d, p)//
B3LYP/6-31G(d) level with the PCM solvent model in acetone
was utilized to determine the relative configuration of 1. The cal-
culated carbon chemical shifts for 1a demonstrated the highest
correlation with experimental values, showing the smallest mean
absolute deviation (MAD, 1a: 1.7450 vs 1b-1d: 3.0989, 2.7828,
and 2.1830, respectively) and corrected mean absolute deviation
(CMAD, 1a: 1.5562 vs 1b-1d: 2.7447, 2.4871, and 1.6780, re-
spectively) values (Tables S1 and S2). Furthermore, DP4+ analys-
is based on *C NMR data indicated 97.56% probability for iso-
mer 1a (Fig. S3), establishing supporting the 2535 4R ,4aS" 9aS"
relative configuration of 1. The absolute configuration of 1 was
determined through electronic circular dichroism (ECD) calcula-
tions of the two possible enantiomers, (25,3S,4R,4aS,9aS)-1 and
(2R,3R,45,4aR,9aR)-1. The calculated ECD spectrum of (25,3S,4R,
4a$,9a5)-1 aligned well with the experimental ECD spectrum of 1
(Fig. S4), establishing the absolute configuration of 1 as 25,38,
4R,4aS,9aS. This configuration was subsequently confirmed thr-
ough single-crystal X-ray diffraction analysis of 1 (Fig. 4).
Auxarthrolone B (2), a yellow solid, exhibited a molecular
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formula of C;7H,,09 as determined by HR-ESI-MS at m/z
371.1340 [M + H]" (Calcd. 371.1337), which was 14 Da greater
than auxarthrol E (11) *. The 'H NMR (Table 1) and **C NMR (Ta-
ble 2) spectra of 2 demonstrated high similarity to those of 11,
with the primary difference being additional methoxyl signals (8
57.1, C-13; 6y 3.51, H-13) in 2. These findings indicated that 2
represented a methylated derivative of 11. The HMBC from H-13
to C-4a (8¢ 82.7) enabled the assignment of the methoxyl group at
C-4a (Fig. 2). The relative configuration of C-2, C-3, C-4, and C-4a
was established as 2R’,3S",4R",4aS" based on the small value of J3.4
(4.6 Hz) and the NOESY correlations of H-3 with H-11/H-13/H-4
(Fig. 3). To confirm the relative configuration of 2, theoretical cal-
culations of *C NMR data for the four possible isomers 2a-2d
(Fig. S5) were conducted. The relative configuration of (25" 3R’,
45" 4aR",95,9a5")-2 was determined through computational *C
NMR analysis with DP4+ probability analysis showing 100%
probability (Fig. S6, Tables S3 and S4). ECD calculation was util-
ized to determine the absolute configuration of 2. The calculated
ECD spectra of two stereoisomers, (25,3R,4S5,4aR,95,9a5)-2 and
(2R,3S5,4R,4aS,9R,9aR)-2, were compared with the experimental
ECD spectrum. The calculated ECD spectrum of (2S,3R,4S5,4aR,
95,9a8)-2 matched the experimental ECD spectrum precisely (Fig.
S4), thus confirming the absolute configuration of 2 as 25,3R,
4S,4aR,9S,9aS.

Auxarthrolone C (3) was isolated as a yellow solid with a mo-
lecular formula of Ci4H,,0g based on its HR-ESI-MS data (m/z
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Fig. 3 Key NOESY (Blue) correlations of compounds 1-3 and 5-7.

341.1236 [M + H]", Calcd. 341.1231), containing one less oxygen
atom than auxarthrol E (11) °. The 1D NMR spectra of 3 (Tables
1 and 2) and 11 exhibited nearly identical patterns, except for the
presence of a methylene (6¢ 28.3, C-4; 6y 2.41/2.47, H-4) in 3 in-
stead of an oxygenated methine in 11. The 'H-'H correlation
spectroscopy (COSY) correlation of H-3 (6y 3.63) with H,-4 (Fig. 2)
indicated that C-4 was deoxygenated. The relative configuration
of C-2, C-3, and C-9 was determined as 25,3R,9R’ through the
NOESY correlation of H-11 with H-3/H-1b, and H-9 with H-1a
(Fig. 3). The relative configuration of 3 at C-4a and C-9a re-
mained unresolved, suggesting four possible relative configura-
tions for 3 (Fig. S7). These configurations underwent *C NMR
shift calculations and DP4+ probability analysis (99.99% for 25,
3R’4aS"9R',9aR" configurations) (Fig. S8, Tables S5 and $6). To
establish the absolute configuration of 3, two stereoisomers,
(2S,3R,4aS,9R,9aR)-3 and (2R,3S,4aR,95,9a5)-3, were subjected
to ECD calculation. The calculated ECD spectrum of (2S,3R,
4aS,9R,9aR)-3 matched the experimental spectrum (Fig. S4).
Auxarthrolone D (4) was obtained as a light-yellow crystal.
Its molecular formula was established as C;7H;30q through HR-
ESI-MS analysis (m/z 367.1026 [M + H]", Calcd. 367.1024). The
1D NMR spectra (Tables 1 and 2) indicated 4 as a homolog of 3,
with the primary difference being an additional carbonate group
(8¢ 153.3, C-13) "’ in 4. The HMBC from H-4 (8y 5.57) to C-13 and
the deshielded C-4a at 6 83.7 (Ad¢ +21) revealed that the carbon-
ate group was positioned at C-4 and C-4a (Fig. 2). The 'H-'H
COSY correlations between H-3 (6 1.88/2.69) and H-4 con-
firmed C-3 rather than C-4 as a methylene in 4 (Fig. 2). The abso-
lute configuration of 4 was determined through single-crystal X-
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ray diffraction analysis, yielding a Flack parameter of -0.10 (13)
using Cu Ka radiation. This analysis established the absolute con-
figuration of 4 as 2R,4R,4aR,9S,9aS (Fig. 4).

Auxarthrolone E (5) was isolated as a yellow solid, exhibit-
ingan [M + H]" peak at m/z 323.1127 (Calcd. 323.1126) in HR-ESI-
MS, corresponding to the molecular formula C;cH;g0; for 5. The
1D NMR spectra (Tables 2 and 3) of 5 showed close similarity to
those of auxarthrol H (14) . The primary distinction was the
substitution of an oxygenated methine in 14 with a methylene (8¢
42.1, C-3; 8y 1.82 and 1.92, H-3) in 5. The 'H-"H COSY correla-
tions between H,-3 and H-4 (6y 4.84) confirmed the methylene
position at C-3 (Fig. 2). The relative configuration of C-2 and C-9
was established as 2R’,9S" through NOESY correlations of H-11
with H,-3, H,-3 with H,-1, and Hy,-1 with H-9 (Fig. 3). The relative
configuration of C-4 and C-2 was determined by analyzing the di-
hedral angle dependence of J, 3, and J,.3, values in two possible
configurations (2R ,4R" and 2R’,4S") *’. The analysis revealed that
the values of J,.3, and J, 3}, aligned closely with J, 3, (2.9 Hz) and
Jasp (44 Hz) when the relative configuration was 2R 4R~ (Fig.
S9). Consequently, the relative configuration of 5 was determ-
ined as 2R",4R’,9S". Since the relative configuration at C-4a and C-
9a remained undetermined, two candidate relative configura-
tions were proposed for 5 (Fig. S10). To resolve this, two diaste-
reomers, 5a and 5b, underwent NMR calculation. DP4+ analysis
(100% for 2R 4R’ 4aR’,9S ,9aR’) established the relative config-
uration of 5 (Fig. S11, Tables S7-S9). The absolute configuration
of 5 was determined as 2R,4R,4aR,95,9aR through comparison of
experimental and calculated ECD spectra (Fig. S4).

Auxarthrolone F (6), isolated as a light red solid, exhibited a
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Fig.4 The ORTEP diagrams of compounds 1 and 4 (displacement ellipsoids are drawn at the 30% probability level).

Table 1 'H NMR data of compounds 1-4.

1ad 202 302 4ud
No. Sy, mult. Oy, mult. Sy, mult. Sy, mult.
(Jin Hz) (Jin Hz) (Jin Hz) (Jin Hz)
| 249,d(153) 202,dd(146,14) 237.0vl° 2.01,d (14.9)
2.56,d (153)  2.14,d (14.6) 2.45,0v1°  2.40,dd (14.9, 2.2)
c 1.88, dd (14.4,8.7)
3 3.95, ovl 3.75,t (4.6) 3.63,t(5.8) 2.69.m
¢ 2.41,0vl¢
4 457,d(3.1) 4.77, 0v1 247 oyl¢  5:57.4d (87.2.69)
6  6.71,d(25) 6.38,d (2.4) 6.38,d (2.6) 6.42,d (2.5)
8  6.82,d(25) 6.78, m 6.80,d (2.6,1.3) 6.83,dd (2.5,1.1)
9 4.77, 0vl¢ 4.95,d (6.8) 4.76,brs
11 1.43,s 1.37,s 1.22,s 1.45,s
12 3.95, ovl ¢ 3.90,s 3.88,s 3.91,s
13 3.51,s
14 1.81,s
3-OH 3.62,d (6.3)
4-OH 4.02,s
5-OH 11.85,s 11.96,s 11.90,s 11.59,s
9-0H 5.29,d (9.2)

“ Acetone-dg; ovl © Overlapped; ¢ 700 MHz; © 600 MHz.

molecular formula of C;¢Hg0g based on HR-ESI-MS analysis
showing an ion at m/z 339.1074 [M + H]" (Calcd. 339.1075), in-
dicating 8 degrees of unsaturation. The 1D NMR spectra of 6 re-
vealed a tetrahydroanthraquinone skeleton analogous to 2, with
the notable distinction being the absence of a methoxy group in 6
(Tables 2 and 3). The HMBC from H-8 (8 6.92) to C-9 (8¢ 192.9)
and from H-10 (64 5.76) to C-5 (6 159.4) indicated that C-8a (Jc
131.1), C-5a (8¢ 118.0) connected to C-9 and C-10 (6 67.1), re-
spectively (Fig. 2). The upfield shifts of C-4a (8¢ 65.3) and C-9a (6¢
65.2) in 6 compared to 2 suggested the presence of an epoxide
ring, consistent with the HR-ESI-MS data indicating 8 degrees of
unsaturation. The relative configuration of C-2, C-3, C-4 and C-10
was established as 2R’,35",4R",10S based on the small coupling
constant /34 (3.6 Hz) and NOESY correlations between H-10 and
H-4, and H-11 with H-3 (Fig. 3). The undetermined relative con-
figuration of C-4a/C-9aled to two possible relative configura-
tions for 6 (Fig. S12). To resolve this, 3C NMR chemical shifts of
6a and 6b were calculated using mPW1PW91/6-31G + (d, p)
with PCM solvent model in acetone. The calculations for 6a (R* =
0.9972) showed better correlation with experimental data than
6b (R® = 0.9940) (Table $10), and DP4+ analysis confirmed 6a
with 100% probability match to experimental >C NMR data (Fig.
S96 and Table S11), establishing 6a as the correct relative config-
uration. The absolute configuration of 6 was determined by com-
paring experimental and calculated ECD spectra of (25,3R,4S,
4aS,9aR,10R)-6 and (2R,3S,4R,4aR,9aS,10S5)-6, respectively. The
calculated ECD spectrum of (2S5,3R,4S,4aS,9aR,10R)-6 at B3LYP/6-
31 + G(d) level matched the experimental spectrum (Fig. S4), con-
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firming the absolute configuration as 25,3R,4S,4aS,9aR,10R.

Auxarthrolone G (7) was isolated as a yellow solid with a mo-
lecular formula of C;7H;,01,, determined by the HR-ESI-MS ion at
m/z 409.1105 [M + Na]* (Calcd. 409.1106), indicating 7 degrees
of unsaturation. The 1D NMR spectra of 7 exhibited similarities to
those of 2, suggesting the presence of A-ring (Tables 2 and 3).
The "H NMR and "C NMR spectra of 7 revealed two methoxy moi-
eties at 6y 3.60 (H-13) and 3.70 (H-12), and an ester carbonyl (¢
171.9, C-10). The HMBC correlations (Fig. 3) from H-13 to C-10
indicated the presence of the methoxyacetyl group. Based on the
HMBC from H-4 (6y 4.66) to C-10, the methoxyacetyl group was
positioned at C-4a. The 'H NMR resonance of two meta-coupled
aromatic protons (éy 6.39, d, J = 3.0 Hz, H-6; 6.30, d, J = 3.0 Hz, H-
8) and the "®C NMR resonance at & 147.2 (C-5), 134.5 (C-5a),
103.5 (C-6), 155.4 (C-7), 105.6 (C-8), and 124.1 (C-8a) indicated a
tetrasubstituted benzene ring. The HMBCs from H-12 to C-7 con-
firmed the location of the methoxy group at C-7. The 'H NMR res-
onance at &y 8.28 (s, 5-0H), 4.88 (br s, 9-OH), and 5.11 (s, 9a-OH)
indicated a phenolic hydroxyl group and two alcoholic hydroxyl
groups. The HMBCs (Fig. 2) of H-8 with C-9, and H-1 with C-9a/C-
9 demonstrated that C-9 was connected to C-8a of a benzene ring
and C-9a of A-ring. The remaining hydroxyl group (8y 8.28, s, 5-
OH) and ethereal oxygen atom were assigned to C-5 and C-5a/C-
4a, respectively, through comparison with the chemical shifts of C-
5a and C-5 in reported 9-dehyroxyeurotinone ', The relative con-
figuration of 7 was established as 2R’ 3R’ 45 4aS’,95",9aR" based
on the small value of /34 (3.6 Hz) and the NOESY correlations of 2-
OH with H-3, H-3 with H-4, H-13 with H-4/H-9, and 9a-OH with H-
9 (Fig. 3). To determine the absolute configuration of 7, theoretic-
al ECD spectra were calculated for two possible isomers,
(2S5,3S5,4R,4aR,9R,9a85)-7 and (2R,3R,45,4aS5,95,9aR)-7. The theor-
etical data for (2S5,3S,4R,4aR,9R,9aS)-7 closely matched the ex-
perimental ECD spectrum (Fig. S4), confirming the absolute con-
figuration of 7 as 25,35,4R,4aR,9R,9aS.

Malfilamentoside E (26), obtained as a white powder, exhib-
ited a molecular formula of C,sH,;NOg based on HR-ESI-MS ana-
lysis, showing a peak at m/z 470.1821 [M + H]" (Calcd. 470.1809).
The 'H NMR and "*C NMR spectral data of 26 (Table 4) demon-
strated similarity to those of malfilamentoside D (23) " Analysis
of key HMBCs of 26 (Fig. 2) revealed an identical planar struc-
ture to that of 23 (Fig. 1). The sugar component of 26 was identi-
fied as 2-N-acetylamide-D-glucopyranoside through GC-MS ana-
lysis (Fig. S14). For determining the absolute configuration at C-4,
ECD calculations were performed on two possible epimers, 4S-26
and 4R-26. The experimental ECD spectrum of 26 and calculated
ECD spectrum of 45-26 both displayed a negative Cotton effect
near 250 nm (Fig. S15), establishing the C-4 absolute configura-
tion in 26 as 4. This configuration was further supported by *C
NMR calculations (Table S12), the MAEAAS parameter for com-
paring experimental and calculated data *’, and literature com-
parison . The calcd_26b calcd_26a/exptl_23 exptl_26 alignment
demonstrated the lowest MAEAAS values among possible com-
parisons (Fig. S16).

Auxarthrolide A (27), isolated as a yellow solid, possessed a
molecular formula of C;;H{,0, based on HR-ESI-MS analysis
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Table 2 "*C NMR data for compounds 1-7.
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No. 1" 2% 3% 4 5% 6" 7
1 36.2 35.0 38.3 385 42.0 316 36.8
2 72.5 75.1 71.1 70.8 68.3 70.4 742
3 74.7 78.2 71.1 415 421 744 78.8
4 74.0 69.2 283 74.2 64.2 67.4 69.8
4a 79.4 82.7 62.7 83.7 62.6 65.3 83.8
5 165.6 166.0 165.7 166.2 166.5 159.4 147.2
5a 1103 109.7 107.5 108.6 108.3 118.0 134.5
6 105.9 100.4 100.3 100.5 100.9 108.9 103.5
7 167.4 168.1 167.8 168.3 168.5 161.4 155.4
8 107.4 107.6 106.8 108.1 107.3 103.5 105.6
8a 138.0 1489 1463 147.8 146.2 131.1 124.1
9 191.3 70.9 70.2 71.5 704 192.9 71.0
9a 86.4 80.1 65.9 75.9 65.5 65.2 75.4
10 199.6 203.1 198.4 194.4 198.3 67.1 171.9
11 24.1 27.5 23.3 309 31.8 269 271
12 56.7 56.2 56.2 56.3 56.2 55.7 55.7
13 169.5 57.1 153.3 52.7
14 21.0
“ Acetone-dg; ” Methanol-d,; ¢ 175 MHz; © 150 MHz.
Table 3 'H NMR data of compounds 5-7. 15 indicated hydroxyl substitution at C-15. ECD calculations de-
5% 6" 7 termined the absolute configuration of 27, with the experimental

No. 6y, mult. (J in Hz) Oy, mult. (J in Hz) 6y, mult. (J in Hz)

1 2.37,dd (15.2, 1.5) 2.58,d (15.8) 1.47,d (14.8)
2.46,d (15.2) 2.07,0v1¢ 1.84,d (14.8)

3 1'812_;3‘;‘?351&2_’2?:;&5) 3.67,d (3.6) 3165,m

4 4.84,dd (4.4, 2.9) 4.60,d (3.6) 4.66,m

6 6.40,d (2.5) 6.65,d (2.7) 6.39,d (3.0)

8 6.76,dd (2.5, 1.3) 6.92,d(2.7) 6.30,d (3.0)

9 4.86, (1.3) 4.27,brs

10 5.76,s

11 1.39,s 1.29,s 1.18,s

12 3.86,s 3.80,s 3.70s

13 3.60,s

2-0OH 4.98, s

5-OH 8.28,s

9-OH 4.88,brs

9a-0OH 5.11,s

“ Acetone-dg; ” Methanol-d; ovl © Overlapped; ¢ Recorded at 700 MHz; ¢ Recorded
at 600 MHz.

showing an ion at m/z 283.0971 [M + H]" (Calcd. 283.0965), ex-
ceeding gotjawalide (19) * by 16 Da. The 1D NMR data (Table 4)
of 27 showed similarity to 19, with the primary distinction being
the absence of one aromatic proton. This indicated that 27 rep-
resented a hydroxylated variant of 19 (Fig. 1). HMBCs (Fig. 2)
from H-11 to C-13/C-17, H-13 to C-11/C-15, and H-17 to C-11/C-
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ECD spectrum of 27 matching the calculated spectrum of 115-27
(Fig. S15), confirming the 115 absolute configuration.

The known compounds isolated from A. umbrinum were
identified as ocauxarthrol A (8) '°, auxarthrol B (9) ", austro-
cortilutein (10) *, auxarthrol E (11) %, chrysoqueen (12) ",
auxarthrol A (13) °, auxarthrol H (14) '°, eupolyphagin B (15) °,
eupolyphagin (16) *°, 7-hydroxy-2-(2-hydroxypropyl)-5-methyl-
chromone (17) *°, gymnoascolide A (18) ”/, gotjawalide (19) **,
eutypoid A (20) *°, gotjawaside (21) **, 4-benzyl-5-methoxy-3-
phenylfuranone (22) *’, malfilamentoside D (23) ", malfila-
mentoside B (24), and malfilamentoside A (25) *. Structural
identification of these compounds was accomplished by compar-
ing their NMR spectroscopic data with those previously reported
in the literature.

2.2. Cytotoxicity

The isolated tetrahydroanthraquinones were evaluated for
their cytotoxic activity against U87 and U251 cell lines. Com-
pounds 10 and 14 exhibited cytotoxicity against U87 cells with
ICs values of 3.4 and 9.4 umol-L™", and U251 cells with ICs, val-
ues of 9.5 and 12.1 umol-L™", respectively (Fig. S17).

2.3. Fibroblast proliferation activity

The fibroblast proliferation activity of compounds 1-27 was
evaluated using the NIH3T3 cell line. The NIH3T3 cells were in-
cubated with high concentration oleic acid (0.2 mmol-L™"). Com-
pared to the normal blank, compounds 1, 14, 15, and 17 demon-
strated significant effects on cell proliferation challenges induced
by oleic acid (Fig. 5). Consequently, compounds 1, 14, 15, and 17
were determined to possess fibroblast proliferation properties.
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Table 4 'H NMR and **C NMR data of compounds 26 and 27.
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26 (in acetone-dg) * 26 (in DMSO-d,) " 27 (in methanol-d,)
N 6y, mult. (J in Hz) oS¢ Sy, mult. (J in Hz) [ Sy, mult. (J in Hz) [

1 170.5 169.6 175.6
2 131.5 135.8 131.2
3 157.5 156.6 166.0
4 6.05,s 98.2 6.02,s 97.3 49:1‘1?(&1?:’2;0] 70.9
5 130.3 130.0 127.4
6 7.56, ovl © 129.9 7.29, m 128.6 7.42, 0v1 ¢ 130.2
7 7.49, ovl ¢ 129.4 7.47,0v1°¢ 128.7 7.42, 0v1 ¢ 129.5
8 7.46, m 130.0 7.44, ovl ¢ 129.0 7.42, 0vl ¢ 129.8
9 7.49, ovl ¢ 129.4 7.29, 0vl ¢ 128.6 7.42,0vl¢ 129.5
10 7.56, 0vl 129.9 7.47, 0vl ¢ 128.7 7.42,0vl¢ 130.2
11 zfé:g ggg 33.0 i:gg: ¢ 822 316 5.83,s 700
12 1872 133.0
13 7.31,0vl¢ 129.7 7.23,0vl¢ 128.5 7.12,0vl¢ 128.5
14 7.32,0vl¢ 129.8 7.47, ovl ¢ 128.5 6.74, 0vl 116.5
15 7.25, 0v1 ¢ 127.8 7.23,0v1°¢ 126.7 158.6
16 7.32,0v1¢ 129.8 7.47,0v1°¢ 128.5 6.74, 0vl ¢ 116.5
17 7.31,0vl¢ 129.7 7.23,0vl¢ 128.5 7.12,0vl¢ 128.5
v 5.24,d (3.7) 97.7 5.10,d (3.7) 96.4

2! 398, m 54.4 3.72,ddt (12.4, 8.1, 4.0) 53.2

3 3.63, m 72.3 347, m 69.8

4’ 3.52,m 71.7 3.26, m 69.6

5 346, m 74.6 3.28, m 73.7

: ssim séin

7' 170.8 169.7

8’ 1.90,s 229 1.85,s 22.5

2'-NH 7.07,d (8.4) 7.86,d (8.0)

*'H NMR (600 MHz), *C NMR (150 MHz); *'"H NMR (700 MHz), *C NMR (175 MHz); ovl ¢ Overlapped.
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Fig. 5 Fibroblast proliferation of compounds 1, 14, 15 and 17 (0, 0.1, 1.0, 10.0 umol-L™) assayed on NIH3T3 cells incubated with high concentration (0.2 mmol-L™) oleic
acid. Cell viability was tested by the CCK8 method. Control group: NIH3T3 cells were incubated with a serum-free medium; OA group: NIH3T3 cells were incubated with a
serum-free medium containing 0.2 mmol-L™ oleic acid; Treatment group: NIH3T3 cells were incubated with a serum-free medium containing 0.2 mmol-L™" oleic acid and
various concentration of compounds. The data are presented as mean + SD (n = 3). "P<0.01, ""P<0.001, P < 0.0001 vs Control.

3. Experimental

3.1. General experimental procedures

HR-ESI-MS data were obtained either a Q-Exactive Focus
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LC/MS system (Thermo Fisher Scientific, USA) or a 1260 Infinity
II UPLC coupled to a 6500 quadrupole time-of-flight (Q-TOF)
mass spectrometer (Agilent Technologies Inc., Santa Clara, CA,
USA). Infrared (IR) spectra were recorded using a Nicolet 5700
FT-IR spectrometer equipped with a transmission microscope
(Thermo Fisher Scientific, USA). Optical rotations were meas-
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ured on an Autopol IV automatic polarimeter (Rudolph Research
Co., USA). Ultraviolet (UV) absorption spectra were obtained on a
JASCO V-650 spectrophotometer, while electronic circular di-
chroism (ECD) spectra were recorded in methanol using a JASCO
J-815 spectropolarimeter (JASCO, Japan). NMR spectra were re-
corded on an Agilent 700 MHz spectrometer (Agilent Technolo-
gies Inc., Santa Clara, CA, USA) and a Bruker AVANCE III HD 600
MHz spectrometer (Bruker, Germany). Samples were dissolved in
CD;0D, DMSO-dg, or acetone-ds, with tetramethylsilane (TMS;
Cambridge Isotope Laboratories, Inc., USA) used as the internal
standard. Silica gel (Qingdao Haiyang Chemical Co., Ltd., Qingdao,
China), ODS (50 pm, YMC, Kyoto, Japan), and Sephadex LH-20
(Pharmacia Biotech AB, Uppsala, Sweden) were utilized for CC.
For chromatographic separation, silica gel (Qingdao Haiyang
Chemical Co., Ltd., Qingdao, China), reversed-phase ODS (50 um,
YMC, Kyoto, Japan), and Sephadex LH-20 gel (Pharmacia Biotech
AB, Uppsala, Sweden) were employed for column chromato-
graphy. Semipreparative high-performance liquid chromato-
graphy (HPLC) was performed using a LabAlliance Series III
pump with a model 201 UV detector (Beijing Xianming Leshi
Technology Development Co., Ltd., Beijing, China), and a YMC-
Pack ODS-A column (250 mm x 10 mm, 5 pm; YMC, Kyoto,
Japan). Analytical HPLC was carried out on a Waters ACQUITY H-
Class UPLC system equipped with a QDA mass detector and a
BEH C;g column (1.7 pm, 50 mm x 2.1 mm; Waters Technologies,
Shanghai, China). Compound concentration and drying were per-
formed using a JM.CV600 freeze centrifugal concentrator (JM,
Beijing, China).

3.2. Biological material

Dulbecco’s modified Eagle medium (DMEM) was obtained
from Gibco (USA). Antibiotics were acquired from Solarbio
(China). Oleic acid was procured from Sigma (USA). 96-Well
plates were obtained from Corning (USA). Cell Counting Kit-8 was
purchased from Meilunbio (China). U87-MG and U251-MG were
acquired from the American Type Culture Collection (ATCC, Man-
assas, VA, USA). The NIH3T3 cell line was obtained from the Cell
Resource Center, Institute of Basic Medicine, Chinese Academy of
Medical Sciences. Fetal Bovine Serum was procured from Gibco
(New Zealand).

3.3. Fungal material

A. umbrinum DSM3193 was obtained from China Center of In-
dustrial Culture Collection and maintained in Prof. Youcai Hu's
laboratory at the State Key Laboratory of Bioactive Substance and
Function of Natural Medicines, Institute of Materia Medica,
Chinese Academy of Medical Sciences & Peking Union Medical
College.

3.4. Fermentation, extraction, and isolation

A. umbrinum was cultivated on PDA medium (BD, Franklin
Lakes, NJ, USA) at 28 °C for 4 d. Seed culture of the fungus was
prepared using agar plugs (0.5 cm®), which were inoculated in
potato-dextrose broth (BD, Franklin Lakes, NJ, USA) medium and
incubated at room temperature for 7 d at 180 r-min™". Sub-
sequently, the fungus was grown in fifty 500 mL Fernbach flasks
containing rice medium (100.00 g rice and 100.0 mL of H,0
each). After incubation for 25 d, the flask contents were extrac-
ted thoroughly with 10 L of ethyl acetate three times. The super-
natants were evaporated under reduced pressure to yield an oily
extract (42.11 g).

The crude extract was suspended in CH;0H-H,0 (19:1) and
partitioned with hexane (3 x 3 L). The CH;0H extraction (Fr. 1,
25.32 g) was subjected to 300-400 mesh silica gel column chro-
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matography, eluting with a gradient of petroleum ether/EtOAc
(100:1 to 0:100, V/V) to afford eleven fractions (Fr. 1A to Fr.
1K).

Fr. 1B (4.32 g) was purified by a Sephadex LH-20 column
(CH30H/CH,Cl,, 2:1) to yield 18 (3.71 g). Fr. 1D (481.20 mg) was
purified by preparative HPLC (CH;CN/H,0, 47:53, 10 mL-min™")
to obtain 19 (146.16 mg, t; 22.6 min) and 20 (10.54 mg, t; 21.0
min).

Fr. 1F (2.60 g) and 1H (415.10 mg) were separated by medi-
um-pressure liquid chromatography (MPLC), respectively, yield-
ing six and four fractions (Fr. 1F1 to Fr. 1F6, Fr. 1H1 to Fr. 1H4).
Fr. 1F3 (117.00 mg) was purified by semipreparative HPLC
(CH3;CN/H,0-0.2% FA, 27:73, 3 mL-min™") to yield 9 (10.54 mg,
tg 14.8 min). Fr. 1F4 (20.30 mg) was purified by semipreparative
HPLC (CH3CN/H,0-0.2% FA, 30:70, 3 mL-min™") to yield 27
(2.01 mg, tg 14.0 min). Fr. 1F5 (180.10 mg) was purified by HPLC
(CH3;CN/H,0-0.2% FA, 33:67, 3 mL-min™") to yield 8 (133.46 mg,
tg 22.2 min). Fr. 1F6 (43.00 mg) was purified by semipreparative
HPLC (CH3CN/H,0-0.1% FA, 26:74, 3 mL-min™") to yield 13
(11.77 mg, tg 19.8 min).

Fr. 1H2 (84.90 mg) was separated by semipreparative HPLC
(CH;0H/H,0-0.1% FA, 30:70, 3 mL-min™") to obtain 11 (33.55
mg, tg 17.0 min). Fr. 1H3 (130.50 mg) was separated by semi-pre-
parative HPLC (CH;CN/H,0-0.1% FA, 17:83, 3 mL-min™") to ob-
tain 3 (2.43 mg, tg 30.0 min) and 2 (2.28 mg, tg 39.2 min). Fr. 1H4
(9.20 mg) was separated by semipreparative HPLC (CH3CN/
H,0-0.1% FA, 23:77, 3 mL-min"") to obtain 10 (2.23 mg, t 25.5
min).

Fr. 11 (3.11 g) was subjected to a Sephadex LH-20 column
(CH30H) to generate five fractions (Fr. 111 to Fr. 1I5). Fr. 113 was
re-crystallized using CH3OH to obtain 12 (360.90 mg). Fr. 1] (1.83
g) was fractionated through a Sephadex LH-20 column (CH;0H)
to yield four fractions (Fr. 1J1 to Fr. 1J4). Fr. 1J2 (57.27 mg) was
separated by MPLC to produce two subfractions (Fr. 1J2A and Fr.
1J2B). Fr. 1J2A (12.30 mg) was separated by semipreparative
HPLC (CH30H/H,0, 43:57, 3 mL-min™") to obtain 17 (3.40 mg, ty
25.9 min) and 15 (6.40 mg, tg 30.2 min). Fr. 1J4 (661.19 mg) was
separated by preparative HPLC (CH;0H/H,0-0.1% FA, 39:61 to
74:26, 10 mL-min™") to yield 4 (7.10 mg, tg 44.0 min) and 5 (2.45
mg, tg 32.5 min).

Fr. 1K (6.06 g) was subjected to a Sephadex LH-20 column
(CH30H) to generate four fractions (Fr. 1K1 to Fr. 1K4). Fr. 1K3
(1.46 g) was fractionated through a Sephadex LH-20 column
(CH30H/H,0, 9:1) to generate three fractions (Fr. 1K3A to Fr.
1K30C).

Fr. 1K3C (63.70 mg) underwent purification via HPLC
(CH3CN/H,0, 18:82, 3 mL-min™") to yield 14 (16.77 mg, tg 21.2
min). Fr. 1K3A (956.90 mg) was fractionated by MPLC into four
portions (Fr. 1K3A1 to Fr. 1K3A4). Fr. 1K3A1 (25.00 mg) was fur-
ther purified through semipreparative HPLC (CH;0H/H,0, 39:61
to 46:54, 3 mL-min™") to obtain 1 (13.50 mg, tz 26.3 min). Fr.
1K3A2 (149.00 mg) underwent semipreparative HPLC (CH;CN/
H,0, 33:67, 3 mL-min™") to produce 21 (39.97 mg, tg 10.7 min)
and 24 (70.32 mg, tz 16.0 min). Fr. 1K3A3 (132.90 mg) was puri-
fied using semipreparative HPLC (CH3CN/H,0, 31:69, 3
mL-min™") to yield 22 (1.79 mg, tz 45.0 min), 23 (39.17 mg, ty
21.0 min), 25 (3.59 mg, tg 34.0 min) and 26 (5.34 mg, tz 23.0
min). Fr. 1K3A4 (1.66 g) was separated using a Sephadex LH-20
column (CH30H/H,0, 9:1) to generate four fractions (Fr. 1K3A4A
to Fr. 1K3A4D). Fr. 1K3A4A (102.30 mg) underwent semiprepar-
ative HPLC (CH;0H/H,0, 26:74, 3 mL-min™") to yield 7 (5.12 mg,
tg 35.0 min). Fr. 1K3A4B (1.17 g) was purified through semipre-
parative HPLC (CH;0H/H,0, 35:65, 3 mL-min™") to obtain 6
(14.30 mg, tg 32.7 min). Fr. 1K3A4C (308.00 mg) was fraction-
ated by MPLC into two portions (Fr. 1K3A4C1 and Fr. 1K3A4C2).
Fr. 1K3A4C2 (27.10 mg) underwent semipreparative HPLC
(CH3CN/H,0, 24:76, 3 mL-min™") to yield 16 (16.50 mg, tg
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55.0 min).
3.5. Spectral data of compounds 1-7 and 26-27

Auxarthrolone A (1): colorless crystal; [a]]z]o -112 (c 0.41,
MeOH); UV (MeOH) A, (log £) 198 (3.09), 242 (2.75), 291
(2.44), 339 (2.37) nm; IR v, 3415, 1747, 1641, 1616, 1382
cm™; ECD (MeOH) An., (Ag) 250 (+2.29), 293 (+0.85), 335
(-4.99) nm; 'H NMR data (700 MHz, acetone-dy) and C NMR
data (175 MHz, acetone-dg), see Tables 1 and 2; HR-ESI-MS m/z
397.1134 [M + H]" (Calcd. for C;1gH3,049, 397.1130).

Auxarthrolone B (2): yellow solid; [a]éo +3 (c 0.04, MeOH);
UV (MeOH) A, (log €) 198 (3.46), 221 (3.03), 288 (2.89), 331
(2.71) nm; IR Vo, 3412, 1624, 1375 cm™’; ECD (MeOH) Aoy (A€)
217 (-0.55), 244 (+0.09), 293 (+0.18), 329 (+0.18) nm; '"H NMR
data (600 MHz, acetone-d4) and **C NMR data (150 MHz, acetone-
dg), see Tables 1 and 2; HR-ESI-MS m/z 371.1340 [M + H]" (Calcd.
for C;7H»30,, 371.1337).

Auxarthrolone C (3): yellow solid; [a]zDo -95 (c 0.1, MeOH);
UV (MeOH) A, (log €) 199 (3.06), 216 (2.70), 287 (2.55), 327
(2.31) nm; IR vy, 3357, 1626, 1435, 1377, 1027 cm™’; ECD
(MeOH) Ay (A€) 216 (+2.46), 244 (+6.13) nm; "H NMR data (600
MHz, acetone-dy) and *C NMR data (150 MHz, acetone-d), see
Tables 1 and 2; HR-ESI-MS m/z 341.1236 [M + H]" (Calcd. for
Cy¢H,10g, 341.1231).

Auxarthrolone D (4): light yellow crystal; [a]2’ +76 (c 0.24,
MeOH); UV (MeOH) A, (log €) 199 (3.10), 217 (2.64), 237
(2.40), 289 (2.61), 330 (2.31) nm; IR v, 3360, 1804, 1623,
1576, 1373 cm™; ECD (MeOH) Ay (A€) 222 (+1.33), 239 (+2.08)
nm; "H NMR data (700 MHz, acetone-d¢) and **C NMR data (175
MHz, acetone-dg), see Tables 1 and 2; HR-ESI-MS m/z 367.1026
[M + H]" (Calcd. for C;7H;90q, 367.1024).

Auxarthrolone E (5): yellow solid; [a]ZDU +9 (c 0.04, MeOH);
UV (MeOH) A, (log €) 198 (2.90), 217 (2.50), 236 (2.26), 288
(2.43), 328 (2.20) nm; IR vy, 3515, 2974, 1626, 1579, 1378,
1300, 1209, 1160 cm™'; ECD (MeOH, ¢ 0.1) A,y (A€) 213 (-4.43),
244 (+0.73), 286 (+4.06), 317 (-3.10), 347 (+1.00) nm; '"H NMR
data (700 MHz, methanol-d,) and **C NMR data (175 MHz, meth-
anol-d,), see Tables 2 and 3; HR-ESI-MS m/z 323.1127 [M + H]"
(Calcd. for C;cH1907, 323.1126).

Auxarthrolone F (6): light red solid; [a]éo +102 (¢ 0.41,
MeOH); UV (MeOH) A, (log £) 198 (3.30), 220 (2.90), 276 (2.54)
nm; IR v,,, 3420, 1687, 1617, 1583, 1441, 1329 cm™’; ECD
(MeOH) Ay (A€) 273 (-5.87), 331 (+4.79) nm; 'H NMR data (700
MHz, acetone-dy) and *C NMR data (175 MHz, acetone-d), see
Tables 2 and 3; HR-ESI-MS m/z 339.1074 [M + H]" (Calcd. for
C16H190g, 339.1075).

Auxarthrolone G (7): yellow solid; [a]é" +12 (¢ 0.34, MeOH);
UV (MeOH) A« (log €) 200 (3.19), 227 (2.48), 293 (2.15) nm; IR
Viax 3395, 1729, 1679, 1608, 1499 cm™; ECD (MeOH) A, (A€)
212 (+3.85), 239 (-1.74) nm; 'H NMR data (600, acetone-d,) and
3C NMR data (150 MHz, acetone-dg), see Tables 2 and 3; HR-ESI-
MS m/z 409.1105 [M + Na]" (Calcd. for C;;H,,0;,Na, 409.1106).

Malfilamentoside E (26): white powder; [a]ZDU +31.0 (c 0.04,
MeOH); UV (MeOH) A, (log €) 199 (2.58), 257 (1.75) nm; IR v,
3317, 1775, 1633, 1540, 787, 701 cm™’; ECD (MeOH) Ay (A)
242 (-2.17) nm; 'H NMR data (600 and 700 MHz, acetone-d, and
DMSO0-d,) and *C NMR data (150 and 175 MHz, acetone-ds and
DMSO0-dj), see Table 4; HR-ESI-MS m/z 470.1821 [M + H]" (Calcd.
for C,5H,0gN, 470.1809).

Auxarthrolide A (27): yellow solid; [a] -37.8 (c 0.12,
MeOH); UV (MeOH) A« (log €)199 (3.05), 259 (2.24) nm; IR v
3357, 1758, 1613, 1597, 1514, 800, 750, 700 cm™"; ECD (MeOH, ¢
0.1) Apay (A€) 221 (+0.81), 257 (-1.92) nm; 'H NMR data (700
MHz, methanol-d,;) and *C NMR data (175 MHz, methanol-d,),
see Table 4; HR-ESI-MS m/z 283.0971 [M + H]" (calcd for
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C17H1504, 283.0965).
3.6. Determination of absolute configuration of the sugar moiety

Acid hydrolysis of 26 was conducted according to estab-
lished literature *'. Compound 26 (0.50 mg) was dissolved in
MeOH (1.0 mL), and 2 mol-L™" HCl (1.0 mL) was added to the
CH30H-solution. The solution underwent heating at 70 °C for
10 h. Following MeOH and HCIl evaporation, the resulting mix-
ture was diluted with H,0 (1.0 mL) and extracted with EtOAc (1.0
mL x 3) to obtain the EtOAc-soluble extraction and H,0-soluble
extraction. The H,0-soluble extraction underwent evaporation
and drying in vacuo, followed by dissolution in pyridine (1.0 mL).
Subsequently, 1.00 mg of L-cysteine methyl ester hydrochloride
was added. The mixture was maintained at 60 °C for 2.5 h. After
solvent removal under reduced pressure and drying in vacuo, N-
trimethylsilylimidazole (TSIM) (0.2 mL) was added to the result-
ing mixture for 2.5 h at 60 °C. The mixture underwent partition-
ing between n-hexane and H,0 (1.0 mL each), and the obtained n-
hexane extract was analyzed by GC-QTOF. The derivative of
standard D-glucosamine was prepared identically. The extracted
ion chromatograms at m/z 362.1 of the derivatives of the sugar
moiety of 26 and standard D-glucosamine in positive ion mode
exhibited identical retention times at 15.523 min (Fig. S14).

3.7. Quantum chemical calculations of 2, 3, 5-7, 26 and 27

The quantum chemical calculation methods followed previ-
ously reported procedures *. The Gaussian 16 software (Gaussi-
an, Inc., USA) and SYBYL-X 2.0 program (Tripos, Inc., USA) were
utilized for theoretical calculations. Random conformational
searches of compounds 1, 2, 3, 5-7, 26 and 27 were performed
using a MMFF94s molecular force field within 6 kcal-mol™ en-
ergy, yielding corresponding conformers. Further optimization of
these conformers was calculated at the B3LYP/6-31G(d) level.
Subsequently, 'H and *C NMR chemical calculations employed
the GIAO method at the mPW1PW91/6-31 + G(d, p) level with
the PCM model in acetone or methanol. The DP4+ probability
analysis *** was applied to assign the corrective stereoisomer.
ECD calculations were performed at the B3LYP/6-31 + G(d, p)
level with the PCM model in methanol. Boltzmann distribution
parameters determined the proportion of each conformer.

3.8. X-ray crystallography analysis

Suitable crystals of 1 and 4 were collected on a XtaLAB Syn-
ergy four-circle diffractometer (Rigaku, Americas) equipped with
Cu Ka radiation (A = 1.541 78 A). The structures and absolute
configurations of 1 and 4 were solved and determined with the
ShelXT28 program (George M. Sheldrick, Germany) using Intrins-
ic Phasing. Crystallographic data for 1 and 4 were deposited in
the Cambridge Crystallographic Data Centre with Deposition Nos.
CCDC 2314022 and 2314021, respectively, which could be ob-
tained free of charge from the CCDC via https://www.ccdc.cam.
ac.uk/structures/.

Crystal data for 1: CgH,(019:2CH30H, Mr = 460.42, a =
7.9406 (2) A,b=8.5959 (2) A,c=32.4443 (6) A, a=90°,4=90°,y =
90 °, V = 2214.5 (1) A%, T = 304 K, space group P2,2,2,, Z = 4,
u(Cu Ka) = 0.987 mm™, 123 04 reflections collected in the range
of 5.448° < 260 < 152.526°, 4315 independent reflections (R;,, =
0.0369, Rgigma = 0.0331). The final R; values were 0.0374 [I > 20
(D]. The final wR; values were 0.1037 [I > 20 (I)]. The final R, val-
ues were 0.0404 (all data). The final wR, values were 0.1057 (all
data). The goodness of fit on F* was 1.148. Flack parameter =
-0.15 (9). CCDC: 2314022.

Crystal data for 4: C;;H;500, Mr = 366.31, a = 19.8495 (7) A,
b=13.2704 (5) A, c=6.1764 (2) A, a=90°, =90°y=90°,V=
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1626.9 (1) A%, T = 303.1 (2) K, space group P2,2,2;, Z = 4, u(Cu
Ka) = 1.051 mm™, 8790 reflections collected in the range of
8.014° < 260 < 152.782°, 3019 independent reflections (R, =
0.0369, Rgigma = 0.0335). The final R, values were 0.0380 [/ > 20
(D]- The final wR; values were 0.1038 [I > 2¢ (I)]. The final R, val-
ues were 0.0441 (all data). The final wR, values were 0.1083 (all
data). The goodness of fit on F* was 1.059. Flack parameter =
-0.10 (13). CCDC: 2314021.

3.9. Cytotoxic bioassay

The cytotoxicity of compounds 1-27 was evaluated against
two human cancer cell lines (UB7MG and U251MG) using the cell
counting kit-8 (CCK8) method as previously described . Cell
lines in DMEM with 10% fetal bovine serum (FBS, BI) were
seeded in 96-well cell culture plates and incubated overnight in a
humidified atmosphere (37 °C, 5% CO,). Subsequently, cells un-
derwent treatment with various concentrations of test com-
pounds for 24 h, followed by CCK8 solution addition to each well
and 1 h incubation. The formed formazan crystals were dissolved
in DMSO, and OD measurements were taken at 450 nm using a
microplate reader. Cell viability was assessed, and cytotoxic
activity was calculated as ICs, value. The mean ICsy was determ-
ined from three independent experiments of duplication for each
assay and similar determinations.

3.10. Fibroblast proliferation assay

NIH3T3 cells were seeded at 6000 cells/well in 96-well
plates and cultured in DMEM supplemented with 10% serum for
24 h at 37 °C, 5% CO,. Subsequently, the medium containing 10%
serum was replaced with a serum-free medium. The control
group was maintained for 24 h in a 5% CO, incubator at 37 °C.
For the experimental groups, 0.20 mmol-L™ oleic acid was added
to the OA group, while 0.20 mmol-L™" oleic acid and varying con-
centrations (0.1, 1.0, 10.0 pmol-L™") of compounds dissolved in
DMSO were added to the treatment group. Each concentration
was tested in triplicate. The OA group and treatment group were
incubated for 24 h at 37 °C, 5% CO,. After incubation, the super-
natant was removed, and CCK8 (100 pL, diluted 10-fold with
DMEM) was added to each well. Following 0.5-2 h incubation at
37 °C, absorbance at 450 nm was measured using a Molecular
Devices SpectraMax M5 (USA).

4. Conclusions

In summary, nine novel secondary metabolites were isolated
from A. umbrinum DSM3193, comprising seven tetrahydro-
anthraquinones (1-7), one y-butenolide glucoside (26), one y-
butanolide (27), and eighteen known compounds. The structures
of these compounds were fully characterized. Compounds 10 and
14 demonstrated moderate cytotoxicity against U87 and U251
cell lines. Additionally, compounds 1, 14, 15, and 17 showed
fibroblast proliferation-promoting activity.
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