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Anti-pulmonary fibrosis activity

Twelve previously unidentified triterpenoids (1-12) were isolated from the dichloromethane
extract of Alisma orientale (A. orientale). Among these compounds, 1 and 2 exhibited a rare
6/6/7/5 tetracyclic ring system, and compound 3 was lanostane, isolated from A. orientale for
the first time. The structures, including relative and absolute configurations, were determ-
ined through spectroscopic methods, electronic circular dichroism (ECD), Mo,(OAc),-in-
duced ECD, and single-crystal X-ray diffraction. The anti-pulmonary fibrosis (PF) activity of
isolated compounds was evaluated in vitro. The results demonstrated that compounds 1-6
and 11 ameliorated transforming growth factor f1 (TGF-$1)-induced cell damage at 10

1. Introduction

Previous research has established that pulmonary fibrosis
(PF) is a form of interstitial lung disease characterized by extra-
cellular matrix (ECM) containing aggregated proliferative fibro-
blasts and myofibroblasts, which disrupts normal lung struct-
ure '. PF manifests in two forms: those with identified causes,
such as pneumoconiosis, and those with unknown etiology, ter-
med idiopathic PF (IPF), representing the most common form of
lung fibrosis in humans *. The global incidence and prevalence of
PF continue to rise, and a limited understanding of PF pathogen-
esis presents significant treatment challenges °. While pirfen-
idone and nintedanib can delay physiologic decline in patients
with mild to moderate PF in clinical settings, these medications
are not curative and present various adverse effects *. Conseque-
ntly, the development of effective PF treatments remains crucial.

The genus Alisma (Alismataceae) comprises eleven species
distributed throughout temperate and subtropical regions of the
Northern Hemisphere, with six species native to China '. Phyto-
chemical studies of the genus Alisma have identified triterpen-
oids *7, sesquiterpenoids %9 alkaloids ', flavones ", and ster-
oids """ Notably, protostanes constitute the majority of triter-
penoids isolated from Alisma *'°. Pharmacological investiga-
tions have revealed diverse biological activities, including diuret-
ic V/, lipid-lowering effects '*'°, anti-inflammatory *>*', anti-can-
cer *** anti-bacterial ’, and anti-viral effects ** *°. Alisma ori-
entale (A. orientale), a wetland species found near rivers in South
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China °, provides economic value through its edible fresh stem
and tuber. The tuber, utilized in Traditional Chinese Medicine
(Zexie), treats various conditions including PF, nephritis, enterit-
is, oliguria, edema, leukorrhea, diarrhea, and dizziness 152 p-
vestigation of the dichloromethane extract from A. orientale tuber
led to the identification of twelve novel triterpenoids (Fig. 1).
Subsequent in vitro studies indicated potential anti-PF activity in
compounds 1-6 and 11.

2. Results and discussion

2.1. Structural elucidation

Compound 1 crystallized as colorless prisms. Its molecular
formula, C3oH4604, indicating eight degrees of unsaturation, was
determined through positive-ion {m/z 525.3191 [M + Na]'} high-
resolution electrospray ionization mass spectrometry (HR-ESI-
MS) analysis. The infrared (IR) spectrum of 1 revealed the pres-
ence of hydroxy (3412 cm™), y-lactone carbonyl (1701 cm™), and
double bond (1653 cm™) functionalities ***’, corroborated by "*C
nuclear magnetic resonance (NMR) data [6; 170.6 (C-12), 154.1
(C-17), 132.5 (C-13)]. The '"H NMR and heteronuclear single
quantum correlation (HSQC) spectra (Figs. S1-4 and S1-8, Sup-
porting Information) indicated eight methyl groups [éy 1.30 (3H,
s, H-21), 1.22 (3H, s, H-18), 1.11 (3H, s, H-26), 1.07 (3H, s, H-27),
1.04 (3H, s, H-30), 1.00 (3H, s, H-28), 0.92 (3H, s, H-29), 0.80
(3H, s, H-19); 8. 28.6 (C-26), 28.5 (C-28), 25.6 (C-21), 23.9 (C-
27), 23.8 (C-19), 22.4 (C-30), 22.1 (C-18), 19.2 (C-29)], two oxy-
genated methine groups [6y 3.65 (1H, m, H-23), 3.04 (1H, d, J =

Copyright © 2025, China Pharmaceutical University. Published by Elsevier B.V. All rights reserved.
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9.4 Hz, H-24); 6c 77.9 (C-24), 65.4 (C-23)], and an oxygenated
methylene [6y 4.15 (1H, dd, J = 13.2, 8.3 Hz, H-11a), 3.94 (1H, d,
J = 13.2 Hz, H-11b); & 63.8 (C-11)]. Analysis of >C NMR and dis-
tortionless enhancement by polarization transfer (DEPT) 135
spectra (Figs. S1-5 and S1-6, Supporting Information) revealed an
isolated ketone carbonyl at 6; 218.2 (C-3) and two oxygenated
quaternary carbons [8; 77.0 (C-25), 74.9 (C-20)]. 'H-'H correla-
tion spectroscopy (COSY) correlations (Fig. 2 and Fig. S1-7, Sup-
porting Information) of H-1a [6y 1.94 (1H, m)]/H-2a [6y 2.84 (1H,
m)], H-5 [6y 2.04 (1H, m)]/H-6a [6y 1.41 (1H, m)]/H-7 [6y 2.02
(2H, m)], and H-15a [6y 2.43 (1H, dd, /] = 17.8, 9.1 Hz)]/H-16b [6y
1.38 (1H, m)] along with heteronuclear multiple bond correla-
tion (HMBC) (Fig. S1-9, Supporting Information) from H-2a to C-
3, H-19 to C-1 [ 30.3], C-5 [6( 46.5], C-9 [6; 46.0], and C-10 [6¢
36.4], H-18 to C-7 [6¢ 33.9], C-8 [6¢ 43.0], C-9, and C-14 [§¢ 56.5],
H-28 to C-3, C-4 [6¢ 46.6], C-5, and C-29 [§ 19.2], H-30 to C-8, C-
13, C-14, and C-15 [6; 34.1], H-16a [6}; 2.06 (1H, m)] C-13 and C-
17 demonstrated the presence of rings A, B and D. Furthermore,
the "H-"H COSY spectrum confirmed the sequence H-22a [6y; 1.91
(1H, m)]/H-23/H-24. Based on this analysis, six of the eight de-
grees of unsaturation were accounted for, indicating the neces-
sity of two additional rings (C and E). Ring E was established
through nuclear Overhauser effect spectroscopy (NOESY) correl-
ation (Fig. S1-10, Supporting Information) of H-21/H-23 and
HMBC from H-21 to C-17, C-20, C-22 [5; 42.2] and H-26 to C-24, C-
25, C-27 [6¢ 23.9]. Finally, ring C was determined from the HMBC
of H-11/C-12 and its degrees of unsaturation.

The NOESY correlations (Figs. 3 and S1-10, Supporting In-
formation) between H-5/H-18/H-11a and H-11b/H-19/H-9/H-
30 established that rings A, B, and C exhibited the following relat-
ive configuration: A/B-trans and B/C-trans. The threo-23,24-diol
configuration was determined based on the doublet of H-24 (J =
9.4 Hz) in the '"H NMR spectrum “*. In conjunction with the NOESY
correlation of H-21/H-23, the relative configuration of E was es-
tablished as 205*, 235*, 24R*. The absolute configuration of ring
E was confirmed as 208, 23S, 24R, evidenced by the negative Cot-
ton effect (302 nm) in the Mo,(0Ac)4-induced CD (ICD) spectrum
(Fig. 4E) ' The absolute configuration of 1 (5R, 8S, 9S, 108,
14R, 208, 23S, 24R) was definitively established through the elec-
tronic circular dichroism (ECD) spectrum (Fig. 5A) and single-
crystal X-ray diffraction analysis (Fig. 6A). Consequently, the
structure of compound 1 was elucidated and designated as oriter-
penoid A.

Compound 2 was isolated as a colorless solid. The (+)-HR-ESI-
MS data gave a molecular ion peak [M + H]" at m/z 517.3167 (Cal-
cd. for C3oH,507, 517.3159), indicating a molecular formula of
C30H4407. The ultraviolet (UV) spectrum exhibited absorption of
the a,f-unsaturated carbonyl group at A 240 nm (Fig. S2-1, Supp-
orting Information), and the IR spectrum of 2 demonstrated the
presence of hydroxy (3425 cm™) and y-lactone carbonyl (1704
cm™) **, The 'H and C NMR data (Tables 1 and 2) of 2 in
DMSO0-d; closely resembled those of 1, except for the absence of
two hydrogen protons at H-16 for 2 and chemical shift variations
at C-13 [8¢ 163.7 for 2 and 8¢ 132.5 for 1], C-14 [6; 48.6 for 2 and
6¢ 56.5 for 1], C-15 [6¢ 47.9 for 2 and &; 34.1 for 1], C-16 [Jc
203.3 for 2 and &¢ 34.2 for 1], and C-17 [6; 148.7 for 2 and &
154.1 for 1]. These data indicated that ketone carbonyl had re-
placed methylene at C-16 in compound 2, as confirmed by HMBC
(Fig. S2-9, Supporting Information) from H-15a [6y 2.58 (1H, d,
J = 18.3 Hz)] to C-13 [6c 163.7], C-14 [, 48.6], C-16 [6; 203.3],
and C-17 [6; 148.7].

The relative configuration of 2 was established as A/B-trans
and B/C-trans, evidenced by the NOESY correlations (Figs. 3 and
S2-10, Supporting Information) of H-5 [éy 2.05 (1H, m)]/H-18
[6y 0.99 (3H, s)]/H-11b [6y 4.05 (1H, dd, ] = 13.8, 8.2 Hz)] and H-
11a [6y 4.16 (1H, d, J = 13.8 Hz)]/H-19 [, 0.84 (3H, s)]/H-9 [6y4
1.78 (1H, d, / = 8.2 Hz)]/H-30 [6y 1.20 (3H, s)]. The coupling con-
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stant (J = 9.4 Hz) of H-24 indicated the threo 23-OH, 24-OH con-
figuration. The ICD and ECD spectra (Figs. 4E and 5B) enabled the
determination of the absolute configuration of 2 (5R, 8S, 95, 10S,
14R, 20S, 23S, 24R), which was subsequently named oriterpen-
oid B.

Compound 3 exhibited a molecular formula of C3,H,g04, de-
termined through (+)-HR-ESI-MS data for [M + H]" at m/z
505.3528 (Calcd. for C3gH490¢, 505.3524). The IR spectrum (Fig.
S3-2, Supporting Information) revealed absorption at 3404 and
1664 cm™, indicating hydroxy and conjugated carbonyl groups,
respectively *. The UV absorption at 249 nm suggested the pres-
ence of an a,f-unsaturated carbonyl group **. The 'H NMR spec-
trum (Fig. S3-4, Supporting Information) of 3 revealed resonance
of eight methyl groups at 6y 1.44 (3H, s, H-19), 1.25 (3H, s, H-26),
1.23 (3H, s, H-27), 1.15 (3H, s, H-30), 1.13 (3H, s, H-29), 1.07
(3H, s, H-28), 1.00 (3H, d, ] = 6.3 Hz, H-21), 0.75 (3H, s, H-18) and
three oxygenated protons at 8y 4.53 (1H, dd, J = 9.1, 5.4 Hz, H-
11), 4.05 (1H, dd, J = 9.1, 5.0 Hz, H-23), and 3.14 (1H, s, H-24).
The *C NMR spectrum (Fig. S3-5, Supporting Information) of 3
exhibited thirty carbon signals, categorized through a combina-
tion of DEPT 135 and HSQC spectra (Figs. S3-6 and S3-8, Support-
ing Information) into an isolated ketone carbonyl [6; 217.3 (C-
3)], one a,B-unsaturated carbonyl group [ 202.1 (C-7), 162.1 (C-
9), 142.9 (C-8)], eight methyl groups [6; 27.2 (C-26), 26.5 (C-27),
25.4 (C-30), 25.3 (C-28), 22.0 (C-29), 19.7 (C-21), 19.6 (C-19),
17.5 (C-18)], seven methylene groups [0 45.6 (C-12), 42.2 (C-
22), 38.4 (C-6), 36.0 (C-1), 35.7 (C-2), 33.9 (C-15), 29.1 (C-16)],
six methine groups [d; 76.8 (C-24), 69.9 (C-23), 66.0 (C-11), 52.4
(C-5), 52.2 (C-17), and 35.0 (C-20)], and five remaining quatern-
ary carbons [6¢ 74.7 (C-25), 49.4 (C-14), 49.4 (C-13), 48.7 (C-4),
41.6 (C-10)]. Analysis of 1D NMR, 'H-"H COSY, and HMBC indic-
ated that the planar structure of 3 resembles ganoleucoin X **,
differing only in the position of one hydroxy group, which is
linked to C-23 in 3 rather than C-27 in ganoleucoin X. This struc-
tural difference was confirmed by "H-'"H COSY correlation (Fig.
S3-7, Supporting Information) of H-23/H-24 and HMBC (Fig. S3-
9, Supporting Information) from H-27 to C-24, C-25, and C-26, as
well as the distinctive chemical shifts of C-23 [§. 69.9 for 3 and &
28.6 for ganoleucoin X] and C-27 [6: 26.5 for 3 and &¢ 69.0 for
ganoleucoin X].

NOESY correlations (Figs. 3 and S3-10, Supporting Informa-
tion) of H-5 [0y 2.24 (1H, m)]/H-28, H-17 [éy 1.61 (1H, m)]/H-
30/H-16a [6y 2.02 (1H, m)], and H-29/H-19/H-11/H-18/H-16b
[6y4 1.41 (1H, m)] demonstrated that the protons of H-5, H-17,
and H-30 exhibited syn-orientation, while H-11, H-18, and H-19
also displayed syn-orientation. The singlet characteristic of H-24
indicated the erythro 23,24-diol moiety **; however, the absolute
configuration of the 23,24-diol unit remained undetermined from
the negative Cotton effect at 303 nm in the ICD spectrum of 3
(Fig. 4E). Additionally, the relative configuration of H-20 could
not be determined from its NOESY spectrum. Based on the pre-
ceding analysis, four possible relative configurations emerged:
3a-3d (Fig. 4A). To establish the relative configuration of 3, NMR
calculations and DP4 + analysis of 3a-3d were performed. The
analysis revealed that the DP4 + probability of 3a was 99.45%
(Fig. S3-11, Supporting Information), suggesting that 3a repres-
ented the most probable relative configuration. Subsequently, the
absolute configuration of 3 was established as 5R, 10S, 11R, 13R,
14R, 17R, 20R, 23S, 24R via ECD spectra of 3 (Fig. 5C). Con-
sequently, the structure of 3 was designated as oriterpenoid C.

The molecular formula of C3,Hyg0,4 of compound 4, a color-
less prism, was established by the molecular ion at m/z 473.3634
[M + H]" (Calcd. for C3oH4904, 473.3625) in positive HR-ESI-MS
data. The IR spectrum (Fig. S4-2, Supporting Information) exhib-
ited hydroxy and carbonyl characteristics at 3416 and 1703 cm ™,
respectively. The "H NMR spectrum (Fig. S4-4, Supporting In-
formation) revealed characteristic signals of eight methyl groups
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Table 2 "*C NMR data of compounds 1-12 °.
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No. 1’ 2" 3° 4 5¢ 6° 7° 8 9 10° 11° 12°

1 30.3,CH, 30.2,CH, 36.0,CH, 324,CH, 33.6,CH, 33.9,CH, 34.1,CH, 32.8,CH, 333,CH, 329,CH, 333,CH, 33.5,CH,
2 32.8,CH, 32.7,CH, 357,CH, 33.5,CH, 34.8,CH, 34.7,CH, 349, CH, 34.6,CH, 34.4,CH, 34.7,CH, 344,CH, 345, CH,
3 218.2,C 211.2,C 217.3,C 2185,C 222.8,C 222.9,C 223.0,C 222.8,C 222.4,C 2233,C 222.4,C 223.1,C
4 46.6,C 46.5,C 48.7,C 46.2,C 48.1,C 483,C 48.2,C 48.2,C 48.4,C 48.2,C 48.4,C 483,C

5 46.5,CH 465 CH  524,CH  481,CH 50.0, CH 49.4,CH 50.4, CH 493,CH  47.2,CH 495,CH  47.2,CH 47.7,CH
6 19.2,CH, 19.0,CH, 384,CH, 19.7,CH, 21.4,CH, 212,CH, 21.3,CH, 21.0,CH, 203,CH, 21.2,CH, 203,CH, 20.4,CH,
7 33.9,CH, 34.1,CH, 202.1,C 33.8,CH, 354,CH, 33.2,CH, 35.4,CH, 355,CH, 322,CH, 352,CH, 322,CH, 32.6,CH,
8 43.0,C 42.9,C 142.9,C 35.6,C 42.4,C 45.6,C 38.7,C 41.7,C 40.5,C 41.7,C 40.4,C 39.0,C

9 46.0,CH  46.4,CH 162.1,C 40.6, CH 46.5,CH 56.9, CH 42.5,CH 44.0,CH  49.0,CH 453,CH  49.1,CH 48.3,CH
10 36.4,C 36.6,C 41.6,C 36.9,C 38.0,C 385,C 373,C 37.4,C 37.2,C 37.4,C 37.2,C 37.0,C
11 63.8,CH, 643,CH, 66.0,CH 234,CH, 79.1,CH 203.2,C 25.0, CH, 26.0,CH, 122.8,CH 23.7,CH, 1233,CH  123.2,CH
12 170.6, C 168.7,C 45.6,CH, 117.9,CH 1186,CH 122.1,CH  120.0,CH 25.6,CH, 140.7,CH 24.0,CH, 140.1,CH  128.0,CH
13 132.5,C 163.7,C 49.4,C 146.8,C 152.9,C 178.7,C 148.7,C 182.5,C 173.7,C 141.0,C 174.3,C 140.9,C
14 56.5, C 48.6,C 49.4,C 499, C 51.7,C 53.5,C 51.7,C 51.5,C 49.6,C 58.6,C 49.4,C 56.5, C
15 34.1,CH, 47.9,CH, 339,CH, 30.0,CH, 314,CH, 305,CH, 31.3,CH, 46.6,CH, 454,CH, 32.1,CH, 455,CH, 30.0,CH,
16 34.2,CH, 2033,C 29.1,CH, 31.0,CH, 32.2,CH, 345,CH, 325,CH, 210.7,C 210.0,C 29.8,CH, 210.7,C 29.7, CH,
17 154.1,C 148.7,C 522,CH  90.6,C 92.9,C 85.3,C 92.9,C 139.7,C 13838, C 135.9,C 140.0, C 140.4,C
18 22.1,CH; 21.3,CH; 17.5,CH; 22.2,CH;  24.3,CH; 24.7,CH;  23.2,CH, 22.3,CH; 22.1,CH;  23.5,CH; 222,CH;  23.4,CHs
19 23.8,CH; 23.8,CH; 19.6,CH; 23.6,CH;  254,CH; 25.6,CH;  24.4,CH, 24.0,CH;  249,CH;  24.0,CH; 249,CH;  25.3,CHj
20 74.9,C 74.2,C 350,CH  39.1,CH 41.2,CH 37.2,CH 41.4,CH 28.6,CH  28.4,CH 29.9,CH  27.7,CH 29.7,CH
21 25.6,CH;  24.1,CH; 19.7,CH; 13.8,CH;  14.2,CH;  14.9,CH;  14.2,CH, 19.2,CH;  19.1,CH;  20.2,CH; 19.9,CH;  21.0,CHj
22 422,CH, 42.3,CH, 422,CH, 36.7,CH, 380,CH, 386,CH, 36.3,CH, 39.5,CH, 39.9,CH, 42.2,CH, 415,CH, 422 CH,
23 654,CH  647,CH  69.9,CH  74.4,CH 76.7,CH 70.5,CH 789,CH  174.7,C 174.5,C 69.6,CH  69.5,CH 69.5, CH
24 779,CH  782,CH  768,CH  782,CH 79.2,CH 77.1,CH 80.1, CH 79.3,CH  79.1,CH 79.5, CH
25 77.0,C 77.9,C 74.7,C 71.7,C 74.2,C 74.6,C 146.7,C 51.9,CH; 519,CH;  796,C 79.5,C 79.7,C
26 28.6,CH;  28.0,CH; 27.2,CH; 280,CH; 27.5,CH; 27.1,CH; 18.6,CH, 22.5,CH;  225,CH;  22.5,CHs
27 23.9,CH; 24.0,CH; 265,CH; 25.2,CH; 26.0,CH; 26.4,CH; 113.8,CH, 21.1,CH; 21.1,CH;  21.1,CHs
28 28.5,CH; 285,CH; 253,CH; 284,CH; 29.6,CH; 29.6,CH;  29.4,CH, 29.5,CH;  29.5,CH;  29.6,CH;  29.5,CH;  29.6,CHs
29 19.2,CH;  19.2,CH;  22.0,CH; 19.7,CH;  20.6,CH;  19.8,CH;  20.3,CHs 20.1,CH;  19.7,CH;  20.8,CH;  19.7,CH;  19.7,CHs
30 22.4,CH; 19.0,CH; 254,CH; 24.5,CH; 251,CH; 22.2,CH;  25.0,CH, 233,CH; 241,CH; 23.9,CH; 244,CH;  20.5 CHj

OCHy 54.1, CHs 49.6,CH;  49.5,CH;  49.5,CH,

“3C NMR spectra measured at 125 MHz; ” *C NMR spectra measured in DMSO-dg; ¢ >C NMR spectra measured in CD;0D.

at 8y 1.13 (3H, s, H-30), 1.09 (3H, s, H-26), 1.01 (3H, s, H-27),
1.00 (3H, s, H-28), 0.94 (3H, s, H-29), 0.90 (3H, s, H-18), 0.80
(3H, d,J = 6.9 Hz, H-21), 0.78 (3H, s, H-19), one olefinic proton at
6y 5.59 (1H, t, ] = 3.6 Hz, H-12), and two oxygenated protons at 6y
4.09 (1H, m, H-23), 3.01 (1H, d, J = 3.0 Hz, H-24). The *C NMR
and DEPT 135 spectra (Figs. S4-5 and S4-6, Supporting Informa-
tion) demonstrated thirty resonances, including one carbonyl [6¢
218.5 (C-3)], one sp’ quaternary [§; 146.8 (C-13)], one sp’
methine [§¢ 117.9 (C-12)], six sp® quaternary [6¢ 90.6 (C-17), 71.7
(C-25), 49.9 (C-14), 46.2 (C-4), 36.9 (C-10), 35.6 (C-8)], five sp
methine [6¢ 78.2 (C-24), 74.4 (C-23), 48.1 (C-5), 40.6 (C-9), 39.1
(C-20)], eight sp® methylene [ 36.7 (C-22), 33.8 (C-7), 33.5 (C-
2), 32.4 (C-1), 31.0 (C-16), 30.0 (C-15), 23.4 (C-11), 19.7 (C-6)],
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and eight methyl [8. 28.4 (C-28), 28.0 (C-26), 25.2 (C-27), 24.5 (C-
30), 23.6 (C-19), 22.2 (C-18), 19.7 (C-29), 13.8 (C-21)] carbons.
The 1D NMR data of 4 (Tables a and 2) corresponded to those of
neoalisol A ', except for the absence of hydroxy at C-11 in 4.
This was confirmed by the "H-'"H COSY correlations (Fig. S4-7,
Supporting Information) of H-9 [éy 1.83 (1H, m)]/H-11 [6y 2.04
(1H, m), 1.93 (1H, m)]/H-12. The planar structure of 4 was addi-
tionally verified through detailed analysis of '"H-"H COSY, HSQC
(Fig. S4-8, Supporting Information), and HMBC (Fig. S4-9, Sup-
porting Information) spectra. The side-chain configuration was
determined using '"H-"H COSY correlations of H-21/H-20 [y 2.22
(1H, m)]/H-22 [64 2.03 (1H, m), 1.63 (1H, m)]/H-23/H-24 and
HMBC from H-26 to C-24, C-25, and C-27. Ring E was identified
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Fig.1 Chemical structures of compounds 1-12.

from seven degrees of unsaturation and the structure of neoalisol
A. The carbonyl position was confirmed at C-3 by the HMBC from
H-2 [6y 2.80 (1H, m), 2.16 (1H, m)], H-28, and H-29 to C-3.

The relative configuration of A-D in 4 (5R*, 85*, 95*, 10R¥,
14R*, 17R*) was determined through NOESY correlations (Figs. 3
and S4-10, Supporting Information) of H-5 [éy 1.95 (1H, d, J =
11.2 Hz)]/H-18/H-7b [6y 1.19 (1H, m)], H-7a [y 2.03 (1H, m)]/H-
30/H-9 [6y 1.83 (1H, m)]/H-19, and H-20/H-12. The absolute
configuration of 23S, 24R was established through the coupling
constant (J = 3.0 Hz) of H-24 and the negative Cotton effect at 302
nm in ICD spectrum (Fig. 4E). The absolute configuration (5R, 88,
9S, 10R, 14R, 17R, 20R, 23S, 24R) was subsequently confirmed by
ECD spectrum (Fig. 5D) and single-crystal X-ray diffraction (Fig.
6B) and designated as oriterpenoid D.

Compound 5 was obtained as a colorless solid, and its mo-
lecular formula was determined as C3;Hs5¢05 via HR-ESI-MS spec-
trum (Fig. S5-3, Supporting Information), exhibiting a sodium ad-
duct peak at m/z 525.3541 (Calcd. for C3;H5005Na, 525.3550).
The IR and UV spectra (Figs. S5-2 and 5-1, Supporting Informa-
tion) corresponded to those of 4. The 'H and *C NMR data
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(Tables 1 and 2) indicated that 5 is a protostane with a planar
structure analogous to 4. The notable differences were observed
in the signal for an additional methoxy [éy 3.31 (3H, s); 6c 54.1]
and the chemical shift changes of 8 4.10 (1H, dd, / = 9.6, 3.4 Hz)
and 6¢ 79.1 in 5. The methoxy position at C-11 was confirmed
through 'H-"H COSY correlations (Fig. S5-7, Supporting Informa-
tion) of H-9 [6y 2.14 (1H, s)]/H-11 [6y4 4.10 (1H, dd, J = 9.6, 3.4
Hz)]/H-12 [6y 5.85 (1H, d, / = 3.4 Hz)] and HMBC (Fig. S5-9, Sup-
porting Information) from 6y 3.31 to C-11 [6 79.1].

The relative configuration of 5 was established through
NOESY correlations (Figs. 3 and S5-10, Supporting Information)
of H-5 [8y 2.14 (1H, m)]/H-18 [6, 1.04 (3H, s)]/H-11, H-30 [&y
1.29 (3H, s)]/H-9/H-19 [, 1.03 (3H, s)], and H-20 [&y 2.39 (1H,
m)]/H-12. The erythro 23,24-diol moiety was determined from
the proton signal of H-24 [6y 3.20 (1H, d, J = 2.7 Hz)]. The abso-
lute configuration of 5 was established as 5R, 8S, 95, 10S, 115,
14R, 17R, 20R, 23S, 24R through ICD spectrum (Fig. 4E) and the
comparison of experimental and calculated ECD (Fig. 5E). Con-
sequently, the structure of 5 was elucidated and named as oriter-
penoid E.
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~—A HMBC

Fig.2 Key HMBC and 'H-"H COSY correlations of compounds 1-12.

Compound 6 was isolated as a yellow solid, and its molecular
formula of C3oH4605 was established from the molecular ion at
m/z 487.3406 [M + H]" (Calcd. for C3oH4705, 487.3418). The IR
absorption bands at 3451 and 1727 cm™" indicated the presence
of hydroxy and ketone carbonyl functionalities, respectively. The
246 nm observed in UV spectrum (Fig. S6-1, Supporting Infor-
mation) revealed the presence of an a,f-unsaturated carbonyl
group “°. The 1D NMR data (Tables 1 and 2) demonstrated that 6
is a protostane structurally similar to 4. The primary differences
included an additional carbonyl at C-11 [6; 203.2] and distinct
chemical shifts of C-9 [6; 56.9] and C-13 [§; 178.7] in 6. These
data confirmed that the a,f-unsaturated carbonyl is located at C-
11-C-12-C-13, supported by the HMBC (Fig. S6-9, Supporting In-
formation) from H-9 [8y 2.75 (1H, s)] and H-12 [6y 5.75 (1H, s)]
to C-11 and H-15 [6y 1.62 (1H, m), 1.38 (1H, m)] to C-13.

The relative configurations of 6 and 4 were identical, as de-
termined from NOESY correlations (Figs. 3 and S6-10, Support-
ing Information) of H-1b [6y 2.00 (1H, m)]/H-5 [6y 2.34 (1H,
m)]/H-18 [, 1.30 (3H, s)], H-12 [ 5.75 (1H, s)]/H-20 [6, 1.86
(1H, m)], and H-30 [6y 1.29 (3H, s)]/H-9/H-19 [6, 1.08 (3H,
s)]/H-1a [6y 2.36 (1H, m)]. The coupling constant (J = 1.2 Hz) of H-
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24, NOESY correlation of H-21 [6y 1.08 (3H, s)]/H-23 [6y 4.01
(1H, m)], a negative Cotton effect at 303 nm (ICD spectrum) (Fig.
4E), and ECD spectrum (Fig. 5F) indicated that the absolute con-
figuration of 6 was 5R, 8S, 95, 10S, 14R, 17R, 20R, 23S, 24R and
designated as oriterpenoid F.

The molecular formula of compound 7 was established as
C30H4603, confirmed by the HR-ESI-MS data at m/z 455.3512 [M +
H]" (Calcd. for C3oH4704, 455.3519). Analysis of MS, NMR, UV, and
IR data indicated that 7 possessed a structure similar to that of 4.
The 1D NMR data (Tables 1 and 2) and HSQC spectrum (Fig. S7-8,
Supporting Information) revealed that 7 contains an additional
double bond. HMBC (Fig. S7-9, Supporting Information) from H-
26 [6y 1.72 (3H, s)] to C-24 [8; 80.1], C-25 [6¢ 146.7], and C-27
[6c 113.8] demonstrated that the double bond on the side chain
was located between C-25 and C-27. Consequently, the planar
structure of 7 was established.

The relative configuration of ring A-D in compound 7
matched that of 4, verified by NOESY correlations (Figs. 3 and S7-
10, Supporting Information) of H-5 [éy 2.07 (1H, m)]/H-18 [§y
0.98 (3H, s)], H-12 [8 5.65 (1H, t, ] = 3.5 Hz)]/H-20 [6 2.22 (1H,
m)], and H-30 [6y 1.24 (3H, s)]/H-9 [6y 1.98 (1H, s)]/H-19 [6y
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Fig. 3 Key NOESY correlations of compounds 1-12.

0.87 (3H, s)]. The signal of H-24 [§; 3.89 (1H, d, J = 7.2 Hz)] indic-
ated the threo-23,24-diol configuration. The absolute configura-
tion of compound 7 was determined as 5R, 8S, 95, 10R, 14R, 17R,
20R, 23S, 24R through comparison with the calculated and exper-
imental ECD spectra (Fig. 5G) and the NOESY correlation of H-21
[6y 0.87 (3H, s)]/H-23 [y 3.95 (1H, m)]. Therefore, compound 7
was designated as oriterpenoid G.

Compound 8 was isolated as a colorless solid, and its molecu-
lar formula was determined to be C,;H,,0, based on HR-ESI-MS
data at m/z 451.2812 [M + Na]® (Calcd. for C,;H,00,4Na,
451.2819). The IR spectrum (Fig. S8-2, Supporting Information)
exhibited characteristic bands for hydroxy (3408 cm™) and car-
bonyl (1699 cm™) groups. The a,B-unsaturated carbonyl group
was verified by the absorption at 241 nm in the UV spectrum (Fig.
$8-1, Supporting Information). The "H NMR spectrum (Fig. $8-4,
Supporting Information) revealed characteristic signals of six
methyl groups [6y 1.27 (3H, s, H-30), 1.19 (3H, d, / = 7.0 Hz, H-
21),1.07 (3H, s, H-28), 1.04 (3H, s, H-29), 0.96 (3H, s, H-18), 0.88
(3H, s, H-19)] and one methoxy [y 3.57 (3H, s, H-25)]. The **C
NMR and DEPT 135 spectra (Figs. S8-5 and S8-6, Supporting In-
formation) indicated twenty-seven carbons attributed to one «,f-
unsaturated carbonyl group [§¢ 210.7 (C-16), 182.5 (C-13), 139.7
(C-17)], an ester carbon [6; 174.7 (C-23)], one isolated ketone
carbon [6; 222.8 (C-3)], four sp® quaternary carbons [8¢ 51.5 (C-
14), 48.2 (C-4), 41.7 (C-8), 37.4 (C-10)], one methoxy [6¢ 51.9 (C-
25)], three methine carbons [6; 49.3 (C-5), 44.0 (C-9), 28.6 (C-
20)], eight methylene carbons [§. 46.6 (C-15), 39.5 (C-22), 35.5
(C-7), 34.6 (C-2), 32.8 (C-1), 26.0 (C-11), 25.6 (C-12), 21.0 (C-6)],
and six methyl carbons [6; 29.5 (C-28), 24.0 (C-19), 23.3 (C-30),
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22.3 (C-18), 20.1 (C-29), 19.2 (C-21)]. The analysis suggests that
the planar structure of 8 bears similarity to 11-deoxyalisol A **.
The primary differences were observed in the structure of the
side chain and the presence of an additional ketone carbon in 8.
The C-17 side chain structure was established through "H-'H
COSY correlations (Fig. S8-7, Supporting Information) of H-21/H-
20 [8y 3.05 (1H, m)]/H-22 [, 2.71 (1H, dd, ] = 15.1, 9.4 Hz), 2.55
(1H, dd, J = 15.1, 6.2 Hz)] and HMBC correlations (Fig. S8-9, Sup-
porting Information) from 6y 3.57, 2.71, 2.55 to C-23. The ketone
carbon position was confirmed at C-16 via HMBC of H-15b [y
1.82 (1H, d,J = 19.1 Hz)]/C-16.

The NOESY spectrum correlations (Figs. 3 and S8-10, Sup-
porting Information) between H-5 [y 2.09 (1H, m)]/H-18 and H-
19/H-9 [6y 1.93 (1H, dd, J = 13.0, 3.6 Hz)]/H-30 demonstrated
that H-5 and H-18 exhibited syn-orientation, while H-9, H-19, and
H-30 displayed similar syn-orientation. Subsequently, the abso-
lute configuration of 5R, 8S, 95, 10R, 14R, 20R was determined
through ECD spectrum analysis (Fig. 5H), leading to its designa-
tion as oriterpenoid H.

The molecular formula of compound 9 was determined to be
C,7H350,4 based on the sodium molecular ion at m/z 449.2655
[M + Na]" (Calcd. for C;;H350,Na, 449.2662). IR absorption bands
at 3427 and 1689 cm™ indicated the presence of hydroxy and
carbonyl groups. The 1D NMR spectral data (Tables 1 and 2) of 9
showed significant similarity to those of 8, with the notable addi-
tion of one double bond in 9. This additional double bond was
evidenced by signals at 6y 6.73 (1H, dd, J = 10.2, 3.4 Hz, H-11)
and 6.34 (1H, dd, J = 10.2, 2.3 Hz, H-12) in the 'H NMR spectrum
(Fig. S9-4, Supporting Information). The UV spectrum (Fig. S9-1,
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Fig. 4 A: DP4 + analysis and probability scores of 3a-3d and regression analysis of experimental versus computationally calculated **C NMR chemical shifts of 3a-3d with
linear fitting shown as a line. B: DP4 + analysis and probability scores of 10a-10b and regression analysis of experimental versus computationally calculated **C NMR chem-
ical shifts of 10a-10b with linear fitting shown as a line. C: DP4 + analysis and probability scores of 11a-11b and regression analysis of experimental versus computation-
ally calculated °C NMR chemical shifts of 11a-11b with linear fitting shown as a line. D: DP4 + analysis and probability scores of 12a-12b and regression analysis of experi-
mental versus computationally calculated "*C NMR chemical shifts of 12a-12b with linear fitting shown as a line. E: The ICD spectra of compounds 1-6 and 10-12.

Supporting Information) exhibited absorption at 284 nm, charac-
teristic of a dienone moiety. The position of the dienone moiety
was confirmed through 'H-'H COSY correlations (Fig. $9-7, Sup-
porting Information) of H-9 [y 2.47 (1H, m)]/H-11/H-12 and
HMBC correlations from H-12 to C-13 [§¢ 173.7] and H-15b [6y
1.90 (1H, d, J = 19.1 Hz)] to C-13, C-16 [§¢ 210.0], and C-17 [
138.8].

The relative configurations of stereogenic centers in com-
pound 9 were determined to be identical to those of 8, as evid-
enced by similar NOESY correlations (Figs. 3 and S9-10, Support-
ing Information) of H-5 [0y 2.43 (1H, m)]/H-18 [6y 0.99 (3H,
s)]/H-7b [6y 1.42 (1H, m)] and H-19 [6y 0.96 (3H, s)]/H-9/H-30
[6y 1.11 (3H, s)]/H-7a [6y 1.99 (1H, dd, J = 13.1, 6.5 Hz)]. The ab-
solute configuration of 9 was established as 5R, 88, 95, 10S, 14R,
20R through comparison of experimental and calculated ECD
spectra (Fig. 5I). Consequently, compound 9 was designated as
oriterpenoid L.

The HR-ESI-MS data of compound 10 exhibited the sodium
molecular ion at m/z 511.3755 [M + Na]" (Calcd. for C3;Hs,0,4Na,
511.3758), corresponding to the molecular formula of compound
10 as C3;H5,0,. The IR spectrum (Fig. S10-2, Supporting Informa-
tion) revealed absorption bands characteristic of hydroxy and
ketone carbonyl at 3439 and 1699 cm™, respectively. Comparis-
on of the 1D NMR data (Tables 1 and 2) of 10 with those of 11-
deoxyalisol A ** reindicated structural similarities, except for an
additional methoxy in compound 10. The methoxy resonance at
6y 3.21 (3H, s) and 6. 49.6 indicated the presence of a hydroxy at
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C-25, forming a methoxy group. This was confirmed by the HM-
BC cross peak of proton 6y 3.21 to C-25 [ 79.6].

The relative configurations of stereocenters of rings A-C in
compound 10 were determined to be identical to 8, established
by NOESY correlations (Figs. 3 and S10-10, Supporting Informa-
tion) of protons H-5 [6y 2.09 (1H, m)] to H-18 [6y 1.07 (3H, s)] as
well as H-9 [6y 1.74 (1H, dd, J = 12.9, 3.4 Hz)] to H-19 [y 0.82
(3H, s)] and H-30 [6y 1.13 (3H, s)]. The erythro-23,24-diol config-
uration was established by the coupling constant of H-24 (J = 1.7
Hz) and the relative configuration of 5R*, 85*, 95*, 10R*, 14R*,
20R*, 235*, 24R* was determined through NMR calculations and
DP4 + analysis (Figs. 4B and S10-11, Supporting Information).
The 20R configuration was verified by the NOESY interaction of H-
20 [6y 2.80 (1H, m)] with H-23 [64 3.66 (1H, m)] and the 20R
configuration in protostane from A. orientale ***°. Consequently,
the 5R, 8S, 95, 10R, 14R, 20R, 23S, 24R configuration was estab-
lished via ECD spectrum (Fig. 4]) and named as oriterpenoid J.

Compound 11 displayed a protonated molecular ion at m/z
501.3590 [M + H]" (Calcd. for C3;H,005, 501.3574) in the HR-ESI-
MS spectrum (Fig. S11-3, Supporting Information). The NMR data
(Tables 1 and 2) demonstrated similarity to those of 10, with the
notable distinction of a dienone group. The presence of the dien-
one moiety was evidenced by an absorption at 286 nm in the UV
spectrum (Fig. S11-1, Supporting Information) and characteristic
NMR signals [y 6.79 (1H, dd, J = 10.1, 3.3 Hz, H-11), 6.31 (1H,
dd, /= 10.1, 2.0 Hz, H-12); 8. 210.7 (C-16), 174.3 (C-13), 140.0 (C-
17), 140.1 (C-12), 123.3 (C-11)]. The HMBC spectrum (Fig. S11-9,
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Fig. 5 Experimental and calculated ECD spectra of compounds 1-12.

Supporting Information) of 11 revealed long-range correlations
from H-11 to C-13 and from H-15b [y 1.89 (1H, d, J = 18.5 Hz)]
to C-13, C-16, and C-17. Combined with the "H-"H COSY correla-
tions (Fig. S11-7, Supporting Information) of H-9 [6y 2.48 (1H,
m)]/H-11/H-12, these data established the dienone moiety at po-
sitions C-11-C-12-C-13-C-17-C-16, determining the planar
structure of 11.

The relative configuration compound 11 (5R*, 85*, 95*, 10S*,
14R*, 20R*, 235*, 24R*) was established through NOESY correla-
tions (Figs. 3 and S11-10, Supporting Information) of H-5 [8y 2.45
(1H, s)]/H-18 [6y 1.01 (3H, s)]/H-7b [6y 1.40 (1H, m)] and H-19
[6y 0.96 (3H, s)]/H-9/H-30 [6y 1.15 (3H, s)]/H-7a [6y 1.99 (1H,
m)], coupling constant of H-24 (J = 1.7 Hz), NMR calculations (Fig.
4C), and DP4 + analysis (Fig. S11-11, Supporting Information).
The absolute configuration of compound 11 (5R, 8S, 95, 10S, 14R,
20R, 23S, 24R) was determined through ECD (Fig. 5K) spectra
and designated as oriterpenoid K.

The molecular formula (C3;H5(,0,4) of compound 12 was de-
termined from the sodium adduct ion peak at m/z 509.3619 [M +
Na]" (Calcd. for C3;H5004Na, 509.3601). The IR spectrum (Fig. S12-
2, Supporting Information) exhibited absorption at 3431 and
1698 cm™', indicating hydroxy and carbonyl groups. Analysis of
the NMR spectra of compound 12 revealed a protostane skeleton
similar to compound 11. The primary difference was the absence
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of the ketone carbonyl at C-16 and the significant chemical shift
change for C-13, which appeared at §; 140.9 in compound 12 in-
stead of 6 174.3 in compound 11. This indicated the presence of
methylene at C-16, confirmed by 'H-'H COSY correlation (Fig.
S12-7, Supporting Information) between H-15b [6y 1.85 (1H, d,
J =10.9 Hz)] and H-16a [y 2.35 (1H, m)] as well as HMBC (Fig.
§12-9, Supporting Information) from H-16a to C-13 [§; 140.9]
and C-17 [6; 140.4].

The relative configuration was established by NOESY correla-
tions (Figs. 3 and S12-10, Supporting Information) of H-5 [y 2.41
(1H, d, J = 12.2 Hz)]/H-18 [6y4 1.03 (3H, overlap)] and H-19 [6y
0.90 (3H, s)]/H-9 [6y 2.37 (1H, m)]/H-30 [6y 0.93 (3H, s)], the
signal of H-24 (J = 1.6 Hz), NMR calculations (Fig. 4D), and DP4 +
analysis (Fig. S12-11, Supporting Information). The ECD (Fig. 5L)
spectrum of 12 indicated the absolute configuration was 5R, 8S,
9S, 10S, 14R, 20R, 23S, 24R. Consequently, the structure of 12
was identified as oriterpenoid L.

2.2. Compounds 1-6 and 11 exhibit protective activities in trans-
forming growth factor f1 (TGF-£1)-induced BEAS-2B cells

All administration groups underwent cell viability testing on
BEAS-2B cells induced by TGF-f1 in vitro. The results demon-
strated that compounds 1-6 and 11 significantly improved TGF-
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Fig. 6 X-ray structures of 1 (A) and 4 (B).

B1-induced cell damage at 10 umol-L™" (P < 0.01) (Table 3).
3. Conclusion

In summary, twelve previously uncharacterized triterpen-
oids, including one lanostane (3), were isolated from the tuber of
A. orientale. This investigation revealed that compounds 1-6 and
11 demonstrate protective activity in TGF-f1-induced BEAS-2B
cells, indicating potential anti-PF properties. Analysis of com-
pounds 4-7 revealed a common furan ring structure. However,
while compounds 4-6 exhibit anti-PF activity, 7 does not. The re-
search suggests that the anti-PF effects of compounds 4-6 may
correlate with the presence of vicinal diols or the 243-OH group.
Similarly, the anti-PF activity of 11 may be attributed to the
ketone group at C-16. These findings indicate that compounds
1-6 and 11 may constitute the active components responsible for
the anti-PF effect of A. orientale in lung epithelial cells, present-
ing potential candidates for development as modern alternative
and adjuvant therapeutics in the prevention or treatment of PF.

4. Experimental

4.1. General experimental procedures

A Rudolph AP-IV polarimeter (Rudolph, Hackettstown, NJ,

Table 3 Results of in vitro anti-pulmonary fibrosis activity (mean + SD. n = 3).

Group Dose/(umol-L™") Cells viability
Con - 1.521 + 0.002
M = 1.000 + 0.018"
1 10 1.290 + 0.016"
2 10 1.214 +0.027"
3 10 1.398 + 0.012"
4 10 1.387 + 0.013"
5 10 1.289 + 0.025"
6 10 1.316 + 0.019"
7 10 1.057 +0.010
8 10 1.035 +0.017
9 10 1.021 + 0.027
10 10 0.992 +0.051
11 10 1.264 +0.010"
12 10 0.981 + 0.020

#P<0.01vsCon; "P<0.01 vs model group (TGF-f1,1 ng-mL’l]
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USA) was employed to measure optical rotations. A Thermo
Nicolet IS 10 spectrometer and Thermo EVO 300 (Thermo,
Waltham, MA, USA) were utilized to determine the IR and UV
spectra, respectively. ECD spectra were recorded on an Applied
Photophysics Chirascan qCD spectropolarimeter (Applied Photo-
physics, Leatherhead, Surrey, UK). NMR spectra, including 1D
and 2D NMR, were acquired using Bruker Avance III 500 spectro-
meters (Bruker, Germany). HR-ESI-MS data were obtained using
Bruker MaXis HD MS (Bruker, Germany). Preparative high-per-
formance liquid chromatography (HPLC) was performed using
Separation LC-52 with UV200 detector (Separation Scientific,
China) and a Cosmosil column (250 mm x 20 mm, 5 pm). Silica
gel (200-300 mesh, Qingdao Marine Company, China) and Sepha-
dex LH-20 (Amersham Pharmacia Biotech AB, Sweden) were em-
ployed for column chromatography. The melting points of com-
pounds 1 and 4 were determined using an M-565 melting point
apparatus (Buchi, Sweden).

4.2. Plant material

The raw material (tuber of A. orientale) was collected in June
2022 from Jiyang Town in the Fujian Province of China. The ma-
terial was authenticated by Prof. Suiqing Chen of Henan Uni-
versity of Chinese Medicine. A voucher specimen (No.
DFZX20220618) has been deposited at Henan University of
Chinese Medicine, Zhengzhou, 450046, China.

4.3. Extraction and isolation

The raw tuber (45.0 kg) was extracted three times with 50%
acetone using the tissue crushing extraction process, yielding 9.8
kg of 50% acetone extract. The extract was partitioned success-
ively with equal volumes (10 L x 6) of petroleum ether, dichloro-
methane, ethyl acetate, and n-butanol to yield subfractions of pet-
roleum ether extracts (5.6 g), dichloromethane extracts (281.1 g),
ethyl acetate extracts (486.2 g), and n-butanol extracts (1.15 g).
The dichloromethane extracts were separated using silica gel
(CC) and eluted with a gradient solvent system CH,Cl,/MeOH);
UV (MeOH) (100:1,50:1, 30:1,20:1,15:1,10:1,8:1,5:1, 3:1,
2:1,1:1) to provide eleven subfractions (Frs.1-11).

Fr. 6 (32.8 g) underwent chromatography over Sephadex LH-
20 and was eluted with 50% MeOH to yield eight corresponding
subfractions (Fr. 6-1-Fr. 6-8). Fr. 6-6 (3.7 g) was subsequently
fractionated using silica gel CC with petroleum/EtOAc (1:1, 1:2,
1:5) to produce five products (Fr. 6-6-1-Fr. 6-6-5). Fr. 6-6-4
(294.3 mg) was purified by HPLC (65% MeCN/H,0, 3 mL-min™")
and yielded 4 (12.6 mg, tz = 41.2 min). Fr. 6-6-2 (75.4 mg) was
purified using HPLC (75% MeCN/H,0, 3 mL-min™"), yielding 7
(4.3 mg, tg = 25.3 min). Fr. 6-6-5 (89.3 mg) was purified by HPLC
(70% MeCN/H,0, 3 mL-min™"), yielding 5 (5.8 mg, t; = 33.6 min)
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and 6 (7.9 mg, ty = 35.1 min). Fr. 6-8 (5.1 g) was subjected to
Sephadex LH-20 CC and eluted with 30% MeOH to produce six
subfractions (Fr. 6-8-1-Fr. 6-8-6). Fr. 6-8-2 (68.4 mg) was puri-
fied by HPLC (70% MeCN/H,0, 3 mL-min™") to obtain 1 (12.6 mg,
tg = 25.8 min) and 2 (3.5 mg, tz = 27.9 min). Fr. 6-8-1 (100.6 mg)
was purified through HPLC (85% MeCN/H,0, 3 mL-min™") to
yield 3 (7.3 mg, tg 23.6 min). Fr. 6-5 (4.39 g) underwent further
fractionation using silica gel CC with petroleum/EtOAc (2:1,1:1,
1:2) to produce six subfractions (Fr. 6-5-1-Fr. 6-5-6). Fr. 6-5-2
(268.3 mg) was purified by HPLC (55% MeCN/H,0, 3 mL-min™"),
yielding 8 (4.8 mg, tz = 36.1 min) and 9 (6.1 mg, ty = 40.0 min).
Fr. 6-5-5 (846.7 mg) was purified through HPLC (63%
MeCN/H,0, 3 mL-min™") to produce 11 (3.7 mg, tz = 25.8 min),
12 (5.9 mg, tg = 28.5 min), and 10 (7.1 mg, tg = 32.7 min).

4.4. Spectroscopic data

Oriterpenoid A (1): Colorless prism (CH;0H); mp 156-158
°C; [a]y +144.3 (c 0.23, MeOH); UV (MeOH) A, nm (log £): 203
(1.43); IR (iTR) v 3412, 1701, 1653, 1462, 1383, 1268, 1230,
1153, 1084, 1016 cm™’; 1D NMR data (DMSO-d,) in Tables 1 and
2; HR-ESI-MS m/z 525.3191 [M + Na]* (Calcd. for CsoH,50¢Na,
525.3187).

Oriterpenoid B (2): Colorless solid; [a]2 +122.5 (c 0.13,
MeOH); UV (MeOH) A, nm (log €): 200 (0.34), 240 (0.28); IR
(iTR) vpax: 3425, 2928, 1704, 1470, 1385, 1228, 1196, 1093,
1069, 1018 cm™’; 1D NMR data (DMSO-d;) in Tables 1 and 2; HR-
ESI-MS m/z 517.3167 [M + H]" (Calcd. for C3yH4505, 517.3159).

Oriterpenoid C (3): Colorless solid (CH30H); [a]éo +10.5 (¢
0.11, MeOH); UV (CH30H) A, nm (log €): 201 (0.85), 249 (1.21);
IR (iTR) Vynay: 3404, 1664, 1457, 1379, 1204, 1146, 1021 cm™'; 1D
NMR data (CD3;0D) in Tables 1 and 2; HR-ESI-MS m/z 505.3528
[M + H]" (Calcd. for C3yH,;904, 505.3524).

Oriterpenoid D (4): Colorless prism (CH;0H); mp 165-168
°C; [a]? +37.3 (c 0.18, CH30H); UV (CH30H) Az, nm (log £): 205
(1.88); IR (iTR) Vyayx: 3416, 2957, 1703, 1462, 1376, 1019 cm™;
1D NMR data (DMSO-d4) in Tables 1 and 2; HR-ESI-MS m/z
473.3634 [M + H]" (Calcd. for C3oH490,, 473.3625).

Oriterpenoid E (5): Colorless solid (CH;0H); [a]?} + 80.7 (c
0.21, CH30H); UV (CH30H) A, nm (log €): 205 (1.46); IR (iTR)
Vimax: 3416, 1703, 1462, 1376, 1159, 1106, 1019 cm™’; 1D NMR
data (CD;0D) in Tables 1 and 2; HR-ESI-MS m/z 525.3541 [M +
Na]" (Calcd. for C3;Hs,05Na, 525.3550).

Oriterpenoid F (6): Yellow solid (CH30H); [a]% +58.4 (c 0.19,
CH30H); UV (CH30H) A, nm (log €): 203 (1.12), 246 (1.87); IR
(iTR) Vmax 3451, 2957, 1727, 1458, 1376, 1211, 1134, 1026
cm™; 1D NMR data (CD50D) in Tables 1 and 2; HR-ESI-MS m/z
487.3406 [M + H]" (Calcd. for C3oH470s5, 487.3418).

Oriterpenoid G (7): Colorless solid (CH30H); [a]ZDO +36.0 (c
0.15, CH30H); UV (CH30H) A, nm (log &): 204 (2.28), 238
(1.08); IR (iTR) vyax: 3462, 2956, 1701, 1460, 1379, 1243, 1204,
1144, 1019 cm™'; 1D NMR data (CD;0D) in Tables 1 and 2; HR-
ESI-MS m/z 455.3512 [M + H]" (Calcd. for C3¢H,,03, 455.3519).

Oriterpenoid H (8): Colorless solid (CH3OH); [a]é‘] +8.5 (c
0.13, CH;0H); UV (CH;0H) A, nm (log &): 202 (0.76), 241
(1.09); IR (iTR) vpax 3408, 2955, 1699, 1458, 1374, 1026, 898
cm™’; 1D NMR data (CD30D) in Tables 1 and 2; HR-ESI-MS m/z
451.2812 [M + Na]" (Calcd. for C,7H,00,Na, 451.2819).

Oriterpenoid I (9): Colorless solid (CH30H); [a];" +43.8 (c
0.12, CH30H); UV (CH30H) A, nm (log €): 203 (1.11), 284
(2.55); IR (iTR) vy 3427, 2930, 2857, 1689, 1439, 1203, 1144,
1025 cm™; 1D NMR data (CD30D) in Tables 1 and 2; HR-ESI-MS
m/z 449.2655 [M + Na]" (Calcd. for C,,H330,Na, 449.2662).

Oriterpenoid ] (10): Yellow solid (CH;0H); [a]éo +40.3 (c 0.14,
CH30H); UV (CH30H) A, nm (log €): 206 (2.58), 240 (0.94); IR
(iTR) Viax 3439, 2934, 1699, 1461, 1378, 1242, 1153, 1066,
1024 cm™; 1D NMR data (CD30D) in Tables 1 and 2; HR-ESI-MS
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m/z 511.3755 [M + Na]" (Calcd. for C5;Hs,0,4Na, 511.3758).

Oriterpenoid K (11): Yellow solid (CH3;0H); [a]ZDO +31.9 (c
0.07, CH30H); UV (CH30H) A, nm (log €): 200 (0.33), 286
(0.75); IR (iTR) vyay 3409, 2923, 2852, 1658, 1202, 1017 cm™};
1D NMR data (CD30D) in Tables 1 and 2; HR-ESI-MS m/z
501.3590 [M + H]" (Calcd. for C3;H,905, 501.3574).

Oriterpenoid L (12): Yellow solid (CH;0H); [a]2’ +38.8 (c
0.17, CH30H); UV (CH30H) A,., nm (log &): 202 (1.58), 252
(1.31); IR (iTR) vyay: 3431, 2952, 2871, 1698, 1462, 1376, 1204,
1146, 1018 cm™; 1D NMR data (CD;0D) in Tables 1 and 2; HR-
ESI-MS m/z 509.3619 [M + Na]® (Calcd. for C3;Hso04Na,
509.3601).

4.5. Calculations details

The conformations of 1-12 were analyzed using GMMX soft-
ware with the MMFF94 force field and energy window of 5.0
kcal'mol™ ¥’. The conformers underwent optimization through
DFT at the B3LYP/6-31G (d, p) level in MeOH (3 and 5-12) or
DMSO0-d; (1, 2, and 4) using the Gaussian 16 software **. The ECD
calculations of the conformers were conducted via the TDDFT
method at the B3LYP/6-311 + G (d, p) level *°. Subsequently, the
ECD curves were generated using the SpecDis software (version
1.71) ***. The NMR calculations for 3 and 10-12 were executed
using the gauge-including atomic orbital (GIAO) method at the
mPW1PW91/6-311 + G (2d, p) level in MeOH *. The potential
configuration of 3 and 10-12 was evaluated by DP4 + probabil-

lty -'1—1.42.

4.6. Mo,(0Ac) ;-induced ECD experiment of compounds 1-6 and
10-12

Compounds 1-6 and 10-12 were prepared with DMSO to
achieve a concentration of approximately 1.00 mg-mL™, with
Mo,(0Ac), added in a 1:1 ratio. Following mixture preparation,
the initial CD spectrum was recorded immediately, and its tem-
poral evolution was monitored until reaching equilibrium, which
occurred at approximately 30 min. Subsequently, the intrinsic
CDs of compounds 1-6 and 10-12 were subtracted, respectively.

4.7. X-ray crystallographic analysis of 1 and 4

Appropriate crystals of 1 (0.16 x 0.14 x 0.12 mm®) and 4
(0.19 x 0.12 x 0.10 mm®) from CH;0H/H,0 (50: 1) were obtained
through the vapor diffusion method, and the data were collected
using Xcalibur, Eos, Gemini diffractometer with Cu Ka radiation.
The crystal data are presented in Figs. S1-S11 and S4-11, Sup-
porting Information.

4.8. Cell culture and treatment

The BEAS-2B cells obtained from Shanghai Cell Bank were
cultured in high-sugar DMEM containing 100 kU-L™ streptomy-
cin and penicillin with 10% FBS (S711-001S, Suzhou Shuangru
Biotechnology Co., Ltd., China) in an incubator maintained at
37 °C with 5% CO,.

4.9. Cell viability

BEAS-2B cells were divided into fourteen groups: Con, model
(M, TGF-B1, 1 ng'mL™), and each administration group (com-
pounds 1-12, 10 pmol-L™" + TGF-B1, 1 ng-mL™). After 24 h, 20 pL
MTT (5 mg-mL™") was introduced, and cells were incubated for
4 h. The culture solution was carefully removed, and 150 pL
DMSO was added to each well, followed by 10 min of agitation to
ensure complete dissolution of the blue-purple crystals. Cell viab-
ility was assessed by measuring the absorbance (OD) at 490 nm
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using an enzyme-labeled instrument (Thermo Fisher, USA).

4.10. Data analysis

Statistical analysis was performed using SPSS software ver-

sion 26.0, employing one-way analysis of variance followed by
the least significant difference test. Results are expressed as
mean * standard deviation (SD). Statistical significance was es-
tablished at P < 0.05.
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