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Abstract

Sixteen previously undiscovered guaiane-type sesquiterpene dimers, xylanins A-P (1-16), along with six known
analogues (17-22), were isolated from the branches and leaves of Xylopia vielana with chromatographic techniques.
Their structures including absolute configurations were determined by high-resolution electrospray ionization mass
spectrometry (HR-ESI-MS), nuclear magnetic resonance (NMR) data, electron circular dichroism (ECD) spectra, as well
as X-ray crystallographic analysis. In cytotoxicity test, we found that five compounds (6, 7, 8,9 and 12) had cytotoxic
activities in vitro against the human pancreatic cancer (PANC-1) and human prostate cancer (PC-3) cell lines. Of these
compounds, compound 8 showed a relatively greater cytotoxic effect against PANC-1 cell lines with half maximal
inhibitory concentration (ICs) value of 1.06 uM. Flow cytometry analysis showed that the apoptosis rate of PANC-1
cells increased with increasing concentrations of compound 8, and also demonstrated that the cell cycle of PANC-1
cells was arrested at S phase by the treatment of compound 8. By the invasion test, compound 8 was found

to restrain the invasion of PANC-1 cells. In autophagy assay, we observed increased microtubule-associated protein 1
light chain 3 (LC3) by immunofluorescence in the compound 8-treated group.
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xylanin K (11)

1 Introduction

Xylopia vielana, belonging to the genus Xylopia (Annon-
aceae), produced in southern Guangxi, Vietnam and
Cambodia. So far, there are about 73 compounds, includ-
ing sesquiterpene dimers and alkaloids with anti-inflam-
matory, antitumor and multidrug resistance reversal
activities, found in X. vielana [1-13]. In order to under-
stand the chemical substances of X. vielana and enrich
the compound library of this genus, the chemical con-
stituents of the branches and leaves of X. vielana were
isolated and identified in this study. We isolated 16 new
guaiane-type dimers (xylanins A-P, 1-16, Fig. 1) and 6
known compounds (17-22) from X. vielana extracts. To
find the potentially active compounds, all the new ses-
quiterpene dimers were tested for cytotoxic activities and
five of them (6, 7, 8, 9 and 12) showed cytotoxic activities
in vitro against the PANC-1 and PC-3 cell lines. Within
these five compounds, compound 8 had a relatively
stronger cytotoxic effect against PANC-1 and PC-3 cell
lines with ICs, values of 1.06 and 9.1 uM, respectively.
Further flow cytometry analysis, transwell assay and
immunofluorescence technique revealed that compound
8 had an inhibitory effect in PANC-1 cells. The details of
isolation, structure identification and biological evalua-
tion of these sesquiterpene dimers are reported here.

2 Results and discussion

2.1 Structure elucidation

Xylanin A (1) was obtained as colorless needle crystals.
The molecular formula of 1 was found to be C4,H,,0,
(HR-ESI-MS [M+Na] * at m/z 489.2977; calcd for

xylanin B (2)_ __ _

o
xylanin M (13)
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489.2975), indicating 10 degrees of unsaturation. The
13C NMR and DEPT data (Table 1) revealed the pres-
ence of 30 carbons, comprising eight methyls, four
methylenes, eight methines and ten quaternary car-
bons. The 1D NMR data (Table 1) revealed the presence
of two guaiane units (A and B), which was further con-
firmed by 2D NMR experiments (Fig. 3). In the HMBC
spectrum, the five-membered ring (I) was deduced by
the cross-peaks from H,-3 to C-1/C-5, from H;-15 to
C-3/C-4/C-5, and from H-2 to C-5 in unit A. Moreo-
ver, the HMBC cross-peaks from H-6 to C-1/C-4/C-
7/C-8, from H-10 to C-1/C-5/C-9/C-14, and from H,-9
to C-1/C-7/C-8/C-10/C-14 indicated that the seven-
membered ring (II) was fused with the five-membered
ring (I) via the double bond (C-1/C-5). Furthermore,
another five-membered ring (III) was connected to the
seven-membered ring (II) through a C-7/C-8 single
bond. This was based on the key HMBC correlations
from H-6 to C-7/C-8/C-11, from H,-9 to C-7/C-8, from
H;-12 to C-7, and from H;-13 to C-11. The presence of
a dioxygen bridge in the five-membered ring (III) was
determined on the basis of the chemical shifts of C-8
(dc 103.3) and C-11 (dc 85.3). The above results were
used to elucidate the structure of unit A, which was
shown to be a guaiane-type sesquiterpene. Similarly,
unit B was assigned as a guaiane-type based on the key
HMBC cross-peaks. The linkage of unit A and unit B via
two direct C—C bonds (C-2 to C-2' and C-4 to C-3") was
deduced from the key HMBC cross-peaks from H;-15
to C-3', from H-1' to C-2, and from H-2 to C-2'/C-3'.
Consequently, the planar structure of 1 was confirmed
(Fig. 3). The relative configuration of 1 was identified by
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Fig. 1 Structures of compounds 1-22

the key NOESY correlations (Fig. 4). The key NOESY
correlations of H-1'/H;-14', H-2/H;-14" and H-10/H-1'
suggested that these protons shared the same spatial
orientation and were assigned as a-oriented. The cor-
relations of H-2'/H-10', H;-14/H-2', H-3'/H-10" and
H-10'/H-7" indicated that H-2', H-3', H-10" and H-7'
were S-oriented. Finally, the absolute configuration of 1
(Fig. 2) was determined by single-crystal X-ray diffrac-
tion analysis as 25, 4R, 8S, 10R, 1'R, 2'R, 3'R, 7'S, 10'R.

Xylanin B (2) was obtained as colorless crystals. The
molecular formula of 2 was found to be C;;H,,0, (HR-
ESI-MS [M+Na]* at m/z 503.3130; calcd 503.3132),
requiring 10 degrees of unsaturation. The *C NMR and
DEPT data (Table 1) of 2 exhibited 31 carbons signals
that were almost identical to those of 1. The only differ-
ence found between 1 and 2 was the replacement of a
hydroxyl group at C-8 by a methoxy moiety (Fig. 1). The
HMBC cross-peak from H;-1" [d} 3.36 (3H, s), 5 49.3] to
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Table 1 'H (400 MHz) and *C (100 MHz) NMR data for compounds 1-4 in CDCl,
Position 1 2 3 4

6, (Jin Hz) 6¢ 6, Jin Hz) 6¢ 6y Uin Hz) é¢ 6y (Jin Hz) 6
1 1509 149.6 143.8 1434
2 283d4.2) 484 281d(29) 484 225-229m 514 2.56d(4.2) 471
3a 1.32dd (1.6,6.4) 56.1 1.28-1.30 m? 56.3 123-126m 56.7 117-122m 57.0
3b 1.24-1.26 m? 1.25-1.27m 1.20dd (0.9,6.7) 1.17-122m
4 553 553 57.2 57.5
5 1326 133.1 137.8 138.8
6a 556 1128 553s 1132 3.15d(17.1) 259 230-2.37m 235
6b 2.78d(17.1) 1.96-1.99 m
7 153.6 1514 1354 1.90-1.96 m? 584
8 1033 106.1 204.7 2148
9a 2.08dd (5.8,7.7) 39.0 2.16dd (4.6,9.0) 364 2.63-268 m® 48.5 278t (11.2) 485
9b 1.65-1.69m 1.64-1.65m 256d (4.4) 2.25dd (4.8,64)
10 274-276m 336 251-257m 330 245-249m 355 245-250m 356
1 853 854 139.7 1.87-1.90 m 306
12 142's 249 1.37-1.40 m? 24.0 1.84d(0.7) 225 0.85-0.89 m? 19.5
13 1.39-140 m? 27.7 1.37-140 m? 28.7 1995 228 1.12d(6.8) 20.8
14 1.24-1.26 m? 19.2 1.22d(7.7) 19.5 1.10d (6.8) 203 0.85-0.89 m? 212
15 1.39-140 m? 18.5 1.37-1.40 m? 18.6 1.34-1.36 m? 18.5 1295 184
1 1.73-1.77m 578 585 158-161m 58.1 142-146m 582
2! 230q(4.5) 521 227-231Tm 518 251-253m 472 218-2.22m 51.7
3 2.76-2.78m 61.5 2.73d(82) 614 2.63-268 m? 619 2.66-2.70m 62.2
4 136.5 1354 136.3 136.2
5 1379 138.0 1379 1384
6a’ 227d((52) 265 243dd (4.9,89) 269 323d(15.7) 284 242dd (4.2,88) 264
6b’ 1.81-1.86 m 1.77-1.80m 2.63-268m® 1.84-1.87m
7' 1.90-197m 589 191-195m 589 1338 1.90-1.96 m? 589
8' 216.1 2165 2064 2165
9a’ 267-270m 483 265t(11.3) 48.3 268-2.71m 510 262-2.65m 482
9b’ 204dd (1.8,89) 205d(10.5) 2.17dd (1.9,94) 1.99-2.02 m
10' 1.24-1.26 m? 41.8 1.28-1.30m? 41.7 1.34-1.36 m? 41.6 1.23-125m 41.8
mn 1.77-1.80m 31.8 1.80-1.83m 319 139.2 1.77-183m 318
12' 0.90d (6.7) 19.7 091d(6.7) 19.7 181s 226 0.94d (6.6) 19.7
13 0.86 d (6.8) 20.6 0.88d (6.8) 209 1.95d(1.9) 230 0.85-0.89 m?® 210
14 1.05d (6.5) 22.1 1.05d (6.5) 221 1.01d (6.5) 219 0.99d (6.5 220
15' 144 s 135 1425 135 1425 14.1 1505 138
-OH
-OCH, 336 493

2 Overlapped signals

C-8 (8. 106.1) suggested that the methoxy was assigned
to C-8 (Fig. 3). The NOESY correlations of H-2/H;-14/,
H-2'/H-10', H;-14/H-2" and H-10'/H-7' indicated that
the relative configurations of these chiral centers were
identical to those of 1. Furthermore, the NOESY correla-
tion of H;-1"/H-10 and H-1'/ H;-1" indicated that H-1',
H;-1" and H-10 were a-oriented. The correlation of H-3'/
H;-14 suggested that H-3' was -oriented. Consequently,

the absolute configuration of 2 was the same as that of 1
owing to the similar ECD effects (Fig. 5).

Xylanin C (3) was obtained as yellow oil. The molecu-
lar formula of 3 was found to be C;;H,;,0, (HRESIMS
[M+H]" at m/z 433.3101; calcd 433.3101), indicating 11
degrees of unsaturation. The comparison of the 1D NMR
and 2D NMR data (Table 1) showed that 3 had the same
skeleton as 1. The primary differences observed were the
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Fig. 2 X-ray structures of 1 (A) and 2 (B)
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Fig.4 Key NOESY correlations of 1-16

absence of a five-membered ring (III) at unit A and the
olefinic bond at C-6/C-7 in 3, which were supported by
the changes of chemical shifts at C-6 (6. 25.9), C-7 (é¢
135.4), C-8 (o 204.7), and C-11 (8- 139.7) (Table 1).
The analysis of the NMR data revealed that 3 possessed
two additional double bonds compared to 1. These were
unambiguously assigned to the positions C-7 (6 135.4)/
C-11 (8¢ 139.7) and C-7' (6. 133.8)/C-11" (6 139.2),

based on a detailed comparison of their respective chem-
ical shifts. The key NOESY correlations of H-2/H;-14/,
H-1'/H3-14" and H-1'/H-10 indicated that these protons
shared the same spatial orientation and were assigned as
a-oriented. Additionally, the correlations of H-2'/H;-14
and H-3'/H-10' suggested that H-2', H-3' and H-10" were
[-oriented (Fig. 4). Furthermore, experimental and calcu-
lated ECD results were highly similar (Fig. 5). Above of
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Fig. 5 Calculated and experimental ECD spectra of 1-16
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all, the absolute configuration for 3 was determined as
2S, 4R, 10R, 1'R, 2'R, 3'R, 10'R.

Xylanin D (4) was obtained as colorless oil. Its molecu-
lar formula C4,H,,0, was established by HR-ESI-MS:
m/z 437.3417 [M+H] * (calcd for 437.3414), containing 9
degrees of unsaturation. The comparison of the 1D NMR
and 2D NMR data (Table 1) indicated that 4 possessed
the same structural framework as 3. The main differ-
ences were the absence of olefinic bonds at C-7/C-11 and
C-7'/C-11" in 4, and the chemical shifts of C-7 (. 58.4),
C-11 (6¢ 30.6), C-7' (6 58.9) and C-11" (. 31.8) shifted
to higher field values (Table 1). The relative configuration
of 4 matched that of 3, as supported by their identical
NOESY cross-peaks. The relative configurations of H-2,
H-1', H-7 and H-10 were assigned as a-orientation due
to the NOESY cross-peaks of H-2/H-1" and H-7/H-10.
In addition, the NOESY correlation between H-10" and
H-7' indicated that H-7' was S-oriented. Consequently,
the absolute configuration of 4 was assigned as 2S, 4R,
7S, 10R, 1'R, 2'R, 3'R, 7'S, 10'R owing to the similar ECD
spectra of 4 and 3 (Fig. 5).

Xylanin E (5), obtained as white powder. The molecu-
lar formula of 5 was found to be C;,H,,0, (HR-ESI-MS
[M+H]* at m/z 435.3254; calcd 435.3258), requiring
10 degrees of unsaturation. The 1D and 2D NMR data
(Table 2) of 5 exhibited a high degree of similarity to
those of 4 except for the appearance of a double bond
at C-7' (6¢ 133.1)/C-11' (6 140.2). The relative con-
figuration of 5 was identical to 4 by analyzing their
NOESY interactions. Furthermore, the small coupling
constant between H-2' and H-3' (J;,=2.1 Hz) indi-
cated that they adopted a coaxial configuration, thereby
assigning the f-orientation to H-2' and H-3'. Addition-
ally, the observed NOESY correlations of H-2'/H;-14,
H-3'/H-10" and H-7/H-10 allowed for the assignment of
a f-orientation of H;-14 and H-10', and an a-orientation
of H-7 (Fig. 4). The similar ECD spectra of 5 and 4 indi-
cated that the absolute configuration of 5 was identical to
4 (Fig. 5). Accordingly, the structure of 5 was defined as
2S,4R,7S,10R, 1'R, 2'R, 3'R, 10'R.

Xylanin F (6) was obtained as yellow powder. Its molec-
ular formula was deduced as C;,H,,0, from HR-ESI-MS
m/z 435.3264 [M+H] * (calcd. for 435.3258), account-
ing 10 degrees of unsaturation. The comparison of the
1D NMR and 2D NMR data (Table 2) revealed that the
structure of 6 was similar to that of 4, with the exception
of the presence of a double bond at C-7 (d- 134.9)/C-
11 (8- 140.5). Additionally, modifications were made to
the linkage between unit A and unit B, and the position
of the double bond in unit A was adjusted. The "H-'H
COSY correlations from H-2' to H-2/H-1' and the cru-
cial HMBC cross-peaks from H-2 to C-1', and from H-3'
to C-4/C-5 (Fig. 3) indicated that unit A and unit B were
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linked by two direct C—C bonds (C-2 to C-2' and C-5
to C-3'). The HMBC correlations from H-1 to C-3 (d¢
126.4)/C-4 (0 142.9), from H-2' to C-4 (§. 142.9), from
H-3' to C-4 (3 142.9), and from H;-15 to C-3 (6 126.4)/
C-4 (6 142.9) suggested that C-3/C-4 were a double
bond in unit A (Fig. 3). The NOESY cross-peaks of H-1/
H-2', H-1/H;-14, H-3'/H-1, H-2/H-3', H-10'/H-3' and
H-1'/Hj-14" were used to assign a f5-orientation of H-1,
H-2', H;-14 H-3', H-2 and H-10', and an a-orientation
of H-1' (Fig. 4). Furthermore, the NOESY correlation
between H-11' and H-1' confirmed the a-orientation of
H-11', which consequently required the 5-orientation of
H-7'. By comparing its experimental and calculated ECD
spectra (Fig. 5), the absolute configuration of 6 was deter-
mined to be 1R, 2R, 5R, 10R, 1'R, 2'R, 3'R, 7'S, 10'R.

Xylanin G (7) was obtained as yellow oil. Its molecu-
lar formula C;yH;,0; was established by HR-ESI-MS:
m/z 501.2675 [M+Na] * (calcd for 501.2670), containing
12 degrees of unsaturation. The 1D NMR and 2D NMR
data (Table 2) of 7 closely matched those of 1, with the
exception of the significant downfield shifts observed for
C-2' (8 206.7), C-7' (8. 132.2), C-11' (8. 143.9), C-1' (8.
145.4) and C-5' (6 171.5). Based on the aforementioned
information, a carbonyl group was identified at C-2', a
double bond was observed between C-7' and C-11', and
the position of the double bond in unit B was altered.
The key HMBC cross-peaks from H-3' to C-5' (§ 171.5),
from H,-6' to C-1' (§- 145.4)/C-5' (6 171.5), and from
H,-9 to C-1' (6 145.4) confirmed the presence of a dou-
ble bond between C-1' and C-5' in unit B (Fig. 3). Fur-
thermore, the connection between unit A and unit B
was different. The key HMBC cross-peaks from H-2 to
C-3'/C-4/, from H,-3 to C-4/C-3', from H;-15 to C-4/C-
3, and from H;-15" to C-2 were used to infer that unit
A and unit B were linked by two direct C—C bonds (C-2
to C-4' and C-4 to C-3'). The key NOESY signals (Fig. 4)
of H-2/H-10 and H-10'/H-2 confirmed that these pro-
tons were co-facial and were assigned as a-oriented. The
relative configurations of H-3' and H;-15" were assigned
as f3-orientation due to the NOESY cross-peaks of H-3'/
H;-15" and H-3'/H;-14'". Thus, the absolute configuration
of 7 was defined as 2R, 4R, 8S, 10R, 3'R, 4'S, 10'R for the
calculated ECD spectrum matched well with the experi-
mental result.

Xylanin H (8) was obtained as colorless oil. Its molecu-
lar formula was determined to be C;,H;,0; based on the
positive HR-ESI-MS at m/z 477.2625 [M+H] * (calcd for
477.2636), requiring 13 degrees of unsaturation. Its NMR
data (Table 2) resembled that of 7, with the presence of
additional signals attributable to two carbonyl groups (d.
199.8 and 202.1) and a hydroxyl group [6y; 3.46 (1H, s)].
Notably absent were the signals characteristic of a five-
membered ring (III). The HMBC cross-peaks from H;-15
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Table 2 'H (400 MHz) and *C (100 MHz) NMR data for compounds 5—8 in CDCl,
Position 5 6 7 8

6, (Jin Hz) S¢ 6, (Jin Hz) 6¢ 6y (Jin Hz) S¢ 6y Jin Hz) S
1 1434 1.27-1.29m 73.1 1509 140.6
2 2.28d(4.8) 514 214-217m 49.6 2685 522 2095 573
3a 1.23dd (1.5,8.8) 56.8 540s 1264 1.92.dd (1.0, 6.0) 56.9 199.8
3b 1.23dd (1.5, 88) 1.66dd (1.2,5.7)
4 5.1 1429 56.1 59.8
5 1384 61.0 1323 135.7
6a 232-241m 231 325d(16.3) 30.8 547 s 1121 325d(19.3) 257
6b 203t (44) 2.56-2.61m? 301d(17.3)
7 1.98-2.01m 58.3 1349 1536 1320
8 2146 206.2 103.2 2021
9a 281t(11.2) 48.0 240t (11.1) 509 1.94-1.96 m 373 292-295m 48.7
9b 226d (4.8) 2.20dd (2.8,8.5) 1.57d (104) 2.31dd (4.0,10.1)
10 245-252m 355 1.77-1.79m 30.2 257-263m 309 227-232m 349
Il 1931t (6.6) 304 140.5 85.5 146.9
12 0.91d(3.9) 19.2 1.87s 227 1415 25.1 1.89s 238
13 0.89d (3.9) 20.7 1945 233 1355 280 2055 239
14 1.14d (6.5) 209 091-0.94 m? 226 1.21d(5.8) 19.5 1.13d(6.8) 19.9
15 1295 18.1 146 14.8 1505 18.2 1495 114
1 1.51-1.54m 58.1 1.51-154m 59.1 1454 152.2
2' 2.56-2.59m 46.7 284dd (1.7,6.2) 64.2 206.7 203.6
3 264d(2.1) 619 2.56-261m? 48.7 2155 63.2 287s 57.2
4' 1356 134.7 55.7 49.7
5 138.1 139.3 1715 159.2
6a’ 333d(15.5) 28.1 249dd (5.0, 85) 263 342d(13.8) 286 6615 1224
6b’ 2.66-2.69m 1.81-1.84 m? 3.09d (14.0)
7' 133.1 1.98-2.01m 58.7 1322 155.7
8' 105.8 2163 205.1 203.7
%a' 2.70-2.73m 50.7 264d(11.4) 484 3.21dd(2.7,89) 46.8 2.88-292m 454
9b’ 2.17dd (1.8,9.7) 2,04 dd (1.8,9.0) 233dd (4.2,7.6) 254dd (4.6,84)
10' 133-1.37m 409 1.30-1.33m 41.6 245-250m 273 2.73-2.79m 26.2
1 140.2 1.81-1.84 m? 31.8 1439 73.6
12' 197d(1.9) 228 0.91—0.94 m? 19.5 1.885s 230 148 s 294
13 1.88d (0.8) 224 0.89d (6.8) 209 20s 236 1515 30.1
14 1.01d (6.5) 217 1.04d (6.5) 220 090d (5.7) 18.8 090d(7.2) 18.0
15' 1505 14.0 1675 14.7 1535 24.1 1355 218
-OH 346s

2 Overlapped signals

to C-3 (6 199.8), from H-10 to C-8 (5 202.1), from H,-6
to C-8 (6¢ 202.1), from H;-12' to C-11' (6 73.6), and
from H,-13' to C-11' (§ 73.6) revealed that the carbonyl
groups were located at C-3 and C-8, and that there was a
hydroxyl group at C-11' (Fig. 3). In the NOESY spectrum,
the S-orientation of H-3', H;-14, H;-14" and H;-15" was
determined by the key correlations of H-3'/H;-14, H-3'/
H;-14' and H;-15'/H-3'". Meanwhile, the a-orientation of
H-2 was determined by the key correlation of H-2/H-10

(Fig. 4). Analyses of its experimental and calculated ECD
spectra (Fig. 5) suggested that the absolute configuration
of 8 was defined as 2R, 4S5, 10R, 3'S, 4'S, 10'R.

Xylanin I (9) was obtained as white powder. Its molecu-
lar formula C;,H,,0, was established by HR-ESI-MS:
m/z 433.3103 [M+H] * (calcd for 433.3101), contain-
ing 11 degrees of unsaturation. The 1D and 2D NMR
data (Table 3) of 9 were similar to those of 8, except for
the absence of two carbonyls at C-3 (6 52.3) and C-2
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Table 3 'H (400 MHz) and *C (100 MHz) NMR data for compounds 9—12 in CDCl,

Position 9 10 11 12
6y (Jin Hz) 6¢c 6, (JinHz) 6¢ 6, (Jin Hz) 6¢ 6, (Jin Hz) 6
1 143.7 63.3 65.2 584
2 2.52-255m 46.4 322s 60.6 247s 55.6 2635 54.0
3a 1.25-1.27m 573 1994 209.1 2064
3b 1.18dd (1.2,7.7)
4 56.8 134.7 1384 161.3
1384 1349 169.0 145.6
6a 3.02-3.07m 27.8 3.13d(16.0) 26.3 362d(11.2) 309 7.06s 1263
6b 2.55-260m 2.70-275m 291d(11.0)
7 135.7 1324 130.1 153.0
8 2053 209.0 2039 206.1
9a 2.72-277m 47.7 2.88-291m 49.5 3.25dd (1.3,109) 476 3.24dd (64,7.8) 516
9 2.35-239m 244d(13.2) 2.52dd (5.6,6.6) 2.595(5.0)
10 239-242m 347 291-294m 270 2.26-230m 349 247-251Tm 345
11 139.8 133.7 146.0 735
12 1955 229 1.65-1.68 m? 202 1955 238 147 s 299
13 1.77 s 224 1.65-1.68 m? 218 203s 239 1.50s 295
14 1.02d (6.5) 19.5 1.27.d (6.3) 16.2 0.86d(5.7) 16.3 0.97d (6.9) 18.8
15 1365 18.6 1.65-1.68 m? 14.0 1615 8.7 1.79s 89
1 139.5 582 65.0 64.2
2a' 298-3.02m 587 2038 1.63-1.65m 48.1 494 s 85.2
2b’ 1.56-1.57m
3 226-231m 525 2.62-2.66 m? 51.0 2.77s 524 286 574
4' 1.97-201m 45.7 145.7 1358 1323
5' 140.5 168.5 141.9 135.7
6a’ 307-313m 27.8 2.62-2.66 m? 305 2.16-220m 318 2.99-3.04 m 257
6b’ 294 d (16.6) 2.25-228 m 1.57-1.59m 2.52-258m
7' 134.0 266-2.70m 555 1.71-1.75m 503 1333
8a’ 2035 2109 1.76-1.80 m 36.8 2084
8b’ 142-146m
9a’ 268-2.72m 485 2.83-2.88m 500 1.50-1.53 m 343 243dd (4.6,12.1) 512
9b’ 263dd (44,7.2) 2.34d (6.0) 1.31-133m 243dd (4.6,12.1)
10" 244-250m 333 228-231m 336 2.34-238m 338 3.04-3.08 m 274
11" 1439 2.03-207m 290 1516 133.8
12 2055 237 0.98d (6.7) 19.8 4.62d(123) 108.3 1.68s 217
13 1825 238 0.91d(64) 21.7 1.68's 20.7 1675 203
14 1.12d(7.0) 204 0.81d (6.6) 17.0 0.97d (5.6) 184 1.14d (6.8) 16.3
15 0.98d (7.0) 219 1625 8.7 1545 13.7 1425 14.0
-OH 3455
-COOCH; 171.2
-COOCH, 202s 214

2 Overlapped signals

(8¢ 58.7) and a shift in the position of a double bond in  in unit B (Fig. 3). The two units were linked via direct
unit B. The significant HMBC correlations from H,-6' C—-C bonds (C-2 to C-3' and C-4 to C-2'), as indicated
to C-7' (8¢ 134.0), from H;-12' to C-7' (8 134.0)/C-11' by the key HMBC correlations from H,-3 to C-2'/C-3',
(8¢ 143.9), and from H;-13' to C-7' (3. 134.0)/C-11" (6  and from H-2' to C-4 (Fig. 3). The a-orientation of H-2,
143.9) confirmed that C-7'/C-11' were a double bond  H-2', H-10, H-10', H-3" and H;-15" was indicated by the
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NOESY cross-peaks of H-2/H-2', H-10/H-2, H-2'/H-10'
and H-3'/H;-15' (Fig. 4). The absolute configurations of
9 (2S, 4R, 10R, 2'R, 3'R, 4'S, 10'R) were finally determined
by a similar ECD experiment (Fig. 5).

Xylanin ] (10) was obtained as white powder. The
molecular formula of 10 was found to be C3;,H;50, (HR-
ESI-MS [M+H]* at m/z 463.2840; caled 463.2843),
requiring 12 degrees of unsaturation. The *C NMR
spectrum (Table 3), interpreted with the assistance of
the HSQC spectrum, revealed the presence of 30 carbon
atoms within 6 different groups, consisting of eight meth-
yls, four methylenes, six methines, four carbonyls, six
olefins, and two quaternary carbons. The 1D NMR data
(Table 3) exhibited two guaiane units (A and B) in the
structure of 10, which was further confirmed by 2D NMR
experiments (Fig. 3). In unit A, the HMBC cross-peaks
from H-2 to C-1/C-3/C-4/C-5, and from H;-15 to C-4/
C-5 suggested the appearance of a five-membered ring
(I). Moreover, a seven-membered ring (II) was fused with
five-membered ring (I) at C-1 and C-5 by analyses of the
HMBC cross-peaks from H,-6 to C-1/C-4/C-5/C-8, from
H,-9 to C-1/C-8/C-10/C-14, and from H;-14 to C-1/C-
9/C-10. Following the analysis of the above spectra, it
was determined that the unit A was to be designated a
guaiane unit. Similarly, unit B was also assigned as a guai-
ane unit. The linkage of unit A and unit B via two direct
C—C bonds (C-1 to C-3' and C-2 to C-1') was deduced
from the key HMBC cross-peaks from H-2 to C-3'/C-10/,
and from H-3' to C-1/C-5/C-10 (Fig. 3). The key NOESY
correlations of H-3'/H-10, H-7'/H-10' and H-10'/H-3'
indicated that these protons shared the same spatial ori-
entation and were assigned as a-oriented. The correlation
of H-2/H;-14' revealed that H-2 was f3-oriented (Fig. 4).
The absolute configuration of 10 was defined as 1R, 2R,
10R, 1'R, 3'R, 7'S, 10'R by a similar ECD experiment
(Fig. 5).

Xylanin K (11) was obtained as yellow oil. Its molecu-
lar formula C;,H,,O, was established by HR-ESI-MS:
m/z 455.2916 [M + Na] * (calcd for 455.2921), containing
11 degrees of unsaturation. Comparison of the '*C NMR
and DEPT data (Table 3) revealed that 11, in contrast to
10, lacked two carbonyl groups at C-2' (§. 48.1)/C-8' (6.
36.8), and exhibited an additional double bond at C-11'
(6¢c 151.6)/C-12" (6 108.3). These differences were fur-
ther supported by the HMBC correlations from H,-2'
to C-2/C-4'/C-5', from H,-8' to C-10', and from H,-12'
to C-7'/C-13". In the NOESY spectrum of 11, the key
NOESY correlations of H-2/H;-14, H-2/H;-14" and H-7'/
H;-14" indicated that H-2, Hj;-14, H;-14' and H-7' were
B-oriented. The correlation of H-3'/H-10 suggested that
H-3' and H-10 were a-oriented (Fig. 4). Furthermore, the
calculated ECD spectrum of 11 (Fig. 5) was similar with
the experimental data closely. Therefore, the absolute
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configuration of 11 was assigned as 1R, 25, 10R, 1'S, 3'R,
7'R, 10'R.

Xylanin L (12) was obtained as colorless oil. Its molecu-
lar formula C;,H,,O¢ was established by HR-ESI-MS:
m/z 543.2720 [M+Na] * (calcd for 543.2717), requiring
13 degrees of unsaturation. The comparison of the 1D
NMR and 2D NMR data (Table 3) revealed that 12 shared
a similar skeletal structure with 10, with the exception of
several significant differences. These included the pres-
ence of a hydroxyl group [§y 3.45 (1H, s)], an acetoxy
group [0y 2.02 (3H, s), 6 21.4, -OOCCH;, - 171.2,
-OOCCHg], and a double bond at C-7' (6. 133.3)/C-11"'
(0c 133.8), as well as a shift in the position of a double
bond in unit A. The chemical shift of C-11 (dc 73.5) was
consistent with the presence of a hydroxyl group. The key
HMBC correlations from H-2' [§y; 4.94 (1H, s)] to C-1"
(¢ 171.2, -OOCCH,), and from H-2" [y 2.02 (3H, s)]
to C-1" (6¢ 171.2, -OOCCH,;), along with the chemical
shift of C-2' (6c 85.2), implied that C-2' was connected
to an acetoxy group. The key HMBC correlations from
H,-12' to C-7' (8c 133.3)/C-11" (8¢ 133.8), from Hj-13'
to C-7' (dc 133.3)/C-11' (dc 133.8), from H-6 to C-7(dc
153.0), and from H,-9 to C-7(dc 153.0) could be specu-
lated to that C-7'/C-11" and C-6/C-7 were double bonds
(Fig. 3). The linkage of unit A and unit B via two direct
C-C bonds (C-1 to C-3' and C-2 to C-1") was similar to
10. Furthermore, the key NOESY signals (Fig. 4) of H-2/
H,-14, H-2/H;-14', H-2'/H-2 and H-2'/H;-14’ confirmed
that these protons were co-facial and were assigned as
B-oriented. The correlation of H-3'/H-10 indicated that
H-3' and H-10 were a-oriented. The absolute configura-
tion of 12 (1R, 2R, 10R, 1'R, 2'R, 3'R, 10'R) was identified
from the similarity between the experimental and calcu-
lated ECD spectra (Fig. 5).

Xylanin M (13) was obtained as white amorphous
powder. Its molecular formula was established to be
CsH,,0, by HR-ESI-MS (/2 437.3404 [M + H] *; calcd
437.3414), corresponding to an index of hydrogen defi-
ciency of 9. The 1D NMR data (Table 4) indicated the
presence of two guaiane units (A and B) in the struc-
ture of 13, which was further confirmed by 2D NMR
experiments. In unit A, the key HMBC cross-peaks from
H,-15 to C-3/C-4/C-5, and from H,-2 to C-1/C-3/C-
4/C-5 established the presence of a five-membered ring
(I). The presence of a seven-membered ring (II) fused
with a five-membered ring (I) in unit A at C-1 and C-5
was revealed by the key HMBC cross-peaks from H,-6
to C-1/C-4/C-5/C-8, from H,-9 to C-1/C-8/C-10/C-14,
and from Hj;-14 to C-1/C-8/C-9/C-10. As with unit A,
unit B was also identified as a guaiane sesquiterpene with
the aid of key HMBC cross-peaks. The 'H-"H COSY cor-
relations from H-3' to H-3/H-2' and the crucial HMBC
cross-peaks from H-3 to C-2', from H-1' to C-1, and from
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Table 4 'H (400 MHz) and '*C (100 MHz) NMR data for compounds 13—16 in CDCl,
Position 13 14 15 16

6, (Jin Hz) S¢ 6, (Jin Hz) 6¢ 6y (Jin Hz) S¢ 6y Jin Hz) S
1 63.5 63.7 2.09-2.14m 579 138.7
2a 1.36dd (1.8,6.1) 464 146 dd (0.6, 7.0) 558 226-230m 525 226-2.30 m? 528
2b 1.05-1.08 m 1.16dd (1.7, 6.0) 49.2

269-273m 49.6 245—247 m 244-247 m 494 3.28d (84) 53.0
4 133.7 134.6 137.2 2.03-2.06 m 46.6

140.7 137.7 1383 1438
6a 255-260m 273 330d(15.3) 280 247—252m? 24.7 238-243m 255
6b 1.95-1.98 m 235d(15.4) 1.58-161Tm 1.88dd (3.9,11.6)
7 223-228m 594 1330 1.64-1.68m 580 1.99-2.02m 59.5
8 2159 206.6 216.0 2145
9a 248-254m 48.1 321-327m 49.8 2661 (11.4) 485 2.841(10.6) 474
9 204-210m? 226dd (1.4,14) 2.05-209m 230-237m
10 218-222m 30.6 211-216m 34.0 126-13Tm 42.0 2.66-2.75m 343
" 1.81-1.86m 276 142.1 2.01-205m 30.1 1.92d (6.9) 308
12 0.94d (6.6) 208 1.79-1.81m? 222 0.90-0.95 m? 19.1 0.88d (3.5) 19.2
13 0.79d (6.6) 214 1.96s 23.0 0.90-0.95 m® 19.5 0.89d (3.5) 20.8
14 1.03d (6.8) 180 1.10d(7.2) 19.7 1.06 d (6.5) 220 1.15d (6.6) 220
15 1525 14.7 1.79-1.81m? 159 172s 154 0.94d (6.9) 222
1 1.54-158m 58.0 1.69-173 m 57.9 63.2 64.2
2' 2.04-2.10 m? 489 228-232m 52.7 1.40-145m 559 1.40-143 m 56.3
1.19dd (1.7,6.2) 1.12-113m

3 3.07-3.13m 58.8 313d(74) 55.1 3.11d(7.0) 557 246-250m 48.0
4 136.2 134.6 134.9 134.2
5' 136.6 140.0 139.5 1382
6a’ 244-248 m 26.7 248dd (5.1,8.7) 26.8 247-2.52m? 26.8 322d(153) 282
6b’ 1.73-1.77m 1.82-1.86m 1.79-183m 226-2.30 m?
7' 1.98-2.02m 59.2 2.00-2.05m 58.1 1.97-20Tm 585 1328
8' 216.1 216.0 2156 206.0
9%a’ 264d(11.3) 483 267t(11.4) 485 2991 (12.7) 49.1 3.14dd (2.8,124) 50.1
9b’ 2.04-2.10 m? 2.08dd (1.8,9.1) 2.22-226m 221-225m
10" 1.21-126m 422 1.26-130m 420 2.16-2.22m 355 208-2.14m 340
11" 1.79s 318 1.86-1.90m 31.8 1.84-1.89 m 31.8 142.9
12' 0.92d (6.8) 19.7 093d(7.1) 194 0.90-0.95 m® 209 196s 23.1
13' 0.87d (6.8) 210 091d(7.1) 209 0.90-0.95 m? 210 1.79s 224
14' 1.00d (6.6) 22.1 1.07 d (6.5) 22.1 1.14d(7.2) 19.9 1.09d (7.2) 19.7
15' 1505 134 1.68 s 15.7 1.63s 157 1765 155

2 Overlapped signals

H-2' to C-1/C-10 (Fig. 3) indicated that unit A and unit
B were linked by two direct C—C bonds (C-3 to C-3" and
C-1 to C-2'). In the NOESY spectrum, H-3, H-2', H-3,
H-10" and H;-14 were determined to be a-oriented by
the key correlations of H-3/H-2', H-2'/H;-14, H-3'/H-10'
and H-2'/H-10', while the S-orientation of H-7, H-10,
H-1', H;-14" and H-7' was determined by the key cross-
peaks of H-7/H-10, H-1'/H;-14' and H-7'/H-1" (Fig. 4).
The absolute configuration of 13 was established via ECD

calculation which closely matched the experimental data
(Fig. 5), allowing the assignment of the absolute configu-
ration as 1§, 35, 7S, 10R, 1'R, 2'S, 3'R, 7'R, 10'R.

Xylanin N (14) was obtained as white powder. The
molecular formula of 14 was found to be C4;H,,0, (HR-
ESI-MS [M+Na] * at m/z 457.3077; calcd 457.3077),
requiring 10 degrees of unsaturation. The 1D and 2D
NMR data (Table 4) of 14 were similar to those of 13,
with the exception of the appearance of a double bond at



Jiang et al. Natural Products and Bioprospecting (2026) 16:19

C-7 (6c 133.0)/C-11 (6c 142.1). The key HMBC correla-
tions from H,-6 to C-7/C-11, from H;-12 to C-7/C-11,
and from H;-13 to C-7/C-11 verified the aforementioned
conclusion. The relative configuration of 14 was deter-
mined by analyzing its NOESY data. The key NOESY
cross-peak of H-1'/Hj;-14' indicated that H-1' was
pB-oriented. In contrast, the key NOESY cross-peaks
of H-2'/H-3, H-2'/H-10', H-3'/H;-14 and H-7'/H-10’
suggested that H-2', H-3, H-10', H-3' and H-7' were
a-oriented. Consequently, the ECD spectrum of 14 was
in accordance with that of 13. Therefore, the absolute
configuration of 14 was established as 1S, 3§, 10R, 1'R,
2'S,3'R,7'S, 10'R.

Xylanin O (15) was obtained as white powder. Its
molecular formula C;,H,,0, was established by HR-ESI-
MS: m/z 459.3225 [M+Na] * (calcd for 459.3234), con-
taining 9 degrees of unsaturation. The comparison of the
1D NMR and 2D NMR data (Table 4) revealed that 15
closely resembled 14, with the exception of the absence
of a double bond at C-7 (c 58.0)/C-11 (éc 30.1) and the
alteration in the linkage between unit A and unit B. The
linkage between unit A and unit B via two direct C-C
bonds (C-2 to C-3' and C-3 to C-1') was due to the key
'"H-'H COSY correlations from H-2 to H-3/H-3', and
the key HMBC correlations from H-3 to C-1', and from
H,-2' to C-2/C-3". The NOESY correlations of H-1/H;-
14, H-2/H,-14, H-3/H;-14" and H-3'/H;-14' indicated the
a-orientation of H-1, H-2, H-3 and H-3'. Similarly, the
a-orientation of H-7 and H-7' was defined by the correla-
tions of H-7/H-10 and H-10'/H-7". The overall pattern of
the experimental spectrum was in reasonable agreement
with the calculated ECD spectrum of 15 (Fig. 5), which
indicated the 1R, 2§, 3S, 7S, 10R, 1'S, 3'S, 7'S, 10'R abso-
lute configuration of 15.

Xylanin P (16) was obtained as yellow powder. The
molecular formula of 16 was found to be C;,H,,0, (HR-
ESI-MS [M+Na] * at m/z 457.3076 calcd for 457.3077),
accounting 10 degrees of unsaturation. The comparison
of the 1D NMR and 2D NMR data (Table 4) revealed
that the structure of 16 was similar to that of 15, except
for the presence of a double bond at C-7'/C-11" and a
shift in the location of a double bond within unit A. The
HMBC correlations from H,-6' to C-7' (d- 132.8)/C-
11" (8¢ 142.9), from H,-12' to C-7' (6 132.8)/C-11" (Jc
142.9), from H;-13' to C-7' (8. 132.8)/C-11' (5 142.9),
from H;-15 to C-5 (6 143.8), from H-2 to C-1 (6 138.7),
from H-3 to C-5 (6 143.8), and from H,-6 to C-1 (é¢
138.7) could be speculated that C-7'/C-11" and C-1/C-5
were double bonds (Fig. 3). The key NOESY signals
(Fig. 4) of H-3/H,-14, H-3/H,;-14', H-2/H-4, H-2/H,-14
and H-3'/H-3 revealed that these protons were co-facial
and were assigned as a-oriented. The correlation of H-7/
H;-15 indicated that H-7 was -oriented. The absolute
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configuration of 16 was established by comparison of the
experimental and calculated ECD data. The calculated
ECD spectrum of 16 (Fig. 5) was in accordance with the
experimental data closely, pointing toward an absolute
configuration of 2R, 3R, 45, 7S, 10R, 1'S, 3'S, 10'R for 16.

In addition, six known compounds, xylopins A and B
(17 and 18) [9], xylopsides C and D (19 and 20) [6], xylo-
pidimer D (21) [3] and vieloplain B (22) [10], were char-
acterized by comparison of their spectroscopic data with
the reported values.

2.2 Cytotoxicity

In the bioactivity assessment, compounds 1—16 were
tested for their cytotoxic effects in vitro against the
PANC-1 and PC-3 cell lines. As shown in Table 5, com-
pound 8 had a relatively stronger cytotoxic effect on the
PANC-1 and PC-3 cell lines at IC;, values of 1.06 and
9.1 uM, respectively. Compounds 6, 7, 9 and 12 showed
a moderate cytotoxic activity against PANC-1 and PC-3
cell lines with ICy, values ranged from 5.5—20.5 pM.
Therefore, compound 8 was further studied for its induc-
tion of apoptosis, cell cycle analysis, cell invasion and
autophagy according to its potent cytotoxic effect against
PANC-1 cells.

2.3 Effect of compound 8 on apoptosis and cell cycle
of PANC-1 cells

To determine if the decreased cell viability was linked
to apoptosis, the Annexin fluorescein isothiocyanate
(V-FITC)/propidium iodide (PI) double staining was per-
formed to detect the apoptosis rate. We found that the
apoptosis rate of PANC-1 cells increased with the con-
centration of compound 8 (Fig. 6A), and the apoptosis
rate was 49.24% at a concentration of 2 pM.

To examine whether compound 8 inhibited cell
growth by arresting the cell cycle in PANC-1 cells, the

Table 5 Cytotoxic effects of compounds 1—16 with ICg, values

(M)
Compounds  Cell lines Compounds  Cell lines
PANC-1 PC-3 PANC-1 PC-3
1 >30 >30 10 >30 >30
2 >30 >30 11 >30 >30
3 >30 >30 12 205 18.8
4 >30 >30 13 >30 >30
5 >30 >30 14 >30 >30
6 119 6.7 15 >30 >30
7 55 73 16 >30 >30
8 1.06 9.1 Taxol 0.64 0.96
9 8.1 134
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Fig. 6 A Effect of compound 8 on apoptosis of PANC-1

cell distribution at different phases of the cell cycle
was analyzed by flow cytometry, in which PANC-1
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of compound 8. Compared to the control group, the
compound 8-treated group displayed more S distribu-
tion and less G1 and G2 distributions, indicating that
compound 8 could change the cell cycle by arresting
the progression of the S phase.

A

Control

Control

0.5 uM

- ....
- ....
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2.4 Effect of compound 8 on invasion and autophagy

of PANC-1 cells
We performed cell invasion by transwell test. Transwell
assay (Fig. 7A) showed that PANC-1 cells had a strong
invasive ability in the control group but compound 8 sig-
nificantly inhibited PANC-1 cell invasion. Immunofluo-
rescence staining showed that LC3 protein expression

S ol it B it
% fﬁ,n LSRR

1 uM 2 uM

Fig. 7 ATranswell assay of PANC-1 cells incubated with compound 8 (0.5, 1 and 2 uM) for 48 h. B Representative images of LC3 and DAPI
immunofluorescence staining in the control group and compound 8-treated group
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was increased in the compound 8-treated group com-
pared with the control group (Fig. 7B).

3 Experimental section

3.1 General experimental procedures

Optical rotation data were acquired on a WZZ-3 pola-
rimeter (Shanghai, China). NMR data were obtained
using a Bruker AV-400 spectrometer (Fallanden, Swit-
zerland). HR-ESI-MS analyses were measured on a
Bruker micOTOF II and SolariX 7.0 spectrometer
(Bruker, Karlsruhe, Germany). High performance liq-
uid chromatography (HPLC) analysis was performed
on a SHIMADZU chromatography equipped with LC-
20AD pumps, SPD-20A detector and a 250 mm X 10 mm
YMC-Pack ODS-A column (YMC, Kyoto, Japan) and a
250 mm X 4.6 mm SHIMADZU-GL column (Shimadzu,
Japan).

3.2 Plant material

The branches and leaves of X. vielana were collected
from Dongxing city, Guangxi province, P. R. China, in
September 2018. The identification of the plant material
was authenticated by Prof. Chen Min, Southwest Univer-
sity, China. A voucher specimen (No. KMZF2018MO001A)
has been deposited in School of Pharmacy, Southwest
University.

3.3 Extraction and isolation

The sun-dried (5 kg) plant branches and leaves were
crushed into small pieces. The plant material was soaked
with 95% EtOH (30 L) for 24 h and then extracted
three times at 60 °C under reflux. The combined EtOH
extracts were concentrated under vacuum to yield a
crude residue (163.2 g), which was suspended in water,
and subsequently partitioned with petroleum ether,
dichloromethane and ethyl acetate. The dichloromethane
portion (55.1 g) was subjected to silica gel column chro-
matography eluting with a step-wise gradient of ethyl
acetate (PE)/petroleum ether (EA) (v/v, 100:1, 80:1, 60:1,
40:1, 20:1, 10:1, 5:1, 2:1, 1:1) to obtain thirteen fractions
(A—M) (monitored by thin layer chromatography).

The Fr. E (3.089 g) was chromatographed on ODS
column with a step gradient mixture of MeOH/H,O to
obtain fractions E1-E12. The Fr. E4 (204 mg) was sepa-
rated by semi-preparative HPLC (MeOH/H,O, 80:20)
to yield compounds 2 (f; 33 min, 43 mg), 12 (¢, 29 min,
23 mg) and 19 (t; 25 min, 8 mg). Compounds 3 (f
34 min, 33 mg), 13 (¢; 38 min, 19 mg) and 21 (¢ 43 min,
5 mg) were obtained from Fr. E6 (287 mg) by semi-pre-
parative HPLC (MeOH/H,0, 85:15). The Fr. E9 (136 mg)
was separated by semi-preparative HPLC (MeOH/H,0,
88:12) to yield compounds 22 (¢; 43 min, 4.5 mg). The
Fr. E8 (1.598 g) was subjected to silica gel column using
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a gradient of PE/EA (v/v, 100: 1, 50: 1, 20: 1, 10: 1, 5: 1, 2:
1, 1: 1, 1: 2) to yield seven subfractions E8a-E8g. The Fr.
E8c (141 mg) was separated by semi-preparative HPLC
(MeOH/H,0, 80:20) to yield compounds 1 (f; 35 min,
56 mg), 6 (¢ 26 min, 8 mg) and 18 (t; 43 min, 6 mg).
The Fr. E8d (390 mg) was separated by semi-preparative
HPLC (MeOH/H,O, 85:15) to yield compounds 11 (¢
35 min, 12 mg), 14 (¢; 38 min, 13 mg) and 20 (¢; 29 min,
9 mg).

The Fr. H (1.705 g) was chromatographed on ODS
column with a step gradient mixture of MeOH-H,O
to obtain fractions H1-H7. The Fr. H3 (177 mg) was
separated by semi-preparative HPLC (MeOH/H,O,
78:22) to yield compounds 5 (¢; 37.5 min, 35 mg), 7 (¢
31 min, 8 mg), 9 (¢; 43 min, 7 mg) and 17 (f; 28 min,
11 mg). Compounds 4 (¢, 24 min, 29 mg), 8 (¢; 40.5 min,
21 mg) and 16 (¢; 36 min, 6 mg) were obtained from Fr.
H6 (459 mg) by semi-preparative HPLC (MeOH/H,0,
90:10). The Fr. H7 (159 mg) was separated by semi-pre-
parative HPLC (MeOH/H,0, 90:10) to yield compounds
10 (¢z 42 min, 26 mg) and 15 (¢, 35 min, 11 mg).

3.4 Spectroscopic data of compounds

Xylanin A (1): colorless needle crystals; [a]2D0—69.9 (c
0.3 CH,Cl,); mp 190-191 °C; UV (MeOH) A, (log ¢)
221 (0.46) nm; for 'H NMR and 3C NMR spectroscopic
data, see Table 1; HR-ESI-MS (positive): m/z 489.2977
[M+Na]* (caled for C3yH,,0,Na, 489.2975).

Xylanin B (2): colorless crystals; [a]2D0—56.9 (c 0.3
CH,Cl,); mp 178-179 °C; UV (MeOH) A,,,, (log €) 232
(0.29) nm; for 'H NMR and '3C NMR spectroscopic
data, see Table 1; HR-ESI-MS (positive): m/z 503.3130
[M +Na]* (caled for C4,H,,0,4Na, 503.3132).

Xylanin C (3): yellow oil; [«¢]% +38.1 (c 0.3 CH,Cl,); UV
(MeOH) A, (log €) 243 (1.23) nm; ECD (1.2x 107> M,
MeOH) \ (A ¢) 244 (+12.86), 282 (—5.13); for 'H NMR
and C NMR spectroscopic data, see Table 1; HR-
ESI-MS (positive): m/z 433.3101 [M+H]* (calcd for
CaoH,,0,, 433.3101).

Xylanin D (4): colorless oil; [a]%0—96.0 (c 0.3
CH,Cl,); UV (MeOH) A, (log €) 231 (0.85) nm; ECD
(1.2x 1075 M, MeOH) \ (A €) 245 (+5.76), 298 (— 14.12);
for 'H NMR and '*C NMR spectroscopic data, see
Table 1; HR-ESI-MS (positive): m/z 437.3417 [M+H]*
(caled for C44H,50,, 437.3414).

Xylanin E (5): white powder; [a]%0—28.1 (c 0.3
CH,Cl,); UV (MeOH) A, (log €) 245 (0.85) nm; ECD
(1.2x 1075 M, MeOH) \ (A €) 245 (+6.30), 291 (—9.26);
for 'H NMR and *C NMR spectroscopic data, see
Table 2; HR-ESI-MS (positive): m/z 435.3254 [M+H]*
(caled for C43H,50,, 435.3258).

Xylanin F (6): yellow powder; [a]lzjo+4-1.9 (c 0.3
CH,Cl,); UV (MeOH) A, (log €) 241 (0.29) nm; ECD

max
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(1.2x107> M, MeOH) \ (A €) 221 (—6.89), 255 (+10.53),
295 (—10.28), 341 (+1.73); for '"H NMR and "*C NMR
spectroscopic data, see Table 2; HR-ESI-MS (positive):
m/z 435.3264 [M +H]" (caled for C;,H,30,, 435.3258).

Xylanin G (7): yellow oil; [¢]¥~145.3 (c 0.3 CH,Cl,); UV
(MeOH) \,,,, (log €) 216 (0.63) nm; ECD (1.2x107° M,
MeOH) A (A &) 249 (—50.98), 312 (+1.13); for 'H NMR
and )C NMR spectroscopic data, see Table 2; HR-
ESI-MS (positive): m/z 501.2675 [M+Na]* (calcd for
C,oH5305Na, 501.2670).

Xylanin H (8): colorless oil; [ot]%o -51.3 (c 0.3
CH,Cl,); UV (MeOH) A, (log €) 249 (1.47) nm; ECD
(1.2x107> M, MeOH) \ (A €) 243 (+57.18), 312 (— 34.33);
for 'H NMR and *C NMR spectroscopic data, see
Table 2; HR-ESI-MS (positive): m/z 477.2625 [M+H]*
(caled for C40H3,05, 477.2636).

Xylanin I (9): white powder; [oz]%o -91.7 (c 0.3
CH,Cl,); UV (MeOH) A, (log €) 234 (0.62) nm; ECD
(1.2x107> M, MeOH) X (A €) 274 (—15.13), 326 (—0.08);
for 'H NMR and *C NMR spectroscopic data, see
Table 3; HR-ESI-MS (positive): m/z 433.3103 [M+H]*
(caled for C40H,, 05, 433.3101).

Xylanin ] (10): white powder; [oz]%o -124.76 (c 0.3
CH,Cl,); UV (MeOH) A, (log €) 241 (1.14) nm; ECD
(1.2x107> M, MeOH) X (A €) 236 (—53.56), 277 (—3.90);
for 'TH NMR and ¥C NMR spectroscopic data, see
Table 3; HR-ESI-MS (positive): m/z 463.2840 [M+H]*
(caled for CyyH400,, 463.2843).

Xylanin K (11): yellow oil; [«]X+884 (c 0.3
CH,Cl,); UV (MeOH) A, (log €) 248 (0.63) nm; ECD
(1.2x107> M, MeOH) A (A €) 232 (—6.21), 275 (+17.35),
311 (—13.32); for 'H NMR and *C NMR spectroscopic
data, see Table 3; HR-ESI-MS (positive): m/z 455.2916
[M+Na]* (calcd for C3yH,,O,Na, 455.2921).

Xylanin L (12): colorless oil; [a]%0+82.8 (c 03
CH,Cl,); UV (MeOH) A, (log €) 296 (2.51) nm; ECD
(1.2x 1075 M, MeOH) \ (A ) 229 (- 16.30), 258 (+5.78),
290 (—14.7), 328 (+21.88); for 'H NMR and 3C NMR
spectroscopic data, see Table 3; HR-ESI-MS (posi-
tive): m/z 543.2720 [M+Na]* (caled for C;,H,0O¢Na,
543.2717).

Xylanin M (13): white amorphous powder; [¢]% —84.1
(c 0.3 CH,Cl,); UV (MeOH) A, (log €) 237 (0.84) nm;
ECD (1.2x10° M, MeOH) \ (A &) 227 (+2.81), 299
(=15.83); for 'TH NMR and *C NMR spectroscopic
data, see Table 4; HR-ESI-MS (positive): m/z 437.3404
[M+H]" (caled for C3yH,50,, 437.3414).

Xylanin N (14): white amorphous powder; [¢]% ~51.6
(c 0.3 CH,Cl,); UV (MeOH) A, (log €) 236 (0.19) nm;
ECD (1.2x10° M, MeOH) X (A €) 231 (+3.91), 300
(=7.61); for 'H NMR and '*C NMR spectroscopic
data, see Table 4; HR-ESI-MS (positive): m/z 457.3077
[M+Na]* (caled for CyH,,0,Na, 457.3077).
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Xylanin O (15): white powder; [«]® -69.6 (c 0.3
CH,Cl,); UV (MeOH) A, (log €) 237 (0.26) nm; ECD
(1.2x107> M, MeOH) \ (A €) 216 (—3.35), 248 (+1.38),
298 (—8.21); for 'H NMR and 3C NMR spectroscopic
data, see Table 4; HR-ESI-MS (positive): m/z 459.3225
[M+Na]* (caled for C3yH,,O,Na, 459.3234).

Xylanin P (16): yellow powder; [01]1230 -87.9 (c 0.3
CH,Cl,); UV (MeOH) A, (log €) 228 (0.61) nm; ECD
(1.2x107> M, MeOH) \ (A &) 211 (+2.66), 226 (+6.08),
278 (—17.73); for 'H NMR and *C NMR spectroscopic
data, see Table 4; HR-ESI-MS (positive): m/z 457.3076
[M+Na]* (calcd for C3yH,,0,Na, 457.3077).

3.5 X-ray crystallographic analysis of compounds 1 and 2
A suitable crystal was selected and then performed on
a SuperNova, Dual, Cu at home/near, EosS2 diffractom-
eter. The crystal was kept at 294.5 K during data collec-
tion. The structure was then solved utilizing the ShelXS
structure solution program in conjunction with direct
methods, and further refined using the ShelXL refine-
ment package through least squares minimization.

Crystal data for compound 1: C;0H,,0, M=466.64,
a=16.6944(3) A, b=17.4380(3) A, ¢=19.0842(2) A,
a=90°, B=90°, y=90°, V=5555.75(14) A3, T=295 K,
space group P21, Z=4, p (Cu Ka)=0.567 mm™!, 53,317
reflections collected, 10,784 independent reflections
(Rint =0.0412). The goodness of fit on F? was 1.035. Flack
parameter =—0.15(12). The final R; values were 0.0463
(I>20(I)). The final wR (F?) values were 0.1220 (I>20()).
The final R; values were 0.0582 (all data). The final wR
(F?) values were 0.1297 (all data). CCDC deposition num-
ber was 2267636.

Crystal data for compound 2: C;,H,,0, M=480.66,
a=10.06326(10) A, b=16.21942(18) A, c=17.23224(18)
A, @=90° B=90°, y=90°, V=2812.65(5) A%, T=180 K,
space group P21, Z=4, p (Cu Ka)=0.573 mm™, 52,884
reflections collected, 5507 independent reflections
(Rint =0.0897). The goodness of fit on F? was 1.026. Flack
parameter =—0.04(10). The final R; values were 0.0392
(I>20(I)). The final wR (F2) values were 0.1051 (I>20(I)).
The final R; values were 0.0401 (all data). The final wR
(F?) values were 0.1063 (all data). CCDC deposition num-
ber was 2267637.

3.6 ECD calculations

Firstly, we needed to search random conformation by
SYBYL X 2.0 program using MMFF94s molecular force
field, with an energy cutoff of 10 kcal mol™ to the global
minima [14]. Subsequently, the geometric structure and
frequency analysis of the molecular conformation were
optimized using density functional theory (DFT) under
the B3LYP/6-31+G(d,p) method. Next, the electron
circular dichroism (ECD) of compounds was calculated
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using time dependent density functional theory (TDDFT)
at the same group level. Finally, the ECD spectra calcu-
lated by quantum chemistry were compared with those
measured by experiment, and the absolute configurations
of the compounds were determined [15-17].

3.7 Cytotoxicity assay

The details of the cytotoxicity assay on two human tumor
cell lines (PANC-1 and PC-3) were described below.
Briefly, 1 x 10* cells/mL were seeded in 96 well plates and
incubated for 24 h. Then, cells were treated with different
concentrations of the tested compounds in the growth
medium for 48 h. After that, 10 pL of cell counting kit-8
(CCK-8, Targetmol) was added to each well and incuba-
tion was conducted 90 min at 37 °C. The absorbance was
measured using Synergy H4 Hybrid Microplate Reader
(BioTek) at 450 nm. The absorbance of cells treated with
0.1% DMSO was considered as 100% and the IC, repre-
sented the concentration that inhibited cell proliferation
by 50%. Taxol was used as the positive control [18—20].

3.8 Cell apoptosis

Apoptosis was determined by flow cytometric analysis
of Annexin V-FITC/PI staining [21]. Briefly, the PANC-1
cells were cultured for 24 h in 6 well plates. When the
cells grew to a density of 2x10° cells/mL, compound
8 (0.5, 1 and 2 uM) was added for 48 h. The cells were
washed 1-2 times with phosphate buffered saline (PBS)
and then centrifuged at 3400 r/min for 5 min. The cells
were suspended with 195 pL Annexin V-FITC bind-
ing solution, 5 uL Annexin V-FITC, and 10 pL PI stain-
ing solution, and mixed gently. After that, the cells were
incubated at room temperature for 20 min under light
protection and detected by flow cytometer [22, 23].

3.9 Cell cycle

Different phases of the cell cycle distribution were
determined by the PI Flow Cytometry Kit, based on the
manufacturer’s protocol. Briefly, after incubated with
compound 8 (0.5, 1 and 2 pM) for 48 h, cells were washed
twice with PBS, and fixed with ice-cold 70% ethanol.
After rinsed with PBS, cells were further treated with
RNase and PI at room temperature for 30 min in the
dark. Then, the flow cytometer was used to analyze sam-
ples [24, 25].

3.10 Transwell assay

Transwell assay was used to evaluate the ability of com-
pound 8 to prevent PANC-1 cell invasion in vitro. Cells
were inoculated on 12 well plates with 1x105 cells/
mL per well. After 48 h treatment with 0.5, 1 and 2 uM
compound 8, the cells were digested and transferred to
the upper compartment of the transwell cell coated with
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matrix glue. The medium containing 20% fetal bovine
serum was added to the lower chamber, and it was dis-
carded after 24 h culture. Afterwards, the invaded cells
were added with 4% paraformaldehyde for fixation for
15 min, 0.1% crystal violet for staining for 30 min at room
temperature and washed with PBS buffer for 3 times. The
cells were observed under the optical microscope [26,
27].

3.11 Immunofluorescence analysis

Compound 8-treated PANC-1 cells were washed twice
with cold PBS, fixed with 4% cold paraformaldehyde
for 15 min, and permeated with 0.1% Triton X-100 for
15 min. Next, the cells were blocked with 5% BSA for 1 h
and incubated with primary antibody overnight at 4 °C.
Alexa-conjugated secondary antibodies were applied and
incubated at room temperature for 1 h. Cell nuclei were
stained with 4,6-diamino-2-phenyl indole (DAPI, Cell
Signaling Technology, MA, USA) for 10 min. Finally, the
cell images were analyzed by ImageXpress® Micro Con-
focal [11, 28].

3.12 Statistical analysis

All the experiments were carried out in triplicate and the
data were carefully analyzed with the statistical software
GraphPad Prism. The data were statistically analyzed
with one-way ANOVA followed by the Dunnett’s posthoc
test, and the level of statistical significance was consid-
ered to be P<0.05. The data were expressed as mean + SD.

4 Conclusion

Sesquiterpenoids and their dimers were reported to
exhibit diverse pharmacological activities, including
antitumor and anti-inflammatory effects, and they were
a group of effective and low-toxicity natural small mol-
ecules [29-31]. Guaiane-type dimers were primarily
isolated from plants of the Inula and Artemisia genera
[32]. Lavandiolide H, isolated from Artemisia atrovirens,
exerted anti-hepatoma effects via inhibition of cell migra-
tion and invasion, and induction of G2/M phase cell cycle
arrest and apoptosis. The molecular mechanism involved
the downregulation of BCL-2 and PARP-1 expression,
and PARP-1 activation, leading to the accumulation of
cleaved-PARP-1 [33]. Pharmacological studies revealed
that lineariifolianoid A, isolated from Inula lineariifo-
lia, inhibited breast cancer proliferation by targeting the
p53-independent NFAT1-MDM2 pathway. It also dis-
played modulatory effects on the expression of key pro-
teins involved in cell cycle progression, apoptosis, and
DNA damage [34, 35]. Inulanolide A, isolated from Inula
japonica, was also identified as a dual inhibitor of the
NFAT1-MDM2 pathway. It demonstrated potent anti-
proliferative and anti-metastatic activities against breast
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and prostate cancer in both in vitro and in vivo models
[36]. Due to their potential anti-tumor activity and com-
plex structures, guaiane-type dimers attracted consider-
able research interest.

In this study, twenty-two dimeric guaianes including
sixteen new compounds were isolated from branches
and leaves of X. vielana and identified by NMR spectro-
scopic data, HR-ESI-MS data, X-ray diffraction analyses,
and ECD spectra. Sixteen new compounds were tested
for their cytotoxic activities and five of them showed
good cytotoxic activities. Compound 8 had a relatively
stronger cytotoxic effect against PANC-1 and PC-3 cell
lines with IC;, values of 1.06 and 9.1 pM, respectively.

In apoptosis assay, compound 8 could induce PANC-1
cell apoptosis. Next, we found that the cell cycle of
PANC-1 cells was arrested at S phase by the treat-
ment of compound 8. By the invasion test, compound 8
was found to restrain the invasion of PANC-1 cells. In
autophagy assay, we observed increased LC3 by immu-
nofluorescence in the compound 8-treated group. In
conclusion, compound 8 had a relatively good cytotoxic
effect on PANC-1 cells and could be considered as a
potential candidate compound.

The structure—activity relationships (SAR) were ana-
lyzed based on the cytotoxicity data of the compounds.
The activity of compound 7, compared to the inactive
compound 1, underscored the necessity of the dou-
ble bond in unit B for cytotoxic activity. The contrast
between the active compound 9 and the inactive com-
pound 3 established the absolute configuration of unit
B as a critical determinant of activity. Furthermore, the
activity of compound 12 relative to compound 10 dem-
onstrated the central role of the C-2" acetoxy group in
suppressing the proliferation of PANC-1 and PC-3 cell
lines. The analysis of the structure—activity relationships
provides a foundation for the enhancement of the activity
of such dimers through structural modification. In sum-
mary, the guaiane-type dimers represent a class of prom-
ising antitumor lead compounds.
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