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W N e

Abstract: Four new daphnane-type diterpenes named tianchaterpenes C-F (1-4) and six known ones
were isolated from Stelleropsis tianschanica. Their structures were elucidated based on chemical and
spectral analyses. The comparisons of calculated and experimental electronic circular dichroism
(ECD) methods were used to determine the absolute configurations of new compounds. Additionally,
compounds 1-10 were evaluated for their cytotoxic activities against HGC-27 cell lines; the results
demonstrate that compound 2 had strong cytotoxic activities with ICsy values of 8.8 uM, for which
activity was better than that of cisplatin (13.2 £ 0.67 uM).
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1. Introduction

The morbidity and mortality of malignant tumors are the highest in many countries
and regions worldwide, seriously threatening human life and health [1]. However, many
new anticancer drugs are expensive; long-term applications can easily cause drug resistance
and side effects [2]. Therefore, searching for high-efficiency and low-toxicity anticancer
drugs is the key to treating tumors. Daphnane-type diterpenes are a kind of diterpene with
a5/7/6-tricyclic ring system. They are mainly distributed in plants of the Thymelaeaceae and
Euphorbiaceae families [3]. Modern pharmacological studies have shown that daphnane-
type diterpenes have antitumor [4], antiHIV [5,6], antineuroinflammatory, insecticidal,
and other effects [7,8]. In recent years, many daphnane-type diterpenes have attracted
the interest of researchers on account of their remarkable anticarcinogenic and antiHIV
activities [9-12]. As a result, finding and screening new daphnane-type diterpenes as active
anticancer components or lead compounds from herbal medicine has become a research
hotspot in the natural product field [13].

Stelleropsis tianschanica is a member of the genus Stelleropsis in the Thymelaeaceae fam-
ily [14]. It grows on the hillside grassland at an altitude of 1700-2000 m. It is only distributed
in Zhaosu County, Xinjiang, China [15]. S. tianschanica has a certain genetic relationship
with Stellera chamaejasme Linn and has many common components, which are used as
a counterfeit of traditional Chinese medicine Stellera chamaejasme in Xinjiang [16]. Due
to the unique geographical environment and growth area, there is little research on the
functional components of S. tianschanica. Our team found that S. tianschanica contained
novel daphnane-type diterpenes (Figure 537) [17]. To further -obtain potential daphnane-
type diterpenes from S. tianschanica, its methanol, CH,Cl,, and EtOAc extractions were
investigated, and ten daphnane-type diterpenes (Figure 1), including four new ones (1-4)
and six known compounds (5-10), were obtained. Among them, compound 1 possessed a
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5/7/6/3-tetracyclic skeleton, which is not common in daphnane-type diterpenes. In addi-
tion, the antitumor activity of the isolated compounds was tested. In this paper, we report
the structure elucidation and biological screening in vitro of the obtained daphnane-type
diterpenes from S. tianschanica.

N :
\_,_." _ 7 "
P 0= | oH |
4 o, B 1
oA o, S . t. -/l\n/:‘s
o s o ‘

T H Mol 0. s 1H ——__y“‘\/—\/x/“\

18
i PP L P
1 9 — A Q7 . ¥ - 1 10
- t“{-"Q" ? --\(\n’l\/ 8 Ii H ! ‘\/\»
" Ho & H 18 3 5
sy HO ey Fd }_A‘ o HO }
Sud y:(o ;

o . Ho J
®, ‘-/cl)_ Y . , . O’J\o 3 ? '\I/‘:P
TH ,Q:!ff-ly“‘%/:vwm o H..(\C’—— 0, TN~ 5 " O—R A
1 H/\{,Jx‘( o p H < LA 0T N Y OH]
D ) T H . 0H3§— o
OHJY—{'-C, g o N d LQH
HO O He HO
20 OH \OH
OH
4 5 6 7
P
N
L )
= /
=N
07 g,
olc, o )‘
}v— H [0,y oy e
l-! o __y Sy Ry “ _/\ IO;—O_%»/ e T
_h_/‘\ \( H 3;/“\“—/"\,/'\\/‘\,/ i w:.

( I )
owjé—f O% ( o QHDZE—EO

8 9 10

Figure 1. Structures of compounds 1-10, compounds 1-4 are new compounds and 5-10 are
known ones.

2. Results
2.1. Structure Elucidation

Compound 1, a white amorphous powder, showed 12 degrees of unsaturation based
on the molecular formula (Cp7H3,03), which was determined by the HR-ESI-MS ion at
m/z 507.1974 [M + Na] * (calcd. for Co7H3,0gNa, 507.1989). In the 'H NMR (600 MHz,
CDCl3) spectrum (Table 1), compound 1 exhibited characteristic proton signals assignable
to a gem-dimethyl cyclopropane moiety at oy 1.25 (1H, d, | = 7.2 Hz, H-14), 1.15 (3H, s,
H-16), and 1.31 (3H, s, H-17). The abovementioned gem-dimethyl cyclopropane moiety
proton resonances, together with the two methyl group signals at 6y 0.95 (3H, d, ] = 6.6 Hz,
H-18) and 1.79 (3H, dd, | = 1.8, 2.4 Hz, H-19), indicated that compound 1 contained a
tigliane skeleton [18]. Additionally, «, B-unsaturated carbonyl groups were proposed in
compound 1 based on the observation of downfield shifted olefinic data at dt; 7.75 (1H,
s, H-1) [9,19], o¢ 164.5 (C-1), 6c 134.0 (C-2), and a conjugated keto carbonyl carbon signal
at dc 210.2 (C-3). Three aromatic protons at dyy 8.05 (1H, dd, | = 1.2, 8.4 Hz), 7.60 (1H,
t, ] =72 Hz), and 7.46 (1H, t, ] = 7.8 Hz) suggested the presence of a benzene moiety.
Meanwhile, there were two oxygenated protons at dy 4.27 (1H, s, H-5) and 3.30 (1H, s,
H-7) in the structure. The 3C NMR spectrum displayed 32 carbon signals, among which
there was a carbonyl carbon on the benzoyl group é¢ 167.9 (C-1'); epoxy groups é¢c 61.8
(C-6) and J¢ 65.8 (C-7); and four methyl signals at 6c15.8 (C-16), 23.0 (C-17), 19.1 (C-18),
and 9.86 (C-19). In fact, the NMR data of compound 1 were similar to those reported
of 6ua,7a-epoxy-5B-hydroxy-12-deoxyphorbol-13-tetradecanoate, except for the benzoyl
group linked on é¢c 64.7 (C-13) [18]. The proton signals were assigned to the corresponding
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carbons through direct 'H and '3C correlations in the HSQC spectrum. From the 'H-'H
COSY analysis, four substructures (drawn with bold bonds in Figure 2) were established
as H-1/H-10/Hs-19, H-8/H-14, H-11/H-12, and H-11/H3-18. In the HMBC spectrum
(Figure 2), the correlations of H-18 (1 0.95) with C-9 (6¢ 75.4), C-12 (6¢ 32.0), and H-19 (o
1.79) with C-1 (6c 164.5) and C-3 (d¢ 210.2) suggested that two methyl groups were linked
to C-2 and C-11, respectively. In addition, H-16/C-15, H-16/ C-13, H-17/C-15, H-17/C-13,
and H-8/C-15 confirmed that compound 1 was a tigliane-type diterpene, which is not
common in daphnane-type diterpenes. In the NOESY spectrum (Figure 3), there was
enhancement between H-5 and H-10 and H-7 and H-8; however, there was no correlation
between H-8 and H-14. This suggested the -orientation of 5-OH and a-orientation of
13-benzoyl. All the daphnane-type diterpenes isolated to date from the medicine plant
have the same carbon skeleton with the trans/trans system of the three rings, A, B, and
C, B-oriented for H-8 and the hydroxyl group at C-5, and they are a-oriented for H-10
and the hydroxyl group at C-9. This is well-established. A quantum chemical electronic
circular dichroism (ECD) calculation was performed using the TDDFT methodology at
the b3lyp/6-311 + g (d, p) level in MeOH to confirm its absolute configurations, in which
the TDDFT-calculated ECD curve matched well with the experimental ECD spectrum
(Figure S33). Thus, the structure of compound 1 was determined, shown as and named
tianchaterpene C.

Compound 2 was obtained as a white powder with its molecular formula assigned as
C3H4p0q9 according to the positive HR-ESI-MS peak at m1/z [M + Na] * 609.2652 (calcd. for
C3pH4p019Na, 609.2670), exhibiting eleven degrees of unsaturation. Through the IH- and
13C-NMR spectra, we inferred that the basic nucleus of compound 2 was a daphnane-type
diterpene, which was further confirmed by the "H-'H COSY and HMBC spectra (Figure 2).
Meanwhile, in the HMBC spectrum, the correlations from Jy 5.01 (1H, s, H-12) to dc 169.4
(C-1") indicate that the acetoxyl group is attached to C-12, and the correlations of H-14 (6
4.83), H-2" (6y 5.59, d, ] = 15 Hz), and H-3" (0 6.63, dd, ] = 10.8, 15 Hz) with C-1" (é¢
116.8) suggested that the adipose chain was linked to C-1”. Based on the olefinic proton
signals with large coupling constants in the 'H NMR data, the fatty group was assigned as
trans-conjugated diene. In fact, the NMR data of compound 2 were similar to those reported
for yuanhuadine [20-22], except for the different orientation of the epoxy group at éc 75.2
(C-6) and 80.1 (C-7), which is located in the low field area compared with yuanhuadine. In
the NOESY spectrum, the correlations of H-5/H-10, H-5/H-7, and H-7/H-20 indicated «-
orientation for these protons. Therefore, it is judged that the epoxy group has B-orientation,
while the yuanhuadine group has a-orientation. In conclusion, the structure of compound 2
was determined as the isomer of yuanhuadine. The calculated and experimental ECD data
also supported this deduction. Accordingly, the structure of compound 2 was established
as shown and named tianchaterpene D.

Compound 3 was a white amorphous powder. The molecular formula C30H4yO9 was
established from the HR-ESI-MS spectrum with a positive ion peak at m/z [M + Na] *
567.2545 (caled. for C3yHyO9Na, 567.2565). The 'H NMR spectrum revealed two olefinic
protons at éyy 5.08 (1H, s, H-16) and 5.11 (1H, s, H-16) and five methyl groups at d¢; 0.87 (3H,
t, H-10"), 1.88 (3H, s, H-17), 1.23 (3H, d, ] = 7.2, H-18), and 1.80 (3H, s, H-19), as shown in
Table 1. The 13C NMR spectrum indicated the presence of epoxy groups éc 60.6 (C-6) and
64.5 (C-7); a, B- unsaturated cyclopentanones d¢ 210.0 (C-3), 136.9 (C-2), and 160.9 (C-1);
and ortho ester groups 78.7 (C-9), 85.3 (C-13), 81.0 (C-14), and 116.9 (C-1"’). All the NMR
signals were typical for a daphnane-type diterpene as compound 3 was further confirmed
by HMBC correlations of H-16/C-17, H-16/C-13, H-12/C-15, H-12/C-9, H-5/C-7, H-14/C-
7,H-14/C-1", and H-2""/C-1" (Figure 2). The similarity of the NMR signals of compound
3 to those of 12-hydroxydaphnetoxin [21], except for the conjugated diene signals (H-2" to
H-5"), suggested that the two compounds are geometric isomers. Based on the coupling
constant (]) in the 'H NMR spectrum (Jyy.p 137 = 15.6 Hz, Ji1.47 1157 = 11.4 Hz), compound
3 contains a trans, cis-conjugated diene, while 12-hydroxydaphnetoxin contains a trans,
trans-conjugated diene unit. The correlations H-2" to H-10" in the 'H-'H COSY spectrum
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indicated that the aliphatic group is a straight chain. Its location at C-14 was supported
by the HMBC correlation between H-14/C-1". In the NOESY spectrum, the correlation
between H-18/H-12 indicated that the protons are in the same plane. In addition, it revealed
that H-11 and H-12 have a trans-orientation, which meant B-orientation of 12-OH. The
correlations of H-8/H-11, H-8 /H-14, H-8/H-7, and H-7/H-14 indicated B-orientation for
these protons, while the enhancement between H-5/H-10 suggested a-orientation for H-5
and H-10. Taken together with its calculated and experimental ECD spectra, the structure
of compound 3 was determined as shown and named tianchaterpene E.

Figure 3. Key NOESY correlations of compounds 1-4.
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Table 1. NMR spectral data of 1-4 (600 MHz for 'H NMR and 150MHz for '3C NMR).
1 24 34 4
No.

° du(JinHz)  Jc type &y (JinHz) d¢ Sy (J in Hz) dc oyu (J in Hz) d¢
1 7.75,s 164.5 7.61,s 159.9 7.57,s 160.9 7.59, s 160.3
2 - 134.0 - 137.1 - 136.9 - 137.0
3 - 210.2 - 208.9 - 210.0 - 209.4
4 - 72.5 - 76.3 - 72.4 - 72.1
5 427,s 71.7 4.14,s 73.7 4.25,s 72.2 422,s 71.9
6 - 61.8 - 75.2 - 60.6 - 64.7
7 3.30, s 65.8 441,s 80.1 352, s 64.5 391,d,(7.2) 64.0
8 2.90,d, (7.2) 36.4 3.14,d, 2.4) 35.6 3.73,d, (2.4) 47.7 3.64,d, (2.4) 35.7
9 - 75.4 - 78.6 - 78.7 - 78.2
10 3.99,s 49.3 3.86, t, (2.4) 50.5 3.83,t, (2.4) 35.1 3.84,t, (2.4) 47.4
11 1.88, m 39.6 2.71,q, (7.2) 43.6 2.51,d, (7.8) 44.8 2.57,q,(7.2) 441
12 217, m 32.0 5.01,s 77.5 3.89, s 77.3 5.21,s 78.9
13 - 64.7 - 84.4 - 85.3 - 83.9
14 1.29, d,(7.2) 32.2 4.83,d, (2.4) 82.5 4.74,d, (2.4) 81.0 4.90,d, (2.4) 80.5
15 - 24.2 - 142.7 - 145.1 - 142.9
16 1.15, s 15.8 4.97,s,5.02, s 113.5 5.08,s;5.11, s 113.0 5.01,d, (7.2) 113.7
17 1.31,s 23.0 1.82,s 17.9 1.88, s 189 1.87,s 18.8
18 0.95, d, (6.6) 19.1 1.25,s 18.6 1.23,4d, (7.2) 19.1 1.40, s 18.4
19 1.79, s 9.86 1.82,s 10.0 1.80, s 10.2 1.77,d, (1.8) 99

4.08,d, (11.4); 3.79,dd,
20 3.85,q 64.7 370, d (11.4) 70.0 (12.6) 65.2 3.94, t, (3.0) 60.5
1 - 167.9 - 169.4 - - - 165.4
2’ - 129.7 1.96, s 21.0 - - - 129.6
3 8’05'52)’ (1.2, 129.8 - - - - 7.90,d, (7.2) 129.5
4 7.46, t, (7.8) 128.6 - - - - 7.46,t, (7.2) 128.6
5’ 7.60, t, (7.2) 133.6 - - - - 7.58, t, (5.4) 133.4
6 7.46, t, (7.8) 128.6 - - - - 7.46,t, (7.2) 128.6
7 8'05'52)' (1.2, 129.8 - - - - 7.90,d, (7.2) 129.5
1" - - - 116.8 - 116.9 - 117.1
2" - - 5.59,d, (15) 121.7 5.73,d, (15.6) 136.4 5.76,d, (15) 136.6
y i i 6.63, dd, 6.95,dd, 7.01, dd,
3 (10.8, 15) 1353 (11.4,15.6) 129.7 (4.2,15.6) 1298
4" - - 6.05,dd, 128.2 5.98,t, (11.4) 127.1 6.02, q, (11.4) 126.8
(10.8, 15) . 95, t, . . .02, q, . .
5.89, dd 5.59, dd 5.61,dd, (4.8
/! _ _ 7 7 7 7 ’ 7 y
5 7.2.15) 140.0 7211.4) 124.9 7.8) 124.2
6" - - 2'12122)(6'6' 32.6 219, m 28.0 2.22,q, (6.6) 27.9
7" - - 1.39, m 28.6 1.38, m 29.3 1.30-1.34, m 29.1
8" - - 1.27-1.30, m 31.3 1.23, m 31.6 1.30-1.34, m 314
9" - - 1.27-1.30, m 22.5 1.34, m 22.7 1.30-1.34, m 225
10" - - 0.89, t, (7.2) 14.0 0.87,t,(7.2) 14.3 0.88, t, (7.2) 14.1

? Spectra data were recorded in CDCl3.

Compound 4, purified as a white powder, has a molecular formula of C37H44010,
deduced from the HR-ESI-MS quasimolecular ion at m/z 671.2830 [M + Na] * (calculated
C37H44010Na, 671.2827). The 'H NMR and 3C NMR spectroscopic data (Table 1) of 4 were
similar to those of yuanhuacine. However, based on the coupling constant (J) in the 'H
NMR spectrum, the conjugated diene signals (H-2" to H-5"") contain a trans, cis-conjugated
diene, while yuanhuacine contains a trans, trans-conjugated diene unit, suggesting that
the two compounds are geometric isomers. The correlations H-2' to H-10" in the 'H-'H
COSY spectrum indicated that the side aliphatic group is a straight chain. In the HMBC
spectrum (Figure 2), the correlations from Jy 5.21 (1H, s, H-12) to dc 165.4 (C-1") suggested
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that the methyl benzoate group is attached to C-12. In the NOESY spectrum, correlations
were observed among H-12/H-18, H-8/H-11, H-8 /H-14, H-7/H-14, and H-5/H-10, which
were analogous to those for compound 3, as supported by their identical ECD spectra
(Figure S36). As a result, compound 4 was elucidated as shown and named tianchaterpene F.

2.2. Antitumor Activity

Compounds 1-10 isolated from the Stelleropsis tianschanica were measured for their
antitumor activities against HGC-27 human gastric cancer cells, with cisplatin as the
positive control (Table 2). Among them, compound 2, which contain a 6,7-epoxide group of
[-orientation, showed stronger inhibitory activity than the other compounds, indicating
that the group may enhance the cytotoxic activity against HGC-27 gastric cancer cells,
with an ICsg of 8.8 uM. In addition, compounds 8-10 (ICsy < 17.5 uM), which each had an
orthoester group and a decadiene group, showed stronger activity than all compounds
except 6, suggesting that the orthoester and decadiene groups are both significant in the
inhibitory activities against HGC-27 cells. This result is consistent with previous studies on
daphnane-type diterpenoids [23]. At the same time, the experimental results also show that
compound 2 had the best inhibitory effect; its activity was better than that of cisplatin, and
the activity of tigliane skeleton diterpenes was lower than that of daphnane-type diterpenes.

Table 2. In vitro cytotoxic activities of compounds 1-10.

HGC-27
Compounds
Inhibition Rate ¢ 1Cs¢(uM)
Blank group 35.19 + 0.69 -
1 67.26 +1.43 39.3+1.357
2 93.22 £0.98 % 8.8 £0.81
3 90.89 £+ 0.74 21.5+£0.72
4 92.55 + 1.65 26.5 + 1.02
5 80.85 £2.18 34.5 £ 0.68
6 68.66 +1.23 34.2 £0.97
7 69.03 £ 0.94 35.6 £1.16
8 93.19 £1.37* 14.0 £ 0.24
9 92.52 £2.11 175+ 043
10 94.92 +1.09 * 11.3 £0.99
Cisplatin ? 93.85 + 2.07 13.2 £ 0.67

@ Value present mean + SD of triplicate experiments; * Positive control substance; ¢ Inhibitory rate of all compounds
on HGC-27 cell lines at 50 uM; * p < 0.05.

3. Materials and Methods
3.1. General Experimental Procedures

Optical rotation data were measured using a Perkin-Elmer 341 digital polarimeter
(PerkinElmer, Norwalk, CT, USA). UV and IR spectral data were recorded on Shimadzu
UV2550 and FTIR-8400 spectrometers (Shimadzu, Kyoto, Japan). CD spectra were obtained
using a JASCO J-815 spectropolarimeter. NMR spectra were obtained using a Bruker AV
III 600 NMR spectrometer with chemical shift values presented as J values using TMS
as the internal standard (Bruker, Billerica Germany). HR-ESI-MS was performed using
an LTQ-Orbitrap XL spectrometer (Thermo Fisher Scientific, Boston, MA, USA); samples
were dissolved in chromatographic methanol and treated through a membrane, single
pump. Semipreparative HPLC was performed using an HPLC PUMP K-501, LC3000 high-
performance liquid chromatograph (Beijing Tong Heng Innovation Technology Co., Ltd.,
Beijing, China), and Kromasil 100-5C18, 250 x 10 mm, E108850. Column chromatography
(CC) was performed using silica gel (100-200 and 200-300 mesh, Qingdao Marine Chemical
Plant, Qingdao, China). Precoated silica gel GF254 plates (Zhi Fu Huang Wu Pilot Plant of
Silica Gel Development, Yantai, China) were used for TLC. All solvents used petroleum
ether, ethyl acetate, dichloromethane, methanol (analytical grade and chromatographic



Molecules 2022, 27, 5701

7 of 9

grade), and deuterated chloroform that were of analytical grade (Beijing Chemical Plant,
Beijing, China).

3.2. Plant Material

The Stelleropsis tianschanica Pobed. were collected in October 2020 from Zhaosu City,
Xinjiang Autonomous Region, China and authenticated by Prof. Xiaoguang Jia. A voucher
specimen (20201022) was deposited at the Xinjiang Institute of Chinese and Ethnic Medicine.

3.3. Isolation and Purification of Compounds 1-10

Dried powders of Stelleropsis tianschanica roots (4.0 kg) were extracted three times
with methanol under reflux. Removal of the methanol under reduced pressure yielded
the methanol extract (684.0 g). The methanol extract was dissolved in water and extracted
three times with dichloromethane (3 x 1000 mL). The dichloromethane fraction (203.0 g)
was subjected to CC over a silica gel (100-200 mesh), eluting with a stepwise gradient of
CH2Cl, /MeOH (from 1:0 to 0:1; i.e., 1:0, 100:1, 30:1, 20:1, 10:1, 5:1, 2:1, and 0:1, v/7) to yield
fractions A-H. Fr.D was subjected to CC over a silica gel (100-200 mesh), eluting with a
stepwise gradient of petroleum ether/EtOAC (from 5:1 to 0:1, i.e., 5:1, 3:1, 2:1, 1:1, and 0:1,
v/v) to yield five fractions (Fr.D 1-5). Fr.D 3 was isolated through ODS MPLC elution with
MeOH/H,0 (50:50, 60:40, 70:30, 80:20, 90:10, and 100:0, v/v) to yield six fractions (Fr.D 3-1-
6). Fr.D 3-3 was purified using semipreparative HPLC with MeOH/H,0O (70:30, v/v) as the
mobile phase to yield compound 1 (2.3 mg, g = 54.3 min); 5, Phorbol 12-benzoate 13-acetate
20-homovanillate (2.3 mg, g = 33.4min); 6, yuanhuaoate A (1.8 mg, tg = 42.2 min); and 7,
vesiculosin (3.7 mg, tg = 61.3 min). Fr.D 3-5 was purified using semipreparative HPLC with
MeOH/H,O (85:15, v/v) as the mobile phase to yield compound 2 (4.1 mg, tg = 36.7 min);
8, yuanhuacine (2.7 mg, tg = 58.6 min); and 9, daphgenkin A (3.1 mg, {g = 62.1 min). Fr.D
3-4 was isolated through gel HW-40C elution with MeOH to yield two fractions (Fr.D
3-4-1-2). Fr.D 3-4-2 was purified using semipreparative HPLC with MeOH/H,O (80:20,
v/v) as the mobile phase to yield compound 3 (2.4mg, g = 41.2 min). Fr.C was subjected to
CC over a silica gel (100-200 mesh), eluting with a stepwise gradient of CH,Cl, /MeOH
(from 50:1 to 0:1, i.e., 50:1, 30:1, 10:1, 5:1, and 0:1, v/v) to yield five fractions (Fr.C 1-5). Fr.C
2 was isolated through ODS MPLC elution with MeOH/H,O (50:50, 60:40, 70:30, 80:20,
90:10, and 100:0, v/v) to yield six fractions (Fr.C 2-1-6). Fr.C 2-5 was isolated through gel
HW-40C elution with MeOH to yield three fractions (Fr.C 2-5-1-3). Fr.C2-5-3 was purified
using semipreparative HPLC with MeOH/H,O (85:15, v/v) as the mobile phase to yield
compound 4 (1.7 mg, tg = 47.9 min). Fr.C 2-4 was purified using semipreparative HPLC
with MeOH/H,O (77:23, v/v) as the mobile phase to yield compound 10, yuanhuadine
(3.5 mg, tg = 29.2 min).

3.4. Characterization of Compounds 1-4

Tianchaterpene C (1): white powder (MeOH); [oc]ZD5 —20.0 (¢ 0.025, MeOH); UV (MeOH)
(10g €) Amax 234 (2.95) nm; IR (film) vimay 3443, 2925,1632, 1384, 1287, 1114 cm~!; ECD
(MeOH) Amax (Ae) 213.3 (+29.24), 228.7 (—5.07), 240.9 (+3.7), 272.6 (—18.7) nm; 'H-NMR
and 3C-NMR data (CDCl3), see Table 1; HR-ESI-MS m/z 507.1974 [M + Na] * (calculated
507.1989, Co7H3,0gNa).

Tianchaterpene D (2): white powder (MeOH); [rx]zDS +12.0 (¢ 0.025, MeOH); UV (MeOH)
(10g €) Amax 232 (2.92) nm; IR (film) vimax 3436, 2927, 2856, 1740, 1632, 1454, 1377, 1036 cm ™~ 1;
ECD (MeOH) A max (Ag) 217.6 (+39.8), 230.2 (+27.4), 258.3 (—59.9) nm; 'H-NMR and 3C-
NMR data (CDCl3), see Table 1; HR-ESI-MS m/z 609.2652 [M + Na] * (calculated 609.2670,
C32HgpO10Na).

Tianchaterpene E (3): white powder (MeOH); [a]ZDS +24.00 (c 0.025, MeOH); UV
(MeOH) (log €) Amax 234 (2.86) nm; IR (film) vmax 3430, 2926, 2857, 1700, 1694, 1630,
1453, 1382, 1318, 1031 cm~!; ECD (MeOH) A max (A€) 251.4 (+31.5), 288.5 (—19.8), 350.6
(+12.8) nm; "H-NMR and 3C-NMR data (CDCl3), see Table 1; HR-ESI-MS m/z 567.2545
[M + Na] * (calculated 567.2565, C30H49Og9Na).
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Tianchaterpene F (4): white powder (MeOH); [uc]zDS +71.99 (c 0.025, MeOH); UV (MeOH)
(10g €) Amax 233 (2.90) nm; IR (film) vimay 3440, 2926, 2855, 1710, 1632, 1515, 1452, 1383,
1270 ecm~L; ECD (MeOH) A max (Ae) 247.8 (+51.6), 275.2 (—77.1) nm; 'H-NMR and 13C-
NMR data (CDCl3), see Table 1; HR-ESI-MS m/z 671.2830 [M + Na] * (calculated 671.2827,
Cs7Hy4010Na).

3.5. Antitumor Activity

The cytotoxic activities of compounds 1-10 against HGC-27 cells were tested using the
MTT colorimetric method. HGC-27 cells were cultivated on DMEM medium at 37°C and 5%
CO,. After diluting the DMEM medium, cells were seeded into 96-well sterile microplates
(4 x 10° cells/well) and cultured with various concentrations of tested compounds or DDP
(positive control) for 24 h at 37 °C. After incubation, all compounds were tested at five
concentrations (10—100 uM) for 1 h. Following this, the supernatant was removed, and
all components were dissolved in 100% DMSO at such an amount that there was a final
DMSO concentration of 0.1% added to each well. The absorbance was measured using a
microplate reader at a wavelength of 570 nm. Data are displayed as the means & SD (n = 3).
The cell growth assay was repeated three times, and the ICsy values were calculated using
Microsoft Excel software.

4. Conclusions

Ten diterpenoids, including four new ones, were obtained from Stelleropsis tianschanica,
and the complete structures of all of these new compounds were eventually elucidated by
extensive spectral analysis. The antitumor activities of all isolates were tested. The results
show that compounds 2 and 8-10 displayed potential biological activities, with ICsq values
less than 20 uM, thus proving that daphnane-type diterpenes in Stelleropsis tianschanica can
be used as potential antitumor drugs, which is worthy of attention. This manuscript also
provides a theoretical basis for further clinical application, development, and utilization of
the medicinal plant Stelleropsis tianschanica.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/molecules27175701/s1. Figures S1-549: 'H-NMR, 13C-APT,
IH-'H COSY, HSQC, HMBC, and NOESY spectral data for compounds (1-4).

Author Contributions: X.H. performed the isolation and characterization of the new compounds
and wrote the original draft; X.A. performed the pharmacological experiments; G.M. helped in the
structural characterization and data analysis; X.L. and H.W. revised the draft; Z.S. and X.X. provided
project supervision; L.S. and J.Z. conceptualized and designed the experiments. All authors have
read and agreed to the published version of the manuscript.

Funding: This work was financially supported by the National Natural Sciences Foundation of China
(No. 81860759).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available in the Supplementary
Materials.

Conflicts of Interest: The authors declare no conflict of interest.

Sample Availability: Samples of compounds 1-10 are available from the authors.

1.  Guo,],; Li, P; Liu, X,; Li, Y. NOTCH signaling pathway and non-coding RNAs in cancer. Pathol. Res. Pract. 2019, 215, 152620.

[CrossRef] [PubMed]

2. Heinemann, F; Huber, T.; Meisel, C.; Bundschus, M.; Leser, U. Reflection of successful anticancer drug development processes in
the literature. Drug Discov. Today 2016, 21, 1740-1744. [CrossRef]


https://www.mdpi.com/article/10.3390/molecules27175701/s1
https://www.mdpi.com/article/10.3390/molecules27175701/s1
http://doi.org/10.1016/j.prp.2019.152620
http://www.ncbi.nlm.nih.gov/pubmed/31564572
http://doi.org/10.1016/j.drudis.2016.07.008

Molecules 2022, 27, 5701 90f9

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

Boudreault, P-L.; Mattler, ] K.; Wender, P.A. Studies on the regio- and diastereo-selective epoxidation of daphnanes and tiglianes.
Tetrahedron Lett. 2015, 56, 3423-3427. [CrossRef]

Li, L.Z; Song, S.J.; Gao, PY; Li, EF; Wang, L.H,; Liu, Q.B.; Huang, X.X,; Li, D.Q.; Sun, Y. Neogenkwanines A-H: Daphnane-type
diterpenes containing 4,7 or 4,6-ether groups from the flower bud of Daphne genkwa. RSC Adv. 2014, 5, 4143-4152. [CrossRef]
Otsuki, K.; Li, W.; Miura, K.; Asada, Y.; Huang, L.; Chen, C.H.; Lee, K.H.; Koike, K. Isolation, Structural Elucidation, and Anti-HIV
Activity of Daphnane Diterpenoids from Daphne odora. J. Nat. Prod. 2020, 83, 3270-3277. [CrossRef]

Asada, Y.; Sukemori, A.; Watanabe, T.; Malla, K.J.; Yoshikawa, T.; Li, W.; Koike, K.; Chen, C.H.; Akiyama, T.; Qian, K,; et al.
Stelleralides A-C, novel potent anti-HIV daphnane-type diterpenoids from Stellera chamaejasme L. Org. Lett. 2011, 13, 2904-2907.
[CrossRef] [PubMed]

Han, B.S.; Minh, N.V,; Choi, H.Y,; Byun, ].S.; Kim, W.G. Daphnane and Phorbol Diterpenes, Anti-neuroinflammatory Compounds
with Nurrl Activation from the Roots and Stems of Daphne genkwa. Biol. Pharm. Bull. 2017, 40, 2205-2211. [CrossRef] [PubMed]
He, W,; Cik, M.; Appendino, G.; Puyvelde, L.V; Leysen, ].E.; De Kimpe, N. Daphnane-type diterpene orthoesters and their
biological activities. Mini Rev. Med. Chem. 2002, 2, 185-200. [CrossRef]

Xie, R.; Xia, G.; Zhu, J.; Lin, P;; Fan, X.; Zi, ]. Daphnane-type diterpenoids from Euphorbia fischeriana Steud and their cytotoxic
activities. Fitoterapia 2021, 149, 104810. [CrossRef]

Trinel, M.; Le Lamer, A.C,; Jullian, V,; Jacquemin, D.; Graton, J.; Cristofoli, V.; Crossay, E.; Yassine, M.; Rolland, C.; Vergnolle, N.;
et al. Daphnanes diterpenes from the latex of Hura crepitans L. And activity against human colorectal cancer cells Caco-2. Bioorg.
Chem. 2020, 103, 104132. [CrossRef]

Zhang, L.; Luo, RH.; Wang, E; Dong, Z.].; Yang, L.M.; Zheng, Y.T.; Liu, ].K. Daphnane diterpenoids isolated from Trigonostemon
thyrsoideum as HIV-1 antivirals. Phytochemistry 2010, 71, 1879-1883. [CrossRef] [PubMed]

Li, S.F; Liang, X.; Wu, X.K,; Gao, X.; Zhang, L.W. Discovering the Mechanisms of Wikstroelide E as a Potential HIV-Latency-
Reversing Agent by Transcriptome Profiling. J. Nat. Prod. 2021, 84, 1022-1033. [CrossRef]

Wei, M.M.; Wang, S.S.; Zheng, ].L.; Chen, L.; Peng, X.; Chen, J.F.; An, HM.; Hu, B. Herbal Medicine Teng-Long-Bu-Zhong-Tang
Inhibits the Growth of Human RKO Colorectal Cancer by Regulating Apoptosis, Senescence, and Angiogenesis. World J. Tradit.
Chin. Med. 2022, 8, 110-114.

College, ] N.M. Dictionary of Chinese Traditional Medicine; Shanghai Scientific and Technical Publishing House: Shanghai, China,
1977; p. 1289.

Flora of China Editorial Committee. Flora of China; Beijing Science Press: Beijing, China, 1999.

Shi, L.L.; Ma, G.X,; Gao, H.C; Chen, Q.C.; Yang, ].S; Jia, X.G.; Zhang, ]. Diarylpentanol constituents from the aerial part of
Stelleropsis tianschanica. . Asian Nat. Prod. Res. 2016, 18, 885-890. [CrossRef] [PubMed]

Zhao, D.; Shi, L.; Guo, X.; Ma, G.; Han, |J.; Yang, J.; Xu, J.; Zhang, ]. Two new daphnane diterpenes from the roots of Stelleropsis
tianschanica. J. Asian Nat. Prod. Res. 2018, 20, 1116-1122. [CrossRef] [PubMed]

Kirira, P.G.; Rukunga, G.M.; Wanyonyi, A.W.; Muthaura, C.N.; Mungai, G.M.; Machocho, A.K.; Ndiege, I.O. Tigliane diterpenoids
from the stem bark of Neoboutonia macrocalyx. J. Nat. Prod. 2007, 70, 842-845. [CrossRef]

Zhao, H.D.; Lu, Y.; Yan, M.; Chen, C.H.; Morris-Natschke, S.L.; Lee, K.H.; Chen, D.F. Rapid Recognition and Targeted Isolation of
Anti-HIV Daphnane Diterpenes from Daphne genkwa Guided by UPLC-MSn. J. Nat. Prod. 2020, 83, 134-141. [CrossRef]

Wang, C.R.; Chen, Z.X,; Ying, B.P; Zhou, B.N.; Pan, B.C. Studies on the active principles of the root of Yuan-Hua (Daphne genkwa)
II. Isolation and structure of a new antifertile diterpene Yuan huadine. Acta Chim. Sin. 1982, 40, 835-839.

Zhang, S.; Li, X,; Zhang, F,; Yang, P.; Gao, X.; Song, Q. Preparation of yuanhuacine and relative daphne diterpene esters from
Daphne genkwa and structure—activity relationship of potent inhibitory activity against DNA topoisomerase 1. Bioorgan Med.
Chem 2006, 14, 3888-3895. [CrossRef]

He, W.; Cik, M,; Van Puyvelde, L.; Van Dun, J.; Appendino, G.; Lesage, A.; Van der Lindin, I; Leysen, J.E.; Wouters, W.; Mathenge,
S.G.; et al. Neurotrophic and antileukemic daphnane diterpenoids from Synaptolepis kirkii. Bioorgan. Med. Chem. 2002, 10,
3245-3255. [CrossRef]

Mi, S.H.; Zhao, P; Li, Q.; Zhang, H.; Guo, R,; Liu, Y.Y; Lin, B.; Yao, G.D.; Song, S.J.; Huang, X.X. Guided isolation of daphnane-type
diterpenes from Daphne genkwa by molecular network strategies. Phytochemistry 2022, 198, 113144. [CrossRef]


http://doi.org/10.1016/j.tetlet.2015.01.126
http://doi.org/10.1039/C4RA13167C
http://doi.org/10.1021/acs.jnatprod.0c00540
http://doi.org/10.1021/ol200889s
http://www.ncbi.nlm.nih.gov/pubmed/21561135
http://doi.org/10.1248/bpb.b17-00641
http://www.ncbi.nlm.nih.gov/pubmed/29199243
http://doi.org/10.2174/1389557024605492
http://doi.org/10.1016/j.fitote.2020.104810
http://doi.org/10.1016/j.bioorg.2020.104132
http://doi.org/10.1016/j.phytochem.2010.08.008
http://www.ncbi.nlm.nih.gov/pubmed/20810137
http://doi.org/10.1021/acs.jnatprod.0c01039
http://doi.org/10.1080/10286020.2016.1171759
http://www.ncbi.nlm.nih.gov/pubmed/27170544
http://doi.org/10.1080/10286020.2017.1373644
http://www.ncbi.nlm.nih.gov/pubmed/29088926
http://doi.org/10.1021/np0604174
http://doi.org/10.1021/acs.jnatprod.9b00993
http://doi.org/10.1016/j.bmc.2006.01.055
http://doi.org/10.1016/S0968-0896(02)00163-3
http://doi.org/10.1016/j.phytochem.2022.113144

	Introduction 
	Results 
	Structure Elucidation 
	Antitumor Activity 

	Materials and Methods 
	General Experimental Procedures 
	Plant Material 
	Isolation and Purification of Compounds 1–10 
	Characterization of Compounds 1–4 
	Antitumor Activity 

	Conclusions 
	References

