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Abstract: Chemical investigation of the EtOAc extract from the aerial parts of Acrostichum aureum distributed
along coastlines of Vietnam lead to the isolation of a new ecdysteroid, named pterosterone 20,22-acetonide (1),
along with twelve known compounds (2-13). Their structures were elucidated by spectroscopic methods
including 1D, 2D NMR and HR-ESI-MS analysis as well as comparison with the results of previous studies.
Five ecdysteroids (1-5) were evaluated for their cytotoxic activity against the LU-1, MCF7 and HepG2 human
cancer cell lines using the SRB assay. Ecdysteroids 1 and 2 having a 20,22-dimethyl acetal group showed
cytotoxicity against all tested cell lines with 1Csq values in the range 51.59 to 60.14 uM. The other compounds
were considered as inactive in this test.

Keywords: Acrostichum aureum; Pteridaceae; ecdysteroid; flavonoid; spectroscopic analyses; cytotoxicity. ©
2024 ACG Publications. All rights reserved.

1. Introduction

Ecdysteroids are steroid hormones that control the processes of insect moulting and
metamorphosis. These steroids are characterized by a cis-fusion of the A/B rings, a 7-en-6-one
chromophore, a trans-fusion of the C/D rings with 14a-OH group, and they usually retain the entire
carbon skeleton of their original sterols. The ecdysteroids originated from plants (phytoecdysteroids)
play important roles in growth regulation and in the plant protection [1]. Fifty percent of more than
500 fern species were detected containing ecdysteroids, sometimes at very high contents (4-5%).
About 40 ecdysteroids have been isolated from different ferns [2,3]. The mangrove fern Acrostichum
aureum L. (Pteridaceae) has been used as a traditional remedy in Vietnam and many Asian countries
for treatment of non-healing ulcers, dermatitis, worm infections, rheumatism, gastritis and diabetes
[4,5]. More than 40 compounds have previously been isolated or detected from A. aureum, including
terpenoids, steroids, flavonoids, and other phenolic compounds [5]. However, there has been few
reports on the presence of ecdysteroids from A. aureum. Ponasterone A, the first ecdysteroid from A.
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aureum, has been isolated in 1981 [6], whereas pterosterone has been found from this fern in 2006 [7].
Continuing our work on phytochemistry and cytotoxic activity of A. aureum [8], we carried on the
isolation and structure elucidation of compounds from the ethyl acetate fraction of methanol extract of
A. aureum. A new pterosterone 20,22-acetonide (1) together with twelve known compounds including
ecdysteroids (2-5), flavonoids and flavonoid glycosides (6-12) and a phenolic glucoside (13) have
been isolated. The cytotoxicity of ecdysteroids (1-5) effect against three human cancer cell lines LU-1,
MCF7 and HepG2 was also evaluated.

2. Materials and Methods

2.1. General Experimental Procedures

The JASCO P-2000 polarimeter (Hachioji, Japan) was used for measuring optical rotation.
NMR spectra were recorded on a Bruker Avance 500 MHz spectrometer with tetramethyl silane
(TMS) as internal standard. HR-ESI-MS were obtained on X500 QTOF mass spectrometer system
(MA, USA). Silica gel 60 (0.04-0.063 mm, Merck), C18 reversed-phase (RP) silica gel (150 pum,
YMC), and Sephadex LH-20 (25-100 um, Sigma-Aldrich) were used for column chromatography
(CC). Thin-layer chromatography (TLC) was carried out on silica gel 60 F254 and RP-18 F254S
plates (0.25 mm, Merck). The spots were visualized under UV fluorescence at 254 nm or spraying
with 1% vanillin-H,SO,4 in MeOH, followed by heating at 100 °C for 1-2 min.

2.2. Plant Material

The aerial parts of A. aureum were collected from coastal area of Thai Binh province, Vietnam,
in 2019. The identity of the plant material was confirmed by Prof. Tran Huy Thai, Institute of Ecology
and Biological Resources, Vietnam Academy of Science and Technology (VAST). Voucher
specimens are retained at the Herbarium of the Department of Organic Chemistry, Hanoi University of
Science and Technology (HUST), Vietnam (deposit number HUST.NO03).

2.3. Extraction and Isolation

The air-dried aerial parts (3.2 kg) of A. aureum were powdered and extracted three times with
MeOH (3 x 10 L) at 45 °C for 1 h under sonication. After removal of solvent under reduced pressure,
the crude extract was suspended in H,O and successively partitioned with n-hexane (3 x 1 L) and
EtOAc (3 x 1 L). The EtOAc soluble fraction (61.0 g) was fractionated on a silica gel column eluted
with a CH>CIl>/MeOH (100:1 to 1:1, v/v) gradient to afford six fractions A-1 to A-6. Fraction A-2 (2.79
g) was purified by a Sephadex LH-20 column with MeOH followed by chromatography with silica gel
eluted with CH,Cl./MeOH (15:1, v/v) to yield compounds 12 (2.7 mg) and 4 (75.4 mg). Fraction A-3
(1.16 g) was subjected to Sephadex LH-20 CC eluted with MeOH to give two subfractions A-3.1 and
A-3.2. Subfraction A-3.1 was further separated by RP-Cys silica gel CC eluted with MeOH/H,0 (4:1,
v/v) to obtain compounds 1 (50.9 mg) and 2 (37.7 mg). Compound 6 (2.4 mg) was obtained from the
subfraction A-3.2 by RP-Cs silica gel CC eluted with MeOH/H20 (2:1, v/v). Fraction A-4 (11.35 g)
was chromatographed repeatedly on a silica gel column eluted with CH,CI./MeOH (15:1, 10:1, 5:1,
1:1, v/v) and five subfractions A-4.1 - A-4.5 were obtained. Subfraction A-4.1 was purified by
Sephadex LH-20 CC with MeOH, followed by recrystallization in acetone to yield compound 3 (140.2
mq). Purification of the A-4.3 by Sephadex LH-20 CC eluted with MeOH to give compound 10 (60.7
mg). Subfraction A-4.4 was purified by a Sephadex LH-20 column with MeOH followed by
chromatographed with RP-Cs silica gel eluted with MeOH-H,0O (1:2, v/v) to afford compounds 11 (13
mg) and 13 (9 mg). Compound 5 (5.6 mg) was obtained from the subfraction A-4.5 by RP-Cis silica
gel CC eluted with MeOH/H,0 (2:3, v/v). Fraction A-5 (7 g) was further separated by silica gel CC
eluted with CH,Cl,/MeOH (10:1, v/v) to give two subfractions A-5.1 and A-5.2. These subfractions
were purified by Sephadex LH-20 CC with MeOH elution and then recrystallized in acetone to yield
compounds 7 (35.0 mg) and 8 (80 mg). Fraction A-6 (2.5 g) was subjected to Sephadex LH-20 CC
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eluted with MeOH to give two subfractions A-6.1 and A-6.2. Subfraction A-6.1 was further separated
by silica gel CC eluted with CH,Cl,/MeOH (2:1, v/v) to afford compound 9 (9.1 mg).

Pterosterone 20,22-acetonide (1): White powder. [0{]2,35 =+ 70.6 (c 0.1, MeOH); HR ESI-MS: m/z

543.3272 [M + Na]* (calcd. for C3oHs07Na, 543.32922); *H NMR (500 MHz, acetone-ds) and *C
NMR (125 MHz, acetone-ds) data are given in Table 1.

6 :R;,=0OH,R,=H
7 :R;=O0H,R,=0-a-L-Rha
8 :R,=O0H,R,=0-4D-Glc
9 :R,=O0H,R,=0-4D-Glc’a-L-Rha
10 : R, =H, R,=0-0-L-Rha
11 :R,=H, R,=0-4D-Glc

Figure 1. Chemical structures of compounds 1-13

2.4. Cytotoxic Assay

Cytotoxic activity against three human cancer cell lines as LU-1 (lung carcinoma), MCF7 (breast
carcinoma), and HepG2 (hepatocellular carcinoma) were determined using the sulforhodamine B
(SRB) assay [9]. All tumor cell lines were supplied by Professor J. M. Pezzuto (Long-Island
University, US) and Professor Jeanette Maier (Milan University, Italia). The detailed methodology for
the cytotoxicity assay has been described in a previous paper [8]. Ellipticine was used as a positive
control.

3. Results and Discussion
3.1. Structure Elucidation

The EtOAc soluble fraction of the methanol extract of A. aureum was separated by
chromatographic techniques to afford thirteen compounds (1-13, Figure 1).
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Table 1. 'H (at 500 MHz) and **C (at 125 MHz) NMR data for compound 1 in acetone-ds

Position dc on, J in Hz Position dc on, J in Hz
©) ©)
1 374 (CHy) 1.77 (1H, m) 16 22.0 (CHz) 2.04 (1H, m)
1.39 (1H, m) 1.98 (1H, m)
2 68.1 (CH) 3.83 (1H, brd, J=10.5) 17 49.9 (CH) 2.34 (1H, overlapped)
3 68.0 (CH) 3.92 (1H, m) 18 175 (CHs) 0.81 (3H,s)
4 32.0 (CHz) 1.65(2H, m) 19 24.3 (CH3) 0.91 (3H,5)
5 51.1(CH)  2.32(1H,dd,J=6.0, 11.0) 20 85.5 (C) -
6 2039 (C) - 21 22.4 (CH3) 1.17 (3H,s)
7 121.8 (CH) 5.73(1H,d,J=2.5) 22 80.4 (CH) 3.93(1H, dd,J=4.0,8.5)
8 165.2 (C) - 23 33.8(CHz) 1.61 (2H, m)
9 344 (CH) 3.14(1H,ddd,J=25,7.0,11.5) 24 75.1(CH) 3.52 (1H,dd,J=3.0,7.5)
10 38.6 (C) - 25 33.7(CH) 1.67 (1H, m)
11 21.0 (CHz) 1.79 (1H, m) 26 17.4 (CHs) 0.89 (3H, d, J=7.0)
1.65 (1H, m)
12 31.8 (CH2) 2.14 (1H,td, J=5.0, 13.0) 27 19.3(CHs) 0.90(3H,d, J=7.0)
1.79 (1H, m)
13 48.0 (C) - 28 1076 (C) -
14 84.7 (C) - 29 27.1 (CH3) 1.31(3H,59)
15 31.4 (CHz) 1.92 (1H, m) 30 29.2 (CH3) 1.36 (3H,s)
1.67 (1H, m)

Pterosterone 20,22-acetonide (1) was obtained as a white powder. Its molecular formula was
determined as CsoHssO7 by the HR-ESI-MS at m/z 543.3272 [M + Na]* (calcd. for CsHasO7Na,
543.3292) and NMR spectroscopic data (Table 1), indicating seven degrees of unsaturation. The NMR
spectroscopic data shows that 1 possesses an ecdysteroid skeleton with a 7-ene-6-one unsaturated
ketone group [1]. The **C NMR and DEPT spectra of 1 displayed 30 carbon resonances including
seven methyl, seven methylene, nine methine (comprising four oxygenated carbons at ¢ 68.0, 68.1,
75.1, 80.4 and an olefinic carbon at 8¢ 121.8) groups, seven non-protonated carbons (comprising a
ketone carbon at d¢c 203.9, an olefinic carbon at d¢c 165.2, an acetal carbon at dc 107.6, and two
oxygenated carbons at 8¢ 84.7 and 85.5). It also exhibited the presence of an «,f-unsaturated ketone
system [8c 203.9, 165.2 and 121.8]. In addition, the *H NMR spectrum of 1 revealed signals of an
olefinic proton as a doublet at & 5.73 (1H, d, J = 2.5 Hz, H-7), four oxygenated methine protons at ou
3.93 (1H, dd, J = 4.0, 8.5 Hz, H-22), 3.92 (1H, m, H-3), 3.83 (1H, brd, J = 10.5 Hz, H-2), and 3.52 (1H,
dd, J = 3.0, 7.5 Hz, H-24), two geminal methyl groups at 64 0.89 (3H, d, J = 7.0 Hz, Hs-26) and 0.90
(3H, d, J = 7.0 Hz, H3-27), as well as five methyl singlets at 64 0.81 (3H, s, H3-18), 0.91 (3H, s, Hs-
19), 1.17 (3H, s, Hs-21), 1.31 (3H, s, Hs-29), and 1.36 (3H, s, H3-31). Comparison of the NMR
spectroscopic data of 1 and pterosterone (3) indicates their structural similarity except an additional
acetonide group [6c¢/6n 107.6, 29.2/1.36 (3H, s), 27.1/1.31 (3H, s)] and the downfield shifts of C-20
(7.8 ppm) and C-22 (2.8 ppm) signals relative to those for 3, thus suggesting the 20,22-acetonide
structure in 1 [10]. The proposed structure of 1 was confirmed by detailed analysis of its 2D NMR
(*H-'H COSY and HMBC) spectra. The spin system of H-22/H,-23/H-24/H-25/H3-26/Hs-27 in the 'H-
'H COSY spectrum and the HMBC correlations of H-22 to C-17, C-20, C-21, C-23, C-24; Hs-21 to C-
17, C-20, C-22; and Hs-26, H3-27 to C-24, C-25 was confirmed a 20,22-acetonide-24-hydroxylated
steroid side-chain at C-17 of 1. Noted that the HMBC spectrum also showed the correlations from two
methyl groups Hs-29 (5,, 1.31) and Hs-30 (5,, 1.36) to acetal carbon C-28 (5.107.6). In addition, the
NOESY spectrum of 1 exhibited correlations Hz-21/H3-30 and H-22/Hs-29, indicating the dimethyl
acetal moiety. The relative configuration of 1 resembles that of pterosterone (3) [12], which was
substantiated by NOESY spectroscopic analysis. The existence of correlation between H(ax)-5 (6
2.32) and Hs-19 (8w 0.91) proved the cis-fusion of A/B rings, which was consistent with the coupling
constant between H-5 and H.-4 (J = 6.0, 11.0 Hz ). The NOE correlations between H(ax)-2 (3w 3.83)
and H(ax)-9 (6n 3.14), H(ax)-2 and H(eq)-3 (o 3.92) indicated that H-2, H-3 and H-9 were on the
same side and judged to be S-oriented of the hydroxy groups at C-2 and C-3. The NOE correlations
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between H(eq)-12 (6w 1.79) and Hs-18 (6w 0.81), H3-18 and Hs-21 (6w 1.17), and between H(ax)-12
(6n 2.14) and H(ax)-17 (6n 2.34) confirmed not only the trans-fusion of C/D rings, but also the g-
orientation of the side chain at C-17. Furthermore, the NOE cross-peaks between H3z-18 and Hs-21, Hs-
21 and Hs-30 (on 1.36), as well as between H-22 (6n 3.93) and Hs-29 (0w 1.31) allowed the spatial
differentiation between CH3-29 and CH3-30. These NOESY cross-peaks also proved the relative
configurations of C-20 and C-22. The presence of 20,22-acetonide group in 1 caused the smaller
upfield shift in the C-24 resonance (2.4 ppm) relative to that for 3, hence the configuration at C-24 in 1
was deduced 24S, the same as 24S-configuration of 3 [11,12]. Based on the above discussion, the
compound 1 was determined to be pterosterone-20,22-acetonide, a new compound. Compound 1 was
not a degradation product from pterosterone (3), because acetone solvent was not used through out of
isolation process. Moreover, compounds 1 and 3 showed as different spots on the TLC of EtOAc
extract.

/7 N HMBC === COSY 4 ~X NOESY

Figure 2. *H-'H COSY and the selected HMBC, NOESY correlations of compound 1

By comparison of the isolates NMR data with those reported in the literature, twelve known
compounds were identified as ponasterone A 20,22-acetonide (2) [10], pterosterone (3) [11, 12],
ponasterone A (4) [13], 24-(2-hydroxyethyl)-20-hydroxyecdysone (5) [14], quercetin (6) [15],
quercitrin (7) [16], isoquercitrin (8) [17], rutin (9) [15], afzelin (10) [18], astragalin (11) [19],
naringenin (12) [20], and myrciaphenone A (13) [21]. To our best knowledge, six compounds 2, 5, 10-
13 have not been reported previously from A. aureum.

3.2. Cytotoxicity Activity

Table 2. Cytotoxicity of ecdysteroids 1-5

Compound ICs0 (UM)
LU-1 MCF7 HepG2

1 60.14 54.65 59.67
2 55.30 56.43 51.59
3 >100 >100 >100

4 >100 >100 >100

5 >100 >100 >100
Ellipticine 1.65 1.51 1.72

Ecdysteroids 1-5 were evaluated for their cytotoxicity against a human lung carcinoma cell
line (LU-1), a human breast carcinoma cell line (MCF7), and a human hepatocellular carcinoma cell
line (HepG2) using SRB method with ellipticine as the positive control (Table 2). Interestingly, new
compound 1 and known ponasterone A 20,22-acetonide (2) having a 20,22-dimethyl acetal group
showed cytotoxic activity against all the tested cell lines with 1Cso ranging from 51.59 to 60.14 pM,
whereas the other ecdysteroids (3, 4 and 5) were inactive in this test (ICso > 100 uM).



112

Pterosterone 20,22-Acetonide, a new ecdysteroid

Supporting Information

Supporting information accompanies this paper on http://www.acgpubs.org/journal/records-of-

natural-products

ORCID

Tran Thi Minh: 0000-0003-0784-4217

Ho Khanh Toan: 0000-0003-1416-0358
Duong Hoang Thuc: 0009-0009-5191-5247
Tran Thi Minh Trang: 0009-0003-6056-3040
Do Minh Hieu: 0009-0002-6676-0179

Vu Dinh Hoang: 0000-0002-2112-6732

References

(1
[2]

(3]
[4]
(5]

[6]

[7]
(8]

[0l

[10]

[11]
[12]
[13]
[14]
[15]

[16]

[17]

S. K. Talapatra and B. Talapatra (2015). Chemistry of plant natural products: Chapter 11 Steroids:
Cholesterol and other phytosterols, Springer-Verlag Berlin Heidelberg, pp.553-583.

N. Das, S. K. Mishra, A. Bishayee, E. S. Ali and A. Bishayee (2021). The phytochemical, biological
and medicinal attributes of phytoecdysteroids: an updated review, Acta Pharm. Sin. B. 11(7), 1740-
1766.

R. Lafont, R. Ho, P. Raharivelomanana and L. Dinan (2011). Working with Ferns, Chapter 22:
Ecdysteroids in Ferns: Distribution, diversity, biosynthesis, and functions, Springer, 305-319.

H. H. Pham (1999). An illustrated flora of Vietham. Hanoi Young Publishing House (in Vietnamese),
Hanoi, Vietnam. 1, p. 69.

K. A. Akinwumi, E. O. Abam, S. T. Oloyede, M. N. Adeduro, Y. A. Adeogun and J. E. Uwagboe
(2022). Acrostichium aureum Linn: traditional use, phytochemistry and biological activity, Clinical
Phytosci. 8, 1-18.

N. Tanaka, T. Murakami, Y. Saiki, C. M. Chen and P. L. D. Gomez (1981). Chemical and
chemotaxonomical studies of Ferns. XXXVII. Chemical studies on the constituents of Costa Rican
ferns (2), Chem. Pharm. Bull. 29, 3455-3463.

W. L. Mei, Y. B. Zeng, Z. B. Ding and H. F. Dai (2006). Isolation and identification of the chemical
constituents from mangrove plant Acrostichum aureum, Chin. J. Med. Chem. 16(1), 46-48.

T. T. Minh, N. H. Thu, H. K. Toan, T. T. Quang, N. T. V. Thanh, T. T. Huong and T. V. Sung (2022).
Three new phenolic sulfates from Acrostichum aureum collected from coastal area of Thai Binh
province, Vietnam and their cytotoxic activity, Rec. Nat. Prod. 16, 66-73.

P. Skehan, R. Storeng, D. Scudiero, A. Monks, J. McMahon, D. Vistica, J. T. Warren, H. Bokesch, S.
Kenney and M. R. Boyd (1990). New colorimetric cytotoxic assay for anticancer-drug screening, J.
Natl. Cancer Inst. 82, 1107-1112.

Y. Fang, Z. Y. Ni, T. Yamada, Y. F. Wang, M. L. Zhang, M. Dong, B. Cong, F. Sauriol, C. H. Huo, Q.
W. Shi and H. Kiyota (2010). Two new phytoecdysteroids from the Needles of Taxus canadensis, Z.
Naturforsch. 65B, 1401-1405.

J. W. Blunt, G. A. Lane, M. H. G. Munro and G. B. Russell (1979). The absolute configuration at C24
of the ecdysteroids dacrysterone, pterosterone and ponasterone C, Aust. J. Chem. 32, 779-782.

S. Ohta, J. R. Guo, Y. Hiraga and T. Suga (1996). 24-Epi-Pterosterone: A novel phytoecdysone from
the roots of Athyrium yokoscense, Phytochemistry 41(3), 745-747.

V. Karel, B. Milos, H. Juraj and K. Jitka (1998). Ecdysteroid constituents of the mushroom Tapinella
panuoides, Phytochemistry 49(7), 2109-2114.

J. Q. Dai, Y. J. Cai, Y. P. Shi, Y. H. Zhang, Z. L. Liu, L. Yang and Y. Li (2002). Antioxidant activity of
ecdysteroids from Serratula strangulata, Chin. J. Chem. 20, 497-501.

J. Y. Lallemand and M. Duteil (1977).33C NMR spectra of quercetin and rutin, Org. Magn. Res., 9 (3),
179-180.

G. A. C. Fortes, A. G. Carvalho, R. R. F. Ramalho, A. J. R. Silva, P. H. Ferri and S. C. Santos (2015),
Antioxidant activities of hydrolysable tannins and flavonoid glycosides isolated from Eugenia uniflora
L., Rec. Nat. Prod. 9 (2), 251-256.

U. Lawal, K. Shaari, I. S. Ismail, A. Khatib and F. Abas (2016), Antioxidant and a-glucosidase
inhibitory activities of isolated compounds from Ipomoea aquatica, Rec. Nat. Prod. 10 (6), 701-707.


http://www.acgpubs.org/journal/records-of-natural-products
http://www.acgpubs.org/journal/records-of-natural-products
https://orcid.org/0000-0003-0784-4217
https://orcid.org/0000-0003-1416-0358
https://orcid.org/0009-0009-5191-5247
https://orcid.org/0009-0003-6056-3040
https://orcid.org/0009-0002-6676-0179
https://orcid.org/0000-0002-2112-6732

113

(18]

[19]

[20]

[21]

Tran Thi Minh et.al., Rec. Nat. Prod. (2024) 18:1 107-113

T. Fukunaga, K. Nishiya, I. Kajikawa, Y. Watanabe, N. Suzuki, K. Takeya and H. Itokawa (1988).
Chemical studies on the constituents of Hyphear tanakae HOSOKAWA from different host trees,
Chem. Pharm. Bull. 36 (3), 1180-1184.

C. Suktap, H. K. Lee, S. Amnuaypol, R. Suttisri and S. Sukrong (2018), Wound healing effect of

flavonoid glycosides from Afgekia mahidolae B.L.Burtt & Chermsir. leaves, Rec. Nat. Prod. 12 (4),
391-396.

M. Neacsu, P. C. Eklund, R. E. Sjoholm, S. P. Pietarinen, M. O. Ahotupa, B. R. Holmbom and S. M.
Willfor (2007). Antioxidant flavonoids from knotwood of Jack pine and European aspen, Holz. Roh.
Werkst. 65 (1), 1-6.

P. Gurbuz, M. Y. Baran, L. O. Demirezer, Z. Guvenalp and A. Kuruuzum-Uz (2018). Phenylacylated
flavonoids from Peucedanum chryseum, Rev. Bras. Farmacogn. 28 (2), 228-230.

A CG

publications
© 2024 ACG Publications



	References

