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ABSTRACT

Four steroidal aglycones were isolated from acid-hydrolyzed products of
Ophiopogon japonicus. The spectral analysis and chemical evidence
revealed their chemical structures to be prazerigenin A (1), 1-O-sulfate-
ruscogenin (2), ophiogenin (3) and rugcogenin (4). Among them compound
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1 wasisolated from O. japonicusfor thefirst timeyand compounds 1 and 4
exerted significant anti-inflammatory activity. Inthis paper, wefirst focus
on the acid-hydrolyzed products of fibrous roots in O. japonicus. These
steroidal aglycones in fibrous roots of O. japonicus would be promising

sourcesto explore and utilize.

INTRODUCTION

Ophiopogon japoni cus (Chinese name: Maidong)
isoneof themost frequently used Chineseherbs, whose
tuberousrootsare considered effectivetotreat awide
rangeof disorders, mainly including thrombosis, myo-
cardia ischemia, arrhythmias, respiratory diseaseand
hyperglycemid®3. In China, themgjor cultivationregions
of O. japonicusare Sichuan and Zhgiang province, and
related herbsare popularly known as Chuan maidong
(CMD) and Zhemaidong (ZMD), respectively. Itiswell
documented that the quantity and quality of herbsgrown
indifferent regionsaresgnificantly influenced by envi-
ronmenta and growing conditiong*%. After themedici-
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nal part of tuberousrootsisobtained, thefibrousroots
(nearly 40% weight of total roots) areusually discarded.
Recent studieshaveindicated that aseriousof steroida
saponinswerefoundinthefibrousrootsaof O. japonicus®
8. And as we al known, steroids of spirostane and
furostane seriesand their glycosides areattracting the
attention of researchersnot only aseconomicaly impor-
tant raw materid sconvertibleinto varioussteroida hor-
monda drugs, but dsoasbiologicaly activemateridswith
independent vaud®?. Therefore, thesteroida compounds
in fibrous roots of O. japonicuswould be promising
sourcesto exploreand utilize. ZMD isonefamousherbs
inour Zhgiang provine, and varioussteroidd glycosides
wereisolated from ZMD. However, themain steroidal
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aglyconesof ZMD, especialy infibrousroots, aretill
unclear. Sointhe paper it isintroduced about theisola
tion, structurad dudidation and anti-inflammeatory activity
of various steroidal aglycones from acid-hydrolyzed
productsof thefibrousrootsinZMD.

EXPERIMENTAL

General

NMR experimentswere performed on Brucker AV-
300 and 500 spectrometer. M S data were measured
with angilent1100 LCAPI MSD instrument, IR spec-
trum were recorded on Jasco FT-4100 spectropho-
tometer. Thin-layer chromatography (TLC) was per-
formed on plates precoated with SlicaGF254 (Qingdao
Marine Chemistry Factory, China). Column chroma-
tography wascarried out with silicagel (200-300 mesh,
Marine Chemistry Company, China), ODS (50um,
Beljing H& E Company LTD., China) and Sephadex
LH-20 (GE healthcarey Sweden). The chemilumines-
cence value was recorded by BPCL-1-G-C Ultra-
wesk LuminescenceAndyzer (Beijing Ingtitutesfor Bio-
physics, ChineseAcademy of Science). Luminol and
phorbol 12-myristate 13-acetate (PMA) were obtained
fromSgma(St. Louis, MO, USA). Dimethyl sulfoxide
and other chemical solventswereanalytical grade.

Plant material

Thefibrousroots of O. japonicuswere collected
fromtheCixi regionin Zhgjiang Province, PR. China,
inJuly 2012, and identified by professor Qian Hua,
Zhejiang Forestry Academy. A voucher specimen
(ZMD120703) was deposited in School of Biological
and Chemica Engineering, Zhgiang University of Sci-
enceand Technology, PR. China

Exraction and acid-hydrolysis

The fibrous roots of O. japonicus (400 g) were
ultrasound-assi sted extracted threetimeswith 4 L of
80% ethanol. Theethanol extractswere combined and
concentrated under vaccumin arotary evaporator. The
dry ethanol extract (113.74 g) was suspended in 6%
sulfuricadd (500ml) and petroleum ether (boiling range:
60-9007, 500 ml), and then wasacid-hydrolyzed at 90
for 8 hours. The petroleum ether-sol ublefraction was
concentrated under reduced pressure to obtain a

syrup(9.18g).

| solation and identification of chemical constitu-
ents

The petroleum ether-solublefraction of acid-hy-
drolyzed products(9.18 g) wasthen subjected to silica
gel column chromatography with successivee ution by
apetroleum ether/ethyl acetate gradient and MeOH sol-
vent system. Subfractionswith thesamethin-layer chro-
matography (TLC) patternswere combined into one
fraction; thus 11 fractionswere obtained (No. A-K).
Subfractions D and E werefurther purifiedon ODS
column (with MeOH-H,O as mobile phase) and
Sephadex LH-20 column (el uted withMeOH) toyield
compound 1 (8mg), 2 (4mg), 3 (10mg) and 4 (20mg).
prazerigenin A(1)

White amorphous powder. ESIMS m/z 429 [M -
H] . IR (KBr) venrt: 3424, 1641, 980, 918, 893, 864.
'H-NMR (TMS) éppm: 0.78 (d,3H,CH_-27), 0.94
(s,3H,CH_-18), 0.98 (d,3H,CH,-21), 1.05(s,3H,CH,-
19), 5.38 (brs,1H,H-6). ®*C NMR dataseeat TABLE
1

1-O-sulfate-ruscogenin (2)

White amorphous powder. ESIMS nmy/z 509[M -
H]. IR (KBr) vem: 3426, 982, 921, 900, 866. *H
NMR (TMS) o6ppm: 0.67(d,3H,CH_-27),
0.84(s,3H,CH,-18), 1.08 (d,3H,CH,-21),
1.30(s,3H,CH,-19), 5.39 (brs,1H,H-6). *C NMR
dataseeat TABLE 1.
ophiogenin(3)

White amorphous powder. ESIMS m/z 445[M -
H]. IR (KBr) vem®: 3421, 1639, 1050, 979, 923,
900, 867. '"H NMR (TMS) éppm: 0.67(d,3H,CH,-
27), 1.12(3H, s, CH.-18), 1.13(3H, s, CH3-19),
1.27(d,3H,CH,-21), 5.47(brs,1H,H-6).*C NMR data
seeat TABLE 1.
rugcogenin (4)

White amorphous powder. ESIMS m/z 429[M -
H]. *C NMR dataseeat TABLE 1.
Neutrophilsrespiratory burst inhibitory activity

Neutrophilswasobta ned us ng themethodsof Wang
et al.l*9, A chemiluminescence assay was used to test
neutrophil respiratory burst inhibitory activity witha
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method similar to the previousreport!*, Compounds
1,3,4 weredissolved in DM SO for test, and the final
concentration of DM SOwas<0.1%. Inaddition, DMSO
was used asablank control, and rutinwaschosen asthe
positive control. Wecollected the | C, , values(the con-
centration of each substancerequired for 50%inhibition
of neutrophil respiratory burst) of eech samplefromthree
replicates, and then mean + standard deviation values
for theresultsof thel C_ assay were obtained.

TABLE 1: C NMR spectral datafor compounds1-4in pyri-
dine-d,

No. 1 2 3 4
1 37.3 84.3 38.1 78.2
2 31.6 39.7 32.7 44.0
3 71.6 68.0 71.3 68.3
4 42.2 43.6 437 43.7
5 140.4 1252 1415 140.7
6 121.4 139.0 121.6 124.3
7 26.0 31.8 26.2 33.2
8 34.9 330 36.4 325
9 433 49.8 43.6 51.6
10 36.9 431 37.3 43.7
11 19.8 236 20.2 244
12 315 40.6 26.7 40.8
13 444 40.2 48.4 40.4
14 87.4 56.7 87.8 57.2
15 39.3 31.9 40.4 32.6
16 80.9 81.1 90.5 81.2
17 58.9 63.1 911 63.4
18 19.6 16.6 20.7 16.7
19 19.2 14.7 19.6 15.0
20 41.6 41.9 45.2 42.2
21 154 14.9 9.8 151
22 109.6 109.2 109.6 109.3
23 30.7 32.3 32.2 321
24 294 29.2 28.9 295
25 30.0 30.6 304 30.7
26 66.9 66.8 66.8 67.1
27 17.3 17.2 17.3 174

RESULTSAND DISCUSSION

The petroleum ether-solublefraction of acid-hy-
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drolyzed product of O. japonicuswas separated usng
aseriesof silica-gel, ODS and Sephadex LH-20 to
afford four steroida aglycones, whichwereidentified
by comparison of their NMR and M S datawith re-
ported vauesintheliteratures'>%, Thar sructureswere
identified asprazerigeninA(1), 1-O-sulfate-ruscogenin
(2), ophiogenin(3) and rugcogenin (4). Compound 1
wasfirstly isolated from O. japonicus.

R; R, Ry Ru
| H OH OH H
2 OSO:H OH H H
3 H OH OH OH
4 OH OH H H

Figure2: steroidal aglyconesisolated from acid-hydr olyzed
productsof Ophiopogon japonicus

Compound 1 was obtai ned asawhite amorphous
powder with positiveresult tothe Liebermann-Burchard
reaction. ThelR spectrum showed the characteristic
absorption of a(25R)-spirosteroid at 980, 918, 893,
864 cm! (intensity 893>918). TheH NMR spectrum
of 1 showed two singlet methyl signalsat 6 0.94 (s,
CH,-18) and 1.05 (s,CH_-19); two doubl et methyl sig-
nalsat$0.78 (d, J=6.4Hz, CH_-27),0.98 (d, J=7.0
Hz, CH,-21) and an olefinic proton signal at 6 5.38
(1H, br s, H-6). The 3CNMR spectrum showed 27
carbon signd's, inwhich the characteristic carbon sig-
nalsappeared at 6 140.4 (C-5), 121.4 (C-6) and four
methyl carbon signals at 614.6(C-21), 17.1(C-
27)7¥19.2(C-19), 19.6(C-18) werereadily assigned.
Compared the *C NMR spectrum with those of
diosgnin, rucogenin and ophiogeninin O. japonicus,
thechemical shift appeared at 6 87.4 suggested that C-
14 was substituted by ahydroxyl group. And on the
bas sof quasi-molecular ion peak & m/z429[M-H] in
itsnegative ESI-M S, the molecular formulaof 1 was
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deduced as C,H, O,. Thus, the structure of 1 was
determined to beprazerigeninA (1).

Compound 2 was obtained asawhite amorphous
powder with positive reaction to the Liebermann-
Burchard test. ESI-M S spectrum of 2 showed aquasi-
molecular peak at MYz 509[M-H] . ThelR spectrum
showed the characteristic absorption of a (25R)-
spirosteroid at 982, 920, 901, 865 cm™ (intensity
901>920). *H NMR spectrum of 2 displayed two sin-
glet methyl signalsat 6 0.84 (s, CH,-18) and 1.30 (s,
CH,-19); two doubl et methyl signalsat 6 0.67 (d, J=
5.2Hz, CH,-27), 1.08(d, J=7.0Hz, CH-21) and an
olefinic proton signal at d 5.39 (1H, br s, H-6). C-27
signal of ®*C NMR spectrum could be assigned to the
steroidal skeleton with comparsion of ruscogenin. To
confirm the sulfate group, thiscompound was heated
with pyridineto afford ruscogenin and sulfateion. The
BCNMR signa downfiddto 6 84.3indicated asulfate
ion on C-1. On the basis of the above evidence, the
structure of 2 was assigned to be 1-O-sulfate-
ruscogenin (2).

The steroidal aglyconeswere evaluated for their
anti-inflammeation activity invitro. Compounds 1 and 4
showed inhibitory activity againgt neutrophil respiratory
burg stimulated by PMA with IC50vadueof 72.76+2.01
uM and 15.90+0.29 uM, whiletheIC_, valueof com-
pound 3 >100uM. In this bioassay, rutin, as an ac-
cepted anti-inflammatory agent, wasused asapositive
control withIC_ value of 71.84+3.86 uM. The results
showed that compounds 1 and 4 exerted significant in-
hibitory activity against neutrophil respiratory burst
simulated by PM A and proved their anti-inflammatory
potentid.
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