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Studies on the purification of water-soluble holothurian glycosides
from Apostichopus japonicus and their tumor suppressing activity
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Abstract: To obtain water-soluble holothurian glycosides with high tumor suppressing activities from
Apostichopus japonicus, macroporous resin, silica gel and gel-filtration column chromatograghy were used to purify
the water-soluble holothurian glycosides, and their tumor suppressing activity and inducing apoptosis of tumor cells
were examined in this study. The 70% ethanol fraction of macroporous resin column, the pSC-2 and pSC-3
fractions from silica gel column showed very strong tumor suppressing activity towards HeLa cells, A-549 lung
cancer cells, SGC-7901 stomach cancer cells and Bel-7402 liver cancer cells. SC-2 and SC-3 fraction purified
from Sephadex LH-20 gel-filtration column chromatography, with a purity above 99.6%, all had the properties of
triterpenoid glycosides. Purified SC-2 fraction had remarkable tumor suppressing activity on HeLa cells in a dose-
and time-dependent manner, and had prominent tumor suppressing activity to mouse Sig solid tumors in a
dose-dependent manner. Besides, the SC-2 fraction also had remarkable ability in elevating mouse thymus index
and spleen index. The purified SC-2 fraction could induce apoptosis of HeLa cells in a dose-dependent manner,
and DNA fragmentation of HeLa cells occurred after treated 12 h with 10 mg'L™" and 50 mg-L™" of SC-2 fractions.
From the results, it can be concluded that the purified SC-2 fraction of water-soluble holothurian glycosides has
extremely strong tumor suppressing activity, and the suppression is realized by inducing tumor cells to undergo
apoptosis. This study lays solid foundation for development of highly effective new natural anticancer agents from
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sea cucumbers.
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Table 1 Effects of different ethanol elute fractions of water-

soluble holothurian glycosides from macroporous resin
column on the growth of several tumor cell strains

Macroporous resin
fraction

30% Alcohol elute fraction _
50% Alcohol elute fraction 429.37

Tumor cell strain Iqu/mg*L’l

Bel-7402 human liver

cancer cell

70% Alcohol elute fraction 9.67"
80% Alcohol elute fraction 11.19
95% Alcohol elute fraction 11.49

A-549 human lung 30% Alcohol elute fraction -

cancer cell 50% Alcohol elute fraction —

70% Alcohol elute fraction 8.63"
80% Alcohol elute fraction 10.45
95% Alcohol elute fraction 10.51

SGC-7901 human stomach  30% Alcohol elute fraction —

cancer cell 50% Alcohol elute fraction —

70% Alcohol elute fraction 10.33"
80% Alcohol elute fraction 11.18
95% Alcohol elute fraction 11.96

HeLa cell 30% Alcohol elute fraction —
50% Alcohol elute fraction —
70% Alcohol elute fraction 10.35"
80% Alcohol elute fraction 11.51
95% Alcohol elute fraction 10.68

Each ICs, was calculated as the mean value. n=3. "P<0.05 vs
80% and 95% alcohol elute fraction. “—"stand for no ICs,
value
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pSC-2 (3 8~10 54174y, ITH N 0.57 + 0.01),
pSC-3 (3 15~17 5414y, T ZHILN 0.44 £ 0.01)F
pSC-4 (5 24~26 ‘5414, I AEEH 035+0.01).
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Table 2 Effects of different ethanol elute fractions of
water-soluble holothurian glycosides from silica gel column
on the growth of several tumor cell strains

Tumor cell strain Silica gel fraction ~ ICso/mg-L™"
Bel-7402 human liver pSC-1 fraction -
cancer cell pSC-2 fraction 3.04
pSC-3 fraction 3.15"
pSC-4 fraction 7.82
A-549 human lung cancer cell pSC-1 fraction -
pSC-2 fraction 413"
pSC-3 fraction 411"
pSC-4 fraction 8.95
SGC-7901 human stomach pSC-1 fraction -
cancer cell pSC-2 fraction 4417
pSC-3 fraction 426"
pSC-4 fraction 7.15
HeLa cell pSC-1 fraction -
pSC-2 fraction 3.23°
pSC-3 fraction 3.49°
pSC-4 fraction 6.83

Each ICs, was calculated as the mean value. n=3. "P<0.05 vs
pSC-4 fraction. “~” stand for no 1Cs, value
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Figure 1 HPLC chromatogram of purified water-soluble
holothurian glycosides from Sephadex LH-20 gel filtration
column. A: Purified SC-2 fraction; B: Purified SC-3 fraction
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Table 3 Concentration-dependent inhibitory effect of purified
SC-2 on HeLa cell proliferation

Group Dose/mg-L’l Asgr Inhibiting rate/%
Control - 1.81+0.18 -
CTX 20 1.16 £ 0.13" 35.87
2 1.32+0.02" 27.27
SC-2° 10 0.10+0.01" 92.61
50 0.07 +0.02" 96.34
n=3, X+s. “Period of SC-2 treatmentis 72 h. P <0.01

Vs control group
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Table 4 Time-dependent inhibitory effect of purified SC-2
on HeLa cell proliferation

Time/h Au Inhibiting rate/%
Control Purified SC-2 fraction®
12 0.44 +0.02 0.26+0.01" 40.93
24 0.98 +0.05 0.15+0.01" 84.87
48 1.64 +0.11 0.14 +0.02" 91.69
72 1.92 +0.04 0.15+0.02" 92.29

n=3, X+ s.The concentration of purified SC-2 is 10 mg-L™".
P < 0.01 vs control group
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Figure 2 Morphology of HeLa cells after treated 12 h in
vitro with purified SC-2 at different concentrations. A:
Control; B: SC-2 (2 mg'L™"); C: SC-2 (10 mg-L™"); D: SC-2
(50 mg-L™"). Bar: 120 pm

Figure 3 AO/EB double-fluorescent staining of HeLa cells
after treated 12 h with purified SC-2 at different concentrations.
A: Control; B: SC-2 (2 mg'L™); C: SC-2 (10 mg-L™"); D:
SC-2 (50 mg-L™"). Apoptotic cells with their nuclei in orange
fluorescence, while nonapoptotic cells with their nuclei in
lightgreen fluorescence. Bar: 100 um
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Figure 4 Electrophoresis pattern of DNA extracted from
HeLa cells treated with purified SC-2 at different
concentrations. M: DL2000 marker; A: Without any SC-2
treatment; B: Treated with 2 mg~L’1 SC-2 for 12 h; C: Treated
with 10 mg'L"' SC-2 for 12 h; D: Treated with 50 mgL™"'
SC-2for 12 h
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Figure 5 Inhibitory effect of purified SC-2 on the growth of
mouse S;go solid tumors in vivo. n =10, X+s. "P <0.01 vs
control group
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Table 5 Effect of purified SC-2 on the exponent of mouse
immune organs

Group Dosei1 Thymus index Spleen i;ldex
/mgkg (x10%) (x10%)
Control _ 3.00 £0.58 515+1.19

CTX (ip) 20 23440347 43240917
SC-2 (ig) 2 524 +1.007°° 5.81+1.58""
5 5761517 6.07 +£0.94"*%
10 5.70 +1.9274% 6.84 £ 187"
20 5.75+1.637%" 6.87 +1.717"%

n=10, X+ s. 'P<0.01, “P<0.01 vs control group; ““P<0.01
vs CTX treatment group
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ML EEVE T 2 AR 2 B AT AR AN R A o] LS| & i
JA NP T, HOArE s SCikkiE . H A, 3
Bl vkt DNA B R 4% Al (0 I DA B0 e 6/
TRAN CBE Rt TRk S 500 20 R T A ) B R
AENS 24, Sy T BAIE SC-2 Al ALA: S AR S I 0 1 F BL
i, AWFFE O SC-2 S FE S AR EEFT 5 2 1) HeLa
A0 M8 ToREAT TS, ORI SC-2 AfifbFE S (2~50
mg L") A[%S HeLa A KEAETET:, JF EHLHFIE
WA, H SC-2 4ib i (10 F1 50 mg L") Ab#
12 h ) HeLa 41 e tHBL T DNA JrBiAk, H IR T
VRN Z3 501 SC-2 SlAVAE T (140098 1% 1 i i 15
J HeLa 41 i 5 AL 240 M8 TR SR o g 1S
JiKE T RS (P. quadrangularis) H7f#] Philinopside
A FE (W85 R —80 19 5l BTN =M O
Fef il i s USTMG (A JK It REAN M 729 40 fitd) 4 Jfa



BEERAE: PRI Z /KU IEI S AT I 23 2 A B AR 5 AT 5 © 31

P T A ATE SR A AR AL B, (B ST R A
IR Z B 2L FE R, JFEEAT T DNA A Bifk
$E, WHREie A .

B AT WL, ASCRIT AB-8 LU A (3

W IS RERRFE G5 AN Sephadex LH-20 BEIRFE (4% M A
ISR b alidh T KIS Ik 2 B AT AL R i,
2T AR i 5L A A5 (1) A N R A A R R, 3L
08 1% M A A0 0 5 e R 4 i A A 4 R ke SIE
1), AR K G 2 58 1 A RE S IF BT 78 i
WETUMR 2B TR . H AT, IEERH TR S
IR PRI 2 AT AR b PR RS A A 7 T2 R
TR S R A
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