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Antifungal activities of four triterpene glycosides derived from sea cucumber Actinopyga sp.
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[ Abstract |  Objective To study the antifungal activities of triterpene glycosides derived from the sea cucumber

Actinopyga sp. Methods Triterpene glycosides were isolated and purified by silica gel chromatography, reversed-phase silica
gel chromatography, Sephadex LH-20, and RP-HPLC from Actinopyga sp. The structures of the triterpene glycosides were
elucidated based on spectral data, chemical reactions, and related references. The antifungal activities of the extracts against
three strains:Candida albicans . Cryptococcus neo formans . and Aspergillus fumigatus were assessed by liquid microdilution
method. Results Four triterpene glycosides were identified from Actinopyga sp.; and they included frondoside A (1),
pervicoside C (2), holothurin A (3), and holothurin B (4). The MICg, of compound 2 and compound 3 for antifungal effect
were 1-4 mg/L. showing marked antifungal activities. Conclusion Compounds 1 and 2 have been isolated from this halobios for
the first time. All the four compounds show considerable antifungal activities, and pervicoside C may be used as a lead
compound of antifungal agents.
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30 AT A 5 A5 B iA, A1 K ER & 3k, FRAR L
V) J A R 24— A%, 32 53 A e [ g T v

AR MR AT 2 (Actinopyga sp.) 5 B 15 5
4 MNES R 9 E N frondoside A (1) . pervi-
coside C (2) ,holothurin A (3)#l holothurin B (4),
IRV T N o B R et /BT B S I = NS R

1 MR E

1.1 M#RE WSS TS WA M,
FRASBUAE T80 2R R 2y 7 B il P 259 bl i
oL B2 B T VR IR SR T B R BT 9T 01 5 E R R
Tz,

TMS-300 B4 %A% ; Bruker AC-300,400,500 %
W 3 Pz A%, TMS /E N b5 ; HPLC: Aglient 1100
HPLC ¥, 78 229796 (RID) K 4% . Zorbax 300-C s
(250 mm X 9.4 mm) ; 24 FH#E K (200 ~300 H , 4
Gk 2E Tl i 98 BT ) 5 Sephadex LH-20 ( Pharmacia
NCIDINR T Wil Bl B T2
1.2 BBRE55 83 FTHEIS2 4 ke, BT
) a4t TR, BT 5 L EERH I 65%
) F R I 6 U B R ] i FR A R R Y L K A R
it HP-20 RALBAEHE, 23 5 5096 .70%6 .95 % 19 &
st A6 J32 O 58, 3 i AT B W 0 R K 70 Yo & TS 43 Uk
ZZTJa H K 4y 80, B OE T B 40 5 ZE B 6 1K, BRIk
2000 ml,f412H 8.2 g, IE T HEHEY A& GERHZE
Hr (CHCL,-MeOH-H, 0,10 : 1 : 0. 1~6 : 4 : 0.4)
T R L A5 BT (460 mg) ; MR T2 RP-18 kE
JEHT (MeOH-H, O # £ ¥ B> 15 3 36 (Fr. 1~
3);Fr. 2(120 mg) if Sephadex LH-20 #E i £ 4l tk
(MeOH-H, O, 1 = 1 ¥EBt), 2l fb J5 i 2 2F i %
HPLC & . 4tk (MeOH-H, 0,50 % ~65 %) , 154k
A% 1(20 mg) .2(12 mg) .3(32 mg) fl 4(26 mg) .

2 R

2.1 fomeshiEe AW 1. AEGRE K,
m. p. 234~ 236°C (MeOH-H, O), Liebermann-Bur-
chard Fil Molish Jz i fH: ., IR(KBr, ecm™):3 410
(REH .1 7500 , 1 645 M) .1 235,830 (B R
BEL) . W HWEZ - KATHE [H]-1F & + B ESI-MS ##
BB HE ST T8 706 m/2 1 357 M~+Na] " il Hi 5§ 25 -
KAT I A -1 B T R ESIMS T iR R HE > TR T
W m/= 1 311[M-Na ] #El {659 1 B AHXT 53 F T
o1 334,454 HNMR, *CNMR il DEPT % #i &

ZALEHI 5 TN CooHos O20SNa, HRIELEY 1
B HNMR,"” CNMR, DEPT, X} 4% 4~ #¢ e Jr i 2 i
T B HEETHE G D, kEW 1 H
"HNMR #l “CNMR i 1 @& 3 X 7R 8 4~ H 315
S HARYE ou 1. 74(d.J=6.1 Hz. Qui H-6) 1 Ji
TS HEWHZ H o LA E IS S Ah 7
AHREGESHE T LGS, ' HNMR
R XA IR FE S . 7E 6u 3~5 XU B A T
FAE5 . 0u 5. 0 Zo A7 H BURE 38 0 3 AU 15 5, M b
£ CNMR 3 &5 3 XA 1 T8 A5 5 7E 8¢ 60~80 X
WA BRI BB S R EAE 5 105. 0 2647 H BB
Ioviig Hefie {55 R MAL S W) =k B R E Y.
dc 120. 55 Ml §c 145. 93 R HITTHAALE— 7.8 fif
R B R 3% X P 5c 179. 69 Fll 8¢ 169. 89 f55 1Y
FEAER I TT T & AETE— > y- PN i Bk ik D 2 gt e i
W, B 14 =W OBKMIG . 1585 2 B R AT
Y R GC/MS 4387 . 485 b i 4 60 B 1 2. 1% Pk
iP5t &, R IAEAE D-ABE - D-Z bl - 3-H A
F-D- A, LLH o 32 1 1P, fE'HNMR %,
PCNMREE I IC S XA 5 A B ) ity 3k B R ity ik o
T15 5, 8¢ 9 A 104. 97 (Xyl T, C-1"),102. 93
(Qui, C-17),105. 61 (Xyl [ ., C-1*),105. 18 (MG,
C-1'),105. 81(Xyll . C-1°) . 5u %l A 4. 84(1H. d,
J=7.6 Hz, Xyl T ,H-1"),5.31(1H,d,J =7.9 Hz,
Qui.H-1"),4. 87(1H.d,J=7.6 Hz, Xyl [l . H-1%),
5.34(1H,d,J=8.0 Hz,MGl,H-1"),5. 31 (1H.,d,
J=7.6 Hz, Xyl  .H-1"), X¥FESEHLEGDH
FEWESE 5 A UM LA, AR SR 1Y 3 B T T A AR
KA HH(7.0~8.0), AT B RE 5 4~ b5 Ry 14
R 2R DL B A BT OF 5 SR RO X B B E Ak
A% 1 K frondoside A,

a2 AESHBAR. m p. 250~252C
(MeOH-H, O), Liebermann-Burchard 1 Molish <
NEFHME, IR(KBr, em™):3 429 (¥3),1 750 (¥
H),1 637CWEE) .1 2601 216 (BRRRAE L) , i Hf ms
25 - ®AT B [A]-1E B 7 i i ESI-MS #2431t 1 o 4 7 5
T /> 1 213[ M+ Na | " FlHL 0 55 - K A7 I a] - 17 25
T TiE ESI-MS $2 41 11 40 F B 11 m /> 1 167[ M-
Na ] #0592 BOAHXT 4> F Rl 1190, 45
4 'HNMR,“CNMR Hl DEPT 18 & % L& 9 i 23
TR K Ci Hy; O SNa, (b5 % 2 B9 HNMR Fi
PCNMREE 73 5 WL 2 FEk 3, Ul Wtk &9 2 I R
=MERAF R . 5c 153.23 Ml 5c 116.37 5 55
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Tab 1 NMR data for compound 1 in PYRIDINE-D5

Position ¥ CNMR "HNMR(J in Hz) Position BBCNMR 'HNMR(J in H2)
1 36. 24 1.42 (2H, m) Xyll 1 104. 97 4.84 (1H, d, 7.6)
27.16 2.02 (1H, m) 2 82.21 4.21 (1H, m)
1.82 (1H, m) 3 75. 60 4.30 (1H, m)
3 89. 38 3.16 (1H, dd, 3.9, 11.5) 4 76.30 5.12 (1H, m)
4 39.79 5 64.57 3.96 (1H, m)
5 48.18 1.11 (AH, m) 4.91 (1H, m)
6 23.52 2.04 (ZH, m) Qui 1 102. 93 5.31 (1H, d, 7.9)
7 120. 55 5.45 (1H, m) 2 83.02 4.12 (1H, m)
8 145. 93 3 75.19 4.08 (1H, m)
9 47.31 3.53 (1H, brd) 4 85.55 3.71 (1H, m)
10 35.78 5 71.42 3.72 (1H, m)
11 22.78 1.84 (1H, m) 6 18.12 1.74 (3H, m)
1.60 (1H, m) Xylll 1 105. 61 4.87 (1H, d, 7.6)
12 31.61 2.26 (1H, m) 2 73.67 4.02 (1H, m)
2.29 (1H, m) 3 86.58 4.27 (1H, m)
13 59. 48 1 69.19 4.08 (1H, m)
14 47. 66 5 65. 45 3.81 (1H, m)
15 43. 86 2.78 (1H, dd, 7.4, 12.2) 4.33 (1H, m)
1.76 (1H, dd, 8.6, 12.2) MeGle 1 105. 18 5.34 (1H, d, 8.0)
16 75. 44 5.85 (1H, m) 2 74.68 3.87 (1H, m)
17 54. 87 2.74 (1H, d, 9.0) 3 87. 44 3.92 (1H, m)
18 179. 69 4 70. 80 3.96 (1H, m)
19 24.16 1.31 (3H, s 5 77.41 4.11 (1H, m)
20 85.25 6 62. 26 4.14 (1H, m)
21 28.50 1. 659 (3H, s) 4.45 (1H, m)
22 39.37 2.40 (1H, m) OMe 60.91 3.93 (3H, m)
1.85 (1H, m) Xylll 1 105. 81 5.31 (1H, d, 7.6)
23 22.77 1.34 (1H, m) 2 75.01 4.06 (1H, m)
1.25 (1H, m) 3 76.69 4.19 (1H, m)
24 39.85 1.21 (1H, m) 4 70.53 4.22 (1H, m)
1.08 (1H, m) 5 66.70 3.71 (1H, m)
25 28.41 1.52 (1H, m) 4.43 (1H, m)
26 22.54 0.93 (3H, d, 6.4)
27 22.99 0.91 (3H, d, 6.4)
28 32.41 1.28 (3H, )
29 17. 64 1.13 (3H, s
30 28.93 1.31 (3H, &)
31 169. 89

32 21.45 2.14 (3H, )
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Tab 2 NMR data for aglycone moiety of compounds 2-4 in PYRIDINE-DS

Compound 2 Compound 3 Compound 4
Position
BBCNMR '"HNMR(J in H2) B CNMR '"HNMR(J in Hz) IBCNMR '"HNMR(J in H2)
1 36.62 1.76 (1H, m) 36.51 1.42 (1H, m) 36. 50 1.36 (1H, m)
1.36 (1H, m) 1.77 (1H, m) 1.78 (1H, m)
2 27.23 2.01 (1H, m) 27.17 1.91 (2H, m) 27.18 1.87 (1H, m)
1.83 (1H, m) 1.94 (1H, m)
3 88.97 3.21 (1H, m) 88. 89 3.12 (1H, m) 88. 83 3.20 (1H, dd, 3.9, 10.4)
4 40. 16 40. 19 39. 84
5 53. 00 0.89 (1H, m) 52.83 0.92 (1H, m) 52.81 12 (1H, m)
6 21.42 1.67 (1H, m) 21.35 1.46 (2H, m) 21.35 1.55 (1H, m)
1.44 (1H, m) 1.75 (1H, m)
7 27.23 1.39 (1H, m) 28.47 1.47 (2H, m) 28.28 1.53 (1H, m)
1.74 (1H, m) 1.74 (1H, m)
8 40. 32 3.37 (1H, m) 41. 04 3.30 (1H, m) 41. 06 3.38 (1H, m)
9 153.23 153. 94 153.91
10 40,13 39. 85 40.13
11 116. 37 5.61 (1H, brd, m) 115.71 5.54 (1H, brd, m) 115.74 5.64 (1H, brd, m)
12 70.23 4.46 (1H, brd, m) 71. 65 4.89 (1H, m) 71. 66 4.96 (1H, brd, m)
13 64. 46 58.95 58.95
14 46. 81 46. 05 46. 06
15 37.37 1.57 (1H, m) 37.00 1.48 (1H, m) 37.00 1.41 (1H, m)
1.33 (1H, m) 1.72 (1H, m) 1.84 (1H, m)
16 24.33 1.90 (1H, m) 35.73 2.33 (1H, dd, 7.2, 15.6) 35.73 2.43 (1H, dd, 9.1, 14.3)
2.87 (1H, dd, 5.4, 15.6) 2.97 (1H, dd, 6.2, 12.5)
17 47.15 3.10 (1H, m) 89. 88 89. 89
18 177. 49 174. 64 174. 69
19 22.66 1.29 (1H, s 22.66 1.30 (3H, 22.68 1.33 (3H, s
20 84.93 86.78 86. 81
21 18. 23 1.50 (1H, s 18.99 1.67 (3H, 19. 02 1.77 (3H. s)
22 39.61 1.65 (2ZH, m) 80. 80 4.22 (1H, m) 80. 81 4.35 (1H, m)
23 22.42 1.34 (2H, m) 28. 26 1.98 (2H, m) 28.48 2.05 (2H, m)
24 39.76 1.07 (1H, m) 38.59 1.52 (1H, m) 38. 60 1.54 (2H, m)
1.12 (1H, m) 1.49 (1H, m)
25 28.12 1.42 (1H, m) 81.53 81.55
26 22.60 0.77 (3H, ) 28. 81 1.12 (3H, ) 28.79 1.10 (3H. s)
27 22.20 1.10 (3H, &) 27.56 1.09 (3H, s 27.57 1.06 (3H, s
30 16. 83 0.93 (3H, ) 16. 88 1.17 (3H, s 16. 84 1.04 (3H, s
31 27.92 1.13 (3H, s) 28.21 1.11 (3H, s 28.23 1.27 (3H, s
32 21.98 1.21 (3H, ) 20. 47 1.60 (3H, ) 20. 48 1.64 (3H, s

a3 HESFHAR, m.p. (214+0.5C
(MeOH-H,0O), Liebermann-Burchard #l Molish Jx
NBHPE, IR (KBr, em') .3 417 (%), 1 761 (B
F) .1 637CWEE) .1 223 A1 216 (B AR HE) . M
W% 25 - AT B [E]-1E B T i ESI-MS $2& 4E 19 o 43 1
BT m/ =z 1 243 M+ Na] " LS 55 - K47 R} A]- 1
BT ESI-MS $2 450 2 F 3 T om/2 1197
[M-Na] #Efl,fb& % 3 B9MX 43T BN 1 220,
454 HNMR,"” CNMR Fl DEPT 1% #i & %1k & 9

(115> 7R A CoyHes Oy, SNa, &% 3 i HNMR,
BCNMR (% 2.% 3) Ml DEPT # W, k&% 3 N
“WRERAEY. ShEY 2 ML LAY 3
HIoAEY 2 HIC A, 5c 71, 65(C-12, CH),
oud. 89(H-12, 1H), &c 89.88(C-17, O 5 S HF
FEULH] C-12 A1 C-17 g R B M. C-22 (CHD .,
C-25 (O mk i # 3 80. 8 Ml 81. 53, 45/ 4
T 0T B TN EEES 4 O 22, 25-FR R AT
FARRE 5t b &4 3 00 0 6 45 4 2E 47 50 L B0



555 W1 SR WAL S T A4 PR E G g S R

* 525 -

KM EY 2 MREEELS M e & —HE . 2R DL B2

*x3

P, I 5 SCHR S X LB E LS 3 Fholothurin A,

KEW 2~4 HEEZBHAE NMR H#E

Tab 3 NMR data for oligosaccharide moiety of compounds 2-4 in PYRIDINE-D5S

Compound 2

Compound 3 Compound 4

Position BBCNMR '"HNMR(J in Hz) BBCNMR "HNMR(J in Hz) BBCNMR 'HNMR(J in H2)
Xyl 1 105. 35 4.57 (d, 6.4) 105. 37 4.57 (1H, d, 6.8) 105. 98 5.03 (1H, d, 7.6)
2 83.53 3.94 (1H, m) 83.55 3.91 (1H, m) 83.59 4.03 (1H, m)
3 75.17 4.16 (1H, m) 75.56 4.16 (1H, m) 75.51 4.24 (1H, m)
4 76.47 4.99 (1H, m) 76.47 4.97 (1H, m) 76. 83 3.60 (1H, m)
5 64.32 3.57 (1H, m) 64. 45 3.75 (1H, m) 64.33 3.72 (1H, m)
4.59 (1H, m) 4.54 (1H, m) 4.61 (1H, m)
Qui 1 105. 54 4.90 (d, 7.2) 105. 59 5.04 (1H, d, 7. 2) 105. 35 4.63 (1H, d, 6.0)
2 75.68 3.90 (1H, m) 75.56 3.96 (1H, m) 75.95 5.01 (1H, m)
3 75.95 4.01 (1H, m) 75.90 4.03 (1H, m) 77.74 3.94 (1H, m)
4 87. 04 3.56 (1H, m) 86.78 3.66 (1H, m) 73.6 3.65 (1H, m)
5 72.00 3.60 (1H, m) 71.66 3.73 (1H, m) 76.97 3.97 (1H, m)
6 18. 40 1.59 (d, 5.6) 18.19 1.68 (1H, m) 18.70 1.56 (1H, m)
Gle 1 105. 02 4.86 (d.7.6) 104. 96 4.87 (1H, d, 7.2)
2 74.05 3.99 (1H, m) 74.19 3.88 (1H, m)
3 88.16 4.14 (1H, m) 88.12 3.96 (1H, m)
4 69.79 3.98 (1H, m) 69. 60 3.48 (1H, m)
5 77.92 3.89 (1H, m) 77.79 3.58 (1H, m)
6 62.09 4.35 (1H, m) 61.92 4.15 (1H, d, 5.6)
4.52 (1H, m) 4.45 (1H, d, 5.6)
MeGle 1 105. 94 5.19 (1H, d, 7.6) 106. 00 5.24 (1H, d, 7.3)
2 74.92 3.95 (1H, m) 75.14 3.94 (1H, m)
3 87. 80 3.57 (1H, m) 88. 89 3.72 (1H, m)
4 70.75 4.02 (1H, m) 70. 74 3.54 (1H, m)
5 78. 45 3.93 (1H, m) 78. 40 3.97 (1H, m)
6 62.29 4.32 (1H, m) 62.25 4.14 (1H, m)
4.15 (1H, m) 4.33 (1H, m)
OMe 60. 95 3.74 (1H, ) 60. 95 3.77 (3H, m)

a4 HESFHAR, mp. (22440.5C
(MeOH-H,0), Liebermann-Burchard 1 Molish <
RNBAME, IR(KBr, em™’):3 417 GEHE), 1 761 (B
), 1 637(EE) .1 223 Al 1 216 (FRRARIE) ., HH
W5 %5 - R AT B [H]-1F 25 F BT i ESI-MS £ 4t 4 7+
BT m/z 905 M-+ Na | " Fl e W5 55 - K 47 B[] - 17
B F Ui ESI-MS #2459 1 2 7 B T 1% m/2 859
[M-Na] #EW, k&9 4 B H X5 F Jf w4 882,
454" HNMR,"CNMR(F 2.3 3) 1 DEPT i #f &
Zi &+ XA Cy He O SNa, i
iF'HNMR, " CNMRH DEPT %4 & 7% , i 5 1k
HW 4 MALA Y 3 B U S5 — B0, B EE 2K iR
Mrla e &9 4 MBEEE 2B D-RBE « D-Z bl
Q:DAM, 25 R, EkEW 4N
holothurin B,

EY 1~4 L5 H UL 1,

2.2 WAWEMERI RS0 R O W R
e, LU HFE 28 9F (terbinafine) |, il 5 M (ketocon-
azole) ., Wit % & B(amphotericin B) . L HE B ({lu-
conazole) 5§ 4 Ffllfi IR I & Pt B B4 245 S X BE & )
ETHRNLS oy BRI 4 A2 B AT X Ak
W (Candida albicans) . # 4 B ER BE (Cryptococcus
neo formans) FEE M M 85 B (Aspergillus fumiga-
tus) 5 3 P ERR 19 BT TS ML OF DL MIC, (H R A
180 %6 B IS A9 24 W v ) (LA by 0 RE A L 3%
eI %2 28 B 8 7R, pervicoside C(2) ¥F 3 FF B 1# A9
MICy {1 ~4 mg/L.¥/NF 8 mg/L, KRB T
SR [ BT EL T 15 M L T frondoside A (1D XF 3 B i bk (19
MICy {3 K T fe = W BE 64 mg/L. P EL I 16 £ 59 .
BRI 4,
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Tab 4 Antifungal activities of compounds 1-4
[MICg ypn/(mg < L7hH]

Candida Cryptococcus — Aspergillus-

albicans neo formans fumigatus
Compound 1 =>64 =>64 =64
Compound 2 4 1 4
Compound 3 64 4 16
Compound 4 16 4 16
Terbinafine 4 1 0.062 5
Ketoconazole 0.062 5 0.062 5 1
Amphotericin B 0.25 0.25 4
Fluconazole 0. 25 0. 25 =64

Compound 1: Frondoside A; Compound 2: Pervicoside C; Com-

pound 3: Holothurin A; Compound 4: Holothurin B

M2 B BA T 2 (2 B Pk, g b b B
VR I M R — AR T S Y e e e A
FH 5 S AL S, i AT R A MR 86 &
W A B THOMR R 2 Mot 5T k. A
HIRMNEILZEH S P18 L&Y pervicoside C
AW BM ARG, TEMERN SIS
Y. B LIPRETT .

[Z % x #k]
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