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Abstract: Objective To study the secondary metabolites of Eurotium cristatum from Fu Brick Tea and their biological activities.
Methods The compounds were isolated by various column chromatographies on normal phase silica gel, reversed silica gel,
Sephadex LH-20, preparative TLC, and recrystallization. The structures were identified by the extensive analysis on their spectroscopic
data. The inhibitory effects of compounds 1—9 against SF-268, MCF-7, and NCI-H460 cell lines were tested in vitro by SRB method.
The inhibitory effects of compounds 2—9 on Staphyloccocus aureus, Escherichia coli, Salmonella enterica subsp. enterica, Shigella
dysenteriae, and Proteus vulgaris were tested by MTT method. Results Nine compounds were isolated from the extract of liquid

fermentation broth of E. cristatum in Fu Brick Tea and identified as physcion (1), 1, 5-dihydroxy-3-methoxy-7-methyl-anthracene-9,
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10-dione (2), flavoglaucin (3), 2-(2, 3-epoxy-1’, 3'-heptadienyl)-6-hydroxy-5-(3-methyl-2-butenyl) benzaldehyde (4), 2-(2’, 3-epoxy-

1", 3', 5'-heptatrienyl)-6-hydroxy-5-(3-methyl-2-butenyl) benzaldehyde (5), isodihydroauroglaucin (6), tyrosol (7), p-hydroxybenzoic

acid (8), and orcinol (9). The results of the bioactivity test showed that compounds 3—6 displayed the good cytotoxic acitivities against

the three tumor cell lines, and all the compounds exhibited the strong inhibitory activities against P. vulgaris except compounds 1 and

6. Besides, compound 9 also showed the significant inhibitory effects against S. aureus and E. coli. Conclusion The benzaldehyde

compounds are considered as the main metabolites of E. cristatum, compounds 7 and 9 are reported from the species of genus Eurotium

Link: Fr. for the first time and compounds 2, 3, 5, 6, and 8 are firstly isolated from the fungus.

Key words: Fu Brick Tea; Eurotium cristatum (Raper & Fennell) Malloch & Cain; secondary metabolites; antibacterial activity;

cytotoxicity; benzaldehyde; orcinol
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a1 BEOBER (Z&FH). 'HNMR
(500 MHz, CDCL3) 6: 12.39 (1H, s, 1-OH), 12.14 (1H, s,
8-OH), 7.64 (1H, s, H-5), 7.39 (1H, d, J = 2.5 Hz, H-4),
7.09 (1H, s, H-7), 6.70 (1H, d, J = 2.5 Hz, H-2), 3.95
(3H, s, H-12), 2.46 (3H, s, H-11); "“C-NMR (125 MHz,
CDCL) d: 190.8 (C-9), 182.1 (C-10), 166.6 (C-3), 165.2
(C-1), 162.5 (C-8), 148.5 (C-6), 135.3 (C-10a), 133.2
(C-4a), 124.5 (C-7), 121.3 (C-5), 113.7 (C-8a), 110.3
(C-9a), 108.2 (C-4), 106.8 (C-2), 56.1 (C-12), 22.2
(C-11)o LA % b5 Scifii FaA— 50, ez fh
L/ BV PN S

WA 2: 2K K CR R . "H-NMR (500 MHz,
CD;0D) &: 7.46 (1H, d, J = 1.5 Hz, H-8), 7.06 (1H, d,
J = 2.4 Hz, H-4), 7.00 (1H, d, J = 1.5 Hz, H-6), 6.43
(1H, d, J = 2.4 Hz, H-2), 3.90 (3H, s, H-12), 2.39 (3H,
s, H-11); >C-NMR (125 MHz, CDCl) J: 185.5 (C-9),
184.6 (C-10), 177.8 (C-3), 165.0 (C-1), 162.0 (C-5),
145.3 (C-7), 136.8 (C-8a), 133.0 (C-4a), 123.5 (C-8),
118.5 (C-6), 115.3 (C-9a), 113.7 (C-10a), 107.4 (C-4),
106.1 (C-2), 54.6 (C-12), 20.4 (C-11). L ¥ 5
BRIE A 87, M 2 N 1, 5- R0k
3- AR JE-7- F L Bl

A 3: O AR (AT %) . "H-NMR (500
MHz, CDCls) 6: 11.94 (1H, s, OH-6), 10.26 (1H, s,
H-7), 6.90 (1H, s, H-4), 5.29 (1H, m, H-2"), 3.31 (2H,
d, J=17.5 Hz, H-1"), 2.89 (2H, t, J = 7.8 Hz, H-1"),
1.77 3H, s, H-4"), 1.71 (3H, s, H-5"), 0.89 (3H, t, J =
6.8 Hz, H-7"), LLI 5 ANESWHF L HIE(5S
1.43~1.23 (H-2'~6'); "C-NMR (125 MHz, CDCl;)

5:195.6 (C-7), 155.8 (C-6), 145.0 (C-3), 133.9 (C-3"),
128.6 (C-2), 128.5 (C-5), 125.7 (C-4), 121.2 (C-2"),
117.3 (C-1), 32.0 (C-2'), 31.8 (C-5"), 29.6 (C-3"), 29.1
(C-4), 27.0 (C-1"), 25.8 (C-4"), 24.0 (C-1"), 22.6
(C-6"), 17.8 (C-5"), 14.1 (C-7")o LA_-%¥s 15 SCHiR R
FEA ), M RS R R
a4 FAMR. 'TH-NMR (500 MHz,
CDCl3) 6: 11.72 (1H, s, 6-OH), 10.25 (1H, s, H-7),
7.47 (1H, s, H-4), 6.74 (1H, s, H-1"), 6.51 (1H, dt, J =
15.7, 7.1 Hz, H-4'), 6.35 (1H, dt, J = 15.7, 1.4 Hz,
H-3'), 5.36 (1H, m, H-2"), 3.43 (2H, d, J = 7.5 Hz,
H-1"), 2.43 (2H, m, H-5), 1.79 (3H, s, H-4"), 1.73
(3H, s, H-5"), 1.55 (2H, m, H-6"), 0.99 (3H, t, J = 7.5
Hz, H-7"); “C-NMR (125 MHz, CDCl;) &: 193.0
(C-7), 157.7 (C-6/2'), 148.5 (C-3), 135.4 (C-4"), 134.1
(C-3"), 128.7 (C-2), 126.4 (C-5), 121.3 (C-2"), 119.4
(C-4), 118.4 (C-3"), 110.8 (C-1), 98.9 (C-1'), 35.1
(C-5"), 27.5 (C-1"), 25.8 (C-4"), 22.2 (C-6"), 17.8
(C-5"), 13.7 (C-7")0 LA_E%icdi 5 Sk FeA ),
WS EL G 4 O 242, 3-FRAEIE-T, 3R T
FE)-6-F2HE-5-(3-FHAE-2- T2k RHIE .

WA 5: SRR (ST %) . 'TH-NMR (500
MHz, CDCly) &: 11.74 (1H, s, 6-OH), 10.25 (1H, s,
H-7), 7.47 (1H, s, H-4), 6.96 (1H, dd, J = 15.0, 10.0
Hz, H-4'), 6.80 (H, s, H-1"), 6.33 (1H, d, J = 15.0 Hz,
H-3'), 6.24 (1H, m, H-5"), 5.98 (1H, m, H-6'), 5.36
(1H, m, H-2"), 3.42 (2H, d, J = 7.0 Hz, H-1"), 1.87
(3H, d, J=5.0 Hz, H-7"), 1.79 (3H, s, H-4"), 1.73 (3H,
s, H-5"); 3C-NMR (125 MHz, CDCL3) 6: 192.9 (C-7),
157.8 (C-6), 157.7 (C-2'), 148.7 (C-3), 134.1 (C-3"),
133.8 (C-6'), 132.5 (C-4"), 131.2 (C-5), 128.8 (C-2),
126.8 (C-5), 121.2 (C-2"), 119.3 (C-4), 116.7 (C-3"),
110.7 (C-1), 100.1 (C-1"), 27.6 (C-1"), 25.8 (C-4"),
18.9 (C-7"), 17.9 (C-5"). LA b5 ¥is 5 SCHRR 1B SE AR —
F, WSEA S R 2-2, 3-HE -1, 3, 5P
SIRHE)-6-FHE-5-(3- -2 T AL ) ORI .

W 6: HOk A (=S T8 . 'TH-NMR (500
MHz, CDCly) &: 11.94 (1H, s, 6-OH), 10.22 (1H, s,
H-7), 6.92 (1H, s, H-4), 6.02 (2H, m, H-4', 5'), 5.60
(2H, m, H-3', 6'), 5.28 (1H, m, H-2"), 3.28 2H, d, J =
7.4 Hz, H-1"), 3.0 (2H, t, J = 7.5 Hz, H-1), 2.34 (2H,
q, J = 7.6 Hz, H-2"), 1.75 (3H, s, H-4"), 1.72 (3H, d,
J=7.1Hz, H-7"), 1.69 (3H, s, H-5"); '*C-NMR (125
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MHz, CDCly) 6: 195.6 (C-7), 155.7 (C-6), 145.3
(C-3), 133.6 (C-3"), 132.0 (C-4), 131.2 (C-6'), 129.5
(C-5"), 128.9 (C-2), 128.3 (C-3'), 127.5 (C-5), 125.9
(C-4), 1212 (C-2"), 117.3 (C-1), 34.2 (C-1"), 27.1
(C-17), 25.8 (C-4"), 24.1 (C-2)), 18.1 (C-7'), 17.8
(C-5")o VL -¥de 5 Seukapi 56 A — s, ke
W) 6 K 2-(3E, SE-BE JEHE)-3, 6- FH-5-(3-H1
Be2- T AL R

A T O S TCF IR . 'H-NMR (500 MHz,
CD;0D) 6: 7.05 (2H, d, J = 8.1 Hz, H-3, 5), 6.71 (2H,
d, J = 8.1 Hz, H-2, 6), 3.69 (2H, t, J = 7.1 Hz, H-8),
2.72 (2H, t, J = 7.1 Hz, H-7); "C-NMR (125 MHz,
CD;0D) 6: 155.4 (C-1), 129.6 (C-4), 129.5 (C-2, 6),
114.7 (C-3, 5), 63.2 (C-8), 38 (C-7). LA L%idi 55 3Cilik
IESEA S, WA T N REE

&Y 8: A AR CHEE) . "H-NMR (500 MHz,
CD;0D) §: 7.82 (2H, m, H-2, 6), 6.74 (2H, m, H-3,
5); BC-NMR (125 MHz, CD;OD) &: 174.4 (C-7),
159.7 (C-4), 130.9 (C-2, 6), 128.5 (C-1), 113.9 (C-3,
5)e VA REHE Sk s A — 5, s et A
Y 8 IR FEIKE .

WEW 9: FLr kR (HEE. 'H-NMR (500
MHz, CD;0D) 6: 6.11 (2H, t, J = 2.0 Hz, H-4, 6), 6.06
(1H, t, J= 2.0 Hz, H-2), 2.13 (3H, s, H-7); "*C-NMR
(125 MHz, CD;0D) 6: 158.0 (C-1, 3), 139.7 (C-5),

107.1 (C-4/6), 99.4 (C-2), 20.2 (C-7). LA -%#i 53
RIRESEA 8D, MR A 9 0 .
5 HHRREIEMAR

K SRB VEMEAL S Y 1~9 K4 M
PE: BOS BB KA NCI-H460. SF-268. MCF-7
i, ARSI, S iEdEIHE, MR R
SR A TS KT 95% )5, FBr et ks 9k i
A FE R 3X 10 N/mL, BT 96 LA,
LA 180 pL M4, HwFafLiE, T
37 C. 5% CO, BiFEMIRG 7 24 he R4 G BE S5,
FEFLIIAN 20 pL AR S, BTN 20 uL K595
5, DUBAAVERE XTI . B CO, B - h 5% 72 h
JG» A 50 pL 50%%4 —SABERRIE e, 4 Chk
B h JE HZEKES S G AT AR T, R
Ja A 1%UKESRRECHIY SRB 4 mg/mL % 100
uL/AL, iRt 30 min, % B3, ] 1%0KES R
ek s W, AT BJEMA 200 uL/fL 10
mmol/mL 1) Tris ¥, FHEEFRCNE 570 nm AR [1]
WIETE (A AH, TR AR R Al
SigmaPlot 10.0 AT A AL M 2k, HTH5E 1Cs 1A -

WHE=1—A s /A weum

SER RIS 3~6 % 3 FhR g skt
BAFAEER, PR 91%~98%, HAhik &
YRR GG SEIMHEIER (& Do db—2hkih &
W) 3~6 XX 3 PR AN IR 1ICso (H, &5 RRMILE

F1 EW1~9 3¢ 3 FABMARBKRAIINEIZER (x+5,n=3)

Table 1 Inhibitory rates of compounds 1—9 against three tumor cell lines (x +s, n=3)

N — T 1%
e p/(ugmk ) SF-268 MCEF-7 NCI-H460
1 100 31.51+2.05 636+ 1.63 3394025
2 100 15.89+0.30 2324040 2.47+0.16
3 100 96.3740.62 95.80+0.21 98.7940.57
4 100 96.3940.35 96.96+0.86 97.90+2.20
5 100 92.4440.22 91.134+2.51 93.0840.30
6 100 94.9840.70 93.1940.72 98.2440.46
7 100 22254161 2.1840.17 0.05+1.18
8 100 23.67+1.98 0.86+2.45 ~0.2442.50
9 100 16.54+3.75 2.1440.63 0.0840.19
Ik 100 94.25+0.18 93.60+2.98 98.47+0.79

V) 4 A R REE e, XF SF-268. MCF-7 I NCI-
H460 [ ICso 7354 5.70. 6.64. 8.67 pg/mL (£ 2).
6 MEEMMRE

KBRS 9 MTT R &9 2~9 1
P TE . BAE 0.1%H RN 2R 3R K A b M

W G BERE AR S 1X10° cuf/mL BB, 1L
SRR FRRE A | mg/mL, 2> BIWHL 90 L (1) 14 &
ORI 10 pl PR SRRSO 3 EP 1, LA 10 pL
A R AR KRR BRI 25 I, LL10 pl R R
A 200 pg/mL R R (PUEZBHMERED 2



