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Abstract: [Objective]l Citrus fruits are often subjected to many postharvest diseases caused by various
pathogens during picking, storage and transportation. Green and blue molds, caused by Penicillium digi-
tatum and P. italicum, respectively, are two major postharvest citrus diseases and cause significant eco-
nomic losses in the commercialization phase. Currently, control of postharvest citrus diseases relies
mainly on the use of synthetic fungicides, which usually result in fungicide-resistance of the fungi, envi-
ronment pollution and food safety problem. In recent years, much attention has been given to prevent-
ing citrus from the diseases by natural edible plant extracts. Scientists worldwide devote their time and
energy to discover the high effect, low toxicity, safe and inexpensive plant-derived fungicides. Our re-
searches also focus on plant-derived fungicides and chemical constituents target to inhibit P. digitatum
and P, italicum in vitro and in vivo. Previously we showed the antifungal activities of Cynanchum atra-
tum (CA) against 15 phytopathogenic fungi causing the postharvest diseases in fruits and vegetables.
However, antifungal compoments were not clear. The extracts of n-butanol showed the best antifungal
activity against P. italicum. In order to illuminate the antifungal constituents of the active fraction from
C. atratum (CA) against phytopathogenic fungi P. italicum that cause citrus postharvest blue mould.

[Methods] Antifungal bioassay-guided isolation and identification of constituents in the active fraction
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followed by liquid-liquid extraction and various column chromatographies. The preparative HPLC was
used finally to get the pure compounds. The isolated compounds were identified by NMR and HR-IT-
TOF-MS.[Results]Ethyl acetate (CAE) and n-butanol (CAB) liquid-liquid extracts at the concentration
of 25 mg- mL"' showed antifungal activity with the inhibition zone of 14.3 and 20.5 mm, respectively.
Moreover, CAB showed a higher antifungal activity than CAE and CA at the same concentrations. The
water extracts showed no antifungal activity. CAB was further isolated to get the antifungal compo-
nents. D101 macroporous resin column was firstly used to further enrich the antifungal constituents,
which yielded four fractions (CAB-A to CAB-D), and only CAB-C fraction (the third fraction) showed
antifungal activity at the concentration of 1.25 mg- mL". CAB-B (the second fraction) and CAB-C frac-
tions showed antifungal activity at the concentration of 2.5 mg- mL"'. CAB-B, CAB-C and CAB-D (the
fourth fraction) fractions showed antifungal activity at the concentration of 5.0 mg- mL"'. So the CAB-C
fraction was further isolated by silica gel chromatography and yielded four fractions (CAB-C1 to CAB-
C4). Only CAB-C2 fraction (the second fraction) showed antifungal activity at the concentration of 0.625
mg- mL", while CAB-C3 fraction showed antifungal activity at the concentration of 1.25 mg- mL"'. How-
ever, CAB-C1 and CAB-C4 fractions showed no antifungal activity even at 10 mg- mL"'. The CAB-
C2 was the active fraction with the antifungal inhibition zone 16.25 mm at the concentration of 0.625
mg- mL"'. CAB-C2 fraction was further isolated by ODS and Sephadex LH-20 column chromatogra-
phies. Finally, five pure compounds were isolated using various column chromatographies and prepara-
tive HPLC. Their structures were elucidated by NMR and MS and identified as 10B-(-)-antofine N-ox-
ide, 9-dehydroantofine, 9,14-dehydroantofine, 14-hydroxyantofine N-oxide, and 10a-(-)-antofine N-ox-
ide. [Conclusion]The five alkaloids were isolated for the first time from C. atratum. Alkaloids were the
major antifungal constituents in C. atratum against P. italicum.

Key words: Citrus; Blue mould; Penicillium italicum; Cynanchum atratum; Alkaloids; Antifungal con-
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Table 1 The flow phase for preparation of compounds 2 and 3

1] HZ A K 0.1% =R Z) B

Time/min Methanol A Pure water (0.1% TFA) B
0 51 49

13.0 51 49

14.0 100 0

17.0 100 0

18.0 51 49

24.0 51 49

k2 HIEWEY 14705 RABEHY
Table2 Theflow phase for preparation of compounds1,4 and 5

1) A K 0.1% =M 2R) B

Time/min Methanol A Pure water(0.1%TFA) B
0 49 51

18.0 49 51

21.0 100 0

23.0 100 0

24.0 49 51

30.0 49 51

FEHE 100 pL, £ 9% 4 280 nm.
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w LR TR
Ethyl acetate extract
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Fig. 1 Antifungal activities of different solvent extracts from

C. atratum against P. italicum
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BERTHAZHY (p <005, EEEFFEE10d
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[¢)]
1
s3]

= = N N
o O
T T

o
T

o o

a
a b
i beb cIc d
1.25 2.50 5.00 10.00 20.00

p(FERD

Sample concentrations/(mg- mL™)

R 8 B AR
Diameter of inhibition zone/mm

o5 OCAB-A mCAB-B mCAB-C gCAB-D

20 | a
15 |

1.25 2.50 5.0
pCFESD
Sample concentrations/(mg: mL")
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d (A) fi10d (B) RIMEEME

Fig. 2 Antifungal activities of different fractions isolated
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by macroporous resin column from rn-butanol extract
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B A0 R P LA 3 3 R T HoAl % 2H 73 (p < 0.05) , B
H =R FE (10 mg - mL' A1 20 mg - mL) B 7400 5 175 14
5 R: 3% 2 d B 090 B 9E R R 3 2 7 (p > 0.05)
50%(CAB-B) f195%(CAB-D) 2H 43 I 411 1 B8] B 12 1%
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P B 0T o 2 BT[] 357 g 5, s 21 B CAB-C 1X —
ok — B0 8.
23 HERMEENEESBIEENE

CAB-C 473 W KA 2, & A7 - FH BV 5V 771
o FE e A5 21 4 AN 20 43 9 0k e AT AT 300 B i U
EL G RWME 3R, 2 dE R 3-A), R
CAB-C1 A1 CAB-C4 P 2 7 o4 B 7% % , CAB-C2
CAB-C3 W ™40 73 33 B A 500 I 30 e 3 1k, Ferp
CAB-C2 B ¥ M 2 25 58 T J5 3, 9 B 3304 R 3 1
BRAL, HL R R N 0.625 mg - mL I, F0 R P B A%
1551625 mm. 4kE:357% 210 i (] 3-B), CAB-
C2 1 CAB-C3 W 70 MR B A i L J5
SN CAB-C2 2043 (AL 2 43 33647 53 4T
30 r OCAB-C1 mCAB-C2 mCAB-C3 ECAB-%4 A
25 r
20 r

15
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Diameter of inhibition zone/mm

10.000
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©
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M 520t
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Fig. 3 Antifungal activities of different fractions
isolated by silica gel column from CAB-C after
culturing for2d (A) and10d (B)
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2.4 HPLC £l EEMEAL(CAB-CO L FER S
K H HPLC 43 K 79 #1 CAB-C2 20 43 [ 4k 2 ik
S RN 4 FT s . CAB-C2 2H 29 3 Ve Rl 43 B R

200
250 &
300
350

s
Electrical signals/mAu

400 ¢ 2 4 6 8 0 12 14 16

2500

2000
1500
4\1@

1000

500

Electrical signals/mAu

16

Wi LE 260 nm A1 280 nm 72 47,266 nm T FEAH 64
O3 g, 06 2 RN 5 A& B AR, 18 3 N EE .
J& 4% FAE 2T 40 5 CAB-C2 4H 4 I ik i &4

18 20 22 24 26 28 30 32 34
[} 1] Time/min

18 20 2 24 26 28 30 32 34

i 18] Time/min
4 BAMEEMIA (CAB-C2) WEM S HPLC £#7
Fig. 4 HPLC chromatograph of antifungal active fraction (CAB-C2)

K NMR 1 MSS [ 7715 48 e F 454
25 CAB-C2EEMHNETE

P 785 0 1 35 1 55 A2 CAB-C2 4H 43 & Sephadex
LH-20 #: F0 ] 5 A L0l r 53 2 s ME &Y. 1)
AL AW i BEALPE B/NMR R MS %03, 3F H 5 2 %0

SCHRXT R, S5 T A AR e AT N 10B-
N-S A -7- i F 4836 4 LR A (1) L 9- it & 22 T 2%
(2.9, 14- A ZHE35 (3) L 14 B 3L -N-FAk-7- i F AR
BE 1 LRI (4) + 100-N-580 4k -7- Bt H 48 32 4k )L e sl
(5 (A5,

&5

A1, e B0 B8 K, HR-TOF-MS (m/
24 I UE Sy T B T I [M+H] 380.181 2, L &4 1
(1) 43 F Ji & N 379, i 52 43 T 30N Cp3HosNO, s H -
NMR F113C - NMR # # W % 3 1 & 4; i 45 'H-
NMR. "*C-NMR F HR-TOF-MS #HE25Hi 24k &4 1
4546 9 10B-N-58 10 -7- M B A0 2 e ) LR ik

HEW 2, i B T8 E Bk K , HR-TOF-MS (m/
D T B T IEIM 362.170 4, B € 4> 730N
C,;H,,NO,"; "H-NMR 1 *C-NMR #{#f5 0.3 3 F13£ 4,

E 1~5 B4

Fig. 5 Chemical structures of compounds 1-5

M4 "TH-NMR . *C-NMR Il HR-TOF-MS ¥§ 4}z 252717
EM AW 2 AR R 9- A ZHESF

A 3, 0 Bk K, HR-TOF-MS (m/
D T B FIEIM ] 360.156 8, Ffi & 2> 73N
C,;H,,NO,"; "H-NMR A1 *C-NMR %45 .3 3 F13£ 4,
M4 'TH-NMR . *C-NMR #1 HR-TOF-MS 4 27 # €
W& 3 MEERIRN 9, 14-B A A5 -

AW 4, e T8 Bk K , HR-TOF-MS (m/
D4 HUHES T8 T IE[M+H] 396.178 4, {L &4 4
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14 5 o1 & O 395, i € 73§ XA C3HpNOs; 'H -
NMR HIBC-NMR # 85 W % 3 F1 % 4; 2 4 'H-
NMR."*C-NMR F HR-TOF-MS 4k 288 2 1k &4 4
[R5 K9 M 14 32 56 -N-SEA0-7- 8 PR S0 32 0k ) LR
&S, i 70 Bk K, HR-TOF-MS (m/

3

)4 HHE S T 55 & [M+H]" 380.182 4, L &4 5
)4 F Ji & N 379, 1 5E 43 F 3 A Cp3HysNO, s 'H -
NMR H183C-NMR # 45 W % 3 M1 5% 4; R 4 'H-
NMR . 3C-NMR H1 HR-TOF-MS #4525 2 1L &4 5
()45 K9 A 100-N-S8 - 7- it FF A2 32 2k L JRE

1L&4 1~5 B9 '"H-NMR %43 (400 MHz, CD,OD)

Table 3 '"H-NMR data of compounds 1-5 (400 MHz, CD;OD)

No. H i T K14k 2447 % Chmical shift of H protons (855 # #I Coupling constant, J/Hz)
1 2 3 4 5
1 7.24(s) 7.58(s) 7.48(s) 7.72(s) 7.45(s)
4 7.87(s) 8.08(s) 7.10(s) 8.00(brs) 8.07(s)
5 7.91(s) 8.05(d2.0) 7.13(brs) 8.00(brs) 8.05(d,2.2)
7 7.26(s) 7.39(dd,2.0,9.0) 7.10(d,8.8) 7.27(d,9.0) 7.30(dd,2.2,9.0)
8 7.71(d, 8.8) 8.25(d,9.0) 8.18(d,6.4) 7.80(d,9.0) 7.91(d,9.0)
9 5.56(d 15.9) 9.83(s) 9.67(s) 5.73(d» 16.2) 5.47(d, 15.4)
5.12(d, 15.9) 5.13(d, 16.2) 5.26(d, 15.4)
1 433(m) 4.48(m) 4.84(overlap) 430(m) 4.46(m)
4.08 4.16(m) 4.15(s) 3.84(m)
12 2.36~2.41(m) 2.23-2.42(m) 2.59(m) 2.46~2.52(m) 2.23-2.43(m)
13 2.26(m) 2.09~2.16(m) 3.51(m) 2.83(m) 1.92~2.02(m)
2.56(m) 2.70~2.76(m) 2.46~2.52(m) 2.61~2.69(m)
13a 3.59(s) 3.58(s) 3.58(s) 3.58(s)
14 3.23 3.19(t,17.2) 8.47(s) 5.53(s) 3.78(dd,17.4,6.4)
3.48(m) 4.29(m) 3.45(dd,17.4,6.4)
OCH; 3.99,3.98,3.97 4.14,4.04,4.04 3.97,3.94,3.92 4.06,4.02,4.02 4.07,4.03,4.02

TE s, PRI d WG ¢ = FE I m. 2 HEUE dd. X g,

Note:s. Singlet; d. Doublet; t. Triplet; m. Multiplet; dd. Doublet of doublet.

*4 LEY 1~519 "C-NMR ##E (100 MHz, CD,OD)
Table 4 "C-NMR data of compounds 1-5 (100 MHz,

CD:0D)

No. 1 2 3 4 5
1 103.8 104.3 105.5 105.5 104.2
2 149.9 150.6 149.8 150.0 150.5
3 149.4 153.5 152.7 149.6 149.9
103.8 104.0 103.9 103.8 104.1
4a 117.7 118.5 127.2 118.7 118.7
4b 130.8 130.6 130.9 131.9 131.1
5 104.3 105.7 115.7 104.3 104.3
6 158.5 160.1 160.4 159.2 158.7
7 115.8 117.7 105.2 116.1 116.2
8 123.3 123.7 124.4 124.7 123.5
8a 122.1 122.3 118.2 121.4 122.0
8b 124.1 123.7 124.3 124.9 124.7
9 62.8 136.3 136.4 63.0 59.9
11 67.6 554 58.2 68.3 66.6
12 19.0 22.7 21.6 18.8 20.0
13 26.6 29.0 309 21.4 27.4
13a 71.1 59.6 150.0 73.3 74.4
14 26.6 31.1 115.9 62.4 28.7
14a 122.8 123.2 138.3 124.1 123.1
14b 125.0 130.2 119.2 125.2 124.8
OCH; 55.1 55.2 55.4 552 55.2
55.0 54.8 553 55.0 55.1
54.6 54.6 54.8 54.6 54.6
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