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BE: AANAEF 2 BACBEEANX ST AN AFERENCEN. NTBEHRIA, AR
KBFRRENAETRRET AR B8 . CROB . FEAERAN, ERT AL,
U R RESMNHEATRRKEERSF AN LR, RIE B ERY 0N R R RRE M BEA
B B A R R R R AT AR R R A T AR B AT o B A, AR I e M R o
Mo A EREFREWR DA NEE AR IET ZWE R &5 B %IRRT
B IR B W 2 0 K A B R D Ik B R R E M. R KW, 100% & K A R AR Ge b 4 A Y
&2 Al A 50 A1 8 mg/L, B BIRE 25 13.9 An 1.8 mg/L; £ A 7| &4 50 mg/L 7

S U A

KPR AEE,; 28, L3, F2EKE; 2700 %
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Agilent 1100 43 H7 5 55 %0 AH 5,35 X 5 Agilent
1100 il £ 5 /&5 %80 A €4,38% {X ; Applied Biosystems
4000 QTRAP EfHE DU AR FF — £k 1 25 5 B o 335435
Varian-500MHz-FT-NMR B 4% fi 4 3% {X ; D24 UV
Millipore 847K Ml . SZ5 1 il & 38 Ay Welch
Ultimate XB-C,, {4 i #1 (21. 2 mm x 250 mm,
5 wm) ;A 2 A A AE B (100 ~ 200 H 200 ~ 300
E)WATH S\ Fe T o L8 ir i & i (4
Mrak) A e (o prai)  C TR O BE (3 b al)
TEECHrAral) B (o al ik al) 1 T & £
A R 5 (5 20 S i O Oceanpak 23 ) 77 i
FHE-d4 &y Sigma-Aldrich 23 &) P2 & .
1.3 EYRAFHELEYIBE . LE

PRIEE 500 g HET Ry, BRI A 95% £ 1.5 L
1678 TR h, B 3 K, s B ig
OB, A I U8, T8 VB A e B 7% A AN v R vk 4 T
Mo BRI AR (W V =1:1) 8%, R 5
WA e . 2R £ e A P A L, K 25 JR)
VS Y 4 g, R 35 ST RO 3 T 2 T, X %
AU PR 2% K /N I LS 5, 6 2 T Tk 2 TR
Y2k BUSCR BT o AR 5 A0 il Tk 2 R 8 0 ik G
JEATRE S T B S T AR (L 1) LA I
Mk 3 Py B VR L. FKAF Frl (Fr2 f1 Fr3 3 B
By, 45 B g 0 4y o RO BTG Ve SE 5, & B Frd
BORBIE . Fr3 S aE A Z M, 5 T B —f ik
(10: 1—1:10 ) #6 B2 RS BRI (2 1R , e &3k 151k
W 1. G 1 & mBORAH G 3% (HPLC) 4347,
T2 G JoT % A% WG 3 5 7 LSS A AR 2K
1.4 Z5RHEC &

PRI Bt 2 T &5 RV s AL &
5 mg, ] 20 uL —H E WAL %, im A 3. 105 mL
ZEURK LR 1 600 me/L 1) 25, F % 6 FE
BEAR AT N T B 2 S 00 T 5 ik B2, DA S 5 ) o
R B 2 R AR & (0. 1% ) A AR
HE L3 0. 1% — WY S K[ %o B 4 Ak 23
[Fi] BF 5 O ZE TR K 1 25 R R
1.5 ZF/NRNHEAEREF

AT AL VS A8 1 0 AL i A W K R &
ANy =R DR ol e R e o T (i 5 V1 7 I N SN
(12 +1.3) cm & (25.7 £3.8) g R
IR FFRFELE S 55 cm x 55 em x 55 cm {7k %
R IR HITE (24 £0.5) C R R4

1/4 2 1R B F KK, Y Rt R R W I
& VAN S PENinNEI R E VALY INL: £ i 6 B € o 97 B
1 58 Z B BB BB MAL B 2 7/ L
1.6 FRRNNBEFE ELEHRMINEEE
P 4L 238

AR RS R I RS 2R K B A
Az TR AR R R A N TR R (2 2
F s A k) e R ok, 48 JL IR 8 25 B Rl TR 55 24
o WSO TR SR LR, B 24 L AR, & AL H i A 200
pL 2955 100 A2 TR R 0 ST HE i 11550 AL
WEFEARB, T4 BN 200 L AN [R) 9k BE 114 25 W,
L2 1) e FE AR 200 100,50 .25 (12,5 #1110
mg/L(XTHR, 55 0. 1% — I EEWAK) .0 mg/L (X},
UIMZEK) & 25 e 3 DAL, 200 T B R
Fih (24 £0.5) C,4 5 B8 F WL IC R & LR
AT BIERT [ AT 4 h AYSET- 2L

2 4 15 24 fLAR & L A 200 pL
25 30 AN RN I H G R AR Y B, OB T T
WA LI TR R H 6 h R R I 2 )
THECE LA B, 120 A 200 WL A [A] 3k J32 1Y
U, Fe A 25 ) 1 vk AR I Ry 200,100 .50 .25
12.5.6.25 10 mg/L (X M&, 4 0. 1% — H 3L
B) .0 me/L (X B AU ZE 1R K ), & 245 W) Wk B ik
3AEE . K24 AL T 24 CHEIR B SR bR E
16 h #6510 4 £ B T WA R 1% 00, i
B LI 1k 4l B, BAK 7L s S AT IR S 4
W, R IR AR B 10 L &) U, A SR B AR 7K
PR(1% ) [ 5E 4, O BOHE N TE 4 < W) 88 T T4
2 R, B AL RS AR B R R R AT R
I RS AR AL 0 &) R

8B A A T AR Y & OB = &AL A LR
PIUE-FIRIE 3 (1)

4 & A 55 7 L WSS 2 /N R B
FARTE 24 CHEERFFA P #E 22 h, E R
T R PR &y o, W 4 L, FE R AT, TR R R
W2 (100 L 25200 H g du) | Hodt it gl d iy oF
Py B ( S v i o &) B 34y BBORE 11 B0
W) o B o6 LAk, &L A 100 pL By HUHE,
TEA& AL 100 WL A [F] v B2 1 25 9K, fof e 24 24
Yy BEAR Yy 128 64 .32.16.8.4.2.1.0.5 F1 0
mg/L( X8, % 0. 1% —H F M) .0 mg/L (%t
HEOAUMZEIRAK) B YW E B 3 AN EE, SR
R (24 £0.5) C L, fE 4 xWHE FidEA

http : / www. scxuebao. cn



34 TRV R, S  PYRETS PRI 2 PR IE R K B M 2 T/ IR U RUCR 467

[7] 25 Wy vk JEE v 4y B B8 I ) A 4 h 4% LA BB
T8k

FETH = SLH I B 4y sk - 4 h & ALAE G 4
%K (2)
1.7 HREETIRA

YR RS, MEIT R L 4 h S IRDT R
SRR LR R Bl 4T B AR R S, R AR SE T
R G 48 h WR2, RHERET ;%)
WS, HLEF B R S AR B, 75 25
AR bR 5 B A, DA 4 sE st
1.8 #iEsE

JH Excel #3133 B A -4 R4 4
WE Ak 4l OB S bR 2% (= SD) , JH SPSS 16. 0 #f4
X EHE AT GE T A A B, A3 AT AS T 391 o R i S o3 24
I 4 22 S RO B0 RO (EC, ) o

2 HiR

21 AHMB PEBE.ZBRZEBEFEFNYRRENE
bk %2

PL4 h gBR, W% 3 A A I 4y X 2 5 /N R
Hay% SRR L 1 &)y i R KT M S R R A
TH Tk 2 U 1) 2R OO R e A, £ TR TR AR B IR
2, BRI I 16 M e 2 o 200 mg/L B A% AE IR
Yy g 37 R AE 33.0 ~98.7 min PR FRIET, 224
P B 50 mg/L B, HOA Al ZE Y LE 4 h
A BB A SE /NI HUE FRAA . T8 AR G P 4 i S
W 25 A PR AE 32 F1 16 mg/L Bf,4 h J5 &
TR 2. 166 1 T I 25 B ek B A S A5 4 AR S, ROA
A7 ik 2K U AR 4 R AE 4l B, O BOE R[] 43 )
779.3 f1230.7 min(F£ 1),

F1 NEDHB.ZRZE.FEERYRRES F/0 KRNI E (min) L5

Tab.1 The lethal duration of three extracts of C. cassia against trophonts and theronts of 1. multifiliis

A IR U S B 25 e B/ (me/L) 41 S B 25 e 1/ (/L)
I concentrations for killing trophonts concentrations for killing theronts
extract 200 100 50 25 128 64 32 16
17l fit petroleum ether 33.0+£2.0 51.3+3.1 189.3 3.1 + 4.3+£0.6 21.3+1.5 79.3x1.5 230.7=+8.5
LR LT ethyl acetate 46.3 £2.3 65.3 2.1 + 14.7+1.2 56.0+2.6 + +
Hl i methanol 98.7 +3.1 + + 61.3+0.6 + + +

T+ TR 4 DN VRS AR T . 32 2 MR 3 PR AR 1A

Notes: “ + 7 represents existence of live trophonts or theronts after 4 h exposure. The note in tables 2 and 3 is the same as this one

2.2 AHBERYE3MERASHRBRFNE
B8

A0 TR O 22 3 RE IR JZ BT AL, T 53 T LS
TOmE A e (L 1) A0 I E 3 R BRI, BT
ARAFAY Frl (Fr2 M Fr3 3 BRI L 4 h W R 0
SE X 221/ I HUEE IR PR R e P 4y BB 2% K

PE,ZE R R Fr3 (2% RGP A AF . 50 mg/L 1y
Fr3 w] 43 28 40 % 3% 4K , i 100 mg/L [ Frl (Fr2
VEFT 4 h AT3 A 1% S VA7 305 5 0 90 7% J8 e P &)y ol 5
g, 16 mg/L 1Y Fr3 fE7E 130 min P 4> 3B 4% FF &%
YUk gy B, T A RE Mk BE Y Frl (Fr2 4b 2R [R] B (7]
A 4 AT (% 2) .

®2 RTE(Frl) JTE:RMBE(1:1) (Fr2) EHE (Fr3) YR REH S F/0 KRB SR E (min)

Tab.2 The lethal duration of three extracts from petroleum ether fraction

against trophonts and theronts of I. multifiliis

SRR S 25 W e/ (mg/L)

4 S g 5/ (mg/L)

H,
R concentrations for killing trophonts concentrations for killing theronts
extract
200 100 50 25 128 64 32 16
Frl R T [ (isobutanol) 114.1 £7.1 + + + 44.3+1.5 180.2 +6.8 + +
Fr2 5 T W Ak =1:1
AR 70.5 +3.4 + + +  12.8%1.2 73.5%6.6 167.9£7.6 +

(isobutanol; petroleum ether =1:1)

Fr3 {4 i fi ( petroleum ether)

19.4+£2.2 27.3+£2.6 151.7+4.2 +

2.7£0.9 10.3+1.9 54.5+5.1127.4+£8.9

2.3 AEBENSBEURERE
XA T AR TR 28 3o A IR U2 BT R AR 45 7R
RO L TE A 73 B $R 400, e 3R A5 B 7k 3] 98 %

M & 4 1, 58 OOk B9R W&, EI-MS m/z:
133.2[M+H]*,155.2[M + Na] *,150.3[ M +
NH,]*,287.2[2M + Na]*,131.1[M - H] ",
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167.2[M + C1]~,177.2[M + HCOO] ~,279. 2
[2M - H |~ W HAH XS 70 7 it o 132, 455 1
'"H-NMR.,"” C-NMR # & 4> + X & C, H, O,
“C-NMR (125 MHz,MeOD) §:194. 7 (C-1),131
(C2),153.6(C-3),133.4(C4),128.8(C-6,
C-8),128.3(C-5,C9);' H-NMR (500 MHz,
MeOD)3:9. 65 (1H,d,J =7.7 Hz,H-1),7. 66
(1H,d,J=9.3 Hz,H-3),7.57(2H,d,J =2.9 Hz,
H-5,H9),7.31(2H,d,J =7.4 Hz,H-6,H-8),
7.26(1H,d,J =7.1 Hz,H-7),6.49 (1H,d,J =
16.0 Hz,H-2) . %G 1 HPAEEE(E 1),
24 FEKEAEBRARE FNRREFEH
B A B 3T B i) A0 B SR

4 50 = 100 mg/L Ay P H: S 25 ) fiE 1
90 min N A FE 42 #8714, 200 mg/ LY 1A B B BE

£ 15 min A RSE 40 FR 1K, WK EE 25 mg/L 4b Bt
4 b X/ IR % 37 A B BOE Ay 90. 5% 5 78 4% K
AL g 8 me/L DL R IE R AE 4 h
B 4y s AR AL 4 me/L fE 4 h X&) B Bk
AN 98.2% ,WJETE 2 mg/L LU, Bl 3 ¥k B2
IR, RKBR T EE(E3) o

H (6]

e

E1 AEESTFEAN

Fig.1 Structure of cinnamaldehyde

RI ARAREAEBRRS F/NKRZETEE 40 B0 5 R 8 185 &R

Tab.3 Lethal duration and rate of various concentrations of cinnamaldehyde

against trophonts and theronts in 4 h exposure

W FE RS2 55 treating trophont trial

4 L 5256 treating theront trial

e/ (mg/L) . —— — WHEE/ (mg/L) : —— ~
concentration S8 ]/ min 4 h BIER/ % concentration 22 FR LI 7] /min 4 h BUIER/ %
lethal duration 4 h-mortality lethal duration 4 h-mortality
0(D H,0) + 0.3£0.0" 0(D H,0) + 0.0£0.0°
0(0.1% DMSO) + 0.3£0.1° 0(0.1% DMSO) + 0.0£0.0°
12.5 + 49.3+6.7° 0.5 + 6.0 +5.2°
25 + 90.5 £5.2°¢ 1 + 40.9 £2.6°¢
50 81.0 +13.2° 100¢ 2 + 55.5+2.5¢
100 32.3+7.1° 100¢ 4 + 98.2+1.3°
200 14.1+3.4° 100¢ 8 208.4 +9.8° 100°
16 74.3 +6.2° 100°
32 31.2 £4.1° 100°
64 3.5+1.6¢ 100°
128 2.3+0.6° 100°

O A — S P AR A A A ] 7 B IR R 25 5 3% (P < 0.05) 50(D Hy0) K7 %8 X 4109 25 187K 50 (0. 1% DMSO) Fon Xt B4 &

0.1% iy — H R WA W . 3 5 AR 5 e AH IR)

Notes: Values with different superscripts in the same column are significantly different ( P < 0. 05). Blank control group is distilled water

(D H,0) only, another control group contains 0. 1% dimethyl sulfoxide( DMSO). The note in table 5 is the same as this one

2.5 MEBX/NIHRZFENHROFLEEH
K E
FIME R B 3 (SPSS 16. 0) 31537 P ek I Xt /)
JRHL % S5 1 IR e P gl oR Ry o RO Rk R
(EC,) 43 13.9 Fi1 1.8 mg/L(F£4),
2.6 AEEKEREEEMN /N B E RFLENE
50 mg/L DL 1 B 1) PR R 1 ) 58 4 i) /)N R

LRI, A% G O 1525 mg/L A BETRE A
SR P B DU (34.0 +6.6) Ly iy A
BV [ Ay 6. 25 mg/L W, P 4 A 4 0 0% 1k
(287.5 £12.9) R st 19 5 FATT X AL (2 5) .

3 3t

A SR P O BIF S S 202 DA PR R ) 254> 2K i
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R4 AEEBNESF/NRBREFENGRNFHERRE
Tab.4 Half effective concentration( EC,, ) of
cinnamaldehyde against I. mutifiliis ( trophonts, theronts)

ok, O BRXE/

2yl /L
#51 (me/L) (mg/L)

items 95% confidence

ECSO
intervals

A /X\/\ %
IAJEEW%T NI L% 57 13.9 0.1 -18.5
against trophonts
REER T YN
PREE | % /N K L &)y s L5

against theronts

RS AREAKREREBME/NNIHGERLEE
(FHEREE)
Tab.5 Mean number of theronts produced by
every encysted tomont treated with different
concentrations of cinnamaldehyde ( mean + SD)

P 2 A B AL Al R

mean number of theronts

PARE B R B/ (mg/L)

cinnamaldehyde concentrations
released per tomont

0(D H,0) 648.9 £16.7°
0(0.1% DMSO) 651.5+19.3°
6.25 287.5 £12.9°
12.5 122.6 +9.2°
25 34.0 £6.6°
50 0°
100 0°
200 0°

PR A A% HOE P I, 07 30 195 41 56 1) AR IBCRR A
SEACIR S U N R IR N R LR R f R /T BU S N
G VEIB BRI Tk B2 E AR AT PR 5 1 OF
A AE 3 ARG AL, £ i kA B
WEVEVT AL T £ R £ TR 0 I A6 B0 /9 35 4, UG
B AR 00 3% 22 5/ ISR B 0 1 o 2 B4R R A A
T A€ RO v o SO0 A i TRk AS O Bk — 2P 0 B 4R
i, B e RARAL G 1, R AN W 1
51 g PR, O HL I a3 1 0 40 2R s o
HOOCR B $2 ) B 5 4R, 0 AR IR 2
TN HUR 6 PP 5o A RE T X/ ISR 2 R 1R
CRCHL) R 1k 4l My |4 28 9 40 2R SR 5 25 9 7k
JEE 5 TR AR SR, v PR i g Ak OCR B o R, /K
SRAE T S 2% B B R A PR TR 1) R RS ] A
A5 IR R B BE EE IR 4 SR B BOYE R K, 42
ARG 4y A S IR AT By 8 mg/L, {H
JE , AR PEE SR A Y e BE 5 2208 3 50 mg/L X
G E SEE RSN IR nEE L 3 S N

FEAR .50 me/L R B A PR T AT 5 4 R AR A 3
gl L, e 2T B e P 4y HORE S AR TR R, R
EARE R KA 98, (H 2 68 0 % FEALF 1Y
A0 AL A A K, PR, R T R R A
8 ~50 mg/L ), BE rpr 1B /N I L 9 A 7 s, kS 21 B
1B/ U B 7R o

TE A7 YT A SO I P I b & B, 7 50 mg/L
IF,4 hopy ] R IR 4 A BE, 100 mg/L 1,1 h
NEIEAR IR 100% , H AR 5 K 52 ) 2% K s ik
ZoF /NI HURTS 5 T B S A F O o B 8
FR AL B R (150 me/L) FIA IR 74 42 4 (200
mg/L) g4 7k K £ F/NRH B F & 5 E
(Sophora alopecuroides) 1) H B2 BUW) 6 FE 7E 40 ~
160 mg/L i, /EFIS[E] 20 h, Z 7/ S
29.7% ~ 80.3% , ¥ FF7E 320 mg/L i} A ik %
100% ", A WL A E B 4 3 Tk A6 B0 A% HORCR
Uf o DT [l it i S0 26 B 43 5 i ) ol A
o5 PR A T R L 3 B R SR 0 T/ I HL S
100% A FE 4% B B AR 25 9 W 22 0.7 mg/L,
E2 MR W 2% HOTE VEOR R, PR A il 1t A TR
(50 mg/L) Ay A% HURICR ZE 00 T 19 % ] S 05 26 U
(70 mg/L) "™ I PR A T O R A
oAt 2 /N I B PR AL 5 W B A R T R A
T /N SR 178 7 1] ok S8 00 R 5 40 20 18 44k R Y
ZEUMAMRGR (EC,, =5. 18 mg/L) 1 — & 1 i S 4L
B’ (ECs, = 9. 43 mg/L) 24 Rk B L A kR B
(ECy =14.7 mg/L) {4IK" o R, PR RE %/
PN QY N S Sy €79 A R S NG T o e A 0
T IR A B B9 %M (ECy, =30.5) B9 —2F,
A PR I RN R AR R

AWFFEUESE T AR R = R K Z T/
I PR S5, R /N I HE3% SR AR | 30 R R e P
4y AR BT BB A KAE . EERE T T B iR /NI
i 5 1% G0 i A 2 25 W A LG FT L s IR Ak B R
VER 75 Qe BRBE S5 ki, LA T R KRR (0 BRI
R 25 (VAR (. TRV, % 2 R 9 A 7 R
B, PR B RORE 24 5, B LA, PR A T A B R B R
U624 1) T R AN 7 T EAT T R RIS
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Effect of cinnamaldehyde from Cinnamomum cassia on Killing
Ichthyophthirius multifiliis in vitro

LIANG Jinghan, ZHANG Qizhong " , FU Yaowu, WANG Bin
(Key Laboratory of Eutrophication and Red Tide Prevention of Guangdong Higher Education Institutes ,
Engineering Research Center of Tropical and Subtropical Aquatic Ecological Engineering ,Ministry of
Education , Institute of Hydrobiology , Jinan University , Guangzhou 510632, China)

Abstract. Ichthyophthirius multifiliis(Ich)is one of the most pathogenic ciliated protozoan parasitizing the
gills and skin of fishes,and can cause mortality of a large number of cultured fishes, subsequently resulting in
a serious economic loss in aquaculture. So it is necessary to control the parasitic ciliate in aquaculture. In the
past several decades, malachite green was frequently used to treat ichthyophthiriasis in fish farms. However,
malachite green has been banned nowadays for use in food fish due to its carcinogenic and genotoxic effects
on humans. So far, there is none of both effective and safe therapeutants to treat Ich, therefore, there is an
urgent need to find both efficacious and safe parasiticides to control Ich. Previous studies showed some
Chinese medicinal plants contained anti-Ich compounds, which were easily degradable, and safe for human
and water environment, and could further be developed into promising therapeutants against Ich,but the anti-
Ich activity of Cinnamonum cassia Presl,a Chinese medicinal plant, was unknown. The present study was
designed to investigate the anti-Ich activity and compound of C. cassia Presl with grass carps under in vitro
conditions. The powdered C. cassia were extracted primarily with 95% ethanol. Then the crude extract was
sequentially extracted with petroleum ether,ethyl acetate and methanol,respectively. The anti-Ich efficacy of
petroleum ether fraction was the best among the 3 extracts. Thereby, bioactivity-guided fractionation and
isolation of the compound responsible for anti-Ich activity were carried out with the petroleum ether extract,
and one purified compound with anti-Ich activity was obtained, and subsequently identified as
cinnamaldehyde by means of MS,' H NMR,"” C NMR spectroscopic analyses. The anti-Ich compound,
cinnamaldehyde,could cause 100% mortality of trophonts at 50 mg/L, and theronts at 8 mg/L for 4 h
exposure. The 4-h EC,, values of cinnamaldehyde against trophonts and theronts were 13.9 mg/L and 1.8
mg/ L ,respectively. The compound also stopped reproduction of all encysted tomonts at 50 mg/L. These data
confirmed that cinnamaldehyde is effective against I. multifiliis ,and promising for development of a new , safe
and efficacious antiparasitic agent.
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