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JEUS DL R B B VRt T AR E SR A
AT g G IR B P R SR B AT L HRG L 4
K3 v 245 BiF 5 3 8 4R v A X /0N B A 95 R 9 s 45
MRS, BES 6 (Danio rerio) {E N —Fi i W8 3
PR TR T AR BT A
A 50R MSP K $2 ¥ 3 ik 32 i 19 O 203 m 31 35 D
B R B K AR R MISP X BE L5 Bt 48 Ak AT G 8 fig
JIRSER , SRy MSP 7E 7K 7= % 58 v 14 1o ] 3 4k 35 it F
FERE

1 #MHERIE

1.1 MSP KiZH¥$RE

MSP Il 3£ F 7 Mg T 2R 2505 . MSP K $2E9) f)
PS5 SOk [20 ], HAKJ7 840 - o 4 AR I MSP
10 g, VIR, DL 20 A5 (R B 19 X4l K 100 °C [A]
WAL 1 h, JUE SR A, B R 1 ), A F
PR T A5 D8, W 4 AR 25 101 1/10 (g/mL) . F 4
CoAFE .
1.2 RWigit

ARt 56 1) 2 Al ) A B H OO AR A B TG SR AR L K
B T FH By £k 3 ] i Y A BB T, SR AR R0 T O
AR % 10 d. ¥ 300 R HEBE o f [ A (3.0£0.2)
em AR BT (0. 50 £ 0. 05) g RfiHLS>H 5 4, 2% Ji &
AU R U0 4 R AT R B L I E 0 (X
ZH0).5.15.25 Ml 35 mg/L. MSP /KIZ¥ ik 5 41 , 5 41
60 BIf i E 3 AT BA AT 20 B 4 Al E T
3 LAKIBEEEHT (20 cm X 20 ecm X 15 cm) 7k
5. BE A 37 K R 5% GE O 08 K, KR ¥ AR
2628 “C VA% 6.5 7.0 mg/L, @I} 24 h ¥4H&, 5
KoKty 2/3 ORERED 3 55 F2 b ok A SR OE
HE T A 2 A 5 MR AT b g R R R Sy £ R O
5% .5 F 9:00 Al R4 5:00 M, & KT 4 bl i
SEARIS 25 A KH R BE i MISP K 42 477 5 3 50 e i
1714 d,
1.3 HSERXESHSIRAN

FRR IS5 R T AT 24 h, B P17 40 B4 Bl
BLIEHL 9 & fa, vK 1 R e 22 I - I JC B G T 1 SR A T
FLR AL WE L B 38 R0 i 41 20, 4y B0 TG BR G T 1
1.5 mL B0 d L FREFI G IE 1 R 1 ANFE L fi 41
LN3RENIANFE.BTRAEAKE2LE, T -8 C
TRAF T Z 5 14 F 55560 5 53 LA 1 JHF TR 0 Ak 3 L 2
3 RN 1AM, E T IR LR 1.5 mL &
DT =20 Coka b, T e 480 b A fk

it % 77

RAELE G N EEASF- A7 Ab R AL L B 10 2 BE
Dl BTN 30 B, BEAT B K ML (Aero-
monas hydrophila) YRS . BOW W K <R MR
H A8 T ARl R 27 2 e K 7 97 BE AR B A . TR R
LB 35 FR BT 28 “CHEIREE IR 24 h, B0 2 W5 # K
L 4 000 r/min B0 10 min, AR BEER /K 3 P Y4 5
PR UL TE TR A, 7 AT 60 R L W R S 1 e B SR ik
BB A2 1 BUE W B 4.2 X 10° CFU/mL, W#iX 56
SR BT 1 £ 2 AR R 0 S g 1 7 12 F B IS 1 B D
I 2 BBV ) I KB TR B R P L Bt 3 min
J Bl AR ST v g S R AS 1] T SR B R R 1/2
B K . 55 6 h WLEE— U, S I 455 1 B £, 3 s
Geit s ALt G R SR 5 AT 7 d.
1.4 ALAEBELERNE

SR JHAH L #8942 59) & CRig o A I A ) TR AT SR BT A
PR W) Az 00 Jigg 1 A0 M U 2H 28 T SR AR fE T (Total
Antioxidant Capacity, T-AOC) . N — & ( Malondial-
dehyde, MDA [ 7 & , LA M 68 4801k 90 B2 A6 1§ (Super-
oxide Dismutase,SOD) ¥ i i (Lysozyme, LZM) ]
TP S R 20 PR 0] A R AR B AT
1.5 HALRBEEERRIEMNE

FIH Trizol 15 Cht M SE B i A= W) B A BR A
A B HUCBE S 0 0 E L B R 2 21580 RNA,
Evo M-MLV J % 5% 7R AR R & G 30R 56 AR 9
B A PR 7D ¥ JE U RNA 5 58 ) cDNA, %
A SYBR Green Pro Tag HS TR # q-PCR i #| &
CHUIH SER i A= DR A BRA WD LA Bractin 2 i
AR 5 240 fig -1 (Interleukin-1) |, ¥ PR 3E K T
a (Tumor necrosis factor o). % B fif . B 1 2 (De-
fensins) A% % 5% [ F kB (Nuclear factor «B) | #M &
(Complement) , T #t & (Interferon) % 3 & (43 71 fij
HRil-1Btnf-a lyz .defbll .nfrb .c3a i fny) P F
XfRIBE L GIWFI IR 1,
K1 HHXREEPCR3IPYEST

Table 1 Primer sequences for fluorescent quantitative PCR

i r [ =
H #9319 G145 (53" i
. ! ! cecession
Target gene Primer sequences (5 —>3")

number
il-1p-f CATTTGCAGGCCGTCACA NM_212844
il-1B-r GGACATGCTGAAGCGCACTT NM_212844
mf-a-f GCTGGATCTTCAAAGTCGGGTGTA NM_212859
nf-a-r  TGTGAGTCTCAGCACACTTCCATC NM_212859
c3a-f TCTGAGAGTCTTCAGACAATCACT NM_131242
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Continued table
=}
H 35 3195 (5'—>3") i
. 1o ccession
Target gene Primer sequences (5 —3")
number
c3a-r TTAGCGAGCCAGAATCAGCT NM_131242

defbll-f TGTGCAAGTCTCAGTGGTGTTTGC KM_655709

defbll-r TTTGCCACAGCCTAATGGTCCGAA KM_655709
ifny-f GTTTGCTGTTTTCGGGATGG AB_15836
ifny-r TTCGCAGGAAGATGGGGTGT AB_15836
nfkb-f AAAAGATGGAGCCCTCACCC XM_005171126
nfrb-r ATCAGCCTTGCATCCCTACC XM_005171126
lyz-f AGGCTGGCAGTGGTGTTTTT NM_139180
lyz-r CACAGCGTCCCAGTGTCTTG NM_139180
Bractin-f AGAGCTATGAGCTGCCTGACG AF_057040
B-actin-r CCGCAAGATTCCATACCCA AF_057040
1.6 #HiEALE

SCHAE R B £ b ik 25 KR, R SPSS Sta-
tistics 19. 0 HAFi i 51 N R J7 22 70 (Duncan £
EE # AT Ge 22 00 Hr . P<<0. 05 R HA Ge it

PRI = [ A XA T8 - 259
SEEHBC T RO /25 X IR SE T2 %] X 100 % .

2 HRE5HSMH

2.1 MSPKR¥MNHESEEEENIERAF N
A TA] e BE MSP K 32 9 %) B8 15 £ 7 38 AT BE AR
BAEALTE bR RS20 UL 3R 2, i SOD MG HE7E 5
mg/L fl 15 mg/L ¥ EFm T4 AX B (P <
0. 05) , 43 51 He X & 41 42 5 60 %0 F1 192 %0 ,35 mg/L 41
BERTS AX B (P<0.05); #iE MDA W& &
5 mg/L @AM X Malm AW EHER(P<]
0.05), HoAx 25 Al 52 i 5 /s W i LZML 1) 3 4 Bl 5
MSP 7K £ 4 v B 1) 38 B R T S8 B AR 48 5 . 76 5.
15.25 mg/L A3 i 2% T 25 X 40, 35 mg/L 4
S T2 AN B4 (P<<0.05), AFHE SOD # 1
£ 25 mg/L 4 1 3\ T 25 FU A (P<<0.05), L
25 IR RT3 R 581 %05 IFIE LZM [ G ¥ 7% 25 mg/
LAmM. Mo QX BHamA R EELER P
0.05) ; % W B MSP JK #2355 20 rp i JiE T-AOC
TS AN A L E 25 mg/L A BEM LR (P<

=Y. 0. 05) , & th 25 X BRA 16 %,
AR ) = PR R A/ SR ED X100 %,
F2 HMOEWAREEENER
Table 2 Tissue physiological and biochemical indices of zebrafish
4R K S AL WAit SOD I HE  Whitl MDA &6t il LZMi&#E  JFME SODEHE  FFBE LZMEHE  pepr 00
Test group of MSP ‘Actl\'fmes‘ of ~ Content of .Acn\‘/ltles of AFthltEeS of Agnvmes of Liver T-AOC
aqueous extract intestine SOD intestine MDA intestine LZM liver SOD liver LZM
0 mg/L 19.49+1.94" 0.38%0.06" 314.38 £ 7. 944 8.92+ 1. 05" 44.53+8,39" 7.82+2.43°
5 mg/L 31.16£0.30° 1.46 0. 62" 130. 63+ 2. 17 2.19%0. 35" 26.04£0,42° 13.96+0.97°
15 mg/L 56. 83+ 3. 09¢ 0.42+0.09°  269.06+14.25°  3.03%0.51° 48.91+4,06"  22.93+2. 86"
25 mg/L 25,47+ 2, 92" 0.19%0.01° 169.69+9.20"  60.72+1.61" 24.17+3.03"  135.7+22.48"
35 mg/L 9.06% 0. 59" 0.26%0.02"  370.94%12.45° 13.41+8.71° 53.13+6.13"  26.78+1.71°

Note:different lowercase letters after the data in the same column indicate significant differences (P<Z0.05).

2.2 MSPKEXMIERBHXERRIEZY
220
2.2.1 MSP AL & HiEd 4 2 EMmER

R & A 89 %

BE T £ gy T 50 43 G 98 A O B PR 1 R R 2R 3K o A
B, WKL AT, nf-a BOAI X RE B AE 5
mg/L I 25 mg/L 41 ¥ 3505 T2 [ X B4 (P <<
0.05) snfrb WIAH X FiAFEAE 25 mg/L AR EH T
2% X B4 (P <<0. 05) .35 mg/L 41 & F1% T 25 A
HEAH (P <<0.05) s KR & 4R W AR K s de fbL1 1A X

FILRBEE MSP K48 Py vk B i 38 K - SE T
Je BEAR, o 5.15.25 mg/L A 5% (X R4 A B
FHEZE 5 (P <<0.05) ; & ¥ B MSP 7K 4 4 12 56 2H Bt
Dt il Ly WAEXS 3R IR 38 T 28 (X IR, Horp
5.25.35 mg/L H ¥ % & T X B4 (P <<0. 05) ;il-
18 HyARXS FAH7E 5 mg/L M 35 mg/L A¥ B &
T2 P B4 (P <<0. 05) 5¢3a HYAHXT RIX R T 15
mg/ L 4 H A B E L T 25 A X R4 (P <<0. 05), [\
I A b 5B B MSP 7K 32 4 ik B 1 44 5 R
W7 2R AR 114 e 3
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Different letters superscripted on different groups of the
same gene indicate significant differences (P<C0. 05).
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Fig.1 Effect of MSP aqueous extract on the expression

of some immune genes in the zebrafish intestinal tract
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(P<C0.05) snfrb WA XT3k & F12s (X HR 2 22 57
AR sdefbll MY EEEAE 5 meg/L M 35 mg/L
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KT AE 25 mg/L AW E @ T2 XA (P <
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(P<0.05),

AR FIRER I X BE D £ 5 L 05 BE

E=A |

20 (a) tnfoc 4 (b) nfkb
& _ &
557 52 °
iz) g1 g g 2 ab ab
<305 £3 1 a
=4 -4 0
N NG \) \) NN
% Y& RIOFOIOI
Q 6 Re ,\, ,\76 N \6 ,\b ,56
Test group Test group
. 20 (c)defbll . 2.09(d) Iyz
2 2
%‘ L
=305 =205
=2 0.0 -4
REENVIEVEEVEEVIEV NN
SSSES @@@@@
NN o) AR
N ’\' ™ Ny,
Test group Test group
34(e) il-18 4y c3a
£ _ e _ c
e = 2
5.8 5.2 b
=8 =3 1
INAIP\4
g}?’ go ,\\%\V ,g?o @o
N “’ QO DR
Test group Test group

Different letters superscripted on different groups of the
same gene indicate significant differences (P<C0. 05).
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Fig. 2 Effect of MSP aqueous extract on the expression

of some immune genes in the liver of zebrafish

2.2.3 MSP R# Y fs L & X
B & ik 6 % wa
BE T £ R 8 4 i 928 A G B R ) A G 2% 3K
Kl 3 TR, tnf-a BYAART 3K 5 BE MSP ¥ B i 3 Jm
i B VA L R #E 15 mg/L F1 35 mg/L 4LAA X 36 3k &
WM (P <<0.05); nfkb WA X ik 7F 35
mg/L 20 i 35 T 25 U6 AL (P <<0. 05) 5 T As (1 X
A I o de fbL1 TF 25 mg/L 2H A % 335 H 5% K . 35
mg/ L 41H X 2 3k i B i (P <<0. 05) 57 fny BYAH XT3
BT A AL fF 5.25.35 mg/L 413 B
F 2 (X IR (P <C0. 05) 577-13 AN ek B AE 5
mg/L Ml 15 mg/L ¥ & F a5 FX BB ;5 c3a BYAXT
Tk B A& TE 35 mg/L AR E S
T3 F IR AL (P <<0. 05)

o S AR R R
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Different letters superscripted on different groups of the
same gene indicate significant differences (P<C0. 05).
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Fig. 3 Effect of MSP aqueous extracts on immune gene

expression in zebrafish brain fractions

2.3 MSPKIR¥MMHI&BRLEKSEREMNR
=

Hi 2% 3 AT, BT A 3R 50 41 BE I a1 A7 05 R B
MSP 7K £ 9 v B B 38 i $2 55, 35 mg/ L 41 19 A7 3%
(6T Y0) Bt . BE Hy 0 R S R P R B MSP K
P VR 1) B 0 T AS BB B2 75, 35 mg /L 4 I f g8 AR
PR, 28.6%,

®3 ABANZAVREARSENEEHNERE
Table 3  Survival rate of zebrafish in MSP intervention group

and control control group after challenge test

L

(R GREPRYHE/ %
am  mRE rEes T e

Groups Number Survival tail te) % protection
of fish rate/ 7o rate/ %

0 mg/L 30 16 53

5 mg/L 30 18 60 14. 3

15 mg/L 30 18 60 14.3

25 mg/L 30 19 63 21.4

35 mg/L 30 20 67 28.6

RIS
3.1 MSP KEYUTILIRS
£EH

S D7 KR 7 SR R P SRR 5 B SR A A
050 1) T 48 Ak HLAA T A8 B BOR . T-AOC 2 45 25
B AL W 5T R0 T R AL B S A R Y R B R A K
SOD J2 8l ¥ Bl — Fi 4 kg 5 2 (9 0 4 Ak it , 7T 3 5t
TR 2R W R P9 R AR 3 Ok 1SR LR g Y
MDA J& S Ak 17 it 72 7= Az B AR 2 1k 2 vk o 1) 7 4
HEgEdmammp™ . LZM & TR S5
PE KT, S — i R K it 7 Lk A A A e v 7 22 B 1Y
Bl P 8 T 3 4 W T A e B R R T B OE R
BH L 76 B b v R o v B 24 W) D4R O B (Paralich-
thys olivaceus )™ M8 (Oncorhynchus mykiss)™
DL K ®5 At ( Crenopharyngodon idella )™ #H 41 )
SOD.,LZM {f HEH1 T-AOC. fd 1 ML i 47 48 1k RE
BEEE . PRERAA R B ERE S, 82
i HT I 2 R R L 2 B SR AT B A
P LR sz BT AR SE . MSP K 42 4 56 21 B
b £ i 1 ARF IE P SOD 3% 1 B3 R T a8 A v
L [FF 35 mg/L 4B fafig 36 o i) MDA 5 21K

TS A BRAE L LZM 36 PETE vk B2 MSP /K 5 ) 41
FEE L FAEM T-AOC & 45 X R4, £ B MSP
K W i 41 v B D A0 (0 S A B T, 1 R B £ 0 )
HNRRL R RE T .
3.2 MSP KiEHiE
RERE N

tn f o FERAE LI Al M o g5 | i 98 He 928 A AR I

JIG S5t W 45 22 B A= TR G BE o AR b R T B G AR
S G- 1R B2 A N F 2 — . S 5 HUR K &
JiE S0 élﬂm$k$néﬁ,/\{%3#51ﬁéﬁﬁ&“{”
nfb TE AN A AR AE SN | 28 I 24 A 3k i v e 1 56
BEPEAE S defbll —HTETE T P Kk R B
AR e R A A /NP K L R R 2 R S R S g
ARG — 00 s ik IR defbll HEM G 15 R A
R B A G R B AR MR C3 R A
R rh it im0 R gy R C3 B AR I/ T L 3L
ZUHE L c3a T c3b PIA 7 BL FE S Rk e i A7 H %
MIPE RS iy RN IR SN R K S
FANE e SRR LUE Ny (IR GIE S R TS A 0B
V5 PP ERRAS B SR B A W D RE LA S e 440 R
B RTJA T 0k S #E L S 28 R VR DS L 25 B2 I T R

ROBEHANREN

>

FEERDENEXEREER
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W] MSP EAG 77 G 95 022 1Y RE ), 32 28 J2 i 2ok 4
o S A W) T Vi 1 22 R M R I G R G R R Ok S
BT RS m O MSP KSR YT AT
PES AL P tnf-avil-18 nfkb defbll ifny.
lyz.c3a WM X Rk &, FE 0l &, 7E i b 25 mg/
mL 415 K 53 e 5 AH G 56 TR I 35 1 o T s R TR
ZH s 7E P 25 mg/mL MSP 7K 42 973l 5 41 o A 2%
IRy, R W] MSP /K 4 4 3 B2 38 2o g - -l i 1
DM RN B RE . MAEMHZH,35 mg/mL
MSP /KB 2H X tnn f - snn fieh vil-18 . c3a vifnY .
defbll MR B A B MSP K24 41 o 3%, 3%
W v ok B2 B MISP /K 42 ) 7T B 3 b it i e s 7 A A
PEVE A AE . BEAh . MSP 7K 32 4 X BE 5 £ 8k Y g K
SRR P PR PR 5 R W] MSP K 32 9 X B S
BA @R RUR X AT g & MSP K4 T il 5
2 T AE G G e T IR A R T )
$ET7, T HEHT AP B R A2 A

4 g

AWFFE . MSP K 32 9 % BE B £ (1 20 24 A 4
P\ B 928 PR ) 2 32K i RTT ng K BA R R Y E
HA W A B8 11 L REAE 3 5 BE 5 f1 A9 BT A fE Al
RERETT .
2% 30k
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Effect of Aqueous Extract of Millettia speciosa Champ. on the
Antioxidant and Immune Capacity of Zebrafish

WEI Tianli' , CHEN Qingshi' , LIU Shulin' , WU Jinxia®,ZOU Jixing' , XIE Shaolin' "
(1. South China Agricultural University, Guangzhou, Guangdong, 510665, China; 2. Xiamen University, Xiamen, Fujian, 361001,
China)

Abstract: In this study,the antioxidant effects of aqueous extracts of Millettia speciosa Champ. (MSP) on the
zebrafish (Danio rerio) immune system was explored by the comparative analysis: 4 different levels (5,15,25
and 35 mg/L) of MSP aqueous extracts were added to zebrafish culture medium individually,and the antioxi-
dant capacity and immune indexes of zebrafish intestines and livers were determined after 14 d. In addition,
the mortality rate of zebrafish infected with Aeromonas hydrophila was also counted. Our results showed
that the activities of Superoxide Dismutase (SOD), Lysozyme (LZM) and Total Antioxidant Capacity (T-
AOC) in the intestine and liver of zebrafish in the MSP aqueous extract 25 mg/L. group were significantly
higher than those in the control group,while the content of Malondialdehyde (MDA) were significantly low-
er. The expression levels of immune related genes such as Defensins, Tumor necrosis factor a,nuclear factor
kB, Interleukin-1, lysozyme and Complement genes (abbreviated as defbll .tnf-a . .nfkb.il-18.lyz .c3a re-
spectively) were also significantly higher than those of control group (P<C0. 05). A. hydrophila infection re-
sult showed that the survival rate of the test group was higher than that of the control group,with the high-
est immune protection rate of 28.6% in the 35 mg/L group. This study demonstrated that the MSP aqueous
extract could effectively improve the antioxidant and immune capacity of zebrafish and enhance the immunity
of the organism.

Key words: Millettia speciosa Champ. ;aqueous extract;zebrafish;anti-oxidation capacity;immunity
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