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R e M B rh, SR A0 05 FR IR0 R -
JR R IIAR S, RG2S, R A AR i R,
SEON R AT R E S E N E 2,

MR . R FERIER/N B hE
ZRE, W TR R K S A I RE AN B IR 2K
SR EEN R R, RS AR
PEBCR AR, B 2 SR A X 945 1
KRS a S S eI ENS e o e (o i
2 % (Epimedium brevicornum Maxim.)F174
24 ¥ (Cuscuta chinensis Lam.) 5 A %53 P A&
H AU O R A R, W AL
B.C Mg Et 1 %Y, ez FonnZem Mk %
SR BRSO o e L
YR T LB, TR E AR 22 1 BE A MR A
A FH ST 0005 ME P 50 400 A oA ol — 5 R ) e
RIS, RIER RS 22 TR R
FEVEF, YR of 520 (T) g 43 ms PN, hi 2l
FRRE L TN 23 TR R e 42
TS5 R R DR, e B
AT Z R R SR, X R K s
AT I RE A 5T A B2 AR S S H A 8t
A EEE PR h R EMR 2 T, L
LUEAE SUNERN 3 TITIE Y A= NiiE A ) iR
T 13 S5 AR R N A e = AR R G A8 B R
FEEAM

1 #MEEFE

1.1 ##

W S £ R B [ 4R 35 K2 K 2 B KR 56 )
ROKIGER KR ) 7 W H A BB, 41K (67.4+
6.1) cm, KH(592.5+52.5) g, S50 F M 7 5L O
SERCIE

BEFETARMN, R TFrEA WK, BT
WEfEE 160 H i il U o, BN L 1
10 A 60% Bk W, FH s o 8L FE 1 h
JFEOB EER, R 2 WAHR., BTZH
i AT ZE R A R A, A5 ENR B PRI A 2 5,
BRI EZ RN 1: 10, BT 4 CokEE P IRAE
2 H .

1.2 EWigit

120 R BENL A X IRl M SC B2, A
B 1.5m, 7 1 m, 2 1000 L () [RIEFR5A
OB H AR . £ 1A TAT4, B 30 B fh,
B4 AR Ry 2.5 g/kg kTR, fREfmige
BB, LR NN R EEMEL TIRE
0.034 g/kg AR AR P EATHR, SCE0 4
FERERHE] Ry 90 d, i HE ZH 4k S5 N TR A 1RDRL,
S50 ) 1) 42 ) K R AR 21£1)°C, FRFE KRR A
<0.2 mg/L, WASIREE%<0.05 mg/L, %% >5 mg/L.
SEHREE R, KBRS A A5 LR Fa R 6 S
1.3 £HFHE/ERENAREUR

FHMEE 0.01%M19 MS-222 (Sigma-Aldrich, St.
Louis, MO, USA)REESE 56 £, &R fl 44 .
FHVE ST 45 R DR IBUML . At ) £ B BP B2 K IFIE, R
8, $&F 235 P IR 8 %X (gonadosomatic index,
GSI)FIAFA Eb (hepatosomatic index, HSI):

PE R B =1 IR E /R > 100%
JHAA He =R E /R FE > 100%

B Ay B S AH SR BT 1Y 4% 2 5 T
[ 8~12h, BEEEWGKG LK, —HIAEW], Ak
Wi, EEY R, VIR)JE 5 um, H-E J¢f4, Leica
DMS5500B i {8 i WA A HE
1.4 ELISA & M7 $ fn & 8 ZE2(E2)F0 11-
AEZMA1-KDHNESE

S IMARARN BB, TEECE 2h 5 4°C
R, 1000 g B0 15 min, B3 W45 2 137,
BT -20CHA7%& M. G Estradiol ELISA i
& 11-Keto Testosterone EIA {7 £ (Cayman
Chemical Company, Ann Arbor, Michigan, USA)iji
A A5 (8 B A O 43 SRS I A R L v o B2 A
11-KT &% o
1.5 ELZBHXERMNRIEE

TR B 5L RN A i AR U % —-80°C VK AH
A7, % TRIzol &4 RNA X7 & (TIANGEN)$%
BUE RNA, HEME SN LTI RNA
VR ERLERE, F 1%35 IR BHEERS TAE &5l RNA
SEVE, £ Thermo /A ) First Strand cDNA Kit
VIG5 — 4% cDNA %%, 7F NCBI M2 4
H 7S 8 i N 2 F K (B-actin) . YN TE T H R (vig) . 77
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AL (cyp19a]) MMERL 2R 3Z AR (era . erf) cDNA JT
%), FIH PrimerPremier 5.0 #4351t R if
I 1) o K UG S AR B 1) H A 5 i JE U O 5§
55— 4% cDNA i FH K T BUZE K B 10 1% 5 1
Me, #E47 PCR P34, 54 PCR =¥ ik M w4
Wrdm AR A R A FWT, e EEREY
SR B

=1 s1¥F5
Tab.1 Sequences of the primers used in the experiment
PCR /=4
GIEY/ BN ST HI(5-3") K/ bp
primer sequence product
size
p-actin F TCACCACCACAGCCGAAAGG 19
f-actin R CGCAGGATTCCATTCCCAGGA
vtg F GCTGCAGTCTGGAGTTGCAATCC 793
vig R CCCTTTTTCAATGGCTGCTTCAGC
cypl9al F TGATGCTGACTTTGCCACTGAT 358
cypl9al R GTTCGTTCCCTTGAAAACCTTGT
ero F TCCTGGCTGGAGGTGCTGATAAT 339
era R GCCCCGACTTGCTGATGTAATA
erf F TCTCCGCAAGTGCTACGAAGT 168
erff R AAGATGAGTTTCCCAGGGTGAT

B 4 PCR K R 4T PCR 71, HIFEEHE Y-
WIEAECH 34, WSEER B-actin ¥ HEIEAECH
28 B LG 5 T RS2 3HF PCR 7= Lk 45
JFHARR LA B4 RN SE S 20 IE vig , era F1 erp,
PASORER cypl9al BYFIRIEM
1.6 ALABHEBREENE

TE R B A AR A R H S R BT B Tk, 4538y
B S g WL, BILRRENLARE S 15 g 1
105 °C 8 KT WA rh T4 2 00 o e B TR AR A
U, AR REEHCES 348 N, T #2451
I, MAMERAE T 5 (¥R e b s A TG 7K A T ik
AT 2/3 4b, FIEEEHL 8 h, TER: 7% & ML

Ak T 5k B W A% 22 (100+5) CHERE T4 1 h,

T A N A 2 S . O D IE C b
ERZE SmL, A 5 mL 2 mol/mL & E k40 H iz
AW, AHE 2 min, B 1 mL FiEW, FIEC ki
5% 10 mL o F 37 BB D2 R TR Am s o V0
T 10mL E ke, Fd'dE k2.5 mg/mL WPRAETR,
ALK . TR-FAME 1% B 418+ 100.0 mx

250 umx0.20 pm; FEFE R E 270°C; HEEE
1 puL; W 1.0 mL/min, fHE W&, Kl
280°C, JHEREF: #IHEE 50°CHARE 1 min, DL
30°C/min F+ % 150°CHAFF 1 min, LA 1.5°C/min F+
% 210CHREE 5 min, #ELL 1°C/min F+Z 240°C,
LA 30°C/min THZE 250 CHEHF 5 min, 2 N,
4l >99.99%; 43kt 10 : 1; FEIX 45 mL/min,
AR E IR, T RRE — 1k R A i R Y
s,

2 #R

21 BRELF

S 2H MEf8 1Y GST RN HST 2 18 3 5 7% IR 4
(P<0.05)(F 2). fEHE LB, SCHLL H A 68 iy 5y
HXT IR, 2RO ek, 42800 50
GE, X B RN SE 40 41 OP B A0 T8 T3, KR4y
R0 5 TR AR, R DL P 8 50kE, 4
Al DL AR (1 1a, [ 1), SEERL H A 68 fig
BHE 0B P9 0 BR A B He X BBl 22, A AR 4
K, 5T IR EE A0 M BT O sE i ek, A% AR
W%

Fz2 HAEMIPELFTIBFR

Tab.2 The ovary development of Japanese eel
Anguilla japonica

UREK  DRANML
4151 (S E VG K N "M KB
group GSI HSI ovary oocyte
stage phase
i} B 4|
HIRAL 0.94+0.18*  0.79+0.09° I I
control group
S Y
Tl 2.10£0.21°  1.23£0.15° I il

treated group

TE: [FIZIECHE b ARAS ] 387 20 () 47 78 W 35 22 53¢ (P<0.05).
Note: Data with different superscripts in the same column are
significantly different (P<0.05).

22 MmiFHFE2F1I-KT IS E

SEUS LRI R4 H A BB 55 B2 AT 11-KT
TEHMET 1| mgL, &FTHRMAKT LHdin i
E2 #l 11-KT &8 8 E 5 T X R4 (P<0.05), H
HSEERZH 11-KT & 2y 0 A 4 153k 3).
2.3 HXEBEHERIE

Xof A RS2 50 4 A 5 i B S5 0 B vy 2
[ B-actin W23k 8—E (K 2b), 1HE, vig 1E5L
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a. NI b, SCEAH; N, #{; O. JIgiH.
Fig. 1 Photomicrographs of histological sections for Japanese eel Anguilla japonica ovary
a. control group; b. treated group; N. nucleolus; O. oil droplet.

F* 3 HAARBEHMEF E2 0 11-KT HEE
Tab.3 Serum E2 and 11-KT levels of

Japanese eel Anguilla japonica ng/L
A5 group E2 11-KT
XTAEZ control group 214.64+25.15" 34.58+9.03*

SCHGAH treated group 321.26+48.19° 140.57+14.95°

T RIZVEOIE LR AR 278 4L IR 77 75 .35 2% 57 (P<0.05).
Note: Data with different superscripts in the same column are
significantly different (P<0.05).

1 2 marker 3 4

wese 1000 bp
e 750 bp
a 500 bp s

250 bp e

B2 HAGHIFNE vig FIEPEL cypl9al Fikix
a-1. XHIBLATIE veg; a-2. SEBGLANTHE veg; a-3. X IR ZH P £
cypl9al; a-4. FLEHLUNE cypl9al; M. marker; b-1. XFHR4
HFAE B-acting b-2. SEIRAINFAE B-acting b-3. Xt HEL4] R
f-actin; b-4. LKA INEL B-actin.
Fig. 2 Expression of vzg in the liver and cyp/9al in the ovary
of Japanese eel Anguilla japonica
a-1. vtg in liver in the control group; a-2. vtg in liver in the
treated group; a-3. cypl9al in ovary in the control group;
a-4. cypl9al in ovary in the treated group; M. marker;
b-1. f-actin in liver in the control group; b-2. f-actin in liver
in the treated group; b-3. f-actin in ovary in the control group;
b-4. f-actin in ovary in the treated group.

Y 20 H A B8 i S E ) 2R 0K v T BT, SEe
XS FRAH B S cypl9al {UEFRIE(E 2a).

X HEZH 52 95 2H 00 JHE IR R A I B era T er 1Y
FKik,

24 AABHBRESE

FH 37 il 05 FR AR HERE S A AT IS, 76 H S 65 g
JUL PR A & L AG I 2] 42 A~ 5 H o, e
AR IR (SFA) 12 4>, BN AR B R (MUFA)
9 MNHZ AW IR(MUFA) 11 4, f$E1E4
VUIETR (AA) Tk FAR TR (EPA) I - ik /S 4
M(DHA)(3K 4).

S 2H M L SR IR . SFA. MUFA Al
5 HE N AR RN D5 R (HUFA) & 44 5 25 8 T4 1R
ZH(P<0.05), x EEMAEFARIIER AA. EPA FI
DHA & 5 18 3 5 T X B 41 (P<0.05) . 32553 2 n-3
AN FAR TR 2 ik B 2 5 TR B2 (P<0.05) (3 4)-
3 iTig

SEuG AR R, IS N B2 R AR A
Yoz Ja, HABR 6 ON A0 T A I, oK
YR EE Ok, {HJE, GSI Al HST ¥ &g 25 5 T fR 4,
G A e B S R W 2, B AR/ NS Z, E
PR RIREECE B2 1 11-KT & & BE T, FPEsn
W RSN vig FikETHE, NURBIEIIR, &
AN FIRE IR AA (EPA Fl DHA & it b E TR, £
W1 58 FE 22 TRt ek H A BN 5 &2 7 .

AW, R T Iy
11-KT A1 E2 y7KF, F¢5l2 11-KT, 11-KT Z&ff
5 1 4 R & B O B A ST B e o ) 2 ]
PR, fefet H A 68 fig o RE 40 i g i B2,
PO & F P, Damsteegt 25PMHF5E & #L,
11-KT 23 o 52 w5 1 %5 B As 2 11 (IR VR 170 32 22 1
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Tab. 4 Fatty acid composition of muscle in Japanese eel Anguilla japonica mg/kg (HfF wet weight)
AENIMR fatty acid ~ XTHR4 control group SCHRZH treated group | AGNTR fatty acid T HR4 control group LI 4] treated group
C12:0 68.92+1.88 54.79+31.85 C24:1n9 204.10+25.37 306.50+109.45
C13:0 23.554+3.53 35.63+£8.91 C18:2n6T 151.09+7.46 229.28+20.24"
C14:0 6794.10+£992.56 11241.71+2650.15" C18:2n6¢ 6784.10+587.05 9495.17+2845.57
C15:0 469.70+47.36 747.30+160.71" C18:3n6 271.27+24.80 456.28+139.73
C16:0 36510.93+4960.86 57032.28+12137.21" C18:3n3 957.86+118.20 1172.90+267.98
C17:0 452.86+68.78 757.62+197.03 C20:2 505.97+42.92 784.67+£196.10
C18:0 6880.22+459.26 9815.11+2282.84 C20:3n6 701.75+23.35 1208.13+448.47
C20:0 128.48+0.97 231.97+51.46" C20:4n6 (AA) 1141.62+32.47 1952.36+278.31"
C21:0 20.914£9.15 40.30+10.08 C20:3n3 108.65+9.91 132.37+3.75"
C22:0 25.824+2.96 16.82+6.17 C20:5n3 (EPA) 1542.394261.52 2139.83+221.75"
C23:0 59.37+43.53 92.15+£20.46 C22:2n6 114.68+10.66 164.72+55.50
C24:0 208.29+13.42 427.31+116.33" C22:6n3 (DHA) 11519.15+£1986.57 17456.46+2827.83"
Cl4:1n5 192.96+52.93 250.12+31.79 SFA 51629.98+6260.17 80506.65+17720.02"
C15:1n5 80.06+£10.95 133.55+43.93 MUFA 91387.57£12576.68 135285.50+13134.29"
Cl16:1n7 12506.36+£2081.66 20346.28+3016.68" PUFA 23760.31+£2830.74 35192.14+£7305.23
C17:1n7 415.82+61.03 740.72+141.13" HUFA 15013.56+2287.176 22889.14+3780.11"
C18:1n9T 249.40+6.39 377.53+38.11° totals 166777.9£21600.19 250984.3+38159.54"
C18:1n9c¢ 77037.33+£10282.38 112764.1£9670.34" n-3 14128.05+£2354.32 20901.55+3321.31°
C20:1 109.13+2.82 157.30+36.72 n-6 9126.289+627.52 13505.92+3787.83
C22:1n9 129.48+16.44 209.36+46.14 n-3/n-6 1.54342+0.21 1.60+£0.20
e * R LI AR R A B 2 25 5 (P<0.05).

Note: * denotes significant differences between the control group and the treated group (£<0.05).

1) 5% MR () 22 35 1 R A 2 B9 R A48 X b R Y A A
MR N R EE MR 22 T3 3 B2 B/KF1]
AESE A PR B — AR — PR AR A e
TE 78 IR 22 1 S ¥ T mT ) S 2L sh B e ik
MR Z R A R T RN GnRH L KR
A2 M B R RO 2R ) B iy M AR {R. GtHL K
SRS GH g — B RO B AL R 2 1k, R A
P E2 KRN ER, AHFST S 40 B0 855 A ik
FFSE N cypl9al 9K EARMK, AHELXT LI RA 12
B, MSCAIN TS B2 &8 BAH R, K
SRALF 3K DIAE RIS 81, H A 8 g o
WA AT B2 AR AT/, cypl9al (36K
ORI, BE2E 00 0 Al A B i P
I, 7F H A i g O ¥ & A i VR R A 22 142
iR LT B2 A7KSFVE FHA B o S50 4 H A fil g B9 £
A E PR B, R A A RS vig 1Y
FOR AR, S 4 PRGN 2] B2 21K era
Flerp W335, FHKT-0Y LT B2 A 2 LUK

JEF A B B0 8 2 1 DR, (R 2R v B R R ) R
W, BEER, WIEEA B CHA X
(R 2 3 PO R AT AR P AT REARE
TR SR 5T ) R B (R B T v ) A B 3 R 1
RS vig IR, AT — 2 O A AR 7% o

ARG, TR 22 T3 R A &
H R EIE, ot 2 5 T LA A AR R 7
H A 68 i 75 R I 7= Ui 2 h R, WA H 5
EARFEAGAF I RE R, TR RN R L AR 2
AR E T e 68 X6 4R AL I M A R, AR SRR
flies TRER A TR T . SO 2H H A BE g 1L 1A
J& W5 & &b HUFA #l n-3 PUFA IS B EEST
XTREZH, n-6 PUFA )& & TXTIRAEA . H
7S S £ FIRE £ —RETE B2 n-3 Fl n-6 PUFAP®) 78
HoAh IR AR K 2T R, AA REREHIBL T
[ B R A RN 58 GHH A4, R st o
FEZNM % T R, T EPA 10T LI H AA {2
[ i R IS B, WFSE R0, Rk
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(1) n-3 JRMTTR AR T AT I 25 2 =y MR U B2 6 (4. an-
guilla)(9P A AT DALY E2. T Ml 11-KT /K
-, BAE G B AMIE K FR A T R v 2R A A IR
RO, OP & E AR R IV A% D 7 A
JIE 10 8% %4 (germinal vesicle break-down, GVBD),
n-3 5 10 2 F1 n-6 A 105 R — 4 T A2 7 8 i 2 v
B,

I AE IR 5T i ARG & B B B, n-3 Ji I 2 A
n-6 fGMiFRAIVE A . Furuita ZPVR 3, HA
BEEH DN 1Y n-6 AgDIMR & & 5 00 B 2 A G
) 75 n-6 Mg TR AN FI T iR & B R I AT£0. 5T
B, M0 n-3 IR AEAR RS2 U0 A R R P gt
— s R AA TE H AR BB EIR E i S m T
BR-¥-, T EPA IEAFAHS, RN A T HETRE AA,
CAWSEIEN, AA ] LIES 2 E R R4 ™, op
TR0 % B 72 EPA 25 n-3 R AR,
n-3 RIIAEAAGPIR, JLHIE DHA 74 kT
T EE R O

4 i

iR p SR b [| L R e P S et R e A ] |
DL R H AR 6 B9 8 A B 9 Y 11-KT FTE2
IR, ARIE T BE-RE: 20 B i 1) SR AR B
EHREEFRYRNEER,; [ nT 2 LA
XA R, N B R AR IR R AA
EPA F1 DHA MW ICFIGGTE . H A EREP 5% &
TER—TRKAE RN R, ARG %M
BB WA N — DS ANES R N TR
KB AR IR & B A B SR, N )R
150 ¥ A R OB A — 20 kB AR,
P 1 S5 £ HE B SR AT Uy SE Rl

5% 0k
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Chinese herbs Epimedium brevicornum Maxim. and Cuscuta chinensis
Lam. induced ovary development in Japanese eel Anguilla japonica
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Abstract: In the present study, female Japanese eels (Anguilla japonica) with an average body weight of
(592.5+52.5) g were fed with a commercial diet supplemented with two Chinese herbs Epimedium brevicornum
Maxim. and Cuscuta chinensis Lam at a water temperature of (21+1)°C for 90 d. Then, the histological structure
of ovarian development; changes in serum 11-KT and E2 levels; mRNA expression levels of liver vitellogenin
(vtg), estrogen receptors (era, and erf), and ovarian aromatase (cypl9al);; and the fatty acid composition were
investigated by tissue section staining, immunoenzymatic assays, semi-quantitative PCR, and gas chromatography,
respectively. The results showed that the gonadosomatic indices (GSIs) and the hepatosomatic indices (HISs) in
the Japanese eels fed with diets containing E. brevicornum Maxim. and C. chinensis Lam. were significantly
higher than those in the control group (P<0.05); the treated group also showed ovaries filled with advanced peri-
nucleolar follicles and increased numbers of oil droplets, and significantly higher serum 11-KT and E2 levels
(P<0.05). Expression of vtg mRNA was elevated in the liver of the treated group; however, cypl9al mRNA levels
were extremely low in the ovaries of both the control group and the treated group, and the expression of era and
erff mRNA was not detected in the livers of the two groups. Total fatty acid levels, including saturated fatty acids
(SFA), monounsaturated fatty acids (MUFA), and highly unsaturated fatty acids (HUFA), in muscle were signifi-
cantly higher in the Japanese eels fed with diets containing E. brevicornum Maxim. and C. chinensis Lam than in
the control group fish (P<0.05); particularly, the levels of arachidonic acid (AA), eicosapentaenoic acid (EPA),
and docosahexaenoic acid (DHA) were higher in the treated group. These findings indicated that the two Chinese
herbs, E. brevicornum Maxim. and C. chinensis Lam., induced early ovary development by increasing oil droplets
of previtellogenic oocytes and promoted vitellogenin accumulation in the liver of parental female Japanese eels.
Moreover, E. brevicornum Maxim. and C. chinensis Lam. accelerated absorption of fatty acids, particularly HUFA,
from diets, and subsequently their accumulation in the muscle, to prepare for vitellogenesis and further develop-
ment of oocytes.
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