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S g AR RE A ER K T 5T O R & B A R S K
Ag B A 51 B & 1 BV 52

[ﬁj %*7 7N T fﬂt-ﬂiﬁi&, F}j:\ %a
BXfR, &ZKH, ZR4

T RERERXKTE R, MAKORFRERSEELEHAENESLRE,

KFER L ER T TR E S L=, HIK  402460)

LN

JE ¢ A

BE: A RERFRAR P A Bt 5t 0 3 & 4y & il 41 B 5E A RO e AR
B vE MEEY R0, DL360R AT AR & N (12.7420.14) g R FF O R A 4 & ) LI Xt &,
LA HA4l, BUAINER, BIMERIORELTE, 2R RA T 0. 75, 15041300 mg/kg
FE T B Wy 4R LR R, R EE AT70d. R R R, B ER K E A0 K 5|75 mg/kg
H, FORBEa i HEREERMAETERENE, IR ERLELFHK K.
MUETBRKERHS TSR, TRhEMFTHEEEERMEATEENAETFHA
T, HHETEMERALEF. KA METREY LA+ 5 0 R &7+ S0k %
BRI ENRZTE, MEEATRAMENE I, BHBEIEHRL. FORELFHE T
figt i B (LPS) & JiF Ji Ik o fls & /& B B (LPL). JT B By (HL)fn % B8 B8 (TL)7E M 2 B8 RE v BR R
MENKIETMEAFAEELTRENEAESE ., ELPS. LPLEMHEEHRAMEN
300 mg/kg it 5 3% (4~ 5 4 2881.17 U/g#F114.43 U/mg prot); HL. TLE 4 0| 7 JH 7+ B 4 fm &
#1150 mg/kg it 7% M % 38 (4 % A 43.705258.03 U/mg prot), {ELPS. LPL. HLFTLE M £
1505300 mg/kg A ¥ & B % % 7o R KW, 4R IR T75~150 mg/kghy 45 IR B 7+ B &
REefFoREay &G RABENES, RI|FEARNBHORBFFR, TREKETE

Riga sy g, Ry WmEEE.

X FOMEa,; HTR; HEags

FESHES: S963.7
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TN 4.6%FN18.1% 1) 1] L 57 5l HL 1 (Ctenopharyngodon
idella) & B, % L2 4% W s i TR T I 25 2 g B
MEHTG. CHORMFIRAEMDA S &, BRI
JIEHF SODMICATIE 1, i H B fIEACC 1 mRNA
X ek B B R, K E R
BT B B KO BE R, FTe A I
BB A SRR AT 5 | A B ) e i i

BRI R ) B2 —, TG
Wi A ke AR . Hor 45— B A
FMP L, —un B A SRR R RR A, X
ol &85 1) feff IR R ELAT B0 B RTINS 7, PT LARE
AP 7 RN 7K P A () B9 2R TE 9K 0, G2 s D #L AR
TE B AT DL V7 76 K P ) B i e 2L BE ok, TR
JIg Wi 55 1 T TG 2 o e B, DA T s O %)
W, $em R AL . BauerSEPHE, Ik
W B Y IR T R BE 8 i R b = FE W v B H I — R
Re B R TE 2, OF S A B AH TR, ¥ NIRDRE
H I ) H T R R R BN R s P & AR
WEBA, W0 —E & 0 I R R 8 I 2 4 i ALY
HIRE T IE 1, PR L H B R, FEIUEA L.
TEA [R B 105 7K - B8 et rh TS 0 1.5% A4 AR PR T i
2R B KEE BT (Scophthalmus maximus) % % g Wi
(T 32 R 7, B v LA PR RR D5 4O i A 3
B LA, FEARDRE TR S 10.03%~0.12%
B IR R T A A5 R RS2 B4 £ i 37 P H I =R
S I ] i % e I % R B B P M Y . H
JIEL Y P %) £ 25 i A 55 4 5 i) ) F 5 3 i DL G
AT DL S 0 A A o R 4, R AE S IR
T Ak H S 0 AR R X i 3 25 A % s 7 A i e
JIW R, 5 TE O BT IR 7E 0 28 4Rk i R
AR S

1 MRS JE

1.1 SSIEEAR

Difaky . TM . SEMERNEAE, UKE
WA AR TR, a-YE R RIRORY BRI, T
0 1 15 B GRDREIC 7 o A e B R TR 43 S
0. 75. 150F1300 mg/kgf) AH R (S 56 FH AH 7 AR
M AR5 KOK = B AR BR A wl $2 4, 206 o
B3 25 IR, AR SO o3 1Y T i A BCR
15%), e il AT 45 0 (2R 1 5T & 1 O 38.94%) %%
Jig (I 105 7 1 A 14.01%) 9 SE B0 Wk} o 45T et sk
P iead 60 H i, He MR BT L pIRR SRS, hE
DA G R HBRY KRG, HI R = /N

SE LR mmBRLGR, 1 ATIR T20 °C
A7 o DRV RC T LR B B R A I

®1 WREARMES REFARRTFERM)

Tab.1 Composition and nutrient levels of basal

diets (air-dry basis) %
TiH items 2 & contents
J54l ingredients
8 fish meal 42.00
A soybean meal 20.00
ZEH rapeseed meal 10.00
a-VEH a-starch 7.00
KK wheat middling 4.00
K soybean oil 12.00
TRIERH premix 1.00
SUALET choline chloride 1.00
BEER — %45 Ca(H,PO,), 1.00
DL-H% % DL-Met 1.00
LW’ L-Lys 1.00
E IS nutrient levels
HHE 95 crude protein 38.94
KRG crude lipid 14.01
H1 5y crude ash 9.89
7K 4} moisture 10.62

E: 1 ZEBOREDNRET AR 4E4E3RA 2000 U, 4EEEKC
300 mg, #E4EFED;20001U, #4E4EKE 100 mg, 44K, 10 mg, 4
4 EKB, 5mg, 44 KB, 10 mg, 4iEFBg 10 mg, 44 EB,, 0.02
mg, BT 100 mg, ZHE4S 40 mg, AR 1 mg, MR 5mg, N
f# 100 mg, FeSO4 7H,0 600 mg, CuSO, 5H,0 15 mg, MnSO, -H,0
80 mg, ZnSO4 7H,0 300 mg, KI(1%) 60 mg, Na,SeO;-5H,0 (1%)
60 mg, CoCly6H,0 (1%) 7 mg; 2. TlHlE 77 s 4y s

Notes: 1. the compound premix provides vitamin and mineral for a
kilogram of diets: vitamin A 2000 IU, vitamin C 300 mg, vitaminD;
2000 IU, vitamin E 100 mg, vitamin K3 10 mg, vitamin B, 5 mg, vitamin
B, 10 mg, vitamin By 10 mg, vitamin B, 0.02 mg, nicotinic acid 100
mg, calcium pantothenate 40 mg, biotin 1 mg, folic acid 5 mg, inositol
100 mg, FeSO4-7H,0 600 mg, CuSO4-5H,0 15 mg, MnSO4-H,0 80
mg, ZnSO,-7H,0 300 mg, KI(1%) 60 mg, Na,SeO;-5H,0(1%) 60 mg,
CoCl,-6H,0(1%) 7 mg. 2. the feed nutrient content were measured
values

1.2 WK RIAFERE

S FH S 0 R 0 TR ROk SR
gl — LB L, WA ]S S 4% B Eh K
THEEE AR R, DLIERb iR R e, il
L 3 35 0T S R B SR A BE . B ART A
WHREAR KNS, fil e Tothide, KBiEH
(12.74+0.14) gl 5 1 @ 360 . BENLI 41>
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SEEH, B RTIRA 3L FRA , B SEEH
W3INER ., BNEZRMB0ELK M, DER
R BT B AL 124> 52 35 7K 75 46 (1.06 mx0.41 mx
0.38 m) "o 43 B8 AN [ JH 7 1 7K ST 11 55 56 43
BE, FREARTE]70 do SCEHAME], R RIE3%~5%M
P4 R LA R 37K (8:00, 13:00. 16:00),
FRAE R P AR RO K o B W S5 A ) %
BTN AET HUE S, KIRYEFFE15~20 °C, %
A T6.0mg/L, pH7.0~7.5,

1.3 HRRERERNES %

SIS AR IS NS E A LR 24 b, 45 S 4
Bt AL H S 8 55 9 5% H 2418 46 HH 50 mg/LAYMS-222%%
TR RR T, e 0 BRI R, AKX T LB
10f5 R LWV pH 7.4 W5 R 2% v, T3 FH vk
WA AR AR, 4 °CES (3500 t/min, 15 min),
Wb W R R R 5 B T80 °CHR AR A7 FR I
A = 77 BT WS O 9 S 197/ AN 107N =1
W, 2 B FBouinidi b, HFAEEDI A

it Jo AR A G 9% 2 R I R - P 3 R T )
Z: MR I PO T L AR BOK gkt S
i XCNTEPH 7.4, (28+1) °CA&MF T, 1 g4\ 4
S350 A3 G T 77 AR 1 umol A9 i I B G IR A 14 T
PRI (Ulg)s BFBREE(HL) . A5 8 M BR B (LPL)R
P & (W R st A 9 T RE B 5 )
i 5 ¥ T T R i ol 0% M R 0 X 1 mgZ 4L
B B/ NI AR SO A FR P AR T pmol Y3 B AR
U R SRy 1A T 6 A PR o A TR TS P R s B IR
il 0 JHF 6 T 12 22

A1 1D B A5 BXBouin BRI E 1Y g 21
ZURESL, SR H RS (70% . 80% . 90% .
95%F1100%)ZF KK, —HAEY, AiEai,
IR ALY R, VIR RS um, HEYt, ik
IS, AR #rPrimo Start UG5 I ik 4s
UL 2SN (£ (8

1.4 HESHI

S 25 BOR - B {H A5 1 25 7 (means+SD)
Fn o K HHSPSS 19.048 i 54 b e 47 . R 7 7 %
4347 (One-Way ANOVA), #2525 8%, WK HDuncan
T 2 dE bEs, 25 B E/KFRHP<0.05,
2 4R
21 BEHBMFOHBE&EYGEFEHLNSER
A

15 JIg Dk s T R R X 5% 10 488 £ i T

http://www.scxuebao.cn

HAGE A B W (1), BEE BT R 45
AT, S 0 R i A A RE RS R R 4
mEHRET R EETRE ARG, mih.
o g A8 R JE RE R b iz I 9 v BE A 150 mg/kg
JE R 4H 3k B e K, 43 1 28378.55. 305.35F
935.35 um, H B 375 T4 41 (P<0.05); i 4k
B 5 BRI R B TR 1 AR Mk #(P<0.05),
HA7E300 mg/kgH T MR 4k Bl K, H1575.19 pm,

N 7 f foregut @ i midgut @ )5/ hindgut
450
400
350
300
250
200
150
100

50

0

thickness of intestinal
tube wall

4000
3500
3000
2500
2000
1500
1000

500

~ EARm
diameter of intestine

350
300
250
200
150
100

50

intestinal plica width

1800
1600
1400
1200
1000
800
600
400
200

villous height

Jn R B fum

B 7R &/ (mg/kg)
the amount of bile acids

E1 SEESTEFRSFOREENEHEEE
BEE. BER HREENHEAESENXR
Bl B 28 PEAE R — R A gt AT i R RSHRE EAR R B
bR R 2 5 B 3 (P<0.05)

Fig.1 Relationship between bile acid level in high lipid
diet and intestinal tube wall thickness, intestinal
diameter, intestinal plica width, intestinal villous height
of juvenile S. prenanti

compare the significantly of above figure in the same series. On the same
series of histograms with different superscripts have significant
differences (P<0.05)
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b 3 T B (P<0.05) 0 JH T iR %o 52 63 411 4% BE
i EAR . JEERER . JE Y E & E KXo
i 1 Ji5 P 24 55 5 5 52 W) AS (8 2 (P>0.05) . X R 41
Jor T8 1 Bz kg B2 AR A0 MG, 40 e HE S A B
Ui B9 ity SR Gk S5 A R SE L S B O B R R
%, HiRA A ok B R WY RS IR RV
TGN, R TR N R I T B 4 K
INFEIE R (FR2); MRYFRR U N = T 150 mg/kg
Joi o, SE I i A 2 AR IR b R 4 FHE 5 )
Ui 15 vty SCIR Sk HEF 6 55, 40 i ] o] DL 8k &
FRARIR A o 4% 52 56 4 £ fi 4% 0 72 A L PET it o

2.2 FEBTERXIST ORI & 4 & s B X i BE 7S
A

B 5 RR R S K SE i TR, SR O R fa
i 3 g 107 1 (LPS) A 25 14 19 T (LPL) 3G P 44 52 5
ThEn e T ROE A e B, HLAE IR TR s
I 300 mg/kg I P SR (43 501 S 2881.17 U/g il
14.43 U/mg prot), F&'5150 mg/kgflBit MR 4H 2% F A
B3 AMP>0.05), 3 m T H A S5 41 (P<0.05)
(R3)o JHER B (HL)FLE 5 B (TL) TS P BE AR T R s
T £ 38 0 S A T S BEAR R AR e e,
I 150 mg/kg 1 1 14 55 5k (43 51 7 43.70F158.03
U/mg prot), Bk5300 mg/kgd 22 5% A & % 4b
(P>0.05), 3 T H AR S K4 (P<0.05),

3 iR
3. BB FOXREEYEFERAEN
oA

Ji7a 388 2 2l 3 A WSO 37 ) o B 2
HIZEIEZ . B TR L LA R A0 R Z
1115 Z6h B T2 S5 1 A W AT 37 ) o i S S A6

*2 BSEARPETBRNTOREEYNE
P18 45 B W 12 B2 i % BB B B 2 i
Tab.2 Effect of bile acid level in high lipid diet on the
proportion of intestine villi malformation and

falled of juvenile S. prenanti

JIEYT B T2/
(mg/kg)
the amount of

9% /% drop
Wil o EW

1% 1%/% malformation

L7 =1 7]

bile acids foregut midgut hindgut foregut midgut hindgut
0 20.00 26.67 0 1333 6.67 13.33
75 0 6.67 0 6.67 1333 6.60
150 0 0 0 0 0 0
300 0 0 0 0 0 6.67

W b B AR W CE SRR B A, i g
¥ S8 B X S I AL R A EE 2 BgiE
OY T e BE R R I 4 A R T R OK T 3h W
TE P T AR, AR v L AL R A B T Ak
PR, Fas=EMs R, IRy el 52 m s
PR R, AR AR, R e A
IR 0 G 28 400 TT AR SO, X A A R B ) i R
WIS R A EEAEH, BB AR 5% T
SEB B R, Y iE B A
R BE A R AR TE, SEGRH Y E Y
T A e 1 R RN, AR Sz, S AR IR R
RAIMAE BRI, 46.67%FY 5216 1051 i 4 BE |- 30
Iy BORZE WY, 73.33%H4 52 56 14 1 I £ 80K %
BITE IS, VLA & R R R 2 R 5 24 fa
Jo i B S e M IR INTS mg/kglB VTR S, W
G T, U ) SR G
W% s BRIN150% 300 mg/kghH i 2 I I 18 2H 4145 4
SEAIEHE , ULWITE = B RDEL AR T R 4 5%
P 0 i BS540 SR A 3 s e, 42

#*3 SiEARPRETERX T ORI & 4% BB RS R0

Tab.3 Effect of bile acid level in high lipid diet on the lipid metabolic enzymes activities s of juvenile S. prenanti

et e i
Iy BT IR (mke) i gut _ JFF HEE hepfi@pancreas ,
the amount of bile acids RE Wi/ (U/g) JiFBeREE/(U/mg prot) Ji 8 H R ME/(U/mg prot) & iEHE/(U/mg prot)
LPS HL LPL TL

0 2209.28+24.63" 25.75+0.77* 8.59+0.52° 34.33+1.21°
75 2464.00£52.11° 32.4842.63" 11.2840.95° 43.77+1.78°
150 2864.78+69.63¢ 43.70+3.15° 14.33+0.80° 58.03+£3.31°¢
300 2881.17+153.14° 40.57+2.84° 14.43£1.01° 55.0042.35°

e R PTEEAE T BB R AR RSFISEUR AR AR R R 22 57 B35 (P<0.05)

Notes: values are means and standard diviation of three replicates; Mean with different superscripts have significant differences (P<0.05)

http://www.scxuebao.cn
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JROGAH BT R R3S R 5 W b B 4 1 5 A O
AITGRSY K, DT A2 A BH A o 9 A6 4 o 2%
HRE b e A M A, BRI IR A . 0 B A Y
B3R A F T s n e . AT RE R 2, IH
TR B UG I I R AR N, ORI E N R
BRRE, WCEME AN R, H IR AE (2
JiE Wi LAk, AN [ AR b o3 3 £ 288 XoF Jig 5 M 4 A=
.M bR LH AR TR o Y,
T AL AR TR BT R R, 1 R A 2 S AL
fe, RBIORY I EEREAER- . Milovic " &
W, M ERSCERE, BKER IR R TE W
ERRER FEH E R > AETA
Sy, MR AR SR X 8 g 1A 7 A AR
H, i ORS00y . kb 35 A SF R . (B A F
FERW, HEIR1500 mg/kglty JH TR A (2 3E K 1B
fifi (Micropterus salmoides)& [ AR D gE, 2
WHE 7 H YU EA AR AR S0 BT AR R
tE B R 3 R X S 5 £ gy TE A 4 493 4R AT g 2 A
SRy LS I KT A 3k 21 R 5 ) g JFE A BE 00 AR
FRAE

32 FEHEMFOREESERHNRHEE
4 B9 52 M

JIEE D75 Tk i A 73 9 1 W A ) O B il L I T
AT $ 2 AT R ACE T R X B D5 T %) A7 G R IR 2
YRR A BP0 BE R BE 984 /1N v s s e
T T Sy AN T 0 B U L, O R 4 o S
{2 F B W T AU E B RVAE PRI A ik (Rana
catesbeiana) 5T B, U100 mg/kghH 12 A]
i o 38 i 17 8 0 ke IR 4R 5 32.62%
Alam%5EPHRIE R BR 0] DL 25 3 R O F(Paralichthys
olivaceus) g Wi B G VL, (2 2ENG Wi ACH . ALK
vh, 5 1 2408 A 0 LP ST 4 Bl & IH 71 152 48 i /K
T E R T R E B TREN BB, 5
R R IEAR 3, LPL. HLZ 3k
Z 5 IRMAC  JC B . LPL DA il & v i) FL B8
TOURE R AR %5 2 i 2 1 495 48 1 TG i 18 H i A
BEWT AR, Pl AR AL & i, ERA
BRI A7 HLW ZE AP 4N b & e,
A A BE AR A 32F LDL AN 2L B8 0RE 53 0L 2F A JH 44
Jf B #Z 5 HDL-CHY % 56 FTHDLAR KLY 73 fi% 2.
TEA SR, 5% 1 2L 6 iF B P LPL . HLAI
TLE P B AR T IR K P T i 5 5 T e B TR
TE MR S KR EE PR B BRI KT 412.60%

http://www.scxuebao.cn

4 B AL 35 58 R 1 PR I, T S 2R ) 3 AT 4
Ak B U 240 B B T 952 v s kb, T AR s
300~1500 mg/kglB R J5 , 525 fh i1 i Ik 2H 213%
EH . SREPRI, BIMIR R a] {2 G IE AR
(Macrobrachium rosenbergii) i 7INE 41 M o 1 175 ik
WD, HE/NE HES R ST R g, A
LR W, W AR T M v h % & B . LDH.
GGTIIEME, Biih TR PNV AN,
TEAS TR IE 5 55 2 B PRI 5% ) JE R T
FIRmRZZETLBLPL . HLRMTLAYIE . Sirvent
LB R, IR BE XS N4 I8 & HA-VAIC-
Ay FRA, WaELPL, I 4 A s 2L Ak i 2L g
WORL, AR AE MO HL A W6, PR TGRS [H
i AEL 7 R RE % TG FXR-o, 3 3 15 5 SHP K 3A K
4717 5 HDLAR M % VIR OC 19 5% 12 28000, ik
FHDLVWFE . PRt, AHTTER REAE B2 v G i 4 i iy
AT, AR 0 SRR AR 107 6 AR A o

RN

AL, e AR RN — % R Y
SIS RELTE R RE A A% 3 N 5% 111 SR 0 4y 10 fi 3 A
BEJEE K 06 = JE L, SUIRG T sl
B W b o 3 B R T R i A A
AH O T 0 36 1, e 2k X DR 07 AR, i
i W5 7R S RE PP B TORR DR 3 BT E g e
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Effect of bile acid level in high lipid diet on the intestinal structure and lipid
metabolic enzymes activities of juvenile Schizothorax prenanti

ZENG Benhe, XIANG Xiao’, ZHOU Xinghua, REN Shengjie, CHEN Jian,
LU Guangjun, ZHU Chengke, LI Daijin

(Key Laboratory of Aqucatic Science of Chongqing, Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of
Education, Department of Fisheries, Rongchang Compus, Southwest University, Chongqing 402460, China)

Abstract: This experiment was conducted to examine the effect of high lipid diet on the intestinal structure and
lipid metabolism enzymes in juvenile Schizothorax prenanti treated with bile acid. In our study, a total of 360
juvenile S. prenanti, with average body weight of (12.7440.14) g, were randomly distributed into four groups with
three replicates each. The high lipid diet diets with different bile acid levels (0, 75, 150 and 300 mg/kg) were fed to
juvenile S. prenanti for 70 days. The results showed that the foregut and midgut intestinal tube wall thickness, as
well as villi length significantly increased with increasing dietary bile acid levels up to 75 mg/kg diet, and
remained nearly constant thereafter. Meanwhile, the foregut plica width was significantly reduced with increasing
dietary bile acid levels up to 75 mg/kg diet, where the response reached a plateau. In addition, we found that the
intestinal lipase (LPS), lipoprotein lipase (LPL), hepatic lipase (HL) and total lipase (TL) increased firstly and then
tended to stabilize. Interestingly, the activities of LPS and LPL of juvenile S. prenanti were the highest for fish fed
with diet containing 300 mg/kg bile acid diet, which were 2881.17 U/g and 14.43 U/mg prot, respectively. While
the activities of HL and TL were highest for fish fed 150 mg bile acid /kg diet, which were 43.70 and 58.03 U/mg
prot, respectively. Collectively, the results indicated that 75—-150 mg bile acid /kg diet can improve the fat
metabolism enzyme activity, promote the utiligation of diet lipid and improve intestinal structure, and protect the
intestinal health in juvenile S. prenanti.
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Plate Effect of bile acid level in high lipid diet on the intestinal structure of juvenile S. prenanti

1. foregut of control group; 2. midgut of control group; 3. hindgut of control group; 4. foregut of group 75 mg/kg; 5. midgut of group 75 mg/kg; 6.
hindgut of group 75 mg/kg; 7. foregut of group150 mg/kg; 8. midgut of group 150 mg/kg; 9. hindgut of group 150 mg/kg; 10. foregut of group 300
mg/kg; 11. midgut of group 300 mg/kg; 12. hindgut of group 300 mg/kg. WT wall thickness; VH villous height; PWT pipe wall thickness; SCE simple

columnar epithelium; SB striated border
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