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It B DU 1 Al R 2 S 56 S A BRI 2% 5 4
R B R Al JBE $RAT o
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B AR AT UL, B4 R B, 2 S R A
S50 (14 FRDRH FE e B Mt T E FE AR i, SEE it
TR b A K AR A BRI R T 24 h RS Y FROK
B K H A K B[R] S R 102 00, # KRR it
HEIKEY 1/4~1/3, SRR ME 1 s, Si5m
Frek 60 d, KIRERFTE (22£1)°C, HEfRE > 7.0
mg/L, ZAWKE<0.2 mg/L,

B

120 cm > / iron mesh
KT
Izo cm > L1 . water pump
EEL
IZOCIH syt L2~ baffle
e
120 cm > L3 soft plate
80 cm
E1 XBREE
SIS R KIR T s KGR T YRR E O AR T

s BRI Tk
Fig. 1 Experimental setup under

different water flow velocities
Arrows indicate the direction of water flow; the pump was used to main-
tain the designed velocity; baffles were used for partitioning; the iron

mesh prevented escape.
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AEFRA, A R K T RN T 7 B0 B T A
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BYEALAE S (T-AOC, A015-1) 7k, FFA 5256
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Krp, Wy NWIIRIRTE (g), W, NAKKE (g),
Mo HBBEE T (2) , W, WERITIEE (2), ¢ H
FRIAREL (d), L, AARMAEK (cm).

{# F§ GraphPad Prism v 9.5.0 %4 k47 508 43
B K B R IR, B A B AE AT 07 22 40 BT T 4R
H Shapiro-Wilk Fi 5 5% 2% 1E 25 % Fll Brown-Forsythe
4o )y 2255 . S0 R SR I TR IF i — 20 R
FHEAD 2 7 2208 (One-Way ANOVA), [f] i % i
Tukey [RiEIFAT S G 25 K M 25 57 R T,
W EMEAKCFER P <0.05, FHICEE 5 DL (b
W2 (mean+SD) £/ o

2 HiR
2.1 HEAKHERE

KRR BB R, L2 AR MR FIAR K
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5 H KoOEER 50 &
xz1 314975
Tab.1 Primers used for quantitative Real-time PCR analysis

H B2 A L1514 R 514 Kz /bp

target gene forward primer(5’-3") reverse primer(5'-3) length
foxo3 TGCCTTTTTCTTGGCTGCAC ACTGGAAAGAGCTCGTGGTG 20/20
myod CCCAGTCTTCTCCTCTCCCT AAAAACCACCAACGCTGACC 20/20
myf5 TACCTTGGGAAGACGCTGAC CCATGCGTTTGAGGCACTTC 20/20
myog AGGCGGCGATAACTTCTTCC CATGGAGCTTCGGTCCTGAT 20/20
mapk ACCTCCTCACACCGAGTACA ACACGTCCATCTTCTGCGAG 20/20
mrf4 CTTTGGGCAGCCTTTGGTTC GCGTTTGACGCGCTAAAGAA 20/20
igf-1 ACCCTCTCACTGGTGCTGT TAAAAGCCCCTGTCTCCACAC 19/21
pilk TTCTGGGAATAGGGGACCGT CCCAAAAAGTGCCCGAAGTC 20/20
ghr TGGGTCCTCGTGGTAGAAGT TAAAGGCATCGACCCAGAGC 20/20
atroin-1 AGTGCCATCAAGGACACCAG AGTTGGGACTTGGCGATCAG 20/20
P-actin TCTTCCCCTCCATTGTTGGC ATGCCAACCATCACTCCCTG 20/20
cat TACACCGATGAGGGCAACTG TCCGGATCCTTCAGGTGAGT 20/20
sod1 GGCCTTACTCCAGGAAAGCAT CACTGATGCAGCCGTTTGTG 2120
gpx TCGAGGGAAAGTCTCTCTGGT TGCAGAGCCCGGTAATTCTG 21/20
nrf2 GGTCTAAACTCGGCTCCCAC AGAGGTGTGTCCTCCCGAAT 20/20
pk ATTGGTCGCTGCAACAGGAT CCATCAAGCACGGCATTGG 20/19
Sabpl ACAGTAATCAGGATCATGCAGTCA ATGGTGACCGGTGAATGTAGAG 24/22
hik GCCCACCTTTGTAAGGTCCA GAGACACTTTCACCCGCAGA 20/20
pepck GCTCAGTGTCCCATCATCG CCGAACACCAGCGCCT 19/16
pparo. TGTCCATGTCGTGGATGACG CTGGCCAGACAGATGCATGA 20/20

22 AAEKHEXEEFIASMAELRZSH

AT HAB AL FEZE , L1 2H A 7 15 0 o fo
4y 0 T B B LA 2 R AR 2 v T A A
(P<0.05)Em 1, El2).

LA, BT X IR, £ Ab PR ghr S
PRI A 0 B R AR, igf FE TR SRk i g 08 i (P <

0.05), M L2 Ay ghr LN T B ERAL, igf &
K2k B m (K 3-a); L3 41 mtor I ake 52 R 3
K AR T H A AL BEAL (P <0.05), Hidh L2 4
akt B[R Tk B/ (B 3-b); L1 41 atroin-1 1
pi3k BN ik b 2 T ML #HZH , 5% B A
ML, BB foxo3 TR 235 & 14 I & 14 n

x2 AERETEEHREMNE KM

Tab.2 Growth performance of G. przewalskii under different water flow velocities

i group

TZE XFHBZ(C) R ALY TR (L2) I AL(L3)

control low-flow group medium-flow group high-flow group

ViiakE/)g W, 2.83+0.20° 2.96+0.32" 3.06£0.15* 3.01+0.34°
KARKHg W, 5.87+0.64" 6.23+0.83" 6.46+0.34" 5.63+0.22°
Wiga A K/em Ly 6.30£0.20° 6.30£0.20" 6.33£0.10* 6.28+0.10°
KR K/em L, 7.96+0.18% 7.95£0.19% 8.21+0.15" 7.72+0.09
/Y% FI 6.00+£0.20° 6.60+0.10° 6.70+0.10° 4.30+0.20°
MER/% WGR 80.00£13.00° 75.0010.00° 111.00+18.00° 85.0013.00°
B KR /(%/d)  SGR 1.00+0.20° 1.00+0.40° 1.00+0.40° 0.70+0.30°
FFAALEL/%  HSI 1.50£0.80° 1.5040.90°" 1.80+0.80° 1.50+0.50°
AT RE/(g/em’®)  CF 1.10£0.14° 1.20+0.10° 1.10£0.10° 1.10+0.22°

W RF/NEFEERIR & A A BE M2 57 (P <0.05), TR,

Notes: Values with different letters mean significant differences between groups (P <0.05), C. 0 bl/s, L1. 1.2 bl/s, L2. 2.4 bl/s, L3. 3.6 bl/s, the same below.
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54 B, A IRV IEO T ARG 4 AR 4G RE AR LA S BT AL D RE R R 50 %

100 pm -7, v 1 100 pm \‘.,

oo IR oo a7 .
B | AREKREELETESGSHRENEST
ALABLEYIF (HE 2&, 200x)

LAHRAL, 2 ARFHEAL, 3. PRl 4. mEAL, BRIE.
Plate |

juvenile G. przewalskii under different water flow

Histological sections of dorsal muscle tissue of

velocity treatments (H.E staining, 200x)
1.C,2.L1,2.L2, 4. L3, the same as Plate II.

(P<0.05), HEMZENL FFHHEaH, L3 HERKkEIR
Sl (K 3-c); SXTREZHAHEL, S ALBRALA myf5 .
myog . mapk ¥R F ik W&, H L1 i
myf5. mapk IR FiEE i, H5HAHAED
FEE T (P <0.05), L1AHMW my5. myod. mapk
B Fik W FE M T AL (P <0.05), L34l
mrf4 KR Rk it 3 s T AW (P <0.05), FHoAth

2.3 ALAFATBEf AL RE N 4

UL ) Fe BT R 3L BAL 48 47 69 AL LA
L1 Fl L3 20 MDA & & 3 & T HAWA ; L3 11
T-SOD ¥ P i F I T H AL ; L2 iy T-AOC ik
PR E S T HAY;, SXTRAML, SaHa
GSH-Px i M4 8 & TH & (P <0.05)(E 4). 78 FHE
i, L3 4] MDA & & i 2 & T X IR, L1 4im
L2 2 T-SOD i P i & T H A4, H &4 A
] A 2B TS TR SX AL,
L3 40 F1 L2 4 T-AOC i ¥ 1o 3, 45 4b ¥4
GSH-Px 1% PE i &1 i ; L1 40 R0 L2 41 CAT 35 1
25 i T HABAL (P <0.05)(& 5).

JIL ) Ao BT AR 0 B AL AR KR B R AR F 69 R
1 LR, SXTREAAH L, AP B
FEAHSEIE cat. sodl FikHIIREWN (P <0.05);
L2 A cat. nrf2 LR FIN G B T HMLA, L3
ZHAY gpx FEPR 3635 & W3 T b4, L1 A1 L3
I sodl HePHFik i W w T HALL (P <0.05);
TEFFAE, L1 40K cat. nrf2. sodl REHZFRLE D
FE T HABL, L1 4UR L3 2019 gpx JE P ik &7
BERTHAL, SXREAMEL, £A40HA sodl
FEPH FRA 4 i N (P <0.05)(&] 6).

2.4  BTRERE BRAX 5T AnbE 4 i

ik xRS 4 6 ISR o AR o

HHRR /TR ENEZES (K 3-d). SRR LG, A Ab PR AR ZH 2L AT O B
6000 6
r a
a 300 ¢ a
T 8 J_—f : ab _:E
ga - £ Oh s :
‘E 84000} b = £ ‘I‘ g *I‘ b
28 b @S 40 | E £ B3
X5 b T 5.E 200 | %
=2 Bn Z2 2 g
& o Rl = 5
% 2 @3 k=
552000 3_\520_ 2 00 |
Ay = 2
=g 2
2 =
0 . . . . 0 . . . . 0 . . . .
C LI L2 L3 C LI L2 L3 C L1 L2 L3
ENEE O AN A B ZH ENGE G
different treatment groups different treatment groups different treatment groups
(a) (b) (c)

2 FRKREELE T &G HREL & A LRSS HNTN

ANHEFRRRAEE®ZER, P<0.05, T,

Fig.2 Effects of different water flow velocities on muscle fiber structure of juvenile G. przewalskii

Different letters indicate significant difference, P <0.05, the same below.
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54 KoOPEHE R 50 4
¢ [C[@3OL1 L2 E=L3
2 ()
§5' 215 ¢
I g E ab 2
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g = a 7 S 10l a &
= :{2‘. ==
© ol 5 c
ﬁé B< s b
iy & a b * é .
CE 1} R
= o b =
=z |—I—| b P =2
0 Lo S0 :
h igf = mtor akt
AR5 5l B AR SC ] A A RO SR R
growth factor signaling-related genes protein synthesis-related genes
(a) (b)
é 10 . é’ 14l
g =) a
iy I iy 12 +
E 8 % o E { .
.8 K.g 10 ¢
286 Sl n {
= g = a 4 b b b b
5 ab 2 8
< 4 H , | 2
T Z 5 Z aTa
= E = ~ a
g 2 b ab g 2l a b b
= b = b b b
2 f}ll b 2 b c b [I]l c
£, [ AN Allae 5, [nnll LN ALEE Al
h atroin-1 foxo3 pi3k h mrf4 myf> myod — myog  mapk
JULIAI AR 5 i g A S 5 A VA A 5 7 (AR SR R
muscle metabolism and degradation-related genes muscle growth and differentiation-related genes
(c) (d)

B3 AREKREETEESHRENGINAERKBEXERRELL

Fig.3 Relative expression levels of muscle growth-related genes in juvenile G. przewalskii under

different water flow velocities

TR 43 3 1 2 AR (P <0.05), Ak 34 5 )
SRR LA, L2 IR ZUML O B AR A
O3 R B EACT HALLA (P <0.05)(F/M I, & 7).

Fr i AR G2 ) & T RE A LR P RS AR AR K
Bpiirey e JERET, MIETRTIRA, L2 4
L3 2 MCA & & FHE, TC. FFA SR
FEAIK (P <0.05) WILPAHY, FHELTXTHRAL, MCA &
HE LA AR, 76 L2 F0 L3 4irp i T
#, TC & abfe L3 v B 38 B AIK (P <0.05), FFA
Frm TR SR A ) TG R 25 5 (18] 8).

JFF R A UL 1) g T AX AR 5K 2K ) &3R4k
FEFFREAf, ARAST RRA, BT A A BT BR TR
MOCEH R R B E N, Kb L2 dA8EsT
HAbALFRLL (P <0.05). FEALAH, AHETXFHE4,
L2 Fl L3 2 ppara H:H Fihw W F G0, fabpl

PRI ek s ANAE L2 2 338 (P <0.05)(I 9).
FF A e UL ) A AX AR X B &2 69 R4k
JEREA, SRR L, #4032 LDH % 34
EREAC, L2 418 F AT HAbLl (P <0.05), L34
(%) PFK & &t i 35 5 T H AL (P <0.05). FrA i
PK il vz, JLAT, SXTIRAAELL,
L1 Fl L3 449 LDH % &t W & F+ & (P <0.05); L2
4 PFK & 2 i (IR T A (P <0.05); Frfid

Z[H PK &R EEES (& 10),
JHF I A L ) 4B AR AR R AR B R GK 0 AL
TERFE, SXTRRLAHEL, hk. pepck Fl pk iX 3
ANFEEFR KR BEN N, HEA% LTHE TR
e, 1E L2 ARk E i (P <0.05), TENLAH,
SXTHRLAR L, L2 L3 1Y hk KPRk B
B, pepck TEFTE AL B A ik =1 W 1A
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54 B, A IRV IEO T ARG 4 AR 4G RE AR LA S BT AL D RE R R 50 %

57 20 150
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b0 = 5 a on — a a
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= ab g .5 c £ 100 |
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EE 2 38 2
- o Q 2 50t
< ©n O =
= 7} L @)
£S 11 Ol £5
= = =
S =
= = =
0 - - - - 0 - - - - 0 - - - -
Cc LI L2 L3 Cc LI L2 L3 Cc LI L2 L3
ENEE S ENGIEosE LN ENGL SN
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diff diff diffe
@ (b) (©
30 ¢ a 200
b 2 T o2
- ER
w Mk wl R

i
=

—
(e

WA H T-AOC i 14/(nmol/mg prot)
T-AOC activites in muscle

o

LA H GSH-Pxi% 14/(U/mg prot)

C LI L2 L3
AR

different treatment groups

(d)

100

GSH-Px activites in muscle
i
1<)

CcC L1 L2 L3
ENEEGSEAE]
different treatment groups
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Fig. 4 Changes in antioxidant index in the muscle of juvenile G. przewalskii under different water flow velocities
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Fig. 5 Changes in antioxidant index in the liver of juvenile G. przewalskii under different water flow velocities
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Effects of different flow velocities on growth, energy metabolism, and
antioxidant capacity in juvenile Gymnocypris przewalskii

HU Yifan', CHEN Yangyu', LU Weigang'’, CHEN Penggeng', DENG Chengcheng ',
LIUHao', ZHAO Liulan'’, YANG Song "’
(1. Fisheris College of Sichuan Agricultural University, Chengdu 611130, China;
2. Rescue Center for Gymnocypris przewalskii of Qinghai Lake, Xining 810016, China;
3. Sichuan Agricultural University, Sichuan Provincial Key Laboratory of Aquatic Animal Health and
Smart Aquaculture, Chengdu 611130, China)

Abstract: To evaluate the effects of flow-velocity acclimation on growth, skeletal muscle development, antioxidant function,
and carbohydrate—lipid metabolism in juvenile Gymnocypris przewalskii, and to identify an appropriate rearing flow velocity.
Four flow-velocity treatments were established: 0 bl/s (still water group, C), 1.2 bl/s (low-flow group, L1), 2.4 bl/s (medium-
flow group, L2), and 3.6 bl/s (high-flow group, L3), followed by a 60 d rearing trial. Growth and feed intake were recorded.
Histological observations were performed on dorsal skeletal muscle and liver. Enzyme activities and gene expression related to
muscle growth and hepatic antioxidant capacity were determined, and biochemical indices associated with carbohydrate—lipid
metabolism were measured. Differences among groups were analyzed using ANOVA followed by multiple comparisons. Final
body weight in L2 [(6.46 + 0.34) g] was significantly higher than that in L3 [(5.63 £ 0.22) g] (P < 0.05), and weight gain rate
(111% = 18%) was significantly higher than in the other groups (P < 0.05). Feed intake rate and specific growth rate were
reduced in L3 (P < 0.05). Histological analysis showed that muscle fiber cross-sectional area was significantly increased in L1
(P < 0.05), whereas it was significantly decreased in L3 (P < 0.05). At the molecular level, flow-velocity treatments promoted
muscular igf gene expression, with the highest relative expression observed in L2 (P < 0.05); in L3, mfor and akt expression
levels were significantly reduced and accompanied by an upregulation of foxo3 (P < 0.05). Regarding antioxidant responses,
hepatic T-SOD and CAT activities were enhanced in L1 (P < 0.05), and muscular T-SOD activity in L1 and L2 was higher than
that in L3 (P < 0.05). Metabolic indices further suggested differential substrate utilization under medium and high flow velocit-
ies. Under the present experimental conditions, 2.4 bl/s was more favorable for maintaining growth performance, 1.2 bl/s was
more beneficial for improving muscle structure and enhancing antioxidant capacity, whereas 3.6 bl/s may increase metabolic

load and suppress growth-related anabolic signaling.
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