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[Establishment of a diet-induced obesity model in zebrafish larvae].
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Abstract
OBJECTIVE: To establish a diet-induced obesity model in zebrafish larvae.

METHODS: At 7 days post-fertilization (dpf), 200 zebrafish larvae with normal development were randomly allocated to two groups
with the feeding quantity of 30 mg per day (normal feeding group) or 180 mg per day (overfed group) for 20 days. The weight, length,
BMI, triglyceride (TG) and total cholesterol (TCH) of each group were measured. Whole-mount Oil Red O staining, frozen Qil Red O
staining and hematoxylin-eosin (HE) staining were used to estimate the rate of hepatic steatosis and liver histology of the zebrafish.
The dynamic change of hepatic lipid droplets and distribution of adipose tissue were observed with Nile Red staining in overfed
zebrafish in vivo.

RESULTS: The weight, length, BMI and TG of overfed zebrafish were significantly increased compared with those in normal feeding
group. VWhole-mount Oil Red O staining showed that the percent of hepatic steatosis in overfed group (89.4%) was markedly higher
than that in normal feeding group (20.7%). Macrovesicular steatosis was observed in the liver of the overfed larvae. Nile Red staining
visualized hepatic lipid droplets and the distribution of larval adipose tissue, which increased with feeding time in the overfed
Zebrafish. Starving larvae showed depletion of fat and hepatic lipid, and adipose tissue was induced after refeeding.

CONCLUSIONS: We successfully established an diet-induced obesity model in zebrafish larva, in which Nile Red staining allows in
vivo observation of the adipocytes and hepatic lipid droplets.
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GEE] Bf EdEHEmAZERE(TAAD)REARTIEBAEKFAMEIESHFARGERER. /iE =
BESSWRAANNEA SES MR 2.8% MEHE . 4.8% MEHEM 6. 8% BAEE, A HBERE TS TAA 300
mg/kg, 1 /B, T& 1 d, FEite MERA, AFI0R. FEEAEHR, T280.4 Afoc AXNSHZTRERM, MEX
MEEEREBE (AST) AESREEHHEE (ALT) 30 AST/ALT. 8 flﬁﬂiﬂﬁ%it%&%ﬁ%ﬁ? 30. 5%
(P<0.01), iEEFHAHT3.33%  _ERAASEHNAREHSEREFRRT 17.6% JIHEBERETES 8 HiE
BT 13380 (P<0.01). QRBAEA2 Q.4 Mo AN, MBAME AST/ALT R ATEAEAMN L 941i= 1.38 fZ#0

1.31 f%. 10 BF, SAAESME AST/ALTE 7 10. 10% (P>0.05) , T MK & (CHE) BE T 6. 38% (P
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Table.1 Formulation and proximate chemical composition of trial diets (% dry matter)

TIaFRERSFERER

BH4 groups SE | mAEE | =R | mAEEREE
A 1.5
¥ wh 10 5

B 20 10
JIEL 5] 2 0.5

BB R T
R R 8-+ R RS

EFFER % proximate composition
Eﬁ?motem (% DM) 33.2 334 33.2 33.1 u i i 4 - 25 B A i T

HH AR R
Crude lipid (% DM) 2 s L6 6.3

/568 Gross energy
(MJ/kg) 16.1 17.8 15.6 16.7

X FF L AT AR & 28200

FRmR4 A I [ A L 20 }

0.05
0. 04

a
0.03 10 F b
0.02 = 5
0.01 0
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BE: ATHREEEFAMERTHENBRESENRERE. M5 BRI (lipid emulsions. LE)SI2E &

ﬂﬁﬁﬁﬁﬁﬂﬁ‘]f?ﬁﬁlﬂ L5 & (Ctenopharyngodon idellus) ERFFARAM RN, BU S SERTEMAaE
. BLE 10%RR M MR BIEF R AN EE, LEANE zumﬂaﬂﬁﬂ?ﬂjn 5~2 mL/L #u'&; 20%. :{}%ﬂ‘ﬁ‘—‘l’—ﬂﬂiﬂ’l
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fiESHASFEAHELE TG ERHEE LFAP-0035), B 20%FBS MR E LE F AN S FESIEEAMA
LEERFREZ(P-005), FHEE 12 mL/L LEMFESHENE 20% FBS NESRYTR I ESEF R FAME
B, EFEMETERG PP4Ry M LPL FERHEANFRZEREAS(P<0.05), M Ly REREERERE
(P=0.05), PPARy #1 SREBP-1c MIE BKEHE. 4itilh: FH 1-2 ml/L LE # 20%#9 FBS ¥ LI{E 5 B8] A3 2
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Differential expression of hepatic steatosis-related genes and

miRNAs in Crenopharyngodon idella liver in relation to

abnormal lipid metabolism induced by high-energy diets

Jun-li \Vaug], Rong-hua ]'_uz, Jun-jun Suul, Di-zhi Xj.ez, Feng Yaugz, Guo-xing Nie®
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Characterisation of lipid transport in Atlantic cod (Gadus morhua) when fasted and
fed high or low fat diets

I}Aarte A. Kjer ab* Anne Vegusdal ¢, Gerd M. Berge ¢, Trina F. Galloway <d Marie Hillestad €,
Ashild Krogdahl ef Halvor Holm &, Bente Ruyter ?

Diet A-.,'. ¥ : .;.'K :_:_-_ ; ,E;'i-' f":‘l* _‘;_. ’
low fat__High fat =~ M E T B S Ly
¥ - - f * N ] i . = F e
Formulation (% of total) A . § Wt Sa e Tl * 8 ) e e ﬁ

IT fish meal® 303 245 .o, & 5 & b o Ja" Bl i . ) " o P
SA Prime fish meal” 203 245 4. i L ‘¢ BN U Al
Sunflower meal* 15.0 10.0 1 ‘ 4 Y . .,,f' LN Wy e T I
Horse beans 25.0 15.0 ?';_ e A T v r L o &g N 1’ 3 ﬁ
F'tshmlS'TD‘f : 33 211 Lo - i Jah " (5__. _‘:\ . - -' SN 7Y ﬂ§
DL-Methionine 0.022 0059 wi' T & i N _.QL,__.; £ ‘."“ . 8L b S 4
BioMar vitamin premix® 0375 0300 ) § o oL "Ty = ir: W“F\ . ‘ - . i 7
Monocalcium phosphate’ 07 4 ¥ 4 wy o N A F ooy PO A, T 1:' 3
Water change” -43 38 c ; . =
Yetrium oxide (mg/kg) 100 100

Chemical composition

Dry matter (%) 959 912
% of dry matter
Crude fat 114 305
Ash 19 98
Crude protein 53.7 445
Starch 74 4.6 o
Non-starch NFE (calc) 15.6 105 d

M.A. Kjaer et al. / Aquaculture 288 (2009) 325-336
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Table 1

Formulation and lipid composition of the experimental microdiets
Ingredients (g/100 g diet) Diet N’ Diet NL/
Squid powder® 68.50 68.50
Vitamin mixture® 6.00 6.00
Mineral mixture® 4.50 4.50
Attractant? 3.00 3.00
Gelatin 3.00 3.00
Soybean lecithin 2.00 3.56
Squid lipids® - -~
Cormn o1l 1.41 -
Oleic acid 3.04 3.10
Palmitic acid 3.82 3.61
EPA 28f 1.93 1.93
DHA 27° 2.80 2.80

M. Salhi et al.Aquaculture 179 (1999) 253—-263
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Aquaculture Nutrition 3%

N 12 b oy
Effect of dietary oxidized fish oil on AR MHERE. R

growth performance, body Sl 0
composition, antioxidant defence Eﬂ&*ﬂ%ﬂ%ﬂﬂ?éﬂé\
=a=AN

mechanism and liver histology of

View [Ssue TOC

juvenile largemouth bass Micropterus i o Al
salmoides pign 2835
B FR 0x132 ox277 0X555
AL E 48 48 48 48
2 20 20 20 20
& 20 20 20 20
S 9
A& B & 9
T ALK 9
HEAE 9
P TS 5 0.9 0.9 0.9 0.9
X454 0.5 0.5 0.5 0.5
BE = 845 1 1 1 1
OB B B 0.2 0.2 0.2 0.2
F AL (50%) 0.4 0.4 0.4 0.4
E Jhdn %, (g/100gDM)
#HEG 44,92 4495 44 85 4528
4 58 Br 13.20 13.58 12.98 13.01
¥ (K/p 22.28 22.19 21.87 21.83

Chen et al., doi: 10.1111/j.1365-2095.2011.00900.x
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Utilization of dlfferen_t dleta_ry lipid Aquaculture IS

sources at high level in herbivorous Mutrition

grass carp (Ctenopharyngodon idella):
mechanism related to hepatic fatty
acid oxidation

ZY.DU, P.CLOUET, L.M. HUANG, P. DEGRACE, W.H. ZHENG,
J-G. HE, LX. TIAN, Y.J. LIU

TIRLE SR L / Main nutrients content of diets (% dry weight)

Rl YR & - peeR
Lard Plant oil Fish oil
L2 L6 L10 C2 €68 €10 F2 F6& F1
T H/A / Protein 36 36 36 36 36 36 36 36 36
#% | Carbohydrate 25 25 25 25 25 25 25 25 28

fig 5 I Lipid 2 6 10 2 6 10 2 6 10

# Protein sources : Casein and gelatin (4 : 1, wiw)
Carbohydrate : Dextrin
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Table 5 Heavy metal contents in different fish species from Pearl Delta waterway (wet weight)

: JL#/mg kg JUE/ e kg

B Cr Cu Ph Fe Zn Ni As Mn Cd He
%k Hemiculter leucisxulus 0.78 2.94 8.2 4.44 0.17 0.22 0.94 33.2 3:43
I # i Megalobrama hoffimanni [ 202 | 293 0.29 9.64 2.91 0.25 0.23 0.56 11.0 2.33
W I8 Pelteobagrus fulvidraco 1.42 6.72 1994 16.9 2.62 0.38 1.46 0.72 25.8 3.84
i t1 Cirrhinus molitoreella 2.01 3.12 0.65 446 3.35 0.11 0.21 0.68 8.3 3.30
i £ Aristichy nobilis 4.53 1.50 0.67 5.13 5.83 0.08 0.23 1.08 nd 0.98
FUMELT 81 Ervthroculter ilishaeformis 3,15 3.75 0.47 6.25 7.25 0.09 0.32 0.58 nd 1.48
B8 Mystus guttatus 5.358 4.5 0.25 7.38 942 nd 0.26 0.83 nd 2.44
A B Squaliobarbus 228 3.361 0.04 9.32 6.97 0.7 0.23 0.39 nd 1.24
243 24 Eleotris oxycephala 4,14 391 0.25 12.7 11.8 0.17 0.45 0.83 nd 7.86
#f8 Cyprinus carpio nd 4.58 0.08 3.80 6.27 nd 0.19 0.84 10.3 2.58
W R Xenocypris davidi 0.27 4.83 0.17 3.63 7.75 nd 0.20 0.67 nd 2.81
il Fugu obscurus nd 1.17 0.05 379 20.2 nd 0.25 0.81 43 6.97
¥ Al Ctenopharyngodon idellus 1.45 383 0.17 4.88 7.42 nd 0.19 0.75 nd 2.58
TS Clarias fuscus 0.5 4.17 1.17 9.16 475 nel 0.32 1.33 nd 5.49
i fi1 Carassius carpio 3.26 0.59 4.52 6.83 nd 0.24 0.53 5.5 261
it i Hypophthalmichthys molitrix 1.07 1.17 0.38 5.58 5.50 nd 0.18 0.76 nd 1.35

T | nd~53.36 1.17~6.72 0.05~1.94 3.63~169 2.62~202 nd~0.77 0.17-1.46 0.39~1.33 nd~332 0.98~7.86

#1l 2.25 3.48 0.57 7.21 7.08 0.25 0.32 0.77 14.1 3.19
ORI 85.7 100 64.6 100 97.9 31.3 100 979 18.8 100

e [ 367 | o [=zz1 ’ s 25 63 = 0 0
RS 2.0 50 0.5 - - - 0.5 = 100 500

TG T 5 TO0 1) TS50 700
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Effect of waterborne copper exposure on morphometrical parameters, body
composition (% live weight) of juvenile 5. hasta for 15 days.

Control 0.15 mg Cu/l 0.3 mg Cu/l
Morphometrical parameters
CF 0.95 4+ 0.04 091 4+0.07 0.93 + 0.03
V5l 8.4+024 8.54+0.70 8.6+ 041
HIS 1.08 + 0.08a 1.83 + 0.06b 2.02 + 0.05b
Whole body
Crude protein 15.1 + 0.57a 13.4 +0.29b 13.2 +0.15b
Crude lipid 4.2 +0.15a 45+009b ) 47 +0094 |
Moisture 82.5 4+ 0.68 82.1 +0.88 H 4+
Copper (mg/kg) 0.80+0.18a 1.12 +0.05b 137+ EI.14::
Liver

Erude mtEin 12.2 4+ 0.05b 10.3 +0.14a 9.8 +0.16a

J. Liu et al. / Ecotoxicology and Environmental Safety 73 (2010) 1286-1291
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Liver histologyof S. hasta exposed to waterborne
copper concentrations of 0 (control) and 0.3 mg

Cu/l 7KA&~

200X XHEAH

. Liu et al. / Ecotoxicology and Environmental Safety 73 (2010) 1286-1291
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TOXICOLOGICAL SCIENCES 127(1), 110-119 (2012)
doi: 10.1093/toxsci/kfs091
Advance Access publication February 17, 2012
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Differential Inhibition of Electron Transport Chain Enzyme Complexes by
Cadmium and Calcium in Isolated Rainbow Trout (Oncorhynchus mykiss)
Hepatic Mitochondria

Reginald C. Adiele, Don Stevens, and Collins Kamunde'

Department of Biomedical Sciences, Atlantic Veterinary College, University of Prince Edward Island, Charlotretown, Prince Edward Island, Canada CIA 4F3
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