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e i YA 28T A0 M X T LR BN AL 5, 7 R 2 0 2 A T S A 2 7T WL 2 B I iy 28 'Lﬁﬂ%,,\iu?%*%Tu{ﬁ
W B IREE B A AL S TR B Rk, 518 tdTomato 45 L FR /)N LAY ZH 4RI 41 M B A& A2 IR 41 6,586, 7T LR
T CR I B &R, 8 T AN L5 35 )5 B9 b 5 17
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Establishment of tdTomato transgenic mouse lineages and their
application in cell tracing

WANG Fei', YUAN Yitong', GAO Yuantao®, TIAN Feng', TIAN Ye’, LI Xiao', LI Chenggang*, DU Ruochen',
LI Pengfei', WANG Yali', WANG Chunfang'*
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4. Department of Orthopaedics, Second Hospital of Shanxi Medical University, Taiyuan 030001 )
Corresponding author; WANG Chunfang. E-mail; wangchunfang@ sxmu.edu.com

[ Abstract]  Objective To establish transgenic mouse lineages that can stably express the tandem-dimer tomato
(tdTomato) gene and to observe the level of fluorescence expression in tissue sections and stem cells after co-culturing.

Methods The gateway clone technique and DNA microinjection were used to construct fertilized ova containing the
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tdTomato expression vector, which were then transferred to pseudopregnant mice for natural delivery. tdTomato-positive

mice were identified and picked using a two-way verification method for breeding and establishment. Neural stem cells from

tdTomato-positive mice were co-cultured with bone marrow mesenchymal stem cells and primary neural stem cells from

eGFP ( green fluorescence protein) mice. Results The tdTomato transgenic mice were successfully constructed, and their

lines were established. The biochemical indexes and growth characteristics of the tdTomato transgenic mice did not

significantly differ from those of the wild-type mice. Red fluorescence was observed in the tissue sections and brain-derived

neural stem cells under fluorescence microscopy. Significant fluorescence was observed at the injection site in the tracer

experiments, and two-color fluorescence was stably expressed in the co-culture experiments. Conclusions

Stable red

fluorescence occurrs in the tissues and cells of the tdTomato transgenic mice, which can be applied to research the direction

of differentiation after stem cell co-culturing.

[ Keywords)

Conflicts of Interest: The authors declare no conflict of interest.
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ROFFERCR, BE &7 10 T A= Bl B e f 2l 2
ST 22 USRI Bl 5 R DR 551 BRURE 6 7 AH 1
WORIET B RPN RE, AR i s S it B A
InfaiHE | JowE SR BT R A A ) TR DL A G
J7 T R EE T ED

Tandem-dimer tomato ( tdTomato ) +& — Ff & H
Discosoma coral ( DsRed ) B AR L 8,56 S 25, #H b 4%
{65% 65 1 ( green fluorescence protein, eGFP ) B fill
R WO R A , H 5 HALAR DsRed 144
FAEE , tdTomato 1 2 fie 5 H It 6 9, 76 [ 41,
tdTomato £L 8,5 G HE IR R I 9OEHRICH), B
28 IIAE LR /N B AR TR I ZE AR I e 3k /1
FA 2 FH ) 0 28 0 S 56 v DA R HE Al 41 B A 1 52 56 v
AT AL [ P 1 R RS2 IR

40 Y I 5 A — AR e R R AR ] 7
[, 40 B 55 R RS AR YT 2 SR A T
0 HET, 2 T 4H M ( neural stem cells, NSCs)
(RN T B 401 0 5 S AR YT B K B S S ik 5
A U 80080/ A 4 05 Y 4k O 2 2 2 BT
PRI —E Iz S DI RE , X e ARG 7 RE 40 1 5
AR TR AR AR —EBO T £
20 8 (4 I 5, b A 4% NSCs FlE- B 18] 58 5T+
Y1 ( bone marrow mesenchymal stem cells, BMSCs)
LK NSCs 70458 1 77 10 09 07 1, B LA 48 1)
IR MBI R A IR T I ) 7 B R S W Ry G S 1y 20
BRUIOT TR A ML b il 2 ' BROR AR A A
FRIC AR BE AT 5 15 T 41 i S 36 1) S g 7, Bk T
PRBR i 221 40 i e 3% 5 S 6 i B M2 NSCs RS 7 B
S P REAE A0 B O PRAE RS | TR WA Y BB AE

tool mouse; tdTomato; transgenic mouse; cell co-culture

U, A tdTomato #5 3L R/
1 R 5F*

1.1 #
1.1.1 =Eishdy

THIE Y C57/BL6 /N 50 H,2 ~ 3 H ik, A
2:1, /KT 24 ~ 28 ;I IE K eGFP F BRI/ 4 H
2 ~ 3 Hi%,13 ~ 14 d 22 1R H 26 ~ 32 ¢, 4T 1L
P EERL R 2F 286 sh W e [ SCXK () 2015-0001]
T 3% 1LV B RE R A S5 Bl ) o0 B B 3R B R
[SYXK(%)2009-0004]) ., =246/ B AY 1R 35 1 B2 A
HA S5 VR P75 5 52 56 3h 4 10 Bl 24 BEOR (HF 4t
5. TACUC2017-002) A J Hp A N RS i S 56 3l
S K=BLIE 1IN
112 U5

PCR 1 ( Eppendorf AG 22331 Hamburg, fE[% )
P RAL(OLYMPUS, HA) , Impactor M-Il & ## 5
FI#(NYU, EH) , i ffe b5 #7246 ( Heal Force, HF240,
W) 785 ) FHL(Leica RM 2245 f#5 5 ) | OFK -
8000 A Z U Bt LED £ £ £ %¢ ( Spectronics, £ [ ) ,
Gateway® BP Clonase'" Il Enzyme Mix ( Invitrogen,
11789-020) , Gateway " LR Clonase™ II Plus Enzyme
Mix ( Invitrogen, 12538 — 120 ), Anti-Nestin #T {4
(BOSTER, BA1289) , Anti-CD34 #/i{& ( BOSTER, bs-
8996R ), Anti-CD44 47 1A ( BOSTER, bs-4916R ),
NeuroCult ™ Basal Medium( STEMCELL, 18C88583) .,
1.2 A&
12,1 S R/NR A HlAE

HS PCR #H RY 14 attBl-tdTomato-attB2 FE[H
FBL, Gateway clone #4 # pDown-tdTomato % 1 %)
Stabl3 KIAFF IR o, LB FAR [ 37°CHEF &, $#2H
pDown-tdTomato 5 £} 2% /& PRP.Des2s 7F 25°C T it



o [ S0 Bh 2 2020 4F 2 A2 28 55 1 8] Acta Lab Anim Sci Sin, February 2020, Vol. 28, No. 1 3

17 LR Wi 3 h, B H) ik 44K PRP.Ex2d-EF1A
>tdTomato #5 1L % Sth13 H | 5E iz AR M 2, il & 1
Zi b RO Z 2R R, IO 32 2B B 2 A5 B0, A
Y tdTomato FEiA 2 MAGE 15 DNA B 30 B A
ZHREON R, e B B AR R R IR A P, fE L A
SRR AR R

1.2.2 B3P/ %EE

X ] 48 58 5 3 2 dTomato F5 SE PR/, 7E U <
500 F)Z % Bt LED FHL OF-500AC 4T3k F (&t i
RI6) MR Bz Ik A i A 1) 25 B, ) B B JBCH: 8
420.5 cm, #EH DNA #E47 PCR ¥ 34, BB HHEBEIE
VRS E RPN, 51

Primer I CTCTGCTGCCTCCTGGCTTCT,

Primer 11: CGAGGCGGATCACAAGCAATA ,

Primer I11: TCAATGGGCGGGGGTCGTT,

VR T PR A 3 RN U BBCEC R Bl O
MRS AR S, T HE e fn, B T 208
B R MBS A LR DL FRB B
1.2.3 FHPF/NRHER

B 6 FUS e SRy BHPE I B AR /DN RS M A 78 BGE
FTBOFRZEAE , T8 7% b Y B /D Bk 22 58 S
B, LR s O BRI S P TR R
Fifr 2 A A T A= P A A
1.2.4  RFESEP /N B AR K AR A AR LA b

B tdTomato ¥4 F& PR /DN BUE 47 FIR HIE 5 ik A R 1L
Jei R A B A Ak FE b A I, I AT BE L D EE
ARSI BR , 5 1 # B A4 /N R AT GE T2 0 i, K
2546 T M,

1.2.5 tdTomato # R /NER NSCs H/ & 55537

BUAH4 A 13 ~ 14 d (1) tdTomato 5% 5E K/ LA
FEJG W FLIEEE , O IR B, 50 55 Sk i, 341 2 ke 1) s e
NG B ZH SN B 3R B R B SR L kT A 2
ZUHK,200 H i 8 5, 850 5 LI, mASE
FEIFIMR AR HE AL BRI, T 4 f fe R 46
HIESR B 2 RPN, R E 3 U MR
PEDS ARG A 28+ AR L B 1 Nestin ()35, 8IF
K= A 240 LA NSCs,

1.2.6  tdTomato % FE A /N B 32 B 20 i % A 7 25

WeAESS 3 AR AT NSCs, 250 J5 5 20 M vk B2 o =2
1x10"/mL, [ B ) 8 30K B Bt 9T— 11T HBEHEAN VI
AR TC AT Ar] LAt A5 47 194 /) B 7R o P i e 23 2%
A5 wL B9 NSCs, 3 d J& FlH Bruker Xtreme R4t

AR UR R G A TSR
1.2.7 #4556/ B BMSCs 5 21 5, 9% 56 /N
NSCs LR 57

M\ eGFP H5 5L H /N UG IE B 86 b 4 2
BMSCs , >R U BE 2 35 5% 55T 240 Jf 1 i A v 85 7
R2 ~ 3 R, 1225 3 U5, FIARZEZOSEAR
K 0 20 4% S EbR 5 8 (CD44/CD34) | JF 4545 40 il
TEARSE5 T, IR 15 52 B 4 L BMSCs

B FR RS eGFP /N 3 1UAY BMSCs | tdTomato
JNELAY 3 1R NSCs #7LA 1x10°/mL A4 20 fitd 25 )3 42 b
FFUM R, VLA b 40 it 7E 3L 8% 3R 5 RE L L T AR
FEMFRIE A BP0,
1.2.8 {05/ NSCs 521 (4,5 56/ il NSCs
SEISEN

it Bk i, 4 4R HL eGFP | tdTomato % 3% A
G B NSCs, 8 HUEAE TS, N A G2 — 35 80 b ik A7
SR, KigR & 3 AR, ¥ NSCs #Fp TS LR
LR FLNG BE 4y 10 JS BE A e R ik A B At
Rtk
1.3 SFitELSH

FTAS50E F SPSS 21. 0 G814k 4 Ak B 4G ) 45
TR B bR 22 (2 = s) Foom, ] HLBCR T
MSTREA ¢ K5, DL P< 0. 05 FR 2B B &M,

2 &R

2.1 tdTomato HER/MRMHIESEE

B B BH P tdTomato FE R /N AL 90 H 4
Wi S HE, B /NERUE T OF-500AC 473K F, B/
B & 21,50, MBI PE /N B & 9206 (T 1A) .
PECBE AT PR /N BT DNA | B it H UKk 434 2= BH BH
PEZE SR AT WLAE 200 ~ 400 bp 2 1014 XA, BAPE4S
FALAE 300 ~ 400 bp Z A4 B (] 1B) . B
BRI B PR/ N BRS BFA/NERL T em BB HEATULEE /T
DLAE DGR BB TS 8 22 5], 1ROt T LA
N B A & 20 50 IE H B AR /N B9 Ot
RKI(E 1C-D) , LX) %ELR B, WAOLT
REH & 2O LR /NEL, L DNA %508 25 5 08 K
FHE

$ tdTomato %% 2k A BH P /)N BRL2E 47 7 E, BOH:
Fiti JHE i LR AT A LR R A HE Qs
BETIUWE (K 2A-E) . FEE T 200 MBE T gL,
Al WL TR E Ik, 2 BIRE I [ E L HE U
S A B 23 5 W) B 5 PR /IS BT 26 D R A 1 L
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(Kl 2a-e), JFH X HE Bt 200 H &9 EHRE
W12 B B 25N A ALOT R BOIE 25 2 R A
2.2 HERNMRHEZRURSERMRERKER
AW FEAREIXT EE

FEIEDR/N B 3R T 100G BR R R S S B sh iy o
O ARG BRER I Hh 300 18] 326 G 2R W 2 A L A A
ZEORPTE I TR s Y 20K BRI/ A

wTomato d Temnato WT

RETRE , PR B0, A L L L 260 43 2, 3
W E M R 208 L, RLBHPE S ik 80% , HLEVA A
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Note. A, Comparison of positive and negative new born mice under excitation light. B, Identification

results of gel electrophoresis. C-D, Comparison of the tails of transgenic and wild mice under normal light

(C) and excitation light (D).

Figure 1 Identification results of transgenic mice
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Figure 2 Results of tissue sections from tdTomato-positive mice
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R 1 tdTomato FHED /N L5 BF A /N UAE BEAALTEPR BN LE (& % 5,n=20)

Table 1 Comparison of physiological and biochemical indexes between tdTomato transgenic mice and wild-type mice(x = s,n=20)

. ) QIR 2R ERT QIIRE EARISEES IMLIE 45 5% M3 IR
2hR K (¢ o/ dL e AN ey
IndEi'(thor Lﬁ{‘h(zznri) Wﬁfif‘f f)) FJ&%BFE%[L)) R (U/L) SRS S (U/L) ARG F1(U/L) (mmol/L)
’ ngth (e BT 8 & ALP (U/L) ALT (U/L) AST (U/L) BUN (mmol/L)
tdTomato 10.22 + 1.55 22.12 + 0.83 35.67 + 1.76 175.33 + 44.50 40.33 £2.08 117.33 + 25.01 11.72 + 0.73
wT 9.32 + 2. 11 23.46 + 1.05 37.47 + 1.35 168. 36 + 40. 00 39. 67 +23.67 114.67 = 12. 66 10. 86 + 0. 57
WLEF LR I Ul IR A I 37 JIFL T i = MEH JRIR
EELa ( pmol/L) (U/L) ( pmol/L) (mmol/L) (mmol/L) (g/L) ( wmol/L)
Indicator CREA LDH TBIL Tcho TG TP UA
( pmol/L) (U/L) ( pmol/L) (mmol/L) (mmol/L) (g/L) ( pmol/L)
tdTomato  32.40 = 1.70  573.00 + 86.26 13.48 + 2.01 2.33+£0.13 0.75 + 0.22 54.53 + 1.63 89.03 = 19. 61
WT 39.46 £ 0.27  559.35 + 95.76 13.95 + 6.44 2.39+0.35 0.68 + 0.20 53.30 £ 0.72 95.96 = 15.72
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Hoches

10 pim 10 pim

B 3  tdTomato ¥ PR /N NSCs 119 45 5 45 51

Figure 3 Identification results of NSCs from tdTomato transgenic mice
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Figure 4 Tracer imaging of NSCs transplantation in tdTomato transgenic mice
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Note. A-C, Expression of green fluorescent protein in BMSCs under fluorescence microscope. a, Image of BMSCs under normal

light. b, CD44 positive cells of BMSCs. ¢, CD34 negative cells of BMSCs.

Figure 5 Culture and identification results of BMSCs
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Figure 6 Differentiation of red NSCs and green BMSCs in co-culture for 4, 12, 24 and 48 h
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Figure 7 Differentiation of red NSCs and green NSCs in co-culture for 4 h, 1 d and 2 d
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[ Abstract] Objective  To analyze the genetic differences between closed colony and wild population of
Mugilogobius chulae, and to establish a genetic quality evaluation method of closed colony M. chulae. Methods Twenty
microsatellite markers were selected to detect heterozygosity, genetic differentiation, and the relationship between sample
size and the genetic parameters of closed colony and wild population of M. chulae. Results The unbiased expected
heterozygosity ( He) of closed colony and wild population of M. chulae were 0. 6927 and 0. 7162, respectively. Analysis of
genetic differentiation showed little difference between closed colony and wild population. Analysis of the relationship
between sample size and genetic parameters showed that the mean number of alleles tended to be stable at a sample size of
30. Conclusions Heterozygosity in the range of 0.5 - 0.7 can distinguish closed colony strains of M. chulae from wild
population, and would be suitable for determining the genetic quality of closed colony M. chulae.
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PEIEPIBL( Na) 43590k 7. 40 F109. 05 ; -S4 08I 2% &
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Ju

& (Ho) 4754 0. 5790 F1 0. 5710 34 Jo ffi 1] 22 4%
HFE(He) 430 0.6927 F110. 7162, 1# FCAH T & 10 &)
PAERIE A B ZRE PR O &, BB fE
ZREEFIRTEFAERE . BARBESEOLER 2,
2.3 HABSHLEEREEMSH

T QAU 5 f 5 DA A R 2 B P i 3
T I (26 3) AV Fis [ A 2 75 N
{H, Fit 1 Fst {3 0 {4, Fis IE{EEE N 0. 0069 ~
0. 6338, Fit 1 Fst {EL{1 [l 73 1] 0. 0194 ~ 0. 6349 Fil

0.0032 ~ 0. 1357, =H ¥I{EH5 5K 0. 1757,0. 2142
F10.0467, Fst F1 Fit Y{8 7R BEAR AN 8] (1) 3T
ZERR LRI s Fst PB4 A3 W S5 P F 55 59 A A (] gt
o AN B PR R W st AR 2 B BE . X
PRIEPR Nm 77007, Nm {E R 5. 0993 (K F
1), I SE A X AR 1 QA A P50 0 A 1
I A R 35 A% AR BN S5 R 38t 1% B 8 o BT 465 2R B, 3
PA R 5 M A DR R 5 o T 38t £ AL %6 (0. 7835 ) Al
LR (0. 2439)

R OEIRERIFFE M 20 DT DNA 7605 S

Table 1 Information of 20 microsatellite DNA loci in Mugilogobius chulae
fi FIFHI(5°-37) SEALHE KL (bp) RJGREZ(C) RS
Locus Primer sequence Allele size range(bp) Fluencent dye(C) Access No.
sws | CeTCTTTICGTGTIICTTCTC 12 - 12 5 —
1135-1 T?fs#;&iia%?ggg:ﬁgig{,c 140 ~ 168 59 KP216677. 1
.
o7 TOCCTATAGTTITOAGAGGOAC 104 - 116 " ruseser. 1
e AT .
s CACTACCGTIaToTICTaTG —— " rusesis, 1
2152-4 ggiiilﬁiﬁ&i&?&i\iﬁiﬁi 136 ~ 156 50 KP058550. 1
2157-5 TCgig%iE%%ﬁ%Tgfgfﬁch 102 ~ 130 59 KP216681. 1
wo OGS .
i ACGACTCCMTCTCCTICTTGNG 107 - 14 5 Krosesse. 1
v S .
it S .
ey JETMCCTTICTGCT ;
own  SeecereTccoamar o7 - 114 s Kuossaas 1
82926 ?Eﬁi%ﬁé%gigiéﬁgégég 86 ~ 110 59 KU059487. 1
87819 géégg;ggg?ﬁ%%égg%g; 104 ~ 128 58 KU059488. 1
e g .
183111 Tgizigg?g;gigggggfc 89 ~ 124 58 KU059490. 1
364439 C(é{(ééﬁgﬁfg(é{(éi?g?fg[ 81 ~ 106 57 KU059492. 1
421625 CTOTTCGAGAGCGACGCAT 89 ~ 126 59 KUO059493. 1

CCCTCTCGTCTGAAGTGTCTC
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respectively.

Figure 1 Typing results of locus 2073-5 in sample of closed colony No. 5

R 2 i IR A B PR AN AR LR 20 Rl TR L s e 25

Table 2 Genetic parameters of Mugilogobius chulae from closed colony and wild population at 20 microsatellite loci

(i PR . HPAE A ‘
LO;'L‘[; Closed colony Wild population
N, Ho He PIC N, Ho He PIC

518-4 7 0. 4400 0.6414 0. 5903 9 0. 7000 0. 8242 0.7916
1135-1 7 0. 3400 0.3929 0.3674 10 0. 6400 0. 8061 0.7716
1513-1 12 0. 6600 0. 8576 0. 8342 10 0. 6400 0. 6865 0. 6392
1891-1 11 0. 6000 0. 8636 0. 8440 11 0. 5000 0. 8323 0. 8043
1997-5 4 0. 6200 0.5784 0. 4805 0. 1800 0.5972 0. 5098
2073-5 5 0. 4800 0.5970 0.5541 7 0. 5600 0. 6489 0. 5966
2152-4 10 0. 7800 0. 8527 0. 8255 13 0. 8800 0. 8358 0. 8079
2157-5 7 0. 6200 0.5519 0.5195 7 0. 6400 0.7335 0. 6817
2317-1 6 0. 5600 0. 6479 0. 5854 8 0. 4800 0. 5846 0.5338
2347-2 3 0. 6600 0. 6305 0. 5457 5 0. 5400 0.5271 0. 4490
2368-4 4 0. 6000 0. 6244 0.5520 5 0. 3600 0. 6073 0.5330
2436-1 8 0. 7000 0. 7869 0. 7471 11 0. 8400 0.7812 0.7513
2489-2 9 0. 7000 0.7976 0.7617 7 0. 5800 0.5523 0.5105
59803 6 0. 3400 0. 7685 0.7261 11 0. 2400 0. 8315 0.8013
82926 8 0. 4800 0. 6812 0. 6237 7 0. 4000 0. 6630 0.5935
87819 5 0. 5000 0.6733 0. 6076 5 0. 6000 0. 6034 0.5392
171252 15 0. 6300 0. 8634 0. 8425 18 0. 6200 0. 9008 0. 8822
183111 9 0. 4200 0. 7244 0. 6953 9 0. 5200 0.6129 0. 5508
364439 6 0. 6400 0. 5996 0. 5440 10 0. 6800 0. 8404 0.8113
421265 6 0. 7600 0. 7206 0. 6704 12 0. 8200 0. 8554 0. 8303

Mean 7.4 0. 5790 0. 6927 0. 6459 9.05 0.5710 0.7162 0. 6694

2.4 HEASMHABEESEESHBOIE RS YIRS N W BRI R B

FIH Excel F itk BEALIEE I35, /- M BEHLINE S 2R T B AR IC/E A A T2 4
HHREH 10 B .20 .30 2 .40 BAA, 4R ey R sRERE P8, Hom B 2 AL
10,2030 .40 F1 50 AL Nt S8 (K 2),  PEFFERE AT 58 BUSE 50 3l 4 3R BUAGI | 3 7] X 35 4% A
A RAEN FE B (Ne) (Ho Fll He 76 10 ~ 50 & AEMATITAL, B FiF G T2 Fsic 3 5256 sh 9
FEA AR AL AN i, Na 78 30 BREA G TRGE . AR T I B EMIE Y AW
3 i FH 20 A3 13 B AR i Xt i EG i AR Jﬁ@%ﬂﬂ%’i%ﬂ%éﬁ
BEVEAT T8 AL K I, R 4% Botstein 2510 8 H Y 3[R

LEG SR — AN E BRI R BT SEWL, R CRREEMRNEZSEE ST &SRR Y PIC > 0.5
AT sh W et 4% i P il An vfE R At B S I S B A2 0.25 < PIC < 0.5
FReENT M T AN E N S B A Z 9 B IR R E 2 AL Y PIC < 0.25 B, 1%
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Table 3 F statistics and gene flow of 20 microsatellite loci in Mugilogobius chulae

&3 OIKEICHGER R 20 DML ALE R F G AL i

3745 : .

Loous Fis Fit Fst Nm
518-4 0.2143 0.2684 0. 0688 3.3839
1135-1 0.1744 0.2651 0. 1099 2.0242
1513-1 0. 1495 0. 1970 0. 0558 4.2273
1891-1 0. 3466 0. 3556 0.0137 17. 9872
1997-5 0.3126 0. 4059 0. 1357 1. 5916
2073-5 0. 1568 0. 1780 0. 0251 9. 6965
2152-4 0. 0069 0. 0201 0.0132 18. 6563
2157-5 0. 0099 0. 0653 0. 0559 4.2195
2317-1 0. 1477 0.1639 0.0191 12. 8713
2347-2 -0.0471 0. 0838 0. 1251 1. 7491
2368-4 0.2127 0.2152 0. 0032 78. 1667
2436-1 0. 0080 0. 0541 0. 0464 5.1336
2489-2 0. 0422 0. 1076 0. 0683 3.4092
59803 0. 6338 0. 6439 0. 0275 8. 8393
82926 0. 3387 0.3433 0. 0069 35.7742
87819 0. 1297 0. 1438 0.0162 15. 1923
171252 0. 2557 0. 2688 0.0176 13. 9505
183111 0. 2900 0.3111 0. 0296 8. 1931
364439 0. 0741 0. 1488 0. 0807 2. 8466
421265 -0.0127 0.0194 0.0317 7. 6331

Mean 0. 1757 0.2142 0. 0467 5.0993

[[}] M i Wi k11

HAR

Sample saze

B2 FEAEXSE PR A SR
Figure 2 Effect of sample size on genetic parameters of

closed colony of Mugilogobius chulae

A7 1 AR Z AL, ARIESE T Y 20 M PR
Frieh A 19 M REEZE(PIC > 0.5) , —BAFN
T, 28R bR iC Re 4R UL TE 2 st 1% 15 B, A BT
FEITEE FH AR IE AT 5 4F 14 B N 52 56 £ ) it A5 5 U2,
AV R S 3 A% T A U K

HARE S W5 B A B — A F X 50 B
FEAE— E T AR R AR R e B e 2 B B Y i
PPAEREOR T TS 2 B . 2B B N BFIR B A% 45
PR EEAE bR , W PPN B I 5 1% A8 S 9 A L
AR T — N, 2 — R - 3 5

HHEENT 0.5 B, RINZHHA B G MWL, A
e ARG B T 0.7 B R e G B
Tt BEUR B R 22 R R, BEIR I 3 8= &
JEAE0.5 ~ 0.7 ZIEA N G AR, H
FUPEJE T TR 0 e R 19 S 50 3 4 8 PAD st A%
ik, 2ok st 28 6 BB 0.5 ~ 0.7
TR Z TR PR 0 R A AR 0 TP e
SEIIZRETELE 0.5 ~ 0.7 ZIWE R A4k B RE RN
R TE R b s 223055 R D B ARiE X 5 MK
JIUD SR P B st A5 R I 4 B, S B R A 0.5
~ 0.7 X [IFE TR R T BB A s 1L S
AR bR PMEG TSR R TR AR e X
BE LG L A% T s AT 50 B, R 33t A R st A 2
HHER 0. 69,456 3P RE S W REAE, 7T H T 148 L
INBURG A 2R VTA

T ENAME AR E AT DR R,
T 56 T 52 06 o st DA R G 0 8 A T ARG 0 414 1 3
AR A/ | [ PN SO 5 SR A1 A R R AR gy
S o T8 B A i % A A i B i 2 AR R B A R
(PO,F1 ~ F8) Wit (& i AT 1A, K I fL 22 &
JEBIFE 0.5 ~ 0.7 ZIH], AHESE i [ g 34 4]
TR RIS A BT 359 JC O 301 5B 2% 5 B2 40 3R 0. 6927 Al
0.7162, B B A IH B4 A5 EAE 0.5 ~ 0.7
T E Z (8], 1B AR R B R e A B AE 0.7 DAL,
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TR, 2 B A RE A AL 5 Bl o 5 T
0.7, a5 (Aristichthys nobilis) A 0. 88212 H 1 ol
(Acanthopagrus latus ) 4 0.741'% 42l 88 ( Rusilus
rutilus ) A 0.9168"" i ( Siniperca chuatsi ) N
0. 717 4F  AJ DLSP35 0 01 2R AL 24 B BEAALAE 0. 5
~ 0.7 DX [E] F AT AR Sy — i o i DR A A 52 £ ]
FEEHE BT B2 5 5 4 1Y Mg e 6 b, [] I 1 i B0 6 1]
TS B AR TP Bt AL e 5 B 22 S B0/ B AT REAT O
FRRCRIm 2 & B D T BE 5 LR A 6. Oz
BT HE AR A AE Y PO R SRAS K A I A B R A
X, ZFAEAE AR BN A 38t 1 BE Al 3% B A R 4 2 1
FERCR PRI (KT 6000 F2) , H H & HE R ™
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Analysis of the gut microbiota structure in quails with hyperuricemia

HUANG Shengnan' , LIN Zhijian®, ZHANG Bing’* , LYU Jintao’, WANG Ruran'

(1.South of Guang’anmen Hospital, China Academy of Chinese Medical Sciences, Beijing 102618, China.
2. Beijing University of Chinese Medicine, Beijing 100029)
Corresponding author; ZHANG Bing. E-mail ; zhangbin6@ 263.net

[ Abstract ] Objective  To investigate the gut microbiota changes in quails with hyperuricemia and provide a
reference for the pathological mechanism of hyperuricemia. Methods Difalk quails were randomly divided into the normal
and model groups and fed a normal diet or high-purine diet, respectively. DNA fingerprinting of the intestinal flora in the
cecal contents of quails was performed using the PCR-DGGE method and digitized to analyze the gut microbiota structure via
clustering analysis. Logistic regression was used to discern the different bands, and the genes of the different bands were
cloned and identified. The cecal tissue was observed via hematoxylin and eosin staining. Results The gut microbiota
structure of the model group quails differed from that of the normal group quails on day 28 of the experiment. The DGGE
fingerprint contained 12 bands, belonging to Bacteroidetes, Firmicutes, and Proteobacteria. Inflammatory changes occurred
in the cecum. Conclusions The gut microbiota structure is altered in quails with high-purine diet-induced hyperuricemia.

[ Keywords] hyperuricemia; gut microbiota; PCR-DGGE; quail
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DR HT IR FH e WS DR F 175 3 5 5 1 DR I INLAE A5
R (B NI FEh = FRIRIG , W W) L AER
RS2 )R DRI ), I 300 v DR IR LA 48 25 £
A B LS AR AL, ) ISP 25 AT A 2o B
2B EIEIERE b AT R F PCR-DGGE # AR 4
T e R I INUAE 69 55 70 1 DR R S5 R 28 Ak, Sy e R R 1
RIS
1 MRE5ERZE
1.1 ##
L11 SERsh

e 2 A 20 H MEYE, S R A E
(150 + 15) g, Wy [ A6 5t i F 88 3 7 04 45 59 23 T
[ SCXK ( 57) 11011360218082 ], i % & #% ilF 5.
1100546039, shiagF Fdbat i B 25 K- W % 5
Yoz 3 [ SYXK ( 57) 2016-0038) ., M3k 41t &
WA IR IR 20 ~ 25°C , AHRHZEE 40% ~
60% ., FiABAEIRF G At nt i B 25 K2Rl 2 S0 46
PHAZBESR (S FRH 28 3E 5 . 1100000010039)
112 a5 s

FERETH (41651 1213550, 92 [5 OXOID 2wl 4=
72) 3 QIAamp DNA Stool Mini Kit ( 585 ;51504 , {& [
Qiagen 23 A 42 77) ; Poly-Gel DNA Extraction Kit ( 5%
5.D2561-02, 2 F OMEGA A 4277) . 16 s rRNA
V3 X P35 ¥ ( E i 341F; 5'-CGCCCGGGGCG
CGCCCCGGGGEGGGGCGGEGGCACGCGGGGGCCTAC
GGGAGGCAGCAG-3'; I Jif 518R: 5'-ATTACCGCG
GCTGCTGG-3") " Hy g A= T A=) TR A J1 A
PR EE BE I HE TR A (Bio-Rad, 22 ) ; 4> A 3 41k
ST ( BECKMAN, ZE[H ) ; PCR 1Y ( Biometra, f&[H )
1.2 A%
1.2.1 h¥ord S5 hkam

V08 3 e A B AL 40 Oy I R 2R AL A
10 H . IEF A5 T35 50 kL, A58 4 45 7 v e
W T el [ E A Rl ERE =301, A H R R
15 ¢/ (kg-d) ], P #b 70 5 38 15 L, B 4139 A ik

KT, A7 RSEIKEO 1 YR, 4> B Mg, - 80°C
P17 BUMATAS AN /K 12 hy SEEG4E 28 K, B
J& B BARKIRE I HARSE, BUR I N A, -80C
TRAE U Mo 1 emib/NBEE AL, BT 4%
2 T P 1 5
1.2.2 JRPER & A

2 H BRI 28055 0 K 5 7 R BB 14
K21 K 28 KIMWE KRR & i,
1.2.3  4H7A DNA $#2H

W BEWBENEY 0.2 g, %M QlAamp DNA
Stool Mini Kit 1271 &5 ¥ I 45 42 L 45 £ 45 & DNA,
—-20°C {444,
1.2.4 PCR-DGGE Hiik

PCR ¥ 1% . 5% 1 40 w3 1 51 %) GC - 338F Al
518R Jy b RES 14, ¥ HGHE 5L 16S tRNA & V3
AR X PR & (50 L) A :10xPCR buffer 5 ul,
dNTP (2.5 mmol/L)3.2 L, | RS54 (M EHL A
20 mmol/L) % 1 L, rTaq(5 U/wL)0. 4 plL,DNA #
1 wL, % ddH,0 % 50 pL, 3734 & . 728 v
94°C 5 min; A8 PE 94°C 1 min, iB K 55°C 45 s; fE{f
72°C 1 min,30 MEF ; ;K 72°C IEH 10 min, FH
8% 114 5 T A5 T e 26 Jie B ] 35% ~ 55% DGGE 2% 1
FREEBERS , Forh & Ak 2 A8 P ) 100% JR % 7 mol/L
40% (V/V) NG, EAE 10 wL PCR 724, 7€ 1x
TAE ZZ M4 150 V 60°C FHEIK 5 h, R YL,
Gel-Doc2000 #EE G R G IR B
1.2.5 2R

KETARIIYIT DGGE B3 rh i 4 22 & 544
i Fi Poly-Gel DNA Extraction Kit B & Y% DNA
F B, DA™ W g A AR 4T PCR 434 . 4303l DA
338F 518R JJy I FiE519; ¥ 141k & 10xPCR
buffer 5 wL,dNTP (2.5 mmol/L)3.2 uL, I FiF5 |49
(20 mmol/L) 4% 1 uL,rTaq(5 U/uL) 0.4 pL, DNA
R 1 L, #b ddH,0 2 50 pl; ¥ B8R 3 b A o
94°C 4 min, 28 94°C 30 s, 1Bk 55°C 30 s, ZEff
72°C 30 5,30 MEFR, Fe 2 72°C ZEAf 10 min, FY]
B DNA R B, & 4lifb ), 3% 3 3 Pmd18-T #k
I FEAL 2 DHS o JERSZ A0 AL, i B v B 2R A T
B E B B HE 38 GenBank U9 /% , Blast 72 77 #F
FrimldEpe et
1.2.6 HHALUR

R R, 2 AR B IRl K, IR AR Y W
Yt JOKUERBE R 2 RBAR, 1% MR- LB
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Gyt KVE, EOKIREE , K ik, 0. 5% BT g 4
FEMRKRITE ; CERRFE K, 2B, rh MR
BHHY,
1.3 SitESH

KGR SPSS17. 0 HEATSE T, DL % A5
HEZE (% £ ) FN R 25556, RHBSLFEA ¢
KRB E bl ¢ K656, LA P< 0.05 FR ERAH G
X, DGGE #8 £ 1% 5K JH Quantity One 4. 6.2 ( Bio-
Rad Laboratory, Hercules, CA, USA) #E174b# >k
F R (SR AR T (UPGMA 553 #f 5
A s logistic [10E 5 i B 22 5 4%t 5 w7 &5
A MEGA 4. 0 AT ANE AT R G2 B WM,

K Neighbor-joining W R G LB
2 #R

2.1 #8380 FRESK T LS

SIEH A R, B R S 3 AR L B0 5 7 RS
14 K 55 21 K 5B 28 KA bR B2 K F 3% TR (P<
0.05), 4iRWE 1,
2.2 ERNBYEBEHST
2.2.1 207 16S rDNA PCR ¥3

B 16S tDNA PCR 9714 P2 W1 45 2% 3 fE W ik
JRE YK, 75 2] 29 200 bp #) DNA F Bt (E 1), T
DGGE 7347,

F 1 A M RER K L3 (x+s, mol/L)

Table 1 Serum uric acid in quails(x+s, wmol/T.)

4151 %k ERFS BTKR 14K 821 K %5 28 K
Groups Number of animals Day 0 Day 7 Day 14 Day 21 Day 28
R
10 196. 54 + 62. 81 182.23 + 53.37 198.77 + 75. 86 231.90 + 45.85 217.03 + 52.33
Normal group
L Ethi . . . .
10 195.09 + 52.68 272.35 + 106.43 281.31 + 69.21 330.99 + 124.45" 271.16 = 53.03
Model group

X RA L, * P< 0.05,
Note. Compared with the normal group, * P< 0. 05.

—200 bp

E1-6 HIEH4H ;7-12 J#EILH ;M 2~ DNA marker,
1168 rRNA V3 Xt 5% GC-338F/518R 43 ¥ ik (]
Note. 1-6,Normal group. 7-12,Model group. M, DNA marker.

Figure 1 Electropherogram of amplification products of universal primers GC—338F/518R in V3 region of 16S rRNA

2.2.2 PCR ¥ DGGE HLyk 5t

DGGE HL ik i UL 1] 2, Quantity One X4 X} 5%
LB S B TR R AL AL BEAFT UPGMA AR 3R
Kb, SIEWALE, IEWA 1-6 SFEMFRES
o4 38 .40.36.,35 .38 34 i RIZH 712 5 F 43
934,29 .28 31,36 .32, B 2 F BE/NTOE B 4
UPGMA FHRIE R e S Bos, IEH 4 1 3.5 7]
DA —2 L RECH 61%,2.4.6 B —2K M
PIRECH 66% ;BRI 7.8 .10 .11 .12 Af LI K —
ML RECHK 66% , 1B IE 20 AR 24 45 K
RS A BRI 225 BR T 9 SFes, HAared
T HR A5 TR TR &5 R A AU X 531 M T RS R 2
2.2.3 ZEREZAFINIHT

K logistic A4 30k H P ZH 855 DGGE

HIVK I 12 222 VAT DI TmIli s Bl , iy
455 GenBank Bl 22 rh i A W) [ A T LU XS, 45
U2, FIH MEGA 6.0 BR1AFX 25 5 550 01T R 58
KA =750 T8 THIFFRT T ( Bacteroidetes )
JEREGE 1 ( Firmicutes ) EFE B[] ( Proteobacteria ) =K
LA 3, AT RN T 93% AR B, 71 4 )
BEGE '] Megamonas rupellensis . Megamonas hypermegale
Faecalibacterium prausnitzii | Clostridium populeti , WA
I Bacteroides coprocola . Prevotella histicola F1Z LR ]
Anaerobiospirillum succiniciproducens .,
2.3 ERARRES

40 155 T ] UL R 69 5 5 I AR AR e
SEFZETL, 200 A5 5 T AT LB Es N AR A0 B 53 A, BOR
R (ANET R R ) | WLIE 4,
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A | 2 3 4 5 &6 7T 8 9 101112
jgravavgere " n
1= o —
0.61 s
n— — 3
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i X #0
M"Sessseessees =
- '. - - 8 = = = — #2
—i = X%
Vo & & = - =1 - 059 0.66 "
Vi > i B 1— 4
T - T - = - = X]
1 o & i — "
Vil - W8
- (LY
#10

(UL

.-
-
.l iy
-
i
"
»

T 1-6 IR 7-12 BRI,
2 47 16S rDNA PCR /¥ DGGE HLUK i (A) il UPGMA FHIMESRZE 347 (B)
Note. 1-6,Normal group. 7-12,Model group.
Figure 2 DGGE electrophoretogram of bacterial 16S rDNA PCR products ( A)and UPGMA similarity cluster analysis ( B)

R 2 DGGE BR800 19551 704
Table 2 Sequence analysis of differential bands in DGGE diagram

PG s GenBank H{418 FEAH (L P b 24 7k BT AR (% )
Band Number GenBank database similar species names GenBank 1D Similarity (% )
I Megamonas rupellensis strain FM1025 NR_044473. 1 97
11 Bacteroides coprocola strain M16 NR_041278. 1 98
111 Bacteroides barnesiae strain BL2 NR_041446. 1 93
v Prevotella maculosa strain W1609 NR_044270. 1 93
v Faecalibacterium prausnitzii strain ATCC 27768 NR_028961. 1 96
VI Megamonas hypermegale strain DSM 1672 NR_025514. 1 100
viI Anaerobiospirillum succiniciproducens strain S411 NR_026075. 1 98
VIIL Clostridium populeti strain 743 A NR_026103. 1 100
X Prevotella buccae strain ATCC 33574 NR_044631. 1 91
X Prevotella histicola strain TO5—04 NR_044407. 1 94
XI Dialister succinatiphilus strain YIT 11850 NR_041666. 1 92
XII Prevotella stercorea strain CB35 NR_041364. 1 92

1
Bateroides coprocala MR 0412781
Bocterodes umiomms NE 0305866 0]

w
36 o Bacteroides bamesme MR 04]446.1 Bactersideics
Prevotelln stercorea MR 04134641
Prevodella histicola NR 044407 1
a8 Prevoliella corporis MR 0446271
24 i
] 1 |

—s
3 Bocteroides coprosuis MR (18151

— Xl
a——MW Pr
§ KL i . vieobacierin
» i Anaerobiospinillum sueciniciproducent MR 026075 e
EL |
Lo Clostridium populet MR 0261031

gary
L———————Faccalibacterium prevsnital MR 0289611 | Finmicutes
a6 I i
95 '
! &7 I_‘i.‘.iu;:i|l|m|u|:‘ mupellensis MR (444731
S Bl Megamonas hypermegale MR 0255141
0.01

3 DGGE ZRKWRE L FW
Figure 3 Phylogentic tree of DGGE differential bands
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- Bl
b i
& R ‘"'.-i
e
K 3
[ 'g
‘:q . ; I/
L f\'.'
\ p-/
200 pm ¥ ¥ b +_.';\."'at
A= s B

AL IEHAL(x40) ;B BRI (x40) ;C. IEHA1(Xx200) ;D FAILL(x200) . 7k Bss N &40,
B4 ®WYEHREY
Note. A, Normal Group(x40). B, Model Group(x40). C, Normal Group(%x200). D, Model Group(x200). The arrow : Inflammatory cells in

the crypt.

Figure 4 Pathological sections of the cecum of quail

3 it

Ji7 3 TR A AR T B ke ) — 03, A
LAV B R 2 AR ICE, B2 5 AR
AR Y, ST AF R ST GE , A XUR A (LI
PRIR TV w55 o A= A il ) 5 et e o BN b s, Hol
AL o i D AR 22 T R
DUGE N IE 5 N5 e BRI ILAE A8 M 18 P 3 i
JEA REE S LAY o, AR b TS I
PR AT HE— S R b IR B PR R 5 TG T B
RS T 3 B Ho 0 8 E R v O3 M, folT DR RR A= i3
2 SCRERF S A PRI ILAE 1) 2% 24 1T g BRI
B R O, AR v IS TR B 5 A 5
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The  BRVFIZOR AT W T8 T8 7 25 0 A2 AR 5, S DA
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WFFEEE IR s oy I v R MR ] 48 31 ) 7 3 A
7RV 14 R 5 21 K U5 28 K, HURR K P
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BN PR BEFEAC; N DGGE 18138 K& H: 22
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PORF 1) )5 BE B 1) RO T ], R R 2 A 5
Bacteroides coprocola , Prevotella maculosa , Clostridium
populeti  Prevotella histicola % 12 Fh 41 2 AL
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5Bl 2 0%, 7k LWL T WM BRI Rt
Clostridium populeti V)& T JEBERE ], 5 =2 BHPE IR 4
WA W38 N H DL £F 4 B f o, e A S T
W' BFIR R, B S TR A e
AE Wi ( short-chain fatty acid, SCFA) 25 g w5,
P S PR 1R T, 1 o eh E5 B B B Th BE , 1Y

TN PR Py T HEHE 1 POURF BT % AL A A O

P AR =4 N 7 2 (endotoxin, LPS) 1] i 5 R AE

FLE, AEAE AR A PR R AE il G B 1 3 I 08 R AL i

( xanthine oxidase, XO) & 4 18 i, i JR B r= A= %4
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FEF2EAL . AHFSE R FH PCR-DGGE J5 i 1T fij Lk

PRSTS84 BRI R AR AL B R

WML . 288 1Z07 TR HRE S0 Elo R
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Dairy products supplement calcium and promote intestinal motility in
zebrafish models

JIANG Yizhi', ZHU Xiaoyu®’, LI Lulu"?, YU Hangping’, RONG Jia', LI Chungi'***

(1. NewHunter Testing Technology Company, Nanjing 210032, China. 2. Hunter Biotechnology, Inc., Hangzhou 310051.
3. Early Test Base of Zhejiang Province Key Labrotary of Human Supplier Safety Evaluation, Hangzhou 310053 )
Corresponding author; LI Chungi. E-mail; jackli@ zhunter.com

[ Abstract]  Objective To validate and compare the functions of calcium supplementation and intestinal peristalsis
promotion between two brands of dairy products using zebrafish models. Methods Zebrafish embryos at 3 days post
fertilization (dpf) were selected and exposed to UHT (ultra heat treated) milk at O (blank control), 2.5, 5.0, and 10.0
mg/mL for 96 h. After treatment, zebrafish were stained with calcein and observed under a stereofluorescent microscope to
measure the fluorescence intensity of vertebrae. Zebrafish were also fed with Nile red at 5 dpf for 16 h, followed by a 24 h
exposure to the same concentrations of yogurt and lactobacillus beverage. Intestinal tract fluorescence was measured to
assess the ability of intestinal peristalsis promotion. Results UHT milk, yogurt, and lactobacillus beverage all increased

the zebrafish vertebrate fluorescent intensity and intestinal motility in a concentration-dependent manner. Compared with the
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blank control, 2 of the 6 types of UHT milk increased vertebrate fluorescent intensity; and 8 types of yogurt and

lactobacillus beverage significantly elevated intestinal motility, although yogurt was better than the lactobacillus beverage.

Conclusions The maximum tolerable concentration (MTC) of UHT milk, yogurt, and lactobacillus beverage is 10. 0 mg/

mL in zebrafish. These dairy products have the same functions in zebrafish as in humans in term of calcium supplementation

and intestinal peristalsis effect.
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Table 1 LC,,, LCy, and MTC of 6 kinds of UHT milk (n=30)

it HE (me/m)
L3 _j—'ﬁl-l—%ﬁ*ﬁ Ugl—?;':w;jlk Concentrations ( mg/mL) R?
ey ¥ — v _ mi
Geiter A PRAS RV B bR i 25 (2 = 5) MTC LCyp [T
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. . B2 10 12.9 20.2 0. 99204
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Table 2 Evaluation results of calcium supplementation of 6 kinds of UHT milk (n=30)
2051 MTC %% (mg/mL) BHEEFOLR AR PSRN A
Groups MTC concentrations ( mg/mlL) Fluorescence intensity of vertebrae Calcium increase
25 H X I Control - 57205 + 7437 1
2.5 60983 + 3049 1.07
A0 5.0 72078 + 2883 1.26
10.0 79434 + 3971 1.39"
2.5 60805 + 3648 1.06
Al 5.0 62892 + 4402 1.10
10.0 63497 + 3174 1.11
2.5 58349 + 1166 1.02
A2 5.0 74626 = 5970 1.30
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10.0 60065 + 3603 1. 05

0 a2 AR RIS, * P< 0.05, ™ P< 0.01, ™ P< 0.001, FZ/[ElH,
Note. Compared with the control group, * P< 0.05, ™ P< 0.01, " P< 0.001. The same in the following tables and figures.
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Figure 4 Intestinal fluorescent signal intensity of zebrafish in

each group after treatment with 8 yoghurt and lactobacillus beverage
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Table 4 Evaluation results of 8 kinds of yogurt and lactobacillus beverage for promoting intestinal peristalsis (n=30)

255 MTC ¥ % (mg/mL) %

Groups MTC concentrations ( mg/mL)
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Intestinal tract fluorescence ( px)

Mt shfie A (% )

Function of intestinal motility (%)

25 X} BE Control -
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A3 5.0
10.0
2.5
A4 5.0
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B3 5.0
10.0
2.5
B4 5.0
10.0
2.5
B5 5.0
10.0
2.5

B6 5.0
10.0
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25406 = 1615 80"
17784 = 2519 86+
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88921 + 3505 30"
88921 + 3224 30+
27947 + 3457 78
12703 + 2052 00+
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Figure 5 Changes of intestinal fluorescence intensity of zebrafish

treated with yoghurt and lactobacillus beverage
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beverage on intestinal peristalsis of zebrafish
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Identification of the pathogen responsible for causing hemorrhage in
Mugilogobius chulae and its transmission routes
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( Guangdong Laboratory Animals Monitoring Institute, Guangdong Provincial Key Laboratory of Laboratory Animals,
Guangzhou 510663, China)
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[ Abstract]  Objective To isolate and identify the pathogen responsible for causing hemorrhage in Mugilogobius
chulae, and to investigate its route of transmission, providing a technical basis for microbial quality control in M. chulae.
Methods The pathogen was isolated from the liver of diseased M. chulae. The morphological, biochemical , and molecular
characteristics were used to identify the isolated bacteria. An artificial infection experiment was carried out to assess the
pathogenicity of isolated strains. Double PCR of Aeromonas hydrophila virulence genes was used to screen samples of M.
chulae, Brachionus plicatilis, Artemia nauplii, and water. Results The dominant strain PYMc15~-1 was isolated from
diseased M. chulae. The characteristics ( API ID32E) of PYMc15—1 corresponded to A. hydrophila. The gyrase subunit B
(gryB) gene sequence of the strain possessed high similarity with those of A. hydrophila registered in GenBank.
Phylogenetic tree analysis of Aeromonas based on the gryB gene showed that strain PYMc15-1 clustered together with A.
hydrophila. The hemolysin (hlyA) and gas lysin (aerA) genes could be amplified from the strain PYMc15—-1, and the
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median lethal dose (LDy,) of PYMc15-1 to healthy M. chulae was 1.2 x 10*cfu/fish. Wild M. chulae, Artemia nauplii,

and wild B. plicatilis were positive for pathogenic A. hydrophila, while the closed colony of M. chulae, indoor cultured B.

plicatilis, and seawater samples were negative for pathogenic A. hydrophila. Conclusions

A. hydrophila can naturally

infect M. chulae. For wild M. chulae, living feeds are potential vectors of A. hydrophila. A. hydrophila should be tested

when introducing M. chula and living feeds.
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ANTR] AHAHSCHIFFE AT H 3B, AR SO BT AP RAE Y 1R
HE 1ML B B2 A AT 0 A B, S [ R T Y T
K ARV AR A SR AT T AR PR S
ot I AL R TR AR, A R B F0 T A ) o o S
Ji 42 s B AR

1 HREH®

1.1 ##
1.1.1 Sgiefa

BB IE TG UR E iR 2.5 ~ 3.5 em, BUA
PITG v B AR A [l 0 JR e S 6 FH o G B A 8 £
RS E B AR T 14 18,4 ~ 5 % kK 2.5 ~
3.0 em, JEFR/KFRAHE , FhE 20 ~ 22 JRF 25 ~ 27°C,
JGHR . PRRERTE] R 14 h:10 h,

Mugilogobius chulae; Aeromonas hydrophila; living feeds; transmission routes

1.1.2 5

BHI) (J7 M EREIL W), ob ) 5 40 T 6 PR 20 3] &
(RARAF, H ) ;Taq fiff (TaKaRa, HA%)

A9 8 B (Nikon Ci-S, HAR) 3 LK (H
POUNIAALAR T, ) 3 ATB 42 A 3h 240 3 4 X
(MFEIE ] R E) s PCR 1Y ( Techne Prime , 9&
FE) 5 B F UK ASURT AR R 52 ( Bio-Rad , 2 [H)

1.2 FHi&
L.2.1 JmEmnY o e ik

P JE 50 21 i 1 1A T TR A5 1 i) £, O
N HE A, BURE ) 42 4220 T+ BHI P-4z, 28°C e il 15
7% 24 h i, PRIOL IRV 72 R RE 25 A R AT 2l Ak 3
F5, TR E
1.2.2 #HRS%E

(1) A% E . MRS B ali A i B PR B2, Il
i Yt SRR LA B APT TD32E 357 %%
AT E

(2) I FA Y % 5 P A0 B 3 P AR & i
A 43 B BT S 85 5% R A DNA, 3% Zhang %6 B9 5
X PEK S gryB JEH 4T PCR ¥4, = 1]
el S50 (4 D kKR TR I I 3R 3 A
ChlyA) A B (earA ) BEAT W E PCR §7 38
(S1YIREE 1:3) , 51975103 1, gryB 3L PCR
FE 5424 :95°C 4 min, 94°C 30 s,55°C 30 s,72°C
60 5,30 MEIR,72°C ZEMH 10 min, aerA Fl hiyA F&
PRIAE PCR [ 45 1F 4:95C 4 min, 94°C 30 s,
60°C 30 s,72°C 60 s,30 NEH, 72°C LEAH 10 min,
gryB 3L PCR P4y alifbfa % 1A THEF7 5510l
FE 3 45 S AE NCBI #£47 Blast 43 BT, 35 UM 817
5 MEGA 4 B RGEKER
1.2.3  [A] Ry

PRI A TR SRS 1 AR VR 3R T BHI WK
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®1 WKBHISIYIFS

Table 1 Sequences of the primers used in the experiment

H MR SIMIFSI(5°-3") P (bp)

Gene name Primer sequence(5’=3")

Size of products(bp)

5 GCCGAGCCCGACCATCTTCAG g7s
& AGATCATCTTGTCGAAACGGGC

hivA ACCTCAACGTCAACCGCAAGAT 376
4 GTCTGCGCTTGTCGGTATCCTC
GCAGAGCCCGTCTATCCAGA

aerA CTCCAGCCTCAGGCCTTGAC 1332

WEFRHE 28°C (180 r/min E 155 5% 24 h, HrE B IR 1Y
B 6000 r/min B0 3 min J5 , 35 I, JoBE A FEEL
KR ATB M SO TR SF LU R 2 1. 8 x 10°
~ 1.8 x 10* cfu/mL, JEHRfidt FE i G 0 55 £ 3 P4
HEAMA, B4 10 BB, ME s i 0, AR VRS 0. 02 mL
W, RIS A PR KT R 2 N TR 0 R R 4%
WL K FEH KR 25 ~ 26°C iR 20 ~ 22, K
TCSRALT B IF S i 355 At 2058 10 d, $%
JE 1Y 5 A SO B ( median lethal dose,
LDy, ) o ARG J5 i bR BH S 100 A A S ik 4 40 Pk
AT 40 TR 40 5 A ] ) JRke g
1.2.4 R JRAEREIRE AT

(1) FERCRAE

2016 4E 3 J ~ 6 J, 5e)a WIS IS | 7% B
R VD LA R HE N I V285 e £ B A R 2 £ (3 3 b))
3.5.8 Al AR SL g = 5 J IR R e B P HE (4 ~
5 AW KK 2.5 ~ 3.0 em, 3£ 3 HER) 5 IR B
Vg A A M N R VS 0 S B AR A e (4% 2 i
) ,3.5.8 Ao nllAZE NG F 3 (33 4itik) ;
TS R A S RT3 ST 6 AR b AR
AU 3,58 H 43l B S 1) R SR Vi /K A ) A A
FEAKFE D (45 3 K)o A HERFE IR 5 a0 F .

L BEHLI 3 RBAF R fa i L SUR A —A
FE 5 b HL L O AE S 25 T [ ISR K B A B
I ik K ER B 28 + 2, 7KL (28 = 1) °C, )R 2000
Lux WAk 24 b J& , 3000 %) 0 OG5 SR 4835 10
TR 3 U HL0. 1 mg(HFE ) o 2 IG5 4R AE Ry —
ANEESD B B HU 300 H 204 WS 3
HEZIRYE 3 UC, B0 1 mg (S HE) H8 HUE D —
it 5 7K« BEAILERUHT W K SR Vi 7K ORI B £ 3 A 3 5 4
K% 10 mL — RS

(2) B S Ab P

ol ol N NS R A A G e o 2R 4
J& FEAARBRLE 19l ACK BB 2 K 5 K FE 8000
r/min 2.0 3 min 5, 3 FiE, 10 mL K&

7K F 5 28°C 150 1/min B REFE 12 h J5 B 2
mL B 12000 r/min B0 WA A TR, >R H 41 1 2
PRIZH 50 S R, DNA

(3) B s

F2 1. 2. 2(2) B9 5 36 X Rg 7K PR M 1 7 ) kR
hiyA Fl earA BEA7 XU PCR 4758 | 46 I S0 M g 7K
ST

2 &R

2.1 ERESHRE & H mwAEIR

AR IR I B AR R PR RBFDUR, 6 S N, I
D7 3R i 5 S (0O AT T Ak ) 2T b 7 a5 T A A g
fig NGB L I, 8 SR i 5 RS T DL R AR
K ZRBEAT A, IF B IR ZL ARG
2.2 NEBEHRESSELEE

I AE PR SHL 76 A 4 fg I 3508 457 0 15 R A5 410
B (95 PYMcl5-1), BHI “F-4R 28°C 5555 24 h
J&,PYMcl5-1 Wik 2 FIE M IR A B 3R
G HARZ 1.0 ~ 1.5 mm, A5 ERS0E, #22
IRY 0 7R B AT RR, A S i BHPE . ATB
4 Bl 4 D 2 (A S S W KRB TR 4 s AR
1D:99.9% ,T {H:0. 72, HE4N AL &5 R 0L 3% 2, [l
YL S RS B LS PYMel5-1° A fb ik 5
PYMcl15-1 —%%,
2.3 gryB EEF 54

BE PYMc15-1 &8 /KM gryB FEH 5]
Y PCR " 144K 15 800 bp /24 H Y F B, hiyA A
aerA BEPIEE PCR 4715 4k45 800 bp 1 1300 bp 72
HHAB(E 1), gryB 7975 Blast 73 Hr4h
B8, EHE PYMc15-1 5 GenBank |8l f9mE /K<,
PO (B S KX822741) [R) U M 5t 5 (98.5%)
FFE PYMc15-1 gryB J7 351 2500 i7s , PYMel5-
1 SREKSPME HARRIE (K 2), BiRgiRE
B, B R PYMcl5—1 ARG /K SR, JF HAA W81
IO
2.4 ANTIRE

N TR fg R MR 52 £ )5 56 2 RITFLUR HBAET
53 K 4 KON FET AR AT 120 72
i, A R EFUK, AR 4 RIE T IE R A7
I ES AT R HVET PYMe15—1, P (0] I JRe e fid
SRR B A, BARARURE AR, 2 B A Ut 56 43 25 1 1
PNB PYMc15-1 i g £ I 5
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R2 Rk PYMcl5-1 A fb % e sh
Table 2 Results of biochemical identification of strain PYMc15-1

HAbdEbr ERES HAbdE bR 4
Biochemical indicator Result Biochemical indicator Result
FrEERERFI ] Citrate assimilation + L-FiT R {1 % L-Arabinose +

A REMRER [ L Ttaconate assimilation -
2-H%L—F A B 2-Keto-Gluconate glucose -
ZH A& R A fk Histidine assimilation +

Z ZEHE Maltose +

H#E®E d-Mannitol +

N FRIFIAL Alanine assimilation +
3-FRIE-THREL 3-Hydroxy-Butyrate -

DL-FLR M4k DL-Lactate assimilation +
B8 Rahmnose -
NRER [R4L Propionate assimilation +

K Salicin
JXREE A AL Valerate assimilation
4-F2H KB R EL 1k 4-Hydroxy-Benzoate assimilation -
N & Malonic acid -
d-% % D-Honey disaccharide -

JILEE Inositol _
S5-I - A 5-Keto-Gluconate -

HEE Glycogen +
L-A#iHE L-Fucose -
LR EL Kelly +

LTRER Acetate
d-7 % B D-Glucose
3 ZFREE AL Suberate assimilation -
1AL Sorbitol -
2 A4k Serine assimilation
JEAH Saccharose
%2 Proline
N-Z. Bt A i N-Acetylglucosamine
d-#% % D-ribose
33 AR R ER R fk 3-Hydroxy-Benzoate assimilation

+ o+ o+ o+ +

T+ B =" B

Note. “+” is positive; “=" is negative.

M 1 2

2000 bp
1332 bp

1000 bp =
f 876 bp

750 bp

4 :M 24 DL2000 bp Marker; 1 4 gryB J£[H PCR 7 #);2 7 aerA &
KA hly A FEPRISUE PCR 774,
1 B PYMc15-1 gryB 2L (aerA FER AT hlyA
P PCR I o, 3k 18]

Note. M, DNA Marker DL 2000. 1, PCR product of gryB gene. 2,
PCR products of aerA gene and hlyA gene.

Figure 1 Electropherogram of strain PYMc15-1 gryB gene,

aerA gene and hlyA gene of detected by PCR

AR E B PYMel5 -1 B N TR e i 6 4%
RN, 2. 1x10° cfu/mL R BEL L 2 A0T, A=
FRER KT BR AL S g0 A0 TCAE TS, AR PYMcl5—1 XFIF
FEfA) LD, AR 1. 2x10% efu(# 3) .,

2.5 ERESE EWEMNRKNBFERKSEMmE
il

PCR Rl 25 5 o B AR MR R0 (1/3) (0 HUTE
TR (1/6) FIEF A58 1 (2/6) 5350 K ) SO P g
IKABAMTE , 2 N8 B 5 H DL R R AR K R R
0 5 PR B /K Y RS 350 1 g K MR

3 it

AHIEFE DA BB AR BT A8 T I 43 25 3 P A B bR
PYMcl15-1, YRt AR % F gryB LA
P A RV IEAE 2 A, 56 Ry i /K AR M B, I 3 A [l
U JER U i Ay R B i M O A R, X R R LA
BRI EURYE (LD, MR 1. 2x10% cfu) , IR E
T 7K S 56 i ——— M R i JR e W K B TR 1 IR
il . WK R IR R R, T
FEAE TR IR SE SR B b, B 3z (9 3o M
Al G 2R IRK KA B & v i, v
BK PR IR R LB P KR R
W2 T E AR — = =R e e TP 44 5% )
(2008 4F ) HLAE 1Y 2P o S5t e 2R U™ s 45
(G N 1= T | o A O )R i S 5
TRIK S50 # B 1 £ R §1) 2 £ 2 AT g 7K A B 1R Uk
Yo S SO AP O AR E T I 19 KBTS
SIS PR LS SR e L, B I £ Rl KR DL
9o TR IR, AR L I o AR R AR UE S (H R THIZOE
AR50 7K SR B JER Y 2 5 ] R I DR E IR 2
RIS DRI B R IR KO AR T fiE
WK AR B O, R EE R R oK
AP TR X R BT AR BE D £ SR IROK SE B 2 L
A G AE S AR RS I A R v N 5 ] R
R () FE R I DA
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L hvarapiife D668

43 1l DOGOZERR

A e Y Mgl 541

98 1 ydregrile MDC 2478 HO442743

I A hvelroplile AY 101778
{{1]

Adrylrophila CPO0OD462

1 jemicdoact AYOET 100

A gt CECTT7289 HO44271

Lsloewnicanke CECTESS HOM4268

Iavealier GLI2ZDS 212

100 A culieloda MTC3249 AY 130899
55
Lvernri ATCC AF417626

77 _{— Aallersgechamyphile CECTA199
73 Asobrig CECTA245 HO442608

4, purarg et AY9ETS2T

Lalrverrsa HO442757

ol

T WAL EUE S A R E S 1000 RIWEIEE,

100 e schiuherti AJRGEADD

B2 ETANMER gryB RFFHIN ARG L ER
Note. The degree of confidence for each branch point was determined by bootstrap analysis ( 1000 repetitions) .

Figure 2 Phylogenetic tree based on gryB gene sequences of Aeromonas

R 3 BB PYMcl15-1 X R B AT IR I A,
Table 3 Results of of challenge test with strain PYMc15—-1 in M. chulae

TR (cfu/mL) g A () FETHL(R) B ( ofu/fish)

Bacterial concentration( cfu/mL) Number of test fish Number of deaths LDy ( cfu/fish)
2.1 % 108 10 10
2.1 x 107 10 7
2.1 % 10° 10 5

1.2 x 10*
2.1 x 10° 10 4
2.1 x 10* 10 3
AR K Physiological saline 10 0

gyrB JE i A TE T A0 H 4 DNA A2 JiE il 7
B HAMSEE DR A 100 J74F 1Y 6 3L 5
BRN0.7% ~ 0.8% , HIELHEFEL 16S rRNA PR,
HARAEKT 7, Fe 5158 TR | 2F AT
BRI 255300 0 P 00 DX A 2 070 R B R
LBt R R 221k 20 A3Fh, Hoh ZAN B R RS
FAET, il ad 16S rRNA 3 KT 51 23 b7 JC 1k A 31X
Gy ARBIRGE AE A S S R I K R PRL BRT 1Y) 43 B
FE PYMc15-1 4T gyrB ZEHE M T4, HF5 5 E
IR 7K BT (B SR KX822741) ] 54 ik
98. 5% , 5 [F) J& AN [R) o Ay ek A1 B L 1T ( HQ442698 )
FPEPEIIME T 91. 7% , &R H B A 40 B, vl H)
FESTEIE PYMc15-1 R g K IR, (H AT &
1R 2, W8 7K AP T A 00 T T e A A 00 2 R A
2O RKRE S T s B, HA

SRTERE K S BT aerA FE R 5 BHPE ™ 15, Ge f i
SV TE BB K SRR P B DY HE B aerA 5E
hly A FEDRI ) —Fp AT W aerA FERFD hiyA FE 23K
o P W 7K A BRI TR i Oy D B 1Y B ) R IR, AR S
X AR PYMc15—1 aerA JEPR RN hiyA FE R HEATHS
W45 5 7R S BHAME 5 (0] )9 R e 00 s 6 B TR ik
XF Rt B BOm M, LB B AR PYMel5-1 B3
o PERE K R T

PCR K0 77 325 © A B A1 R 3L 52 56 3h W) LAY
T Sl S5 50 2y ) J5 5k M 0 R D AR 32 W v 1) i R
TB, TR TR I Wi 1A 2 S S W s G I rh B A AR
JOEFH 2 g I A AL 4 2 A KT B R AR
PR iRAE , R ZHOK A S W J5 i 1% 5 LUK F-AL
A ED ARBFIER FHRE K SRR hlyA 3PN
aer A K& DRIRE S 5 | )0 B P8 0 55 GE ok R AH OG0 £
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AR K SRR i R AT BORS TR VB K B TR A
T 25 5 3, S A R £ | e s R A A el S A
A 0 BRIV 96 WY B A f0 A | pa HORD B A= 48 HUR IS
IR R AR (AL RISy X 5 Yan %5177 Zhang
S R EIIF S A R B, AR IR R
B PR SO FRAE K (= N B AR IR A
HH 0 1 KRB R AT 10 P A AR B A
IKRTE B LA K e B Al 55 75 58 A 28088 i s It 1 1%
o AR AL 6 A b AL ST b A
1A ARG H 0 P g /K R R AT, 3 g i
LI 7 8 5 % 1Y B HUE A0, BT AR W A RE ]
ARSI SR 95 00 , A SCfET T A4 TR IS 1 >R FH v
PEEEE I 5 55 A0 B i, I X 2% HE R A2 W) 647 9
JEARGI , LA ) O It S A o e
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J e SRR T A8 Ve, 8073 1 1 T R SR A
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Regulatory effects of ferulic acid on hepatic steatosis and intestinal flora
in hyperlipidemic mice
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Abstract Objective To investigate the regulatory effects of ferulic acid on hepatic steatosis and intestinal flora
& g Ty p
in hyperlipidemic mice. Methods Twenty-four 6-week-old male ApoE™ mice were randomly divided into the control,

model, ferulic acid [ 40 mg/(kg-d) ], and simvastatin groups [ 5 mg/(kg-d) ]; n=6 per group. Six 6-week-old male
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C57BL/6 mice constituted the blank group. After 12 weeks of feeding a high-fat diet, the drugs were administered for
another 12 weeks. The mouse feces were collected to detect the intestinal flora. Blood lipid levels were detected, and liver
sections were prepared to observe the pathological changes. Results The body weight, serum total cholesterol (TC),
triglycerides (TG) , and low-density lipoprotein-cholesterol (LDL-C) levels were much higher in the model group than in
the control group (P < 0.05). Liver cells of the model group were full of lipid droplets, and most presented fatty
degeneration. The amounts of Firmicutes and Erysipelotrichaceae in the model group were higher than those in the control
group. Bacteroidetes, Ruminococcaceae and Odoribacter were decreased in the model group. Ferulic acid treatment
significantly ameliorated the changes in body weight, serum TC, TG, and LDL-C (P< 0.05). Ferulic acid upregulated
Firmicutes and Erysipelotrichaceae and downregulated Bacteroidetes, Ruminococcaceae and Odoribacter. Ferulic acid also
alleviated the liver injury in the high-fat diet-fed ApoE™" mice. Conclusions Ferulic acid improves dyslipidemia and
hepatic steatosis, and regulates the intestinal flora imbalance.

[ Keywords] ferulic acid; hyperlipidemia; intestinal flora; blood lipids; hepatic steatosis; 16S rRNA
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Table 1 Effect of ferulic acid on weight and lipid in mice (x £ s, n=6)

Lol oy TC TG LDL-C HDL-C
Groups Body weight (g) (mmol/L) (mmol/L) (mmol/L) (mmol/L)
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TE: SRR, P < 0.05," P <0.01, SHEILHMLIL,*P < 0.05,%P < 0.01,
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[ Abstract]

dorsal horn of rats with diabetic neuropathic pain. Methods

Objective To investigate the effects of electroacupuncture on NF-kB p65 expression in the spinal cord
Thirty SD rats were randomly divided into the normal and
model groups. The rats in the model group were fed a high-fat and high-sugar diet for 5 weeks, then intraperitoneally
injected with streptozotocin ( STZ). The model diabetic neuropathic pain rats were further randomly divided into the diabetic
neuropathic pain (DNP) model group and the diabetic neuropathic pain model + EA (DNP + EA) group. Two hertz of
electroacupuncture was administered at the Zusanli and Kunlun ipsilateral acupoints for 7 consecutive days. Changes
occurred in the fasting blood glucose, paw withdrawal threshold and paw withdrawal latency. Hematoxylin-eosin ( HE)
staining was used to observe the morphological changes in the sciatic nerve in the rats, and western blotting was used to
After 5 weeks on the high-fat and
high-sugar diet followed by a single intraperitoneal injection of STZ, the fasting blood glucose increased, and the paw

DNP model was

detect the NF-kB p65 protein expression in the spinal cord dorsal horn in rats. Results

withdrawal threshold and latency decreased, indicating that the successfully established.
Electroacupuncture increased the paw withdrawal threshold and latency in the DNP rats but did not significantly affect the
fasting blood glucose. HE staining result showed disordered arrangement of the myelinated nerve fibers, axonal swelling,
uneven density of the myelin sheath and vacuolar degeneration of the sciatic nerve in the DNP rats. Electroacupuncture
intervention did not significantly affect the sciatic nerve morphology in the DNP rats. Western blotting showed significantly
increased NF-kB p65 protein expression in the spinal cord dorsal horn of the DNP rats, and electroacupuncture
downregulated the NF-kB p65 protein expression in the spinal cord dorsal horn of the DNP rats. Conclusions Low
frequency electroacupuncture has a good analgesic effect on the DNP model rats, possibly related to its inhibiting NF-kB
p65 expression in the spinal cord dorsal horn.

[ Keywords)

diabetic neuropathic pain; electroacupuncture; spinal cord dorsal horn; NF-kB
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Figure 5 Changes of NF-kB p65 in the spinal cord dorsal horn of rats in each group
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[ Abstract] Objective  To construct lymphocyte activation gene-3 ( Lag-3)-knockout mice and analyze the

influence of Lag-3 knockout on mouse phenotypes to provide an animal model for subsequent Lag-3 in vivo function
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research. Methods  Knockout mice were constructed via CRISPR/Cas9 technology combined with microinjection of

fertilized eggs. The Lag-3-knockout mice were screened via molecular identification and further verified via RT-PCR and
PCR

and product sequencing showed that exon 2-deleted Lag-3-knockout mice were obtained. The heart, spleen, lung and

flow cytometry. Lag-3 gene function in vivo was studied by establishing a ConA-induced liver injury model. Results

macrophages from ConA-induced homozygous mice were evaluated with only Lag-3 mRNA background expression signals
detected in phagocytes and lymph nodes and only very low numbers of Lag-3-positive cells detected in mouse macrophages,
spleen cells and lymph nodes. Phenotypic analysis revealed that deleting the Lag-3 gene significantly reduced the number of
ConA-induced CD3"T cells in the peripheral blood, bone marrow and spleen as well as ConA-induced acute liver injury.
Conclusions A Lag-3-knockout mouse model is successfully constructed. In wvivo functional studies during liver injury
show that Lag-3 deficiency significantly alleviated ConA-induced liver damage.

Lag-3; CRISPR/Cas9; gene knockout; ConA
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Figure 1 Lag-37" mice construction strategy
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Figure 2 Genotype identification of FO generation mice
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Figure 3 Genotype identification of F2 mice
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Note. A, Detection of Lag-3 mRNA expression levels in tissues of wild-type and Lag-3 gene knockout homozygous
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Figure 4 Detection of relative mRNA and protein expression levels in Lag-3~" mice(n=3)
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Figure 5 Changes in the ratio of CD3*T cells in Lag—3~" mice by flow cytometry before and after ConA stimulation
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Figure 6 Pathological detection of wild-type mice and Lag-3~"mice before and after ConA induction
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Establishment and evaluation of a mouse model of
diabetic hindlimb ulcers
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[ Abstract] Objective To establish and evaluate a mouse model of diabetic hindlimb ulcers, study the changes in
blood flow and pathophysiology in mice with diabetic hindlimb ulcers, and explore the pathogenesis of the ulcers to provide
a basis and reference for studying peripheral vascular diseases in diabetes. Methods ICR mice were divided into the
diabetic hindlimb ulcer, hindlimb ischemia, and diabetic groups. Mice in the diabetic hindlimb ulcer and diabetes groups
were intraperitoneally injected with streptozotocin to establish a model of type 1 diabetes. Mice in the diabetic hindlimb

ulcer and hindlimb ischemia groups had their femoral arteries and veins ligated and their femoral artery severed. Sham
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surgery was performed in the diabetic group. Blood flow changes postoperation were detected via laser Doppler, and
ischemic necrosis of the limbs was observed. Twenty-one days postoperation, hematoxylin and eosin staining was used to
observe morphological changes in the ischemic tissue. Changes in CD31 and SMA expressions were analyzed. Results
After the operation, the weight of the diabetic hindlimb ulcer group decreased significantly compared with that of the
hindlimb ischemia group, and the hindlimb necrosis was more severe. Additionally, the diabetic hindlimb ulcer and
hindlimb ischemia groups showed significantly decreased blood perfusion, which recovered gradually on days 3, 7, and 14
postoperation. Blood perfusion in the hindlimb ischemia group was near normal 21 days postoperation, but that of the
diabetic hindlimb ulcer group decreased slightly. No significant change occurred in the diabetes group. In the diabetic
hindlimb ulcer and hindlimb ischemia groups, muscle structure destruction and inflammatory infiltration occurred in the
gastrocnemius tissues, and CD31 expression was increased. SMA expression was increased in the diabetic hindlimb ulcer
and diabetes groups but not in the hindlimb ischemia group. Conclusions The diabetic hindlimb ulcer mouse model is
successfully established. Limb necrosis and impaired recovery of blood perfusion are obvious in the diabetic hindlimb ulcer
model compared with those of the hindlimb ischemia model. This model can be used to study the pathogenesis of diabetic
vascular diseases and to screen therapeutic drugs.

[ Keywords] diabetes; hindlimb ulcer; hindlimb ischemia; mouse
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[BE] HE IO R E U Z:, W H 440 Ghrelin 1R A3 GHSR /K F-AI2E1L, DL FE RV
GRS Ghrelin-GHSR 8 BUCGE LA, ik Mtk CSTBL/6J /N, B4 538 X IR (C,n=8) FH i g
JEEA (H,n=52), H A IEREBRLS , BEHLS A AR REXT IR (HC) REREH Eiz sh 4l (HE) R A B4
(HH) FEEARAIZ B4 (HHE) . 328 3045 A7 b 450 B 0 5 11 5, (R 045 A R AT o) BRI AU 3R B8 (11 2% SR
) i0RERAEEAESE 34 A, Wi TC TG .GLU F# Ghrelin 7KF , RT-PCR ¥k F ik GHSR Hil'E
Ghrelin mRNA FRiE/KF, WB #ll F Ffili GHSR A1 NPY 25 14 7 & M B 22X Ghrelin ,Goat il HIF-2a 255, 4R
(1) T 4 J&J5 , HE HH 1 HHE 2R E 5 HC 21 W 3 REAIG; (IR 40 T B A9 Se W B B, HH R HHE 98 & 3l R
Kot AELBE G T F30 5] RSB, I 2% 2 A 2 B i 20 B8 5 (2) HC ZH IR A 845 2 35 5 T C 41, HH 20 TC K48
HC 41 8254 AIK, HE \HH A1 HHE 2 GLU /K P-4 HC 4.8 3 T % ; HH #1 HHE 4115 5. Ghrelin /KP4 HC 41 2%
% ; (3)HC 41 F Fefisi GHSR mRNA A1 Ghrelin mRNA /K4 C A% B3 F R, HH Al HHE 24T Fefii GHSR mRNA
K HHE 418 Ghrelin mRNA 7KF# HC 41 %% 7, (4) HE . HH #1 HHE 20 F ki GHSR & F /K F 8.3 & T HC
70 ; HE 411 HHE 20 NPY %5 H/K V.75 T HC #1;(5) HE \HH # HHE 41 & Ghrelin 2 H /K V- 2375 T HC £1;HE
ZHF1 HHE 20 Goat & /K V- 2w T HC 41, HH 201 HHE 41 HIF-2o UK FEBE ST HC 4, &g REIIZ%
A 38 L P Ghrelin-GHSR {553 4, 2R AR AR, AT B AR /s BG4

[XgEim] RENNZk; EmIgREE; B 44 F N ; Ghrelin-GHSR 1 % 5 /1N B,
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Effect of hypoxic training on the Ghrelin-GHSR pathway in obese mice
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[ Abstract] Objective To explore the mechanism of the ghrelin-GHSR pathway to alleviate obesity in hypoxic-
exercise mice by observing ghrelin level changes in the gastric tissue and GHSR levels in the hypothalamic tissue. Methods
Male C57BL/6] mice were randomly divided into the control group (C, n=8) or high-fat diet group (H, n=52) 1o
establish the obesity model. After 8 weeks, the H group was further divided into the obese control group (HC), obese
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exercise group (HE) , obese hypoxic exposure group (HH) and obese hypoxic exercise group (HHE). The HE and HHE
groups were intervened by mid-intensity treadmill training while under intermittent hypoxic exposure ( 11.2% oxygen).
Weight and food intake were recorded weekly. Total cholesterol (TC) , triglycerides (TG) and glucose levels in the serum
were tested as well as the total ghrelin levels; the expression of GHSR mRNA in the hypothalamic tissue and ghrelin mRNA
in the gastric tissue were detected via RT-PCR. GHSR and NPY in the hypothalamic tissue and the ghrelin, Goat and HIF-
2« protein expressions in the gastric tissue were detected via western blot after 4 weeks of intervention. Results (1) The
HE, HH and HHE group weights were significantly lower than those of the HC group after intervention. In the initial stage
of hypoxic intervention, the food intake decreased in the HH and HHE groups, and the food intake in the obese groups
gradually became nearly the same as the intervention time increased. (2) The serum levels of the HC group were
significantly higher than those of the C group; the TC level in the HH group significantly decreased, and the glucose levels
in the HE, HH and HHE groups significantly decreased. The serum total ghrelin levels in the HH and HHE groups were
significantly lower than those of the HC group. (3) Compared with the C group, the GHSR mRNA level in the hypothalamic
tissue and the ghrelin mRNA level in the gastric tissue of the HC group were significantly decreased. The GHSR mRNA
levels in the HH and HHE groups were significantly higher than those in the HC group. (4) In the hypothalamic tissue, the
GHSR protein levels in the HE, HH and HHE groups and the NPY protein levels in the HE and HHE groups were
significantly higher than those of the HC group. (5) In the gastric tissue, the ghrelin protein levels in the HE, HH and
HHE groups, the Goat protein levels in the HE and HHE groups and the HIF-2a protein levels in the HH and HHE groups
were significantly higher than those in the HC group. Conclusions  Hypoxic training affects glucose and lipid metabolism
by regulating the ghrelin-GHSR signaling pathway in the gastric tissue to control weight in obese mice.

[ Keywords] hypoxic training; high-fat diet; gastric tissue; hypothalamus; ghrelin-GHSR pathway; mouse
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Note. C, the control group. HC, obese control group. HE, obese exercise group. HH, obese hypoxic exposure group.

HHE, obese hypoxic exercise group. The same in the following table and figures. Compared with C group,

“P < 0.05, **P < 0.01. Compared with HC group,*P < 0. 05.

Figure 1 Changes in body weight and food intake in mice
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Table 1 Levels of serum TG, TC, GLU and total Ghrelin in each group of mice(n=28)

ZH 5] Groups TG (mg/dL) TC (mmol/L) GLU (mmol/L) Ghrelin ( mmol/L)
C 0.29 + 0.02 2.03 £ 0.09 8.50 + 0.78 0.31 +0.09
HC 0.34+0.03" 4.54 £ 0.03" 10.22 + 1.77" 0.30 + 0.06
HE 0.33 £ 0.04 4.66 + 0.11 8.25 + 1.33* 0.32+0.11
HH 0.35 £ 0.07 3.98 + 0.30%4 8.06 + 1.29* 0.36 = 0. 15"
HHE 0.33 = 0.08 4.24 + 0.26° 6.38 + 1.72*4 0.40 + 0.21*4

F. 5 C41MLH, * P< 0.05;5 HC 4IMEL,*P < 0.05; 5 HE 4141, 2P < 0.05,
Note. Compared with C group, * P < 0.05. Compared with HC group,*P < 0.05. Compared with HE group,” P < 0. 05.

2.3 T EJ% GHSR #1 5 A2 Ghrelin mRNA #J %
1EIKF

5 CHAMI, 12 & ERTEE, HC A Ak
GHSR F1H 4141 Ghrelin mRNA 33k 7K ¥ 41 1 %
FEIK(P< 0.01) ;4 JAT )5, HE A1 HH 41 °F F g
GHSR mRNA ik /K4 HC A B (1
25 {0 HE 1 HH 20 % 404! Ghrelin mRNA %
KK HC 41 3 3 T+ (P< 0. 01 3% P< 0.05) ;
HHE 4 F [E/iki GHSR mRNA 357K 4% HC 4H B 3
ETt, HHZ Ghrelin mRNA Fik/K 4 HC 4HH:
FEREIN, B HE AW N (P< 0.05 3 P<
0.01), WL 2,
2.4 TERMBALHEARIEKTE

12 A SR R 32 5, HC 41 F B2 GHSR ANl
NPY HY%E 1 25 K8 C 4000 35 1 2% 5%, HE |
HH 1 HHE # F B fiki GHSR 45 (4 615 /K 48 HC 41
EHIIN(P< 0.05) ;HE 1 HHE 41~ E:fisi NPY £
HFRIBIKFE HC 41 3 L8 (P< 0.05) (LKl 3
A,B) . EREME S HC 4 H 42 Ghrelin, Goat F1
HIF-20 MR R IA K-S C A TE B 3% 2% 57
HE 20 % H %! Ghrelin , Goat % HC 20 2 ZE N ( P<
0.05) ;HH #H B 44 Ghrelin A1 HIF-2a AU 13235
KP4 HC 2H B (P< 0.05) ; HHE 20 B 4141
Ghrelin ,Goat Fll HIF-2a {88 3R IA7K P48 HC 41 i
FEROm, B HIF-2a 8 [ 2B BE & T HE 41(P
< 0.05) (WK 3C,D),
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Figure 2 GHSR mRNA expression in hypothalamic tissues and

Ghrelin mRNA expression in gastric tissues of mice
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Note. Compared with HC group,*P < 0.05. Compared with HE group,” P < 0. 05.

Figure 3 WB results (A, C) and relative amounts (B, D) of hypothalamic and gastric tissue-associated proteins of mice
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Protective effects of ESW peptides on carbon tetrachloride-induced
chronic liver injury in mice
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[ Abstract]  Objective To investigate the antioxidative protective effects of Eupolyphaga sinensis Walker ( ESW)

polypeptides on carbon tetrachloride (CCl,)-induced chronic liver injury in mice. Methods Mice were randomly divided

[BE£T B [ i HERHE I — M50 H (KM201910020006) ;2019 4FJ0TT R 45448 8 KT A A 38 UEE SR S35 R 282k Bl i it (b
IF2€) 0 H (PXM2020_014207_000009) ; b 5T £ B H=2 AT AT H (BUA2017JGO68) .
Funded by Beijing Municipal Education Commission Research Project General Project ( KM201910020006 ), Beijing Agricultural College
Undergraduate Education Management Quality Improvement Project in 2019 ( PXM2020 _014207 _000009 ), Beijing University of Agricultural
Teaching Team Project (BUA2017JG068).
[HEFEMN I FH(1993—) , & FEE L0 5 AT 1 - S RIS F M, Email: vetliudan@ 163.com
[BIEEE]IL 4(1961—) , L& ##% EEE T R EEZG 5 . Email shenhong912@ sina.com;
TRAKLL(1963—) , 5B, BIHUR W58 07 0] Sh PR IZ B S B 4% . Email : yhh2266@ 126.com, =+ L[R5 4E &



74

rp [ SE B0 sh 4 2020 4F 2 A %5 28 55 1 8] Acta Lab Anim Sci Sin, February 2020, Vol. 28, No. 1

into the normal, model, ESW peptides (50, 100, 200 mg/kg) or positive drug groups. Mice in control group were
intraperitoneally administred physiological salt solution. Mice in the ESW peptides group were intraperitoneally administered
different doses of ESW peptides, and the positive drug group was intraperitoneally administered 100 mg/kg silymarin daily
for 6 consecutive weeks. All mice except those in the normal group were intraperitoneally injected with 0. 1% CCl, peanut
oil solution (10 mL/kg) twice weekly for 6 consecutive weeks. Twenty-four hours after the final administration, the mice
were weighed and sacrificed, and their liver tissues were removed, processed and stained with hematoxylin and eosin to
evaluate the changes in liver histology. Liver function enzymes ( AST and ALT) , antioxidant enzymes and peroxide (MDA )
were detected via spectrophotometry. Inflammatory factors, apoptotic factors and fibrosis factor gene expression were
determined via quantitative PCR. Enzyme-linked immunosorbent assay was used to assay inflammatory factor protein levels.
Results No microscopic abnormalities were found in the liver cells of the normal group. In the model group, the
hepatocytes showed hyperemia, necrosis and fibrosis, and the hepatic lobules had disappeared. The morphological
structures of the hepatocytes in the ESW peptides group were damaged, but increasing the ESW peptide dose significantly
lessened the degree of the injury, and the liver and spleen indices of these mice were significantly lower than those of the
model group. Compared with the model group, the serum Aspartate aminotransferase ( AST) and Alanine aminotransferase
(ALT) enzyme activities and the MDA content in the livers of the mice in the ESW peptides group were significantly
decreased. Additionally, the antioxidant enzyme ( SOD, CAT, GSH-Px) activities were significantly improved, the
inflammatory factor (IL-6, TNF-a, iNOS) protein and gene expression levels were significantly decreased, and the pro-

apoptotic factor (Bax, Bel-2, Caspase-3) and fibrosis factor (a-SMA, TGF-B) gene levels were significantly decreased

and positively correlated with the ESW polypeptide dose. Conclusions

ESW peptides attenuates CCl,-induced chronic

liver injury in mice, and these protective effects may be closely related to the peptides’ antioxidant effects.
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Figure 1 Macroscopic observation of liver tissue changes in mice with chronic liver injury
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Figure 2 Effects of ESW peptides on live histology of the mice with chronic liver injury (HE staining, Bar=50 pm)
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Figure 3 Effect of ESW peptides on organ index in mice with chronic liver injury
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Figure 4 Effects of ESW peptides on the liver function in mice with chronic liver injury
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Figure 6 Effects of ESW peptides on the levels of inflammatory factors in the liver tissues of mice with chronic liver injury
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Figure 7 Effects of ESW peptides on gene expressions of inflammatory factors in the liver tissues of mice with chronic liver injury
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Figure 8 Effects of ESW peptides on the gene expression of apoptotic factor in the liver tissues of mice with chronic liver injury
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Figure 9 Effects of ESW peptides the gene expression of fibrosis factor in the liver tissues of mice with chronic liver injury
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D-galactose and L-glutamic acid induced liver tissue injury in tree shrews

LU Jiangli', GUO Yugian', QIAN Zhongyi®, JIAO Jianlin’ , LIANG Zhang’* , ZHENG Hong'*

(1. Department of Laboratory Animal Science, Kunming Medical University, Kunming 650500, China.
2. Experimental Teaching Center of Basic Medical College, Kunming Medical University, Kunming 650500.
3. Technology Transfer Centers, Kunming Medical University, Kunming 650031)
Corresponding author: LIANG Zhang. E-mail; ynlml-z@ 163.com; ZHENG Hong. E-mail: 847255170@ qq.com

[ Abstract]  Objective To investigate the liver injury mechanism induced by D-galactose and L-glutamic acid in
tree shrews. Methods Male tree shrews were randomly divided into four groups: the control (CT) , D-galactose (D), L-
glutamic acid (G) and D-galactose combined with L-glutamic acid (D+G) groups. The weight and survival rates were
recorded weekly. Medication was administered for 8 weeks, then the tree shrews were sacrificed. Their livers were perfused
with 4% paraformaldehyde for hematoxylin and eosin and immunohistochemical staining to detect TLR2, NF-kB and P-
glycoprotein (P-gp) expressions. Results The body weights in the D+G group were lower at week 8 than at week 1. The
survival rates in the G, D and D+G groups decreased compared with that of the CT group. Hepatocytic degeneration,

edema, necrosis and inflammatory cell infiltration occurred in addition to dilatation of the central and portal vein and the
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branch bile duct in the livers of the G, D and D+G groups. Compared with CT group, the expressions of TLR2 (P <
0.05), NF-kB (P < 0.01) and P-gp (P< 0.01) were significantly increased in the D, G and D+G groups and were

significantly higher in the D+G group than in the D or G groups. Conclusions D-galactose and/or L-glutamic acid induce

liver tissue injury in tree shrews, which may be involved in activating TLR2/NF-kB signaling and P-gp.
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1. CT 40 ( AEL) ,G 40 (BFJ),D 41 (CGK) ,D+G 41 (DHL) ; A-D H1,CV,S,E, #, &, * 4 513275 o 9 % Ik ( central
vein,CV) , Ifi.5% (blood sinusoids, S) , IF 4 i 7K M ( edema, E) , 4% [ 45 (#) , JIF 20 Mo fIg W5 28 14 (&) , 40 M A% =5 du 4k
(#);E-H ™, PV, BD 43 53R J#H Ik (portal vein,PV) , 4334 (bile ducts, BD) ;I-L H1, ICT 387K 48 5E 4 L 2 i
(inflammatory cell infiltration, ICI) ,
B2 WHITHIUES

Note. CT group (AEI), G group(BFJ), D (CGK), D+G grop(DHL). A-D, CV, S, E, #, &, #* represent central
vein, blood sinusoids, Hepatoedema, Nuclear pyknosis, Cell steatosis, Cell vacuolation. E-H, PV and BD represent portal
vein, bile ducts. I-L ICI represent inflammatory cell infiltration.

Figure 2 Histological structure in liver tissu
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Note. A, Immunohistochemical staining of TLR2 (IHC staining). B, C, CT group compared with G,D,D+G group,
* P< 0.05.D+G group compared with G,D group, *P < 0. 05.
Figure 3 Expression of TLR2 in liver tissue
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Figure 4 Expression of NF-kB in liver tissue
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Figure 5 Expression of P-gp in liver tissue
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[ Abstract] Objective To observe the effects of five general anesthetics on cardiac electrical activity using a
cardiac electrical implant in rats. Methods The anesthetic effect and cardiac electrical activity changes caused by five
general anesthetics in rats were measured within 120 min before and after anesthesia using a cardiac electrical implant.

Isoproterenol (0. 025 mg/mL) was administered to observe and compare the effects of the anesthetics on cardiac electrical
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activity in rats. Results Isoflurane and propofol acted quickly with stable anesthesia, fast recovery and minimal heart rate

variations. Etomidate and ketamine acted quickly, but the anesthesia lasted a shorter time. Pentobarbital sodium acted

slowly, and the anesthesia lasted longer, with a slow recovery and obvious inhibition of cardiac function. Propofol,

etomidate, and pentobarbital sodium significantly reduced the effect of isoproterenol on the heart rate. Conclusions

Isoflurane and propofol have the best anesthetic effect on the rats and least affected the heart rate. Isoflurane has the least

effect on the isoproterenol-enhanced heart rate, suggesting that isoflurane is better suited for anesthetic operations and

studying the effects of some cardiovascular active drugs on the heart rate.
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Table 1 Observation on anesthesia time of five general anesthetics in rats

2 T 50 i) TR min)
Anesthetics Anaesthetic induction( min) Duration of anesthesia( min)
59Uk Tsoflurane 1.80 + 1.20 45.40 = 21.25
NYAEL Propofol 1.15 £ 0.75 38.10 + 16.20
MKFEPKE Etomidate 1.98 + 1.37 32.89 £ 12.25
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Table 2 Effects of five kinds of anesthetics on heart rate of rat
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Propofol
- Bl TG
m*{%%‘ 389.7 + 30.2 396.6 + 34.5 377.8 £29.3 392.3 + 28.6 385.3 + 33.5 353.6 + 38.3
Etomidate
ok 3 A I T
. RS SR . 387.9 + 30.4 442.8 + 46.3 428.6 + 40.4 411.7 £ 42.5 456.6 £ 52.0 391.7 + 44.9
Midazolam+ ketamine
TR L% 386.8 + 33.9 370.0 + 44.5 380.6 + 52.5 372.6 + 55.9 381.2 + 50.9 345.9 £ 42.0

Pentobarbital sodium salt

2.3 NEAMKEAXNRES ERZMNRK RO
REFMm

Shy itk — ARG AR BRI 24 % SD K B HL TS Bl
sZmm, BT R RE S RS LIRE
(0. 025 mg/mL) , SRJGHH N 25 5 FLAPRREE 25 , 1) 0
FEL R A 2 R 3 SRS ) 4 R 2 5 S T L
FHEm SD KFUDFIEMM R, E 1A fis,SD
KRR v B S T R R AT 3 AT O
JIE,5 min PLCPRBF I IET 5 min B IERC
RPVEFHIA T (530. 65 + 10.61),15 min 2245
OREEAK I E K (363.22 + 9.88) . 42Tk
Sy SR T AE 5 ORI R 25 FEAERT, SN E B
Ji R B B BITSE 10 min 4T A Y
JRIRZS )5, PR T SR IR (0. 025 mg/mL) , 43

600
SO0
400
300

200

L3 (4o

Heart rate {fimes/min)

100

0

1] k] 10
& #8 J5 [ (min)

Time after administration (min)

15

RGN 265 245 )5 25 41 SD R B 5 min Iy 3R 1 2R A1
OLIFSHERRRA S RNE EIRERS 5 min B[
DR IE, WK 1B TR, 2% 5 5 F1 70 mg/kg K
TR — SR I L JEs T 5 S R B B R BRI, 5 43l

0 3R 4% ] R (508.26 + 13.81) . (513.85 =
9.37) X 5N b IR ER B S R RO FEAY S e /)N

XF SD KB L IR B A IR R (P > 0.05) 5
PHAB FKFEIRER 25 7 50 B L IR R 5 v B %
RSP E b R 26 R R R A 24 /E T, S min B
DAY R0 (483.43 £ 5.74) (496.64 + 8.30) , 3%
PR R EII R BE AR (P< 0.05) 510 1% % 2 e
- B TR IS R] %) 2E K AT 4 2 A S N L R
FXNLO R (394. 85 + 7.57) , RhO A0 A1
FRECA &, £ 4L LR SEINE 2 R,

GO0 o
S0 =
400 o
300 o

2040 =

A HE (U5

Heart rate {times/min )

104} o

A |

Pr E MK PS
£ 0 0] (min)
lme after administration (min}

TEA: R 5 A Pr 5 N B B ARTTRER ; MK BRIX e - SAMEAR S PS: I L 20, 55 A dHATIL,

“P< 0.05, "P< 0.01,

B1 5B ERRTS S min 5 5 FRRRZGR K RO R0

Note. A, Awake; I, Isoflurane; Pr, Propofol; E, Etomidate; MK, Midazolam+Ketamine; PS, Pentobarbital sodium

salt. Compared with group A, “P< 0.05, **P< 0.01.

Figure 1 Effects of five kinds of general anesthetics onheart rate of rats 5 min after isoproterenol injection
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Note. A, Awake. I, Isoflurane. Pr, Propofol. E, Etomidate. MK, Midazolam+Ketamine. PS, Pentobarbital sodium salt.

Figure 2 ECG recording of each group after 5 mins of isoproterenol injection
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SRR A RO R 2R P s 1 5 R
U SR R AR, PR Y B 2 — o AR PR
F KRR IR 24, AT i IF i) PN 0 3h 0 PR I, L 4517 3%
W, 5510 e 1 e Ui ) A B AH L, PRV T o Ak 28 TT
ZE W FST K BN S [a], 1D EE 0 A S5 9 ik m
B 535 DRI s 32 S5 R0 080 A1 2040 52 i R TR 20O J
TRIESEE Sh Y 2 vk, B — R A& AR
B2 AR S 00 SR 20 52 45 WS £ T el e Xt
FRCERS AT, bU B — 3 B SO T O R AT, SR T
R R BRI GE 73 W W) 22 oy 8 8. A GE & 2k sh )
SR

AR S5 v PRSI S A B AR B K B 430
THRE, AR s O LT S5 48 b LA KCH: Al ] 42 RR 24
A TSI | DA 4 T DY 45 20 42 R 25 % K BRLC FL )
RERY SN, A] T Rt — 2D S i oT
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i JE IR D HIRTE AG129 /)N BRUA= Wik
Je PR T8 R Y R

KWL, ZFF R, EW,EFH
(P EPBERERDURFEEDIZ AT, I 430071)

[H#ZE] B8 AGL29 /NRE R AT BIME, R 8 MR SP 3285 100 ok A8 RS 5 TR A ik iG .
FHAAR JERIAS B H K (GSH) A5 /N BRI ANZRE ALY , 5E B AG129 /NERARSNZHE | St 70 7 G TR e il 2R A S IR T
BNEAEY A R PGy BAR LR . ik W 3 DR E GSH MK TR BE B SRS R 1) S22, Wk I 4333
0.5.1.2 mmol/L,1 PARE GSH WK TIRBEW S A2 HG W i oo Il gl s H/NRL, EER 3k, 5R  AfF GSH
S ZH KA RRZE A 2 A R 2 F B BETE (P < 0.05) 7605 T3 e X 2 K5 W GSH W BE4 1 mmol/L i},
AG129 /N EUASNZAE SR TeAE, IR K (43.35 £ 1.76) % , I IRZS BAF . W38 IR A Z N B, 324K
SRR AT, 1R RSO AY GSH RN 1 mmol/L 1, fES BB E AG129 /NRUARSNZHE 3L
R ARG FRAE S R B/ R AR Pt B He sk SR AR LR P 28

[%88i1R]  AG129 /N B H K A= ek P a8

[HESZES] 095-33 [ TEktRIREG] A [ XEHS] 1005-4847(2020) 01-0096-04

Application of reduced glutathione in biological purification
and rapid propagation of AG129 mice

ZHANG Fan, AN Xuefang”™ , ZHAO He, LI Li, XIAO Yuzhou

(Wuhan Institute of Virology, Chinese Academy of Sciences, Wuhan 430071, China)
Corresponding author: AN Xuefang. E-mail: anxf@ wh.iov.cn

[ Abstract] Objective AG129 mice have difficulty giving birth naturally, and conventional in vitro fertilization
(IVF) reagents do not yield a sufficient number of embryos for transplantation. Reduced glutathione (GSH) was used to
regulate a component of the IVF reagent and complete the IVF process in AG129 mice, presenting a potential method for
biological purification and rapid reproduction of genetically engineered mouse strains with IVF difficulties. Methods Four
experimental groups were designed using 0 mmol/L ( control group), 0.5 mmol/L, I mmol/L and 2 mmol/L of GSH for
sperm capacitation and fertilization. Each group contained 5 superovulated mice, and the assay was repeated three times.
Results The average fertilization rate differed between the GSH experimental groups and the control group (P< 0.05).
The 1 mmol/I. GSH concentration had the best IVF effect on the AG129 mice. The average fertilization rate was (43.35 =
1.76) %, and the embryo status was good. All recipient mice became pregnant and gave birth successfully after the embryos
were transferred. Conclusions A GSH concentration of 1 mmol/L significantly improves the IVF efficiency of AG129
mice. This provides a potential solution for the biological purification and rapid propagation of mice with IVF difficulties.

[ Keywords] AGI129 mice; glutathione; biological purification; rapid propagation
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W JFAI e H K (GSH) J& —Fi B A #2411
UiBeny = AkEi i, FEM FLsh Y A b 4% oy HE
A PEVE Y S X Rl A W 2 1 22 i I R Y
A3 JRMLR N 0 B R A TR B R R R R
PR 24 i 5 v 5 8 35 1) B 10 R R S
W BRI | S W R T P B A
B2 48T, W 55K 7 45 e H I 5 i i
P, AT BN F R 7, RS iz shae gy T
PRI B A2 A BE PR AREE = AR

WF5T 23 BH , 76 /N BRI 51 20 B B 55 10 8 R 3 7
HOERE SR TP I — € % GSH, A DL — & #2
et URRR A MG R R 7EAS T B IR P A
—E T GSH Al AW 3 =2 F 5 K& RS 11
1 A BB e R R s s

AG129 /N T R TT B4 2% 32 ik ke 2 5 A
MR R KRR R B R T
LR EE S B SRR AR B 9 T 5 IR Bl
B ER %5 F /N B A 5 AR v, R B R
b R B A B AR ARG, TO R P R R
e HCER Zh W, 1R AR OGRS IS IS, AR AR 37
RSz a3 R0 AR A5 T S A 1 7 40 RS A
ROCRMAR 58 0 20K 2% BE VORI 32 05 v o
A GSH, IF 458 % M % GSH By & 43 #e &, m 2h *t
AG129 /NERGE ARSI 32 K6 I IR IG S A, S A DG AR Sk
NG PRI S 2 /N R AR Al DRs i SR S
1 #R5F=*

1.1 ##l
1.1.1 S2Eeshy

SPF % AG129 /IR (MM 4 JE#% 80 H i 12
Sty 12 50 eh b R 22 B 2k DU B F 5 BT S 56 5
YrrpoO R i R G| T E R B LV 2 W 05
[ SCXK(77)2015-0004], SPF 2% ICR /)5 B ( MEdE 8
iy 9 ) W B b 5t 4 i R A8 SE 58 S B R AT R A
Al [ SCXK ( 51) 2016 -0006] , Fr 43 gl ¥ ¥4 1) 37 7
SPF 4 Jit B 31 4% IVC 28 & b [ SYXK (%) 2019 -
0034]) , 7 sh¥ H HR B RROK,, Brf BAE 5T
B E Rk B m U R 5T T s W) S 5 A8 LK
Tt /2 3R JEI (TACUC #ilt 5 . WIVA30201902)
112 EZERH 5

PMSG HCG W A T = L AR A BRA Al
HTF ( Cosmobio CSR-R-B070 ). KSOM ( Cosmobio
CSR-R-B074) 1§ H H 4 Cosmo Bio A #);2,2,2-=
TR BE (Sigma T48402) | AU B ( Sigma 152463 ) |
GSH( Sigma BD8612) M2 £% 5% JE ( Sigma M7167) |

W4 ( Sigma M5310) I [ 78 4% 35 B4 5L 23 57 5y A7
FRAF,

AL B BE ( Motie ) | — & Ak TR B FR 4H
(Thermo) /NS AR ZE 454X ( Fi TR 7)) B TAF
B (I ER) ,

1.2 A%
1201 JpRIT A fic 5 4

RS TEATE S g2,2,2-=RIEEH 3.1
ml BUSEEA 15 70U 5 B 0. 5 mL O A
39.5 mL A FRER K, SR G R R UE T, B 5
) SRR PR 5 3k D DR AT, /0N BRURK B 2 R 20 pl/g
M B P, S 56 v T A T A /N B T R A
BITE SRR A TP RE
1.2.2  GSH ¥R B E

TERBE TAE G R d ) HTF ¥ GSH By AR % it
A3 E AW E R 0.0.5, 1.2 mmol/L i GSH
W,

1.2.3 e FUBHE S Heon

BraE L AG129 M FUIE I vE 5T PMSG 101U,48 h
Ja M S HCG 10 TU, A:4~ GSH ¥ BEdL i HE S R
AG129 /N, 3 AT, ST HCG 15 h JeAbSEHE HE
AINER, TR TROME B 0 A K e O A AE JC TR D8 AR L
SR CE 25 B R RS, AR BT AE 37°C 5%
CO, H P i) HTF 3205 i A o, R I s [
SEHTONAE AR B R d O A R R R s e
Fr 41 A0 2 A4 B9 40 AR 365 1, P S fRBRHs 3 AL TR
R FR Wb  iA — E AR RS FRFE N
1.2.4 MERRTRE

B AG129 I FRALBE IS , T AR U2 R, 45 b 52
FEAEJCTA IEAC %0 87 i 2 9 2 1 94k, ) S e
VR A B W 0 21 22 bR s, A B AT AE 37°C 5%
CO, HFA a1 HTEF 2K BE TR i AH S ol B 11
FERTEE R BT U] I R b o ) B S A A
BRSO DI AR R B
SRR RS 3B HTF FR6E i A — A bk
R AR 137 30 min, 8045 T3R8,

1.2.5 RAMZHS

TERAL R SRS TR, (RS AR 2
WL 4 ~ 6 pL KRR E S A& 0T
HTF SZAE R P T 320G ¥ 32 R — SRR 37
b TR R . 245 6 h I BT R AR RGTE 37°C
5% CO, FFATIHH KSOM R rh kst 5
1.2.6 BHZEMER

32K ICR MER 5 ICR Z5FLHER 1:187%, 55 2
RGBT | A BF A R 4 T 7 S0 IR G B AR G 52 14
L7/
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1.2.7 FIIMIRIEE A K Gt

ZAH 24 ~ 28 h J5 X2 AE IR AT A, % 2 4
MIRRAG ARAZKGED S8 B it T4t
1.2.8 2 4iffuiriaiic s

i R U AT L S 52 119 2 AU IR GRS A B AT
HER L M2 53R 3, OIS UE 3 IRJE A 5
TR B SR N RS AT
1.2.9 WiaEH

4324 ICR /INEURRI S FIBR T BB 42 A PN B
- 75% WIRHEE . FE D0 SR 7 0 07 Bz R 1) BY
F—110, 4y B8 B R S LA, PR AE R 57 LR 55 T
P AR O AR e —It A i, H

B e e A3 i o s, e AR S B B T R 4 A B A A6

B RO R A, U8 AR AE R RS A A S b
10, FHAEANITBY T 7 i IR 45 A 11 5 0 RS 1] 55—/
F KR AR EHTR T AR R 7 T dd A /O 15 M
BERRRE A ONAE N, LA DR b o] WL s S E N B
R IIAR i, BRI A IR S B0 A /N0 il
YRl I BE A LR Z IR Z , 58 BRI RS AR 3
AR 7254 15 BORIREE A 5 Ah—Ml 4 B A& b
R SE N/ N B AR R 30 min, 595

B N TVC ZE & N FR I 5
1.3 SitFESHR

i SPSS 20. 0 BTG50 B, X T4 52
BRI T AR R 2800, 5 L34
PR ZE (x wox ) Fn, HLEIFLBER A ¢ K056, K 56
JKHER @ =0.05,LL P < 0.05 HZE55A W3,

2 R

2.1 AGI129 /NREKINZHERI GSH iXIELER
t2E 1 Al 0, AN J) GSH ik B 41 - 15 52 8 3 2%
SHAREME(P <0.05), {EX5 TARAE M 28 ot
B HTF RS GSH i, AG129 /) BUE 4h 5%
K%M (2.30 + 0.73)%, &0 0.5 mmol/L GSH
BF, 9 44 B VR T 5 AT B 35 m, 32 K5 %2 (20. 44 +
0.15) %, ¥shn 1 mmol/L GSH I, Wi 4 it % 12 i3k
— BN, 2K RIRF) (43,35 + 1.76) %, TN 2
mmol/L GSH B, Wi 41 Jfd B0 & A FF T B, 2 K5 R
(31.77 + 1.42) % , [R) A}, S5 BRI S 18 i, R 22
LN ZAKE T3 08N A B0 41 i 3% B 4, IR G &2
CERERTARCULE 1), 0 B4 A TG TR I R S
A RE NARZNEI BIEISEIE T (WA 2) .,

K1 AGI129 INFIRINZ K45

Table 1 In vitro fertilization results of AG129 mice

GSH #J# (mmol/L) - “ 2 ARG R RAZHT IR SH IR FIIZHEHR (%)
: CIESHIYIaES e
GSH concentration Number of Number of Number of Average fertilization
Number of oocytes .
(mmol/L) 2-cell embryos unfertilized oocytes abnormal oocytes rate( %)

0 216 5 198 13 2.30 + 0.73¢

0.5 225 46 163 16 20.44 £ 0. 15°

1 224 97 110 12 43.35 + 1.76"

2 211 67 81 63 31.77 + 1.42°

VE i S TR R 25 L
Note. Pairwise comparison, the differences are significant.
2.2 BEFFELSH

12 2 0] 0L R AR R B ARG RS AR A2 1A 353K
19 TR =T, RIR) GSH ¥ B 2 ] - 2 7= 41
RESTREE(P > 0.05),1 mmol/L 4 W& &,
0.5 mmol/L Z 5 F1 1 mmol/L 41 H A= A7 B 25 5L,
JELTE 2 mmol/L 4HAT RS ZLATAE T 1 2, S35 i
FN(96.30 + 6.41) % , AN[F] GSH e & 41 [i] F- 34 i
G2 R TR EE(P > 0.05),

3 it

HAT, AG129 /N 0 3R 52 Ak 2k f3 ™
ZhY), S e IR GV Sl AR R A A ST B O B
AT e s T 8 1 5 25 W F 5 A D5 i B IE AR
HE SRR, TR Z R, iR T E
i Z8 /N SSEFEBE 7T [ A JEUIAL SR T UL fE A [

FEAZME T 3, ARME DR H ARAT J % | 1 ) 1 — 2 Y
ZhYy, WA BRI A SR STUM T R R,
FHBEN AG129 /)N ERIEATEHE , 2R B LIRS 52 K
TIEARMESAT LS KO (IR T IR S A

K7 B & A R AP FIIETR , ks 15 51
TEE R E R A, THTEA(ROS) REMS (R T
J St A MATI RS 5 S5 AN Rt g 3l G R s 1k
MRS T3, e R ZAERE N . GSH R AT BR 4
FI AT IE S  fEAR T AL R G h A E A
PERIN S FEMRSPSZ RG] o A — 2 W FE Y GSH,
AR TARIMZHREE MR, GSH B R E , BAERR
HR 2 S A SR ERE R AR R G IR A5 2 P M 1 B 4
PR A: B M 0 S B AR B TR DR,
B 1k GSH BRE TR BE WA AL, A6 200 A A8 T B
HC , A AT S0  E  f PH Ar )15
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100 im 100 pm

TEA: IEWIRANZNE 6 h JSIRHG, B: S#HIASMNZ2HK 6 h )5
“CBERARIEN

1 AG129 /NEUARSISZHG 6 h J5 iR
Note. A, Normal embryos after 6 h of ivf. B, Abnormal

“hairball” embryos after 6 hours of ivf.

Figure 1 Embryos after 6 h of ivf of AG129 mice

A IERRINZ RS 24 W G IRNR, B

100 um

SE RSN ZHG 24 h

JaRE R,

B2 AG129 /NRAKSNZHE 24 h JFIRNIG

Note. A, Normal embryos after 24 h of ivf. B, Growth of

abnormal embryos after 24 h of ivf.

Figure 2 Embryos after 24 h of ivf of AG129 mice

R2 B SRE AR

Table 2 Transplant birth rate and survival rate

GSH ¢ J& (mmol/L) EZiie e

GSH concentration Number of embryos ?1¥é& 5?1@?‘1%%( %) AL . %i@ﬁi(ﬁ%( %)
(mmol/L) wransferred Litter size Average litter rate (%) Number of weaning Average survival rate (%)

0.5 90 22 24.44 + 1.93 22 100. 00 = 0. 00

1 90 25 27.78 £ 1.92 25 100. 00 + 0. 00

2 90 24 26.67 + 3.34 23 96.30 + 6.41

ARSLHG A Toru 256 HIIAFFE AR , 3231 T 3
MEARRIVREE GSH WRE TR AE SR W 1 5290 4
1 NANE GSH BYHRG F 3R BB S 32 K W %) HR 4 i
o S R IR T AR BE W M 2 RS W H N A GSH. RE 8
BEREIRINZHR R, 24 GSH HE A 0.5 mmol/L
A, SZ A5 R T4 5, 24 GSH W8 2 mmol/L A,
B TR 36 1k ok, 3 B0 RS2 6 O A ] 1Y
% PR TR, 24 GSH YN 1 mmol/L i,
AR, SRR AT . KRR GSH ¥k B 4 3k
1504 2 IG5 S A A2 AR Sh ), Y3845 T 80
BONFRE BIAF B

PRI 6fF FH 3R i 80 4 Ji I ( GSHL) 90 49 /)8 BRUAAR
NG5y, WP T AG129 /N BUA SR 32 6
R R T AG129 /NERAR SN2 K, iz &
N ERAE P fb S e sk B R T RT R A BR PR,
FFh J5 B2 ARAIR) A TR fifp DR b L 1 e AR S B
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Method for constructing a postpartum mouse immobilization
stress model and restraint device

CHEN Manman, GAO Pengfei "

(Jinshan Hospital, Fudan University, Shanghai 201500, China)
Corresponding author; GAO Pengfei. E-mail: 18930819385@ hotmail.com

[ Abstract]  Objective A hand-made mouse restraint device was designed to establish an immobilization stress
model for related stress experiments. Methods A centrifuge tube with a size suitable for the mouse body was used to
prepare a mouse restraint device. The mouse restraint device was applied to maternal mice for 3 hours every day for 21 days
starting 2 days after delivery to stimulate repeated immobilization stress. The maternal mice were separated from their
offspring after delivery. Results In this postpartum mouse immobilization stress model, ghrelin expression was increased in
the stomach, hypothalamus and serum, 5-HT, receptor expression was decreased, and depression-like symptoms, such as
decreased exercise and offspring growth retardation, were observed. Conclusions A new device is constructed to establish
an immobilization stress model in postpartum mice. Results from repeated experiments show good stability and
reproducibility, suggesting that this model can be used to study immobilization stress in mice.
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Figure 2 Changes of exercise amount in maternal mice
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Figure 3 Changes of body weight and food intake in maternal mice
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Figure 4 Changes of related genes in stomach and hypothalamus
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Figure 6 Effect of postpartum stressed maternal mice on the offspring
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[ Abstract] As an important component of laboratory animals, the applied research of laboratory fish has expanded
to all fields of bioscience, making significant contributions to scientific research. The standardization study of quality control
of laboratory fish has encountered issues due to complications regarding the source, generation, breeding, and management
of laboratory fish. This paper reviews the current situation regarding the breeding, management, and standardization study
of closed colony and inbred strains of laboratory fish at home and abroad. The paper also analyzes current problems, aiming
at providing references for the breeding, management, and standardization study of quality control of laboratory fish in
China.
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1 THEFHABIEZTREN

1.1 AR

BT SR L IRAE 1963 47 [ bR 52 55 3
Y Bl % ¥ FH 2 ( The International Council on
Laboratory Animal Science, ICLAS) 4 i ( ICLAS
Bulletin No.14) , A “ AN MAMNTIEATE | B O BEIA Ay &5
MIRE” ™ J5 ICLAS T 1972 4E & A 1 B BEE 7
SN RIS | Bl =D E AR E 4 AU B, B
RIS RE TR 1% ) 51992 42 32 [F K il
P47 L2 AT 1 IR B iy 44 R0 ) o g 3 P AR SCATS
T TCLAS (' 5 SCH0 5 3 Il 288 52 56 3 4 3ot
f R A4 i [ SRR (2001 BT 2010 iR ) Hxd 4 ]
R E X275 ICLAS, R < LhAR R R 28 i 7 Xtk
T SHA = 1) — D LR SR ZEAR AN ST A
B R RS, B0 E S EE 4 AL B
(SR e o T Y A L A A
( International Committee on Standardized Genetic
Nomenclature for Mice ,ICSGNM ) 2016 4= % 4 Bt e 5
VTR N A 44 46 B ) o B TR SE LR - A
HEM PR BRI AL 22 REPE 0 — A S sh W RE IR, LA
TP AR SR A B 77 A5, T AT 1 22 B AN R T
E= T o R Nl o1 B = I NN 8 A i < T O
L7/

DITEE NS Z A8 Scikt™ bR Fds
A B 22 (outbred stock ) FlEF AT BEAE & 45 ]
Z 8 ICSGNM T 2016 4553 A AR B P , B PR AT
SERERE SCAEAEAR L 1 1 X500, 3 PR Ry AR 4 A B 11
1% Z F£ 14 (Contains Limited Genetic Diversity ) |, T
TCAZ B ) A O RF B KOBY 8 4% 24 & B ( Maintain
Maximum Heterozygosity) "/

EFPAIHE 32 SRR O A — 2 Y A DR A A N AR
FEMIBAE 5 B, AR 471X MOIR 285 i i 1Y 2R 1AL 4
O (A H AN 51 2EH ) ; QAR 38 ()it
DR ER) ;@S ZGH 4 QUL (AT LR L 4%
BN s @IEREA R 8 2 (FRAIRIE 2L
) o P R S A B AR E S AR IR R A8
e Ty BRSO ER S I A BE I, 28 /b i 2
ZH 4 UL B SEgG A iE” Rl 45 G R A o

TR WA SEAR B AR FE 50 XF LA L, DA 2 5256 3h
Pyt PR AR TSR
1.2 EX®&

PP R SCHTEE, [ PN AP X 3T 38 3R ) S
F—3, R G Lk 20 AR L B 4 [ I S Ik A
BL sl 3B, i 3R N T AT AN ARER T LB B 38 ke U
T4 20 AR s LR A — X L EAR G, T 58 SRR
T 99% , HRF AR N ATAT AR LR 2 rh 98. 6% LA 1Y
SN R A A O S G S LS A
FRAARRL, BRI O 4 B L2 58 R B E ikl
UGB A LR AR (K1),

2 ZIWEHARMEZRIES

2.1 HABES

PATR/IN B Ry A 3R 00 W 3L 288 52 5 3 ) 3t A
WRRC IR E NS IZ KA, L5 a5 i 2L 2 W)
A HESH ), B Jy AR, S R E SF s 40 2 A
FH 20 & I A e, HL S £ 3 P AR e A o e rp
PRI AR AL L 5 W L2 SE S sh A ], PR il
FLASH AR ISR R B R AR T sc g, H i E
A e HEH LSS 3 P A R B A 8 B A8 O 1k
WINE A a2 AR,

H A PR 5 g6 £ B P 35 B A A K Ry
HAE 8 ( Oryzias latipes ) , E 8 & A BE#E 2 50
A B Kunming, Nagoya, Toyohashi %5, B T ff1
( Danio rerio) &4 I8 BB BEA ABI? TUM |
TL'®' IN (India )™ | EKK'"' WIK'"' | Darjeeling
( DAR )" NHGR-1'"™" | IMI2m'"™', IM14m'" |
Florida wt line>"’ ,Light-colored“'] & Hdh AB TU,
TL WIK . IN  Darjeeling F1 NHGR-1 % 5 fi5 3 R 5 =,
TR 0 AR B PA REERE 2EOR A0 AB R A JIUHE
BT 505 TU R R 3 28 7 I IR e B 00 28 A2 15
K s TL N leo F1 lof F PR 414 152K ; WIK f 5
AR, PR BRI O S B K ) — X A R S R
HEN S IN SRR T B EE AR IR P A BE , 80 3 iR %2
JE P22 452K s DAR SRUEEDJE Darjeeling 11X, 1987
I T 6 A X R A7 A s NHGR-1 2R T AB x
TU 258 1) J5 18 TAB-5, 7€ TAB-5 i BHH Y F1 AR
rh Pk B0 i K 1Y SR ASAE S NHGR-1 1928 —1X,
XEEHE AR AT NN A 2 3 28 B 55 JE 3 58 BE (outbred
line/ outbred strain/ non-inbred strains) , A4 AIAH
SRR PR b, R S A B S A St R B
Y, {H IMI12 m,IM14 m, EKK. Florida wt line #l
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Light-colored % A MREF AR EOKRE B, A, HE
SR AT 2B P RERGE , 081 R £ )m BT A £
( Xiphophours maculatus ) 2856 fh #h (1971) | & & fa
( Xiphophours hellerii) 501 & Fl (1963 ) . 2977 /it Ff
(1963) 1 3062 fFh (1971) 551 fL4€ 1 ( Poecilia
reticulata) S S3HR \SC I F22 4 16 ASEFFARE >

[l 2 B AT RE RS 5 5 W, ) AR SR s
Wi B 0 3 AR — A T K S £ A i
FCH T B2 £ ( Mugilogobius chulae ) B PAHE, BLE K5
19 &1 27 i [ RL A g K A A BRI T 35 8 T
H i ) ( Gobiocypris rarus) B HE, MO H 246
10 fl2s-27

AR E ARG E b, Bk L BB ERRT
FRE R TR, — 28 fy Ty s P R O
BB AW SR R M S AB R4 Bh A
Jr N T B P RE, J5 22 10 ™A% 4 i %5 7 3 (ol
BT R AC L AE ) | PR AR AR ASE | skt f A1 15 B [ 5
A DU RT 55 R X LT A AT
2.2 EXRREF

WFLE SR s YIS RO L AEREE I E,
TUNRIESE Rk 450 2800, e in 2 AR E0
210 AR, fa 2R H 4 T ji 50 ik 52 e 5 =X ( full-
sibling pair) 5 HFIT X RZWEA 50 LA AT 5,
PEE 0 O ILARGE T S A 6 4, 208 €32 sjA (sjC
siD IM il May, ot €32 il IM bR B4 (03 A2
Fo CR2IPURIETH AR AB, Sk i B & 7 3k
15,1991 42 J5 LA™ % 4[]l Se ik 52 e J7 AL 48 IM
1 May A 42 [ M S iR A2 B 7 U, IM 2 3K
20 AL B2 May © 3555 16 1852 A (sjC . sjD 1
g Stephen L. Johnson SEHZ 555 P 4 Bk T
AB .C32 F1 DAR,

HAF & 20 A ERE S R EA 13 4, 70
A4 HBI-I, HNI-II, HO4C, HOS5, HdrR, NCMH,
HB32D .HB11 A Kaga Hsok ,AA2 Cab Fil Hi3, HH
HO4C fih R E 16 3] 100 U (K 1),

SRR C F LS R 12 4, 400108 X.
alvarezi, Dolores, X. couchianus . X. helleri, Cd. X.
helleri strigatus | X. helleri guentheri X. helleri helleri
X. maculatus, Jp 163 A X. maculatus, Jp 163 B X.
montezumae cortezi, X. signum ., X. wvariatus X
xiphidium . [ Br &) B f F 51 % I 0 ( The
Xiphophorus Genetic Stock Center) £ i £ )& 4 J&
( Xiphophorus) IT 324 6 4>, 7050 X. maculatus, Jp

163 A X. maculatus, Jp 163 B, X. helleri, Cd. X.
alvarezi, Dolores X. couchianus Fl X. signum , J:Hf Jp
163 A S 100 (K 1),

LA (P. reticulata) EARFEZL R A 8 N,
15 & MAC, BDZW1, BDZW2, Armatus, Guanapo,
Quare6, Quare6 family II 215-3 Hl Cumana, H H
Maculatus, BDZW1, BDZW2 #1 Armatus i &35 F5E
% NI A2 BEAR B I 50 4F

PRI UG B ( Poeciliopsis lucida ) V138 R H 1T 63
R S ZE UG 8 ( Poeciliopsis monacha ) A 2 4> iT
BERI S5 S68-4 I S68-5 , L AAREL SN 34
130,

BRI Ah 30 A i 2ok WEAZ K R AR SRS 7 AR
B2l FR 2 QN ith AE 8 ( Poecilia formosa ) FZL
B #K B ( Kryptolebias marmoratus F1 - Kryptolebia
shermaproditus ) ., . ifh AL 8B A IRE T ILTF 2R
WEVE | BB IS 10 3 o R ST RORS 10T O T,
I SE ML KT, LR T hsE A 25
ZRERE DY PIRRZLREbRER T S B RGTE S
R LA AUCA 1Y 2 Bl i B RS2 oK AR A
Fofr, B e 2 R A ) I R A B2 P G 55 R B
B AR BT E A

FE N #EUT32 R G B O7 I, P E KT RE S
BESRTLAK =B I & T 5 SR M(X. helleri) It
3EF& 4398 RR-B . RW-H RW-K BW-D Fl BY-F,
H RR-B IE A2 R L ik 26 fR LA Y vp B Bl 2 Bt
IKAE AW SE T B B AR AT il 6P T 52 & HAN B2k
BB AR LRI TR E T 4 4
i RS HR PR AL (M. chulae) ITAEF , Fe i RALE X )
5513 AR MR RAAR S R B R
T SEHG LT ( Carassius auratus red variety ) 2 2
i R AL RIS RE S S 28 SR L 1

L5 EPrR ENAMESC R I R BT
JETRETAE, EFWME AL 20 ALL BT sg
F AR A A B 2RI R AR F T R A
TELE A )RR B ) T B 55 00 A8 s iB LG, X it
[F) R, [ AR IR T i 22 T 42 o i e o 0B O i
Jiti, 41 Shinya 251" 3 o X6 BE T 12301 A8 B SE A (1) B
RE I AT L, F BEHH ) doe ik ) 5 £ A AR ROR
A T ARRRIL A8 R RO 10 B0 5 S U 5 5
BT IS B ARG PR B | s Ak R S R A A R A
P e IR GBI A2 iR, th TIE S R EIR
FE B FE W e F IR PR N Tk F
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AR FRAE PO 5 iR o B2, N e Al
AT R G AT T DN AR R M v B A 32, T e Sk b HE
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Table 1 Statistics of inbred strain of laboratory fish

¥ AL 275 ik P AL 275 ik

Strain name Generation Reference Strain name Generation Reference
Danio rerio, C32 / (15] Oryzias latipes, HO4C 100 (1]
Danio rerio, sjA / [33] Oryzias latipes, HOS5 93 Y
Danio rerio, sjC / [33] Oryzias latipes, HdrR 68 [40]
Danio rerio, sjD / [33] Oryzias latipes, NCMH 47 [41]
Danio rerio, IM 20 (32] Oryzias latipes, HB32D 81 Y
Danio rerio, May 16 (32] Oryzias latipes, HB11A 92 (i)
X.alvarezi, Dolores / [42] Oryzias latipes, Kaga / (41]
X.couchianus 72 [42] Oryzias latipes, Hsok 39 [40]
X. hellert, Cd 56 [42] Oryzias latipes, AA2 / [41]
X. helleri strigatus 35 [43] Oryzias latipes, Cab / (4]
X. helleri guentheri 25 [43] Oryzias latipes, Hi3 33 Y
X. helleri helleri 25 (43] Poecilia reticulata, MAC / [34]
X. helleri, RR-B 26 [42] Poecilia reticulata, BDZW1 / (4]
X. helleri, RW-H 15 [42] Poecilia reticulata, BDZW2 / [34]
X. helleri, RW-K / [42] Poecilia reticulata, Armatus / [34]
X. helleri, BW-D / (42] Poecilia reticulata, Guanapo / [34]
X. helleri, BY-F / (42] Poecilia reticulata, Quare6 / [34]
X.maculatus, Jp 163 A 101 [42] Poecilia reticulata, Quare6 11215-3 / [34]
X.maculatus, Jp 163 B 94 (42] Poecilia reticulata, Cumana / [34]
X. montezumae cortezi 35 [43] Poeciliopsis lucida 63 [35]
X. signum / [42] Poectliopsis monacha, S68—4 34 [35]
X. variatus / [43] Poeciliopsis monacha, S68-5 30 [35]
X. xiphidium 55 [43] S LT Carassius auratus red variety / [39]
Oryzias latipes, HBI-1 64 (40] i M Gobiocypris rarus 22 [44]
Oryzias latipes, HNI-II 57 [40] W ICES R )Rt Mugilogobius chulae 13 [26]

3 THHAEEERMERE

3.1 XWEMEETE

WL 3 ) et A e By 1 R e AR A I
SEACTCTE G 58 Tl vk s B AL AS e v/ B pf it
PR DR ROREAR KN A el #5 25 2, /2 RIEAL
SRR T A REC LT AR T 1% 1) S /AR R
B, T M/ BRI R, BE A,
TEE AL Fp et B b B 5 37— BB i 100
XTLA b A TRk S 4 o0 8 P AR ST A5 B,
FECE T I8 2442 5, 40 50 X DAL ] 3k Bl L 58 Bic vk
R A FRH I B HE 7 141 3% 1 2C L ( parent-
offspring) 4= [F ML SLIRAZ L (full-sib) >f [F] M Se ik 52
fi (half-sib) AU S ik 32 B ( double first cousin) ,
Hh 4[] i D ok < e Ry A 22 B RN B R O XL %
MM RS T A F LR AL RCAH
VKT WIS R TE 2V €M vaé Bl ' Il BN 1 472N
g R 2 m B RN R R

i A ] A I MERZ K T AR AA TR AN, ISt g
21t ZR a1 2 ACHEAT ERX A T AR AT B
C32 A A BYIEH RIS R 1 A% & A0 2] i ol
IRAZHE

Sb AR SRR S YA L, K AR S S ) K SR AR
W IE K AR S S W) B B ISR FR SR N 5 125 AR
ZZH SRS Y, KA R A 525 S ) R A
SAE T 2B R, It K2 BRI Z NG K
(PEEL5E) WA RS2 (SR 5% B ARSH
T (LIRS )  (HAE B P RER & b, — 3 A%
LR B A P 3% T Jom A A 2 e, LR AL, A
RS LR, “HFAENGE AR —
B, PRSI G £ B PR AT 58 28 15 /07 0k ml A A
Pl A S 9 Bl D5k, T EL AR 40T L A B R AT
B R A HTSE T ARG 28 BRRRE A T IR
3.2 ZIREHREERE

S R M AR R — AR R G R
TR A A AL Y R A i 52 Bk 2 R
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W) , G F DAY R R 3T 52 AR B Ak R v T e Y 35t 4% 7
e GRERAE AR TR 2R B DL R N i
85 R SC I B A BT X ) 5 AL B A
Tl R 2R AT 25 O S S A g by R A i
3.2.1 HpARE

TEB RS P 0 A 3 75 X L D o A Sl AR
HEFT RS B b STSE SE B DR R R W TR, OF
TEANAY I IR 51 RIS S 28, L 4E Fh 40 R TR B |
MR LU 51 o B 4 2 SR BB ik A TR A S
AR— AT 50 X5 — EUB 37 SR IR R SR AR ST B
B PATREAAR , 0 DR A 1 BEFE A BR T REAAR S, 78
P ST 2 8L 5 4 AU b IR AT R4 Y
ARG RIC ;i F g, M T hsid %07
V5 eI s B 2 G BE FIRE R G A P IR S AT
WD, LA R 5 PR S 06 0 Y I S M e &2
BT
3.2.2 EXHR

UEAZ F AN IAT 56 B 1Y BETRIC 5%, AL A R T
RAAPR B T B Y e R I S B R AR
T TR S B HE TT V , BE IR A e IR 4 [R) P e ok
TECER TR A B SR 4 R
AT R T BE LSS TE , 53 81, BRI 00 i 44 T vk 2 R
UESEFE 1% 28 ] R ) B AR o DR e — AR S g fa
B A I — EL AT W15 0 4 5, A W] 37 58 BT 19 S 6 £
LA WA 0 IR B AR SR R AR ORI
ASCEEZRBERE ARG A H I B A 0 N gt
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[ Abstract] As an important experimental subject, experimental fish play an increasingly important role in life

science, medicine, and water environment safety evaluation. At present, domestic production and research teams of

experimental fish are expanding rapidly; the use of experimental fish is increasing yearly. However, the quality of the

experimental fish is inconsistent, which may have a serious impact on the result of scientific experiments. Therefore, there

is an urgent need to formulate experimental fish quality control standards to regulate and guide their production. This paper

reviews the quality control of experimental fish and its research status, and provides suggestions and references for the
development of experimental fish quality control standards.
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S PR B S N S 6 R N SR S
[ A 235 | S 0 A PR AR AL HE A S, DT 2 i 5K
Ut FE R 2 | T P 2R AR AT A 1 FH O A
JEIA T REAE B S50 N B RE S S50 o D 4
TRbR, B AT G 3 E 3h Y A DG R L AE , AN
AEAE T A 3 2R B[R] s R X S 6 £ A% Y PR
A e S LAAEE ]
2.3.1  BEE )RRl e bR S EoK

CZRC ¥E 22 22 479k I A ) il 55 45 SR 3R W1, g K
S RHIEE (Aeromonas hydrophila) J&5 | 2 HE £ W Il
SiE 1) FE B I 5 Sl O X bV b DXCBE D £ [ R
35 SR A i 552 0 K A BRI T Sy S B = P R R
BRI IR (HAFER M K
WRARIEEOR T, 72 il 8 T B AR K IR A BUR
TR R Z 431 % T SO0 P g 7K M
BEIh o B BRI EE 1, H Ry 2008 AEAR AR
(— = =2Rh W dm i B 44 5% ) (LA TR PR “ 3589
B ) FIAE 1 28K AR Bh e e (40 TR PR DL )
B9 5L, J8 T P e N R R TR T R U™
R D ICAER it , B Lk O e S R ot A K
B 1 I 7K BRI B D f A K AR A

E o2z B R W, Z R0 o0 BT T RE 1 AR
Bt 5| R Bt N AR B S {3 H
M BFF 5 ( Mycobacterium marinum ) X Bt £ £ H
AEEoRER ) CZRC BRI T LA K [ bR BE 5 £
M1 .0 ( https://zebrafish. org/wiki/health/disease _
manual/bacterial_diseases ) ¥l 45 5 g 7S | ¥ 43 04T
PRI S0 2 PN BRE D £ R UL T, 52 T B D £ O 2
UIER R @R R <0 2 e [ R (5375 5 S M B
TN 3 B R, B A O R S5 N B R
P LTSy SR B BE D£8R S N B Y 8
T ABURE S SO R E R Bt R FR R .

RGE 48 [ B ( Edwardsiella tarda) 3
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“RENR £ SR FIE B =K A S W e R I, T SE
I REELR R A SRR g A3 TR TN 3 e e
JEPT L XIARAFEDO AR Y 45 SRR R 9% B AE AR T g
H ARG B A 5 D f 5 B ) K AE T, H 5k
38 N BE 5 0 1) TR one R il 2T IR S
T FEABTRDN S5 25 PN BE 0 T 7 (9 A% 1 I g XU
AESCHS I8 7 2 1 A8 T L Ry 3 1 £ 0 B R
85 o

Z+F/INJNH ( Ichthyophthirius multifiliis ) J& 7K ;=
FRHE LA S F AT Ml d5 Ry ™ i R 2 — TR
“REIR A S AR B = 28K AR s W e B R
P £ 200 SR AR e & SRR R AE T A
AIF S S A A ) 552 56 2 e A sk o | b R 48 B 25 1) 36
DR 21/ N i OR B AE TR RG], T
2o/ INTI HOX B0 £ 1 AR R 3 8 B8 K )
o, A CK HAAE B 0 AR FR AR

T F H ( Pseudoloma neurophilia ) J2&: 3 1
W LR R 2 — 2 CZRC RIBR T 35 DBt 5 i
ot i I . B LD f R L 9 O TC B AR AR, 2
A RYL R A2 T BB 0 B HE I 52 B
St 28 A W) 2 FVE i R B AR 55 D5 T IS
ZEIRLIT SR A S S AR R PG
O, B BCRE A SR S B B A R A

AR AR B AT B ( Flavobacterium columnare)
T AN PR B B ( Aeromonas sobria ) | ¢ AR B B
( Pseudomonas fluorescens ) 35 J B Y S 56 %8 N BE 5
oy 1E O WS A & 2E (http://www. zfish. en/
inforscan/252.html) , (HAN K Jit 57 | a4 52 7 461
BT B, SRR SR AR DR T i 1 A 5
2.3.2  SIR MR RTEAR 5 2K

BRYLFTX G R 8 20 Z4R0R ISR 45 R o | 5
5% N 1 e H5 i AT T A K SR BR L HDIR B
PR TRR AR B 2 0 v 7k B R R g
5 | ) 0 A O T S A6 T O, i He At IR 2 7
IR S8 AR A7 I Ty A A b e R R S
A BRI AT 2 /N R AR S (B2 5OKIR
LA RA G s S5 A O, S0 % A RS S 1
TR KA ST ORI K R £ T
AN HLA3 53] R 3 [ < 05 44 537 KL i 8 =2k
TRA Sl W s s ik, ELXE &1 8 £ HL AT 55 19 BUR
P, B BCH B0 Mg K SRR B A 2 /N R HUR E
N fa b K AR bR, FEAB AR S AR B 5% 5 R Ol 3
iRl
2.3.3  WRpRAMREFEIE R IR 520K

B W I XM B £ i 8 A 45 SR SR I, BUw Mg

KACE N TR | R 22 22 1 AR T AR5 9T ( Vibrio
SRR PR AR I 5t s S A, R S 2 TR AR T
Xt P £ ELAT R B 0 (256 2 P A £
P RRF A S 22 A W 35 R A ) R BO B, F X
SER 5 AT BE N B AN R BE SR T I SR BT . K
TP V8 7K S TR FR 22 % PR AR TR 43 ) ol 3K
B SR 44 S R 1) 2R A = 28K A s B e 1Y
i, 7% 18 B R 2% 5% 1 AR TR XU 5 £ 1Y 5 BUR
P, B CHE B0 M g 7K BRI B AR 92 % TEAR T AL
JE WU PR ALK TR B, K B 405 DI R O B 5 f A
BRI TR bR M Ah, 7E 9N TR B, 20 AR R
Fa AR A HIR S T A B I #E HL ( Amyjoodiniurn ocellaturn)
L ()15 O, B2 18 R B A% B ( Cryptocaryon
irritans ) X} ¥ 7K A0 251G T, A IR R 44 S
PUE 19 2K A Sl 9 s 199 Tt DR b A TS0KE 3033
Bet% s E Ry BR R f DA A iR A, IR A5 TGE A3 D9 394
R BRI R
2.4 ABREBEX

SIS iRpRL T -5 S8 Sl W i DA G
T AN/ 2 38 7 ST 8 1% 98 35 i SRR )L IR T S5
D TETE R T RS TAE, B AF 55 B9 1 R R
fafRlRHE IR T 5K, B T IR R A0 ARG 5 S U
SEREE T SR AR E IR R, O LA T B AL
A RS A YR X S 2 PR R A B S ) AR
THCA TR R W s BUH PR A YR A PR 4
XoF B B £ 1 APARL 8 3R R SRR 5 T J 1 RO 5 56
[ Zeigler 23w = BEh a4 AR, AR, BT C
BB S8 5 R Y, F R D R A AR
B RME N2 A F 5T 3 B MR AR 1y TR A 52 36
7R A A BRI I 5605 T O T N TS Y
ok ARDRE R AR TF B B DR [ N B S G
FA PR R B AR AT DA W R R L AR
BHLFEFE L H R JE HU DL Kb SRR A AR
Horhg du | pq Hu | B8 LR fc A T A W TR
A W R A s D A A ) T R SR g S | S S
gt ST AEG . AT LR AR YRS A 5L,
Az Py RN LAAS 485 5 S5 36 £ 1 HlE B 1) Gl A= 0 2
Az Sy SRR BEOR, BB R K N A S NY
5052 IRLAE IRKRIAF & GB 5749 WHLE , LA h
A ) TR o WA S
2.5 IMBIERREX

FrRIHPREE N S 06t HAT B WK IR
SOt A BT S A BE ) A A T RS S
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T EL A KR £ 28 A A7 I R A AR ) pH
W) 255 | S i 28 2453 405, ARG 1156 77, 1 3K B0 i 245
B WA KR B A R Y R
HERWBE LR, SaRAK B B AT
AR RTINS 3 = PR (A o oy | Ve o A = 1)
R T, ARV i A, & T B AR g A, T
SO LR B R TH AL g ) A, T E A = B
T R S It R AN S i £ 2K i T 6 b
R EpLaE , M B i A 2 S S h e,
B ARAN A TEAE K R {EDIG BE SR B G JR 0 % £ 2%
SPGB EE Y T Rk
WEFR 25 S, 1 S 56 F o f 42 ol A o X6 S B 7K IR
HoKRZE 5% pH A A R E B 72 1
BN RER K T HE 3 X B 5 58 5 B[] S5 /K A BE 48 b it
AT TR s X ) 5 1) 9 BE | e IR TAE REBE | M s 45
IBEPR PR AT RS

2.5.1 TRFEMEAEEFE bR

(1) =R H 2 5 25 . 18 3% [A] R 48 1 225K 1Y
AIRTE RIS 2 8 H 2 22 B, WK TR L3 il
WP i FR AR B SR 2 R RIKIR
PSR, 7K IR S 7T 22 U 3 s B RN, S B
I REAE, TA) 3% ] i B 42 o 408 1) AT ms K K (=
2°C) B H ZHEZEABAL 6C

(2) My, K FAT 2 B, f0 2R 0] Ad i 3 L
I v fig el - Matthews %[53] . Barney %[57] HF
5% 2% W B 1 £0 BB L SR 58 5 14 7K 2 | K O 55 PR 45 gk
BRSNS 5 R B ) S5 WA AR
N, BEDhfAE 70 dB MR RSN, HAT N (123
R REFIRE V) TCH B AR i 63 S 4E 117 dB Al
149 dB My 255 5 N HJE, FIRE K Rred
KR R R DR R R R R R A TG 3
S0 AL 2 G BE T A A 7 A R S A AR
MR ) A8 B AE R TN (g R R R 3
FEY ) GB 22337-2008( Fk 4 Az 1% P45 e 7 HE A
V) B Ak 2 A T e 7 HE AR [B] BB 70 dB, SE56
FRFR A S MR K Z R 60 ~ 67 dB, MRS T 5K
B T o AR LB E AR TR, FL, &
WL R SR M L. < 70 dB,

(3) I TAERRRE . TR ARt A PR A D
TAEFRI IR, SC80 0 5 SC 50 s s PR LY
TAERRET R —2, ISR GB 14924-2010¢ 5256 5
Y1 I KOst ) e TAERREER =200 Ix
2.5.2 JKIABEFERR

(1) 7K : Spence 25190 X5 Jin [ B o £o J5 5
Hi 9 ASANTR] b DX 7K 3 A 00 45 SR B, B I A R

KRG K 16. 5 ~ 33°C , 7 IBE I fa 01 3 A
32 MR P s Matthews 258 B9 45 3 26 W B¢ 2
HFEFKIRTE 24 ~ 30°C RS Fefd:, B D fa %
BEOKTREL R 24 ~ 30°C, 40 5% R0 451 F 5t 4
AR B KR 20 ~ 30°C, RIS, R4S
WP 20 4F 1Y 5 5E 52 B, Al BT 78 A /KRB 22
~ 30%C,

(2) HKIRZ 288 TA R Y, IR R 5 7K
T TR AR AL, PR K R I Bh 25 5 | ke f ik — R 5]
NN, B S gG  k  EE B SR T, B
H 7K i 22 /N B B {H 25 6 5% B S B RN AT # 4R
I H KR 2Z T E 4°C NIAIE .

(3) L F3R ; Avdesh %5 #fE#7 BE I £ L G 2508
EYEFE A 300 ~ 1500 pS/cm ; MR8 [ PN = HE T f1
FIGI 2 R0 0 s R 45 5 | LR A /K H 2 R 4 o
TE 500 wS/em Aoy, W FRFE /KR AY g e 22 5%,
e ] FR Ve | I T AN B FE A RS K L R
JE RN 300 ~ 1500 wS/cm,

(4) pH MR ¥ Avdesh 251" BIF 57 45 51 BE &) £ 5
‘H pH BN 6.8 ~ 7.5;( SR MIFRFH T W) 17 &1
FEfuidE B pH JEHE M 6.8 ~ 8.3, GB 11607 -89
el AR JBRR Y FILE g /K B 375 pH EYEREI R 7.0
~ 8.5, M RIRME K pH [HHEFEELE 7.9 ~ 8.4,
MR 77 5 52 e, # LHR R M pH {H 4 Wl 7E 7.0
~ 8.5,

(5) B f#4R . GB 11607 — 89 ( b 7K it A i ) 22
SRIFIR K A0V R R B R ZA 16 h L KT
5 mg/L, HAARA B AR T 3 mg/L, A PRERESE
£ i i | I A I IR B 2R G D IR T K VS R
AKRTF 5 mg/L, TR MAfrfN KSR,
VIR SR AN EAE 2 T UK MR AR, (H 3 4
RIS S B0 AT 1 16 B, 45 A SR O, dE
SEBG A ft F K SRFE I AT 3 mg/L,

(6)Eh i . 2ot FE 25 O BP9 A R P £ B
TEEEREVL N 10. 0 ~ 20. 0, 48 K5 B3 36 L o
0.0 ~ 40.0, Mt AR EEA R ER N 35. 0, He
R B2 B FR A B 10.0 ~ 35.0,

(7)AEE T2 M i . GB 11607 -89 (¥fa b 7K & b
HEY MUE 3 FASE M R /NT 0.02 mg/L, 3X & BiAR |
LAWK TR Te bR, EHEAE 0. 02 mg/L LLF B — %
ANEGH K, MK AN AR B —En
i 52 1, 0 B 10 2 U 28 4 TR 0. 91 mg/ LM 1]
T M K LI A AR T IR E R, B,
AUBE B R K AR B &K < 0.02
mg/ L, HF R IR F2<0. 04 mg/L,



120 Fh [ S2EG S WA 2020 4F 2 H 45 28 4555 1 ] Acta Lab Anim Sci Sin, February 2020, Vol. 28, No. 1

(8) MPAH iR b vk B . 7 i 1R b 2 U AL il i
R AR R A ] PR A R AR X (0 2 B, K
A Hp I A PR R R R 3w B, T VB S WO
i NG = (IR AN 162 RO RAR: A= E X Vo h =1
BRIMZLAR T, NI i 3 2k B4R ), — iR 7K
O AR ER MR B < 0.2 me/L XKL TFE %%
PR PR R B (R 1 R ) i el AP I A R %o £
AEEE BRIV 2K rb A 2 6 35 PR B0, B R £ 4
TEAEREE < 0.4 mg/L,

(9) 7K 1T AR B K 5 7 P s 2 R e (1] BAE 5 003
HHKT MR N 54 ~ 324 Ix, ARG SSBE ] 14 h /
10 b 5 M4 [ P ZMIFF 5T 445 SR A0 ] PN S 58 £ ) R A
0L, B I A BT ] 14 h /10 h 2 B i s
(IS5, SR ff FN IR B2 £0 K T B8R N 578 I 1% 48
T ] 2 BOBE L 0 [, W] OE R B AR
I, HIBE S | G fn | WF % 0K T Bl 54 ~
324 Lux, WIHEAZ ] 14 h / 10 h,

3 RE

VAR RfE SEg A FE R TR T
I 2 90 fa B BA AR S 37 5 FL B AE B AR R
SR, B T JC 48— B 55 5 £ o o 455 1 5 325 0 LA R
0, A5 5G f AF 5T N B Rk 1 5 WFSE O 45 A
ARTR] XTS5 6 £ 3T 4t 42 1) 09 LA R AR A — 2
25 S EUE NS A ) R BSOS SE, AR TR
Sty A W, BT, BEE A S 2 | R
FEATERN ST AL S W RN A Al L el B A B
A 7T TR R B RO IY, AR S gt R A
o AR A S A S R AT, A N DR HE R S 5 £ T
P b o o 2 B A R TR S A ) A 7 AR
PO 5 [F] i Jy $ e 3 (] S5 40 £ T o {2 3R
E R AR A PRI B

£ % X #k(References)
(1) BB, FgeW. b BE D 0 RS R R SBR[ 1), i

1%, 2012, 34(9) : 1082-1088.

Jia SJ, Meng AM. The development of zebrafish research in China

[J]. Hereditas, 2012, 34(9) ; 1082-1088.

[ 2] T, AW, BEE, % IR 0550 5 P PR

B[] E S S PAAR, 2018, 26(4) ; 493-498.

Li JJ, Yu LJ, Cai L, et al. Advances in research on
Mugilogobius chulae, a laboratory marine fish resource [ J]. Acta
Lab Anim Sci Sin, 2018, 26(4) :493-498.

[3] ZEWT, &%, Pk, BED B8 I8 0 T kR85 E K 5
SB[ )], T ESCER SR, 2014, 22(6) :93-98.
Li KY, Pan LY, Sun YH. Development and maintenance of

zebrafish resources, and the China Zebrafish Resouce Center

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[J]. Acta Lab Anim Sci Sin,2014, 22(6) :93-98.
R, WA, YW, B OKESESY SRS [M].
JE5T: Ol R 5 2005.

Wu SQ, Huang ZB, Li KB, et al. Aquatic laboratory animal—
helleri [ M ]. China

Xiphophorus Agricultural

Press; 2005.

Beijing

CCAC guidelines on the care and use of fish in research, teaching
and testing [ EB/OL ]. [ 2005 ].
Documents/Standards/ Guidelines/ Fish. pdf.

http://www. ccac. ca/

Use of Fishes in Research Committee. Guidelines for the use of
fishes in research [ M]. American Fisheries Society; 2014.
Johansen R, Needham JR, Colquhoun DJ, et al. Guidelines for
health and welfare monitoring of fish used in research [ J]. Lab
Anim, 2006, 40(4) : 323-340.

Westerfield M. The zebrafish book ; a guide for the laboratory use
of zebrafish ( Brachydanio rerio) [ M].
Press; 1994.

Guidance on the housing and care of Zebrafish. [ EB/OL ].
[2011 = 05]. https://www. scilifelab. se/wp-content/uploads/
2013/10/ Guidance-zebrafish. pdf.

TR HORZE B 2y, SEIR I 5 1 30 AW R S
B Wil - DB11/T 1053. 1-2013 [S]. 2013.

University of Oregon

Beijing Municipal Science & Technology Commission. Laboratory
fish Part 1. Microbiological standards and monitoring: DBI11/T
1053.1-2013 [S]. 2013.

e HRARORZE Bl 2. SEB A 55 2 R 4% A A AR R
Je W . DB11/T 1053.2-2013 [S]. 2013.

Beijing Municipal Science & Technology Commission. Laboratory
fish Part 2. Parasitological standards and monitoring; DB11/T
1053.2-2013 [S]. 2013.

et HRERORTE B 2x. SO I 57 3 F 43 - st BT ) -
DBI11/T 1053.3-2013 [S]. 2013.

Beijing Municipal Science & Technology Commission. Laboratory
fish Part 3. Genetic quality control; DB11/T 1053.3 - 2013
[S]. 2013.

e iR RORZ 5 4. SEIRH 0 58 4 384 R ELE 2 T
JE:DB11/T 1053.4-2013 [S]. 2013.

Beijing Municipal Science & Technology Commission. Laboratory
fish Part 4. Specification of pathological diagnosis: DB11/T
1053.4-2013 [S]. 2013.

JeEmiRERORZE B2, SR 55 5 R4 LA RDBHREAR
F3R . DB11/T 1053.5-2013 [ S]. 2013.

Beijing Municipal Science & Technology Commission. Laboratory
fish Part 5 Technical quality standard for formula feeds:DB11/T
1053.5-2013 [S]. 2013.

AR BARZE G2, SR A 5 6 . BRI &1
DBI11/T 1053. 6-2013 [S]. 2013.

Beijing Municipal Science & Technology Commission. Laboratory
fish Part 6; Environment and housing facilities; DB11/T 1053. 6
-2013 [S]. 2013.

R A o PR B R SRR 02 SERGLT A CIHD FRis 14
. DB43/T 1191-2016 [ S]. 2016.

Hunan Provincial Bureau of Quality and Technical Supervision.



P E SIS 2R AR 2020 4E 2 A5 28 %55 1 ] Acta Lab Anim Sci Sin, February 2020, Vol. 28, No. 1 121

[17]

[18]

[19]

[20]

[21]

[22]

[24]

[25]

[26]

[27]

[28]

[30]

Laboratory fish  Genetic quality control of laboratory red crucian
carp C1HD strain: DB43/T 1191-2016[ S]. 2016.
Hebert PD, Cywinska A, Ball SL, et al.
identifications through DNA barcodes [ J]. Proc Biol Sci, 2003,
270(1512) ; 313- 321.

Lambert DM, Baker L, Huynen O, et al. Is a large-scale DNA-
based inventory of ancient life possible? [ J]. J Hered, 2005, 96
(3):279-284.

Avise JC. Phylogeography-the history and formation of species
[M]. Cambridge: Harvard University Press; 2000.

Biological

Yoon S, Mitra S, Wyse CA, et al. First demonstration of antigen
induced cytokine expression by CD4 — 1% lymphocytes in a
poikilotherm ; studies in zebrafish ( Danio rerio) [ J]. PLoS One,
2015, 10(6) . 1-26.

Pressley ME, Phelan PE, Witten PE, et al. Pathogenesis and
inflammatory response to Edwardsiella tarda infection in the
zebrafish [ J]. Dev Comp Immunol, 2005, 29(6) . 501-513.
AN, DA, AR, A, 2 DT T 2 S 5 X B o g
HORIEN [J]. K= RLE, 2017, 13(5) :33-38.

Fu XZ, Fang W, Lin Q, et al. Immune response of mandarin fish
( Siniperca chuatsi ) to attenuated Flavobacterium johnsoniae
vaccine [J]. South Chin Fish Sci, 2017, 13(5) :33-38.

Slany M, Jezek P, Bodnarova M, et al. Fish tank granuloma
caused by Mycobacterium marinum in two aquarists: two case
reports [ J]. Biomed Res Int, 2013, 2013 1-4.

. S BE £ DL T A 43 25 G T K SO P 5T
[D]. Ly ZREERY:; 2014,

Yang C. Isolation and detection of common pathogenic bacteria
and associated pathogenic research on laboratory zebrafish [ D].
Shanghai: Donghua University; 2014.

MRZF-, LB, BR&, S oK aAmmEmuE (1],
JKF=, 2011, 38(3) : 54-55.

Ceng AP, Jiang YL, Qian D, et al. Freshwater fish bacteria
septicemia [ J]. J Fish Chin, 2011, 38(3): 54-55.

Watral VG, Kent ML. Pathogenesis of Mycobacterium spp. in
zebrafish ( Danio rerio ) from research facilities [ J]. Comp
Biochem Physiol C Toxicol Pharmacol, 2007, 145(1) : 55-60.
Kent ML, Whipps CM, Matthews JL, et al. Mycobacteriosis in
zebrafish ( Danio rerio) research facilities [ J]. Comp Biochem
Physiol C Toxicol Pharmacol, 2004, 138(3) : 383-390.

Chang CT, Whipps CM. Activity
mycobacterium species commonly found in laboratory zebrafish
[J]. J Aquat Anim Health, 2015, 27(2) ; 88-95.

PREF, IR, $&, % RZEEERIRER [J]. PEK
77, 2011, 38(7) :49-50.

Ceng AP, Jiang YL, Qian D, et al. Edwardsiellasis[ J]. J Fish
Chin, 2011, 38(7) :49-50.

XA, RPN, PR, 4. B R 52 % A R T 1 3 L8
gt B AR [ 1], AerhRoal K244, 2013, 32(3) .
105-111.

of antibiotics against

Liu C, Li LB, Wang KB, et al. Identification, pathogenicity and
drug sensitivityof Edwardsiella tarda from Danio rerio [J]. ]

Huazhong Agric Univ, 2013, 32(3) :105-111.

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

MR-, A, A, /NI [J]. FEZK™, 2011,
38(8):37-38.

Ceng AP, Jiang YL, Qian D, et al. Ichthyophthiriasis [ J]. J
Fish Chin, 2011, 8(8) :37-38.

von Gersdorff Jgrgensen L. Infection and immunity against
Ichthyophthirius multifiliis in zebrafish ( Danio rerio) [ J]. Fish
Shellfish Immunol, 2016, 57. 335-339.

Kent ML, Bishop-Stewart JK. Transmission and tissue distribution
of Pseudoloma neurophilia ( Microsporidia) of zebrafish, Danio
rerio ( Hamilton) [J]. J Fish Dis, 2003, 26(7) : 423-426.
Ramsay JM, Watral VG, Schreck CB, et al. Pseudoloma
neurophilia infections in zebrafish Danio rerio ; effects of stress on
survival, growth, and reproduction [ J].
2009, 88(1) . 69-84.

Kent ML, Harper C, Wolf JC. Documented and potential

Dis Aquat Organ,

research impacts of subclinical diseases in zebrafish [ J]. ILAR
J, 2012, 53(2): 126-134.

WRELE, R, YN, 5. SR AR A0 T 7 ) 5 I
BB [J]. K77 24], 2000, 24(5) : 467-471.

Pan LJ, Wu SQ, Li KB, et al. Application of Xiphophorus hellert
detection of virulence of fish pathogenic bacteria [ J]. J Fish
Chin, 2000, 24(5) . 467-471.

Garcia F, Fujimoto RY, Martins ML, et al. Protozoan parasites
of Xiphophorus spp. (Poeciliidae) and their relation with water
characteristics [ J]. Arq Bras Med Vet Zootecn, 2009, 61(1):
156-162.

R, WA, 55, . W RE R i 0 B i I K
HEOREM R 507 (1], K FE, 2018, 14(5) : 45
-52.

Yu LJ, Miao ZY, Cai L, et al. Pathogenicity and impact factors
of pathogen causing ulcer disease on Mugilogobius chulae []].
South Chin Fish Sci, 2018, 14(5) . 45-52.

REEEE, 4, PR/, 45, 38 IR IR 52 10 Bom 6 O T E
M 5% ()], shipBE2eitE, 2015, 36(9) : 51-54.
Yu LJ, Cai L, Chen XQ, et al.Isolation and identification of
pathogenic Vibrio vulnificus from diseased Mugilogobius chlae[ J] .
Prog Vet Med, 2015, 36(9): 51-54.

BIRAE, MOLEE, A%, 45 R[R R0 o LG AF 2 fa 2k
WHAAMARCR 2w (1] E R ESRE, 2016, 26
(1):29-36.

Wei YZ, Lin ZT, Li JJ, et al. Effect of dietary nutrient level on
the growth and feed utilization of Mugilogobius chulae [ J]. Chin
J Comp Med, 2016, 26 (1) : 29-36.

BLEAE , ARAE, 2%, 1K QIR 0 0 4h £ IRDRL 27 4 3058
AR [T]. 7 RAEIFE, 2017, 44 (1) : 149~
155+2.

Wei YZ, Lin ZT, Li JJ. Preliminary study on suitable cellulose
content in formulated diet for juvenile Mugilogobius chulae [ J].
Guangdong Agric Sci, 2017, 44 (1) . 149-155+2.

EE, XATE, A, 5 D Aafam A TET SR
[J]. ILERBE, 2010, 23(4) :27-30.

Wang X, Liu KC, Wang XM, et al. Experiments for artificial
cultivation of zebrafish larvae[ J]. Shandong Sci, 2010, 23(4) .



122

rp [ SE B0 sh 4 2020 4F 2 A %5 28 55 1 8] Acta Lab Anim Sci Sin, February 2020, Vol. 28, No. 1

[43]

[44]

[45]

[46]

[50]

[51]

[52]

27-30.

Jete. W AT (1], e (LR
J) , 2005,44(S1) :254-257.

Long H. The effect of temperature on fish survival[ J]. Acta Sci
Nat Univ Sunyatseni, Nat Sci, 2005, 44(S1) :254-257.

AR, THE, SR, 45 AR X MR e P AR M
SRR MPALRNBEA R [J]. P EAKGERE, 2011, 18
(4) :847-856.

Peng J, Wang H, Qiang J, et al. Combined effect of temperature and
salinity on the fertilization and hatching rate in the GIFT strain of
Nile tilapia, Oreochromis niloticus [J]. J Fish Sci China, 2011, 18
(4) :847-856.

WA, B, BREE. KRxT B e im g s m [J].
BN ( A ARBLEARR) , 2011, 39(5) :129-133.

Tan JJ, Yang C, Chen CF. Effect of environmental temperature
on Immune status of fish [ J]. J Henan Norm Univ ( Nat Sci) ,
2011,39(5): 129-133.

RS, VR, ZM8. pH XL A0 LR i 5
FUF AR RSEN [J]. RER TR R0, 2014, 29(1)
27-30.

Wu H, Bai JJ, Jiang P. Effects of pH on hatching rate and larval
survival in transgenic white cloud mountain minnow Tanichthys
albonubes expressing red fluorescent protein gene [ J]. J Dalian
Ocean Univ, 2014, 29(1) :27-30.

TRHDE, 2R MRUKX LA EERK 2T [J]. K
AAER, 1997, 21(1) : 40-48.

Zhang PY, Li XF. Effect of acid water on several major
freshwater fishes [ J]. Acta Hydrobiol Sin, 1997, 21 (1) 40
-48.

FErig, KRR HEXAIABAETERER (1], 1
TERFEAETI, 2002, 10(44) :151-158.

Wang YF, Zhu XH, A review on impact of salinity on patterns of
fish ecophysiology[ J]. Stud Mar Sin, 2002, 10(44) :151-158.
FEE R, A, TR, SRR [J].
Ki*, 2013, 35(5) :395-401.

Kang ZQ, Zeng CZ, Yu HJ, et al. Study advances in the effect of
salinity change on fish[ J]. Fujian Fish, 2013, 35(5) ; 395-401.

U e S = o= RO (EY LR VA A 2 SR SN = R AR O &7 th o
IHRERYREM [ D], JO% . &R, 2016.

Kiang XY. Effection of high dissolved oxyen on growth, oxidative
stress, and immune capactity of Acipenser baerii and Hybird
Sturgeon [ D]. Dalian; Dalian Ocean University; 2016.

RN FAHE RS RRER X E B A i AT [D]. R, 4
sl k25 2010.

Li B. Effets of ammonla and nitrite toxicity on Yellow Catfish
pelteobagrus fulvidraco [ D ]. Wuhan: Huazhong Agricultural
University; 2010.

2. A R A2k P2 ot B i Y A 3 A AL A R R S
PEGPEMERERI M [ D], BRI AR AR IR 2013,

Ye J. The acute effect of hitrite on blood physiologlical and

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

biochemical parameters and non-spcific immunity in grass carp
Copharyhgodon idellus [ D ].
University; 2013.

Wuhani; Huazhong Agricultural

Matthews M, Trevarrow B, Matthews J. A virtual tour of the
guide for zebrafish users [ J]. Lab Anim (NY), 2002, 30(3):
34-40.

Nedelec SL, Campbell J, Radford AN, et al. Particle motion;
the missing link in underwater acoustic ecology [ J]. Methods
Ecol Evol, 2016, 7(7) . 836-842.

Radford AN, Lebre L, Lecaillon G, et al. Repeated exposure
reduces the response to impulsive noise in European seabass [ ] ].
Global Chang Biol, 2016, 22(10) ; 3349-3360.

Nedelec SL, Mills SC, Lecchini D, et al. Repeated exposure to
noise increases tolerance in a coral reef fish [ J]. Environ Pollut,
2016, 216, 428-436.

Barney R, Maggy J. Guidance on the housing and care of
zebrafish Danio rerio [ M ]. West Sussex: Research Animals
Department, Science Group; 2011.

WA . WY BRI T P i 3 R AT AR IS [D]. iy
IR MRIRIE TR 5 2013.

Ling R. Abnormal swimming behavior under physical stimulation
in zebrafish ( Danin rerio) and control measures [ D]. Harbin:
Harbin Institute of Technology; 2013.

Davidson J, Bebak J, Mazik P, et al. The effects of aquaculture
production noise on the growth, condition factor, feed
conversion, and survival of rainbow trout, Oncorhynchus mykiss
[J]. Aquaculture, 2009, 288(3) : 337-343.

Spence R, Fatema MK, Reichard M, et al. The distribution and
habitat preferences of the zebrafish in Bangladesh [ J]. J Fish
Biol, 2006, 69(5) : 1435-1448.

Avdesh A, Chen M, Mathew TM, et al. Regular care and
maintenance of a zebrafish ( Danio rerio ) laboratory: An
introduction [J]. J Vis Exp, 2012, 10(69) : 4196-4196.
Tamaru CS, Cole B, Bailey R, et al. A manual for commercial
production of the swordtail, Xiphophorus helleri [ M ]. Hawaii:
CTSA Publication; 2001.

TR S, BALAR, AR R R ITRTRROR B B A
PR RGN [1]. P AR AR, 2008, 18(3) : 40-43.
Li JJ, Yang XB, Wei DL, et al. Effects of salinity on
multiplication and growth of Bareneck goby [J]. Chin J Comp
Med, 2008, 18(3): 40-43.

ORI, 2R BRIk, A5 B 2UR Y R AU IR R A
P SRR T 2RIV [J]. P R Rk,
2011, 21(9) . 45-48.

Lin ZT, Li JJ, Chen L, et al. Acute toxicity and safety
assessment of non-ion ammonia and nitrite on larvae of
ctenogobius gymnauchen [ J]. Chin J Comp Med, 2011, 21(9) .
45-48.

[KFEHH] 2019-12-03



2020 452 H
$28% H1i

o S5 B 2 A
ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA

February 2020
Vol. 28 No. 1

il B, 7 . AR PRI F ISR L) ]. th SIS, 2020, 28(1) : 123-128.

Yang T, Lin ZJ, Jiang ZX, et al. Review of the process of modeling acute kidney injury [ J]. Acta Lab Anim Sci Sin, 2020, 28(1) :
123-128.

Doi ; 10. 3969/j.issn.1005-4847. 2020. 01. 018

2P o 1 R Y A v A oY O
e M EEE B KK AT

(Aerth B2 R 2y 2 b, st

[BE] #vfRe TENSEERGREEMR S HRNEEFE, Hinz2 R8s k28 E
FHA 25 5 SRR AEAS — | 235 S 2o R L3 A 0 A G SR, K S R AR R A7 B 28 o L0 5 0y 1
FRALTH] R AR S T, A3 R A G iR it 5 5%

[RER] SM BB kR

[HESZES] Q95-33 [ XEKFRIRED] A

102488)

[ XEHS] 1005-4847(2020) 01-0123-06
Review of the process of modeling acute kidney injury

YANG Ting, LIN Zhijian, JIANG Zhuoxi, CHU Mengzhen, ZHANG Bing” , ZOU Lina

(College of Traditional Chinese Medicine, Beijing University of Chinese Medicine, Beijing 102488, China)
Corresponding author; ZHANG Bing. E-mail : zhanghing6@ 263.net
[ Abstract] Establishing a stable and reliable acute kidney injury model is an important means of researching acute
kidney disease. Acute kidney injury models have various modeling method, different application scopes and diverse
modeling standards. Acute kidney injury models were classified by reviewing the recent related literature and materials to
analyze modeling method, pathological mechanisms, applications, modeling characteristics and other aspects. This work
was conducted to provide promising references and considerable guidance for research and practice in treating acute kidney
injuries.
[ Keywords] acute kidney injury model; modeling; progress

Conflicts of Interest: The authors declare no conflict of interest.

S BB (acute kidney injury, AKT) , XFRE  IMPREGE 25005 5 A8 5 R R = B O ET,

VE S IR S PR S R TR 20 P B MOk — iy BT R P33 5 47,
B PR ELY R A P 2 — s
o ; 35 3 7
SC B U b B ety Ak g 1 SRR
LT A 4 25 T A R B L L1 e P B 22 P 05 BB 4 KL

FEBRIL PR PEZ Y i TR O R A I O 5
HZ WX ILTT AT, B3 2 R Sk '%‘Tﬂ%*ﬁ
Y, SEE T R S SRR 0 A B A B TR

TR AT KRN R R R A, R i‘luﬁ)&

P I DA ik | — O S R T R 0 DD R i
b S FLIE 35 2l Kk | v I i BRI kL R
PR SEIE S 22 LAAMIRIE TR 7 SIS KL, WL sh )
ARE /N R, il A S 0 e

[(ELTE ] HEKHRFERESE (81673618) , FE K R 258 1R B #2311 H (10400633210004) ,
Funded by National Natural Science Foundation of China (81673618) ,Qihuang Scholar Program of the State Administration of Troditional Chinese

Medicine (10400633210004) .

[EZE R ]I (1996—) L LAt A: A5 0r ) AP 2SBIRAAIIESOR . Email; y112652178@ 163.com
[BEMEE 1 9KIK(1959—) Lo, B, TARBRIN, 19 A2 S0 AFFE 07 ] . h2aBina s tsins  h 2 25 W s S & BRI Z50T9E

Email ; zhangbingd@ 263.net



124 Fh [ S2EG S WA 2020 4F 2 H 45 28 4555 1 ] Acta Lab Anim Sci Sin, February 2020, Vol. 28, No. 1

AR Z— , J& AKI BRI B i i R 2 B kil
At = AR AET R, G i 25 S O 5 R R A
BEERS | ZH 200 B s BRI R B I YRR B
BB, 382 5 & 90 G B 0 | 3 M4 (ROS) Sk
0 AT AR P Ca> RIS g A | RE QIR
RS i = AR R G [
1.1 XS kA X

XU & e P 32 ok B L N A0 2 2 s A
J7i o Shen 455 SRR K BB IE P2k bl 0, A
T sl bk e e P SN 35 45 min, FREETE 6 h, LIK
SUBF A4 Hy 4R SR B Sl 2TV I e I L T, A
A Z UE R IE R o) O, 24k H B i, 5 51k
S B T e SR AL, A AR R
AU XA R HE AT e R T B i S — R A
/N BEAE TR ELAICR AR R B R R B L P 7 #6240
B

IS A W, B RS IS 90% , 38 O 5% AR
7 B2 P SEL DRI B O i VAL 57, 8 48 28k Dy g e
15, R AR BT B 5 4 PR 52 PR A I, R s Pk
AR BUR G BT ik Ak, 5 1R B E 20 21 1Y Pl 43
B3 BARZ LA AR TR | PR i f 4, (03 5
e P B 2l Ik | A 1 Y O 9 ot sl ot &) S BOPLAAR it
FE KR BE W 3, I % v 1R S5, 5 1 R 2k Bl
I P B 5 ) IR AL AS R A5 (]
1.2 —'S &k B iE xS I %

— 000 B bk e BT 0 X D I e A LA
B 8 e PR R Sl b AT O Ak, 38 B T R T BeAR
PG R AA B A 5 R s RAE M . IRk
TR SD KRR IE R 10, b4 B e, %t
e # I A 45 min, ShAS WS LI P TE 24 h 5
ML TReiividech W3, BUFSGZA A ] FF AKI
RS W e BT 8036 97 45 7 TH BB 9Y, Rojas-
Morales 457 SR FH 12 1 1 B 3 7 0k B 401405 K BRUASE
R BIFGY & PR A 4 B AT a2 5 403 T £ B ) A4k
IO R AR ) R e A S JL R N

TR LU TSI B A e AT 7 i B
TR e v AR A TR T R A AR R
PR euy 3 & R N = 1871 ] TS U A
55 ARG ERAEROR | PR AIE 52 50 PR 45 (1 JC TR T
1H YL A WIS A S 0 A RS A5
1.3 #|oLELEEKE

' I T PR S v P AR 453 45 5 SRR 2 IR
R, B RV R S S 0, ek Rt

75 Ui FRE AR S It 38 i A 3 4 SR 3 A 4 4L
F R BRIEEAE 45 R R BN B R DL S A B A
i AR ke A, R H BEAL R o o —
5T, Eser %[9: T8 o X KBS R R 3 B ke 1A
120 min FHHETE 120 min J& i 2h 8 7 200 B 40 A
R HW 2B ] PR AR R R T HE .

TS5 4L BT 32 20 ik | R e vt PR A e i dke
SR, P BT i R o ) R0 1 PR R 48 U, 3
BRSO, 2%k AT P4 I S AR
FEHG R E R, B AR B VA HE RS
T, SR B RS R I, (AR R
()2, 1 T B K 25 LI o7 0 42 G 248 LR 3 R B ]
i IR RN R I
1.4 ZinAEERERMIE 5%

JFF 5 3 i AU %) B0 ot R S 0 R
JE , Sk B B R i — A B EDE R E R
Je g5 SR A Pringle 341 £ K BUIFIE T /R 4510545
Y, BOE 2R R KR, Je A+ 48 i 1)
P FLERIM 30 min, ATFJS PR 2 h BURL, i B4
U] UL /INER B B Ta] Bk e, B /NS b B 4 e
I ARSI 55, IR, WF 5% 2 B I 18 ) B R A R
B AR 0 B AR, M AR i e A /N U AR A
Bk 1 h PRE AL 2 h SERE, 45 5 T U i i
MG 51 & B NG b A K B 3R BE 5 5
Nif2/ARE {5538 B AH G

7 vy FUE A e L 48 40 % & St T R R A L
JH R e i P AR Ry TR AL T I R AR
JUE #5005 1 9 R A BEOIR S, SE sk b MR AR b s B AR
822 181V ML 38 AS B A, JEF . P 45 B 6% dle 1t 432
il 5 51 & 2 45 B DI R 25 A 1 | B 1005 7 1
MELLIE | SR 0 T I 2otk B 05 0 9 A A7 A —
FENMERE
1.5 kKT *

I MR T 2 1 PR T AR A A5 8% D Ay 2 F
PRI A o 2 I = BOPLAA J) S 0 B i i, 5 2 e & 32
BIITE Z— . SCI e il PR T AR A B b
15 22 2R FH O 8 TR 325 L B, 42 1 3h 49 it R AE 4
~ 6 kPa JiL [, Cardoso AU 2 S I Ak v &
P 5405 0 TR ) 9B 3, T R J A R ot 4 o) i e
5.33 kPa P, 4E:F 30 min J5 [B1 % 1098 52 1, ELWFSE
RN Z AU vl A B 190 By 2% o 4 AR v for
S E R

2 5 R 2% IR R v B0 AKT B 99 3EBL i A



P E SIS 2R AR 2020 4E 2 A5 28 %55 1 ] Acta Lab Anim Sci Sin, February 2020, Vol. 28, No. 1 125

L, T TN 2R 2 7 R S A FAPLBE, Stk
KA S AL AT 7= A KR A A e 2, P[] A2 575 A 9 4
P 3 g R A A 1 A0 g 2 A A R S W
HESA DR RE . (A R PR B RO B 2 K It
Z  HAMR R KR RAFBER LT3, £71F
B2 AT E PR (IR R R BE A8 48 07 8 | I ¥
TBhE i He AR 2 ) | A T T 5T o LS 5
YIS
1.6 HtFEIE

P I PEE T R S A R T A ] L 2
ERREGR L VLT H bk RSN Rk A, R
VF I B 3R VR VE VA o {8 Beagle K AE 3N W 14
Wi | & 5 L T 3k 5 g L PR ., R AL
ZLEE F TR TSR 1l o 1 B 25 W3 R A 4
USRI | 1 = 3 Iy i T B I AU B B 14
HEAKTAEY eI T5 ik B A 1T B0, i R AR, W] 58
FrahZWEE BN 2 5 AT B B 15 B30 ) i 1
PR S (EE S H il Il R 2 W B LR R ROR
FEAET A A R A8 451 3, A T 1 PR 25 4y 9t 1 F
I, SR T A A TS T AT

2 YESR

HIZ5W) 5 1) S B AR £ LA B 5
PRV 505 B I S T 3, DL S A vk - S T
KIUERFB L EE NS AT E
R A2 Sk 5, 2 LIS O Uk
£, SRl WM KRR
2.1 RKEBEERMERFIE

I RYUE RAFEROR TV R, Horp
PUBREME 57 AL, %2R 25 W) 2 2 LURUE 8 ' e
HEE B TR BN S REIE U 255 2R
HE PR W R, 5l /NE K R = SR IR
B, SRR R KRER HER RBERE
SR B O, B R T A L O Dk T S, R R
1o Salama %1% FHIE I 58 PR K85 2 (50 mg/kg)
#2815 d, A5 R ELAVE B0, JF WL/ NVEY 5Kk
MARMAMMIZIE ,, Rodriguez LRI R A KR
B i BK-6 ( growth hormone releasing peptide-6,
GHRP6) 5 3 {7 4= K A F (epidermal growth factor,
EGF) Al X i it RIS 2R 51 & 19 B 2B 18 2 k1
o %R BRSE K B I RO I T G i B R
150 mg/kg, HLEREAR 10 d J5 8B NER S NG
IIE,

AT R AE RIS 0 S TR Y
T 2576 B Bz 0T B9 AS W 38 BRI 5| & f 93 345 B i
P, VLT mT DU F il R b ST 2R hiA &
5 AKT 1 BBL I A5, (HAE A2 s A R 3K L 2
YIis S 22 HOMOR e | 35 PR AN — 91 A A
P SRS WA TR i AR R R T S A AT A
ORI
2.2 IR$AFSE

JE%A ( Cisplatin, CP) A HifaZE AR 2 7 2 5
[ R FZ 25 Al Al 20% ~ 30% B F 77E A
PR RSO R IR 7 7 U ST AKT f b
U A S Y B R A O, LA i ik e
1.0 mg/kg IR ZESE 5 d WHELFERT R, ZHLK
A A B BB - ] 5 5 A U TR A 1 T3
— 05T

BB FH G B 2 M4 AT 2 R S
PRSI AKT BE7Y A B ~FB0F 5 LA B A7 A o xot
B A5 VR LB RS0 AKT B 22 L G 145 2%
iy, WAy XA I I T G 5 Dk e 9, D e
SRR R e e 2, BRI Ik T2
FHF AKI AR 5 | {H ] B TRT I 25— 2R 87 ] A5 4k
0%, Perse 251 4 HY 2008 RUAT A6 15 400403 2 B2 A0 19
AW REE s B EORE i A S T 45k 5 B 48 47 AR
RLRE () 25 5 Pk A5 Tm) AL, e A0, A0 ) 8 M A 4
9, 3 T B M R T B A B R
2.3 EHRFESE

WA A S8 BB RS T A2k
BRI B &R A B TR s L H AT LA
TR o 3 He s 5 RS 1 50 ] 4H 41
TN )RR BE P I R A S i R A T
REAN G 45 T i R Al LA R o, Liw 257 %
SD K BRUSE LB ik i A 3[R 35 (10 mg/kg) AT L-
NG-fl§ Kokt 2 % H B (10 mg/kg) HiALFE | 30 min J&
FRIKAE B A B 7 R R i O B, &5 1 R R AR
TR B B NS YR BE LA B v KT i LT PR

T RSN T 0 Sk B R s BN
R InL VNN S REE B~ % K I 6 Y A AN = O | RIS A
SRR RN R A Y SR R R B A
T8 I 5 2 52 700 B 049 BEATL ) B2 25 90 1) 97 3K
PEMY  AEZ AR T 5 1t 52 ) A 35 56 L 2 ) sl R
FEUIRE AN ARAAT LU, Jo ik o8 e LI IR i
7B R R AR A, FL 5 3R 1 5 R W E2 B



126 Fh [ S2EG S WA 2020 4F 2 H 45 28 4555 1 ] Acta Lab Anim Sci Sin, February 2020, Vol. 28, No. 1

] JCHER PR, X SEIRIP 285 SR — R 2
2.4 SHRIFESE

SRS LY 1) B TR S AR
B IR 2 T AKT B REFSY, SAk R 7
PEACTR 3R 2 R KA Zh 4, w] LR R A e
Ko Y BB WG K BLLE HOAS K WA 35 B it
PRALEE RIS 19% FALREMW (LLEE R 2.0 mg/kg
HEELERT T ) ARG AR AR AR

SALRIEANUA S , B He™ 7] 3 BT 3 o
BN L B A S BORE B INVE RS, A BRAE
5, R, m 52 BB S 1 ' 2 4 B R 45 (R
ZA T BEPE AN PR T 5 I () Ao 5 e H Al 20 28
AR B A A Je b, AN R AKT 3 BR AL DAY
5%,
2.5 Hi#AWmiESE

B RS R B 2 sl i 2 R &2, SR
WEGA ] WL E 5 Sk AIRE Sk WAL S
B RN 5 4E T LS aE AN A B B R
SR, HRTC B DR, BRI e A 28 E
P 3 2RI, 20 24 30 o 250 ™A T 2, S5 Bl W L N 5
IR AZRe ) M R R S it R 5%

3 RuAE

J R R e MR T R S R A B Y
T WL Rl 22— AT 5T S 7 DA R B T 3K
1) 4 B PR AR E B Y SR I R IR L AKT 1Y fie 22355
PRI R B 00 A 00 2 DA e 35 J A
G, 3 AR TR B R B B Wy g, A
KB HE, SCae sy ml IR B VR R R AR
3.1 NBEHRFESE

PREE B A 4 O A0 R A B P 9 25 4 2 4
AR AR PN 22 A DR )RR, 8 T 5 | A AL AR Y
BPERIESL N, BRR T LN TR is T Ak
EELE S R B BUNERZ S 1) EREA S AL I BT N
WNFEZ (2.5 mL/kg) 30 min 7547, WLEE 3 4 50 ik
JE(MAP) T [ 2= IR 40% A R &AL )
3.2 EREIFIARESE

FIAGEFLGEALA, & d ST B M B R AR
7 B AR 1, Cai 451K BV i oA o A [l i
Mz L5 HL, A el 45 L b s B 85 i D E
I N, Tk I B B S NS S 5E N,
T S A B 22 o A R R G I s 5 | P
() MEEEAE , DA FE ST 28 MU BEAE T 809 AKT A5

ST TR L e B A e Y PR IR O
LK, NER S E WL LA S B e w4 2
AKI BRI 2 W77 v | R W 5 e 1 1 1) 5 B
P BAR R T HIE 7 L R R B e R Hi%
MG A4 AT (S BB U0 A 2 I 1 WA B i,
SRR IO ], AT SR 2 AR E N, B2
PR R AR AR A, S 00 18] A7 A B e ) TR
FETZ3R i W58 4 X PR AT Bl ik S R0 iR
etk 2k W S OB b A ) ) 19 JRe =5 ], BRI 2
YA, SR B | 20 B 1 AT 2 SR
Qetb gt 51 K S S B0 A R TIRARISE

4 NG

4.1 2MESHRGEINSERES

SEE 0 0 £5 2SR AR I R AR LM XE &
BE R tE AT T B34 UL E R AR AR A
SRR RN R G I P T Y D AR R 3 S
R EBARI SRR 2R R LMY T
RS AKI RN | 511 KIZ08 1Y & 0 55 2 M A7
25, H N T AKL &9 ML K 245 Y057 S0 i
FE 2700 25 S R LIV T I PR B 24 W s BE AL
il by =LA B, AT R AR, LA e A ek
I R B 5 A, S BE A 24 ) R ek S R M R B 1 4
¥, W KA s Y, 2 R T B 3 1 2 W A B
TRRFFE " S IR R LA 1Ry e SRR SR e o T AT
PEIRYLE B0 A BEML R 25 iR T g (|
H AT A R 5 5 /0, B3R VEXEJE JE T2 R 4%
L AR T R, I =2 R ik iy SR
A7 S ) 20 L G2 7 38 I DA SIS B B L4 T RE Y
P L,
4.2 Bx

SPE B, S I A e S T BB R R —
FBRLE AR, &R &% R 21007100 7Y H
WAL I RAE L R 2%, TR Yo+
Sy ), HESTAE A B B RLA B T2 4R
TR A ERALAR 5 O 408 A S, B R AY Sk
B RS AT R TRk« 1 AR Bh 4 1 4
215 N AL AFAE 2S5 (DL R b F
BRAL) 2 R A — 1 Hh R (S B BN &
R IREE B AE ) 53, B R AKT A5 RURIF 5% 45 /0 (X
DA BERE K hy ) 5 4. B HY S8 75 il ) TG 48— Ak of
(B RO R S s Zh Y, v]
TN HABFR IR 2 9 (G BIF 5T, G0 S 56 /N A | % B



o [ S0 sh 2 2020 4F 2 A 2R

528 %45 1 1 Acta Lab Anim Sci Sin, February 2020, Vol. 28, No. 1 127

PIi B 8 1 5 AR oL dn B 5 £ i s ik
BRI/ ZERYTRT IR ) THRAE, T SC IR 2l 5+
E’J#Mﬂmﬁ]%@ B 4R R B S W 5 el i
WA, S B 30 A ML &2 4k, Eﬁi%’é@%ﬁlﬂ
o BRI, S AN 7 52 3 L A Y A 45 5 0 5 e s e
'fﬁ%ﬁuﬁﬁa,M”“fﬁ‘@xiﬂwa\miﬁuw’“ﬁa‘lﬂ
TR AR I A IR W AR SIS I Y 0 E N A i
B DIbRAETT 5 , B BT T E S itr & n g 2
AR 05 I DR W 0 48 B AR 45 4, 340 I RS A
Ja AR AE FROE LR, AR SCT A48 ) AKT £
RIFBON S A TR SR S AL, B
TER R A SRt 22 5 B RS B 2k B 4t
BRI I SEME , S A2 1 I DR 201k VB 460 03 1) 25 1F
ST B E HLA
£ % X #k(References)

[ 1] Mehta RL, Kellum JA, Shah AV, et al. Acute Kidney Injury
Network ; report of an initiative to improve outcomes in acute
kidney injury[ J]. Crit Care, 2007, 11(2) : R31.

(2] WRSC, faf . B e L PR v L ML ) B DR AT 58 it
FEzy, 2019,14(5) :1068-1073.

Chen WH, He LQ. Research Progress on Mechanism and

[J].1it

Protection of Renal Ischemia-reperfusion Injury[ J]. World Chin
Med, 2019, 14(5): 1068-1073.

[ 3] Shen S, ZhouJ, Meng S, et al. The protective effects of ischemic
preconditioning on rats with renal ischemia-reperfusion injury and
the effects on the expression of Bel=2 and Bax[J]. Exp Ther
Med, 2017, 14(5) :4077-4082.

[4] MR, 82, BRE, % 05 AERS XU # e §

VBB e P TR0 G A AL A B R Ty i [ 7). P ] e A IR 2 2
&, 2018, 28(6) : 106-110.
Xie MH, Gu CZ, Li FX, et al. Establishment method of a rat
model of renal ischemia-reperfusion injury by clamping the
bilateral renal pedicles through backside and retroperitoneal
incision [ J]. Chin J Comp Med, 2018, 28(6) : 106 —110.

[ 5] ABweEfz, P BRI J5 S A e 2 B 6 s o B BF 5 ik
JE[D] R B e 27, 2019,19(4) :287-290.

Zou XB, Luo ZR, Huang MF. Research progress on the role of
oxidative stress in acute kidney injury [ J]. J Clin Nephrol,
2019, 19 (4): 287-290.

[6] 3z, KTae, EUIR, % KRB0 R p g sr
L L] fREIEBEE, 2018, 40(2) : 114-117,

Zhai WH, Zhu ZH, Wang MQ, et al. The establishment of the
rats model of acute renal ischemia reperfusion injury[J]. Anat
Res, 2018, 40(2) . 114-117.

[ 7] Rojas-Morales P, LeOn-Contreras JC, Aparicio-Trejo OE, et al.
Fasting reduces oxidative stress, mitochondrial dysfunction and

fibrosis induced by renal ischemia-reperfusion injury [ J]. Free

Radic Biol Med, 2019,135: 60-67.

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

LI RS T IR 3 3 Ik BELUBT 5 1 0 A4 S B AT 5
[D]. FriF: £ 7K, 2008.

Ci HB. Experimental study on kidney reperfusion injury caused
by infrarenal abdominal aorta occlusion in rat model [ D ].
Shihezi: Shihezi University, 2008.

Oyar EO, Kiris 1, Giilmen S, et al. The protective effect of
adrenomedullin on renal injury, in a model of abdominal aorta
cross-clamping [ J ]. Thorac Cardiovasc Surg, 2012, 60(1): 5
-10.

Atal SS, Atal S. Ulinastatin-a newer potential therapeutic option
for multiple organ dysfunction syndrome [ J]. J Basic Clin
Physiol Pharmacol, 2016, 27(2) : 91-99.

AR, 20, e, . 5 Rl T BAL B X T Gk 10
ERRES BB HPIER [J1]LREZ, 2018, 58
(31) :52-55.

Cui LH, Li H, Han LZ, et al. Preventive effect of ulinastatin
preconditioning on acute kidney injury in rats with hepatic
ischemia-reperfusion [ J].Shandong Med J, 2018, 58 (31):52
-55.

IME, oo, 1152, . AS 1 Rbl X i fi 53 7 3
BB BAER (1] IR %4 (E2RR) , 2018, 39
(3):385-388,393.

Sun Q, Xia ZY, Jiang Y, et al. Ginsenoside Rbl attenuates
intestinal ischemia-reperfusion induced renal injury [J].Med J
Wuhan Univ, 2018, 39(3) . 385-388,393.
Cardoso de Castro LU, Ida KK, Otsuki DA, et al. Vasopressin
analog terlipressin attenuates kidney injury in hemorrhagic shock
[J].Trauma Surg Acute Care Open, 2016, 1(1) ;e000039.
HRUT R, 4 ZE B, 4. Ak 1 Tk e 0B A ST L 1 K
THAFELI] P E 2755, 1998, 23(,1) :48-52,64.

Deng HZ, Jin W], Liao XL, et al. Design and method of
pathological model of acute renal failure [ J]. Chin J Chin Mater
Med, 1998, 23(1) . 48-52,64.

McWilliam SJ, Antoine DJ, Smyth RL, et al. Aminoglycoside-
induced nephrotoxicity in children [ J]. Pediatr Nephrol, 2017,
32(11): 2015-2025.

Salama SA, Arab HH, Maghrabi IA. Troxerutin down-regulates
KIM-1, modulates p38 MAPK signaling, and enhances renal
regenerative capacity in a rat model of gentamycin-induced acute
kidney injury[ J]. Food Funct, 2018, 9(12) : 6632-6642.
Rodriguez Salgueiro S, Gonzilez Nufiez L, Garcia Del Barco
Herrera D, et al. Role of epidermal growth factor and growth
hormone-releasing peptide-6 in acceleration of renal tissue repair
after kanamycin overdosing in rats [ J].Iran J Kidney Dis, 2014,
8(5): 382-388.

BTEF, i/“? WRWT. W3 B Ao K B g 22 1 L i
BUELI] ./ FAMAE 244, 2007, 40(2) : 113-120.

An YX, Zhao HP, Xu X. The intervention of tetrandrine on
streptomycin-induced renal injury in guinea pigs [J]. J Mol Cell
Biol, 2007,40(2) . 113-120.

Manohar S, Leung N. Cisplatin nephrotoxicity: a review of the

literature[ J |. J Nephrol, 2017,334(2) ;:115-124.



rp [ SE B0 sh 4 2020 4F 2 A %5 28 55 1 8] Acta Lab Anim Sci Sin, February 2020, Vol. 28, No. 1

[21]

[22]

[23]

[24]

[25]

[26]

[27]

R, pak 05 I, A5 N BCHTPE 22 S S M B AL 7).
o B B2, 2018 ,45(6) :702-707.

Tang W, Zhong ZY, Dong M, et al. New Zealand rabbit model of
cisplatin-induced acute kidney injury [ J]. Chin Occup Med,
2018, 45(6) : 702-707.

Perse M, Veteri¢-Haler Z. Cisplatin-induced rodent model of
kidney injury ; characteristics and challenges[ J].BioMed Res Int,
2018, 2018 1-29.

XUBIEL. BEPRA & T SR S Ik & AR & 5 | R IS S5
TG R J] ARBFT S B2, 2019, 3(3): 232
-233.

Liu MZ. Related factors of contrast-induced nephropathy in
patients with diabetes mellitus complicated with acute coronary
syndrome[ J]. J Imaging Res Med Appl, 2019, 3(3) . 232-233.
Liu N, Chen J, Gao D, et al. Astaxanthin attenuates contrast
agent-induced acute kidney injury in vitro and in vivo via the
regulation of SIRT1/FOX03a expression[ J]. Int Urol Nephrol,
2018,50(6) :1171-1180.

TR, A A LSS 2 T B O st e[ 1] 5t
IR Z5%, 2019, 40(2) ; 123-127.

Ren CX, Yu ZC. Research progress of contrast-induced acute
kidney injury [J]. World Clin Drugs, 2019, 40 (2) . 123-127.
HER, 5, B, 5. JARTE S R R S Diie s
SRR S ()] BRI E BB R, 2015,39(1) : 172
174, 221.

Xiao YH, Wang H, Zhan CL, et al. Establishment of a model of
acute renal failure induced by mercury chloride in Beagle dogs
[J]. Heilongjiang Anim Sci and Vet Med, 2015, 39(1):172~
174, 221.

Poston JT, Koyner JL. Sepsis associated acute kidney injury[ J].
BMJ, 2019, 364. k4891.

HRER 7 I 5 R R, 55, BRI iE R 2 B B K R
BRI HSL )], SERIRREE 25, 2018, 22(15) :18-22.

Shao J, Fang SS, Zheng RQ, et al. Establishment of rabbit

model with acute renal injury induced by endotoxic shock [ J]. J

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Clin Med in Pract, 2018,22(15) :18-22.

Cai ZY, Sheng ZX, Yao H. Pachymic acid ameliorates sepsis-
induced acute kidney injury by suppressing inflammation and
activating the Nrf2/HO -1 pathway in rats [ J]. Eur Rev Med
Pharmacol Sci, 2017, 21(8) :1924-1931.

FRAGA. DGKE e i 1L P VE 755 1 Sk W L 003 o g T R
HLRI[D]. e : AR, 2019.

Zhang YN. The role and mechanism of DGKE in acute kidney
injury induced by ischemia-reperfusion [ D]. Jinan: Shandong
University, 2019.

Yang K, Li WF, Yu JF, et al. Diosmetin protects against
ischemia/reperfusion-induced acute kidney injury in mice [ J]. J
Surg Res, 2017, 214:69-78.

TRFY . BRR IR AL 7 o B GRS 004 O WA B I 3 44 1)
BIFEL D], SR K2, 2018,

Zhang L. Studies on chemical constituents and protective effect of
saponins from the tuberous roots of Potentilla anserine L. on
nephrotoxicity induced by cisplatin [ D ]. Suzhou: Soochow
University, 2018.

Li X, Li Y, Shen K, et al. The protective effect of ticagrelor on
renal function in a mouse model of sepsis-induced acute kidney
injury [J]. Platelets, 2019, 30(2) : 199-205.

RS, Ve, T8, %, PI3K/AKT {5538 H e K BRI s i e
PEMREE UM B B0 AR [T]. KRHEEEEZY, 2018, 46
(6): 581-584.

Yang R, Xu H, Wang B, et al. The role of PI3K/AKT in acute
kidney injury induced by abdominal sepsis in rats [ J].Tianjin
Med J, 2018, 46(6) : 581- 584.

AL TR RO RATRS]]. TRERAELS
iz, 2017, 32(18) :14.

Hou FF. Epidemiology of acute kidney injury in China[ J]. Chin
Med News, 2017,32(18) :14.

[KFEEHHE] 2019-07-17



2020 42 A o [ S5 Sh P A A February 2020
2B B ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 28 No. 1

FERTR, R SIS, 4. Wh D SR B WA BOR T T2y s R A WE S RS [T ] P R SRR sh P aE i, 2020, 28(1): 129
-136.

Du FF,Wang FQ,Jia WW, et al. Research progress on rodent intubation technique for blood sampling in pharmacokinetic studies [ J].
Acta Lab Anim Sci Sin, 2020, 28(1) : 129-136.
Doi: 10. 3969/].issn.1005-4847. 2020. 01. 019

RIS BOR T 25 3 2K I B9 Ak 52 0t e
B IR R R, DA

(1. FHgrpEZ RErh 22, i 201203; 2. HEBERE LB 25WaFs5Eor, Bl 201203)

(FWE] LAk, ATHFZEE LR S YA AR R, JF 78 2 BRI B R RE-2 AT 50 vh R B0 e R 1B 52 56 5
YIS, 3R IR B2 A T2 B bR RO A RO B SORURS BB AE . 2581 205 i & 1 b Al
DS, WAl PRAP S50 S AR AR A Tl R B B BEAIK P35 B 5 R TRl [l N SRR A B 28 T
SEIFORACTE WS e 28 304 ( 2R R BRA/NGL) B AT A T AR EOR | BELESZ I sh W 7E i BE S A i i SRS R 58 IR
SR LA S o ARSI 2o R B G SRR , Xof 245 3l 27 WIS o A P A 476 A R R R AT AR A G A B X ] A IR 5 4
0 S S P AR R DR A T B

[RER] 2802098 Wtk 8 48 TR R A BE 3

[FESZES] Q95-33  [XEk#RIREE] A [ XEHS] 1005-4847(2020) 01-0129-08

Research progress on rodent intubation technique for blood sampling in
pharmacokinetic studies

DU Feifei'** , WANG Fengqing”, JIA Weiwei®, XU Fang®, MA Yueming'

(1. School of Pharmacy, Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China.
2. Shanghai Institute of Materia Medica, Chinese Academy of Sciences, Shanghai 201203)

Corresponding author: DU Feifei. E-mail: dufeifei@ simm.ac.cn

[ Abstract] 1In recent decades, people are paying increasing attention to the welfare of experimental animals, and
these animals are being integrated, coordinated and monitored when used in global scientific research. The “3Rs Principle”
is the widely recognized and accepted core standard. Pharmacokinetic studies include essential animal experiments. Methods
for protecting the welfare of experimental animals must be considered when the research reaches a certain stage and level.
Researchers have gradually established and optimized intubation techniques on rodents (rats and mice) , which can enable
sampling blood from experimental animals while the animals are awake and moving freely. In this review, we searched the
relevant literature and summarized the intubation surgical techniques used on rodents in pharmacokinetic studies to help
protect the welfare of laboratory animals in China.
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Advances in zebrafish experimental research on developmental
toxicity and teratogenicity
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[ Abstract]  Since the publication of special reviews and commentaries on zebrafish ( Danio rerio) in Science,
Nature, and other journals in 1994, and completion of the whole genome sequencing of wild type ( AB strain) zebrafish in
2009, the zebrafish has become a well-recognized new model organism. The remarkable advantages of zebrafish in the
research and assessment of developmental toxicity and teratogenicity includes its transparency, high throughput, and rapid,
high-efficiency, and low-cost screening. Zebrafish have been extensively used to screen the active components of traditional
Chinese medicine for toxicological and pharmaceutical investigations, as well as for large-scale new drug screening of small
molecule compounds. With the implementation of the " 3R principle ( Reduction,Replacement,Refinement)" , the zebrafish
has been proposed as an alternative animal model for developmental toxicity and teratogenicity tests. The recent progress of
developmental toxicity and teratogenicity assessments in zebrafish is reviewed in this report.
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( AstraZeneca ) 73k ) 4 A~ S 56 2 8] ) BE 5 £a
Xt 20 FAL S Y0 K B I T B AV RN
T BEh R R M S BORPE Y S vk R 4
PGS A E (BRI W IE 53 9 LA B VE o bR ) | I
2 4 AT 145 0L 5 W L 3h BN R R — B
PEVEHITE 60% ~ 70% ., Zidit—AHH% 8 LK
ZUN pH SN E EVE RG0S EOR %5 2% e 7
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AL ] ) B — Bk 8] 629% ~ 82%'Y, ATAE
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Table 2 Summary of developmental toxicity study reports in zebrafish

N e . , Ak BRI fi - _ T Y%
e K ST T S o A ik
Time Laboratory Zebrafish Lines posUIe Evaluation Index o ¥ Notes
Period Test compounds
SHTATTE T AL =
2011 OECD _ 0 hpf- Gy e EPﬂfﬁ ‘
4 dpf Experiments were
evaluated in 7 laboratories
SLEGPATAE 4 D50 =
0 hpf- T T
) — LC —
201 OECD 4 dpf 50 /13 Experiments were
evaluated in 4 laboratories
TEARFESH LCys . L
LOAEL NOAEL LRFATIE 4 DL R E
oS4 1] 25 Hp A Y 6 hpf- > . Tty
2011 . Morphological scoring, 60% ~ 70%/20 .
AstraZeneca et al. Wild type 5 dpf Experiments were
LC,s, LOAEL, ) .
’ evaluated in 4 laboratories
NOAEL
b T TR EE 3K
L fifii 25 He Y —
2012 LB F&i;gﬁﬁhﬁﬁ W%?ldjﬂl 26h(§)ff TI( =LCsy//ECs,) 50% ~ 60%/27 Experiments were
Hd pe P conducted for 3 times
PR 6 hpf— . .
2012 Ph;iEiEjal — . (‘l’pf TI( =LCsy//ECs) 929%/12 _
&5y 9 LOAEL SEHCPATAE 2 DR E
TS ey G- G/ NOARL) ity
2014 AstraZeneca et al Wild ¢ S dof Morphological scoring, 62% ~ 82%/38 Experiments were
strafeneca et al 1a ype P LOAEL, TI evaluated blinded in
(=LC,5/NOAEL) 2 laboratories
2014 FDA hb9: GFP F¢ A 24 hpt M]; lfi H{W:}{ 5 —/5 —
hb9; GFP transgenic 52 hpf ody length,

fiber length

3 mOaxEsHESRBEITMNIE
== [8] bk X

FEAb AN B S TG R B RIS
B PEAN , AL B Y — T 5 T2 A SRR 3
A H 2, 2l AR R B IR LA 51 5 B 3h4)
AR BRI A G BB = RS ER C
S R X G 8 F (B R TE G IR 40 i PR
I P IESE D X ARG ILA fEF  HA R T8 X
WERIA A 2, S8 — e 2 32 K5 5 6 h
(hours post fertilization, 6 hpf) Bf 4= %Y AB R HE 5
T 24 fLARH  BRALAL B 1 ARG, AL 2SR R
1 mL, 124 1 4, MG YR —5 T A WE

(0.1.,1.10,100 F1 1000 pmol/L ¥, JHHT pH i
Hl7E 6.4 ~ 8.4), EZ K G 5 K (day post
fertilization 5 dpf) WLEL BE & 0 (B & #4500/ 258 &
FEHATVEANY . Foe 2 50 50 45 ALK 5 0 2L 30 ) 30 i
AT RS S 5L e — 3k, ik 2 w]
1, SRR B 0 BN R IR 50% , f s T ik 92%

VEUKE > SR BE D A0 R AR P T A R
LR FERNS | LWRIK A IR 5 12 U BF 2R B LA
5 B MO NI VRIS S50 24 ) 10 B 1k A Ak
S T 0 04 JVR 16 S0 P B 24 10 ) B e A B
PEZG YA R C gy B D M IR IR & B R PR, ik
SERG BN AR IR | S ELIGE 5 9 79 b B P 245 6 S 6 vk
TRAIE, Pkik 4 hpf AB RBEh T 6 fLA T, F1L
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ARBE 30 ARAG , BEFLZGRAA RN 3 mL, B ME )
¥4 — % T 4 AU 1/10 MNLC, 1/3 MNLC,
MNLC ( maximum non-lethal concentration , i & 3F 3¢
FEHR ) Fl LC (10%FE TR B ) , I 43l LA 0. 5% —
27 A4 ( dimethyl sulfoxide , DMSO) FIA T.7 7K Hy
VI B2 RN ZS AN HRAH  7E 28. 5C R TR B &
5 dpf, WEEBE 5 0 I A5 A 454 /48 B RAE T R
IEHEAT I, G5 R RW, 5 P25 W) 50% FE TV i
(median lethal concentration, LCy,) H K2 /IN K A
Wehi > BFIHLMHE > FHRUAR > ZHKFKR > &
TR ZE KA, 2 B KRN e JEE ( concentration for 50%
of maximal effect, EC,) FHREI/INNIABEREE > R
VU > FIFLIE > SBEKGIR > CTRHLZERIA
CTRMFEARFATEE IR, WK IR IR 2, Hkdh
TR VPR R | B0 FL MY, PRBE e e 22 P 55 . A AR
IR K 6 fi i DU X5 R H S S B O AR

AN, B IR iRk gk )2 s T Cd™ [ Cu® |
He S HE & mE T2 A w8 5T ; 4R 7L
602( AR LIy IRAA LTk ) 7 3L 33# (R LI AR
iy P TR AR D 2R 4R LM R SR s ik B SR ik ) k3L 700
S (B R A LT AR S ) ) L OP-10 (LM
REA ) NP-10 (-5l R A S Mk ), A5
1602( = LB RA LG RAN I BE) %5 Z R
BEFREE MR R B RN RS R L
Tl FRE T RN | S PR R A 2 b I I S R
BT 20 DR F A A 24 1 BRI AT A
4 HESEAESESHERESNLTEN
fEtR

2012 4F, 2t g or B B U2 7] (John Wiley &
Sons ) BEAFEEIE -4 T1 5 ( Sanofi-Aventis ) IR T
FECBE 5 0, DF AN 25 W 22 4 Ve 0 B M R 7 1)
({Zebrafish; Methods for Assessing Drug Safety and
Toxicity) ) , Bt 5 HAMSH YRR LE, B 5 £
JVR TR G PR B R B M A Ry B AR A W)
AE BN, BE S M0k 7 PRI 2 T T -
ROV 28, IR AL 25 W) B BOE R, A5 LG,
EC,, .TI( Teratogenic Index, = LC,,/EC,,, Z( M5 %)
FmRFEEC T, UL, A5 P RS E T 5 dpf B
P 0 B R S BURHPE IR S A PR AR bR (R 3)
IFEET TL R BT E 17 R F & 25 W) 1) % B T A
FomdE LTI > 1, RIS P2 B B vy
$E7R 509 B8 5 i 1 BLUK F 5 R AR T 50% 2K
FEWRIE S TI < 1, RUHESBUR PR TI= 1 &R K B &

PR 5 B DAL L AFEAG B 1Y LCs WREE S 647, DA
10 5 BT £ 2 R AEIX VR B T R B R

ULAEA A2 U N ARG Y EC, fH 14
[ 3] S 45 rh FSHEA T IR AIE , KIS EC,, (H2 K T35
PR fi ROV B, A1, AU T PV 25 ) 1) 2
PEANGE AT, PRI, AT DL DL B 22 3 25 1o 42 1
FET-AR 4521 JC B 450 35 4 FH 0 e R L3 K 2 (No
Observed Adverse Effect Level, NOAEL) il ;= 4= i £
M A B ( Lowest Observed Adverse Effect Level
LOAEL) , #38 2 4 901 5 15 1) LC,5 (25% FE T4
) G TI(LC,/NOAEL) {H

A AR 2 LA R 0 7 AT IR 28 22 PPAG
AR b AT 2 B AT AT O BB 2 e i AT
0.5 ~ 5 PF4r ikt 2t/ W A7 o > —
WESE bR IR T R VAR EE O TS
(HRME A W5 X A) P24 RN 8 (DL B4R AR
K AT R/ W 2 S LA K43 ), I | B B 3 | 6
MERTE (R ) o W% T 8/ WE 439
N STIERIEASSE, “4(=NOAEL) " i AR 5534, 3
(=LOAEL) "5 B 5, “ 2" h BEWR T, 17" T J Wiy
B0, 57 ZEkg K

2014 4F ,FDA & 2 — i SCE, Hop UL ABE 5
G K (Fiber length) FI{A J& 4K (Body length) )
VENBEME MG 25
5 RE

KA R EIE T A R R TR H
KRB0 5 KB 4 Ry SR R AR BILL L A
JEHE S PR AR BEY BB ) A . AR A
RS Jay 1 LE AR, B S R PR In] s et TR A2
0 IR E YRR IR A g, T2 R 2y
B FILAR RO 50, WY 2015 R P E 2 ) $5
1 83 M EErh 2h, 2/ 15 Fg & AR R BT
i — IR PR R 15 B, 42 2 R o) M3
PEERER BN B RLR B S50 R
WY (B A5 ) 54T, SR AR Y IE AL T 1
SRR LS P T M LA B, R AR IR P S B, O
A WA TR 2 e S g Ve 5, ot
PRI 25 IOk, 9 e, Jo ikt i s MU 1
e HATh 25/ 08 (R ) BB F PN A7 AE Y [7)
L, H L Bl Wil e 1 % R G R HL R B IR R AT
=S FHIR NG % 7 3% W Y B 1 A X2k )
1725%) k& & B V5 B0V % v 38 2 0 28 AL )
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Table 3 Evaluation indicators of developmental

toxicity and teratogenicity

eIy ZH
Indicator Parameter

o B/ R MRS OEEATE
Heart Atria or ventricles loss, abnormal blood flow, arrhythmia
HAEER BRI WA K i
Circulation  Lack of systemic circulation, slowing down, thrombus
PN DAL BRI, S AABURK i, B ALK i
Edema Pericardial hydrops, body hydrops, cerebral hydrops
Il HR e JFFAE i a0
Hemorrhage Brain, liver or bowel bleeding
ik W A 1
Head Malformation, degeneration
i AN | (R UUE S
Eye Abnormal size, malformation, hyperpigmentation
T AR BRI
Mandible Shorteror malformation
i AR/ INER R

Smaller or absent

BRI RN R B VE (A AE )

Pectoral fins

EZF Absent or abnormal size, degeneration
Liver .
(dark brown, opaque tissue)
. B, JCH TR B, TEAE A, AR
Jo i

. Absent, no or oversized lumen,
Intestinal tract .
does not extend to anal pore, degeneration

JULEA LA BCR L
Trunk muscle Muscle texture disordered or irregular
Tail Shorter, curved, fins shrivel

RORIHORFTW

Significantly higher or lower amount of

TR ERAE

Body pi tati
Gy pigmentation melanin or yellow pigment

v
Bahne )
Swimming performance

T fish S

No needle contact reaction
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[ Abstract)

such as basic research, drug discovery, and development and environmental toxicology assessments, due to its low cost,

Zebrafish, a novel and well recognized model organism, has been widely used in many scientific fields,

high fecundity, external fertilization, short generation time, and transparency at early stages of development. In recent
years, the zebrafish has emerged as a new type of vertebrate animal model for assessing nutrition, and biological functions.
This article will introduce current uses of zebrafish in food science, including applications of zebrafish in the assessment of
general and functional foods.
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[ Abstract] Interstitial cystitis (IC) , also known as bladder pain syndrome, is a common urological disease. As the

IC pathogenesis is complex, no standard animal model has been established for the comprehensive and in-depth study of IC.

Current IC models include intravesical infusion of chemical drugs, intraperitoneal injection of cyclophosphamide,

autoimmune cystitis, neurogenic inflammation and psychological and physiological stressors/natural models. Each model has
advantages and disadvantages. This paper reviews the research progress on animal models of IC.
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3R IFEE 4 JA) WSS e IR B 357 2 IR At IO A P AR
LR Al U A0 RE TS A S5 e b Bz e i HL &5 751
it W O R ot 2 A BRI i B A T

XY T A T I IbE , AL 38 PR AR 3R
1%, BEABARGT-Hb 0 J A2 1C/BPS (35 {H2 | itk
A RIBHE R B X TN R — o I AR 2
K AR A Gy B IRIE 51/ BRUR 18 Bk 78
FARAIERITRENE . Sk U, BRI & H AT A
T4 1C/BPS (IAER, BT IZ o
1.2 BEREAES CYP 1RE!

CYP 1ER—FhEIT AT AW, Tt Mot S i e A
RN S5 , B AN IR TG CHE . PR T
SRR A A P, 38 B T R TR B b
AR S AU, Hu 250 DR A MM Wistar
KEBEHLS A CYP-4 h CYP-48 h il CYP-10 d 41,
CYP-4 h Fl CYP-48 h 20 %) K B2 32 BRI R R i 45
25 (150 mg/kg, BN ) , 1 CYP-10 d 2( 1.4.7 il
10 K& HEZMEFE CYP (75 mg/kg, B IE N ) 45
2y gE R R R AR E CYP VR R AE T A
PRAEFI Rb A T 5t 97, K i DXl R 5% S I
1 A AR A kA T B A B AT AR
KOG s B REAR, R T B AE /N B H 2 75 R R
I, Golubeva %52/ i) 8 JA#4 C57BL/6J MiME /N B4

0.2.4 & 6 RELALFE CYP (80 mg/kg, AL )
22l BN R e 4 20 4 PR 3 25 R0 I K 4
PB4 B B A K R R R A
21 Il R PR % R AR 2R, B CYP 555 IR
bR R A

CYP iSRS R 250 HL25 25 )5 8 , 38 B
PR CYP 24 h IRl & 1C/BPS (14 2 A ER
E, A AH AT o0 B I 7K i R 4 M Al i =
T I ATORG B SR, AN B YA TR R CYP, ]
DIMRGFHiF5 & 1C/BPS B35 AP IR A AR ST PR BEE
AR, BN B A 2505 5 Aok
JB5 I 4¢ , T T A 22 URAIG R o 24 24355 3 M T b
%, H/MRS KRBT, KIS CYP J5al 5] &/
BRI D6 PR 3% 1 R 1 A8 00 AN FF B 15t 9% T 1C/BPS 1Y
FRIE, H A B S kol HOR B3R 5% B 1C/BPS
MR FE P9 7 A S 238, IE 2R B R R F e £, 2 —F
Zead FEAIF ST R Y | A R M R T AR - AL
B
1.3 BES%REE

JR¥% % A (uroplakin, UPK) J& T 55 —RIKE &
R R, J AR A Y PR 6 L Bz 240 T B A AR
X FR BN, R —3R 3, T i 2 L CD4 -+ 42 1% Thi
BET 4= A A B etk RE" . KL, Song
0K 200 wg UPK2 Fz R 45 8 J& it it SD K
RO A DX 35, 2 ] i A B Ay Ik DR 1) i B i 4 0 HE
JiR 7%yl A L JB% e P IS K A4 1% A B 4% i TR -
BT HARRI B XS, Tag &1 R
6 ~ 8 JEIWAMENE BALB/ ¢ /N B 6 B R ¥ 5200 pg
UPK3A 65-84 fik,5 J&J5 &3 UPK3A 65-84 kAl L
VR EE 1C R A ARG 2 X2 MR, I BT
DAGERFILIB PR . P340, Liu 5 R T —Fh 44
2 URO-OVA HEFEH /N, H R IR 500 1 &
1 (OVA) BB, 1R 0 e b 1 R 4 i b iy 1 S e
R, AR 7 R A K 1C BEAL S4B B R , A 5
T IR R DR A

PR T LAY | [ B G e A5 7 e 6% AR 47 b 175
& 1C/BPS HySLRUGE AR | JOT7 5 FR , A AH X ) B
G A5 S s ) 1 R IE s/ PR PR GE 45 5 BR
SiE T 23 72 DR 3 P B &, AL HL il 4 AR 45 s, i
ANEKEFHET, B ATE R S sie S Ui B
1.4 MHERERE

BT A RE FRIE JL RN, Yang 251 S 1] 10
~ 14 JERE ) BALB/ ¢ MM /N AN LR M AL A 5
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2.29x 10° pfu K fh3E R 9K B ( pseudorabies virus,
PRV) , Jf-1E 41 45 5 K& PRV 1E 4 7, 45 58 R
PRV JEGLA /] BB JB5 I 98 4 [F 7+ TNF B AE K 4
P i EcE B R T, GBS PRV S A 22 I
B8 IIE 8 e — TR e R B PR S B X AU 9 IO
FAAT WA MR

PR JAE AL A T IS G, BEREAL 1C/
BPS % FEREAR R il 2 XS T Al 2 P S AE Y AT
FRKHLE, A, W58 K I3 P85 W AE 1 56 9 7
5 d JEt e gk 25k Iy, PR RS AT Sk
1.5 DOEMAEEES/ BAEER

I AR F, 45 4 b Hs A8 RS 16 4
T TS IR b R AR 4 1 B 5 T O 2 Y

B, BAR ERTALS] R B (H A E s R b ag
SRR 28 )0 7T RERES DGR

Wang ARSI S G o Wistar-Kyoto K Fil %
& T3kt /K N 3 ( water avoidance stress, WAS) T 10 d,
Xof BRAANHE AN 28 , K 0 S 6 2H 500 B 200 I e e st
SO ] P i A AR NE  JB5 D WA 4 S e e R BRI
S AEL S 6 2H R B B e A e R K AR B B AR Ak
JARtEh Y 1C B R B AR 5 NP i AL, 2 1C /Y
FAR R AR ol 3 LR A A, LA B 4 45 i
AbFRA Y i AR, F T Y . Charrua 2502
LA H 10 WEPE Wistar KRR SR EIRER
14 d, &8N 2.5 me/kg, RILHGER T NIEAIR 55
e 52 5% 2l o I A 44 B Ak 5

F1 AL IC YRR ILEL

Table 1 Comparison of different types of IC animal models

Elk7Leed il 254 T I s 3 kA NI 275 3CHk
Animal model Preparation of drugs Pathological changes of bladder Advantages and disadvantages Reference
AN, B — 7 S h S R, R
PR OTRENNIENSE e o Lo Aerpat g, Haro s o
M, CMRSPIS oy o e sz TRV ARTC B
Hydrochloric acid, . The cost is low, but it generally induces
. . Erosion of bladder mucosa and X . . [5-9]
acetic acid or . acute inflammation and the phenotypic
infiltrated of mast cell. . L .
acetone, etc. maintenance time is short, so it has been
B e 1A 25 490 T 1 A 70 rarely used at present.
Intravesical drug A, AR AR 47 b 38 J5 A 2 1C/BPS 11
infusion model JBENE 5 S BN AT Al ERAD R, (AT SR, N T/
JHE Al K I e fik 2k —EEAREDR
75 W 0 R Chronic inflammation and fibrosis of It has low cost and can well restore the 110.22]
Hyaluronidase bladder, activated of mast cells and  phenotype of human IC/BPS. However, !
loss of bladder repeated catheterization is required, and
epithelium there are certain technical requirements for
mice.
200 IRZGTTE BB B/ BUBS B
bR S A OO, A AT A B B IC
. oy MR
LB 9 T CYP AR VR L RCHE JEICA L Iflisxeconomi(‘al convenient and mature
Model of intraperitoneal CYP Urothelial hyperplasia and - R . ” [11-12]
. . - but the bladder epithelium of mice shows
injection of CYP infiltrated of mast cell . . .
proliferative changes, which does not
accord with the changes of human
ulcerative IC.
IC FELHEU B L S0, SR A0 M AR LU e 3 AR L2 o A 755, AN
” R IR A = H RS
1 2 SR LIRURIE N P TR |
. UPK IC-like histological cystitis, The model is ideal, but the preparation [8,14]
Autoimmune model o L. . .
infiltrated of mast cell and cost is high, so it is not suitable to be
elevated inflammatory factors popularized in a large area.
PRI 5, X TR B A MR
R S IE B H A
iiEaS Phe ki IERANMEEA  JRAEH T T o ?i’sﬁﬁi‘%%j%lﬁaﬂ/;ﬁaﬁ1zoa unique
71)} PRV Infiltrated of mast cell and elevated sy fo- operal . . dque [16-17]
Neuroinflammatory model . advantage in simulating pelvic pain, and a
inflammatory factors .
large number of experiments are needed to
prove its stability.
O BFAE B T3/ A SR BOWBRL, RO T NSO  TE ) A2
il WAS gl 6 B B R R . RTHUE AR 2
fon AN LRE gy i (A E LR
Psychological and WAS or . It is relatively novel and reflects the [18-20]
. . Activated of mast cells . ..
physical stress/ phenylephrine pressure change of human condition, but

natural model

its stability needs to be proved.
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WAS FHY s e T ARG e 71 A8 4k, I B3
P R B R 22 O R IR, B R T A, AT A
BRI R 3 1C/BPS R 1Y PA E AR:
AL, BEAk, R FH 2 2B 7, VEAR T
IZIERUNAIE 58 Wb PR 72 B0 18 1 B 4 IR £ A AR Y 1]
FrPERY S WAS BERIFIR B L AR RBRUR B T
IC/BPS BEERy AR 4k, 1 H.iA 15 5 T 0l fEFE 1C/BPS
B R B A B PR S 1C/BPS £t TR Y
WF5E 7w

2 EERLThRE

1C/BPS 1Y 32 ZRE AR Ny PR, IR 2 B 8% e 1X 9%
o P, 2R RERIB A R AL 1C ST
AR

T WSS I B, AR AE 2Dl PE-50 B
BEAK BRI, & 208 8 A A5 S5 R AE LR
ge, LI O 10 mL/h AR BEROK , 10 SRR BRUBS I
WS ) R R A PRAFR . Lai 5550/ B T 800 1Y
SEMIHER ZEH, DL 12 h SEHEFT 12 h JRREFE A 24 h
SER 0 S HE PR 2B, O F U A9 BFE4h, Governo
AU — 4 R 1,65 ~ 5.07 #Y von Frey Zi
2zl 1 T B R TN von Frey 4l 2230 5%
BN SN DA ik B B 2k DX sl Y fie i AU
FHAEAT A 02 - COREEB 2 R 4 | (2 BRIV B 4S A 45, D
BEER ., Wi /IN B 40 22 1 B, B 40 22 S 3R 10
K FREE 3 s R YR Z ] (BB 8 s s R B
22 W BHPAE SN 53 L (Ve IO A8 ) 3 ek i 1 41 23
ISP 18 2 A T 23 2 o A [l A 2 B A /N B
) von Frey H.

3 BEERE

1C/BPS J&—Fffig X R BH 1942 R AR B .
TG T i HR ER A B BT I 28 Tk
B3 1C SRRy, R Z2H0A 1Y 1C B 38 i3 Xf
TR S it LA 5 W 5, 5 | A % b P 5 4 B ofil 33
K E I AR R 4 B ARl X S AR
SRAT BT R A AR AL, (2 A B T TF B Ji% Jbe A o
28 Z2 55 Q0] XoF 45 5 1 RS R, AN R
1C/BPS & 2% i AH B A F Ao AR B2

HAT, X T 1C BRI T A Jr ik p AT 5
— BRI N s 1 BT A O 1 . G, #E
Je SRR SE TAE b N 5 56 DLy T kA7 itk . O
T IO PR 245 0 A o FH s, B AR - b 3 S 2

IC/BPS [ A (HT5 S, FEBI T/ A —
R B ME B S R G B 78 1) AT g ; QB I N T 5
CYP 1E NI 2 B 5k, & —Fh 5y i B &4k 5847
TR AY (E T X /DN BRI A5, L % e 28 A 2 1 A=
MUAE  ARFF A Nz B 1C/BPS MR | 77 Bl A
M7 AL R 35 A B [ B a2 BRI T 1C/BPS
A EPRER (B A AR & W i — e @
oA ATy 1 H AR R B8, S0 OGRS Y
A BPREAR , A S AR AR AT Ty 1) H R UL 5 L
HAZEE,

25 EJTIR  1IC/BPS BURRUR B B 24 & B
Pt s, w8 I A bn o B S A RY HR AT DL ek R R
A BRSNS R B ST 5 oK . M EE AR Y IC
L Bt 5 X9 AT IR, AR5 7EAS KR4
o3I,
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