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Development Trend and Challenge of Comparative Medicine from Human Genome

Project to Precision Medicine
ZHAO Guoping1,2,3

(1. Department of Microbiology and Microbial Engineering, School of Life Sciences, Fudan University,

Shanghai 200438, China; 2. Key Laboratory of Synthetic Biology, Chinese Academy of Sciences, Shanghai

200032, China; 3. Biomedical Big Data Center, Shanghai Institute of Nutrition and Health, Chinese Academy of

Sciences, Shanghai 200031, China)

Correspondence to: ZHAO Guoping, E-mail: gpzhao@sibs.ac.cn

[Abstract]    By reviewing the development from human genome project to precision medicine, we can have

a more comprehensive and accurate understanding on comparative medicine, thus provide important

enlightenment for more precise and efficient comparative medicine research. Starting from the development

from human genome project to precision medicine, this paper summarized and analyzed the development

trend of comparative medicine, that is, humanization of laboratory animals and personification of animal

models. Moreover, the paper pointed out that under the challenge of big data era, comparative medicine
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research should play its “cross convergence” characteristics, achieve breakthroughs in research methods

and technologies, and improve the efficiency and quality of human health research.

[Key words] Human genome project; Precision medicine; Comparative medicine; Development trend
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Science and Technology in Past 40 Years
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(Hubei Provincial Center for Disease Control and Prevention, Wuhan 430079, China)

[Key words] Laboratory animal; Development of science and technology; Xishuangbanna Conference;

        Hubei Province

G L P G L P

S C I 6

6 2 1

40

40

2014

1988 2014 [1]

1982

4 0

1   

1978

1980

1980 86

[2]

40



10 Feb. 2021, 41(1)Laboratory Animal and Comparative Medicine

37 1

5

1981 17

300 1981 6 25

30

9 17

[3]

1982 11 23 28

[4]

2    

143

6

17 10

 1  1980



Feb. 2021, 41(1)      11Laboratory Animal and Comparative Medicine

4
[5]

SPF [6]

3   

3.1   

1985

[7] 1987 9

1993 3

2

1991 017

1993 79

1995 10

2000

2001 48

2000 13

5

2002 severe acute

respiratory syndrome SARS       SARS



12 Feb. 2021, 41(1)Laboratory Animal and Comparative Medicine

2005 7 29

[ 8 ]

2

8

21 79

3.2    

1980

1982

HP-4

9

5 104 kg

1988 2

1990

100 m2 BALB/c

1993 990 m2

1999

1 056 30 SPF

2003 A3

[9] 2007

GLP

2012

14 130 m2

2018

P4

5

[10-11 ]

100

11 6 33 9 m 2

70 379.71



Feb. 2021, 41(1)      13Laboratory Animal and Comparative Medicine

3.3    

1981 3

1983

1986

1992

JICA      

2000

19

4    

40

40

[1]   , , . :

1988 2014[M]. : , 2014.

[2]  : [EB/OL]. (2018-09-15)

[2020-12-15]. http://my.hzau.edu.cn/info/1081/3882.htm.

[3]   . [J]. 

, 2000, 20(1):1-2.

[4]   . [M]. : 

, 2001.

[5]   . [M]. : ,

1995.

[6]   . : SPF

[J]. , 1991, 8(2):14-18.

[7]   , , , . 

[J]. , 2018, 35(4): 1-13.

DOI:10.3969/j.issn.1006-6179.2018.04.001.

[8]   . [A/OL].

(2005-07-29) [2020-12-10]. http://www.most.gov.cn/fggw/

dffggw/dffghub/200703/t20070321_53638.htm.

[9]   ABSL- [A/OL]. [2020-12-10]. https://

baike.so.com/doc/2119113-2242065.html.

[10] :

[N/OL]. , 2020-04-14[2020-12-

10]. http://news.sciencenet.cn/htmlnews/2020/4/438361.

shtm.

[11] 14 [N/

OL]. , 2020-12-06[2020-12-10]. https://www.

thepaper.cn/newsDetail_forward_10285927.

 2020-10-11     2020-12-09



14 Feb. 2021, 41(1)Laboratory Animal and Comparative Medicine

DOI:10.12300/j.issn.1674-5817.2021.011 40

5 SCI 10 Cancer Cell Biomaterials

Nano Research 863 10

1

10
1,2 1,3   1,4

1.  710061 2.  710032 3.

 710061 4.  710000

[ ]  

[ ] Q95-33   [ ] B    [ ] 1674-5817(2021)01-0014-03

[ 1 ]

[2]

1982

[3]

[4]

10

10

1   

2001

2005 2020

Development of Shaanxi Laboratory Animal Science in Past 10 Years
SHI Changhong1,2, LIU Enqi1,2, ZHANG Hai1,4

(1. Shaanxi Laboratory Animal Society, Xi’an 710061, China; 2. Laboratory Animal Center, Air Force

Medical University, Xi’an 710032, China; 3. Laboratory Animal Center, Xi’an Jiaotong University,

Xi’an 710061, China; 4. National Molecular Translational Medicine Center, Xi’an Jiaotong University,

Xi’an 710000, China)

[Key words] Laboratory animal; Work progress; Shaanxi Province



Feb. 2021, 41(1)      15Laboratory Animal and Comparative Medicine

[5]

2011 4

9

35 40

2   

[6]

Circulation J Am Soc Nephrol Arterioscler

Thromb Vasc Biol Atherosclerosis

Scopus

30

100

patient-derived xenograft PDX

100

micro-CT

Cancer

Cell Biomaterials Nano Research
[7-8]

[9]

CHN/1 CHN/2 CHN/3 CHN/4 4

GB 14923 2010 GB/T 14927.1 2008

2019

PDX

3   

2010

2010

100 2016

300

2013



16 Feb. 2021, 41(1)Laboratory Animal and Comparative Medicine

2016

2 0 1 8

4    

CRO

contract research organization

4

CRO

GLP good laboratory

practice

5    

75%

200

3 000

6    

[1]   . 
[J]. , 2020, 40(6):537-539. DOI:

10.3969/j.issn.1674-5817.2020.06.014.
[2]   , , , . 

[J]. , 2019, 55(8):118-119.
[3]   . [J]. 

, 2017, 27(12):125. DOI:10.3969/j.issn.1671-
7856.2017.12.022.

[4]   , . 
[J]. , 2003, 11(4):371-375.

DOI:10.3969/j.issn.1007-3949.2003.04.028.
[5]   , , , . 2018

[J]. , 2019, 29
(7):131-136. DOI:10.3969/j.issn.1671-7856.2019.07.022.

[6]   . 2014 2015
[M]. : , 2016.

[7]    WU J B, YIN L, SHI C, et al. MAOA-dependent activation
of shh-IL6-RANKL signaling network promotes prostate
cancer metastasis by engaging tumor-stromal cell
interactions[J]. Cancer Cell, 2017, 31(3):368-382. DOI:
10.1016/j.ccell.2017.02.003.

[8]  WU J B, SHI C H, CHU G C Y, et al. Near-infrared
fluorescence heptamethine carbocyanine dyes mediate im-
aging and targeted drug delivery for human brain tumor[J].
Biomaterials, 2015, 67:1-10. DOI:10.1016/j.biomaterials.
2015.07.028.

[9]   ZHAO Y, LIU P, XIN Z, et al. Biological characteristics of
severe combined immunodeficient mice produced by
CRISPR/Cas9-mediated Rag2 and IL2rg mutation[J]. Front
Genet, 2019, 10:401. DOI:10.3389/fgene.2019.00401.

          2020-12-30      2021-01-19



Feb. 2021, 41(1)      17Laboratory Animal and Comparative Medicine

DOI:10.12300/j.issn.1674-5817.2020.201 4 0

40
   1,2,3

1.  201203 2.  200025 3. 

 201203

[ ] 4 0

[ ] Q95-33    [ ] B    [ ] 1674-5817(2021)01-0017-10

2021

40

[1-10]

1981

1983

12 1984 1

1986 1

1987 9

2003 16 2005 5

2 0 2 0 6

184 3 500 12 600

2 220 25

specific pathogen-free SPF

par t  bar r ie r

20 80

40

40

40

1   

1984 [11]

25

17 10 58.82%

[12]

30 d 92% 23/25

1985 [13]

[ ]     (1961 ), , E-mail: gaochengdgb@126.com

Important Literature Review for the 40th Anniversary of Laboratory  Animal

       and Comparative  Medicine
GAO Cheng1,2,3

(1. Shanghai Laboratoy Animal Research Center, Shanghai 201203, China; 2. Shanghai Laboratory

Animal Science Association, Shanghai 200025, China; 3. Editorial Office of Laboratory Animal and

Comparative Medicine, Shanghai 201203, China)

[Key words] Laboratory animal; Comparative medicine; Literature review; 40th Anniversary



18 Feb. 2021, 41(1)Laboratory Animal and Comparative Medicine

2 7 9

1985
[14]

ICR

1986 [15]

25 37

58 1989 [16]

BALB/c

SSB

SSB IgA IgG

IgM [17] 1970

2012 [18] SPF

3 C3H

15

19

1991 [19]

1993 [20]

5

2006 [21]

2003
[22]

SPF

1982 [23] SPF

1 9 8 3 [24]

SPF

1991 [25]

2 0 0 5
[26]

SPF

2012

2   

12

2.1   

1985 [27]

Callithrix jacchus

1986

3 1988 [28]

Wisconsin Saguinus

oedipus oedipus 1989
[ 2 9 ]

Saguinus mystax

1992 1995
[30-31] Bristol

1995 [32]

1995
[33]

2014 [34]

2.2   

1 9 9 4 [ 3 5 ]

Cricetulus barabensis griseus

2013 [36]

cDNA

2011 [37]

Phodopus sungorus

1999 [38]



Feb. 2021, 41(1)      19Laboratory Animal and Comparative Medicine

Meriones meridianus jei Cricetulus

migratorius

2009 [39] 8

22 12

[40] 41

2011
[41] individual ventilated

cages IVC

[42]

18 7

2012 [43] SPF

T u p a i a  b e l a n g e r i C r i c e t u l u s

m i g r a t o r i u s M e r i o n e s u n

guiculatus IgG

2016 [44]

2017 [45] 2

13

1993 [46]

1996 [47]

7 Mus musculus

β hemoglobin beta-chain Hbb

2.3   

Ochotona spp. 30

1986 [48] Ochotona

daurica 16 3 72

1987
[49] Ochotona

alpina

1993 [50]

3 600 m 67 Ochotona curzoniae

1994 [51]

1995
[52]

1997 [53]

11

2.4   

Marmota himalayana

2011 [54]

2012
[55]

9 0 %
[56] mtDNA cytb

4

Marmota monax

2015 [57]

30% [58]

2015 [59]

2.5   

Microtus fortis

20

1991 [60]

1994 [61]

1995
[62] 2

[ 6 3 ]

[64]

1999 [65]



20 Feb. 2021, 41(1)Laboratory Animal and Comparative Medicine

1996

2000 [66] 10

[67]

38 142

SPF

2006 [68]

M.f .calamorum

M . f . f o r t i s

M. f .pe l l i ceus

2008 [69] 4

DNA D-loop 2009
[70] 20

2012
[71] LA-PCR Y

2013 [72]

[73] 20

2018 [74] 20

[75]

2.6   

1993 [76] 18

2 0

Tupaia belangeri

[77]

1998 [78]

[79]

2004
[80]

2008 [81]

2009
[ 8 2 ]

2010 [83]

4 12

2011 [84]

[85]

2012 [86]

[43]

IgG

2014 [87]

4 1 6

2016 [88] 1 6

[89]

ELISA

2017
[90]

hepatitis A virus attenuated live vaccine HepA-1

hepatitis B vaccine Hbv

heparan sulfate HS

2017 [91]

25
[92]

[93]



Feb. 2021, 41(1)      21Laboratory Animal and Comparative Medicine

5 0

2018 [4]

2019 [95]

5

3 [96] 1 2 d

3

4 d

Küpffer

cells

2019 [97]

[98]

[99]

2a major facilitator superfamily

domain-containing protein 2a Mfsd2a

Mfsd2a

Mfsd2a

2020 [100] cDNA

A

2.7   

1989 [101] 1978

1995 [102] 50

[103]

1 9 9 8 [ 1 0 4 ]

SD

2000 [105] 240

2005 [106]

DNA

95% 2006
[107] 11

2008 [108]

β-

β -

[109]

E4 E

2013 [110]

ELISA

2015 [111]

ELISA 2014
[112]

denatured gradient

gel electrophoresis DGGE

444

2017 [113]

5 ND3 mRNA
[114]

2018
[115] 4

DNA

[116]

2.8   

2011

2013 [117] 10

[118] C57BL/6
[ 1 1 9 - 1 2 1 ]



22 Feb. 2021, 41(1)Laboratory Animal and Comparative Medicine

[ 1 2 2 ]

C57BL/6J
[123]

2014 [124]

H I F - 1 α
VEGFb FLT-1 FLT-3 Fiz1 NKRF 6

[125]

[126] -

polyinosinic polycytidylic acid

P o 1 y I C
[127]

IL-1

IL-2 IL-4 IL-6 IL-8 IL-12 TNF- α
IFN-γ mRNA [128] PolyI C

[129]

p53 C57BL/6J

2016 [130] CoCl2

C57BL/6J
[131]

[132]

5

2017 [133]

IgG IgA IgM 2019
[134] 60 65 d

[135]

PolyI C

RNA double-stranded RNA

activated protein kinase PKR

Poly I C PKR

PKR
[136-137] 3

2020 [138]

[139] [140] 60Co γ

[141]

                                                      

[1]   . [J]. , 1988, 8(1):1.

[2]  , . 

[J]. , 1988, 8(1):2.

[3]   . [J]. 

, 1988, 8(1):3.

[4]   . 

[J]. , 1993, 13(1):1-3.

[5]  . : 

20 [J]. , 2001, 21(3):

133-136. DOI:10.3969/j.issn.1674-5817.2001.03.002.

[6]   . (

20 ) [J]. , 2000, 20(1):

1-2.

[7]   . ,  : 

[J]. , 2005, 25(2):67-68. DOI:

10.3969/j.issn.1674-5817.2005.02.001.

[8]   . , : 30

[J]. , 2011, 31(5):313-318.

DOI:10.3969/j.issn.1674-5817.2011.05.001.

[9]   . , : 

[J]. 

, 2011, 31(5):319-320,337. DOI:10.3969/j.issn.1674-

5817.2011.05.002.

[10] . : 

30 [J]. , 2011, 31(5):321.

DOI:10.3969/j.issn.1674-5817.2011.05.003.

[11] , , , . 

[J]. , 1984, 4

(1):17-19.

[12] , , , . 

[J]. , 1984, 4(2):92-95.

[13] , , , . 

[J]. , 1985, 5(3):147-

149.



Feb. 2021, 41(1)      23Laboratory Animal and Comparative Medicine

[14] , , , . 

[J]. , 1985, 5(2):73-75.

[15] , , , . 

[J]. , 1986, 6(2):72-74.

[16] , , , . 

[J]. , 1989, 9(1):47-48,52.

[17] . [J].

, 1989, 9(2):92-99.

[18] , , , . GF SPF C3H/orlSlac

[J]. 

, 2012, 32(1):64-69. DOI:10.3969/j.issn.1674-5817.

2012.01.016.

[19] , , , . 

[J]. , 1991, 11(1):24-25.

[20] , , , . 

[J]. , 1993, 13

(2):65-68.

[21] , , , . 

[J]. , 2006, 26(4):261-

264. DOI:10.3969/j.issn.1674-5817.2006.04.017.

[22] , , , . [J]. 

, 2003, 23(3):174-175. DOI:10.3969/j.

issn.1674-5817.2003.03.014.

[23] , , , . SPF

[J]. , 1982, 2(2):70-72.

[24] , , , . SPF

[J]. , 1983, 3(2):97-98.

[25] , , , . 

[J]. , 1991, 11(4):202-204.

[26] , , , . SPF

[J]. , 2005, 25(3):165-167. DOI:

10.3969/j.issn.1674-5817.2005.03.009.

[27] , , . : ( )

[J]. , 1985, 5(4):250-252.

[28] . [J]. 

, 1988, 8(1):39.

[29] , , , . 

[J]. , 1989, 9(2):80-81.

[30] , , . [J]. 

, 1992, 12(4):215-216.

[31] , , . [J].

, 1995, 15(1):14-16.

[32] , , . 

[J]. , 1995,

15(3):173-175.

[33] , . [J].

, 1995, 15(4):220-221.

[34] , , , . 

[J]. , 2014, 34(4):

330-334. DOI:10.3969/j.issn.1674-5817.2014.04.0014.

[35] , , , . 

[J]. , 1994, 14(1):5-8.

[36] , , , . 

[J]. ,

2013, 33(1):19-22. DOI:10.3969/j.issn.1674-5817.2013.

01.004.

[37] , , , . 

[J]. , 2011,

31(5): 384-388. DOI:10.3969/j.issn.1674-5817.2011.05.

018.

[38] , . 

[J]. , 1999, 19(2):87-89.

[39] , , , . 

[J]. , 2009,

29(6):375-378. DOI:10.3969/j.issn.1674-5817.2009.06.

005.

[40] , , , . 

[J]. , 2009,

29(2):93-99. DOI:10.3969/j.issn.1674-5817.2009.02.005.

[41] , , , . 

[J]. , 2011, 31(4):293-294. DOI:

10.3969/j.issn.1674-5817.2011.04.016.

[42] , , , . 

[J]. , 2011,

31(4):295-297. DOI:10.3969/j.issn.1674-5817.2011.04.

017.

[43] , , , . 

IgG [J]. , 2012,

32(5):441-445. DOI:10.3969/j.issn.1674-5817.2012.05.

015.

[44] , , , . 

[J]. , 2016, 36(4):290-294. DOI:

10.3969/j.issn.1674-5817.2016.04.009.

[45] , , , . 

[J]. 

, 2017, 37(1):55-58. DOI:10.3969/j.issn.1674-5817.

2017.01.012.

[46] , , , . 

[J]. , 1993, 13(3):180-181.

[47] , , , . 7

Hbb [J]. , 1996, 16

(3/4):152-154.

[48] , . [J]. 

, 1986, 6(2):106-109.

[49] , , , . 

[J]. , 1987, 7(2):90-91.



24 Feb. 2021, 41(1)Laboratory Animal and Comparative Medicine

[50] , , , . 

[J]. , 1993, 13(3):140-143.

[51] , , . [J]. 

, 1994, 14(2):82-84.

[52] , , . 

[J]. , 1995, 15(3):176-178.

[53] , , , . 

[J]. , 1997, 17(4):223-225.

[54] , , , . 

[J]. , 2011, 31(4):287-289. DOI:

10.3969/j.issn.1674-5817.2011.04.014.

[55] . [J]. 

, 2012, 32(4):356-357. DOI:10.3969/j.

issn.1674-5817.2012.04.022.

[56] , , , . 

[J]. 

, 2012, 32(5):436-440. DOI:10.3969/j.issn.1674-5817.

2012.05.014.

[57] . [J]. 

, 2015, 35(3):242-244. DOI:10.3969/j.

issn.1674-5817.2015.03.014.

[58] , , , . 

[J]. 

, 2015, 35(5):403-405,430. DOI:10.3969/j.issn.

1674-5817.2015.05.012.

[59] , , , . 

[J]. , 2015, 35

(4):320-322. DOI:10.3969/j.issn.1674-5817.2015.04.014.

[60] , , , . 

[J]. , 1991, 11

(4):193-198,201.

[61] , , . 

[J]. , 1994, 14(3/4):175-178,190.

[62] , . [J].

, 1995, 15(2):88-90.

[63] , , , . 

[J]. , 1996, 16(1):46,52.

[64] , , , . 

[J]. , 1999, 19(3):170-171.

[65] , , . 

[J]. , 1999, 19(1):53-54.

[66] , , , . 

[J]. , 2000, 20(1):20-

21,25.

[67] , , , . 

[J]. , 2000,

20(1):22-25.

[68] , , , . [J]. 

, 2006, 26(4):242-244. DOI:10.3969/j.

issn.1674-5817.2006.04.010.

[69] , , , . DNA D-

loop [J]. , 2008, 28(5):

299-303. DOI:10.3969/j.issn.1674-5817.2008.05.004.

[70] , , , . 

[J]. 

, 2009, 29(5):315-316. DOI:10.3969/j.issn.

1674-5817.2009.05.011.

[71] , , , . LA-PCR

Y [J]. , 2012,

32(4):324-328,333. DOI:10.3969/j.issn.1674-5817.2012.

04.014.

[72] , , , . 

[J]. 

, 2013, 33(3):167-173. DOI:10.3969/j.issn.1674-5817.

2013.03.001.

[73] , , . 

[J]. , 2013, 33(3):

243-246. DOI:10.3969/j.issn.1674-5817.2013.03.017.

[74] , , , . 

[J]. , 2018, 38(2):135-

140. DOI:10.3969/j.issn.1674-5817.2018.02.011.

[75] , , . 

[J]. , 2018, 38(1):72-

77. DOI:10.3969/j.issn.1674-5817.2018.01.016.

[76] , , , . 

[J]. , 1993, 13(1):33,47.

[77] , . 

[J]. , 1993, 13(3):176-177.

[78] , , , . 

[J]. , 1998, 18(1):29-30

[79] , , , . 

[J]. , 1999, 19(3):143-145.

[80] , , , . [J]. 

, 2004, 24(1):41-42,45. DOI:10.3969/j.issn.

1674-5817.2004.01.012.

[81] , , . [J]. 

, 2008, 28(2):129-130. DOI:10.3969/j.

issn.1674-5817.2008.02.015.

[82] , , , . 

[J]. , 2009, 29(3):194-

195. DOI:10.3969/j.issn.1674-5817.2009.03.013.

[83] , , , . 

[J]. , 2010, 30(5):381-383. DOI:

10.3969/j.issn.1674-5817.2010.05.016.

[84] , , , . 

[J]. , 2011, 31(4):290-



Feb. 2021, 41(1)      25Laboratory Animal and Comparative Medicine

292. DOI:10.3969/j.issn.1674-5817.2011.04.015.

[85] , , , . 

[J]. , 2011, 31(6):436-440.

DOI:10.3969/j.issn.1674-5817.2011.06.008.

[86] , , , . 

[J]. , 2012, 32(3):241-

242. DOI:10.3969/j.issn.1674-5817.2012.03.015.

[87] , , , . 

[J]. , 2014, 34(6):

454-462. DOI:10.3969/j.issn.1674-5817.2014.06.005.

[88] , , , . 

[J]. , 2016, 36(1):13-

18. DOI:10.3969/j.issn.1674-5817.2016.01.003.

[89] , , , . 

[J]. , 2016, 36(6):415-

418. DOI:10.3969/j.issn.1674-5817.2016.06.002.

[90] , , , . 

[J]. , 2017, 37(2):113-

117. DOI:10.3969/j.issn.1674-5817.2017.02.006.

[91] , , , . 

[J]. , 2017,

37(2):130-135. DOI:10.3969/j.issn.1674-5817.2017.02.

009.

[92] , , , . 

[J]. , 2017, 37(3):171-178.

DOI:10.3969/j.issn.1674-5817.2017.03.001.

[93] , , , . 

[J]. 

, 2017, 37(5):337-343. DOI:10.3969/j.issn.1674-

5817.2017.05.001.

[94] , , , . 

[J]. , 2018, 38(1):1-9. DOI:

10.3969/j.issn.1674-5817.2018.01.001.

[95] , . [J].

, 2019, 39(1):3-8. DOI:10.3969/j.

issn.1674-5817.2019.01.002.

[96] , , , . 

[J]. , 2019, 39(1):15-20. DOI:

10.3969/j.issn.1674-5817.2019.01.004.

[97] , , , . 

[J]. , 2019,

39(2):105-110. DOI:10.3969/j.issn.1674-5817.2019.02.

007.

[98] , , , . 

[J]. , 2019, 39(4):

260-266. DOI:10.3969/j.issn.1674-5817.2019.04.002.

[99] , , , . Mfsd2a

[J]. ,

2019, 39(3):178-186. DOI:10.3969/j.issn.1674-5817.2019.

03.002.

[100] , , , . A

  [J]. ,

  2020, 40(3):196-203. DOI:10.3969/j.issn.1674-5817.

  2020.03.004.

[101] , , . 

  [J]. , 1989, 9(1):20-22,19.

[102] , . [J]. 

  , 1995, 15(3):154-156,163.

[103] , . [J]. 

  , 1995, 15(4):222-223.

[104] , . SD

  [J]. ,

  1998, 18(3/4):141-143.

[105] . [J]. 

  , 2000, 20(2):101-103.

[106] , , . DNA Z:

   ZCLA [J]. ,

   2005, 25(1):39-40. DOI:10.3969/j.issn.1674-5817.2005.

  01.009.

[107] , , , . Z: ZCLA

   11 [J]. 

  , 2006, 26(3):165-168. DOI:10.3969/j.issn.

  1674-5817.2006.03.009.

[108] , , . β-

  [J]. , 2008, 28(4):215-

  219. DOI:10.3969/j.issn.1674-5817.2008.04.004.

[109] , , , . E4

  [J]. , 2008, 28

   (5):289-298. DOI:10.3969/j.issn.1674-5817.2008.05.003.

[110] , , , . 

   ELISA [J]. 

  , 2013, 33(3):204-209. DOI:10.3969/j.issn.1674-

  5817.2013.03.008.

[111] , , , . 

  ELISA [J]. 

  , 2015, 35(6):473-477. DOI:10.3969/j.issn.

   1674-5817.2015.06.009.

[112] , , , . 

  [J]. , 2014, 34(5):365-371.

   DOI:10.3969/j.issn.1674-5817.2014.05.004.

[113] , , , . ND3

  5 [J]. ,

   2017, 37(1):6-10. DOI:10.3969/j.issn.1674-5817.2017.

   01.002.

[114] , , , . 



26 Feb. 2021, 41(1)Laboratory Animal and Comparative Medicine

  [J]. , 2017, 37

   (5):352-356. DOI:10.3969/j.issn.1674-5817.2017.05.003.

[115] , . DNA

  [J]. , 2018, 38(1):44-47.

  DOI:10.3969/j.issn.1674-5817.2018.01.008.

[116] , , , . 

  [J]. , 2018,

  38(1):48-53. DOI: 10.3969/j.issn.1674-5817.2018.01.

  009.

[117] , , , . 

  [J]. , 2013, 33(4):296-300. DOI:

  10.3969/j.issn.1674-5817.2013.04.010.

[118] , , , . C57BL/6

  [J]. , 2013, 33

  (4):301-305. DOI:10.3969/j.issn.1674-5817.2013.04.011.

[119] , , , . 

  [J]. , 2013, 33(5):373-

  377. DOI:10.3969/j.issn.1674-5817.2013.05.011.

[120] , , , . 

  [J]. , 2013, 33(5):378-

  382. DOI:10.3969/j.issn.1674-5817.2013.05.012.

[121] , , , . 

  [J]. , 2013, 33(5):383-

  387. DOI:10.3969/j.issn.1674-5817.2013.05.013.

[122] , , , . C57BL/6J

  [J]. ,

  2013, 33(5):388-394. DOI:10.3969/j.issn.1674-5817.

  2013.05.014.

[123] , , , . 

  [J]. 

   , 2013, 33(5):395-399. DOI:10.3969/j.

   issn.1674-5817.2013.05.015.

[124] , , , . 

  [J]. , 2014, 34(5):400-

   404,410. DOI:10.3969/j.issn.1674-5817.2014.05.012.

[125] , , , . 

  [J]. ,

  2014, 34(5):405-410. DOI:10.3969/j.issn.1674-5817.

  2014.05.013.

[126] , , , . Poly I C

  [J]. , 2014, 34

   (5):411-416. DOI:10.3969/j.issn.1674-5817.2014.05.014.

[127] , , , . 

  mRNA [J]. 

  , 2014, 34(5):417-421,427. DOI:10.3969/j.issn.1674-

  5817.2014.05.015.

[128] , , , . 

  [J]. , 2014, 34(5):

   422-427. DOI:10.3969/j.issn.1674-5817.2014.05.016.

[129] , , , . p53

  [J]. ,

   2014, 34(5):428-432. DOI:10.3969/j.issn.1674-5817.

  2014.05.017.

[130] , , , . 

  [J]. ,

   2016, 36(1):66-71. DOI:10.3969/j.issn.1674-5817.2016.

  01.014.

[131] , , , . 

   [J]. 

   , 2016, 36(1):72-75. DOI:10.3969/j.issn.1674-5817.

   2016.01.015.

[132] , , , . 

  [J]. , 2016,

   36(1):76-80. DOI:10.3969/j.issn.1674-5817.2016.01.016.

[133] , , , . 

  [J]. ,

  2017, 37(5):414-417. DOI:10.3969/j.issn.1674-5817.

  2017.05.014.

[134] , , , . 

  [J]. 

  , 2019, 39(6):467-472. DOI:10.3969/j.issn.

  1674-5817.2019.06.008.

[135] , , , . Poly I C

  PKR/eIF2

  [J]. , 2019, 39(6):473-478. DOI:

  10.3969/j.issn.1674-5817.2019.06.009.

[136] , , , . 

  [J]. , 2019, 39(6):479-483.

  DOI:10.3969/j.issn.1674-5817.2019.06.010.

[137] , , , . 

  [J]. , 2019, 39(6):484-488.

  DOI:10.3969/j.issn.1674-5817.2019.06.011.

[138] , , , . 

  [J]. , 2020, 40(6):

  506-512. DOI:10.3969/j.issn.1674-5817.2020.06.007.

[139] , , , . 60Co γ
  [J]. , 2020, 40(6):519-

  522,527. DOI:10.3969/j.issn.1674-5817.2020.06.009.

[140] , , , . 60Co γ
  [J]. 

  , 2020, 40(6):513-518. DOI:10.3969/j.issn.1674-5817.

  2020.06.008.

[141] , , , . 

  [J]. , 2020, 40(6):523-

  527. DOI:10.3969/j.issn.1674-5817.2020.06.010.

          2020-11-27      2020-12-25



Feb. 2021, 41(1)      27Laboratory Animal and Comparative Medicine

DOI:10.12300/j.issn.1674-5817.2020.080

[ ] (201601D011110)

[ ] (1991 ), , , : E-mail: 18834180668@163.com

[ ] (1977 ), , , , : E-mail: chinasyw225@163.com

1 2 2 2

1.   030001 2 .  

 030001

[ ]     

   36 SD 1 3 7 14 21 d

O 2 1 0 R V S P

RV LV + S RVHI

M a s s o n

pH PaCO2 PaO2 SaO2

HCO 3 Na + K + Ca 2+ Hct

Hb   RVSP RVHI P 0.05

7 14 2 1  d p H

HCO3 P 0.05 21 d PaCO
2

P 0.05 14 d PaO2

SaO2 P 0.05 1 d Na+ 3 d Ca2+ P

0 .05 1 4  d K + P 0 .05 Hc t Hb

P 0.05 Na + RVSP P 0.05

   pH PaCO2 PaO 2 SaO2 HCO3 Na+ K+

C a 2 + H c t H b N a +

[ ]  

[ ] Q95-33   [ ] A   [ ] 1674-5817(2021)01-0027-06

Changes and Significance of Arterial Blood Gas Analysis Indexes in Rats  with Chronic

Hypoxic Pulmonary Hypertension
ZHANG Shuting1, YAO Qingqing2, LI Yishan2, SHI Yiwei2
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[Abstract]    Objective    To investigate the changes and significance of arterial blood gas analysis indexes in

a rat model of pulmonary hypertension induced by chronic hypoxia. Methods    Thirty-six SD male rats were

randomly divided into the normoxic control group and the hypoxic groups. The rats in the hypoxic groups

were placed in a hypoxic chamber (10% oxygen concentration) for 1, 3, 7, 14, 21 days, respectively. Right

ventricular systolic pressure (RVSP) was measured by right ventricular catheter, and right ventricular hyper-

trophy index (RVHI) was calculated by calculating the weight ratio of right ventricle (RV) to [left ventricle (LV) +
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ventricular septum (S)]. Masson staining was used to observe the pathological changes of pulmonary artery.

Blood was taken from the abdominal aorta for the arterial blood gas analysis to determine the following indexes:

pondus hydrogenii (pH), arterial partial pressure of carbon dioxide (PaCO
2
), arterial partial pressure of oxy-

gen (PaO
2
), arterial oxygen saturation (SaO

2
), bicarbonate (HCO

3
), sodium (Na+), potassium (K+), calcium

(Ca2+), hematocrit (Hct) and hemoglobin (Hb). Results     RVSP and RVHI of the rats were significantly

increased in the hypoxic groups compared with the normoxic control group (P<0.05). Compared with the

normoxic control group, the hypoxic groups (7, 14, 21 days) had abnormal pulmonary artery remodeling.

Compared with the normoxic control group, the pH and HCO
3

 levels of the hypoxic groups were signifi-

cantly reduced (P<0.05); PaCO
2
 level was significantly increased in the hypoxic 21-day group (P<0.05), PaO2

and SaO
2
 levels were significantly decreased in the hypoxic 14-day group (P<0.05), the Na+ concentration

(except hypoxia 1-day group) and the Ca2+ concentration (hypoxic 3-day group) were significantly reduced

(P<0.05); the K+ concentrations were increased significantly in the hypoxic groups (except hypoxia 14-day

group) (P<0.05); Hct and Hb were significantly increased in the hypoxic groups (P<0.05). There was a

significant negative correlation between Na+ and RVSP in rats with hypoxic pulmonary hypertension (P<0.05).

Conclusion    The arterial blood gas analysis indexes, including pH, PaCO
2
, PaO

2
, SaO

2
, HCO

3
, Na+, K+, Ca2+,

Hct and Hb are significantly changed, and participate in and regulate the development and progression of

hypoxic pulmonary hypertension in rats, in which Na+ level may be used as an indicator to evaluate the

severity of hypoxic pulmonary hypertension indirectly.

[Key words] Chronic hypoxia; Pulmonary hypertension; Vascular remodeling; Blood gas analysis; Rats
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Table 1  Comparison of RVSP and RVHI in rats

                                                                                        (x  s)

                  n           RVSP/mmHg                 RVHI/%

 1 d
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F

P
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6

6

6
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6

6

23.76 2.01

35.31 2.98*

40.37 4.21*

48.29 2.66*

46.18 5.95*

50.13 3.17*

      46.272

     <0.001

100.00 0.00

114.96 19.51*

122.21 21.58*

134.57 29.11*

150.80 18.86*

153.96 24.14*

         6.543

         0.001
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 2  pH PaCO2 PaO2 SaO2 HCO3

Table 2  Comparison of blood gas index pH, PaCO2, PaO2, SaO2 
and HCO3

 levels in rats
                                                                                                                                                                                                      (x  s)

                 n                pH                    PaCO2/mmHg            PaO2/mmHg                   SaO2/%              HCO3 /(mmol L 1)

 1 d

3 d

7 d

14 d

21 d

F

P

pH PaCO2 PaO2 SaO2 HCO3

*P 0 . 0 5

6

6

6

6

6

6

7.38 0 01

7.22 0.04*

7.29 0.03*

7.26 0.01*

7.27 0.02*

7.23 0.03*

     3.483

     0.014

47.25 1.44

47.67 4.18

44.50 3.45

46.83 1.40

51.50 1.28

56.00 1.35*

      2.926

      0.029

103.00 7.71

105.33 8.04

  84.67 4.71

  96.67 2.95

  66.67 1.15*

  85.57 9.60

        3.068

        0.024

97.00 0.41

94.83 2.77

94.67 0.92

96.33 0.42

84.12 4.19*

90.43 3.88

      2.755

      0.037

29.50 0.30

19.55 1.79*

21.08 0.57*

21.32 0.35*

23.77 1.40*

23.79 1.43*

     6.477

   <0.001

 3  Na+ K+ Ca2+

Table 3  Comparison of electrolyte indicator Na+, K+ and Ca2+ levels in rats
                                                                                                                                                                                                      (x  s)

                              n                       Na+/(mmol L 1)                          K+/(mmol L 1)                       Ca2+/(mmol L 1)

 1 d

3 d

7 d

14 d

21 d

F

P

N a + K + C a 2+ *P 0 . 0 5

6

6

6

6

6

6

133.00 0.82

130.17 0.95

129.33 0.99*

129.33 0.84*

128.67 1.61*

129.29 0.81*

        1.643

        0.018

5.70 0.15

8.13 0.49*

8.80 0.65*

8.80 0.46*

6.55 0.29

7.40 0.24*

     7.385

  <0.001

1.19 0.02

1.25 0.03

1.09 0.02*

1.17 0.01

1.15 0.02

1.15 0.03

     5.306

     0.001

A B 7 d C 14 d D 21 d

 1  Masson  400

Figure 1  Masson staining of the lung tissue of rats ( 400)
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pH PaCO2 PaO2 SaO2 HCO3

[7]

HPH

HCO3 PH

HPH Masson

pH HCO3 PaO2

SaO2 14 d PaCO2

2 1 d
[8-9]

14 d O2

PaO2 SaO2

O2

O2 21 d PaO2 SaO2

HPH

HPH

[10]

pulmonary arterial smooth

muscle cells PASMCs

K+

Ca2+ PASMCs

Na +/H +

Na+

H+ PASMCs

Na+/H+ pH

Ca2+

PASMCs [11-12]

3    

HPH

 4  Hct Hb

Table 4  Comparison of Hct and Hb levels

                                                                                         (x  s)

                    n                Hct/%                   Hb/(g L 1)

 1 d

3 d

7 d

14 d

21 d

F

P

Hct Hb
*P 0 . 0 5

6

6

6

6

6

6

35.50 3.01

46.00 3.21*

54.33 2.17*

45.17 1.35*

56.67 2.12*

52.67 0.88*

    11.804

    <0.001

13.15 1.12

16.88 0.99*

20.10 0.81*

16.68 0.50*

20.97 0.78*

19.50 0.33*

    12.253

    <0.001

RVSP

 2   Na+ RVSP

Figure 2  Correlation analysis between Na+ and RVSP in rats

RVSP/mmHg

N
a+

/(
m

m
ol

L
1 )

 5  RVSP

Table 5  Correlation analysis between index and RVSP

                
                                          RVSP/mmHg

                                                                       P

pH

PaCO2/mmHg

PaO2/mmHg

SaO2/%

HCO3 /(mmol L 1)

Na+/(mmol L 1)

K+/(mmol L 1)

Ca2+/(mmol L 1)

Hct/%

Hb/(g L 1)

RVSP

0.716

     0.500

0.588

0.521

0.525

0.910

     0.486

     0.401

     0.750

     0.751

0.109

0.317

0.219

0.290

0.285

0.012

0.329

0.431

0.086

0.086
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[Abstract]    Objective    To study the modeling situation of ulcerative colitis in mice by gavage or free

drinking of dextran sulfate sodium (DSS) respectively. Methods    Thirty two male C57BL/6 mice were

randomly divided into a blank control group, a 3% DSS free drinking group, 5 g/kg and 6 g/kg DSS gavage

groups, with eight mice in each group. The drug treatments lasted for 7 days. The water intake, body weight,

stool characteristics and hematochezia of mice in each group were recorded daily, and the disease activity

index (DAI) score of mice was calculated daily. After the mice were sacrificed on the 8th day, the colon,

thymus and spleen were separated, the thymus and spleen were weighed, and the immune organ index was

calculated; the colon was measured for length and observed for pathological changes, and the
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histopathological score was assessed. Results    The total intake of DSS in each administration group

exceeded 30 mg/g for 7 days. Compared with the blank control group, there was no significant difference in the

DAI score of mice in the gavage groups (P>0.05), and the DAI score of mice in the free drinking group

increased significantly from the 3rd day (P<0.01). Compared with the blank control group, the colon of mice

in each administration group was shortened (P<0.01), but the thymus index showed no significant

difference (P>0.05). The decreasing of thymus index and colon atrophy of mice in the free drinking group

were more significant than those in the gavage groups (P<0.05). In terms of histopathological changes, the

mice in the 6 g/kg gavage group had slight pathological changes, and the mice in the free drinking group had

more significant pathological changes, and the histopathological score in the free drinking group was

significantly higher than those in the gavage groups (P<0.01 or P<0.05). Conclusion    When DSS is used to

establish the model of ulcerative colitis in mice, the free drinking method is more effective than the gavage

administration.

[Key words] Ulcerative colitis; Dextran sodium sulfate; Free drinking; Gavage; Mice
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[1]

[2-3]

[4]
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DSS
[5]
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Table 1  Disease activity index (DAI) scoring criteria
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Table 2  Histopathological scoring criteria
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Figure 2  Effect of different administration methods on colon morphology (A) and colon length (B) of mice
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Figure 1  Effects of different administration methods on body weight (A) and DAI score (B) of mice
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Figure 3  Effects of different administration methods on thymus index (A) and spleen index (B) of mice
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Figure 4  Effects of different administration methods on histopathomorphology (A) and histopathological score (B) of colon

             tissue in mice HE, 200

A B



38 Feb. 2021, 41(1)Laboratory Animal and Comparative Medicine

40% TNF-α
[17-18]

[19-20]

DSS

T 1 T helper-

cells 1 Th1 /Th17

DSS

DSS

DSS

DAI
[ 2 1 - 2 2 ]

DSS-5 g/kg DSS-6 g/kg

DAI P 0.05

DSS-3% 3 DAI

P 0 . 0 1 D S S - 3 %

DSS-5 g/kg DSS-6 g/kg

P 0.01 DSS-3%

DSS-5 g/kg DSS-6 g/kg

P 0 . 0 1

DSS-3%

DSS-5 g/kg DSS-6 g/kg

7 d 5 g/kg 6 g/kg DSS

35 mg/g 42 mg/g

30 mg/g

7 d

3% DSS 39.75 mg/g

6 g/kg DSS

DSS-3%

[23-24] DSS-5 g/kg DSS-6 g/kg

[9]

[9] 4 g/kg

5 8

3% DSS

5 6

Thorsten [6] DSS

7 d DSS

30 mg/g

4 g/kg DSS 7 d

5 g/kg 6 g/kg DSS

DSS

DSS

[25]

DSS

[1]   YUAN Z W, YANG L H, ZHANG X S, et al. Huang-Lian-

Jie-Du Decoction ameliorates acute ulcerative colitis in mice

via regulating NF-κB and Nrf2 signaling pathways and

enhancing intestinal barrier function[J]. Front Pharmacol,

2019, 10:1354. DOI:10.3389/fphar.2019.01354.

[2]     WANG R, LUO Y Z, LU Y D, et al. Maggot extracts alleviate

inflammation and oxidative stress in acute experimental

colitis via the activation of Nrf2[J]. Oxid Med Cell Longev,



Feb. 2021, 41(1)      39Laboratory Animal and Comparative Medicine

2019, 2019:4703253. DOI:10.1155/2019/4703253.

[3]   ADAMS S M, BORNEMANN P H. Ulcerative colitis[J].

Am Fam Physician, 2013, 87(10):699-705.

[4]  WU Y, SUN M H, WANG D, et al. A PepT1 mediated

medicinal nano-system for targeted delivery of cyclosporine

A to alleviate acute severe ulcerative colitis[J]. Biomater

Sci, 2019, 7(10):4299-4309. DOI:10.1039/c9bm00925f.

[5]   , , , . 

-6 [J]. 

, 2015, 23(21):3352-3360. DOI:10.11569/wcjd.

v23.i21.3352.

[6]    VOWINKEL T, KALOGERIS T J, MORI M, et al. Impact

of dextran sulfate sodium load on the severity of inflamma-

tion in experimental colitis[J]. Dig Dis Sci, 2004, 49(4):

556-564. DOI:10.1023/b: ddas.0000026298.72088.f7.

[7]   , , , . 

[J]. , 2018, 28(4):280-284. DOI:10.

12048/j.issn.1674-229X.2018.04.018.

[8]   , . 

[J]. , 2020, 30(4):142-146.

DOI:10.3969/j.issn.1671-7856.2020.04.022.

[9]   , , , . 

[J]. ,

2017, 20(4):603-606. DOI:10.3969/j.issn.1008-049X.

2017.04.002.

[10] WANG J, TIAN M, LI W, et al. Preventative delivery of

IL-35 by Lactococcus lactis ameliorates DSS-induced coli-

tis in mice[J]. Appl Microbiol Biotechnol, 2019, 103(19):

7931-7941. DOI:10.1007/s00253-019-10094-9.

[11] SAW T Y, MALIK N A, LIM K P, et al. Oral supplemen-

tation of tocotrienol-rich fraction alleviates severity of ul-

cerative colitis in mice[J]. J Nutr Sci Vitaminol (Tokyo),

2019, 65(4):318-327. DOI:10.3177/jnsv.65.318.

[12] POSTOVALOVA E A, MAKAROVA O V, KOSYREVA

A M, et al. Morphology of the Thymus and the specific

features of its cellular composition in experimental acute

and chronic ulcerative colitis[J]. Arkh Patol, 2019, 81(5):

53-63. DOI:10.17116/patol20198105153.

[13] ZU M H, SONG H L, ZHANG J B, et al. Lycium barbarum

lipid-based edible nanoparticles protect against experimen-

tal colitis[J]. Colloids Surf B Biointerfaces, 2020, 187:

110747. DOI:10.1016/j.colsurfb.2019.110747.

[14] ALIMOHAMMADI N, KOOSHA F, RAFEIAN-KOPAEI

M. Current, new and future therapeutic targets in inflam-

matory bowel disease: a systematic review[J]. Curr Pharm

Des,  2020,  26(22) :2668-2675.  DOI:10.2174/

1381612826666200406081920.

[15] , , , . 

[J]. 

, 2018, 26(5):597-602. DOI:10.3969/j.issn.1005-

4847.2018.05.010.

[16] MINAKSHI P, KUMAR R, GHOSH M, et al. Application

of polymeric nano-materials in management of inflamma-

tory bowel disease[J]. Curr Top Med Chem, 2020, 20(11):

982-1008. DOI:10.2174/1568026620666200320113322.

[17] KATO S, ISHIBASHI A, KANI K, et al. Optimized

management of ulcerative proctitis: when and how to use

mesalazine suppository[J]. Digestion, 2018, 97(1):59-63.

DOI:10.1159/000484224.

[18] LOPETUSO L R, GERARDI V, PAPA V, et al. Can we

predict the efficacy of anti-TNF-α agents?[J]. Int J Mol Sci,

2017, 18(9). DOI:10.3390/ijms18091973.

[19] , , , . 

[J]. , 2016, 43(1):171-175. DOI:

10.16431/j.cnki.1671-7236.2016.01.025.

[20] , , , . 

[J]. - , 2020, 22(2):

423-433. DOI:10.11842/wst.20190102006.

[21] DEROCHE T C, XIAO S Y, LIU X. Histological evaluation

in ulcerative colitis[J]. Gastroenterol Rep (Oxf), 2014, 2

(3):178-192. DOI:10.1093/gastro/gou031.

[22] QIU X Y, LI X, WU Z, et al. Fungal bacterial interactions

in mice with dextran sulfate sodium (DSS)-induced acute

and chronic colitis[J]. RSC Adv, 2016, 6(70):65995-66006.

DOI:10.1039/c6ra03869g.

[23] SUN J, CHEN H, KAN J, et al. Anti-inflammatory

properties and gut microbiota modulation of an alkali-

soluble polysaccharide from purple sweet potato in DSS-

induced colitis mice[J]. Int J Biol Macromol, 2020, 153:

708-722. DOI:10.1016/j.ijbiomac.2020.03.053.

[24] ZENG L, TAN J, XUE M, et al. An engineering probiotic

producing defensin-5 ameliorating dextran sodium sulfate-

induced mice colitis via Inhibiting NF-kB pathway[J]. J

Transl Med, 2020, 18(1):107. DOI:10.1186/s12967-020-

02272-5.

[25] , , , . 

[J]. ,

2016, 18(2):42-45. DOI:10.13194/j.issn.1673-842x.2016.

02.014.

           2020-06-29      2020-08-03



40 Feb. 2021, 41(1)Laboratory Animal and Comparative Medicine

DOI:10.12300/j.issn.1674-5817.2020.166

[ ] (18140900301)

[ ] (1986 ), , , E-mail: jiaoshufan@163.com

[ ] (1964 ), , , E-mail: yaoshirley@163.com

 200127

[ ]       Wistar spontaneous dwarfism Wistar rat SDWR

   SDWR Wistar 12

50 1 1 SDWR Wis ta r 1 4

8 SDWR 5 Wis ta r 20

6 8 SDWR Wistar 20

200 U/kg 300 U/kg 400 U/kg +

6 8 Wistar SDWR SDWR 20

HE   SDWR 1 4

Wistar P 0.05 SDWR [ 12.15 0.81 ] Wistar

[ 8. 05 0.76 ] Wistar 4 5 d SDWR

7 8 d S D W R

Wistar P 0.01 HE ,Wistar

S D W R

  S D W R

[ ]

[ ] Q95-33    [ ] A    [ ] 1674-5817(2021)01-0040-06

Preliminary Probing for Reproductive Performance in Female Dwarfism Rats
JIAO Shufan, XU Longmei, HUA Zhengyu, YAO Jufang

(Renji Hospital, School of Medicine, Shanghai Jiao Tong University, Shanghai 200127, China)

Correspondence to: YAO Jufang, E-mail: yaoshirley@163.com

[Abstract]    Objective    To probe the causes of low reproductive performance in spontaneous dwarfism

Wistar rats (SDWR). Methods     A Wistar rat control group and a SDWR group both included 50 female and

50 male rats aged 12 weeks respectively, and were mated 1 1 (male to female); the pregnancy rate, litter

size, litter birth weight, weaning rate and weaning weight of the SDWR and Wistar rats were measured from

the first parity to the fourth. Twenty female SDWR aged 8 weeks and 20 female Wistar rats aged 5 weeks

were selected respectively to evaluate puberty and estrous cycle by vaginal cytology. Twenty female

SDWR and 20 female Wistar rats aged 6-8 weeks were respectively injected intraperitoneally with 200 U/kg,

300 U/kg and 400 U/kg of pregnant mare serum gonadotropin (PMSG) plus human chorionic gonadotropin

(hCG) for superovulation, and the ovulation induction effects. Twenty Wistar, 20 SDWR and 20 SDWR

superovulation rats aged 6-8 weeks were compared in morphological changes of ovarian tissue by HE

staining. Results    The pregnancy rate, litter size, litter birth weight, weaning weight and weaning rate of

the first parity to the fourth of the SDWR group were significantly lower than those of the Wistar group

(P<0.05). In the SDWR group, sexual maturation [(12.15  0.81) weeks] was significantly delayed compared
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Wistar 5 6 8

8 00 20 00

2

4 5 d

0.9%NaCl

1 cm 1

75% HE
[4]

with the Wistar group [(8.05 0.76) weeks]. The Wistar group maintained a regular estrous cycle of 4-5

days, while the SDWR group showed an extended and disordered estrous cycle of 7-8 days, shortened

estrous and extended metestrus. The results of superovulation test showed that the number of eggs in the

SDWR group was significantly lower than that in the Wistar group (P<0.01). The results of HE staining of

ovarian tissue showed that in the Wistar group, follicles at all levels were growing actively, and granular cells

and corpus luteum structure were normal; while in the SDWR group, the number of total ovarian follicles and

follicles at all levels were significantly reduced, and granular cells was disarranged. Conclusion    The low

reproductive rate of SDWR may be related to delayed sexual maturity, prolonged and disordered estrous

cycle, and ovarian dysfunction.

[Key words] Dwarfism rats; Reproductive performance; Estrous cycle; Ovarian dysfunction
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[Abstract]    Objective    To observe the effects of Tanreqing injection on the cardiovascular and respiratory

systems in Beagle dogs and the central nervous system in ICR mice, and to provide the animal safety data

for its clinical application. Methods    A total of 24 Beagle dogs (12 males and 12 females) were randomly

divided into low dose (2.5 mL stock solution/kg), medium dose (5 mL stock solution/kg), high dose (10 mL
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1   

1.1   

Beagle 24

6.4 8.3 kg [SCXK

2012-0009]

[SYXK 2014-0008]

16 26 40 70 %

8 /h

12 h/12 h SPF ICR 160

16 18 g -

[SCXK 2013-0016]

SPF

[SYXK 2014-0008] 21 23 

48 68 % 15 /h

12 h/12 h

stock solution/kg) Tanreqing injection groups and a solvent control group according to their body weight;

there were 6 dogs in each group with intravenous injection at the right cephalic vein of forelimb under

anesthesia. Then the blood pressure, heart rate, electrocardiogram and respiration rate were measured before,

during at 40 and 80 min, as well as 5, 10, 20, 30, 60, 90, 120, 150, 180, 210 and 240 min after administration of

Tanreqing injection. A total of 160 ICR mice (half male and female) were selected, and 60 of them were

randomly divided into low dose (3.6 mL stock solution/kg), medium dose (6.25 mL stock solution/kg), high

dose (12.5 mL stock solution/kg) Tanreqing injection groups, a solvent control and a positive control groups

according to their weight, and their general behavior and spontaneous activity were recorded after different

doses of Tanreqing injection via the tail vein. The coordinated movement of other 50 mice with the same

grouping method were measured at different time points after administration of Tanreqing injection. The

synergistic effect of pentobarbital sodium hypnosis at subliminal dosage was tested in the rest of 50 mice

with the same grouping method. Results    Compared with the solvent control group at the same time point

or the group itself before administration, there were no significant differences in systolic pressure, mean

arterial pressure, electrocardiogram and respiration rate (all P>0.05) of the Beagle dogs in the Tanreqing

injection groups at different doses; while the diastolic pressure and heart rate at some time points were

statistically significant (P<0.05 or P<0.01), but there was no dose or time dependent effect. The spontaneous

activity of the ICR mice was decreased at each time point (P<0.05, P<0.01 or P<0.001), and the

oordinated movement grades were increased at 30, 50 and 90 min after high-dose Tanreqing administration

(P<0.05, P<0.01 or P<0.001). Conclusion    No significant effects of Tanreqing injection on the cardiovascular

and respiratory systems of Beagle dogs are found after single intravenous injection in this experiment.

High-dose Tanreqing injection has certain effects on the central nervous system of mice, mainly reduced

spontaneous activity and in coordinated movement, which may be related to bear bile powder, the main active

ingredient of Tanreqing injection.

[Key words] Tanreqing injection; Safety pharmecology; Beagle dogs; Mice

[1-3]

corona virus disease 2019 COVID-19

COVID-19

ChiCTR2000029432

COVID-19

ChiCTR2000029813

COVID-19
[4]

Beagle ICR



48 Feb. 2021, 41(1)Laboratory Animal and Comparative Medicine

SZY201504021

1.2   

10 mL/

10% 1308317
[2]

ICR

1 6

1 3 1 1 B e a g l e

1 7 1 3 1 1

10%

10 mL/ 1308317

I C R

Beagle 1 3

2 . 5 m g /

14140701

9 8 %

WS20130112 Merck

1.3   

ME203 20131673

Mettler Toledo YLS-1A

20020620

20061560

PowerLab 16 20080750

AJ-

5803 20101335

1.4   Beagle

Beagle 4

6

2.5 mL /kg

5.0 mL /kg 10.0 mL /kg

20 mL 80 min

60

40 min 80 min 5 10

20 30 60 90 1 2 0 1 5 0 1 8 0 2 1 0

240 min

R P R Q R S

QT T

1.5   ICR

1.5.1    

ICR 60

5 12

3.6 mL /kg

6.25 mL /kg 12.5 mL /kg

2 5  m L

2.0 mg/kg

3 5 h 2.0 h

10 30 60 90

120 min

3 min 5 min

1.5.2    

2 d

1.5 cm 80.0 cm

3 /d

1

0.0 50 5

10

 1  

Table 1  Grades of coordinated movement

         

 0.0

 0.5

 1.0

 1.5

 2.0

 2.5

 3.0

    20 cm

20 cm



Feb. 2021, 41(1)      49Laboratory Animal and Comparative Medicine

P 0.05

2   

2.1   Beagle

2.1.1   

Beagle 192

198 mmHg 108 118 mmHg

134 142 mmHg

P 0 . 0 5

150 min

P 0.05

P 0 . 0 5

P 0 . 0 5 1

2.1.2    

Beagle

194 218 /min

10 min 20 min

3.0 mg/kg

1.5.1

3 5  h

10 30 50 90 120 min

1.5.3   

50 5

10

1 . 5 . 2

3 5 h

3.0 mg/kg

30 min

30 mg/kg 1 min

1.6    

SPSS 21.0

x  s Beagle

LSD-t SNK-q

Kruskal-Wallis

Mann-Whitney U

/m
m

H
g

/ m i n

/m
m

H
g

/ m i n

:  *P 0.05 x  s n 6

 1  Beagle

     Figure 1  Effect of Tanreqing injection on the blood

                      pressure of Beagle dogs/ m i n

/m
m

H
g



50 Feb. 2021, 41(1)Laboratory Animal and Comparative Medicine

P 0.05

180 210 240 min

P 0.05

P 0.05

2

2.1.3   

Beagle

R PR QRS QT

T

P 0.05

3

2.1.4    

Beagle

22 30 /min

P 0 . 0 5 x  s n 6

 3  Beagle

           Figure 3  Effect of Tanreqing injection on the

                                 electrocardiogram of Beagle dogs

R
/m

V

/ m i n

P
R

/m
s

/ m i n

Q
R

S
/m

s

/ m i n

Q
T

/m
s

/ m i n

T
/m

V

/ m i n

* *P 0 .01 P 0 .01 x  s n 6

 2  Beagle

Figure 2  Effect of Tanreqing injection on the heart rate of Beagle dogs

/(
m

in
1
)

/ m i n



Feb. 2021, 41(1)      51Laboratory Animal and Comparative Medicine

P 0 . 0 5

4

2.2   ICR

2.2.1   

P 0.05

10 min

P 0.05

P 0 .05

P 0.05 P 0.01

P 0 . 0 0 1 2

2.2.2   

 2  
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Table 3  Effect of Tanreqing injection on the coordinated movement of mice
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Mechanism of Protective Effect of Raddeanin A on Hepatic Ischemia-reperfusion in

Rats
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[Abstract]    Objective    To explore the protective mechanism of raddeanin A (RA) on hepatic ischemia-

reperfusion injury in rats. Methods   Thirty rats were randomly assigned into three groups including sham,

model and RA groups (n=10). The rats in the RA group were injected with RA (10 mg/kg) in the tail vein 24 h

and 1 h before model construction. The rats in the sham and model groups were injected with normal saline

of equal volume. After the rats were anesthetized, the blood vessels entering the liver were blocked for 60 min,
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causing 70% of the liver to be ischemia. The contents of aspartate aminotransferase (AST), alanine

aminotransferase (ALT) and lactate dehydrogenase (LDH) in serum were detected 6 h after liver blood flow

was restored, the superoxide dismutase (SOD), malondialdehyde (MDA), interleukin-1β (IL-1β), interleukin-6

(IL-6) and tumor necrosis factor-α (TNF-α) levels in liver were detected by ELISA. Liver specimens were

stained with hematoxylin-eosin (HE) and TUNEL for observation of pathologic and apoptotic changes. Bcl2-

associated X protein (Bax), Bcl-2 and Caspase-3 protein levels in liver were detected by Western blotting.

Results    The levels of ALT, AST and LDH in the RA groups were lower than those in the model group (P<0.01).

The levels of MDA, IL-1b, IL-6, TNF-a, Bax and Caspase-3 in the RA groups were lower than those in the

model group (P<0.05), the levels of SOD and Bcl-2 were higher (P<0.05). The structure of hepatic lobules was

complete in the RA group. The apoptotic cells and the apoptosis rate in the RA group were lower than those

in the model group (P<0.01). Conclusion    Preoperative injection of RA can protect the liver by improving the

liver function of rats after ischemia-reperfusion, reducing the release of oxidative and inflammatory factors, and

reducing the apoptosis of hepatocytes via down-regulating  the expressions of Bax and Caspase-3 proteins.

[Key words] Raddeanin A; Hepatic ischemia-reperfusion; Apoptosis; Oxidative stress; in vivo activity;

        Active ingredients of Chinese medicine; Rats
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Table 1  Serum ALT, AST and LDH contents in the three groups of rats

  (x  s, n=10)

                                             ALT/(U L-1)                                  AST/(U L-1)                                        LDH/(U L-1)

A
**P 0 . 0 1 ##P 0 . 0 1

  45.83 5.95

199.50 15.24**

129.87 14.88##

110.67 5.68

203.67 11.02**

166.67 6.72##

  791.53 21.33

1717.57 75.74**

1347.23 34.36##
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A CB

A B C A =100 μm

 2  3  (TUNEL )

Figure 2  Observation on apoptosis of hepatocytes of the three groups of rats (TUNEL staining)

A B C A =50 μm

 1  3  (HE )

Figure 1  Observation on pathological morphology of the liver in the three groups of rats (HE staining)
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Table 2  IL-1βββββ, IL-6 and TNF-ααααα contents in the liver of the three groups of rats

  (x  s, n=10)

                                                IL-1β/(ng L-1)                                IL-6/(ng L-1)                                  TNF-α/(ng L-1)

A
**P 0 . 0 1 ##P 0 . 0 1

4.55 0.21

5.28 0.14**

4.82 0.16##

3.58 0.11

3.99 0.13**

3.70 0.10##

35.96 1.47

40.36 0.66**

37.99 0.30##

 3  3 SOD MDA

Table 3  SOD and MDA contents in the liver of  the three

   groups of rats

                                                                               (x  s, n=10)

                            SOD/(ng L-1)         MDA/(ng L-1)

A
*P 0.05 **P 0.01

#P 0 . 0 5

22.97 1.08

20.47 0.14*

21.13 0.32#

0.73 0.02

0.84 0.02**

0.79 0.02#
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 5  3 Bax Bcl-2 Caspase-3

Table 5  Expressions of Bax, Bcl-2 and Caspase-3 in the liver of the three groups of rats

 (x  s, n=10)

                                                       Bax                                              Bcl-2                                                   Caspase-3

A
**P 0 . 0 1 #P 0 . 0 5 ##P<0 . 01

1.00 0.00

2.43 0.33**

1.81 0.11##

1.00 0.00

0.54 0.12**
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1.00 0.00

1.61 0.17**

1.23 0.05##
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Table 4  Apoptosis rates of hepatocytes in the three groups

  of rats
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Figure 3  Expressions of Bax, Bcl-2 and Caspase-3 in the liver of the three groups of rats
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Application of Experimental Material Inspection in Quality Control of SPF Mice
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[Abstract]    Objective    To establish inspection methods for materials carried into barrier facilities housing

specific pathogen-free (SPF) laboratory mice. Methods    Experimental materials brought into a murine barrier

facility were collected. Non-cellular material samples were cultured to identify whether samples harbored

bacteria, and cell samples were screened for the presence or absence of  mycoplasma using PCR. Results     A

total of 14 708 experimental materials were collected and evaluated over a 5-year period. The average positive

rate for bacterial detection in 13 085 non-cellular samples was 1.99%, and the positive rate for mycoplasma in

1 623 cell samples was 4.81%. Positive detection rates for bacteria and mycoplasma have gradually decreased

and have remained at low levels over recent years. Conclusions    It is feasible to conduct continuous

large-scale inspection, monitoring, and control of experimental materials used in animal barrier facilities.

Inspection processes can strengthen the confidence of researchers performing aseptic treatment with animal

experimental materials and enable facility managers to evaluate risks from experimental materials. Experimental

material inspection is an effective measure for microbial quality control in SPF experimental mice.

[Key words] Animal experiments; Material inspection; Bacterial detection; Mycoplasma detection;

                       Laboratory animal facility

SPF

[1]



62 Feb. 2021, 41(1)Laboratory Animal and Comparative Medicine

2013

2 400 m2

SPF

5

1   

1.1   

2015 2019

100 μL

1.2   

100 μL 9 cm

L B

100 μL

100 μL 100 μL

LB

200 μL

100 μL

37 24 h

1.3   

1 000 μL

1.5 mL EP

1 000 μL 100 EP 10 min

12 000 r/min 10 min 100 μL

EP PCR

20 1 4

1 d

PCR PCR

20 μL 2 μL 10 μL 2

EX Taq mix 0.5 μL 5'-GGGA-

GCAAACAGGATTAGATACCCT-3' 0.5 μL

5'-TGCACCATCTGTCACTCTG-

TTAACCTC-3' 7 μL PCR

94  2 min 37 94  30 s

55  30 s 72  20 s 72 10 min PCR

EB 2%

10 μL/ Tanon

270 bp

1.4   

LB

LB

37 24 h

DNA DNA

PCR

5'-AGAGTTTGATCCTGGCTCAG-

3' 5'-GGTTACCTTGTTAC-

GACTT-3' 16S RNA

D N A P C R

20 μL 2 μL 10 μL 2 EX Taq mix

0.5 μL 0.5 μL 7 μL

PCR 94  8 min 30

94  45 s 60  45 s 72  30 s

72  5 min PCR

BLAST

BLAST

https://blast.ncbi.nlm.nih.gov/Blast.cgi

2    

2.1   

2015



Feb. 2021, 41(1)      63Laboratory Animal and Comparative Medicine

 1  2015 2019

Table 1  Classification and statistics for samples inspected from 2015 to 2019

                                          2015                  2016                 2017                  2018                  2019                  
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Figure 1  Results of a sample cultured on LB plate
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Table 2  Statistics for bacterial detection in non-cellualr

              material samples
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Table 3  Statistics for mycoplasma detection in cell samples
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 4  

Table 4  Results of identification of bacterial species
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[Abstract]    Health code is a form of two-dimensional electronic certificate with personal real data. It can

greatly improve management efficiency when applied to the supervision of administrative licenses involving

laboratory animals in the process of production, transportation, and use. According to the characteristics of

provincial territorial management of laboratory animals, a unified information interface standard should be

established to realize national mutual recognition for promoting industrial circulation. This would represent

a development trend under 5G conditions such that network management of laboratory animals on the fixed

end is transformed into information management of laboratory animals on mobile handsets.
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Figure 1  Standard contents and procedures of laboratory animal health code
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Metabolic Disease Animal Models induced by High-fat Diets
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[Abstract]    High-fat diets are often used to induce models with nutritional abnormalities and stimulate human

diseases, which are used to explore the mechanism of disease development and widely used in clinical

hypothesis study. In order to provide theoretical and practical basis for researchers in this field, recent

advances on animal models of metabolic diseases induced by high-fat diets were reviewed, and the mechanisms

underlying disease development and the respective roles of nutrient components of the diets were also

discussed.

[Key words] High-fat diet; Metabolic diseases; Animal model; Mechanisms
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 1  

Table 1  High-fat diet induced hyperlipidemia animal models

               /g     /                                                                                       

SD

SD

C57BL/ 6

   

SD

Wistar

   

TC TG LDL-C HDL-C

160~200

  80~100

  19~22

180~220

180~200

4

8

6

8

4

TC LDL-C

   

    

TC TG

     LDL-C

TC TG

     LDL-C

/

  TG

    LDL-C

    HDL-C

   

    

T C T G

    LDL-C

     HDL-C

     

10.0% 2.0% 0.2%

    87.8% 50 mg kg 1 d 1

         

12.0% 10.0% 2.0%

    0.5% 75.5%

20.0% 15.0% 10.0%

   1.2% 0.6%

     0.4% 0.4% 0.2%

    52.2%

20.0% 15.0% 10.0%

    1.2% 0.2% 0.6%

     0.4% 0.4%

     52.2%

2% 1% 97%

    1 mL

[5]

[6]

[7]

[8]

[9]

1.2   

[ 1 0 ]

+ + +
[ 1 1 - 1 4 ] 2

D3 7 10 5 U/kg

D3

[15]

[16]

low-dens i ty

lipoprotein LDL

LDL

-1 monocyte chemoattractant protein-1

MCP-1 -

-

κB nuclear transcription factor-κB NF-κB

[17]

1.3   2

2

+ +

2

30 mg/kg

β 2

[18-20]

3 β
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 2  

Table 2  High-fat diet induced atherosclerosis animal models

               /g     /                                                                                       

C57BL/

   6J

Wistar

   

Wistar

   

Wistar

   

TC TG LDL-C HDL-C CRP C

IL-1 -1 MCP-1 -1

6

   200

   200

150~180

14~16

    9

    9

    4

  TC TG

   LDL-C

   HDL-C

  

   

TC LDL-C

 

  HDL-C

  

  

TC CRP

  IL-1 MCP-1

  

   

30.0% 5.0% 2.0%

    30.0% 5.0%

    4.0% 4.0%

   6.5% 6.5% 6.5%

   0.5%

10.0% 5.0% 3.5%

   0.5% 0.2%

   80.8%

0.15% 21.00% 78.85%

    

10.0% 10.0% 8.0%

   5.0% 3.0%

   0.5% 63.5%

[11]

[12]

[13]

[14]

2

Bax Bcl-2

- 3

Caspase-3 β
[21] c - J u n

c-Jun N-terminal kinase JNK

- 1

pancreatic duodenal homeobox-1 PDX-1

PDX-1

PDX-1

2 [ 2 2 ]

1.4   

 3  2

Table 3  High-fat diet inducesd type 2 diabetes animal models

            /g     /                                                                                          

Wistar

   

Wistar

   

SD

TG LDL-C MDA ALT

190~210

180~200

    180

12

12

  6

 T G M D A

  LDH ALT

  

   

   

   

6.5% 11.0% 23.0%

  0.6% 0.2%

    40.0% 1.0% 15.7%

   2.0%

20.0% 10.0% 2.5%

   67.5%

10% 1% 89%

    

[18]

[19]

[20]
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[23] +

+ +
[ 2 4 - 2 6 ] 4

advanced glycation

end-products AGEs  ,  
[27]

free fat acid FFA

c-Jun c-Jun N-terminal

kinase JNK -κB /

-κB inhibitor of nuclear factor kappa-B

kinase/nuclear transcription factor-κB IKK/NF-κB

FFA
[28] FFA

-3 phosphoinositide 3-

kinases PI3Ks

/ s e r i n e /

threonine kinases AKT

-3β glycogen synthase kinase-

3β GSK-3β
O 1

forkhead box O1 FoxO1

phosphoenol- pyruvatecarboxy-kinase 1 PCK1

-6- glucose 6 phosphatase

G6Pase
[29]

1.5   

[ 3 0 ]

Lee’s [31]

[32] SD

C57BL/6J ICR KM [32]

+

6 8 [31,33-34] 5

[35]

peroxisome proliferator activated receptors α
PPARα  PPARγ

 4  

Table 4  High-fat diet induced insulin resistance animal models

                /g     /                                                                                      

SD

SD

  

  

2 200

180

170~180

36

17

  6

   

    

    

    

    

    

    

    

42.00% 6.00% 1.00%

   1.00% 2.00%

   1.50% 1.25%

   3.25% 0.50%

    1.50% 30.00% 10.00%

70% 10% 20%

15.00% 20.00% 5.00%

   0.20% 0.05%

   0.15% 0.20%

     59.40%

[24]

[25]

[26]
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lipoprtein lipase LPL

FFA

diacylglycerol

acyl-transferase DGAT

-1c sterol-regulatory element binding protein-

1c SREBP-1c

PI3K/AKT/

1 mammalian target of rapamycin 1

mTORC1

SREBP-1c

low density lipoprotein

receptor LDLR A acetyl-CoA

carboxylase ACC fatty acid

synthase FASN
[36]

adipose triglyceride

l i p a s e A T G L

hormone-sensitive triglayceride lipase HSL

triacylglycerol hydrolase

TGH
[32]

1.6   

nonalcoholic fatty liver

disease NAFLD

NAFLD [37]

+ + + +
[ 3 8 - 4 1 ] 6

-α tumor necrosis factor-α TNF-α
-β1

NAFLD

1

FFA

β VLDL

JNK/Bcl-2

2

PI3K

[42-43]

2   

2.1   

 5  

Table 5  High-fat diet induced obesity animal models

               /g     /                                                                                       

SD

ICR

Wistar

   

TC TG LPL HDL-C

6

   20

   70

8

6

6

TC TG

    LPL

     HDL-C

T G

     

     

32.0% 9.7% 40.5%

  3.5% 2.5%

   1.2% 0.8% 3.0%

   5.5% 0.3% 1.0%

    

15% 20% 5%

   10% 50%

10% 10% 5%

   75% 10

[32]

[33]

[34]
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2.2   

[4]

5%

2%

0.5%

1%

LDL
[4]

2.3   

20%

Toll 4

NF-κB

 6  

Table 6  High-fat diet induced non-alcoholic fatty liver disease animal models

               /g    /                                                                                        

SD

C57BL/6J

  

SD

Wistar

   

FFA TC TNF-α -α ALT TG AST

GGT γ- PI3K 3- p-AKT B p-mTOR

MDA LDL-C HDL-C

SOD

140~160

  18~20

180~200

180~200

24-28

    8

  12

  10

FFA TC TNF-α ALT

    
TG TC ALT AST GGT

    p62 PI3K p-AKT

     p-mTOR

ALT AST TG TC LDL-C

   MDA HDL-

   C SOD

    

   TNF-α
TG TC ALT AST

     MDA SOD

   

     

2.0% 10.0%

   88.0%

68.5% 15.0%

  1.0%

   0.5% 15.0%

10.00% 2.50%

    2.00% 0.25%

    85.25% 

15.0% 2.8%

  0.4%

    81.8%

[38]

[39]

[40]

[41]
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nicotinamide adenine dinucleotide phosphate

NADPH
[44]

2.4   

[45]

20%

20%[45]

[46]

[47]

[48]

3  

[49]

60Co

1

4 

4  

1

2

3
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