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(R PR BTG 0, )R BRI 518020)

[#E] H# it 1,25(0H), VD, XF Zucker HiIRIGALE ( Zucker diabetic fatty , ZDF ) K 5T 2 b AR5 405 19

TR E T BAR AR, F7iE M 5 ~ 6 Jik Zucker JH R ( Zucker lean , ZL) KL (XHREL) & ZDF K R(BALR) #%
WA BEAL > N 3 4, BIX BRAH (ZL) WA (ZDF) K 4E/E R D (vitamin D, VD) THZH(ZDF + VD), 41K Rl
I 12 JREE AT LR AR AR G b SO TR R Tl B S B f, S8R 5 ZL AL, ZDF 41K R
JHF HR B S B i S O SR A AT [ 3 M SRR (ROS) A= g i 9 18 (MDA ) /KP4 e H K ( GSHY) 7K
P SRR ] LR K AR REEHLAL 8 T R ORI A 5 RO HE B 1 e S A R S SR O 2 1Ky BT
15 A F 1a( peroxisome proliferator-activated receptor vy coactivator-la, PGC-1a) AZIFM K F-1 ( nuclear respiratory factor
1,NRF1) FIZ A4 %E 5 5 F A (mitochondrial transcription factor A, TFAM ) X b el #5 2 L 2R 15 815 B/ 7 2 M6
fitf 1 (sirtuin 1,SIRT1) Z353 8 B N F%, 1,25 (OH), VD, T HUEH: T ZDF K BUF A b5 SRk i, Bii T
SIRT!L ,PGC-1oc \NRF1 il TFAM fY7K -, 858 T Zehidk A W) & i, &5k 1,25(0H), VD, W fgif T SITRL/PGC-la
I LKA R P AR ZDF KRS

[§A]  1,25(0H),VD, ;ZDF K5 P03 ORI A 4 5

[HhEH3%ES] R33 [ EtERIRAE) A [ XE4HS]1671-7856(2018) 11-0001-07

doi; 10. 3969/j. issn. 1671 —7856. 2018. 11. 001

Protective effect of 1,25( OH),VD, on liver mitochondrial
injury in ZDF rats

LI Yanyan, FENG Liru, ZHANG Hongmin, TAN Hongxing, ZHU Lijia, WANG Jun"
(Shenzhen Center for Chronic Disease Control, Shenzhen 518020, China)

[ Abstract]  Objective To investigate the protective effect of 1,25( OH), VD, on hepatic mitochondrial injury in
ZDF rats and the potential mechanism. Methods Male Zucker rats (5 —6 weeks old) were randomly divided into three
groups according to their weight: control (ZL), model (ZDF), and 1,25 ( OH),VD, supplementation ( ZDF + VD)
groups. All rats were treated to 12 weeks of age, and then the related parameters were analyzed. Results ZDF rats treated
with 1,25(OH), VD, showed a significant decrease in serum ALT/AST and liver lipid droplet deposition. Treatment with
1,25(0H), VD, ameliorated mitochondrial injury and increased the expression of mitochondrial biogenesis-related factors

SIRTI, PGC-1a, NRF1, and TFAM. Conclusions These findings suggest that 1,25( OH), VD, alleviates diabetic liver

[(EETHE] HE A KRB 2% 4 (81703226 ) 5 |~ A 4 B 2 3% 4 ( A2016130 ) ; ¥ HIl 17 &L 4% 31 % 0 H ( JCYI20160428145633098 ,
JCYJ20170307144652484 ) ; RN T TAETH4E RGEEIH H (201605016 ) 3 I BT PA: =44 T H (SZSM201611017) ,

[1EE B 24 H (1987— ), 2, EBIgEAE Bl B 50 BA%% . E-mail: lyyhust@ 126. com

UBEEEE] ER(1978— ), 5, FALHEIN, HFF T 43 FEF% . E-mail: junwangwh@ hotmail. com
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injury by improving mitochondrial biogenesis through upregulating SIRT1, PGC-1ac, NRF1, and TFAM expression.

[ Keywords)

WEFRIA ( diabetes mellitus, DM ) 42 24 Bij /™ 5 Jgi I
NZRAERE RSB | KR AR AL AT 51 4
B2 ENE . TR AR =2 B W R
By RAE R HE LS, IO 7E DM & 2 ke it
P R EEAERY

T Ll R VT = S S N R T W 3
(reactive oxygen species, ROS) 3 1 S AL N B8 IA
SR A 3 1) S BEIL O BT 28 I 2 bk 2
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HEREYL,

Lbi AR 95 A ( mitochondrial biogenesis ) JE A%
BE PR By A A DR P ] 8 4 T 1% o B A B 2, 7
LRRLAAR 45 ¥ 16 52 B 3 g 4 15 o B2 b $E OC B AR
FHN o FERE PRI TR A5 05 15 L, 8 m 2ok 4
A6 BN TR 4t L L W B A e S
A& D(vitamin D, VD) = —FpIRIEME4E AR & | &
I B AR RGEPEE K 1,25(0H), VD, J5 5484 %
D 3ZAK (vitamin D receptor, VDR) &5& K F Z W)
SPRONE, A0 i A8 I R R IR e A I T A
R SR, AEAE 2R D AR I i R AR A A ik
S R T 0 B AR DG ML B A A I SE . R,
AT LAAEAZ D s Z 4R T 1Y Zucker B 5 AL
Bt ( Zucker diabetic fatty, ZDF) K § o X 4, 3 3+
1,25(OH) , VD, XHH IR ISR 45 1 P 47 VR
PL

1 #RFn7E

1.1 SEIeEi¥)

SPF 4% M PE A & M AE e AL 2 RUBE BR A KRR
(ZDF K20 B R (127.1 £13.7) g,5 ~6 J
i, SPF 2% I M Zucker J8 AY ( Zucker lean, ZL) K B,
10 B KT (114.3 £7.2) g,5 ~6 J#, W T4k A
TSI B W) R A BR S 7] [ SCXK (&) 2016 -
0011], ¥yl 3 T4 dh BF 4 K22 S5 sl i v o

1, 25(0H),VD;; ZDF rat; liver oxidative damage ; mitochondrial biogenesis

[SYXK () 2016 - 0057 ], AWFFEIE P RH
KA (R T = 2 Bt 55 9 3 ) B2 e AR B 25 D 25 o AL
(IACUC Number:432) ,
1.2 FELFSMHE

1,25(0H), VD, ( Cayman) ;2. 5% % T [ % ¥
(BHAEY) 5 M ALT, AST #6032 7] & ( Fg 5t 4t
A%) s MDA (GSH 2 i35 & (FE s %) ; DHE 2%
WA (MR K s R R BURF & (B aK)
PO 3L % 7 B H OB ( tetramethylrhodamine methyl
ester, TMRM ) ( Sigma-Aldrich) ; RIPA 24 fif W ( 2 =
K BEPRBUSH & (R s R) s EHE I
7 & ( Bio-Rad) ; SIRT1 T4 PGC-1a HL 4, TFAM
HiiA& NRF1 /4 ( Abcam ) ; HRP Fric 3/ B IgG 3t
& HRP Frichif IeG Hik (CST) ; ECL fh2# K )
(Millipore ) . 5 & 2 (08 ( AR ELHT) 5 335 3 7 i
{45 (Hitachi) ; 1257 &G URAX ( Bio-Rad ) 5 95641
%%Eﬁ‘(Thermo) 5
1.3 XWHE
1.3.1 sl

JIT A R B A MR S o R v Yy 4 S 5 2 ) i Y
3R JENZE T NP, dd PR SR 1 E A
FRCAXTHRAL (ZL) | A R AR L BE AL 2o 2 40 .
FERIZH (ZDF) fidiA: 2 D T4l (ZDF + VD), JiE
RUFARTE S 105 ~ 152 ¢, 434 105 ~110 g 111 ~ 120
g.121 ~130 g.130 ~140 g 141 ~152 g L4, 9%
JE B S KR BENL TR 2 4, MEFE Zucker
KB P B Purina #5008 (At 50 BB P fRl R
PR FIPRAL ) | 78 Bt 0 T BE iy b 2 B s Jon iy 4
A D;1,25(0H), VD, i T F K i A 4 14 i 4
PR 1k, Fls R TR 5 pg (=4
TSI AE ) 2L 415 ZDF 41K Bl B SRR &
K, AR RMEIRE 12 B, EREF A, RIE
B, TR 2 I AT R S UL B Y [, L
M2 5356 T - 80°C IR AF o
1.3.2 s brkm

Fi BT ALT  AST 4 DU 7] & 48 A0 SR Aar il
ALK BRI TP A8 TN % Z W (ALT) | 4% B 5 A il
(AST) /K- HE Je o W88 95 B ol A% 5 At A0 2 b 2
PR (TBA) Ll il s O I Y 8% (MDA ) 7K P, — i
ARG H R (DTNB ) B8 3200 7 00 IE 23 1B H K
(GSH) 7K *F; JiF ROS kil . A 2Lk vk U1 g &
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DHE ZECHR T, 28 ) 1 1ol 8% X0 48 41 (8, 5¢ 5 J3 9
(gl
1.3.3  JHFHEMEE g

SHALFE 1 min NARGEVIEE AL 1 mm® £
5 mm FFHLUK 4, F 2. 5% B8 B8 2% W T8
Ze Ab S 1 U0 R 37 S T S U O 5 T R
ShR EHIE LR AR A4
1.3.4  ZORDAR R B AV 2

B 100 mg i fif JT 21 20 2k iR 31 Ot 7] & 42
Bk 4, fd ] 100 nmol/L TMRM %% % Y4 kL &
(37°C,30 min) J&, H %% 7 066 B i i B we
SR
1.3.5 SR A s G EE PR RS

Western blot & I JF- 28 #7174 A= il AH 5¢ & 1
NRF1 . TFAM ik & & b 55 & [ SIRTL , PGC-
la UL, FREL 100 mg 2247 AFEHEL, JILA 10 f5 14
T RIPA 24 IO H . S AWE A BCA ik
&g, I SDS-PAGE HL k7 85 4 ), i@ 1
VRGPS R (557 5] PVDF B | AR$EPUIAR LB
AT —PLMZ HRP AR i) B E . &Ja, A
ECL fb2 & 47 6, R Ak B g R
G AR A K B G i),

-

2K) Ay il

16404

1200101

ALT

Rib (i 4

TP E ML)

40,01

LLE
Zl ZDF ZDF + VD

1.4 SitFEFE

FIIH SPSS 18. 0 Ge it 347 88 3 #r , %k
PR+ a2 (x £ s ) Bon, RV HAE T
2 LSD-t I LB T ik K 5, LA P < 0. 05 R
A W EE,

2 R

2.1 1,25(OH),VD, ¥ ZDF X R At#H G

I3 ALT AST J& S W 07 09 U e A .
1A FiR . 5 ZL A EE , ZDF 240K BRIP4 IE ALT
AST BEHOK- 835 T4, LG ALT  AST 7K 294351
BT 8.3 f5A6. 8 5, 1,25(0H),VD, T HiJ5
IR T ZDF KEUFAIIE ALT AST AYBRIL,

MEFREE G B8 ZL A A L, ZDF 41 R FURT H 3
HH S8 () B AR | A AR B 8 R e A e
HE Jeta 255 WoR  ZL 2K U/ N, T 4R i &
PL/INI rh gk oA Ao 2 CRIRHES T WA B
LA g A2, 40 A R IR | 6 4B v ke 5 i
ZDF 41 K B H0 30 B b i g J s A8, 7 ¥ 1 /Nt g
LT i A 405 1,25 (OH), VD, T HiA 24
Gif 7 ZDF KEUHWAE , & 1B PR,

240.0 4
2000 4

10,00 4

AST

124,00 4

20,04 b

FASE M UL

40,0 7

0.0

Zl ZDF ZDF + VD

LI Z0F + VD

A KBRS ERKT, 5 ZL4IHE,*P < 0.05;5 ZDF 414, P < 0.05, B: REUFAZS HE Yo

(x 200),

1 1,25(0H),VD, XF K EUMR ALT AST K T FH51 47 (1 5
Note. A: Serum transaminases of Zucker rats. Compared with the ZL group,*P < 0.05. Compared with the ZDF
group,”P < 0.05. B: Liver histology. HE staining ( x 200).

Figure 1 Effect of 1,25(0H), VD, on serum transaminases and liver histology in the Zucker rats
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2.2 1,25(OH),VD, ¥% ZDF KR RULIRG

El2A B AT ROS /K, % 71 4, ZDF 4
KERIFALALUFE DHE HEH G 4 6280 B 3% 1 i
ROS W7 A W i . B i A Ak 7= ) —— =
1% (MDA ) (17K V- RE 6% S5 W i o 48 Ak 0 43 782 B2, 4
HRE(GSH) M) Sz BRHLIA ST E ALK WK 2B B,
5 ZL AHIL , ZDF 4K U MDA /KK 8 2 b F+ i
GSH 7KF-H i A%, 1,25 (OH), VD, T HilJ5 , MDA
IKREAR T 29 25% ,GSH /KT T4 41% |, i3
S T ZDF RERIFA ARG
2.3 1,25(OH),VD, 3t ZDF K RAF&A{E L1
R INRERI SN

 3A L BEAE EoR : ZL 2H K ST ZR A S A
[FE G tRel # BIE , K /N4 —; ZDF 41K R4
JH R B AN AN — B R, R AR i i T A
S I A 2504k 1,25 (OH) , VD, T U £ ki ik
TEAFEANKAZ 1E W, 2oki 4K B8 B 37 ( mitochondrial
membrane potential , MMP) J2 Jz Bt 28 7 A4 i 452 13 &2 T
RERVEE ZH5 45, 5 ZL 41M e, ZDF 40K BRI MMP
THET 4143% ,1,25(0H), VD, Wi T 4R A 5 i
BRI IR T LARAASR A (E 3B) .

A
£l

B

Liver G5H

T B B L B A Fpmol Limge pra)

£l LDk

LDF + V¥

2.4 1,25(OH),VD, & ZDF K RAF &R 4
MERK

LA A W) B O T LA G R B 4k iR
SR RE A HEE L, A FERRARAEY G
REE M Z PGC-1a S N i 4% 5 I+ NRF1 Fil
TFAM, f0E 4 F7s,ZDF 240K AT S PGC-1a
NRF1 K TFAM HYZEIA H ZL 4295 AR T 58%
38% M 62% , M4k, PGC-1o F{F14 15 25 4 SIRT1 Ay
Pkt B FEEAR1,25(0H), VD, REME 8 2k ki A
A= ARG 5 2 11 SIRT1 ,PGC-1a K H R i NRF1
I TFAM A 3k, &t ZDF KR F LR R f S
A
3 itig

W BRI 2 LA g 1A Ay R AE f) AR s | 7T
HEBZAERE 000 H b 2=
Z—o MR R, 29 50% W0 R B35 A IF I
A5 R TERE PRI 14 A R e itk AR v R A B
YER™ . ZDF KRR M H BUBE R %6 R 1Y Zucker
KB A 8 01 2R 2 e 5 & 10— b 1 R PR IR
FRAALER | ZDF K BR 28 e I B v W A T e

L1 LOF + VI

Liver MDA

T A T (ol L imy pro)

£l Fbl; LOF + Y

T AR BATZT ROS K ( x 200) o B: KEATARBEH IR RN~ KF, 5 ZL I, P

< 0.05;5 ZDF A L% ,"P < 0.05,

B2 1,25(0H),VD, XF kBT 75 895 i
A Liver ROS detected under a fluorescence microscope ( x 200). B: Liver GSH and MDA

detected by spectrophotometry. Compared with the ZL group,*P < 0.05. Compared with the ZDF

group,”P < 0.05.

Figure 2 Effect of 1,25(0H), VD, on oxidative damage in the ZDF rat liver
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arrows indicate mitochondria. B Liver mitochondrial membrane potential. Compared with the ZL group,*P

< 0.05. Compared with the ZDF group,”P < 0. 05.

Figure 3 Protective effect of 1,25(OH), VD, on hepatic mitochondrial injury in the ZDF rats
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igure 4  Protective effect of 1,25(OH), VD, on hepatic mitochondrial biogenesis in the ZDF rats
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Effect of emodin on adipose browning in ApoE knockout mice

CHENG Long, DONG Shifen, YUAN Yueying, MA Dan, SONG Jingyi, SUN Jianning, ZHANG Shuofeng *
( Department of Pharmacology of Traditional Chinese Medicine, School of Chinese Materia Medica,
Beijing University of Chinese Medicine, Beijing 100029, China)

[ Abstract]  Objective To observe the effect of emodin (1,3 ,8-trihydroxy-6-methyl anthraquinone) on adipose
browning in ApoE knockout mice and explore its potential mechanism to improve the blood stasis status such as
hyperlipemia. Methods  Male 8-week-old ApoE knockout mice were randomly divided into three groups, model,
5.7 mg/kg simvastatin, and 80 mg/kg emodin groups, and fed a high fat diet. C57BL/6J control mice were fed a normal
diet. The mice in each group were intragastrically administered with drugs or drinking water for 18 consecutive weeks.
Parameters, including body weight, inguinal white adipose tissue (iWAT) mass, brown adipose tissue ( BAT) mass, blood
lipids, pathological features of iWAT histology, and in situ uncoupling protein 1 (UCP1) expression in iWAT, were
observed. Results Compared with the model group, the body weight, ratio of inguinal white adipose tissue weight/body
weight (P <0.05), and blood TC and TG were decreased significantly (P <0.05) , while the ratio of brown adipose tissue
weight/body weight, EF, and FS (P <0.01) were increased significantly in the emodin group ( P <0.05). Histological

examination using HE staining of iWAT showed that the cells had multiple compartments and became smaller and round,
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and the tissue became more dense with morphological characteristics of brown adipose tissue. Immunohistochemistry showed

that the AOD of UCP1 in iWAT was increased significantly (P < 0.01). Conclusions

Emodin may improve the

symptoms of hyperlipemia by promoting browning of inguinal white adipose tissue and reducing white fat accumulation in

ApoE knockout mice, which may be related to the effect of zhuyu.
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Figure 1 Effect of emodin on body weight of the ApoE ™~ mice
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Figure 2  Effect of emodin on fat weight/body weight ratio in the ApoE ™"~

(EI5A) ; ApoE =~ BEAYAH /N K T BB 1 €6 s iy
SIS WG 2, BB, 40 A% | 40
I 85 S L e 45 ) — 0 S e B £ i s AR B
(EI5B) s SR AH HE, KRBT R4 (K 5C) (- flftb
TTHL (I 5D) /N T I8 i) 1 6 B Iy 40 i o 3 2
= AR /N R R U R SN ECE, A
feitas,
2.6 KFEZEX ApoE /MR iWAT EBfL UCP1 &
HRIER T
WS/ BUIE B 16 1 7 20 2 4 9 2H R4k
Jer ], b B @ R0 Jy B 40 M BT I A7 AR AL
B, 5 ApoE AR L (K 6B) , KB R4 (F
3 C37TBLAG)
3 ApoE*
ApoE*+
oW K emodin) B0 mp/kg

Apols +
FARMIT (simyvastating 5.7 mpky

/BN s e A/ A L A 5

“P<0.01.

mice

3 C57BLA)
53 Aok
ApoET4
= . = o Bl W emnodin) B0 mp/kg
Apol- 4
AR BT (simvastating 5,7 mekg

A B
159 254
a9 ;-E 201
E.= e &
25109 ., £Z
) -
= E = -
s H 5
05 o T
1]
- c ! [H]
= 8 =08
14 :
31 33 ¢
ES -]
ES 100 Eg
E: = E: 5
!g 75 Ex LA
H s =2z
d2  gp a2
= e |- B
i — 5
g = g
BT T BT
€ Z  0)le= e 00

.5 ApoE /T BRI LS, " P < 0.05,™ P < 0.01,

B3 KEER ApoE 7~ /NERUIMTE TG  TC LDL-C HDL-C 7K F By 5%

Note. Compared with the ApoE =~ model group, * P < 0.05,

*P<0.0l.
Figure 3  Effects of emodin on the levels of serum TG, TC, LDL-C, and HDL-C in the ApoE ™"~

mice



12 o H AR R 25 2k 2018 4F 11 H 45 28 %5 11 8] Chin J Comp Med, November 2018, Vol. 28. No. 11

A i = CSTRLG)
Apok™
8 4 g = A A
ApoE 4
=
= E 0 _ 2 and _,*..ﬁ:fh::lndliljsll mp'ke
=3 & 8 = ApoE~ +
g'ﬁ — g £ 304 AR T simvastating 5.7 mg/ke
£ 40+ = =
-k BE s
*3 25" A
=204 D
. 2E 0
.
0 T T 1]

T 5 ApoE ~/ ~ MBI HHE, * P < 0.05, ™ P < 0.01,
4 REEFN ApoE ™~ /NELLME EF (FS (520
Note. Compared with the ApoE =~ model group, * P < 0.05, ™ P < 0.01.

Figure 4 Effect of emodin on changes of heart EF and FS in the ApoE ™"~ mice
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Figure 5 Effect of emodin on the histology of white adipose tissue in the inguinal region of ApoE ™~ mice. HE staining
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Figure 6 Effect of emodin on immunohistochemical staining of UCP-1 in white adipose tissue of the ApoE ™"~ mice

= CBLY RARIE T 8/ ADP SR ALTE B ATP K RE 1 LA

oamE. BRI BRICHES:, B S B £

g o = Mo srmene SRS B L IRE T AR ), T
9 : .” = Eéﬂﬁﬂﬁégé/Q¢ UCPI %%it‘ﬁ%tﬁu : FHIDE BAT [y it
100 = o \ RN e T
CE § B S 0 SRR DNA D9
g . I.HI.I ; & o FERIN A (cell death-inducing DNA fragmentation

' ) ' factor alpha like effector, CIDE) i & b EEAIESE )

U5 Apok ™~ SREALLLEL, P < 0.05, 7 P < 0.01, s AR v 5 BhOS ?—1a(peroxisome proliferator
B7 KR Apol ™" /MR R 1 €5 activated receptor y coactivator-la, PGC-1a) PR 4544

ARITALE, UCPL EHFIX AOD KR 3 % 1 16 (positive regulatory domain-containing 16,
l:]:)te. Compared with the ApoE ™"~ model group,* P < 0.05, PRDM16)%]%%$1g%,gm%\mﬂgﬁ%ﬁ%nﬁki
P< 0.01. {}ﬁ%ﬁjﬁo

KB FE ARG B AR = 8k & 75 /D BURY 1A 5 &% o

Jig , U8/ i T AL 2 ME L i e [ 2 s
B R LPE B AE SRS RE AL R R il e £ 5 M A 56 AR A 1
WOIMIDG, BAT RUANMIEZE i 220 AR A A, JEAIM 2502020 ) ARWST & 90k 2% 2 i i 5 WIS 2 B Tk
WEARELRA, FEINRERFENR T ZHF B & ApoE SEPH A/ NEUAT (P < 0.05) [ @ASH
BUEHER . BAT MR S AR IERIAE SR/AEHRME (P < 0.05) LI iE S TG 1 TC
FIEP UCP1, UCPL ALK HY NRRAN B IWE]  &8E(P < 0.05), [A i H GE W 2 58 s 08 i &

Figure 7 Effect of emodin on the protein expression of

UCP1 in the inguinal white adipose tissue of ApoE ™"~ mice



14 h E F AR R R 4 7 2018 4 11 H 45 28 %5 11 0

Chin J Comp Med, November 2018 ,Vol. 28. No. 11

HB/ARFEIE(P < 0.05) M A0 38 5 43 Bom s
MiaE R (P < 0.01) , BA WD F AR HER 2l
SR AR T BE VR F UL A1, 76 B 195 B € ik ik
T /N BRI 78 1 € 8 7 L B 521 1 5 in % 5
AN i BUp O3 WAN W et = RN [
HE et 8, 5 ApoE ~~ B UL g, REE K 4/
BRI IRE YA 1 €60 i 7 4 200 B 80 1) A €0 g O 40 i 6 7Y
(nZife i M2 =, 4l s/ B RAE) . A RE
TIESE B 2R A 3 a9 i i U 4 A b A T TR U b 2R
P ST P B 1 T S L = R U L ) L BRI A R
At , VR BRI A R i 1 A BE 3R,
YL BT S g = Wt R(F) R = RN <7 A A
TR R R AR R BoR, K %
B ApoE ~~ /N R A (1 (g 17 41 48 UCP1 2 1
Feik 25 R HAR HE @R RS e b PR

gk Lk, KRE R T3l i BRI ApoE 3% A i B
ANBRURTE I3 P H i = S L R T P R AR 3 B R
PR < R0 I D o /R B, kD
1A R D HE AR [ B 384 s €0 B By 2 4/ A B LU
e I S I 5 e B 4 R R T IR R I
RN ZHZ UCPL 85 A FRIA e ApoE JE DN RR
/NERBZ T R REA 1R A € Ak, AT A5 280000 il A
Ji, T RE S B A E A G

SE 3k :

[ 1] Kim SH, Park HS, Hong MJ, et al. Tongqgiaohuoxue decoction
ameliorates obesity-induced inflammation and the prothrombotic
state by regulating adiponectin and plasminogen activator
inhibitor-1 [ J]. J Ethnopharmacol, 2016, 4(192) ; 201 -209.

[2] Hong M, Jung J, Park HS, et al. Shaofu Zhuyu decoction
ameliorates obesity-mediated hepatic = steatosis and systemic
inflammation by regulating metabolic pathways [ J]. PLoS One,
2017, 12(6) : e0178514.

(3] Bestil, wfha, X880, S5, 0 LA 5 29 00 HE kK RUIR i
HANNEZR S mRNA ik 5 LTS EEASEm [J]. e
24k, 2014, 29(2) ; 625 -628.

[ 4] Vargas-Castillo A, Fuentes-Romero R, Rodriguez-Lopez LA, et
al. Understanding the biology of thermogenic fat: Is browning a
new approach to the treatment of obesity? [J]. Arch Med Res,
2017, 48(5) : 401 -413.

[ 5] Morimoto H, Mori J, Nakajima H, et al. Angiotensin 1-7
stimulates brown adipose tissue and reduces diet-induced obesity
[J]. Am J Physiol Endocrinol Metab, 2018, 314(2) : E131 -
E138.

[6] MEFRGMEH2 hEANRIEMELM [M]. L5,
AR R RRAL, 2015 22.

[7] FREHE, 380, D, % R Hb A8 = g i ok B

BRHTEAMEITR R [J]. PR A B2 4R 2015,
31(3): 278 —-281.

HhE

[8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

FRBRE, $FE, D, A H R R R R R BB R AE
BT [J]. SR T A 283, 2016, 22(1): 158
-161.

Zhao XY, Qiao GF, Li BX, et al. Hypoglycaemic and
hypolipidaemic effects of emodin and its effect on L-type calcium
channels in dyslipidaemic-diabetic rats [ J]. Clin Exp Pharmacol
Physiol, 2009, 36(1): 29 —34.
Zhao X, Lu L, Qi Y, et al
Caenorhabditis elegans through insulin/IGF-1 signaling pathway
depending on DAF-16 and SIR-2.1 [J]. Biosci Biotechnol
Biochem, 2017, 81(10) : 1908 —1916.

Park SY, Jin ML, Ko MJ, et al. Anti-neuroinflammatory effect of
emodin in LPS-stimulated microglia; involvement of AMPK/Nrf2
activation [ J]. Neurochem Res, 2016, 41(11): 2981 —2992.
Tzeng TF, Lu HJ, Liou SS, et al. Emodin protects against high-

Emodin extends lifespan of

fat diet-induced obesity via regulation of AMP-activated protein
kinase pathways in white adipose tissue [ J]. Planta Med, 2012,
78(10) : 943 —950.

REZA, WA, skid, % SUEHEE E SR8 IE (CSTBL/6J-
ApoE) /IR AE B BHLH S G2 [T]. v Ho A R 2 2
&, 2006, 16(2) : 85 -88.

Wagner T, Bartelt A, Schlein C, et al. Genetic dissection of
tissue-specific apolipoprotein E function for hypercholesterolemia
and diet-induced [J]. PLoS One, 2015, 10

(12) . e0145102.
Li J, Ding L, Song B, et al. Emodin improves lipid and glucose

obesity

metabolism in high fat diet-induced obese mice through regulating
SREBP pathway [ J]. Eur J Pharmacol, 2016, 770 99 - 109.
Bartelt A, Bruns OT, Reimer R, et al. Brown adipose tissue
activity controls triglyceride clearance [ J]. Nat Med, 2011, 17
(2): 200 -205.

Oelkrug R, Polymeropoulos ET, Jastroch M. Brown adipose
tissue: physiological function and evolutionary significance [J].
J Comp Physiol, 2015, 185(6) : 587 - 606.

Vargovic P, Manz G, Kvetnansky R. Continuous cold exposure
induces an anti-inflammatory response in mesenteric adipose tissue
associated with catecholamine production and thermogenin expression
in rats [J]. Endocr Regul, 2016, 50(3); 137 —144.

Ko By B _EMRR Z AR X/ IR D5 4H U (A AH
AN AN microRNAs BISEMR [D]. BT7EERHARY, 2013.
JEIm , U, BRMBhR, S RER SR AL AL 2 BUREIR
/N BUBEIR AU e g B 5 [J]. 2t 2012, 35(9) .
1487 —1490.

Wang YJ, Huang SL, Feng Y, et al.
hydroxysteroid

Emodin, an 11B-

dehydrogenase type 1 inhibitor, regulates
adipocyte function in vitro and exerts anti-diabetic effect in ob/ob
mice [ J]. Acta Pharmacol Sin, 2012, 33(9): 1195 - 1203.
Kok, NZEBL KEZEXT KKAy B IR/ BG4 4 PPAR-
o M PPAR-y RIKFEMMPTLEHIFT [J]. ERhEZ R
%, 2012, 35(10) : 692 - 695.

Bostrom P, Wu J, Jedrychowski MP, et al. A PGCl-a-
dependent myokine that drives brown-fat-like development of
white fat and thermogenesis [ J]. Nature, 2012, 481 (7382) .
463 - 468.

(Y75 BHA)2018 —04 - 18



2018 4£ 11 A o LA R 2 e November, 2018
$28% H11H CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 28 No. 11

MRS

e )

miR-34¢ TF 11 5 8l TR 20 A J58 7Y 22 38 X Tea8113
20 B A= ) S A1 N ) 52 )

WO, Emas AR s lE, TeT |, REE

s

(1. m@&ﬂkii%ij}%%b SEUS A5 NP s AR L P S SR, ORJE 030001
B HEEBE AR S E RSB, ILVE R 030600)

[HE] HE T miR-34c 6 1 BBRIR AT (0SCC) 4140 B 4 Y 2 35 T X 11 Jis g 20 i A6 W 244
BN, FiE qPCR AN AP E M B B ZH 4L miR-34c (3K, JE ik RNAIMAX A5 miR-34c L4149
2H (miRNA-34¢ mimics) 1 miR-34¢ M #2H ( miRNA-34¢ inhibitor) $5 7% Tca8113 4iA, 583 CCK-8 FIkJE 2L 46
DA miRNA-34c AN Tca8113 HHMITE I R ERBE IR, &R SIEH AWML, B E b B0 REEa
miRNA-34¢ F3AKF B THE . miR-34c ML Tea8113 4HMIIE T BE 1 EWE (P < 0.01) T HH J‘JWE%
B, miRNA-34c MHIZH miRNA-34c AYZIA 02 T, A0IRAY IS S AE MRS BE ) BB (P < 0.05), &
98 miRNA-34c FikGEARCME O P 4G 58 R R I BRI i 3 (A FRIRIEAL A8 77 A0 %, 9% miRNA-
3dc Rk AR HE O B i AU A A G 7 , 48 = A LIRS R T

[K48A]  miR-34c; HE SRR 20T ; 4 MG 5 ; 20 M A%

[hE4%ES] R33 [XEARIEE] A [XEHS]1671-7856(2018) 11-0015-06

doi; 10.3969/]. issn. 1671 —7856. 2018. 11. 003

Expression of miR-34¢ in oral squamous cell carcinoma and its
influence on biological behaviors of Tca8113 cells
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(1. Laboratory Animal Center, Shanxi Medical University; Shanxi Key Laboratory of Experimental Animal Science
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College, Jinzhong 030600 )

[ Abstract]  Objective To investigate the expression of miR-34c in oral squamous cell carcinoma (OSCC) and its
effect on the biological behaviors of OSCC cells. Methods MiR-34c was detected in the Chinese hamster oral cancer
tissue by quantitative real-time PCR. MiR-34¢ mimics and inhibitor were transfected into Tca8113 cells by Lipofectamine
RNAIMAX. Cell viability was measured by CCK-8 assay. Cell migration was determined by a scratch test. Results
Compared with the normal group, miRNA-34¢ expression in the Chinese hamster oral carcinoma group was increased
significantly. Upregulation of the miR-34¢ inhibited the viability of Tca8113 cells (P <0.01), but there was no significant
change in migration of the Tca8113 cells. Downregulation of miR-34¢ promoted the viability and migration of Tca8113 cells

(P<0.05). Conclusions Upregulation of miR-34¢ effectively suppresses oral cancer cell growth,while non-significantly
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inhibits the cancer cell migration. Downregulation of miRNA-34¢ expression promotes proliferation and migration of oral

cancer cells.
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Figure 1 Expression of miR-34c¢ in the oral

squamous cell carcinoma tissues
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Note. Compared with the control group, * P < 0.05, " P < 0.01.

Figure 2 Expression of miR-34¢ in the Tca8113 cells
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2.3 miR-34c¢ Xf Tca8113 20 A1 58 AE 11 B9 541
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miR-34c¢ mimics 21 1Y 34 58 fE 1 B 3 Ul 55 (P <
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3 P8 miR-34c FIkKFXT Tea8113
40 IS SRR
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Figure 3 Effect of miR-34¢ on the proliferation of

tongue cancer cell line Tca8113 cells
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PRANAEIE (OSCC) 19 & A= 2 Wi X s 2 DI 56
miRNA R VE Ay 93 2 PR sl 00 96 256 PR %) i Jed 1) A= ) 2

x1

A EENEEENS ), miR-34a/375/195/
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B EAT A miR-34 KA miR-34a . miR-
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LR AT -t ATV A B A (. miR-34b Al
miR-34c WHAWTERAFEIEN" . miR-34c 77
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H T i — ST miR-34¢ 16 L& 0 0 V8 AL
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Table 1 Effect of miR-34¢ on the migration of tongue cancer cell line Tca8113 cells

5 24 h TR KRS 48 h TR KRS 72 h TR KRS
Groups 24-h migration expansion distance 48-h migration expansion distance 72-h migration expansion distance
X IR
13.789 +1.212 30.991 £3.012 37.215 +3.531
Control group
iR-34c P4
milt-3d B 16.669 = 1. 362 37.746 +3. 693 39.958 +3.706
miR-34¢ mimics group
miR-34c MHIPILL

19. +1.
miR-34¢ inhibitor group 9 889 = 1. 509

41.684 +3. 156 67.136 £2.923 ™

TR SXTHRGIHEE, " P< 0.05, ™ P < 0.01,
Note. Compared with the control group, * P < 0.05, ™ P < 0.01.
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B4 A% miR-34c FERAKEXS Tea8113 LTI ( x 40)
Note. A: Control group; B: miR-34¢ mimics group; C: miR-34¢ inhibitor group.

Figure 4 Effect of miR-34c¢ on the migration of tongue cancer cell line Tca8113 cells
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RIS Yo s %, miR-34 ¢ ME4PL) A A i ) 41 miR-
3dc (NIRRT IR 22 5247 10 5 1k, 4R /R B e
o M A G (1 7 e 3R i (E A7 A 23 X 4
iy A B G TR R, FE % 24 h J5 CCK-8 AR S
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4T1 inflammatory breast cancer cell inoculation combined with
corticosterone injection to establish a mouse model of breast cancer
complicated with depression

YANG Hui', MENG Pan®, YANG Qin*, HAN Yuanshan', LING Jia’, DU Qing’, ZHAO Hongqing”, WANG Yuhong” *
(1. Central Laboratory, the First Affiliated Hospital, Hunan University of Chinese Medicine, Changsha 410007,
China. 2. National Key Laboratory of Chinese Materia Medica Powder and Innovation Drugs Established by Province and
Ministry, Hunan University of Chinese Medicine, Changsha 410208. 3. The Hunan Provincial Institute of
Traditional Chinese Medicine, Changsha 410006)

[ Abstract]  Objective To investigate changes of the pathological behaviors and core markers in BALB/c mice
treated by 4T1 inflammatory breast cancer cells inoculation and corticosterone injection. Methods Breast cancer mouse
mod els were established by inoculation of 4T1 inflammatory breast cancer cells and randomly divided into two groups:
breast cancer and breast cancer with corticosterone groups. Healthy mice were randomly divided into two groups: normal

control and depression groups. Subsequently, corticosterone injections (30 mg/kg, 21 days) were administered to the

[E€TH]WBEEAE TS THEIA (17B201) ; WImA HRFHEIL 4 (2018))3388) ; [H%K A IR F#5E4: (81403379)
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depression and breast cancer with corticosterone groups. At the end of the experiment, depression-like behaviors of mice in
each group were assessed by sugared water consumption, open field, and novel feeding tests. Then, all the mice were
sacrificed by decapitation, and the tumor weight and volume in each mouse were measured. The levels of tumor antigens
carbohydrate antigen (CA) 153, CA125, carcinoembryonic antigen ( CEA) , and 5-hydroxytryptamine (5-HT) , dopamine
(DA), norepinephrine (NE) were detected by ELISA. Results

weight and volume were increased significantly, and the levels of CA153, CA125, and CEA were increased significantly.

In the breast cancer with corticosterone group, the tumor

Furthermore, the degree of sugar-water bias was reduced significantly, and the desire to explore the environment was
weakened in the breast cancer mouse with corticosterone group. The concentrations of 5-HT, DA, and NE were reduced
significantly. Conclusions  After corticosterone treatment, breast cancer-bearing mice exhibit obvious depression-like
behaviors. Neurotransmitters, breast cancer markers, and tumors are also changed. Based on the above indicators, this

method of 4T1 inflammatory breast cancer cell inoculation combined with corticosterone injection can generate mouse model

Chin J Comp Med, November 2018 ,Vol. 28. No. 11

of breast cancer complicated with depression, which provides a reference for animal depression experiments.

[ Keywords ]

behavior; mouse
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NPT SR ILIE 1, i BARGET a RT A
SRR PR, L e 1 o ) 2 9 o IR PR ARA
ELERAEBEM(P<0.05), Z5RIEL,
2.2 MEREYSETH

5FIE B 6 B4 bL B, AR AE 21 i R B A
CA153 , FLIRE4H CA153 FI CA125 , FLIR I B2 T4
INEUMR AR Y CAL53 .CA125 il CEA $IH & TF
(P<0.01 8 P<0.05), SIARAELL LLEL, FLIRIE
B 41 CA153, CA125 fil CEA BB FF& (P <
0.01), SFLMREA LE, FLIRIE K T 41 CA153
CA125 il CEA RibER TR EME, SR W&K2,
2.3 1TAZXTK
2.3.1 /MRS = AR b

G IEH 6 A LR, s A5 — ) A i 28 AL,
Jiges 2 Jo F 2 R K T FE I B RIS, 22 5 W (P
< 0.05) ;55 = JA I, AR AE 4 | LM 98 28 2L B e
B S5 el A K I FEBH B R RE (P < 0.01 3¢ P <
0.05), Sl g, L M98 Bz Jo T 4 3 L 55
=R IEAE R E WD (P < 0.05) . 45 R4ER,
FUIEE /N RAETEZ T 21 d S RETE S, W AR AR
PO Z AR, ZERIE 3,



24 o R BE 2 A 1 2018 4F 11 F 45 28 4545 11 1)

Chin J Comp Med, November 2018, Vol. 28. No.
TE: A FUBRE AL B FUIRE K B4

1 H /N RFUIR I P IRIE SRR

Note. A Breast cancer group; B: Breast cancer with corticosterone group.

Figure 1 Morphological characteristics of mammary gland tumors in each group of mice

K1 FAUPRIURMERE R x 5, n=10)

Table 1 Changes in tumor weight and volume of the mice in each group

4151 T (g) B (mm®)
Groups Tumor weight Tumor volume
TEH X B 0 0
Control group
AN
BRI 0.919 +£0.43 96.93 +479. 64
Breast cancer group
T 4
?LH%EEZE.M/E 1.12 +0.38* 1204. 16 +619. 60*
Breast cancer with corticosterone group
T SFLBRALIEEE,*P < 0.05,

Note. Compared with the breast cancer group,*P < 0. 05.

®2 AADRIMEFLEH AR EW SR (x 25, n=10)

Table 2 Plasma levels of breast cancer-associated markers in each group of mice

21571
CA153(U/mL) CAI125(U/mL) CEA(pg/mL)
Groups
I im ]
Egﬁ& . y =0.0043x + 0.503 y=0.0027x + 0.2047 y=0.001x + 0.3229
Regression equation
N IR 4
LR R 40.49 £5.51 181.37 +108. 35 482.76 +44.83
Control group
SEY
Tﬂ]ﬁl?ﬁ,ﬁ 41.74 £14.01" 218.35 +£56.48 513.50 +£39.03
Depression group
3 Y
i 63.71 £3.35™ 248.07 £69.73 ™ 1059. 29 +44.65
Breast cancer group
2 )7} \EH Aé
}LH%{“EZE@H i 112.59 £10.55 *** 335.73 £70.84 " * 1141. 65 +83.73 *#
Breast cancer with corticosterone group
TR S IEHOW B LES, * P < 0.05, ™ P < 0.01; SIVARELL LA, ™ P < 0.01,

Note. Compared with the control group, * P < 0.05, ** P < 0.01. Compared with the depression group,* P < 0.01.

F3 LRI RAWARLE /N UK FERZEA (v 5, n=10,% )

Table 3 Changes in sugar consumption of the mice with breast cancer complicated with depression

4151 TERLAT TEREE— A TEREEE A TR = A
Groups Before modeling First week after modeling ~ Second week after modeling  Third week after modeling
N IR 4
i 55.31+6.63 66.77 +11.11 67.34+£7.42 70.43 £9.40
Control group
SEZ
mﬁFE’E 53.87 +£5.85 52.96 +18.50 53.85+16.84" 52.89£7.17™
Depression group
¥ IR
HIREA 54.76 £5.55 55.24 +17.38 54.76 +19.20 54.63 £16.50 "
Breast cancer group
¥ )] ‘Eﬂ Aé
ZLH%{“EZB?M il 55.68 £5.79 55.19 £17.42 52.58 +19.07 " 47.48 +14.44 4
Breast cancer with corticosterone group
TE: HIERA AL, " P< 0.05, " P < 0.01; 57 BUEALILE, 4 P < 0.05,

Note. Compared with the control group, * P < 0.05, " P < 0.01. Compared with the breast cancer group,4 P < 0. 05.
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2.3.2 /MERAFETH RE AR R IR

SFIE X BRZH e, VAR LIRS AR ZH /)N B
Zo A PR TR B i R (P < 0.05) LA A
IS TR R, 225 AR (P < 0.05) ;10
HBZH FUARIRZ LRI K B 28 /s B U s £ T R
(B F T, 22 9 BT (P < 0.05) ., SHARAELL
LU, LA B T /0N BRU™ 3 S 36 28 2o v 7 3OFT L
SERES T, E A BEM(P < 0.01 B P < 0.05),
SRR LR, 25T B R A e /N R 4 T
BT URE] 0 AR, T A TR R B
ZRAEEM(P < 0.01 L P < 0.05), #mw, 7L
ANERTEHEAZ B2 RS A, e 2 AE T a P v i A 2
TR BB GHEHCR AFTEUR S 0B R R i o7
JEhEE, AR 4,
2.4 BRIEMZHRFSENTWL

55 IE 6 MR L A, AR 2 A 2L R R R T
ZH /IS BRI VR H BB 2 k22 33 BT NE DA R 5-HT
KWW TR, 2R A REME(P < 0.01), FLARE
2 A 2 b 2 3 0 G B AR Ak 5 B AR E 41 L
B, FLNR R B R 4 NE DA R 5-HT B & B I
(P<0.01 8 P< 0.05); 57 mdl b, 7LIR

968 F7 R ZHAY NE DA Bl B RFMK(P < 0.01) . 4%
RS,

3 it

2015 4EH[E 30 ~ 59 2 2 B LR IR R R A
JEIRRAE B AR 2 L R R e N A TE A —
R BRAS , T AR T 2 GEBE SCHF A K - B I
AR 3Z 208 B B A5 R 3R 1 5 5 ) ZL AR i SR &
sy A= (B2, E E LR I & AR AE i Xt
PEIGYT W A 2, LI R AL A o R D i
b, E Sy — P FLRIE I R AR E /) B ELEE A R
PI BRI

B, ARSI T4 BABL/c /N 4T1
SMEFLI I IR i O 2 v T FUIRIE AR A X
BRI AR 5 N2 2L g B A AH AR A 1 2 e
JEMFFT UM A BEARBE RS YR, 20 ARG ST
TR VA AT O P AT TR S D R st A% M A
& TR ELEE T BABL/c /NI, AT T
FLAR I AN MR, hy T 3k fo 1t 4SS 0 A v g B 5 405
FLARIEIR A, T 0D s W () FE T 5 S 5 3k 12
PR 5 e R A T ARG AR

R4 GBI SANARAE /N 905 G A S LI (x £ 5, n=10)

Table 4 Changes in open field and novel feeding tests of the mice with breast cancer complicated with depression

W358 Open field experiment

205 = = B SEG (s
S RTES () EEEH (R) e R )
sroups Horizontal movement ( times) Vertical movement (times) ovel feeding experiment
L agitiE
IEAR AL 120. 67 £23.47 39.83 £18.85 136.92 £22.40
Control group
SEY
D ﬂﬂﬁﬁﬁ,ﬂ 65.06 +8.85" 23.83+7.74" 216.50 £69.27 *
epression group
EiN Y
LR 81.50 £20.17 " 28.50 £9.77 199.33 +53.08 "
Breast cancer group
FUIRIE K iR 241

59.50 8. 85 *#A

Breast cancer with corticosterone group

17.50 +4.55*#AA 217.50 £51.57 4

T HIER AL, * P < 0.05; SIACEALLEL,* P< 0.05," P< 0.01; 5FLIRMALHEL, AP < 0.05,44P < 0.01,
Note. Compared with the control group, * P < 0.05. Compared with the depression group,”P < 0.05," P < 0.01. Compared with the breast cancer

RS AU/ MBI F R (v 25, n=10)

Table 5 Contents of monoamine neurotransmitters in serum of the mice in each group

group, AP < 0.05,44P < 0.01.

205

Groups NE(pg/ml.)

DA (pg/mL) 5-HT( pg/mL)

IEpE
Regression equation
EH X R
Control group
HRAE ZH
Depression group
FLIRE A
Breast cancer group
FLIRIE S 2

Breast cancer with corticosterone group

y=0.009x + 0.456
167. 49 +28.49
116.26 +17.74 ™
164. 58 +28.02

85.57 £2.56 AL

y =0.0054x + 0.3935

y=0.001x + 0.4289
458.41 +45.94 238.31 +13.73
314.90 £19.67 ™ 188.23 +17.52™
433.36 +32.59 225.73 +14.34

178.09 +28.22 **#A4 63.18 +15.49 **

TE: S IEH I IRAL LA, ™ P < 0.01; SIVARAEL L4, " P < 0.05,% P< 0.01; S5FLIRELA L, A4 P < 0.01,
Note. Compared with the control group, ™ P < 0.01. Compared with the depression group,*P < 0.05,* P < 0.01. Compared with the breast cancer

group, 44 P < 0.01.
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CA153 J&: i IR b= 07 FH T L B 8 0% 4 5 10 385 A
bR , 75 FL IR IR 0912 W T 50k I B 1L A
ST T2 . CAL53 A g —Fiobidi 5, ml
T U IRE 22 A sE | WS 40 i 0 B ke I B
Mg, 1 CA125 V5 — s B 8 1, fEpLIA
IEF BT, Rk ARG i, A 4%
T ek A0 A IR 4 2R 25 M B, LA S BRI AL
Fe P25 00T 0 Sk CAL25 Fi CAL53 B K446 A 7
Mg SR A EEN ARG, TR
PIRIZ W TERR R, LN, CEA J&—Fh HAT N 2KAR
G0 DR DR A T P TR T W A 1, HC A G 0 2L s A
AR BB TR B R, XN A I R
GBI, IV )L B9 A8 35 13 CEA Fl CA153
AR S T T, ELLA E N ek B 4k T A
ROCRMAF G R 8w T HEE4, ol W,
CA125 ,CA153 \CEA 7EZLIMIE 2 B IR T7 AR T
JE VAR S T AT AR A S ARG, R, AR
B3R LA b = 3 AE Ry 2L MR 5 A IS AE /)N BB A
FIPEANFE IR , 455 0T UL, 257 LR /0N BRUAE o B
/NELUIL S o CA125  CA153  CEA ¥ & 8 hn, 1t
A, 308 3 e L ek 98 ) 98 B R AR AR A B el i, FL
e Bz JoE ) 2L 70 A R T R R AR L LR g /D R
S RN WA I B0 AR T AE 2 ohn L IR G & A
K.

H AT, £ X ke 2R s W 4T A A B 4k
() B R, 5 DL B AT SRy 2 A DN i A 2 T 4 %
HORR LB ELAAERIT, Hop R+
BEALFEME AR G- A7 SR RS | AP 1 R R S 5 A
MRR T RO ELR UL n &
AR R B S A 46 B T U R 56 3 Y Tk S 58 A
BRIESE ) TR R A —
AR R, B /N BRI RN IR AN — B, X
/NI AR R AR AT A B B T, & S EUM
(R SCIR 2, TR 22K WO S 36 3 B2 A X AR 78 /)
SRR B R A 7 T EAT T RTS8 T KIS
FESLIR W SR MUBT A B L8, S5 Uk RN, A
SEUG IR R T IIARAE A Az B SR FE A, B S 42
1% it 5-HT \NE DA, 517 h2# 48 b5 — 28 Pl R0 45
ZH R BRI IMARIE AR 25 . 45 5 & 3R, FLAR S /N BL7E 1
RS 3 JRIFUh 0 PRk R 2 | O T IR IR &R
WEET R, (RN A2 R mEa & T
B, ROAAR AR B2 55 T4 AR AE 4L /N B, i 2L a7 B
FEFEZ T8 VE R SR S e, B AT W R R AT
SR I B AR A AR PN B A 28 5 T I O
A AR R BE A AR 2H /N B N T, s e

I, U /N SR B HE 2 AR IS R, B AR R B
TR AR AR AT DA, EL I IR A A 2 S R AR M
TR FLIR I - K AMARAE A AT 58 T AR . HUA X Ui
TR B LR it , 5 fok A J Dby LR 5 R A AT
/N U A SRR A9 4T g 2 2 B AN 223 5K
A OB E S AT AT T AR
AT Zk LRI A0 M R b BB 45 B SO 1 59445
LR I A IMATSAE /) BN (SCHL & 17 L 75 4 40 R
PRI R AN A S 4y 22088 o A2 A, T EL 7 7L B b
Y5 R B W S, AR S — LR O A
FIRAE SRR W T 50 ) o AL A 5 el
AYPIAITT A B SN E,

S 3k
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F &N 2 RUBE R db/db /I BT 2458 45 45 55

REmW, RER FaE KAA  HRE L, E T HRE
T, ERE

(PR B TR 1L IR R 2B ; 2. BERE2EE; 3. L sy 0, midk il 063200)

(WE] BH AW A LM 2 BRI db/db /NP A 109 PR A6 SRR 23, 6 db/db /N ERIFE Ry

2 AUHE PR I B F) S B0 AT 90 S (ISR SR RSB ARE . FTiE 7 ~ 8 AR, BT, SPF 9% db/m /)N BUVE X
MRLH PRI db/db /NERAE NBREIZE & 16 H . shZS M AR | 25 12 L4 ( fasting blood glucose, FBG) | IMLIE N
AR AT % 1 (alanine aminotransferase , ALT) Fl1 R[] 424 iR % 5 5% #% [ ( aspartate aminotransferase , AST) 1% 1,
TS, G S WA MR AE , SR db/db /NRZS B MAE 3 ALT AST WM B & T
db/m /MR ZHEUE R A R L db/db /NERUTFAE 16 JR 84 B gk 1 0™ S 40 3 | SR 23R A 440 MR B I 28 4 | 28 At v
45 5 21 32 Al g AL AR 456 T AT UL AT 2 U AT DR i A IR DT 24 5 L5 I ) DL AR | PN JBE ) 45 45 4 Bl IR L
FIR IR A B R AEH, N A RE IR A4, 2518 db/db /N 16 S B IL BB o 1 g s
M LA K 5 IR 1 4,32 Tl i sk e I A WA W A £ 4E Ak, BRI db/db /)s BRI JIT 7T 4 Dy S 90 BIF 98 I R4 119 2 B0
PRI TSI

[EEA] 2 BURRIRG ; db/db /N B AR5 5 FL T 0 R

[HFEH3ES] R33 [ EtERIRAE) A [ XEHS]1671-7856(2018) 11-0027-04

doi: 10.3969/j. issn. 1671 —7856. 2018. 11. 005

Pathological characteristics of liver injury in spontaneous type 2
diabetic db/db mice

KANG Jiali', LIANG Weishi', MENG Xubing' , ZHANG Dandan', GAO Qingyao' , XUE Ning', HAN Shuying' ,
WANG Jianxing’* , CAO Fuyuan’
(1. Clinical Medical College; 2. Jitang College; 3. Experimental Animal Center, North China University of Science
and Technology, Tangshan 063200, China)

[ Abstract]  Objective To dynamically observe the pathological changes and characteristics of the liver injury in
spontaneous type 2 diabetic db/db mice,and to provide a theoretical and experimental basis for studies taking the liver of
db/db mice as a model of type 2 diabetic liver injury. Methods db/m mice were used as the control group and diabetic
db/db mice were used as the model group (male, 7 — 8 weeks old, SPF grade) with 16 mice in each group. Weight,
fasting blood glucose (FBG) , serum alanine aminotransferase ( ALT) and aspartate aminotransferase ( AST) activity were
dynamically observed, and the liver index was calculated. Pathological changes in the liver tissues were observed by light
and electron microscopies. Results FBG, serum ALT and AST activity in the db/db mice were significantly higher than

those in the db/m mice. Histological examination revealed that the liver of db/db mice was damaged severely at 16 weeks

[E&TE 2017 4 FEF %K 4 QE AN 4115 B (201710081009) ;ji 4645 i EE 2545 MR BRI 5 B (2017083)
[EB BN IR (1997— ) , &, ABMER2AA 5T 7 8] W RIE 25985 7R . E-mail; jialikangd5@ 126. com
[BIEEE] TLAT(1983— ), 2o, Wi, PRI, AF 58 J7 0 - v 245 87 16 0 DR AL LB 0%, E-mail ;. wangjianxing83@ 163. com
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of age, including mainly hepatocyte steatosis and infiltration of inflammatory cells. By 32 weeks of age, the disease was

intensified and there were massive deposit of collagen fibers in the liver tissue. Electron microscopy showed that

mitochondria, endoplasmic reticulum, and other structures were destructed or even absent, and there were significant

infiltration of inflammatory cells as well as fat droplets and massive deposit of collagen fibers in liver tissue. Conclusions

The liver of db/db mice can be used as a good liver injury model of type 2 diabetes, displaying obvious steatosis and

infiltration of inflammatory cells in 16-week-old mice and obvious fibrosis in 32-week-old mice.

[ Keywords)

2 TRUWH BRI TT X P pl b ok R A7 M 407, L
JEARAE B R B 58 3R BE 85 v 1 — 20 DR O &
i (EURE PRI R AR AL | LA s BE A AR % 1
IR E AN GE 52 35, B ia 1A Rk, db/db /N ERE
AR i oBE T S A | B ) ) RE i SRR
JP ARSCEE AN E B db/db /s BRI 5 AR
db/m /NERAYIHEAT LLER , hite—28 LA db/db /NERHHAE
Sk 2 RO IR IR RS (Y S B A T 3RS %

1 #eFnrE

1.1 SEIeE¥

SPF 2% db/db /N, /AT 33 ~38 ,7 ~8 JH,
Tt s SPF 2% db/m /IR, 1A EE 18 ~22 ¢,7 ~ 8 Jili},
T W R M s S S5 56 3l W A PR A | [ SCXK
(75) 2016 —0010 ], TAJL B TR = 3h Yy e bl
SPF 445 B a5 [ SYXK () 2015 — 0038 ] #E4T
T35, iRl SPF 9% 52 5% 2 Wy iRl (R M s SO SE 5
SA BRA R I ISR s Pyl % 3R TR 25
TNGE F M, x5 O AR TR 2= 3
Yy s e PR £ (S 5 :2017062)
1.2 FERXFSMHE

R TR R IELEERME (ALT) FIR 14 &R A Lt
Rt ( AST ) ) 7 12050 &5 (7 ot i A ) T RE B 5
JIT) s Masson — a7k g i & (bl 23 E R A
FRAT]) s IR ANE GO0 (B st B2 AR e A W RHCA
FRARD) e AY e ( BRI TARA
Al) . B IR A SO AC (7R G2 A BR A
A s BRI EUR A R G (R B RHECA TRA D) 5
A R (H A B W BRA HD ) 5 3 5 LB
(HARHAFD,
1.3 ZBFH*®

WM R 1) /0N BRGE 7 1 1) 75— ], ST BRAS B 4 7N
L, BEALIEE 16 2 db/m /N BU/E R XFIR4, 16 H
db/db /NERAE BRI /N R —BOIRAS i 9R &

type 2 diabetes; db/db mice; liver injury; electron microscopy

32 JH#%
1.3, 1 {REE M2 I8 ps i

S E SR TR S — R (VL 8 JAli) /B 16
ity 32 SR B A A E IR AR AR £ 8 h J5 EE KR
10 1
1.3.2 Mg EhHats DL R 8 E0 2

FE/NER 16 32 JEIR IR 12 b, KRB 5 IE £ 30
JKELIL , 4= 1 3l A Ak 53 B 4G 22 1L ALT | AST
PE, T/ 16 .32 J#E I, 4% db/m F1 db/db /)N B
BB 8 H I BT L, IFFE KL (liver index,
L) = [ JFE&E(g)/KE(g) ] x100% ,
1.3.3 G N USRI 212454

PR A T [, A S U0
KR ARG BIEE T HE Y6 Masson Y20, FTA
P e S R
1.3.4  HE UM LBMEEH

/NSRS B #0000 &1 22, o6 5 0 A e
7K, 100% TG PR (1: 1) 1235 , 25 S B2 55 , 79 -
BEAE (1: 1) R4 W 37°C AR, 4l g (815/812
/ﬁ'ﬁ%{ﬁ) 75 ,Epon 812 (o Y] A W R s Y
o R R R R 50 nm , 2l R A AR RS R 41 R
TS B N WEIH A,
1.4 SitEFE

K SPSS 17. 0 it 81, 4 240 8504 5 FH 13
B bpifEE (x5 ) Fon , RHBREE T Z00, W
WXt P < 0.05 A=A WE,

2 FR

2.1 db/db /NEEERFEMENET

Wk 1 FrR, mFEE db/db /N BUARE — H &
F db/m /INE(P < 0.01), db/db /N B 2S i 1 8%
M8 JEE B FF4f, R E = T db/m /NR (P <
0.01) 1 H— B AR RF 8 i 1 K SF-, B 4 1) 35 B[]
FIHE , db/db /)N BRSP4 EE S 25 MR IRt 20 7 v
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2.2 db/db /MRINF ALT AST iFEM BT

k2 Frs, 16 JE#EIE db/db /N BUALYE ALT,
AST G B & T db/m /NER(P < 0.01,P <
0.05), 32 JE#EE db/db /N EUALYE ALT , AST 3% #
YIf AR, A% db/m NRZE S LB EE (P >
0.05) /85 16 9 db/db /N UM H, 1L ALT
TR H2Z R A BEE(P < 0.05),
2.3 db/db MREFEHESE

=% 3 i, db/db /N IFFR £ (LD 7 16 Al
32 JEIRET I E T db/m /NR(P < 0.01) ,16 JE#&HET
Thim 8ok B2 3 32 RIS db/db /NS B
16 JAE I A TR (P < 0.05)
2.4 FFALAEXBETURIIWAAZLERNT

HE Je @ (1) 68 T db/m /MR (E A1 B1)
16 JEIE AN 32 JE i sk 2 2 B0 I, AR Rl S8 25 Hp e
KRNI HE 21, 20 Jf 0 55 355 I, B BT PN At A A —
A B 5 db/db /N 16 JE RS I (B A2) T 4H 41
Y HES ZE AL, M AR S K, A0 M IR AL, R OE 4 IR
T, AT DL/ INAS AT 9 B T 25 360, T A A B R, 4
MIAZ I/ N — 532 JE S s (Tl B2) I T 2 760 BH {5 ik
SR AR i BH S T 40 R SR B, A i
AL T ICIRIHA

Masson Z¢ 8, (& 2) :db/m /ML (E A1 . B1){¥

T Hp I Ik ] B AT L AR D e 0 i e i AT 4 db/
db /INER 16 JEIIE RS (& A2) AT WA R 25 i, e
I ] B R ZE SN 204 /0 o W e ) I D 4T 4, 41 4
AOAR B 5 IE 20 7 5 32 R I (B B2) K iR
JRAFYE 53 AT TR SN AR 4L BA
2.5 FFALERETNEINBHEHMNT

HLBE (&1 3) :db/m /NELCIEL AT B1) JF-4H i P 41
MUAZ0 1 0 AT, B rh e iRk 2 HOB
ARFUIU) AT UL P J5 190 45 28540 5 db/db /) BUEL BT P 2 bt
A N R R S5 S5 BRI | 16 R I (R A2) Ho g
B IR T 25 0532 JEIA IS (& B2) JH-4H At 1E 5 245
FILFIH R AL NARZ LR B R 27 4
3 itig

ARSI SMEL T db/db /N EUFEhfE K HZH 41
WL S 25 A A ARk, &5 SR U, Bt 2 B[R] A #E
%, db/db /NERAREE | 25 16 W T, O B
F db/m /NER; A ) DL B A K IR D B R, R
db/db /INERBERE AQ I I i 2550, 3 A SO E —
5, db/db /N 16 JERA T IL3E ALT ,AST /KSF-4
BT db/m /MR (P < 0.05) ;db/db /N 32 S I
{IFEXT db/m 7N BB 7, (B 22 5 0 B 1, 15 db/
db /INERL 16 JRI S B AH HL 8, ALT 16 MR H 22 A

®1 db/db 5 db/m NEUAESZE MM x 5, n=8)
Table 1 Body weight and fasting blood glucose of the db/db and db/m mice

R (g) 25 I I ( mmol /L)
2H 5 Body weight Fasting blood glucose (FBG)
Groups 8 Ja i 16 JEi# 32 Ak 8 Jali 16 JEi 32 ik
8-week-old 16-week-old 32-week-old 8-week-old 16-week-old 32-week-old
db/m /)N
m J\Eﬂ 18.81 £0. 84 24.34 £1.43" 28.22 +1.74*# 4.55+0.47 4.78 £0.58 4.88 0. 62
db/m mice
db/db /N

41.26 +1.37%% 59,37 £2.2854*

db/db mice

70.51 5. 1624 % 10.53 +2.584%

11.36 £2.64°%  12.85 £2.734%4

a5 db/m /NRULEEE, 22 P < 0.01;45 8 JH#/NRLLE, " P < 0.05,™ P < 0.01;55 16 J#/NRALLE, P < 0.05,
Note. Compared with the db/m mice,““P < 0.01. Compared with the 8-week-old mice, * P < 0.05,™ P < 0.01. Compared with the 16-week-old

mice,*P < 0.05.

F2 db/db Y db/m /NRIMLTE ALT AST 3P x =5, n=8,U/L)

Table 2 Serum ALT and AST activities of db/db and db/m mice

i 16 JH i 32 Ak
2H 5
16-week-old 32-week-old
Groups
ALT AST ALT AST
db/m /R
m /] _ﬁi 74.53 £26.24 121.27 £23. 74 85.37 +30. 12 129. 62 £21. 64

db/m mice
1b/db /N \
e ].ﬁ 125.74 £35.25%% 158. 69 £30. 48> 97.73 +34.25* 134. 47 +25. 48
db/db mice

5 db/m /NEREEL, 2P < 0.05,2%P < 0.01;5 16 JA#/MNREE, * P < 0.05,
Note. Compared with the db/m mice,“P < 0.05,22P < 0.01. Compared with the 16-week-old mice, * P < 0.05.
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#3 db/db 5 db/m PNERAAFHEE(x 5, n=8,%)
Table 3 Liver indexes of the db/db and db/m mice

5 16 A% 32 A%
Groups 16-week-old 32-week-old
db/m /B 4,66 £0.53 4.75 £0.68
db/m mice
db/db /M, AA AN
db/db mice 7.63 £0.70 6.57 £0. 64

5 db/m NRE, AP o< 0.01; 5 16 A #% /b B L,
P <0.05,

Note. Compared with the db/m mice,**P < 0.01. Compared with the
16-week-old mice, * P < 0.05.

BEME(P < 0.05), ALT KZ (776 T 240 i 3¢
N, AST WU 22 76 T 20 JH0 £k 44 v T 200 i 38 52
ALT AST #EA ML, ML 1 ALT 5 AST 7K

T B s S B A W S 28 . db/db /)N B 4R
B TX A (P < 0.01) 7 32 JA#H db/db
NI IFAEEUN T 16 A (P < 0.05) X AT g2
Bl S B db/db /N B E B AT g, AFRY
S5 L2 UL & B, db/db /N BUZE 16 J& I s 1% B 4
A M RRRAS R /NS A IR BE , 9% 20 if i
T4 S AR E A AT X R TRAT A LR 5T
HR R IO R B 107 S R s Ry A /DN BROS Z 16
JEL s 20 A S5 Ry 3 5 T ) 32 ] 0 st R i A A
E AN B G T A% =22 AT 2F 4 Ak AT 6 AL | a5 31728
fhash A2 550 R S BB 0 R4 1 kR o AR B AR

AL 16 A db/m /N A2 .16 FE db/db /N EUIFAZE; B1 .32 I db/m /N FRUFZH 2, B2:32 IS db/db /NERFHE, T

P,

1 TFHZUE/N 16 R A 32 JAIE I B HE e (ORBEl ) ( x 400)
Note. Al Liver tissue of a 16-week-old db/m mouse; A2: Liver tissue of a 16-week-old db/db mouse; Bl: Liver tissue of a 32-week-old

db/m mouse; B2 Liver tissue of a 32-week-old db/db mouse. The same in the following figures.

Figure 1 Representative images of liver tissue stained with hematoxylin and eosin in the mice at 16 and 32 weeks of age

B2 HFHLE/NR 16 RSN 32 IR AT Masson e 5685 8 A ( x 200)

Figure 2 Representative images of liver tissue stained with Masson’ s trichrome staining in the mice at 16 and 32 weeks of age
gul P g g g

B3 HFHLE/NR 16 RN 32 JEIA B s B E R ( x 6000)

Figure 3 Representative transmission electron micrographs of liver tissue in the mice at 16 and 32 weeks of age

(T#% 47 W)



2018 4E 11 H i E LR EE LR November, 2018
$28% H11H CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 28 No. 11

e

O )

e JE S 5 PR S CSTBL/6 /N BRZE XU C 5 &
1 AL 1) L B 5T

wELE X FH L EEER"

(1. G383 R B 2 B T 28 SN RS BE 27708, i 2000115
2. bl EINX P ELS A EREZFE, L 201901)

[FE] BB @Edx C57BL/6 /MR 5 T R T 377 % (collagen-induced arthritis , CIA ) 14T 75 5
M5 % (antigen-induced arthritis, AIA ) BEASE LAY S0 0T, ok U LS B D R AC T R iE RN 2 51k, Ak W
42 HUNRAT P, —22h CIA, —#2h AIA, 520 3 HAERIER 4,18 HAE AR, foa— R HG 2 15 W
NIRRT BOCTT MBS AR, &R 76 CSTBL/6 195U, CIA # A8 M 3-AN /oy FL™ S AR 25 5 K, ATA A
IR E AR, S5 O T AT AT I IS KGR M 5C Y R (rheumatoid arthritis, RA) FYBUR L , 7] fig
&GRSR /IR B bl CIA A

[X8EiIR] KRBT R HURTE ST R BRI RIS & SRy ; C5STBL/6 /N,

[hE4%ES] R33 [ XEFRAE] A [ XE4HS])1671-7856(2018) 11-0031-05

doi; 10.3969/j. issn. 1671 —7856. 2018. 11. 006

Comparison of collagen-induced and antigen-induced C57BL/6 mouse
models of rheumatoid arthritis

FAN Kaijian""*, WU Jing', WANG Tingyu' *
(1. Department of Pharmacy, Shanghai Ninth People’ s Hospital, School of Medicine, Shanghai Jiao Tong
University, Shanghai 200011, China. 2. Department of Pharmacy, Shanghai Baoshan District Hospital of
Integrated Traditional Chinese and Western Medicine, Shanghai 201901 )

[ Abstract ] Objective  To analyze and compare the success rate of establishment and arthritis progression of
collagen-induced ( CIA) and antigen-induced ( ATA) C57BL/6 mouse models of rheumatoid arthritis. Methods Forty-two
C57BL/6 mice were divided into CIA and AIA groups. Three rats served as the normal group and 18 rats were used in each
model group. After the last modeling, body weight and diameters of the knee joint and ankle of mice were monitored
regularly. Results Under the C57BL/6 background, the success rate of establishment of CIA model was 41% , and the
arthritis was maintained longer but less severe than that of AIA-induced models. The success rate of AIA modeling was
100% , and the arthritis was more severe but maintained for a shorter time. Conclusions To study RA pathogenesis more
comprehensively, it may be more suitable to establish a CIA model in transgenic mice.

[ Keywords] rheumatoid arthritis(RA) ; antigen-induced arthritis( AIA) ; collagen-induced arthritis( CIA) ; animal

model ; C57BL/6 mouse

[EL€TH] EE A ARR#H4 (81301531,81572104) ; g A AL 2RI H (18140903502) .
[1EBE N 1T (1988— ) , I3 Wi 4E  BFFE 07 1) 25304, E-mail ; fankaijian2017@ 163. com
[BEMEE] LEE(1982— ), &, it B F=AE2500, WA 0, 0F55 7 1a) . 25 2% 5K 2%, E-mail: drtywang@ 163. com
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RIS 28 (rtheumatoid arthritis, RA) & —
FEPE AT B B S RGP, R IE %
S TR TR R AT 1 S | DT 8 IO DA R B T
M BEHRIR . RA S 1% 19 AHE, IF 2L
BEMEERE BN . RA B 2RI IR
iR, PRIV 22 512 30 5 0 A AR 1 A £ 3k o 5 s 114
ZRIERFHE. HED,MIRECEITF R TIFZ T
HAEAY I HLsx SR AL 1y B ] RA P00 & i aof 7
T LB 2y AR 8 A I TP 23N
BT ZEAE CSTBL/6 /N 37 T B0, P e e it/ Bl
o AR E B A e oy e AR
/NSRS BT 2 b 4 s i 1Y 23 AL O EL
RE N T REAVIR YT T IS IR IE . A SLH R IESE C57
INRE T, BRSS9 R (collagen-induced
arthritis , CIA ) AT 175 T 1 5715 K (antigen-induced
arthritis , ATA ) [R5 FE 5

1 #RfnrE

1.1 SEIeEi¥)

ATA 41 8 JEl#% SPF % M7 CS7TBL/6 /NER (A
.20 ~25 )21 H,CIA 41 10 ~ 14 JE# SPF ZlfEE
C57BL/6 /N (KT .25 ~30 )21 H, i FiEsciE
Koo B 2 e BB 2R LN R BR B 3h 9 B T 4 4G
[SCXK (¥7) 2013 - 0016 ], # ¥LI 3% T 946 Bk 37
8 %8 & (individual ventilated cages, IVC) i) 3%
By 12 h SCHERIRAE A, R (22 +2) °C L, 1R JE 50%

~60% [ SYXK (iF) 2016 —-0016], SCE6I[a], 29
3R LT 5256 s N GE 32 R, s 525
FEREHUS T I i A28 K 2 5 2 B B i 26 JL N R BR
B S50 3l W 16 B 25 51 S b ofE (4R 5 HKDL[ 2017 ]
207) .
1.2 FERXFSUHE

4 mg/mL X§ 11 & ¢ Ji, Chondrex 723 d], it %5
170376 ;5 mg/mL ( Chondrex /A &, #it5 170670) Fl
10 mg/mL ( Chondrex 23 ], fit*5 170666 ) {4 5¢ 4= 5
A% 57 ( Complete Freund’ s Adjuvant, CFA) ; UK R
VAW, R AR Y 4 1T 1A L (methylated bovine
serum albumin, mBSA ) ; B ik £5 2% #h 5 7K ( phosphate
buffer saline, PBS) . #iftn KRR (L8 % FHRA
A TR (LSl HFEITRESARAR) ,
PERESR (LIS TR IRAF) .
1.3 LWAHZE
1.3.1  AIA @5 EkE

YEF 8 FAWR HEE C57TBL/6 /NERAESS 0 KA,
¥ 100 mg mBSA % f# T 50 wL PBS 1, 15 50
pL CFA YR G ZL Ak, fe 5 78 99 000 1B 1 Sk % 1z iy &b
PR R B ST (K TA) . 7RSS 7 R, W AERY
FlE e RAR TS N 2 S, S 21 Kt %
10 wg mBSA ¥ T 5 wL PBS )5 i 5 T 22 0 i %
I HE N AN DG T B oA 00 B[R] 45 R 9 PBS
(K1B),

T A P X 107 RIS 2 Uk Bz PR 55 B« IS 3 I PN T A
1 ATA BERIGE R 57

Note. A Intradermal injection to the external skin corresponding to the femoral head on both sides. B:

Intra-articular injection of the knee joint.

Figure 1 Injection sites for modeling of the AIA model
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1.3.2 CIA &R H

BEH 10 ~ 14 JEIE M C57BL/6 /N, K 4 mg/
mL A1) 11 AL S5 vk i BRS WK, 55 6. 67 mg/mL 1Y
CFA #M8 1. 1 IREFULE 2 0IFES 0 KA 14 K
F/NRBAR N2 34 0.1 mL,
1.3.3 ST BRSO 0% I Ak AR A4 = g s 0

X T CIA #ERY, EE 0 KIF4R , HHL T RN /N R
PEATRRE , FH AR R RO 2 B 56 15 0 R 56 7 19 L
7, BRI P, — B PR, X T ATA AR
MEE 0 RFFLG , AR/ R AR, iERs
JOIN 2 R ST 1 ELAR S ] e — ]
1.4 SitEFRZE

S KGR FH GraphPad Prism 7. 0a 4 i)
Grouped H#ATSETT, S 40 45 5 F V- 80 + brifi 22 ( «
+5 ) FR, IEH A SHAIA Z 8 LR A ¢ A5
I3HT. PAP < 0.05 N2ESA EE,

2 #HR

2.1 CIA #&#®

JAFE 2A AT LU HY AR 2 ARG T IE R 4L AR
2B, HAESE 7 .12 F1 17 X =R R 25
AR, FEMRSEE H IE R4 3 H R 18
H(EK 1), BRI 5 HOH 8™ 5 Oy RAE AR, 2
BT RIER 1 A —UGEBR 6T, 5
SO ™ F T SR B /N B, A 1 H DU R
I B O RAEAR . B 2C AT RLE A T
KIFUG AR ZH /N FRUBR OG5 T 4R Hh OG5 AR
HAESE 17 KikB| s 582 miis . WK 2B W LIE
OB 5 IE R AR ER AR, RATE
5520 RA I 225, 25 1, CIA BRIOCHT RAE
R BB (K 3) , JF iRt 2 ey, HAEAR
FRELI A
2.2 AIA 18!

N 4A FTLLE BRI 5 IE H AUk 22 5
Tolm M, AESLR SR, IE R A 3 H BRI 18
H(FE 1), HARRI4 10 2™ 5 i 5635 40

-+ JE# MNormal
- HiR Miodel

(e
Bady weight

T T T T T
o 7 12 17 20

I ()l
T
B ClA
44 ;
== L% Momal
i - o= Him Model
E S 41 —}
=z
HE g
s ';,{,—{//ﬁ i
id T T T T T
1] 7 12 17 20
i iy
Tme
¢
Ad ClA
T e - [E# Mommal
. = B8 Model
= E 34
& 5
e
2.1 T T T T T
] 7 12 17 20
e [y
Time

AR B MG R B Co BRI Pk B, 5 IE R 41t
W, P <0.05,*P <0.01,

B2 CIA BRI 5 I A LA
Note. A: Body weight. B: Swelling degree of the knee joint. C:
Swelling degree of the ankle joint. Compared with the normal group, *
P <0.05,”™P <0.01.

Figure 2 Comparison of the CIA model and normal groups

AR7 IR O RAER , 1 05 15 A5 i 5E
7=, K 4B AT LAE BRI A EE 1 K TF 4 B ™
W RAIR, H 2 3 KIFHEENE, WK
4C AT LA AV I PBS A O 5 IE# 4
TR 225, £ b, AIA BRI SCHT Stk 2R AR
T (1B 5) , B

R1 CIA 5 AIA BRI AR
Table 1 Comparison of the CIA and AIA models

4151 S R IR A FET FET % RN IR
Groups  Total number Number of models ~ Number of successful models ~ Number of deaths Mortality rate  Successful rate of modeling
CIA 21 18 7 1 4.7% 41%
AIA 21 18 18 1 4.7% 100%
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¥
-
.A‘

B3 CIA BRSNS R

Figure 3 Mouse hind paw after successful CIA model establishment

A AlA
il =
== % Normal
i = N Model

IR
Basdy weighn
£ %

6 1 2 3 7
B i)
Time
B AlA
55 .
== % MNormal
L3 LT Y S = B Model
EZus e
& 5
24
£ %1
in T Y T
o | 2 1 7
B fi{ ol y
Tune
C AlA

- % Normal

&
e - B Model

FLfEimm)
Dhiameter
L)

T T T
I F] 3

B [l

Time

TE AT B EOCT I IREE (Z2) s C. IR IR (F1) . SIE
WHILE, " P < 0.05," P < 0.01,

B4 AIA BRI SRR 4L EL
Note. A: Body weight. B: Swelling degree of the knee joint (left).
C: Swelling degree of the knee joint (right). Compared with the
normal group, * P < 0.05, ™ P < 0.01.
Figure 4 Comparison of the AIA model and normal groups

g
-l

5 AIA BERE RS T
Figure 5 Knee joint after successful AIA

model establishment

3 iFig

CIA J&1E 1980 4F & i CIL o5 5 19 /)y LA
R MR A ST 4 H ol T )12 8 T e B
Z— o RN AR AL by BN B AR P AR
51k CIA, 78 CIA R d /N2 BE RA M
IR B R R B A RE ) (%A AL RA 2
) i i 5 0 25 F A0 T CIA R TEAE R B I 7, B
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SRRSO — e BAH . CIA S MBIRLE DBA/
L(H-2q) /N AR, 72 FATT P B LR B¢ S 56 o Ot
F/NERBE BT R 100% , AL, RATZE
C57BL/6 H 5 T ik CIA B, T Bo /Ay £ 2
ZH AU 25 M (major histocompatibility, MHC ) 1945 5
M, SRR &R L 22 S X
B6 5t T CIA ERAIIFY , EANC 24 2 3 AT
gEit, 7 Tkic!” S N SEg i, 2 Y 8 ~ 10 J
W /0N BREL ISR T SRS 21 K, InsR sk AN 58 4
# AR ) ((complete Freund’ s adjuvant, IFA) 1fij 4
CFA, i@ %K 2 200 H /N A5, i 5% % 2,
RN FRAE 50% Aot TEFATTATA RS2 50, B6
/N AR T R 41% , 55 E A AR ) R 25 A
Z AR T DBA /N B i A%, H. B6
/NS S AR 22 R, — R R A e T
JiK, T7E DBA 5 55% T AR, BEACHR 25 H 3R DY B ™
(T AR LRI UL, B6 T 5 F 1Y CIA dEfk 2
FEPEROR , Jovk B H A — U OC s RAEAR

ATA J&58 3 mBSA S sl T Jmy ilids & 51 %
P, Bk T 40 S 095G RAE, Hoz
ERTWIHLUREE S RA AFZ MBIz AL, HEib
THAE R FRAE M OCT A [l, ATA FFASJE RA 19 —4>
SEREAY, W T LY 25 5 ATA SR Y R AE
FHXS T RA 52 A9 9 A E , 2 0 o A% B bl {5
ZEARA S PSR Y 4 R TEARWR LB RO
5 DB — R ITIh gl 1 ™ i 1Y O 15 RAEAR, I 22
=R EREARB RS, TR ATA 1Y
B 2 g 100% , B W T CIA Ry 3 R ) 2%
mBSA J&— i 5 BE B B -4 F 5, BER R R
JITR B, BRI T A SEE R G RAE AR A,
IR AT PR A3 ] HL BE- 20 mBSA 15 K& HL Y 5K
A, g5 B FECR Y AIA BRI # Gy,
PR AHCT SR AERR I 0] 4, A F] THF5E RA
MIIEPEICTT RALE] . AR ATA BIAUAE RA Y583
BEAY AESHBIFFE ST A Jay 5 400 B =2 1] F) AH HLAE T8
SEARA M E R

1E B6 W5 T, CIA (AL R A, H22 =1
BR B IROETT AR IR ™ B H 4EFF A A, CIA
BEAUTE S i 2 M B2 B L T RA, RIS &

WFFE RA SHHLIARSL IR AGSEMR . 1T ATA A5 A B0 215
Ko PRUEIETT R UIE AL, 100% 1) % A 2 HE
PUMELE, I ATA BIBUSE A F 1K M IE 5T
PR 2 8] %A P B o, 38 A AN [R) 14 SE 50 7 5K
WX B6 15 RS A A AR B g, A T 4
T AIAIEFE RA B AL, AT RE B 38 5 7 J5 22 5%
F/NR G L CIA BEAL

SE Lk
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FH 3 VU b FH ol 22 K B Y PR R IR 2 5 M i
it 2 A0 AE 5T

RS, ZRBRR K A, Ham'”
(1 AR TR AR 5 TREERE M 5100065 2. T A48 S2ss s Wl B M 510663)

[FEZE] BB 5k ey % 2 MRk F it 2 KRR [ Wistar K R . Goto-Kakizaki ( GK) K F{ . Brown-Norway
(BN) KBl .Sprague-Dawley (SD) K B ] ) B 4% 1 R 22 25 4% ( single nucleotide polymorphism , SNP) 13/ &5 I B641F H: o] 5
P, Ak H X Wistar KEUFI GK K a4 T 43k AL B Fe , R A= U015 18 2 AR 3 I P 45 5%t X 31 BN K
S % IR AL, i 2 Wistar KU GK R BRI PR 413 BBl P 09 45 5504 SNP, I DA ek — 25 i 16 HF — 4L s % SNP {2
ST R — AR 7R DNA TR A3t 206 LAk SNP 37 5 76 Wistar ,GK BN, SD PUF K U (4 iE— T A 5 46
E, ZEBR Wistar A1 GK K FUE i L Xt 439145 21 94 800 F1 106 019 4> 4li 445 F- 4 SNP, Horh A 56 216 4~ SNP
Wistar Al GK KA , H A BN KRS %I A  Wistar K FAN GK K B = 52 KA B A AR [ 5967 850K 38
A AR EEE T 15 ANE Nk SNP 5, S AE Wistar .GK BN SD PUFP K BURHIA KA rp 4521 13 4N Af RLX J3 Pa4s
i R KB SNP FRic BHAE &AM R PR EFE R, i A9 0E T BEX 4 Wistar,GK BN F1 SD PUF K 1)
13 4~ SNP Fric, ik £ SNP 451 il PR X 43+t Wistar ,GK BN 1 SD K,

[X88i1R] SRR KT DNA TRA b

[FESZES] R33 [ ScEkFRIRED] A [32EHS]1671-7856(2018) 11-0036-06

doi: 10.3969/j. issn. 1671 —=7856. 2018. 11. 007

Screening of single nucleotide polymorphism markers and their
application to identification of four common strains of rats

ZENG Yulin' , MENG Yuhuan', ZHANG Yu’, DU Hongli'*
(1. School of Bioscience and Bioengineering, South China University of Technology, Guangzhou 510006, China.
2. Guangdong Laboratory Animals Monitoring Institute, Guangzhou 510663 )

[ Abstract]  Objective To screen out single nucleotide polymorphisms ( SNPs) that can be used to rapidly identify
four common strains ( Wistar, GK, BN, and SD) of rats and verify their reliability. Methods First, whole genome
resequencing was performed on Wistar and GK rats. Using bioinformatic techniques to align the resequencing reads to the
BN rat reference genome to detect specific SNPs within the genome of Wistar and GK rats, we selected a group of candidate
SNPs. Then, we used Sanger sequencing and the DNA pooling method to screen and validate the candidate SNPs in four
strains of rats. Results 94 800 and 106 019 homozygous-specific SNPs were detected in the Wistar and GK rats,
respectively, of which 56 216 were shared by Wistar and GK rats. Only 38 SNPs were found to show different genotypes

among BN, Wistar, and GK rat reference genomes, of which 15 were selected as candidate SNPs. Finally, 13 SNPs were

[E&WHE ] HERHHE W H (2015BAT07B01 ) .
[EHEBA] W EW(1992— ), Lo, Wi+ihgsd:, Ll A TR, E-mail: zeulin@ 163. com
[BISEE AL (1975— ), Lo, 808 1l W58 07 . 40 F24E 0% . E-mail ; hldu@ scut. edu. cn
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screened, and the genotype of each locus in the four strains of rats was identified. Conclusions Thirteen SNP markers

were identified and validated. These SNP markers can be used to rapidly distinguish Wistar, GK, BN, and SD rats.

[ Keywords)

KEREARAE K 5 T8 DL AR e A4 3
FEPE DS 0 NS, S 2 Rl A W 2 2 5L 00
RIE ks ARl o Wistar ,GK BN Az SD K
YR A S 36 DR BRUBE 28 T3 10 FH T 22 25 4
PIRHL I H . Wistar KEL T 1907 4F H Wistar
ST AT & MR, g | A i) A B 3 A7 3 B3
I3z B R4 S 58 & 5 Goto-Kakizaki
(GK) KBl 1975 4F i H A KRR 1Y Goto FlI
Kakizaki 25 ]\ Wistar K B A 077 16 25 1A~ 1430 38
BIEEARINTR , FLA = 0B | v R 3R ILAE |9 5
HEPTAE RN, H R T 10 BOBE BRI 1 & 95 ML AT 5T
Brown-Norway ( BN) K [l J& Silvers il Billingham T
1958 41z FH I i ph 3 AR O BRUE 3 T0 0 i) A £ 58 722
UK BRI A2 A 1T oA, JH XTSI 6 o A i o 4 8 K
B B etk 5 BV /NS A Bk, AR S B
gl AL ALD S SD R R 1925 4R i R Y
Sprague Dawley 4 3 FH] Wistar KBS & 1 i, HH
AR B Y R TR BE T, T TR SRR K
R BLAE AR

S Bl 1 a5 e PR S 3 ) v A 1 R ]
SR — R, R AR S5 S W i e 5 0 R
Hh Sk JH B AT S 09 A st A A D O 0 AN ] /b 1 3R
O A AR ARG G b 5 R AR
DA T £ 35 RS I ) 45 4 0 4 s A% I A T O vk
AEAE AT AN 57 DA BRI 7 i /0 4 Jy BR e | 3
R 5 2 B R G LR R R T Rl 5
(K20 22058 A AN Wit 25 | SNP B ie I Ui 228 7 4% o
T2 S50 B 0 45 e B st AL kil b M L AR 4
()5t A% oL e Ar il 3, R R SNP Aric HAT 4R fif B
PRUH BRSNS [R) I 3R DL A RE R AT AR (e
R A5 g e BRI, 7 AN BB S R, R
TR BB ALK A SNP Fric IR HI I A £,
Saar Z" I 3 x 10° 4> SNPs ¥f— R 5 K Rk F7
TR ALy, SRR A T 20 238 A ALY SNPs;
Guichoux %) 38 i X} 33 305 4~ B 1 A i % SNPs
HEATIRAIE , 25 4L 7R b 66% (1) SNPs figid H T4
IR B AR T, IF 50 4h B 48 T 287 N8 SNPs; 2%
ARESE" X M1 A HEY B4 R B KRR EAT T
SNP 7 M5, i 13X P i 3R K BRAE 9 AN
A FE PR AR

single nucleotide polymorphism( SNP) ; rat; sequencing; DNA pooling

H Al i 2 21 = 9 48712 A 0] B A 808 A% bR
O SR 2 SIS 50 Bl st A I o W 0 B R 2 1 1Y
Higtkz —, HIL, JF & 6 H F K BUast A4 £l
() SNP pric A EEE X, A7 TR H &
ANy AWAE B HAR B — R0 557 ik
FF & HREH T PR 8 Wistar . GK BN Al SD X Py
ey FH a2 KB SNP 7 s, DARD 78 K BRUst 4% o
SERTIN T k, JF i — 20 5 8 R F i AR OR BRUAE L E
ESEEPS

1 MG E

1.1 LIz

SPF %% Wistar K 53 H /&5 170 ~240 ¢,1.5
A% ;SPF 2% GK KB 53 H, /K 150 ~220 g, 1.5
R, BT 1 it 3 3 v S5 56 3 W A BR 554 2 F
[SCXK (") 2017 —=0005], SPF % BN KEL50 H,
1A 70 ~150 g,1 H#4;SPF 4% SD K 50 2 A=
80 ~150 g,1 H i, YTt 4k id F| 42 5L 50 3 W)
FARBGBRAF [ SCXK (51) 2016 -0011], LI K
FRIMERES . RIS A (h AR E
ARG S Y IR B R AR ) bR R S
t fERE N AR BRUE, HE R AR IR, T A IR
K, KA B 4 SUOM IR RS 00 S ) Y 3R
JEOU),F 1 AR A8 S 56 50 4 W 0 5l 40 5 6 182 it D 3
T SYXK (%) 2016 - 0122 ], {E FLH & 9w 5 K
TACUC2014029 .,
1.2 FERAFESNSE

ZHZISL R 2 DNA 42 BGAH & A R AR AR
HAHRAR S WH B4 TAY TERAGRARS
i ; DNA B4 i Tag Mix W [ TaKaRa 544 T 1%
ABRAFE  PCR 9734 7= 3% T A KLY, PCR
1 ASCRNEE i AR A A 3£ 8 Bio-Rad /A A ; DNA
PSR L SR [ AL TS — A3 ) 5 8 Ah-mT DLk
HAPCOCEETHIE F 56 EFE B CHER B A W) 5 il
B0 B 5 E Eppendorf 22 H]
1.3 XWHE
1.3.1 SXHEAENF

PE 3 H Wistar A3 B GK KRAYIERAH
DNA TR EM Tlumina HiSeq 2500 ¥4 #EF14 3
PR 20 F
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1.3.2 ik SNP 1t

T X 8 G AR (raw reads ) HEATEUE A
1L UEFS B RE BT R ( clean reads) , 2R J5 1 ] Bowtie
2 BRfE T clean reads XS] BN KBS 5L A 4
(www. nchi. nlm. nih. gov/genome/? term = Rat) Jf-4=
i SAM SCF, FIFH Picard %k £k PCR #E ¥
SAM SC14FH SAMiools 47 % 3 it BAM 14 IF:
AT HERS . 7 Linux 248 L, f# F SAMtools #4F %}
IR HER I BAM SCUE SRR @RS
GATK %K1 "* f) Haplotype Caller T. E.3E1T SNP #
WFEASF RN F I A VCF SO, S5 J i 1o B (i 0 e 15 51
) VOF 3,

Zert B PG T, Wistar KR L X2 2% 7 271 6z
94 800 4l SNP, GK K B H XiF 5% ¢ 41 46 1l
106 019 4~4li & SNP, HiHp 56 216 4~ SNP H
Wistar 1 GK K B4, MOGHix 2L A5 (1) SNP i
Tiffids, & B BN K R 2% 34| Wistar K AN
GK KRR =3 2 R B B ASAH ] A 02 1 A4 38 1, M
HIBEHLPREE T 15 NEN R EE SNP 5 (a0 1 Jir
) AT IR B
1.3.3 JENZ DNA $2HUS RS bty 2t

il FHZH S PRI 4 DNA S IG5 S H2 Ok U
(4] DNA, 7EAEFP R BRI DNA BE 8k 10 4~
F TR LA MAR) PCR 784 (439148 5 4 : BN1 ~
BN10 W1 ~ W10 ,GK1 ~ GK10,SD1 ~ SD10) , ifij Hi 4%
40 MUHITE 1 DNA A1, X T4 B DNA 1R&

HIRE S SEF SR AN 6 EE T3 5 % 31~ DNA A
dn R I 5 3 Yk, BOT- B {ELAE R i ok AL, SR S
FH TE 28 P B i 2 50 ng/ plL, IRFLUR 20 wl,
&5 10 [R5 Z KB DNA TR 45—~ DNA b ( )
N Wistar KL K454 W11 ~ W20 £ DNA Ff 5 R
EH W-A K5 W21 ~ W30 A9 DNA FEFIR S
W-B, K45l W31 ~ W40 ) DNA FESHR AN W-C,
W5l W4l ~ W50 ) DNA KSR S A W-D) iR
H IR 16 AT 542 DNA TRATBSEER
1.3.4 5|¥i%itS PCR W

LU BE SNP A3 15, R 600 bp J351 AAR , ffi
JH Primer 6.0 3 53% 1 15 $5¥ (i 2 rxw) .
PCR SV A2 : 94°C $ZE 4 5 min, 94°C 8% 30 s,
55CiB & 30 s,72°C ZEf 1 min, fF3F 35 K5 T 72°C
FEAPFEAH 10 min, FeJ5 T 4°CI-AE
1.3.5 BRI B Hext

PR R 10 R B PCR 34 7=, 4
FEC1S L A7 —ACI | SR )5 ) Lasergene X1
AL SeqMan X7 25 R HEATREHE 5 Lo, AR
DU & 22 K B 810 A HE X 235 S SNP 37 i gk A7
— T e . OFF [ A R 1 10 HK BUFE B — SNP
7 S FE PR — 30, AR i SNP; @4 GK K
LRI Wistar K BU7ESE— SNP A7 5 1 R AL 5 5% 1
AN—F WA 1% SNP; @)% T i SNP 7 & |
TFUET A, A AR ) R R B SNP AV A
Mk IE R

115 ML SNP ALATE Wistar K FURI GK L iy S A
Table 1 Genotypes of the 15 candidate SNPs in Wistar and GK rats

SNP 4 K 7% SNP 45 PSRN (A S LR fh B FEN A Strains’ genotypes
SNP name Reference SNP ID Chromosome Position Reference genotype Wistar K [ Wistar rats GK KB GK rats
SNP1 5197937932 chrl 273725611 A GG cC
SNP2 chr2 187980811 C TT AA
SNP3 chr3 11683894 G TT AA
SNP4 chr9 79596853 A GG TT
SNP5 105671378 chrl0 43630340 C GG AA
SNP6 rs198912299 chrl0 81829459 C AA GG
SNP7 chrl2 36619820 T cc GG
SNP8 1106967277 chrl2 25151274 G TT AA
SNP9 106950708 chrl4 105079331 G CC TT
SNP10 1s105462642 chrl6 6615750 A TT cc
SNP11 chrl8 16636986 A GG TT
SNP12 rs198385767 chr19 9593506 T AA cc
SNP13 rs106875860 chrl9 44050282 C TT AA
SNP14 15106902820 chi20 4425034 T cc GG
SNP15 197980280 chi20 5081792 C AA GG

TE:“AA” “GG” “TT” [“CC” NEEH AL,

Note. “AA”, “GG”, “TT”, and “CC” refer to genotypes.
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T2 I SNP AL IG5 B
Table 2 Corresponding primers of the candidate SNPs

s SNP 2% EIE/EA S
Number SNP name Primer name

IS5 —3)

Primer sequences

PRI (bp)
Length of products

SNP1-F AAAAGTCATAACCAGTGTC
1 SNP1 872
SNP1-R TATCTCCAGCTTCTCCAT
SNP2-F CTCTTTGCCATAGTGTTTG
2 SNP2 878
SNP2-R TCTGTCCCAGCCTGTCTC
SNP3-F ATGAGCCAAGAACTGCG
3 SNP3 836
SNP3-R GAAACGAGGGGACCAAA
SNP4-F CAGTGGAGGATAAACCG
4 SNP4 731
SNP4-R CTGTCATGTGACTAGGTGC
SNP5-F CAGCATAGACACCAAGAAAG
5 SNP5 841
SNP5-R CTACTCCTTGGGGCTTTT
SNP6-F AGGGTTGTTCCTGCTTT
6 SNP6 778
SNP6-R TTCCTTCGTTCTGGGTC
SNP7-F CCCAGTGTTAGCCTCCA
7 SNP7 800
SNP7-R AGGACACGGGTAACGAC
SNP8-F CACAAGCCCTCTACCCA
8 SNP8 757
SNP8-R GAGCCACTCTAAACATCCT
SNP9-F CCAAATCTCATAAGGTGCTA
9 SNP9 871
SNP9-R ATGGATGGTCTGGGAATA
SNP10-F TTCCGAGGACCCTGACA
10 SNP10 795
SNP10-R TGACCTAGCCTTTCCAG
SNP11-F GATCTTTCTGCCCTCACC
11 SNPI11 752
SNP11-R GCGTGTACTGCTTCTCCC
SNP12-F GCCATACTTGCTTTCCA
12 SNP12 718
SNP12-R TGCTCTTTCTTCCCTCTAT
SNP13-F TGGTTGCTGGGAATTGTA
13 SNP13 710
SNP13-R GTGCTCCTTCTGGACTGC
SNP14-F ACTACTGTTGAGGGAGTGAGA
14 SNP14 668
SNP14-R AAAGAGGTCCAGTTTGAGTT
SNP15-F TACCCTTGGGACCGTCTG
15 SNP15 739
SNP15-R CGTTGGGAACCCTTTGG

1.3.6 DNA JRA MK

X} S 2T B 7 A TP RAE A Y DNA TR A
WSZE, DL R VE A A 16 N IR A R AR R AT
PCR ¥ HE R B, R VAR R 5 /B FE 7 Al b XF
PCR F=# 470 7, I SeqMan X /5 51 45 S i 45
I e IR AR FIE N,

2 #HR

2.1 yHEER

Pl W1 ~W10,GK1 ~ GK10,BN1 ~ BN10 F1 SD1
~ SD10 MR, BT 15 X514 38 5 6 H B,
gEHL R BT XFAIEE 11 X5 Wi g g, Kby e
Yr¥y 14 s o 5ol
2.2 BAMENEREEITER

P18 = I e 4 R R T R A
BOR B 57 5 SNP4 . SNP5  SNP6 , SNP9 | SNPI2 |
SNP13 SNP14, BRILZ Ak, 763X 2L 75 51 ik 2 48 1T

HoAtl v LA F Pl 2852 B9 6 A7 A, 4 Bl 44 A
SNP16 .SNP17 .SNP18 .SNP19 SNP20 .SNP21, iX 13
AN RAE PURR R B 9 S5 7 L R AN 3R 3 i
2.3 DNA BAMKIGER

XF T ik 13 4~ SNP v 45, DNA 1At 9 PCR
PRI 4 B R [ SNP13 T SNP16 1 SD K i
HR IS (A 1 R ) HAR SR R
U, SNP13 7£ SD K ELEASMANI P45 3 v 10 4~
RER IR, R AE TR A o 7y B o IS 0 T
IEH LG, 1T SNP16 7E SD K B HEBRAR 4 G 06 i3
W] SD KRB A DA AG 226 F 5L GG 4if
T,

3 itig
ABIFSE B S M) e i DA 4 e R AR 4R

BRI T —dUpE SNP A7 a5, I 4k 8L KA A
i LR IR RS BEAT I R o 1Y AT T — A
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T3 13 SNP L 78 PURH R B A R A
Table 3  Genotypes of the 13 SNPs in the four rat strains

% F LN 1] ins’
SNP 4% Pefafk {7 S RN i R HE K A Strains genotypes
SNP Ch Positi Reference Wistar K F GK KR BN KR SD K
flame romosome osttion genotype Wistar rats GK rats BN rats SD rats
SNP4 chr9 79596853 A GG TT AA GG
SNP5 chrl0 43630340 C GG AA CC GG
SNP6 chrl0 81829459 C AA GG CC AA
SNP9 chrl4 105079331 G CC TT GG CC
SNP12 chrl9 9593506 T AA CC TT AA
SNP13 chrl9 44050282 C TT AA CC CT
SNP14 chi20 4425034 T CC GG TT CC
SNP16 chi20 4424915 G GG GG GG AA
SNP17 chr20 5081921 — — — — GG
SNP18 chr9 79597226 G GG AA GG GG
SNP19 chrl9 9593810 A AA GG AA AA
SNP20 chrl0 81829597 A GG GG AA GG
SNP21 chr20 5082157 G AA AA GG AA
‘23‘5 . “ AAY! \‘& GGY) \AA TT)Y ‘“ CCY! %%Eﬁ ; “__» %Eﬁ%ﬁk%o
Note. “AA”, “GG”, “TT”, and “CC” refer to genotypes; “—"refers to base deletion.
h f |'- T
i I HVIAAN
A llRa bk 13 el Bt L Gl o
Weh— L T A1 A AR GE=-A—.7 T BMN-A—+ 1 1 [ CA = T A 1
I_- [ ':. i | \A
Jiyyvvl VAAA VAT ALY AY il
We—s1T21T44 CGE-B— T T BB+ T TACAA SD-B
AP / i B
1 I-'II \ Ay R 1 | FRVAYLTR
b GR-C—TTAAAAA BNC—] Cia SDC=+1 1 AT AR
i s I"'. 1
{ I'_.I.-. | Al i .-,Iﬂ .-.
|I [ VY1 | A\ AN - r.h v
W-D=sTT14TA44 GR-D= T T A& BM-D—s i C44l sD-D 1 &A1 L
SNPI3 NP3 SNPI3 SNPIZ

WD+ iCAGELES
I

SNPIG

Maaana
GK-D — 4 € 'E(:.'

SKPIG

SNPLG

[

.II.I'IE! E'FI.Q" h E
SDD-—+ACAA
|

SNPIG

T “W” “GK” “BN” “SD” 43 It & Wistar KB, GK K FL BN KA SD KA ~D 5l

4~ DNA IR &,

E1

TR A T 18 7 4 0 e 0 1]

Note. “W”, “GK”, “BN”, and “SD” refer to Wistar, GK, BN, and SD rats, respectively; A-D refer to

the four DNA pools, respectively.

Figure 1 Sequencing peak maps of DNA pooling amplification products
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JF X6 PO it KRR ( Wistar, GK |, BN, SD K BRU) 1 ¢ i
SNP i g AT #E— 2P0 A S 5k e 2453 1 13 4>
SNP {37 5 LA 0 o BRI PR 4 2, i e AL
DNA VR A M B UE T 33 S0 i 76 FE AR b i A e vk
U T 5 i T 5

MAIX 13 /> SNP A7 7E DU R B %) 52 PR B T
PL& PR, SNP13 m] %5 ) Wistar ,GK BN A1 SD DU Ff
K FL,SNP16 F1 SNP17 v %51 SD K KL, SNP18 F1
SNP19 A %51t GK KR, SNP20 F1 SNP21 H] 45 51|
H BN KB, i SNP4  SNPS  SNP6 SNP9 . SNP12 I
SNP14 BEARATEEHIH GK A1 BN KB, H X 50 A H
Wistar #1 SD KB, F )& Wistar KA SD KX
PN i R SR R BT (R 2 I, PR e ] AR 24
A7 LA PR T % 51, B4, SNP4 A1 SNP17 454l
P S0 PURR SR, A, B8 TIAS I () SNP A3z 5
MBS R 5 55 500 g R ff e AT S

IRA M55 W7 SNP13 Fl SNP16 7E SD K R
L T &g, SNPI3 78 SD K BRI 7 45
b 10 MAMAERZ %A T, 1 SNP16 78 SD KL H?
B G 1 BBATE SD K RBF AR A7 7E DB AG
AT GG 2 FHMMA, XL GIEH T SD K
SRVE S 5 PH B AR S S5 AR R — R I 22 B
TP 45 SNPL3 1 SNP16 16 A LIAE N SD K
LB PR RE S AL TEAL 19 SNP ARIC, Hofth & H IR E 16 1
ALV THEA KRR A T O TRE , H T4
FE PR A AT AR

S B ) ) 15t A T 2 A e H O B A O A
BN Z AL R AR e 1Y S50 S W) A R LRI 52
EE R A v el mE MY AR
g R B a4 T Send SE e sh Pt Ak
WEEAY O UL, 0 A B AE W I SE 86 sh ik L Y
SPRICECEE,, SNP RN AT R A
ki VLA AT S AL 7S S SNP ARIC AL 8 T B
A T WA 9 AR A A . BT TR
SRS AL AR SNP ARic AT I 20, %o HL e T iF 5
FF1i 1 Rl PR A DU L R KB SNP £ 851,
PIANFE R BGS AL o s A F- B, B 3 — 2 F 5 K
bl SNP el 10 B 22 08

S 3k
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R T i f 288 PP 80/ A A2 900 25 1 B
BEFLK AL, m MR FHERLE AT
(L AR MBERI RS RIEE LIF R 2210045 2. M I FIK RIS S00F S 1005 1M 221004)

(BE)] BB R0 R R T FF TS0 RO e 2 A S AR ML, 3% ¥ SPF 4L KM /)
FUBEHL A 28 v IR 2H 500 0 RE A FIER v k2 5 20, 4540 14 B OBBRZS v IRZH LIS 4 /N R4 B8 T
F S e B AT YL 7 9 14 A, BB SIS I 4% 21 /N BRUAY 27 > ST 1 BE 1 5 SR A AR Ak T 3k T 5 i 4 21
—E LA A HE(NOS) FBAALYI L (SOD) 1% J7 LA KN - (MDA ) 7K 5 SR F A - 21 e (0 0 WL 8%/ N B 2
CAl XAERANMAY B H R B B L, SR 525 Fx AL Hedse, %500 0 IR 2 /D BUBE S 3R W 4 08 (P <
0.01) ,FERKEIEI(P < 0.01) ,fKZHZUH NOS F1 SOD % HI MK (P < 0.05) , MDA KFEFE (P < 0.01) ¥ 5
CAL XAHEAAAH %L B sl /b HEFURR B 2500, TR A FN . S R00t BR2R LA, vh sl 2 /D RIS IR I I (P <
0.05) ,NOS F1 SOD & 1 ¥ T+ (P < 0.01) i, F il 4/ RS R IR B (P < 0.05) , MDA 7K -4
(P <0.01), & HREHPDRIGE CAl XHEAIIZHME A Z SRR A D CAL X YR HZ UOE % HE
G Bm B, GEI0 TG P A v e R T B/ R B AL T B S R AR A B 5 1
BB CA1 X HERANAR A H A

[ SE8EiR ] ERAG TG e P — ST UG 1 5 B AL B A T % 8 T 5 /N R
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Ameliorating effect of Xingnaozaizao capsule on formaldehyde-induced
memory impairment in mice

SHENG Zhihao', CHEN Ying', MA Rui', CHEN Qiuchong', LI Yajing', WANG Dan” *
(1. School of Anesthesiology, Xuzhou Medical University, Xuzhou 221004, China.
2. Department of Anesthetic Pharmacology, Xuzhou Medical University, Xuzhou 221004 )

[ Abstract]  Objective To observe the effects of Xingnaozaizao capsule on formaldehyde-induced impairment of
memory and preliminarily explore the mechanisms in mice. Methods Specific pathogen-free healthy KM mice were
randomly divided into blank control, solvent control, and low-, medium- and high-dose groups with 14 mice in each group.
The groups of mice, except the blank control group, were placed in a formaldehyde poisoning device for 14 days. The
latency and number of errors in a step-through test were observed. The activities of nitric oxide synthase ( NOS) and
superoxide dismutase (SOD), and the content of malonaldehyde (MDA) in brain tissue were measured biochemically. The
number and morphology of pyramidal neurons in the mouse hippocampal CA1 area were observed after HE staining. Results
Compared with the blank control group, the latency was shortened (P <0.01), the number of errors was increased (P <

0.01), NOS and SOD activities in brain tissue were decreased (P <0.05), and the content of MDA was increased (P <

[EL&TIE] E K 9k % L Q15 A0l U1 % 3T %1550 H (201710313025 ) 5 71950 4 185 2% 2 8 K 2 2k 0 @1 I 2631 %) 5 4051 |
(2017103130257 ; L5 2 it ll e e TAR BT BT H (PPZY2015A066 )
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[BIEEE] EF(1973— ), Lo, RIS 5 7 1) - A A B M 42 34 . E-mail: wdmingtiangenghao@ 126. com
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0.01) in the solvent control group. The numbers of piramidal cells were reduced, cell arrangement was sparse and
disordered, and the cell shape was irregular in the CAl area of the hippocampus in the solvent control group. Compared
with the solvent control group, the latencies of medium- and high-dose groups were lengthened (P < 0.05) and the
numbers of errors in low-, medium- and high-dose groups were decreased (P <0.05). The activities of NOS and SOD were
increased in brain tissues of medium- and high-dose groups (P <0.01). The contents of MDA were decreased in brain
tissues of low-, medium- and high-dose groups (P <0.01). The layers of pyramidal neurons in the mouse hippocampal
CALl area were increased slightly in the low- and medium-dose groups. The layers of pyramidal neurons were clear, cell
arrangement was compact, and the numbers of cells were increased in the CAl area of the hippocampus in the high-dose
group. Conclusions  Xingnaozaizao capsule improves formaldehyde-induced impairment of memory in mice. lts

mechanisms may be associated with the effects of antioxidant injury and an increased number of pyramidal neurons in the

CA1 area of the hippocampus.
[ Keywords)

hippocampus ; mouse

MR — R AR M 2 5 G, 2RI
B TAL T A 72 8h I A G s BB AE BRI
BREEN BRI, 1990—2012 AE R [ 44k
AR PEAT 2 A e 8 I P PR PR 5 e 1 D0 B ™
F L AR M s R R
FH 38T 508 3R G R AR Bl R G 7 A BEEDY IR AT
SEzng' ) HnTRE% DNA FILH RS 71, A
[IDE 782795977 BN = N N el 5] Tt AR S i [ R S
T EREE b mT R b 28 Ak 2 W o ) A R 58
2 G AE PR 1 A B T S S Y
W AT g R A S b o T - e 3
FE A B I R S, B R
R A2 R 2% TG £ R O D BE Im R B R EH T
HHEARTE OEEEW AR B RS
R T AR 2E 2 B O 3% DA R i il 44 (9 R 52 30
JEIBE SR YT o OGN T T K R A B
EEPTECN BICAZ 85 F H R WAE . A5 B e i
Aok 30 S 0 L 5 TRBR UG 3 40 2 5 X Y O 0/
S F BA R R, PRt — 20 R A W A
T3 ERG I /N B 21 5] J v i — S AL A5 T ( nitric
oxide synthase, NOS) | # 8 1k ¥ 157 fL i ( superoxide
dismutase , SOD) 1 7 LA S TN [ ( malondialdehyde ,
MDA ) 7K I GE /N BLiE B CAT X A 20 i 1) 25
H AL S5 R AR, LA A5 PR ) 8 13 28 %o
T EEEU N RIS IC I F PR ILH

1 ##FF=E

1.1 Kz

SPF 2% KM /INER 70 3L, F 55 F JUI058 52 56 3l ) ¢
FARAFEHHE] SCXK (4) 2014 —0007 ], HEtfE4%
PRI 16 ~ 18 g, 4 A, /NERARSE TN R

Xingnaozaizao capsule; formaldehyde; nitric oxide synthase; superoxide dismutase; malonaldehyde;

TAF R I 2 ¢ AL BE 2% 52 56 % B B % it v [ SYXK
(#) 2016 -0028 ], M, M S X, HHER
FoK o FEHSEE s F 0 3R BRI 45T NIE Y
KM, ARBEIE LA M R R 4 S5 sh W) (e B 2 B
LA ALIE (TACUC #4585 :2017062502)
1.2 FERAFESNSE

TR s i 4 (VG 2 R R 2 A IRA D)
JH 0. 9% S A ANE W i TR B, B IR T EE T 4C
ZAE T ARAE B BN 37.0% ~40.0% H RS W
(et , i bR A BR 2 F]) ;NOS . SOD
MDA #I) & (R Bt g i 9 TREAF SR T ) 5 s
4B iR ( bicinchoninic acid, BCA) & [ #4657
B(LEBEARAEYHFEARARAF) . ZH-600 FlikE
I CZBOE AR AL ES 5 2 A B A ] ) ; Multiskan™
GO &P KW bR Y (2 EFE R CHERBHE A F]) ;752
LA OGRS RIS A IR AT o
1.3 SLWAHZE
1.3.1 ol 5k

NS B PR 3% 1 S #e PRk I 1 1B
HLAT R as (X BEAL % 500 B AL A oL ) i
M, 14 Ho AR s R & o T R
1.0.1.5.2.0 g/kg 1A% 5 2 % P A P Jg 9 Ve A VAE
B RREE IR R BB GRS EE AT
20 mL/kg, % 0 REZ AT 751 %) BE2H /N BT SR R
0. 9% ANV RE S , oy PR & . HiIfE 4
A~ 60 cm x40 cm x 50 cm E/‘]éfﬁﬁfﬁ, TR 4
METESTE 1 TEHAR6 em 5 5 em BT, &1
WF 5 KB A 10 mL & 450k 37.0% ~
40. 0% (1) FP IS, 125 i — 1> FH R R B () PR, B
25 X R LIS Y 4 /N3 0 & T bk e i rh otk
YL IR AR B 0,2 b 5K /N BREBUE ™
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RR T 8:30 ~9.30 #ATHEH ,9:30 ~ 1130 #1T
FHMEGLRE , FR 2 14 d, 7RG BEEMT e, /D RS B 4%
K, AR E] A oK
1.3.2  JRERESLEG

TEEHE 13 R4S T , N4/
S HEHLEER 10 HEA7REmE SE 56 I 2t Seks /N R
T TR 52 %7 A6 PPV 3 min, PR IS 28 i 4R Al
PL0.2 mA 50 Hz 22 3t HL , % /N BRUER X E1 80 B
% /NRHFARE I Z S L EEGH N ;24 h S
/N RO B 2=, 0 S AR 1 Rtk A S 2 T
4 A (B3R IS TR AR 0T) A1 S min PN A S 2 R
(BPESRRED) . #5 min W/NERAKRFHARE, 451%
UHGE R 0, TR IHIE R 300 s,
1.3.3  MWAZ153% f NOS ., SOD \MDA £l

P S 0 235 TS DN R BT Sk Ak BB S
P 20 BB R g > 3K, 4385 R S MRLBR i T, 7
BRFR T, 76 7K b 4% o i AR AL L 0. 9% S AL BR i
W 10. 0% BYRGEH LRSS 7R 4°C T £A2500 +/min
B0 15 min, BB WCE T - 20°C KA PR A7, R
PEIRFNE VLA, I K 530 nm, 1 em Y682 FE
W' BE A, Aar I g /DS BRI 2H 2121 3 Hh NOS |, SOD
% J1LA M MDA 7K,
1.3.4 35 CAl XHGHIHL A A

P IR 4 HU/INEWT K AR FE , 53 85 G 21 21
B TR H0N 10. 0% H RS 7590 0 1 R, e BOM
Wi ST ARSI U)R (SRR S pm) TR K-
T (hematoxylin-eosin , HE ) e {6 | 27 B i85 T W0
FEUMGEy CAL KHEVR A B A5 B SR S 45t 224k
1.4 SFitERE

K HI SPSS 19. 0 A T G140 br . SEd 4
B 80 + AnifE 25 (& + s ) Fon, ZLHAH A HLAR

K FHEAL DR 07 22 0 i, 4L 18] 75 7 L %2 R ) 1LSD &6
P < 0.05 NERABENE,

2 &R

2.1 EREXWER

5525 P BRAL H R, 1 79100 HE /D BRSO 30 4
FL(P < 0.01) SRR BIEM(P < 0.01),KIIH
P AT/ N B IO AL 1 it 35 . ST DR R LA
o e N RIS E R (P < 0.05) 1%,
R AN B R B (P < 0.05) , L
#1,
2.2 BNZAZ 5135 NOS.SOD MDA # il 25 5

523 O B b g, ¥ R0 T IR /N BRL NOS il
SOD {& HIREAR (P < 0.05) ,MDA K EFHE (P <
0.01) . SyEFIXIRAL A, | w4/ B NOS
1 SOD 1% 4T (P < 0.01) K. @4
/NER MDA ZKSFR#R(P < 0.01) , W32,

Fz1 RIS R(x £5,n=10)
Table 1 Results of the step-through test

iRl W (s) FE IR
Groups Latency Times of errors
2% apicE
=X HXT A 175.50 +113. 81 0.80 +0.63
Blank control group
g iiIpoyiEe| o N
A 33.80 £33.03 ™ 5.10 +3.63*
Solvent control group
=4
Vit 101.90 £83. 10 2.80 +2.25*
Low-dose group
Al
o 125.90 £121.32%  1.80 2.25%
Medium-dose group
R
it 171.60 £121.31%  0.60 £0.52%

High-dose group

WS AN BALE, ™ P<0.01; 5HERSBALEP<
0.05,"P< 0.01,

Note. Compared with the blank control group, ™ P < 0.01. Compared
with the solvent control group,*P < 0.05,"P < 0.01.

£2 /NEUEALISIK T NOS SOD MDA Kl 55 (% =5, n=10)
Table 2 NOS, SOD, and MDA activities in the brain tissues of mice

gl
fﬁﬂj NOS(U/mg prot) SOD( U/mg prot) MDA ( nmol/mg prot)
Groups
25 I 1A
ZHR A 3.59 +1.58 13.26 £2.03 3.69 +0.74
Blank control group
sl pagiicEs .
TR 1024044 2.8441.99° 7.37 £4.54"
Solvent control group
- 'I FLQ
ke 1.86 £0.84 12.55 +4.29 4.69 +1.47%
Low-dose group
=] Hz
N 4.01 £2.51% 24,43 £18.50" 2.51£0.72%
Medium-dose group
) e 2
. FRlR 5.50 +3.20% 30. 10 £15.45% 2.63 +0.38%
High-dose group
5 XA LE, * P< 0.05, " P < 0.01; 5 HIN AL L, P < 0.01,

Note. Compared with the blank control group, “P < 0.05, ™ P < 0.01. Compared with the solvent control group,™P < 0.01.
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2.3 B3 CAl RIFIBHLAFRELR
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YA HES RS % e 349 5) 20 i 5 B sl
[T JEASLE R 52 A 35 (B 1A) 1 500 % R
2H CAL XHERAAZ RS, Ry 1 ~3 2 4 HaHES
P ZE 6L , Bk A, 5 0 A T 25 AN R0, e A A
ANTRIFREE AR /IS, B TR G, v DA R 28 A A 3
G KPR RT UL A 4R AR (1B . KL
YIUEIY CAT DX AR 20 2 B0/, 4 B i A , i S5
e ARV 700 6T HE ZH HE B #5400 2 00
FIXTHRLIIE 22 3K 3 ~4 2 (EAKIH AT DA 7 i L K
RAMAMLENE (B 1C.1D) . &Rl S CAL [XHE
IRANMHES S 3 ~5 2, 2R IE S , 40 i 450 A v )
XTHRZ ARG P R 43 2, HED A B %, 5 By
A MR Y M2 A WL 1E)

3 iTit

B — bR WL PR B T ey, 1 B A i v 5
BRI AU BRS04 A 4
AR INEREZEAE M, AT B, RS DR B
AR AL RSO, T RE -5 4 B AT PR B (14
PP AT OGN R R A 5 S P R e i T
P3IAE Morris 7K 2K 5 27 > TC A RE I R 14
WUIRETT , I I 76 o 20 M U T i ot 4 Ak 1P
oA 11 NG S R €L MRV N SN

TR R AR A S 86w W A e PR, A ok S S
Hh PRV S AT D BRI VR ORI 4 e AR R Ok B
% WX N2 ) e 8 T T — e R
PR SREMG S50 2 MR 8 Mk 5 2 20 4 8 1 sk A 1Y
B, R, PR, A —/h ]
A 5 FitF 2 I 30 0 7 3 P A AR, 3 00 s A B 5 P
ZEN T, DI DR B R dE bR, s )
ZESBUN EER AT, WURPE R R, SR 2
e R gz — 0 R AR R
JFH BRI SL B0 LSRN R A A2 BE T

ARHIFFE L5 FAIE S, 5 25 O BEZH LA, 3 590 6
FRZH /)N B okt 5 5 O 0 4 6, R IR R B I, 22
R L S TR N 2 S iE 2 T RE A R
KT —H B SR B8 T AT SE BRI R TSR
FXFHRLH b, v AR R VR B S G v
R LA DR B, 22 A B, U B
SE TR A P 3 i o R P SO RS AZ IR E A
TR EH

SOD JZ MR FARAFFE M A i 3L E BRI, A
THERIFBH IR B A f 351 & R A rR S B
YRR, HE 1 S AR TR R M LR 3 bR 4R A P 2R R
FIRIFERRT s MDA DU A P i 5 o S Ak 1Y) 32 B4R
W=, HoACE S AR TR D LR 4N i A2 A i 3t
FEFERGFERR" , A FFTIESE , /N B AT K s ] g AL F
1 2 SRR 412 SOD I 1 FE K, MDA /K - T

TE: A28 IR IR B WA AR IR C AR AR D AR A B R 4
1 /MU CAL IXHR BRI U AG Ar 45 R (HE Je 3, x 400)
Note. A: Blank control group; B: Solvent control group; C: Low-dose group; D: Medium-dose group; E: High-dose

group.

Figure 1 Histopathology of the CA1l area in the hippocampus of mice. HE staining
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(long-term potentiation , LTP) B i A EE 7 A8 B ZAE
Fl. NOS A pl— A AL A SCHEEE 24 NOS
W TR, — AL R A A 2, HLIR S bR B 3£
VEFABRUSES , LTP (4 T8 18 A 58 fik ] 3808 (%) 57 R 52
FR2ma , T2 2 g2 Re S, AR A, 5
25 O R AL HR A, ¥ 0 BE AL /N B NOS AT SOD i
FIBIREAR, MDA KT, 22 5 0 &, Ui P s
ARG BT SR 0T B, 5 R R IR A L g
I 2H/N B NOS T SOD I Tk A P
/N R MDA KRR, 25 574 1 35 1k
LA T ) 0150 44 7 T A o e B <ok /N BRI A2 45
E RGP E R AT RE S Hpt S b E A %,

TR A P 335 e 0 1 R B I A B A BT
HK BB AR A FAKE Y A B B TR AR ZE B
AP BEEICAZ PR B R PO 1) 25
VR A RFIE A IR, A T K B U AT R A
B 24 2T iR 12 BE 1, $2 R I 4121 SOD 1 77, B AR
MDA /K- Mao 212 BIF5E 00, A1 B T e Hm
P BI040 2 Fik ] 0 e A s A0 e A U Y R 3R Y
SRRV, LA O Al 2 A0 B RN R K
AR5 H T3 20 265 T I - e s A ko R TR T 50/ B
WA E HA R, vl RS L R BT
YIS, 5 H AR 1 5 R WA frE— 2098

T Eh AR AV A5 22 b 2P RS AP e R 5 | HL
5232 200 A 2 g h 5 24 50012
KRN EYI S CAL THREIX ™) ARBFFT IR
Xt HRZH /N B TS CAT ThAE DX e (A 40 )2 AR 3
MM HESIFR R 2500, T LA R IR R LS, nT ik
JEFEEBUN BUCC 0 F B R Bl Rl BURS T
TR i P35 M T A A /N BV S AL X A
PN, U HE R T 8 T RO TR M
I 8 T 3 A SRR D CAT DX B 2 A 2 i, X
i %ot S 0N RS2 0 B A s E A

25 T TR G P 3 s 0 T e P R T Y /N
S e HALH o] A5 HT S LB 1 F M 3
PRy CAL X HEURAN S B A &, ABF5E ] Rl
PR AR rp e 5 B 3 P I8 T 0012 408 3 14 25 4 B 4L
SSRGS, T 2 B AN BRUG PY
AN i 28 8 % B F K P g R /N B2 S e e bR
200 IR AT EE R oK & B UK BB 5 CA3 X 45 3
BRI 2 8l T 23k, B AR L 4 i) 2 2T il 12

BT TP 2 A T P R T B0/ BRI
ARG 5 5 X IS b 0%, W 1 ik — 28
W

SE Lk

(1] Rl 24, Ty, S5 58 08 o A 224 00 /) B 0
A fili S AL A5 00 7 1E TL-17 ik [T]. E S HH M,
2017, 12(1): 251 -259.

[2] ke, FISEFk, Bfagk, & RERTEEENEIIHELR
A TG QAR (1], FRBERLEBEIE, 2012, 25(10):
1077 - 1084.

[3] HERUE, &5, skEl, 5 TEEX/DNEASEHLN cAMP
i ISR BOCHLIERT [J]. AR e 24 ( F AR
2ERR) , 2015, 49(1) : 98 — 101, 107.

[4] BRI, Hakl]. WRESEmILRIOTESER [J]. hEBUL
&2, 2015, 42(6) : 682 —684.

[5] Tong Z, Han C, Qiang M, et al. Age-related formaldehyde
interferes with DNA methyltransferase function, causing memory
loss in Alzheimer’ s disease [ J]. Neurobiol Aging, 2015, 36
(1): 100 -110.

[6] MOEER, 230N, BER, 5. WEE S BRI B 1 2Ll
SIRRTF LR [1]. HEZAFEZIE, 2013, 33(10);
2466 - 2468.

(7] WD, FAUKE, DEUIAL. TN P 3k e 3 £ 99 B b 4k py B 28
PEMAIESEm L [J]. PR, 2012, 19(15)
19, 21.

[ 8] JAE, FFERE, RN, 5. REF BN HBEBUN RIC g F
MR [J]. M EE B4R, 2017, 37(6) : 369 -371.

[9] Guol, Zhao Y, Jiang X, et al. Exposure to formaldehyde
perturbs the mouse gut microbiome [ J]. Genes (Basel), 2018,
9(4): E192.

[10] Tulpule K, Dringen R. Formaldehyde in brain: an overlooked
player in neurodegeneration? [ J]. J Neurochem, 2013, 127
(1):7-21.

[11] Tang XQ, Zhuang YY, Zhang P, et al. Formaldehyde impairs
learning and memory involving the disturbance of hydrogen
sulfide generation in the hippocampus of rats [ J]. J Mol
Neurosci, 2013, 49(1) : 140 - 149.

[12] Tong Z, Han C, Luo W, et al. Accumulated hippocampal
formaldehyde induces age-dependent memory decline [ J]. Age
(Dordr) , 2013, 35(3) : 583 -596.

(131 B¥PF, BRB, IRUGE, &5, MH A 3 8 Ak M URREE = o
MR RS [J). TERARTREHR SIEKRES,
2010, 14(15); 2778 -2782.

(141 b)opdr, SR, 55 IR T oo 0T I AR 3 T 00
BT ICAZ B R B ek D (0], I B 2 R,
2014, 24(10) ; 48 =53, 66.

[15] EAZhU, HEAMR, XFR. EMERTT X AD 24 3Pk
ANELEE 2RI R BCE AR R LRI SE (1], T E 2863
2R3, 2011, 19(5) ; 423 —427, 445.

[16] s, k5, IR, 45 B-A1-FEE + & 27X APP/



HE R EAA 245 2018 4E 11 A5 28 55 11 Chin J Comp Med, November 2018, Vol. 28. No. 11 47

PS1 XL LA /INER SOD  GSH-PX ,CAT MDA 1 HO-1 ik
B [ )], K=o S5 &k, 2017, 29 (9): 1551
—1557.

[17] sKRZ, B, X0k, . B EEXT/NBRICTZ I /5% ma K AL
1], BURTIBTEES:, 2013, 40(3) ; 416 —417, 422.

(18] FhEME, PEdw, kM), 5. SRS IA]E AT X o B P 28 /N
F2F2ICAZRE 7 51 AR H RS [J]. T E AR A
&, 2016, 36(7) : 1549 —1551.

[19] BRAEEE, 2800, fPdkee, & B A e Fihx Lop g
KA ISz msgm (1], o E R A # 4 425%, 2013, 29
(5): 406 —409.

[20] TEHA=, slolEs, SRR, A TN P 2 R R A BRIt
G AR 2 22 [T]. P22 SR, 2007, 23
(3): 69 -70.

[21] MR, LMy A B X Bl 2 R BAE BT [T].
KFPERFFA, 2014, 30(2) ; 230 -233.

[22] #fEZE, EFF, skarse, 5. A B K EBx /N R 2 20
12 RMBFAE AR R [ 1], T ESER L ek, 2012, 16

(23]

[24]

[25]

[26]

[27]

(2): 226 -228.

Mao J, Huang S, Liu S, et al. A herbal medicine for
Alzheimer’ s disease and its active constituents promote neural
progenitor proliferation [ J]. Aging Cell, 2015, 14 (5). 784
-1796.

S, BT, PR, AT ACH A I Bk iR BLAE 2D R 1 g
1R CAL KA Z T AR ER [T]. P E B2y,
2018, 20(4) ; 415 -420, 431.

R, ST R X BT R PRI R R U S A U AR 1Y
SR [1]. hEEEESE, 2013, 33(9) 1 2099 -2100.
T, BREAE, skalot, 4. HIEEE T JE 1Y BDNF i #%
R ICR /NRAE T2 o RE [J]. EAIE T A, 2018, 34
(2):246 —248.

BEXL, FEH, TRBERE. A AN IR B B Y s xR B2
ICILRE I KT CA3 X CaMK I F3k M0 [J]. HPREEAR}
KA, 2010, 35(3) : 342 - 345.

(Y7 BHA)2018 -07 - 16

(8% 30 )

2 RUBE PRI 5 PR AE 2 [0 % B 2 W42 3% , i
GE R IG5 345 LA A 05 45 1k g 15 1 9 d
HOLT L ERTI AH FE TR IR 4 2
MUK RIS 25\ TZDs \DPP4 %5 Z 48 H] T JiF U e
NG ) BB B N — R O T R — e R
A5 S st R T AR D s A A 24 0 1 g T
W R ZEHE PR 18P S 477 100 o LR o A Dl e A
ACAERT ST DR T 000 7 i 26 R i R B I
25N I iR T VR R B B AR R A X,

H AT E & 23k A db/db ZNRAE 2 BB R
BOARUEE, Ve A B X IR iR SR 2 20 JE LB A XT
B ARSI 3 X e db/db /NER 16 JE I IR 32
S I A JHF %) 9 B AR AR A A, O db/db ZNERAE R 2
FRUME DRI A5 45 5 80 L K AN [i) HsF 390 A JHF 463 4 A5 A
B T

S 3k

[ 1] Chen G, Wang R, Chen H, et al. Gossypol ameliorates liver

fibrosis in diabetic rats induced by high-fat diet and streptozotocin

(2]

[3]

[4]

[5]

(6]

[7]

[8]

[J]. Life Sci, 2016, 149. 58 —64.

2R, KA. WP A R 2 BURE DR /N BUA 2 R L B
(J]. "hE B, 2011, 21(1): 16 -22.

JREG, TR, BRI, 45 2 BURRAS db/db /NI AEYE
FEPE (U], AR AREE, 2017, 27(8) 12 - 15.
Hamada H, Tagawa Y, Fujita T, et al. Cut-off values for AST
and ALT as criteria for performing abdominal enhanced computed
tomography ( CT) in the diagnosis of blunt liver injury [ J].
Nihon Kyukyu lgakukai Zasshi, 2012, 23(4) . 142 - 150.
Koyama T, Hamada H, Nishida M, et al. Defining the optimal
cut-off values for liver enzymes in diagnosing blunt liver injury
[J]. BMC Res Notes, 2016, 9. 41.

g, BEUE T, SREEAY, SF. AR LR IR 2 AURE IR
WRBITHEN [J]. hEBEFE:LE, 2013, 33(5):
1094 - 1095.

BB, 2R BRI 2 RUE B T 4 BT 5 0k
J&[T]. DI RE B AE, 2015, 24(1) ; 113 - 116.
PR o SR oy 23, P IR 2 RURE DR Bl R 4R I (2013
R[] R ERRAGAE, 2014, 22(8) : 2 -42.

(7B HHEA)2018 - 04 - 08



2018 4E 11 H i E LR EE LR November, 2018
$28% H11H CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 28 No. 11

e

%M\%\‘g

P2

22 TR 2R TIUAL BT AR AN [ R B v KR
i T 51 10 e S L R 5

ZHB VEERE R R LRKEE LV OFLE OALFEE,
OB, AR X

(1. s 72 X R R B IR R R T R 2 L SN =, B4 K55 830000
2. fBAL A 69240 FRBNEERE , B8 AFF  830000)

[HE] BB WS RTINS R 2k B R AR DL B VAR 9 KPR, 75
iR OMEMEEREE SD KR 80 K BENLN N 2 4 (n =40) Fh kX FRAL LA M R UL, BHM N4 NEA (n =
10) : T44 0 min 21 (EIHIR4L) , T3 50 min (B 4) , T 100 min 40 (FEFZ4L) , T 150 min 41 (FH
EEA)  FAKAKRBRAT 0.9% B KR , ZHEHRKBA THIE N 200 mg/keg ZHFEMT 54 KRY
HEEHEER 7 d, 0 min B THIBIAREE P, HAANE A TR AN TR N, R E THRAERE. (41 «
0.5)C RS (10 £ 1) % , I FEAH R IS A1 BRI B, JBCITL I A B B 2 4 G DN il 8 v JLIF B PR 28 L & 125 ' L
R IEAT R E AL 5 AL B (superoxide dismutase) |13 S8 AL EU# ( catalase ) LA A N - ( malondialdehyde ) 15 4 1 46
BB S0 A HE Yo e SR EIAR (L, G55 R BIAR & BN, 5 20 SO B AR A0 J DT 43 Bl 25 T #AER BT ) 11
FEA TSN EE 7 7] — A ) 5 252 2 38 ToUAh 3 4 O BV A 003 17 20 I AR T3 /K 4 (P < 0.05,P < 0.01) ; Il vE AL
B RZE DR B AL MDA & 7E = A B BB 2 B RARTEKA (P < 0.05) ; BHL T Hi & L
SOD ,CAT fiE PEE B Z WA B8 TEUKZH (P < 0.05) , ZAHSEHEAMT R MDA S5 B4R 514 B B0 A 56 (- =
0.75,P< 0.01), £it ZEEEBUCIXS T HIREE T AR b2 ok BUE B0 3 B DRy, AT Re A 48 i
BUE IR A SR

[88IR]  THIREE, SR 0 B KR

[HESZEE] R33 [ xEktRiZEE] A [ XEHS)1671-7856(2018) 11-0048-05

doi: 10.3969/j. issn. 1671 —7856. 2018. 11. 009

Effect of curcumin pretreatment on renal pathological changes and the
level of oxidative stress in rats with various degrees of heat stroke in a
dry heat environment

LI Jianying' , ZHAO Yinhui' , KANG Yan®, ZHANG Donghui', XU Qin', DONG Xiang', LI Jiajia', SHI Wenhui',
MA Na', SHEN Caifu', LIU Jiangwei' *
(1. Key Laboratory of the Special Environmental Medicine of Xinjiang, General Hospital of Xinjiang Military
Command, Urumgqi 830000, China. 2. The No. 69240 Army Hospital, Urumgqi 830000 )

[EE£THE ] ZEBAIG R ST H AR TR H (2010gxj5016)

[MESERN ] ZZEB(1977— ), L, BEHIN, BT 7 LR, E-mail: 1610801584@ qq. com

[BIEEE XL (1970— ), B )5, %42, FAEEI, W4 S 00, FZOF 507 0 Rk 5 R A58, E-mail: 1jw273273 @
163. com



HE R EAA 245 2018 4E 11 A4S 28 H55 11 Chin J Comp Med, November 2018, Vol. 28. No. 11

49

[ Abstract)

of oxidative stress in rats with various degrees of heat stroke. Methods

Objective To observe the effects of curcumin pretreatment on renal pathological changes and the level
Eighty male healthy SD rats were randomly divided
into two groups (n =40) ; saline control and curcumin pretreatment groups. Each group was divided into four subgroups (n
=10) : 0 min (normal temperature) , 50 min, 100 min, and 150 min groups in dry heat environment. Rats of the saline
group were administered 0. 9% normal saline, and the curcumin group was administered 200 mg/kg curcumin. The rats
were treated continuously for 7 days. Rats of the O min group were subjected to room temperature, while the other groups
were transferred to a climate cabin (The Simulated Climate Cabin for Special Environment of Northwest of China) under the
conditions of 40. 5 +0. 5°C and 10 £ 1% relative humidity to establish the rat heat stroke model by a dry heat environment.
The rats were anesthetized at the corresponding time points, and blood and kidney tissue were collected. The contents of
creatinine and urea nitrogen in serum and superoxide dismutase (SOD), catalase ( CAT) and malondialdehyde ( MDA )
activities in homogenates of kidney tissue were detected. Renal tissue was stained with HE, and pathological changes were
observed. Results  Pathological changes of renal tissue were aggravated by prolonged exposure to the dry heat
environment. Pathological renal injury scores were higher in the saline group compared with curcumin pretreatment groups
at the same time points (P <0.05, P <0.01). The contents of serum creatinine, urea, and MDA were decreased in the
curcumin groups compared with the saline group at the three heatstroke periods (P <0.05). The activities of renal tissue
antioxidant enzymes SOD and CAT were increased in the curcumin group compared with the saline group (P <0.05).
Correlation analysis indicated that renal injury scores were correlated with MDA (r =0.75, P <0.01). Conclusions

Curcumin pretreatment has a protective effect on rat renal injury induced by various degrees of heat stroke in a dry heat

environment, and its mechanism may be mediated partly by antioxidant effects.

[ Keywords]

g e DUAZ O AR TR T i B T AT — R BIAE AR
MR A e, TEERA I OEKET S (=
41C) AR e R, I Zh BE S2 401 55, ™ B AT
RN 248 B FE IR ZEAAE (multiple organ dysfunction
syndrome) '~ | WBAER ) £ &L TR IIAEE,
171 e ] P4 I 3 B 2 A AR L o0 A R T FR VD T A
THRIRE T 2 BRI R B R TR i, i
BRI GRS AR R, T IR N AL R 2
ORI ML EE B oA, B I s A e i sk
S R e PGS A Y B, 3 A N 4R A
SR HERR, SRR A

FEFRAE g — 240 5T AL RO BT
A B AR RE R B R R, A SRR 22
PR AR B R A S A O SR F AT ol
DU IR A1) LT JULTR W R VK g | LR I S A
e G T P T v LA R L T U8 S T I R T v [
B AT DL R A e a0 JULPY I 0 5 i R AT
WSt e I 22 B R RE AR R VD TR T BAER I R B
AAERFIE] S D FRATTHE I 25 8 R T T A
TREUE 0 BA R, AW 583 2 T
PRI R B b S A | W48 22 o 3R TIUAE B0 T AN W)
T R IR 2 A5 78 5 o 3 A A DA R Sk 1 BOK P
RIS
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REBE S B ZE 0y 4 PR, 44 3R RN 45T
NAE M L HE S5 DWLL2018001



50 o R BE 2 A 1 2018 4F 11 F 45 28 4545 11 1)

Chin J Comp Med, November 2018 ,Vol. 28. No. 11

1.2 FERAFESNEE
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L LL
.

il

z

Creatining
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0 min 50 min 100 min 150 nun

SR K YA R E) A L8, ¥ P < 0.05,%P < 0.01,

10 min JC 13, 43863647 SOD | CAT B¢ MDA 5 £
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1.4 HIHFEFE

R SPSS 21. 0 GEHHAFIEAT AT . T BEOR
FPPRIR £ bRifE2E (& = 5 ) 3R, 41N HEBCR I
SIREAR ¢ KB, MDA 5 Paller” s 343 A 56 1 5% 1
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2 R

2.1 MiFEHRAE.REEEE

WE 1 R fERRSE T AP EE T 50 min, 100
min DA 150 min 283235 2 WAL PR R BRI HILETF
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< 0.01), 17 PR FE A & B R, (A7 T34
B 50 min B, B RARERA S BRI KABA
iRk B2 SR EM(P > 0.05) ,1E 100 min Al
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HRFEE(P<0.01),
2.2 BHRAREBETWL

THIRHE 50 min B £5 7K 21 B 9 AR fL R BN
B /NERBE ARSI, B NV b R A K B
A3 AN B 7 5 25 B 2% T AL BELAH TT L o B AR Al A
KL%, T 100 min B ER 7K 20 955 FRAS Ak 33—
ATIE AT UL NER R S K B /INE B B A i
REREAS K M5 IR S, 20 R 5 5 2% 9 3% A
Y /INER B s e A AR RS O, B /N b R A e
JiK, BN D B T AR . 150 min B AT DL /)N

14 < o £ L Saline contrel group)gg LIk

= 0 S Curcumin group) ~
124

[[1]

BB (pumol L)
Ulrea nitroanen
' & =

—
]

0 mim 30 min 10 mein 150 min

B A5 s i U R A1

Note. Compared with the saline control group at the same time,*P < 0.05,*P < 0.01.

Figure 1 Changes in the serum creatinine and urea at various time points
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BRFTI A, B/ INE N AT LA RUE B ; 22 9 R iAh
BHAE, AT UL /R TR AL, B /N PN R B 4 L (E
KRIEAEHY, 4 25 98 3 T Ah 380 20 200 3 A8 Ak 52
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SEL AR — B[] A5, 22 8 3 AL 22 4 4 9 B
WUl AR T KA, 22 %A W P (3 50 min
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HEERE B ENE(P < 0.05), 1 MDA A& #4
LRI 5 7 45 B ] 3 3 3 K Bl B R
(P < 0.05), WKl 4, Spearman #H 5% 4 Hr 2
78, MDA 55/ NESIHY Paller” s PEAF S IEA & (r
=0.75,P< 0.01),

3 itig

P B I WLz R E 2 — AT otk
W PR 85 F 1 5 B e i, A T B R e B R

R ARG o AR B R R R B R R
Hh BB WK 22 ¥ R AL B 5 R N KO R
Vi) " 3 B2 AR A A R B 20 2 AR AR I K S i AR £
WS RIT RAREET B 52 90 AH LU AR Ak, IF:
FLB A T IR R S ) ) 9 A T i EE, rp 2
AR SRR Z A R sk S s g, o B i 0
H A2 O A T 3 o X A4t L A A VR, 5 1 kS 20
J BRI 45 | £ A T R I i R A SEU AR A T
B A P PR 200 R A B N R A
A=A K A A B R SR S LA I R
AR IE TR AN 1) G =R AR S PN E 2 |
PRI & A R B DIAI S SR 35 R A K
A1 F B REICRT 3 0 At L PN AR AL DL R R Ak R A
SIEAIMA G, SOD 5 CAT J& LA 40 i P B 8 5
YA , 7R AR SE 5 i) & BLRE T IR BT A SE K
B4 SOD 5 CAT 936 4 2 3 T~ K, 1 240 i g
it A AL R FE ) MDA w14 L7, H MDA 5 /N
105 1 Paller” s P4 R IEAHC (r =0.75, P <
0.01), rhHubnl WL, B 21 210 S8 Ak N 380K 7 T = T
e T IR T BB pL 2 —, FEARIFR T,
T THIEE 50 min 100 min DA% 150 min £ ZH
BT 5 R 2 RUE B K 4G BT R I, Ui 32 8
FX TR T KRR E DA —& W Ry

1+ A1:50 min $h7K4;A2.50 min 2 Z WAL ;B1: 100 min $h7K2H;B2: 100 min 25 % Z WM ;C1: 150
min $H7K4;C2: 150 min ZHEAH
2 PR HIL 4R

Note. Al: 50 min saline group; A2: 50 min curcumin pretreatment group; Bl: 100 min saline group; B2: 100 min

fL.(HE 3¢5, x 200)

curcumin pretreatment group; Cl: 150 min saline group; C2: 150 min curcumin pretreatment group.

Figure 2 Renal histopathological changes. HE staining
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B0y
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il
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TE : 5 /K g IR ] b4, #P < 0.05,% P < 0.01,
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Note. Compared with the saline control group at the same
time,*P < 0.05,"P < 0.01.

Figure 3 Changes in Paller’ s scores of the renal injury
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Note. Compared with the saline control group at the same time,*P < 0. 05.

Figure 4 Changes of SOD, CAT, and MDA in the renal tissues at various time points
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Establishment of a mouse model of pulmonary adenoma and its routine
examination of blood and urine, blood biochemistry and pathology

ZHANG Xiuyan, GAO Yaqi, CHEN Weisheng, LIANG Ning, ZHAN Chunlie *
(Animal Experiment Center of General Hospital of Guangzhou Military Command, Guangzhou 510010, China)

[ Abstract]  Objective To establish a mouse model of pulmonary adenoma, detect its blood biochemistry, and
routinely examine its blood, urine, and pathology. Methods PCR confirmed seven B6. 129S4-Kras™ """ mice. Four
of them were used as the experimental group, and three as the control group. Three wild-type mice were used as the control
group. Cre adenovirus was applied to the nasal cavity once a week for four times in both the experimental and control
groups. After 5 weeks, blood and urine were collected for biochemical examination and routine blood examination. Lung
tissue was analyzed for pathology, and quantitative PCR was used to detect Cre expression. Results Four positive mice
produced multiple lung adenomas at an average of 4. 25 with a volume of 10. 81 +6. 38 mm’. No tumors were found in the
control group. Multiple tumors, expansive growth, and clear borders were seen in the lung. The tumor cells were cubic
epidermoid and arranged in irregular glandular tubes. No pathological mitosis was seen. Compared with the control group,

low-density lipoprotein and average platelet volume were increased significantly. Direct bilirubin in the pulmonary adenoma

[E£TE ] AERHEHRIH H (2013B060300036) ;) 44 BHE 1551 H (2017 A030303058 )
[MEERN ] RIBE (1986— ), 2, BEHEIN, Wi+, HF58 0 ) B s AL . E-mail : 449183654@ qq. com
[BIS1EE ] E49)(1963— ) , EALEN, 2= W57 1) SCR sh Wb AL 58 5 5m sh AR AL . E-mail : zyh200521 @ qq. com
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mice was higher than that in the control group, and high-density lipoprotein was lower than in the control group. These

results had high statistical significance. Conclusions A mouse model of pulmonary adenoma is successfully established,

and its routine examination of blood and urine,blood biochemistry parameters are determined,and its pathological features

are characterized.
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1 Kras FEH¥EE

Figure 1 Identification of the Kras gene

&3 RN AALTEIR (2 £ 5)

Table 3 Blood biochemical indexes of the mouse pulmonary adenoma

W E T H Jif H I pOgiE| P1H
Ttem Pulmonary adenoma Control P-value
A TN il
Alanine aminotransferase ( ALT) 26.75 £2.50 75.00£32.79 0-13
AL A
147.25 £32.90 232.00 £65.78 0. 07
Aspartae aminotransferase ( AST) * *
B e . it
24.25 +16.84 24.67 £2.52 . 2
Alkaline phosphatase ( ALP) 5 £16.8 67£2.5 0.26
MEH
4.50 2. 2.05 1. .2
Total protein (TP) 64.50£2.55 62.05 £1.57 0-29
HEH 33.33+1.62 33.87 +0.55 0.57
Albumin ( ALB) T I ’
HEH
1.18 +1. 28. +1. R
Globulin (GLOB) 3118 x1.36 8.6321.05 006
HEH/BREH
Albumin/Globulin (A/G) 1. 07£0.06 1. 18£0.03 004
Gk
4.93 1. .27 2.7 .
Glucose (GLU) 93=1.90 > *2.76 0.85
S I ] e
Total cholesterol (TC) 1.95+0.27 2.29+0.18 0.10
Hih =g
1.00 £0.22 .95 +0.11 i
Triglycerides (TG) 00£0 0-95 20 0.76
e R B R A O
0.97 +0. 11 1.34 +0.188 0.02
High density lipoprotein cholesterol ( HDL-C) * *
IR B AR B 1 DL e
0.11 £0.01 0.05 +£0.01 0. 00
Low density lipoprotein cholesterol ( LDL-C) * *
T
ﬁé%ﬂ 8.62 +0.95 9.10+3.13 0.82
Urea nitrogen ( BUN)
JULET
Creatinine (CRE) 11.70 £2.62 10.70 +£0.40 0.28
B R
Total bilirubin ( T-BIL) 1.38 +0.40 0.73 +0.10 0. 05
HiZBaOR
.68 £0.1 .37 £0. .02
Direct bilirubin ( D-BIL) 0-68 £0.15 0.37£0.07 0.0
HHMRL R/ B R
0.50 £0.04 0.51 £0.06 0.81
Direct bilirubin/Total bilirubin (D/T) * *
IEIEEAE S
Indirect bilirubin ( 1-BIL) 0.70 +£0.25 0.51 £0.06 0.07
JURR 4 it
Creatine kinase (CK) 1363.25 +711.44 1610. 67 £499.42 0. 62
R 31.25+1.26 39.00 £4.36 0. 08

Uric acid (UA)
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R4 R IR AR (x £ 5)

Table 4 Routine blood indexes of the mouse pulmonary adenoma

e T H i e Xof I ZH PiH
Ttem Pulmonary adenoma Control P-value
4 9
FIAL(10°/L) 3.48 +1.28 2.56 £1.00 0.36
White blood cells (WBC)
pumay 9
LRI (10°/L) 1.03 £0.43 1.29 £1.03 0. 66
Neutrophils ( Neu)
M 4 9
AL (10°/L) 2.43 +0.89 1.27 +0. 39 0.09
Lymphocytes ( Lymph)
1% 9
AL (10°/1) 0. 00 0. 00
Monocytes ( Mon)
RS M7 4 9
R H:*\I,EHE@( 10°/1) 0.01 £0. 025 0. 00 0. 44
Eosinophils ( Eos)
FE R 9
EWVJ:*V,EEW 10°/L) 0. 00 0.00 0.44
Basophils ( Bas)
P74 0
i lﬁ*ﬁ,ﬂiﬂ@, a4 29.7 +4.67 45 £23.25 0.37
Neutrophil% (Neu% )
Kk 0 40 167
A% 69.7 +4.08 54.83 £23.29 0.38
Lymphocyte% ( Lymph% )
AN D %%
0. .00
Monocyte% ( Mon% ) 00 0.0
W TR PR 2 L 9%
Eosinophil% (Eos% ) 000 000
WEH T A5 41 L 9%
Basophil% ( Bas% ) 0.30+0.13 0.17 +0.06 0.35
414 12
ZLAHE(107/1) 9.60 +0.64 9.55 +0.64 0. 86
Red blood cells (RBC)
MELLHEH (/L)
Hemoglobin ( HGB) 138.50 £9.33 137.67 £8. 14 0.91
LLAINLER (% )
44.75 +3. 43.97 £3. E
Hematocrit ( HCT) 75 £3.30 3.97 £3.07 0.76
IR AAFR (L)
46.40 +0.81 46.03 £0. 4 . 4
Mean corpuscular volume (MCV) 6.40+0.8 6.03£0.47 0-49
ST A0 I 41 2R B (pg)
14.40 £0.1 14.40 0.1 1.
Mean corpuscular hemoglobin (MCH) 0018 02017 00
LRI LI R (o/L)
10.25 £2.21 13.33 £2. .1
Mean corpuscular hemoglobin concentration (MCHC) 310.25 = 313.33 £2.89 0-17
LLANN AT TERE (% )
14.23 £0.34 14.03 £0. .
Erythrocyte distribution width (RDW-CV) 320.3 03 £0.35 0-50
9
1/ (10°/1) 1311.25 +£262.55 1049. 33 £59.41 0.16
Platelet ( PLT)
S8 i AR (L)
Mean platlet volume (MPV) 5.73 £0.13 5.37 £0.06 0.01
L/ N 53 A T BE
Platelet distribution width ( PDW) 15.10£0.06 15.00:£0.10 0. 44
/MG HE 0.75+0.15 0.57 £0.03 0.10

Thrombocytocrit ( PCT)
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RS RN RUREIEPR (2 £ 5)

Table 5 Routine urine indexes of pulmonary adenoma mice in each mouse

WETH it IR X HE2H P1H
Item Pulmonary adenoma Control P-value
H
1.02 £0. 01 1.02 £0. 01 .52
Specific gravity (SG) 02+0.0 02£0.0 0.5
s 6.75+1.19 7.5£0.5 0.36
pH
EE )
0.50 +0.58 0.67 +0.58 0.72
White blood cell (WBC) * *
RIRTEL i EN
Nitrite (NIT) 0.50 +0.58 0.67 +0.58 0.72
HH B
Protein ( PRO) 0.75 +0.96 1.33£1.53 0.56
A
.25 0. .00 £0. .44
Glucose (GLU) 0.25 +0.50 0.00 +0. 00 0
[GHEN
Ketone (KET) 1.25+0.50 0.33 +0.58 0.07
JRIBJE
0.50 +0.58 1.00 = 1. 00 0.44
Urobilinogen (URO) * *
BTz
Bilirubin ( BIL) 0.50 +0.58 1.00 +1.00 0.44
42,
Rl 0.00 0.00

Occult blood ( BLD)

b A000 = B T
i 600
g 3000 8 500 \
# E g 400 '
# = 2000 §§ 300
,3 2 10 /
T e 0 — e e . \
e e e it e g
- = | 100
2 6 10 14 & 22 % MW M I3 G 68 TO T2 T4 To TE 850 EI B4 BO6 HE O 2
MWER Cycles ¥ C) Temperature

AP BRI
2 Cre mRNA 5O I PCR % 5E
Note. A: Amplification curve. B: Dissolution curve.

Figure 2 Quantitative PCR analysis of Cre mRNA

Ro JHMREEGE (2 xs)

Table 6 Number of pulmonary adenomas in each mouse

NP iR R (A4) JR A ()
Serial number of mice Number of tumors Tumor volume
1 3 7.40 £2.52

2 5 9.92 +8.27

3 5 15.07 £6. 12

4 4 13.61 £5.99

Rl 4.25 10. 81 +6. 38

Average value

F1(10. 81 £6.38) mm’, B6. 12984-Kras"™™ %if I £
N B A RO R 3 R e B e SR A K S 5 S
FIIH B6. 12984-Kras™ ™ /NGB B T Cre B W, BUT AT SRS B dms B Y 1K %% B iR 2 1 JE 3] e
TRREE S A I R B AR T AR Rk, 4 AR R AR IR A £ 3 T [ s I AR
P B X 77 A 2 b B s P B 4. 25 A ik BRI RSO SORE B [ B 2 B0 A SR L

3 itig



[ L BE 2R 2 2018 4F 11 A 45 28 #4245 11 1 Chin J Comp Med, November 2018, Vol. 28. No. 11 59

3 filifdE (HE 345, x 100, x 400)
Figure 3 Histology of the mouse lungs. HE staining ( x 100, x 400)

I R A [ R AR BT B e B Y G 7
ZAHRAE HDL-C 5 8 19 S He i) 5 & | H: A A0 45 Ji
PREOS AR e HRORE /0N B B s % AR R IR
P b %o B8 2 AIG, 5 2 A E 5T 45 SR — 3, Catarina
Rodrigues dos Santos %" #5311 244 />3 iR 48 &
A B BN H 0 5 s ) A B
KA AL SF G R 3 A LR AR
T BRI JR IR /I BR85S DL e B X B
FRZT 28 F2 A SR, B0 455 M 200 T 1t i 9 R 21
R B8 RSB AL R AL 45 G IHLL R |
456 MRZT 3R A3 HE M 25— 28 50 AH B R i 4 A 2 i
e AT WAL 2 75 i i b 32 B B S A A
BUMR AR =1 Song 451 WF 5T R WKk
P LR AR 2T 2R 5 A /0 i s 0 S 22 ARG
L AELZT 3R 2 AR /N 40 i i 988 1) 2k 7 BUS F5 A5, T
FRATA 250 235 2R S s i R /N BRAY B IR 21 =K 4
P T BT, 3 Al BE 2 T i R R /0N BRI
G, BRI A itk — PR

S 3k
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Comparative analysis of egg quality and nutritional components
between domesticated Tibetan chicken in Guangzhou and
Wuhei chicken

YUAN Jin, WU Qinghong, CHEN Bangzhu, TIAN Yuguang, LIU Wen, GU Weiwang
(Laboratory Animal Center, Southern Medical University, Guangzhou 510515, China)

[ Abstract]  Objective This study aimed to investigate the egg quality and nutritional components of domesticated
Tibetan chicken in Guangzhou and compare them with those of with Wuhei chicken. Methods Various detection methods
were employed to analyze the egg quality and nutritional components of domesticated Tibetan chicken in Guangzhou and
Wauhei chicken. Results There was no significant difference in physical quality indicators of the eggs from those two
chickens(P > 0.05). There was no notable difference in the content of crude protein, crude fat, crude ash, and
carbohydrate of those two kinds of eggs (P >0.05). The contents of selenium, iron, and zinc of domesticated Tibetan
chicken eggs in Guangzhou were significantly higher than those of Wuhei chicken eggs (P <0.05). The concentrations of
pyridine (P <0.01), pyridine borane (P <0.05), and dodecane (P <0.05) in the domesticated Tibetan chicken eggs
in Guangzhou were markedly lower than those in Wuhei chicken eggs, whereas the contents of 1-hexadecene, 14-methyl-

pentadecanoate, methyl linoleate, methyloleate, and methyl stearate in the domesticated Tibetan chicken eggs in

[EL£TH] A4 RHL 5 H (2016 A020208004 ) ; )M TR -5 H (201704020012)
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Guangzhou were significantly higher than those in Wuhei chicken eggs (P <0.05). Conclusions The contents of crude

protein, crude fat, selenium, iron, and zinc and methyloleate in domesticated Tibetan chicken eggs in Guangzhou are

higher than those in Wuhei chicken eggs.
[ Keywords]
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R JTMYIMEHERG S RS S BN E SR LA (x £ 5, n=30)

Table 1 Comparison of the egg qualities between the domesticated Tibetan chicken in Guangzhou and Wuhei chicken

gl A SNy PMA
Items Tibetan chicken Wuhei chicken P-value
Ei(g) 50. 280 +£3. 833 51.530 +7.488 0.314
Egg weight
AT
B 1.298 £1.473 1.319 £ 1.358 0.085
Egg-shape index
e Er 2
FCHRE (kg/ent) 4.563 =0. 481 2.991 +0. 584 0.062
Strength of eggshell
HFEIEAE (mm)
. +0.01 . +0. 02! .57
Thickness of eggshell 0.388 +0.019 0.335 +0. 029 0.576
HTH( g) 3.772 £0. 598 4.208 +0.369 0. 490
Eggshell weight
ﬁtti . 1.610 £0. 087 1. 818 £0. 047 0. 380
Egg specific gravity
BRI (mm) 3.490 +1.178 4.410 £0. 651 0. 064
Egg albumen height
EHE(g) . 25.300 £2. 659 28.590 +3. 806 0. 699
Egg albumen weight
A e L
X EHEKI(%) 86.386 +1.349 86.470 £3. 122 0.242
Egg albumen water content
B (C
HEHBE(Col) 9.390 £0. 642 9.410 £0. 647 0. 649
Yolk color
Et‘iﬁ(g) 13. 458 £2.071 18.694 +1.168 0.202
Yolk weight
W KE
EAAR(%) 46.336 4. 341 47.978 +8. 245 0.209
Yolk water content
" ~
a ﬁi{i 81. 430 +£10.202 83.960 +7. 340 0. 300
Haugh unit

R2 MY 5 TS B E SR ESCR LB (2 £ 5, n=30)

Table 2 Comparison of the main nutritional components between the domesticated Tibetan chicken in Guangzhou and Wuhei chicken

WH RN ENEcy L] PE
Ttems Tibetan chicken Wuhei chicken P-value
; o1
HEA (e 0(.) &) 25.924 +1.020 22.144 +1.242 0. 206
Crude protein
¥
HLARAA( g/l‘OO &) 12. 328 £0.956 10.002 1. 371 0. 280
Crude fat
4 4 |
HLRI (/100 ) 0.806 +0. 084 1.200 £0. 076 0. 842
Coarse ash
A
ﬁﬁﬂ(ﬂ: AP (/100 g) 10.902 +£0. 390 8.102 £0. 566 0. 653
Carbohydrate

R3INYIA RS A RS R OTRIME SR L (x £ 5, n=30)

Table 3 Comparison of the main microelements between the eggs of domesticated Tibetan chicken in Guangzhou and Wuhei chicken

Wi A 2R P1H
Items Tibetan chicken Wuhei chicken P-value
k
M(n;y g) 0.697 +0.041 0.272 +0.037 0. 048
e
k
%(“éy g) 505.400 +11.718 490. 200 +13. 590 0.202
a
o/ ko
lg&(”;’/ g) 21.080 £0.559 16. 780 +0. 760 0.034
e
% o/ ko
Wm};’/ g) 2210. 400 +76.081 2011. 600 +116. 059 0. 167
oA o/k
#F (me/ke) 16. 580 = 1. 434 10. 540 = 1.736 0. 050

Zn
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Fza MRS RN H XY KR AR I E G R L (& £5, n=30)

Table 4 Comparison of the egg flavor compound indexes between the domesticated Tibetan chicken in Guangzhou and Wuhei chicken

iH FHEXG BN P1E
Ttems Tibetan chicken Wuhei chicken P-value
#iwm(%) 9.318 £4.319 13.462 +7. 828 0. 206
Trichloromethane
1Al
H:E(%) 23.710 £16.326 34.284 £5.393 0. 009
Pyridine

ML A %
it }Lﬁﬂﬂk}%( %) 0.132 £0.295 0.422 +0. 586 0. 022
Pyridine borane

=~ =7 07
TEFLE (%) 0.166 +0.247 0. 168 +0.239 0. 968
Normal octane
ECRE(%) 16.922 +£9.759 14.278 +4.377 0.237
Hexanal
o
CRH(% ) 0.424 £0.427 0.396 +0. 387 0. 847
Ethylbenzene
PREE(% ) 1.698 +1.087 1.440 +£0. 535 0.315
Heptanal

3 3 (g

13 -RE (% ) 4.060 +2.469 3.062 £2. 144 0. 956

1-Octen-3-alcohol
IEFHE(% ) 2.434 £1.493 2.096 +0. 894 0.459

n-Octanal
7 0
XXB.U%( %) 2.716 £2.454 8.132 £9.430 0.092
Dipentene
2-LHEC (%)
2-Ethyl hexanol 0.928 £2.075 1.236 +1.943 0. 998
TE(%) 6. 636 £5.384 6.466 £4.915 0.877
Nonanal
— e
=A%) 0. 128 £0.286 0.442 £0. 632 0. 030
Dodecane
0,
FRE(%) 0.864 +0.887 0.182 £0.407 0.110
Decanal
ez (o
TPagE(% ) 0. 806 £0. 867 0.574 £0. 335 0.116
Tetradecane
)] (%)

EFAEE(%) 0.988 +1.013 0.676 0. 170 0.078

n-Pentdecne

BAR — B8 (% )

Diethyl phthalate 0.508 +1.136 0. 152 £0. 340 0. 111
LAAHE (%) 0.974 £0.922 0.458 +0. 159 0.045
1-Hexadecene

RS Fe A G (o
141+ TUGERR T R (% ) 9.626 £16.726 3.848 £0.995 0. 037
14-Methyl-pentadecanoate
Sois 7 TG

TABLE(%) 0.566 +1.028 0.552+0.116 0.057
Ethyl palmitate
SHTES F TG ( 6

ﬂ{m%?gﬁ( %) 0.928 £2.075 0.254 £0. 244 0. 050
Methyl linoleate
S FH i
IR i (% ) 7.174 £11.983 3.078 £0.911 0. 040
Methyl oleate

T S TR F i

RARBT (% ) 2.556 +4.176 1. 150 £0. 327 0. 041

Methyl stearate

3.1 JTHIMEESEREBEMRERERILE
S TR S TR SR A AR R e

SR ORI el EHE AR EHE EH
KL EEEE (R AR K RS, 4
7RIS A LR AT T i AR T
REERIFINAERR (H = FH 2R TCREIE(P > 0.05),
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3.2 MBS AREBEFEERRSIE
HFERILE

DE 25 R R, AR M I Ak 5 XS 2 ) R
F LI I K 43 Rl K A6 & ) 4 322878 7 L4y
FEPRINEE S RS EZE 2 S TR EEP >
0.05) HJE, B T K 7348 An A T FL 28X Z b,
HApPatnm T HRXG, 557 iy & F 28
FERAT AR L, )M L X IS S T AR S
JE 7 H A B 11 AR — 35, DRI 7 2 22 DUIG F i
P LS B 1O 5 S X1 T SN A HE
Po—2e . Hy b a] D, RN 28 ) M L X YR S, B
X0 3 ) AR 1 0T 5 3 B SR L AT AR DR AR AR A
XU A7 s A% R 3R (Y 5 e K 2 N 4 1 34
o DR A B ) R 45 AR SR AR TR I ) it AR R 2 —
3.3 MY EBHARBEFEMETENE
HRIEE

WO IC R 2 A TR & H8 0 |
SREAE A WA N 5 AR /D, (FGE A= W A R 10 B 2
WY, [l R R E AR L, SRR
PN ISR RPAY N Al = T e e S T - S B T
NEWT S5 ML X AR 5 Z 50, il e = g b
AR, A EITTREEAROLT, HREA
(o, Gl Bk R A S A R 2R
H R TOER A9 O B 0 A SR R L TN Bk AR
(AT RS 2 T R I 3 = T
WO A F SRR (P < 0.05) , MiASFIREAY & 5 —
HERBTREMEP > 0.05), X 5EF%S AR
ST 25 A — B, X i — 25k B SO0 B v A 8 1
Tl TC 2R 1 5 N K A I e FE AR A B BT Y

BB A G
3.4 NG5 XG A0 T 2R G B KUK ) $E AR TE 45
REILE

R AR J5T | 32 2 AL 45 9% IR W) SR R
B, BA MR B2 M E R S R HL AR B
FRENERZE AR5 XK Y o T A A B2
el AR 54 i, XUBR W) 5 5 52 W A T3 35
FUAAERE Y H S AR ) X o Y KUK 4 5
AT RS T B 5 A R B A | 2 A
8 W A AR XY B R R T ALy
SIRTIN T 8 FhAN 18 AR L Sy TN
A TR FE 2 A HAT R B9 XU, O 15 T 3G Y
FANEARPRIEAT OB, SR E T PP XS 3 Y 23
il XU , 45 5 s < T N WA RS 25 v A L E (P

< 0.01) MEBEMI%E (P < 0.05) Fl+ g (P <
0. 05) = =2 KUK Y 45 bRl B 0 25 I8 T R XY
SR G B 5 T 5E0A 2 Y 10N 14-H 3k
FRE IR PR i 2 PR | T 2 P R R A A R FH IR
B ) 3 T RS R RL IR AR (P <
0.05) ; A H A KR Y FE Ar & it 3 Z M 22 570
WEM(P > 0.05), HUILATIL XS5 IAT MiEFT
YRS , A T 0 2 KR e
T, Xm0 Ak XS 5 ) XU ) &
DR A2 L35 A% AR P 1 552 W) 5 7 e ) 278 A AN
KX E AN BRIE—,

Zr b, (1)) MBIk RS B R T AR ST IR | R
JEEE R T ORGSR S AR AR R T R
XG5 (2) P 90 A A B 1) 5 R a3 B TR
SHRT TR AG S ML B ORI D Ak K A S 1Y
T ARG (3) ) M YIRS 2 b Al Sk
FVEEA T TG 5 (4) T PN A FEE XS 28 v (9 I R |
MH A B e - — e = 2 ZERR Y & T AR
X A TR A 1= 7S M 14-F 3 e e FH I
IV i H i ek R Y T R O T F TR A D
BN,

S 3k

[ 1] smEVesE, kb, WM, &5 OB rERe M P ARE (],
v E R R2ReA AR, 2008, 13(1) ;47 -50.

[2] =ib, REHE, s, S5 ) o i BXORUS i 3 A 3R A 1k
FEARIE 0T (1], P AR AF 4R, 2018, 28(4) : 69 -
72.

(3] i, 238, DAL & TR MR A& RIS A kAR bR
WESHT [J]. SEsEhP5 hicBE, 2018, 38(2): 1 -3.

[4] EARIEMERILE. NY/T 823 -2004 FE L=
WIARE M E RSk [S]. dbat. b E AR R
#, 2004.

[5] *hEANR S E T A, dhE b LS %5 % GB
5009.5 - 2010 B % 4 [ K bR B W 8 8 R I E
[S]. dbxt: b EbRAES RRAL, 2010.

[6] HREANRILHETAMITRAETRAS, THEANRILHES
WA B BEEUR). GB 5009. 6 —2016 1% 4 [ i
iR [S]. dbET. b EARHE AL, 2017.

[7] "HAEANRICHETA R4 TR 4. GB 5009. 4 -2016
i ERE R TR NIE [S]. deat. hE
e H AL, 2017.

[ 8] rpa NRILAE TAEMIRIAFZ 54 GB 5009. 93 -2010
B EEEFAME SRR E [S]. et ERE
B AL, 2010.

(9] wHEAREMETARTATER S, FEARLAEE
SRR W BILELRS . GB 5009. 268 - 2016 £ 5k A E K bk
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(FEZRIYFRI PELBEEFHRE)
FUERESREASEERF

SRk H KA, 2018 4F 10 A 10 H 1330, { T ESLE: sS4 ) Ch E Heig R g4 ) (BLR AR
PR ) 5 DU iR g S S SR R S TE ST IR 2 A —— SR G T, ok A2 E & M — A8 05 1Y s g
T I S R — L [R] WLAE P FIFE S = M dn 22 (%5 1 T T USR5, 37 I H s it —20 ke
PRI

IR 23, B R B 4230R) 25 B 25 3 IR 2 0 53 Be AU W0 T A T 0 A 55 BT A PN A A E 9 03 R R IR BIOT 4
W, SUCE JE g IR R AT EAE T P TAER 2B & W LA TIE R . A& BEA F TR AT, et
I P A SR A4 i T AR e S, AT 1 — S B BTGP AR "R SE A RHIF R 5= AR Ak g 22 B
I, S R M A FE N2 1 O =X, B e I 28 T DA N2 0 T 40 AR SE 20 A #2 0 B 490 22 i
A5 45 100 7 42 210 PR IRGRZE NG 45 I R IR ZE & T8 B — 2044 5 PR ELAFA [ B A0 1) 4
FIEAE

W 0 28 ) B 5 = i g & TAE AT RS s X —Jm T it R 8, et 2 ng pa4f
o B RIFESS =R  BUE TN ST R A AT = 4 B 4T, T PR AL LR 5 L, 5
DFRE R AP ) AR A e N i, £ PR e AR R I RERSC AT, R 22 [ PN ANk B e
PSR s B8 2R 2 LG I T AT RHEORE S P (b [ S5 s ) 4 ) 1 URRASRS it 10 1) B [ B s i) 7 1
AP g AR QI SE BT S Y RN N ) e SRR o NS T = T = W e € Sy R
JEBLI) R B T R SEIEA , R R PUAE | PR 90 Ao, AH S AE BN AR 25 92 T R [ N SR B s R T AR
B2 R BTG R FTE AR W ), 415 | 6024 B & R 5 5 Be [RIEE, 9 K aF — 20 HE R A% 48 i 5 %R
SRR A R, 703 R N 25 1 R AR SR R e R E A T AR 2R P A HE R, e3P VR 3 R RME R SR B R, 4
T = 22 ARTE SO RESCR AR M, P AP R BV G I PR, S0 4 2 BA R B2 g i A fTL A i 10
TN 5 B A U F & R, 4 1h Bl IR AT

A, MR B P81 T R ok s RO A4 5k 2 25 25 RO R T SR e T R I A T 4 0 o =, O
15 R TR B HBENRBE T EH AR, MRS RBTT R TAERAE TS B ML, &
Ja AN MO T IR AR,

(R E s e
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GnRH-a SIS 28 X R B8 A I 5 A7 0 A 2R 1Y)
I7 RS K 5

KA E, XAE BN B, 2T R

(1. Bl — WB E Ry 1175 Bl 226001 ; 2. Bl AT H4 R 7Lk BEiE 226001 ;
3. F Il R2E S sh 0 VIR Bl 226001)

[HE] HE  FT GoRH-a SN R MR X 78 N B SROLIE A6 ROR oW B & e, J5ik
W SRR A9 51 RN A XA (n = 10) , TAEBIEL K 1 me/kg f2 F i, 3 1 vk BFSR
A ROmA T (G R v =10) SOMA T (P EMREL o =10) SONAT (SR EHEHREA n=10) .
GnRH-a Al (n=11) , BFFXASETZEEGM | mg/keg B FEESH, 35 1 I T 11 M 435I 7E 42555 2 B G T
AR 0 T R M — 2 (25 pg/ke SO pe/kg 100 pe/ke) HEE , A GnRH-a AT AEBEERKHEH |3 mL/ A, &0F 554
BRI, 14 d, HZGESE 4 AT RIFEHEA I ) SRR IO P9 Sk 21 20 Gaie 20 Ak A 9 S5k P 1
TNF-o StAR A2 3K, AR E AL R A B9 SR L5 SR I, TRFEBK e 93 W RV A U0 1ML CAL25 BYKF, &R AT, %
RSO AT, 2 R B R FE (P > 0.05) . 45 4 J&, WFdL o BRAL B sy, 22 5 A B PE (P <
0.05) ;58 7 J&, ROmMEL T MW mAL T 1 GnRH-a 4R KB, 22 R B2 (P < 0.05), @HZinT, &4
KESFOIR IR TNF-o SIAR 3k, 2R R EM (P > 0.05), 554 &, W5 H M kL TNF-o SIAR F A%
WA A A, 22 A BB ME(P < 0.05) s SUAl T M4 R med T Al GnRH-a 4 TNF-« StAR Fikf , 2278 B3
PE(P < 0.05), @FZRT, £ 4K RINTE CAI25 KFH, 2 F LB EE(P > 0.05), 54 J&, B A 7E
CA125 BT IRAABEAR, 25 A B (P < 0.05), 557 8, omdl T E & mal 1 1 GnRH-a 411lL34 CA125 7K
L EFARFEE(P <0.05), &it  GnRH-a AL S MER R X K RN SRS RLA S04F97 4%, RO s i o e
FlE MM R T B A S TNF-o SIAR MR BT 2 NI SR (1 %

[%8iR] KERTE AR AR ; (2 MR B O 2 2 R s 7 s BEB R s RO B &

[HE52S] R-33 [ xEktRiZEZ] A [ XEHS)1671-7856(2018) 11-0067-07

doi: 10.3969/j. issn. 1671 —7856. 2018. 11. 012

Effect of GnRH-a combined with estrogen on endometriosis in a
rat model and its recurrence

ZHANG Lingyu'*, LIU Yinglei' , QIAO Haifeng' , KAI Haili', LIU Manhua'* , WU Liucheng’
(1. The Second Affiliated Hospital of Nantong University, Nantong 226001, China. 2. Nantong Maternal and Child
Health Hospital, Nantong 226001. 3. Experimental Animal Center of Nantong University, Nantong 226001 )

[ Abstract]  Objective To observe the therapeutic effect of a gonadotropin-releasing hormone agonist combined

with various doses of estrogen in a rat model of endometriosis and the recurrence of endometriosis. Methods Fifty-one rats

[E£TH ] 558 i RHE R F A ISR IR RI2Y 7 IF 58 (HS2014074 ) 5 Mg i i RBHE T35 B (MS120170134)
[MERBIN K, & MEBE R, A5, 150/ F, E-mail: luogingyul5502@ 163. com
[BIEEEINEE, @, FTEM, 2852, W44 S0, 10758, E-mail; liumanhua2010@ hotmail. com
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with endometriosis were established by autologous transplantation of the uterus and then randomly divided into five groups:
control group (n =10), add-back group I (low-dose
add-back group Il ( high-dose

1 mg/kg leuprolide subcutaneous injection once. Add-back groups 1

1 mg/kg NS subcutaneous injection once; treatment groups,

estrogen group, n = 10), add-back group Il (medium-dose estrogen group, n =10),
estrogen group, n=10), GnRH-a group (n=11),
— Il were administered various doses of estradiol valerate at week 2 (25, 50, and 100 pg/kg) and the GnRH-a group was
administered 3 mL NS per rat once a day by gavage at week 2. At weeks 3 and 6 after intragastric administration of estradiol
valerate, a laparotomy was performed to measure the volume of endometriosis. The protein levels of tumor necrosis factor-o
(TNF-a) and steroidogenic acute regulatory (StAR) protein were detected by immunohistochemistry. The levels of serum
CA125 were detected by an enzyme-linked immunosorbent assay. Results Before the treatments, there was no significant
difference in the volume of ectopic lesions in each group (P >0.05). At week 4, the mean volumes of ectopic lesions in
the treatment groups were significantly reduced compared with that of the control group (P <0.05). At week 7, the
volumes of ectopic lesions in add-back II and Il groups were significantly higher than those in the add-back I and
GnRH-a groups (P <0.05). Before the treatments, there was no significant difference in the expression of TNF-a and
StAR in ectopic lesions of each group (P >0.05). At week 4 of the treatments, the TNF-a and StAR expression in ectopic
lesions of treatment groups was significantly lower than that in the control group (P <0.05). At week 7, TNF-a and StAR
expression in add-back II and Il groups was significantly higher than that in the add-back group I and GnRH-a groups
(P <0.05). Before the treatments, there was no significant difference in the serum level of CA125 in the each group (P >
0.05). At week 4,

(P<0.05). At week 7, the serum levels of CA125 in the add-back II and Il groups were significantly higher than those

the serum level of CA125 in the treatment groups was significantly lower than that in the control group

in the add-back group I and GnRH-a groups (P <0.05). Conclusions GnRH-a combined with low-dose estrogen

causes marked suppression of endometriosis in the rat. Replacement therapy by medium and high doses of estrogen may

stimulate rapid recurrence of endometriotic implant growth induced by TNF-a and StAR.

[ Keywords ] endometriosis; rat model; gonadotropin-releasing hormone agonist; estrogen; replacement

therapy ; recurrence
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T B NI SEAE ( endometriosis ) J&—FP AR UL
P, Eﬁﬁgﬁﬂﬁﬂﬁqqﬁﬂ;iﬁ%?% 2% ~10% ,(TEARZ
AL R R 5 50% . IR BRI 4
VR SO T B SENR T L g R A A T o
W, TENBESAETERITIR 5 R LA N 45% ~
50% 7 XABERTEGTFRIGISIER /N 21 21
A K5 56% ) FE BRSO EK
W AMEARYT 1@%*@%@&?*@%@&% Al
PRSP DR 20 R R 2 P S 52 R A G L e MR
R BB R 32 AR B Eh 7 ( gonadotropin-releasing
hormone agonist, GnRH-a) HEYERABEA , AT LLE
TR IV Ml IR AR 2 4 22 KT i 2 1 ok F
T 2 I S AR ME R AEARFR ] T GnRH-a
MHIAFIZ . R ARMER IR, AR R
IS A E TS Y7 2 da s 1) 0 i o] FH 241
7 N e i 3 (SR N 0 S LB UM ER N2 I E-SVAUN
BB RS AR, R R )5, 405 T 5 P B bR
BIMAS )5 IEE’J%/}%‘(%{ 7, EGRYTHT G R T8
PSR AEAR RN 78 RS Ak 2H 2 g SR8
A F-o(tumor necrosis factor-or, TNF-at) 28 & B R

A &M R Y 2 [ (steroidogenic acute regulatory

protein, StAR ) LA K IfiL % B 2 BT Ji 125 (carbohydrate
antigen 125,CA125) YR IEAKF, VAL 5 WIS 7
FERNBITRCR A BIGIT e 2 RGO

1 #MEEAEE

1.1 SEIEzh¥

SPF 4% SD KF 60 H, & H{KHE 180 ~200 g,2
A, HETE, W B R K S B i P [ SCXK
(75) 2014 - 0001 ], s 4 Mol N 52 b 5 E 5.
220180114 17 & ¥ 5. 7 38 K 27 52 40 sh ) b o
[SYXK (77) 2017 — 0046 ], JR & .22°C ~24°C, %
F£:45% ~70% ,12 h WIHE5E %, AR SR, — )i
ABEBERGERIN ) kL K 2SR Bl S A Tl

t’ﬂﬁéé;if%%ﬁ%%z%?*ﬂﬂ FEH AR

EEFE R SRR R R K 2E SR Y

$M@%%@§AKH@«W¢E%MU%%I
JCIA TR T B 38 K 2 52 56 sh W v S5 5 & i AT
[SYXK (7)) 2017 — 0046 |, Jf-4& 52 55 3h ¥ i JH 1)
3R I T NGB SR
1.2 FERFEME

Ly BEPUIR TNF-a J StAR — #T ( Abcam ) |
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DAB &3R50 & (V9000 , H 42 4 HF ) , CA125 ELISA
A& (ml6024076 ) 5 13 50 IS R 5 PN B AR sk (R
HRHARARAR) , 6 s, AU AL,
TEbR R Tl b, BV 2 R R B O AL

1.3 ZWHE

1.3.1 7

60 H SD KEUARHT 1 d B2 F T 54 H g e — it
(0.1 mg/kg) , flifir Ay SEE b T 7] — 3l 1 0
FARMREEGEEK, SD KT KEG & EE (7% ) M
e BOR BN IE E Y JRAE T B3 1 em fi— K2y
2 ~3 em YTUIE BS54 T B R, FEE5 LT V)
BRI B Wi, A FE AV T2 1.5 em K
A B BT 37°CTCH PBS Bt b, 70 B e N,
B 0.5 em x 0.5 em —EB, THEEEY) 17 ) DI
WUE BT A2 22 ] T B G R 53 55 1) 2 A I e
FETFRGEN, NEEEISIUZ, 2850 10, BAFAR
FEHIAE 15 min 22450 KPR SEEE A K BUE T 1%
R E T, RIRETEE, R TKRKRKEER 0.1
mL/d {ILTE 3 d FiBHEGL
1.3.2 5%

A 4 SRS TR A )51 HOR R ), Ik
B3 d BRI 51 R R LA 7 R k4
R IR AR K 1 mg/ kg EZ?HEET,:/H\:
1 UGHRgEdH  mdl T (10 2y A M (10 H) .
AN (10 H) GnRH-a ZH(11 H), #F5A%T
SENERAR 1 mg/kg B FIESS, 36 1 Wk, s son 4l
I I M43 AR L 2556 2 T 4R AN TR0 ) LR
W EEE R RO T (R MR R ) .
25 wg/(kg-d), OMAL I (7 & MR R 41) . 50
pe/ (kged) , SOMMZE T (& 500 ME R 4) - 100 pg/
(kg-d) , B K 1 ¥&,3 14 d, GnRH-a ZHIEL 2555 2
JA 7 A BRER K RO, 3 mL/ (2 -d) ,BER 1 IR,
14 d, FEIRIT R RSTIRALA | R R D) F gk
PIET ROmA T4 1 RRRE Y F&GstT,2 1
KRB EEHAAE T ROl 44 2 2R
D) e BE T R A 2 RO RUHE 8
FET ;GnRH-a 204 2 HRERE U YL IET 1
HARRHGE S gEdihste,

1.3.3  Hubt

Oy TE SN IR 2 )5 55 4 T 5 7 R IR
PR M N S RN O AR BT 4 £
R RO ORAT , A WA T e e 4L AR AG
FHHIR HEE Atk 7 Jok DA B9 2R i 325 R i, 4°C 1000 v/ min 25

£ 20 min, W& EiE, - 80°C 4 4%, Al T ELISA
iRl
1.3.4 fyedifk

HARZ TP VEAR IR Sy bR E 5, OB, K
LA YR SR LSAB ¥k | Y (0 40 B iz I 5 B
FHEAT, FH DAB ( & BRI ) B )s, B Y Wi
K GEM B R, DL PBS(BEIREh 22 vh ik ) 10U — Pt
VEBRPEXT IR, R S50 2 R A 152 57 [P 1 ) 1R
1.3.5 ELISA ¥

FHFIE M7 CA125 (& A% Fiil ) &
Vi BH 1 S 56 A0 R A
1.3.6 ZE3HE

A N AR, sk e LA U R BE ML £ 3
AAFEHRET ( x 400 ) WLEE, I 1152 BH 4 3¢ 3K 8k B
FBAPESS . Qeta g g Hf e ot ik A (8
S EELE A PR A M B0 E o L i AT 04, G (AR
o BB EAN O o, RE AR BRMEEA N1
gy RE AR R 2 4, BRie s B A (0 3 47
PRV 20 6 5 L B ol S e 2H AR U i 45 3 AN ]
PIARET ( x400) ML%E , B4 L EF1H 4k 100 4> 41 i rh
FFV: 200 L A5, 3380 B 4 P 34 8. <5% M Fh 0
5,6% ~25% PE 1 43,26% ~50% P2 43 ,51% ~
75% VE3 41, >75% ¥V R 4 G5 o WA LT ¥ aE
TSR T 5 BH A0 & o LR B4y, ¥ 43
DA BH A 20 M E 4 bl S e i B 1 Fe B0 40 S BRI
1 ~6 43 M5 BAYE 7 ~ 12 43 J i B PE
1.4 SFitFEFHE

FIIH SPSS 20. 0 Geit 34, i1 R LA 3
B b2 (v = s ) Fon, TR TORLBCR FHECXT ¢
REL 56 Tl — s (i) 5545 4 10 FU B3R FH O 229007, DA P <
0.05 WA BENE,

2 FR

2.1 KERHNRIEEEIET

A28 d 5 PR AT 60 KA R 51 H
A, HEAR R T Y R BRUIE BE A AR T L S5 A6 9 b
ERERE N T A S WA R T A T IR D A
21 A W o] UL A i A AT AR K JE L &5 4
HAFEE, HE Y @55 M E 5 A0 48 BE fy P 7] 4b
G390 R 1 e 4 2 | TR] 5 A0 B )2 /b e AT A 2 G
A, bRz g 2 AR RS, R o L R A A
SRS AT DAL T 23 1) J5T )23 9, 2 B50nT D0 AR R
IyAi, W,
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Ha RTINS AL PR WA b, S0 N I (HE Y ) x
10) e FERLARE(HE 3264, x 10)
1 KRRFEHRBSF O XA E IR

Note. a: Endometriosis in a rat model ( gross appearance ). b:

Histology of the ectopic endometrium in a rat (HE staining, x 10).

c¢: Eutopic endometrium in a rat ( HE staining, x 10).

Figure 1 Endometriosis in a rat model and
histological observation
2.2 KRERAREEBEAAGESHEHRNRLER
FHEGHT A 2H P S 1 (AR 8] 22 5 T 2 35 1 (P
> 0.05), 54 F, BT B4, i m 4,
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AU/, FLA 5 BB 4 /N, 252 R 3 5k
(P < 0.05),fi%f BEZH i) TNF-o 263K 5 24 RiTAH
ZRTREEP > 0.05), 78, Al .=
TR TR BROUE B S5 07 5 K TNF-o 23R 45050 4 Ja] 348
I, ESFERFMEP < 0.05) ;% BH AT .
GnRH-a # X 55 4 ML EZ R TR EH (P >
0.05) ;e hmdl I el I .GnRH-a 4 TNF-a ik
BRI N, 22 A B EE(P < 0.05),
SNZE T4 FH 2650 A0 b 22 5500 35k 5 40 7 AL
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T a I x 10) sh: BRBEALK( x 40)
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Note. a: Immunohistochemical staining ( X 10). b: Immuno-
histochemical staining ( x 40).

Figure 2 TNF-a expression in the ectopic endometrium
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Table 1 Mean volume of endometriotic lesions in rats of the five groups before and after treatments

25 . FHZ5T 554 el
Groups Before treatment At the 4th week At the 7th week
Xof M2
9 62.05 +£13. 64 81.04 +18.97° 80. 80 =20.21°
Control group
GnRH-a 4 e abe
) 8 61.07 £22.95 10. 38 +2.39* 13.74 £3.31%*
GnRH-a group
fné 1 ac abe
Add-back group | 7 66.61 +33.31 11.41 +4.45 18. 11 +4.38
fngd 1l ac abe
Add-back group I 8 71.22 +£22.73 11.38 +2.94 25.64 £6.01
Bmza
. +16. ac be
Add-back group Il 8 60. 89 = 16. 80 11.81 +4.28 52.58 +12.70
F 0. 398 92. 156 48.372
FELROMA T ARG e R 4 .25 pe/ (kg-d) s RO . ip s M 2 40 .50 pe/ (kg-d) SOIMZEL TN, v 57 A e 98 22 41 . 100 pe/ (kg-d) . 51a
HHZIRTLEL, P < 0.05; 5FAH 4 FIHE, P < 0.05; SXTMAL AL, P < 0.05,

Note. Add-back group I : low-dose estrogen group: 25 pg/(kg+d); Add-back group Il . medium-dose estrogen group: 50 pg/(kg-d); Add-back
group Il ; high-dose estrogen group: 100 pg/ (kg+d). Compared with the same group hefore treatment,*P < 0. 05; compared with the same group at the
4th week,” P < 0.05; compared with the control group,® P < 0.05.
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2 GnRH-a FIZ4J5 SO )50 o 3K BT B WIS AR AR L 41 TNF-oo 71 SIAR I3RIK (x £ 5)

Table 2 TNF-a and StAR protein levels in the ectopic endometrium of rats in the five groups before and after treatments

" i 4 w7
C: » n Before treatment At the 4th week At the 7th week
roups
P TNF-a StAR TNF-a StAR TNF-a StAR
XF R ZH
9 6.33 £1.41 5.78 £1. 64 7.22 £1.20 5.89 £1.45 5.89 +1.76 3.78 £0.44*
Control group
GnRH-a 2
ntia 8 7.63 £1.77 6.75 £2.05 1.63 £1.41% 1.25 £1. 16 2.00 £1.17%* 1.63 £1.30*
GnRH-a group
Jma 1
Jm 7 7.14 £1.86 7.00 £1.29 1.86 £1.35% 1.29 +1.38* 2.57 £0.79%* 1.86 £1.21%*
Add-back group [
JOmed 1
n 8  7.00+2.07  7.132.17 175 £1.17™ 1.63 1. 06 3.38 +0. 742bed 3.25 0. 71
Add-back group Il
O
et 8 6.75 +1.04 6.88 +1.64 1.88 £1.25% 1.75 £1.28%* 5.25+1.17" 5.50 +1. 85
Add-back group Il
F 0. 697 0.7773 32.018 20. 927 11. 706 13. 658

T FOMAL T AR EMER A .25 pe/ (kged) s FOMZALTL 5 LSRR 4150 we/ (kg d) s OMMZH T . 5550 SRR 202100 pg/ (kg-d) o 5
AGRITRTILEL, P < 0.05; SEALIAST 4 A, P < 0.05; 5% LR — 0 Al 1L 42, P < 0.05;5 GnRH-a 4117 — [ 5 A, P
<0.05,

Note. Add-back group I : low-dose estrogen group: 25 pg/(kg+d); Add-back group Il : medium-dose estrogen group: 50 pg/(kg-d); Add-back
group Il ; high-dose estrogen group: 100 pg/(kg-d). Compared with the same group before treatment,* P < 0. 05 ; compared with the same group at the
4th week,"P < 0.05; compared with the control group at the same time,“ P < 0.035; compared with the GnRH-a group at the same time, ‘P < 0. 05.

2.3.2  SIAR 7ER R SAER AR 4P g Rk
StAR B IE T 507 9 B2 2L b Bz 200 e i)
pE b EA N AR D SRR, FHPE R AR AR
o (& 3), FZGRT, 45418 SFAE R AR 4L 21 SIAR
KRZEF LR EIEP > 0.05), 554 &, ind
I SméH 0, s hnd I GnRH-a 4H K BUIE BE S A07
Wkt StAR BT 2R/, 256 BEE (P <
0.05) , HI%e %t HZ B W B AIC, 22 S A W M (P
< 0.05) , X HRA YK BRI BE 67 5 &t StAR 238
SHZHAA L 22 R TR EME(P > 0.05), 557,
o R 2H K B B S 6 6 kE StAR 26 31K %8 FH 25 iU
INESABEME(P < 0.05) ; INA T Smd
StAR RIEHH 4 MM, 25 AR EME (P <
0.05); s fmdl 1 s m4l I .GnRH-a 41 StAR ik
BT RN, 2 R A B EM(P < 0.05);
FINE 55 FH 25 i A Lh 22 5700 38 15 28 7 JRl e
Tz F s AR M A (O I R g )
AT M R AL AR 400 B GnRH-o 21 (S in4d
I .GnRH-a 41) StAR %Kik, ZRA B EM(P <
0.05), W2,
2.4 [MiF CA125 EARANRERE PRHRIE
FHZRT , & 4175 CA125 WeIEZE ST BEE(P
> 0.05) %4 8, omddl T somad T s a1,
GnRH-a £ K FUIMLTE CA125 ¥ B SE Y8, 5

e

2 R e SN P T P 1

t‘. \ i :: i ; ol -.. f 3
N f TN

% \ 4
;{r 2 min ..! i : :_1I e S{H.iﬁ.

a AL ( x 10) ;b REE4AL( x 40)

B3 SAR fER RN RIEH R RE
Note. a: Immunohistochemical staining ( x 10). b: Immuno-
histochemical staining ( x 40).

Figure 3 StAR expression in the ectopic endometrium

FHZGRTMI L 22 A BEYE(P < 0.05) , 5% BB AH
e, 2R3 FBEE(P < 0.05), M BAHMEDS
FHESHIAH I 22 R IC (P > 0.05), 257 Ji,
JnZH U Rhn 2 IR BRUMLYE CA125 Wk BE A3 4 Rl 1
I, Z5E BEME(P < 0.05) ;GnRH-a 20 K UM
CA125 WREEH 4 AW/, 2R A B EMN(P <
0.05) ;X HRAL fhngd 1 5% 4 JAAH 2 5% o b 2%
PE(P > 0.05); /e hndl I ol T, somgr I,
GnRH-a 41 K BRI TG CA125 e B 48 FH 245 1 B . ik
IN,ESHEBEVE(P < 0.05) ;55 7 JER
FHH R MR 2 (SOl I s 1) Ak
7o) i 38 2 4 RN S ] GnRH-a 2 (S indl T
GnRH-a 41) L CA125 WRE &, Z R A B &M (P
<0.05), W#E3,
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3  GnRH-a HZYJE SUMPR I i e R K BUMTE CA125 WRIEMZ(x 5, U/mL)

Table 3 Serum level of CA125 in rats of the five groups before and after treatments

4t . R} %44 %70
Groups Before treatment At the 4th week At the 7th week
i R
XL 9 9.06 +1.25 9.19 +1.61 9.24 1. 12
Control group
GnRH-a 4
nRi-a Al 8 8.91+1.96 5.47 £0. 72 360 +0. 28
GnRH-a group
Bom 1
7 8.86 +2.21 . .77 .46 £0.35*
Add-back group 1 * 4.00 +0.77 3.46 +0. 35
Bom T
8 9.13 £2.07 .34 +0. 65 04 +2. 0430d
Add-back group I * 4.34 £0.65 6.24 £2.04
B mza
8 8.86£1.2 . 702 . 11, 128bed
Add-back group Ill £1.29 4.38=0.70 6.47£1.12
F 0. 040 40. 330 33.20

e ROMAL T AR ME R 4125 e/ (kged) s ROMAL T . 3R 2 Ml SR 41 .50 e/ (kg-d) s ROMZL T 35 390 i MR 4. 100 pe/ (kg-d) . HTH
HIRITATHES P < 0.05; 5RAIEIT 4 FHE,PP < 0.05; 5% B4 [7] — i 8] &5 He#2,°P < 0.05; 5 GnRH-a 41 7] — 8] &5 e #%, 4P

< 0.05,

Note. Add-back group I : low-dose estrogen group: 25 pg/(kg-d); Add-back group Il . medium-dose estrogen group: 50 pg/(kg-d); Add-back

group Il ; high-dose estrogen group: 100 pg/(kg+d). Compared with the same group before treatment,*P < 0. 05; compared with the same group at the
4th week ,"P < 0.05; compared with the control group at the same time,® P < 0. 05; compared with the GnRH-a group at the same time,*P < 0.05.
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Scheduled imaging and pathological analysis of an orthotopic
hepatic carcinoma model in nude mice

SHEN Zhiyong, CHEN Yufeng, SHAO Jingjing, SHEN Aijun, DING Yongsheng, LI Jun
( Department of Imaging, Nantong Tumor Hospital, Nantong 226361, China)

[ Abstract]  Objective Periodical imaging to monitor tumor growth in nude mice by pathology after establishment
of an orthotopic liver cancer model to determine the appropriate treatment time. Methods HepG2 hepatoma cell line was
injected into nude mice subcutaneously. The subcutaneous tumors were then cut into 1 mm® pieces and implanted into the
livers of 15 nude mice. After model establishment, five nude mice in each group were examined by ultrasound (US) and
magnetic resonance imaging ( MRI), and the longitudinal diameter of the tumors was calculated at weeks 4, 6 and 8.
Then, the nude mice were sacrificed and anatomized by an anesthetic overdose for observation of liver tumor formation,
longitudinal diameter calculation, and pathological examination. Results An 80% tumor formation rate was observed in
the nude mouse liver with uniform, focal, and solitary tumors. The detection rates of US and MRI were 75% and 100%
respectively. The average longitudinal diameter of the tumors at 4, 6, and 8 weeks were 4, 7, and 11 mm, respectively.
The Wilcoxon rank sum test revealed a significant difference between US and anatomical calculation (P =0.0059) , and no
significant difference between MRI and anatomical calculation (P =0.208). At 4 and 6 weeks, the liver tumors in nude

mice manifested with a homogeneous hypoecho in US, regular morphology and uniform strong signals with a clear boundary
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in T2WI, and compact atypical tumor cells with a large nucleus in pathological observation. At 8 weeks, the tumors

presented with a heterogeneous echo in US, irregular shape and heterogeneous strong signals in T2WI, and obvious central

necrosis in pathological observation. Conclusions

Intrahepatic tissue implantation is effective for mouse model

establishment of orthotopic hepatic carcinoma. The imaging features are correlated with the pathological findings. MRI is an

effective imaging method to monitor the tumor growth throughout the entire course. Between 4 and 6 weeks after 1 mm’

tumor tissue inoculation into the nude mouse liver may be the optimum period for initial tumor treatment.
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nude mice; liver; orthotopic tumor; model; ultrasound; magnetic resonance imaging( MRI)
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1.3.1 @i Jn Ky 3%

WARRED U HepG2,37°COKIGME ., AEKE
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TR TR TR PR BE HI I (OB = WY& 1) (1M
M ERABRABRAF 1 mL/ 32,725, HE) iR
T, B H e s A G i, B2 O,
HRECEYFARRE] S ~7 min, sh4ERFRRIEIR A
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e[ KA T Philips iu-22 % (5 23 8 #7512 W
I, R % 12 MHz, B3 BRUBR % (1 B Z 4 70
mey/kg) J5 LI WA AT 75 1R 740 -4 T
PO L 7 MRT S I P PR K96 A (107 [
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W BURRIY: (T L LE 240 70 me/kg) SR TCEAE S
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B, L T2WI HEATEI 4, T2WI: TR3140 ms,
TE81 ms FHAZE/E 6 mm JZFIEE 1 mm, FOV .64
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—_———

Bl 1 #RE MRI £

Figure 1 MRI coils for the nude mice
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MR 0.2 ~0.3 mL, 3% BUFIMAEF &, 42006
M2k, AT AR 2 AN Lk, b AR A0 78 B 5 i 7%
ST OB i W R s R R TGEOR, [ R
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JEE 1k MM 7 5 R 440 SRR R s
2.2 BEIEREE

SR AVR R 15 HARRUITIS 12 FOE sl
3 HRRUR . WURR 80% , Judw T by 45 5L B o 2%
T LA UESE R, =55 8 A R LR
I F R DL A RS
2.3 HBELER
2.3.1 FLE

AR K 75% (9/12) . LS4 4
FTABFE R 4 ) SR TR P A & B0 1 (Bl Jiggg |, e 7
7R B DA 117 3 53, A Il A 3 5 (&1 2)
Hax 3 HARWWI R S 05748 . 6 Jm, BUF Wil 5t
TG [l 75 2 S [ R, 938 [l 355 (
3) o 8 JEART, BUFF WIS B IMAIG [ml 75 | RS [l 7 AN
5y Hn BOEE SRR [T 75l (B 4) o AN
W I s R LR 1,
2.3.2 MRI%5H

MRI # HH5 8 100% (12/12) , JhgEmh 4 JH
J& MRI W0, T2WT 57 IE 5 # B A 8585 5,
g R A5 S, S A, S S A (B 2) 6 4
BF, T2WI A5 55 5 5, B E o, N5 53
A 3) . 8 JEIE, T2WI 78 8 28 A B0 i) i 5 5
HULZREL , A AR, A WLBEFOIRIRAS S (I 4) . Bp
98 A0 JE R 2 AL 20, AS RIS 59 MRT 0 d 245 SR D,
#£1,
2.4 FRIEBHER

RARTE A2 U5 R B e, 54 15 R
12 RE B A 3 HREBISSTT . BUBLS T
LIS N B 1 B W R N N A S
WAR U4t e R kb, N I B FEAth U 2% A D0 5% 7%
It R LIEIK 4 JEE RS 1P KAE 4 mm 6 JF]
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HE B .4 JAmE L5 SIEW A0 S (87 Q@ Raom iR R HEF B0 0 AR50 R I
KN ) o IEH AT AR IS IR HES B ST, R R, WRAE(IE 3) o 8 SRR AU HES AN 5 R o0 A
TR L HE S S ROk S BRSO IRSE R (K 4)

A, A= T W, oy 2R Z WL (K 2) . 6 JEIF HE
R EBURBREUHERAR S0 L2 (mm)

Table 1 Comparison of the tumor calculation between imaging and anatomy after model establishment in the nude mice

o 4 AR 5 DU 6 IR I 5 SRR 08 IR AR 5 SRR
Classi f'7<t' Detection of five mice Detection of the other Detection of the remaining
asstheation at the fourth week five mice at the sixth week five mice at the eighth week
==y
L 3.8 0 0 0 0 6.9 7.9 0 6.1 7.2 1226 10.2 9.2 0 11.9
Ultrasound ( US)
TR A
. E%Z,\}J&EJU% 4.0 4.8 43 49 0 6.8 81 0 6.4 7.1 13.3 10.8 9.8 0 12.4
Magnetic resonance imaging ( MRI)
fifk 1l
3.9 4.4 4.4 48 0 6.7 82 0 6.2 7.1 13.2 10.9 10.1 0O 12.2
Anatomy

T R SRR, P < 0.05, 22545 e A AR USSR LA P > 0,05, 2 S e 3tk
Note. * There was a significant difference between US and anatomy measurement, with P < 0. 05. 4 There was no significant difference between MRI and
anatomical measurement, with P > 0. 05.

3.97 mm

A B.C.D 2R T2WI L f# ] HE G0 ( x 200, 8 Sk 22004 15 AR A 00 k6 200 ) 285

2 RS 4 SRS R SO B b
Note. A —D: Results of ultrasound, T2WI, anatomical measurement, and HE staining ( x 200, normal liver cells are on the left side of the
arrows, carcinoma cells are on the right side) , respectively.

Figure 2 Imaging calculation, gross measurement, and pathological comparison at 4 weeks after model establishment
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2.5 FItE&ER

AR A 4 FINE 3 5, L5 LI 0” %
7, AR Y 15 DU 2 AR EA 0, S
TIR R AR 56, 6 75 0 4 5 i 35 00 o Le R, P =
0.0059, MRI £ WI%12 , MRI & 5 f 35 e s,
P=0.208, 2 5% Jo W VW] MRI 244 W I
R A RS TT I

3 Wig

ABIFE RN S BALFPER BT, 108 R 80% , i
TR Y O B N A S AR SR R TR A
FERETTEEAT < JHE T (R0 40 e A Ak 1D Dk A
JIF) 960 200 D S B e 12 9B 2 U B b i AL
JR#H SRIE R, AR A R R 2 (HE A 1
GO YRR R P, A HGE D R A I 2

WA B.C.D A MR T2WI f##] HE Jefa( x 200) 2558,

JAJE B 0.5 em B, il AR AR (2 x 10°)
PERRAT 2 JE )5 A5 0.1 em, MR JEEARMI (2 x
10°) 745 4 R AR A 0. 1 em, Rao %5
— W2 ~3 41 mm® B HOR AR B2 JB A
AR, HARIA 0.5 em, AT 4 S, MR
ELAR 4 mm,, ABATRE EEIRATAY BRI R , 25 S8 A
—UKAA T HEZRE AL, RATTLE DA 3 FlR K
Je8 , ] i S DR SR e o g sk e e B A s R e K (B
K] 48 min) IR BRGH L 9o 20 5 P T BT 2
JIRE AR S 25 R o RS 4 JE BT 2 1 B i
g8 T2 3 B, W2 IR o . U v & [l | i e
MRSl A (2 ~3), I 5 1E H I el A 22 0
%, ARG Koy, Hk, i 52/, 2 553 I8 IS
TR, 5 12, A5 8 I R R 2 e 7 A,
PRELAIAE 12 MHz, 73 PERTE mm Z00 . &40 HE

6.39 mm

3 RS 6 A AR ORI R AR L

Note. A - D: Results of ultrasound, T2WI, anatomical measurement, and HE staining ( x200) , respectively.

Figure 3 Imaging calculation, gross measurement, and pathological comparison of a tumor at 6 weeks after model establishment
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WA B C.D A NHIA T2WI f#H] HE Jefa( x 200) 4558,

13.34 mm

4 HEUG 8 J AR RS ARt B R FEX

Note. A —D: Results of ultrasound, T2WI, anatomical measurement, and H-E staining ( x200) , respectively.

Figure 4 Imaging calculation, gross measurement, and pathological comparison of a tumor at 8 weeks after model establishment

SR 5 R R FIRIINE 30 ~60 MHz, 43 HER ik
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IE%) B LARRIRZ B (& 1), B RRURA I S S 5
(B2 ~3)  IE% BUFRAGES, 250K, X5 LB &, i
R R Ik 100% , BAR 7.0 T MRI# 3.0 T
MRI BEAE H2 3t B my 5 6F BL B oy R, (HAE
MR R, R E W EAZELZ NG
Iy DA T4 Sk L2 DD BB IR

JERAENT AR Y R I PR T MRT BC LA/ 3h 4 4%
Pl , 305 R A [R5 3 3R H MRT W& Ab o KAz 5
JHENE KA L, Z R TE R E M, 3.0 TIRIKH
MRI FC L) 5 4 2 Pl S 4 e W 000 2t B oe 2 K o7
ORI

A B AR AR AR W, K B R RN WA K
SARRIB AW AL, RIS 4 ~6 J8,
T I N 35 L3 O 4 6K [ 67, S el 3 A
T4k, A MRI 5] &5 5, 3 s i 20 i
B S Rk R AYBI N, 8 JRI AT A R Bk 5
PERI TG 175, oo [ 75 38 5, e A A 2, [
MRI NF#BM5 5 2= 0L, 50 55 A 2, HE 3 @ 5 o0
KRB, WFFEEs 5 W  AS R 30 os s 14
PRAT DAAERA Jz e AN [ Bsf 39 e g B AR A, 4 ~ 6
JEIESE FE s A 4 HE %, J2 JF iy XoF g 1 ot Ak 2
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R, 25 8 JHlJS IR LA IRAE,
TR PRI 0] BE R

AW R BRI AR A OE R BEA TR 5.7 JH it
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Wi e AT, U RS A AT T A O MRI B8
WA AT | A i 3 52 790 60 e g A it R B0 2R AT A6
A5, LUG AT AR BG AR e i 487 264 5 1 4
I

BN SR R B Rk AR RO I R R
1o MR e i AR AR K RAF Y AR 5
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Analysis of microsatellite genetic structures of three outbred
strains of guinea pig

LIU Diwen, TAN Haiming, CHEN Yanhong, WEI Zhen
(Laboratory Animal Centre, Zhejiang University, Hangzhou 310058, China)

[ Abstract]  Objective To assess the genetical structures of three outbred strains of guinea pig and screen the
microsatellite loci related to different groups of guinea pigs. Methods Using 45 primers, DNA of three groups of guinea
pigs was analyzed by PCR and electrophoresis for genetic markers. Then, the polymorphism of these markers was
calculated. In addition, the microsatellite locus related to different hair colors was screened in the three groups of guinea
pig. Results All microsatellites loci showed polymorphism. The average number of allelic genes was 2. 29 per locus and
the average value of effective genes was 1. 74 per locus. The average expected heterozygosity in total was 0. 39. The average
observed heterozygosity was 0. 21. The average PIC was 0. 32, and 68. 9% of the loci showed moderate polymorphism. The
average P-value of HW was 0. 1734, but the inheritance in 20 loci of the total locus diverged extremely significantly from
the HW balance. The average deviation index D was —0.407. The differentiation index Fst was 0. 136. The gene flow Nm

was 5. 835. Nie genetic similarity of the three groups was low. Conclusions The genetic structures of the three guinea pig

[fEZ RN X SC(1958— ), 3 W5 7 Il L s B A 58t 42% . E-mail; liudiwen2004@ 163. com
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groups show a moderate polymorphism. The genetic differences between the groups are not significant. Inheritance of groups

diverged from the HW balance and inbreeding within the groups of guinea pigs is obvious. The main reason for these

problems is that the number of guinea pigs used for reproduction is low and there are limitations to the approaches of

choosing guinea pig seeds. In addition, 12 polymorphic microsatellite loci related to different groups of hair color of guinea

pigs and seven specific loci are identified.

[ Keywords]
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2.2 BRRBIEMAERENERH=SIT
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B R B A DS IR TE 2 ~T7 522
], Horh 1AM 7 AR 1 AL 4
ST BER 6 LS 3 AR BE N, 37 AN S AT 2
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A

A ISR FEIEL Na Ry 2. 29, 24974 8% 55 o 3 H
B Ne I 1.74,
2.3 =EABRMEERESHEEST

TR e & 5 RS 5 T K PIC W3k
20 MHRIUL, =AM BOF S 4 5 4 He
0. 394, BOF-EIIEMZ A Ho M 0. 212, A4k, =K
PP Z R R 6 B O 2 A E 22 R &
PE(P> 0.05), FrA NS ZAGER S & PIC AT
(EEEEREIN 0.0739 ~ 0.6443, -390 0. 319, Homf
fREE > 0.5 W 28NS A 2 1,15 4.44% ,0.5
~ 0.25 B EE Z A A 31 A4, 1 68.89% , <
0.25 MR Z B A 12 4,15 26.67%
2.4 BFEMBENBRA - BAREEEEIHER
Bk EEE s

Hardy-Weinberg( HW ) “FA5 - 7 . & 400
RIS AL AT g SR R 3, IR L, =4
JK ERNEE S HW A7 PR 0. 1734, =N FhEES
H A PAESS > 0. 05, BRI B s A R R
B X RN A 3 R AR S AT 48T, =
AP /DA 20 A7 s B R S HW P, H
RAVEE LA 16 A, FME2 B 134 M EE3 A 14 4,
SEXRBSTE R D N - 0. 407, KU BEALEAE HW 5t
1LV 5, TR AR A TR A

AR R R EL Fst o 0. 136, #27R H
WAL AT A2 S 2 13. 6% ,86. 4% Y
Py R B L N T R i e e A
A FVEEIEASFEBE Fis M 0. 318, H K 2 %07 5 1F
B, 150 BH 35 S8 o 7 A 350 1040 30 28 B 4 e 7™ T i PR U
Nm V350 5. 835, R B E i F v Bl ] 77 4 JE K]
2, A 15 B 5 PR A8 3 2 T8 AN () A A A 32 2
TS A AL B R I B

M1 2 34 56 7T 8 9 100102 134151617 1819208 21 22 232425 265 27 18203031 32 33 M 3I5M 18 39 40 4 43 44 45 4 i

- - - . E - - - -

.-“ - o B s e ™ s
B
M1 2 34 S8 T8 9 100002 13 4130617 18 1930M 2122253425 26 37 2829303132 33 MM # 1 145 4 |
- “H - ol i -.i-ii
- (3 -
& -=Bv.nm o - - .

WA L74 514, B.D86 314, M:250 bp /> FHRIC; Tk 1 ~ 20:Zmu-1; DHP JEAZE ;7K 21 ~ 35, %EEF;36 ~ 50:Zmu-2: DHP it

1 =MWARKEGCTLE PCR 7= sk K%

Note. A: L74 Primer. B: D86 Primer. M; 250 bp Marker; Lane 1 —20: Zmu-1: DHP outbred strain; Lane 21 -35; England species; Lane 36

—50: Zmu-2: DHP outbred strain.

Figure 1 Electrophoretogram of PCR analysis of microsatellites in the three guinea pig groups
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Table 1 Genotypic frequencies, number of alleles, and number of effective alleles of the
microsatellite loci of the three guinea pig groups

P TREURIRE Guinea pig groups SOOEAR | ARCERIER A
No. Locus Zmu-1: DHP FEM England species Zmu-2. DHP Number Number of
(n=20) (n=15) (n=15) of alleles effective alleles
1 L70* 11 aa,9 bb 3 aa,12 bb 15 bb 2 1. 6756
2 153 ** 4 aa,10 bb,6 cc 10 bb,5 cc 7 bb,8 cc 3 2.2604
3 1148 * 1 aa,10 bb,9 ab 7 aa,3 bb,5 ab 5 aa,3 bb,7 ab 2 1. 9802
4 L74 7 ** 10 aa,1 bb,7 ab,2 ac 9 bb,6 ab 10 bb,5 ab 3 2.0129
5 145 1 aa,16 bb,3 ab 2 aa,5 bb,8 ab 13 bb,2 ab 2 1. 4447
6 D77 2 bb,18 ab 2 aa,13 ab 4 aa,l1 ab 2 1.9873
7 L56 1 aa,16 bb,3 ab 3 aa,4 bb,8 ab 13 bb,2 ab 2 1. 4966
8 L57 ** 3 aa,3 bb,14 cc 10 cc,2 dd,3 ed laa,5cc,2dd,7ed 4 1.9810
9 185" 17 aa,3 bb 10 aa,5 bb 5 aa,10 bb 2 1. 8546
10 D93 1 aa,11 bb,8 ab 9 bb,6 ab 13 bb,2 ab 2 1.4188
11 D86* 16 aa,4 bb 5 aa,10 bb 8 aa,7 bb 2 1.9501
12 DI1T 8 aa,10 bb,2 cc 5aa,5 bb,5 cc 1 aa,10 bb,4 cc 3 2. 6539
13 D128 7 aa,13 bb 15 bb 15 bb 2 1.3172
14 D149 16 aa,4 ab 15 aa 15 aa 2 1. 0832
15 D130 11 aa,1 bb,8 ab 10 aa,5 ab 9 aa,6 ab 2 1. 4966
16 134 4 aa,9 bb,7 ab 1 aa,8 bb,6 ab 3 aa,3 bb,9 ab 2 1. 8911
17 L117 20 bb 12 bb,3 ab 2 aa,12 bb,1 ab 2 1. 1726
18 L130 19 bb,1 ab 10 bb,5 ab 2 aa,11 bb,2 ab 2 1.2677
19 L160 17 aa,3 ab 11 aa,l bb,3 ab 12 aa,l bb,2 ab 2 1.2677
20 L165 17 bb,3 ab 3 aa,6 bb,6 ab 3 aa,4 bb,8 ab 2 1. 7001
21 L166 19 aa,l ab 11 aa,4 ab 11 aa,4 ab 2 1. 1959
22 1.360 17 aa,3 bb 11 aa,4 bb 9 aa,6 bb 2 1. 6255
23 1.388 * 17 aa,1 bb,2 cc 14 bb,1 cc 8 aa,6 bb,1 cc 3 2.3105
24 D18 11 aa,9 bb 12 aa,3 bb 10 aa,5 bb 2 1.8142
25 D41 ** 8 aa,4 bb,8 bc 8 aa,3 bb,4 ab 10 aa,5 ab 2 1.7476
26 D50 6 aa,l4 bb 15 bb 15 bb 2 1.2677
27 D107 * 13 bb,7 ab 4 aa,l1 ab 9 aa,6 ab 2 2.0000
28 D113~ 18 bb,2 ab 15 aa 15 aa 2 1. 8911
29 125" 1 aa,12 bb,7 ab 10 bb,5 dd 1 aa,5 bb,9 dd 3 2.1617
30 L149 15 aa,5 ab 15 aa 15 aa 2 1. 1050
11 aa,1 bb,1 cc, 6 aa,2 cc,l dd, 6 aa,3 ff,4 gg,
3 p76™ 1 dd,2 ee,4 af 4 ee,l gg,1 af 2 af * 7 30506
32 D122 * 5 aa,15 bb 11 aa,4 bb 10 aa,5 bb 2 1. 9968
33 D140 " 15 aa,5 bb 1 aa,10 bb,4 ab 4 aa,10 bb,1 ab 2 1. 9802
34 I8 3 aa,4 bb,13 ab 6 aa,4 bb,5 ab 2 aa,2 bb,11 ab 2 1. 9992
35 L10* 11 aa,2 bb,7 ab 2 aa,8 bb,5 ab 10 bb,5 ab 2 1. 9616
36 126 * 1 aa,12 bb,7 ab 10 bb,5 cc 1 aa,5 bb,9 cc 3 2.1617
37 J 1 aa,13 bb,6 ab 1 aa,9 bb,5 ab 4 aa,4 bb,7 ab 2 1.7241
38 D3 20 bb 1 aa,7 bb,7 ab 1 aa,8 bb,6 ab 2 1.3931
39 D49 8 aa,4 bb,8 ab 6 aa,6 bb,3 ab 9 aa,2 bb,4 ab 2 1.9077
40 L17 1 aa,13 bb,6 ab 8 bb,7 ab 6 bb,9 ab 2 1.5743
41 163 1 aa,19 bb 3 aa,10 bb,2 ab 15 bb 2 1. 2195
42 L108 13 aa,l bb,6 ab 13 aa,2 ab 14 aa,l ab 2 1. 2435
43 21 7 aa,3 bb,10 ab 3 aa,2 bb,10 ab 9 bb,6 ab 2 1. 9873
44 L1 2 aa,9 bb,9 ab 3 aa,7 bb,5 ab 12 bb,3 ab 2 1. 6507
45 L107 15 bb,5 ab 13 bb,2 ab 11 bb,4 ab 2 1. 2435
SEHIME Average value 2.29 1.74

TE:  FORFRENA 22 5 R ™ RN A Rk S LA R A L R

Note. * Differential locus between guinea pig groups; ** Specific locus.
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Table 2 Observed heterozygosity, expected heterozygosity, and PIC of the three strains of guinea pig

R (i WG B Expected heterozygosity MM A4 B Observed heterozygosity ZRERGE
No.  Lowns TUEEL FiRE2  FREE3 Bk FiREL AREE2 FRRES Bk Polymorphism
Group 1 Group 2 Group 3 Totality Group 1 Group 2 Group 3 Totality information content

1 L70 0. 5077 0.331 0 0.41 0 0 0 0 0.3219149

2 L53 0. 6359 0. 4598 0.5149 0.56 0 0 0 0 0. 4678051

3 L148 0. 409 0. 508 0. 508 0.50 0.45 0.2 0. 4667 0.38 0. 3724875

4 L74 0.4321 0.331 0.2874 0.51 0.45 0.4 0.3333 0.4 0.3951549

5 LAS 0.2244 0. 4966 0.1287 0.31 0.15 0.5333 0.1333 0.26 0.2604296

6 D77 0. 5077 0.508 0.4805 0.50 0.9 0. 8667 0.7333 0. 84 0. 3733949

7 L56 0.2244 0.5149 0.1287 0.34 0.15 0.5333 0.1333 0.26 0.2767544

8 157 0. 4769 0. 3701 0.5586 0.50 0 0.2 0. 4667 0.2 0. 4552944

9 L85 0.2615 0. 4598 0.4598 0.47 0 0 0 0 0. 3546317
10 D93 0. 3846 0.331 0.1287 0.30 0.4 0.4 0. 1333 0.32 0.2516285
11 D86 0.3282 0. 4598 0.5149 0.49 0 0 0 0 0.3685181
12 D117 0. 5949 0. 6897 0.4966 0.63 0 0 0 0 0.5522109 *
13 D128 0. 4667 0 0 0.24 0 0 0 0 0.2118077 **
14 D149 0. 1846 0 0 0.08 0.2 0 0 0.08 0. 0738509 **
15 D130 0. 3846 0.2874 0.331 0.34 0.4 0.3333 0.4 0.38 0.2767544
16 L34 0. 4808 0. 4046 0.5172  0.48 0.35 0.4 0.6 0.44 0.3601853
17 L117 0 0. 1862 0.2874 0.15 0 0.2 0. 0667 0.08 0. 1363661 ™
18 L130 0. 05 0.2874 0.331 0.21 0. 05 0.3333 0. 1333 0.16 0. 1888973 **
19 L160 0. 1423 0.2874 0.2391 0.21 0.15 0.2 0.1333 0.16 0. 1888973 **
20 L165 0. 1423 0. 4966 0.5149 0.42 0.15 0.4 0.5333 0.34 0. 3270104
21 L166 0. 05 0.2391 0.2391 0.17 0.05 0. 2667 0. 2667 0.18 0. 1503848 **
22 1360 0.2615 0. 4046 0.4966 0.39 0 0 0 0 0.3107645
23 1388 0.2718 0. 1287 0.5701  0.57 0 0 0 0 0. 4735421
24 D18 0. 5077 0.331 0.4598 0.45 0 0 0 0 0. 3480893
25 D41 0.4923 0.4598 0.2874 0.43 0.4 0. 2667 0.3333 0.34 0. 3362936
26 D50 0. 4308 0 0 0.21 0 0 0 0 0. 1888973 **
27 D107 0.2962 0. 4805 0.331 0.51 0.35 0.7333 0.4 0.48 0.375
28 D113 0. 0974 0 0 0.48 0.1 0 0 0.04 0.3601853
29 125 0.3577 0. 4598 0.5425 0.54 0.35 0 0 0.14 0. 4681526
30 L149 0.2244 0 0 0.10 0.25 0 0 0.1 0. 0904875 **
31 D76 0. 5641 0. 7379 0.6621 0.68 0.2 0. 0667 0.1333 0. 14 0. 6442606 *
32 D122 0.3846 0. 4046 0.4598 0.50 0 0 0 0 0. 3745997
33 D140 0. 3846 0.331 0.4345 0.50 0 0. 2667 0. 0667 0.1 0. 3724875
34 L8 0.5115 0. 508 0.5172  0.51 0. 65 0.3333 0.7333 0.58 0. 3749
35 L10 0. 409 0. 4345 0.2874 0.50 0.35 0.3333 0.3333 0.34 0. 370052
36 126 0.3577 0.4598 0.5425 0.54 0.35 0 0 0. 14 0. 4681526
37 J 0.3282 0.3701 0.5172  0.42 0.3 0.3333 0. 4667 0.36 0.3318
38 D3 0 0. 4345 0.4046 0.29 0 0. 4667 0.4 0.26 0. 2423816 ™
39 D49 0. 4923 0.5172 0.4046 0.48 0.4 0.2 0. 2667 0.3 0. 3626072
40 L17 0.3282 0.3701 0.4345 0.37 0.3 0. 4667 0.6 0.44 0. 2982605
41 163 0.0974 0. 4046 0 0.18 0 0. 1333 0 0.04 0. 1638 ™
42 L108 0.3282 0. 1287 0.0667 0.20 0.3 0. 1333 0. 0667 0.18 0. 1766312 **
43 121 0.4923 0.5149 0.331 0.50 0.5 0. 6667 0.4 0.52 0. 3733949
44 L1 0.45 0. 4805 0.1862 0.40 0.45 0.3333 0.2 0.34 0.3165032
45 L107 0.2244 0. 1287 0.2391 0.20 0.25 0. 1333 0.2667 0.22 0. 1766312 **

el 0.3374 0.3586 0. 3298 0.39%4 0.208 0.225 0.204 0.212 0.319

Average value

TE AR 1:Zmu-1; DHP KR BRI 2 5% [ Bl K B B 3. Zmu-2 . DHP BKER, * R BE 2 38R ™ AREE S AL At s R R ML R
Note. Group 1; Zmu-1; DHP; Group 2; England species; Group 3: Zmu-2: DHP. * High polymorphic locus; ** Low polymorphic locus; No mark

indicates a moderate polymorphic locus.
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R3 KBRS AR RS 8 1L F A Fis (Fst JER R
Table 3 Hardy-Weinberg genetic balance, Fis, and gene flow of the guinea pig groups

B R P( Chi-square test) BIEED .
B : : : : R fk | SR
FhEE 1 FhEE2 FhEE 3 J=RVN Deviation Fis Fst
No Locus . . Gene flow
Group 1 Group 2 Group 3 Totality index D
AL
1 L70 0. 000004 0. 000028 . 0 -1 1 0.2756  0.6573
Monomorphic locus
2 L53 0 0. 000052 0. 000061 0 -1 1 0.0496  4.7932
3 L148 0. 640703 0. 014933 0. 743701 0. 086411 -0.24 0. 1914 0.0759  3.0438
4 L74 0. 87303 0. 383057 0. 494525 0. 143218 -0.2131  -0.1612 0.2976  0.5900
5 145 0. 101262 0. 765797 0. 84739 0. 236039 -0. 1637 0.0079 0.1334  1.6235
6 D77 0. 000389 0. 004602 0. 033837 0. 000001 0.6740  -0.7235 0.0232 10.5282
7 L56 0. 101262 0. 886114 0. 84739 0. 105521 —-0.2243 0.0289 0.1817  1.1257
8 L57 0 0. 057524 0. 000002 0 -0. 6002 0.5108 0.0784  2.9389
9 L85 0. 000001 0. 000052 0. 000052 0 -1 1 0.1935  1.0420
10 D93 0. 851716 0. 383057 0. 84739 0. 595912 0.0731  -0.1390 0.0420 5.7023
11 D86 0. 000002 0. 000052 0. 000061 0 -1 1 0.1480  1.4392
12 D117 0 0 0 0 -1 1 0.0783  2.9432
RIS AL RS AL
13 D128 0. 000004 e {M o {M 0 -1 1 0.2642  0.6964
Monomorphic locus  Monomorphic locus
AL AL
14 D149 0. 670556 H {M . L\L 0 0.0309 -0.1111 0.0690  3.3750
Monomorphic locus ~ Monomorphic locus
15 D130 0. 851716 0. 494525 0. 383057 0. 334057 0.1337  -0.1650 0.0072 34.5592
16 134 0.210373 0. 962892 0.521245 0. 588965 -0.0756 0.0073 0.0386  6.2337
LA
17 L117 . 0. 729406 0.001042 0. 000509 -0.4620 0.4175 0.0579  4.0658
Monomorphic locus
18 L130 1 0. 494525 0. 012401 0. 06602 -0.2499 0.2009 0.0507  4.6800
19 L160 0. 769866 0. 194306 0.051315 0. 06602 -0.24989 0.2537 0.0131 18.8024
20 L165 0. 769866 0. 434258 0.886114 0. 190136 -0.1827 0.0297 0.1359  1.5892
21 L166 1 0.611179 0.611179 0.511612 0.0876  -0.1416 0.0297  8.1635
22 L360 0. 000001 0. 000042 0. 000058 0 -1 1 0.0527  4.4978
23 1388 0 0 0 0 -1 1 0.4487  0.3071
24 D18 0. 000004 0. 000028 0. 000052 0 -1 1 0.0473  5.0303
25 D41 0. 388549 0. 089218 0. 494525 0. 126496 -0.2131 0. 1682 0.0459  5.2019
L
26 D50 0. 000004 . 0. 383057 0 -1 1 0.2222  0.8750
Monomorphic locus
27 D107 0. 384683 0. 033837 0 0.723125 -0.0497  -0.3822 0.2808  0.6404
s s
28 D113 0. 869417 e {M # {M 0 -0.9160 -0.0526 0.9268 0.0197
Monomorphic locus  Monomorphic locus
29 125 0. 919495 0. 000052 0 0 -0.7421 0.7344 0.1922  1.0510
I AL
30 L149 0. 572012 S 1M.H # {i 8 0. 740438 0.0417  -0.1429 0.0870  2.6250
Monomorphic locus ~ Monomorphic locus
31 D76 0 0 0. 000033 0 -0.7938 0.7898 0.0704  3.3027
32 D122 0. 000003 0. 000042 0. 000052 0 -1 1 0.1848  1.1027
33 D140 0. 000003 0. 415572 0. 000576 0 -0.8 0.7010 0.2354  0.8119
34 L8 0.214193 0. 167438 0. 093966 0. 28765 0.1490  -0.1522 0.0060 41.4704
35 L10 0. 502282 0. 343777 0. 494525 0. 025151 -0.3134 0.0728 0.2367  0.8061
36 126 0. 919495 0. 000052 0 0 -0.7421 0.7344 0.1922  1.0510
37 J 0. 684108 0. 681321 0. 695071 0.277521 -0.1513 0.0660 0.0841  2.7226
LA
38 D3 . 0. 763238 0. 962892 0. 523504 -0.0880 -0.0685 0.1176  1.8750
Monomorphic locus
39 D49 0. 388549 0.01394 0. 162797 0. 007209 -0.3758 0.3679 0.0384  6.2534
40 L17 0. 684108 0.28104 0. 121335 0. 162416 0.1940  —-0.2449 0.0094 26. 4643
LA,
41 163 0 0. 006052 . 0 -0.7800 0.7257 0.1419  1.5121
Monomorphic locus
42 L108 0. 684108 0. 84739 1 0. 506906 -0.0900 0.0175 0.0576  4.0893
43 121 0.942718 0. 237369 0. 383057 0. 795764 0.0363  -0.2072 0.1240 1.7661
44 L1 1 0.216971 0. 729406 0.293935 -0. 1462 0.0922 0.0706  3.2898
45 L107 0. 572012 0. 84739 0.611179 0. 406777 0.1122  -0.1318 0.0091 27.2039
S A
T 0. 408523 0. 284028 0.318291 0. 173362 -0.4073 0.3177 0. 1361 . 8347

Average value
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Table 4 Nei genetic distance and genetic similarity coefficient of the three guinea pig strains

it Zmu-1. DHP ) SefEF . Zmu-2 . DHP
Groups England species
Zmu-1: DHP 0. 8463 0. 8306
Ei
SR . 0. 1668 0. 9403
England species
Zmu-2; DHP 0. 1857 0. 0616

T RS UUT ABEEe, B 5L s AR I R 4L,

Note. Under the asterisk: genetic distance; Above the asterisk: genetic similarity coefficient.

B2 LT RN = AR UPGMA REE
Figure 2 UPGMA cluster graph of genetic distance
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Establishment of luciferase and green fluorescent protein-labeled esophageal
cancer cells for application in a mouse model and in vivo imaging

BAI Wen'?, PENG Xiaoqing' , WANG Peiwen®, JU giangian' , SHI Hui’, JIANG Maorong' *
(1. Laboratory Animal Center; 2. Medical School; 3. Department of Thoracic Surgery of Affiliated Hospital,
Nantong University, Nantong 226001, China)

[ Abstract]  Objective To establish a green fluorescent protein ( GFP)/firefly luciferase ( Luc) double-labeled
ECA109 human esophageal cancer cells (ECA109-Luc-GFP) and apply them to a mouse model of esophageal cancer for
non-invasive bioimaging. Methods MTT, flow cytometry (FCM), and wound healing assays were used to analyze
biological differences between ECA109-Luc-GFP cells and parental ECA109 cells. Esophageal cancer xenografts were
established by subcutaneous or tail vein injections of ECA109-Luc-GFP cells into nude mice. An in vivo imaging system was
used to observe the growth of xenografts. Results MTT, FCM, and wound healing assays showed no differences between
ECA109-Luc-GFP and parental cells in terms of cell viability, proliferation, and metastasis (P >0.05). The growth and
metastasis of xenografts established by ECA109-Luc-GFP cells were observed using the in wvivo imaging system.
Conclusions A GFP/Luc double-labeled human esophageal cancer cell line is established, and the growth and metastasis
of xenografts can be observed by an in vivo imaging system. This study provides the experimental basis for an esophageal
cancer mouse model and clinical study.

[ Keywords] firefly luciferase; esophageal cancer; xenograft; tumor mouse model; in vivo imaging
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Note. A: GFP expression in ECA109-Luc-GFP cells was observed under an inverted fluorescence microscope. Bar =400 wm. B: Luc

expression in ECA109-Luc-GFP cells was observed by in vivo imaging.

Figure 1 Establishment of a GFP/Luc double-labeled esophageal cancer cell line ( ECA109-Luc-GFP)
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Note. A: MTT assay was used to analyze the difference in cell viability of ECA109-Luc-GFP and parental cells. B: Flow
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Wound closure

il
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cytometry was used to analyze the difference in the cell cycle of ECA109-Luc-GFP and parental cells. C: Flow cytometry
was used to analyze the difference in apoptosis of ECA109-Luc-GFP and parental cells. D: Wound healing assay was used

to analyze ECA109-Luc-GFP and parental cells. Bar =400 pwm.
Figure 2 Comparison of the biological characteristics of ECA109-Luc-GFP and parental cells
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Note. A: Observation by in vivo imaging of esophageal cancer xenografts established by subcutaneous

injection. B: Observation by in vivo imaging of esophageal cancer xenografts established by tail vein

injection. The left nude mouse was injected with parental ECA109 cells. The right nude mouse was

injected with ECA109-Luc-GFP cells.

Figure 3 Cancer xenograft establishment and observation by in vivo imaging
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[(FHZE] BB HIEF X FUIR RN RFLIRA L FINR T R 4l 1L-6 \TNF-o A1 IL-18 RIERI5EM, 7
kW40 HU S MEE /N RIEHL 2 A 2s R HRAE BRI L 41 M 4R HO4H, EERRS 12 h, L A TREAT T
TIGIT M A TR T 67, H A TR A B 7 1R Y7, 25 X IR B R 4] 257 45 R B TR 28 v b I
W, A 24 h METHCE, &8 FRA4H L4 M 4 H 4 TNF-o TL-18 ,1L-6 mRNA /K8 & & T4 A%
HRZH (P < 0.05) ;L 41 .M 411 H 41 TNF-o \IL-1B IL-6 mRNA 7KV 5 A5 FABI4L (P < 0.05) ;M 201 H 4 TNF-
o JL-1B IL-6 mRNA /K FBFET LA(P < 0.05) ;H 240 TNF-o \IL-18 ,IL-6 mRNA /K- FBELT M M LA (P
< 0.05), L4 M 411 H 24 TNF-a  IL-18 IL-6 £ 7K i R TAAIZ (P < 0.05) ;M ZHA1 H 41 TNF-« | IL-1B
IL-6 EHAKFRERT LAA(P< 0.05);H H TNF-o IL-1B . IL-6 HEH/KFEREM/MT MAMLA(P< 0.05), &
it AR RTMGIIE 2SS R FUR SAEAG , A AR TNF-o TL-18 F1 1L-6 4848 N F/KFERIVE

[X88i1R]  ZLIRSHE T IR 28 /MR AR 36 IR L F-o s A3 -18

[FES%KS] R33 [ xEk#RiIZEZ] A [ XE#HS)1671-7856(2018) 11-0095-05

doi: 10.3969/j. issn. 1671 —7856. 2018. 11. 016

Effect of geniposide on expression of IL-6, TNF-«,
and IL-1P in an animal model of mastitis

HUANG Yongzhou, LI Yi, CONG Zhujun
(First Affiliated Hospital of Medical College of Shihezi University, Shihezi 832000, China)

[ Abstract]  Objective To study the effect of geniposide on expression of IL-6, TNF-a, and IL-18 in mammary
glands and mammary epithelial cells of mastitic mice. Methods Forty female mice after childbirth were randomly divided
into blank control, model, L., M, and H groups. At 12 h after modeling, the L. group was treated with low-dose
geniposide, the M group was administered intermediate-dose geniposide, the H group was treated with high-dose
geniposide, and blank control and model groups were administered an equal amount of phosphate-buffered saline. At 24 h
after modeling, the treatment effects were observed. Results mRNA expressions of TNF-a, IL-1B, and 1L-6 in model,
L, M, and H groups were significantly higher than that in the blank control group (P < 0.05). Expressions of TNF-a,
IL-1B, and IL-6 mRNAs in the L, M, and H groups were significantly lower than that in the model group (P < 0.05).
Expressions of TNF-a, IL-1B, and IL-6 mRNAs in M and H groups were significantly lower than that in the L group (P <
0.05). mRNA expressions of TNF-a, IL-1B, and IL-6 in the M group were significantly lower than that in M and L groups
(P < 0.05). The levels of TNF-a, IL-1B, and IL-6 in L, M, and H groups were significantly lower than those in the
model group (P < 0.05). The levels of TNF-a, IL-18, and TL-6 in M and H groups were significantly lower than those in

[MEERIN ] A (1984— ) 5 Wi+, FIGBEI, E-mail: ylzbhzz7@ 163. com
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the L group (P < 0.05). The levels of TNF-a, IL-1B, and IL-6 in the H group were significantly lower than those in M

and L groups (P < 0.05). Conclusions

Geniposide inhibits lipopolysaccharide-induced mammary gland inflammation

and reduces the levels of proinflammatory factors TNF-a, 1L-1B, and IL-6.

[ Keywords )

interleukin-13

FUBR RS ZbE A ek i e S B IR I 1
SEER B KA RAE BN , LA FLAR A 21 4% 1 A i R
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R, 7T AT B E R R A e A
LPEZLIR AR I PR 22 £h 4 8 €07 2 33K TR R B BR T 4
SO T2 AR SR A 3697, Aok, B & B
ARWTIZ N, A 25 i KA BRAR T
G RIGIT . MEF I W 25, B 15 B
TEIFI R Bt il i 75 2 Dy sk, ELA B A BT R At
WEEZRAER  (E0 LR R 2 5 A 1A 7 8R4 5 2 ik
— BRI B AT AL IR 2 HEA T 1/ R
FLIRRAEIY IBEHE -4 %o B A 7L AR 20 23 e PR |
Fe AME T TL-6  TNF-o F1 IL-1B FRIk 520, F— 45
PRVIHE 15 EZLAR R I T7 P I RAME

1 #RFnrE

1.1 SEIeEiY

SPF 4% ) ICR /N B 40 HORTHEPE /N R 20
H.,8 ~10 JHIE KT 22 ~25 g, ¥ A 4790 F K2
BEop B s sh ¥y hoe [ SCXK (Gffr) 2017 - 118, 44
FET AW F R E B S g sh Yy b [ SYXK ()
2017 — 142 ], #2082 1 B RE 1 /DN BRI 1 /)N B
BEALA 281 5%, fE L E R AR T, M Bk,
A R EFIAK, 18 35 2 B8 B Ik, 73 ks 5 ~7 d
TFUGR S e S 3 s W FH iy 3R TR0 25 7 N
MM, B A ] - R 2R B 2 B SE I R P 01 &
#t5:2017 - 0032,
1.2 FEAFENZE

BEFH (ZEE > 99% ) W A bRl R B 25 FHY
RIBABRA A IRZ 00 B A5 TR AE YR Y
KA BRI 7] 5 1L-6 \ TNF-a A1 IL-18 ELISA &7 &
W 11 At T BLAE T A P 4 AR AT BR A W] 5 TRIzol 1 T35
Invitrogen /N #); DHEA W F Fluka 2 A,
RevertAID™ First Strand ¢cDNA Synthesis j7 & T
Fermentas /A ) ; 8 G BE6E K2 W0 &0 Tk i 42X
S ARA R F S IL-6  TNF-a Al IL-1B 51 ¥ %

mastitis;  geniposide; lipopolysaccharide; mice; interleukin-6; tumor necrosis factor-ot;

GV REE A M. AN A U R
TEREASER By AT BRZA 7] ; DM3000 AE ) 8 13 85 1
R AT TOLER PCR 2400 A i EYRE
FALRS T kA DYY-6C W [ 7 5t AR
SpectraMax iD5-2 1) B8 il b5 1 14 FI 26 & 70 T X 4%
( B ARATA,
1.3 XWHZE
1.3.1 SEEshy

INEUMIBIG 5 ~7 d, % 40 HICR MM/ FRUBEHL
I3RS I R BRIZH AR Z MR A (L 4) |
R RIEA (M 4) Mg im A=l (H 4]),
BRE 8 H, BEA L4l M4 H A3 R
BRU 0 7 vk BCER DU R 3Lk 0 S AL S A T S0
pg WEEN 0. 2 mg/mL BIRE 20 | 25 D6 REZH 1 45
BB rh iR, L 41 M 4 H 45 95
25 mg/kg .50 mg/kg 100 mg/kg (KIHE T , BEAIZH Al
25 0 B T 9 4 e R R R 22 o R VA, AL )5 24
h ZbFE/NER
1.3.2 FRACREE

SR ST G F Ak B8 /DN B, R T B /N BRURZ R
it 50 B B N AR R K 0B B Bk, T B ER AR I
XTFLIRAL LY, F B FUIR A LA T - 80°C 251
1.3.3 HE Jf5

R — 1 FLIRA LR 4% W IR E 48
h, 7K O A G 0 2 R FERG B R B 7K, A
THOET M HIET h B AL EBEVIRE B S
DIA SR AR AT U0 e BT RS B ST AR R
Ka-Prer e e i, B F MERHLUES .
1.3.4 FLIEAHL TNF-o IL-1B F IL-6 mRNA /KF
oIl

We4E 100 mg FLARZH 21, TRIzol $2HL RNA | H-%
FHIR %% 55 ) & I %% 5% i eDNA, # ] Primer
Premier 5. 0 %31 TNF-a \IL-1B | IL-6 il B-actin NS
FEH W5 Y ¥ 5. TNF-a; L. 57 -GTCTCAGC
CTCTTCTCATTC3’, T . 5 -CATAGAACTGAT
GAGAGGGA-3" =W K& . 128 bp; IL-1B; LiF.5° -
AAATACCTGTGGCCTTGGGC-3 ", F {if: 5 -CTTGG
GATCCACACTCTCCAG-3" , /=¥ £ 101 bp;IL-6:
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b % 57 -GAGTCCTTCAGAGAGATACAG-3 ", T il
5’ -CTGTGACTCCAGCTTATCTG-3 ", F= ¥ K B . 125
bp; B-actin: F {#: 5 -CTTCATTGACCTCAACTAC
ATGG-3’, F ¥f: 5’ -CTCGCTCCTGGAAGATGGT
GAT-3" 77K . 134 bp,
1.3.5 FLIRZH ! TNF-o  IL-1B Il IL-6 % 117K F
oIl

CE 100 mg FLARAIZ ¥ 1: 9 Ll A B ik 22
MERRUR , FE VK A3 3000 /min B0 15 min,
Wt Lk L)EFL A g g2, i W, R
ELISA K TNF-o IL-1B £ IL-6 7K, ™45 4% IR
VLR
1.4 FitEHZE

K HI SPSS 23. 0 # 4 #E47 S it B s 43 Hr, it
HPORER HE 8 £ FRifE2E (v 25 ) Fom, R
R I 225007, i — 2 Wt R LSD-t %, P <
0.05 W2 A W ENE,

2 #R

2.1 NRIEREAL HE B4R

25 PG B2 FLAR A 2 1 B HE S B 5% B A
2 LR T 25 4 i 85, FLIR b B i s IR A LR
JNHTRIBEAE SERE s L 41 M 41 H 25 25 5 RYE4N
I B S e TR B I g, UL 1,

2.2 FLBFEHY TNF-o IL-1p 70 IL-6 mRNA 7k 3
il gE R L&

FRIZH L ZH M 4 H 4] TNF-o, IL-18 . IL-6
mRNA /K3 8 T8 AXTIRAL(P < 0.05) ;L 41,
M 44 F H 4] TNF-o  IL-1B . IL-6 mRNA 7K-F i 1K
FHIRIH (P < 0.05) ;M 4 A H 4 TNF-o  IL-1B .
IL-6 mRNA 7K K F L 41 (P < 0.05);H 41
TNF-a \IL-1B,1L-6 mRNA 7K i Z KT M 41 A1 L

HEL H group

Lifl L group

T P S Ak R FUAR SR IR IR . AR =50 um,

B1 /NEFLRALHE B a8 x 200)
Note. Arrowheads indicate the infiltrative lesion of mastitis.
Bars =50 pm.

Figure 1 Histological changes in the mouse mammary

gland tissues. HE staining

F1 FLIRAL TNF-o IL-18 1 IL-6 mRNA K¥-( x s, n=7)
Table 1 Expressions of TNF-a, IL-18, and IL-6 mRNA in the mouse breast tissues

15
2059 TNF-a IL-6 IL-1B
Groups
ey i HR
X R 1.05 £0.02 0.94 +0.09 0.92 +0. 11
Blank control group
K|
® 3.47 +£0.34" 11.89 £0.92* 14.05 £2.97 "
Model group
L éE‘ * # # # * #
2.24 £0.18 8.27 £0.49 7.42 £0.72
L group
M
i 1.82 +0.14*%4 5.74 £0.74 %4 4.08 +0.80 ***
M group
H 4
i 1.51 +0.10 *#A¢ 2.38£0.25"#A% 2.14 £0.37*#A8
H group
FA 54.054 82.470 93.758
F-value
P{E < 0.001 < 0.001 < 0.001
P-value

TS A AL, " P < 0.05; SHIBILIAL,*P < 0.05;5 LML, *P < 0.05;5 ML, “P< 0.05,
Note. Compared with the blank control group, * P < 0.05. Compared with the model group, *P < 0.05. Compared with the L group,®P < 0.05.

Compared with the M group,¥P < 0.05.
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2.3 ZLRRZAHZ TNF-o IL-1B F0 IL-6 EHKE

A2 L2 M 44f H 4] TNF-o, IL-18 ,IL-6
EHAKFRERTESAMNBA(P < 0.05);L4.M
ZHF H 24 TNF-o IL-18  IL-6 £ /K- g A% T
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HAKFEBEMT LA(P< 0.05);H 4 TNF-a IL-
1B IL-6 FEHKFREMT M AM L AP <
0.05), Wik2,

3 itig
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WAL E Y AR R, 5 R s E R E B
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HE S E RS, WA IR T RBOR 5 R IR
SWEZESZRIR, ARG R DR, 525 HAHR
AL, B 2275 S 0 /0N B P R AR A AL 7L i 4 21
IL-6 \TNF-a , IL-18 mRNA 7K ¥ fl 5 H /K °F 8 3
K
BREATA R0 B AR HIAN 25 1 1697 LR ¢
Il R JH 32 31— BRI, 1% ge b 25 B 2 80 miAE
L FERIEIRIT h R ERWAE N, R T 2APEZL IR
RZIS , 2 MR I ARRE R K T T FLI ek
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Fz2 FIRHL INF- JL-1B FIIL-6 BHKFE(x 25, n=7)
Table 2 TNF-a, IL-13, and IL-6 levels in the mouse breast tissues

ZH51

TNF-o( pg/mL) IL-6 (pg/mL) IL-1B(pg/mL)
Groups
23 i HE 4
TR 105. 42 +15. 86 31.25 £5.28 452.37 +44.18
Blank control group
L2 .
e 692.70 +52.16 " 94.37 £8.25" 1485.72 +123.74*
Model group
L2H w# w4 w4
454.23 +37.69 65.14 £7.83 1042. 89 +105.47
L group
M 4
L 324.05 £26.94 %4 53.42 £6.13 %4 832.54 £97.85**4
M group
H 4
i 187.73 +24. 52 *#A% 41.59 £5.43 *#4% 630.32 £84. 62 *#4¢
H group
F
fii 63.589 73.518 97.923
F-value
P{E
< 0.001 < 0.001 < 0.001
P-value

W 5 EXBAMIL, " P < 0.05; SHIUAMIL *P < 0.05; 5 LAMI, 2P < 0.05;5 M ML, “P< 0.05,

Note. Compared with the blank control group, * P < 0.05. Compared with the model group, *P < 0.05. Compared with the L group,®P < 0.05.

Compared with the M group,*P < 0.05.
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1ML -9 73 #5145 ( limb ischemia-reperfusion injury, LIRT) K R . FiE 15 H 2 H I SPF 4 SD M K BBEEHL
SRS AH L IERHH B FEEO R Al 2 h 4l 4 h A8 h 4, IEH 4SBT I it , Fo4x 4 2106 ot - 7 34
HARIA R A HE Y2 (3 AR B LA IR 5 2% 8 4k DAPL IR R I A Ma PR 1>, SR BRIER 44, &4
37 8 AN [ 2 B2 VT 248 B ik HE 2 AS B IU) LT 24 1) B 3 i S 5 100 ,4 h R0 8 h IRA IR AR Z O h F1 2 h T
N FEME,8 h APGRE e, H U A8 I R Bk B R ) R T S 2R R R, 8 BLor ke R e
LIRT 3 A8 B 8% LA o8 B AR AL 45 50, 55 LIRL I PR AE AR AL, #5 VE (78 | v 25, w7 P 50 A dole ot -5 346 12 3l o A
IR
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Establishment of a Sprague-Dawley rat model of limb
ischemia-reperfusion injury

SHEN Zhen, ZHU Fuping” , PAN Chengxi, LUO Weiye, ZHOU Fugiang, LI Wuping
(The First Affiliated Hospital of Hunan University of Chinese Medicine, Changsha 410007, China)

[ Abstract]  Objective To describe an improved method of blocking blood flow in the femoral artery on the body
surface and establish a simple and controllable rat model of limb ischemia-reperfusion injury with reliable quality. Methods
A total of 15 SD rats were randomly divided into five groups including the normal control group, and 0, 2, 4, and 8 h
reperfusion groups after ischemia. After establishing the limb ischemia-reperfusion injury model, skeletal muscle
morphology and apoptosis of skeletal muscle cells were observed by HE and DAPI staining, respectively. Results Except
in the normal group, each group showed various degrees of muscle fiber swelling and irregular arrangements as well as
widened inter-myofiber space. Compared with 0 and 2 h groups, muscle fiber swelling, rupture, inflammatory cell
infiltration, and other damages in the 4 and 8 h groups were more serious, and the 8 h group had the most serious
symptoms. Moreover, skeletal muscle cells of the four groups showed typical apoptotic morphological characteristics.
Conclusions This method can reflect the pathological changes of skeletal muscle during LIRI, which are similar to the
clinical features of LIRI. It is simple to perform and can be used to establish a limb ischemia-reperfusion animal model.

[ Keywords] limb ischemia-reperfusion injury; animal model; Sprague-Dawley rats; skeletal muscle
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B 11~ 1 (ischemia-reperfusion , IR ) $51 105 /&
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BF RS, FERT K S I I, 4 240 0 R 2 s i i — 25
N, S E R B AR IR R
Wi O, ORI & B, A TFIIE B E O JUE G i 38 LA
KB 2 0T A E B AR AR 8 kR
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1.1 SEIeEiY)
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Note. a: Materials and assembly for the model; b: Blocking blood flow of the right femoral artery in the lateral

position; c: Blocking blood flow of the right femoral artery in the anteroposterior position; d: Pale and cool

paw on the right hind limb during the ischemic state for 4 hours.

Figure 1 Operational diagram of the establishment of the rat LIRI model
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Note. a: Normal group; b: O h group; ¢: 2 h group; d:4 h group; e:8 h group.

Figure 2  Gross appearance of the mouse hind limbs
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Note. a: Normal group; b: 0 h group; c¢: 2 h group; d:4 h group; e:8 h group.

Figure 3 Histology of the mouse gastrocnemius muscle. HE staining



104 v LR BE2p 4 2018 4F 11 45 28 #4511 1 Chin J Comp Med, November 2018, Vol. 28. No. 11

‘BE;a;TET"%'TéE;b:O héﬂ;(};z h éﬂ;d;4 h?ﬂ;e;8 h gEL 21@%3\?5%?)%11‘:/]\12]3;;ﬁ@%i%ﬂ?&mﬁﬁ*ﬂ
WAL MR,

B4 RN D E U R ( DAPL 2, x 400)

Note. a: Normal group; b: 0 h group; ¢: 2 h group; d:4 h group; e: 8 h group. Red arrowhead: apoptotic

body; Yellow arrowhead: nuclear enrichment and crescent nucleus.

Figure 4 Fluorescence images of cell nuclei of the gastrocnemius muscle. DAPI staining
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Detection of cardiac functions in rats using a new ultrasonic
diagnostic apparatus

CHEN Tingting' , LIAO Xianshan®, ZENG Lan', LIANG Banghui', YANG Chuyi', WU Ying', LI Xuan',
OUYANG Yigiang’, HE Ping’, HUANG Qin'"
(1. Basic Medical School, Guangxi Medical University, Nanning 530021, China. 2. Department of Ultrasound, the
First Affiliated Hospital of Guangxi Medical University, Nanning 530021. 3. Experimental Animal Center of
Guangxi Medical University, Nanning 530021 )

[ Abstract]  Objective A new type of ultrasonic diagnostic apparatus was used to evaluate the cardiac functions of
rats by two-dimensional and M-mode echocardiography, and the feasibility and accuracy of this method were assessed.
Methods A new type of ultrasonic diagnostic apparatus with a probe frequency of 6 MHz — 19 MHz was applied. The left
ventricular structure and various indexes were detected by transthoracic ultrasound after anesthesia in six normal male SD
rats. Results Transthoracic echocardiography clearly showed the general structure of the rat heart, and accurately and
stably obtained the cardiac function parameters of the left ventricle of rats, which can be used to evaluate the cardiac
functions of rats. Conclusions High-quality rat cardiac gross structural images, and stable and reliable cardiac function
data can be obtained using this new ultrasonic diagnostic apparatus. It is a non-invasive method for continuously and
accurately examining the gross structure of the rat heart and evaluating the cardiac functions.

[ Keywords] echocardiography; a new ultrasound system; rat; cardiac function
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Table 1 Determination of the cardiac function
parameters by ultrasound in the normal rats

ECE WM + brifk2s 95% T {7 X [A]
Indices ~ Mean + standard deviation 95% confidence interval
LVDd(mm) 5.522 +0.226 5.284 ~5.759
LVDs(mm) 2.775 £0.316 2.443 ~3.107
LVEDV(mL) 0.177 £0.022 0.154 ~0.199
LVESV(mL) 0.023 +0.010 0.013 ~0.034
SV(mL) 0. 154 +0.019 0.134 ~0.174
CO(mL) 0. 047 +£0.007 0. 040 ~0.054
EF(% ) 86.940 +£4.033 82.710 ~91.180
FS(% ) 49.710 +£5.200 44.260 ~55.160
IVSTh( mm) 1.377 £0.137 1.233 ~1.521

HR (bpm) 318. 934 +£39.475 269. 920 ~367.948

TE:LVDd: 72 S &7 IR AR N LVDs . Z2 24 AR I N2, LVEDV : 72
FEPR AT, LVESV . A WA R 258, SV . & 44 th &%, CO . .0 HiF
i EF 5515350, FS AR 4R %, IVSTh % [ RS HR 03
Note. LVDd: left ventricular end diastolic diameter, LVDs: left
ventricular end systolic diameter, LVEDV ; left ventricular end diastolic
volume, LVESV: left ventricular end systolic volume, SV stroke
volume; CO: cardiac output, EF: ejection fraction, FS: short axis
shortening rate, IVSTh: septal thickness, HR; heart rate.
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Note. In the figure, 1VS is the ventricular septum, LV is the left ventricle, LA is the left atrium, AO is the aortic view; the Dd

arrow indicates the left ventricular end diastolic diameter, the Ds arrow indicates the left ventricular end systolic diameter, and the

IVSTh arrow indicates the septal thickness.

Figure 1 Two-dimensional and M-mode echocardiography of the normal rats



o P BE A 2475 2018 4E 11 45 28 %:45 11 1 Chin J Comp Med, November 2018, Vol. 28. No. 11 109

K 5 PRI TR T 3 B K R S A1, 2 M) S 50 &%
P ) T 3 K BRAE T, AR IR AL P /0N 3 40 R e
I AT T A% 42 1 175 5 R T Ik 38 % 4 - JOR IR vk 2, 1k
FH RS R I & E /D BE TR AR, & T4 Fh s 4
(1) FET PR TA AT RIS S e 20 27 LA ol A K sl DR R e
T AR S AN ) R 2L R S U R A
o 1 ) PRI, D 75 K U T PR R A e R
T, REERTZS HE 8 h Lia 95| & B K s i 24
5, @K BB T 2 A B % , 15 W B A 255
WAl WREE , A 57 22 3 4 W B 7 | BT & S r 8y 1 450 )
SR H Bl ] SR B, TE RN B K
B JRIE(E R B8 T ok 2 )5, TR aEA 740 B R 75
Kt UL TR 3k A7 B AT 1) 2 B [
TE—, A BEBRASRE E FIORS B 1 B BE S K
R TR 22, @k KA T 8 0T A4 1 45 R TR g
(B, I VERR AR R R I RSk A TR I, B#AE
BT ERETM, B4 BRI,

S BIEE 18 FH 122 7 28 A 2 A T T B | 3%
SEAERR AN R O IET RE A& W Th BE S 4, R 15 31
O E KRGS R I 7 R . 5 e A Q0 Thbe
K (L4500 L 45 36k S AR A | 70 1400 JUF J7 45 1L 3 3
JI5 AR EEE A I A5 ) A B, AR S T VA A
PAEF AN TOR 7, HR R R B R ERSE T %
i, JF HH Bods 5 ohag s ok, oT % 3] PC
(Windows® \MAC® ) FI45 S sl 15k £ (SF- A Ha i
BREFHL) A FH R E, Besh, 5 H AL TC A
PO T REAS A (0 F P 390 3 ik 3 181 46 ) M L, A
S N FH (%) 3 8 72 W AU RT DA AR A5 B EDUL Y A0
FIE 2546 RIS 46 S, 45 30 (9 55090 T &2 | mT o 4 1 ) I
DIREE DL,

ZALER AT — 2 A SR BRI, i R 7 12 IR A
A RS R, A0 3R A T R LA AR g /N, AS BE 3R
5 B U DU P U0 v T R R R R R R S AR A
FERANDIE S M R 2R & A RE AT 205 B RS
WaEE . D5 — v, RO K OBRG SRAR R, T £ )
FEAE I A PR, E R A WA, Tk R
WT R TSR IBT L I B R E R A DR, BN REVE
BT SR Co M 4 B0 I 195 0, 156 B 33 15 408 4 A T
KR IE B 7K ) B B T B A e B A 3 A A DU 4
b, WA B bR g A& Mrdr sk Dige . Bbsh, %
ACER AT K SR R sh 0, o SR AR AG I /N B
(4.0 DI BE , DU B fift FH B SR AR BRS04 /N2 B
FE AL, B R BLA A 2 B 3h YR e AL, A

Vivo2100 F (8 25 8y 75 A, 5 A S50 75 2 WX
AL, B S 3 (40 MHz) |, B % FH I 42 256 ik
JCHLFERBER LA AR, I HL 2 A0 B JE 5 R 4 40 R
B = AT 3k 1000 /s, BESCAT 1% 4% s U 3h 8 5 9 0
JE4S 36 00 1 T S 2F B A8, B BF g8 & P,
Vivo2100 (8,22 5 iy 1 75 4 0] FH 2 W R/ BRo
A5 95 25 DI AH DG Ay I 970 8 3 R0y o) 56 B4 0 i, T
T O 35 JUE U s B . s 1) e 1, KA 1 ) e ok
MFESEL, Rl PRA2 Wi A B $2 ik — e i S %,
PRI, B 22 T AR S 58 97 7 FH 988 P 2 W SO B
— SR B PR S50 T AR A S 6 S BT SR B
A IS A

S 3k

(1] #mm, B, MRIE, 55 KRB0 3 BRI k21
SEHRAFST [T]. W RS B2 4e ik, 2009, 11 (11): 721
-725.

[2] FE%E, &, K505, & BA0IETFA RS ACM KRG
TEGARFIDIRRIEST (1], BESAREARAEARGER, 2010, 20(7)
1057 - 1059.

[3] FE%, &8, RIFI5. MO IR O UK K R
NESSHIFITIREM SCIR ST [J]. IR S R4 40, 2012,
14(2) .73 -176.

(4] Jagv, Boak, A&, % ZORAHBE Q X iRk & R Rl AL
DIRerER [J]. WiTLPE%, 2016, 38(23) : 1861 - 1863.

[ 5] Devereux RB, Reichek N. Echocardiographic determination of
left ventricular mass in man. Anatomic validation of the method
[J]. Circulation, 1977, 55(4) : 613 —618.

[ 6] Sahn DJ, Demaria A, Kisslo J, et al. Recommendations
regarding quantitation in M-mode echocardiography; results of a
survey of echocardiographic measurements [ J ]. Circulation,
1978, 58(6) : 1072 - 1083.

[7] Watson LE, Sheth M, Denyer RF, et al. Baseline
echocardiographic values for adult male rats [J]. J Am Soc
Echocardiogr, 2004, 17(2) . 161 —167.

[ 8] Cury AF, Bonilha A, Saraiva R, et al. Myocardial performance
index in female rats with myocardial infarction: relationship with
ventricular function parameters by Doppler echocardiography
[J]. J Am Soc Echocardiogr, 2005, 18(5) ; 454 - 460.

[ 9] Derumeaux G, Mulder P, Richard V, et al. Tissue Doppler
imaging differentiates physiological from pathological pressure-
overload left ventricular hypertrophy in rats [ J]. Circulation,
2002, 105(13) : 1602 - 1608.

[10] Plante E, Lachance D, Drolet MC, et al. Dobutamine stress
echocardiography in healthy adult male rats [ J]. Cardiovasc
Ultrasound, 2005, 3: 34 —40.

(1] VRGBS, ey, i, 45l SR O IUSE S O )
RO A ORI (1], RHEEEZ, 2018, 46(2) :
152 - 156, 225.



110

i A R 2 2018 4F 11 A58 28 556 11 )

Chin J Comp Med, November 2018 ,Vol. 28. No. 11

[12]

[13]

[14]

[15]

[17]

[18]

[19]

[20]

KT, BAET, K30, . @R SD KRG RS K 2
AERR A IEHT (1], DA A 2%, 2000, 16(11) : 815
-818.

Chandramouli C, Reichelt ME, Curl CL, et al. Diastolic
dysfunction is more apparent in STZ-induced diabetic female
mice, despite less pronounced hyperglycemia [ J].

2018, 8(1): 2346 —2358.
Malfitano C, Junior ALDS, Carbonaro M, et al. Glucose and

Sci Rep,

fatty acid metabolism in infarcted heart from streptozotocin-
induced diabetic rats after 2 weeks of tissue remodeling [ J].
Cardiovasc Diabetol, 2015, 14 149 - 158.

Ghandi Y, Habibi D, Nasri K, et al. Effect of well-controlled
gestational diabetes on left ventricular diastolic dysfunction in
neonates [ J]. J Matern Fetal Neonatal Med, 2018, 17; 1 -6.

Sano Y, Tto S, Yoneda M, et al. Effects of various types of
anesthesia on hemodynamics, cardiac function, and glucose and
lipid metabolism in rats [J]. Am J Physiol Heart Circ Physiol,
2016, 311(6) : H1360 - H1366.

Tong J, Lai Y, Yao YA, et al. Qiligiangxin rescues mouse
AGTR1/TRPVI-mediated
autophagy in STZ-induced diabetes mellitus [ J]. Cell Physiol
Biochem, 2018, 47(4) : 1365 - 1376.

Yu L, Guo Y, Wang Y, et al

cardiac  function by regulating

Determination of fetal left
ventricular volume based on two-dimensional echocardiography
[J]. J Healthc Eng, 2017, 2017(1); 1 -9.

tRIEE, JAAREE, 329, 5. IRl —if AR Jr 5 gt AAVO-
SERCA2a J R A B A A7 20V A sl £ 0384 (0],
LY BEIYIEAR, 2013, 21(3) ;1 -6.

i, B, e, A SIS 4R O3 KRS Tei 18

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

BOVAN I8 5 K S 20T RE [J]. Lo SRR 2= 40
2017, 48(6) : 611 —614.

Almeida VT, Uscategui R, Camacho AA, et al. Influence of
estrous cycle and gestation on cardiovascular system of bitches
[J]. Anim Reprod Sci, 2018, 192 35 —43.

Ersoy B, Eroglu N, Cetin M, et al. Asymmetric dimethylarginine
levels and diabetes duration: relationship with measures of
subclinical atherosclerosis and cardiac function in children and
adolescents with Type 1 diabetes [ J]. Diab Vasc Dis Res,
2018, 15(3): 196 —203.

RER, PR, VI, 55, AZNE 8 Bl G B0 O
it [J]. Pl A R, 2006, 15(4) : 273 -276.
RN, SR, O S O R DI RE S
DI OF A [T]. I RO S B2 2 2R3k, 2018, 20
(2): 114 -117.

FrEG, Jewh, BRE PR, S mBURE DI 5/6 B TR
KRB BESS AT RE 8 4L [J]. P R BE AL K= 2 4
2018, 41(1): 32 -36.

Riha H, Papousek F, Neckar J, et al. Effects of isoflurane
concentration on basic echocardiographic parameters of the left
ventricle in rats [ J]. Physiol Res, 2012, 61(4); 419 —423.
Wasmeier GH, Melnychenko I, Voigt JU, et al. Reproducibility
of transthoracic echocardiography in small animals using clinical
equipment [ J]. Coron Artery Dis, 2007, 18(4) ; 283 -291.
J&7T, Haines PF, Btn/Z, % S 023 Sl i oAt
PPl O E SR 4 AL /IS BB 4 Se bR Sl K L it 2 (0]
AR TR, 2018, 5(6): 16 - 19.

(Y5 B H3)2018 -07 - 15



2018 4E 11 H i E LR EE LR November, 2018
$28% H11H CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 28 No. 11

O )

O BT R AR ST AR S S ) e VR AR
AR AR

RxIHRL,K AT ERT,ERWAA, ERE

(1 I RAFL 2 E B LAY SR S5 TR 4> T2 A T E S0 %, A 1875 1330025 2. RE K2 AP,
AR IET 133002; 3. HEKEERE 2B, AR HEF 133002)

(HWE] SRR AR E L AR R 2 — IR BCE BRI LRI 55, IR R £ 3% % sl ) <
BB RE A X TR TR 220 A s TR RE ) B OCH 2, AR SO sh 2 R A7 A B ) e,
TR B S F SRR IR T = R R T R RE 25 BT, 455 Tl el e — U 2 B 119 TR AL
e SRR B R LR, LIRSS M S R e, DRAGURAR A R MO AR 29y 3 s 5 3 A
WA S0 B 27 DRAR A A A S e IR 0 AR BB R D AN I RE T, A A 23 S JXs AA B 5K

(RG] W UEBE; SIS 27 IR P A B < -2
(FESHES] R33 [XEIFRG] A [XEHS]1671-7856(2018) 11-0111-04
doi: 10. 3969/j. issn. 1671 —7856. 2018. 11. 019

Exploration of a teaching model of laboratory animal science for
postgraduates under the “Double First Class”

WU Yanling' , ZHANG Xian®, CUI Zhenyu®, LIAN Lihua', NAN Jixing'
(1. Provincial and Ministrial Key Laboratory of Natural Resources of Changbai Mountain & Functional Molecules, College of Pharmacy,
Yanbian University, Yanji 133002, China. 2. College of Agriculture, Yanbian
University, Yanji 133002. 3. College of Physical Education, Yanbian University, Yanji 133002 )

[ Abstract]  Laboratory animal science is a compulsory course for postgraduates in medicine and aids later
professional courses. In addition, it is responsible for training students in animal experiments. It is of great significance for
the training of scientific research by students and their practical abilities. The current study focused on the existing
problems in laboratory animal science for postgraduates and explored the relationship between teaching, learning, and
evaluation in the teaching process. Based on these relationships, the crux of the problems was analyzed. Reformation in
laboratory animal science should be combined with the general idea of the national initiative of the “Double First Class”,
renew educational concepts, follow educational laws, and deepen the reform of the curriculum system and innovating
teaching method with the guidance of strengthening supply-side reform. These measures could form a teaching model
suitable for laboratory animal science of postgraduates in our country and improve the ability to cultivate the innovative
ability and applications of postgraduates to meet the needs of the social development of students.

[ Keywords ] “Double First Class”; laboratory animal science; postgraduate; teaching model; teaching-

learning-evaluation

[E£TH]EEARILETH (81760668 ) ; ¥ M B 5 A EH 43 2016 4 F2 = 2RI A 1R (JGIX2016C6)
[EH RN ] R (1977— ) 2o, Bz, - A S0 W58 7 ) P 2 HF R VR L ML, E-mail ; ylwu@ ybu. edu. cn



112 o H AR R 25 2k 2018 4F 11 45 28 %5 11 ] Chin J Comp Med, November 2018, Vol. 28. No. 11

SRS YA IR O — TR DR AR, X T B g7
RZG A R RL A R TR S T e S A AR
T PR SR AR R RE BT 2, W PR B
FRRAIBTAA W 2Rk 2z~ I, figs A
AREFRTE R, AU IR R e B A IR R R i
I RTHR R B RBOR R E L X — i i
AR TR B 1)

1 B HFREFEREE

TES Wi I HE T T, LR )
YRR E B A 2 MR A A E RS 1T
SV A B R e 32 B BUE LA
R IE25 T57 FILABT 58 A2 (R AERHIFIATBA ) S %
DR R T Z IR G, Sk sh o PR AR
AL I B 32 TR BLAE 4% o ZR K A A B X
W T VR T B U B S
SRS, BOF RO A T 22 AR TARR R 2
1.1 HFEEIHG, REEREEFEFIREAS
H75 @53

SCR B A PR AR H R L LU, B R
FENHERT IR N H R, TG0 3 40 o A 2 B
FAA RS T SRR T, X s 5%
AR NI Ze: HERATE I, S 20T #er i S
FBU R PR AR, BREE I & AR, S50, ez
B A E RS M B 0 — A 84, B AT
ST R ER AN B I XU A L 1 R
AN, SEB S IR 5 TS A B LR R IAT BRI
FUAE SR AR T RE T 5 R R K W
2 C UK
1.2 BEERXFENERBIFAAEFNEE

R B RN, A B IR AR
— R ZH IR ANA BB IR A REAK S A TR
(BT, T A HOE IR MR BB 9
K sy R AR 1A% e A i AU AR PR Bk 5 ¢
AR BRI R B g A e i ey il
it o MIRFRME A B ERFRAE R B A — T,
AR SCHF, A R AR TR B AT i 3} s
e A e BT A B3 Bk TR] BT 4 TR A6 = i K
A HFRHIBLS
L3 REBIIT(FR) FBRZE, RZZREHHE
B3 ¥

oAt Z LR IREUN o B0 % I8 HFIE
A TR RHAIEIAT A S 05 sl 0 2 BRAR Y PR AL oK

SR E Y E AR BT, 5 AFSAE TR, L
HOE SO FEAE T ERHIT I BN = Y438, A T it A
DB G TARINGE W50 P55 1) (5
BIUH SLERBORE br 5 S B AR EOR S A )
S, AN REVFIEAEAE T SRR SE T AR B v i B S5 5
R, FECTAR RN Il R E 7 RRE, X IR
eSSV e PN S/ vb = ] D2 & 8
L4 BEFXEKB . HEFEE— EEFIH

HATSEER sh i)~ IR AR B 2 i R s U307,
ZEHTIE G IR RS B
Al B DL 2 AR B R 2 O R S B A
TS24 B~ — TR SE PEAR 3 1 PRAR , AN [A]
Z/NBRRAE , AU 5 VR LB 1, o ik A
R, BRI LA A ol SR T TE 20 St
P rb e 20 S B R, T 50 9 7 e 7 5 o
ARG W LR T AR R, SR
AT R, 0 HE RURBL « PF-Ir-i%-10-257
BT T A28, A B I, i 238 A 25
PS8
1.5 HE5FREIBREE, " E"R"RZAXN
fird

R B ARG IR ARSI T 3
R ZOR , (H S50 s A PR I 2027 H AR
1155 REEBOT s T B B I SRS A B
IR AR B T 20" B B, S A T
SIEEUR, BOM R T 58 ML R, BN 5
HESEBRBIF Y T AR R AN R B X PEAN R, %
WA A, O A JE AN HE I 5 141 BA S B T A A
g
1.6 HFTEMABRZE, TEEBTNEZENZES
EES

ARG A — DRI, AT DU s A X
PR SEIRAOCR (2850 3 2 PR AR 19 2% 1K
IR RSN L 5256 i St M i 5, i T
FRIVPN A AR B B R, SRR
RE B A ad /b, % WL b 3 i A S RS
INZHeEA i R SME BT SR A, F BT IR
FEHCAAT A AR RO N S5 i P 547, R
PRHCAROR IR 5 PR AHT AN A B 2 5 ZOR AR T
BE, 2 A5 5 058 A 1 SE BRI 98 CARARIE 1, A 56
=TT VEAN B A AT JC B A S RO Y B AR
A Y LA IR G P 2 o Jo i A A X AR A S gk
AR RS R R N I BETT



R F AT R A AR 2018 4F 11 A48 28 48 11 ] Chin J Comp Med, November 2018, Vol. 28. No. 11 113

2 ZLHHYFREBEHFEXALEEYL

ST LA AR AR Y IR R, AR ] 55 B 4t 2% 41 ik
THSAE— 9 R 2 A0 — it 2 B BB A T 3) (2015
AF) AR BT R T R RS R A
{5, BB R B, DA AL I 2 ke A 0 S 1), RO
JeAr el IF R AW ST A Bir 16 BHIT AR5 5K S 1%
O SRS IR A Mk B 5 — 4
FHOIF AT BA 119 52 B 5 B2 AH 45 A, DS540 A 0 R A
K, NEE A2 2 AR B R B RE A SR 2 R
W TR0 5 1 b4 IR ST DU ARbR DA AR | 1]
URFeNUHB 2 S S | N e (AW g X (BN
SHLRER BRSERESTNGAEES
AA

% B AR SR 7 RS W Rt o2k, R
FET AN + 2% 27 BRI AL (200 H 41) il 4
AP AR e B SR O AT A, AT U s R
+ L HHE R ES Ak, A5
AR IR AR T, AT URGE & P (M) R i 221k,
TR B, AR AT AR B R TR i
Y F AR W il o F S A o S 5 T R AT 5T
TAEREAT R RTRE VI, S 001 58 A2 WA 28 A BIF 5T 1A% 2k
TR M RER i & o T LLUE, J& T 58 AL E AT
FEREHT RO F REFE I, L m] A=A 5E A  Bh

WHHF,
2.1 EFHEES, eEME“W—R"BEAL
IR

T IR B R AR B A A BB IR
B IR R oo 55, IR BT BeE 7
TR AP B K K B8 P AT 55 004 L St
Fhg o HU, EWIRR IR A9 I 55 S AR S A AR R O
o WFFELE P AE 0T 5T AT B B 37 R G0 3 A A 1Y
SEHA T RS A PR AR A B B R A S T ST A
BARY TARSERR , 323l 00 BT P A F 52 A= el 4
RERY T K R 5250 20 )~ DR AR e AL R AR AR B 3 A
AWEFRARZ TP G o, B BR A R, TR
WA R 8 DR 3R , SEBLIR BT
2.2 GIETBFERN, E B DRSS

FIZER TR BB AN A BB 55, - P
A SR SRR R G B R AR AN AR
FIAERHIF T B BER, 20 A R 20 5 IR A 2
A KT FRAIBN 7T 4% B DR PRBUM + 7 AR
R PR U R B O AT R, a0 SRR AR

Ui+ BRSO | PRARAT IR + A AR e R
WFA BRI« PRARAE DRI + B 58 A= B 7 B ]
BT A= 2545 Tl L HATHE TR s
W VA ) T B R R AR B S A T it
2.3 WHmEFEBR, ZRUREERNE

WS LIS SR LA sh ) SE 0 FIe R R AR S
SIYEHME (LR ESET BRI EHRET) .
ARSI B W bR A (25 28 S0 PR SR MR hn o L 45 2
SEEG S RAERRIE ) R LR S BOR Bk (&2
YL BB A R | TR E ) i AR S
BAEAAT
2.4 REBEEITEN

IR SR CARIRBUN S UF 5 A S
FHIF AT BR ™ 9 B 2R AL, AR 4 A O 1 < i
Yy 5 oK i 35 B 0T B BT AR SR Bl 2 TR
FARR, HME A 0 ) AR AR 22 R 5
ZF TR R G B AR E R F R AR BA
AL = A SEBR T K, AT IRBR AL I el T
Y (& RHIFHAT BN ) T B AT 4 IR AR st iR A 4, BT
DLRBGT BRI, AR HE A R 75 5K, TR A R 2
B, B BEE AR AR A N A% B AR
HRESS I T BB B SRR F N AR
SCHE A E MR BRI AR AR R
2.5 EEHFEASUARKFFTEZNHE

IAA L A, B A DR | SR DA R R
A ladas BRI + 7 B RO S 2 A ] 2
A= 520 8] B 3h A8 W s 8], 38 mT LA 4% Fl 224
SRR B R ST BEUR OR I BRI e 2 A ] 3
e 5 2 2z 6] 1) 238 . Ak e s K
RSO 2 A il ST 2 ) Z0RE 0 B 32 2 1 3 i R
RN IR, i B S Rk 2
ENECH/T

ST S0 s A IR AR SR R, 3 TR PR
2 B J7 %, 4n 2 18 4R 2 % . PBL ( problem-based
learning ) #2% R0 H7 A M SRS L 2455, £
BRBEE TR A R U GORE, B0 4 iR 2
WAL, B oA R A B A2 4R R 3
S BURE, PBL 2= s 22 61 o3 A, DAEL AR g )
W | 27 ) 08 ; 2l o A (e Ak, RIS AR
WRESIME, 74, LS MA A H k2 —,
AT LASE by FE0R b 2 30 552 56 20 ) A 3 PR AT > P
YL R KA R G S TR R G4, S
ST LA AR R B A DAL, SERG AR



114 b E LB BE 22075 2018 4E 11 14528 %45 11 Chin J Comp Med, November 2018, Vol. 28. No. 11

B o 2 PR U, & AR S, 45 it ] i i
INYEERAE 1L R W B ERAE A 5 1, nsh B
W HE UM T S R A 25T 1 R IR AR IR | LA K
JEAEHETE 73 B I A AR EEOR  WUEE SR B 5 A2 70
NS SERL SR N AR . Sa Ah el i T i Eh
SR WP AR TR AT BERS R AT A S B W S8
15 FHON TSP SR PR ALY B A SExfEfR 25 , 12
A B SR B - RE
2.6 BIEEIENE, BIIREEZITMIEIRE R
WP AR A RIR A AR AN, AL B2 A5 47
AU B AE 7, 5 IR R 10 SR 4 At
BRSOV /N, 25 P AT ey AT BRI A S
ST ZH B« PRAR 20 B[] 81 200 A1 B 3 ] 4
I SERE S I LRI, s — B
oL AT B PR AR B VRN 1 AR A B R R T e BRAR
REHTAA B 5 RIEA AL

3 NG

TI S A R R A X T B 25 L)
AR AR AR SR A S A B AT 5 AR T BE A el
FERNURAR , 2 80 ARACHI T AR Y — T 2R 5 M8 %
R SR SR AR A B T ST Y AR A S
FEZRA AEARZ I LE A L 22 AT 5 1 At r b 3 R
HEMMEH], SC8 S ) E IR T ISR A A Rl
WA B S A A, 8 Bl o A S48 S 56 5 )
BRI EH S FIEE AL RE

A WU & = S T A | PR Ul T

AR EMRE S, i TR CRERAY
L PR B2 ) 4 5 T g AR RO N 3
2> RIVEH T P L fifp B 5 52 DR PN A K B A T 0F 5T B
AR AT ; LA IR AR BT, e BT S it fig e It
PEIRIRS ; 52 56 e i 2 R4, 3178 JT 30 B8 L il Dk )
A O e, Wi L LR, #OR AL R
PEARBT R 28 B, B ) A B AR B A 22 B A < L
— I B, R 2R AR A B AT N A
FigR.

SE Lk

[ 1] Bk, BOYEE. Stsshyss [M]. deat. s E R R
#, 2002.

[2] K, BRaRl, 2R, & RIREFIIRA LR 3 W
2 [J]. B, 2016, 31(11) ;65 —66.

[3] FUEESE, #/Mx, #ig, % BEXIRESRIY 53k
EAR T [T]. FERE2EE, 2016, 18(3): 209
-211.

[4] sSkEME BIUH. BE¥BRTR Y B0- O 5 8 5 IR
[J]. HHEEEEIE, 2017, 27(3) : 93 -95.

[5] T, Zeflibe ) Rk, . iRPOL S BRI FA% 5K 5 s A
PR A ()], BIRTLE WS EE, 2012, 16(3) : 40
—41.

[ 6] TWE, BREM. R BT AFSE A 55 35 0 5 in] G
[J]. ERHBETBEFRSR, 2016(2) : 36 —40.

[7] XUBE, moF, w5, & A9 SLkshy)se” R i 4g
B[], KBRS BE 24k ( HARRL ) , 2012, 31(3) .
145 - 146.

(Y7 HHA) 2018 -06 - 13



2018 4£ 11 A o LA R 2 e November, 2018
$28% H11H CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 28 No. 11
%%
.—Aﬁﬂkiﬂg

)

lg‘:\\

wmEE G ER W E A a5

A S 5G Sh ) AR A 5 A8 S ER 0 1 S

%'k AP

(1. RDORZFESY s s I 4300715 2. BT A& J L B 7 (g b O PR 70 430016)

(FHE]

P2 A R [ BT T Al i A A SR R R T B T S SRR R A R

S A A B R ) (EL 0 S ) S X S S W 5 S R B ANAT R I 2 A S S AR A 5 4
PSCERHR , AMUR R R A R PR SR A E 2R A% | 107 ELAT B T 15 3% B2 A B B RO 3R o, BG4t 1 f
B A AR AR S A O BN RV .3 AR B RSB R n RR S R R Z B Y

[k#iA]
[FES%ES]) R33 [ TEFRIRE] A
doi: 10.3969/j. issn. 1671 —7856. 2018. 11. 020

B2z s B ST SEEG S YR A1 S 1 B
[ XEHS)1671-7856(2018) 11-0115-04

Reflections on the practical teaching of animal welfare and ethics to

medical students

GAO Jianfeng' , TANG Hongbin' ,

YANG Sijun'

, ZHOU Li', GUO Ming', TENG Li**

(1. Center for Animal Experiment, Wuhan University, Wuhan 430071, China. 2. Department of Pathology, Wuhan
Medical Care Center for Women and Children, Wuhan 430016)

[ Abstract]

Medical students are the new force in China’ s medical and health undertakings and the backbone of

building a healthy China. Animal experiments are an important part of the medical education process, but the damage

caused to experimental animals during the teaching of animal experiments does not match the concepts of medical science.

Strengthening medical animal welfare and ethical practice education is not only an important way to cultivate good ethical

quality of medical students, but also facilitates training better scientific research quality of medical students, better

understanding and respect for life, and promoting medical research.
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The practice of experimental animal research projects for
comprehensive quality cultivation of college students under the
concept of outcome-based education

JU Jiyu', XU Yumei®, LIU Linlin® , DU Hongbin® , ZHAO Chunling®*
(1. Key Laboratory of Immunology in Universities of Shangdong Province, Weifang Medical University, Weifang
261053, China. 2. Department of Medical Ethics, Weifang Medical University, Weifang 261053. 3. Key Laboratory
of Biological Drug in Universities of Shangdong Province, Weifang Medical University, Weifang 261053 )

[ Abstract]  Higher education must cultivate a college student’ s innovative ability, practical ability, and
entrepreneurial spirit and generally enhance their humanistic quality and scientific literacy. Guided by outcome-based
education, we used scientific research projects related to experimental animals and formulated the expected learning output of
innovative training projects for college students. We highlighted ability training and strengthened the main status of the
students in the project implementation. The results showed that students had an improved self-learning ability, innovation,
and practical ability. Scientific research ideas and design of students were systematically enhanced. The concept of
experimental animal welfare was also strengthened. Students had quality development in the selection of standardized
experimental animals and standardization of experimental operation techniques. In addition, they had the correct
understanding and scientific application in theoretical knowledge and key techniques for experimental animals and animal
experiments.

[ Keywords] outcome-based education( OBE) ; experimental animal; innovative ability; animal welfare
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Exploration of offering an elective course of laboratory animal
science for undergraduate students in traditional
Chinese medical universities and colleges

LIU Jianwei, ZHANG Mingxing, PAN Jianming, WANG Hong"
(Tianjin University of Traditional Chinese Medicine, Tianjin 300193, China)

[ Abstract] Laboratory animal science mainly consists of experimental animals and animal experiments. It is an
indispensable part of medical science research. To meet the needs of cultivating innovative talent at the undergraduate stage
of higher education, the Ministry of Education has implemented the innovation and entrepreneurship training program for
national college students during the “12" Five-Year” period, and more undergraduate students are able to participate in
scientific research directly. Therefore, experimental zoology courses start at the undergraduate stage of Chinese medicine
colleges and universities to improve undergraduate students. The ability to perform scientific research is more important than
ever. The curriculum adopts a variety of teaching modes in class. It introduces the concept of experimental animals, the
anatomical and physiological characteristics of common experimental animals, animal experiment design, methods of animal
disease model establishment, and the principles of genetic engineering for animal model establishment. It strengthens the
process of evaluating student learning, optimizes the method of evaluation, and improves the ability of students. This
learning initiative lays the foundation for successful completion of scientific research by undergraduates.

[ Keywords] laboratory animal science; animal experiment; undergraduate teaching; animal anatomy; innovation of

college students
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