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[ Abstract ] Objective  To observe the effects of chronic heterotypic intermittent stress ( HIS) on the

gastrointestinal immune system, particularly in terms of (1) the morphology of the gastric and colonic mucosa, and (2)
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intestinal microbial diversity. Methods We randomly divided 24 SD rats into a control group and a model group. The rats
in the model group received HIS for 9 days. After the 9 days of modeling, five rats in the control and model group were
randomly selected, and fecal samples were collected for gut microbial diversity analysis. Four of the 12 rats from each of the
two groups were randomly selected for perfusion and fixation, and tissues from the gastric antrum and colon were taken for
morphological observation. Plasma and adrenal tissues were taken from the remaining eight rats for assessment of
corticosterone content. Results (1) After 9 days of HIS, the rats in the model group had gained significantly less weight
than those in the control group (P =0.001). Furthermore, the corticosterone content in adrenal tissue was significantly
lower in the model group vs. the control group (P=0.006), and the corticosterone content in plasma was higher in the
model group vs. the control group (P=0.025). (2) After HIS, the arrangement of gastric mucosal epithelial cells in the
model group was thinner than that in the control group (P=0.034). Additionally, the number of neutrophils in the lamina
propria of the gastric mucosa in the model group was lower than that in the control group (P =0.016). The number of
neutrophils in the colonic mucosa in the model group was higher than that in the control group (P=0.013). (3) After 9
days of HIS, Alpha diversity analysis showed that the number of operational taxonomic units in the fecal samples from the
model group was significantly higher than that in the control group (P=0.001). The proportion of desulfovibrionaceae and
helicobacteraceae in the model group was higher than that in the control group (P=0.011, P=0.047). Furthermore, the

proportion of bacteroidaceae in the model group was significantly lower than that in the control group (P =0.001).

Conclusions

Nine days of HIS induced a stable rat model of chronic stress in which chronic stress-induced

immunosuppression occurred concomitantly with dysregulation of the gut microbial flora.
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Figure 1 Effect of 9 days HIS on body weight in rats
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Figure 3 Effect of 9 days HIS on gastric mucosa in rats
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Figure 4 Effect of 9 days HIS on colonic mucosa in rats
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Figure 5 Effect of 9 Days HIS on gastrointestinal microbial diversity in rats
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gastrointestinal microbial diversity
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DIRE AR K RE S LR B WA M
FRB K 28 5 T4k 230 BN Ui 2 12 KRR 280
SRE AL A 1) 5 B ) BB R 05 1 385 | kS v
LRSI R0 gy 3 7 V3, 55 8 DR 240 B 8 2
BIAHSE DA AT K 40 i nT A AR Ay X5 0 I 3
SRBONT i 3 e Ty BE 52 W SEORS HE 1 BT L A, X7
] AR RAT S TEZ 5 0 TAEh 4k A7,

fEit W JUAE P 15 4 T sl B A% R A BOR
P 2 J Sk i M (g 0 K G 2z T 6 X80 v 38 1 3R
Gi) RIRIFFE I3 N | i 18 B R A A R 5 ) S g
AR T 20T, N O O e g i R
M g 3 A R A A R R 2 — Y FE AR 9
FATIEERN9 dA AT U ORI | 15 R 4 K L3S
EREA P HE YR R B 2 Hrp AL K
SRR AS 158 A% 9K B B ( Desulfovibrionaceae ) TR T
i #} ( Helicobacteraceae ) 4l B8 19 15 58 1F % BR4H
BH 30 24T B &) ( Bacteroidaceae ) 21 B 1Y 5 BH
BT, AP A4 RER R R A R S Bk
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AR EFRA R X ISR A S5 1 A ) A L
Hh [RVRE S/ 0 BE AR IR 94 20 T = B Ay 1 n 5 7
A L9 T SR B A e B A R R /) B
AR DLRY RIS, WLEE 3 i A7 1 T Bt 24 1
N IR N TN R SR (N 7 e (R
WIS WA A A R 5 L5 3 SUBEAF A R ZL A T
WD IE W 4L, JU R R 1 i AT 3
BRER AT TR OUSCAT B A LT I B o e 5 1R 2R
PONR AR N Sl VLR 2 VAT S L N 7B R
FETRIE SR, LR B O T W R R HE A AU A A
W TR, 5 8 SR A R Ot 75 QA SRR
PR A7 HE E Th ., ARBE T, TR AR AR AN A
A TE Beta ZHEVE AT B AP, OR K B 4K BRUER
—FIER — FE XA A 25 S 0 SR (R A 22 5, AT
WL ) IE 5 28 FIASE R 20 R FRUREAS o 1 b 3 2oy
Ao ERESE 1T — 2 BT, 2R EEAS
ARSEFEATIEE o 25 B IITIR 9 AN AT FU R R 33 T
AT il — > e B A8 P RO R BR3P A5
BY A X R AR | B A I BT &
F UL B ) 22 REPE R LSS AT 43 BT T 1
PRI ORI O 18 W T8 e 2 S8 MR W Rk i 1 52
W], Sy b PRI B i T8 2B A4 AT 5 4 116 T 2 A b
FMZS%

SE k.
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TRIM26 15 A\ F/N B B A B i) R 50
B mA HAR, HEE K

(LT BRI IERI B2 M 510515, 2.8 7 EER Rrscib s & s b )M 510515,
3AEMREE 2 B 2 R B e BEARL P AR 541199)

[{#ZE] B BHH TRIM26 ZE AFVNRA AL E T RBE AR, Fik  RBEAIFFR AR
PRELZUE2: PV-9000 25k (AEAEYE) , A BioGPS 45 % /0BT TRIM26 16 AR 41 H () ek K, RT-qPCR £
/N FEEH AR E T TRIM26 RikKF, £5R  THC BI45 R WoR , TRIM26 2 155 & 07 T 40 M 5 A4 g % ,
FIRZ T AR, TRIM26 & AAEAF/N RSB 4 B F e N - A 250 T Rz 40
B 5 A e A SR A /N b R AT N B/ NER AT L R T AR B R R A R E M — L, A 4h, TRIM26
O3 E AR AU/ N IR 2 B AR Rk e &, 4518 TRIM26 76 AR/ RS W 3Rk i B — 3L
P FR RIS A 225, TRIM26 76 AR/ FEHLIENE LRSI W5 K A FH TRIM26 2% 141 R 5 /0N BRU A
BT TRIM26 FEANFIHEAAS B DI REBEE T R4 HEA

[ X#iR] TRIM26; S H LUk RKikik
[FESZES] R-33 [CoRtRIREE] A [ XEHS]1671-7856(2020) 08-0010-06

TRIM?26 expression profile in multiple human and mouse tissues and organs

LIAN Mei'?, LIN Xiaolin', JIA Junshuang', XIAO Shengjun®, XIAO Dong'~>*
(1. School of Basic Medical Sciences, Southern Medical University, Guangzhou 510515, China.
2. Laboratory Animal Management Center, Southern Medical University, Guangzhou 510515.
3. Pathology Department of the Second Affiliated Hospital of Guilin Medical University, Guilin 541199)

[ Abstract]  Objective To examine the expression level and distribution of TRIM26 in multiple human and mouse
tissues and organs. Methods The immunohistochemistry (IHC) PV -9000 two-step method ( non-biotin) was used to
determine the expression and distribution of TRIM26. BioGPS was used to calculate TRIM26 expression levels in human
tissues and organs, whereas RT-qPCR was performed to determine its counterparts in mice. Results The IHC result
indicated that the TRIM26 protein is expressed in the cytoplasm and nucleus, mainly in epithelial cells. Its expression
distribution in human esophageal squamous cells, gastric epithelial cells, small intestinal epithelial cells, colon epithelial
cells, islet cells, brain glial cells, renal tubular epithelial cells, glomerular cells, and endometrial glandular epithelial cells
was consistent with that in the mouse equivalent cells. The highest relative expression of TRIM26 was observed in human
tracheal cells and mouse spleen. Conclusions Humans and mice show consistent expression distribution of TRIM26 in
multiple tissues and organs, but with different expression levels. Revealing the TRIM26 expression profile in human and
mouse main organs and tissues lays a foundation for further exploration of the functions of TRIM26 in different tissues and
organs by engineering conditional TRIM26-knockout mice.

[ Keywords] TRIM26; immunohistochemistry; expression profile
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TRIM ( — &5 #4382 11 , Tripartite motif) % £ FH
HA B BERSF Y RBCC Z5F38, B A2 B R B2 4,
AT REZH RN, BA S /15 E3
2 RERR TS, 0T 2 5L g N2 S R
A B B TR AR R K28
TRIM & 1 —~> RING £EFR 4549380 . — s 4> B-
box 45 ¥4 3 A1 — A~ 4 it 82 € 45 44 3 ( coiled-coil
CC), MBEFr R RBCC 45#935 % . #IHAT N ILE &
KIT 70 240 AJE TRIM EHA , EMENET 25
T Z A A i AR R R IR L R

TRIM26/ZNF173/RNF95 LA fii T 6 5 YL fo {4
1) 3= 2L UM 25 PE 5 & 1K (major histocompatibility
complex, MHC) X3 TRIM26 H—> RING %%
FEEEF IR . — 1> B-box 2 4k — >4 il e 45 4
Fl—~ PRY-SPRY 4544k * 20 il ; e o B4 45 44 35
454 DNA, 2= 5N FK B M, RING 450 8 2 A
E3 7 £ BTG TED | B-box 2 52 5HE H
12 ZALBHE VR, PRY-SPRY 45 K S8 %) 40 28 137 25 A5
PEAEER, TTUME S Z RES A RN, 12
A BN Z 5T R, TRIM26 B E3 17 K i
T TG PE A NP A R BT HIV - 1K
YOV R R R 143 S0 B S TR R % T A
HEEAEM, AN, E3 HEH M TRIM26 i@ iz R 1k
FRFEAZ IR TRF3 B[] 45 TFN-B 17 A 9T 25
BaPE R s TRIM26 JEHT RNA 55 285 50 KA [ Ry
A —A B H

AR TRIM26 5 A —E X FR,
Mule F1 TRIM26 4 S NEIL1 12 2 1k #< #5815 2
Y Hf DNA 5 05 S 1 T 75 22 Y, RNA T 48 U 3R
TRIM26 ik ] 345 A B PR U20S 4 f X 07 1)
FEPTEY , TRIM26 W37 ZAL Y NTH1 25
NG5 M g HCT116 20 i %o 480 Ak I 3% S5 e vk 1 1A
5, RNA THLUTER TRIM26 2% 35 7] 84 58 % 1o 8 4k &
(H,0,) FIr 80 HCT116 4 it 48 A6 R 38461 105 19 O 4 1
FAU AN, RT-qPCR 3 JRES F A 2% A8 25 BF
T4 R, TRIM26 78 Sl L Vb ik N
A5 IR, PR R B s AN 7R 78 R B R 10
ASFEE F TRIM26 137 T4 4 (7100 B 0F 58 IR F
52, B 4P TRIM26 3535 F i 5 8 0 9 1% %0
FER N YIA ) Bz HATXE TRIM26 78 g
KA R IR AR M 2 B iR Ry i
— LR E,

SRS TRIM26 7E A FI/NR E 2 LU LY

FEIKAE A SO i 0 A AL F BOR KT TRIM26
FEIEE NERVNRA L B Rk, Tz
FEARRIHL F KRB E NI, 5456 BioGPS 4L
JEEF RT-qPCR XF TRIM26 7E 4141 | i 2 35 7K F
b s VT B U =S TR VA | B8 oW N G e s o Vi
B N ZE AR/ R B2 LRk g
PR FFH TRIM26 45 14 Pk m 5 /)y B A TRIM26 7E
AR LSS B 1 B A S H T g 455 s & Ak R e
PRIV FH B A - R L 25 A

1 #RF7E

1.1 EIedfpd
L1.1 SEmEh¥

SPF 2 C57BL/6 /MR, METE 5 H,30~35 H %,
KT 15~17 g, W3K T 1 7 BERF R 245050 sh s
[ SCXK (#)2016-0041] , 1 3= 16 G )5 BE R 245056
Y ot SPFSE 5 3 [ SYXK (%) 2016 -
0167], S50 7 2838 1ot j 7 BEFF K 2% 5255 3 ) 18 34
HA ZE 12 H I (12017068 , £54 3R J5
1.1.2 SR

TEH N R AR A REAR S 22 Be 55 — [ s
= B BERE, B TR U B A8 AR 5% E F 4141
(PRASRIR AR R 2% e 5 — B i D= B AR R 25 01 43
HEMEIF R E S F A R AT o (1o ), 8 (7
i) i (6 B, A5 SRR BRI (45 5 B B
T E N (45 4 1)), R | K R AL i (4% 3
) B FNOREL (2% 2 6] o A ZHEUE e B A A
R
1.2 FERAFSNZE

ToK M P2 A5 5 I (R RO
fb2g 3R ) ) ) 5 TRIM26 $it 4K (ab188017 ) ( 55 [H
Abcam /A ] ) ; PBS 2% #hR M K A7 A5 R 3h 18 5 W
(pH6. 0) FHH FF 1 ( TAEWR) | e = 20315
& (PR A A P e RELT R PR LU SR B e 1eG 2R
A1) DAB @50 & (20X) AR R B i (b
wHE & W EYHE RA R A A ); TRz,
PrimeScript™ RT Reagent Kit SYBR Premix Ex Taq"™
(TaKaRa A W), %% 5E 7t PCR Y ( LightCycler®
96, %+ Roche 23 H]) .
1.3 XWHIE
1.3.1 FrAAbFE

4% 22 58 W I I V0 61 A AL 4 24, A e
KA VTR (4 pm) IR 22 MR 25 H 418
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AT AR ) .
1.3.2 A 414k 2% (immunohistochemistry , IHC )
Y,

PEFE PV-9000 — 05 (EAEMR) - AT A
s KA BURBE S I —Pi0T 4°C K ; i
FRILEP IR 1gG BAY) 37°CHFE 30 min, DAB {7
(AR E R B0, IR RE Y Bl b LB
5 RORIBOK e T A B B ) AR G B AR T
R, BIMEXT B PBS B —HL,

1.3.3 2 w45 R HE

TR E e, BRSO AN, A G A
B A5 SR H AL AR AR S 2 B 5 R s B i
FRAFBE A= b s7 A2 TRIM26 Jir 283K 19 40 235 457 312
a5 ARYEPH AR 5 38 AR 43 0~ 3 43, 43 iR 3R
TRIM26 7EZHZ FORFRIK 55 FHPE RIS a5 fHPE R
KGR PHE A, G 45 R, o iz S AR
I E R FRIBRE . BIMX AN (O ARk,
1.3.4  BioGPS ¥l )% 43 Hr

FIH BioGPS %UHE JE 1 1Y Gene Atlas U133 A,
gcrma (http : //biogps. org/ ) B ¥ 4E , 43 H1 TRIM26 7E
N EZA L8 E A mRNA 8K, IF H
GraphPad Prism 5 it IE K]

1.3.5 /NEZHZ RNA $EEUAISE B 28O & 8 PCR
J IV ( quantitative real time polymerase chain reaction ,
RT-qPCR)

WOBUINER T AR B F U] 42 A RNA
R SR, ABRAS B cDNA AR, #1154
#17 RT-qPCR A&l #£+# GAPDH [ AE N NS
HE R TRIM26 [ 235 5 BERRTE /N R AL 24U ik
BRI LN 1, b A 288 B A X R s 2
TER,

/N B GAPDH I i 51 % J¥ %, 5'-
AGGTCGGTGTGAACGGATTTG-3", F#E5| ¥ ¢ 41 .
5'-GGGGTCGTTGATGGCAACA-3"; /Nl TRIM26 I
W51 F 41 . 5'-TCGGCCAGTGGATACCTACAT-3', F
W5 1941 .5 -TGGCTCACAGTCAAACTGCTG-3',

2 HR
2.1 ANKFEEHAZFZESF TRIM26 HIFRIXIE
KRR ML) THC Ge o 85 B AT PE 4y, Yt

OEREE O R R IR, ANF O AL, THC 451
SR, TRIM26 25 H = 2@ T4 i, 203

I SUEN T AR, [A]— 2 200 3638 E LA 2451
A —8 (B 1), FEEEERR MK 1A) |
B b R 4 (& 1B) /N Ak B 8 K 40 e
(F1C.1D) HF4np (1 1E) JHEE 4 (& 1F) ik
MU A (E 16) (RS M LR E L BAE
SN NG SIS DIN RN A SN S e
JLC P 1) Bl 52 P R A AR (TR 1) /NS R 3k
PERE I K2 A0 M S /N R 4 B (1K) | B 5[] 5T 2
ML) 7R IR b R A (B IM) | IR R
JE L A (B IN) FLER/N R i (B 10)
AR B2 4 (& 1P) o TRIM26 47 ik, (H7E
Ph i s 4irp ZUAR /N b R AR RN 5 240 B v
TRIM26 FiRHE .

2.2 TRIM26 EAGFEHLRE PHMEXFRIE
7K

A BioGPS #4552 H1 (1) Gene Atlas U133A,
germa BUIEAE | DABCE 72 TRIM26 28 34 2 e {1 A B9
HALUR 1, A28 B R H A Rk mER,
TRIM26 £ A EZEH LIS E LAY mRNA Fiha U
Kl 2, TRIM26 7EE HEATHUIR IR B 1 3RI8 7K P-4
e, - FLIZHE R e 5 4 A 1 i) 3Rk 1 vy T AR B
PR A,

2.3 IHCHBRMREEMHLFZEF TRIM26 %
K&

XE/NRAZUY THC Ye g R T, Yoo 2
AR IRE IR, N E AN A RIS, THC 45 R 301
Y7, TRIM26 7 /)N B2 A i) 248 e S5 5 4 it A% v 1
AL (K 3), TRIM26 Fik TR E BRI T 57 40
K@M (B 3A) VB LA 4 (B 3B) /g Al
Sl E R AnA (P 3C 3D | i B AR K Ak o3 W iR
(B 3E) itz ot BB i i ([ 3F) A/ <
b B A R i R A (T 3G) VBN B A
JLFT /e A L (1 3H ) LA K5 A AR b 200 i
(31,

2.4 RT-qPCR #87~ TRIM26 7E/MN R EEH LA
B R IEKE

RT-qPCR ¥l T TRIM26 7E/N R ZH 4L b A 2 ik
O ARNE 4 R, EEETE /N A U Rk i
TRALOER 1, e H A8 H AR R A AR
ZEHL R TRIM26 £ /)N U L Jili T i 2 2 1 1
Feak AN
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Bl 1 TRIM26 7E AR EZHLURE P RYRIA
Note. A, Esophagus. B, Stomach. C, Small Intestine. D, Colon. E, Liver. F, Pancreas. G, Brain. H, Trachea. I, Lung. J, Spleen.
K, Kidney. L, Ovary. M, Endometrium. N, Thyroid. O, Breast. P, Skin.

Figure 1 Expression of TRIM26 in human tissues and organs
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Figure 2 The relative expression of TRIM26 in human

tissues and organs

3 itig

AWFE i i THC Al RT-qPCR B T TRIM26
FEPITE AR /N B B S8R B P 0 23k 2 o7 S A
Pk, WFSE R B, TRIM26 78 20 M 4% 5 40 il J5
TIH RIS, B2 KA T LA, H 3k @ 78
NHUNE EZA L8 E h B B — 3ok TR
IRIATREEBRR E R, B /NS ey bR g
U, 5% 200 L, i P 2 G R G 240 R PN OB
AR,

FEHE SC Bk 4R 18, TRIM & (1 2 5 94 425 b g 14
RAERED X H5EAEAE T ERRS EME
YA e, 1E 45 5 W% b, Williams s (18] 6 g
TRIM26 i 72 AL P87 NTH1 S2 80 A 245 H % 9
HCT116 4 X5 40 Ak I 38 S50k 1 A o 458 5 A i 5%
UESE, TRIM26 7E A /N BB 45 1 b Bz 4t b
Fik AT — 20 38 Ak L A& /N BRI 5T % 2 R AR
45 B m OE R P R 5 5 38, Wang %17 & B
TRIM26 7E i I R 41 2145 A< Hh (1) 32 35 7K F- 2 B
R, oAz B R 3R 0K B 2k 5 I 40 98 0 o PR R
FE YIRS s ARBFFE R, TRIM26 35 T T 20 Jifd e
Frp, DA B 45 B4R 78 TRIM26 7] g & 5 30 9 5L P
B TIIRE , B A1 1% 32 DX 76 T 40 M b %) 32 38 7K F, w]
PR H SR Gk Bk 5 i & AR Y AE e
TYAI X B 2R R SR A 43 A i R 4
Jii st Sk AT ER TRIM26 35, 3IFSE TRIM26 1F [
PR T IR A ML Y 3, O AR R TS £ B A
X AHFGE KPR, TRIM26 75 A F /)N BB i e 3t 240
M AR R R X H 7 TRIM26 75 I 5t 2 i
Hh R KT AR AL T BB 5 | kS 41 A D BE A AR, fh
AT UL B TRIM26 1Y 3R3K 28 17 5 R KK FZEMF A
Jiogeg 8 A R R ot R rh B EE KR S, AR, E I
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Figure 3 The expression of TRIM26 in different tissues and organs of mice
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Figure 4 The relative expression of TRIM26 in
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Apoptosis of nasopharyngeal carcinoma radioresistant cell line CNE-2R
induced by P21 inhibitor UC2288
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(1. Guangxi Medical University Cancer Hospital, Nanning 530021, China. 2. Key Laboratory of Early Prevention and
Treatment for Regional High Frequency Tumor ( Guangxi) , Ministry of Education, Nanning 530021.
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[ Abstract ] Objective  To assess the effects of P21 inhibitor UC2288 on proliferation and apoptosis of
nasopharyngeal carcinoma radioresistant cell line CNE-2R and the possible mechanisms. Methods The effect of UC2288
on cell viability was examined by a CCK-8 assay. The colony formation ability was investigated by a colony formation assay.

Changes of cell morphology were observed by microscopy and Hoechst 33342 staining. An annexin V-APC/7-AAD assay
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was used to measure apoptosis. The protein levels of Bax, Cleaved-caspase 3, Caspase 3, Bel-2, Survivin, y-H2AX, P21,

and PARP were measured by Western blot. Results

The CCK-8 assay showed that UC2288 significantly reduced the

viability and proliferation of CNE-2R cells in dose- and time-dependent manners. UC2288 also inhibited the colony

formation of CNE-2R cells. Cells became round and atrophic, the nucleus shrunk, and the cell volume became smaller after

treatment with UC2288. Annexin V-APC/7-AAD assays demonstrated that UC2288 induced apoptosis of CNE-2R cells in a

dose-dependent manner. After treatment with UC2288, the expression levels of Bax, Cleaved-caspase 3, Caspase 3, and -

H2AX increased accompanied by decreases of Bcl-2, Survivin, P21, and PARP. Conclusions

UC2288 significantly

inhibits the proliferation of CNE-2R cells, causes DNA damage, and induces apoptosis through possibly reducing the

expression of PARP.
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Figure 1 The effects of UC2288 on cell viability of CNE-2R
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Figure 2 The Effects of UC2288 on clone formation ability of CNE-2R
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Figure 3 The effects of UC2288 on cell morphology of CNE-2R
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Figure 4 The effects of UC2288 on cell apoptosis of CNE-2R
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Figure 5 The effects of UC2288 on expression of apoptosis-related proteins in CNE-2R
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Figure 6 The effects of UC2288 on expression of PARP in CNE-2R
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Gender differences in cardiac remodeling induced by chronic
sympathetic activation

LI Wenqi', FENG Lei**
(1. School of Pharmaceutical Sciences, Jiangnan University, Wuxi 214122, China.

2. Wuxi School of Medicine, Jiangnan University, Wuxi 214122)

[ Abstract ] Objective To investigate whether there are gender differences in cardiac remodeling induced by
chronic sympathetic activation. Methods Mice were randomly divided into four groups: male control, male isoprenaline
(1S0) , female control, and female ISO groups. A cardiac remodeling model was established by subcutaneous injection of
ISO for 14 days. The ratio of heart weight to body weight (HW/BW) and the ratio of heart weight to tibia length (HW/TL)
were used to assess cardiac remodeling; Cardiac function was assessed using echocardiography to determine diastolic left
ventricular posterior wall thickness (LVPW;d). Hematoxylin and eosin staining was used to determine myocyte cross-

sectional area. Picric-sirius red staining was used to evaluate cardiac fibrosis. Results Compared with the control group,
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the HW/BW and HW/TL ratios were increased by 9. 1% (P<0.05) and 42.8% (P<0.001), respectively, in the male
ISO group and by 12.9% and 9. 5% (all P<0.05), respectively, in the female ISO group. The increase was significantly

greater in the male ISO group (19.8%, P<0.01) than in the female ISO group. Compared with the control group, the

myocyte cross-sectional area in the male ISO group increased by 19. 1% (P<0.0001) , while that in the female ISO group

increased by 6.9% (P<0.05). The increase was significantly greater in the male I1SO group (P<11.6%) than in the

female ISO group. There was no significant difference in cardiac function among groups. Compared with the control group,
the cardiac fibrosis area of the male ISO group increased by 158% (P<0.0001) and by 39.7% (P<0.05) in the female
ISO group. Compared with the female ISO group, the fibrosis area of the male ISO group increased by 119% ( P<0.0001).

Conclusions

There are gender differences in cardiac remodeling induced by chronic sympathetic activation. Greater

cardiac hypertrophy and cardiac fibrosis occur in male mice compared with female mice.
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Note. a, General view of mice heart. b, Quantitative analysis of the ratio of heart weight to length body weight (HW/BW ratio) (n=7). c,

Quantitative analysis of the ratio of heart weight to length tibia (HW/TL ratio) (n=7).HW/BW ratio, Compared with relevant control

group, * P<0.05. HW/TL ratio, Compared with male control group, ** P<0.001. Compared with female control group, *P<0.05.

Compared with female 1SO group, **P<0.001.

Figure 1 Effects of gender on the HW/BW ratio and HW/TL ratio



26 Hh ] He A I 2 2 2020 4F 8 F1 46 30 %% 8 ] Chin J Comp Med, August 2020, Vol. 30,No. 8

a B Male mice MW Female mice
g S 2 mm Lmm
of AR RAEE LREA okl RAER LRKE
CON 150 CON IS0
b MR Male mice BER Female mice
100 pm . . 100 pm d 100 um- p ] 100 jim
bugickil SR FREE b gk : SR LR
COM 180 CON IS0
NS
[ ; NS d NS
= = ool Liiid E 1.0 L L) ®
T = 0 . =con E ) " £1CON
! £ -~ == 150 % 0.8+ - 50
‘g -l E; 0.6
g E g2
2 # 7 044
2 g 100 a
Ec = 0.2
5 5
"% o0- 3 oo-
© 1] BR BR (1]
Male mice  Female mice Male mice Female mice

TE a: /DU E HE e @R b O WU R AR B 5 o o O U MBS R I AR GE T 18] 5 d . LVPW s d GEdt Pl o0 LR B Al T A . 5
HEXTERALALE, **** P<0.0001 ; Sl BRALAH L, © P<0.05; SHEMESS 2541 1L, ¥ P<0.01, 7.0 % AT SR A % BEJRLBE : 5 Mk %) B2 A0
L, ™ P<0.001; 5 #fEdE X BRZLAR LL, * P<0.05,
B2 PRI KA (n=7)

Note. a, Representative HE staining micrographs displaying heart. b, Representative HE staining micrographs displaying cardiomyocyte cross-
sectional area. ¢, Quantitative analysis of cardiomyocyte cross-sectional area (n=7). d, Quantitative analysis of diastolic left ventricular posterior
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Figure 2 Effects of gender on the cardiac hypertrophy
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Figure 3 Effects of gender on cardiac fibrosis
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Note. a, Representative parasternal short axis view echocardiographic M-mode images after ISO-treatment for 14 days. b, Quantitative analysis of ejection

fraction (EF) after 1SO-treatment for 7 days (n=7). ¢, Quantitative analysis of fraction shortening (FS) after ISO-treatment for 7 days .

Figure 4 Effects of gender on cardiac function
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[ Abstract]  Objective To examine the effect of modified ectopic pregnancy formula II on levels of apoptosis-
related proteins Caspase-7, Caspase-9, and Caspase-3 in the endoplasmic reticulum stress Caspase-12 signaling pathway in
human trophoblasts, as well as associated changes in cell ultrastructure, to explore its treatment mechanism for ectopic
pregnancy. Methods SD rats were divided into a negative control group ( group B), low—, medium—, and high-dose
Chinese medicine groups (groups C, D, E), a methotrexate group (group F), and a combined Chinese and Western
medicine group ( group G). After receiving the corresponding drug treatment, we collected blood to prepare a drug-
containing serum. The drug-containing serum from each group was applied to HTR-8/SVneo for 24 h, and cells not treated
with drug-containing serum were set as a blank control group (group A). The expression levels of apoptotic genes Caspase-
7, Caspase-9, Caspase-3 protein and mRNA in HTR-8/SVneo cells were detected via Western blot and real-time
quantitative PCR. Transmission electron microscopy was used to observe changes in cell ultrastructure. Results (1) There
was no difference between group A and group B in terms of Caspase-7, Caspase-9, or Caspase-3 protein levels and relative
mRNA expression (P> 0.05). Compared with group B, expression levels of Caspase-7 mRNA, Caspase-9 protein, and
Caspase-3 protein and mRNA were significantly up-regulated in group C (P < 0.05), but we found no differences in
Caspase-7 protein or Caspase-9 mRNA expression (P> 0.05). In terms of Caspase-7, Caspase-9, and Caspase-3 protein
and mRNA expression, expression was significantly increased in groups D, E, F, and G compared with group B (P <
0.05), and expression in Group E was significantly up-regulated compared with group D (P < 0.05). Group E was
compared with group F, expression levels of Caspase-7, Caspase-9 protein and mRNA, and Caspase-3 protein were
significantly up-regulated (P < 0.05). Group E was compared with group G, expression of Caspase-9 protein and mRNA
and Caspase-3 protein was significantly increased (P <0.05). There was no difference between group F and group G (P>
0.05). (2) Transmission electron microscopy indicated that the cell chromatin in group A and group B was evenly
distributed in the nuclear membrane, and the endoplasmic reticulum, mitochondria, and Golgi apparatus were clearly
visible. Compared with group B, the cell microvilli in groups C, D, E, F, and G were reduced, chromatin was condensed,
heterochromatin was marginalized, some mitochondria were swollen, disordered, broken, or even absent, and
mitochondrial vacuolation were typical apoptotic characteristics. Conclusions Modified ectopic pregnancy formula II may
activate the Caspase-12 signaling pathway of endoplasmic reticulum stress, destroy the morphological structure of
trophoblasts, up-regulate the expression of Caspase-7, Caspase-9, and Caspase-3 apoptosis-related genes, and promote
trophoblast apoptosis.

[ Keywords] modified ectopic pregnancy formula I1; endoplasmic reticulum stress; HTR-8/SVneo cells; Caspase-7;

Caspase-9; Caspase-3
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1.2 FELHSUEE

IRESNME 507 (FF2 /A48 15 g, Bk
R FEAR 9 o MR 4 o, MR 6 g, TR 10 g, K
25 o T HNAE R R, # 8 3 g/mL 1Y 25K
P ) 5 TS FH R R () 2R 0 v ) 245 BR 2 W) A=
7 [ 25 E H20054692) 3 16 2F 103 ( 35 Gibeo) ;
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GraphPad Prism 5. 0 3K {44748 1122530 %K
PRV R BhR i ZE (& s ) Fon TR ORI L
BRI E T 2290 H (one-way ANOVA) | DA P<
0.05 NZERAGITE L

2 #R

2.1 HTR-8/SVneo #H i Caspase-7, Caspase-9,
Caspase-3 EHEXRIZE

AHE BAHBETLES(P>0.05), 5 B4k
3 ,C 2 Caspase-7 FHH L2 5 (P>0.05) ,D . E . F.G
Ak FIF(P<0.05) ;5 C 415 E F .G Ak
HAkE ER(P<0.05) ;5 D AL E .G A1EH
Tk BIH(P<0.05) ;5 F 4 HH,E I RIE

x1 519F5

Table 1 Primer sequence

. Bk
R SIHFSI(5'-3") SRR
. Fragment
Name Primer sequence(5'-3")
length

F: 5'-TCAAGAAGGTGGTGAAGCAGG-3’
GAPDH R: 5-TCAAAGGTGGAGGAGTGGGT-3' 115 bp

F: 5'-TCTTCGCCTATTCCACGGTT-3’

Caspase-T g S/ GGCAACTCTGTCATTCACCE —3' 152 bp

Caspase- 2 5/~ CTTCGTTTCTGCGAACTAACAGG =3
R: 5'- GCACCACTGGGGTAAGGTTT -3

Caspases 2 5/~ AGAGGGGATCGTTCTAGAAGTC =3

R: 5'- ACAGTCCAGTTCTGTACCACG -3’
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HE(P<0.05);G 45 EF A TS (P>
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0.05), 5 BAIE,C.D.E.F.G 4 Caspase-3 I
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HEHRIAE FM(P<0.05); 5 F .G ALK, E HE
HFAE FIH(P<0.05);FAHS G AL L E R
(P>0.05),(WE1.%£2),
2.2 HTR-8/SVneo 4 il Caspase-7, Caspase-9,
Caspase-3 mRNA X RiXE

A BANRKITZER(P>0.05), 5 B4
¥ ,C.D.E.F .G % Caspase-7 mRNA £k Fi# (P
<0.05) ;5 C.D 4 H,E .G 4 mRNA k& FiH
(P<0.05) ;5 F 4 ,E 41 mRNA Fik& FJH(P
<0.05) ,C HILEZEF(P>0.05);E A5 G HHE T
2% (P>0.05), 5 B A, C 4 Caspase-9
mRNA AT 2EHF(P>0.05),D . E.F.GC HELH
L (P<0.05) ;5 C HIILHE,E F.G 4 mRNA £k
B F(P<0.05) ;5 D.F.G 4%, E 41 mRNA %
kR LR (P<0.05);F4HY5 G AL LR (P>
0.05), 5 B4, C.D.E . F,G 4 Caspase-3
mRNA £k Fif(P<0.05) ;5 C A, E G4

mRNA FikH FH(P<0.05); 5 D 41L& ,E . F.G
20 mRNA ik F(P<0.05);E.F.G H=4%It
BIESF(P>0.05), (% 3),
2.3 FEHTHEEVE HTR-8/SVneo 4 i i 7 4544
A B 4140 i A B8 58 8K, 3R A TR B DL I
IRZ IR S AZA™, Y 5 i e 45, T #5A T A% B, 240 M
N ES TR NN DT I =1 S N Vi T BTN TR N B
TR JEA R ;C D E F .G A ER L, Hrp
C.D 4 5 Je 8 BTV B B 4R | 3R oy b ik i ik
ZEHLEWT S E F G LA A HIN , G £ 5 [ 47
TR S e £ ST 3 22 | 0L D9 A s e T 4k
bR % NI 78 VB2 1 €T N s RN SR SRS o A N
Ak E G ADMERS A G 2, (WK 2) .
A Rl | (b7 E# F# Gl

Cirowp A Group B Group © Group I Group B Groap F Geoup G

Cospase-T

GAPDH
Caspase-9
Cinspise-3

GAPDH

Bl 1 HTR-8/SVneo %R (1A B
Figure 1 Protein expression of HTR-8/SVneo cells

F 2 HTR-8/SVneo il Caspase-7,Caspase-9,Caspase-3 FiFIRIEH( ¥ =5, n=3)
Table 2 Protein expression of Caspase-7,Caspase-9 and Caspase-3 in HTR-8/SVneo cells

215 Groups Caspase-7 Caspase-9 Caspase-3
A?H  Group A 0. 037+0. 005 0. 0700. 005 0. 0530. 008
B4l Group B 0. 03620. 006 0. 073+0. 009 0.057+0. 011
C#H  Group C 0.081+0.015 0.121+0.018 0. 14120. 006 *
D%l Group D 0. 129+0. 032" 0.187+0.019* 4 0. 10420. 009 *
E#4 Grouwp E 0.264+0.016*A® 0.269+0. 027 *4® 0.272+0.014*A®
F# Group F 0. 182+0. 024 * AU 0.212+0.010 * A0 0.173£0. 005" A®H
G# Group G 0.231+0.010*4® 0.216+0. 004 * AY 0.202+0.012*4®0

.5 A B AR, * P<0.05; 5 C4lHER, 4 P<0.05; 5 D 41 H#2, ® P<0.05; 5 E 41 %8, P P<0. 05,
Note. Compared with group A and B, * P<0.05. Compared with group C, 4 P<0.05. Compared with group D, ®P<0.05. Compared with group E,

0 p<0.05.
% 3 HTR-8/SVneo Zi}ifd Caspase-7,Caspase-9 Caspase-3 mRNA £k (x 5, n=3)
Table 3 Expression of Caspase-7, Caspase-9 and Caspase-3 mRNA in HTR-8/SVneo cells
215 Groups Caspase-7 Caspase-9 Caspase-3
A2l Group A 1. 030+0. 088 1. 004+0. 054 0. 940+0. 071
B#l Group B 1. 089+0. 057 1.019+0. 063 1. 025+0. 143
C#l  Group C 1.507+0. 193 * 1.380+0. 123 1. 895+0. 149"
D#l Group D 1.583+0. 063 " 1.655+0. 122 1. 805+0.218 "
E#4 Group E 2.312+0.159*4® 2.444+0.176* 4® 3.060+0.340* 4 ®
F#  Group F 1.701x0. 078 * 1 1.950+0. 185 * 40 2.483+0.351* ¢
G4 Group G 1.988+0.179*4® 1.905+0.219 * 45 2.964+0.084*4®

5 A B4IHEL, © P<0.05;5 C 41HAR, A P<0.05;5 D 414K, ® P<0.05; 5 E 4142, D P<0. 05,
Note. Compared with group A and B, * P<0.05. Compared with group C, 4 P<0.05. Compared with group D, ®P<0.05. Compared with group E,

HP<0.05.



o H AR A 2R A 2020 4E 8 A5 30 455 8 ] Chin J Comp Med, August 2020, Vol. 30, No. 8 33

TE  LLEFTRAR R R, 3 GRT L8R AR
2 HTR-8/SVneo i 5% L B WL 4%
Note. Red arrow indicates mitochondria. Blue arrow indicates autophagy.

Figure 2 TEM observation of HTR-8/SVneo cells
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Preparation of paraffin-embedded sections of zebrafish larva

HE Jialing, BAO Guo, WANG Tianqi, ZHANG Changyong, LI Nan, SUN Deming "
( Experimental Animal Center of National Research Institute for Family Planning, Beijing 100081, China)

[ Abstract]  Objective To develop a method of paraffin-embedded section preparation of whole zebrafish larva.
Methods At 4 days post-fertilization, zebrafish larvae were used to explore the effect of two kinds of fixative solution and
dehydration reagent on paraffin-embedded sections. Results  Overnight 4% PFA fixation was not suitable for brain or
muscle tissues of zebrafish larva. The tissue was severely brittle, but it had little effect on the intestines. Bouin’ s fixative
solution was suitable for fixation of zebrafish larva, and subsequent use of tert-butanol or ethanol showed little difference.
The dehydration by tert-butanol was slightly better than that of ethanol. For Bouin’ s solution-fixed zebrafish larva, brain
tissue dehydrated for 1 minute and muscle tissue dehydrated for 4 minutes can obtain a standard paraffin section which has
no folds, no cracks and clearly dyed. Conclusions Under optimized conditions, the prepared sections met the standard for
paraffin-embedded sections: a complete, uniform thickness, no folds, no knife marks or cracks, a clearly dyed nucleus,
moderately red and blue, transparent, and clean. This method can be used as a reference for researchers who need to
prepare paraffin-embedded sections of zebrafish larva.

[ Keywords] zebrafish larva; paraffin-embedded section; fixative solution; dehydration reagent
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Table 1 Experimental group of 4dpf zebrafish larva for paraffin section

205 [ 5 W JBE K5 i W15
Groups Fixative solution Dehydrating agent Transparent agent
20 1 Group 1 4% % RKHEE 4% PFA AT B Tertiary butanol /
H 1 Group II 4% Z B H S 4% PFA 2, Ethanol T Xylene
Al Group I W B Bouin s solution T Tertiary butanol /
IV Group IV W B Bouin” s solution T Ethanol T HZE Xylene
&2 KR
Table 2 Process of dehydration
#H 1 B8] ( min) A1 A 1] ( min ) 1N Hsf 18] ( min ) #HIV s} [
Group | Time Group I Time Group Ill Time Group IV Time( min)
30% AT B | 4 30% L | 70% K0T B | A 70% LT | 4
30% Tertiary butanol 30% Ethanol 70% Tertiary butanol 70% Ethanol
40% BT I | 4 40% LI | 80% AT | 4 80% LB | 4
40% Tertiary butanol 40% Ethanol 80% Tertiary butanol 80% Ethanol
50% AT W | 4 50% £ | 90% KU T Tt | A 90% L | 4
50% Tertiary butanol 50% Ethanol 90% Tertiary butanol 90% Ethanol
60%A T B | 4 60% LI | 95% fUT B | 4 95% £ | 4
60% Tertiary butanol 60% Ethanol 95% Tertiary butanol 95% Ethanol
T0% KT B | 4 70% 21 | 100% A T | 4 || 100% B | 4
70% Tertiary butanol 70% Ethanol 100% Tertiary butanol 100% Ethanol
80%4L T Bz | 4 80% LB | 100% A3 T B | 4 100% £, B 4
80% Tertiary butanol 80% Ethanol 100% Tertiary butanol 100% Ethanol
90% KU T B | 4 90% £ B 1
90% Tertiary butanol 90% Ethanol
95%HU T B | 4 95% .- |
95% Tertiary butanol 95% Ethanol
10095 T B | 4 100% . 1
100% Tertiary butanol 100% Ethanol
1009640 T W | 4 100% £ |
100% Tertiary butanol 100% Ethanol
x3 BEUHE
Table 3 Process of transparency
ZH 11 AsfA] ( min) HIV A [A] ( min )
Group I Time Group IV Time
LE-—HZX(1:1) Ethanol-Xylene(1:1) 2.5 LME-—"HZR(1:1) Ethanol-Xylene(1:1) 2.5
T Xylene 1 T Xylene 1
T Xylene 1 T Xylene 1

2 HR

2.1 EEFXYA BRI

S5 B Ey Bl A0 A S0 [ SR N 3R 22 1)
H—[EE R 4% PFA FISE A [E % 7] Bouin” s 435
BB gl 4% 2R PR 24, J5 2200
ARG 25 i ZH 2 (Bl 1a 1b le  1f) #8 3L
T S AR G AL B LA A A S B [ R
AN, 18] Bt S 1S o (&l 2a,2b 2, 2f) , T4
Bouin’ s Y [H %2 () 4 f, BB A b AR R A 2L RO
AT T WA WA S0 W i 2 24 i I 4 (&
1C. 1D 1G 1H) , (X} Fh a4 E , aipiE

SN 37 [ R R /N B 4% PRA [ %2 5 £ P
JERK 1 min B4 (1 2b) ISR, Hidx PFA [E5E 4
11 T T B2 A UL PR L UM S B S
ZERTEILE 1,

UEAh 78 18 22 2o R Hp VR R kS HLAA H B
BT R 50 1 ek A | it AT 2 SR At I, R
PRUEAFT [ 5 1 3 A v, o A R AN 1
PRY) KPR, R S Al 25 i 177 52 e S5 2210 e f
ML,

2.2 BRI R MR

T FH H FIL A0 I 2K 7R 2 1 A K BE 71 8 55 Y

BUT B4 SIHEAT K o Sk By 1k v e B G 7K 50



38 Hh ] L I 2 2 2020 4F 8 F1 46 30 %% 8 ] Chin J Comp Med, August 2020, Vol. 30,No. 8

JK IR 1) 5 B BUME AL, 1583 B K R ] 3 i)
P47 1 min f1 4 min B WK, CBE)E FIEA
WV R K E e W R AT ] RUT B
e R, T AT E W, B OK R AT
=4

XFTRGZHEY, 28 PFA [E € (9 4 fa, Joie HIARUT

Pl WA R K TR, B 24 0 b e 7™ i, AT R
K 1a, le) MG 24F8 B A B oK (1 1h | 1f) 7
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FIZUE  JErf BT B 1 min B0 BE /K B8R e 25 | 24
SCIEH ™ E (K 1a) . 1E Bouin’ s W E (0 rf | X
TR SRR B, JC 6 AT W ol e 2 B B

JB AR I 1] Dehydration time

TE /NG FEARIC Y B SR AR R RS SRR G R AR TR R I . A a:4% PFA [E5E , SUT BEBEK 1 min;
E.e:4% PFA B, BT BEBLK 4 min; B b:4% PFA B, ZBEMLK 1 min; F f:4% PFA [, ZBEHK
4 min;C.c:Bouin’ s M E , AT BEBL/K 1 min; G g: Bouin’ s ¥ E E , BT BB 7K 4 min; D . d: Bouin’ s ¥ &
&, ZEE K 1 ming H . h:Bouin’ s W E & , ZBEMEK 4 min,

1 4 d BEE gl o AN SEa0 43 20 1 AR AR U0 &R

Note. The pictures marked with lower case letters are partial enlarged views of the pictures marked with

corresponding upper case letters. A/a, 4% PFA fixation, tert-butanol dehydration for 1 min. E/e, 4% PFA
fixation, t-butanol dehydration for 4 min. B/b, 4% PFA fixation, ethanol dehydration for 1 min. F/f, 4% PFA

Fixation, ethanol dehydration for 4 min. C/c, Bouin’ s solution fixation, tert-butanol dehydration for 1 min; G/g,

Bouin’ s solution fixation, tert-butanol dehydration for 4 min. D/d, Bouin’s solution fixation, ethanol dehydration

for 1 min. H/h, Bouin’ s solution fixed, ethanol dehydrated for 4 min.

Figure 1 General and local sectioning effects of different experimental groupings of 4dpf zebrafish larva
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XHFHLAL S, 2 PFA [5E i 4, Toie #IH
BT W al, £ B K R B 1 38R 25 AN K, 4B
LR AN )R B B WS4, TE] B 3S 5. XJ T Bouin” s [#]

FE RRE S A8 B AT K A R it s B2 B L
LRl (B 2d . 2h) , BUT BE (B 2¢.2¢) IUP0 F &%
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5,4 min IORUCT BB B B /K BB 35 B4 4 19 U0 R 4L
o EERPEILAE 2,

A B 8] Dehydration time

1 min

/NG FRARICHY R AR S TR L R RS IORIE . A (a:4% PFA [I5E  SUT BEBLK 1 ming
E.e:4% PFA [F5E ST B /K 4 min; B b:4% PFA [H%E, ZEEH/K 1 min; F f:4% PFA [FE, B K
4 min;C.c:Bouin’ s Y E & , T BEML/K 1 min; G . g:Bouin’ s ¥ [ % , AT K 4 min;D . d: Bouin’ s ¥ [&
€, LK 1 ming H h;Bouin’ s & [ , ZEEME /K 4 min,

2 4 d BRSO OR RIS 3 A R AR R L iR

Note. The pictures marked with lower case letters are partial enlarged views of the pictures marked with

corresponding upper case letters. A/a, 4% PFA fixation, tert-butanol dehydration for 1 min. E/e, 4% PFA
fixation, t-butanol dehydration for 4 min. B/b, 4% PFA fixation, ethanol dehydration for 1 min. ¥F/f, 4% PFA

Fixation, ethanol dehydration for 4 min. C/c, Bouin’s solution fixation, tert-butanol dehydration for 1 min. G/g,

Bouin’ s solution fixation, tert-butanol dehydration for 4 min. D/d, Bouin’ s solution fixation, ethanol dehydration

for 1 min. H/h, Bouin’ s solution fixed, ethanol dehydrated for 4 min.

Figure 2 General and local sectioning effects of different experimental groupings of 4 dpf zebrafish larva
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Table 4 Effects among different tissues under different conditions

A4 4% PFA W B I Bouin’ s solution
Tissues
L AT BE i AT BE
Ethanol Tertiary butanol Ethanol Tertiary butanol
1 min 4 min 1 min 4 min 1 min 4 min 1 min 4 min
NEHE W MR W MERUTE Al MR T ez BMUIR
. . . R4y . Rgf RL4f
Brain Severe contracted Severe contracted Slightly contracted Slightly contracted Slightly cutter
. . . . . Good Good Good
tissue and brittle and brittle and brittle and brittle mark
ERUL R IR E W, IBRIETE R, IR T R, BRI B Bl e Bfols BT
Skeletal Contracted and Contracted and Contracted and Contracted and Slightly Slightly Slightly Cood
muscle gap widening gap widening gap widening gap widening contracted contracted contracted
THIGE Jiaze R4 Rgf Rgf R4 R4 R4 R4
Digestive tract Brittle Good Good Good Good Good Good Good
AR A ZH I B TR G R4y BHMUIR R4 R4
Eye Obvious cracks Obvious cracks Severe cracks Obvious cracks Good Slightly cutter mark Good Good
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Analysis of pathological changes and nucleic acid content in tissues of
common laboratory mice infected with murine norovirus

LI Xiaobo* , FU Rui*, WANG Ji* , WANG Shujing, WANG Shasha, LI Wei, QIN Xiao, HUANG Zongwen,
HE Zhengming, YUE Bingfei *
(Laboratory Animal Institute, National Institutes for Food and Drug Control, Beijing 102629, China)

[ Abstract]  Objective To study the pathological changes and virus content of commonly used mice artificially
infected with murine norovirus ( MNV ). Methods Five strains of common experimental mice ( KM, BALB/c, NIH,

C57BL/6 and BALB/c-nu) were used. Each strain was divided into a control group and an infection group. The infection
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group was administered MNV solution by gavage and the control group was given saline. Liver, spleen, lung, cecum,
colon, and small intestine tissues were collected on days 7, 14, 21, 28, and 55 after infection. Two samples were taken
from each tissue; one was for pathological diagnosis and the other was tested for viral nucleic acid content. Results No
lesions were found in the cecum, colon, and small intestine. The total incidence of liver, spleen, and lung pathological
changes was 8% (10/125), 5.6% (7/125) and 4% (5/125) , respectively. Pathological changes were found in the liver,
spleen and lung of KM and BALB/c mice, the liver and lung of C57BL/6 mice, and the liver and spleen of NIH and
BALB/c-nu mice. Among them, KM mice were more likely to develop lung lesion. Pathological changes occurred earlier in
KM and NIH mice than in C57BL/6 mice. MNV nucleic acid positive rates in the cecum and colon were 100% ( 125/
125), and the positive rates in the small intestine, liver, spleen, lung, and blood were 71.2% (89/125), 17. 6% (22/
125), 39.2% (49/125), 3.2% (4/125), and 1.6% (2/125), respectively. Comparison of virus contents showed the
following order: cecum> colon> small intestine> spleen> lung> liver. BALB/c-nu mice had significantly higher colon virus
contents than the other strains (P < 0.01), and there was no statistical difference among the remaining tissues of each
strain. The cecum and colon virus contents in C57BL/6 mice peaked on day 14 after MNV infection (P< 0.05), but there
was no statistical difference in virus contents at other time points in the other strains. There was no correlation between
MNV infection in mice can

tissue and organ pathological examination and viral nucleic acid test result . Conclusions

cause pathological changes in tissues of commonly used experimental mice. It is recommended that MNV-negative mice be

selected for pathologically related animal experiments.
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H /N5 40 9% 7 ( murine norovirus, MNV ) 2003
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fiti /K %M H TaKaRa, 2¢)6 PCR 4 ( ABI 7500 Fast) ;
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AR A3 FIHE Y MNV J5 55 7,14,21,28,55 KT %}
PR R A 45 VR B 5 /IR, — S AR JRR 55 L
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Note. A/B, Control group. C/D, Infection group.

Figure 1 Pathological changes of liver
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Note. A/B, Control group. C/D, Infection group.

Figure 2 Pathological changes of spleen
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Note. A/B, Control group. C/D, Infection group.

Figure 3 Pathological changes of lung
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Table 1 Pathology and nucleic acid test results of infection groups

iF o i B 4 N M
Liver Spleen Lung Cecum Colon Small intestine  Blood
CEA I
Swins T g PR gy PR B By B g RRBR
Pathology Nuc.lelc Pathology Nuc‘lelc Pathology Nu(:.lew Pathology Nuc'lelc Pathology Nuc'lelc Pathology NUC}GIC Nuc.lelc
acid acid acid acid acid acid acid
7 dpi /s /5 (/S 25 /5 o5 o5 5/5 o5 5/5 (/S 5/5 o5
14 dpi /5 45 o5 5/5 05 o5 o5 5/5 o5 5/5 o5 5/5 o5
KM 21 dpi /5 /5 o5 3/5 /5 o5 (V& 5/5 o5 5/5 o5 35 o5
28 dpi (V& o5 (V& o5 25 o5 (V& 5/5 s 5/5 o5 /5 o5
55 dpi o5 o5 /5 V5 0/5 o5 o5 5/5 o5 5/5 o5 V5 o5
/Nt 3/25 6/25 1725 11725 3/25 025 025 25/25 0/25 25/25 025 15725 /25
7 dpi o5 o5 o5 25 0/5 o5 o5 5/5 o5 5/5 o5 4/5 o5
14 dpi o5 3/5 /5 5/5 o5 /5 (V& 5/5 o5 5/5 o5 5/5 o5
BALB/c 21 dpi /5 o5 (/S 25 /5 (VS o5 5/5 o5 5/5 (U8 4/5 o5
28 dpi o5 o5 o5 /5 0/5 o5 o5 5/5 o5 5/5 o5 4/5 /5
55 dpi (V& o5 o5 /5 /5 o5 (V& 5/5 o5 5/5 o5 (V& o5
/it 1/25 3/25 1725 11725 1/25 1725 0/25 25/25 025 25/25 025 17725 1/25
7 dpi (V& /5 o5 5/5 05 o5 (V& 5/5 o5 5/5 o5 5/5 /5
14 dpi o5 4/5 05 5/5 o5 /5 s 5/5 o5 5/5 o5 5/5 o5
CSTBL/6 21 dpi o5 5 o5 5 0/5 o5 o5 5/5 o5 5/5 o5 4/5 o5
28 dpi o5 o5 o5 /5 /5 o5 o5 5/5 o5 5/5 o5 25 o5
55 dpi 25 5 o5 (V& o5 o5 (V& 5/5 o5 5/5 o5 /5 o5
/it 225 725 0/25 12/25 1/25 1/25 0/25 25/25 0/25 25/25 025 17725 1/25
7 dpi o5 o5 /5 /5 0/5 /5 o5 5/5 o5 5/5 o5 5/5 o5
14 dpi /5 3/5 /5 5/5 0o/5 o5 (V& 5/5 o5 5/5 o5 5/5 o5
NIH 21 dpi /5 /5 /5 /5 05 05 o5 5/5 o5 5/5 05 &5 W5
28 dpi 5 o5 o5 5 0/5 o5 o5 5/5 o5 5/5 o5 5/5 o5
55 dpi o5 o5 o5 /5 05 o5 (V& 5/5 o5 5/5 o5 25 o5
/Nt 3/25 4/25 3/25 925 025 1725 25 25/25 025 25/25 025 21725 /25
7 dpi (V& o5 o5 /5 0o/5 o5 (V& 5/5 o5 5/5 o5 3/5 o5
BALB/ 14 dpi o5 5 /5 3/5 0/5 /5 o5 5/5 o5 5/5 o5 35 o5
conu 21 dpi /5 o5 o5 o5 05 o5 o5 5/5 o5 5/5 o5 4/5 o5
28 dpi o5 /5 /5 /5 o5 o5 (V& 5/5 o5 5/5 o5 5/5 o5
55 dpi (V& o5 (V& /5 o5 (V& o5 5/5 o5 5/5 (V& 4/5 o5
/Nt /25 2/25 2225 6/25 025 /25 025 25/25 0/25 25/25 025 19725 /25
pssan 107125 22/125 7125 4Y125 0 125 41250 /125 125/125 0 /125 125/125 0 /125 8Y/125 /125
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Fx2 AREMBBRNRSHAZR S (X £5, copies/mg)

Table 2 Nucleic acid content of different tissues

LHEN i i B 517 N
Strains Liver Lung Cecum Colon Small intestine
KM 6.2+1.3 49.7+12.5 6510. 6+788.9 1189.2+457.3 1985.4+139. 8
BALB/c 3.7+0.9 40.1+10.9 7571.6+695. 4 2355.4+583.7 1245.9+152.3
C57BL/6 4.0+1.2 44.9+8.9 7881. 8+865.9 2291. 1+614. 1 1872.2+168. 5
NIH 6.1+1.2 39.0+5.3 5864. 0+588.0 1965. 8+763.7 1031. 8+111.2
BALB/c-nu 4.6+1.3 37.8+7.0 6462. 7+653. 1 9370.0+894. 4" 1238.9+105.9

T AL R AR, P<0. 01,
Note. Compared with other strains, * P<0.01.
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LH]
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Mucleic acid contem

W AEW; B4, 5IHAR S L, * P<0.05, ™ P<0.01,
4 C57BL/6 /NFUEY MNV R [RIHHE]) & B A4 i iimg & i As Ak
Note. A, Cecum. B, Colon. Compared with other time points, * P<0.05, ** P<0.01.

Figure 4 Nucleic acid contents in cecum and colon at different days post MNV infection of C57BL/6 mice

F 3 HUHLURAER A SRR TSR LA
Table 3 Comparison of pathological examination and
nucleic acid test results

MNV # il
Nucleic acid detection of MNV
BA M Negative B Positive

I B A

Pathological test

BH: Negative 323 405
B Positive 13 9
3 itig

A SCERXT MNV 258 [ 98 G AN R (L
FEEARERL A R ) 5250 /N R R %) 2H 400 P ek 22
TEOLHEAT TR 5T, 45 5 % BT A7 SR e 4 /N B
HTIRG AR R i, 1K 8% , 32 BB M I 4 ) Lk
R R A B AR R R 5. 6%, FERIA
/NGB AR | /NG 57 T 9 F 5 e Bk
FEIbR LB A 5500, h B 20 X, B /N &35 B0 e /D
WA 25 R L 400 i 1 s D, sh B ) I REAIG, Hh
T MNV /0N U 5 48 B AR 5 BR 40 JfL A B 240 it 2L
A IRRYL SR T T X S AT i 5 B ) G T BE
BYIAEIG, RUT MNV B GY 2557 00 31 ) 1 S R4t
BCAEFRATTT T AR5 FP A 21 T IESE ) il A s A8 2R
K 4% , FEEFI A SR T B b 2 4 I 3 5

TR FAR MNV 2 18 5 IR A (A AR F 5% e
HEWIR R IAEAEE W 450 BN ( £+
AR W) WEAE  HE MNV E 2R 419 3E Y T 4
e R G0, R AS 518 5 H 51 R 5% 500 I 16 9%
ARSI g ) B B A Kk B MR R B BE D R
(STAT1™"/IFNyR™") &Yt MNV J5 %5 5 i i ™ 5
(LB , AT s 3 JEF AR DAL A 2 2 7, 2 4L 4
LRBE Bt Ffizs 20 2L A P 47, OF- 5 1 4 B P 1Y
HLURAR A 7T /0N B BB AR K 2 A el
FERA A G e D7 A MNV R Y vh & 4% 2 8 AR
Mo BALB/c-nu /INERUE A A 95 FR 2R R B B i T
oAl /0N B 10 BH B R AR 1 T 40 S 28 76 MINV
Y R R PRV R L

AHHGEIE LA MNV A% P2 SF (1] 422 S i 4% 2H 21
TR TR O, NG ROR B T, AR 4 H U
i 1A 2% 0 7 v o B AR BH M 6, b F i A
ARz R FHPE R Y R 100% , ok /N, IE 2% 41 20 4%
PR BH A SR AT, Il e 0, FRATTAE 2 43 i A s U
B 7 RER , R W EE B A R BE S| B e B I
iE . MR & &R, FEAS 55 A% R PH 4 2 B E A
K, UL & it i s BRI R . B W > 25 1 >
INI S BB il > T 5 45 5 AR EG B T BALB/c-nu /MR,
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S5l W T AL R, R TS 2
S5 A HTARL IR ik B MINV (9 B[] 78 £ 1 28 &
L, C5TBL/6 /NEUE I 5 45 105 i TR I R o
14 25w T AL ) A5 36 38 e 0, LAY i R 4%
AR R RG22 57, BT Hr TR
PRGN 55 % P S ) 1) 45 R, A B T A — 2, B
T B SCAE A R R AS R TR A I AN — 2 D B, X —
KB E AR FEAR AL A AT A o i DA o 3 B
AR 14 R HE SRS AR 75 S 2 A 45 2R i i
PENL A AR BRA LR (75, [R] I 3 B 1 210

B 0 G BT , 1003 R 2 o G 5 K I AL
HRABTUHUA I G2 N2, foe ) s PO 35 e 5
TRTE BT 2 8] 18 2187, 5 PR 475 ] 257 B ) 2
S TR TR AR R T 4120, DT 3 ROUL 22 1) #Y)
PR A R AR T PR
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Autophagy mechanism of Zhenwu decoction in myocardial cell protection of
rats with heart-kidney and yang deficiency

HUANG Jian, MA Xiaotong, ZHANG Yajie, LI Lijing, HAN Dong, LIU Jia"
( Changchun University of Traditional Chinese Medicine, Changchun 130117, China)

[ Abstract]  Objective To study autophagy as the protective mechanism of Zhenwu decotion in cardiomyocytes of
rats with heart-yang deficiency. Methods After removal of the thyroid and intraperitoneal injection of doxorubicin, to
establish the rat heart and kidney yang deficiency model, rats were administered with corresponding drugs for 10 days. We
measured serum triiodothyronine (T3) , thyroxine (T4) , thyroid-stimulating hormone (TSH) , and myocardial tissue BNP,
LA, and CaN by ELISAs. LC3, ATGS, and P62 and protein expression was detected by western-blot. Inspected LC3 and
P62 expression in rat myocardial tissue was examined by immunohistochemistry. ThePathological changes of myocardial
tissue were observed by HE staining. Results Zhenwu decotion reduced the BNP content in myocardial tissue of rats with
heart-yang deficiency-induced heart failure, increased the LA content in myocardial tissue, decreased the CaN content,
increased LC3, ATG5, and BECLIN1 contents, and decreased the P62 content in myocardial tissue of rats with heart
failure. Conclusions Zhenwu decotion improves the heart failure condition and energy metabolism of the heart. In the early
stage of heart failure, the damaged cardiomyocytes protected by regulating autophagy.

[ Keywords] Zhenwu decoction; autophagy; cardiomyocytes; mechanism research
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o> J7 3 0 UMY FE 40 7 %59 ( congestive heart
failure , CHF ) , BUfREEAHF5E R W], CHF J20 G i
T A LA S i i 2 ) I S 2 17 75 7 DAV B )
REREAT O EER A IR RE S 1L, & SR Z AT
T e 26t 00 TR R AREE , H B0 ) 3 1Y)
FEART . CHF J& I UE i o 90 B BH R IE, He L
A A RS SRR R, SR MR AR B
FHACE , LA S | BH i K2 2 2 pILil, DL
RIE (7)) by ERFIE, B UL E R LR
IV o I R SE 2 B 5 57 AT LA B 74 24 R 47108 P
OISR YT, v LURH 74 2 3005 O LB AL 4
AL BE 7, WO O ) R L TR
W AR SEER AR B FL a7 WO WL PR AP AR 38 5
SRYAT 2R 3y B BH R R0 ) v R R B
KR Z B a7 il e R B FH i 0 ) 3 v KRR
A1 RARAE N T 2 L SO 56 A Wit # rp AR R
KK

1 #RF7E

1.1 ZEs

faRE 2 H % SPF %% SD Mtk KBl 70 K fk &
260~ 280 ¢ M AL T8 KAEAEWHEARA KA A
[SCXK(iL)-2016-0001 ], HRERDIERFA T K
BB KA 2577 B rh 25 25 IS 0 5 [ SYXK (7))
2016-0017 ] 47, sh¥) S50 Ko BRAE i A 7™ A% 1 ST
3R N, S L S K AR R 25 KA S Dl s W
ArAtE(20190051) , YA TIEERNYE, =
Th 25°C , MIRHRIE A 50% ~70% , fa MK B4+ 4]
B, B Rk,
L2 FELFSME

SRR 2 22 LR (161108) |, I T 1L 74 3%
a2V Ay A BR 2> Al 5 1 )55 50 IS5 (20160412)
WA B A R E LAS 2500 B3 A8 R A 5 K B BNP
LA CaN TSH T3 T4 i & W& T iRty
BHEA A A 2E A RBOAR & BCA AWK E
D AR 6 L —PL = HT BRUE . SDS-PAGE B e P i3
il 7 A & Western PB4 .SDS-PAGE HLyk ik (T
¥i) . ECL &G W & T o E wanleibio; LC3
( WLO1506 ), BECLIN 1 ( WL02508 ). P62
(WL02385) . ATG5 ( WL02411) | °F ¥i fit IgG-HRP
(WLA023) N ZHUIE B-actin( WLO1372) I & T+
[ wanleibio ; BUR EE AR 105 B 55 A 2 W0 & T [E 3
ZRAEYFE ARG R A IS  DAB BRI

‘& T E Solarbio,

LR (RIS RHAES A IR AR ; A
IR R B AL (BT RS ) s AR (111 4R
A B i (R A RRA R s KRR IR (b mtos
—) s VIR (AU RS —) s BEAR R G (AL AR
—) s AEY] B AL ({8 E Leica A 6] ; B8 ( HA
OLUMPUS /A ]) ;16 iE A FEiC sE AL ( S Biopac 2

Ao
1.3 LI AH*
1.3.1 R e

S T 2 3% 1 G L LU Z BRI (1 mL/kg) R
R B, BL-420F A= W15 5 2R 4R 43 B 3R e i % W iy
SHCE T SO0 LY TSR ST BEA R H
TALE RO E . ALR YRR S, S
2 v A U 1B BH R AE LA B 22 1) 2R K R ST
(RIZAIE A sl A 2 - sl E . ORF A 22 3R i) feke
SPF 2 () I SD KB 70 H, BE ML 5 o IE # 41
(Control ,10 H) #AI4] (CHF,60 H ), KEMEKE
Tt 3% 86 HEZ AN (1 mL/kg) |, BRI 49155 8L
MFARRBR . 25 A BT IRTF AR, RJE5 15 Kike,
PR 20 R R i K R A SR R BT 55 & (4 mg/kg) , &
P %o R 3 S 28 5 e A B A, B SR 1 R, s
5, RIGH 35 RIGAFETE T AR 2 3) 4 11K Fifi
Mo R 5 2, RS RUXT REZH (CHF) | B 5 0o JI B 2
(QL,0.37 g/kg) \ER Vil 20 (ZWG, 1.35 g/
ke) EHRZ T HIEA (ZWZ,0.81 g/ke) \EHi K
FIEH (ZWD,0. 41 g/kg) 4% 12 H U H 3 H A
251, 23 1A B 2 IR R o) e 2 SRR OK, sk
10 d.

1.3.2  EHR7XH0H HER CHF KR — B i
Al

YR 2N e B R I S R BRI R R PR A S SR
BRI B
1.3.3  HEOEHER CHF KRG RS £
Al

FREUK B EE , AR AU )5, s B O IF 4L 20, LU
AR KIS VR, FRIBCOIEEE &, AU R . CWI= K
B I i A/ R B AR B X 100%

1.3.4  HEOE HER CHF KRR sh J12
Al

B 10 K525 52 5 30 min J5, fT I @ FRiFHY
TSI A B SRA S A R Lh 20% B 430 0.5
mL/100 g M8 B SRR R, Bt TS R 5, W
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FIFIE SR A A 2 = e K B TR (+dp/dimax) A2
K TR (-dp/ dimax ) 2548 bR 102515 I
1.3.5 EHRZX L E HER CHF KR T,.T,
1 TSH £ 5210

KL 3% 136 I LY 22 490 I 1 10 550 RR I, ~F- 347 )R
R 30 me/kg, S R BRBRREY e, TR BY
VITT sl g R s, 71 1 B 7 1 sh ik, 647 R, e
Je 3 B IR, PR R T, T, JTSH Y ELISA %57 &
( LA MR A BR A R ) W K Bl i o T |
T, TSH &0
1.3.6  FiX X0 5 HE R CHF R RC LA ffd
BNP LA F1 CaN 55520

UL LA, I AGE £ 19 8 AR IGR, 0 LA
AR S Ak, 300 t/min, B .0> 20 min, Y& L
o AR A I 7 2 2L, S Al B e IR
VRIS AL IR il A AR £ 01T 43 BT A
1.3.7 HRZXLEBHER CHF KO ML LC3 |
ATGS P62 [ ik 5

FRECC LA 2L, 38 3 4 8 (A 3 O ) & (o
[ wanleibio ) #F 17 41 21 &) %%, Ik iR & 0 (4C,
12000 r/min, 10 min) 43 & [ 3% 15 2 2 1 5 3 $2
Y. i BCA & vk B ol R & (b E
wanleibio) Ml /€ B H & &, A 20 pL #E 5 78
10% M 15% 5 N M T e 6 e 1 53 B8, B% ER &2
PVDF B J5 H 5% i Rg W3y 35 0 1 h, FH AR LY B9 40
PRIRI it FH 6T 7 1 fe 92 BR 2 13K 3 o R
WAZ RS (WD-9413B &I Jb 5N —) MELE I,
FH e 5 A B R 55 ((Gel-Pro-Analyzer B4 ) 43
Br B bR 251 B OG5 BEAE
1.3.8  HEFXLEHER CHF KO L4 2
LC3 Fl1 P62 FihF00

[ 2 J5 O LA B e AT A3 s U0
PURGYERT , B3R E T BT 4010 ML YL {4
RORIFHARA,
1.3.9 EHEZXOE HER CHF KL
PHAR Ak A 5 1

[ J5 O LA 2R AT K B B s )
R SRR B AR T BB 40x10 T ULEE
AT,
1.4 FitEFRZE

SKHISPSS 21. 0 Ge it 8, it 47 22 21 1] 22 5l
FHEADR %5 229347 (One-Way ANOVA) #E47453H, 40
(B R LL A FH 5 2240 BT S5 1) LSD K 56, 5 36 45 4l

ISFE R e b 22 (2 x5 ) FRon KR ER DL P<
0.05 NEAGIH¥E X, P<0.01 NG44 E
GiitE L,

2 #R

2.1 EXFXOSHEESR CHF KR —#&ER
=AU
2.1.1
Al

545 2 A RIVRE R Ko B 2 BU bR A B e, T B
BAan, AR A T B R ORI AR & OE
W, AT N AT 65 B0 B AR IR R
TR SRR RAF, BTG R sh, A Ak
TE B ARG TR B A, 25 SR L6 1,

2.1.2 BHRXP L HER CHF K RAKE (KR
(14 5 W]

CHF KRAEGBG , AE FREaHEE, 5IE
WA A G2 X (P<0. 05) , BUAREE 5 50 JIR
PR R P AT DG R R RGBT
B 2200 (P>0.05) AU A Fifl 25 6 Jk e S ool 7 6
ik E) A 388 N BT R [ (L JE G 324 8 L (P>0.05) ,
GIR L 2,

2.1.3 HEZXOE HER CHF KRR 50
A

H2s FHAA L, 05 BH B R0 7 5 v K RO BE
OEFRBORA BT (G 2284k (P>0.05) , 4%
RIS,

2.2 AERZX 0 'EPAER CHF X R i sh 715
spA)

MLHE BN 207 1, R R ) HR 4 1525 (9 % B2 1
B xdp/dpmax ZE1k 43 B i (P<0.01) , +dp/dpmax
TR S [0 B 19 35. 5%, Ui B 3 B s o7
FET 5 B 2 R L 37 45 79 o R e 6% 3 T +
dp/dpmax 224k ( P<0. 05) , 15 B 35 2837 %0 ' BH iR
TR 7 5 vy R BC WL A9 WA 46 0 T 5K T R 35 B
UGEVER 25 Rk 4,

2.3 BEXiFxO'EHES CHF XRME T,.T,.
TSH &£/

Fras FHAHAR, T, 1 & s AR (P<0.05) , i B
FUR IR TE bR e 28, A 2 v $E m s b T, & &,
TERR A 25 25 20 v] LA 2350 5 BH A CHF R B IR
BRI fiE s WA S R BRUINLTE TSH & s Tas (4 (P
<0.05) . TEHIEERLE HUAR PR D) REFE AL, MLAATS 2238

a0 P B R CHF KRR AR
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IR TSH KRR T, P24, 458K S5, LA 7K-FA7 B BEAIK (P<0.05) , CaN LA & & A7 fif Ft
2.4 ERizaXOEPMHEZR CHF XR/OH BNP, 5 (P<0.05) , 4545 50 Y n] %) =/ 48058 A A
LA.CaN &£/ FEREVE T VE R, Horp & 50 = A H B ( P<0. 05 B

H5IEWH LR, OEHER CHF KO L4 4T P<0.01) , 45 6,

F1 HRRLE R ALG )l KR A ARG DL (n=10)
Table 1 Physiological state of heart-kidney yang deficiency and heart failure rats by ZW

[EiEi RETK Tk e FERRS
Activity Diet Hair Faeces Mental state
il RS melfE RS HelfE RS melfs TR melfE TR E)
Groups After After After After After After After After After After
establishing administrating  establishing administrating  establishing administrating ~ establishing administrating ~establishing administrating
model model model model model
EHU % Z B e A O IEH 1EH i3 ik
Control More More Increase Increase Glossy Glossy Common Common Active Active
ORI 2 Wl Hili % Z=hE
2f CHF Less Reduce Withered Loose stool Torpor
ST EZ Hafm P 1EH ik
JegEZe QL More Increase Glossy Common Active
- . ; N EH
ST % y Hghn L AR \ e e C
™ . » Bl it . fiyk Basically ZE Common
FilEd ZWG More Increase . Withered
less Less Withered Loose stool normal Torpor HATE B
st e st Kt % Basicall
Fed] ZWZ Major Increase Withered Common normal
U N ; s BAIEH FAIEH
R BZ B RO Basically Basically
FlHEH 7 aj ; ) ithere i ’
FigH ZWD Major Increase Withered normal nommal
2 HRHAOE R LG Ty i R RUA T KR F 3 HRHRL B AL Ty gl R RO I
I (x £s,n = 10) FRBIRE (% x5, n=10)
Table 2 Body weight and temperature of heart-kidney Table 3 Cardiac index of heart-kidney yang deficiency and
yang deficiency and heart failure rats by ZW heart failure rats by ZW
4 WE(g) AR (C) 2 5 I IR (2/ke)
Groups Weight Body temperature Groups Dose CWI
IEH 2 Control 304.43+17.78" 38.47+0. 17 1E# 4 Control — 2. 6726+0. 2064
FEARINT BRZH CHF 248.40+32. 80 37.4220. 50 KR % B4 CHF N 2. 8408+0. 7152
TP RO I AEL] QL 275.24+57.30* 37.08+0. 62 RO R QL 0.30 g/kg 2. 8143+0. 3638
HRZ A EL ZWG6 248.67+32.01" 37.00+0. 33 HRGEHEL ZWG 1.35 g/kg 2.9043+0. 1667
HRmPHHEA ZWZ 251, 62+56.30* 36. 97+0. 66 B ZWZ 0.81 g/kg 3.3972+0. 1171 *
HiXF KA E4] ZWD  209.61+19.33* 37.45+1.18 PR HER R ZWD 0.41 g/kg 3. 0415+0. 3002
L SR IR A, * P<0. 05 T SRR B LA, P<0. 05,

Note. Compare with model group, * P<0. 05. Note. Compare with model group, * P<0. 05.

R4 HRHXE AL ) e R UL 3 = (& 5, n=10)
Table 4 Hemodynamics of heart-kidney yang deficiency and heart failure rats by ZW

20 51 it (g/kg) A FE AR B THEFE (mmHg/s) ZeE R R R (mmHg/s)
Groups Dose +dp/dtmax —dp/dtmax
E# 4 Control — 5234. 86+187. 02 ** -5219. 60+194. 21 ™
FERIXT B2 CHF — 1859. 85+163. 13 -1764.93+182.27
FEPT RO I FEL QL 0.30 3786.41+181.17 -3577.87+128. 38
HRZ &AL ZWG 1.35 2943. 28+153. 96 ** -2839.27+173.52**
BRI ZWZ 0. 81 2441.53+149.23* -2521. 64+160. 86 *
HR I EH ZWD 0.41 2236. 41=110. 46 -2377.87+128.38

T SR B HAL, * P<0. 05, ™ P<0.01,
Note. Compared with the model group, * P<0.05, ** P<0.01.
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2.5 HERZX O 'EPAER CHF X RO B EE
XEANEMN
Western blot 4552 B | 5 %7 BRZH Fhas, .0 W BH 2

BECLIN1 ik im, SXTREA LR, O 1 FH s Y
CHF KL P62 7K AR LA, (H A 25 25 4H Y RE R
ik P62 H Rk &, i EaA 2 4L RV E R B i, 25
1A CHF K EUC AL LC3 ATG5 . BECLINT ZK-FH R RS SRILE 1, A S A RUCH IE 20, BRI RRZ 1755 0
1, A2 A A RESR B R BLO LR LC3 ATGS . WO, Btz b AR, TR 7,

RS HRPXELF LG ) 0 R UM R T3 T4 TSH 52 ( 2 +5,n = 10)
Table 5 T3, T4, TSH of heart-kidney yang deficiency and heart failure rats by ZW

20 51 F (g/kg) U R R R LT F R IR R fR H AR R R
Groups Dose T3 (nmol/L) T4 ( nmol/L) TSH( nmol/L)
IEH# 4 Control — 0. 04£0. 01 0.75+0. 09 * 0.68+0.16"
FEAIX B L CHF — 0.05+0. 01 0.51=0.01 0.80+0. 12
BT RO R4 QL 0.30 0.05+0. 02 0.55+0.00 " 0. 82+0. 09 *
HRZERIEA ZWG 1.35 0.05+0. 01 0.57+0.02* 0. 85+0. 17
HX 7R ZWZ 0.81 0. 04+0. 02 0.55+0. 05 * 0. 83+0. 19
HX IR R ZWD 0.41 0.030. 01 0.53+0.00 " 0.83+0. 19
T SRR A ik, ¥ P<0. 05,
Note. Compared with the model group, * P<0. 05.
F 6 AT B BHEE AL 7 5 K UL LA .CaN BNP 82 ( & +s, n=10)
Table 6 LA, CaN, BNP of heart-kidney yang deficiency and heart failure rats by ZW
4 5 F (g/kg) LR R o 25 T R JILEELYIN
Groups Dose LA (nmol/L) CaN( nmol/L) BNP (nmol/L)
IEH TR Control - 16.96+0. 76 * 1.35+0.30* 1.07+0.22*
R IR ZH CHF - 16. 30+0. 37 1. 8320. 29 1.31£0.22
DT RO AL QL 0.30 17.96+1. 88" 1.45+0.30" 0.91+0. 38"
BHR7EAEL ZW6 1.35 16.85+0.70* 1.33£0.29 ™ 0.96=0. 25 **
HR 7 TR ZW7 0. 81 16.57+0. 57 1.4920.25* 1.02+0.25*
HRA I EH ZWD 0.41 16. 33+0. 67 1.55£0.21* 1.260. 24

SRR AT LR, * P<0. 05, ™ P<0.01,
Note. Compared with the model group, * P<0.05, ** P<0.01.

i
14 X 10

43 = 1

Figure 1 Results of LC3 (a), ATG5 (b), BECLINI1 (¢), P62 (d) in myocardial tissue

Note. Compared with the model group, * P<0.05, ** P<0.01, ™ P<0.001.
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F 7 X B BH R L0 T 3 0 K BRC L A AR DG EE AR B L S AR (& s, n=10)
Table 7 Autophagy related protein of heart-kidney yang deficiency CHF rats by ZW
205 Groups 48 (¢/kg) Dose LC3 ATGS Beclinl P62
TEH X IRZH Control - 1. 00+0. 00 *** 1. 0020. 00 ™ 1. 00+0. 00 * 1. 00+0..00 *
TR IR 2 CHF - 0. 66=0. 11 0.71x0.23 0.95=0. 07 1.1320. 18

FEDT RO A QL 0. 30 1.80+0. 13 ™ 1. 69+0. 23 1.70+0. 21 ™ 0.97+0.13 "
HR7EHEH ZWG 1.35 2.77+0.15 1.73+0. 24 1.730. 18 ™ 0.810.24 ™
HRZ P ZWZ 0. 81 2.8320. 13 ™ 2.01£0.23 " 1.20+0. 22 * 0. 68+0. 16 ***
BRI EL ZWD 0.41 2.52£0. 12" 2.02+0. 28 1.7320. 14 ™ 0.81+0.17 ™

T SHRINE IR L A, * P<0. 05, ** P<0. 01, ** P<0. 001,

ATGS

B-actin

P2

[i-actin
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2.6 ERFXOEMAESR CHF KROAMAER
LC3 # p62 RiE M

SR G2 P B 25 I R 525 L0 IR L
5 BRI IR 410 L BECLINT P62 63k 2 A%, 4%
A AT LSO B IR CHF S 300 P62 Kk
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5.
Fitelad® LAY &
SRR ZWD

25 2 2 AT (AR o B 2 10 LA R AS B B IR T
et SEHLOLE 3,

3 itig

M ) g T IR 2R T B2 & A
H, HATIE B g8 —BIbR i, AN L BAURL R ( h
BT 24 15 PRAIF S S S ) 1 BE b v AR 43
7 ANUERL B A BEAR A O il R . T
PE— B BEENIE AP 5 ORI . w0
LB H A B B O B BE L BH R Kz R R
BELAT A S2H0 A  rp, FNTTE o A S5 R
BP0 FFPR JER DT B3 , 5068 & BEA T 2 V0 o K L S5 o
RZJm, LR R 2R B B BOK B W s |

TE A TER X IR B BRI IR 2 €. (BT IR AL D KW i i 4L B MR b R i P R R A R A, SRR I 1L

B, " P<0.001,

B2 fusdfbisrss g
Note. A, Control. B, Model. C, QL. D, ZWG. E, ZWZ. ¥, ZWD. Compared with the model group, “* P<0.001.
Figure 2 Results of ITHC
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B3 Otk
Figure 3 Results by light microscopy
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Preparation and assessment of a C57BL/6 mouse Parkinson’ s
model induced by MPTP

LIN Zhen, CHEN Hongzhi, ZHAO Hang, LIU Hui, XU Yanyan, LIU Haiyan, ZHANG Hao"
( Department of Human Anatomy, Basic Medical College of Jilin University, Changchun 130021, China)

[ Abstract]  Objective To establish a stable Parkinson’ s model in C57BL/6 mice by MPTP and assess behavioral
scores of the model. Methods Dosing groups (35, 30, and 25 mg/kg body weight MPTP) and control group (30 mg/kg
body weight physiological saline) were established. We conducted the paralysis agitans score, open field test, pole test,
traction test, swim test, and comprehensive statistical analysis. We then analyzed the differences between each group and
the control group. HE staining and TH immunohistochemical staining were performed to observe the substantia nigra,
striatum neurons, and nerve fibers. Results Compared with the control group, the scores of drug administration groups
were significantly higher. The ethology score of the 25 mg/kg dose group was significantly lower than those of 35 and 30
mg/kg groups. No significant difference was found between 35 mg/kg and 30 mg/kg groups. Substantia nigra TH-positive
neurons and striatum TH-positive nerve fibers were decreased. Conclusions A simple method was established to evaluate a
Parkinson’ s disease model in mice by behavioral data.

[ Keywords] Parkinson’s disease; animal models; MPTP
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A Z2RHLEE Y sh A R0 AT DUASE RO 4 AR 1 & A
FIE R o rh 25 W17 T Al S 4 S5 AsE AU DL HL B R
FERNE LB L E, iR 112 1 F AR AR i) &
Peo 1-HI3E-4 KHE-1 2 3 6-PUAMIE(MPTP) £
W i I RT3 /S BRSO SR AR Xk 2 T e
RERNZETCAET ., R SR P2 AL (TH ) BHP: 20 Jif Fn i 22
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ol UL A F1 4 AR ASERA S: 25 ) AR 5 058
X ZFAT R E R I GRS, LSRR AT R 2
OB 250 A0 B BRI, W) 20 & 7 — > 7] LA A7
R AR /I BN 4 ARAR AU SR ) T i A%

1 #efnrE

1.1 Zs¥

SPF it C57BL/6 /NRL 35 H 4l 3~9 H
1% REE 25~26 ¢, W {15 T KA AW AR B A BR
ZAF][SCXK(1L)2015-0001 ], Flds T bRy (Jik
fih BS 27 e sy 52 86 w0 ) [ SYXK (7 ) 2018-0001 ],
ARSI 00 38 3 T MROK 2 B ik 5 A B S 56 s ) 2 B
2 ((2016 4F) BFH 5 001 5 ) , IR AL 0 b
R 3R A TS0 T,
1.2 FEAFSMNHE

MPTP 14 [ Sigma /A F) (585 : MO896, H1[H ) ;
5 SR AT A AL KA R WA
MR N ) 7 2R A AT
1.3 KWAHE
1.3.1  hyEsspyHifE

HEME C57BL/6 /NEL 35 HBEHL M 4 4, T4
FXTRRLL 5 K4 Tt 30 me/kg MR HE AR B EL
AGFEEET7 d, T IV R, AE 10 2, 4
TR 35 mg/kg 30 mg/kg .25 mg/kg (KT
i) MPTP #5427 d .8 d.10 d,
1.3.2 F5 Rk
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INECR I RE s 1 45 2, St RV A T L5, #5458 3
h, PESMFRIE R .0 4, 5 1E & /N BURRL, JCAT Al hiE
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VKBV, BARGE R WL 5, ] W5 % BRZL AR L,
SRS o W 3 R (H 30 me/kg AHIF AR T
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Table 1 Paralysis agitans score

%5 Number

1 2 3 4 5 6 7 8 9 10 X ts
2151 Groups
Xt HEZH Control group 0 0 0 0 0 — — — — — 0
25 mg/kgé’ﬂ25 mg/kg group 2 1.5 1.5 2.5 2 2.5 2.5 1.5 2 1.5 1.95+0.44 "
30 mg/kg 41 30 mg/kg group 2 2.5 1.5 4 3 3 4 2 4 2 2.80+0.95**
35 mg/kg 41 35 mg/kg group 3 2.5 3.5 2.5 4 2.5 2.5 3 3 2.5 2.90+0.52**
T SxFIRA AL, * P<0.05;5 25 mg/kg 41 [L#,*P<0. 05,
Note. Compared with the control group, * P<0.05. Compared with the 25 mg/kg group, *P<0. 05.
x2 UK
Table 2 Field test
%5 Number
1 2 3 4 5 6 7 8 9 10 X ts
2151 Groups
Xt HR4H Control group 0.33 1.33 1 1.33 1 — — — — — 1£0. 41
25 mg/kg 4 25 mg/kg group  1.93 1. 06 1.8 2.13 2,13 2.47 1.27 1.87 0.93 1 1.45£0.55"
30 mg/kg 41 30 mg/kg group 2.6 1.6 1.73 — 2.72  2.54 — 1.8 — 2.8 2.26+0.52*#
35 mg/kg 4 35 mg/kg group 2.6 2.13 2.33 2.6 — 2.26 2.2 2 1.53 1.73  2.15+0.36**

T SXFIBA AL, * P<0.05;5 25 mg/kg 41 [L#,*P<0. 05,

Note. Compared with the control group, * P<0.05. Compared with the 25 mg/kg group, *P<0. 05.
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x3 LR
Table 3 Pole test

25 Number

1 2 3 4 5 6 7 8 9 10 X xS
215 Groups
X B&ZH Control group 0.33 0 0 0.67 0 — — — — — 0.20+0. 30
25 mg/kg 4 25 mg/kg group 1 1 1 1 1 1.33 1 1 1 0 0.93+0.34"
30 mg/kg 41 30 mg/kg group 1 2.67 .33 — 2.33  1.33 — .67 — 2,33 1.81x0.63*
35 mg/kg 4 35 mg/kg group 1. 67 2 2 2 — 2 1.67 2.67 1.67 1.33  1.78+0.37**

TS IR, * P<0. 055 25 mg/kg 21 48, #P<0. 05,
Note. Compared with the control group, * P<0.05. Compared with the 25 mg/kg group, *P<0. 05.

x4 BHIE
Table 4 Traction test

J*5 Number

1 2 3 4 5 6 7 8 9 10 X ts
2151 Groups
XF B2 Control group 0 0 0 0 0 — — — — — 0
25 mg/kg 4 25 mg/kg group 1.33 1 .33 1.33 1 0.33  0.67 2 .17 0.17 1.03+0. 54"
30 mg/kg 41 30 mg/kg group .17 1.33  0.83 — 1.83 1.17 — 1 — 1.5 1.26+0. 33 *#
35 mg/kg 41 35 mg/kg group 0.83 .17 1.83 1.83 — 2 2 .5 2 1.33  1.6120.43**

1 HXTRRALILEL, * P<0. 05515 25 me/kg AL LLEL,*P<0. 05,
Note. Compared with the control group, * P<0.05. Compared with the 25 mg/kg group, *P<0. 05.

x5 WKL
Table 5 Swim test

5 Number

1 2 3 4 5 6 7 8 9 10 X xS
2153 Groups
Xt HRZH Control group 0 0.67 0 0 0.67 — — — — — 0.27+0. 37
25 mg/kg 41 25 mg/kg group 0.8 1.53 1.53 .93 1.73 1.47 2 1.53 2 1.6 1.61£0.35"
30 mg/kg 4 30 mg/kg group 3 2.8 2.93 — 2.73 2.47 — 1.6 — 2.87  2.21+0.48**
35 mg/kg 2 35 mg/kg group 2.47 2.6 1.93 2,33 — 1. 47 2.07 2.27 1.87  1.87  2.10+0.35**

T S IR LR, * P<0. 05515 25 mg/kg 4LELEL,*P<0. 05,
Note. Compared with the control group, * P<0.05. Compared with the 25 mg/kg group, *P<0. 05.
®6 Lo
Table 6 Comprehensive score

%5 Number

1 2 3 4 5 6 7 8 9 10 X £s
2151 Groups
Xt HRZH Control group 0. 66 2 1 2 1.67 — — — — — 1. 47+0. 61
25 mg/kg 41 25 mg/kg group 7. 06 6.09 7.16 8.89 7.86 8.1 7.44 7.9 7.1 4.27  6.97+1.27"
30 mg/kg 41 30 mg/kg group  9.77 10.9 8.32 4 12.61  10.51 4 8.07 4 11.5 10.34+3.30**
35 mg/kg 41 35 mg/kg group  10. 57 10.4  11.59 11.26 4 10.23  10.44  11.44 10.07 8.76  10.54£2.22**%

T SXHRY L, * P<0.05;5 25 mg/kg 4 LA, ¥ P<0. 05,
Note. Compared with the control group, * P<0.05. Compared with the 25 mg/kg group, *P<0. 05.
2.7 WEFRN
W 25 LIS 00 SRS , %k R BT RN SCRAR 30 AT DU e ARG 6, R BT RL A A R B X S AP 2
HE 1 TH Hrik sz difbge o, WIg 1 /& 2, [ e BB 22 ST R AL, SORAR X sl 3 B8 TH BR%
Wit HE e o mT DU E BB BT XA 20 i AR 4ediem s by AR REIETE IR 285 Mg
URBURIEMZ L AR 3 A AUES, #2847 TH SABANRIERD)
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bogiik ] 25 mp/keffl
25 mp/kg group

Control group

HEHe{a

TH immunohisto  HE staining results

-chemical results

THH U e

30 mp/keffl 35 mg/kefl
30 mp/ke group 35 mg'kg group

s EAT43 518 Control 4,25 ~35 me/kg 240 HE e 255 F 1743310 Control 4 25 ~35 mg/kg

4 TH Uik se e AL g (g4

1 JBJF HE F TH ik segs b Yt

Note. The upper line corresponds to the HE staining results of control group and 23 ~ 35 mg/kg

groups, respectively. The next line corresponds to the TH immunohistochemical results of control

group and 23 ~35 mg/kg groups, respectively.

Figure 1 HE staining results and TH immunohistochemical results of the substantia nigra

ogiitl 25 me/kedfl
Control group

HERe £,
HE staining results

THHL (8
TH immunohisto
=chemical resulis

25 me'kg group

30 mg/kgff
30 mg'kg group

35 mp/kgfd
35 mg'kg group

BTSSR BCIRAAR Control 41,25 ~35 mg/kg 4l HE YLt 2538, 1550514 Control 41,25~

35 mg/kg 41 TH bk s pe b g g 21,

B2 Zetkik HE #1 TH Btk s b e e

Note. The upper line corresponds to the HE staining results of control group and 23 ~ 35 mg/kg

groups, respectively. The next line corresponds to the TH immunohistochemical results of control

group and 23 ~35 mg/kg groups,respectively.

Figure 1 Figure 2 HE staining results and TH immunohistochemical results of the corpus striatum
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PEAROT X FREE A R R A, — R B 4 2 Y
B IN, /IN BT 2 s A S 8] 1 B2 O 48 4 AR 20
Rl FRlE; RMFES ARG T, /MR ER
BER A | K (R WEE DX 4395 kg DRIHE X6 3 R A
) 0, AR 98 T B T 2 AN 25 7, B DA R AR
AH B 2555 — IR 20 2 4 Ry LS A0, AR BRR I 40 119
XA R, 42 4 55 0 BRZH 2200 i 2%, L3R Al
HPER . R S ot Bl 2 3 s (R R E &
M 30 mg/kg LA b5 &, 23 BRI 52 25 i 7
A S FET -, PR BITAET 4 1 X 5 E I —B0A
S 45 mg/kg MPTP 7| 2 DA N AR 25 H 3052 56 3l )
FET-IRIE AT

B3 S0 | QAT S 56 0 i K 52 56 v, s 5 %) B
HAEAE B FVE 22 T 41, 25 me/kg MR FI 415 30
mg/ kg F1 35 mg/ke B F 757 57 £ 41t 47 7 3 R BH
R225, R 30 mg/kg A1 35 mg/kg [0] 22 5] A BH
5B BT B 5T 435 700 A SR G, 1B 4G
AR — R B ) BE, B B E ),
XA SIS AT R 2 2% B A B S 1) 1 i R
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FEARIG oy — B, 1152 5 d S Ak b /b,
RS EE RN T /NS, 5 X R A
LU, 525 A B WIS 0 & e R 25, =4
T i 2 A YA 2 2 50 L 7 e 4 24 50 s
WRFEE T B, BRI R J) T B 5 U 8 14 ik
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EN D N o T N i R SO M g S VS W e
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5 R A B 2 R WA b
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FREEAL f , E— 20 AT DSRS0 R B R AT 7T S
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R, ASHIFTE SR FH B 34 547 S 4 1743 J7 1T LA
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Evaluation of learning-memory ability in C57BL/6J, BALB/c,
and ICR mice

LI Xianglei, SUN Xiuping "

( Comparative Medicine Center, Peking Union Medical College( PUMC) , and Institute of Laboratory Animal Science,
Chinese Academy of Medical Sciences( CAMS) ; Key Laboratory of Human Disease Comparative Medicine,
Ministry of Health; Key Laboratory of Human Disease Animal Models, State Administration of Traditional

Chinese Medicine, Beijing 100021, China)

[ Abstract] Objective To compare learning-memory ability in C57BL/6J, BALB/c, and ICR mice. Methods
Adult male mice were divided into three groups with 10 C57BL/6]J, BALB/c, or ICR mice in each. The learning-memory
ability of the three mice strains was evaluated via the open-field test, Barnes maze test, Y-maze test, and fear-conditioning
test. Results In the open-field test, the total distance, largest distance, velocity, center distance/total distance, and the

center time were significantly lower in the C57BL/6] group compared with the BALB/¢ and ICR groups (P< 0.01, P<

[E£TH ] BRERHEE R LI (20172X09301029) .
[EB BN 1204 (1992—) W, ARL  BF9E 7 11 . 4T 2%, E-mail ; 335745944@ qq.com
[EIEEE]NEIHE(1974—) & ,T@i T AT % . E-mail ; supering_sun@ 126.com
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0.05). The small distance in the C57BL/6] group was significantly greater than that in the BALB/¢ and ICR groups (P <

0.01, P< 0.05). In the Barnes maze test, the latency to reach the entry zone was significantly lower in the C57BL/6]

group compared with the BALB/c and ICR groups in the learning stage on the second and fourth days ( P< 0.05, P<

0.05). In the test phase, the time spent in the entry zone in the C57BL/6] and ICR groups was significantly greater than

that in the BALB/c group (P< 0.01, P< 0.05). In the Y maze test, we found no significant differences in spontaneous

alternations, time spent in each arm, and number of arm visits among the three groups. In the fear-conditioning test, the

percentage of freezing time among the three groups was not significantly different. Conclusions

In the open-field test,

C57BL/6J mice exhibited the lowest spontaneous activity level and the highest anxiety level. In the maze test, spatial

reference memory in C57BL/6] mice was superior to that of BALB/c and ICR mice. There were no statistically significant

differences in spatial working memory or spatial recognition memory among the 3 strains.
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Analysis of the use of animal models of chloasma based on data mining

WU Yanyi, TIAN Shuo, MIAO Mingsan "
(Henan University of Chinese Medicine, Zhengzhou 450046, China)

[ Abstract]  Objective To analyze the use of animal models of chloasma, and to lay a good foundation for future
animal studies designed to explore the basic biology of chloasma, test new therapies, and develop new drugs, so as to
generate scientific, rigorous, and safe treatment approach for chloasma. Methods The CNKI, Wanfang and Weipu
databases were searched for all publication pertaining to the key word “chloasma” , with the following time ranges: 1960 -
2019, 1990 - 2019, and 1979 - 2019. The application of animal models in the literature and the detection of relevant
indicators were analyzed and summarized. Results A total of 104 experimental studies were retrieved. Female KunMing
(KM ) mouse models of chloasma were the most common, and UV irradiation was the most common method used to induce
chloasma. The most common experimental duration was 30 days, and all of the studies lasted for at least 7 days. Drugs were
typically administered for between 28 and 31 days. The indicators that were assessed can be divided into apparent

indicators, biochemical indicators, and pathological indicators. Assessment of biochemical indicators was most common,
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primarily focusing on changes in

oxidation-related factors in the skin and serum. Conclusions

There is a serious

imbalance between experimental research and theoretical discussions related to chloasma and the clinical need for chloasma

treatments. The establishment of a compound animal model and an animal model with TCM disease characteristics will be an

important focus for future research. Existing studies of the mechanisms of drug activity are limited to imbalances in the

body, surface oxidation, and anti-oxidation, and ignore factors related to endocrine disorders. In-depth studies of body

surface NEI networks to identify factors that can alter body properties may be an important research direction for developing

new treatments for chloasma, whether they exhibit full or partial effectiveness.

[ Keywords] chloasma; model; data mining
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Table 1 Experimental animal models of chloasma
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Table 2 Statistical analysis of chloasma modeling methods

TERT Ik Bl
Methods Document Percentage
number :
L5 SN BB
/RS 45 43.27%
Ultraviolet irradiation
AT R+ S AN T
BORBERC A o s
Progesterone injection+Ultraviolet irradiation
= Rl By
/JZFWH(J_.E]T{&. 2 2 1%
Progesterone injection
LA it
Ultraviolet irradiation+bound 3 2.88%
AT S+ S N R+ o]
. L 2 1. 92%
Progesterone injection+Ultraviolet irradiation+bound
51+ R
SR N+l — Ry RO A 1 0.96%

Ultraviolet irradiation+Estradiol is applied topically

RN T F B RBEE RSN R RO B
LA WOL T ALY TS s R A, HA
2507 S AT 3 S AR S 25 2 IR 45 2 | 10 A A
heh gy, iR G % 250 M £
(54.81%) ,TEIE W3 4, TERIET RN B H
DA PR 123 A 14 24 9 Sk B o BE 24 v g TR 45
&k 48 AR R C(25.96%) . @ T4 P %
(3.85%) ; SMHLA 25N LU A B 7L E (18.27% ) Wi H
2 WA A SCHR SR T 20 R 1 S, T 1R
&, TSN JE N R, H 45 25 1 0] K 22 43 A 78
28~31 d(58.65%) , it 4524 56 d, i Jid ok ik i
B NS LR TR S,
2.4 RIS MISFREER

X T A BEAE bR A I, T 40 b R LEE A L A
R38R 5 LS A5, e A A SCHER X 20 9 1 O AR
SRS AL TEA TR I, R4 F8 AR D SO
R ArF-H: 0 £ BE 4 B 245 400 00 A FH 85028 B A A
BU . BT Hr i SCEk A 75. 96% %ot sl Kz ik | 1fiL
T SR AR DCE AR FR AR AT 34T 5 75. 009% 1 SCHik
XoF 9 725 Jry 8 1 R DR 10 1A 7 SO0 M o AT 5 A
7 33. 65% 1 SCHRXT Kz Jik J 38 1 2 URAR 8 20 1 7 Loy
Giitorr, HEREILE 2,

WA R ]

Ultraviolet exposure time

604

60 min

3045

30 min

1204+ w308

s

u 50468

50 min

154H8r  mAhR

20 min 15 min Uknow

B 1 AP RG] oA ]

Figure 1 UV exposure time
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Table 3 Statistical analysis of the duration of chloasma model experimental periods

T ] ik E A T 1] SRR B
Building time Document number Percentage Building time Document number Percentage
30d 50 48. 08% 36d 1 0.96%
28 d 21 20. 19% 35d 1 0.96%
21d 11 10. 58% 31d 1 0. 96%
56 d 6 5.77% 20d 1 0.96%
45d 6 5.77% 14 d 1 0. 96%
60 d 2 1.92% 10d 1 0.96%
50 d 1 0. 96% 7d 1 0. 96%
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Table 4 Types of drugs administered
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Table 5 Duration of drug administration
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Table 6 Index of animal models of chloasma
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miR-181b regulates atherosclerotic plaque formation by targeting Mex3B expression

ZHANG Shiyuan”
(Ultrasonic Department the Second Affiliated Hospital of Nanchang University, Nanchang 330006, China)

[ Abstract]  Objective We investigated the role of miR-181b in regulating atherosclerotic plaque formation in
atherosclerosis (AS) by targeting Mex3B expression. Methods Male Sprague-Dawley rats were randomly divided into a
normal group, model group, control group, and experimental group. A mixture of miR-181b-inhibitor-NC and miR-181b-
inhibitor was injected into the control group and the experimental group, while rats in the normal group and model group
received the same amount of saline. At 24 hours after the injection, a 600, 000 U/kg dose of vitamin D3 was
intraperitoneally injected into the rats in the model group, control group, and experimental group, which then received a
daily 100 g high-fat diet. The rats in the normal group always received the same amount of a basic diet. After 60 days of
feeding, the rats underwent carotid ultrasound examination to measure the intima-media thickness of the posterior wall of the

artery (IMT) and the plaque area (square, S). RT-PCR was used to detect miR-181b expression and the mRNA of Mex3B
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protein, and a Western blot was used to detect the expression of Mex3B protein. A luciferase reporter gene analysis was

used to examine the regulatory relationship between miR-181b and Mex3B. Results

Compared with the normal group,

carotid intima hyperplasia was evident in the model group, and we observed significant increases in carotid IMT, plaque S,

miR-181b and Mex3B mRNA expression, and Mex3B protein expression ( P< 0.05). Compared with the model group,

carotid intima hyperplasia was evident in the experimental group, and we observed significant decreases in carotid IMT,

plaque S, miR-181b and Mex3B mRNA expression, and Mex3B protein expression ( P< 0.05). Luciferase reporter gene

analysis demonstrated that miR-181b targets Mex3B. Conclusions

miR-181b is involved in the inflammatory stress

response in atherosclerosis by targeting Mex3B expression. Inhibition of miR-181b expression may significantly inhibit

inflammatory responses and reduce plaque formation in AS.
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FIBE+3% AHEBE+0. 5% AR 81 +0. 2% 1N JE 57 4 %
WE, SBERE N 6 keal/g, SF40: A Z0) Hi & B & 2 5K
wahrhaodeft,

Lipofectamine™ RNAIMAX % J¢ i 7 ( 4l [
QIAGEN A +]) ;4 4255 & ( H A& TOYOBO
] sPBS G2 M W WU e o I X R & L O
AN P21 ( hematoxylin eosin, E) A& (E£H
Invitrogen 23 7] ) 5 B 983 38 BE I 7 — o (tumor necrosis
factoR-o, TNF-o0) . FAZHMEIST Z - 6 (interleukin—6, IL-
6) LA | 5 42 J& 5 M -9 ( matrix metalloprotein,
MMP-9) $ii/& ( 2% [ Abcamn 2 7)) ; BREE 7 . Mex3B
Pl (3 H Jackson A Al ) 5 i F% 5% U £ . Western
blot 1 & (£ H sigma A F]) ;L O YL A58 &
(L R&D 24 Hl ) 5 W SR ME A% T 198 2K i 5 7% I A
T B K U A5 2 % ( terminal-deoxynucleotidyl
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transferase mediatednick end labeling, TUNEL) 157 &
(% EH Amresco 2 ® ); 18 & fb % &k b
(electrochemiluminescence , ECL) f42% % 5% i 4,371
a( ESJES| Millipore /NG

YJ-875 A BE AL AR 6 e A B0 pL
(LA —AXHR ) 5 LIO0S600T #¢ ) i falt i ( H A
JEREAF]) 3 Bio-rad BEE AR R 55 ( Bio-rad A H]) ;-
80°C R VKA (T E4EM T /A F]) 5 Leica RM2135 41
LY HL(FEE Leica 24 F]) ; RT-PCR X ( 3E[E Palo
Alto 24 F] ) 5 LOGIQ7 BUR (5 22 38 My 8 7 Wi 1R 3 4t
(ZEHE GE AH]) ; Vevo 2100 =435/ N Wy 74X
(JNEEK Visual Sonic AH]) .

1.3 XWHE
131 ShkoktEat A sh s b it N 525 73 240

K 40 2 SD K EBEHL M I 4 41, B 10 H, 50
BRI H 41 B L] miR-181b-inhibitor-NC £ ( X
HE4H ) #1 miR-181b-inhibitor ZH ( S25641) .

YRR 2.5 pL 9 Lipofectamine™ RNAIMAX
435915 9 pL 19 miR-181b-inhibitor-NC 1 miR-181b-
inhibitor /A 4%47,37°C F#fE 2 h, il B # ks
FREST 7 wL IR W ARSI A SR,
SPHEAERFLE 2 pl/min, AT 5 min, IEH 4
RS2 T 5 5500 i AR B K T 25 24 h ),
FEAL YRR SR KRR IR A= 3R D3 K&
PR 1 ) 8 3 ok e A AL A AT LA
T K4 2E K D3 L 600000 Us/kg Y57 2 — U1 s
TSR BRI G A H DL 100 ¢ @RI SR, IE
GEEPNERGELIVE 5= STV S1EE S O N oY [N
T FETE G AAE
1.3.2 Vevo 2100 #7045 41K B Sl kA6

MRIR 60 d J , 25 i P 4G A W4 4% 2H R L a3
SRR G A O AR B SR SRR A |
DRINFIET RS R, 3 LA el ) A P 8l ok i BE
Jii—rf )22 JE BE (intima-media thickness of the posterior
wall of the artery, IMT) ; #8476 5 R AR 4ERF 1ML
PN N T 60 B WK UL i 3 1 2= S 8EE b
PEH AR (square, S) 55
1.3.3 HE 38 JHZL O Je @il 4 4R Bl AS i
Bin Gy

PR AT SE R T RS E 12 h, BRI AL IR
AR T TC TR R B 25 4 B 4 T Bl bk, S Bk AP I
HIRR I A12L, 80% ML LR A HEAT WU AR BT, 20% 1
HBRAR,56°CIKIA 1 h, 2 HEER/K Yk 10 min, 10%

BV TE 2 1 b, A AL 10 min, Y1 A, Z81B/K T
PE 3 U MR IEAT HE W4 0 YL B 65 - WM EE AS
1.3.4 TUNEL 3 tafa il £5 20 KB b sl ik 21 21 1 4
MR T

B 109% 45 AL BhRAS, 10% S [ 2, — R
IRVEPIVR B CBRUE 5 min, KT 5 3% SR K -
FH SR 360 10 min, PBS U6 3 IR, K 3 min, A5
4°C TR Ll E AT T 44E 0. 1% TritonX - 100
0. 1% 2 AL FE 2 min, PBS Y% 3 YK, /K 3 min,
JIA TUNNEL SBT3 W, i IS I & b s
N1 h R 37°C, PBS 0L, AR LB K, — R
B, YRR R R A, BT LA
1.3.5  SRe AN 45 20 K SR sh ik 4 10-6
TNF-a F1 MMP-9 [k

WU 10% 45 HAA B RA L7 Bk, Al
VIR il 185, SR K E A, A —t, 4E4F 4C
BB, K H DA =40, iR F 30 min, %k,
IS A RARRE Y, PBS 1EVE, WK,
W B, A T SR I i SR S e 4 s e (T A
T o LA S 96 2010 0 200 JH 5 R 240 60 5 A s 0 e bt
B0 0 A B
1.3.6 RT-PCR #: 0 miR-181b il Mex3B & [/
mRNA fy5%1k

B 10% 45 AL LR A, B HUPRAS b 48 i 19 5
RNA 752 RNA RGN RNA S28i5 ",
RT-PCR RN, FH 2722 7R B Y 3k R AH X 21k
i B AN FEAS M S A 3R, 51 E A I
%1,

®1 EREITIWFEG

Table 1 Primer Sequences

FHEMH Gene J¥31 Sequence
_ F:5’ -TGACGTCACTGGAGTTGTACG-3"
miR-181b
R.5’ -GGTTCATGTCATGGATGGTGC-3
o F:5’ -TCTCTGATGCTGTTGCTGCT-3
“ R:5’ -CGTCGAACGGTTGAGGTAGT-3"
F:5" -GAGGATACCACTCCCAACAGACC-3’
GAPDH

R:5’-AAGTGCATCATCGTTGTTCATACA-3’

1.3.7 OUEMHRAE 0

B 10% 4% 2H 20 bR 4, >R ] TRIzol #2 B
RNA Jf:30i%% 554 i ¢<DNA, PCR #"3#% Mex3B [ 3° -
AEREX, I H i pGL3 (pGL3-Mex3B-WT) ik, F1
] TaKaRa $ R#E pGL3 ( pGL3-Mex3B-WT) |- miR-
181b 4547 5 EFHE ( pGL3-Mex3B-MUT) #8544, F]
ik F] Lipofectamine 2000 #f % 45 2% & | mimic
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control . miR-181b mimic #% 4t & A F 3h Ik PN 572 40 Jits
(human aortic endothelial cells, HAEC) #5444 hli3))
48 h Jm, FHOBUH 980t 3R B 4 5 50 B R 4L ( dual-
luciferase reporter assay system ) K Il A [/ 55 25 J5R7 1Y)
GEGIH A M T PEAG I 2l 135 P A DU AR X 2 't 3R il
T, i R 35 e oAy 2 oK R 5O 3R il 1 Y 9O
RS TR
1.3.8 Western blot £l £ 2H bR A< Hh Mex3B  1L-6,
TNF-a £l MMP-9 7K 4 3 1k

B 10945 HESVRAS R # LT RS2l H
PREE T Mex3B \IL-6  TNF-a F1 MMP-9, 2% BCA 7
AN E R VR B S HERG 50 pg, BLUK SRS,
W SR 2R 55 15 5 PVDF #5151 A 10%
BEAS WKL P 3 h, LA (1:1500) b R ), 4k 45
4CIFB R RMA ST 3 h, ik
Jt ELC & 30 min, Z2BEO6. B E ¥ 5, U
GAPDH NN SRR i H IR IBAKF-
1.4 HHEFHE

ASLEG R A SPSS 16. 0 1 1F #E 47 804 e it 4y
M7, R Graphpad 5. 0 #K{1E K, P R] FL AR
Kl , Z2 20 18] LR 7 22007, P<0. 05 Fon BA
gt L,

2 HR

2.1 ZFHKXKRHFhREERNLER

20K R B Ik 75 A5 R K 1 FoR , 5IEHE
L AH EL 45580 2] K BR300 3 Ik P RS 34 A BH 8, 35 ik
IMT B S 34, B S BH i 14 K SR RIZH AR L, 58
5 20 KBRS ok PN A8 A B S i/ ) , S sl bk IMT B
BN, BEH S BB, 2 5 EA G E L (P<

03f=-

3 0244 -

2 WL A BRI (mom)
IMT of ra carotid

e

A 2] C ]

0.05) ; BIRIL A IRAIAH L, 22 5 RS2 (P
>0.05) ,
2.2 BAXBRHKFELTHRNLER

HE Y25 R s 2 fros, 155 4 8l k4548 52
MR RN Py B | e R L R A1 S R 3 A 5
BERIZH By ok 457 e B S 34 RS, (LA 344 fin 45 B P ]
DL R Bl AR AR, YRS AT DL 8 SR sl B
BEH ; X6F HE 21 3 fik PN 65 40 it 24 52 B B 0 TR 1
21 R 3 A 5 S 20 B kR SR BH K AR, P
A PR R 2 B S8 G B 9 T 200 1 B3 B
WD A I N IR SR B Bk

LT O Yefa b Ak 3 Fion, 1B W 4 F 3hkas
FATERE A WLBEHIY B 5 B 70 A4 1 5 1 o b i, L
A2, B0 ik o B v RT L R A A ) 6L TR A, A
Sl IKEE A rf B PN B 7 AR B I ) RN SR AS
BEH | 8 s W S AR A /N X6 BR 2 B i DA oA 4
B R bR B8 R I BRE B [ 45 T S S 2 1) B ik
RESELR 23 A 3 6] B S 0 /)N, PN S 5 A 3 A 0 UK 4
JEL X ) SR A T A
2.3 REANBNGEAXR AS hRRHEE

MMP-9 J2& AS T WA 4 22 BB AR e M ki 56
SRR AR R W, AR B 5T R e 4 Ak
Western blot 3Kl 4% 2H K 5L 3l ik MMP-9 () 3 ik
O, G5 RN 4 FroR 5 IEE AUAH b, A7 4 K B
MMP-9 ()15 745 (P<0.05) ; SHERIZH A L,
S KRBk MMP-9 (13350 B R, 2% 5544
HAGITE L (P<0.05) ; BRI RN AL L, 22
SIG R (P>0.05) , HEWHDH miR-181b 1
ik, e MMP-9 i ik, /N AS Hr BE B )
A

Carodned plague

Hish B (mm?)

T T T
A B C D

WA ER A B BRI C X IRAL; D S, SIERAMLEL, © P<0.05; SEIAIZHAM L, * P<0. 05,
B1 SAKBIGKEFLER(n=10)

Note. A, normal group. B, model group. C, control group. D, experimental group. Compared with normal

group, * P<0.05. Compared with model group, *P<0. 05.

Figure 1 Carotid ultrasound results of rats in each group
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50 jam
AL IER LB A C A R ;D SR80
2 HE @il AS HHLBUE (n=10)
Note. A, normal group. B, model group. C, control group. D, experimental group.
Figure 2 HE staining to detect AS pathological changes

TE: A IER A B BRI C X IR D SR
3 bl O eI A 2 R RS Ik EE B RAR BTUTAR (n=10)
Note. A, normal group. B, model group. C, control group. D, experimental group.
Figure 3 Oil red O staining to detect lipid deposition on the arterial wall of each group of rats

=3 1 *
'.HE 4 — S
FY]
'Eé 31 #
i =
i '1m

E 0 T L] L L

A B C D

T A TEH A B AR C XA, DSR2 . SRR AL, * P<0. 055 SHURLHAILL , *P<0. 05,

4 RPEH LT Western blot KGN 4520 K s ik MMP-9 i 3&ik (n=10)
Note. A, normal group. B, model group. C, control group. D, experimental group. Compared with normal group, *P<O0.05.
Compared with model group, *P<0. 05.

Figure 4 Detection the expression of MMP-9 in the arteries of rats in each group by immunohistochemistry and Western blot
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2.4 TUNEL #fE#ill&EXRpk4aaET

TUNEL Y25 e 5 s, 51IE W A L,
MERIZH KRR s bk LA 4 i 7 - R 8 7 (P<
0.05) ; SRR AH LY, 5250 20 K B3l ik I i) 4
TR R N 25HEA5% T E X (P<
0.05) ;BRI FIXT AL LE, 22 57 TS 2F 8 X
(P>0.05),
2.5 HZHHBKXRBIPKF IL-6 F1 TNF-a BIFRIE

IL-6 1 TNF-o Y5 R 7E AS 980 S AR 22 A
F AW TR A BE AL AL R Wetern blot I £%
HR BBkt 1L-6 Fil TNF-o FOZRR 500, 45 51 &
6. 7 s, 5IE R A L, BEAY A R R TL-6 Al
TNF-o () ZR35 01 5 Ty, SRIRIATAR 1L, S0 20 K B
ik IL-6 il TNF-a FFIAEH B FRE, 2 R EA
it X (P<0.05) , BERIZH A BB 41 A He , TR 8
25 ABAGIEE X (P>0.05)
2.6 Western blot il & 280 X R zh Bk & Mex3B &
HIRIE

Western blot 72: £ I 2% 20 K B g Jk b & A
Mex3B AR KA 8 s . 51 4 AL ,*ﬁiﬂ
Bk hHE 1 Mex3B 1935 B 8 755 (P<0.05) ,
SRRV AR LY, SCE0 20 K R B ik b & F1 h Mex3B (1)
FARUIE T RE(P<0.05) . BEBIZH XS BRELAA 1L, TC
g2 REAGI#E X (P>0.05),

2.7 qRT-PCR #ill &4 X R 51 Bk H miR-181b 0
Mex3B ZF B mRNA HI&RIE

AHFSE H R B RT-PCR A 4% 41 K B3 ik b
miR-181b 1 Mex3B HYJ mRNA #ik/K 5, 4nld 9 fir
N5 IE 4 R, BERLA] miR-181b A1 Mex3B #)
mRNA ik KB 8 5 (P<0.05) 5 5% 4% miR-
181b-inhibitor J& , 154 79 25 1 %F BR 2 A0 L, 52 96 20
miR-181b Il Mex3B 1 mRNA ik 7K -0 i [&A% (P
<0.05) ; AV FXT A AR LG, o B 25 55, N BA
Giit2EE L (P>0.05)
2.8 WHEBBREEBRSNER

miR-181b Fl Mex3B 4 [ A KI5 Al mRNA 745
T —2 i A 45 B M 3 (www. microrna. org )
4] miR-181b F1 Mex3B fEAELE S0 25 (W& 10
TR) o KRGO GER B 55 K 2 B R WA 2 1)
KAGRWME 11 /R, 7 4 miR-181b 5, B A= A
Mex3B 1192 56 K il 16 PE B A il (P<0.05) , 2848 &l
Mex3B 195 6 2 BT A8 1k (P>0. 05) , 1568
miR-181b 5 Mex3B EA A IR A,

3 itig

AS fEIE I 5 [ S BK A TR A A L 3
/045 1T BOPL AR 17 PR A3 ot A A2 T 2% ol
THRERRNG . PR AS T3 A A S 0 BB | I A e v 24

MR (%)
Cell apoplosis reate
-
: 2

II%!

#
I

o=
T
A

B

C D

W AIER AL B AL C X IRAL D SE80 4 . SIER M, * P<0. 05; SHAEIZI A L, * P<0. 05,
5 TUNEL @& A4 T (n=10)

Note. A, normal group. B, model group. C, control group. D, experimental group. Compared with normal group,

Compared with model group, *P<0. 05.

* P<0.05.

Figure 5 TUNEL staining to detect cell apoptosis in each group
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Tt

et T e

ﬁEi:
5
g

A

A B c D

WA ER A B AL Co X IRAL; D S, SIERAMLEL, © P<0.05; SR L, # P<0. 05,
G RELH AL Western blot 3460 4% 20 K B sh ik 1L-6 #3315 (n=10)
Note. A, normal group. B, model group. C, control group. D, experimental group. Compared with normal group, *P<0.05.

Compared with model group, *P<0. 05.

Figure 6 Detection the expression of IL-6 in the arteries of rats in each group by immunohistochemistry and Western blot

A IER AL BRI C 0 IRAL D S, SIER ML, * P<0.05; SEIRIZAH L, * P<0. 05,
7 RIEAILFN Western blot FA I A4 Kk TNF-o (93835 (n=10)
Note. A, normal group. B, model group. C, control group. D, experimental group. Compared with normal group, * P<0. 05.

Compared with model group, *P<0. 05.

Figure 7 Detection the expression of TNF-a in the arteries of rats in each group by immunohistochemistry and Western blot

] L .
E - -
A B c D ﬁ; 14
Mexill — B E
— Ef "
78 -
GUDH G G . e - -
E ——
=
# L ¥ L T
A B C D

T A ER A B AR C X B4 DSR2, 5 IERAMILL, * P<0. 05; SHBUMLAMILL, *P<0. 05,

8 RAKEINIKF Mex3B EHMIFEKE(n=10)
Note. A, normal group. B, model group. C, control group. D, experimental group. Compared with normal group, * P<0. 05.
Compared with model group, *P<0. 05.

Figure 8 Protein expression of Mex3B in the arteries of each group of rats
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= - % -
ai . -ER =
®E & 3
® Z i+ EE 3 "
£} v 3% '
= P 9 - By g ==
=B ° =
G =
Ez ] L g ] 2L
E = ¥
2 =
L] T T T T v 0 T T T T
A B C (] A B C [
L AIER A B AR C X IEL D SE80 4, SIER ML, * P<0. 05; SHAEIZ AL, * P<0. 05,

B9 HAKRAMKH miR-181b Al Mex3B ) mRNA kKT
Note. A, normal group. B, model group. C, control group. D, experimental group. Compared with normal
group, " P<0.05. Compared with model group, *P<0. 05.

Figure 9 mRNA expression levels of miR-181b and Mex3B in the arteries of rats in each group
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Figure 10 Relationship between miR-181b and Mex3B predicted by bioinformatics websites

15 R8T beminic 571 BS54k b 38 2 A A, miRNA 7E4

: ) mikmio:ssntm] i TR F520 AS B4 B B, 17 a3l ik P B2 4 g
= — 107 5 DI RE B A 0 IR 40 MR S R R 4 s i
g2 T L L UURRBEIERS . Ma % BISIESS miRNA -
%: 155 25 ApoE ™" /IN &L 351 51 Jik o83 4 s Ak v 149 &4t i
gﬁ I, miR-181b J& miR-181 ZX & H 5 .0 Ifil B ¥ 9 5%
RE REVIMA . BRI miR-181b 305 4
2 L SR L S P 2 R (R T P 25 AS HERE. Di
" 4TSI E T miR-181b REVER 3L T 42 Ji 45 11 4
! oL i - LN i 57) — 3 (‘tissue inhibitor of metalloproteinase-3,

Contral group Wild group Mutant gorup

TIMP-3) (92635, 520 AS sl & BE i Fa E . Sun
SENS RS miR-181b 2 54 Apok ™ /Nl AS
FHRMESRARET, EEE S B

B 11 XU R M R DA I 2 2R

Figure 11 Detection results of the double luciferase reporter gene

S MR A 15 Wi B 15 e e B e e A i A o S R
A H AT I PR b T s R A R
T 2 R R LG | IR R I 2 ik s At R
H ARG TF-BL, I TF R ENXT AS ()35 7
AR SR LRI R T HA F R L,

HET, &1 %5 AS W HE 1A Y7 i b T 58 56 = AF 5T
WrBt, BFFEIE 92 miRNA NUAE AS H 40 i 19 5

il miR-181b MYFRIXAEW W I8 F% ox-LDL 53 1 A
O 5 Ik 240 B 98 RE B M. AS B 5 P % Y miR-181b-
inhibitor J5 R AZEA FE D3 BA E B K &M &)
ik ok R Ak R R RY | 25 SR e B ) miR-181b (3%
TRAE A B A0 A L AS 5 BEIR | ol 36 K B 3 ik 1
BRI URURE L, AR S bk -h MMP-9 ) 33k, 46 /N3
ok v e A T AR
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WFFT WIS Bl ik i A% BE DR A 18 1k ) R S
BT B0 AS B4 B By ik il AT B BE B i) R
A, Zampino 25" fAE N7 1A S0 R M IV B 45
D SEEIK I K AS BEHIE S, Yang 251 i
FRABEACRER T R A B FUGE AS shits
RIFIEIR . Gong 2V AFFEUE LM AS v R PERY
RIRAEM ke AS A BEHR Y9 A8 1 AR, 2 UE BE
(TR 20 R R A 2 I PAC IR 5% 445 2 2 WA 1 okl 2
SRV B8 BH 5 95 A1 25 8h Jok o6 AR R A B 5 & A i A AT
F R . 1 MEX3B JE PR 2 DO Fp A 28 [R] YR MEX3 5
R —Fp, o oE R Mex3B 26 (R 3L &
IR 4 I /N P 2L R 43, 5 4 1 R F- B mRNA
Wk B AR ML R UIA 56, He 5PV 5T
HITE 8, miR-181b AENS 5 Mex3B 455 PELS
M3 20 . DNA 19 & il DL S 41 B 34 5. Moududee
BT 1S L Mex3B 8 IS5 UR 12 K E3
HEFETG IR 45 A8 B8, Mex3B 4R [ ki 1 vz Z Ak 1E
S 5400 R P ., Sun %570 BEFE 35 H miR-
181b SNz & E3 4 14 4 2 1A R A% 2 ik ok A s 4L
A PR R R MR R ER . ARBFSE T RT-PCR
1 Western blot 255 M7 AS Fi AU ZH Hh Mex3B H
mRNA FIEE AT, RYEFF 1L-6 F1 TNF-a
Rk, AS B W i, 382 28 W15 B I sl 350 0
miR-181b il Mex3B fA7EAE [ 45 G0 4L, DGR B
AL R 20 M E 52 miR-181Db 0 [5] 4 4% Mex3B ) 3
ik, Western blot 7245 2 & Wi miR-181b YK ik
J&i ,Mex3B (1) 35 B g T R, RUER FRE T M,
HEWT 6] miR-181b i i 4 17 45 Mex3B MR IA S
55 AS g R, R I R R M T B AS BEBR

24 Bk, miR-181b @A ¥ [0 4% Mex3B 3%
K S 5Bk RERE Ak o G 96 M 15 38, Al miR-181b
(1) 2235 BE FH S A1 ) 9 A SN, Ui/ ) 3 Jok s A 1 £ v
BESAIE . (B Anfa) s miR-181b Fi4 2 16] 44 FH 7
S R X 2 bk 6 #F B Ak 1 36 97 iR 7 HE— 25 1)
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Effect of ceramide on platelet-mediated transfusion-related acute lung
injury in mice

LI Yingming, CHEN Hua, WU Yan "
( Department of Blood Transfusion, Haikou People’ s Hospital, Haikou 570208, China)

[ Abstract]  Objective To evaluate the mechanism of ceramide in aged platelets mediated by transfusion-related
acute lung injury (TRALI). Methods The second hit model of TRALI was established in mice via lipopolysaccharide
prestimulation, and platelets were transfused and stored for 1-5 days. ARC39 (a specific acid sphingomyelinase inhibitor)
or platelets from acid sphingomyelinase-deficient mice were used to treat BALB/c mice. Temporal changes in platelet
sphingomyelin composition were analyzed. We examined the accumulation of neutrophils in the lungs of TRALI mice, as
well as the function of the endothelial barrier and the histology of injured lung tissue. Results Platelets were collected and
stored for 1~5 days from mice prestimulated by LPS, which caused characteristic lung injury, and the severity of lung

injury increased with time. Ceramide in platelets accumulated and decreased during storage. Compared with the control
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group, transfusion of ARC39 preconditioned platelets or acid sphingomyelinase deficient platelets significantly alleviated

lung injury. Conclusions Aging platelets can lead to TRALI in mice, but this damage can be reversed and treated by an

acid sphingomyelinase inhibitor or specific knockout of the acid sphingomyelinase gene. Such intervention measures for

sphingolipid formation are expected to be an effective strategy for increasing the storage safety and shelf life of blood

products.
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Note. A, Ratio of wet weight to dry weight of mice, the concentration of protein in BAL and the activity of MPO in lung tissue. B, Histopathological
photos of HE staining of lung tissue after transfusion of platelets with different storage time. Compared with the normal control group, * P<0.05.
Compared with platelet storage group, *P<0. 05.
Figure 1 The ratio of wet weight to dry weight, the concentration of protein in BAL and the activity of MPO in lung tissue of mice

after transfusion of aged platelets into LPS pre-stimulated mice with different storage time of TRALI
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Note. The contents of different kinds of ceramides in stored platelet samples were quantitatively analyzed by liquid chromatography-mass spectrometry
(LC-MS) . Compared with the normal control group, * P<0.05. Compared with platelet storage group, *P<0. 05.

Figure 2 Accumulation of different kinds of ceramides in mouse platelets with the increase of storage time
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Note. A. Ratio of lung wet weight to dry weight, the protein concentration in BAL and the activity of MPO in lung tissue of each

group of mice were marked as shown in the figure. B, HE staining tissue sections of the lungs of each group of mice, Compared with

the normal control group, * P<0.05. Compared with platelet transfusion group, *P<0. 05.

Figure 3 Transfusion of platelets derived from Asm gene deleted mice or stored platelets treated with ASM specific inhibitors

could significantly attenuate TRALI damage
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Relationship between chronic stress-induced depression and BDNF/VEGF
expression in the mouse hippocampus and forebrain cortex

SUN Mengjun', DONG Zefei'* , WANG Hong®
(1. Xingtai Medical College, Xingtai 054000, China.
2. Department of Psychiatry, Affiliated Hospital of North China University of Technology, Tangshan 063000 )

[ Abstract ) Objective  To explore the relationship between expression of brain derived neurotrophic factor
(BDNF) and vascular endothelial growth factor (VEGF) in the hippocampus and forebrain cortex and depression induced
by chronic stress in mice. Methods We randomly divided 58 SPF KM mice (29 male, 29 female) into a control group
and observation group. We induced stress in the mice in the observation group via fasting, electric shock, and other
techniques. The mice in the control group were not exposed to experimental stressors. We weighed the mice before stress

induction, 10 days after, and 20 days after stress induction. We then observed and recorded the result of the Morris water
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maze test and open field test in both groups. We measured BDNF and VEGF expression in the hippocampus and forebrain
cortex in each group, and analyzed the correlation. Results Before stress induction, there were no significant differences
between the two groups (P > 0.05). After stress induction, the mice in the observation group weighed significantly less
than those in the control group (P < 0.01). The escape latency, swimming distance, and time spent in the second
quadrant were significantly higher in the observation group vs. the control group (P < 0.05 or P < 0.01) , but there were
no significant differences in the time spent in the other quadrants ( P > 0.05). The modification times and vertical
movement scores of the mice in the observation group were significantly lower than those in the control group, and the
retention time in the central area was significantly higher than that in the control group (P < 0.01). There was no

significant difference in the number of defecation particles (P > 0.05). The BDNF and VEGF expression levels in the CA1

area of the hippocampus and forebrain cortex were lower in the observation group vs. control group, but this difference was

not significant (P > 0. 05). Conclusions

Chronic stress can induce depressive behavior in mice, which may be related to

decreased BDNF and VEGF expression in the hippocampus and forebrain cortex.
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Table 1 Comparison of body weight changes between two groups of mice

Pl 37 Bl IS U5 10 d RER 20 d
Groups Before stress Post-stress 10 d Post-stress 20 d
W2EZH Observation group 25.49+0. 46 25.72+0. 55 26.71+0. 61
X} HEZH Control group 25.79+0. 74 34.56=+1.08 40. 76x1. 65
t{f t value -1.854 -39.279 -43.010
P {&i P value 0. 069 <0.001 <0. 001
R 2 Morris KR E LI EER LB (x +5, n=29)
Table 2 Comparison of morris water maze test results
o HEBEE R (5) UFKBEAR (om) S PR {5 BRI [h]
G - Escape latency Swimming distance Quadrant dwell time(s)
roups N - N . N = N - e — —
UERGECR I 2 LY 1 IS 2 R HRIR BRI
Training cycle 1~ Training cycle 2 Training cycle 1~ Training cycle 2 First quadrant Beta quadrant Third quadrant
pUkze il
. 59.26+5.26 35.54+2. 46 824.21x217.49  692.75+119. 17 24.21+1.61 34.58+1.94 31.49+1. 15
Observation group
Xf IRZH
37.14£2. 67 22.36x1.59 671.52+£165.42  493.16+98. 82 23.75£1. 17 43.93+2.75 30.58+2. 17
Control group
tff
20. 194 24.231 3.009 6.943 1.245 -14.961 1.995
t value
PE
<0.001 <0.001 0. 004 <0.001 0.218 <0.001 0.051

P value
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Table 3 Comparison of open-field experimental results

Gl B KL HEERIEL Hh e [X {52 B I ] I His S35
Groups Number of modifications Number of defecation granules Central residence time Vertical motion score
POk <
JM_T il 1.45+0. 31 2.34£0.52 15.59+2.57 15.03+3. 45
Observation group
X HRZH
2.41£0.28 2.39+0.91 7.36x1.49 32.02+3. 44
Control group
LA -12.376 -0.257 14.919 -18.779
t value
P fH
<0.001 0.798 <0.001 <0.001
P value
R4 LRIRETNG 2 BDNF Ml VEGF #ik( x +s, n=29)
Table 4 Expression of BDNF and VEGF in hippocampus and forebrain cortex
o BDNF VEGF
Gro;ps 5 CAl 1§55 CA3 i 2 )2 i CAl 55 CA3 AT 2 2
Hippocampal CA1 Hippocampal CA3 Frontal cortex Hippocampal CA1 Hippocampal CA3  Frontal cortex
ML
. 0. 14£0.02 0.12+0.03 0. 16+0. 02 0.12+0.02 0. 13+0. 01 0.15+0.02
Observation group
Xif FE2H
0. 18+0.03 0. 14+0. 05 0.21+0. 05 0. 14+0. 02 0. 14+0. 02 0. 17+0. 04
Control group
A
5.974 1. 847 5.000 3. 808 2. 408 2. 408
t value
PH
<0.001 0.070 <0.001 <0.001 0.019 0.019
P value
0,30 025
w 025 P
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Note. A, Expression of BDNF in hippocampus and forebrain cortex. B, Expression of VEGF in
hippocampus and forebrain cortex.

Figure 1 Expression of BDNF and VEGF in hippocampus and forebrain cortex
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Note. A, Expression of BDNF in the hippocampal CA1 region of the observation group mice. B, Expression of BDNF in the hippocampal CA2 region of the

observation group mice. C, Expression of BDNF in the forebrain cortex of the observation group mice. D, Expression of BDNF in the hippocampal CA1 region

of the control group mice. E, Expression of BDNF in the hippocampal CA2 region of the control group mice. F, Expression of BDNF in the forebrain.

Figure 2 BDNF expression in hippocampus and forebrain cortex
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B 3 VEGF TEiE 5 FIHT K £z J2 1 RSB L

Note. G, Expression of vascular endothelial growth factor in the hippocampal CA1 region of the observation group mice. H, Expression of vascular

endothelial growth factor in the hippocampal CA2 region of the observation group mice. I, Expression of vascular endothelial growth factor in the

forebrain cortex of the observation group mice. J, Expression of vascular endothelial growth factor in the hippocampal CA1 region of the control group

mice. K, Expression of vascular endothelial growth factor in the hippocampal CA2.1L, Expression of vascular endothelial growth factor in the

forebrain cortex of the control group mice.

Figure 3 Expression of vascular endothelial growth factor in hippocampus and forebrain cortex
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Experience of online teaching for laboratory animal science during the
COVID-19 epidemic situation

ZHANG Caiqin, BAI Bing, ZHAO Yong, SHI Changhong”
(Laboratory Animal Center of the Air Force Medical University, Xi’an 710032, China)

[ Abstract] Online teaching of laboratory animal science during the COVID—19 epidemic situation is an effective
supplement and improvement to the traditional teaching model. It is necessary to know the operation of network software
packages and apply them to realize the transformation of teaching consciousness. Teachers should maintain continuity of
teaching ideas, focusing on the presentation of PPT, and demonstrate animal experimental operations using the existing
Massive Open Online Course (MOOC) resources. All efforts are to teach students how to effectively master the content of
lectures in the network environment. Moreover, the content related to COVID—19, especially for animal experiments,
should be included in lectures to stimulate the students’ interest in learning. We should also improve course evaluation
method , promote the reform of laboratory animal science teaching, and constantly enrich the teaching model of laboratory
animal science.

[ Keywords] online teaching; laboratory animal science; COVID—19
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Research progress on animal models of cardiac hypertrophy and
compensation mechanisms

LIU Mengdi', ZHANG Lianfeng”, LYU Dan'"
(1. Beijing Engineering Research Center for Experimental Animal Models of Human Diseases, Institute of Laboratory
Animal Science, Peking Union Medical College, Chinese Academy of Medical Sciences, Beijing 100021, China.
2. Key Laboratory of Human Disease Comparative Medicine, National Health Commission of China (NHC) , Institute of
Laboratory Animal Science, Peking Union Medical College, Chinese Academy of Medical Sciences, Beijing 100021)

[ Abstract] Cardiac hypertrophy is a slow and effective compensatory function that mainly occurs under long-term
stress loads. It is an adaptive response to changes in hemodynamics or myocardial injury. Decompensation of myocardial
hypertrophy can eventually lead to an increased incidence of heart failure and sudden death, and no effective treatments
have been established. In this paper, we summarize and compare the preparation method and characteristics of animal
models of cardiac hypertrophy, including mice, rats, and large animals. We also summarize and compare the classical
molecular signaling mechanisms of cardiac hypertrophy, including the mitotic protein kinase signaling pathway and the Ca2
+ mediated signaling pathway, as well as the molecular mechanisms of decompensation induced by cardiac hypertrophy,
including catecholamine and the cardiomyocyte apoptosis signaling pathway.

[ Keywords] cardiac hypertrophy; animal model; mechanism
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A2 2R AL 20 sl 25 Wy ) s P A = A
VERMIAER SR =", 2E kil & D U R 3
FURZYNG T T VAT B B (R B A AT AR L
O NUREJE AT AR A% B S O L A, LA
VERI AR RN 5 A2 B ) 1 T e Je P A AB 3 8 4 A
HAERE—Fh 25 P R fil 3 T IR RO HUIE R, 2
HEZ594 9 'S IR (norepinephrine , NE) | 24
B It & ( phenylephrine, PE) | 5% N B I it &
(isoprenaline, 1ISO) , H R I R, M & Bk R 1
(angiotensin II, Angll) 4% ,
1.1.3 Wk

AW HATA A & R R AR f
R IR R B AR 2 5 B A B R AR A 1
AW F = LB AE 4 FRHF RGN, i 78 3~ 4
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A A EFE T AU E N E
1.2 /NROAEEER

T B AR A R BRI T ik, AR /DN B R T 3R AR
DWUARJE, TR s, /N BRUR: H A3 BRG i Fp 2 i o 3=
& YRR AERE ST 5L R T e KA 5G ke Ja AL T
FHECN )12, 8 a3 G A T AR A5 38 A% O JILAE
JEREH  PEAh PRI HR L DN Y SR /N R B4
T LA PR 38, 2 /0N B LS JEEASE 70 o R fig = B2
WF5E 7 1]

FE B ARAT O WUIE JRALHE . 1) WLEREE 1 28748
BAY .2 ZF i (MHC) Fl 2 455255 (MLC) — [FI44) 5
WERE 1, MHC XA o M1 B BFEA /DR o-
MHC JEF 55 403 %05 485 L5248 23 8l 420 7
DRI ;2) DIEREH LS G HEE C(MYBPC) 28748451
N USR] B MYBPC k2 4 A Bl 5
PRI AR BB 5 3) LS AR R A8 L /R
TnT 28748 %78 S50 TnT 4P B Tt de /N R F I
BUNZE0 5, T EE 1) &7 5K 3 R A R Y i 4 ) e
R
1.3 KBz AR SRS

W BN 5 B IEAESE A R FEAR
i ORI BRI A T AR A TE 25 R, Lt
KASS 0 UL JEE B AR AR B R i e vy B A
TN E.

KA YRR T L1 R A DOCA £ SUSHE &
M A2k ah  HARR A 090 IUAE JE AR Y 4 57
A 1) ZRMER I ( mitral regurgitation, MR ) 20>
JUUAEJEE . 55 R SE 38 sl W R sk, 305 1k IR
P B8 B T AR T 224 0 A R S i i ke il IR R
e, A A5 BIOER 75 52 60, FH O UL G B K — R e i
M b — SRR e W 5 3 T AR E TR ) R
O YIBR , 428 AR AR HE 22 0 2 D AR Y] IR0 5 ok
PRl R WA, DT 1 A R O P AN 4, B fd o L
HEJR;2) E Sk E . W A SE I s M B
ZOTERAT TR T, 18 25 L ek 7 (F sk
HHE ) T 43 B ZE T 32 sl Dk sl e = Bk, SR 5 28 SR 3
TINPA ZET R S, 38 1 oS 2 W B 32 B ik 4 28 DL &
i Bl Bk 5l B s ko A8, DT 5 [ A2 O R

2 BALBBES FHLHIR R R

O JURE J5E 368 8 2 A S X I 3 ) 2 i ) st
JULABA 3 %) T I P S 75 | 5 4 B U Ay 3 97 % 26
ST 2 A B LIS 8, AR O AR IR Y
FUEER B, 0 28 A8 BRAR O O, I R 4 UL 400 i i
25 FNET 5 A0 I [) A2 K, o AR 48 | {ELA) ] PR R

ML 4 /Ao = HEAGE T, DNUIEEZ2RZ
ISR K e i — A~ 1 B B, (H IR LTS
AGEATEHE BT XA AR rh A — 2L i I,
2.1 BZLHREBHEE(MAPKs) 5 S@ERK

MAPK {5 538 B AL 65 DL R 7032 1) A AME 5
VAT B B4 ( extracellular regulated protein kinases,
ERKs) : ERK 73 3 95 538 7R 40 |5 Ras 3
TR S 3, Ras 5 Raf 1K, 2 5 MK MAPK
fitf MEK1 F1 MEK2 , MEK 1,/2 1 > XU E 45 S v 1l
YER, AT w2 /b ERK1 1 ERK2 3 Y TEY
FEF;2) c-Jun N K i ( c-Jun N-terminal kinase,
JNKs) : MAPK J5 8 06 1) 005 , 0 MEKK(T, 412 15 XL
HRR PR MKK4 A1 MKK7 (938005 , 0F 11 2L 2% 6%
M2k INK 2 [ (1) TPY 3£J753) p38 ™ . p38
VARG TGY 5E 13 T LAE o 1 Bl 2 18] %) 4 3t ol
AT AAEAE ], e O LA, B3R =4 MAPK
SR — AR G BB SZ 1K (G protein-
coupled receptors, GPCRs) T8 A P A R T G i
FEIRE N NEFE -1 FILZE W MR, 2%
I RHIER ] MAPK 55 A S5l 15O IS R
2.2 Ca”" T EMiESERR

FEARME N S 21 Ca® AT B WAL JE , 3 AT DA
VERRBEAMES . HEZEILHA . (1) 85
MR ( calcineurin, CaN) {5258 %22 L caN B2
SR iE AL T 48 ( nuclear factor of activated T
cells, NFAT) 5% 5% R 7 0 4% IR 7245 & I (i HL 2o il i
16, T E & 11 2 57 = A0 LA o, A S I DR A iy
FIK 5 (2) FH IR Z AN B 1R A o B A R AR
FURES PG 11 52 Ca™ 5598 45 1 2 G 9F1 ROS 1Y
P, SR W cAMP B0, BRSO ONEIE R,
2.3 BEOHBESER

S S m A 7 1) BEAR R -3 -
P4/ £5 B ( protein kinase B, Akt) {5 5 i 4.
Akl Z2 910 3 o B 1 VEGF 9 3R1K15 54k
FEPEAE , 17 Akl KIS 2 s BRI K5 2) R
F1i & C (protein kinases C,PKC) K& HAF K55
P PKC FE R AR B, — 7 H ] DL E A4
UAZ R A R ) 23K, 53— 5 T A] LA B PN
1% 1k Raf-1 5 MAPK {553 B K, A5
W, a—5 DR RAEZIRE LT Cq-BE R C iR RS
PKC, 332 X650 JIEAE KA A 28001
2.4 Janus #E (JAK)/ESESFHERYETF
(STAT) {5 S i@ B

OMREZ RN IL-6 ZEAM LK £, JAK/
STAT i 7] LATE 1L-6 i A 5 54 1 130 454



Hh [ LR R 2 2% 2020 4F 8 A5 30 4545 8 1 Chin J Comp Med, August 2020, Vol. 30,No. 8 105

ZIEHEOE , S 5 A Y R WFSTIE S,
PG A JAK-STAT 38 3% T AECE O ALAR IS, 9 50
115 e e A [ K

2.5 BREERENECQHNEE(AMPK){ES@EE

AMPK 24 i (4757 5 B B AL IS, W] LR %
B IR PR A e, AMPK 2 —Fp S
U8 = RAIRE R, R AEAE o W3 EH o Ay
) B W HEFNZE A R A R, y W LIUAR B HE SR
K454 AMP ADP 5{ ATP, AMPK il i #4481k
HOL AR BB &K T B B0 AMP BTG
AMPK, 38 2 1l 38 i o T 4R A, ) 2685 4k U AT A e i
KF AT ATP i R R 2 ik 5% S PR (1 A&
B, PG, AMPK O I 8 A i 22 G 2, R 24K
WFoE 2 B, K B4 AMPK 23 Rl o5 3R IR K, &
s ) ZEE Rl AMPK 80 T A ELA O IF £
HER .

2.6 MicroRNAs( miRNAs) 15 S8 &

MicroRNA ( miRNA ) % 2 fig 2 i 5 2 (1) mRNA
BESEDHREDTER™ . B4 miRNA ATREEA R+ 28
HAFOIE A I HAT Bk 8 22 9 IEE 2 B miRNA 78
ODIERE MBS e,

3 DABEXRKES FIHIRRER

AT R BF TR B O I TR Y0 LIS KB
& I [R] A HERS SRR O IE I D BB, S B 22 21 4
b Ca® Ab B 11 2 ) 2R R T B S O JULE
P03 AT 7K T B R 5 A0 I ) Wi 4 Bh BE 248 A, K
HODIUEE R AL FFEIR IR E 280 %
o D WUIEJERACEE 1Y 73 F AL OF o E A b T
LTS I B A0 A AR 5T DL G LA
L 5 A 25 25 D T
3.1 RAFESESER
3.1.1 A RIKER | RGN HAF 5 m %

ZUR 1 (ATL) FI52 1K 2 (AT2) J& Ang 11 1952
PR S B T AE Ang 1T 5 AT 255 R TG 1L,
T 20 B A A A ) S LR T2 5 AT2 A G
3.1.2 G EHHMIABERRIRTT (cAMP)

MREYW ,Gq B S Ang [ FHFHEF1E
e RBH IE Akt BERR AL, TS0 LA L R T3 i | i
WD HER DIBES I . (2 B F B IRBEZIREITIm , IR
TR LGP Gsa SEEAALIEGE 7 A2 cAMP , 1 LUK
AL FE S A (protein kinases A, PKA) , PKA 1] L)
MR AL Z R0 5.0 IR KM
3.1.3 KT MHAR S G S

LA R T 52 A4 02 125 1552 AR T R TG , 28

it Ras Raf MEK (ERK i& #2816 10 5% ¢ 7, 35 4%
N E ALY 38, A2 K 7 FGFs | IGFs | PDGFs
TGFs"™ B2 ffifd O LA AL K,
3.2 #HRAT

200 e 080 T R 0 i R 6 A R h R 3
FEAEM, AW R, AU T B R0 L
MER, ST OTIRER M, KT R8O, X
Ul 20 B 0 T 7 O JLAES T A i R AR O i Y
Pz HiEIE .
3.3 O ALZRBREYE5 4K i

BEAC SO LA AT 4 B R B OIS
AR R TICE: 5 25 3 3 4 i 3% T Y -8 405 2 13
B (LCC) W, BiE WL BT M b i 7R E 2 K
(ryanodine receptor, RyR) , fi& #F UL I P 114) 45 125 1
TN, DT 5 | 32 A P % 8 5 Ve B I I 44 o, HC
Pl 2 LIS 4 (4 18, RS 26 WA 76 0 IR JIE K B 2%
AR O U B R A A4 T AR I

4 Z5iE

ZARK, E NS SCERARE 1 1R 2 B0 ULIE & 3l
WKL R S J5 1, BRIV 0 B g 0 A e BTk
YE Sk RN LS UL SR R Y
BEIER HUN B AR DR #7287 , i %t AL
NEJEE 5 HA HEh A

A WUAE JE ] A a1 AR L JUL 200 TS A A
T2, L MIUSE T e L e 55k i 2y E 52 458, DA T e 74
OIEDREEAL, BIE 2, CHUEES &0 m i
PG U, P A A R B A A, BT AR R AL
NEE, RZUPFIE o e 5 — S8 (5 Sl i A
K XA S AE — R, {5 38 RN I 1
Z A EAEH] R — A R % BARTE T
AL 77 T E 2 U AR Rt Ji |, (B 22 R AT R ¢ 42
B i — PRI

SE Lk
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CHERHT AR S RN 2B MR IT (RS 154007)

[FE] KD (Danio rerio) BAREYN 5y Tia¢ BoH R S A RSS20 Wi 2 A o) T g2 45
B S RAOKTG BT 2 h BON B IR . AR SCERR T 9ORBIREX BE S (B i) JEPEAE T, 45 T AL &
SRRk LRI ARG M R REE ARG T s RV E LI L35 - S AR M A 1 MR R DN Rk R R 240
JE, FE AT T GRBERENT BEE f RE R A F2 2R D B A . Al AR R B R A R AR R 4 207 AL R
B 7 . e D AT GK B BRI ST L B f R TR AN K B B P AR AL T S R

(K] 2ORBRL RS, 90K T il

[hE4S2S] R-33 [ xak4RIRFE] A [ XEHS]1671-7856(2020) 08-0107-07

Application of zebrafish models for nanotoxicology

ZHONG Jian, ZHU Jiarui, HE Xinyu, MA Jingyi, LI Ruiqi, ZHANG Jinbo "
(Basic Medical College, Jiamusi University, Jiamusi 154007, China)

[ Abstract]

easy propagation, high reproduction rate, short reproduction cycle, amenable to in vitro fertilization, transparent embryo

Danio rerio has many advantages as a model animal for nanotoxicology research, such as small size,

and easy observation. We review the toxic effects of nanomaterials on Danio rerio, including digestive toxicity, reproductive
toxicity, neurological toxicity and embryonic toxicity. The mechanisms of toxicity include oxidative stress, apoptosis, and
perturbed gene expression and cell cycle. The main factors influencing the toxicity of nanomaterials are analyzed, including

chemical composition, concentration or dose, particle size, shape, drug administration and material preparation method .

This review provides a reference for the use of zebrafish as a model for nanotoxicology research.
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5 NZEIE A AR 53 879%™ | ok T 2 T
I 55 N ELA AR e (R AR AR | r DA 7 3 32 (1
FY P AR VR, AR NR, BES
o HATRINZRG R IRTEIRSN & & BB 5 T M5
AP, 534, AR RN G i %, B % o (R
W £ A3 VAT P2 B 100~ 300 A%) R GEiteEit it 7
FoAE PIFEAE R s R B R BRI & 8 W Bk
EBH S, AT AER G K 8 09N TR] B B AR [] ) 2 2 2
SCu R 56 P JE . r LA BE I i 2 — il AR A 7
AR Y, HE S e iR & 5 B 2R A BT
HRAE AR B Tz Y a4 B A A i
e 22 (9 0 FH BN Aok B EAE I E R 2 v

1 WRMENRDENEEER

H 50 S £ 0 5 DR 55 N SIS R PR AL B A v, o
B/ R A Y AT A K FE R A R AR
e ITER PRI AT 5 B, AR S, oK bR x B 5
1T AP 25 5 T VA A S B A S 4
SR RS e B — 2 46 5 L, BP9 R,
KA RERT N B 55 1 36 B ) B AR A TH AL R 52
BEPE AT RGN SRR RGN IR RS
1.1 HUREEM

WFERI 5 R I Ak 2 G2 19 B 1408 10 02 40 K A
e 3k Y RE PR 22— , G K MR B £ R
WG, &5 TR % 18 S5k 22 W, DRI 6 70 Jigg
OE LR ST
L 1.1 Jpildis

Lovmo 25" BIF5Y 32 B, 4 K JURLAE F - W4T 3
S 2O AJF A B, &0 7@ A g 2
7N, AR IURE 7 i 38 PN I e i, A i T N R
RAESINL, IR B F AR, Sung 55 43 51K 30
nm F1 80 nm A4 K 4 FIER ( nano-Au/nano-Ag ) 7EH]
THAESE St s AR KR T e i |
AU EE X, FL R R AR (80 nm ) 4Kk ¥ 7E T
MpiEH L PR R0, /R (30 nm) G4 KK F
TESE BT e M 4E 1 Osborne 25°) 3¢ T4 K hi
TR A R R BT KIS Sung 1E 47 AH R,
Osborne %5 W UAF B 25 11 43 5] 5 88 T W b R ) r
42(20 nm . 110 nm) FrAEE R B B 1k 1) nano-Ag, W5
7R, 7E 20 nm AR ZH (9 3 S a7 18 b BRI AP R
AT ULEE 2 B I A KA F-TEAR, 7E 110 nm AR 4 N
R F) W OB, Osborne %/ IA K nano-Ag 7
J173 T KL IV A0 ST AR A AL w5 i R R A

() Na' /K" 8§ 38 18 () B0 A ATP il 0% 4 B I A
Ko VEHTRIAR K/INFITE RS B 4340 10 56 R IFAE4a X,
HAM A (5 MR A 5 Al P R A DG, Chen 25110 45 3k
FE2R 100 e/ L BAIK A ALK (nano-TiO, ) /E HI T 1%
AERE D BF 5T R, nano-TiO, A 52 7 18 #2817
W YIRS E R | | AR R AR Ak N IR
%, 535b nano-TiO, MY I 28 5% 25 5 | E B 5 £0 fizp i
PR TR U, i B 5, Kang 26U KUk BE N
(0.156.,0.313.0.625.1.25 2.5 mg/mL) By k& T
S C-QDs) W 38 o 12 W YA AE F T B fa IR i, 52
W, C-QDs FERALETERE 10 iR 1Y k7 il
ML, KB RER D E, SRFHHLS
R IE7E Sl K TP 24 h R ARV BE4H (0. 156,
0.313.0. 625 mg/mL) f) C-QDs & 58 275 & AR A1
INAERMREZH (1.25.2. 5 mg/mL) A /D55 I
PEA R 1B 52 A5 005, 48 b Ji, T AT S 4 B 1 0 iR
GIE NI C-QDs Y THER, UEWITEM 1B N & %
(1) C-QDs A 58 22 ACHITE R, {H & ik B2 b FRIHTS 25
XJ i 1 R O 5. BAR H TG T AR OK R A
i 36 PN 53 A7 A L 0 52 e H 53 A7 50CRE V4 07 i AL
AN WA, (LA 70 0 UE 4l 10 B i 2 8 Kok 1Y
BEMELAR I 2 —.
1.1.2 b

JHRBUAR N B2 R a B, WKk i
Gy REBENIALZ —, TERZWR T, KR+
TEM 25 b AR AT B IR E 454 52 e JIF D BB, Ren
2P 0.9 mg/L () nano-TiO, #4E 21 d 1EH T AL
AERE £, & B nano-TiO, 7EBE 5 ik Py 2 & H 4k
A, FEAEN G TR BRI o
e, FUOE KA PE R, B AE S5 K 6 Flvk B
(0.25.50,200 400 pg/mL) Y =Fh [ 5 e 40 K 41 )
(BT 58S FMHB 0 YR (NaYF,: Y,
Er’) BEE T 58 E FHEB 0 R4 (NaYF, .
Yb™, Tm™) B &+ 5 5 B 408 19 U AL Y
(NaGdF,:Yb*™, Er’ ) YEH T 2 #5 J5 24 h (hours
post-fertilization , hpf) B BE 5 fa iR iy, 25 R Bow, KA I
SRR RIS 5 A O IE R, A Y
BRI O o W W B IF R B WY ; 51 4
JOAK I IRFE B B Wk B B, 51 A 45 47 k™
#, Souza %W AR RE D A0 43 I B R T = bk g
(2.10.20 mg/L) W44 A7 88045 (GO) H 98 iR
GO AT 20 Jf 13 B0AZ R 224 A% 18 4 JE WG it 4
LB 2L RNIRTE AV e B2 Ay | JH 200 B 400 1 il 2
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Gao %510 & PR TR T 40Kk A Ab4E (nano-MnO, ) )
SCAF B o JH 20 B S B SR D) BB A, o TE R Bl R
PR TR 7K fifk Tt | 2 O Tl 45 AU Tl 218 5 1l 32 B4 ol o8
WEIVREZERL, XUPR% 4 A 5 ) 0 585 TR
WerE(0.0.05.0.1.,5.10,25.50 mg/L) BI4 K H 1k
%;5( nano-Zn0) AL EE 4 h 24 h 96 h,ﬁf%ﬁﬂi
JHF AR G B K i ASCBRAE A | A% [ 4 5 JHF I Wk 4 i
R Y R (MDA) SRR A P
AR (SOD) T PE3E 58 | {H 3 S AL Z Wl (CAT) TH T
Wi s BEIA Bax/ Bel-2 WAE \p53 FikAKF B, $H]
nano-ZnO BE5 | JFF 40 ML A5 PR IR L 5 | A Ak 1 i3
{71 ) W I 7 AR 1 Rl 7 T D Ml Y 1
B oK AR AT DL IF 2 b R i R AR JFRE T I i 4
SURNTRERI 5, I B 2% ol 05 1 & 2 72 Al A A
PRI UL S5 R T ) 2R
1.2 £ERZEHMH

REFTE R RGO R S TR
ERS , AR AL RETT X B ) £ %) A= 58 2R 40 7 A B PR
H. Fang ’%”W%{ZUE%:{ 100 pg/L 4] nano-TiO, VE
T A BE 5 £ ﬁﬁiﬁ%ﬂﬁ) R R T nano-Ti0,
B P e 7% SR 2 3 M A, o BXE 2 i 2 —
(E2) SEH(T) | BF H38R (FSH) A A 2R iR
(LH) MR EEREAR, P 8 5 28R 1 (VTG) MR IE W& T .
BARTE nano-TiO, YEF T, BE £ () BF 5 0 52 JLJF
ENETE AN G RS b S S N £
AR FEUT 4RI R R R AR B A, Kotil 51
PERUAE S Byt R R T AR EE (1.2.4 mg/L) 1)
nano-TiO, , BUHE S ff1 52 AL 2R, 45 SR 22 B | nano-
TiO, W] fiff B B £ 52 K0 [R] 57 40 M FURS J5E 40 i A 225
SUZEEL, A A0 A AR M e 52 R TR) 5T 40 T DL 1
WREERE, BEE nano-TiO, &b FHyfk BE 14N, 40
FNZH L5t ™ i | ) o 4 A | A A A
e R N E L Y A -9 A U 1 O D S e
FE VLGN KR 7T DL o 2l B 5 £ 45 0 R K
B FE P i U ZH 245 47, DTN A= B 2R 456 32
BEPERZA
1.3 HERGZHH

R, 2K R 5 T REN R E Z
— YURPRL AN B LD £ fig 2H 21 KM 28 2R G i R
PF51455, Sheng LD AR D R ER T 5 A E
(5.10,20.40 pg/L) A nano-TiO, 45 d, B 5% . 7w
nano-TiO, ] fERE S L H 'S FIRER 2O 5-
P20 1 7K 3 B AR, NO K- 12 35 T i, I 5 4

it o BERE G A TR T, IR B nano-Ti0, HE I 1
15 R FE A C-fos . C-jun . BDNF FEEI Ik 14 p38 .
NGF .CREB . NR1 . NR2ab . GluR2 3£ X ik, Ui ¥
nano-TiO, T X} B B f Y # 28 2R 45 3 b s 3 45
Wu S5 2006 iy 4 A H A BE D)t 52 5% T R W) e
(0.0.5.4 .32 pg/L) 1Y nano-TiO, ', &5 B~
R 25 G SO T T o R i 2 498 K A5 ) 8 ) i 46347
nano-TiO, 7| &2 Mk A LT =25 Tl ) ROS
AR 7= A ik Y MAD  SOD | GSH 176 4 B A, 168 fii
2R U ) 5 A AR A R R, TR R 1)
G, IR AL AT R, DL B AE
B 2GR I B B 2 — WX & R4
R, 05 R T RE R
1.4 HERREM

WFSE B, 9K AL AT 5 R B 2 i 5 1)
BEPEIGT , 5 0 BE D £ IR IR IR R B L SRS A R
FERI W . Kang " 2 5106 (0.5.1.0,1.5.2.5
mg/mL) ) C-QDs %R VE H T8 & fa iR Jify | 45 R 3=
B,(0.5.1.0.1. 5 mg/mL) £ B9 IR B 7735 R 4 5 T
80% , W A1 T XT R 475 % 95%, 1711 2. 5 mg/mL 41
AT RN 55% ., vtBH C-QDs FEARMEEEVEATT,
TR, BERESS K 6 Rk (0,25,50,200,
400 pwg/mL) [ =Fh b 345 0 K b ORHE 25 7 SR
TAHIBH VU FAZEN (NaYF, . YD, ErX) BB TS5
B TAHB I A28 (NaYF, . YD, Tm™) EHE
T 5B F B U HAELAN (NaGdF, . YD, Er'')
3 VER T 24 hpf BIBE S RS, 45 58 BoR |, BEYE
F A3 K, B D A VR R (Y R SRRl = 3 n =5
R F 24 . MR B 55 B,
JFEETE O LK b | B o S, o DU R
H NS B W e R % WL, Ahmad 2676k
124 40 nm [1) CoFe,0, 44KKiF ( nano-CoFe,0, ) 1E
FHTBE S0 iR 13 (96 hpf) , WA & BR, BES [ BE 2 11
JARJiE T O WK b AR R AR AR | R
REZS M, 73 5h nano- CoFe,0, Y ZRHEFNE] U5 i) Ak
JI65 44t L R i ™ ) AL AL £ R AR 1z 8, Sk
T E R IR Ak i, AR B £ a2
KU R EE T A REIRAR (15 nm 50 nm ) ¥ B i ]
F£(50-1000 pg/mL) AI44K — S AL FE (nano-Sio, ) ,
45 L W R 22 W O A% b 3L 285 B %) 9 1k AT 1
PRREAG BE T S8 G P 8 1 1 28 1 L Bt 491 oK
TAb R B A B R T p e R oA
100 pg/mL Ve AL BRI | 5245 B] B E 32 15538 60% , I
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SRR GO A K M, 2 Ak B B K T 300 peg/mL
i, 325 90 FIE R KT 95%, it Ak B e B ity 448
WA T R B ™ i R v W I ) o SRS A 4 O B K i
(PE), B BT IE (YM) , FAE 2 i (BS), 7k
(SH) ,/MR(SE) , BHFE (TM) , AT AR (S6) .
Choi 21244 96 hpf BYBE 1[I ity 52 58 T [l ok
f9(0.01.0. 11,10 mg/L) nano-ZnO 1, B¢ & B>
ALK R B #5 E 7K b 2 nano-ZnO T S 2 32 2w
T A AT R ) ) i PR 36 3R 1% 2 75 /8 Z% 2 T nano-
Zn0 J5,689 A~ B PR A 498 A~ 9, 191 A>T,
JIT LA 2 W Ji PR AT R 5 B St B Y R R 2 )
M, Ong %5 FEBE D 32 K5 01 52 58 T 2 Fh a4 K
FLF (UK HE (nano-Si) (A9 K 4R (nano-Ag) (41K
AEE (nano-Zn0) 4K 4K 48 ( nano-CdSe ) | BLBE Fi
YK (SWCNT) ) 58 /s 22 88 T 10 mg/L nano-
Ag 1 nano-CdSe A it R B & £ % k., 100 mg/L
nano-CdSe A & 10 mg/L #1 100 mg/L nano-ZnO 1]
SEAIHIBEL, R IGE BB NIE T, ZHFFEIE
S, R SRE £ R A 1) 2 KR T A B TR 4
IR I; . LA EESE SR, G KORL T TR 5 £
JAR G R 2 B REPEAE T S3 8, B 1D I i o)
TANANL T B BE 1+ o BRSO W, SR A OK
PRI PRARBCAY

2 MARMBNRDAERSERERLE

ARG AR H 25 )12 B9 I 5E AN b B
AN BB R LR LR (4
SKORLF X AL 14 2 M WL I BIF 5 18 R 3243, H T, AR
22 LA B £ g 55 RUAIF 50 40 KOk 5 1 AL 1% BF 5
R, R A A A0 R T B PR R R A
UL 300 5 A e N KR - 5 | R B i 1 Y R
Bl
2.1 |WRH

EAWFIE R, 91K KL T 5] E ALK 40 M B 3=
B Y Tk S B 5] R Ak Y B, Xiong
LIS R11% 50 mg/ L 4K — 544K (nano-TiO, ) F
5 mg/L KA ALEE (nano-ZnO) VEFH T UAEBE 5 £,
#E .2 nano-Ti0, A1 nano-ZnO 7] i 5 T £f1 7 7H
ARIE IR 48 A ) B A T (SOD ) | i 45 Ak S
(CAT) AJRAIL B H K (GSH) (P % (MDA) &
ANV AR B2 1 0 Al ML AR R 2B AR AR W B, Shih
A0 4 41 WY nano-TiO, Yt 75 BE b i p £, 3 B
nano-TiO, {5 5 6 65 A1 FF 414U A SOD 1 1 i 25 [

G, B A A, 3 e TP Ak i, it
V4 I 5y £ R AR 1 1 Bl T V2R 10 nm BYZAT
BRI Y 2 K AR BURE (nano-Ag) |, & B M4
(reactive oxygen species, ROS) 7F 7% 7% 1) B2 i 15 11 41
LR P Az 5 R S A R, v PR R A A e G R
IKV-29 50% , fi P 2 68 3 58 A0 D I 35 0 /b U T
Affus % 8RR . W S0 K 4 A
FOBE L)t 55 T AR (0,0.5.4.32 pg/L) HI 4
K Ti0, A S ARE A 5E 5 8 i P 19 ROS R A L
[F] I i 9 MAD SOD | GSH 2% 5 34 H A8 4k, JiE S
ARiZH 2 K A= A8 AR I, T A B IR 2 24
Zhu 2502 k5 5 2 h (hours post-fertilization, hpf)
V5 B £ I i 505 2% B TRLAE N 15 1 30 nm f) 4
K A AL EE (nano-Si0, ) , I = Rl B (25,50, 100
mg/L) 73 HIAL I 5 d, G5 RR] RiA b N RE EOR
1) nano-Si0, XJEE 5 IR G N B ROS 15 2 52 1] 1
R, 5B D A I Y S A Bt B ™, DA B AF
TR, AR B G KRL - 34 ) LA T B D £ % 2 AR
A, SR EEEAEH]
2.2 AT

AR T — R 4R R AR A B kR
(20 MR P PR AE T 1 2 0 58 R B G KR - AT 5 i
BECh A0 T i LR Y B R 5, Du A
W oE S IR iR 28 8 T A R (0,12, 5,25 .50 mg/
L) #Y nano-ZnO W , Bl b B B Y T, BE
fa i G 4K A R SOD . A e TR 1 R Ak W) i
( glutathione peroxidase , GSH-Px) | & 2 it 2 R 1 K
K MR E H K f# B 3 (cysteinyl aspartate specific
proteinase-3 , Caspase-3) Fl Caspase-9 [if§ 1) % 1 i
Then, CAT P 75 1 Bl 4 il W) g, 200 10 0 1 A O 2k
:Bel-2 #& X #5H ( Bel-2 Associated X Protein,
BAX) IR i P53 (B bk T 40 MR -2 K (B-
cell lymphoma—2, Bcl-2) FRik el AR , B f0 I i S AL
WO s I EMEET, D350 nano-Sio, /£ F
BE SR, WF5E o Si0, nI 5 | P o I 7 35 G g
JEPN CCAAT/ 50 125 & 4 1 Al 82 F (CHOP) |
T PEEREE 145 A 8 1 (BIP) (R I RFE N 5
P ( PERK) | B R 1k B AZ 20 i A& 46 I 7 2 (e-
1F200) 3235, 51 B PN 5 199 07 380 S N 5 400 e 0 T At 240
FEL I AR DG HE K] BAX \BID (Bel=2  Mcl-1b 33k i 24
A% | S A A T 3 B D VR i Y B AR A
Zhao %5V {f] SRR (10,3060 90,120 mg/L)
f) nano-ZnO 4t BRBE L fa IR fif | 78 nano-ZnO 1] fiff
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PET-FE K ( Bax . Puma Apaf-1) V8, T8 1%
Bel=2 T, ELJA T 200 A S 5 0] AR
FEM0.41% ~ 4.21%) . F351, Bt Bt I Jifs 4 i 2
AR B HL 7 ( mitochondrial membrane potential ,
MMP) kA4 784k , UL} Caspases—9 Fl Caspases—3 #%
B, 6] nano-ZnO AT 2R A % 5 | 6 4 I
T2, R BE S MR R, AR R
B, 2R A I G KB RE A W P 1 32 AR TR A
JIT LA A A T 10 240 080 1 3 B R 4 KOk 5 1
PP T I B2~ Gao 45 BT
WG R T RN 50 nm 1Y nano-Ag Mrh N
T ARG 0 A0 L N AR, 2 AN AR
[ Ff 75 36 DAY J5iE 1A 7 93 5 7 - 3 JG Ve i it 77 e 4
JRLJR T, 5 i B B £ IR I 155 9 & B o Zhou 45
R O — - 2 NFER 4K R ( PEG-b-PCL) fE
AT B mRG, 25 R SR, ge 71 p53 H i,
A8 AR o8 DX A1 O T B S A R o AR
B, WP BE By f RGO K R R, 25
JIEiR R RRL 5~ Al 3 et 5 | S A0 A A 0 e Tl
PRI I 52 0 6 DR 3 5 JRCTR A Joe oA 07 93 T g
RIS AR T, 3 BBE 5 s e
2.3 HmERERE

HATA W78 2R 1, B fa {4 56 R 9 3R R 1 1
SRR 6 B D Al R R, Gao
ZE90f 50 nm 1) nano-Ag 1T BE Hh f il i, #F 5%
7R nano-Ag PRI I A P J2 A K - ( VEGF) {5
T R PR Tk AT S MRV (St ) SZ A BN
PENILEE 3 4  ( phosphatidylinositol 3 kinase, PI3K)/
FE 4 B (protein kinase B, Akt) i B Akt MR
Ak, A A AR B, 5 BOBE A IR IG I R B
HWIRGE WM& B Bk, Ladhar %0 43 5
iR TRAE N 8 nm F1 50 nm A9 5 £k 4% 449 K i kr
(CdASNPs) m, FEHLY"H 22 251 DNA #51C (random
amplified polymorphic DNA , RAPD) PCR & K 5 P i
Y45 R 7R CASNPs A i RAPD #4119 22 58 o s 4K
GRS G AN B S B e o8l e R B S A Y )
BEft, Du 26720 B D 0 i8G5 8 T — Fhuk
(12.5.25.50 mg/L) ) nano-ZnO ', 45 5 K W] Bax |
p53 . Caspase-3 , Caspase-9 5 IJi T3 4% #H 5¢ 5& [K 14 1
P O MHTIH TSR Bel-2 3N, R BE
Lh Ao PR i R ™ ) AR O T N IR G
P, Sheng 250K PR (5,10,20 .40 pe/L) )
nano-Ti0, 2L 45 d fEH T RAEBE S fa, 45 R BoR,

nano-TiO, AJ i 3 ¥ E C-fos . C-jun  Bdnf FEH Fik
i p38 Ngf .Creb Nrl NR2ab .GluR2 F:HF3k | %t
BEh 40 K 7 A — o R B i, A e it
DL EAFST 2 BH , 9K A 5 i B 5 £ R i R 38 0
YRAL RS R BE S a2 i LR Z —
2.4 APEEHA

VARSI WS I, 9 KOkE 7 Al LAE 3 52 1)
BELh o o1 ff JE 309, s BE S fa 4 K R A, Hou
2B nano-ZnO 1E T B 5 fa IR i, #F 5% & 90,
nano-ZnO 7] 1l 41 i B 1 85 H ( Cyes) . 40 i i 30 &
FI A S ( CDK) 163k, IR iR (MCM) B
IR, #43% T Cye/CDK & & ¥ ( CycD/CDK4, 6;
CycE/CDK2;CycA/CDK2) , {24t it J&] 391 9 A ] pio 481
(GL 8 M B0 G2 1) ¥ 32 352, 3 30 DNA & i
B N 00 s N T T S R T D)8
DNA & BRI N 4 5 D g 32 2 T4, i il — o 2
FE A M B AR

3 MAMBNBEIENSERMER

AR R, AR A fL 2 Rl kAR MR
SRR AR 28 2577 20 L R K b R o 4 s
8 HB T LASZ M G KA R 1) B
3.1 HEAmR

Xiong %2 AR A2 A ] (50 nm) i fk 24
A R 8KKE T ( nano-TiO2  nano-ZnO ) {E H T i
AEBE DA (A HME N 5 mg/L. 50 mg/L) , il 5 5
eI Y & 5T 4E AR (SOD |, CAT, GSH
MDA ) , %8 5 mg/L (%) nano-ZnO %5 5 2 () FEMEAE
HE B Z 9% T 5 mg/L nano-TiO,, 73 /b 5 mg/L 1)
nano-ZnO F1 50 mg/L [ nano-TiO, XJ¥E 5 Y55
BN TLT-HH 24, U6 B AEAH [RD RS A [V B2 R, nano-
Zn0 WEEEE B FH KT nano-Ti0,, Liu £ 1371 25 1)
#4200 peg/mL # Si0, ZKIKAT C-QDs /EH T 6 hpf
FBE S IR iG , 45 SRR Si0, 9KRER S 51RO G ™
Y , 28 C-QDs A P Y BE T £21 JJ Jit I i 0% 1F
WRE , WL R 5 X A LA, H ik, C-QDs
B Si0, gKBR B D
3.2 REZIFIE

Zhu 2800 = FiOR [E] 96 BE (25,50,100 mg/L)
) nano-Si0, YE T 2 hpf (IBED iR, 45 5 %0
nano-Si0, ¥¢ & HE AR, X BE 5 £ IR IR A N 9 ROS &
TR K, 51 B £ i R Y A A N R ™
#, Souza UK AR BE D404 ) B 5 T = R
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(2.10.20 mg/L) B A 5205 (GO) 5T 8w,
GO AT 40 e 1 BUAZ R 224 A% 81 4 JE O | 4
LA A FNIRIE A P v B8 i, JH 40 i 0 40 o 2%
Bt S5 0 6 Rk (0,25.50,200,400 wg/mlL)
) =R ERAR AR R (B 7 S T ARE R I
FAELEN(NaYF, . Y™ Er™) EER 5B B
PUSREZHN (NaYF,: YB*™ , Tm™ ) B8 75 558 1 A1
B DU ALY (NaGdF4 ; Yb3+, Ex3+) 2» BIVEFH T 24
hpf AYBELh 0 IR IG , 45 R R W], H R AU 50 200
e/ mL, BEAE FH MR BE B3 5 5 £ 16 (9 W TE 2
FET- AR Z 35 .
3.3 R

WHIEOUT , BRI 1) 99 KR T 75 1 B
Zhu Z5 B0 AR [RPRAE (15 nm, 30 nm) B4 nano-
Si0, fEH 2 hpf BIEE SRR, 25 2R K W nano-SiO,
BRI /N | 5B 7 B I VR IR Y G 408 oK kL T 3R
2 HEH s ) A B | M RO R AR
FEBE T £0 37 kG B 2 8% T PR R AR 42 (15 nm 50
nm ) Y & FITE (50~ 1000 pg/mL) BI48K —E AL ik
(nano-Si0, ) , WF5T i 7 , 76 AL BRMR BE AR A AT, 15 nm
(/NRIAEZH) B9 nano-SiO, B 5 ALK BRI, & 46 %
T2 1A PR R e T 3, B A A2 R
FBET 3 T T R A, bl 2514
3.4 AR

Hua %5 R FJEAR 4 nano-ZnO (49K Bk 40
K EAROK ST R B ) VR F T3 5 iR fiG B 58 3R
B, AN ETEAR A nano-ZnO AT i BAS [ R 4 R i 7
P R R 1 5 A SR o, SEAIL R AT BE S 4N
KRABREE RIS A, %o A ) A 558 58 14 483 0 PR I e
73, HLAT DLSE R AR MUK P 43 A B 1), s DAAR i
B, RAILA 3 ol A i B M . Tspas 250 W B
ARABRIE B9 K Ni AR T 58 5 £, 2850 L& 3, 1
FOIRBYAK Ni 76 BE £ AR Py A 455 B3 1) ] 22 K
BRIZAAK Ni, A RR 902K Ni #2149 0 A3 1) 1 o
L HFR PR o 2, %o B A %) g A RN
WL B ™ B [ 22U 5
3.5 AHAKX

Kang 2" 235165 (0.5.1.0.1.5.2. 5 mg/mL)
() C-QDs ¥ WE I il e S FR VA AR T B
R, SCIG B 3 I O SR AR R A 2 Y
(0.5.1.0,1.5 mg/mL) 4 W IR Jif 77 16 R ¥ 48 i
80% il 1T IR IR L 25 2.5 mg/mL LA TG R N
60% , B AL RS LG 251 2.5 mg/mL 4LAEIE R

XK 55% , vt B, ZEAR AR AE FH R & T, fo: 5 v
LU IR X B 1 IR G A S R I A A
3.6 HIEAHZE

Peng 251 A0 PERHE B L) R R0 A R ) ik
A IR 5 ( C-dots ) 38 3 fOE SHEAEH T2 665 6
d EEE IR IRIE I . 255 o, A i R kA L
(1) C-dots AJ7E5E b 8% rh R TUAR, BI6 45 4k i
BAWEF SRSy, A K E kS Y C-dots
WIFEARE A% oL g 2, RIJC i B etk B I
] NEA Y C-dots 5 BE 5 £ B % R 4F 19 25 Ak
Al L] A o i b 3R T 7 A Y R o A R A
AKX,

Zr ERTIR EE G O T, 78 H A AR AR AH [R5
LA 1B/ IN P A KR 1 M B AR ) R K g
PR 5 AN [R] Ak 2 41 Rl 0 9 KR T P R 25 AR,
WA 4 o B 9 KA B (I it 1 56 ) U & R
&R AL g Kok T B PR /N, 51R B BRI
FEEPEDLRIANELAR [] 5 AN R IR A8 94 2Kt 7] fig
BRI BEEALE] 5 29K 4R} ] 48 07 125 0 22 S5 410
SR 2 2 07 S 25 50 T 5 3OS [ 0 A P 2500
{H HHX T4 Kb 5 AL A58 AN, 52
M 4 KR -2 1 R AR SR A R

4 Z5iE

FUR, BE 5 i A Oy 2 P~ F 5 1) o A A
Yy, A R T Bl R IR e 1 7 B 2 A 2
T Z SRS, O R A5 i VF 2 5L 3
PP BeAT B R 3, B S A AE AOKR B b H 4R
ZRSHE L K E N EN, YRR R T RS
0 RGO B 05T T2 B R AE T PEAL R (A
JOL Z M T R A e TR IS A ) R RO (A
ARG MRS R ARG R ) BT
RABITWIFTEATS IR A5 B A 22 0, 17 HAS 2= 1 AR,
AT 20 KR 5~ B B A 1L A R 52 W 2 1 TR 3R G R
FITRIELRL, AR DAL T B 5 A R G
4 K HE A 403 19 BAR 23 1 LA 2 — A EE B T 5807
]G3 Ah Al B AR KL (B TRV X 4
KL 10 2 oA e R BIGR) HR V FL SRAKIR
BB TEIRER , o 9 R i PRI T T 52
HEAilE

SE Lk
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Common health of humans and animals: One Health— a brief discussion on the
management of experimental animal safety and national health

SUN Hongyu, YUAN Danni, ZHOU Haohan, SUN Liankun, ZHANG Dawei "
( Department of Pathophysiology, School of Basic Medical Science, Jilin University, Changchun 130000, China)

[ Abstract] “One Health” is a health concept that aims to achieve common health for people, animals and the
environment through the joint efforts of multiple disciplines at local, national and global levels. Its embryonic form first
appeared in 18" century European comparative medicine. It has gradually matured in the 21* century after more than 100
years of development. Under the guidance of this concept, many countries and regions have adjusted the use of antibiotic-
containing animal growth promoters and zoonotic disease prevention programs to varying degrees. This has achieved many
positive result , showing that " One Health" has a positive impact on national health. In addition, because of the special
nature of laboratory organisms, improper use may lead to biological accidents that could pose a huge threat to public health.
Therefore, the elimination of safety hazards concerning laboratory organisms is an important part of achieving universal
health. This article summarizes the development of " One Health" with respect to public health issues and safety
management of laboratory organisms and discusses connotations of its application.

[ Keywords] One Health; experimental animals; animal laboratory safety; zoonoses; antibiotic resistance
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Advances in the application of an in vitro culture system of mouse
post-implantation embryos

SHAO Honglian', TAN Tao'**
(1. Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology, Kunming 650093, China.
2. Yunnan Key Laboratory of Primate Biomedical Research, Institute of Primate Translational Medicine, Kunming University of

Science and Technology, Kunming 650500)

[ Abstract] Mice are a small mammal model for scientific research. Before studying non-human primates and human
embryos, it must be determined whether the experiment can be carried out in mice and then employ higher mammals. The
limitation of the existing system is that mouse embryos can only be cultured in vitro to E6.5. Establishment of a mouse
embryo in vitro culture system is very important to understand the critical events and molecular mechanisms of embryo peri-
implantation. The development of single-cell RNA sequencing technology provides new possibilities for in vitro time-lapse
culture of mouse embryos. Here, we introduce an in vitro time-lapse culture system and 3D culture system for mouse embryo
implantation, the application of single-cell RNA sequencing technology in the field of embryos, and its possible future
direction of development.
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B — IR LA B B, A A S R IG k&
SR RENE i U0 A HE R B R ARSE LK B it
TR UINEUIR AR R SR IR A F 4 Wy ST, 1T DA
YER— DR /N A A G G % & B9 A L
TS, A AT AR by At Wi 2L 30 0 IR I A4 A1 35 4R
R AT SR SR

BB O A B 2/ BRAE AT IG & B HLE
AHOCHIESE A AT NG A 8 b P B A% e DR 21 3 o
2 R IR A A0 A ) AR AT B T bE HTE AH
L, Xue G K R, B2 AE U0 IR AR AL T Sk
IRRES R T 584t BE R R AL 0 2 1 B Ak A P
HA RNAs $5551, 2 4 ML A A A i i) 5 RO
SR ] P9 20 B2 ] (inner cell mess, ICM) #1724 3%
HMIRJZ (trophoblastic ectoderm , TE ) 43T 1% 48 i 1Y
S FHLEIEC A TR

AHEL T AR 22 A A TR 28 & AR FE 538 1% 1
5T M AR A S W B s AR W A PR, JoH R
AL RAEN R R KIS YW IRIG, oA A HA
JEHIE A Rt e s 28 RN 3R L R 21 1) e e P 9
BEEARGRNRGE W, T AKMIG 14 d 5N
(A BRI A KHE DA SR B iR, /N BRIV iR 1 AR 2
FERIRSE B 5 TR RGREAY /N BRVE G 9 1K S 42 e
AR R ARG i B AR A o B2 RO A JS B9 IR iR
RAFM T RIRE @ ROH AL W IR SNE TR R i
SEEER . R £ER XTI B VR iR A A SE B 8
FRARRIEAT BG5  IF0) T v5 4 i Wil 2L 3h i i AR oh v
TR ZR R B o 1) SR

1 LEEFER

H T H B R A 5% 2K R (in vitro culture,
IVC) AT KBS AW ZE . IVCL 5 1ve2, IVC1 H T
5241 MY (trophoblast cells, TS) Wi BE R A5 5%, 1IVC2
T TS WhEE S B3G5, B ETIR 2 3250 = A 1T
INERPAR SN IE B 35 57 35 SRR RAEEAF LA, 2
WKIHRRER ISR IR R
1.1 EF DMEM, Whitten HJ{ESMEFHME R

2011 4F, Takaoka Z:'"°' {fi | DMEM . Whitten %%
FIL B3R B5.0-E5.5 Il E3.7 IRfG. B S ZE G
50% i 2F L7 ( fatal bovine serum, FBS) A1 25 mm
HEPES-NaOH (pH 7.2) iy DMEM % & ik iG, Fifi
JE % ES. 0-E5. 5 MR iREE AL B85 FR 5L rh iz B 77 56 iR
75% K FLIE A 25% DMEM 2% #f 44 mM NaHCO,
(pH 7.2) @A, % E3.7 WRJA 5% 2 2 B 1
Whitten 55 5523EH . IOIRTE 35 mm %) 3% 3 JiC 90 k) %
FRMLP SR,

1.2 EF CMRL1066 Bk MEFIE R

2012 4, Morris 25" AR THF5E /N ARG IR
JEHTEAIE R, 5 T —E AN FRIE R, 5%
RZ T, IVCL B LA CMRL1066 | L-4% 2 Bk
Jiie N EREREN ST (5 R R MEE R ) R/NE T
(fetal calf serum, FCS) &%, IVC2 A /5 IVC1
ARTA] , {4 A BE 7 L3 ( human cord serum, HCS)
BRT FCS, IEFRERAMA T RNGEEE R 5
WIS P E A M E A IR Z, U RE S 1 0
M EREERT 9 E IR 2 B A R, H R B A A%
Y52 Z2 A HCS 43 BEOMERE (32 07 Bk L) iz W H
i H RN A9 HCS AT RE S S 45 AR TR
1.3 % T Advanced-DMEM/F12 Bk IMEFRIKZR

2014 4, Bedzhov' "' F BA R T — A S 5/ B
Witk B 2RI Z IS R R  SEHE T~ a5
R4 B8 T /N UL A G R iR (R A1 JaE B 855 5% 44
AWK EIE, 7E PR B, R Advanced-
DMEM/F12 {8 CMRL-1066, [7] B &8 I 3t (5 25
R R) L-A =BG B-ME —BE A2 N- -
1R G 5. ik — 2B BEAR HCS AT K, b
A B I T 1TS-X 1 #z B 1 78 & AR & ( KnockOut
serum replacement, KSR) ., IVC1 5 IVC2 3 F LA
Ay, A B B XN TE T, IVCT ] FBS fE
IR B8 3R B4y, T IVC2 i i KSR 40 FBS,
ZAGEIR R T FRR 624 41 B} (ibiTreat p-plates,
eight-well ) VE A3 5T, 7ERSINKE /N BURE R85 37 31 B
FERY B, A5 35 10 IR IR TR 25 LA KR 2845 3 0 A6
DN IEH AR E6. 5 AHIF

TEIZIFFE H , Bedzhov 28258 2238 1 WG Fb 15 37
Tk, 2B —Rh 7k R B AR TE 4G, 25 BB I A
Jo R TT DL R 1,5 d R kB RO R AR
T 5 R R AR AT 0 76 3 d N
(R B BRE T JE i B [580 A  , 0 aod 3k oy 325 ol LA 2%
S AT B Y & T, At T4 A 85 R R &R T
FHT A0/ BB A IR IR 3 2R % 28 IR IR A=
DL, Z UL, /N R G R S0 SE s 8% 5% 0K R 2 ) WL
R REASAR G 19 S R 2/ RUR IR IS

2 3D EFER

AL 4R R, BF TS AL 3, 40 M 7 15
PRI % ML BT Ak B4 SRR B R AN [, 24 4 R
i 3D HEFREObR il 20 ZURE FRAR R A SR
8 E AR S FARKARRIE ™ A, a9
PR —PEEHARESIAT 3D BFRRGE, 5=
HETTIEALE, 3D J5iA I — A R AR T 4
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KR ARG HRNIAEE Z R0 2200, B/ a2
BRI SR AR AR > TEAE SR 2D 4 4F T, X
34k | 3 BE RN A L T BE JE B E 2 09 40 M A 2 T
(extracellular matrix , ECM) %43 40 M2 (6] AH B AE F AR
SERM . AE 3D KRR ARG, KoL 1E TS
FAAT R TR, XY 5 IR A OC Y 4 BAR A
PRI 22 6T AR i 20 B 1 s e 2 AT 15 B Y

3D SCHRE A Fh KR (IR 1 WG | sk
A Z2REN R HaR G4 EN F4E
FR S ) FLA R A Wl L, [R) B A 46— 2B 0
N RIS LIRS . ARG 3D S48
BUA TR bE R AR qE i e i IS JE R i R
FIFBR 8, XSG G RTEFLBR 3 4748 &
MU A M S LR PR T T B K 2R ECM,
TREE R XG5 T G HORS B 2 i %) A 4 B 2 R AR
WA 2E AR ELAE AR AR A1 B G i) 2R 35 A I 1) 6
Rl 3D FE 5Tk G 48 5 | 0 Ak 0 D00 440 i o S
ECM 424t T — i sss ", DTSR T%
3D FeJi N ARG RE 7= SR i %

2.1 EJRE ( matrigel)

Matrigel £ T-4HMI4IRC 24 T 500 W, 7F
JIRJG 85 77 24 vt A BT 223K, Bedzhov 25 fifi
Matrigel 5535 E3. 5 BRIRR) ICM, iZBF506 54~ ICMs
A ibiTreat W HHORBEL m A A EE PR , 37°C
WEE 2~3 min, FLRFEPEERCHE R, AR5 IR Y
IVC1 FFR ARG SR, 7ELL Matrigel S AEJ5 14 3D
FEFRZR Y, TS W& & B I TN PR, T
DI — @ FERE B N 1 % R FE
2.2 BRIGERIZE

Niu 2P T S B4 AP E B A M E A
JOT R J2 0 SR T A IBE G /K BE B HE 3D Wit ZE B 355 77 1
FHrE e, Rz, e i M NN -
FH 356 XL A7 P e R0 DN s O e 19 L 4810 oF A1 16 3R TR s
P Frde 7K 5 g 1) 2 T e 32 ) LR A 1 A (W) %) 2 1
W2, R AR R E IR ZERT,87% (13/15) 1)
JJ v B AR B TR, 389% (5/13) YRR 7T % & I
DRI FE, AHECZ R, 2R % B 1 sl o 4 2 1 - A B
TR 45 Al FH I, 809% (12/15) fl iR i AT LR
H,41% (5/12) B AG TIE BB (R4, X 2E iR iR &
B HIEH A S FSMIR)Z (epiblast, EPT) | TE Al )&
IR N IE)Z (primitive endoderm , PrE) |, 31 H & 25 A1 1
ARG
2.3 3D EFEREEHMHE YA A

Shao %' 3LF N Z i T 41 g ( pluripotent stem
cells, PSC) AL RS, FE N7 T FR WA A 5 =F 52 itk

& ( post-implantation amniotic sac embryoid, PASE) ,
B REMS AL AT [ 28 - Ik B Y 2 AR IR &
AF, TERA RHASIIG SN LU B LT, PASE
HAZUE— " HA ASXFRERRE EPL /Y bRz %0,
FMT AL, et PR FERET, PASE
LL SNAILL AR 1 7 X8 8 — DR TR IRAKE
R, BEAh AT A B EIAE X FR BMP-SMAD {5
55 PASE [k & [F) 22, FF L5 BMP-SMAD Y i
/AW T PASE By E K. I /N
JHR i A S SIE B 3% 5 B AL 1507 0 JEL i, RO 2 3D 1Y
BRI R ONIRIG A TR B 36 TR A 1 & S vl ey
S AR 3D BE SRR FORKE FRAEA S NI
e, HAE 8 FLBUR R A — 2 Matrigel, H7E H ¥ 55
FEEPIRINT ECM, Matrigel W% 1] EPT 41 g $2 4t
WALAE =, IR G T 40 B AE Matrigel N5 57 J5 EETE
WIS IRAGIEER 1Y) EPT 2544, 8 T~ 40 i 55 it
o e 3

3D BRI R ARSI L A0 A I A S AR
W AR T L IR IG TR S Y R B A,
M RIS R Eh 15 WG SR B 4t S
B IR A A ) R B 3D R R AT
SR L, AN BB 58 DL N UG S N 36 R A K
ERENH—RE , FHREEIERN 3D KRR K
HAE I IR S C M 4E IR R ik R 45
BRI Y F S T ], A4 3D ATEIHOR
SN R L S5 VAL LIk L AT IR 2 N el
DA T/ BV JIG AR 1 S B 55 52 19 3D AR FR g
S WA RPN AR AR R KSR IR
G BRI ME FARPEHAR SRR SR

3 BEFRERFMY

ARG E WAE T /)N B R 2] B (5 A 5 AR 1o
) SBT3 S5 BROKE R B 1K) EPT 40
OBk AL AR Rz i Copp™™ #8878 T 141
PEEIRIG , TS 5 ECM (1KY B 5% 52 b e (] 1 A 2
Ak 3k BR T AR PR Al — 25 RSN 2, AT
SHEONE AR TE K, Bedzhov %57 KB, WG A1
YA R S WA I R RSE R 53R PSC 4R TR ARAE = .
X E EPT AR E A1 N BORAE IR S5 48, - 1F: bl i s
KL BRT 3D RER G AT SRR, BRGS0 i
FAT U AN R S U e IR R B I
BUIARSNE FR R 2 TP (R 45 2R U I 5 R i & ARk
HEEZE,

3.1 HETF
TR (E3.5) P =M AR B4R TE ICM
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FE) EPL A PrE & F b R R 2 RIS R N,
I CDX2 . POUSF1 1 SOX17, 43 $I7E /NG & &
AR RSFRE, /NN A E
FEr ) AT 4 41 i A 4 [ - (fibroblast growth factor,
FGF) 15 5 1 Bl J5 114 41 0 PN 22 24 J530% 1k 28 1 3
( mitogen-activated protein kinase, MAPK ) 18 78 4 Iif
EPI Fl PE 4088 A9k , 5250 57 A IR i 146 40 it
FIBR ¥ 2, 7E /N RO IR B 9% 0 A2 il FGEF/
MAPK {55 0] ¥4 il ICM N 235 NANOG 41 ig i) b
B, FGF 22 {& I n] T2 ICM 41 fi 5% 1k A GATA6
PHPYE PE iR, IGF1 324K IGF1 AP 2 3214551
N PE Al EPL w363k, il i W 8 UL 3 U4 Il
(PI3K)/mTOR,, AT L2 45 A Jify PR 240 6L 12 1 3 1,
WX} PE % & A EEAE M FOF @ ik ™>' 78/
R RE SR A BN IGF Rl EGF A F1F IR Jii M3z B
Wit . X/NRIRIRATFSE 2, TGF-a Fil EGF RE4r
ST [ 53 W61 F R 5% 43 6 AR FH A2 20F 3 1R s 1
SRR, IL-1.1L-6,CSF-1 DA K TNF-a 254 K PRI 7E
ORI AR R A i A% P AT A ] 10 €, e A o
IR I Eh 25 IR DL % S5 S IR IR % & . Niu 2502 7
PRANEST T — ARG FRAR R 2 AR B SR 0K R 11 2k
i EIEA T AR, BEAE K e 2 2L 3h i M R 1 IR iR
FERFREFE 2 20 d, A5 B IRAG RENS B LS R 1k iR
AL MEEE T B B0 50 ol P A LA K S5 s £ 5 40
LSS LS WG K B L AR v B G E E R L A
il ROCK M) Y-27632 41 ¥k T IR G i &
E=R 0 S R O S T 1 oS SN E R
JH 0 %2 110 A IS s R 1 A2 st 5% 3% 44 R 1) 22 40F 5%
Jrlnl,
3.2 HERENY

IRJGEREE Hh B 3% DL SR R B8 B A AL
Bt xR & B A E EENEM, NGB AT
B3 Z (human chorionic gonadotropin, hCG ) 7£ /& 4
Al LA BRE T TS 2, A3 TS a2 Bk A b B 40 it )
By, RPN hCG Mk EE L SN E T A B E
HHSENE, TEMRAN 2 55 i 7 e PR BRI & R hCG 194
FH AT LAAE — 22 10 N 3 m /s BRIV G 1) & 5 830 Al
REHROMERME BN R WG & F R
KAEREEAE, HAE /N BRI B R 2855 320k R Hr R
AN, ARERR I EDTA AT L5 iRk — 40 fo B, —
LR A Bt 2 2 5| A L DNA &
B, G & Bep) 48 h TN Y B e B ORI, T
LA S e ELAT Bl 1k 4t M 4R Ak i T Ak, — e F ot
B FERR SRR S A Sk e, vT B R N BRUFE AR b

BRI
4 BMEBRENFHERE HOET

/IN R ATV R A S0 35 77 1 3 3 L3k e %
BR2IEANIN B, HEEE RN T T, Ik
5 N A M W oAk, T ie SR IS 5 o P 2 &
AR A X AR A B B R A B A SRS [ 44
RILFR-D TH S WER, PR RV RN
W28 B B [E] 4 T RT3 IR i 0 & L) iR 3 R 40 15
A N A {1 RN & R N e i R T SR
BT (single cell RNA sequencing, scRNA-seq ) 25 JJ& i
KBS K TRZH G K, scRNA-seq 1E
ANE 10 AF A I ] L R R IZHOR RE S S s IS
W R — DRI 30 S0 SO AR i R AL
TR T4 B R AR e A e R B R e .
4.1 HRAEMERRE

Smart-seq2 FLA MY IS0 IR G & & 3
2N G S AL AR T — AR & T BT
Mohammed %' i@ 1 XF E3. 5 %] E6. 5 /NI AR
HEAT scRNA-seq SRBFFE MG PRI 2140 [ )i IR 1
ONEECSTSMPEAE SN WA TEIRES: )Y i77) iR
INRKRT . AR ERZIE BN T E3.5 /)b
BRI A 340 ICM Hh 8 SRS AR e BRAF7E PR 120
MR, —A~BA PrE K38, 51— HA ZEEE EPLAE
BRI IR A TEAA ] 22 S 3R 3K 1Y PR 7R IR I o
E4. 5 RS L I PE M EPT Fr A5 2] T AR 47 (9 £
FE, FWIZ 7V LS A 0 3] 7 SR (] 5 A 240
TERTE AN MK T E AR AR R 22 55 R
THESL/N AR ICM N EPL Y PrE 3% 2273 25 1 4]
i, Ohnishi 2% ik 1 804> 1CM 21 S iy KE K 3 35
T XTHFIEER L T — R R ICM b 40 i 5L ]
FRIRKE I BE LS S5, HLA ok 57, Bl s 3 i
—FRIUGFE IR T ICM ISR, RZE
JEHG scRNA-seq J& RGP 40 B REAAR i) 28 e 5 A5 1 Y
T H, i aris iR e
4.2 BERR% & K4 A ar i B ik

A PR I L 2 40 4 i Ak 2B 7 4 T A 2 AR R
WRfiG & B ad R B R R R AR A Y 2 o] TR
B 2R AR AR AN 34 T 192 B8 Scialdone
EANE PR R4 UL 2 B TWAN LY SRS RN
AR IR, AZ 580 22 40 ] DNA 434 1 52 56 5 vk
M T A M B 2 B REAS AN S RG22
FEPERIBFTE . A T X A ], AT T A scRNA-
seq WFFE T 1205 /> H 2 B40 it ) s 1L 22 46 19 04k
A, W T E6. 5 B IR L E E7. 75 I
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UL AN A B s R a #  E E6. 5 /NI AR A,
£ F PrE F1 EPT 22 AR 40 26 7 1 Bz — () 76 i s
k. B, 40 M & A 3 #% 1 1 AR AR AN [R) A A A
iz, [ SEE EPL, sk A PrE JE U0 35 4 55 A
sk, diidriz B s, B 4L, i v A
JIE, FEC R T D B S T A £ 4 40 i A0 4 o X 3R, (BT
SRAN T 26 IR B v AN 22 40 M B4 i 2 AT e sg 9 107

Pijuan-Sala 2 O i & THEZ K5 6.5~8.5 d
1 JUAS S R] s SCBE 1ok B /BRI IR RY 116,312
A FAHRE Y e sl M EE T N Z Rtk T A R
MRRGTE 22 B AR 540 19 4 S, FRERTT T N E RN
JRAATE NIRZEA I E 22 Cao 5 4
M TTEREYR 9. 5~13.5 d Z [l 61 NIRIR K 200
TR e = A= i /N RS B R A= 40
ML 3" (MOCA ) #2441 3k — SC R it ] % Bt FE 1Y
LJHAE P scRNA-seq A B BRI NIR & 7 L A2 1
JI A i B s A T nT RE , i ELIZ A T T IR
A RIGE 25 58 3 HAB I L Sh WG 1 R AL IR
4.3 HMMEZzhYIAERR % B /RN F R

5 elRIE, AR 22058 35 % iR 2R L 3l 0 IR iR
WA T R S AR IR K B E
ZeBL . EPT EFL 30 A VA 20 A A AR 5 40 i Y
I, N THRRERAXMAEKEZEENNTERELT,
Nakamura 25 A X516 8 M ( Macaca fascicularis ) 18
ARIFFEAJG B EPL #4177 2T 1 scRNA-seq, 45
REW RN ET IR, S8 EPL 4 5 IR 2
R T EEW A AR, R AE R T
EPI & & 22 5 A — 20, m BL#f e T sy Fh
B 22 Be T 0 2 B Al b, A B A b 7 ARG R 3%
FARRBME T LK, Zhou 25 N G5 G IR TR 1Y
IR & B F scRNA-seq, RGE50HT T2k H AR 65 4~
FEAE 5 MRRR A 8000 Z /1 FRAN 41, I e 20 ¥
(1) TG W B R A PN SRR 58 W s T EPL PrE I TE 3%
RINB AN FEAS , R G TEALA S B R E IR
T NI T e, W 4L T X
NI REAEA B & 4% 5 1 HLE B BRAR , JF A BT
e AR N T I i & 7 RN AE B R A Y BR AR AR
EAINNIS 20 enE SV NN N B RTIL 71D
NIIG & B b 8 0 52 A= A% TR i L3 S 0 e 5f
A5 B AR SN E B 15 55 3R A5 I I IG & i FR 4 it
TARGF () S Bebr i, R AT & 7 R 19 2 HIL A
AL T IS

5 Hit5RE
JU AR A i B RS DR, BHLRE R A PR R I AR A B

TOTE R A SR K AR /N BRI AR DU R 5L
S TR AR P R B Y A 8 I ) S L3, o T
ARAF R ARG T BRI, R AR R L AR R B AR A K
BTS2 S e/ BUIR IR A LAY EORIT Y,
ST RANE T 57 /N UG IR & A B T 3T
by vty B L Sh W £ 3 IR B 2 1 B S A, 48 75 iR
A B R, R L B ) LR NI i 4 S
BE TR RE S SO /1N BRUVRJIG 74 S0 SE I 55 774K F 1Y
AR

B AR R PRI SR XA U A R
FABRAPTI TR ERE A, HATE IR G AY
IRINEFR R ARBAAAEA L, T BH L TR A
AR BYBIEFE 5 2 5 22 1 PR AR ARG K 5 B9 BIL AR LA K
KBS B, ] R A B P A A5 A G A e
S HEAR R AR, o T LA B3 B0 A 2R 5 PR 2 v
4 Z2 i R, (51 4 U i A2 27 Je B 3 RIS 5
PR B8 58 B A B RS RV G IR AL S A S 2
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Research progress of human umbilical cord mesenchymal stem cells for
treatment of various diseases

WU Dan, YIN Yu~

(Kunming University of Science and Technology, Primates Translational Medicine Research Institute, Kunming 650000, China)

[ Abstract] Mesenchymal stem cells (MSCs) are a type of adult stem cell that originates in the early mesoderm,
which are capable of self-renewal and multi-directional differentiation. A large number of studies have shown that MSCs
have great potential in the field of regenerative medicine. MSCs can be used to treat many types of diseases such as spinal
cord injury, liver damage, kidney damage and autoimmune diseases. They are generally derived from placenta, fat, dental
pulp, bone marrow, umbilical cord, and fetal internal organs as well as other organs and tissues. Among them, the
umbilical cord as a link between the mother and fetus to transport nutrients contains a large number of MSCs. Compared
with bone marrow mesenchymal stem cells that are affected by the donor’ s age and fetal mesenchymal stem cells that have
ethical issues, umbilical cord mesenchymal stem cells (hUCMSCs) have a high proliferation efficiency and wide range of
donor sources, and low virus infection rate. Therefore, hUCMSCs are considered to be a better choice for treatment of virous
diseases. These advantages also make hUCMSCs attractive in the field of regenerative medicine. This article focuses on the
current research progress of hUCMSCs related to disease treatment.

[ Keywords] umbilical cord mesenchymal stem cells; stem cell transplantation; tissue repair
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B8] 75 5t + 41 Y ( mesenchymal stem cells, MSCs)
R ERIE TR R | Re 6 A K EHIE RA 2 W
SRR RE, TS B F RE NS T 22
LR AE ) BT MSCs B R 1R
1, B MSCs ZER 5 2H U 2 F0 A B S 22 P 9
(AR IR 7 S0 A% 2 T B Horh R R A
1] 78 /57 40 2 (human umbilical cord mesenchymal
stem cells, hUCMSCs) [N HA Z 6tk (KRB0 M e
PSP S TE R AR IO 8 AR 5k T
o S A B 55 4 L A 17 S 3 P 4 ke T, LR
FIRER R T AR T L et

1 hUCMSCs H)3RIE R 4 ¥ 45 4E

JBRAR H = b s B LGS SR TR A b B DL
JAEE GBS (Wharton” s Jelly ) T MR B B 4
254, N7 18] 78 5t T 20 e ( human umbilical cord
mesenchymal stem cells, hUCMSCs ) Y2 I R 30n] LA
G304 s (1) NS A 3 fie v 45 21 19 18] 58 5T+
4f 4 ( human Wharton ’ s Jelly mesenchymal stem
cells,hWIMSCs) , (2) I8 F A i i 18] 58 5+
4 ffl (human umbilical cord mesenchymal stem cells,
hUCMSCs) , (3) 2k F B i /87 ) R 2H 2 ) ] 58 ot
+ 40 B¢ ( human
mesenchymal stem cells, hUCPV-MSCs) , (4) M &
rhAR A5 1Y 6] 78 5 T 40 B ( mesenchymal stem cells
derived from human umbilical cord amnion,hAMSCs)

hWIMSCs = 3 15 1 40 M 20 4k HT B ( cluster
differentiation, CD ) , &1 CD29, CD90, CD44 , CD105
KA N H 41 B2 DR PR ( human leukocyte
antigen-DR , HLA-DR) , HA /D335 CD45 )i, H it
HARPE R, T T H AU S AR A B
SR BE S 5 B AT I A JR A hUCMSCs #5435
MSCs FHOGHLJE 4 CD73,CD90, CDIOS Fil A fff 43 F
CD44 A3 35 i 1 48 fi A7 75 CD11b, CD14,CD19,
HLA-DRMM 547 145 J5] LAY hUCPV-MSCs /5 %6
ik CD105, CD73, CD90 J CD44, K % ik CD34,
CD235a . VCAMI1 IL-3 & OCT4, i F hUCPV-MSCs)
FETEANML 5 it /D R BB A% A RE ) 58 i e 2
TCEAE N RFNRR BT 732 W, R A DG A5
B 2Ok W hAMSCs 18 % 35 CD73, CD90
CD105, W] 5 3 73 Ak Sy J I AR 40 B, [ i,
hAMSCs HA7fE il A2 0 ZHAVE B L A B ik 45 2y
RET L H W K WF 5T K I AR e £ 2

umbilical cord perivascular

hWJMSCs 1 hUCMSCs, Zi ¥ A hUCMSCs.,
2 hUCMSCs &I A EHEFRBT R HE

2.1 hUCMSCs i&97 FFi{s

hUCMSCs A8/ CD8* T 40tk , v i+
YLK -y AR SR FE R 7 14 7= Az ; TR B m] LA il
CL 287 10 1 B WG 40 i 1) B R B M2 4 a4k, I FR
1R PG 9 E B S 7 2016 4F Bi 4B IR
Sz R E /N BN Y hUCMSCs BT LA IE 3 B K miR-
199 1830 Sk BRI A o 4 i A & PR 7 19 2 g, 15
EL L T E2 DR 200 L A 3 A A SR AR | AT A 28] AR AR T ]
KRS 80 A AL s S s AR R, I 1
£ Shao 25" BB Fh i 2 T hUCMSCs % 3 1L-6
IS 2343 WA AT REHE ) /E ] T PI3K 5 5 38 #% 1Y
B miR-455-3p [AMAMA , X B A WAMATE R Py Al
PRGN AT )G 2248 (LPS ) 75 5 (19 1 105 200 Jfa 375 £k A
SRR - 19 7 A O BLTE AR A P A5 /) B A
th, miR-455-3p [y R A 1E o n] DLV s5 B v 40 12 11
FURIEB A4, I B AR 1375 P 1) 28 M B 7 2K, A
M 3 T AR S b, FE L YR BT R,
hUCMSCs € $i 75 H X585 FRIp A9 ( 4n JH-A Ak i 5%
RAEF 32 ) B3R 97 W 1, 16 I R BF 5% b i AT
hUCMSCs i 73 7] I 36 205 v B AR |, 1 Ra AR I v
i = R R, A A [ s AR 2% R N AR I
N 2 8 JR (T2DM ) H 3 b 0 A5 T 45 7
B PR ( NAFLD ) (8 B4 R I6I 7 I 7 22
2.2 hUCMSCs &7 55

2B 545 (acute kidney injury , AKT) I PR
UL R DG, M B B 5 A TR AR ) S
ARIEYT, B UIes e AL, B = ST Re
B i, Andrade FEU' I FR, 1K AN 85 3R 1
hUCMSCs #4487 A 2k 38 2 PE B8 fs . AR AL
il FT 8 & hUCMSCs 44 4 22 [n] 431k B /N I R 20
Ji, AR E 2 A2 i ol SR B0 ) B AL 2 A, O s
AR R A2 BB AL Y R AE R, BEAMNA L
TRF5E AR I hUCMSCs AIAE FH T JEPE R B AKT #5%
RUIFMGE O Z Bt . HAE AL AT RE 2 (1)
hUCMSCs FEAK# 1L R F CX3CL1 A4 2 3k A 1 ik 21>
SZ AR 2 M A M A R S TR IR ek A S
N, e A B A 2 A0 B Y AR S 3 A R AT Ak
(2)hUCMSCs 433 B4 M AR AT 38 13 F PR A7 5 A
F—1 MRS AN T, R ek i 4
S A s I S 113571 | = oA e A o =M = g T |
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1023 el > A hUCMSCs 7] 5 8 5 2 Bk AR K
KI-F-1 (insulin-like growth factors 1,IGF-1) )
hUCMSCs-IGF-1 &4 22 G 1R B A K AKI
BERUFS AT 78 3l 28 B 52 450 Ak [R) B 285 BT 0 45 B I
PRI IS P B2 20 i K e 34 5 5[] F hUCMSCs-1GF-1
AR E G PIBK/ 25 H S B (protein kinase
B, Akt) {5538 % M v /> AKT A58 LU 2l 2R i
NG, 145 LT R B Ty, 4k 2R fi B L
R AT LA hUCMSCs AORSAERRG 2 AKT A3 3L i
WEVEIRTT ik
2.3 hUCMSCs &7 B BkiRfs

hUCMSCs T 4Fk i THEA Zhgtk Ry
PRI AT E A B Bk 20 255 ) A R A T B N Ry 2 R TR
B BT ZE VR YT K I . hUCMSCs # 48 2] Fz k36 105
PO, — 5 T AT 38 3 ) o3k R R R AN A i
HE R R A B b R A Rt 8 A K 1 32 458 4 Tk 32
R4 59— J7 1 hUCMSCs A] i i 745 Wntd {5538
% AR B-EI IR AL 12, 1 5 3% B 20 i 1Y) 34 7
AE T, - TR Ak 5 3 i ke 00 i % Bz 40 i oA
T 45405 Fz k& &2 £ Montanucei 25 B 3¢
Tk hUCMSCs & F 2 48 8 (O OWUZ IR L s iE 178
R, AT LA 22 458 K ik 0 B R FEAE L R AR, Mejia-
Barradas 25" & Bl Rz g VI BE AR J5 72 4= 4k & 1 18 v
ez N B 422 T hUCMSCs 1Y JZ JIRIAYT 5 & 3R
hUCMSCs RJ 5 IR I AN 3T 0L TR 1, TR) s ] ik
A AR 5 PR, 4 A # ELAE E R JE
SHIVER . P hUCMSCs 832 1 ol 7 G yr A
Jei B JHR 745 1 — OB 1 i
2.4 hUCMSCs & & 8845

SMEH B (acute spinal cord injury, ASCI)
Sl TR R R R T 5 R R HER RS A B P ik
FARANERNHER, T 8OH 8652 2™ FE AL 07
(R , ASCT 14 1915 38 & 46 2277 il hUCMSCs &)
TARAT RN G 5 D M AT 00 R o5l B O R T R A
Pk 289 B AT TR0, 2018 4F, 5k bifi %51 38 1
XF L hUCMSCs B AETT G ASCI & e fEbr)a &
I, hUCMSCs AT LB 5 038 ASCI 235 19 0 22 ) fig
B0, FLAE IR A 5T 04[] ) R 52 i AL A4 AR B 11 47
JEDIRE, BN, AL T 40 (human neural stem
cells,hNSCs ) /& 75 F5 E 450 0 5 284 v ] ] T~ 4 e vA
SRS R AR SE Rl AT 9T B, MSCs v] LA
5 NSCs MU4H LA BE I 428 S A J5 NSCs B A2
R H S5 HAL T A0 AR Lo, MSCs B8 4 5 AH 56 4 i

R A B LAY, 2019 4F Sun 45UV BEST R
B, 5 800 A% M hUCMSCs F1EA A% 4 hNSC A1 1,
BENEX G M hUCMSCs 5 hNSCs J& 1797 20U I i
BT, DRI R R W A AR AL, fE AT LU
hUCMSCs /2 A% H T I IRIG T7 20 A i 45 1 —
AMRA WA T,
2.5 hUCMSCs i&77 ¢cGVHD

2R ALY BT 1E £ (chronic graft-versus-host
diaease , cGVHD ) J& RS AH TR Ji5 5 5 UL 1) I K AE 2
—, — R A AERAE 100 d KA, R FARE B EAEE
B & AU EE RN R i hUCMSCs JUAF A
o JE Y fE 148 HAE cGVHD M &0 98 v 4 52 %
T, IR ES S5 W ST RGE FR, #25% hUCMSCs 36
J7 5 cGVHD B HP A I AR 5 %35 CD19" By 48
JL B A B R AR Y R e JF B R W 5% B R
hUCMSCs A AHSCIA RO, 35 WA B L5
I LA R e A ) 3 0T 40 A O Y kR, X B R
& hUCMSCs I TIRITMER TR MRS AR Y e 1 £
BABOFHZEN, 5N AH LRI, RE 5%
HELL/IN A EL i 2828 1 1) 70 S5+ 4 I B A /0
I HEA Geit 2 b B A7 K (A%
hBMMSCs Fl hUCMSCs (/N AP EE 2] T i 25 A 241
U RV A SR A MSCs 18R N BT &
YIS hUCMSCs A1 hBMMSCs ™! B i af LA 7
UL FE AR K X FIR YT B A Y o g 9 i E 5,
hUCMSCs ik — 40 T30
2.6 hUCMSCs BT ER R

VER SRR, 40 2 LU R B & thdh A 1% ~
3% 12 P SE AT B 58 5.5 ( premature ovarian failure,
POF) , Ly BRAFAE AL 45 51 51 0y 8 25 L  MEV 3R K7
FEAR AP BRI R KO e B E I R A AR 5
BRHIRIT F BT MOk M 0 4E %,
hUCMSCs FIRSATIEIR YT POF IVREES T %, WF5TER
], hUCMSCs 7] LA b 21 2 48U i-1 ( HO-1) [ 35
KT HO-1 78 B 5 (1% A 2 3 B A 2 1A g 43 s 12 v
R F e b B e B R AP, H R
hUCMSCs /97 POF /N B9 A8 SCBF 5% 1 X F HO-1
VR F AL A T f# R AR > 53T, Yin 20 R 3
7E hUCMSCs H 383569 HO-1 HE X ] i o 3% INK/
Bel-2 {5 53l A1 i CD8" CD28-T 41 fitd it 2 14 ok
SEPL hUCMSCs B4 J5 1 52 POF /N B B BT e
X S IRy B 9 1 IR - 3 F hUCMSCs 19 A 2894
SRR T B B AR,
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2.7 hUCMSCs i&¥7 1A & R0 /R 3% i BRI

MSCs A I FRI7 M 2B AT P 5 1 ke 1 I IR
I O N OB SE IS N A (R Y R S
B L ) £ ) AR B i, O LR R A A
LAY F B Lo I BRIT R i
i sh Bk B FH hUCMSCs RE % B W f# 1h & 7%
( Parkinson’ s disease, PD) H 2 1) UPDRS - 43 fi
Webster PE43FHE5 . hUCMSCs VAT 11 2538 47 PE %05
(FE FIBILTR v AN B, H AT 9 T BEA . hUCMSCs
RENE 0 Ak Bl il o 22 T AR 1B B A 4 O
hUCMSCs 5543 #AE FH = A= 9 20 B B51 7 AT LA 2% fif 2
JESCIRR I3, ] PD g £ B 4ot
PR  AM A HRGE B, hUCMSCs AT DA
SRR T B 2 FEA T BLRT DL B A R 28k
B FHARNER

Fu] SR 2% 165 2R AGE ( Alzheimer’ s disease, AD) %R
PRRRAE H AT 32 20A Ryt iy B-TE Ry PR AR 1 R A AR
LI (FL o AN T 28 5 S R 1 o SR AR AR S I R AE IR 2
6] A e AL 74 hUCMSCs 430 1 1 25785 35 [
T VF AT D0 X 52 2% 0 240 L A 58 O 400 il b 2
AP T Rl hUCMSCs A fiE 38 5o 336 % K i v
(140 7N S50 441 ft 28 9 i T 7 A 4R 2 1 A 22 DR A
FAPY e Ah Oh %55 BF 58 3E 52, hUCMSCs AT L i
b B-TE R R B 1 R R /D BRI Y 1 U B
DURR, L ESR PD A AD 3X P Fh Bl 2538 171 9 0
IR L A58 2IE A {3 hUCMSCs 445341
R TR BRI AR TR BB 1) A 2
2.8 hUCMSCs &7 P E A& fm

TE 3£ [, 38 F 12 Pk FH 2 % il % 7 ( chronic
obstructive pulmonary disease, COPD) F N EALIK T
SEEE RO M PR MR T 5 DA 441 (WHO)
Bt At A H T 6500 J7 AR U &
COPD™ , HEGHTIAIF COPD MIZ ¥l X <&
Pk WA EE | 1R [ R ER A 4 40
W AR AT AE R I R 8 Y IR T
COPD, IR ST 7 s BLAMA AT HEA T8/ il (R LA
FAR, LR ATAERIGTY COPD, SR, 3X 2897 87
A PR HAFE AR R > Le P HF958 &
B hUCMSCs A1 i %5 238 T COPD & iy AT
J s AN AR, I HL 45 % B hUCMSCs 14 B 45
YRS 24 X A RESE T hUCMSCs HLAT 505 1 17
FEVTTRE )] . R KSR — T AL BT H X s g
Syife—%t COPD f855 #4T hUCMSCs 11 It R A 5%

BT HERENS %,
3 MNEERE

M43 B i hUCMSCs 2 H 1l F- 2 BE 245
a2 g H A s A, 5 AR IR A MSCs #H LE,
EATHA B S WS E e ) e A R HTRE D)
AR B B bk DL I mT FE R 4R AR =, RO H
HIXF MSCs B9 REHL I O 5% 18 N TR A, (H =R
IT R R RN 2 A M AR R 2R I I DR 11 AN IR
YA 2] TR IR UE, SR, 40 Y RS A R
IR IR AR R T B BERE | S R A A
WIS A T R SR 2 1 A 3 56 v bR AR5 ik e 11 [i]
Bt Ho il T hUCMSCs %% M 77 76 I % # 28
hUCMSCs A 7 v it % ) Jo e A8 K v B0 34
W A5 DRI R A 45 ] A B o) 7 H TR R R, Ak
hUCMSCs A () et it S 1] 851 75 A7 #E AR R R it
PRHGAFF 5% N 5% AN AL 28 A A% A I 64T 14 4% 240 L 7
S PRGN RL S 200 i Ak R g A T LA T K A B
Vi 2 R SR A R DL, X hUCMSCs R
TR DA FH I 5 22 i Pk K, I HL R R 3 5 24
KE TAEAREFE 4318 T hUCMSCs (w2, {H i
B AN AR AL R 5% | e 3 I 3 A AR 1 R R L
I AR 32 30 B 5 0K A 9 15 I, AR AE AN KOk,
hUCMSCs W5 75 5 Ab B 2 AT A A T 2 =,
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