2021 4F- 8 A HE R E LR August, 2021
$31E HeM CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 31 No. 8

VEARIEN, VRS2 RN, 2. 2 Bl s S it S 2 ORI R A L (0], vh B R R 22 A, 2021, 31(8) : 1-8.

Xu YJ, Xu W, Chen G, et al. Application and comparison of the advantages of two high-glucose-induced hippocampal neuron models
[J]. Chin J Comp Med, 2021, 31(8) . 1-8.

doi: 10. 3969/].issn.1671-7856. 2021. 08. 001

2 Pl iR WS 5 10 D e 2 SO R ] ] B AR LA
BA Y B AREE HAUER AW, E T

(1.3 ERA MR BB RS, 5B 550025 ;2. 50 M BRI R F E A 324 B, Sl 550025
3 BN EERNR AL A2 BE , 5B 550025)

(WZE] BE B2 FEiis S Sl & oo B LB o, R0 2 Fhat s RUIE AR [l 00 T RO . 77
R URONESRIEACE TR 2T HT-22 ¥ S 2 ondi i 2 |, 43 5t A A WA Moo ol B %558, AT i ke
WU 37 G300 ot 0 B ARG e ORI, T U A I AR IR A0 MR T 17 L, Western blot R T- 78 R IA1H 0L,
HR ERIEDWAETTLE 85% L) I I E Hil 2 Fhis S S 2 e A0 MORORD ; VR R R ) 48 b, JRAE Tl 2
JCAN M 35 P R 2 7 80% , HT-22 41 0 35 P 35 95% L) L5 7K [ #h g I 4 6 e 3 77) 249 e 450 407 2 b 400 Jif A 781,
LipoRNAiMax #PEE/N, Hod HT-22 A3z 45 /N, HT-22 4 i Qe iR i i 5 2 PRy i A - 2% (P<0. 05) , Hip
JEAAI TR TR =, AT Bel-2 #3638 T AR LT Bax FR3A34 5 (P<0.05) , HT-22 4l i f Bax ik
TZF . &It 2 FE RSS2 T A B Y EL A AN R] A 0 M A 200 MRS R F 0 430 1y R A S B 10 2%

[SE$BIR]  WEIRIG IS ; Vg B 420 ; 2R MBS 18 5 g PR AR

[HE5>ZES] R-33 [ xEk#RiZED] A [XEHS] 1671-7856 (2021) 08-0001-08

Application and comparison of the advantages of two high-glucose-induced
hippocampal neuron models

XU Yongjie'?, XU Wen>, CHEN Gang®, LIN Hairong®, HUANG Changyudong®, ZHU Liying®, PAN Wei'**"
(1. Prenatal Diagnosis Center, Affiliated Hospital of Guizhou Medical University , Guiyang 550025, China.
2. School of Laboratory Medicine, Guizhou Medical University, Guiyang 550025.

3. School of Public Health, Guizhou Medical University, Guiyang 550025)

[ Abstract] Objective To compare the advantages and disadvantages of two high-glucose-induced hippocampal
neuron models, and explore their application in different situations. Methods Primary hippocampal neurons and HT-22
hippocampal neuron cell lines were cultured in vitro and divided into control and high glucose groups. Neurons were purified
and cell viability was measured. The effect of transfection reagents on cell viability and transfection efficiency was
determined and flow cytometry was used to observe cell apoptosis. Western blot was used to detect apoptotic protein
expression. Results  The purity of primary hippocampal neurons was >85%. Two high-glucose-induced neuronal cell
models were successfully modeled. The high-glucose action time was 48 hours, the activity of primary neurons was stable at
80% , and the activity of HT-22 cells was >95%. The liposome transfection reagents caused damage in the two cell models.

LipoRNAiMax was less toxic to HT-22 cells, which also had a high transfection efficiency. The two models showed
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significant apoptosis, compared with the primary neuron control group, the apoptosis rate of the primary neuron high glucose

group increased, compared with the HT-22 control group, the HT-22 high glucose group increased cell apoptosis ( P<

0.05). Compared with HT-22 high glucose group, the apoptotic rate of primary neurons high glucose group was higher, the

expression of apoptotic protein Bel-2 was decreased, and the expression of Bax was increased in primary neurons ( P<

0.05). Compared with HT-22 control group, there was no difference in the expression of Bax in HT-22 high glucose group .

Conclusions The two high-glucose-induced hippocampal neuron cell models had different advantages and disadvantages.

The choice of cell model should be considered based on actual conditions.
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Note. A, Culture day 1. B, Culture day 3. C, Culture day 5. D, Hippocampal neuronal cells were identified following immunocytochemical

staining with anti neuron specific enolase.

Figure 1 Culture and identification of primary hippocampal neurons
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Note. A, Primary neuron control group ( Normal culture to day 7). B, Primary neuron high glucose group ( After culturing to the 5th day, add

high-glucose medium to continue culturing for 48 h to the 7th day). C, HT-22 control group ( Normal glucose concentration cultured for 48

h). D, HT-22 high glucose group (High glucose concentration culture for 48 h).

Figure 2 Two kinds of high glucose induce neuronal cell morphology
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Figure 3 Two kinds of high glucose induced changes in cell viability of neuron model
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Note. Comparison between the 2 groups, *P<0. 05.

Figure 4 Effect of two kinds of liposomes on neuronal activity
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HT-22 % SR (IEFBR SR 48 h) ;D HT-22 @M (R AR 48 h) .
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Note. A, Primary neuron control group ( Normal culture to day 7). B, Primary neuron high glucose group ( After culturing to the 5th day, add high-
glucose medium to continue culturing for 48 h to the 7th day). C, HT-22 control group ( Normal glucose concentration cultured for 48 h). D, HT-22
high glucose group (High glucose concentration culture for 48 h).

Figure 5 Two kinds of high glucose induce neuronal transfection efficiency
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Note. Compared with the primary control group, *P<0. 05.

Figure 6 Two kinds of high glucose induce neuronal cell apoptosis rate
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Note. A, Primary neuron control group. B, Primary neuron high glucose group. C, HT-22 control group. D, HT-

22 high glucose group. Comparison between the 2 groups, *P<0. 05.

Figure 7 Two kinds of high glucose induce neuronal apoptosis protein expression
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Expression of rpl15 in zebrafish embryos

ZHOU Weijun'?, PENG Tao'”*, ZHOU Dongzhen®*, YANG Yichen®, ZHOU Yanhua®, LI Hua'?,
HE Zhixu>?* | SHU Liping'**

(1.National & Guizhou Joint Engineering Laboratory for Cell Engineering and Biomedicine Technique,
Guizhou Province Key Laboratory of Regenerative Medicine, School of Basic Medicine, Department of Immunology,
Guizhou Medical University, Guiyang 550004, China. 2. Key Laboratory of Adult Stem Cell Translational Research,

Guiyang 550004. 3. Department of Pediatrics, the Affiliated Hospital of Zunyi Medical University, Zunyi 563003.
4. Guizhou University, Guiyang 550025)

[ Abstract]  Objective To investigate the expression of rpl15 in zebrafish. Methods The NCBI and Ensemble
databases were used to analyze the co-collinearity of the rp/15 gene and the sequence similarity of rpl15 protein. MEGA X
software was used to align rpl/15 in different organizations. The mRNA expression of rp/15 was detected in whole embryos
by in situ hybridization with an rp/15 antisense RNA probe, and the expression of rpl15 protein in 24, 48, and 72 hpf
zebrafish embryos was detected by western blotting. Results The rp/15 gene is relatively conserved during evolution. A

pCS™ —rpl15 recombinant plasmid was constructed, and in situ hybridization result showed that at 24 hpf, rpl15 was
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widely expressed in most cells of zebrafish. At 48 hpf, rpl15 expression was highest in the central nervous system and it

was also present in the pancreas. At 72 hpf, rpl15 expression was still present in the posterior brain, as well as the

pancreas, liver, and intestine. The relative protein expressions of Rpll5 in 24, 48, and 72 hpf zebrafish embryos

increased with increasing time. Conclusions Changes in the expression sites and expression levels of rpl/15 in zebrafish

during development were systematically observed, which provide the experimental basis for establishing a model of rpl15

deletion in zebrafish.
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pl15-F CCGGAATTCCCTTCATCGGGCTCCAAGAC

pll15-R

246

ATAAGAATGCGGCCGCACGCTCCTCAGCTACTGACT
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Figure 1 Synteny analysis of rpl15 gene among homo sapiens and zebrafish

B2 w5 EEAMRGELE 5T

Figure 2 Alignment of rpl/15 in different organizations
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1 :M:DNA mark Il ;3K38 1:pCS2* ;3Kif 2:pCS2* —pl15;
Ykil 3.7pl15 RT-PCR F=4 ; kil 4. 25 14,
B3 pCS2"—rpll5 B TAL EcoR T | .
Not T SUBGE) =497 rh kM 2 22 4 pCS2*-rpl15 FYLJFORII P45
Note. M, DNA mark . 1, pCS2*. 2, pCS2* —mpll5. 3,
rpl15 RT-PCR products. 4, Blank control. ] )
Figure 3 Electrophoresis of double digested product of recombinant plasmid
pCS2* —rpl15 recombinant plasmid by
EcoR 1 and Not [

Figure 4 Gene sequencing analysis of pCS2" —rpl15

B 5 A SCH A rpl15 FEDN 7R A= RURE I IR JIG e 7 ok R v A SR 0
Figure 5 In situ hybridization of rpl15 gene
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VE: A ARG Rpl1S 8 FIALIKIE B AR IR T RpllS 2 (1200 F (HXREERD) . 45 24 hpf AEE, * P<0.05, ™ P<0. 01,
6 BPAE UBE f i A R EG RpllS 8 1K B9 2R B

Note. A, Electrophoresis of Rpl15 protein in embryos in different phases. B, Expression levels of Rpl15 protein in embryos in different phases ( relative

gray values). Compared with 24 hpf, * P<0.05, ** P<0.01.

Figure 6 Rpll5 protein expression in zebrafish embryos at different time points
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Isolation, culture, and characterization of mouse lung-resident
mesenchymal stem cells

SHI Guiying, HUANG Yiying, LEI Xuepei, LU Yalan, BAI Lin~
(Institute of Laboratory Key Laboratory of Human Disease Sciences, Chinese Academy of Medical
Sciences( CAMS) ; Comparative Medicine Center, Peking Union Medical College( PUMC) , Key Laboratory of
Human Disease Comparative Medicine, National Health Commission of the People’ s Republic of China;
Key Laboratory of Human Disease Key Laboratory of Human Disease Models, State Administration of
Traditional Chineses Medicine, Beijing 100021, China)

[ Abstract] Objective To establish a stable method for the isolation, culture, and characterization of mouse lung-
resident mesenchymal stem cells, which will then be used to study lung repair and regeneration mechanisms. Methods
Mouse lungs were obtained via germ-free procedures and were mechanically minced and/or digested with collagenase. Cell
morphology was observed by phase-contrast microscopy, cell surface markers were detected by flow cytometry, and cells
were induced to differentiate into adipocytes or osteoblasts. Results We successfully isolated and cultured mouse lung-
resident mesenchymal stem cells. FACS analysis demonstrated high expressions of Sca-1, CD90, CD29, and CD44, and
low expressions of CD31 and CD45. The lung-resident stem cells differentiated into adipocytes or osteoblasts. Conclusions
We isolated cells that expressed mesenchymal stem cell markers and had multi-directional differentiation ability.

[ Keywords] lung-resident mesenchymal stem cell; FACS analysis; induced differentiation
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Note. Upper line shows the status of cell adherent growth after collagenase I digestion, from left to right,

the culture day is 2, 5, 8 days. Next line shows the status of cell adherent growth with lung tissues, from

left to right, the culture day is 2, 5, 8 days.

Figure 1 Lung mesenchymal stromal cells

TE:AAIEA B A R

2 il T A0 T AR A K 2

Note. A, Cell morphology. B, Growth curve.

Figure 2 Morphology and growth curve of lung mesenchymal stromal cells
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Figure 3 FACS results for the surface markers of lung mesenchymal stromal cells
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Note. A, Control group. B, Induced group.
Figure 4 Adipogenic differentiation of lung

mesenchymal stromal cells

A KR B 5 R4,
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Note. A, Control group. B, Induced group.
Figure 5 Osteogenic differentiation of lung mesenchymal

stromal cells
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Cosentyx regulates skin inflammation and autophagy in psoriasis mice
through the C5a/C5aR]1 signaling pathway

YANG Yu, ZHAO Juhua™ , LI Guanyin, LI Da, WANG Jie, CHEN Ying, LI Ran
(Nanchong Central Hospital, the Second Clinical Medical College of North Sichuan Medical College, Nanchong 637000, China)

[ Abstract ) Objective  To explore the regulatory effect of Cosentyx on skin inflammation and autophagy in
psoriasis mice (IMQ-induced) through the C5a/C5aR1 pathway. Methods Twenty-eight 8-week-old BALB/c¢ male mice
were assigned to three groups of nine mice each: Blank, Psoriasis-Model, and Cosentyx-Treated Groups. All except the
Blank Group received IMQ and the Cosentyx-Treated Group was treated with Cosentyx ( subcutaneous injection, 4. 5 mg/kg
twice a day on days 1, 6, and 13). HE staining was used to observe the effect of Cosentyx on pathological damage in the

skin of psoriasis mice. ELISA was used to measure the secretion of the proinflammatory cytokines IL-4, IL-8, TNF-a, and
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IL-1B in psoriasis mouse skin. Spectrophotometry was used to observe the activity of medullary peroxidase (MPO) in mouse

skin. Western blot analyses were used to measure Beclin 1 expression and LC3-II/LC3-I values. Immunohistochemistry

analyses were performed to detect the expressions of C5a, C3, C5aR1, and ClgB in skin. Results Cosentyx inhibited the
expressions of IL-4, IL-8, TNF-a, IL-1B, and MPO in dermal tissues, improved Beclin 1 expression and the LC3-11/LC3-

I ratio, and downregulated the expressions of ClgB, C3, C5a, and C5aR1. Conclusions

Cosentyx inhibited the C5a/

C5aR1 pathway, regulated the expression of inflammatory cytokines in psoriasis skin, and slowed psoriasis inflammation.

Cosentyx enhanced autophagy in psoriasis skin tissues but we did not determine whether Cosentyx controlled autophagy

through the C5a/C5aR1 pathway. Therefore, the mechanism requires further study.
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B 1 /MK HE ZesiR

Figure 1 HE staining results of mouse skin

TE AR, A FRE L P > 0.05; TTFHRAHE,L P < 0.05,
B2 AL IL-4 1L-8 TNF-a IL-18 F1 MPO A& 45
Note. Comparison between groups, there are letters the same, P > 0.05. No letters the same, P < 0.05.
Figure 2 Results of 1L-4, 1L-8, TNF-a, IL-1B, and MPO in lesion tissue
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Statistics of Western blot. Comparison between groups, there are letters the same, P > 0.05. No letters the same, P < 0. 05.
Figure 3 Results of Beclin 1 and LC3- Il /LC3-I in lesion tissue
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AL e AR P > 0,05 T8 REAIT], P < 0.05.
4 JRBHLL ClqB Geye AL 455

Note. Comparison between groups, there are letters the same, P > 0.05. No letters the same,

P < 0.05.

Figure 4 Immunohistochemical result of C1qB in skin lesions

AL A A F R L P > 0.05; BFRHHE], P < 0.05,
B5 LS C3 G di b gy

Note. Comparison between groups, there are letters the same, P > 0.05. No letters the same,

P < 0.05.

Figure 5 Immunohistochemical result of C3 in skin lesions
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VE AL A A AT, P > 0,055 B AT, P < 0,05,
6 KBS CSa Ry LRI,

Note. Comparison between groups, there are letters the same, P > 0. 05. No letters the same, P < 0.05.

Figure 6 Immunohistochemical result of C5a in skin lesions

AN A, A R TR, P o> 0.05; TEFEREHEIE L P < 0.05,
B 7 AL C5aR1 Sy 2 A AG I 45 51

Note. Comparison between groups, there are letters the same, P > 0. 05. No letters the same, P < 0.05.

Figure 7 Immunohistochemical result of C5aR1 in skin lesions
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Sijunzi Decoction containing serum affects the epithelial
mesenchymal transition of ovarian cancer cells by inhibiting the
RhoA/Racl/Cdc42 pathway

LI Fan" , ZHANG Xuelin, FENG Jingru, HAO Jie, ZHOU Lei
(the Second Hospital Affiliated to Hebei North University, Zhangjiakou 075100, China)

[ Abstract ) Objective  To explore the effects of Sijunzi Decoction containing serum on the proliferation,
migration, invasion, and epithelial mesenchymal transition of ovarian cancer cells, and the mechanism involved. Methods

Human ovarian cancer cells (SKOV3) and human ovarian epithelial cells were cultured in vitro and randomly divided into

[ E£TH 14 BB ar e R 5 H (20200496)
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blank control, sunitinib, and Sijunzi Decoction I, II, and III groups. The methyl thiazolyl tetrazolium assay was used to
detect the proliferation of SKOV3 cells and human ovarian epithelial cells. The migration and invasion abilities of SKOV3
cells were examined using the scratch test and transwell test. The protein expressions of E-cadherin, N-cadherin, vimentin,
RAS homolog gene family member A (RhoA) , Ras-related C3 botulinum toxin substrate 1 (Racl) , and cell division cycle
42 (Cdc42) in SKOV3 cells were detected by western blotting. In addition, the mRNA expressions of RhoA, Racl, and
Cdc42 in SKOV3 cells were detected by real-time quantitative PCR ( qRT-PCR). Results

difference in the survival rate of human ovarian epithelial cells among the groups (P>0.05). Compared with the blank

There was no significant

control group, the survival rate, wound healing rate, invasion number, protein expressions of N-cadherin and vimentin,
and mRNA and protein expressions of RhoA, Racl, and Cdc42 in SKOV3 cells in the sunitinib group were significantly
lower (P<0.05), and the protein expression of E-cadherin was significantly higher ( P<0.05). The survival rate, wound
healing rate, invasion number, protein expressions of N-cadherin and vimentin, and mRNA and protein expressions of
RhoA, Racl, and Cdc42 in SKOV3 cells in the Sijunzi Decoction I, II, and III groups were decreased ( P<0.05), and
the protein expression of E-cadherin was increased (P<0.05) dose-dependently. There was no significant difference in
these indexes between the Sijunzi Decoction TII and sunitinib groups ( P >0.05). Conclusions

Sijunzi Decoction

containing serum inhibits the proliferation, migration, invasion, and epithelial mesenchymal transition of human ovarian

Chin J Comp Med, August 2021, Vol. 31,No. 8

cancer cells, which may be related to inhibition of the RhoA/Rac1/Cdc42 signaling pathway activation.

[ Keywords)

Sijunzi Decoction containing serum; human ovarian cancer cell; Ras homolog gene family member A ;

Ras-related C3 botulinum toxin substrate 1; cell division cycle 42; epithelial mesenchymal
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FEIYOCHK S OC WImIRIGITHe it 2%

1 #RTE

1.1 SEIgHF#
1.1.1 SEE3Eh
SPF 2% SD K50 H,8 J&i#%, AH (200+20) g,

B W B TG B AR PR A R R [ SCXK
(9)2019-0027 1, h a1 35 T db A6 5 2 B ( 255
Z)[SYXK(FL)2019-004 ], AT Abdt 2
o B I 275 — B e 4 2% 51 S LI (f2 F TACUC2019
-0307 %) , FEATA 3R LRAPEI,
1.1.2  4iff

NP B A0 SKOV3 1) [ r B RR 5 240 At /%
b5 TCHu185 ; ABPHL I Bz 20 ey 17 At 5t b 24 4 1
YA FEBE , L5 BNCC340096
1.2 FELF S

WETHBR (NS 12, AR 12 g, K& 12 g,
KHF 6 o) AT P2y prfefit; &7 e B Je (J5ik 2y,
4l =98% , it 5 20190109) I [ 201 UK K 4= 9
B2 BRI ] ;s McCOY s SA Fi -3 (5 M9420) |
RPMI 1640 553735 (L5 31800022) | MEME % ( methyl
thiazolyl tetrazolium, MTT ) i 5] (4t 5 M8180) .
Matrigel I8 (41t 5 356234 ) RIPA 2 fit W (it 5
R0010) \ECL &6 (4it5 PE0010) \ TRIzol i3 &
(%5 15596 -018) | ¥ % 5% 1450 & (45 T2210-
200T) JCIML ¥ 1% 7% 3 (L5 ML4011) 30 H b 5t
Solarbio 23 &) 3 B A= IML7E (4165 €0225) | JHR R I 1L ik
(Hit% €0201) | I 7 B 45 Kl 2 1 ( E-cadherin ) S 47T
ANZFibEDUA (S AF6759) (B 11 ( Vimentin )
RPN A TTREPUIR (L5 AF1975) 1 28 1 45 2
5 H ( N-cadherin ) %t ¥T N £ w & $T /& (#t 5
AF0243) .RhoA Ryt N FEREDUAR (Hit5 AF2179) |
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Racl i N Z SBEHLIR (HiE5 AF7854)  Cded2 e
BT REHUR (LS AF2794) B [ |2 AR
AW AR A BR/N 7 s GAPDH fdii A\ £ va i iA (4t
Z PA1-16777) IEPT R 1gG (H+L) btk (it
5 A32731) ¥4 H 2£ [H Thermo Fisher Scientific
NS

Heracell™ 240i #Y CO, 4 ¥ 3% 46 . Multiskan
Sky %49 K W 1A% . GENESYS™ 50 %1 7] I, ./ ¢
I3 1T ¥ H 35 [ Thermo Fisher Scientific
/NG| ; Gel Doc ™ XR -+ B AR H 35 [E Bio-Rad
2y 2720 AU SE B 9% O %E & PCR (Real time
fluorescent quantitative PCR, qRT-PCR) {1 F 3&
ABI A 7] ; LW300LFT-LED %97 ¢ i it ss Wy 1 b 5t
MAESCrAE
1.3 SLIEAHE
1.3, 1 SR &

¥ 50 HSPF etk SD K BBEHLI N 5 4. A
T MIEA FF e YL 2. 07 g/kg(1/2
RGN ) TR FiAB 254 4. 14 g/kg (1 FEERH
)BT 742520 8. 28 o/kg (2 554k &) 1Y
BTHG A, B4 10 J, A 4RES E A5
YRR AT B R ERO R LR R, AE
Y IMIEH LS TR S B AR S mL; £F)2
BEHAT 1014 o/ke FTRBRHER , HK 1K,
HEE AR S mL; 45 DU FIH AL 4 X6 R 39 4 DU
T BIEATHE B AL, B R 2 WK, BRIR 2.5 mL; 3%
27 d,455 8 KRR 1 h, KIG, THEHIE T4
i B kR 1fiL, 4°C #4682 h, B0 (3000 r/min, 15 min)
3K, A AFF B ,56°C K% 30 min, i3 JERR A, 15
NG & e e & 25 WA F AR T
R A 2 LT , —20°C PRI H
1.3.2  4iass I K ord

¥ SKOV3 4 ffd #% Fh T 5 A 10% Jig 4 1l 1Y
McCOY s 5A i3k, 78 37°C 5% CO, KiFaf ks
Fr B YMIAG 80% A AT, BEMA 1 d Tk —IRIE IR,
B8 28 K 19 SKOV3 20 i, Bl LA 9 23 11 % IR
H EFRBERA UE T 14 01040 00 4, BT
96 1% 6 fLAR, 73 I FHAKRTR B 20% WA & 24 1L i
(ZAXRA) FFREE & 2T (FF R edl) .
PO R & 25 1 (PR i 1 4) WA F
GRS ZGE (R 7 04 FIUE g
RIS 251055 (VU T L 4) 4B 24 h, Hirp 96
FUMR G T B AL 200 wL, 6 FLARE: Fe i & h

fL2 mL, RN TR 2Lses . S EA 10%
G4 L3 B RPMI 1640 15 7 JE 15 572 09 A B9 5 1 iz
Y3 AT 96 FLAR, #5 IR R ik 4 IFAb BE 24 b
Je T IR8L5
1.3.3 MTT 523%

M) 1.3.2 £52 SKOV3 4 fLAs A 5 ul. 5
mg/mL MTT 5, S5 5740 F 4 h, W& BIEW, &
LA 100 L —H 3LV AR, 37°C BE IR 7Z3% 10 min,
570 nm R AL OD H, A AET %, LA L5
HILHE 6 MEFL, fEEF(%)= (5L OD {EH-iH
ZFL OD {H) / (XF 4L OD fH-AZFFL OD {H) . %
HR L3R 5 00 N BPEE 1- F 4HM  AEE
1.3.4 XJESLE

1. 3.2 454 SKOV3 4ifiEfl& = 85% 247,
200 wL #3315 %R, PBS T ¥ 3 ¥k, N A TG I3
BiFedk BT 37°C 5% CO, ¥E3RMih i g%, Wi
TWEICFE 0 h F1 24 h B RPEZSA I, 1T B 44
HAMMA S, WEF=(0 h WYEIEE-24 h WJR
i) /0 h RPYRIE I x100%

1.3.5 Transwell 220&

WCAE 1. 3.2 4540 SKOV3 2L, i85 ik 155 oy 4 22
Tt 2x10° 4>, B 200 L HFp T i E % Matrigel JEJE
e 3 R ER ML 500 pl SR IR, BT
37°C 5% CO, K554 24 h, FEEE 22 25 min, &5 b2
Y@, 25 min, FEHLAE 6 SHLET, A% (x200) 564
Bi T WMEEITITHELL
1.3.6 S FARPEENILE 5B S5

WAE 1. 3.2 &4 SKOV3 2, fin A RIPA ZLfi
WA, S A B S, R EN LA
12% RN TR BEC R UK e B AR 2R W33t PA 4 h,
B E ) im A — $T E-cadherin ., N-cadherin . Vimentin |
RhoA Racl ,Cdc42 1 GAPDH (1 : 1000) ,4°C 54k
AR VRS R IMA A (1 2 5000) , 2R E ] 1 h,
TBST Ve, B 5% i 5%, 703 H AR 8 A X &
RMEH, BHbRE A X R EE = bR K E [/
GAPDH JK (A
1.3.7 qRT-PCR 2%

Fie B TRIzol %6 B 45, $2 0L 1. 3.2 4% 2H 20 ffg &2
RNA, 2lifb 5 , i 52 0 o0 66 BE {5 RNA 432
(0D 1/ OD gy ), 103 5% 5 (37°C 60 min, 95°C 3
min) 7% ¢cDNA, PA44H cDNA WA, AT 14 =2
N, PCR KN 2544 :95°C FiAEPE 3 min,95°C 451k 15
s,60°CIR K 40 s,95C LAt 15 s, 4L 40 RAGER, LU
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GAPDH NN 2, % 27" 53 #F RhoA . Racl Al
Cded2 [ 3 35 1% &, RhoA | Racl, Cded2 M
GAPDH 5|93 L3 1,3 B TAY TRA
PR F G
1.4 SitZEAHE

PAGEHF 2R 5 SPSS 22. 0 23 B SE B 5k, 1
TR L YR bR AE 2 (s ) $3R , S0 40 18] H 34
R R Ty 22 007, oE — 20 PR AL 18] L 384T SVK-q K
55,24 P<0.05 i, 2R H G EE X,

2 &R

2.1 WEFZEHMBEX SKOV3 K ATIE
R EE RN

25 o AL AT EL , 67 )2 B Je 41 SKOV3 ity
R FHEM(P<0.05), WHF% 1,11, 11 4
SKOV3 2 Jil 771 AR AR (P<0. 05) , 257 4K
WPk, A7 1 H 5% e e 4 SKOV3 41 i ff
HRERTSITEE L (P>0.05), FANINHE L

AT R E R ERITFE X (P>0.05), U
%2,

2.2 WEFiZESHMEX SKOV3 AT BeEN
gp=A!

s x4 Lt &7 e B e 41 SKOV3 41 il
KR A& R W PR (P<0.05) , PUE 37 1,11 111
2 SKOV3 21 it 4l R 1 A R AR K BRI (P<0.05)
ERIEAREME, DR T 0456 85 e 440
MRS ARER LG ¥R X (P>0.05), W
K133,

2.3 WEFZEHMEXN SKOV3 fARBEHE
T

s [{x ALA H, &7 e 85 e 41 SKOV3 4 fif
1R R WK (P<0.05) , UE T 111,111
2 SKOV3 71 fifd f= 22 $ s K I BRI (P<0. 05) , 2
FIRAMBTE, POE T3 10 445 67 ) 2 e 4 40 i
REB R ZR LG FE X (P>0.05), WE 2,
#4,

%1 RhoA Racl Cdcd2 FIINZ GAPDH 5|#))75)
Table 1 Primer sequences of RhoA, Racl, Cdc42 and internal reference GAPDH

FE Gene 3514 (5'=3") Upstream primer UG (5'-3") Downstream primer
RhoA TCTGTCCCAACGTGCCCATCAT CTGCCTTCTTCAGGTTTCACCG
Racl CGGTGAATCTGGGCTTATGGGA GGAGGTTATATCCTTACCGTACG
Cdc42 TGACAGATTACGACCGCTGAGTT GGAGTCTTTGGACAGTGGTGAG
GAPDH GATTCCACCCATGGCAAATT TCTCGCTCCTGGAAGATGGT

2 AU SKOV3 41 e A G ER
I K7 S LA 5 AR B B (%+5,n=6)
Table 2 Changes in survival rate of SKOV3 cells and
human ovarian epithelial cells in each group

SKOV3 4 2 PNULE Y4
ik FHEH (%) HMAFTE (%)
Groups SKOV3 cell ~ Human ovarian epithelial
survival rate cell survival rate
2% 6 IR 4
=R 98.22+1.39 97.77+1. 13
Blank control group
% 14
P 1A 80. 17x1.50° 96.03+2.75
Sijunzi Decoction I group
7 11 4
. lmg ¥.(Z} il 64. 042, 04 96.52+2. 04
Sijunzi Decoction II group
Vi 11 4
" Dﬂﬁ?&/ il 43.56+2. 52 97.86+1.91
Sijunzi Decoction III group
4
,ﬁ.}?%}z’ﬂ 46. 74£2. 34" 96.93x2. 33
Sunitinib group
T S X BRAL L, *P<0. 05; 5PUH 7% T 4 1L, P<0.05; 5

PUH T L 4ARLE, ©P<0. 05,

Note. Compared with the blank control group, *P<0.05. Compared with
the Sijunzi Decoction I group, P <0.05. Compared with the Sijunzi
Decoction II group, “P<0. 05.

®3 UH TS ARG A4
SKOV3 A IE A AR (2+s,n=6)
Table 3 Healing rate of scratches of SKOV3 cells in

each group after the effect of Sijunzi decoction-containing serum

20 51 SKOV3 4 XIIE I 4% (%)

Groups Healing rate of scratches of SKOV3 cells
ay i BB £
PR 0. 030. 02
Blank control group
UE T 14
.. Uﬁ%{if . 78.16x1.41*
Sijunzi Decoction I group
Vi 11 ¢
. [.Eﬁ?@ i 47.34x1.76™
Sijunzi Decoction II group
W 11 4
. @ﬁ%@ 1l 6.17x2. 13"
Sijunzi Decoction III group
P4
ﬁf"? " e 8.05=1. 82"
Sunitinib group
TE: 525 A BRALATEL , * P<0. 05 5 WU F3 T ALMIEL, " P<0.05; 5

PUH T AL, P<0.05,

Note. Compared with the blank control group, *P<0.05. Compared with
the Sijunzi Decoction I group, "P <0.05. Compared with the Sijunzi
Decoction II group, “P<0. 05.
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1 41 SKOV3 4T R
Figure 1 SKOV3 cell migration pictures of each group

x4 WETHSAMEERG 44 SKOV3
HfAR 224 (i+s ,n=6)
Table 4 Number of SKOV3 cell invasion in each

group after the effect of Sijunzi decoction

M AR R
415
Number of
Groups
SKOV3 cell invasion
25 XS BRZH Blank control group 240.28+10. 23

WEFZH T4 Sijunzi Decoction I group 174.07+12. 11*

VY7 Fi% 11 41 Sijunzi Decoction II group 110.29+10. 05

U F% 1 41 Sijunzi Decoction 11T group 76. 7311, 32
&P JEEJE 4 Sunitinib group 81. 58«12, 17
T Sz (I BRAAR L, " P<0. 055 5 IO T34 T 4AHLL,"P<0. 05515

VU T T4 EE, © P<0. 05
Note. Compared with the blank control group, *P<0.05. Compared with
the Sijunzi Decoction 1 group, "P <0.05. Compared with the Sijunzi

Decoction II group, “P<O0. 05.

2.4 MEFiFEZHMmEX SKOV3 415 EMT %
EARIEHFI

Ha X A AE L, &7 28 )2 4 SKOV3 4 fif
E-cadherin 5 4234 B & 715 (P<0. 05) , N-cadherin
Al Vimentin £ 13834 RN (P<0. 05) , B T
.11 111 2H SKOV3 4l iy E-cadherin 5 [ ik T+
B (P<0.05) ,N-cadherin A1 Vimentin & [ 54K K
AR (P<0.05) . DU Tz 11 4 567 e 2 e 4l 4n i
E-cadherin N-cadherin Fl1 Vimentin & [H R iAZ R T
GiitaEE L(P>0.05), WK 3 5,

2.5 MEFHEHMBZI RhoA, Racl 1 Cded2
e 0p-A)

525 X AL ARt , &F e B JE 41 SKOV3 41 fifd
RhoA .Racl .Cdc42 mRNA FIZE (13535 B EFRAL (P<
0.05),VU% 7% 1. 11, 11 240 SKOV3 4i il RhoA
Racl ,Cdc42 mRNA 12 [ £ B IK K FEMK (P <
0.05), WHET I 454 E A RhoA
Racl ,Cdc42 mRNA FIEE IR IEEF LG IT#E X
(P>0.05), WK 4 %6,



34 SR/

2021 4F 8 A% 31 545 8 1 Chin J Comp Med, August 2021, Vol. 31,No. 8

A EAXIRYL ;B VE T LAL;C IR T L4L5D. UE % NL41;E. 67 e B e 4l
2 VBTS2 s X SKOV3 4R 2268 1 Y52 M ( 45 4R de (@)

Note. A, Blank control group. B, Sijunzi Decoction I

group. E, Sunitinib group.

group. C, Sijunzi Decoction II group. D, Sijunzi Decoction III

Figure 2 Effect of Sijunzi decoction-containing serum on the invasion

ability of SKOV3 cells ( Crystal violet staining)

TE: A2 X IRAL B TR 1% 1 4L C: T 7% 11 415D
T N 4LE e el
B 3 #52H SKOV3 4l E-cadherin N-cadherin F/1
Vimentin £ F 21X LKA

Note. A, Blank control group. B, Sijunzi Decoction I group. C,
Sijunzi Decoction II group. D, Sijunzi Decoction III group. E,
Sunitinib group.

Figure 3 E-cadherin, N-cadherin and Vimentin protein

expression electrophoresis of SKOV3 cells in each group

WA EXIRA B WE T LA CWHE 7% L 4H;D. 1
AT N 4LE A7 e e,
B 4 4540 SKOV3 Zfifd RhoA Racl #1 Cdc42
H A FRIE TR
Note. A, Blank control group. B, Sijunzi Decoction I group. C,
Sijunzi Decoction 11 group. D, Sijunzi Decoction Il group. E,
Sunitinib group.
Figure 4 RhoA, Racl and Cdc42 protein expression
electrophoresis of SKOV3 cells in each group
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R5 4 SKOV3 40 E-cadherin N-cadherin 1 Vimentin 2 4 A G0 (x+s,n=6)
Table 5 E-cadherin, N-cadherin and Vimentin protein expression of SKOV3 cells in each group

205 E-cadherin 2[4 N-cadherin & 4 Vimentin & 4
Groups E-cadherin protein N-cadherin protein Vimentin protein
25 X BRZH Blank control group 0. 12+0. 02 0. 85+0.03 1.03+0.02
PO ¥ 1 41 Sijunzi Decoction 1 group 0.37+0.01° 0.47+0. 02° 0.61+0.01*
PUEF% 11 41 Sijunzi Decoction 11 group 0.82+0. 02* 0.22+0. 01" 0.32£0.01*
U % 111 4 Sijunzi Decoction 111 group 1. 16+0. 04 0. 09+0. 02 0. 18+0. 02
#7Je & JE 4 Sunitinib group 1. 11+0. 05> 0. 070. 01 0. 1520, 03

T 52 AR BRI L, *P<0. 05 5 VU T 1AM, > P<0. 05; 5PUF T 11 AL, ©P<0. 05,
Note. Compared with the blank control group, *P<0. 05. Compared with the Sijunzi Decoction I group, " P<0. 05. Compared with the Sijunzi Decoction I
group, “P<0. 05.

£ 6 £4 SKOV3 4/l RhoA .Racl Hl Cdcd2 mRNA Fik 1500 (2+s,n=6)
Table 6 RhoA, Racl and Cdc42 protein expression of SKOV3 cells in each group

RhoA Racl Cdc42
Groups mRNA . mRNA . mRNA .
protein protein protein
25 P10 I
= FX I 1. 06+0. 03 1. 09+0. 03 1. 10+0. 02 1.12£0. 02 0. 95+0. 02 1. 01=0. 02
Blank control group
%14
@ﬁﬁif A 0. 82+0.01* 0. 85+0. 02° 0. 86=0. 02* 0. 90+0. 03* 0. 72+0. 02° 0. 81+0. 02°
Sijunzi Decoction I group
it} % 14
. “%Higf’ 0.51+0. 02 0.52+0. 02 0.54+0. 01 0. 50+0. 02 0. 45+0. 03* 0. 48+0. 02*
Sijunzi Decoction II group
% 11 4
l.mﬁq’%. i 0.21%0. 012 0. 170. 032 0. 27+0. 2% 0.21x0. 012 0. 23+0. 022 0. 23+0. 022
Sijunzi Decoction III group
e d
ﬁ. . g 0.20+0. 022 0. 13+0. 03 0.29+0. 032 0.23+0. 01 0.25=0. 02> 0.22+0. 012
Sunitinib group
T 52 ARHRAM L, P<0. 05, 5PUE T4 THHM L, P<0. 05; 5PUE T 11 4LA 1L, ©P<0. 05,

Note. Compared with the blank control group, ®P<0. 05. Compared with the Sijunzi Decoction I group, *P<0. 05. Compared with the Sijunzi Decoction 1T

group, “P<0. 05.

OC HA B T Z 4 B RRAE 98 20 I 1) e
B Jes X Al g R RN HAT, 0C AY3R
J7 EZLIANEE ARG IT B Al 5l LU 2Ry s H
REBBESHERGHBE L, T8 OC 75 44
RN 449%™ Mg 25 B g —Fh 2 b
2y R )5 2 25k e 2 BRAILRIAIF 5 0 92 56 5 vk, E
TE S BT P15 24 1077 BB 4% 10 i FHF 96 200 Ji 1) 34 5 A
TR,

VU T DU T R 5T AR AR ROF 2R A
Iy HAS AR IREFH R, FESHZ
NS L TR Sy o W = S S B RS SR L W
JARMPIREZ SRR REET BoR , R P TE
B8 7 1T 405 0 S e 7R 40 e ) 398 A S RIAR %
RESITY  ARBFR s R BoR, 5o x4 M e, 1Y
BFHSME 1.0 00 44T e 2R 4l Ao F
B ARAF TG R 25 5 G 3  BoR R T &
2 LT 0T N B SR 1 B A0 A7 TS R O RS W, B
SRR R AR B AT R B, DU T 1 2 i i

o HAA RO A X g s SW4AS0 4 i ol 1 i 4 i L A
REFEIMTIAE R AT R I, HEF e e 4 T,
POH 17 141 SKOV3 AHMIAFIE 3 e F R
WEFIGI X 52 AX RAMLL, 1WE 1
P 1ML 4 SKOV3 4iififr i R iR ek
WRUR BBAR, SR WU 17 2 245 1L T RE A 41 il A B9 52
TR IG5 TR AR 21T O, W B Y DU R T
U 25 ITE MET R R A HIAH 2 .

I 7 —[E] 5k ( epithelial-mesenchymal transition,
EMT) 2 14 i e 4= 0 e # 110 OC B 20 B 5 i e 400
M RZZRGER IR ez R, %) 1
Kz A RE R 32 2 X2 E-cadherin 8 (1R A T
[% 1M (8] 78 AR 1E Y N-cadherin A1 Vimentin 235 T}
B AR R, 5 AR AL L, W T
111111 2 SKOV3 #ififl E-cadherin £ FI R IXMK I TH
&1, N-cadherin F1 Vimentin 25 [ 2 X K IR BRAK , $E7~
VU 515 25 38 AT LA il N 51 5398 40 i 1) EMT
PERE, Lin % RFSE R B ] EMT 1 AR
95 B SR RS RS BE ), DR G HE DU R 1 7 2 1ML
TH T REE I F R EMT SERE 75 51 5L 40 i 9 1 %
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MR8, AT BE M IUE 77 W T OC (%5 Bhia T i
Hmrs%,

Rho Zjx/Nor T Z 17 =B BR ¥ ( Small GTPases
of Rho family, Rho GTPases) fil &% /N GTpases M)
Ras W AR T 505 , e %175 5 WL 20 2 11 40 e i 2
Bl 72 R PR A S %) B R A8 Ak, 9K 3h 40 i G L i
¥ B | RhoA \Racl 1 Cded2 J& Ras
FEFR I = A EE A5 7E VAT A EMT SRR &
FEETAERT LR R 4 b, 0] RhoA |
Racl Fll Cdcd2 3Rk, BB L i 20 b [ ot 1) I J2 A e
A5 AR FE E-cadherin #3572 ) AP E M, 555
FX R AR B, DR 73 100 10 40 SKOV3 41 fifg
RhoA Racl . Cde42 mRNA FlI7E [ 2 35 52 7] 42 4K
PEREAR, WO 717 1 AAEHIRCR S af e 2 Je AR AL
S SR DU T 7% A S A EMT 2 2 1)
IR, ATRE S5 0] RhoA/Racl/Cded2 {5518
G, &P e —F 2 At Mim 2y, vl LLiE
T 22 A 32 1R 1 I SRR AR VS M2 5 SR Y
KR AR5 & BLET 2 B JE BE %5 0 ] RhoA/
Racl/Cdcd2 {5530 40 1] 51 5295 40 i 04 A= W) 2447
by MW £ 2 B Je i T R HL I B AT BE S RhoA/
Racl/Cdcd2 {5530 B s ARG 1A ¢ (HIUE +
Vi 25 0TE FNET JE B e I LR AR A s 2 5 — 2L,
%58, BAESE B8, RhoA Racl Hl Cded2
FEIRTT R AT LA 28 XA ST 5% Hp A 2T A
AR Y 3 S R4 22, R4, DO R T3 4 24 1L
I A REIE ] RhoA/Racl/Cded2 {5 53 i, 9 il
A EMT &A=, DT 90 i N B S5 9 200 e 1) 344 B |
BRIRZE, WA WE FHSAME T SHASE
17 Rb1 Re Rgl  HHEMR | H 80K 8 R H 7 22 7 4
AR SR Ay 2 o AS B A Rb1 ™ R
B 0V EL 4k UE S RE % 0 o L AR R AN M ) EMT
FERS M AR 28, 1 N2 B 3T Re X a3 40 i H A 31
FIVERT ) A BH Rgl FEMTMERGHIRH
BRI, U T 2 i R 5 RhoA/
Racl/Cdcd2 {5538 B 10 ELARA BO8 55 v A B, 75
AT EIRA B AR R

ZE LR DA 15 % 25 00T % N B S5 4 i
(R GE RS MR 2247 S i B0 4, T g 5 1 1
RhoA/Racl/Cdcd2 {553 i, M il EMT & A4 ¢,
FWVUE FALE OC ¥R Y7 J7 I HA W AEIRYT 58U B
RITHHE, AT RE MG PRIG YT OC HR A 1587 i BLE Fn
Jid, HEET OC KAmALH K WUH 7 254 1

At AR B X DU F 3 TS R o 4 A
5 24 75 X0 B9 5390 20 i 0 VR FHASCR , LA SO,
B2 LY A7 R 2 %) RhoA/Racl/Cded?2 {55 5
S 9 5595 2 L% 5 el AT S IR AR SR RAR R, LA
WIRENE 52 35 VU B F 1 & 24 1075 X B S 9 25 B 2
G317 o
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rb ] e 2 Rk Bt s 2 S Sl I 5 O e IR A BT 5T AT TR it AR 2R (CC) /R v, ke BRI
YoE T — o B B RS A S 25 B (myelodysplastic syndromes, MDS) /NS AI——JUN /N F AR,

i It FRALAS I & B CC /MBS JUN /IS B 2R A0 I r P 240 B g i P Ao 240 L g 1 P 4 L A%
YA bk A AR HRRAC, B BEITAL 2 B B 3 i 22 REAH 40 i (MPP) B3k & B 5 R S 200N A I 4 A
DI A

5 MDS B3 MR R i — 25 Fe A3 & 3R, 76 JUN /N AT #6381 MDS A8 5 AH 0 1) S o i 2 AR AS U
HZ UL MDS FHIET: Pseudo—Pelger—Hiiet 4l FIABFFEUES Rps14 JE P ERASAARE L 7] 5 [ MDS, JUN /MR
() RN 3 At & B T MDS AH G548 5L ] Rps14, te4h, JUN /RS MDS A& 96 % 5535 100% , 3 H 86%
A [a] 288 2 F L% (acute myeloblastic leukemia, AML)#4k

XA H % MDS BEALEA B T8 25 & ARG YT Ik mim RET AL . a0 i R B AE T & 1)
MDS 597 259 , Qim0 | 25 WAL B 5 R DNA L6 RS WM i 570 46, T DAFE 4R 55 58 Z A Je 7
H & MDS /NSRRI, DA ORI T2

£ BT JUN /) B MDS BEELEE A AF 58 MDS 1 %A= & JE A1 MDS [15) AML % A6 A AL S A — A BE A v i
AP E I BF RS IR T S B s T AE AL A AP, A T4 =By T MDS A I AE

AT R K 26 T ShiRa 8 5 5286 PR 2 (92 30) Y HH T (Animal Models and Experimental Medicine, 2021,
4. 169-180)
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HR XA 28 2R 55 TauT 3 R f s R RS AR ) st N %ot
ZE R R DNA E AL 51407 52 I

E—m mnn , aBE FES  EWA, T R, EERE, mERY

(LREERKE, RE 300070 ;2. K ET FRGIEE B, R MR 5 BT, K EET B 103 5
AR P A0, R 300350)

[#=] HB/ FIH CRISPR/Cas9 Fl Cre-loxP $f RAHLE &) HE A i R 5% 15 1K ( taurine transporter , TauT ) 7F i

HR A 25 2 55 T S PR I R R, DX AR ZH 2R 2 A miDINA K 2 s 1A I 052 5 il 336 P AT R0 A6 IR 9E . sk R
CRISPR/Cas9 il Cre-loxP FEAR AT TauT LN 5 48 BT PGS A loxP 7 55 Y Z24A T KB Tau T, ¥ 3k15
i TauT™ " K Bl Nestin-Cre JCERASHLD , 25 BEHH FlAE & e KRS 2005 SPE TauT R BB A B (Tau T 0ty
1 Real-time PCR Westen blot \ S 2H AL XF Tau T K B EAT 5L R RN R 19 22364000 ) T HE 2 €0 000 = i 25
UEES , FEXT I ZH 2 miDNA #2 DUBUMZRAR AR A5 8 ( T/ 0/ 0/ IV/ V) Gtk ir s, &R S5E AR R
Lt , TauT" 0 R UK ZH 2R TauT 3P A AR 1 2634 1 5 RRAIK, TauT SE 78 AR 4 28 28 Go e ) oy mit B, 455 TR0 A
I HE Jefe b 7R Tau T O K BRI 4 400 0% 13 A T B ARG 17 S84 41 Tau T O K UG #2400 it 25 5 ol
WIS, AN, S EFAE R B B, Tau T O K R 41 2L SRR P W 4 42 A g 1 LTIV VRS P S5 R A1, (H
mtDNA ¥ AW - F. &8 FIF CRISPR/Cas9 Fl Cre-loxP H A B Ty # dh AR W1 2 2 48 TauT H2PH BEkR K
FRUBEAY 140025 IR T AR 0 Ko i 4 2% B L AR (A O W A3 it AT miDNA (9 B2 ), S B9F 9% 2R R R 2% TauT o Fii 20 23 1
S FHLER UL TR R

[%817] TauT M ; S4RFR ; CRISPR/ Cas9 ; Cre-loxP ; KB ; ZbifA
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Construction of TauT gene knockout in the central nervous system of
rats and its effect on oxidative damage of mitochondrial DNA

XIA Yiming', HUANG Xiaoling' , TONG Huihui', QI Haoming', MO Lidong®, WANG Chen®,
FAN Weijia’>, HUANG Huiling**
(1. Tianjin Medical University, Tianjin 300070, China. 2. Tianjin Huanhu Hospital, Neurosurgery Institute of Tianjin,

Tianjin Key Laboratory of Cerebrovascular and Neurodegenerative Diseases, Tianjin 300350)

[ Abstract]  Objective CRISPR/Cas9 and Cre-loxP were used to construct the conditional knockout of taurine
transporter (TauT) in the central nervous system of rats. The mitochondrial mtDNA and mitochondrial respiratory chain

enzyme activities in brain tissues were studied. Methods CRISPR/Cas9 and Cre-loxP techniques were used to obtain
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loxP/WT

heterozygous rats ( TauT"*™") with loxP at both ends of exon 5 of the TauT gene. The obtained TauT rats were mated

with Nestin-Cre rats. After breeding and identification, neural-specific TauT gene knockout rats ( TauT""""“*" ) were

XPAoP/Cret pats were detected by Real-time PCR, Western blot, and

obtained. The gene and protein expressions of TauT"
immunohistochemistry. The morphology of brain tissue was observed by hematoxylin-eosin staining. The mtDNA copy
number and mitochondrial respiratory chain enzyme (I/II/III/IV/V) activity in brain tissue were examined. Results

Compared with wild-type rats, TauT gene and protein expressions in TauT""""/¢*

rat brain tissues were significantly
decreased, and the TauT gene was successfully knocked out in the central nervous system indicating the knockout model
was successfully constructed. Hematoxylin-eosin staining showed that the number and density of brain cells were
decreased in TauT" """ rais and cytopathic changes more obvious in the brains of old TauT""""“** rais. In
addition, compared with wild-type rats, the activities of mitochondrial respiratory chain complex enzymes [ , Il , IV,
and V were significantly decreased, but the copy number of mtDNA was significantly increased. Conclusions The
model of TauT gene knockout in the central nervous system of rats was successfully constructed using CRISPR/Cas9 and

Cre-loxP technology. The effects of TauT knockout in the central nervous system on brain tissues, respiratory chain

enzymes, and mtDNA of mitochondria were verified, providing a new model platform for the study of the molecular

mechanisms of taurine and TauT in brain tissues.

[ Keywords)

B R A A 3 AR S i ) 9 2 S R A 0 B
SO SAMNE B RE S M B EE 2 T A A B R
P, R BL A Y e TR SR UL, T A% P e AT e o4 4
AR AT LI IR M 14 5 S 2 2 8 400 i vl ) 00 g
Frmf 23 e e M B, FOA B AR AR B RSB T
FIAA 1994 4F Gu 45 55— R GE T F FH W TR 14 P1
) 1 B FD A Cre 5 2H B 55 4 PR RCBR DNA R
G B HBUG  FEFRIIL R $TER TP | Cre-loxP B4 &
GEAAF) VZ I, R S A PESTRE R 5 e M
PRAT B8 | I 28 f S e R AT BE SR I B 0 BE A
CRISPR/ Cas9 £ A i iU H Ui 2 , i ] CRISPR/ Cas9
HRHN Cre-loxP BARGAF MR /N BRECR L Bl
BEPR AR ST R B Oy =X

AR ( taurine , Tau ) f& — FF P9 IR PE ) & 8% B-
FHEMR A 55 508 H,N-CH,-CH,-SOH,, Tau i
A HEABNEG N, B2 RAIEEZERE
FAEFIS . Tau BEAS AR 1122 BUHVIR IR T A,
AT R Z B ERALZUT Tau K
SR A 40 mmol/LY, BFSEEREE K=
Tau KT B ZE A7 O 7 5 g AL 190 JI5E g 8 4 2 o
BT o SCHRAREE DL FRAT A RIS S8/ « Tau Xt
AEFRFHUARIE W DIREA T iz B AR YA AR T, R 21
S | R S8 S e 1P T 05 B B A B YR
TERY

Tau 281 40 MRS L 5 20 Ak 9 20 B R e
iz & (taurine transporter; TauT ; slc6a6 ) 3R B BA & 3
B N Iz, DAZE SRRl 40 i Y 19 Tau =ik BE (BRI
W EE L AN AAT 1 400 £5) T G 4B 3 R

TauT gene; conditional knockout; CRISPR/Cas9; Cre-loxP ; rat; mitochondria

TauT H 621 NEIEFRAE R, 7 F LN 70107,
FEAE T | A 12 SIS iR, —
53 F 0 Tau W E SN ERILTE B 2~ 3 MAETF 1A
A TR MR . TauT F3EPEXT Tau 0%
B E B REEME,

FATH TR — B S 7E Tau Xt #2000 J5 2k
TRIIRE /Y 52 Wi, FRATT A BIF 5 T SCR i GE A E S
Tau X} £k ki f& Tp fg 2 B A FHE W R 9 1E
FHE 2Rk A ( mitochondrion ) B K A 40 L 1K) 4R
b e s 3 T, A HLR SR 2 90% 1 AE
W, RS S5R AR HEE R, —
J7 1, Tau 42 28 K0 /K (RNA B 2H B3 25, 28 ki 4k
(RNA Hik = Tau & i 23 51 28 i 7R 5 )
Sy— 7 I, B AT 2 R ORI A S 0 4 e e
T=0071 Tau [k = 2 51 4k 1A T IR 4 &2 4 il
T I 3 MERRAR, ATP AR B0 0 8 A ) A s 3
TR L R e

L5 Tau fift Z B[R R GEIEACR I AL 2
LR PR R 45 TauT 157, s B A E Tau &
Yy BRI Tau AEEALY ) fEAR RS
ITE A Cre-loxP $ AR FIl CRISPR/Cas9 + AR )
o2k S5 M A BE TauT JEPROK RLOAE AU
(TauT™ ™Gy i 45 TauT JE PR RE % 76 A BN 41
SV RRE R, SR T A% 5 Tau B2 BRI AR E |
Freemt A H . XOARFSE Tau X2 R G0 )
VEFRERAE TR I AR I+ 0] ITE BLF & R 5
TauT 7E4Fh il £ 16 7 T2 W h 4 & o+
B,
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1 #efnrE

1.1 EIzhY

MR #3K Nestin-Cre HEPE KB, SPF 2%,
1 H L REE200 g (18 F S 23 R 2 B B2 27 S 5 2
YIRESE B[ SCXK (51)2019-0011] ) 3 TauT" "™ K il
MR H IR HER 200 g, ZE9E P [ B 25 B2 B B2 2
SEUS SIS BT D T AR A S 5 R A SE T
(1) 25 A7 P B KRR ( Taa T K ERL) A Nestin-
Cre KB TauT "™ K ER 2 22 S5 4645, S8 AT
}EH TauTloxI’/lnxP/Crc+ j( fﬂ \ﬁﬁiﬂ SD j( ﬂ( WT j( ﬁ , :“:
UAE R AR W BB 0y A PR R 3K [ SCXK ( 5Y)
2019-0008 ] ) 1 SPF 2 filt Mt KB, 2 H B K
B4 24 H AT (250+30) g, 12 AR K REH
%2 H R (850 +£30) g,

TauT"" V"l Nestin-Cre KA WT K R I57E
T ] B2 A R B U BE 2 A I S g sh bl SPE
PR 3R [ SYXK () 2019-0002 1, 3 25°C A&
A A SRR FETE 50% A IREIE A 12 h/d, 25
W B 43R 3 sr 3R I ) L3 o v [ e A
S S R A I 5 T S UG B W) A B 2 O W A
(DWLL-20180916 F1 DWLL-20180917)
1.2 FERANESNHE

R Ah 5 563K 7 & (= Invitrogen NE=IN

Am1345) ; EasyPure Genomic DNA Kit (b 5t 434>
W) R A RS |, EE101 - 12) 5 2 x Tag PCR
StarMix, & RNA £ B X #F & . F astKing gDNA
Dispelling RT SuperMix, SuperReal PreMix Plus
(SYBR Green) ( RARAEALFHL (Jb5) AR A A,
KT201 .DP419 . KR118 .FP205) ; = % RIPA L1 ik
(b R EE R A R F], R0010) ; PageRuler™
Plus Prestained Protein Ladder ( 3& [ Thermo 2\ &,
26619) ; Millipore Western blot ECL ( £ [& Merck 2
F), WBKLS0500 ) ; TauT — $T ( %< [E St John’ s
Laboratory, STJ95923 ); GAPDH — ¥i ( 3
Proteintech /A 7] ,60004—1-1g) ; HRP #ric A9 1L £ 4T
IR SR h (A P2 SN Y ER AR
JNH), ZB-2305 . ZB-2301) ; Bradford 75 [ H¢ FE I 5
) & (R B RA W EARAT R ], P0006 ) 5 3
/Y VAT EARTIR dFE5 R A TN e Wi R o A N1 G
B AW 1(NADH -5 Q i), Complex 1) £k
RLRIE W 55 52 4540 10 (3R F R - 4 Bl Q i AL fifg
Complex 1) ZRBARIFNG S A9 (4 Q-4 g

3R C L, Complex TIT) AKLIRIT I 55 52 5 1)
IVIEZR 4B (0 R C-SA 4k iL IR, Complex 1V) £k
WL ARNENG 5% 52 5 ) V (FOF1-ATP i/ ATP & .
Complex V) I3 4 b a3 5 s A I 6 (RIS
XA KW E N R AR A A, GMS10006.2,
GMS50007, GMS50008 ., GMS50009, GMS50010 .
GMS50083) 5 = HiL it HL 7k 1% PowerPac™ HC ( 3¢ [
Bio-RAD A ], 1645052) ; Z D1 RE i1 R 48 (15 =
Vilber A 7] ,HC006 ) ; PCR X (FTHM 14 H BHE B A1
FRA W], TC-96/G/H (b)) ; 25t E it PCR X (i L
Roche 72 H],1.C480) ; 45 ( H A OLYMPUS A+,
BX53) ;4 H S e AL (18[E Leica 23 F], BOND-
1) 55850/ 0] UL 6t BEAY (D5 JENWAY 23 H],
6850) .
1.3 SLIEAHE
1.3.1  TauT""" O f B R 2

TauT" "0 R BB R+ o 50 7% 22 R
CRISPR/ Cas9 AR EHE TauT™" V' Ze & F KR, —7
TEFXT TauT JEH S 5 4 F 390 bp 31 W v 5831
P A 7] B9 sgRNA JF 31 ( Rat-TauT-gRNA-up: 5 -
TAGGCCCCTTTGTCCCACAGAC-3’ , Rat-TauT-gRNA-
down: 5’ -AAACGTCTGTGGGACAAAGGGG-3 ' ; R-
TauT-gRNA-up: 5’ -TAGGGACAGACCCTGTCTCTGG-
3’ , R-TauT-gRNA-down: 5’ -AAACCCAGAGACAGG
GTCTGTC-3" ) , & ) sgRNA Bk i 18 & B 1E4E
AN B LS Bsal AL H G 26 M A 1Y 0k R
Hi(pUCS7-sgRNA ) H | 28 JBURE 1Y) 3% 2 3% A0 J5 938
i Dra I NYIEFEEPEAL G 54 5 sgRNA, 55— 5 T
) # Cas9 35 ik 2k /& ( pST1374 - NLS-flag-linker-
Cas9), ] Age I VI 26 1% 1k % 5% ) Cas9
mRNA, #1F AR SN % SR 17 sgRNA FlT Cas9 mRNA
PAK TauT FEHEE 5 4ME F P4 &8 —1 loxP J7
1) AL AT o 0 AT S i R R SD K ERAZ A B
I FH ) U5 B 2H 3845 FO AR Tau TV 424 7 KB (&
1 i) o

%

TauT"""" 4 & F K, H Al Nestin-Cre K R EFT 2%
2, 3K AT TauT""VVO # B WK B, # M
TauTloxP/W'T/Cx-e+ j( Eﬁ. %ﬂ TauTluxP/luxP j( Eﬁ‘%_% R /\%“ EIJ *q;[ é’é
F M Tau T O LR R AR
1‘ 3 2 TauTlOXP/lUXP/Cre+j(E§k‘ PCR L_ﬂl‘gﬁ:f,

Fo AR 21 d ZEA IR B, BY Bk 2 5 - SR UL
ZH 5\ DNA,PCR ¥ 34 H B 4500, LUK BUR ot . 1R
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PEWIA 1oxP Ahii 3 e 513151 90, loxP LS
.5 -ATTCAGTCACTCATCCGTCCCT-3" , F ¥ 51
M. 5 -TCTGACAGTTAAAGAATCTAAGGCTCA-3 " |
B R/NHN 712 bp, Cre % L5 ¥.5 -
TACTGACGGTGGGAGAATG-3" |, F iiF 51 ¥. 5°-
CTGTTTCACTATCCAGGTTACG-3" , Fi Bt K/ 432
bpo HFEE 1 TauT ™" KR, $2HUGZH 2 DNA
HE—2 PCR %5, TauT"™"" O KRR AE il 41 21
loxP 594 14 25774 290 bp
1.3.3  SERPOEER PCR A TauT™ " WT
KU S 45 3% B TauT JE R Feik i

2 H uﬂ-/,?\ TauTloxP/loxP/Cre+ j( E_tlu‘ . WT /KE ,l./.lkjt F'LK‘HIXT&
KRS J5 B 100 mg 2247, BEHUE RNA |, %
L L cDNA J5, #4752 B 58 % 5 & PCR
(qPCR), TauT H W& M5 % )¥ 5. L iiF 5°-
GAGGTCATCATAGGCCAGTAC-3 *; T W 5 -
GTACACATTCAGGAGGGACAC-3" , i Bt K/ Jy 120
bp, GAPDH N Z 5| %)% %1. 1% 5’ -AACTCCCA
TTCTTCCACC-3’; F #i# 5 ’-ACCACCCTGTTGCT
GTAG-3" , Fr Bx K/NJ 100 bp, 20 wl PCR fZ i fk
# :2xSuperReal PreMix Plus 10 pL,ddH,0 7.8 pL,
51474 0.6 pL,cDNA 4R 1 wL, qPCR W 45
95°C. 15 min HiZEME,95°C 15 s,60°C 1 min, 40 4
PEIR

qPCR AHXFE BT . 274 2k i [ A ACE =
(R H B FE 2 Co B - F5 I P 2 3 -1 Ce
1H) — (X BRZH H A LR Ce (- X R N 2 2 A
FHCeE) .
1.3.4 Western blot il Tau T ¢ WT I BN
KA A TauT HEHRIE

2 A TauT™" O S B WT e P R B 2H
AU W VE SIS , 11430 1/min oL 10 min,
BV, Bradford YR E B MR EE . B AR BV UK
J 4 40 pg,SDS-PAGE Hi3k ,70 V,40 min 5% 120
V EIRE S 2R, 300 mA F4 5 90 min, 5%
N W5k &t 2 h, TauT —#Hi (1 : 1000) .GAPDH —¥i
(1 :10000) ,4°C i F it %, TBST HEAE 3 4K, TauT H
I2EPT S —Hr(1 = 10000) 1 GAPDH i F () 111 £ 4T
AN ZH0(T ¢ 10000) HRIFFE 2 h, TBST YEAR 3 1K,
B3 A,
1.3.5 fydifb} HE 4

VEH 2 A¥E 12 A # TauT™"™ K BRI WT
KEA 2 2 PBS DR 2 RS 5 4 4%

2R AR S T 2 K BB IR A, UG , 4% 2 5%
FHRE [ 52 24 b K, A W53, U1 R s 20K ), 41
H HE ez difb, HE e, SRR G,
IRV, PR e e, K, K B, BE T SR, ik
Ak B2 AR B Y) R ik 2K )5 , 3 | TauT
—40(1: 100) WFPE . TauT —HiIFH #hYE DAB Y
0 AR R Y AGEW F A, 5 NS T,
1.3.6  TauT""""" WT KEUKZLZ miDNA #4011
g el

2 JT## TauT 0 B WT 1 K BRUG 41
ZUIFEES J5 HL 100 mg 2247, $2 LS DNA, ffiH] 40 ng
DNA BN th i -7 S5 2 5 PCR, H %
COX 1 L5 ¥). 5" -TAATTCGAGCTGAA
CTAGGAC-3", T i 5| #: 5’ -TACAAGTCAGTTC
CCGAAGC-3" ; B K/ 143 bp, WS EH Rpl4 I
W K. 57 -CACGCAAGAAGATTCATCGC-3" , F i
514 5° -AACAATCTTCTCCGATTTGGC-3" ; A Bt K
/194 bp, 20 pL PCR JZ Wi {& % : 2 x SuperReal
PreMix Plus 10 pL,ddH,0 7.8 pL,314#14% 0.6 pL,
BB 1 pl, qPCR [R5 4:95°C 15 min THAEPE,
95°C 15 s, 60°C 1 min, 40 4> fiF 35, it & )5 ¥
[ 1.3.3,
1.3.7  TauT""™76 WT K FUIN 2H 21 4R (A I 1
BEAE A T T

LRI W4 5245 TS g A0 2 | 38 AR 4 35
SULHTBIRERAT, FTEORUL, M 2 41K R ZH 41
BIREAISE )R, 1430 t/min, 10 min B E 3, F 9525 1/
min, 10 min BULIE, K & ¥k w0 i 26 k1K 5,
Bradford WA 2 MR BE , SR J5 1 FH 28 4b/ AT UL 4350t
FEASHE AT G A4 O 1 5% 6 0 M 00 %E . Complex 1,
I .10V, V43504 340 nm 600 nm 550 nm 550
nm 340 nm ¥ WG R, BEE IR E A S
[ (RE - 15 380 xR R & (mL) x A i i
BB ) <[ RE 2S5 (mL) X Z2 B8 JR W BB x [ vy
] (min) | = B0/ 2T+ (BRI IREE ) 2250/ 2
Th=20107/2 55, Complex I/ I /I/IV/V 45 5t 83
394 : umol NADH/ ( min * mg) ; wumol DCPIP/( min
*mg) ; wmol CoQH,/(min+mg); pmol CytC/( min -+
mg) ; umol NADH/ (min-mg) ,
1.4 Sit=EFHiE

i SPSS 17.0 #11 GraphPad Prism 8 WA AT
BT, SCIR A AR Y LA B e bR 25 (v
s) 2o, L] FLBCR AT ¢ K25, P<0. 05 B KoK



42 Fh ] P B 2 2 s 2021 4F 8 HAR 31 4255 8 ] Chin J Comp Med, August 2021, Vol. 31,No. 8

A A £ R P<0. 01 FREFWEE,
2 #R7

2.1 KBRHMBREESHT

JH PRI 5 0 910 B 25 2R R ToxP 5 351 4 8
UHBATES 5 4M R ¥ W0 (& 2A 2B) o FRATXS 4
AW loxP JEHNHEATIR S 504 . TauT ™"V xWT Hi2E
) F1 A A B R 48 A F; TauT™™Y x
TauTluxP/WT Hj /;—E E/‘J F2 ,f_% TauTluxP/loxP jt LEEL Hﬁ /WIJ ﬂ‘j
22.2% ; TauT """ x TauT"""" 1 4 1y F3 (L o

TauT"""" K L B 4 52.4%, %% b, loxP #fi A
TauT B4 5 40T Wi 5 BES e e 1084, FLAY
AR e A, AR R 1 PR,
2.2 BEFEBILTFELER

B K BUEE DNA ) PCR %2 25 & 3.
TauT """ 4l F K — 557, 712 bp; TauT™""" 24 &
TP 4H5 712 bp H1 632 bp; TauTV"V" [ gy —
7,632 bp (B 3A); Cre SN — 575, 437 bp (&
3B) ; TauT"""" " KRR 2 2 TauT K84 R BR G
25 K/INA 290 bp (F 3C)

1 FIH CRISPR/Cas9 H ARMIE TauT""™" K EnEE

TquP/WT

Figure 1 Tau

rat schematic diagram constructed by CRISPR/Cas9 technology

T A SE R R S 5 Ah 2 T PSR A loxP FE8I (LLOHE) ;B 5 R AL 51 L X 45 28 8R4 5 4027 P loxP 731 1k

A,

B2 loxP F:HFF Xt 2h R

Note. A, Gene sequencing results showed that loxP sequences were inserted at both ends of the fifth exon(red box). B, Comparison with

the genome sequence showed that loxP sequences were inserted at both ends of the fifth exon.

Figure 2 loxP gene sequence alignment results

F1 F1~F3 KRR EREN

Table 1 Reproduction of F1~F3 generation rats

1{@[ l':l:ll /EIEjC L&L‘L /AE‘IﬁEj( L&L‘L M‘lﬂg jt [i:‘_[l TauTWT/WT THHTIOXP/WT TauTl()xP/l(vxP é@é% ( % )
HU F HU U Y o
7N N 7N 7N N 7N
. Number of Number of Number of Number of Number of Number of Homozygote
Generations . ;
born rats male rats female rats TauTVVWT TauT" P/ WT TauT'oxP/loxP rate
F1 43 23 20 22 21 0 0
F2 18 10 8 8 4 22.2
F3 21 8 13 10 11 52.4
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1 :M:DNA #Ric;A:1.2: TauT" V7.3 4. TauTV" V7, 5. TauT' 1 ;B .1 .2 3 4. Cre B ; C: 1 KK TauT 5N G R 45

IR52: /MK TauT FEHRERRES R,

B3 SRR AR R RS 4 PCR S5 45
Note. M, DNA marker. A, 1/2, TauT"VT. 3/4  TauTVVVT. 5 TauT'""" B 1,2, 3 and 4, Cre positive. C, 1, Result

of brain TauT gene knockout. 2, Result of cerebellar TauT gene knockout.

Figure 3 Partial PCR identification results of conditional gene knockout rats

IEAh 8 3d RT-PCR 7R ; TauT O K LK
Fl AR 22N TauT mRNA 2635 & AH HLHE WT 4108 3%
FEA ; T AE O P2 TauT mRNA Rk EEA B
HER(E4),
2.3 Western blot & % & A £ %€ M
TauTluxP/loxP/Cre+\WT j(ﬁﬂﬁéﬂ?ﬂ&%%%ﬁ TauT E
HERIE

B 55 B30 S 56 45 SR R Tau T4 KRR
TauT 2 F7EM A2 3238 B3 FRAIC, EO T VH
AP A WT KB A R A 91 0 W22 5 (Al
5A .5B) .

BEAh 3 3T G 2 AL EE Tau T KRR
iiki iz J2 A T ( CA3 X)) FIZNI A TauT 2 R IA S
WT 20K FRAH EE B 2D, e 0 S 4L 8L &
TR 2R, XS REENIEIR -2 6) .,
2.4 TauT""""c WT KRKNEL HE $ &
&R

}J\ HE %@éﬁ%ﬁﬂ—:\‘ . 2 H ﬁ%\ TauTloxP/loxP/Cre+ jt
S5 WT K EUH LG, Rl Bz 51 1 5 DG DX 20 i %5
BB EA R (K 7TA/7B 7TA1/7BL) T 12
HAE ) TauT™ " RS WT B L, M Bz
JEANE DS DG DX 20 M B 1 T %, &5 4 HE B m A 3K
L, 210 A% M 3% o SRR (181 7C/7D 7C1/7D1)
AN 12 H R BRI B2 B F i & DG X5 2 A i
TERAH Eb, 20 Ft 25 #4070 A2, 200 AR HE 50 AS 0 0] 3 Fob

T : Tau TP S S FURT WT KB TauT mRNA F5A0 X E i 43
Privd, 5 wWr 4k, = P<0.01,
4 TauT™"" O WT KRR
#anE TauT mRNA RIBHHL (n=6)
Note. TauT mRNA expression in TauTP/1F/Cre* ot and WT rats
was compared quantitatively. Compared with WT group, ** P<0.01.

Figure 4 TauT mRNA expression in brain tissues and

TquP/quP/(In\+

organs of Tau rats and WT rats

BARAE 12 H B TaaT 0 KR H 5 Jin B &
(7).,
2.5 TauTloxP/loxP/Cre+ . WT jC fﬁ HE%H 2,'3\ ﬁ?,?l'_\—L ﬂK ﬂ? u}i
$ 5 A YEEE 4 mDNA X REZN

SEER BN R WT KA L, TauT" """ KR
BRI EEE ARG T I IV, VI EE/RT WT
A SRR E s RN R | & st Al
(N 8A; 26 2) . BEAM, TauT ™" K v 41 21
mtDNA ik b WT K EU & FH& (1018 8B)
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E 2 A Tau T Ot SRR WT R LG JIF B TauT 82 FRIATE 0 ; B« Tau T Ot S BURT WT R R ZE [ b A 3
ROMTHH, 5 WT 4, = P<0.01,

5 TauT"™""O REF WT KEKBURNAL LI EHRE TauT & ARKIEFN (n=6)
Note. A, Expression of TauT protein in heart, liver, brain and kidney of TauT!/1*¥Cre* rais and WT rats. B, Relative quantitative
analysis of TauT protein expression in the TauT'™*"C* 4nd WT groups. Compared with WT group, ** P<0.0l.

Figure 5 TauT protein expression in brain tissues and other organs of TauT"""““* rats and WT rats

A BLC.DE FTauT o/ Ce Sty JHF B BT 5 (CA3) /NI G H LT KL WT KRG JF B BRI (CA3) /M
Bl 6 TauT™""“* JEURT WT R FRAEC JH VB B2 18 TR/ S 22 20 fl 2 R U
Note. A/B/C/D/E/F, TauT”o/Ce* ot heart, liver, kidney, cortex, hippocampus ( CA3), cerebellum. G/H/I/J/K/L, WT rat heart, liver,
kidney, cortex, hippocampus, cerebellum.
Figure 6 Comparison of immunohistochemical results in the heart, liver, kidney, cortex, hippocampus and cerebellum of

loxp/loxp/ Cre
TauT" """ and WT rats

TE:A AL2 JI % WT REE R 855 B B1:2 T8 TauT™ ™ e B B ¥ 55 €L C1: 12 JT 8 WT KRR R 8 55D . D1: 12 JT iR
TauTloxp/l(»xp/Cl-e+ j( LF_ELEZJ:DE‘ \/EJ-EE' R

7 AR EE TauT " J B WT BN R B D HE Yefh
Note. A/Al, Cortex and hippocampus of 2-month-old WT rats. B/B1, Cortex and hippocampus of 2-month-old TauT!*P/ /€t g1 C/C1, Cortex
and hippocampus of 12-month-old WT rats. D/D1, Cortex and hippocampus of 12-month-old TauT™/1xP/€ret papg

TluxP/loxP/C re+

Figure 7 HE staining of cerebral cortex and hippocampus in Tau rats and WT rats of different months of age
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T A Tau TP/ Crev S BRT WT S BUIR 20 SRR T I % 5 45 P BAH 1 5 B 2 Tau TP/ Crot S BT WT K BUIR 4127

mtDNA FIXFRiEE, 5 WT 41, * P<0.05,

* P<0.01,

B8 TauT™""" " LA WT K R ZH SN ZM PRI I 5 52 45 W I 4 L miDNA AR K35 4k (n=6)

Note. A, Activity of mitochondrial respiratory chain complex in brain tissue of TauT"*1XP/€* 1ais and WT rats. B, Relative

expression levels of mtDNA in brain tissues of TauT'*1¥/Cre* rats and WT rats. Compared with WT group,

“ P<0.01.

Figure 8 Activity of mitochondrial respiratory chain complex enzyme in TauT"*""

*P<0.05,

>/loxP/ Cre+ P
o rat and WT rat brain tissues

R2 TauT™" O KU WT KU LALLM 55 52 5 B PRI E (x5 ,n=6)
Table 2 Activity of mitochondrial respiratory chain complex enzymes in brain tissues of TauT"*""" " rats and WT rats
picil 2amg 1 A H AT H A 1V AV
Groups Complex | Complex 11 Complex III Complex 1V Complex V
Tau /1P Cret 0.04£0.00" 0. 55+0. 08 0.53x0. 18 * 5.411.18* 1.25+0.33™
wT 0.08+0. 01 0. 64+0. 26 0.94+0. 14 7.90+1. 50 2.74+0. 87
TE: 5 WT4LHk#, * P<0.05, ** P<0.01,
Note. Compared with WT group, * P<0.05, ™ P<0.01.

3 it

R3804 55 A il o3 B AR 5 A1 FH IR i 1 4t
() [V 7 2 VR TG B A S B S R B A A
AR RSB, LR EK ™ . HAET, X T TauT
g SR ST, —BEE S R BR TauT 55 1 4h 55§
HH 2~5 B T TauT 2B P R/ B, TauT
1) 4 B P 8 25 5 RS 0 UL ) 68 1) 453 47 08 ) g A
T LA KAz shRE s = AT R, K R AL
() NI B | I LR ot 228 955 118 4 A 2 R 24 3
2 KRR/ BRI T A 0 A B AR A R
ASCEATH SD KB, #E#E TauT 55 5 bR 7,12 H
CRISPR/ Cas9 7 A 75 5 [ 21 v 7= A 4 i 1) XUBE 187
24 4 T AT RO (R A R R A AL
il A HL YL A [RIJR DNA AR 72 454 Cre-loxP
FEAR I HE TauT FEP X I RGP RER: rirn‘z[ﬁ,%jmu
R A 5] SR, 3 2 AE [ R L Tau 203 25
FIFH R BUAY TauT FER 0 S M R B RGE ﬂi#hﬁ
W] CRISPR/ Cas9 HEARA T H 1 5L A 1 25 4 P fi B

D i e T E T R
ARSI B EE T TauT™ 0 RKER AL A, A
K EH DR A, AR loxP 751 ] DLER SE 8
&, AAY G d /R i e A, il RT-PCR 455 &
N5 WT K EUHEL, TauT™ 0 K BRUAE Al 2H 21
TauT mRNA Fik7KF i 3 FEAL, R W] TauT £ 1)
BBk W BR, e RN WOR. 5 OWT AH L,
TauT' ¢ F R, TauT RIB7EM 2 2 AL, 1 7E
O G TauT RIAJF T 22 7, X5 KM
ZUN T RE AL 25 R — 3, X4 HL TauT™"7 0" K
BRSNS e R AL S5 SR B T TauT 28 14 Y
B AR AR A S0 50 v & 3K I 1 8L A 20 1 1
TauT BYFERFIE FHF ik, X Al fES Nestin-Cre K [l
K, NT LB Z RS TauT L 1R 571
w B , Cre 55 2H [l (1) 22 35 52 KB Nestin J5 2+ FI A
Fr -2 BB TP Nestin S #1128 T 4H M4 iF PE bR
B TEMRIG K E R e b b ik d e
JCME R A EEMEA, BT Nestin 2455515 3h
e 2 A b 258, mIRATHAEAZ B A KR
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2 R A A R p A i 28 AL AT RE AL A
TauT 235 1 40 i, TS 2™ 4 17 2 5 1Y TauT
Kik,

AR 2, FEXT L AN S 22U TauT mRNA
FIRIKPAFFE R B TauT™" " K BRI O L2
A TauT mRNA R 1K K- BA7 52 2SE A, B 41
TauT mRNA FIA/KF-H) 5 F AT, (HA R0 TauT
BRI, XFEE R KD Nestin-Cre /- A E A
{URATEM AR W A T A8 h X
HIESE T Dubois BF5Y Nestin-Cre K FUE'H 2635 1Y
ZEIRPT ARSI v FRATT £ K L UE S K RUE Y
TauT mRNA JEPH TR LR A AL, RPIXT T
B, PAXHRZE TauT RER HUZ 520 HA SR 10 ok
HH BB AP A2 A B A Eh BE Y A2 4k, 3X 7T RE
JEH T mRNA A& T ARG RE A RE
AR, — MR, A% AR ) b BE R SRR Y B o
FNEHPE IS 7K T K A I T] 7 A7 A I 25 () B
Je B B RRAL A — R A5 53 5 1A, %3 F e
P . TSR B2 = 1, mRNA FlEE A
JKPAT I ANRE BLEEAH G, A 2 A 45 2R

A PR o B R B A B WL, FRATTAR X )
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G L BTV A I A R KR el T
AR A0 DX (B R B ) o 3 5 FRATT 1) 30 i g e
TauT 4= Br¥E R R B2 R E e A i A ] 0 %
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IR S A 8 TC HY  E , ARG D A s RO X 1Y)
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FNECE A PR, 1X AT REJE T TauT BYREER 23
2 Tau AL AR ZH 240 LA FR I 15 BE I RRAIE,
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(4 WT R EURH HE , 4 R B Tau T 6 KR Rz
AN S DG XL BB AT 2K | 25 F HES AL |
ZTLLL A0 MR I o BRSO A5 B G2 | ik SR 45 R 3R
B TauT RECER 23R U 52

FUFHFAT TR B2 [ TauT PO S LR %
IRILAHE T I 20 LZ R ) mtDNA 2 s {4 1
WEEE AL I I IV, Viste, Kbl phs R
BERY TauT A A SR 23 300 ) i 4 2L ZORL AR I 18

WEAM TNV, Vs, MEAE 0 M5k
AWz B2, AP, XA e S Tau HPLAEAL
R FBH 1k LR R 5 33 P 1 55 78 K TauT i
BRAMG] T Tau AR, DA S B0 Z b A HKHT 240 i Y
) SRR I SR RN 833 P 2 A0 B T BTG, B R T Wi e
BABHGTEREAL, ATP & BLRsb iR UK 2121
mtDNA 48 DUEOA] 2 X H 2R R ATP )8 /b r i
AR A P B 3 Y S R AT O — 2 S ik AT
WL

25 FJFR, 36414 CRISPR/ Cas9 Fll Cre-loxp £
AR EE T X 28 2R 50 TauT R R BB %
B TauT AYREBR XTI SURIEZS | ORI 55 52
it 15 M S mtDNA $5 DUBCER A 6 5 i 3 52 ), SRl o
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{5 51 B S A7 11 A& 1Y 52 i

= & AbAKE’
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[WZE] BHE HRILS KR (Sal) XWHEIRW R 5% ( DFU) K RAZFE % I F E2 #H56H F 2/Keleh FEFR S
PIBERISCER I 1(Nif2/Keap ) {5538 i i DRLA TR, FiE RGN SRR M IR 45 A 16 s v 5 B0 R 1A BT
F(STZ) ST AR R BURAL, 31 TR BB i S MM, HI/E ALY 3 mmx7 mm 193557 011 #7. DFU KR
FER B> DFU BEEIZH ( DFU 2H) \Sal i€ (Sal-L,0. 1 g/ (kg + d)) " (Sal-M,0.2 ¢/ (kg + d)) & (Sal-H,0.3 &/
(kg - d))FHELH , BHPE25 8 — B WUIRZE ( MET 4H,0. 65 g/ (kg - d) ), 55 5% M08 1F 561 1 ok B 3t BEZH (NC 4H) |, 3%
SEEE 2 A, A BITFIRITEE 7 R B 14 RS RIS K U ER B s IR IR ( FBG) JK -, e 4 Ak G B i 41 20
CD34 FRiB 0L, TR B AU A 25 B (MVD) 5 2R 4k 2% 3500 72 61 T 4120 MDA \SOD 7K - ; S £ ENi7F ( Western blot)
KT Z Nef2 Keapl AR, SR AIFH 0 KU KEAEZ | B LG5 X (P>0.05) , 44
DFU 41 ,Sal-L 41 ,Sal-M 4 .Sal-H 41 MET 41K R FBG /K441 F NC 41(P<0.05) ;389745 7 K %5 14 X, 5 NC
44, DFU 41, Sal-L 41 Sal-M 41, Sal-H 41 \MET 1 K f&E  FBG 7K F MDA % it Keapl FHE S EHF R
(P<0.05) , Bl AL-4 % .CD34 FHELNH MVD SOD i  Nef2 25 11 235 5 B F A% (P<0.05) ; 5 DFU 41 4,
Sal-L 4 ,Sal-M #1 Sal-H 41 MET 41 K RUAE FBG /K°F- MDA & Keapl &[5 R Y & E (L (P<0.05) , 4]
A& CD34 FHPEZAML . MVD [ SOD % 7 (Nrf2 £ F 5 & 35 TH i (P<0. 05) , JoH Sal-L 415 MET 4125 %
Biit2# 3 X (P>0.05) , 4516 Sal ] R 3 655 Nrf2/Keapl 353 %, 8901 DFU K Bt S AL AE 7, 48 3 81
ah.

[E88iR) 20 8ET BRI B B K B RS SR IR T B2 MG T 2/Kelch BEFRE A TRLEAHCE A 1 558
B A
[HESZES] R-33 [ XHkFRIREG] A [ XEHS] 1671-7856 (2021) 08-0048-07

Effects of salidroside on the Nrf2/Keapl signaling pathway and
wound healing in rats with diabetic foot ulcer

JING Liang'* , QI Yongzhang’
(1. Department of Clinical Pharmacy, Qinghai University Affiliated Hospital, Xining 810000, China.
2. Plastic Surgery Clinic, Qinghai University Affiliated Hospital, Xining 810000 )

[ Abstract]  Objective To explore the effects of salidroside (SAL) on nuclear transcription factor-E2 related
factor 2/Kelch-like epichlorohydrin-related protein 1 ( Nrf2/Keapl) signaling pathway and wound healing in rats with
diabetic foot ulcer (DFU). Methods Diabetes was induced in rats by feeding of a high-fat and high-glucose diet and

intraperitoneal injecting of streptozotocin (STZ) , and the back of the foot was shaved and cut to the fascia to create an ulcer
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wound with an area of approximately 3 mmX7 mm to establish DFU rat model. The rats were randomly allocated to a DFU
model group; Sal-L (0.1 g(kg-d)), Sal-M (0.2 g/(kg-d)), Sal-H (0.3 g(kg-d)) groups, metformin group ( MET,
0.65 g/(kg-d) ), and set normal blood glucose wound rats as the control group (NC group), and all were gavaged daily
for 2 weeks. The body mass and concentration of fasting-blood glucose (FBG) of all the rats were measured on the 7th and
14th days of treatment; the expression of CD34 was assessed by immunohistochemistry; the microvascular density (MVD)
of the wounds was calculated; the levels of malondialdehyde (MDA) and superoxide dismutase (SOD) concentrations were
measured biochemically, and the expression of Nrf2 and Keap!l proteins in the wound tissue was measured by Western blot.
Results  Prior to the start of treatment, there was no significant difference in the body masse between the groups, while the
FBG of the DFU, Sal-L, Sal-M, Sal-H, and MET groups was higher than that of the NC group ( P<0.05). On the 7th and
14th day of treatment, the body mass, FBG, MDA content, and Keapl protein expression in the DFU, Sal-L., Sal-M, Sal-
H, and MET groups were higher than those in the NC group ( P<0.05) ; and the wound healing rate, CD34 positive cells,
MVD, SOD activity, and Nif2 protein expression were significantly lower ( P<0.05). The body mass, FBG, MDA content,
and Keapl protein expression in the Sal-L, Sal-M, Sal-H, and MET groups were lower than those in the DFU group ( P<
0.05); and the wound healing rate, CD34 positive cells, MVD, SOD activity, and Nrf2 protein expression were
significantly higher (P<0.05). However, there were no significant differences between the Sal-L and MET groups ( P>

0.05). Conclusions
Keap1 signaling pathway.
[ Keywords ]

Sal may increase the antioxidant capacity and promote wound healing in rats with DFU via the Nif2/

salidroside; diabetic foot ulcer rats; nuclear transcription factor-E2 related factor 2/Kelch-like

epichlorohydrin-related protein 1 signaling pathway; wound healing

W DRI A2 S PR B DL I A 2 — Al 32
L AN [) 2 S SRR g 35t VAL, S8 0 BRI
FE R R O R A T B R IR A
097 ( diabetic foot ulcer, DFU ) 2 # H: ¥ A P4 35 57
H.o 52 AR SR aner 4 i H B T d G o2 2 4
PoBE 2 2 R 2 T B R
(salidroside , Sal ) J& £1 5t K 32 1% 4 45, H A 1H
2R VB U ST BRIk S S e R Y A 2 R 2 3
PEFS PR PRIE B R R B s S RA R
BT E R, (H 56T Sal X DFU A i 1 fif A7 f
5E, BT AR AR AR UL, Sal ATBEXS DFU 45—
TERITIE . e IR E2 AHOCH F 2/Kelch A
WA AN BEM L H 1 ( Nuclear transcription factor-
E2 related factor2/Kelch-like epichlorohydrin-related
protein 1, Nrf2/Keap1 ) {55 3 [ 75 A I 380 2
HEZER 5 HGE Sal 738 9775 Nif2/Keapl
B 17 B A R R, HL Nef2 #0sh ) Al
RTINS I & AE™ o R A BIF 5% 38 2o 4 57
DFU K BUASE AL 848 58 Sal XF DFU K Bl Nrf2/
Keapl 155 505 D @& WVEH, 1125 8 7m H 25 B
i, e PR DFU B35 97 $2 £k 2R 38 ik it 47 ok 8
B

1 #efrE

1.1 Lz
) SPF 2 SD HEE AR 100 H, W B b 4

ARSI Bl W AR A RS w1438 ] [ SCXK
(71)2017-00117 , 1K 200 ~210 g, AR sh 4
DTSR S Y B FE [ SYXK (5)2017-0012] , 1 35
S AR 21°C ~25°C B EE N 40% ~ 60% ,
12 h/12 h YR8/ RIS <2 85 BRI, PR 435 1D R AR AR R
s R ABTOKKE, ARSI ERC S
M AR BE h ¥ S5 56 16 B 2 6L St (P - SL -
20180099) , S5 M ST S SL g ) 3R JEN
1.2 FERXFSMEH

215t KA (Sal, 585 : SMB00072, 4 E =95%) |
B IR A T 2R ( streptozotocin, STZ ) ( % 5. S0130,
HPLC=98% ) Sigma—Aldrich 2\ &) ; #5182 — H1 %L
IR % Jie % ([ 25 ok 7 120103017, 4 77 4t 5
20180124) Il [ At 5% By F1 25 ) ; 8 401k W 1 1k il
(superoxide dismutase,SOD) Jf PRI & (555 .
20170401) N ¥ ( malonalde-hyde , MDA ) 5 261l
A& ($25:D799761-0050) g [ [ iEA4E T AW T
R A PR A Al SRR anti-CD34 — BT (5] 5.
ab81289) AUl anti-Nrf2 —HT ( 785 :ab137550) .
Ji anti-Keapl — $t (%5 ab139729) . f Ji anti-
GAPDH —#{ (5% 5 ab181602) , £ 1% 1eC Bt
(125 :ab205718) ¥ H P [ Abcam 23 Al ; 2= i
Tl (15 1X75) WA [ H A AR BT 2 A 5 bR X
(#1°5 MODELS550) 4 F 35 [ Bio-Rad 23 F] 4%,
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1.3 SLWAH*
1.3.1 DFU FERIHI %%

S SR IR RS ARSI 4 DFU K RS AL, BT
AR R T L E b i e S 4 J — IR
J it STZ(65 mg/kg) , 1 JE A B KR AL 45 25
LA ( fasting blood-glucose , FBG) =16.7 mmol/L &K
TCHH S R AIC PR A L 1) 2 ), RSS2 SRl
FEUH 2% 5 L bU 2250 s o SRR, 1 2 5 R 2
JETHENEFRIC AL 3 mmx7 mm BIARIC, O
BT B, B AR w5 S A FLIE R, S E 16
SUIE T R R R BV s 1 9 5 d A R K R A 7
SR ERI BT TR I AR P
1.3.2 RGBTk

AR B BENL 2> 4 DFU BEARIZH ( DFU 4H) | Sal
% (Sal-L) .1 (Sal-M) /& (Sal-H) Fl 4, Y2454
THOSUIRAL (MET 4H) , 775 5 1F 5 T Aok MR 5 s v S5
Az AR K I T 3 AR BRLA TE 6 BRZH (NC ),
FR4H4 16 H, Sal-L. Sal-M ., Sal-H 24453 5 45 T Sal
0.1 g/kg 0.2 g/kg 0.3 g/kg, T Y& 5 2% Skt
JFREB 2, MET 4145 7 MET 0.65 g/kg, NC 4 |
DFU N TR K, BR 1R, ESER
14 d.

1.3.3  {KE K& FBG /K-l E

SEBITFIRITE 0 K B 7 K 14 RIESA
KEMAEA A, I IR ML, 2R FH i hH 0 0 S 4
73 G 1LB¥ ( fasting blood-glucose , FBG)

1.3.4 QA=

THGRIT 7 d. 14 d J5, R HR WS 45 2 K BB i
WA OL, R AT AR 14 375 B s B 1 Ak, R
AL I Adobe photoshop CS6 #1443 #7 +E 12 421
T TR AR, TS T A R = G A B T AR IR T
S5 BT AR ) /1 B A1 TR 100%

1.3.5 AlEZHZ MVD £l

THGRIT 7 d. 14 d J5 , 24153500 Bl AL 4l Hie
8 2% 5 B b 22 4R S s 7 SRR I AR B8 K BRL, B2
AT L 2 25 A W U I s 22 /KR F e e 4 Ak
(SP e a,) A I 7 2 2 CD34 PHPE R KL,
AU 2 N IR OO PUR B B S KR
RN anti-CD34 H& (1:200) & IgG( 1:5000) HLiAdE:
AH,PBS ViV A DBA B, HARKEZY WK B
WY, 3R, WAEE N OGS, 20 At 5Tt B A A € B0k
S BHPEZHAE , 10 15758 00T T 2 HCA i 78 285 4 B IX
40 fEE LY S I H BT A LN . SR FH MetaMorph-

LCI TGS Hr R G0, e B i 214 MvD |

1.3.6 QT2 2 b 48 Ak B SR S Fa b A
THEEYT 7 d 14 d 5, BASER S H KRR, 5

H £ R BB T2 SURE R, SR R 3 i A=

HFEME MDA Je SOD i #E 7P, B4 B 2
HuiW B5 32847,

1.3.7 B Nef2 Keapl 5 #5461

K G0 55 BN 306 ( Western blot ) 3543 5l 6 i 4% 40
KE(5 1.3.6 £ 8 HKE) AT 7 d.14 d J5 8T
ZH4H Nif2  Keapl &5 H R A EN . RGN & 42
B AR A AR E A i@ BCA 2 e H
Wers , LA IR S 84 B UL Fi 48 S 64T, IR AE
-80°C % M, HEHFEM LAE)S, UL SDS-PAGE Hijk
HEFT AT B e R R G 5Ll oy B IR M L e B
% PVDF & ,37.5°CF £ M1, BRI anti-Nrf2 —$H1
(FRBELLHI R 1:1000) Ui anti-Keapl — 3T (i B
FEfl ok 1:1000) A anti-GAPDH — 37 ( # B Lb 191
9 1:5000) ,4°C VKA HFE 12 h, TBST 2% wh il Uk
JIEE, BN I AEBT e =4t TG (W B LL il R 1:5000) T 37.
5°C T8 , TBST 22 Ml PERsfs o £o Mg v F 0L
4RI ] Image J AR AT A K BEAE,
1.4 SitEHZE

SEHSEE AR AT REGORE, DUOT S5 bR i 22 (2 £
s )N, IFiE F SPSS 25.0 Ak AT S it b, £
Y] LA T B 2 Ty 22 508, 2 — 2D R LR
SNK-q ¥558 , LA P<0.05 FR2ZERA G XL,

2 H#R

2.1 BHKXRMEE FBG KELLE

BITH 0 REHAKRIMEZ M LRSI FE
SL(P>0.05) ,4540 DFU 41 ,Sal-1. 41 ,Sal-M 41 ,Sal-H
41 MET 41K FBG /K F-¥ 5 F NC 41 (P<0.05) 5
1697 7 d.14 d,DFU 4 .Sal-L #H Sal-M 41 Sal-H 4 .
MET 20 Kk BU{K &  FBG /K ¥ T NC 4 (P<
0.05) ;5 DFU #H Fb 458, Sal-L £ Sal-M #1 Sal-H #1 |
MET 241K FRAHE  FBG /K- 8 & AL (P<0.05) ,
Hrf Sal-L 15 MET i R EHITFE XL (P>
0.05)., WK1 K2,
2.2 BAXRUEREELE

JRYT 7 d 14 d,DFU 4 Sal-L 4 Sal-M 44 Sal-H
2 MET 20K BN &G 35K T NC 41(P<0.05) ;
5 DFU H e #¢, Sal-L 2H Sal-M #H . Sal-H 20 MET 4
RV TS 5 N (P<0. 05) , Hirb Sal-L 415
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MET 225 5% 681247 L (P>0.05) . VLK 3, 5 DFU 4H %%, Sal-L 41 . Sal-M 41 . Sal-H 41 MET 41
2.3 HREAXRLEALR MVD L KRBT 420 CD34 FH % 46 il S MVD 2 35 3% Jin

WBIF 7 d. 14 d, 5 NC A #E, DFU 4K BB 1w (P<0.05) ,H Sal-L 2405 MET 4022 9 058324 &

ZHL CD34 PR L M2 MVD i 3 P& (P<0.05) ; X

320+ -~ NC#H NC group
-a DFU# DFU group

- 3007 -+ MET# MET group
i fgﬂ 2804 ~v Sal-L# Sal-L group
= —— Sal-M# Sal-M group
® -§‘ 260 -o- Sal-H#H Sal-H group
2
240+
220 T T T

0d 7d 14d

B 1 AAREURE FBC KV HA
Figure 1 Comparison of body weight and FBG level of rats

in each group

45 NC 4 HEE,* P<0. 05; 5 DFU 4l Lk, P<0. 05; 5 MET
M HHE,°P<0.05; 5 Sal-L 41 H48,°P<0.05; 5 Sal-M 41 Lt
#,°P<0.05,
3 SARREImA G R

Note. Compared with NC group, *P < 0.05. Compared with DFU
group, "P < 0.05. Compared with MET group, °P < 0.05.
Compared with Sal-L group, ‘P < 0.05. Compared with Sal-M
group, “P < 0.05.

Figure 3 Comparison of wound healing rate of rats in each group

H:A:NC41;B.DFU 41 ;C.MET 41 ;D:Sal-L 41;E:Sal-M 41 ;F:Sal-H 41,

(P>0.05), LK 4,& 5, 6,
30 -~ NC#H NC group

-a DFU# DFU group
3 —— MET# MET group
35 204 -+ Sal-L4 Sal-L group
é —+— Sal-M# Sal-M group
& -o- Sal-H# Sal-H group
@ 10+
|5 5
o o
0 T T T
0d 7d 14 d

B2 &4KK FBG KK IbE:

Figure 2 Comparison of FBG level of rats in each group

.5 NC 41 H#8,°P<0.05; 55 DFU 4t 4¢,°P<0.05; 5
MET 4 H#,°P<0.05; 5 Sal-L 41 H.48,1P<0.05; 5 Sal-M
H A, P<0. 05,
B4 HHARMEIEAHL MVD HEL
Note. Compared with NC group, P < 0. 05. Compared with DFU
group, "P < 0.05. Compared with MET group, °P < 0. 05.
Compared with Sal-L. group, ‘P < 0.05. Compared with Sal-M
group, °P < 0.05.
Figure 4 Comparison of MVD in wound tissue of

rats in each group

BS5 4R 7 d I 2V E CD34 HHRA L
Note. A, NC group. B, DFU group. C, MET group. D, Sal-L group. E, Sal-M group. F, Sal-H group.

Figure 5 Comparison of CD34 protein expression in microvessels of wound tissues of rats in each group on day 7
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2.4 BAXRUEALKNNHEXIEIRIEE

T 7 d.14 d, 5 NC 41 H#, DFU 241K B A i
ZHZ MDA 7 8 3% T (P<0.05) ,SOD 3674 15 3%
FEAK (P<0.05) ;5 DFU 2H %, Sal-L 2H  Sal-M 4 |
Sal-H 41 MET 21K A 4121 MDA & & 5 35 FE A%
(P<0.05) ,SOD 361 B 1N (P<0.05) , H:H Sal-
L5 MET AR LG 11242 X (P>0.05) , # L
K7 148,

2.5 HAKXREOEALS Nrf2, Keapl EHFKi%
=8

AIT 7 d 14 d, 5 NC 4 Hb#, DFU 2K BB i
U241 Nrf2 B %05 i I K (P<0. 05) (Keapl
FEHFRIEETHE (P<0.05) ;5 DFU 41 b3, Sal-L
2H Sal-M #4H . Sal-H £  MET £H K FL 8 i 24 £ N2
FEHFAE B EWIN(P<0.05) , Keapl A E
B FEAR (P<0.05) , Hrp Sal-L 415 MET % %G
Geiter L (P>0.05) UL 9 & 10 &l 11,

H:A:NC41;B:DFU 41;C:MET 41;D:Sal-L 41 ;E:Sal-M 41 ;F.Sal-H 41,
6 KK 14 d QIEHLUUNGE CD34 H Rk L
Note. A, NC group. B, DFU group. C, MET group. D, Sal-L group. E, Sal-M group. F, Sal-H group.

Figure 6 Comparison of CD34 protein expression in microvascular tissue of 14 days in rats of each group

7.5 NC 4 L8, P<0.05; 5 DFU 4 L%, P<0.05; 5
MET 2 H#8,©P<0.05; 55 Sal-L 4 H %5, P <0.05; 5 Sal-M
ZHH#, € P<0. 05,
Bl 7 &2 KRB I 2 S A BB G
FhR (MDA) HLA
Note. Compared with NC group, *P < 0.05. Compared with
DFU group, "P < 0.05. Compared with MET group, °P <
0. 05. Compared with Sal-L group, ‘P < 0.05. Compared with
Sal-M group, °P < 0.05.
Figure 7 Comparison of oxidative stress related indexes in

wound tissue of rats in each group( MDA)

7.5 NC 4 %, P<0.05; 5 DFU 41 tb%:,"P<0.05; 5
MET 40 b4, °P<0. 05; 5 Sal-L 4 L #%,1P<0. 05; 5 Sal-M
4 L3, P<0. 05,
B8 £ AL
WO CHEHR (SOD) HEER
Note. Compared with NC group, *P < 0.05. Compared with
DFU group, "P < 0.05. Compared with MET group, °P <
0. 05. Compared with Sal-L group, ‘P < 0.05. Compared with
Sal-M group, °P < 0.05.
Figure 8 Comparison of oxidative stress related indexes in

wound tissue of rats in each group(SOD)
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B9 Western blot il K BN T ZH 2L H Nef2 |
Keapl £ %1k
Figure 9 Expression of Nrf2 and Keapl protein in

wound tissue was detected by Western blot

F.5 NC 4 4, P<0.05; 5 DFU 4 L #,"P<0.05; 5
MET £ H0#,°P<0.05; 55 Sal-L £ % ,9P<0.05; 55 Sal-M
2 Ih#,°P<0. 05,

B 10 AAREAImAL D Nef2 R LG g
Note. Compared with NC group, *P < 0.05. Compared with
DFU group, "P < 0.05. Compared with MET group, °P <
0. 05. Compared with Sal-L group, ‘P < 0.05. Compared with
Sal-M group, °P < 0. 05.

Figure 10 Comparison of Nrf2 protein expression in

wound tissue of rats in each group

TE: 5 NC 41Lb#,°P<0.05; 5 DFU 41 LL#,"P<0.05; 5 MET
HLLHE,°P<0.05; 5 Sal-L 41 L 4,"P<0.05; 5 Sal-M 41 Lk
,°P<0.05,

B 11 A4URREIH LU Keapl 8 FIRK G UL
Note. Compared with NC group, P < 0.05. Compared with DFU
group, "P < 0.05. Compared with MET group, °P < 0.05.
Compared with Sal-L group, ‘P < 0.05. Compared with Sal-M
group, °P < 0.05.

Figure 11 Comparison of Keapl protein expression in

wound tissue of rats in each group

3 it

PPt 9 2 AL G e 22 M IR R S 6] TR &5
SRR A T Ry 1 T A B AR il AU R, AR
Z /0 R T 520 DEU A A, 6 e 5 8 2
HAUVE R AUR M <, T BE BB IRA N, DFU
Ja BRI TR WG 12 TR B FER 4
PIHIRYY DFU B7E 7 BVl aE 3 ALY £ I8 AR ML,
WM Sal JeAE 48 25 21 55 K £ B0 M 4%
Z— BURE 5T & L, Sal oA B g
REAB 0 DL IR S R A R T R AR A
FEHRIE , Sal FIAE I 10 20 20 PN 5 1 p 2 A 3 n G
N TR 3R 58, et i ke 1453 43 9+ 2247
SRR, RRLTIRAED BSR4 SR R A s
IR P B ARH R i R B D) B A8 PR g A TR - 3R
5D M A RPN HE ST RIS, Sal BT i
AN Nef2 (HO-1 2585 23k i AL Ik, vl
BE DRI R BT EARZKF- o P AR DR ZE HE | Sal AT
AEXT DFU Bl HTALG A — & BURAE . AWF9E 5 5t
HESZ DFU R BB 25 R k3, 5 NC 4 4L, DFU
2 Sal-L 21 . Sal-M 4 . Sal-H 20 . MET 4 K B4 iR
i FBG 7KV 1 B 2 Tt &, S om BBl 5 i 2, &2
Sal 167 )R, DFU K FBG /K- 2 3 F#A% , A1 i 26 41
MG CD34 PN & MVD B 35340, #8278 Sal
AIREAR DFU K R K-, 42 328 il 48758 A=, 4 i
DFU Bl fr &

DFU K A 28 i MR 2 mT o5 5 AL AR O 7 41
(reactive oxygen species, ROS) F 1 £ | f= 4 A4k
NE, BRI 2 B AR 7, % N E T, T B
RIS, Bt AR, Nirf2/Keapl ML
A1 0 DG A i i, Frh Nof2 J2 EE AL A
R B RO R i N O R = R T VA o
(‘antioxidant responsive element, ARE) i &) HO-1,
SOD \GSH-PX “FHT A fL R IA 1M Keapl & Nif2 H
BT, TS Nef2 255 3R E A YT Nif2
WEPETTT ) Bitar RS RGHE , EAL N B8
BEDRIG I ZAE ) EZA R 5 Nef2 SR 2 EUW Ak
NN 2 P A 56, Hayashi 2870 BF 28 438, Nef2
AT S 5 A LR A R, AT
REZVRYT 18 A0 T IR s 02 A A Bz a0 55 A S 1
BEBERR I BLAFHE 5, Rabbani 252" 5T 458 , 1041
Keapl &[] 3¢ 35 7] i i 0% 5 B 1 @ 5. 2%
SSRGS , 32 3h T 3E i B0E K RO AL Keapl/
Nrf2 {5 538 % , 2 il T il SOD , GSH-PX 5471 A fL il
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[ Abstract ) Objective  To investigate the effects of prostaglandin E1 (PGE1) on liver function in rats with

fulminant hepatic failure (FHF ), and to explore its regulatory effects on the eukaryotic translation-initiation factor 2a
(elF2a) /activating transcription factor 4 ( ATF4)/C/EBP homologous protein (CHOP) pathway. Methods Overall, 90
specific pathogen-free Sprague-Dawley rats were divided into control, model, positive control, low-, medium-, and high-
dose PGE1 groups according to the random number table method . Except for the control group, all rats were
intraperitoneally injected with D-galactosamine ( D-GalN ) -lipopolysaccharide (LPS) to establish the FHF rat model, and
the control group received an intraperitoneal injection of the same volume of normal saline. At 6 hours after modeling, the
positive control group and low-, medium-, and high-dose PGEl groups were administered a tail vein injection of
1. 36 mg/kg hepatocyte growth promoting factor and 12.5, 25, or 37.5 pg/kg PGE1, respectively, once a day for 3
consecutive days. The control group and the model group were administered a tail vein injection of the same volume of
normal saline. The rats were euthanized at 72 hours after modeling and abdominal aorta blood was collected. The serum
levels of alanine aminotransferase ( ALT) , aspartate aminotransferase ( AST), and total bilirubin (TBIL) were measured.
Liver tissues were dissected and stained with hematoxylin and eosin ( HE) to observe pathological changes. mRNA and
protein levels of elF2a/ATF4/CHOP/ caspase-3 were detected by real-time fluorescence quantitative PCR ( qRT-PCR) and
Western blot was used to measure phosphorylated-elF2a ( p-elF2a) protein levels. Results Compared with the control
group, hepatocytes in the model group showed extensive degeneration and focal necrosis, and the central venous was
damaged. The levels of ALT, AST, and TBIL in serum, mRNA levels of elF2ac, ATF4, CHOP, and caspase-3, and
protein levels of p-elF2a/elF2a, ATF4, CHOP, and caspase-3 in liver tissues were higher (P < 0.05). Compared with
the model group, the damage to hepatocytes and the number of necrotic cells were decreased in the positive control, low-,
medium-, and high-dose PGE1 groups. The levels of ALT, AST, and TBIL in serum, mRNA levels of elF2a, ATF4,
CHOP, and caspase-3 and protein levels of p-elF2o/elF2a, ATF4, CHOP, and caspase-3 in liver tissues were lower (P <
0.05). With an increase in PGEI dosage, the levels of ALT, AST, and TBIL in serum, mRNA levels of elF2a, ATF4,
CHOP, and caspase-3 and protein levels of p-elF2a/elF2a, ATF4, CHOP, and caspase-3 in the liver tissues of low-,
medium-, and high-dose PGE1 groups were decreased (P < 0.05) dose-dependently. Compared with the positive control
group, the levels of ALT, AST, and TBIL in serum, mRNA levels of elF2a, ATF4, CHOP, and caspase-3 and protein
levels of p-elF2a/elF2a, ATF4, CHOP, and caspase-3 in the liver tissues of the low- and medium-dose PGE1 groups were
higher (P < 0.05). However, there was no significant difference in the levels of ALT, AST, and TBIL in serum, mRNA
levels of elF2a, ATF4, CHOP, and caspase-3 and protein levels of p-elF2a/elF2a, ATF4, CHOP, and caspase-3 in
liver tissues between the positive control group and the high-dose PGE1 group (P > 0.05). Conclusions PGEl may
reduce the apoptosis of rat hepatocytes and protect the liver by inhibiting the expression of the elF2a/ATF4/CHOP
pathway, which may be a potential therapeutic target for FHF.
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7% & ME I ) 8 % 45 (fulminant hepatic failure,
FHF) J&— LS ™ B 35 0 R AR 1Y I R 255 5
fiE, SRR B RN R SR VN g, FHF £%2
I FFA0 e e sk ] Py b 30 R T R A8 B R T I
DIRE R B R A, S BO™ I RAE A
R T AT by 290 N AR A T B K, 4 DNA 45
153 AR N RN PN ST Y 3 (endoplasmic reticulum
stress, ERS) 4%, BV ERS H BLAE ZFh FH9m v, ik
BEVERT 42 . 28 Wy P JTF 401 5 o0 O ke 1t - 98 9 44 £
SEUT M RS AR B AR AR R A2 B
B, AR ) 8 B (unfolded protein reaction,
UPR) #diii , UPR 2 — 22 3l ERS MHSCHE 1, ERS

AHOCHE 1A 45 B A% B 46 I 1 2« (eukaryotic
translation-initiation factor 2o, elF2a) J416 % % AT
4 (activating transcription factor 4, ATF4) F1 C/EBP
[[] J& £ H ( C/EBP homologous protein, CHOP ),
elF2a/ATF4/CHOP 3 % 7F ERS 1 UPR 54 F, Al
FRAFAMIE -1 BFSE KB, elF2a/ ATF4/CHOP
T PRGN b B B AR T 2= A oK vl
S ERS 0% elF2a/ ATF4/CHOP 38 % | 12 2E T 9
AN T, F I R AT I PRPT R M . R
H) 3 /R BIET 5 i 22 E1( Prostaglandin E1,PGEL) , &
— MG PR, B Y A | s GO B R
MIVER'™ . WF5E & B, PGEL A Bh T 2% fif JIF 1 1k 18
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HRAE R, e BF I AE, R\ I RIT R, Guo
IR g IR dE H, PGE1 HA B 1 ERS 5 S 19 iT 410
MO TR DIRE . WS & B, I8 4 B A= K 28 nT ol st
SRR B DI RR R bR, 48 BRIV B E], H 2
a0 TR, AR R AR S BH A X R 25 4
IAHE 5T 38 2o i 4 FHF K B, #8585 PGEL Xt
FHF K Bl elF2a/ATF4/CHOP 38 ¥ 2 T T fig 1 5%
mi , AR MG RIG YT FHF G5 eI v 254 .

1 #eFnrE

1.1 SRIEh¥

SPF 2% SD MetE KB 96 1,5 JElk, AR 150 ~
180 g, th) R4 BEr s sh o f2 ik [ SCXK ()
2019-0002 ] , K B 1l 9% T 985 F 2 5 Bt S 56 s 4 v g
[ SYXK ( 35()2020-0007 ], T A sh¥y ¥ /& #i B sh )
T FE AU M 5 UL A 25°C TR R 60% , SEERAT
G 3R RN AR 2 A N R ER S B2 512
1 (202001037)
1.2 FERFSUHE

D-% %E 2 ZLB# ( D-galactosamine , D-GalN ) K i
Fro N8 R IE 2 M (E coli
lipopolysaccharide, LPS) ( 4t = 43 %] 4. G0500
14516, 3% [ Sigma 2~ Al ) ; PGET (i 81 M /R VE ST
5 :20190912, Jb 50 Z A 25 Ry A IR W) 5 42
JHF 400 B A R 3 S (F1E45-: 20191218, B3R 4
il A BR A R s TN & R A KL %% & I ( alanine
aminotransferase, ALT ) | K ] 2 & MR & & 5% 7% Wil
(aspartate aminotransferase, AST) | & JH £I. % ( Total
bilirubin , TBIL ) #2077 & (4t 5435114 - M30679
M31447 M30175, LE(EWLAEDIRHA BRA R ) 5 95
ARZEPLL(HE) e @7 & (445 : G120, 78 [ R ve
25l 3 TRIzol i (#E5 : 15596026 , 3 [F Invitrogen
N W EE SRR B BCA B R I iR ) &
(#5435 4 - SL-30779 , A53225, FEBR K /R FH4%
HEABRZAF]) ;SYBR Premix Ex Taq SEAS9¢ G
PCR ( quantitative real-time polymerase chain reaction
qRT-PCR) i3 & (#t*5 . RRO36A , K% TaKaRa 23
Al 5 bt B2 £k — elF2a ( phosphorylation-elF2a
p-elF2a) elF2a  ATF4  CHOP 2 it & R K & & R
% Fl#-3 ( Caspase-3) . GAPDH — 3T (1t 543 %1 4 .
ab169528  ab184909 . ab11419 . ab133619 , ab123977 .
ab10009, 3 [E Abcam 23 7)) 5 - Hi W 90 (5.
7074P2, 3 CST A7) . 4 A 3l A4k 7 i A (Y

endotoxin

5. CS-400B, IR EFIMARAR) b0
Tt (155, CX43,, HARBAAREL B A F] ) 5 54000
FEF( %5 . Alpha-1860Plus, b I 3% 70 25 A FR A
) ;qRT-PCR X (15,7300, 3E & ABI A ] ) 5 HLIK
(RIS JY-SCZ2+ At B B AR A BRA A 5
BEBE AR AL (5 . Gel Doc EZ, i EWHAYRL4%
HBRAFAD) .
1.3 XWAHE
1.3.1 ShYiimififE

KE 96 Had b g M % — &, B AL L 16
R BR, HoAx 80 HOob i, FARHT 12 h 28
IRREROK A H . RESRICE , I EMY 2 T F
AREH 1 mL T A B ER K ## D-GalN (300 mg/
kg)-LPS(30 we/kg) Jr M 1 501 A AR 2 i
U 1) 22 LAY | BBV B s o7 T A A ) g L AR BB
DAL, EREAEL, B 4 h 5 BEPLAh O T
R RER A 1 H BUF 4240 HE 4 (5 00 82 195 34
Ak, 3K T A KRR 28 B R SR il A DU T D B (ALT
AST [ TBIL) , 3%} HEZH B2 T 51 ( P<0. 05) R A 1 45
BT, HEBRFET BRI 4 HRE, el AL
Ur76 R (1 HHTEUEES R, 5350 75 Hor it
M), IR 95%, Xt BEA] K B A 55 i K R A P
K,
1.3.2  shisRI 4 K 45 2

TR BRI B AL R 1 40 A 5 4, B R A 44
(n=15) FAMEXT R4 (n=15) f& . & &5 PGE]
H(HHn=15);1.3. 1 PR FH 15 HIEH K RME
AXTHRAE , &R 6 h g, PHME X BE ALK B bk
SR A0 AE K 1,36 mg/kg' ™ 5 A% L
PGE1 241 K Rl B # ki 5 PGEL 12.5.25.37.5
}Lg/kgm] SRER IR JESELA 25 3 d, % BRA R A 20
R BRIk S A AR BEER K
1.3.3  KEUFZIREAKE BRI K2 HE Yt 22 )i
ZH LU HL AR AL

WAL 72 h J5, SR 1% 50 240 4 mL/keg 18
i A SRR R, R B A 80, R BRCR U M, TS
WA T ORI, N8 SR I, 250 W 4R 1
W7E ALT, AST, TBIL 7/K-F, K BUCK BUF414 100
mg, 15% 4 /R SRR 2 I, B A 53 4 um )
Fo AR R P8 R AV 81 o e B 1) & T
HATARAL . AKASE A IR ARG 1T Y% €2, T K Bk
FRRRE, FET 0. 19%E8 R L BEEA T34, SR 5 7K Pk 22
ZR Yk, PR g, Y oK VR 2 R Y
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Ak, IKVEIE B AR 2 5 ok B A 2 e AT B G L
KK EE, fe)a B B R T B R IR R AT
BR B TOUF R N TR,
1.3.4  qRT-PCR %4 I K 5H 40 48
ATF4 .CHOP }% Caspase-3 mRNA ik /K-

IR BUIF 41 20 9 BT A, #2 HR TR1Izol 3 $2 UL
RNA , 4N 0B THINLE RNA 2058 SOk B R4l
Wik AR & U R RNA [ 5 55 ¢DNA, 21
SYBR Premix Ex Taq {77l & 6 ] 45 #£17 qRT-PCR
FRE, RN AR Z R 20 wL:2xSYBR Mix 10 pL,H,0 8
pL, BS54 0.5 pL, Bid 1 pL, S &1
}:95°C WA 5 min,95°C A8 10 s .60°C 3Bk 30
s,72°C 40 s, 40 9F ¥R, 72°C ZEfH 10 min, DA
GAPDH R NS 2k H 27 Jr i i S iF AL 4
elF2a ,ATF4 . CHOP J% Caspase-3 mRNA A X 3 ik
i, SIHEAEY TRCRE) ARA G, 51
PO 1,
1.3.5 HHAPEENIE (Western blot) A6 I U
HAUH p-elF2a elF2a , ATF4 .CHOP J% Caspase-3 &
EESLY 2

BOR U Z U B0 38 AR 243 B T oK
30 min, B0 JEUCE FIETR, 218 BCA H R D &
TRF G R T2 20 rp 2 A AR T 10% 43 285 E
5%MRARIE B 50 g D AR A R MILEE AR
G R B R 80 V, A LS, B R T
120V, FLUKZE PR K B S5 SRS UIBR | B 18 11 e
KR RS E] PVDF B L, vk E A TR RSN, FLHE R 100
V,OBISHE] 1 h, 259005 I TBST 3 0H Ve, A 5%
IR AW E I R 4T 1 h S, TBST W& ves , in
A — P (p-elF2a, elF2a, ATF4, CHOP | Caspase-3.,
GAPDH, Fi BA% 0 0 1+ 1000) ,4°C i %7, TBST 3%
VEE ISR =P (R B4 1+ 5000) , % i T 9%
A 2 h, TBST 3575 , ECL b 2 8 T HE A i %A i
RKEHBEARBEN, F5 KM Image J 3 AFXF
Western blot 5545 AT R, TR B &AW S
FHIV N2 GAPDH [ HUAH

elF2a

1.4 SFitZEAHZE

SEIRCHE 1 R ) SPSS 22. 0 BT 881, i
PRI BAREZE (vts ) Ko, Z 4 H] HOECR
AR R Tr 225007, N 25 53— 25 I LA R
FH SNK-¢ 307K, 24 P<0.05 AR %, BA
Giitera XL

2 HR

2.1 FBAKXRRIFINEEHEXIERIILE

20 KB T R AH DG H8 b L A 22 S 39 A7 e it
2T L (P<0.05) , 5T R AR He , AR 2H K B 7
ALT (AST | TBIL W & Ft 5 ( P<0.05) ; 51 A 20 AH
Ll BHPEXT BEZH K, rf 50 i PGEL 40K BRI
ALT (AST . TBIL B & FEAI% (P<0.05) ; HFfi# PGEL
g RN, A = Rl PGEL 20 KRR
ALT (AST | TBIL AR K FE A (P<0.05) , 5 5] 42 fK i
PR 5 BHPEXT RRZE AR LG, G 3Rl i PGEL 2H K Bl
7 ALT, AST, TBIL B & & (P<0.05), @& 7 &
PGE1 4 K KM ALT  AST  TBIL /K3 JCH] i 2%
(P>0.05), W32,
2.2 PGE1 X XRAFALREFMNZMm

X RRZE R U Al i HE S 3 57 8om B AR,
A B B0 5 A AL R R A T v A T
B IRy VESRFE 23 I A0 M S5, v de i bk Sz 40 5 BE A XF
R R BRURH 24 J5 T 4 e 46 5 A T 22 i ; PGEL 4L Bifi
2GR BE I T i A A A T RIS, R AR TR
W IR SEAN Rk i s DL 1
2.3 BAEAKXKBRIFALS elF2a, ATF4, CHOP K
Caspase-3 mRNA 7k R LL %5

B H KB FH A elF2a, ATF4, CHOP J%
Caspase-3 mRNA JK V-l 4 22 R AT G it 2 B
(P<0.05) . 55X AH be, #5280 41 K U4 21
elF2a ATF4 .CHOP }% Caspase-3 mRNA 7K F 5
(P<0.05) ; 5EIRIZEAR LE, PHAE X A ZH AR
4 PGET 4K RUHHZUH elF2a  ATF4 . CHOP JZ
Caspase-3 mRNA 7K P FEAR (P<0.05); HBE

&1 519F5)
Table 1 Primer sequences

FEN ZHFHS 595 -3") JIa5149)(5°=3")

Gene Reference serial number Forward primer Reverse primer

elF2a NM_001109339. 1 CACTTCAGAATGCCGGGTCT AACAAGCTGACATAGGCCCC

ATF4 NM_024403. 2 TCCTGAACAGCGAAGTGTTG CATCCATAGCCAGCCATTCT

CHOP NM_001109986. 1 AGCAGAGGTCACAAGCACCT CTCCTTCATGCGCTGTTTCC
Caspase-3 XM_010645199. 2 GCCTGTAGAGGAACAGAATTAG GTGGTATTCCGTACTAACAGTG

GAPDH NM_017008. 4 GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG
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PGE1 452455 s 3 hm I b 3Rl i PGEL ZHK
JF4H 20 b elF200, ATF4 . CHOP }% Caspase-3 mRNA
TR IR FEAR (P<0. 05 ) , 52 70 12 AR 5 5 PR A X
FRZHAR L A & PGEL 4H K BUIFH LU elF2a
ATF4 .CHOP % Caspase-3 mRNA /K- F+ 5 (P<
0.05) , m il i PGE1 2L K EUFZH 4 elF2a , ATF4 |
CHOP J% Caspase-3 mRNA /KF g % 2 % (P>
0.05), W3,
2.4 BHRXKEHFALRA p-elF2a, elF2a, ATF4,
CHOP ¥ Caspase-3 E AR IAKFERELE

0K BUIF 4 2 b elF2a, ATF4, CHOP %
Caspase-3 H /K- LW 2 R A G B L (P<
0.05), 5 X7 B2 AH b, 55 A 20 K B 41 4

p-elF2a/elF2a ,ATF4 . CHOP yye Caspase-3 EHIKE
KIFh R (P<0.05) 5 S8R A0 LL , BHE X B 41 K A%
HiE f & PGEL 4l K BUFAL 41 p-elF2a/elF2a
ATF4 .CHOP K Caspase-3 £ 1K FHREAMK (P<
0.05) ; HFfi& PGEL 45 25 & i 3 m A%, &5 771
i PGE1 A R BT p-elF2a/elk20, ATF4 |
CHOP J% Caspase-3 & 17K AR K FEAL ( P<0.05) ,
LA R 5 5 BE R X R 4 A EE, A R
PGE1 4 K FUF41ZLH p-elF2a/elF2a ,ATF4 . CHOP
M Caspase-3 £ /K YT+ (P<0.05) , & 7 &
PGEL 41K RFAIZIH p-elF2a/elF2a , ATF4 . CHOP
N Caspase-3 & [A/K R H 2R (P>0.05) , W
4 K2,

K2 BARRUIFIREMA IR AL (245 ,n=15)

Table 2 Comparison of liver function related indexes of rats in each group

215 Groups ALT(U/L) AST(U/L) TBIL( pmmol/L)
T HEZH Control group 46.32+7. 65 65.85+9. 26 1. 48+0. 36
FERIZH Model group 215.52+32.28° 142. 51£20. 15° 21.26%4. 65°
FHPEXTREZH Positive control group 105. 24+10. 51 86.36x11. 52% 3.56+0. 85
54+ PGE1 41 Low dose PGEI group 181.59+29. 52 136. 53+24. 61 18. 633, 21%
th 7] PGEL 41 Medium dose PGE1 group 156. 59+21. 382> 112. 68+18. 36" 11. 421, 354
77 PGE1 44 High dose PGE1 group 113.43+12. 86 89. 36+ 14. 86" 4.57+1. 142
F 315.712 119. 463 450. 078
P 0. 000 0. 000 0. 000
T SXHBLIHES 2 P<0. 05 SR LA P P<0. 05 5 BAMEXT IR 41 HL 4%, < P<0. 05; 5K & PGEL 41 H4%,'P<0.05; 54 & PGE1 411k

#,°P<0.05,
Note. Compared with control group, *P<0.05. Compared with model group, "P<0. 05. Compared with positive control group, ¢P<0. 05. Compared with
low dose PGE1 group, *P<0. 05. Compared with medium dose PGE1 group, ¢P<0. 05.

T A X IRLL; B AR C FRIEXS IRAL; D AK5FI i PGEL 415 B PRI PGEL 41 F . isfl it PGEL 4,
1 PGE1 X R EUTFH LWL 1Y 0 (HE 4L )
Note. A, Control group. B, Model group. C, Positive control group. D, Low dose PGE1 group. E, Medium dose PGE1 group. F, High
dose PGEI group.
Figure 1 Effect of PGE1 on liver histopathology in rats( HE staining)
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®3 KUHREHTHLA

elF2a  ATF4 CHOP K Caspase-3 mRNA KERI L ( & =5 ,n=15)

Table 3 Comparison of elF2a, ATF4, CHOP and Caspase-3 mRNA levels in liver tissue of rats in each group

25 Groups ell2ac mRNA ATF4 mRNA CHOP mRNA Caspase-3 mRNA
Xt R4 Control group 1.02+0. 13 1. 000. 12 1. 03+0. 14 1. 06+0. 12
FEHRIZH Model group 4.38+0. 65° 3.810. 64 2.85+0.31° 3.620. 39°
BH % B8 26 Positive control group 1.25+0. 18% 1.45+0. 24 1. 15+0. 14® 1.19+0. 13*
{&F4 PGEL 41 Low dose PGEL group 3.25+0. 428 2. 85+0. 42:b 2. 140, 228 2. 82+0. 354
th7]#E PGEI 41 Medium dose PGE1 group 2.41x0. 3124 2. 02+0. 38 1. 52+0. 1624 1. 89+0. 29>«
74 PGE1 £ High dose PGEL group 1. 32+0. 25¢de 1. 52+0. 31%% 1. 26+0. 15 1. 21£0. 14204
F 516. 300 283.299 499. 264 621. 886
P 0. 000 0. 000 0. 000 0. 000
TE SRR AL, P<0. 055 SSHETU 4 4, P P<0. 05 ; 5 B PE X B4t 4, < P<0. 05 ; SR & PGEL 41t %8, 9P<0.05; 55 F il & PGEL 411t

% ,°P<0. 05,

Note. Compared with control group, *P<0.05. Compared with model group, P<0. 05. Compared with positive control group, ¢P<0. 05. Compared with
low dose PGE1 group, P<0. 05. Compared with medium dose PGE1 group, ¢P<0. 05.

R4 BHAKRBEITFHL P p-elF2a/elF2a , ATF4 CHOP J% Caspase-3 5 FH F 5K K B (245, n=15)
Table 4 Comparison of protein expression levels of p-elF2a/elF2a, ATF4, CHOP and Caspase-3 in liver tissue of rats

in each group

2151 Groups p-elF2a/elF2a ATF4/GAPDH CHOP/GAPDH Caspase-3/GAPDH
X} HEZH Control group 0.29+0. 05 0. 85+0. 09 1.05+0. 07 1.02+0. 12
FEHIZ Model group 0.95+0. 14° 1.45+0. 18° 1. 68+0. 18° 1. 78+0. 26"
FEE Xt FEZH Positive control group 0.43+0. 09 0.91+0. 11* 1. 13+0. 09 1. 09+0. 15%
575 PGE1 ZH Low dose PGE1 group 0. 75+0. 222 1.31+0. 16** 1. 52+0. 15% 1. 62+0. 21
rh#H PGEL 41 Medium dose PGE1 group 0. 610, 1324 1. 12+0. 1320 1. 3120, 1320 1. 3420. 182
Fi 77 PGE1 4 High dose PGE1 group 0. 46+0. 128 0. 96+0. 1284 1. 160, 112 1. 070. 13
F 122.003 121.391 145.970 119. 497
P 0. 000 0. 000 0. 000 0. 000
SN AL 3R, *P<0. 05 ; 5B A g, P P<0. 055 55 BH M X 40 Lk 35, © P<0. 05 ; 5 IG5 & PGEL 41 LL 4K, P<0. 05; 5 5 & PGEL 4 Lk

#,°P<0. 05,

Note. Compared with control group, *P<0.05. Compared with model group, *P<0. 05. Compared with positive control group, ¢P<0.05. Compared with
low dose PGE1 group, P<0.05. Compared with medium dose PGE1 group, ©P<0. 05.

TE: ALK IRAE BRI C FHERS R4 D AR & PGEL 4
E. Tl PGEL 41;F . &7 & PCEL 41,

B2 SHAKFIFHAS p-elF2a elF2a,

ATF4 .CHOP J Caspase-3 25 H K57k
Note. A, Control group. B, Model group. C, Positive control
group. D, Low dose PGE1 group. E, Medium dose PGE1 group.
F, High dose PGEI group.
Figure 2 Protein expression levels of p-elF2a, elF2a,

ATF4, CHOP and Caspase-3 in liver tissue of rats in each group
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[ Abstract ]
(H,0,) —induced injury to H9¢2 cardiomyocytes. Methods

Objective  To explore the role and underlying mechanisms of miR-433-3p in hydrogen peroxide
An oxidative stress injury model of H9¢2 cardiomyocytes was
established. H9¢2 cardiomyocytes were transfected with miR-433-3p mimics, miRNA mimic negative control ( miR-NC) ,
pcDNA-NC, and a MAPKS overexpression plasmid ( pcDNA-MAPKS8) and treated with H,0,. H9¢2 cells were divided into
Control, H,0,, H,0,+ miR-NC, H,0,+ miR-433-3p mimic, H,0,+ miR-433-3p mimic + pcDNA-NC, and H,0,+ miR-
433-3p mimic + pcDNA-MAPKS8 groups. The mRNA expressions of miR-433-3p and MAPKS8 in H9¢2 cells were detected
by qRT-PCR assay. Cell viability and the amount of lactate dehydrogenase (LDH) released were detected by MTT assay
and ELISA kits, respectively. Cell apoptotic-related protein expressions of Bax, Bcl-2, caspase-3, and cleaved caspase-3
were measured by Western blot analysis. The luciferase reporter assay was performed for testing the targeting relationship
between miR-433-3p and MAPKS8. Results Compared with the control group, the expression of miR-433-3p was lower in
H,0,-induced H9¢2 cardiomyocytes. Compared with the H,0,+ miR-NC group, miR-433-3p overexpression significantly
reduced the amount of LDH released and enhanced cell viability. In addition, compared with the H,0,+ miR-NC group,
miR-433-3p overexpression significantly decreased the expressions of the pro-apoptotic proteins Bax and cleaved caspase-3,
but increased the expression of the anti-apoptotic protein Bcl-2. The luciferase reporter assay showed that miR-433-3p

directly targeted MAPK8 and negatively regulated the expression of MAPKS8. Overexpression of MAPKS reversed the

Chin J Comp Med, August 2021, Vol. 31,No. 8

inhibitory effects of miR-433-3p overexpression in H,0,-induced H9¢2 cell injury and apoptosis. Conclusions

miR-433-

3p has a protective role in cardiomyocyte injury induced by H, 0, through the negative regulation of MAPKS.
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miR-433-3p; H9¢2 cardiomyocytes; MAPKS8

H9c2 7 7% Tt AL A (H,0, ) Hl 3 AL A AL R
PR 0 WL 3, T miR-433-3p 7E H,0, 5
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M) B (#E45: C8304) (£ [H Promega A7) ;
PR (At . MB16-414) ( B iEAS FEAL S 24w ) 5 51
B 22 WU (5 STMT7) (( H AR BRI
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Table 1 Primer sequence
#FR JFH(5°—3")
Name Sequence
miR-433-3p F:TCGGCAATCATGATGGGC
miR-433-3p R:CTCAACTGGTGTCGTGG
U6 F:CTCGCTTCGGCAG
ué R:AACGCTTCACGAATTTG
MAPKS8 F:TCCCAGCTGACTCAGAGCAT
MAPKS8 R:GCTTCATCTACGGAGATCCTT
GAPDH F:GAAGGTGAAGGTCGGAGTCA
GAPDH R:TTGAGGTCAATGAAGGGGTC
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H,0, WeJE 3G I, HOe2 LIS J1 % s /b, HA W
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PR EAE NG L2 T 1) H,0, B RlE, 1%
Tk, #Ai1K H qRT-PCR % 46 M miR-433-3p 7E
HO9c2 40 A9 mRNA k7K, H,0, 4] miR-433-
3p Rk K- Lo B B 20 5 H,0, + miR-NC
HM L, # Y T miR-433-3p mimics AY 401+ miR-
433-3p KX AKF- W EFHE (P<0.01, K 1B) , W
miR-433-3p i Fik ORI HE LT
2.2 miR-433-3p IERIXFET H,0, FEHOA
4B HYC2 & 1R 15

x4 M L, H,0, 41 H9¢2 4H i i LDH B
W E TH R 5 H,0, + miR-NC 41 M 1, H,0, +
miR-433-3p mimics 0 H9c2 4 fifd /P (%) LDH i &

A MTT R AS [F] 5 5 A9 H,0, X H9e2 20 i 36 1 i 5
1] ;B qRT-PCR & H,0, 4B A9 HOc2 41 miR-433-
3p FIRAKFAAEAL, 1. X% I84H ;2. H,0, 41;3:H,0, +miR-
NC 41; 4: H,0, + miR-433-3p mimics 41, 5 0 pmol/L 4
L, ™ P< 0.001; 5% B2 L3, P< 0.001; 5 H,0, +
miR-NC 41 L2, %4 P< 0. 01,
B 1 miR-433-3p 7 H,0, iSO HOc2 Hh Rk

Note. A, Cell viabilities of H9¢2 cells exposed to different doses
of H,0,weredeterminedwith MTT assay. B, Levelsof miR-433-

3p in H9¢2 cells treated with H, 0, were detected by qRT-PCR.

1, Control group. 2, H,0, group. 3, H,0,+miR-NC group. 4,

H,0, + miR-433-3p mimics group. Compared with 0 pmol/L

group, P < 0.001. Compared with control group, P <

0.001. Compared with H,0,+ miR-NC group, **P< 0.01.

Figure 1 Level of miR-433-3p was downregulated in
H9¢2 cardiomyocytes treated with H,0,

BT (¥ P<0.001, & 2A) . 5 X% BRZH A [,
H,0, 41/ H9c2 A TG PE i A% 5 H,0,+ miR-
NC 4 AL, H,0,+ miR-433-3p mimics 20/ HOc2 4
Ji 3% 1 B T (2 P<0.01, & 2B) , LA ESEER S
REBUITE H,0, A0 NAEH T miR-433-3p 1%
IR AT LB I e A A R P A5
2.3 miR-433-3p FREHH T H,0, FFHOA
40 HE H9c2 AT

xR M, H,0, 41 HOe2 40 i i e i T~ 2
1 Bax F Cleaved Caspase-3 #ik7KF & T+ &, Hit
AT Bel-2 FiEK VB EREL; 5 H,0,+miR-
NC 4AHL, H,0,+ miR-433-3p mimics 0 H9¢2 4 fifl
F Bax fll Cleaved Caspase-3 £ [ 3¢ ik /K i 35 [%
I, Bel-2 R A K B & T (P<0.01, K 3) .
DL b Seh 4k B B miR-433-3p i Rk iH T H,0,
L LA HOe2 JHT
2.4 miR-433-3p F1#E[@iA# MAPKS IR i%

i miRDB 7EZE A5 B 3 73 T, miR-433-
3p [ L5 MAPKS #9 3° UTR M4 &, XL K
RS HE A 92 36 2 I A MAPKS B 4F 1 2% 55 Y H9¢2
e, 5 miR-NC 204 Eb , miR-433-3p mimics 411

T : A ELISA £l miR-433-3p 13 %3k %+ H,0, S T ) H9c2
4l Py LDH B AU B MTT 480 miR-433-3p i F k%t
H,0, %5 T 1Y HO2 41 PRI & m, 1. XF 4 ;2. H,0,
20 ;3:H,0,+miR-NC £ ;4.H,0, +miR-433-3p mimics 21, 5%}
B AL, ™ P< 0.01, " P< 0.001;%5 H,0,+ miR-NC 4t
5 ,%P< 0.01," P< 0.001,
B2 miR-433-3p i RKWHT H,0, BT
UL HOe2 16 PEd5i 45

Note. A, Effect of miR-433-3p overexpression on the release of
LDH in H9¢2 cells treated with H,0, was analyzed by ELISA

assay. B, Effect of miR-433-3p overexpression on the viability of
H9¢2 cells treated with H,0, was examined by MTT assay. 1,

Control group. 2, H,0, group. 3, H,0,+miR-NC group. 4, H,0,
+ miR-433-3p mimics group. Compared with control group,
“P<0.01, ™ P< 0.001. Compared with H,0, + miR-NC
group, #¥P< 0.01,*¥ P< 0.001.

Figure 2 miR-433-3p overexpression attenuated

H,0,-induced activity damage in H9¢2 cardiomyocytes
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PR B B FRE(P<0.001, K 4A) . 5 miR-
NC ZHAH Fb , miR-433-3p i 35 56 i & 70 il MAPKS
) mRNA k7K (P<0.001, & 4B) . 5 miR-NC
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T 2 IRKFE (P<0. 001, 4C)
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MAPKS 201/ LDH B & o 2 F+ & ( P<0. 01,
Kl 5B), 5 H,0,+ miR-433-3p mimics + pcDNA-

NC ZH#H kb, H,0,+ miR-433-3p mimics + pcDNA-
MAPKS £ 7 (1) 410 it 75 o4 1. % F % (P<0.01, A
5C)  XEESYRE5 R R W] i K78 MAPKS A] i §%
miR-433-3p i % & X} H,0, i 5 .0 Il 40 i
H9c2 5 B P44 .
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It, H,0, + miR-433-3p mimics + pcDNA-MAPKS8 21
H9c2 4H 2 8 T~ 25 F1 Bax Al Cleaved Caspase3 HY
FEIRAKOF- BT, P T8 [ Bel-2 k7K
-G AR (P<0. 01,81 6) , X SL5C 5025 R Wit
Z$3K MAPKS 1] 31 %% miR-433-3p i ik X H,0, i
SO LA HOc2 JE T 3R] .

AR 2. H,0, 2H;3:H,0,+miR-NC £ ;4 . H,0,+miR-433-3p mimics £, SR HE, ™ P< 0.01;45 H,0,+miR-NC 2145, % P< 0.01,
B3 miR-433-3p R EMH T H,0, B SO IR HOC2 T

Note. 1, Control group. 2, H,0, group. 3, H,0,+miR-NC group. 4, H,0,+miR-433-3p mimics group. Compared with control group, ** P< 0. 01.

Compared with H,0,+miR-NC group, *P< 0.01.

Figure 3 miR-433-3p overexpression inhibited the apoptosis of H9¢2 cells treated with H,0,

TE A XOEER FHRA HE PRI miR-433-3p FI MAPKS Z [ (1 )C & ; B: qRT-PCR Kl miR-433-3p i 35X MAPKS 2K 17K 11y
SR C; Western blot K] miR-433-3p i3 34X MAPK8 mRNA /K-S0 , 5 miR-NC 41L&, ™ P< 0. 001,

B 4 miR-433-3p 4 IS MAPKS [13&ik
Note. A, Relationship between miR-433-3p and MAPKS was deteced by luciferase reporter assay. B, Effect of miR-433-3p overexpression
on MAPKS protein level was examined by qRT-PCR. C, Effect of miR-433-3p overexpression on MAPK8 mRNA level was observed by

Western blot. Compared with miR-NC group, *** P< 0.001.

Figure 4 Expression of MAPK8 was negatively regulated by miR-433-3p
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T :A: Western blot Il MAPKS 5z 323k FURL % Y404 s B ELISA il %35 MAPKS XJ H,0, 5% T (¥ HOc2 4l LN LDH it it 1
RN 5 C . MTT F6:0 3k 355 MAPKS XF H, 0, 755 T 11 H9c2 4IMLIE M =g i, 1. % 1841;2. H,0, 41;3:H,0,+miR-NC 41;4.H,0,+
miR-433-3p mimics 41;5: H,0, +miR-433-3p mimics+pcDNA-NC 416 H,0, +miR-433-3p mimics+pcDNA-MAPKS 41, 5 pcDNA-NC
HHE, ™ P< 0.01;5 H,0,+ miR-433-3p mimics + pcDNA-NC £ b4, #P< 0.01,
B 5 bk MAPKS Al miR-433-3p 2 2 ikXF H,0, ¥5F 1.0 W40 H9e2 FE PR 01 i R b 1 H
Note. A, Transfection efficiency of MAPKS overexpression plasmid was detected by western blot analysis. B, Effect of overexpression of
MAPKS on the release of LDH in H9¢2 cells treated with H, 0, was analyzed by ELISA assay. C, Effect of overexpression of MAPKS on the
viability of H9¢2 cells treated with H,0, was examined by MTT assay. 1, Control group. 2, H,0, group. 3, H,0,+miR-NC group. 4, H,0,
+miR-433-3p mimics group. 5, H,0, +miR-433-3p mimics+pcDNA-NC group. 6, H,0, +miR-433-3p mimics+pcDNA-MAPKS group.
Compared with pcDNA-NC group, ** P< 0.01. Compared with H,0,+ miR-433-3p mimics + pcDNA-NC group, #P< 0.01.
Figure 5 Overexpression of MAPKS reversed the protective effect of miR-433-3p

overexpression on the activity damage of H9¢2 cells treated with H,0,

W1 %R 2. H,0, 24 ;3. H,0,+miR-NC 21 ;4. H,0, +miR-433-3p mimics #;5;H,0,+miR-433-3p mimics
+pecDNA-NC 41;6: H,0,+miR-433-3p mimics+pcDNA-MAPKS 41, 5 H,0,+ miR-433-3p mimics + pcDNA-
NC 4, * P< 0. 05,

6 ik MAPKS Al #¥i%E miR-433-3p it F2iA%t H,0, 75 S A9 JLAH M HOe2 P T A 4 1
Note. 1, Control group. 2, H,0, group. 3, H,0,+miR-NC group. 4, H, 0, +miR-433-3p mimics group. 5, H,0,
+miR-433-3p mimics+pcDNA-NC group. 6, H,0,+miR-433-3p mimics+pcDNA-MAPKS group. Compared with
H,0,+ miR-433-3p mimics + pcDNA-NC group, * P< 0. 05.

Figure 6 Overexpression of MAPKS reversed the protective effect of miR-433-3p

overexpression on apoptosis of H9¢2 cells treated with H, 0,
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Preparation and evaluation of an acute myocardial injury model
induced by different doses of isoproterenol in rats

LI Qingyu', YANG Haoran', JIA Weiwei' , REN Shan', ZHANG Yuhang', SHUAI Zhifeng’, LIN Yan'"
(1. Qigihar Medical University of Basic Medicine, Qigihar 161006, China.
2. Qigihar Medical University of Pathology, Qigihar 161006)

[ Abstract]  Objective To study the effects of different doses of isoproterenol (ISO) on cardiac function and
pathological morphology in rats. Methods Sprague-Dawley rats were randomly divided into Control, low-dose model (1SO
25 mg/kg) , medium-dose model (ISO 50 mg/kg) , and high-dose model (ISO 100 mg/kg) groups. In the model group,
different doses of ISO were injected subcutaneously at multiple points in the neck for two consecutive days whereas the
Control group received the same volume of saline. Changes in heart rate, QRS interval, duration and amplitude of P-waves
were detected by electrocardiogram ( ECG). The myocardial infarct size was detected by TTC staining and the pathological
morphology of myocardial tissues was observed by HE staining 24 hours after the last administration. Results Compared
with the Control group, the heart and left ventricular weights of rats in different dose model groups were significantly

increased (P < 0.01) and the ECG of rats showed that the P-wave duration in the high-dose model group was increased
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(P <0.01), the P-wave amplitude in the low-dose and high-dose model groups was increased (P < 0.05, P < 0.01,

respectively) and arrhythmia was present. TTC staining and HE staining showed pathological changes related to myocardial

injury. Conclusions Different degrees of damage were observed in myocardial tissues of the model groups and the most

serious myocardial injury was observed in the high-dose model group. This study provides a basis for animal model

development and research of the mechanisms of ischemic/infarct heart disease.
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Table 1 Effect of different dose of ISO on the body weight, heart weight and left ventricle weight in rats

Bl 1 (mg/kg) & (g) DIEE R (g) oL EER(g)

Groups Dose Body weight Heart weight Left ventricle weight

Xt HE 4 Control group 0 218.25+19. 01 0. 63+0. 07 0.44+0. 33

{572 Model-L group 25 213.83+14.34 0. 81+0. 08 0.57+0. 06 **
172 Model-M group 50 225.13x10. 37 0. 81+0.05* 0. 54+0.05 ™
= A2 Model-H group 100 211.71+15.30 0. 83+0.06 ™ 0.57+0.06**

T S= H4AL, ™ P<0.01,
Note. Compared with control group, * P<0.01.

x2

AN [ 59 S

R AR RO HLIEI B2 (n=8)

Table 2 Effect of different dose of ISO on ECG in rats

5r4 F 1 (mg/kg) L (bmp) P HHFRR (ms) P PR AR (mV) QRS [H]H (ms)
Groups Dose Heart rate Duration of P wave Amplitude of P wave QRS Interval
X HEZH Control group 0 304.12+13.51 15.04+1. 69 0.08+0. 02 22.97+2.56
{572 Model-L group 25 336.94+15. 48 15. 40+1. 69 0.15+0. 04 ™ 19.25+2. 98
712 Model-M group 50 351.76+20. 62" 16.48+1. 84 0.10+0. 02 26. 62+5. 54
77 41 Model-H group 100 352.07+18.73" 18.63+1.21 ™ 0.13+0.01" 25.23+1. 64

W 52 H4ME, * P<0.05, * P<0.01,

Note. Compared with control group, * P<0. 05, ™ P<0.01.
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Note. A, Control before modeling. B, Model-L before modeling. C, Model- M group before modeling. D, Model-H before modeling. E, Control after

modeling. F, Model-L after modeling. G, Model-M after modeling. H, Model-H after modeling. I, Model-L, arrhythmia. J, Model-H, arrhythmia.

Figure 1 Electrocardiogram of rats before and after the action of different dose of isoproterenol

A KR, B ARFI B C. RS, D S a4,
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Note. A, Control group. B, Model-L group. C, Model-M group. D, Model-H group.

Figure 2 TTC staining of ventricular tissue of rats treated by different dose of isoproterenol
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Note. a, Control group. b, Model-L group. ¢, Model-M group. d, Model-H group.

Figure 3 HE staining of ventricular tissue of rats treated by different dose of isoproterenol
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(HRM BRI, 1T HJH 121000)
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[E8BIR]  WEPRIE B ; L1460 ; BEMRAL T8 3 ; PKC/Ras-Ral-MEK-ERK {5538 #%

[FESES] R-33 [ XHEHRIRAE] A [XEHS] 1671-7856 (2021) 08-0076-06

Characterization of the protective effect of safflower yellow on the kidney
in diabetic mice and the mechanisms involved

ZHAO Miaoxin, HU Xiangka, DONG Sumin, MA Yue, LIU Xiaojuan, YANG He, DAI Chunmei”
(Jinzhou Medical University, Jingzhou 121000, China)

[ Abstract]  Objective To study the protective effect of safflower yellow (SY) in mice with diabetic nephropathy
(DN) induced by streptozotocin (STZ). Methods DN was induced by the intraperitoneal injection of STZ (50 mg/kg)
for 5 consecutive days. Thirty-six male C57 BL/6] mice with DN were randomly allocated to a model group, and SY-10 mg/
kg, SY-30 mg/kg, and SY-90 mg/kg groups. The three experimental groups were administered SY once daily for 10 weeks.
Their blood glucose and body mass were monitored, and blood urea nitrogen ( BUN) and serum creatinine ( Scr) were

analyzed. Renal pathology was assessed using hematoxylin and eosin-stained sections. The protein expression levels of PKC,
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P-Raf, Raf, P-ERK, ERK were measured using Western blot analysis. The contents of GSH, MDA, and SOD, and the

expression levels of TNF-a, 1L-6, and IL-13 were measured using ELISA kits. Results Compared with a control group,

the food and water consumption and blood glucose concentration were higher, and the body mass was lower in the model

group. The body mass, blood glucose, BUN, and Scr were higher in all the treatment groups, but the glomerular

hypertrophy, basement membrane thickening, and vacuolar degeneration of renal tubules were ameliorated. The contents of

SOD and GSH were higher, whereas that of MDA was lower, and the expression levels of proinflammatory factors were lower

in the treatment groups. Finally, the protein expression of PKC, P-Raf, and P-ERK was lower in the SY-30 and SY-90

groups. Conclusions SY may ameliorate inflammation and oxidative stress in DN, which might be mediated via the PKC/

Ras-Raf-MEK-ERK signaling pathway.
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Raf [ERK .P-ERK —¥i 4°C 37 ; AR R — 91, &
HIEE 1~2 h; DL B-HL3I&E 1 (B-actin) HHNZ,
BRI T 242 =R E B S, B R R 5
XA A HEAT A M, IR H N E K E (A
NZ B-actin JK BE1H B9 HUAE, 45 R FH Tmage J B A1F
3T
1.4 $HitEFHE

FrA R SR TR 2 E R 3 K, R A SPSS 23.0
TR B AT S v, T E R T B AR
HEZE (x4s) Foom , Z U1 FLBCR FH SRR 5 24007,
WIZH [B] FL R FH RS REAS ¢ K56, DL P<0. 05 25 5%
B g#E X,

2 #R

2.1 SY Xf DN /MR & E 70 #E A 220

A HEIE B 4L, AL A N RO R R (P <
0.01) , IMBETF = (P<0.01) . £ SY JAY7 I, A He g
I AR T /N R E T (P<0.05) , I B% T
K%, 2525 10 J8J5 /N B B A8 46 38 B B ( P<0. 05)
WER 1 %2,
2.2 SY Xf DN /MR I ALEF ( Ser) FFRZER (BUN)

ap=A|

FH G IE 5 4 BRI /N Ser . BUN KT
(P<0.01) ; FH L BE R 2 4538 97 417N B Ser A1
BUN 7K3F FF#(P<0.05) , W33,

Rz 1 SY X DN /NRIRE I (x+s,2,n=9)
Table 1 Effect of SY on body weight in DN mice

415 F (mg/kg) HENERE 2 1A mEhER 4 14 2455 6 4 MY 8 A G255 10 A
Groups Dose For two weeks For four weeks For six weeks For eight weeks For ten weeks
Y
T / 25.67+1. 15 28.22+1.09 29.67+1.50 30.05+1. 61 31.44+1.33
Normal group
i)
B / 17.5£1.00™ 17.67£1.58 ™ 18.00+1.17 ™ 18.39£1.11™ 18.61+1.05™
Model group
SY {IKF &4
il 10 18.33x1.75 19.002. 06 19.39:0. 86" 19.831.37" 20. 28 1. 48"
SY low dose group
SY i 4
_EP”JT‘H 30 18.89+2. 19 19. 89+2. 53* 19.94+1.21% 20. 17+1.37%# 21.28+1.20%
SY medium dose group
SY iRl
Fl 90 21.94£1.01% 22.11+1.43% 22.39+1.05% 22.56+0. 81% 22.56+1.01%

SY high dose group

L HIEWAME, * P<0.01; SHERAM L, *P<0. 05, P<0.01,

Note. Compared with the normal group, ** P<0.01. Compared with the model group, *P<0.05, #* P<0.01.
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2 SY XF DN /M BUMAEAY S (x+s, mmol/L,n=9)
Table 2 Effect of SY on blood glucose in DN mice

415 Fi (mg/kg) 2555 2 JH HE5E 4 14 B8 6 14 255 8 14 HEEE 10 JH
Groups Dose For two weeks For four weeks For six weeks For eight weeks For ten weeks
EH 4

5.02+0. 50 5.86=+0. 55 6.04+0.78 5.02x0. 42 5.52+0. 67
Normal group /
el
23.47+3.21 23.74+2.54™ 23.73+2.38™ 22.70+1.43™ 21.52+1.78 ™
Model group /
SY i 4 10
23.88+2.28 23.21+2.27 23.37+0.70 22.24+1.35 19.58+1.23%
SY low dose group
SY e 30
. 23.70+2.13 23.2x1.33 23.14+0. 88 21.69+1. 04 17.01+1. 46*
SY medium dose group
SY Rt 41 90
21.52+1.45 23.11+0. 84 23.02+1.04 20.21+0. 81 15.02+1. 40%

SY high dose group

W SIEWHML, = P<0.01; SEERIA ML, * P<0. 01,

Note. Compared with the normal group, ** P<0.01. Compared with the model group, *P<0. 01.

# 3 SY X DN /ML Ser F1 BUN BYSE 0 (x+s,n=9)
Table 3 Effect of SY on Ser and BUN in DN mice

21 5] 5 (mg/kg) Ser BUN
Groups Dose ( pmol/L) (mmol/L)
Ay
EX4A / 8.31+2.13 10.43+2.42
Normal group
HERIZH , ,
~ / 25.2+3.88™ 31.39£2.00™
Model group
SY AL
freml it 10 21.96+2. 42* 27.79+3. 08"
SY low dose group
SY H =4
R 30 18.20£1.63%  21.99:3. 04"
SY medium dose group
SY il k4l
AR 90 16. 48+2. 18" 18. 11£2. 20"

SY high dose group

S IER AL, ™ P<0.01; SEEILIALL, " P<0. 05,7 P<0. 01,
Note. Compared with the normal group, ™ P<0.01. Compared with the
model group, #P<0.05, #P<0.01.

2.3 SY X DN /MNREBHRAESFHNZI
IEFH/NEHE RN RIS, 85150,
UL /INER A K, B /INER JE IS R DL 3 5 /NS
UL s AL /N B AR U™ E L, AT
B /NBRARFRIE K, B /NER LIS ( GBM) 34 52, ' /)N
BRSO 4 SY IBIT G & 4L B /INBR IR TR
/N, GBM 38 JE R /NG e A 28 WA A8 P AR B ]
FREMGE ., WK 1,
2.4 SY ¥t DN /MR GSH,SOD MDA [
HIEH A A, B /N B GSH ,SOD 7 &
TRE(P<0.01) ;MDA [TFH(P<0.01), SHEAILIAH
Fb, ARy 4L/ BB GSH . SOD & # - FH(P<
0.05) ; 52 MR A4 SY VAT JG 4 240 MDA %
B R (P<0.01), W4,
2.5 SY Xf DN /MNRREREFRIEM M
HIEH A, BB/ TNF-o IL-18 F1 IL-
6 HFRIATHE (P<0.01) . SREEAIZA L, #9674
/N TNF-a IL-18 1 1L-6 Y 3k S ) AR a PE

1 SY X DN /MR HLUE LA 10 (HE 3 ()
Figure 1 Effect of SY on renal histomorphology in
DN mice( HE staining)

[ (P<0.01), W5,

2.6 SYXIDN/MNRBALAHEXEQRIEZNZMN
AHEE T IEH 4, R4 /N U 2H 2L b PKC-B  P-

Raf P-ERK MRk ¥ T & (P<0.05) . AH L TR

A, RN R A2 Y PKC-B . P-Raf 13

IRBITFBE (P<0.05) , 58 it 2/ BB 41 4L rh -

ERK 35 R (P<0.01), WK 2 %6,
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Fz 4 SY X DN /M GSH.SOD MDA

ISA
Al

M (x+s,n=3)

Table 4 Effect of SY on GSH . SOD MDA in DN mice

2 5] Groups 548 ( mg/kg) Dose MDA (mmol/g) GSH( mmol/g) SOD(U/mg)
1441 Normal group - 1. 1020. 07 10. 58+2.79 32.43+3. 86
HEAIZH Model group - 6. 0020, 74 4.88+0.93 ** 8.45x1.35*
SY MEFIHE4L SY low dose group 10 3.720. 56* 6.84x1. 42 18. 66=7. 83
SY Pl 4l SY medium dose group 30 2.25+0. 46" 7.25x1. 68" 24.80+7. 79
SY i 4L SY high dose group 90 0. 670. 30% 8.41x2. 17 28.016. 10%

HHIEWAME, * P<0.01; SHEBMHE, *P<0. 05, P<0.01,

Note. Compared with the normal group,

** P<0.01. Compared with the model group, *P<0.05, #P<0.01.

£S5 SY X DN /MR TNF-o IL-6 IL-13 FUFIH (x+s,n=3)
Table 5 Effect of SY on TNF-a \IL-6 IL-1B in DN mice

2 53] Groups 55 ( mg/kg) Dose IL-1B( pg/mL) 1L-6( pg/mL) TNF-a( pg/mL)
1EH 4 Normal group / 49. 43+28. 32 59.59+7. 39 37.33+5.91
B Model group / 135. 94+27. 95 112.10£7. 56 ** 71.30+4. 08 **

SY K544 SY low dose group 10 70. 6015, 72% 77. 0016, 73% 60.27+10. 12*
SY Hi5 4 SY medium dose group 30 55.79+19. 06* 63.93+9. 78* 59.77+1. 14*
SY 3541 SY high dose group 90 50. 84£17. 71* 62. 04+3. 68" 45.03+3. 78%

L SIERAML, ™ P<0.01; SEAIA M, * P<0. 05, P<0. 01,

Note. Compared with the normal group,

* P<0.01. Compared with the model group *P<0. 05, *P<0.01.

#£ 6 SY X} DN /M P-ERK .ERK ,P-Raf .Raf \PKC & A X A0 (x+s,n=3)

Table 6 Effect of SY on PKC-B ERK P-ERK

\Raf \P-Raf proteins expression in DN mice

2153 Groups P-ERK/B-actin ERK/B-actin P-Raf/B-actin Raf/B-actin PKC/B-actin
IEH#4H
1. 51+0. 50 1.69x1. 02 0.77+0. 33 1.57+0. 20 0. 66+0. 15
Normal group
FEEIZH
2.46+0.69" 1.59+1.34 2.17+0.64 ™ 1.49+0. 20 1.35£0.41 ™
Model group
SY 7=
R 2.08+0.53 1.57+1.29 1.85+0.23 1.36+0. 22 1. 07+0. 16
SY low dose group
SY A
. 1.63+0.28 1.62+1.38 1. 53+0. 37* 1.31+0. 17 0. 72+0. 94*
SY medium dose group
SY El 4l
o 1.39+0. 41* 1.97+1. 96 1.01x0. 81* 1.53+0. 11 0. 52+0. 22*
SY high dose group

T SIEH

Note. Compared with the normal group, * P<0.05,

2 SY %} DN /M PKC-B ERK |
P-ERK ,Raf . P-Raf & [ 25 AURZ I (x+s)
Figure 2 Effect of SY on PKC-B . ERK

P-ERK  Raf \P-Raf proteins expression in DN mice

AL, © P<0.05, ™ P<0. 01; SHAEIAIA L, " P<0. 05, " P<0. 01,
* P<0.01. Compared with the model group, *P<0.05, *P<0.01.

PRI B s S B R i 391 B9 S TR R RE = —,
PRI R LR AT SO RO AL A 2,
HARAE S A AL TR DN 8 e vl 2 AR
FHIVEI  IAEBE 3R (SY) & NZLAE i R I
BHRRER, IERHH 2 R iy 5 e,

JIE 2 s BEL L1 RO B I R R AR SR R R
B, SY RESE I PR 5 s /0 B AR (A B, 40 o H ot A

T, FRT A i AL R R EUK P 78 5 0E RS
AR, B 208 KA BN 25 AR A 1
B ANERAE A |55 /DBl 3 o I 2 5 g B e A
Wi HE e Wiges] | 2 SY 375 , DN /N RV /NS
25 HOREIGAE B/ INER A G B B /INER 356 TR 184 R 2 5
HR AR 475 B s | s HOEAA e B I RETE R
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A T & B 28 denovo A 8 i a8 42 A2 B ) — 1Bk
HIM (DAG) F 38 i, vl #4095 2 A B C(PKC) 18
%, PKC 2 22 2% 7 28 R 35 11 RS X 1 — 51, 02
PE AN A K AT R G SE A L PKC 38 % Y
T PO PR B R B RN — " —
71, PKC 1915 1k ] 375 PKC/Ras-Raf-MEK-ERK
W TGS NF-«B {5 538 B, i 98 5E [Fl - TNF-
o JL-6 Al TL-1B (R ' B H 5B DN
AW ST A5 5 DN A L RS
P AR SR, SY ] A 4 HE H PKC-
B.P-ERK P-Raf ik, iX A] GE/& SY 235 DN /MR
B 45405 9 VR BIL R 5 [ B 28 A X F+ TNF-ou IL-6 FH1
IL-1B AIFEIAIE/D  UEHH SY AT L3 i vk /0 46 X 7
2k K X DN A MGE/ER . 5346, PKC 18
6 S AL T 3 o SR AL RSO N, SOD S AR P
B YA LB ; GSH S 4 Py 2 A9 J557 >0 s MDA
JE NG T A A= AT TR S WA AU AR
EPBFEEE . ASEEG S5 R, SY w34 i DN /N ER
AN SOD \GSH Y% &, FAIK MDA 195 &5, K P SY
AT LA R AN AT DN A MGEVER

L5 LIk, 4146 ¥ (0 2 P e S A M i PKC/
Ras-Raf-MEK-ERK {5553 i A Kk 42 S8 f0 1 38, 38
FIPTRAE AP ACAE T, 25 00X B8 R B /D B
M HLURIGITVER . e SR AR T h B ik
BRI PRI T 2T B 250 Ry BRI 25 3 3 FH X R
Y, it — 20 W 9T 41 46 B 00 28 X5 PR B IR T
YEH,
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e AR HEA R B R R 5 4 A VR AL B9 B 5T
MHI kL E B &, 85RE, x| £
(VO R R M 8 i R B B i JRAMEE, TE 1 39 646000)

(WE] BE R AR HEA BB X B 5L 55 45 4 V8 JH B X 4 G C (PKC) - #% B 7 E2 #HCH 7 2
(Nrf2) /Bt AL SN T (ARE) R Sl B 52 . F3i% % 32 2 SPF ¢ SD KEBENL M N 4 4 (n=8) XTHRA B
RIZH JBSFHAIMERI R, BRXT IS, G R 28 d WL 4A T £ B R AL T R BB IR R ER IS 45 1 E
A, SRS RN VAT LETE B 45T 10. 0 g/kg BB AHEST TR, 00150 ) 2570 e LAt 1 B I 3 5 30 me/kg RO31-8220, 4
K1, #ES28 d, LIEHE KA A KR 24 b JRIE IR pH A JREEFR (Ox) 43 | I A0 24 h JRAP Ca™ \Mg™
B MR LR 2 A (BUN) JULEF( Cr) 7K, Vonkossa e {f Western blot 4645 20 K BB £ U PR 2R Fil PKC,
Keapl Nif2 ARE MR, &R SXTRAM L, BAAH KR 24 h JRE R pH Jeai R Me™ B B R#AK, 15 b
SOD BEEPEB & R, Ox Il JRH Ca™ ' MDA /K- \ROS 5658 7K -5 PKC Keapl Nrf2  ARE ZE [ %35 & H
BIHRE (P<0.05) s S ARHAA TRAYT )R , R TEAR I a5 | 22 S B A Git24 38 L (P<0. 05) s il 41 5 8
RIZAZRTGIHE L (P>0.05) , &5 WeARHA BRI A 20008 B B MR AS 45 A K B BRI ik 5 80E
PKC-Nif2/ ARE Hi 80 A5 -5 38 BR AR AL R UK A 6

[RER]  BARHEA R BER S s WAR R E5 A 5 AL

[HE5ES] R-33 [ X#RIRIRE]) A [XEHS) 1671-7856 (2021) 08-0082-06

Study of the mechanism whereby lengzhupaishi ( rixolipite )
granules prevent renal calcium oxalate stones

KE Jingwei, ZHU Yongsheng, TANG Hai, LIU Xin, LAI Junyu, LIU Xing"
( Department of Urology, Affiliated Traditional Chinese Medicine Hospital of Southwest Medical University, Luzhou 646000)

[ Abstract]  Objective To determine the effects of rixolipite granules on renal calcium oxalate calculi and protein
kinase C ( PKC) -nuclear factor erythroid-2-related factor 2 (Nrf2) signaling to antioxidant response elements ( AREs).
Methods Thirty-two specific pathogen-free Sprague Dawley rats were randomly allocated to four groups (n=8 each) : a
control group, a model group, a treatment group, and an inhibitor group. All of the rats except the controls were
administered ethylene glycol and ammonium chloride in their diet to induce urinary calcium oxalate calculus formation
within 28 days. The treatment group was also administered 10. 0 g/kg Lengzhu Paishi granules, and the inhibitor group was
administered 30 mg/kg 1031-8220 once daily by gavage for 28 days. Afterward, 24 h urine volume, urine pH, urinary
oxalic acid (Ox) concentration, the circulating Ca®* and Mg®* concentrations and the 24 h urinary output of each, blood
urea nitrogen ( BUN), and circulating creatinine ( Cr) concentrations were measured. The protein expression of PKC,

Keapl, Nif2 was characterized using von Kossa staining and Western blot. Results The model group had significantly

[E£TH ] U BRI F B8 (2018ZRON-068) ,
[MEBE A I TL(1984—) W1, @l EAEBEIN , BFFE 05 ) - 25 4 TiB Bk K 58}, E-mail :2327883682@ qq.com
EEEE XA (1986—) I, DU B+, YR BRI AF5E 05 1] . 45 A Bilpi Je K . E-mail : 543518689@ qq.com
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lower 24 h urine volume, urine pH, circulating Mg™ , urinary Mg®, and renal superoxide dismutase activity than the

control group; and the Ox, circulating and urinary Ca®",

renal malondialdehyde concentration, reactive oxygen species

fluorescence intensity, and PKC, Keapl, and Nrf2 protein expression were significantly higher ( P<0.05). Lengzhu Paishi

granule treatment significantly ameliorated all these effects ( P<0.05). There was no significant difference between the two

groups (P>0.05). Conclusions Lengzhu Paishi granules prevent the pathological changes associated with renal calcium

oxalate calculus formation in rats, which may be mediated through the activation of the antioxidant signaling pathway PKC-

Nrf2/ARE and a reduction in oxidative stress.

[ Keywords)

UAPR Z G A E BRI [ N & T o, AN TR [
MBI EIR RATAE L S5, B AR KA N 6%
Zed T H R 2 809% B WA bR 2 45 41 Hh R TR 5 41
W MR ARG e A R, B
FENN G M B Bl S s % 2 22 B N R
A7 AEAS [ 45 1 26 28 14 R s HIL TR 1 A 52 42 W
7t =g )7 SRy g a =g & N UY-4 W R
B ARSI BE TR SE T B &2 T W R &
ZEAIRYT . ARG PR P R B, Ly T BUAYT
P A e i R A A A A A 1 2 5 R B A P
Pz = E R W DI RE, HB T e B R Rl ik
0% 447 . HHTTELGYAYT 7, BERR T 4E R 4
TEWRRRER K W WA A JR 25 45 m] L 1 T M IR R 45 4
7 ST B A A, AFL I PR I 288 AN g s 1 5 5
R0 HAFAES R RIVE A KBS B 25367 W
JRAGEGEATHA AR P L, HAE NG R AP US 17—
TE BB A8 D9 JCRINA T T ik Hoak BA AR R
AR08 12 B T IR R 25 47 3R 9T
B HAge it AT b 25 5 0 b AR HE A1
LR B PR R R 5 45 A1 T A 1 AL i 1447 400 28
T, T PR AL RS 2R

1 #efnrE

1.1 W

12~13 JAWS Ay HEPE SD KB 32 H, SPF ¢ (K
200~220 g, W4 FI VU Rg BERF K22 L5 sl i [ SCXK
(J11) 2018 =17 ], ] 5= 78 A L5 1 52 56 30 o0
[ SYXK(J1])2018-065 ] , 1 57 2 {45 R -3 W, il 57
RES IR (25+2)°C,IBJE (50£10) %, 12 h f§HR
SRR, IEFESE 1R DAE N AEE 5 2 I aR AT
S SIS AR P G 3R RN, AR SCEG B i Py
B ERF 2 [ 2= R B B 10 B 2 O 2 o AL
HE(XNFS(A)-2019-062)
1.2 FERLFSNE

W AR HEA R (2575 Ll . =4 200 ¢ I

LengShu Paishi granule; calcium oxalate; urinary calculus; oxidative stress

200 g M4 TP 300 ¢ MIKS 700 g FEA 200 g 4 ek E
600 g% 45 F (F i) 200 g, 77 300 g JIIAH 300
g IR 300 g) A 3 B 245 57 B4 it & H e C
(Protein kinase C, PKC) 455 £ #1115 RO31-8220
(EK-0514) %W B 2 F Selleck 2y &) ; — sk H iR
( bicinchoninic acid, BCA ) ¥ &l 22 i 77 & ( AE-
0294) 3,3 - "G FEK AN ( diaminobenzidine , DAB)
b2k ) £ (AE-29984) SR - Sigma 23 Al;
Wl & ( BK-29402 ), N . &
( malondialdehyde , MDA ) £l 1:{ 5] & ( BT-019942) |
R EAL Y AL (superoxide dismutase , SOD ) 45 il i
& (BA-00032) W H L9 25 = O HE Wy H R 28
PKC (ab-03941) . Kelch R4 S N Be Al G H - 1
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Keapl) (ab-23992) . 45 #% A ¥ E2 #H ¢ A ¥ 2
(nuclear factor erythroid—2-related factor2 ,Nrf2) (ab-
12323) , $t %A 1k [ B JC /4 ( antioxidant response
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mE O A
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ARFUIR HL(M2016, Lok LA A BRA 7],
) 4 H SR (680 B AR AR, EHE)
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R (GelDoc XR+, fHSRA W, ) 5 7-LG T
( Nanodrop 2000, FE8k KH/RA ], £ EH) ; w5
FE - PCR X ( LightCycler96, % [N ] B ) |
1.3 LBWHE
L3 1 Wi g faibaAg

22 AFTHEA A PR 2 BB B R AT I
A1 JTHCE T AR IO i bR AE 088 BURE 45T 7 A X
A1 JBEIEEE T AR A B I e R O A5 D7 =l

Vonkossa

( glyceraldehyde-3 - phosphate
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RESA bR A A5 A A3 38 ST 2L A0 O A
Turbo FT 2 ( S&[E D&P) I %E
1.3.2 JpeAb

KBS PR SR 1 JR S RERL AT A 4 20 B % R
A B Ry LA R A, AL 8 H, BRXS IR
AN IR 28 d WIELER T 1% L B 2% A
P75 5 R BRI PR 3R R A5 45 0 T 1 3 A [ i
PEATZRM AR PR R YT A HE T 45 25 10.0 g/kg HUBEAR
HEABORL, 001 590 20 75 35 97 4 Bl b s T A 30
mg/kg RO31-8220, X HE 41 FIASE AU 241 45 T % = 19 1
HERK
1.3.3  PRUFEAS WO KRR b3 73 #

28 d J, FACHE WA A 4R B 24 b BRI, DNl
SE 24 h JRAE IR pH {5, U2 mL JRIH A
0.5 mL Wﬁ@ﬁ?,?aoo r/min &L 10 min,}/féﬁq}??uﬁ
OB BRI 2 IR P Ca™ Mg™ & i, 7 K35
PRI 50 % R B 32 DU % PR HE 12 (oxalic acid, Ox)
Wil
1.3.4 AR bAs I

WCBE PR, R B 2 0T b B 45 4 R B,
?Fﬁﬁ%ﬂ*ﬁ[ﬂl,?ﬁooo r/min &0 10 min J5 B L I
T8, 4 A Sh A=A 23 B ORI 25 2H R B L 77 DR
Z 2 (blood urea nitrogen, BUN) | JIL ff ( creatinine
ratio, Cr) Hf Ca™ Mg™ &,
1.3.5 Vonkossa 4 {85855 F~2 A8k

ZEN'F T 10% 22 38 WY s 2 I, W R A 4L
28 Vonkossa Je o il ) R, Y68 T WS4 4K
B 20 ) AU
1.3.6  DCFH-DA Je (il 2 41K U b i 4k
% H H 3 (reactive oxygen species, ROS) &5 MDA |
SOD A 1k

U A% AR B B A 2L UKR DD e, R R

PEBGUK , 7540 10 wmol/L DCFH-DA Je{f, 2 h, %% ik
e R RIC %, I Image 8. 0 B A4 G, 1
EUTR YR S B e R &
VAP AT ERERAE A FH A R 32700 8 A 3 78] 85 R A
A H MDA B9 5 5 F SOD 1,
1.3.7 Western blot 5 il £ Il £ 2H K B 4H 41
PKC Keapl \Nrf2  ARE )ik /KF

WU 25 K B B 250 0K, vk 2 24 30 min
J , BSOS I, B R T BCA IR S
FEAFESL L 50 pg, SR 5847 SDS-PAGE HLJk ,PVDF
BENE TBST WA, 4EF 4°C it 228, Ja 40 Bl A
—#i(PKC Keapl Nif2 ARE) (1 : 1500) ,2*F 1 h,
VRGN A P HAR i A A W B A 1Y SE B R 1gG
(1:10000) , /il A ECL {7 30 min, lA GAPDH ff
NS FRE X RIKKE
1.4 SZitEHZE

Bl o Mk FHAR 1 SPSS 16. 0, £ A IE A 40 A
P BORER - B e An 22 (o 2s) AT ROR , 2
2 ] R FH B IR 2R 7 25 40 B, 0L B) 9 1 L3R
ST FEAS ¢ Ko I, P<0.05 F#RmEREH HA%IT

2 #R
2.1 HBAKXRRKBIEROLEE
FAKRBIRE AL Fabran =R 1 Fros, 5 X R4

AL BRI R 24 b JR & R pH Mg™ BH B FEAIK,
Ox . Ca” /KB TH 5 (P<0. 05) 3 20 R HEA BUkL
BITIE, SRR A L IR YT KB 24 h R iR
pH Mg™ B i Ft &5, Ox, Ca™ 7K F B i BE AR (P <
0.05) ; M FI 4 SRR 4] 22 57 LG i 2 X (P>
0.05) .

R 1 BAHA IR R RS 41 K BRI AR AR (x2s,n=8 )

Table 1 Effect of Riangzhipeishi granule on urine index of calcium oxalate calculi rats

2151 24 h R4 (mL)

H /L 2+ 2+
Groups 24 b urine output p Ox( mmol/L) Ca”" (' mmol/L) Mg~ ( mmol/L)
Xf R ZH
. 14.79+2.43 6.45+0. 04 0.22+0.03 0.31+0.07 0. 63+0. 06
Control group
IR 4
B 6.58+0.89 " 5.34+0.13" 0.45£0. 10" 0.55£0.09 " 0. 40+0. 06 "
Model group
L ]
T 11.81+1.18* 6. 19+0. 09* 0.28=0. 04* 0. 41=+0. 08* 0. 54+0. 09*
Treatment group
148
W.EJ”J 8.85+0.87% 5.87+0.07% 0.36+0.04% 0. 47+0.07% 0.56+0.05%
Inhibitor group
T ST, * P<0. 05; St * P<0. 05 S5IATT 4L He 4, 2 P<0. 05, T,

Note. Compared with the control group, * P<0.05. Compared with the model group, #P<0. 05. Compared with the treatment group, “ P<0. 05. The same

as below.
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2.2 HBAARMKEMLIEIRILE

K B A= fb AR A i 35 2 FioR , 5 %0 B4
A B 2H R B 7 BUN  Cr  Ca® 7K F- B 8 T,
Mg W] AR ( P<0. 05) 3 £50 R HEA BORLIAIT IS,
SRR AR 697 4R BUIMYE BUN  Cr 7K -F- B 12
REAR, Mg™ BT 55 (P<0. 05 ) 5 i 57 20 5 A A0 441
ZF TG E L (P>0.05)
2.3 Vonkossa £ & AKX R EHARELTHL

Vonkossa Y25 B UNE 1 s, X R4 K B
Fmeh HE A ok, @ Ew, g KR E &
Fi o X B R U B A 6 )2 0 B HE 51 B3 | P B
SLotHE O S L, B A K RUE R
FEAT AL HE 51 25 6L, P R ™ R 1R A K U L 40 i

Fo, B R RO LSk A R RS TR, Tl A B
b URLIER ; Y6 T 2 K BRI R PN B A L 8] R
FF, B SR A R 2 DL v L A B B AT, R R
FLk A DA IR ES TR, T fik 45 JURE AN B &
T 3570 2 R B AR b S A R AL AR L
2.4 HAKXRE MDA .SOD ROS 7KFH LB

5 X HRAL AR L, AR 2H K BUE MDA 7KF-  ROS
DGR B I A hN T SOD i P I LR, 2 5
HA G573 L (P<0.05) ; SR A M L, 16774
KEUE 421 MDA 7K-F- \ROS #5058 B W] i AT
1M SOD P& MU 3 | 22 R BA S22 L (P<
0.05) ; M FI 4 SRR 4] 22 57 LGt 2 X (P>
0.05), WLIE 2,% 3,

R 2 BAHABUR RERRESAS A1 K BUNLAE AR PR R (245 ,n=8)

Table 2 Effects of Riangzhipeishi granule on blood biochemical indexes of calcium oxalate calculi rats

2 5] Groups BUN ( mmol/L) Cr( wmol/L) Ca®*(mmol/L) Mg?* ( mmol/L)

X} HRZH Control group 6.51=0. 54 31.66x1. 83 2.99=+0. 04 1. 100. 08
HERIZ Model group 27.02+1.32* 62.46+2.28* 4.64+0.11* 1.10+0.05*
JA¥72H Treatment group 17.42+1.17% 37. 17+4. 22* 3. 440. 08" 1. 09+0. 06"
{7720 Inhibitor group 24.31£0.95% 59.94x1. 824 4.30+0. 042 1.08+0. 072

AN IRZH B AR ; C IRV AL DI R, T,

1 Vonkossa 4 {0 K45 2H K BUE 2 SV BEAE b

Note. A, Control group. B, Model group. C, Treatment group. D, Inhibitor group. The same as below.

Figure 1 Pathological changes of renal tissues of rats in each group detected by Vonkossa staining

B2 #HKEREHE ROS KA

Figure 2 Detection of ROS levels in renal tissues of rats in each group
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2.5 Western blot # il & 20 K R B H L F PKC,
Keapl Nrf2 ARE & HHIRiX

5% AR e, B A A K R 4 PKC,
Keapl \Nrf2 ARE & FIRAEV R IE, 2R EA
it # L (P<0.05) ; BRI A F 1677 4K B
B4 41 PKC  Keapl (Nrf2  ARE & [ ik & 0] @
TR, R ARSI EE L (P<0.05) , Tl 741
5B R LGB X (P>0.05), LK 3,
#4,

3 itig

RAGFATIRF G, W IR 2R G285 41 1) K 2%
BAETH R, HIRER A =R am ki —,
M I PR 25 A 1 e L R AR AL AR
REMMIERZE . HATm R 2 W E AR AW 2 K
ZHUR 45 A0 B AT AR R 45 A oy B B AR
it e 9 B L 3% 45 4 () TR SRy LA
B, AL EATH N T 1407 5109 )1 X IR 2§
S BENG A, SR B R, RIS A £y
1T LIRE, H 92, 11% 1) B 3E N RS 45 41 | 1445
A I B 5 A RS R AR A
HIEIRIT IR RGP IS T — 8 Y73k, Horp

®3 FUIREE L2 MDA SOD ROS HAL (x+s,n=8)
Table 3 Comparison of MDA, SOD and ROS in
renal tissues of rats in each group

ikl MDA SOD ROS
Groups (mmol/mg) (U/mg) (U/L)
i BB 4
FHRAL 0.50+0. 04 55.54+1.99 102. 00+2. 67
Control group
T4
Ba 1.83+0.15° 17. 80+0.75 " 444.38+19.32"
Model group
YA
T 1. 08+0. 09* 47.47+1.51* 225.38+18. 75*
Treatment group
B B
ik 1. 62+0. 12 19.16+0.53%  415.88+21.43%

Inhibitor group

— 225577 i B R 2 B AR U A A I B L
RIERC R S A R r 0 AT 5, BAHEA
WUk TR e AT W R 45 47 125y, R X T
B RS 45 A B IR YT B T R AR (H AR
BLI 1 TCHRE

A R R TR T, AT 5| NV
B AR 0 5 R e B R PR RO I A R BB S5 A
PITEL, EA BT REAR IR W pH (L, £ 2 50 R 45 45 it
FITE R ARBIFFE LA £ — B AR A A b e A U
FREGLE TR 285 R BERIZ R, 24 h IR R
pH I3 K R Mg™ BEAIG, 17 PR Ox | I ¥ B D) e 4
Fr BUN  Cr S35 FI IR H Ca™ ZKSF-24 B g T vy, B
FRAGSE A7 (TE L0l 224N B BE, A4 A% (R
mn AR RN B S 2 il R, Ca™ SR 45 B K
b W) 0T, R B 25 40 LA Ca® Th R o BB AR
E L Ox TR RS 45 40V R T i A
T Mg AT 254 Ox, [AAR Ox 7K DT 0 1 5 iR 45
SEITE R R EILE R R R RS 4L
FEAE R SRS 45 i, DAPA AR A s i 1), &R
HEABORIR YT 5, LR 48 br 2o BROR 25 257 01t ok
2, VAR AR HEG J0kE v] A 2500 i B E R A5 45 A Y
e,

3 HAKRRBEALP PKC Keapl ,
Nrf2 ARE 15535
Figure 3 Protein expressions of PKC, Keapl, Nrf2,

and ARE in renal tissues of rats in each group

K4 BHKRRBFHL P PKC Keapl Nif2 ARE F H H (x+s,n=8)
Table 4 Comparison of PKC, Keapl, Nrf2, and ARE proteins in renal tissues of rats in each group

21 Groups PKC Keapl Nrf2 ARE
Xt B4 Control group 0.99+0. 03 1.01x0. 02 1.02+0. 03 1.01x0. 03
2 Model group 0. 16+0. 02" 0.19+0.03 * 0.18+0.03 * 0.20+0. 03 *
1877 2H Treatment group 0. 87+0. 03* 0. 75+0. 03* 0. 61=0. 02* 0. 76+0. 03*
05720 Tnhibitor group 0.19+0. 024 0.22+0.02% 0.26+0.01% 0.25+0.02%
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F5E R B, 0 % 8 K O B R T AR ' A Y
LR R N 7R A KR ROS AT 405 N 3
TNT B /N 1 B A0 T ) BRSO, R T R
BEZE AL B 2y AR AR T R b R HE A
WokLh Z2 R 2 4 v B A B AT PR gy, o =
e v BV EE R ST AN AN BB 08 TR B3 0 A 4, 3 T LA £
DIRUNG AR WE R B R o A W E N [T R
R WEFE B E AT LR AR B DR B AE Ak R
WK BCE g BIDRAS A Bk R HE U RE A5 3
B4 20 SOD 7K, MTT A 55410 ol 45 & B T8
AL R R, AR HEA BURLIA YT J5 KB MDA
JKF-BH S REAIG, SOD g 16 B S8 7 5, U6 BH AR AR HE A
WORLIAYT B RS 45 0 ] e S o3 ARk Y UK P
A%, PKC-Nrf2/ARE {5538 [ & 8 2 i U A 1L B
bR FaE ' IERARET, PKC AP A0E T
I Nif2 5 Keapl 454 LA SRAIKRIE XAFTE, 0
SEALI ORI T Keapl 2 b 0B 5% SE B8 1, A
A% A R AR B, Nef2 E A4 A S 4 Ak
MR A ARE A R, DT & 4 Bt A Ak 09 1
M ARG R SR, 2 B AR HEA TR AT 1)
B RS 4 A KRR 4181 PKC  Keapl Nrf2  ARE
BRI T EYA BT &, v AR HEA BORLE T
1) B R TR 45 4 ] B B A S PKC-Nif2/ ARE 1t
AR5l IR ENRY T RO

25 TR AR HEA Uk W] A A5 B R IR AT
SEA0 K B BEIR A LA AT BB 5 %6 PKC-
Nif2/ ARE $1 8 A0A5 58 B BRI A AL B BOK A 6
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5 R - [R50 5 2 O K5 S A5 B R SW620
20 L A T 1 S B B 5

AEELRRAN RIESL HF K
(1 JEH FF B R BE B R ER , T Ak 1855 133002 ;2. 38 31 K2 it 2 e ThE WA 3Rk 3 Ak 1855 133002)

[BE] HE R DIRF B ok o M 5 45 B SW620 AIMbkiaT-rbLH . ik 1RIMEE
NG SW620 41, {5 %0 WR - P 4b 38 A 45 B SW620 41 i, 5% ] CCK-8 S 3a A6 I8 40 MO 3% 1, K45 B % i
SW620 45Ny . 45 E M A4 A2 R A rh i IR R A RS R = R R4 5% CCK-8 L5
55 A 5IEH 20,50 1100 pe/mlL iR B B IR AR BRAG , h s B WR 5 R 4 %) 445 L M 9 A 5 SR I 9 =X 4 A4
A I 5 2 2 L 8 A 8 e S 4 P B8 11 BT B R A I R T 11 Bel-2, Bax, Caspase-3 il Caspase-9 b 1E 0L ; K Wi X
ALK I 45 B SW620 AfLEIM M UA T 0, R CCK-8 Z55R W B 8 2 WR - A 3004 A, A 45 &%
SW620 2t AR 2R 8 TH i R REGCHR EA M :69. 36 pg/mL, 45 5 5 40 M 20 40 B T2 (1. 52£0. 11) %
BELTAR b SR SRR (35.91+5.69) %, (46.27+6.57) % . (69. 36+8.01) % ; F = 559. 203, P<0. 001 ] ;
AH L 25 B A AL, 48R % R R Ah B 45 gl S (AR I A7 G2/ M S A0 L 451 S 38 40 i EE 8] Bax 28 I AR 225K
T4 I 2R AIR L2 AR A 1 (P<0. 001) 5 #H L 25 T W e A MO 2, {5 FH 25 WR - (X Ab 3145 21 GO/ G A At g Lk 3]
Bel-2 #& [, Caspase-3 #& [1 7 Caspase-9 & [AAHXT 5KV B & T8, H 2R mARBIE(P<0.001) , &iE PIRE
R AT LLE S bR AR ik N Z5 L SW620 Ay J8 T, HoAE FAMLEI AT BE 5 Caspase-3 J Bel-2 {5 5 &2 AHK

[k8EiR]  45EM SW620 Ak ; 2R ; Lok fAm B% ; 2 M JA 7
[FESHES] R-33 [ xEktRIZED] A [XEHS] 1671-7856 (2021) 08-0088-05

Ropivacaine induces apoptosis in a human colorectal cancer SW620 cell line
via the mitochondrial pathway

JIN Jingyu', ZHU Chengjie’” , QUAN Yingshi', HUANG Xuezhu'
(1. Department of Anesthesiology, Affiliated Hospital of Yanbian University, Yanji 133002, China.
2. Department of Intensive Care, Affiliated Hospital of Yanbian University, Yanji 133002)

[ Abstract]  Objective To explore the mechanism of ropivacaine induced apoptosis in a human colorectal cancer
(CRC) SW620 cell line via the mitochondrial pathway. Methods Human CRC SW620 cells were cultured in vitro and
treated with ropivacaine. The viability of cancer cells was determined by CCK-8 assay. CRC cells were divided into CRC
cell, low-dose, medium-dose, and high-dose ropivacaine groups. Referring to the CCK-8 assay result , CRC cells in the

low-dose, medium-dose, and high-dose ropivacaine groups were treated with 20, 50, and 100 pg/mL ropivacaine,

[(BEETE M RFEFFEESTHE (ERFHEF(2016) 5 31 5)
[MEBTIN] &M E (1982—) , Lo, IR, WFFE 7 1)« BRI . E-mail ; zazhishu718@ 163.com
[EBEEE AR (1985—) 5 it Bl FATE W, WF53 05 W) . EAESOG , E-mail; 815148415@ qq.com
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respectively. The mitochondrial membrane potential (MMP) in each group was detected by flow cytometry. The expression
of apoptosis proteins ( Bel-2, Bax, caspase-3, caspase-9) was detected by western blot. The cell cycle and apoptosis of
CRC SW620 cells were determined by flow cytometry. Results The CCK-8 assay showed that with an increase in
ropivacaine dose, the inhibition rate of human CRC SW620 cells was significantly increased, and the lethal dosage 50
(LC4)) was approximately 69.36 wg/mL. The apoptosis rate in the CRC cell group was 1.52+0.11%, which was
significantly lower than that in the low-dose, medium-dose, and high-dose ropivacaine groups (35.91+5.69%, 46.27+
6.57% , 69.36+8.01%, respectively; F=559.203, P<0.001). Compared with the CRC cell group, the MMP, ratio of
cells in G2/M phase, ratio of cells in S phase, and the relative expression level of Bax protein were significantly and dose-
dependently decreased in each group treated with ropivacaine ( P<0.001) , whereas the ratio of cells in GO/G1 phase, and

the relative expression levels of Bel-2, caspase-3, and caspase-9 proteins were significantly and dose-dependently increased

(P<0.001). Conclusions

Ropivacaine promoted the apoptosis of human CRC SW620 cells via the mitochondrial pathway

and the action mechanism may involve signal transduction related to caspase-3 and Bel-2.

[ Keywords)

ZEH 985 ( colorectal cancer , CRC) J&—Fh 4 W,
THACIE IR, AT BE 5 45 7 2 0 i e TR ST s S
SEFMHERA L, BWRRAET R, CRCH
W — B TC R SRR, B2 I K 2 8 K R 2 i 1Y
H G, LR TR DD BRIG 7 ME DL R L2 2
AR5 T B4 LA T A BRI e AR 2 (R
R HST 259 2 A LR TE 5 40, 5 R & 38
TR R AT ROR Y TR — A
BIGTT CRC A28y ok 100 Frb e 0 15 5 i it LU 12
JeEE, BURA H JE — S e 2 15 B =) o bR
e 24, E A R0 JIE 5 P /0N | JRR TR B[R] 45 £ A
Qin ZF T WFFE R, RS B ] LA ) IR R LSk
IR G E | 4= 28 Sl 7% I e s T2, iR
U R B R R AT LA R i 45 1 98 A
WE AT B URR A S LS B SW620 4i i kk
PR BLTR O 20 0 AN DA, R A B 9 s 43 DL 2
RLASHE FIRAR R T WR R X 45 B SW620 4
MR T VR ST RERIHILIR], B 750 CRC BFTA
T A BRI

1 #FRFFxE

1.1 8@
45 E i SW620 AR F b IR B 40 A
1.2 FERAFENSE
HEEMBEER (R REEREARAFR) ;
RPMI1640 5753 I 4~ 1L 3% ( 95 [ Hyelone 23 7] ) ;
Bel-2 HifR (%5 : ab32124 ; 41t %5 190807 )  Bax Hifk
$5 :ab32503; It 5. 191011) | Caspase-3 HLi& (17
5 :ab13847; 41t 5 190701 ) ., Caspase-3 Fifk (555 ;
ab32539;4it*5-: 190904 ) W [ 32 [ Abcam 22 H], &
DAL HL S TCL-16M, ¥F B K 5 B 7 2 bl A PR 2

colorectal cancer SW620 cell line; ropivacaine; mitochondrial pathway; apoptosis

F)) s W4 A (5 . CytoFLE , 35 [8 D1 55 8 A [R
N 0 OB (S WMS-1037 ) I [ - ¥ R
AR A BR 2 7 5 40 i 35 524 (545, ZSP-350S,
A SRR AT FRA WD) 5 A R UK B IS K AR
KRG (EEMRATD,
1.3 XWH*E
1.3.1 ks

BFERAT IS B SW620 i ARFE Rl T 25 43
BN 10% FBS 100 U/mL H#EZE M 100 U/mlL #E8 R
) RPMI1640 532 B TR R 37°C AR R4
H 5% CO, SEFRFETT G TSR, A A K AS =
80% AT, IMABRER ARG TN Ak (B UE 7%
1.3.2  CCK-8 il 4 i 15

200 M 7E A0 5 SR AR R AR R A RS F 80%
R 2 AL A0 R = 24 FLA P (43FL 100 pL) |, fif
FHAN R e B 19 2 IR R PR AR B (1,5,10,20,50,100
200,400,800 pg/mL) HCA G H 37°C . CO, HEH
5% MIREFEAE PR SE 24 b, RN MG RE S, 43 85 5
0.1.2.3 dJ5/m 10 pl. CCK-8 MW H555 2 h J5fdi ]
ARG SE 450 nm Ab&FLA W CRE(E , 115245 i

A,_‘.q o )/( AX'J“E'?ﬂ _Aﬁ—:ﬁéﬂ ) X 100% o

T

1.3.3 3t 200 ORS00 240 i L 17 K% 4 3 393
TR

HUS AR R 25 W 7 2 0 8k KW i 45 &
SW620 4%l T 24 FLAR P, R PBS 18 % 41 il
WEBRET 6x10° >, 5555 48 h JFURE4niE, —
BB A it =0 AR A v {8 250 HLAE 2000 v/
min BT 0 5 min, 35 LI, IMAWKE N 5 pg/
mL ¥ Rhodamine 200 nL REOCIFE 30 min,ﬁ}ﬂ?}ﬁ
A AL A>T 45 B SW620 40 I A JIES e A2 175
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2.2 FIkFE AL ERE SW620 4 i £k i {4 f
=R A=A

G0 45 2L 200 b 28 A A B FL A7 2 3, A EL 45 B
I SW620 2 fd | P55 2 2 Wik - [R] 2L 440 e s v o7 . 3%
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Feik B EFR ML (P<0. 01) 5 M LU AR F R 2 R+ R 4
A3 P IR R 2H Bcel-2 , Caspase-3 i Caspase-9 H
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0.01) s AHELH i B R -R K2, 0] i 2 DR K21
Bcl-2  Caspase-3 il Caspase-9 5 13215 . & F+ &=,
Bax # I #1A  FH EL(P<0.01) , WLIK 3 figk 2,

B 1 CCK-8 Kl Ml S 455 (n=24)
Figure 1 Viability of cancer cells detected by CCK-8

E 5SS EWREANMAM L, ™ P<0.01; 585 &
BURKFHMEL,*P<0.01; 5 P58 P Ik KA
M, P<0. 01,
2 BUR-RE X ALLE W SW620
Y LR AR I L (=24 )

Note. Compared with colorectal cancer cell group,
** P<0.01. Compared with low-dose ropivacaine
group, ™P<0.01. Compared with medium-dose
ropivacaine group, Y¢P<0.01.

Figure 2 Effects of ropivacaine on MMP in human CRC cells
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T A S5 E IR AN ; B AR i 2 IR R A C ol B IR R A
WD A EPIRREA,
B3 PURR XA EE SW620
ALY TR R IA TR (n=24)
Note. A, CRC cell group. B, Low-dose ropivacaine group.
C, Medium-dose ropivacaine group. D, High-dose ropivacaine group.
Figure 3 Effects of ropivacaine on the expression of

apoptosis proteins in human CRC cells

3 iFig
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Table 1 Effects of ropivacaine on the cycle and apoptosis of human CRC cells

A A A 14341 B Distribution of cell cycle

4151 I TH (%)
Groups GO/G1 4] G2/M B S Apoptosis l'ale(;
Stage G0/G1 Stage G2/M Stage S
2 4
& EL I AL 53.16x1.68 18.35+0. 88 28.49x1.25 1.52+0. 11

CRC cell group
R 4 2 R A 2

. . 60.21+1.70"
Low-dose ropivacaine group

F&= 20 R4
ORIEES IR A 66.07+2. 01 **#
Medium-dose ropivacaine group
o5 71 4 2 MR [ 24  uss
TR Jﬁ 71,2822, 11 7S
High-dose ropivacaine group
F 410. 421
P <0.001

16. 80+0. 50 ™
15.00£0. 41 **#

14.01=0. 32 " #8&&

274.707 769. 191
<0. 001 <0.001 <0.001

22.99+1.08 ™ 35.91+5.69 ™

18.93+0. 97 **# 46.27+6. 57 *#

14.71=0. 80 " #8& 69. 36+8. 01~ #&

559.203

TE: 54 Hm AL, P<0. 01; SRR B IR-REAARLL, ™ P<0. 01; 5 h Rl B IR-R AL, ¢ P<0. 01,

Note. Compared with CRC cell group, “*P<0.01. Compared with low-dose ropivacaine group, **P<0.01. Compared with medium-dose ropivacaine

group, ¥¢P<0.01.

R 2 PURREX AL EE SW620 AR T8 FAHXT R BRI (245, n=24)

Table 2 Effects of ropivacaine on the relative expression levels of apoptosis proteins in human CRC cells

2 5] Groups Bel-2/GADPH Bax/GADPH Caspase-3/GADPH Caspase-9/GADPH
2 H s 4 4
- Eﬁ/ﬂﬂ,lﬂﬂ@,ﬂ 0.21+0.04 1.08+0. 19 0.49+0. 07 0.45+0.07
CRC cell group
I A K4 .
ﬂ:&)ﬂig i F.[_Lﬂ 0.45+0.07 * 0.74£0.12* 0.80+0. 11 0.76+0. 10
Low-dose ropivacaine group
FIE PR KA .
HRESRFEA 0.59+0. 10 ™ # 0. 62+0. 09 *** 0.91x0. 12 0. 840, 12
Medium-dose ropivacaine group
3 B e e [ 4
| FRIRD R EA 0. 890, 12 ™ ##&& 0. 40£0. 07 ™ ##&& 1. 180, 20 ™ ##8& 0. 990, 15 ** #&
High-dose ropivacaine group
F 250. 511 121.953 109. 580 96. 000
P <0. 001 <0. 001 <0. 001 <0. 001

W SEE E R AR L, ™ P<0. O1; SRR B UR-R R AM L, ™ P<0. 01; 5 Pl it B ik H4E A 1L, €€ P<0. 01,

Note. Compared with CRC cell group, “ P<0.01. Compared with low-dose ropivacaine group, *P<0.01. Compared with medium-dose ropivacaine

group, ¥¢P<0.01.
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[FBZ] BH®  HIHE ALK % S S8 0 0 SE UK 26 i K SR VR LR ERK1/2 T p38 MAPK {5538
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B AR L BT 20 SR BRI AR Y S LT (Rinsp ) AR AU 9B BH 7 (Rexp) |, LTE HY IL-6 F1 TNF-o 155 22, 241 i
JHT-2 p-ERK1/2 p-p38 MAPK Bax 2234 1 B 1 F-i=i , i M < BsF 1) 2l A8 IURE 14 ( Cdyn ) Bel-2 B3R 3K H 3
R34 P<0.05) , SR AH L, XoF BEZH AN S 580 40 K B Rinsp AT Rexp (ML 7 1L-6 A1 TNF-o 175 &, 4 T
#,p-ERK1/2 ,p-p38 MAPK Bax (334 9B i T %, Cdyn Bel-2 M BLHA B T4 (14 P<0.05) , 4516 7E 0 &
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Wenyanghuayin decoction ameliorates the airway remodeling associated with
bronchial asthma and syndrome of cold fluid accumulation in the lungs of
rats via the ERK1/2 and p38 MAPK signaling pathways

QIAO Liang', HU Shangang', LI Rongxia®*
(1. Emergency Department, Henan Hospital of Traditional Chinese Medicine, Zhengzhou 450002, China.
2. Emergency Center, Qinghai People’s Hospital, Xining 810007)

[ Abstract ] Objective  To investigate the mechanism whereby Wenyanghuayin decoction ameliorates airway
remodeling in rats with bronchial asthma and syndrome of cold fluid accumulation, focusing on the ERK1/2 and p38 MAPK
signaling pathways. Methods Sprague Dawley rats were randomly allocated to normal, model, control, and experimental
groups (n=15 each). Ovalbumin sensitization, stimulation, and atomization were used to induce bronchial asthma in the

‘

model rats, then iced water feeding was stimulated by “cold drinking” and freezing in a refrigerator was stimulated by

[MEERA IR (1975—) , 5, FIREEIN, AR, AF58 )7 1] . EAEBE 2% . E-mail : 179362337@ qq.com
[BIS1EE ] FREE (1978—) , Lo, BATEEIE , ARL A 5E J7 ) . EAELE 2, E-mail :923140188@ qq.com
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“form cold” to model the syndrome of cold drink accumulating in the lung. Rats in the experimental and control groups were
administered 30 mg/kg Wenyanghuayin decoction or rapamycin in physiological saline by gavage, respectively, and the
normal and model groups were administered the same volume of normal saline for 22 consecutive days. A small and micro
animal lung function analyzer was used to assess the lung function of the rats. TUNEL staining was used to detect cell
apoplosis in lung tissue. ELISA kits were used to measure the serum concentrations of interleukin (IL-6) and tumor
necrosis factor-a (TNF-a). Western blot was used to measure the expression of p-ERK1/2, p-p38 MAPK, the apoptosis-
related protein Bax, and Bcl2 in lung tissue. Results Compared with the normal group, the airway resistance during
inhalation (Rinsp) and expiration (Rexp), the serum concentrations of IL-6 and TNF-a, the rate of apoptosis, and the
expression of p-ERK1/2, p-p38 MAPK, and Bax were significantly higher, and the dynamic compliance ( Cdyn) and
expression of Bel-2 were significantly lower (all P<0.05) in the model group than in the control group. The Rinsp and
Rexp, serum IL-6 and TNF-a, apoptosis rate, and expression of p-ERK1/2, p-p38 MAPK, and Bax were significantly
lower; and the Cdyn and the expression of Bel-2 were significantly higher than in the control and experimental groups (all P
<0.05). Conclusions

In a rat model of airway remodeling during bronchial asthma and syndrome of cold fluid

accumulation in the lung, Wenyanghuayin decoction significantly inhibits the release of proinflammatory factors and reduces

Chin J Comp Med, August 2021, Vol. 31,No. 8

lung cell apoptosis, which may be mediated via inhibition of ERK1/2 and p38 MAPK signaling pathways.

[ Keywords ]

Wengyanghuayin decoction; airway remodeling of bronchial asthma with syndrome of cold fluid

accumulation; ERK1/2 and p38 MAPK signaling pathway
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I 20 min, ANAIBTFEFT 8 d, 1IEH AR AN S5 1k
W R R AR BRER K ISHC AR ] |

(2) HBE R B FE IR 2R AR Y 1Y) 36 S A0

BREE 1.8 Kb, B K75 2 R Bt im iR v8 il
W, BV RE R AE 8: 00AM-8: 00PM B [ia] B 1 | 45 K B
0°C Y PKAKIR A1 , Bl e it Jon = FE2 5 38 - 45 K Bl
RIBCEAETIEEE 0C IR T 3 h, FER BRI
SOEH G HER 25°C BN IYK 1R R BRUAE i ik
YRG0 A S FLBE A K T 7 5 USRS
15 RITIR A H KRB H &5 R , BCE T
eV E OC KA T 3 h, K ERMLIRIK 2 IE# )5,
Mg 25°C B Aok, AR R BRUZE FE R IR 15 min, 4
Fr 8 d, IEWHRBA ST e IHE” R,

dehydrogenase,,

) BT R B bR v S Al i 5
1.3.2 A REMZ59 1

AAIFE R B FH 25 500 B AR R N (60 k) i
FHAL TR BI5R) H 25 b AT 15 I se g 4l K
SR FH AR RO B3R & 29 8 30 mg/kg, AR B 5T BT
2RI AN IR U £ 1] B I 7 15 B 2 s 5 — Bl
AR T2 A BT 7E 25°C H R K IR N
JCE 10 min, MIEBIF LIRSS 2 RIT4G, SCE0 41 FIxf
PR K BLAFIE H 30 mg/kg F4 3 BA AL AR 5 F0 8 i
TRV (VAE AR R ) 1T 4
24, I H 2 RO Y 4] DS SR o 1 I A B R K
B ESHEE 22 d,

1.3.3 40K BT aE )

AT AR R I SR A KR H R RS
I8, FEAFEAE POk KRR BAIRE .
NPIRCR G 1% Bl i 5 A PEAT il T e D 3k ) o LA
ALK 24 h JEIEEST 75 mg/kg B3 B L 22 Ak
TR, /N30 3l o il ) 68 43 #1300 2 K Bl
AENY  PEIR L 15010, FEIR LSO - B 4080 75 IR,
TE S R BRI AT B BH T (Rinsp ) PFACRT Y
SGBEBH 1 (Rexp ) | Jili B 3l A< A9 sh 25 00 R
(Cdyn) .

1.3.4 LRI B <45 S Bl i AR

MR E S, B S mL i, AbPE K B, JC B 3 25
KEBIIG LA R AL, KM A B )G, CEAE
TR VKA PRI, BUE4H 0.5 emx0. 5 em K/NE
il DA e S A SR 10% F VP IS ] 5 24 h B A,
HE Je (0 S8 F IS B AE
1.3.5  HBEWLER 45 2 K RRUST A <A
Fay kA%

B 42H 0. 5 emx0. 5 em K/PMRIIFLL S & 4H
AU, 0% 0. 3 emx0. 5 em K/NEEEH L]
2. 5% % T E 8 h, THUE 3 KJG , BhBEVR B £ Bt
K, BT -20°C VKA Tt 57, 38 S LB T IR A
ZH R R Bl R A 2 R MO B S A AR
1.3.6 TUNEL 4t £ 28 K Ui 20 23 b 9 4 fif
JHT

BUHAS2H 0.5 emX0. 5 em KNI BT 2 24, 25 [
VKRV R BB EE SR 0, TG 3% WA K - H
B T e, KR 0. 1% TritonX—100,0. 1% 2%
MR TE VRS, A TUNNEL W W, R0 &
N K B B R SO M TR,
1.3.7 ELISA 7461 4% 20 K B ifin 375 40 j I 7
YA 2 6 (1L-6) Fl 98 TR 38 A +-a ( TNF-a) [

A~ EL
==

YU HE s
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WU 509% 19 4 2H K U IV, oK B i R, AR 4l
IL-6 Fl TNF-o iR G 225K, 231l H AR 8 1 bR o
ML fs , AT E
1.3.8  Western blot 5  #% 2H K Bl 241 8L rp p-
ERK1/2 ‘p-p38MAPK\‘{Ej]‘:7{‘E3‘§EE Bax . Bel2 3
IR

VKA IR 109% R BRI ZH 2, 5% T8 M7 vk
FEBCEEE 1, s 2 R BT MR i 50 g, HY
VRORE R 173 B B SR ks B, LA (T = 500) L
BIFG R, AEdF 4C IR, I H A SRR 13 41
LW (horseradish peroxidase, HRP) bric i — P (1
1 1500) , &8, Bt B ER, UL GAPDH
N2k FRoR AR
1.4 HZitEHE

HARgeit R SPSS 16. 0 B, FEE T H R
Graphpad5. 01, R -8R ifE2E (2 +5) R G
B TGRSR U R 5 22 0 Mk A7 2
Y] AL, 45 26 AR GE T2 28 S, Wik — 20 4[]
PP LL R Dunnett #5560, 24 P<0. 05 378 22 57 i
H, BHAGI R,

2 #R

2.1 XHEEPEHXRH—RKER

TEH AR BRURS FIOIR S R4, I OE R 3 B
Bz WL, KB B S AR, #E R oK
A JEAREH:, 0 RESRE NS Wy, B
AU K BURG HCIR S RN, & ROK >, B i
ol AP FLHE, SN IR 97 | K B MRS, IR I TR I i
WP S A LR, SR 5 S AT, B AR, 3
I BRI S W, RABAS O AN, TR AR
HETHE ok B 2H KBRS PR 28 15 Y 20 1) W el
B POKBC R, W AR (AT R0,
(W OF U 6 250 8087/ LGS I BT A v =t AN S N
ACRIRVZH W B 0 S 20 KRR sy Bk R
T TCFLHER L, P 0 5 4 T 3850, R/IME T
IEH  ROK R A 0 21 B I 396 i, R RRUAG f o
A
2.2 FHHKXBRAHINEEAIELEE

2521 K R Ty R ASE I 45 SR B R, 5 1E H 4L
o, A AU ZH K B Rinsp A1 Rexp ) B4 B & F 57, Cdyn
B R (35 P<0.05) , SHCRI A b, X IR 20
IS8 2 K R Rinsp A1 Rexp 5 #LBH T K%, Cdyn
HELIH B TS (1 P<0.05) |, %F BEZH NS 56 20 41 L
ZRANEAGITE X (P>0.05) LA 1,

2.3 ZRAKRRMALANREZRGIEMEHHN
M

HE e 845 5 8 R, 1E 5 41K FUIT 2 27 240 it HE
G il R /NSE 5 S5 A e K, R DL 5% 1 4 R
e 5 AR 21 K BR i 4 L0 30 s P R R M Al g
F6, N0 BE S LA S | I HY i 76 5 4 B B a2
() J5 70 000 B, R T L 0 e ik B 5 %o YR L R S
ZH K B Ml 2 2F i B0 4 B Sk 2 e A L AR P 44 i
B IR T IR, WA 2,

LT I WL 4% 21 R BRL 10 it 2 20 %) o ol 5 ) ol
AR R 1E H A K UM AL 2P il gk T
[E) J5 200 A P P 2B 1 HE 51) 0 0 &5 4 SE 4K, Ye
SRS IE 8, A% SR DL 5 5 A 28 A R Rl 411 41
R b A B R 0l D I S5 A HES KL, S
i B I, A S B S, € IO [ 4 ™ 5 X R
S A K U ZH 23 %) £k A i R B A T [
R 275 ) 118) 250 i A A 7R 2 Y I8 4 M, e ) s T O
/N HES R T IE R UL 3,

2.4 EAKRRREALANREFRGINEMEN

HE Jea 25 B R, 1EH R A B L8451
TH A BHEY S, KEY —, LREEREY,
T UEEBE 345 R DL S 5 AR 2 R R A=A RN R
b B 2T DB S ORGSR I N AT LR
HIRIE IR ST, 240 BB AT, £F BN E ™
X AR ARSI 20 K B A 2L UG A 45
G UEOR IR L R 2 M i 7 B HES TR
i L 00 5 2 0 0, (RS 2 2 o 3L £ e A
HUZH B %, DLIE 4,

e LE 45 4 K BRI U 4 4 1 s+
MOARZE R R IE R R RS L SURG AR L B 4 i
N ORI 25 A0 58 8% | U 45 46 355 I P 9%, A% ot S R 3
b 3 AR 20 R RS AL 2R I R 200 i ik B R
LRI L IEH 450 | U 235 40 ml AR J, sl bt | ol v
P R T BB AN Y o i [ 45 7 5 X HE 2 RN SE 56
ZH R RS L AU S AR 14 B3 i B S A T [ 7 s
ST IR R IR T B s i
LA S,

2.5 TUNEL #&ll& AKX RMALRMEFAT

TUNEL 255 7, 5 1E 5 4L A0 L, B A 4 K R
i £EL 25 B M L 0 T3 B B T i (P<0. 05) , SRR
A L, XeF FE 2SI 36 2 A T 2 28 1% 4 9 1 2% B
TR (P<0.05) , % FRZ RS iG 4 A0 L, 22 57 A B
HGitE X (P>0.05), WA 6,

Western blot 453 2.7~ , 5 1E % 4 AH tb, B A 4]
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TEAIEH ;B BRI, Co X IR D S, SIEWHAMIL, ™ P<0.05; 1585 4 A
L, *P<0.05,

B A LR R RE
Note. A, Normal group. B, Model group. C, Control group. D, Experimental group. Compared with the
normal group, * P<0.05. Compared with the model group, *P<0. 05.

Figure 1 Lung function of rats in each group

A TER A ;BB C 0 R4 ;D SE8e
B2 it S0
Note. A, Normal group. B, Model group. C, Control group. D, Experimental group.
Figure 2 Pathological changes of lung tissue

A IER AL B ARAIL  C X IRAL ;D SE6 4
3 EHLUR M R
Note. A, Normal group. B, Model group. C, Control group. D, Experimental group.

Figure 3 Ulirastructural changes in lung tissue

T A IEH A B AR C X IRAL D ST
4 UEHLYREBUE
Note. A, Normal group. B, Model group. C, Control group. D, Experimental group.
Figure 4 Pathological changes of tracheal tissue
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KL Bel-2 BRI i T R, Bax A9 5 I
BIHE (3 P<0.05) , SEIRI LA AR e, X R 2 AN SE 55
AR FBUTALZLH Bel-2 YRR BT+, Bax (361K
B TR (3 P<0.05) , X BB M SCEG 4HAH e, 22 5
ANEAGIE L (P>0.05) , WK 7,

2.6 ELISA ME &AKXRMFH IL-6 F1 TNF-«
HEaE

ELISA 55 8 7R , 5 1E % 4UA Eb B R 4 i 3 v
IL-6 F1 TNF-a [ 7K - B 8 T 55 ( P<0.05) , S #E
ZHAH L, % R 2H A S g0 40 R BRI T 1L-6 Fil TNF-o
(7K B 5B R 5 (P<0. 05) |, Xof B8 25 0 S 4 40 AH 1
ERABASHE L (P>0.05) , WA 8,

2.7 Western blot #&illffZA 41 # p-ERK1/2, p-p38
MAPK HyFRi%

Western blot 455 2.7~ | 5 15 5 4L A L, A7 21
REUMZHZH p-ERK1/2  p-p38 MAPK )21k W] i
FHE (P<0.05) , SEIARIZH AR e, X R4 AN 5256 4H K
UM ZH 21 p-ERK1/2 . p-p38 MAPK (1214 B . [
R (P<0.05) X HRZAFISLIR A I, 2 RAEHA S
L (P>0.05) , WK 9,

3 it

‘Zj‘z:A:IE#QE;B:*%EEQE;C:X#Hﬁgﬂ;D:ig@gﬂo
Es5 A[EH

F B kb S T AIE DL SR g %0 37 2
TARREE A, 22 A A R) B SR AR LR
bo) IR PRI X | S 52 R ik S IR O FLZO AT HE A
AT R AR, IR W JC A LS iR YT T
Be, PEER A R B AR TR R RTIZON B R
NFEETARE AL, Ao R 2 AW K3, &
SEM R B WA S A DA S T RS R R,
ARV R 7Y 24 B R 78 W Wi 42 3K 7 ¥ 1 1 ( Global
Initiative for Asthma , GINA) FJRRIE A T, (H )&
MELME A0 B T 2z 25t DRI AU B F BT I
BIT T RAEIR F A EERE L,

HE R F AT S AE (TR ) DA S 4 B )
rh TR RS S RS I W U R IR i TR Y Y I
FEPR UL ZE I AR L fo oA IS A& 40 i v s 1
WA FEIRZE ML b AP T 98 | A =75 M I G H:
SENTRE I B R AR 55 M, AR, UK LA
FREITE, D s LY BE 4 O RIE R IT R
DATE“ & JiliF-ir , iR ACFEER " 48 N, AMUCH N 32,
Xt £ 3l DAL B R, B OE R BRI . E A
S5 BFgE A /N e RE IR 0 A RORE M
IO, 4 e 32 S I i SE DR 28 I IE K B BILAA .92 g
1o RERMFED I REE R /N E e 7 fE W B 2%
il FE TR DA% I I Wiy AR S50 S8 LA I RRE AR o A B

A

Note. A, Normal group. B, Model group. C, Control group. D, Experimental group.

Figure 5 Ultrastructural changes of tracheal tissue

FEAE AL B AL C X IRAL; D S AL, SIERAIALL, * P<0. 05; SERAIMHEL, * P<0. 05,
Bl 6 TUNEL 4t
Note. A, Normal group. B, Model group. C, Control group. D, Experimental group. Compared with the normal group, * P<0. 05. Compared

with the model group, *P<0. 05

Figure 6 TUNEL staining
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TE:AE WA B BALA, C: X IR D SRR, SIEWAHMIL, " P<0.05; 5 8 A1 46 A1
It,*P<0.05,

7 KEMAZF Bel-2, Bax [HR1k
Note. A, Normal group. B, Model group. C, Control group. D, Experimental group. Compared with the
normal group, * P<0.05. Compared with the model group, *P<0. 05.

Figure 7 Expression of Bel-2 and Bax in rat lung tissue

W AIER A BRI C X R D SEIRdH, SIEWAIALL, * P<0.05; SR A

k., *P<0.05,

8 AULKRRUMIE T IL-6 Al TNF-o )25
Note. A, Normal group. B, Model group. C, Control group. D, Experimental group. Compared

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

Figure 8 Levels of IL-6 and TNF-a in serum of rats in each group

ff:A:Eﬁéﬂ;B:/ﬁﬂﬁﬂ;C:X‘Tﬂﬁﬁﬂ;D: TH A, SIEFHAME, " P<0.05; 5 #4244 4H

H,*P<0.05,

9 i Zih p-ERK1/2 . p-p38 MAPK 3%k
Note. A, Normal group. B, Model group. C, Control group. D, Experimental group. Compared with the

normal group, * P<0.05. Compared with the model group, *P<0. 05.
Figure 9 Expression of p-ERK1/2 and p-p38 MAPK in rat lung tissue

AR B 3 BH A TR 5 2 £ ) B9 i PR AR 2K P 1Y
FHTT A GEr) /NG e v i Rl EAE LA
Z WM, NS B HEA BN, 34 45
Dk, AR 25 75 B AT i A i BH AR TR B 1 T, AR W5
SRR YA R B SR R A HH A7 O A
HURA LA T el I D) RE W S VK &2, i H RS
A LH A AR R Gl R A5 0 W S A, U S
TR R T

) W 25 0 B TS A, AN U R 48 7 0 114

SR BRAIL , IF HLRETE A7 1 M e h 25 i I & DL &
IR . BF9E 878 ERK1/2 1 p38MAPK {5 5 7E
BUARPN T2 2 5 18 45 40 B 00 38 58 | 98 1 2 3K, 4t i
AT A B A28 R 5 A B B R R g R
b WG DL i 2H 2 45 S A ZUFE HEAT A T
N ERK /2 B & AR BEIR AL B RIE (S 5 )
T KA S A%, BT TL-6 1 TNF-o Z5 2 R 48 [H
TP FIL . Meng 55 AF 5T IF 55 76 12 Mk
W /N U S ERKL/2 55 HBERR 1L, BEHH ik
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/NS ERAE, BFFCUESLAE N AT, B IR
L5 B p38MAPK I AH 0N R - 4 7 i ik R
FEIR , — 77 TSN v P 200 A R o 4 i ) B
£ smAb R R T 19 2 Wb 5 R 53 — T T W R Ak
J& B p38MAPK 27 S ML T-FF ¢ ( Bel-2  Bax) Y
N R R g WS B 5T & 0B
p38MAPK A4 3 3% , 0l p3SMAPK f % iz 1k , BE B
S99 R R P S ot 3 v M 2L 1 o B A5
Nie %5 BFFTIE 276 BE Z2 07 5 00 2 bE it st 45 v
p38MAPK 4 S P 00 il 7] f8 FH S A AT it 2 28 7y 200 i
P AR 2L BB 5 . ASHIF 5 h S 2R
BRI 2L 2 e %) 200 6 o0 T 2% LA KL v TL-6 T TNF-
o 1) Fr i B I B AT, il 41 40 ERK1/2 ,p38MAPK [
WRTR AL I S 32 B, F W 31 BH A 2K 7 %o =2 A8 i K
FUFE IR 25 il OE ) T BAE A G ik ERK1/2 FI
p38MAPK {55 5B ,

L5 TR 7E S 8 M FE TR 2 I TE R LR AR
T BH ALK 7 i BE I 00 2R A R R R, IR
Jiti 4 23 0 20 B O T, X AT BB 5 4 il ERK1/2 Al
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UE 2 28 LA SO 265 W S5 R B it PR g AT 52
ARG W iy R 268 T o B A < [ U 1 PR
HEATIRZY B A

S 3k

[ 1] Boll S, Ziemann S, Ohl K, et al. Acid sphingomyelinase
regulates Tj; 2 cytokine release and bronchial asthma [ J].
Allergy, 2020, 75(3) . 603-615.

[2] W%, G, BUGIE, 5. 2% 0 BORHLE KL 5 10 &R
ARG R BT [J]. AR B 2R AR, 2018, 33(8):
3310-3312.

[ 3] wik, FERIEE, 2. JEANERE XS B i /N BV TgE TL-4
1L-13 B PR =45 Ras2m [J]. FEHERAE 24k B2
2FRR, 2017, 52(2) : 193-196.

[4] BUEIE, P, XU, A, b2 ) e X 2 i 2 TR 28 ik
REURDIBERSEm [J]. 37 RS, 2016, 43(4) : 843
—845.

[ 5] ZhangL, Liu P, Wen W, et al. IL-17A contributes to myocardial

activating NLRP3
macrophages AMPKao/p38MAPK/ERK1/2
pathway in mice [ J]. Mol Immunol, 2019, 105(1) ; 240-250.

[ 6] Pelaia C, Vatrella A, Sciacqua A, et al. Role of p38-mitogen-

ischemic injury by inflammasome  in

through signal

activated protein kinase in COPD: pathobiological implications
and therapeutic perspectives [ J]. Expert Rev Respir Med, 2020,
14(5) . 485-491.

[ 7] B4, gehig, 005, SHFH MR SOE B KRS
EARATR SN [J]. P2y 5ilm K25 B, 2019, 30(8):
915-920.

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

X, BUEIE, sRDCHE. IR BRAL KOs 85 9855 MMP -9 i 4
TSR W N FEAR U IE SE I AL [T]. hAEh
2k, 2018, 33(1) : 279-283.

Whan, Beaiid, Mplarhss 45 TR PH AR IR 25 200 I X 9 O
FIFER KRB A M- AL s (1], R E R,
2018, 25(2) . 168-170, 183.

WY, R, R, A 1R A K U fE
BN R R AR 2 [ ] bRt B2 a4, 2019,
42(1) . 37-43.

Zhou J, Lu Y, Li F, et al. In vitro and in vivo Antiallergic Effects
of Taurine on Allergic Rhinitis [ J]. Int Arch Allergy Immunol,
2020, 181(6) : 404-416.

Rajan S, Gogtay NJ, Konwar M, et al. The global initiative for
asthma guidelines (2019) : change in the recommendation for the
management of mild asthma based on the SYGMA-2 trial-A
critical appraisal [ J]. Lung India, 2020, 37(2) . 169-173.
WuToT, W, B ETRETHE S RERIERHT Y
G EEMD 22 b B2 AR RRAE ST (7). rhefa Em 2ok s
2, 2020, 32(5); 537-543.

W, bR, R, S T 30 4R P EZIRYT R NG
IR 2 LR BR SZ B AT 5T [J]. dERt P B2 R 2224,
2019, 42(8): 697-704.

EVEE, XU, SRPCRE. N R 1 % SRS 1 i 2 TR 2 IE K
BU1,25 TR R R D3 KFRIE I [J]. ARy
HJ, 2017, 35(11) : 2806-2809.

B, i, AR NI E =T FRFE G XN L
RAEIFER AR M7 8O0 [J]. (@ BRI, 2018, 27
(11): 190.

Li T, Wu YN, Wang H, et al. Dapkl improves inflammation,
oxidative stress and autophagy in LPS-induced acute lung injury
via p38MAPK/NF-kB signaling pathway [ J].
2020, 120(4); 13-22.

Zou M, Zhang G, Zou J, et al. Inhibition of the ERK1/2 -

Mol Immunol,

ubiquitous calpains pathway attenuates experimental pulmonary
fibrosis in vivo and in wvitro [ J]. Exp Cell Res, 2020, 391
(1): 111886.

Meng P, Chen ZG, Zhang TT, et al. IL-37 alleviates house dust
mite-induced chronic allergic asthma by targeting TSLP through
the NF-kB and ERK1/2 signaling pathways [ J]. Immunol Cell
Biol, 2019, 97(4) . 403-415.

Li G, Dai Y, Tan J, et al. SB203580 protects against
inflammatory response and lung injury in a mouse model of
lipopolysaccharideinduced acute lung injury [ J]. Mol Med Rep,
2020, 22(2): 1656-1662.

W, BYRR, HE, . S22 RO i e L P
it 45 BB 21 40 p38MAPK K2 i T AR 5 5% 18] 2% 325 119 5 1
[J]. thERAERAE L, 2019, 35(1) : 65-68, 73.

Nie Y, Wang Z, Chai G, et al. Dehydrocostus Lactone
suppresses LPS-induced Acute lung injury and macrophage
activation through NF-kB signaling pathway mediated by p38
MAPK and akt [ J]. Molecules, 2019, 24(8) : 1510.

( Y75 BH#A)2020-08-20



2021 4F- 8 A HE R E LR August, 2021
$31E HeM CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 31 No. 8

TWITE R TKRAEBE. SPF & 80 B B UK K 8 B2 KR RRCRIGIE [1]. hE P 2450, 2021, 31(8) : 101-107.
Fan FL, Zhao T, Zhang HQ. Verification of SPF golden hamster cages and drink water pulsating vacuum sterilization [ J]. Chin J
Comp Med, 2021, 31(8): 101-107.

doi: 10. 3969/].issn.1671-7856. 2021. 08. 015

SPF 4 2 0 WU L B oK B3 1075 I B O AR S0

EHFBT R H, kA
(AR AW R T A IR ITAE A E], &R 610023)

(] B FIATKSIELZS KR 2SI PERE  I6TE SPF 4 96O BRUE BLRA /K 75 B AE 19288 28 0 =00 2K 1 451
TFHHATIKS B A KA RISER . g AR RS, A 46 m R A A 2= Ry B 12 6 5 3k AN R0 4 & 106 7 Dk
BIEAS K, B e Tk el Bas K25 2 B A PR R0 A B-D IR 56 e 25 2 A R 56, B0 N K 48 A% B 1 1
B8, SR e JRORLAE 1) 286 287 XN K TR 2% A2 2 47 00 2 0 0 A 1 0 I 28 3B X 00/ 1 A Bk R 58, D T TE v G
GRS ES KE RS 25 R B-D 5 25 HHM R 5 4% ; SPF 4 30 FRUB R A IROK # B
FE % 38 7 SOR K B A5 T 2 o A iR/ A28 33 1/ A W Bk a8, T A iR 5 SR A A s TR 1 R T 1Y
HORPRPOK R IR TSR 14 d 5 R P R WA AR, T IR & 4% . &8 SPF &8 & R R Aok
TERLE 2R 3807 SO K B 2544 T AT ik 3h 128 KR Be Ik B KRR

[E4ERA]  ZH YK, IkshEas K KAk

[hEH%EE] R-33 [ XEFRIREE] A [XEHS] 1671-7856 (2021) 08-0101-07

Verification of SPF golden hamster cages and drink water pulsating
vacuum sterilization

FAN Fangling” , ZHAO Tian, ZHANG Huaqiong
( Chengdu Institute of Biological Products Co.LTD, Chengdu 610023, China)

[ Abstract]  Objective To confirm the performance of the pulsating vacuum sterilizer and its effect on SPF golden
hamster cages and drinking water under specified loading and sterilization conditions. Methods The pulsating vacuum
sterilization of different articles in the same load were performed by chemical and physical method with a professional
temperature probe and biological indicator. First, a no-load pressure holding test and B-D test of the pulsating vacuum
sterilizer and no-load heat distribution test were performed to confirm the performance of the sterilizer itself. Then, full-load
heat distribution/heat penetration/microbial challenge, and asepsis tests were performed according to the specified loading
method and sterilization conditions. Results The performance of the pulsating vacuum sterilizer was determined: vacuum
holding pressure, B-D test, and no-load heat distribution test were all qualified. The test result of SPF golden hamster cages
and drinking water subjected to full-load heat distribution/heat penetration/microbial challenge tests in accordance with
specified loading method and sterilization conditions were qualified. After high pressure conditions, the sampling pads and
drinking water were placed in culture medium for 14 days, but no bacterial colony growth was observed indicating the
success of the sterility test. Conclusions SPF golden hamster cages and drinking water can be sterilized by pulsating
vacuum sterilization under specified loading method and sterilization conditions.

[ Keywords] cage; drink water; pulsating vacuum sterilization; verification
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AN SPE 486 IR FRAE S AR T, h &
I 9 75 5% 5 AR AR R A A M, R RS
YR BT KB 1Y [ 2K B 1 ( GB14925-2010) #i
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FREEEMH) .
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F , ZEBOE T AEFREZ-90 KPa, 1] 900 s , it
R <2 KPa,
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T 1~ 16 AL AT AT, AP (25 0 — A A s R
AR TETF PR, AABAMEMHES, KL —&
WAMZE ;B 13 Mk &, I | — & A BEMR; C.48 4>

T,

1 3R Ba—1 () 2807 SIS 2 A i 1 A s ]

Note. 1~16, TC distribution points, and place one BI adjacent
to the TC. All TCs are placed in the center sides of the boxes. A,
13 breeding cage boxes, the top box contains the bottle stopper.
B, 13 transport cages, the uppermost containing operating suits.
C, 48 breeder cartons.

Figure 1 Loading mode of cycle B4=1 (dry matter) and

distribution diagram of thermal penetration thermocouple

T 1~ 16 FAHL A A o5, B4 A A 55 B — S AR R R
AT ETF PR, A B3N ER, b — &
FHOWB A3 NS, e E— QA2 C. 82 NS

o 2
T L o

2 RIS B4-2( 1) RET5 AOMAR G i A e A A 12

Note. 1~16, TC distribution points, and place one BI adjacent to
the TC. All TCs are placed in the center sides of the boxes. A, 13
breeding cages with fabric in the top box. B, 13 breeding cages,
the top box contains sundries. C, 82 breeding cartridge LIDS.

Figure 2 Toading mode of cycle B4-2 (dry matter) and

distribution diagram of thermal penetration thermocouple

TE: L~ 16 AV AR 5, A SO M55 508 — A s R AL,
AT LA AR AR ORI, SRAE T 1] | BB B IR A > T
1 em, NKF 2 em,

B3 JEER Ad—1 (oK) B85 AR 2 P i A i 14
Note. 1~ 16, TC distribution points, and place one BI Challenge
Vials adjacent to the TC. All TCs are placed in the bottom of
bottles, and verify that the top of the TC up to the bottom more
than 1 em, but less than 2 cm.

Figure 3 Toading mode of cycle A4—1 (drink water) and

distribution diagram of thermal penetration thermocouple
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i SIM 1T RIBHL (Y Kaye TR EEIC 54X, 18 12 56 1F
LA 16 MR RAR A ZEVOR G, 15 23410
FRHU B LA o3 A 7 2 N, P A S I =
BE AT TF 5 em, ANl = R s 28 1 (2
A s UL 5) o AE KB g HEZK F 3 45 00 B 44k
EATE 1 IR A, B E Kaye S uEAL R4
HAL (B 0 SR R TR] PR R 30 s, &F 30 s XFic SR AR
FEBAE AT St T (/b e KBS AP
[ Kaye 1SR AR K TR 25 OB Bh . 53 301l 42 IR 214
FRARRR P 54T KA

FEARE 75 K BB B, BT A 4 0 Ai 2 H 4 Ui
FEFRTEE TE M5 0°C ~ +3. 0°C YL Y, BT AT ) B e 4
PG EE 5[] — B 2203050 B - 349 1 25 {7 + 1°C Y il
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P, KR e S B R S A I 7 ik 32 R RS 20 A e £
R ZE(EAE £ 1. 0°C A, #2738 BT = P A i JBE 707 ]
e R32]

(4) T A AT IR

TE:1-16: S AR A, A S LB 55 S — A A 98
AT, A PR A AR AR, PRAE T 1] | B
BIREBALTF 1 em, AKF 2 em,
B4 fEH A4-2(H0K) 20 2m
Note. 1 = 16, TC distribution points, and place one BI
Challenge Vials adjacent to the TC.All TCs are placed in
the bottom of bottles, and verify that the top of the TC up to
the bottom more than 1 e¢m, but less than 2 c¢m.
Figure 4 Loading mode of cycle A4-2( drink water) and

distribution diagram of thermal penetration thermocouple
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VKR R 155 KRR 1 i 1 ML A2 1) e 385 X
P RN 16 AR EE 2 P A o K
Pyt AR 207 ORI B4R Sk 20 A1 UL P 1[4
4o PP 15 SCHA S A T R A 4% T LART o A 7 T 2
(ULIEL'S ), A5 e {07 B 5 i 2 B B ANTUAS 2> 5
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FUERHE : IR ey 45 s 2B AT 25 2R 5 e
T B U TR] I A AR 70 A A e (R S8 AR A B
=1.0°C ~ +3. 0°CYE I A, I B v 4% il P2 14K 1 2
71~ il JBE RITRRS A 4 el A TS ZE (AR £ 1. 0C N 7 K
o B BT B A 2 o A R A AR T BRI (R] (F ) =
18 min , 42718 K B e 75 ML AE 1Y) 4807 XA IRl 2 1
TR KR,

(5) EY PR SS:

T3 R KT W i F L E 82 207 SR
R A W4 78 TR0 $ 6 2 A 2 a2 1 T 0 3 ) 4 A
PLEH A R RCE 1 O LR RS (UL 1~ 18 4)
R MRBE B9 K R e AT K A S R &
A R AR A= i 7 TR B 1 X B TR R OR 22 2K
BRI =4 A2 W F8 7R 7)) TR B 7E 55°C ~ 60°C R Ki 5%
24 h,

FE R IE - 28 K T B U 10 i A g B 7 24 9
FFIRZF L4675 700 A8 PN B 00 12 B 56 € (U 3 45 7 K

TE: 17~ 32 Bl A 5
B 5 B PR A 1A
Note. 17~32, TC distribution points.
Figure 5 Thermocouple placement of

chamber heat distribution
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iR 14 d,
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JE¥ITC AR A E T SR i, A 1 BIRE
R U Ay 565 0 2 T

2 #R

2.1 EERERELER

FLAREE 15 min J5, EAS RIS R ) Sk
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2.2 B-DXBER
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Table 1 Results of vacuum pressure holding test

KplEhs
W . HEE T2 2%
WRHE ey, et
(%) Starti SRS Difference
Test time d‘ ‘mg End pressure between the end
(Year) pressure pressure and the
starting pressure
2014 -90 -89 1
2015 -90 -90 0
2016 -90 -90 0
2017 -91 -90 1
2018 -90 -90 0
2019 -90 -90 0
2020 -90 -89 1

AR (LA 6) .
2.3 ZEBSHRBLER

TE 58 R A KT A IS 32 BT B Ol SR AR,
BB (WFE 2),2014-2020 4F By 5 0F I 32
o PR G I 7 K B o R R, KT A T IR AR
Skt 7 I B B S AR R (R B 22 E I E £ 1. 0C
W, BT A B8 A A1 R R A I BE A R 1 A 0°C ~ +
3. 0CYE A, BT A i 4 4l 1 3 B2 5 R) — B 21
) T 3 S (B 25 B 7E = 1°C Y B N, 28 A0 A
A
2.4 HBERADH/AFTE/MEDRBIRBER

PR W3y S A TR 4R, IT a8 A7 A I K TR
Y . KRR T 45 e 2 O B 10 SR A, B B
(L35 3) , 7R KR 2 22 ], 2014 -2020 4 11 56 1F )
T2 A B3 A AR R B A R - 1. 0°C ~ +
3. 0°C IRl N, K g = 4 b B ¢ S Sl /s 3 A o
VT (R TR 22 (HAE £ 1. 0°C N, T A P02 36 A i 1)
1) Fo {6 =18 min, il 80 A 150 5 4% TS 7 3
A,

KRR HAE S BUR , B BT A 9Pk 6 A
& 7R )WL B 40, 3 ) BH M X6 R — 2 7E 55°C ~60°C R
K% 24 h KT R A6 A P B 60 2 I 5%
o, SULEH AR E A A% Bt — 3, AR (-)
[ R B P4 X A P 1 A 4 4 7 700 2368 AN 7 i B
55°C ~60°C K557 24 h J5 Al A=K, i A P Bk Ak
WA (ILES),
2.5 ZTHEIRBER

OB FVR K AE 42 BB £ T TR 6 I 1R 1 7= 6
BT KRR AR R SR 5 | A R R AR 14
d JE AN AR KB L, 2014-2020 4F 1Y G 1 130 56
SEIRIE PR RG FR P A ETE AR K, R
Batk,

T a: KIAHT, b KR,
B 6 B-D4UKIAHTE L
Note. a, Before sterilization. b, After sterilization.
Figure 6 Changes of B-D test paper before and

after sterilization
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Table 2 Results of empty chamber heat distribution test

g ey PO e PHATIA Ii0% SF
(5t Detection time . B/ME Maximum value of heat - EqL%H:ﬂMEE{JEij(%{E -
Program (Year) Mmlrr.lun.l Va.lue 2f heat distribution TC . T'emperature difference of all th.e lq
distribution TC with the average temperature at each time interval
2014 122. 34 123.92 0.57
2015 122. 83 124.78 0.49
2016 122. 438 124. 81 0.85
B4 2017 122. 80 124.99 0.98
2018 122.51 124.54 0.90
2019 122. 42 124.90 0.52
2020 122. 64 124.57 0.71
2014 122.18 124.57 0. 68
2015 123.22 124. 61 0. 69
2016 122.97 124.97 0.90
A4 2017 122.57 124.72 0. 63
2018 122. 14 124.58 0.99
2019 122.23 124. 59 0.91
2020 122.33 124. 87 0.71
Szt =121.0 <125.0 <1

Acceptance Criteria

®3 PEIAIREE B PRI 4SS

Table 3 Results of loaded chamber heat distribution/Heat penetration/Bl challenge test

iRl i) A B {8 I3 B Ay GBS Fy BI It ( ReAIG
i ( ﬁ:) - ‘%/J\{E( C) %j{@( C) %{J\ﬁ( minutes ) BEgk)
Program Detection time Mmlrr}urr} va.lue of Maxuflun.l va.lue of Minimum F, value of BI les! (Red.uce
(Year) heat distribution TC heat distribution TC heat penetration TC orders of magnitude)
2014 122.50 124. 06 30.43 >6
2015 123.09 124.25 33.51 >6
2016 122.76 124.78 33.24 >6
B4-1 2017 122.96 124.52 29.98 >6
2018 122.72 124. 05 26.53 >6
2019 123.21 124. 61 34.79 >6
2020 122. 86 124.98 30. 83 >6
2014 122.62 123.76 29.78 >6
2015 123.01 124. 39 33.94 >6
2016 122. 88 124.94 34.17 >6
B4-2 2017 122.23 124. 04 27.62 >6
2018 121.63 124. 13 30. 81 >6
2019 122. 64 124. 42 31.32 >6
2020 122. 44 124.52 32.57 >6
2014 122.54 123.76 43.28 >6
2015 123. 36 124.70 46. 49 >6
2016 122.32 124. 47 34.35 >6
Ad-1 2017 123. 12 124. 36 42.56 >6
2018 123.30 124.76 38. 15 >6
2019 122. 61 124.71 34.53 >6
2020 122.99 124.55 42. 62 >6
2014 122.57 124.58 40. 81 >6
2015 122.93 124.24 46.20 >6
2016 123.00 124. 88 45.56 >6
A4-2 2017 122. 65 124.99 39.00 >6
2018 123.32 124. 54 43. 86 >6
2019 122. 61 124. 07 35.87 >6
2020 122.82 124. 12 42.99 >6
1RSZHRIE >121.0 <125.0 >18 =6

Acceptance Criteria
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[#Z]  MicroRNAs (miRNAs) 2 — 41 & RSP AR A RT3, K B 248 20~ 22 MR,
miRNAs S EL AR B & 3, B0 )5, X5 miRNAs 9 T 68 K A FIAIL 0 00 BF 58 2 i i o #4 i, B, iP5 R W
miRNAs 254K & T RN R RBe s s 5F 0 R G50 0 kA R R R IA6 B HVIMRR, Wi
miRNAs B/ FIE & G2 miRNA TIRBARRZE A AT 5 7% T 38 O A B T g% A0 G801 38U, Rl IR 238
PEUEH AR IE RN 7 1], ASCREE T miRNAs IRFGE T 0 JE L AR Y0 2F T RE , DA B AE & R P IR 3R G s M0 v 1)
WRSE KR I EHATERR . LA T R G848 MR IS TR S AL i JEL B

[R8RE]  miRNAERYLYER % ; PRl % ; COPD

[HE5%ES] R-33 [ EkFRIZAE] A [XEHS] 1671-7856 (2021) 08-0108-07

Research progress of microRNA in inflammatory diseases of the
respiratory system

ZHANG Fan', LI Siyang®, DING Junying'* , LIU Qingquan'*
(1. Capital Medical University, Beijing Hospital of Traditional Chinese Medicine( TCM) , Beijing Institute of TCM,
Beijing Key Laboratory of Basic Research with TCM on Infectious Diseases, Beijing 100010, China.
2. Beijing University of Chinese Medicine, Beijing 100029)

[ Abstract]  MicroRNAs (miRNAs) are a group of highly conserved non-protein-coding nucleotide sequences with a
length of approximately 20~ 22 nucleotides. miRNAs were first discovered in Caenorhabditis elegans. Since then, research
on the function and mechanism of miRNAs has gradually increased. To date, studies have shown that miRNAs are involved
in lung growth and development, inflammatory responses and immune regulation, and are closely related to the occurrence,
development, and outcome of respiratory diseases. ldentifying the targets of miRNAs and using miRNA interference
technology to explore related signal transduction pathways will help enhance our understanding of related diseases and
provide a basis for clinical diagnosis and treatment. This article reviews the research background, formation mechanism,
and biological function of miRNAs, as well as research and application progress in various respiratory inflammatory
diseases. This will provide new ideas for the diagnosis and treatment of respiratory inflammatory diseases.

[ Keywords] miRNA; infectious pneumonia; traumatic pneumonia; COPD
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AR B U A 2R YT 7 AR B 7 R ROV 4
PR 256 B 3, In 2 23 S s T R AR B T R
ADIORIAEAE E T 2, 5 R G e,
SMER , Ok & 38 [ 5N & R v 5K Kk R
PET IR E B R R MR TR
YRR A RS W kG R T 2 E
FENGHR i ZUEHE W, miRNAs 38 i 45 Fh HL I
S A VI R 58 R AR I & A AR, B miRNA
T AR AT A i I B & R EEWAEN.
miRNA JH 6 mRNA (EFE 122 53 HE £
Mol f5 55 T R RERN S e ) & AR 2 R
TGS miRNA FE A FE R 23k i SR 15 7
X} I 2R G PG A TRy 32 W RE 7R 2 o S R A
™ ARSCEEA BT A K miRNA 5 IFI) R 48 &
PEBR A LI FE RS | E45 miRNAs &2 miRNA T
YL ARAENE I 72 58 R MBI 55 h (9 32 e | eSS
WP R G0 R M ) IF R SR 1L T 2 1 L 2% | S kv
PEIT R TR Z R

1 miRNA WEMERS5IEE

microRNAs ( miRNAs ) J&— £ o W5 PE 3R & A 4
fih RNA, KJE AR 20~ 22 M ER, HEHIGE R
Z: B ELINEL 5% J5 i PR 4% . miRNA 7T 5 HAF fff RNA
(massage RNA, mRNA) 1) 3” %t JE B [X. (universal
training reactor, UTR) 54, 5124 mRNA 7E 8 H/K
- b R (R 584 B ANCED ) B mRNA Y
R (SE A B AMCED ) 382t £ m) 9875 mRNA # 5¢ 5
T 220 {5530 i IR e S PR ek

miRNA (495 it 72 R 255 R LLF = A B
Bt @miRNA 16 41 M 4% 4 28 B K 24 DNA st 55 il
RNA A0 11 8 11 7% 5% J5 T 2SI 450 W) 9%
miRNA ( primary miRNA | pri-miRNA ) , B J5 # RNA
54 111 RNase I1T) Drosha I DGCR8 ¥ #1925
125 F 1) BT /K miRNA ( precursor miRAN, pre-
miRNA) , @Pre-miRNA 7£ %412 25 11 Expotin5 A9 1}
By S 4n iR, @ Pre-miRNA 7E 41 i Ji v i
Dicer B 1) ¥ i B 5E miRNA | H o — 4% 5% Bl 34
miRNA, BZAY miRNA 254 RNA SRR E &
& ( RNA-induced silencing complex, RISC) il b3 P
miRNA, 1E P A W3 i s B b ) X
PEFITR B mRNA () 3° —~UTR [X., 175 S B fife sl 41 il
H mRNA {9 BHPE, DT & 34 5% 58 e KT R R 4
WHRE R,

miRNA & A5E/E A48 2 G WA . OFF
fEAE L mRNAs ; @30l #E 3Ll mRNAs #9 #1128 K
S, AR AR ARG B B X G E T miRNAs 5 H A
mRNAs Z [0 () B AMCECRR B, 1SR miRNAs 50
mRNAs 584 H 4, miRNAs 28 %} 37 A4S mRNAs 58
SRR 5T > miRNA 5 JH 0L PR 58 42 B AR DG i
BF, H2s IS 5 ) mRNAs B9 B0 PE, TR 2 S5 308
mRNAs %, 7677 Z 31K A, miRNA J2& FlHE
mRNA [ 3'-UTR X3 758 2 AN &, LA oK
P mRNAs ) B AT 52 i) L 356 PR % 1 Fr)
FEHFRE,

2 miRNA 5%FHX &

B, FEAE Y | 3h 4 Ao 2 v %08 1 80E Fi
miRNAs, ot S HfGE I Z WF 58 19 miRNAs i
700 17, miRNAs A RUF i 2 FpfE g 42001z
2 PR S5 Tl i B 00 A B N B R, A g
EAMAER EF b s LT IR L
5GP AN ] G g S It % B AR Y
Y ZRT5E £, miRNAs 7EAIE M 250 O
M4 R G IR ARG Ve i 22 Ak
P LR 5 12 W R AR M R 2R A RTIR T 1
Mo M b, miRNA fE 4 RNA T 4L ( RNA
interference, RNAi) 18 HH Y 240+, iF 55 & F) H
JLREAE I YT PR R IR | R 45 A0 Y A A T B A 2D
fig, 254 RNA THi JEHL, 7ERSNG | A REE YR 7R
3 3 [) 75 5 R A gt A 28 A 5 PR A R AR Y
JEOR A B ISR R AL A, i miRNA Bk DA BH
W5 22 1] 6 I3 f 1 A A AR T L S i A
FERRML T —FloBr 0 F- B, FLE A M T4 R
WF 5% ST ) B B ik AN, AEAR R RN IE miR-
451a 7£ SiNPs 55 1 1045 P4 B2 ) fi e ik R I A4 7
BRSO E - A9, 76 SiNPs 5% T, miR-
451a AL 2= B AT L5 30 IL6R/STAT/TF {55
T PR AE AR P AR IR , miR-451a (A7) 558 T
IL6R/STAT/TF {55 M B ¥ 1% . WESE T miR-451a
T8 3 R TL6R/STAT/TF 15 538 %, SiNPs 1T LU
HRIML A PN K2 o) BE B A FBE I AR AL, R IR
CXCR4 5 MM R, 7E pSNL IS T, 15
WVEST miR-23a B sl 1% 05 B AT 52 miR-23a 1)
it R DB BE CXCR4 43I T B pSNL 7 1Y
PRSP . B P S miR-23a 4001 3] 558 s 7 ]
SRR AT N, IESE T miR-23a & CXCR4/
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TXNIP/NLRP3 Hlif] 154 5 it 28 Ji2 J5T 248 1) ol 28 1
PR

UTAESN T B8 75 Y LA R 15 7 552 e o I )% 2R
Gyt A AN T 3 G0 4 @V T, i 22 A4 e
TETE A RRERES i b A R Sk g,
(A5 93F- H y 2 J2 T 6 T 2R G0 5 & B A
TR AR R | Dt 2 o T I R J G PR 0 T Y
WFoE %32 551, 1 miRNA T3 AR B =L
R S A A A R R R 3k AR L B, B A I AT
DQES LIS

3 IR R % 5% B miRNA B

3.1 BEREMEAT XA E) miRNA

JERYLAE fiti 58 248 MLAA 52 Gl 2E W e g i 7 AR 1Y
Jifi 58 o FEE H A0 S B A T AR
W R W], miRNA REREIE 1 1 Extanpg e gt
FIECEA "™ 99 SR A B (4 SN, miRNA 5 il Jek e
(¥ 4 K e LW B TR R R BT, 12 miRNA
FHHE AL S KA miRNA 51 BIAE FRE 23 %6 il 3
TG AERIE 1 AR AL | e PR 12 W 1697 KU 3
it A= RS
3.1.1 miRNA Z 50K KA KR

2 A it % 2 i DL ) R M I AR B A
FE DRI 28 1Y 225 JrL AR, Horb ) LA
PACE A fii 5 i R TAT | 4B BT 5 38 4 BK T | U SR L AT
T A A T i 58 SRR il R AR AR S BT
JERGLIRTT S 20 T I A ) R YT RS, R
PRSI0 T I R M 58 1) 5 i AN W7 4 I, il 4 i it
WA AETE T 2 R ME, 4 R BB Pk R IR
77 R BE R N A0 T T 24 A R i
TR FIG YT I BT, 9T K B miRNA RE % 4
WY PETE A RAE 3 FHLH], H miRNA THHEAR)
Z T 2oy FHLER B BF5E b miRNA 1R Sy 8 i
BT RES S A T PR 8 RO BT SR T 2 PT RE

(1) miRNA Z 5 4540 23 5 AR TR 2%

B R AR B TR ( pseudomonas aeruginosa, PA) f&
e R B 5 DL ) o = TG BTV 18T, T A e T AR B2
JIRFHIEE WPIE K IHALIE . PA RGBT 4R AL
SCREEYT TR M S R A B8 U SR
M ZR R Y BEE S 25 I, B PA Pk
RO AT B, DL S PA Bidk g = st
PA Jili ¢ F & I 7 5, VAT RIUE S E R A Y
HArt A 20052 miRNA 48 5 18] 53 0E T 41

5 miRNA 2575 PA Jili 9 0 RAE S i 7

miR-301h 38 5 Wi 1 A 24 A 1) i 60 ) 5
B AT TE EREDIRE M R . Li RS R B
PA JEGL il 5 1 5 AE B, miR-301h YR A5 7K F-
T o AR miRNA FHEEANRE miR-301b KL
PIRID IR0 3 05 e 2 PA BRGSO A rp UESE T
PA JE& Y43 i3 TLR4/MyD88/NF-kB & #21% 5 miR-
301b 1Y R 3E, HE— 2 AF5E & B ok B BE % 38 i
cAMP/PKA/NF-kB il 77 I 42k & ik miR-301b 3
B I miR-301b FBCHLHEEA o-Myb # 5%
B, (A5 rh PR A R T K F T, SR SR
200 PR )RR, R TR 1 /N B SRR

miR-466i-5p 18 2 5 M F 105 40 i 7 5 W5 i 1 LA
L HERE AT RN K 1~ 2 38, 9 59 fili 2 2 b %) 240
T A S BT AT A S R L TR FE R
T4 ( mesenchymal stem cells, MSC ) Bl (1) fUkz
(micro vesicles, MV ) X 2 i i 25 4 2% I 20 i 1
( multiple-drug resistant pseudomonas aeruginosa,
MDR-PA) fili e HA RSP, R % B MSC TR
1) MV 1 miR-466i-5p FIiLKFHE ., 4 miR-466i-
Sp B % YL 22 MSC A HE miR-466i-5p i & ik
) MSC. MV, fik 25 [ A% 17 i 16 78 e 9 b R4 TN 1
TNF-o MIP-2 A58 X 5 1L-10 {9 3R35 7K, 1Y ik
LI A0 19 77 Wi B B, AR 1 58 E /K1 B2 4 T 1
ur , 235 i 26 200 B4R 5, GRS T MSC MV X
MDR-PA fili & #3757 4F H 5 H#E 47 (1) miR-466i-5p
AR,

(2) miRNA Z 5184 fili 58 5K P il ¢

Jili % % BR 7 ( streptococcus pneumoniae, Sp) J&
T PN, 2 b IGE W WL E AR .
Tl 98 ik 3K TR IS 8 E A DX AR AT M fii 2 v 1) & L
R, N2 25T I A 5 B 1 3 258 o A ol
DA Bt A: 2T 2 H ka2 3 DDA i H
Fefe ot AL, DL HAR BT A JR5 Ff T T-Be

miR-155 Z: 515 15 %8 Sp B 1 By 18 SN
HABBE I 58 5 W A0 i A A7 WEBE 7 It R B BRI
JikHi O ( endopeptidase O, PepO) J&—Fuf A I
Z BRI BRI R, Bl RS B
I 4411 BfL ( peritoneal exudate macrophage, PEMs) 3 i
Sp BIEMEAVE ') Yao 2 HF97 & B miR-155 1E
PepO 755311 PEMs 1335 B, f5B) miRNA T4k
TR UESE T PepO i3 B PEMs 17 WA H 78 H
miR-155 1550 e e (0 240 L P sk 55 , 1 £ ] miR-155
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B G i A 3o . RIS E T miR-155 Y
& TLR2/NF-kB 55l B A 0y, X Sugs R
UESE T miR-155 7E PepO 55 1Y) PEMs 147 B T3
558 5 IV 200 i 8 A W LA R i 2% Sp A B A S
miRNA-302 Z 515 Jili 0 b 5 40 i 38 5, oA
& Sp G/ NG IIBE . Sp BRUL 1)/ BN it v |
FZ 41 (alveolar epithelial cell, AEC) 4 & & —4>
“PRE-FAET AR, Sp X AEC JedE i R T 8
Bt E  BER SR AEC A28 Fi4E . Wang %1%
W58 & BLAE AEC F34: 19 [A] B, miRNA-302 7F AEC
PR FIATHE . AT R miR-302 B A48 A F
AT RIRYT Sp IBRUL /N, BN AR 2 Ity e AFL 48
IIGTH AT AEC FiAE B 2 it b e ks 1
Sp BYL/INF I D e, 4 = A7 T R, XS R IR
W], 2T miRNA B4 09735 AT LUHAE A2 #E AEC
FHAE I 388 5 i AR B AR K BRI A RO
RFF R A B 2R TT AR W B T IR T RE T —
AN
3.1.2 miRNA 2508 PEM 4 1Y & A &

R S T R X AR A P il R 1 O — A R
LA R B L T I A8 A M B L U B BE L IR
BT AR S 5 R R R MR, 9 4h, B
HIEAEGA T8 B e s # i 4¢ (COVID-19) |, LATT
AT I 2VENE IR R G 2E G AR (SARS) | HZRIFIK
RELEAAE(MERS) #6J& F 9 s Ml 52 (075 85 . th
TR — M RNA 2548, 5 528 5 i s il R 1
BITRSCR RN A B M R . SRR R AT
BTN A8 | PR Hi P P R O i () A i I S 2
PRI ER I, BT, PO 259 S I8 15 50 LA
KR PE A R O R B, R TR X
R EE AR I AIPUREEIR T A, B % e B B YL T it 19 1
F 4t BTG IT , B A A5 AR 5 22 A8 1Y JL
R MeCaskill 2570 78 BT A7 0 1 i W 0 3 % 75
H K ZFh miRNA B S i 50 5% e 31 AS49 48
b, S T L RE 8541 06 B2 & I 1Y miRNA
Horp miR-744 , miR-124a 1 miR-24 EA &Pk
BRI, A ORI I PTR B miRNA 1T DL $5
il 7 B YL PR A FE TR W

(1) miRNA 25 ¥ B 75 &

M9 5% (adenovirus, Ad) JE&Ye e K 2505247 L
FEDXRATE Al % (99 R, 21 H ik ok, 4 TS 800
PURTEZGYI T T Ad IR IIRYT, B Ad R R2
Wy A A PR . miRNA 5 R 35 & A 1

F R RN A = B miRNA £ AR B miRNA
VEFHRE S B T 9180 miRNA 7618735 15 32060 B 96 75
SRR SR AE T, O 5 R S B BU R 1Y
BT X 3R

miR-27a/b B IE iz 4 1 A 2 i /M AH DG 26 1
(SNAP25) Fll 41 A6 538 26 1 (TXN2) A 3k il
il Ad J&Zs . Machitani %7 F Fl miRNA F4EHA
TE miR-27a/b B Y FE R 0 A0 L rh, 2 30 Ad BT
20 VRO T 249 80% , 1 FH miR-27a/b 411l 351 5%
Yelm , Ad BV 48 DUECR 938 1 2.5~ 5 1%,
SHEE RS T SNAP2S 1 TXN2 S miR-27a/b Y4
FE L xsegk BRI miR-27a/b 18 3 i 55 5 RN
TUERIMH] SNAP25 FI1 TXN2 63k, il Ad #EA
2 1 5 75 | 4 B A R T AR 45 i, LT S5 B X Ad
JRYL AT R, A Ad R AT R AL T

(2) miRNA 254545 MO 75 5

W 38 5 MY % 5 ( respiratory syncytial virus,
RSV) J& i & UL B W WG 9% 7 . BF 5% & B, miRNAs
2 5 e AN AL A =0 (LTs) B4 %, T
W G RE i 37 v] LA 2 G2 ff RSV 51 S ) <l R AE
A4 E2204 | miRNA 7] BE A RSV gy
WS TEE AR Y, L BB S RSV B SC 1
A i 2, SR W 11 1 0 B3R 7 SR R B SR

miRNA 2 58 RSV X 15 & A5 S e e
N, VL9 TE AT LALE g 5 40 A At a7 AV 40 i
PP X PR S e BRI A, AR s &2
YRS M G e A B YL PR B, (ELET AT LAk s ML A
(IR, BEA TYL Y FAE T RSV AT LIAE H A &=
i b R MR Y, H miRNA 25567 035 1
F AT EMIR YA I, Eilam-Frenke 457 4
TR S 1 E AR T miRNA AR,
AL T RSV F4LR YL HEp-2+RSV-GFP 41 5,
K BAE Hep-2+RSV-GFP 4 ig i, miR-146a-5p )55
IR EJE, miR-345-5p, let-7c-5p Al miR-221 ik
T, B, RSV FRZEP R HE R 53 miRNA 2257
3K, miR-146-5p, miR-let-7¢-5p, miR-221 I miR-
345-5p 555 15 A0 AT I 9T A S 20 M 0T IRk B 14 S N
AKX,
32 AMMBRG/EENFRAEETEEAMES
& miRNA

SRR (ALL) / 2PERE G 2R 58 5 38 28 B AE
(ARDS) 24k & THE 0o URPE R 1 7™ 51 M I R 9%
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WU TR S B R RS e R Rk
SRR T, AR G E N A R A T SR AR, (R
ALI/ARDS By & R H il Z 38 ., ALL/ARDS PAK
T8 T 40 8 4 A Rl WL AL 4 8475 T A it 7k
JIe R 2H 2 4 P A4 92 W A O AR AR Y R
JRHLII S A, AR SE e I, H EA Y FOWE 40 M T
PEBE IR i 4% i DR K S AL A0 D&Y L 4 iy
I R b 1 TCRFROR YT F-BL

O F Z 57 38 57 miRNA T 5 AR & ) 5 4iF
T2 miRNA 25 ALL/ARDS RAE S it 7, $6 5]
TR RIS 5 i i, i — 2D AR T R R L
il miR-34b-5p 7£ ALL 1) 4 i J2 7 A1 20 i 9 1~ v
EIHAE ], Xie 27 #1598 & P miR-34b-5p Al
T B [ R UKL A 11 ( PGRIN) SR U8 6% LPS 5 S0 ALL
/N BB 7R e fg 5 38 AR P R K S miR-
34b-5p FHEPLFI AT B BAMH] miR-34b-5p A i, AR
SO A M PR 1% BRI, 9/ il ot b B2 At B R
BRI A A . i — 2P SIS T miR-34b-5p/
PGRN #h7E ALL & HLEE B94E e Ah, TR ER A
FH miRNA T35 AR UESE, miR-297 3 i #15] CDKS
FIRAFZ M NF-wB 38 %, 852 LPS 1755 1/ BUH
4514 miR-216a 18 3 # 45 JAK2 /STAT3 Fl NF-
kB (S5 S % LPS 1S I R5E 04
3.3 21 PEZEMAMER A miRNA

18 M PH ZE P B % K ( chronic  obstructive
pulmonary disease, COPD) fij B8 BHLAH , J& DL A7k
(ST 3Z B A 2 B RR AR () 205 , 5 /<03 A il 21 2 %)
A EA R T ORI 5 E 02 R RN K
b W PR A B AORE B8R A R R
M EZ SR R R, AE R —Fh SR A48 1 <l R M
PJg, XF COPD 1 FF 5% U 28 J2 12 40 Bl 1 #4005, i
miRNA 2 miRNA THHARTE COPD fff 58 i) 81 %L
PR A E T 2EF BT,

TN ( cigarette smoke, CS) 4 iy — Fli ik Z1
(4 9 E I N 375 390 m LA 2o v Z AL R g 2 COPD
kA KINRE A N &5k 258 B
AN PR T, X B R S A AR B SR RN, S
COPD FEZ R ERHLEZ—.

TEWZ AR5 | B 4 S <0 R 30 COPD A5
AR OC miRNA A9 3R A 7K AT BB &R Y7 COPD
(R E R A WFSE & P miR-218 B AP RAIEH,
M miR-218 FEAAE MM EL L, Xu 4R
FH miRNA THEH AR S 10 50 9E T miR-218 38 4 2 7]

TNFR1 4751 NF-«B i fk, 34755 CSE 5 S AR R
FH 5AC(human mucin 5 subtype AC, MUC5AC) i &
AR G Y A BV . Rl RE Song AFHHIESE T
miR-218-5p @1 45 BRD4 {5 53 B 80 4% 75 10 42
By ( cigarette smoke extract, CSE) 55 B9 Al f#L L
BN K Bl (human lung microvascular endothelial
cells, HPMEC) #1435, 14, Sun 21 JESE T miR-
206 i J#75 Notch3 Hl VEGFA {553 s 5 HE 26 14
caspase-3, caspase-9 Fll Bel-2, miR-206 1 il 5] o] i
T P OC B A S R R AR, W3 R CSE B
HPMEC ZHMIJA T,

WAT N R4 R B, COPD B H 5 K A7
PM2. 5 W52, I A PM2.5 J&, COPD B3 45 3
FE S (1 P PR E RO RE R R, 7E PM2. S 51k
B BRI E /) COPD f8 35 I8 0 A G
miRNA {57k il R IR VT i% COPD B 1R
J7 R . Zhou 557 R BLAE PM2. 5-CSS ALFEY HBE
o miR-194-3p FIAKF- B E TR, miR-194-3p B
AVIEAIL T DAPK1 F1 caspase 3 B2 , D1 400 il
TREET PM2.5 FHMHE S A HBEpiCs B T,
WERA T PM2. S i LM [E DAPKL R F i miR-
194=3p F I A MR 25 5 | & 1 S8 b R 4L iy
T,

4 BREERE

miRNA 1 hp 347 (I 58 J0 0, 70 B Pt 4%
BT PERT 2 18 BHL A 45 22 Fi i 0 3R 56 98 PR 0 19 &
A K R 2 Wik YT LA K W R SRR,
H miRNA THH AR 2 0E (5 515 538 5T
TR R S AN ] B AR, AE DATE R B 5
miRNA T Z 094 R 12 Wr sl B 5 19 28 Pk 56 00 Fd
JPL A, BEETR TR, miRNA AR by 59 B
FIES AN RER LR (SIS Ae S ST sl =N U E &
FIT B VIR 1) 36 30F 4 S5 BR 45 7 22 90 B2 R) oy
il 9 A7 5t T 3 4% 19 AL AT 5 B A B 22 1 T g
oA 24 B 4 B 5 R 9% 25 il 2 (COVID-19)
PRI R T gem

S 3k
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MeCP2 5 %) 5t #H ¢ G A5 19 i 5% 4 J2

WEE, R =, T L R Z2H4L"
(RHBERIRZEES=BE, R 650500)

[fZE] YR (substance-related disorders, SRDs) J&— R IR SAE AT, Kb L3 il 2
VIRV e 3 R EEAE AT B 3 T M DG BERSAE N A SRDs B 28 A 7™ 5 1 1 B0 3L T AR I, R 34 CpG
JFHN 4G 1 2(methyl-CpG-binding protein 2, MeCP2) YE Jy o 2 11 X pft 28 22 G458 X 7, 7E 1 25 52 fi v 200 b
ZRGEKR B K RAKRMNIBeAE 755 ) R E AR . REVIFRFEY , MeCP2 25 T Z5h SRDs B, FE W K
MeCP2 X 2203k [H] (1) 3235 145 B FLXT I R 20 Wb | 90 S % il 446 58 fioh ] 9 1k 45 A0 0 24 T BB 1 1, S AR B AE
MeCP2 X FAT R AL3EAT R GNAAT R K2 HHE LT R 2= 052, MeCP2 X SRDs B IREDLEIEC N 2 44, BTl
HIBFIE R FE 48 IRXTHHSEFIE AT 4534 , S TEIRTT MeCP2 7E SRDs H W s ML, SRDs HHEWFIE SR it

[E48iA]  WAH GRS ; MeCP2 ;15K TR I ; AT 115 BT -
[FESZES] R-33 [ XEHRIRB] A [XEHS] 1671-7856 (2021) 08-0115-07

MeCP2 and substance-related disorders

SHEN Baoyu, YANG Genmeng, LIU Pengliang, WANG Shang, HONG Shijun” , LI Lihua”
(School of Forensic Medicine, Kunming Medical University, Kunming 650500, China)

[ Abstract]  Substance-related disorders (SRDs) are a series of physical and mental disorders, involving drug
abuse, medicinal side effects, and toxin exposure. SRDs, including alcohol- and drug-related disorders, have become a
serious worldwide public health problem. Methyl-CpG-binding protein 2 ( MeCP2), an important regulator in the central
nervous system, has an important role in many biological functions, such as synaptic plasticity, neuron development, and
adult brain function. Many studies have shown that MeCP2 is involved in several SRDs. MeCP2 exerts its regulatory effects
on the transcription of genes leading to changes in hormone levels, inflammation, and synaptic plasticity. Generally,
MeCP2 influences reward behavior, social behavior, cognitive behavior, and spatial memory. The regulatory mechanism of
MeCP2 on SRDs is complex and is poorly understood. Here, we review the role of MeCP2 in SRDs, which will aid future
studies of SRDs.

[ Keywords] substance-related disorders; MeCP2; alcohol; amphetamine; cocaine; opium
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e TAEFNEA R TE RGN . B CpG 7
) 45 & 8 H 2 ( methyl-CpG-binding protein 2,
MeCP2) J&—F 5 H 34k CpG Rt thgh A i etk
AR R A R R EAE Y 2
Ve ine R M 2 R LT & L E
KearAk VE T 5% fiok B b 25 [ B OE B L  22A K ik ) g
YRS BORBZ I R, MeCP2 1E 2 A
P2 RS2 BE Y SC B 5 [+, 78 SRDs Hh &k #5 H
BEH, ASSCERA MeCP2 5 £ F SRDs IR 5T 04T
ZRIR, O SRDs tHCHFFE LS

1 MeCP2 5@ EHEXERS

VE IR 2 R o [ B AR N SR TR 58y
30. 5% , I PERIP R = ik 53. 8% i g5 2 — 11
PO BRI B A, R 5 | K T A A
SRWEAR T 20 R 36 R A DR 1) R T2 e
Kot 22 (5T W, MeCP2 78 T A% HH G B fist b 473 7
HHEMEO,

5 L AE 3 &R B 15 (fetal alcohol spectrum
disorders, FASD) J&—2H i T 22 W R0 S 28UR
JUA K B 1 P2 , o — R DL % 3 R AR OC B
0 Kim %57 @R R0, 4 BUPTAS 3 A T L
HIFRM I T 23 18 16 & 2 h3h 47 Rk
A5 MAEFACETER I K BRSO T MeCP2 3K
T 2 EUBE S 32 {A ( dopamine transporter, DAT) &
LW IR F % 18 1K (norepinephrine transporter,
NET) ik i, I 5 BEACPORTFEA S22 50 1 O M
USSR i 5 5 T AT &k R R AR AT
ol AT X T RES MeCP2 A RY R B4 28 1L
FULZS M e Pl 22386 TR 38 RGeS 9 A 61T Shukla
SIS BN, 23/ SO AS 48 T 5 S L e
A BEAL AL AT A Bl , TR - B BT MeCP2 55
W, H I & 6 (interleukin-6, IL-6), H I & 1B
(interleukin-1B, IL-1B) . i 953 3R B R F « ( tumor
necrosis factor-a, TNF-a) 4556 5% o, - FERE A 1M
T 1L-6 1L-1B S TNF- 7KF_E 3 ; {H i 4T
I B A A, WX T2 Toll Z K 4 (toll-like
receptor 4, TLR4) Bt p9 22 B &, W AS B A A RE
75 M T AQ B0 LR A AR X3 W] TLR4 £
Y MeCP2 FIRAE N T 5% 5k 2 5 T HEYE FASD
FEAT A BRIGE BT B, A, 28 B R R IS R
ETRE R AL BE T L U S b MeCP2 Y # 5
KT, Gangisetty 4 110) FIBE Y K B, KRR 0 4

AT A 75 UM AT i A MeCP2
AOFIR b, OB B8 BB R R 2K A0 R SO R
( proopiomelanocortin, POMC ) J& K] f) 5% 536 T 18, 1
MeCP2 kA5, KT 5 T 19 POMC % 5% T i
BEZ KA . AN, BEATIRS B AL 3 7 e
RO b e B bR OB BT R R R
( corticotropin-releasing hormone, CRH) f%% 5% ;1M F
Fe i — 34K = I i ( hypothalamic-pituitary-adrenal ,
HPA) il i 38 & v b i T AR B b RR R B &R
( adreno-cortico-tropic-hormone, ACTH ) M JZ Jt il
( corticosterone ) 7E M. 2% W A BE L, 24 MeCP2 £k
5, BRI E R, 25 E iR, MeCP2 7E
FASD Hffd % 5 28 (9 I AR A, Herh T RE W Lo
3 e e im ZR 8 RE L B B3R 430, AT 5 Wi A
TRAT R Bk 5847 R B

MeCP2 ANXAE FASD Hifd 25 G 8 i I AV HT
WAEAMAR I A A [ B B o 3 42 6 AILAAC X T
KA IAT R A Z2 ]V, Subbanna 45 A 5E
BB /N B A PORS B A T 5 S R iR RSB
FiiE oy DNA FIEAE R R, R AFREE MeCP2 YR
AT, TERBE 1 ﬂ%ﬁi(cannabinoid receptor
type-1, CBIR) RIXM S , WK% T 1 MeCP2 £
ST, BAM, 76 CBIR @kR /b L,
CBIR (B BT T AR X MeCP2 A9 T A/EH]
F—J7 1, P R R R 4 IR B 1l ( Caspases) [1)
JTREMHIF] Q-VD-Oph 7R AJ 38 e 1 45 X MeCP2 )
VR TS — 20 R B, A5 A /N B AF
AN T e PN 1 A U B N 18 T IR AR
W B SN T4 45 A 5 F ( cAMP-response element
binding protein, CREB) B2 fk A P4 I8 15 41 if B 42
A 8 H (activity regulated cytoskeleton-associated
protein, Arc) 3Rk, I T BUAE /N B2 0] Jerh A8
NI , T Q-VD-Oph ¥Rk 4% sk s s |
e, HLA e 7 5400 BT RS 4 A RTaE T CBIR K
Caspases il [Ff JH % MeCP2 B9335 , FE MR LRI R
23 [A] AL SSINATBBE X F BUAE AT R 12
PSR AT EUSAF R B AT AR I K2 B MeCP2 Y 5%
s e AR R T RS R B B AR R B
MeCP2 {55 55 Je Fe ik B A7 W AR fB 1 Repunte-
Canonigo L3 Al 9Y A TN L TE /N UM PRI A A 1Y
TR 0T, HC PN 0 T 8 v B B R AR B A% s B T
MeCP2 (%% 5% [ ; 1fii MeCP2™™ 28745 /)N B L 1E B
/N R AT A (TP RS | X TR RS B8 A EL A B 1 A
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TR TR T S5 B 5 A ™ 5 A I RE R 5
TR IR B , MeCP2™™ 7 2875 /N B 5 1E /)N
R P ALY A e B ORI IX )

DL ERRFE R, MeCP2 75 1A% HH O B b v % 4%
H EBRPRATE, 0SRG2 B 1A [ B Bt
JIX, MeCP2 i 1P A% AH 56 [ At e 25 22 53 98 15 1
o 16K % B B3, MeCP2 w5 i ] 2 3k [H 36
ik LR B RS2 R G0 RAE RN B PR 53 1, AT
SEMAMART T R i AL S AT Ry B A (BTN HL R N 5 T
FERAE RN T, MeCP2 B4 5 T AN A4 T A S5 1g
RN,

2 MeCP2 5FXREEXER

AN (amphetamine, AMPH) , WFRZ M
RIS 2 AMPH ST AR Y — ZR 21H it o)
B30 ( psychostimulants ) , 3= % £ 45 H 3& K N B
( methamphetamine, METH) \2,5- " Hl 4 —4-H LK
A% (2,5 —dimethoxy —4 —methylamphetamine ) \3,4 -
W T SEUOR B (3 ,4—methylenedioxyamphetamine )
N- 5L -3 4 -7 B — 4 8 N 1% (n-methyl-3, 4 -
methylenedioxyamphetamine ) 4% . LAfEAY 20 Z2 45 H]
TN R DR B v 228 T J R 1 ™ R B 8 A TR R
BEXT IR TN RS 75 o [ (2 55 R GBI ST | 10 )7 R
FEREN . KA R Y, MeCP2 7E 28 1R e AR G
BEATIE B AL A T A (H MeCP2 T4 AN i AH
SRR 1) ELAAHIL R 1 A7

Deng 55" HRIF 5T K, /N BUER B A% - MeCP2
()3 IR ) 50 MeCP2 5 P A9 4 {4 i 2 1 7T 34 fin
AMPH 5 S ) 25 1F {7 & 1 % ( conditioned place
preference, CPP ) &4 L 1 17 4 #L 1& ( behavioral
sensitization) , WAM, MeCP2 X T/ AR B Az b y -
FHE T IR ( gamma-aminobutyric acid, GABA) g% fih
AT AR E 1Y X 65 i T RE 2352 Wil /)N BV A
PRI 94T R RN, 1T MeCP2 SIS T AMPH
5 B 22 5 fish T 98 PR B 2] L L DY (immediate
early genes, IEGs) ik [FRF, 240k AMPH A
Al SN BRI MeCP2 Serd21 v S8R (L,
ZiESAEH 28 2 B DI Z 1K ( dopamine
receptor D1, DRD1) {5 %5 i # /v 5 19" Deng
AU — P SE RN, Bk = MeCP2 Serd21 7 5
PR AL /N O 2 AMPH B AH 1E 1947 8 A
Mi7E AMPH SR EANGOLT %A/ N X AMPH 75
SERYAT N SONEAT BT ) IR EL, R Bl e 1) 22

0 2%ty PERE IR S AR R A% GABA BE#lt & o0
IEGs MRIR T, 28 AR S5 5, FE MR & B it
T MeCP2 I T A2 F400 1l 14 b 28 00 19 2 fil T
B, HET A AMPH 5 5 1) 2 5047 0 v & HE B ) 4
FH T 3R T MeCP2 235 By R el 2 Al BEAE
— B 3T i A b A2 AL ok BR il AMPH [ %2 5%
Rt

5 ERBFSEARIE 7 METH [ 3% 25 24 10 K U
e METH 35555 T K BT R otk S LR A%
1 MeCP2 YT 1717380 A3 18 5 74 7 e R AT AL K B
RBEAZ H MeCP2 (13235 AT K B METH (1947
SR AN, Wu 2N B AF 5T & B, METH &
AN WEES/NEAT Uk, IR E /N R A
WA B2 R ARFRRH MeCP2 B35 EiM ., Jiang
SOV RIS & B, METH 2085 A T I 35 TR AR
BB MeCP2 541 o - RMBEEH (a-
synuclein) 1Y) Snca FEH 455, M Ah, METH &2 4%
ATRA] FH/N B Db MeCP2 U35, 3175 S 2 it
% (synaptophysin, Syn) i 3l 7~ X I T B4k | 28 finh 4
Ji S 73 [ANE AR % T AR R B2 B rf, METH 55
T MeCP2 fmi#ik | Syn Ji 2l DX i H Ak | 58 fir %%
JEB R BN ez g

25 LTIk, MeCP2 X i 25 58 fish v] ¥ 9k HAg 22
RIIRFENE L, 6 2R T M 2 A G 22 BoAT o s Tl
1 BANFE L T T 1 7 T2 5 1 6 T AMPH
1 METH #F 5% MeCP2 ()22 5305 V5 i H AL 35
MR Re 2 AMPH Al METH 7E45H) Y
ARG T X R 2 SR ER, BT 205, H
1 MeCP2 Xof il & 7 2k A v 110 25 53 )8 92 1] BB 43
fife g T X2 AR

3 MeCP2 57 FEHEXERS

Al-R A (cocaine ) J&— Bt DAy An] 4 il i~ rp 4
B A=, 44 R ol P, LA S R AR % A A
FARZ st . ok 25 T 24 8], T B AR DG R
HzZE ™ &EH, g T AF AR T ™ EH R
2 LUE R WF S 2 B, MeCP2 75 7] 5 R AH 6 i
fig v & B AR,

Im 262 BRI R, AT P 01 AT 1
KEBCR M MeCP2 (93K, IR F AT K T
EOEES NN T W <o I NS B B NN
UIRIR MeCP2 123530l a] BRI BT R BB,
TZ PR AE AT B 2l i 1 microRNA-212 ( miR-
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212) IR, IFiE— 2 U0E CREB {5538 [ M & 1%
YA S TAE AT PR 0948 A R B, MeCP2 36
AT KRR AT B, 5 —J7
7, 6 ] R R AR R RECIR A miR-212 13 #35
T MeCP2 f23E i ; i 7E il R P K R A
KB MG 35 % — 4k
PR, AT RS4RI 3 R BRLCIR A e i 47
2 # 3% N 1 ( brain-derived neurotrophic factor,
BDNF) % 2% 3k, 1M SR AR o MeCP2 38 35 110 i 5
miR-212 1 3k ¥y 68 i & 1 i BDNF A9 %3k i,
BEA, 7 nT R R A B K BRIk, BDNF i3
FEIRATFEHE R BT R A T BDNF 2% 25410 il v
FIEEPNT R TSR YNGR U X S hent S I PN
RECRIR T IETEE MeCP2 5 miR-212 A 4011 (4
FRSHER RS VEH AT E BDNF X K BT < A
ARV, Pl fEvE & CREB {558 #

I (A AF 5% 32 W, 76 AT PR o6 s A
MeCP2 X} BDNF [ s a4 3 A s R T 5 miR-212
AR EL AN GIVE . 7EmT R ARG 20 KR, w]
RIR BRI S0 SRR A% T MeCP2 13235 L {0
FERTA Bz b O A W B EURAE, seah, ar
RRA 2 EHE DR MeCP2 Serd21 4 i B2
6120 T AR X MeCP2 Serd21 7 s WA £k 11915
SERAE AR b, EEAIR DT, Mao %52
A2 2 B0, AT DR 48 AT 78 K SRBOHR 4 AR B A2
H1if5 T MeCP2 Serd21 i siBE IR AL , iz 5 FAE FHAEIR
PR A% b A R HLRR A, T SCIRAR T pMeCP2 1175
T NMDA 25 & R % & ( n-methyl-d — aspartate
glutamate receptor) 2 5, MAHh, AT R KA AT 5
S/NRAR AL T MeCP2 Serd21 o7 g B RR AL | i
= MeCP2 Serd21 i s8R Ak 1Y /N B b X6 AT = A
WA RGBS AT A RN, I B R R A%
CREB L R8T,

K 5 R B, MeCP2 £ 1] < [RIAH G s it Hp
(8 5 AE AT BB WS I B 2 1Y e Sk R 4R B L
Deschatrettes 252! HIBIF 5% K R, AE R BURI A Bz
e AT S R 2 PR BE R & H (eyelic GMP,
cGMP) ZE{UU¥) Br-cG 1] B FEALK R AT R IHEEA,
FEPE R ATAR I B0 AR BRI S SCIR AR MeCP2 1)
LTI, Anier 5 BT KRB, 0T F 0T S
B B PR I - 1 f# 4k & ( protein phosphatase- |
catalytic subunit, PPIc¢) i 2 F & H Z 4L fil MeCP2
RIZE G, FEFEREE PP Le Y IAME]; 1M IEGs

W fosB Ji sl AR F AL AT MeCP2 1945 5 20, I
PR E fosB YRI5 B, BAh, AR BAT i
MeCP2*% 22 7% /N AT R AL I TEGs § Fos Junb &
Arc FE PR 1) 5 55 5 AH DG BT AR ARL/IN BRI 35, MeCP2”
ZRAB /N FRT AT R PR A LA AT R AR, IR fE
Ft25 Junb FIl Are JEPREE 7 B

25 EFFTAE I MeCP2 7E 1] 5 PR AH 56 B A A
rhey i A e, Hoh 295 ) MeCP2 X BDNF |
PPlc J TEGs %53 R i 2= 38 U8 15 46 F iz 5 1
AT RE 1 miR-212 1 cGMP %54 &, & KLy
MeCP2 X ] - R4 FA 70 IR FEAE A

4 MeCP2 5/ FHHX[ER

Bl B (opium) , WWHRAS F | & 8 S 52 S H R Bl
PP B W, a5V 2 A, 5 2
NEpf ] A PRI 88 S A5 ELAT I PR S T ) 7 A
KBRS R 2 W A 5 77 A ™ B RIE T,
BRI T BT R 2 2GR I IR B KRS
FW] , MeCP2 W25 1 W] Jr AHOCKE AR TR 1L

DAFE IR FE 22 0, MeCP2 76 BT A AH G e 6 (1) 4 7
g U R A R R AR T, o R
MeCP2 %% S IRFEAE . Zhang %5 (5T & 2,
M MESE A AT 755/ N CPP SN TR B, T R ME5 5 1)
CPP 200 BERGMESE AR & A 3 mm B3, ok, A
{= "1 YL 4% ( central nucleus of the amygdala, CeA)
MeCP2 il BDNF 23k [ 5% srAil i 4 3 1 — 1 5%
¥ ¥
dimethyltransferase ) G9a &3k T 1, 1l MeCP2 5 G9a
SRS 245 A B0 G9a 7E BDNF 3L 5 8 -
% A N (e SRR MeCP2 22k
)5 ,BDNF 3k T il G9a ik [, i MeCP2 5
G9a FE N JA 3 745 5 k> . G9a 7E BDNF [ ) 3
T B R S5 A g I, ik S CPP SNt BE 2 I
55, Moulaei 55" BT MM K AL MEAS 1 48 A X T
A ECAZRE I s e, ke AR — A28 — AT
Ao HEvE K B S e A2 e 0 W R e, TR R
T By MeCP2 I L0 e E T AQ R 2 (] 12
fE 71 B MeCP2 35T B4k,

AT AU ST 2 B, MeCP2 X AT - A X s Ak 114 90
FEAEFTRER IS I T microRNA [IZ 5, Mg i% [N 18
PEBEA AT R R BURFAAZ H miR-218 7KF-, i miR-
218 T FAEHLE T MeCP2P ) BEAL, K EURFERZ
miR-218 3 % 5 AT BRI I B0 ¥ i R oK AT 2 5 i

( transcriptional ~ repressor  histone
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FE MeCP2* 5275 /I8 B, KRR AR 1 9% IR R A7 5
9k B E 55 Y . Jimenez-Gonzalez 255 [R5 &
B, My AT i B 5 £ IR miR-212 F & miR-
132 9, T w BT f A2 A& (opioid receptors mu,
OPRM) 4507 44 1 Tl P 5k 25 336 Wb ) 375 A
IR IZ A5 38 2 5 Z BRI A (luciferase assay ) &
B f7 F miR-212/132 5 MeCP2 W) EH #2454, 1M
LSRR BDNF K H A2 R R 52 R B <2 14
B (tyrosine receptor kinase B, TrkB) A3k,

Zi F WS W, MeCP2 i i G9a Al microRNA
P44 BDNF Iz TrkB H)ZRIA , 7 MA R BT
CPP U 28 [MICAL R 25 SR TR E

5 MeCP2 5 SRDs W4T H R iz

SRDs J&— Z SR KRS fi B 5, XFF sh Hy i
BRI R T B ST R i | 4 ] R
FONAGEG B L4% CPP &y 7 A ifk 25 5ok
GRGATH . FE SRDs W — R G4 R S g ad #
MeCP2 i 4 2 0 W FEEAE T, H AT A BIF 5% & B,
MeCP2 7] J&#E POMC . IEGs . Snca PP [ ¢ . BDNF }%
TrkB S5 B (1) 335, Hh ¥ & T CBIR, Caspase
CREB .DRD1 %5 [ &2 microRNA 1 DNA H R4k iy
Z: 5 e G R I | RAE N S A 28 58 figh )
SRVE T TH P ORE  Fe 2404 SRDs AT RN

TE RN 4 T BN R B A SRS ol )3 5 LA X P MeCP2 IO 3K
B 1 MeCP2 7 SRDs H BRI

Note. At different stages of brain development, alcohol and psychostimulants regulate the expression of MeCP2 in several brain

regions.

Figure 1 Expression of MeCP2 in SRDs

2 MeCP2 £ SRDs Hr I 9 4%
Figure 2 Regulatory network of MeCP2 in SRDs
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IR 5T 2R 81, 76 KNG & & B[R B B, T8
e KBB4 BE 5 5 AS [ figi IX H MeCP2 1) 22
SRR (E 1) 1 MeCP2 TER B FIERAL I 22 57 335
JEHXF SRDs PR ) LAl . MeCP2 X} SRDs (1) 94
B 32 229 T B P 2R 35 A 4% (AL $5 POMC ., IEGs
Snca PP [ ¢ . BDNF K TrkB 2535, T 5142 2EH)
SEUIRERAS (LR 43 Wb | RAE BN K b 8 58 fik
AIYAIE SR ) | e NN MeCP2 X 47 0 24 1Y 5% i
(BB FAT Ry AL AT R A FIAT S K A e e
2 (F2) . LA KE , MeCP2 XF SRDs Y8 1 H]
IR 23 GR SENNELE I E TN RS b= e
RIFR AN ST 58, i T IR A IS, 45 i
FATLRE RN RIE AW TR AT R 2 =42
T, 456 RN R A 52 56 4 T b AR 3 MeCP2 Xt
SRDs FYIEEHLE ; M BFSE MeCP2 7E SRDs F A%
BUHIDRT TR 52 i B L T Wi o8 HoAT Y
PRSI BRI B S X, Xt SRDs HF 55 19 387 1L £
FJy 1]
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Hepatic lipid metabolism and atherosclerosis treatment

ZHANG Sen', HONG Fenfang®, YANG Shulong'*
(1. Department of Physiology, School of Basic Medicine, Nanchang University, Nanchang 330006, China.
2. Department of Experimental Teaching Center, Nanchang University, Nanchang 330006 )

[ Abstract]  Atherosclerosis is a chronic inflammatory disease caused by various pathogenic factors. Lipid metabolism
disorders have a fundamental role in the pathogenesis of atherosclerosis. The liver is the largest metabolic organ in humans and
has a key role in lipid metabolism by influencing fat production, fat decomposition, and the intake and secretion of serum
lipoproteins. By targeting hepatic lipid metabolism, research and development studies have focused on novel lipid-lowering
strategies. Here, we review novel approaches to target the regulation of liver lipid metabolism for the treatment of atherosclerosis,
including new biomarkers, therapeutic targets, traditional Chinese medicine, and natural dietary supplements.
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hepatic lipid metabolism; atherosclerosis; Chinese herbal medicine; natural dietary supplements

BIBKORFEREAL (atherosclerosis, AS) MG I, LA IR B 2R AL AT R AS Ak Kk

AR R A SRR FRNAE T2 48, 2 36t 1l O I 7 5 42 s 11
FETZM R R 22— R A 1 O XA 0

REGMIRIEHITE AS AY IR RIG YT ThRCR B3 il
PRAE SR 32 AL TT 2R R i/ MR 259, 13 AS &
TRARANIRFREE B TE, BR8N f 2 A4 i AR
W E, S5 KF- 25 DA OC . 3 5 1 1 I [
M3k B Bl AT IE [ P 3% ] %% 32 (reverse cholesterol
transport, RCT ) 45 AL i 78 N5 i f& 2 v ke 22 AE
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7 AT R R 25 841 T 2K
1 SRS AR

1.1 f RNA

/N RNA (microRNAs, miRNAs) & —ZR K ETE
18-25 MEHTRAYARE F RIS RNA, miRNAs 1£
HERE BERRI AT AS S5 5 A 2 AL AR G A 2]
HEAE B L O LA B IR 7 R 21, ¥ 32 3
miRNAs A5 1, miR-122 J& JIF o Rk e )iz 1
miRNAs, Krutzfeldt %> PR R I miR-122 2 5 F
JIEL i e S i o A Rl , B SCHEL ] miR-122 AT {1 2% J1H [
/K 25 R (H miR-122 5% 0 IE TR 3 17
DIE S AT ASTE 2, miR-33 [A)AE 5 1 AR ] A i A
Ko AE miR-33a @R/ B P, ATP 25 5 & 5% s 1
( ATP-binding cassette transporter Al, Abcal) 33k Fl
=% P AR 1 (high density lipoprotein, HDL) 7K i
FEFtm . miR-148a 15 A /)N BUH 2 24 i JiE 3%
ik, miR-148a SAEFRH LI [E RS K25 B AR A I
fi (low density lipoprotein cholesterol, LDL-C ) F1H
SRR VIADE . Goedeke 54 [ RFFE W],
/B miR-148a 33 335 T IR I BENG 3 F 32 A (low
density lipoprotein receptor, Ldlr) #1 Abcal WK, T
HAHEFH T LDL-C 7J(E|Zﬂ“r%ﬂ](high density lipoprotein
cholesterol , HDL-C) 7K &A% . miR-30c 1 i 40 ] 5
MBEARME H MBS Foml 1, Ml G B & . i
Fik APOE™ /N miR-30c W & 35 KA A8 BR v AR AT
% B IR U IE R LDL-C 7K, IE08/0 AS Ji 2% I
BT miR-30c T SRR R L, miR-27 7]
) 17 200 AN e 4 e v A B B A, O AS
NAFLD S5 R AR AT K, ARFERAE JOfF Tk
B, i 235 miR-27a 3 $U0 0 A 7 7R 5 ol A S ) P
it A <0 R IR RIS S L IR A AR A S At , D
JFFE DT AR, A B35 B 15 A2 e 4T, miR-29b-
3p" . miR-143""" | miR-181a"”’ | miR-103 F1 miR-
1074 L E BIUE I S5 PR AR G

1 Regulus Treeutics Fll AstraZeneca #ff & [} miR-
103/107 4157 RG-125 HI T35 7 B s i 20 A6
(A TAG PG 0 M T 1 RG-125 (3R Y7 1R
B F H A b miR-103/107 36 YW AE J1. /N BT
miR-103/107 YUERJE T H i =P A1 2 35 R A1 1B
B R USRS B, RG-125 A AT REAE  —
P B0 IR 5 RGBT . BE T miRNAs HYIRYT L [0]
Z A mRNA 7 A= 49 B3 [ 7 T 36 7 i A 2= L

BAUR IS IR IE T 2P, HER
G a2 MR 1 BTG 2 miRNAs Y 7E 19 BIE H,
HAFA miRNAs 7] fEA £0H 41> mRNA L5, BefhA
AT RE A B A S DEA ROV
1.2 FFXEH%

JiF X ZAK (liver X receptor, LXR) V55 AS[A]ZH 4L
ARG AL, 2 1 RCT, J2iR YT AS W TE 19 25 )
R LXR VEI5 ATP 455 & ¥ 2 R 505  HRE A
E . JH[E B 7o 52 AL ( cholesterol 7o hydroxylase,
CYPTAL) % RCT A5G P Y5 Al o A1 3l JIE 1] st
B BIFRAL VEBR . LXR 30T W) B 4 8 1a] 42 4
P DI BRI R B H i — B8 6, 5 R T 9 2B s
FiHE AR, T B AS NAFLD 9% . H TR
Iy it AR AP B B 1D A RS hn AT i I A e S EOTF
FEVE, LXR 308l 50 B i PR VL O B AT I 25 Ak (5%
1) o Yu 2 (R FE R A IV BUREJEL( Col TV) #E 1)
FCAAXT KR HEAT DI REAL, 235 T X5 AS BESR 1Y
RO P T PR R AR R, IR X R &
(PEG) AR F YK ESFESHHAT T, AR T
IV 70 i J5¥ 1] £ 3 GW A 40 K i ( Col TV-GW-
NPs) . $% Col IV-GW-NPs F-Hiff) LDLR /Nl ¢
TETT ) A 2 B HH AR 55 B An B8 =g A IALAEE
R R T — MR T LXR WO iR TE AN 1Y
It R SR BT AP 1 AR LXR s iR &
Xt AS AR TR
L3 AAZEEAR I

PUKTEE 11 90 (heat shock protein 90, HSP90)
EMFL b SRR ENE AR, HER A
F A W T BOKE HSP9O 43 S HSP90a il
HSPOOB Wik, il HSPOO It it A5 4K B 35 i
TIPSR 2R AT A AEVESR I . Zheng
A0 RIFSE R I, I HSPOOR 6 ARG 1 i M7 1 HF
J# ( nonalcoholic fatty liver disease, NAFLD) f& 3% Fll
HERE/N B P BE s, miBR /I BB HSPOOR AT 2%
OV JF AL T P AR D7 T2 1) N Sk 5 ol A PR 8 i)
254 HSPOOR 1] i 1t Aki-Gsk3B-Fbw7 & A2 i
L[ P 5 75 TR 45 A 25 F ( sterol-regulatory element
binding proteins, Srebps) 4, B AR K B 5 ER
JHERE A2 PE 2 AU PR FN AS, ek, A ATk i 1k
H T — BB (9 HSPOOB 4 5+ 1 411 4 57l —Corylin,,
Corylin TEfE A 2 Py T K& 1Y & AU, Pt
AT RS Corylin A HFAE I LM EGHE, HE
b A AT B8 ™ R 11 IR 2454 60 LR MR T
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F 1 LXR FShHIE R 5E 0 Je

Table 1 Progress in clinical research of LXR agonists

el NCT Wi PRA 38 01 B 32303 iR S
Agonists Clinical trial stage and participate Result
M PR 1401, f e A
Phase 1, healthy adult SE N5 T A 2 A R K - EL 32 PR
- L1e] NCT02655679 : o ’
VIP-38543 I R I 39, f e il A Completed ; significantly improve lipid levels and well tolerated
Phase 2, healthy adult
[/.— ¥ iy = g ﬂ:[éj:
NCT00613431 I R 1309, A R A ‘ SE; AN A
€S-8080 Phase 1, healthy adult Completed; no results posted
) NCT00796575 I PR T J01, f R A b s RS 2R
Phase 1, healthy adult Terminated ; no results posted
PR 1399, B AT 25258 =6
Je PR Dt S v L IS L1k 5 HA = WK THE A ER g vh PR A A
BMS-852927(17) NCTO01651273 Phase 1, primary hyperch- Terminated ; elevated TG levels and decreased
olesterolemia on a stable daily dose circulating neutrophils
of a statin for = 6 weeks
" [ESECRT TN e AR R
BMS-779788 NCT00836602 Phase 1,healthy adult Completed; no results posted
LR T IN s
R Pk o g
NCT00366522 Phase 1, healthy adult c ’lbtmg’ﬂb‘”';'% o
N ompleted; no results poste
PR 130, fa B AR A p@ﬁ.*?&'igi v
LXR-62318] NCT00385489 Phase 1, healthy adult c Tt d’ ”’;' d
ompleted ; no results poste
UTSEN T IN YIp AR M B 1
NCTO00379860 Phase 1, healthy adult T )

Terminated ; central nervous system side effects

1.4 EREEERREI

4 )& 2 H B 9 ( matrix metalloproteinase-9,
MMP-9) J& T4 J5 43 J& 35 Wi 5 e, FL I 1 19 7 s
AN Sy DK A A A 78 1 % | DA B JILRESE AT
gy 4Lk 1 45 5 98 i JE A, Hernandez-Anzaldo 2512
AIBFFE R I, MMP-9 J2 9 7 IEL 3] 1 A3 8 A 48 i
MMP-9 3% P 5 78 7Y 532 0 JFF X0 I 2 1 ] e 114 5 5% e
IO, IS B0 B A 2L 5 1 A9 3l Bk ok e A AL
Mmp9 w15 /1N B3R v 53 W6 BB IR T A2 ( secreted
phospholipase A2, sPLA2) {&E34 /i, Srebp-2 76 1
iz sSPLA2 T 154l 3] varespladib B9 Mmp9 #l55%/N
HFRIEREAR, $R MMP-9 #4it5d MMP-9— i3
sPLA2 BRI Srebp-2 335 , M 1T 3 S5O AH [ fsA € i
Lo ANEERK RV B 4517 5 B Ik W Al
WA AS R MMP-9 33k | I 08 gl Bk it #oe A AL e
B, MMP-9 7E AS H AT AR RITIAF A6 4 8, fH T
YERVEAG AS B35 200k O LA B8 XS 0 4 D 48 75 o
MMP-9 £ S C Bl T 5 B 5 e (g s pRAG I 2122
1.5 EeREBRN=AREIRESENER

HE AR AR IR E B E N
( leucine rich pentatricopeptide repeat containing
protein, LRPPRC) J& PPR FKJ& I 2 2k 61 2 —.,
LRPPRC g (i T 2R, 76 35 2ok Ak D e Al
F W % 7 8 B AE ], LRPPRC 1 i 5 220k 14

RNA RGBS AT UG SR iq 2 A9, 398 T4 A
BRER LTS P, e SRR AR B Ak, Lei %' (A
2], LRPPRC i i ¥ hin T S8 Ak R AL 15 o |, £ 1F
JF20 FRL i 7 PR B BRI S8 A, ARG T FNAIE 24 vp Hr ol =
TR RN JIH [ B 7K P, DA 2% /) B NAFLD,  Akie
25 1240 33 15k S5 6 35 LRPPRC 8 /) BUF 48 (L s 12
it AT Bl IR Ab 16 1 09 388 /)N B NAD +/
NADH AR 528 T, DA A2 2 JHT 200 i Jig 1 % 5F 4
Ak, D R R /N B A 1 728 1 AR R E R

2 g

2.1 TxBifE

SRR AL BP B, — R AERE T H 2 AL WP
Y, 2w &R MEITREA R ZENES
FFEH . KBRS AESE Y HA 2 R0 25 BAE T, e 4G Bt
e Gy R YT R S R R AL E TR, SE i Y B
FEFM] AN A8 AT 4 B[ It 1) IEL 3 1R 2 AR R AR
MARASE > B S , Ding 25 BB 78 3 W M 46
AR A G A 38 5 (HMG-CoA
reductase, Hmger) FlZ BEGEEE A mRNA A9k, 4
] FEFDEL T SS9t = 5 i, A A0 38 AT o, 77 JEL i e
FHA =FRKF-. BeAh, B T8 3 A 0] A R AL
I3 AR B HE T R T R R IR A A
WS TR R~ FUWH TR 2 7 LR R MR 07 R , A B T il
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PR BT Guo %1% A 5T B, TR AL 42
By vl 2 M 1 4 8 BR B Y E B, L A BR
FERE S b =R R B R 10 R KT O E
oo Li %2R 165 tRNA MFH AR T T KA AE
PEHYRT = B R K R 8 TR R A L R, K
WAL HE B 7] I Firmicutes/Bacteroidetes T J& H
{H . Firmicutes/Bacteroidetes W J& b {H B T} /& BE
PR NG BT AR i, AR A6 B2 JBUH 858 15 IR IR B R
ST D 22 1 , et AT g Jo A A 36 M Tl e 3% L
E AR A C
2.2 SRILA

SO AR FFS | = RK R SR & T
2 TR 1O M5 PR IR T TR AR B T Tz A AL
IR, 3O L 3 0 T o3 R ok VR T A S 0 P
SR CRHERIEILR FESE A FORIET =L
B =B B =B RA R, PSRRI R
B faUAk, I JIE [ K P, = A B A A T
CYPTAL 335, A T RE T FE T 2 ) A5, & 4%
FERRVERT . B DR b a0 AL 3 B35 /<00 Il
FEBGEE Lo, AT LB 32, I RAESE R B, ok
O AURERS i 25 P38 ek O i R85 10 B 7K1 R Il 3t 3
JIERE U BB O GO R AR UCBORD i 2L
6] Deng 25" AURFIE LW, 50 LB A AN
PRUGHE AT L8 Abeg5 TN Abeg8 3235, i 35 W %
LDLR™"/INEL AS 7 . Ak JHH- il = ER TR AT
HOAR TR AL AN H b = R AR sz A, o0 LR
BrE AN R T =R A D ) Rk
PRI = REAR A , W H il = BRI
2.3 “EKZHHE

TR (2,3,4, 5-tetrahydroxystilbene-2-0-
beta-d glycoside, TSG) XFREZ W, & T 252 Ak
G, BITE S ARGEEN ST, TSG BA ZF
A PRIEPERIZS P A, AnBE G T BR A H B
FERBLS KB AR AL AR Yao %51 FHI &R (1R
H2E AT TE TSG THETE KR4 eE it 5 ~E%
25 5 RIBE  EAREOE B L RS 1 70 i
KR BIRED AL IS EN, i #EEN
A1 X} HDL 45 1H [E] 85 A i) 25 2 ik 20 T+ 23
B, Xu S5 B R, TSG T 1 5 08U
PRIRE TR R LDLR ™ /INGUIFBR T A PR R AS 728
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[ Abstract)
catalyzes the tri-methylation of histone H3 at LYS27 ( H3K27me3) to regulate gene expression through epigenetic

Enhancer of zeste homolog 2 (EZH2) , a histone methyltransferase and catalytic component of PRC2,

machinery, and is a member of the polycomb group of proteins. EZH2 is involved in the epigenetic inhibition of the
expressions of numerous tumor suppressor genes, regulation of the cell cycle, promotion of cell proliferation, and cell
invasion. The tumor microenvironment is related to the occurrence of tumors, tumor development, and prognosis. Recently,
many studies have reported that EZH2 is expressed in a variety of immune cells and regulates the tumor microenvironment.
It is also an essential component of immune responses and anti-tumor immunity. We summarize the function of EZH2 in
different cell types and explore its potential as a tumor immunotherapy target.

EZH2; tumor immunity; tumor microenvironment; immune cell; immunotherapy
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SiE IR SR 40 ML A 988 . Gunawan 2550 i iiF 52 EZH2
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Table 1 Clinical immunotherapy results
e AT
Tumour cells Immunotherapy
REL WU R
Striated muscle tumors
Ovarian cancers
PRig K B A1 ELR
Diffuse large B-cell lymphomas
BT
Melanomas
4
Colorectal cancers

R REPI "

Tazemetostat

Compound

Ent”
MiR-101 ,MiR-26a''3]
GSK126/1%
IL-2 TNF-o ,CTLA-4 PD-11'%

CTLA-4 PDL-1!®]

Epithelioides sarcomas

SRR

Head and neck cancers
A

Prostate cancers
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EZH2 derived peptide
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Progression of a Parkinson’s disease model in non-human primates
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(1. Institute of Medical Biology, Chinese Academy of Medical Sciences & Peking Union Medical College, Kunming 650118, China.
2. Medical Primate Research Center & Neuroscience Center, Chinese Academy of Medical Sciences, Beijing 100005)

[ Abstract]  Parkinson’s disease (PD), the second most prevalent neurodegenerative disorder worldwide, lacks a
cure. The discovery and evaluation of treatment method are dependent on nonhuman primate ( NHP) models of PD. A
reliable and valid animal model can contribute to understanding the pathogenesis, diagnosis, therapy, and drug discovery
related to PD. Rodents and invertebrates are commonly used to establish PD models. However, results using rodent and
invertebrate models do not accurately represent the behavioral and pathological characteristics of human PD. NHPs are the
closest animals to humans in terms of physiology, structure, and immunology, which makes them suitable for studies to
understand the mechanisms of disease and establish new therapies. This article reviews the progression of PD models in
NHPs, thereby providing a reference for PD model establishment.

[ Keywords] NHP; Parkinson’s disease; model
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il 2 W I6Y7 07k L R 2 i e i BIF T

Witk S C 28 )z T L PD B TR
MEZh, anoRmg Aol e i T HoA & on i
A ETHRAE, AT T 25 W i RO 8, W T PD
R a7, JE AN R K 28 (non-human primate,
NHP) , fE#E 4L E5 AR R T, RN A7 0 R
AL AT RE D T S NG EAHAL, S S T
B AEPRIAL e SRS PD BEAL Y NHP
AR . M B — 2 B 2] A S
FEASRESI  IXAEAS AR HL AR T Wi sh A R T
SR I O Al o B AR GE S e R A I A
0 B AR LA A5 BE T BE 3 BR 818 ( magnetic
resonance imaging, MRI) FIIE HLF & BT B ALK 2
214 (positron emission tomography, PCT) X K Jixi 4%
I RESEAT IR 4R AL = 20 PR R . X SRS
PIFW] NHP J2& HUE A 0F 5T PD B9 3h#, Rk, 43¢
L LS B PD ) NHP AR5 8K AT
NHP [ PD HERIF) 25450 B AL BT F 5% A
et

1 HESRFSRE

1.1 MPTP #&%5!
MPTP , 4FK 1-F 3 -4 K HK-1,2, 3, 6-DUE L
WE , JECT AR A 0 A o B M o A0 R L 1) B AR

AL EF B ( monoamine oxidase B, MAO-B) ftifi & 1-F
FHe—4—ZRFLNEE 25 F- ( 1-methyl-4-phenylpyridine ion,
MPP*), J5 # W H £ B §& % i5 /& ( dopamine
transporter, DAT) #5iz Z4ME N, SLFAEE 59 |
ShiG  A AT IR ) SR BRI 1 2 T Bk e i 2
JC', B, MPTP S 85 & A il £ PD A 1) il
SR, ANFEEEY R MPTP 9 UM A A [H]
— YRR AR UR A 2 5. BB
FITETR A ) T . BT MPTP AR SR
FAERE . Potts 5573 1 [H1 B 108 HUB A Ik
CESS MPTP (4975 %8, 43 th a8, Dk MPTP i 4
J5,3~8 ANz shBEnG2s A R E , Rtk g il & s
—IR MPTP {415, 270 8 Ji &3 JE A7 — Ui AR
AL ; @Z URARHI 3 5 MPTP , 1T DAk 20 1 & #Y
KA QPR S 04T Ry 2R 48 MPTP il FL %
WA s SRR R ak . EFRNKEE ST MPTP (1)
T M EOBE PR RRAE X R E AR AR (B ATS AR
RERSIUL PD 18 Mk & A B 3L B, Seo %51 7E BLIERE I
VBT Bk, T i — A FRE 18 NHP A 4 FR AR
Y —JER RN (0. 2 mg/kg) , A2 BB X LA T
P52, 4525 48 5 , BV B SR AR LR B TH
FH: #2280 B I 25 | [R) s 3 & R BB A6 v A9 T 8K
U 44 A 12 P 92 0 2 T Fik B, 25 LY, Masilamoni
ST R AR MPTP 45257755 (0.2~0. 5 mg/kg, WL
P, — i — Uk 2 21 ) | A6 TR R v 3
T PD R A KN Z g Re 2 oniB E R, Uy
AR HTET 17 J8 5 J — LR 3 4577 0.2
mg/kg FI A MPTP ,J5 4 FJH% K 0. 5 mg/kg HI%5
275 ST T T RS BRI 4 ARASE RO 98
PELG 2505 Zeh A b IS ph 20 B R 2 T
iy, w2t b RE MRS I G L 2E AN 2, i
IR G T 5 1 MPTP 5 — 823 b B2 N 4R 21
FlHEE /N, —JH—¥K 0.5 mg/kg MPTP ¢ F 5%
M, B 2.5 mg/kg F1 6 mg/kg I, IR & 0K
A ) s B AR A, AT R i AN B IR OJF HOd & A
g SRS T MPTP BT e 44 PD
SEARFIG BER I, R ZEZE 3 d 739 2 mg/kg .2
mg/kg 1 mg/kg B2 N IS0 45 25 07 ik B AU 1) A2
A AN A B 3 4 R B AN — B, A7 2R R AR L T 1
AELL T

EAR I R L AR T Yy R, 8 AR E T
253 MPTP, alif S R BEMA G ARAER, 5~9 ¥
R T 5 2 MPTP 57 & 72 20 ~ 23 2 iy =
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fEt ek A, AT Sh W Tl RE T REALHEL PD Sk A
(O SEBRIG DL, (N AFEARN R B L, Shi % R
LA EE 0. 2 mg/kg Fm LA ST MPTP 45 1 1K
ML 15 d, [EFE 8 A5, 5 2 Wi 24T 30 d,
S PSSR A S 1 A8 AL AN W] 48, I SR FH 7 AR fE T A
PIBEZE T MPTP L+ ke i, 280 T R e )
B AR SR, LAER) MPTP RIS,
KREBM BN BT PH o RMEEN (a-
synuclein, a—syn) UL, (HE&A &K BEIR 1LY a-syn
WA, (HHE LA IR K MPTP 45 7> fe Ja] 4%
&, KB A p—a—syn F1EE SR PR (B J0 L H B
K&tk PD IR - e B A AR AETT . NHP B
MPTP A7 25 L 1,
1.2 6-OHDA #&#!

6-OHDA, T SCHAFR 6-F 2 Lk, &2 —Fi 2 1
JHé ( dopamine, DA ) ZE{IHy, 7] 55 4 | DAT X
DA FYFREL, i A4S AT 0l bk 2 A4 1 A
SARRE A IV A9TE M, 6-OHDA N RE i &8 1 fix
St B, — P B AT W ST A S R A X i
FT22 s 5, ARAIE 259 i) 359 50 40 A7 ROk 2 B & K
LA, DA PRI FER AT HHSAES 6
~OHDA FlE 2 IEAHCHE, KT 6-0OHDA XKFH—
AT 02 A B 07 A 1B 43 . B9 A BK 180 ~ 216
pe 1 6-OHDA 22 557 5 BN 1) B J2 Fi R A% F
P, R & 5B EE DR mARHE" ) B
TR 5t 2R AESCIR AR N, 5 A R AS I DA R #f 22
JCELR 46% 8 S RE R I RE B S
SRR, RET R £ B BB M &0 £k 80% ,dE £
CUEREM 20 Tk T7% Mk T I B ik 2 | ig iz
BERG 0 A AR, SRR I R 58 58 5L PD
FOREAR . 2004 4F, Milton 25" % B 22 ) 13 5 19 PD
PRI A2 B 23 (8] iz Sl AR 5 500 T Bk | i
WU 5 () PD A 7R ] B8 2% B BN F A i B A
2015 4, Santana %5 43 15 4~ B B X 48 % P9 A0 i A
WS AT ST AR E A S 6-OHDA | S5 i
H 120 g, KEUEA T RRL & ARAER . 53 AN
FER K 45 25 720, LA 50 mg/kg 7l 42 5
I 6-OHDA , 512 T O I A Bph 28 25 3 il ™ L R
iE RN PPARy BTG T o 45 T LA e
L N

2 HEEFEED
HATEA 1Y PD FeRENROR BT o Sl A%

PR S AS3 T 5878 RY (5 53 (L2 IR HH N
RIRIEAL NIRRT, F1I 95 25 2k 1R J=) 35 5
4 Bt FR R R LR Sh i oy 5K B (s
1232 FBHIF N 53R 7 Bk, IF 5 A 200 2 84 2
R G5 B v A 3ok 3% T 1 0 R R e I TR B ) T
F R
2.1 BERZWIEE

I, FH 0 2 35 R o 8 100005 B 2R A iR A G
2% (adeno-associated viral vector, AAV) FlE 5 2
(lentivirus, LV)
2.1.1 AAV JEHRS

AAV ZHHE DNA SR, A A R 2y 4.7 kb,
XPAMIEIE A ) ek 68 b 4, R A 318 &
FER AL, PRtk H B 38 R 0T B A 18 AR L R
FEO, HAETHZ B 12 B iE A (AAVI-AAVI2)
ENENIREEIDOE AR ¢ 7 N I EZ R B W |
MAMIMERIA 2.5.8.9 B, AAV2 B F= B4 %)
LG AAVS BIEF XAl AR A2 2255 AAVS 4]
XPRF LAY IR P28 2R G2 AAVO BUBE X il AT UL
WD HERIMZ 248, H AAVO BUYE NHP ik #5528
] DL AT R i O 38 O 25 A L RE 1 Y
AAV BRdEC U HOZR DL 2 AU G, H
PR 458 3R 1 A9 L35 RUG 7 . Allocea 25177 & i
AAV2/5 RUZEARTT 25 90 i BE R 2 AT 4 K 21 8.9 kb,
Gerits T BA FLASE T AS [R) IfL 375 B AN W) 37 R R4
SEDR AR TR AT B )2 1 B S A0 % R I TR 2R I
it 11( CaMKIlO. 4) Ji3 81 F F , 9% 8 A AE FERCR N
rAAV2/5>>TtAAV2/7>rAAV2/85>TAAV2/9>>TAAV2/
1, 5% S 40 M 9t B k. rAAV2/1 > rAAV2/5 >
rAAV2/7=rAAV2/9> rAAV2/8' | 5§k s ¥ A
[A] , 38 FH E 40 B9k 5 ( cytomegalovirus, CMV) J5 8+
TEERG I R e 22 . 1o — R 4 6 HRpE
A7 A% A IR P 2 AR TR SR A, KB
rAAV2/1 rAAV2/2 Fil rAAV2/5 75 K ik i Bk
OSA WAE2E 5 A I A it i 28 T A (CBF
TR B Ao 28 ) Y rAAV2/1 B P AAV2/5 FE 541
Jif FP B AP DB T rAAV2/2%) I AAV2/9
BEIEFE KB, TCie sh W A s e S 0 B R A
SRR B P e B 4 AN/ e B4 i, ik, 25
BH S PR ERIRE T, HAlT, AAV2/5 BUA
AAV2/9 BIT] BE B S A /E 8 PD A5 11 I i A
AAV2/1 WATEN S
2.1.2 LV i

LV &P iy A G 95 i o 9 B o0 1 ok 1Y) B
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RNA J5 7%, U 255 <9 kb, BEREDLIE A 16 15 T3
i, 2001 4F, SEERH G KT 18 05 B 1 Sk
BRI ZAG IR )5 T 58— Rl 4 (8,98
Y& 1 (green fluorescent protein, GFP) FA)%% & A
AT AR SRR [ R AN 7E A B A0 i
Fk 2008 4, Yang %Y 7E 4~ 8 4RI R NG
Hh A S = AR DR A T B AR R B
ARG TR R R ST A= | H R b i SRR B R
e AR AL, 2009 4, H AR 50K K 1) 5. 6%
10°~5. 6x10"/mL % J& ) EGFP — 255 75 13 5 2 4%
Mk fc BB B IR BB P EGFP e 3 S A 24 2%
BRI, ST AR A

2.2 BFEAKX

2.2.1  JapiBiE At

FE NHP A B 7 44 2 47 35 3 41 X6 2 5 A 80tk
A, T R UL A G R = S, 2003 4R
Kirik 2500 S AAV2 Y8 U8 o il <7 1 a2 v 1
S0 7 2] B T PN 3k Y AR A e AS3T RABHU Y a-
syn, 16 J&J5 &L AS3T 725 5]#E 30% ~ 60% ) 4 5T
Z UM RE M 2200 2R, A7 1% 1) B 5T Al 28 oo 20 il vh
90% ~ 95% 19 4l L A3 FH M a-syn £ R 1A, I
rAAV2/5 BUELARTE BCAF A I 0 o i v 2% 38 N 87 A=
B o-syn , SR8 BR T R AR A2 22 EL g il
ZoeFECY I HABATA IR ST Rk N AS3T iS5
PR 2 I R AN AT TS SR UE ] AS3T M 5R
FHPH: M a-syn, Koprich 252 F| ] AAV2/1 B2
AT B N 3 2638 a-syn AS3T 57544 & B 75 7%
R 1. 7102 BP0 AT 0 35 M 1 B AR Ak 5 i XY T
IAF 5. 1x 10" 2R o £ B9 Jie B 4 22 o008 70 50% , £C
RIEZ B> 60% , AR TERBRFEEE D4 A
DS UEHE I | AR i 37 R 8 2 B AAV 2R AT
PLSCEL )RR B B SE P 23k, IR BE R B — 2 1Y A
ORFRAY | H AT A e B R R AR H B B R
Tk,

B TG SE AR E LA, TR 5E a-syn M I 3
TG B K ), Manfredsson 2716 AAV2/5-
CBA-a-syn FEHT BN ZE 7 S | & B 4 2 5000 8.
(1) o-syn Jpg B, AEUAGE i v O AT AR A g LR 3
2.2.2 B4

(1) filka B4y 2

J T HEE S RCR, LT E R W2 e
Gy A JE AT R K S S 45 24, 2003 4,
Garrett 25300 tAAV2-GFP ST 4E 72 h )5

FUh R A 4 GFP, JF H4ER: 7 1 4L |
rAAV2/9 TRk 5 RE A Ao i A Bt B, O K ek,
B B AR B )5 0, BF 9T N B0 scAAV9-CMV-eGFP
T 3 O Rk S T ORI L R R S B TR
MRFNSNE g R R, % P1,P30,P90.3 %
Y B K T 5 rAAV2/9-GFP | & 3 AR M 1 b
AR AT R SR BB I, A4 F AL
SEMAICHE R G Z BN TEIRYe . AAVO BURE RS N
S PnT LS IR R R0k Kk 4 AR

(2) G- 240 B i i 1

FHEL TG L0 A= L, 35 B[R] A4 TT DL
PURRRAN M B AR AA RTT. Niu 2502 2L 10%/mL %
FIN AS3T S8 AU #1622 M 1T 1 i T 4 B B
A, 2 Ja AT RSN 3Z K (in vitro fertilization, TVF)
FURIRREA , N HIVE 6 H AS3T B 5 e, ik — 2
REDUTESE AS3T 2848 3L [ 7F 4 B B vh &3k, IR i
LT AR OC B A Bk AN AR JE, O B AS3T 548
B i b U LA B Tz i A b Hop (A
TR VRS AL A9 3 B ) 7 Bk R e L 23 ik 1Y)
A EEAVE, 2016 4F | Seita [A1BA A
J5 B A0 s 25 B 220 FE 0 3 5 - XS B LB B A
T GFP 18R Rk gk I i S & e e, 7= T &
Bk GFP (55 L R | (H % B 1) 32 K Hi A Al
ORI S LV Rk R G, nfE 412U SC B
S GFP &3k T 1] 32 A4 O v 3 o 2 D0 7 2 43k
FIRRYELFENME , 2017 4, Tomioka A1 BASRIE , fib ]
i I R 5 T 2 e 3 8RR I8 R G 7 4B T 8
T ) S R

3 EREREREAR

H X G B R, A0 BE 48 A% TR B ( zine-finger
nucleases, ZFN) | %% 5% I DN BF 200 W) % PR Tt
(' transcription
TALENS) | Ji 7% #9 R0 U 18] B 69 % 1] 3C 3 25 51
( clustered regularly interspersed short palindromic
repeats, CRISPR) , A] LS HLE i di i, ZFN 255 —
AT R R AR . 1996 4F A B H B pE 4 B
1 (zinc finger protein, ZFP) 5 Fokl B2 il g F 5% 5
DIRNRL T ZFN iR Folk B BRMRAL I —
A BAUIEIDIRE, ZFP A& 45 &8R- 1P
RN TR Y 30 DR EERRIE FLL 1, B ZF JE
¥, 84 ZF Z5 00 3 ~4 bp BTSN, R o 1R
Jietdi A DNA KBK45 DNA 254, 5 ZFN 264, 4%

activator-like  effector  nucleases,
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SRR TAHY 0 AR ) TAL 350 —F B & E Folk
PIE - FRYE TALENS, TALENS /5 k% R i i 77
X fa] 51, CRISPR/Cas J2& 4l B %0 & & 4t (1) — 3
G XAHARGE ST R WIS B4 5 RNA (single
guide RNA, sgRNA) Fll—1> Cas #% RN VI, 5
HI Cas #Z R N VIl Cas 9, ZFN WA &, %%
fIC; TALENS 44056 157 | JI8 S 232415 44 22 J&] 6 5 Cas 9
RS TALENS 1) 5 7% SEPRagefETE fa 5.

F T, 33 JURh R AR TE W L 3 W) Hh & A — 5 1 i
FH AEAE 4 AR Hh B AT AR A B 3 JLAR,
H AR5 Coghlan %5138 19 3 K 20 4 4 A 2728
THRME) SNCA FE I 7= 15 T 85— FUf 4 AR AR A 5
A BBOBEAE S —AF B IR e A | 5 — AR i+ B
HE G B AR R AR R, 2019 4F E N E G
i 4040 i Fl CRIPSR Cas9 % R A T4 — 1
PINK1 @A LR )28 BORR B 30 b 5 vl 2
JCIRME S PR G A A SR K N i, 1 PR g
BEFARMERE = AT AE L | R ik R AR AR X IR )R
AL R, AT T I B SOGAR 22 )

4 PFF #&3/1LB &5

55 /MK (Lewy bodies, LB)4& PD 4% FEP: bR
R0 LB A 3B 40 o E A 2T 4 R AR 1K, a-syn
S R R M TR a-syn REMA
PD B RRAS NH XK, BAE T B IN N a-syn HARFI
TN 2 5 27 4E 2 T0RE 9, 1022 R K FUE AT 4E 2
ﬁﬁﬂ"])ﬁ§$éﬁ( preformed fibrils, PFF) EAENER,
JCPFF il A — 52 M SERIR OB 197 58, T
TR HIEAIRAFTEMERE . 4 %51 o-syn PFF
TR N A8 7= 4= T PD J5 P, Shimozawa
SN ] AR RSO IS a-syn PFF, = )5,
o-syn S129 B R Ak B 93 S g Az 0 B P 1T H. oc-syn
MECIRIA R H, R T PD A o A%
G BE | XA — AR -syn AL RRAEIY A7 A A 1)
WEIAIE R a-syn PFF, 1 AN H I, fEREM A
WE BT Iz S Az A I 2] /D B (R BRI o-syn , AIFFE 47
g 120 HJa A RGN A R E R EPER a-syn,
A ZHET A IR A BT XU a-syn MAAMJEL 4%
i ) AX Al R HOR AR AT

1 PD AT I U LB 2 3 A 1 P BT i
SURIRPY B AT LS| A a-syn 5 BHLFT#R 23R 17 M0
AFIOT IR, Arotcarena A5 [ A I BUIR TR R
S PD B RIEN a-syn B SR EEMLZ

IR & B a-syn i BR 22 B9 20 AR | i 0 5% R)RE S 32
Fpl 1 2R E AP 2 R E S AL I a-syn BOMBGN

5 1tig

NHP 194 iy J A 3 A 3R AT T Bl 2k
FE A A R E AR A, BT, MPTP A A& PD
BRI A hRifl, P2 B R )y ik T 50, S B
AL — M 570 R IE ARG, B AT MPTP )
HG) G FRLAE ] MPTP %5256 58 R A B BoR 45
15, M7 13 B MPTP JHtE% i 6-OHDA SR i i i
Jo e, 22 2R BU— R i ST A2 8 A G A 2R 2
AN 1 — P LA B, — A i
A /MEIIE K, BL25 5 555 PD i & 9 i
TR R, HEFEAR i I IEI 45 28, T L DR R 5
WA —EXMERE A B 3 AR R 1% B 4% DL
fiF: DIEH BERL A 175 F RN 4L @3 H g &k H.
BTG ORI RMEH Y FA,AAV IFRBEATE
BRI L, AAV 3300435 16 1 5L DA T A AL AR
RRPATRES KRR, SIAN W5 B/ NI p-
a-syn KV 5 R SCIRAR AR AR BE A 6, TS5/ RS
R )2 , 61 p-ai-syn ZKF- 55 AR M 22 (] A AH
K (EMRERENE B FASN asyn BEH
AS3T 878 it LA, Mk F AR N 3 R 3K a-syn AS3T 28748
FIEE F R REIRR AR IN A AS3T RAF R AV f %
WE, CRISPR HEA 5 HoAth 35 PR 4 48 AR AH Ee, o] LASE
PO I 5L PR A A T g, AR R AR, (R A
MEPE K ATHA7AE B B4 T L, SR T, 2 o DRSS AR ] L),
EERACE B TR HLER G 2 d YRR R R
RIS, &S/ IMASE: PD B3 I bR R P e B
1M o-syn FE N EZ R, $0AH PFF B0
B BT NN SRR IR 08, F AL a-syn
PFF HAMLE B T PD 1 £ (UG RE #2800 2 2% B 4%
fIE (B PFF il 28 A9 T 208 5 AN FaE . PD B G
PEW) LB PP o 2 4%, 365 70 Z R0 RRA
51, AR BE—HER 22 [B] J4  22 57 T BE 2 R B SR

N

poi

1

=)
Jto
6 NS

BZ, BE NHP A7 — € BBk, (HADRE 5
NI B9 3h W), T T B LB 25 1 i A i
GV EAIR B A AR AR PE T H i T1E
PRGN, ™Ay 3R, AR 0 B R g fl
H NHP,
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F1 dEARKZE MPTP 8 545
Table 1 Summary of MPTP NHP model

YRR AR ERELT Eepipee JpiE IBERER AR DHEIR
Animal, Age Dose Route Pathology Motor symptom Non motor symptom
SN A% FER% TH T2
T 21 0 18 1 ¥ 40 18F-FP-
IT BP ¥ 5%
. 0.2 me/kg, 4~ 48 Jil,—Ji CIT BP S50 AT
Seo!® . TH expression level was "
A A —x decreased in SN, caudate GA FE(IE
0.2 mg/kg,for 4~48 weeks, i.m ) ’ " Reductions in GA  /
Adult cynomolgus monkeys nucleus and putamen; T
once a week . P
cell  chronic infiltration;
18F-FP-CIT BP
decreased significantly
SR A3 R B
0.2 mg/kg, JFIH—JF 21K, N , B NIRRT E
- e ke, T F R SCN L 2 47 lohatasiai
Fifel BREEAHET 1~2 d —1K, 18~ s PREFoERE
JRAFAE A 0d . - . . Loss or reduction of
. i.m No pathological changes in / L
Adult rhesus monkeys 0.2 mg/kg, twice a week circadian rthythm,
S hypothalamus , SCN T
initially, towards the end of K endogenous  circadian
and retina L.
treatment, every 1~2 days rthythm remains intact
FrMi 25 1 5 O/ PE A B B
AR BUIRAAR Chl 2 5 A
S . 75 SCIRF Chil B8 AACRE
ST B 4.3~8 mg/kg FEAIK
A:l It th K 4.3~8 mg/kg in total i.m Thalamus degeneration;  / /
ult Thesus monkeys CM/Pf  volume changes,
striatal  Chl  density and
number decrease
0.2~0. 5 mg/kg,—JH—x,
21 Ji
o g [55] i / / /
Gregory Porras 0.2~ 0.5 mg/kg, once a m
week , 21 weeks
SNe & 0 #0175 M ) TH-ir
M T EW DT A
80% B ¢ AR AL 1, B
WA 2 R A R AR
0 mke A3 IR AL
Mahmoud [ 2.0 mg/kg, FEATIELES d . .
R 10 mek for  three Number of TH-ir neurons in
E‘l— ) - i i’ © s the ventral and dorsal sides / /
ommon marmosets gogbe(,u 1;;3]( ays ; . ] of SNe is reduced by about
) m & or e 80%, dendritic reticular
consecutive days .
zone degeneration, caudate
nucleus putamen
degeneration, and nucleus
accumbens are not reduced.
BT R RE P 2T
J\% H’fﬁﬂdil ﬁl% R, 2
o KNERE, 7T RBIR  a
o 0.5 mg/kg, — A —K, 12 s BRERRE 77,18 30 Ak
Franke J#:0.5 me/ke, —JH— ¥k #% TH /KSEARAR R Y NIRTARAS /]
3~4 % ,iﬂ(ﬁﬁ' 5 Jj’:] ’ 6s ? Number of dopaminergic Not obui a HE RUHE
3~4 years old, ) s.c neurons in the substantia oo Vmu_s’ V,ﬂ Not  obvious,  will
0.5 mg/kg, once a week, . . recover;  jumping .
marmasets nigra remains unchanged, recover Anxiety, fear

for 12 weeks; 0.5 mg/kg,

once a week, for 5 weeks

and the level of TH in the
putamen  and  caudate

nucleus remains unchanged

ability, movement
hand-

eye coordination




Rhesus monkeys, 5 ~ 10
years old, 23~25 years old

2~4 mg totally

nigra TH was reduced by
80%~90%, and the optical
density of caudate nucleus
and putamen was reduced

by 60%~70%
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YIRS EEETi AL i BHRER EISEEIITEIN
Animal, Age Dose Route Pathology Motor symptom Non motor symptom
A&z, I
PRVFSMH R, TR
PHEJCEENE  RBD,MPTP &0
Verhave (%] F— 2 mgkg, 5 Spontaneous T REM R [ 397 8] (1)
R 2~3 % 1.5 mg/kg, —JA 2 K movement e INAEL ]
Common marmoset, 2 ~3 in the first week 2 mg/kg, s.c / decreased, clinical RBD, MPTP
years old and in the second week 1.5 score increased, significantly  increase
mg/kg, twice a week hand-eye endogenous muscle
coordination  had  tone during REM sleep
no
significant effect
6 H I i B
PR R4l
iz Bh, P& 2 R o
E VRS s .
2 mg/kg,iE8%5 d o E
Gourav R Choudhury! ™ me/ ke, JESK , Postural  head VO DAL
L 2 mg/kg, for consecutive . Cognitive impairment,
A s.c / tremor, fine .
5 days sleep disturbance,,
Marmosets movement , and .
dination cyclic
;};);u ally rhythm disturbance
deteriorate  within
6 months
Bk BR fE 07 R 22
Kiyoshi Ando!™ 2,2,1 mg/kg, #4553 d FasE ZH
EE A 2, 2, 1 mg/kg, for s Stable Continuous /
Common marmosets consecutive 3 days impairment of
jumping ability
Al A
Philippens!*’ 1 mg/kg, %45 8 d LT TH T4 ;lej”“jj T
2~3 BIHME 1 mg/kg, for consecutive s.c TH neuron loss significantly © OI,F /
. function decreased
2~3 years old marmosets 8 days in SN
o [60] =44
Subramanian, O3meke JZalk Rt AR
4~8.5 kg TEITAE 0.5 mg/kg, no more than i.v L. . / /
. Stable hemiparkinsonism
4~8.5kg, rhesus monkeys 4 times
e s IBEHHE T [
Rui Zhang!®!) mE B . éﬂﬂ(ﬂ‘;j o
A, K, 5k a8 8Bz
[, 15~18 %2 . Movement  speed ,
0.12 mg/kg iv Stable, moderate ; . /
Rhesus monkeys, 15 ~ 18 fine
Caudate nucleus, putamen, .
years old activity decreased
motor cortex
B BRI
PRI TH 18> 80% ~ 90%,
[62] AR A% 2 A Y 58 RE U L
Erﬁborg (A —k FEMRAZ 7o O 5 B b
fH A%, 5~ 10 %23 ~ e 60%~70%
25 % At 24 me Pallor lesions, Substanti
or lesions, Subs
Low dosage, once, v ’ shana / /
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Research progress on an experimental animal model of skin flaps

GU Yiran"?, ZHU Ziyan"?, LI Chunlin"*, DENG Guoying'*
(1. Shanghai General Hospital, Shanghai 201620, China.
2. Shanghai Jiao Tong University School of Medicine, Shanghai 200025)

[ Abstract]  With the development of microsurgery method , flap transplantation technology has become increasingly
beneficial. To explore the characteristics of the blood supply of flaps, improve the survival rate of flaps, and improve
microsurgery technology, many animal models of flaps have been established to simulate the physiological status of flaps in
vivo during clinical applications. To date, models of flaps have been established in different animal species with their own
advantages and disadvantages. However, there have been no comprehensive summaries of the current state of the field of
experimental animal models of flaps. Therefore, we reviewed the current research progress in the field of experimental
animal models of skin flaps.

[ Keywords] skin flap; animal models; perforators flap; osseous myocutaneous flap; research progress
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