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Study of a model of autoimmune premature ovarian failure

WANG Haidan*, GUO Hongyu, MA Weirong, WANG Qiong, YAN Shihai, FU Rui

(Affiliated Hospital of Nanjing University of Chinese Medicine Jiangsu Province Hospital of Chinese Medicine,
Nanjing 210029, China)
Corresponding author;: WANG Haidan. E-mail: danielwhd1984@ sina.com

[ Abstract]  Objective To improve a mouse model of autoimmune premature ovarian failure, different modeling
times and adjuvant were used to determine factors related to induction of premature ovarian failure by zona pellucida
glycoprotein 3 (ZP3). Methods B6AF1 mice with regular estrous cycles were randomly divided into five groups: normal,
model A, model B, model C and model D groups. At the end of the experiment, serum was collected to detect sex
hormones , and ovaries were collected to observe pathological changes, including effects on the zona pellucida and apoptosis
of ovarian cells. Results Compared with the normal group, the model B, C and D groups showed estrous cycle disorders,
including high gonadotropin and low estrogen levels, increased follicle atresia, obvious zona pellucida and increased
apoptosis of ovarian apoptotic cells. The model C and model D groups had more obvious changes in the number of atretic
follicles, ovarian apoptotic cells and zona pellucida. Conclusions In ZP3 induced autoimmune premature ovarian failure
the two-component model with three times immunization produced a stronger effect, and the modeling rate was 80% , which
can be used as a reference for future modeling.

[ Keywords] autoimmune premature ovarian failure; model; zona pellucida antigen; B6AF1 mice
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2 #HR

2.1 MRINEFHEZN

IEH AR A A1 /0N DL S04 A, 3l 1
G BB RS ~ 6 d 1Y 1 B
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o BN AT B LB AN ARG SR LI ;. BRI . K 52 LA 0 VL e A RV
1N R A 1

Note. a. Pre-estrus. Most of them are nucleated epithelial cells, but there are a few keratinized epithelial cells, no white blood cells. b.

Estrous phase. All keratinocytes or a few epithelial cells occasionally. c. Late estrus. Nucleated epithelial cells, white blood cells and

keratinocytes. d. Interestrous phase. Mostly white blood cells and a few epithelial cells and mucus.

Figure 1 Changes of estrous cycle cells in mice
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FLBIIE &, #5580 A 4R B 4090 0t IR G R it
GBI ) LU A B T R PR ORI B
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PR R 22 I B FHE(P> 0.05) , B C M D 4
B SR 2 J5 2 DL B R 43 B 6, 2 LA R R YK 5%
T, AT A AR DL A A DL 5 T R 2 A
BEAY C ZHF0 D IR G N OP i 32 | A B
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2.4 /NEREPE BRI AT ML

EHA B A B C D 41 5P S50k 40 i E T
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36.89% , AL C 41D ZH B0 0 I TR W]
TIERA, 2257 HA B EE(P< 0.05), BRI A 4
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2.5 IMNERIPEERTHTH

IE 2 N SR UL WA 2 BUAR 52 i e e
TR0 252 B SR AT DL BH I (%) 385 BH A S 0 5, L AR AR
CHYl.D B HIEHIAE BiaEz (WK 4),

F1 7P, BUNER /NN E, FSH K2 (x £ 5,n=8)

Table 1 Changes of serum E, and FSH levels in mice with premature ovarian failure induced by ZP,(x + s,n=8)

il TR .
E L .
Groups Modeling method 2 pg/mL) FSH(mIU/mL)
4 £ B B
IE% 4 jj%iét}imd( 33.31 £ 5.21 8.80 + 1.48
Normal group NS
£ A 2 Vi B
P A 401 VBRI + 1 mg/ml. T 31.45 + 10.95 10.27 = 2. 10
Model A group Primary immunization + 1 mg/mL TB
FER B 21 1 IRAPE + 5 mg/mL TB . .
Model B group Primary immunization + 5 mg/mL TB 27.63 = 4.17 13.29  4.51
A C 4 3 WAE + 1 mg/mL TB .
Model C group Tertiary immunization + 1 mg/mL TB 23.88 + 3.68 15.31 = 4.28
R D 2 3 RAPE + 5 mg/mL TB

Model D group

Tertiary immunization + 5 mg/mL TB

23.43 £ 5.36™ 12.68 +2.13™

W 5IE®HL, *P<0.05, ™ P<0.01, (FER)

Note. Compared with normal group, * P< 0. 05, ™ P< 0.01. (The same in the following tables)

T RS SE R A PR 44 U0 B2 R TR AR 46

B2 /NEOIEALUES R

Note. Complete histological structure of ovary. Local histological structure of ovary.

Figure 2 Morphological changes of ovarian tissue in mice
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®2 7P, FUNEH /DRI EALUE S E(x £ 5,n=8)

Table 2 Morphological changes of ovarian tissue in mice with premature ovarian failure induced by ZP;(x + s,n=8)

B , 71V 2% G 9 2K - . A ES
g0 gy 5t PIRGIIEH (%) B (%) PIBEIER (%)
Groups Modeli thod Primary and secondary R e rate( %) Occluded follicles
Toups odeling metho follicles rate( %) ature follicles rate( % rate( %)
‘P“vé o =N il\
(AL FREBDAK 56.24 = 20.91 5.17 + 2.95 38.59 + 18.94
Normal group NS
HEAL A 20 1 AP + 1 mg/mL TB
Model A group Primary immunization + 1 mg/mL TB 40.10 = 19.26 3.48 = 6.48 36.42 = 21.99
HH B 4l 1 %P + 5 mg/mL TB
Model B group Primary immunization + 5 mg/mL TB 36.36 = 14.28 453 £4.52 59.11 + 16.64
KR C 2] 3 WA + 1 mg/mL TB .
Model C group Tertiary immunization + 1 mg/mL TB 28.42 = 16.10 1.39 £2.50 70.20 £ 15.25
FE D 4 3 AP + 5 mg/mL TB
Model D group Tertiary immunization + 5 mg/mL TB 32.20 £ 10. 11 1.39 = 2.38 66.40 + 10. 58

®3 7P, HOPE /NGO EUR U TR (& £ 5,n=3)

Table 3 Changes of apoptosis of ovarian granulosa cells in mice with premature ovarian failure induced by ZP,(x + s,n=3)

2 3] Groups &2 Modeling method JHT=R (%) Apoptosis rate( % )
1E % 40 Normal group AEH AR HER K NS 8.15 + 0.99
R A 4 Model A group 1 A% + 1mg/mL TB Primary immunization + 1mg/mL TB 10.21 + 1.08
17 B 24 Model B group 1 GJ% + Smg/mL TB Primary immunization + Smg/mL TB 11.18 = 2.15
R C 4] Model C group 3 P + 1lmg/mL TB Tertiary immunization + 1mg/mL TB 35.49 + 1.93*
R D 2l Model D group 3 KHSE + Smg/mL TB Tertiary immunization + 5mg/mL TB 36.89 + 2.71

H HIERALL, ™ P < 0.01,
Note. Compared with normal group, ™ P < 0.01.

TE %€t Tunel 450 G SAOR. A0 M U4 7= ; DAPT He HH kR i A MIAZ AE S AN O T i 6, B DR T AR A ke

3 /NEOPEIUR AN TR AL 1l
Note. Apoptosis of ovarian granulosa cells was detected by fluorescence TUNEL. Under UV excitation, the DAPI-stained nuclei were blue, while
the apoptotic nuclei were green.

Figure 3 Changes in apoptosis of mouse ovarian granulosa cells
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T S5 I /N B S 2H U WA 72 £ s DAPT e R i) MU AR S OR T i 6, BHTESRIA N Donkel ZOLRPFCHIZR,
B4 /DRONEHLZUE I R

Note. The zona pellucida of mice ovary was detected by immunofluorescence assay. The DAPI-stained nuclei were blue under UV excitation and the

positive expression was green light labeled with Donkel luciferin.

Figure 4 Changes of zona pellucida in mouse ovarian tissue
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Experimental study on the adhesion and antioxidant effect of MAP on
ulcerative colitis in rats

LIU Zhaoyang', WU Linlin', TIAN Maosheng' , ZHANG Mingquan', ZHAO Na', GAO Jihua'*"

(1. Hebei University of Chinese Medicine, Shijiazhuang 050091, China.
2. the First Affiliated Hospital of Hebei University of Chinese Medicine, Shijiazhuang 050011)
Corresponding author; GAO Jihua. E-mail ; gaojihua2005@ 163.com

[ Abstract]  Objective To observe the effect of mussel adhesive protein( MAP) on the intestinal mucosa of rats
with ulcerative colitis, and to explore potential mechanisms from the perspectives of adhesion and antioxidant actions.
Methods A total of 32 specific pathogen-free grade SD rats were randomly divided into four groups: a normal group,
model group, mesalazine group and MAP group (0. 6 mg/kg body weight) , with eight rats in each group. The normal group
was provided ordinary drinking water, whereas the other groups were given 5% dextran sodium sulfate (DSS) for 7 days to

induce ulcerative colitis, and daily dosing was started during the 24 h after molding. The disease activity index ( DAT)
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scores and body weights of the rats in each group were observed and recorded. After 7 days of DSS administration, samples
were collected to determine the colorectal length and intestine ;: body weight ratio for each group, and the histology and gross
morphology of the colorectal mucosa were examined. The adhesion and antioxidant effects of MAP on the intestinal mucosa
of rats was investigated in vitro by nitro blue tetrazolium chloride ( NBT) staining. Results Compared with the normal
group, the model group showed significantly higher DAT scores (P< 0.05) and a decreased body weight ( P< 0.05) from
day 5 onwards, and shorter colorectal length and lower intestinal weight ratio (P< 0.05), as well as higher colon mucosal
damage index (CMDI) (P< 0.05) and pathohistological (P< 0.05) scores. Congestion, edema, and ulceration were
observed in the colorectal mucosa, as well as swelling and distortion of the colonic crypts and extensive infiltration of
inflammatory cells in submucosal tissue. These findings showed that the ulcerative colitis model was successfully established
in rats. Compared with the model group, the body weight and colorectal length of rats in the mesalazine and MAP groups
were increased (P< 0.05), whereas DAI scores, intestinal weight ratio, and CMDI and histopathological scores were
decreased (P< 0.05). In comparison with the mesalazine group, rats in the MAP group showed similar body weight growth
trends and DAI scores, as well as similar levels of intestinal mucosal edema, congestion and inflammatory cell infiltration,
indicating that MAP had potentially similar therapeutic effects to those of mesalazine in ulcerative colitis. The NBT staining
produced blue histology in the rectal mucosa of rats, and the degree of blue staining increased with time. Conclusions
Through adhesion and antioxidant effects on intestinal mucosa, MAP can significantly improve the symptoms of dilute stool,
blood in stool and weight loss in rats with ulcerative colitis, and repair a damaged intestinal mucosal barrier. Additionally,
MAP reduced the congestion and edema of rat rectal mucosa, as well as effectively reduced the infiltration of inflammatory
cells, suggesting therapeutic potential for the treatment of ulcerative colitis by MAP.

[ Keywords] MAP; ulcerative colitis; rat; adhesion; antioxidant
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Table 1 DAI Scores

TR RABPER AT B/ A IR 1t A5 W
Loss of weight Stool consistency Bleeding Score
E# EH(-)
< 1% Normal Normal 0
» e R i (+) 1
¢ Soft but still formed Negative hemocult
i - 10 o AR (++) )
Soft Positive hemocult
T PAY AR ALAEE ( +++)
% ~ 159
10% ~ 15% Very soft and wet Blood traces in stool visible 3
S15% BEME PIIRILAE (>+++) 4

Watery diarrhea

Gross bleeding

xk2 CMDIIFA#%
Table 2 CMDI scores

S HMBIRKRRIE R W
Gross morphological manifestations of the colorectal mucosa Score

EH T .

Normal, no damage
BT, K R IDEH JCEE RS 1
Mild hyperemia, edema, smooth surface, no erosion damage
FRBESE L, 7K i, FhOHLRE S A00RCR A BE A M e i 5
Moderate hyperemia, oedema, coarse granular mucosa, erosion or intestinal adhesions
1o BEFE MK, BRI IRAE BUZIE I, BUZ R AE < | om 7 BEIE IR sl R AT IRBE L RAE
Highly congested and edematous, with necrosis and ulcer formation on the mucosal surface, maximum longitudinal 3
diameter of ulcer < 1 em, thickening of the intestinal wall or necrosis and inflammation on the surface
16 3 43R B IR IES 1 em SR REIRSE 4
Maximum longitudinal diameter of ulcer >1 ¢m on a 3-point basis or total bowel wall necrosis
R 3 WHALUAE bR
Table 3 Pathological histology scoring criteria
5 E A U BRI P53
Histopathological manifestations of the colorectum Score
TR HLIG ST 20 5 0
The tissue is normal and not infiltrated by inflammatory cells
RPN A M, R T |
Slight inflammatory cell infiltration, no damage to submucosal tissue

HR I A AN R AR IR T LR IR (BRI IR AE 10% ~ 25%) 5

Moderate inflammatory cell infiltration and destruction of submucosal tissue ( damage ranges from 10% to 25% )

B0 P S Ak A I, T L VR | 45 1 BE SR I (40590 I 7E 25% ~ 50% )
Significant inflammatory cell infiltration, destruction of submucosal tissue and thickening of the 3
colonic wall( damage ranges from 25% to 50% )
U E B RPN KRS I U5 s (BROITE > 50% ) Fnas li B 4 J

Severe inflammatory cell infiltration, massive colonic tissue damage (>50% damage) with 4

thickening of the colonic wall
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Note. A. Comparison of body weight. B. Comparison of DAI scores. Compared with the model group, * P < 0.05. ( The same in the following figure)

Figure 1 Body weight and DAI scores
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TEA LSS E I BE U B A T L LU ; € CMDIT PRAY LA D 45 B BB R AR B 4%

2 S HIBE RS R S M
Note. A. Comparison of length of colorectum. B. Comparison of intestinal weight ratio. C. Comparison of CMDI scores. D. Observation of gross morphology
of colorectal mucosa.

Figure 2 Colorectal anatomical datas and observation of gross morphology of colorectal mucosa

3 EAH
Figure 3 Observation of pathological histological

B4 MAP XFE ARG R R E A

Figure 4 Observations on the adhesion and antioxidant effects of MAP on rectal mucosa
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Changes in spinal Al astrocyte polarization during peripheral
inflammatory pain

LI Qian, LI Lingling, LI Shuang, HUANG Chutian, ZHOU Junmei "

(Department of Central Laboratory, Shanghai Children’ s Hospital, Shanghai Jiaotong University, Shanghai 200040, China)

Corresponding author; ZHOU Junmei. E-mail ; zhoujm@ shchildren.com.cn

[ Abstract]  Objective Chronic inflammatory pain is a common disease that severely disrupts the quality of life of
patients. The latest research shows that reactive astrocytes can be polarized to two different phenotypes, Al and A2
astrocytes. Type Al astrocytes can secrete pro-inflammatory cytokines and promote neuroinflammation, and type A2
astrocytes can secrete neurotrophic factors and promote tissue repair. This paper aimed to study pain behavior and changes
to A1l astrocytes in the spinal cord of mice with peripheral inflammatory pain, to elucidate the pathological mechanisms of
peripheral inflammatory pain. Methods A total of 16 male C57BL/6 mice were divided into the control group and
inflammatory pain group (eight mice per group). The inflammatory pain model was established by injection of complete
Freund's adjuvant (CFA) into the plantar surface of the right hind paw. The control group were injected with an equivalent
volume of saline. The mechanical withdrawal threshold (MWT) and the radiant heat stimulating paw withdrawal latency
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(PWL) of mice were measured before and 1, 3, 5 and 7 days after the CFA injection. Reverse transcription polymerase

chain reaction was used to detect the expression of Al and A2 astrocyte markers. Immunohistochemistry was used to detect

the expression of glial fibrillary acidic protein ( GFAP) in the spinal dorsal horn to identify the process of astrocyte

activation. Finally, the co-localization of Al astrocyte marker C3 and GFAP in the spinal dorsal horn was detected. Results

The ipsilateral MWT and PWL had both significantly decreased after CFA injection, indicating that the mice developed

mechanical hyperalgesia and thermal hyperalgesia. At the third day after CFA injection, the expression levels of spinal

GFAP were significantly increased compared to the day 0 (DO) group (1.84 + 0.10 vs. 1. 08 + 0.22, respectively, P<

0.05). On the 7th day after CFA injection, the mRNA levels of Al astrocyte markers Serpingl and Len2 were increased vs.
the DO group (P<0.05), and mRNA levels of A2 astrocyte markers S100al0 and Pix3 were decreased vs. the DO group (P
<0.05). The co-expression of C3 and GFAP in the spinal dorsal horn was increased in the CFA vs. DO group (P<0.05).

Conclusions The reactive astrocytes in the spinal dorsal horn of mice with inflammatory pain were polarized to type Al,

suggesting that Al astrocytes may be involved in the development of inflammatory pain.
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TERLE S 3 KA N SO Pk AP I 5T 48 it A s
GFAP Len2 [ mRNA AN IE K510 (1. 84 +
0.10),(4.64 = 0.61) , BERATFHE (P < 0.05),
a5 7 K, GFAP Len2 B mRNA AHXT 357K F
3R (2.05 £ 0.20),(5.43 + 0.34) , SRR
T HA BEMEZER(P <0.05) (WLE 2) . %8 CFA
Je NI /N B8 2 TP I B A M 9T
BIETCI I R I, 5l BIRTAH t, CFA 413
S5 7 RABEIT M GFAP (55 /KB ET e, vl
DI F R R E ORI 2 ESIER(WE3),
2.3 CFA XMRNMNERER AL A2 BEEKRKRA
RT-PCR 325 & L, CFA 4 i A% 5 5 7 KA 86
A1 B R TE BB A M bR S 4 Serpingl \H2-T23 1Y
mRNA FHXF B K400 (2. 54 £ 0.12), (2.31
+0.12) , SR D, LA B EFTHE (P < 0.05,
W 4A,4B) , A2 BRI AN I A AL A i
S100a10 ., Ptx3 ) mRNA AHXF kK0 8 TR, H
TGRS 7 K%M (0.57 £ 0.15), (0.40 +
0.04) ,BEMRFTA BE 2R (P < 0.05, WA 4C,
4D) ,$&78 CFA R /N BUA B SO 1 B P e o 4
JorE) A1 AR AL
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T S RIAALL, * P < 0.05,
Bl 1 CFA RMIR/ B S ER B (MWT) FR4m 5 $Of3 s TR (PWL) 284K (% + s &, n=8)
Note. Compared with Saline group, * P < 0. 05.
Figure 1 Time course of the mechanical withdraw threshold( MWT) and the paw withdrawal latency (PWL)in mice treated with CFA

or saline(x + sx, n=8)

T SHEBETAHLE, * P < 0.05, (TREIR)
B2 CFA Sk RUAHBE SR P S I A AR A5 GFAP Len2 R (x £ s x, n=3)
Note. Compared with Dy, * P < 0.05. (The same in the following figures )
Figure 2 RT-PCR analysis showing the time courses in expression changes of the GFAP and Lcn2 in the spinal cord of
CFA-treated mice(x = sx, n=3)

TE:A B’ A BHENJRHHCRIE Fr o
B3 CFA RPEH/ N RUEAR AT SR IEBUR 7 KA B M GFAP ik (n=3)
Note. A’ , B’. Partially enlarged picture of A and B.
Figure 3 Confocal images show the GFAP immunoreactivity in the ipsilateral spinal dorsal horn of CFA-treated mice before and
7 days after CFA injection(n=3)
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2.4 Al BIEEEKRMAMIREY C3 BIRIA SREFH(1.74 + 0.08),C3 5 GFAP AL g fi {55
GPEDNLI K B, CFA HAEREAR G 7 KB HXDEOEIRE R (4. 46 = 0.38) , K0 | B 3
BE AN AL BRI IR R A AR R C3 ARt FHE(P < 0.05, WKl S5) .,

24 CFA ZeM/NEABE Al B TR IR BT AT 54 Serpingl \H2-T23 DL J% A2 7 TR IC o
NAEAR G S100a10 Pix3 Fik B4k (% = sx, n=3)
Figure 4 RT-PCR analysis showing the time courses in expression changes of the Al astrocyte maker Serpingl,
H2-T23 and the A2 astrocyte maker S100al0, Pitx3 in the spinal cord of CFA-treated mice(x + sx, n=3)

H:C7 LD C D HERJRIRILKR C3 fF55C D7 .C,D HEN R IR K
B 5 CFA % f%fh/l\ B A AT S 1 RIS 5 7 R BETT M AL B R I 40 il br a9 €3 ik
PIK Y GFAP HA5E b (x £ 5%, n=3)
Note. C”, D’. Locally amplified C3 signal in frame C and D. C’, D’. Locally enlarged picture in frame C and D.
Figure 5 Confocal images show the GFAP immunoreactivity ( green) and C3(red)in the ipsilateral
spinal cord dorsal horn of CFA-treated mice at DO and D7 after injection(x + s x, n=3)
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g A T A A SR LA R,
5T K BR, P 205 FEAME PO A AL R BB B 5 M b,
AT TR Sy P A o 4 A ) S S AR A
it RT-PCR  AE 9655 77 R B CFA /NEUVA B N
A1 B RJE e A abr i 28 Tt i, 3R B AR /N
UG BETEAE A1 U IR AN AL

KFIET AL RE Y 5 40 i % AL 19 43 7 AL
il , BRI 5T UE S /0N S5 40 A 30 IS R TL-
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S A RS AR I IR S, /N R R 40 M T A A R
CXCR7/PI3K/ Akt {55538 %175 T A BE S 1 2 B I
A AL R AL R AR5 T Y
CFA e PES /N BUBEAY | K SCRRTIE S H A 15 458 )5
LI pedt AN T R SRR Y G Nk <
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(MSU) , il 45 AGA /INEUERY , ASTHI ] 58 AT R Je , AR 78+ BB S r 21 /)N BRUNER s 1o S Bt o, A5 98+ W e 32 = 21 7]
i ) M B i S M| R S S LA 2 N P R B A A R, SR IR R UK 2/ B A B DG ek A B A T
W 5 FH von Frey 22600 /N B 50% ML 4E 2 BN BI{E (50% PWT) 3 95 B2 A3 A7 B 56 35 Wit B2 2047 - ; DigiGait /8%
RGN BEE A, IF O3 M R 20 3547 222 Ak s A 23 6 I 35 A /) BRUBR G 1 28 A I S I 5 g PCR
HABIMBRC Y HAERFEH FRIE, GRS IRAM BRI/ BRI AK , 50% PWT B REG(P <
0.01) , JpgR i /AT 20 /N LB 5G9 W I A S UAR 45 ) R S BB S R PEAIARIRE (P < 0.05) o 51T m
AL /N BRURE 0T R /I BB i 4 B 0 S i, BT b T B 0 S8 08/ (P < 0. 01) , S5 R+ 5 7 2 A L, A +
100 mg/kg BFEHIAL/ N RN 50% PWT 35 ETF(P < 0.01) s BRI KA B2 250 s L SRS EUL B
FE (P < 0.05) ; BROCT AU AR oK T IR B0 25 R R (P < 0.05) ; RYERE F IL-18  TNF-o 3k /K P-4 it
FETRE(P < 0.01) , HACRANSIWESE AU, T 30 mg/keg LI BHCR, S SR AT M AGA BELNRELE
7 U RN OG5 HEIR , X —IRYTVE AR T 88 5 FLBRAIC AGA /N BUBR G AT A 28 b & A0 0 0K - BT A Ak 4 e 1k ¢
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Therapeutic effects of oltipraz on the pain and inflammation responses of
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[ Abstract]  Objective To establish a mouse model of acute gouty arthritis (AGA) , and to study whether oltipraz
can improve the joint inflammation and pain in this model. Methods Healthy male C57/BL6 mice were randomly divided
into control, MSU+Vehicle (MSU+Veh) , MSU+Oltipraz high-dose ( MSU+100 mg/kg oltipraz) , MSU+Oltipraz low-dose
(MSU+30 mg/kg oltipraz) , and MSU+Indomethacin (MSU+Indo) groups. Mice of the control group were injected with
phosphate buffered saline, whereas the other groups were injected with monosodium urate ( MSU) in the right ankle to
establish AGA. After the establishment of AGA, the MSU+Oltipraz group was intraperitoneally injected with oltipraz, the
MSU+Indo group was intraperitoneally injected with indomethacin at the same time point, and mice in the other groups were
intraperitoneally injected with the same volume of vehicle. Calipers were used to measure ankle joint swelling before and
after model establishment and treatments. The 50% mechanical paw withdrawal threshold (50% PWT) of mice was
measured by the von Frey method . Pathological changes of ankle synovial tissues were evaluated. The DigiGait imaging
system was used to measure the gait of mice and changes of gait behavior before and after model establishment. An oxidative
molecular detection kit was used to detect the oxidative stress-related molecules in mouse ankle joints. The expression levels
of inflammatory factors in ankle joints were examined by qPCR. Results Compared with the control group, the MSU group
had obvious ankle joint swelling and the 50% PWT was significantly reduced ( P<0.01). Pathological analysis indicated
that the synovial tissues of the ankle joint showed extensive inflammatory cell infiltration in the MSU group compared with
the control group (P<0.05). Gait analysis showed that the stride length of hind limb was significantly shortened, and the
paw area was significantly reduced (P<0.01) in the MSU group compared with the control group. Compared with the MSU
+Veh group, the 50% PWT of the ipsilateral side of mice in the MSU+100 mg/kg oltipraz group was significantly increased
(P<0.01), the ankle joint swelling was greatly reduced and gait parameters were markedly improved ( P<0.05) , the level
of oxidative stress in ankle joints was significantly decreased ( P<0.05), and the expression levels of inflammatory cytokine
IL-1B and TNF-a mRNAs were dramatically decreased in the MSU+100 mg/kg oltipraz group compared with the MSU+Veh
group (P <0.01), an effect similar to that of indomethacin, whereas 30 mg/kg oltipraz had no significant effect.
Conclusions  Oltipraz can alleviate ankle joint swelling and mechanical hyperalgesia in the AGA mouse model. This
therapeutic effect is probably related to reduced oxidative stress and inflammatory cytokine levels, and the increased
expression of antioxidant substances in the ankle tissue of AGA mice by oltipraz treatment.

[ Keywords] acute gouty arthritis; oxidative stress; pain; oltipraz; gait

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

P UE T 26 (AGA) S —Fh Hy B4 PR 2
ERZE S (MSU) 78 G5 21 ZLA0 WO RR T 8 B Y 2Pk R
REME G B, L5 1R Py I RS AR ) R 4e 2 AL A
K AGA VE R A NS5 WA S e M Tk 2
— 2 TR R A R A TA B B RS i A A S
fEZ— Al AR TG R B R, AGA BT
SRRSO, B T 2R HE RN RN 1% ~ 4%,
Hp L EFRBEZ W, BT FERZE LB TR
B R AGA IR RN 1% ~ 3%, I B4 1
FHa#, AGA EH 29k, il SEOCT 2 M A
L2 sh o) RERRAT , D7 i BOR S AR 22 i, BRAE SR
T BT B g R TR, R R e A T

H AT RET X AGA JAIT B AR KANGE IR 5§ bt
SRR B2 TR, i el FH G S 25 W e 3K
WEARR N, A5G B i AE B e BE
P TR PE RN G R 0T T I T A L A 3k
PRI SR -2 S50, AR % B 4 B SZ IR A
BEE SR A IR, K IR 2 25 ]
REXTCo 7 A 7™ B IR T, DA (45 St 2 25 49 i
FHAZBRYT ) PIEE % AGA JRYF 25 BT 58 B &
B2 =

FALRR B T2 25 T SE PR M & E
B, AGA & 95 Bif Jmy 8 56 5 21 4L rp |5 0 240 i XoF
MSU fa R RPN 5 By S i i) FZ Y, FE



 E SL I FH 3R 2021 4F 10 A %5 29 %55 S Acta Lab Anim Sci Sin, October 2021, Vol. 29, No. 5 587

R B WA R 5 AR B SRR F AL, B MSU, Jf
PR A AL R 7 M1 (ROS) . 3X 28 ROS W) i 1Y
BT i — 25 g B it Ak s b, R B — &R 5 i
J ik S Ak AR R, YO R BUE% TRPAL @ IE 7 A=
KATP IFB R RAE RN A, AT R
P 2o R T R Y — 2L R K1, 40 TL-18 . TNF-a
& B TR &AL

BRI A W 2 — I PR TR 7 10 L
259, B Nef2 R SRS RTIREE O4
K AGA FEHY/IN FR MR 5 5 4] 21 H Nef2 3k &
i D T Ak ) LR R B B v L AR
BROCTT AL RB T, HAWR AR, A
SRR R 56, B 5y mT R R AR A
SRR LRI R 3 Y G SR B BU R G =
(ERER N I = R 7 AN =R A & S
- B A L Ne2 R E AL B
1/ BRI R 5 B R R ARBTRAR ™ 3
WIIE AT B, JE 1 B8 8 3 0 A RS Nif2/
HO-1 {5530 Bl b7 25 W) SR A2 i K A o JE 4
ZoREE S, AR H TS T BB PR AT AGA
BYERITIE IO AR W AGE . e A B S H, $UL36]
7 MSU B4 1) AGA /NERBERY LT IF 5T Nef2 4F
PR BN ) AR AGA AT/ BB G Y R E
FPIR IGYTVEF 2 nT e L, I I o 0 55 20k
ST AGA 254t s ],

1 #MR57EZE

1.1 #
1.1.1 SE8sh

TEHI 100 4% 2 8 JEE SPF it e lfEvE C57/BL6
INERAREE 22 ~ 28 o, W H R F TR v S g
WA PR B[ SCXK (17)2019-0016] , IEAEHTIT A 122
2y RS S L [ SYXK (971) 2019-0008 ) 4 3%,
FIRAEFFAE 22 ~ 25°C ,{BJF 40% ~ 60% /N A H
REAYOK ,KT6 12 h 53, AR i BAE E W
TV s 24 R A sh A0 B 2 5L 2 i ko (A L
5, 7ZSLL-2017-183)

112 FZEF S

von Frey £F4E24 ( Stoelting 23 7] ) ; 2R F 20 5
VRSO HL (Thermo Scientific 23 7)) ; M4 22 T HE i
P (SoftMax A F] ) 5 23 R B i b -~ R (L1368
FES A FRA R ) 3 AR H( B5958, APEXBIO) ; —
FH LA ( DMSO, Sigma 23 7)) 5 BERRER S vl ( L 3L

AW AL S IRIRSA (Sigma 23 7] ) 5 il i i I BL A it
K (GSH) #ailiath) & (/e 5t ag, 5845 . A006 -2 -
1) ;SOD i i) & (P s AL, 525 : A001-3-2) ;
MDA 72 37 &5 (Bt K, 5845 A003-1-2) 53t
FALE(H,0,) Kl & (= K, 57%5:50038) 5
B S r Wi B o S Vs TR
1.2 A&
1.2.1 srdl 5k

C57/BL6 /MR, FEHILAT R 5 20, B0 BRZH | A A
IR ZH AR + B I R ) = 2H ( MSU + 100 mg/
kg Oltipraz ) | #5& #8 + B35 & H7 AL 57 42 2H ( MSU + 30
mg/kg Oltipraz) DA S #5574 + 05| e 56 5 4 ( MSU + 10
mg/kg Indo) o [RXT IR ZH v 5 Wl 0 50 2% v A1, HL A
B A/NRA BRI ESS 1 mg/20 wL JRFREN, Hil 45 2
PRI UM DG R /N BB Y A7 + BRI hr 2 . A
TEREHT ARG 5.23 .47 h I8 I S Rt iy, AR
+15 [P 5 7 2 . 7 W] — B[] o5 M s 3 S s e 26 o
LA LANE i 1 AR s I sk 259
1.2.2 BT b i A% B I e

SR FHBSCRES 3t s 5 RUASE 00 335 A5 i J AN [ s ] o5
/N BRI NER 22 [] B B, SR 3 YRR UL
BROCS I i 2 B2 = Y i D 4t O 30 B AR -0 4 D 4t

HAiE,
1.2.3 AT RFK 5 50% P48 L 58 RE (50%
PWT) il &

TETE AR N TE B S 1Y 2.6.8.,24 .48 h, ] von-
Frey £ 4k 42 ( J34 43 %2 0.02.0.04.0.07.0. 16,
0.40.0.60.1.00,1.40.2.00 g) , RFHZH Up-Down
J7 AN LA BT RSB N BRUBCTE
gk W) b i W SR & N, 55 B R BIL D S
B E/NEGE B 30 min, 8 R (1R E
RAREES) ,H von-Frey 2 Y 22 BN R AT 5 T
SRR ST T R F von-Frey 2275 1 S
W FE BT TR 5 s, WBE/N B 75 H P46 2
JNE o BN /IS BRE 0035 P ] B oA PR 4 A2 B
FNE, #RAE A B SV (32 X)), AN RE H EE 45 2 5]
ISR, e o B KR (A28 0) o 7€ 15 58 A
0.4 g FH AR UNZ 1 JE von-Frey 225 ANGES | 2 FH
PESORE (/N B TCHS B SR3E ) Bsf 3 AR A8 K — 2 T
JE 2T 2 22 S 25 R B RN, 4G T A AR /N —
WA 22 WP, 2 BRI 22, 30 3
551 YR BHAA AR (SRR R BH P ) S A 57 1% 4k
SRR 4 Yk, 45 1 YK OX B XO H BL, FEAS I 4
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WIS B —H P31, PRI 22 8] 2/ [E] B 1 min,
M BR b — VORI A, JEES 1 R B X 1Y)
AI— UK O” VE A A, FIZR A 22 6 UG 45 41
YERITE 50% PWT [R5 F5], THEAR N 50%
PWT(g)=10"(xf+k = 8-4) . & fEULZy 7y 0. 231, Xf
T A i 5 — A von-Frey 22 /%808, k AR 45
KD RS X7 “ 07 FE ol 2 i

1.2.4 BT I L) s B 2L

MG 24 b, 5 5UBE R AL P, PRes BCT ZR R SG
W, JO TR R R 22 R MRS e T 4% 2 R F
W, EIE R EE 1 d, RS PBS #hik 3 Uk, 288K
3 Wk, ULV R 20 f5AFY EDTA BESH H , =
T RAT U ES AL 2 J8 A bl f Y AR m gk AT
F IR Z -2 (HE ) Je (5, ey s~
FEAG L /IN RO T AR U 28 B R P4 R
1.2.5 /NEEEMT

15 24 h i DigiGait iR R GEX/NRIEF T
FT R, 45 22 Fh 25 25 00 24 R S5 F8 55, i
JNIEIFR (paw area) 2B 08K ( stride length) 4
1.2.6  HUEALRE 75 S0 R O O 23— A il 20 21
FEEL

B 24 b, /NS SCRE RS A B P 3RO S )
BRIEHT T A Ak o0 B, 422 B 500 7 o1 A 100 s v
FIONsE, VERRPRERAL S i P IR i AR =19
B LB I AR BEER K A2 2 mm EARENER , A L
BRI 7E 4CIREE T, 1M el 5 8L 500K
4°C,3000 rpm, 15 min B0, WL FVE W, 4 23853
IEIT BCA VAR (MR EEDNE , R4k 115 T T4
WA SR,

(1) ALY B AL (SOD) 7 PEK I . AR H5 4
FIE VA BFLIMA 20 wL FEMEEA & 20 wL fif
TAEW, FEoMRA), 400 200 pL JEYIN I, & T
37°CHHIRARIFE 20 min J&5,450 nm ZbFEEFRAGEEL,
AR A RIFEREA T SOD BEIEE | 4545 9 2=
oA B SOD AYYE 1, ¥ A U/mg protein,,

(2) i JE A B H K ( GSH) 336 M4SN
[ FE B e iy, B FLAIN 100 L A v S B AR RE AR B
125 pl. TAEW, GSH 5 — At — il 3 7% 1 2
(DTNB) B, A= 8 ik &9, 7E 405 nm JEK T
BEBUBUE , 2 H b ph 26, T A REA T GSH BT
P, B0 A pmol/mg protein

(3) T T (MDA ) 7 K6 00 . fic il AN [R) v JiE
FrRufE &, B8 N 100 WL Fr o 5 o I RE AR R

200 wWLTAEW , IR 27 100°C N #K 15 min, KB A
EEIR,ZEIR 1000 rpm B0 10 min, FZHL 200 L
HERIA 96 FLALHT, MDA S5 a7 A% L b 22 R S 1
PR E Y, 7 562 nm KT BRI EL,
il bR e 2k, TH R A A TR MDA &, Rt Y
SiR R E M B MDA & & B0 wmol/
mg protein,
1.3 ZitELSH

TEEAEE R P A+ ARMEDR (v & sx) S
/N, K H Graphpad Prism 8.0 #4788 2 & K Se 1t
ST, P e 0 A Student” s ¢ test, Z2 41 (1]
(= 3) H One-mX Two-way ANOVA, F J5 7 #71 H
Tukey EREE:, P < 0.05 MR HA B EM,

2 #HR
2.1 AGA/NREREITRBXTBEAHRARFRES
W=

TS MSU S, B8 /N BRAT BROCT 37 B b fik
i, H— 23 48 h( ¥ 1A,1B) , AR/ RS
BRICTT 50% PWT B S REAIG, 45 7= A HL AR 8 480 %
A (P < 0.01), HUIHRI B U N fE IS 24 hoik
P Eig ) H— 348 h(E 1C), FRML 5L
AR — B, R R R XA S 24 h/l
SUBRC T A TR B4 ) 7 F HE Yefa, HE Jefash
RRBS 24 h(E 1D) , AGA BIAIZH /)N 5 A8 ] 2R
KA U Iz St MR I AL A (P <
0.01),
2.2 BELHI AGA MNRBRXTHAKFZEREDN
FrR e

A3 7 REZH AR + 345 57 4 (MSU + Veh ) Al
R+ LA R 2H (MSU+Oltipraz ) o FE7Y + B 417
2HAETE BT B S 5.23 .47 h I I A R R
(30 mg/kg 3% 100 mg/kg,40 wL HSHARL) , B+
VAT A [v]— BF ) a5 s 2 S R 95 59, A5 78 + ]
WS 20 [R)— Bsf [) i S 3 S 1l e 26 (10 mg/
kg) . P 2A Jhy BRI 45 2 e HLARTRS I S Bt ]
RIEE, H von-Frey K0 0.2.6.8.24 48 h i} [A]
S A/ R AT ARG 1, M O S B S
AHASE TR TR + 37 70 4 /0N B, 85780 + B i R 24 /) B
50% PWT FE45-/ B [a] S 3 B0 4 2 1o, HLBR OGS
ik JH AR R S BRI (1R 2B) (P < 0.01) , B3
SERLPUR BRI AGA BN BB OGS b ik A1
PR A BRI ER
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T < A I 25 61 /0N SUAE DG I AP L 1 AR P B %t R RS R 2/ B DB 1 o K et R A A L % B RS R/ i
SO YS HUBHS 2 P P D - SRS 24 b/ BB DUBROG 1 o AL SR B I8 . S IRALA L, = P < 0,01,
B 1 /NSRS BRI K B AL A 12 SR B (AR AR L (n=6)

Note. A. Representative pictures showing the swelling of the affected ankle joint at each time point before and after AGA model establishment. B. Time

course indicating the changes of ankle joint swelling of control and MSU group. C. Time course showing the changes of 50% PWT of control and MSU group.

D. Histopathological analysis of synovium of ankle joint 24 h after AGA model establishment. Compared with control group, ** P < 0.01.

Figure 1 Changes of paw withdrawal threshold and ankle joint swelling before and after AGA model establishment in mice(n=6)

2.3 BEELHX AGA HEUNRSEITHEBST
ER

FIFHAL ARG 24 h /N BB AT R 2p 4T
W5, & 3A BN, & 305 X7 BRZH AR L, A 7R 2 /)N
D ASAT 2 B I 5 e A B0 A VR T ft
MU AR ( paw area) W80, #E— 00 &
PR A2 /N BB B8 K B (stride length ) 1 15 35 8 />
(P <0.01), X—&5R 4R, AGA BRI/ LB H
B 20 AT U (AR A T AL 3 7 4 /)N
L, B +100 mg/ kg BRI/ BRAE AL AL E B
SRR BT i e 1 A LA B A5 R K AR AR 28 PR
FUFE(P <0.05), 3B BRpE LSS
TER, X451 R BRI AT 2 0055 AGA
BEAL/ NS AT N 2E 1R
2.4 BELIY AGA #HEU/NRBXTEMUHM
R R FFE A

EALRIR RAEA S AGA RAE SHmh B A
FEAEM ) W, b TR BRI AGA
R /N BRI S 5 Y588 AR R RE AR FH A 3R 7 HIL
FRATHE— 2 55 1 B8 3t o o A 78 /)N B AR 0 BB O
TR Y TR, SRR )S 24 h /R

FENBRSCTT LS T B AR N B A, ange 1 iy
N, 5% B B, A5 A8 3 390 4 /D BRUBR OG5 414
SOD Ml GSH & w8 % T (P < 0.05,P <
0.01) , &AL ™9 MDA & HH R FTH(P <
0.05,P < 0.01) , $R/RBIRL -+ 7 2 /)N BRL A8 R G
LU A A R SR N SR 5 ) 2
AR, BB +100 mg/kg BFE-HLLH /N BB MINER G 9
M4 SOD Ml GSH i M B EFEME (P <
0.01), H MDA /K FBETFE(P <0.05), DL g5
SRR B ] A R A AGA AL /) B AR A 2R
AT LU AR R N K
2.5 BB AGA #E/NRBX AR P K
FERFRIZNTRIEAR

WP 4A 4B Fi7R ARG 24 h A HEXT BB A
A ZE /N BN BR 56 5 20 21 Fh R RE T TL-18
TNF-ae mRNA Fik WL ETHE (P < 0.05), 45
B RLRYT T MR + 75 50 4, 550+ 100 mg/kg
B R /) BB R DG 1 420 TL-18 F1 TNF-a
mRNA FEEREFHE(P <0.05), iR EERR
B T A RO > AGA AR /N BB R G 41 41
o RE il 8
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TE A SRR R 24 7 SR 3 L B 4 R BSR4 S0 + 30/ 100 mg/kg B L4 AL + 10 me/kg 1513 32 4/ BRUAS [7] B 1]
SRR AT MU B AR IS LB B0 ; S X BRALAE, * P < 0.05, ** P < 0.01; SR+ R, *P< 0.05, (FEl/EIR)
B2 BRI AGA BERL/NEUEBR T b AL 7 B G P (n=6)

Note. A. Experimental scheme of the administration of oltipraz. B. Time course showing the effect of oltipraz on 50% PWT and ankle joint swelling
of control \MSU+Veh .MSU+30/100 mg/kg Oltipraz and MSU+ 10 mg/kg Indo group. Compared with control group, * P < 0.05, ** P < 0.0L.

Compared with MSU+Veh group,*P< 0. 05. (The same in the following figures and table)

Figure 2 Therapeutic effects of oltipraz on ankle joint swelling and mechanical pain threshold of AGA model mice(n=06)

TE A TERE 24 h 5 0 IHZL SR+ R 4L R+ 100 mg/ kg BSR4/ U R S USR] B .3 4/ NP S S BB SET A
3 BRI KU R ST 2 B U (n=6)
Note. A. Gait imaging of control, MSU+Veh and MSU+100 mg/kg Oltipraz group mice 24 h after the model. B. Summary of the gait parameters.
Figure 3 Therapeutic effects of oltipraz on gait behavior of AGA model mice(n=6)
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R AA/NRUBMER ST L P B A RIAR S 7 T K22 (n=6)

Table 1 Changes of the levels of oxidative stress-related molecules in ipsilateral ankle joint tissues of mice in each group(n==6)

21 5 Groups

SOD( U/mg protein)

GSH ( pmol/mg protein) MDA ( pmol/mg protein)

T HE4H Control group 4.71 £ 0.92
PRI+ 5720 MSU+Veh group 1.96 £ 0.09"
R+ LRI 20 MSU+Oltipraz group 3.92 + 0.23%

27.53 + 1.48 17.31 + 0.42
14.64 + 0.38™ 33.42 + 1.24*
22.31 + 1. 86" 25.05 = 1.96*

T R 3 /M RUBMNER ST AU SN T mRNA FA 0L,

B4 JEIHINT AGA LR/ LB MIBRSC 1 20 41 rh SAE 1 2k 1 T HUE T (n=6)

Note. Indicated the expression of inflammatory cytokines in ankle joint tissues of 3 groups of mice.

Figure 4 Therapeutic effects of oltipraz on the expression of inflammatory cytokines in ankle joint tissues of AGA model mice(n=6)

3 it

AGA I SR, il S 8B A BT
Jifr B JF iz B D) RE B AR, A4 DT B BOR S8R A
BT, R T IR AR A H B T | I R
JE S AT i, HRTIG RE XS AGA JRYT
() SE W ARG | Al 55 AT 98 25 FIopE H2 o i
. AR BIRA XY A FEOE 2 A R,
WG E B ANE Bt S BE 2R A
k4 I, S0 AGA B RINAYT 25 BA +
S EEMIGIRE X,

TEARWFZE T, B e A T RO TT T 48 MSU (17
Pl g T /N AGA B I AGA BEAL/N B
Jie A S8 H I e L 52 1K) ML U A BOAE IR B B G
TP, X IG5 DL E K TR ATT I I i F o
GEIL AR — 220 PR OR TR T, A BT R
AGA Bl T KR , e R B A 847
ks, R, 4k 2 R DigiGait A5 25 WL & 45 %}
BERINERGEAT AL ARG, 38 2k 7833 B 0 T O
XA T R AT L SRR I T AL AT
Ja P R, AR FR AT/, AGA B 41/ R 7E

AT N L FRB  5 A AR B A ) E K B
JTC S bt 1 RRURIT A W BE /N B2 ) ik — &5 Ot
PR AGA MR/ FRB B3 125 AT A8k

2 ROk WEE T Nef2 5 5 P U 8 771 B 3 r ol
AGA FER /N FRBR JC T Bi 48 PR 00 . AR A
WFFE W , BB hr ] 38 2 B0E PR 9 Nef2/HO- 1 $iT
AL R G0, 2% i o B B R R R R RN R 28 0 BE
O (HRERERLAE X AGA KA IR YT /R L
ARFRE, ALK D, KM 100 mg/kg BB i
AEA AUE AR AGA AR /N BRUBR G 7 5 ik bR L vt 20>
SRR G i R B O I 3 kS R /N B AT
HFRRSHE

T A 5T 45 SR e R AR AR I 8 s N AR A AGA
RAEGP P B EEAEA Y F L, gk BT
TR AGA FERL /N BB OG5 A R
RERETH/ER, ZB AGA FHL /N B MR 5
THLA P HEALY B SOD Hl GSH /K- T [, T 4
AR R ™= ) MDA | 7 i i 2 T+, #2878 AGA
B/ IN BB DG T R 3 HH PR 3 A I s g, T
BT RSP , v R B AGA BN AR R
KA L SOD Fl GSH /K, F 04> MDA & 2,
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AT RERAT S AR B S 1 K A i i — 20 T IR
B AT 5 I AGA A /)N B s R 56 5 21
AU 9 T IL-1B A TNF-o 3 635, PR HET
BRI AGA B /N BRI OCY 485 IR AE
ARAR O, AR T R 2 38 2 410 ) 5 06 1 B A7 S Tk Iz 9
JNE K- F A PR i F iR R S
L5 L RTIR R 2 LRSI AGA BEH/IN
FRUBROC T 48 R RE IR A TR T AR . 4
(ISR YT RCR AR AT BE 55 30 7 B 5G4 35007 40Tk Rz 98
JE K A9 AE P ) o R 56, (H BRI 4
£ AGA Tl BU T T & #5 0BT & A0 N S0 1 bt R 1
PERITEAN AL A A Rt — 2 ko, B hiAE
1BIT AGA (%08 245 WE AT E— 25 047 A0 G 1 S il
FNG R T
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(1. WIVLrP B2 K250 = I R E R B A E 2B B 3100535 2. WIVLAE S 2 b 2 - BF 9% T A S0 0 28
LMl 310053; 3. #ivT A EEZS KA RAFSERT, BUM 310053)

[HE] BB A5 RIS O 5 IR 2 7 & (streptozotocin, STZ) J& K FRUAS [A] i 1] 35 4R 4 2255 (dorsal
root ganglion, DRG) & 37 {& ( purinergic receptor subtype , P2X3) &AL K P2X3 ZAKRFEH 7] TNP-ATP X 4
PRI 2297 ( diabetic neuropathic pain, DNP) KA THAEH, ik (1)20 JA@EEMEME SD K RMVLIER 6 R
PR A IE R 4, HAy 14 KRBT RIS ES STZ, BIBRA BT 2 FUOKEL, 4390 W ¥ AT ( Base) , A /57
14 .21 d BHLARES B {E ( paw withdrawal threshold, PWT) 28 Ak A5 B ; I 7E b 3R 4% I 8] s HOKR B 14-L6 DRG, >R H]
B REVSEIE KT L4-L6 DRG | P2X3 PHM: 40 MI =R 1E 0 . (2) ¥ 25 gt SD K RBEPLIEE 6 HAE 0 IE#
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PR T LR T ST TNP-ATP W, HAR WAL 4 5 7 LU S % i NS, ISR )5 0.5.1 1.5 h KL PWT
Ak, [FIBSEEELES 7 d 250X KR PWT 19Em, &R (1) 5IEWHILE, BRA KRS 7 K 56 14 R
R 21 RKozs W I S 38 T 5 00 W 4 bR AR KRR Day 7 PWT JEHH B 228 26 14 K 26 21 K PWT I %
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[ Abstract]  Objective To observe the expression of purinergic receptor subtype P2X3 (P2X3) in dorsal root
ganglion (DRG) of rats at different stages after injection of streptozotocin ( STZ), and the intervention effect of P2X3
receptor antagonist TNP-ATP in diabetic neuralgia ( DNP) rats. Methods (1) Six of 20 healthy male SD rats were
randomly selected as the normal group, and the other 14 rats were intraperitoneally injected with STZ. Two STZ treated rats
without modeling were excluded. The paw withdrawal threshold (PWT) was observed before and 7, 14 and 21 days after
modeling. The [4-1L.6 DRG of rats were collected at the above time points, and the expression of P2X3 positive cells was
detected by immunofluorescence. (2) Six of 25 healthy male SD rats were randomly selected as the normal + normal saline
(Control + NS) group, and the remaining 19 rats were injected with STZ. One STZ injected rat was excluded. The rats with
successfully established DNP were randomly divided into a model + normal saline ( DNP + NS) group, model + 50 nmol
P2X3 inhibitor TNP-ATP (DNP + 50 nmol TNP-ATP) group, and model + 100 nmol P2X3 inhibitor TNP-ATP ( DNP +
100 nmol TNP-ATP) group, with six rats in each group. Fourteen days after STZ injection, the DNP + TNP-ATP group
was injected with 100 nmol TNP-ATP solution in the dorsum of the foot, whereas the other two groups were injected with
the same volume of NS, and the PWT was observed at 0.5, 1 and 1. 5 h after injection. The effect of drug injection on PWT
was also observed after 7 days. Results (1) Compared with the normal group, fasting blood glucose was significantly
increased in rats of the model group on Day 7, Day 14 and Day 21. Compared with the normal group, there was no
significant change in the PWT of the model group at Day 7, but there was a significant decrease in PWT at Day 14 and Day
21. Immunofluorescence showed that the expression of P2X3 positive cells on L4 and LS DRG from the DNP group was
significantly increased 7, 14 and 21 days after STZ injection compared with the normal group. (2) Before TNP-ATP
intervention, there were no significant differences in the PWT between the DNP + NS, DNP + 50 nmol TNP-ATP and DNP
+ 100 nmol TNP-ATP groups. Compared with DNP + NS and DNP + 50 nmol TNP-ATP groups, the PWT in the DNP +
100 nmol TNP-ATP group was significantly increased after 0.5 h intervention, and the effect lasted for 1 h. (3) After
continuous injection of TNP-ATP for 7 days, the PWT in the DNP + 100 nmol TNP-ATP group was significantly higher
than that in DNP +NS and DNP + 50 nmol TNP-ATP groups. Conclusions The DNP rat model was successfully
established by intraperitoneal injection of STZ, and up-regulation of P2X3 expression in the DRG may be involved in the
regulation of diabetic neuralgia.

[ Keywords] diabetic neuropathic pain; dorsal root ganglion; P2X3
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Figure 3 P2X3 expression on 14-L6 DRG and statistical results of positive cells in model group rats(n=3)
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Figure 4 Effect of TNP-ATP Single injection on PWT in DNP rats(n=6)

Bl 5 SRS TNP-ATP X DNP K BUBLARE BR300 (n=6)
Figure 5 Effect of TNP-ATP Multiple injection on PWT in DNP rats(n=6)
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Intervention effect of chitosan on acute lung injury induced by PM, . in mice

XIONG Cheng, ZHAO Yingzheng, TAO Yingjun, XU Guangcui”

( Department of Public Health Xinxiang Medical University, Xinxiang 453003, China)
Corresponding author: XU Guangcui. E-mail;xuge166@ 163.com

[ Abstract]  Objective To explore the intervention effect of chitosan on acute lung injury induced by particulate
matter with a diameter < 2.5 pm (PM, ;) in mice. Methods Forty-four specific pathogen-free male C57BL/6] mice
were randomly divided into four groups: control, PM, ,, chitosan and chitosan+PM, ; groups. Animals from the chitosan+
PM, 5 and chitosan groups were intragastrically administered chitosan daily for 2 weeks, and animals from the control and
PM, 5 exposure groups were intragastrically administered distilled water once a day. After 2 weeks, the PM, 5 group was
exposed to PM, s (4 mg/kg BW) via intratracheal instillation, whereas the control and chitosan groups were exposed to
tracheal inhalation of normal saline, daily for 1 week. Animals were examined 24 h after the last exposure. Hematoxylin-
eosin (HE) staining was used for morphological observation. The levels of malondialdehyde (MDA) , total protein ( TP)
and lactate dehydrogenase ( LDH ) in alveolar lavage fluid ( BALF ) and liver samples were determined by
spectrophotometry. The expression of interleukin-1B (1L-1B) , interleukin-8 (IL-8) and tumor necrosis factor—o ( TNF-av)
in BALF and serum were determined by ELISA. Results HE staining showed that the alveolar septum was significantly
widened in PM, sgroup, and there was obvious infiltration of lymphoid and plasma cells. The lung septum was markedly

narrowed in the chitosan+PM, s group compared with the PM, 5 group, and infiltration of lymph and plasma cells was
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significantly decreased in the chitosan+PM, 5 group versus the PM, 5 group. Compared with the control group, LDH, MDA,

TP, TNF-a, IL-1B and IL-8 were significantly increased in the PM, 5 group (P < 0.05). Compared with the PM, s group,
the levels of LDH, MDA, TP, TNF-a, IL-1B and IL-8 were significantly decreased in the chitosan+PM, s group (P<

0. 05). Conclusions
by PM, ;.
[ Keywords)
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Table 1 Effects of chitosan on body weight, organ mass and organ coefficient of mice exposed to PM, ;(x = s,n =11)

205 R (g) JFHE (g) JFFE(g/100 g) B (g) CE3
Groups Weight(g) Liver weight(g) Liver coefficient(g/100 g)  Kidney weight(g) Kidney coefficient( g/100 g)
X i 2H
. 22.88 £ 2.24 1.20 = 0. 18 5.88 £ 0.85 0.27 = 0.04 1.28 = 0. 11
Control group
PM, 4
19.07 = 1.58* 0.83 +0.11* 4.33 + 0.31* 0.23 + 0. 03" 1.12 + 0.07*
PM, 5 group
Y
J.Lgé*fg'ﬁ 22.85 % 2.05 1.17 £ 0. 14 5.89 +£0.93 0.27 = 0.02 1.24 + 0.06
Chitosan group
FERHE+PM, 41 . a
21.18 £ 1.28 1.06 £ 0.12° 5.03 £0.67° 0.25 + 0.02 1.18 £ 0.07

Chitosan+PM, 5 group

T SRR LEEE  *P< 0. 05545 PM, s 4 HLEE, * P< 0.05; 57E R LA, P< 0.05,
Note. Compared with the control group,*P< 0. 05. Compared with PM, 5 group, * P< 0. 05. Compared with chitosan group, * P< 0. 05.
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Figure 1 Comparison of HE staining of PM,

exposed mice lung with chitosan
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Figure 2  Effect of chitosan on TP and LDH in
BALF of mice exposed to PM,
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mice exposed to PM,
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Figure 4 Effects of chitosan on BALF and serum inflammatory factors in mice exposed to PM,



604 [ S2 6 E ) AF AR 2021 4F 10 A %5 29 %55 5 ] Acta Lab Anim Sci Sin, October 2021, Vol. 29, No. 5

FERBEAL LA, FE R BE+PM, (41 BALF KM H 1L-
18 /KA BT Fh i (P< 0.05) ,{H 1L-8 A1 TNF-o ¥J7C
W EME2ZER (P> 0.05),

3 it

PM, Z& 5 %5 /N A il 4540, 52 e /N B BALE
TP 1 LDH, if MDA, BALF M IfiL#% TNF-a  IL-18 FlI
IL-8 7KV, $REETHEA — & & 1972 B BEXT PM,
BB A — 2 0 T B, 322 DA 4201k 7 9
TR i 9 A S g A5 TR A B &

AT R F Bl S 3 8 5 ST T A/ R
R PM, o, PFAl PM, 0 0 5 52 501 o 5 R 2 A5 X /)N
RIS PR I 40 405, O 25 Bh W B i b 58 52 R A, W
e BB 5 0] LU PM, | %% 5% T 850 BR300,
ZiRER, 5X A R, DR EE PM, 5, /D
R e B ED IR R B R, X 5 A
MRS BTSSR — 2, R E A R PM, 5
FEXIHUARAT —E BN, /N BREE AT HE A —
FIE P FCRME, 2 A5 288 PM, ,, SIARATE
R PM, /MR L3, 52 BB +PM, 21/ FRUA TR |
JH SR R 2% R B A BT T i o 4o s Wy B wi b
FSTRBEXT PM, BT 8 0 A — 2 SR AE
ATHES PM, 3R B AL A ¢, e B R A
B 3 R PR e 7 ad AR R R, 3
YIBERTHE A FERME T Re LR 4P Lok A 50 52 S8 AL,
NI HE 2R T AT IE 5 = SRR I A K-

/NEUBYT R S, P, S Y3 I i 1] e i 35 14
Bi, B S (Y S B AR T o R — R E L
REA T i 58 1) R PEAE T 5 PM, s 4 FEHR, 7 FEME +
PM, 20 i ] iy ] 8 A8 ) HC ik L 20 P R A i
TR D, R g IR 5 SOk iE i H e b E ik
AT R —2

PM, 51755 1Y 42010 I TR BORE 175 S ) Pl 00T i
R e v R IEEEAEH . MDA JEHR R
i EACVE R 27, 2 AU S AT 15 1 32 B
P, MDA & dt iy e v] DL L 328 R B pLAA A7 2]
SEALIR R EE 2R LA 5 5 40 e B % A R I
I E AR, T BB A T e A Bt A% 2R T A A
4Py LDH A1 TP J ", LDH J2 S5 Bl 20 i A 4t
Py B BURRAR A 20 MR R AR A 5 TP 2 R
Jo7 Ji #5000 7 37 P P AR A, TP 7K i) S B it | iz
-~ BN PR AR ARG B, Y S
Jil v E R U B LDH TP AT MDA B 5 75,

MR A —E F 5 172 R G, DL L8 brAs [F 72
JIEFEAR , b AT 4 P, | ] e AL P AR SR AR B
B M AR A S B M e A R S i S UL 4 3 A
P 5 SR EAT WP B AL DR D42 PM, 5 18
B 48 Ak 81 43, 3X 5 T SOk ) B o A R R AR
#ﬁ[ﬁi .

PM, s BEIEFS & IHER S AE | fi F W W 3 240 i 788 ik
PRIEA 4N 1L-8 f TNF-o 2517 TINF-o 2424
PPN AL R T R G e T TR, R R
B4 7= A, B S5 LR R & 08 e R e A
5T IR SRMERE Y vir i 2. v M 240 L 7 3% e 41
il b PR 200 A Y ) B TR A AL TL-8 i TNF-o 1)
SR ORI GE K BN BB #E PM, 5, H BALF
K fL3E § TNF-o IL-1B i TL-8 7KF-BH & T 5, 42 1
P A — 8 F it (1) 5 M e IR I8, % TNF-a0 Al
1L-8 40 il A FH Gk BH I, PRI b et 7 726 ZROB 3 o Xof
PR Rl 3R 4 A T AT 22 M PM, 75 & 19 i 08
JORE SN, B35 SR S T i 45>

£ % 3 Bk(References)

[ 1] Rider CF, Carlsten C. Air pollution and DNA methylation;
effects of exposure in humans [ J]. Clin Epigenetics, 2019, 11
(1): 131-145.

[2] Lu Xi, Li RQ, Yan XX. Airway hyperresponsiveness
development and the toxicity of PM, 5[ J]. Environ Sci Pollut
Res Int, 2021, 28(6) : 6374-6391.

[3] WangY, Zhong Y, Hou T, et al. PM2.5 induces EMT and
promotes CSC properties by activating Notch pathway in vivo and
vitro [ J]. Ecotoxicol Environ Saf, 2019, 178 159-167.

[ 4] Xing YF, Xu YH, Shi MH, et al. The impact of PM, 5 on the
human respiratory system [ J]. J Thorac Dis, 2016, 8(1): 69
74,

[5] #WOLR, maE, BIEHE, 55 78RBS BB 1Y
PR (1], Tl A SRR, 2012, 38(5) ; 273-276.
Xu GC, Gao QY, Zhao YZ, et al. Antagonistic effect of chitosan
on cadmium induced liver injury in rats [ J]. Ind Hyg Occup Dis,
2012, 38(5) : 273-276.

[ 6] Park Y, Kang E, Kwon OJ, et al. Ionically crosslinked Ad/
chitosan nanocomplexes processed by electrospinning for targeted
cancer gene therapy [ J]. J Control Release, 2010, 148(1): 75
-82.

[ 7] ZERE, BhkE, IraE, 4. WAk PM, WORIBOK BRACRE
RLALCBES A BESE [1]. O SHEFR, 2019, 38(6) : 463~
466, 470.
Li XH, Lei LF, Qiao Y, et al. Study on inflammatory response
and cardiac injury induced by dust storm PM, 5 particles in rats
[J]. J Electrocardiol Circ, 2019, 38(6) ; 463-466, 470.

[ 81 HlCIH. R A HHIEHUE R ST MO DU E 58 sk
W 9P Romigs [J]. BRI R 45 & 2, 2016, 25(17) ;



 E SL I FH 3R 2021 4F 10 A %5 29 %55 S Acta Lab Anim Sci Sin, October 2021, Vol. 29, No. 5

605

[10]

[11]

[12]

[13]

[14]

[15]

1876-1879.

Bie XT. The therapeutic effect of Maxingshigan decoction
combined with antibiotics on Mycoplasma pneumoniae pneumonia
Modern J Integr Tradit Chin
Western Med, 2016, 25(17) . 1876-1879

Yan XD, Wang QM, Tie C, et al. Polydatin protects the
Sci Rep, 2017,

with myocardial damage [ J].

respiratory system from PM exposure [ ] ].
7. 40030.

Jiang M, Li D, Piao J, et al. Nrf2 modulated the restriction of
lung function via impairment of intrinsic autophagy upon real-
ambient PM, [J]. ] Hazard Mater, 2020,
408 124903.

HICTE, ZEVRT, EBEAL, A KA ANUR Y WA Bh  RE
HOL BB FAPETO (1], P E BRI, 2016, 26(9)
42-49.

Deng YR, Li YN, Huang XM, et al. Animal model establishment

exposure

and applicability evaluation of atmospheric fine particle intake
[J]. Chin J Comp Med, 2016, 26(9) . 42-49.

Bz, Jberer, WS, & WREZ 1 QT 80D BUNE 345 0
FGAE SIS RIBESE [J]. h EEREEREE, 2016, 36(3) : 935
-942.

Zhao Y, You HH, Shen SP, et al. Study on the viscera injury
and inflammatory response of mice induced by oral exposure of
formaldehyde [ J]. Chin Environ Sci, 2016, 36(3) ; 935-942.

He M, Ichinose T, Yoshida S, et al. PM, s-induced lung
inflammation in mice: differences of inflammatory response in
macrophages and type II alveolar cells [ J]. Appl Toxicol, 2017,
37(10) : 1203-1218.

Jin X, Su H, Ding G, et al. Exposure to ambient fine particles
causes abnormal energy metabolism and ATP decrease in lung
tissues [ J]. Chemosphere, 2019, 224, 29-38.

Xu X, Xu H, Qimuge A, et al. MAPK/AP~1 pathway activation
mediates ATIR upregulation and vascular endothelial cells
dysfunction under PM, 5 exposure [ J]. Ecotoxicol Environ Saf,

2019, 170 188-194.

[16]

[17]

[18]

[21]

[22]

(23]

Yang J, Huo TT, Zhang X, et al. Oxidative stress and cell cycle
arrest induced by short-term exposure to dustfall PM, 5 in A549
cells [ J]. Environ Sci Pollut Res Int, 2018, 25(23) . 22408
—-22419.

FuH, Liu X, Li W, et al. PM, 5 exposure induces inflammatory
response in macrophages via the TLR4/COX~-2/NF-kB pathway
[J]. Inflammation, 2020, 43(5) : 1948-1958.

RXEE, RS, i, . ANURLY) PM, X ApoE [ i bR
AN B BRRARERE AR S e K BILRD [J]. b B E A B A Ak
2020, 30(4) : 33-39.

Zhao P, Tan H, Peng KN, et al. Effects of fine particulate
matter PM, 5 on atherosclerosis in ApoE gene knockout mice and
its mechanism [ J]. Chin J Comp Med, 2020, 30(4) : 33-39.
Tillie LI, Guery BP, Janin A, et al. Chronic bronchial allergic
inflammation increases alveolar liquid clearance by TNF-a-
dependent mechanism [ J]. Am J Physiol Lung Cell Mol Physiol,
2002, 283(6) : 1303-1309.

He M, Ichinose T, Yoshida S, et al. PM2.5-induced lung
inflammation in mice; differences of inflammatory response in
macrophages and type II alveolar cells [ J]. Appl Toxicol, 2017,
37(10) : 1203-1218.

PR, Z2E3E, WURUE, S QBOR T HVER TSR SRS/ LA
itz [J]. b EEERE, 2018, 38(1) : 361-368.
LuY, Li Y, Hu YD, et al. Effects of diisononyl phthalate on
learning and memory in mice [ J]. Chin Environ Sci, 2018, 38
(1): 361-368.

Nie JY, Xie HB, Zhang MY, et al. Effective and facile
fabrication of MOFs/cellulose composite paper for air hazards
removal by virtue of in situ synthesis of MOFs/chitosan hydrogel
[J]. Carbohydr Polym, 2020, 250; 116955.

Zhang B, Zhang ZG, Yan X, et al. Chitosan nanostructures by in
situ electrospinning for high-efficiency PM, 5 capture [ J].
Nanoscale, 2017, 9(12) : 4154-4161.

[ HHEA] 2021-01-22



2021 410 A v [ 52 Bh W S 4R October 2021
296 Hs5W ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 29 No. 5

PN PRZEIS , T B4, 4. PRI OB B XA SR P R S A ey (U], v SR 3o, 2021, 29(5) : 606-617.
Sun J, Chen YL, Ding YC, et al. Effects of aerobic and anaerobic FMT preparation on fecal microbiota and metabolite profiles in swine
[J]. Acta Lab Anim Sci Sin, 2021, 29(5) : 606—-617.

Doi; 10. 3969/].issn.1005-4847. 2021. 05. 007

B 2 0 A S R % PR 10 B
%\%1,2,3,4 , ]33:\2&%1,2,3,4 , TE%I,Z&A , % ?QBB%LZ&A*

(1. MR BEBR B, WK 4024605 2. RN EBFRFERRF T S 2505 TR 402460,
3. KT SRR I s TR 4024605 4. TR E IR IEIF &SR H TR AR PO, K 402460)

[HE] BM BRAESIBEXGENIEER P REY A0 m . Fik B ok e R IR %
CLE NSRS . (1) RAEPIA (C ) (2) B ARBLIA (TILH) 5 (3) RARBBA (T2 4) . FIHY 14T
PR AR A A LA A S B R AU AR T . S5 R (1) T1 A T2 21 38R il A Ve 1
FET B (C 4 R A FRA TR 1], 75 LAJEERE D D RNAUURT 1 T 20 1 o 32, (P S BRI T 58 M e A s 240 T 10 =
(2) BB P DL FREWR ] T BT TR 3 2880 A B 48 & TR 3 b 3R T L 0 2 A AR
PRARR THE2SE P B B, (3) LC-MS Z5 5 B /m . 1E £ B A0 T 418U 402,195 FpAR i, o T1:C
AR T2 C AR Ay 22 A 43 510 155 F1 201 4>, 518 RS ER & B [ BAAARK A AR BT HEA
B BETE R i TR S 2 58, AR 0 MR A Treponema I Spirochaetes 2543 5 R REFIAH AT =W ) F2
P T FMT e 4k,

[X8R] AARE, AR, RN % SPF 5 FSE B A iy B

[FE>ZES] Q95-33 [ XEktRiZEE] A [ XEHS] 1005-4847(2021) 05-0606-12

Effects of aerobic and anaerobic FMT preparation on fecal
microbiota and metabolite profiles in swine
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[ Abstract]  Objective Fecal microbiota transplantation (FMT) is a promising, but immature intervention in the
current pig production. The aim of this study was to investigate the effects of aerobic and anaerobic FMT preparation ( T1
group and T2 group, respectively) on fecal microbiota and metabolite profiles of SPF Bama mini pigs. Methods Amplicon
sequencing and untargeted metabolomics method were used to reveal the effects of aerobic and anaerobic FMT preparation
(T1 group and T2 group, respectively) on fecal microbiota and metabolite profiles of SPF Bama mini pigs. Results (1)
The two FMT preparation method preserved all the bacterial phyla in untreated pig slurries (C group). Firmicutes and
Bacteroidetes constituted the top two phyla in the gut microbiota in all groups, and FMT preparation result ed in a significant
decrease of Treponema bacteria. (2) In untreated pig slurries, the two most abundant fungal phyla were Ascomycota and
Basidionmycota. FMT preparation significantly increased the relative abundance of Ascomycota, and aerobic FMT

preparation removed the Wallemia genus. These changes in microbial community did not affect the functional contributions.

[ B4R | T BB S 5001 (19238,20524) , T B FAARHEE 4 T 199 H ( cste2020jcyj-msxmX0413)
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National Natural Science Foundation for Surface Project of Chongqing( cstc2020jcyj-msxmX0413).
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(3) A total of 402 and 195 characteristic metabolites were respectively detected by positive and negative mode liquid

chromatograohy-mass spectrometry, including Lipids and lipid molecules, and Organoheterocyclic compounds. Disturbance

of amino acid metabolism, and lipid metabolism were the most significant in T1 versus C comparison, and T2 versus C

comparison, 155 and 201 confirmed differential metabolites using reference compounds were identified, respectively. Highly

positive correlated metabolites with Spearman correlation coefficient r > 0. 6 are connected with Trepronema_2 in T1 versus

C and T2 versus C comparisons, and highly negative correlated metabolites with r < — 0.4 are connected with

Ruminococcaceae_ NK4A214 group in T1 versus C and T2 versus C comparisons. Conclusions

Although the FMT

preparation time is short, the effect of short aerobic exposure on the abundance of fungal communities in the samples was

higher than that of short anaerobic exposure, and the relative abundance of harmful bacteria such as Treponema and

Spirochaetes and related metabolites were effectively reduced, which could improve the safety of FMT.

[ Keywords ]

metabolite profile
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EEARIER, e, PrdE R AR ER
JERAR R SR R Kk AR R
PERFAE R b 2107 2| 3200 1 e & B A D7 U
WECAEH AT REsZ I FMT 099738, Hin, TR &k
CDLIRIT Y FMT JFI0GE— B bn i A0 A, A ] el 52
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BEAAOR R DT B OB A e LT S5 B i b 1
FA5 [ SCXK (1) 2018-0002] . 1EFF & BLAT I bp
(GB 14925-2010) HiL & 1) BB B 5 N 1A 5%, A FER B
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JEE 2 A SEAN/ N EE AT S TG I R SR AR
TR S8 SR SERATHER TS R e gttt
W R EE RO REAE 0 13 Rl IR B, 28
0K T & OB A B4 P B4 Y T (XKY -
20150113) , JUra S50 47 5 D T & OBk~ e 0 K [
FIARE PO~ DX S0 FH S TR O S8R (R SR
B [ SYXK(¥i1)2018-0002] .
1. 1.2 HbARE s

PSS EE J5, SRR IR, RS R R, 1T
PR & 2 0B WAk B 280 . R FH UG R % B R A
43 IR 3R 5 S AR R e 24 g Sk A i
83 0y, H 1y B R A PR (A Ab B X
4, 80FR C 41), 1 o HERAEAEARIR IS 4R (4°C)
(AAFTA, SR T 41) , FIR 1 5 AIRERFE
B (Fh o B R R B R GBS 5 N AR T IR SRR
B, RSB AR A RA R, R E) , AR
FARRIZHFE (4°C) (REAZRFEA, i FR T2 41) , 7¢
30 min iz [A1SEE = i — AL B
1. 1.3 FEEF S

QIAamp DNA stool Mini Kit ( QITAGEN A F] ) ;
AxyPreDNA #E ¢ 171 50 i ) & ( AXYGEN 28 Al ) ;
TruSeqTM DNA Sample Prep Klt,@l%*j?f] BEH C18
H (100mm x 2. Imm i.d., 1. 7um; Waters, Milford,
USA), IRE T YEu (% E DWS A, 5
DG250) ;{15 TAE & (A6 AR BRIA JR A4 il 1 A B
N S DL-CJ-2ND1) ; QuantiFlourTM - ST # {7,
PR T RS (3£ H Promega 23 1l) 3 PCR X ( 3£ [H
ABI, GeneAmp9700 %) ; 155 438 LBk F A UHPLC
-Q Exactive HF-X R4t (FEE CAH])
1.2 Ak
1.2.1 ARG EEEW N i &

TG UHAZEE AL BE 2% Pang %57 fliR 10
o TLHTERBEGHN (AL N 8%, A AN
21% ) 5E NS EIRITI ) £ , T2 A8 IR T ARk N (4l
RAMTCEAIR A TRHBERL, Z R > 80% , HA Sk
RREAN AR T RS A A, A i R
TEFEMREEIT 2 h INSERL, FEE 0wl & #AE N .
TCHRE B B AI AR N BT SRR KL 1 2 5 1)
FLBR A 344), Falad 4 )2 K R 2 A g ok
PATFEEM B LA B AR T (292 o),
BB IRE TR 4 mL T 200 B 4 PR 4 0 4R B
AR ] AR A3 AT 5 T 4% 36 8 A IR H il e iR
RERLL 9« 1IRA , A | mL,-80C IR,
1.2.2 PS5 500r

(1) 37 5 . R F CTAB/SDS J5 ¥ $2 B 4%

FEOEAE S I B IE N 4L DNA SR J5 FH 338F/806R 514
P 1 16S rRNA 1) V3-V4 X3  ITS1F/ITS2R 5| 4%t
P E R ITS X8, F)H Hlumina Miseq Il F#F 5
SERLA G IR A ) 22 RE P A R B E 2 %
ZRI MR

(2) JEAE A >R LC-MS 2 F- 6 (FE3R
IVANEI I <= G N = N R 9
UHPLC-Q Exactive HF-X R&4t) % 15 MEZEAHEFE i
AT LA AT, R AL 20 T A 38 2 PR 22 ot L 42
WA, SR 5 LC-MS 1E  FsE =N 20 1) F 20 D
KRR SRR 0 MS F1 MS/MS 15 &, R A
Progenesis QI( Waters Corporation , Milford , USA ) #k {4
VAT RS2 B MS FIl MS/MS T {5 8 5104
P& )% (http ://www. hmdb. ca/; http ://metlin. scripps.
edu/ ) HATUCHC , B 245 B 91 3 K B 1 R
1.2.3 FdEtr

2P A B B BE T 43 87 . B TaxdFun X
16S RNA FEHFFi#E4T COG A KEGG TIRETER, 3k
% OTU 7£ COG 1 KEGG 5 T REAKCF- I FERE 5 B KX
BUREEA [FAEA ) F2 B2 45 B . FUNGuild T
ELRREI T o
L3 SitFESH

Student’ s ¢ K56 H T b3 o 2 B4 ( Shannon

BHCFN Chao $5%50) #Y2H ] 22 53 ; B X R O 22 73

T AL 8] G A= W) F B2 2% 5% Heatmap 73 AT E 78 A
[F) 7 20/ S P A5 A3 S 2 K L A i 4 8 1 R A
PN 22 57 5 48] 22 S K 36>k FH ANOSIM 7341 77125
T Bray-Curtis BE Y PCoA T /R4 AR 2
[i) PR B2 0 SR 53 A RS B JBE 5 PCA T TR 4%
ZHRE i 22 10 8 AR 400 ) AR A R 8 R B 5 PLS-
DA M T X 7 4 8] 2% 55, A% & 5 22 ¥ ( variable
importance , VIP) > 1 i 1 ) X 455 74 57 jik 558 K 1)
i, AL VIP > 1 AR SR 22 ARk
WIEFREY, R Student’ s ¢ K545 & OPLS-DA
D, O 2 R) 25 S AR (IR E J2 VIP > 1,
P < 0.05), Spearman FH5¢ R % r JRANH A NS
22 R ERIAOCCR

2 #R

2.1 HAEEAREFEELRE

FIH 338F/806R 5| W%}, %F C T1 Fll T2 X =4
L 15 AR PR D REE I Y, HE RS raw reads
645275 = 2, MEREEEL H K 388 455 550; L4k J5 A &k
JEHECH N 645 275, 43 50 5 H 2266 910 646
JPR KA 413,64 bp(WLEE 1),
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Xt 97% MK F 4 # OTUs #4748 314
BT, 15 ANEE 5L FR 246G HY 1020 4~ OTUs, C 4. T1 4
T2 K5 A9 OTUs % H 43 518 915,982 LU K&
968, H: 1 856 4~ OTUs 7F =4[] dL =, ILAh, FMT
A EAE (T 3L T2 41) 5 C 41 7E Shannon 8§ £ F1
Chao $62X AR 22 7 .3 (P < 0.05, K1 1A,1B),
PR TR E R T AR 25 1Y FMT Hil 2545 4E 1
P TRE S PR 2 AR E . A RIME 3 BT ( ANOSIM
K 30) B RAE R 0. 314( P=0.005) , FH4H [d] 25
RTFHANZER, RIS, PCoA 4347 i
N T1 5 T2 HAESEFS0E 25 4 A 22 55/ i
5 CdmzERE (K’ 10) .,

FMT $il 8BV EORAT TR B AL IR A b (1) 2 2
PATT 2= 18 AR T T (1B 2A) , Mo JEEREDS
I"J( Firmicutes ) WIARXEI=FBEAE C T1 1 T2 4 rh 4y
WISN 65.07% .62.39% 11 61.90% , F vk R AT & 1]

( Bacteroidetes) ,'EAE C.T1 F1 T2 4 A AH X} 315 3
A3 5IR 23.98% 32. 72% F1 33.06% . FMT i #5 # 4k
Ja , RE A wE T FEEHEZFAHE (P >
0.05) U BEBE T HIIRIL IE 1] ( Lentisphaerae ) Fl
HIEHI] ( Synergistetes ) F£E(P=0.035 Ff1P=
0.002) , PIETE C A H AN 32 EERRAIG, 75 T1 21
FEXT-25 3 BE 43 54 0. 109% F1 0. 037% , T2 4 4%
B4 0.019%F1 0. 040% . (HAHE R, R E IR HEAR
I"1( Spriochaetes ) 1) F B fE 4L 0] 22 % AN W& (P>
0.05) fHFF AT FMT Hl 55 #4E 5 1 8. 34% A%
# 1. 28% DA FEAE N 1. 13% . IZHEAE C HAFEA
Hh AR R, N 2. 18% ~ 13.28%, X4/ FMT
il 2 TR AE X 6 60 1 Y Spirochaetes - FE SR K
Heatmap 7M1 78 T1 A T2 4TRSS, A C 4
RI(K2B),

T1 A T2 AR R LT R 2% 13

F1 T Hlumina Miseq Mll/7F 5 19 16S rRNA V3-V4 il 74551

Table 1 Illumina Miseq sequencing of the V3-V4 region of the bacterial 16S rRNA gene
Sap! LS ATk BFEEL (bp) P (bp)
Groups Sample No. Sequences Bases(bp) Average length(bp)
B13 45 602 18 874 989 413.91
b - ’ B14 41 847 17 268 438 412. 66
AAEBXSHREALCC A1) B69 41 204 16 999 023 412. 56
Untreated group( Group C)
B77 35 100 14 567 778 415. 04
B78 50 429 20 791 028 412.28
B13_X 43 238 17 857 477 413.00
AR YL (T 4D) B14_X 35 740 14 829 723 414.93
H AR 4
Aerobic FMT preparation( Group T1) B69_X 47934 19896 852 415.09
B77_X 47 291 19 421 394 410. 68
B78_X 38 284 15 884 911 414.92
B13_Y 41 589 17 189 225 413. 31
P LR R (T2 4] B14_Y 44 156 18 303 192 414. 51
. AT AL - ) B69_Y 39 474 16 367 520 414. 64
Anaerobic FMT preparation( Group T2)
B77_Y 46 067 19 066 976 413.90
B78_Y 47 320 19 592 120 414.03

T : A FET OTU K Shannon F84UZH 8] 22 KI5 5 B . 36T OTU /K1Y Chao H5 AU 8] 25 RAG IS L5 C. ST AR 1Y PCoA 43 M4

5P <0.05, " P <0.0l,

Bl 1 FMT i &AL B0 SPF G0 FE AL bl b 240 B Vi 2RV 2 )
Note. A. Student’s ¢ test for Shannon index of OTU level. B. Student’s ¢ test for Chao index of OTU level. C. PCoA analysis.* P < 0.05, ™ P < 0.01.

Figure 1

Influence of FMT preparation on bacterial community diversity in SPF pigs’ fecal samples
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JE B2 W R R AR W A R R A
TE Firmicutes A Bacteroidetes , . Qi Lchnospiraceae _
XPB1014 group, Prevotellaceae _ NK3B31 group,
Ruminococcaceae UCG_005, F1 C AHAHLL, T1 1 T2
H1Y Terrisporobacter , Treponema _2 ENEATE i
CH (P< 0.05), Ifi Ruminococcaceae _ UGC _005,
Rikenellaceae_RC9 _gut group LI X Ruminococcaceae

NK4A214 group W)=F & & T C 4(P< 0.05) (&
2C,2D).
2.2 ERAMMEELE

FIFH ITSTF-ITS2R 51495, XiF 45 4 i o BB B
TELALSRE DL HEAT N Y, 45 R B R raw reads B K
898449 = 2, EHRILEL H A 540 866 298, AU HE AL
H -k 245 604 522, HLARMFE B 2,

AT T T BEARIRIE B A1 PR A SRSHRIEL C R A HIAH (C 1) SR SR ER 20 (T1 A1) 7E 40 1 s 1Y 2 22 e 0B L D SR Ak
BIZH (C ) 5ERAFEBH (T2 A) 7N IR 43 F L E 2 R KL R Student” s ¢ K56, * P< 0.05, ™ P< 0.01,
B2 FMT il 5 Ab HX AR 28 (6 41 B FE R 4 ) 5 T

Note. A. Barplot results of community abundance on bacterial phylum level. B. Heatmap results on bacterial genus level. C. Student’ s t-test

barplot on bacterial genus level between C and T1 groups. D. Student’ s i-test barplot on bacterial genus level between group C and T2.* P<

0.05, ™ P< 0.01.
Figure 2

Influence of FMT preparation on bacterial community of SPF pigs’ feces

&2 HET Nllumina Miseq sequencing SEE BB ITS1-1TS2 X8 1l 45

Table 2 [llumina Miseq sequencing of ribosomal RNA ITS1-ITS2 genomic region in fecal mycobiota
el FEAG S FEo%L BRIERL (bp) SEEJE (bp)
Groups Sample No. Sequences Bases(bp) Average length(bp)
B13 38 056 10 755 161 282.61
AR A AL C 4 B14 53 456 13 858 394 259.25
PXIRAL(C A1) B69 58 798 15 600 278 265.32
Untreated group( Group C)
B77 70 776 19 348 726 273.38
B78 74 110 17 371 675 234.40
B13_X 55139 15 055 302 273.04
LR (T 4 B14_X 47 996 17 422 611 363. 00
. ﬁﬁj}t%/ﬂ(.l /J%) B69_X 72 876 19 364 345 265.72
Aerobic FMT preparation( Group T1)
B77_X 70 514 19 198 171 272.26
B78_X 69 328 17 552 576 253.18
BI3_Y 31017 9553 379 308. 00
PR AL (T2 4 B14_Y 43 031 12 351 827 287.04
. AL ( o ) B69_Y 71 811 23 539 325 327.80
Anaerobic FMT preparation( Group T2)
B77_Y 70 761 15 173 799 214.44
B78_Y 70 780 19 458 953 274.92
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X 97% AHRIK PR 1 B OTUs #4758 1153
Br, 15 AEEG LG 158 4> OTUs, C 2H . T1 ZH A0
T2 HAR ) OTUs £ B 73 4 128 .85 #1177 4,
Hodr 3 2l A 3L 48 4~ OTUs, Shannon $5 % 4H 7] 2%
FABE (P> 0.05);C 45 T1 4. T2 HZIA7E
Chao F8%1 ' 223 ¥ (P< 0.01) , ANOSIM 4 % 5l
78 R=-0. 068, P> 0. 05, $ /R g3 vh B 410, 41
] 22 5 AR , 5 PLS-DA 23 &b AR (WL 3) .

C AL 128 A~ EE OTU, T1 AL H: 85
A T2 RGN 77 A OTU, BET& 20 o0 #4551
7R, CHLIFHEBE ] (Ascomycota) N F , HIXT 3 E
FER 63.26% ; HYk 1 5 ] ( Basidionmycota ) F1
Neocallimastigomycom,ﬁ%U£ 27.13% 9. 17% ., 4
FEE 2T FMT Hl RS | oI R AE 7 R
AN Ascomycota X FFE R MGEEHETE 76 T1 41

SEX A B IR B 87.65% , #E T2 413k F 85.15%; I
Neocallimastigomycota F-FEREARE] 1% LLH (T1 4K
0.25% ,T2 41049 0.44% ) , BT HREA e £ B4
i, 25 R BORTEETE ] R4 R 22 R AR E (P>
0. 05) ; 1 HE Bl ( Wallemiaceae ) . Sporidiobolaceae il
Bulleribasidiaceae ZH[A)FF7E ik 3 25 5% (P< 0.05) , X
=MEWERE C HFEERIK DT 1%,
Wallemiaceae £ C 21 [ F 4 F B 0.999% =+
1. 049% , 7€ T2 HHFEFEH 0. 476% + 1. 065% ,[HAE
T1 ARG 7EE R b1 R 8 (Wallemia ) H)
FRETEH AR 22 5% B ETE C M T2 Hrb F
WART 1% , 76 T1 AP REH (K 4) , X 4dnixE
FLHAERT ST FMT i & HAEmE, il RE A o H 5 i i
RITARBERAF TR, T IR S 2% B 0L T AR 0 DR A7 T 3%

REH,

TE: AT OTU K1Y Shannon $541; B : 3T OTU KAy Chao 5%1; C: BT OTU /K PLS-DA 4347, ** P < 0.01,
3 FMT i g 4R LR SRR o v ECRRTHE T Z RE PR )
Note. A. Student’ s t-test for Shannon index of OTU level. B. Student’ s -test for Chao index of OTU level. C. PLS-DA analysis. ™ P < 0. 01.

Figure 3 Influence of FMT preparation on the fungal community diversity in SPF pigs’ fecal samples

TE A BT KB HDIR AT B FLRR R Kb A2 18] 2 B2 22 5 U B AR I 5 C BT D K b R4 i) =2 B2 22 S LU AR D P< 0,05,
B4 FMT il & Ak B R 28 ST e 2H B 52 )

Note. A. Barplot results of community abundance on fungal phylum level. B. One-way ANOVA barplot results of community abundance on fungal family

level. C. One-way ANOVA barplot results of community abundance on fungal genus level. * P < 0. 05.

Figure 4 Influence of FMT preparation on fungal community of SPF pigs’ fecal samples
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2.3 HEEIhEET

A TaxdFun XA fi b 40 6 3E 47 COG M
KEGG pathway HJ g BRI 4= B oA, 25 R R ey
B3 24 A~ COG TIRE M, ALl = BE AL, o,
Carbohydrate transport and metabolism FI Amino acid
transport and metabolism FERG, X EE S ET
8.0%(P > 0.05, K 5A) ., KEGG pathway levell 7K
S I 4t 7 B 3] cellular processes, environmental
information processing, genetic information processing,
human diseases , metabolism LA &z Organismal systems
X 6 1 KEGG il i, 41 2252/ (P> 0.05) . Hrfr,
HERER metabolism 93 # ik 2] 137 A4, HA A X
FEFEA B 22 A B (P> 0.05)

FUNGuild 33 A= 25 guild X ECRRE T 4740

Forbr. I 5B B, ZEE b HE R EEIIRE N
JEA E FE R Hop R E LS A B T ((undefined
Saprotroph ) V- ¥ AHXt £ ETE C 4 &3k 77.56%, Tl
1N 87.92%, T2 2K 83.53%, C 4, Animal
Endosymbiont-Plant Saprotroph ~F- 34 #f X} = & i #|
9.89% , W% %= T Animal Pathogen f%-F )41 X} 3 B
(7.35%) , #HILZ T, Z(E A4 o yE AL FE)S | Animal
Endosymbiont-Plant Saprotroph = & 24 J&l )i /> | £ T1
LN 0.34% , T2 4N 0.85%; Ho AT RE 4> 2%, fn
Animal Pathogen , 2 [0] 4= B 25 5 AW (P> 0.05)
2.4 RiHEDH
2.4.1 FHEEE

FIH LC-MS 734 F Gl 7E 15 A4 ZE M AE i
T A A RN 2 L AL, ISR T PCA X % dis 45

VE A HUASE SERE T B COG THREIERRSS 52, B FUNGuild Yo i 3% b 20 B DI R VR R 45 1,
B 5 T1.T2 Fl C 4H 3B Thnefim g 5

Note. A. The result of COG function classification of fecal bacterial community from donor pigs. B. The result of fungal functional annotation from donor

pigs inferred by FUNGuild.

Figure 5 Bacterial and fungal function classification in groups C, T1 and T2
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RT3 M o AR (Quality Control, QC)
MATIHE LS B ot REmfe ., QC
FEA A SRR & B IE T 1) R ik R e
PR Bl B s, TEIEf R 2 BT
QC BEAA & Mk fe /IMIE A 0. 994, 2 B 1 AR I )7
PekasE BT S (WK 6) . Bt PLS-DA 15 34
RIPEN B E0(R2,Q2) , R2 Fl Q2 {35 1, %M
Y R E T AR R2 RN Q2 < 0.5, DA A m]

T A BB T B BB 7K,

SEMERE, P SHEE R .CAHS T2 A
BFCED T2 C AR 4E) : R?X =0. 513, R*Y = 0. 935,
02=10.897;C 405 T1 41 b i (HD T1. C 1R
) R°X=0.521,R’Y =0.614,02=0.451; i)
B AR E B PTE 5 T1 5 T2 FRAm (B T2
T1 R %) : R*X = 0.326, R°Y = 0.41, Q2 = -
0.709, 47~ T1 F1 T2 £ RIS A 4, 35 7 41 [R] 15
BN 2R EATE,

B 6 QCHEAMIIE I HT4S

Note. A. Positive ion mode. B. Negative ion mode.

Figure 6 Results of QC sample correlation analysis

2.4.2 ARG

FIHACIEHZH $585 72 (HMDB , www.hmdb. ca ) %%
FAE P A TR, IE SR TR U, 402
195 RSP 8 43250 14 AN 25 (superclass ) Fl
21 A F25 (subclass ) . i, A7 243 QB TE
3“5 2 MK AR 7r F7 (lipids and lipid-like
molecules) , A 54 PGP ER R “ AL E
" (organoheterocyclic compounds ) , 50 FhAL i 4771
B2 “HHLIR A AL A& 97 (organic acid and
derivatives) , 25 FERER < R IR K FIZEL
¥” (amino acids, peptides and analogues ) , “ i i ik
FIMHEEY)” (fatty acids and conjugates ) A “ AHYT R |
BRI A9 (bile acids, alcohols and derivatives )
RIS 5000 41,26 7125 4
2.4.3 2B YR LS % E

K Student” s ¢ KB 45 A OPLS-DA |, i i 11 2
) 22 S A, TR) A it 2 A8 e A VIP > 1, P<
0.05, ZRMEHFC > 1 S FC < 1, HBEFHRAT

T1-C AR th 22 S AR P B0t 90 4>, T2-C
A 3 1 22 S A B 122 4>, T2-T1 A
£EiE 22 A 3 >, BB FAUE T1-C AR
AR 22 AR 65 A4S, T2-C AR5 48 7 ik
Z 5 79 A4S, T2-T1 ARG i ik 4 22 AR
TANCILER 3) . R, T, C AR 0 6k H Y 22 518
WYIEA 155 4, T2 C AR 1) 22 AR
A 201 4>, BT Z E A 22 SR Pk 142 Ff,

&3 =R e

Table 3 Resulis of metabolite differential analysis

PR T BRI 1A

M iES Positive ion mode  Negative ion mode
Metabolite comparison |- T L R
Up Down Up Down
T1.CfRH%
T1:C metabolite comparison 2 81 0 65
T2:C R
T2 . C metabolite comparison 5 117 0 79
T2.T1 AL ) . 1

T2:T1 metabolite comparison
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T T2 T1 AR B E A FT A, R, A
BFSEALRE T1:C H T2 C PRI EFT KEGG JRE
RS W4T, T2, C A4 v R 2 < AR
(metabolism ) —Z KRR L, Hp, &%
T8 (amino acid metabolism) — 2% /253 1 T 19
IR EGE R 15 A~ Hk R “ IR B (lipid
metabolism) A 10 4>, ZELAY, T1, C R4 B F]
R — KT Y RZ, Hd, amino acid
metabolism — 2 73 25 T X 10 4>, A lipid
metabolism 7328 F #H MR (& 7A,7B) , BLAh, %F
RIS N A AR 76 KEGG 3 % v 11730 [ & 48
FH B o A, Hob AR & 42 D-Glutamine
and D-glutamate metabolism ( pathway 1D : map00471 ; P
< 0.01) MYAH X B 2P 5 K, HR A Cutin, suberine

and wax biosynthesis ( pathway ID: map00073, P <
0.01) , EAI17E T1:C A1 T2 C R4 b i 245
S ¥ET 3.0(E 7C,7D) .
2.4.4  FEAPACH Y A LS TR P A K 2H UM G
PEI BT

8A,8B AL, T1:C UM LR 10 iy 2257+
W % H
(-) -Stercobilin , 2, 4-Dimethylpimelic acid, L-Proline .

2-Amino-2-methylbutanoate ,

3’ -Deaminofusarochromanone .
Prednisolone , Spirolide D Polysorbate 20 L1 & PS
(16:0/18:02(9Z,127) ) , EA115 Spirochaetes Y #H
X IERSE, BR(-) -Stercobilin Fb, Ay 22 57
R Spirochaetes 5 i 3% 1IE AR (r> 0.60, P<
0.05) ;T2 C ARIHHAE = FEFT 10 1Y 22 AR R PE

Gingerglycolipid B

T AT C AR B T2 C ARSI €. T1: CAUBHRI N AT A5 R D T2 C AU A O 4 2R
B 7 KEGG Uil i & S MR 4h

Note. A. T1:C metabolite comparison. B. T2 :C metabolite comparison. C. KEGG Topology analysis for T1;C metabolite comparison. D. KEGG

Topology analysis for T2 ;C metabolite comparison.

Figure 7 KEGG pathway classification.
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(14 : 0/0 = 0) . Spirolide D, Gingerglycolipid B,
Prednisolone \PE (14 : 1(972)/18 : 4(6Z,9Z,127,
152 ).

Dimethylpimelic acid, 3 ’ -Deaminofusarochromanone .

2-Amino-2-methylbutanoate | 2,4-

4-[ 5-( 3-hydroxypropyl ) -1-benzofuran-2-yl ] benzene-
1,2-diol A1 Americanol , RS Spirochaetes Y AE XS
FREEIEMFE(r > 0.60,P< 0.05) ,

Bl b FBERT 10 RO R S Bk 2E Y
HEATAR G HE AT T (4] 8C,8D) . S5 SRR, T1:C 0
T2:C AR F R 10 2 2R WY S
Treponema_2 S 1FEAH K (r> 0.6,P < 0.05), 15
Ruminococcaceae NK4A214 group #1 [ Eubacterium ]
coprostanoligenes group =AM K (r< -0.4, P <
0.05) , P7RFefl i LB E i s 1 42 8 5 22 AR
W = A B UIAIE . Spirochaetes 7E C 2 AH XY

FHEHN 8.34%, AT Bfe T FMT il s #4EJ5 2
WA 1.28% , IR AT = BEFFARE) 1. 13% , FE AR A
BRI 6.5 fi%, Treponema_2 J&F Spirochaetes 4HTA ,
£ C,T2 AT 2 R XS = B2 20500 2 (7. 319% +
4.90%),(0.69% + 0.37%) #1(0.81% + 0.51%) ,
Ruminococcaceae NK4A214 group J& T Firmicutes #fi
B, TE C,T1 D T2 2 AR 2 B 4350 R (2. 16% +
0.25%) .(3.36% + 0.91%) #1(3.42% + 0.62%)
[ Eubacterium ] coprostanoligenes group J& T Firmicutes
AT, £ CT1 A T2 AR 7050 (2. 58% +
0.37%) (5.37% + 2.33%) #1(4.69% + 1.01%)
IXEERE LR FMT il & BV R el e | I B35 5
fU4% 2-Amino-2-methylbutanoate 2 ,4-Dimethylpimelic
acid , Prednisolone . Spirolide D45 7E N B9 £ Fh A4 15 9
A

Note: A:T1:C USRI T;B:T2: C UL SR C. T1: C UL SRS ;D T2: C UL S FE, "~ (CRMEME R ¥, 40 1M

K A AR,

B8 2 0 T A 2L A K SF B AR S 2

Note. A. Correlation between metabolite and phylum-level microbial composition in T1; C metabolite comparison. B. Correlation between

metabolite and phylum-level microbial composition in T2 ; C metabolite comparison. C. Correlation between metabolite and genus-level microbial

composition in T1; C metabolite comparison. D. Correlation between metabolite and genus-level microbial composition in T2 C metabolite

comparison. * Significant correlation. Red color. Positive correlation. Blue color. Negative correlation.

Figure 8 Correlation analysis between microbial composition and metabolites in SPF pigs’ fecal samples
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3 itig

FEVAHT BB 58 b SR A 4 T 2 Bk W3 2 22
(1, SPF J e 76 Bt e sl B B PR B8 F ) 35, HERR T
REAE R0 S G ) AN 2 AR B R 200 R S
5 LEWIHIN K A A RHA R AT, R, 69 SPF
WREVZEMEAE D FMT B HEA B 5 BEPE . AH, 245
W7 07 ¥ GRS T AR e (AT A W R 7 A1
ABIT FMT GRS AL ik, 2
AT EZRARE GB/T22914-2008 , A HIF 9% Fe 43548 T
5 3k SPF ELE/NRIEEVE N FMT fiEAZhY)

PR 2SI ) 4 05 52 R 1A TP T
H A5 X2 FMT JOR I X —E R, o
FMFIE A I A T 3% ) 0 4 R B
SUME . SR, Andresen 257 IR K TEAE B L REXT
D ER G AR R AR A AL 5 ¥ VR FHT B ZE 5 ) ) %) CDI
FATARLTRY 7 120 s 6 1 590 v 3% T 4
AREIFANT 2 FMT RO, il 35 FMT A9 ZE 2K
I, 6 7 119 2 Bl DR A2 B 34 R S 3 R R
SRE e RSN A (RS A =R i SE o- | B7 N
PRAEAERE FOAH L A7 SRR SR AR e B I PR T
STRRANTA 114025, 5 FMT FH 2% B b A 88 02
Firmicutes 1 Bacteroidetes i 3=, RN I HE 1 B 4
AT AR 2 SR, A EMIRET FMT
& BAE BT Spirochaetes 4T 1Y = £ /0 2 8
% , Terrisporobacter FOENER TR Treponema_2 +
FEW> 9 5L L, BEAh, 53R R SPF ELE /AR
FEE BB BE VK UL Ascomycota , Basidionmycota Fl
Neocallimastigomycota NELFMT HI 5 E S8 T %
i P SRR £ R ARG, e A Ak PR A PRI
TEAE Y Neocallimastigomycota B = JE #1136 %,
PRARA FRZH AR B Y R BE 3k B 20 £, (EASTE
B, A A BUR AR FMT il & 45 1 i %
Wallemina 251 P A BE ORRAG , L 2= Jo ik i
YT TBOR o 5%, FMT i 45 PR A o b
TR R B FE B, A FE Ruminococcaceae UGC —
005, Rikenellaceae ~ RC9  gut group LI &
Ruminococcaceae NK4A214 group )3 FE#S i 3% & T
KA B FEFE (P < 0.05), {H48HEENE,
Spirochaetes 75/ ¥ W 18 N 5 586 9 A O 1Y £ B
Ji e H R B SEK R ( Treponema ) A2 o AW
FEH 5 SkBUAORE FEMEREAE I NY/T545 (97575 58
T T8 SR 9 R MR A o RS TN, 25 R R B

Treponema_2 TE 15 PMEEAH PIHEKE | I-F FMT il
HEAE R B K (P< 0.05), Hid BAERL
HARFEFREN (7.31% + 4.90%) , TEA A 55
HM(0.81% + 0.51%) , FEIRAAZEZ A R (0. 69% =+
0.37%) , BLA, BIFFE s X LA 2% (R i St Ak
HE RS PR & it R A A, BT Ak
B LA 2 2R A AR P I HL e HE
HRCFRAM L, KA FE AR T 201 2R
U, A A R A R 155 Fh s AR
FHIAE S M 245 4B 78 ZEME T Treponema_2 5 Z R4t
W A B VIR G, (EARE B2, 28 FMT il &
PEG Spirochacetes R ,EEF@ZT Prednisolone
1 Spirolide D PR #) I8 /L . Spirolide D &
— g % PE DL 5 %, Prednisolone ( H1 344 ; 3 Jé fi
Je) & H I RPTR B R MR 2R, BA T
RAVEH, X e 25 LR A G R FH B9 2548 FMT i 25
AR J7 1k AT A R AR R 2548 ' Treponema 1
Spirochaetes TRHEHYF-FE , —E R 4w T FMT /Y
Ak,
BT, FMT AMUE RS %% CDIL KA &
[ Z R — R AR BT AT RS
FRAL AL s A E IR e L 2k
M B RS R LR R EEAEM, [UA
X & A, A 28R F s e AR i il 25
AR S AT B b R IR B AR A9 2 B R S B Y 2 AR A
AR FE G A Wy A B i 8 I PR B8 2 RO R 1Y
b BT B B B | SR 25 R D
FOR A R AR i SE R AR A E) L DA SR A T S
FEAS R BT B A TR 5L TR DA R A 5 i 1 22 S5 S
AIRERNCMIBTESC I R 2R, 9K 764 5 SEBrfdi ] I
AL LA B R A i A B3R
WA HE ) o A AR o 5 S A A R R A S
TEIR]#

4 Zig

SPF [ By /INRURE FEAEAE il v 32 2 A0 A BT R 7
Firmicutes F1 Bacteroidetes, £ B I HEBERN
Ascomycota , Basidionmycota Fl Neocallimastigomycota
IRV R B )R T, SR VR ) 1l i 45 VAT i 2
K T 4145 Spirochaetes , Terrisporobacter 1 Treponema_
2 TE N BY 40 T BE T LA K Neocallimastigomycota HE
FEIE I RE 4280 T Ascomycota WIARXT 34 F 1, If:
R 2 B P 4245 Prednisolone | Spirolide D
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STENRZ RS Bk, AR EER R, AR
TR EE I B P L RV R R SR T IR
FERAL I, AR FERIR Y FMT i s B A 2K
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[WZE] BB OF5OEENA s I iks i R B AR B RIS . ik SRIREPLE TR 4 40
H SPF %% SD Mt K RBEHLA BT AR BRI ST X B2 ARIZH  SEair g ko B 2H R RUR T Ze i ikl 28 K
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ZHAR L, SEHEH X BR2H R R B J2 I i e i B J2 B 338 BDNF \GAP43 3BT T (P < 0.05) 4
SETH AR FRE(P < 0.05) . 8518 FUARTEAYA 5002 2 ) 0 50 A e, R By o 3 8 3 R 0 8 a5 0 B B 4,
WAV i 21 21 A A B T AR 00 ) A M X GO, 7T g 55 ¥800% BDNF/ GAP43 TR A K
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Protective effect and mechanism of regular aerobic exercise on cerebral
ischemia in rats
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[ Abstract]  Objective To investigate the protective effect and mechanism of regular aerobic exercise on cerebral
ischemia in rats. Methods According to the random number table method , 40 specific pathogen-free male SD rats were

randomly divided into sham operation, model, experimental, and control groups. The middle cerebral artery occlusion
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(MCAO) rat model was constructed by the thread plug method . Rats in the sham operation group were threaded without
ligation. Rats in the experimental group performed regular aerobic exercise (running on a treadmill) every day with an
exercise intensity of 20 m/min, three times a day, 20 min each time, and 2 h apart each time. Rats in the control group
were given 1. 08 mg/ml. nimodipine by gavage daily. Laser speckle imaging was used to observe changes in blood flow in
the cerebral cortex. Electroencephalograms were used to detect changes in total power in the cerebral cortex. 2,3, 5-
triphenyltetrazolium chloride staining was used to detect cerebral infarct areas. Western Blot was used to detect the
expression of brain-derived neurotrophic factor ( BDNF) and growth-associated protein 43 ( GAP43) in brain tissue.
Results Compared with the sham group, the cerebral cortex blood perfusion, total cerebral cortex power, and expression
of BDNF and GAP43 in the model, experimental, and control groups were significantly decreased (P<0.05), and infarct
area was significantly increased ( P<0.05). Compared with the model group, the cerebral cortex blood perfusion, total
cerebral cortex power, and expression of BDNF and GAP43 in the experimental and control groups were significantly
increased (P<0.05), and the infarct area was significantly decreased (P<0.05). Conclusions Regular aerobic exercise
can significantly improve blood perfusion and cerebral microvascular circulatory disorders in cerebral ischemic rats, reduce
infarct size in brain tissue, and inhibit the inflammatory cascade, which may be related to activation of the BDNF/GAP43
pathway.

[ Keywords)

aerobic exercise; cerebral ischemia; protective mechanism
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neurotrophic factor, BDNF) | A4 & A 3¢ 8 H ( growth-
associated protein 43, GAP43) FIZUIRIA R 23k | B3t
SWRE SR, NSNS R 2 T TE A A
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Figure 1 Neural function of rats in each group
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Figure 2 Cerebral cortex blood flow perfusion of rats in each group
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Figure 3 Bioelectricity of cerebral cortex of rats in each group
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Figure 4 TTC staining
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Figure 5 Microvascular morphology of cerebral cortex in rats
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Figure 7 Expression of MPO in rat brain

T HIEWEHMLEL, " P < 0.05; 5HBAM L, *P < 0.05,

8 [iiZiZ! ' BDNF .GAP43 [ 3k
Note. Compared with the normal group, * P < 0. 05. Compared with the model group,*P < 0. 05.
Figure 8 Expression of BDNF and GAP43 in brain tissue
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Comparative study of steroid hormone synthesis in a drug-induced deficiency
syndrome by continuous and interval administration of cisplatin in mice
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[ Abstract]  Objective To research the effect of different administration protocols of cisplatin on the biosynthesis
and reserve of steroids in mice. Methods Forty female ICR mice were randomly divided into four groups: a cisplatin
continuous administration group ( CA-group) , a cisplatin interval administration group (IA-group), and two corresponding
control groups. The CA-group was injected with 3 mg/kg cisplatin for 7 consecutive days. The [A-group was injected with 10

mg/kg cisplatin once per week, for 4 weeks. Rotating-stick, holding power, movements and axillary temperature were
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examined before the last injection, also the end of laboratory animal model making. The day after, the mice were killed, the
visceral organs were separated weighed, included the kidney, heart, thymus and spleen. Relative mRNA expression levels
in the hypothalamus ( GnRH and CRH) , pituitary ( Pomec, Fshb, Lhb, and Poulf1) , adrenal and ovary (SitAR, Cypllal,
Cyp2lal, Cypl7al, Cypllbl, Hsd3b2, Cypl19al, Hsd17b1, Esrl, Esr2, and Gperl) tissue were examined by RT-qPCR.
Protein expression levels ( StAR, CYP11A1, CYP21A2 and CYP11B1) in adrenal and ovary tissues were examined.
Results Compared with the control group, body weight was reduced by cisplatin in two different mouse models. Visceral
organs were inhibited and the Qi deficiency syndrome was induced by cisplatin administration. In two different cisplatin
models, murine primordial follicles showed accelerated activation and differentiation, and many atretic follicles were
produced containing apoptotic granulosa and theca cells. Healthy mature follicle numbers were reduced significantly. There
were no detectable changes in adrenal histology. In adrenal tissue, StAR expression was inhibited in the CA-group and
upregulated in the IA-group, which also exhibited reduced CYP11B1 protein expression. In the ovary, the expression levels
of Cypllal, Hsd3b2, Esrl, and Gperl mRNAs were upregulated and Star and Cypl17al mRNA expression was reduced in
the CA-group. The expression levels of StAR protein and Hsd3b2 mRNA were decreased in the [A-group. In the
hypothalamus, the expression levels of GnRH and CRH mRNAs were reduced in the CA-group. In the pituitary, the
expression levels of Pomc, Fshb and Poulfl mRNAs were increased in the CA-group, and level of Lhb mRNA was reduced
in the IA-group. Conclusions Qi deficiency syndrome and vital essence deficiency syndrome in mice can be induced by
cisplatin. The ovary was damaged more significantly and selectivity than the adrenal gland. The functions of the
hypothalamus and pituitary were further inhibited by continuous cisplatin injection in the short-term.

[ Keywords] cisplatin; syndrome; drug-induced syndromes; ovary; adrenal cortex; steroid hormone
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Aldrich, 2% [# ); ab96637-StAR #i 1A . ab175408-
Cypl1A1 #i 1A, ab232701-Cyp21A2 i {A . ab2298821-
Cyp11B1 Hi4A (Abcam, E[F) , CP225D AIHL K-
(FEZ AT ) 7500 Fast BISCHHEEE B PCR X
(ABI, 3£ [H) , EIx800 &I 471 ( Biotek , 32 [ ) , alpha
2 % 6 P LR & i ( Protein-Simple, 3¢ ) ,
YLS-4C HUARECE 574 YLS—13A /NI
(AR BB A BE R 750 ) |, Tissuelyser—64L Z24F i
AL (- IAE SOl R A BRAF]) .
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1.2 A&
1.2.1 S 525911

/R R R 1S TR AR SR, BENL A A i
ZENTRRZH | 1St R 2 | [R] B 0T e 2 RN (A] B i s A
T 10 H 142 15 AR TN FH A= 23 /KR R )
0.3 mg/mL, #% 18 3 mg/kg WEAME 355, K 11K,
L7 A T b A 2 T P A B R KR R &
WE A 1 mg/mL, #% 18 10 mg/kg WA NE s 1 5, &
JA 1Y, 34 (D, D, Dy, D, ) X R G 4F

EAEFERIK
1.2.2 /B E ARG

H 171 8.30 ie R L B2 /N AR, 35
2 Yl P i A2 /) BRUA R
1.2.3 /NSRS = fatnta il

(D)W 5250 /DR 3E T A 4 em x
4 em JrHEE BRI R T, RIS
B 1 min PNZKSFFIEE B2 sh B, HoE R i)
¥ TFHGCE K2 gy, 1S H i R B0 e ok 1 BB
3, A/ A TGS

(2) T30 7] — A /N BRI ASGEEA T
UMD 3 U BCFAE ST NRSUT

(3) ey 55 3 % 8 7% 3 30 /min, RFIK
SRR A /N RAENLES T 3 UGE R Ik, B
KL [B]) 5 8 N 10 min, #3430 K 10 min, I4THT
NI ST

(4) /NEUIERS  AbFE /N BT IE /N BRUA R, BRI
ZIN BRUIGE LSO LA A B Ji 5 £
1.2.4 /NERE LIRS INEALD) 5 & HE Y4

W BRSO AL 10% W IR 2 IS,
WA 5] A HE a8 Y0 FE i TR R
ES LS N R UL Ay AN AR LY =R SISl
Ve TR B B R, T, JFE T 10 x 10,10
x 20 F1 10 x 40 Wi N, LS5 # B b B Ao S
LSRN T S R R
1.2.5 RT-qPCR KA &I H 2k

BUNRE B OPERE F iR AR L2, 430
JIMA TRIzol a7 4h $2 & RNA, R H Primer3 (v.
0.4.0) FEL B A1 1151 ) T Z2 46 Life Technologies
ZNalE (L 1) o W PrimeSeript RT 3257 &5 iF
T3 387 S I N ) 4% ¢DNA, LR RN 40 wl,
A4 37°C 15 min,85°C 5 5,4C 4 || ; PCR 414 )%
MR Z N 20 wL, RNARF R 95°C 221 3 min,95°C
1B K30 s,60°C ZEAH 30 s,40 MR, B4 3 R

FL, R 279 A 3 R A A Rk
x1 51WF5)
Table 1 Primers

FLN AR 51951 FIMHBE (bp)
Gene name Primers Length(bp)
Forward:5” -TGTTACCAACTGGGACGACA-3’
B-actin 165

Reverse:5’ -GGGGTGTTGAAGGTCTCAAA-3’

i Forward;5* -TTGGGCATACTCAACAACCA3”
1
“ Reverse:5” -GAAACACCTTGCCCACATCT-3’

Forward:5’ -ACTTCCGGTACTTGGGCTTT-3’
Cypllal 201
Reverse:5’ -GCTTGAGAGGCTGGAAGTTG-3’

Forward :5° -GTATCGAGAGCTGGCAGAGG-3°
Cypl1b1 140
Reverse:5” -GGGTTGATGTCGTGTCAGTG-3’

Forward:5’ -CTCCGGCTATGACATCCCTA-3’
Cyp2lal 151
Reverse:5’ -ACAGCCAAAGGATGGTGTTC-3’

Forward;5’ -TGGTCATATGCATGCCAACT-3’
Cypl7al 132
Reverse:5’ -CCCTTCTTCACGAGCACTTC-3’

Forward 5’ -TCCAGCTCAGTTGATGTTGC-3’
Hsd3b2 129
Reverse:5” -TGCCTTCTCAGCCATCTTTT-3’

Forward:5” -CTTTCAGCCTTTTGGCTTTG-3’
Cyp19al 192
Reverse:5’ -ATTTCCACAAGGTGCCTGTC-3’

Hedl7b1 Forward:5” -GTTATGAGCAAGCCCTGAGC-3’ 12
) Reverse:5’ -AAGCGGTTCGTGGAGAAGTA-3’

4oy Foward:S’-TTACGAAGTGGGCATGATGAS
"% Reverse:5’ -CCTGAAGCACCCATTTCATT-3’

1oy Forward:S-GAAGCTGGCTGACAAGGAACS”
Y2 Reverse:5’ -AACGAGGTCTGGAGCAAAGA-3"

oy Formard:5’-GTCAACCTTGCAGCCTICTCS
P" Reverse:5’ -AGCACTGCTGAACCTGACCT-3"

. Forward 5 -CATTAGGCTTGGAGCAGGTCS
M Reverse:5” -CTTCTCGGAGGTCATGAAGC-3’

iy Forvard:S’TCAGCTTTCCCCAGAAGAGAS
T Reverse:5’ -CCGAGCTGGGTCCTTATACA-3’

Lhb Forward;5’ -CTCAGCCAGTGTGCACCTAC-3’ 150
Reverse:5’ -GACCCCCACAGTCAGAGCTA-3’

Forward:5” -CACGGCTCAGAATTCAGTCA-3’
Poulfl 185
Reverse:5’ -CTGATGGTTGTCCTCCGTTT-3”

CuRH Forward:5” -AGCACTGGTCCTATGGGTTG-3’ 251
" Reverse:5’ -GGGCCAGTGCATCTACATCT-3’

CRH Forward;5’ -TCTCACCTTCCACCTTCTGC-3’ 118
Reverse:5’ -AAGCGCAACATTTCATTTCC-3’

1.2.6 Western Blot fillAH 8 135k
BUNRE B OB L5 & T & 0.5 mL 3§
1 mL RIPA Z4f# A EP & B ,4°C &K/ F
14 000 r/min &0 15 min, B_FiH R, BCA B E
MR W AFLI20 pg A EAE, T 10% SDS-
PAGE BEe#E 86 11 7355 (W46l B R 80 'V, 30 min;
ST HCHLE 120 V,90 min) . B440 25 5 B H L
B (fH 250 mA |, 150 min) , LA BCEA] 1.5 b,
JIA TBST %, B TR R 4R35 BERR, W% 3 1K,
AR 10 min, 50 B0 A —PLHUAR ( B-actin T ) 44
FEURA R LEAZ R 1250 000, Al 47 44 iy A4 FRRRS 5 L 451
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¥ 1:2000) ,4CHEE R, WHBER(F L), hn
A HRP Fric it FEHi g/ /N B 1gG (M BRH E LE 1]
1:2000), =R 1.5 h, PEMEE ARG BEI] 43
IO AT R SR Tmage ] FUR M S LR
GiXt ER (AR AT 00T
1.3 FitFESH

K H GraphPad Prism 9. 0 #4481 0 Mt
FVERE . SRAAEBCX ¢ K56 o Mann-Whitney test 43
Bro P<0.05 FnzEmBARENE,

2 HR
2.1 SRRk RER R
SRR Ho, MU 5 LI S R

W SR RAMIL, * P < 0.05," P <0.01, (FERF)

FUATE FRE(P < 0.01) ; M4 ) i 45 4 /)N B &
BRI T X IRYL(P < 0.05) (WL 1), #2
TRAN RV 3 AR5 AT /N BR AR B G
2.2 JESEXT/INR S EE Z SRR

5T R b, AT 32 252 e A s i) ol s A X /)
B iz 2l 55 /0N B DU IS g ¥ I8 W 5 o5 SR
MUY 32 28 35 B /) BRUK ST 7% 3 85 4 - 2000 W 1
(P < 0.01) ,J4hE B 265 20 K5 /NRUKE#
SR T TR B2 S0 A 305 o 34 I 3 PR A
(P<0.05) (WK 2), BT HEZZS U
TIRWET /NRBE ST R, 08 sl B e T /N A
FAT R, LRI =T AE b, $5 7 2 25 30 A k] e 1
BT B AU 7T LA G/ N BV IERAAE

1 WU/ B A B A R0

Note. Compared with the control group, “ P < 0.05, ™ P < 0.01. (The same in the following figures)

Figure 1 Influence of mice body weight by the cisplatin

B2 WX/ Z SRR R

Figure 2 Influence of mice index of deficiency of vital energy and fatigue by the cisplatin
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2.3 JEgAxT /N R AR S A R0

550F B F A, A 3 8 it A5 i 3 1 4 /N B
O HESFIRR (P < 0.01) 3 T4 A B AR 5 /I BRI XL
B AR B R (P < 0.05) (WL 3) o 487RIB%A
SRR XF /N B GRE 2 B R  E
2.4 RAx/INREEBEHE A RALHSHRME
2041 AR/ RUE R R O AS A5 R

550 B A A 34 65 it AT (1) ol 5 A5 ) 42
TCHA 8 s (LD ), B U X /N BRUYEF
BRI
2.4.2 WA/ ERLBP S5 2 B 5

50t HRZ A U375 25 1 AT [ I 1 A5 4%
BB AN == /58 R ROR ) R E A i s s )
ORGP, P A O v 1 22 | D 46 O 16 A A 24 B
L, O AR B 3 R AN A ek 2, B9 9 A £
LR/ | B A R AR 3 22, 9 96 40 i 4 A 3L
SR IR 4 S v R A S A 3, D AR
T A0 5 IR ) B i A ) B 2 Y B R R
A, B9 174 55 A4 i R 0K 200 i 43 A 2580 B I (AL
B 4), $7R A BE N S 86 AR B i 4k, 7= K
PO I, 175 5 RS AN R ORL 40 L T A Y
e N TIRTONT: A

2.5 Isaxt/NER'E ERR R REKEEEHE G R EER
A

XL He g, AR % 22 35BS Cyp2lal BH IR
TEE(P < 0.05) , E & X M /N BUBF B R Star
Cypllal 5 Cyp11b1 B mRNA &3k JoHH W 520 ( WL
K15) . StAR £ [ 3eik i e AN 7% Sl 18 s B g
FE(P < 0.05), 7E U a] B i 455 5 B 8 B+ (P <
0.05) , {E A ] b5 5 455 A il CYP11B1 MR 3R
5 MEME/NEUE E IR CYPIIATL FIT CYP21A2 FEH#E
N (WE6)

PR IR 40 3% 2 i A 2 L B I StAR 2R
FRIR P /D BV R 2 [ 5 St 1) 3k DL
PHIRON R 3 KT R BE 25 25 ) 2 B StAR A1
Fhim, 5B R R BT 3R N e R A O 1 B (]
B e A5 T e 2 B B R B S BRE T (SR
XTI /N BV RIS T S 1 R T /N T g
5 IR S 5 R e A R R A K,
2.6 Igaxt/NER DD EEBE T BE S AR R I
2.6. 1 R /I B B 5288 i1 5 s i 174 52 )

55X B LB, IR % 22 1 RS, /) BRI 8
Cypllal ) mRNA RixEME E#M (P < 0.05),
Cyp17al FRIK W F 8,1 Hsd362 W EH (P <

B3 WUEARS /N BRUEAS

Figure 3 Influence of mice visceral organ weight influence by the cisplatin
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TE B EARB T RRBEDT; ke HORA ; @ O W LR O L I O 304 A PRI BN ; @ s JRUAR IR s — . B 2%
G T RN | o AL ;s L ™ TR AN
4 AR/ BUEF_E B S5 -5 BF SUE AS B EO
Note. . Adrenal cortex. X. Adrenal medulla. % . Globular zone. 4. Fascicular zone. V. Reticular zone. O. Follicular cavity. []. Corpus luteum.
A . Atresic follicle. @. Corpus albicans. <—. Primordial follicle. —. Primary follicle. 1. Secondary follicle. | . Mature follicle. “\. Theca follicularis.
®.. Granulosa cells.
Figure 4 Histological changes of adrenal and ovary by the cisplatin of the mice

B 5 AT/ BB L R B i R A s ) 52 i)

Figure 5 Influence of the steroid hormone synthetase mRNA expression in adrenal cortex by the cisplatin of the mice
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0.01) ;17 [H) FR 5 5 /N BN ERLBD 8 StAR R R 5A
IR TR (P < 0.01),Hsd3b2 ) mRNA #3551
BTRE(P <0.01) (WWE6), HT P450c17 FEfHfL
17a FRIEZ I FEER & B DHEA | 1] DHEA 2 1 &
A R A 55 3RHSD2 il A2 i Ak Ik s — i 1 52
B & J R , 45 5 Cypl7al 1 Hsd3b2 ik AH =,
PERIEIGT OY SRR 1 & A E R B AR

55 B L e, A 3% 22 3 B TS /D BRLOP B
Cyp19al Fl Hsd17b1 1) mRNA FEik e ICHH 5 ( IR
7)o HIT Cypl9al Fll Hsd17b1 5 i ME % 2 £&4%
A EE B, 4559 Cyp19al Fl Hsd17b1 ZEiAHM R 12
FRIGEEFT B SEE — i) B BB AR AR AR
2.6.2  JUEAXT /1N B O 55 ME W R 32K Esrl (ERa) |
Esr2( ERB) Fl Gperl 520

55X B beg i sk bR /N B SE Esrl
F1 Gperl B mRNA Rikg B B (P < 0.01), U

Pl 8, $ s A S A5, /N BB 52 PN M 36 A2 1A
FRIRHE TR,

g b A o R AR 0N BT 58 2 [
PR A U AT B8 32 NS o bR BEV R 2 kR A
3o {Fa) PR 455 15 S B B R A R A 658 T
PAE, MR MNGBS3Z CyplTal Fl Hsd3b2 1Y
TR T BH SRR AR X I R A Rl
Cyp19al F1 Hsd17b1 JHH 5 5% WA, Xof T 35 2% 1) Mk 93
RINEALTIRE vl REsg /N (RS R AR D MEPL R
(R AT AR, JHL 7= v/t T R i 35 2 %) i
2.7 IEEART/INER T B A A 80

5% IR e85, A i 22 i 5 )5 N il GnRH
H CRH HRIAW B R (P < 0.05) 5 MM ] f i 1 20
TCHA G 22 5, WLIRL O, $1 7 St ST 461 i 6 i A o)
T TI6E , A B P R B R (GnRH) IR B I iR
RBEHOMER (CRH) KF TR,

B 6 U /)N b R R B SR [ i R B 1 AR IK B 5 )

Figure 6 Influence of the steroid hormone synthetase protein expression in adrenal cortex and ovary by the cisplatin of the mice



 E SL I FH 3R 2021 4F 10 A %5 29 %55 S Acta Lab Anim Sci Sin, October 2021, Vol. 29, No. 5 633

B 7 EAXT /I LB SEE [E A R 5 i mRNA A 52 R

Figure 7 Influence of the steroid hormone synthetase mRNA expression in ovary by the cisplatin of the mice

B8 RN /)N B BR BLIE I 25 37 R AR IR Esrl (Esr2 A Gperl

Figure 8 Influence of the estrogen receptor Esrl (Esr2 and Gperl by the cisplatin

B9 AT /N B s
Figure 9 Influence of the hypothalamus by the cisplatin
2.8 IFEERTINREE KN Lhb FKBFE TP < 0.01), W 10, 475 5
X AL B U Y AR TR Pome \Fshb. 41yt BN ) R I 2 BB 5 0T 1 o g 1 A
Poulfl FEW T4 (P < 0.00) ; W WG BEAL by , i K 00 DB 44 260 T A3y B RS L5
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10 JBEAXT /N B R R Y 50

Figure 10 Influence of the pituitary by the cisplatin of the mice

3 e

NG B e 24 80 B 1 4, L EL 8 A T R
il T HZ R R AL, TR B AR 2 A T Rk
B2 B T A% P 2 8 02 I A 5 6 il B 52 R
WHRR AR, R T A7 76 A 5 PR DL B B
ST A SR | 4601 32 25 4 24 3 A5 1) B0 L
BRI B2 R L1 R A, (B R A T,
B S 25 25 23 ER K DO, 7= AR A 2 s B 1 o
IR RO iR 30 A ) P 4 24 1T A B R I 0T I AR L
G P SE2 o RIS 100, T B 30 i) A B = AL 44k 4 i
IR B A, BV HAth i 32 A TR 1 52
M, LA SRR AR o PR IR YT 2 IAb g M T
BHUE N E, B R EEwRE =" Wik, A0
X BB G B A OC K HPA SR HPG filk As
SR RS 1 14 2 45 25 5K IR 45 25 10 8,
BT Pl sl X O /0 B B B I
EA MBS

SR IR Jicd B[] 328 2 265 24 5 4K B 82 (1) By 45 245
75 5, HLAE 2 e ASE /N BRI
PR A B R ) 45 SR A B, A1 62 1 A )
B A 5 G /N R R [ B S I R

Raf, MR35 255 i A% . 2 0 ) /0N B0 5 g R, DI 41
i) B /N U U B R e R o o 24 B AR I
SPTREE ] 8 275 24, PR 245 0 AR N 1 BR800, AT 8K
Xt /NER A 3235 30 R O K M 5 MR A A A o
YER, BRI B SR E SRR R ARAE, i
— 3 N B R & R LI S L E , &
U 322 6 i AT [0 i A5 J , 7 /0 BRI SR 34 v IR
TRt P A 05 B0 Y6 TR G, i R ) SR B 96 ik 20> | B 3
I 4T e R ST 200 6 P S 2, VO e 3 A B 8 475
ARG, TR R BRERIR AT AR A 5 MR AT
AN AR DL BA 2 AR 1k, TR MERE G T HPA il
WEEEMEFR LS R R 5 5 A N et R 1
PRAEE H R A O, UL, [ 2 [ i R A
(L2, B 550 25 5 2 B A R 35 403 o

TE LR b A6 I T4 o 25 [ it i % 5 i
FIRER M, TR IR R R S P
FA B b R AE 7], ¥ DU [ A TR, 8 i
200 P 288 [ 2 9 9T 2R T (StAR) 5 I [ )
B4 1 ( P450sce, H CYP11A1 KR i) & 2205
FERVE W BB RARY T, 258 &M, SAR & F17E
B b R 2 Sk A S IR T R T R s S T
T, AR e ) R R O B B A T2k
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A 5 IR B A2 A S 1Y) StAR 52 Ak R S 1
At ] s A 52 10 ol 4 A 7 3R ) 4849 AR o
W5, MU SAR B A R IATE R R AR5 3% T
Wk, SRR IR SRR M4 477 B0 B e B R 5 B R T
LKLY Cypllal Ay 25 [ B 22 A A B 8 il
B EAR S Cypllal FEPH 58 F R IA YR B
(AR Ak IR B2 B /N SR Cypllal JEPI3
K R (HR L R T R A8k, 7E LH
g B B 7 S 40 A 0 e 40 A Ak A e AR
StAR \P450scc Fll 3B-HSD ARG & ik i bl
BRI A B LA O 5 28 i £ il P B4 T, 78 U4 75
/N RO SR A R B R A AL 2 5 i) X il
IR R SN B b R TR 2
FREHARE
i — DA B R R R A Y R, &
IAAE TS 25 25 5 I R Cyp2lal JER R,
Xt Cypl1b1 3K TCHH B IFZIR , FE7R IR 14 22 45 24
A AN 2 A T o) B PR A Ak R (R R e &
SRR B R ) A B, B B R LA R A 3R
PREEMEGR Y A BRAE T . SR, AR X B 58 (1) VR AN
], % PP S M R & S R 2L Cypl7al 5
Hsd3b2 FEPH 3k & B A0 6],y B 5L 1 f
PR FE B O 6L S 200 L o3 0, T VR R A D5
AT 5 A AE T UKL 20 6L, T 3 2 A I AN O 1 e
SO 20 LA AL M VR IR 15 A5 B TR 22
A I O SR R ) R A O S 4
GRS Y HER A ) B | AT 5 B S A
S 6 %) ek A B Sk, ) B OB A | B A4 o D D T
RESE MR A UG R A R BEAR A IR 2 — h4h,
HEBLR A A SR AL TR, B 3 A AE T 9 5 I %) 4
Ml (5,25 P450c17a( CYP17AL) 4wt ir) 17340 BEKT
ZR g T A A A ZR B 8, 17 o — 95 35 28 075 W, -
CYP17A1 [FlAE9mA% Y 17 , 20— 24 Bt 5% 1k A i 0%
T TR s — ), FE v HSD3B2 e AR Ak AE i g —
T Bt e e R T VR T A R P IR
I 157 38 TT e R S B S Cypl17al 35T PR AR S
WS Hsd3b2 ik FHAY FEIRA Y ARBF 58
Y HE 0T 75 24 02 B S, O 3 %) 0B 20 it I i vk
/> AELBP S0 ESEER B BT B 05 A A il R R 2 (]
P 5t Sl A B R i, 25 B S O SR P DR TS AL
IR SR RIE B 2
e o 2% 1 38 25 4 A R 1) SR AR T R, A
N A BT i 255 i A Fi T o i 1 12 R i 38 i R

(GnRH) FIf2 5 I R R B UM E (CRH) AR5 1 &
T, FEK Pome , Fshb  Poulfl &3k W & T+ ; 1 8]
PR AR AR Lhb 335 3 NI, SRR I % 2Lt A
T s Re S S B R S Re A T s T
SOITRI BRI 45 245 0T 0 1R Ty BB 52 i 4 55, M R RN
FSH 19 T i A2 B9 53 55 (0 9 KA A, (L] R 3t A5 20
FEAEVERR LR Fshd F1 Lhb 365K W_EVH , Rt
G4 1) B 325 A ] BE I AN BE T i S 2R ) B S B 5 A
R EELEER S HPG A s 3R GnRH H1 ]
W3 5 ] S A4 PE AR UZR 19 mRNA 7P b i
S R O SRR A

AWFFERI PRSI RERR BB HPA il
W, SHEVEAR LG, METE R L B SR 1 HPA il
T, I YR — BT R R e I 3R A2 AR R T CRH
22 TR MR L A I 38O D& B KT LH i
AE FH 519 94 55 200 R0 00 40 6 F s o] 24 [ A e
LH BT K )2 4 LA N 2 5 eV R | e s — T
AT AT ) 5 8, R s T DA D 96 R 24 A v R il
R, I %) UKL 200 B T A, 3 5 D5 A e Y A
FHLAL ] METR | Bl HSD17B1 BIVE R %Ak M i —
e, Lhb 1) mRNA FRIKAA WL mg £ 28 75 1] B i 4 4
T, AT RE S D [ B EOR B A, U R A AL
TR o A Ay R TR 1% 7 R il R DL TR R A g —

T eI S i S F G 0 MEBR S2 AR HPA T% 14
AREEA A AR, B ERB (Esr2) M, 1 ERa
(Esrl) ik HPA B pboh, W30 3% 52 (A 1 b 1
XoF T DU A 25 A ML o3 Ak A R T VR M
fEiM T ERa AT GPERY )38 19 52 ) 40 i 3 7 1), A
W5 % AR 1% 2235 450 )5 O BL N Y Esrl 3R0K 3%
THEr, Gperl F3R i [A) 20 T, 5 B0 55 P4 O 1) 3 2
TS AL AN FIME L R X T HPA BB 256 56, 2RI
BRI [ B 3R L D SR e Rk T AR

g5 LR AR R B, A BE 655 & /N BV
B R AN 2 A DGR A% 28 3R 5 A0 o 28 1 i 3%
B B U O SR PP T B R B 6T B
HMERCR SRR & A R R TR BR 7 =X
FL S 25 25 ik — 2D A HPA A HPG %l
X T B AR RE
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Effects of 8 weeks’ aerobic exercise on the skeletal muscle inflammation
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[ Abstract] We aimed to determine the effects of 8 weeks of aerobic exercise on obesity in mice induced by high-fat
diet-feeding and the mechanisms involved. Forty-six male C57BL/6 mice were randomly allocated to a normal diet group
and high-fat diet group, then to a Control Sedentary group (CS group), a Control Exercise group ( CE group), an Obese

Sedentary group ( OS group) , and an Obese Exercise group ( OE group). The exercise groups underwent moderate-intensity
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aerobic exercise at 60% of maximum exercise intensity for 8 weeks. Before and after this exercise intervention, the
maximum exercise ability of each group was determined, and the dietary energy intake and body mass of the mice were
measured regularly during the intervention. The mice were euthanized and both gastrocnemius muscles were removed 48
hours after the last exercise bout. The desmin distribution in the muscles was assessed following immunofluorescence
staining, and the cross-sectional area and inflammatory cell infiltration in skeletal muscle were assessed following
hematoxylin and eosin staining. Western Blot was used to measure the expression of proteins related to atrophy and
inflammation in skeletal muscle. The energy intake, body mass, and expression of atrogin-1, muscle ring finger (MuRF1) ,
and tumor necrosis factor (TNF) —a protein was significantly higher in the OS group than in the CS group (P< 0.05);
whereas the exercise ability, cross-sectional area of muscle fibers, and interleukin (IL) — 10 protein expression were
significantly lower (P< 0.05). In addition, desmin protein expression was disordered. After aerobic exercise, there was no
significant difference in energy intake between the OS and OE groups. However, the body mass and protein expression of
atrogin-1, MuRF1, TNF-«, and TL-1B were significantly lower in the OS group (P< 0.05) and the exercise ability, cross-
sectional area of muscle fibers, and IL-10 protein expression were significantly higher ( P< 0.05). In addition, the protein
expression of atrogin-1, MuRF1, TNF-a, and IL-1B in the CE group was significantly lower than in the CS group ( P<
0.01), whereas the IL-10 protein expression was significantly higher (P< 0.05). In conclusion, high-fat diet-induced
obesity is associated with chronic inflammation in skeletal muscle, which leads to skeletal muscle atrophy and a decline in
exercise capacity. Conversely, aerobic exercise ameliorates this skeletal muscle atrophy, which improves exercise ability,
and a reduction in local inflammation may play a key role in this effect.

[ Keywords] aerobic exercise; obesity; skeletal muscle inflammation; muscle atrophy; exercise ability
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Note. CS. Control-sedentary group. CE. Control-exercise group. OS. Obesity-sedentary group. OE. Obesity-exercise group. Compared with matched

control group, “ P < 0.05, ** P < 0.01. Compared with matched sedentary group,*P < 0.05,"P < 0.01. (The same in the following figures)

Figure 1 Changes of food intake and body weight in obese mice during 8-week aerobic exercise
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Note. Time, distance and peak speed exercising to exhaustion were detected by a graded exercise testing with animal metabolism detection system.

Figure 2 Effects of 8-week aerobic exercise on the time, distance and peak speed in obese mice exercising to exhaustion
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Note. Distribution of Desmin protein was detected by Immunofluorescent
staining.
Figure 3 Effect of 8-week aerobic exercise on the

distribution of Desmin protein in skeletal muscle of obese mice
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Note. Expression of Atrogin-1 and MuRF1 were detected by Western Blot.

Figure 4 Effect of 8-week aerobic exercise on the expression of Atrogin-1 and MuRF1 protein in skeletal muscle of obese mice
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Note. Slides of skeletal muscle tissue were performed with HE staining.

Figure 5 Effects of 8-week aerobic exercise on skeletal muscle fiber cross-sectional area and inflammatory infiltration in obese mice
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Figure 6 Effect of 8 weeks aerobic exercise on the expression of TNF-a, IL-1f and IL-10 protein in skeletal muscle of obese mice
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Construction and evaluation of two obese rat models of polycystic ovary
syndrome with insulin resistance
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[ Abstract]  Objective To establish an animal model of obese polycystic ovary syndrome combined with insulin
resistance ( PCOS-TR) using two different method with a high-fat diet, and to compare the changes in endocrine and
metabolic characteristics. Methods Rats were randomly divided into a control group (ordinary feed and purified water) , a
letrozole group (intragastric administration of 1 mg/kg) , and a human chorionic gonadotropin + insulin ( HCG+INS) group
(subcutaneous injections). The latter two groups were fed a high-fat diet and 5% glucose solution. Gram staining was used

to observe two estrous cycles. On the 23rd and 30th day, ovarian and uterine wet weights were measured. Hematoxylin-eosin
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staining was used to observe ovarian histopathology. Fasting blood glucose (FBG), and blood levels of triglyceride (TG)
and total cholesterol (TC) were measured by a biochemical analyzer. Serum levels of follicle stimulating hormone (FSH) ,
luteinizing hormone ( LH) , estradiol (E2), total testosterone (T), and inflammatory factors tumor necrosis factor-o
(TNF-a) and interleukin-1B (IL-1B) were measured by enzyme-linked immunosorbent assays. The homeostatic model
assessment of insulin resistance (HOMA-IR) was calculated. Real-time fluorescence quantitative PCR was used to detect
ovarian TNF-a and IL-13 mRNA levels. Results The letrozole and HCG+INS groups both had disordered estrous cycles
compared with the control group, but the HCG+INS group had occasional ovulation. On the 23rd day, uterine weight and
E2 levels were significantly reduced, and ovarian weight, INS, HOMA-IR, TG, and T levels were significantly increased
in the letrozole group compared with controls. In the HCG+INS group, INS, HOMA-IR, TC, TG, and LH levels were
significantly increased, and E2 levels were significantly reduced compared with controls. On the 30th day, the levels of
FBG, INS, HOMA-IR, TG, FSH, LH, serum TNF-a and IL-1B8, and ovarian TNF-a and IL-18 mRNA levels were
significantly increased in the letrozole and HCG +INS groups versus the control group. The letrozole group exhibited
anovulation, hyperandrogenism, and obesity, as well as more obvious pathological changes consistent with polycystic
ovaries. Conclusions Both approaches successfully induced the PCOS-IR animal model. The changes in body weight, and
endocrine and metabolic indexes of the letrozole model on the 30th day were more consistent with the pathological
characteristics of obese PCOS-IR.

[ Keywords] polycystic ovary syndrome; obesity; insulin resistance; letrozole; chorionic gonadotropin
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R1 TNF-o FIL-1B 5IHTH)
Table 1 TNF-a and IL-13 primer sequences

IR F#ESIY(5'-3") THETIY(5'-3")
Primer name Upstream primer(5'-3") Downstream primer(5'-3")
TNF-a GTCCCAACAAGGAGGAGAAGT CTGGTATGAAATGGCAAATCG
IL-1B CCCTTGTCGAGAATGGGCAG GACCAGAATGTGCCACGGTT
B-actin ACATCCGTAAAGACCTCTATGCC TACTCCTGCTTGCTGATCCAC
) #E= R AR B R A R, 7250 — A sh i R 2
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* P< 0. 05.

Note. Compared with control group,

Figure 1 Growth curve of rat body mass in each group
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Figure 2 Smears observation of vaginal exfoliated cell of rats in each group
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T S IR LLEE, * P< 0.05, ™ P< 0.01, (FREIE)
B3 AR T AR A A
Note. Compared with control group, * P< 0.05, ™ P< 0.01.
(The same in the following figures)
Figure 3 Comparison of wet weight of uterus and
ovary of rats in each group
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Figure 4 Hematoxylin-eosin staining of the ovary of rats at different time points in each group
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Figure 5 Comparison of fasting blood glucose, insulin content, insulin resistanceserum total cholesterol and triglyceride of rats in each group
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B6 A dUR R P K g

Figure 6 Comparison of serum sex hormone levels in rats in each group
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Figure 7 Changes of serum TNF-a and IL-1B levels and ovarian TNF-o and IL-13 mRNA expression in rats in each group
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Establishment and evaluation of orthotopic transplantation model of human
glioma in miniature pigs
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[ Abstract]  Objective To establish an orthotopic xenograft model of human glioma miniature pigs by treatment
with immunosuppressive agents, and provide ideal experimental tools for screening glioma drug and imaging studies.
Methods Human glioma cells U87-MG were transplanted into nude mice subcutaneously, and tumors were visible after
two weeks. Then, we choose miniature pigs to be treated with oral immunosuppressant both cyclosporine soft capsules (20
mg/kg) and tacrolimus capsules (0.01 mg/kg). Three days later, the fresh tumor tissue derived from nude mice were
collected and trim them into 1 mm’ tissue pieces. The tumor tissue were transplanted into cerebral striatum of the miniature
pigs treated with immunosuppressive agents through a stereotactic instrument. After 21 days of continuous use of

immunosuppressive agents, the animals displayed obviously thin, and space-occupying lesions in the brain were detected by
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Magnetic Resonance Imaging( MRI) to confirm tumors formation. These miniature pigs were sacrificed and dissected, then

the tumor tissues were fixed. The histomorphological characteristics of tumor were confirmed by H&E and IHC staining.

Results Three weeks after orthotopic transplantation of the glioma tissue into the brain striatum of miniature pigs, 12 pigs

have been implanted with U87-MG, 11 have presented a macroscopic significant tumor, with radiological and pathological

characteristics of high-grade glioma. we found that the tumor incidence reached more than 90% by MRI scan. Both the HE

staining result and growth characteristics of the tissue were consistent with tumor characteristics. The staining of human

mitochondrial antibody demonstrated that this tumor was human-derived tissue and the glioma-specific marker GFAP was

expressed positively. Conclusions Combined with cyclosporine soft capsule and tacrolimus immunosuppressive treatment,

an orthotopic xenograft miniature pig model of human glioma was successfully established by transplanting tumor tissue.
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Figure 1 Operative procedure of human glioma

orthotopic xenograft in miniature pigs
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Figure 2 Morphological changes of transplanted tumor of U87-MG glioma in nude mice
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Figure 3 MRI result for 3 weeks transplanted tumor of U87 glioma in miniature pigs ( Arrow shows tumor)
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Figure 4 Histomorphology of 3 weeks brain tumor of U87 glioma in miniature pigs
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5 UST MRSV A/ NS 3 TS I A R 41 2R GFAP Rk B

Figure 5 THC result shows GFAP express positive in 3 weeks brain tumor of U87 glioma in miniature pigs
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Figure 6 IHC result shows human mitochondria express positive in 3 weeks brain tumor of U87 glioma in miniature pigs
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Establishment of a peri-prosthetic infection model after total knee
arthroplasty in New Zealand rabbits
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[ Abstract]  Objective To explore the method and feasibility of establishing a peri-prosthetic infection model after
total knee arthroplasty in New Zealand rabbits. Methods Forty-eight healthy New Zealand rabbits were randomly divided
into three groups: an experimental group ( peri-prosthetic infection group), a control group ( non-peri-prosthetic infection

group) , and a blank control group (sham surgery group). A bacterial suspension of Staphylococcus aureus (0.5 mL, 1 X
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107 CFU/mL) was injected into the joint cavity of New Zealand rabbits 7 d after total knee arthroplasty in the experimental
group, while 0.5 mL saline was injected into the joint cavity of New Zealand rabbits 7 d after the total knee arthroplasty in
the control group, and no treatment was undertaken after the capsule incision and suture of the knee joint in the blank
control group. Hematology examination was performed 1 day before surgery and 7, 14, and 21 d after surgery in each group.
X-ray examination, bacteriology, and pathology examination were performed 21 d after surgery. Results The survival rate
of the experimental group was 87.5% (14/16), and that of the control group and the blank control group was 100%.
Twenty-one days after surgery, X-ray examination showed that the prosthesis was good in the experimental group and the
control group, and there was no loosening around the prosthesis. The soft tissue around the joint was swollen in the
experimental group, but not in the control group and the blank control group. Hematology examination showed that WBC,
ESR, and CRP were significantly higher in the experimental group than in the control and blank control groups (P <
0.05). The bacteriological examination showed that the bacterial culture was positive in the experimental group, and the
infection rate was 100% (14/14) , while the infection rate was 6.3% (1/16) in one case in the control group, and the
bacterial culture was negative in the blank control group, with an infection rate of 0% (0/16). Pathological examination
showed that there was a large amount of inflammatory cell infiltration around the prosthesis in the experimental group.
Conversely, there was no inflammatory cell infiltration around the prosthesis in the control group and blank control group.
Conclusions Injection of 0. 5 mL Staphylococcus aureus into the joint cavity 7 days after total knee arthroplasty in New
Zealand rabbits was successfully established as a peri-prosthetic infection model after total knee arthroplasty.
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joint replacement; peri-prosthetic infection; bacteria; New Zealand rabbit
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Figure 4 Results of hematological indexes in different periods
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AL 4 B bR Ao b A R T A S P R |18 R
Je AL MR YL G 3 X ; CRP 1 ESR 76 645 &
A 5 BIHe i 75, ESR —BGE T CRP ik 31 Hok
{8, T ReRe e 80 A mEAR S 2 A~ I CRP N
AR RN IE % 7 R R AT CRP IEH, RJE 3 A
CRP 15 TIER 80 RS X LT, R E 7
FE TS 8 R A T e, — B BL R CRP IE %
PERAAEAE G (E A 0] BB 0w 259 19 1z
oA BE PR A P R T B BB 5 TL-6 WAL B 7E
KTEBARIG6 ~ 12 h, FEARJG 48 ~ 72 h K& IE
O TR A S bR A AR AR PR A 5T R
F 2000 1M 238 Hm il 5, B 630 R I 2 46 b
FEINHT P 2 e 4 61 B 40 R i JRR e A A8 1) 3
SR ARG R 0 R B 3R R A R T IR A i —
PR ZESER o AN RIS A E T E R AT
A 37TCHE AR E 24 h J5HaRh T3l 77
L, 4k 52+ 37°CHERARREFE 24 ~ 48 h, XFER K%
I TR FREE R

BN E TR A ) R i {1 A ) B JRR e 1) 12 W
TRIT AR R PR 7 SR e (E 2 20 B 15 % B 1)
TR, (I AR B A= TG 125 012 W7 - R il FH ke
AERIRITY ., I, RIS WG| R A R Y
i D DR A AR ] LB 06 97 L) 5 A5 1 S B 40 R
Z—o AR RZIH Z BT ERA
57 d 4R 0.5 mL 1 x 107 CFU 14 8 (8 2 BR 1
A DAL A A S PR G A g N T2 B R
JE IR ST SR T AR L T SR K, T itk — 2
AIFFE N T B AR S5 SR e A e A W ST ok 1 AL
il P HE S A H Fn LAt
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F2 1 ZOW ARV AS TERE B B R U 118-HSD1 K ik
KR By 22 HEPT Y 52

I EM R, 0 AN, AW, w AW
(W& Jgh 3o [ B AT 5 e 245 2435, W b 57K 053000)

[HE] B WS Z 0300 PS5 BT (NAFLD) < BT 11335 2255 (A1 st it AU/ 1( 113-HSD1) 3%
KB FZARBUE I, ik KEBENLN 4 4 IR Bl ZERFMFIREA (CL ) EEE SR mEA (C2
), AR SR 8 R HEST KR NAFLD BRI, C1,C2 41 ( 2 H % 200,400 mg/ (kg-d) ) IAYT 8 i, LI d R it
FAHASEIRARAGIN, 58 2R ZIGYT T LARRAR AT 35 #, ohost AT oh B, FR AR I G K AT B TR I0AR, Uek 4 AT 4 4 05 B ek
77 (e o i 2 A MR 5y R AP B B3R MR 2 R ik . IFZHZE 118-HSD1 mRNA J2 4R H3R3A 7R, Cl
ZH(0.157 + 0.013,0.264 = 0.062) Fl C2 ZH(0.091 + 0.009.0.191 + 0.021) A #I2H (0. 264 = 0.015.0.477 =+
0.074) ¥ B FER#L(P< 0.05,P< 0.01) , H C2 I, Z5ie 228 R XS A BN EOK B NAFLD A 4178
SPVER, ATRES AN 118-HSD1 3Rk, JE i O IR 5% ZHHRILA 5,
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Effect of curcumin on hepatic 113-HSD1 expression and insulin resistance
in rats with nonalcoholic fatty liver disease

SUN Hongshuang, LI Penglin, LIU Yongshuang, NIE Chuncheng”, GAO Lingna

(Harrison International Peace Hospital, Hengshui 053000, China)
Corresponding author: NIE Chuncheng. E-mail ; hyshs1239@ 163.com

[ Abstract]  Objective To observe the effect of curcumin on hepatic 11B-hydroxysteroid dehydrogenase type 1
(11B-HSD1) expression and insulin resistance in rats with nonalcoholic fatty liver disease ( NAFLD). Methods Thirty-
two male Wistar rats were randomly divided into four groups: control, NAFLD model, low-dosage curcumin treatment ( C1)
and high-dosage curcumin treatment (C2) groups. The NAFLD model was established by a high-fat/high-sugar diet. After 8
weeks of the diet, the C1 and C2 groups were given 200 and 400 mg/(kg-+d) curcumin, respectively, by intragastric
administration for 8 weeks. Results Compared with the model group, the NAFLD was significantly improved in the C1 and
C2 groups, expressed as the reduction of the fatty liver index, serum lipids, liver lipid deposition, improvement of liver
function and pathological changes. Insulin resistance was also significantly improved. The relative expression levels of 113-
HSD1 mRNA and protein in liver tissue were significantly lower in the C1 (0.157 = 0.013 and 0.264 = 0.062,
respectively) and C2 groups (0.091 % 0.009 and 0. 191 + 0. 021, respectively) than those in the model group (0.264 +
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0.015 and 0.477 + 0.074, respectively) (P < 0.05, P < 0.01). All curcumin treatment effects were dose-dependent.

Conclusions
HSD1 expression and the improvement of insulin resistance.
[ Keywords ]

curcumin;;

dehydrogenase type 1; insulin resistance
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AE W #5 PE B8 W5 BF ( nonalcoholic fatty liver
disease , NAFLD) &Il K I % WAy E MR Z —, 5
2 AUBE BRI EJE | e 1L | i i I A 45 5 95 %% VT AH
KM NAFLD B A LR i AN 76 4 T Af , {H <
Al T SR &3 TRINCIN A 211 /=R AR /o
SE N A BT A 28 LR s F e i A v &
T EZEEMY . Z3E (curcumin) &P 2 b 22 #
A R oy, A PR B AL T i
A AP R 40 PR S 2 R 2 AR D AR
FEH 2019 4F 3 3 2 2020 4F 3 J i o P e
MR SR S ARTORGVE i 105 T O BB 2 | 0 43¢ 222 1 2% %
TP M N 0 R BRI 11 B3 3k % [ o it L g 1
(11B-hydroxysteroid dehydrogenase, 113-HSD1) ik
L B RARATHI R, 2288 BT NAFLD 243
Bk

1 #R57EZ%

1.1 ##
111 SERshY

36 H 8 JEIL T I H MM Wistar KB, A 180
~ 220 g, VAT g SE G S O PR BE[ SCXK (#7) 2017
-0001] , a5 T v (& 25 B K 2% 25 B F % [ SYXK
(#)2018-0018], fAIFRAEM: HEE 21 ~ 25°C W
50% ~ 60% ,EHRESHIHIE 12 h B W5 450F, A Bk
KB, WENEMRSE 1 S RSEE . AR AR
i 3 ] o RS- 2 e A6 3 25 B 2 o A AL o (HE RS
2018-3-015) ,
112 EZHLH SR

LB (Sigma A H), KH) ;4 H I EA Y
(7600-020, H 2 AF], HA) ; B2k RT-PCR A7)
& (TaKaRa A7), HA) ;11B-HSD1 Hif#& (Santa Cruz
INFE]EED) SERE 8 PCR AL (MJ Research 23 A,
£ [H ) ; Mini-Protean 3 HLJKAE 2+ 5% Il Power
PacTM Basic HLi ( Bio-Rad 24 #], 35 H) ,
1.2 Ak
1.2.1 s 542

36 HRFBENL N 4 4. xF R4 8 H A

nonalcoholic fatty liver disease;

Curcumin significantly improved NAFLD in rats, and this effect may be related to the inhibition of 113-

high-fat/high-sugar diet; 11B-hydroxysteroid

12 A EWFEMAGELA(CL4])8 HEERH
Rl (C2 2H)8 H o Xf fl 21 MR 25 3 3 i g}, H:
i 3 ZH MR 25 A ) A 5 A RE (T 5 2 22% B i +
8% W +2 % AL [ P +2 % 13 £ + 66 % LRl R K} ) | 1k
FANK, 8 )G  BARALIE 4 H o i 1552
R, WY, CL 4L, C2 4535 H 4 LU
ZH K 200 mg/(kg-d) F1400 mg/(kg-d) , ELE
w2 8 i,
1.2.2 BB R RILE

RWREG 2G5 , AT IR 5 2t i 1l 10 Oy vk
SRR
1.2.3  HEAREE K Ab

TILERES , R EBREE 12 h, FRURE, FREE S 3
ijJHME'ﬁ%EUﬂl,:&SOO r/min &> 10 min,ﬁj\%mﬂ%ﬁ,
T=20°C RAF Rl UK BUN, R, 3153 48 £
(hepatic index, HI) : HI (mg/g) = I H & (g) /K&
(g) %1000, HIVERT £ 8500 R, IR AN - AL g (5 7%
(HE) &0 Sl B3 T WEE, 2 IR TR RIS 17
P HF& (nonalcoholic steatohepatitis, NASH ) Ilffi IR 7%
PO R G A PEAr bR S IROCHR
1.2.4  IEAESRINE

K4 H 3l AR AR 23 B SO T 25 2 103 P 24 R
5 i (alaninne aminotransferase, ALT) . T L H R
;% i ( aspartate aminotransferase , AST) | il AH [ 5
(' Totalcholesterol , TC) |, H ¥ =& ( triglycerides, TG ) |
155 %8 i R 75 11 (high density lipoprotein, HDL) Jif# &5
R R (free fatty acid, FFA) M Ifii#%, K H DFM-96
R 16 BN v S 1T A I i i A R BE R 5
—a(tumor necrosis factor o, TNF-o) Fllfi 525, FFiT
B B E BT H5 B ( homeostasis model assessment-
insulin resistance, HOMA-IR ) ;: HOMA-IR = ( %5 I i
BE A JE ) /22,5,
1.2.5 JIFHZA AT bR E

YBCH B JF 41 21 200 mg, i A 10% 1 20 21 %
¥ ,3000 r/min B0 15 min, B T5 W&, 00 E T4
41 TC TG ,FFA J& TNF-a 7 2, A6 0 75 7% [7] 1l
FEPRINE
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1.2.6 JT4HZH 11B-HSD1 HE[H ik

11B-HSD1 5| #) I % 5°-GCAGAGCGATTTG
TTGTT-3" ,51¥ it 5° -TGTCTATGAAGCCGAGGA-
3’ ;B-actin ¥ 5’ -CATCACCATGGCAATGAGCGG-
37, F it 5°-TGCGGTCCACGATGGAGGGGCC-3 ",
PCR SN 540 94°C FlA8 14 30 s, SR 5 94°C A5 1% 4
min,48°CiE K 1.5 min,72°C ZEff 2 min, 547 30 4>
PEER B )5 72°C ZEAf 10 min, PCR ¥ T 2% Bl
BEEEICHLIK , 4> F BlEE I UG 5 B R 04T K
T A AT IR
1.2.7 JF4HZ1 11B- HSD1 FE A

PEHCF 4 21 & 1 71T Western Blot 45 il
14. 7% B HE 5% WAL ,60 V IR G558 2 h, =
UEHA] 2 h, Aabi/NER 11B-HSD1 £ 7epediik y—
Pr(1 : 200 Fi k) 4°C 17K, LLEPL A IeG-HRP Bk
KB (1 2 800 Fi k) = RAEM 2 h, ECL £ 1,
Bandscan B4 X} 45 R gk i & b, P A B
B-actin JK BEEMIE ,
1.3 FitEHH

GORVFIIME + ARt (v £ 5) £om, Giiteat
FIRHT SPSS 13. 0 ¥, ZHE 4 8] BRI R
752453 M7 (Oneway ANOVA) Jz LSD #5156, P < 0. 05
FREAGI RN,

2 &R

2.1 BRBEMEIXE

%t HEZH (4. 28 + 0.28) mmol/L L #¢, R AIZH
FERR MBHE (5. 18 + 0.39)mmol/L B TFm .
TS 2 30 min J5, XA BLAIL] C1 410 C2
ZH B o 9 R BE T 44.15% ., 13.53% , 28. 14% .
32.58%, SXFMEZH (11.76 + 0.70) mmol * h/L I

B B AUC B (16. 89 + 1. 36) mmol * h/L 3
FHE (P< 0.01); SEIRIA] 4, C1 41 (14.98 +
0. 88)mmol * h/L #1 C2 2 (12.96 + 0.51) mmol *
h/L AUC {H3 5.3 PR (P< 0.01) , H C2 40 P&
B (LA 1),
2.2 MmEEHIERR

EX IR b, BRI A KRR AST  ALT I B | 1
g B M RAER T TNF-o K3 T (P
< 0.05) ; S HL#E, C1 40 C2 4L 4&4TiHE
FRIAT A G RR I (G5, H 2 AR AL S I i 3
TG HA TR EE, TR EEZER (P > 0.05) , 1
RASTIRIRIIA BEEZESR (P <0.05) (WFE1),
2.3 BFIEEIFNATE£1LIBIR

5% A2 LA, A58 A8 2 K BRUTE 48 0 o 3
HELIH A AFRR R UURR, BT TNF-o 5 2 0 BT+
(P <0.01); SR LA, C1 M C2 4L 4550
PR B E TR (P < 0.05), H C2 40 F 5 K]
W(WER?2),
2.4 BFEZA 118-HSD1 EE R EARIE

X IEZH 0. 052 + 0.008.0. 102 = 0. 024 Lb#%,
FRIZH 0.264 + 0.015.0.477 + 0.074 P44 11B-
HSD1 mRNA KEHE LW ETE (P <0.01);5
AR L8, C1 241 0. 157 = 0.013.,0.264 + 0.062
1 C2410.091 + 0.009.0. 191 + 0. 021 fF4Z1 11B-
HSD1 mRNA K3 H £ A ) BEFEIR(P < 0.05,P <
0.01),H C2 ZHAZ L AR (WK 2) .
2.5 HEALAREZWNESES

Xof FREZE A B 440 i 55 /) 58 S FF /NI 3 B, e
AR B RE T LR % BRI 8 K
WA RIFEEE (AR A2 1,7 RAAAEIL A X AR E
6 HAFTERR RS BE A ML SOBRAEAS 4 H B2

W SR IRATIEEE, * P < 0.05, ** P < 0.01; SHIEIZH b4, ™ P < 0.01,
1 RS R 5 o AR [ s E] 5 B B (E AT AUC {E(% = s, n=8)

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

Figure 1 Blood glucose values at different time points and AUC values in Wistar rats(x £ s, n=8)
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Aifk; C1 H 6 RAFAERENRD A ME 4 R BICE  F4ik, 2 4 3 RFEAEREREZE, 2 DL E X
XRAE,S RAAERE M ERFEAS 2 HIBUF  RIE,2 RAAEREMREREZE (K 3,%3)
F1 HFARBMBAIER(x £ 5, n=8)

Table 1 Serum parameters of Wistar rats(x + s, n=8)

[IRTEE{=E 7N X R 4H ERIEE Cl4 c24
Serum parameters Control group Model group C1 group C2 group
Bloo?gii;:ﬁ"}:{tzl e 4.60 = 0.21 5.70 + 0.23* 5.09 + 0.19** 4.91 + 0.26"#
”iif;::}‘;gjﬁ; 14.30 + 1.38 37.93 + 3.58 ™ 28.17 + 3.50 ™ * 20.35 + 2. 527
HOMA-IR 2.92 + 0.32 9.63 £ 1.16™ 6.37 £ 0.84 ™% 4.43 + 0.51*#
ALT(U/L) 41.38 +9.33 70.25 + 13.04* 63.00 = 5.71" 48.38 + 13.32%
AST(U/L) 99.88 + 14.27 189. 63 + 20. 50 ** 167.00 + 17.07 *** 140. 38 + 16.24 ™ **
TC( mmol/L) 1.53 £ 0.18 2.10 £ 0.15* 1.87 = 0.20™* 1.66 + 0.24*
TG ( mmol/L) 0.59 + 0.06 0.68 + 0.07" 0.65 + 0.06 0.63 + 0.05
HDL( mmol/L) 1.04 = 0.11 0.81 £0.11* 0.87 = 0.07 ™ 0.92£0.10"*
FFA ( wmol/L) 649.34 + 57.24 1082.96 + 55.51* 879.42 + 62. 67" 767.15 + 77.98 " #
TNF-o( fmol/ml) 5.63 + 1.48 13.16 + 1.12* 10.92 + 0.96 ** 9.54 + 1.18™*

TSR L, " P < 0.05, ™ P < 0.01; SEMAL AL, *P < 0.05,%P < 0.01, (TF&IF)
Note. Compared with the control group, * P < 0.05, ™ P < 0.01. Compared with the model group,*P < 0.05,%P < 0.01. (The same in the following table)

®2 FHAKRBIFEMLSEIR(x £ 5, n=8)

Table 2 Hepatic tissue biochemical parameters of Wistar rats(x + s, n=8)

IR EEE i 7 X R TERIZ Cl 4 C2 4
Hepatic tissue biochemical parameters Control group Model group C1 group C2 group
HI(mg/g) 2312+ 1.13 25.71 = 1.08 ™ 24.87 + 1.26* 23.83 + 1.95*
TC ( mmol/ gprot ) 1.43 £ 0.12 2.11 +£0.27™ 1.89 £ 0.25™ 1.56 + 0.21%
TG ( mmol/ gprot ) 4.47 £ 0. 31 5.70 + 0.40* 5.22 + 0.69* 4.89 + 0.34%#
FFA (umol/gprot ) 586.68 + 52. 18 1485. 68 + 141.57™ 1047. 63 + 115. 82 # 785.53 + 157.38 " #
TNF-a ( fmol/ mgprot ) 9.34 + 1.78 22.54 + 1.80* 19.13 + 2.34*# 16.79 + 2.01**#

HEAFASU11R-HSDT JEAZRK B IFA1ZL 118-HSD1 A KIA,
B2 S4UKEUFALLL 11B-HSD1 KN K %3k
Note. A. The expression of 118-HSD1 mRNA in liver. B. Western Blot analysis of 118-HSD1 in liver.
Figure 2 Expression of 113-HSD1 mRNA and protein in liver of Wistar rats

3 REUIPRHE R

Figure 3 Representative histopathological findings in the liver of Wistar rats
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&3 AL OISR

Table 3 Histopathological assessment of steatosis, lobular inflammation, hepatocyte ballooning, portal inflammation and fibrosis

411 G BRDVEE BRI R JAE Inflammation HRRREE AL
Groups No. Steatosis Type of steatosis  /MH Lobular L4 [X. Portal Hepatocyteballooning Fibrosis
1 0 — 0 0 0 0
2 0 — 0 0 0 0
3 0 — 0 0 0 0
Xt 4 0 —~ 0 0 0 0
Control group 5 0 — 0 0 0 0
6 0 — 0 0 0 0
7 0 — 0 0 0 0
8 0 — 0 0 0 0
9 2 m 0 1 1 1
10 3 m=M 0 1 2 0
11 2 m 0 1 2 0
BT ZH 12 2 m 0 1 2 1
Model group 13 3 m>M 0 1 1 0
14 1 m 0 1 0 0
15 1 — 0 0 0 1
16 2 m 0 1 1 1
17 1 m 0 0 1 0
18 2 m=M 0 1 1 1
19 1 m 0 0 2 0
Cl14 20 2 m>M 0 1 0 0
C1 group 21 0 - 0 0 0 0
22 1 m 0 1 2 0
23 0 — 0 0 0 0
24 1 m 0 1 1 1
25 1 m 0 1 1 0
26 0 — 0 0 0 0
27 1 m 0 0 0 0
C2 4 28 0 — 0 0 0 0
C2 group 29 0 — 0 0 0 0
30 0 — 0 0 0 0
31 1 m 0 1 1 0
32 0 — 0 0 0 0

TE IR L  m= M A PR 78 P 5 R P NR AR PR R IR 7E s m> M O PERR A P4 2

Note. m. Microvesicular steatosis. m=M. Macro-and microvesucular steatosis. m>M. Microvesucular rather than macrovesucular steatosis.

3 it

NAFLD 2R 2E &g i i iy 2 — 5t 3L
TP A A W (E 3 S e A e 1ok 7 5
Sy FABUBIAASED) | AW 3 o i A R R
177 BN T Rl NAFLD A% 630 . 64
R JHZREH 15 | M0 2L R BT U0 RR A5 s B ek
A5 TR g R R g6 45 R S HOMA-TR (7R A R
Ab TR FHB RS, XA 2E S T R T
£ NAFLD Ampliil g s 2/E . #z B ar, JF i
FEX NAFLD FRERUARIT 2590, 2R S R B 45
¥y 38 sh& A7 Ry sBAE B A FRIR 25 g s R f
F P AT 2By Y,

PR 2 22 AR 2 P PR 1S ME A,
HA T Z 25 ERIEPE , oT T8 97 R0 A IR O

MBI AL A AE MR 40 ST4AER, SCilikk
BT KT BRI AR N 5 I (0 SR 07 5%,
EIRYTF R B A FIHLH i AS B A, &5 KR 2500 1
FER I, 22 AT 0 AR R OK S A 5%
iE PR PR, () AsF 6 AE T 40 e 9 T 7K, DT A R
BIT R IR BT8R K B NAFLD 27 8 e 2511 A
SR I I A A OG RIAKE R
NAFLD KR ZUE BT A A ) b, 348,
H2FINRZEZIE—F RIRAY 11B-HSD1 17 i
R, AT 5@ e B O H ] 11R-HSDL 1% 1, M A 2%
O 5 EARPL A F IR B s A8 ) 11B8-HSD1
FE— R SE A ) NADPH 486 1) f0k: AR g | = 578
JF B 5 i LR g it o 2 3k, e A P il LA AL TE
TR 175811 I 08 o R 2 16 S A 09 P 1 B T
B, DT A5 PR A v o B I i 38 /K- ok 4 2 1
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RO, 11B-HSDI SACEER G 2 AU PR 45 8

IR, 113-HSDI Ji [ me 53k S vl e sl ke & 22 41K

U, 11B-HSDI 5047 FE LR AR5

SER R, 2 B IR 7 X G EDRE 51 A R R

NAFLD A 25 B, T LAREAR A48 %, o3 A

TRE, FEAR 1M i K2 B BT FOAR, W20 58 PR 1 1)

B, HFEHE0T R AR5 R S AR bR N 45 R W) 5, A

RIZH R P ST 11B-HSD1 FE R K 25 A ik 44

FIHE, LB EIGIT A A RAWH AT H AN R 118-

HSD1 JEPAE (17235 , B B FAR b, FL 3 0%

i L b G TSN B

B F IR M2 2 5 £ S — R SR PE 116

HSD1 #Hi5%), Al A %Al 22U 1) 11B-HSD1 2

PARIER B 3R 2k, 19 I R 5% 2% SR | a0k T A 4% %6F

NAFLD By 1EH
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Progress in research into transmissible spongiform encephalopathies using
Drosophila models
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[ Abstract] Transmissible spongiform encephalopathies, or prion diseases, are a group of fatal neurodegenerative
illnesses that affect humans and other mammalian species. All forms of prion disease are associated with misfolding of the
host-encoded prion protein, PrP¢ | into one of several pathogenic isoforms, collectively termed PrP* . The current bioassays
for prions typically involve intracerebral or peripheral inoculation of test material into an experimental host and subsequent
euthanasia when clinical signs of terminal prion disease become evident. Consequently, bioassays of prion infectivity
invertebrate species are cumbersome, time-consuming, expensive, and increasingly open to ethical dispute because the test
animals are subjected to terminal neurodegenerative disease. Here, we discuss the development of a Drosophila-based prion
bioassay, a highly sensitive and rapid invertebrate in vivo assay that efficiently identifies mammalian prions and permits the
reduction and replacement of sentient experimental animals. This article provides an overview of the method ology involved
in the model and discusses the experimental data that describe its viability and usefulness in place of more sentient species.
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A& Y M ¥ 48 R i 9% ( transmissible spongiform
encephalopathies, TSEs ) , ¥ % it 25 11/t i 75 5 0%
(prion diseases , PrD) f&—2H REAS I YL N\ FIsh ¥ )18
M BOIEYE PRI ML YR BOR A e
(scrapie prion protein, PrP™> ) J& TSEs BYECR A+, 14
FRICHE B, B 41 M Y e 85 1 (cellular prion protein ,
PrP) #RIT B . FEMFL S b, PPt R
JEE AT 0 JE 26 14 25 D) ( PRNP ) 25 % 114 — bl 26 11
ARETERRZE R GE T LA~ % 5 M IR A 55 07
T A4 — B AR PrP™ 5 & B 4T &, MIHIRBL R 1 il
KAt A ARSI 1) B B A 1], e 26 SR I TE b A R B
MR RIR L2 PE, BT PrP® #2470 PrP™
B JF A B W, R - 2 AL BEBY (nucleation-
polymerization modle ) MH 32 e m ( refolding
model ) JE A I FE LA A AR

W ( Drosophila ) J& TR MR R E |, & —2K T
BHESY) , PANE S8 ( Drosophila melanogaster) J2 -
W ) — o, I A T S T A A i e D3R e
P B AE, B2 A fr R R
WKL K 2 A 7 PRNP & TSEs %505 BF 5 1) 248 A
U AR SO AR A P B DR X TSEs $2%
FIRIESE , AT AL AIF 58 35 10 2% 8 e i SR g A Y 174 )3
FH Wl RS o3 A L2 S50 sh W R

1 PrPEERRBHEFRANER

PrP™ 5595 B¢ RN A1 45 1% e 05 SR AR [R] PR G
Z LR R FE 4, ANBEFI H PCR A% IR AL
Dy g e I B B AR T SR R Y BOR
(PMCA ) FISE IR 275 7 #  HR (RT-QulC) 7] LA
FEVR AN AR PrP™> | {H JC 4G T HL B e ko™
3 A LS S gh W AT AR I 2 B TR
DU PrP™ JBRYLE () T 55 5 3, (AN 0 5 2o 7
FEIT B3 5T, I DX 3l A i i SRR A e 2R IR AT R 9
R TR 2 7 5 RS L SR A1 5t
WA, &) Tt e B 1m, R 70 AW 2e S HoR
A B H AU S P W B 3Rk M 2 R 40
ARG TR (H B — 8 1) S8 38 M RN & 2t vl L5
WEMEZAT R, 8 H T2 040 &R T 95
R Y SR 220 S AR 1/ U 7 N[/ N /1 12 S
B FE DR R R PrP % L DR SR i 2 ) 20 i FH T TSEs
IR, W2 1,
1.1 ETPHEFHEPPEEERE

P 5% )i ¥~ ( P-element ) f& Wi i & 4 Fh A B

()27 JRE -, D 90 38 AR 40 AR v 2 S W] ik,
TRELA T e R TR R DR bR A R R 3R A 41D
FIE T HAIRTFIE S . Raeber 251 FIH P 5574
S AR A BT AR (1 (SHaPrP ) 3L 5 AR i
R, 78 BIK 52 5 31 T Hep70 #EH F 5 5 £k
SHaPrP , JFJi T N 2R W 2547 TSEs %295 F 5% 1 96
1 BRI P LA TSEs %59 2% 5 1) R g
J5i K Fernandezd S84 %} IR SR Mg RIE A TSTEs FH%
FRFRIFIE, PR 2. 3,
1.2 ET UAS/GAL4 ZEHBEREERE

UAS/GALA RGFIEAFAE T BBk iy B R 3R
JEE RS0, Brand %61 0 UAS/GALA R G0N
TH . Deleault 25" FI| ] UAS/GAL RSG5 4 B4
R BRI K PG14 (14 AS/NE T (/)
FUVCER (1 ( MoPrP ) JE A 3 A SRR R, 318 T HA
PrP™ 1) = G AL R 2 S DR SR i (R A il iR e
. Gavin %7 FI ] UAS/GALA RS 345 T 7EH
T BE A 22 70 i Sk 8 3K B A RN 2 A2 AU (P1O1L)
MoPrP ()55 Fe PR SR, th R 58— HLA b 2R 17
FAVHRG G A BRI
1.3 ET oC31 BEEWMESZUERERR

Groth 25 DI E K oC31 AR RGN T
LR SR R X R G A T auB AT anP iR
B AT 2 1] B B ) 7 A SR e A Murali 250
FIH @C31 BTl 72 Ge 4 B AE AU RN 28 22 /K (P101L)
MoPrP P4 A [Fl—A> attP A7 5, HEBR 716 A T4
[ 3 PR DX i) 5% e, BF AR A MoPrP 5 %8 AR A
(P10O1L) 5L K A 35 KF-AH >4, {H P101L 7E AR A%
REMI 220 Y 2 35 BB 5 3040 it 26 1 B B K ) Atk
DU, P1OTL %% J DR S 088 ) 328 s e, A4 GBI 54 41
L SF A 7R MoPrP 76 i [H] S /= o

2 PrPEREERENHIARE

SEMRTL Iz N T BT IR 2% 06 BRAE |00 4 AR 5F
PREIR AT PR BF 5T, I AR A5 T A 4 2 10 Ll A
T PR, B PrP % B PR IR g i 58 i FL 37 9 TSEs
Y TG A Sk B
2.1 SHaPrP HEEREH PrP ST

Fernandez % 2 ¥ 7 SHaPrP % 2L X i 43
BT BFA Y PrP A FLAR PN 0 S AR AR AL A %) 0% L 0
t PP R IEH PrPC RYARIE 7E AR R
PrP $ERIT S, 45 PrP> (A AL RS K R | IR
SRR L TCIF AR E . H T XA PrP AR
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BEATY SR BORE, SR AN 25 1 k7 AR e 2R A/ e i B
(prion) , A I, Fernandez-Funez A A 78 5 i o fF 57
PrP AN 24
2.2 MoPrP/SHaPrP/RaPrP 7E35 & F R i b iy
MEHNZER

Fernandez %5 #4) & T 4 — 4~ 15 % i 2 A
(RaPrP) B4 5L IR B A Y I LLA T 5 MoPrP
ShaPrP TEFG Bl 127 Fifs 5 Pl & 35 1 46 7 T 19 22
5t . HaPrP 7] LI5S 7 AR i iR i 2R AT A2 Ak, I
TE R 5 R AE AL 22 FE 9 ( scrapie ) BIASIRIT S HEH
RaPrP ANifs 7 AR g 4 R B AR AL AR S R EETE
BRI S E s MoPrP A T LRI E Z 0] 157 T
BB TR A, IR R T A LB
PR & E M.

2ot Fik PrP FIl Hsp70, & B Hsp70 H 4% 5
RIS PeP AR E AR, AT LABK 1E S 8 AR R
MM ICER P T Raeber %5 ¥E 1995 4E Ay I
SErh B A TSEs 2760 S (14 JE 1A |
2.4 PrP U fRETE5HRERF N

Park %5 3 i A H & A N/ G R 3F4 R
MoPrP ™" ¥ 3 [K S g, & B MoPrP™ BJ RE J2 i 14 5|
) E AR WA 5 20 B8 T 2 R A A R 75
P, 3 AT A IR AR

Thackray B TR E A (OvPrP) %%
FEPR IR, &) o0 B T SRR I &) S FT fin s OvPrP
(2R, FF AR SR g rh R BN 32 Bl e ) W 2 BRI
Wt B, AR Q7 (ARQ) PrP #%5 LR g 1Y 75
MANZZ OvPrP BY52IE i VR™ Q' (VRQ) PrP #%

2.3 Hsp70 5 PrP %A

Fernandez 2512V 7F SHaPrP % 38 PR 5 08 1) Fii ot

LI Iz SIS PE AN 3 OvPrP BN X 46 3 Y

W 22 5l fE 2

R OCRIBEEIEN Tk A

Table 1 Comparison of transgenic methods for Drosophila

OvPrP 2 K I 25 5 76 i,

BN TT %

Transgenic method

Ji ik

Principle of the method

Tri e,

Characteristics of the method

T TSEs HF9E R

Example of application in TSE research

P HEHET

P-element

UAS/GALA &G0
UAS/GALA system

oC31 ARG
¢C31

integrase system

CRISPR/ Cas9 A
AR
CRISPR/Cas9
genome

editing system

S PR, B B R AR
TR AT RS

Through transposase, gene fragments
can be transferred in

Drosophila chromosomes

Gald AT RE R LR UAS 731
b ST 51 FE A AE UAS T i Y 2
Gal4 protein can be specifically linked
to the UAS sequence, resulting in the
activation and expression of genes

linked downstream of UAS

A5 attB Al attP A s 22 18] Y B
EPA=CS 228 e ¢

Integrase can catalysis the homologous
recombination between the site attB and
the site attP

TE sgRNA 5] 5 T, Cas9 8 11515
R DX I A 5 PR 25

Under the guidance of sgRNA, Cas9
protein reaches the target region for
gene editing

HMEA By By — Fh A T, B G E A TR IR 4
HAE DR R B /N2 B 5 TR A A B
A BEHLIE

As a transposon of Drosophila, the size of
gene fragment integrated into the genome is
limited, and the insertion position of gene
is random

TP TEREvh 0 B PR R IR PR R AT, A
[ Gald Ji3 2l 7] 52 B H 9 5E B 7E AR
LU RE R IL

Derived from the gene expression regulation
system in yeast, the specific expression of the
target gene in tissues can be achieved by
selecting different Gal4 promoters.

TRT WD AR | ) fer e B R 5 g e 5 30
fLnd, A IR BORT P T
Derived from bacteriophage, the transgenic
structure can be integrated into a specific site,
and the gene fragment mediated is larger than
P-element

VST A R ot A T G R, T S B
AR AT R
Derived from the immune system of bacteria
and archaea, gene knock-in and knock-out
can be realized.

H¢ SHaPrP (R 3 AR 531
i (HR A TSEs Bl &A1)
SHaPrP gene was introduced into
Drosophila embryos and expressed
but did  not TSE
disease phenotype

produce

A MoPrP SN 53 AR MR 2, 2N
TERBTR e 2800 e 57 2R3k, 77 2k
THEA W IR R PrP Ay
Ty

MoPrP gene was introduced into
Drosophila embryos, and the gene
was  specifically  expressed  in
cholinergic neurons, resulting in
progressive degeneration phenotype
and PrP conformation change

AL T PR MoPrP kPR SR Mg AS Y |
WIRH L PR [F)— o7 s 2R 3%, HEBR I
AT AN [ PR X S g i

Two Drosophila models of MoPrP
gene were established which genes
were expressed at the same site,
excluding the effect of insertion in
different gene regions

ok

None for the time being




o [ S ES F R 2021 4F 10 A48 29 545 5] Acta Lab Anim Sci Sin, October 2021, Vol. 29, No. 5 673

Thackray %5 if i 3 RNA-Seq %% 3% 41 M J¥ %F
OvPrP e JE DR Rl A7 73 B, 2 B A0 i Sl J93405 3 =
BTSN SRR ) RE B X 5 I L
SR TSEs BRAHZERL,

PrP [R5 159 37 KA SRR (D159) ZAE R
K h K AR IR B AL TR O ., BEPR I R 2E8h W)
157 TSEs JakJe 2] o Sandez LTV A MoPrP %5 3 A
g FAEAT T N1S9D RS UESE T L7 5 D159
O A BT 1k PrP M R M 1R 7 4
2.5 OvPrP HEFERBAIE R

Thackray 25> JERH , OvPrP % 3 R S di ] L &
B HFL S PrP™ HUEE S K (PK) 9 1 2 RPAE,
INERFET T AR B DR R R 5] JK T B T R I
TSEs REAR ; e 1k R R i 4y 28 52 T 104 i A DR R g
ARSI 124 TR AR L R A5 ) T 2% 8% T
PRI SRR

3 iR

UG EA Ty (R SR Ao JE 0 BB e ) R AR
WEMLR, OB A i B S R A
HZ AR5 2 WA DURYE, T P #%
JEF UAS/GAL4 REG DL I ¢C31 B AT R R EH
AREPEAL A Ak PrP 6 5L D SRR M 2 A R
FER AR BB RIR T, RIAMELBIY) PrP 155 5L
DR SR AR R AR 36 7R PrP AR BHA T AE 7 1 45 2400 45 1
FH, 3 T TSEs % 9% 19 oF 5% i f2 . i 2B 4R,
CRISPR/ Cas9 H K g 46 A U A g, & FE SR 0 I
FFEFIFE AT S BT Re 5 | A8, 28 5 1 2 1R
B (H R WL SCHER AR TE T TSEs SR ifFst, A
K, W A CRISPR/ Cas9 3 K 4 4 5 A N T PrP
e BT AR K AR AR TSEs S 1 B AL
R B ARG b s AER 40 i LR S e sh W iy
755 L sh W AR A B & 3R TR0,
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[ Abstract] Aging is an inevitable process in organisms that proceeds spontaneously over time and leads to the
development of aging-related diseases. The increase of senile diseases adds to the medical burden of society. Therefore, an
important research direction in aging biology is to find therapeutic targets for aging-related diseases. Caveolin-1 ( Cav-1) is
an important structural protein of caveolin, which is involved in many cellular processes, such as signaling transduction,
cholesterol balance, migration and aging. Numerous studies have shown that Cav-1 plays an important role in mediating and
regulating aging. This article reviews the role and signaling pathways of Cav-1 in aging and potential therapeutic targets for
aging and aging-related diseases.
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Figure 1 Cav-1 related pathways that mediate cell senescence
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Research progress of animal model of diabetic retinopathy
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[ Abstract] Diabetic retinopathy is the main cause of low vision and blindness in adults, and its pathogenesis is
complex. Animal models can help us to understand the pathogenesis of diseases more comprehensively. A reasonable animal
model is the key to explore the pathogenesis of diseases. According to the clinical manifestations of diabetic retinopathy,
drug-induced, high-fat and high-sugar diet and genetic animal models were introduced in this paper. In addition, the
pathological characteristics of animal models of diabetic retinopathy induced by different method were briefly summarized in
order to provide reference for the research on the mechanism of diabetic retinopathy and the corresponding drug
development.
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Research progress of brain morphology and function in naked
mole-rats and application prospects

YANG Wenjing, CUI Shufang "

( Department of Laboratory Animal Science, School of Basic Medical Sciences, Naval Medical University,
Shanghai 200433, China)
Corresponding author: CUI Shufang. E-mail: youngstar_sf@ 163.com

[Abstract]  Recently, naked mole-rats have become increasingly used in scientific research because of their
advantages in anti-tumor, anti-hypoxia, anti-pain and long life-span studies. In this article, we summarize the brain
morphology of naked mole-rats, and systematically describe the central structures of the brain that control the functions of
vision, hearing, olfactory sense and sensation, and the adaptation of naked mole-rats to low oxygen, darkness and other
underground environments. The naked mole rat is expected to become a dominant animal model for the study of
neurodegenerative diseases and other aspects of neurological disorders, and may promote the development of medicines for
human neurological health in the future.
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Progress in the use of Chinese miniature pigs in biomedical research
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[ Abstract] Miniature pigs are similar to humans in terms of their physiology, anatomy, nutrition, metabolism, drug
metabolism, and disease development and are therefore widely used in the study of human disease. Chinese miniature pigs
have stable genetics but are also outbred. However, the harnessing of the characteristics of Chinese miniature pigs in the
establishment of mini-pig models of human disease that meet the needs of biomedical research is still in the exploratory
stage. In this article, we summarize the status of the breeds of Chinese miniature pig with respect to research into human
diseases in order to provide a reference and guidance for the further use of this species in the study of human diseases.

[ Keywords] Chinese miniature pig; biomedicine; human disease model
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P /NS VU R /N B | RS A B R R /N
AP BRI R AN RO T 2T E
ANBRUSE B8 NS P AR IR (ELAN [] il 3% 4 /N B8 7
BAUA R NS L R 22 5% . 7 (ERHIFA
SRR AT T H B 1 % 4 18 1 /N B 8% BE 47 53 s F
G, A SCHE X A [ /N TR B R AR B A A S
A9 NS B B R A7 £33 | O R T v /0 28 4% A
FNRBI RIS T R T

1 FE/NEENFIEITR

TEEZE & IR E I A I A
14 IR K 7 8 A% B DAL ol 47 SR = A5 P B R
83 A HE LTy A, H bR TN A B A TR 1
W ESE EE/NEE AT, P /N A R
PO PESR R | Y B SR A e A SR AR
VAT PUNE LIS TS v EE 2 B R N S ZS ol
HEGIR, h T E/NUERR R Z | B AIE U
A2k, T B2 W /N RRE AR TR AL

KA TEFE T 12 MR B 454> I 50 /N L5
b, AP R B 4% R A0 BF 8 L ICUH BT 4% DR b g 41 36
e ARMIERE 9 IR B SRR . A MEGA X 3P,
K ds/ NIEAR R B T AR AR DNA 42k R 41 7 51
TTRGRAM MR (DL 1) g R3], o
FEl /NI T ORI PG R PR, 105 R AL B A | R
WIES & 7Bl SR S T E W NI R S i e
KPR MBI A G458 | 55 Hh—1> I il A T2
TR RSERE , e rh — SR 25 BB XA iR 44 ol 2
W TS 5 S /N 2 R A, O — 32
VPR P B S A T LSRG R R A
WEE S TE 4 I 40 38 1 AR B R, FE R R
AT-26RErh 2 Bl X /NS JC I8 M B 3 2
Suig 3 SR e L ST TR 5 7 11U S SR AN
it b ) e PG B L DX, TR = Bt M DT 2
MR T2 [ SN L, AT RE M T AR RS AN
SETESE N R AR, o 8 B /N B Rl O 3 A
BRI E

Bl 1 ST LR R R AR ) r NS 235 A

Figure 1 Molecular phylogenetic trees of Chinese miniature pigs based on complete mitochondrial genome

2 HE/NEBEEEYESTENAR

2.1 B

FRGALEE NI ESS L& S A& A
TR B DG
2.1.1 BS54 (Bama xiang pig)

B O F R R TV B SRR H iR R R A
PREEFIGZ“FIE , BDFBARRE /N, BT %k
BOHAAW WISk S MEA, AR IRE N
(40.88 =+ 1.14) kg, A% (27. 13 = 2.06) kg, B}5E 72
Hls, 2% 110 H S PERGHR, B3 277 38 5 741
$010.07 3k, B A P DEEA — M DS E R R

PRFR

JUVE B /NS R 1987 AT KR E B
FAE P DU S R SRR SRR, R FH P A Al
UL 22 S B ) /N R B PR AL AR, 1994 4F
FERL T/ NRURE T AR T NS 3%
MR AR R E R 40 kg ZE A, A% 35 ke
EEHQ—IN .

(1) e I8 R GeBems T Y

EL I /INTRUSE 350 4 X Y A B B o O A ) 245
UL B GERK R G 43 A0 5 AN AL, BRTE #6012
IO FH T IR B g R
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SR FHERAE B 34 56 4R 50 ok 12 7 1) 4 12 5 /)N B0
AR NUREFERL AL 32 07 ¥E X 52 5 sh W m B /)N,
5510 E W sh L Kk I g gh Lk
BT EE N R T /N ARG O LR AR A 3%y
RERER B BRI BAE TR =

2 AT SR FH 1R 0 v O [ ) e 5 e L
755 B S/ NEVRE R A s ik ok BEAE AL (atherosclerosis
AS) , Bk FERE AL FE R AT 35 3.8 D B, H AS FHIE
AfaEiEs 3 A~ A L, Fang %™ SR ] CRISPR
HARMEAEE H E A (apolipoprotein E, ApoE ) &
RSB ZAE  4RAS ApoE ™™ B Ty /NS | 25 i M1 v
TR TR 6 A7 T A2 30 o ) i JEL T 5 I
ABKFERELL . WF5E N SN IZ AR BIRT AS (5%
WP R SR X,

SR T B e R DR S5 8 R AT A a7 1 /)
HURE e LAY AR AR (%) WS 4 R RN T 5K R IR 3
Tho ZHBIEL T N2 A ORI s & A
(RO = =N N0 E Sl S0 0 37 I = N S -3
e

Hai %" F Fil CRISPR £ A R4 104 1 1 A
o Rk TR, A ST A L A L T N B A
AU R B 5B 0L D) R BEAS 50 ORIl Ak
BFITEIRECA AR

(2) FE 531 R G v Y

AN, B S /NBLRE AT T A IR AR 3L A A
AR 5T . B N A vy T 2 /N A
¥ 11 BB PRIG (type 2 diabetes mellitus, T2DM ) A&7 |
Li 8571 AR R e e e b R A S T
TS /NS T2DM R | S 20 /N8 H 30 g i 1)
B MURE LA S T Jre i AR TR PR B 5 S R 5 i DR
218 Z ( streptozotocin , STZ) iY77 1 vl T 2 7 5 0
RFAE T AR (1) T2DM AL 224

(3) TR AL RGEBR T I IESE

UL S/ NRU R B BT JHF PN IS e I A8 0 A
JHFAG 545 0 T 5 N R ARARL, S B0 50 5 s 1) B AR 3
PR TR A AR R B T AT R AR
Rl (CCl, ) 524 PR 3R 3 A5 1 1l 2y il 45 i /N B %
ALY | S 50 4 /N B TR IR e A i R A AR
e g M S IR LT 2 A5 /KO- 3B W T v, TR B K F
TR, JFHL, B R ] ) SR AR T AT 4
B AL K S8 Dy AN AT 38 2 i TR Ak, T T B ST
%R AL 9 B R A AR FR bR i A8 4k

(4) TEM 2 RGBSR P RIESE

R ST B S N B RE WA 4 2% 9% ( Parkinson
disease , PD) Bi% 2015 4E i B 2% A1 A FI ] CRISPR
BRIy 55 T B /N L A ) o 1 ik % sk 1 2 P [
TE 475 5 19 25 3 1 ( PTEN-induced putative
kinase 1, PINK1) Flif 4 £ 8& F1 2 E K (parkin 2,
PARK2) £, fH 7 A/ NG AR R I L i iz
BhIRGE MG AR (ALK R 2 B | 1% AT BA LA
AR IR 5 2% R ok B Sy /N B parkin , PINKT 1 DJ-1 3
AH 10 FES /N R BLIE R, Zhu R
H CRISPR ARl o ZEfil#% 8 [ (aw-synuclein ) 5 [
RAHE L7 AH 3 I/ INEUREOR A 4 ARAEAR
ATt s A A 2 5 23t PR R

(5) TESPE RGP T IIBIFE

a-1, 32 2 b & ¥ B B (o1, 3-
galactosyltransferase , GGTA1) I #EAR-N- L FEAH 4
AR B M W ( cytidine
acetylneuraminic acid hydroxylase, CMAH ) #1 B-1, 4
N-& MR & > 3L B 5% % B (B-1, 4 N-
acetylgalactosaminyltransferase 2, B4GalNT2) J& 3 Ff
SRS B EE SR, SR BAH
CRISPR 255 A 4 M #5377 GTTAL/B4GalNT2 I
DARBR T CAMH/GTTAT WU R g ) DA S %34
hCD47 () GTTA1/hCD47 ™ EL Ty /NRU A A | A5 7
T IR B R SR R ) I, T A i — D BRI 5
g B AL AL M HE 7 Sz 3 (ARG S e P IR O
ATHITHRE hCDAT PN TE 55 52 1A 3 0k 240 i o S
MR A AS B RHERR SN, 2017 48 4% 5% i 141 BA A
JH CRISPR AR A B A I
W8 S BE ( porcine endogenous retroviruses, PERV)
LR fifk ke T PERV A REIERGL A A IR) R, R R4
T RS AE Y 22 DY, 2020 4R, % M BATE
PERV K{ B S ity L ili ) CRISPR A R
GGTA1,CMAH F1 B4GalNT2 JE A | I3 ik % JoE 1 ik
AT 9 A B AR S AR Bz 9 N IR R (hCDA46
hCD55, hCD59, hB2M, HLA-E, hCD47, hTHBD,
hTFPL Al hCD39) , SE B 1 57 Fft B8 A 1) 3 — F R %R
W, PROMSZIG Hhr | A5 0 240 it Xk AR 4 B 328 | 40
JRLA S 4 1 LA R 6 i 2y BE 2% VR AH DG 1Y % BIL
HA B,

H A 2R 2K v 8 5L H (interleukin-2 receptor
gamma gene, IL2RG ) FI & 4] i fb % 172
(recombination activating gene 1/2, RAG1/2) 5tk EL
MBI, RAGL/2 MiBRATEHERIE T B 4

monophosphate-N-
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sk = S R4S ] Y ™ I A g R
(severe combined immune deficiency,SCID)ﬁiﬁi:%: o
2014 4F-, Huang %557 ) FH %0 SR i s PR 1 A% 1R
fiff ( transcription activator-like effector nuclease,
TALEN ) 8 AR I i bk B /N RAG1/2 FE A 8
RS RN e dv B KB AS EH#H T V(D)) &
21 B AR BT 40 AF JL ALY SCID AEAR 3
PR35 — B2 g N\ W 3 W A5 B ] 58 1 0y Bk &
TR = 2T L KT AR BB sh ) B
JRIBHCIAT A, 7 ] 2 E T A 30T H A b B e 2 5 10t H
X, HRTE 3R RAGT Al IL2RG R [ 845
I (RAGL ™ /IL2Ry ") SCID %% , {17 2 B tH B b 1)
SCID HiEAR , X BE A Bk AR XTI A2 SCID A
RPN VAN T 20 B % A 1 8RN 2 Pk D) S AR 7
NS PBRA B EEE L CRER) .

(6) TEHABLG oY

Zhang ZEUYOFI A £ WE K WORY K IR
(ethylnitrosourea , ENU ) 175 5 XU AL 2 ( dual oxidase
2,DUOX2) N S A 2l 5 SCHAE #5717 HUIR
THREGR I By /N AR AR R AT ) B0 ™ Y
ARBRIIBEIIR 2T LN G BB

mBR 4% L 0K N I MR A 1k B ( 4-OH
phenylpyruvate dioxygenase, 4HPPD/HPD) 1] & 37
T R i U I L /NP R AR AR 1 i b
P 2 R 1 DA SR 452 RO FLIR A 45 R
CTRACF R BT A5 NS T BY P 28 R AT Y I
PRAEAE, 0T A g A& T 7Y i R I e A B AR
BEAL
2.1.2  MVLFEH ( Congjiang xiang pig)

MILAHE (SIS ) F 250 A 78 5t N TL v
AR X PR B A, i RIE AR,
JRAEARTE (BE%) M (55. 88 + 2.91) kg, PR,
M 30 Bk RV RS CHE I, B AR RO (7. 11+
2.35)3LM

SN R 1985 4F 5 M rp B2 27 B T AR 2L
AL BN /INBU A5 Ry B il A, Gl B A
JET S KT /N B AR 1987 AR L KA E
JEIER A A A SN S i RN 12 A
WAL 25 ke

o T S /N LR 1985 4F o [ Al R 2 1Y
SRR E DS 28 F L IX/INE S BRI, SR 42
[R5 | B Ie] e 49 7 12 5 8 T ) /N B o &R
Pt /N AR AR 35 ~ 40 kgt

(1) L0 IS R GBI RIS

KT a5 4L BRI L LUK 22
I AR FELRL ST ST SN N R 2O L BE
BAL WS SN AR LT B 25 4L, 3R 5 vk
PAR A AR FERE RS2 45 5 TR/, 5 R 25
HAHIE

XS LIV A SR FH v A e I [0 ] W g )
ST M /N R Bl Kook A AR AR Y A AR e ik
FNE 3230 ok 1 A B0 BT 3 5 N 288 L B B
FALR S SREH , B IR B IR AL AZ O | R i TR 4
i K 4 P 4 L 4

(2) TEN M R GEBIR T Y BIFE

SR FH 0 i v B R Sk B STZ % L1
Sk AT B ST BN /NRURE T2DM B AR A
1iAETHES , 7T T2DM 5T, 534, BRAE A
WF5E 05 B S/ NRDRE R AR LN RV AR UL, P
S I/ INBLRE R s DR GRDRL 5 & T2DM AH XA RHURR,
A S I [R5 3, AT VR AR PR IO IR R

(3) TETH AL R e H IS

Wang 450 SR I Sh K TE 80% L 55 12: 25T
T BN /INBLRE TR 1] bk v AR, R A Y
P B BEUOR R s R N2, HE ST 0 A
PEIRFE I & A B S 09 £ 44k, W R 1 0F 52 1 i 4k
LW SR T IT

KM F AR Ik AT r N A S etk 2
SRR DL I 2 B R R O R S
PUHRSCREGSE , W e PR T 15 20097 58 B %
=4

(4) TEiB 3 RGP I

WS R 254 5 R AL, OF HaE iz )
iR P OC WA R T M s, SR M B
AT T ST RURE DG B AR BF 58 N 51 43
IR RS Al B 6 A % 40 i ( bone marrow nucleated
cells, BNCs ) "' 5} [ /BB 1) 58 5 1200 it 3R 97 4K
AR, I I A 5 1 0 R B e SRR Y R
4 {5 BNCs IR HE N 2855 7 i

(5) 1EHABLZ G P AT 5

ZEFE H 1 (polyeystin-1, PDK1) FIZ 4 H H 2
(polycystin-2, PDK2 ) J K 58 45 1] fig T 35 Ye o fAk I
Phg AL 1 2 46 B . 2013 4F, He %1% 51 T
PDK?2 i 3 3k 5% B [N 22 48 W i A EL Y D g
WAZAE, 2015 4F, 2 A BA A B 95 4% B2 B ( zinc
finger nuclease , ZFN ) R wE B PDK1 R H LT
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ZZ BNV B v [ S /N B AR Y R O
JHF B R TR T 22 B B Y R R AL
2.2 FH#5L%E ( Wuzhishan pig)

TR LA ™ T 96 g AR ARG | v R R s ) T
TR X, ARV N 44 U, 2 S
2 g A B £ TR RN IO B P Ny ) AR A
FH 30 ~ 35 kg, AW S ~ 6 Hik, B 6 ~ 7 ik
WL, FERE ) 7= (4.37 + 0.22) 3k, 477 (6.58 +
0.31)3k, 1998 4, ¥R A Al Bh~# Bt 7 4 B= ff
SRR A8 I HEAT 1 AR B A JF s 1 g
WERS

FLAB I/INEL R AT A2 F5 2 1989 AR v [ Al B2
Bt a7 S i i 5 e A A LA B 1Y 1 28 1 B
TR I BERC T AR IR A2 BEH U7 X
BT R Y e BE A A8 /N BRI RN B
NG ERRE, BON ERT A, AEEIEE S
35 kg 4T

S TLR (L /NEL RS B PR RS 2007 4F i 2R
B S SRS I BT £ A e A5 N TLAE LU M X 5 [ 108
Sk LR LRSI AL, 12 it 2 /NS T 43 Ry A6 68 3R
MR, 12 AT N (27.72 + 6.56) k"'
2.2.1 TR RGBS

A BRI 45 R R R LRV 5O
TETE O AH L AR TEAR Z2 AL 2 Ak, 78 © A T
AR 247 /> JeE i AH DGR DA HR A a5 2 A 18 AH S 4 i B
e by R K 2 ( age-related maculopathy
susceptibility 2, ARMS2 ) J& [X 01 H [ figt g 5% 7% 85 H
(cholesteryl ester transfer protein, CETP ) & | Jf- H.
Fidg IL/NESEA 1618 20 i 5 AN TR

SR TIOR3 U HE T 0k B 0K 3 ) B B 5 sk A
FEWE TN TLAR L /INELRE O ) g g A P o i A
D5k B A P R R ORI A
,fjtllij_:—"\(GO—Glr .

KU RRTRE 5 Sk AT ST TR /NG
BRIMAERL AL, L5 % 3 ~ 4 H /NS s
TC HDL /K- 4 i, B BURALL 1 A2 i o
iE &I A, v RS RS S 385 RO L AE R
AL S BT YT Id

FEA 3 i AR 5 3 I [) AT 7 T Ll /N A
AS AERLS RFIY K AL KR AS BEHL
g 75 H #3 & %% §E ¥ A2 ( lipoprotein-associated
phospholipaseA2, Lp-PLA2) [ 3 ik B & 7+ &, Jf H
Lp-PLA2 T I 98 0E A& A= A AS BREHIE i rh & 45 T

HAE
2.2.2 1ENIFM RGBT RIBESE

Kong %1% #2371 PRS- MR IK 118-43 2% i it
i & W 1 ( 11B-hydroxysteroid dehydrogenase 1, 1183-
HSD1) JE [N R B 4l S M ik N JBe i3 TE# 22
JIK ( human islet amyloid polypeptide , hIAPP ) 3 [A I
DNA #4531 54 5¢%) 3( C/EBP homologous protein ,
CHOP ) BE[A A = K& R L e T4 1L /N B, e Sk
K TFNERE D5 & B30 LA S B Al L A A T, b I ok
THE . WFEA BN IZ BRI T2DM K 7,
AT IFRIRTTAR IR OB B 25 ), Li 07 g T
T o Gk M M 58 A KR 2 K ((growth
hormone receptor, GHR ) [ % JE R G AR AY | 4% J6 [R B
EPARR N VR 25 AR, W 2 B T v, IR K
[t FAEA RN T 1 Il BKEAL IR AT TS
A KR S PREAE W PR 5 i ) R 2R 7 1
2.2.3  TEIHALRGE P IIFS

2008 4, T AR G A 28 R B | 22 R A LR
F b 2 R D bk B T 3 kN Y OF SRR A S
RIS L T AR LN OF R 5 AS B
BRI TR OF R AR, O L i RO
It H EDh Pk BRI AS 528, mT T BIF5E 28 A %%
S EIOCER
2.2.4 {ERIERGIINHHIBISE

W 5 B BA S S5 R B 5 B Bk W R
TALEN $ AR 7 B0 a-1,3- LA SAE BT (-1, 3-
galactosyltransferase, GGTAL ) FEH, D& T
GGTAT FEH B 1 TR L/ B R . GGTAT e [ i
W AT AR S HE e SN, o S b B R AL ST Y
AIREREAR , BE S % AT BN ST T8 A AR E Y IR B
SR GE LEA29Y 4% 3k [ 45 1l /) LR B R
LEA29Y J&—FhRERS m Rl T 40 i i v Y B 2L
TREGEH o IR R TR 8 A% A R LABH T T
200 MR ) o R B, AR R 5 RS AR 5 AR
T AR T 0 G2 HE 7 B, 2 JB B S b RS AL Y AT
FEHLORTY B — JLIATBA SR FI CRISPR # KR 43 31 4
52T GGTAI/CMAH % [H @i BR'™' . GGTAL/
B4GaINT2 X3 [H # '™ LA & GGTA1/B4GaINT2/
CMAH = JEPH R F48 /N RERL R Fe a4
TR g I X SRR Y Oy S5 b 2% B RS AR 19 BT 5
SRR T RAFRIBETEA L,
2.2.5 FEIBB ARG TR T

L ZE R R TR\ = O NS 7 s VA T A L
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JINTRRE IR O e R AR R Y O S B 1) 5 T
+ 40 M2 ( bone marrow mesenchymal stem cells,
BMSCs) F1 11 #K & 40 M ( costal chondrocytes, CCs)
B 5 ) A A TR O MR R A s
Fi 1L/ B e OGO B R BB R
VERT, Ayl ARG 525G 757 B Bl it 42 4t 17 BSR4
S 6 BE Al
2.3 jHEg/NE¥ (Diannan small-ear pig)

HA/NEIE EZ T oA, ho = X
XU — T 5 B B, el A 0 o B0 ik /R
B, TR RO, D BOA S FURMIE, AR B 5 14
A (49.69 + 0.27) ke, A M5 (48.81 = 0.61) ke, 1
B4 RIE A% 3 I RIAT AR 007 B AR
8 3k, & 9 kZe A . VH XU T4 37 7 #H I
/N ORAR TR

WA B A s T e /N E A DR K 2218
TRRVE /NSRRI AR | 1987 4E 2R G REIR E 4 N
WA TATNG o i R AERE R RE N (43.3 £ 1.0)
kg, AR(36.1 = 1. 1)kg' ™7,

RN RS ST A8 Z 2 1980 41 FH = i AR b K 2%
W IR AR R 55 LA 2 e WU Rl 1 € TP S E R /)
L8 Ry R 8 2ok 4 ) e 3 o - 22 P A ey B S A8
TG A M, %k R ACFE B &, AR R E 7
1k 36kg )
2.3. 1 TEACH RSB ST

H N5 R e B e B A IR i STZ %
SIH T AR T2DM B IR 12 4 H
J& , SEE /NS 25 IR BHE Y BT BEJS S5
B ARG i LT 4E 5k 25 40 WLET 4 HE 5 3R
L B A s A LA Z (Musclin) 8 H 2235 7KF
ThEr, PRCHEN UL PR 38 P BETE T2DM 1Y & A= & et
R R,
2.3.2  TERPERGLIN T I

2013 4, Xin S5 3 FH AR A S0 4 30 52 7 /N
% R TALEN £AR BT R BR/NELHE GGTAT 2E[A
ARV AT T S s B AT
2.3.3  FEHABBE RS

Zhou 55" R FI CRISPR 5 A 52y #l s L 49 1
HURE ) 1% Z B2 T ( tyrosinase , TRY ) XS5 FE[A] | ## 57
TR AN R R AL 2O B R B R D SR
i A R 8 3R AR A AR B B AL B A R
P EBFIE A FAR R B 2w AL L SR TT Ik i
RLAFARRL

2.4 VI ( Xizang Tibetan pig)

VY FHCECE B0 A TV R AR R AR AR IX
AR AR, 2B BRI AR E A,
DEORRRE 12 A B RE A (22,98 + 0. 65) ke,
AR A (24.52 £ 0.92) ke, 4 ~ 6 JT 8PN &
FERERE AR R 5. 75 Sk PORLAR HF e H R ST
TSGR

PO/ INELRE 2 2004 4T e 7 B RE K A i Ry B
PR NP A A AR T TAR YLk Bl i 42
SR R A, R AT B AR E A ST MR, HET 2
SERUA L PIAE L K SE 50 S W A5 . PG e/ B
GBI ARRUEE /N H TR E O AN R
R R R R AR BE S AR TR O (28,06 =
3.92) kg, A¥E(33.31 = 4.40) kg ¥ %)

2.4.1  TEOIME RGP BT

A UL /NTRORE R LL , W 9N TR SR B ik
OF SR ST O R (G BRAR SR Bh A R
FHFFMSEFLIE ) R R 2 bk ¥y ml e <7 P /)
RURE O WA FEA AL, 55 BUT) R 285 R 08 7R AT B IX Sk
WLE5F 2 22 e 4RI FE UK IR 4 21

W BRI AT BA SR FH v Bl 75 R s i v JOEL ] st o
SO ST T RO 5 R AP AS B BT
SRR B TRV AR R AL R B B R S R
BT, 7T ORI 2RI 5 2 0BT RO I 06 1)
P A R AL SR L /INRURE AR L 7E
TR IR PREE T PG /N R 1) A RE SN R 4 1 1T I
BRBAG, Gy T ey Lok IR B, B i 22 DURRAE O
WELHE, AR5 N B3I Sk V8 /N 28 0 ] BB & 1
B R R J 5 B ARBL A O e

i L2 P A5G 5 R ZEN 5 AR e 66 B e
FEAR BTy 37 AR PR A RO L4595 AH 6 114 T LA T
FEH PPARy 3 [H B B 11 2% A5 v /N B s A L)
DA PPARy o 83k 5 3 R 1 /N B A A 70 )i
BRI A] FHTHFSE PPARy JER 1RO LA RGP Y
TRl B IR DR Ao X055 995 14 5 W), DA R 2
] PPARy WB B0 5 R BRI 259
2.4.2 TEMA RGP RIS

B I 27 A A ) P 2 35 TR e B B R B 15 7 4
JLE T S e A £ T e (O s S 7 3 i
(Huntington’ s disease, HD') P4 jigk /> Y 5 A5 750 | 455 750
KGR 25 TC & AR PR T, BB B R A K SR I AR B
3 B 12 R AR P AR TR vk g 57 T 4/ R
AWy 57 A6 B ( copper/zinc superoxide dismutase 1,
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SOD1) FE PR 5450 D) K [z 2Q3 G S v -DNA 454
1 ( TAR DNA-binding protein 43, TDP-43) Jt K 58 15
(R PG NS | R 0 B L N L8 400 ) 2% A Ak
(amyotrophic lateral sclerosis, ALS ) Z&{LSEAIR , 414z 5h
P SZ AL 245 55
2.4.3  fEBBIRGBIAFHINTTE

FARAIBR PG /N 18 70 I 575 A2 H Al
I W R 22 SO A AT T R R v O T R
(knee osteoarthritis, KOA) sl | FRAEDE A J5 U

JAM A 246 A 25 R BT & KOA g2 1k, v H T
KOA .19 MRI 2 W) & AP F5 "
2.4.4  fEHAbGR IS

2017 45, J55 Ay 22 A1 AR FH 4% 40 i A % A % AR il
Ty ar 1 DKK1 % 58 PR 74 /N8 pDKK L 5% R K]
TE R R SRR HIF R BB R 5T
NN RS R AT fig 55 3R A A 2 LU 3
BRI K DKK1 785 A/ B & 35 R W AR A 56
(WFE1),

R PEVNEALEZ R I R

Table 1 Application of Chinese miniature pigs in various diseases

S P35 PR AL
Strain Source Disease model
‘L\m%ggﬁﬂs—zm %ﬁ{ﬁ[ﬂ—zﬂ }ﬂ:ﬁﬁﬁ—zﬂ PD'ZS—SOW
(SR i} Cardiovascular disease! "2 | diabetes!2'"2*) | liver disease!2072") | pp(28-30]
Bama xiang pig Guangxi SRESAI | SCIDUT) IR R )
Xenolransplantation:31735] , SCIDP7) | hypothyrnidism:%] s lyrosinemia[”:
DM LIR ST IR R 0]
MIT R S KoY Cardiovascular disease! 2~ \diabetes:%_w] Jiver disease 3 N

Congjiang xiang pig Guizhou and Guangxi

FikiliE 3]
Wuzhishan pig Hainan

/N HAH =W
Diannan small-ear pig Yunnan

VGRS [iF:
Xizang Tibetan pig Xizang

Oral/skeletal diseases'>'™* polycystic kidney disease

Sl L INRREZ T

[55-56]

BT B 5

Cardiovascular disease! ¥~ \diabetes“g‘ﬁf‘*(’” N

SERRSAE O s L6875

[69-74] [68,75]

Xenotransplantation Loral/skeletal diseases
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