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Identification and immunological characterization of intestinal epithelial
cell-specific 7lr4 gene knockout mice

BAI Liding, CHEN Yinxiao, LI Zhaodong, LI Jiaying, FAN Yadong, ZHANG Xiaoyu, ZHANG Zhaiyi, BIAN Yuhong,
WANG Xiangling, LIU Jianwei, ZHAO Shuwu "

(Tianjin University of Traditional Chinese Medicine, Tianjin 301617, China)
Corresponding author; ZHAO Shuwu. E-mail: zhao_shuwu@ 126. com

[ Abstract] Objective To study the role of intestinal epithelial Tlr4 in systemic immune effects by establishing a
mouse model of conditional Tl/r4 knockout in intestinal epithelia. Methods  Intestinal epithelial cell-specific Tlr4 gene
knockout mice ( Tlr4”" Cre T) were established by CRISPR/Cas9 technology. The genotype of Tir4”" Cre T mice was
identified by PCR and immunofluorescence. The general biological characteristics, reproductive capacity, and offspring
survival rate were also investigated. Differences in immune organ structures, the intestinal mucosal immune cell ratio, and
cytokine secretion levels between wildtype and Tlr4”" Cre T mice were compared by HE staining, flow cytometry, and
ELISAs. Results Establishment of T/r4”" Cre T mice was verified at gene and protein levels. Compared with wildtype
mice, Tir4”" Cre T mice had no significant difference in general biological characteristics and offspring survival rate of >

90%. No significant differences in the physiological structure of the thymus, spleen, or liver, proliferation of splenic
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lymphocytes, and serum cytokine level, and intestinal mucosa were found between the two groups. However, the number of

CD4" T and ¥3T cells appeared to be significantly low in Tlrd4”" Cre T mice. Conclusions The intestinal epithelial cell-

specific Tlr4 gene knockout mouse model was successfully established, which provides the experimental means to study the

regulatory roles of Tlr4 expression of intestinal epithelial cells in diseases.

[ Keywords]
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AT cre T BB EE IR 5 R K B /D RUATE ; C, D /N EUEEZH 4 DNA 28 PCR B4 5 HUIK A B /D BRAMBARTE P /b U b
TLR4 G5t E

1 TUrd"" cre T FRAGK FE RIS I 5 5F 45 51
Note. A. Strategy and flow chart of Tir4”" cre T mice. B. Mice weight. C, D. Electrophoresis band of PCR amplification of mice ear tissue DNA. E.
Appearance and signs of mice. F. Intestinal epithelium TLR4 immunofluorescence.

Figure 1 Strategy and identification of Tlr4"”" cre T mice
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VEALB,CL I W HESMEAHIE RASEG D E, I 0 FE45 K HE (s
2 Tird" cre T BUEESES H LS04
Note. A, B, C. Thymus, spleen, liver profile and index. D, E, F. Thymus, spleen, liver tissuein the HE stained histopathological images.

Figure 2 Morphology observation of the main organs of Tlr4”" cre T mice
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Note. A. The stimulation index of splenic lymphocyte proliferation. B ~ 1. Serum cytokine concentrations IFN-y, IL-13, IL-2, IL-4, IL-6, IL-7,

IL-10, IL-12.

Figure 3 Changes of effects of Tlr4 specific knockout of intestinal epithelium on splenic lymphocyte proliferation and serum cytokines
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A~ F BB CD4™  CD8™  vOT 4k EL 41 i K Ji7 266 0 5 W 40 B\ NK 400 I 26 IS S IR AN 5 G ~ N 286 I 40 PR 7 3¢ BE 2l TRN-y
IL-1B IL-2 IL-4 IL-6 IL-7 IL-10 IL-12,

B4 bR Tird Fr 5 R R I 260 M i 240 i A A i R 5 P 5 T
Note. A ~ F. Intestinal mucosa CD4", CD8", y8T lymphocytes and macrophages, NK, dendritic cell in intestinal mucos. G ~ N.
The concentrations of cytokines in the intestinal mucosa such as IFN-y, IL-18, IL-2, IL-4, IL-6, IL-7, IL-10, IL-12.

Figure 4 Changes of effects of TIr4 specific knockout of intestinal epithelium on intestinal mucosal immune cells and cytokines
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[ Abstract]

and its mechanism evaluated. Methods

Objective The anti-hemorrhoid efficacy and adhesion of mussel adhesive protein (MAP) was studied
Croton oil was used to stimulate the anorectal mucosa to establish the model.
Forty specific-pathogen-free grade Sprague-Dawley rats were divided into four experimental groups. One hour after model
creation, different treatments were applied to each group by rectal administration under anesthesia. General observation was
performed on the fourth day. A 1% solution of EBD was injected into the tail vein 30 min before rats were sacrificed.
Approximately 8 mm of rectum was cut off and weighed to calculate the anorectal coefficient. Vascular permeability was
evaluated by measuring EBD concentrations. Western Blot was used to detect relative protein expression levels of Muc2 and
Muc4, and ELISA was used to detect expression of serum tumor necrosis factor ( TNF-a ), interleukin (IL-6), and
malonaldehyde (MDA) in rats. Fluorescence imaging of FITC-labeled MAP at different times was compared and observed
by fluorescence microscopy. Results General observations revealed that MAP could reduce the redness, edema, mucosal
secretion, and exudation in the rectal area of rats. Anorectal coefficient result suggested that MAP could reduce the degree
of rectal swelling (P < 0.01), and EBD contents suggested that MAP could reduce local vascular permeability (P <
0.01). Relative expression levels of mucins Muc2 and Muc4 were increased (P < 0.05), whereas expression levels of
serum TNF-a, IL-6, and MDA were decreased (P < 0.01). Fluorescence imaging indicated that FITC-MAP could
maintain good adhesion and stability in the rectum. Conclusions MAP could increase the expression of mucosal mucin,
inhibit inflammation, repair the mucosal barrier, promote mucosal healing, and improve the symptoms of hemorrhoids in a
rat model, which can provide a reliable basis for preclinical research of hemorrhoids drugs.

[ Keywords] hemorrhoids disease; croton oil induced model; mussel adhesive protein; mucosal barrier; adhesion
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iil] % FITC-MAP ¥, MAP 5 FITC % 100 : 1
FEBIIR A ,4°C R 24 h, BEOCARFERR A, B 28 H
SPF 9% SD K BUZARE RN K 3 4L, /il N FEfR 2
12 H ik 12 JO 0B 4 B FERA KRR
2% 53 FREW AT TR, B HOK R T LA FITC-
MAP % (1 mg/mL, 5 H 1 mL) , #EE I AT,
I THENA I 2 4.8 .24 h ALFES#T B, #HL 4 cm
HIBVERIRAS 58 O USSR . B AR 2H K BRURR
P fn]), B R 8 em 3RS R LA 1 e 259, A=
FEER K pPk )T B AR AR SR, B 4 om B BeAb 1

FRic , wevmaie R e AT T, s 1 FITC-MAP %
W (1 mg/mL, 5 H 1 mL)  Aric b 4540, 430 FHE
J50.0.5.1.2 h BUbRic Bt B M ARAR, 58 9 6 Al
BRSO IR K BRR HEAT A Ao T 90, J7 12 R T,
B O h SARA SRR MER
1.3 SitESH

K H SPSS 25. 0 # /4 il GraphPad Prism 8. 0 %X
X8 S B G FE AT e it o0 A, I B0 34 L)Y 2
B + bRifEZE( & = 5) 8, AT IEAS MR 50, 4L He
BER R R T7 2250 sl AR S5 50, P < 0.05
25 HA W,

2 4R
2.1 MAP W ARFFRENNANFLRLER
2. 1.1 KRIKFEASWELLE R

HAEH Y IS A IRIE 5, IR 1A B, IgE
T 286 R D, 3R A 0 K B A9 I o Bz ke e 1 o 8
i AR ) 2 %) T J0 M il | 8 R K M | 285 97 0
FLPES A, Mook 4] R A s/ | e At
SR 2 F A B EE(E IB,P < 0.05) , HAtl4
RETCG T 285, HEm MR 4L RN IR DL 299 4E X
SR By g A T FEE I TR A, U MAP AT U]

VE: A LHATT T E A B AR T S WLEE s B A5 IR R LU Ae ; SXTHRAAHLL, * P < 0. 05; SHEIE AL, OP < 0.05, (FEIR)
B1 REEEMEL

Note. A. Observation of the grass morphology of anorectal mucosa in each group. B. Weight comparison of each group. Compared with control group,

“P < 0.05. Compared with the model group, UP < 0.05. (The same in the following figures)

Figure 1 Observation on gross morphology
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LRG| f 2E 5 0 26 B A 45, (H DXM 1] 55k
R TR,
2,12 ZHEEM R A2

W3 Image J B 53 A A A BR R 0 58 AR AR
EBD Y 2 i ik 3 Bl A T L, 45 S5 o] 260 s oK 4 Ot DL
2 0 S i 3 T o) R B Sk, 22 5 LR B
PE(E 2A,P < 0.01) , oK 20 B ik 30 1 2% 53. 09%
Ui D 21 Jieb Ji 41 781 %6 36. 08% , 2 W T. H 24 DXM 5
MAP i — & 2 B 28 fif 15 G S i R AT T B
7k
2.1.3 HIimHRBEE R

BN R 25 9 LB 2B BTk, 50 IR 4
L, BERUZH A AT R AP B3 R (P < 0.01) , R IIHL
TRV 0 AT 1) 1 280 B P 2E 05 138 o, 28 K i 72
MFREERE N, SHIRIAL LY, ik 4 0 AT i 22 40 2
FEAR (P < 0.05) , F Wb R 21 A9 AT 1) 0 2 S 1 4

U LR, 6 K b 70 1L 72 38 B AIC, B s 47 A A6
Ze 50 HLUA W 3 BORV A ST T, TR DAL BT &
BT BRI AL, AT ] 1R 260 R A 7K i 7 ol 2 R
I, UL MAP AT — @ TR BE T S M AL A8
2. 1.4 IS VE R E AR Ah

XA 2 EBD B i g R 45 R R (&
20) , MK FNIA U1 ZH B EBD 5 1 i 5% T4 50
H(P < 0.01), XULIAZLATT] H W =40 DXM
FIMAP it f 25 R AIARE 55 b 21 20 )=y 350 1) a5 38 35
£, H MAP 1928715 DXM 414,
2.1.5 Western Blot £l 4k 5

Western Blot 7~ , 5 X% FEZH AH Fb , A 2H 5
FEXSF kit 22 S BAT W 3 0k, S BOALZ AH LG, TR D
4 HRA R A Rk 22 5 B B (A 3,
P < 0.05) , FBFHR ALK BURERIRYT A, Bom T
ZHE A Muc2 Mucd BIFHX ik =,

T A B B9 L2 B T 2R K00 He s C o PP SCRBUHE 37 B 1 b s S5 ERIALAR EE, P P < 0,01, (TR IEITRD)
2 AUV ARSI

Note. A. Comparison of mucosal swelling area. B. Comparison of anorectal coefficient. C. Comparison of EBD content.

Compared with model group,DDP < 0.01. (The same in the following figures)

Figure 2 Comparison results of each group of data

1 A Muc2 Mucd BYF235 ;B Muc2 AR A& C. Mucd BIAIXTFikE
3 44 Muc 2 Muc 4 XTI R T LB

Note. A. The expression of Muc2 and Muc4. B. The relative expression of Muc2. C. The relative expression of Muc4.

Figure 3 Comparison of relative expression levels of Muc2 and Muc4 proteins in each group
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2.1.6  BEEX SR AS DA I 45

ELISA FrAS ) 45 St 715, R 9o 455 70 A5 760 201 1t
TNF-a IL-6 MDA Kk 5% B4 [ 22 5 B 3%
PE(E 4,P < 0.01) AR & TXF R4 SRRz 4+
TG SERILAR L, TR DL HOKR 4Lk i N, 22 57 5.
AREME(E 4,P <0.01), H 5L, #ok 4
TNF-a £ EZEFHABEME(E4,P <0.01),
2.2 MAP BFEFMIERIFENER

i 9O WL MU WLEE FITC-MAP 1% W v T
KR I P9 18 B0, I 3R IBOAS [7] B ) 53 76 4 A

BEAR BB 8L FOL R - & . FITC-MAP
WIRAE DO C BT T s s, al A MAP 1E
e 7RISR R R S i SR e A (Y i
DR B 1) 2 € 0 O J AR 5 I T] B2 TE AR 5G4
7R MAP 72K U I 20858 N BE DR 457 R 2 1) 86 AV
HANTT B 2505 55 B9 26 64 1 T ] m] 3k
24 h( & 5) o BRAR B B I A 5O0 & 45
LR MAP 7B IR B bt HAT RAF BORR 2 1
B2, X IR AR BB B H RO BT #0A
BFIFCHIE(F 6) .

T2 A LT TNF-o 50k B ML 11-6 #ikht; C LT MDA ikit; SXFBALMLL, ™ P < 0.01; 5T, P < 0.01,
4 SLIMLTE TNF-o 1L-6 MDA F3k 51 LA
Note. A. The expression of TNF-a. B. The expression of IL-6. C. The expression of MDA. Compared with the control group, ™ P < 0.01. Compared

with the MAP group, P < 0.01.

Figure 4 Comparison of serum TNF-a, IL-6 and MDA expression levels in each group

B 5 TERAFO IR

Figure 5 Fluorescence imaging in the in vivo group



748 H [ S B 2F 4R 2022 4F 10 H 58 30 %55 6 8] Acta Lab Anim Sci Sin, October 2022, Vol. 30, No. 6
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Figure 6 Fluorescence imaging in the in vitro group and control group
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BIT 3 d JE s AL BE T 30 min B ki 91 EBD,
S SR %5 SR Bz i WA RT3k X 3 I A
BPEAR AR | [ B R 3k 15 A K 48 2 A E AR N R
KIZ T EBD & 0 T, F2 e S 56 £ 4 kG e, S A
RIPFM R AR 0 2 AR An . Rl 4 25 i SR B 2% 5
FIE M ATTS SRR, 155 20 ) A 4 — o 1sF ] JRR 8 e 2
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ERARE B 0 8, VA L R A K A1 R 4 1 4 i
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SRR, NS A

WERS RECCFRMEAR L, R B S SR
M E R L IS R AR IR AR B A e & R
Foifi K 3 A AR R SR AE T XIS AT
ITHBHBEAE D2 E , T2 E AR 355 )
— R4y BRI AR I A 15 22 1T RE X AT W 2 A A
JE PR — g s, 2 s PE 8 bR AT R BT A —
FERRE R BT AL, I L R AN R D 1 R
K FPR A L 55 0 240 L, T A4 4 255 6 5 I 2 e
EEAEM, B W FEEEAE Muc2,
Mucd > & T R ZE A, RES AR F 1 5z 4 i
2RO A SR HERERRAE 2, PLIR N A Ak
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[ Abstract]

antibody combined with cisplatin on postoperative recurrence and metastasis of non-small cell lung cancer (NSCLC) in a

Objective To investigate the effect of a neoadjuvant treatment strategy of an anti-PD-1 monoclonal

humanized mouse model. Methods Human peripheral blood mononuclear cells and human NSCLC cells were sequentially
transplanted into the severe combined immunodeficiency mouse ( NOD/ShiLtJGpt-Prkdc " “*112rg™**“**/Gpt, NCG) to
establish an immune system-tumor double humanized NSCLC model. We elevated the treatment effect of various
neoadjuvant strategies in the double humanized NSCLC model, including cisplatin, anti-PD-1 ( pembrolizumab ), and
combined treatments. Tumor recurrence and metastasis were observed by optical imaging. Ki67 expression in tumor tissue
was analyzed by immunohistochemistry to assess tumor cell proliferation. Changes in the tumor immune microenvironment

The double humanized NSCLC model was successfully established.

Immune cells had infiltrated into peripheral blood, organs, and tumors.

were detected by immunofluorescence. Results
Optical imaging showed that neoadjuvant
anti-PD-1 treatment inhibited tumor recurrence and metastasis, and the effect of combined treatment was more obvious.
Moreover, combination treatment significantly decreased Ki67 expression in tumor tissues. Large numbers of CD8" and
CD45" cells in tumors were observed after anti-PD-1 treatment, and many more CD8" and CD45" T cells were found in the
combined therapy group. Granzyme B plays an important role in tumor killing by CD8" T cells. Immunohistochemical
staining showed that anti-PD-1 treatment increased granzyme B in tumor tissues, which was more obvious after combined
treatment. Conclusions Neoadjuvant pembrolizumab combined with cisplatin effectively improves the anti-tumor effect in
humanized mice and significantly inhibits tumor recurrence and metastasis.

[ Keywords] humanized mouse model; non-small cell lung cancer; neoadjuvant therapy; pembrolizumab; cisplatin
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Note. A. Construction strategy of immune system-tumor dual-humanization model. B. The proportion of CD3" CD45* T cells in peripheral blood of

different mice. C. IHC of hCD45" cells in liver, lung, spleen and tumor of mice.

Figure 1 Construction and identification of humanized mouse model of immune system
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Note. A. Neoadjuvant treatment strategy. B. IVIS every four days. C. Quantification of mouse IVIS fluorescence signal. D.
IVIS imaging of mouse liver and lung. E. Gross appearance of mouse liver and lung, small circle for metastasis foci.

Figure 2 Recurrence and metastasis after neoadjuvant treatments(n = 5)
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3 HE BRI IRIT R R ALY KieT MAETL(n = 5)

Figure 3 Changes of Ki67 in tumor tissue after neoadjuvant immunotherapy(n = 5)

B4 BB s iRy e MR RO AR (n = 5)

Figure 4 Analysis of tumor immune microenvironment after neoadjuvant treatments(n = 5)
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[ Abstract] Objective To observe the changes in the hypoxia-inducible factor la (Hif-1a)/vascular endothelial
growth factor (VEGF) signaling axis and specific type H vessels in the femoral head of steroid-induced osteonecrosis of the
femoral head (SONFH) model rats and explore the role of these changes in the development of osteonecrosis. Methods
Thirty specific pathogen-free grade male Sprague-Dawley rats were randomly divided into a control group ( CG), model
group (MG) and deferoxamine group ( DFOG), with 10 rats in each group. The MG and DFOG were treated with
methylprednisolone combined with lipopolysaccharide for SONFH modeling, the CG and MG received intraperitoneal
injections of normal saline, and the DFOG received intraperitoneal injections of 250 mg/kg deferoxamine mesylate. Six
weeks after modeling, micro-computed tomography was performed to observe the microstructural changes of the femoral
head, hematoxylin/eosin staining was used to observe the histopathological changes of the femoral head,
immunofluorescence staining was used to analyze the changes of type H vessels in the femoral head, and reverse-
transcription polymerase chain reaction (RT-PCR) was used to analyze expression of HIF-1o/VEGF signaling axis-related
factors in the femoral head. Results Micro-computed tomography analysis showed that the femoral head in the MG and
DFOG had sparse bone trabeculae, but the bone trabeculae in the MG exhibited fractures and the femoral head showed
subchondral cystic degeneration. Hematoxylin/eosin staining showed that compared with the CG, both the MG and DFOG
had obvious femoral head necrosis (P < 0.01). Immunofluorescence staining showed that compared with the CG, the
amount of type H vessels in the femoral head was significantly lower in the MG (P < 0.05) and significantly higher in the
DFOG (P < 0.01). Compared with the CG, the amount of osterix” osteoblast ( progenitor) cells was significantly lower in
the MG (P < 0.01) and significantly higher in the DFOG (P < 0.01). RT-PCR showed that the expression of HIF-la,
VEGF, osterix, and Runx2 (mRNA) in the femoral head was significantly lower in the MG than CG (P < 0.01) and
significantly higher in the DFOG than MG (P < 0.01). Conclusions Steroid-induced HIF-1o/VEGF signaling axis
dysregulation and specific type H vessel damage were observed in this SONFH rat model, suggesting that bone-specific type
H vessel damage may be a key pathogenetic factor of SONFH.

[ Keywords] SINFH; type-H vessels; Hif-la/ VEGF signaling axis; experimental study
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Table 1 Primer sequence of each detection gene

A Gene 9% Forward i Reverse
Hif-1aw 5’ -CCGCCACCACCACTGATGAATC-3’ 5’ -GTGAGTACCGTAGTCTGATGCC-3’
VEGF 5’ -CGGTGTGGTCTTTCGTCCTTCTTAG-3’ 5’ -AGGGATGGGTTTGTCGTGTTTCTG-3’
Runx2 5’ -CTTCGTCAGCGTCCTATVAGTTCC-3’ 5’ -TCCATCAGCGTCAACACCATCATTC-3’
Osterix 5’ -GCCTACTTACCCGTCTGACTTTGC-3’ 5’ -CCCTCCAGTTGCCCACTATTGC-3’
GAPDH 57 -TGATGGGTGTGAACCACGAG-3’ 5’ -AGTGATGGCATGGACTGTGG-3’

1 HHKFEE L Micro-CT 33

Figure 1 Results of Micro-CT scanning of the femoral head of rats in each group

TE: REFTR TR = B8 OO IRt B8,
B2 A4UREBE Sk HE e
Note. The black arrow refers to the empty bone lacunae. The yellow arrow refers to denatured and necrotic bone tissue.

Figure 2 HE staining of the femoral head of rats in each group
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Figure 3 Fisher test for osteonecrosis of the femoral head
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Figure 4 Immunofluorescence staining of the femoral head of rats in each group
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Figure 5 Relative area of immunofluorescence of femoral head of rats in each group
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Figure 6 RT-PCR examination of the femoral head of rats in each group
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Bioinformatics analysis and primary identification of the structure and
function of mouse Spata3 protein
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[ Abstract]  Objective To analyze the sequence of mouse spermatogenesis associated protein 3 ( Spata3) and
explore its structure and function. Methods The NCBI database was used to compare the homology of mouse Spata3.
ExPASy ProtParam software was used to analyze its physical and chemical characteristics. SOPMA and GOR4 predicted the
spatial conformation. NetPhos3. 1 and the STRING database were used to analyze protein modification sites and protein-
protein interactions. Immunohistochemistry and immunofluorescence were used to observe the localization of Spata3 protein.
Results Mouse Spata3 had 64% homology with humans in coding sequence. It was a basic unstable hydrophilic protein
without a signal peptide. It was a non-transmembrane intracellular protein. It was mainly located in the nucleus and
cytoplasm of sperm at all levels of testicular tissue, and its expression in round sperm cells was the highest. Spata3
contained an internal disordered domain, 30 potential phosphorylation sites, and 11 potential O-glycosylation sites, which
may interact with proteins such as Spata46 and Spert. Conclusion Spata3 is a conserved protein in spermatogenesis and
may regulate spermatogenesis.
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[ 2 AR VT4 T 2003 4F 07 FH /)N B B S2 A5 78 11
PITHIH DR A 2 0 6 H A8 ST B B, il i S X PCR
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AANE T R RGE , B LA DR AR 1 8 2F
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1 MR5ERZE
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111 SR
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SRR T I R A W BOARAF B b B e BE D8
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SEPRAEIE N ExPASy RS0 ProtParam tool {4
0T FEHLKPEE IS Protscale AT H . A TGl
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FI A TMHMM Server v. 2. 0 B fFEwm e
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TS5l SOPMA I GOR 4 k{4 78 £k 4y
it ZEE I Bl Robetta 1 I Sk T30 A2 458
T Z5 RN FH Uniprot Xk TR0
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DR R KT A AN i 2R kAR U i GEO 4 A
WA ML RE AL R SE A2 F 8 A B PSORT Al
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1.2.6 fHyEdZb e
FREHLURAE Y (O 5 BT 328 52 SOk 36T
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R ERHAE LA BLRR o (UBORE FIME e (5, BT AT
SRS 3 IR,
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2.1.1 ERFER
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2.1.3  EAFTFAIE AN
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j:’ C901HI449N2770269S]5 ,*HX%%?‘E&E%] 20 947.01,
A 2911 AR, R JE 5 UL https ./ www.
gov/protein/170172533, #] H
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A 10 A4S, 7 IE B SE R AR IE A 28 4>, JLAF L ST
D 9. 83, APk, HORF R AR5 101. 98, Fn/h
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Fz 1 /P Spata3 HHZA IR A

Table 1 Amino acids components of mouse Spata3

AR A4 T (%)
Amino acid Count Percentage composition
NER Ala 10 5.2
EER Arg 15 7.8
R Lys 13 6.7
AR His 5 2.6
H&# Cly 9 4.7
TR Leu 13 6.7
AR Val 7 3.6
%R Pro 33 17.1
YR Ser 31 16.1
FREAMR Thr 7 3.6
RETRE Asn 5 2.6
RAGR Asp 4 2.1
LR Cys 12 6.2
A AWENE Gln 9 4.7
BER Glu 6 3.1
SR e 3 1.6
F i 2R Met 3 1.6
KINEIR Phe 3 1.6

g &R Tyr 3 1.6

IR Trp 2 1.0

2.2 /MR Spata3 £8 E‘J%':Z( 7 ) 7K

VR Spata3 S35 25 K M4 ProtParam tool 414
THHH-0. 806, 5 7 72 £ 48. 03, R ProtScale %K
PRSI Z IR I R g K 1, b3 12~ 15 A2
SRR KM BB, SR OK M -3, 4875 T 56 104 371 52
R K P B o, 2R K 1. 609, Spata3 #F H & F:
PR R K PE 231 (1] 4) R RR MR EEIR 2 T 57K
PEEHEMR  J&m Tk E N,
2.3 /MR Spata3 EH RIS S AATRN

iz SignalP 6.0 Server X FHE1T {55 IR,
ZE L 7R Signal Peptide (Sec/SP1) FIME A 0(o0 £8) ,
Other {E} 1. 001 , 2 BH/NER Spata3 EAX ST
F AR IR L AN M s (8] 5) .
2.4 /R Spata3 & H R EIEX I 57

L. H TMHMM Server v. 2. 0 7E £ B4 Ft /) 5
Spata3 MBI, & 6 His (5 40 2 B X 1 i it 4

B 1 /MR Spata3 HPE7E YL (A H (4 47

Figure 1 Chromosome location of mouse Spata3
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2 /MRS A Spata3 CDS HoXF4%

Figure 2 Blast result of Spata3 CDS between mouse and human

3 RS B BRIRE Spata3 8 R IR M: H x4

Figure 3 Homologous comparison of Spata3 in mouse, human, macaque and pan troglodytes
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T IEEARREUK X A ERKIX

B4 /N Spata3 HEHBK BT
Note. Positive value represents hydrophobic area.
Negative values represent hydrophilic area.

Figure 4 Hydrophobicity analysis of mouse Spata3

HULHZE P A TN B HERR 2y 0. 63041, 7 (1
HHZ AR 7 1Y A A bR E5 (s 1% R H BT A T B Ak
F AT BEMEZY 0. 36959, TC 5 IR IR TE A7 , W (AR 2 %
INEGEE AR LTI CEER R T 1), J 45 2R 1
7~/INERL Spata3 F R TAEBS LN 1 (Kl 6) .
2.5 /iR Spata3 EH R KL TN

ARBLURE (B % B oA 8, i SOPMA A4 7N
5l Spata3 FE I AT RE A 4 Fp L8544 . ORI il
H77.72% o $BTEH 7. T7% FEAREE F7 10. 88% Fl B
&N 3.63% (K 7), KH GOR 4 FI AW
Fh 9% 25 46 . JC AN 45 iff o 87. 05% i 4E it 55 Sy
12.95% (&1 8) . Z5 I+, /INE Spata3 &5 11 = 24514
Sk TEH I R fp & | TR 1h 4544 T BB 5 )
RE R IR UIROC

5 /I Spata3 2 F {55 K
Figure 5 Signal peptide prediction of mouse Spata3

6 /N Spata3 & 15 R X T

Figure 6 Transmembrane region prediction of mouse Spata3

2.6 /MR Spata3 & BB = R &N 5

33 Rosetta B4 MK T A9 7 kb fT =42
[ &5 k4 P, A& 9A T UL/NERL Spata3 & FIAFFE K
HETCHLN A 254, o SR ERICR A/D | FF B A A
TIZE SR, I = AE S5 i AT (5 BE 2 0. 44, Bk
EOTES ~ 25 B2 (K 9B)
2.7 /R Spata3 EAREHE

FIF Uniprot Pl 43 #r 2 25 M 1k, Hhc 40 22 485

BRI Spata3 A 1 ~ 2 J8 T RFIXE, 5
Novopro 2 1 J5t [& A JC Jy X 35 7 ) 245 2% 40 7°F (&
10) , HBAFEERIN N 16 ~ 33 Atk & i vk 4
X 34 ~ 51.64 ~ 91 NE FIHARIEEX . NTETL
F DX 385 2 70 40 PR ) AR AR SR 4 R T RE 5 %
YIS, 3 AMH A IR & 4 X T BB AL T SH, 454445
ARSI A
2.8 /MR Spata3 EABEER L EIH A=

NetPhos 3. 1 3R 7E 26 43 B £ 191 1 7 Wl PR Ak o7
S BERE N 0.5, /N Spata3 & 30 N
FEETR A A 5, P 22 R i3 b K24, 25
A TR RN A 5 S s BR AR ] e TRk, WH )
B B 3B ( glycogen synthase kinase 3, GSK3)
P IERE S AL AR R A S BRI (B 11)
2.9 /MR Spata3 EH N/O-EEN AL TN

N-BUERAL A 525 NetNGlycl. 0 7528 5144 1
WRIEA N-BIREEAAL 5 (] 12A) . YinOYangl. 2
TELR A3 BrAS /N B Spata3 A 11 D ATHERY
O-RUBERLALA 5 (E 12B)
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B 7 /NEL Spata3 1 SOPMA #4100 — 28544
Figure 7 Secondary structure of mouse Spata3 by SOPMA software

B 8 /N Spata3 11 GOR4 FRAFTIM 4k 4544
Figure 8 Secondary structure of mouse Spata3 by GOR4 software

TE: A SHESWRT B Al (FRE L
B9 /MR Spata3 ZE 4 Rosetta 314 = 454 AL 47
Note. A. The model of tertiary structure. B. The curve of angstroms error estimate.

Figure 9 Tertiary structure and model analysis of mouse Spata3 by Rosetta software
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2.10 /IR Spata3 EHEAARHRIES T KA WS B B A Rk, JF HRTE RS 4 i 3=
FIH NCBI W i B P 3R G835 70 B o /D B IR (8 14A) o FRATRT 8 Jl ittt/ RS2 L 20 2
Spata3 fEEAAL T Kig Rk A D ERIL I frEd g by a6, 458 BR /R Spata3 8 H
BEHAPAREREE (K 13), o BH P A B U, 5 B RS /N B (R
2.11 /MNRR Spata3 EAEZHMMEANRES T FRIEHG T AN, B 200 i 522 555 BE 2 (ELA D 400 g
it GEO $d FE 43 A /N B spata3 7EKG T BB AH A B SCRe A I A G DU 21 FHE 5 5 (181 14B)

A TP BOR B B A TTF X B,
10 /N Spata3 £ FJG 745 4 S T
Note. A. The schematic diagram of sequence. B. The prediction of protein disorder region.

Figure 10 Disordered domain prediction of mouse Spata3

11 /N Spata3 H F T ERERR L7 51

Figure 11 Phosphorylation site prediction of mouse Spata3

TE A N-FEIEAL AT BB 455 B O-HR AL PTREAL A
B 12 /B Spata3 2 N-/O-Bl AN 55310
Note. A. N-glycosylation potential site. B. O-glycosylation potential site.

Figure 12 N-/0O-glycosylation site prediction of mouse Spata3
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2.12
F 5

I PSORT 11, %45 PSORT 11 Prediction , T
W43 26 1 A AR R 07, 25 5 77N Spata3 7E 7
TFAMBAZ Lk A | 40 o R 20 B 2R, MR A
73.9% 13.0% 8. 7% 1 4. 3%, F| ] NLStradamus 73

/MR Spata3 F B 5149 0 28 A %E i K2 4% RE fir

Mr Spata3 & H M # & i J¥ 31 i 2-KKVKKK
KSDSRRRRN-16( 5 Il |54 {5 #7 #fE 0.6) . The Human
Protein Atlas 085 & 70U 25 11 A% 1T BEAFAF T 40 A%
o WS RS /N TS A R M A T SRR D Y e £ S0
gL R A ERRIC Y Spata3 2 [ B AL ER
TG T RTINS F A MM RN BT (1 15)

B 13 /MR Spata3 fEEIHLUE N

Figure 13 Tissue localization of mouse Spata3

T A: GEO KT ; B Sl LA

B 14 /N Spata3 HEHTER T X B £ B Al ik

Note. A. The GEO analysis of cell expression. B. Immunohistochemical detection.

Figure 14 Cell expression pattern of mouse Spata3 in spermatogenesis

A BER T8 B RIBR T 3 B OE L i8R MR
LRE LRI,

15 /N Spata3 5 FI7EKS 120 HH A £
Note. A. Round spermatids. B. Elongate spermatids. White
arrow indicates nuclear. Green arrow indicates cytoplasm.

Figure 15 Subcellular localization of mouse Spata3 in spermatids

2.13 /MR Spata3 BB INEEFIIE B {E AT

FIH NetGO 3.0 X8 H 2 e #E A7 70, /D B
Spata3 7> T UIfiE & 5 E ARG &, IHE R T
0. 7; 2014 72 oL TR FIAZ I, - E R T 0. 7542
Yy e s 32 B2 5 0 o e A Ve AR B AE A G
KT 0.6(1&16) , #—mid STRING %ot 2 Hi
HHES /N Spata3 HAR RS 5T, 28 B AR B {H %
B 10, R EAE A BT 4 P S5 5 R /N B
Spata3 Y Spatal , Spata9 | Spata20 | Spata25 . Spatad6 .
Tmem225 . Fam71f Z- 47 A0 B AEH (& 17) , AH G BE
T 0.6,
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TE BRI 415 (1.0 ~ 0.9), #{5(0.9 ~ 0.8), #f1(0.8 ~ 0.7), GL(0.7 ~ 0.6), B(1(0.6 ~ 0),
B 16 /N Spata3 55 14 Y2538
Note. The color represents correlation. Red (1.0 ~ 0.9), brown (0.9 ~ 0.8), blue (0.8 ~ 0.7), green (0.7 ~ 0.6), black (0.6 ~ 0).

Figure 16 Biological process predication of mouse Spata3

17 /MR Spata3 B FIAH ELAE R T

Figure 17 Interactional proteins predication of mouse Spata3

3 i

T e A 2 R D 200 o o A 22 93 28 DR o)
SRS T A2 2 — 290 i BEA e 19 A Bl e i S
TSRS 77 R TR B R TR A
BRFEEEHN HARN S S X S EAFEF
PRI 73T A TR TSGR L . Spata3 2
eI ) T il 2 52 7 0k O 30 114 22 S 3 ik 2k P O
KA/ RS2 2RI B IE H ST i,
AR AR AL T O B A Sl A R TS
R S8 B 52 L2 SO I K B Spata3 1K B0
YU EREAR L AR WIS R A4
AR5y Kt A B Spata3 Ah TR AL 5 5B HERT S

st 1Y % A AR G, SR I CRISPR/ Cas 4 A it %
Spata3 FEH 5 /N B FIE S B 1 ol s |, (R Ah 52 K e
TS0 A B SCER, $2R Spata3 TEAE T &
Fafeh BA R RE, RATHE A+ R 4R
INEL )T Spata3 BIAFSE TAE, BH#fA T /NE Spata3 1
SEHIHLUERIE TR S5 vh & W Spata3 i 4 Jfd
ToICR R RE RS HF A W A X S RT3
BRARIE 1Y Spata3 5 P T-AHSCAFTE I 22 . 11 HL H A1
X Spata3 H PR & #5412 D RE Y 3 1 BIL R WIF 58 R
DA I ) SCHR I I8, PR I 75 2 5058 2 48 1Y B AR
Spata3 HYFEM:,

AT — i e 38 2 A= WA B 27 HOR X D BB 1
{8 PR AT 0 A B0 LA R AT AH DG 35 PR B LA 1 i
(Y FEAFG O, P45 G S 40 0T 57 of S0 Uk 12 35 1AL 1) T g
YERIAL . A SR A= W05 B 27 07 B 56X Spata3
{18 5 PR R 2 5 R P 90 R AT T L X 43 A, R /N R
Spata3 R H7E AR AREE A, FE MR, 4
64% , 1 H 5550  JR IR A 10t B A v [m] e, 36
B Spata3 JEMFLANWIKS 7 & A i B AR SF A
X R LA/IN BRAE S A BIE 5 Zh RE AN HIL ] 288 1 ik
fii, FIFH ExPASy RS ProtParam tool 254443 4T
3/ Spata3 2 B 1 3K 2 B, AR E MRS
Tef55 ARSI X, dl 4 SOPMA (GOR 4 45T 45
IR Spata3 "L FE R TCHNE M, =R
FRFIER: N 3 B N TETC T X, e 60,52 96 25 1 1 s H:
V20 R 57 T LA RO BT, X A R PE R TR LA
by TR EARSS & A 7T RE I o H N TETC Y X AHAR
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RAEMTRAEDIRE ™ o AW D RETI Spata3 £ %
5 AN A5 PELE SS  3E— T STRING 4k
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[ Abstract] Objective
resistance ( IR) by combining dehydroepiandrosterone ( DHEA) with a high fat diet ( HFDs). And by detecting the

To establish a rat model of polycystic ovary syndrome (PCOS) with endometrial insulin

expression levels of insulin resistance related proteins and PI3K/AKT pathway-related proteins in the endometrium, we can
observe whether there is insulin resistance in the endometrium and explore its possible mechanism. Methods  Thirty-two
21-day-old SD female rats were randomly divided into a Model group (Model group, n = 24) and Control group ( Control
group, n = 8). The Model group was subcutaneously injected with 6 mg/100 (g + d) DHEA on the back of the neck and
fed the high fat diet. The Control group was subcutaneously injected with the same volume of corn oil for injection on the
back of the neck and fed a normal diet. The experimental period was 30 days. In accordance with the result of vaginal
smear and ovarian tissue staining, PCOS rats were screened. And PCOS with IR rats ( PCOS-IR) were screened by
detecting fasting blood glucose (FBG) , serum insulin level (FINS) , and insulin resistance index (HOMA-IR). Then by
detecting the differences in the expression of IR-related proteins (IRS1, GLUT-4) and PI3K/AKT pathway-related proteins
(PI3K, PI3K pll10a, p-AKT, AKT) in the endometrium between the two groups to explore the possible mechanism.
Results Smears from rats in the Control group showed regular estrus and a normal ovarian tissue structure, whereas those
of rats in the Model group had disordered estrous cycles and the ovaries had polycystic ovary manifestations. Compared with
the Control group, FBG (P > 0.05), FINS (P > 0.05), and HOMA-IR (P < 0.01) of rats in the Model group were all
increased, among which 11 PCOS rats and eight PCOS with IR rats were screened from the Model group. Additionally,
western blotting of IR-related proteins in endometrial tissue showed that IRS1 and GLUT-4 expression in the PCOS-IR were
decreased (P < 0.01), suggesting the existence of IR in the endometrial tissue. Compared with the Control group, the
PI3K expression level was increased in the PCOS-IR group (P < 0.05), and the PI3K p110a(P < 0.01), p-AKT (P <
0.01), AKT (P > 0.05) expression levels were decreased in the endometrial tissues, suggesting that it may be related to
the down-regulation of PI3K/AKT pathway-related protein expression in the endometrium. Conclusions Rats with PCOS
and IR have characteristic polycystic ovary tissue and abnormal glucose metabolism, and their endometrium is mostly
insulin resistant, and may be related to the downregulation of PI3K/AKT pathway-related protein expression.

[ Keywords ] polycystic ovary syndrome; insulin resistance; dehydroepiandrosterone; high-fat diet; rat
model ; endometrial
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Figure 1 Comparison of body weight and terine weight in

each group of rats
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xSRI 2 DA% B B AN | A Bk b B2 Al

B2 PlEdkAs 50544 HE i

Note. A. Vaginal smear in each group of rats. B. HE staining of ovarian tissue in each group of rats.

Figure 2 Vaginal smear and HE staining of ovarian tissue



[ S B 2022 4F 10 A4S 30 %45 6 ] Acta Lab Anim Sci Sin, October 2022, Vol. 30, No. 6 781

J-5 P A, 1% () 40 2 S UL P A, AR AR 2 R
BRBH I U < 0045 i 7 15 ) 1) s F5 30, 2017 ] 40
AL, BEAh, E 2B iR, X B2 K R S 4 2145
FATEH , ELAR AT L5 A~ i 191 B9 9t 0 o 44 A 48 il
HEZ L 55 5 FH B AR 780 21 K B B S P ) L B 3t 5 B
A HESIAS B, IR g R 2, H 2 Ry
sk, 0 BA X R 4 R B O 55 56 A 1E R 478 4 KRR O
G 2RO R,
2.3 &AKR FBG.FINS & HOMA-IR $5 %1tk 8
ZERANE 3 Fron, MR (n = 8) HHAIZ
(n = 24) KE FBG /K (& 3A) 5358 (4.12 =
0. 42)mmol/L_ (4.98 + 0.49) mmol/L; FINS 7K 3
(I 3B) 435K (44.30 + 5.29) mU/L, (51.28 +
6.81) mU/L; HOMA-IR $& % ( & 3C) 43 5l M
(7.78 + 0.78) . (11.29 + 1.60), 5 X} HE 41t
B R KB FBG  FINS A2 HOMA-IR #5 %3 7t

o Hr HOMA-IR S HAGIF#E L (P <
0.01),
2.4 XEAL PCOS-IR AEHHENRIEKFE
Western Blot £l & N B4 41 IR J PI3K/
AKT 38 B AHOCHE 25 R, 5 0 B4 B 3R 0k ki
FERIAH L, PCOS-TR ZH %) TRS1 , GLUT-4 2% 45 4 B
WA Bk, AR R IB KB EREIR(P <
0.01) ,$&/" FE NEATE IR IRA, H PI3K/AKT
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Note. A. After 30 days of intervention,there was no significant difference in FBG between the two groups. B. After 30 days of intervention, there

was no significant difference in FINS between the two groups. C. After 30 days of intervention. Compared with the control group, ™ P < 0.01.

Figure 3 Comparison of FBG, FINS and HOMA-IR indexs in each group of rats

T AL AREL Y PCOS-IR 41, HAkJy PCOS-E IR 41 5% BALAfLL, " P < 0.05, ™ P < 0.01,
4 XYY PCOS-IR 414K FAXT AL R
Note. A. The red mark in the model group is the PCOS-IR group, and the rest are the PCOS-non-IR group. Compared with the control group,

“P<0.05, " P<0.0l.

Figure 4 Expression results of the control group and the PCOS-IR group
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Changes in platelets and coagulation function in a rabbit model of
breast cancer lung metastasis
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[ Abstract] Objective To study the changes in platelets and coagulation function in a rabbit model of breast cancer
lung metastasis. Methods Twelve female New Zealand white rabbits were randomly divided into two groups: normal group
and model group. A VX2 breast cell suspension was injected into the third breast pad and injected intravenously through the
ear marginal vein. The mental state, diet, body weight, and tumor size of the rabbits were observed over 42 days. Platelet-
related parameters (PLT, MPV, PDW, and PCT) and coagulation-related indexes (PT, APTT, TT, FIB, and D-dimer)
were detected at corresponding time points. The levels of CD63 and CD62P TXB, in serum, and GMP-140 in plasma, were
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detected by ELISA. The tumor tissue and lung tissue were fixed with 10% formaldehyde, embedded in paraffin, sectioned,
and stained with hematoxylin-eosin. Morphological changes in the tumor and lung tissue were observed under an optical
microscope. Results  The rabbit model of breast cancer lung metastasis was successfully established by injecting a VX2
tissue suspension into the breast pad and a VX2 cell suspension intravenously. The lung metastasis rate was 100%. The
blood of the model rabbits was in a hypercoagulable state. The levels of PLT, MPV, and PCT increased significantly from
14 to 42 days, the PT, APTT, and TT indexes were significantly shortened, and the contents of FIB and D-dimer were
significantly increased from 10 to 30 days. The levels of CD63, CD62P and TXB, in serum, and GMP-140 in plasma,
increased significantly. Tumor cells increased in number, appeared loosely arranged, and were infiltrated by inflammatory
cells in the mammary gland of model rabbits. A tumor cell mass with hemorrhage and necrosis was observed in the lung
tissue, which contained hemosiderin deposition. Conclusions The blood circulation in the rabbit model of breast cancer
lung metastasis was abnormal, and this manifested as platelet activation and a hypercoagulable state in the blood.

[ Keywords]

breast cancer lung metastasis; rabbit model; platelet activation; blood coagulation
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Figure 1 Body weight change of rabbits(n = 6)



[ S B 2022 4F 10 A4S 30 %45 6 ] Acta Lab Anim Sci Sin, October 2022, Vol. 30, No. 6 787

2.2 PpEAEKIER

TR SR A 5 5 9T ) 7L s oA DL W] 2 A4, 4K
PRATROLAR IS e, BRI GG R 7 d
ZEMIER 3 LD ERAL AR AT DL /INES Y | R | SR AR i St
TR JERA, b2 SR 5 14 AR AR
WL IR H G2 8 G5 21 ~ 42 R Bl
TABGREIE K (P < 0.01) , MR AR AL
JRIERE B i A (WL 2)

2 HUFRMRELAREI (0 = 6)

Figure 2 Changes of tumor volume in rabbits(n = 6)
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Figure 3 Changes of platelet related parameters in rabbit peripheral blood(n = 6)
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B4 FHMEI PT APTT T FIB F1 D-— R IKAE k(0 = 6)
Figure 4 Changes of PT, APTT, TT, FIB and D-dimer in rabbit peripheral blood(n = 6)
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Figure 5 Changes of CD62P and CD63 in rabbit serum(n = 6) ] 7)o
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Figure 6 Changes of plasma TXB, and GMP-140 in rabbits(n = 6)
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Figure 7 Histological changes of breast tumors in rabbits
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Figure 8 Morphological changes of lung tissue in rabbits
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Establishment of a rat model family with spontaneous short stature and
identification of its main biological characteristics

BAO Fengyun, LONG Hong, QIN Tingyang, HUO Chunmao, TANG Ketong, ZHANG Shibin "

(Laboratory Animal Center of Zunyi Medical University, Zunyi 563006, China)
Corresponding author; ZHANG Shibin. E-mail: 574610922@ qq. com

[ Abstract] Objective The aim of this study was to establish a rat model of spontaneous short slature associated
with female infertility. The main biological characteristics of the rat model were then identified. Methods The pedigree of
mutant individuals with a short stature in the production group of SD rats was established by expanding the population. The
proportion of offspring of mutant individuals with a short stature and that of the normal individuals was calculated and the
genetic model was identified. Weight, body size, weight and index of main organs, blood physiology (18 items),
biochemistry (20 items), and reproductive performance of the mutant individuals were determined to clarify their
phenotypic characteristics and biological characteristics. Results A family of SD rats with idiopathic autosomal dominant
mutations was established, which was named SSR. Adult (12 weeks old) SSR rat weights were 57% of wildtype ( 3 )and
65% ( ?),Very significant difference (P < 0.01) . The body length, tail length, tibia length, femur length and other

body size data of adult SSR and the weight of main organs (heart, liver, spleen, lungs, kidneys, testes/ovaries) were
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significantly lower than those of wild type rats (P < 0.01); There were no significant differences in the adult SSR rat

shinbone length, femoral bone length index, or major organ indexes, compared with the wildtype (P > 0.05).

Reproductive organ development of adult female rats was normal, but ovulation was not observed. Conclusions

Spontaneous autosomal dominant mutations in dwarfism lines that can be stably inherited were established, which can be

used as an applied study for human growth and infertility models. Female individuals were found to be infertile during the

study, but further studies are needed to determine whether infertile individuals can have children.
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TE: SR AERUAILL, ™ P < 0.01; SHEMERFAERIAH L, ™ P < 0.01, (FEIFE)
Bl 1 SSR ALk AR S R LA
Note. Compared with females WT, “* P < 0.01. Compared with males WT, ** P < 0.01. ( The same in the following figures)

Figure 1 Growth curves of SSR and macroscopic findings regarding body weight, body length and tail length

2 XOBRIR SSR B A B E B
Figure 2 Radio graphic findings regarding the lengths of the femur and tibia
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R2 NAE SSR GEFA R BUAR (IR
) FEEE B (n=10)
Table 2 Body size (tibia lengths and femur lengths)
indexs of adult SSR and widetype rats(n=10)

51 BEKIe% REE K I

Sex Tibia length index Femur length index
(8 ) SSR 10.24 = 0. 66 8.84 = 0.43
Males( &) WT 9.92 = 0.46 8.76 = 0.45
HEPEC 9 ) SSR 9.98 = 0.46 8.77 = 0.48
Female( %) WT 10.23 = 0.27 9.09 = 0.20

2.3 FE SSR FSSEERIEH

BAF SSR 5 B A 78 KRR R L E A e L AR L
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Table 3 Main organ weights of adult SSR and wide type rats

P51 L i i iy 5 2 GRER
Sex Heart Liver Spleen Lung Kidney Testis Ovary
MEPE(S)  SSR(n=11) 0.73+0.11"7 6.78 + 1.36™ 0.31 £0.04™ 1.23£0.28™ 1.33+0.21™ 2.39x0.27" -
Males( &) WT(n =12) 1.56 £ 0.36 20.55 = 2.99 0.72 = 0.09 3.28 +1.25 3.37 £ 0.43 3.37 £ 0.48 -
WEPE( @) SSR(n =15) 0.62+0.08™ 6.32+1.01™ 0.29£0.06™ 1.18=0.26™ 1.22+0.17™ - 0.11 £ 0.06
Female( 2) WT(n = 12) 1.08 £ 0.20 14.48 + 4.41 0.74 + 0.32 2.43 + 1.38 2.40 = 0.26 - 0.11 £ 0.02
T SRR, TP < 0.05,7 P < 0.0, (FEM)
Note. Compared with WT, “P < 0.05, ™ P < 0.01. (The same in the following tables)
F4 UAE SSR 5B AR R R FEEENE A AL
Table 4 Organ indexs of adult SSR and wide type rats
P L s Jifi = S ik
Sex Heart Live Spleen Lung Kidney Testis Ovary
HEVE(S)  SSR(n = 10) 3.43£0.57 31.84+4.84" 1.46+0.28 578x1.14 6.27+0.87 11.29 + 1.28* -
Males( &)  WT(n = 11) 3.10 + 0.57 40.96 + 4. 81 1.45+£0.16 6.49+2.26 6.71 £0.68 6.75+ 1.02 -
HEPEC @) SSR(n = 10) 3.34+£0.40 33.69+3.85™ 1.55+0.32" 6.27 +£1.04 6.54 +0.66" - 0.59 + 0.32
Female( ) WT(n = 10) 3.25 £ 0.30 43.05 + 8.68 1.92 + 0.44 7.22 +3.73 7.30 + 0. 88 - 0.27 + 0. 14
3 it B Ames /MR SDR KRR Little /N CCI
JTE

AR SEIG T 30 SRR R 2 S 56 Sl o B A RE
SD K EA =M [ & 28748 I 8 /INVRE R HEA T
BN TRR, RARYGWr 44 SSR, SSR st
2 T A ) 2 R B R[] 3 1 JL AR & /1N
i B PR A7 RE /D B/ R RBE L, © 3B 19 Snell /)

KEH Eoh s e e kB ks %, Horh cC1 R R
MERBENMRRR B E AT MR, ka7
LR 1 SWDR A BRI M 58 A8 A A R B0
REST, FUR BEAE P REAR T 37 AR TR B, (L5 A2 MR
(9358 L L i AN I, ARSI AR SSR K R
AR H Y (R AR IR MRS B A
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Table 5 Blood physiological indexes of adult SSR and wide type rats

SH 1 4 i % WA E LR ki) ok g = A 4 L
)J‘, (10°/L) (10°/L) (10°/L) (10°/L) (%)
Project 9 9 9 9
WBC(10°/L) Lymph(10°/L) Mon(10°/L) Gran(10°/L) Lymph( %)
HEPE( &)  SSR(n = 4) 6.23 + 1.97 3.50 + 1. 14 0.43 + 0.13 2.30 £ 0.77 0.56 + 0.05™
Males( 8) WT(n = 6) 8.25 + 3.04 5.92 +2.07 0.32+0.13 2.02+0.93 0.72 + 0.04
MEPEC Q) SSR(n = 8) 5.18 + 3.58" 3.93+1.87° 0.29 + 0.19 1.67 = 1.27 0.68 + 0.07
Female( ) WT(n = 5) 9.52+2.75 7.20 + 2.38 0.34 £ 0.09 1.98 £ 0.51 0.75 = 0.05
Wi PR AN S L GRE k) ol Eanii)i ok Vo= RS YA
Profect (%) HA(%) (10/L) (/L) (%)
Jee Mon( %) Gran( %) RBC(10"/L) HGB(g/L) HCT (%)
HEPE(8)  SSR(n = 4) 0.07 + 0.01™ 0.37 + 0.04™ 9.95 + 0.29 166.25 + 6.55 0.53 + 0.03
Males( ) WT(n = 6) 0.04 + 0.01 0.24 +0.04 10.24 + 0.77 183.50 + 13.28 0.58 + 0.04
MEPE( @) SSR(n = 8) 0.05 + 0.01 0.27 + 0.06 7.14 + 3.04 115. 63 + 60.75 0.40 + 0.17
Female( ) WT(n = 5) 0.04 + 0.01 0.21 +0.04 6.87 + 4.18 155.80 = 35.12 0.50 + 0. 11
SH THLT A AR -2 AL 2T -2 A0 21 LA 5 /R
Project (L) A (pg) BT R RR (/L) (10°/L)
MCV (fL) MCH (pg) MCHC RDW (g/L) PLT(10°/L)
HEPE(S)  SSR(n = 4) 53.38 £ 2.74 16.70 + 0.78 313.25 + 6.50 0.12 + 0.01 1119. 00 = 337.92
Males( 8) WT(n = 6) 56.85 + 2.07 17.90 + 0. 62 315.50 = 6. 16 0.11 + 0.01 1182.33 + 867. 04
MEPE( @) SSR(n = 8) 56.94 + 3.85 15.24 + 4.58 273.38 = 86.70 0.12 = 0.02 1042.75 + 618.23
Female( ) WT(n = 5) 57.34 + 2.11 17.68 + 0.54 309.20 + 5.26 2.27 + 4.82 1122.00 = 343.74
WiH S i/ ML/ NR 53 A I/ AR
Proiect TRFR(LL) G B (%)
Jee MPV (L) PDW PCT(%)
HEPE(8)  SSR(n = 4) 6.30 + 0.33 15.85 £ 0.26 0.0062 = 0. 0007
Males( ) WT(n = 6) 6.37 + 0.20 16.33 + 0.43 0.0033 = 0. 0024
MEPE( @) SSR(n = 8) 6.40 + 0.63 16.26 = 0. 60 0.0045 = 0.0017
Female( ) WT(n = 5) 6.18 + 0.15 15.92 + 0.13 0.0050 = 0. 0023
F 6 JHAF SSR 5 M A AR Rl i A AL R A He g
Table 6 Blood biochemical indices of adult SSR and wide type rats
V=t Y
T H (/L) B (/L) R (g/1) IR (%) ngf‘/%)
Project ALB(g/L) TP(g/L) Glob(g/L) A/G(%) ALT(U/L)
HetE(8)  SSR(n = 4) 33.68 £ 1.19 68.69 + 2.32 35.03 £ 1.70 0.96 + 0.05 50.25 + 11.03
Males( 8) WT(n = 5) 34.44 £ 1.87 70.32 + 4.49 35.88 + 2.86 0.96 + 0.05 151.40 + 221.24
MEPE( @) SSR(n = 8) 33.68 + 1.21 66.79 + 2.46 33.13 £ 1.54 1.02 + 0.04 62.25 £ 51.32
Female( ) WT(n = 5) 34.18 + 6.75 66.46 + 14.29 32.26 + 7.56 1.07 + 0.07 49.60 + 14.21
i H Rl R I (U/L) WLF ( pumol/L) JRZ (mmol/L) JREFHE (%) %585 (mmol /L)
Project ALP(U/L) Cre( wmol/L) Urea( mmol/L) U/C(%) GLU( mmol/L)
HEPECS)  SSR(n = 4)  345.00 = 129.47 31.58 + 7.61 7.05 = 0.72 246.37 + 52.76 5.13 = 0.63
Males( 8) WT(n =35)  342.00 = 68.61 28.68 + 11.38 6.68 = 0.86 265.66 + 109.23 5.15 £ 1.50
MEPE( @) SSR(n = 8)  303.00 + 88.42 35.13 + 12.15 6.79 + 0.86 223.16 + 129.47 5.65 + 0.97
Female( ) WT(n =5)  220.20 £ 72.50 31.40 + 17.80 6.32 £ 1.31 231.25 + 78.32 6.29 £ 2.39
HiH PNRES 12" SBTRR T il g 15 it L I
P . . A (U/L) (mol/L) (U/L) (U/L) (U/L)
Tojee AST(U/L) TBA ( pmol/T.) AMY (U/L) LPS(U/L) LDH(U/L)
HEtE( 8 )  SSR(n = 4) 165.75 + 68. 65 19.77 + 10.25 1449. 16 + 59.71 17.00 + 2.94 363.50 + 84. 15
Males( 8) WT(n = 5) 186.50 = 26. 16 19.00 = 2. 64 1846. 67 = 157.80 17.33 + 0.58 1235.33 + 631.62
MEPE( @) SSR(n = 8) 136. 17 = 28.56 16.44 = 11.06 1211.67 + 113.03 21.83 + 14.32 539.00 + 249. 38
Female( ) WT(n = 5) 129. 00 + 10. 68 14.04 + 4.82 1212.25 + 337.21 16.75 + 0.50 526.50 + 97.87
i H WL EE (U/L) PRI ((mol/L) SUBEEE (mmol/L)  H M =7 (mmol/L) &k CO,(mmol/L)
Project CK(U/L) UA ( pmol/L) TC(mmol/L) TG ( mmol/L) Toll CO,( mmol/L)
HEPE(S)  SSR(n = 4)  1733.00 = 1571. 86 39.50 + 18.28 2.80 + 0.98 1.07 + 0.57 25.08 + 1.84
Males( ) WT(n =5) 1851.33 + 464. 10 85.33 + 39.72 2.97 +0.19 2.90 + 0.26 27.90 + 1.57
MEPE( @) SSR(n = 8)  2312.83 % 772.26 60.67 + 23.41 2.61 + 0.48 1.10 = 0.47 25.63 £ 1.77
Female( ) WT(n = 5) 2645.00 + 657.18 36.00 + 20.30 2.49 + 0.86 0.95 + 0.36 22.83 + 6.02
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Figure 3 Adult SSR vaginal smear

B4 JRAFRMENE SSR 55U A AR BN SL B D) A

Figure 4 Adult female SSR ovarian pathology section
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Protective effect of Scutellariae Radix-Forsythiae fructus in an acute pneumonia
mouse model induced by lipopolysaccharide

WU Zhenshuai, JI Peng”, WEI Yanming“, XU Yuzhang, ZHANG Xiaosong, WU Fanlin, REN Jianming, LI Chenchen,
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[ Abstract] Objective To study the protective effect of various proportions of Scutellariae Radix-Forsythiae fructus
in an acute pneumonia mouse model induced by lipopolysaccharide (LPS). Methods The Scutellariae Radix-Forsythiae
Jfructus composition with various compatibility ratios was prepared by the heating reflux method . In total, 144 healthy KM
mice were randomly divided into 12 groups ( normal control, model, dexamethasone positive drug, and nine groups of
Scutellariae Radix-Forsythiae fructus at various proportions) with 12 mice in each group. Normal control and model groups
were administered the same amount of normal saline and the other groups were administered corresponding drugs for 7
continuous days. On day 8, except for the normal control group, mice in other groups were treated with LPS (10 mg/mL)
by dripping a solution into the nasal cavity to establish the acute pneumonia model. Samples were collected quickly at 6
hours after modeling. The protective effects of various proportions of Scutellariae Radix-Forsythiae fructus in the acute
pneumonia mouse model were evaluated by clinical signs, average daily weight gain, feed intake, the viscera index, serum
TNF-a, IL-1B and IL-6 contents, blood routine index, lung histopathological observation, and lung injury histopathological
score. Results  After modeling, the survival rate of mice in each group was 100%. The normal control group had normal
clinical signs, breath sounds, and a sensitive reaction. Mice in the model group were unresponsive and huddled together
with rales in the lungs detected by auscultation. Compared with the model group, the overall situation of the various
administration groups was better. In particular, the Scutellariae Radix-Forsythiae fructus combination groups (1 : 1,2 : 3,
1 : 2) showed more activity and sensitive reactions. No significant differences were observed in daily body weight increase ,
daily feed intake, or kidney, liver, spleen, and thymus indexes (P > 0.05). Compared with the normal control group,
the lung index, serum contents of TNF-a, IL-18 and IL-6, blood biochemical indexes, and histopathological score of
lung tissue injury were significantly increased in the model group (P < 0.01 or P <0.05). The alveolar wall had
significantly thickened, SFTPC protein expression in alveolar and interalveolar regions of lung tissue was significantly
increased, and a large number of cells expressed SFTPC protein. Compared with the model group, the heart index of the
Scutellariae Radix-Forsythiae fructus combination groups (3 :1,3:2,2:1,1:3,3:0,0:3), the lung index of
the Scutellariae Radix-Forsythiae fructus combination group (1 : 2), and the serum TNF-a, IL-18 And IL-6 content,
blood routine index content of the Scutellariae Radix-Forsythiae fructus combination groups (1 : 1, 2: 3, 1:2), lung
tissue injury scores of the Scutellariae Radix-Forsythiae fructus combination groups (3 : 2, 1 : 1,2 :3,1:2) were
significantly decreased (P < 0.01 or P < 0.05). The lung pathology of mice in the four Scutellariae Radix-Forsythiae
Sructus groups (3 :2, 1 : 1, 2:3, 1:2) was reduced significantly, the expression level of SFTPC protein in the
alveolar and interalveolar regions of lung tissue was reduced significantly, and the number of positive cells was low.
Conclusions Combination of Scutellariae Radix-Forsythiae fructus(1: 1,2 : 3, 1 : 2) has a significant protective effect
on LPS-induced acute pneumonia.

[ Keywords] acute pneumonia; lipopolysaccharide; Scutellariae Radix; Forsythiae Fructus; compatibility
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BCAF E A5 X6 /0N BRIl 6 I PR A R 22 57, B AE
i 1 L1 7 Y S i R A8 R D) Y e A TG AL L ]
e BATT K & & il 4% B 16 24 ) B Jk
1 #R5FZE
1.1 ##
1.1 SERsh¥

144 H 4 JE¥% SPF YUiErE KM /N A H 18 ~
22 ¢, W [ =5 M B B A5 SE R B ) Pl [ SCXK
(H)2020-0002] , 17323740 A H & sh W9 B iG
250 TR O SR S By [ SYXK (H)
2019-0002],12 h ¢ 12 h BEEJEBI0E, B ik
BYOK ERMPEMSE 3 d JEIFERSCER , i se g ik
FRHIR A 2 A8 HH 25 51 234t ¥ ( GSAU-Eth-VMC-
2021-013) , 7E/IN B 37 RS2 56 o i o 40300 4 5
S G 3R JRILG T AGHE 3 SRR,
112 FZEH SR

TR R A W B H A 22N T R 2 4 T

Y, e H R AR K2 5 W s 2 o v 5 R O 2 B
WA S E 5 M FEOKR AN (] AR AR mE 20 SE AT A IR A
], [FE 25 UET: H44024469) ; LPS (‘R K ) ; TNF-a i
B (RS 525 : ml002095) \IL-1B i3 & ( |
TR , 525 . ml063132) Al 1L-6 {55 & ([ EEK
2 5. ml002293 ) . Rabbit Anti-SFTPC Polyclonal
Antibody (bs-10067R ) 14 [ It 50 1 B 2% A M) R AT
FRZ\ ] . SFTPC Polyclonal Antibody I FH 7Y — Ji& A=
WEARABRAFS

YP502N HLF K- (1K 55 KA A BR 2
F ) 5 I H HL 43 B AL ( Boule Medical AB 72\ #) ) ;
Olympus DP-71 2 f#{ B AH &R 48 ( H A Olympus 2>
A AV AL Leica 23 7], K15 . RM2245) ;
KD-BM ZH AL (_FIG S AERHCA IR A F) 5
DZ5-WS ZE 48 {3l Vi .0 WL (KU E O L
XA BR/N ) ; BSA224S-CW 43 H7 K1 (B £ F1l i
B2 A RN F]) 5 Spectra Max Plus™ BFR{Y ( 58
BT BR A ) 45,
1.2 FHik
1.2.1 LRl e

W MR B E e 60 Hi , 25 . 41
IR 9 e AR L (3 : 2,3 : 0,3 ¢ 1,
2:1,1:1,2:3,1:2,1:3,0:3)H&ARES
Y, 4H6.00 g F 500 mL [RCEH A, A 120 mL
%’Eﬁ.?ﬂ(,ﬁ[lﬂ@/ﬁ 1 h,3500 r/min B.a5 min, [
B, A P25 EAA 120 mL ZE4E K, fin#k a3
30 min, 3500 r/min &> 5 min, &3 2 W FIER,
HASRAE R 48 mL,
1.2.2 Zhpscs 5 Rk

W 144 HAg B KM /) BB AL 23 1E X B2
(K) MEAIZH (M) 9 DEE - AR L (3 - 2,
3:0,3:1,2:1,1:1,2:3,1:2,1:3,0:3)f(h
T M FERIABAVEL YA (Y) H, B2 12 H,
O FEK N P 25 4 26T ML FE KA 2 mg/kg,9 A>3
AN (3 :2,3:0,3:1,2:1,1:1,
2:3,1:2,1:3,0: 3) Bl T ARG T AH R
PO 0. 1 mL/10 g(AHY FAZY = 1.2 mg/
10 g) , WEMR, 1 R/ H FESE T d, IE 5 X R ZH A Al
P THERAEIIIK, B% Ye ik, #E 5K
B5 8 K MEZ 1 h J5, BRIEF X B Ah, HoAth g 3
K LPS(10 mg/kg /KT ) ji% sn i B S AR 12 h 2%
AR, K /N BN s 1 5 3% 13 B B 22 M 5 YRR
T s SR 5 SR A K i RO 22 10 mg/mLL 9 LPS
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W, A F AN R B S, G R R WA,
Sk T DL BB /N , R S N R A R AL 22
Far ZIPEA F1 B R 18 4R 35 em 24, FRRIE %
BB A TR LG A E STk B 10 W, AR )E FRIFER
EerEm /N RS B LI I /N , 2 A B LR YR
I, AR R 5 R, e JE AR TN, BN BRE T
B, MR b Sk 0 5 A5 9 44 457 AR 4 30 min
Db /N BRUE I, i [l i A R A%, S o R
FdS/ N ECR B SIRE, WA 4/ BUR ek
B RS, il sk, DR 6 h J5, R EUM
WAREAS IS, F 3% 136 B4 b2 5 VRORR e , A% J e /N B
[EpIER o N T e QT LI = B ) S
G NN O T = ) S E 1= G 7 = R/A=
T ERR R =4 B R/ S R T

1.2.3 I BOASI 55 0l 77 i 2%

A /IR AR 42 I8 ST R AT il H BRI, AR S
BATFTEMET 1.5 mL B0, # #8524 3500
r/min 2.0 15 min, BULTE & T -80°C VKFHIR-AE .
1.2.4 i 4 mag

BT L 4% 1 I RS 61 5 14 d 5, 8 a3 0 A s
3 VI F HE M THC Je o WEg
1.2.5 /NI 2 P P -

F5 18 ELISA G000 & U6 B -F R A7 454, I e 4% 4
/N BUALTE H TNF-o IL-18 \IL-6 5,

1.3 SHitESH

K HH SPSS 26. 0 et 24817 Ge it 24 db 2E
FFA IES AR B PR LY+ ARifE2E( 7 =
s) KR, ZA TR H] LR B R 2R 5 22500
F LR LSD 3 AR IR A 20 A 10 22 1 kR
BRI, P <0.05 BmESHEA W EME,
P<0.01 Frn 22 i W E M

2 #HR
2.1 —fBiER

U PRI A) | RN R A5 A A N B PR AS 22,
RERER, B R AL, AR FLIE U2 & B A
B, AN 25 AL R A H, SR B A,
HBAS M E A (1 2 1,2 5 3,1 2 2) TG shaHi
RN R,
2.2 MNRBESRE|ENW

mE 1 FrR, £ 4N H Y R E K e X H
PIREBEERHILEITFEL(P > 0.05),
2.3 BESSIEET

PR W =S VAN N = Ei N R EiE i
FH AR B2 S AN 25 (P > 0.05) 545 13 X if
ZHAH L BT R FR B 22 SR 3 (P > 0.05) 5
SRR LY B - R AR A (3 1 2) NG IR AR
B EREIR(P < 0.05) , A - MR 4 (30 1,
2:1,1:3,3:0,0: 3) A0 IEFE Bobe W25 B
(P <0.01) ; 5IEH X RRLAA Lb AR 4H /)N B8 %
W EF R (P <0.01) , RS R EBR KLY, 5
FARUZHAR LY, BE5F - AR (1 2 2) Il 8 20
EREAR(P < 0.05) , VLA A - R BC gl (1 2 2)
XF LPS 755/ B Ml R AR 4V P44
2.4 MNRIMEMIERTUSHT

WM 2 Fis, B 6 h )5, 5 I1E % % R4 i,
AR ZH 0 Y T 200 A ORI v e A 4 e N
HEIN(P < 0.01) ; SR oA, B 25 - i (2l
(3:2,1:1,2:3,1 ¢ 2) 8 ik 2 FEAR 1 240 L S 5orn
FRHR 2B B (P < 0.01) | 45 50 55 3 ZE K PA 24—
B WS- RA (2 1,1 :3,3:0)BAERFE

B1 R HSEEERECRERE (s, n = 12)

Figure 1 Changes in average daily weight gain and food intake of mice( & + s, n = 12)
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AR T A A B (P < 0..05) 5 LI HP IfLZL0 25 1 A %
TG #7E X(P > 0.05) 5 H&E I oS-35 21 20 fifg
MLLEE M, 505 % %t B8 4] b, #5500 41 1fn 8 b
S YT ZT 4 I 2T R R R TR (P < 0.01) 55
MEARIZH P, #5532 4R B . 35 R AIC I T
HROE I 2T A I 21 8 R BE (P < 0.01) 5 BRI
HRZT 20 MR ER, 5 OE G BR 2 B AR AR A i Y v
CLAMAMLS A E T (P < 0.01)  SRERIA L, v

=1

Table 1 Changes of viscera index of mice( x + s,

KRR (2 3) e i PR IRL 4N B 50 (P <

0.01) , 45 5 55 4 FERAN A — B He i i H L/
S, ok IR 2 B A, R R A 0 Y i /N AR R
FHIRAR(P < 0.01) s SR AL, B % - i Bc(h

ZH(1: 1,2 3,1 2 2) M /MRS B 2 T
(P <0.05), 25 5 HbFE RN — B 45 R R, ¥

XN R (3:2,1:1,2:3,1:
S/ BRI A B s R

2) %f LPS ¥

NERHE RN AL (& £ 5, n = 12)

n=12)

415 HEHEEL (% ) HHEE(%) JIHE K (% ) i K (%) B HEE(%) M & (% )
Groups Cardiac index (%) Liver index (%)  Spleen index (%)  Lung index (%) Kidney index (%) Thymus index (%)
K 0.61 £ 0.02 4.55 £ 0.21™ 0.37 £ 0.07™ 0.67 + 0.04 1.12 £ 0.09™ 0.38 + 0.04™
M 0.63 £ 0.02 4.71 £ 0.17 0.38 + 0.06 0.71 + 0. 06* 1.15 £ 0.09 0.38 £ 0.05
Y 0.64 + 0.03 4.68 £ 0.21 0.35 £ 0.06 0.71 £ 0.05 1.15 £ 0.09 0.37 £ 0.05
3:1 0.60 + 0.03™%  4.77 £0.18 0.37 £ 0.04 0.71 £ 0.04 1.12 £ 0.04 0.38 £ 0.05
2:1 0.60 + 0.01%% 451 +0.18 0.36 = 0.03 0.70 + 0.05 1.12 £ 0.05 0.38 + 0.03
3:2 0.61 + 0.03* 4.51 £ 0.21 0.38 + 0.05 0.70 £ 0.05 1.12 + 0.05 0.40 + 0.03
1:1 0.62 + 0.03 4.50 + 0.24 0.37 £ 0.05 0.70 + 0.04 1.09 + 0.07 0.38 + 0.06
2:3 0.63 + 0.03 4.54 £ 0.19 0.39 + 0.04 0.69 + 0.04 1.13 + 0. 06 0.40 + 0.05
1:2 0.63 = 0.01 4.51 £0.20 0.39 £ 0.05 0.67 + 0.02* 1.12 £ 0.05 0.39 + 0.04
1:3 0.60 + 0.04™%  4.62 +0.23 0.35 £ 0.05 0.71 £ 0.02 1.09 £ 0.09 0.36 + 0.06
3:0 0.59 + 0.03™"%  4.52+0.18 0.38 £ 0.05 0.70 £ 0.04 1. 14 £ 0.09 0.38 £ 0.05
0:3 0.59 + 0.02%%  4.51 £0.20 0.39 £ 0.05 0.70 £ 0.04 1.12 £ 0.07 0.34 £ 0.04
T G RALH, P < 0.01; SHIBA A, P < 0.05,%% P < 0.01, (FE/ER)
Note. Compared with normal control group, P < 0.01. Compared with model group, P <0.05, ¥*P <0.01. (The same in the following figures

and tables)

F2 S-SR/ BUME IS PR (£ 5, n = 12)
Table 2 Effect of compatibility of Scutellariae Radix-Forsythiae fructus on blood routine index of mice( # s, n = 12)
il Hémﬂ%fﬂ&z *Ii*ié%ﬂ@uﬁz JiiEAR: {=P=Y ¢ %Zﬂ‘j‘élimﬂﬂmlél élémﬂ%mﬁ *}%a;&z
Groups (%10 /I;) (x10 /1;) (g/dL) EAWSE (g/dL) (x10"/L) (x10°/L)
WBC (x10°/L) GRA (x10°/L) HGB (g/dL) MCHC (g/dL) RBC (x10'%/L) PLT (x10°/L)
K 2,98 +1.28 1.38 + 0.80 14.65 + 4.22™ 35.30 = 1.79 9.63 + 0.41 1018. 33 + 402. 56
M 6.02 + 1. 14" 2.49 = 0.51" 14.54 + 1.47 44.13 + 2.37" 8.34 + 0.30" 641.58 + 300.91%
Y 3.82 + 0.84%% 1.88 + 0.64* 14.58 + 1.96 36.55 + 1.75%* 8.94 = 0.56* 946.75 + 317.02%
3:1 5.33 + 1.74 2.32 % 0.66 14.67 + 2.12 41.68 = 2.38%* 8.54 + 0.54 748.92 + 270. 66
2:1 4,55+ 1.57* 2.23 £0.55 14.68 + 0.77 41.83 + 1.38%% 8.22 + 0.50 804. 83 + 205. 32
3:2 3.07 £ 2. 15%% 1.55+ 1.01%%  14.61 + 0.93 36.49 + 2. 88%* 8.65 + 0.52 735.92 + 358.73
1:1 3.70 + 1.81%% 1.65 + 0.84™%  14.36 + 2.87 36.09 + 2.60%* 8.94 +0.61% 952. 83 + 273.92*
2:3 3.34 + 1.78%% 1.53 £ 0.63%%  14.72+1.03 35.48 & 1.77%* 8.98 = 0.49%% 959. 67 + 352. 88"
1:2 3.88 + 1.68%% 1.52 = 0.637%  14.54 + 2.00 35.80 + 1.56™* 8.87 = 1.00* 940. 75 + 303.90*
1:3 4,68 + 1.41°% 2.13 £ 0.51 14.88 + 1.11 35.88 + 1.74%* 8.68 + 0.53 736.75 = 272.20
3:0 4.78 + 1.02% 2.12 % 0.82 14.76 + 0. 47 36.55 + 1.86™* 8.55 = 0.69 748.25 + 394. 68
0:3 4.95 + 1.21 2.23 = 0.80 14.54 + 1.39 36.68 + 1.06™* 8.80 = 0.69 795.17 + 417.46
2.5 HHENRMARY) R RIEFENE o s L 2455 T Ak A ,,\ﬁ:m %3,

FHTR]— AR WL TF47 18 X010 B A 453 5 7
JEHATVEIr . BAUVR BENLIESE 6 OLET KRk
AR FREE M e B JRE R LS A i 90 7 1 4540 R JEE AR

e 2, 3 R, s HE 4e 66 )5 41808 8525
WELLE T W /R B 2% LPS i 1/ R Ak

HE ZH

A\\\/

Jiti e O PRAPE T o TE 0T BRZEL /)N Ui P 45 440 1
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B, HA R MR SR ML 5 I1E
WX IR L g, AT 2 il 4 4R 25 R R B, R R R
PR I, AT XS 3 fii 9 B (] J5T BH I 3 )R A i
SRR IF B SR Y T S
R oA, B - Bl (3 2 2,1 : 1,2 : 3,1 ¢
2) WA ZH 2V — B8 BE - | il 2H 2R 58 M s 5% 1S
IR e A0 A I T s/ i 9 B i) Jo e SRR
PRI (1 2 3) WA —E MEFEE, JF H Bt
KR (3:2,1:1,2:3,1:2,1:3) 5
RN L LB AT Do KA

mE 4, &5 BT, Gl 42Uk 2 S 56 1 98 &
BR, % fin i Rabbit Anti-SFTPC Polyclonal Antibody
(bs-10067R ) TAEWR A4 /I BRI 20 430 | #5 H B0 48 €2
B3, T B %o B o B0, DA e e X s
ik, KU SFTPC HHAEMAL TG RE, 5
TE N BB 2 Lo AU 2 SFTPC &5 78 il 20 2 il v
5 i e ) o X e 3k R S S S I, A PH P 4
ik SFTPC 11 SR A oA, 825 — % A e (h 41
(3:2,1:1,2:3,1:2)SFTPC & [ 1E i 45 2 i 4
5 it v 1) oy DX 38 3 38 1 S 5 20 B 40 e 1) e ik
W, SRR SR (32,1 1 1,
23,1 : 2) X LPS i S/ BB HE il R A BH 2 ik
BIEM.

F3 /N EUAR I LTS ARUE

Table 3 Scoring standard of lung histopathology in mice

IR (1) it L 412 40 0 FEHE
Score ( points) Lung tissue injury Degree
o A o TR
Normal lung tissue No damage or minor
! i 2 AR BE DT 25% PSR
Lung tissue injury less than 25% Focal mild
) I LH LN Z BAREE 25% ~ 50% R
Lung tissue injury of 25% ~ 50%  Moderate damage
3 i ZHENZ R 50% ~ 75% JEE B
Lung tissue injury of 50% ~ 75% Serious injury
4 i A2 HARE R T 75% W R AL

Lung tissue injury greater than 75% Very severe disease

2 /NEBALHRIE T (2 £, n = 6)

Figure 2 Lung tissue injury score of mice( ¥ +s, n = 6)

B3 &4/ RMHLREIE S

Figure 3 Pathological changes of lung tissues in mice of each group
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B4 SFTPC H e/ BT ZUH ) 34 (THC)
Figure 4 Distribution of SFTPC protein in lung tissue of mice (IHC)

B 5 SFTPC & F7E/N BT 2 434 (B PEXT IR, THC)

Figure 5 Distribution of SFTPC protein in lung tissue of mice ( Negative control, THC)

2.6 /INERIMiEH TNF-o IL-1B #1 IL-6 B9 & E 7
ERLE RS

W 4 Fiow, 5 IR b, AR 20 /N Bt 3
TNF-a | IL-1B8 Fl IL-6 [ & i i & (P < 0.01) 5
BRI A L, B - B g (1 2 1,22 3,1 ¢
2) /NEUALIE o TNF-o IL-18 il IL-6 FY & 5t 5 3 %
(P < 0.01), B&% —iERMENAL (3 = 2) /UG

H TNF-o Fll TL-1B (55 B FFEAR (P < 0.05) ;45
BRI A L, S5 - R AL (3 : 2,1 : 1,2 £ 3,
1:2) /NRUIALTE h T-6 0 & 8 B & FRK (P <
0.01),#A — AL LA (2 ¢ 1) /MR E H 1L-6
MR B ERIR(P < 0.05) , 0] 325 - 14 3 AL
H(1:1,2:3,1:2)fE—ERE LI TNF-o IL-
18 1 IL-6 [R43 W
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R4 PEUMTET TNF-a IL- 1B FITL-6 BI&H (% +s, n = 6)

Table 4 The contents of TNF-a, IL-1B and IL-6 in serum of mice ( ¥ £s, n = 6)

(fifg% TNF-a (pg/mL) IL-1B (pg/mL) IL-6 (pg/mL)
K 395.70 + 12.77 80.85 + 3.25 92.06 + 2.78
M 556.87 + 75. 15" 92.66 + 4. 47 123.20 + 17.51%
Y 452.84 + 14.81°%% 87.40 + 4.02% 95.85 + 2.75%*
3:1 554.44 + 82.40 89.04 + 2.49 107.16 + 18.13
2:1 544.74 = 95.03 89.75 + 3.59 102.69 + 8.75
3:2 469.55 + 42.42% 87.64 + 2.87% 100. 19 + 8. 06™*
1:1 424.54 + 20.80%* 84.61 + 3.68™* 97.41 + 3.88%*
2:3 436. 67 = 12.30%* 83.17 + 2.777%% 92.53 + 5.91%*
1:2 426. 15 = 22.70%* 83.19 + 2.017* 94.09 + 11.59**
1:3 516.71 = 92. 86 89.19 + 3.25 117.52 + 22. 11
3:0 535.58 + 104.72 89.94 + 4.95 107.09 + 13.08
0:3 544.20 + 22.06 90.96 + 3.26 112.71 = 26.74

3 itip PRI, 38 B 5 E e =X S vz, 3| ke A4 L PR XU 2

ARk, [ A A 9 il 98 3 P AR Sy O iR AR
2 AR I 9 0 JL 2% 1T 43 R A R M FC B PR L R
PE TR SR (LPS) i St bt S % L
Rt Horp s 22 A S 00 il 28 S AR R 4 ol
HOH, WAL E S r R e g N gk K
BINBLE WAL R EESE, 285251k H
TR 4 B e I AL H, WO F S SRR E
T NEIR 25 A AR A N 45 2515 B T/ BRI E 3R
ME SR EA Y S R BRI Ik THRES
FHMZRER I (0 F 2 07 ¥ 1 WF 52 8870 s A BF 5 AR 4
TN 2457 D A il a5 R S G W AR R 2R S R
PRI AT B TR B2, T TR AR T B, BB AR 4
B /N BRUBRS 1) 9 i R0, LA A 28 2 /N B
SRR, 4 T B 0 1 — o MR BE 1Y LPS W R A /N B
Bl AR A RITT

BB S 10 /I B2 Il e B R 5 MR /)N B
Ao FTELZY I3 H AR 28 P Al I DA S L3 H TNF-a
IL-1B8 \IL-6 F7KF-, PR FTHE A — il 1 1 2 5 — i 5
BCAHAL A P % B 22 0575 T 10 /8 RS0 Il R A 34
B GRAPE FT, 32 5 DA 035 00 I T 68 | il 3 48 A Sz 1z
5 R RAEMRE

LM 98 i S50 il 4 40 2l — AN AT 4 o
PR S RE SR NE 5 |2 P i 350 ) BE B AR 25 B AIE , S BRI
o DR F- RN 240 AR B BTG AR AR Y L B
ZHEFR NN EE R (LPS) |, J2 OB H DL IS A i & A
F U R/ INEU B PR A R PR R R
SiE T, 4 TNF-o IL-1B  IL-6 25030 4k i M A1 A i
PR S5 R TP R A0 A5 % 0 L A 1 S
YA A LA I L R A ] J55 ) SR | it — 2D B R E

A OT G P A (PRI ) S
/N BRI il 98 190 T A0 R, A S E S 7 L ATk R
H YT R L LPS A /N RURTES , 75 S il 8] J5 &
A K i T 5 I A A, R AR SR I |
PRIXE S E R AHIE 28 R LPS 375 /N R 20bE it 48
RREFR | A3 AT 0 5 — 7 AN [) e A bt R VB 22 5+
I 25 /N LR JES T N LPS B ST 2R il A A | [ ik
o FH AR BRER KV SR %o B, R [ B f91) 3 250 — 3 S i A
VERER 2540, i FE R FAAE S BH M X BRZL, ARG
I7 ARG A R, B AN BRORE OR A 225 R
REE IEZ > PSR T2 AR A,
TEH X A/ NRR IR W6k PRI A RN R
B8, 0125 W LPS 755 14 /N B S il 4 455 780 4 il
Ty SRR H, 4545 25 41/ BTG 6 AR IE 3, 3
PRI BUAS S, 50 X HA L AR e, 480 2 /) R $5
B B ETHRE (P < 0.01) , SHERIGA L, 35 -i%
SR (1 2 2) RO filiFE B E PRI (P < 0.05) , 1k
A 5 - B RE TR /N RS R kA, 5
TE 5% RRAL g, A5 A0 21 1Y FP 3 40 A s 5O e
o7 20 M B S TR (P < 0.01) Ui B i il % 1
BT s AR LA, 355 - AN R B R4 (3 -
2,1:1,2 3,1 ¢ 2) GBI SRR 1 40 kLB 500R
LML (P < 0.01) , 1 W 355 — 3% A [R] e AT
H(3:2,1:1,2:3,1:2)REMRMERIEA MR,
/NERUIMLE H TNF-a IL-18 F 1L-6 /&5 UL R AE K1,
AN ) R T B T A SR T S R
K BFFTAS R R R 2E /N BRI R B 48 E T
F TNF-a IL-18 Fl 1L-6 A% & B & /& T 1E 5 %) g
A, A 2Pl A AR R, LPS 52 T /N U Y
RNE ; WA~ AR R ZH (1 2 1,2 23,1 :2)0
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B 4 A ARE /N BRI T P TNF-ou IL-1B 11 TL-6 FY &5 2
(P <0.01), UtHA X - (R (1 2 1,2 ¢ 3,
1:2) ARG ST RVER

FEALS D5, 2 S AR BB MR E Z
— . WIS R BRAR AL, ASBIF 5T M 4L 42
Yufe 5l 20 SV AT 53 T vk . Bl b B A R A 4 it
Y T BT I RUAR A, AR VR R S BT T
UL AR AT Ry i g6 10 R0 40 A, AR 2 9 1 A O
PR ARSI il p S S PRI S X il P ER BE
(PR 28 T ) S IR A L R 40 ) R A
TG, 1T LA S RBR R4 SFTPC SRty 11 %1 41
Ji 38 3 G 5 2 2 A 2 A W i 6 11 78 448 i £ SFTPC
FEAERFIRE ) R SRS R BoR | LPS i
SR /N B il 4 AR fii 4 20 9 B B A il 3
T AR A IR | il 9 B e JRE A5 S il R R AR
VLR IE T S i A LPS By Ny 1 VMl A B AR
MR - ME R (3 : 2,1 : 1,2 :3,1: 2) /Nl
it L2 3 7 I | P 40 YR VI | A 4 JRL i bR
PRI 4%, 5 1E % BE AR El A, AR 4 g
PHEAZUAPP o33 T s SRRV AR L, 3 %7 - L
fREH(1 = 1,22 3,1 2 2) RIS 25 4 PE 3 B BEAIR
G A S R, 508 F 6 B A A b g, B AL A
SFTPC 5 [ il 28 25 it 36 5 fili 360 1] iy IX 3 3% 3K o
B S A A R il 1T B 40 i 6 3k SFTPC 1,
T B X HR 4 6 i SFTPC oA | MR 405 B 7 o i 2 11
g O HAR B SFTPC 8 (A P M 0k, gk — 20
BT S5 5] S SR AL g, B - R
g (3:2,1:1,2:3,1:2),SFIPC & I7EM4H
2Rl 5 it g6 [ B DX 3k 2 st B S sk 0> A 0 Al 76
1T A0 448 it 25 B, 10 I %% — 3 AN (W) T (T 4
(3:2,1:1,2:3,1:2)0]k3% LPS i S 11 2 il
RIEA P10 ) B 825 — 4 S e AT T e i
RAGERUHL 1) (1) BT 5 25 22 Fhitk | S5 22K Bl 58 TNF-a
IL-1B 5 1L-6 AHIC Y b RSG5 (5 5 3 ARt — 25
Y S BT

25 L 3d 8k 3 A /0N BR2PE i A A A I PR
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[ Abstract]
of collapsin response regulatory protein 1 (CRMP1) and death-related protein kinase 1 (DAPKI1) in the cerebral cortex of

Objective To investigate the effects of passive smoking in adult female rats on behavior and expression

offspring. Methods Eighteen 8-week-old healthy female SD rats were randomly divided into the passive smoking group
(n = 9) and control group (n = 9). The passive smoking group was treated with smoke to establish the passive smoking
model, whereas the control group was treated normally. After 1 month of smoking, female rats were mated with males and
continued smoking until delivery. Offspring (F1 generation) of passive smoking and control groups were evaluated by an
open field test, rotary rod fatigue test, and Morris water maze test. These animal behavior tests were conducted to analyze
the effects of passive smoking on anxiety, exercise tolerance, and spatial learning and memory abilities of the offspring.
Moreover, CRMP1 and DAPKI1 protein expression in cerebral cortex tissues of offspring was detected by Western Blot at
various developmental stages (0, 7, and 21 days and 4 weeks (adult) ) after birth. Results The open field test showed
that the total movement distance and average movement speed of the F1 generation in the passive smoking group were
significantly increased in the total area (P < 0.05), and the number of entering the central area, and the movement
distance and residence time in the central area were significantly increased compared with those of the control (P < 0.05).
The rotary rod fatigue test showed that the sustained movement time and movement distance of the F1 generation in the
passive smoking group were significantly reduced compared with those in the control group (P < 0.001). The Morris water
maze showed that escape latency of the F1 generation had no significant difference between passive smoking group and
control groups, but swimming speed was significantly decreased in the passive smoking group (P < 0.001). Compared
with the control group, the proportion of time and time of the F1 generation entering the target quadrant in the passive
smoking group were significantly decreased (P < 0.05), and the swimming speed and total swimming distance were also
decreased significantly (P < 0.01). Additionally, Western Blot showed that CRMP1 and DAPKI1 protein expression in
offspring of the passive smoking group was significantly lower than that of the control group at 0, 7, and 21 days.
Conclusions Passive smoking in parental female rats promoted anxiety, reduced exercise tolerance, and impaired spatial
memory of offspring, which may be related to regulation of CRMP1 and DAPK1 expression in the brain tissue of offspring.

[ Keywords] cigarette smoke exposure; offspring rats; nervous system; animal behavior; CRMP1; DAPK1
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2.4 AEAEEMBFRKXKBRKMEEH CRMP1,
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TE: A TR BRIED 5% ERYIZ 3 AR B TR R R X IR i2 20 G 2 5 € AR BRTE B XA P 1802 3 B 5 D AR Rtk
A S AIUEL E 7 AUOR B e XAz SRS s F . AR UL P e XA 452 B N 1] 5 G2 AR B A A A DX B i 1 T AOR P ST
JAKZ ShBE RS s 1. FACK RAESME DX 452 B B Il S %0 BRZLAR L, © P < 0. 05,
B AR A AR B S SR 45 R (n = 11)
Note. A. Movement path map of offspring rats on the open field device. B. The total movement distance of offspring rats in the total area. C.
Average movement speed of offspring rats in the total area. D. The number of offspring rats entering the central region. E. Movement distance of
offspring rats in the central region. F. Residence time of offspring rats in central region. G. The number of offspring rats entering the peripheral
area. H. Movement distance of offspring rats in peripheral area. 1. Residence time of offspring rats in peripheral area. Compared with the control
group, P < 0.05.
Figure 1 Open field test results of offspring rats in the smoked group and the control group(n = 11)
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TE: A FAURBUAY A2 S )5 B AU KR B I8 S B B 5 5 % B A
I, ™ P < 0.001,

B2 JH SR IR O R R 55 SR A5 R (n = 12)
Note. A. Exercise time of offspring rats. B. Movement distance of
offspring rats. Compared with the control group, ™ P < 0.001.

Figure 2 Results of rod-rotating fatigue test of offspring

rats in the smoked group and control group(n = 12)
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XTIRZAAALL, P < 0.05,™ P <0.01, ™ P <0.001, ( FKIRE)

B3 JHE X IR T K B Morris /K E B SEISE e (n = 13)

Note. The positioning navigation experiment. A. Escape latency of offspring rats. B. The swimming distance of offspring rats reaching the

platform. C. Average swimming speed of offspring rats. The space exploration experiment. D. Proportion of residence time of offspring rats

in target quadrant. E. The number of offspring rats entering the target quadrant. F. Average swimming speed of offspring rats. G. Total

swimming distance of offspring rats. Compared with the control group, P < 0.05, ™ P < 0.01, ™ P < 0.001. (The same in the

following figures)

Figure 3 Morris water maze test results of offspring rats in the smoking group and control group(n = 13)
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AL B FAAKERHAE 0 d;C, D FACKER M A 7 & B, F FAUKRER M A 21 d;6,H. FAUKRR 14 4 5,
Bl 4 Western Blot #lH 2 40 MG BRAL 7K BURE &R BB BRI 22 CRMP1 DAPKI 85 &A1 L

Note. A, B. Progeny rats were born 0 d. C, D. Progeny rats were born for 7 d. E, F. Progeny rats were born for 21 d. G, H. The progeny rats were

born 4 weeks.

Figure 4 Western Blot analysis of CRMP1 and DAPK1 protein expression in cerebral cortex of offspring rats at different

developmental stages in the smoking group and the control group
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Population genetic quality analysis of a closed KM mouse
colony by microsatellites

ZUO Qin, WEI Jie, FU Rui, LIU Zuomin, WANG Hong" , YUE Bingfei "

(National Institutes for Food and Drug Control, Beijing 102629, China)
Corresponding author: YUE Bingfei. E-mail: y6784@ 126. com; WANG Hong. E-mail: wanghong@ nifdc. org. com

[ Abstract] Objective To analyze the population genetic quality of the same closed KM mouse colony in 2013 and
2020 by microsatellites. Methods DNA was extracted from 30 KM mice in 2013 and 2020. Thirty pairs of microsatellites
primers were used for PCR amplification and DNA sequencing to evaluate genetic quality by the number of alleles,
heterozygosity and polymorphism content. Results  Ninety-five alleles were found in 2013, average heterozygosity was
0. 4864 and average polymorphism content was 0. 4418. There were 122 alleles, average heterozygosity was 0. 5150, and
average polymorphism content was 0.4818. Conclusions The closed KM mice colony had genetic stability and genetic
diversity, which satisfied the genetic characteristics of a closed colony of laboratory animals.

[ Keywords] KM mice; microsatellites; closed colony; genetic diversity
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AT ST A
1.3 FitFELH

PR 7 4y B 25 S T A Popgen 1. 32 #ff
H R AR IR KM /N BRTE 45 Bl TR A I 1) 35
DRSS 6 S 405 R0 S (o7 326 DRI ORI 2% 45 B 400 B 2
B EHAE R, [RIBE A A Littleprogram 0. 6 %X
RN S Z S A B &R (PIC) .

Z RRAVARIE | X6 19 A AR U A 1 28 4 44 i it
TTVEMY, BB B AS R UK I B AR s A A0, ()
Wil PIC SF45 FX AR S 38 R EA T 40T .
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4k

-

2 R

2.1 2013 £ KM /MNEREESBILER

2013 4L REARSLAG I 2] 08 AN SEA FE [, - 14
%{zﬁt@zm 3.2667, YW A & BE R 0. 4445,
SEIHN BRI A BE M 0. 4953 SR A N 0. 4864,

OAﬁ’UZELLMEF‘ 1 M (DI12Nds1 1) 2 s
Vi, BN S 134N (PIC > 0.5) ,ThELE
PEAE S 13 1M(0.25 < PIC < 0.5) K EE 2 8 EA7

A 44 (PIC < 0.25) , F¥H L2 E(E B &8 (PIC)
H0.4418, FHimfESEOENTE 1,

2.2 2020 ££F KM /MNRHEESBILE

2020 A% AR I E] 126 /\ffu [, 4

F1 2013 4F KM /N 30 Mg AN

ST SEREL 4. 2, UL 242 5 BE R 0. 4489, F- 411
RGN 0. 5239, 34225 B 0. 5150, 30 1~
DR AT S 1S (DI5 Mits) , £
BHALEA 154 (PIC > 0.5) , BHIEZ B EE
10 1~(0.25 < PIC < 0.5) , fREZ BN LA 54
(PIC < 0.25) ,"F¥HZEBMFE LT (PIC) K 0. 4818,
FE SR 2,
2.3 2013 ££70 2020 £ KM /NR B K BEEHRS
B LL 8

2013 AFEFPHE Y 5245 4540 ZH0R 2020 AFEFPRE Y
BRI S AT AP, 7 S SECh R T A
RGN W22 RAh, HAy 6 M SRR ¥
PEZR K SH I P EILE 3,

SIS

Table 1 Genetic parameters of 30 STR loci of KM mice in 2013

[CE FHE AR pURIL A -1 R 25t ZEME B %A P {E
(VA= S BE PR B T Te B =y Shannon’ s fHR&&E Degree of Hardy Weinberg
Loci Na Ne Obs_Het Exp_Het Ave_Het  information index PIC polymorphism P value

DIMit365 2 1.3243 0. 2857 0. 2494 0. 2449 0.4101 0.2150 i Low P>0.05
D2Mitl5 4 2.9654 0. 4667 0. 6740 0. 6628 1.2085 0.6051 1 Hight P<0.01
D3Mit29 2 1.7610 0 0. 4438 0.4321 0. 6237 0.3388 ' Middle P<0.01
D4Mit235 2 1. 0689 0. 0667 0. 0655 0. 0644 0. 1461 0. 0623 i Low P>0.05
D5Mit48 2 1. 7664 0. 6364 0. 4545 0.4339 0. 6255 0.3398 o Middle P>0.05
D6Mit102 6 4.2755 0. 8000 0.7791 0. 7661 1. 5989 0.7320 1 Hight 0.01<P<0.05

D6Mit8 3 1.2270 0. 2000 0. 1881 0. 1850 0. 3944 0. 1769 ik Low P>0.05
D6Mit15 3 2.6572 0. 1034 0. 6346 0. 6237 1.0325 0. 5491 1= Hight P<0.01
D7Mit281 2 1.5139 0.2333 0. 3452 0.3394 0.5227 0.2818 it Middle P>0.05
D7Mit12 4 3.4417 0.5333 0.7215 0. 7094 1. 2969 0. 6557 & Hight P<0.01
D8Mit33 3 1.9311 0.3793 0. 4906 0.4822 0. 8213 0.4219 1 Middle P>0.05
D8Mitl14 4 2.9173 0. 7000 0. 6684 0. 6572 1. 1343 0. 5880 = Hight P>0.05
D9Mit23 6 3.9207 0. 8621 0. 7580 0. 7449 1. 4893 0.7027 1 Hight 0.01<P<0.05
DIMit21 4 2.2086 0. 6000 0. 5565 0.5472 1. 0315 0. 5045 1= Hight P>0.05
D10Mit12 2 1.5139 0. 4333 0. 3452 0.3394 0.5227 0.2819 1 Middle P>0.05
D11Mi4 4 2.3653 0. 6667 0. 5870 0.5772 1. 0208 0.5181 = Hight P>0.05
DI12Mit7 2 1. 9968 0. 1600 0. 5094 0.4992 0. 6923 0. 3746 ft Middle P<0.01
DI12Nds11 1 1. 0000 0 0 0 0 - - -

D13Mit3 4 2.4310 0. 7500 0. 5994 0. 5886 1.0358 0.5151 1= Hight P>0.05

D14Mit3 2 2. 0000 0. 5000 0.5091 0. 5000 0. 6931 0.3750 it Middle P>0.05

DI15Mit5 2 1. 7630 0. 5000 0. 4401 0.4328 0. 6243 0.3391 ' Middle P>0.05

D15Mitl5 3 2.6432 0. 5667 0. 6322 0.6217 1. 0286 0. 5466 1% Hight P>0.05

D16Mit9 2 1. 7241 0.3333 0.4271 0. 4200 0.6109 0.3318 1 Middle P>0.05

D17Mitl1 4 2.3778 0.5333 0.5893 0.5794 1. 0826 0.5338 1 Hight P<0.01
D17Nds3 6 4.4554 0. 8333 0. 7887 0. 7756 1. 6298 0.7439 1= Hight P>0.05
D18Mit19 5 1.5943 0.2333 0.3791 0.3728 0. 8056 0. 3560 1 Middle P<0.01
D18Mit9 6 3. 6645 0.7586 0. 7399 0.7271 1.4488 0. 6815 = Hight P<0.01
D19Mit16 2 1.5571 0. 2667 0.3638 0.3578 0.5433 0.2938 ft Middle P>0.05
D19Mit3 3 1. 9088 0. 5667 0. 4842 0.4761 0. 7250 0.3776 ' Middle P>0.05
DXMit16 3 1.7527 0. 3667 0. 4367 0.4294 0.7281 0.3707 1 Middle P>0.05
YI{H Mean  3.2667  2.2576 0. 4445 0. 4953 0. 4864 0. 8509 0.4418 - -
PRifEZE St. Dev 1.4368  0.9276 0.2516 0. 1996 0. 1964 0. 4060 0. 1467 - -
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Table 2 Genetic parameters of 30 STR loci of KM mice in 2020

WA AR ARGEAL pURIL Gz F-2y A REAR L 2N ZEBE B PE
o7 55, % L A REE A Shannon’ s FR &= Degree of  Hardy Weinberg
Loci Na Ne Obs_Het Exp_Het Ave_Het  information index PIC polymorphism P value

DIMit365 4 1.3580 0.2670 0.2680 0.2630 0.5250 0. 2430 1% Low 0.01<P<0.05
D2Mit15 5 3.2030 0. 6000 0. 6990 0. 6880 1.3580 0.6470 {7 Hight 0.01<P<0.05
D3Mit29 5 4.4230 0.5330 0.7870 0.7740 1. 5490 0.7390 = Hight P<0.01
D4Mit235 2 1. 9650 0 0. 4990 0.4910 0. 6840 0.3710 1 Middle P<0.01
D5Mit48 5 2.4420 0.5670 0.6010 0.5910 1. 0490 0. 5060 f= Hight P<0.01
D6Mit102 7 3.4550 0. 3000 0.7230 0.7110 1. 5080 0. 6760 15 Hight P<0.01
D6Mit8 4 2.9080 0.6330 0. 6670 0. 6560 1. 1590 0. 5900 15 Hight 0.01<P<0.05
D6Mitl5 6 1.5310 0.2000 0.3530 0.3470 0.7630 0.3300 1 Middle P<0.01
D7Mit281 2 1. 9650 0. 6000 0.4990 0.4910 0. 6840 0.3710 1 Middle P>0.05

D7Mit12 3 1. 6380 0.3670 0. 3960 0. 3890 0.6610 0.3350 1 Middle P>0.05

D8Mit33 4 2.4100 0.4330 0. 5950 0. 5850 1.0610 0.5310 =5 Hight P<0.01

D8Mit14 6 4. 4890 1. 0000 0. 7900 0.7770 1. 6290 0. 7440 =5 Hight P<0.01

D9Mit23 5 2.4830 0.2000 0. 6070 0.5970 1. 1000 0. 5280 1= Hight P<0.01

DOMit21 5 3.9740 0.7330 0.7610 0. 7480 1.4910 0.7100 1= Hight P>0.05

D10Mit12 2 1. 6420 0 0. 3980 0.3910 0. 5800 0.3150 1 Middle P<0.01
D11Mit4 6 1.9500 0. 6000 0. 4960 0. 4870 1. 0490 0. 4650 1 Middle P>0.05
D12Mit7 3 2.0480 0. 5000 0. 5200 0.5120 0.7950 0.4110 1 Middle 0.01<P<0.05
DI2Nds11 3 1.3120 0 0.2420 0.2380 0. 4680 0.2210 {I% Low P<0.01

D13Mit3 4 1. 6560 0.3670 0. 4030 0. 3960 0.7190 0. 3490 B Middle 0.01<P<0. 05

D14Mit3 5 3.7900 0. 5000 0. 7490 0. 7360 1.4160 0. 6890 f= Hight P<0.01

D15Mit5 1 1. 0000 1. 0000 0 0 0 - - -

D15Mitl5 5 2.9800 0. 5000 0. 6760 0. 6640 1. 2600 0. 6040 1% Hight 0.01<P<0.05

D16Mit9 2 1. 0690 0. 0670 0. 0660 0. 0640 0. 1460 0. 0620 i Low P>0.05

D17Mit11 4 3.1030 1. 0000 0. 6890 0. 6780 1.2260 0.6190 5 Hight P<0.01
D17Nds3 12 6.6180 0.9670 0. 8630 0. 8490 2. 1420 0. 8340 =5 Hight P>0.05
D18Mit19 3 1. 4480 0. 3000 0.3150 0. 3090 0.5630 0.2780 1 Middle 0.01<P<0.05

D18Mit9 3 2.0200 0. 4000 0.5140 0. 5050 0. 8570 0.4420 1 Middle P>0.05
D19Mitl6 3 1. 3500 0.2330 0.2640 0.2590 0.4750 0.2330 {I% Low P>0.05
D19Mit3 4 3.1750 0.5330 0.6970 0. 6850 1.2230 0. 6230 1= Hight P<0.01
DXMitl6 3 2.3230 0. 0670 0.5790 0. 5690 0. 9600 0.5050 1= Hight P<0.01

{H (Mean) 4.2000 2.5243 0. 4489 0.5239 0.5150 0.9700 0.4818 - -

FRAfEZE (St. Dev) 2.0580 1.2450 0.2970 0.2175 0.2141 0. 4691 0.2391 - -

R 3 2013 AEFPHERN 2020 AEFREBAE SR HEL
Table 3 Comparison of genetic parameters of colony in 2013 and colony in 2020

i SN A R mmaaE WMEAAE PRAAE LA |

Genetic parameter Obs_Het Exp_Het Ave_Het . annon s
Na Ne information index

2013 ﬁzﬁq# 3.27 £ 1.44" 2.26 +0.93 0.44+0.25 0.50+0.20 0.49 +0.20 0.85 + 0.40

Colony in 2013

‘2020 *rFﬁJﬁf 4.20 £ 2.06 2.52 £ 1.25 0.45+0.30 0.52+0.22 0.52 +0.21 0.97 + 0.47

Colony in 2020

P {H P value 0.04 0.30 0.85 0. 45 0.45 0.23

T 5 2020 4EFIREAALL, " P < 0.05,
Note. Compared with colony in 2020, * P < 0.05.

3 i

ZA BERE 0. 5150, WL 2% A B Fn0) 28 2= 5 5 (A 4G 6

AWEFE R TR DNA FRic kg 30 4~
RIXF 2013 4EF1 2020 AFEAY [R]— KM /)N B 2R 735
TRE5FG 53 M, X TR)—FPaERE R 15 A AR E T A% 1
W, 2013 AEFPHE 345 BE A2 0. 4864, WIN 24
JE R RS A PRG35 T0 22 5%, 2020 4EFHHERY -3

ToE R HRBBEMAFRME T/CALAS 21-2017, £ I #E
SEHIZRETELE 0.5 ~ 0.7, WL A BE LI 24 45 i
LR F KW TE 25, nTINE R A A% 1 B AR RE
52020 A RFFT 45 R IZF SR A R S
M EPARE, HLER 2013 4FH1 2020 4F ARG 45 H0 5
BOBRTEARCEM RN LA R EEER Ky e Tz
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BTG Wk 2 5, 5 LRI, 2020 19S8035 F
2013 B4k, [l —FhBEAE A 5 A SRR I 2% 19 5%
M Z6F R, HR D AT B 2013 AR AR BEREA e 3%
AR [A) 5% AR BE ML B, 2013 4E 2 )5, M4 i 1D
FERINES B S st IR R BE Oy 5 N4 I TS
WAL i, PR R R FRHA L £
FEPERTEMY , HonT 5 2 32 B2 TR AR AT 5 6
NV I b o TS TRR e P E LD AV AR

SIS B IAE R — TR ) SIS AL R bR vEAE
—HAZFAT B R, SEER B Y R R
T VERAT A A 0 5250 M4 R LA A o st
1L i — E AL T ah AP 2 b T S5 3h ) i
P A0 R 2 2 A5 VA O e A P 45 L
T PR UE 3 90 552 56 RN R ATF &35 SR 10 o o 1k R o] o 4 42
PRAF 3 DA B S 360 20 40 1) 35 A AR AE R 35 A% 0T 6 1) B
FEE B i 4 SR A R A 5 AR MR A AT
Bt EZARME GB14923-2010 M 32K 525 3h 1y 1Y 35t
Rl B 5% B S 56 3 W B P RE 9 B b
ULE RPEFEEN, @ T 3 A AR I ) 2, 43
SR e A ke B T S T, A P A8 T v A B B 5 B v
1994 AR R[5 it b S KM /N RFP R, 38
TG B A T i R 2 52 T 7 A8 i S 2 5, L T
9 ANEARFRICAE 2, 15 3 T 08 PR A8 L 2k b Bl 16 58 e
AR R B AT RE 5250 S W s AL SRR AR, PR B
FE 2011 AF LA, F R DL B 56 52 e vk 4E RRAL AR ARl
M 2011 AFEFF e #E ST R E R A 7= B DR RER RO
AT HC AR AL IO, I 2013 4EF1 2020 4F Y 55
RS E5 5 s, HRTF R A A P

PRI b PR 0 R R A0 TC RR, 75 R P B
AL, P AT LAk 2 Hardy-Weinberg -7 , i % 5k
PRI 3 1 JE PR 7R 1 3 2 (R e AN AR E S e vh sl g
FEA B AR 2 A B A, BV R FH ke 30 SR 3 BC 19
DAE R FRE, BE A 1 A A B 35, FhoE 1 3 52
FEC T AT R G & A IR ALY RNAF A Hardy-
Weinberg 22 A, ZLAHHE 7 A2 19 15 P REFPRE | OO0
PREFF B AL Z2 A, By 1k ik 22 R BT, 7E
2009 4T, F i A5 B ST AR AL B KM /N BURD
T2 KM /) B 75 A D 1) ) A1, 22 3 a0k 47 o B
A IEEE R FPRE AlA Y A R R A8 Y A S AR
B, IR IGE St A R /)N B 5t % Z AR RS 2
TEE,

AHFFEXT KM /SRR T BEAR 38 1L 2544 647 4%
Br AR AL T KM /N BRast %15 S8, st PR S g0/

B PR RIF 5 L ] 2 A £ S 42 T 3 W A 5% A BT
i, N HERT KM ARl S AT 5T 4T BE 0l DU A S bR
HEAL TR
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strac ecific-pathogen-free igs have been developed to prevent specific pig diseases and are
Abstract Specific-pathogen-fi (SPF) pigs h b developed p pecific pig di d
important not only in the pig production industry, but also in life science research, and the production of biological
products. Here, we review research progress on pathogen control and the quality control procedures applied to the
production of SPF pigs throughout the world. We also provide an overview of the method for the purification of pathogens
from SPF pigs, and briefly discuss the current applications of SPF pigs and potential future developments.
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SPF J# il 25 He AR T 22 50 4R AR i 56 F 9 A
PN N7 K2 George Young 1A 57, fliz FH 1
JE 7 FARITE A A SR o0 10T O B A= 7 ) SPF
Mo BEESERE R B PRE EE L EE
[ i 22 s s A | R iz e RO A L H
AR S5 [ G X S 5 FEBUR SCRE T, /37 SPF R i
FE PP BN E ZE 2, il 8 SPF MAE bRifE, 4%
PG 2 B i, T ] SR A T 1 R s A 7
FAE IR SRR HeAT SPF BT, HET R
b, BRSEZAE R AL T SPF B IAENLF . Hedn,
S 1 ¢ SPF $% N GIE ML # ( National SPF Swine
Accrediting Agency ,NSSAA ) il i il &2 SPF F&#E 1A
P, S SRS 57 57 37 0 AR BRAS A %k b TR Y
J Sl R IR A A R v D B i T
SGETBORSE R AR P2 08 P B AR A P 2 B
2> ( Danish Bacon and Meat Council, DBMC) H
1968 4R LKL F13 SPF 41141 BLA 300 £
NG SPF RO HE SREERE ™ L% SPF #HE
HE/NEURE R EE (Ellegaard Gottingen /NEE 2N 7)) 1
#2015 4F, MPECE L T P SPE AL REFRT 40 24>
SPF $& BHH B ARE I EENL T 20 DA FE AR LR
WAREE S HAS SPF O B2 o7 T 1969 4R, 70
EATF I X AME)T SPE B, B AT N IR, £ IR
SPF # 3% 5 & 8 i 190 4>, 2 i H A K S5 50 1
5% T 9. 7% 1) SPF BEIEFIZY 10% 1) SPF A
¥ (http . //www. j-spf. com/) , & [E 57 X 1R 2%
PATE T 1982 SRS SPF SEB TR S8 ] SPF
/NEUSE R SPF SRR B AR KRB IX, Jb 5T SPF
WEFAE TR IT R SPF MBS iz T
1988 AF7RHA T W ZFHZE L T s BHLBOG “ SPF
RGIFREWIE” s Z G 1L E AR 2= B T
B OBk e e R RO B 2 e ey 2K U B BE T Y BT
SRS IR ST SPEF MR P HE R4, TR SPY 4
ARG B A

1 SPF 3%HREEH

XF SPF i S JoT et 42 1 32 200 St A% i
BT 3 Ky,
1.1 EEREEH

At R B AR A B GE B T SPF R
FREE R S5, U022 28 19 4 HRE 200 4 o2 S 50
SPF MERFMIE T . “ & 73" A - S A T S 8
SPF &R BEAFI 5 A P~ A O B R B A

AR R TAE, § SR R 2R R EF R RS
i AR U A S0 SPE A,

H A, 55T 4 3L PR 41 ) B IR 22 5 1% (SNP)
FRig i AR L R 20 B A A, B 75 R AR
R TIAREF TAEMH HTFBZ —, Wil T SPF
ORI EE ST R A AR BE G 1k 3% B8 w148 SPF 4%
BE XA AR SBEAT R 2 K R 0T, R 45 A 2%
GORRRBORPTA FEAS [ RS L5 5L | B AE A (8] 1L
G TG O ; 0 8 3k A A, e SR/ B A
i, BEBCTHRIRAT G, 78 UL FR R IR 2Z /i, 1
OB AR FL A S, kAR Pk e RS AR
FAC A ARSI T 38 6 EL A A I BT A A B
WHZ AR, ArePERE I SPF Mk & M, A%
NI SR EER b 1 NS N A 0 E 1 RN R IR P
2, RWME R M EACH, RARNAKE T, A
TR Hb I 2 SPF 220 B B3I 38 R B HE K
1.2 FEHEEYREESH

Xt SPF & A R 1A 17 5 45 A~ 50 19 11 IR
UEHE , AR R PRGN . XF A AR 18 B B %
AR AR DR A7 BT, o 98 B A P ORI A | 3
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Table 1 Pathogen control of SPF pigs in different countries

Ko 5 S| P Bt (BN
Test item China Denmark USA Japan

i v v
Swine fever
F i
Foot and mouth disease
gtk B %
Transmissible gastroenteritis of swine
A 45 R
Brucella
BRI
Pseudorabies
5 A LY g
Haematopinus suis and Sarcoptes suis
i
Mycoplasmal pneumonia of swine
Swine infectious atrophic rhinitis
e e M 5 il 5%
Porcine infectious pleuropneumonia
. vV
Swine dysentery
FKIEH
Swine vesicular disease
S B v
Toxoplasmosis
B R v
Leptospirosis
T R R B 5
Porcine reproductive and respiratory syndrome
WTATIERTE
Porcine epidemic diarrhea
br AR SR P
Pasteurellosis
IEBERR TR
Swine streptococesis
AT 2 B 58
Japanese encephalitis
U IRER
Salmonellosis
TR BER
Porcine circovirus
B IR
Swine influenza
B IR BN
Swine fungal skin disease
TV A5 B SPF R s 4R bR O B Y SPF B st 465

Note. V. Pathogen control indexes of SPF swine in different countries. [J]. The added pathogen control indexes of SPF swine

< <L

<
< LKL

< << <L

(8]
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[ Abstract]  The large number of smokers has had a broad effect on society. Nicotine is one of the most widely
concerning components of cigarette smoke. Long-term intake of nicotine can lead to nicotine dependence that affects higher
brain functions, which may involve anxiety, leaming and memory impairments, and abnormal decision-making. To
facilitate analyzing the molecular mechanisms of nicotine dependence, it is common to establish rodent nicotinoid
dependence models to better understand the physiological changes. This review summarizes and evaluates studies of the
behavior in nicotine-dependent animal models to provide a reliable reference for researchers to establish rodent nicotine-
dependent models for evaluation.
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Figure 1 Three major nervous systems project to related areas of the brain
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Figure 2 Behavioral evaluation of nicotine dependence models in rodents
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Figure 3 Experimental data acquisition and analysis process
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[ Abstract]  The mechanisms involved in learning and memory are complex and the forms of expression are diverse.
The process of learning and memory involves signal recognition, information acquisition, consolidation, reproduction, and
reconsolidation. Memory information includes image memory, sound memory, olfactory memory, and spatial location
memory. Information can be divided into short-term memory and long-term memory according to how long it is stored.
Behavioral experiments are the main method to evaluate learning and memory. To date, scientists have established a variety
of behavioral experimental method in rats and mice to evaluate learning and memory. In this paper, the experimental
method of behavioral learning and memory are classified and summarized for the first time, and different evaluation method
are listed for the different experimental types. Our review provides a reference for behavioral experiment-based learning and
memory research, and related product development.
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Table 1 Classification of common learning and memory behavior experiments
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Wk (RS ) FEmES BRI o W) A
%ﬁif-\ ﬁ{;&% e FEIA i it ﬂf s T Byt &
Object location L Non-associative Declarative . Spontaneous
. Acquisition . Spatial memory . No
recognition task learning memory activity
W RISk i PRATES KA PO el I
Episodic memory T Non-associative Declarative Spontaneous .
. Acquisition . Non-spatial memory .. No
experiment learning memory activity
LN TAVAS R e C[3:f i B ¥ U TR 4 ez A FI 52 i 2 J B =
Sequential memory R ? Non-associative Declarative Spontaneous -
. Acquisition . Non-spatial memory .. No
experiment learning memory activity
[ 7H ) 1l
sreE Ry O ST WAWEY BRI AR AR .
Acquisition,, 2 &
Reward based S Associative Procedural Spatial memory and
. consolidation . . ’ Reward Yes
operating test . learning memory non-spatial memory
and reproduction
PeAF JLE I | BIF I )
(TIPS | e e e IR
. cquisition, consolidation Associative Procedural
Self-administration test . . Non-spatial memory Reward No
and reproduction learning memory
Bt BB PE A 1R U AT IUE TR 14y 2 5 BIFIEIC.  FERCICHEER EC ES H
Defensive based Acquisition, consolidation Associative Procedural Spatial memory and S =
. . . . Punishment Yes
operating test and reproduction learning memory non-spatial memory
i e A 7 A% ILE HRG T2 o) (Y5 STy VAR 11 VTRl AP 1B | S v S H
Touch-screen Acquisition, consolidation Associative Procedural Spatial memory and R el q YZE
ewar es
testing method and reproduction learning memory non-spatial memory w ®
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ATLAB B A TG L R L

ARk LIAMIE B AR B 75 1 10 sh 47 S 5256 07 i
SRR E KRS, BAT S 90T7 v 2 1E T e 1]

= AEAT AR S SR BURN 3 A, DA B 1E 2 2 A A

e ERAL AN F S, AT, 38 TR A5 R R A 5

({4

, PATERAEAE 55 I A9 AR B 75 12 E AR 3R

RTINS, 27 > 02 A T D S s i o A 15
il BBERORAL SRR BEAL . R IE O 6
FEAR PR ERSE (A it | e 8 AR 2 ) RETE Y
a2 HARNIRA, 5 AR AR R 2R LY
B¢ T ICACAT R SRR AR I 23 BT O %, L IE AL
PRS2 58 B W)~ 10 AL AT R SE 6 T 0k K B RiT
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[H#E] FIRKIEBIE (Alzheimer’ s disease , AD) VE A — i WL IR i 2218 A7 1 05 , ™ o5 ) 2 4E 18
M B OB S A i, BSR4 AD Shffisd  JUHUR S R A B4 AT AR AL RO B FFIE Y AD B8 X AD
BIRHUE BRI T B R L, ARG Tk DLl D-2): ZLH% ( D-galactose, D-gal ) & D-gal Z54 B
TERREEE I (amyloid B-protein, AR) FEZEK AICL, NaNO, 45 AD s BRI ik, WEEHIES AD HIHLIH <>
TR, USSR R RAE SO PR 2T 405 AR B Tau £ 3% 55975 LR A8 1 J3 X0 45 i A7 Wk i AT IF- M
RIS, LA AD sl i £ Ft oy S R e .

[RBIR]  BTIRIOMGEERG ; D-2F 20 ; SRR ; 432 43R
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Classification and research progress on animal models of
Alzheimer’ s disease prepared by D-galactose

WEI Yuting, ZHU Tiantian, SU Mingli, JIA Jing, YAN Xingke "

(College of Acupuncture-Moxibustion and Tuina, Gansu University of CM, Lanzhou 730000, China)
Corresponding author: YAN Xingke. E-mail: yanxingke@ 126. com

[ Abstract]  As a common neurodegenerative disease, Alzheimer’s disease (AD) seriously affects the physical and
mental health, and the quality of life, of patients. The preparation of AD animal models is therefore of significance,
especially models that can effectively replicate abnormal behavioral, biochemical, and pathological changes. In this review,
the method of preparing AD animal models based on D-galactose alone, and D-galactose combined with an amyloid beta
protein (AB) oligomer, AlICl;, and NaNO, were summarized. The mechanism of drug-induced AD, the presentation of
impaired learning memory, and pathological changes such as oxidative stress, inflammatory reactions, neuron damage, and
AP and Tau aggregation are evaluated and discussed to provide a reference for future studies involving AD animal models.
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BT R % 165 BR 9 ( Alzheimer’ s disease, AD) J&—
T 5 A5 PR IR ) R Ml A 22 IR AT PR, T
M 2 A RO B O B BRER A 06 T A
L FRIE AD B T 1000 J70 (5 4Bk ]
B 25% , BRAR BE 2 A A 45 Ml XS [) R JE 1) 2
45 AMHIAMEIBE B FEMIFESE FH (amyloid beta protein,
AB) ULBUE ALY % 4 BE (senile plaque, SP) K2 41 fifd 4
Tau M # B 1k 51 & 1 #l & JC 27 4 95 45
(neurofibrillary tangles, NFTs) & AD f%) 32 5 Bl F
fEST BT, AD (Y R R & 9 L it G 8
W, E NN TCRSOR YT B, U B AD 1708
SR B RAAE 4 B A5 R X ) B G220 1 e L
B SR 2500 A 5 B R R L

UTAER IR AD SRR DL H AR
PREEA(SAM /N VFE D O AU A S5 KM AD
R X AR BR ALy 4 T Y BEAEL AD SR AT
2 A Al R B O RRAE E R A R
AV M I/ RUAEHF IR IR 22 18 ~ 24 F %, AL
K, ELRE A 2 BB i ik A 2 1 IRAS A B RSBl
ZAEE W T SER i AR R S AT AR S b
M AR R 1T A2 A BURE, FEBA e ) B 22, ok i
BRI PR 5 B DRI BC Y AN A5 B 555, 7E — € PR B IR
il AR R VG, A, A T e B e AL
S5 DA S R AR AD LAY AN A AR B AE R 4
TSP 22 B P 2 W) 25, (H X 28 B — A A R0 52 1) 7
2, HBE M — A B R e AD BOSR ERHLT, R BB K
MRS AD 2B SR RHIE, Ak, B
A AEBL R TR AD 2[R 2 B0 B R AL, R
MHT AD WAL AR o DL D2 LU
(D-galactose , D-gal ) 1755 1Y 5 2 AR R JE Al AL & 2
AT 25 SRR G A 1 AD SR
W o ASSOMNAT A2 Koo B2 2l A8 £ BE X D-gal Be H
S5 HABZ Y 2 W5 KM AD BEBUHEAT T 25 R
PEMT, DR 4 5 TR AW SR 2%

1 E4i D-gal 558 AD shiiEEY

1.1 D-gal FRZEZRNIE

R R, KW D-gal , 25 5 3006 15 25 3h )
PR A S o, AT N o, o 22 oo Bt a2 K
SRR 2 TR A R AL R e 2 7
W BB RL 51 D-gal 75 & 5 B9 E AL
IR i A S B RE AR 9 ™ A i 22 9 3 4
4 (reactive oxygen species, ROS) ") 3 4% %8 B 9t

A AL B A L W B Ak B ( superoxide dismutase,
SOD) i S b S ( catalase, CAT) 2515 PEFEAK, &
FHUAXT A I HEATEBRBE D T R, A B B R R
EHERE IR T A0 25k R e, (AR LA Z 4R E
ZRGYIRENWERT MO, D-gal B E M HLHI
W5 SR BRIE AR AE SN S 1A Ty BE I % I KL 4
S A
1.2 D-gal £l AD s

WL, D-gal 53 1 S W B R B 32 51, 38
23 BN ARG A AT Sy 2 36 B K I B e il 28
TCUE/ AR URE R ) 1 AR S B AR AL B
P Y D-gal 4 19 AD Sh AL RS 245 ) i 7
100 ~ 200 mg/kg, IERIFE AL R 6 ~ 12 J,

(1) P45 AB \Tau £ FH YRR, BRI Z 0L

D-gal i Al & i%, AR . Tau 25 H By S0 R I8
ZotHifi, Yu PR T D-gal XK B R WA
2% Morris 7K B 32 , T BTN R BR39K st vER £R 0] AE
K HRZ BRI B ) R 3 S CAL X
GRS BE AT, Tau 25 113 FE B IR ALK F- T, 58
SRR DGR 1 TR R | A M W S ) o R A
A FEHE A G D-gal 23 NV Th X 28 fil 461
P MATT TR e AR W 3RIA (HR B 46 215
TSP, KB AE IR S, D-gal T BUR 1R
SRS VERRAR R 9T SO FI D RE IR | o 5 X 5
fih AR s U D | RO T A 22 26 1 - 1 ( PHF-1) J0AR, T
PHF J& NFTs 19 2 15 2 —, Liang 55" (5%
W] D-gal KRN 2 38 M S X AR FHHAYTIAA,

(2) PSRRI AAE N

D-gal 52 il 9 AD 2l My 45 54 32 Bt ALK S AL
TR X G AE SN R B EICAE o Budni 851 5T
K, D-gal HEH 4 JEJ5 , KB BT HC 12 M A &
PREDIREIER |6 J8 J5 30 i 25 e A2 B i, JL AT 40
P Rl ORI b A ey 2 (A W B 52 5 0 ) T R 4
AR LA A K 1) ROS, H B Sk 5B, iE
ST EARS S AD BRI RN R AT Y AH DG JT 4R
R ZORL A RE B A Y S R T RE S 5 R AL S AL i
Hixt B AD 5> FHLEI Z — . Ali %77 BB 5 o BA
B AR B 5 i D vk s 05 1 A/ B 3 ) 2
> R C A T RE , 175 T A0 ML AL R 5 I
HhZAFFEAAE th D-gal T 023 AR 2 P 4n Jib
JREIRFEIR T-o (tumor necrosis factor-a, TNF-a) | 24
a4 -1 (interleukin-1B, IL-18 ) & Ay BT , 175 & 1k
TNEHUARY R AE SV . Rehman 251 %% Bl D-gal &
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il AD BERL, Hag oz~ 0402, 18 3R 22 04T
RO TR s e e 3 H A A E S AR AR
PR PR

HEAh  He 552 BF5E B D-gal & il 19 AD 4%
Bz >1 i A2 T RE Ry ISR T BE 5 A0 Tl e
T 35 (2 A 45 30 B S P 5 & TR X ARAE Sz, B
5l 18 WA ) - T - B 0% R DDA oG, T
Mansour 55" BIF5E & B, 2 B 4 K BRUBLAN B9 4 45
& D-gal IIETES R, KB 25 1 B4 8] 2 2 3 12
LA RARRIIRE R B A, AL T RE 518 Ay ik
WIS AR UUAY Tau 25 3 BEBE IR AL ; 39 m
NOX-1,TNF-o 5 JAE N F- 1) 2235 5 it 1o $72 % MPC-1
FI GluR 1T 455 2t 5 | 2 A P 22 B4 FH LA B
5 PI3K/ Akt/mTOR {555 38 i 1437 1 , 410 1) 40 /i A
WESEAH G, PR HLUACHE PR & 2 iy el 8 2 5 2
AD KA AT R AL
2 D-gal A EMME S AD 314
1EE

B L3R B D-gal 37 AD ShRRISN
AWML D-gal 53 2 M6l - BC A BA
MATEIER 25 W Rk 2 45 05kl & AD shHy il
A FEATHE D-gal BKG AR ZEEERAK D-gal BXG =
FALER (AICL,) | D-gal 64T AR 4H (NaNo, ) ,
2.1 D-gal BX& AP HERKE
2.1.1 AR EEERMAFE A AD rpLAR

AB JE M B E By M AT K K F1 ( B-amyloid
precursor protein, APP) 28 -3 U T Fll B-43 W4 il 19
K= =Y DR AR AT R FEE IE
P 240 B R iR 2 kAT SR U T AR I S
W2 LRGN HA w2 AR, % A5 R A
], AR 7T 43 S BLAA SEIRAK R LT 4 3 BETE N h
TR R A AR MR E S AD B FH N M I GEkRE
MR AR SERME N 5 N-F3E-D-K
% R R % & ( N-methyl-D-aspartic acid receptor,
NMDAR) | o- 5 J-3-F2 3 -5-F J-4- 5 W Z 4K (-
amino-3-hydroxy-5-methyL-4-isoxazole-propionic  acid
receptor, AMPAR ) | it 28 JC 38 181 9 JBE 5 % 52 1K
(insulin receptor,Ins R) &¢I 456G, i B A [R5 =18
PSRN A B N, S B 22 e I T, A
AR SERULER, ST ALIA N T Be R A . D-
cal BKE AR RERKE H| AD ShPEIAIRT, D-gal 7
HoM 50 ~ 150 mg/kg, AR JHHE N 2 ~ 5 uL, WA JE
w26 ~ 74,

2.1.2 D-gal I0H AR REERIKZ ] AD Shtsinl

(D AEHE AR R4E, Tau 5 FIBERR L, 1015l 4
TCHS ST fE

D-gal 5 AR BRI E & B LR
T AD RZHZh AR B Tau FHBERR L S22 T
Dl g B 2E AR AE . Ye 55 R B D-gal BEA AB,s_ss
TR AR B2 8] 27 20 KA e A2t | 4G 4 B LA o
X TCR IS 2 1, BE R AL Tau (p-Tau) F5 H 3%
IKIEHN, Deng %0 (UBFFEIESE T D-gal BEA AB,s_ss
LRSI B4 AD 27 2 ic 2 D RENGE i AT R
SR BAF S AD A2 APP Tau 2 FH £k
I ARZICR TR B AR, SRR AEDT YT AT R
W] D-gal KA AB,_,, B il (1 sh A A 2 e B IA
I REIRGR it 2 OB S A A8 A2 45 1) S el g
{EXF AB,_,, BRI T,

(2) R IRGRRE R 45, BEARPT &L TIRE, 51 &
iE S

D-gal BeH AR KRR E A X il 177 48
BT 5 AD K AHE 1 rhoAx IRAR RE Th AR | i 4
PR 45 B R A S A Uk, E BRORUY BIF 5T kR,
D-gal BE AR, is Z il AD R BB | 22 2) [ 25
(3012 D) RE A2 451, () s 25 il 28 28 v 2 gk ALk 7
(acetylcholinesterase , AChE ) 1 P B & 7t 57, 2 B K
SUHBRAE R 5852, Zhang 25" W SLBG 45 R 5 |
ST —E, AR, PR 2 45 4 920 ARk T B
WK BRmbt A A AR 7, 1 st b Bt 15, Bk 3
7 SOD TE PR, MDA R EE T+, LA, e /Y
IR BT R F TNF-a J2 1L-18 5 &
WEMEZHNE .,
2.2 D-gal BE& AICL,
2.2.1 AICL, 5%k AD ROHLER

BRCAD) ZEMR N 3 BRSO I H B4k 46
i BB AE T AE VAR SO BRAG ) A5 KB, AD
BEWALUP Al (S EBEA S ALES AD
SRR AT R . — D5 T Al A2, il i AL
TR 23R B ROS A= B £ |, Bi AL g 0% MR AR, £
JIR I R 0 AR 1) 45 44 AT BE S, 5 S04 it
TE AR, 51 & ADM P S — i, AL i i
T =S IR B4 IAEE NG M T APP [3R3A
oK fife o B2, BE O B 4 20 AR B9 A R, Bl R
ADMS) A AL ] DLE SR Y 2 e A
AR A 5, 5 3 Tau 85 1 12 5 Wi 1R AL AL 52 3
BAE JEMIE A NFTs' ) D-gal B4 AICL, & 1l AD



[ S B 2022 4F 10 A4S 30 %45 6 ] Acta Lab Anim Sci Sin, October 2022, Vol. 30, No. 6 849

SRR, AS [R] 438 B P 1 A 22 5K, 1
BEWZ 6 ~ 12 4,
2.2.2 D-gal B4 AICL, B AD Sl

D-gal A AICL, & il AD BIRI 0] H 31 AR,
Tau 25 [ 2 1536 0 22 40 it 08 T B AR BE &R S5t
5 RO I8 B S A S s P A A o e e
K D-gal B AICL #4519 AD K BB 2% ) i
TZIBEZ A0, KM e A 22 0 Tau B D AB
R E RN, 513 b GSH-Px, SOD i 1 F B,
MDA 7K V-3, R ALK UG 22 AR S5 EE H
Az B B AL O A, BL AR ARk A TR F- Al 2K A
Chiroma %5'* W T D-gal BE A AICL, T 5 K B
FIAT R A O R A | 45 51 B 7R B R K B 12 VA
REWGR | 5 5 Tau 8 A & A ad BERS R fL o0 As , HL
AN A 40 . Mahdi 2587 (0T 5%t 32 W%
MRS ] 7 s 25 5 R R B A 448 50 45 4 R0 8 i 11 57
HEAE , BN R RAE R . T 2D A5
KRIR aEAR 2 ST ) AD B2 SR L AE IR
SRR AE TR , 8] s HE BRI LD i 22 50 5% Ml 4245
AChE JH M35 A2 R 7R 2 ra e i i
FEAR A B AE . L4, Song AUV o I D-gal Bk
A AICL, 102 RE /)N BRURN 2 20 PN b 22366 o 1 8
DL i R I ZE L, X S IE S S AD 1 kA
KB
2.3 D-gal BX& TEFEER$A (NaNO, )
2.3.1 NaNO, #5% AD RyHLH

NaNO, J&—F &L, PUR RS A 2215 F 1
ZLAE R I A R A Bl — Ak T i e K i £T
HE PR ZUEA, 51 A0 N A T S Ca™ 3 £ |
I ER A BORG In, — T O R LR R A AR
N, B H B R R B 2A ( protein phosphatase
2A,PP2A) TG ME T %, BRI ST B R E AR
BEIR 3 59— 7 TBH IR E NFT, BOTE R, o, 7E R 1
EE T NaNO, S5l NO,NO SiBAE & F454
A i SO RS R, NO R S8 W0 A BR 36 mT L
Tau M W3 E BRI, S AD B &£
D-gal A NaNO, & il AD ShPRE RIS 25 H = %
£ HTE D-gal 120 mg/kg Fll NaNO, 90 mg/kg, 3155
WM 60 d,
2.3.2  D-gal B4 NaNO, &l AD ShiytsiR

D-gal KA NaNO, Z il () AD 3h 15 A Z Rk
HIRBREE 2R G405 | P X S I S Ak 95 9
HRERAE SR EAR 40V 38 1t D-gal BEA NaNO, &

AT HSI Y AD B 22 5] e e fig, fz 2414
MDA IL-6 , TNF-a 7 i {2 3 7t & , SOD , GSH-Px i
PERRAG , F BB R Py [ by 567 i 2 0, i 2% 1A
TFREIAIG N, Zhang 450 B0 5 UE 5L T U0 AP B
ST AD FE7 3R I bl 28 RORE N B SR AL B AR
A i s B R A ) B, KRRV I Bz o IR I R
AChE 7KF-T1&E , Ach 1 ChE & 5 FRA% , 2 1% 15
JHAKfE R G AZ B E . Wang SR, Y D-gal
(9 R A/ NE 1250 me/ kg, 23 A0 1 8 ik 20 41
H1 SOD 1 PE K& GSH 7K, JF 2317521 5 CA1 ,CA3 |
CA4 X oot ,

HRIEBUA SRk, B45 T 1R JLRE AD sh# B Al
I 5 7 AT s R BRI BE AR (WL 1) fiBE
TANIE AD SR B RVERAE ( ILER 2) .

3 iR

S ELE AD 47 25 26 BRI B AR AL AR AE 1K 3
PIRALE YA B LR YT AD B 25 R R IR
WEEFBAEMA, IE W LL D-gal Jy3EAE A AD
SRR £ VL B4 D-gal \D-gal B& AR KEE
& D-gal B AICL, S D-gal B4 NaNO, b3,

MIRRE & R F |, D-gal TP 4T AD 124
ERRL R, MAT S ERIE, Fibigk & il i o)
YIRS RE AR B 2% ) i iC e 2 30 AT R
FEHIGR AD BF AR R, MR EA: fh iR
B A BCR BRI 2 45 U T AD /YRR
IR (ERRE NN iR 3 AN S €1 Ok S =
AW 1 2L [F] SR T RS R AUR R A Ak
W RAE RN, SO RS T ESE AD AR Ak I
L ZE SRAE 1) P ZE ML K F kBt 84k 4 il pp
PRIEHIM LY, A, D-gal \D-gal X4 AR 255
RIK D-gal BA AICL, FIELHL AD 2T, AB
BTN Tau B 2T B W R Ak 1) s BE 02, ol H T 4F
5% AD W ITEEH 32 0 s DI BE FE 5 22 AB | Tau 5 2
PR S E IR INZEAILI & Z M 10 259 T 100 AD 19
YEFI ML, D-gal BEG AR K E RBIK D-gal Bk &
AICl, \D-gal B¢ NaNO, tLAERS YR ARG AE D) AE , T
AD JHBSAE 2 48 25 L0 BURRAE | 38 FH T 5% AE i
RE RGPS AD KA I P ML BT IR
B2 ROTF Y . D-gal \D-gal K5 AICL, ¥ K
TE RS TR AR DG R B, mT T — 2 5 14 5
FRRFGE AD M CZ PR N AERLTIERTT . AH e
& ,D-gal 455 AR KZERK AICL, & A B AL 1
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SR TV BT, 5 R B AL £ A R, T AR
filt D-gal 454G AICL, 52 R ALIE HI P e o

B iRk B A —E R, &%, BA
AP SCRRARE 2 48 D-gal FIBLSTE W NFTs B9 325
BT PHE AHILZEDL T AW, 25 G2 25915
SREBAHSCHTIT, HEWT HAR I R A2 T
BUA A A R B 20 S 5 TS J2 SE IR I AR
5 Tau 25 (977 A SR /2, AR RSERIKAT B
FEASAL AD AO4F AR PR AR, (R B E PR AM 45
2 SRR Z 8] (4 AR AR HTAIAILAA R 728 A i 1

FEYIR I LI RE GV P HLER AR — 2 TR s 1 Sy —Fh
BIG5PER 3, 2 3ot JE S B L 8L 7= A= 845 . NaNoO, A%
B g —Fp AL H, HoE S0 Tau & A E B RRILA
REFHEBR A 1 IR S Ab 38 JROF- i 7= A 9 J5 8000, AIC,
RE[AIIST T AR AR S % Tau 25 11 BERR 1k A1 3R 46 1
PR CERTT 5, BRSO B AD AT o 34 2 AR 1)
WAEDLH . SR 5, D-gal \ AR 285 4K ALCL, |
NaNO, ¥ H s M2 5 AR = ik Tau &
I BERE R fh 1) 2 A, (H 35 V5 Y AR BB 48 7 AD
SPEAIRIE S L SP | NFTs, 40 A] ge SRS

R D-PFUREG & AD ShW BRI BT 2 A7 oR A I g Bk s

Table 1 Specific methods, behavioral manifestations and pathological changes of ad animal model prepared by D-galactose method

PR
Pathological changes

W s Uik (PR
Models  Animal Method Behavior features
120 me/ke BT 8 o kit BB 1, G
SIEN LA BRI L
SD rat intraperiton(;al injection {Vlorris ‘TX/ater Maze { MW(I}/I g ]_Zscafe
for 8 weeks atency | , target quadrant dwell time
L0 ek BURTEAT oo gk s O 1 5T
SD KB 150 e/ ke HUE |
SD rat intraperitoneal injection N{VVfM ES?%PC .latf?n(:y T, target-
for 12 weeks plattorm crossing times
Mnrri§ JK KB kR VR AR Y T\J SF ZIZT%
N BN 1B L % |5 0 3 S 4%, i ) B
J119]0 mg/ kg, I TESS 6 %,lﬂzwéc L G IXCIRIZ Sy 1]
SSDDjCEFL‘ 100 mg/kg, MWM. Escape latency T, percentage of
ra intraperitoneal injection  dwell time in the target quadrant
for 6 weeks Open-field test. Movement distance | ,
upright times | , ratio of movement time
in the central area |
120 me/kis JEBTERET yors kit SRR T, R
ok 1 BT |
D;gejl SD rat intraperitoneal _injection MWM.  Escape latency T, target
TR for 7 weeks quadrant dwell time
D-gal
model
100 /g, HE F 1.2, 539280 P R PO SR |
Wistar 7 il 4.6.8 Jii IR E R T
Wistar rat 100 mg/kg, irrigation  Open-field test: the number of horizontal
starral - gomach for 1, 2, 4, and vertical activities |
6, 8 weeks 8-arm radial maze. incubation period 1
S Morris 7K 25 RS R T AR g
120 me/ke LA 8 pytieanton | yooks 1 B3840
FIAB/NL Hl

Albino mice

SD K
SD rat

A,

120 mg/kg,
intraperitoneal injection
for 8 weeks

J1}9}0 me/ kg, I FEGT 7
100 mg/kg,

intraperitoneal injection
for 7 weeks

MWM. Escape latency T, target
quadrant dwell time | . Y-maze. The
percentage of spontaneous alternation i

Morris kB2 . - AW 1 T2
KGRI V0 B2

MWM. Platform latency 1, average
swimming  speed Y-maze. The
percentage of spontaneous alternation |

Wb B GEBE BE L, PSDOS |, SYPL L p-Tau T,
GSK3R/mTOR {5 5@ I i 1 12V

Hippocampus. The density of dendritic spines | , PSD95
L, SYPT |. p-Tau T, the activity of GSK3B/MTOR
signaling pathway T (2t

W Lh ML T AB Ly, T3 p-ERK |, p-CREB
L ERa (MM EZ I o) |1
Hippocampus. Neuronal structural disorder. AB,_, 1.

pl—klesfﬁ L, p-CREB |. ERa ( estrogen receptor o)

W s AR | RAIE SRR PHF-1(NFTs (19 &
B4 TPIBK T ,AKT T, p-AKT T ,mTOR 1 12!
Hippocampus. The number of synapses | , abnormal
synaptic morphology. PHF-1( main components of NFTs)
T, PI3KT, AKT 1, p-AKT 1, mTOR 1 [#

MELh W U S5 W AR T, NF«B T IL-1B T,
TNF-ae T3 MAP-2 |, SOD |, CAT |, ROS 1, MDA
1 [24]

Hippocampus. Abnormal neuronal structure. AB T. NF-
«B T, IL-1B T, TNF-a 1. MAP-2 |, SOD |, CAT
|, ROS T, MDA 124

WETh 55 4.6 .8 KT MDA T BREESE 5 1 BUANT B
JEANEETY 55 1.2.4.6 H1 8 JH I L (A I 45 52 5 )
1L TR IV A3 10220

Hippocampus. MDA and carbonyl protein at week 4, 6
and 8 1. Prefrontal cortex and hippocampus. The activity
of mitochondrial respiratory chain complexes I, II, II-III
and TV at week 1,2,4,6 and 8 T [25-26]

94Ty

L. SYP | ,PSD95 | ;BACE-11T ,APP T AR T ;NF-
kB T, TNF-a 1, IL-18 T ; SIRT1 |, NrF-2 | , HO-1
l [27]

Hippocampus. SYP | ,PSD95 | . BACE-1T, APP T,
AR T. NF-kB 1, TNF-a T, IL-18 T. SIRT1 | , NrF-2
|, HO-1 | '*")

KRR D, SYP |, STX | 5p-JNK T, Bax |, BeL-2
|, Bax/BcL-2 1 ; BACE-1 T, RAGE T, AR T ; GFAP
1 ;ROS T MDA T ;NF-KB 1 ,iNOS T ,TNF-o T [%*
Cortex and hippocampus. SYP | | STX |. p-JNK T,
Bax 1, BeL-2 | , Bax/BcL-21. BACE-171, RAGE T,
ABT. GFAP 1. ROS T, MDA 1. NF-KB T, iNOS
T, TNF-a 112
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S Ttk (P E= 32 9o BE kR
Models  Animal Method Behavior features Pathological changes
MLy CAL DX Tba-1 (B 45k 8 1 49 7-1) 1
mﬁ¢§€§§§%mﬂn<@%mmﬁal%g
= b Sk bk R - DAO( A ,S-1008 T ,TLR4/NF-«B &
120 me/keg, B TE S 8 Moris ACH S IAHEMN T RS oyt ) | 571008 B
SSDDj(LFﬁ Jél . . FRA ] o Hippocampal CAl region. Iba-1 ( Ionized calcium
rat 120 mg/ kg, intraperitoneal ~MWM. Escape latency T, target bindingadaptor ~ molecule-1 ) Serum.  LPS
injection for 8 weeks quadrant dwell time | (Tipopolysaccharide) 1 , ZO-1 ( Zonula occludens-1)
L', DAO ( Diamine oxidase) 1, S-1008 T, the
activity of TLR4/NF-kB signaling pathway 1 [2]
SRR Sy W IC S SR D ARy, T 5 p-
tau T ; NOX-1 ( NADPH % fL Bf-1) T, TNF-a T ;
Gﬁhﬁ-ll(ﬁ’ﬁﬁa‘i%ﬁﬁi H% 1 MPCl}(\%%ﬁE%@%
e L sy S — L R-1) T ;p38 MAPK T , HER-2 B NS
Morris 7K 2K 2 # S IR I 1 ) HAR SR ¥§17|i)2) TP,ERR-a(ﬂt@izfz?JEK&PFa))T(,PBK/

Wistar KR

Wistar rat
SD KR
SD rat
D-o:
A
BT
D-gal
combined
with AR SD K,
model  SD rat
SD R
SD rat
PN
SD rat
SD KR
SD rat

150 mg/kg, M6 % 7E 5 8
150 mg/kg, intraperitoneal
injection for 8 weeks

D-gal 100 mg/kg, M8 J¥E 1
G142 d, 55 21 Kl ok
955 pL £y ABs-3s

D-gal 100 mg/kg,
intraperitoneal injection for
42 d, and injection 5 pL
of ABys_35 in hippocampus
at 21st day

D-gal 150 mg/kg, 16 s 1
7S RS T
852 pL 2] ABas 35

D-gal 150 mg/kg,
intraperitoneal injection for
7 weeks, and injection 2
L of ABys 35 in
hippocampus at 5th week

D-gal 0. 125 g/kg, FiiF
B RS 40 d, 55 40 K
V’/E—:E‘Tij‘zgj‘ AB]_42

D-gal 0. 125g/kg,
subcutaneous injection on
the nape back for 40 d,
and injection AB, 4 in
hippocampus at 40th day

D-gal 150 mg/ke, KR
gt 6 J8, 5 7 R T
4 nmol/L ) ABys_3s
D-gal 150 mg/kg,
subcutaneous injection for
6 weeks, and injection 4
nmol/L  of AB,s_35 in

hippocampus at 7th week

D-gal 0.05 g/ke, J Ji TE
856 JA, 505 7 R S
2 pL B AB g

D-gal 0.05 g/kg,
intraperitoneal injection for
6 weeks, and injection 2
wL of AB,_y in
hippocampus at 7th week

PR BRI E) | 3BTl R U« A i
B HmiREIee )y |

MWM. Escape latency 1, target
quadrant dwell time |. Novel object
recognition. Preference index | , new
object recognition ability

Morrs K2 27 MERHE RN 1 F 5%
FRAERITT] | 2 S 5 AR
MWM. Escape latency T, target
quadrant dwell time | , target-platform
crossing times |

Morris KK SRR | 555 F
BIRE]
MWM. Escape latency T,

platform crossing times

target-

Morris 7K 2K 5 # s ER I T, AT B
1

MWM. Escape latency T, swimming
distance

Morris 7J(Jiglﬁﬁ?§ﬁ(/ﬁﬁ T HS
B Pl vk s |

MWM. Eescape latency T, swimming
distance in target quadrant

rlijli%“ﬂlléﬁ::iﬁﬂﬁ!ilﬁﬁ T
H,

Avoidance training. The number of
escape reactions 1, duration of electric
shock

Akt/mTOR {5 S3m i AE | 1

Cortex and hippocampus ; abnormal neuronal structure.
Hippocampus. AB,_,, 7. p-tau T. NOX-1 (NADPH
oxidase 1) 1, TNF-a T. GluR-II ( Glutamate receptor
2) 1, MPC-1 ( Mitochondrial pyruvate carrier-1) T .
p38 MAPK 1. HER-2 ( Human epidermal growth
factor receptor-2 ) T, ERR-a ( Estrogen-related
receptor-2) T, the activity of PI3K/Akt/mTOR
signaling pathway | (301

15 W ZICEE ) 58 s p-tau T, CaM-CaMKIV 55
AR T 5

Hippocampus. Abnormal neuronal structure. p-tau T ,
the activity of CaM-CaMKIV signaling pathway 1 (331

)2 A SYP | ; APP T ;tau T | caspase-3 T
Na+/K+-ATP | ; Glu T, ¢-GABA | ; AChE T, ACh
1;SOD | ,CAT | ,GSH-Px | ,MDA 1 3¢

Cortex and hippocampus. SYP | . APP 1. tau I s
caspase-3 1. Na+/K+-ATP | . Glu ! , c-GABA | .
AChE T, ACh |. SOD |, CAT |, GSH-Px |,
MDA 1 B3¢

T S TEEE R SR L% . SOD | MDA T | g i
SRCRIRFEE | BT

Hippocampus. Abnormal neuronal structure. Serum.
SOD |, MDA T, thymus index and spleen index
! [37]

#Eh . AChE T, ChAT | ;80D | ,MDA 1 ;TNF-a T,
T-11 038

Hippocampus. AChE T, ChAT | . SOD |, MDA T.
TNF-a 1, 1L-1 1 (38

B MEITTEERE AT R T B2,
Bax 1, Caspase 3 1, Caspase 9 T, Bax/BcL-2 T
AC[hE]T,ChE 1, ChAT F;MDAT,ROST,SOD
L

Hippocampus. Abnormal neuron morphology, neuron
apoptosis rate T, Bel-2 |, Bax T, Caspase 3 T,
Caspase9 1, Bax/BcL-21. AChE T, ChE T, ChAT
l. MDA T, ROST, soD | [®!
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Models  Animal Method Behavior features Pathological changes
JiE 1% 13 5t D-gal (180 mg/
kg) BK G H AlCL (15 .
me/kg) , F45 12 Ji Morris K227 JGREEIN 1, 56 150 ABw T, ABp TipTau T MDAT, GSH |,
SD KL lnlrapen'mneal injection of  HEL] sop | [47]
SDrat  D-gal ( 180 'mg/kg ) MWM. FEscape latency 1, target- Hippocampus. ABy T, ABy 7. p-Taul. MDA T,
i'f)onr;l:zl}f(if }Vﬁgl]_‘ (iri]'sga;i;? platform crossing times | GSH | , sop | (47
3
kg) for 12 weeks
(e 1 AICLEL 300 e 514 A LR | )
kg) A1 AICL; (200 mg/ Lk 3P Y A e i 5 BceL-2 mRNA | , Caspase-3
Wistar B ke) 10 Mo(r}r\l;;k B PR AR ) T, T mRNAT PP2Al GSK- 3[3 T 1 [48]
V%; " ‘bt‘h Intraperitoneal injection of l\?WM Esce Jateney 1 tareet- Hlppocampus The number of pyramidal cells | . Bel-
STl nogal (60 mg/kg) and latform Cr:;‘iige tin?e:my > lATee 2 mRNA |, Caspase-3 mRNA T, PP2A l the
AICL; (200 mg/kg) for 10 P rossing fumes activity of GSK-3p 1 14
weeks
H’Eﬂﬁfﬁf EEigal(60< g/
ke) Zia#EH AlCl; (200 2
D-sol me/ke) F54% 10 Ji] Mo A ST 1 FH B MmN WA MDA T,
Bea Wistar K il Inlraperitoneal injection of B f2= 85 s ) | . > siyestin v
AICL ) Hippocampus.  Abnormal neuronal = structure. The
3 Wistarrat D-gal ( 60 mg/kg ) MWM. Escape latency 1, target . o
361 A ] .S "0 . number of neurons MDA 1 , SOD ! , GSH 1
s combined with irrigation  quadrant dwell time | . (497
D-gal stomach of AIC1;(200 mg/ Nestin | . GFAP |
combined kg) for 10 weeks
with
AlCl, Morris 7K 3K ; Jgiﬁi?ﬁﬁgﬁﬂ 1.5 ¥
model BL—F fﬂ] Docal( 120 me/ z‘;ﬂ’](Aﬁ[ﬁ]l N /\%F’Ef’?’%ﬁﬂm lﬁ%ﬁ
; L ‘%%A(ICI A BEDR VI WA R0 L BIR VU g e e s M S Na® /KT -ATP BRIEHE | ;5 p-
g) G 3 ( BEJ) L At I BCBE S T e, Y T CLAT | ACHE T 3 GSHLPx | SOD |, MDA
C57BL/6 mykg) a:}-ﬂ‘gt 60 d l T .TNF- T IL- 6T IL-1 T [50]
JINER Subcutaneous injection of MWM. Escape ldtcncy T, target- 5 ol i B o
C57BL/6 D-gal ( 120 mg/kg ) platform crossing times , target Hippocampus. - Abnormal - neuronal %tructl{re. The
mice combined with irrigation quadrant dwell time |. Novel object activity of Na'/K'-ATP | .= p-Tau . ChAT |,
stomach of AIC1;(200 mg/  recognition. Preference index | , new AChE'T. GSH- szo% SOD l MDA . TNF-a T,
kg) for 60 d object recognition ability L. Open-field IL- 61, IL-18 1
test. Movement time in the central area
D-gal (120 mg/ . - —
B TER B0 50 Momis AR BN 1 FARG T KEITAE R A8 | T 1 PIK/AKY
mg/kg) , F54E 10 & = ga ) | o5 k& S5 86 . IRk | GS3B{n7ﬁ%{ﬁﬁ[£lj[ﬂl{H -HT | (DA ||
ICR /ML Intraperitoneal injection of ﬁ&?ﬁj\ﬁ}z | 1 ﬁABAi s it ﬁ[f]ﬁjﬂil}*]l 1 AB 1.
ICR mice D-gal ( 120 me/ kg ) scape atency , target 1ppocampus abnormal neuronal structure. A
combined with imieation quadrant dwell time | . Step-down test.  p-Tau 1. The activity of PI3K/Akt/GS-38 signaling
sz)maluh of XIICI (130g rrio/ Incubation period | , the number of pathway Serum. 5-HT |, DA |, GABA |.
ke) for 10 weekz & errors T Dysbactcriusism'
2 VAT Dogal (120 my  Momis Pl 0 SRR GCR [ 5P LE
ke) B NaNO, (90 mg/  FTUCAC o BECHIHE. ARM L L BRAL4L MDA TS0 |, GSH-Px | 5116 T TN
ke) F5%5 60 d VR T MR AL | 41 SOD |, GSH-Px 5116 T, TNF-a
KM /R g8/ o =s P MWM. E%cdpe latency T, target- 10
Subcutaneous injection of
KM mice D- ai (120 ng)k ) and platform crossing times 1. Step-down Braln tissue. MDA T, SOD ! , GSH-Px L. 161 s
Na%\IO (90 rlng/k g) for( test. Incubation period | , the number of ~ TNF-q 1 [
60 d 2 & errors Tl Step-through test. Incubation
period
D-gal e .
A EJEE VE A D-gal (120 g/ Morris 2K 2 g JEBE OV 1, F b %
NaNO, kg) Al NaNO, (90 mg/ PRECUCH | s BEE I BRI L ioggint i R 25 , BDNF | TekB | ;ACh |, AChE
i kg) 545 60 d B T RERTSCHR N | 1 ,ChAT | SODl GSH | 5IL-1p 1 ,1L-10 | '
R gm JINER g) 35 MWM. Escape latency 1 target B
D-gal KM mi Intraperitoneal injection of drant P L }1 S’t d 2 Prefr()ntdl cortex dl‘ld hlppo(,dm us. BDNF l TrkB
combined © ™ D-gal (120 mg/kg) and P lj“fs'“g 'Tlef the mup e ACh |, AChE T, ChAT I"son L, GSH L.
with NaNO, (90 mg/kg) for es r%cu ;10[1 Eerw 1 eInu‘mb)‘e{O ”4-1BT 1010 L 5%
NaNO, 60 d errorbd tep-through test. Incubation
erio
model P

KM /R
KM mice

s i &t D-gal (11250
mg/kg) Fl NaNO, (90 mg/
kg) , 4L 8 JH

Intraperitoneal injection of
D-gal (1250 mg/kg) and
NaNO, (90 mg/kg) for 8

weeks

Morris 7K 38 5 - b BEHS R T, HAR S
PR A5 B ) |
MWM.  Escape

quadrant dwell time

latency T, target

I 28 6

LR S W I ZE 41 AChE 1 ;S0D 1,
GSH 1 ,MDA 1 ,CAT | [

Hlppocampus Abnormal neuronal structure. Brain
tissue. AChE 1. SOD T, GSH T, MDA T, CAT
! [56]
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Table 2 Summary of characteristics of AD animal model prepared by D-galactose method

T
Models

AR

Cognitive performance

B
Pathological changes

ERR RS

Main advantages and disadvantages

D-gal i1
D-gal model

D-gal &
AR 1A
D-gal combined
with AR model

D-gal A
AICI, 7Y
D-gal combined
with AICl; model

D-gal BX &
NaNO, 5%
D-gal combined
with NaNO,

model

23 )% 2] B 1042 (25 18)
W I 2, AR IRRIIGE
R Bk, % A 1 [ A, 32 3R
gp[21-30]
Spatial ~ learning  disorder,
memory ( spatial, short-term,
habit) impairment, spontaneous

exploration dysfunction,
decreased excitability ,
bradykinesia [21-30]

23 [] 2 > AR 1014 (& 8] L
W) 3240, 12 Bl Sy s )
Spatial ~ learning  disorder,
memory ( spatial, short-term )
impairment , ability
[35-39]

sports

damage

28] 2 2] B 142 (2510 L
W) ThaewGR , A A RER I hE
R A, H0 58 TR BE ) & 40, K

e [47-51]

i

Spatial ~ learning  disorder,

memory ( spatial, short-term )

impairment , spontaneous
exploration dysfunction,
impaired  visual  recognition,

abnormal horizontal movement

function, anxiety state 47-51]

23 )% 2] B 1242 (25 18) A
1) SRS

Spatial ~ learning  disorder,
memory ( spatial, short-term )

: : [54-56]
impairment

AB %$[22,24,z7—28,30] Tau Eaﬂgﬁéﬁﬁ%[zl,zz,m]
géﬁmjﬁ,f/ﬁ[zl,ﬂ,ﬂ—zsi , ?L’J%Aﬁég*@%ﬁjzz,m,zs,soj , E
W I 20 M g RS S B ko R
m[24,27—30] ,éﬂiﬂ@ E' Uﬁ*jﬁ'fﬁml‘m] 7%:'& lih‘#jiﬂaizg]

22,24,27-28,30
[22,04,27-28.30] Tau

synaptic

AB aggregation

hyperphosphorylation*! B,30]
.. [21,23,27-28]
injury s
[22,24,28,30]

neuronal
[28]
,

abnormal

structure proliferation

[24,27-30]
s

astrocyte

24-28] . .
L ! , inflammatory reaction

[29]

oxidative damage

(21.30] dysbacteriosis

autophagy injury
AR AP Tauw H L RO I fE R 4
B ST, M T
oSBT AR O e i Y s
T R i S 1)

AB aggregati()n[%] , Tau hyperphosphorylation*
[36,38-39]

35-36]
s

cholinergic system damage , synaptic injury[%] s
neuronal

[26,37-39]
)

neuronal structure or

[35,37,39]
’

abnormal

apoptosis oxidative damage

[38]

inflammatory reaction" ™" | abnormal synthesis or release

of neurotransmitlers”ﬂ

AB A Tau [ B BERR AL 0 R
AE RGBT M T M e s Y &k
7700 R SRl LD
2o TR Ay BRI S 3 Y
AB aggregation
47-48,50-51]

[47,51] Tau

hyperphosphorylation* cholinergic

[50]

system

, abnormal neuronal structure or neuronal
[48-51] [47,49-50]
, ,

damage

oxidative damage

[49-50]

apoptosis

inflammatory reaction , imbalance in the intestinal

[51]

abnormal release  of

[51]

flora synthesis  or

neurotransmitters

FRGRAE R G0 M e n gk a0 Ak
4%[54—56] ﬁéﬁﬁﬁi:‘m'm

Cholinergic system damageus*56J , abnormal neuronal

structurel > | oxidative damage[54_56] ,  inflammatory
. [54-55]

reaction

TR AU B ]G,
AD A B R F) 9 AE BIL R AS
ik

Aging model features outstanding.
Modeling time is long, the internal
mechanism  of  AD  specific
pathological changes is not clear

AD 28 Mg BECIS AH T B 4 5 366 5
MERE TS, I ZRAK, 259 o3 A 4R
T ORFFE AU AB TR
BORE A

The classic pathological changes of
AD are relatively obvious; modeling
is difficult and the success rate is
distribution  is

low, the drug

concentrated,  which  does not
conform to the characteristics of AR
dispersion and distribution in brain
tissue

ARAE A THT (AL H0L AD I PR B 5 5
He AR F I D-gal FI AICL, (i
2R,

It can comprehensively simulate the
clinical , pathological and
biochemical manifestations of AD;
the dosage of D-gal and AlCl; varies

greatly

24 e R 3 AR A ST AR R B —
AR RAEAN Tau I 1133 B W e 1L
4 AR A I 2

Drug dosage and modeling cycle are
relatively unified. The pathological
features of AR aggregation and Tau
hyperphosphorylation are not
obvious

il H 245 2 T R S S R AR G, 255
TPes ), 7E—E B L, AT RE s TR A5 G
DX AR ZEMLAA A5 A 1) e fft I T 2 A 50 Tau 4R
FIRR R AL/ 2R AL 1 Tl 28 G0 05 M W R A2 3 P 5
Wi, RS IR AR Bt BEBE IR 1L Y Tau 25 1A 2
LB B SP 5 NFTs,, # 7l A 5E 9 2k L, inis
TR (R AN [ 3R] 26 0] B S A @A SR 400, LA
WA AR 75 2 A AD A9 LR B B AR | 25 BN
S G HTRIBETETT 18], A BFSEIN O AR BE DA R T RE
fit3 (mild cognitive impairment, MCI) YER AD B9 F- 11

B, HEh YRR 5 AD S BRIAR L, I B4R T
AD IR ARAE I R o DA BN R A B 1 g B
R B SCHRARAE T D-gal B v g iRk
IEFERE MCL S BB A A e 52 X R B
UG FREE AR T 2 KN 25 7] o B il A psf
[ 251 T, AT LAAS 10 5 BRAR Y MCT 3 ) 5
R HR AR 2% 7 vk 18 1 20 W o 28 R AT i
AR, — 7 TG 2 15 S AD 1 2454 1 1B
— 2T ) S 56 s st S S0 PR Ak 5N AR 2
AT 5 75— T, ASTRIAR IS 1 S 56 S 6 B0 AD 251
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Applicability of zebrafish larvae in the research of acute kidney injury
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[ Abstract]  As an emerging vertebrate animal model, zebrafish have been widely used in human disease research.
Although simple in form, the larval pronephros is similar to the mammal kidney in terms of histological structure, gene
expression, and functional complexity. Furthermore, the response of zebrafish larvae to kidney damage is similar to that of
mammals. Because of their unique features and other advantages, zebrafish larvae present a useful model for research into
kidney development and disease. This review discusses the applicability of zebrafish larvae in research into acute kidney
injury based on the biological characteristics of the pronephros, the pathogenic mechanisms involved, and the advantages

for kidney injury research.
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P450( cytochrome450, CYP450) , 1T AHAR 4 il R 5 —
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1B TEPERITTE, O 1 ik B T A0 4 £ X 24 ) 1 I WO
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3.2 HIB&EMES AFER ETEEUR

BE bt 4 o e R B Al — X B B
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wtlb JA ST HIEE) Tg (wilb; GFP) 4% 3 K BE 1 fa |
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Advances in the application of multimodal ultrasound in animal models of
rheumatoid arthritis
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[ Abstract]  Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by synovial inflammation ,
which can lead to joint deformity and dysfunction. Animal models of RA simulate the pathological and physiological
processes of its occurrence and development, and are widely used in RA studies. Multimodal ultrasound technology allows
qualitative and quantitative diagnosis of RA, monitors changes in conditions, evaluates drug efficacy, and guides local
administration and targeted therapy, providing an accurate evaluation method for research of RA animals. This article
reviews the application of multimodal ultrasound in the diagnosis and treatment of RA animal models.

[ Keywords] rheumatoid arthritis; multimodal ultrasound; animal model
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A B A ] T TN B oK TR AE Y3 T A
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BRI b 58, T2 T 2 Mo 1) 2 4L
AHEFE BRI A R LR R R Y
ZUIRER AR I T B, b Tl R AR Y
A PSR H A T AT R A AR A SR
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CIA R Bl 27 I e e o e i 2 5 N RA A DL
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ATA JEHERI 5 N RA AHARL, A 4 156 il = D7 i
PSR (R A B — 5 E B O ) — 5
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585 1L-1o ™ e B DRI R /N B, 32788 FH 1 4 SR TR 4 P 91
GINTBFSE TL-1B FE S KGR B I E D R
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PR AL A Tl 75 D i PR 2 B B B [m]
FORLRE LRt P I TR AR AT R A
FRE P2 BT T I AR A O 1 I RO O HER , 5 MR
BWEERAT G BA B S5 AR AR OL 3, E X
B B SR R . Sl A B E R
AT RS I T RA BERL I AR 1Y PP Al U T
P RERE ARSI S SCAT RV o KB R X RA A
R A2 7™ B R T HEAT S BT, O RA 12081 &
TR PPN SR HER B S

220 e P R VA IS AL 3L, TE VR AR /N Bl O
T h B B HMEN . T RA BEALE
22 ) 7R A RO AL AR R (0 22 3 ) IR R
(color doppler flow imaging, CDFI) F1fE & 22 3% #l) 1,
1% ( power doppler imaging, PDI) , CDFI #] F £ & &)
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PR ANTT 6] (72 A, H A2 60 0 8 A0RE I £ B A4 i 1
PRSI , G2 I 235 R 08 S AR R 22 5%, PDI 42 I
R 7R REB5 500 BE | HOMURS A 5 5 B8 HOpk T UK
2T 20 MR B 1 22 /0 | i PDI REAS 7R 50 %
P4 AL D), A 31 o /0 I AT 1AL 3 B 5 s
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MLFAF S, XN AL Y I A5 5 A HBOCR IE AN
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WA, DR i e e R 22 05 e P T ) %o T R
A MBI AR K i IR AT P 4, B E R IR R 0
KW Sekudlarek TTA3HR1EN . RA S 2505
H15:7% Sekudlarek P53 % ¥ B ML BEAT 43 9: 0 43,
T wmfF5 ;1 70, DV ORI AE 552 43, 2 KR
AR B SRAR MR A 5, S0 280 T AN T 0 5 T AR —
253 0 WRCIR  RER A5 =, B TRl B
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BB LA, BE 98 5 I b 7 RA T 6% 1l Y 8 03 1%
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SR, TR G RE < JE] I 252 2, e T Y I G o, 4 o

SR> J FEIZH 2R

i) 1Z Tl R 19 SonoVue , 52 56 A v FH 19 48
P SR, I E A A R L 1) 3 52 0], RISk 2 ik
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]38 5% ), 5 48 0 i kb b Y I A N R AR KT
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TE ATA REUOCTT RA U B mkik 725y 12w b
R AR 1 RAE AL
2.3 BEEVMEME

FRUE A 75 e PRl RA BERL ELAG A AT 1, 72
VRTEREASEI0 o0 ) — s Wy A7 % e 2o A s {1
RA 58 By ¥y 3 # 1A BY /0N 8 75 o B R AT) AN
N A A W) AR (ultrasound  biomicroscope,
UBM ) H =5 4146 RE & R i 3 0 23 8 75 AR B, AR
JEUBILS K 7 AR 8L, AR Sk 77 A4 40 ~ 100 MHz
AR Ik e, 7 — 5 3 Rl P R [l 1 e Pk 41 41, G B 1) G
53R ] B F el S UM 5 (5 5 4 IR — 5 L A1l pk
JRCR NI R 18] 1 45 2 5 2 il R TR B B b
S0, AT GO B | T s AR SR AN [R] 4 4L 45 4
HBEM A, 43 B0 0, WodE ] TR R A 2O A,
I R FH T IRRL 9 25 Y G 20 7 sh A A o
UBM J5 LR T/ BLO L2220 JR 82T CIA
R BRSNS BRUEES i o g Gl 270 A B
¢ 575 UBM ]/ WA b 08 7 398 JEL A T R A= i A 2
KT RS 2 RA SEIR IR BRI AR 7 ik
DS H UBM MEEIR 2B LN CIA K RUT
RYSENE IS BAE AR LU #5, WAEW] T UBM %)
CIA K2 B o 1 W S SO ¢ BAT B hs
AR E
3 BHEEATE RA BHUHRGT S
i Rz F
3.1 BE3ISFRIFERMNXCTRRES

DAAE: S 30 AF 5% PR 35 B 3 40 BEL A AR 5 B2 4k BE
S, T3 NS B i AR e R TR R OR B EOR A
T RNE RGBT PLYRAX — BB, SEBTE TG 7R
HESEENAS AL RA W S T FUR 7 2%, IF LA 27
ORI R, 5B 45 R AT AR O 3 A, AT
VR TAE RA B AT TP R R e 1200
PG R T B 45 25 2 A, M T 25 W TE R
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TR, U84 B 2R 2 T B R . IR I 4
WFFE R A 5 15 OG5 i PN T S 40 K 28k 24 J0kE
1BY7 RA IR HEIE /N, 78 RA JRYP R A &
BB, AT O A S B TR e 2
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3.2 BEEmEETT
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VTR T AR 5 kO S e R A g
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TR 32 5 B O AT R A S e R M A, 1 3 B RA
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TR GAFE ] IR BTAARTE RA PR RINAYT v 9 AT A7 M A 2%
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[FZE]  BYEmERG (TBI) VR —Fh ™ B U0 0, e i AR SR T AR e 9 R N 22—, FAE TBI
SR T G 7™ T P D BE B AT R B8 ) BEAS, H H W R B2 AR T R . A2 T AN (NSCs) /R S
WM R G VSRR M, W] Z il i 28 3R R oA AR 28 2 S [ 48 R G L, /E TBI W3R 7 h R
FAEH, SRR R, 5 N IEPE NSCs FIRARAME M NSCs A= #1128 504 AT e TBI SR 78 i) fi fii 453 40
SEAR . ASSCRESE TBI A Aok B | Rcte g Mo il B B s ( CCL) BRI RF SR 42, 43 3 2538 T 175 5 N IR % NSCs
P TTRBAR SME M NSCs 78 CCL SR it hi; FHE e, LUESA TBI VYT $E A i ST

[X8iA]  BUGPERRERG ; WZ T A0A ; 7 B B b h A2 5 e 5 R R
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Research progress of neural stem cells in repairing CCI traumatic brain
injury model

WANG Yinghua'?, ZHAO Ya®, GUO Wenwen>’, LIU Ke*?, Al Qingyan'" , SHI Changhong®*

(1. Yan’ an University School of Medicine, Yan’an 716000, China. 2. Laboratory Animal Center, Air Force Military
Medical University, Xi”an 710032. 3. Gansu University of Traditional Chinese Medicine, Lanzhou 730030)
Corresponding author: SHI Changhong. E-mail: changhong@ fmmu. edu. cn; Al Qingyan. E-mail: aqy_2001@ 163. com

[ Abstract]  Traumatic brain injury (TBI) is a severe craniocerebral injury and a main cause of death and disability
in young adults. Patients with severe TBI exhibit severe neurological deficits and behavioral disorders, but there is no
effective treatment strategy. Neural stem cells (NSCs) are multipotent cells in the central nervous system, which secrete
neurotrophic factors, differentiate into central and peripheral nervous system cell types, and play an important role in the
treatment of TBI. Recent studies in animal models have demonstrated that the induction of endogenous NSCs and
transplantation of regenerative neurons from exogenous NSCs can improve the symptoms in TBI animal models. Among the
various TBI models, the cortical impact injury model has the most promising application in research of TBI treatments
because of its accuracy and easy manipulation. Thus, in this review, we focus on cortical impact injury models to
summarize their progress in the induction of endogenous NSCs to regenerate neurons and transplantation of exogenous NSCs
to provide a new therapeutic strategy for TBI.

[ Keywords] traumatic brain injury; neural stem cells; cortical impact injury model; endogenous; exogenous
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A5 i #5145 ( traumatic brain injury , TBI) f&
A0 AR B B A 1S 1 o 235 4 460 3 8 i 2
RE A AE 3RS Ak, W 3 0 il 350 20 A AE T | B i R P
LA K ARG 4 55 | 11T AT B S B0 BOK AT Y
MEINRERNG . TBI A 2t F AR A5
TAIBRPE I R R 22— ARG 4 AR R
PEMUE RS TBI 53 IR AR O FI Ak K P4 45 . 24
SKARERAZ B A0y o S P 0 20 TR T R R
P4 ek e LA R Pt A Ay 3 e A S A
P, it 25 i A2 98 DAL 1 4 0 . I P ¢ J5 40 L ) 38
5 LA KA i B 9 240 M 08 Ak, TE 0T 12 19 9 4E J
WSS ik 5% B ( blood brain barrier, BBB ) A%
I EAC N A E R %A PR R Bl 2 R,
T 75 A6 LA A P o i A 7 e 452 i R Sy
ESUNINE Y R cEinY/TA

M2 T 40 (neural stem cell, NSCs) B #5 1iE #H
S —METER TBLIRYT T B, nl AR5 3% SCHr Y
PP SO, T RE 8 43 AL AN G B 1 0K
e, LAY TBL, J85 PIRYE NSCs hfE LA RS
FEAMIEPE NSCs, Y977 DLHEATH 548 52 FRf 28 200 i 7
A R B 28 T RE A N TR T TR ST
TBI SRR THRZ TBI A HLAE B 2 ML F IF
RTERIRYY T-BC G EE 0T i 2 1 40 i an
ARUANAYT TBIL, — > 5 2 B 57 B il 2 7R T A A
AR, b FE R He BT ip A8 AY (cortical impact
injury,, CCT) "2 3 1 o g 22 2 B R JEE 5% B F 1] L)
S FE RG] DA 7 A 1) TR 285 2 722 Ak R Ak
P, BT AR B0, 5 1im R W€ 3]
PRI AT Ry AR I 10 A 88 65 Ry ARARA, T B e A
N [97 S R VI AR A 3 BIRE D R AP
W /I BSUH S FBUIGE JRR I O 461 72 T Mg 7 A4 A |, 7E
PIERZ [A]DE rP A — 2 R 00 10 6 3k i B AR Ah AR
PP SIS E] (AR /N B 6 55 ) AT AN R &
PR Bl SR A e B I T 7 b 7 5058 DIER TR
T S AR NE | I A O A5 0 i 5 S B M A IR DL T, 8
PR 05 FT o, 45 AL 2AH 7 A AR s a5, 3T
IR IEAT e FUE ' g SOk 7E A () g il
FLAhWy 5] HEA T [ B E 400405 2 800 TBI (A,
H MR R E RN L, AR R
ARSI 0 S H (I R) R BERTER ) T
SEAMEZE SR /N AR E , LT AT RSN I R
FiAs 2SR A A5 R AR, Bk TBI e 8 FH A A
AU, P, AR AR CCLiE S/ TBI 314, 43 el ik

YR NSCs A5 10 41 it 7 A2 A AR TR NSCs FE A
TE CCI FE7  f 4 F MIL ) B Ho i o 0k e, DL Ry
TBI BY#P 26 2 S48 TR T %

1 WiREME#HE T 4B ( endogenous
neural stem cells)

IR IE NSCs & — M E TG RS, v 4l
MBI, BA B IR o i oo KoL
Rt 2 5 B A L ) 22 0 RE A0 I . 30 4F SR AF 5T
W TEMAEFL B Y 09 % X By BOIRIR Rk
HHES B RGN S AT A, K
) i 25 B 18 25 8 R X ( subventricular zone , SVZ) I
T S5 U5 IR 0] B 50k R )2 (subgranular zone, SGZ) J&
77 AE N NSCs SR BRI X ik % SVZ
AP NSCs T 28 W) il 3 7 3t ( rostral migratory
stream, RMS ) iF # 2 WLER . 7E lb ok B2 vh, IR P
NSCs Zid AW S 5E 704k, & 8 9 MU i sk rp
R I0, 2 5 A 28 0 B AR 0 i g 2 B IR
SGZ BN EIE NSCs AT LA ) 1T B 2 0k 240 i )=
TEM R B A BB 200, A AN B P2
W, 2522 Mg IEw ML PR
NSCs — Al T BOIR S, 24 52 2 1 B 4545 405 s
40 TBI ARk L e 42055, AR NSCs PT80S 176
BRI NSCs, JFZEZ R Al M X1 R4 L AR
RASEGE | IEF I Ak 2 T R R 28 I o A0 i
( BIE I o 20 e A /D 5 Jie B 2 )

1.1 AT RIFEERETHEEST TBI

XV IR NSCs 3697 TBI, 78 CCI il 4 19
TBI /MU HY O A R AFSE, P4k, 78 CCI il 4
(14 TBI /| USSR v 2 3K M Bz Jo AT 55 X P 28 7T
SR BRI T =l FAR B )i 220 R ( triiodothyronine
T3) ASE L F WA T3 PRk T B 52 B 2ok 14, DT
Bij Ik P 22 JCAE T, HAR HE NSCs [0] BB RH 2878 1 53
1k, B TBI R AT R lkks >

BAEMRAE/NE TBL K47 d J5 i HBER
fia] /I8 BRUAE 700 i =5 3 A A T I A P B A K TR
(vascular endothelial growth factor, VEGF) #£47I877,
R IL/INERL TBI s 28 (4B 25 00/ 0N , B335 o7 1l 45 A=
AR T D] L B2 T2 1) 4 B 3 5 o3 Ak m) i o 4
i, R GBS 1 A O 2 HCk B IR 5 4 i A
DO B AN, WA D E R R Z T, R TBI &4
J&  HNBEE VEGE 7] LU i 75 5 NSCs H i bt %
TIHe , By b 28 J A RN A8 A i, R HE A e AR A
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PE— 5 & B Akt (protein kinase B) {55 18
BEAE TBLRYT h R HEF B4R > R sE R ]
SNEE VEGE IR i /i Ak f5-5 10 s A 4 ol
SR VER, T4 5K 2 11 324K 2 %Y (angiotensin
II receptor type 2, AT2) 3 3)i5f CGP42112A 1 L4l
REE T A O AP Ake AR AN IR Y R 12
(extracellular-regulated kinases1/2, ERK1/2) A9 18
AL S 228 R I A e R K 73R8 O
FL{2E TBI J& SVZ J& SGZ 1) NSCs ¥4 % 434k e iF
B AN, DA I S R R A B R S
FB S B K -1 (insulin-like growth factor 1,
IGF-1) J& , T & Akt BERR 1L M2 F GFAP 25 11
VLA R R G T A0 L B 3 5 DT A i v i 22
TCIAE , RAEM A0 E T, 28 TBI S Al
BHRE
1.2 HRMEHETHEMEINEERST TBI FENEE
o) &%

75 TBI KAJ5 , N UEPE NSCs 762 F 4 g R 5|
PaERED VR T K AR 34 5E A% 0 o1k, i e
BRI Fpl 22 ] SR | kst TBI S 300y A k0 AN
BN, BAREA KRR NIEYE NSCs 78
)7 TBL AR ] (AT 77— L Rl

(1) NIEHE NSCs TEMR N R 240 T8 BRI
A A5 A E 52 B 451 R PRHES Ak A i BR 1 NSCs,
HEMTIERS 434k i 2 oo MBS ST 4A i, 18 &2 TBI J5 1
it AT 2 — L WS (2) 78 CCL 5 AL 2l
b IR B 4 R 22 RO A IR 1 T R O R T A
L, U 38 3 Ak S R A i 22 00 (U X s
OGRS T A, M Die s 2D e e =,
T o) 5 A Ak g B 22T, E T TBI =
FIFR 2 DI REBE AT, o2 H i PR ) H N LR 22—
(3) B AE 20 i ) £ H AAF T% A8 24 2 A BR Y, 2 fig
SEANIEE (AR A - R R D) 4 TS e A= 4
HUAOECE | 32 i A 2 A TP (4) 2 Ry
HEFH 28 2R 58 (central nervous system, CNS) N ) NSCs
PEBR 7R B HON 0 B, HAGEAR 2D (5) TBI JS 91
WA R0 o0k, T8 B IRB /e A
B, RBETE 47 (19 SEBLIGRYT TBT B H iy R,
BB 12 AN NSCs 677 TBI,

2 SMNIRE MR ZE T 4 BE ( exogenous
neural stem cells)

TBI 2S5 A 05 0 2241 50T i 2k A

A, IRTE NSCs 1A IR, SMIRTE NSCs —J7 i
AT LIGE A 2 5 R k450 403 30 0 235 4 1 T | A
FHNLINREPERY SR I R AR NI o I 208
Fr R, DT 23 ot 28 T BB s % 5 93 — J7 T 346 ] LA
Wl fE E N EALH, B, RS R |
FEAHAMIEME NSCs &R — MG ST I 17 2 A 2%
AT J7 ¥k, ANEE NSCs 35 B4 15 IR i T 41 i
(embryonic stem cells, ESCs ) . 2 g % A& 4H 41 Ay
( multipotent adult progenitor cell, MAPCs) A4 22
T4 (adult neural stem cells, NSCs) 155 £ g
Y (induced pluripotent stem cells,iPSCs) A M [8] 58
41 9 ( mesenchymal stem cell, MSCs ) &5 & 5 A8 #f
LT, TSRS I SRR NSCs 1z
T TBI SRR IR
2.1 BEIMNEMEEZETHARETT TBI

B ANE G+ 40 i9 (human embryonic stem cell,
hESC) AAE I KM 2 B A E] CC1 75 S A FL B IR
A e P Bl B ( severe combined immunodeficiencies,
SCID) /NS B v 2 B A 110 2 4% B 78/ B 32 4
BB A A IF o AL K Y NSCs, B A 31
A A ZETT R I I J5T 240 L ) TR 9, DA T AR A b
2o 5 AP R, R 2 T 48 MY (human
neural stem cells, hNSCs) 7E K 7P RS A A4 PN 447 3% 3k
FIVRETRCR 22 78 37 A - Q0 b 28 e Jo 400 e s M o 2278
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GDNF) | Jisi I8 1 #f 28 8 5% [ F ( brain derived
neurotrophic factor, BDNF) , 3 &l 28 78 37 [K 1 1] fiE
#E TBL S IAFIIIREIRE

£ CCI il # 19 TBI K SRR v i o e ok i 4
Z e (MAPCs) , & BUTE 40 L3697 5 i 2
PRI MAPCs RT3k il o 5 e, J-32F— 25 3 i 2
PR TR /0N 52 I 200 L,/ 5 1 40 P 9080 1 >R U 355 4 300 o
ZEHNE SN, TR AR T 10 22 T AR I B 200
HIZHEE , KA NI 2B S PR, o TBI 5 4241
R IF s 25 )2 S e 1Y

£ TBI 4 W& Ja 1l AR5 42 13 AR NSCs
TG s NS, & SRS A5 1 A NSCs AN (WG 1
(sonic hedgehog, Shh) {55 5 i [ 78 1 9 A B AE <
+ O 2 AR T 03 S5 DR RIS %) 5 I B O fie
Jo 2 14 A= /DN R S5 40/ e 200 TR A PTG
25 N NSC B A AT #5602 TBI IS BB 28 RAT , AT
AE -5 1 2 40 AR EL AR ORI SVZ AR NSCs /9
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TE N Al %5 1 57 JT ( medial frontal cortex, mFC)
CCI il My KRB AR ) TR B 7 d G &
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XU iPSC e B NG IR B2 W, if—
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L P AETE 3 SR A SR ) DL o A K

153, SEHE MSCs J8Y7 TBI 9755, K, PL MSCs
Ry FEA AR I A L AR A2 R T TBI J&— LAY
AR

FESNEAE NSCs 1677 TBI [ sh il v | [ i
FEAH AT LA KA B AR RS A HE T S, R S A B 7
T EEGF RS A AE I R AE A 3 5 ) #4850 o
b, XELHMEPE NSCs B Al #F A g5 FAR AL AT 43
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3 BEERE
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117, BT A i & v R S b, i AT
N TBI J5 W #2248 52 R A AT & — AN g i H
bro AKERBFFEC R, 0 A E M NSCs i+ &
(20 B P D) R B AR AN ME NSCs #4177 203 TBI J&
3

CCI 5 5 1 TBI sh ¥ B A v Ay 1y 9 T
NSCs $it A7 R, PRt , anfer 45 P NSCs ZER Y
FA T S oAk, I 2 SR 5 | S feff 1) ok 28 o0
] 32 7% B4 5 807, i HA I A7 37 2 H i i 1 32
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