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[ Abstract] Objective To investigate whether there are sex differences in inflammatory bowel disease (IBD)
among the offspring of mice with IBD. Methods BALB/c female mice were randomly divided into Naive and DSS groups.
The mice in the Naive group drank autoclaved water freely, and the DSS group freely drank 2% dextran sodium sulfate
(DSS) for 7 days before it was replaced with autoclaved water for 10 days. A total of 3 ~ 4 cycles were applied, and the

IBD female mice were paired with healthy male mice in cages. When the pups were 8 weeks old, they were divided into the
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Con group and IBD group. The Con group drank autoclaved water freely for 7 days, and the IBD group drank 3% DSS for
7 days. During the modeling period, disease activity index was scored by monitoring body weight, fecal consistency, and
the presence of blood in stool every day. Pathological sections were taken to observe changes in goblet cells and the mucus
layer of colon tissues. The concentrations of interleukin (IL)-6, TL-1B, T1.-33, and IL-10 in the colon were detected by
enzyme-linked immunosorbent assay. Real-time quantitative PCR was used to determine the mRNA expression levels of
tight-junction proteins and MUC-2 in the colon. Results Compared with female IBD mice, male IBD mice had higher DAI
scores, significantly shorter colons, larger amounts of inflammatory infiltrate, more crypt abnormalities, and a higher
absence of goblet cells in the colon; their relative mRNA expression of occludin mRNA was significantly reduced, levels of
IL-6 and I1.-33 were significantly increased, and level of IL.-10 was significantly decreased. Conclusions The symptoms
of colitis in the offspring of IBD mice were more severe in male than in female mice, a result that was mainly attributed to
the more severely impaired intestinal epithelial barrier function in males.

inflammatory bowel disease; colitis; inflammatory response; epithelial barrier; gut barrier
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Table 2 Histopathology scoring system for colonic sections
Inflammatory infiltration Mucosal injury Crypt injury Extent of disease Score
0
None None None None
1/3 o
Mild Mucous layer Proximal basement membrane 1/3 1% ~ 25% !
2/3 . .
Moderate Mucosa and submucosa Proximal basement membrane 2/3 26% ~ 50% 2
Severe Whole layer of mucosa Epithelial layer 1% ~ 15% 3
N N Full layer failure 76% ~ 100% 4
3 RT-gPCR
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:A:DAI B: C: ;D HE

; ; ; ;E. HE ;  Naive ,"P<
0.05,™ P <0.01,™ P <0.001, ™" P <0.0001,

1 IBD
Note. A. DAI score. B. Colon length. C. Representative picture of colon length. D. Colonic HE staining before mating. E. Colonic HE staining
after lactation. Compared with Naive group, “P < 0.05, ™ P < 0.01, ™ P < 0.001, ™™ P < 0.0001.

Figure 1 Evaluation of IBD modeling in female mice

Con-1 LY P <0.05,""P < 0.001,"*"P < 0.0001; Con-2 P <0.05,"P <0.01,""P <0.0001, ( )
2
Note. Compared with Con-1 group, * P < 0.05, **P < 0.001, ™ P < 0.0001. Compared with Con-2 group, *P < 0.05, ®P < 0.01, " p <
0.0001. (The same in the following figures)

Figure 2 Evaluation of colitis mouse modeling
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IBD-1 P < 0.0001,

Note. Compared with IBD-1 group, “*P < 0.0001.

Figure 3 Changes of colon length and spleen index in mice

; ; . TBD-1 P < 0.05, ( )
4
Note. Black arrows. Inflammatory cell infiltration. Red arrows. Cup cells. Compared with IBD-1 group, “P < 0.05. (The same in the following
figures)
Figure 4 Histopathological changes of colon in mice
, 5A , Con-1 Con-2 MUC-2
b
21
: . IBD-=2 2, Dss
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Figure 5 Change of intestinal barrier in mice
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Impact of maternal stress during pregnancy on placental
glucose transporters

SONG Qi, DU Zhixin, YANG Liping” , HOU Junlin, ZHAO Jiajia, WU Yongye, WANG Yaohui, LI Xiaolin
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[ Abstract] Objective To investigate the effect of fear-induced stress during pregnancy on the expression of
glucose transporters ( GLUT) in the placenta, providing evidence for the theory of fetal damage caused by fear-induced
stress during pregnancy. Methods Twenty pregnant Wistar rats were randomly divided into a control group and a model
group of 10 rats each. In the model group, a fear-induced stress model was established using the modified bystander
electroshock method for 20 days. After the experiment, the number of offspring and the weights of the placenta and fetal
rats were measured, and the placental efficiency was calculated. Transmission electron microscopy was used to observe the
morphological changes of placental cells. Bioinformatics analysis was performed to screen for differential genes in placentas
affected by pregnancy stress-phobia, and gene set enrichment analysis was performed. Protein immunoblotting ( Western
Blot) , Real-time fluorescence quantitative polymerase chain reaction ( Real-time PCR), and immunohistochemistry were

used to detect the expression levels of GLUT1, GLUT3, GLUT6, and GLUT7 proteins and genes. Results The placental
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efficiency was significantly reduced in the model group compared with that in the control group. The result of transmission
electron microscopy in the model group showed that the placental microvilli were sparse and short and that the mitochondria
and endoplasmic reticulum were swollen. Gene set enrichment analysis revealed that placental genes were significantly
enriched in cellular glucose homeostasis in the model group compared with those in the control group. The result of Western
Blot, Real-time PCR, and immunohistochemistry indicated a decrease in both the protein and gene expression levels of
GLUT1, GLUT6, and GLUT?7 in the placenta of pregnant rats. Conclusions Prenatal exposure to fear-induced stress may
lead to adverse pregnancy outcomes. These adverse outcomes are potentially associated with reduced levels of three key
GLUTs in the placenta; GLUT1, GLUT6, and GLUT7.
[ Keywords] fear stress; placenta; glucose; transporter
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, I'h , 3500 t/min 4 C 15 3 ,  TRIzol
min, s ELISA RNA, PCR o
ACTH .GC NE , PCR :95 °C, 10 min ,
o 95 C,15s ,60 °C,30 s , 40
1.2.3 , 65 C 95 C, 0.5 C,
21 d , , 1 o ,
. ’ _ , 5D b
(g)/ (2); 3 , mRNA o 1,
I mm’ , , 2% 1
; ; 3 Table 1 Primer sequence
. . ’ o | R S
; , Primer names Primer sequence(5’ 3" )
80 C RNA . length/bp
’ ’ GAPDH-F CTGGAGAAACCTGCCAAGTATG
10 ’ GAPDH-R GGTGGAAGAATGGGAGTTGCT 138
R ° GLUT1-F CTGGACCTCAAACTTCATCGTG
1.2.4 GLUT1-R TCCTCAGGTGTCTTGTCGCTCT 210
(https ://submit. ncbi. nlm. nih. gov/subs/sra/) CLUT6-F CTCTCCACATCCTCACGCTTG
( PRJN GLUT6-R TTAGTGAGGACGAAGGCTGTGAG 229
A837736) [9] , (?LUT7—F CG%(}G’];%']:T(?(?TCA']:C'I:T:TCG‘A(?TC 515
(fregments per kilobase per million, Sl peacceTeeTTcAceTIene
FPKM) , FPKM  RNA-seq 1.2.7 GLUT1 ,GLUT3 ,GLUT6
( transcripts GLUT7
per million reads,TPM) log2 o . . N
R “clusterProfiler” GSEA , ,PBS 3, 5 min, 3% ,
s 25 min, PBS 3, 5 min,
“goplot2” s R “limma BSA 30 min ( GLUT1, GLUT6
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GLUT7 1 : 500,GLUT3 1 : 800)4 °C . PBS 2.2
3 , 60 min, DAB , , (P<0.01),
, , . (P<0.001);
3 min, , (400 ) . (P<0.01). 3, 2,
1.3 2.3
+ (x =5) ,
SPSS 21.0 o N N
) 4 ) ) °
t \ N N ’
] ° 4,
Mann-Whitney U o P<0.05 o 2.4
2 998 , | log2FC | >
2.1 0.5 P<0.05, GSEA ,
(P < o 5.
0.01, 1);ELISA : ACTH.GC NE 2.5
(P<0.01, 2), ,
. (P <0.01), 6.,
,"P<0.01, ( )
1 (x £s,n = 10)

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

Figure 1 Effects of gestational fear stress on fear emotion(x + s,n = 10)

2 ACTH.GC  NE (¥ +s.n=6)
Figure 2 Effects of gestational fear stress on ACTH, GC and NE levels(x + s,n = 6)
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3 N

Figure 3 Effects of gestational fear stress on the placenta and fetal rats

2 (x +s,n = 10)
Table 2 Effects of prenatal fear stress on the general condition of the fetus(x + s,n = 10)
/ /g /g /%
Groups Number of pregnancies/number Fetal rat weight/g Placenta weight/g Placenta efficiency/ %
. 13.89 + 1.27 5.84 +0.30 0.55 +0.05 10.77 + 1. 14
Control group
10.60 + 2.27™ 3.63 + 0.43" 0.45 + 0.05™ 8.16 + 1.34™

Model group

: , P < 0.001,
Note. Compared with control group, ™ P < 0.001.

4
Note. Red arrow. Microvillus. Yellow arrow. Mitochondria. Green arrow. Endoplasmic reticulum.

Figure 4 Effects of gestational fear stress on placental microstructur

;B ;C:GSEA o
5
Note. A. Heatmap. B. Volcano plot. C. Gene set enrichment analysis.

Figure 5 Effects of gestational fear stress on placental gene enrichment
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GLUT1.GLUT6 GLUT7
(P <0.01),GLUT3 o 7.
2.6.2 GLUT1, GLUT3
GLUT6 GLUT7
Western Blot s ,
GLUT1 ,GLUT6 GLUT7

(P <0.01),GLUT3 o 8,
2.6.3
6 (x £s,n = 10)
Figure 6 Effects of gestational fear stress on fetal rat GLUT1 ., GLUT3 , GLUT6
blood glucose(x = s,n = 10) GLUT7 o

2.6 GLUT1 (P <0.01),
2.6.1 GLUT1, GLUT3 GLUT3
GLUT6 GLUT7 , GLUT6 ,GLUT7

Real-time PCR , , (P<0.01), 9,

7 GLUT1 .GLUT3 .GLUT6  GLUT7 (x £s,n =3)

Figure 7 Effects of gestational fear stress on placental GLUT1, GLUT3, GLUT6 and GLUT7 gene expression(x = s,n = 3)

8 GLUT1,GLUT3 .GLUT6  GLUT7 (x £s,n =3)
Figure 8 Effects of gestational fear stress on placental GLUT1, GLUT3, GLUT6, and GLUT7 protein expression(x + s,n = 3)
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:A GLUT1 ,GLUT3 ,GLUT6  GLUT7 ( );B: GLUT1 ,GLUT3 ,GLUT6  GLUT7
9 GLUT1,GLUT3 GLUT6  GLUT7
Note. A. Expression of GLUT1, GLUT3, GLUT6 and GLUT7 protein on placental ( immunohistochemistry). B. Quantitative and analysis of the
average optical density values of GLUT1, GLUT3, GLUT6 and GLUT7 on placental by immunohistochemistry.
Figure 9 Effects of gestational fear stress on placental GLUT1, GLUT3, GLUT6 and GLUT7 protein expression

GLUT1 ,GLUT2 ,GLUT3 ,GLUT4

3
GLUT14, II GLUT5 .GLUT7 .GLUT9
[10] [ GLUTL1, Il GLUT6 , GLUTS ,
, GLUTI0  GLUT13"7 | GLUT1,GLUT3
. 8 GLUTI
[12-13]
. , GLUT3
i . LUSCHER ' GLUTI1
(4] . GANGULY ' GLUT3
(5] . MAIRESSE ‘!
, ; , GLUTI  GLUT3 ,
, . ; GLUTI GLUT3 .
, . GLUTI ,
., GLUT3 , GLUTI
GLUT3 . GLUT6  GLUT7
B GLUT6
, GLUT7 ,
. , GLUT6  GLUT7 .

GLUT1,GLUT6 ,GLUT7 3

]
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Effect of acute ozone exposure on miRNA expression profile of
exosomes in alveolar lavage fluid of rats
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[ Abstract] Objective To clarify the changes in the microRNA (miRNA) expression profile of rat alveolar lavage-
fluid-derived exosomes after acute ozone exposure and analyze its potential relationship with lung injury. Methods Adult
male Wistar rats were exposed to O ppm, 0.5 ppm, and 2 ppm ozone for 6 h in a gas exposure chamber. After 24 h, the

rats were anesthetized, the alveolar lavage fluid was collected, and exosomes were extracted. Differentially expressed
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[1]

miRNAs in exosomes were detected by miRNA-seq technology. miRDB databases were used to predict the target genes of
the top 10 differentially expressed miRNAs among the groups, and Gene Ontology function enrichment and KEGG Pathway
analyses were performed on the target genes. The differentially expressed miRNAs with high expression abundance and good
uniformity were verified by quantitative reverse-transcription PCR (qRT-PCR). Results Compared with the findings in
the O ppm group, there were 8 up-regulated and 55 down-regulated miRNAs in the 0.5 ppm group, and 32 up-regulated
and 61 down-regulated miRNAs in the 2 ppm group. Compared with the findings in the 0.5 ppm group, 90 exosomal
miRNAs were up-regulated and 74 were down-regulated in the 2 ppm group. The target genes of top 10 differentially
expressed miRNAs were mainly involved in regulating DNA binding, heterocyclic compound binding, and affecting
transcription, and were closely related to cancer, MAPK, PIK3-AKT, TNF, ErbB, mitophagy, and FoxO signaling
pathways. The qRT-PCR showed that the sequencing result were basically reliable. Conclusions Acute ozone exposure
can lead to changes in the expression profile of exosomal miRNA in the alveolar lavage fluid of rats. Differentially expressed
miRNAs may be involved in pathological processes, such as lung tissue inflammation and lung injury, caused by ozone
exposure.
[ Keywords] ozone; acute exposure; exosomes; miRNA; bronchoalveolar lavage fluid

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

’ 1

, 1.1
2 , 1.1.1
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B , [SYXK( )2019-0002], 24 ~ 26 C,
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[7-8] 1 .
’ o o ’
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0.0.5 2 ppm, 6 h,
20 ~23C, 50% ~ 80% ,
1.2.2
24h 3% (40 mg/kg)
3 mL , 3 .
1733 r/min 5 min,
) ,3466
r/min 10 min, s
,7750 r/min 30 min,
, s 0.22 pm
,24 507 r/min 2 h, 1 x
PBS 1,24 507 r/min 2h, PBS

’

( Nanoparticle Tracking Analysis, NTA)
o -80 C o
1.2.3 RNA
TRIzol ,
5 min, 200 pL, 15 s,
3 min,4 °C,12 000 r/min
, 0.5 , ,
CR3 ,4°C,12 000 r/
min 30 s, CR3 500 pL
RD,4 °C,12 000 r/min 30 s, ;
CR3 500 nL RW,
4 °C,12 000 r/min 30 s, s 500
pL RW, 2 min,4 °C,12 000 r/min
30 s, ,4 °C,12 000 r/min
o , CR3
1.5 mL ,  RNase-Free ddH,O0,
2 min,4 °C,12 000 r/min
-80 C ; NanoDrop ND-1000 RNA

10 min,

2 min,

2 min,

2 min,

’

RNA o
1.2.4 miRNA
NEB Multiplex Small RNA Library Prep Set

for Illumina

2100

, Agilent Bioanalyzer

s 0.1 mol/L NaOH

Illumnia flow cell

DNA,

9 b

[llumina NextSeg 500 51 o
: [llumina NextSeq 500

’

miRNA ; miRNA
, RPM o edgeR
, | log, ( FoldChange ) | =
1.5, P<0.05 miRNA
1.2.5 miRNA
miRDB Top 10
miRNA i miRNA

GO . Pathway

1.2.6 (qRT-PCR)
RNA 1 pg ,
miRNA ¢DNA miRNA
qRT-PCR ,

1, Ct Applied Biosystems Step
One Real-time PCR o ACt
p-asa )

1 RT-gPCR
Table 1 RT-qPCR primer sequence
(57-3")
Genes Sequence(5’=3")

GAGGCCATATTGTGCTGCCTCA
GGCCCTCAACAAAATCACTGATGCT

mo-miR-15a-3p
rno-miR-3065-5p

rno-miR-188-5p CATCCCTTGCATGGTGGAGGG
rno-miR-34a-3p GGGGAATCAGCAAGTATACTGCCCTA
rno-miR-33-3p CCCCAATGTTTCCACAGTGCATCA

CTGTACAGGCCACTGCCTTGC
CGCATCCCCTAGGGCATTGGTGT
GGACTCTTTCCCTGTTGCACTACT
CGGGCATACATACACACACACATACAC
GCGTGGAGTGTGACAATGGTGTTTG
GCTGGACGGAGAACTGATAAGGGT
GCCCGACCAATATTATTGTGCTGCTT
GGCCTAGGTAGTTTCATGTTGTTGGG
GGGGGGTTTTGAGGGCGAGA
CAGAGGAGGGCTGTTCTTCCC
GCCAGTGCAATGTTAAAAGGGCAT
CGGCTACTTCACAACACCAGGG
GCGCTATTCATTTACTCCCCAGCCTA
GGGCTAGCACCATTTGAAATCGGTTA
GCTGGTGTTGTGAATCAGGCCG
GCGCCATAAGACGAGCAAAAAGC
GCCAGAGGTATAGCGCATGGGAAA
CTCGCTTCGGCAGCACA
AACGCTTCACGAATTTGCGT

rno-let-7g-3p
rno-miR-324-5p
rno-miR-130b-5p
rno-miR-466b-3p
rmo-miR-122-5p
rno-miR-184
rno-miR-16-3p
rno-miR-196a-5p
rno-miR-193b-5p
rno-miR-298-5p
rno-miR-130a-3p
rmo-miR-138-1-3p
rno-miR-664-3p
rmo-miR-29¢-3p
rmo-miR-138-5p
rno-miR-208a-3p
rno-miR-202-3p
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1.3 2 ppm 30 ~ 150 nm
SPSS 26.0 , ,
’ + (56 + 5) ) o 2 53
, P<0.05 80 ~ 200 nm,
L]
, ,0 ppm
) , pPp
3.7 x 10 ,0.5 ppm
2.1 2.7 % 10" |2 ppm
1 ,0 ppm 0.5 ppm 6.0 x 10"
1

Figure 1 Electron microscope of exosomes

2

Figure 2 Exosome particle size analysis

2.2 miRNA Top 10 miRNA ,
log, (FoldChange) —log,,P value Gene Ontology ( 4) KEGG
miRNA ( 3), 0 ppm ,0.5 ppm 2 ppm
0 ppm ,0.5 ppm miRNA 8 | miRNA .
55 ; 2 ppm miRNA 32 | .
61 0.5 ppm ,2 ppm , N N
miRNA 90 74 , , DNA
miRNA .RNA I \ DNA
o , miRNA
2.3 Gene Ontology , N

miRDB N N )
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:A:0.5 ppm  vs O ppm miRNA ;B:0.5 ppm  ws O ppm miRNA ;C:2 ppm  vs 0 ppm miRNA ;
D:2 ppm  ws O ppm miRNA ;E:2 ppm 05 0.5 ppm miRNA ;F:2 ppm w5 0.5 ppm miRNA o
4 GO

Note. A. 0.5 ppm group vs 0 ppm group up-regulated miRNA target genes. B. 0.5 ppm group vs O ppm group down-regulated miRNA target genes. C.
2 ppm group vs 0 ppm group up-regulated miRNA target genes. D. 2 ppm group vs O ppm group down-regulated miRNA target genes. E. 2 ppm group
vs 0.5 ppm group up-regulated miRNA target genes. F. 2 ppm group vs 0. Sppm group down-regulated miRNA target genes.

Figure 4 GO enrichment analysis of target genes
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:A:0.5ppm  vs O ppm miRNA ;B:0.5 ppm s 0 ppm miRNA ;C:2ppm  vs 0 ppm miRNA ;
D:2 ppm vs 0 ppm miRNA ;E:2 ppm vs 0.5 ppm miRNA ;F:2 ppm vs 0.5 ppm miRNA o
5 KEGG

Note. A. 0.5 ppm group vs 0 ppm group up-regulated miRNA target genes. B. 0.5 ppm group vs O ppm group down-regulated miRNA target genes.
C. 2 ppm group vs O ppm group up-regulated miRNA target genes. D. 2 ppm group vs O ppm group down-regulated miRNA target gene. E. 2 ppm
group vs 0.5 ppm group up-regulated miRNA target genes. F. 2 ppm group vs 0.5 ppm group down-regulated miRNA target genes.

Figure 5 KEGG enrichment analysis of target genes

Wistar miRNA s
) 3’ UTR

, , miRNA , , ,0.5
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L P <0.01, ( )
miRNA

0 ppm
6 0.5 ppm
Note. Compared with 0 ppm group, ™ P < 0.01. ( The same in the
following figures )
Figure 6 Relative expression of some differentially

expressed miRNAs in 0. 5 ppm group

7 2 ppm miRNA
Figure 7 Relative expression of some differentially

expressed miRNAs in 2 ppm group
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[ Abstract] Objective To investigate the inhibition of gigantol on corneal neovascularization (CNV) in rats after
corneal alkali burn. Methods Animal models of corneal alkali burn were made with SD rats, which were divided into
normal control group, model control group, low-concentration gigantol group, high-concentration gigantol group and
aflibercept group, with 10 rats in each group. The rats in low-concentration gigantol group, high-concentration gigantol

group and aflibercept group were treated with 2.5 mg/0.05 mL gigantol, 5 mg/0.05 mL gigantol, and 2 mg/0.05 mL
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aflibercept by subconjunctival injection after modeling. The CNV, corneal opacity score, and thickness of the cornea were
observed and compared on the 3rd, 7th, and 14th days after alkali burn. The ratio of CNV area to corneal area was
calculated. On the 14th day, all rats were sacrificed. Hematoxylin and eosin staining and immunohistochemistry were used
to detect the expression of CD34 and VEGF. The protein expression of VEGF, IL-13, and TNF-a was detected by ELISA.
Results On the 7th and 14th days after alkali burn, the percentages of CNV to total corneal area in low-concentration
gigantol group, high-concentration gigantol group and aflibercept group were significantly smaller than those in model
control group (all P < 0.05). On the 14th day, the corneal opacity score was lower in high-concentration gigantol group
than model control group (P < 0.05). The corneal thickness in model control group and low-concentration gigantol group
were significantly greater than that in normal control group (all P < 0.001). However, the corneal thickness in high-
concentration gigantol group and aflibercept group were not significantly different from that in normal control group (all P >
0.05). In addition, the protein expression of VEGF, IL-18, and TNF-a in corneal tissues in low-concentration gigantol
group, high-concentration gigantol group and aflibercept group were significantly lower than that in model control group (all
P < 0.01). Conclusions Gigantol administration by subconjunctival injection can inhibit the formation of CNV in rats
after alkali burn and promote absorption of the corneal edema.
[ Keywords] gigantol; aflibercept; alkali burn; corneal neovascularization; VEGF
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1 CNV

Figure 1 CNV after corneal alkali burn in rats

1 CNV (x £s,n = 10)
Table 1 Percentage of CNV to total cornea after alkali burn in rats(x = s,n = 10)
3 7 14
Groups 3rd day 7th day 14th day
17.70 + 4.57 25.61 = 11.42 33.57 = 18.85
Model control group
Lo 13.78 + 5. 11 14.75 £ 12.11° 16.33 + 10.43™
Low-concentration gigantol group
High-concentration gigantol group 9.69 +5.11™ 11.30 £ 3.75"7 10.93 + 5.97°
. 9.16 £ 2.76 ™ 12.57 £ 5.19™ 11.80 + 9.40™
Aflibercept group
: ,"P<0.05,”P<0.0l,"P<0.001, ( )
Note. Compared with model control group, “P < 0.05, ™ P < 0.01, ™ P < 0.001. ( The same in the following tables)
2.3 14 . .
3 7, . ( P <0.001);
(P> ( P>0.05));
0.05); 14 .
(P<0.05)( 2). ( P<0.001)( 3).
2.4 OCT 2.5
OCT ,
2, 3, \ ,HE 0
Y N 14 b b
( P <0.001); ,
T, \ .

N 5 N

( P <0.001), \ , ,

( P <0.01);
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2 (x +s,n = 10)
Table 2 Corneal copity score after alkali burn in rats(x = s,n = 10)
3 7 14
Groups 3rd day 7th day 14th day
2.30 = 0.48 2.90 + 0.74 3.10 = 0. 88
Model control group

. . 2.20 = 0.42 2.60 = 0.70 2.40 = 0.97

Low-concentration gigantol group
R . . 2.30 + 0.48 2.40 £ 0.97 2.10+1.107

High-concentration gigantol group

2.40 £ 0.52 2.70 £ 0.82 2.20 + 1.03

Aflibercept group

2

Figure 2 Corneal thicknes after corneal alkali burn in rats

3 (x £s,n =10, pum)

Table 3 Corneal thickness at different time points after alkali burn(x £ s,n = 10, pm)

3 7 14
Groups 3rd day 7th day 14th day
129.60 + 7. 11 129.60 + 7. 11 129.60 + 7. 11
Normal control group
336.80 + 19. 12%# 182. 00 + 20. 68" 149.20 + 10. 16
Model control group
L 313.60 = 42. 00 177.20 + 13.73%* 144.80 + 9. 58"
Low-concentration gigantol group
. L 318.80 = 25. 16" 156. 80 = 11. 127" 134.40 + 5.40 "
High-concentration gigantol group
326. 80 + 29. 527 160. 40 + 12,29 * 135.20 + 8.39***

Aflibercept group

: P < 0.001, ( )
Note. Compared with normal control group, ™ P < 0.001. (The same in the following tables)
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3

HE

Figure 3 HE staining of corneal tissues of rats in each group on 14th day after alkali burn

2.6 VEGF
VEGF
,CD34
o 14
VEGF CD34
. VEGF
,CD34
CD34 ,CNV ,
4

CDh34

VEGF

14

CNV ,VEGF  CD34

CNV,VEGF  CD34

( 4o
2.7 ELISA VEGF . IL-
18.TNF-a
4 ELISA
VEGF . IL-1B . TNF-a .
. VEGF .IL-1B . TNF-a
( P<0.01),
VEGF CD34

Figure 4 Expression of VEGF and CD34 protein in the corneal tissues on 14th day after corneal alkali burn
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VEGF IL-1B \TNF-a (r =0.037,P = 0.823),
( P<0.01)( 4), (r=0.484,P = 0.002) ;1L-18  CNV
2.8 VEGF. IL-1B,TNF-« CNV, (r=20.468,P = 0.002) ,
(r=0.236,P = 0.143),
VEGF IL-1B8 . TNF-« (r =0.383,P = 0.015) ;TNF-ao  CNV
CNV, Pearson (r=20.434,P =0.005),
:VEGF  CNV (r = (r=0.455,P = 0.003),

0.530,P < 0.001),

4

VEGF IL-18 \TNF-a

(r =0.502,P = 0.001) .

(x £s,n = 10,pg/mL)

Table 4 Protein levels of VEGF, TL-1, and TNF-a in corneal tissues of alkali burned rats(x + s,n = 10,pg/mL)

Groups

VEGF
VEGF protein

IL-1B
IL-1B protein

TNF-a
TNF-a protein

Normal control group

Model control group

Low-concentration gigantol group

High-concentration gigantol group

99.43 + 8.90

180. 68 = 13. 58"

162.76 + 9. 93### =

141. 17 + 12, 74"

71.89 = 7.79 170.40 + 12.74

128.80 = 14. 52" 304.61 = 17, 28"
105.91 = 8. 57" 269.87 + 11.23"™

88.99 + 8. 30### o 237.92 + 18. 73##3 sk

Aflibercept group 135.13 + 13.32%* 87.81 = 10. 75" 242.95 + 18. 74"
: P <o.01,
Note. Compared with normal control group,™P < 0.01.

3
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[ Abstract] Objective To conduct basic research on the structure and function of the heart in cynomolgus monkeys
older than 10 years to provide data for animal selection in elderly disease research. Methods A total of 144 cynomolgus
monkeys > 10 years old were selected as research subjects, including 37 females and 66 males in the 10 ~ 15 years group,
and 21 females and 20 males in the 16 ~ 20 years group. Basic data on cardiac structure and function in middle-aged and
elderly cynomolgus monkeys were obtained through comparative analysis of general indicators ( body mass index, blood
pressure, and heart rate) , blood biochemical indicators ( blood glucose, blood lipids, and ion indicators), and cardiac
structure and function indicators. Results General indicators for the 10 ~ 15 years and 16 ~ 20 years groups were
compared. As age increased, the blood pressure and heart rate of female and male monkeys increased, and there was a
significant difference in blood pressure changes between male monkeys. A comparison of two sets of blood biochemical
indicators showed that, as age increased, blood glucose, triglycerides, total cholesterol, low-density lipoprotein
cholesterol, blood calcium, blood sodium, and blood potassium increased, while lactate dehydrogenase decreased, in
female and male monkeys. Among these, blood glucose, triglycerides (males), total cholesterol, high-density lipoprotein
cholesterol (males) , low-density lipoprotein cholesterol ( males), blood calcium, blood sodium, blood potassium, and
lactate dehydrogenase showed significant changes. A comparison of cardiac contractile function between the two groups
showed that, as age increased, the anterior and posterior diameters of the left atrium significantly decreased in both female
and male monkeys. Female monkeys showed a significant decrease in the interventricular septal end systolic diameter, left
ventricular end diastole and systolic diameters, left ventricular end diastolic and systolic volumes, and left ventricular mass
index, while no significant changes were seen in male monkeys. A comparison of diastolic function between the two groups
showed that, as age increased, the late diastolic velocity of the mitral valve decreased significantly in male monkeys, while
the early diastolic velocity of the left ventricular sidewall increased significantly in female monkeys. Correlation analysis was
conducted between the metabolic indicators and the cardiac structure and function indicators of female and male monkeys.
The correlations between metabolic indicators and cardiac structure and function indicators were weak in female monkeys,
for which the maximum absolute I" value did not exceed 0. 39. However, the correlations between metabolic indicators and
cardiac structure and function indicators were relatively strong in male monkeys, for which the maximum absolute I' value
reached 0. 66. Conclusions Based on ultrasound analysis combined with metabolic indicators, the heart function of
cynomolgus monkeys was studied, and basic data related to the structure and function of the heart in middle-aged and
elderly cynomolgus monkeys were obtained. As age increased, blood glucose and lipid indicators increased in cynomolgus
monkeys, while cardiac systolic and diastolic functions show a downward trend, similar to changes in middle-aged and older
adult human populations. These data provide support for animal selection in research on age-related diseases related to heart
function.

[ Keywords] middle-aged and elderly cynomolgus monkeys; cardiac structure and function indicators; blood
biochemistry indicators; general indicators
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1
Note. a. Left atrium two-dimensional structure diagram. b. Left atrium diameter two-dimensional measurement diagram. c. Left atrium volume two-
dimensional measurement diagram. d. Mitral valve two-dimensional structure diagram. e. Mitral valve pulse Doppler image. f. Mitral valve pulse
Doppler measurement diagram. g. Interventricular septum tissue Doppler image. h. Interventricular septum tissue Doppler measurement diagram. i.
Left ventricular lateral wall tissue Doppler image. j. Left ventricular lateral wall tissue Doppler measurement diagram.

Figure 1 Collection of echocardiography images of cynomolgus monkeys

diameter in diastole, LVIDd) . (left Welch , ; (P <
ventricular internal diameter in systole, LVIDs) | 0.10),

(left ventricular posterior wall o + (x £3) , P
thickness in diastole, LVPWd) . < 0.05 , 95%

(left ventricular posterior wall thickness in systole,

LVPWs) , (‘end diastolic

o

( BMI, SBP ,DBP ., HR, GLU, TG, TCHO , HDL-C

volume, EDV ) | (‘end systolic LDL-C) (r ,

volume ,ESV) | (stroke volume,SV) | ro r<0.3 ,03 <r<0.5
(fractional shortening, FS) | (left ,r=0.5 o

ventricular ejection fraction, LVEF) | (left

ventricular mass, LVMass) .

(left atrial diameter, LAD) , 2.1
(left atrial volume, LAV),
(left atrial volume index, LAVI) , s SBP  DBP
, o ,16 ~ 20 (n = 20)
( mitral valve E-wave velocity, MV-E) , SBP  DBP 10 ~ 15 (n = 66)
( mitral valve A-wave velocity, MV-A) 26.50% 50.90%( 1, 2),
2.2
e’ (septal early diastolic velocity,Sep-e’ ), GLU.,TCHO .LDH Na.K . Ca ,
e’ (lateral early diastolic velocity, ,16 ~ 20 (n=21) GLU,TCHO ,Na.K.Ca
Lat-e’ ), E/A  E/e’, = 11.8 x 10 ~ 15 (n = 37) 46.70% |
*3/10 000, 13.10% .6.30% . 11.00% . 9. 40% , LDH 10 ~
1.3 15 (n =37) 37.40%( 3),
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Normality and lognormality tests LDH Na K. Ca s ,16 ~ 20
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Table 1 Comparison of general index measurement values in middle-aged and elderly cynomolgus monkeys
10~15  (n=237) 16 ~20  (n=21)
10 ~ 15 years group(n = 37) 16 ~ 20 years group(n = 21)
Groups
XEs 95% CI* s 95% CI'
2
/(l;gm ) 24.30 + 1.42 21.42 ~ 27.17 24.48 + 1.09 22.61 ~ 26.75
BML/ ( kg/m?)
/mmHg
SBP/mmig 112.60 + 3.23 105.90 ~ 119.40 123.30 + 4.77 113.30 ~ 133.20
/mmHg
DBP/mmilg 61.54 + 2.61 56.24 ~ 66. 84 70.05 + 3.78 62.16 ~ 77.94
/bmp 174.70 + 3. 82 167.00 ~ 182.50 177.40 £ 4.51 168. 00 ~ 186. 80
HR/bmp
#:95% . 10 ~ 15 P <0.01, ( )

Note. #. 95% confidence interval upper and lower limits. Compared with 10 ~ 15 years group, ™ P < 0.01. ( The same in the following tables)

2
Table 2 Comparison of measurement values of blood biochemical indicators in middle-aged and elderly cynomolgus monkeys
10 ~ 15 (n = 66) 16 ~ 20 (n = 20)
10 ~ 15 years group(n = 66) 16 ~ 20 years group(n = 20)
Groups
X *s 95% CI* X ts 95% CI1*
2
/(I;t/m ) 38.67 + 1.01 36. 66 ~ 40. 68 35.39 + 1.45 32.25 ~ 38.44
BMI/ (kg/m?)
/mmHg ok
SBP/mmHg 111.90 = 4.93 102. 10 ~ 121. 80 141.60 = 7.50 125.90 ~ 157.20
/mmflg 54.34 £ 3.19 47.97 ~ 60.71 82.00 = 5.80 " 69.85 ~ 94.15
DBP/mmHg . - . . . + 5. . X
/bmp
156.70 + 3.48 149.80 ~ 163.70 160. 60 + 6. 31 147.40 ~ 173. 80
HR/bmp
3

Table 3 Comparison of measurement values of blood biochemical indicators in m

iddle-aged and elderly female cynomolgus monkeys

10~15  (n=37) 16 ~20 (n=21)
10 ~ 15 years group(n = 37) 16 ~ 20 years group(n = 21)
Groups
vES 95% CI* s 959% CI*
/ (mmol/L) .
GLU/( mmol/L) 3.34+£0.24 2.86 ~ 3.82 4.90 + 0.27 4.33 ~ 5.47
/(' mmol/L)
TG/ ( mmol/L) 0.74 + 0.08 0.58 ~ 0.90 0.81 = 0.07 0.65 ~ 0.96
/(mmol/L) .
TCHO/ ( mmol/L) 3.06 = 0.13 2.80 ~ 3.32 3.46 = 0. 14 3.17 ~ 3.75
/(mmol/L)
HDL-C/ ( mmol/L.) 1.28 + 0.07 1.14 ~ 1.42 1.26 + 0.06 1.13 ~ 1.29
/(mmol/L)
LDL-C/( mmol/L) 1.33 + 0.08 1.16 ~ 1.50 1.37 £ 0.10 1.18 ~ 1.57
/(U/L)
LDH/ (U/L) 631. 10 = 49. 61 530.50 ~ 731.70 394.90 + 39. 81 311.80 ~ 477.90
/ (mmol/L) .
Na/(mmol/L.) 141.50 = 2. 00 137.40 ~ 145.50 150. 40 + 0. 88 148. 60 ~ 152.20
/ (mmol/L) .
K/ (mmol/L) 5.16 £ 0. 16 4.83 ~ 5.48 5.73 + 0. 19 5.35 ~ 6.12
/(mol/L)
P/(mol/1) 1.35 £ 0.06 1.22 ~ 1.48 1.27 £ 0.07 1.12 ~ 1.41
/(mol/L) .
Ca/(mol/L) 2.33 £0.05 2.23 ~ 2.43 2.55 £ 0.05 2.45 ~ 2.65
/ (mmol/L)
€1/ (mmol/L) 104.00 = 1. 19 101. 60 ~ 106. 40 104. 60 = 0. 46 103.60 ~ 105. 60
10 ~ 15 P <0.05, ( )

Note. Compared with 10 ~ 15 years group, P < 0.05. ( The same in

the following tables)
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87.30% . 27.20% .
34.60% .17. 00% ,LDH

41.1%(  4),
2.3

14.90% . 20.90% . 8.40%
10 ~ 15 (n = 66)

’

IVSs \LVIDd ,LVIDs . EDV (ESV |LVMI ,
LAD Sep-e’ \E/e’ , ,16 ~ 20
(n = 21) IVSs, LVIDd, LVIDs, EDV | ESV |
LVMI .LAD E/e’ 10 ~ 15 (n = 37)
10.80% . 7.30% . 8.80% . 19.30% . 24.00% .

15 (n = 66) 24.60%( 6),

2.4
(BMI,SBP  DBP HR,
GLU TG ,TCHO \HDL-C ,LDL-C)
arH ,
T
0.39,
BMI,SBP  DBP, TCHO, HDL-C,

LDL-C; SBP

17.30% .29. 50% . 16. 80% , Sep-e”’ 10 ~ 15 DBP HR( 7).,
(n = 37) 15.3%( 5), I 0. 66,
LAD MV-A E/A . ,16 SBP |
~ 20 (n=20) LAD.E/A 10 ~ 15 TCHO .HDL-C, BMI
(n=66)  16.90% .23.30%,MV-A 10 ~  DBP.HR.TG; (8.
4
Table 4 Comparison of measurement values of blood biochemical indicators in middle-aged and elderly male cynomolgus monkeys
10~15  (n = 66) 16 ~20  (n = 20)
y 10 ~ 15 years group(n = 66) 16 ~ 20 years group(n = 20)
Groups
xEs 95% CI* Xt 95% CI*
/(mmol/L) .
GLU/ ( mmol/T.) 3.16 £ 0. 15 2.86 ~ 3.46 4.81 £ 0.22 4.35 ~ 5.27
/(mmol/L) .
TG/ ( mmol/L) 0.55 = 0.04 0.48 ~ 0.62 1.03 = 0. 15 0.71 ~ 1.35
/(mmol/L) i
TCHO/ ( mmol/L) 2.13 £ 0.07 2.00 ~ 2.27 2.71 £ 0. 14 2.41 ~ 3.00
/(' mmol/L) .
HDL-C/ ( mmol/L) 0.87 = 0.04 0.78 ~ 0.95 1.00 = 0. 06 0.88 ~ 1.11
/(' mmol/L) N
LDL-C/( mmol/L) 0.86 = 0.04 0.78 ~ 0.93 1.04 = 0.08 0.87 ~ 1.21
/(U/L) .
LDH/(U/L) 542.70 + 38.69 465.50 ~ 620. 00 319.60 + 15.23 287.70 ~ 351. 40
/(mmol/L) .
Na/( mmol/L) 138.60 = 1.34 135.90 ~ 141.20 150. 20 + 2.05 145.90 ~ 154.50
/ (mmol/L) .
K/ (mmol/L) 4.39 £ 0.12 4.15 ~ 4.64 5.91 + 0.24 5.41 ~ 6.40
/(mol/L)
P/(mol/L) 1.38 = 0.06 1.26 ~ 1.51 1.44 + 0.07 1.29 ~ 1.59
/ (mol/L) .
Ca/(mol/L) 2.18 £ 0.03 2.11 ~ 2.25 2.55 £ 0.06 2.42 ~ 2.67
/(mmol/L)
Cl/(mmol/L) 102.30 + 0. 74 100. 80 ~ 103. 80 103.10 £ 0. 79 101.40 ~ 104.70
3 o
, BMI
o BMI
N N = 40 ,
5 10 ~ 15 (n = 10 BMI < 40
103) 16 ~ 20 (n=41) . BMI s
93% : BMI : BMI

7, SBP
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Table 5 Cardiac ultrasonic structure and function measurements and reference values of

middle-aged and elderly female cynomolgus monkeys

10 ~ 15 (n = 37) 16 ~ 20 (n=21)
G 10 ~ 15 years group(n = 37) 16 ~ 20 years group(n = 21)
roups
xEs 95% CI* Xxs 95% CI*
/mm
IVSd/mm 4.74 + 0. 13 4.47 ~ 5.00 4.65+0.13 4.38 ~ 4.91
/mm .
IVSs/mm 6.60 = 0.13 6.34 ~ 6.86 5.80 + 0.12 5.64 ~ 6.13
/mm .
LVIDd/mm 13.62 + 0. 31 12.99 ~ 14.25 12.63 = 0.29 12.03 ~ 13.24
/mm .
LVIDs/ mm 8.06 + 0.21 7.62 ~ 8.50 7.35 £ 0.21 6.92 ~ 7.78
/mm
LVPWd/mm 4.46 £ 0.13 4.20 ~ 4.72 4.49 + 0. 11 4.26 ~ 4.72
/mm
LVPWs/mm 5.85 +0.15 5.54 ~ 6.16 5.84 = 0.16 5.50 ~ 6. 17
/mL N
EDV/mL 4.88 +0.29 4.28 ~ 5.48 3.94 + 0.22 3.48 ~ 4.40
/mL N
ESV/mlL 1.21 = 0.09 1.03 ~ 1.40 0.92 + 0.07 0.77 ~ 1.07
/mL
SV/mL 3.67 £ 0.26 3.14 ~ 4.18 3.02£0.17 2.67 ~ 3.63
/%
LVEF/% 74.41 + 1.49 71.38 ~ 77.44 76.76 + 0.96 74.76 ~ 78.75
/%
FS/% 40.54 + 1.31 37.90 ~ 43.19 41.83 £ 0.89 39.98 ~ 43.69
/g
LVMass/g 8.56 + 0.41 7.74 ~ 9.38 7.60 £ 0.34 6.89 ~ 8.31
2
/z(g/m ) 31.60 + 1.47 28.62 ~ 34.57 26.13 = 1.117™ 23.88 ~ 28.38
LVMI/(g/m?)
/mm .
LAD/ mm 13.69 = 0.49 12.69 ~ 14. 68 9.65 + 0.24 9.16 ~ 10. 14
/mL
LAV/mL 1.58 £ 0.12 1.34 ~ 1.82 1.66 £ 0.12 1.42 ~ 1.91
2
/(mL/m") 5.82 + 0.46 4.89 ~ 6.76 5.65 + 0.37 4.88 ~ 6.42
LAVL/(mL/m~)
/(m/s)
MV-E/(m/s) 0.67 = 0.03 0.61 ~ 0.73 0.66 = 0.05 0.55 ~ 0.76
/(m/s)
MV-A/(m/s) 0.59 +0.03 0.52 ~ 0.65 0.64 + 0.04 0.57 ~ 0.71
E/A 1.20 = 0.06 1.09 ~ 1.31 1.09 = 0.12 0.84 ~ 1.33
e’ /(m/s) .
Sep-e’ /(m/s) 0.072 = 0.003 0.066 ~ 0.078 0.083 + 0.005 0.073 ~ 0.093
e’ /(m/s)
Lat-e” /(m/s) 0.087 + 0.004 0.080 ~ 0.094 0.098 + 0.006 0.085 ~ 0.110
, 9.75 +0.52 8.69 ~ 10.81 8.11+0.52" 7.02 ~ 9.20
E/e
DBP " s GLU,TCHO.TG,
° LDL-C \HDL-C ,
, , 3 GLU ,TCHO

TG .LDL-C \HDL-C

’

b

(glucose transporter, GLUT)

’
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Table 6 Cardiac ultrasonic structure and function measurements and reference values of middle-aged and

elderly male cynomolgus monkeys

10 ~ 15 (n = 66) 16 ~ 20 (n = 20)
G 10 ~ 15 years group(n = 66) 16 ~ 20 years group(n = 20)
roups
xEs 95% CI* Xxs 95% CI*
/mm
IVSd/mm 5.45+0.13 5.18 ~5.71 5.08 £ 0.07 4.93 ~5.23
/mm 6.54 + 0.23 6.09 ~ 6.99 6.45 £ 0.12 6.20 ~ 6.69
IVSs/mm
/mm
LVIDd/mm 17.80 + 0.35 17.11 ~ 18.49 18.02 + 0.48 17.02 ~ 19.02
/mm
LVIDs/mm 11.16 + 0.28 10.61 ~ 11.71 11.11 + 0.29 10.50 ~ 11.72
/mm
LVPWd/mm 5.05+0.12 4.81 ~ 5.29 4.96 = 0.12 4.72 ~ 5.20
/mm
LVPWs/mm 5.99 +0.20 5.58 ~ 6.39 6.41 £ 0.15 6.08 ~ 6.73
/mL
EDV/mL 9.88 £ 0.47 8.95 ~ 10.82 10.00 = 0. 67 8.58 ~ 11.42
/mL
ESV/mL 3.01 £0.20 2.62 ~ 3.40 2.81 £0.18 2.43 ~3.19
/mL
SV/mL 6.88 + 0.34 6.20 ~ 7.56 7.19 = 0.56 6.02 ~ 8.35
/%
LVEF/% 69.72 + 1. 19 67.35 ~ 72.09 71.59 + 1. 13 69.22 ~ 73.97
/%
FS/% 37.26 + 0.96 35.35 ~ 39.17 38.25 £ 0.93 36.31 ~ 40.20
/g
LVMass/g 15.03 + 0.51 14.00 ~ 16.06 14.16 + 0.38 13.17 ~ 15. 16
2
/2( g/m’) 32.54 + 0.98 30.57 ~ 34.5 31.47 + 0. 81 29.78 ~ 33.16
LVMLI/(g/m")
/mm .
LAD/mm 14.78 + 0. 40 13.99 ~ 15.57 12.28 + 0.28 11.70 ~ 12.86
/mL
LAV/mL 2.91+£0.10 2.70 ~ 3.12 2.96 + 0. 16 2.62 ~ 3.30
2
/(mzL/m ) 6.36 £ 0.23 5.89 ~ 6.82 6.62 + 0.37 5.84 ~ 7.39
LAVL/(mL/m~)
/(m/s)
MV-E/(m/s) 0.65 = 0.02 0.62 ~ 0.69 0.63 + 0.20 0.56 ~ 0.74
/(m/s) .
MV-A/(m/s) 0.57 = 0.02 0.52 ~ 0.62 0.71 = 0.04 0.63 ~ 0.79
E/A 1.20 = 0.04 .11 ~ 1.28 0.92 +0.047 0.84 ~ 0.99
e’ /(m/s)
Sep-e’ /(m/s) 0.071 + 0.003 0.065 ~ 0.077 0.075 + 0. 006 0.062 ~ 0.088
e’ /(m/s)
Lat-e’ /(m/s) 0.091 + 0.004 0.084 ~ 0.098 0.092 + 0.006 0.079 ~ 0.105
E/e’ 9.83 +0.38 9.07 ~ 10.58 9.44 +0.79 7.78 ~ 11.09
° ) LAD , IVSs, LVIDd |
N LVIDs .EDV [ESV LVMI s ;
, , MV-A E/A ;

Sep-e’ ,E/e’ o

Ay Ay Ay

’
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Table 7 Correlation coefficient (r) between metabolic indexes and cardiac structure and function in

female cynomolgus monkeys

Correlation coefficient BMI SBP DBP HR GLU TG TCHO HDL-C LDL-C
/mm
VS 0.06 0.05 0.15 0.12 0.13 0.15 -0.15 -0.18 -0.07
/mm 4
VSe/mm 0.27 0. 00 0.01 0.11 0.18 0.01 0.13 0.12 0.12
/mm 4 _ _ _ _ _ # _ #
LVIDd/mm 0.29 0.17 0.19 0.09 0.19 0.04 0.30 0.03 0.30
/mm
LVIDS/ s 0.19 0.19 0.13 0.14 -0. 14 -0. 07 -0. 14 -0.03 -0.06
/mm
VW mm 0.17 -0.02 0.06 -0.18 -0. 04 -0.10 -0.11 -0.11 -0.01
/mm
LVPWe/mm 0.17 0.03 0.13 -0.21 0.00 0.13 -0.24 -0.22 -0.15
/% -0.02 -0.07 0.03 -0.27* 0.01 0.08 -0.08 0.00 -0.18
LVEF/% ) : e : : : ’ : ’
/% 0.03 -0.06 0.04 -0.27 -0.01 0.04 -0.11 0.04 -0.24
FS/% ) : ) ) ) : ) ) )
/ml. 0.35" 0.12 0.15 -0.13 -0.19 -0.02 -0.31*% -0.04 -0.29*
EDV/mL : ‘ ) ) ) ‘ : ) :
/ml. 0.20 0.16 0.10 0.14 -0. 14 -0.09 -0.11 0.02 -0.03
ESV/mL ) : ) ) ) : )
/ml 0. 33* 0.09 0.14 -0.20 -0.18 0.01 -0.33* -0.06 -0.32*%
SV/mL . : . . . . . R X
/mm #
LADY 0.01 0.12 0.14 0.07 0.26 0.11 -0.28 0.04 0.18
/ml. 0.13 0.23 0.14 0.09 0. 00 -0.02 -0.39%  -0.37%  -0.28*
LAV/mL : : - - . : . . )
2
/(ml/m®) -0.21 0.20 0.15 0.25 0.05 0. 00 -0.35%  -0.39%  -0.17
LAVY/ (mL/m?)
/(m/s) m _ _ _ _
MV-E/ (m/s) 0.08 0.05 0.01 0.47 0.09 0.04 0.21 0.10 0.23
/(m/s) # # # _ - -
MV-A/(m/s) 0.23 0.31 0.31 0. 40 0.03 0.05 0.18 0.18 0.12
-0.14 -0.21 -0.22 0.11 0.18 -0.07 -0.01 0.01 -0.04
E/A
e’ /(m/s) -0.09 0.21 0.26" 0.37% 0.14 0.21 0.02 -0.05 -0.08
Sep-e’ /(m/s)
e’ /(m/s) -0.05 0.12 0.14 0.23 0.10 0.10 0. 00 0.12 -0.23
Lat-e’ /(m/s)
0.16 -0.17 -0.27* 0.07 -0.07 -0.21 -0.16 0.03 -0. 14
E/e’
PP <0.05,%P <0.01, ( )

Note. Correlation coefficient represents the correlation between the two parameters corresponding to the row and column,
same in the following tables)

[10]

, , E/A ,EF FS

P <0.05, ¥P <0.01. (The
(1]
;

b
[12]
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8 (r)

Table 8 Correlation coefficient (r) between metabolic indexes and cardiac structure and function in male cynomolgus monkeys

Correlation coefficient BMI SBP DBP HR GLU TG TCHO HDIC LDI-C
/mm # # # _ #H ##
IVSd/mm 0.28 0.41 0.26 0.07 0.22 0.09 0.33 0.55 0.09
/mm i i _ # it it #
- 0.28 0.56 0.38 0. 06 0.04 0.24 0.50 0. 66 0.22
IVSs/mm
/mm "
LVIDA/mm 0.11 0.13 -0.08 0.22 0.01 0.02 0.09 0.15 0.01
/mm
LVIDs/mm 0.07 -0.20 -0.13 -0.20 0.02 -0.02 -0. 04 -0.15 0. 07
/mm # H#H# - — #
LVPWd/mm 0.24 0.36 0.35 0.01 0. 08 0.19 0.17 0.28 0.01
/mm ::# w _ i i i #
LVPWs/mm 0.32 0.52 0. 47 0.05 0. 06 0.37 0. 46 0.53 0.22
/% 0.01 0.16 0.13 0.03 -0.03 0.09 -0.04 0.04 -0.13
LVEF/% ’ ’ ’ ’ ’ ’ ’ ’ ’
/% 0.02 0.14 0.11 0. 00 -0. 06 0. 08 -0. 05 0.05 -0.13
FS/% . R X . § . R R R
/ml. 0.13 -0. 14 -0. 09" -0.23 -0.03 0.02 -0.11 -0.18 0.00
EDV/mL ’ ’ : ’ ’ ’ ’ ’ ’
/ml. 0.05 -0.23 -0.17* -0.26 -0.03 -0.03 -0. 04 -0.15 0.08
ESV/ml R X X X . 03 . R E X
/ml. 0.15 -0.07 -0.03 -0.18 -0.03 0.04 -0.12 -0.16 -0.04
SV/mL ’ ’ ’ ’ ’ ’ ’ ’ ’
/mm " # _ i -
LAD/mm 0.30 0.24 0.14 0. 00 0.27 0.02 0.18 0.49 0.05
/ml. 0.10 -0.09 -0.04"  -0.32 -0.01 0.04 -0.13 -0.19 -0.02
LAV/mL ’ ’ : ’ ’ ’ ’ ’ ’
2
/(ml/m") -0.31%  -0.23 -0.18%  -0.30 0.03 -0.05 -0.17  -0.25*  -0.06
LAVI/(mL/m~)
/(m/s)
MV-E/(m/s) 0.07 0.01 0.01 0. 06 0.18 0.05 0.10 0.17 0.02
/(m/s) _ _ _ _
MV-A/(m/s) 0.04 0.17 0.27 0.09 0. 00 0.02 0.04 0.11 0.01
-0.03 -0.20 -0.29" -0.20 -0.21 -0.08 -0.12 -0.08 -0.01
E/A
e’ /(m/s) 0.08 0.12 0.17 0.13 -0.16 -0.12 -0. 25" -0. 25" -0.16

Sep-e’ /(m/s)

e’ /(m/s) 0.03 0. 04 0. 14 0.08 -0.17 -0.07 -0.18 -0.19 -0.14
Lat-e’ /(m/s)
-0.10 -0.10 -0. 14 -0.13 0.02 0.07 0.13 0.04 0.20
E/e’
’ o} ’
b b s
s E/A ,
,EF FS o . °
5 ( References)

) ) [1] . (
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[ Abstract] Objective Network pharmacology and animal experiments were performed to study and verify the
therapeutic effect of Rhizoma Chuanxiong volatile oil on angina pectoris. Methods Volatile oil components were screened
using steam distillation, gas chromatography-mass spectrometry, and oral bioavailability. Targets of these components were
identified using Pubchem, SwissTarget, DisGeNET, and DrugBank databases as well as R language. Angina pectoris-
related targets and intersection targets were obtained. Protein-protein interactions were analyzed using the STRING
database. The ClusterProfiler package in R was used to analyze the gene ontology and Kyoto Encyclopedia of Genes and
Genomes enrichment of the intersecting targets, and Cytoscape was used to construct herbal-component-target-pathway
networks. Molecular docking analysis was conducted using AutoDock Vina 1. 2.3, Pymol 3. 0, and Discovery Studio 2016
software to evaluate the affinity between key targets and the main volatile oil components. Finally, the therapeutic effect of
Rhizoma Chuanxiong volatile oil on angina pectoris was verified by animal experiments. Results In total, 10 volatile oil
components and 22 key targets were identified. They were closely related to neurotransmitters, receptors on synaptic
membranes, material metabolism, neuroactive ligand-receptor interaction, retinol metabolism, and drug metabolism-
cytochrome P450 pathways. The molecular docking result showed that 3-butylidenephthalide, alpha-selinene, trans-
ligustilide, and other volatile oil components combined with several key targets play therapeutic roles. Animal experiments
showed that the volatile oil of Rhizoma Chuanxiong can regulate the ejection fraction, fractional shortening, stroke volume,
and left ventricular internal diameter in systole and the activities of lactate dehydrogenase, creatine kinase and aspartate
aminotransferase ; promote the expression of ADRAT1A and CHRMS proteins in damaged cardiomyocytes; improve the state
of myocardial fibers; reduce intercellular space; and reduce inflammatory cell infiltration. Conclusions The volatile oil of
Ligusticum wallichii can effectively protect damaged myocardial tissue and thus has a role in treating angina pectoris.

[ Keywords] Rhizoma Chuanxiong; volatile oil; angina pectoris; network pharmacology; animal experiment
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1
Table 1 Active components of Rhizoma Chuanxiong volatile oil
Mol /% /%
NO. Mol ID Area precent/ % Compound CAS Qual OB/ %
1 MOLO000125 2.3312 o 80-56-8 91 46.25
Alpha-pinene
2 MOL001296 6. 0435 L 3387-41-5 91 45.15
Sabinene
3 MOL000202 2. 6566 v . 99-85-4 94 33.02
Gamma-terpinene
4 MOL000264 3.8424 —_— 586-62-9 96 29. 62
Terpinolene
5 MOLO001752 1.0238 > “+ 7786-61-0 90 38.39
’ 2-methoxy-4-vinylphenol ’
6 MOL002107 1. 1042 1009-14-9 91 42.58
Valerophenone
7 MOL002112 5.9641 & . 473-13-2 99 31.81
Alpha-selinene
3-
8 MOLO002111 1. 3064 3-butylidenephthalide 551-08-6 98 42.44
6 1,4
9 MOL002184 1. 0350 6-butyl-1, 4-cycloheptadiene 22735-58-6 90 31.69
10 MOL002201 22.2508 . - 1000365-98-8 96 51.30
Trans-ligustilide
. -DNA N -
P450 P450
b 40 N
N o
2.5 - -
Cytoscape 3.9.0 -
- ’
) b
5. Degree
2 9 o
Figure 2 Key target of Rhizome Chuanxiong volatile 2.6
oil in the treatment of angina pectoris AutoDock vina 1.2.3 22
10 < -3
2.4 GO KEGG Kcal/mol , 6A,
GO 491 (P<0.05), o Alpha-selinene
413 (biological process, BP) 21 CHRMS5 , CYP2A6, Trans-ligustilide ~ CYP1A1
( cellular component, CC) 57 < =9.0 Kcal/mol
(molecular function, MF) 4. GO . 3-butylidenephthalide , Alpha-
, N selinene | Trans-ligustilide
CXVO 1 Trans-ligustilid
) ) < —8.0 Kcal/mol , 3
AY N G o
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3 B,

(AL PPI ;B

Note. A. PPI network of potential targets. B. MCODE clustering analysis ( K-core: 2).

Figure 3 Protein-protein interaction network analysis
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Figure 4 GO and KEGG enrichment analysis results
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5 _ ; -

Figure 5 Network diagram of Rhizoma Chuanxiong-component-target-path

6

Note. A. Heatmap of binding energies. B. Partial docking results.

Figure 6 Results of molecular docking
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,¥pP < 0.01; ,"P<0.05,"P<0.01, ( )
7 EF .FS.LVIDs . LVIDd SV
Note. Compared with the control group, * P < 0. 01. Compared with the model group, *P < 0.05, ™ P < 0. 01. ( The same in the following figures)
Figure 7 Effect of Rhizoma Chuanxiong volatile oil on EF, FS, LVIDs, LVIDd and SV in rat heart
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Figure 8 Effect of Rhizoma Chuanxiong volatile oil on myocardial tissue
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Figure 9 Effect of Rhizoma Chuanxiong volatile oil on myocardial three enzymes LDH, CK and AST(n = 8)
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Figure 10 Western Blot analysis of CHRM3, CHRMS and ADRA1A expression(n = 8)
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[ Abstract] Objective To explore the preventive and therapeutic effects of Caryopteris incana decoction in a rat
model of primary dysmenorrhea with cold coagulation and blood stasis syndrome. Methods  Sixty healthy specific
pathogen-free SD female rats were randomly divided into six groups of ten rats each: normal group, model group, ibuprofen
group, C. incana high-dose group, C. incana medium-dose group, and C. incana low-dose group. All groups except the
normal group were treated with cold stimulation combined with estradiol benzoate and oxytocin to establish a rat model of
primary dysmenorrhea with cold coagulation and blood stasis syndrome. On the fifth day of modeling, the rats were
intragastrically administered the study drugs for 10 days. Their symptoms were observed and recorded. The writhing
response and hemorheological indices were measured. The serum levels of TXB,, 6-keto-prostaglandin F,  ( 6-Keto-
PGF,, ), estradiol (E,), and progesterone ( PROG) were measured. Additionally, the levels of prostaglandin F,,
(PGF,,) , prostaglandin E,(PGE,) , nitric oxide (NO), and calcium (Ca>*) in the uterine tissues were measured. The
organ indices of the uterus and ovary were calculated, and histopathological changes were observed. Results Compared
with the normal group, the rats in the model group showed obvious symptoms of cold coagulation and blood stasis syndrome
and writhing reaction. The morphology of uterus and ovary showed obvious hyperplasia, inflammation, edema and other
lesions. The plasma viscosity, packed cell volume and whole blood viscosity were significantly increased (P < 0.01). The
serum levels of thromboxane B, and E, and the E,/PROG ratio were significantly increased (P < 0.01), the levels of 6-
Keto-PGF,, and PROG were significantly decreased (P < 0.01). The uterine index and ovarian index were significantly
increased (P < 0.01). The levels of PGF,, and Ca’* and the PGF, /PGE, ratio in uterine tissue were significantly
increased (P < 0.01), while the levels of PGE, and NO were significantly decreased (P < 0.01). Compared with the
model group, Caryopteris incana significantly improved the symptoms of model rats, improved the morphological lesions of
the uterus and ovary, prolonged the latency time of the writhing reaction, and reduced the number of writhing episodes ( P
< 0.01); significantly reduced the plasma viscosity, packed cell volume, and whole blood viscosity (P < 0.01);
significantly reduced the serum levels of TXB, and E, and the E,/PROG ratio, increased the serum levels of 6-Keto-PGF
and PROG, and reduced the uterine and ovarian indices (P < 0.01, P < 0.05) ; significantly reduced the levels of PGF,,
and Ca’>* and the PGF, /PGE, ratio in uterine tissue (P < 0.01, P < 0.05); and significantly increased the levels of
PGE, and NO in the uterine tissue (P < 0.01). Conclusions Caryopteris incana decoction can effectively improve the
clinical symptoms of primary dysmenorrhea in rats with cold coagulation and blood stasis syndrome, and it has a good
control effect. Its mechanism may be correlated with the levels of TXB,, 6-Keto-PGF, , E,, and PROG in serum and
PGF,,, PGE,, NO, and Ca’" in uterine tissue.

[ Keywords] Caryopteris incana; cold coagulation and blood stasis syndrome; primary dysmenorrhea; rat
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1 (x +s,n = 10)

Table 1 Effect of Caryopteris incana decoction on writhing response in rats(x + s,n = 10)

/%

/min Inhibition rate of writhing
Groups Latent time/min Writhing frequency response/ %
Normal group - - B
AA AA _
Model group 4.40 = 0. 67 41.00 = 4.42
8.72 £ 1.20™ 13.30 £ 2.31™ 67.56
Tbuprofen group
C. incana high-dose group 7.61 +1.07 16.50 = 1.35° 59.76
. . 7.81 +£0.97™ 18.80 + 2.44™ 54.15
C. incana medium-dose group
. 6.69 + 8.20™ 25.50 + 3.63 ™ 37.80
C. incana low-dose group
JAdp <0015 , P <0.01, ( )

Note. Compared with the normal group, Adp <0.01. Compared with the model group, ™ P < 0.01. (The same in the following tables)

2 . (x £s,n = 10)
Table 2 Effect of Caryopteris incana decoction on plasma viscosity, packet cell volume and whole

blood viscosity in rats(x = s,n = 10)

/(m Pa-s) Whole blood viscosity/(m Pa-s)

/

(m Pa-s) /(1/L) /(m Pa-s) /(m Pa-s) /(m Pa-s)
. L . High shear Medium shear Low shear
Groups Plasma viscosity/ Packet cell
(m Pa-s) volume (/L) rates/ (m Pa-s) rates/(m Pa-s) rates/(m Pa-s)
(200/s) (50/s) (1/s)
1.59 = 0.02 0.39 + 0.02 4.08 +0.55 5.55 +0.96 21.76 = 1.97
Normal group
1.90 + 0.0744 0.46 + 0.0144 5.54 + 0.5044 8.29 + 0.7644 30.99 + 2.0344
Model group
1.84 + 0.07 0.43+0.027 5.06 £ 0. 66 7.71 £ 0.85 25.52 + 1.74™
Ibuprofen group
. . 1.63 = 0.06™ 0.42+0.02™ 4.69 +0.47™ 6.21 £ 0.78™ 23.14 +2.69™
C. incana high-dose group
. . 1.67 £ 0.09™ 0.41 +0.02™ 4.50 £ 0.45™ 6.82+1.05™ 26.13 + 1.62™
C. incana medium-dose group
.. 1.82 + 0.07 0.44 + 0.03 4.93 + 0.46 7.32 £ 1.04 27.67 +2.14"
C. incana low-dose group
: ,"P<0.05, ( )
Note. Compared with the model group, “ P < 0.05. ( The same in the following tables)
3 TXB, .6-Keto-PGF,, .E, PROG (x £s,n = 10)
Table 3 Effect of Caryopteris incana decoction on the contents of TXB,, 6-Keto-PGF,_,
E,and PROG in serum of rats(x = s,n = 10)
G TXB,/(ng/mL)  6-Keto-PGF, /(pg/mL) E,/(pg/mL) PROG/ (ng/mL) E,/PROG
roups
5.42 £ 0.22 128.83 + 7.40 45.20 + 2.33 37.14 + 1.91 1.22 £ 0. 10
Normal group
8.07 = 0.3244 76.02 + 4.054%  74.17 = 4. 164%  21.29 = 1.5244 3.50 + 0.2944
Model group
7.79 = 0.34 78.94 + 6. 12 69.29 + 4.36" 23.07 = 2.02 3.02£0.23™
Tbuprofen group
L . 6.02 £ 0.32™ 98.68 + 4.97™ 50.43 +2.74™ 32.08 +2.12 1.58 £ 0.16™
C. incana high-dose group
. . 6.58 £ 0.37™ 93.44 + 4.78™ 55.23 +3.10™ 34.14 + 1.38™ 1.62 £ 0.13™
C. incana medium-dose group
7.70 = 0.35 81.47 = 5. 11 66.34 + 4.06™ 23.93 + 1.65" 2.78 £ 0.27™

C. incana low-dose group
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E, E,/PROG (P < , \
0.01) PROG (P <0.05),
2.5 (P <0.01);
4 s , (P<0.01),
(P<0.01), .
4 (x £s,n = 10)
Table 4 Effect of Caryopteris incana decoction on uterine index and ovarian index of rats(x + s,n = 10)
/(mg/g) /(mg/g)
Groups Uterine index of rats/(mg/g) Ovarian index of rats/(mg/g)
Normal group 1.76 + 0.23 0.31 +£0.03
Model group 6.60 = 0.7644 0.71  0.0944
Ibuprofen group 3.34£0.457 0.56 + 0.05™
C. incana high-dose group 2.62+0.147 0.42 +0.05™
C. incana medium-dose group 3.12£0.29™ 0.52 £ 0.05™
C. incana low-dose group 3.99+0.527 0.63 + 0.07
2.6 PGF,,.PGE, .NO Ca’" ,
( ) ; (
5 , , )3 ( ) o
PGF,, .Ca’* PGF,./PGE,
(P < 0.01), PGE, NO (P < ( )
0.01), , ( ) (
PGF,, PGF,./PGE, (P < )e
0.01) PGE, (P < ( )s
0.01) ; ’ ( ),
PGF,, .Ca’* PGF, / ( );
PGE, (P <0.01), ( ).
PGE, NO (P <0.01); , :
PGF,, . Ca** ; ;
PGF, /PGE, (P <0.05,P <0.01) : :
NO (P <0.05), ,
2.7 . , ( )
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’ ) b ’
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2024 7 32 7 Acta Lab Anim Sci Sin, July 2024, Vol. 32, No. 7 885

5 PGF,, .PGE, NO Ca*" (x £s,n = 10)

Table 5 Effects of Caryopteris incana decoction on the contents of PGF,,, PGE,, NO and Ca’" in uterus of rats(% = s,n = 10)

2a 0

Groups PGF,./ (pg/ml.) PGE,/(pg/mL) PGFy,/PGE, NO/ ( pumol/L) Ca®*/(umol/g)
80.42 + 9.99 115.13 + 5.89 0.70 = 0.09 28.93 + 2.30 13.17 = 1. 63
Normal group
122.50 = 8.4244 8238 + 6.48%% 149+ 0.124%  16.42 x 1.8144 139.51 = 12.5644
Model group
88.33 + 6.69 ™ 107.01 = 5.25™ 0.83 £0.09™ 16. 68 + 2.06 130.94 + 6. 64
Ibuprofen group
. . 94.67 = 7.63™ 105.13 = 5.10™ 0.90 = 0.09 ™ 26.11 = 3.01 ™ 56.59 + 3.93 "
C. incana high-dose group
. . 87.58 + 7.00 ™ 100.51 + 4.17™ 0.87 £0.07™ 23.02 £2.94™ 73.47 £3.21™
C. incana medium-dose group
. 110.08 = 6.74" 89.51 + 3.96 1.23 +0.09 ™ 19.99 + 2.81° 91.02 = 5. 11™
C. incana low-dose group
1

Figure 1 Pathological observation on uterus of rat
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Figure 2 Pathological observation on ovary of rat
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learning, and memory in the remission phase; and explore the potential neurobiological mechanisms of action. Methods
Healthy SD rats aged 4 weeks were randomly divided into control and model groups, with 22 rats in each group (11 males
and 11 females). An epileptic rat model was induced by intraperitoneal injection of KA. Seizure latency and frequency
within 2 hours of KA injection were observed, seizure grade was assessed using the Racine grade standard, and a cortical
electroencephalogram (EEG) was recorded. Behavioral performance was observed in a series of tasks including open field
testing, balance beam walking, elevated plus maze, Y-maze, and novel object recognition. The level of GABA in the
hippocampus was detected by ELISA, injury to hippocampal neurons was observed by Nissl staining, and the protein
expression of synapsin-1 and synaptotagmin 1 in the hippocampus were detected by Western Blot. Results Both male and
female rats presented typical epileptic behaviors after KA injection. However, compared with the effects in males, the
latency of the first seizure (P = 0.014) and IV ~ V grading in female model rats were more pronounced (P < 0.01), and
the frequency of epileptic seizures within 2 hours was significantly reduced (P = 0.019). In the open field testing, KA-
induced epileptic rats presented more motor but fewer hedonic behaviors, as indicated by the decrease in total movement
distance in the central area, compared with the control group. Moreover, grooming frequency was significantly reduced in
the female model rats compared with not only that in the control but also that in male model rats (P < 0.01). The model
rats spent more time completing and had a higher score in the balance beam walking task, indicating their poorer stability
and balance. In the elevated plus maze, the exploration times of male model rats in the closed arm was increased. The
preference index of rats for the novel arm or object decreased in the Y-maze and novel object recognition, suggesting
impairments to their learning and memory abilities. Moreover, neuronal injuries were found in the hippocampus of the
model rats that were accompanied with a decline in GABA concentration and protein expression of synapsin-1 and
synaptotagmin 1, with no gender differences. Conclusions Intraperitoneal injection of KA successfully induced an
epilepsy rat model. However, there was a gender difference in the characters of acute seizures and performance of sensory,
motor, and learning memory during epileptic remission. There was no gender differences in the hippocampal GABA
concentration or expression of synaptic plasticity-related proteins, and thus no evidence was found for the mechanisms
underlying the gender differences.
[ Keywords] epilepsy; male and female; learning and memory; KA; GABA; EEG; rats
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894
A ;B. 2h ;C.KA 4h 10 min ;D ;E
; ,#P <0.01; ,"P<0.05, ( )
2 KA (% £ st,n = 11)
Note. A. Epileptic seizure. B. Seizure latency and the number of seizures within 2 h. C. Highest grade of KA every 10 minutes after 4 h injection. D.
Typical cortical electroencephalogram. E. Eeg amplitude during seizures in different gender epileptic rats. Compared with the control group, P <
0.01. Compared with the male group, * P < 0.05. (The same in the following figure)
Figure 2 Gender difference in the characters of acute epileptic seizures induced by KA in rats (x + sx,n = 11)
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A ;B ;G ;D ;E: ;F: ; P
< 0.05; , " P<0.01, ( )
3 KA OFT BW (x £sx,n = 8)
Note. A. Total ambulatory distance. B. Distance in the centre. C. Number of grooming. D. Balance beam walking score. E. Balance beam
walking time. F. Typical trajectory. Compared with the control group, *P < 0. 05. Compared with the male group, ™ P < 0.01. (The same in the

following figure)
Figure 3 Gender difference in the behavioral performance of KA-induced epileptic rats in the OFT and BW (x + sx,n = 8)

(A ;B: ;C: ;D: ;E: o
4 KA EPM (x £sx,n = 8)
Note. A. Entries to the open arm. B. Duration in the open arm. C. Entries to the closed arm. D. Duration in the closed arm. E. Typical trajectory.

Figure 4 Gender difference in the behavioral performance of KA-induced epileptic rats in the EPM (x + sx, n = 8)
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;B: ;C:Y- ; D:NOR .
5 KA Y-maze NOR (x +sx,n = 8)
Note. A. Preference index of the novel arm. B. Preference index of the novel object. C. Typical trajecbories in the Y-maze. D. Typical
trajectories in the NOR.
Figure 5 Gender difference in the behavioral performance of KA-induced epileptic rats in the
Y-maze and NOR (x + sx,n = 8)

A GABA ;B:GABA ;C:GABA ;D:GABA
;E: °
6 KA GABA
Note. A. GABA concentration in hippocampus. B. Correlation between GABA concentration and total ambulatory distance. C. Correlation between
GABA concentration and the number of grooming. D. Correlation between GABA concentration and entries to the closed arm. E. Pathological
morphogram.
Figure 6 Changes and correlation analysis of GABA content in hippocampal tissue of KA-induced

epileptic rats of different genders



2024 7 32 7 Acta Lab Anim Sci Sin, July 2024, Vol. 32, No. 7

897
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Synapsin-1

Synaptotagmin 1 (x £sx,n = 3)

Note. A. Pattern of protein bands. B. Expression of Synapsin-1. C. Expression of Synaptotagmin 1.

Figure 7 Expression of Synapsin-1 and Synaptotagmin 1 in hippocampal tissues of KA-induced epileptic rats of

different genders (x + sx, n = 3)
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[ Abstract] Objective In this study, we aimed to use network pharmacology techniques to predict the key targets
of a prescription of Ziziphi spinosae semen formula (ZSSF) compound for depression, and to verify its mechanism of action
using a zebrafish model of rifampicin-induced depression. Methods The drug targets of ZSSF were retrieved from the
TCMSP database, and the target names were corrected using the UniProt database. Depression-related targets were
identified using the GeneCards, OMIM, and NCBI databases. Protein-protein interaction information for the shared targets
was predicted using the STRING database. The collected data were then analyzed using the Metascape database to
determine GO and KEGG pathway enrichment, and the result were visualized using microbiotics. Behavioral experiments
and reverse-transcription quantitative PCR experiments were conducted to verify the therapeutic effects of ZSSF on a
zebrafish depression model induced by risperdal. Results 188 targets were screened to find the interactions between
depression and ZSSF. The protein-protein interaction result showed that ZSSF primarily targeted TNF-a, IL-2, IL-6, IL-
1B, and IL-10 to produce its antidepressant effect. KEGG pathway enrichment analysis revealed that ZSSE exerted its
effects on depression through various signaling pathways, including the TNF, PI3K-Akt, and ¢GMP-PKG signaling
pathways. The result of the animal experiments showed that the treatment groups given high, medium, and low doses of
ZSSF exhibited significant improvements in movement distance under acoustic and light stimulation compared with the model
group(P < 0.05). The speed of movement of the treatment groups was also significantly faster(P < 0.01). Additionally,
the mRNA expression levels of TNF-a, IL-2, IL-6, IL-1B, and IL-10 were up-regulated in the brain tissues of zebrafish in
the high-, medium-, and low-dosage groups of ZSSF compared those in the model group (P < 0.001). Conclusions
ZSSF exerts its antidepressant effect through multiple components and targets, and its antidepressant effects may be
associated with its inhibition of inflammatory factors.

[ Keywords] network pharmacology; Ziziphi spinosae semen formula; depression; inflammatory factor

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

( mitogen-activated
protein kinase, MAPK ), PI3K-Akt

, ( phosphatidylinositol 3 kinase , PI3K-Akt)
[1] 5 [5-6] <<
: )
[2] 7] R .
o ) N N o ( Ziziphi spinosae semen formula,
ZSSF) . N N N

) ’ N ’ N ’ <<

L4J ] << >> 9 o 9



2024 7 32 7

Acta Lab Anim Sci Sin, July 2024, Vol. 32, No. 7 903

[8-9] .
1
1.1
1.1.1
[SYXK( )2023-0048], 20

10 .10 , 3~5 AB

o (KCl) 0.05 g/L,

(NaHCO,) 0.025 g/L, (NaCl)
3.5 ¢/L, (CaCl,) 0.1 gL,

Holt (15 mmol/L NaCl.0. 67 mmol/L KCI,
0.03 mmol/L NaHCO,, 0.90 mmol/L CaCl,, pH =
7.2) o : ( ) 14h 7/
10 h , 50% ~ 80%,

28 ~32°C,

(2023-
0412), 3R .
1.1.2
TCMSP (https:// tcmsp-e. com/tcmsp.
php) . UniProt ( https:// uniprot. org ) .
GeneCards ( https ://www. genecards. org/) .
OMIM ( https ://www. omim. org/) . NCBI

( https ://submit. ncbi. nlm. nih. gov) , STRING
(http ://string-db. org/) . Metascape

html #/main/

.Cytoscape 3.9. 1 5

( https://metascape. org/gp/index.
step) .venny 2. 1.0

1.1.3

; (
= 98%) . (

, Reserpine,

MCE , Fluoxetine hydrochloride, =
99.82%) ; (DMSO,
) ;RNA (
) ;¢cDNA ( ( )
)3 ( ( ;
)) o Molecular Devices
; Bio-Rad PCR
; Eppendorf
( )
1.2
1.2.1
(1)
TCMSP
. UniProt R

(oral bioavailability, OB) =

30% . (drug likeness, DL) = 0. 18
(2) :
“depression” , Genecards , OMIM ., NCBI
“Gene Map”, ,
o R4.1.0
o venny 2. 1.0
Venn o
Cytoscape3. 9. 1 o
(3) - ( protein-protein

interaction , PPI) :
STRING , PPI o
“Homo sapiens” ,

b

0.900 , PPI o
PPI Cytoscape 3.9. 1 PPT
o ( degree
centrality, DC) | ( closeness centrality,
CC) (betweeness centrality, BC) 3
, 3
o Cytoscape
( molecular complex detection, MCODE )
PPI o ,degree 2, k-core
2 ,max depth 0.2, maximum depth 100,
(4) GO KEGG



904 2024 32 7 Acta Lab Anim Sci Sin, July 2024, Vol. 32, No. 7
Metascape , KEGG , 6
GO o , . (4 mg/L) | (6 mg/L) |
3,P 0.01, 1.5, (3.0 mg/L) |
GO KEGG logP (6.0 mg/L) (12.0 mg/L)

, o s 24 h o
R4.1.0 , Bioconductor 6 , 30 , 3 .
o . . 1 mL
, Cytoscape 3.9.1 DMSO, ,6
: . DMSO,, ,
1.2.2 1, 7d, o
(1) 180 7 20:00 s 1,
1
Figure 1 Flowchart of the experiment
(2) 1 RT-qPCR
20 min, 30 s, Table 1 Primer sequences used for RT-qPCR
100% (8000 Lux) , 20 min, (57-3")
o iy 20 min. Genes Primer sequence (5’ =3")
. F: ATCTTGACTGAGCGCGGTTAT
30 s, 100% (440 Bractin R:TCATGGATGCCAGCAGACTC
Hz), 20 min, N F: ACCAGGCCTTTTCTTCAGGT
(3) i R: TTTGCCTCCGTAGGATTCAG
, ’ Lo F:CGACCTGACTCTCTACACGC
. R:CGGTTGCCTCGTATTCCTCA
’ ~80 _ F: AGACCGCTGCCTGTCTAAA
o ) R: TTTGATGTCGTTCACCAGGA
24 h RT-qPCR 1o F:CTTTAAAGCACTCCACAACCCCAA
RNA . R:CTTGCATTTCACCATATCCCGCTT
) g F:CATAAACACCTTCGAGTCCG
o(TNF-a1) . 2(1L2) . R:TCTTTCCTGTCCATCTCCACCA
6(1L-6) | IB(IL-1B) | 44 27
10(1L-10) o 1 o .81 .65 N
1.3 222 o
SPSS 20.0 , 2, Pubchem
+ (x +5s) , , SwissTargetPrediction
, P<0.05 , 439 o GeneCards
o 15 686 s 188
2 ( 3).
2.1 2.2 “ - - ?
TCMSP OB = 30% .DL = 0. 18 Jvenn Bioinformatics



2024 7 32 7

Acta Lab Anim Sci Sin, July 2024, Vol. 32, No. 7 905

2
Table 2 Basic information of the active ingredients of ZSSF

Mol-ID Compound Source
MOL002039 X
RXR-alpha Lilium brownie var

N N

Lilium brownie var, Poria cocos
s

MOL000449

PGR (Schw. ), Rosa rugosa Thunb.
MOLO000358 PTGSI ! Lilium brownie var, Angelica
sinensis ( Oliv. ) Diels
2 . S .
MOLO000358 Lilium brownie var, Angelica
PTGS2 . RPN .
sinensis ( Oliv. ) Diels
MOL009449 NR3C2 Lilium brownie var
MOLO000358 . Angelica
HSPOOAAT sinensis ( Oliv. ) Diels
1
MOLO000358 Angelica sinensis
PONT (Oliv. ) Diels
MOLO000358 Angelica sinensis
MAP2 (Oliv. ) Diels
1
MOL001522 PTGS1 Semen Ziziphi spinosae
1 o
MOL001522 CHRM1 Semen Ziziphi %[‘)mnsae,
Rosa rugosa Thunb
MOLO001546 3 S Zizi \h spinos:
CHRM3 emen Ziziphi spinosae,
Rosa rugosa Thunb
a2A
MOL001522 ADRa2A Semen Ziziphi spinosae
MOL000273 NR3C2 Poria cocos( Schw. )
Venn 2A
, 188 ,
] 5 )
35 .188 “ - -
” 2B , ,
8 . 7
. 3 o
o
2.3 -
b
STRING PPI o 188
, 0.9,
b
Cytoscape 3.9. 1 , PPI ,
3, , 10 "

TP53 ,AKT1 . JUN TNF IL-6 IL-2 IL-13 .BCL-2,

IL-10.IL-1A, 4, )
2.4 GO KEGG
GO ,
0 50
GO , 50 P<0.05
KEGG ,GO 3
( biological process,BP) |
(molecular function, MF) (cellular
component,CC) ( 4A), BP
,CC
, MF o
, PI3K-AKT .TNF
¢GMP-PKG  ( 4B).
2.5
5A,5B , 7d
(P<0.01), : .
(P
<0.05,P <0.01); ,
(P <0.05P<
0.001),
0 5C,5D , 7d
(P<0.01),
(P<0.01). 5E,56
o 5F,5H ,
2.6

RT-qPCR
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3
Table 3 Potential targets of ZSSF and depression
ID Target name ID Target name ID Target name ID Target name
1 PTGS1 48 BAX 95 FOS 142 SERPINE1
2 CHRM1 49 CASP9 96 CDKNIA 143 COLIAL1
3 SCNSA 50 JUN 97 EIF6 144 IFNG
4 PTGS2 51 CASP3 98 MMP9 145 ALOXS
5 RXRA 52 CASP8 99 MAPKI1 146 IL1A
6 PDE3A 53 PRKCA 100 IL10 147 MPO
7 ADRAITA 54 TGFB1 101 EGF 148 NCF1
8 ADRAI1B 55 PONI1 102 RBI 149 ABCG2
9 SLC6A3 56 MAP2 103 TNF 150 HAS2
10 ADRB2 57 AKR1B1 104 IL6 151 GSTP1
11 SLC6A4 58 PLAU 105 AHSA1 152 NFE212
12 HSP90AA1 59 LTA4H 106 TP53 153 NQO1
13 MAOB 60 MAOA 107 ELK1 154 PARP1
14 CALM3 61 ADRBI1 108 NFKBIA 155 AHR
15 DRD1 62 NOS2 109 POR 156 PSMD3
16 CHRM3 63 ESR1 110 ODC1 157 SLC2A4
17 ADRA2A 64 CHEK1 111 XDH 158 COL3Al1
18 CA2 65 PPARG 112 TOP1 159 CXCLI11
19 ADRA2C 66 PTPN1 113 RAF1 160 CXCL2
20 ADRA1D 67 DPP4 114 SOD1 161 DCAFS
21 OPRM1 68 MAPK14 115 HIF1A 162 NR113
22 NCOA2 69 GSK3B 116 STAT1 163 CHEK2
23 PGR 70 CDK2 117 RUNXI1T1 164 INSR
24 AR 71 AKT1 118 CDK1 165 CLDN4
25 TOP2B 72 VEGFC 119 HSPAS 166 PPARA
26 ACHE 73 MMP2 120 ERBB2 167 PPARD
27 NCOAL 74 MMP1 121 ACACA 168 HSF1
28 KCNMA1 75 HMOX1 122 CYPIA1 169 CRP
29 NR3C2 76 CYP3A4 123 ICAM1 170 CXCL10
30 GABRA2 77 CYP1A2 124 IL1B 171 CHUK
31 GABRA3 78 ALB 125 CCL2 172 SPP1
32 CHRM2 79 CAV1 126 SELE 173 RUNX2
33 GABRA1 80 CTNNBL1 127 VCAM1 174 E2F1
34 GRIA2 81 MYC 128 PTGER3 175 E2F2
35 GABRA6 82 CASP7 129 CXCL8 176 CTSD
36 GABRAS 83 F3 130 PRKCB 177 IGFBP3
37 ADHI1B 84 GJA1 131 BIRCS 178 IGF2
38 ADH1C 85 MMP10 132 DUOX2 179 CD40LG
39 LYZ 86 PRSSI 133 HSPBI 180 IRF1
40 SLC6A2 87 SERPIND1 134 SULT1E1 181 ERBB3
41 PIK3CG 88 MMP3 135 MGAM 182 DIO1
42 KCNH2 89 F7 136 12 183 PCOLCE
43 CHRM4 90 NOS3 137 NRI1I2 184 NPEPPS
44 HTR2A 91 RELA 138 CYPIBI 185 HK2
45 CHRNA2 92 EGFR 139 CCNBL1 186 RASAL1
46 CHRNA7 93 CCND1 140 PLAT 187 GSTM1
47 BCL2 94 BCL2L1 141 THBD 188 GSTM2
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2
Note. A. Component target-disease target of Venn diagram. B. Component target network diagram of ZSSF.

Figure 2 Potential targets of action of compound prescription of ZSSF in the treatment of depression

3 PPl

Figure 3 PPI analyses of potential targets for the action of the ZSSF in depression
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Note. A. GO enrichment analysis results. B. KEGG pathway analysis results.

Figure 4 GO enrichment analysis results and KEGG pathway analysis results

Table 4 Core targets of action in the protein-protein

interaction network of ZSSF with depression

Target name Degree CC BC
TP53 40 0. 425 655 97 0.213 346 76
AKT1 30 0. 420 749 28 0.102 864 50
JUN 27 0.446 483 18 0.236 443 89
TNF 24 0.392 473 11 0.075 095 83
1L-6 23 0.389 333 33 0. 065 254 38
IL-1B8 18 0.371 501 27 0.023 724 50
BCL-2 17 0.383 202 17 0. 039 648 85
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b
o Y
[10]
b o
b 9
[11]
A o
b
b
[12]
o
b
o
’ N

[13-14]

. ” , 188
PPI . 10
, TP53 ,AKT1 ., JUN  TNF IL-6IL-2
IL-18 .BCL-2 . IL-10 . IL-1A, GO ,
,  PI3K-AKT .TNF
¢GMP-PKG . ,
) o ( TGF) _B
IL-10, el L6
IL-1B /
[17]
[18] ,
’ [19]
RT-

qPCR



2024 7 32 7 Acta Lab Anim Sci Sin, July 2024, Vol. 32, No. 7 909

;F: ;C:
P < 0.001; PP <0.05," P <0.001, (

5 (n=6)
Note. A. Effect of light stimulation on the movement distance of zebrafish. B. Effect of light stimulation on the movement speed of zebrafish. C.
Effect of sound stimulation on the movement distance of zebrafish. D. Effect of sound stimulation on the movement speed of zebrafish. E. Effect
of light stimulation on the movement trajectory of zebrafish. F. Effect of sound stimulation on the movement velocity of zebrafish. G. Thermogram

of zebrafish movement under light stimulation. H. Thermogram of zebrafish movement under sound stimulation. Compared with con group, ***P

sk

< 0.001. Compared with the reserpine group, “P < 0.05, P < 0.001. (The same in the following figures)
Figure 5  Effect of the compound of ZSSF on the marching speed and distance in the state of acoustic and visual

stimulation in the zebrafish larvae(n = 6)
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,¥P < 0.01,
6 (n = 90)
Note. Compared with the control group, *P < 0.01.

Figure 6 Effect of ZSSF on inflammatory factor markers in the brain tissue of zebrafish larvae(n = 90)
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Analysis of animal models of sequelae of pelvic inflammatory
disease based on data mining
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(1. the Affiliated Hospital of Shandong University of Traditional Chinese Medicine, Jinan 250014, China;
2. Shandong University of Traditional Chinese Medicine, Jinan 250014, China)
Corresponding author: LIU Jinxing. E-mail: wycsdjin@ 163. com

[ Abstract] Objective To review the characteristics of animal models of sequelae of pelvic inflammatory disease
(SPID) to provide a reference for standardizing the modeling process and improving the modeling rate. Methods
Literature relevant to animal models of SPID from the past 40 years was searched, and animal species, modeling method,
modeling cycles, modeling substances, positive control drugs, and evaluation indexes were summarized and analyzed.
Results A total of 243 study manuscripts were included, most of which induced the SPID model in rats via the phenol
paste or microbial infection method. The modeling cycles were typically between 14 and 16 days, and the success of the
models was mostly determined by pelvic tissue morphology observation and pathological HE staining. Few research reports
have focused on the traditional Chinese medicine( TCM ) disease combination model. Conclusions No consistent criteria
have been established for SPID animal model modeling, and thus it is recommended that researchers evaluate changes to
animal behavior, pelvic histomorphology, and pathology. TCM syndrome modeling lacks effective method and evaluation
standards , which need further research and development. Finally, the selection and use of positive-control drugs need to be
further explored and perfected.
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“( Pelvic Inflammatory Disease and

PID) . Experimentation) ) ” PubMed
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. . , 1.2
25%'",  SPID . (1) : SPID
10 20 ~ 24 PID , . (2) : .
18 600 . 16 800 . . . , .
8550 1%, . o
( . 1.3
) PID . SPID 1202,
. , 243
, . . , Microsoft Excel 2013 SPID
’ 2
o SPID 2.1
. . SPID 13,
) o N NN , ,89.34%
40 SPID , . (60.24% SD .28.28% Wistar ,2
. . SPID ), 1.
, ,  SPID 2.2
. ,SPID
61. 70% ,35.48%
1 . ,12.10%
1.1 ,87.10%
“( or ) and o ,43.72%
1 SPID

Figure 1 Types of experimental animals in animal model of SPID
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(22 ) 28 ~30d(11 ),
. 20 ~21d(11 ).
2.3 20 ~21d(3 ) 28 ~
89 , . 30d(4 ).
, 2.7
o SPID PID 2.7.1
, PID 178
1~5 , 270 .
.70 , 10 , 128
3, 14 -~16d (47.41%) 84 (31.11%), 93 (52.25%)
, 25 7~10d, 16 2, , 85 (47.75%)
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. SPID . 272
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243 .
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18 2 , 18 . SPID o .
15 s~ A ,
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Table 1 Summary of replication methods related to SPID animal models
. . . ( ./ ) /%
i ol i e
SD (57), Wistar . . 1ml (
(18), (2) ) ,
Abdominal SD rat ( 57 ), Wistar rat After anesthesia, the uterus were exposed, and 1 mL of empty needle
operation (18), Japanese white rabbit was used to inject phenol glue into the uterine cavity (in the
(2) direction of fallopian tubes and ovaries) to close the abdomen
+
Abdominal D (8), Wistar ’ ’
Phenol (2) After anesthesia, the uterus were exposed, and the endometrium was 35.48
glue surgery + SD rat(8) , Wistar rat(2) damaged with a sharp object, and then phenol glue was injected as
method meic;gir;cal the method of abdominal operation
L oiml 10 ,
Transvaginal = SD (1) A anesthesia, a 1 ml. syringe with a 10-gauge needle was inserted
rominvasive: - SD xat(1) about 2 cm from the vaginal opening of the rat, and then the phenol

glue was injected into the left and right sides of the rat uterus
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1
C 7 /%
Moldin Moldin Animal species .
methodi approachges ( Frequenqlf)/ time ) Specific methods Percentage/%
SD (18), Wistar
(13),BALB/c (4),
. (2),KM
(n, (1),
Abdominal SD rat ((l;)) Wistar rat After anes.lhesia, .opening'lbe abdgminal cavily' to expose the uterus, 16.13
. P the bacterial solution was injected into the uterine cavity, and then to
operation ( '13 ) , BALB/c mice (4), close the abdomen
Pigtail macaque,  rhesus
monkey(2), KM mice(1),
Swiss white mice (1),
English shorthair( 1)
SD (48), Wistar s
Mechanical (34), (1), (1) After anesthesia, opening the abdominal cavity to expose the uterus, 33,87
injury+ SD rat ( 48 ), Wistar rat damaging the endometrium with a syringe needle, the bacterial ’
pathogenic (34), Rabbit(1), Rat(1) solution was injected into the uterine cavity, and then to close
infection the abdomen
7 ~ 8 cm, (1 ml/kg) , s
3 min
(6) A disposable sterile infusion tube or neonatal sputum suction tube
Phenol New Zealand rabbit(6) was inserted into the genitourinary tract, with a depth of about 7 ~ 8
glue cm. The mixed bacterial solution (1 ml/kg) was injected through
method the tube, and no overflow was observed. The rabbit was inverted for
Transvaginal 3 min 10. 89
noninvasive . . (4] / ’
method bD( 5) (Vl(/(i)si;rL3H/H((ﬂi) (0.5 ¢e¢m x 0.5 cm) (5] 0] s 3 min,
BALB/c (1),ICR . L 4. .8 . (4] .
(1) Aftcr exposing the v-ulva, inject bacterial solution"™ with a pipetie or
SD rat(10) , C3H/HeN mice  insert medical gelatin/hemostatic sponge (0.5 ¢em X 0.5 c¢m) filled
(5), Wistar rat(4), BALB/c  With bacterial solution into the Vagina[ﬂ or uterine cavity[ﬂ , and
mice( 1), ICR mice(1) stand on head for 3 min, once a day or every other day, for 4 or 8
conseculive limes
4.375 mg/kg,
1, 4 ., 2 s 1
+ ’ ’ ’
Transvaginal sD (2) Before inoculation, the rats were given subcutaneous injection of
noninvasive SD rat(2) estradiol benzoate 4. 375 mg/kg, once every other week for a total of 0.81
method+ 4 times. After the second injection, the rats were inoculated
abdominal vaginally with mycoplasma. After 1 week, the vaginal specimen was
operation taken for mycoplasma culture. If the result was negative, the
inoculation was continued. After the culture was positive, the
procedure was carried out according to abdominal operation
, , 1 cm s
( 2mm, S5mm, 2mg)
(7]
Foreign Abdominal ?]1)> (4), Wistar After anesthesia, the abdomen was opened, and a transverse incision 2 02
body . . was made 1 ecm above the uterine horn on one side. A plastic tube ’
insertion operation SD rat(4) , Wistar rat(1) (diameter 2 mm, length 5 mm, weight 2 mg) was placed in the
method uterus and fixed with the uterine incision, and the abdomen
was closed”]
LPS
LPS(30 pg/mL,200 pL), |
LPS Transvaginal SD (1) 3 8 0. 40
intrauterine noninvasive SD rat(1) After anesthesia, the rats were injected intrauterine LPS (30 pg/ :
injection method mL, 200 pL) once every other day for three consecutive times 8]
method
PMSG( 7.510,24d) ;
1ps + (25 mg/kg,1 mol/L),2 h LPS(2 h
Hydrochlori Transvaginal BALB/ (1) 50 me/kg,4 )"
y“(?; one ransvagina BA]_:B/C il 1 Mice received one dose i. h. of PMSG (7.5 IU/animal/day, 2 0.40
a(lilPS-'— nomn\}/las(ive e mice(1) days) before modeling day. After that, HCl was injected into the
method metho cervix (25 mg/kg, 1 mol/L), and LPS was injected into the cervix

(2 h 50 mg/kg, 4 times) 2 h later!®
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2 SPID (uy SPID
Table 2 Replication cycle of SPID animal models . . R
/d / ( SD
Animal species Replication cycle/d Frequency/times ’
3 " Wistar ) o
7~ 10 16 3.2
112 2 SPID PID ,
14 ~ 16 25
Rat SPID
20 ~ 21 9
25 ~ 30 16 , PID
50 1 1~5
7 2
SPID o 2
21 1
. 28 ~ 30 4 PID )
Mice
35 3 .
42 1
° ! 14 d 144
- . SPID
Rabbit - N °
49 1 N .
LPS .
English shorthair 30 : ’
b
Rhesus monkey and 90 1 o
pigtail monkey ( HMSG .HCG . )
(5]
o
3 SPID
Table 3 Modelling material for SPID animal models
F ; / /%
Modelling material Concentration re?iurszcy Percentage/ %
10% 1 1. 15
15% 9 10. 34
20% 6 6.90
Phenol glue 25% 8 66. 67
26% 1 1. 15
30% 3 3.45
Unknown 9 10. 34
5 1
Chlamydia 10°~ 10" CFU/mL 13 8.55
S 6 x 10°.3 x 10° CFU/mL 22 15.13
Escherichia coli
' 1.4 x 10° CFU/mL 6 3.95
Staphylococcus aureus
\ 2:1 1:1 6 10
Escherichia coli Staphylococcus aureus 2:1 or 1:1 107~ 107 CFU/mL. 19 12.50
. . 2:1:1 1:1:1 4 ~6x10°1 x 107 4 x 10°, 6 50,00
Pathogen  Escherichia coli \Staphylococcus aureus ,Streptococcus 2:1:1 or 1:1:1 1 ~ 3 x 10° 3 x 10'° CFU/mL :
N N 9
Escherichia coli Staphylococcus aureus ,Ureaplasma urealyticum 107 CFU/ml, 8 5.26
. . 6
Staphylococcus epidermidis ,Escherichia coli  Neisseria gonorrhoeae > x 107 CFU/mL. ! 066
: \ i 3 % 10° CFU/mL ! 0.66
Staphylococcus aureus Escherichia coli ,Candida albicans 1:1:1 m ’
5 3.29

Mixed bacteria Unknown
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4 SPID

Table 4 Statistics of detection indicators in SPID animal models

/

F ncy/ /%
requenc
Detection indicators Specific indicators ltl Y Percentage/ %
ime
- (HE) .Giemsa Masson
Pelvic histopathological 167 24. 96
e s Olpd. clogled Observing different changes in the uterus or fallopian tubes and damage scores by HE
analysis
Y staining, Giemsa staining and Masson staining
LELISA N (IL-18 . 1L-2 | IL-6, IL-
10 TNF-
Detection of 0.INF-a.NO ) , , , 124 18.53
inflammatory factors Detecting the expression of animal serum, uterus and fallopian tube tissue homogenate ( IL-
Y ) 1B, IL-2, IL-6, IL-10, TNF-a, NO, etc. ) by Radioimmunoassay, ELISA, etc.
Western Blot s .
Protein expression in 99 14. 80
tissues of the uterus and Detecting the expression of protein in uterus and fallopian tube tissue by Western Blot, and ’
fallopian tubes observing the protein expression position by immunohistochemistry, immunofluorescence
. ( \ \ ). Verco ,
PhILips
Apparent indicators of e . . . . . - 50 7.47
Lo Gross changes in the uterus and fallopian tubes ( congestion, stenosis, effusion, etc. ),
pelvic tissue . . . . .
pelvic adhesions, and pelvic adhesions Verco and PhlLips scores
Determining whole blood viscosity, plasma viscosity, hematocrit and other indicators by the 41 6.13
Hemorheology « »
cone plate method” and hemorheology
G I PCR.PCR .,
ne expression in
e expressio Detecting gene expression in uterus and fallopian tube tissue by qPCR, PCR, and in situ 37 5.53
tissues of the uterus I
R hybridization, etc
and fallopian tubes
) ) /
S Left and right sides of the uterus were weighed separately, and the mass of the affected side 32 4.78
Swelling of the uterus . . . .
was reduced by the mass of the healthy side, which was the uterine swelling degree, and the
uterine swelling degree divided by the weight was the uterine swelling rate
N N T NK
Cell analvsi Analyzing immune cells such as T lymphocytes and NK cells in peripheral blood and spleen 23 3.44
ell analysis
Y by flow cytometry, immunohistochemistry, etc.
/ N MDA MPO ,SOD
Detection of Detecting the levels of oxidative stress factors( MDA, MPO, SOD), etc. ) in animal serum or 21 3.14
biochemical markers plasma and uterine tissue homogenates
N LELISA N IgG  IgA |
IgM | C3.C4 . SIgA
Detection of immune Detecting the contents of immunoglobulin IgG, IgA, IgM, complement C3 and C4 in serum 20 2.99
markers and uterine tissue, as well as the content of SIgA in vaginal irrigation fluid and uterine
secretions by immunoturbidity, unidirectional diffusion, ELISA and other methods
. T, . S L . .. 14 2.09
Animal epithetical indicators Weight, hair, diet, activity status, food intake, mental, behavioral conditions, etc
N JHSG
Observing the patency of the fallopian tubes by methylene orchid, normal saline ventilation 12 1.79
Tubal patenc ’ ’
ubal patency HSG and other methods
NN ) /
Organ index Thymu's, liver, and spleen are weighed, and the organ weight/weight is the corresponding 8 1.20
organ index
, / 7 1.05
Uterine index Uterine weighing, uterine weight/weight is the uterine index or uterine coefficient ’
/ 7 1.05
Pregnancy rate Number of conceived animals in each group divided by number of animals in each group ’
N 7 1.05

Electron microscopy

Observing the microstructure of the endometrium and fallopian tubes
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2 SPID ( ,=5)

Figure 2 Positive control drugs in animal modeles of SPID( High frequency, = 5 times)

3.2.1
9’ )’ s
. , 10° CFU/mL.10° CFU/mL
SPID (8] , 4
( 1) H N
, . SPID . ,
, . L (2)
SPID , . +
, , (3)
10% ~ 30%, 25% , e ()
0.02 ~ 0.1 mL, 0.04 ~ 0.06 mL )
5 / [5] [6] 5
3.2.2 , ,
o (4) + ) :
, SPID., PID .
[16]
, . , , 3.2.3
Y 9 < o
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A} Y 4
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[ Abstract] The annual incidence of neurodegenerative disease has been increasing with the aging of the global
population, seriously affecting the quality of life of elderly patients and imposing a heavy burden on society. Glycyrrhetinic
acid, which inhibits neuroinflammation and protects neurons, is one of the main active ingredients of the traditional Chinese
medicine Glycyrrhiza glabra. Increasing numbers of studies are focusing on the mechanism of action of glycyrrhetinic acid
and its derivatives in neurodegenerative disease. This review summarizes studies on the effects and mechanisms of action of
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neurodegenerative disorders are discussed.
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, . APP/PSI
. . . B1(high mobility group box 1 protein, HMGB-1)
) -1 ( Caspase-1) ,
[1] . [6] .
) o NOD
( Alzheimer’ s 3 (NOD-like receptor thermal protein domain associated
disease, AD) “ 7 , protein 3 ,NLRP3)/ D( gasdermin D, GSDMD )
AB [7]
o B- ( amyloid-3,
AB) ; o- )
[2] [8]
(Parkinson’ s disease,PD) “ ” , o
[3] o [ ”
N N (glycyrrhetinic acid, GA)
[3]
(‘amyotrophic lateral sclerosis, ALS) , , , o
, - 18a- (18a-GA) . 18B-
, - " (18B-GA) ( 1)
[4]
[10]

1.1

1 18a-GA  18B-GA
Figure 1 Chemical structures of 18a-GA and 183-GA
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s >
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(area under curve, AUC)
24 h
1%, )
[11]
[12]
1.2
50 ~ 2000 ng/mlL (r =
0.9997), -

. 10010002000 ng/mL
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[13]
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b o
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hydroxysteroid dehydrogenase, 113-HSD ) ,

’

[15] (

100 L) 113-HSD2 ,

, 160 18B-GA (20
pmol/L)
('nitrous oxide ,NO) ,

-10( interleukin-10,1IL-10)
4,1L-4) , -12
(interleukin-12,1L-12) |
IFN-vy)

TNF-a) (ol .
(10 pmol/L) ,

-4 (interleukin-

-y (interferon gamma,

-Q ( tumor necrosis factor-a,

3.1 ( Alzheimer’ s disease,AD)
AD
s AB Jtau

[19]

o 3 X Tg-AD
AD (0] ( glutathione,,
3 X Tg—AD )

( nuclear factor-erythroid

GSH)
NF-E2
2-related factor 2, Nif2)
2 18a-GA 3 x Tg-AD
Nrf2 ( glutamate
cysteine ligase , GCL) , GCL
GSH , Nrf2
AB ,
EN
(rat adrenal pheochromocytoma, PC12) ,
( Bel2-

, Caspase-

b

’

associated X, Bax) C
3 ,18B3-GA
/B 2 ( Bel2-associated X/B-cell
lymphoma-2 , Bax/Bcl-2) Bl ,
Caspase-3 C ,

e ,18B-GA
PC12 -3- /
( phosphatidyl-inositol ~ 3-kinase/serine-
threonine kinase , PI3K/AKT) (23]
AR , AR Jtau
>l N- -D- ( N-methyl-
D-aspartic acid receptor, NMDAR)
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, . Cx43 , CD38, ATP
126] ' NMDAR , (371
AB 2 , Cx43 APP/PSI
NMDAR s
(acetylcholine, ACh) AB (2] 8 18a-GA Cx43
Ellman 18B-GA o
(‘acetylcholinesterase , AChE ) , 18- 3.2 (Parkinson’ s disease ,PD)
GA AChE ACh PD ,PD
, ADP .
18B-GA tau N °
AD o p38
( p38 mitogen-activated protein kinase, p38 o
MAPK) AD , ,
c-Jun (c-Jun N-terminal o
kinase,JNK)  p38 MAPK o
, p38 MAPK , ,
tau (3] , 18B-GA p38 R P
MAPK JNK  tau 2l AD 4-  -1,2,3,6- ( 1-methyl-4-phenyl-1,2
, (lipopolysaccharide, 3,6-tetrahydropyridine , MPTP )
LPS) . LPS , IL-1B.IL-6  TNF-a,
-3- ( phosphatidyl-inositol 3- , PD
kinase , PI3K) -kB ( nuclear factor kB, NF- el IL-4 1L-10
kB) , (reactive oxygen species, 3 18B-GA
ROS) . ( prostaglandin, PG) .NO ,TNF-a, MPTP
AD BL18B-GA NF-«B , 18B-GA
PI3K , LPS TNF-« | -6 , IL-4 1IL-10 ,
(interleukin-6,1L-6) -1B (interleukin-1B , IL- IL-6  IL-1B Y
1B) , LPS NO, E2 . Cx43
( prostaglandin E2,PGE2) ROS , ATP ,
AD Bl MPTP
AB , Cx30 KO , Cx43 el
( adenosine Cx43 47 18B-GA
triphosphate , ATP) , . Cx43 , ,
AD S AB 48 Caspase
43 ( connexin43, Cx43) ,Bcl-2
,Cx43 ,18a-GA ) Bel-2 ,
AD L . , A (bisphenol A, BPA)
( 8-bromo-cadp-ribose, 8-Br- , Bax/Bcl-2 , 18B-GA
cADPR) ,ADP- Bax  Caspase-3 , Bel-2 ,
/  ADP ( cluster of differentiation 38/ C s
cyclic ADP ribose,CD38/cADPR) ,Cx43 2 2 ( triggering receptor
, ATP s expressed on myeloid cells 2, TREM2)
, 18a-GA , TNF-a 200 N2
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TREM2 , 1- -4- (N-
methyl-4-phenylpyridinium , MPP)

[51]
b b b

18B-GA MPP ,
, Nrf2 , TREM2
18B3-GA ,
Ll ,18B-GA Cx43
18B3-GA PD o
BDNF/TrkB
, B ( tyrosine kinase receptor B,
TrkB )
neurotrophic factor, BDNF) ,
2 18B-GA

( brain-derived
BDNF

Wistar s
TrkB  BDNF

PI3K-

(' oxidopamine

PC12 B

PI3K-AKT

3 18B-GA
Akt 6-
hydrobromide ,6-OHDA )
, 18B-GA

[23] [54]
’ o

, 18B-GA BDNF ,
PI3K-Akt o
3.3
( amyotrophic lateral
sclerosis, ALS)
o ALS
NF-«B ) NF-xB
el TNF-a
’ , 57 18-
GA NF-«kB BPA
Wistar s TNF-a
s NF-xB .
2 ALS
1 ( recombinant superoxide dismutase 1,
SOD1) o8
SOD ) 18B-GA
('subventricular zone ,SVZ)

SOD1 ,
SVZ  NSCs

(neural stem cell, NSCs)
ROS

[60]
o

b

3.4
(multiple sclerosis, MS)

b

[61]

o ( cerebellar

atrophy, CA) ,
S ( chlorpromazine , CPZ)
3 18B-GA

(' myelin basic protein, MBP)

, CPZ ;
[64]
4
4.1
A , ROS ,
. AD .PD
51 GSH
’ :6710 l'
-4- (' N-methyl-4-phenylpyridinium
iodide , MPP") ,

ROS s
18B-GA MPP* GSH )
4.2
MAPK-JNK , INK p53

,p53
[70-71] BPA
‘21 BPA , JNK ,
18B-GA  BPA ,p38 MAPK  JNK
221 DNA
3 18B-GA

(extracellular regulated protein kinases, ERK)/Nrf2
C ( mitomycin C, MMC)

DNA () . 18B-GA

Caspase-3 , MPP*

o - (ubiquitin -proteasome

system, UPS) ,

[69]
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Table 1 Mechanism of action of glycyrrhetinic acid and its derivatives in various models of neurodegenerative diseases

Ingredient Model Mechanisms of action Reference
~ « To-
oek 3 x Tg-AD N2,  GCL,  GSH , N2,
tivates ates G stimul: o < [22]
GCL inhibitor-treated neurons in 3 X {\Ltlvdtes Nif2, u[.)regulates GCL, sllmuliiles GSH synthesis, promotes Nrf2 entry
. into the nucleus, improves neuronal survival
Tg-AD mice
DCFS ’ :
i . .. . ] s e . . . "80"
DCFS-treated astrocytes Reducing excitotoxicity by inhibiting hemichannels, limiting excessive
glutamate release
HIV , )
HIV-treated astrocytes Acts on hemichannels and gap junctions to reduce apoptosis
PGN Cx43 s
. . Inhibition of connexin Cx43  expression and inhibition of pro- [82]
PGN-treated microglia . . .
inflammatory signalling
3-Bromo-cADPR CD38/cADPR s CD38, ATP
18a-GA [37]
Promotion of CD38/cADPR-depe signalli tivation of CD38 atte
§-Bromo-cADPR-treated microglia ermotllon of C 3.8/c' R dependent.%lbna ing, activation of CD38 attenuates
microglial apoptosis triggered by excessive ATP release
BALB/c NSCs N2, , o som -, ROS -,  NSGe , o0
. . Up-regulation of Nrf2 protein level, promotes SODI expression, reduces ROS
NSCs in BALB/¢ mice . . . . . i
accumulation, maintains the proliferative potential of NSCs
BPA NSCs . U.Pb’ ~ . ’ . NSCS .. . OQ [76]
Activation of UPS, increase in proteasome activity, promotion of NSCS
BPA-treated NSCs . . .
proliferation and differentiation
LPS IEC-6 Cx43 , (48]
LPS-treated IEC-6 cells Inhibition of Cx43 hemichannel opening, reduces pro-inflammatory factor release
MMC ERK/Nrf2 s DNA
- . . o - [74]
MMCotreated human fibroblasts Activation of EBK/NI‘Q pathway, attenuate DNA damage and oxidative stress to
reduce apoptosis
CUMS Wistar BDNF/TrkB , 5
CUMS-treated Wistar rats Activation of BDNF/TrkB signalling pathway, reduce neuroinflammation
JAK1/STATI  NF-«kB s C s
BPA Wistar [32]
BPA-treated Wistar albino rats Inhibition of JAK1/STAT1 and NF-kB signalling pathway, inhibits cytochrome C
release and reduces neuronal damage
C57BL/J6
SOD , [86]
Whole brain ischemia-reperfusion-  Enhances SOD activity, exerts anti-inflammatory and antioxidant effects
treated C57BL/J6 mice
MBP s S s
CPZ KM [64]
CPZ-treated KM mice Up-regulation of MBP expression, reduces demyelinating phospholipid damage,
reverses the direction of microglia polarisation, improves locomotion in mice
IBB-GA ypp PCI2 GSH , Caspase-3 , [69]
MPP treated PC12 cells Limiting GSH reduction, inhibiting Caspase-3 activation, reduces apoptosis
PI3K/ Akt s Bax/Bcl-2 s Caspase-3 s
6-OHDA PCI12 C s (23]
6-OHDA-treated PC12 cells Activates PI3K/Akt signalling pathway, reduces Bax/Bcl-2 ratio, inhibits
Caspase-3 activation, reduces cytochrome C release, reduces cell death
NF-«kB PI3K s TNF-o [ IL-6  IL-1B
LPS s NO . PGE2 s ROS
LPét ted h Inhibits NF-kB signalling pathway transmission and PI3K activity, reduces the [34]
-treated macro S
e acrophiage production of pro-inflammatory factors such as TNF-a, IL-6 and IL-1B, inhibits
NO and PGE2 production, ameliorates ROS accumulation
Nif2 s TREM2 s
MPP [44]

. . Up-regulation of Nrf2 levels in the nucleus, initiates TREM2 transcription
MPP-treated microglia piestt .. . . ’ prom
activation of anti-inflammatory microglia
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Bl BPA
el NSCs : ,
7 18a-GA
UPS, , BPA
, NSCS ,
[76]
4.3
[78]
7 18a-GA
[80]
[81]
( peptidoglycan,, PGN ) Cx43
, s 18-
GA PGN e
-1(human immunodeficiency virus-1,
HIV-1) )
[83]
b 9 C
, S 18a-
GA HIV-1
[85]
5
, Nrf2
GCL , GSH Nrif2
’ AB °
Nrf2 , TREM2
MAPK-JNK , )
Cx43 , CD38/cADPR
, ATP , Bax/Bel-2
, C , MBP

[1]

[2]

[3]

[4]

[5]

[6]

, p38MAPK  JNK
tau s NF-kB ,
TNF-«a , ,
, ( D)o
, Nrf2 . Cx43 ,MBP
MAPK-JNK | NF-kB | PI3K-AKT
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[ Abstract ] Necroptosis is a regulated process of programmed cell death independent of aspartic acid-specific
cysteine protease, which can induce inflammation. Studies have shown that necroptosis is closely related to the progression
and prognosis of pancreatic disease and plays an important two-way regulatory role in its progression. Related necroptosis
inhibitors and inducers are expected to be used in the treatment of pancreatic disease. We herein review the mechanism of
necroptosis and its role in the progression of pancreatic disease to provide a new understanding of the pathogenesis and
treatment of pancreatic diseases and offer a theoretical basis for the research and development of targeted drugs.
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Table 1 Drugs regulating factors related to necrotic apoptosis pathway in acute pancreatitis

Regulatory substances Targeted proteins Effect References

o

RIPKI T Inhibiting the formation of necrotic bodies induced by necrotic apoptosis can [23-25)

Necrostatin-1 L . . .
alleviate intestinal barrier dysfunction and slow down the development of

severe pancreatitis.
RIPK1, RIPK3  MLKL s IL-4  IL-10
RIPKI T RIPK3 |,

Mesenchymal ~ stem cells MLKL !
derived from bone marrow

By upregulating RIPK1, inhibiting the expression of RIPK3 and MLKL, [26-28]
reducing the levels of inflammatory factors such as IL-4 and IL-10,

increasing the level of anti-inflammatory mediators, reducing pancreatic

acinar cell damage, promoting the regeneration of damaged pancreatic

tissue, and protecting the pancreas from damage.

Berberi RIPK1 T RIPK3 | Reduce the levels of necroptosis related proteins and slow down the [29-30]
erberine development of severe pancreatitis.
1
(PX4T8) ¢ RIPK3 p-MLKL , , .
L RIPK3 | \MLKL | Inhibiting the expression of RIPK3 and p-MLKL, reducing necrosis of (3]
Hypoxia induced factor-la ncreatic acinar cells, and improvin, ncreatitis
(PX478) pancreatic acinar cells, ai p g pancreatitis.
I (KN93) RIPK3  p-MLKL s o
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peptide( HTD4010) pathway.
NF-kB,
Downregulation of NF-kB reduces the migration and infiltration of 35
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response, improve intestinal barrier dysfunction, and alleviate pancreatic
damage.
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Table 2 Ecrotizing apoptosis inducers in pancreatic cancer

Material Targeted proteins Effects References
RIPK1 RIPK3 s o
. RIPK1 T _RIPK3 1 Regulate the expression of RIPK1 and RIPK3 and induce necrosis of [46]
Naphthoquinone .
pancreatic cancer cells.
MLKL s RIPK1 RIPK3 MLKL
I(VIMYBS(B_Z) . R I\R/IIIP‘)IFLI TT RIPK3 T Stimulate MLKL to transfer from cytoplasm to cell membrane, up regulate [47-48]
ew pyncazimone compounds the levels of RIPK1, RIPK3, and MLKL, and inhibit the progress of
(IMB5036) .
pancreatic cancer.
RIPK1 ,RIPK3 | TNF-a s
D D ’ ©
(BV6.) RIPK1 T \RIPK3 T . Activate RIPK1, RIPK3, necrosome complex and TNF-a levels, [49-50]
Cysteine aspartate analogue TNF-a T . .
(BV6) accelerate cancer cell death, and inhibit the progress of pancreatic
cancer.
RIPK1 ERK1/2 , o
Anti  diabetes  adiponectin }:E{;{PKK;TT ERKLT Activate RIPK1 and ERK1/2 pathways and induce pancreatic cancer cell [51]
receptor agonist death through necrotic apoptosis.
RIPK1 ,RIPK3 MLKL  LC3-1I s
RIPK1 T RIPK3 T | . [52]
Silver nanoparticles MLKL T \LC3-T 1 Upregulate the levels of RIPK1, RIPK3, MLKL and LC3-II, and
improve the sensitivity of pancreatic cancer to chemotherapy.
(AURKA) RIPK1-RIPK3  RIPK3-MLKL s PC
CCT137690 RIPKI-RIPK3 T | s o (53]

Cancer gene ( AURKA ) kinase
inhibitor CCT137690

RIPK3-MLKL 1

of RIPKI-RIPK3 and RIPK3-MLKL
complexes, inducing PC cell death, and inhibiting tumor development.

Enhancing the formation

5

AP  PC
o AP
RIPK1 ,RIPK3  MLKL,
5
[55]

RIPK3
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[ Abstract] Parkinson’s disease is the second most common neurodegenerative disease in middle-aged and elderly
people. It is characterized by a long disease course and complex treatment process, introducing great challenges to society.
Behavioral changes in animal models of Parkinson’ s disease can intuitively reflect the modeling situation of experimental
animals and the effects of drug interventions. Therefore, selecting standardized animal models and appropriate behavioral
assays is fundamental for both understanding the mechanisms of Parkinson’ s disease and developing anti-Parkinson drugs.
In this paper, we summarize the method of behavioral experiments of Parkinson’s disease using mice and rats at home and
abroad and systematically summarize the experimental equipment, experimental method, evaluation indexes, and precautions

of commonly used Parkinson’s hehavioral experiments. We also provide an overview of the commonly used animal models of
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Parkinson’ s disease and analyze their modeling mechanisms, alignment with the clinical features of Parkinson’ s disease, and

respective advantages and disadvantages. This analysis will help researchers in choosing appropriate animal models of

Parkinson’ s disease and behavioral testing method according to the purpose of the study.

[ Keywords] Parkinson’s disease; rat and mouse; behavioral experiment; animal model
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Table 1 Scoring criteria for mouse pole test
/s Mouse climbing time/s / Score/points
s < 4.00s 0
Mouse successfully climbed down from the pole for the first time, climbing time < 4.00 s
s 4.01 ~ 8.00 s
Mouse can climb down after several pauses, climbing time is 4.01 ~ 8.00 s

, 8.01 ~ 12.00 s
Mouse crawled slowly with slight tremor, climbing time is 8.01 ~ 12.00 s

5

s > 12.00 s

Mouse fell, frequently trembled, their limbs were stiff, or the climbing time > 12. 00 s 3
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PD o Table 2 Scoring criteria for mouse wire hanging test
1.3.1 /s /
Suspension to drop time/s Score/points
2 100 cm 0-4 0
1.5 mm 5.9 |
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5 15~ 19 3
1.3.2 20 ~ 24 4
25 ~ 29 5
’ = 30 6
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3
Table 3 Scoring criteria for balance beam test
/
Performance Score/ points
Stabilize the balance posture and pass the balance beam smoothly 0
Grasp the edge of the balance beam and pass through the balance beam :
Hold the balance beam tightly, and one limb hangs from the balance beam and passes through the balance beam 2
60 s 3
Both limbs fall from the balance beam or rotate on the balance beam for more than 60 s without falling
40 s 4
Trying to balance on the balance beam for more than 40 s but falling down
20 s 5
Trying to balance on the balance beam for more than 20 s but falling down
. . 6
Fall without trying to balance on the balance beam
. PD . 30 min s ,
7L21,25) . . MPTP
1.6.4 PD , ,
(1)6-OHDA PD .
2 1 2 1 ’
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, MPTP
[25] [30]
o o
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Table 4 Parkinson’s disease animal models
Modelin, Modelin Motion Pathological .
Types Models & e . & Advantages Disadvantages
methods mechanism characteristics features
s
N H
I , . MPTP
; TH
; N s ;3 a-synuclein
30 mg/kg; o .
MPTP 1 e/ ke Inhibit the D . . Modeling method
o opaminergic . . .
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(47511 mg/kg per day; PN * decreased died; Dopamine o 00® are  elect, cosage an
model 1 ct/ gp fy’ interfere with dinati t, " P diverse, motor  administration
astin, or coordination conten
& and block the s symptoms  and  method of MPTP
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mitochondrial tent pathological have great influence
conten
electron features are more  on the
. decreased;  «- | . . . L
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A ; TH
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H 3 ,
6 pg , ’ , ,
5 . .
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(52-54] . gt . rotation died; Dopamine P 8 .. .
model medial forebrain DA trigger tent neurons, clinic,  stereotactic
) conten . L .
tract and oxidative stress obvious injection of brain
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striatum; each cause rent pathological requires the
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point is about inflammation of features and  operator more
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6 ng; DA neurons content of strong
. L sonte o - .
single injection lei model stability
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without fibrosis
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5
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T - . . mechanisms
injection of neck  Arouse oxidative  Slow movement, died; Dopamine L Rotenone has short
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ol 55°57) and back; 2 stress, cause hunchback, stiff  content . half-life,
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Modelin Modeling Motion Pathological .
Types Models g .o - g Advantages Disadvantages
methods mechanism characteristics features
; TH
;o a-
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1 5
5 ’
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. . . . nigra and striatum
forming o- behavioral Lewy flies, mice and
synuclein protein  abilit body formation Caenorhabditis
Y’ p y y
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Parkinson’ s
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There are
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. N A . w
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Types Models Modeling Modeh.ng MOUOTI . Pa?h(ﬂug]cal Advantages Disadvantages
methods mechanism characteristics features
DJ-1
Detail ~ damage
DJ-1 Dopaminergic DJ-1 is more Although the content
DJ-ILM’46J DJ-1 Oxidative stress Motion defect neurons sensitive to of DA in mouse
gene knockout response o damaged neurotoxin after model  decreased,
dysfunction obviously ; knockout, which  the DA neurons in
Dopamine is more substantia nigra
content conducive to compacta were
decreased joint modeling not lost
5
Table 5 Model detection index
NA
Animal Histonathol Biochemical Western Immunohisto-  Immunofluo- mI];{NA ind
models 1stopathiology indicator Blot chemical rescence m aex
, IL-1g T TNF-
. o1 NLRP3 T [ASC T, |
, ; PKA C-a | ; ’
s Caspase-
’ : IL-18 T . TNF-a K
T IL-18 1 ' CPX4 | bs 11,
Number of striatal cells A ! SOD | MDA FTHI | ; ’ mRNA | ;
MPTP decreased , the t GSH-Px | ; A Wnt Wnt5a
[63-64] arrangement was loose, A IFN’ | | .B-catenin | Ibal 1 mRNA |
MPTP nuclear condensation and Infl oy yt 116 1 Inflammation related 1L-1B 11 T N TH
nflammator; r IL- rosin
[63-64] vacuolar degeneration ammalory 1acko ’ T, INF-a T, NLRP3 T,  Tyrosine yrosine mRNA | ;
model - © . TNF-a 1, IL-18 T ; hydroxylase .
increased , neurons . . ASC T ,PKA C-a | ; hydroxylase Dopamine
. Oxidative stress index SOD . . L
degenerated and died, and Apoptosis pathway protein | ; transporter
‘ l, MDA T, GSH-Px | ; o M Capsase-
the number decreased I factor TFN—y | Caspase-1 1 ; Capsase- 11 mRNA |
mmune factor - .
obviously; Nissl bodies une facto Y Ferroptosis marker GPX4 171 ; M, lial
decreased , cytoplasm |, FTH1 | ; 1;10§ 1@
activation
staining became shallow, Wnt non-classical K
and the nucleus approach Wnt5a |, B- Earl ?
contracted , ruptured catenin | a
and dissolved
IL-18 T [ TNF-
ol IL-61 IL-10 ] ;
N p-IkBa T | NF-
’ kB p65 1 ;
’ TNF-a T [ IL-1B
’ ’ TIL-61; TRPV4 T, PERK T
6-OHDA ’ H D HOP
[65-66] Brain tissue cells are GSH | S0 CHOP 1
disordered and  swollen | MDA 1 Inflammatory factor I1L-18 _ _
6-OHDA " 1 moture oceurs, flammatory - factor - TNF-a - T, TNF-ot T, IL6 T,
[65-66] and cell rupture occurs; o1 .61 110 | .
model Number of neurons f T BT . I b
d q 1 Oxidative stress index GSH  Inflammatory pathway p-
ecreased , nucleus
contracted, nucleoli was L. sopl, MDAT IcBoc T, NF-«B p65 T ;

blurred,
vacuolation appeared

Apoptosis and endoplasmic
reticulum  stress
TRPV4 1,
CHOP 1

protein

PERK 1,
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5
Animal Histopathology Biochemical Western Immunohisto-  Immunofluo- :nngll\\fi index
model ) ’ indicator Blot chemical rescence
. s TLR4 T,
DA MyD88 1 . NF-«B p65 T . & :
, IL-37 \TNF-a T;  p-NF-«kB p65 T PI3K T | ;
, 5-HT | ; mTOR | ;
There are a lot of abnormal CAT | . p53 T .Bax T . Tha-1 pS3 mRNA
[67-63] manifestations  such  as AOPP 1 Caspase—3T Bel-2 | ! o & I Bax
Rotenone rupture  and  swelling in  Inflammatory factor IL-3 T,  Inflammatory pathway  Tyrosine synuclein mRNA T
L67—6;3J brain tissue cells, and the TNF-a T ; TLR4 T, MyD88 T, NF- hydroxylase o Caspase-3
model cells are arranged in  Neurotransmitter 5-HT | ; kB p65 T, p-NF-kB p65 | - mRNA 1
disorder; Number of DA  Oxidative stress index CAT T, PI3K T, mTOR | ; Ml?rog'hal
neurons  is  obviously |, AOPP T Apoptosis pathway p53 T, actnl/(atlon
reduced , and the Bax T, Caspase-3 T, Bel- marker
arrangement is disordered , 2 Thal 1
cell body shrinks
iNOS 1 | IL-1B
1 .HMGB1 T ;
TNFo T L IL-1B PI3K T \PDK-1
T .p-AKT T
T IL-6 7T IL-10 | ; TCRp | !
SOD | \MDA GDNF | ; R ’
. T .CAT ] .GPx | ; ’ ;
, ATPMl \ M2 | Drpl T Ibal 1
[9-701 Cells in the striatum area l¥ﬂa?£n EIIOYYT faIc£02 TlNkILa Inflammatory factor iNOS Tyrosine NF-«kB
Paraquat  swell and rupture, nucleoli 101 ) BT, L 1 IL-1g T, HMGBL T hydroxylase ~ mRNA T
model () shrink ; NLTuron cc?ﬂs are e stress index SOD Inflammatory pathway l.; .
reduced in  shrinkage, | MDA 1 CAT | PI3K T, PDK-1 T, p- Microglial
disordered in arrangement CP,x L ’ > AKT T activation
R o R . Neurotransmitter TGF-B marker
Mitochondrial function index
ATP | l', GDNF'i ; . Ibal T
Mitochondrial fusion/

division protein Mfn2 | ,
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. PD
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