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Effects of emodin on autophagy in fibroblast-like synoviocytes
in rheumatoid arthritis

TAO Bonan, WANG Yonglan, HONG Lan, YUAN Lin~
(Hubei Minzu University, Hubei Provincial Key Laboratory of Occurrence and Intervention of Rheumatic Diseases,

Enshi 445000, China)

[ Abstract]  Objective To study the cGAS/STING signaling pathway and investigate the potential effect of emodin
(EMD) on autophagy of human rheumatoid arthritis fibroblast synovial cells ( MH7A). Methods CCK-8 method was
used to detect MH7A cell proliferation, and the experimental concentration of EMD was screened according to cell survival
rate. Then, autophagy inhibitor 3-MA was added to further verify the effect of EMD on autophagy. Autophagy of MH7A
cells was detected via the monodansylcadaverine staining method. Protein expression levels of ¢cGAS, STING, p-STING,
LC3-1, LC3-II, P62 and Beclin-1 were detected by Western blot. Results Monodansylcadaverine staining indicated that
EMD enhanced the autophagy of MH7A cells. Western blot indicated that EMD decreased the expression of autophagy
related proteins ¢GAS, STING, p-STING and P62, and increased that of LC3-II and Beclin-1 in MH7A cells. After
addition of the autophagy inhibitor 3-MA, the expression of P62 protein in MH7A cells increased, while that of LC3-II and
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Beclin-1 decreased. Conclusions EMD may accelerate autophagy and inhibit MH7A cell proliferation by down-regulating

c¢GAS/STING signaling pathway proteins.
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Figure 1 Effects of emodin on the viability of MH7A cells
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2.5 3-MA BiFAEZEX MH7A HM BEEARICY  MH7A 400 P62 & H Rk /KB WK (P<0.05) ;
E A 540 pmol/L K WAL FIL HHE |5 pmol/L 3-MA
5 Control 148,40 pmol/L KB E AL HIZ]  FikbHEZH MH7A 4l P62 & (B &7 (P<0.01) ,

¥ : 5 Control 414, *P<0.05, "P<0.01,
B2 MDC G @A ok B34 MHTA 4l A WY 520
Note. Compared with Control group, *P<0. 05, "P<0.01.
Figure 2 Effect of emodin on autophagy in MH7A cells was examined by MDC staining

T : 5 Control 414, *P<0.05, "P<0.01,
B3 RIEEN MHTA AU H ARS8 59 2
Note. Compared with Control group, *P<0.05, "P<0.01.
Figure 3 Effect of emodin on the autophagy-related proteins in MH7A cells

7.5 Control 4 I4E, *P<0.01;5 40 pmol/L EMD 4 HEs, "P<0.01;5 5 pmol/L 3-MA 4 HE:, “P<0. 01,
B4 3-MA SHEH X MHTA i A w520
Note. Compared with Control group, *P<0. 01. Compared with 40 wmol/L EMD group, "P<0.01. Compared with 5 wmol/L. 3-MA group,
“P<0.01.
Figure 4 3-MA verified the effect of emodin on autophagy in MH7A cells
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2R BAGE L (P<0.01) , WLIE 6,
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Note. Compared with Control group, *P<0. 05, bp<0.01. Compared with 40 pmol/L EMD group, ‘P<0.05, 1p<0.01. Compared with

5 wmol/L 3-MA group, “P<0.01.

Figure 5 3-MA verified the effect of emodin on autophagy-related proteins in MH7A cells

¥ : 5 Control 20 b4, *P<0. 05, "P<0.01,

6 JIEZEXT MHTA 4H cGAS/STING {551 & 7R 11 £ 1k 1520

Note. Compared with Control group, *P<0. 05, "P<0.01.

Figure 6 Effect of emodin on the protein expression of the cGAS/STING signaling pathway in MH7A cells
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[ Abstract)

of mice with subcutaneous oral cancer by detecting changes in metabolites and metabolic pathways. Methods Three

Objective To analyze the effects of miR-181a-5p overexpression on metabolites in the small intestines

groups were included in study: Control group, negative control and miR-181a-5p overexpression group. To establish a
subcutaneous oral cancer model in mice, variously treated cell suspensions were subcutaneously injected into the upper right
of the groin in female M-NSG severely immunodeficient mice. Changes in pathology and small intestinal tissues were
assessed by HE staining. Changes in mouse body weight were also assessed. Tandem orbitrap mass spectrometry and ultra-
high performance liquid chromatography-tandem time-of-flight mass spectrometry, were used to examine metabolites in the
small intestines. By pre-analyzing the original data and quality rating sample data, XCMS was able to assess which
metabolites were different among the groups. To identify unique metabolic pathways, KEGG enrichment analysis was used.
Results A total of 170 distinct metabolites were found in the small intestinal tissues of Control and NC groups. Choline
metabolism, alanine, aspartate, and glutamate metabolism, GABA synaptic metabolism, glycerophospholipid metabolism,
cAMP signaling route, cancer center carbon metabolism, and niacin and niacin amine metabolic pathways were important
signaling pathways for metabolite enrichment. In the NC group, 16 distinct metabolites with VIP values larger than 2 were
found in the small intestines compared with the OE group overexpressing miR-181a-5p. Glycerin phosphorylcholine, palmitic
acid, 3-hydroxybutyl carnitine, and B-hydroxybutyric acid were among the metabolites that significantly varied. The primary
enhanced metabolic pathway was the choline pathway. Conclusions Mouse small intestines underwent slight changes from
subcutaneous oral cancer with the greatest effect on metabolites critical for energy metabolism. The choline metabolic pathway
was the pathway that selected absolutely metabolites in mouse small intestines with subcutaneous grafts of oral cancer.

[ Keywords] oral cancer; subcutaneously transplanted tumor; small intestines; metabolomics; miR-181a-5p

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

YNl e i - e e e o O 4 N =2
FRER , Je—Fh G FE N K A 2022 4F
w5 T L R T & 11 e S R ] 56 943 i, FE
2020 AF G T I s R BRI TR S P g v o
T 16 777 g ST i 0 A g e 0
Hh A EHZS & B — AP LR A RCIRAS, Bufili /R 5 A v
T e U S BT, AL IR 0 i B 2 R AR
SRS 5 B TR 90 4 8 MR IR AR TR AN TRl 41 48
G E PR EEAL Al VRS A W) 4% B A 2 AE
BB TR0 NI A 4 7 A T 1 s i
FURE T HAEZE W RE X, 3T IR R
FEARUIAH 2 4R 9% K T A9 /I BRSE AL N figg g AR
WA L, AR AH 2 B &R G 4 T Y 20 B H AR A I )
I A 1 25 57, 78 BR 2 A G e g v, AR 4 2
VERIZIE A W) 25 HEREA A 22 A EE Ak
FH8 3%/ RNA (microRNA ) & — 25 JE 4 i Jf H.
EHN Z TP JH 5 DB /N 43, Kt iF 52 % W] miR-
181a-5p Z 5 B Z M 19 kA & J& , H A 1 i
hSERED D T 0 R R
YR /)N B RY rh 55N i A QA OC Y 22 AR, [
I3 Hr it 2635 miR-181a-5p XIZR AT Mz
FRUT 2H B 52 0] | AR BHF 53 0 >R HH A B ) A 0 2H 2
Tk e 2 6 B 5 B X IR 2 /)N BRUASE 28 i
Hh ) 2 S A 5 T3 I XoF Ll B 1 o) R 2 5

Il R 98 1k 23K miR-181a-5p % F1 9 J2 B A4
Jo /)N RS AR g AR g 1180 5 ) o) B 0 s R tR S R
miR-181a-5p 1 F ik )5 (/N A 4 AR 7
Pt 7AE Ak, DU Ok 58 38 1 7 3 SRR N 4 B {1 K
il il

1 #E7TE

1.1 SR

20 H SPF % M-NSG #fit/N R (20+2) g, 4
~6 JA, W e A A W R R B A A BR A
[ SCXK(7)2019-0002 ], h¥iE 3% T4 AR
2% Bt S 56 3y 4 v o o B B B Bl 4 S 5 1 i v o0
[SYXK(¥%)2019-0003 ], FREEIRJFE (24+1)°C, 3
BB EE (40£10) % , Wils OGRE IR IR B R 45, A
WFFE T A U B ) sl 52 55 24 245 21010 78 BE R R
SESLIG B YA PR DL 4 AL E (2021013) , B4 5K
55 B A TR AT A 3R D ) LA 52 50 50 ) A
FlfE
1.2 FERKFSMNE

DMEM =8 A 8% 752 3 (L5 PYG0073, iR
TR E] B4 3 (it . FS301-02, 3t 50 280
MM ARG B F]) s WP (. PYGO016, K%
ROCAVHEARARAT)  PEE(HT: A456-4 , L[
Fisher A7) ; & (5 :1499230-935, 35 [E Merck



10 ] A PR A AR A 2024 4 1 4K 34 %55 1] Chin J Comp Med, January 2024, Vol. 34,No. 1

INE)) s SRS (IS 73594, [ Sigma 23 H) .

THRHEAE (ARSI AR A IR A T ) 5 & 26
Bi( HA OLYMPUS A 7)) s 5 e VI A HL(TE [ Leica
INF]) RS R E O AL (3L E Sigma A F]) 5 HEAKTR
ﬁk%ﬁ( H$Eﬁé%%§$*f§%$ii§ﬁj) ; AB Triple TOF
6600 i %Y ( ES AB SCIEX 2~ #]) ; Agilent 1290
Infinity LC # & R (351 (£ [E Agilent A F]) 5
@354 (2. 1 mmx 100 mm column, 1.7 wm, Waters,
ACQUITY UPLC BEH Amide) ,

1.3 KBWHE
1.3.1  ZfES &

Bi g% CAL-27 40 A LA KA 91 S 30 4 £ 1 ao 38
miR-181a-5p B CAL-27 4, 52545 8 il B i g
B, BRI 1 mL B, SRS FS B AN B FR A
] 4359 4 NC 4175 4K 2 ~ 3 min, OE 41754k 70 s,
BRI T R T LSS, A UL 3 i B [ 4
K AN E S TR BRI TP A 1 mL 584
BRI (R TH Ak, B PR R 3 e %o B 37 O v 0
BEANML Y870 WATIR B )5, BT #5048 7, 1000
min .0 5 min, 7 FE KRG AR ANME, AT
A B ROV IE | BRI Ty 5X10%/mL, 441
ANERURZ R S R H 8 5% 10° A, R AR TR
A 0.1 mL,

1.3.2 iR o 4 AR B il %

T A BB /I B ( NOD-Prkdescidll2rgem1/
Smoc, M-NSG) MW it PR3 1 G, x4 /N Rk
FTIHBEAL B, 5 FiC A 100 20 LB /0N BUAS )
JEIBE T EAR 2% /N BRI T A AT AE
o] Kb FR Y28 X R (Control ) 2H (n=6) 75 1T 9
CAL-27 4L 5 B4 X B ( negative control, NC)4H (n
=7) FIVE ST #k miR-181a-5p A CAL-27 A i £
SLHG (over expression of miR-181a-5p, OE) 4H (n =
7). TESTAMIR SIS , & 20/ BUR FR T IVC ER
D s/ NG BIDIRAS S B 5 R e . AR
1 S kg SR G b B T g S P OUL B s/ B
TR, e IR IS TF 1 g R AR BOWL R s /) Bl
)N R o
1.3.3  HEA M HORS M

21 E A0 FH RR B a0 22 SR FE AL B M-NSG /)N
B, LRI N i 21 2L, T 0. 9% A= BREER K Wi T
G, INBREAR T WA, — 10 T BRZH 214 (5 0L
£, — BT WA TR R 30 min 5, B H -80C
UKFA TG SR SR T 00 HT

1.3.4 /NHHLURARE -

AN S, I A S L
HAHATU R DI R R 4 pm, /MY R 2t i
U FIEAK IS (5 FH 90 A 28 G v R 21 G i %t /N i 40
LA T B R, B TR U AR E
1.3.5 AR AREAT &

JIASHEA BB AE ACTHIRIAEE T, 18 it U5
A BRI FEA A E WA i B (2:2 11,
v/v/v) B B B : O KT IR e % 7543
TRA ARIEAB S % 30 min, 3T —20°C A9 1H 1R 3R 1%
e 10 min, 4°C 14 000 t/min 2.0 20 min, .0
SEREJE  BRIBUTAT LIS, B R TR AL, Rk
AIMTEE, SEE N 100 pl ZHE KB (G K =1 :
Lv/v)  BH TG IREAS  IATHE, 14 000 1/min,4°C
B0 15 min, JTEEFEA ST E T B RIS e ETEWE
1.3.6 /NpARRE RS 250 By

(D) FEARHER

I ZURE i T Agilent 1290 Infinity LC
AR €83 22 55 (UHPLC) Hh iy HILIC 8,354 43
B AR 25°C, BUE 0. 5 mL/min, FERERE 2 pL; PI
il H, A It S A B A3 A R A (7K, 25 mmol/L
Z/KH 25 mmol/L LFR%K ) I B( L) , tAi% R4
BCEBBEEVE A5 . RGBT 2P 3R . 5 0 ~
0.5 min,95% ) B—0. 5~7 min )7, {13 B M 95%%k
PEFIEH] 65%—7~8 min ZJ5 , ¥ B M 65%LPEF
WH] 40%—8 ~9 min ZJ5, K 1% B 4EFFTE 40%;
9~9.1 min ZJ7,B M 40% L #E E 95%,9. 1 ~
12 min Ji5 ,fff B F20E 4ERFTE 95% ; 3 WA €835 43
BT AR it 7 b N A A A B AR IR R 4°C 1Y
B SRR, R AR5 S R s T,
BEALIERE 73T G SL AR, A ol B A 45 A b o
FHES s P B s 42 0] (QC) i 1 7 =X 3R it il ]
T WD 2 Ge AP S B0 2 5 T &

(2) /NHARSE AR 4 2= 2 B

TE Q Exactive Ji i 00 254, fii | AB Triple
TOF 6600 JBT i S AR FEAS 1 — I — g 1, i
Agilent 1290 Infinity LC — #8 =5 20 W AH 8 3% Y
(UHPLC) #RHLEE S, XFE A /Na L SUREA 7843 43
BAL I | B 2 G di ] Triple 10f600- 151 ( AB
SCIEX) | HELW 25 Hi 25 (ESI) 50 AEAS IF 85 7 6 5
TR, ESTIECR I LLF 38 S 50 . 4l Bl in #4355
AR T (Gasl) : 60, 5B 2 (Gas2) : 60, %<
ZHU(CUR) ; 30 psi, & T IRE B 600°C , W55 HL
(ISVF) £5500 V(IETR AP ATAL) . 60~1000



] LA PR 2Rk 2024 4F 1 45 34 555 1 Chin J Comp Med, January 2024, Vol. 34, No. 1 11

Da 1E A — B i fag Ho T RGO e (%) ELAAR S8 1T, 25 ~ 1000
Da 1E R B 5 A EE T AG U s A9 S TR, — IR B3 4
B 1 iy SR AR B (] B B B 0. 20 s, K
JE A B ) T R A e ) HL AR B R A 0. 05
so RTFZURANIRNAY BT 3K, R B A R 4 71
J5 i (1IDA) | b R 28 85 i L PR A Y L 4
4 Da FHXFEEEIFAHREIHHER 10 AN SCIBRE A IE S ik
QPRI TR FE(E . SH0RE . RFEHRE(DP) 60 V
(+) F1-60 V(-) ;filfERE R (CE) & 7E(35+15) eV,

(3) /N AR ) A 4 2= e b 2

ProteoWizard MSConvert &G WILEHT MS $0HE
PR UG AL R MzXML 28 B SCHF R it XCMS
PR O A B AT 0. TE48 BUE(E RS, 25 S8
Ay B N JEKIE (m/2) 10 ppm, 58 ¢(10.60) , LA
FFESs ¢(10.100) . XFTUEE M bw =5, mzwid =
0. 025, minfrac = 0.5, CAMERA ( MEtabolite pRofile
HERMBEILES) g TR R A& Wi R
PRI TR 5 A8 B AR A A T 50% Ry AR D
X HAS AR B 0 1 4l R e s E
JE A L HERCHER B m/z {5 (<10 ppm) Al MS/MS i
AT FH ) SR R ST A P S B R AT

e P I P AT SR RN DA K An HEAL S
R )7 42 (ropls) #H AT Z2 JUE I 48 B, 32 WL 43 43 Br
(PCA) i WA BRHEREE , I 40 B 1F 22 i 3 /) — 3¢ ]
FIZ(OPLS-DA) o Ay T %5 U fet ok i 47 2 5 10
TEMY 3 1o B4 56 % LA B0 315 OPLS-DA
BRI b As B TR VIP A, DL R4 261
DRk, FEXT P AL ST ) R AR (] AT 25 5 1Y) W
KT, SR FH 9 J2 Student” s ¢ 8 3 1 7 =X 647 51
o AT G R R A AR W) Z R B AR
AR AL B 15 AR 1 0 S VIP > 1 P<
0.05, P 57 A8 5 2 1) ) 2 2 5 A7 A6 A DG M e
8 238 7 54 Pearson FHE 04T o
1.4 FitFEHE

Giiteg s el SPSS 23. 0 B E oM, Bl
IR bR EZE (x£5) Foon, BRI FE J7 20 Hr 4l (A
BAE, MR R ATH A I, P<0.05
hESFHAGIFE X,
2 HR
2.1 ORERETHER/NREE/NGALRNKE
HERMGETH

/NN S EL) 45 R 2 7R, Control Z/)N
SN BHIRUN A P, 414858 BB A PR

BB, I H R R E A I 95 s NC 41/
RUNAZRE KRB Z BidE , HeS i bn TT I, &8 55
R ERE A Z AR OF 2H /N R 44 B 3643
HESH  FIE ] AR M st (L 1A) o 541/
A E A TR AL, Control ZH/IN B H 44 H 7 g 1k
PRSI B 522 5 NC 21 /)N U RE OB R
W1 TR, RN 10.27%, OF 2H/N PR E 7E
SEETF AR AL R A B2 R (K 1B) .
2.2 REEFMETHEITHT

1£ PCA P43 A, Control ZH A1 NC 41 OE £H Fl
NC H 2z [a] i AC 8 Bk A B 5 19 43 25, Control ZH 1
OE ZH 1% £ /> A6 A A i 125 AN B G (&1 2A ~2D)
988 B2 1 08 J 4 M-NSG AR R 28 2403 |, s
K AAEAE B Control 41 NC 20 A1 OE 2H 2 [8] ) RT .
m/z A ProgenesisQI FiAb PRI =555 FF (1) )12 2 4k 5H
S 3] EZinfo 16 {4 A7 B0 23 B, N IE
BRIt B A (8] 2E ~2H) SR B, AR
1) OPLS-DA TE43 I AR 4 43 25, ;X R B 7E CAL-27
B¢ F B 5 A 2635 miR-181a-5p Ji, /M S AR
KRR AT A4, X 45 2 A R fiff ) 46 4
IR RIS AL G | 45 R W o/R AR RS e (1 21~2L)
2.3 OREETEERNMN/NIPEEEZERRSE
Lol

Control 411 NC 2H i A 2] 170 22 S AR
Yy, A0 FEE S Z e 3 - EIH IR IH AR i
Bl BRI T 3R 5L T e AR IHZL 3R B IR 55
2RI 2 R R IEIME B 7R Control 41 A1 NC 41
R 7 IE B 71 R B B A8 T 1 el A (A
3A 3B), M2 AR 25 A R AL (IF fAR
) BEREH], O T AR /NN g T 3-1
FETWEAITE 3-SR | JE R | Ak 1k AE i 554 i i
AFB & (& 3C.3D) ,
2.4 OREETHERNREE/NGIHNESRRSE
B EES

KT T IRASAE A Y 170 MR/ N )
FRGHE AR DL KAH OC W 4%, 8 23 AR AR 5 A
Metabo Analyst 4.0 H1 08T, A T #i & B % A 1Y
R is 12, xF 22 AR ¥ #47 KEGG 38 #% & 4R 71
LR ¢ TEL e o = STl ol R R AW IS E =)
PRI R A AU A 2 W AR, H il i 4R
1 \GABA 125 58 fil A 35) . cAMP {5 538 B A Q9
iE FHFCM BRI S AR 7R R R i g £ g R T s
P K2 T RS AR /)N BRUASE A v 1 2] 7 3 B I PR AR
IO (B 4) .



12 [ LA R 2Rk 2024 4FE 1 4 34 555 1 Chin J Comp Med, January 2024, Vol. 34, No. 1

E: HEHEL AT O k. SR, © P<0.05, ™ P<0.01,
B 1 AL/ UL/ N 2 S5 BR A Y 25 R S0 T iR o R85 PRI (A o % Lo
Note. White arrowhead , intestinal villus. Red arrowhead, intestinal crypts. Compared between different groups, * P<0.05, ** P<0.01.
Figure 1 Comparison of histopathological morphology of small intestine and body weight at the beginning and end of

tumorigenesis in mice of each group

T A TER TR IRREA Y PCA 4001 B 5138 TR EAAREA Y PCA 2307 ; C: IEBS FAIUREARNY 3D PCA 43H1; D 5B FRLUREAR 1Y
3D PCA 43#71;E: OF vs NC 4 1EE T4 OPLS-DA [&;F, OF vs NC 211 % 7450 OPLS-DA ;G NC vs Control 4 IF % 753 OPLS-DA
[l ; H:NC vs Control 11 B F#i5 OPLS-DA l;1: OF vs NC 411F 5 T4 PLS-DA B4 ;). OF vs NC 411 8 74X PLS-DA Bk 55 ;
K:NC vs Control 411E £ T4\ PLS-DA FHAGS ; L:NC vs Control 4111 B 4450 PLS-DA B HAG4
2 AU Z TG E

Note. A, PCA analysis of total samples in positive mode. B, PCA analysis of total samples in negative mode. C, 3D PCA analysis of total samples
in positive mode. D, 3D PCA analysis of total samples in negative mode. E, OE vs NC group positive mode OPLS-DA score plot. F, OE vs NC
group negative mode OPLS-DA score plot. G, NC vs Control group positive mode OPLS-DA score plot. H, NC vs Control group negative mode OPLS-
DA score plot. I, OE vs NC group positive mode PLS-DA permutation test. J, OE vs NC group negative mode PLS-DA permutation test. K, NC vs
Control group positive mode PLS-DA permutation test. L, NC vs Control group negative mode PLS-DA permutation test.

Figure 2 Multivariate statistical analysis chart between groups
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B3 GRS A TR B AR AN BN B 2 ORISR B A AR R i 14
Figure 3 Mice with subcutaneous implanted oral cancer tumors underwent hierarchical clustering heat map and metabolite expression

fold analysis both in positive and negative ion modalities
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Figure 4 KEGG enrichment pathway diagram ( bubble diagram)
R 1 I RIE miR-181a-5p J& F I KT AR/ BB/ N b S50 B 1 22 S AR (x5 )
Table 1 After overexpression of miR-181a-5p, different metabolites were discovered in the small intestine in a mouse model
for subcutaneous grafted oral cancer
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C17-— A (MZ) #& B C17-sphinganine 2.58 0. 62 0.00 288.29 36. 00
— U _ 7 V=t

1,2-— B -an- =2 3-HE-L-LER 2.53 2.10 0.03 769. 50 37.67

1,2-dioleoyl-sn-glycero-3-phospho-L-serine
L= #&Wi-1,4-T NS L-gulono-1,4-lactone 2. 40 2.03 0.01 195. 05 358.01
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(Kl 5A.5B), tb# NC /N4l 4UR O /bl Bon (K 5C.5D), 78 K~ B A8 id % 35 miR-
A2 AR 7R IE B PSR P BoR 8 R IAE  181a-5p /N PRI 3- R T EBEA - T
FE LR T RACE AR TR E R TR o RIS, RARAC A B2 T R KX miR-181a-5p
17 FARE A LR 7 PR AE e T, BB R IR /N BN AR E R B S
F B FEAT BRI EEn B EER SN EFEK.

A IEE PR NC 4101 OF 412 URZSHIE ;B 71 B 83X NC 4171 OF 412 I B ; €. BB F Rl QI o) b 5 50
D S TR ARG TIE B KEGG B ARIE BRI (“UHLIAD) .
B 5 IEfE TR OF 4R NC 22 YR ISR I 35 22 A A 8o i 14
Note. A, Positive ion mode NC group and OE group hierarchical clustering heat map. B, Negative ion mode NC group and OE group hierarchical
clustering heat map. C, Positive ion mode metabolite expression multiple analysis diagram. D, Negative ion model metabolite expression multiple
analysis diagram. E, KEGG enrichment pathway diagram ( bubble diagram).
Figure 5 Hierarchical clustering heat map and significant difference metabolite fold analysis map of positive and negative

ion mode OE group and NC group
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Quality evaluation of animal studies into acupuncture for glaucoma

LI Jiaxian, LIANG Lina“, XU Kai, LI Yamin, HUANG Ziyang, LI Xiaoyu, ZHOU Wei, JIN Yu
(Eye Hospital, China Academy of Chinese Medical Sciences, Beijing 100040, China)

[ Abstract]  Objective To evaluate the quality of animal studies into acupuncture for glaucoma using SYRCLE’ s
risk of bias tool, ARRIVE 2.0 guidelines, and the GSPC checklist. Methods Databases from CNKI, VIP, Wanfang,
Sinomed, PubMed, Web of Science, Embase and Cochrane Library were searched to find animal research articles on
acupuncture for glaucoma. Risk of bias was assessed for the included studies using the SYRCLE’ s tool, and reporting
quality was evaluated using the ARRIVE 2. 0 guidelines and GSPC checklist. Statistical analysis was performed by Excel
and SPSS software. Results Thirty articles met the inclusion/exclusion criteria and were included in the final analysis.
Six of the 10 items of the SYRCLE’ s tool had a low-risk rate of <50% , and the non-low-risk items focused on selectivity
bias, implementation bias and measurement bias. Twelve of the 22 essential sub-items of the ARRIVE 2. 0 guidelines had
a low-risk rate of <50% ; 9 of the 16 recommended sub-items had a low-risk rate of <50% ; and 12 of the 19 subentries of
the GSPC list had a low-risk rate of <50%. Randomization, blinding, ethical statements, housing and husbandry, animal
care and monitoring, and protocol registration were the non-low-risk items in the ARRIVE 2.0 guidelines and GSPC list.

Conclusions The quality of the methodology and experimental reporting of animal studies into acupuncture for glaucoma
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are generally low, and the description of several items is not yet complete, which affects the readers’ judgment on whether

the result of animal studies can be translated to clinical studies. It is advisable to further promote the use of SYRCLE s tool

and reporting guidelines for animal experiments to enhance the design, performance, and reporting of animal experiments;

ensure the reproducibility of experiments and result ; and provide reliable evidence for the translation of result to the clinic.

[ Keywords]

glaucoma; acupuncture; animal studies; methodology
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BIfmAaT . (5) B 2 B ik o8 #0547 $ ik X s 1l
Feo SN RS SRR N R B, (6) 45
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B 1 SCHRI e AR S A

Figure 1 Flow chart of the results according to the search strategies

D A WIS S5 4 A T 45 SR s o, A HR
R T IS 22 4 L 5 i 55 EL DS A BT X O 32 B4
JRTE AR FNIR E A5 JRde b, (7) Geit5 75 .20 3
(66. 67% ) WFFEHLAE T 4 300 43 Br BT 4 FH e 12 07 vk
FRZE T, 45 T P A R S B AR Tk, (8) S
13 T (43. 33% ) WFFE TR IR T s Ap2e
FHE 5L Z M AR R B BRI AR 14 5
(46.67% ) WFFE FEHE T 2 W 19 R U5 | 1 B/ 93 4R
M LR RO LR R SR AR B, (9) LR
BT AU B0 % T B AR EAER T, 28 W
(93.33%) B 5% 4 & 7 T 1 0 ) K i %2, 5 30
(16. 67%) BF5EiC 5% T LR = L8RS, (10) 45
R AR HR S 2, SR R PR b Gt T A A
(ELE A ) e 2 S B B3 1) A8 S A DX
HRAE ARRIVE 2. 0 #5855 B1TA |, 16 THE#E F 4%
H A 9 TR XU AL T 50% , Horf 6 TR XU %
&F 10% , BARUNTR . (11) 5% .23 i (76. 67% ) WF
TR B W ZR MERR R A TR s M

B AR A5, (12) R 8 Wi (26. 67% ) W54 it
TR B AR FT T 5529 T (96. 67% ) WF 53 141
A28 T S AR ) 2 2 R ELR R AR ik, (13)
H 19 .20 I (66. 67% ) W55 WA B 4l iR T 52 3 001 52 )
A 9E H RSO B 50 E A LR SRR, (14) 18
HHFEW] WA 2 1 (6. 67% ) TRt TR H A %
BB 2 FR VR AT IES AT A B 58 00 45 T D 7 4
W, (15) RS HA 4 T (13.33%) W55
BETIRFRS TS B LA B ) 37 5% Wil R
BRI AN [ R ROKFEA R, (16) Shir 3 A .
21 T (70. 00% ) BFFEAHAR T 52 55 v R U b sh )%
I IR TR PRI A EL AR it 5 5 30T ( 16. 67% ) 5T 4R
HT IS BRI R, (17) 2R/ B2
AT - 24 T51( 80. 00% ) fF 5 7E fiff B 25 SR ih sk 1 bf
7% Bbr Mk AHCOF S IR AL T S5 30k B A
MR AR A Ve IE B Jm BR M, (18) MEFG/#5 .
22 i (73. 33% ) AFFE R BB ST 45 3 T LU RS 31 HoAth
YR RS 2, (19) MRS . th T Bz x}
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%£1 SYRCLE’s T HIFM4E
Table 1 SYRCLE’s risk of bias tool for included studies

s 4%H IS EEE i TR (%) AT E KU (%) 1o AU (%)
Type of bias  Item Domain Description of domain Low-risk Uncertain-risk High-risk
™ JF 8 A: TR SIS 5077 A 7 vk AP T L P
il M 1 Sequence Describe the methods used to generate the allocation 10(33.33) 13(43.33) 7(23.33)

Selection bias . . - .
generation sequence in sufficient detail

ST ﬁﬁiﬁi«%ﬁﬁﬁéﬂﬂ‘ﬂﬁéﬂgﬁﬂkt,%‘%#ﬁi?ﬁ@?ﬁﬁfﬁ'é
2 Baseline HY LI A3 S S R 16(53.33) 14(46. 67) 0

Describe all the possible prognostic factors or

characteristics . o
animal characteristics
AR 53 RRRE 1 7, DAHIT T 3 ) 2R T/ A
A S B AT
R k_*j:'t‘P:F?J Sy Be AT I .
. Describe the method used to conceal the allocation
3 Allocation . . . . 0 30(100.00) 0
sequence in sufficient detail to determine whether
concealment . . . .
intervention allocations could have been foreseen before
or during enrolment
5 I R BB A T
ST A ey SR L ik ﬁ#’l%*%ﬂlﬁﬁ SR T .
Performance 4 . Describe all measures used to house the animals 4(13.33) 26(86.67) 0
X Random housing . .
bias randomly within the animal room
TR X B P SR MBS B |, Lk e R 3l
YA SZ AT T TR L 1) LA v 5 S A T ST T 1
HIAE AT (5 B
s H./Z: . Desu.lhe all measures used, 1.1 any, to .hhnd tr‘ml 0 30( 100, 00) 0
Blinding caregivers and researchers from knowing which
intervention each animal received. Provide any
information relating to whether the intended blinding
was effective
TR SR A BELE RSN A7 45 A PEAL LA R A o
— BEHLPEGERIPAE  For RS
00 E i 5

. . 6 Random Describe whether or not animals were selected at 10(33.33) 13(43.33) 7(23.33)
Detection bias .
outcome assessment  random for outcome assessment, and which methods to

select the animals were used

X RN FHEE |, LAk S R 58 3 4 e 2 i
Tl S50 it 4 LR 7 3 5 R P BT St 7 3 ) 28k
— BT 5 B
7 o Describe all measures used to blind outcome assessors 0 30(100.00) 0
Blinding . Lo . . .
from knowing which intervention each animal received.
Provide any information relating to whether the

intended blinding was effective

R AN TG R e 1 8 B M | L4 2R DR 43
B I B HERR A B 5 108 10k S i 2 15 i LA S
BAT BT (5B BENL 240 10 S B0 L ) 2K
TCHE G B AT AT 3 40 A BT 8 D R
NGERE IR AR 45 Describe the completeness of outcome data for each
8 Incomplete main outcome, including attrition and exclusions from  30( 100. 00) 0 0

K
Attrition bias . . .
outcome data the analysis. State whether attrition and exclusions

were reported, the numbers in each intervention group
( compared with total randomized animals) , reasons for
attrition or exclusions, and any re-inclusions in
analyses for the review
PR g Zﬁ%ﬁﬂ@l*’ﬁiﬁ%ﬂ?b’dﬁ?% 4 7T RE P 2 A £
9 Selective o 30(100. 00) 0 0

State how selective outcome reporting was examined

5 i fay

Reporting bias . "
outcome reportin; A
P € and what was found

oAb e A R VLA AL 7 3 A o (9 oA — LU EE B AR 137

HoAh
A 10 Other sources  State any important concerns about bias not covered by  30( 100. 00) 0 0

Other

of bias other domains in the tool




o P A PR A 235 2024 4E 1 A5 34 %45 1 5] Chin J Comp Med, January 2024, Vol. 34 No. 1 23

PSR A TR, 30 BT ST AR B, BoRURNIR 9 7. Kappa K230 W7, 44 W58 51
(20) Bt = T A IR R R R B ARSI S ARRIVE 2.0 45 B WA 45 S — S0 4 (kappa =
TEMREL AT LAARE . (21) Mlgs i B, IR R e ¥Rk 0.874,P=0.000) , 3 0L3R 2,

EIBAERI R 5 1 28516 T (53.33%) W24t T 2.4 GSPCiE

G VE AN H i 5,4 (13, 33% ) BF5E R4S T % W 3 7R, GSPC i 5 i DU FR 43 4 5. B &

F2 ARRIVE f5RITH 44
Table 2 ARRIVE guidelines for included studies

Fre #*H IAEaSTipuN RIS (%) ANHfE XU (%) 7 KU (% )
Number Item Description Low-risk Uncertain-risk ~ High-risk

ARRIVE 10 WA % H
ARRIVE essential 10
X F AR, AR S A F T AN g .

For each experiment, provide brief details of study design

iEiN4an including ;
| S . o B HLREHT GLAEATIRAL, WG AT B AT IRAL BB 29(96.67)  1(3.33) 0
tudy design e

la. Groups being compared, including control groups. If no
control group has been used, the rationale should be stated

1b. SCH AL (AN LA S, BEEE, Ssh JE 1 o )
1b. Experimental unit (e. g. , a single animal, litter, or cage ~ 30( 100. 00) 0 0

of animals)

2a. PRI 43 HE 355 4 9230 A 1y BB 2 920 B,
BeA 4, LA S P 9 3 1 B
2 - 2a. Specify the exact number of experimental units allocated to ~ 30( 100. 00) 0 0
Sample size . .
each group, and the total number in each experiment. Also
indicate the total number of animals used

2b. fEREREA I RO E 07 i, SR SRR A BB A 20 Y
2b. Explain how the sample size was decided. Provide details 0 0 30( 100. 00)

of any a priori sample size calculation, if done

3a. ARSI AFIHERR S (BUSLH B0 ) BBRIER 234
T el P S B B B S U

3a. Describe any criteria used for including or excluding

WA FIHEBR B e

3 Inclusion and

3(10.00 0 27(90. 00
. L animals (or experimental units) during the experiment, and ( ) ( )
exclusion criteria . . . o -

data points during the analysis. Specify if these criteria were

established a priori

3b. e B SIS T R LA B B | S A a5

SR , IR

3b. For each experimental group, report any animals,  30(100.00) 0 0
experimental units, or data points not included in the analysis

and explain why

e, fi it B LI AH AR A B RS B (R
3c. For each analysis, report the exact value of n in each 30(100.00) 0 0
experimental group

da. UL IR A 1 BEHL 7 00 52 30 B0 67 43 TG 2 42 4 4
RITHL, WA T R T A BB LA R B i ik
4 BEdLiL o 4a. 'State whe.ther randomisation was used to allocate 10(33.33) 13(43.33) 7(23.33)
Randomisation experimental units to control and treatment groups. If done,
provide  the method used to generate the

randomisation sequence

4b. R T I METETE IR 24 R 3R 10 S, 4n Ak S0

I , sl B/ e RO AIEL IR A N BRI

W LI

4b. Describe the strategy used to minimise potential 2(43.33) 0 28(93.33)
confounders such as the order of treatments and measurements,

or animal/cage location. If confounders were not controlled

state this explicitly
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&R
s #H ISF2EiFaN TR (%) AN E KU (%) R AU (% )
Number Ttem Description Low-risk Uncertain-risk ~ High-risk
5. FHRTEIZIR RS [F] B B (LI 3 IE | 92 e ok A | 45 3R
A RIS 4347 00 6 ) 3548 2L ) 43 IO 40 5 9N B
i . Descri ho was f the locati h
5 E./f. 5' escribe who was awarf: of the g'roup al ocatlor? at the 0 0 30(100. 00)
Blinding different stages of the experiment ( during the allocation, the
conduct of the experiment, the outcome assessment, and the
data analysis)
6a. W A58 A AT PTAl 19 25 SR A5t (N IR AE T 20 T AR
2J_~ CH|E ‘:!:\ EV/A‘ R
6 R u%j@’ﬁ‘j‘jl“ﬁ) 30( 100. 00) 0 0
Outcome measures  6a. Clearly define all outcome measures assessed (e. g. , cell
death, molecular markers, or behavioural changes)
6b. XTI BT, UL E LSRR bR, BUH T
Wi e A I 45 R de bR
6b. For hypothesis-testing studies, specify the primary 0 0 30( 100.00)
outcome measure, i. e. , the outcome measure that was used to
determine the sample size
Ta. $EHEEEA G BT BT 8 R Ge 3T O vk 4, A A A T
Geitor ik A
7 Statistical methods 7a. Provide details of the statistical methods used for each 20(66.67) 0 10(33.33)
analysis, including software used
7b. ffiid F TP B AT A S i n R A AT 7
2, LR AEARFF GRS BT R I it
7h. Describe any methods used to assess whether the data met 0 0 30(100.00)
the assumptions of the statistical approach, and what was done
if the assumptions were not met
8a. $LALAT SN (9 1 A0 BERL, A5 AN | kR R A R
SR PRSI AR UL F BB AR TS
8 Experimental 8a. Provide species-appropriate details of the animals used, 13(43.33) 17(56.67) 0
animals including species, strain and substrain, sex, age or
developmental stage, and, if relevant, weight
8b. A SCE Yt — L MF B, I sh Pk I i B/ S g2
ROL FEEB MR AL FE R ASERT I BT
8b. Provide further relevant information on the provenance of 14(46.67) 4(13.33) 12(40.00)
animals, health/immune status, genetic modification status,
genotype, and any previous procedures
X TSI, A5 X B2, S 0 T A0 b i 3 L S
YR, UUE A RERE T ], (045 -
S IR For each experimental group, including controls, describe the
9 Experimental procedures in enough detail to allow others to replicate them,  30(100. 00) 0 0
procedures including;
9a. fal %
9a. What was done, how it was done, and what was used
Ob. i ) FATI %
9b. When and how often 28(93.33) 2(6.67) 0
. b AT AR 3 YT 4 4T
9c. Hi (@?‘.Eﬁ@l_ﬂjﬁﬁ.ﬂﬁ 1°19) o . 5(16.67) 1(3.33) 24(80.00)
9c. Where (including detail of any acclimatisation periods)
AT R (B S  2E BRI JFUEH
9d. fa7 P (4 g\ﬁiEZRHﬁ%ZIKJ?I?) 0 0 30(100. 00)
9d. Why (provide rationale for procedures)
X T IEAT BB SE I, AL R AT S T R
For each experiment conducted, including independent
sem replications, report ;
10 Rewdlt 10a. $FE LI 0 RO RS HEAT S 45/ R e Se i, IR E3E 30 100. 00) 0 0
esults

FH B 00 0 2 552 3 e 1 A S
10a. Summary/descriptive statistics for each experimental
group, with a measure of variability where applicable
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&R
e #H AR A B (%) ANHE AU (%) KU (% )
Number Ttem Description Low-risk Uncertain-risk ~ High-risk
. i B X ] 1
10b QH%LH.FH,T%LE% I:IDJ.E'UC./J\ . . 0 0 30(100.00)
10b. 1If applicable, the effect size with a confidence interval
ARRIVE #f##2% H
ARRIVE recommended set
L1 XEHFSE H B SR e i R R Ok R
. SEARIBE ST A5 1B R AR 1Y 45
11 Abstract 11. Provide an accurate summary of the research objectives, 23(76.67) 6(20.00) 1(3.33)
shrac animal species, strain and sex, key methods, principal
findings, and study conclusions
12a. GG T4 B2 (0T 5, LAY A 01 53 10 A 5 3 0 7
. S T MRS T 1
12 Bﬁ E]: . 12a. Include sufficient scientific background to understand the 8(26.67) 22(73.33) 0
ackgroun
ackgroune rationale and context for the study, and explain the
experimental approach
12b. 18 B e FH 9 3l 1 b 288 RS 8 ) S A 0 A R Y
SPNENER 707 FPS i
12b. Explain how the animal species and model used address 29(96.67) 0 1(3.33)
the scientific objectives and, where appropriate, the relevance
to human biology
T AE MR R AT 5T 1) A0 BIF T A mHE B0 30 Tk 9 B AT 5
H s
13 20(66. 67 10(33.33 0
Objectives Clearly describe the research question, research objectives ( ) ( )
and, where appropriate, specific hypotheses being tested
SR HELE AT o 0 1 23 W 1 A8 B 0 2 B xR S L
R FR , A BARTAR RV T IE S B S ' o AR B
o RS T,
14 . Provide the name of the ethical review committee or equivalent 2(6.67) 0 28(93.33)
Ethical statement . . .
that has approved the use of animals in this study and any
relevant licence or protocol numbers ( if applicable). If ethical
approval was not sought or granted, provide a justification
FHIRE SR SRR A A Y I 3R B R R R TR A B
15 Housing Provide details of housing and husbandry conditions, including 4(13.33) 0 26(86.67)
and husbandry any environmental enrichment
B ; 16a. iR 7E S 90 75 58 R U AR ] T TR it 5l 20 9K , LAY
S /I\;fgl}%"gu@ﬁ;**f& KA AT B it 20 B, LAY
16 Animal care o> R . . . 21(70.00) 3(10.00) 6(20.00)
o 16a. Describe any interventions or steps taken in the
and monitoring . . . .
experimental protocols to reduce pain, suffering, and distress
16b. HA5 AT BUW AN R
5(16.67 0 25(83.33
16b. Report any expected or unexpected adverse events ( ) ( )
16c. Ffiik Ay B 5 T 1 N 28 500 W ) g Ao
16¢. Describe the humane endpoints established for the study,
the signs that were monitored, and the frequency of 0 0 30(100.00)
monitoring. If the study did not set humane endpoints,
state this
\ NN 17a. fift Bt S T 2225 RS B Y AR LA B SOk iR 3A i
S LT ,dﬁﬁ‘f ni’ﬁt 75 %[i F5E H B B LA e SRR T8 7Y
Interoretation/ TS A AR DGR 5
17 . rp. . 17a. Interpret the results, taking into account the study 24(80.00) 3(10.00) 3(10.00)
scientific o
. objectives and hypotheses, current theory, and other relevant
implications .o .
studies in the literature
17b. WHEWFTT R PR, 6475 T8 7 14 O £ D UL, sl e Al
14 B B 5 35 SRR DG I AN A A
17b. Comment on the study limitations, including potential 0 2(6.67) 28(93.33)

sources of bias, limitations of the animal model, and

imprecision associated with the results
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&R
s #H AR A B (%) ANHE AU (%) KU (% )
Number Ttem Description Low-risk Uncertain-risk ~ High-risk
VAR 7 B0 o8 A B 5 AR T 300 G il 49 o e 52 30 2%
WA/ e 45 A5 A R DG
18 Generalisability/ Comment on whether, and how, the findings of this study are 22(73.33) 6(20.00) 2(6.67)
translation likely to generalise to other species or experimental conditions
including any relevance to human biology ( where appropriate )
PEAEFE I BERABE AT A 2 107 R (AT R O
M B HEVTTHRAE RN TR | ARG Ty 5802 A5 7 4 1
Provide a statement indicating whether a protocol ( including
19 Protocol . . . 0 0 30(100.00)
L the research question, key design features, and analysis plan)
registration was prepared before the study, and if and where this protocol
was registered
B %?:#E:ftuf*ﬁ,ﬁé‘ﬁﬁ??{ﬁlﬁ%?ﬂF.HU&Emﬁﬂﬁﬁ
20 Provide a statement describing if and where study data 0 0 30( 100. 00)
Data access .
are available
P 21a. A TR R £ vh 5% ,@JTEM% AR 55 05 T A 5
. Mo, WAL BT LI
21 Declaration . . . . . 0 0 30(100.00)
of interests 2la. Declare any potential conflicts of interest, including
financial and nonfinancial. If none exist, this should be stated
21b. 5 HH T 18 4 e U (AL 45 I 3ObR AT ) LR BE N
TERTFE BT e AR P AR
21b. List all funding sources (including grant identifier) and 16(53.33) 4(13.33) 10(33.33)
the role of the funder (s) in the design, analysis, and
reporting of the study
3 GSPC I RIFMEER
Table 3 GSPC checklist for included studies
BE B &H i AR (%) AR (R %)
Content Domain Ttem Description Low-risk  Uncertain-risk High-risk
a. YA 5 3CHE U OCHY SCHR , (045 2Bk H ATE A2 ARERZS
a. Description of the literature concerning the topic of the paper, including a
= HREE short (global ) descript%on about how the results have been achieved/obtained;
Intoduction  Packeround 1 b SRR BRI TR AL 7(23.33)  22(73.33)  1(3.33)
information b. Description of the gaps in the current knowledge concerning the topic;
c. AAWPFERY H s Hir,
c. Aim or objective of the current study.
a. B B a. Specific and focused ;
b. WSRATAE, f1iJ1] PICO(T).b. Use the PICO(T) mnemonic, if possible.
10/ E e e P A THAS S YIFN P . Patient group or animal species
Resea.rch 1 :Fﬁiﬁlhﬁﬁ( R :Inléwenlion (or exposure) 19063, 33) 11(36.67) 0
question C. i/ % HRZH C . Comparison/ control group
or hypothesis 0. 455485 0 : Outcome measure
WRSE L eta] 1f applicable; Time (duration of intervention)
I PRSI FE
iEPS a. PEPERRE S B IRYE ;
Clinical a. Reasons why a specific animal model has been chosen;
29(96.67) 0 1(3.33)

relevance or
other relevance

of research

b. SIS

b. Specific characteristics of the animal model.
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&R3
EE] WG 4H A% TR (%) AE RS %o s AU %)
Content Domain Item Description Low-risk ~ Uncertain-risk  High-risk
fihn.
For example;
Fik SRR SELBENLILIEETT Completely randomised design
Methods Experimental design 4 X 21511 Block design 10(33.33) 13(43.33) 7(23.33)
o (if possible) HrBEBET Factorial design

EHEMETT Repeated measures design
%1 Sequential design

ABTEBIIBCTI AL ANIE 301 W0 i 28 40 B (HEB Y AR AR ) 5
SN AT 5 (IR B LA BT F 1 258 JAEIA e IA | [A]
FhSRIRET) ANGEHH ; S i LA s — 34 ) s SRS
(T RERRT ISR AT ) VR A (ST IR AN SN ) 5

)

i (SERRTTURIN)
S AR a. Quarantine and acclimatisation period after transportation to animal facility;
Experimental groups 5 species; designation of strain (exact genetic code); origin and source of  9(30.00) 21(70.00) 0
and controls animals; genetic background ( outbred, inbred, FI hybrid, mutant,

transgenic, congenic, consomic, etc. ) and generation; definition of the
experimental unit ( individual animal/animals in one cage); number of
animals per group (and possibly power and sample size calculations) ; sex;
age (at the beginning and the end of the experiment ) ;weight (at the start of
the experiment )
b. HAEPIREL :
b. Microbiological status:
R TEAEE SRR (SPF) /BRI TER
Conventional/specified pathogen-free (SPF)/gnotobiotic, germ-free 8(26.67) 0 22(73.33)
PP A PPROC R , P RGURSE, B RS, Mol WA, bR
Measures to protect microbiological status (for example, open-system,
closed-system (SPF), individually ventilated cage racks, isolation unit)

C. ﬁ%%ﬁﬁ :

. Housing-animal room:
IREE + YU (ATJEY 555 ) Temperature + range (regulated or not)
FAXHRRE + YERI(PTIT575) Relative humidity + range (regulated or not)

R, R B R A /N5 i Ventilation ; over-pressure or under-
pressure, air changes per hour
K1 AZOLEATATE 24 h OCHARTTR] DESREE AT B FDGIR BE
2T F % Lighting: natural or artificial, number of hours light per 24 hours, — 4(13.33) 0 26(86.67)

light intensity, time when light is switched on, transitional decrease in

o

light intensity
Mg (5 AR 4F ) Noise (music, ete. )

d. BT
d. Housing-cages:
HKHIFIRSE Type and size
RIESNYIE R (Al ST AR 3% R ) Number of animals per cage (and if
individually housed, why?)
HopH( S IREA) B EH MK IRIEIIER Bedding (reference; if not,
type). Is batch analysis certificate available?
HIFETFHHEM M FIZEA Presence and type of cage-enrichment
RIS T-HISIK Frequency of cage change
ALFRRSTIR Frequency of handling

It

Nutrition ;

I (FIRBUT G L2 B R e g )

Type (natural-ingredient diets, chemically-defined diets or purified diets)
BRI S (AT RE, T hRTE S S0HR)

Composition or batch number (if possible, use a reference)

THALHE Pre-treatment

T3 AR DR SR AR R )45 )

Feeding regimes (ad libitum, meal feeding, restricted, etc. ). If not ad

0 0 30(100. 00)

I

®

2(6.67) 2(6.67)  26(86.67)

libitum; amount of food given, frequency and time of feeding.
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&R3

B W R

Content Domain

#H

Ttem

e TR %) AN ( %0 e AL %)
Uncertain-risk  High-risk

Description Low-risk

RS
Regulations
and ethics

Tt

Intervention

6

£.K:
f. Water:
FAN(SIHTUEAT AT IS )
Type (analysis certificate available?)
AL (R AL )
Pre-treatment ( concentration of acidification or chlorination ) 4(13.33)
oK, Yokt (BT HABER (AERA )
Water schedule; Quantity (ad libitum?), frequency of water supply (in
case of restriction)
ARAEATIR Frequency of change
sk H 3h457K 258 Bottles or automatic watering system

g BIWIMICHY T I NSRBI L RC R R E SRR )y vk

g. Method of allocation to treatment group: i. e. randomly assigning animals to  10(33.33)
a specific group

h. HRLESY) P AT E SCRRAIT it

h. Description of how the disease or intervention is defined in the animal

i R SR ARSI SN

i. Description of the reasons to exclude animals from the experiment

o AT HALZEL fp 150 15 20T HRZFL X (M1 2RI i U o e

j- Description of the control groups in the experiment, and an explanation of

29(96. 67)

30( 100. 00)

why these specific control groups are important for answering the

research question

a. <Y E 2 A U ) L]

a. Description of compliance to national regulatory principles

b. — AN LSRRI E A S A (eI B 2ebLA) 2(6.67)
b. Description of the ethical and qualitative assessment by an independent

organisation within the institute (e.g. Institutional Ethics Committee)

a. W1 : SEHR T TR , 26T 1905 SRR R A R 2 i) A )

a. Time schedule; Day and time of intervention within experiment, time
between intervention and sampling or processing

b. TR

b. Type of intervention

c. R EBOR ST A HA R FIAT R

c. Description of operation techniques or other techniques and materials used
d. AR TR GE )

d. Dose and/or frequency of intervention (when applicable)

e. MG N (A IEEW) MIMIG L

e. Administration route; enteral (oral or via the anus), parenteral and
trans-dermal

£ ZPYPRIRN I = A FR TR R )

f. Drugs and dose tested (product name, manufacturer, concentration )

g. A F 0 (=i FR TR R )

g. Other products used (product name, manufacturer, cncentration)

h. SRAE VAR E] (i REE)

h. Method and time of sampling (blood, urine, etc. )

i. BRI (HpZERd ] 2528 BRI 75 )i, Anaesthesia ( duration, type of drug
and method )

j. SR (HZG2RBRIJT7%) ). Analgesia (type of drug and method )

k. ZARAC(FAZIZEAIMITE: ) k. Euthanasia (type of drug and method )

1. SRS T TES U ) SRR R P s

1. Description of general wellbeing of the animal during and at the end of the

30( 100. 00)

intervention and in the case of compromised wellbeing
m. AR

m. What relieving measures have been taken
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e
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TERIAUEL(%) ANHRE U9 R %e)
Uncertain-risk  High-risk

Low-risk

a. fii FARSEOINE Jr ik . R BB R 25 (DR 8 SCEh AR
a. Description of parameters of interest, and the method of determination:
Inclusion also of important physiological parameters and reference values to

4 Jerfebn

8 define wellbeing of the animal
Outcome

0 30(100. 00) 0

b. A AR R S TR BT
b. Description whether, or how, the staff was blinded to the treatment modality
c. MR RIS . Description of the statistics used

a. AR EZLER a. Description of the main results
b. SLHPERTSE TS RO RS PR (A ES A TR )

b. Numbers and reasons of premature deaths during the experiments ( short

description of autopsy findings)

c. HERBH MBI ANE)

c. Excluded animals ( numbers and reasons why they were excluded)

d. A TS a5

zh d. Total numbers of animals included in the statistical analyses

e. TRUELHRIA A SRR

Results

30(100. 00) 0 0

e. Short description/explanation of included animals with peculiarities
£. X TR S IR I PR RE ST (I E PR T )

f. Power analysis after adjustment for diseased and excluded animals ( to

determine the reliability of the study)

g. TR R S A DA RS (HNIRLEE (TR LR )

g. Description of the most important relevant physiological parameters during

intervention (like temperature, body weight, heart rate, etc. )

a. X EZRIGHITIHE a. Discussion of principal findings
b. WHEAS R (A1) I RS SRR 2

B b. Discussion of the (indirect) clinical and overall scientific relevance of

10

the outcome

c. MiE R SRS L Bt

Discussion

27(90.00)  1(3.33)  2(6.67)

c. Definition of whether or not follow up studies are necessary

ik RS, EEAE 10 T4 H 1Y 54 T4
H , AWF508 HA 31 19 W4T iR, Hodh A 12
¥ 2% H AR XU RAK T 50% , 5 TR XU RAK T
10%, EARGTF, (1) F5M5E8 .7 W (23.33%) iF
FENE T ERI TR IR A, R e S %
TORE AR T HATIRYY TR 2 22 AL, B A Y WA
FIMBER, (2) BRI R 19 T (63. 33% ) BF
FEIAHAE T R R EGR , BB PICO JRI, (3)
TFFFE B4 PR A O P sl G Al A G < 29 35 (96. 67%)
WFFEHEHE T R ) R Hl s R i AR St (4)
SEH BT 10 (33, 33%) B sE Ak S T St Uy
2, R SRR, (5) SE8 o0 K45l .
9 101 (30. 00% ) WF5Tic 5 T shi R0 M) A0 i
(588 Wi (26.67%) WEaT b T A ¥kl , 5+
A5 EAR S 8E 3 4 101 (13. 33% ) W54k 1 30
YIS T B IR R |V R At S5 s T e AR AT Y
KABET R GANET PS5 RS2
(6. 67% ) WA T $ 4L 45 2 1 55 W o i
FEHBL A 54 T (13. 33% ) WFFE 5 T sh koK i dit
NI 45 B 10 91 (33.33%) W55 A28 T ¥ sh'y

BEML AL 79529 T (96. 67% ) WFFE 44 1 andal
FE BB B T TR i, 3R T L B B )
HEBRAE S0 2 A0 JE R B R I A 1 48 Ul T 0 21
FIEZE, (6) M SEH, HA 2 W (6.67%) B
FERRAE T (R B B A LAY Y 44 FR L VF TR DL A
A EZEMIE N L, (7) T B A OF 5T
PIrEanfliR 7T i, (8) 45 mdahn: rA UER
HRHA Tt R BAREBIH L, (94 . A
WFFE I TEAN A, A5G T A G2 M i 3 1 8K
T R E A A S E R (10) 318,
27 Wi (90% ) WH5Eihie T EZL5B AL, Hik T 45
TREXF I AR AT 24 1 T B 2 5L, I 2 75 e 22
AT EEF 58, Kappa K 56 W7, 024 i 58 N B
GSPC 15 HL PPN 45 3R — Pk 4 (kappa = 0. 905, P =
0.000) , L% 3,

3 e
TEARRAN AR 30 F £ 1 1 75 SR (1) 3h Py it

FEr, PR O fay | STt D £ 0 00 2 A S 52 0 05
LU E 27 0RO, LR £ 5 Bl
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Effects of 5-Aza-CdR on hippocampal neurogenesis in mice
via the Notchl pathway

WANG Baojie', SU Liqing', ZHANG Zhiyong®, YAN Lei’, WANG Zhiguang®, BAO Suya’, SHAO Guo*”
(1. Department of Pharmacy, the Third People’s Hospital of Longgang District, Shenzhen 518112, China.
2. Key Laboratory of Hypoxia Translational Medicine, Baotou Medical College, Baotou 014040.

3. Chongqing Medical University, Chongqing 400016. 4. Center for Translational Medicine,
the Third People’ s Hospital of Longgang District, Shenzhen 518112)

[ Abstract] Objective To investigate the effect of 5-Aza-CdR on Notchl pathway and neural regeneration and to
explore the effects of 5-Aza-CdR on learning memory ability in mice by exploring active avoidance behavior. Methods
Sixty 6~ 8-week-old SPF-grade ICR male mice were divided into two groups. 5-Aza-CdR was administered to one group of
mice via lateral ventricular injection, while the control group was injected with bovine serum albumin. Notchl and HES1
mRNA and protein expression levels were detected by Real-time PCR and Western blot 24 hours after injection; 5-bromo-
2’ -deoxyuridine-positive cells were observed by laser confocal microscopy, and Notchl expression in hippocampal dentate
gyrus was viewed with laser confocal microscopy. Notchl methylation changes were detected by ethylation-specific PCR,
and learning and memory behaviors of mice were assessed by passive avoidance tests and shuttle avoidance assays. Results
Injection of 5-Aza-CdR increased hippocampal Notchl pathway activity, promoted neuronal regeneration in the DG region,

decreased methylation levels in the Notchl promoter region, and enhanced the ability of mice to perform active avoidance
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behavior. Conclusions

hippocampal neural regeneration through the Notchl pathway.

[ Keywords]

The effect of 5-Aza-CdR on active avoidance behavior may be related to the influence of

5-Aza-CdR; neurogenesis; Notchl; learning and memory
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WK ] (dentate gyrus, DG) ;= A B B £2 0T, X
AT 2 or R e s SCERIRGE DG
R IR AR 2 R AR AT AAT 5 Rl B — 2 MR
Notch {55518 2 22 4 i A5 ) vl 4 5 244 AR
6 K T I B A IR ) P45 5% i3, TR R 2 5 41
KE S R A E T %, AR
Notch {75538 5% 2 i i 28 P A4 1) 1) — 4% 7 B2 %
-2 H2 ez &£ i HES1 /& Notch {5
S R WA 4 T AR R 2 — , Rl i o
BRALHIM K] Notch {7530 J A G MM 2 5 B ML
PR — b2k E T AR e & A IR AT RE
FEIRIT AT R HH S0 i R FE AR AR 5
Aza-CdR Ab BT FEARHE & 1 1097 40 L 2 7 Notchl
[ DNA 150 7K F-39 1 Noteh1 192350 B 5-
Aza-CdR Ab 3 2 45 0] LLAE K Jii B 28 20 1 v 154 in
Notch1 &35 M T fie #F #2841 My P A 1 52 24 2 3]
12, X T B MIRYT — L5 M0 2% 2] 1012 0 95 0 Bt AL
G
KAF IR 25 ) 5-Aza-CdR 2 — Fh 25 I 3L 4L ik
F1 5-Aza-CdR T 9% FDA 1t B35 8% [l 42 ] T5%
M S PR iR T AR SE T
W 7 I VE 40 DNA H KL %% 5% | ( DNA
methyltransferases, DNMT) B BRI I B, 5-
Aza-CdR TEi5 S 40MJE 3 o046 40RsE T Fsh W4T
N T AR 5L B SRR K
-5 R KPR A G . w H SEAL AR SE PR e 2
IR LA R R gkt ARSI HF ST 5-Aza-CdR
JETIE L 8 Notchl () DNA H 34k i% S Hi ik,
T 1 28 A SRR M 2 ST T2

1 #RFn7E

1.1 SCI8Eh4

60 H 6~8 Ji] i ICR HEME SPF /N (18 ~22
g) T DUAR (JE50) A= B AR A BRZA Rl [ SCXK (5Y)
2019-0010 ] 4&4t ) 5% T 307 DUAR (b0 AR HR
HBRA A s 5 N [ SYXK( 5T)2021-0038 ], 52561k
JEIE L, s A R EROK, SEE T K sh i B4
VERR A5 BRI T T b XN B 2 e S 6 3h 490 46 2R
Z USSR UE (2021035DW) |, AS 5256 FiF A H5VE 1945

e N RSEFNE L0 sh W) 4 BAR ) | SEgeiseit
T FR A I AR Y 1A 3R
L2 EEAFSEH

5-Aza-CdR , BrdU ( Sigma-Aldrich 23 &), it 5 ;
BCCD66249 ); TRIzol ( Invitrogen 72y #l, #it .
391303 ) ; & % 5 il £ . 2 x SYBR Green qPCR
Master Mix ( TaKaRa 2> ], it %5 . ALFO602A ) ; RIPA
P ECL AOGHK ( i3 = KAEWHARA RS
A]) 3 25 FIBEA 67 Halt™ Protease and Phosphatase
Inhibitor Single-Use Cocktail ( 100 %) ( Thermo Fisher
A7) s BCA HE AR & (351 Pierce 28H]) ;4R
T Notchl #T 7K Fll e T HES1 £ 58 B Hi 1A ( Cell
Signaling Technology 7% ] ); K B #it BrdU #T 1A
( Abcam 7 ) ; B AR 1 & AL ¥ B ( horseradish
peroxidase , HRP ) FRiC Y9 HT 6 —Hi (JL st - AR AR
PWHEARARRATF) ; ILFEPL R Alexa Fluord88 Fl1LI=F
PLREL Alexa Fluor594 ( Invitrogen 23 7] ) ; DNA $2
& (R AR IR R 5 B B AR &
(bt 22 A= MR AT FRA ) ) 5 RIPA L8 W
(BBREVEARRA]) & 47 ,6- " REE-2- I
5| (4, 6-diamidino-2-phenylindole , DAPI) ) 35} F
1 (Vector A H]) . Tanon-1IVDT-1 1k 2% % S K 4% 43
BT RS (L R BERHE A BR2A 7)) 5 ABL 7900HT 2
i} PCR &4 (Applied Biosystems) ; STT-100 M 212
RN e ERA A AT BR A | ) 5 7 A e A A (i ik
153) s WO MR WA (JEFRE A1) .
1.3 SKBWHE
1.3.1 44

60 H SPF Z¢ ICR HEME/N R FEHL A ZH , 5255
(5-Aza-CdR AbFH) 20 47 1 =5 P EE ST 10 pmol/LL 5-
Aza-CdR 5 pL'" | X} ( control ) 41 v 5 AH R 44 FH i
10 g/L BSA, /NEUBRIEJ5 ST A4 8 AL AR B E , 2%
/NI 3%, B HT X, ZERT KIS 1.7 mm, JOIREESS
TF 1.5 mm A0 F UG ST I e, 48 S sk i 2 2 A
1 wl/min AR F BT 5 min, 5 E B 4F 1 min, B
IEMNR, 2R G850, T 24 h JFiE TR
S
1.3.2  ZAR Tz A%

S A sk S M GE ik STT-100 M SR AR HEA T
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D, 7E— MBS AT 5 min B93E B, 75 6 3 3%
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O3 — A B B, — R AR S SR O, A% MR
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Sy [l skE Ak skE S N, WIGREFE I 1 d 1 25 YR
55,24 h G EE MK, (0 5% 3 ol [l s b AR, S
RFEE 3 d,
1.3.3  RNA #2EUFIE 5 5 PCR

f#FH TRIzol 3257 /N BRUIRE 5 43 25 5. RNA, i
FH R sl R & AT 100 5% 5% PCR, 28 7 52 B PCR
7E ABI 7900HT SZif PCR 2% b k4T 3 ¥k, i 1]
AACT (B 5y B4 . 519 )% %1 40 K« Notchl-F.
CCACCCATGACCACTACCCAGTT; Notchl-R: CCCC
GGACCAATCAGAGATGTT; HES1-F; ACCGGACAAA
CCAAAGAC; HES1-R : ATGCCGGGAGCTATCTTTCT;
B-actin-F: GGCTGTATTCCCCTCCATCG; B-actin-R:
CCGTGGTAACAATGCCATGT,
1.3.4 Western blot £l

fdi FH & PMSF () RIPA Z4 i 20 4000 3 Bk
., M SDS/PAGE(12% )£ 30 mA 73 B 2.5 h,
SRIGHERE S| PVDF 1, B BRAE 5 5% WERR 4= 15 1)
TTBS P I E | h, 5—PiaE dw , RGHE=
ETFE5HEE | h, FHRISRE LS &R R 5
(ECL) K& FHENIE . FH Image J FPFA I 2 3R
KKK FEAE
1.3.5 BRI

FH BrdU 1 Notch1 432 7% Y4 (45 I /)N B2 1R
Bl(DG) XA e AL, DNRIEREES: 3 d &
%t 200 mg/kg BrdU JAb%t/INE, &2 414, a2
ST VR R SR BE 20 pm W9 Y) A bt
Notch1 HiiFI K BT BrdU ik & % . ¥ H 4
S LD Alexa Fluord88 AL 2 HL K L Alexa
Fluor594 Z R 2 h, il DAPT et 780G
LSRR BT R A S RE L RIS
1.3.6 HHEALFERM: PCR

DNA $EHGAG G A 2 432 5 DNA, FHH
FAbIAGR & X DNA #4767 R R 3 AL R, PCR
PG 1 g B DNA, REHE 543 0 P 4 R 3k Ak
DNA ( methylated MS-PCR) F1 & H % £ DNA
(unmethylated MS-PCR) 5| #1741, H T &
fE AR B 324k Notchl PR o F XSk G5 U0 .
Notch1-MF: TGATTTTAAACGATGATGGC; Notchl-

( conditioned

MR: AAAAATCGAAAACGCAATCTA ; Notchl-UMF .
GTTTGATTAAATGATGATGGT ; Notch1-UMR ; ACTAA
AAATCAAAAACACAATCTA . FH 2% B JE W ¢ Jise .
VK535 Notchl HHEALFNIEH ZEAL ) PCR 724,
1.4 Zit=EFHiE

SRR - Y B FRUE IR 22 (w2sx) TR, AT
Ry A 3 R FH H A O = B PR R U7 22 43 M Al Man-
Whitney U £ %6, 2 45 ok FH B K &= 7 22 40 0
(one-way ANOVA ) s XU ¢ 4645 ( SPSS 1 A4) 76 1.
P<0.05 hESAGITFE L,

2 #R

2.1 5-Aza-CdR /MR iED AL Notchl 1 HES1
RIEH M

WE 1A 1B BT/, 5-Aza-CdR 4k PR 5, 38 o
Real-time PCR £ il /]y B i 5 20 21 Notchl 1 HES1
mRNA 5% K, 5XF LA HL, 5-Aza-CdR Ab #
24 Notchl I HES1 mRNA /KF 4 2 7h & (P<
0.05,n=3), % # /5 5-Aza-CdR % § Notchl F
HES1 mRNA 2 K R 3 il , Western blot 52 5% FH AH
RPARKE I 5-Aza-CdR AL FRLH FNXT B ZH Notchl #
HES1 f K (1C) . SXTIRAAH b, 1 S H A
Notchl 1 HES1 & (¥ 8 & 7+ & (K 1D 1E, P<
0.05) ,#2/R 5-Aza-CdR AHAEAEHT, 5200 /s U S 20
2 Notchl Fll HES1 %3k,
2.2 5-Aza-CdR R#/NRiBES DG XHEATHEAE

T ST 5-Aza-CdR ¥/ EE D d 50
NCAH I B R8T A0 it 1A B 52 ), e g B e bRl
P D DG ' Notchl #1 BrdU PHMEZRMI, Sy
DY N, X R A L | 5-Aza-CdR 4L BEZH A9
BrdU F Notchl I 2 34 il (&l 2A ~2D, P<0.05),
BrdU 5 Notchl £ IFAHC, AGita L (Bl 2E,r=
0.927,P<0.05), X UiH 5-Aza-CdR 7] i 7 #f 48
KHE,
2.3 5-Aza-CdR X/NERiE 5 Notchl BzhFHREN
KEHRMm

FHl MS-PCR #:3 Notchl B Kbk ¥, 5 *t
MEZH Notchl Ja 3+ K H ALK (17. 9% £2.95%)
AL, 5-Aza-CdR AbBHRZH (56. 2% +3.2%) B3 T
(P<0.05) ; 5 % B 2H Notchl 3 3 7 W 4k K F
(82.1%+2.95%) H ., 5-Aza-CdR Ab ¥ 2 (43. 8% =
3.2%) BE NI (P<0.05) , AbFHZH Y F ek 5 5
TSR 2 AT B35 25 57 (P<0. 05, 18] 3)
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1 : A:Notchl mRNA FHX = B {8 ; B HEST mRNA AHXJ=F BE{i; C: Notch1 \HES1 I B-actin % E[155 [ ; D ; Notch1 8 (4 AHXT = B {8 ; E . HES1
B EEE, 'ﬁxfﬂfizﬂmtt * P<0.05,

1 5-Aza-CdR AbFHE /NS Notchl F1 HEST mRNA FlIZE 263K (n=3)
Note. A, Notchl mRNA relative abundance value. B, HESI mRNA relative abundance value. C, Immunoblot of Notchl, HESI and B-actin. D,
Notch1 protein relative abundance value. E, HESI protein relative abundance value. Compared with control group, * P<0. 05.

Figure 1 5-Aza-CdR treatment increases Notchl and HES1 mRNA and protein expression in mouse hippocampus

ALK RRZH/NEUE S DG H Notchl F1 BrdU BHPEZIAL ; B . 5-Aza-CdR AbPRZH /NG S5 DG H Notchl #1 BrdU FHEE4EAE ; C. /N RIE S DG H
BrdU FHMEAHMIEC; D /N BUE TS DG 1 Notchl HE 92 68 BE(E ; E . BrdU FHAE4HMIEUAT Notchl f88 ¢ oM B (AR 6 o @140 BedU PR

AR AP AT E S 3T I BN AR TP IR KT SXHREEARLE, © P<0. 05,

E] 2 WO RET 5-Aza-CdR ALFEXT/NEUE B DG K IX M £ T087 A2 Al Notchl FIKHIFENA (n=5)
Note. A, Notchl and BrdU-positive cells in the hippocampal DG of control mice. B, Notchl and BrdU-positive cells in the hippocampal DG of 5-
Aza-CdR-treated mice. C, Number of BrdU-positive cells in the hippocampal DG of mice. D, Immunofluorescence intensity values of Notchl in the
hippocampal DG of mice. E, Correlation between BrdU-positive cell number and Notchl immunofluorescence intensity values. The number of BrdU-
positive cells represents neuronal cell neoplasia, promoter methylation and non-methylation levels by assay. Compared with control group, * P<0. 05.

Figure 2 Laser confocal analysis of the effects of 5-Aza-CdR treatment on neuronal neogenesis and Notchl expression in

mouse hippocampal DG brain regions
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2.4 5-Aza-CdR #M/MREFES2IZ8E

3 35 2% 4 [kt 2 20 03K, e 0 A = A S-
Aza-CdR (15250 40 /)N 7R S 30 i A v 32 3 [l kAT
RESITF EIEETH (B 4) 378 5-Aza-CdR RHEIER 52
i /N B2 > e A2 g

T SXIRUAMLE, " P<0.05,
B3 5-Aza-CdR ALBEXS/NEUIEE D Notehl g1
JA B+ IX. DNA AL B (n=3)
Note. Compared with control group, * P<0. 05.
Figure 3 Effect of 5-Aza-CdR treatment on DNA
methylation in the Notchl memory promoter

region of mouse hippocampus

TE S50 43 YN R A0 3 WA B B, WA B Be 11 B 24 h, 4t
3d. SXTMEAMI, © P<0.05,
Bl 4 5-Aza-CdR AbFEHE NN E A 1 5kE
22 BES (n=20)
Note. Experiment was divided into two phases, training and testing,
with 24 h between phases and 3 days of testing. Compared with
control group, * P<0. 05.
Figure 4 5-Aza-CdR treatment increases conditioned

avoidance learning in mice

3 it

TEA B 5T, 5-Aza-CdR &b H AJ (AR i 2
Notchl Ji 3l F DNA H Ak /K -, 34 i Notchl F01
HESI ) ik, 5-Aza-CdR A 5 DNA %54 o ol 78
DNMTs 335, B A% 40 g DNA 1 5Lk K S50 5e
Aza-CdR 67 W] B AR B8 2 1 100005 28 MY &R Notchl
DNA HIE4L K -1 . Chen 251 4438 Ten-11 % i
(Tet) 2 MK Notchl Ji 3l F DNA H 3£ 4L 7K 7l
% Notch 155, DNA H KL% 7% B 41 1 77) 5-Aza-
CdR A T RIG YT . I A H] 5-Aza-CdR 402
o] AT 2 40 Notchl B E IR, R HAEMAZ RS
IAYT 5 Notchl i BAA KPR EITIHRR .

Notch {55 5 3 % 5 g 5 # 22 5¢ 1 40 i ( neural
stem cell,NSCs) #4458 A 5, Notchl 155 [0 % 16
o DG WA ICH A B E R R, BrdU
BHPE 41 i 50 ] T 3FAS NSCs g™, RS2
R A5 R BRI R 5-Aza-CdR ALBRZ DG
PR 28 2% AR 20 ( Brd U™ 401 0 ) K50t B B o8 T %k 1R
20 DG, [AE, BrdU* 40 fi%0ie 55 Notch1 98 G (5H
SRIEHE, RLEKAFIELE R KW, 5-Aza-CdR 5
F19 Notchl {55 3% m vl fe 4 By /NS DG
X2 % " . Guentchev 2512 Wl B, AR
Notchl {&E M AL T4 e sE . FI, 5-Aza-CdR
JI0G 3 1 ) S 36 45 SR F W Notehl 55 F A B T/

DNA H 3L 78 2 2] Fe Az i &A% 48
DNMTs A3 i AL CpG A% 7 R F s I A% iR
5-C i B #Y DNA H 3 fk ok 52w 3k 3 a8,
DNMTs DL 4f fifd 1 i 28 34 [ 45y X412 1F 2% 2 Fid
12,120 Argyrousi £ [26] PR, R 50 H 25 25 DNMT i
il RG108 ]S B 1 A M 1) S I 72 2 21 1012
Hahn, Ab P 48 h J5 DNMT #1415 RG108 A Fi e /F
FH o MR 28 P95 5-Aza-CdR Al 45 /N BRUAY 25 ] A
e S AR LR RE 1111 Hernaiz 251 21 | 4%
{78 (LA) PIAMI A HE 1 5-Aza-CdR 22 2 TF24HAE
12, TIAFIE K IR 5-Aza-CdAR H4H1 T 2544 [B156E24 )
ICICREST X FPRE T T RES DNA B JE4L IS5 Notchl
TG, TR A 2 A0 A A A O

ZE L FTIR AR ST E B i % 1 5 5-Aza-CdR
A DL ¥ T N X Notch1 15 538 & -5 i/ )s Bl
L DG X P2 40 B 1Y P42, Noteh1 17 53l % A8 b 5
Notch1 J5i 2l X H 3 KA 56, E48, 5-Aza-CdR
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Cognitive differences among dogs with different sociability

SONG Mengyu, GUO Yijun, ZHAO Xuerong, BAI Jing, ZHOU Zijuan, WANG Jingyu "
(Laboratory Animal Center, Dalian Medical University, Dalian 116044, China)

[ Abstract]  Objective Explore differences in the cognitive abilities of socially different Labradors. Methods
The dog mentality assessment ( DMA) test created by the Swedish Working Dog Association was modified to employ 12
behavioral variables from five subtests of the DMA test, social contact, play I, distance-play, ghosts and play I, to
assess sociability of the dogs. In accordance with the scoring criteria, 49 labradors provided by the China Guide Dog
Training Centre in Dalian were scored on the social behavioral variables and classified into high (n=15) and low (n=34)

sociability groups by cluster analysis. A new system to test canine cognitive ability was developed using the dog cognitive
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development battery, which tests various domains of cognitive ability such as social cue use, unsolvable task, inhibitory
control, cognitive flexibility, working memory, and multistep problem solving task. The dogs’ behavioral performance and
duration of the test were also recorded. Statistical analysis was performed to determine assess differences in the cognitive
abilities of socially diverse dogs. Results Dogs in the high and low social subgroups differed significantly in behavioral
variables of the unsolvable task, inhibitory control test, and multistep problem solving task. In the unsolvable task, dogs in
the high social group looked at people for significantly longer than dogs in the low social grouping (P=0.008) and looked
at people with significantly less latency time than dogs in the low social group ( P=0.0001). In the inhibitory control, dogs
in the high social group chose significantly more correctly than dogs in the low social group (P =0.034) and chose for
significantly less time than dogs in the low social group (P=0.039). In the multistep problem solving task, for dogs in the
high social group. successfully completed number of stakes was significantly higher than for dogs in the low social group ( P
=0.044). The percentage of operation pale time was significantly lower than for dogs in the low social group (P=0.05).
The average latency time to solve the bone task was significantly higher than for dogs in the low social group (P=0.037).
Moreover, the percentage of operation bone time was significantly lower than for dogs in the low social group (P=0.038).
In tests involving a manipulable apparatus, dogs in the high social group spent more time looking at people than dogs in the
low social group and less time manipulating the apparatus than dogs in the low subgroup, but no statistically significant
differences were observed (P>0.05). Conclusions Highly sociable labradors have a greater cognitive ability, they are
more able to suppress impulses during tests, more able to complete the multistep problem solving task, and more inclined to
change strategies to seek new cues from people rather than obsessing over manipulating the apparatus when they are unable
to solve a problem.

[ Keywords] labrador retriever; cognitive; sociability; inhibitory control; multistep problem solving task
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Table 1 Subtests and variables of canine sociability

T 177 i
Subtests Behavior variables
i) fi S 1z
HELHEAR social contact) , K T RATHIE ARy Crocings
- aEE:
BB, Cooperation
Dog’ s reaction to a stranger is tested and described. %EH;U)Z@
Handing
1 B e R, ( distance-play ) , W12 T R X 322 1 5 2% WRITH
IR A RE A AR SO, B i IR K 4T Exploration

R, P

Dog’ s reaction to a play-inviting and oddly behaving Tug-of-war
unfamiliar person at a distance away from handler is Ui XK 8 i
tested and described. Play invitation
pist
Wtk T (play T), WX T R 504 ABEM  Interest in play
it IR
Dog’ s interest to play with a stranger is tested and Grabbing
described. ka0l
Tug-of-war
P LI (ghosts ) , X T R 1 12 42230 & 1) P
AR SR SYAEAL
Dog’ s reaction to two slowly approaching persons Greeting

covered in white sheets ( ghosts) is tested and with ghosts

described.

WA I (play 1), P TR A5 B A2 PRI BUEE fY EoS
Pk, Interest in play
Dog’ s interest to play again with a stranger is tested Eij0:i

Grabbing

and described.
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Note. A, Cup near the dog. B, One cup goes three times in a row. C, Test position of cup.

Figure 1 Warm-up trials diagram

2 AFEbRCESER R

Figure 2 Communicative marker diagram

L #i Sk TR LA 2 5 TR,
B3 FHIRmLERER
Note. Arrow indicates that experimenter 2 points.

Figure 3 Arm pointing diagram
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Figure 6 Cognitive flexibility diagram
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Figure 8 Multistep problem-solving task
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Table 2 Results of social differences tests for dogs of different sexes

1o PN

HEVE (n=26)

Wit (n=23)

Behavior variables All puppy Male Female F P

#E2sk Sociability 43.520.75 43.7+0.92 43.39+1.24 0.03 0. 86
[l KW, Greetings 4.14%0. 11 4.12+0. 13 4. 17+0. 20 0.07 0. 80
&M Cooperation 3.98+0. 11 4.15+0. 14 3.780. 15 3.13 0.08
fili #5523 Handing 3.920. 09 3.920. 09 3.910. 15 0. 003 0.96

BT [ Interest in play 3.59+0. 12 3.350. 15 3.870.17 5.52 0.023*
72% T ML Grabbing in play I 4.0820. 10 4.000. 12 4.17%0.17 0.69 0. 41
E B AR 4530 Tug-of-war in distance-play 3.27+0. 17 3.38+0.19 3.13+0.29 0.56 0.46
FEEATN Exploration 4.20+0. 15 4.31+0. 18 4.09+0. 24 0. 54 0.46
gtk T 357 Tug-of-war in play [ 3.060. 17 3.04£0.23 3.09+0. 27 0.02 0. 89
TiFtk#34 Play invitation 1.76+0. 17 1.73+0.22 1.7820.27 0.02 0.88
5 9 i Greeting with ghosts 3.71£0.20 3.96+0. 24 3.43+0.33 1.76 0.19
BT 1 Interest in play II 3.610. 10 3.540. 14 3.700. 15 0. 61 0. 44
g% TAMEL Grabbing in play 1I 4.20+0. 10 4.15+0. 14 4.26+0. 14 0.28 0. 60

HRREMERIRA L, * P<0.05,

Note. Compared between different sexes of dogs, * P<0. 05.
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KBRS R E TR AR R (P=0.038), o fAFERE S m B RIRAE G R IR T AL &4
At A b ) TR A R AR AN AR ARAR TE NI 2 T A 2 PR AR A R A
[l 2R A IE A R AT 98 MR AGRINE ARGH B & 25 (P>0.05)

®3 AFFSER R IHLR
Table 3  Grouping results of dogs with different sociability

il 557 ; A
Group Score Age
[
EHR 49. 67+0. 63 15 15.33+0. 41
All puppy
Mot s pidds
49. 43+0. 7 15.43+0.7
High sociability Male 9-4320.95 3. 4320.75
Wb 49. 88+0. 90 8 15.25+0. 45
Female
I
SWR 40. 82+0. 62 34 16.32+0. 26
All puppy
b 2P S HEE R
= ﬁﬂ&ﬁﬂ MR 41.52+0.76 19 16. 16+0. 37
Low sociability Male
s
HERER 39.93+1.02 15 16.53+0. 36
Female

TE: A TR MRATSS s B M 42 4015 C 220 BRAR P AT 55 (R M) s D 2 BRI IRAL S5 (k) o ARFSERM L, " P<
0.05, ™ P<0.01, ™ P<0.001,

9 FEEMEAN R B RN 22 S PR AG S 2
Note. A, Unsolvable task. B, Inhibitory control. C, Multistep problem-solving task ( pale). D, Multistep problem-solving task ( bone
plate) . Compared between different sociability of dogs, * P<0. 05, ™ P<0. 01, * P<0. 001.

Figure 9 Results of cognitive test differences tests for dogs of different sociability
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Table 4 Results of cognitive test behavior variables differences tests for dogs of different sexes

Tt 17 h7E 0 EXIPN HEPER (n=26) BEPER (n=23) e »
Subtests Behavior variables All puppy Male Female
ST R
R L (%) 0.78+0.02 0. 81+0.03 0.76+0. 04 1.13 0.29
RIMCERE Correct
Communicative marker e S S
R Jk( ) 5.04+0. 38 5.13+0.53 4.95+0.55 0. 06 0.81
Average choice
) X LB (%) 0.77+0. 14 0.74+0.18 0. 80+0. 02 4.03 0. 05
T g A Corteet
Arm pointin, BB (¢
P # il JEJJK.( >) 4.10+0. 29 4.01+0.41 4.20+0. 42 0.11 0.74
Average choice
P A ( o
RN K () 1. 66+0. 20 1. 64+0. 31 1. 68+0. 26 0.01 0.93
Average look
PN TEL AR B (
AL MRAL S RN TFHIRRITR () 18.99+0. 87 19.77+1.28 18. 11£1. 16 0.91 0.35
Unsolvable task Average look latency
SAVEAL A B K (s
BT Tk( ) 6.49+0. 47 6.36+0. 69 6. 65+0. 64 0.10 0.76
Average operation
R YK
N ?M.&(") 6.77+0. 16 7.08+0.23 6.43:0. 19 4.64  0.04"
Familiarization trials
STagvAILR S T 2%
Iﬁ:.ﬂl\z‘“‘hﬁ 20 s (%) 0.72+0. 03 0. 74+0. 42 0. 68+0. 04 1.04 0.31
Working memory 20 s correct
40 s IEWH#
0 s IEHHF(%) 0.61+0.03 0. 65+0. 04 0.57+0. 05 1.75 0.20
40 s correct
- L% (%) 0. 89+0. 02 0.87+0.03 0.91+0.02 1.39 0.24
R UESTRITEEN Correct
Inhibitory control eI (s
N BHEFI K (o) 3.26+0.29 3.7110. 51 2.77:0.23 260 0.11
Average choice
RES
1E }jﬂﬁ(%) 0. 88+0.03 0. 87+0. 04 0. 89+0. 04 0.16 0. 69
Correct
Uk 1F if 2R
s ULI_F%}; (%) 0.54+0.03 0.54+0. 05 0.55+0. 05 0.02 0.89
TN R 5 Ik First side correct
Cognitive flexibility ST [A] 5 386 1F i %
# l_Ell_ﬁ-ﬂ:Bﬁ]?"_(%) 0.34+0.03 0.33+0.05 0.35+0. 04 0.08 0.78
Reversal side correct
RS B (
ERY /jHTk.(S) 6.97+0. 44 6.72+0.52 7.25+0.74 0.34 0.56
Average choice
H 7R 22
RBTEH 1.39+0. 07 1.27+0.09 1.52+0. 11 3.37 0.07
Success or not
. - SEIRITHK (5)
L BRI AT 55 (ARHE) Lateney 1o solve 94.96+3.92 89.96+5. 85 100. 61+4. 96 1.87 0.18
Multistep problem-solving SRR 5 (o
task ( pale) week . (%) 0. 010. 00 0. 010. 00 0. 010. 00 0. 14 0.71
Look time
T%VE@(%‘%ETJKH?HC(%) 0.71+0.03 0.70+0. 05 0.71+0. 04 0. 05 0.83
Operation time
fch}c{?%ﬁ(i(n) 2.47+0. 13 2.46+0. 18 2.48+0. 19 0.00 0.95
Successful trials
, s SEMCT A (5)
LA BT S (B L) Average latency 1o solve 37.41+3.19 34.49+4. 34 40.71£4.70 0.95 0. 34
Multistep problem-solving SRR 5 (%
task (bone plate) ek Fr (%) 0. 010. 00 0.010. 00 0. 01:0. 00 0.01 0.94
Look time
SN LR K
BRAR LRI IC T H (%) 0.75+0.03 0.76+0. 05 0.73+0. 04 0.34 0.57

Operation time

HEAFPERIRALL, ©P<0.05,
Note. Compared between different sexes of dogs, * P<0. 05.
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Table 5 Results of cognitive test behavior variables differences tests for dogs of different sociability

RS ALSMEAFR R IR K254 B 7Y 22 AR S0 45 R

S PN = FaRAS =i PR Y 0
Tk (PR ?n:'?;)’\ ?n:g 4})’\ v b
Subtests Behavior variables High sociability Low sociability
. Eﬁﬁ$( %) 0.77+0. 04 0.79+0. 03 0.25 0. 62
LRI Correct
Communicative marker Ve B B (
' BT HIR(5) 4.840.71 5. 13£0. 45 0.12 0.73
Average choice
IE%#( %) 0.76+0. 24 0.77+0. 18 0. 06 0. 80
FHAFE M Correct
Arm pointin VEBEE B (
porming BT IR (5) 4.210. 63 4.05+0.32 0.07 0.80
Average choice
Nasw il \/i—‘ lip <.
HERAFHIR () 2.46+0. 38 1.3+0.22 7. 66 0.008 ™
Average look
3 SERR A AR K ( <
AIERAES EPAFHIHRIR () 14.23+1.28 21.10+0. 92 17.92 0. 0001
Unsolvable task Average look latency
S  PESE A K
BT Tk( ) 5.56+0.47 6.91+0. 63 1.82 0.18
Average operation
RS
Mﬁ( ”). 6.53+0.24 6.90=0. 20 1.06 0.30
Familiarization trials
e 425 (G
Iﬁfla e 20 s TEHF(%) 0. 69+0. 06 0.72+0. 03 0.28 0. 60
Working memory 20 s correct
40 s IEBHH (%) 0. 57+0. 05 0. 6420. 04 1. 10 0. 30
40 s correct
(0
. B (%) 0.94+0.02 0. 86+0. 02 4.75 0.034"
R Correct
Inhibitory control LR (s
Y AR 1‘JK( s) 2.40+0. 32 3.70+0. 38 4.52 0.039"
Average choice
(9
LB (%) 0. 84+0. 04 0.89+0.03 0.72 0. 40
Correct
ﬁjiﬂzﬁﬁﬁ%ﬁ( %) 0. 50+0. 06 0.56+0. 04 0.59 0.45
IR TE I First side correct
Cognitive flexibilit iF [Pk E IE 1R R
grie e AR (%) 0. 34:0. 06 0.34:0. 04 0.004 0.95
Reversal side correct
PR (s
HHT I () 7.17%0. 86 6.90+0. 52 0.09 0.77
Average choice
LS 22
BT 1.600. 13 1.30+0. 08 4.29 0.044"
Success or not
. . FERUIK ()
L BRI 5 (AAT) Lateney 1o salve 102. 66.70 91.59+4. 68 1.70 0.20
Multistep problem-solving L 5 (7
task ( pale) FERLAI . (%) 0.01+0.01 0. 00£0. 00 1.29 0.26
Look time
oy N EE‘ <. | .
FRfRLE Tkﬁ“ﬁ( %) 0.61+0.07 0.75+0. 04 4.05 0.05°
Operation time
e P =N
FEBES BB (n) 2.27£0.27 2.56+0. 14 112 0.30
Successful trials
S 56 AT (s .
ZALPRRIAL FECFHIIT (o) 47.35+7.61 33.02+2. 93 4.61 0.037°
(B3 Average latency to solve
Multistep problem-solvin YA
bP . ERA Tkﬁtt(%) 0.01+0.01 0. 00+0. 00 0.21 0.65
task ( bone plate) Look time
Y R (0 .
BRABURRIN I L (%) 0.65+0.07 0.79+0. 03 4.58 0.038"

Operation time

AR SR, * P<0.05, ** P<0.01, *** P<0.001,

Note. Compared between different sociability of dogs, ™ P<0.05, ™ P<0.01, ™ P<0.001.
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AAHEGEH] DMA 47 2 2 MK PP AL R i 4k 251k
A Bray 2 iy DCDB Ml 57 138 A9 R Jn i
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P& TCAH AT 55 40 0 45 1) DU DA 0 SR 3 ) 3
TARICACIE AN 220 BR AT 55 7 IR, A
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[ Abstract]  Objective

A model for studying oral ulcers induced by betel nut-extract was constructed in rats.

Changes in the structure and diversity of oral flora were observed to explore the involvement of oral flora and local

inflammatory factors in the pathogenesis of oral ulcers induced by betel nut-extract and to provide theoretical support for the

prevention and treatment of oral ulcers in the clinic. Methods

Thirty SD rats were randomly divided into normal, model

and intervention groups ( Guilin watermelon cream, 8 mg/d for 7 days) , with 10 rats/group. The oral mucosa of rats was

subcutaneously injected with 10 g/mL of betel nut-extract to generate an oral ulcer model. The histomorphological changes

were observed, and ulcer area and ulcer scores were assessed. Local oral tissue tumor necrosis factor-a ( TNF-a),

interleukin (IL)-2 and IL-8 levels were determined. Oral mucosal tissues were sampled for HE staining and analyzed for

the structural distribution of oral flora and the diversity of microbial communities using high-throughput sequencing method.

Results Compared with rats in the normal group, those in the model group had an increased ulcer area, significantly

increased ulcer scores (P<0.01), and significantly increased levels of TNF-a, TL-2 and IL-8 in the oral mucosal tissues

(P<0.01). The amount Streptococcus ( P<0.05) and Veillonella ( P<0.001) in the oral saliva of the model group rats was

significantly reduced. The model group rats showed oral mucosal epithelial cell hyperplasia or focal necrosis, mucosal

lamina propria edema, and hemorrhage accompanied by mass neutrophil and monocyte infiliration. Compared with the

model group rats, the intervention group rats had significantly reduced ulcerated area (P<0.05, P<0.01) and ulcer scores
(P<0.05). And oral mucosal tissue levels of TNF-a( P<0.01), IL-2(P<0.05) and IL-8 (P<0.05), as well as
significantly increased Streptococcus ( P<0.001) and Veillonella ( P<0.01) and significantly reduced Staphylococcus ( P<

0.01) in the oral saliva. The degree of lesions in the oral mucosal tissues was significantly improved in the intervention

group. Conclusions Betel nut-extract can be used to successfully reproduce a rat model of oral ulcer, and it is speculated

that the development of oral ulcers after exposure to betel nut-extract may be related to an imbalance in the oral flora and

local tissue inflammatory mediators.
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betel nut-extract; oral ulcer; oral flora; inflammatory factors; rat
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B R OGS R BT J e I i ) 52

Figure 1 Effect of betel nut-extract on oral mucosal wound in rats

. SR S, * P<0.05, ™ P<0.01,

B2 AR YT SOk B Bt 0 T AR S A R IR (n = 10)

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

Figure 2 Effect of betel nut-extract on oral ulcer wound area and healing rate in rats

R MRS SRR DB (v4s,n=10)

Table 1 Oral ulcer score induced by betel nut-extract in rats

W97 PE4) Oral ulcer score
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Figure 3 Effects of betel nut-extract on the levels of
cytokines IL-8, IL-2 and TNF-a in the local tissues of

rat oral ulcer

B 4 PCR P Hh%s
Figure 4 PCR amplification results

B S ORR MR B A A (JZ R I, JRIKF)

Figure 5 Distribution of oral salivary flora in rats (hierarchical cluster analysis, genus level)
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T SIEFWALILEL, "P<0.05, " P<0.01; SR AL, " P<0.05, ™ P<0.01,
B 6 HARREUIE SR I R shannon Hl simpson FEXXAI 2R (n=10)
Note. Compared with normal group, “P<0.05, **P<0.01. Compared with model group, * P<0.05, ** P<0.0l.

Figure 6 Effect of betel nut-extract induced shannon and simpson indices of oral flora in rats

e HIERAIE, TP<0.05, ™" P<0.001; SHMIA LA, ™ P<0.01, ™ P<0.001,
B 7 AR SR D MR A BT AR (n = 10)
Note. Compared with normal group, *P<0.05, " P<0.001. Compared with model group, ™ P<0.01, ™ P<0.001.

Figure 7 Effect of betel nut-extract on salivary flora of rat oral ulcer

B8 KEDEFIRALURIY A (HE Jefa)
Figure 8 Pathological sections of rat oral mucosa (HE staining)
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Effects of compound active tea of Lithocarpus litseifolius on uric acid
and renal function in mice with hyperuricemia nephropathy

CHEN Yuanyuan', ZENG Yanan', DU Xiaolang', MU Zejing' , LIAO Chengdong®, ZHANG Changhua'* , CAO Lan'"
(1. Jiangxi University of Chinese Medicine, Nanchang 330004, China. 2. Jinggangshan Mujiangyeke Augriculuture and
Forestry Development Co,Ltd, Jinggangshan 343604 )

[ Abstract]  Objective To explore the effect of compound active tea of Lithocarpus litseifolius on uric acid levels

and kidney function of mice with hyperuricemia nephropathy and to provide an experimental basis for the development of
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hyperuricemia nephropathy drugs and functional food. Methods A mouse model of hyperuricemia nephropathy was
established by administering potassium oxazinate with adenine. Mice were randomly divided into common, model, positive
drug (10 mg/ (kg + d)) and compound active tea of Lithocarpus litseifolius high-, middle-and low-dose groups (10 g/ (kg
+d), 3.33 ¢/(kg - d) and 1. 11 g/ (kg - d), respectively). One hour after the last gavage, urine protein (UP) was
measured by CBB method, urea nitrogen ( UUN) was measured by urease method. Orbital blood pampling, blood was
collected for uric acid (UA) analysis by enzyme ratio method, urea nitrogen (BUN) was measured by urease method. The
serum contents of interleukin 6 (IL-6) and tumor necrosis factor (TNF-a) were measured by ELISA. Take kidney tissue,
levels of urate transporter 1 ( URAT1) and glucose transporter 9 ( GLUT9) were measured by quantitative fluorescence,
kidney histopathological changes were observed by HE stainning. Results Compared with the control group, the model
group’ s levels of UP, UUN, UA, BUN, IL-6, URATI1, ULUT9 and TNF-a were significantly increased ( P<0.01, P<
0.05), and the renal tissue structure was normal. Compared with the model group, the positive group’ s levels of UP,
UUN, UA, BUN, IL-6 and TNF-a were significantly decreased ( P<0.01, P<0.05) , there was little glomerular atrophy or
deformation in the kidneys, kidney tubular dilatation was occasionally seen, but there was no inflammatory cell infiltration.
Compared with the model group, the high-dose compound active tea of Lithocarpus litseifolius group’ s UP, UUN, UA,
BUN, IL-6, URATI, TNF-a and GLUT9 levels were significantly decreased (P<0.01, P<0.05). The middle-dose
compound active tea of Lithocarpus litseifolius group’ s UP, UUN, UA content, IL-6, URAT 1, GLUT9, BUN and TNF-a
were significantly decreased (P<0.01, P<0.05). The low-dose compound active tea of Lithocarpus litseifolius group’ s
UP, UUN, UA, IL-6, URATI1, BUN, TNF-a and GLUT9 levels were significantly decreased ( P<0.01, P<0.05).
Conclusions

Compound active tea of Lithocarpus litseifolius can reduce uric acid in mice with hyperuricemia nephropathy

and has a certain protective effect on the kidneys. The mechanism may be related to the inhibition of uric acid reabsorption,

and the specific mechanistic details should be further investigated.
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uric acid transporter
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Table 1 Gene primer sequences for Real-time PCR
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Figure 1 Flow of compound active tea of Lithocarpus litseifolius
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Figure 2 Effects of compound active tea of Lithocarpus

litseifolius on body weight in HN model mice

T S AMME, ¥ P<0.01; SHEMAML, ™ P<0.01,
B3 & ARZEMAEEAT AN /NIRRT UP ) UUN &M (n=6)

Note. Compared with common group, *P<0.01. Compared with model group, “* P<0.01.

Figure 3 Effects of compound active tea of Lithocarpus litseifolius on UP and UUN content in urine of HN model mice
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I 52 FEAALE,*P<0. 05, P<0. 01; SHEERIZIAR L, © P<0.05, ™ P<0.01,
B4 S RZMAE PR HN /N EUGTES T UA (BUNIL-6 S TNF-o & BEHFEIE (n=6)
Note. Compared with common group, *P<0. 05, *P<0.01. Compared with model group, * P<0.05, ™ P<0.01.
Figure 4 Effects of compound active tea of Lithocarpus litseifolius on UA, BUN, IL-6 and TNF-a in serum of HN model mice

T 2 AL, P P<0. 01 GBI, © P<0.05, ™ P<0.01,
B 5 &R ZEMIEPEST HN ZNRE GLUT9 J2 URATL KSR RZIE (n=3)
Note. Compared with common group, ™P<0.01. Compared with model group, * P<0.05, ** P<0.0l.
Figure 5 Effects of compound active tea of Lithocarpus litseifolius on GLUT9 and URATI in kidney of HN model mice
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Be ZIrARZMHIIEIEZ NS HN /NUE 4 ZUR HE S

Figure 6 Effects of compound active tea of Lithocarpus litseifolius in pathological morphology of kidney tissue in HN model mice

B 7 HE Q@GR I AL RTG PR HN /NEUE 2 S UR 25 152

Figure 7 Effects of compound active tea of Lithocarpus litseifolius on the morphology of kidney tissue in HN model mice by HE stainning
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Development of a prognostic risk marker of colon adenocarcinoma based
on a weighted gene co-expression network and its clinical significance

LI Yihui© , PENG Hao, XU Yuchun, GUO Rong, GONG Wei
( Department of General Surgery, the 921st Hospital of PLA, Changsha 410003, China)

[ Abstract]  Objective Because of the poor prognosis of colon adenocarcinoma ( COAD) , it is necessary to screen
prognosis-related genes in COAD patients and establish a new prognostic risk assessment model. Methods COAD-related
data from the cancer genome atlas (TCGA) and gene expression omnibus ( GEO) were used as training and validation sets,
respectively. Weighted gene co-expression network analysis ( WGCNA ), a Cox regression model and least ahsolute
selection and shrinkage operator (LASSO) regression analysis were used to screen prognosis-related genes of COAD and
establish a prognostic model. A receiver operating characteristic (ROC) curve was combined with a survival curve to verify
the model accuracy, and a nomogram was constructed. Patients were divided into two groups by the median risk score. The

immune cell proportion score (IPS) was used to evaluate the immunotherapy response of the two groups. Results A total
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of 15 feature genes were screened. The area under the ROC curve in the predictive model of COAD patients was >0. 6, and

the survival rate of the high-risk group was significantly lower than that of the low-risk group ( P<0.05), suggesting a good

distinguishing ability for high- and low-risk COAD patients. Patients in the low-risk group had a higher IPS (P=0.026) ,

indicating a better response to immunotherapy. Conclusions

The model developed for COAD in this study has a good

ability to predict the survival of patients at high and low risk of COAD.

[ Keywords ]

co-expression network

colon adenocarcinoma; prognosis; transcriptomics; the cancer genome atlas; weighted gene
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COAD A= f7AH & 36 A #E 4T LASSO Cox 11119 43 17 .
LASSO AR FER A —A 2%, Z 5 IR S50\
VE Ry i 5 A, Bl ST 280 N B K, AR

REORAEA, Y REE R 0, WA Ry iz A i 2%
AEAS S FE I A it 1) RUBS: (B (18 2A0) ARl de /s N M
(ZEih B 20) B AR AE ST S50 N (A brdie /DAL
BRI Tog (), — M 358 5 22 ¥ 18 26 XF B 19 log
(N)) A5 A8 R, B 31 A4S 35 22 A RRAE 6
(B 2B), ffa, Xk 31 DMERHFITLZHER Cox [
53T, 53 M 221> 5k R e ] 55 18 38 A 7 I ] B AH 56
P, TEHATZHE Cox BIHMHTHS , A FEEH .
HRRSHT, 2985 G228 LR, DK 2%

TE: AT TCGA-COAD H' RNA-seq FKIKEHR A H B ; B SEDRISHPR 1K C o W P 22 M0 A (B B3R by 2l 2500 4703800 05 325 3RO ) A
He AT FE IR 5 BEAH SCREER 5 1 RERAE A AR S IE b LT A BT ARG R R0k P B, LG R E A G 1

BEFAN,

1 IAUEE R L5 R 28 0 iy
Note. A, Soft threshold determination based on RNA-seq expression data in TCGA-COAD. B, Gene clustering tree. C, The color blocks on the

left of the tree pattern represent the modules identified by the dynamic tree cut method, and the genes in the modules are highly correlated heat

map of the modules with clinical features. The top numbers in the color block represent correlations, and the bottom numbers represent P

values, with red representing positive correlation and blue representing negative correlation.

Figure 1 Weighted gene co-expression network analysis
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£, P A AR R (1 3C) . ROC 4R B /R 78
TCGA-COAD BRI Hf Tl 8 & 1 4F 3 4% 5 4F A A7
1) AUC E 43510 0.83.0.84.0.83 (& 3D) ., )
TEA ST BORAE GSE103479 HiEAT T I, 45 5 R
IRV 4 40 A 8 - s (161 3E) , 7F GSE103479 BA
G RUBS: PEA RS 7R TR COAD F% 1 4 3 4F .5
FEAAE ) AUC {H 4> %0 0.81.0.73,0.62 (I
3F) . L b, ARWFEEST B COAD BB 1) TS KU
PEAR AR AR X I XU B 4 8 3 LIS 4 A 45 4 1)
T

A 129 M5 COAD A FFAH G Y B /Y LASSO R0 B, B4 IR R — AL MRS () AR AR R AR 2 AR T
AEFRFEIR BB, LR AR AR TR SR, TR AR AR RN IESI SN B BT S50\ 288, C. Z I E Cox MIHSHIFHME ., SERE
B, " P<0.05, ™ P<0.01, ™ P<0.001, %R %L 2B Z A EFAIR R EBIEH

B 2 COAD HR 3T T A5 AL

Note. A, LASSO coefficient distribution of 129 genes associated with COAD survival, with each curve representing a gene. When adjusting

the parameter (A), the non-zero coefficient changes accordingly. The vertical axis represents the coefficient, the upper horizontal axis

represents the gene number, and the lower abscissa represents the penalty parameter N. B, Optimal penalty parameter N. C, Forest map of

multivariate Cox regression analysis. Compared with the null hypothesis, “P<0.05, * P<0.01, " P<0.001, indicating that this gene is

the main gene responsible for the difference in survival between patients.

Figure 2 Construction of prognosis prediction model for COAD patients
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T AR RS ATREAHERT 4] 5 B TCGA-COAD S5 A A ARASHURIA ; C: TCGA-COAD BASI R, 5 MBS 41 Kaplan-Meier 4247 125
D:TCGA-COAD BAF et TR 1 48 3 4F 1 5 4E 44710 ROC 14k E. GSE103479 BAS v &7 ARG 4 £ 3 Kaplan-Meier 25 7 1265 F .
GSE103479 BAFIr TN AR 1 4F 3 47,5 4447 B9 ROC [k,
3 COAD HUs BRI AL s P 560 k25 2
Note. A, Sample layout diagram of high- and low-risk groups. B, Scatter plot of survival status of TCGA-COAD patients. C, Kaplan-Meier survival
curves for patients in the high- and low-risk groups in the TCGA-COAD cohort. D, ROC curves predicting 1 year, 3 years and 5 years survival in
the TCGA-COAD cohort. E, Kaplan-Meier survival curves for high- and low-risk patients in the GSE103479 cohort. F, ROC curves predicting 1
year, 3 years and 5 years survival in the GSE103479 cohort.
Figure 3 Validation results of the COAD prognosis prediction model
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KIERIEE E 3 AR AR A IE 4R F o5 4R AR AR IR IE 22

B4 155 Rk ST P IR

Note. A, Univariate Cox regression analysis of clinical information. B, Multivariate Cox regression analysis of clinical information. C, Nomogram

predicting 1 year, 3 years and 5 years survival of COAD patients. D, Calibration curve for 1 year survival. E, Calibration curve for 3 years survival.

F, Calibration curve for 5 years survival.

Figure 4 Validation of independence of the 15-gene prediction model
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H:A:GO ﬁﬁﬁ*ﬁgﬁﬁ;B:KEGc WESNTE
5 R L E AR A R
Note. A, GO enrichment results. B, KEGG enrichment results.

Figure 5 Enrichment analysis results of high- and low-risk groups

T AR (R0 LA 1PS 3153 5 B AR 2049 IPS-CTLA4 3435 Coimi KBS 20 4 IPS-PD1/PDLL/PDL2 3153 ; D« i R 7321
K9 IPS-CTLA4/PD1/PDL1/PDL2 ﬁﬁ}a
6 RXUR AL e R AL (1PS) PP 43
Note. A, IPS of high-risk and low-risk groups. B, IPS-CTLA4 scores of high-risk and low-risk groups. C, IPS-PD1/PDL1/PDL2 scores of high-risk
and low-risk groups. D, IPS-CTLA4/PD1/PDL1/PDL2 scores of high-risk and low-risk groups.
Figure 6 IPS analysis of high- and low-risk groups
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T AR USSR AL RS 41 B TMB R A 1] 5 B AR MUB 2 SR 41 SE[H TMB AR ]
B 7 CODA MBH AR MELLL SNV Z42 547
Note. A, TMB waterfall of the top 41 mutated genes in high-risk group. B, TMB waterfall of the top 41 mutated genes in low-risk group.

Figure 7 Analysis of SNV mutations in different risk groups of CODA patients
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Exploring the therapeutic effect of licorice zinc on chloasma mice
via the Nrf-2/HO-1 pathway

DU Xiaoshuang, LIU Ping, DENG Ying, YANG Hongqiu, DU Yu"
(Medical Cosmetic Center, Affiliated Traditional Chinese Medicine Hospital of Southwest Medical University,
Luzhou 646000, China)

[ Abstract]  Objective To investigate the therapeutic effect of licorice zinc on melasma. Methods Thirty-six
BALB/c mice were equally divided into blank group, model group, licorzinc low-dose group, licorzine medium-dose group,
licorzine high-dose group and tranexamic acid group. Melasma was induced by 100 mJ/cm® UVB irradiation combined with
15 mg/kg progesterone injection. Mice were treated with tranexamic acid (0. 065 g/kg) and low (0.65 g/kg), medium
(1.3 g/kg), or high (2.6 g/kg) doses of zinc licorice for 14 days. Skin was taken for HE and Masson-Fontana staining
and measurement of SOD, MDA, GSP-Px, TNF-a, IL-1B, IL-6, plasma protein Nif-2, nuclear protein Nrf-2 and HO-1
expression levels. Results Compared with model group, high-dose licorice zinc group showed decreased melanocyte
formation, collagen cell necrosis, and inflammatory infiltration (P<0.01); decreased MDA, IL-6, IL-1B, TNF-a and
plasma protein Nrf-2 expression (P<0.01) ; and increased GSP-Px, SOD and nuclear protein Nrf-2 and HO-1 expression
(P<0.01). Conclusions Zinc licorice activates the Nrf-2/HO-1 pathway to initiate high expression of HO-1, SOD and
GSP-Px and fight oxidative stress, thereby reducing melanogenesis.

[ Keywords] licorice zinc; Nrf-2/HO-1 pathway; chloasma; oxidative stress; inflammation
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BEAFFE H FE AT B AR BE N R EH

1 #HRF7E

1.1 s
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[ SCXK (JI1)2020-0030] , 4 5% F P4 /e = Bk K2 52 56
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FEL VY R R 2 5L 06 S W AR AR B2 D1 25 1Y
HEE(20220112-001 ) , 5250 3 4 ) % 1 52 By o e v
PR ESE 3R R, AT S GE SR,
1.2 FERKFSNE
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WOkL (B L G AE H R AR A IR AR, BT
H20153318) ; 73 AKE Je ik ( DL FE 4R /R A= B A
FRZS ], CR22002071 ) s AT Yok (A M TS5 AE W Rt
A PR35 AE A A, YE2080) 5 IL-18 , IL-6, TNF-o ,
GSH-Px MDA .SOD % ELISA KIT (i i % 4= ¥y k)
FABRAF, $ 5 KK N 2C-37974  ZC-37988  ZC-
39024 , ZC-38196 , ZC-38015 , ZC-38036 ) ; Nrf2 f i
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FAL A% A B 2 A, B 5 . SpectraMAX Plus384 ) ;
FLUKO HAIA) 3K 25 (o8 e ( 118 ) TRARALAR 1 1
HIRAHE L, AS . F6/10-106)

1.3 XWHIE
1.3.1 HERIEEST

¥ 36 HUErE BALB/c /INRBEHLIS 2> 1 6 41, &
e H, BHHARETHEREL 3 cmx3 cm X8, 4 H
BRE 1R, 4 R, — s /N RUE R 3R, A s
/NSRS B BER A e /N BRUG L P R B 15
mg/ kg FEARER AR 1K, #5230 d, RIAERRE 1 d L
100 mJ/em? P (P 312 nm) B UVB BBE5F 1 h, DU
WS/ N RO R, N R,
1.3.2 S 42

HEFE AT A 5 ¢/70 kg(HK 2 ) , B HE
BNE/N R 2809, 1, B A5/ B A5 500
0. 65 g/kg, VE R H RG] B 4, 4 A5 2GR 1Y
215 (1.3 g/kg) Tl 4 15 (2.6 g/kg) FIRAE N H H 4%
o R A, R R OB R R 500 mg/
70 kg, 57/ AFRLGH 2 0. 065 g/kg. BALB/c
/0N BB BRE i AR5 U, SR IR 2 /) R R =
R 0. 065 g/kg, B K 1 U H FEHILH AL/ BUE
AR H B8 0. 65 g/kg, 5K 2 W H B AE H I 4L/
R H R 1.3 o/kg, R 2 WK H SRR A = 2
INERTENR T REBE 2.6 g/kg, TFR 2 WK BLAIZH 5525 1
AT BEREE R A FRER K, LT 14 d,
1.3.3 RERA

/N R HR I J5 8 DK AR AL, 4°C U 1 h J5 T 3000
r/min 2.0 15 min,ﬁ}%[ﬂl‘ﬁ%ﬁﬂ:—ZO(}C A7, /MR
FHRR T, R W HAL 58 /N, F 75% £ BE B2 R
B, TTHEITJIRE 1 emx1 em /DGR TE X 6
RUUE AL B IR, —8 53 1 H I 1 e FH T4 2L £ 1)
R, 55— BT AP RORAS R 1 2 9
{4 EG I A2 R K £ B 10% 1) B R4 2150 9%
FEOMRS ,4000 r/min B 10 min, W EREET 4C
#H.
1.3.4 Masson-Fontana 32 {0 & I 85 #5 BE /)N B Bk
AR ANHIE A

PR LG BT FRBR 6% S IR 4158 (A R UTE &
RICEEE SRS, 25 4/ RS IR 2T T H 40%
P K 5 A8 1 2, W 7K A B e P A s A 1 0, e
I J5 4T Masson-Fontana 4 €8, i U8 T WLEE I £
R A, FEFIH Imagine 6. 0 G AL FRER 4 X A (6 R
WOk EA T
1.3.5 HE JLta U058/ Bz kg 2 e A5

/N R AL 2T JE H 40% B S 7K I TR
i, LK AR BRI F A A3 ) | B0 J5 4T HE
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et sl HE Ye ] i A H w08 b 315 /N B
B BE R JER 9 BRI 5
1.3.6  ELISA Al /N Bz k29 3% S04k 0 B g A i
RICHEIR & 1

K FH ELISA K K Jk 59 3 R o Ji i Hh S0 A R 38
F5F5(SOD MDA & GSP-Px) K R JE+6H8 ( TNF-a IL-
1B J IL-6) & i, ¥ Bindbiik gl T 96 fLiFLAR
Hh LS A 2 AR 1) B R 43 S AR T i T A
A Ly B bR T AR A PR s & R 5
A AP R I BT R EE A PR RS S
FRUOMA TMB JEEW 565, FHEEPRAAE 450 nm P
TFUE OGRS (OD (H) I HARE R
1.3.7 Western blot Kl /)N Rz ik Nif-2/HO-1 38 4%
FHOCER IR 5K

K H Western blot ] %2 /)N B IR 21 20 Nief-2
HO-1 % Nif-2/HO-1 38 A 8 [ B 2B K P, %
R P B UK 7] 6 100 45 0 0 8 B A 2 440 v 7
R AMEEN, 5 BCA & A& B & & &
SRR = PO RAaY I o = N7 2 Sz D=
WIIMA—HT, 4CHEF LR, INA i, IR H 2
~3 h;ECL B FKAE GIS MUAR ¥ 4k v2. 0 %t
b AT R G, 45 R DL B B AT R s
FIR.
1.4 FitEHZE

K H Graphpad Prism 9. 0. 1 A4 #HIT/E R 55
T, A FE 3R t-test L 0EAT, 240 2 A Fb 4 H
One-way ANOVA, Ll P<0.05 HA B EM2ES

HR

2.1 HEEHH T EBHI/NR RSN R0

it /N R RSN a5 R (R’ 1), 52
AR L BRI/ N R K W R Dl
B, SEAEA L, H AR ERATT 43697 14 d J5, /b
BRLET 0 CLBRE it H A R 1 1 o T DR 2 B
PR 10 /N B 8 R TR Atk 2
2.2 HEHFHYEEX/NREKEGZEME
s EAl

UVB B JE /N BRI ih 8 BB, 1 5 48 Dy
Wt EHORIR, TG, Masson-Fontana %% 8,45
RE R (K 2) BRI X b Zs 1 41 DR 28 4 i BH AR
B, UVB BRES /N BRIF5 5 B k8 2 A 7 A P AR A8 g
AR O 0 R R R N R TR A
TN = AN 0 A A R a1 O W T
b A 2 /N BBz R A 2 v B 0 3% 40 Jif 0
(14.00+1.00) ; SHLAILAH EL, H B AL & 10.
00+1.00) HEFEPHIE (6. 67+0.58) H
1 (5.33£0. 58) FI2 H IR R 4H (2. 67+0. 58) Hi2E A,
FAHM I 2 AR, T R (R A AR E B T R
W R I /b, H 28 B A R 410 1) B €5 3% 40 LR B
HIBE T T B
2.3 HESFRX /R R KREE R

FHEF 25 AL, BB 2 3R J2 A Jor 44 T8, ok 200 i
BN B 258 2 B IR AF 4R SR B, IR FE X L /b
TR RN M IR 27 A 4 236 A IR S A R )

1 A2/ R B RS LA

Figure 1 Appearance diagram of back skin of mice in each group
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e H PRI R, O BRI R I, E R
JEZT HESRIE I 21 i 4 U4 1R i /b (H 3R B TR AR
pL R G b b S R D BN R R EIS
PEAABRIS I 32 B3 5 B G e B B J2= I IR 41 4 2 21
Ha A8 A6 ST 2 2 SO BEAE DO AR [R] 45475 e
A (A 3)
2.4 HESFBRX/NREKSZ RSN NP EL
R B S AR H S M

SEAC BRI S I A R NS 1 3R 2 R

T 2L O 7 LSRR B ORI,

B BEE IS , GSP-Px 7 /N U Ik 414U Fn 40 1fi v
i R FE(P<0.05) , MDA #3411 ( P<0.001) ; 5
PRI ZH AR L, w300 e H s e B T /N R Tk 1
FARJE I H GSP-Px, SOD & & (P <0.05) , &K
MDA it (P<0.05) , -3 BB & 19 39 &= 4 8t 5 it
G, Z R T BE, MDA & & B F K (P <
0.01), 5254 L, BARVZH /N B2 Bk SOD & =
WE T (P<0.01) ;LAY THH T, RA R
M HFEHAYY T SOD & B B in(P<0.05)

B2 AU R R MU i R

Note. Red arrows indicate melanin granules.

Figure 2 Effect of each group on melanocyte formation

T 417 SR T T A M 25 (0 3 Sk PR AT A A 9 (B Sk R L A
B3 4/ BUR ISR E HE e

Note. Red arrows indicate fibroblasts. Green arrows indicate fibrocytes. Yellow arrows indicate lymphocytes.

Figure 3 HE staining of skin histopathology of mice in each group
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2.5 HESEHRX /N R B 51 5% K 4 A L 5 RE
HEFRAI RN

/INBR B IR 2H 2R K A R It A RE i A 5 D
ZERNGR 3 3R 4 PR IR R, 55 A4 B
I IL-18 ., 1L-6 5 TNF-o 7 £ 44 5 F 8 (P<
0.01), SHRERIZLAH Lb , H RG] ik 2/ BRUORZ Bk

HIL-6 1L-18 5 TNF-a & AN B A G4
XML T-6 IL-18 & f F&A% (P<0. 05) ; H &i4F
rh ) /N U R AAR I b 1L-6 5 1L-18 &3
AR R (P<0.05) 5 117 H 8 i 70 i 4/ B Ik A
AR I 1L-6 IL-18 5 TNF-a ¥ R (P<0.01) ; &
F AR 1L-6 IL-1B 5 TNF-o ¥ R[4 (P<0.05) .

®1 #FA/DNBR A PEIEAR S (n=6)

Table 1 Contents of oxidative stress indicators in skin of mice in each group

205
AL GSP-Px(U/mlL) MDA ( nmol/mlL.) SOD( ng/ml.)
Groups
= HY
=H4 51.70+5. 94 0.59+0. 20 2.222+0.08
Blank group
R 2] _ _ .
& ) 35.07+4.89" 1. 66+0. 07 ™ 1.53+0.15™
Model group
B HI 4
_ ﬁ?%“ﬁ”@'ﬁ 39.32+5.21 1.21+0. 24" 1.71x0. 16
Licorzinc low-dose group
R R
. ﬁ‘f'%‘f']”@'ﬁ 42.66+2. 98 1. 12£0. 24" 1.83+0. 12
Licorzinc medium-dose group
TR R Y
AR AL 46.20+3. 93" 0. 700. 09" 1. 940. 16"
Licorzinc high-dose group
51 T R R 4
AT I 43.80+4. 52 0.95+0.21* 1.85£0. 16

Tranexamic acid group

TS AMIHE, *P<0.05, ™ P<0.01, ™ P<0.001; SR A, *P<0.05, ¥P<0.01, ¥ P<0.001,

Note. Compared with the blank group, *P<0.05, ** P<0.01, *** P<0.001. Compared with the model group, *P<0.05, *P<0.01, *P<0.001.

&2 FA/NRONE A AN AR S (n=6)

Table 2 Content of oxidative stress indicators in peripheral blood of mice in each group

251
G GSP-Px(U/mlL) MDA ( nmol/mlL.) SOD( ng/mlL)
roups
224
Bl T‘kH'H 53.32+3.09 0.79+0. 057 0.92+0. 05
ank group
FLRIZH .
Model group 22.20+1.99 ™ 1.84+0.10 ™" 0.52+0. 06 ™
FEGR 21
. H.ﬁ FICA 33.78+1.57" 1. 54x0. 10" 0. 66+0. 05"
Licorzine low-dose group
HRE TR 3 4
R 43.43£3. 57" 1.330. 16" 0.76+0. 107
Licorzinc medium-dose group
B A AL 50. 86+4. 66" 1.06+0. 15" 0. 88+0. 04"
Licorzinc high-dose group T T T
51 BRI 2
ﬂm,ﬂ&’ﬂ 48.00+5. 38" 1.17+0. 13" 0. 84x0. 03"
Tranexamic acid group
Tz P IS, 7 P<0.01, ™ P<0.001; 5HERIL LA, *P<0.05, " P<0.01, " P<0.001,
Note. Compared with the blank group, ** P<0.01, *** P<0.001. Compared with the model group, *P<0.05, *P<0.01, **P<0.001.

R3 BUA/DMRBRIIE IR S (n=6)

Table 3 Contents of skin inflammatory indicators in mice of each group

2551
N IL-1B( pg/mL) IL-6( pg/mL) TNF-a( pg/mL)
Groups
2214
e hAl 18.361. 89 11.99:0. 99 82.713.25
Blank group
TR ZH »
26.50+1.03 ™ 17.30+1.27 ™ 114.8+9.76 ™"
Model group
B 4
. ﬁ%%ﬂfﬁu];ﬂ_,ﬁ 24 1122, 51 16. 46+0. 99 111.1+2.38
Licorzine low-dose group
|
_ ﬁé%ﬂ.ﬁ”@'ﬂ 22.49+1. 07" 15. 10£0. 58" 102.2+8. 89
Licorzinc medium-dose group
R A
IR 21.22+1.19* 13.59:+0. 98" 95. 88+7. 01
Licorzinc high-dose group
5 TR 2
AR 22.2242.23" 14. 590, 82" 98, 675. 85"

Tranexamic acid group

TS5 AA s, ™ P<0.01, ™ P<0.001; S ILE:, *P<0.05, " P<0.01,

Note. Compared with the blank group, ** P<0.01, *** P<0.001. Compared with the model group, *P<0.05, *P<0.01.
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2.6 HEFEFAT/NRERK Nrf-2/HO-1 1B B A5

WHE M LL B-actin NS, Western blot J5 2
DZE Nef2 2 1% 525 A A LA Lamin B N2,
M Nef2 5 HO-1 (Bl 4) . 2R BRI T2
FIZH AR 20 3% 38 1 b Nef2 26 0 28 g 5 1 hn (P
<0.0001) ; M A% 2K 4 b Nef2 25 09 & & 50 25 PRI
(P<0.01), ML THERA, K307 AR E AR

Nrf2 7 i 2 FEAR (P<0. 0001 ) , Horp UH B =5 57
T RIS A N2 ko W, & H R IR K
2, AR H R IR 5 45 R T A L TR
A, BT AP E AR Nef2 5 HO-1 & &1 B 7
f L BAGEE X (P<0.05) . HEsEFIRIGIT
H EJEREAP N2 5 HO-1 £k i, & H
Wz, h ARG H AR IR,

R4 BAUNEOMNAM ISR TR (n=6)

Table 4 Contents of inflammatory indicators in peripheral blood of mice in each group

2H 51
415 IL-1B( pg/mL) IL-6( pg/mL) TNF-a(pg/mL)
Groups
=
2 HA 11.70+0. 51 8.70+0. 545 57.94+7.94
Blank group
FETRIZ » . .
22.08+0. 65 15.51+0. 80 " 92.62+3.94 ™
Model group
BRI HEY
. ﬁ%%ﬁ”@'ﬁ 19. 60=1. 02* 13. 27x0. 69* 85.72+5. 65
Licorzine low-dose group
H B A
_ ST 17.99=0. 38% 11.85<0. 65 76.39+4. 51*
Licorzinc medium-dose group
R A
e 15. 000, 927 10. 460, 95" 65. 88+2. 127
Licorzinc high-dose group
AR RA

15. 71£0. 79"

Tranexamic acid group

10. 65+1. 06" 68.58+4.31%

Mg g, ™ P<0.001; SR ILE, *P<0.05, *P<0.01, *P<0.001,
Note. Compared with the blank group, *** P<0.001. Compared with the model group, *P<0.05, ™ P<0.01, **P<0.001.

P A L, © P<0. 05, ™ P<0.01, *** P<0. 0001,

4 FH/NR S AT 3 Nef2 FIAZ T A Nef2 1 HO-1 3635 7K

Note. Compared between two groups, * P<0.05, ™ P<0.01, “™ P<0. 0001,

Figure 4 Expression levels of plasma protein Nrf2 and nuclear proteins Nrf2 and HO-1 were detected in the skin of mice in

each group
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Z—, MREW, S 5EWREN L E KRR RN EZE
AT A B % 2 T 0 G v I R N M R R
PEIRBE 15 | R OAE [ N B2 S A0 AN 4T S Ak 2k i 45 o
FELT BTN [R] A8 BT B A K R ER T [ P Ak
ZRHARGESRF N HZA AR JeAER C FH
Pyt A LI SRk B | TR O 3K
ZRERYT , LA 1 2 1 1 0 M L BHLAS R 3R 1Y AR AR
Gz A E E A Bl 2 6 2 AR, AT ol 3% 3%
7‘%5‘&[11—13] .

H T, H R R 16 T 84 BE v IO 5, (R Ry
HREEPLR PR BOER 5 808 BE A 16 7 5 A
A5, ASBIF5E A 38 2o /)N B B e A, DA BH M 2 P
BRI FIAS [ 500 i H S A 3R R H e
IBITRCR KT e VR B A, AFSR R, T bl
HAMGI BRI S e, (A HEE BT
SRR ;5 FRAS S R, H A& T IR Y B
DR B TR AR 0T ) 1 R U/ R P A MR X
M BEIE 1 DX 1 94k B2 40 i LA S BRVE . (EL X 3R 3E
DXL TR B4 T 2 240 R A% T 248 20 B G P I s

W FAY2- AR E  ELISA 25 R Won , m
S H R I R R A N R AR T GSP-Px il SOD
[Feik, W EREAL MDA 193Rik, GSP-Px J& 3 ¥l
PR ) — Tk S A9 o0 M 1, MR GSP-Px BRI BR
FE AT MR 0 A 3 B b = A ) i AR W R
S, DT U8 4% 400 i 55 22 AN 1 0 s I 7R 1) 3o R A
FH;SOD J&—FhBENE 1 15 A ROS P-4 20 Jifd e 52 it
Bt BT AL 5 T MDA & — P BE 51 & 40 AR 15 &
TIfg ks 5 1) g 1 S04k 7= 1, BE 08 i AL 44 o

205l B GSP-Px Fl SOD (935 I8 Al MDA
SO ) E R 2 N U i = e (S I %1 o
B H B RE )i T AR, SR, R
JEFEPR A 1L-6 IL-1B 5 TNF-o Y74 B 3 T F, v 5
Y H R AR B AT PR AR, 1 = A 2 Y
HERPEPR RN N AR, WL EH NN
HERER BT A A RE I N AR H BB 25 ) 1) £ 2T
KA AR RVER

Nif-2/HO-1 38 [ J2 2h P HLAK P9 40 48040 1 353
% WIS 2 B 2 400 i A R Ak Rk 2 R R AR
B YR, M P Nef2 FE AR R N SR
R BETCHF ARE 454,155 T i 2R R dr Pk R 3
ik, 41 GSH-Px ,SOD 5 HO-1 %5 | i $6 3 [H 3¢ 1k 1 4K
P 20 i AL I OR AR i AR AT
S PRAE HE R 3 8 1 P Nef2 A 26 38 7K S B . T
A% Y N2 F1 HO-1 323k W B A% 78 H 2
S AR S B R T Nef2 B3R
IRV W AT, i A% 2R R ) Nef2 R HO-1 3R3K
WEF . Nef2 7TEAX N A BEFLTS Nirf2/ARE 3 %,
HO-1 /& Nif2/ARE i i PPt Ak R EE A
B, It A% PN ek A B S AL AR5
SRR H B RE AL UE Nef2 12 AKE N BT Nif2/
ARE il | e 8L [5] GSH-Px ,SOD 5 HO-1, K K2
AR BT AARRE JT . i H R ) GSH-Px
SOD 5% Nif2 \HO-1 ik fRE 13 T 2502
FHERTR , PR I A A 40 o) 0 38 A A 40 M 4
RIS 259 T e KA ATk, AW AL T H
BEVRYT e BE I T AT M, N R BE IR T S
% HA T EEIGIRE X,
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T A G B2 R T e WREE AT o 2R B ZHEME T, SR AR E T, AR pH
FARIK , EPE /DN B 55 R 7K 20 1 1 % R, A2 S5 A% 1 X IRZH (P> 0. 05 ) 5 /DN B P A3 AR fb 7K 20 1 PR o v 1 %o
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Effects of different types of drinking water on growth and
fecal flora of mice

WU Xuying, CHEN Min, TIAN Yushu, LI Bin, ZHANG Wenming, LIU Yunbo "
(Beijing HFK Bioscience Co. , Lid. , Beijing 102200, China)

[ Abstract]  Objective To explore the effects of different types of drinking water on the growth and fecal flora of
mice. Methods Specific pathogen-free NIH mice were randomly divided into five groups, 32 mice each group,with half
males and half females in each group. The group were given either purified water ( control group), acidified water,
alkalized water, weakly acidic water or solid water. Diet and body weight were monitored continuously for 20 days. After
the experiment, animal fecal samples were collected, and the V3-V4 region was amplified with bacterial 16S rDNA
universal primers. An Illumina Miseq high-throughput sequencing platform was used for high-throughput sequencing, and

microbial community, a diversity and B diversity were analyzed by bioinformatics method. Results The body weight of
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female mice given different pH values of weakly acidic water was higher, while the weight of the other groups was lower,
than that of the control group (P>0.05). The body weight of male mice in the acidified water group was higher, while that
of other groups was lower, than that of control group, but there was no statistical difference between the groups (P>0.05).
The body weights of male and female mice in the solid water group were lower than those in the control group ( P<0.05).
The food and water intake of the female animals in the alkaline water group and the water intake of female animals in the
solid water group were lower than those of the other groups. OTU clustering analysis showed that the data volume of the
sequencing was reasonable, and the fecal flora species of NIH mice were divided into five phyla, among which Bacteroides
and Firmicutes were dominant. Unclassified Pseudopurpuromonas, Lactobacillus and Alistipes were the main genera. There
were differences in fecal flora abundance and diversity among the mice given the five drinking water types. « analysis
showed that the acidified water group had the highest flora abundance and diversity, while the solid water group had the
lowest flora diversity. P analysis showed that the fecal flora composition in the solid water group was the closest to that of
the control group, followed by the alkalized water group, acidified water group and weakly acidic water group. Conclusions
Through an exploration of the effects of consuming different forms of water, this study revealed that solid water consumption
had the greatest effects on body weight, feed intake, water consumption, and fecal flora of mice. The abundance and
diversity of fecal flora in mice were affected by different pH values of drinking water, especially acidified water.

[ Keywords] pH; drinking water; high-throughput sequencing; fecal flora
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1 #Em7EE

1.1 EEHR
111 SR

SPF 2% NIH /ME{ 160 H /KT (11£0.5)¢g,17~
18 H iy, M 4521, i b ot A B A= W B A A
PR R AL [ SCXK ( 57)2019-0008 ], NIH /)L
TR FRAE N W) B B 150t P (%) B 25 4 [ SYXK (5) 2019~
0022 ], ¥ Bl 5 90, R (23 £3)°C, A XHR
(50%+10% ) , e UECER/ N AIET 20 1, BT AR
WIJEIASA 12 h/12 h, B 4 2, A BRE IR
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06076) , H AT HLEE 11 20. 0% KHLAE NG 4. 7% KL
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FE AR A B2 W] 5250 20 W 4 R R B2 D1 2 L
( HFK-AP-20230118) .

112 ZilukEe

(1) glivgoK (X)) .l 3t 248 ] YL-100BU-D
(V3) HlAKBLXT A KIS g ek B35 5 T Bok
G pH=7.0~7.2, B 5% 2.0 ps/cm,

(2) BRALIK « 75 405 v K i ety 1 T8 in 43 A 4l vk
hiR, % pH=2.5~2.7,

(3) BBk 7K - 76 4 K 1 LRI 38 2 B 46k
SN, R pH=8.5~8.7,

(4) SRR K « 76 45 v K I FE Al TR i 43 A 4l v
EhiR , % pH=6.5~6.7,

(5) [EARIK . # 4l v K i SRl 7S NI & B iE
¥y BB E 27K (54> 60 g) ,pH=7.1~7. 3,

1.2 FERLFSE

Gy BTl £R i ( 1 24 4 A fb 2 b st A IR A
Al s o Hrali i RN (FE R E R A FRA R 3 8
FEBG (LA E AR B B BR A ) s E. Z. N A™
Mag-Bind Soil DNA Kit (OMEGA , M5635-02) ; Qubit
dsDNA HS 43 #7115 & ( ThermoFisher, Q32854 ) ; 2
Hieff ® Robust PCR Master Mix ( Yeasen,
10105ES03 ) ; Hieff NGS™ DNA Selection Beads
( Yeasen, 12601ES56) . 1ZAf#] YL-100BU-D( V3) il
KL iR HKE T 43 2 — L F K5 Pico-21 Thermo
Fisher 5208 ML ; GL-88B it i I & #% ; TNDO3-H-
H RAIH IR 2% DYY-6C HL 3k A HL I ; DYCZ-
21 H Yk #li; FR-1000 %E IR A 1% &R 455 033238
ThermoFisher Qubit ® 4.0 %€ 11; ETC 811 PCR
% ; Research plus 0. 5~10 wL Eppendorf # ¥ #5 .
1.3 XWHE
1.3.1  Hokrmmts:

PEHL 160 H 17 ~18 H & NIH /NE, 34 (K &
(1120.5) g, BEHLST R 1 A% R AT 4 K504, B
4132 2 MEREA Xt R L iR M Ak a6 40 oy
SRR A K B Ak K |55 R /K A 4K AR A 20 d,
RERIR S Y IR GDRR & MROK &L
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DABR DR O B BT FE 08 50 17 75 o1 i B AT 4 DNA
HHRANTE 16S tDNA V3-V4 X% 551 Y851
5550 K P FH S | 04T PCR 9738 | SOV AR 2 R
A DNA (10 ng/pL) 2 pL, 514 (10 wmol/L) 45 1
wL,2xHieff ® Robust PCR Master Mix 15 pL, 5 b
JINTEE K E] 30 WL, N ERJF R 95°C FiAE P4 3 min,
94°C A5 20 s,55°C 18 k20 s,72°C ZEAH 30 s, [
AT 5 AMEIRJ5 72°C LA 5 min, 55 AR 5]
A Mlumina 3K PCR 345519, VAR R A PCR 7~
) 20~30 ng, 5149 (10 pwmol/L) 45 1 wL,2xHieff ®
Robust PCR Master Mix 15 wL, J5 #MI TS # 7K 3] 30
wL, W R A 95°C T AL 1 3 min, 94°C A8 20 s,
55°CiB K 20 s,72°C %EAi 30 s, SV AT 5 AEIR,
72°C HEH 5 min, 10°CIR-AE
1.3.4 i sy KB B 2= b

PCR =2k A Nlumina Miseq = 8 2 1] £ 5
HEATONT 388 4o 45 5 U8 L BN A 5 22K 1y 471
XTS5 4URERIEFT OTU IS i BE 2 AEE
O3 HT A REREVE S5 S AT
1.4 SFitEHZE

SEEGBE R SPSS 19. 0 #4443 #r , R8s LA
PR bR v 22 (x s ) Fon, A1) 22 5 O BRI T K
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2 SR

2.1 ARREZEBRAINREER M

TESEIIT IR, MEPE/N AR08 11.2 ¢, 45
E2EN 0.2 g MEVE/INEUATEF- 200 11.8 o, brifi2E
N 0.19 g, Jr 2 MRk MILGE 2 22 5% W s oy
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HIZ 1 A WL, TR pH B9EROK, X MEPE /N B
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B, S2 RS & T c2 4, Hfh A ¥k T c2
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JINERAACEE P A N BRER B AT C2 ik
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2.2 IMBRHRKENREE

FH % 2 AT 0L, G2 2 PR Atk /N BB AR K R 3
BERTHALL (P<0.05) . J2 MM/ BRUAY ThoK
AR AR T A
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i F usearch R4S reads 7£ 97. 0% [ A5 DL
O TF AT B 3015 OTU, 5 ANKE L E 7 4b 3 4t
P45 395 519 MHEBITFH, TR 65 919 4>
FEHI, SEE 4 RE R 3RS 287 A4S OTU , KR 5L 41
PRBEE R T 58, v T F — 2R P 918
B, I HARBIAR YR S50 /0 3 ot i U3

SRR S I 2 AR (R S R
B IRB| SIS R FE TR S T Y OTU JF 914K, %
OTUs 4% FJ& th KB/ NFERHRT, 1L OTU S840
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Rank-Abundance B1Z% , Y15 (1) =F & 2 Bt Bl 28 76 A
Bl 1 PR B R R i kST, 3R R ) 2 A R
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SERAIE 3B Al DL T
2.3.3  ZEHRBELI 0T

TR 24007, NTH /N R B R 2 20
MIUFTFEE T ( Bacteroidetes ) . JE-BE T ] ( Firmicutes ) .
AT 1] ( Proteobacteria) MEAL A ] ( Candidatus
saccharibacteria) oAl (other) FANT, Horp AT HE ]
FIERERR ] o5 2L, BR G2 21, Hofth 4 ZH3X T
07 90% LA 1o IR T ITE G2 A 4 21 i 4
e I A

MK, BRAR 73 2 R, NTH /)N
FAE pSE A B 19 A JE, H oW Unclassified
Porphyromonadaceae T (5 F A9l i, HAR B2 1 J& 3.
R # B ( Lactobacillus ) . N EE ( Alistipes ) |
B K E s
( Bamesiella) PEFIRICEE (Alloprevotella ) UK

Unclassified  Lachnospiraceae |

R AFE pH YOI/ A E BN (n=16,g)

Table 1 Effects of drinking water at different pH values on animal body weight

2053 LG T 4R Start of experiment S ZEH End of experiment
Groups ? 1 ? )
Xt RA4H C2 11.31+0.26 11.71+0. 36 26.40+1. 90 34.27+1.36
R LK 4 S2 11.19+0. 25 11. 87+0. 37 25.82+0. 85 34.70+1. 60
kK4 12 11.23+0. 30 11.93+0. 16 25.41+1. 41 33.13x1.61
SRk 4L R2 11.18+0. 29 11. 80+0. 31 26.75+1. 21 33.19+1. 89
[E A7k G2 11. 07£0. 28 11. 630. 39 25.01+0. 63° 31.93+1.26"
T/ NEL, ST BRZEAR L, 2 P<0. 05 ; /N, S5 X BRZEAH LG, P P<0. 05,
Note. Female mice, compared with C2, “P<0.05. Male mice, compared with C2, bp<0. 05.
2 PRYOKEMRER (n=16)
Table 2 Water intake and food intake of mice
Q A
215 Pt L ] R F o] 2
Groups uuk;( ml) Lﬂﬂ;( g) ux?k;( mL) Lﬂﬂ%( g)
Water intake Food intake Water intake Food intake
X HELH €2 2710+9. 12 2805+12. 03 3355+10. 20 2987+13. 45
R K4 S2 2690+7. 19 2818+11. 89 3310+9. 34 3032+12. 74
Ak 4l 12 2510+8. 25° 2719+11. 30 3340+9. 41 2981+12. 46
FmRK4 R2 2735+9. 01 2791+12. 05 3460+10. 03 2996+11. 09
[E A7k G2 1890+8. 75° 2773+11. 03 2820+9. 02" 2899+11.32

FE L MERE /N R, S XTI M, P<0. 055 HEME/NRL, S0 HEALAR L, P P<0. 05,
Note. Female mice, compared with C2, “P<0.05. Male mice, compared with C2, b p<0. 05.
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Saccharibacteria  genera

( Bacteroides ) . Unclassified  Clostridiales .

incertae sedis ., Unclassified
Bacteroides Clostridium XIVa; 1 G2 HIASIFTH &
(Acinetobacter) J& T L H# T , 1 At £5 41 BT 5 L A1)
AR
2.3.4 o ZFEEZEN T

o ZREVE AT LS AR W Vs 1 R N 2 A
P, HiH shannon 55 shannoneven #8503 5 ¥ Fi i)
ZRETE, W Fh 22 R R, F8 HOBUR, e 2 )
Ace Fl chao 58 R G W) Fp F B, Wy b = B2 bl =7
ace Fll chao FEEHA

M 3 Al L, SO 1) ) Fb Z2 B M shannon
F shannoneven 1B, G2 1 R2 20 W) LR EE &/,
Wi I 9 40 10 22 FE PR A A 2R, AR5 W Fh
FFER ace F chao 1H, 7 WL S2 4HAEUE S, Ui
VA REAS =F B I, C2 4 W 1A B IR, 35 3 L de IR,
BHREA coverage [HIIRF T 1.0, 15 B AL A
P T AR, LR AT E
2.3.5 B ZHAEMT

BT LSS AEAEAS IR R 2 R 1 25 57
XF P8 PE AT F AR BR 4 BT ( principal  co-ordinates

Bl 1 5HFEARIRFEFERE Rank-Abundance 2k

Figure 1 Rank-Abundance curve of fecal flora in 5 groups

analysis, PCoA ) , il i PCoA 1] LWL ZZ 4% 21 8] i) 25
S, AR ot B R4 ST, R W b 2 R A B A
LL, B 235 R R L B8 e R i 1) T SR AR A —
T 22 AR KA RE i ) 253 i 43 JF . ani&l 3 s, 5
AREAST] I 3 X4y, H b [ AR B Ak 7K 21 5 X R
H AT M RRK TRAL K 53 IR B

B2 5 HREARZE TR Rl 2

Figure 2 Fecal flora rarefaction curve of 5 groups of samples

B3 5 4FEA PCoA T
Figure 3 PCoA analysis of 5 groups of samples

R3 U o ZRIERRESTR

Table 3 o diversity index of each group

205 Groups OTU Shannon Shannoneven Ace Chao Coverage
XFIRA C2 278 4.05 0.72 289. 98 293.33 1.00
kK4l S2 289 4.07 0.72 304. 66 305.92 1.00
Ak k4l 12 291 4.11 0.72 301. 44 302. 55 1.00
9K R2 289 3.85 0. 68 297.35 294. 70 1.00
B4kl G2 284 3.42 0. 60 297. 47 298.29 1.00
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3.1 A[E pH MFEASHIRALRT
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RESER AR B LA %, WA F, s
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A H R A R T 4 R R O 5 A R
1k B B, B S R R AR, T R
B R ) R R SR 8 0 pH =1, 5~2. 51
SCEGRTR R IE K pH=2. 5, AT fEfie ot 17 B &
P16 D ) 5T, DT 3k BRI AR P E . 02 4%
HAH AL, L rT B85 B T 75 ZE MR S L R 5
X AHsh A B JE T RE e T Ak, it R 1
AU SRR Y pH X HARE (52 M /N A4
X S IAEAE HA T B A T 2 R

TEYOKIERS bt 3 1 I, G2 4/ BUA
HEEMT C2 41, HHUOKEARE s Bt TH
MR S K AL, R TE 25 K AR BE Bl 99% 1Y
Ko BREGWEE YK T B FEES, W
SHIEASIM s S s R ¢, S 8L ROK R
REERHMAN, S, AR A B HAR
T P T T B — B A [ 1 3 R, 5 ) i A4
AP FEOLE R SRR T HALL
3.2 5 MRKREFERBRT
3.2.1  FEEEEFER IR A

S RS Ak ] I i i T TR RGOS AR ST
i 17 lumina Miseq B PR 5 Rk
RUA NTH /N R3S 08 B B A0 =F B 0 2 PR Pk R A7 3 1A
OyHT, i EN  TERBEER 1, S2 A FEE
L TFE I RE I A | S2 i, G2 H ik,
WA K Y pH AT A 32 A 2 R ) e 0 22 e P 1
T, M T TR AR 3G o i) ] BsF A 41 ] B T S0 B Y
B AR N E R R R A 4R, A, G2 4l
/N BRSO B E A0 Z2 M 0 e e A 44K, bR ik 7k
Oy 2R BE R E /N U T SR 0 00 sh 25 VA
3.2.2 TEI] B KPR ZEME LA

/IN BRI TG A TR AR DA URT B 1) RS RE T 1]
&L X G R AR — 2 TR R,
C2 ZH(AFUUFF TR 11 B B L 491 e v, At 45 L AR AR T
C2 4, JoHJE G2 A P % R R, R ] 2 —
KRtk LAY KB, 2 50525 IR TR Fn 2k

(5 A O o i 1 R R 2 R, 7 AR T AN TR
PR LR A TN 1R A5 AU Wy B TR, T BT REAE
TSR 22057 Cdr i T8 TR R A R A 2 i R
AU A IR R AR A LR TR R R i s 3
RIEMYR B JRRERA ] £ AL 45 2R AT 7 B A
FURFRET B, B2 4 45 0 ) i g B 1 B B2 G R, T
AEERET K43 BT AT UL, G2 20 H TR L 3] 4, i 2 A
THAMAAH, MAEEITE G2 H R EHm, LIE
W EE S R EUR A, T B K.
YOI IR R ALIITA | A [ IR AT 1 55, o i = 2
Hahn w2351 K sh W s 1B i B, DL B0 TS e
AR TESC I Bl )iz i 7, 288 1 VAR OE 287K Sk #b
Ko AR 2 R A S St RS, R RS
Jo B R AR A G

NIH /Iy B 2% {8 3 fF 72 8 K F b, & fE L
Unclassified Porphyromonadaceae FLERFT B J& . 73 B
J& .Unclassified Lachnospiraceae . % R 307 B o J& | #0138
Ok KR W OB F N FE. Uncassified
Porphyromonadaceae ,S2 41 F1 R2 2 ¥ He 5] %8 C2 41
EOMG2HBEMT C2H,2HS5 C2QHLER,
FURRAT T o EAT W05 i 38 B B D RE RO VR, %o 1 1
WL W B A5 1 | b B A0 37 P A TIS A
VR 43 M N S B T RE AT R 4 FH ) DT 38 B0 K
BOFR A W) R 22T R s D e R A e
AERFRY AT, W UL S2 ZH A R2 ZH Y FLIRAT R
HiT C2 AN 2 A G2 AR T HALASH, T
RO R AR R, & A ROK ER IR T C2 4,
Unclassified Lachnospiraceae ,S2 20 Fl1 R2 21 . % F
C2 41,J2 4180 G2 41w i T €2 41, B Ui e
AT LA oA e AR R G2 R
%, EFERCEE,J2 215 C2 42, Hfls 2
PRFRT C2 4, A RE 2 3 2R S EUR
B, {H G2 N E R,
3.3 ZHYIRKET

S WIE A ZOR LI B W) = A A Z DL BAUR]
BERAE S AR 37 i e v O sh e B I R O]
K AROK R DR 5B f  FE AR, 2 Al KT EOR AL
AbFR PRUETRK T 2 AR ROK (38 F A 5 4
A x5 R ZERIROK B9HEAR K B, NIH /)N B fig
GrSSIRIK , Ho R Al K BRAL K B AL K X
IRIE A KA R, 2= 2055 55 X R H K 1 1
SR R R T 5, & BK i TE AL 23 FA AL
T3 R e K 12 TEALI a3t BB ke T



94 [ LA R 2Rk 2024 4F 1 45 34 555 1 Chin J Comp Med, January 2024, Vol. 34, No. 1

EERI BB T A R AR, B S A T
ARV B, AR S 36 1) /D Bl i e 5 AR K, T
AE-T HE A 56, IR A K R A 7K F iy 8 5 e K it
i, FEOLR ZK i R I RGE , B A RS
Wk, PRSP AL

AR R T 5 FEOKSER NTH /DRI AE
FEME TR AEAL | e B4R v TROK R TR BE RE A /) Bl
FERRERF M Z B, B AL 258 Yok J7 X
X/ B B VA S A7 3 T A 3 A S, LS B0
W H], AWPOK B R /N BUE 4 pH {E i
SSMRA P PERK . A SR AN POK B pH (L FITE 25
EHERT TN B —E R R, A BELRE /D B
A7 B MBI I OO FE 2 1R B2 Ak d

S 3k

[ 1] &, skif, WEYE, &5 S0 SR K Bt 4 il KAk
HITAI— LR [T]. S8 shPpla, 2008, 25(1): 58
-63.

Zhao MH, Zhang X, Tan D], et al. Discussion on quality control
and treatment of drinking water for experimental animals [ J].
Lab Anim Sci, 2008, 25(1) ; 58-63.

[2] BRI, &5, Ekiz, %. AR pH EHKHAKRT SD KEAE

KEHERMEERRZm (1], L5305 I E¥,
2015, 35(1): 61-64, 70.
Chen WW, Yu Q, Wang ZY, et al. Effects of drinking water
with different pH values on growth and development and serum
biochemistry of SD rats [ J]. Lab Anim Comp Med, 2015, 35
(1):61-64, 70.

[ 3] van Immerseel F, Russell JB, Flythe MD, et al. The use of
organic acids to combat Salmonella in poultry; a mechanistic
explanation of the efficacy [ J]. Avian Pathol, 2006, 35(3) .
182-188.

[ 4] Ley RE, Peterson DA, Gordon JI. Ecological and evolutionary
forces shaping microbial diversity in the human intestine [ J].
Cell, 2006, 124(4) . 837-848.

(5] IWUm, K. 52m S5 /) B I B R 1 22 R 3R LBt oY
[J]. SERshR, 2012, 29(4) : 12-18.

Yin YS, Wang X. Comparative study for factors that affect
microbiota colonization in experimental mice [ J]. Lab Anim Sci,
2012, 29(4) . 12-18.

[ 6] Manz F, Wentz A, Sichert-Hellert W. The most essential
nutrient; defining the adequate intake of water [ J]. J Pediatr,
2002, 141(4) . 587-592.

[ 7] Jéquier E, Constant F. Water as an essential nutrient: the

physiological basis of hydration [ J]. Eur J Clin Nutr, 2010, 64
(2): 115-123.

[ 8] I KBRS SEAELA]. 2019 r [ H VLT BA REH 57
HULEE TR AR CT 5 2019.

Ma GS. Hydration status and health[ A]. The 22nd Academic

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Conference of Danone Nutrition Center, Ningbo, Zhejiang, China
[C]; 2019.

i, KRS (1], PREBPIEZRE, 2019,
53(4): 337-341.

Ma GS. Hydration status and health [ J]. Chin J Prev Med,
2019, 53(4): 337-341.

Bowyer RCE, Schillereff DN, Jackson MA, et al. Associations
between UK tap water and gut microbiota composition suggest the
gut microbiome as a potential mediator of health differences
linked to water quality [ J]. Sci Total Environ, 2020,
739 139697.

JEISh. %8 22 AR U R FH 7K ORT/)N e T TR 52 e A4 5
[D]. M&: BAKY, 2019.

Zhou K. The research of the effects on gut microbiota in mice
induced by feeding with four kinds of drinking water in several
consecutive  generations [ D ].  Nanchang: Nanchang
University, 2019.

Dias MF, Reis MP, Acurcio LB, et al. Changes in mouse gut
bacterial community in response to different types of drinking
water [ J]. Water Res, 2018, 132; 79-89.

Vanhaecke T, Bretin O, Poirel M, et al. Drinking water source
and intake are associated with distinct gut microbiota signatures in
US and UK populations [ J]. J Nutr, 2022, 152(1): 171-182.
IKEERE. HE ARSI PR R (1], PEBER
Zeiki, 1999, 19(5) : 318.

Zhang TY. The dosage of dilute hydrochloric acid in pepsin
Chin J Hosp Pharm, 1999, 19(5) : 318.

Bezirtzoglou E, Tsiotsias A, Welling GW. Microbiota profile in

mixture [ J].

feces of breast- and formula-fed newborns by using fluorescence in
situ hybridization (FISH) [J]. Anaerobe, 2011, 17(6) ; 478—
482.

Mg, sk, SRR, AF. TR 45 AR W/ U
RN [J]. BB, 2017, 38(1) : 214-219.

Qu W, Zhang Z, Ma JZ, et al. Effect of probiotics on gut
microbiota in mice evaluated by high-throughput sequencing [ J].
Food Sci, 2017, 38(1): 214-219.

s, B, B/NA, % B Hlumina-HiSeq 1= 18 &0 5
BARGHEAS/NEE AR [J]. b EEEER,
2019, 39(5) : 948-955.

Yang XY, Cui J, Chen XF, et al. Effects of ammonia on
intestinal microbiota diversity of mice analyzed by Illumina-Hiseq
high-throughput sequencing technology [ J]. Chin J Vet Sci,
2019, 39(5) : 948-955.

Zhu S, Ding S, Wang P, et al. Nlrp9b inflammasome restricts
rotavirus infection in intestinal epithelial cells [ J]. Nature,
2017, 546(7660) : 667-670.

Serino M. SCFAs—the thin microbial metabolic line between
good and bad [J]. Nat Rev Endocrinol, 2019, 15(6) . 318
-319.
Maynard CL, Elson CO, Hatton RD, et al. Reciprocal
interactions of the intestinal microbiota and immune system [ J].

Nature, 2012, 489(7415) ; 231-241.



o P A PR A 235 2024 4E 1 A5 34 %45 1 5] Chin J Comp Med, January 2024, Vol. 34 No. 1 95

[21] Guilloteau P, Martin L, Eeckhaut V, et al. From the gut to the Guan BS, Bai X, Zhu LL, et al. Factors affecting the welfare of
peripheral tissues: the multiple effects of butyrate [ J]. Nutr Res medical laboratory animals and improvement measures [ J].
Rev, 2010, 23(2) . 366-384. Heilongjiang Med Pharm, 2014, 37(4) . 86-87.

[22] B, 8, AL, 55 5l a0y o a6 A w0 B/ [24] ek, =fFlE, ERW, % K 0B K R i
FUERERT 3 (1], BUCRMBHE, 2019, 35(4): 50 Zik [J]. #h/KkHEK, 2022, 58(2) . 143-151.
-55. Li HR, Yuan ZY, Wang KP, et al. A review of the influence
Lyu G, Zhang Z, Yang KX, et al. High-throughput sequencing factors on flavor of drinking water [ J]. Water Wastewater Eng,
analysis of probiotics intervention in intestinal flora of cold-fed 2022, 58(2) . 143-151.
mice [ J]. Mod Food Sci Technol, 2019, 35(4) . 50-55.

(23] K54, A%, BLANFY, 45, SEm B 2 S0 Sl 4 A 1 R 3R (¥R B #1)2023-04-14

Lottt [J]. MIETTEEZ5RL:, 2014, 37(4) : 86-87.

LLERRS
BEAR S AR K AR B B OB ST R ML T T SRR RO Tt

VLAEA | AR 545 IR ( pancreatic ductal adenocarcinoma , PDAC) [ & 9% % B i T+, H PDAC &R REE |
AEMERE R R AR ROV 22 R R ECTLAR AN A AR A WP R AT AR X AR T, T AR R AR
JEUGEIR R B E TG . 2888 E (patient-derived organoid , PDO ) J2& F £ Jitd 384 58 A1 oAk T i 0 20 21 s 2% B
SEHE R IAERHT LA IARSN 3D FEFEEA . Il PDO BRI AT DU A b At e R IR R A SUB S RRIE . ok
TR 2 DA KR g ZH 2 b i U A AL R A A DR 7 FRR BT IR e BT AL AR A i) = 4R A K BRBE . 2640
B RETEAARSMELILA MR 40 A ) BEIRZS 5 AR I PRI v A9 24 ) S I B AT B g O AH DG A, 7l Rz T 1 R AR
B ZPWTEIE , i B B MARIRYT S T RAFRYSEE P& o A, Sl TR I i B S A K B
FEPR S M2 YNA T HE AL X FSE PDAC 1 & ML AN 245 P B B8 L, TEARE D fEEEAIRR T
PDAC 4 B BRI B 35 S5 R 5 i, 3B 1 52 i e B A B i D 48 i) 2 2 PR R [ I5f 1) 1 284 A
DNA M FFEH] T PDAC 888 B R4 1 IRUR IR 2 E R AR W) 2 R ik . E— 2B e 1 DO il PR T R A7 24
Ptk AT B — IS IRYT , ST 25 7E PDO BEAL R YRR | S PDO BRHL V2 1o 1 T JB i 5 A8 s B8 AR Ak
2yt e R HE I

AT R A e T BB i 5 5256 Be 27 (9 3C) Y W] (Animal Models and Experimental Medicine, 2023,
6(5) : 409-418. https://doi. org/10. 1002/ame2. 12352) ,



202441 H op ] AR A ek January, 2024
$34% H1 CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 34 No. 1

WS R AR, ORI, A5 T 2B A TO Y /N BUITE 2L 0Kk D0 7 ] & Ok ALt oe (0], i e e~ 2%k, 2024,
34(1): 96-102.

Ye QC, Xu D, Wen FQ, et al. Optimization of preparation method for lung tissue cryosections for multiplex immunofluorescence
staining [ J]. Chin J Comp Med, 2024, 34(1): 96-102.

doi: 10.3969/j.issn.1671-7856. 2024. 01. 011

T 2 H ot i o ny /I Ul KR D) A
il 75 iR A 5T

FRER R OALXERY R ORLE OB

(1Y KA TG B2 e/ HE PG I A B~ e WE W A o &8, AR 610041 ;2. 001 KA 76 B2 B it PR T 48 0, iAT 610041 ;
3PN I EFAE PG R B VPR 5 A5 BORE R 27 R, AR 610041)

(WE] B8 /RIS R PRk St S i 2Nk B i, A ) T3 8 e e 2 4 (019
RSk A AR T SEAYSCIRAE R, Ak T CSTBL/6 /N, 43 BIR AL G v A I [ 5 125 V8 VR B I S Ll
RV A IR E B I 3 O i E KR YL R, S e o e g o 5 il IO i L 3R AR 5O 1B S B LA it 4 2 e {2
T, Al R BB L 200 Fr i AT 4 A PR AR e RGBSR . SR BRI B k)
PR /NG LK IR U0 B, Il S5 e IR, SE REWT 2L ™ B, AEE IR R0 5 M 4 €0 5 ¥4 TR i 11 vk 1 1) /D Ui 41 2
YR I A S GE 25 A X S8 3% (35 B , 3000 B S AR IR 5 B0 RV V2 VR [ vh i VE /D BRI L 2 -
Fi Y RSB S5 TSI S8 B8 T, 2 FE e 0t g (a8 O MER . o0 R VE 1 v R T T 1 R 1/ BRUR 2 2R K R
YIRS AR N S8 B SGE (LR =100 wm) $0E 5 TR VR AT E 275 ((0. 66+0. 15) /mm’ vs (0.33+0. 14)/mm*, P<
0.05) , W R EE TG %I BEE (0. 66+0.15) /mm* vs (0. 02+0. 04)/mm?, P<0.01) , it {0k BT
VR 2 R E VKRV RO RN UM 2B S 58 2, R T34 & g 1 2 L g oot e (45

[E4ER]  NEGIZ KRV A S se ot

[FESZES] R-33 [ XHEk#RIREG] A [ XEHS] 1671-7856 (2024) 01-0096-07

Optimization of preparation method for lung tissue cryosections
for multiplex immunofluorescence staining

YE Qianchen"?, XU Dan', WEN Fugiang'**, CHEN Jun', WANG Tao'"

(1. Laboratory of Pulmonary Diseases, West China Hospital/West China School of Medicine, Sichuan University,
Chengdu 610041, China. 2. Department of Clinical Research Management, West China Hospital, Sichuan University,
Chengdu 610041. 3. Department of Respiratory and Critical Care Medicine, West China Hospital of Sichuan
University, Chengdu 610041)

[ Abstract] Objective Optimizing the preparation method to improve the quality of mouse lung cryosections to
help enhance the specificity of immunofluorescence staining and obtain more accurate and reliable experimental result.
Methods C57BL/6 mouse lung tissue was used to make cryosections via the traditional post-freezing fixation method, pre-
freezing fixation method, and a modified perfusion pre-freezing fixation method. A laser-scanning confocal microscope was
used to observe lung tissue immunofluorescence staining. Whole areas of mouse lung slices were scanned by fluorescence

microscope, and the numbers of intact airways per unit area of lung tlissue were calculated. Results In the lung
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cryosections made via the traditional post-freezing fixation method, the alveoli structure was damaged, the airway wall was

seriously disrupted, and there was non-specific staining. Lung cryosections made via the pre-freezing fixation method

showed relatively intact alveolar and airway structures but collapsed alveoli and several destroyed airways. In the lung

cryosections obtained via the modified perfusion pre-freezing fixation method, the structure and morphology of the alveoli

and airways were intact and clear. Additionally, the locations of multiple proteins targeted with immunofluorescence staining

were accurate. The number of intact airways ( diameter =100 wm) per unit area in the lung cryosections obtained via the

modified perfusion pre-freezing fixation method was higher than that from cryosections made using the pre-freezing fixation
method ( (0. 66+0. 15)/mm’ vs (0.33+0. 14)/mm*, P<0.05) and was also significantly higher than that from sections
made using the traditional post-freezing fixation method ( (0.66 =0.15)/mm* vs (0.02%0.04)/mm*, P<0.01).

Conclusions The modified perfusion pre-freezing fixation method for cryosections is conducive to maintaining the integrity

of mouse lung tissue morphology and obtaining high-quality multiplex immunofluorescence staining result.

[ Keywords]

mice; lung tissue; cryosections; immunofluorescence
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Note. Left, Mouse lung tissue morphology obtained by modified
perfusion pre-freezing fixation method. Right, Mouse lung tissue
morphology obtained by traditional post-freezing fixation method or pre-
freezing fixation method.
Figure 1 Mouse lung tissue morphology obtained by

different preparation methods
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Table 1 Comparison of immunofluorescence results of mouse lung tissue cryosections prepared by different methods

Jili 20 A 45 ¥ 4325
Types of lung tissue

O R T T v R T A
Modified perfusion pre-

freezing fixation method

v VR AT S 12
Pre-freezing

fixation method

v VR 1B 52 15

Traditional post-freezing fixation method

i 254

Alveolar structure

v

Airway epithelium

LT
Airway

smooth muscle

Jit L S5 DR AT A LA e
Alveolar structure was

well preserved

SGE AR e
Airway epithelial cells were

morphologically intact

e, BESOLR R
Airway smooth muscle was
intact, showing a continuous

ring structure

Jiti LS B | SRS B A
Alveoli were collapsed and
clumped into dense masses

WS SOE AN
Jii %
Airway epithelial cells were

partially broken off

TR 2L, AR SRR P
£ )

Airway smooth muscle was
partially broken, showing a

discontinuous ring structure

it B, AR
Alveoli were collapsed and

seriously damaged

RSN 2727 N 3V
Airway epithelium was seriously damaged

and difficult to identify

TR ™ o, e LA AL BN EE
Airway smooth muscle was seriously
damaged, and difficult to identify the
location and structure
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/B AR <300 wm; KAE FA2 =300 pm,

2 A[ET7 ] /N UL BUK R U e S e e a2

Note. Diameter of small airway <300 wm. Diameter of the large airway =300 pm.

Figure 2 Immunofluorescence results of mouse lung tissue cryosections prepared by different methods
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TE: SRS AT E BRI, " P<0.05, ™ P<0.01;1
VORI E AL, *P<0. 05,
B3 ANIR] i ] 5 1 /0N Bl it 2 2R A5 T AR
S AR (n=3)

Note. Compared with the modified perfusion pre-freezing fixation
method group, *P<0.05, **P<0.01. Compared with the pre-
freezing fixation method group, *P<0. 05.

Figure 3 Numbers of intact airways per unit area of mouse

lung tissue cryosections prepared by different methods
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[ Abstract)

As the intelligence level gradually improves in domestic laboratory animal facilities, a large amount of

valuable data have been accumulated. These data have not been fully exploited because of the lack of analytical method. In

the context of big data, machine learning has achieved remarkable result in biomedicine, building science, and other

fields, and provides a reference for its application in laboratory animal facility management. In this article, the contents,

methods and models of machine learning applied to various systems of laboratory animal facilities at home and abroad are

reviewed and discussed.
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Figure 1 Machine learning common workflow
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Table 1 Main applications of machine learning in laboratory animal facilities

Type of system

EERHHE

Main purpose of algorithm application

BEZ IR (HVAC R5E)
Heating, ventilation, air-conditioning and
cooling system ( HVAC system)

S SALBRGE

Air handling systems

I CUBL NS

Water treatment system
M RGAF (R =R R RS
Auxiliary systems, etc.

( Compressed air systems, lighting systems)

ARBATH ) | Bmr T B oA B il i

Optimize operational control, load forecasting & modeling, device fault diagnosis

AL

Simulation optimization of airflow organization

KBRS R | FH K B

Water quality classification, quality parameter prediction, water consumption forecasting

BB W

Device fault diagnosis
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Table 2 Application of machine learning algorithms in the field of building energy efficiency evaluation and system modeling

e AR IR BLERa 2T Ok WA % TR
Author, Year Machine learning algorithms Object of study Prediction scale
_— 1201917 ESlrcqequlE Ve P TN AT (4R B2 )
tufla, et al. Multiple linear regression Prediction of building heating and cooling loads Long-term prediction (annual)
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Liu, et al. 2021 BEHLRR AR 2 R G REAE TN I (FREED)
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s L B GBI 123 V8 R G AILE REAE TR AP B (K
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ZIZ AR 4 |
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Multi-layer perceptron, linear

Wang, et al. 2022112
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BEHLAR K
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Z IR I SCHFFAEAL(SVM) Al
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Pham, et al. 2020' "

Zhou, et al. 2020
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Artificial neural network

Alamin et al. 2018117

B2 W 45 - K C I el 4
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Almalaq, et al. 2019110
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BRI 28 R 25 — I AL A2 I 22 ) 4
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Kim, et al. 20191
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SE I (/)
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JEIHI B (/N )

Short-term prediction (hours)

S9N (/)
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Figure 2 Machine learning algorithm common workflow for FDD
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Suggestions for the institutions and laboratory animal units and
scientific community in China

XU Guoheng'’
(1. Department of Laboratory Animal Science, Peking University Health Sciences Center, Beijing 100191, China.
2. Department of Physiology and Pathophysiology, School of Basic Medcine, Peking University Health Science Center, Beijing 100191)

[ Abstract] Based on the development history that the modern medicine and laboratory animal science have long
been hindered by animal welfare groups and animal-rights activists in Western countries, and considering the relevant
circumstance in China, the author appeals and recommends that the laboratory animal practitioners and biomedical
researchers, the scientific community in China should recognize and identify the boundaries of our professional activities.
Firstly, do not participate in the activity related to so called “World (Lab) Animal Day” that is said in some Chinese
websites, to originate from NAVS, an antivivisection society Lid. , London. Secondly, do not participate in the activity
related to so called *animal memorial stone” that was originated in Japan. These movements have nothing to do with
biomedicine and laboratory animal sciences, and fundamentally are antiscientific and are incompatible to traditional Chinese
culture. Thirdly, distinguish the standpoints of laboratory animal science from various viewpoints of animal welfare/rights
activists, promote scientific management of the institutional animal care and use for better supporting biomedical research in

China.
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Based on respect for life. A brief talk about Laboratory Animal
Memorial Day and Monuments

ZHOU Xiaohui
(Shanghai Public Health Clinical Center, Fudan University, Shanghai 201508, China)

[ Abstract] As the basic carrier and key condition for research in the fields of life science, medicine and pharmacy,
laboratory animals have played an extremely important role in the development of modern science. Animal welfare ethics is
built on the moral foundation of human civilization and is a product of social and economic development to a certain stage.
From a scientific point of view, treating animals well is both a humanitarian need and a need for scientific experiments.
This paper elaborates the role and significance of laboratory animal welfare from the aspects of the development of laboratory
animal welfare ethics and the content of regulations and policies, whether and how to establish a memorial day and
monument for laboratory animals, and calls on experimental personnel to follow the “3R” principle and enhance their sense
of responsibility and awareness of norms.

[ Keywords] experimental animals; animal ethics; Laboratory Animal Memorial Day; Laboratory Animal Monument
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Human-centered understanding of laboratory animal welfare and ethics
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[ Abstract]

This review clarifies that laboratory animal welfare and ethics in life science research should be human-

centered, positive and responsible through the understanding of the connotation of laboratory animal welfare.
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Consideration about subject responsibility in practice of laboratory

animal ethics and welfare

DU Xiaoyan
( Capital Medical University, School of Basic Medical Sciences, Beijing 100069, China)

[ Abstract)

In the practice of laboratory animal ethics and welfare, 3R is the core of contents. As the subject in this

process, individuals working in laboratory animal field play a leading role and should take corresponding responsibility. In

this article, the author discussed the function, realized route, and significance of subject responsibility in the practice of

laboratory animal ethics and welfare by following aspects :

proposal of subject responsibility, requirements of responsibility

in the implementation of ethics and welfare regulation, in the application of ethics and welfare technique and method, in the

development of ethics and welfare products, in the management and monitoring of ethics and welfare application, as well as

establishing an anniversary and cenotaphs to embody subject responsibility.
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PR R ] B 7 AR SO IR
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Progress in irisin and its upstream and downstream antidepressants

SANG Jiala', LI Shanshan', CUI Xin', REN Qingqing', HOU Ruiling', PAN Xingfang'*,
WANG Shenjun'?, ZHAO Meidan'""

(1. Research Center of Experimental Acupuncture Science, Tianjin University of Traditional Chinese Medicine,
Tianjin 301617, China. 2. School of Acupuncture & Moxibustion and Tuina, Tianjin University of Traditional
Chinese Medicine, Tianjin 301617. 3. School of Medical Technology, Tianjin University of Traditional Chinese
Medicine, Tianjin 301617)

[ Abstract] Depression is a major cause of disability and has adverse effects. Despite the many types of anti-
depressants, clinical treatments of depression remain poor. Therefore, novel anti-depressant mechanisms need to be
explored. The beneficial effects of irisin on the nervous system are gradually being elucidated, and studies have found that
irisin has an anti-depressant effect, which may become a new treatment for depression. This study explored the mechanism
of irisin and its upstream and downstream anti-depressants by reviewing the existing studies explaining the link between
irisin and depression, and proposes that SIRT1/PGC-la may mediate FNDC5/irisin to regulate BDNF to promote
neurogenesis and improve depression, which provides a new idea to study irisin and its upstream and downstream anti-
depressants.

[ Keywords] depression; irisin; BDNF
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SiE A 2/3 AR AR A AR AE
RIFHBA G = AR AR BEFE 43R T AR
ES o H R U B IR 25 4K 2 R A T
ez b B U ) R Y = IR PR AR 2
(tricyclic antidepressive agents, TCAs) | 5. i S Ak i
#1457 ( monoamine oxidase inhibitors, MAOIs ) L f&z
BT I AR 2 1 R 5 - 5 0 i T R D A R
(selective serotonin reuptake inhibitors,SSRIs) , %
BUHARZY X 5 R A TS/ AH HT7 ROMAR R A,
HA 173 W F TS5 — UOR T J5 AR IE R A5 3 22
fige o PRI, R FBT I AR AE VA T O SR AR R A Y,
BEEDTIERITRA , &5 A8 O BB A4 11 I W
BRI, 2016 4F, Wang 5 Y AR A MM SRR 5
ARIE A O, &5 B & 7E 18 P AS 0] 35000 B 34 ( chronic
unpredictable stress, CUS ) AR 7 A B A 55 vp 1Y 7K
TR AMNETES SRR G CUS AR RAMARFEST
MAFRNNGEE . FEIS, — RIE B — PR SE T
SRR Z A A, R, T HRERY
TR S LRI RERY bR AR SCWFFEATI AR I R GE 4l
ST AT B AEIR T 5 R R M BN Ui AR
VR FIBLED

1 ERFRS5MEBE

2012 4F | K R AE Nature T BY—IF5% B IR GE
THERY, B, Bl oot Sk gk
AT W) P0G 2 K y 5 B 3G AB I 1 ( peroxisome
proliierators-activated receptor y coactivator 1o, PGC-
loo) I A AT B LA A 527 i 2 TR
¥y 3% 5 H 5 (fibronectin type-Ill  domain-containing
protein 5,FNDC5) 7] LATE 4 B - & A 7K fift A L5
RBE, SREE FNDCS LM =Y, 1600 5
ML B A B rh g ekt SR AT LUV Y fiE i
R eI A D, SRR %S A @R
AW JHEHERE R . SRR Db
A FEak, A S RO JCRT AR M 28 RAE |
AL , AT T AH 5C A8 DR X s E A B S i
FNDCS/ 85 5 [ ek 5 2 B A 3¢, AT
LIRS PR e g i B T SRR K
THESRBUR AT FURERT . SRRE
Bi] /R PV R 9 ( Alzheimer’ s disease, AD) Hp -t 5]
A VEH, FNDCS/ SR FIKF7E AD B8/ U 5
AN 8 P AR, Rl h FNDCS/ 8 R & s
S /N BURY BT B W AR R e A2, Ah A gk 3

FNDC5/ & )2 & Al LU = Kk o FNDC5/ 5 2 %= /K
S, DT B0 AD A /N GRS 2 fish T 98 P A AL
F11 . Guo N K PRS2 0T LA 3 o i S 8K,
RAARGH ¥ =T L [ R 2 i 2 1 T ek
S, I HLAT LA i AE G FE, T s AR T fig
R

I RAAF 5 & 30, SIS S8 A I 5 2 3R /KPR
FARIARAE g BAEAAE B A P i
BEART AR E ", g K p 5 2 2K
SRR EEAR R AR A IR RS, 7E A
FZi A AR S R R LT SR R 2 A 2 EAH
5, X 3 A oA & B Y 55 R 2 AT RE R TR T Ah
JARY S 2R PEREACAE 3 I P R R K 1R s
TR G B R, T DL B PR | 28 A 9 o7 1) 1
P M RAFFE 45 AR 5 B R vl (S 5 Ml E
HINEYY . TESHIIFSE H, CUS IIARAE A1 K B i 2 rp
FNDCS/SBREEA G MY, ik,
WE A LU JUR AT Ry 25 A U A AR R AT A, Qi
RV | W 0 AR K O 2 T R i
SR AE gl g D ARAR R /N B 7 B R A R
A EVICR B8 A R Bl ) O 4R N BRI D
FNDCS5/ 8RR A, i el /N BRANAREEAT
[FIRERY , 35 R 3R MR P ad ikt Ui AB 2R,
HNE S 5 R 220 e i v A 5 R R Y T
DLGE A /N B BIASAE AT S, DA T A2 38 e 10 1 14 4
M. o —IfFss kW, I FES SRR L
A AT /0N R RS R A 6 AR A e 30 K a0 1 O Bl e
[, S HEUAAR SO ), £5 TR, WA HE T 5
FATRER R T A1 A, 38 2o 1 i 5 B A FH 13 55, DA
TR A AR Sl R I ABFEA M

2 BEZ L THAEIEREFHERLE

2.1 SIRT1 ZEMERE R HIETTIER

DUBRAE BH 1748 1 ( NAD-dependent deacetylase
sirtuin-1,SIRT1 ) J&7H#E NAD X L BERE , 2 5 5L 0
TUBROT R M R4 2 A 1R 1 4 B SR Ak N 9 R
20 WS SIRTT 7K 28 Ak £ e A8 2 fh ]
AMERIAE S B Y L AR R B K
2 AER LR A ] L 22 5K B e 2 1 T B bk B
(CONVERGE )it 5[ 58 KBRS VEHIZE T
11 670 44 DU X 4509 151 £ A5 7™ T AR 7 4
PLABIE B B E AT 0 AT, 30 SIRT1 57 45 (1381 15
SR H AR B — 350 B4 BT T B, SIRT1
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FER Y 1s10997875 RIREFE H A A FEAMARAE 1 5
HA B R AR Y L DR, g R W, AR
i B A1 JE I ) SIRTT 26 3K W S ARG 4 B A2 4k
o [FRE, 50 a2 308 A EL, PR AE A5 5 i
SIRT1 kBl FEAKTS . 5 3R #F5T, SIRTL 7£
TERYE i B EAE . SRl 0 AR AE 3h P 0T oY
R, SIRTL 55 J e /N RAIVARFEAT e
KHEVERT . 18 R ) AR AL B AR T /N B 25 15
RIE R SIRTL 3% 14, ¥ S SIRT1 4 il 2 F: 2L
TVARREAT IR . 4 SIRT1 BB B, 7T LA BH W8
P S 1 AU RIS R O 3 TR R S A S 5 A 1 R
Jrl EE P R — b SIRTI 3sh 7, i 1 1 5 1
BEPEET LASCE K R MABREAT AT fE Rl
—IGAIEGE H, SIRT B 22 2 B I 3 1o 194 5 Vg
L2 e e R 3% %% iR Z2 M (lipopolysaccharide , LPS)
B RIARREAT M X BIE YR # B SIRT1 34X
T J5 AT DA Ao 2 9 T b 5 T A ke 5 IS RE A
iH.
2.2 PGC-la ZFEHNEREE HAI1ER

PGC-la Xf ARt & R LA 24 5 4EH,
R IR A & A LA RAE . I R
JER IR, AR B L7 PGC-1a /K FREAE ™, &
it 12 s sl B WL PGC-1a 19 55 FI 3R 3K
B, R BT 2515 Bk A, ok
ZHIEYE R PGC-1a FENARIE H B Ve IR T AR
L E AN 5E K B4 B P PGC-1a BRFE /N RS B
AN R e R B R Sl (R s, SR
FROMABREFT A XB A & B I v
PGC-la YLERR IR PGC-1a J5 , /NEUBE 7K i B 2R
REARK , 5 2 30 K a6 v /0N BRUOAS S e T 398 m, PA) bt
KSR PGC-1a &5 5 /0N BUH B ARFEAT 5 1T
M E 4 PGC-1a 33 R IR BE T , /N BRUZE 5 30 T Uk
YA RS RS VS PGC-1a &3
e/ N IABREA Ty, BN BT AR RIAE T, 12k
B2 1V 18 ( chronic mild stress , CMS) #8/N R 225 12
SN B I PGC-To JE PR 235 F 5800, vk
DT CMS /) BRSBTS B AN Sl st 1] 15
T CMS /Iy B HE K i 2 204 TR L i 5 L R Y
PGC-la #B0IG th 2ok 3% CMS /N RINABRE T N, X
SEEHE R B PGC-1a ZKF FEAR AT LA S W0 B 19 &
A1 PGC-Tow ZKF- B FH R AT LA BIHTHIIAR AR
2.3 BDNF X #IERERI 20

FIABIE 1P 22 5 TR UL A, P2 SRRk 25

SR EASTVE I Rk L 2% e o 1R 187N e
JEL ) BT IR 24 4 £ i 55 w0 e S e g B A B et
B, Hod ) A 2 BB Sl DR i
[A-F ( brain-derived neurotrophic factor, BDNF) , #43
FUMARZ54) 5 300G BDNF RGEAHE ) BDNF &
— P EA M EFEH N EA R, EMERg )
AR, B S Ml T S A S AR AE i K A
FHEHMERDY IS £ 7R AR E X BDNF 17K
SERTIfE T A & AR WO, ln, A RS AE M
115 £ VA T R P A I e 2 HOURSR E] BDNF 7K
RO WS KB, 25 AR T AT LA A AR AR
H LT BDNF (%) 7K, 1 04035 £ 3 A9 4 AR 1%
2 SRR I BRI 2 & A A S B
HRAAEAR P CMS SIARELAL/ N FUEE S BDNF 7K -
7S [T IR AR . BDNF A9 53 3 th 2 5 50
AR & 5L i o 20 e /0 T S5 4 B 1) T RE B
85 HIFHE B, BDNF KT S A B T s
G T SAPE AR U X 2 A0 BB B, AT 4% fif
AR FE CMS /N Y TR 5T BDNF 95 8 23 1
58T BDNF B7KF-, BEAIE CMS /)N BUTE 5 i kst
B AN gy st ], HE T 3 CMS D BRI AB AR AT
oA &R 1o T e S s QLN
BDNF KR4I, A 52, BDNF 7K - Fh i 25 41 a2 i 28
KA GE T ABIE R
2.4 FNDC5/SEZ= Lif BDNF KFR#HE LR
4 BE AR

AR, MOk 2 M WF S IE B FNDCS/ B R %R
AL A o BDNF #9 7K -, 1fi K o () BDNF
IR 5 AR AE 25 VIAH G, FNDCS 3 6 35 7] 4
TR 28 TR AR 735 4 A0 LR 28 TR A, R i A
246 3F H, FNDCS TEH) 28 % J2 bl 28 98 v (14
it IR HE N BDNF () 3R3K 17 FNDCS # I ) ] [
ik BDNF [23510 /R P, S B 8 3% i s 2
# A& FNDCS 7] LU finiég = BDNF (1335, i 3]
MR ER , AR ER, RETFEHEER
AR AN R BDNF ) DR i i R K
[A-F (insulin-like growth factors-1, IGF-1) 3 K &
ik R BIBCIERAOE T o BRI AR AR R S T S
HREE-shRNA f i E R 5, K BUMLTE BDNF /K
-4 FEA, ¥ T BDNF 2K [ & it g 5 AR
TRAMSEIAIE I JFAR K Rl i 2o e e SRR
iR IAERE G , BDNF /K 1 3 s R AP 5
K, B E RN R R K5 BDNF /K F 2 IE A



o H A PR A 235 2024 4F 1 A4S 34 %45 1 ] Chin J Comp Med, January 2024, Vol. 34 No. 1 133

Seloswsel X MeqiF 4 25 B BDNF 7K - 32 15 2 % A4 4
¥, AD BRI/ D b FNDCS/BDNF 48t nf g
B A iE SR )E , AD BTN Rt Y rh
FNDC5/BDNF 3[R ¢35 5 DA B & 538, o i
X AD AR R B M 2 R R AR R i —
b5 A 30, LR 12 Pk 245 24 38 122 9477 FNDCS5/BDNF
IS0/ BRI {5 53 B 7= A B A REVE AL
ZE LT iR, FNDCS/ 35 8 & & 3% 35 W 68 i K g
BDNF 2% 1k 34, {2 #F #h 28 & A=, & 20 5 9 A8 19
YEH .
3 SIRTI/PGC-la f1 & FNDC5/E E % ¥ ¥
BDNF @ # #&% & i = HERAE

SIRT1 # [  FERial nl sl /b1 I v ) pft 2248
P, By 1k 27 2 B i, IR AR PGC-1a 1 2 BEAE, f23E
LRRTUR A A TS S 4 2 AR B A A T it
A1, SIRT1 455 M 34 sh 77 (SRT1720) & T A 4 7%
¥ ( Parkinson’ s disease, PD) #% % /7 ) PGC-1a 7K
- gL A A &Y SIRTL #0457 EXS27
(8 P AT B PGC-1ac BT 1, T L — 25 m
FLRR DR AT L, PGC-1a 5% SIRTI 3
P W% SIRT1 w84 /i1 PGC-1a 7K, MM A SIRTI
MIFEAK PGC-1a 1Y/KF-, FNDCS 43523 SIRT1 434
P 16 SIRT1 B /5 FNDCS 3t [ 36 ik i B AR
R TAE S 40T PGC-1a )5 , 25 M BRI 2 7R FNDCS/
BDNF & A5 ™ . PGC-1a W ZEFR AN A P I8 5
PIZETE FNDCS/ R R 1Y K K1k, FNDCS/ B B &R

I oGRS B, R R 08, o UREREER,

A IE A1 BDNF B335, FNDCS/ & B &R 14
Jil i Bk T R AD AEEL/INRGC 12 BERHIE HE il 28 %
A TTBELBT 4 5 55 ik FNDCS/ 55 8 2 ] Ui 55 1K & B
FRXF AD FEERL/IN B 28 il T SR R AZ A 1 22 AR 4
PERUS BEAh A HESE KB SIRT1 #4870 F 22 7 B
AT LU i IR WA (high-fat diet, HFD) FIrifs S i i
JBE AR 7Y 2 A N BT S Y P Y SIRT1L/PGC-1a/
FNDC5/BDNF 25 [ 23634, i i/ g 12 3%
SR BT VE T L R E B T LA | Uk
55 R 68 13 5 SR AE 51 19 A= Ak FAT SRy 1 B T AR
'™, B s, CUS K BUIE & PGC-1a/FNDC5/
BDNF #5 A & 3800, 5 30 9k 3 56 R Sl st [ sk 1>
KEIEEEEAT A 0% Apelin-13 J&—Ff
R K, L AZ AT LA ol 3 R BAA) DA 6 s i AR AR
FE47 M | apelin-13 i iF PGC-1a/FNDCS5/BDNF
AR E e M OR AT W % BE Y 3 ( chronic
unpredictable mild stress, CUMS ) /N i F4 #1043 # 17
Jgo ITAEABESE & B, CUMS AR KL BN B i
miR-138 K DK 335w, i /D BRUEE 5 34 5 miR-138
it 2% kW )5 1§ D b SIRT1/PGC-1a/FNDC5/
BDNF & A % 2 5 5 FER 1 3 s BIRRAIC, 5 5 /0
B A MAREEAT AT 48 EFiR, SIRT1/PGC-1a
A g3 FNDC5/ 5 2 % 4% BDNF fig #F #f 28 &
A CEAERE . R R KL R BB AR Il BB B
BCAVE FIBLE LI 1, 85 R 28 R L bR it s i
BRI,

B 1 SRELI T TARE LS

Note. 1 represents an activation or an elevation, | represents either inhibition or weakening, @ represents irisin.

Figure 1 Mechanism of action of irisin and its upstream and downstream antidepressants
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Table 1 List of irisin and its upstream and downstream targets and pathways

. I TR e o FHRE
e BT G TR g e {5
. . . Regulatory .. R Action
Investigator Animal model Intervention study Site of action Effects
pathway target
Rk SRR #E FNDCS - ,
B IR RSB FNDCS/ 55, M
Wild ] Tail  vein  injection  of Trisin T - . ] BDNF T N rection T
Wrann, ild mouse adenovirus FNDCS risin Ippocampus europrotection
et al (¢ L T PGC-1 Y Tk
SN %mﬂﬂﬁ& o« PCC-lor @EHEFJJD
. L Transfection of adenovirus Hippocampal BDNF T
Experiment in vitro FNDC5 T
PGC-1a neurons
. ) ST SRR ; N
Kim, BN RIS SES o e 1
[62] X Intraperitoneal injection  Irisin 1 . BDNF T .
et al ! Wild mouse . Hippocampus Neuroprotection il
of irisin
) e SRS 5 E -shRNA ; NHIYIRE
Hung,  WRAEIRKE, SRR s 5 3 o il
[63] K Hippocampal injection of Irisin ! R BDNF | Cognitive function l
et al 9! Diabetes model rats . .. Hippocampus
irisin-shRNA
N Y 7 BT
Lowenco, K518 FER R AR 5 i
[64] . L . o Irisin T Hippocampal BDNF 1
et al \”" Experiment in vitro  Transfection of iris virus
neurons
Belviranli, AD BRI/ iz 3l 4 (G GERZSTA
e Vlr[f;r;} L] Eﬂ IL_KJJ-JI i FNDCS 1 @% BDNF 1 GEe S T_
et al \°"” AD model mice Exercise Hippocampus Neuroprotection T
/N B 47
o, WRDOANR L ‘ - P |
[68] Depression R FNDC5 1 . BDNF T Depression-like
et al *™ . Oral creatine Hippocampus .
model mice behavior |
A i 2 5
Kim, AD K/ B g ¥ M1 22 {47
im ” AL/ L?L PR . o SIRTI 1 (f? b PGC-1a | [HEASIE T.
et al > AD model mice Lateral ventricular injection Hippocampus Neuroprotection
of resveratrol
Rk Ting |
Ye, L HK-527 4
¢ (] W"\Jfﬁ o EX527 SIRTI | Hi PGC-la | Mitochondrial
etal "7 Experiment in vitro HK-527 cells ) .
function |
vt 6 i 2L ] F7 B
El Hayek, B A NER HEH,IE“FH%LM S SIRT1/ e %jfﬂlb IZREST 1
o (7 Wild mouse Intraperitoneal injection of PGC-lo/ Hippocampus BDNF 1 Learning and memory
eta o lactic acid FNDC5 1 ) i capacity 1
JIIARAR 76 A i35 33 51 apelin- ; i 155
Hu, Jﬂ]ﬁm‘%. K 0 = 1 A s'lpelm 1'3 o PCC-1as w5 H]ﬁm%ﬁjﬂ' !
(73] Depression Lateral ventricular injection . BDNF 1 Depression-like
et al . FNDC5 1 Hippocampus .
model rats of apelin-13 behavior |
JIE AR Y S AR s -
, . LI S P B SIRT1/ , ok
Zhao, /R . S R Mz
" A Intraperitoneal injection  PGC-lo/ . BDNF T .
et al [74 Obesity model of Hippocampus Neuroprotection
. of resveratrol FNDC5 1
older mice
. 25950 S B ‘ " PN
Babaei, Jmﬁm{% KB iz 5h PGC-1o/ e H]ﬁmiﬁ‘jﬂi
(23] Depression . . BDNF 1 Depression-like
et al Exercise FNDCS 1 Hippocampus .
model rats behavior |
Li AR/ B 18 4 miR-138 S5 SIRT1/ ! MARFEAT R T
i, | 0] Depression Hippocampal injection of PGC-la/ H‘A . ) BDNF | Depression-like
eta model mice miR-138 virus FNDC5 | ‘ppocampus behavior T

T TGRS Tk, | ARFAM R s

Note. T represents an activation or an elevation, | represents either inhibition or weakening.

4 MBS

VAR (88 N BOZ AR R, B 19 B R 4
AT IMARAE , 38 Y 55 ZAR R BT T

2515 A BE

AR J7 ik . 8RR A IMARAE A WA 1R T
VEHT, SCR O IARAE BRI, A SCERR T8
FEZ0F AR AE A 52 L, 32 ) 5 e 3K A e R I T A
Jil 388 o o ik e BV P 9 DA T 9 2 1 A A 2
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SIIIIAREEAT N, AT TR R AH T
Ui AT BE A HTA AR 2800 BL T, 90 28 HE W SIRT1/PGC-
la AJ AT FNDCS/ 35 2 2 5 BDNF, 12 F i 4
K o PASRE , A BB RE I Y 4 AR TR
UTBAE TR 5 WARAE 1) & e HLE A T 8
PRE A WFFE 0 7R 90 0 1 BB S P ARAE 1175 & Jt 1A
Z T ERA IR R 3 2 B T B0 PRI A& 4N
M 5 7K, 4 45 1 40 4 & 6 ( interleukin 6,
IL-6) Jif 98 YR 3 A ¥ o (tumor necrosis factor-a,
TNF-a) 4014 18 ( interleukin 1B,IL-1B) ™,
AR IGE T SRR S RIEA & % VA,
AP S 5 R R AT DA A ki 2 2 TNF-o0 A1 1L-6
() mRNA k'™ WA & ek, R R
AR IL-1B MRS ez B R R M/
Hi TL-6 Fil TNF-o (7Kt A B s fint™ ol WL, &5
R LLN AR & 40 i I F 1L-18 , TNF-a Fll 1L-6
(KRBT R I 1EF , HE T 2038 90 51 &
ABAE, FRAK SIRT1 251 LPS 5 S/ 1L-1B 431
It SIRTL A3 Feak 240l 1L-18 155 41 i
TR BIPRMEM . SIRTI # 315 SRT1720
A LAFEAIC TNF-o AY7KSF-157) SIRT1 S50 EX527 £
fifi TNF-o A9 7K S 3% w5150 [6] i, SIRT1 i 3h 51
SRT1720 n] LA B & 2 11 ( ovalbumin, OVA ) 35 5
FRIIEE B /N BRSSP TL-6 472 A2 i SIRT 41 71
EX527 {HBR T X FE™Y . FFERY, PGC-1a 5 R
9iE A B A 56 M PGC-1ae A /K - 5402 % 21 ity
K7 IL-18°"Y TNF-o ! Fl IL-6"Y B A6, 45 1
frid, R E X H R AT AE i BDNF {2 ik fih 28
S A O AR, AR T BB A PR 1E FH s AR E
MR, BRI, B R K R RS ARE Wnfal 5 AR
MR A TF T i — P, B2, SRREM
BIAE H 18 52 i 7 3] RO B 22 19 6 T, ARG N
& ZPUIDAR ML AIF 5 B2 A1 %) S8 %, b T BB A A
BIAE (11 R YA T RN 25 ik 4 (B £ HEAT

SE 3k :

(1] FpkE, R MAREE SRR 5 H R ML WF 5 4 ik Jig
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Research progress in evaluation of type 2 diabetic peripheral
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[ Abstract]  Diabetic peripheral neuropathy is a common diabetic complication. Presently, our understanding of its
pathogenesis is incomplete, and there are no effective treatment options. In-depth research requires the use of animal
experiments. The criteria for modeling success and the evaluation method for peripheral nerve function recovery are critical
for carrying out animal experiments into type 2 diabetic peripheral neuropathy. However, but there has been a lack of
systematic interrogation and analysis of the evaluation method used with type 2 diabetic peripheral neuropathy models.
Therefore, the author reviewed the recent data, summarized and analyzed the evaluation method used for animal models of
type 2 diabetic peripheral neuropathy of small and large nerve fibers, and proposed future directions for development,
providing a reference for related research.
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5 TRLHS Ji Bl 2895 78 O IPAN D7 ik E5 3R AN T, LA N
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1 NRETHERTL

1.1 {HE MR
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UK Von Frey #fi 22155 & H i 2 % DPN #LK
o o VA PR R R B O 8 R B 4 S5 T
J N ) A0 22 B ke SR 4 UL, HE T AR BRI
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— o AT SR A — R PR A R E
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112 IRBERE

It AS LT HEFN C 2 4R 4L 7 v T
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45 IO AR ( paw withdrawal latency, PWL) Bl 5T
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N 20 B AU T R O S A
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1.2.1 RN % I E

F R N A AT 4 ( intraepidermal nerve fiber,
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IENF) , B ECR i 22 A ) bk R 2F 3 BB - R A 7
ARTITIE 18, 76 8 A 28 32 40003 TENF %5 52 R ]
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HOAE 2 7 DPN AR FRL/INAF 4 9 1A oA B
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9.5 HLIRRENRIC T AT JCRERIFI AT HEHS PGP 9.5 FHE
LR 4 TSR 4400 ) v TENF %6, Li 45170 2%
PEE I 2 B DPN /) U JTCOR 8 TENF %5 52 UL 3]
AT B 2ZH I 25 T R
1.2.2 P A2 4 1 e

HH T A RSk = 2 ) 0l A L 1 (A5 A AR Forh
()RSt /NP 2R 2T A iy 18 52 A 2R L | i S I 5
IR IR B 3 3R 4 B R (corneal confocal
microscopy, CCM) fifi FHOG A HOG IR, I T 2L 58 48 5
UL 2 7 R AR RN 5 e £ | B B i R
ISR 2, DA 44 e TR T i, 2 — PR R
ATCB EE A R i 50 UL I £ R A 28 2 4
Ji, ORI AT VE I R 112 W 2 B IR /N 4F
YA 278 1A BAE bR W S B R T K
PZETYESE B MBI 22 2 i 1R A i 2243 52
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WLEEE 2 A DPN 1A 5 34 #A 6L - Je T i 2 21 4
i TR TN S
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2.1 1TASME
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FHIE LD S5 20 2L 8% B 5 v A 22Kk UL L
i T SR LTS 2 RO | A% 2 K i
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iz fj] ﬁ' £ fqz': TE'F JE E ( motor nerve conduction
velocity , MNCV) 38 i R 28 305 3 I 7 32 i = C 1Y)
WLIA A W52 52 A WL IR 3l /F B8 A3 ( compound muscle
action potential, CMAP ) ¥Rk 115, {2 CMAP
RIS bl 28 4% T I 1) A P 22 LR 43k
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2.2.2 IRGEM AL T HE

Sz g R AN ], s v AR R AR Sh PR Hy
P AE B ET A 1A% S Y B[], PR) I 0 JR ot o 228
& 534 & ( sensory nerve conduction velocity, SNCV )
I LT — A A — N e i, AR i F AR
AL B, AT 3 Ay T T 00 S A 390 e I, T e 0 S R
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i 1T 0 53¢ FR B T 0 s, 396 o) 3000 2 e v R ) 428 75 )
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5 TE ) I RE AR L, 39 ) 005 T LIS K B R R R
22 S VE HL AV (sensory nerve action potential , SNAP ) i
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Ui S5 AU R A T o A UL 556 T 1 A
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AR 22T 4 AR o AR SEE T, Ao s
JEBEMEE 2 B DPN Al i 28 2 S U BRAR AL | K S
RIZH P 2 2T ARt Dl /D, Bl 2 PN IRK i S A 401 2



142 o [ LA PR 2 A s 2024 4F 1 H A 34 555 1) Chin J Comp Med, January 2024, Vol. 34 ,No. 1

T 20 A U 0 0 AR LT IR R A A
RIBER R 72 R B MM LG4, It
A 65 1 1 B A, 8 R e 2 5 A 1) o AR
() LUAE AR 5 MR Y LB R 25 W00 2 ot 1l 43 B K
LAY E AR AL AE 2 B DPN Hn] Ui s
NSRBI
3 iFig
3.1 %42 8 DPN #EHiR M

T Ao A 5] 3 P SCRR & B, B4 SE B FE Von Frey
Y2235 h IR T AR BRI A (3R 1), SEER
S BEOR ()35 A2 W] LA sk B PRSI o7 AN (] 17 7= A
T RETR AR 2, SR, SIS [R] Py XoF ) — 3 7 7y
SRR A [) BN PO 9 8 22 S 0 75 3 X 5 2R 7 A —
FERZIA 1 T B UIE A ok AT AR S TR A SR A
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3.2 IhE

HHT, DAL 2 Y DPN K/ 27 2455 O %) J7 1k
DIT 2SS o BAR A ML 5 | H Az ARG oy 3, F
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Yifebr. 2 A DPN BB g , 78 A 0 Jo U] i
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£ 1 Von Frey 402250 13556 07
Table 1 Stimulation site of Von Frey test

A AL B
Species Stimulation site
SD KR C57BL/6 /NP4 TR e
Sprague Dawley (SD) rats, C57BL/6 mice Middle of the plantar surface of the hind paw
SD KL JEJFE REER 1 g U T
Sprague Dawley (SD) rats Fat part of both plantar heels
SD R JE TR 8 1 2 0 X Ak

Sprague Dawley (SD) rats
db/db /NEL,CSTBL/6] /ML
db/db mice,C57BL/6 mice

SD j(ﬁ?k[u]
Sprague Dawley (SD) rats

Planter region of hind paw food pad

Jr JTCEE P9 A ) J R =2 T
Plantar surface of the ventral-medial hind paw
S RS DU )

Between the third and fourth metatarsus of the hind paw
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R2 G AL A A I 0
Table 2 Measured site for sensory nerve conduction test
A ISR e 2
Stimulation site Recorded location Measured nerve
iDL Ak 4] EEAL JHE R i 22
Ankle Dorsum of the foot Sural nerve
AL IR 3. 5 om 4L LR Rtz
3.5 cm segment from the base of the tail Base of the tail Caudal nerve
CH T BRI )7 il e

Second toe

Behind the median malleolus Digital nerve

R3IIEKRARR DA by
Table 3 Clinically relevant biomarkers
AW R K- AHOCHR IR AT REBLH]
Biomarker Level Associated pathological manifestations Potential mechanisms
A HEEhZ M2 Eig NCv | shiErdifz | P -
RIS N R , PR S 2 B AL
i Peroneal nerve, sural nerve, tibial nerve NCV | | . ) o .
Triglycerides . . Microvascular or intraneural lipid deposition
action potential |
Mgz Mz IRmas NCv | aifEdfr |
IR i e 5 ! Ji TS 22 MCA 1 HPE B2 R 24
Cholesterol Peroneal nerve, sural nerve, tibial nerve NCV | | Percussion of peripheral nerve regeneration

Ui 7 =L FFOPR R it

action potential | ; MCA of the proximal tibial nerve T

Rz GEhz: HESm g HRkahss IEpse Nev | IR |

4l Pz
AL A
‘Y ! Ulnar nerve, median nerve, peroneal nerve, superficial . PR WEZ WAL .
. Endothelial cells of micro-vessels degeneration
FT3 peroneal nerve NCV ! ,amplitude 1
A 1055 , . , . I
e R T T R R ML R 2 NCY | ST A
B Ulnar nerve, peroneal nerve, posterior tibial nerve NCV | Induction of Schwann cell apoptosis
ok 1) ! Ruize MEM2e Bl ki | Vv ai e
Magnesium levels Ulnar nerve, sural nerve, tibial nerve amplitude } Induction of axonal degeneration
ez M2 Rz Nev | shiEmdr | IRIE | \ e o
N s e o s " ol 220 7 20 0 3RV B 0 i
FEESE A T MEERRZE FA L AR B HETE | e
. o " SRR B A BT HCR B
High-sensitivity 1 Peroneal nerve, sural nerve, tibial nerve NCV | |

Troponin T

. L. Decrease in nerve capillary permeability and reduction
amplitude | ; of the sciatic nerve | ; . .
plitude | ; FA of th i)

. . of the extracapillary extracellular volume fraction
peripheral nerve perfusion |

£ : MCA : mean cross-sectional area, F-YJRER AN, F/R 2 IKFRBE ; FA ; fractional anisotropy , #8345 [0 S R4, Fn M G 25 F SE 46 AR

Note. MCA, Mean cross-sectional area,expressing the degree of neural swelling. FA, Fractional anisotropy, expressing the degree of neural structural

integrity.

SE X IFRTRE N DPN B #ILHI 52 3R 7 J7 2 ok
B ERAE . H T MR KOS R HE B
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TR AN BeAh i RS LR G
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HOR BT T 0RR A S I A AE ] BEAFAE HR
B, S A E AR IR, 0 DPN (B3
PRI AL REAE ZR B, JCH G T4 e P AR WA i 4 A8
FLO HCAEIT Yy DPN AL pr i 7] 5O A G
AT, 5 =, VR S8 T RO R 2 TR

AT B A A R IE 52 RS 9 AH [ a2/ B
ot % 2 S i 1 IR [ BRI A T 2 s ) R ok
P EINe SEE N R P
SFRORAFIRASE %22 5+ 5 S5 HL], o e gk 2 1
DPN BRI G S fe 2%
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Progression of research into the relationship between pyroptosis
and atherosclerosis

HUANG Shuning' , CAI Hongwen*"
(1. the First Clinical Medical College of Zhejiang Chinese Medicinal University, Hangzhou 310053, China.
2. Department of Cardiology, Zhejiang Provincial Hospital of Traditional Chinese Medicine, Hangzhou 310006 )

[ Abstract]  Pyroptosis is a programmed mode of cell death. Activated caspase-1 can induce the occurrence of
pyroptosis, promote the release of inflammatory factors, and trigger a violent inflammatory response. Depending on the type
of caspase involved, pyroptosis can be divided into a caspase-1-mediated typical inflammasome pathway and a human
caspase-4/5 (or mouse caspase-11)-mediated atypical inflammasome pathway. In recent years, studies have found that
pyroptosis is closely related to the occurrence, development, and prognosis of atherosclerosis. This article reviews the roles
and mechanisms of endothelial cells, vascular smooth muscle cells, and macrophage cells in the occurrence and
development of atherosclerosis, with the aim of promoting new ideas for research into the pathogenesis, diagnosis, and
treatment of atherosclerosis

[ Keywords] atherosclerosis; pyroptosis; endothelial cell; vascular smooth muscle cell; macrophage cell
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SRR — PR P PR AL T 07 2, AR U o 1Y 1
BEAE B RAE N T RORETL ., © AN RAE Y 5 3
FR SRR RE A B e A e JRe i DA G, i 240 AR T AR
B AT S 7 ) T B2 i P, i SR 2252 R 2] AS 454
BrEe . DR, A AR T AE AS R AL R
IRRTFE P A S AR KA B T AS A5G HM
IR IR AT ST S (R S B, [] At 5 A5 By - i R %) 240
MR T X — R AR AL T 07 SUAY IR . 7 SO 4 g 45
T-TE AS KA R RIS A — 23k

1 fARET

M AET R — R AR PR T O o R TR
A SR 2 BT AL, 5 | 7S 200 ek i 0 A, B S 4
M P 2R AR ¢ A i DXL R, DT 35 5 I R %
N AR ¢ -3 ) i N VNG -1 A S w1
caspase-1 I X0F b T~ % 6 411 17 A4 108, SR T B
WA K BT AR caspase-1 F#AE P fih
KM, caspase-11/4/5 i i 1 5] 40 M N s 2 W
(lipopolysaccharide , LPS) AT 5 AT £ 4, R
i caspase FYAS[R] AT K 4 AR T 43 AR A8E caspase-1
() LY S /AR I 28 RIS caspase-4/5 (57N B
caspase-11) AE MR ST/ MA RS

TEAE T RSB R AR | O 19 SE /MA K
(%) casapase-1 W 7 B AL T, ST /A ) 95 5
PR IS FRECORI G BS AH O A, — FLBRER
S| ZAK (pattern recognition receptors, PRR ) 17731 1] Ji&
Pl R A5 7, BRI R T RAE
MBI S . A RAE/IMEAR G5 caspase-1
B AT K (BT caspase-1) 45 &, JF B i 1% 1k 19
caspase-1 (ARG EETD ) RIS & B, /N
BRI I 240 B 0 o = TG B M R W S B BB T
caspase-11 B UM &, M T-ME A MIES S
caspase-1 175 YA ARLFE T2 BT A AR BL, 31X Fh L 05 240
JRIFET Bl UE BT 2 ph 3F M B 580 /M R A2 5 R 1Y)
T i — 5 KB, NZEHY caspase-4/5 I 5
JINEY caspase-11 A AR B 2D g, B i A R ) A
2% PR PE R A R v ) LPS A SR T, S5 3 W
HHH LPS G54 S BUE T L ZEAR T Ak A
WA caspsase-11/4/5 VL= F e R F ) H 4%
ZEA 1LPS rF, caspase-11 2 B R A Tl NG AN
L 4E 45 #9 3 ( caspase activation and recruitment
domains, CARD) I E/ZHU LPS HALKL, 21> CARD
KB LPS 456 i T 16 e iy caspase-l,é’%%

RIGHIESEFAET, T CARD 25 14 3l Bk g i Xof
LPS AT i BRIz Ah, s AR caspase-11/4/5
Al DL H 4224 gasdermin D ( GSDMD) , £ 2 i JiE I
TE BRI iE AT o 1 487 38, R Sk 9 E IR 5~ BORE T,
e AET e

2 HARMETSKREELNXR

AS J— P AP RPN, AR E 2 th T
ik Z2 IR o 8 A 400 i 2R AR ol 4 RE S 8 e g
SEUME A, P P ROV X251 & AS Y E
SR HE AR FRALH] BT AS KA KRR AR
T 20 B A TR SR LA SR RE 52 07 1) 52 i 1A T 2H
W5y, 5 AS KRR EREAT S e
MIAET- 3 16], 94 & - 1B (interleukin-18, IL-1B ) FlI
4% - 18 (interleukin-18, TL-18) F 2 IMEHE T
AL R AR AL, 40 B R R AE A TR i 3
YA AN 3OS PRROJINELGE 48 20 B PR 10 7= A
o FE AT A A M 23 14 I JAE A I IL-18  IL-18 Fl g
R 1 B By K& BT, AT 51 A Ji B %6
JERCR S LARIE AR, AS SUNMSET A71E T 24
TTEEIER R | Hor N B2 20 (endothelial cells, ECs) |
1% S ¥ WL 28 M9 ( vascular smooth muscle cells,
VSMCs) ME MR 225 AS & 24 st 77 X
FNIAE RN Y S0 A H = A AS 17 J%
hOREE AR AEN . Bk =M Al T2 5 AS
BIFE HIFH R B AL 4B R R
2.1 HNEMERBETSIRRIEREN

ARSI RN ECs 2 IV I /8 B 22 [] 1Y 5K R
B, ECs 0077 sl M4 IS R PR AR R JE 51 4 AS 1Y
TR ML, Caspase-1 MK ME ECs A2 T 0] 5]
RTNELRY 5 9 R0, T 350 M4 PN e 200 L 5 4 e iz
Kbk AS B R A HE I S AN R 1
T ,ECs H [ caspase-1-95E /MAS i i AT LU T 155
A BT B 1 AH DG Y 43 155 2 ( damage-associated
molecular patterns, DAMP ) FllH A 2 5 A T, FH 34006
ECs f5T7, 3002 AS R E 2P IR MHRE S
RALLE R I 57 7R 26 11 3 ( NOD-like receptor protein
3,NLRP3) , i J& 20 2% 48 E /IMA 19 48 Jfd 5T J% 52 43
NLRP3 & AN 1A 4, & RE NG J5L A AR DG AN
DAMP, fciEHRF 58 £ W], NLRP3 T 1) £ L3 %
J& ECs AR T-7E AS KA FZHLH ., Wu
USRI, AR IR I SR 3 G, AR
I E JEF R (ApoE™ ™) /INET caspase-1 31 >k
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et ECs WY 3IE MAET-, 5 ApoE™™ /N BUAH b,
ApoE™" Hll caspase™” &R B /N B 3= B ik 52 X 4 h
AS WTHRRISD T 44% BT FEF I LA 7R, 17 Fif
41 i 5 5 PR 7 AR A R, an A e Rk B 43— 1 A
4% - 1a (interleukin-1a, IL-1at) , £ ApoE™" I
caspase” /NI FRIBMT ApoE” /N, i Xing
ST IR TR R 12 JA Y ApoE™ T /NEUIR A
R IRG BTN BE S IE B S 251G I, e 988 5t R
YIpEAIET E B LA AE ECs, BEEFITAWIIIRA,
YER—Fh 21 RAEAS 538 B, 2 F kB (nuclear
factor-x B ,NF-kB) il J 9 UEIH 2= 5 AS " ECs 1)
T, Zeng S LI, 46 NF-«B 4§15 BAY 11-
7082 AbEE 2 h 5, A AL RN B IR B M (oxidized low
density lipoprotein, ox-LDL) #% 3% f) ECs NLRP3,
caspase-1 Fl TL-18 Fik /K- 8 FFEAIC, PT e (o 45 5%
7R, BAY 11-7082 il &b # A0 AR T AL T 48 i Y L
i, MR HL, Meng 25> BIF5E J2 TR, 4 2 2% 38 1t 0 il
NF-kB /5 ) ECs £ T2k 22 it 5 IR TR B R F% 1
ApoE " /INERHY AS. AR IT AT, ZoR A g 43 RN i
4 (reactive oxygen species, ROS) B9 7= 4= & DL B4 G
NF-kB 5%, il i S 45 A 9B & 8L, ox-LDL, =
FH 3L N—-%84L %) ( trimethylamine oxide , TMAO) FIfiL.
WARSY NI NLRP3 /- 19 ECs ST HLEIAS 5
ZORLAAR 1 F ROS 77441 56, TMAO il i 42 R A4
W 5 A0 1T W 5E B% 31 R il S0 B B ( succinate
dehydrogenase B,SDHB) {17 51 ROS /K-F-34,
fE#t ECs £, WML HE AS B9 % Ji&, %% 44 SDHB
%8 % & RNA ( short hairpin RNA, shRNA ) A 7 B&
TAMO 755 (1 N JBF Bk i A g 7=, SDHB 411
HlER T TET-MOBE 02 i 2 Rk TS5 TR
N FH ox-LDL 5 A AT KB 1 77 0T 58 ik
miR-181b-5p/STAT-3 e i ECs £ET, i Al Il 55 BE
P AL 2 90, T S E AS i kAR AR R
el B — i 5T 3R B, = e A Ak AL E A e T
SDHB #l ROS %% ECs AT R ALHE AS AYFEE
FaAR#F5E R, ROS/NF-kB/NLRP3 {5 54l £ AS %
HERESFETE ECs AT X — RIS LS
\EAEM, Jy—Jrm, AR LM, ZF 254
FEP AR IR R LLRORH OMEBCR AR = -] oR
=M-6,6-FEARBER AT 4E A A= K 21 S5 %
Fiely 1y 38 8 40 R 9 19 ECs £E T A0 ] AS B
Het g R, R ILAE | S O I A ok A 5
745 P 2 7T 38 3 00 ROS/NF-kB/NLRP3 {5 % i

%15 & ECs 447, 35 Jin 20 Bk B PR 7 0 4 E PR
BB b, ik 2 J) B 9 E I 7, R BN AR T, 5
R 1M A5 PN B S8 B R IR, I e 4 30 AS R A
2.2 MEFBMMBET SAKREEENL

AS BEHRFEE PEAEAR KPR B2 B kT VSMCs
FEAR I 55 I8 B RN IR BB A% O 1) £F 4 iR R
VSMCs [AE IE# FET- 7] 804 4 g I % AR e it
FIE AL T 48 LA B 7™ 6 1 1L 48 AR R , i 7 B
AR E M, 51 R BEHe i 24, T 3045 Fh Stk
M RAE, BRAMIT, VSMCs AT 5
AS W RIRHLEIA DG, 72 NR/INER AS BEH kil
TIGBREET-F8 b5, 06 caspase-1 A1 IL-18, Ef15
VSMCs bric ¥ o WML E A ES, 24 T
VSMCs fET-2 5 AS I FEBEH AT E EDE " |
Bifi 5 BF 5% B9 A WEIR A, NLRP3 45 () VSMCs 5 T=
TE AS KA ML 280 B0, A IR B ox-
LDL JA 2 LK VSMCs #4096 6380 | HZK 5k
B2 JRAEHF R D B4 A L & k&
L, ox-LDL AJ 38 5o 3005 £ T2 R E A B i) NLRP3 i
MiiES VSMCs £ 12, M/E N caspase-1 B4R S P4 41
i3], VX-765 Al VSMCs AUFET- T ZE AS BEHk
B3 JR TIN5 0 1L 2% h iR 2 KPR, ox-LDL
it 20 R B = [ 7 2 (absent in melanoma 2,
AIM2) RAE/IMATE ST, Pan 25100 Kk ML £ =5 i
REM ApoE ™ /NRAEBEHH AIM2 I GSDMD 1)
IKFE T, AIM2 Y & B 3R IR I E T e A2 £ 4H A
VSMCs £517, #F—LSCEn ot R W], ox-LDL 38 3 38
1% NF-kB 2 i AIM2 Y335, AIM2 % P /A i
VSMCs H 19 8 7= #H 5¢ B &8 #F 2 1 ( apoptosis-
associated speck-like protein, ASC) -caspase-1 3 1% i
4 GSDMD i 1 R AR T, AT AS By i
Wortmann %DO] T & s TE AIM27 /N
DL R AIM2 (4 24 B2 ] S g ey i) AIM2 23k m]
W AR T, ATM2 IG5 38 P 4 1k i SR AR
LFYENEIG R IRFEAZ O R SF /N VSMCs BE T 70,
HELEARFR A BEHIE B, PEMTAELE AS, A lRIP ok P
Wi ( Porphyromonas gingivalis, Pg) TE AS i) & 4= & J'é
T HLA VR, Liu 250 WF5E & B, 3R RNA 22
KR/ 7 AR E A B FRBE PPy f# 1L W 3L 3 3
HMGB-1/TLR9/AM2 #4855 4+ PE 45 & miRNA-103a-
3p Fil miRNA-107 TMiZZf# Pg-LPS 531 VSMCs £5
To AEATEBES b e VSMCs 3 5 - 10 1 Ho A
T e FEET 4R 8 i S A, T A B s 0 B
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Hepmesd, B2, VSMCs FET-1ER VSMCs 4EFET=
A —FhIE S, 559 AS BEHR LT 408 A0 5 5, 80
P i e
2.3 ERMAMET SHBGREEL
HELETE AT E EAN X ox-LDL B AH [ B &
PRI — P BRI R, e rfr— AN B g 20 i TS 15 0 Ak
A, S AR TR TS, O — A I A0 A A [
() A, IRl 0 S R B EE T BE T, X R ER B IR T
E R A A B R 25 4 e DR T AR i P R R R
FE AT, JRI T 2 6 045 3R RE I 1 TG BRI,k
KARZ R UEHE 2 I, AN M A S T B I T AS BE
BB MRS I T el T AS AORFSE
FUT, A0 ROS 3N 2B WE AN i fE T, R B
i NLRP3 % AE /MA I 21 2% | caspase-1 114 2 LA I
IL-1B . IL-18 1 GSDMD £ p iy fin >, itk 2 4k,
Wang %> B IR R LR R EE IR AR 2 5% 2>
i CD36 M-I R, B NLRP3 RAE/MATE
LR E WG AR T, SE TR AS, p65 J& NF-xB i&
TR I S R 1, A B (o7 A1 T 5 0 200 e v AR i 5
FIEETS, 24 p65 B siRNA JTERI, 5 05 40 i o 4 B
7S 00 246 caspase-1 IL-1B \IL-18 G S PSS T A 3
10, SO, S5 A WEFEUESE , ox-LDL J47 W 41
Hi NLRP3 /S T238 42, [Al B NLRP3 % AE/MA
FHIC B 1) 1 18 5 B e g s 1 2% U0 AH ¢, 3 2% B
NLRP3 JAE/IMAEE A 7T REAR 1F BE B (1 A F e
il NLRP3 23k, Jl /b B w4 g A2 7 ml DIRRE AS
BB X TG R T BT AR T B R IR YT L
Peng %7 JE SRR SN R (4 NIX 38 i 06 b
A W, ) ox-LDL 53 1Y W40 M A2 T, Zobr A
Y W30 Ao 24 457 R R 8 R 57 s 2 ROS 7 A 410 il
EWEAI L caspase-1 BYPCIE M IL-18 MY R, 24
AS FER PR R I, 2ok —FppLE Sk 415 B B
MR EME DS E A i R T, R, B AN i A
T-5 AS BEHURR G 1 %5 D) AH 3¢, (E v () 7B AL
W B 2 L KB

3 4iE

AS A L 95 AT e 545 o 3
PR TG X AS B Y BF TR IH B — A
Vi AR A, D AT BTSSR0, AN T AS
Ok R SR AVIN G . 72 AS BORERR 5 IS ML
GRS fE R Z T & BCs B0, 3140 I 4 5
T 40 0 S s AT, LR P R 8 059

IR I AS KA BRI IR B BE; VSMCs £RT 5122 4
WS U A 240 i R o 8 46 2K LA R I A R
IR SESR AT ENE , FEFE AS A HE R ; 5 Ik 4 i £
TR SRS T BOR R RAES R it — 2
TR A PN S S, B AS BREBR A8 2L 79 KU, 3 2
AS BT BE, IR, BIFSE AS Ko A e Ji vh 45 2 i
FETAVE IFIBLIRD X T AS Bivh BAT M B2 &
SC AW AR AR TR S K B 9 A B AR S — i
R AR AR R, R, 5 2 — 5
PR et AS BOTEARBLA , LR E] AS T 5 4 4
FL TR SEAT RO B A M A T A 2 e ARk g 52
AR
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Application and challenges of NHP laboratory animals in neuroscience
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[ Abstract)

Non-human primates (NHP) are becoming increasingly important laboratory animals, especially in the

field of neuroscience, where many significant breakthroughs have been made, including research on brain development,

neurodegenerative diseases, and psychiatric disorders. However, as their breeding and use grows, biosafety and animal

ethics issues should be considered. This review summarizes the application and challenges of NHP laboratory animals in the

neuroscience field from the aspects of an NHP overview, feeding and operation, biosafety, and animal ethics.
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MR AR B ASE Y |y I S SN A
S A R W AT N AE R,
Tk A S PIARES T AR, KM 45+ A RE Y
SERNEZE SR, R R AE A S AT 0 BB A
A R EAEE R WG A7 0 ) A LA s R A A
ZREG SRR I B SR LA R 22 B, SRR
FLSH S W N LA T R AR 2R B, 1T NHP
AHFHGANEE I EZ AR KRR IR, HA &
57 2T BE T, BERBAR A i LA R 1 5 2 O 47 D o
QiR Br s it

1 NHP SRIsh¥ 7 27434540 it Fl

NHP 73z H T4 B i sh WA A | A0 46 988 i |
SR EAC B2 AT R 2019 AF R
W R SEE AR BE il A8 1 v, NHP AF o e 2 Y
Y5 S0 A R A R PR 5 R B e A AU O RN T
WK ¥ T ERAER M R 5 AR n] b
() L Bh g, T LAAS S0, NHP 52 56 3l 9y 78 B | 9%
1B IS NS AR e e vh o G HE . BRIZ
A NHP 2 N 2R i S A BRZ
FAS TR 4 20 P 155 80 8 Bl FH 1 48 48 o 2 3o R R i A
(Nl oy SR R | (A4 /N BRUTE 9 0
Sz il TR 8 25 5 A BB A0 5 R
PR IEAREA R AN R 2 n LR K
fisi ARl 22 e AR A AR I NHP 5 ARTER T LY
AL R e g B R B A B S A
JAH R B A LAY B 0, I 7 75 i J7 1 35 Dk
Hl Al NHP 38 2 A7 58 AN 28 4 R G pm, It
SR G AF D995 1 B 32, TR1 A JHE M A R % 254
5K R IF H RS 58 1 2 Bl &2 4= (1047 R 2%
G3HT  TEREFE A 28 3 G SO LI AN 25 W 8 s T & rh
RAEHREMER ",

1.1 #EZIRITHEEER NHP =5

R R 21 B R Al /N TR B AT 2 A A A
LRl R S (H NHP B 20 T 20
ZPRFE A, A4 289K (Parkinson’ s disease, PD)
S — LR Y ek 2R A TR, 6 TR A 4 AR AR
HOLMT 300 77, JF HLREE S, Bt B
BORAEAR KA A BRI, 728 4 AR AH SC B
FEHLA I NHP A Ay e 1 - -4
-1,2,3,6-PUSALNE (MPTP ) i 5 NHP 5 #
NHP-PD BA ) & rifl, X ' NHP-PD BRI GE 5 3%

B 5 A —FERREIR , A0 7e e 2 L JHe ik = S B0 52
BRI A, O HLRE RS AR LT M 2R3N FIAS DN 3] o5 il A%
B ———FTE PD 2 IR YT B IE B A
SR bR I B NHP 36258 PD ARGZ
WIsIGYT i BB AT B NHP 52 B ) s
T TR BRE BRS  25 ), A PD By T 40 YT v
W AT LAFE NHP AR e 7 RO 22 S PRI
5% PD, 7E Bf /R 2% 15 ZR 9% ( Alzheimer’ s disease,
AD) BFFEH NHP 024y B AR AD 2 {5t
B KPR AT RSN, H A JC— 3B X AD 5
VIR 25%) 107, 6 ISER 73 1) 25 ) R 4R ¢ 1R 7
I R I, AR ER 4 i AT Il IR =00, (HR A
B AR B A2 AD [ & A L A
WO AR S 2 POE B HATE £
T, Bk ) T 2B S 5 PR A KRR
SRt AE, Apoe Trem2 LR AR I 2 S B AD
TRAHEN 2~ 4 £5272 R 2 i s A R
PERY AD S B TR AD 2510t & | & BLHT
HILEIHR S R A B AR AL BESE . AD B 5 rp i
FH 5 22 R 2 2 B DR /N BROESOR B, 7 ik PR sl ) [
NHEF T AD AL A S SO R I, FEREALL AD i
—ERE ARSI FR MM AD T (CGEE R AR
<65 %) ABXS T B SR R b IR Z UK
P AD GEH B R AERY >65 %), Wi 14 3l 4 5% ik PR 5
TR T S WIAS B 1 77 di BRI B DR R R Ok o A
PR, 3 BETE R 3 AR BEH ) P L R T
TTHCA T AD — MR A 1, PRI e R/ AD
SRS et — SRR T NHP HG 5 24 2
RIRBIPEH, B AR U R, B4 AP B2k
KR e A 3 B A 1 MR 4 (ROS) T BUR &= 19 A
LR R AN, e & B T, B4 s b
RES S 30— 8t DA R B i 1) 1 AR 3 28 1Y Sl W
BB T 2 FMRECHE 16 2 L1 E Rk
H 2 AR AT TN S Y AD AT R SEARIE X
HE AT 2T e 3RO RITBE I B A I S i afh , 5 A
SR OLEEARARL, 15y 40 B LAY 7 ik, O HLAC I
] SR 58 AL 2R B8 2 FI N N 2, e AR AR T
Y LN AR S A, NHP BEEIZE T & AD 254 h
ARG RIHE, 72 AD 25901 & rp— S8 ik 25 W) 7e
WA SIS Y rp A S50 AS () e b SE 2% T 9 o E
R AR A A AT AD 25T R AR
ABETEAN S LB, XA IS vl e 2 th Tkt 2h
AR ZE S FER, AN Z 0 b, w5 2L s
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REREUIZRILTE AD Il R IPAL Hh 8 58 38 fin &2 2 Y 4T:
% R AT Z B9y k0 i it AR SR Y
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BB AD BRI, RS BEH A B Tau 8 093
JEWERRAL P20 0% S BT 40 LS Ak 52 i s IR A
RECU(E D),
1.2 NHP HfE M ERIEE

Bl AE HR FORG PO 06 VB ZE ML 1T
PE T ZBICEEEN . K PBIR 19 4 9 AL ) 7 1
HI— R AT, &0 ZAE IR R VI, A
PI E 4 I —Fl BALAL 10 BRI A T B A fh &
18 A o PR A DL B — o s A R R 7 AR Y
PR MRS T WG 5 Sh ), NHP A % T & 2R 4
AT R, IF HREE R B 5 NS AR ABL A .0 FRAE
AR EVFIE 5> ZLRE  PIARAE | B FE 450 1Y
RS, BT A B L 4 BRI EOIR (25 TR BR
il REIR AR R A AR ) M TR RO T &
O EFINEBFEAT A fE AR R TR
BEM Lo X Pl 28 2R G i OB TE I 3, IR E N B0
AR 3 22 118 M TR A7 i S B — 2 Y 10 AR A
ARV BRSO IE I 5T R W, K 29 HE — 2 A P AR
iE £ TR R R R R 0 & A i 1 3 g
Tl L PRI Bl 2 5 AL s 1 5 R R 7 2B Bl i R AR = T
FERBMGIR I AT A TPE FBOM T B (HAE— 2 0 I

Ko EPAE & — Fh FL A AR 58 19 5 3815 A O 1 %=
g0 R B VR Y S kB R B ST BE PR A B
TAEBE LR AR AR R Ol K2 B AR A T —
Ffid ik CRISPR 2 (K 9 5 R 98728 Shank3 KL A 1)
F PATRE B A A | ok RS 80 1 B T K o 28 0T
DIReiE Bk /D, AR 32 30 A58 [l k| Z A AT ok 45
H FREREAR B A6 AR SR it — 20 FF R IG YT H ALAE i 24
Yy B AR
1.3 NHP B fE S

JENRKEF R 25400 5 AN KA H 7 1
36 FH T 2500 F DL BSOS Ra AT o Fn e a0 4
TFFE ) ot L ) SRR IR 24 i O S e 5 Ay
FE0  RTRE IR A B b 9 ) TSR B U AR N A
Il PRETAE ST T P 64T S, AR AS BN 42 1)
FIRAE TR A A NIEZARE T IF R IR R 5T 2
AR B] 225 A RIS A5 3y R R 42, &R T
PLid it i NHP SR 58 HsUgapil ] 451405, T i
RETL R e S
1.4 NHP #Yfx Il & iR E

i 055 5 e A 7 0 R TR | R R R
B AT YRR AN, e S i e it e A R
RZ2 UL S N TE R A R AR
ki 11055792 95 ) P A AR e A< v 24 ) DT A A R X IR
e i A A T B ST A AR AR DA R i 5 2
YRS TF R A 2P ) BT (R 2 AR X
PR 8 FR SR AR ) i 35 25 W 7 S 22 I R R A4
Pt | A NHP B8 T &k A rh 259 DL R 50
TE43 S8 BN, Meloni 2570 38 i /8 %7 K
Jiki vh Bl ik P4 ZE (MCAO) F-AR 7 T B B i A, 56

F 1 HURE NHP-AD BUEL Y E Ny LA R
Table 1 Establishment and performance of a sporadic NHP-AD model

ik FH
Method Performance
16~ 17 AR NS AB42( 1 mg/mL) FIERY AN AR FLUR Mg TRt IS A M3 A 2 RIBEF R (25 1) ML g6 4147

(2 mg/mL) P
Intracerebral injection of AB42 (1 mg/mL) and thiophene
(2 mg/mL) in rhesus monkeys aged 16~ 17 years

HFERIULLES
Intracellular AR accumulation, neuronal deformation, glial cell hyperplasia and no

difference in behavioural performance between the group receiving the same surgery

(blank) and the experimental group.

13~ 14 2 0 I A 38 5] 1 3 s 2 88 (LPS) 5 AR i
23]

Intracerebral co-injection of lipopolysaccharide ( LPS) with
AB protofibrils in 13~ 14-year-old marmosets

L TAFRRIE M (5~8 4, J6 AD MICZEAE) #ELE 12 4
04 P S

Young rhesus monkeys (5 ~ 8 years old, no AD-related
mutations) were given intracerebroventricular injections of
formaldehyde for 12 consecutive months

2/3 WYSLTESPBG b i B T 18 M R RE IR, 10T RS AR AUBCA I BLBEER
Chronic inflammation and plaque developed in two-thirds of co-injected marmosets,

while no plaque developed in those injected with A only.

TEMFER T AR M, MR A REBED , M 28 LT AR G 25 (NFT) JE L, Tau 2 13 BE
BRRRAL , P22 00 T R R B A 4
Amyloid B positivity, neuritis-like plaques, neurogenic fibrillary tangle ( NFT)

formation, Tau protein hyperphosphorylation, neuronal loss and glial cell proliferation.
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PRIZARDL
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Vi e N 2 DA AR NHP MBI T8
FHAME 25 /N B R B AR BT R W& sh s Tl B ),
YIRS 2%, 57 58 M FE TR AH DG Y SE g 4
AN G EESR AT Ry ™4 A2 2%, O HH AT /Y
YRGBT NS B e BE 1 g B e | R O A % B
KB LR L S ST i Ak AR R R LR
FEAYR S, 5NEFEAR, JEAR KLY
ST SRV 58 4 45 1) S 00 A B, A0 4 J AR R A 45 1
RE AT R H B RS R R AL 247, AT e
RN GIHERIAE R 5k B 5% VA OC 46 241
AL DA K S S 0 Ak 2 fd T B0 & R 0, 7
LT GLFE U e DR S 6 R A B S 6 1) 5 B
A LA FH %) AR DA SV A 1 26 1 2 4 AR 3L )
T2 AT BT
2.1 BFEBENRE

TRt B A A A T B ) s IR 2 A 9T AT
HE B EY, [ 1990 LISk BEE E PR IR
Mo AR OC 2R 1 2 7 R [T P B2 2 BF 5 0 S 1 e 5 oK
RN, T S 06 O S A R A PR 2 R By
B, SR R MR AGE ARG K, B HATE
HIELRIASE TS A ) SR E 5 5 B AR G AR
AR o R A [ 28 S0k 1 R /N B A 3 2
P, T LHEAR N Y 7 082S 8] B I R R R A
I ELTF A D) X 7335 26 S 35 4 1) B Ay, A0 46 iR AT
T SR Y (TE AL R PR IR AR ) FIOR SR A
BB BN AT 7 95 B S NHP 7 B 2 s ] —
A 40~ 60 d, B TAASHE A N85t BB S S A AT 42
We, FRIE R AT S AT A 1Y 1 5% DA R AH N
MITEFECR  BAE S ET id 5%  BEI0 5% LR
KPR BEIEIC A L IF AR FRAE A A
RNV A E YN S A2 e g i3l
AR Bk, AEARKIEH THEH S5 A%
2 ST LIS N (AL R EA PN
SR AR e K L s i o B R, SR
FH w5 25 S5 2 ) /N RO BRAR B, N5 NHP (1]
FETEH Z Ry L BB (£ 2) .

FUAEH SOP FKE RE it A A2 By 1 AH 56 N 7 3L AR
PRI A 405 A O LG A 41 3 3 ) Pl v 7 B T S A

BT, BB R IR LTS AR O 7
PUARASIN PR | BRI A 5 sy el v A
(477 FE AR RS RIS AN R, {5 2 5 By 3, 5
SR AL FRIE AN N B SRR
2.2 LRRIERE

LR B A RS BRLE , OF BB
BLEIIC SR, BT NHP RS T HAR G5 28/ s ok
YUK, BA — 7 M v, 75 2 Lol i A
B PE I HLBC 3 /A E B RS, DL 15 S 56 3l
W T ) 2 1) 240 25 0 ORI T R 4R A e ]
W RGN BRAE I AR AT 5 R LAY A ) 22 42 45
RS TP AT, NS R RSO ALY
BN Bl ke IR i 3 [N 2 0 350 A 119 512 60 R ol S iy

R2 MER /DRANE IR SR

Table 2 Varieties and severity of zoonotic diseases in

monkeys , rats and mice

PRI Uii3 KOMRG UERRE
Diseases Monkey Rats, mice Severity
T i
Salmonellosis v v Low
e T B B 95 v {[iS
Yaba disease and tana pox Low
JFRZ v i
Measles Low
SV40 vV fi
Low
=S v {(iS
Rat-bite fever Low
58 v H
Tuberculosis Medium
FoAERENT 4 v i
Viral hepatitis Medium
AT MR v i
Bacterial dysentery Medium
sk v s
Malaria Medium
P SER7IE/S v T
Amoebic dysentery Medium
i g v ol
Encephalitis, myocarditis Medium
e y i
Marburger’ s disease High
B A y i
B-cell infections High
BT v i
Rabies High
L0 B A v i
Lymphocytic choroid plexus meningitis High
TRATPE Y I A v =
Epidemic haemorrhagic fever High

VAR IR FE R, R S A P T
Note. V refers to the presence of such zoonotic diseases and is classified

as low, medium or high in severity.
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P ZEEPR AR S A E LR B 2%y, it —
A gD S8 B s A B BB VE AT R,
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[ Abstract] Exosomes are small endosomally derived extracellular vesicles with a lipid bilayer structure, and they
contain substances, such as proteins, lipids, DNA, RNA, micro(mi) RNA, and long non-coding ( Inc) RNA. Exosomes
participate in pathogen recognition, antigen presentation, autophagy regulation, immune activation and immunosuppression
in bacterial infections. Studies have shown that miRNA, IncRNA, and proteins in exosomes play important roles in
regulating antibacterial reactions in organisms. We reviewed the immunomodulatory effects of exosomes on several
intracellular and extracellular bacterial infections to provide a reference for those studying the interactions between exosomes
and bacterial infections.
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PR ML A3 o A TR 22 RE ) P A 8 A 1) T4
Z 4K (multivesicular body, MVB) &% % i ffd 351
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M), Smith %5 SUE S A1 UL Mitb 8k e 1)
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i 356 1) g — -2 B, DT A 280410 o A 5 LT 1 24
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AR A I A B A AR W D RE . BT I BE A T At TR
KB IF rh AN A2 R AR A

HSNIMA Z: 5 A B G TR Y 2 R, b
& miRNA S-S5 WA T TIEAT B A OG 1 /8 P Rz 4642 O
2 5 R RAE S 5 A IAA IncRNA 11 1l 21 BT J% e
5 | R 200 L A0 1R S A N 5 A A 2 1 RE R 4 R
FER, IR E R0,
2.1 BINEFE

AN TE | TR KT B ( Helicobacter pylori, Hp)
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adhesion molecule-1,ICAM-1) [ ik T IMLE N I
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B BR A B B Yy, Lne-AFTR J& — B 4 3E 4 55
RNA | 7F 4 B () 25 R T 2% % 240 it A/ 0 A Fn 3L AR 42
HLh B E T, Chen 251 (i BF 97 32 W] 40 Wb 1K
Inc-AFTR 3@ #Ii| TNF 5538 % 1 MAPK {5 %538
P SR R A o) 4 (0 A A B D S S I Al B R T
FIRAE R

it 480 7Y AR 4 35 65 ) 49 2K T ( Methicillin-
resistant Staphylococcus aureus, MRSA ) i i3 73 W o —
FLBER 5 AN 1w ) 4 8 R i ADAMIO 25
A SRS AN M AR, 51 40 R K AT e e
BB 58 R B, H WA SC & 16 A 1 (autophagy
related 16-like 1, ATG16L1) {4 ¥R 41 i 5252 o— % FL
FEEDY , LR E | Keller 2517 BF 581 52
T HWEE A ATGI6L1 At [ Wi 8 1 ik [ e i
WIS A ADAMI0 5 [ /M A 5 B 0k Hh AN
N F= A o - 28 FLEE 28, 394 0 40 400 i XoF 400 9 1 e
Pk, [AIE, 27 DNA Il CpG DNA A5 S/ B2
ADAMI0 FHMERSMIMATFAEAR SN G & Z R 2R, $2
{5 1 MRSA S /N BB A TG 3, S s 1 1E
FAIAEGE F & A ADAMI0 & [ 4 W kA i
T, R 20 B R T 1 L 7 2K A IRk ik
SR TR — BT e A0 S B AL, R
MRSA J&YL 85 IR IT ST %

2.3 KBEH&E

KA TR IR e 1 32 40 B R B/ WA AR miRNA
READ I A WA RAE LIV . Larabi 45 (O BF5E 2RI
KGR 28 M K 5 T B (adhesive invasive Escherichia
coli, AIEC ) J& YL I I K¢ 240 B (intestinal epithelial
cell , TEC ) 12 #F H: /3 W45 28, miR-130¢ A1 miR-82a i)
HMNIBAR 3K 2 miRNA 585 3 Z K i T 5z 40, 8 1
B R ATG12 F1 ATGSL16 3635 e 4m il [ my
T BB AR T B
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Xu FED (AW PR GE R MK B A
( pathogenic Escherichia coli of urinary tract, UPEC) 175
T SEALRBEA S) B SN FFAE R SMIE SE A b A
WY TNF-o IL-1B HI IL-6 833k IF42 3 ek 4
JfL M1 T, HL R A 5 B 5 A A A Hh iR e 3K 1Y
miR-155-5p I %,

Imamiya 550 3 5o 52 56 W 58 8] — A~ A7 R 1) R
G K K AT B A0 B 2 Y9 ( outer membrane vesicle,
OMV) HIE R EE 1 CirA R C A Ui 26 2k 1] 5 0
AN D R A I T AR T R R A i 0 0
AIAMIA A A 5 1 S E S, R Bk H K AT
OMV 755 14 5L 155 240 L &7 0 A4 1) A J 0 1) 15 e &4
TR R AT . AT T AR IE o S IS R WA
AL LA TE AN
3 SMMARRENLA ST B P E AR SN E R AR
FHXARE

JiE P TR AT TR B B0 £ A BT A [, P IR
PEEAT LA T T 256 41 T A 3 107 25 114 7 =l A A T
I PR R A PN AT RS B e L T
FGEIHE AR XS AR, AT e R GE R A

AR 1 5 A 9 SR 56 4 A SR AR TR P9 B
JEVRU R G IR 5 i o A A ) A 2 Rk AR
L PN B A0, AN R — Ty Tl 55 52 T
I AR A AR P TR, 55— 7 T i miRNA
T 1 et A A 4 A0 BT A B PN AT 5 X R P T
) SR8 IV 225 T AR R S PR A0 L e g AN A S
TR G2 AN L RS B o

J AN B P A 7 A A AN, ML ST BT A b B Jk
Yo FEARBAR B o BE, AP IR miRNA [ IncRNA Fil
R AR A TR U e G 8 R T P R AR
HRIMA miRNA-25 3 3 miR-25/KLF2 fli/ S 14 [ 12
FFBRAH SC M4 P R 461452 s miR-155 755 41 i 11 4
i S5 A A 5 5 2 R AT o) S8R ST A T TSR AT I DA B
1k B T IEAT R e B R A R Y UPEC i S0 22
LA AL A3 85 P WA 5 #3519 miR-155-5p i if
HERE R For I RN WA A M1 3546 SM A Ine-
AFTR i 4 B (5 5 2680 BR T8 75 100 200 R0 000 T R 9
FEIE L AMIMA ADAMI0 2K 1395 50 41 L X MRSA
AP (F 1),

R MBS TLFN A ) G2 I 1R I

Table 1 Summary of immunomodulatory role of exosomes on several bacteria

AR
Bacterial type

IR

Bacterial name

HNIBAR I G ye E AR

Immunomodulatory role of exosomes

i P

Intracellular bacteria

IIRAT
Mycobacterium

tuberculosts

LRGN

Mycobacterium avium

A 65 FR T

Brucella

IR

Salmonella

fEsh A

Extracellular bacteria

B T TRRAT

Helicobacter pylori

SRBTE

Mycobacterium

(1)  Z5HURUN

Participate in antigen recognition

(2) WIS SRBEANM (T 401

Activate immune cells (T cells)

(3) st/ Al Sl B s 4 A 5 £k

Promote/inhibit the activation of naive macrophages

(4)  fEHE/AMH A

Promote/inhibit autophagy

(1) Z5HUERS

Participate in antigen recognition

(2) W% E w2

Activate macrophages

(1) Z A fL it an T g

MVB promote bacterial infection

(2)  ANBAHFEIZ TFITM3 0 20 B Fo I A 730 R g
Exosomes transport IFITM3 to inhibit intracellular viability
and proliferation of bacteria

(1) V% B w2 i

Activate macrophages

(2)  RREIAE 5733

Stimulates secretion of inflammatory factors

(1)  HMPAE miRNA-25 @50 miR-25/KLF2 fili45 Hp #H
SR N B 45

Exosomal miRNA-25 mediates Hp-associated vascular
endothelial injury via the miR-25/KLF2 axis
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A T 2 B

Bacterial type Bacterial name

SMIBIAE) G R T AT

Immunomodulatory role of exosomes

S W OMEKE

Staphylococcus aureus

KIGHT B

Escherichia coli

(2)  SMEAE miRNA-155 § 15 448 K 2030, 42 3ff 1 ik
200D B4 2% T A
Exosomal miRNA-155 regulates the secretion of inflammatory

factors and promotes the bactericidal effect of macrophages

(1) SMEAA Inc-AFTR #1] TNF MAPK {55 3 H 199
T DA T 400 1) 240 BT 5 19 200 L0 1 0 S S

Exosomal Inc-AFTR inhibits the activation of TNF and MAPK
signaling pathways thereby suppressing bacterial-induced
apoptosis and inflammatory responses

(2)  SMEA ADAMIO 2 1 F R - 5 £L 24 IR 40 e ek
y'%

Exosomal ADAMI10 protein neutralizes a-toxin to resist
bacterial infection

(1) AN miRNA-130c Fl miRNA-82a 0 11 15
Exosomal miRNA-130c¢ and miRNA-82a inhibit autophagy
(2)  AMBE miR-155-5p f 3t 4 i F 720 W A0 M1 28 |
Wiz 2 L 3 1k

Exosomal miR-155-5p promotes inflammatory factors secretion

and M1-type macrophage activation

4 RESRE

AN LRI LS B v 2544, nT 4V AL s bL
EHMAYRIRERAM, & IFITM3 ADAMIOE
1AM A R BE B R 7 6 [ B AT MRSA & 1
BITHRZ — ., SMRBRER [ BOR miRNA 7] LIAE
ZREEpIZ W RS B AP AR S, W miR-421 1
JA T RE A B MR IS Wi bR BT miR-185-5p A
REFE MES Wi i AL AR s ™ Beah, Ah ik
A RS 4 TR A G Bt SR 2R Flw%‘%mﬁifﬁi%%'
PEBUIR, e B R S R LB SN AR A Sy —
B A B Y SR P R | e R
COPD “F Z P h B ¥4 FEAE L, & B AT
AR Z — o A SRA WA G fuf 38 775 AL A4 XoF 248 7 Uk
YLty G2 S g AL T R B 5843 Ak A K e B B, A ik
PRAE A PG 2 W IR 97 T 0 v ) R
Rt —2 K8 .
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Antitumor mechanism of Ardisia Crenata Radix

REN Qunli', LUO Qian®, LIU Huaqian®, WU Faming’, HE Yuqi®, LIU Jianguo', WANG Qian'"
(1. Microbial Resources and Drug Development Key Laboratory of Guizhou Tertiary Institution, School of Stomatology,
Zunyi Medical University, Zunyi 563000, China. 2. School of Basic Medical, Zunyi Medical University, Zunyi 563000.
3. School of Pharmacy, Zunyi Medical University, Zunyi 563000)

[ Abstract]  Ardisia Crenata Radix is a traditional Chinese medicinal plant that belongs to the Myrsinaceae family,
and its main active components are coumarins, saponins, flavonoids, and volatile oil. Bergenin, ardisicrenoside A,
ardisicrenoside B, ardisiacripin A, ardisiacripin B, and embelin were identified as active anticancer compounds in in-depth
studies into the anti-tumor effects of Ardisia Crenata Radix. They show high therapeutic potential in oral cancer,
nasopharyngeal carcinoma, liver cancer, colon cancer, bladder cancer, cervical cancer, and leukemia, mainly by inducing
tumor cell apoptosis, increasing tumor cytotoxicity, inhibiting cell proliferation, inhibiting tumor cell metastasis and
migration, and inducing cell regulatory enzyme cascade reactions. However, most preclinical experimental data on cinnabar
root’ s anti-tumor mechanism have not been verified in high-quality, multi-sample, and repeated randomized controlled
trials, and there are a lack of clinical research data on tumor prognosis, pharmacodynamics, and pharmacokinetics.
Accurate research experiments and clinical trials should be designed to further explore the pharmacological effects of Ardisia
Crenata Radix.

[ Keywords)] Ardisia Crenata Radix; bergenin; tumor; anticancer compound
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RHVHR Ardisia Crenata Radix J& %5 4 4 FHE W)
RAPHR Ardisia Crenata Sims [T | 51 24 2140 4% |
KB\ 4o BT, £ T, 3R E S
LR <o L) I N I T A NN R Wi I 1 = I
A6 FEK AR PR AR b, S 3R R ) AL e 2
bz R R R 2G| SN A R R R 2
/N e oK I 22—, AR IR o7 P I T R e | O
TR FRMA LKLY . R
T 24 H) 2020 4E AR, A SRR AR ST
1.5%" R oF W7 50 H &, B RS R
TR RV CEERZE B R PRI B S AR
KM Ny, BATUR BN DA A R
MUBE PR AT B0 AR B B ORI O 4 i A 2 AR
FAN e, — 30U A2 A A e B 1 g , 7
MR i, BRI SE TR IEAE & T 428Kk
TR ABIRTT IS 1Y 5 R TS LA KA R ARAT)
SR GG RAHDC, I HLSC A 5 1R 7 v d B
MRk . BT, MG h 2 B & A VF 2 2R W
o3, BRI TR R (R TR AR S
SRV PO BUE A W B 2 RGEE R LRA
W AR SCRRAHDAR AT e % P B 43, AR Y AR SM e b
A AVE RIFLTIAE — 2538, DU R AR S 5 0F 58 F11
I PRI ISR BB 2 2 4R35

1 REGIRGUEE MR 5

RO F2E o> & LR BT MR 2R
HAGUMIRVER, W6 BRI & WG A e R
(bergenin) RADHR AT (ardicrenin) (ARHMHR LA
A" (ardisicrenoside A ). & ®W W B H BY

(ardisicrenoside B) | T4 M 4 e AP ( ardisiacrispin
A) EHF4 T B ardisiacrispin B) Fl#L DI ES
(embelin) &5 AL A ZEAUNIE 1, ARADAR 27 44 S i iod
AP AELL | B BE FL 2 9 5l K R Plants of the
World Online | Kew Science website ( https://powo.
science. kew. org/ ) , L2245 K3 1k ChemSpider 52
(http ://www. chemspider. com) "' | #F5E LB, A1
SEF A TR 4 RT4 A1 TCCSUP T )
MR ARSI REDUIF A0 HepG2' ™ 5 RAD AR
B FREDARE A A XA A549 FLARE A0
Jitd MCF-7 il MDA-MB-231 JFJE 40l HepG2 71k
FU R B H M AR A M WA B
T LA g6 20 MCF-7 i 92 4 ] NCI-H460 , A
M TR AN SF-268 JTFRE AN HepG2 AN 41
Ji Hep3B HI4HIE GO/G1 491, V5 A i g 1= 5 1 A
GRAT A BT G H A HCT-15 5240,
KA O TR 4R R i S A T
AR, AR A MAMESEITFBLI2: 1
AL LR A 5 W AT 40D Bel-7402 | 55 M Js
A KB B SR 4N HeLa B9 S5 40/ SKOV-3 | 5
JEZAN BGC823 L i 4 g MCF-7 B A7 41 il 77
P, X Bel-7402 4 i A ik 35 19 P 98 06 M, T DA e
TN o AR G R A R T, o A RO
TR A I TE > RN SRR S SR, 4
H A AT LU /N HCT-15 e #1 SRS AR AR AR, 4
R A DL R R AL G2/ M
BUmANM T AT AR YRR S S R A
SIS AR A0 A PC-3 BB, U A R T,
L A

B1 RS

Figure 1 Ardisia Crenata Radix and its active compounds
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2 SRESIRETAREALH

SRADHR BTG 43 B V8 42 200 Ak )30, 400 ) A g
S0 e 3 HE RN A5 S A B R T, 3 E D A e 4 A A B
FZ T8, Xt i g LA o ik 1 240 B 2 1, DT & 4 Bt
IR ERI (L 2) .
2.1 FHEMEMRAT

i Jeg 2 22 35 DR AR Ak S 04N i R 0 A 3L A
AR AR B — S A R s R AR
P B A3 T 38 S R 0 B, EL T 400 R B S 2
MO TR BB AE . A SRR DL ORI
R R AELE G111, I d G2/M Wik =5
FFm AT sET=" , ERE T A a4
S B OGT e 4 ) A A EL A AR A R M, T
A6 ey 2 6 30 <2 BEL, e 3 A e 1) A K ASE BE FE GO/
G101, NI S an e ga =10 L e o, 200 i F 3
BEVEMCE  ANAE I 45 S5 A SR T A G RAPAR B
TAEH Nl B 40 il PG|, Bel-7402 . KB, A 45 7 %
HCT HeLa A I 20 B HL-60 J& , 9 20 B P9 At 2%
WIRRTHNGE 2 AL A28 /0N A [ 46, Bl vT D0 200 i
PET-U E P AR AT A ffASE B 4N HCT-15
BT RER AR, e T 5 | B 40 iR, i
SAMAT Y E SR A AP SR B L2
S 1B HBRE A, R Bel-7402 20 M A 3 B BT
P AT LA R 75 P 1 5 AR 4 S IR AR T
OMRACE R AR A AN AN TR
W — PR R R caspase Y 22 % R £ H 1§ A1 Bel-2
FIEIER LR H AR 05 Bax FIZL#
1) caspase 3 R FI7KF, BEAIK Bel-2 7K AT 3 185
oI 4 RT4 A1 TCCSUP P11,

2 REDHRRAT AN AR AR T AR AR R
Figure 2 Ardisia Crenata Radix regulates the
cell proliferation, cell cycle, cell apoptosis,

metastasis and invasion

2.2 HDHIZEARIETE

AP XT i eg 248 it 2 PR L 55 4 B R, T
il R ARG TE RSP SEER AT SR R 2
P BRI X i Rg 4 i MCF-7 . AR /NAR i il NCI-
H460 FA M2 B 4N SF-268 17 BLH AR5 Y
AN EE TG M A A AT A B TR MR
FME R A X R @R A1 WM793  HTB140
A375 Hi 8R4I DU145 PC3 25 s 4 Caco
2 HT29 HCT-15 Fl HepG2 AR m i, M4 12
T B XA 0UE W 40 g HCT-8 , AT 4 /i i Bel-
7402 5 B ANM BGC-823 A JHiJEA 40 A549 A
SBEAL A2780 FI W 40 i KETR3 A5 4 i 7
L0 R ZOR A ARG DU145 20 0 A7 5 51
BOR X WMT93 g b EE R REPIRE AT C
FIRAPAR L AF D 1 ] PR B2 R (eyclic adenosine
cAMP ) M B BR . T M
( phosphodiesterases, PDEs) A% 7', cAMP %} T
ML T SR A AR M X AT BE R X
Jged A AT VR R i AR, AREPARE T N AR AR
AT Q X NCI-H460 F1 MCF-7 A5 454 1) 40 i) 257
KPR EAF O AR B AT P it 5522 R
PRI REPAR T A R B R ORI R 2
H S .ardicrephenin  P5 57g f7 8 2 4 7T A (eyclamiretin
A) . cyclaminorin I ardisimamilloside H Xf A549
MCF-7 , HepG2 #1 MDA-MB-231 4fi il 2 ¥4 i %%
WA, 20 2R RE . [ AR e 78 4 B 1% 1, 48 m
G1 I BH#, [A) i B A% Ki67 | J& 18 45 11 D1 ( Cyclin
D1) FIJE 1% 4 B1( Cyclin B1) 9323517 Ki67 & —
TP 8 B 4 00 R DG B i, 2 A0 M SR AR IC P, K67
A0 iR R 7 A T e A A R PR A SR B
DU A R A M HepG2 40 s 5 1
RHPAR BB A X PG . Bel-7402 KB  HCT . HeLa  HL-
60 S5-Ji 2 M 14 AE K 3G B AT B R A a4 L 1C, 7R
7~15 pg/mL L N, B P4 2 A X NCI-
H460 MCF-7 HeLa A\ [} | K¢ J it 25 40 i KB-V1
A RIER Y b, AP AR EC PR B
JRIK FR-900359 5 i EL Ui 240 i & 3545980 1 i
(extracellular signal regulated kinase , ERK) F1 Yes #H
FFE 1 ( Yes-associated protein, YAP) | YK B4 R 41
HLO AN A Ga,,, 5878 19 N 7 JIE 2R 40 3R
JRE 2 i 22 Mel270  Mel202 Mel92. 1 1 OMM1. 3 4fi iy
(A ) Rmb AR Y B B T A L R A /N
AR Bk AH ¢ % 5% [ F ( microphthalmia associated

monophosphate ,
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transcription factor, MITF ) & [1 A9 35, 34 I % 2 12
fiE £ H ( tyrosinase protein, TP ) [k | #1410 g
] JE T B R A B ERK R85 AR BELEE 3 -4
( phosphatidylin-ositol-3-kinase, PI3K ) /& H ¥ i B
( Akt {5308 66 A TR0, T R 380 P (8 3R A A
W 0 IR AN BIGF10 345 > (R SL IR BT SE
FEH R M It gg 19 & A kT B AT W 3 o AR
P B BT e 0 235 i JRa TR ok, S S AR Y R
PR X A A5 38 53% ~ 65% , I 2 BLIE
FESGTA B AR M 25 - O R ™ 5 3R L HCT-15 fife
TR EURSATR , F P4 B A Ik R A
2.3 MHIpEA S RFTR

Ik AU A0 W T R 14 B 40 500 2 1y (peroxisome
proliferator-activated receptor vy, PPARy) &4 Z A #
FIG R ECAA O 5% S K5, © B I8 5 M o A
K VAT oAl I B B RS AR T b R fR] ST
4k, (epithelial-mesenchymal transition, EMT )t /&
IR 240 0122 2 R G RS I S B R T R e
PPARy il Akt/GSK3 15 51 [H 101 il 21 i 114 4% 78
FiER ™ PPARy B4R IE 81 B MR IR I 5 7k 1 K
H [A] J5 %) ( phosphatase and tensin homolog, PTEN ) il
B2 PTEN S —Fi JohoRT 40 ) 25 1, 55 1 S8 R AT LA
%% PPARy M35 0% PPARy/PTEN/Akt {5
S AR (% GER AN EMT WA VR
bR R T . REDAR £ R Y B
AT R B AL T A, AR 5 R R - 2 - el 2R
BE AET H—a-D-TRMR T 0T B HA 83K

UM R TG, VR EE R 0. 8 mg/L i), IE T S -a
~D— W S % MDA-MB-231 41 i (156 R 4 4k 58y
93.8%"" . MRHEMHR 43 BIAS SR FRARBEAR K FR-
900359 , il /N RSB A R IR A MY HCmel 12 53 — 2K
K G HEAWEE Go, WM, MHFIBRERAE Ga), ™ B
AIVE A R GaQ/ 11 # K H R Vi 0 o 0 4l
5, R AR A AR

3 RBESRE

RADHLRZE G 2R BHEY) , HARFLL A (Ardisia
crenata var. bicolor) 5 KRR EL X R %Y, H
PR R, 2R AR B IR A ZE Y H TR
RAD R Ay JEURE AR 78 1) 7 it A IR O 3 Wk A R T
JRRETE BB LA B AR AR A i1 AR SRy i e
Il AR 2540 v A LA iR 10 & A Ok e R AR Y
FHRHT S iR T 58 B AH DG | S A 4 45 b S e
g2 i DRI A e 3 D 1 AN el N S 1
NI i R O 5 I 2 L R A 2 RV
SEIR YT AR 3 G T R R A R, (H
SRR FEICT- AR AR AR Y Ik, %
PRI AL T DA T 6 21 Jib e 16 9 1 B SR g 3 A JE
BE. 21 R, IR RETAFSE R BT, AR B0 % 1
SEERAAXRE AMESHT A B KRB
A B R ER 38 ik 175 5 g A MO T 00 R 4
A I S A0 A= 28 I AL 0 T Ak i g |
W ZR G IR | W PR AR B AR G IR | 3 Il AR G R A
A ARG 1Y A0 9 A o T I R 0 AR KR

R REMRGTMREAE L]

Table 1 Antitumor mechanism of Ardisia Crenata Radix

PR AL B9 Filk ERGE M 25 HE M
Active ingredient Cells/ Animals Dosage Main pathway Pharmacology
0, 3.12, . NEN PR,
o AR I e s AT I BRI
“ ™ RT4, TCCSUP T "7’ Bax, caspase 3, PPARY/PTEN/ Induced apoptosis of tumor cells,
Bergenin 25, 50 e e Lo
Akt T inhibited invasion and migration
pwmol/L
S B HenG2 18, 120, 145 G171 AT
Bergenin, embelin r pmol/L G2/M | Induced apoptosis of tumor cell
T Zm i g, S A T
_ [14] HCT-15 8 wmol/L sl Inhibited  proliferation and  induced
APigEH A apoptosis of tumor cell
Ardisiacrispin A . \
BRI 60, 50, 40 MR b R 4
Nude mice mg/kg Tumor volume | Inhibited proliferation
v
4 A+ T i REEET SR
B B(2:1) [15] Membrane permeability 1 HSET s I AT
B ’ Bel-7402 1~10 pg/mL A%, IR 0 L PN B S | Induced apoptosis and inhibited

Ardisiacrispin A +
ardisiacrispin B(2:1)

Nucleus,

microtubules  within  proliferation of tumor cell

tumor cells |
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&Rl
PR AL ) bk ERGE 25 HE
Active ingredient Cells/ Animals Dosage Main pathway Pharmacology
AR T A AWNE
BEBURUHREE B,
R TR R
1 MCF-7, NCI- e yEE
s Y 1
Ardisiacrispin A, H460,  SF-268, 5 pg/mL GO/G1 | s HAEANMLIA T

ardisiacrispin B, HepG2, Hep3B
ardisicrenoside B,
ardisicrenoside 1,

ardisicrenoside J

Induced tumor cell apoptosis

PG, Bel- 00 5H] Jie g6 A i 1 5 S O o A
7402, KB, 715 pg/ml. SERETR AL ST AL Iy | T
HCT, Hela, - Clonality, tumor cell viability | Inhibited  proliferation and  induced
H AR Ez,v%ﬁ[lsj HL-60 apoptosis of tumor cell
Ardicrenin
PR 40 mg/k g 1A R g
Nude mice J Tumor volume | Inhibited tumors
R 10, 20, 40 MITF, TP 1 REAVC S 2 I
Methanol extract rg/mL ERK, PI3K /Akt | Reduced cancer formation
EININIT YN HCmel12, ARV
- 9003;9L25J Mcanl;O Mel202 AT R A AR RS
i . . ’ 4 Ga,, Gay, Q0L "ERK, YAP | Inhibited  tumor cell  proliferation,
Cyclic degreasing peptide  Mel92.1, I metabolism and migration
FR-900359 OMML1. 3 > : g

BT L XA T AT B B A R RCR , 4
AL (0 B9 25 PR I R4 T AR e R
SR, A RTHLERIBE ST 2 [ S8 Fr B3 R g 2R 10 i
MR IEEA T, 2 SR I s 22 AR AT, BLARGE
BDRHEATE I, Xk AR rp 4 B 28 | 2 2
A BIFE IS8, A ) BIBIEFE 75 B0 AR
MRS VEY) AT B IR A28, 5350, R
ARYTMR A FH AL B 1z, W =t 25 ol e, {EL G
FLARAE FIAL] 9 AN 5 2, 5 20— P RO ESE . IR
b R ARAT R A A A 3 T 2 i IR
2B 2 SRS M DL R A A S U de
PE— 250, AN, IS i) e R ol B85 B2 ok
A R R 15 DT 484 53R 70 D ) R 5 P A A 5 D
P IR bR R R it — PR R R AR
B TEAE RGO T P25 )T RE A5
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Research progress on the role of SHP-2 in tumor-associated macrophages
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[ Abstract]  Tumor-associated macrophages ( TAMs) are the predominant cell group in the tumor microenvironment
(TME) and are the most important regulatory cells of immune system suppression and tumor cell proliferation in TIME. Src
homology-2 domain-containing protein tyrosine phosphatase 2 (SHP-2) is a non-receptor protein tyrosine phosphatase that
plays an important role in the transmission of signals from the cell surface to the nucleus. SHP-2 is a key intracellular
regulatory factor mediating cell proliferation and differentiation and is involved in a variety of growth factor and cytokine
signaling pathways linking the cell surface to the nucleus. Recent studies have shown that SHP-2 is a key enzyme in
determining the function of TAMs, but because of its variable function, it plays different or even opposite roles in different
solid TMEs. This paper reviews the function of SHP-2 in TAMs and related solid tumors to provide a comprehensive
reference for tumor immunity and targeted therapy research.

[ Keywords] protein tyrosine phosphatase 2 ; tumor-associated macrophages; clinical research; mechanism of action
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L S L= G N
microenvironment, TIME ) J2 6] J5i 20 @ A1 60 75 20 B Vi
AR B ST A AR B R 22 M 4 . TIME
F18 ] i 200 JHEL 00 P g 200 JE ] 4 LR A O Tl 2T 2
200 e S5 e R A A A A L AR 2R R B S
i RAEAE Y S TIME v () G 02 40 i 32 260 45 fip
JeE 32 T B 40 B (tumor infiltrating  lymphocyte
TILs) . M J& A0 ¢ B % 40 Bfd ( tumor-associated
macrophages , TAMs ) ‘& #8453 30 il 41 B2 ( myeloid-
derived suppressor cells, MDSCs ) . H #& & 15 4 g
(NK) LA 5 R 40l ( dendritic cell, DC) FIAL
KA1 ( mastocyte , MC) azl23) Horh TAMs SE% |
S I Y B A e 3 ek 1 5 92 40 380 e g v, A e g
WA T b E W AR i, 7% 2 0TS R W, TAMSs
TEMMIRE R A I & 5 T & 45 T B Y
VER B2 T2 B4 45 R 40 0 T 40 . B 41 i
A Z S8 B 358 45 22 b S0 B TR 38 0093 A9 52 0, TAMs
S UEAT AN [R) 2 E 14412 b J6 FHHT I 968 1 200 i
PR PR, Anfal 45 TAMSs Zh i ol 22 4 1) T e i
TR T I 42 J ot LT FvRE S i 167 s b iR O

eI IIRT 98 25 A K e o i) 2 B % BIL A ) AT
5% "', SHP-2 ( src homology-2 domain-containing
protein tyrosine phosphatase 2) 32 % T ) 2 B}, &K
TERYAE R, SHP-2 J&— 7 7E T 40 i 57 Y 25 1 i
RRWEIRTE , |z 2 5 A0 M3 5 F o Ak g e, 45 40 i
MG T AR TR U T BT R
B, SHP-2 7£ 4 1y TIME b i 50 2 40 g, o 2
TAMs JIRE % B 2, E i T HAEH A 2 2%
M, HAEA W) S (A0 PR 85 b A T REAS ] PR,
ASCEIRARE ST HAE TAMs % 2635 K AR FHALH,
ARG SE AR B S TR T BRI ) 1) LB

1 SHP-2 #fik

( tumor immune

1.1 SHP2WEEREBLEW

SHP-2 J& H1 2 [ i 2 MR s e W A1 2 14 11 (PTP
nonreceptor 11, PTPN11) 3 & 45 5 19 95 32 4K 35 11 1§
SRR , 72 AN/ R 22 Fh 41 2R 40 g 2 80 2
B2k LA S A sre AR 2 (SH2) 4544 48 ( N-
SH2 Fll C-SH2) Fil— > 11 1% 24 IR W iR 1t ( PTP ) i
fRgbFa sk, W6 A HR R HE S B9 SH2 25+ 3 HE 51 T
SHP-2 /) N %ty Al C i, T P8 il 245 A4 3k 0 02 F €
g PN Y SH2 45 R U= — A 1T LGS & R
T Tl T it 8 285 5 S T A B 11 R0 T 1A A 2 T

1Ml C-SH2 Z5 a3 A AR AL 25 15 e i R S 1, (HLJ2:
C-SH2 45 3e 78 P45 33 A8 b Al B e/ R, it
AN BIFSEEATT B SHP2 Wik & 75 5 1 1% = R ok ik
(y542 F1y580) , & AT AT LAAE 41 i A0 6 3] 38T Bk i
R & FETNRE . BEAh, SHP-2 ] L i 41
POV —VBAR 53 25 (LLPS ) FAT S 1 B ok B 0% , R 1
SHP2 7EIEH 1 T J& — A~ 5 1 2L FRAE 5 A 4l
‘BB O TC AR 2 T B LA SO A A R,
AT REF R T IR 2K AL PR, R MR 9 & AR
KR LLPS 33 B B0 () SHP-2 1l BE 2 5 0%
KA bR = AR T IR 25 B B IR SR R —Y
1.2 SHP-2 WIhRE R AE A&

e A R o RE ) IR R 7 W X 1D
T, B8 Z 2 A MR 5 5% o R 00 v B s o, R 2R
P TR TR T R 25 Wl TR 2 vt 4 ke i v A
FA) e, X A i A e P 2 1 2 PR S ( PTK) AT
FE AR ARBER R (PTP) 47T, B A FRBER L
R S5ESE A NI R VI OG, i B E
FIR A AR R, o I R B R fh M
ST RBERAL ) PTPs 7855 A5 5 i A i 20 i
P A7 PTKs ® % FAEEZEIER ., SR, ¢
F PTP WWF 5 A XIS . SHP-2 J&—Fh & A Jk 5
JIEE PTP 1Y sre [AJE 2( SH2) Z5 M3, CE & 5%
PR 7 f A K B F R sh M5 5 % Sl e,
OB 22 IR 2 B o0 o ol 1 ity O Y0 A0 e A it
A Z R S R R

s 200 it 2L e R i T S FE AR BB 1Y
T 225040 A W b e 70 . 28 0 1 g A4 i D
M1 B E BE 40 M, iR 28 (LPS) vy T %
(interferon-y, IFN-y) | 988 IR FE A F o ( TNF-a0 ) 175
ForAb, AR SR PR R IERE ST, W] 430 1L-6 1L-
12 IL-23  TNF-o , IFN-y 136 % ( ROS ) 25 48 A
[, EE RIS TA | S I 0 AR A 0 i VR s B
ARIGTE B W i BY M2 S RN AE, By 10-4,11-10,
1L-13 ol B2 B R 175 T oAk, T 7= AR 40 4 4 i R 1
W IL-10 A K IR F B(TGF-B) &5, HAT e
il AR A5 A RN S A R

HATE Z4R/iE T TAMs H SHP-2 P81 LF{E
S, BN, 7E CSF-1 JiR , SHP-2 5 47 %
HFZ K (CSF-1R) E 5 W45, T3 RAS-ERK 7
5 O (0 A 3 R M2 B Ak UESE
EL 40 A %) CSF-1/CSF-1R b7 175 5 Jil 983 400 Jifa 7
TG B AT R R SRR R, SHP-2
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TE B W 20 f v i AR RSP 2 4 g 1, o3 — 4>
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