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Review of Frontier Literature
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The Latest Research Progress of the Function of Spinal CD11c" Microglia
in Neuropathic Pain

PENG Changgeng', FU Yan'? ZHU Fengting'?, XIA Ruilong’, XIA Wei'

(1. First Rehabilitation Hospital of Shanghai, School of Medicine, Advanced Institute of Translational Medicine,
Tongji University, Shanghai 200092, China,; 2. College of Fisheries and Life Science, Shanghai Ocean University,
Shanghai 201306, China,; 3. School of Basic Medical Sciences, Dali University, Dali 671000, China)

Correspondence to: PENG Changgeng (ORCID: 0000-0002-6707-2717), E-mail: changgeng.peng@tongji.edu.cn

[ABSTRACT] Neuropathic pain (NP) affects approximately 10% of the population, and treatments and
drugs for NP have limited efficacy. Microglia in the spinal cord play important and paradoxical roles in
peripheral nerve injury-induced NP, both promoting the development of NP and relieving NP. In April 2022,
Keita Kohno et al. reported that after peripheral nerve injury, CD11c" microglia appearing in the spinal cord
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[E—1EE] ZKE(1979—) .8 BL HREZ NERBENRERBNEBINHURBE LB MR, E-mail: changgeng.peng@tongji.edu.cno
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B (997—), &, M ARE, NEHEFEMEREN S M, E-mail: fy15336095658@163.com. ORCID: 0000-
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HKIDE(1993—) , &7, LM E, N BB BRI BT X5, E-mail: 763719204@qq.com. ORCID: 0000-0002-8081-0112
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of mice were a type of microglia that relieve NP and inhibited pain recurrence. In this commentary, we
review the important findings of this type of analgesic microglia subset, and provide a perspective for

future work related to this new finding.

[Key words] Neuropathic pain; Microglia; CD11c; IGF1; Analgesic; Anti-inflammatory; Mice
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I8, Z A5 W IGF, MR HERIE AR,

Note: Cartoons illustrate that injured A-fiber sensory neurons
release myelin debris to activate CD11c" microglia in the spinal
dorsal horn, and then CD11c" microglia secret IGF1 to alleviate
neuropathic pain.

E1 CDc/MRERAMREF RS HETERINERN TEE
Figure 1 Schematic diagram of the mechanism by which
CDT11c’ microglia relieve neuropathic pain

Iz PR WA B B CD 1 Le /N [ 20 I A2 e
AR AR S B B A i A R s A, SR
R PEIERE R CDC /N RA N R 5T 235 RN
(80) R IGF1 RA KT WBEIH/ N+, AR
ANESZ G T40H (human induced pluripotent stem
cell-derived cardiomyocytes, hIPSC) 3&JE ] CD11c' /)
RN, A A] RE22 R R b4 e R B AU SN E M &4
s SEMAEREMERIR . W7 RE, IGF]
A[RERZ CD1 1™/ N RAB AL AN A Y 2+ [HEE
FHRAITITZSCH R E R FRE A (CD1e /M A
5 CD1 e /NIRJRARRAREL) &3, CD11e* /N4
M RRiA A E SR A A R fE S &
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fasmEs, (RFRIARER T EER/ERPHLNES
g (K2, #&1).
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JHIELAG CelS. Cd14. Cybb. Dinbpl. Lgalsl. Mif. A B R T0r9 RN R A, A RIRS R
Osm~ Pigerd. Pigs2. Sppl. T2 F1Csf1; HLRMERRL FEMRAOEA (K3). MER2FIE3ATAIEH, Sod2.
EERIRA 1rn. Lpl. Socs2 F1Cd44; (ERMERRIF]  Anax2 FlAdoral R AT REHXT CD11e" /N o 4H e #1 il €
A A Ccl22. Cel5. Cel6. Cd36. Csfl. CxcllO. SEHIThBEE Tafike CD11c/INER SR AR M 5 355K — L gk
Cxcrd. II1b. Mif. Osm. Pdgfa. Areg#1Sppl; KK JRERIER, CDIc/NMR R AT RE R A2 — D —

2 CDNMc/MRERMEPERIL(A)FERIX(B) ERNEEESEIE
Figure 2 Signaling pathways enriched for genes that were expressed highly (A) or lowly (B) in CD11c* microglia

x1 CDNc/MRRABPEREEAEENEESEREXNESER
Table 1 Genes highly expressed in CD11c’ microglia were enriched in pain-related signaling pathways

%X & A Associated genes

BRERXMKICKE %8B PE
GO Term Term Pvalue %8 Fr &5 EE 1 BEREEMR
Number Proportion/% Name
Growth factor binding 0.000 146 6 4.82 8 C3, Cd36, Cxcl13, FIt1, Igf2r, lI1rn, 2rg, Pdgfa
Cytokine binding 0.002029 6 420 6 Cd36, Cda4, Cxerd, 1112b, II1rn, 11 2rg
Cytokine receptor activity 0.002 245 4 5.00 5 Cda4, Cxer4, F3, 1112b, Il 2rg
Lipoprotein particle binding ~ 0.000 389 2 10.53 4 Apoe, Cd36, Colec12, Lpl
. _ Ccl22, Ccl5, Ccl 6, CdA4, Csf1, Cxcl10, Cxcl13, Cxcl14, Cxcel 2, 11125,
Cytokine receptor binding 0.000 000 7 4.36 15 .
1[1b, I[1rn, Mif, Osm, Socs2
. o Areg, Ccl 22, Ccl5, Ccl 6, Csf1, Cxcl10, Cxcl13, Cxcl14, Cxcl 2, 11125,
Cytokine activity <0.0000001 6.25 15 .
11b, I11rn, Mif, Osm, Spp1
Chemokine receptor binding  0.000 012 8 8.24 7 Ccl22, Ccl5, Ccl 6, Cxcl10, Cxcl13, Cxcl14, Cxcl 2
Chemokine activity 0.000 000 4 13.73 7 Ccl?22, Ccl5, Ccl6, Cxcl10, Cxcl13, Cxcl14, Cxcl 2
CXCR chemokine receptor
o 0.0003839 1875 8 Cxcl10, Cxcl13, Cxcl 2
binding
CCR chemokine receptor
0.0021999 6.67 4 Ccl 22, Ccl5, Ccl 6, Cxcl13

binding
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I IeficiREERNER, EeRcrENHRBENER, ReBRcHRRRMRNER, REERCHRERMERNER.

Note: Red marks pain-promoting genes, blue marks pain-suppressing genes, anti-inflammatory-related genes are circled in pink, and pro-

inflammatory-related genes are circled in green.

3 CDNMc MR RAEPERIAMER (196 7 EEIER (A)FERXHER (7510 )HEIER(B)
Figure 3 Interaction of highly expressed genes (196) (A) and lowly expressed genes (75) (B) in CD11c* microglia

(RS, AIBETFAE—ERSY CD11ct /NI SR AR 21 & 1
SRNEANPIEHY , o ak s E i AR A CD1 1!
NI AR 2 7 2 FR— R AR AR SR A
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FEELRUINGUZ B S kb 8 Irgax (RN CD11c X RIEER) )&
SRR SR A N FRIE, RIAS kb I ligax JF51HE

i ItgaxBICD11c", Igfl MRS RFAEKE F-1ER.
Note: /tgaxis CD11c*, and Igfl is insulin-like growth factor 1.

El4 ltgax-IgN MBI IGF E RIXNRRARTATEHBHAR

S e b s ] AR IR 2R /N BRI R A B R 3Rk
Al DLz X 5 kb B Iigax J5 8+ KA 2 Iigax—Igf1 BEA
B/ N A ok (23K IGF1), HEMIAB AR Fr 52 73 Wi
IGF B9 Irgax—Igf1 WA BN AR 2N = A 51T
SHIGF1 — £ AR &R B PR RO ROR T HLZ f
PIREIEREER (E4),

Figure 4 Itgax-Igfl knock-in glial cells with overexpressing IGF1 could be used for analgesic studies
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HEMAFEREVERSEFER. PETEAHELSOMFELEVERSZEL, RPESL P
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BEIH - TR AT TE RN, REALETAERARL ERIR, PREPERE
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EE] Bf RTIRIT6BEI12BHEAPP/PSINEERBER/NRIRKARFELS. BREWIISTE. =8
BIZEENNTHUAREERTRIER. Bix B SPFR3 BISHE M APP/PST/NRIZHNHFREAD N6 B, 12
B#HERA (S5 863 8 6-APP/PS14H. 12-APP/PS148) FMEhEZE SN (memantine hydrochloride, MEM)
FHA (PRIHBEH6-MEMAE. 12-MEM A, MEMFIE1952.60 mg/kg/d), BHI10H . BiREH C57BL/6/NRIE
NEANEE. MEMIELE (23B3B®MNIBNE) #8348, EMEMAEB/NRESERNMEKES. F6
012 BRETETT Morris KR E LW, EERMETHEREBEXFEME TURRKFIBAEALRS, BE
MR REBEEHEFEMETURIRIKBMELN, ER KEXSERETR, SERNTHTEBALE, 6-APP/PST
HIN12-APP/PSTEHNBEHNE /A . ESRENKRIEAREZEHEEHEME (19 P<0.05), H12-APP/PS14LL 6-
APP/PSTEERIREIZEERE (1 P<0.05); SEMBIERALLE, 6-MEMAF12-MEMANFEXE. BirRIR
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N ABLTHEEFETEEEMARHEEE R (P<0.05), 12-APP/PSTH/NRIZRKNBL MR ERFR TR EIR
EHE. BEMABHEEZHD (P<005); SEBREEALR, 6-MEMAKEMELEEZIEZEEGIEMBELE
EEEEZ (P<0.05), 12-MEMEKEMIE. BEARHESEEMEBEERLTRITEEN (8P>0.05). BH
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MRIETRERMEENN . it BHRIEMN, FRNZENAPP/PSTNREI T H/RZEMRFBEXNITHEN
5, ERFEEIRIFEREMBSTINEZT M. MEM TIRAXKEZENCIZEE, W00 6-APP/PST /NG IREK
MGIBMIEHE, RERMENIRG, BEPTFRILERREE.
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[ABSTRACT] Objective Tocompare and explore the histopathological and ultrastructural characteristics
of the olfactory bulb in 6- and 12-month-old APP/PS1 double-transgenic mice and their spatial learning and
memory ability, as well as the effects of memantine intervention. Methods Three-month-old SPF male
APP/PS1 mice were randomly divided into 6- and 12-month-old model groups (named 6-APP/PS1 group and
12-APP/PST1 group, respectively) and memantine (MEM) groups (named 6-MEM group and 12-MEM group,
respectively, the dose of MEM was 2.60 mg/kg/d), with 10 mice in each group. Age-matched C57BL/6 mice
were used as the blank controls. The mice in the MEM groups were continuously administered MEM (from
3 months and 9 months, respectively) by gavage for 3 months, and the mice in the non-MEM group
received equal volume of pure water for 3 months. The Morris water maze test was used to assess spatial
learning and memory ability of those mice at 6 months and 12 months of age. After hematoxylin-eosin
staining, the pathological morphology of the olfactory bulb was observed under an optical microscope, and
the ultrastructure of the olfactory bulb was observed under a transmission electron microscope. Results
The results of the water maze test revealed that the crossing numbers and the time spent in the target
quadrant were significantly decreased in the 6-APP/PS1 and 12-APP/PS1 groups compared with the blank
control group of the same age (all P < 0.05), whereas the 12-APP/PS1 group showed a more significant
decrease than the 6-APP/PS1 group (both P < 0.05). Compared with the non-MEM group, the two
parameters of the MEM treatment groups increased significantly (all P < 0.05). Histopathological
observation showed that, compared with the age-matched blank group, the nerve cells in the olfactory bulb
had no obvious atrophy and deformation, and the number of mitral cells was significantly reduced in the 6-
APP/PST group (P < 0.05), while the nerve cells in the olfactory bulb were atrophic and deformed, and the
number of periglomerular cells and mitral cells were significantly reduced in the 12-APP/PST group (all P <
0.05). Compared with the non-MEM group, the number of mitral cells were significantly increased in the 6-
APP/PST group (P < 0.05), but there was no significant difference in the number of periglomerular cells and
mitral cells in the 12-MEM group (all P > 0.05). Ultrastructural observation showed that, compared with the
blank control group, the synaptic structure was swollen in the 6-APP/PS1 and 12-APP/PS1 groups, the
thickness of the postsynaptic density was reduced and the number of asymmetric synapses decreased in
the 6-APP/PS1 group, while the thickness of the postsynaptic density and the number of asymmetric
synapses could not be observed clearly in the 12-APP/PS1 group. Compared with the non-MEM group, the
synaptic swelling in the 6-MEM group was significantly improved, the thickness of the postsynaptic density
and the number of asymmetric synapses increased, but the synaptic swelling in the 12-MEM group was not
significantly improved, and the thickness of the postsynaptic density and the number of asymmetric
synapses could not be observed. Conclusion Changes in the pathology and synaptic ultrastructural
morphology of the olfactory bulbs in the APP/PST mice correlated with age, accompanied by behavioral
alterations. MEM intervention not only improved spatial memory ability in the APP/PS1 mice, but also
increased the number of mitral cells and alleviated the damage to the synaptic structure in the 6-APP/PS1
group, with significant improvement in early intervention.

[Key words] Alzheimer's disease; APP/PS1 transgenic mice; Olfactory bulb; Synapses; Pathological

morphology
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T ABRAERESENENFERYE. BRRRER. BnRRNENSERE, BERSENREKETPRNNT (REEZBHRRE
FENE, ABFRANKSE, BEBHRIOsHIERHSH). 6-C57156 BRI H IR C57BL/6 i, 6-APP/PS1156 B IR ELA
APP/PSTSUEEE /I ,; 6-MEMIEM 3 BEAFFIAR 2.6 mg/kg HhiEE =& NITFTZE 6 B 4 HY APP/PSTIUEE R /NG ; 12-C571512 BIRMI=EX BB
25 C57BL/6 /NER; 12-APP/PS11512 B iR AOREEL4H APP/PST XA BB/ ; 12-MEMIEN 9 B FF A FE 2.6 mg/kg B E S RIFME 12 BT
APP/PSTIUEEER/NE . BH10R/NR. 56-C5748tk, "'P<0.05; 512-C5748tk, *P<0.05; 56-APP/PS1#ELL, “P<0.05; 512-APP/PS1
HtE, P <0.050

Note: Fig. A shows the crossing numbers, distance in the target quadrant, time spent in the target quadrant, and the total distance of
mice in each group. Fig. B shows the swimming track of mice in each group in the water maze (the green circle represents the position of
the original escape platform, the red dot represents the entry point, and the blue dot represents the 90 s cut-off point). 6-C57 refers to 6-
month-old C57BL/6 mice in the blank control group. 6-APP/PST1 refers to 6-month-old APP/PS1 double transgenic mice in the model group;
6-MEM refers to APP/PSI double transgenic mice treated with 2.6 mg/kg memantine hydrochloride from 3- to 6-month-old; 12-C57 refers to
12-month-old C57BL/6 mice; 12-APP/PS1 refers to 12-month-old APP/PS1 double transgenic mice; 12-MEM refers to APP/PS1 double
transgenic mice treated with 2.6 mg/kg memantine hydrochloride from 9- to 12-month-old. Each group contained 10 mice. Compared with 6-

C57, "P<0.05; compared with 12-C57, *P < 0.05; compared with 6-APP/PS1, 2P < 0.05; compared with 12-APP/PST, P < 0.05.

El1 Morris KX ELRIFHZHNRBITHEEK

Figure 1 Morris water maze test to evaluate the behavioral changes of mice in each group

5e6-C57 4 HEL, 6-APP/PST4HARAE5E (x40)
A DL ER E AR 5 A e B E I, Sl / NER TG AR 4K
B (x200) " A] ULEB 5> 2 it/ Nk & BBl Y 2k F&) 2
oy An Fin ELECR RS R/ e 2 e 2= 4 HLACR A T
o

5 6-APP/PS1 4 AHEL ., 6-MEM 40 (%% %85 (x40)
TR MRERFESRAE, S EEEMR 7R, NRE
FMBUEI S0, BEEREEM, BERE, @5k
(x200) "NA]ULERE A0 ECEREHG %, (IR AE ]
HERT: E

56-C57THAAEL, 12-C57 ARA%EE (x40) T ]
RS IR S, SAMZEEM TR, /I
RER S REI S oA, DR MER, 55 (x200)
R PAR N oTi2h GO (] = e oY N

5 12-C57 4HAEEL, 12-APP/PS1 4 [543 R EK 2
ZERERSE, INEREMABEEEE D "% (x200)

TR N E RO B ARG, TR BB R A A
Z TR U (= i e N 3 A

5 12-APP/PST AHEL, 12-MEM Z41%A%555 (x40)
A MRERTE SR EAR, SR, INERESH
oy RIS AR, ISR ETERE ) mAEEE (x200) RA]
DLER E AN T MM £ RS 2 o

Gt o3 M 25 2 /)N SRR BR AR R ) 240 AfL AT 1 40 P 14
e (3), S55L& 51 APP/PS1 /NG 6 F 4 It iR Bk o
HEAS CSTBL6 /NR I BE £, MIE4sET
bR ILED> (P<0.05); 12 RS AT 5| ER R
YA AN A RS B> (P<0.05). SHEE
(9 APP/PS1/NERAREL, MEM FHif5, 6 3 BBk AY
AR BRI (P <0.05), T 12 H KSR 5 41
K G ME A B BN (P>0.05) . #5510,
MEM F B & Mg skm sl a4, BRI FisUR
FEANEA .
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T BanEESETRE (<40), BbRSFEETNKE (x200), BeraER MMIEMEIBE (x200). §LOARMAEK, LQNEKEH
g, SiL@NEIBMIE. 6-C57186 BidMIZ=HXIIBL C57BL/6 /N ; 6-APP/PS13E 6 Bid I RIE APP/PST A E /MR ; 6-MEMIEM 3 B
W FF A 2.6 mg/kg HEAEE NI TFIZE 6 B S HY APP/PSTXEEERE/NE ; 12-C573812 BiSMIZ= BXIBE4E C57BL/6 N ; 12-APP/PS11512 B¢
RIIEELLE APP/PSTXUEE B RN ; 12-MEMIEM 9 BT A FE 2.6 mg/kg HhERE S NI TINZE 12 B#dHY APP/PSTIREEER/NF .. BHE5R/NK.
Note: Fig. a is the olfactory bulb (x40) ; Fig. b is the glomerular layer (x200) ; Fig. c is the mitral cell layer (x200). Arrows D, @, and ®
show glomeruli, periglomerular, and mitral cells, respectively. 6-C57 refers to 6-month-old C57BL/6 mice in the blank control group; 6-APP/
PS1 refers to 6-month-old APP/PS1 double transgenic mice in the model group; 6-MEM refers to APP/PSI double transgenic mice treated
with 2.6 mg/kg memantine hydrochloride from 3- to 6-month-old; 12-C57 refers to 12-month-old C57BL/6 mice; 12-APP/PST refers to 12-
month-old APP/PS1 double transgenic mice; 12-MEM refers to APP/PS1 double transgenic mice treated with 2.6 mg/kg memantine
hydrochloride from 9- to 12-month-old. Each group contained five mice.

E2 HERABREXZFEMRNRSHNRIIRKFEERL

Figure 2 Pathological changes of the olfactory bulb in mice in each group observed by optical microscopy after

hematoxylin-eosin staining

2.3 F[ERIIE APP/PS11E B /R BRI IR IR 3 R 4B
MEENE

YA REREN R T EMENRER (K
470) BR, 6-C57 4/NFRIRERA SIS A S IE R
EMER, SSMTEN; MBS, BOHE, RN
HORIEH: JEFRAHERES, WERERER. 6-
APP/PS1 /NIRRT A MBI, D> 2 ik K
AEASIAK . ISR IS, M AR
BRI, S fRikging, MaB{iHk. 6-
MEM /N RIRBR TS B EKE, AR N
W, MBS EEAES:; MBS N R, RS
PIEAFERAL . YRt fRERTINgE, ks,

12-C57 H/NFRIRER A L E A I T S B AR TR
BT EEMRVEMT, AR ESE, Rt HIA S
3 MMNISRER %, 12-APP/PS1 /N &2
REEFEES, BB iZAKM. BHEARE, &R
U A ASIHE S, REREERR, i

WIEE . ERREAZAIE . 12-MEM 2/ BRI ER 2 21
MM EESRE, WK, EoMEses
Bz, Fetpubs.

W F ISR, APP/PST /1N B A IR ER ffi 28 4%
FEREIZWINEE, A] UWLRBRAZTTIEAARN, JTH G
@R I BRI IS . 5 APP/PST/IN A
b, MEM AI{EZHRTEASBERNISERE, Jet Ul sRisii
—EREE, H6-MEM L 12-MEM BGE S ANH ..
BESULRH, MEM BRS04 BTG5 APP/PS1 AL/
SRR Bk T A A RO o
24 A [ERIFE APP/PS1EBY/NE R IR BR 5 it 18
&R E

BET e EENBETFEMENSEER (F
4B) Wn, 6-C57 4/NFRIRBRAARMETIES, 7]
DR SRR Sl (IS Al ) RO XS AR 53 fi
(Cearihsefol), SRAFRIZERIGMNT, R EEEY
(postsynaptic density, PSD) 5, ZRfiipi# A K&
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¥ 6-C57156 B = AXIIR4A C57BL/6 /N§,; 6-APP/PS11§6 B
KRR BYZH APP/PSTINEE B E /N ; 6-MEMISM 3 BEEFFIAFE 2.6
mg/kg MR EE NI FZE 6 B A APP/PSTIEEE E /NG ; 12-C57
1B 12 BRI EXIBRLE C57BL/6 /N ; 12-APP/PS11512 B8R EY
HAPP/PSTRUEERE AN, ; 12-MEMIEMN 9 B 8 FF 14 F 2.6 mg/kg £
BRESNTFRE12 BRI APP/PSIIVEE R /NF . BHSR/NFHo
56-C57#8tL, "P<0.05; 512-C57#8tk, *P<0.05; 5 6-APP/PST
18, 2P <0.05; 512-APP/PS148EL, %P <0.05,
Note: 6-C57 refers to 6-month-old C57BL/6 mice in the blank
control group; 6-APP/PS1 refers to 6-month-old APP/PS1 double
transgenic mice in model group; 6-MEM refers to APP/PSI double
transgenic mice treated with 2.6 mg/kg memantine hydrochloride
from 3- to 6-month-old; 12-C57 refers to 12-month-old C57BL/6
mice; 12-APP/PS1 refers to 12-month-old APP/PS1 double trans-
genic mice; 12-MEM refers to APP/PS1 double transgenic mice
treated with 2.6 mg/kg memantine hydrochloride from 9- to
12-month-old. Each group contained five mice. Compared with 6-
C57, "P < 0.05; compared with 12-C57, *P < 0.05; compared with
6-APP/PS1, #P < 0.05; compared with 12-APP/PST, P < 0.05.
E3 E=£NIXIEREMI(A) TGS (B) T
Figure 3 Effects of memantine on periglomerular cells (A)
and mitral cells (B)

RN, SR/ INEESAEWER . 56-C57
AR, 6-APP/PS1 ARl &5 4 B ARk , SR A
5, PSDIEEERUN, AR sl = D>, Sl
HIRREE MR . 5 6-APP/PS1 HAHEL, 6-MEM 2H 58fih
FEAE—ERE, RMBHEBIEW, MEk /MoK
%, MNHMSRMEES S,

12-C57 /N R BR A 2R Sl s Mg G k2>, FEXS
FRIESSMMAREES A G M, b/ g E R D> . 5 12-
C57T4AHEE, 12-APP/PS1 A RMEEMIRFEINE, &
AEIM], oefubfRr vz ibAk. B, BN EPRAE, =
bl FRTEI AN S/ N e Tk 3 k. 5 12-APP/PST HAHEL,
12-MEM HMMSERHEE, E Rk, sefil5R
AN T, Sl fe Sl / N AR T A 3G . B
1 12-APP/PS1 20 DL Kz 12-MEM 25, i -5 fb (A it A A
TNERAEEA, ToiERT SRl BEVACEFN PSD )R it
TTHERIT B A R RS &

LE R G R AR E H AT C5TBL/6. APP/PST/INER AR,
MEM i f5 APP/PS1 /N A IR BR S fill #E A5 45 A 0 22
FHAfEFE LT, APP/PS1 /NG R H b 5 H AR
VCHC AT C57BLI6 /N AR B T B R SR &5 14 2 H4, 1
MEM A] DAMGE X Mot , H R TR S Re)
HHE,

iE: 6-C57386 BRI XIHRLH C57BL/6 /N ; 6-APP/PS1#5 6 BUeHIRELZH APP/PSTIVEEE/NE ; 6-MEM SN 3 B FF45 8 2.6 mg/kg &

EREE NI TFTRZE 6 Bii*AY APP/PSTIEEEBE/NR ; 12-C573512 BRI BRI BR4E C57BL/6 /NG, 12-APP/PS11512 B RIHEELLH APP/PST

BERNE; 12-MEMIBEN9 BESTFIA A 2.6 mg/kg BRERE S NI TIRE 12 B¢ HY APP/PSTIEEER/NR . BHS R/NF. SkORXIFRIERf,

Bk QNG (AEMEMEEERER), SFLORIENRIERA, SFLORRMNE (REXEFEHEBR).

Note: 6-C57 refers to 6-month-old C57BL/6 mice in the blank control group; 6-APP/PST refers to 6-month-old APP/PS1 double transgenic

mice in model group; 6-MEM refers to APP/PSI double transgenic mice treated with 2.6 mg/kg memantine hydrochloride from 3- to 6-

month-old; 12-C57 refers to 12-month-old C57BL/6 mice; 12-APP/PS1 refers to 12-month-old APP/PST double transgenic mice; 12-MEM

refers to APP/PST double transgenic mice treated with 2.6 mg/kg memantine hydrochloride from 9- to 12-month-old. Each group contained

five mice. Arrows (D show symmetric synapses, arrows (2 show synaptic vesicles (containing inhibitory neurotransmitters) , arrows 3

show asymmetric synapses, and arrows @ show synaptic vesicles (containing excitatory neurotransmitters).

4 BB R REBEEFBFEMENRSH/NRIRBKMEZ (A, x7000) F15f4 (B, x60 000 ) RS

Figure 4 Ultrastructure of the olfactory bulb nerve cells (A, *7 000) and synapses (B, x60 000) in each group observed by
transmission electron microscope after ultrathin section staining
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3 itie
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TERIRHAIRI TR o E1XF AD (9 APP/PS1 1B AL B4 )
INFIBR B TE KR Bl R B2 58] TIESE '), APP/
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ELRU/NR 2 [RHCIZ PRSP IE B, 72 12 H AT /INER
2 RRCIZ A EAZ R BEAERT TR, HEENIE
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LE TR, BREM. GiEdmEE KRR, 5l
SRR FE N, MRk AE M, 5HEE APP/
PS1/NFRETE & 1 A PE IE 5 (6] /N BR B 25 55 HBA
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M AT RE 2 INER 25 (0] 5 S (2 Frs i ER B (A

FEEWaT DA D IRER 2 e 5, G AN AG e 2
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Al REIE I AW A ERIR A 98> AD FL AR R
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ZARAICRE T o AR AR 2 S 5T AD 15HL/NER
2 EICIZ S RERNEIH ARG . A TGS RIAESE
DUHCIR S 52 5 NITFE AD W57 B A5 i PR R A R B TS AEATL
filo HEAh, ADRGEHREE R H T H X R 2 S NE IR A
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[ABSTRACT] Objective To study the efficacy of DZ1462, a novel sodium-phosphate transporter
inhibitor, on rat hyperphosphatemia models established by 5/6 nephrectomy. Methods Totally 156 rats
were randomly selected into four groups. Rats fed a normal diet were control group, named as group I (n=
6); rats fed a normal diet after 5/6 nephrectomy were named as group Il (n=60); rats fed a high phosphate
diet after 5/6 nephrectomy were named as group Il (n=60); rats fed a high phosphate diet after sham
surgery were named as group IV (n=30). The molding cycle was 10 weeks. Serum Pi was detected and the
number of animal deaths was recorded every two weeks. Hematoxylin-eosin (HE) staining was performed to
observe the change in kidney pathology, and to screen animal models with high phosphorus blood
syndrome. Totally 18 model rats that met the inclusion criteria (all of group IlI) were selected and randomly
assigned to three groups: the model control group recorded as the G2 group; the DZ1462 administration
group (30 mg/kg, tid, 21 d) recorded as the G3 group; the Sevelamer administration group (250 mg/kg, tid, 21
d) recorded as the G4 group. In addition, the normal control group was set as the G1 group. Serum
phosphate levels were measured using a kit. Results In the 8" and 10" weeks, compared to group 1,
serum phosphorus in group I showed a significant difference (P < 0.01). The kidneys in group I had
obvious glomerular sclerosis, renal tubular atrophy, degeneration, interstitial inflammation, fibrosis, and
calcification. Similarly to chronic kidney disease accompanied by hyperphosphatemia, the animal model
was established successfully. At each time point, the serum phosphorus inhibition rate of the G3 group was
significantly higher than that of the G4 group (P < 0.05). Conclusion DZ1462, as a novel small-molecule
inhibitor of intestinal sodium and phosphorus transporter, can effectively inhibit intestinal phosphorus ion
absorption in rat hyperphosphatemia model, and is expected to become a potential drug for the clinical
treatment of hyperphosphatemia.

[Key words] 5/6 Nephrectomy; Hyperphosphatemia; Sodium-phosphate transporter inhibitors; DZ1462;
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Table 1 Mortality of different group rats within 10 weeks after modeling
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I 60 8 13 2 16 2 20 2 23 10 40
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F:No. BT, RABIETLT X
TIBRFARRRSEHER; %’Néﬁ,ﬂ\ﬂﬁﬁﬁﬁz
Note: No., death number; Rd% ,

TR,

<, B 1ATFRABPREREN, FHEEYR,; 5
A&HBEORERE
death rate. Group I consists of normal rats with a normal diet, set as the control group; Group Il

FENAEZS/6 BERFARRRERER,; EMAZL5/6E

Eﬂﬂ*ﬁr, ERBRFARE,

consists of 5/6 nephrectomy rats with a normal diet; Group Ill consists of 5/6 nephrectomy rats with a high Pi diet; Group IV consists of

sham operation rats with a high Pi diet.

(5/6 BUIBRF AR+ S BEERIESR) A MIEHEAKERELE
E 2 §§8$Dﬁ§IOEQHﬁfiiﬁﬁﬁéﬁ$ﬁtbﬁﬁ2§f+ﬁ§¥§ﬂ§
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Note: G I , normal rats with a normal diet (group I );G 1, 5/6
nephrectomy rats with a normal diet (group I ) ; GII , 5/6
; GV, sham

“Represent serum Pi

nephrectomy rats with a high Pi diet (group I )

surgery rats with a high Pi diet (group IV ).

has a highly significant difference between Group 1 and Group Il

at the 8" and 10" week (P < 0.01).
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Figure1l Serum phosphorus levels in different groups of
rats
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Note: G I is normal rats with a normal diet (group I ), GIIl is 5/6
nephrectomy rats with a high Pi diet (groupIll ). The magnification
of the upper and the lower is 100 and 200, respectively. The solid
arrow shows the interstitial fibrosis and inflammatory, and the
dashed arrow shows glomerular sclerosis.
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Figure 2 Pathological evaluation of kidney tissue in 5/6
nephrectomy model rats (HE staining)
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Note: G1is normal rats with a normal diet; G2 is 5/6 nephrectomy
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serum Pi in G2 is significantly higher than that in G1 on days 0, 7,
14, and 21 (P<0.01).
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Figure 3 Comparison of serum phosphorus levels among
different groups of rats after drug treatment
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mg/kg) F1 Sevelamer (250 mg/kg) BFRIWORE %
21 d FGTT R R RIMEBE & B A >, H DZ1462
A R 2 SR AT T Sevelamer, fHRE BI4uxt B LR ZE R
TG FRES (P>0.05); #H—B5 o &I, W
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HHMEBHIHRERER G FE X (P<0.05),

E A 22 BRG] I ERT BT NPT2b B/ 73 7]
F HZR Astella 22 5] fJ ASP3325 ] Daiichi Sankyo /3 &]
1 DS2330bo R AFI AR T BAIGARIRIGES LT,
ASP3325 1 DS2330b ¥ ANGE RS CKD H 35 B & I Ik
& XERMFTEICEES . REE AR NETE
HEMI, ASP3325 F11 DS2330b iX ™ b & PIiA T 5 G
J DRI AT RE 2 HAE S R R AN, RN G 26
IR, S PI R 7R N 28 55 2 th il DZ1462,
[ A R Rh a6 R S s L AT BE A AT AN, X 26
HETEELSFEENRE. B2, ORREREENT T
NPT2b #IHIFITG T = i IMUE VR A SR LA E . B
TSURBERTFE

WEH, KRFFRHEFAE—ERNRERE, BiEE
Bk 2 R EE AR, W Rk 2T 4E 40 i A K A 1 23
(fibroblast growth factor 23, FGF23), DIRARFEHTFOME
AER. EFPRESL . IR R X B4R TS,
FRAEHIWT DZ1462 X R FROME. ALV LA S TRERAA S
TR . AR 4 SR E s PSR Rl eE %
BB AR S FE AR, TR @ B A R B N TR s A
ADRAF DZ1462 % = MUE AR R

g5 LR, AREFFERIF KR 5/6 B Y1 F/REL G 1R I
R BEAREY 77 RO T i AR {5 A
AI%T DZ1462 2 i TIeE, [N 51w BT
1Z [ Sevelamer HEFT T 2530 ELES ;. G5 5RFEHH, DZ1462 %
KBRS i BT 22 23 T Sevelamer, FRIATEAR R
5/6 BUEAL I, DZ1462 BH RIUFHIPERESUER . AR
REEREER, DZ1462 E R — g i NPT2b ] 51,
REMEHR 7y T 7 1B 25 RO, 755 Sevelamer 52
EAFERERNE], B EBO & MBHE B & 35—
DRz
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KREAR - ENW, WL, AL, HEEHRXEFRLESI, BRFEGERET AR
Ber mAEEREAAE LN, BRSNS Ea AR ARE LA, AR E RIRE S 2R
Moawsig, HEAFLAMERRARELEALSRMEARZR, HEERHLSGHFERL
WZERER EEE R, 450 RIRBAAM I B EEE G 5TH R G E R 25 H 55 5
WEHAGHR, EERFEEFRRPEBH: UF—FHERBREFERRFARRXIS M, £+
WAETEH 6T, RFERR2T., FHRAT,; SHLEF2H; RULH2T; ERE555%%
A ARFORL” S 14 A BobPIEN B, AP CHEAEILAREET 13 AW, RS SR
ARPAR” 4 80 Bl I B9 T E R HATHe o BbSh, HEFRM LA L

5 )i RARBER 2 D-28 EFLR S /MR S PR
FYEN i

FZEIE - FIAJIRGE, S0l -SCRAi B, 8 B FIAERIDBLA - A RRA, SURER -
(L 7582 % /5 A o DB B 40 o o, & 8 K F 830002, 2. BB E R B R IE T EEBEFRA, 58 AKF
830000; 3. #T WA E /R A i K4 F /R EBe, K5 830000)

HE] BN RUIESEHRERN D-SEFINE (Dgalactose) B/NEEEAZEFIRGHRIPER. Bik
BT ERE S D-RE 3 HE 800 mg/kg BI/NRUFMFHRBIEE, RIBRADURINEFAE L MEETERA (K
REAY), EFRHEREAEL. PHEH. SREH, KBEHEH/LERMBENRE, BRHEZEEXEA,
HHBHR, EFRHFER (8mlkg'd") SKE@EMILER (12mLkg’d") DBESRE, ©M/NSMBEEN. 0
BERFIRGREZIERNEN, HFESHELEWRFALBESENE. £ SEEXNRAEL, ERHENRF
IEfE#AS (P<0.05), RRFRfp. SREALER, EFRFRKETEMBEEN. FINEERYBHTE (P<
005)., SxlEAtLLER, BRHANKTFHEIRXR PR ZE (malondialdehyde, MDA) 1A Bt H K & ¥ 6
(glutathione peroxidase, GSH-Px) j&MIEE (P<0.05), BEMAMIEWE (superoxide dismutase, SOD) iE
MBEEEME (P<001). SRBAKE, EFFHMEXSHNEHNFRSODEMHIFAS (P<0.05), HEH
BERER, EFEHERAN/NSIFEREMIEEE. T, KEEFRGFENSERRE. i E5FH
MR YER DaEFARESHNNRFRERES, NFEE —ENRPIER.

[X#iE] EFRHFER;, SUEREEFRG; ®FEBR; 0B
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Compound Casson Syrup Alleviates Acute Chemical Liver Injury in Mice
Caused by D-galactosamine

Merika-Ablimiti ', Aishan-Abibule ', SHI Shen', Abdu-salamu-Abdu-reyimu %, Enivar-Taleb *

(1. Xinjiang Center for Disease Control and Prevention, Urumgi 830002, China; 2. Department of Geriatrics,
Xinjiang Hospital of Traditional Chinese Medicine, Urumqi 830000, China, 3. Xinjiang Uyghur Hospital, Urumqi
830000, China)
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[ABSTRACT] Objective To investigate the protective effect of compound Casson syrup on acute
chemical liver injury induced by D-galactose in mice. Methods The chemical liver injury model was
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established by intraperitoneal injection of D-galactose 800 mg/kg. The experiment was divided into 6
groups, including normal control group, model control group, positive control group of Yanxiaodinar syrup,
and compound Casson syrup low-dose, medium-dose and high-dose groups, with 8 rats in each group.
After intragastric administration of compound Casson syrup (8 mL-kg™d") and Yanchaudinar syrup (12 mL-
kg'd"), the changes of serum biochemistry, liver function and immunological indexes of liver injury were
detected, and the pathological changes of liver tissue were observed. Results Compared with the normal
control group, the liver index of model group was increased (P < 0.05), suggesting liver injury. Compared
with model group, serum biochemical and liver function indexes were decreased after treatment with
compound Casson syrup (P < 0.05). Compared with normal control group, the activities of malondialdehyde
(MDA) and glutathione peroxidase (GSH-Px) in liver homogenate of model group were increased (P < 0.05),
and the activity of superoxide dismutase (SOD) was significantly decreased (P < 0.01). Compared with
model group, SOD activity in compound Casson syrup groups was increased (P < 0.05). HE staining showed
the inflammatory cell infiltration, degeneration, necrosis and other pathological phenomena of mouse liver
caused by D-galactose were reversed after Casson syrup treatment. Conclusion Compound Casson syrup
can effectively relieve the liver injury induced by D-galactose, and has a certain protective effect on liver.

[Key words] Compound Casson syrup; Acute chemical liver injury; Liver protection; Mice

HE/REZZPEEREGHEZA MG, th
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WRPAGE B, MEE, TERTAIIE, TR IREEE
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fife. BHER. WIREE. FHE . RTTRELIHH
iaIT e BAMHRIRIKRERIEERE “E5 RARE
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SRS o

1 #MHE5FE

1.1 SCIEEh4D
SPFREEMEICR /NG, RFREN18~22¢, H_LIE
e T SLIS S IR A F [SCXK (1) 2017-0005 ]

fefit, ShPIBTR AL S8 20170005007808, fAl77
ToRTSRYEE /R B T6 DX P 5 725 1 O S e sh ) e P
B [SYXK (Fr) 2016-0001], HHIFESLHHT— &3
TTIERMEIRTE, AHXHEEE N 40% ~ 60% , fEH 20 ~
24 °C, 12 hRHRRE, HHEIRAGRMK, SE/NER
HERTRLARL (TLIRE Phil 2T AR AR A BRA A F it
F SPF R S/ INERAERFIDRE) o AR ST Isge T %
SRR /R B 1R DO 0 B 2 b L SE G sh W A
SR RSHEME (2020-002), FrEshYIScR
PEFF & L9 3R JR U K [ N MBS B SEAR sh Pt Al
{EFRAREEL K
12 EFEHmSIHF
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YRR /R ERXAEE /REERRIZ L, ST
AR S M20041581 [E|245HET 265020183, KA
£19200 mLAffle D-2 S FLAEIE H £ E Sigma A F] o
BE BT EAPIEE (glutathione peroxidase, GSH-PX)
il A ELISA {7 & . AP B L (superoxide
dismutase, SOD) FI7A & (malondialdehyde, MDA)
ol A ELISA 33 57 & 3 W B KR % A R A
EE/A Ej o [ﬂl{%ﬁfﬁi%%/ﬁﬁ (aspartate aminotransferase,
AST) . BN & (alanine aminotransferase, ALT)
MR EBEERES (alkaline phosphatase, ALP) & P46
A& 5 R 5 AP BT iR A RAH .
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ONEI PR BS323S HLF R SE N E Sartorius A ] 2
it SCIENTZ-48 /=il s 23 E 25 W B T # < A W)
BRI EIRAR] . 7218453 B E g =5
MHES o
14 Y EBEREUIRGYLE

f/NRAR RN A, SRNIEE XA, B
RIS . RIS 08 ) LW 2% B ot B 20 R 55 75 R AR
KR, h. BFEA, Hedl, HHSH., EIy Rk
KAR. H. w5 AL R 25 ) 50% . 100%
200% ( RI1FH 8 I 7K v B 0 BRI 245 9% 1 2 28 0% K 4y
50%, ZIMNRIERGINZE FORK —4%) BRIz, %
8 mL-kg'-dVEE, #ELE7 4V, NTIEHE T R
KO(HZG) WA, BRIEEEELEER (E4) 1
NPT B bR A o BHMAXS IRZAFZ 12 mL-kg ' -d ' 45T
RIETHGT LR ES , 527 do IEH N R AR
FEAAZE T R ARFR I AR B K

RIRGZI G, BRIEFIERAIN, HAZHNR
BIREEER 45T D-2 53008 800 me/kg, HEENZAMEL
PR AL o SR FEIRSE R 2H /)N R A A 07 g B A
TE R E AR
1.5 BHRIRMBEENREEFIBIRENE

AR R 7 24 h 5, RE BT AT 1% B EE 20
(150 mg/kg) FRAE/INER o ARBRERCUDL (101, 8 B3 B ifn
TEFHE AR &M E ALT, AST. ALPYEM:, DL
FFoheE. BYMUIFAEHZER (0.1~02¢g), MASIK

0 Nf

F1 EFRFERY D-SEF A EFTBUNE T RIS AR

B, UKAKIB T TSI AL 8 000 ~ 10 000 1/
minZJ%, 10 /R, [EIFR30s, JEEE3~5IR, Kbl
() 10% ~J g F 3 18 25 0oL (2 500 v/min) &0 10 ~
15 min, B E{EW, SRF ELISA 0% SOD, GSH-Px.
MDA & &, DURBUITAIR G FERE
1.6 AHEMEFRARRBEZNR
YR EIRTSINE R RE, RElE
M EAFAEATRAE R, FE SR EE S N ATIERL
FE R R B /N R EEX 100% ) o fif1] 5 B 40/ INER B TP
HAZ w57 BN 4% W iR e R VR B , AR
Fro HE Qe g2 4/ N A EUm A 1L,
1.7 St ok
R FH SPSS 22 FRAAER & SL a0 25 AW 1381 Pt
BEIERA Y + sR. SHEFARBIEILE, H/RAS
RIZ /5 Z5Hr, B LSD— R ie T ML, P <
0.05 NZEFEAGHFE Lo

2 #R
2.1 BHEREEINE
HIEWR AL, BN IR RO 7

EFEEUSE e, HAPFEEET s BAESH 7 E L
(P<0.05), SHERIZMELL, 77 RARMERIR. A=
/N EIBRRREFE S (0.2620.05) . RIS LB BHME
XHRZH/NEROFAEFE 2L (4.42+0.75) BIBE TR (P<
0.05), FHEWEIL,

Table 1 Effect of compound Casson syrup (CCS) on liver and spleen indexes of mice induced by D-galactose

(x +5,Nn=8)
A5 FlE T HIRRE REIEARE FFAEIE L PRAEIE
Group Dose/(mLkg™d") Pre-test body mass/g Preanatomic body mass/g Liverindex/ (mgg') Spleen index/(mgg”)

EEXR

24.00+1.07 29.19£1.70 4.95+0.61 0.30+0.07
Normal control
RN AR .

25.00+2.39 28.85+4.88 5.93+0.84 0.36+0.01
Model control
KB LER IR
SRR IR 12 20.13+£3.31 27.16+2.98 4.42+0.75* 0.32+0.05
YS control

= J:?k”n>7|$7
AR FRRiRs 4 27.50:0.76 30.99:136 4.50£0.38 0.26+0.05*
Low-dose of CCS
= S

EP%J.EEE RARIRR 22.88+3.36 28.91+1.75 5.35:0.83 0.28+0.06*
Medium-dose of CCS
—f = _I:7|<”n>7|9
BAIRE SRR 16 26.13:0.99 28.66+1.81 4.64:0.29 0.32+0.06

High-dose of CCS

T SE B LR FBIES B RARMERAEMRI BB, SITRRAELLE, P<0.05; SEREALLE, *P<0.050
Note : Yanxiaodinar syrup (YS) was used as the positive control of compound Casson syrup (CCS). Compared with control group, "P<

0.05; compared with model group, *P<0.05.



Jun. 2022, 42(3)

LR ENM S E S Laboratory Animal and Comparative Medicine

197

2.2 FFIhEEiEM

HIE®E XA R, BEAH/NRAIME ALT,
ASTFIALP KR EFH (P<0.05), SEAIALLE,
277 RARRE AN R R ) LB IR 5 25 25 4/ N FR A IS
AST. ALTZKEEIERT N G20 2 i B G K
3, [BEREEEER. GEMALK, S52H M1
HALP KR E TR (P<0.05), PERER2, 45REER
D-EFEEFURE AT BUNRHFIIGRE R I%, 12 77 KRR
XA EhRE EA —E R

2.3 MEHIRETER

SIEH X RA R, A /NRAF IR Z 50 A
MDA F1GSH-Px & & H#i5 (P<0.05), SOD & & T
FEAR (P<0.01), SEBIAME, SRR EH
BEH/NFAFESOD & (P<0.05), HEHE
AW EIHE (P<0.01); 1 MDA F1 GSH-Px & & H 81
ARRERRE, BEFRHAMNEREHRITFEX
(P<0.05), HEWFR3. FRIERE T RHEWERY D-2
RIS ARG BEE —ENEIER.

®2 EFRHERYN D-RB LIRS F RGN EMEALT.AST.ALP B2 1H

Table 2 Effects of compound Casson syrup on serum ALT

, AST and ALP of mice with chemical liver injury caused by D-

galactose
(x +5,n=8)

A3 HI® ALT AST ALP

GrHoTJJp Dose/(‘;ifkg“-d") Z(ULY) Z(ULY) AST/ALT Z(ULY)
IEESIER Normal control - 34.63+1.41 144.50+27.30 4.18+0.84* 171.50+20.10*
& EITF B Model control - 101.13+51.3" 241.25+41.04" 2.39+1.69 217.50+81.39
KiBE ) LFERITER YS control 12 53.60+10.43 216.20£50.45 4.19+1.47 157.80+17.30*
RAEEH THMERK Low-dose of CCS 4 59.63+37.74 182.63+56.29 3.44+0.99 169.13+28.98*
FRIEE S RFHEFER Medium-dose of CCS 8 45.25+17.80 159.13+31.84 3.79+0.95 173.38+27.64*
BHEE S EHIER High-dose of CCS 16 38.80:4.76 145.80+13.03 3.83:0.75 149.60+24.81*

EREBP) LR BEES RRERNEENBEY. ALTHARER, ASTABEREE, ALP DB, SYRALR, P<0055

REVEELIR, *P<0.05,

Note: Yanxiaodinar syrup (YS) was used as the positive control of compound Casson syrup (CCS). ALT is alanine aminotransferase; AST is
aspartate aminotransferase; ALP is alkaline phosphatase. compared with control group, "P<0.05; compared with model group, *P<0.05.

®3 EHFHERY DRBEEIAEMBAE R NEAFEALA MDA .GSH. SOD RIZZ IR

Table 3 Effects of compound Casson syrup on MDA, GSH, SOD in liver tissues of mice with chemical liver injury caused by

D-galactose
(x +5,n=8)
zR3]l FlE MDA GSH-Px SOD
Group Dose/(mLkg™d") p/(umolL-mg™) p/(nmolL-mg™) Z/(U-mg")
EESIBRZE Normal control - 0.79+0.10 25.60+7.79 12.23£3.21°
EEITER Model control - 0.82+0.14 32.13+9.24 4.37+3.94”
KB LIERXTER YS control 12 0.74+0.09* 27.27+9.03 5.78+1.56*
RFIEEH EHMERK Low-dose of CCS 4 0.56+0.18" 30.34+6.51 7.30£1.537
FRIEE 5 EFHER Medium-dose of CCS 8 0.67+0.12* 26.33+£10.05 5.89+1.64%
BHIEEH THMERK High-dose of CCS 16 1.09+0.09 19.82+16.44*% 20.16£5.17%*

T REBIILERBEER RHRERNAMXIEBLY . MDA SR ZE, GSH-Px AR E I EXMES, SOD HEB A NI LES; SXTHRAL
%,"P<0.05,"P<0.01, SHERALEK,*P<0.05,*P<0.01

Note : Yanxiaodinar syrup (YS) was used as the positive control of compound Casson syrup (CCS).MDA is malondialdehyde ; SOD is
superoxide dismutase; GSH-Px is glutathione peroxidase ; compared with the control group, "P<0.05, P<0.01; compared with model
group, *P<0.05, **P<0.01.



198 LIS S L E S Laboratory Animal and Comparative Medicine

Jun. 2022, 42(3)

2.4 HABEFITE

*f RRE/INER IR/ NH-E5 A TR I e, TR o=
HO(E1A). BEHE/ NI PR, AT
FFARB LTRSS, A EE RIEAIRTE, RAGFER
PERFAHZRG (K1B) o FHPEA/INEH RIER T4

FERR, FNHESTCIHE R, AR RS
FENRE (K10). SEAAEE, G775 RFEK
iRy . mAREA/NR AR B IR 2R L
# (E1D. E. F), RICNFF/NHEHESEE, ol
B RVEAMOIRI o

I ARIEEXERA,; BARENEA, CAXE@M)LIERIESAE,; D. EMFHBAESFRHERE. . SREH,
Note: A is normal control group; Bis model control group; C is Yanxiaodinar syrup positive group; D, E and F are compound Casson syrup

low-dose, medium-dose and high-dose groups, respectively.

B1 E5FHERN DR+ AMBAE TR RGN EFERRBEZN(HE RS, x200)

Figure 1 Effect of compound Casson syrup on liver tissue caseology of D-galactose induced chemical liver injury mice (HE

staining, x200)

3 ifig
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2015 FEFRENEAG ARG TEIT R 522 4635 TN, H
W40 2 5 R B NBEE R AR AR . N
10% DLE 121 BAN, 4115 25% B9 NTEET RS TEAT A
5 1), A YRS R A G PR AT
FEFEATAGES, DRI AR 5 52 BIX L3 ) R A S
&R E R . AR R SRR LT AZRRF R
KA B AR TR, R SR AT 2GRN B AR T
FER 2 —, K, ROINSRSCES 5 IR R S &
FEBEWSEHHESR, NTASERIERERG

TR G A K MR 1

ARHFFE I D-F RIS SN T ICR/NR A
M AR, BRI/ N AORT . BEEFE 504
DT, B AT AR AT 5 52 2 A 0 AR R
Hoeb, SR AR ) LA R BH e B /N B R BB i 25 Mk
RRASZ BB, 5 AR sk B/ IMEI .
FFEheefabria &R R, SRR S FIEHE
BRIFER. AR, - RRFEREEH/NR
MiEF ALT #1 AST K3 B AR T AFHA AL, i
BHFRZG7E R ALT. AST DL AR T4l it /5 i R 2] 1
—EMIER; %R ARG 1 1 A — B
H— PSR AN RPIEMIRE, 4R EREAH
/INERIFAZS) % MDA, GSH-Px B A5, SOD & &
HH B RAE, FFH HE Yeft o & BRI /N A AT4H
SURHE TR B IE, WIAE At R i A g ST
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2570 o 7B 5 [ A e P e R J LR S AR R B
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[EZ{CIE A BE Medical Ethics Statement]
AARSROABN LRI EIHBES RBEXER
FafpEH R OERHENSCEZRSLNNPCERZR
SEHEHE (No.2020-002). FTEXLIS BRI N
BXREEREMSOIERHIT,

All experimental animal protocols in this study were
reviewed and approved by Experimental Animal Welfare
and Ethics Committee of Xinjiang Center for Disease
Control and Prevention (Approval Letter No. 2020-002), and
all experi-mental protocols were carried out following the
guidelines such as Animal Management Regulations (01/
03/2017), Laboratory Animal: Guideline for Ethical Review
of Animal Welfare (GB/T 35892—2018), ARRIVE 2.0, IGP
2012 and IAVE 2010.
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e, 3%, WAL, AR M BERK SR RR R B R &R E L 3
£, ITHEMRREHEBES ~ERLBIIMOEZ RS EME, PELBRIAMFELEDEEE
VRSB EAEER, JTRELRIAMELE FHE 1987 F 20T F iy K524 R 3 5
Tk, 2008 FEAFE H EAR RS S0, RPN ELIBIH M EmE. A IE &
AR NI RN B S BB A, LB R B SR e B s . A el 18 LA 3)
W ALY E 50 AR, o H AR R PR R SRR Al AR Y B A SRR 50 An 25 4 0 S O T U T — &
B RSt EFFRRS RGBT IHE £ T, REBRAIEITT M A fe b 255 KR WL H 150, 2%
RSTEEHNBEL L1, AR EZRSS5RE (BEXELRHME) (FE3M) %

A~ 1R 75 35 S N7 K B e P BEL 56 1 i 7 v 13 Y 1) B

W5e

SR, X%, SO, B B Rk
U M B AR 5 MR 5 — B B, o 5% [ RS20, 1 M P B 0B, 7 510120)

HEE] Bf LWREERZERE (cigarette smoke exposure, CSE) REBAMEMSHE (lipopolysaccharide,
LPS) SERM IR G IERZ AR IEMEEEMMMZR (chronic obstructive pulmonary disease, COPD) #&ERY
YREFR. Bk BSDARRMH D HXERE. CSEAFMCSE+LPSE, BHI0R, HIEFEEKREAR. EF
FHCSE. | CSERS LPSSEMMEE. B AR COPDERF 24 EM N AR IMINGE, HELEWRSBEIHA
DEIBTMY, ELISAKRNMSAMIENE-8 (interleukin-8, 1L-8) FIFMEIRZLE F-a (tumor necrosis factor a,
TNF-a) B8, 48R CSE+LPSHEMCSEAARMINGELERE R, [EMA. BSMIRNE. NEERSENST
BBE, MBSE. SHHEBESE. £50ms BNFSERERNFSBRIEFIIEEE (19 P<0.05), M CSE+
LPS4ALL CSEB A BRRIFHINAEB E TFE (39 P<0.05), CSEZRFICSE+LPS ARHEREI 2K E MY 3K, LPS+CSEAR
AIMERSEFEEEE. MR, WAt Ki8. CSE+LPSAHFICSEAARMBIL-SFMTNFaSEMEESTXHEA (18
P<0.05), MBCSE+LPSEKR TNF-a RAKFEBEESFCSEH (P<0.05). £&it MNACSEBESERIELPSH
FiEEUACOPD ARBEEREIA T ALERNIGRRIL, CSE+LPSEXE AN TR CSENA %-
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A Comparative Study of Chronic Obstructive Pulmonary Disease Rat
Models Established by Different Methods

LU Xinpeng, LIU Rong, Huang Wenbo, ZHAO Jin, LI Hongtao

(Guangzhou Institute of Respiratory Health, State Key Lab of Respiratory Diseases, the First Affiliated Hospital of
Guangzhou Medical University, Guangzhou 510120, China)

Correspondence to: LI Hongtao (ORCID: 0000-0002-2694-0514), E-mail: gyhongtao@126.com

[ABSTRACT] Objective To compare the effects and characteristics of cigarette smoke exposure (CSE)
alone and CSE combined with airway instillation of bacterial lipopolysaccharide (LPS) in chronic obstructive
pulmonary disease (COPD). Methods Male SD rats were randomly divided into control, CSE, and CSE+
LPS groups, with 10 rats in each group. After 24 weeks, the models were established and the lung function
of the rats was measured. Hematoxylin-eosin (HE) staining was performed to observe the pathological
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changes in the airway and lung tissue. The ELISA method was used to detect the level of serum interleukin-
8 (IL-8) and tumor necrosis factor a (TNF-a) in peripheral blood. Results Airway resistance (RI), functional
residual capacity (FRC), and chord compliance (Cchord) of the CSE and LPS+CSE groups were higher than
those of the control group (all P < 0.05), while the tidal volume (TV), minute volume (MV), and forced
expiratory volume in 50 ms (FEV50) / forced vital capacity (FVC) of the CSE and LPS+CSE groups were lower
than those of the control group (all P < 0.05). HE staining of lung tissue showed that the average alveolar
intercept and thickness of the small airway walls were higher in the CSE and LPS+CSE groups than those in
the control group. Compensatory enlargement was evident in the alveolar cavity of the CSE and CSE+LPS
groups, and the alveolar septum widened, with a fusion of pulmonary alveoli in the CSE+LPS group. The
levels of IL-8 and TNF-a in serum of the CSE and CSE+LPS groups were higher than those of the control
group (all P < 0.05). The level of TNF-a in serum of the CSE+LPS group was higher than that of the CSE
group (P < 0.05). Conclusion The CSE combined with LPS method is superior to CSE alone for
establishing the COPD rat model, and the combined model is closer to clinical manifestations.

[Key words] Chronic obstructive pulmonary disease; Lipopolysaccharide; Cigarette smoke; Lung
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function; Rat models

T2 FH ZEME 5% (chronic obstructive pulmonary
disease, COPD) fEIFRIZRHNG, 2—FSIRZRATEE
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(minute volume, MV). 50 ms FH /IS EFFH (forced
expiratory volume in 50 ms, FEV50) FIF /IR EALEL
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Note: Control, rats in the control group raised in a normal
environment; CSE, rats in the cigarette smoke exposure group;
CSE+LPS, rats in the intratracheal LPS instillation combined with
CSE group. There were 10 rats in each group.

Bl ERESEXERNAREEKBEZE

Figure 1 Body weight growth curve of rats in each group

after modeling

22 FHEKXBIFINEESHLLE

KGR E L5 R TR, CSE 41 CSE+LPS 4
KB RI. Cchord. FRCAHZIIHE & FXIRA, ER
BaHEE Y (P<0.05), TV, MV, FEV50/FVC¥JEH
SARFXBA, ZRE5HITFEN (P<0.05); fl
CSE 41 Eb%, CSE+ LPSA A RI. FRCHEE .
FEV50/ FVC 23 TR, ZRHBZITFREN (P<
0.05), W#El,
2.3 FEKXBEMARBEZES

HE Jeft f5 0 7 BAME TR KRATART]
Al ¥ Ko /NS ) Bl RAE TR, G5 SRR B X R4
KR A ARl a5 M se B e 28, R W HH T R M4
HELIR I, il v ) B R F e Y CSE A R ERV/NVAR

Table1 Lung functions of rats in each group after modeling

(xts, n=10)
Group RI/(cmH,0-s mL"") TV/mL Cchord/(mL-cmH,0 ) FRC/mL MV/mL FEV50/ (FVC/%)
Control 0.250+0.026 3.90+0.19 1.210+£0.042 5.29+0.51 233.98+11.40 0.155+0.041
CSE 0.315+0.018" 3.64+0.10° 1.310£0.071 5.88+0.59" 218.72+5.18 0.118+0.030"
CSE+LPS 0.348+0.025™ 3.57+0.14° 1.395£0.120° 6.58+0.44"* 214.12+8.60° 0.099+0.035™

i :Control SEIEERIBE FEFMIXTEE, CSEMNEMEREH, CSE+LPSIEMERERERSHERESHEIENFETHE. RIBKERS,
TVEDESE, Cchord BPEZSEBIRGI M, FRCENINEEIXESE, MVEIBDESE, FEVS0/FVCEIE 50 ms BANFSERIAMEEZ . ‘&
5 Control 4BELE, P<0.05; "%&/R5CSEALLE, P<0.05

Note: Control, rats in the control group raised in a normal environment; CSE, rats in the cigarette smoke exposure group; CSE+LPS, rats
in the intratracheal LPS instillation combined with CSE group. There were 10 rats in each group. RI, airway resistance; TV, tidal volume;
Cchord, chord compliance; FRC, functional residual capacity; MV, minute volume; FEV50/FVC, forced expiratory volume in 50 ms VS
forced vital capacity. ‘Represent significant differences compared to the control group, P < 0.05; *Represent significant differences
compard to the CSE group, P < 0.05.
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EXZRERME, SEAER AR, fieE
R R VEARRIRE, ABEAHR . s 2 A0
95K CSE+LPS R BT ZH 23 5 CSE R,

BT SCREREEE . Bl 2R 1R B A AR R PR TR
RGN E /R e NS 1 W15 i R A T N TR
TR (F2),

iF: Control IS IEEMIE MIFMINARE, CSEIRAERERER, CSE+LPSIERBERERERSAREIESESEN B TH.
Note: Control, rats in the control group raised in a normal environment; CSE, rats in the cigarette smoke exposure group; CSE+LPS, rats

in the intratracheal LPS instillation combined with CSE group.
E2 SHEXBRMARBERSEL(HERE, x100)

Figure 2 Pathological changes of lung tissues of rats in each group (HE staining, x100)

24 ZAKXBRMBIL-8SFITNF-aE =

xR ELE . CSE 4 A0 CSE+LPS 2 K FRUIfiE A
-8 & B¥YHEHE (P<0.05), CSEHFICSE+LPS
Wz MEFTGETFREN (P>0.05), SHEARE,
CSE ZH1 CSE+LPS ZHH TNF-a S B B E A5 (P<
0.05), [fi H CSE+LPS 41 TNF-a & 803 & & F CSE 41
(P<0.05), FHEEHERNR2,

2 SERBRIMBEPIL-8HITNF-aZE
Table 2 Serum contents of IL-8 and TNF- a in different

groups of rats
(xts, n=10)
Group IL-8 p/(pg-mL ") TNF-a p/(pgmL ")
Control 77.48+11.65 57.43+9.30
CSE 162.87+17.95 109.35+13.78"
CSE+LPS 160.72+33.04° 141.10+18.82™

iE: ControfE [EEWIE AR RAE, CSERERBRERESR,
CSE+LPSHERENEZERERKSHERESRSERNHIAH. 5
Control ALbE, "P<0.05; 5CSEALL, *P<0.05,

Note: Control, rats in the control group raised in a normal
environment; CSE, rats in the cigarette smoke exposure group;
CSE+LPS, rats in the intratracheal LPS instillation combined with
CSE group. There were 10 rats in each group. 'Represent
significant differences compared to the control group, P < 0.05;
*Represent significant differences compared to the CSE group,
P<0.05.

3 i
COPD 2 — it DLEFIR R G, HLR AR 4k
S BRIA] N A SCRE R ZAER . H BT COPD
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KIfEREZE, WEPEE ZME FHF TR/
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A B, NI A IRRSERR A COPD ShHIRAL, AT
COPD &l R B A, R AMIFE COPD Ry EH
EHE 5y . BEARAY COPD SRR N BA 5 A K BmAHE
— B IGPRIFFAE . W DARIR 22 BRONRHIE R AT D e 2l
A5 A AEBGRIAG N R EA R 2 % 44 . KRB
AN BRERS T B . BUARSR S s Al BT
NLCOPD fEL, Hor, KERFEERA 755 ANFER
MM, FHHTEREE, mESEREE. HW7R
FRAMRE RS, SO0 ECE IR COPD 2 AI5N1) . 570\
SR, RESATEUA B 0 75 (8

H fi % W8 COPD 3 W1 iE 18 /5 26 2 f,
CSE &0V wl g A iR R g Y. RS
LPS ™) %, ARAFFELE £ T CSE F CSE BR& S ETMTE
LPS frifs 519 COPD K FRAEAL, FFEXX s ikE@ i
BT LR

i Sh BE R A 20 2L B 25 52 H /i 2Oy
COPD BB T 2 & I AR . ZARFFFEEE R T
7N, Hal CSE 73 7EA CSE BRE R E T LPS 73 1AL
() COPD BB K R A i Lh 83 LU xS R ZHBA 2 R %, il
SR ML E NG %, RS 2 ELAN S E R
o WE I FHATEIR . X5 H CSE Bk & LPS KT
TR /INER COPD AU A A L 4fi CSE TR T Z4E (22
JE#) K F COPD RS T, 7 A4 fili T B8 AT Al 2H 2305 B2 27
ARl U8 14 2By, RIS R T 1A LAY
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COPD KRS AR

LPS J2 # == BH Vi 4 TR A4 i e 1) 3 A AR MG
HE AT 5 RE AR AR A . TR R At R A A
BRI —RVIRIEN TR, ST AR, i
TR S 1) FEARBRSE A, CSEBRA ST LPS
(K75 72 B FERUER SR 5 [ COPD 2 & 1R M ifn S 2t
THRE R 8 S S E R = 3 WA RR RS o

SRR BLE COPD &£ K KB fEh EA
EHEEA, IL-8FITNF-a 2B B R AT, EE
FIERE P RIEEH . (€ R R IL-8 TR S A 5515
SRR ARE VAT T T A S B U TNF-a A
DU R I 2L 2 E . BENATIS H, R
HMEEON, EsmE RN, Wi LR, S
AN T, TNF-a 7K B % S Lt 20 23 3495 7
g, HFRRKPHTE S COPD H3 B8 A EHE N
TRt ThGE R REA 2, SHEh0COPD BYJRAER, [RItA]
KRN Al A AT S dEhs 1

ANSEEG 45 R R, DA CSE #1 CSE B &S &ML
LPS {4 75 2 37 coPD 1AL f5 , A LI A 1L-8 Al
TNF-a RIAKEE B E =, FiREHE N, RIL
Cchord. FRCHITEFE, TV. MV. FEV50/FVC I
BERE (P<0.05), LRI HE Yot s
BE— IS RE R IR, Al REAr i,
i Y A AN R R B2 4 SR L ;X Beas SRS IERH X
PR T VAR /Y COPD KRR st it H S B4l
M5 @ A AHEL, CSE BRE R BT LPS 4K FUIME
H Y IL-8 I TNF-a FA KA BN, AifiThae
FEEEANRAD., RIBEEEEEMEE, KEREEFD,
sy gk, WIZLEE NIHE . X3 CSE BRA S E TR
T LPS [ 77 15 RE At ROE AR . B ZUR
EHEEIME, SIRZIR, BAAEST N

gE bRk, ZRSCEG SR WA A ET RE R R D S
COPD RSB, i H CSE &SRB TMIE LPS J5iE 8N
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i A IR AP B s BRI, $ R/ VA RS A COPD
AR AT DR S AL A A AR £
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All experimental animal protocols in this study were
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Medical University (Approval Letter No. 202040A), and all
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2012 and IAVE 2010.
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Construction Methods and Influencing Factors on Animal Model of
Sepsis
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Children's Hospital, Changsha 410007, China)
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[ABSTRACT] Sepsis is a common acute and critical illness, and its pathogenic mechanism is complex,
often involving multiple organs and systems in the body. Various factors such as inflammatory response,
immune dysfunction, and coagulation dysfunction are connected into an interconnected and mutually
influencing network system, aggravating the severity of the disease. At present, the case fatality rate of
sepsis is about 25%, which is a serious threat to human health. Establishing a stable and reliable
experimental animal model of sepsis is an important means to understand the mechanism of host defense
regulation in the early stage of infection, the mechanism of host response disorder in the stage of disease
progression and to study the therapeutic effect of new therapeutic drugs. At present, there are many
methods to establish animal models of sepsis, and there are many influencing factors. Therefore, this paper
reviewed the preparation methods and influencing factors of animal models of sepsis, in order to provide
some references for researchers to select suitable animal models.

[Key words] Sepsis; Animal models; Cecal ligation and puncture; Mice
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[ABSTRACT]

Hyperlipidemia is closely related to renal function damage, and they influence each other.

Lipid deposition in the kidney affects the function and structure of glomerulus and renal tubules directly
and indirectly, resulting in renal function injury. On the contrary, renal function damage further affects lipid
metabolism and aggravates the progress of hyperlipidemia. At present, besides synthetic drugs, there are
many non-synthetic drugs which have been well verified in the intervention of kidney injury in

hyperlipidemia animal model. In this paper, the research progress in the mechanism of renal function
damage and the related intervention using hyperlipidemia animal model at home and abroad in recent

years were summarized.

[Key words] Hyperlipidemia; Kidney injury; Animal model
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1 ERHMRERRSENES SINEERM%
BIX R

e M HIE AR Do I O i AR i Fe rh il 21
ZEH, S8R MREREEDIES, HFI0E SR
IR M BEFIESE, MR Rl 51K Mg ML
re MR I FE A 1S /NER R RS IR, /N Ti) B B S 13475
M B /NBRIEEAE 9578 #4558 R e 0 3
LI, RO REICE 2R ELS (&2 15 Phaesi i i
mARRIMEENEAIK, WHERIEZ N
PR /INBRREAE o I % BB g I i 2E FTOOUE e I i 2
HIPR R HEH SRR, IR e i 52 HI PR Y
HHEHKVER, HEREEZES, HEN RN
SRR FRON PRAYOR B B BUER 10 Liang 5 1Y A
eV 5 B BRIE A IR RS TE S SRR Ve R A, B
R [ s i ITEE P AIMIER 1 B8 P L A0 & Fee vh B ¥ Eh

iffi. Bz s AEL, AR M K U I
HHEER . =mHw. REEEES. IREBHEE
WER LB IEpOR A &, B HE At B R
R AT )2 ST %2/ (death receptor, Fas)
FIFET-ZARHCAA (death receptor ligand, Fas L) 3K
T MDA, H AT DA s iR I ] Dnjet 1 /N ek
PRSI T, T H Fas #l Fas LATRES 5 H K
RIS o

2 ZHEREMEDMERRFRSMEERMG
.

P FR S [ B D REFR (0 s B AT ] 32 B AE B o s
SHME N EHIIN. R AR E A TTRFE IR, #
1% L WG 20T 0952 10 38 P R TG 3 22 DX Sk A Ve vk AT
BT AR A M 3 26 N AR B Jo e 22 LUK B /N T
JRAEAE (Y PR IR VTR, B/ INERER G A
PRI RE 3 T35 TH A3 A T4 o
21 BEERNRIER

TR EELE BRI R B EME R R, LHE
R EEEAMEMREREEEA (oxidized low
density lipoprotein, ox—LDL) X EHERRAERK, 5%
% . Ox-LDL j# i 8 A M2 %% A2 (thromboxane
A2, TX-A2) FA R 2R 2R BSOS TE AT I /N Bk
ft.c Ox-LDLIAR[ERIFHGEE R 7104, BT
R T 1 IBE#EH (lipocalin) SRR &
#FHIEEHM (apolipoprotein M, ApoM), FHX /35
K/NETH2 000, HAEBNEFZRIA, BT B-mEE
B8 H AT B S PR E B A S R 6 iE . SEma e BoAiE
BARET 72 e MR MLE 855 ML HATIE] ApoM 7K
T . AN, ApoM BN 5 EEHLSAMHEIET
ERANMSHEEER, SBEBHKRSIERT.

HHEH (osteopontin, OPN) EfEETZMZRE
PR UL =4 S W Y b R e s 0F M N =
MfESHS, XEAEB/NKER. B/NERFESEHE
PR I B DB T AR EEAEF o Pei S U0 1A
OPN X e RH[E] B IAE 5 [ 2 B B DhREAS = AU 5EM, A& IR
HIEEHE (apolipoprotein E, ApoE) REBRAY/NRE
PEE R 5 B Nk B 22 BORE R OTAR . AR
OPN ik B /N ER AR AT B AE PR, ELE/NER e
SERFEMNIRE S E A 24 -1 AR P (R
IXEEEEEEREA,  OPN RTHG ey AEL ] ITLRE 5 T2 ) 15 2
REFRA7, OPN AJ g ey AH [l TURE 5 [ 1 DO REH 7 Y
HER T,
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22 Bk
2210 BIBRHBSERITE

IEER TR, B RIIEARAR AT RS
Hheess 7 o B A R A TR OB AT A R S A T
B, SENSBRAEFIEREIEER B /NERY 5K B
(EFRK, SESERMETE, RE&ETER-ME
S ST T s =g A AR TGN G S
HE JoAE 5 I b B (TR (B A5 15 I I S A A AT A 1
EHEE N, SEE/NEREE, i8R mASTTRR
FEE/INER, 5 RS /NSRS A i L1 Y 5 S 8 A= 1
BCE T, FREMIIE AR ARG RN A 4E RO HFLE
BNE E Rz AN RT REE AN HA SR A, RTRE S B
“qotl, EmSBEhEER . FFEEOESE, 3@
e R FRE S0 m IR MERE W S S HR N B
HpFIME IR AL, SRR IERIEA R AR B
Hebitg
222 BINERHBESEMNM

FEMG G S EIAEOCSE IR ORI, 5 iR IERE G
S A RLUE N AT 5 (RS 1B/ NER B A I A B D RERRTS
Ji0 il P I /N Bk T RRUAE S B /N BRBE A R R P
Gwinner 5 122 7E1 M B/ NER B KA A i B IURE 17
BOR BRI R I, B4 ALRE (xanthine oxidase,
X0) fE#t T E mEA RGN, FHINE T S /NVE H
JERRHRAT . 2RBH XO 7 = i MIEAR S 1 I RE AR Y FL A
WrBCkfE T BB, HiEd SRR RN i A
AR H -1 (monocyte chemoattractant protein—1,
MCP-1) F1 I % 40 g & B 43 7 -1 (vascular cell
adhesion molecule—1, VCAM-1) FiA, TS EGEAMAE
HRIE . s ARG BT =0 A T 1B /INER 4 It 5 ik
i, RAEEAE, SRS /NS LR AR E A
JERRSE B MG N, T & A B IR o Sastre % P &
W, EHRMAERE TS T R M RN A RLEL 18
IS AEWRTR ApoE FR/NER S A IZ/ N SR A e 3R B A
(Klotho) FRIX T, 1 ELEALHIATBEZ ox-LD LIS
G IME S 5 IEE  (extracellular signal regulated
kinase, ERK) FI#ZE5 R F-«kB (nuclear transcription
factor—kB, NF-kB), {FE I Klotho FFEiA FE,
R Klotho S2 LA A RN ARSI H B SCH R H o
223 B/INEREHRRG

BNk ) R AR — e 2 AR RE IR IREY )
BEAIME . Nephrin 25 H 24 B 1A 2L FLIR MY £ 245
MEH, EFEHE/NRIET 5 b 8 2 1 77 T o B

TERT, RAMfifE, B/NBRiE R HIoik
B, IERFIEENEAR " SARIES /N
PRBE RN, RANEHR, EAHZ—rlaERH
A R R 2R AR R & E B LIM 45 M Bl H 2
(pdlim2) FIKFER, FEERBS, 5IEEAK .
WFIRE ) I A0 RS R 5T R U S 5 0 2 4
LAY SR L3R FT REATLAR & B e M L P RE eI 175
S B H S R AN R W I ES (protein kinase R-like
endoplasmic reticulum kinase, PERK) FIEAZANEE G
[KIF2a (eukaryotic initiation factor 2 a, elF2a) AJRERL
1, EEIEFESIA T4 (activated transcription factor 4,
ATF4) ¥, DUKRIAS CCAATHY 38 745 & 5 H R R
HH
protein, CHOP) f&3RiA, 54N RN, i
il ] DGR B B8 355 43 BT PERK G %, 3k xof i 4t 2L
BIRIPER

2.3 RMERM

MR 2= ELE) B — NS R R R BRI RN &
A, DT B ohEeR G P SRR, RIEAIRA T
W IR FE R+ —a  (tumor necrosis factor—a, TNF-a)
FIEIAH /23 -1 (interleukin—1, TL-1) A]ELFENE/)N
B At S AR [ e o 5 B (R RS M B 1 A2 AR BT
SRR R ML -8 520 1 /NBR P B A T PO 1 2
BE . HEMTTAH, SRR ERIEES M RAENR
OB AEAE R AV 2, B /NERFN S/ NVEROGIA R, 1
/IMEBEEEIV (BPCD36) FRIXHGHN, 78 MR M
IS CD36 M I B LhREHR T, femiX MLl A 6E
AN SOER L MET R, EElEES
KEECKD P, fEGEE SN S RN, &=
HimAEEH (wiglyceride rich lipoprotein, TGRL) JRZS
A BE PRS2 3K 51 A s R[] B LR T 55 A B A
L, OIS TOGRL PR (E B AR R M7 J5 15 ThRE iR
AinE, [FR EREA ARG, XA REX /T SHRE
FESEER P,

Fang % PV S8, = A8 HIURE 38 38075 A9 Toll FE52
&4 (toll like receptor 4, TLR—-4) 5 S9EZ R & &
S (non receptor tyrosine kinase, c—Src) W§fRfk, ¥
J% c-Sre/3R 2 A KA+ 52 R (epidermal growth factor
receptor, EGFR) E&WY), ZE &Y XIS 732 BRI
fif (threonine kinase, AKT) FIERK, {#if5NF-kB E%
W, B A SRR RN AT AR I B R A
Tk L, SRS R, AN, TLR4 £ E @

(CAAT/enhancer binding protein homologous
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c=Sre/EGFR 52 & V) M B i AR 13 EGFR 188 % Bt o
IXEEEESUIESE, EGFR AELMEAHIR A B IS At
HEEAFNER, JE s MUE/ MG E B ASHR (free
fatty acids, FFA) 55 EGFRIGLAHIHIFRAE THHIA
IR, FFSZRF EGFR AR TAEREE B ISR IAIT o
IR R, RIEEF MR EE-M (inflammatory
factor tumor suppressor—M, OSM) 7E = JE TR & K5 B AT
HAYZRIA K BE G R IR I A 2 i 52 A TP
S TR B . 5 W T S 56 R A I s i X R B L 5 o
OSMIKFRHE R, HARMES 5EHAREES—
B #t—xtosMEAEENGE. M5, 24 hREH
AT, S5 R ER OSM 221K 5 IS AL
W& (serum creatinine, SCr). IMMFRZEZA, (blood urea
nitrogen, BUN). =BiHH. SRHEEE K 24 h JREHE
EIEMX, SrEEIEEEMRE IS EH o A
K, TR OSM AT REfEAR oI B hREfR (i h & B 221 E
AR, R, AMERMEERNEZEED3
(angiopoietin like protein 3, ANGPTL3) &K@ R /1N
58 AR/NEMEE, MAEKFEHEREK, &R
ANGPTL3 R fig 5 R MVE e A % )

3 ZHSEMENMERHARSINERHB
Fiiafr

3.1 SHHEYITFM

fthyT 2R 250 e PELIAT RS B R TR Il A S5l
(hydroxymethylglutaryl CoA reductase, HMG CoA-R) 5
JERMIEE A0, PR s BE ] s A Al R IR
MRS IR E 2R AR, ERE I E H
il s T A A% R Sh RE BB i 2 22 PR i A L [T e 7K
S, TR = AR UE Fr B LR B P RE RS, AN
TP RS 1 B B I CRAP R I SRS B 7 — 28523
HOGE B TRFURI, TEm AR R A MRFRR/INRIAR A L
FIABTT SR 259 1 R a1V TR AR Sk 89, BRI HY B
VTSRS /N B TS R R A AT
RIERRARSIT BB, RBUhIT R0 AR R
PR RAZH ek 95, 5] s 15 D BE A5 075 12 FEE ARnt R 2 ™
B DY B NG TTR I, 1R B/ NER R IR
FREAFIAIL-1B, BERHITHMG-Co A FOTEME, i B
FEARATT B REREE A o AthyT RGN H e A R RAE
[l {2 SON T E R IR BN B Tz B FEfE 25, RS
fyTREGRY 2R, Rt th 2 ok 1
RiE, BFEHHEMNN, AL7TREIRZSYA R RN
RAESEYRHEAE A 2 [ EEEE

3.2 FEHEYITFIR

P22 i BT E LI E R 2 WG ) F 4G 2
—o EMEGESE T, PSR, M, SLHE
e RIFIRITIER . I, P REERET B
FFEE 5 O M BRI AER . Lim & B 55 7
F 2 HEZ 2 LY (salvia miltiorrhiza methanol extract,
SRme) X g MAE/N BRIV R By BB S, HISR A
IR EES/NR@ISIE, 285 E MLA & B =
K, AT PR SRme X5 /55 A THEE /N BT 200 5
BES I SRme 3 AR IILE/ N ER IS BTG RH s, (B
ER=EH S BT RS, 275 SRme AT REE 1]
MiE R =B EACE S, 5GSBS IR RIRIRINRE
FPRMAE . A FIEAMB/NREAEAEREE (mini
chromosome maintenance protein, Mem) FIEEDNAE
Hl R OB, Cah e NEGE m R MAE A 43 74
Fio Fatma % P 55 fF 2Kl (salvia miltiorrhiza
essential oil, SEO) FH=E R Athy] X v i MLE /N BR A 52
Wi, 30 SEO FH=E LAty T BE MR = FE X B /N el i o i
B, SGE SRR MAEFAT B DhRE AL, FFRRTE TR
ARl S, SEiRkR/NEAEEE, SRHERE. =5
Hh, AR B 2 EFRAERE BT LR R & d iR e e
. NEIRY G y- O I Fe IRBEAN PL AR N S S
PRI B R, TSRS B I0, i H SEO Kk
HERCRIETSE eftyT o XA FEE5 SR8 E T SEO fEiR
I AR MAE T HRBCR B2, mEASPERRRAN,
UERAEA RS R IR M AR AN RGE BT IR L & A5 )
AR G F

B RENREEERB,, TEHS 5k RE =4,
RERANEREM, G NIRER, HRIRME
YRR L, EHREREERNEK, Rz, #
FRER, 25k, WEBHEra RIS, £
NRIEH AEF IR A RS HEMEH . Song% Y &
S EAERRERY, MIEMIERER (serum uric acid,
SUA). SCr. BUNJKG-, DUR ISR BRI A AL
fif (xanthine oxidase, XOD). JRE IR EE (adenosine
deaminase, ADA) JEVE, B NG IEHRFNEE;
SRR, HElRMERRAMEL, b SRR
FRA MG RIRACEIE R, FF XODFIADA MR T
FEAK, Y5 BUNZKSTIH SRR, HEME 2550 A 5
R AIGE S IR IR & S0 = R R A B DhBEA 4,
AUREEE BT EASGIE T A% 0 2R AT e I PRI HMGR f7K
PRV TIFREKT:, fasemps R s = dE—B
FOREL, EEILMRRN S E K E 25 n] LA
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HiE R B i B0 M R B I g R I 7 T A= A4S A B
o XGRS, A R AE T I S AR I S
M EA—ERMIME, Hrlsmd RRmASACE,
B R MAEXT B DORE 7T . FHItE, ZSIREA H—
SN AE = B ME TP B BA —E R BGE R . AR
WS U R T e ko v A ITLRE A B T R Y 5
Wi e A TAILA Gy e B MR A R A A B e
A DA e AR ket s SR R B A B i, BA R
HEAITBhRORAERE AL A, At e i T IR B R T
HAHGHERBEGE, FEENG FE2Ed T~
i HMG-CoA~R mRNA FA /KPR TTHET o Zhang
& W ERIB IS IS R R, T ARAERIR S AN
bl YR e S G a7 S = DA i e A i R [t =
BEAN, FFEGsEfUE ORGSR, R, A SRR G 2
—MRERNRHIGT, R, BARRIMASFHiE LR
H, e LR IR 52 B L AE A2 o

HEFIE2 2 MR EY), EERIETHLE. &
& (ZLAEN) . B, RIESHEY . AR —M
EMEMERIBHORAZ MR, XRK=. Gt
FUUERH A 3 A = g TIUE 1 P RE AR h R 15— € HY
FHUEA o Takeshi 8 3 % Bf 1 22 i ] (.2 01 1
R REE) = AR, F R = H a0 /E F ELRRAE
[ s VR BN B . A FTE AN B 2 —Fh
ARHGUE/NKE RV, Bes[E I HIHIE E R
IR H MAER R AB MUAE » VP ) @7 T mifig e
NFRIAAL, AURMIAS . A BREFEhRE, mER
FAHE Gt PR KRGt (schiff periodate staining,
PAS) FHOHAME BRGNS HIESFZN, F
2D % R E SR A S et s - BR S T B S AT
/INER B A P SR AL R P B LR DG B B30 5
SRR E R s R I B R R I s /N BR B A o
B MASFARERACE, 238 B/ NBRAR IR AT /N
gl A BE/NERBEETUR, MRS EREEH
(fibronectin, FN) HJZRIA; ifi HEZ S EEREWIAE L
AR EE VUG BT+ 2 H K 1
(silent information regulator factor 2 related enzyme 1,
SIRT1) . AP EACEG 2 (superoxide dismutase 2,
SOD2) I & Bt H Bk i & L ¥ G 4 (glutathione
peroxidase 4, GPx4) HUFRIEA, TYE AR ELESS 75
EEEEIETEH 78 (glucose regulatory protein 78,
GRP78) FICHOP mRNAZRX, DL EFFRERIER, H
T N S A AR SR A N A 5 R R
B AR e R S BRI M B DORERR T o

4 45iF

Zi bk, REmEIESYIRAH TS e 7
PRI SEAGAESE 1 R MR IUAE AT DASE IR 15 hae iR {77 i % 2R
K, SHRIERMGIEYIER. ElERESE 6
BROGH 73FHUETHE, AR TN BN ERAFIER
22, A IhaE IR AR (S S SIBEEAE R R R
RER T I — RN . REECRMZ 1= 5 AT
P R A A TR, HZ TR T2 b B,
EEAHATRENERIALE, BRI AL — B
B i HAE S T UE LA A 2R SRR U RIS IR Y
MRS LR D

re I M SR SR B 7R 1R T 2990 B B 2% H A
BNTREBERES BRI REFIBIR . REMRTTHR
KRR T IEIBMER EE A& REY, EEETR
GRS Ham ) 2 R, R B FE 1]
EREE], kARG A rlREAE T Pl A8 AR HI /R
PR FERARR O PR BOR , RERE A B BEAE HO PR LA
HIE RS, XREERBREE Rt AR BN R, (A
A RE RN A AR 9 2hRE. DRIEL, xS e liE
IAE SR 5 [ 15 S REHR AL DA S I p i — 2
AW, AR s IRIE S S el RES
B FRANR SR — e U BHe B R AN SL e S, [H]
It AR R MUE S YA e A S bR e S
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Research Progress in Animal Models of Ulcerative Colitis
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[ABSTRACT] Ulcerative colitis (UC) is a chronic, idiopathic inflammatory bowel disease. Its pathogenesis
has not been fully revealed. Moreover, the lack of effective and safe treatment strategies is an obstacle for
UC treatment currently. Animal models are essential tools in disease research. Therefore, the
establishment of animal models with pathological manifestations similar to human UC is conducive to the
full study of this disease. In this review, we reviewed the research progress of animal models of UC, and
found that chemical induction is the most commonly used method for modeling UC. Based on the
development of genomics technology, gene editing or knockout-induced spontaneous colitis is a vital
direction for animal models research in the future. In addition, the indexes for evaluating the modeling
results of UC animal models need to be further explored.

[Key words] Ulcerative colitis; Animal model; Pathogenesis; Gene knockout; Evaluation Indicators
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11 ZEHY . REREX"EKSER

25915 G R B A B E N FRG UC 3P
AL T5TE. AT S0 UC A2 Rl I AL
% o], B ERAEIR RN (dextran sodium sulfate, DSS) .
2,4,6-=HE oK EE (2, 4, 6-trinitro—benzenesulfonic
acid, TNBS). FEMEREH (oxazolone, OXA) DIN 222
RNEHNEEESEGY, m2, 4-"HEER. H
G2y EE e AR FE R . BT H SRk
PR, ARZGIX T3 UC BB SALH]. SRR
. IREEHEARME,

DSS 75 5 B sh W B 8 BLAG 15 52 75 T2 147 B ) R
R —E MR E R DSS /SR T LS B i ek A e ml
s R ENEEIA RYERRL, ELF5E & AT AR SR SL 40 75 5K
Ve B s B 2R B K 25 245N [B] o DSS AT IA BN 45
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AREBEEAFETZ, ALY R %R
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A E s RN IR 7

TNBS{EN—FE4i)5, {ELE2GI LR 2R —E
RER CRRRHRS, HESEmSS . JBEAE
FERTSHREIE B bR IR, T TNBS 1@ 1S 5 R 7314

JRESETE R ETURE SRR, SEERAMEEAE T
BRI, EREREBANMERRL ¥ 7E TNBS FI ZEE A [E R
. ShWashs 2 R e i 28 1 e R ) 1k 4% 1
RNEEAR , BRI T AR UCHIGARZREL s {HTNBS
FIrifs S 30 928 ;R R LA Th1/Th17 RN, #AN
BEEEE TP BR ", Fk, TNBS B S0 sh
TR BRI UC AR LEMTRIFAE S

OXA 5 TNBS [FAEHURAY), FMERS SRR
o HE TNBS KA, OXA A& 31 Th2 400/ 56
BIERNL, X5 AFEUCKIHEHLHE T 2, (HIE
AR SHPI RFET- R 1 K AR BE T A E PR S8
HIHRBOER) 12 6 F RE5259

LRSS B SR A ERAER . AR
RBRSEMNE, (HEE L shYEE A R 1 I N5 S At
HEfp Ak R R N EAML Y, R ZBREX AZ UC
KIFHLE] . B IIZAEI AL EF T R AR &
RS

25 5 8 UC B8 4 i A I [R] 1 %
&, EETIAEAENAEh, HEBFEER.. BEE
fi. EEMEEAMSIRERIR S, RO B Al
[z ERB UCEHIEEL, (HFEIN, tAFE AR
ff AL F 2007 S s E5 I R IR N 2 R a R Ak,
AFFE AR UCTHRRR. BHERIERRES, NE&aMAH
TR . BAHUR 2 R A H s
Wi 2 2R DX iE A sh B B o5 A 2 S e hRE AL, 1
B b 8 S 2 R A 1 R i — 2 S 3 )
FERVERRL, ZITERER B A UC Sz = a0 RS
R, XAMERB AL I KR, sOANERS
ANFUC RN ™, K, (285 AT
BESFNSIERIS IR R . (HH T %5 ETR A
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1 ERNARREEEERERIEE S ZRIFN ST

Table 1 The modeling methods and evaluation indicators of ulcerative colitis models in rats

BEEAR HYmE EEIRE REEEBAL NS SE
Modeling method Animal Modeling process Sample site Evaluation index Reference
TNBS SD K5 . Wistar Kf,  100~120 mg/kg B TNBS 4\ 50 % ZFER DAIESD EEBELRA (9, 15-17]
B ENAREBIUEEAR RiFH AL FEZEIF
UC; &7 3 d LB S KR ESE UC; o)
B7dEB R, LUEEKRIEN
uc
DSS SDXE EL7dBHRIRASESS %Y ZipER DAIES KBEHBA (7,18
DSS AR LIRGB R ERETSFIE
S VRARFEENT E
LUREFETFD
vy SD K. Wistar K 10% 2B B KER SMEM . ERFER ALRBEEHET AR [19-22
Acetic acid BEFIFD TNF-a.lL-
1.1L-6
2,4-"HESR Wistar K& 20g/LM24-“HESXRIE Xk & ARREFRE. L4 (23]
2,4-Dichloronitrobenzene TR EE14d. $B15~18K AR IL-6
PLOT %R 24-—HES KBS
0.3 mLiER
TNBS+#i/R SDAE Wistar K UHBAZREFHHRGERR EEHKM.EH DANFED HRFESF [24-25]
TNBS + antigen &, TR EERER. SEBE HA W3 VAQREETD .
T B ERBLEFRRR TNF-a
H B, [51%100 mg/kg A9 TNBS
BN 50 %2 EE AR SR
S +IR Wistar A& BV R R i B 45 B 20 B8 IR I R LR FipER HRFEFHT AR (9]
Acetic acid + antigen &, AR EFSTFREREHEA HEFIED
LAEB. L5 %Z B 1 mLiER
SDXE KERFEFEBREIFFAR B EBER DAITS AMRRBIESE 126]
FEEBRILAZEL, BBLAS %R 2 5 TNF-a.IL-6
mL &
TNBS+DSS Winstar X5, 4mL/kg I TNBS S ENEB7. 5 ZFAER DAITESD BB EFE [27]
1116 X 5IF L5 % DSS AR BT ERFERGE
BHIXAE24h #
2, 4" HESFK B Wistar A5 2%M24- " HESAXRARRE iRER EIRRIEF . 28]
2,4-Dichloronitrobenzene FERRENEN, iELE14d. BBI5KREL MMP-1.MMP-2 7K 3
+ acetic acid 01%24-"HESRXIRBEER
025 mLiEfp. %16 XERERMU
EN0T %S BB 2 mL
R AR+ R SDKHR BRBMHEEFFHRESFANAE REML.&ERHAR ARBFEFNT. L4, 129]

Formaldehyde solution +

antigen

&, AERSEFXEREH.ER
A I RS S SRR
15 %REEAR2 MLER, BE 1
hiEREREBKhET %, BA
MER2 mL(EHE8 mg), AN
EFIER

IL-5.IL-13

E: TNBSED2,4, 6-=WHERFRMEE,; DSSRIBREMERMN, UCKERBIEERX, DAHBRBENEY, MMPIEERZEERE; ILIEOHE

NME; TNF-a 5 MEIRTEE F-ao

Note: TNBS, 2,4, 6-trinitro-benzenesulfonic acid; DSS, dextran sodium sulfate; UC, ulcerative colitis; DAI, disease activity index; MMP,

matrix metalloproteinase; IL, interleukin; TNF-a, tumor necrosis factor-a.
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/NI A ZP 5 AR . B E K ITE
FEIRER DSS H IR 5 df5, CSTBL6 /NGB
SEAG M7 A BORBRECAS , BALB/c /N A B s T 2
WE, XEERARE & Z /N DSS B 5 8 Al fE A
[E B, A, HAREMEEL, AINRAESIIEONEEE, %
TR A TNBS SR A s B A E, /N

%2 BERNRREES R RERISEG ZRIFMIEE

M52 TR BB 5S, SRR . Kk, fEER
FREFARTUF I T UCEIERLE R, KERZEHE
NH R B SEA0 B0 o EREUR R O FE R TR
RGBS BY/INGR 4 R R A e B A5 R R B Pl
BRI UCHA SO FEE 1 B, I
H/INER UCARELERBE7T 75 B IR 2,

Table 2 The modeling methods and evaluation indicators of ulcerative colitis models in mice

BRG

Modeling UE/ERER SRR RAFEBAL TN IETR SEH
Animal Modeling process Sample site Evaluation index Reference
method
DSS BALB/c. C57BL/6. 2%~5% B9 DSS AR FLA/NE B HIXAS~7d Zhh ERER  DANTED HRREFHE. [31-41]
Swiss. BB/ MPO.IFN-y . TNF-a. IL-1B«
IL-4.1L-6
C57BL/6 /MR 2% DSSARBMIRASdEEH14d. L3 MR EBHER DAIFD BEBEZETES. (42]
%, H43dESEM UCKER [FN-y. IL-4.IL-17
TNBS BALB/c /IR, 5% TNBS 150 mg/kg 5 2 Egia R LA 4 TRILLA) RREEM . Z5M74H4R DAITESD (SRR ARIT [43]
HITREEER 2 VERBEFIFD IL-6.1L-
8. TNF-a
OXA BALB/c /N PIER - eI =4 1LY, A0 200 wl 3% ROTE M HRAR DAITES VRRBIEFTS . [44]
B, R T NEEBHE. X E1%ER IFN-y . IL-4.IL-5.1L-13.IL-
fi§ 100 pLiB N 50 % Z BB ENNR B 17A TGF-B1

i1 :DSSRIE RIEMMAR SN ; TNBSEI2, 4, 6-=FHERER; OXARNIBEMEL;, UCIERHBIEEMK,; DAREFEMNIEH, MPOIEIEIT SLES;
IFN-yi§ y T ER; TNF-oiEBIREE F-o; ILIERMIBNE; TGF-RIERILERRE TR,

Note: DSS, dextran sodium sulfate; TNBS, 2, 4, 6-trinitro-benzenesulfonic acid; OXA, oxazolone; UC, ulcerative colitis; DAI, disease
activity index; MPO, myeloperoxidase; IFN-y, interferon-y; TNF-a, tumor necrosis factor-a; IL, interleukin; TGF-B1, transforming growth

factor-g1.

BT RE ANESL, S R
S G o), B pE s U RE R SR MRS
% (R3)o EZLI RS BB RAE
FHRERP, LRSS Bt AT
UCHNER, HE2GiW RN BEEMRE XY
RAEFRE— P IRER.

#*3 HitnahMimm S mRISER Z 5T iER

1.2 ERERER

BEEE R TR ARMRAMASG KR, BRI
s E RS BN — R EE W UC A N 77
o FEH2 (mucin 2, Muc2) HMRAIMTUW, 2
FEAERNR. MR L RRNEEE . EiDE Muc2 &
Rlmebr, SECERZBRRREAE, Al ECOhE & /N B & T

Table 3 The modeling methods and evaluation indicators of ulcerative colitis models in the other animals

SRR
ERSH EHFREE BRI ?:iﬁjlﬂ TR SE
Modeling method Animal Modeling process site Evaluation index Reference
DSS BRAR 0.25% ~ 1% BIDSSARBHBIRFA10d=14 d, #5426 ~ 81N F ZpER REBTW.HE [45]
i, LES S tEs@it uC BEHRAZESIT

vy WE=E% 5%JBR2mL—XIEER EHALR  DAIFD AR [46]
Acetic acid BET

SE+R WA=E% AXKRREDBETREERDNEF 2%ERIPED15mL. 2 HHAR HRABEFHT (47]

EBH1TRA 1% REARIN2% ORIBESKRA mLIER, 3%

. DSSEIERMEMERMN, UCERBIEEMK, DAEKRRBEMNIEH.
Note: DSS, dextran sodium sulfate; UC, ulcerative colitis; DAI, disease activity index.

Acetic acid + antigen
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ZERA R [49750]0 IR RS A 7o (tumor necrosis factor—a,
TNF-o) SZMEE R T, EERATRESBUN
FEAMAE TR (interleukin, IL) —18 KEHGIN, FHiN
Z Muc2 SRR S R/INGR B B2 Bz 4R, AT AE &5 S5
W R 0 IL-10 R G2 — 1 EE IR A
T, /N IL-10 B[Rk S AT AS [ IL-10 FL R/ A%
&K, =B FEEE A E AN SR RN,
HE I REE R B IAh, IL-10 B T ERFLR A
B, @mrlEIA RN, (EEmERR 4. e
Vo I B PRI A IR B IR %A (K8 1 (nicotinamide
adenine dinucleotide phosphate oxidase 1, Nox1) AJVE#E
B TR A A B RS ARG R P, E Nox1 FRIXKFE 5
IAIERERZRE 2 IEADC . /NG IL-10 F Nox1 EEIXX
R BRI AT /N B L B 5 AR UC RHERBLA % 1A e AT
GUERIMY . INRZ A A EE la (multidrug
resistance gene la, MDRla) FiA 5 UC ZEPJHH %,
MDR1a A2 S8 bR R, #—2D5 R iE
AR AR R, B & T 4R Tt AT
i, PR R Y,

BRI FAEE HOESE 5 UC &R & VIR 2
H. EF s RO, Rsedesh?) 3 rnsk
A TRER, LA Ssh) B & HEEE I RO, Al
TR PRl ok B S A A 1 P 0] S B ] S BUR T AT
HHarsE B, b ERI, ERERR S SR UC
BRI T AR e B R R AL BEATAAEL,  [RIIN
BRI EE S, LR AR, BEHERRRE.

2 UCZHMEBLEM ISR

PHHEAR A SO S RL IS AR VA 73 5%
e, R SE I AR SRR S . T UC
AR NI Y, HETm sk inE, HREZ
SRFERIEEEL (disease activity index, DAI) 743

x5 REMEHRDMERNARKBEF TS HE

CH AR PO S AR BT S, DRSS A
IRPE S FEARIEI T HIWT . DAL RS DLSEES S A 1 I
By RIEMEIRE R K fUm T8 b, ST S AN
TR B A T I, BeZaE i oy i e LIS 2
B, X2 AR UC R B N7 oh o B9 IE A 4
fi o BARRITES 7T 12 ) R4,

R4 ERMUERRIYERNERENESIFLHIE
Table 4 The disease activity index (DAI) scoring method
for animal models of ulcerative colitis

218 KRS PNESIZN Mm{E

Score Weight Stool form Bloody stool
0 TR EE KBB4
1 TFE1% ~ 5% 2R fE KB MFA M
2 T2 6% ~10% AR B (E AR AT D4R AR N
3 TBE11% ~15% g5 PIRR AT D BE B (& I
4 TF&E>15%

ENERE-—RAREERER, ZRITHD , BIMDED FIEN.
Note: Daily scoring from the first day to the end of modeling, with
each score added up separately.
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i PE43 7 R S8 %o S5 BN 45 i 2H 4R AL IR SR
DAES IR . RIER KA 1539 1 i B 28 Ve L <5 A
TP o

DATPESY . HEURB PR3 E I 75 IR
TEPRBRZ ARG 2 fEH . HENIMN ZMFE
TEA T BT A T 583 S i, HRX B
k& H HIX TP HIARE R RIS R G — o as AR
PRI AR RIS B o (A A R

Table 5 The histopathological scoring method for animal models of ulcerative colitis

DHE RKURNZE RRIRE fRER%B RIBEE
Score Inflammation level Lesion depth Crypt damage Lesion range
0 ToRIE TIRE TR TR
1 BIMRIE ERER HEB1/3 %R 1% ~ 25%

2 HREE R ERHREEMHETE HEB2/3ZH 26% ~ 50%
3 TEERAE FiEnEE X LR ARRE ST 4F 51% ~ 75%
4 les . LRABERER 76% ~100%

iE: BRERRBERETURUTD.

Note: Colon tissue staining followed by microscopic observation for scoring.
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Anatomical Characteristics and Background Lesions in Laboratory
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[ABSTRACT] Objective To investigate anatomical characteristics and background lesions in laboratory
British-shorthair cats (BSCs) through gross and histopathological examination, and provide effective basis
for the research and application, standard establishment and market promotion of this experimental
animal. Methods Gross system dissection and histopathological examination were performed on 14 adult
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BSCs (half male and half female), and the histological characteristics and background pathological data
were collected and analyzed. Results The body weight and organ index of spleen of BSCs was higher in
males than females (P < 0.05, P < 0.01), the organ coefficients of brain and thymus in BSCs were lower in
males than females (P < 0.05). The anatomical structure of testicles, heart, thyroid gland and tentorium of
BSCs is different from that of rodents and canine. Furthermore, histopathological examinations revealed
that the structures of heart, pancreas, spleen in BSCs differed from two experimental animals mentioned
above. In addition, there were multiple hepatic cell vacuolar degeneration in BSCs (9/14), and occasional
renal, brain and lymphoid tissues were also found in some animals. Conclusion There were six differences
in body weight, and organ-coefficient of spleen, thymus, and brain in BSCs, while the hepatocyte

Jun. 2022, 42(3)

phospholipidosis of liver and background lesion in BSCs were found.

[Key words] British-shorthair Cat; Gross

characteristic; Background lesion

autopsy;

Histopathological examination; Anatomic
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Figure 1 The general appearance (A), facial view (B), abdominal cavity (C), thoracic cavity (D) and cranial cavity (E) of

laboratory British-shorthair cats
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Table1 Organ index of male and female laboratory British-shorthair cats

(x +5,n=7)

e MM Male it Female
Or“g;n PEEEFIIRE fEzEHE 3 fEzE RS AEzEHE 5

Organ weight/g Organ index/% Organ weight/g Organ index/%
) Heart 17.72 £1.92 0.46 + 0.09 10.35+2.36 0.40 + 0.02
FFAR Liver 103.34 +9.79 2.70 + 0.50 69.32 + 118.19 2.68 + 0.57
BEBE Spleen 6.41+0.46 0.71+0.10 453+1.16 0.18+0.05”
it Lung 21.14 £ 1.61 0.55+0.10 15.59 + 1.36 0.61+0.04
& it Kidney 38.30+1.35 1.00 £ 0.15 23.72+5.82 0.91+ 0.08
A% Brain 27.40 + 0.82 0.71+£0.10 26.71+0.23 1.05 + 0.13°
B9AR Thymus 1.23 £ 0.43 0.03 + 0.01 1.23£043 0.05 £ 0.02"
5 _EBR Adrenal 0.65 + 0.05 0.02 + 0.00 0.71+0.12 0.03 + 0.01
ERRBR Thyroid 0.38 + 0.01 0.01 + 0.00 0.38 + 0.03 0.01+0.00
SEH Testis 3.71+0.28 0.10 + 0.02
YREE Ovary 0.72 + 0.08 0.03 + 0.00
F5 Uterus 3.50 +0.33 0.14 + 0.02

i SIS -MESRRE (g)/EIMIRRE (g) «100%. SHEMSLIIEMALL, P<0.05," P<0.01.
Note: Organ index=organ weight (g)/body weight (g)x100%. Compared with male cats, "P<0.05, “P<0.01.
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i ABORE, BAEEK, CAHERME, DAKER, EABLR, FAB, GH=W, HAERE, |AEH, JAFE, KA, LASE, MA
B, NJBZER, ONIPE, PHNB. MRGENHERE50ME (LEHIR=1000um) b, HREFIPAHEREKA200/E (ELAIR =200 wm)o

Note: A is heart, B is aorta, C is spleen, D is pancreas, E is adrenal, F is stomach, G is jejunum, H is ileum, | is cecum, J is liver, K is

lung, Lis kidney, Mis brain, N is testis, O is ovary, P is sternum. The scale of G is 1000 pwm, and the other images scale are 200 pm.

B2 xRAXEEERNEEARRENHERBARABERN R

Figure 2 The histopathological characteristics of the main tissues and organs of the laboratory British-shorthair cats

detected by HE staining
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i ARORE, BRIC S, DA, EAIMELE, FRNMN, GAKT, HAB LR, 1AME. EA. B. D. F. GHREBEXLMIEY
NEETMXE, ECHESEHLAENMGENENELR, BEFREEHELMENNBEARTILKSE, BHPRESLMIENRKTLE
RELXEE, EIFEEELEATSERNRR. FTEERYAHERE, BK200/F (EAIR =200 um)o

Note: Histopathological characteristics in the heart (A) , kidney (B and C), liver (D), lymphonodi cervicales (E) , cerebellum (F),
brainstem (G), adrenal (H) and lung (1) of laboratory British-shorthair cats stained with H & E (Scale=200 um). Arrows in A, B, D, Fand G

show the vacuolation (fatty) degeneration; arrows in C show the damaged tubular of kidney; arrows in E show the passive congestion of

lymph sinus; arrows in H show the disorder structure of the zona fasciculata in the adrenal gland; arrows in | show the bronchus abscess in

the lung.
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Figure 3 Background lesions of laboratory British-shorthair cats
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[ABSTRACT] China National Accreditation Service for Conformity Assessment (CNAS) laboratory animal
institutions accreditation is an important system for the management of laboratory animals in China. It is a third-

party evaluation on Chinese characteristics dedicated to ensuring the quality and welfare of laboratory animals in

China. The American Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC)

certification provides global services about animal welfare evaluation and ethical certification, which are

important for management and use of laboratory animals. This study compared and analyzed the nature of CNAS

and AAALAC, the nature of CNAS accreditation and AAALAC certification, the evaluation principles, required

documents, the evaluation process, the management of reviewers, and the acceptance of results, and discussed

the differences and characteristics of the two evaluation systems for laboratory animal institutions.

[Key words] Laboratory animal institution; CNAS accreditation; AAALAC certification; Welfare of laboratory

animals
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[ABSTRACT]

experiment management systems. In good operation, document management is a key element. This paper
aimed to improve the management of animal laboratory documents from the perspective of the laboratory

Hospital established a good animal experiment platform and a complete set of animal

accreditation and testing institution accreditation auditor of the China National Accreditation Service for
Conformity Assessment (CNAS), and provides a reference for the improvement of the management level of

relevant practitioners.
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[ABSTRACT] Organoid is an in vitro three-dimensional culture system of stem cells or tissues derived
from patients. Both normal gastric organoids and gastric cancer organoids can be established through this
culture technique. Organoid possesses high fidelity, it grows with the similar molecular structures,
functional characteristics, and genetic information as its tissue-of-origin. According to above, organoid can
perform therapeutic targets screen, facilitate drug responses prediction and verification. Meanwhile, it also
provides a new idea for precision medicine research of gastric cancer and replacement research of
laboratory animals. This paper reviewed the establishment of organoid model of gastric cancer and the
development of application of organoid in precision medicine, to provide ideal in vitro models reference for
precision medicine research of gastric cancer.
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Table 1 Comparison of different models of gastric cancer
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Figure 1 Application strategy of organoid in precision medicine research
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[ABSTRACT]

Comparative analysis is a fundamental tool in biology. Comparative biolinguistics

emphasizes that the foundations of cognition are shared between a wide range of species and provides
insights into the nature of human speech, language, and social interaction by comparing the
communication mechanisms of humans, animals, and hominins. This paper reviewed comparative
biolinguistic studies in the modern population (between modern humans and hominins, and in model
animals of vocal learning) to reveal the significance of comparative biology in the study of developmental

language disorders and language evolution at the levels of genome, neurogenetics, and ethology.

[Key words] Comparative biolinguistics; Vocal learning;

Language evolution; Animal models

Developmental communication disorder;
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EEFRSEEM TR T EENLE,

Hul, R AEEEEATESHREEK

[E&ERE N =

2(1978—) &, L, BEE. HRLEAAMEZESE,

R, RIRIAEsEEL, & AR R A EEE R A B 73
T N 2O SRR ATE B AL AR o A B il o 91 G LA P
(forkhead box P, FOXP) FFERE T2 —TNEHEMWEH
FUlizR, EEHESIENTIEZ T ERE RGHNKRE .
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Lieberman 2 $2H, P A F1B M EARTTZH R
fiEB e B —— A E S RZIRE e . =
BRI EAM R E TS B A B A 2 T T
ZEAFAMIT R, M EFIE. BB, R
BMIARNABEHIES B R Y. BIRAEESHA
Y PEARE AR S A R o ST B Sl AL X = 5 T 1)
WIES N AR, NERESSFEZ.
R BPAFITT ] GBS R R AT . 14T AN
R it YN

1 RAABPESHILLREEZHR

ARANEMERE R AN AR 5 S5 R Y
Bt TIRH IR LS. R ARIREE #F
TEFIE S RSB E R AR T Pk, DN AR EE A
Ao AE AR AUR T3 IR BORFSE, EE
NFFIN —Fh B SR SE AT ok TR R AT 2R A 2 [A]
R R . KIHLDR, 1B EFIESMNE "IAA
K HPEERRHME, EETXHES "HiBET 5.
REESHIRTES THIUREIES ERM A, B
KRR RN ERCENIES SR, FHiL, Bt
EEEREMERFRNERRERNEEE R, A,
ST ERONTEZ FACE_EARR AV EALHT AT 5EA IR
SHETH. HAl, FIINHES S FREATER "R’
5 "R G THEZHIAR.

11 ERTRS5ENZR

AN S — RV ERAT 7, WRHI
Mgtk s HE . BERFE DU AT DNA B BcEE 2R
o ZREEINAERH A 281" FIRER ERL
AN FE I 53 . BERI2H HRiF 2 5348 J& TR
SAF, WEEREhRE K RILEM AN G . SR, WIARAE
SRR RIS IX )P, X A] e gmAg & H Y
RAERTY], MNMFMEHEE. WRE AT
X, WREBCE R E RmiSEREREN T EAFHK
R AR AR, B BRI R0A DLR SRIA O #L
B/, ANETITE . TR EREAT A AT
FEFEAEREN, AT SBUR BAIIRERTIEE o XL |
JEMSOR IS T AR S EFIE S EN AR
IWHIFIT AR . JAFF 7038 R I — 22 I A FE R 5%
BAEBERIRSL, WIFOXP2 R4 S8 LHE 5B H.

e AN, X 4F 5 IE S 15 (specific language
impairment, SLI) JIRIEF 7R T8 S B 5% W
BN 2 RIS ZHHk R . 40 SLILEH ATP i 2C2

(ATP2C2) F/EK c—Maf %5 5 & H (C-Maf inducing
protein, CMIP) (16 54 ffk R MESRER) &
A I EE AR i, AR TG )R TR S RE I
TR HEBRAR o A [l — B DR A AR ) AR s 25 i
AR KRB RS . Wil E B HECEHFE2
(contactin—associated protein—like 2, CNTNAP2) B
R RS SLTH XU A, w2 WL s X 542
A 55 1k 52 J& B AN 42 PR K MR £ S AE - (cortical
dysplasia—focal epilepsy syndrome, CDFES). %4 JJf&65
(intellectual disability, ID) sk arEmmEse 1,
12 ESEEEMNERE

W& MR R, AT ERMERAZ
MHZRE T HREE N Ti#. (H2nSHE1EN
B SRR R IR, R EAWHIRR

BHENKBIERRIEREF. H5%~10%H1)LE
TFAEAR AN SRAS 0™ 2B 1) BRI B i BT B, 2l
N EBE SRR, Hdh—p 2 e\ hae
XHRE AR B R ESMARE R, B~
EEFHIREIZIR, PIMEENER. 5A—EH)
AR VBN A 5N IS IEAE S A,
i el s . ID B 2 H M E I R FEAE (autistic
spectrum disorder, ASD)., AEMHY—H T LEEEE
EATTBE AR I Rl RO TS N A = VBRI S Al
PAEREZG—N KRB w17k
b, ARNSIBEHESREEZE, "BEERRE
(language specific) ~ FEEAS 5500 Bz FIAFIIRER]
PERS 2|, PR “REEST 5 RIKEIIEREE” ZIA,
HREEA TE M SRR, HAR Y 5 K2 FRAS B2 Wk 10
BN AR S AE DR PRIEE, FEIEH 5 R HERN
ZIAEEHT ) Rk, A, B—LEA MR HL
ik &, Mg /LEREmMEN, REUEFEFES
KPR T R, HEGFEEZ: S5, i55H
PR BRI T AL MRS R, [FI 5 H A
RGEAA 3. A, Sk EHRRESAZE—
EHIAE, ENMGHRE T F2eRET R, BAEX
IR ZE 7. BN A S EANE S R 2 H L —
FEE A (HH WP R E IR R B P,
I T B AR RN i A 137 5
B MR IANE AR SRR TUE T XU HI AR,
fG# X sz BB DL K o &2 Rk B BEALE #2 /Y
i

H#EMNEEESZRUSAENESEIEF.
EARES I AR EIE SR IIMERILE R, &
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EAEE S FHARHRE T ER. dEMmTFEFEE
EE KGR " Ew T f7TmE,
R TR R R AR A & & HRIBENIN. . B
BUEF I FEAE FHGRI R ER, RREGIRIES
A SR AIRER, FlIE BN BRI EE
B AL EES BRI RAREUKT, DU LENEE
MBS E 7. ik, IBESRINERL
SR FIENIE S BRI BT R, HATE
i FH 4= B[R 4 SR Bk (genome—wide association studies,
GWAS) HETiTE. Aok, AMTELEZRIES I
R (FEFEMBEERE LG AESEE
TN ZR TR D), R xiE S B 5
M ERAR T #. BF A HKEEASDERT,
BBt A KIS (A 7 e IE S RE D (I
P R E S WIRAAES) 1 fwel, R AR
BT = BRI 7T S

Y EVE S BB R N SHER R AKIE S B
RAEEAR, ESHIERR DNAFIEH B
S ARE SRR AT EEXS A AT REEE A%
BB, TR BRI (R B AEAS [ 1
Frpinf s, DURAE AR RIEHE 2 SR
MR CRE. HON, R B AR LU B NEHIK
HIRRIHLA A R, R 12 B PR = (] e i EL A
P, e HERAEA S AT W
REEREREPRNBEAN A ZER, ATRABER
GG HINRER . BIANELEAFAARI ™, FOXP2 iz
ARG, BEHRENEAE, BIERS a8y
YR CARIEBITERAFE . I RIAMYAE DNA/E H i
FRBUKS, i B FRAAR AR . RIS
BHEEEER (FoxP2) IF@EEEmMAERRX (0
X[X) Z 5l JFIR 8N, /N Foxp2 5ENRIZE)
HiE. F>. BEAE (ultrasonic vocalizations) LA
WEE, BrmzEERIEafERE. RN/ MNE L
g H R BFIRErR A S ERER, L5z
REMZIRES AR, SRR R
T F R AZINR AN, /INERAE B2 R R R [ v 2
R R AR Sl mT 28 1 s R, 5 KE S0 Foxp2 B
PRI 5 AL ) it 7 B 2 R e o s Y BRSPSk
A A X BERAESUES SRR AR FOXP2 BAA EH 2 1 #E 1L
B
13 RBHEBEXNSERRRMEIEE

ASD jg — M & B RS, HAHMER A SRR L
K2 RS RIIT A, EARESHH S RTH

HIBR B2 B AE S & RS A — DB RHE, [BE5H5
BHEST, LHEEXMAE, FESFNMEZE
5o (RSB S T  FiEES, FREH SN
PEIGHITT NN R AR, EHOEIZ A AN
PRI AN A RUT . BRI R TS ASDAHIRHY
MetE X & JIMK F&EH 1 (fragile X mental retardationl,
Fmrl) . #&BECEE 3 (neuroligin-3, Nlgn3) FIfIZ
MBS+ 1-a (neurexinl— o, Nrxnl— o) HJFEEA
PR AR B o BROR Fmrl B8 Nlgn3 BRFR R BRI 5
ASD FHORH— BT, (BAES) AL B Hh 8
PR RERER. HIZ T, Furl KO KREM
HH S e S R ) SR BE9ss . SRR ME X SR AR
MR B2 2 IR L F AR — 30 1, eAh, PR T kst
& s ) 15 B 2 77 1T 5 Ja 5 4 25 B9 9 TR B
(valproic acid, VPA) SR EA/INR ASD &Y 11,
BIMENEASDIERIH, RADEEF=HI#EE T VPA
M, B VPA SRR SR 2 IR TT ASD i [A s
K- EEA A MMERTFR TE, TERERM
HRABmNERT " Hulfshsiixtit—5 7
fi 55 ASD MHICHIAT Rl BRI SR AZ A AR B 7 5 THI R
HAME, MR LG R T %04, H
ASD #z/CVE IR B S AR AT T I 5 ik = AR 0 250
SEIR ™ EEAR O S5 PR 2 BT & R i, R
B, kB shPERIL R SRR TR LA )
HEA ARG s

1B R 2 2R RS EE 5w, H
EEVFRIE S S RE AR E BRI, N fy ik B v A
R0, AR AR ANER G, SR i A AT
ROFEME, mAFSES0ES LRYRRERE. BT DBk
R 4N, R 2SS — B Z A58 5 X AR A
S AR R[] B BAASERY 100 AR T, B —
TR ) 2 BE PRI ORI BT R C AN, K3 2UiE
M 108 DEERN SR TR 90 MR . — 2B &
REAG 3 ZUEFERER RO 25 BR 28 D4 F TR ik
PR o il G0 F R S AR B A BE (methyl azoxy
methanol, MAM) =i DNA HEAL, BHE N E KA,
B AR A R SRRSO, MATT (B G E5 S Y
FE R R e HARAT RO g o SE AR AE R A SR AL TR
SILRERAE 1,

2 MRAXESHALBILREEZHR

PIAR B ARE R m B NF 4R, B4
FraksEsaE A ARACR R, BIRAZL. A
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Ko, BRERA. PHERTLAMENIRR 53 EE
ESEENE I NE/SESSE iU NS SR Gt o LA S S VN )
{Eo 77 DNAIESE B BT, WHEINIARIES ZMH
RERTE ARHE, HIBLTFRZ) 5~ 10 FEERT; ES A
BHRHAD. RANRESFEIVERN SRR "I
& o BRER AR R RS ERS . EEACPHE
BB N DU AR TE S RN R & fln
Pinker 5 U EHRHY, 1HF RN T SEHIAIR A E R
FEA TN E TGN R GE, 155 HEACHI R B2 A
4S5 Fi#EIRle Chomsky M1 AN, KZITE 10 JT4ERT,
F-EE Ot AZFIES?) HREHEL, FRk
BIES, MROEMNCREE "Bl XDPFT
AR — R, BT EIREGFEHRE, BHTES
HErE e (D> THRE) BIEESH, miAh
"RRERASRZIES, mMEAEMPANEEST 1
RS L, R fER A S IR R B R A
EtERRN, Iz EEHSRIHIEER, B%
B NHISRIE S TE RO BN SZ IRAVE TH0AME
H =, R DNA B4 BURI 73 A & 1 T EhL 1A
DNA, MAABRA S e % fER AR A A &
DX, FrAfifi 2R ERl, H=, SRS A
BT ARGERMEA B RS 2 MESIER D L7
FEEREER, BN, WEZAE S RFEER,
XLt AT IE S R A AR 2R s

B R T HE P AMTRERS NS AR B A2
AT DNA . JORTAIA, x5 5 fe 2 filkk A 2ok
{RDNA BEf T34, Z5IRILT-SCRs T EN I ERAEE
AR A TR A AT RESR AL A, flf 153
RARZERARRZ, SIZEVARAKFRZRE,
MJERIER T« RMkEE T —RMFEARNHED, 52
R R LB AP ER AR E A 55 LU,
R T 3R AL R Z IR E Z AL AR Z o Dan
% U REE T 3P AR LUREEE, R T T
R, WN:

(1) "FAT B SR — AR e PR T Ak
HOEERE, Mk T — P RRE s, A/ 3 f
BEMHRNZARZA (RE) BHRERNATE. 5
BARMARH DRI, X—MEhFSLEES
Zo HTEANRIAARMER A T AR 2%
TR AR, I T W Z R R AR & LS
BAER Do thiF BB RfER AFPHERFLARZ R
£ EHARNT FRRT TR RS, LHE
FERR ARG TH, WX BURARE T @R AR

ik, HPEMFEAZAAEIUR (human leukocyte
antigen, HLA) RGH AR ARSGERN. STAT2 &K
FOAS BA % BL R AFIPHERELAGIMAAS
TEFIE S BRI B EAT, FTREIAATE—ES 8 b
ZEE—%F (WFEFIBAFHFIBNTNE, AR
BT WILERNE) .

(2) EERUAEWN TREXNEERT], 48
TXFrERERRE (WA B RN, R
TTNFFROE IR ) o XSRS R AR E N [H]
W HIL, SEMESEHEN, FAET 502 5EH]
e fER AFIBR AR FIH e, RIAAENZ A
sk AR S A, BES I RITRERZE(E
ESRIE P A FE BN RRE (HERZES5~10
FE) BAT106%, MXHE—PEGE ARG AR
A LTINS k. EREEANZE, £
XACHACE R — AR R s, — IR, —
MEIRMSN, N SBOUE R, SREEZFFS
EAES N — SN EM E R . Hi, #rysas
WAL, AT NIE S INHTRE 1 R R
BSREE, ESEES RIDATERESE,

(3) FBHIESNE ZERBEZhFFEAITLRE.
58 5 BRI A S BRAE R AR A . . B ILAN RS
R RO, AR R SR Ak, RO R
LY THZ T ES &M SEuE g . fan,
BGMATTRIE " NRESBRVEN T —1F%
ESRME” S EERITER, XEEARIIE
NIRRT Z B JZ R0 2 (B B R R MR 2 A 48, M
AR NIRRT B ERE MM SRAER, mERAES
HIZARRE RN o

(4) NEEEHMIES A2 RIA A 7247 RIAH B
SN . HELE S IR AERAIR B B RS 0 S B SRR AR A
/NLIETEAH S E HE R (abnormal spindle microtubule
assembly, ASPM) /)N i i B (microcephalin) 4}
WS RIRIESRITAEERME, WIHARRERE P
INIZEF RIS 517, [EREMNES AR A
RERUE, FRON "IBERAE" . FEXENIRELIKLE
THE N ARDIRERY T AT INER , ATHE e 17
SR AR ERRE R

3 AFRFINHMUEE

JUSCEE, K )R AR R b PR A
HHIBES ). XA REDH — MR R —A A2
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RAER, TRKBET; A—SEEAURERA R
RE, KA. AT NRZEEIAE W, Flanse
MK, FEMENAT V2, REES3IMLE: (1) %
FE ST RN R ERIGEST, WA AR a4 )
MIRL; (2) %3 “RAEE" K, IRz
MEERRARRN,; (3) REELENL S K GE
AU R AR G, BTSN, 8 IRN
e 3] (vocal production learning) , TIFR A&
#>] (vocal learning) "o K7 F X HAE AT,
HEETZMngYMTt. 2IHRDVIE, BE&L4
BOFA TR E 30, S§RKY). KRR FLLikiE
Pidp. ZHSE (GE, ERHIES) MAK—FES
BHKFEIRES Y,
KPR TE BT R BRI 5@ . &
AR B2 SR G Tyack % 1) AR
RESEAIIT T 532K, AN ARFI— g & e s
Helfr P ek B S 8GN, JEAIT AR, A5~
A SR ICECH A & o X LR C At & [ TR
e e SR e X R 2 Y R R 22 I TE . B R 2
FLENAING T, AT DAE I BT [ 2 A P i B R i
BB A F AR U P 2R R . XA IRIE =AY
RFE S AT REVS S AN R T8 4% SRS ST L
WG R/ s RNES . fHELZ N, RZEEY
R B SR EE M R E R T B & R s SRR
FEEER), ATRENTR R, NE TR A REE,
LR ARESEM—ERNE AR, FEF
53 Rl B g ML R R R S S RETT . 1%
Z MBI AR FL B = A2 X SN ] S TR A R 4 il
H, RN T RE 2R R S ) B A B R AL R A
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HE] BH XWNEETHRISKRIRBNESERE, HOWAYFIESENMEBMRNEZIN. Bk B36:k
ES/NEERET D A 3HE: ABNASRE 10 mg/kg+ZFHilE 2 mg/kg TR EST MER; BN FSZER 10 mg/kg +
FTRIEE 1.5 mg/kg ITHLAE ST ARES; CLAN IS ARER 5 mg/kg+EhilE 2 mg/kg (TALAEST, ABICRMEENIER.
SR ABKRBFAZERBEHNBDIEENEHEBEES (P>005), AARBAKKBENEDEEKTFC
B (P<0.05). &it NPBSKREI10mg/ke EARAIELS ~2 mg/kg JLRESRREE, BRI, MERERE, &
MABEE, Z2WHR, TNATRENENFATIZTLE,

[X#iF) SbEM; |HE; BIOEE;, SEWE

[PEIS XS] Q95-33; R-332 [WEtFEMIA [XEHS]1674-5817(2022)03-0262-04

Comparison of the Anesthetic Effects of Different Doses of Ketamine
Hydrochloride Combined Xylazine on Short-term Anesthesia in Bama
Miniature Pigs

SHEN Chen, ZHANG Baojie, WANG Xuemin, ZHU jinyan, ZHANG Min, LI Bin

(Center for Cardiovascular Experimental Study and Evaluation of Fuwai Hospital, Beijing Key Laboratory of
Preclinical Research and Evaluation for Cardiovascular Implant Materials, Animal Experimental Centre, Chinese
Academy of Medical Sciences and Peking Union Medical College, Beijing 102308, China)

Correspondence to: LI Bin (ORCID: 0000-0002-7614-8488), E-mail: shenchen@fuwai.com

[ABSTRACT] Objectives To perform the combined anesthesia of ketamine hydrochloride and xylazine
in miniature pigs, and to analyze the effect of drug dose on anesthesia. Methods Thirty-six Bama
miniature pigs were randomly divided into three groups. Group A was administered with ketamine
hydrochloride (10 mg/kg) + xylazine (2 mg/kg). Group B was administered with ketamine hydrochloride
(10 mg/kg) + xylazine (1.5 mg/kg). Group C was administered with ketamine hydrochloride (5 mg/kg) +
xylazine (2 mg/kg), and anesthesia monitoring indexes were recorded. Results There were no
significant differences in anesthesia onset time and awake time between groups A and B (P > 0.05), and
the awake time of anesthesia in groups A and B was significantly longer than that in group C (P < 0.05).
Conclusion Ketamine hydrochloride (10 mg/kg) combined with xylazine (1.5-2 mg/kg) anesthesia has a
rapid effect, stable anesthesia depth, no obvious movement, and satisfactory safety. It can be used in short
procedures, diagnoses, and treatments.

[Key words] Ketamine hydrochloride; Xylazine; Bama miniature pig; Combined anesthesia
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R TG FEEY (P>0.05),
A2} B AH RIS FERT I E KT C 41 (P <0.001
K P =0.001, Bonferroni IEMMHELEL) o

A K BHFTESIEIAR E IR E A ; CAHsh
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41.7% (5/12), W31,
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Table 1 Anesthetic effects of three doses of combined anesthetics on Bama miniature pigs

=] AL B4 CH P&

Items Group A Group B Group C Pvalue
FES A IATIE Induction time/min 5+2 6+2 10+3 0.001
R EE 45350 18] Anesthesia maintenance time/min 50+13 45+7 - 0.317
PRER B BZATIE) Anesthesia awake time/min 7014 62+9 35+10 <0.001

x: CHMMAESE—EFEEENREN, BUUEX CEHY "B EEMNE", FEIRICHE CHNYMEETIIE.
Note: Animals in group C have always had voluntary muscle activity after induction. The "time when animals can move on their own" in
group C is difficult to define, therefore, the anesthesia maintenance time of the animals in group C was not recorded.

2.2 HEVIFFSIEAXERNENER
PR 3 R RIFRBR 2P 5 5 B S/ N I 2
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Table 2 Impact of three doses of combined anesthetics on hepatic and renal function of Bama miniature pigs
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ltems Group A Group B Group C Pvalue
BLEF Creatinine ¢/(umol-L™) 66.25 £ 10.08 70.25 +13.10 70.58 +13.00 0.627
FRZES Urea nitrogen ¢/(mmol-L™) 2.73 +1.00 2.83 +1.01 2.16 +0.83 0.181
KBRS EE Alanine aminotransferase z/(U-L™) 7117 £ 12.81 84.42 +15.10 85.08 + 13.51 0.031
AEE S Aspartate aminotransferase z/(U-L") 48.83 + 25.51 47.83 +15.07 52.33 +17.23 0.600
B BB EE Alkaline phosphatase z/(U-L™) 114.50 + 73.07 99.42 + 48.44 103.67 + 39.21 0.806
2 PBLIZ Total bilirubin ¢/(wmol-L™) 4.00+ 0.95 3.83+1.03 417 +£1.99 0.934

3 e
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[EZ{CIEAEBA Medical Ethics Statement]
AARRITHABENN LR EBIFEEZHNZREIE
RERMMERESERZEIMIE ((CEHLSH 0102-1-36-
HX(X)-32). FrELidi2 BRGNP EREEREMSEA
ERFETo

All experimental animal protocols in this study were
reviewed and approved by Institutional Animal Care and
Use Committee of Fuwai Hospital, Chinese Academy of
Medical Sciences [IACUC No. 0102-1-36-HX(X) -32], and
were carried out following the guidelines such as Animal
Management Regulations (01/03/2017), Laboratory Animal:
Guideline for Ethical Review of Animal Welfare (GB/T
35892—2018), ARRIVE 2.0, IGP 2012 and IAVE Guideline 2010.

[{E& =ik Author Contribution]

EIWARTLRBROE ., FZFEHER FRRARIKRET
i, HIERERVBRE, KENSTIFRASZIHRLNE £
EESKERRHECRSHES .

[# %575 B8 Declaration of Interest]
FrEEE R AN A EEN R ITR.

[8# 32k References]

[11 RUBIC-SCHNEIDER T, CHRISTEN B, BREES D, et al. Minipigs
in translational immunosafety sciences: a perspective[J].
Toxicol Pathol, 2016, 44(3): 315-324. DOI: 10.1177/019262331-
5621628.

(21 SB/NBE, #kiEde, T MAMEZIML 4R b ARBER
hiwt, 2014: 476-483, 503-509.

DENG X M, YAO S L, YU B W, et al. Modern anesthesiology
[M]. 4th edition. Beijing: People's Medical Publishing House,
2014:476-483, 503-509.

B] Z=EE 2. EMRERIERRU]. FEERE, 2015, 17(5):20-
21. DOI:10.3969/j.issn.1008-4754.2015.05.013.

LI BY, LU M. Discussion on anesthesia methods of pigs[J].
China Animal Health, 2015, 17(5):20-21. DOI:10.3969/j.issn.
1008-4754.2015.05.013.

4] EEE BHEF VKRR S BRIENSKES S MBI RH/N

BEmMEMKENZmU. T REHREER, 2016, 41(6):24-
26. DOI:10.3969/].issn.1005-8567.2016.06.007.
GONG BY, YANG ZY, LIU X L, et al. Effects of blood pressure
and pulse in Juema minpigs with xylazine-ketamine combined
anesthesia[J]. Guangdong J Animal Vet Sci, 2016, 41(6):24-26.
DOI:10.3969/}.issn.1005-8567.2016.06.007.

5] R KNI, A SERBIRERISSEHRAFNENED N
BEURRI BB R R 0[] LR R Z, 2016, 33(5):57-60.
DOI:10.3969/j.issn.1006-6179.2016.05.011.

JIAO K, ZHU L M, LU J. The anesthesia effects of ketamine
and sumianxin Il on Bama MiniPig[J]. Lab Animal Sci, 2016,
33(5):57-60. DOI:10.3969/.issn.1006-6179.2016.05.011.

6] EEB FEX MRE £ HIRT I SSERESRAMAT

LR EEAEENRRFAROYRNUEJ] TRDMSHR
E 2, 2020, 40(3):242-247. DOI:10.3969/j.issn.1674-5817.2020.
03.012.
HUANGPD,LIHW,ZHENGHT, etal. Observationof lumianning
Il or ketamine combined with propofol in experimental pigs
undergoing natural orifice transluminal endoscopic surgery
[J]. Lab Animal Comp Med, 2020, 40(3):242-247. DOI:10.3969/.
issn.1674-5817.2020.03.012.

7] ZF=RE ISZ ERP. SEDEML 4R, AN TRERIFEEAR
HhRE, 2012,

LIRY, WANG D X, CUI'Y M. Veterinary pharmacology[M]. 4th

Edition. Zhengzhou: Henan
(WeFs B H#A:2021-07-27 {&[E1HH3:2022-03-07 )
(AXimiE KEE, 2L, E4HF)



266 LY SR ES Laboratory Animal and Comparative Medicine Jun. 2022, 42(3)

(SHe2 5 R %) QIF) T 19814, R RE B WAL UM S — R4 U2 RFIY, EBHR
ST 5 PRI 2 T AR GRS S BRI A A, LA A B R AT
M gy B, R E 4 53 K 3 o BB IR 2 TR A KRR S BB AR il 9B SR AL 6L, B 2006 4
RURSE (SR 5 LR E ) T A E 4.

2022 (SBAME WRES) FASBELHER D (KR MG WHER) 553k ARRAE,
WKl (SR G R E ) R ST AR, BB R LR T S B T AR
(B ah M5 LB IE ) B e A LA E B2 SR, BT 40 3 0 00 O 0, %0304 I o
R, KT PR B AT ALK R SR

(S92 5 e B 4202022 45| S5 PL 32 4



	目次
	前沿文献述评
	脊髓CD11c+小胶质细胞在神经病理性疼痛中的最新功能研究进展

	人类疾病动物模型
	不同时程APP/PS1模型小鼠嗅球病理和突触形态变化及美金刚干预作用
	新型钠磷转运蛋白抑制剂DZ1462在5/6肾切除高磷血症模型大鼠中的   药效研究
	复方卡森糖浆缓解D-氨基半乳糖引起的小鼠急性化学性肝损伤
	不同方法建立大鼠慢性阻塞性肺疾病模型的比较研究
	脓毒症动物模型的制备方法及影响因素
	高脂血症动物模型肾功能损伤机制及干预研究进展
	溃疡性结肠炎动物模型研究进展

	实验动物资源开发与利用
	实验用英国短毛猫的组织结构特征及背景病变

	实验动物设施及管理
	CNAS实验动物机构认可与AAALAC认证的比较分析
	从评审角度讨论动物实验室文件管理中常见问题与解决办法

	比较生物医学
	胃癌类器官在精准医学研究中的应用
	语言的比较生物学研究

	实验动物麻醉
	不同剂量氯胺酮与赛拉嗪复合用于巴马小型猪短时间麻醉效果观察


	Contents
	Review of Frontier Literature
	The Latest Research Progress of the Function of Spinal CD11c+ Microglia in    Neuropathic Pain

	Animal Models of Human Diseases
	Pathological and Synaptic Morphological Changes of the Olfactory Bulb in APP/PS1   Model Mice at Different Ages and the Intervention Effect of Memantine
	Efficacy of DZ1462, a Novel Sodium-phosphate Transporter Inhibitor, on 5/6    Nephrectomy-induced Hyperphosphatemia Model Rats
	Compound Casson Syrup Alleviates Acute Chemical Liver Injury in Mice Caused by   D-galactosamine
	A Comparative Study of Chronic Obstructive Pulmonary Disease Rat Models   Established by Different Methods
	Construction Methods and Influencing Factors on Animal Model of Sepsis
	Research Progress on Mechanism and Intervention of Renal Function Injury in   Hyperlipidemia Animal Model
	Research Progress in Animal Models of Ulcerative Colitis

	Development and Utilization of Laboratory Animal Resources
	Anatomical Characteristics and Background Lesions in Laboratory British-shorthair Cats

	Facilities and Management for Laboratory Animals
	A Comparative Analysis of CNAS Laboratory Animal Institutions Accreditation and   AAALAC Certification
	Discussion on the Problems and Methods of Animal Laboratory Documents    Management from the Perspective of Audit

	Comparative Biomedicine
	Application of Gastric Cancer Organoids in Precision Medicine Research
	A Comparative Biological Study of Language

	Laboratory Animal Anesthesia
	Comparison of the Anesthetic Effects of Different Doses of Ketamine Hydrochloride   Combined Xylazine on Short-term Anesthesia in Bama Miniature Pigs



