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[ Abstract]  Objective To establish an improved type I cardio-renal syndrome rat model and evaluate it.
Methods Twenty male SD rats were randomly divided into sham and model groups with 7 rats in the sham group and 13
rats in the model group. The model group received the method of squeezing the heart under a small animal anesthesia
machine to permanently ligate the left anterior descending branch of the coronary artery to cause myocardial infarction. One
week later, unilateral nephrectomy ( right nephrectomy) was performed. The rats underwent cardiac echocardiography,
pathological staining, and blood and urine tests at 6 weeks to verify model establishment. Results Compared with the
sham group, the cardiac function assessed by echocardiography and the endogenous creatinine clearance rate in the model
group rats were significantly decreased (P < 0.01), and the levels of brain natriuretic peptide, blood creatinine, urea

nitrogen, and 24 h urine protein in the model group were significantly increased (P < 0.01). HE staining revealed a
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disordered myocardial arrangement, glomerular atrophy, and inflammatory cell infiltration in model group rats. Picric acid-

Sirius red staining showed a significant increase in myocardial collagen fibers, an irregular arrangement of renal tubules,

and a large amount of collagen deposition in model group rats. The positive staining area ratio was also significantly

increased (P < 0.01). Conclusions This improved modeling method provided a type I cardio-renal syndrome rat model

with s simple operation, minimal surgical trauma, and low mortality rate. This model simulates the early onset of cardiac

and renal function damage and pathological changes in type II CRS, laying the foundation for systematic and in-depth

research on the pathogenesis and pathological mechanism of type Il cardio-renal syndrome.
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Figure 1 Model road map for type I cardio-renal syndrome
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Figure 2 Electrocardiograms of rats in the sham group and model group after myocardial infarction modeling
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Note. A. Representative echocardiographic images of rats. B. Results of LVEF and LVFS in rats. Compared with the sham

group, * P < 0.01. (The same in the following figures and tables)

Figure 3 Resulis of rat echocardiography examination
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Figure 4 Surface morphology of rats’ heart and kidney
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Figure 5 HE staining of rats’ heart tissue and kidney tissue
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Note. A. Picric acid Sirius red staining of rats’ heart tissue and positive staining area ratio in rats. B. Picric acid Sirius red staining of rats’ kidney

tissue and positive staining area ratio in rats.

Figure 6 Picric acid Sirius red staining and positive staining area ratio in rats’ heart tissue and kidney tissue
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[ Abstract] Objective To investigate the effects of N-acetyl-D-glucosamine ( GlcNAc) on acute pancreatitis in
rats. Methods Twenty male SD rats were randomly divided into a control group, AP group, low GlcNAc + AP group and
high GleNAc + AP group, with five rats in each group. Acute pancreatitis was induced in AP group, low GlcNAc + AP
group and high GlcNAc + AP group by two intraperitoneal injections of 2.5 g/kg L-arginine with a 1 hour interval. Among
them, low GlcNAc + AP group and high GlcNAc + AP group were administered 50 and 200 mg/kg GlcNAc, respectively,
by intraperitoneal injection at 24 hours before the first intraperitoneal injection of L-arginine. Group control and AP were
intraperitoneally injected with the same volume of normal saline. After 24 h, the rats were sacrificed, and serum and
pancreatic tissues were collected. Pancreatic tissue morphology was observed by HE staining, and serum levels of amylase
(AMY), lipase (LPS), interleukin-18 (IL-1B), interleukin-6 (IL-6), tumor necrosis factor-a ( TNF-a ), superoxide
dismutase (SOD) and malondialdehyde (MDA) were measured by enzyme-linked immunosorbent assay. Protein expression
of nuclear factor E2-related factor 2 (NRF2) , heme oxygenase-1 (HO-1) , and peroxisome proliferator-activated receptor-y
(PPAR-y) in pancreatic tissue was detected by Western Blot. Cluster of differentiation (CD)86, CD206 and macrophage
markers (F4/80) were detected by immunofluorescence. Expression of CD86 and CD206 in pancreatic tissue was detected

(1) Compared with control group, AMY, LPS, TL-18, IL-6, TNF-a, and MDA
levels and pancreatic CD86 expression in AP group were significantly increased (P < 0.05), while SOD activity, protein

by immunohistochemistry. Results

expression levels of NRF2, HO-1, and PPAR-y , and pancreatic CD206 expression were significantly decreased (P <
0.05). (2) Compared with AP group, serum IL-13, IL-6, TNF-a, MDA, and LPS and the pancreatic CD86 expression
in low GlcNAc + AP group were significantly decreased (P < 0.05). The PPAR-y protein level in the pancreas was
significantly increased (P < 0.05). (3) Compared with AP group, serum AMY, LPS, TL-1B8, IL-6, TNF-a, and MDA
and pancreatic CD86 expression in high GlceNAc + AP group were significantly decreased (P < 0.05) , while serum SOD
and NRF2, HO-1, PPAR-y, and pancreatic CD206 expression were significantly increased (P < 0.05). (4) Compared
with low GleNAc + AP group, serum LPS, IL-1B and IL-6 in high GleNAc + AP group were significantly decreased (P <
0.05). Pancreatic expression of HO-1, PPAR-y, and pancreatic CD206 were significantly increased (P < 0.05).
Conclusion GlcNAc treatment attenuates acute pancreatitis injury in AP rats, possibly by activating the NRF2/HO-1
signaling pathway to inhibit oxidative stress and promoting M2 macrophage polarization to attenuate pancreatic injury in AP
rats.

[ Keywords] acute pancreatitis; M2 macrophage polarization; N-acetyl-D-glucosamine; oxidative stress; rats
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BRI AE RN TR I SR R A AR A 4 i
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MDA ) Bl 25 WY i B S8 - ) 2 —, o i )
WAt LA I i A T e B L R A Al ) b A Tl
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PPAR-y) & — P A2 A, S W W0 7 S0 I I A= L)
AL S PR 1, T 5 BF 5 IR ) AR R | 98 i A
AR Mo Ak TP R A% A AR, ISk, PPAR-y
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GleNAc) 52 9 i EZMEL B R 2 — , HAEdn g i rh
A, I FEE LUK BEHR (uridine 5 -diphosphate ,
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IO, SR, XF T GleN 7EIE H UM RAE L b 4 i
I SE I ALLT- o AE AE AR R WS . Moore 4511
R, GleN M43 T 1F & TRE /N B TR S R 4K
Pt MBI 1R RE R /IS B I SR R B 2R AR
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HAUEE RAEF T AR HOK T M1 M2 5 5 g
bR SIS, S AP BIGY T R BERT AT A S .
1 MREA=E
1.1 ##
1.1 SR

7 JEi% SPF it SD K 20 H, R 200 ~
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GleNAc + AP AR FH ¥ . AP 3 HT 24 h 77
SIF IR 50 mg/kg 5 200 mg/ kg F & T L I 1 5
GleNAc, 24 h J5#%& 2.5 o/kg 7 & I8 1B 1 5 20%
L-KS 22 2 YR, 18] F% 60 min, 48 h J5 #EAT R BT,
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B HLF 4°C R L4000 r/min B0 10 min , W,
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By T K00 1L 75 AMY | LPS  TNF-o  IL-1B ,IL-6; 75
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B L2, R BCA ST E A E =,
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I AR B —$iiR (PPAR-y, CD86 + F4/80,
CD206 + F4/80) i A XG5 & F KA 12 h,
JH50 ~ 100 wL B$T-P ¥ fe 2 3k 8 H-1eG pric iy
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F AH’»EPEH%H%WHEXJ&,B I3 E

BEFNAS WABER B s 5 AP 41AH L, * P < 0.05, ( FEIR)

Bl 1 KRR I AMY | LPS

Note. A. Abdominal pancreas macroscopic view. B. Serum amylase and lipase concentrations of rats. Compared with AP group,

same in the following figures)

*P < 0.05. (The

Figure 1 Abdominal cavity images of rats and concentration of AMY and LPS

Bt ) Jo A B K ik | 7 £ 4 i A4 B v 1 SR A | TR AR
N TR AR | 6 200 e /> 2 SR 3, R UL B S ¢
(B 2), %Ak, GleNAc 7] IR LK 2 iR S
1) AP K BB AR 93473
2.3 GleNAc 3t AP X B I i K e B F 7K T 59 5 0
5%t B8 4] 48 5 7 1L-18 (0. 18 + 0.01 ng/
mL) IL-6(45.81 + 1.16 pg/mL) . TNF-a (36.13 =
1. 73 pg/mL) /K F-AH EG, AP 4L I3 46E 7 1L-18
(0.44 + 0.01 ng/mL) IL-6(96.53 + 2. 71 pg/mL) .
TNF-a( 63.56 =+ 1.74 pg/mL) /KFEH B T+ & (P <
0.05) ;{5 & GleNAc + AP H A& # & GleNAc +
AP 415 AP d4UAH Lb, ML v &5 K TL-18  1L-6,
TNF-a KB FRE(P < 0.05) 5 TR GleNAc
+ AP HAIESFI& GleNAc + AP 2022 6], AT LR B

ATk AR 2O I ; PR Sk« HRAR A2 SR E AN 2

B2 GleNAc XK BUBERALIES

# & GleNAc + AP 4 I3 R AE K+ 1L-18 (0. 29 +
0.01 ng/mL) IL-6(65.70 + 2. 57 pg/mL) /K4 (%
75 GleNAc + AP 41(0.37 + 0.01 ng/mL,79. 18 +
1.86 pg/mL) Wl . F R (P < 0.05), 1fij &= 5 &
GlcNAc + AP 41 TNF-a(45. 31 + 3.48 pg/mL) {2
T ARF & GleNAc + AP 4 (53 73+ 2,13 py/
mL), HIE W EM2= 5 (K 3), BRIk UL, GleNAc
AT EA SRR AP KBRS 28 77K
2.4 GlcNAc 1§l AP X R MDA ,SOD Hj%&i%
5% M4 MDA (3.99 + 0.49 nmol/L), SOD
(31.89 + 0.84 nmol/L) Al It , AP 41 K KLIfiL 75 MDA
(8.38 = 0.48 nmol/L) /KF-H BT+ (P < 0.05),
MM SOD 7KF-(12.71 = 1. 30 nmol/L) FI i FRE(P <
0.05) ,3RM AP K B HLAA A AL I 0K 7 B 5 T &

HISZME (HE 44 (1)

Note. White arrow. Pancreas hemorrhage. Black arrow. Inflammatory cells infiltrate pancreatic tissue.

Figure 2 Effect of GlcNAc on pancreatic histomorphology of rats( HE staining)
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11 5K & GleNAc + AP HAHLEL,*P < 0.05, ( FEIE)

B3 KB IL-1B . IL-6 Fl TNF-a [k
Note. Compared with low GleNAc + AP group,*P < 0.05. (The same in the following figures)

Figure 3 Expression of IL-13, IL-6 and TNF-a in serum of rats

(K 4), B GleNAc + AP 4H (6.03 + 0.38
nmol/L) # & T AP 41 MDA /KB i F & (P <
0.05),S0D 7K (24.67 + 1.74 nmol/L) B & T+
(P < 0.05),#R GleNAc 1] DL FFEE AP K EUE
TER B K, KF)HE GleNAe + AP ZHAH L T AP
ZH MDA 7KF(6.59 + 0.42 nmol/L) Bl FFE(P <
0.05) ,S0D 7KF(18.33 + 2.29 nmol/L) W& 5 , (HER
JoREM R WA, & E A GleNAc B1-F HL ik
FHE GleNAc HREFEAR AP K Fl MDA  J+& SOD, B
PIEI LB EEET (F4), EIiHZ,GleNAc 7]
DL I BRI AP K B R SR -
2.5 GleNAc {23t AP KR NRF2,HO-1 B R %
AHEE T X REZE, AP 20 KB NRF2 (HO-1 2 H
TR TFE(P <0.05), MM GleNAc + AP

24 NRF2 HO-1 5 [ 3RIEH AP AW BT (P <
0.05) ; [A I, ZEMK 7 F GleNAc + AP £H il i 7 4=
GleNAc + AP A2 [H], =7l & GleNAc + AP 4 HO-1
R IANE F  HIC R EE2E R (P > 0.05) ;25 LT
R HEWT GleNAc 1237 AP K Bl NRF2/HO-1 #l 19 i%
TG, AR N 3, D AP K BRI (&1 5)
2.6 GlcNAc 123 AP KR M2 EMEZApatR{L
PPAR-y A5 5 H W40 i i b & b A
TEARSLEG 53T FEZH AR L, Western Blot 6 il $2 7%
AP 4 PPAR-y 3K 1 35 W B K (P < 0.05) , A
B, 5 5FlE GleNAc + AP 41 PPAR-y 8 AP 4191 i
TR (P < 0.05) (K 5), JeRik—KFE GleNAc
5B ML O R AT S e U O T S s 4 Ak
BHIF, &2H KB CD86 ( M1 % Ik 41 i s i 4 ) 1

4 K EUMIE MDA SOD ¥

Figure 4 Concentration of MDA and SOD in serum of rats
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A JHEARZU NRF2 (HO-1,PPAR-y [) Western Blot; B JHEIRZ1ZL NRF2 HO-1,PPAR-y (W& & & AT 4 R
5 GleNAc %K BB NRF2 HO-1 PPAR-y % F1 )5t 35 7K - §% 1)
Note. A. Western Blot of NREF2, HO-1 and PPAR-y in pancreatic tissue. B. Quantitative and analysis of NRF2, HO-1 and PPAR-y in pancreatic

tissue.

Figure 5 Effect of GlcNAc on the proteins expression levels of NRF2, HO-1 and PPAR-v in pancreas of rats

CD206 ( M2 #Y E Wi 40 fl i 9 ) SR e 401k s AP
2H 5 % B 20 A HE, CD86 91, CD206 F&AR, 1 JC e
ik GleNAc + AP 416 J& & 7 GleNAc + AP
HAETT IR ENX — WG (L 6), R, HEsdt
$27R F4/80( B4 ffIbR S ) 5 CD86 ,CD206 5541
TEHE RIS, 78 CD86 ., CD206 43 4% 2 Jik it
ZHAU Y M1 TR Ak I 200 R M2 7R Ak I 4
Mo, AP st s CD86 W g Tt .CD206
R R B AN A M1 R R Bk e

FlHE GleNAc + AP 201 S st JoE # o Hrd s
CD206 HH {2 T+ .CD86 BHIE. TR (P < 0.05) , X%
A GleNAc 1 n] LAGE #F B 40 g ] M2 Bt ¢
VAL ARFIHE GleNAc + AP 41 5y 58 % i it 1
7 CD86 W B[ (P < 0.05) ,{HXF T CD206 A5
W ASH I, [R50 GleNAc + AP ZHAH H TIK
FH GleNAc + AP 41, H: CD206 &8/ B 7+
(K7, 8) (P <0.05), £ Lk, GleNAc {2 it
AP KB E MR AL ) M2 BT R B AL

B 6 KEUFEME CD86.CD206 fyEi ik

Figure 6 Immunohistochemistry of CD86 and CD206 in rats pancreatic tissue

3 it

SPEBIR R H9IBIT, ik PR b 22 LU ] JBe g 47t
R ALdE E B IE I #KCE SR XHE IR, (B4 A
R BEARA B AT, I, SHRIGIT AP
MFB A E 2 i i B R A% 1 EEAE B

HIWFFE, 98D Ca® AR Pl ROS WK 5 RR vt 4 i A
W BRI A Ty B B A | 00 ] i 76 240 e RN I v 2
6 P e R D RS | B WA L M TR AR
FERIE HE B2 i M2 FRR T PT B A2 R R 9% 3 7 B
RIMEEE T,

TEARSZI F R IR GleNAce ] B B3 AP KR
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AL PUZH R BUBIR CD86 MRy wot s /€4 . CD86 ; i 4, M IfLA% ; 2164, . F4/80; B . PUZH K B CD86 i 9 i £ 43 M ( CD86 AH X 2 't i i

55 F4/80 HIXITECHRBE B LLAE)

B 7 KEUBRE CD86 fyE sl KoE it 43 #r

Note. A. Immunofluorescence of pancreatic CD86 in four groups of rats. Green. CD86. Blue. Nucleus. Red. F4/80. B. Quantitative analysis of CD86

immunofluorescence in four groups of rats (ratio of CD86 relative fluorescence intensity to F4/80 relative fluorescence intensity ) .

Figure 7 Immunofluorescence and quantitative analysis of CD86 in rats pancreatic tissue

SRR R R AR A5, X Ee AP 41, T DL B 5
i GleNAc + AP 411l 7E AMY | LPS /K- B & F&AIC
MK GleNAc + AP 41 B4R LPS /KB i FAAIK
{HIMTE AMY KA T AP 4 (TCREHZER) .
FZEE| AMY | LPS 5 iR A& ™ 5 AR O R 58 47
17, 125K T R AE B F (TNF-a 1L-18  1L-6) [
K, T REF R GleNAc + AP 41, i J2 w7
GleNAc + AP 4, H A 45E K (TNF-a \ IL-1B , IL-6)
HRUI I TR, 33X 278 GleNAc JAJ7 AT LIiE% AP KR
B9 28 5E B2 BE . 7E A AL N BOAE S B 2B W) B9 Western
Blot Kzl v % B, #H L F AP 4, @il & GleNAc +
AP 41 MDA 7K B @ F#AIK, SOD AKFH B T3 (P <
0.05), MK GleNAc + AP 411, MDA 7K AL
FFAG, SOD SRR = T AP 4, Hi%A w5 k2
S ARG GleNAce T AEXT T LW 22 iR 1 4
PR AP R UL, L A AL AR A5 . I
FliE GleNAc Xt AP RYFEIR , AT BETE 22 AR R
AP IR (AR KOS S AP B Lk — BT
FLA I A Ak N

REAE 5T NRF2/HO-1 18 f&AE R 2 iF 58 b
BUFSES 5T AP FG I & A kR, B 5 S0
AT Shi ZEOTRFSE R | LipoxinA4 SZ KBS
) BML-111 i@ it NRF2 795 i A bz fe el Sk
JBEAR R 5 B B 2K L, Mei %P BF 5% 3% W]
GleNAc Dk B-1, 4 Wi 1 S 25 5 1 B 1) 2 B5-7c 55 0%
(COS) T A 1 s 4 3 1) ™ S R B, B Lk o s il
I SAP H Y RE AR LG, H R R
POHL U= R i T e A A A ) E 98 D & Nief2/HO-1
HBEPIETT . ATEHSE T GleNAe 5 NRF2/HO-1
3 B RN N TR OC &, = i GleNAce + AP
ZH R BUME F NRF2 (HO-1 #9235 B S T, 4R,
flFl = GleNAc + AP 4L K FRUMLYE HO-1 NRF2 ik
Fm AU 3% AT AE B 5 2 ARG i GleNAce Xf T
NRF2-HO-1 {5538 F G BE 13855 . [FIET, NRF2
B TYERT HO-1 X — FliFZ b, i VE T eI
Tl I AT, Gnad JE RV R T/ R S L8 5 (NADPH) (&
JoEH R AL 4 (GPX4) % #E—2 T fi# GleNAc
XF NRF2/HO-1 38 fi (9 5% i), ] LA o 34 hn 2 4>
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T A UK FUBR CD206 MG iE ot ; £ (6 . CD206 ; ¥ (. A% ; 21 (1. F4/80; B PUZH KR CD206 fe i 5 't i & 4347 ( CD206 X %<

W 5 F4/80 X O EHRIE MY L) o

B8 KRR CD206 Fuie st K e &7

Note. A. Immunofluorescence of pancreatic CD206 in four groups of rats. Green. CD206. Blue. Nucleus. Red. F4/80. B. Quantitative analysis of

CD206 immunofluorescence in four groups of rats (ratio of CD206 relative fluorescence intensity to F4/80 relative fluorescence intensity) .

Figure 8 Immunofluorescence and quantitative analysis of CD206 in rats pancreatic tissue

GleNAc 7)1 T i 41, [A] 5 49 A NADPH . GPX4 %%
NRF2 HoA T i 5L A 547 S0

XFFE AN M2 BRI AR AP Z (B O ATF5T , {2
HEE R A M2 BB AL AT BE S I AP AR 15 £
ZEHABAE R AR5 . Taguchi 22 #5384
PR KR S — A T X 5 40 B %) B 20 44 ok — S 4k
W4 & I 20 4 M % ¥ ( CO-bound hemoglobin
vesicles, CO-HBVE) , 1] /5 S B W 21 il 434k o M2 A
R AT 00 ) P Rt v A e 4 e P Vi D 2 A A
RITB R . 5 4PIRIT A L, — SRR 1 A
FBHE R AR AT BEI T B W40 i 9t AR IB YT AP, fF
FERW] TEEAE AP KB, IS 2RI AR T 5 A AR AT
DU g0 A AL ) M2 B ] fE S il TR IR
FRH I 4 R K 3 o R R s e M BR B IO I sk
FEXT M1 AR SEgR v 75 63K miRNA-16 B89
BERE L N AP K BR3BTS4
Ji A A A M2 GRS g M1 B I AE S BE B3OS T
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BRI, 7E /N RUBRBR B, B E A P RE S 515 5 IR

-4 L 4= (acinar-to-ductal metaplasia, ADM ) , L
BRI B-An A

ARSI Hp R IR AR 2 2R AT B 2 O AR
R F4/80 Aric R BRBER EL Ve iR, SR 5 iE AT E
I 200 A e AL R S RGN, & AR AP ZH AT I M1 H A%
AL BA T, 230 CD206 B R T, CD86 B i |
FH(P < 0.05), MAERFE GleNAc + AP 4,
DI F] M1 AR AL B 2 30, M2 2R AL BH 2 Tt
FH ok CD206 M . F T, CD86 HH & R % (P <
0.05), [FIRF, 7EMR57 4 GleNAc + AP 41 il 5 71 &
GleNAc + AP AL, 7 & GleNAe + AP 4
M2 etk ETFEAB R (P < 0.05), &, A
Western Blot X} R ZHZ] PPAR-y 0925 H #1140 4T,
KL AP 41 PPAR-y & [ 3R ik B b B I%, 1 1 FH
GleNAc T A 1K57 =2 GleNAc + AP ZH A1 & ) &
GlcNAc + AP 4, H: PPAR-y EH R ILH B ETH(P
< 0.05) , Xir—HIUE T ARSI S5 R, [N, 18
X4 2H KL CD86 . CD206 28 41 1k iy 46 il vy | o, \]
LRI GleNAc 3697 5, KEL CD206 & it W] i,



1398

P S B Bh 2R 2023 4F 11 A5 31 55 11 ] Acta Lab Anim Sci Sin, November 2023, Vol. 31, No. 11

CD86 i W I T [, X 7840k B GleNAc R 97 it
HEF AR M2 B Al i AP K RUBRARAR 13

25 LR T8 LK R RIS 10 AP R AR

NRF2/HO-1 5538 B85 W40, 05 440 i 28 784 ) 412 %
M1 564k, 1 GleNAc 3497 1l 3@ 1 3l il NRF2/
HO-1 {75538 [ P30 | (2 1 5 058 200 i 2 78 o 410 2 724
M2 Ak, Wi AP,

(1]

[9]

[12]

2 % 3 Hk(References)

Lugea A, Waldron R, Mareninova O, et al. Human pancreatic
acinar cells: proteomic characterization, physiologic responses,
and organellar disorders in ex vivo pancreatitis [ J]. Am J Pathol
2017, 187(12) . 2726-2743.

Mederos MA, Reber HA, Girgis MD. Acute pancreatitis;: a
review [J]. JAMA, 2021, 325(4) . 382-390.

Banks PA, Bollen TL, Dervenis C, et al. Classification of acute
pancreatitis-2012; revision of the Atlanta classification and
definitions by international consensus [ J]. Gut, 2013, 62(1):
102-111.

Pizzino G, Irrera N, Cucinotta M, et al. Oxidative stress: harms
and benefits for human health [ J]. Oxid Med Cell Longev,
2017, 2017, 8416763.

Robles L., Vaziri ND, Ichii H. Role of oxidative stress in the
pathogenesis of pancreatitis: effect of antioxidant therapy [ J].
Pancreat Disord Ther, 2013, 3(1) . 112.

Tangvarasittichai S.  Oxidative stress, insulin resistance,
dyslipidemia and type 2 diabetes mellitus [ J]. World J Diabetes,
2015, 6(3) . 456-480.

Mileti E, Kwok K, Andersson D, et al. Human white adipose
tissue displays selective insulin resistance in the obese state [ J].
Diabetes, 2021, 70 1486-1497.

Habtezion A, Gukovskaya AS, Pandol S]J. Acute pancreatitis: a
multifaceted set of organelle and cellular interactions [ J].
Gastroenterology, 2019, 156(7) : 1941-1950.

Wu J, Zhang L, Shi J, et al. Macrophage phenotypic switch
orchestrates the inflammation and repair/regeneration following
[ J]. EBioMedicine, 2020,

acute pancreatitis

58, 102920.

injury

Zhou X, Yang G, Guan F. Biological functions and analytical
strategies of sialic acids in tumor [ J]. Cells, 2020, 9(2) : 273.
Yang W, Sun C, He S, et al. The efficacy and safety of disease-
modifying osteoarthritis drugs for knee and hip osteoarthritis-a
systematic review and network meta-analysis [ J]. J Gen Intern
Med, 2021, 36 2085-2093.

Wu YL, Lin AH, Chen CH, et al. Glucosamine attenuates
cigarette smoke-induced lung inflammation by inhibiting ROS-

Free Radic Biol Med,

sensitive inflammatory signaling [ J ].

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

2014, 69: 208-218.

Azuma K, Osaki T, Kurozumi S, et al. Anti-inflammatory effects
of orally administered glucosamine oligomer in an experimental
model of inflammatory bowel disease [ J]. Carbohydr Polym,
2015, 115; 448-456.

Chiu HW, Li LH, Hsieh CY, et al. Glucosamine inhibits IL-18
expression by preserving mitochondrial integrity and disrupting
assembly of the NLRP3 inflammasome [J]. Sci Rep, 2019,
9: 5603.

Moore JA, Miller WP, Dennis MD. Glucosamine induces REDD1
to suppress insulin action in retinal Miiller cells [ J]. Cell Signal
2016, 28(5) : 384-390.

Kim PK, Halbrook CJ, Kerk SA, et al. Hyaluronic acid fuels
pancreatic cancer cell growth [ J]. Elife, 2021, 10. e62645.
Alruhaimi RS, Hassanein EHM, Abd El-Aziz MK, et al. The
melatonin receptor agonist agomelatine protects against acute
pancreatitis induced by cadmium by attenuating inflammation and
oxidative stress and modulating Nrf2/HO-1 pathway [ J]. Int
Immunopharmacol, 2023, 124. 110833.

Yuan C, Dong X, Xu S, et al. AKBA alleviates experimental
pancreatitis by inhibiting oxidative stress in macrophages through
the Nrf2/HO-1 pathway [ J]. Int Immunopharmacol, 2023,
121 110501.

Shi Z, Wang Y, Ye W, et al. The LipoxinA4 receptor agonist
BML-111 ameliorates intestinal ~disruption following acute
pancreatitis through the Nrf2-regulated antioxidant pathway [ J].
Free Radic Biol Med, 2021, 163, 379-391.

Mei QX, Hu JH, Huang ZH, et al. Pretreatment with chitosan
oligosaccharides attenuate experimental severe acute pancreatitis
stress intestinal

via inhibiting oxidative

homeostasis [ J]. Acta Pharmacol Sin, 2021, 42(6) ; 942-953.

and modulating

Taguchi K, Nagao S, Maeda H, et al. Biomimetic carbon
monoxide delivery based on hemoglobin vesicles ameliorates acute
pancreatitis in mice via the regulation of macrophage and
neutrophil activity [ J]. Drug Deliv, 2018, 25(1) ; 1266-1274.
Liu RH, Wen Y, Sun H, et al. Abdominal paracentesis drainage
ameliorates severe acute pancreatitis in rats by regulating the
polarization [J]. Word J

Gastroenterol, 2018, 24, 5131-5143.
Jia X, Li X, Shen Y, et al. MiR-16 regulates mouse peritoneal

of peritoneal macrophages

macrophage polarization and affects T-cell activation [ J]. J Cell
Mol Med, 2016, 20. 1898-1907.

Brissova M, Aamodt K, Brahmachary P, et al. Islet
microenvironment, modulated by vascular endothelial growth
factor-a signaling, promotes B cell regeneration [ J]. Cell Metab
2014, 19(3) : 498-511.

[KF=EHHI] 2023-08-20



2023 4F 11 H o [ S5 Bh P A A November 2023
31 1 ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 31 No. 11

st SR, S A S5 OBTRR RUBEHOM P B U S iR Sy (7], PSR Sh )R, 2023, 31(11) : 1399-1407.
Lu JJ, Zhang C, Zhang CM, et al. Establishment of a novel composite rat model of chronic skeletal muscle injury [ J]. Acta Lab Anim
Sci Sin, 2023, 31(11): 1399-1407.

Doi; 10. 3969/j.issn.1005-4847. 2023. 11. 003

A B R R e e % LA 5 0 A A B ) ST
P, K, KA s e A, e R
(L 7RI R R MR ERE R E oG M 51000052, Jbat R 25 R4

S TIRIRE2ERE  JERT 10010533, MR EZ R 7 510000
4. N R RS — W B ERE S it 7 510000)

(WE] BH A0S — R R BUBSAS M U S Y | IR AR ML FG T I
W, Ak K28 H SD KRB AT IR (10 H) pahif]d i mid (474, | EATH) 9 R E A B
HEAA, EEHITHEGHBRE AL )9 B @R 3 d 5Tl 95 HE A/ PCR )T, &R FIH4 KRR
W B BART 2 G4, A BAR TR 4L, HE QO3 R 3T 41 2 A0 LR 2 W7 24, LI st B 08 346 5 JLAZ 43 A
ANy AT UL FR L 5 5245 2H LT A e 24, LI Re 184 5, LI W) D0 58 RE 240 RIS, e 2 ML T Ak B 384 o] A LT i 2R
B MFPZR SN ER Pa JER BA B3 2 5k, A RENINAL GO S h <45 & R 2R 1 il
PR, e AR EEENL T A A B U A R 2R T T TR AR i LA A 1 s L
T, I AT R TIPSR T 5 T8, A8 P A A S M G 10 Bl S 30 v B SRR o AR

[R@R] KUY B e B H L0 e ALY s A

[PESES] Q95-33 [ XEREREM] A [XEHS] 1005-4847 (2023) 11-1399-09

Establishment of a novel composite rat model of chronic
skeletal muscle injury
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[ Abstract] Objective To establish a novel rat model of chronic skeletal muscle composite injury in the lumbar
region, to explore its mechanism and treatment method in depth. Methods Twenty-eight SD rats were randomly divided
into control group (n = 10) , Hitting injury model (HIM) group (n = 9) ,Composite damage model(CDM) group (n =
9) (vertical blow combined with forced prolonged sitting). Open field test, HE staining and PCR sequencing were

performed 3 days after modeling. Results The open field distance of rats in HIM group was significantly shorter than that
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in the CDM group, and both groups had shorter distances than the control group. HE staining showed multiple muscle fiber

breaks, significant widening of muscle gaps, uneven distribution of muscle nuclei, and visible congestion in the model

group of simple blow injury; In the CDM group, muscle fibers were ruptured, the muscle gaps were slightly widened, and

inflammatory cell infiltration was observed between the muscles, especially around the muscle fiber breakage, with muscle

fiber nuclei gathering. A volcano plot of the sequencing result suggested significant differences in the Pf4 gene. GO analysis

of muscle tissue in model group rats showed upregulation of oxygen binding and carrier activity pathways. Conclusions

This study attempted to establish a composite skeletal muscle injury model to study the pathological changes of chronic

skeletal muscle injury in the low back pain and evaluate the efficacy of treatment method . It has practical application value

in animal experiments for chronic non-specific low back pain.
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Figure 1 Vertical strike diagram

B2 iR R
Figure 2 Diagram of a forced sitting posture model
1.2.3 f7A%——W 525
(1) SEETTUR Z 1, Jebf PR S IA] T ook,
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T ATHIE 2 d AT 3 1,

3 SRR

Note. HIM group was hit 3 times in two days.

Figure 3 Experimental flowchart
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R o SR AN T Rl I N R RIS WA
AR TOR & Al oA, R ET A 4K U B
PEREGT IR R B UOKRHERE , 35 2h B, %K Bk
TTRERIFRE (P < 0.05), WLIK 4A . 455 B R 46

AFERFN S BEE GRS AT, BRYS
ML AR EE BEA R WL AR AR AN 3T 4 R E A 4R
B E 494 AN R R B e, B P2 2 ) e 3
—H, TN e A R ILIE 4B, 1] 4C,

T A SEREHT 3 2R RURTO S B W B C. 0 A Bk
B4 EEETRE S

Note. A. Body weight trend of 3 groups of rats before modeling. B. Distance of rat open field. C. Open field trajectory map.

Figure 4 Weight and open field test
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ST AEX b, A HAE WL 4w R T [ A WLET
YERZRAE (B OFT ) o
2.3 EEHEEWMBRANFEESH

6 A K B, B IR R (SR 1)
BOE B T B B eSS B2 U6 FPKM R T 10 24
IR RE FPKM KT 10 56D 21 S 553 431
[l ( Principal Component Analysis, PCA ) PFAfk 41 7] 22
Sexf REH2H ) 22 S/, 52 G A BB 22 5, ml ik
— oM 2 AR (LR 6) .

B 5 s =4 HE Q@
Figure 5 Three groups of HE staining after molding



1404

P S B Bh 2R 2023 4F 11 A5 31 55 11 ] Acta Lab Anim Sci Sin, November 2023, Vol. 31, No. 11

R SRR R

Table 1 Overview of data quality for each sample

A JE AR IR E Y Ji(ﬁ?ﬁfﬁﬁ% R () Bk {E = Jo i B i % ek

Sample J¥31 ] 751 ] HH(G) ] Ervor( %) 20% (%) =30% (%) g(%)

Raw reads Clean reads Clean bases(G) Q0=20%(%) Q=30%(%) GC(%)

XTHEZH 1 Control group 1 55706 818 55 706 742 8.34 0.03 97.79 92. 88 50.76
Xt E4H 2 Control group 2 57 894 882 57 894 792 8. 65 0.03 97.65 92.52 51.26
X HE4H 3 Control group 3 54 152 142 54 152 056 8.10 0.02 98.12 93. 69 50. 49
HA4 1 CDM group 1 47 197 130 47 197 082 7.05 0.03 97.57 92.67 51.76
H A4 2 CDM group 2 54 919 386 54 919 296 8.21 0.02 98.55 94.93 51.31
H 443 CDM group 3 64 320 828 64 320 730 9.62 0.02 98. 20 93.99 51.49

e SRR A 3 BB E I P BRI F SR L (29 150 bp) IR DL G 9 50 ; Bt B = 20% |5 dat (i = 30% « Bl 5 ik 73
HORT 20,30 AYBHAE 7 SVATREE O 3 HE 5 OO REE SR G I C i B ORI B R BRI E A T

Note. Clean bases. The product of the number of clean reads and the length of the sequencing sequence ( about 150 bp ), converted to units of G. Q=
20% , Q=30%. The percentage of bases with a base quality score greater than 20 and 30, respectively, out of the total number of bases. GC. The

percentage of the total number of G and C bases out of the total number of bases.

6

ER 5T (PCA)
Figure 6 Principal component analysis (PCA)

i kI (WLE 7A) SR (DLE TB) i ik
2SI AT TR Y 22 S 3L AL 4R - Tob2  Rgec
Timpd . Chmu2, T I 8 #y 22 5 56 4 46 PA
Ankrd23, TR Tob2 3N 25 A B % . HET
I I %% ( BTG/TOB & HFK ) , ¥ & 40 i A
W1 g SR 2 A E it B . BTG/ TOB HE 5
TN LU LT 2 338 58 A 25 5 IR, BTG A5 30 0k
FULE L m 22 e S IR 7 RO 9 R AR e 0 207

Chma2 1T V8 52 1) 41 L R f2 £ 355 0 26 A7 14 1)
AE. PA O LRSE R 22 S ol B E S R —
ol ot R 1 240 L PR, 5 0 i S 1 A I /)
Mg, P nTRE S e EmRR A K,

1E GO b (LI 8) T Wil 3E % Y i 20 F A
AL L TR 53 53 W6 R Wl TR LR 5 A B A0
AR (P < 0.05), 4004 3 i ( extracellular

T A S A2 0 IR 2 S R TN KL 65 B B2 L S 3 IR A 22 S PR A
B 7 2Pl B S

Note. A. Volcano plot of differentially expressed genes between CDM group and control group. B. Heat map of differentially

expressed genes between CDM group and control group.

Figure 7 Volcano map and heat map of differentially expressed genes



P S2EEh AR 2023 4F 11 A5 31 %5 11 8] Acta Lab Anim Sci Sin, November 2023, Vol. 31, No. 11 1405

B8 EAUH TR GO S
Figure 8 Analysis of down-regulated gene GO in CDM group
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F 22 A A0 R0 R 45 100 60455 UL IR Bl 2 L

Mt 5 [RIE Wil LR A9 5 Bl R it 32 Z2 Fh T R
FREIA , ISR o B 78 SRR A . IR 2 ECM
) BB AL 4 22—, 7 40 M A1 R85 I 1 2T 4R 45
1, AR SR R SRR BRIF AR A G R
5 22 it 10 A4 L0 RN R 95, a0 B 1 22 KT AR A T
IR AT e LA 45, X B B A2 2 Fh P R (152
WA R | 40 S0 55 5 43 55, W) DLl 2 R
5300 B R R D) A A R

I 10 209 GO 43 L 1830 A0 15 28 fil i 87 4R
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0.05) (WLIEI9) . 2l fes BY A& 45 fl 48 J0 2 [A] 1 28 fish
HEHEAE R B R ) Rl R v S Bl R R R B Y L

B9 HAH LR GO S
Figure 9 Analysis of up-regulated gene GO in CDM group
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[ Abstract] Objective To observe the effects of plantar injection of complete Freund’ s adjuvant ( CFA) on pain-
depressive behavior and changes in hippocampal monoamine neurotransmitters in rats to establish an animal model of related
comorbidity. Methods Sixteen male, 8-week-old, SPF-grade healthy SD rats were randomly divided into model and
control groups with eight rats in each group. In the model group, rats were anesthetized and injected with 100 pL. CFA in
the left hind paw to induce the comorbid chronic inflammatory pain and depression model. In the control group, rats were
injected with the same volume of saline. Pain thresholds were measured using the Von Frey hair and thermal radiation
instrument, and depression-like behaviors were assessed using the open field test (OFT) , tail suspension test (TST) , and
forced swim test ( FST). Enzyme-linked immunosorbent assays were used to measure 5-hydroxytryptamine ( 5-HT),
dopamine (DA) , and norepinephrine ( NE)in rat hippocampal tissue. Histological changes in the hippocampal area were
observed by hematoxylin-eosin ( HE) staining. Results Compared with the control group, the mechanical withdrawal
threshold and thermal withdrawal latency in the model group were significantly decreased at 3, 7, and 14 days (P < 0.01).
The total distance in the OFT was significantly reduced at 7 and 14 days (P < 0.01), and the time spent in the center zone
was significantly decreased at 14 days (P < 0.01). Immobility time in the TST was significantly increased at 14 days (P <
0.01), and the immobility time in the FST was significantly increased at 7 and 14 days(P < 0.05, P < 0.01). 5-HT,

DA, and NE contents in hippocampal tissue of the model group rats were significantly reduced compared with those in the

11 ¥ Acta Lab Anim Sci Sin, November 2023, Vol. 31, No. 11 1409

control group (P < 0.01), and hippocampal tissue in the model group showed pathological changes, including irregular

neuronal shapes, loose and disordered arrangement, increased intercellular space, some unclear cell nuclei, and some

neuronal contraction and apoptosis. Conclusions Injection of 100 wL CFA into the footpad causes pain hypersensitivity,

depression-like behavior, significant reductions in monoaminergic neurotransmitters in the hippocampus, and histological

changes in the hippocampus, effectively simulating the manifestations of comorbid pain and depression, and is an

experimental model to study the pathological mechanisms of comorbid chronic inflammatory pain and depression.

[ Keywords)

animal model
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Figure 1 Comparison of MWT and TWL of rats in two group
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Note. Compared with control group, * P < 0.05.

Figure 2 Comparison of OFT, TST and FST of rats between the two groups
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Figure 3 Comparison of monoamine neurotransmitters in hippocampus of rats between the two groups
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Note. Black arrows. Normal cells. Red arrow. Unclear cell nuclei. Yellow arrow. Intercellular space. Blue arrow. Neuronal contraction and apoptosis.

Figure 4 Pathological changes in the hippocampus of rats
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[ Abstract] Objective To investigate the causes of infertility and its pathological mechanism in female SD rats with
spontaneous dwarfism ( short stature rat, SSR). Methods Adult wildtype and SSR female SD rats were used in this study.
A vaginal smear was used to observe changes in the motile cycle. Ovulation promotion was compared using the simultaneous
estrus supernumerary ovulation method . Ovarian and uterine weight and body weight, and ovarian and uterine indices were
measured. AMH, E2, FSH, LH, and FSH/LH levels in serum were measured. Transcriptome sequencing of ovarian tissues
was performed to analyze gene expression differences. Results No abnormalities were observed in the estrous cycle of SSR
female rats. The body weight of SSR female rats was significantly lower than that of wildtype rats, and their ovarian and
uterine indices were significantly higher than that of wildtype rats. The mean number of ovulations was significantly higher in

wildtype rats than in SSR female infertile rats (P < 0.001). Serum AMH (P < 0.01) and E2 (P < 0.05) levels were
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significantly higher in wildtype rats than in SSR female infertile rats, and serum levels of FSH, LH, and FSH/LH (P <

0.05) were significantly lower in SSR infertile females than in SSR infertile rats, while PROG showed no significant

difference. Transcriptome sequencing yielded 250 differentially expressed genes, including 190 upregulated and 60

downregulated genes. p53 signaling pathway and cytokine-cytokine receptor interaction. The MCC, MNC, EPC, and degree

calculations of the CytoHubba plug-in were used to screen the top 10 significant nodes. The intersection was used to finally

obtain nine hub genes, namely Cxcll, Cxcl2, ILla, IL1b, Cd80, Mmpl3, Mmp8, Fgf3, and Ptgs2. Conclusions

Infertility in SSR female rats may be related to a decreased ovarian reserve function and poor ovarian response. Cxcll,

Cxcl2, ILla, IL1b, Cd80, Mmpl3, Mmp8, Fgf3, and Ptgs2 were associated with infertility, laying a theoretical

foundation to further explore infertility mechanisms.
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Figure 1 Comparison of estrous cycle
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Figure 2 Changes in body weight, ovaries, uterus, ovarian index and uterine index between the two groups
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Figure 4 Heat map of correlation coefficients between samples
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Figure 6 KEGG enrichment histogram of differential genes (TOP 20)
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[ Abstract] Objective  Apply modified bilateral carotid artery ligation to establish a VD rat model to observe

changes in cerebral blood flow and expression of angiogenic proteins. Methods Thirty-six SD male rats were randomly
divided into a sham group (n = 18) and model group (n = 18). In the sham group, only the bilateral carotid artery was
isolated without ligation, whereas in the model group, the bilateral carotid artery was ligated to establish the VD model. The
Morris water maze behavior test was applied before and 14 days after modeling. Variation in cerebral blood flow was detected
by laser speckle contrast imaging. Protein expression of HIF-1ae, VEGF, and HO-1 was detected by Western Blot. IL-4 and
IL-10 contents were measured by ELISA. Results At 14 days after modeling, escape latency was significantly prolonged
and the frequency of crossing the platform had significantly decreased in the model group compared with the sham group (P
< 0.05). At 2 hours, 3 days, and 7 days after modeling, cerebral blood flow in the model group was significantly lower
than that in the sham group (P < 0.05). At 14 and 21 days after modeling, no significant difference was found in cerebral
blood flow between sham and model groups (P > 0.05). In the model group, cerebral blood flow was decreased to a
minimum at 2 hours after modeling (P < 0.05) and then began to recover. The peak of recovery occurred at 3 ~ 7 days
after modeling and returned to the level before modeling on day 14 after modeling. At postoperative day 21, expression of
HIF-1a, VEGF, and HO-1 proteins in the hippocampus of the model group was increased remarkably (P < 0.05) and the
serum contents of IL-4 and IL-10 in the model group were significantly increased compared with those in the sham group (P
< 0.05). Conclusions The variation in cerebral blood flow in the VD rat model established by the modified bilateral
carotid artery ligation was dependent on time. At postoperative day 21, HIF-la, VEGF, and HO-1 in the hippocampus
were increased significantly, which was accompanied by increased levels of 1L-4 and 1L-10.

[ Keywords] vascular dementia; model; cerebral blood flow; angiogenesis; inflammation; rats
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14 P i 2R (cascular dementia, VD) J& B T 4%
o G 10078575 5 5 | A 1 A 2 23 L e 2 S T 3
) — g P A 2R AT P 5, AR AR DAy i I 9
/DTS B AT AG Y R AT AR 4 Hh B A
IR AR AR £RE E I B A DL KA T DI RE Y
FEORAE S T HE AT A 3 Y Bl W AR DAASE D48 P il
I Y A BRSO VD 9 B AR B 2 AL 1 A
FEARHL T IR

2 P o AN & ( chronic
hypoperfusion, CCH) /253 VD By F 25K Z —, 7]
{5 LI 1ML 378 5 ( cerebral blood flow, CBF) 435:4% T [,
T A 22 M A B TC R AT, 7 A SR L B 2R R
JBRRERE D6 ATHEREIE | I BRI 45— R A
BT R AR | 1 B AR R 2= 4 Y Bh
Yy S0 v R S o A T A2 18 s A A I
EFREEE TR EE S, VD BRI R K OB 91
KA FL R B AR Ay i 2 — | RR AR Hh 3R
IR HA: P FRAE B {0 B HH A B B Y 22 AT gL
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(] 28 A RRAE B0 I A8 8T A AH O R 1 RS2 ], R DAk
PATRNG S 31 b gy €l oo

TP 1) A ke 1 BB SOk A, R R T R B
S5 (e UG 45 ¥ 0 B g 7 A 3k I P AR Ak, B

cerebral

AT A4 1 1 1 A R B ke 2 i e L B AL, L 0F R R
Jibi 1 — i if AL BRI R T la
( hypoxia-inducible factor o, HIF-1a) J& 2 5 KN IfiL
BB RN 28 R AR T R T ) B A R I
B AR AR DG PR - i I A8 R A, LR U I N B AR
[Al¥-(cascular endothelial growth factor, VEGF ) 1 j&
A A A 0 0L A Y E AR P, T DA R
I N F AT A 2253 4 S50 58 ) R o o
A LA N4 1 (heme oxygenase 1, HO-1) I
AEAE NNk 1T 452 477 v S #4470 8 LA K ARE IfL A8 8 2B 9 3
e =3 H AT A B ke SR 0 A B, S B
R LA P 2, i VD )R8 A o ke 1 453 475
A FE LA R A B S B ik 25 L1 8 7. VD KR
AR 30 3 O OB F AR AR WL 1 M S
2 h, 37,1421 d f0 0 I AR AR ARG I i A
21 d ¥ S o g B AR A DG F HIF-1a, VEGF \HO-1
DA B 1 385 e 4 R 1L-4 IL-10 Y3 5, R BiiA VD
FEGL G 1M YT B 21T 5 2 18— 2R 470 o B A L
BN

1 #MR5FE*

1.1 ##
1.1.1 SEEshY

i SPF ZeffEtE SD KEL 36 H,6 ~ 8 JHIE, 1A
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180 ~ 200 g, W [ W FE W73 vw s ik L s ) A PR
Al [ SCXK(1)2019-0004 ] , 1757 Tl B Hh = 25 K
2SR S R0 [ SYXK (1) 2019-0009 ] , 6 24
~ 26%C ,1BJ¥ 50% ~ 70%,12 h WG SS B8 4 T
FAEMBEBYRK, FrAEREHTE MM hEZA K
SF SIS A0 LA BRI 2641 (1L1-2022101204)
1.2 EZEEF S5

2% % B HEZ 80 ( Merck , P3761) | IL-4 ELISA &
# €5 (Elabscience , E-EL-R0014¢ ) , IL-10 ELISA 5
4 ( Elabscience, E-EL-R0016¢ ), HIF-la T £
( Abcam, abl79483 ), VEGF-A #i & ( ZEN-
BIOSCIENCE, R26073 ), HO-1 #i #& ( Proteintech,
10701-1-AP) , B-tubulin #T {4 ( Proteintech, 10094-1-
AP) | £ =40 ( Abiowell, AWS0002a) .

O HHE 14 2R 8t ( Moor Intruments 23 ), 7
5. Moor FIPI-2, ¥ [H) , Morris 7K 2B R 45 (ZE A
], S MT-200, ), XU A 374 52 7 A3 ( AR SE
o] BV ZS-FDC, b a0 ) |, 457 A Ot B I iR AL
(Bio-Rad A ], "5 . ChemiDoc™ XRS + ,ZEH) .
1.2 FHik
1.2.1  sh¥yird S

36 H SD KREFEHL I 2 4, BT AR (n
= 18) AL (n = 18) , HARIRAE BT .

FERILH . ARRTASE 12 h, SR AR RSN 2L 3l ik
gEFLEEEST VD BN 200 R HEF: 0.3 mL/100 g
I SRR I , K BRI RMOE , S J5 T 8E rh 2 A2 4 5%
0.5 em YIE 3250 85 AU ELUS K, H 4-0 %
BB 21 IAE A 25T B G O FR o O B 2 L, 3
2 R BRRAT 4 IRES AR 1220 9% | /8 th — Bl ik
{58 AT i 42 45 v i) 5 W 3558 B Bk, SR 5 B 2 48 5 1)
FF B TR,

BT ARLL A 53 1 20 o KBS 285 $L, HoAth 45
YESHERIA —3,

IRAERRAE TR AR AL R b i v R 0 SF- 3
E(A) AEAIZE K R bk v AR 736 (B) , 530 B
H5AMZEIE B LLEME M (C), /B C = (B-
A)/B# C = 20% , WA AR il 7
1.2.2  JBER FET R EAFG RG]

WS 21 REiHBR gl M F AR seT
S QAR 0
1.2.3  Morris 7KK EFT R4

K FH Morris 7K 28 B 47 Ay 276 0 7 38 A5 i R 3 5
JEeR 14 KU T R B gtz ag ik, K

HEE—AE N 4 DRI B K, B4R
I — AT EEE &, K s & —F
BIERE , MAHTZE K oA AR K, A
AGHERBEI, LI RS (1) AT
SCES(Fe 5 d) JBEREERELAK, FTELER 4 A%
FRAKIT 4 AR BIAK 1R, 4 (AN 1
K:1o253—4; 5 2 K:2>3—4—1) , BIRIKHE
120 s, AR EURR 7 & 45 B it 3 s FERTIC /R
BRI, 4 120 s NRIC EF-&, W5 5 H 1P &
IR 10 s, 0 BRI 120 s, 1B 3 4 .5
K 4 DRBRAEHFERT, IFR X 3 d FIFERT
HFRME, B R A 2k kTR AR I, (2) 28 R &R 5K
(5 6 R): WX BRERNF&,1T8 120 s 15
H R B E bR G BR A 65 IX 3 B, ek 25
BIEL,
1.2.4  BOEHBES H ARG I

2% 5 F Bk T W PRI , et P i <7 7 52 62 S0 K B
S/ 11 =i S T S LT i = VA= N 0
BBk, WU AR A IR B B4 3k T0U 9k Ky 5 1 24
1.5 ~ 2.0 cm, PASK AT XA SO RS PR A
HLRAEAFZIL 0.5 em FaBENE R LERTL R, fiff FH A5
B LR A, DA IR HIR BB 35 Ao i ) I A R
FEMIEE R | AR BRE B 0. 99% A B ER /K B I K
FREE R, ST RO AT H AR, 10 5% L
MR LR . 8 moorFLPIReviewV50 #4F%t
R IE AT 53 B, 8 — DU K il 2 4% Ja > 8 11y [X 3k
(ROT) T3 H 2 M 2K Aok fii 3t 2 28 AR AL, 20 A 1 45 B
— A TEFRAR TR ) DX, 1153 R PR DX P (A
Sk S5 I G ot 3t i AR A (L
1.2.5 Western Blot £l

JRIE IR 1. 2.1, R EURME S , B4 BEHLIK 6
SRR, BOSUIN g 25 2 20, 4368 2 70 43 B e, i A 4
TR, UK S (0 FH A 2 R SR 5 0 I B
ETE, -80°C KARLRAF . fd H] BCA 1250 &0l s ke i
IFRCE FREGE I, 2R SR LUK R 5% I A
A, — P 4ACEE LR YU E , B8
H #4515, [0 Image J 84550 Mr B bR 40 K B (H,
HEMEAS NS EE B-tubulin HAE 1R A H AT
Tk,
1.2.6 ELISA il

WA 21 d, BRIEER B, #E17 18 £ gl ikCR 1, 75
HARRECS ~ 10 mL 40, #E 1 h, B.00080%
4°C ;2307 r/min B0 15 min, W FWERAE, 5 R
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FH ELISA 3246 00 K BRIl 38 H 1L-4 | 1L-10 & &&=, AR 4
R B UL S AT LR
1.3 FitFESR

K JH SPSS 25. 0 #AFi AT Ge it 2 40 by, 1 %
B £ bRUMEZE (& + ) Fom, AR
e ¢ K0 5 T 1E 25 5 P R 22 55 R FH ik
SEREARHY ¢ KRB A5 22 AN TR FH ST o K56,
N5 R TE S35 U 2R FH Wilcoxon Bk FIAS 6 3 36 b B
i () AR b A R FH o A2 0 o A o T 25 A i, DA

P <0.05 WESHAEGITHE XL,
2 &R

2.1 RBEER FETEMERERSIT

BHUE 21 d, T ARG 4 B A7 14
FUBET RN 22. 2% AF TG RN 77. 8% ; I Hh i
FET5 ARG 13 HL SBT3 N 27. 8% A7 G HH
72.2%; BERV AL A 18 HL, B 10 L, B R N
55.6%, W1,

K1 HHABBIG 21 d FET S MG

Table 1 Death, survival and vascular dementia numbers of each group were counted on 21 days after modeling

WET-% (%)
Mortality rate (%)

% (%)

Survival rate( % )

BB (%)

Model success rate( %)

4 FET: PG A A
Groups Death Survive Modeling Vascular dementia
11 = Q
BEAL ) )
Sham group
25974
el 13 18 10

Model group

22.2% 77. 8% -

27.8% 72.2% 55. 6%

2.2 EEBIBEKRBRFEICIZEENLLE
TEARHT, S5 T ARG He e, AR A 21 T Rk okt o
R FE SR BB EE2ZR (P > 0.05),

TEARS 14 d, SIRT AL Mo, B ZH R B b v
PRIIE R 288 5 B8 D, 26 57 HA &P (P
<0.05),0L% 2,

R2 SRRSO S o S YU (2 £ 5, 0= 10)

Table 2 Comparison of escape latency and platform crossing frequency before and after modeling in each group (x s, n = 10)

T R
| Before modeling After modeling
Ao
: o ST ERI() i ST AW (K)
(Jmups Sk . . %‘j@:F‘ =T IK Sk Y ; =
atform crossing atform crossing
- T
~scape fatencyts frequency ( times ) wscape fatencyl s frequency ( times )
= > Q
AL 14.32 £ 3.71 4.15+1.18 5.82 £ 0.76 6.65 + 1.27
Sham group
BRI
Bl 15.60 + 6.28 3.95 £ 2.17 14.10 = 6.39" 4.95 + 1.54~

Model group

W 5P ARAME, * P <0.05, (FER)

Note. Compared with the sham group, * P < 0.05. (The same in the following figures)

2.3 EHEEIEAXRKDTEEW LR

Y] b 3, 3 A, A T AR 2 RS 28U 441 [
R SR ol 3 AR R 25 B TE (P o> 0.05) 5 i
Ji 2 h 3.7 d, 5T AR, AR 2H K BRI I 3T
YRR, 25 BHA R ENE(P < 0.05) ;1G85 14,
21 d, BT AR G RIAS 76 20 i) K SRR ol 37 B AR 1k 25 5
TREFEEP >0.05), WE 1,

HN & B, T AR AW MR EAEARG 2 h
T BT, Tt s 3 d FrE e, e P TR,
TERERG 14 d B R AL (ORHT) KPS 21 d
TR R K AR 2 I O AR S 2
h BEZERAR(P < 0.05), TR T 2934 (EAT)

1 17. 56% , M J5 ORI, 1R 5 vo e 30 A e i A
J& 3 ~ 7 d 2, ISR 14 d IRE 2L KF,
TERBG 21 d $52k I Sl LK, IR 1,
2.4 E#EE21dXKRiESX HIF-1o, VEGF K
HO-1 EEFRIALLE
WRE 21 d, S F AR e, A8 2 K FlifE )
[X HIF-1a \VEGF & HO-1 EAER XS R ETE,
ERHAREME(P <0.05), WA 2,
2.5 E#EE21d RKRMFHR IL-4,.IL-10 E =L
WRE 21 d, SIFARYL b, A2 K UL
L4 IL-10 S A, ZREAREMNE (P <
0.05), WLl 3,
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T SIEHHAHLL, P < 0.05,
B 1 ARSI (n = 10)
Note. Compared with before modeling, P < 0. 05.

Figure 1 Changes of cerebral blood flow before and after modeling in each group(n = 10)

2 %4 HIF-la \VEGF & HO-1 EAFEEKF (n = 6)
Figure 2 Protein expression level of HIF-1a, VEGF and HO-1 in each group(n = 6)



1428 of [ SE I Eh MR 2023 4F 11 A% 31 555 11 8] Acta Lab Anim Sci Sin, November 2023, Vol. 31, No. 11

B3 A4 IL-4 0010 FHEA A (n = 10)
Figure 3 Comparison of IL-4 and IL-10 contents

in each group(n = 10)

3 g
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G 0003 e FSF ] 25 £ R A 4 A B T 3 HL 9 s A
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IR 5405 & AR JE i 3 ~ 7 d Al RE A ROATT
I AR SRR A I ) B 2 2R T %o
I HE A B A3 5 4 308 39 I a6 0 A A DG B 1 ) 3%
TRRAR A I A B, B4 0 A afn 9 2 5 DA B AF 9 Al
KB, VD A G L3 AR RS 2 ~ 3 h IR
BRAR, MAEERS | d NIFRIRE , I TG
7 ~ 14 d AR W EFE O HERE 28 d 1Y
IR = L =3 A R [ o N4 RN 5 N 5 R
FH SR A OB 3505 sl Bk 45 L7557 VD 80 DL
FERTAEAR G 2 h 3.7 .14 .21 d WS a] 4, 8 i
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WARMEFEARSG 2 h 3.7 d BB MG, ARG EE 14,
21 RIWARAL T 25 25 57, 5 2 mi o — 80 4
AR BT ARA KRB MR EARE 2 h J5
T BT, Tt s 3 d FrE e, e PR TR,
TEARJG 14 d B2 HL ORTT) AKF 5 i 34
By, X PR 16 T i 2 T W RR T I A S SRS 3 1Y
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BN AR 4 K BRI I 3 AR AR S 2 h R R
TN, R RR(EL R 2k (R BRT) 19 17. 56% , Itk
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- HERT g — 5
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24 h WIFGR IR FERNBRINLS 3 ~ 7 d [EREAFIIE
B, B A= 9 i %S BB FE G B L 5 3 d R 2%
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FF1E R BRI 3 i A5 A AR AR R DA AR
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Lo fedk— ML HE VEGF 58 K 0 I % 8 4k /F
FHU 038 o iz 40 i 4 7 RS B, 4 T AR 1 A K
A SRRSO 5 ik ke 00953 45 % A B 21 440 R
SEREHICIE B 19 100 2T 2 A T 9RE S0, B4 i 4 N
B, HO-1 W03 28 7 i Ui 25 00 21 2R B AIG M 21 2 14 2=
PRI, 7= AR Ak Bt 98 L SR I 48 38 A 1 K
U HIF- 1o WHEA 5 HO-1 FE R (%5 S 3400 LA
M 7 Sk 10 5 A, & # EL BT R NI It A A
P, HIF-1a \ VEGF LA} HO-1 = R if 2 5 1%
B [ACER N = X B L (I IR /- B N O S8
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S SR A A B B A O 3 AR R
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Biochemical characteristics of type 2 diabetes mellitus and its
microvascular complications in animal models
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[ Abstract] Objective By summarizing experimental data of animal models of type 2 diabetes mellitus ( T2DM )
and its microvascular complications in rats and mice as animal models, the biochemical indexes were analyzed in order to

3

provide theoretical reference for future experiments. Methods  The main topics of “type 2 diabetes” * diabetic

” o«

nephropathy” “diabetic foot” and “diabetic retinopathy” were searched on China National Knowledge Infrastructure and
PubMed databases to screen out the journal literatures related to T2DM and microvascular complications in clinical and
animal experiments published from October 31, 2019 to October 31, 2022. The subjects, disease types, detection
indicators and other contents recorded in the literature were sorted out and summarized, and a database was established for
statistical analysis. Results A total of 510 literatures were selected, among which fasting blood glucose was the most

frequently used biochemical index in T2DM experiment, urine protein level was the most frequently used biochemical index

in diabetic nephropathy experiment, and serum inflammatory factors were the most frequently used biochemical index in
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diabetic foot and diabetic retinopathy experiment. Conclusions

By analyzing the application frequency of biochemical

indicators in T2DM and its microvascular complications, this study can provide an important reference for clinical diagnosis

and treatment of the disease and the development of animal experiments.

[ Keywords)
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2 RUBE R J% (type 2 diabetes mellitus, T2DM ) f&
— PP B, B R B AR T Bk B AT R
R B, Tl T3] 2045 4F 4 BR0% PR B E 1 K 5 29
7.83 4217 KR MUBERR A A A 2 A AR
WA AR M 52 I A R B, A AT BOWE PR 9
(diabetic nephropathy , DN) ## X% /& ( diabetic foot,
DF) | B JR 9 A0 /) J5E 95 4% ( diabetic retinopathy,
DR) ™, T T2DM K HAM A I & AE (14 & 9 AT
IR S B IR IZ B AR N 1R 75 5
it ) MR

A ARFE bR RE 2 WL I e 2l LA A 3L 3 Ak
AR B, — 8 2 BE E e S i g s 1Y ™ R
JEUOT DR b o G I A T B A R e T
IREN S 25T F0E T B H 1 D4R A5 E
T2DM B MU 8 I F R AETT i 1 R B 5E A, B
Il ABIE 5 b, 20 S5 3 22 328 T R BB /)N B S A
B ARB R T REE A RIS T2DM S H A
I REAH G SR, X T 8 9 2R A8 bR ik A7 25
A DB R PRI R e S i 2%

1 #ZRETE
L1 REEMR

FEPE I PubMed 035 FEAE 2 M 2019 4F 10
H 31 H ~ 2022410 H 31 HERMWIGKS s

T AR SRR B AN RIPOR AL,

type 2 diabetes mellitus; microvascular complications; animal model; biochemical index

B A 5¢ T2DM KAWL AS I K i A 39 T SRR, w5
Ryl 4 45 2 BURH R W8 IR s B W PR
FR M PR T TR T B A5 5 5 S AR R AL A type
2 diabetes mellitus” “ diabetic nephropathy” “ diabetic
foot” “ diabetic retinopathy” % , > F 3 8L ia] F1 [ H i)
SE MR I
1.2 XERGRIEERE

VEREC A T K 2% i At i R A8 255 LA B Adi FH R
BRI/ UV D S B 64T T2DM S AR 8 9 & e
WFFE Y S50 P9 1) SRR, 590 B sh B A A Bl K 5 T F
HAB I A Koo 1 78 5 2 R 19 SRR, Ak PR 2 2%
158 28 HL AT RAS 42 ST 9 ) SRR
1.3 FitESH

I Excel 2019 B4, 4540 A 149 SCHE (9 3218
X BIRARAE A b1 A5 15 B B HL T2DM
LA AE 5 A0 A A48 b Bl 1, 88 Excel i
— A TIRIR 3 B B RAR B IAE , 3T GraphPad
Prism 8. 0. 2 AT TR R 2]

2 &R

2.1 WERER

AT A F A OC SRR 1886 s , HKHiE 44 A RN
HEBRFRIE e 90 A 510 4% (T2DM 3t 167 &5, DN 3t
187 & ,DF 354 55 DR 3L 102 7)) , WK 1,

1 T2DM B HR A I A0 A O SCRR oA 175 B

Note. A. Different experimental groups. B. Different disease types.

Figure 1 Distribution of literature on T2DM and its microvascular complications

2.2 HUIERSEIT S0
2.2.1 2 EUMEIRNG

T2DM s — it IR 2 200 5 b g 5 28 9 2

A PR BB I 5 | ) 52 2% i A ZE LA B o

e R AN 40y 52 56 v 308 ok A 00 26 A 48 0 % e IR
OUHATIRAL 2881 o B K BN 4 2 1 R AR HE
A 75 H8 LM (fasting plasma glucose, FPG) | H i = fig
(triglyceride , TG ) , Jo\ JIH [# P ( total cholesterol, TC )
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SELMXTF&ENS 2 h M (2 h postprandial blood
sugar,2 h PG) KWL I 2T & [ ( hemoglobin Alc,
HbAlc) BRI, sh4 525 1 /0 Tl RS2 58, FPG
RESC L) B AL () T RE , — M T o 2 s JLfil JBk £
RIYSrIYIRE, /& T2DM f i ks br ., BF5R
KL FPG TEIG R A h 2 R 8 m H 2 h PG 4 5
ZRE BN R BT, 2 WRRE ,
WA HbALe T2 . X Falssmim = e
RS AR5 2O HZh W e 5 B 20 M AT R
It FPG (ERERMERH 1 S BALIA IS O, 5 2 h PG
Je HbAle BRA RN AL A A58 BF 58 26 9 1l Bl
St T | AR R BT, R & 2R HEHT SR R

IR 64 5 s KL 76 s /MR .27

T HRICIHEEEL , SR e T2DM /Y% A= | [RHF 5T
KIUMAGSEL(TC TG 45 ) HA W T2DM &5 X
B rRE ST o A LG T I R SE 56, 3 ) SE 00 A= b 48 Ar iy
TE NG I B = bR DAFE SE 50 iR FH i A= Ak F8 s 4h,
R Z PR E R AOK RN SR
Fro T2DM S8R AR b FR AR TR, UL 2.,

SEG HORN IS S I IR AR A sh R A T2DM
4 FPG HI K FIEH M4, fEsh i, Mg
TEASTR (R 1, 23U OB bR M L 7, T 0 250 TF
R, M FPG = 16.70 mmol/L B}, #5545 Fy fa
E T LLR G 0 FF e SE 5, P ot 2 4 S 3 v A AR 4
FPG 8- = TG R B, IR 1,

B2 T2DM S5 A fb 5 Fr I 1S Ol

Note. Clinic. 64 articles. Rat. 76 articles. Mouse. 27 articles.

Figure 2 Application of experimental biochemical indicators of T2DM

R 1 T2DM mSUN A AR bR A AL
Table 1 Variation range of biochemical indices of T2DM high-frequency application

Il g 100 S g [1-15] JINE[16-20]
AL Clinic!" Rat[!1-13] Mouse! 10-2]
Biochemical index EHE B EHE BIRIE EHH EBE
Normal value Disease value Normal value Disease value Normal value Disease value
Fastin;fﬂiiﬂ’ggﬂ( nl;)ml )y 360~ 610 =7.00 4.52£0.32 2046 +4.32™  6.58:x0.98 21.38+4.91"
v = ik
lﬁ;{”;;fgﬁ_((’l“;ﬂl/ /LL)) 0.56 ~ 1.70 > 1.70 0.93£0.22 1.74+0.56" 1.05+0.40  2.15+0.85"
J [ .
Toral Ehifz(r:l‘?x;)/u 2.84 ~ 5.68 - 2.45+0.86 4.68=1.36° 2.52x1.17 580+ 1.22*
{1 %5 32 i 25 1 BH [ B ( mmol/ L)
Low density lipoprotein 2.10 ~ 3.10 - 0.60 + 0.39 3.24 +2.25" 1.65 £ 1.06 3.03 £ 1.35
cholesterol (mmol/L)
1 2 B TR 2R A B B ( mmol /L)
High density lipoprotein 1.14 ~ 1.76 < 1.04 2.09 = 0.80 1.17 £ 0.58 " 1.86 + 0.49 0.95+0.467

cholesterol ( mmol/L)

T HIEFALLE, " P <005, P<0.0l,
Note. Compared with the normal group, “ P < 0.05, * P < 0.01.
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2.2.2 HEWRAEE G (DN)

DN J&—Fli f 3 PE AR R Y DM 18 M Bl 4 91 &
JiE, H DN B E R 2 LT R LG B DM &
B2 30 1%, HAE R BT Rz # LA DM
R BRI A DMOIRZAS R & A B F ik A
A8 B /INER 41 A0 3 B 30 A | R IR Ak | FL G R 1
JEAE HETAT & A B /N BRBE AR B /N 8] G 2T 4
b, B % J AR B

TE DN 5 0% 10 5 B B, ik = 45 S 1k A I
RFI, AR A Tk R B W 2,
ML 5 hr 2 X DN JF 2 R 2 W i) 8 2 B,

L IRR 79 %;jﬁﬁ:sz %;4‘@:26 =

HoeP JREFIZITAE DN BEZHEER >, BEE DN G
FERYIERE B /N R ko A< W) S B[] I PR 2 1
ik A IE 3 (30 mg/24 h) 3287 1) B PR 4R 1 (30 ~
300 mg/24 h) Fr 4 3 K R H (300 mg/24 h),
ZUi 5 RUIIRE S DN 1 & 4 & % UIAH G,
J& DN [ fE R bric > &t G it 43 b & Bl IR
SR NS S AR A bR P IR O
PR A 25 H (urine microalbumin, UmAlb) .24 h
JJT{EEI(24 h urine protein,24 hUP) JREE A LET
FEAE (urine protein creatinine ratio, UACR ) 4§, L
&3,

B3 DN g A A dabn i I O

Note. Clinic. 79 articles. Rat. 82 articles. Mouse. 26 articles.

Figure 3 Application of experimental biochemical indicators of DN

N PR K AN T8 2 TE 6 (H 8 2 R H Y
TR X AT RE S A0 A TR HLAR N O3 A
Ko G, B /NERUE i BN A B 81 530 Sk ' /N BR
DAL B ARG AR | A A, G v A R /N R R
b AR e B A i 2 R B /DN BRI AN L 2
Wit B8 450 473 ] - B 1 55 R0 W) o i e D e
RFpEFRWOIER, MEMEWEH 2 REH
( podocin) FI'EF 5 25 11 ( nephrin ) S2 24 Bt B A %) B2 2L
2 WP R CE Ry e & e ey (UM S sl e S P i 5
DR R A D RE R A, T AE SE g T A R
JE AR ST R T A AL DR 2
240 0 6 P AR TS 2R DR A KT
2.2.3 BEPRYEE (DF)

DF JE W PR o DL EL ™ 5 A9 18 M0 & E IR
PG AE, ™ 1) DF 2 o 8 0 S TR Sk B
BB H B X DF AR IR A 5T,
A A dE bR A2 Ak, AT DL R PE AL DF AR R 1E
T

ZGE T3 B S A m R A 3l B 52 56 7 1 A=
b8 ¥ A FPG,TC, TG, C X M % [1 ( C-reactive
protein, CRP) %5 . [X DF i # I A7 A~ [) 2 J3E 1 J2
Yy FEURAE SV KA, CRP & s il 2
5T L LA CRP 7K K2 %) DF &SR 1
JRURS: T % 97 360 0T e SRR g PR Y e 3R
BB F-0( tumor necrosis factor-a, TNF-a0 ) 2 1K 4
BARZ B0 L 3 W B AR RE PR, 2 A LR e B
BN AN MR S TNF-o0 1) B A I, AT 5 38
MAE Y B 20 /Y B I8, 18 2 40 i s 1 n
Dominguez 252 BF 5% & PR, 38 4 F TNF-o 3170751 571
16T T2DM G, w] ARG il A8 O e A i R KT
RN . F % -6 (interleukin-6, 1L-6 ) AN {UA 72
PEPEAT VRIS B AT DR & S ma U &, Al R A
a4 =, E AR S DF Rk R B R
(interleukin-1,IL-1) 2 HL 8 1) 558 K1, 78 DF %
PEPRER . WP E T 0] 7 2R R IL-1, #E T 5
JBei B A AR T S 2 Mo, TR DF 475 1k )
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AR A N A4 K T (vascular endothelial
growth factor, VEGF ) B8 5 S IML A PN BZ 40 i 19 334 7,
PURGHT 2 14 2 i, VEGF & 2 5 1l — & AL &

TR 31 R R 18 s /DL S R

(nitric oxide ,NO) 7 AHICHK : VEGF AJ J1134 P iz 4
JiL = A NO A e P8 2 ) S A0St 1 448 i, A 81 A
AeFeVEM, WK 4,

B4 DF U A A fatn B IS O

Note. Clinic. 31 articles. Rat. 18 articles. Mouse. 5 articles.

Figure 4 Application of experimental biochemical indicators of DF

2.2.4 BRI B AE (DR)

DR J&—F 5 UL i % PR Sl 48 0 &, S
SOEE L S M 4, e A R BUR I
JIBOR ELE A I R S50 e AR IE T
ZEAAE, M B0 2 47, iR B L BRT
FEAR Y I A — 28 5 RE K741, 4 5256 5 1 TR S8
55 FH A AR AR FR BR A 22 5K, PRI I o S 56 v 102 FH A9
R AR FE AR A T AN ST, WAL S

VEGF J2&: 55 A S0 A2 M4 A= K R, 76 & A
RASTF AT 20 L A R B, 5 B sl R A 1A B2 4

WK 43 s K44 /MR 1S O

MuTh RE 5%, I VEGF B k38, 4 it iE
VEGF BY3GAIAT 55 40 190 JIE 1A i s 375 14 1 48 B, 3
TS S5O0 O 11, 48 A ) Zhang R T &
WA VEGF B3R5k, nl BH 1k il 88 #9 A= 5, el 3t
DR, IL-6 A {2t N B A B M3 I, 5 VEGF 45
FAE P R B8 BOR A= 10 TR i A B S 4 A
€, {0 DR JF AR TNF-a 5] VEGF /K
B ARt v R DX 30 A M A i S [ s A R AR
M4, HAEAYE AL (superoxide dismutase,SOD)
SEAELFT PN B A MR I A ) RE Y O SR, e Y

5 DR KA eFE bR FHIE

Note. Clinic. 43 articles. Rat. 44 articles. Mouse. 15 articles.

Figure 5 Application of experimental biochemical indicators of DR
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I E T R R0, A TR ) 1 200 L PN v AR R R B
Y AE AR N RS SE A5 9 % ( malondialdehyde,
MDA ) 2 BERE i S Ab 1Y — ol Ei S 7 49y, AT LA 1R 1)
IS 24 308 375 P R 3 P A, e 2 R B G5 A  B
A5, ARIESE K B2 20 9T 5B R O B K If
T SOD MDA {H ¥4 & 25 Mgl AE Y 4 i 1] K
fft Kl F-1(intercellular adhesion molecule-1,ICAM-1)
2 5 R0 R R E , WITRESR 45 BE 4

3 REERE

T R & B, T2DM R HL A I 48 5 & i S 56
Hh IBEHE A i e s i, 45 0T ROE A HAR A 1Y
N AR AL HE B - 45 DN SZB6 rb v 87 6 4 Ak
BhR N IR AR KA SCHE bR s DF 5256 v s 45007 H
HAEFERR A CRP TNF-o IL-6 %5 DR 5256 Hh i 4 17
HR A8 SR VEGF . ICAM-1 %, DF 5 DR 5256
KA AACTE b5 2 o0 L 96E -, XA fhdg
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FURL T2 5 8 PRI A (] 1955 22 7 [ FRAR LA AL ) 1Y
I RE S8 a3 AR5 I A& E 19 1B 7K - F8 bR 7 A
HIE ARG FE EAR AR ] 3 02 B T A R A A0 A {4
AR AR, NI BN R 2 . EHIF—
PRI, A LA [R] 1Y A= A6 48 AR AE A [/ B9 IE 97 J5 In]
o AR BT BB AN [R], PR I A S 56 v R T R T 2k
febn B R 51697 O 2 UL, 140 7E DR 5
DF 525 VEGF 484 = 4 A= 4k 8 4% , {1 VEGF £
DR S 23R 97 Ja s h & i 2 R BB #E DF
Seg R BB X R DF B VEGF [
B 25 PEUMNAT A= BAZ B S B0s X DL &, B
PITE DF 5256 1 i VEGF 23k89 00, 1M DR 5240
PR S BRE K e | A0 PO Jok 4% T A I A A R S
VEGF ik 84 hAH 56 | it DR 1497 S2 36 o | 5 BRI
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Application and characteristics of a glaucoma animal
model based on data mining

YUAN Xifan', FU Qiongyi', MIAO Mingsan'>"

(1. College of Traditional Chinese Medicine, Henan University of Chinese Medicine, Zhengzhou
450046, China. 2. Henan University of Chinese Medicine, Zhengzhou 450046 )

Corresponding author; MIAO Mingsan. E-mail ; miaomingsan@ 163.com

[ Abstract] Objective To study the application of an animal model of glaucoma and provide a reference for
improved animal experimental method and models. Methods We searched the CNI and PubMed databases using the terms
“glaucoma ”and “animal models” to identify studies related to animal models of glaucoma from 2012 to 2022. The study
species, sex, modeling method , and detection indexes were summarized, and a database was established for statistical
analysis. Results In total, 400 articles conforming to the criteria were selected. Most of the experimental animals were
C57BL/6] mice and most of them were male. The most common modeling method were anterior chamber injection-induced,
transgenic, and laser photocoagulation-induced models. The most frequent detection indicators included intraocular pressure
measurement, histopathology, Western Blot analysis, and immunohistochemistry. Conclusions Numerous method have
been used to construct glaucoma animal models, but the intervention of related traditional Chinese medicine factors is less.
It is suggested to increase the glaucoma animal model combined with disease and syndrome. This study evaluated different
animal models of glaucoma by data mining to provide references for the construction of animal models with high modelling-
success rates, good reproducibility, and high clinical coincidence, as well as providing ideas for model improvement.
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Conflicts of Interest: The authors declare no conflict of interest.

(B2 ] ER A RBLAE S (80274038) , I 2244 ([ B2 245 A\ #pk 2022-6) i /I 4 B R 23 i 4 5 (201300310100) o

Funded by National Natural Science Foundation of China (80274038), Scholar Qihuang ( Chinese Medicine Education Letter 2022-6), Major
Public Welfare Project of Henan Province (201300310100) .

[EEE N ], & FERA LB AR  BF9E 7 ] 2532, Email : yuanxifan2021@ 163.com

[1EE1EE] = ( 1965—) , 5 ##% A WS T 2 2 R Email ; miaomingsan@ 163.com



1440 of [ SE I Eh MR 2023 4F 11 A% 31 555 11 8] Acta Lab Anim Sci Sin, November 2023, Vol. 31, No. 11

T GHR IS —Fh A b 28 3 0 AE AL I S b 227 200
fifd (vetinal ganglion fine the cell, RGC) & #iFLT- M
P M T A 2 A, IR T A R R E NG
B R —Fh e R R 2 EE
PEIRG, 4Ek 40 ~ 80 % AREH G HR R Fh
3. 5% ,BEE ZAE N TE N H R 850 0 EE 49 AS 17 3
hn, FE] 2040 KA 1. 118 [ A BA HGIRY
Hir, & CHR 1 JC A A T vk, A IR IT 7 4 DL
FAARHR JE (intraocular pressure, 10P) A HARZ . [
AR RS2 120 H miTME— n A7 50367 ikt PR
X O AR 4 & s AL i A B B P B SR
“H IR 1EEE  RIZR E R SRR E R
I ECIRBUE 4 B E R T H KB
PR, P 5T A ORI 5 ik 25 )
FOCH AR S YRR — D B 5 OGIR
A T B, A SGE i 3 OG IR sh W R gEf 7 I
YRGS ST, T OGRS AR R Y 5F 3 P AL T K
DM BB B -1 1 T JR S g
1 #RERE
1.1 EEFRIE

FEH AT PubMed H1 DL 75 SRR ™« Bl 45
AU S F AR TR R e R R AERR 2012 4F 11 H 1
H ~2022 4F 11 H 2 H 8 R SCEREE S 8508 e, 246
Z 1 1088 fs5 ik
1.2 NERE

VPR T OGHR ™ o P 455 75 107 FHAF 9 4 5 117 S 56
PR SCHK , 7 8 2 AR 5V 7 B T S I Aok R R A A S
B AT BIAF A AREY 400 SOk
1.3 HERRARAE

HEBR AT AN 4 SRR A 24 38
SCERIRAESCHR BT GHRA DGR AP S5
1.4 HIENE

BB 44 PR TS A 34 2 RS B B ) N B
PSR HEARY O TR A
1.5 HIELNERSH

W AFRUERT 400 F SCHK I 5256 Sl P Fp 2k 1
) AR T R A B AR S’ Excel 3, ST
FHOCIR S Y BEAEAE E . (] Excel 2019 #474811
DT 543

2 #R
2.1 BRRERHW RN AR

B85 BT CHR shP AR R Y 400 Ji SCHR H A SE 56
FWIIEAT 425, EAK Ol 400, B dt 24 2850, B
Z W) N C5TBL/6] /N (86 U5 21.50%) SD K
(58 ¥K;14.50%) .DBA/2J /INEL (49 1K ;12.25%) ,
FAARTLE 1,

ARMFFE At G0 A 2 G IR AR sh )
B, BRI E w25 sl P 1 R R 2R 1Y
IRIE AV 2 EE AW FMAET . Hd /N &
s . WS RI C5TBL/6] /)N BB #1905 B 5% 45
195, 00 ) BB R 85 i />, 1L 45 3405 9 7 E Y DBA/2)
/N IR B2 — i 58 2R, Bl 5 40 8 1) 3 KR
Wi R e i IR R S . ZERT By, /N B B —Fh €
RO AR, FL 2R R RAE N, 5 3R
Fim5 . DBA/2) /INERAT P A AN [R] 1) 2R 284 . T J8E €8 3R
STHL( T RES DBA/2) BRI Y Se 2 DI RE R A 5% ) Al
WA O R (T RE SRR A %),

2.2 BHRRERFWENDHFER

H4 400 55 SCHk R BT RS K i S8 s vk B AT 43
P, Gei AR AR SR S 5340 A 38 B X B
Pyt s AR e, AR B 1 Sl e e 3l 150 491
M7 37. 50% ; MRS 84 90 il 5 22. 50% ; Wit S
67 B 5 16.75% s MEMEARR B4 55 1415 13.75%, I
WEEF R, SR LN 22 Ha 5500 BF 58 K
R ST AT BE S5 OGIR B KA
2.3 BRREREES®

Siit 400 e SCHR 8 FH A 7 O IR S 7Y 3 4y
2, A 12 FE R TS RS S A (127
W;31.75%) , 3L A (104 1K ;26. 00% ) | #4060k
e (56 K;14.00%) 5 25, i b 8 S99 o 7%
SR LIRS ET B (90 ¥R 522, 50% ) 7K Bk VE 5
(25 ;6. 25%) # Z ; WOGIGBE 5 8 DL OGO
BE/INGE (30 YK 57.50%) W A IO G Bk A DL
SR LR ER K (18 WK ;4. 50% ) 8%, TR0 E RS
B 1,

T A T i 3 3 T T T 1 S S B
2y i, Hor DUk v S i e 22, Hok
S EERR BOEEERS R, IR R TR T OLIR
B FR B AERE 2R, R e T & ALt R T v 14 sl 4
RERUHEAT T SC IR B 5% 2 A 7 S, ETT B i AR
IR IFIIER (k) |, 2 T BOR R T8 s KR Y
T IRFEZE ) DBA/2J /)N BRI 76 5 PR A 7
HAEFRRA T Z AL Z AL, A FA R IR 5+
1o A TR I A o 2 03 45 19 B o A R — B, A 22



P S2EEh AR 2023 4F 11 A5 31 %5 11 8] Acta Lab Anim Sci Sin, November 2023, Vol. 31, No. 11 1441
T OLHR S YRR S5 3h My R 2 R
Figure 1 Species and frequency of experimental animals in animal model of glauco
R FOLIRSIBRE BT 5 RAK
Table 1 Method and frequency of animal model of glaucoma
- ek
TR o Sk
e 4 g B (K
e ROk momy - PREO )
Mold type Molding method Molding cycle (t?m )/y Literature
(weeks) s ratio (%)
B TR 2 WL R 6 pum SRR CAROERA 1 WL B W R
2 pL 6 pm polystyrene microspheres and 1 pL sodium hyaluronate were 8 90 22.50
injected into the anterior chamber! '
#H HyStem F1 Extralink DL 4 2109 E G4 B89 7 ol 7K 88 B8 A
i)
T . 4 25 6.25
A 7 pL hydrogel composed of HyStem and Extralink in a 4:1 ratio was
injected into the anterior chamber! '}
FEHR S W R BB K, B T35 5 T R IR R G 18 A
(INZRERE N7 S 117
Anterior chamber injection ~ Aqueous humor was extracted from each eye with a microsampler, 4 10 2.50
induced type followed by injection of compound carbomer solution into the anterior
chamber slowly!'?]
TEBER K o ] A BB B o BE FLAE BRI, B E A
g
2 2 0.50

Fresh a-chymotrypsin solution prepared from sterile saline solution was
14]

injected into the posterior chamber through a cannula*
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Zx1
S R ] & o
TR N SCHK
g gy BIEL (IR
e 7 mom OO )
Mold type Molding method Molding cycle ( Lq ) )/y Literature
(weeks) 1mes ratio (%)
DBA/2J /NRUFE 8 ~ 9 H I TT U th B0 I R 22 5 40 B 0 o AR e
SRR, 18 1IN, 909% VL b iy W w28 7 AR 1 WL D) g
A= [15]
BT R , o
Tre ) The apoptosis of retinal ganglion cells and degeneration of optic nerve 36 104 26. 00
ransgene fype began in DBA/2] mice at 8 ~ 9 months of age. At 18 months of age,
more than 90% of the optic nerve had severe degeneration and loss of
visual function %]
OB R B 60 ~ 150 A4k, HUOLSEE 2 JFG  MHRER T
30 mmHg A 19/ NG R FR A P HEA T IO g e
ot bEESA S Argon laser photocoagulation was performed at 60 ~ 150 points in the
Laser photocoagulation middle part of the trabecular network. After 2 weeks of initial 24 30 7.50
induction type photocoagulation, laser photocoagulation was performed again on the
remaining trabecular network with intraocular pressure below
30 mmHg !
He2 B O A DU L LA ik 7
Receiving diode laser photocoagulation of cornescleral margin and 4 18 4.50
superior scleral vein!!”!
A RN 3 A DU SN 1
Photocoagulation of limbus cornea and three external scleral veins 4 8 2.00
was induced! ']
PR 933 R L USRI S TR 25 5, 0 A — D IR
PUBE b8 ks B ok i I T SR TS R B K SO WL BB L bk LT AL
$iA AN )
Supraceral vein hypertonic ~ The superior scleral vein with large size and few branches was separated 4 28 7.00
saline injection from the sclera, and a glass microneedle connected to a syringe was
induced type inserted to slowly inject hypertonic saline 50 wL into the superior scleral
vein to harden the trabecular network %]
TUBE L & Wk A8 B0 e 4B R ULk, Bk ik = 1ol ik A 20
Supraceral vein cautery  The supraceral vein is fully exposed and the main vein is cauterized to 4 19 4.75
induction type seal the vein!2]
it F ALY ANRYIBA S EIBRIA M AR ) " 4
Filter operation model Trabeculectomy , scleral bite and tube grafting"2'] ’
P JEE 5 1L/ PR 1 A%
A TEST B 3R-1 2.5 nmol/ L s AR PR LN LK RUIR i 451>
Retinal ischemia/ The eye vessels of rats were injected with endothelin-1 at 2. 5 nmol/L or 48 h 15 3.75
reperfusion injury ligation se]ective]y[zz]
induced type
o WY R R, 218 9 ~ 18 AN K &)
bR Autosomal recessive genetic disease, most in 9 ~ 18 months of age when 36 8 2.00
Genotype (23]
the onset
FJE T4 & LRAE IR IR IE TR 45 B8 EAT IR 885 Al
AN e e A U ST S T A i e R (24
R LI e g G U T IRARREA G SR R A T TR A SR T B IR
A circular suture is made on the conjunctiva around the equator of the
Annular horn scleral suture . . . . . 2 7 1.75
induction 1 eyeball with nylon sutures, without penetrating the sclera. A slipknot is
tnduction type tied to tighten the sutures, and the pressure is adjusted by adjusting the
tightness of the slipknot!2*!
AL 25 EIRIIR: ML N
PRREE BRI 05T S e g g i 2>
Optic neuromechanical X . . 25 4 7 1.75
. inducti Optic nerve transection or compression model %%
njury induction type
JelB w2 i 5 2 Jey S 4 T 2 o 2 Ay 1) 4 6 1. 50
Steroid-induced Topical or systemic use of steroid medications 2! '
POTRPITERDSEHER s s NI B A A1 T
-~ Glutamic acid, N-methyl aspartic acid, endothelin-1 and so on 4 6 1.50

Vitreous injection of
excitatory toxic substances

were injected %]
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SR/ i EL SR D S A Bl T RO A% 2R D )
MAHEVEF™ . BWOEEEEE 5 8 LS |OEL B
NG RO G R A LR 2 AL I Ak
Z ., MIHEHOE, “BAHOL ™ & R R BER
PSS BN R R R, B T
JUBEE b itk g 12 kK 2 LARE Ak /N 32 00 38 53 7K i
HHBE T, BT 32 21 5 v MR s ) A LR b T ik 42
PEMERER, MR T i AN, ol S 4, L
5 L H bR A5 S R OO BE R R APERE /N, H.
AR TG KAE . T BA R A R A AT
JeA SRR T IR 9 K 22 K4 A8 AN D) REAT 5 AR fi
T IXFTT Ik IR R R TR T g0 8 K
BB SR 2 PRI G A A e Fh R B
B 25 A R BT %, AT 5 R BRI/ B
MR P B Ty it > i B 2 i 5 A A
TERIRECN S R A LIRS TR S e, H
LA 1 S M) T W6 D8 e YOI 25 BRI U1 L
WA T OCIRA S PUBIR A T, B &
PGRRLE S| RGCs W T-HY 7 JCHR BT H A4 3l
PIRERL Rl DALE R o 22 450 3 4 B A AL 1Y
IR, AN MR AR PO Sl ik 5 ok 20 R A L v A 1
BT 1) el RS 7 DG HIR 20 9 4688 TR A1 A6 {1 e L
TR AER S NSRRI AT 22500 4580 RS
JEHRBERIRT S B 2 AEAN 5] (19 3h ) W0 R b gk it

XY RS T 0 T /R R EURITA
RS A 3 L 52 78 Ay 75 S HIR A 2 AR B A 4R R T
AWM EREED
2.4 BHRIRYEBE NS IR

GEIT N ARRHERT 400 j SCHR OGRS B Ay
HASINFE B , 5 R 46 A Ay ] — A~ 2L 2L 2 A4 [l 28
RUFE AR, WA —28 AN Fr R g it Wi i b A B
Kl CRP \PCT IL-1 H1 IL-6 7K P45 | NI 53 S48 bR
GERR N IMTEFE bR, 7 — 2490 Rt A —ik, GEitasR
FH 400 J S5 SCHATA 55 AN W A FR AR S A, Rt
AR 818 Yk, L rfRH N A5 22 4 B Sk IR e ) 2 L 4
LU H (AL R BRBR B AR ) L HE R
A3HT CRR RS HIR ARG L s b 2275 B-HLBh & 11 f
JERREH G RhoA \ROCK ,Caspase-3) 414k (11
T VN U 2 I 20 N IS i 4
H.a FHEUILEIER) (RGCs THEL, S50 5 ) E
MR R I s A T E A CT (IR A0
JBE) 45 o A AR 43 2AS A T4 38 (g Aol A3 32 3 3 P
HIA RN EAL) WK 2,

T AT ) T O HR 2 A AR AR ARG N 8 s A HIR R )
7 22.49% , 22U BRAG A (5 12. 59% , & 1 e g B
WK A T 12.22%, R A ALK A 7 11.98%,
RGCs 11485 9. 41% SERT 9 ' i 7. 70% AL
JBE L BT 4. 77 % , 2 PE T DGR S A i ) 1Y B

R 2 BRGNS bR b R

Table 2 Model detection indicators and usage frequency

LioalllE =g HEL () B (%)
Detection index Frequency ( times) Frequency (%)
I

AR H ) £ 184 2. 49
Tonomeltry
ZHET L (CRL IR B 22 IRER Bi A

. . . . 103 12.59
Histopathology (retina, optic nerve, eyeball, atrial angle)
S SR EDIE (L RIS LRI R 22T B-MLEh a1  SuE Bk 8 G \RhoA \ROCK Caspase-3) 100 12.22
Western Blot ( retina, eye, retinal ganglion, B-actin, immunoglobulin G, RhoA, ROCK, Caspase-3) ’
o BE LA (UL IS AL DO PR P 221 R 22 BRI i SR E o AL ER)
Immunohistochemistry ( retina, retinal optic ganglion, optic nerve, eye, brain, fibronectin, o smooth 98 11.98
muscle actin)
RGCs 114k
RGCs count 7 9.4l
I‘T“' S ~# NS =N
S o 63 7.70
Real-time fluorescence quantification
X X
PRI 39 4.77
Electroretinogram
J2F A T W2 4 CT RIS A0 00 i ) 3 416
Optical coherence tomography CT(eye, retina) ) ’
HL T AT (LD R A 28 ) 23 281
Electron microscope ( retina, optic nerve) ’
P
PRy il 2 2 69

Apoptotic cell detection
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gZx2
oRUE 7N B () B (%)
Detection index Frequency ( times ) Frequency (%)
A A dh 7 1
B B " )
Axon count of optic nerve
TGRS 2 I (e JR AR T 1 2T IR 1T, o-SMA (NO 7KF \ TGF-B (¥ B | 1fiL ¥ NLRP3 IL-6 IL-8
TNF-o P9 % (MDA) J# AL B LR (SOD) (TNF IL-13 MCP-1 Il 1gG 2 e K 4 -3 il
FEWE IR i TNF-0) 19 2.32
Enzyme-linked immunoassay ( collagen 1, fibronectin, a-SMA, NO level, TGF-B concentration, serum ’
NLRP3, IL-6, IL-8, TNF-a, malondialdehyde( MDA ) , superoxide dismutase( SOD), TNF, IL-183,
MCP-1, serum IgG, caspase-3, nitrotyrosine content, TNF-a)
AT Kot (IRIG 15 RSR) s -
Slit-lamp examination ( eyelid, anterior chamber, eyeball) ’
LRI DNA 2 A 2 B2 IR/ INVE B D RBIN 52 g 0.98
Mitochondrial DNA content measurement, density and size quantitative, functional determination ’
B 7K A g 0.98
Aqueous humor outflow detection ’
s B R O LB LA s el

Quantitative reverse transcription polymerase chain reaction lactate dehydrogenase assay

BARER . FENR ARG YT, R 00k R0 o JBE T 252
SRR K SRR VA Y T B2 5 A | DR A R R
AR S AR H S SO IR 00 2 R R 1) I AE 2
AEVE N B AR AR B 4, IS IRl RS I o v il
AT LIRS O R IR b

3 RERINRE

H A, 78 B 75 G IR s WA R PP A 48 45 L e
PRAGAR FAER N =, L 4R 10 4E T LR 34
SEISSE AT LS T G IR Bl W A R ) £ i 3 )
P, BAAILER 3,

x 3 FHOULIRZYEERL KA Wrhr i
Table 3 Criteria for successful judgment of

animal models of glaucoma

53 LR % ) Ji e 3
Cassification Trend after model success

MR T8 5 D f I AU (SR 28/ N R 454, 1%
IR ST 2R ) 5 IR AT 5 A 2 (CREBAT T Wl £ I
BSACBE BB 3 2% AL o7 HR AT 57 PN 9 7
KR )

SR Increased intraocular pressure; Changes in angular

Apparent index shape ( blockage of trabecular mesh structure,

disappearance of normal iris shape ); Anterior
segmental examination( corneal calcification spot, iris
pigment loss, pupil displacement, and cloudy
aqueous humor in anterior chamber can be seen under
slit lamp)

Lo 5252 J5E R FEE 35 (LI5S 45 J2 L U AR (I

WRIEEE WD, WAMZIZ RGN — )2, A HES 35
L, 22 2 ) S )

) e

rﬁﬂ:fi*u.ﬁ? Retinal thickness and morphology ( all retinal layers

Pathological . . :
ind were thinner, the inner plexus layer was less thick,
index

the inner and outer nuclear layers were fused into one
layer, the cell arrangement was disordered, and the
ganglion cells were significantly reduced)

4 e

TOCIR Ml 222, G 4E — R M 4R
TP, e F RGC Dy RERErs AR AT M A8
FORT W], FOGHRIE T rp B T XN B #9315
W, HARRAS 6] 1 5 066 2 46 KU PN R A > T 5t
P A Ff B 75 G R ( primary angle-closure glaucoma,
PACG) , 1M 75 XU B 28 A0 T I 2 PR T 3 2 75 DG TR
(primary open-angle glaucoma, POAG) " | ASJG Y
KA GRS S i AR RL A IR OC . B
DGR R DR 47 AR T 2 e 2 4 T R vk IR
10P {97 ; SRTAT, BRI 10P 74 21 58 43 42 11, AR R A1
WA DABH 1E A8 A EA T T e e R, 38
DIT BT R B A AU IR AT ik
JEHR BB Y7 R T ZIT R S REME R ) E R
Gy TAE T AR BLAS 1) 3l Wy A8 P T I DR i T 5%
LA, X AR 2 AR AU N 2 DGR A v B
THHL T B — 2P 1 S SR 5T, R YT
2 i B HEA)

5 Bk RIS ST S5 R Won, HATor 5 #4]
B PSR 3 W) CSTBL/6) /L, M 2R
M S8 AR5 ¥ LA B 1 S ) T g B T i PR R
BWOCCEE R 2 . A OB BYFE bR « 4G HR 0]
i LUK A e Rk E . HOL
R SR G R AL 52 2%, H HiT I 45 SR R I Ot
R At B i J2 3 D INREE ok W% R
1, R BATE AL 100 1l 22 1R A7 P e R o i A AR L
TSI R PR 3R O R 0 DRI T L)
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MULET7 I 2 AT F OCIR Sh R i 5, PR A 7
JEHR S WA R RERE AR OB IR AT 2527 i B
AR RO AR bR, BAT ALY A W 2 AL, X
TRIT LW SANA 25 80, ThT L A TR i AN g Tk
FUMCEOR , (H S S 54 | A B ) BE B IR A5 %
I8, 5VHES G E 52 WA B W&
IR B R4S & 10 B LR Sh W A8 08 i JC 58— b
I FESCR R S AR 5C T T BIE 5, S I A M) T 3 s
FEE ORI PRATE TS 5 ) 552 58 20 6 TR 5 A
PRiE B 2 SR P BR A5 SR )T T R I K R
L
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Y A ARG AP SRR R SN S N R
1Y BIF 50 e HAE R B 2 005 1 o7 0t
FHLENK AT ER,KIE, A2

(1 TR I 11003232, 91 R R 24 i BBt 10 7248 s R Bt
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[FE] P EERIRLIT IS i S i 8 Bl PR 2055 #4298 ( chemotherapy-induced peripheral neuropathic
pain, CIPNP) 75 T A BT (49 1 RS T R0 3, AEHEELAR I R L T A FATL TR S5 AT0 15 SE R AR 98 R, PRI 7 4R 5T
HH SRS I AT I PR A2 A R e AR Y Sl DR R A T S WIS OIS o SO 3T JLAE A S5 A2 B2 BT 8L CIPNP
RN/ R BSR4 SRR AR HE A T IR A B BB RIS, B FERE R A b BE 24 776 CIPNP Jy 1ad 1 1o FH A0 4%
FHOCITA B B 3A , LU RE 945 vh R 25716 CIPNP B9 SR RESE S (HE BISAR IR FS 25 | S - i RSB AN e,

[RER] 2R AT ; AR B ; SRR b B 25 170
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[ Abstract ] Traditional Chinese medicines have demonstrated clinical efficacy in preventing and treating
chemotherapy-induced peripheral neuropathic pain ( CIPNP). However, their specific clinical application and mechanism of
action require further in-depth study and exploration. There is thus a need to develop more accurate and clinically relevant
animal models that reflect the occurrence and development of human diseases as a tool for research. This review provides an
in-depth analysis and discussion of the recent establishment and detection criteria of existing rat and mouse animal models of
paclitaxel-induced peripheral neuropathic pain. We also evaluate and explain the application of these models for the
prevention and treatment of CIPNP in traditional Chinese medicine, thus providing a theoretical basis and reference for
future experimental and mechanistic research on the subject. This research will benefit clinical practice and promotion,

offering valuable insights into preventing and treating CIPNP using traditional Chinese medicines.
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ALVEMRE 2 S B A B RN ERADETIR
FEGU A 2 G T A R R R A AR
2019 4F - Ft T4 240 41 ( World Health Organization,
WHO) it 7E4 8k 183 AMEZ A 112 4~ H
FAE 70 2 Z R 15— B R LT 5t R A i
A LAETS A 23 A E GRS =t AT,
AGPERE AR AR B EBFE T A A A H 25
R AR RSO R LA
FEORIE T —Fh 2y R, Rl e SRR A2
AR e, 2 i i DL AR YT 259, 1A D Z2 Bl
i AL i A B B g 5 R g ) — £k AT
25 WA )iz R Y RN, S AL B £
SN R RO BR A T HAR T L A R
IR BT IR AT 5 3 1 Pl 22 BRAVE P AR
5 87% , F 8 — Mg IE R, 3 BT A/ S
JRRAC R A, H 2 5 iz 2l D g RE AR 28
AT 2T R IR T B S B R AR T
Fui' LA SR 2 — HBOh TRy s
Frigs a0 SR Bl Rl 22 9 B M ¥R ( chemotherapy-
induced peripheral neuropathic pain, CIPNP) [ i &
XX, BT L CIPNP (9 Bl7if 1808 4 R BE 50 5T
AR, T H 5 2 PR FC A R B B IE IR TR R R L A
ARCEA R KA AR A e A5 2 A AT, AR
(2021 ALY IR BUE Bl CINP TR P B2 270 & R 3k
PU) i HE KRB 22 1 e PR AE 5 4138 Fb il o B 24
BLE A28 T UL R RN B 8 5 500 T Ltk — 20
REACJRI Rl CIPNP A 28 B A 47 T i, i e SR 3
XA TR 2 P R A, I 8 BB A T W) 1 A
KB NIRYT CIPNP Y A+ZedfetE254) , (B
= 25 (B v L A 5 10— 25 B R AR 5T L B
FERF ST Ik 28 FHAE () CIPNP h 445 0 K o i (R 45
AN 5 3, E A CTPNP 35 R AL & H 5 25 5 3
CIPNP YE AL S5 B e o S B i — 285 Tl B
HTEEL A A1 B AL BB 5T v 28 Al R O R B/ B
CIPNP #5284 {H fy T 5= W8 09 43 5 FIEAN 45 45,
EFFELA Y CIPNP 34 AN BE A3 21 58 73 5 B Y
R, S m TR E 25 Rl Sk 5 m e
B ARSI A T R BALT T R B8 KR CIPNP Al
/INERL CIPNP ASERY N7 5 125 AR Al 5 12 LA
LRSI/ B CIPNP A5 BY 75 v 5 24 Wi PR BF v )

paclitaxel; chemotherapy; peripheral neuropathic pain; animal model; traditional Chinese medicine

WP, AT J 55 3 PR 8 ) BEAE 5 50 3 R Y
CIPNP SRS KR M 27, 137 B8 & T il
RO RSl Sy [ 9 o2 5 ik 52 h v B i
iR TR P L HAR Y S0 A

1 ZRERBAXRIM/NR CIPNP &
BEITHEERE

Tt K Bt 2/ CIPNP A 1 55
AR Ay P 1 Sk Ik e 4, L 3K v o 5 =
AR et f2 2 4 Pk o FL o] SRR k5 %), (H H A
PNAIXT T CIPNP 578U (4 A5 A 2 D B 1 5 &
s T B A AN SRR R R ik A X
PE e £ 5ol FH 28 A2 B ALY B BAURIB YT R IR
HoM 135 mg/m” B 175 mg/m’ (43 %4 3.6 mg/kg
4.7 mg/kg) B FEIRIT IS R“24 ~ 72 h” AR 1
P25 PR R , (E i A 4t G L IR B R
SIS, X P SR AR R 24 1 A2
T2 58 A2 B2 1) 1 6 B ()35 B 4 3 R ke 4 3 ~
24 h, BPEHFIEIEF] 1400 ~ 1500 mg/m*(37. 8
~ 40.5 mg/kg) YR, X E S EA < R e R
SR SR BT RE TR B R AE TG TR B A8 R
A RREIR | BT LA R BE T 2K CIPNP K BRI/ B
RUEE ST HAT RS AR A Ay o)

H A&, X T2 B B0 CIPNP K BB
RIS, R 2R H 5 1 mg/kg 3 2 mg/ke, 46
0.2.4,6 K4, LI K 2 W ALy7 19 75 2 i
CIPNP PR 1) 3 H AR — 222 B (g b &
I, CYHERAZ RO SR 1.0 ~ 32,0 mg/kg, &
A 8.0 ~ 82.0 mg/kg A}, # RS FhE 55 H 24
Bt N 5 AR R S S 1.3 ~ 12,9
mg/ kg , LIS IR BRTE 22 52 1% 57) 2 11 L 1) 58 42 BV T
TS5 23 I — 2617 g 2 AR Ak T2 BRI A iy
B JHR I S A 1 TS B R A R A R B I A AT Sy AR
b, 2025 AU S 1 AL o ik B Y2
2 IR AT B A

X TR B B B CIPNP /) BB A T, K
ZRCEF R 2 me/kg, BEIIES 1R, I 5 RIWTE
S5 AT AR ) I HAE— e B o P &
I, EAZ R RGN 4.0 ~ 18.0 mg/kg, B
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THEFIE ] 4.0 ~ 8.0 mg/kg B}, 3% S Y Fh g 5
FHZG AN 2, 40 50 R 1) 1 5 B 5 4 0.33 ~
3.1 mg/kg, BEEE/INERAE 352 S22 B 3 s 25 R AL
BRI R 0 A B, ¥ BRGSO R AT O 2
AR

FESERRIFFE T, LRI AT o R B AR Ak ]
IR BB AN, % 1~3 IR 2
Prs Oy =X 25 SR & R BRLEC N RN SR AT AR
B A D R FH A A 93 R T A AU [ Y
HNH TR B A2 ) CIPNP K U LA AR AR
KERIIBEE SD 5 Wistar KB, /1N BUR 28 Y 68 BURS
% (IS JELL C57BL/6] B CD1 /MR 2485, K R
Pl M TG B S 22 0, AL /)N BRUZE A () 7 v 4 O =X
FFRZET AN E 25 B [RI A T 2R3

2 BRI T

LR BT TSR A CIPNP (I R 2B, 40F
1/ BN )RR A | SR 2 R o e i S AR, 3
SEREPRAE K R B/ B CIPNP R o, 2545 X6
AT R B, T A N BB R Ak 7 200 1 2 3
S AU B9 (E AL BR i o i B v PO I
LR 0 o ik B AR AR PR Y . R SRR Y
207 I TUAE [ N A R OSSN 7
2.1 HliE B
2.1.1 Von Frey £

B 5 1 2 o 8 R Bl /s SR AL 38
()2 B A SO, B i DL A2 (S FH Von Frey £F
Hr oz W oo 22 FEATIPAL . X IO — L S R
Hh 8 AR [ s g (8 Y B2, 43 53 ik e R B/ LT
S BV S 2 W R N R 3 T AR T A
F] Von Frey 27422 I 122 5 K46 ~ 8 s,
TR 1 K BB/ R 30, 25 3 30O SR 4 [l
CRE AT LE o 00 B (SR PP LA S R
2.1.2 RIESHELE

i FH 2 285 IR SR T (R R A ) 30 R B /)
B A AILBRORA 0 , 10O B /DN BT 2 L 5 THUT 1 2
REANFERMEE 30 ~ 60 min, SR)5 I ShiMAL BEER %
AL BEAR 2 H st — R a8 22, KRS0 g &
W, % 4 J8 22 16 J5 I b it i ek 1 1 )
(0.25 g/s, VIWATIE] Jy 20 s) , 24K BRE/ D BRAER IR
TR R 220t e 5 T B ik B 5 g 1 AR DT
Jriy AbERER 2 A SR A 1R AE S, B R B E /)
SR AL Y IR HR R B F Bl SR g, W X R

FRE/N U AT 2703 e
2.2 MU B B
2.2.1 Von Frey £F4E2£7%(4.0 ¢ ,15.0 g.0.6 g)

{#i [ Von Frey ??éﬁ%ﬂ”ﬁm‘mﬁi@‘@( E/AESPIN
PR AR A ) KRR CE 7R 4 @ 22 1935 AT L
BEIEE (15 em X 16 em x 21 em) H, FFfa HAE B 3R
i, 4 H)RNFE8 -5 Mk 32 ik i, % Von Frey 214k
22.(4 g 15 g) & )0 T+ it B0 5 K E ) B AR
Von Frey £ 4 22 it il 21 554 I TUR RS H 3 X8 i
BT IFREES s, 105k AR HIREL, LA 2 min Y
A (] IR R T 5 IR S, 45 10 58 R K B B AR 41
Y22 T 2 Az 2R AN BB AE i
AP E (9 em x 7 em x 11 em) o1 A7 R MHATF
AR, HOE I ES £ 1 b, SRR 24/ UG TCR IE
T RN 22 M5 (B RAHM) I, 45 0.6 g Von
Frey £F 422 (ZhNHF, 56 ) T 7kt =4 )5 VY
SRR, RSN 77, 22 0.6 ¢ Von Frey
LFYE 22K 10 W (BRRFFLEMS 18]y 3 s, B (] B 1)
()24 10 s, SR J5 D0 6 J0 22 S i A 32 ) | Herh 7 S A2
AR PR R BB /S B o, BIL AW B N B AR R
190%™,
2.2.2 /R JEJE (Randall-Selitto ) S5

Randall-Selitto 5 %6 Je HL AR RS 52 1o 80 A — Fof i)
i ik X IR BT AN R BT AN 2 /N BRI A%
TR E, A5 2 S Y T F AT U i B2
SR /0 BRAR 2D fig 72 2 3 Ak 3 5 0 4 ) 5 22
R U R il 72— A~ ] DA Ak 2 5 U 5 B 1
SR RREAAR A S T RS TSR A BE , KRR 2
TELg g — Bt Al SR 5 H Ugo Basile SR {30Kf
FE I3 TR BUR S T8, SR J5 i e 7y DUE & (1 3
AN, B2 UGN O B B PR AT S B (A
AR Y R ) a2 R TR A 3 A AR LAY
L SIE
2.3 REREEEE
2.3.1 NEASEE

R 3o AT TR S 56 VA 4 R o o i, R A RO B ER
/N BRUBCE TR R 22 i ) & T (20,0 em x 13,5
em X 27.0 em) H AR SEBGFTLE AR S 30 min, HH
BESRANTES AR 1 L PR ( H A B A4S 4l ik 5
A BRZE]) W AE A 5 TR R R BRI 3 3, JF
TEVN R W5 00 7 05 J5 40 s PYIC 56 3B H e v A YRR
WA 1 A7 2R R B EU N BUE T E A I &8
22 3 e A JE JTCRR 2 IS T W 29 100 pL N
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1 K CIPNP fRH
Table 1 CIPNP acute model of rat

AR e

2515

T . ol PN , - TR
BRIk pik Al v o 2 K% Gt DR
. - - . . . Applicable
Modeling methods Injecting Total drug Pain behavior Rat species Safety ccarch areas
drugs dose research areas
1 mg/kg, 50,2 4.6 y o W o 3 2% T e L JE 1- N
oy e BRSBTS Wik DMICRERRICT s
. i.p & HUBRMER At T K R - Mechanism
1 mg/kg, injected on . Clearly document that no
(1] + MA, + CA, + MH  Wistar male rats ) research
days 0,2,4 and 6" rat deaths are recorded
2 mg/'kg, 57 0.2.4.6 . o . I
= <Y 0 J5g [ M N . HIAF 5
P BIRIERS g o PURRRLBLBREEA o om oaeremme BB
. i.p WiBURGL . L Mechanism
2 mg/kg, injected on +MA . + MH SD male rats Deathless description research
days 0,2, 4 and 6112 ’
2 kg, 57 0.2.4.6 e N o A1 i 28 J6 R W : -
me/ kg, 5 W e o e B TR C B LR BT ey
PNER:) . 8mg/kg o SD AR B ISR .
. L.p I i Mechanism
2 mg/kg, injected on + CH. + MH SD male rats Clearly document that no b
days 0, 2, 4 and 617 ’ rat deaths are recorded researc
2,4 mg/kg, %5 0.2.4.6 A ‘ ‘
v r14] o e i B UMD Wistar e PLAIBESE
e Tt S - ) ; %
et on Mg o mg LB AT JILLE Mechanism
» T Mg/ XE, myecte MOH -P + HH, + MA, + MH  Wistar male rats caliess cescripuon research
days 0, 2, 4 and 6114
0.1,0.5,1.0 mg/kg,
BERTEST 1R, %L .
iy . IR D . . TN CJRPEFR
5 d, Fieg 2 il e PURPERE LSO o e seser-ig JRAERSE
0.1.0.5.1.0 me/k . 1,5,10 mg/kg BRI B FA 5 3D male rats Deathloss descrioti Developmental
0.1,0.5,1. mg/kg, ' i.p + MH, + MA, + HA male rats eathless description research
injected once per day for
5 days for 2 weeks! "
BB B AL S
PR L RO
4 YR [25726] 7 W 1 JF ot ARt BLEE B SD b K ToseT ik IR I
i.p 2,4,8 mg/kg kA P Deathless description Curative
0.5, 1.0, 2.0 mg/kg, SD male rats )
) + MA, + MH, + effect research
injectnce every 2 days,4 HA + CA
times in total ¢ mot(;r deficit ’
1 mg/kg, 5 2 d RS S T
1,3 4 g . I - IR
O i i 55 4 mg/kg  HUARTENG O A PN AT A
1 mg/kg, injected once . . Developmental
. i.p + MH SD male and Deathless description
every 2 days, 4 times female rats research
in total "]
ng/kg,gﬁl\?’jﬂ . N . N
or . T B RO B Y . PERFSE
T W BUBCH B B0 5E o) i Joser-ting B RAEBI
. . 8 mg/kg FUK: L Developmental
2 mg/kg, injected on i.p + MA . +HI SD male rats Deathless description research
days 1, 3, 5 and 71028] ’
2 mg/kg, B2 d FEST
Ve 4 4 Ve [29] I B S TS
LK b4 BUEIERT gk LB o SDABFEARL  ERETHiA JERUAETS:
2 mg/kg, injected once i.p . L. Developmental
. + MA, + CA SD male rats Deathless description
every 2 days, 4 times research
in total'?
2 mg/kg, B2 d FEST .
’ BB 10 I K R SE T e
1,3 16 Y12 JERES 32 me/kg I . BUIBF5E
, B WP B 3
2 mg/kg, injected once i.p MASERL I SD HEFER I iR Mechanism
. + HH SD male rats Clearly document that no
every 2 days, 16 times research
X 0] rat deaths are recorded
in total’
2 mg/ke, B 4 d VRS
Ve Hhsd 4 v [31) o Y
LW, 555 4 WES o ke HUbER SRR IETHA BREERTSE
2 mg/kg, injected once i.p - L. Developmental
+ MA SD male rats Deathless description
every 4 days, research

4 times!?!
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Zx1
TESTZY 254 5 . .
TN 9 o L e 5 - & BT 5t
i gyt Al PERRTT A28 KR 4t ST
. L - - : - Applicable
Modeling methods Injecting Total drug Pain behavior Rat species Safety cearch areas
drugs dose research areas
2 mg/kg, 52 d S
Ve Ak 4 e [32] < 3 I TR ‘ L S TR
4 k4 WEL i 32 me/ke BLARR B0 5 o e e R FAE T HA K RS
2 mg/kg, injected i.p FUK ) SD male rat Deathless descrinti Developmental
4 times every 2 days, + MA, + CH mate rats catiess description research
4 times in total*?]
2 my/kg, FERES ' .
LA W51 - , IS RERBIET oy
2 mg,//k injected iA 10 mg/k MG SD HEFER R i Mechanism
8, mjecie P & 4+ HH SD male rats Clearly document that no
once per day,5 times research
i total %) rat deaths are recorded
in total ">
3,6 mg/kg, 55 1.2.8,
9.15,16,22 23 K R Ty W i 3 K LA T S
o ] NS I |8 PR N R T EY
R Bl 2408 mpke DD RER o g e JLIRLERIE
.. . I i Developmental
3,6 mg/kg, injected i.p + MA. —CH SD male rats Clearly document that no cearch
on days 1,2, 8,9, 15, ’ rat deaths are recorded researc
16, 22 and 23034
4 mg/ke, 55 1.4 8., e .
11 ey g 3s) 1 T B 16 mg/ke m*fﬂc R B, ¥R R SD HE Pk K B FFETHE R K EVERIE
- . PUK:i| - Developmental
4 mg/kg, injected on i.p SD male rats Deathless description
) [35] + MA, + CH research
days 1, 4, 8 and 11
5 mg/kg, 55 0.7.14 21
3] - I 15 9 N ) TS R B
5 mg/kg, injected . i) SD male rat Deathless descrinti Developmental
on days 0, 7, 14 i.p +MA, + MH male rats eathless description research
and 2103
5 mg/kg, 7 2 d A IR L IR | 12 30 911 RIGITAHA KR
1Y 3 S WS L B S KR AED- WA
5 mg/kg, injected once i.v °  + HHO, + motor SD male rats On the 11th day, rats died  Neither applies
every 2 days 5 times "] deficit in the treatment group
6 mg/kg, T JEEST RIEPEWF I
1K, 3t 4 ) P8 i i S5 B 12 SD AR B T A L
N . 24 mg/kg . Developmental
6 mg/kg, injected once i.p + MA SD male rats Deathless description
o : S research
a week for 4 times
p IR S LU B e .
9 mg/kg, 0.2 .4, e > . i 5 i e
idy BUBRFERTAET A Wistar MR RERBIET g
6 RyEHT BT 36 mgkg oo b it .
- . I HEMER R, Curative
9 mg/kg, injected on i.p CA . | ~ Clearly document that no i cearch
3 4 and 619 + , + MA, Wistar male rats 1t deaths are recorded effect researc!
days 0, 2, 4 an + MH, + HA
Wi A 2 R RIE
. T, 1 AR 1 G
16 me/ke, TS JET=. 5 1 RS 4 KIE
W Bak 5 FE 40 P2V B HROIG 7 U 5B ;] N . FETAET .
1Y, 3 S i R i JUL T 1] 20 P
16 mg/kg, injected i.p IR et A SD male rat Two rats were clearly Neith i
once a week for + HHO, + MH mate rats documented to have died, erther apphes
5 weeks!*! one at the first injection
and the other at the
fourth injection
15 ~ 18 mg/kg, 55 0, IR LI A HLAR R A 10 O K R SE T & RAETIT
3 R FRBKIESE 30 ~ 36 B R BLAVE S SDMHEREL o Developmental
15 ~ 18 mg/kg, i.v mg/kg IR SD female rats Clearly document that no v I})l ’
injected on day 0, 314!/ + CH, + MA, -HHO rat deaths are recorded rosearc
16 mg/kg, 2 d W45
1R, 2 k(1] <R . ) NI ¢ JRMEDTTY
K220 BIRTERT 35 /g bk B SDHEHEKRL  ESETCHA SRS
16 mg/kg, injected i.p . Developmental
+ MA SD male rats Deathless description .
once every 2 days, studies

2 times in total!'7)

{I:lpﬂgﬂﬁr(fgf,”)%ﬂﬁ({fﬂjg(:Aéﬁﬁ.CH(éﬁﬁﬁﬁi,HA : *’V‘Eﬁﬁ?ﬁ H HH:
B + XA R AE AL 2 )5 G PR 2R AT 5 -

FAA B 4 HHO - B S 03l s MA  AILARUR 9  MH : HUROR] 5
AT e SR 2 5 2 WA AR . (TR RIRD)

Note. i.p. Intraperitoneal injection. i.v. Intravenous injection. CA. Cold allodynia. CH. Cold hyperalgesia. HA. Heat allodynia. HH. Heat hyperalgesia.

HHO. Heat hypoalgesia. MA. Mechanical allodynia. MH. Mechanical hyperalgesia. +. This behaviour was assessed as pain-like following paclitaxel

administration. —. This behaviour was assessed as insignificant following paclitaxel administration. ( The same in the following tables)
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F2 /DM CIPNP Y
Table 2 CIPNP acute model of mice
A A .
TN . oy . N AN e WS
O mrst st e AN Rtk A
Modeling methods Injecting Total drug Pain behavior Mice species Safety PP h o
drugs dose research areas
1 ~ 2 mg/kg, B RIES .
’ FfEE .
1Y ks . ady A s B
1 ~ 2 mg/kg, injected WL T 5 ~ 10 mg/k B /ML HAET Ak Mechanism
g i.p g 4+ MA ddY male Deathless description
once per day,5 times strain mice research
in total %] )
2 my/kg, BERIES . BALB/c #fik:
. o U N N LI BFE
LY IS ) MEAEA 10mgke g A AE g JEIE AR P
2 mg/kg, injected once i.p t_MA + HH BALB/¢ Deathless description rescarch
per day, 5 times in total 7] ’ female mice
2 mg/kg, TR
1K, 35 s . i ot w i ro : NN Lt BF5T
VRS MEIER 10mgke  UMBAEEEC  WEHHDMR TS oL
& %8, hjecte - i.p + MH Swiss male mice  Deathless description T
per day, 5 times research
in total %]
— UM BB -,
2 me/ke, SRS ) it Moy 0L AL - SRS
19I5 K BIRTER  10mg/ke g e N TeFeT ik Curative
2 mg/kg, injected once per i.p N l\\/[‘A‘ +J|JMH Swiss albino Deathless description offect research
day, 5 times in total "] . HH’ +HA ’ male mice
2 mg/kg, BTG ’
1 ;;g/ tgﬁkﬂigﬁf BALB/c Hi: il HUHBEE
5 mg’//k\ iiected once I M T 35 10 mg/kg BRI WEE/N B TR ik Mechanism
&, 1M i.p + HH BALB/c¢  male Deathless description
per day,5 times and female mice research
in total "]
2 mg/kg, 5 FTE G BALB/c M HLAIBTSE
13,3 s gt WSS 10 meg/kg HLARS ML JeAET- ik Mochaniem
2 mg/kg, injected once i.p + MA BALB/¢ Deathless description reslelarch‘
per day, 5 times in total>") female mice B
2 mg/kg, BEREST .

BALB/ ¢ Wt/ Bl T2
1K, 3t 5 k(2 N /o WEHE S LB
2 mg/kg, injected once L 10 mg/ke S RL IR R AIETA R Mechanism

& %8, hjecte ” i.p + HH BALB/¢ Deathless description S
per day, 5 times fomale mice research
in total (%)
2 mg/kg BER TS N

, - » HUBROR B B 58 s LT 5T
YIS B wpest o DRURERIE oo e o pLmpE
2 mg/kg, injected once per i.p g +LMA +HH CDI1 male mice Deathless description rese/arch‘
day, 5 times in total %] ’
2 mg/kg, B 3 d FEST ;
, T

1K, 36 4 %) N o CSTBL/6] A 1 e B IS
2 mg/kg, injected once TS 8 mg/k BB B AUHELE /1B JAET SR Developmental

S i.p &%8 + MA C57BL/6] male Deathless description p
every 3 days, 4 times and female mice research

and ; .
in total(4?)

2 mg/kg, BERE 1 d A4t
' T | . o
e i e /OTRE R Rt
2 mg/kg, injected once TS 8 mg/k B BT oA 5 /N JLSLTAE Developmental
g, tmjec K i.p 8 + MA, + CA C57BL/6] Deathless description wop
every | day, 4 times male mice research
in total [+ i i
2 mg/kg, % 1.3.5, .
B RIEA BRSES L DM IErH S
2 mg/kg, injected on i.p °© + HA CDI1 mice Deathless description researcf;l ’
days 1, 3, 5 and gl i
4 mg/ke, 135, Cilj: CD1 (ICR) R EAERFIT
7RI BRSES o BUREBREMEC MR JERE AR JERRIEDTE
4 mg/kg, injected on i.p J + MH Crlj; CD1 Deathless description re/ear(l:l ’
searc

days 1, 3, 5 and 7%

(ICR) male mice
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gZxR2
T2 258 . -
NN . o N N s & T
b IE UVE PR 4 JNCEES Gt BT
Modeling methods Injecting Total drug Pain behavior Mice species Safety pphicable
research areas
drugs dose
4 mg/kg, 5 1.3.5, s ar e o CSTBL/GT HE TR ’
ey - Tl N . . o HlFIE
7 REEH wiear o SERPLRIE upene e DL
4 mg/kg, injected on i.p ° T MA. + HH C57BL/6] male  Deathless description ) h‘
days 1,3, 5 and 714 ’ and female mice researc
4 mg/kg, FERE 1 d 4T
ly/—» 7“\;4?/1[47] <y B . . R . > B AT SY
VARG T BBk W ICRAEHENR TR JREER
evergff lgd’ay J;l-/t{mes - g + MH ICR female mice  Deathless description re;ee;rcll; ’
in total 47] ’
4 mg/kg, BEbA 1 d HEH '

LI, 4 0 o CoTBL/OT IR s BRI
4 mg’/kg injected once T AT 16 mg/kg BRI AR JIE TR Developmental
| (i 4 i i.p + MA C57BL/6 Deathless description h

?Vetr}; 1[48?]’ imes male mice researc
in tota
4 mg/kg, 57 0.2.4, C57BL/6] T 1 .
g . me/kg ARG JINE T fiid
6 Kitif®) B 6 mge  pumomm i N ST JREER
4 mg/kg, injected on P + MA, + CA C57BL/6 Deathless description o [l; ’
days 0, 2, 4 and 6% male mice researc
BUBAR B (WT HEE
JNELTE S 4 T AL
o B R ) ¥ WT BRI .
6 mg/kg, ST 1 K il : e BAIE
me/ke, EEAT 1 1K e 5t st N JEAET-HiA ES
6 mg/kg 6 mg/kg Neither
rected " s0] i.p + MA(MA WT male and Deathless description anlies
injected once disappeared in WT female mice apphes
male mice at week
4), +CA
8 mg/kg, B2 d {H 4
LIt 4 ) BU A e ST RIS
C R i Jrgogar FIHEE /N B TEFET A
8 mg/kg, injected once . 32 mg/kg I i - Developmental
2 davs. 4 times i.p + MH. + CH C57BL/6] male Deathless description research
fevetr}; l[ﬂ]}’» ’ h ’ and female mice T
n total*~
20 mg/kg, 55 15,17, -
19,21 KI5 . Bt e CTTPL/O MR SRR
o i i 55 /N FTAET ik
20 mg/kg, injected on ip 80 mg/kg IR b i C57BL/6) Deathless description Developmental
daz;szllﬁ ;2117, 19 + MH, + HH male mice research
an -
£3 KB CIPNP i X
Table 3 CIPNP model injection method of rat and mice
HH R T ARAL T VR i FRRTE S 5 a3 LS
Injection methods Injection site Configuration concentration  Injection volume Solvent
A BER K
10 mg/ml. 1.0 mL Normal saline
R gy
[17,20,22,28-30,35,43,45,53-57] i 1.0 mg/mL 0.5 ml 5% HEHIHA
. [17,20,22,28-30,35,43,45,53-57] Abdominal cavity 5% glucose solution
b 0.2 mg/mL < 0.3 mL
IR < 0.3 mL ZBEAI R LI BRI, A R K
0.2 mg/mL mice < 0.3 mL Ethanol solution, polyoxyethylated
1.0 me/ml. KE < 0.8 mL castor oil, normal saline
’ & rats < 0.8 mL
LRI TR BEE CFEAR B RN, A= B R K
Cau da;‘vein of the rat - 1.0 mL Ethanol solution, polyoxyethylated castor oil,
04 ’ normal saline
;139,411 Stk LB, A LA BRI AR BER K
o 6.0 mg/mL 1.0 mL Ethanol solution, polyoxyethylated

Jugular vein

castor oil, normal saline
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P, 1 min A9 5 22 [0) 8804 BB, AR 6 s g
507HIPE .1 4 = BN N2 43 = BHah R h;
357 = AR ERFLENTTE4 s N4 7 = H)F
JHR IR EEmT ) A 5 ~ 8 55 54 = AHJEIAER
MIFFEEAT RN 8 s s Bl 3 ¥k, 1595 R 4L,
AR 0 47, e dd 15 43, 15 15 S B gl &
O EZ STV U /TR
2.3.2 RIKIZHLELLE

R T AV ik RN, AT DA TV KR i
A BRREUNR Y 1 RE TR AE 7% K
(4 £ 1°C) Kt FEBA L f b, IR BE T
(FEA R, A va ) W I P4 K i 1 TR BE
HUS AR 10 min W03 2 W, LASE 78 3 22 a] 1
52 AR E IR K 20 s, LABT 1R ZH 234 47, 55 M
A K A B s KO il R TCR T AR 0 A9 244,
LS4 A I A
2.3.3 “KinRERER

FE R A S50 T v o 5 B, o R
Lk /N B R AR OR 3 (5 em 83 ) ¥ AR 10°C %
IKIYZE A v, TE R A 2 5 o A v O A 1 R R
(10°C) ,ic sk K Rl BB J 3k th i i AR, 1= A
B RIRBE I 20 s, B GAT M2 U040, X R
Rl R AR Y 3 K, IR
2.3.4 BRIRER

72 JE IS0 AT DLW | B A b 3P A R BB/ B
(VIR B SN, FF AT DA S A B0 AR SR vy, i
SR VK ST VK B B & (SR TE &) B B AR A
T AR ARIERE T BUAT 22 % FRr 48 45 Sk )
BRI AR IR, — O ARA B i B AR TR
AR GO S RN YR TS B SIS N A N & U
R 15 min , HAEH FRA R BB N BUS TSR
ARG T UK BB 2w I, 0% KR/ BT 46 2
IR T R sl B ) B 1), R L BT 90 s, DA
B KRR A7, LU0 T) A R Ry Vs AR DT, R AR V% 9 0
N ) i it A o B R BRL /0N BRUE T XS 5 i
1 JE B2 38 B P %
2.4 PEREITEN
2.4.1 HAFEL

(1) e Rk

FH LMl #4055 B, 75 2240 L R
(5. 351005 2 AH)) 48 At 3= B, 120k B4
H—NLAMNLR) PR (50 W AT , a5 g %
cLAMIE &, IR O R AR 3R R/ R R

e PR A SR B R 50 W, DRI KSR R
Ab B R BRI B4 6 ~ 8 s YLD
R EARIT  #R R /N BRUBCAE AR L, 9
TWEMER, MRREFEEERBERES cm 1
A, T B IR, 5 2 WSS 3 ORI AE
FE B —ANERAL 1 em MYPHAN T ] B4 T B R R ek
AN N JE IR 15 s S5 B B ] 3% 5 R %k B
[i] , DAk G AT ] 08 76 1 A 2400, A% B 2 A 3hid
TR SR BRI, A HOR B sl N BB 15 s U
O3 UCHE SR R AR, L7 2 R K
HE>

(2) R T B 7%

PR R /) B T 0 2 1 ) P A R AR AR
It A HAE B FRES 20 min , 75 FF LRI RO 938 B
PSRBT R 9 s, BUE TR BN 20 s 4R
SFFRH R B RS B o o B K R el RS
JTCAY JE S 2 1 FP s, O30 3% 1 101 4 A v AR 300, 3 1
KRB/ BRUSUR 75 28 53 30l 3% 2 o 5 Ik, R IK 7 2
[0 S s, AEIX 5 DEUE T LB R AR ME SR T
SIS, 12T A B A A R /N B g g1
2.4.2 PRI

W BRI BB i AR L SR K IR
WHTZ (55 £ 1°C) il sk R B ECNEES 1 Oy kR
P T HE B A R TR T s 8k R s 7 1 B [ SR e
7 B R /s BROM B AR A LA | SR Ak B ] 2
20 s, LA R IR
2.4.3 PUKinREREIR

FER BB/ Z B2 44 24 30 min J5 , 64T
PoKin BRI SEE, fEIER AT 1R, x5 1
KRB/ B A T3 P I, 7E K BRI UK 1
HHLE R ER A S Idsgk T ANRARIERE
SN (A EHE] R B BEE N 47°C, K 2 HOK R i/ B
FI R R 10 s, A T B 1k A 5, BE 4 20 s
YERBAERTT], A R R B/ B 3 Wk, El g 2
5 min, 3 YR G240 TR 40

3 KR CIPNP #£2If fE 2l K 7
it o B Rz A

KEL CIPNP AR 2 i B2 22 5 A T 5 v B 2
Bl VA 502 B 175 5 1) i 2 L 2 0 ML A R 8801
—ANE LA i ELAE H A E TR A e 3 Y Sk
R IR, R 21 R R S 5 2 e R R 2R
KL CIPNP B 50 5K BUR AT R R AN BRUE 5
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FWEEA O, WRAEE BB s i 8 me/ke,
3d ES 1R ESE 3 IRIMGERTT AR 0.2,
4.6.8 .10 KHFATHIRAT A, HAE 5 22 52 g v H:
RIS 7 i 45 38 1O A AT A3 5B IR 5 T 3K
JA I e B Ve W 30 2 i R BRUPILAWC: 9 o aok i, G
L] 2 R 26 300 030 ek 80 0 STV 9ol AR, 40 30 S Y
AT B & 44 B 16 42 A2 B i B0 CIPNP 9 FE H
ARIE F T FE ST BF 5T h 4 Wistar ME P K R
8 mg/kg, #5147 REEGERTT L1788, I
R 265 245 IS IR AT Ry 3080 19 728 A B 2 B 1 55
TWELA DR S AZ ALY BT B0 CIPNP (4R T, B 57
ORI, HAE I PLHI AT RE 2 5 SR A2 BERE 4
RO E 2 S50 () SE s A O I T NGF s 3%
KA RE S IZAE LA — 2 M e, iR 1
AT IR A T R ) ST 5 A2 B T B0 K B
CIPNP f 8 FCe 8%t SD i ok Bl 42 1 s v 45
HAEEL.0 8 2. 0 mg/ (kg-d) , 3 7EREMERT 1 d 1
WRE I 3.5.7.12.,16.,20 KX K RS T LR AR
JE 2 5F B {E ( mechanical withdrwal threshold, MWT)
G L TR (thermal withdrawal latency , TWL) il
W, R R B R S S A2 EE2. 0 me/ (kg-d)
AT LS S AR 2EI6 )T S BN CIPNP B sh Al
IR 20 d PR BRATLBR IR G 2k SR B e A B
B SO LSS H R I S W T SR e A AL TR
LRI T SR K B CIPNP A AR AL A o 3k P o o it
BCRIRAR vk B, O B LBUR RN T3 8 H TIRYT
PSR BIBUIER 259 5 13X 7T 68 5 1155 R R
W/ T NGF TP FAh i #h 48 R ge b g 334, AT
D B A G, 2L A TE N R R AT
2 mg/kg, %5 1.3.5.7 REHHK 2 mg/ke,550.2.4.6
REHF T, R8T ELEESH KR
CIPNP 7] 75 3eml 3 ad g 3 8 KRS 0.,
714 21 REYFT R IRECRE 48 A5 A 0 B s A L)
7K B AT A 25 42 12 JUT S50] Bl b 29 A8, HOAS 3%
e 5842 B2 ) BT R S8R, v R RE R T e 6 i
SRS i 35 B o 220 28 1 24 B FH RT3 0ok
N TLR4/NF-«B FI#4TE PI3K/ Akt-Nrf2 18 % % 1%
PR BUEALAE A T 10, t A ] fE 2 o EERE AL
TR R T LVE FEBE A SOD i 4, BRI 1 ifi
THFERET R MDA & &, B3 TR & 40 i i
BAEPURALER T AR B FE A EG TR 4L
PRI 45 7 TR AR 48 P B B S5 R IR CIPNP & AR 5%
H 8 3 A 20 B AR AR 3 pl 28 0E AR 3T 43 (total

neuropathy score, TNS) LRt [~ T HE—25 48K H
W VEFIALEE , AT T SE8 05T, R A T X SD
PERERIEAT 8 mg/kg, 45 1,47 K S5 AR J5 =8
5] CIPNP FE8S FEAEXTHE T 10 d 9K BRI
BIAR ARG A5 T AR 4% T i S R R R AL B
SR 5 JE B R 28055 A8 K BT R 24 e AR AL
AIAES FIAEBEAH 2 cCL2 £k, T TLR4 A
T IE I DR RRE S RE K RN A RS S X
W RIHEUE B T B F I PR AR T i B R YT SR A2 B
P2 CIPNP A7 RCE & , (EXF T LK A0 58 38 2
AEFARBIEA B B B, 38 A 1R Z2 AL T Be BT LA
S RIVE R LRI I A | 3 2 LA S AT
G, WS TR R BRAEES 0.7 .14 .21
RIATAT AR, & BT BRET 04 4 % vl 28 figt 1
2 d ST 8 mg/kg EEAZHEE, HTH 4T 4 YR LA SR A
ZP45i 1 SD M R BRI SE R, LA AT B 5 R
TR RN 1755 L W I B 400 0 6 7 T 412 4 o 28 90
Gtk G455, 3T CIPNP BYIGYT, S il —Be 28 gt
I ARG F AL, L WNAE 508 AT 5T h R AT 25 H
HIGHNARITIREE T H 2 meg/kg, 55 1.3.5.7 KIFHE
T2 R BRI v i 5 P 02 M A 5 G v S 36 25 i
F—0 R, A4 R T SRR
TRPV1 TLR4-MyD88 {55 ik MR, BT E
IR, TS 42 38 A 45 3] — 26 v 25 B 119
PEIYIRZIR WA IT AT — 2 IT 8L, I S5 E Ty
TR AT RE A AILE] 5 7E FEAT T UESE , Ho i iz R
et m R 22 A RAE TS A I
JA 5 T 2T A 5 a0 BURERE 2 d I R TE
2 mg/kg EALEE, ILVEST 4 R T 2B S M
ZeFAAR AL FFam XA 0.2.4.6.8 KA MAT A i
TREE AR 16 53 BT > WA B A Bz 22 238 i IR 4% Wnt/B-
catenin {5 51 K 52 Wi 658 HH 1Y R AE R T 2K -, #F
M S AT RS, 254 DA L [ Py 243 X o
= 25 Biif CIPNP ALl 52 56 BIF 5% 1) 1 455 5 X LA B &5
BNEKE B SD KR 2 mg/kg, 550, 2.4,
6 RSB X TCIe NL IR R AT R
BRI B[R] 5 1, % T S 25 BTG CIPNP R FH L
P18 SIC 56 BF 5 0 50 S B AT 5 s e 1) e A
2, XA 2BEAIIE T 52 56 51 2 v sh 0 10 4 4 kA
R SEIRHRAE T RS I UL A A A AT S 1 S B0 KA
FAN 1 ~ 2 KRN EL CIPNP AR 4 R %
BRI AR B 25 SC B i 58 v BT Y CIPNP BEAY
JIT LA B 2 5230 5 ) CIPNP AR 1 46 34 J2:
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A — 8 DX Y, B AR 1 & A R A AR 2 A (]
14, (HL AP B 28506 90805 1R T 16 2 T fa 1) T 18 kIR
I7 , BT LA BRI A AR ) A9 15 45 20 R Wistar HEPE KRR
AT AR T 22 9 508 11 o 2 B 8 2 4 ) %) 2 O
T3 R Bl HIR R B SD M K BRUAE v 2
2SR IESE Y CIPNP B8 3 4 10k R 2 e %,

4 %iF

HR 4 [ PR iE WF S ALK (international agency for
research on cancer, IARC) & i W4 BRJ& it 2020 4F
GEitEdE T, oML AL T 2020 AFA 3K iR
RIS, A 230 T A i, & 4 &

P SD HEFE K B R 15 DL SR LB A0 11, 79% , SCUCR IS, 2045 180 75 B % e
KL AR A T EZGRYT AL, W3R 4, 1], ok 2B R B 1 11, 49012 T 35 88 05 1 fie e
R4 KPR CIPNP BEAITE B i i
Table 4 Rat and mice CIPNP model applied in traditional Chinese medicine

NN ERNE 2L /PS8
59 e 7 Rl TR frhF RUIWIRES
Drugs use Rat/mice Paclitaxel Total drug Modeling methods Behavior Detection methods
species injection dose
8 mg/kg, 5 3 d 4T
LR, ESE 3 IR (5
=82 [67] . . T . .
f‘ﬁ( él B SDMEMERR  BIRES 24 mgkg L7 AEED BUBPERSER Von Frey 2424
ompounc . . 8 mg/kg, once every i,
(677 SD female rats i.p ) . . + MH Von Frey filament
Wenluotong powder 3 days, three times in
a row ( injected on
days 1, 4 and 7)
s BB A0 A S 5 1 (L R
. 8 mg/kg, % 1.4.7 Lot e e SERAL N
N Wistar RN o UMM e B 3 48 IR
S B o (68 ‘ < ] A X
S’hlgﬁfg_g:r_(w_ e8] TR B HEH,T 2 24 mg/kg S%rifji iniected on I b Mechanical foot retraction
enfu mjection Wistar male rats P dave 1 gé’l ) Jd 7 + MH, + HH reflex threshold, thermal
ays &, % an foot retraction latency
Y 2 /g B 1.3.5.7 BLBR 25 A2 A £ 24
129 o (69 ‘ . g , RN JUBCHERG S fi B 4 R PR
Ligustrazine SD male rat X 8 mg/kg 2 me/ke, injected i s Mechanical foot retraction
injeclion[w] fmate ras “P dams 1 bé H;JP;IZ 70n + MH, + HH reflex threshold, thermal
e, 2 foot retraction latency
Von Frey LYy IR
R T ) Wi st smeke et BURMETCE B SRR ik
Huangqiguizhiwuwu i N " & 5 ke, iniected i b 3k A Von  Frey filament,
decoction 70 Wistar male rats Lp ]‘mg/l g3, 1r;]ecnei 70n + MH, + HH thermal radiation rat rear
aays 1, 2, > anc foot method
R T (71 ‘ . 2 rrl:g/kg,/;ﬁ; 0.2.4.6 WU 3 1 i % Von Frey 21 Yk 22 TN T
Lo SD MEERR MM ST PRER ) eyt PR
Huangqiguizhiwuwu . 8 mg/kg .. I o \ .
decoction[ ™! SD male rats i.p 2 mg/kg, injected on + M + CH Von  Frey filament,
ecoction days 0, 2, 4 and 6 ’ acetone experiment
R 2% 8 mg/kg, 1,47 e Y N Von Frey Y22 B R
i SDMEAR  BOETES 24 mgkg  RIEDS PLLRIEAECT spe
Wenjinghuayutongluo SD female rats i.p 8 mg/kg, injected on + I\J/[hH + CH Von Frey filament, cold
formula granules! 7] days 1, 4 and 7 ’ plate test determination
Von Frey 21 4k 22 ML
) A5 S I B AEL L 8 PR
. ‘ S mo/kg H51.3.5.7  BURMERTIEILH G 908l
Ta;hon Siwu SD M A B & s 5 32 mg/k KiEgt Ji ot ook B, B 9 Von Frey filament ,
J 18 (73] SD female rats i.p £ 8 mg/kg, injected on LA mechanical foot retraction
ecoction days 1, 3,5 and 7 + MH, + CH, + HH  reflex threshold, hot and
cold plate test
determination
2525 5 \ 2 mg/kg, 55 1.3.5.7 LA B 24 ;}’%)F;%/z e 22 20
° L SD MEPEREL MG PRER: ) ks s " !
Peony and licorice . . 8 mg/kg - Von  Frey filament,
) SD female rats i.p 2 mg/kg, injected on + MA, + HH hermal radiati
decoction davs 1. 3. 5 and 7 thermal radiation rat rear
s L 2 foot method
) 2 mg/ke, 55 1.3.5.7
iR SOMPEREL  WEES o KiE B Von Frey P24
Quercetin ™’ SD female rats i.p & 2 mg/kg, injected on  + MA Von Frey filament

days 1, 3, 5and 7
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T KT B2 R BRYT  AEIR YT i B alih
7, SR AT RE R B i B AE ST R T3
145 (andiesl ) B i B ) 25T, L3 B e IR B 2 751 12 1Y)
SR R R AT R S B I AT AR R E IR
25% i A2 BEIR T 1Y BRE R b s 1k 45 2
HEE2H M1%r) BEAELEAIRIT 3 B2 1 BE
KA 14% ) BELEEIRIRIT 13 45 AR E A7
1, FRIE A 23 2 BUR & A6 i 1 N R, i
SRRy 32 S T CIPNP & —Fh 58 22 i
W T AN [FARTT 25 W A AL ) 22 R AR A AL &
YIRATR], A7 25 9 ] 3 35045 R il 22 A8 2 A 4
FEIESE A/ Xz B B RS A 2SR B AR 4
AR, BT AL Lt R e 4 T RS L N T R
P 1A B [ R, o 5 FARL 1 3 i A5 A i e [
S5 TR BRI/ B CIPNP R8I B v A A7
o I 5 5 {5 ) P 5 e A A, Bk T At
8 NP & B ) R 2R 950 B 3 D ) £ 75
TH H A T R TS, Sk P A iR 2
FWFACTT 5 38 T — AT O A L O
AT AR B ST A A T ) RS 1 0 T T
BRSSO BEBRAT 5 I PR 1) Sl P B 7R | 30 0 512 56 450
PEas Ry v S B R L VY B 1 v
WHEIEYY 7 %0l FF CIPNP, K ok How 410 i) 6 3 4
P22 RTE R, CIPNP 58 0 S i Tl 28 48
SEG RO, LR AT AR R g2 R 10, 2R,
REBRIT I ANEIR 29, 4G = IR P AR
PRI IK 24, # X e R AR AR, HLAE CIPNP
(TR, 38 HLA AN o] 356 (9 BIVE T, i B30 18
3 7E & [ Ifs PR AR 24 2% ( American Society of Clinical
Oncology , ASCO) FJ 4§ 5 T U HE 47 BE ¥ PO T4 R i
J7 CIPNP [ —ZR 254369777, hs 24 B H e
MIFRIEISIR IR R 2 2 8 HAS BN & A AR
3 AR BEALYT 515 5 CIPNP IIR YT J7 THI 4%
B IAAT Y p SR X AT e 5 Th EE 2 g g T
TLR4/NF-«B H1 38§ PI3K/Akt-Nrf2 i % 5 i 4%
Wnt/B-catenin {5 5 fif LA & T JHE#E414UH CCL2
Tk R RAE SN A SO Ry I TR
HE EAF GG R 1 2l P B R R B AIIE 5% AR R HLAR
(1) A Fp L BT 7 Ve FHAILEE,

H A N A A2 B 5 19 KRB/ L CIPNP
BRI 5 Y | R 22 B0 0 3 e 5 1) O 4 S R
I 3 (21 d) IR AT A I B R] T a5 B
JELARERR 2 d M 1 ke R 1 o =T

BAE R 53 rh & B0 4™ B )9 A BAE 26 3 )
A TG, A v e RS 8 R LA L MLAE I S0
KRR 12 Y BT AR AR A S 06 TR I S IR
N A 48 B 1) 53 ) 3 LA B R AT Sy i 3
[ ) B 2R A T, A0 S 36 25 R W e . Bl
SRR AR B 2 1 E N T SRR AT N FH A
IE R BHERESY 3 AL S, o R BRI/ R
A4 5 PRI 20 55 NI TR 20 o (TR, ) DASE DL N 2
WIS 2 W L SR T N BRI LR
THEANFFE AL ST RIS b i 97 St 55
PLRCR SRR ST 5 AR SORVENL I B 58 /248 CIPNP
1) o AL R e B 24 3% 1 R BR B8/ B CIPNP A58 7Y
FIVEHIALE o g 2 BE 25 5 CIPNP R B S5 4y
R B AR .56 2R, LA e e fa) % A i 5 o 2 B
s BHAS AL, 3 FP RO 5T S 48 VA o B 2V R I A VR T
I B S R R IR 5 R A FH BT G
GWFR R AIA 1 B2 AR S HR ) LUK R AH
BAR RN M AT g 2 FE R 23R
J7 LIS T CIPNP ML 95 S A S 1
CIPNP &L B o ds AL vp | AR R UE S ) 22 42 11
BEml b RS B IO A 38 B T LR R bRk B
T A AR 2T ELAL B 98 R 75 EEAR £ 1 R
T FFRCTEAY 1 ~ 2 R A7 A I 5 =8l il
VIS TIRASRTT, Ir A SD KEL 1 ~ 2 mg/kg, 56 0,
2 4.6 KiEHE#H BALB/c /MR 2 mg/kg, B R HF
LR, 45 ol 87 X & aE T AL oF
gplm S I Ch B R B BB S
CIPNP J7 80 55 RPN IR 2 ALY | 2 IR 3 41
BUAY CIPNP I PR &l HL 75 2 2 Fl L1 i 959 B
WAL T-B, 2R 5 U PP As B A T 407 VA
22 259750, X RE L T B IR PR AR AS 1 s i Hh IR 2 K
JRAT AR AR T S W ZE 8 A 19 3 A5 T =X, i DA K R
2,9 mg/kg, 55 0.2 .4 .6 Ky F o i+ A 1L/ R
2 mg/kg, BERES 1R, 35 R A X dd
T ELIRITEZEE S W CIPNP J7 34
GEl T AR B ZIRYT R AZBEA S0 CIPNP &
JRPEF SR A H A & R A B b B 2y T AT
TEA, SN B T BF 55 97 800 A LD, BT A RT DAk
PR B 22 PR AT R, L 3 AR 1 7 5 57
2 Pk B, Tk BN R R0 SD R R
2 mg/kg, #51.3.5.7 KI5 ] Dk
BRGNS R MEME: SD KR 15 ~ 18 mg/kg, 55 0.3 K
s ik R 2 S T I Y 5
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B F1 CIPNP SR R R B, R 255
65 V5 MR AR S 56 1) F 5 Y L 658 & 1Y CIPNP 45
RSO 23 52 M 52 30 45 R HEiR P iR SRR &
PRSI 2% sh 9 92 U, d A A T OS2 8 o i
FEE AR LI B R AR AT A L H Y
CIPNP #80  XHF A MR LTI A5, E45 ok
SRR T RE SRR T RAE A K, B EE 253877
LIS CIPNP VEFIBLE] A5 i A B A | X
HEPWEATEZ AR /N CIPNP AL
TR Z R A fAr K O | /N BB R 5 5 A2 I i 3R
CIPNP HBEHUEA OGBS ME | LM | FEBE | ML 5540
RIFHSE G4 B R, I LV A 5 1Y 52 56 v
HENT 5 BE A DG ) S AR AR e i A S B UE B
WSS &, X T E WA H IR E 2B iR
CIPNP HVEFHALER K2 CIPNP # & S5 HLEE T B A 45

B, FFERMAH P E MR R LT T E G
7 CIPNP , iX I F5 Lo F A Tl — 20 5 3 A S T =
K /NEL CIPNP BEARVER I, AR ZR k8 5 0F5T,
BT T R IR VI 2y IR &R DT L3R A5
B2 A R
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[ Abstract)

Dilated cardiomyopathy is a main disease that causes heart failure and exhibits etiological heterogeneity.

Nearly a quarter of dilated cardiomyopathy in patients is related to genetics, and ventricular dilation and myocardial systolic

dysfunction are the main characteristics of the disease. LMNA mutation is a major cause of hereditary dilated

cardiomyopathy, and arrhythmia is a major clinical manifestation of hereditary dilated cardiomyopathy with LMNA mutation.

In recent years, establishment of a dilated cardiomyopathy model in C57/B6 mice and its treatment by focused gene therapy

has been a research focus, and some important conclusion have been drawn from the establishment of large animal models

in dogs and pigs. However, large animals, especially non-human primates, are closer to humans. At present, dilated

cardiomyopathy is not involved in the heart disease model of non-human primates. Therefore, this article reviews studies on

rodent and large animal models of dilated cardiomyopathy at the genetic level and proposes the idea of developing a dilated

cardiomyopathy model in a non-human primate. It also provides new ideas to study the pathogenesis and clinical treatment.

[ Keywords)
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Table 1 Types and phenotypes of LMNA mutations
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p-Arg541Gly 3(2) + - - + (NBBB) - 0 0 _
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Note. DCM. Dilated cardiomyopathy. AVB. AV block. HF. Heart failure. SWMA. Segmental wall motion abnormalities. SSS. Morbid sinus syndrome. CD.
Conductive disease. CPK. Phosphocreatine kinase. ICD. Implantable cardioverter defibrillator. OHT. Heart transplant. LBBB. Left bundle branch block.
NBBB. Non-specific bundle branch block. + . With. —. No.

4 BEEERS MR DOM TS DOM B KR 61
VRl RS (BZEIER 2)
= X5 p. H222P LMNA 28 75 i /N [R AR AU
IEEHIET C57/B6 MG FUNBURBIEBNA  Lna™" 22025 S 0N URR MG U 4.0 RIG ,
F2 RBEEENAITHEA SN DCM Y
Table 2 A rodent DCM model that is focused on gene therapy

FHE PR 5 R BT SCiik s 6
GEAR Y IREEA WIRNE Tt X -
. . Literature

Gene targets and the s it based on a Research contents Intervention study P
reierence

type of mutations clinical sample

AT IR L i) A A S o) SO A ) 2

R TS UK D U e A IR L DT I

o : EAZ /NI A
JE RAE T A2 A Furz‘arat; sup;l::mentation for targeting to
SDHAF4-CM-KO Evealed the important role of mitochondrial . . I . . (o]
Yes omolex T in  the development and mitochondria or inhibition of mitochondrial
comprex  dilated § N ) p lh/ fission improves mitochondrial —dynamics,
progression of drfated catcromyopatity partially restores cardiac function and extends
the lifespan of mutant mice
UEW] T i cofilin-1 il MRTF-A/SRF 4 &
1 LB B - A R SRR AR £
HET LMNA 57285 2 LI s e
B bii g A5G | ’J?}“?’f\ H}Uﬁ P S B 1 2B LK T .
Atat1-KO Demonstrated that the actin-microtubule . .
Yes . . . . Regulation of a-tubulin ETC levels
cytoskeleton interactions mediated by cofilin-1
and MRTF-A/SRF promoted a dilated
cardiomyopathy caused by LMNA mutations
iPSC-CMs 5 RAUG L A E A S5 5 BA
. Ml HDACG -4 IETh B T 259 % B RE )
BAG3-CM-KO YZS HDACS6 inhibition protected the cardiac iPSC-CMs combined with phenotypic screening (12]
s

function

and depth science have the ability to accelerate
drug discovery
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gZx2
FERIE i B AT SRk
RAEHHAY PREEA W% F it it ) -
: . Literature
Gene targets and the s it based on a Research contents Intervention study
. . reference
type of mutations clinical sample
PLN-R14del #H &0 LR B 1 & 2= B PN "
AN-R1del HOCOAEE TR g by N g ey 0T i 00 045
PLN-R14-KO 2 FIRESAS A PLN 8 PR G0 el Proprognosis for PLN protein aggregation ma (13]
- Altered protein homeostasis and PLN protein prog P BeTCE Y
Yes N . . . serve as new targets
aggregation in the first manifestation of PLN-
R14del-associated cardiomyopathy
I R RTAE 2L /1N 43 F BET 28 P 0l 57 ( 4
S e T 1 BRSO E A0 B T
BRD4 I 05 ML A R T ) O SRR DL R
BRD4-CM-KO s i . . . Small-molecule BET protein inhibitors such as [
BRD4 has an important role in regulating . ..
Yes . . .. . (such as JQ1) in preclinical models have
mitochondrial homeostasis in cardiomyocytes .
shown efficacy to reverse cardiac hypertrophy
and heart failure
TAB2 J&.0 LR 2 I T A% ) 5C g 98 35 1]
5, e A ripk 1 A 40 L JE T AR
TAB2-CM-KO 2 SEAERT- BT ripk1 AT RE YT HE AL "
Yes TAB2 is a key regulator of cardiac Targeting ripkl as a possible therapeutic target
homeostasis and remodeling by inhibiting
ripkl dependent and necrotising apoptosis
LEMD2 X S A 21 A 1 4 A0 JUE 2 i 1)
LEMD2-CM-KI 2 P O WL R LEMD2 3£ A 77 [15]
Yes Importance of LEMD2 for genome stability — Cardiomyocyte-specific LEMD2 gene therapy
and cardiac function
O ESE SN MUE 1 TRPVA RBIAYHL  TRPVA MBI TG M7 DCM A8 R A S A4
VR BIUAHORI A , 803 B M TSR s SREAR B IO A AR A, HUBRRR R O i 2
o OB NG f B
Tnnt2-KI = . - . . [16]
v Heart residence and  phages sense TRPV4 channel activity regulates adaptive
e mechanical stimulation through a TRPV4  remodeling of the DCM and coronary
dependent mechanism, coordinating adaptive  angiogenesis, and mechanoception is the
remodeling and survival of the failing heart mechanism of cardiac macrophage activation
L E Y o-glenac f6 AT S 200 LR, F543 H
. 8 T AE I GG o i ;
OGT/0GA-CM-KI = . . IS BE Y o-glenac AL
Excessive o-glcnac comorylation can cause . . . (17]
Yes . To reduce the excessive o-glenac idiorylation
cardiomyopathy , partly due to
energetics defects
BAGS 92K i 58 45 ] 2 DCM, BAGS o[
BE S DCM 5 151] Fi6) 5k A1 4665 100 311 o R
Bl i R DOM A IR 0 R .
Y Inactivating mutations in BAGS5 can cause C ther
o DCM, and BAGS may be a target for genetic ene terapy
testing in DCM cases
P R PRI 3 DCM-d94a %75 [# A% ¥ iz g EE,
G S ILER 2B 11 A LR 25 6 71 7 5 o 5 LREIT TILARAR Fhis 5) 2 A
o g © ok Ot SEUN B AR D) REAR R R DCM, Rk
i 2 FEAZE DCM-D94A 5875 AR K AL 4
= - AL R T AR
2 Z—, B SRX-DRX P-4 DCM-d94 tati duced th tomot
RLC/MYL2-KI = Mutation-induced redistribution of myosin Jovia mutation reduce o automotor (1]
Yes . . . function of myoidal eggs, leading to the
energy states is one of the associated tractile hvpofunctional phenot and DCM
mechanisms leading to DCM-D94A mutations o re}c‘ e yhp.oihun(:'mni b deno lype dan' this
in humans, affecting the SRX-DRX balance 1mommee, wiiel - can be - developed s
mechanism in the future
NR4A2 i 3 ik T B040 [ & 30 1 2F AR
DNA SIS0, fER S BO0 LA > 2 LS ARAE S — AN A4 2 2 A9 9 1 [H 5 9
S LAY B s 1
[ . FEOCM LA 1 S AL T .
No NR4A2 overexpression leads to cell cycle re-  Nuclear receptors as a new important regulator

entry and increased DNA replication, but
does mnot cause cardiomyocyte division

leading to DCM

regulating  cardiomyocyte  self-renewal and
cardiac rebirth
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BELRIH 5 K Je AL Tl SCHRR A
KA RAEA iEka Rty Litere -
Gene targets and the s it based on a Research contents Intervention study terature
. .. reference
type of mutations clinical sample
HAT R R ADART RIS i P A
S RNA iR (9 inf7 SE.OIE A B4 ADARI 7E.0 JJLAR it HA7 AR K H RNA 43
ADAR1-CM.KO = AE SNSRI DCM IR, TRy O R AR
e = s DC as H iti [21]
No Enzymatically active ADARI prevents DCM  ADARI has the function of nonisis RNA editing
resulting from the cardiac autoinflammatory  in cardiomyocytes to prevent the occurrence of
response of the irf7 guides triggered by the  heart failure
endogenous non-edited RNA
AIREE SR T T & B X AP AS [E] LMNA GG L
SUNT i A O LR EAS e eI T 0 R AR R (A I 450 FP 542 ) (M 5 4
LMNA-CM-KO = Pri s . ik " . -
No Cardiomyocyte-specific  expression of the Development of specific therapies for each
SUNI microprotein prevents cardiomyopathy  different ~ LMNA  cardiomyopathy-induced
progression mutations( with more than 450 mutations ) may
be avoided
% CBEACREAE A ) L £ 4 D RE ALO L
R EREE T VT, S T 3 i) 21 A
HDAC6-KO = 22 T UK SR 1 IR P . 1A HDACGS RAERGL L MESHPEFEHE
No Role of deacetinase in controlling myofibrillar ~ To the HDAC6 to manipulate the cardiac (23]
function  and  passive stiffness of elastic properties
myocarmuscle  suggests  that  reversible
acetinchanges the compliance of myxin
A=W B A B TR0 AN IR 5 Y SN TE
UG P R I ) 8, o R 53T B R 28
T Bl > - >
. HATHES 5 T A DCM B5 4 Rev-erb R 1.0 WLEE 02 389710
Rev-erba/- . Temportemporal coordination — of " clock- Cardiac muscle biology downstream of Rev-erb [24]
CM-KO No mediated predictions and nutrient-induced . .
. . . . is a therapeutic target
responses in myocardial metabolism, cardiac
molecular sleep types may be involved in the
development of DCM in humans
: s £l
A 91 RIS Tk
CU1/2-KO . ULK1 and ULK2 have several functions in Imprm'fmg ULKI ?Ctlvny may represent a [25]
No . . potential therapeutic approach for several
the developing heart, while ULK1 has a -
. . . myocardial disorders
more distinct and prominent role in the
adult heart
Imem65 Dyfil 57 5 B H 4 (1CD) 454y 32
B, O MER AR B I A B0 LR KA T Tmem65 7K V- REAR IS K 4 FE T
Tmem65-KD 5 Imem65 abnormal function leads to boudoir (1 Jif £l (26]
No disc ( ICD ) structure damage, cardiac Future future needed to understand the causes
electrophysiological ~ abnormalities,  and  of Tmem65 reduction
eventually leads to cardiomyopathy
1B/R T MTFP1 7ES ) A2 ) AR A 28R AN 2
JBE T SRR T T S RE R0 E TH MTFPL A3 S8 5 a4 O UE o 5 A0 I
AETHR)T BO 1 Co MIE A v 14 o R QI T A PO A5
MTFP1-CM-KO & Revcovers a novel function of MTFP1 in  MTFP1 is expected to be a target for attenuated (27]
No controlling bioenergetic efficiency and cell-  cardiac pathology events and metabolic
death plant sensitivity and identifies its remodeling in cardiac diseases
importance  in  preventing  pathogenic
cardiac remodeling
Hippo 5 5 800 38 3 400 ] e AL A B PRl A 5
SRR, T DOV 102 Hippo ST LN O RERE T
Mst1-CM-KI = Hippo signaling activation mediates BT ELAN 5 (28]
No mitochondrial ~ damage by  inhibiting  Hippo pathway is a target for the treatment of

mitochondrial genes, thus contributing to the
development of DCM

mitochondrial dysfunction in cardiomyopathy

T CM L UL ; KO - 3 PR RREBR 5 KT BEA R KD« S Pl ik,
Note. CM. Cardiomyocyte. KO. Gene knockout. KI. Gene knock-in. KD. Gene overexpression.
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TR 5 Pk 22 W LML 1 H0 ( 7 (lysine-specific
LSD1 ) GSK-LSD1 # # 7T
Lmna"?" ™22 BRAG .0 WE & &, B AT /N B £F
YA AL Ty R vy | 8 ) 21 2R 1 2 AR LSD1 1]
FEAZ 7 J2 88 93 /0N BB o 35 500 LG > 5 X6 A ]
AL T S50 1 PG ST 1 R B 2R 28 7 3 i RO iy
TTNtv B ( TTNtvA . A 47728 5, TINWZ,: Z #3785 5,
i R MK RICIEAEE , 22 B RN KR UOE R
() A8 R b A ) S G & A BRI Sy M i e T
titin 1146 A8 S A 1) B3R AL 0, TTIN ) 302 Sty A1 328 ity
TTNtv 20748 W7 7Y fin T 5 fik & NMD, K BRI 2511
TTNtv XoF U JIEJL A TR R0 ) B8 7= A AS R 5 i, A >
(IRIF 5T B4 T-Hf 8 7E TTNwv R8s A4 3 FREE (19 — 9K fi
S AR TR F R RO 35 K00 5 X6 Rbm20R636Q-KO /)
BB | 2l -5 25 /I BRI 260 il 40 e 0 50 S R AR
TS DCM —BURTE S s2h & ot
IR FE DR A4 S B4 (40 TTN 2878 ) & RBM20 #H ¢
WU EEFE Pl 5 AAVO XX 26N B R AT 49
% ABEmax-VRQR-SpCas9 FlH.[a] 5 RNA ) ABE i
S Bk, DIIREE H A K RNA-
seq /%, ABE B IEHE T R636Q/R636Q /INFLAY >
TG 43, 4 B A IE ABE B/ T CMs FRAETE YT
P RNP UKL, Jf-3f 7/ B O T R st Y

5 ¥ELOAR KSR EE R

KB YIHe BRI A 25 2 X3, 3G A 28 IA
HIfe S i ee b S E A B MK T F
HAEAR KIS NLBA S EHRMUE, HERS
AEARLE: < BT 5% ki A B8 22 11 19 R A A AL 44, 0 B i 6
DA RS RAE AT SR A T — A B B 1k ik
P AR E R R R 3 T 3R R e R AR,
NHPs #H T IF R BB (NIRRT ) 1Y o 280
LB 2255 50 A 5 ZR GE AU < 1A RS T 4t
FEAH AT LAk 38 NHPs P53 KDL SR & 14 B9 S5 Dy fig
A4 aE R AE AR K231 % ((non-human
primates, NHPs) Y K1 (1% 5200 Jif % 5 20 5% 2 A4
HE ALY TR A AR NHPs (B 45 42 113 A4
SRR T 100 5 S, R4 T — AN BRI
B IR 3T R O B 2 O R A 2% 58
(USeqFISH) 75 [ skl 2= Ot &, iTHFIEAR
KW b I A7 AAV 43 Hr A1 22 B 285 5020 Jfd 4
B TEE H R I, I X SE % BR (anti-sense
oligonucleotides, ASO) 7E NHPs JJL A H B9 %% 7 948

demethylase 1,

8 A 5 MR AR A ES G T DL LU R RO 4
LM ASO 5 P FNTE AN LU 43 A, SR 1 i
ASO TEJL P 20 2 b g R4 7 i) JHG il 36 w2 8 T R
B 40 AR P PCSKO ( LDL ZZ K 359071 2 1%
XA e FIE FE B IRE B FR 5T 2 7E 6 HAE AR K
sy Hh AR i A R IR IR PCSK9 1Y T /2 B % R
R AAV 2R T SEUF o PCSKO 77 B AR s 1 il
R, LL AR PCSKO L 375 AR 11 B2 %) A 0 /b | ik
BT AR N R 3 B AT AR B2 7 O Sl
UNAE L

KNP RALR H i AE7ERZER IR DCM AR Jz
RASKLIN , 5y R SR DCM RS/ ALT5 22 R 1A
PR FEERR KPR CRIRZHIRR FIR T
Er K, Hd 5 A DCM MR E A ACTCI .
ACTN2 (CSRP3'* R F A I 3 )5 =Xk /) 7 i
(0.7 mg/kg) I8 E 4 5F Judkins 55 73 A Z2 w84k
Bk T, AR R T, Bk 5 R, BRI gk
7 LT 248 252 4 240 L 5 2 004k, I P AT 1) o 41 4
b, EEEIF A0 % 5 E B I 52 ek bR 3 ik A o v B
B F S — P A7 FR AT R A ) A R AT 5K B JUL A5 Y
R

FEOGT e PR 28 AR M G UL [+, 2019 4, K R
5RO T 1 5 Y R R i RBM20 R 56 JL
AHM R T4 AR A S8 DM IE % RBM20
FEAE T A0, 287 RBM20 78 i 5 57 o R 48 | 58718
RBM20 35 TTN ,CAMK2D %5 5 % Iy i 35t K 7 53 1)
pre-mRNA S 354117 | RBM20 1716 £ Fh 548,
HA (7 F RS XA Fcd WL, A R636S 5875 Bl
T DCM FE5 Y 38 i EL A 8 BEORG aff P a4 1 1
TALEN 3 [X g HL A W] 22 10118 2 H R (HDR) 5|
NEE LR 7 81 (R636S) Ko — A B - YK #% U) 1 1
Bl I 517" 7 s 4l A KA BF [ B F
W, 25 JC W B ok 28, MRI 4 8 78 4l 45 58 728 4% 0>
WEY K EF TR, A gl A 28405 W A O B
B DO ERBRG R O E IR, SRR, R
ORESS , o0 Ik 26 5 B S 3900 5 2% 5 9 748 i i /b o
FAE RBM20, 2l 28748 Koo AL ; 4 s WL 46
JEHA5 M Z 45, D LAl i HES 3K AL, S A S RS
Bk e iPCS R I IE TR 3 g R N O S g AR
RBM20 FE[H 2828 iR R, IF it — 207 5 DCM /) [
BRSPS BIUESE | i AR 76 R Sl i rp 2 5 ]
DIAT RO Tt — L I UE 4l & A8 A A7 R W
N RAAR  #E 13% ANP R BNP B 5900 RBM20 445
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RARNE WL HEAL O WUAE I O L 32 453 55 AH 3G Jk
DAL, AR 3 DNA A ke E 36 R A

6 SEERE

N R FAMKER T 3 NS AR A
926 P R PR 2 kA5 X R 400 il 1R 1T S5 N 2R A
IR BE R TR, s A AR R K 2%38)
Yy O B BT 2R 95 e DCM, T AR R R AR 47
(RSO e AR Y H B i I A M3 IR 2 T 1)
A DCM R HEF DCM BIGIr &£ T O 2
I, B AR & IR YT L P 28 A8 30 DCM [ 254
HFFEHI iPSCs RIS AMTT 2k LMNA 0L
() PN Bz D) e e A, Al 7T 25 25 1 mT fe R B 1 24 ) 3o
P& TR 5T I 6 35 g 86 0 5 5 g B 4 O 0B
IEFEH 2R | 78 /N sl A A v 2 A T RAR, AN
FEiPSC T B IR T B 3 g B RN 5E S g R 7E 18 OE
RBM20 278 (YRR, i 7EH DCM /)N U A Hik 52
T ABE A HRUEIE R R 5848 PR 0 IR Ty B I 4E
K&, 5 I 5 TR R K3
Yy AR N R AL ) & R, A Bh i 2 UCF & Rk
A AT A AT LA A2 TR YT DCM SE 30T KM 280
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Research progress on the influence of a ketogenic diet on athletic
performance and fatigue recovery
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[ Abstract]  Ketogenic diet can supplement blood ketone, provide energy for skeletal muscle, and affect the athletic
performance and recovery of animals and humans after fatigue. In this paper, it was found that ketogenic diet transformed
muscle fibers from I b to Il a through axonal germination and nerve reinnervation, improved the quality and function of
mitochondria of fast muscle and increased histone acetyltransferase to enhance skeletal muscle strength. Using ketone body

to provide energy, it can reduce glycolysis and improve the ability of fatty acid oxidation in slow muscle to improve exercise
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endurance; It can reduce endoplasmic reticulum stress, oxidative stress and inflammatory reaction of skeletal muscle,

protect the body from injury, reduce the consumption of muscle glycogen and the accumulation of lactic acid, reduce fatigue

after exercise and promote recovery. It is considered that ketogenic diet has low negative effects on the body, can improve

sports performance and accelerate fatigue recovery, and can be used as a diet scheme in competitive sports and

rehabilitation training.
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Application of NK cells and their immunotherapy in
tumor immunotherapy
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[ Abstract]  Natural killer (NK) cells as intrinsic immune cells kill tumor cells without the need for pre-stimulation
by tumor antigens. Therefore, NK cell based immunotherapy has unique advantages and has made significant progress in
tumor treatment. In this article, we review the development, classification, and mechanism of NK cells as well as the
applications of NK cell based immunotherapies, including immune checkpoint inhibitors, adoptive cell therapy, and NK
cell adapters in tumor immunity. Thus, we elucidate the principle, current status, and developmental trend of NK cell-
based anti-tumor immunotherapies to provide ideas for their development and application in the field of tumor
immunotherapy.
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B E X o CD37CD16" CD56" Hy4H i, #diE CD56
(221K K RT 43 CD56%™ Al CD56" " 1 i 4~ AN []
AR A AT RE . CD56™"™ 4 if 3 35 A% 43 40 Jfd %
YERR R FARESZ AR R CD16, FEAFTE T b, &%
M FAEH . T CDS6" " 40 i JE 40 55, 3 EATAE
TRkEL L rp ] = A i P 7 A e e T VR

2 NK 49 1ERHLE

2.1 WAERBHERE T SHERESEER

PR AR 1Y) 20 B A5 19 40 B 2 4 (antibody
dependent cellular ctotoxicity, ADCC ) J&—Ff 2
NK 40 S 05 A7 g i A0 s L, 2 NK 40
AT IR 40 M B SCBEBL A . 7E N 1gG Y FeR 324K
Hi,CD16a 3 267 57 fil & NK 40 i /i = 19 ADCC,
CD16a PR3] 1gG JAFEAHE 55 , NK 40 i3 B 4n
BBk 2 TR S LA MLAAE T . McMichael 5611
ARl PRAIFFE 2 B - 4 78 2 8 B 5 1L-12 R AR YT
02 B RS P Sk BT bR 20 e FR T, TE it S A

WIRT 100 d SBH B NK 40H7E RS ADCC R
s TG R AEAE/NT 100 d BB A NK 4, itk
Hb A R R FE R o e iR A | AR A
PUik NK Al 5 4 5 NK 41 B A i 42 55
At AT LU GR NK 40 ADCC &g Rt B )
CD16a A7 By 7 ik the 24 Hi b 9 S 2236 97 9 — 28 J7y BR
P, KRR EEHbE 3R ADCC, P, A T i CD16a
FIVERIBLE , A ) T 540 A7 85 98 ADCC 5, ik
T4 T+ NK 20 59 Bt e 6 44
2.2 HERG

NK i ] L3 5 o 6 2 L3R B 0 #E 4 i s
JEAAT o NK 20 5 5 40 i 2 A 035 A UL B ik,
T 2L 2R T o 3R G A P TR R A1 Y 3R T B0/
LR TR EAR TR — i SR Bl 2 fL
FIIAAM 1 NK AUAS B AT DL A, Li AE
WFRRIITE AL R SRR NK 4 5 50 4 i 2 [
e, LR BUR R NR DS NK 20 R, e
58 T NK 4HH8E, X fff NK 40 fs AAETG . eah, ik
R IR — T 2% 1 L 98 1) 98 200 J A mT LA i 5 Ak
AN B ASER ek NK AR A, H T AS RE & X
iR P 200 3 3 2% 49 1) L o A B A ol e, 7
FLA W 3k PR RO 0 1 38 e B A e 40 6 ) 4
KA i P 2R G 0 SR B AN 2R D — B A IR Y
BREIEIT I i, AN, Zheng 25 HF 5 M 43 i 210
RS DA ff BE VR RE T RO IR NK 40 i D) RE KL
FGRE D6 BB AL, o o 52 55 NK 40 i e e ih
ST PR T AN . NK Ak — R fd L AE S5 7
HR BRI H
2.3 FSHERAT

NK 4 i 388 3 35 B I IR B8 R R S 19 A 1235
T BE A& ( TNF related apoptosis inducing ligand,
TRAIL) il Fas ( Fas cell surface death receptor) Bt {4
K5 IE TRAIL 52 A B HI 20 Jid A1 CD95 ™ 4L 4 /g
S DY VR T IR N T S A O T
Pan 4 F T R AR A T NK AR S 10 7%
P R FEBAE T, TG SR IR T 3 AR A i 20
JELXF NK 2 Fr) SRR B2 3 5, I AMZE 5Tk NK
YL BH3 mimetics 2145 1Y J5 7 W] B 138 FH T 24
T T AN STV O IS A S Y i AR 1 5 28
N30

NK 2 i BE % 2 0 1ff i J5 B, ik A 0 i e 21
U Fares 2O F8 Y NK 4007 AL TAE S8R
7 e — MR B TR A IR kR A 7 2 e
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Ah,NK 4l A REAS 0 i 20 Wb 2 A kafb 1 A K A
TR 7, 5 H Al G 2 4 (1 DC LT B 40
JHL 5 ) AFEL A T 8506 AL AR 35 3 S 3 g 225 30 T 410
il by it )

3 EF NK BHMEETEERER
12 v 4 5

3.1 BT SHIHF

Bl 25 S E TR YT IR T MR ) — Fh S 227 5,
A0 1) G A A A A S B R T B B VR T B —Fb
BT, 1, SR A ) AR X T 4
HL, A4 DA NK 20 At A 30 A e 8 ARG A A 4 1 5]
N T HREIE T 1
3.1.1 #[i PD-1/PD-L1 #i5)

BFEHT 2k 1 ( programmed cell death-1,
PD-1) 1E 2 — F 8 22 19 S 2 10 i) 4 -, 7 CD4" |
CD8" T 4 il \NK 4 ifd \NKT 211 B 4 g F1 H At 2
KRB AN A ik, BP9 R PD-1 1635 1Y 43
Z— MR AN A A i ok B A L st A
B B A B M SRR AE Y, PD-1 7E4h
JE it K iR i NK 4 B Ag s B PD-17
NK 4% PD-1" NK 20 i 40 i 5 /0 7= A 4n i P
FHIGE I AR, UT4E SR H0 ) PD-1/PD-L1 #)
i 700 280 FH T o Y e R RS AR R T
WP I ) 2R SR BT | 48 FU 6 BT E o BH T PD-1/PD-L1
HEMTPTE A AE/INR R 98 TR i) PD1T NK 20, % 1%
TR PR R e e AR Y H AT PD-1 7E
NK 4 L 14 2 SR AL R HE A 75 R A% 1 B2 4 il NK
AT RE AN AR, A TR R RIS
3.1.2 B TIGIT #3i5)

FLAT Tg 16328 52 1A i R AV o 3 S 25 A4 3y T
Y1 i G 2 SZ 4K (T cell immunoreceptor with Ig and
ITIM domains, TIGIT) f&—Fh ik F NK g F1 T 20
PR AT ) Tg o MG 3Z A, A FR il 3 17 1 A [ A e i
TR RS LR AVER  TIGIT 76 R i= i 1Y)
NK i s 23510 e BB NK 40 i i 3
A, /NP, TIGIT ] LIih] NK 4 5 1
ISR B4 7= A B NK 20 A 519 CD155" Bl Jes 4
MR AR PE Y Chauvin 2 #5845 T TIGIT
P TL-15 B AT Ad NK 20 i %k 2 € 2298 1) 4
JLBE PR A B R, I8/ /) L (0 2R A AR v (1 i
RS, AN, BE A PD-1/TIGIT 411 ) ) 55 2
TIGIT # 35AH FL A48 &l 35 3 5% CD8™ T 41 g &

e300 Tw) b 5| X e AL S A 38 /0 B i Je e HE e
RECY L EHT, 2 ERE R 2 TIGIT 254,
Forrilr 20 FEA 1 IR IR, T 10 FEA 2 B IR,
F/ 5 FAHEA 3 WG IR TIGIT 3l 370 AH O i) B &
FAIETEAA B2 B H I HTAT S,
3.1.3 B[ NKG2A 5]

NKG2A (NK Group 2 family of receptor A) J&J&
F NK 252 G005 2 v il vk (0 32 442 Ry
CDY%4, 7& CD8" T AHMLAE N HYFH 7 T 4L A NK 41
A Fak 7 AN T IE 50% ) NK 41
ik CD94/NKG2A, HLA-E £ NKG2A FME— L
A TEE 5 2H 2N i v 2k K P B T AE i R =
T NK 40 B, CD8™ T 48 Jit i i 983 40 i o iy 3%
LY André USRS AR BB CD8” T 4f Y
NK 4l A9 NKG2A 524 E Y HLA-E BAHE
VEFH, T AR IR 42328 . Cohen 5517 F 5% R B
B NKG2A S0 770 5 94 2 5 BB F iR 7 &2 A ik
FE 1 Sk SRR WERIR 2 88 1T LAAS 3 B4 AR TT RCR
UL, BT NKG2A & —Ff 43 R B i iR
JYoT ik U H R S e MR IR YT 2 W K I BE 2 A
& AFER T KRNI A5
3.2 d4 NK 4iasT %
3.2.1 NK 4tiféaiE

NK 20 i i V8 R IT 5 vk S AR 7 S 8 R Y
NK 240 ffd i 7 30 Jiev g S8 5 AR 9, BARAL3E AR NK 40
P TR0 [ b S A NK B . Marofi 457 B 5E
U], AR NK 20 1 2% 1 % 0 40 i S e sk A
¥ 5% K (killer cell immunoglobulin-like receptors,
KIRs ) 5 /it 96 40 Jifd < T 9 A 26 1 40 i 40 0 A DL
FiE, oCH BHL ik KR gl 307 A2 4 ) 1A 55 AR EE 2
N, SRR 6 AL NK 40 5 05 4 3% 5 50 e
GeRETE M, Lin S50 R B0, K 00K Bk 4L 5 [ Fh 5
A NK 20— 4 55 380 o 01 /N 200 i e
RN REARUE B F AR 2 18.5 N, BEE
NK A 2EAH A LA K 35 5 AR B A B e ik, NK 4
L A B A A AR R T B A AR
3.2.2  CAR-NK 47 ik

A PUEZ K ( chimeric antigen receptor, CAR)
Je HH R T AR BOR il 3 1) N 32 4R 1, BR S 2
SoPE AR e 1 DU I A0 RE ) 0T 49 i L AR Y
DI . HET CAR-T ¥7 ik T 4wl 12 N T 45 b
Ji e B A0 S e T b B CAR-T IRYT 'HAF7E 40 i
R F B 25 A 1E ( cytokine release syndrome, CRS) |
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PMAHYIPUTE F 95 ( graft-versus-host disease , GVHD) I
G PE RN AN AH S 22 FEPELZE G AE (immune effector
cell-associated neurotoxicity syndrome, ICANS) %) 7]
BT CAR-NK 477 H NK 20 o 5 5 B4 45 A
JEL i i B A AP B SR 0 NK 4 &R, 5 CAR-T
HAEL, CAR-NK SR IR 5 e , HLEI/E
Frey %5 BF 55 45 7] AE A%l T35 A9 NK 41 il R
FERCFE 5 CRS 1Y JC 8 41 i A 5~ TL-6, DA T 3 £ 1
CRS. NK i n] DAFE AT B R s A 28 40 i
BUFVC L A1 G0 T 8 1] i Jeg 40 B, 8 % 7 GVHD
FORE ), AN CAR-NK 38 AT L 1 2 305 300 0 3%
& DNAM-1(CD226) K 9K 4 i 8 1 52 f4 F1 NKG2D
AU, 5 CAR-T 40 AH Hb BLAT 5 i AR 5 )
DI Teng 261 35t LARTS IR T 4l L Bt S
B Y CAR-NK J7 2 fi 0% S 35 4170 1) M 1t s 2
HARE CAR-T 40 AH L, CAR-NK 41 jifg HL A7 Hoph 4
ML AR AE— S PR AR, FLrb AL G NK 40 i 0 5
T RR BT PR K200 1 385 G 05 0 0 6] f 3 )
APERIR
3.3 NK #4Ha#& %3 (NK cell engagers, NKCEs)
3.3.1 CDI16A-NKCEs

CD16A P/ EAk Ig AR5, IR 2 TG Btk
Fe R BZ K S BURESS G 166 5 CD16A Z[H]
FHEAEF , AT LA75 5 200 0 N G 988 32 1R i 2 IR 1 1l 1R
B AFM24 2 Affimed 2> &) ) F 2 2 7] £ £k 410
A5 (ROCK” ) HidR - 6 I & 1) —Fh 1%t 5 K 4
$E NK 41 f8 9 CD16A 0 i 98 40 fil I /Y EGFR
(epidermal growth factor receptor) Y XUHE 57 P 1oG1-
schv flGHiiR, AHF5ERW, AFM24 A A RO W) %
KR K N B e K R Z AR B kR . Oberg
AR Habif 45 Y 58 R WITESRIE T A7 7E CD16A
FE g 52 0 Ik O A0 B b ) R R T I e iR e
NK 4fiffirf CD16A ik By n] fe 2 FAin T Pk
SEREPLRAIT AL, AW, CD16A-NKCEs 7£ Ifil i
FRGEGE IR I RIS AT A T AR
3.3.2 NKG2D-NKCEs

NKG2-D #U%E £ 2 1 (NKG2D ) & — s
P2 AR — M $2 35 T NK NKT,ydT W REFI CD8 T
YN RE, 7% Fab Fr B NKG2D-NKCEs [f] i) 2%
A g 4 Jf - 7 3L AR g T 0 T - ( HER2) Al
NK 4l 1/ NKG2D, w] 3 i A 52 Jl % NK 4
fl ARSI B A B B R B R R
B ) 5 KSR NKG2D BL Ak 83 8%, HE i 75

5 NKG2D #0651 e e 5o % . Wang LB 5
FERH 7 2T A 0 NK 41 S 470 e 470 i
TR AR RE P, I ELTE I PR AR Y 44 P
PEIGEAE . NKG2D-NKCEs iy £ % VB e $ 3t
ToRa Y 7 =2, B Im R BT 7 .

X NK 20 i 4 G 28 7 kA TR G2 o 0 iy T
I By B gs (R 1), itk —BIRAWTSE NK 4
FRIAE B2 22 40 T B 1 TR0 K 48 L r) L 3L 6
T NK 20 89 e Sy PR A B )z /Y

B L
A2,

R AT NK AN A0 G 7k A BelRd i rh A i
Table 1 Applications of NK cell-based immunotherapy

in tumor immunology

J3
Application

JEF
Principle

BB R T NK
Y HEIARYT
Activator mediated

NK cell therapy

CAR-NK 4
b=big

CAR-NK

cell therapy

MM T A
NK Zufiifyy
Cytokine-mediated
NK cell therapy

NK Z i 4kify7
NK cell
adoptive therapy

NK 41 356 45 e 35
T

NK cell combined
immunotherapy

NK B & ITiRIT
NK combined with
chemotherapy

treatment

TePE A L A
I NK 4 i 3695
Selective targeting-
mediated NK

cell therapy

FUHTLA N7 A Y W) BRI NK
20, 494 5 L A0 e A0 Y RE

Using substances such as antibodies and small
molecule compounds to activate NK cells and

enhance their ability to kill tumor cells

AT A CARs 51 A NK 20 v, {1 5
REAS S M U ALl i 200
Introduction of synthetic CARs into NK cells to
enable them to specifically identify and attack
tumor cells

FUFAR R 40 102 T-12 TL-15 25k 33
NK 4T, 35t HR s ibrg 40 i i

Use cytokines such as IL-2, IL-12, IL-15 to
activate NK cells and enhance their ability to
kill tumor cells

H e HERNEOE (Y NK 20 i RS A 3 2 %
PRPY 4458 S0 FR gl I 0 e Y e
Transplantation of amplified and activated NK
cells into patients to enhance the immune
system’ s ability to attack tumour cells

5HAb SR ST N4t PD-1, 4T PD-L1 555k
B, ISR T ROCR

Use in combination with other immunotherapies
such as anti-PD-1 and anti-PD-LI to enhance
the therapeutic effect

Ly s & i, 42 m iR T 8CR ,
i A0 A AT 2 BT 2 (R IR £
7 2R IR

Combined with chemotherapy drugs to improve
the therapeutic effect and reduce the resistance
of tumour cells to chemotherapy drugs, while
reducing the side effects of chemotherapy drugs

FFHBESE ) BT (CANFR) ¥ NK 240 51 5 5
e 200 L 3, i o SRS ) P RS Pk

Use of certain substances (e.g. antibodies) to
direct NK cells near tumour cells to improve

their targeting and killing efficiency
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NK- 20 2 56 K B 2 ) i 8 21 it o, e

AU Wb AR BRI . A NK 4 g B 423
ik ADCC ¥ i Mol E 48 H 5 175 B 900 9 S 988 I vy v BT 32
BHB AR SR Z B Al ; 34 PD-1 38)7
AP PD-1 Bk ny S 055 DC T B W 40 il
PME R HEAE L A6 Mo S 28 36 97 o A AR R AL 3
PRI, 7 5 Atk A7F 55 I PR 3t 6 v 4k 252 TR A58 NK
90 B P47 ek AL ) 6T T 2 B A e Y i R T Ay
B, AN RK Y G E iR T AT 2l S R e s
TR o7 P A B LAARAS S BTR YT A5CR

[1]

[5]

[6]

(7]

[10]

[11]

5 % 3 #k(References)

Budisan L, Zanoaga O, Braicu C, et al. Links between
infections, lung cancer, and the immune system [ J]. Int J Mol
Sci, 2021, 22(17) : 9394.

XS, 2%, 0. A MR AT 1 IR T 52 AL B H
RSy (1], o E A A o 2 i, 2018, 40( 1) 2281
-2290.

Liu XN, Li D, Li B. Immune microenvironment-mediated tumor
tolerance mechanisms and their targeted therapies [ J]. Chin J
Cell Biol, 2018, 40(1) . 2281-2290.

Quail DF, Joyce JA. Microenvironmental regulation of tumor
progression and metastasis [ J]. Nat Med, 2013, 19(11); 1423
-1437.

Chiossone L, Dumas PY, Vienne M, et al. Natural killer cells
and other innate lymphoid cells in cancer [ J]. Nat Rev
Immunol, 2018, 18(11); 671-688.

Vivier E, Artis D, Colonna M, et al. Innate lymphoid cells; 10
years on [ J]. Cell, 2018, 174(5) ; 1054-1066.

Guillerey C, Huntington ND, Smyth MJ. Targeting natural killer
cells in cancer immunotherapy [ J]. Nat Immunol, 2016, 17
(9): 1025-1036.

Zhang Y, Wallace DL, de Lara CM, et al. In vivo kinetics of
human natural killer cells: the effects of ageing and acute and
chronic viral infection [ J]. Immunology, 2007, 121(2). 258
-265.

Lutz CT, Karapetyan A, Al-Attar A, et al. Human NK cells
proliferate and die in vivo more rapidly than T cells in healthy
young and elderly adults [ J]. J Immunol, 2011, 186(8) : 4590
-4598.

Cong J, Wei H. Natural killer cells in the lungs [ J].
Immunol, 2019, 10, 1416.

McMichael EL, Benner B, Atwal LS, et al. A phase I/ Il trial of

Front

cetuximab in combination with interleukin-12 administered to
patients with unresectable primary or recurrent head and neck
squamous cell carcinoma [ J]. Clin Cancer Res, 2019, 25(16) .
4955-4965.

Coénon L, Villalba M. From CDI16a biology to antibody-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

dependent cell-mediated cytotoxicity improvement [ J]. Front
Immunol, 2022, 13; 913215.

Li Y, Orange JS. Degranulation enhances presynaptic membrane
packing , which protects NK cells from perforin-mediated autolysis
[J]. PLoS Biol, 2021, 19(8) : ¢3001328.

Zheng X, Hou Z, Qian Y, et al. Tumors evade immune
cytotoxicity by altering the surface topology of NK cells [ J]. Nat
Immunol, 2023, 24(5) . 802-813.

Prager I, Watzl C. Mechanisms of natural killer cell-mediated
cellular cytotoxicity [ J]. J Leukoc Biol, 2019, 105(6): 1319
-1329.

Pan R, Ryan J, Pan D, et al. Augmenting NK cell-based
immunotherapy by targeting mitochondrial apoptosis [ J]. Cell,
2022, 185(9): 1521-1538.

Fares J, Davis ZB, Rechberger JS, et al. Advances in NK cell
therapy for brain tumors [ J]. NPJ Precis Oncol, 2023, 7
(1):17.

Zeng Y, Lv X, Du J. Natural killer cell-based immunotherapy for
lung cancer: challenges and perspectives ( Review) [J]. Oncol
Rep, 2021, 46(5) : 232.

Pesce S, Greppi M, Tabellini G, et al. Identification of a subset
of human natural killer cells expressing high levels of programmed
death 1: Aphenotypic and functional characterization [ J]. J
Allergy Clin Immunol, 2017, 139(1) : 335-346.

Mariotti FR, Petrini S, Ingegnere T, et al. PD-1 in human NK
cells: evidence of cytoplasmic mRNA and protein expression [ J].
Oncoimmunology, 2019, 8(3) . 1557030.

Liu Y, Cheng Y, Xu Y, et al. Increased expression of
programmed cell death protein 1 on NK cells inhibits NK-cell-
mediated anti-tumor function and indicates poor prognosis in
digestive cancers [ J]. Oncogene, 2017, 36(44) . 6143-6153.
Tang J, Yu JX, Hubbard-Lucey VM, et al. Trial watch: the
clinical trial landscape for PD1/PDL1
inhibitors [ J]. Nat Rev Drug Discov, 2018, 17(12) ; 854-855.
Wilson RAM, Evans TRJ, Fraser AR, et al. Immune checkpoint

immune checkpoint

inhibitors: new strategies to checkmate cancer [ J]. Clin Exp
Immunol, 2018, 191(2) . 133-148.

Trefny MP, Kaiser M, Stanczak MA, et al. PD-1" natural killer
cells in human non-small cell lung cancer can be activated by
PD-1/PD-L1 blockade [ J]. Cancer Immunol Immunother,
2020, 69(8) . 1505-1517.

Jain P, Jain C, Velcheti V. Role of immune-checkpoint
inhibitors in lung cancer [ J]. Ther Adv Respir Dis, 2018, 12
(1):1-13.

Topalian SL, Hodi FS, Brahmer JR, et al. Five-year survival and
correlates among patients with advanced melanoma, renal cell
carcinoma, or non-small cell lung cancer treated with nivolumab
[J]. JAMA Oncol, 2019, 5(10) : 1411-1420.

Zhang Q, Bi J, Zheng X, et al. Blockade of the checkpoint
receptor TIGIT prevents NK cell exhaustion and elicits potent
anti-tumor immunity [ J]. Nat Immunol, 2018, 19 (7). 723
=732.



1484

P S B Bh 2R 2023 4F 11 A5 31 55 11 ] Acta Lab Anim Sci Sin, November 2023, Vol. 31, No. 11

[27]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[38]

[40]

Stanietsky N, Rovis TL, Glasner A, et al. Mouse TIGIT inhibits
NK-cell cytotoxicity upon interaction with PVR [ J]. Eur J
Immunol, 2013, 43(8): 2138-2150.

Li M, Xia P, Du Y, et al. T-cell immunoglobulin and ITIM
domain ( TIGIT ) receptor/poliovirus receptor ( PVR) ligand
engagement suppresses interferon-y production of natural killer
cells via B-arrestin 2-mediated negative signaling [ J]. J Biol
Chem, 2014, 289(25) : 17647-17657.

Chauvin JM, Ka M, Pagliano O, et al. IL15 stimulation with
TIGIT blockade reverses CD155-mediated NK-cell dysfunction in
melanoma [ J]. Clin Cancer Res, 2020, 26(20) : 5520-5533.

Chauvin JM, Pagliano O, Fourcade J, et al. TIGIT and PD-1
impair tumor antigen-specific CD8" T cells in melanoma patients
[J]. J Clin Invest, 2015, 125(5) : 2046-2058.

Dixon KO, Schorer M, Nevin J, et al. Functional anti-TIGIT
antibodies regulate development of autoimmunity and antitumor
immunity [J]. J Immunol, 2018, 200(8) : 3000-3007.

Yabe T, McSherry C, Bach FH, et al. A multigene family on
human chromosome 12 encodes natural killer-cell lectins [ J].
Immunogenetics, 1993, 37(6) . 455-460.

Gunturi A, Berg RE, Forman J. The role of CD94/NKG2 in
innate and adaptive immunity [ J]. Immunol Res, 2004, 30(1) .
29-34.

van Montfoort N, Borst L, Korrer MJ, et al. NKG2A blockade
potentiates CD8 T cell immunity induced by cancer vaccines [ J].
Cell, 2018, 175(7) . 1744-1755.

André P, Denis C, Soulas C, et al. Anti-NKG2A MADb is a
checkpoint inhibitor that promotes anti-tumor immunity by
unleashing both T and NK cells [J]. Cell, 2018, 175(7) : 1731
—-1743.

Cohen R, Fayette J, Posner M, et al. Abstract CT158; Phase II
study of monalizumab, a first-in-class NKG2A monoclonal
antibody, in combination with cetuximab in previously treated
recurrent or metastatic squamous cell carcinoma of the head and
neck ( R/M SCCHN ) : preliminary assessment of safety and
efficacy [ J]. Cancer Res, 2018, 78 (13) . CT158.

Marofi F, Al-Awad AS, Sulaiman Rahman H, et al. CAR-NK
cell: a new paradigm in tumor immunotherapy [ J]. Front Oncol,
2021, 11. 673276.

Lin M, Luo H, Liang S, et al. Pembrolizumab plus allogeneic
NK cells in advanced non-small cell lung cancer patients [ J]. J
Clin Invest, 2020, 130(5) : 2560-2569.

Sadelain M, Brentjens R, Riviere . The promise and potential
pitfalls of chimeric antigen receptors [ J]. Curr Opin Immunol,
2009, 21(2) . 215-223.

Pang Z, Wang Z, Li F, et al. Current progress of CAR-NK

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

therapy in cancer treatment [ J]. Cancers, 2022, 14(17) ; 4318.
Xie G, Dong H, Liang Y, et al. CAR-NK cells: a promising
cellular immunotherapy for cancer [ J]. EBioMedicine, 2020,
59: 102975.

Elahi R, Heidary AH, Hadiloo K, et al. Chimeric antigen
receptor-engineered natural killer ( CAR NK) cells in cancer
treatment ; recent advances and future prospects [ J]. Stem Cell
Rev Rep, 2021, 17(6) : 2081-2106.

Frey N, Porter D. Cytokine release syndrome with chimeric
[J]. Biol Blood Marrow
Transplant, 2019, 25(4) : el23-el27.

Siegler EL, Zhu Y, Wang P, et al. Off-the-shelf CAR-NK cells
for cancer immunotherapy [ J]. Cell Stem Cell, 2018, 23(2) .
160-161.

Wrona E, Borowiec M, Potemski P. CAR-NK cells in the
treatment of solid tumors [ J]. Int J Mol Sci, 2021, 22
(11): 5899.

Teng KY, Mansour AG, Zhu Z, et al. Off-the-shelf prostate stem

antigen receptor T cell therapy

cell antigen-directed chimeric antigen receptor natural killer cell
therapy to treat pancreatic cancer [ J]. Gastroenterology, 2022,
162(4) . 1319-1333.

Bruhns P, Jonsson F. Mouse and human FcR effector functions
[J]. Immunol Rev, 2015, 268(1) : 25-51.

Miller JS, Lanier L. Natural killer cells in cancer immunotherapy
[J]. Cancer Biol, 2019, 3. 77-103.

Wingert S, Reusch U, Knackmuss S, et al. Preclinical
evaluation of AFM24, a novel CD16A-specific innate immune
cell engager targeting EGFR-positive tumors [ J]. MAbs, 2021,
13(1): 1950264.

Oberg HH, Kellner C, Tribody

[ (HER2 ),xCD16 ] is more effective than trastuzumab in

Gonnermann D, et al.

enhancing ¥8 T cell and natural killer cell cytotoxicity against
HER2-expressing cancer cells [ J]. Front Immunol, 2018,
9. 814.

Habif G, Crinier A, André P, et al. Targeting natural killer cells
in solid tumors [ J]. Cell Mol Immunol, 2019, 16 (5): 415
-422.

Raynaud A, Desrumeaux K, Vidard L, et al. Anti-NKG2D single
domain-based antibodies for the modulation of anti-tumor immune
response [ J]. Oncoimmunology, 2020, 10( 1) 1854529.
Wang Y, Li H, Xu W, et al. BCMA-targeting bispecific antibody
that simultaneously stimulates NKG2D-enhanced efficacy against
multiple myeloma [ J]. J Immunother, 2020, 43(6) : 175-188.

[KFEEHHI] 2023-04-27



2023 4F 11 H o [ S5 Bh P A A November 2023
31 1 ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 31 No. 11

RERER B AR PR, 25, 5 M 20 B B R ORGSR (1], P ESCRsh )4, 2023, 31(11) : 1485-1497.

Zhu MY, Cui LL, Chen H, et al. Research progress of neurotransmitter detection technology in live brains [ J]. Acta Lab Anim Sci
Sin, 2023, 31(11) . 1485-1497.

Doi; 10. 3969/].issn.1005-4847. 2023. 011. 013

ERUNIEEIEEERS? Y il ks & N EY RS

Sema? AR R EET HER

(1. G oo W B AR s | AR A 2 T S S B 2, KIS 4500005
2. B INAR FE 266071)

(] P2 B — Bl IRV 2 0, 7 4 45 N IE 9 A i i s 55 7 TR #6 B R E M, M
12 I 7J<¥E”%“é§%ﬁ}\§rﬁi RERAAE LA — S 1B AT PSRRI A A o ORI, 1 22368 TRORR AR A VR 2 B2 2 ) A 2
P LSRR TR, 0 s G 00 A PR R B TR e DR BRI, o Ol S 00 Rl 222088 O, D 1 o 22338 OO
Bl S35 R AR RIS A I 22088 S5 ) 05 0 S T e R AT 250 . TRAIAY GO AT ik | L Al A B
DA B2 2 S0 It ) R A i R FGIE I

[K8IR]  Phib T, 5o s Kl ; 1 4

(FESES] 095-33 [XBIREB] A [XEHS] 1005-4847 (2023) 11-1485-13

Research progress of neurotransmitter detection technology in live brains

ZHU Mingyu'?, CUI Lili', CHEN Huan', HOU Hongwei'“ , HU Qingyuan'"

(1. China National Tobacco Quality Supervision and Test Center, Key Laboratory of Tobacco Biological Effects,
Zhengzhou 450000, China. 2. Qingdao University, Qingdao 266071)
Corresponding author; HOU Hongwei. E-mail ; gsfctc@ 163.com; HU Qingyuan. E-mail ; huqy1965@ 163.com

[ Abstract]  As endogenous chemical substances, neurotransmitters play a vital role in maintaining normal life
activities. Abnormal levels of neurotransmitters can lead to physical, mental, and some neurodegenerative diseases.
However, the ultralow concentration, complex chemical properties, and release modes of neurotransmitters make their
accurate detection in vivo a great challenge. To accurately monitor neurotransmitters in the brain and accurately understand
the release kinetics of neurotransmitters, we reviewed several method commonly used in the past five years to detect
neurotransmitters in vivo and their research progress. The basic principle and applicability of microdialysis, electrochemical
sensors, and fluorescence sensors are introduced in detail.
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Figure 1 Summary diagram of three neurotransmitter detection techniques
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Note. After the microdialysis needle is placed in the tissue to be tested, the artificial cerebrospinal fluid is pumped into the internal pipeline

through the inlet tube at a certain flow rate through the syringe pump. The semi-permeable membrane enters the probe and is continuously brought

out by the continuous flow of artificial cerebrospinal fluid to realize the exchange of artificial cerebrospinal fluid and cerebrospinal fluid in the

. ~ . + + ~ + + 3 . 3 . . .
brain. Green transparent circles represent Na*, K*, Ca’* and Mg2 , etc.. Pink triangles represent amino acids, monoamine neurotransmitters ,

etc. Yellow circles represent proteins, polypeptides, etc.

Figure 2 Microdialysis needle structure and microdialysis membrane working principle
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Table 1 Comparison between different detectors for use with microdialysis
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Note. Sweeping up and down a range of potentials results in the oxidation and reduction of analytes adsorbed on the electrode surface to generate currents.

The concentration of neurotransmitter can be quantified by peak current value, and the amplitude of the oxidation peak increases with the increase of

neurotransmitter concentration. Therefore, qualitative information can be obtained through the potential position of the current peak, and quantitative

information can be obtained through the current intensity of the peak.

Figure 3 General setup and working principle of a fast-scan cyclic voltammetry electrochemical sensor
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K F K FE 1R ) 43 R/ R 4 R R 25 & B 1 ybel
(AR GIl) H& 50 E H AN B KRG i &
HRIR Glu 264678 8 1 (FLIPE) | W 4% 2 R 1) 3%
125k 600 nmol/L, B 8] 43 HE R 25 K 1 ms, 411K
4B, Masharina %5 J£F FRET A& , ¥ SNAP-tag
CLIP-tag FIHAR /3 Hr ¥ 09 52 AR 8 1 (RP ) Ll &
HE WS IO AL AR B 1 (Snifit) . %45
TR D R e S R v B ) 43 9 S5 A el FL 3 4 3 A
i T AN -2 B T TR, y- 2 R TR A ok B A
THEE IR 22 2 BE /R IS BRI DY, B[R] A3 B3R AE 1 ~ 10 s
HIEE N TERF S R G rh y-2 5 T RE I &
HEETEEMME,

T2 ELRRn 25 B IR A5 AL
T HL Ak A SRR S G I 3 v 3k TR e b 2 328 I 1Y
K55 A AT, 25 IF R — R 5T
Y1 B o 28 5 96 G T RE 445 2 ¢ (CNIiFERs ) , A
IXREsTE T D2 24K ol A B2 M1 324K 58 1
X 22 B 22 BB R 2R LA R L T LR 1 3 6 A
DU T L RERG B0 R A5 T ARG 00 F 457 8 RIS ], B 1) 43
PERIE 1 ~ 10 s BREEP S 55 FLIPE 1 Snifit
RGMIL, CNIFER RAECLERNAER T Z M
FAE, Muller 2557 4% CNIiFERs 1 59 2 /)N BB 1 400
iz J5 A5 OB 7 S i B ) e 2 2 s S ot A v i
BRI, TEiZ 75, D2 CNiFER X} 2 1)1
FI AR RO B R R IR R R
B L 2 ERAR T 30 15254, 22 EL R A A T ik 2
2.4 ~ 2.6 nmol/L, Ifii 25 H 5 I B 28 A R I vk B2 oy
73 ~ 89 nmol/L, [AlFE, al A CNiFER %25 HU'E | i
BRI RBN ) RE, BF S LIRR K
WA E 18 ~ 20 nmol/L, i 22 T iz o K6 00 946 2
1.3 ~ 1.5 wmol/L, H4R CNiFER AHES> P BN 58
Sl o et 22 £ 3t | AELATY SR 2 AR P s T o 28 366 o o A
BRIk Z—,

Marvin 28 W45 R B HESE (5.9 L 5 1 (circular
permutated
cpEGFP) #fi AZ GItT HHF & H T iGluSnFR, B 38 T
5 Glu 85 GBI ZENAT T, AR 4ot AL 0%
d R A DL KN R RE R AR E R, 5
CNiFERs A, iGluSnFR 7] LATRE 15 #2308 A 28 fih [A]
B, A I A TR N SR B A5 M LR Bl g 2

enhanced green fluorescenr protein,
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TE: A FRET JEAR JFUIE . 3804 25 09 B¢ 't AT 388 5ol AR 40 14y RV P HAR R B L AR SR 07 s 48 52 AR SO AT AT B2 AR O A
;B 3T FRET JFUHR QAT 2 M A& AR n 2 B Aok A R AT BY Gl 575 (906 H (CFP) AIsE (UOEE H (YFP) 4BHY FRET X
e B TSR ER R s CITI IR 1 2> T IR DI 5 B, B TE 58 AR G M gk 2840, S 30 YFP Il CFP AH L
B FRET 0% AT,
B4 FRET A ST FRET S 75 2 W Al

Note. A. The basic principle of FRET. Donor fluorophore in the excited state transfers its excitation energy to the acceptor fluorophore in a non-
radiative manner through the interaction between dipoles, thereby causing the acceptor fluorophore to emit light. B. Based on the principle of FRET
Schematic diagram of the glutamate sensor. First glutamate sensor was designed by fusing GltI from Escherichia coli with a FRET pair consisting of
cyan fluorescent protein (CFP) and yellow fluorescent protein ( YFP). GITI is the molecular recognition domain of the sensor. When it binds to
glutamate, its conformation changes, causing YFP and CFP to move away from each other, and the FRET efficiency decreases.

Figure 4 Basic principle of FRET and glutamate sensor based on FRET principle

XA BRI 2 A JITE 98 ~ 116 wmol/L MG A,
BFTE] 3 BERAE LS50 5 ms 1Y LY, 03 F6
1 ~ 10 mmol/L, Marvin R EH BT S 50
2 8 H ( circularly permuted superfolder green
fluorescent protein, cpSFGFP ) Ht X T Ji >k
cpEGFP , JF & H1 T SF-iGluSnFR, 4k SF-iGluSnFR
(¥ 2l 71 % 5 e W) 19 iGluSnFR #H Ltk %218, {H SF-
iGluSnFR FLA7 5 i (425 A1 1 MR S5, HE iGluSnFR
ST T W 2 b A% AR A Dl RE
Helassa 25" AR5 W0 1 iGluSnFR 19 3ERY | %3
T iGlu, F iGlu, PFHHr AR A, o iGlu, BEAS7E
100 Hz PYMRREN B 44 45 R U S b 22 e 4 i vh
AR PR, A IE A 0.01 ~ 10 mmol/L,
HIRE iGluSnFR M L, iGlu, 1 iGlu, i 3% F1 J1 A FF
REEAVR I3 TR o 22 A AR S 1) A 5 708 A ok B R 7 58
it 1 Bl g A R A B T 6 AR S A5
3.2 ETGCEABERZHRNERRERSE

G MR BEZ 1K (G protein-coupled receptors,
GPCRs) 2 RS2 R ik, L 4Ek, E PR T —
RINHT GPCR Y it o I 2 o 22358 Joie, BE
ACh f£J& %% (GACh) DA 14/ %% (GRAB,, ) fil NE
R (GRABy, ), WA 5 fToR, LA R il ad A 2K
DAD1 Fl D4 32 AT K Y dLight 2R FHEES

55 PBPs 1E WAL IRAS A M E, 3L F GPCR &R 4%
TEJFHE L nT IR A BB R AR A B 5 7 2% (R AE
AN AR K ) A 28 38 BT IE B A T G 1 S R ) RN
PRI

Patriarchi 2% JF & T —Fh 3L T8t AL B 1Y £
AL SR ——dLight 1, %A% J8 A8 BE W8 LA = i 25 3
R W /N REOIR AR T 22 1 e 2 R R ) AR AR
ZAE AR X 2 B SE ML AE 300 ~ 360 nmol/L Y
JEHEN . BFFTRE dLight] 7ERFST 25 BRERAE  Ha A= 28
oG AL 2 I B s DL T 2 L 9 sh S AR s 2
AARTRAYSE Y, Patriarchi 55 BB THBR T T4k
PE/NFDG R E P58 59 RdLightl, RdLight1 X 22 [ i
[ 5% F J7 2R 229 nmol/L, & I ¥ FEl 247 0.01 ~ 100
pwmol/L, AP EFTF GPCR AYALJERA% 1) B (0 G ik 2
BET—AEH], Sun £ H cpGFP B T £ B %
D2 3Z & GPCR MY — 4N R, 23 T3z A AL il
& TN 2 B LA R SR GRAB,, , 1A%
S ELAG 20 M5 R I RD B ) 2 R 1 R
AT DL K o 7R S M BB RS S A A 3
e BRE T AN AE 2 B R g rh TR 2 R
MIsh 2251k, GRAB,, X £ 5 i (9 5% F1 J1 R 130
nmol/L, I} [A] 73 # F A K T 100 ms, dLight #
GRAB,,, £ HEK293 T 4l jfd v #8 HL A7 AR 4f 1) & 3k F1
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T :GPCRs Hi 74> o BENERS L5 I (TMs ) 4R, ML IR 5 GPCR Z545 1 T™M6 O AR St A8 fedic ke, s A% GPCRs 55 = 41l i
PIRZER Y cpGEP, 58 %t TMS Fl TM6 FU3%4% , LRI GPCRs SECIAZS & R A4 IS 254k, BLIR% 68T GPCR M5B,
PN S O i
B5 T CEAMKZRNTOLE RS

Note. GPCRs consist of seven a-helical transmembrane domains (TMs), and the conformation of the cytoplasmic end of TM6 changes the most
when a ligand binds to the GPCR. Ligation of TM5 and TM6 is accomplished by cpGFP inserted into the third intracellular loop domain of GPCRs
to detect conformational changes that occur upon GPCR binding to ligands. Ligand binding induces a conformational change in the GPCR resulting
in increased fluorescence.

Figure 5 Fluorescent sensor based on G protein-coupled receptors

RAFHITERE

Jing TP & T — R HIFHETF GPCR 1Y GACh,
BE NS 18 PR b e 197 41 TR R0 PN R 2 e AR AR, -
RO B B B 5R ZU M SO (55, B R A
MR B T S RO e M, %k
JRASFERT BRI 55 A1 7 4 100 mol /L, Aisf (8] 43+
PERAE L RPN IV . Feng 25 I FHC (4 45
B B AR TR A 7 B BRI 2 ] 1 R 2 AR A ok T T 4

AWRNEAMNE, TR T —FRFNHTF GPCR %
TG GRABy, . 95 & B, GRAB, EL A 1R = 1Y R A
BE RS RDE R E M, 6 2 WU R SR N e
YRR IR FEAURE SR S B DY s T 3 B SR A S FD 31
B RS, ATV B 0.1 ~ 100.0 pmol/L,
GRAB  REPRE 5 7 b W /) B A BRI 3L ok 72
RN A E BIRER SIS, ST T A E L
PRFEAESR A7 v 8 50 s e HLAA S BRI

R 2 AR B 2238 OGNy 1h 14 e A

Table 2 Comparison of different kinds of fluorescence sensors for neurotransmitter detection

R IRAR Y Bl ERaigiie] SEHRH R ] 3 B 5 DU 1 SCiik
Sensor type Type Target analyte Affinity Temporal resolution Detection range Reference
Snifit éﬂﬂ%ﬁ?ﬁﬁﬁﬁ V'ggﬁggﬁ Appﬁiﬁ; %‘(’)"Z rfml L 1~10s 1 ~ 10 000 wmol/L [54]
CNiFERs éﬂﬂ%ﬁjfgfﬁﬁﬁ Lgﬂgg?j@:ﬁﬂiﬁ 2.4 ~ 2.6 nmol/L 1~10s N%g IR [57]
DA NE. ACh anomolar level
s s b/l Ao s e 1= 10000 g/l (58
dLightl ¢ ﬁlgﬁf{é%w 5 5\@ 300 ~ 360 nmol/L 10 ~ 100 ms 0.01 ~ 10 pmol/L [64]
RdLightt  © E%ﬁﬂf%w £ ]iﬁﬁ 229 nmol/L 126 ~ 320 ms 0.01 ~ 100 pmol/L [65]
GRAB,, ¢ ﬁ[gﬁ‘:ﬁf%ﬁg g[iﬂﬁ’ 130 nmol/L < 100 ms 0.01 ~ 1 pmol/L [66]
GACh ¢ ﬁ%ﬁi@%ﬁ: aﬁ?ﬁw 100 pmol/L 264887 - 381327 "Il: 1 ~ 100 pmol/L [67]
GRABy, Gﬁzﬁﬁiﬁﬁg ﬂaﬁEﬂ’ﬁ? 1 pmol/L. 3762: 162098“;; 0.1 ~ 100.0 pmol/L  [68]
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% 2 ARSI DA% e A i 22338 RS I 7 1h
A EEEL

4 REERE

M TR 2 R G E B 5 i, 7R
FEARIE R B LE a6 s h 9 i+ A
IRC A TG AR I B A (1 SCE, {H R FR 7
CEAFEIHE R — I 238 Bl BoAR . A 3C
Xk E P A8 BE 08 S I M 04 DY e 222088 o B R
PEAT T AT A BT, T2 PR GR T A A T 1k B9
JEEE RO T, PO T X S5 L R Lk 5, sk 3 i
7N YT AN [ BLI, w] LA R4 A FOR

Rt T RIFZS%

e H G S sh B R 2= A v, %l 224l
SN T A AR A T )5 SR 0 B B AR Y
bR 7 EEIERER SN, DFSEF AR TT R T A A
TR AR i 1 T 1 ok M W A e Al gl g 2
BEF BHRE AW R = 55 A 25 Al B AR Y AN
W7 A R, RN o 22 338 Jor A I 52 S B BF g 2 i A 1)
— DB iz R 2 AT T TR G A0 IR
PRI AR 3 25 b 32 A v 5 A 28 6 4 UIDRE o T
ARSI A 22 326 O T T A LA 5 Y
Kol E B 2 B B ) B aL o 2 HOR IETE 2 )
JHZ BRUE SR R R AT 5t R 220

R3 OPRZB BRI TR 2 8] (9 LA

Table 3 Comparison between neurotransmitter detection tools

. 25 ] 4 9 2% s ] 43 3 3R .
ik o ERARE O MEOPE G song R By
S Spatial Temporal . IR L .
Methods Principle . . Sensitivity Practicality Limitations Model organisms
resolution resolution
RAAg )™, A
EZ2 SR
s . 1K, Z W% R Y N £
A T » A
L (> 1 BRI, ST R %
Ty L K, ~ 200 HIEH WY AL B KNI BT
PN FAR pwm HAE) W53 h 3] 43 h Broad detection Poor spatial and  J& fEHIAHE
BT Collection of L . ik
. L . Low, limited Sub-minutes range allows temporal Rat, mouse, dogs,
M101‘0(11a1y51s neurotransmitters . . Low . . . . .
throuch dialvsi by probe size to minutes multimodal studies  resolution, rabbits, pigs,
r(]))ug . li‘ysis d (=1mm and multiplexed causing rhesus monkeys
I,D rotheslirfl;') ante long, ~ 200 detection of tissue damage
1 the bram pm diameter) neurochemicals in
normally behaving
animals
VL REABITT,
—— AT 2 I
i 1 1 v e PN .
REBBILA 2 o P s 7 0 0 3 9
B S TR = BI1H) ,  ER A T O
g HREIEII 5 L A VS TN
TR RZ [JJ;inu}\ 10 pm HER) WSRO Allows for TERA SRS VAR ERTIE TN
S R _b lectrodes t Medium Sub- = multimodal Poor spatial Rat and mouse,
Fast scan mm:'(: clectrodes to height, limited second High studies, can be resolution, zebrafish, pigs,
cyclic Hiuntl o Iy acti by probe size ( resolution used in acute brain  causing rhesus
voltammetry elee nloa v a:t 1er = 50 pm slices or in normal tissue damage monkeys, humans
feure ‘ransml ors long, 5 ~ 10 behaving animals,
usiilg a e pm diameter) microelectrodes
certain voltage reduce
tissue damage
TR B B I (]
7% T 5 ek, T -
N T vl g ST
11 BT £ S e Fesethly B2 T i 2 W 4%, E\j(/J\ ﬁa: bﬂE/E%
22388 BT ] MO R R AN P "TE‘M% '
POUMRE NI WA B - H Bl s IR O
5 . - . i . e Escherichia coli,
ik Indirect = Sub- Medi Good  specificity,  Fluorescence Drosophil:
Fluorescence monitoring or High second he}l}l]r[n with a variety of intensity decays l(i‘SOI) ldl )
Sensors measurement of resolution I8 fluorescent over time, melanogastet,

neurotransmitters
via small molecule

or protein sensors

indicators and

protein sensors

prevents
continuous
observation of the
same sample,
limited use in vivo

caenorhabditis
elegans, rat and
mouse, zebrafish,
rhesus monkey
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AL, LT o By 8 R TERE , IR T RF SR 4 B AS TR BE B (0 25 ) R RE 1 2 X 12 TR AL 3B A% O, T
¥ % SARS-CoV-2 SRR A H I 58 H i 3 19 SR ALHT , W74 SARS-CoV-2 M2 S RETTRTT SR 1)
SRR ORI, F FH AR S /0N BRUORT B A U SARS-CoV-2 A5 I, IR I 38 V7 B2 A A% SR i e L W8 47 AL A A&
R ERA: BORAS M BRI AR ZRIR I T FH 1 e 7 R AL 3G (1 S AR R | D R 3 S AR A SR AR5 7 S 5
FH2E Ty TR R
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[ Abstract]  As the severe acute respiratory syndrome-coronavirus-2 ( SARS-CoV-2) pandemic continues to spread
globally, its genome is undergoing mutations and evolution, giving rise to various strains such as a, B, <y, and 8.
Therefore, the continuous development of drugs and vaccines targeting the various strains has become pivotal to addressing
the COVID-19 pandemic. Establishing animal models of SARS-CoV-2 enables study of the pathogenesis of the virus and is
crucial for evaluating the efficacy of drugs and vaccines against SARS-CoV-2. However, commonly used animal models such
as mice exhibit limited susceptibility to wildtype SARS-CoV-2 infection, underscoring the urgent need for animal models
that can be infected with the novel coronavirus and better simulate the human pathological and physiological conditions. This
review summarizes the animal models used to study SARS-CoV-2 infection and transmission, and their progress in
characterizing the viral immunopathology.
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TR L IEBE ) RNA 8, LA 25
Bk, H v 40 % SARS-CoV-1 ( SARS-CoV ) FlI SARS-
CoV-2, X WIRhI 8 2 1T S 8U™ H 9 S HEIF R R 4
ZEAE, SARS-CoV-2 B i 3 40 i 6 B9 B 1 o)
5 H (spike protein) 5 15 £ 40 i 09 1ML K 5k R F%
el 2 ( ACE2) Z AR 4E &, NI TE 4 il 2 1k
ACE2 SRl FE B YL 1 OG5, 53k 1Y sh A A %) T 1F
F¥ SARS-CoV-2 [/ Y AL 2 X B2 R M
PEVAREVEAL B OCHE, AWE Rk, 5
N ACE2 SZAR[R] IR AH T 4 20 40 4 45 i o) A% | 1 f8
1 AEMEEE O R KSARI AR S/ T
s A, LR R B — 8
P, BRI ) 32 T 0F 5% 3 IR ) e s s L il
EREHT/NRMAZE ACE2 fEEE S 5/
BT TE VLA R4, SARS-CoV -2 i B8 Yk L K IIfe PR
FEE I REAR A S g2 iV, PR, I N B 3 ek
WL JERLA R B 06 R R M R g R
SARS-CoV-2 & i S HE sh W 1 Y | e 26 T F 5T
SARS-CoV-2 Ji B [ B YL | PFAk 9% 1 AP 75 24
WA et D SR AR B ML, AR SCLRIR
T B ETH TR SARS-CoV-2 BEYL 115 FR AT sl 4 A
YL R A 3 S By AR 11 5 1 R R

1 /PMERIEE

TEVFZ R B w5, /N BB B B2 R
SR, i SARS-CoV-2 4 1 T 41 i = 28l i A
ML KK E ¥ ALE 2 (human angiotensin converting
enzyme 2 ,hACE2) SZRTMHE /N R ACE2 324, X 53
4= SARS-CoV-2 TG i I e 1% 5t 14 4 1 52 58 /)
Blo ST U, BB = B e B B B U/ BB Y Y
BUIR  BIFFEN SR I T 22 b S W ok 12 57 5 SN B
B S, MR T A O, TR/ B P i
FAHTE T 1077 3K, T 126 ) RE 08 A R i v 512
S /INERL 4 325 0 AR, A 3 AR T B SRR AL
U, /N R BESR B, TR ACE2 DA TRAE B4 /)N
BORSELX — H bR, 1 T8 56 B/ B B 50
JE A A, I AT 3 e A 4 IR (adenovirus,
AdV) B IR AH 5 9% B (adeno-associated virus, AAV) |
fofi /N BRU 20 20 22 38 N ACE2 (hACE2) |, AT
fie it SARS-CoV-2 X /N Bl 58 By e e, b Ah, oA 1
SRR AT 5T e B Ul A S T A B S
FISE e/ N BRI 2 2N AL 1 Bl | 3 75 4 /D B
Mt E & ge NIRAL, X8 A B T IR AL T i

SARS-CoV-2 /&Y ARG 51 & ) R PEf B N, T
TR 43 H AT SARS-CoV-2 BF5E Y /)N LR
AL I e X SRR I SO AL
1.1 BEBEEHEER/NRER

FaHE SARS-CoV-2 B YL /N FRARL Y, 33k AU 1Y
ACE2 LU SCHE, 7E 7100, i FHORBR I, 8 4
SETRIER S B T O S0 19 hACE2 28320 1A B 42 1 4
FIRHE Pt T A L B RN, W R R 3 T
#% mACE2 hK18 hHFH4/FOXJ1 .CAG'*™' . mACE2
Ja B FIRBN hACE2 3 PR 36 38 5 323 T/ BRAR Y
KK ACE2 (43 Aa 5L, {5 hACE2 JE R ik 3055,
1M hK18, hHFH4/FOXJ1 A U8 J5 3 F 9K 3 1)
hACE2 JEF A RA M B 5% (H AR T ACE2 78/ B
HAP I oA, T AR 6 B R LH U PE, B2,
TR BB T ANEE S AR hACE2 JE I BE AL
FRAVNERIE B 4, n] Al T Pl 5 R 2Rk [ B
TCHEAHE hACE2 7EAAR N 1 8 R 3k D S 3% 38 43 A 42
RN E B SLEDL, B CRISPR/Cas9 + AR AN K
G 33— B AR A 4 FH ok ) g L TR /N RS
B R ASRE, BESE N G A ] CRISPR/
Cas9 ALK hACE2 [N 2 A ml A 2/ B T %
ACE2 {7 551 2 540 i sxX Al 5 SRR3R T
JNEP TR mACE2 # R 355, AR E T 41 IR
hACE2 B IA 701 5 NI ACE2 HYRIEHA —
O AN B DURE AR AMEE R T CRISPR/ Cas9 iR
5T 40 i 35 PR R R A5, v LAAE 35 d N
A7 ACE2 AR A 2/

SRAS-CoV-2 F- 3 1o WP W B A48 |, e B R /N B
2 BRI R ST, B T H A DG A L IR G T
ARSI, A a2 /) BB G AR 78 e 2 B 1) I R
RO R iR 1 e i BT i DL R
ACE2 TEARRI LU 73 Al 22 5, #h v] Be 25 5 1 A )
M lm R R I FIE EE AR 1k, hACE2 /MR ZE SARS-CoV -
2 G e 25| RS N BB BE AR %) Jf A
ALHE YR M 60 5 43 , () Jo P il 48 | 2R A B3k 2 48
FR I A B A B A AR B, BT AR
BRI N TP 3 RN 1 77 A W I 32 40, FE B B
Jei , SRR/ INEUR L, 995 B A LA P 3 B 0 RE R
MRS BORE R I ™ [l s s % 3, e 30 %
5ok A 7 B AR A s e D B LR /N B
SR HET K18-hACE2 /MR K £ %k
5T N BVE A SARS-CoV-2 S BEWF 5T T 42, AAT]
RIILEIIRTE )G, =Rk 5 R it FEAH a1k
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A (4n €C12 ,CCL3 ,CCL4 ,CXCLI1 A1 CXCL10) LA
R Ve M H T~ ( TNFa IL-6 F1 G-CSF) ' ix 5
NIEYL SARS-CoV-2 J& HA & B — S, It K18-
hACE2 /INEUR H AT 58 87 e Jak e 5 LA T 95 25 £k
AR FRAL 1Y) ) JERABE A
1.2 Ad5-hACE2 g, AAV-hACE2 ¥ S /NRAER
BT a3 D Y B 3R TN B 3R A
hACE2 JEH 2 A1 38 ] LLIE 23 995 55 40 3 19 3 [R5 %
7 R AR/ NP 520 ACE2 1 S0 3635 0 B9
FEEAGUIE Adv B0 AAV, 40, 8 it B N el 1A
FER 7 2, (34 2635 hACE2 fOBRMN EF Ad5-hACE2
TR 4 il - Bz 24 M, A2 f SARS-CoV-2 7E /)N B
WP E N5 A, X — i B DR R, =
FUNFIRTE T RE2) 20% , 78 Ge i B v, v] DL gE
1 it L0 B AR VRV | I LA B it 7K i 4 o AR
b, ULIA T D) e 3Z B P 3 . TNF-o Fl TL-6 55 58 5E A
Tl LI R TR R R S Y e
PEJFPERAR, AT AAV A3 hACE2 7 /N U5 2
ik, P2 SARS-CoV-2 J&Hy 55 2[RI 1T LUFE /)N BRUti
LTS I | R A B A0 L e P 2
IR LA A IR R 0, IR A S S T BT R Ak
TARRE SR R N BRI ZUH A AAV
MLTE R AAV-6 F1 AAV-9 38 1o I8 i v 5 Fn < A8 42
Fft AAV-ACE2 J 5% , BERS 3L BUAE /N BRI B 47 2 3k
ACE2, B[R] Af ik 28 J&1'00 | JR YL AAV-ACE2 () ET
A RN BUAE SARS-CoV-2 % % I s 5, 9k 7 1
hACE2 /DU I &2 Hil i B2 7 d 2247, WL T
R T S P il R R AR, 3 S R AL A S AR A
SRE b R RO IR | AR AN R DL R AT AR Y
58 200 43R0, A ) 2R /0N B A 8 2 7 T R 80
R0 Aaggs Jy i B /N BRBEAE 1 8] 22 A7 1 T R
B, T A R G /N B, U0 IFNAR ™™ F1 STAT1 /)y
B, 970 2 T R A A PR U 2 A AR s 25
SEREASAR o ML ROUING R 1 9 B RE R IR, (A 1A
()R, S E il b /N BRI 5, I S B2 R B
WEAH, H CD4" .CD8" T Ik L 40 i L K NK 4 fifd ity
R it I I NG R 4 T B o v 1 )
B A N, X — R AE SARS-CoV-2 B 11
o5 LI R A 2 DTSRI T 1 G g S B T
FURR R CEE ,, R AAV 5 Adv Al e 51859
5 A SRR {H 5 K18-hACE2 %4 3[R /)N A
LU, o 5 AR AR N 1 52 L 68 T B IR, X6 IO 18 I AR i bR
W, R AR L4 SARS-CoV-2 2% 4% 1) 45 BE

FRAE S T A7 7E — 2 BRI, 13X PT fE 2 H T hACE
B S IR R T R T X I I el L2 e
1.3 Fid s s RS RN vk I R H B iy

Sk TN e 2 3 T e A T 0 /D B
R NI TEE A F, >R SARS-CoV-2 78/ AR N
HEFT R 2 SR AR A T3k T e AT RIUB L /N BRI
T R AR, B MASCp6, 2833 X 1% 75 bk IR JiE
AT, 305 J 0 2 AR AR B, 55— AR (PO) (il
AR HER & S 8 1 IE N 1Y Z AR5 4 6
( receptor-binding domain, RBD ) & £ i} 8l T
A23063T(N501Y) Z748 | i o 1 58 78 AT A 2003 9
B 5/0E ACE2 Z KB F1 )1, BEE L IRE P36,
MAF T — PR BEME TSR 14 /N U B R A MASCp36, H
rhh K 5878 (67 S A 4G K417N (Q493H | 1% 58 A8 b Jak
ANERUE 5 S LR A I i S REAR 0 TRIRE B SARS-
CoV-2-Hu-1 #HRTE 1 % BALB/c ZAE R L1L,
5 7198 8 ) 6 L Pof Ak B 2 A /N R, B IR 1 P
PRI BE L2 SR B &y B P SRR, 7 A /N BRUGE 1
BEAR WBP-1, M &390t s, 5 — R T
Q498H ZR4% 1T Q493K FE 748 W) & A= 7 2 AR, X 4
G R AR RBD X, #9815 5 5 mACE2 1Y
SERISIR2) i TLR7/8 M4SN 5 PG B4 a] LR
NGz WBP-1 Bty | 3R/ )N B I 1 5 k2
5% SARS-CoV-2 A ZHFikimA H THP ) BT
SRR B A R T 8 = i i A8 A5, iR\l
SRR s AL AR F I S B AHAPUE A mAce2 145
B AL, M PR AR g /)N BRI O P4 R SARS-CoV-2
MA AR TE, %W T B mAce2 SZ R 1m &,
PR I R A T4 hACE2 /N 5, A%
TRE TR T RESZ 40 B R FPET RGN |
JfH SARS-CoV-2 MA AR 7E/NERL & - UERA T8 ek
R R g AR T AT I /I R o A [
IFIIE 52 B 2, — Ak IFN-Na ZEIG IR 8] FH T34 97
SARS-CoV-2 Bl AR YL
1.4 BN NEAL MmN BN FREER

JRUEAT D e 3 PR AU T a7 /) BR 5 IR
SARS-CoV-2 EER Y 7k HE T e I e 1) /)N BRUR 7Y
B2l 2H 204 5 SARS-CoV-2 JE& YL fit) 3 B 4 41
LA /)N BRABE B 48 7 A i ds SARS-CoV-2 B [y
PR AL DRI A N S 5 ) 1 2 2% T A
L SARS-CoV-2 B \R it B B X HE, T
AN NG LT 2H 208 hl 3 3 RE B A5 F 338 BRI /D B

(severe combined immunodeficiency , SCID) FJ 35 ¥ B2
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R, Z8ad 8 JH B AR A, A T SCID- A /)y B
B XHZ A R EAT SARS-CoV -2 JER YL S8 | 45
W R RETENGZH G rp P S i 51 17 7™ 1) it 45
ViR EL JAE RO > R WRIE R 4 AR
LIRS A S B BT, S A1 AR L 2H 2L i
EHEE, it B U ER L R A 5L
R TR TEAS AR 2H 40 rp i) SRR R0 52 11, A Bl i A 2
KB SARS-CoV-2 FEZ e A I R i 30 L Bz 46 g
(human type Il alveolar epithelial cells, hAEC2s) LA
FSE AT BANR, IR AR T H iRk EIDD-2801 iX
P TEDUARE 25 W) fiE & A0 il SARS-CoV-2 FE il 8%
FY

h T IEA I 2 A SR S T g, AT
PSS N TR (R AN ARE DR (FUR LS S
e A S TP T 4 L o i e e i s A TR
T 7 2TE AL e A NG 1 20 16 i 200 | e
T 20} (embryonic stem cell, ESCs) DA 175 T £ g
T-4i il (induced pluripotent stem cell, iPSCs) % [7] 43
PR 1 Jii o 40 L, e 226 g s N 6 /0 R 2%
SR 3824y 1k, 1 A AT {8 FH JH A5 U R T 5 I 1
R IR G R TE , H o — A S R R R
RUrp ) Ntk & He A

SN it S o A% A8 /N BRUBE A8 ] LUAE S BF 5
SARS-CoV-2 J&He Nt Ry A F1 TR (R 5873
BEALL SARS-CoV-2 fiaE/a e N R M o e i N 2K 4
P Ik FRATH SR AT AE R M, = 2 I PR it /) B A
R Z NI B2 S Z Gt , PR N i /) Rl A 8
filt b 3 A Y B B B S R G N TRAL
PRI R T SARS-CoV-2 J8 Y A AR it 2H 23 e 35 5
AOCHE, 24 SARS-CoV-2 BQLZ AR/ RS, /Bl
H ™ 5 1Y A E 1 SARS-CoV -2 HH K 14 fo B 9 B 2%
T X AT RE S B A AR A Ak L T B4R
F LA R s R TRAL /N R
AALAT LA T34l SARS-CoV-2 i 8 B ge 5| &
G RN 00 TR T AR A DA B A4 A0 28 [ By
ot L HE SRR Y B M 1 ER AR AR

2 FARKENYEE

5/0EAME, IE AR K K3 Y (non-human
primate , NHP ) | £ $5 {5 {n] 4% | & B8 A% | R 0 206 3
AN S0 A S, 7 AR SRR R N AR 8 1 Y S T TS
ANEEA WA, AT 2 T SARS-CoV-2
TRYL RS IRE R ACE2 JE K 7E Z Wy (1 15 51

FE Xt a3 A B fE AR A ACE2 £ 5 N ACE2 3
PRI TR K 91% , H ACE2 5 S # 1 K45 4 X
5 RBD M SEIR T HIAEN | B A AME T A o2 £
SERY, A A, AS [ b R A - X SARS-CoV-2
1) 5 B AN — A, i SRR ) 2 A N e Lk 2 e
T e e B, X — B R A TG ACE2 24k
FIRTEAIE VAL Bl i B B e 55 15 By e —F8 A, AT
et 5 HAW A B Z AR 2 54 5, NHP 5240 f i)
FFar it as, 1 76 il 6 200 J | S B HR 3 0 A4 g
W B 200 B 247 [ p 283k ACE2 1 1 50 155 i 2 4 i 7
FI ¥ 2 ( transmembrane protease, erine 2, TMPRSS2) ,
T 36 5 o 2 1 2 SARS-Co V-2 JBL 15 = 41 i fit 6 4
AR, X — 25 3R B A S 2 R Y i i AR TT Re 2
SARS-CoV-2 B ft) BRI 40 g )

N ERAEAE 32 B9 75 2 5, Hh A I R R IR
LR AR VBT [ R B IR INLAE | VA L 40 i A
ML/ NBR IS RE | T2 i e B A0 3 fin DA B
2Pk W A 38 25 A IE (acute respiratory distress
syndrome , ARDS) "' | {H157E B A& ARDS 7%
AEAR YNGR B 10T LAFF SIS 2 | 33X AR IR AR At
NHP AR, P 1 2 47 3 F Y 24 0] BE 2 A 400 HT
SEEERE A R B AR R 7 A A R 5 #)
FRREPERT 2 | W T SR ORI R AR, AL EE
FtiAE €5, VR A0SR AR TR R BEORG

L TAT A DU SRR e 7 St B B R e AR O
B BT REMEE, A = J7 /R > ke
A 200 i D2 R I L 40 ek /) R A T
M3 B L TR () N KRR I A R i A
Fe M ISR R | L SRR ] B i A
B2 JC o 3 B IG R b A B CE I RE R, B
ARDS

M3E AT S N B Y 7 UG SARS-CoV-2
R, (T A 1) I 1 S T AR R B R e D) AR
W RIS R W% 3 SARS-CoV-2 Byt 2 3 i 5
— bl B AZ Ak, BIVS/R B i 76 452405 ( diffuse alveolar
injury , DAT) "'

KK, = Fl NHP ¥5%F SARS-CoV-2 % &K,
{ESER AN Al R B i ™, P 80 40 B R kT
ACE2 5 RBD WZERIMET N, —E B LA fi g
T N4 NHP BEfEIRYE SARS-CoV-2, H A& % &
EAE, PG AAV R B LRI T Ml S B SR A
735 hACE2, F] REJE 48 A\ 2 SARS-CoV-2 5| (1)
FRE I RAEAR B FE T B . BLAh , AR R NHP
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FEI BE 52 R B 5 THTAE 7 25 5, T 0 2 A
FNEBRER T 50+ S A ¢, 8 S E R m £
WA G, B B i B U IR A R, X
PR 7 3R AT DL 5 3 R i 2, IR IR R
1 ~ 3 d kB, 555 ~ 7d 5 TR, A
FEMIE , SARS-CoV-2 Y5 5 d 235 | Rk 1E 1E S J1E
A B Uk S e B I D) A A AT 2k
4 AN BT 5T R, T RN 2 2P A
I B A ARG 3 d JE RN, HEAEIR YL 9 d Bk )0
Y AR RN SARS-CoV-2 TR 25 | ik 7
FES A BN S, H e o AE il 20 21 v 2R i 2R
% W] 1WA 7 SR A R 0 T W A 9 7
FERE TR i EZL R4, L PFGE R R S B
W N iUF TN N

SARS-CoV-2 JBYL S5 , J6 K Gesie BN i UG &A=
TERGL S 1 ~ 3 d WG RS 1 A IFN ),
W 35 00 75 5 Th1/Th2 S B A1 3R 45 M 4 9
RS AR R FLAE NHP YRS 5 d 7=
A TR S 15 ~ 21 d BEk B0 Y
NHP K25 T SARS-CoV-2 I}, h FHL & Fic 12
B SN P A B Lk 5 5 PR LA
BT T S B A0 MY ThO VAU [H) Thi IV IUFEAS 5
Thi 2P R 0 20 s B obk B4 400 e, DA 2 a2
PLIA N B2 135 bR . Ak, TNF-ou 1 IFN-y W] B 4%
YE Tl b e 218 09 3248 15 DU 88 SN, Th2
SR IB AR I R 104 1L-5 1L-13 1 IL-10 D3 4t
W NI AER TS BN, M, TR SARS-CoV-
2 JE— ARG RE T I R , BT X R A Y
AR LN IBRIVA & Rl VR 171 S Er A LR %8

3 iR

/N BT UAR 4 MBS #E SARS-CoV-2 34
RSB i RAE IR FRAAE . K18-hACE2 Fil CAG-
hACE2 %% 3% K /N FUREAR G b B HUL FE fiE ARDS i
PIRAIE, BT/ NS AL 3 S LU ROV 28 TR L e AR
PEFE S PE E EARKMLHE, AAV 5L Adv 507 %
T D)2 A0 5 7 ) 2 27 s 40 i g g | LA 9 3R
ik, T NHPs 5 AR5 R BT, 785 1 Mt ik
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[ Abstract]  In recent years, cortisol has been used as a biomarker to assess stress in dogs. To evaluate the welfare
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relieve stress in accordance with variations in cortisol levels, to improve the measures which reduce stress in dogs. It is
recommended to apply cortisol measurement and behavioral observation comprehensively to evaluate stress in dogs more
accurately.
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[ Abstract]  Rat is one of representative laboratory animals since the genetic and the environment is comparatively

easy to control. Laboratory rats are widely used in the area of physiology, neuroethology, pathology and toxicology due to the

approximately ten times larger body size compared to mouse, offering several unique advantages in surgical procedures and

clinical sampling of blood, tissues, etc. This paper reviews the cultivation and utilization history of the laboratory rat

resources abroad such as strain breeding, preservation and database establishment to provide references for collecting,
sharing and utilizing laboratory rat resources in our country.
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SN R LA R A AR R 5F AR R S 8
BT 1913 R BN e S ety ( RI4EAE 3 A) ]
PR R AR K R B L 1912 4E Hopkins il i 25 4k
TG A 7 B A D 0% R BV AR 005, e B4R g v mT
e A R e A K BB N 7 (4E2E ) IR T
1929 4E3JA5 T i DUJR ., Osborne %5 Fi| FH K BRI
FE T MRS SR AT 2 FE R AR O 2 B R, I HE KRR
B B OO AR R it W 3 4 e e B HE
i, Steenbock %57 % BHFH 45 12k 1A 55 1 ) ] 2% fit
K MBI R, T 8 78 T 58 S BE S mT 38 &
VbR D Sar, WA, KEWBHE R SL 5w s
FHT T4 A Rk = BRI Tk
1.2 #HETAZERR

KA P2 R Gk B B R Y o7 =L,
KB RN 30 5,0 3 2 AR R S T K
(1990 % X AR 3E FH T A v s AN B IR
R R G5 NEMRL, A1 MIEH 2 rE
fE AT IR A EBUR, ) 2 TR &7
BWESE SR R AT A 4 AR LR 25 | Rl A
FINIRL SRR BRI R E T R E
Small"* FI A BUAY R0 47 0 8 2R ok B f 4
WSS A 2 e A IE B, 20 22 80 AFEARHT,
B OB 2R SR Morris 251 ) B K BRUZE 36 /K Fn 2
WHR A WANE B K 48 R B AR 09 5k B 5T
PN R e v I 7 e = 2 I T v g )
FE M LASONAIBE ST . AMERL ST 2, i T
TEFAR S /N BRI A B3R 7y — HUEdE 5 2 H O
P, RAR D = TR T K R 2 UM 5 e
L [F] JE A3, 40k BRI, PR 40k B IR S B A 2
(EIWIPOESE S ie¥i'h AL E
1.3 HEZFNSEFMR

KRR R AR, vl DL e o, 5 /N ERUAR E
KU 25 5 #0475 2% i A B AR A A B 22 00 o
A KBS ARB A MM SRS E, — 2
AN AR TR

2 ZWAKRAFENBEEHE

R e ] B9 N AR 7 2 FHAE L e 4, 18 ik
LR, R BRAE WO AR S WL 5 s P 9 5%, 1775 4F H AR
H R { Yoso-tama-no-kakehashi ) — = 77t 45 i fay 2%
BRI E GBI R XA D5 T PER
BT IR A3 LT OB A SCAE W 2 Y, 20 i
288, Castle 55 #E4T T & (@ 35 4% (9 W WF 5T, OF

W AEMEREF A6 RO FEOAEAFEA
SO NE 0
2.1 tRENSIIEKRAEST

1915 4F, Donaldson ") 5 5 5] #2524 iff 5% 5 2
R( WS 7 e | N D 2 N Y G = s K 7 )
R TR (T 0 DL B e e v S A i S, G
BAENE S FHATRY S, AT DAFE R R Bk T IF
FERMFELAFTREMET AR, S8 T
Wistar MR JRT Wistar FUFPEE R KM ARE AT
AR CHSCH R . A AE QN 0 2 [m) Ry — 3 42
SIS AR I AT R 5 53 22 A A A A v
TR B - BV 22 48 57 — A bR A A e DL fe /M
TRIBIZESE . 28K, Y A o AL (A 72 22 8 A X
B N
2.2 mREF

King "/ 7E 1908 ~ 1927 4E[A] %} FUREHEA T3 2 %
B, W DU 30 28 %o 1 ) b i) A ™ R AR R
A OCARAYFN A 7 1 fig 1 ast A B DL R F 98 [
AR AR O, B F H PA WKA ,WF, WKY
FLEW K EUE2E M AR .

i 52 K BREE R A e 1, 2 2017 42
A RIS R 60 'S HAVE S R A Wistar SD LA
K LE ' SRR R AR 700 A T A A E 2

T B9 A 4003ak
2.2.1  OIMAEWFFE

1958 4F | BAES BF K 2F BE 24 el Smirk 251 7
Wistar FPERT B H H &M IR K L5 1962 4F, Dahl
A L0) PR s T R BRI (SS) FITH £R 7 (SR) AR 1R
ZARPE 2B B Rapp ™ FFHZA% 0 BE15 5] Dahl $h4
T/ TR R 5 26 AR IR v R B e T R R A
A= T ER AR [R5 L T AR DE R M A
TR FRATY SR B A 8 0L, J5 E B 55 i A8 5 ke R
L 10 b7 BN K A2 AR SRR AH G, 1963 4F H A
Okamoto f;“:f[zl]M Wistar KAk EE A AN S
I (SHR) K B, 22 30 I 48 22 T i SO kR
JEE U T3 RE VR R T R A6 A i IR 2R 2R B
ERVFZRHE, HEVE SHR 3R T 12 4575 P 3l ik &
LR, B VRS W sh ik A Bl R s i), SHR B
S B RN e iz 0 i R U A . SHR-SP
(SHR BYIL. 2 2 —) 7E SHR Y& BURAE L RE [ i
JEEE i, Ao rp ol gt s 2 2018 4F, Redina
A Wistar FhEE P 0 358 138 1 300 22 15 21 T 10 3%
P B bk i i G SR AR AR R TSTAHL, 55 Al & 1y K



1514 of [ STIG B2 2023 4F 11 H45 31 %55 11 8] Acta Lab Anim Sci Sin, November 2023, Vol. 31, No. 11

SRS RLAH LA 1 2 40 S 1k A 1 R 22 25 1k (single
nucleotide polymorphism, SNP) , 3¢ Bl e i it 1% A9
1228 DA D6 R R 5 A i R T v A DG B0 AR
R FRIAT H AR R LR SO LR SHHF, 3% 31
RS RAE O WU B v i s e Je A AR A o FE
ENIIN=20 SN T TS SR LAY A =N
TANFEI 5 T i 55 Ak BRAE b By 5 0 3 R A 3R
HURRARL
2.2.2 ARBIWFT 5

TERE PRI B 55, 1975 4F H AR Goto 4 7
Wistar < BP0 28 /= BN A3E B 1 Goto-Kakizaki
(GK) KB, A& [T BU8E PRAE ( diabetes mellitus type 2,
T2DM ) HYARNEHE S g 5 A 5% A 5% BE 8 s i A
PRI 51 62 ) 728 A T AN 95 R A IR 52 0 322 KBS it
FERIM BT T2DM AHOCH B RHE, i iE e
SRR iR sh b 5 218, HYS Wistar K
SRURH LG, 10 T T A 0 A I s, 2 ] TR
Ji 5 2 A4 A L TR i ( noninsulin-dependent diabetes
mellitus, NIDDM) #F5%. 1992 4 Kawano 257! fE i
A2 Z Long-Evans W& B8 A & M0 Rk K B, 18 1 1k
BERFIEE 15 2 T BWE R s A5 A A AL A AN
fit3% OLETF Kf, OLETF K SUEBLA = I b A2 2k
TRRE R L B 5 14 A= o k0 B O R AT
Z IR LRI, 0N & A 2K NIDDM #E42
JENERER R R 2 — 0 BB K B & K K Ak
SEYGEAE Wistar HHE R T, BA T B4 IR 114 #L
TURRAE : R 8 200 2 PR OBE IR (BAE R P 3
e LA AR 3R TR R R B Al /b, 5 K
TR RIGIT A REAEAE . BB R — M2
LB AR A s, B P ZDSD K
FUH Crl; CD K AT ZDF ( Zucker Diabetic Fatty) K
AT F PRI 2 BER 30 ARLL ERE AR, (5
ZDSD KR 2 A2 K, RN I AE M R & e, IF
TER IR AR, n] % i€ A W PRI , ZDSD K B K
SR IMLAE N K D R B A, f F G TR M, 0
AR FNET TR D RE , B2 7 FE e B 2H R
P TRV A XU o0 S5 4 B O e A, J2 i IR R
I i U FIT5 B500 J JE F) R AASAR 07

TENERERFSE H 1961 4F Zucker™ ! R T H &%
AR Zucker Fatty K (ZFR) |, J5 HHIE B A B gl 5 [A]
GEAR BN 2R 32 A R AR AR, 7E 3 RS B R 3
NI RV BAERT 16 J& PR & & , IR A4 4k A 1
R 1B 2R IMLAE | 1M A S R v L A A 2R B

B MBE E 3 SR S, AN 2 R AR PR Y
KA, 80 AL, Wistar Kyoto K BUM Zucker
Fatty K4 55 F T Wistar fatty KE (WFR) , %
PR AR 175 5 0 JIE SR | v T B 3R MR | R I s A
MLAE 5 H SRR ER A AR 1Y [ I 78 28 A R R
WEDRI PERI 2290 &4 B, W T 10 B0 bR s
FUARHI ORRPRE A & e Il K B (SHROB) Hi H
R e IR B SHR A1 SD I B4R 58 T2 1, i 28 1 9
RZMEEH IR 582 IR E IR 3 6 FIE LIS,
AJIAE] 750 ~ 1000 g, H. 3 BA JBE & 3R 1 52 8 4
WA 52, JC 10 BB R AE, 15 ZFR K RUH L,
SHROB K B4 vy 1L F B8 2 8 18, LA ™ B A9 s I
&, DS A B ( DahlS.ZLepr"™/Lepr™ ) th #h s
Dahl K5 ZFR K33, B TR 3 i fn iy
JUE e B 7 AR | ot s S48 S i R B, DS AR JHE
KEE TN EDRE R 7
2.2.3 AT NI DT I

FHFAMARAE AIF 5 AR A AR A5 5 WAG/
Rij KL, WKY KB FSL KR & FHH K&, HH
WKY KEREHAZ O LT LRR R, IRRA
AR SRR s FHH K B 28 B A0 IS AGE 1 ] Bsf 35 30
H XA 1 S A, b P T T A A DGR
2.3 BREEIHARERNET

i LB R BSR4 75 T B R R 5t AL A
RAPHE , 75-T 455 28 0 e oK 0 A — 2 7010 £ 1) 3 1 e
( Pentatetrazole, PTZ) B¥ 2 H1 38 A i , 1175 9
R RAERIRAE 5 A SR 7 A B0 A0 LU AE A 25 57
TS AL ARG B T 1 fifp i DR RH OC 19 g B4 22 AR
B PR ES 403 77 IR & 75T KR ES 28
JL %) 28 SRR A TR B AR 1 )32 1 T, B A 25 9 20
HEH R U0 B 45 ¥ R B+ R ( Zine finger nuclease,
ZFNs e S0 T AR ROV W A R - ( Transcription
activator-like effector nucleases, TALENs) 4% R L) &
CRISPR/ Cas9 HARMY IR HE, 40 ' 1 R LA Ay 52 g s
K BYITEFER AT 5T B2 25 W) 07 18 | I R T 245 W PEA0 1)
REHIFER . A CRISPR AR TE KB E Y R LK,
W FEIE R TS T 240 A3 KRR e AR AU 45
e L B PRI e IE FR 28 R Ge e 55, JT A
350 /KBRS A 2 B0 Ry R 5 Hh R AT AR B G
SHAEFH , T B4 T = A AR g7
2.3.1  ARPEERRE R ALY

2012 4F H 4 5T B K 24 #9 Mashimo 4577 3 i
ZFNs iR A3 5IARAF LT F344 F R I Prkde B3
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RIS SCID KU Pride 5 112rg SIERESH) FSG
R, HAIHE], A E AR BUOR B SCID /)
SR LR B ARt R T RS HR R OR T AR I
ZANEESFELZAE T 40M (induced pluripotent stem
cells, iPSC) FBHEIFAIRETT . 2019 4 ) R~ A
" R F CRISPR/Cas9 & [ 4 i 5 R 7E SD K
R Ragl . Rag2 F I12rg FEIN #1577 SD-RG K
o BT SN R U5 % i 98 40 i 22 J5 , SD-RG K
B )RS AR R AR R BT NSG /MR, HIF R R
B FSG RRAAZ B A 8RB, R, 12200 58 F]
SD-RG KB HE S 1 5 5] i 6t 1y A DIk 97 5
FPFSHHE ( patient-derived xenograft model, PDX) K
R R AR IR A R I HAT T 42 J TR 1 g B 2
REOE A M S RE T IR S iR T L T AR ST A
PO BE 2 W R S I R TR ST .
2.3.2 R§HIBE R RLs L AR Rl

BDNF*"" ™ K B2 i) £ p5 R AR A B, %5
BDNF* "™/ RS E VR, T TR #0288, A A
SE ) A 52 s MECP2" ™ K U Sy 1) PA i
FIEE 5 (Rett’ s disorder) #L8Y | FHF#F5¢ H H1GE
SR AR B B A o o e 13 K 7 4 A 235 1R
AR e R O gDISC-1 Kk R A BEAS #Y | 2
BRI SOIRAASE fid ™ F 2 ], HAT R 2 R A 4%
TEFT AR 01 0 32 087 07 i R0 I3 v 3 B0 o
PRERAT R SOy A FH 57 1) B Sl 4, 2
SEHG e B sk B BT, W R AR OR Rl o BLIE
*ﬁﬂ[‘ﬁ*lm] .
2.3.3 WA AR K RS LAl

TEMA5: AR5 R 7R 5 T, % 5L DR B4 LRRK2
KO K. a-synuclein KO KB, Parkin KO K &
PINK1 KO KA DJ-1KO K Bk ok i 22 4t H 1
<85 8% o AH DG ik PR 1% 2 ik PR R 7 A 5 1 3 R
BN BRI — R BURE AU T 58 4 P AR 4
AR IXRE S F 19 N R P 1 B — AN RRAE, SR, 5
HATRA R 572 (/0N BUME EE, 17 22 A 4 AR 5t 4% KB
Sl WASERY Gl T BT A < AR B G B 5 T, i 4
B Z WA 2T AT PR 2R B 3 AT i
PLR S o5 A% B 11 3R A IR 1 4 18 M E
JRUOT 2002 A B P T BAIF & T AR A AT A
AN AD )R B App™, App MOUTHENT T
Swedish Iberian # Arctic =N AFEEERA, IF H
NS APP 25 1 Bz HE R Bere A A i) A ) 02 (8] 1)
TR AR H AR R 5 A

ST ARRL 5 B R 5 5 1 e | Al 2 AT O — S A
AR NV APP G A SRR R 7= A4 AR SR AN
Tau A 5 FH 2 7 (14 05 145 A 70
2.3.4  SRIRIE R 58 AR K R Y

2021 AF ] B 2R B A B B 2 S5 0 sl W k5
e iR e T B R R 2 T B4 1A BN A X6f A rh
S O LS M2 Leigh 45 & i AH 56 ) mtDNA
TRNK JEH H (1% G8363A 5878 L I 55 2 i AR WL AH
KB mtDNA TRNE S T G14710A 848 # T
G7755A F1 G14098A £ 575 R R AL 2 AR B AL
A AR LR AR TE R G14710A 28738 11l TR 26 1Y
WA AN £ mtDNA 58 48 FH 595 5 K RS A B8
T IR,
2.3.5 MHARGHN KRR

W LK% ( Alexander disease, AxD) 52— F i#F
A7 P 0 UL P22 R GE R, BT R K 2
Hagemann % 357 7 AxD KBBR8 HA M
DI FRIE IR I W B R R M AT R A R T
12 0 ST J I 200 i 4 A R P R e o 5 kL R g P A
FE 1T AxD /NSRS T R B0 R AR AE , R i 7E
fdi FH 2 X ERZATFIRIATT AxD KBRS | il A5 %50
T e DL s 3 R o AN AXCR I g L R 1) i
IRIGTT ST nT B, 5] B A BL 23 A0 90 e I i P £ 4
570 55 10 B R 19 O 2R A BRAILTR

3 ZWRRFFERFHO

BE A AN BT 385 ) R Bl it 2R B A% o 5 A6 A 7Y
Bia, A RN R B IR, B8 DR A v B T
Az SR HARSEE SR N TR BB IR AT 5T
H.0> (Rat Resource and Research Center, RRRC) . [
FR AW % PRI H ( National Biological Resource
Project-Rat, NBRP-Rat ) 45 3F Fi sl K L 7% U £ A7
O WA, —BER 2wl AR A A — 28 1 R BB
U8, X EETT AR AE O AT RO AR HE T 5230 R B BE
JE 1] L A FIRE 23 A 10 T ) i
3.1 EEXRFFEMHFEH L (RRRC)

RRRC T 2001 4F1E8 75 R 2 #E v, B 7R 422
BROFFE A FIAE Y B 2 v R BB ) 0 5 B AR R 55
FAETIA W VRORAE B 70 A4 At vy o7 e 9 92 30 %
Rblo & HETRAAA F AR R, A R R R
R 2 PR Y 550 Al A K 8 AN K B+ 4 i
F AR A S R B R AR Y . RRRC 38
SRR HE K 40 0¥ E ( Rat Genome Database , RGD)
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AR, LMRIES R I IE# 44
3.2 HAERAREYHIRTIE (NBRP-Rat)

NBRP-Rat /& H 7 K R [/ 52 28 ) 5% I8 5 H
(National Biological Resource Project, NBRP) [} —>
033, FBAE 55 SR WA 4% il B8 R B AR R R B IR Y
RIRAFIRIG ORS , JF S 52 BIr e B i O Bl i 22 11
MIZCEHE . NBRP-Rat {47 K BUIE 814 4~ R 045
LR L RMEH R, LS H R RAE e LI
V7S ABRL, A L 190 sl i HRASE R IT y FH r) F 9 €0
PEAT O3S A T OF o8 18 ST i B R, b,
NBRP-Rat J1Jf& 7 2R B 04 35 H o 72T A7 5 Bt & A1
V2R M AT 6 5 ~ 10 Ja i i M 14 11
PER AT I 0 A, A 46 I AR 3 A4 as 3l Al
AT, IFTE ) 4R B RO ] T R A if,
ST 1 BRI P L 4 % DK Bt R 110 3R BRI BE A st
BEE
3.3 MCW EREHERREFFERLD

BE 5 e DR R B9 A6 2R 14 75 K 486 A, MCW
B PR 4 K BUBE VR 0 F 2013 A 7E 35 1l B o
B2 e AT, 15 R A A T DR s 4 A
B SCRFR RS R HA PRAE AR B, S48t
RS I 1 [ o A, i 56 PR AR 6 5 I B R VR A7 i
%o AR PO BIHRIELRAE T 250 S EEPI R
BB AR ] O I A8 AH DG A I B 1
3.4 EAlEIE

EH Sprague Dawley INE) 1925 ﬁfﬁﬂl,%ﬁﬁ
i SD F344 Lewis Al Wistar 25 14 Fh KB &,
Z£[H Charles River 2] 1947 4E a7, HBIA-1EH 40
PR LA 2R, f 4 22 FIE g R

4 ZWKBRFREIEE

TSGR 64 W P S 6 O R U R Bl A R A
KA, SR | H AR [ AR S SRR AR O Y
EE ISR RN NN § 1 € LR N
TR AR A EE R 20 00T 5% A 7 A i 08 R A7 W 4R | B
A AR AL A O U DR 2 B L 56
E XK 4 ¥ R A5 B % 0 ( National Center for
Biotechnology Information, NCBI) | BX ¥ 4= ¥ {5 B 2%
WFSERT Ensembl i X 2H 240 2 000 H AN K BL2E &
VU255 ML R A AR

R PR 4 B8 % (rat genome database, RGD)
s HETR BB e 2 Ok IR 2 B I, L H
Frde“ A B G TEAE HEAT A O BRL3sE 14 1k LA 4 AT

AR A B, R v 8. ) 3 A Ak 45 Bl 24 F
%7, RGD R BRAER Frid B R AL s DA &
FHF LA /N BRI N S [RIVR 3L R, DAAS B afE A7 e 4%
LR AT B T ZER4LA S  RGD a8 4
PER B R A TS B, A4 5 R kIR BCRHIE | SC
R (AN ) IC 8RB B G IR R B IR SR (5 2 25
AL 2 SN 4 . RGD R 3l b 1T LA 42 BRI A8 ol
28 WP G s AT | FLIR R OB R A5 R [
TR BN [ (0 i 2R A AR )

SRS B I 0 IR DR A v 0 BB T AR 5 2R
KRBT (Rl 30 SR Ak 22 B 5% 3 B AL T 8 it 1
AR ILIR G RAR AT S Stk 55 F T4 40 52
B BE , B BB DU PARAF HER T 58 45 5

5 XTHEZBRARZELXRNEE

[ JBT P s 1 592 38 R R B U AR A ) e SR D A
RIS A B, S B A SE R E A E T
A SR, Xk BE P ARAT O B PR B P A 5 T
AT T RIS MR 22 i 1, 5250 K BB IRARAT
Wik IR R E AR S, JFE 2R T
PRI Ak 33 % e 1l 52 46 DR Bl 98 DL ) 4
BT R AL A

e ] Al 92 98 R Bl 9 U 2 B B 1A 2
S B 0 5 ] S NS sl A A R %R
SFITRARAT T AR, [ 061 2 5250 sl 4y W R
SR AL FE A A A G 145 2 S 36 20 ) 9 RT3 A
PRABRA™ B A | S S0 T — R A £ IR
WAFILE 5 o RPN 3 P R B 5% &
ZELLB R RGN VUM A g T B B
U, AT N 25 s 3 W A8 20 B LAY IF L 51 2 i
8 PRAFFITT R ==t sr 1 3 B O 2k P AR R
BRI R N2 2l 9 e 280 5 0 B 2 ol ot
L TR G B R U 237 Fif, 32 A vh A P 28 AR DG 9
o AR S B L ML A8 A SR | B B8 AT S 9
T HEIEHT Cre THKRRAFTT I, o 5 A v ) 2
FIEE 25 RIS AR SR A 1T IS4

23 40 AR R FRE SR LB PR AL =
RERPUG T — S gt 1595 T 4R A B TR K
B AR SRS i R o (EAT AT A BT RO R s | ik
FEEAE SN T FAREL R B = b ifE
LA IR 2R AN e il IR S 30 s M A R
DRRI RS H w52 i I 25 ), R 5 2 L R S
ST IR P B A A B R THERERE T, T
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FELAR 5 ANJ5 MR8k 01 (1) 3 Tt Sh i B it
RES), IR WU 50 5 (2) B PSSR W I, #h 58
TR TRIRSERERE 5 (3) fE T S8 B IR AE PE , BE i Y
PSR 803 5 (4) s A e M 2R 8, e 36 A s v
WEARFIIENFR 5 (5) BTG BALE , LG %
G
[ AR, 258 PR T R Bl 9 905 %) O o 1 45 61 S 4
b SRR g f 2 — o T A AR AP B B
FEWANK, ELH I 70 ) FH 25 TR 44 B AR T 8 2 [ i
W Sl AR R B e 5T L 3% B [ B 4 e 7K, 2l LU
[Fi) 32K 1 2 5 4 1) 2 B U 2 — , 2 3 I e S
BT UR A SR AT R A R Bl B RO IR 1
PR AR TR RERE PEY
AR R BB TS
EFHMEEE Z LR YRR SIS, %
Frll 55 5 03, Wk A5 B0 SCAR R BT IR AT T K A2
A0 AT R T, B2 0 I R B BT R I B s 4
TG 2 58 A% Gl i P A 0y 22 4 XU B 42 | R 24
B 7 o 2 U BEAZ O R 2 1 1 2 S5 A
P X At v R g i Pl e i ik
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