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Animal Experimental Techniques and Methods
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[ABSTRACT]
means of assisted reflux from the mesenteric-jugular lymphatic duct in rats. Methods

Objective To establish a novel sustained collection method for mesenteric lymph fluid by
Sixteen male
Sprague-Dawley (SD) rats were randomly divided into two groups. The control group underwent duodenal
and intestinal lymphatic duct cannulation, after which intestinal lymph fluid was collected. The
experimental group underwent jugular vein and intestinal lymphatic duct cannulation to establish
intestinal-jugular lymphatic duct assisted reflux. The intestinal lymph fluid was collected on the 7th day
after the operation using an awake mobility device. The flow rate of intestinal lymph fluid was recorded, and
its cellular components and some biochemical indicators were detected. Results Mesenteric-jugular
lymphatic duct vein cannulation assisted reflux was successfully established in rats, and the rat models
could be maintained for more than seven days. The intestinal lymph flow rate was (2.01+0.12) mL/h in the
experimental group, which was higher than that of the control group [(0.92+0.09) mL/h, P<0.01]. The
number of lymphocytes (LYM#) and percentage of lymphocytes (LYM/%) in the experimental group were
higher than those in the control group (P<0.01). The percentage of neutrophils (NEUT/% ) and
percentage of monocytes (MONO/% ) were lower than those in the control group (P<0.01, P<0.05,
respectively). The concentrations of K*, Na*, CO,, and urea in the lymph fluid of the experimental group
were higher than those of the control group (P < 0.01). However, the concentrations of triacylglycerol (TG)
and P** were lower than those of the control group (P < 0.01). Conclusion This novel method can achieve
real-time and long-term collection of mesenteric lymph fluid in rats under the condition of being awake,
unrestricted in diet and in normal state, avoiding the influence of surgical stress, general anesthesia or

Aug. 2022, 42(4)

animal restraint on the experimental results.

[Key words] Mesenteric lymph fluid; Cannulation; Assisted reflux; Sprague-Dawley rats
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Note: (A) The self-made catheter; (B) The experimental group collection system; (C) The structure of the experimental group system;

(D) The automatic blood collection system; (E) The control group collection system.
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Figure 1 Collection of rat intestinal lymphatic fluid
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Note: (A) Location of the mesenteric lymphatic duct; (B) Fixed catheter in the abdominal cavity; (C) Location of jugular veins; (D) Fixed
jugular vein catheters; (E) Catheter access to VAB; (F) Intestinal lymphatic duct-jugular vein auxiliary reflux structure.
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Figure 2 Establishment of auxiliary reflux model of mesenteric lymph
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MONO#/(10%L™) 4.54+2.36 6.21+5.09
EOS#/(10%L") 0.010.01 0.01+0.01
BASO#/(10%L™) 0.01:0.01 0.01+£0.00
NEUT/% 11.20+4.51 4.35+2.16"
LYM/% 28.23+6.78 51.99+7.40"
MONO/% 60.36+9.81 43.4446.61"
EOS/% 0.15+0.12 0.14£0.15
BASO/% 0.06+0.07 0.09:0.14

i WBC HEMERE, NEUT# AR MIBE, LYM# ik EA
[, MONO#AERZMIBEL, EOS# AERR MR MEE, BASO#IE
PRI AAE, NEUT/% MR AREELG], LYM/% R EHREE S
%=, MONO/% A Bz MABLLfl, EOS/%RNER MM MIBE DL,
BASO/% AR M E . SRR, "P<0.05, "P<0.01,
Note: WBC, total number of white blood cells; NEUT#, number of
neutrophils; LYM#, number of lymphocytes; MONO#, number of
monocytes; EOS#, number of eosinophilia; BASO#, number of
baso-phils; NEUT/% , percentage of neutrophils; LYM/% , percen-
tage of lymphocytes; MONO/%, percentage of monocytes; EOS/%,
percentage of eosinophilia; BASO/%, percentage of basophils. Com-
pared to the control group, "P<0.05, " P<0.01.

3 iFie
3.1 B IERIRS

SR U R, BN E LI RS G
ST IR R 2R YIRS N USRI LR, X R OAGETE T
SRR, EARE 7RI AR, [HE Rk —
s (1) ShERPRA T = BB =
/NpBANME BB IREEEaE T, A
5 FFoxt HEZE A S 56 2H B I B VR AR SE T X — R
(2) HEERWTHI MR, ARt A LAk E
Hmfyn s, RN AZETIRG (3) AT
JifEsYy, AR KRR+ i8mEE, &
WS E R NR RS 2Pk Ak LR O e
73, SR B NI AR M e SER MBI R
RIFRSEERT, RIHAE R B A BLR A R SRECAY L
fEATREFEMZE; (4) SR EZBIRG], Fmid
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*2 WREASTRAXBRHERENLER
Table 2 Comparison of biochemistry indexes of rats in the
control and experimental group

(x+s)

. XJBRZH .%Qﬁéﬁ
Biochemical indicators Control group  Experimental group

(n=8) (n=8)
Cl ¢/(mmol-L™) 99.75+1.85 100.75+1.71
K* ¢/(mmol-L™) 4.75+0.74 5.74+0.217
Na* ¢/(mmol-L™7) 136.75+1.48 139.63+1.58™
P3* ¢/(mmol-L™) 3.79:0.18 3.49:0.117
Ca” ¢/(mmol-L™) 2.65+0.1 2.66+0.05
Mg? ¢/(mmol-L") 0.90+0.13 0.93+0.07
UREA c/(mmol-L™) 5.13+0.33 5.75+0.66
CRE ¢/(umol-L™ 23.56+8.91 24.61+3.50
URIC ¢/(mmol-L™) 37.81x21.46 51.19+8.85
GLU ¢/(mmol-L™) 12.83+3.01 14.66+1.55
TG c¢/(mmol-L™") 3.63+1.02 1.57+0.47"
CHO ¢/(mmol-L™) 1.69+0.16 1.62+0.20
HDL ¢/(mmol-L™ 1.16+0.13 1.15+0.15
TP p/(gL) 47.05+2.35 45.31£1.19
ALB p/(g-L") 2481191 23.51:0.66
CO, c/(mmol-L™) 22.50+2.45 27.25£1.09”

¥ UREARFRE, CREBNHEF, URICHIRER, GLURNEEHE, TG
RN=EtHMA, CHONLIEEE, HOLABZEERER, TPARE
B, ALBIAREH. SXBAMRLL, "P<0.05, “P<0.01,

Note: UREA, urea; CRE, creatinine; URIC, uric acid; GLU,
glucose; TG, triglyceride; CHO, total cholesterol; HDL, high-
density lipoprotein; TP, total protein; ALB, albumin. Compared
to the control group,P<0.05, “"P<0.01.
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Table 3 Comparison of novel and traditional techniques for intestinal lymphatic drainage in rats

b=ty EHRZAR R

Indicator Traditional technology Novel technology

PR FREF S R AR BEE.BHRES

State of the animal

RN U ESTES AR ERIRBE SERY GEERZIRIER

Frequency of lymph collection

B/HEHH ZIRE BRLEHFBEIFAR, FIRE, EEEDNWEE, TXTBEDUHRLGTIAE
Route of administration MBHHE BRREE

MIRE £ BHRE

Animal feeding state

Ripitk BE RN R FE 7 BN REREE- AL IS BINB
Circulation pathway of mesenteric lymphatic duct

BRI R FRE, FERBEIHKER RBE EIRMKERRE

Flow rate of lymph fluid IR

HRTTE BE+ZEBRBRENEERE BEMBEKEEIR, HFRENRERTIEINAE
Rehydration method 7 B EFNAMNR TS

A R IR BRI 5 2B =4

Collection of intestinal lymphatic fluid

bt DAY ES BRIK =

Modeling success rate

N 5SELEMS, SBREIL. KRR RHSE
2 CREMMSFREENEE, &5 RIGR X 24 s &
BRI —RFE,

A& B DS BE R eSS,  HLAE > B A A
BB ADMEAZ, I FBOH a2 FLEE
hzfHe PRIIE, 277 1E% TR B A MRS B 25K
B BLIh, RiderE—EiE A B MR AT E F
SE. BMEMAEEED B M EREE, RO
JAIBIHREMR. AFERFE B LR I R
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MEENEE, SESEE " AR AR SE
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BAGE ", T ESEREEARE, B—7mRK
SR FEINEESRAL, BB fEE M Ees U, 18
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S, MERANRTELT XL I EE S0
fZtk, LER—FPHR. HMABES NNae—1
BHEE, /NGB EESA LR DR — €
Z, I, BEXIASTE 7 B R b LA RS v fR FRCEL AR 2
RHISIAR ittt — 2.

i bFd, SERITIER IER B EHTE
BRI R SERTICER I R B R, AT R
HE SN AR TN S A < R E AT E
3T, A BT A TR G A RN 7 SR A A B AR
TIR IR . I, A58 2R A B i ) SR
it THRIRORTTIE, 2 K miEith B ey A= BN RE |
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AN MES

[ EZ{¢ H A& BE Medical Ethics Statement]
KRAREROFAEHNYIRBIFERNZ RS FHERNFS
HAlF R OIRNMERASERZERSNEZIME (IACUC
No. SIBCB-S118340-2112-045) . P SLIG IR (FI9E B h E 7}
FhroFHEMZEHEIFPONMPIRRAFEE R B
(NP LA FRERIEMIZ) KRBT,

All animal experiments involved in this study have been
reviewed and approved by the Laboratory Animal Use and
Management Committee of the Center for Excellence in
Molecular Cell Science, Chinese Academy of Sciences
(IACUC No. SIBCB-S118340-2112-045). All experimental
procedures were carried out in accordance with the
regulations of Standard Operating Procedures for Animal
Experiment Technology Platforms established by Animal
Core Facility, Shanghai Institute of Biochemistry and Cell
Biology, Center for Excellence in Molecular Cell Science,
Chinese Academy of Sciences.
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[EE] BM BEd—MHENBEEACE-MHKENERER, HRESHEHBHTIFISESHERERT
FMABHEERBEERARHDZNE M. Hix 122 SDAEBNSN4E, DRERFF-NEEKREEAR
(H-JDAH). BEREIF-FEKNFEHEEMESAH (H-JCSA). M HsX-NsapkREEAE (G-JDAH). fMH
HBIF- AR MR EBXUREE (G-JCSH). AREEIEMRKRIEKA (LC-MS/MS) ZENESHARER
BN EENMHRERFESHENRE, SHH-HME, TEHRHNZSH. BNEVMAE (Fa) MRER
FEED. ER SENG-FHHEFTSERERE, gIRSHIKIEERE (T,,) 2804 (11£12) ho (5£2) h,
(13+9) h#0 (1949) h; BHAIEERE (Cre) P3BIH (148£60) ng/mL. (207£137) ng/mL. (453+204) ng/mL
1 (309£177) ng/mL; ZH-BSHIZ%& TFER (AUC,,) #5817 (3210£885) h:ng:mL'. (3 677£2014) h-ng-mL".
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0.50) %% (2.59:0.43) %. SH-JDHEMEL, G-IDEFEZHERFa N (409:269)%; SH-JCSLEMELL, G-JCS
BArhEBHEMNFaly (309£256) %o 5 H-JDAEF H-JCSEMEL, G-JDLEM G-JCSAAR L MAI Cracs Trnaxs
AUCLTIMERNEBTHLLEEZEAS (P<0.05); EFGIDELMIAUC.EEST G-JCSHE (P<0.05), M H-
JDHAMH-JCSHERTARITERY (P>005). &ie FRMKHFIFTIMRESESHE BT HRERES RN
BIRKENEDFAE.

X8R ETHE; BRENSR; HRHE; #%iE; SDXR
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Effects of Probucol Formulations on Mesenteric Lymphatic Trans-
port Efficiency and Pharmacokinetics in Rats

ZHANG Xiaorui', CAO Jing?, WU Qiangian’, LIU Jijun’, CHEN Guoyuan', WU Baojin'

(1. Animal Core Facility, Shanghai Institute of Biochemistry and Cell Biology, Center for Excellence in Molecular
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Chinese Medicine, Shanghai 200031, China)
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[ABSTRACT] Objective To compare the effects of probucol olive oil and suspension formulations on the
pharmacokinetics and mesenteric lymphatic transport in rats using an innovative mesenteric-jugular
lymphatic duct assisted reflux model. Methods Twelve Sprague-Dawley (SD) rats were randomly divided
into four groups: suspension preparation-jugular vein single cannulation group (H-JD group), suspension
preparation-jugular vein and intestinal lymphatic double cannulation group (H-JCS group), olive oil
preparation-jugular vein single cannulation group (G-JD group), olive oil preparation-jugular vein and
intestinal lymphatic double cannulation group (G-JCS group). The concentrations of probucol in whole

[BEE£THE] TERFREKREYRRIT YR FATRE-2022 FE LR HYER & FIRHE (KFJ-BRP-005)

[SE—1E&E] sk5%H(1987—) , B, TIF, AR A [ A BEBRNPEE S IRRRITFEMN . E-mail:xiaorui.zhang@sibcb.ac.cn

[BEEE] RE2(1969—) B, BL AR, MRAE: NREERFMALERNYWEE . E-mail: baojin.wu@sibcb.ac.cne ORCID: 0000~
0002-9768-8862



276

LR S LR E S Laboratory Animal and Comparative Medicine

blood and lymph fluid of rats at different times were determined by liquid chromatography and tandem
mass spectrometry (LC-MS/MS), and drug-time curves were drawn. The pharmacokinetic parameters,
relativebioavailability (Fr.) and percentage dose in lymph fluid were calculated. Results The drug-time
curve of each group conformed to the non-compartmental model. The peak times (Tma) of the H-JD group,
H-JCS group, G-JD group, and G-JCS group were (11+£12), (5¢2), (13+9), and (1949) h, respectively; the peak
concentrations (Cma) were (148+60), (207+137), (453+204), and (309+177) ng/mL, respectively; the areas
under the curve (AUCps) were (3 210£885), (3 677+2 014), (12 360+6 629), and (8 080+3 064) h-ng-mL",
respectively. The percentages of lymphatic fluid dose in the H-JCS and G-JCS groups were (1.29+0.50)% and
(2.59+0.43)% . Compared with the H-JD group, the F. of probucol in the G-JD group was (409+269)% ;
compared with the H-JCS group, the F. of probucol in the G-JCS group was (309+256)%. Compared with
the H-JD and H-JCS groups, the whole blood values of Crax, Tmaxy AUCist and percentage of lymphatic fluid
probucol concentrations of the G-JD and the G-JCS groups were significantly increased (P < 0.05). The
AUC.s: of whole blood in the G-JD group was significantly higher than that in the G-JCS group (P < 0.05),
but there was no significant difference between the H-JD and H-JCS groups (P > 0.05). Conclusion Olive
oil formulation can improve the ratio of probucol transport through mesenteric lymph as well as its

Aug. 2022, 42(4)

bioavailability.

[Key words] Probucol; Mesenteric lymph fluid; Pharmacokinetics; Transport; Sprague-Dawley rats
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WA Rl . WA €I B B R A (API-4000)
N ZEE Sciex AT L B FRFE (Mettler-Toledo
XP26) Hiit Mettler Toledo AT 725 Eil R B &K
TREOHL (5810R) NfEE Eppendorf A =i /N
PR (Vibrax VXR) FlIRZEE (Vortex 3) NTE[E Tka
AE P A RTEVES (KQ5200DA) NELIMEFSE
A ESEIRAT; K 2EIEVAB R4 (VABR2T/
25). KR 2 @EEME BT (VABR2B/25SR22). K
Rl 2 JEJE VAB [BI# 1 %s (VABR2L). PinPort Hf 55
(PNP3M) . 2 JEJE 1 (375/D/25LT) . % il - 1l i
(MCLA/MED) . KECRFEZE#E (MTANK/WF) FIZ
% Mg (polyurethane, PU) 5% (BTPU-027. BTPU-
040) 0 H ZE[E Instech A F] o

1.3 HIFIEH

B A0 B R IR R R PR 42.48 mg 5 B 11
EIEky, ZEIMAMBIHER 2 21.24 mL, JRHEL~2
min, FEA 10~ 15 min ERMMEWZEER, H2FRE
W] 2 mg/mL BB B TBIERR . 4 CIRIRIRER .
GREN1E, AR E .

B0 BRI EIF] . FEEFRAL93.89 mg i B 1i
ERFBAR (SN 62.55%), Z18AA 10 mmol/L
FRERAEPRERKZZ MR (pH 7.4) ERZE29.36 mL, JAHE
2~3 min, #7530 ~40 min, BE|FREIRE N2 mg/ml
MHEESR. 4 CRIERESEH,. B30 1E, #
FHRIE =
14 =HEBENgE

EMIRREE ; f FH AT ZE 50 DL 50 mg/kg A7 KR
BEFTALATES , RIS IR AR FER . FLAETFSRAN
TR G, BARREETFARE LH#TFAR,

17 Z Bk L TR ARRTAT K RIS BRI PR B & T
F175% ZFHAWRIEEE, TEIEH 2 FREHER 2/3 )M E ]
H, FTIFRE IR I 2 25 o 70 15 AR s e ik X3
I AT SE 2 5 7 &R RSN k1T B R BRI B . 18
LR T B REREE, fEkEE 7545/
1A, HmAMBESEIFRAL em, 3 5I[EE FEN
MEE M. S8 S —ims | S ASEE VAB I
& o

FEREE . ESREE MBS g X o, 2
BN, TR FJT45° faffn i, 1l ABIKSE
HERA3S em BIAZEBE FE K, 73 516 & SEF
L O, S8 B 05 [ S A VAB B

kit o SERCIEE IS, B VABFI VAB [B] 5% B2 23 4H
#, %5000,

TERETESN2E B IERE . KE VAB, 21818 VAB A48
. ZHERE . CREEERIER:, BIESERE
MO R 1,

1.5 HYPHESAHEGER

B 12 FURFRBEN L 0 4 4 IR BRI - S0 ik
EEA (H-JDA), IREIEHIF-SE BRIz X
EH (H-JCSHAL), MU dis -3k L i g A
(G-JDHL), AT 71— 25 B kR Az b L DU 5 4
(G-JCSHL) . H-JD A G-JD 4K FRAT HE K A
FAR, BZHFPIFREBA . H-JCS HAM G-JCSAH K
SR T S R SR 2 O S DS S R, B
NN =T £ Ny i A B e S e AR B )
57 2 Bk R IR 2R 4 o

BHRKBITHEFAREMETd, H-JIDA 5 H-
JCS AR FR T HREE B 8 B A1 B TR B R 71 20 mg/kg, G-
ID A5 G-JCS AR FR T AR 5 3 &' A 28 AR velr 1] 7510 20
mgrkge FHRNBAEBEERET, 2 THEE O,
0.25. 0.5, 1. 2. 4. 8. 24, 48, 72 hiEid ik IkiE
EREEM S0 wl, Hrf H-JCS A G-JCS AR5
TLAHG0~4. 4~8F18~24 h i [a] B N 2 4L % 4B 1k
ER
1.6 & 1E &% #0 B BX ] 5 BX A (LC-MS/MS) i&
NE

WITE S48 % API-4000 20 FH i o i B Fi A
HITIE o 3% FE A Ultimate XB-Cs (2.1 pmX50 pm,
5um, LD), FENHF ZHEFIESRRER A ELEIN 3 - 17,
WY 0.45 mL/min, #HAERNS pL, GIGHRESR
40 Co BRI T AN N EEM (multiple reaction
monitoring, MRM) X FHT R SHT, s
AN, BEE R IR 5P 05 S AR L B
R85 7 %5F 45 B R m/z 515.3/277.2 F1 m/z 444.3/319.2,
ZAR 50 Psi, HHBNZEALS S0 Psi, BSFEFRHE—45V,
Rl FETE AL LR — 34V, IIHREEE 500 °C.

FEMACEE : R AR A A B 7K1 : 3L
fIRERE, IR AR i P AT R U b BE . /£ 30 pL 4x1fl
AR B A i 25 A 150 pL Mg (&F 100 ng/mL
B PNARHIREER ), VRFES min, BH0>5 min (14 000 r/min) ,
B3SO T LC-MS/MS 234

PRl 2R 5 . S H A ATk B 43 BB AR
[F VR B )3 B A e i &R 51, (AW IR 5y
17493000, 1000, 300, 100, 30. 10, 3 A1 ng/mL,



278 LIS S L E S Laboratory Animal and Comparative Medicine

Aug. 2022, 42(4)

A MATM BB T ELR S, BT LC-MS/MS 73
Mo DA B 675 5 NI ER RO TAAEL (A) IZhAL
br, BPAFWRE (C) IR, SflbrEdhZ, IF
NI, SRIEEMERRE (R,
1.7 BESHRGET

MHEZG - 25K - I (A 4588 . >R A WinNonlin 6.2
AR by SR AN B B A s 124
EIERAIEEIRE (Cow) BHREEERTE (Tow) « 1H
PRl (Tin) . A-RPiZe N (AUC). P&
7 R M BRI EeE] . AENAEFAEE (Fa) FIBE
WHIET T (KT 80% & & FIRIEIEA S 541K
2R E . BdE 347 GraphPad Prism 8.0
B, ZHZAHBCRA T ZS, ANRMRELBSR
FALSD-c 56, RAPEA/ A 771 B AR D25

2 FR

21 ETHEEZMMNHERPRIIRERZE
B H IR IR TE R EXIIR, Frf S 205
SRR, THETHE (E1). ZifmdEP a5

el [AT 7T FE R y=517.3x+9 654 (R*=0.9992), FEHH4%
B A LE 1 ~3 000 ng/mL J5 B IR TS BBl N 2R 1 0%
RRE4F, bruEdhZE A 2A . IR ETR S B A A 2
[\ 975524 y=230.62x+10 425 (R>=0.999 2), FHHIKE
T B AT EAE 1 ~ 10 000 ng/mL JTT B R BV B PN 2Rtk e
ARG, brEphZR I 2B, DL EFRER T, o RERE
PIREE , v AR R I T AR
22 2MHBRBDHESH
B 2H R BRI AR 25 A5 8 R vt o] 71 22 A 28 R
BRI 5 B M 2GR I TR ESCHE I 1, 25 - I 2%
WEI3A. Z5-I IR0 15 WinNonlin
62403, ZMENIFSEINR 2, BEPHEERFE
N R N REEdEFE =/, H-JD. H-
JCS. G-JD #1 G-JCS & A KRR W P i % 1
HH (T,) 3580109 (12+#1) h. (17#3) h. (13=
3) h#l (19+11) h, 5 HE P15 E1E KRR NE
R, 2% F oM. 5 H-JD A1 H-JCS A
Fb, G-ID ZH A0 G-JCS A K Bl & I AY Coxy T s
AUChy Fua fIMKBE R A EEH AL E A S

E: ARTAZNNEEE, BR=ARERNEEE, CReMdFNESHE (Ing/ml) NEEE, DEIHERTRINESHE (1ng/

mL) HEIEE,

Note: (A) Blank whole blood; (B) Blank lymph fluid; (C) Probucol (1 ng/mL) added to whole blood; (D) Probucol (1 ng/mL) added to lymph fluid.

B1 EFHERIEE

Figure 1 Chromatogram of blood and lymph with and without probucol
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E: AREZHEEENTRITEREE, BRESHEERERTRIRERLE.

Note: (A) Probucol in whole blood; (B) Probucol in lymph fluid.
B2 ETHENRENREE

Figure 2 Standard curves of probucol in blood and lymph

(P<0.05); HHG-JDHA MM AUCL E & & T
G-ICSH, ZRASZIMTFEN (P<0.05), HFY
AUCL. ZZE N4 280 h-ng-mL™", [ H-JD 4 A1 H-JCS 41
ZIAESTEITFEN (P>0.05), @i iaEE S
B A0 2 MR 2 i & B s b e T B A
FIREIWEHIF (35% vs 0%) o
23 HENEMFIRE

AR (CEEReHIRD) B9 AUC SIRENH]

1 FHKXBERMERE

Table 1 Drug concentrations in the blood of rats in each group

A RTHEHIFD) B AUCHEEL, TR H Fa, S5 IR 3,
PAH-ID A RZLE, G-IDAFEZHENF.L I (409+
269) %, PAH-JCSH NZ:EL, G-JCSH T 1h 1)
F.a o (309£256) %. Z55R4ER, 5 H-JD AHFIH-JCS
HAHEE, G-JD 4 G-JCS A AEMIRI I AR 5 o
24 BHBERBHESY

P vk LA — 250 e il B e S A 2R R R 1 R %5 4 %
TR Yoty )0 25 A =8 VR B 71 5 vk BV ==

(x£s5,n=3)
SRIMATE) B % Probucol p/(ngmL™)
Blood collection
. H-JD 48 H-JCS4H G-JD#H G-JCS4H
time/h H-JD group H-JCS group G-JD group G-JCS group
O - - - -
0.25 - - - -
0.5 5 - - -
1 34+7 28+32 135 -
2 62+48 38132 76+30 19423
4 126191 1881167 143+26 82+119
8 104187 100+36 379+138 128+184
24 67+30 69:49 2891296 252189
48 1245 22+15 85123 48+13
72 5+1 1110 15+5 1841

E: H-JDEIERBREIF-MEKBEER, H-IJCSEIERBRHF-IEFHKANEAEERESR, G-JDBEMBBAGN-SEKREES, G

JCS 5 HI R -0 bR AO Atk S E R E 4H

Note: H-JD, suspension preparation-jugular vein single cannulation group; H-JCS, suspension preparation-jugular vein and intestinal

lymphatic double cannulation group; G-JD, olive oil preparation-jugular vein single cannulation group; G-JCS, olive oil preparation-jugular

vein and intestinal lymphatic double cannulation group.
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i1 H-JDEIBRBEHIF-MERKRIEEH,; H-ICSHBRBRHIF-NERMEMEENEEE,; G-JDAESMMRAGIF-MEAKRIREER,; G-
JCSHE MBI -T2 bk AN ik EEXEE H.

Note: H-JD, suspension preparation-jugular vein single cannulation group; H-JCS, suspension preparation-jugular vein and intestinal
lymphatic double cannulation group; G-JD, olive oil preparation-jugular vein single cannulation group; G-JCS, olive oil preparation-jugular
vein and intestinal lymphatic double cannulation group.

E 3 SEHARNBYRE-IEME (A)MKERNEFI LML (B)

Figure 3 Drug concentration-time curve (A) and dose percentage curve of lymphatic fluid (B) in all groups of rats

F2 FSEXBENEMBNFSH

Table 2 Pharmacokinetic parameters of the whole blood of rats in each group

(x +s,n=3)
1 H-JDH H-JCS 4 G-JDH G-JCS4H
Parameters H-JD group H-JCS group G-JD group G-JCS group
IE{ERT 8] Trmax/h 1112 5+2 1319 1919
& 18R E Crax/(ng'mL™) 148160 207137 4534204 309177
F=HT/h 1241 1743 13+3 1911
75-AY 2 T AR AUChas/(h-ng:mL™) 32104885 36772014 12 360+6 629 8080+3 064
75-AT B2 T E AR AUCIe/(h-ngmL™) 3293+899 3970+2 295 12 6236 650 8947+2 218

i H-JDEEREREIF-NEEIRBEE AR, H-JCSAERBIRGIF-NERKMZHEEIVRE A, G-IDABHMHAGF-MERKRIEEE; G-
JCS BIERBHTIR - M EEREEH. AUCIENEHEFRIIEE— "R XRISENHE TER, AUCKIENGHFREIE
CHMETFITIX R AT BRI 2 T E R

Note: H-JD, suspension preparation-jugular vein single cannulation group; H-JCS, suspension preparation-jugular vein and intestinal
lymphatic double cannulation group; G-JD, olive oil preparation-jugular vein single cannulation group; G-JCS, olive oil preparation-jugular
vein and intestinal lymphatic double cannulation group. AUCs, the area under the curve from time zero to time of last measurable

concentration; AUC g, the area under the curve from time zero to infinity.

SHESHNES, FIRESILIMZME B, 2557 BB Y KA R B O B R AL i

ST, S H-JCSEAEL, G-JCS ZH K i ik E2 37 o) 7]
HatEEN S (P<0.05),
3 T

S5 T8 IkR G RIGREMELE, IBEEATE
1% 2 bk B iz EE B, RO R,

Y R DGBEFF AP A ST T BR AR -1 BELEAER RSy
TN RITA RS RIA R AR, R R 2 5k 2

RUGNEMERGz T ZHIRRTFE, EE%H
i 2 PR B L 32 5 [T B 5 S AE D RO BB - AR
EcRET RS, SRR TEE SR, R R
BIRFIHPRES, XEER RS SECL I R TRE A
EFIZET N RE, ARERIDUEBRE T R iz
Fa U7 KT FERIF — PO AL 0K BRI 2R B B - 35
B R, S ATEIRE SR E, ST R
FEIEIEH B IEH R B POKBPRZE SIS ISk i
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*3 SEHARWHBENEYFAREFF,)
Table 3 Relative bioavailability (F,,) of rats in each group
(n=3>
- 25-RF 4 T EFR AUC .o/ (h-ng:mL™) 75-AF L R EAR AUC, /(hngmL™)
fat H-JDH G-JD4 Froll% H-JCS A G-JCS4 Fu/%
H-JD group G-JD group H-JCS group G-JCS group
%13 No.1 2750 19 800 720 3360 8680 258
2" No.2 4230 10 200 241 1840 10 800 587
% 3HNo3 2650 7080 267 5830 4760 82
FIIHx +s 3210885 12 3606 629 4094269 3677+2014 8080+3 064 309+256

iE:H-JDHiE BB REIF-MER Ik RIBE R ; H-UCS AR BIRHF-TAF XN M EEDURE A ; G-JD BIS S M HIR-MEF Ik BIHEH; G-JCS

IR R R -IER B AD M B E R E E.

Note: H-JD, suspension preparation-jugular vein single cannulation group; H-JCS, suspension preparation-jugular vein and intestinal
lymphatic double cannulation group; G-JD, olive oil preparation-jugular vein single cannulation group; G-JCS, olive oil preparation-jugular

vein and intestinal lymphatic double cannulation group.

F4 SEXBRNHERNETSHLSH

Table 4 Dose percentage parameters of lymphatic fluid of rats in each group

(x+s,n=3)
SH SRikATiE/h H-JCS4H G-JCSHH
Parameters Liquid collection time/h H-JCS group G-JCS group
0-4 2880+2120 2862+968
EEIRE p/(ngmL") 4~8 568244935 4019+4 019
8~24 4174189 1345+1695
0~4 6.8+0.5 11.0£2.0
{RFR V/mL 4~8 7.2£0.6 19.2+1.4
8~24 20.8+2.4 30.4:3.0
0-4 0.37+0.26 0.60+0.25
FIE B 5tk Dose percentage/% 0~-8 1.13+0.87 1.85+0.88
0~24 1.29+0.50 2.59+0.43

iE - H-JCS IR IR B iR HI -2 B AN itk E B XURE R ; G-JCS 15 s i b 71 -3 52 Bk A0 f itk B B WS B 4H o
Note: H-JCS, suspension preparation-jugular vein and intestinal lymphatic double cannulation group; G-JCS, olive oil preparation-jugular

vein and intestinal lymphatic double cannulation group.

FRATNT, SEREUE e [ e T % B A B A KR
i 2R B B 2R e i Y 2 A 12 A4

BB RENEY, 28 i b 2
WORBEN, SECE O ARAEDF I ERAR (<10%) 1Y,
BRI TSR 2O A E NG IR o AL, X2
TS . WU R BN T2 HIR A 7T 52 2
THREREERE. TFER, B, Bk R
PR R AT AN KL g AL ] S R H R A AT ARG 5 %
FHEIERNIALSRAERRHRE ), e HTE
PR BRI TR] 200 SR BRI AR R &, 7B
SRS ERERREEER, AeeRkMGz, REl T
FHFREARBIRI " Schonfeld % 2 #5784 BL, AEfR
w5 AT LA s HR a2 M 4o lis 2 M 2 R e i e iz e
No BlEPERERAMEONRE, —HoZiPafs

G TE KRR A RS IIRIER, B—ES8UE
/NBREIR LR AR IS, SAEAIIEIR. =5
S SE FEAR SO LB, /N B4 E -
MEE-SERE AL P Bl E S REAK
HEASRA BRI ENAIARAGRR ), BG AT DU
A5 25 V6 il F 2R N /N Rt B B2 40 s 55 3L BE RO 25
& M, g e ARRISOK o ARBRFSE TARIESE T
EaRERE, (Rt A BRI B A ) 25130
FERARRHIEN

AREFERIA, A PG E R A - SR AR
PR, HAERBRANSRERR, HRBNZEE,
HiARRERIIR T A e, W B A B ek A
HZGRE RN IR . 58 P HRER
WAL, 3 % AT =5 O vk ) 77 2H 2 0B Cone
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Towcn AUCk AEIFI A EERTIMR R 5 73 FE 25T
s (P<0.05), RUTE D A6 IR SRR ]
FINEAEYERNE, SMBTHTERR S P AAE R
SRR PN O A=A EE R0 B R AR RE 1S 25T
TRNRFRS TRl E— 22BN FERMET BIFIRAS T, 3
K LR R B AR LAY AU o S35 155 T S A PR £
EXHHE AR (P<0.05), iR HIFI4IRTG %%
5 (P>0.05), XATHER oI TR AN £ B EL ik
&5, apmb ARG RIEm N YA A KN
IMARAERR, XL 21525 78 T Esa il 5 5 o =
PR itk R e SRz, 5 B A B A e 7
FER SR AR PN B vk E2 e i ELAP) Ko AR ) R SRS 21\
Tt

LR bRk, AR R AL AR SR AR A B -
R I BN R AR R T B A 25 B 25 ABh S A
58, RELESEER AT DU R B A Ll R IR
ARG REE I, R T B A ER SR
ORI . AR FONREEVEZT IR itk L it o
A 5 B IR S R G REG R S (i TR
RFB TSR

[ EZ{CI2 = BE Medical Ethics Statement ]

ARG ROFENYIRBYFERZ RS FHRRZS
MEFPOIRNNERSEEZERSNEZAE (IACUC
No. SIBCB-S118340-2112-045) . P SLIG IR (FITEER R EFR
FhroFHABENFZFEMIFPODMEIRRIARATFERHBH
(LR RARF AR ERIEME) ROFRAIEHTT.

All animal experiments involved in this study have been
reviewed and approved by the Laboratory Animal Use and
Management Committee of the Center for Excellence in
Molecular Cell Science, Chinese Academy of Sciences
(IACUC No. SIBCB-S118340-2112-045). All experimental
procedures were carried out in accordance with the
regulations of Standard Operating Procedures for Animal
Experiment Technology Platforms established by the
Animal Core Facility, Shanghai Institute of Biochemistry
and Cell Biology, Center for Excellence in Molecular Cell
Science, Chinese Academy of Sciences.
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QhABRAKEREHETE. EMHEERMEER, EHETECFTHE, KERETRE. DAIESSCOMIFELF
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BEMNNFEIEEREE, FETE. NERKEENHIREERKRFENR. i HERMTNBSRBER L6
ERHBERTHECARER, KR 1H95%TNBS+75% 2 B2 74 ik B 82 15 8L a] 5 41 58 2 B 4T 45 (L 0 K4S,
BIEB MR B T, SRR EEE. SN, WX TERME.
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[ABSTRACT]
fibrosis in rats and the effect of different drug ratios. Methods Thirty female Sprague-Dawley (SD) rats

Objective To explore 2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced acute intestinal

were randomly divided into five groups with six rats in each group. Groups A to D were the model groups, in
which the rats were induced by modified retention enemas using solutions with different drug ratios: group
A, 5% TNBS + 50% ethanol (1:1 v/v); group B, 5% TNBS + 75% ethanol (1:1 v/v); group C, 5% TNBS + 100%
ethanol (1:1 v/v); group D, 5% TNBS + 50% ethanol (2:1 v/v); and the control group was induced by normal
saline (0.9% sodium chloride solution) enema. The symptoms, signs, and body mass changes of the animals
were observed within one week after modeling, and scored using the disease activity index (DAI). At 7th d
and 14th d after model establishment, half of the rats in each group were randomly selected for sampling to
observe the degree of gross damage to the colon tissue and scored using the colon macroscopic damage
index (CMDI). Pathological sections of colon tissue were stained with hematoxylin-eosin (HE) to observe
the severity of enteritis, and Masson staining was used to observe collagen fiber deposition. Results The
rats in each model group showed enteritis and intestinal fibrosis lesions of different severities, of which 5%
TNBS + 75% ethanol solution (1: 1 v/v) did not lead to death during the observation period. At 24 h after
model establishment, the rats had significantly decreased body weight, loose stool, and bloody stool,
significant colonic wall fibrosis lesions, and increased DAl and CDMI scores compared with the control
group (P<0.05). The degree of inflammation was transmural and more severe, as seen under the light
microscope, and Masson staining showed that the intestinal wall at the model site was significantly
thickened, and diffuse collagen fiber deposition occurred in the submucosa, muscular layer, and serosal
layer. Conclusion The modified TNBS retention enema method can effectively construct a rat model of
intestinal fibrosis, and the model established using 5% TNBS + 75% ethanol solution (1:1 v/v) can simulate
the two major characteristics of Crohn’ s disease fibrosis, namely transmural inflammation and intestinal
wall fibrosis. This method is simple and efficient, and the mortality rate of animals is low.

[Key words] Inflammatory bowel disease; Crohn's disease; Intestinal fibrosis; 2, 4, 6-trinitrobenzene

sulfonic acid; Sprague-Dawley rats
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E PRTERLEH. WRARLERKER, A-DENERA, DHASRTNBS+50% JBEER (RIREL1: 1) 5%TNBS+75% OB AR
(RF2EET 2 1) 5%TNBS+T/KZEE (RFRLELT 1 1) 5%TNBS+50% SE2iAR (RiRLL2 1 1) #Ef. BEHERAKXE, CHEBEEFFE2RMECX
BBEIRKRERT, DASEREIRE2RKRRIELT,

Note: *shows the modeling day. The control group was induced by normal saline enema; Groups A to D were model groups: group A was
induced by 5% TNBS + 50% ethanol solution (1: 1 v/v) enema, group B was induced by 5% TNBS+75% ethanol solution (1:1 v/v) enema,
group C was induced by 5% TNBS+100% ethanol solution (1:1v/v) enema, group D was induced by 5%TNBS+50% ethanol solution (2:1v/v)
enema. There're 6 rats contained in each group, but one of which died on days 2 and 6 in group C and two of which died on day 3 in group D
after modeling.

B2 SEEXRFREZTNESE (A)NERFEDERITS(B)

Figure 2 Changes in rat body mass (A) and disease activity index (B) after model establishment

I ABREEEE7X, BEAEERFFE 14X, LEAEEREEINL, TEAEREERUNINE. NBARERSHKERT, A-DAR
BHRIE, 5 B 5%TNBS+50% S EE AR (IRFALL1: 1) 5%TNBS+75% Z B2 A ({RFREL1: 1) 5%TNBS+ T KB ((RFRELT: 1),
5%TNBS+50% ZE2idR (1RRRLL2 - 1) o

Note: (A) Seven days after model establishment. (B) Fourteen days after model establishment. The upper panel shows the overall
appearance of the whole colon and the lower panel shows the longitudinal section of the colon model site. The control group was induced
by normal saline enema; Groups A to D were model groups: group A was induced by 5% TNBS + 50% ethanol solution (1:1 v/v) enema,
group B was induced by 5% TNBS+75% ethanol solution (1:1v/v) enema, group C was induced by 5% TNBS+100% ethanol solution (1:1v/v)
enema, group D was induced by 5%TNBS+50% ethanol solution (2:1v/v) enema.

El3 #REIENAREHAR

Figure 3 Colonic tissue of rats after model establishment
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2.5.2 Masson &
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RikIRER 2. BT RS, A4, BAFCHRE FE.
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Note: The control group was induced by normal saline enema; Groups A to D were model groups: group A was induced by 5% TNBS + 50%

ethanol solution (1: 1 v/v) enema, group B was induced by 5% TNBS+75% ethanol solution (1:1 v/v) enema, group C was induced by 5%

TNBS+100% ethanol solution (1:1 v/v) enema, group D was induced by 5%TNBS+50% ethanol solution (2:1 v/v) enema. There're 6 rats

contained in each group, but one of which died on days 2 and 6 in group C and two of which died on day 3 in group D after modeling.

Compared with the control group, "P < 0.05, “P < 0.01.
B4 EERAREHKE(A)MNERREKXFIRGIFS (B)

Figure 4 The length of rat colon after model establishment (A) and colon macroscopic damage index (B) in rats after

model establishment
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Note: The control group was induced by normal saline enema; Groups A to D were model groups: group A was induced by 5% TNBS + 50%

ethanol solution (1:1 v/v) enema, group B was induced by 5% TNBS+75% ethanol solution (1:1 v/v) enema, group C was induced by 5%

TNBS+100% ethanol solution (1:1v/v) enema, group D was induced by 5%TNBS+50% ethanol solution (2:1v/v) enema.

El5 EREXELREHE(A)F] Masson(B) R&45R(x100)

Figure 5 HE staining (A) and Masson staining (B) of rats’ colons after model establishment (x100)
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CD BYFAE S 2 A9 Ko 56 R g R A S i il
2o REHEHTCD MEIRTT EBS B, H
AV SEVEN- 3 a2 R AL PR s Zi st/ )
F 12 FERLFIT T2 B A SRR, TNBS (R H
FESHE I RE S CD BRI S L B AU
M, #AE CD B S e it 5 A 25 W 0 a2k b o 4 B b
fir 1%, TNBS J&— Rl M B A HUR PR
5 CIERCHI IS RG], B LI R IR 5 52
vk, AemETNBSIRLIB AIEE, HHIEAL AT
R EER ERRRL, 5 REEIARIE 1o

PIAEINA, CD HIfper b @ EARxs 2 12 A g Mt =
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JERREF AR B2, B FI, TNBS SRR LT 4Rt
Rz g, it AR EE A4 77 ZOREN,
TE6~ 8 FEEHRMEMNEHRERZ Y, 1K
BRI R R ™E, ShYsET e
AT A2 AR BRG] T HRH . [N, TR RE R,
CD A AR REA e AR T R IE, tBA—E 2
—PEBEIRE B, CD e LATERAS Al DATERE A
KA, AL A B B AT 4 AL S B R R RE A 5
WEEEEE . ARFFFIESL TNBS — IR S RIA] S
HEMmA AR, FT0E T TNBS MELATEA HAN A S
AT AEALR DA,

DIAESCHR AR 55 TNBS 175 SIS E 7 1L B 2
[] R Bk N BV i PR — B Bt B AR TNBS V8-
FEIEARNALLRFF 1~ 3 min, (HTESLERHIX R T E IR AT
REMEIER . A R B AR LT 264, NI AR
FERAET TNBS VAW 5 e Rzl ELE I RS Al 78 12
A BELERRE NI EE R A= AR T A8 o BURHF 53
HORA TR B — IR AR B R L, i R
BRNERRSE, AU T4 . B
FE R AR, B T EmSR,

A TR I B LA R 2 WD L B Y 73 2H SR A5
RIS ZE S o 2230 R [F TNBS ¥R IC B B 26 B TR
T, TNBSHIERFEEENEBGUE, FEATIL
HHL R TNBS S AE 457 RE Al 10, it
AR, MHEISERME. RER. Bath. F—EHK
FUTNHNBER B R FRERFR-, EEATTE,
W S BB E RS T R A o ARSLLG 4
RIS 25 FAHIE . AL By CHALFZIRTNBS/ZEE N 1:
1 BRI T AHTE 7 B TNBS #1150% . 75% F11100%
() 2 BEARCRELH]; 25 TR AL BATCEIBET:,
A H SR ECE N B B, B CIRAY S ETH
HEMILT4EL, HCHE33.3% MFET %, DAHILMH
TNBS/Z.EEM 2« 1 HEef], R T 2 %515/ TNBS
50% W 2 BEVAWE . AR B RA N BESUR ZE R,
HFEFEA 33.3% MIFET- %, DL 45 R i BE w5 = 1Y
TNBS flm=ik B ) C B A BSRIBGENE, T LREK
JE I RS A BA R R R O RUR PR, SRR TR
. AL BB LR B e (e AR 2
Mo WNTLBRMEAME, BAA. BRNASHENEES
BREER, HHUEANHEME: AHEEZGEHT
BFxF CDBRE. A4 RRBERT, BHES
T CD £ 2 LA 2 A5 S AT 5%

AR R E SRR R, fEiEE

SRRV EFHANHAATEEER B, ES5REMN
A1 if /B o K (] SR AR A AR TR B A 2 b R AR E T
FETE, ZEEREREEAERN S SR T EMT
S, BRSBFEIEKEENEEE, XA
Y2 CD fALF 4L R ZR - HAE ) FEAR A AL
HEARERAL HIA AR AT ULEE A, MBI RERS I ; HE
ot TR R ANH 2578 HIRE T I RE R & E 85 R
Masson 440 {3 7R, TNBS/Z 515 T (I I 47 4E AL AL Y
SAAINEFEEL AR NEMIZ, RIRZTR
A R R HEarig i % o Zidar 5 U7 7RSS
CD AR EMEBIME RS ERGGR B Z¥FEHEIA
N, CD R AHEILET AT R85 HALZS B R A 40
o, AlRE MR IR EE MR &E = (i
FE) IRRLINESR, R4 brIRa RN 78 A i SR £
HIERAL . AR T CD “IBEEME” RIEFTREH A
CFPHELIIFRAE, fEAHSURHE K EEE R T CDEF
HFUMRSHEMNE,

i TNBS thiFfE—E AR, X EHT TNBSIES
A7 2 75 R R, (1) shPIxd 259 I B 55
JFPE: TNBS REG A RAE M X B e 53MH K. TNBS
AT R ANRFIR, AFEFER &SRSR3
HERFEMN S BEMM 251, e AR 2 (Rl
HES, PRt TNBS SUSRAY i 2 B8RS IR it A
W, F WA IBD BEALZ YA SD. Wistar K fi #ll
BALB/c. SIL/J. WT. C57BL/6J /NG %), FEVERZ )
B RREEY) (0 CSTBL/6 /N X 7 i R R
PO, A& RAEEAR—E 65| ST Rt oF 4
B 7, (2) MAEMTE S MAEYERIE ST
NARA R EA YR R R B, B
FEmE SR RImE FRETEAE, "R SR 1
WS E iz MY, ST AR, w]
RE(H RIS 77 R F SR E I RIE. LA
P MR EIR SRR R T R, DL shscii
AR ZE R . (3) FRES: B/ TNBS BUBMER
L, HEFRBSEFRERER, RRETRNY)
STEIMN 2 A2, BT . 25 24 h R RRIARTR
HIE200 g DA EREREAERERE. (4) M. 39
BRI SRR AR I ER 2, BAER 230, M
FERARMENNI. 27, HESMER. SRIE. it
IR IS R AR ] 7 AR 058 B s e St 2 B 2% 1 )
B, RN R T AR &4, i ELE
PSRRI S PIFE T R TR, Fr DA S RIES
KRR ELER,
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734, TNBS JE iz B B AR ROt m] 68 5 RIS AR R
B, B TRHTIMESE . (1) FREEET e ek
P, FEZWMR, it Shnieih. 5
24 hANREfEFE(EHEAS, Mot R AL BRI [R] & i AR R AR o
BN 2 M — TR, BIIET R TR BRI
WALTIS0, ] AR IR thERAE R B IR ER AL 175
e e B B R R A 1 PV S PR R s AT 3%
R . (2) ZEsr AR 258 AR B R Y R B o
(3) A& FIRISL M i e ml ol e i e S Bl 2 FL AN
R (4) sSSPl A i
R T aEE . ERUD BERZREN AT . (5) K
(ORI, R EI E R A RE e it S 2451 o
EEE A 2RI Z5IAIR . A2
LRI AT 5 A S i S S 2 ekt ELiRi2s
EXMELUE o 1B NS 5 N R AL IO L AR
RO AT A ROE S AT TR 2N SR 5 (8 AL
% Y, S REAFRR. ARLIgPERARR,
FePA TG, FREEIEIA 30 min fE AR GRS XA AL
[TERBEI . (6) 9PIRERE. FRIKEH
fict TNBS FIJG/K B AT ARAEAROR , SEAG s ]
BRI TR S 2% A A SEME

EE R SRR TR . J8TE . NIRRT e fe
S RS RN, ARINRIAHSCAEIR
RNRE PRI p) ™ AR FE AT o 154505 24 ham i W
LRI BRCR , BT H, ">
TR R MR I 5 45 RAT R o

LR ERA, AKHRFEENL 1 — s R — IR TR
MmN B I AR TR, %A
i, JAHE. SRR MR RIE,
PSR AR, 1 HX— 75 R S B R BRI T a2
YEACRIH L2 R 5 IRIR L CD fasr 4tk AR,
R AR T B ER PR T 1 K 29 BC L RT3k R 1%
GUEIREOCSE R, BA RGNS HEME. FI,
BRRIR SN A AR 73 AR E S — 25
Hifo
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Animal Experimental Techniques and Methods

EH, LB EEE VY, FER. AELESE—BEMRSE (LEFEEMELR)
SIE ML (F SR L) EHEIRRK (FFBIEM). HEEL LML RE
BN, EENE N UEAE I R FREEFE, UIREH LW mER, &
W, FAREASFEORRAERLE. AMREFESKMESHAE, FELER
HMELATENE RSB EEER, SRINEGFERLLUERSESFRR. SBRK
BELEVERSER, FHLEHEGTRLZLERSZR, WRESRHIMF LR ESE
KimHKk, WRHBFLHENEREVERAEEER, LERHBELTHEAEL
WERBEERER, LWEEERYSREMIR, LEABFCLELBFELERS
RlEEZG. ERHTRERAAMNZLELFE 1M, LRYEH EQHREEMEXRE T
299, HMREEE1IH, LRGSR RIGE 290, EREAH LR TS, IR ARG AR R
WH1F o £ AT R RIS AR, EFFME2H, BERFMLIW, SHRFMF4H.

FIH CRISPR/Cas9 e AR W IR 2 Bi&s 5 f 3L
AN

R, AF MW BRI, BREIA, IRART, RIEEL, BT
(L L5 — AR 4 L %R 4 T 5 A4 ) 52 30 30 0 5 DR 523 30 M o o), 15 7 2500025 2. LR 4% — E ALK 4 R,
BT B B (1ls 7R 4 BB B ), L 2 B IR % B i LR, O T 250022)

[HWE] BN FVEREOMEERNERIXYEEZFY (clustered regularly interspaced short palindromic
repeats, CRISPR) /CRISPR#EXEH#ZEAE9 (CRISPR-associated nuclease 9, Cas9) ERREHAWERTEE
ERIES ¥4 S ER (lipopolysaccaride binding protein, Lbp) EEER/NE. HiE 1RIEC57BL/6J NERAY Lbp
BERFINFME, =it sgRNARR =, Mk LopEES -inERRBERTFINFSIABBRET, FERIGLBPKE. 2N
FO. F1. F2. F3R/NEREREHE, PCREEHNFRIE Lbp RERRME, RT-PCRUFIIE LopERERKFE, &
BRENEERIE P2 LBPERERIXAKF. EFR FORREBIRFTEFEBRNR (Lbp”). FIRIKBIR Lbp™ /IR,
F2RFKB4 R Lop B EFaIR/NE (Lbp"), F3MXFKE30R Lbp/N&o RT-PCRIUEZEBE, Lbp” /N mRNA fR%k
204 bp BREBIERT, SHINRIRAIZLE. EHREDIIER Lop/NBIFIEEARFELBPEAFRR. &Hie BI
CRISPR/Cas9 s R NG AT AR EERERY Lop B ERIRNE, NEEH—SMRIBPHIRENRHELBERRMY
Hiitto

[%8iF] IESHEESER; CRISPR/Cas9fiA; BREEE; EEBRIE

[FES2ES]R-332; Q95-33 [X#EtFEMIA [XEHS]1674-5817(2022)04-0294-07

Construction of Lipopolysaccaride Binding Protein Knockout Mice
Using CRISPR/Cas9 Technology

LI Sidi', FU Bin', GUO Zhongkun', LIN Yingjie'?, ZHANG Zhenyu', Ml Chuanliang’, WANG Kezhou'

(1. School of Laboratory Animal & Shandong Laboratory Animal Center, Shandong First Medical University &
Shandong Academy of Medical Sciences), Jinan 250002, China,;2. Shandong Provincial Hospital for Skin Diseases
& Shandong Provincial Institute of Dermatology and Veneorology, Shandong First Medical University & Shandong
Academy of Medical Sciences, Jinan 250022, China)
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[ABSTRACT] Objective To construct a stable hereditary lipopolysaccaride binding protein (Lbp) gene
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knockout mice by using clustered regularly interspaced short palindromic repeats (CRISPR)/CRISPR-
associated nuclease 9 (Cas9) gene editing technology. Methods According to the sequence
characteristics of Lbp gene in C57BL/6J mice, the target of sgRNA was designed, the 5-end protein coding
conserved sequence of Lbp gene was deleted and the shift mutation was introduced to inactivate LBP. The
genome of FO, F1, F2, F3 generation mice was extracted; PCR was used to identify and sequence Lbp
knockout; RT-PCR was used to verify Lbp gene transcription, and Western blotting was used to verify LBP
protein expression in F2 generation. Results Five Lbp™ mice from FO generation, three Lbp™ mice from F1
generation, four Lbp” mice from F2 generation and thirty Lbp” mice from F3 generation were obtained. RT-
PCR showed that Lbp” mice mRNA was 244 bp and the translation was stopped early by code-shifting
mutation. Western blotting showed that LBP protein was not expressed in the liver of Lbp” mice.
Conclusion The Lbp gene knockout mice were successfully constructed by CRISPR/Cas9 technique,
which will provide a basis for further study of the immune and physiological effects of LBP.

[Key words] Lipopolysaccaride binding protein; CRISPR/ cas9 technology; Stable inheritance; Gene

knockout mice

ez hiss&8EH (lipopolysaccaride binding protein,
LBP) 1ER—MEEN, ELBPREMAZ— ", LBP
FIREAT 437 B R 60 000, Ho2E H FEk 3 A 43 1
JF A 50 000 B EEEL IR P70 LBPS3AR) 92, 7EMS
WRSEL IF WisE2 T aE T aRE, Hip
TERFAE RO RIAACEES = o AT 1 H) LBP &
HEIELZ (lipopolysaccharide , LPS) & kFEAE
FI o LPS XBEFRNNEE R, 2 5 == BH LR SMEL LAY
FE Sz —, ATRMEER AL, SEIUESRIR
7, PEMEESSEWIAIET: U MI7ERHE, LBP
S RBRRN R A& B . W Heizhati % ' 7ERF5T
LBP Xf B IR G5 44 50 B S2 a6 & B, IYE LBP =ik i
L v £ 5 e 1T R R R 2R — P BB A [T A K
Pal % U7V FERF 5% 5 R0 52 00 5 Bl K M dr s
if, RBLBPE—F5 LPS A S MEAH LR B i A
PIkRE). He ™ FE6/F5E LPS 55 T LBP Jufid £ [k
g% (Lbp™) SD KER AL K R HLAE R B A [RIT AF:
BEATSE M & B, 24#Z KA+ B (nuclear factor kappa—
B, NF-«B) HUIEMESZRHNHIN, Lop FERIBR 2500
AR BE TG SZ 4K (peroxisome proliferators
activated receptor, PPAR) {5518, MinsZimdl =G
FRo Li% ) WhoE 7429480 LBP FIZRASELLBP (67Ala
A5 Thr) Xf LPS i SA4ZLIE E RS (bovine mammary
epithelial cells, BMEC) R MBI, KIS wg/
mL S8R LBP (b B BMEC S8 20 E 1% = T 2P AR
RILBP, HEEAMEE, XEMHCH TR R T LBP
LIPS G &R SRR M RN A RA, (HAE B AMEH
HLFIHIFFEAEIRA « NIRE LPS7E Lop FEIRFR/IN
RN IMAE SR IER N & A Kk, ASCRINEF-2

HIEE RS SINEF 3 BT ot 75500, N7 Lbp
BRI RN AL, it — 25T LBP SR AR )T
THIHO R AL AR B A PR AR A Se g A

1 MRS55EE

11 sEiazhi

SPF 2% C57BL/6J /INFRUFT ICR /1N BR51 I B Ak 5T 1 v
SEAYIRAIR AT [SCXK (3) 2016-0009], 4
FTUWREELRSP L [SYXK (8) 2019-0007],
YERHE B 5 B S s E B E R AF, FFE“Co
KE o SLEsPEFEIE3REN, HIRSLIRE LS
P MERE R 2 AE (20181224-01),
1.2 EZFiARHNSINE

SEAG AT PR 7] . Cas9 mRNA. Cas9/gRNA # %%
FiMhAA & (VK007) 1 5 A6 M i A AR PR
HIRAT]: HiSeribe T7 ARCA mRNAIRFI& (E2065S)
5 H 2 [E New England Biolabs A @] ; A 4% B AR IR
# 2 (human chorionic gonadotropin, hCG) (181223) .
M2 (pregnant mare serum gonadotrophin, PMSG)
(1905152) M H TS K] ; pClone007 Blunt
VECTOR Kit (OCE20601) . <& [ mix
(TSE101) \ 3/ %) 2H /41 o 5 (K1 4 DNA 2 B 7 &
(0180331AX) 98 & A 50 R L M RHE B IR A |
Total RNA Kit I (R6934-02) 4 HEH Omega NI
WAPUARTERRR (U3635) TWHEE Sigma AF]; AR
itk OB oW (WA-002) W H 3£ Invent
Biotechnologies AT ; =R RIPA 2H 2 /41 it s 24 g
(R0010) W HALHBEEERHLARAT]; —HiB-actin
(49708) . AR I H AP (horseradish peroxidase,

Simple
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HRP) #7id 89514 1eG —Hi (7074S) ¥ E Cell
Signaling Technology A& ; —#T{LBP (PA5-79586) 1
HZE[E Invitrogen A H] o

SEOG AR A AN BS - RIEH(Y (PN-31) W H H A
Narishige A F] ; R & O (5424R) 18 H 5=
Eppendorf A F] ;ARG (Universal Hood Il ) THH
ZEE Bio-Rad AF]; MALEMEE (SMZ2745T) WHE HA
Nikon A ] ; PCR X (Mastercycler X50s) 4 H 7
Eppendorf A &) ; EHUES HEME (IX73P1F) WH
HZK Olympus 2] ; HLUKIL (PowerPac™ Basic) W H
ZE[E Bio-Rad AF] .

1.3 LbpE[EsgRNAESIZ T REIS

TRIEEUHE NCBI-Gene ID: 16803 & Ensembl-Gene:
LbpENSMUSG00000016024 R] 15 Lbp F& [K] 1Y > 51| 45 14
PRSP DI S = EE R IRTE X 25 Bt/ A
S RNA (small guide RNA, sgRNA) [R#E &S, *f Lbp £
R P Tt fe, AL ERESIY] 2 S4ME 4
EH K 3 SN E A, B O S B YRR
Ko AT SE R E TN S, RIS =)
TGN, O S YIS R = B sgRNA #E S & o [RIAS
2[4 Hi Scribe T7 ARCA mRNA iR 71 &35t BH 551 6% Cas9
mRNA,

F: LbpIEREEZEESERER. THARS LbpLAR] LbpRIFESI, FIRRARBRFIIMEER (PAM)
Note: Lbp, lipopolysaccaride binding protein gene. Below is the sequences of Lbp-L4 and Lbp-R1, and the sequence gray is protospacer

adjacent motif (PAM).
E1 LopEERTREE
Figure1 Lbp gene knockout diagram

1.4 BRBRBERHAIHES

HE T 4 JE % C57BL/6J i FR AN 8 ~ 12 J& ¢ C57BL/6)
HERR o BERRIERETEST PMSG 0.1 mL (5U) /H, 48h/5
JEREESThCG 0.1 mL (5U) /A, 18 h [FHUUN %o
HAERRF SR, FMAB S RS 1o

B BAE FAERREM R BE S . IR BUE 1B H
a2 meEEmn A, 43 ~4 hikdh
ZREIR1SZHEUN . B RNA-free /K fit. ] sgRNA&Cas9
mRNAJE &%) (sgRNA 25 ng/uL, Cas9 mRNA 50 ng/
pL), BB EHMIEN RGO HIE N2 ZAE I . Rk
% sgRNA&Cas9 mRNA B &Y K Z KGR MEE 4 12.5
me/mL = V5 1 B A T 5 R F5 O R 22 1ICR e Rl B
B, R ICR IR E T @A E R (individual

ventilated cages, IVC) 7%, f/NRHAEREEE
(R,
1.5 LbpEERNMNERIREREE

R ICR M R AE =AU BRAE N Founder Ja 8
rofX, FORMAE2JAE, BU/NRAIMALETHRS . [
FARER AT BOAA SR BUNREE R . (HH E5 )
(F: CATTTGTTTGGGAACCCC) #1 & I 51 %1 (R:
AAGGGCTGGAATGCTAATG) 47 PCRY 8, PCR %
RifAkZ: TSE101 mix 15 uL. _Ej#5#70.6 pL. FiFE5
0.6 uL. DNA 1.2 pL. ddH,0 2.6 pLo 2R &1 :
94 CHIAEME 4 min; 98 ‘CAEME20s, 59 ‘CIRA40 s,
72 CHEMR 55 s, 35 MEER; 68 “CLE(H 10 min; 10 °C
fR¥F. PCR=HIHITE NGRS BIK, HBF MU
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[EGHA TR b Fefb. TR, FHEPkR e
ouF. fhEERASEMNFER: HHI 770 bp /£
GRE S, B SR 8EHR 1 457 bp AYH]
Febp™; HHP2 153 bp £AE AR (wild type,
WT) &, HWFEaRS WT —20RIWA Lhp™ . H
770 bp £ E B9 57 K 2 153 bp ZEAG B WT 2574
H 770 bp 245 H B9 4115 M 7 i 7 B BE B 2R 1 457 bp
() H Wr oh Lep o FO X 5 B Y 31 ¥ WT-R
(TGCCTGACCCAAGAGGTTT), %F5[#)F/R E:H K EEE
R —LIRIAE: F/WT-R I 810 bp Z£45 8 WT 57 1Y
N Lbp* 8 Lbp™™, AR EUEAT S5 090 Lbp™ 6 FOAR/IN
B TERA S EN TS, Hl Lop” /INRE WT /N
R, AR FLAS FLARVINRE: R4 L&
&, W L /NREZR, AR 2R F2 4R
INREERIH S R fa . et Lbp" /NERE R, AE7=
B E RO F3 A F3AU/NRAk S 17 B R H S E K
Mo
1.6 RT-PCR il 7 £ & Lbp & E & & ) B #Y
mRNA#F

fdfi F Total RNA Kit [1RA & FREHSUZ RNA, K
& RNA X 5 5% 9 cDNA, & H 1E [ 5[ 4% (F:
TGCTCTCTACATTGCTGGGG) A1 & W 51 # (R:
GGAGGTCCACTGAAATGGTG) #47 PCRY #, PCR
JNAEZR : TSE101 mix 10 wL. 3597 0.4 wL. T
5% 0.4 pL. ¢DNA 1 pL. ddH,0 3.2 pLo JZN &1t
95 CHIAEM: 3 min; 95 ‘CAEME30s, 52 CIEAS0s,
72 CIEMR30 s, H35MEER; 72 ‘CHEMHS min; 10 °C
R¥F. PCR =W THIEMGEA K, BRI
[EW S TRl Fafb. TRIR. PR sERENT
YouF. 457 PCREGFANMIFEE R HiHPl121 bp /245
H R &, Bl 5o 58 B 2 244 bp (894 W74
Lbp™; HHEL365 bp Z£4 WT &4, HillFE 5 WT
— B HHI TR Lhp™ s HIBR 121 bp £E45 H B4 2 365
bp £45 WT 4645, EL121 bp /245 H B9 &7 I 5 {2 7 B
BRI 244 bp BTN Lop™™ o
1.7 EARENE;EEN Lbp B E &R\ I LBP
ERFX

NCBI J MG £ & $2 7~ LBP 72} A 2Rk = 1K
T, ARSNGB AIE A £ 1 7 2R R SR8
EUWT /NG Lbp @EBRZ8 & 75 (Lbp™ ) [k Lbp @46
BT (Lbp™) HIRFAEHLZY, INAFGR A& H 2R
5 P BH, HEBRE S VK E R A 30 min, 4 °C

14 000 Xg #5055 min, B 1G0T i R Bradford 2
H kBRI E A & E R IR . RSN Sx & H
Loading F 100 “CZ¥ 10 min, 5% FIR4FER 5 8%
SERSEEH, 02A, 1.5 VEIE50 min, 5% A
HE @ k3 37 CH P2 h, AR A TBST PR3 R (&
R 10 min) , AIA—$1 (B-actin ST/ LBP ik
1 1000%8%) Ha CFER®R, £ RATRH
TBST{E3 1R (R 10 min), AIAZHL (HRPHRICHIL
% B-actin IgG A1 : 2 000 7%, HRPARICHIHI% LBP
IeG L1 : 10 000 #8%) H37 CHEE 2 h, HFLH
TBST{E3 YR (£¥R 10 min), Immobilon Western {t. %%
JEHRPIEY (ECLAEIAHA]) DA SRR Gk 5

2 £#8

21 #R1E Lbp B E £ 45 #4312 it CRISPR/gRNA
g =)

1 NCBI Mz Ensembl [VEEL IR A1, Lbp FZ: KA 5
MR Y, Ho 3 P alEE N EE R, xhxE R E
H D RE R SF X S B 5 R A B 230, 2. 3
S AINE PO T IRELRSF X BP/LBP/CETP N i3
X, BIYIAI AT 42~ 123 aa kb, HE [H 40 XT3
BHON 244, dE3M0M5E, SYIEIERAEERAE, Mifl
SEEHRE. BARNER Lop-201 E R R =
Bk, 1E2 59N TS 3 5YMNE 7R B AL T
B, EERSIEENR R B Rz
sgRNA BB S, fi FH sgRNA RSN O MEAG I 7] S
MEARGNGYE M, ARPEESVEMERIZSE R, ARSLS
Vet Lbp—1AFI Lop-R1E N B iEH 5
2.2 LbpEERBEREE

SES G, HIRE 65 KA KGRI Z R
N, REXLLAZREUIRAE R 2 HBZAM ICR B, 3
[EHE15 17 HFO RV, B [RIZH %78 Rl 3 S A
G530 8. 100 120 ISHI/NFIHMESA 7R (B
2A. B), FHMEZEN22.73%. KIFO1R 35 /N 770 bp /2
G HB S BONIEMT, W SR AR 1457 bp,
B R0 3 B/ S WT B C57BL/6 /NFRAS D, H:3k5 6
HFLAR, BERHYEE KR 3 H/NRON Lop™,

F1 A Lbp™ FH B 2345k 15 12 H 2 AU, BREA
SETE Sl 7 iH 4 FUINR N Lbp™, 5 RO Lbp*™, 3
NWT, F3AERG 122 H/NR, HAzp™ 30 H (14
Q+168) . Lbp”~ 61 H (329+298). WT 31 H (149+17
&), 4351 F3 AR 24.59%. 50.00% F1125.41%,
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=1 3 Lop EERI sgRNA B I B R F51
Table 1 Namesandsequences of lipopolysaccaride binding
protein (Lbp) gene-small guide RNA (gRNA) target
LLFR BAFT(5—3")
Target name Target sequence (5’ —3")

Lbp-L1 AGTTGCTCCCATCATCCCIGG
Lbp-L2 AGCCTGTGCTGTGACTGCCGG
Lbp-L3 ACCCCCTGACAACCCTGCAGG
Lbp-L4 TACACAGACCTAGTACTAAGG
Lbp-L5 TGGTTAGAAAACTGCCACAGG
Lbp-R1 GAACAAAGGCCAAAGTCATGG
Lbp-R2 GCCTTTGTTCCTTCTTCCTGG

Lbp-R3 GACAGACAGGTGTAACCCAGG
Lbp-R4 TGTAACCCAGGCCCCAGTGGG
Lbp-R5 AGAAAGAAACTCGGGACTCGG

I BESFIREEUAFRERIREES (PAM) F3.
Note: The last three bits in target sequence are protospacer
adjacent motif (PAM) sequence.

2991 21, FFEEfEpRiE g e S e 2
M1 1,

23 F2{8 LbpEERFER mRNATIERLE
1 Lbp™ /NG T AEZH ZA H mRNA A RT-PCR U 545
LA, Lbp”” mRNA RS 244 bp, TF&ERITFEHE (E
3A. B) o FHIEIY]E mRNA B ABILRAS , BiEak
HHmRNA, FFFIERIYIN LS5 290 (4B KIHE

T ARFORRERELES

ALE) WRLLBPAYEE 71 (LA BB 5| AR F L ILE
5, SEEHERIRL, MG TIEEEIF.

B JRER LIS A5 AN 3C iR, 7R Lop™ /1N
FRAFAEASZRIA LBP,
24 LbpEERKRENEREST

MELFO. F1. F2. F3f%Lbp . Lbp™ /NERAGFEAL
K, 5WTHEL, HARE. B &5 REGE.
SFAMRFN A RN AN BRIGESNETCHE Z R
[GEEIE IS AR IR (100 200 50, 100, 150 plL).
JREIKRE N 1 mg/mL {9 LPS, XEEA [&] I [E] B Lbp™ .
Lbp™ Je WT/NGRHIZRAY, 30 WT /NG B 5 751 & A 8
o, BB KRN RIS, IRSWENE. 1T3HR% S
WinE, EEHBIT-HISR (150 pLF& 84 h 3t
T2); MHEZMET Lop” /NRBEAR B E % T WT #1
Lop™ /NER,  HISH HIBBET B A

3 iFie

LPS 1N — M RIA ¥ K sz 73+, AT AR
AR AN R IRNL, (ERIR I L A 15 46 B
ZER o BT MY LPS 2 X LA = A A R 45
=, SEIERMER IR, RN A SRS
EIIRERR. WU, fakddr ', LBPHY
EREESRIERRAAR, HEELIEEMRYRMER

(51478 F/R, MEBIDL2000 Marker, EH&ikFiERHRIARERT); BHFORISHRNFIEER (HE

fRE1457bp); CHRARERBELEER (EHRHSIMAF/R, ABS5I4HF/WT-R, MBEIDL2000 Marker, ElH&EikPrig&HAAS

FINEIRELRT ). KOBER, WTHEFER,

Note: A, the results of genotype identification of FO generation mice (using F and R primers, M is DL2000 marker, the arrow in the figure
points to the mutation strip) ; B, the sequencing peak map of FO offspring No.3 female mice (base deletion 1457 bp) ; C, F2 mice genotype
identification results (using F and R primers in left, using F and WT-R primers in right, M is DL2000 marker, the arrow in the figure points to
the mutant band of homozygous mice). KO: knockout; WT: wild type.

B2 FORRRF21C LopERARRNEHNERREEER

Figure 2 Genotyping results of FO and F2 lipopolysaccaride binding protein ( Lbp) gene knockout mice
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i AB LbpEEFFRE mRNA N FIEE; B LbpatbRRAImMRNAFIISWT B mRNAFFIXELE (RABHFABTEE—IMHEEEN
Lbp mRNA IS RIAVIGES, S TRIENE N Lop" BRELILNE); CHERRIDTEE P2/ NBFERP LBPRIELER. KONER,

WTAE4EE, HEAREF, HOREEF-

Note: A, mRNA sequencing peak mapping in Lbp knockout mice; B, the mRNA sequence of the Lbp gene knockout mice was aligned
against the WT mice (the rightmost number is the base number corresponding to the last base in each line of Lbp mRNA sequence, and
the second line is L bp” termination) ; C, western blotting of LBP expression in the liver of F2 generation mice. KO, knockout; WT, wild type.

HE, heterozygote; HO, homozygote.

3 RT-PCRUFHIERRENEES BN Lop B ERRE A MRNA KRR EBRERBR

Figure 3 The expression of mMRNA and protein in liver tissues of Lbp gene knockout mice detected by RT-PCR sequencing

and Western blotting

A R T A 12— LPS 5 LBP R AL
RESERE, FIEMICHREF LRI, i
RBERMER; T2 LPS 45 & LBP HOHi R BRAL T,
BB EEES, PRIEERRLPS, BHIELPS &4%
TERL, IESITAMER " Lip” /INRIEZ FhSEa
R EEEEA, W Won%k ') DIBALB/c Lbp™
INRAE R, TR TIRRERN T SEXTTRERL
RS Molinaro 2 101 DL MyD88 R FR /NN 5,
TRIT T LBP By 2K /N B AT A il A A B s, R+
2 170 SD KBRS Lbp BEPRIRERR, 9T T LPS X AT
Lo R K AERALE . SR, £ LBP X ZEAHICHT
g, PACSTBL/6) Lhp™ /NS SRR AR B &b
LBP 5 LPS Z5 & R EARE A2 E 7T, HiERR
MR N HIEZERNE S, LBPIEFIE .. PIR S5 A
VRN T — R 152,

Lbp BeHH 5 Dz =), Hf Lbp-201. Lbp-
202, Lbp=203 AlEHIFNEHT, Lhp-202HIF51 1~
123 aa, Lbp—-203 BFFIREEA(L 509 194 aa. AIRELES
TER T S5 BB 3 DA 225, TRIZe Rt
Lbp=201 B3 #EF759Y], B RN T EhREfR<F XA
N (42~123 aa), BIYIf5 52 Lop-201. Lbp-202.

Lbp—203 #J L IEH BIVE, TIAZ] LBP & H [,
AR SLIE A FH CRISPR/Cas9 57 R Lbp bR/ IR, 8
i PCR %7€ M A6 IE, FORIEIRE S H Lop™ /NEK,
FIR3 H Lbp, F2R4 Hibp” . 55 Lp™™, F31%30
HIbp™ . 61 H Lbp* o F2 4% Lhp” DNA il] |55 45 5 &
N, 1457 bp BREFF A U, H RNA W P45 51 5w
244 bp FRFFE TR

EH NSRS SRR, Lop™ /NFRAFAEH LBP
AFGE, FIRE/NRERBFIEREE T R, AR
RIS H Lbp bR/ NERBEMS R E (8, BT & i /Rig
BRlE, e/ INRHEES, AnREREMTAHT
JEEESLIG AL S TR e IEHETER T Lp MRS
WTREEEZES, HIESLPS G WT /NS R MR
SBERT Lop™, HIIEN Lbp B I IEH 1A LBP,
B2 LPS S sbanuania, 5 AR KA.
KBFERMERN, (H2IEsidRgg, R mE
RRNIFRER

£z b, RS2SR CRISPR/Cas9 3% AR s shia gt 7
DL CSTBL/6) S 5 Lop ™ /INER., ot —254R 2 LBP %
C57BL/6J /N R 7 1 13 BF B9 521, fiff 53 LBP Bk 2K Hif 5
LPS AT R el 1T s fR (it 7 Bl
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JIRCEL IS TR 6F R s, ML 35 R A o L i ot 155 et B2 pH EL Y

2L

BTh, #lkg, KRN, REE, £ Ok AR

(7 /8 5% T 7 2] a0, g 11 570203)
[ E]

BRY MBESDABRMBEFEANEREXYMBEFRK . Na'. Ca*. CIrEEMpHERUERAOF M.

Bz BUEESDRRE20R, ERFKRMESBME, HAMEFRT2~8°C, £0h. 2h. 4h. 6h. 24h.
48hFN120 hHE7PMEHERDFMEK . Na'. Ca”. CIEE2fMpHE. HR K. Na 2EZNERIRERLSIT
22X (P>005); 50hiNERILE, ME4hM120hMNCIEEBEHS (P<0.05), ME48hF120h K
Ca”ZE2BERME (P<005), ME24h. 48h. 120hHIpHEMEHS (P<0.05); ME6hRX3IMERITLH
BER (P>005). %Ki SDARMBEHAMENENMESCa”. Cl. pHIGNEREPELIE, HFARMMNET

7F2-8°C, HE6hRTTAEN-

[x§8iF] Mi5; MERE; K; Na'; Ca*; pH{E; SDXH
[FE S 2£S] R-332; Q95-33 [XEkinEBIA [XEHKS]1674-5817(2022)04-0301-05

Effects of Storage Time on Electrolyte Content and pH Value in Rat

Serum Samples

FENG Dingshan, HUANG Yeyu, ZHANG Xiaoxin, WU Aigin, WANG Zhan, SU Linliang
(Hainan Provincial Center for Disease Control and Prevention, Haikou 570203, China)

Correspondence to: FENG Dingshan (ORCID: 0000-0003-0488-7684), E-mail: fds1369@163.com

[ABSTRACT] Objective To observe the effects of serum sample placement time on the detection results
of K*, Na*, Ca*, Cl "and pH in sera of SD rats. Methods The sera of 20 male and 20 female SD rats were
separated after blood collection from abdominal vein. The samples were covered and stored in a
refrigerator at 2-8 °C. The electrolyte indexes including K*, Na*, Ca®, CI"and pH in serum were measured at 7
time points of 0 h, 2 h, 4 h, 6 h, 24 h, 48 h and 120 h after storage. Results There were no significant
differences in the detection results of K and Na* at each time point (P > 0.05). Compared with the test
results at 0 h, the content of CI increased significantly at 48 h and 120 h (P < 0.05); the content of Ca*
decreased significantly at 48 h and 120 hours, and the pH increased significantly at 24 h, 48 h and 120 h (P <
0.05). There was no significant difference in these three indexes within 6 h (P > 0.05). Conclusion The
storage time of serum samples of SD rats has a significant impact on the detection results of Ca*", Clrand
pH in serum. The samples should be covered and stored in a refrigerator at 2-8 °C and completed within 6 h

after sample preparation.

[Key words] Serum; Placement time; K*; Na*; Ca*; pH; Sprague-Dawley rats

FLAAE o e A S 96 3 40 e T 1 ) 2 S BUER Y
fabr, e e e MG Pl v 3 B S de ) B A7
fabro KRR Iz 3 AEAE NI, 2 5RNTT
ZBEINREFANBNESD, YR B EmiEsEs

EWEREBEMEA U BTN 2 a2 s T
IREE, XFHMNRFE A ZR FE BRI . BRI Beox FLf i
A5 RSN A 2R BB 5E - EOE 2R P AR5 1
K SERG SIS LR R 25 SR N R 2R FO A 9 iR 1R

[BEINE] Bra BERRTWRIAINE (20A200123) ‘B mE2FN P AR BERIEFQNRFNOEL”
[E—{E&E] BTWO975—) . B, AR BIEEER HARAFO:- BERSE . LRMWEE. E-mail: fds1369@163.coms ORCID: 0000-0003-

0488-7684



302 LIS S L E S Laboratory Animal and Comparative Medicine

Aug. 2022, 42(4)

A, i B AR A B FEShPIRRAR R S S e
FErf, H SIEANER R AR el . A
MR RE AR I AR BRI AR, fETFITR]
RTINS A B o ARBEFER AT Z R A
T, FE. MRS EYRIEES DU SR
I SD KRB, b v 1 AR B A2 12 Y B JRRIE 771
RIME . FEARBIFIRANEAY, REMIER ARG T
TEMIEE, FERSER SN B A AN AN 5] L I TRDG] Ffie
AR IS SR, IS EE R, Lies)
P SD K B HY LR A S i I 45 SROH e SR ks o BIRRE
EERAREWTT

1 MHEREE

11 R RIEFFRE

SPFZSD RFR40 1, 1 5, AFREN60~70g,
MM, AR THREEVREARE IR FEHE
[SCXK (il ) 2019-0014] , JiE & & & ik 5 N
430726211100268255, 3 MELS d fGiE N TR T
BT REEDRARGRA AR [SCXK (#)
2019-0013], g &HEIUES 9 4307372100001621, 5L
s SRR B T L [SYXK (BR)
2020-0021], ZNYISLIEZ=IREEIREE N 20~26 °C, 12h
BRI, MEANTEE N 40% ~70%. 3HYSE5 7T
EAWFEB RIS O E R RS A
H (455 HICDC/CX18-02),
1.2 SEISYER

M ERSZ K-Lite8G UM LR 3TN (& H
HRIE) WEEMNELSRHARAT, EESNE
Rllmtar RO A BT, E AR 2RI ZF TR 55
IR IE . LI BRI B 5 280NN, B
TR EFELFERE S () BRAA, B
OWUNTEE Eppendorf 2] o
1.3 X7

FLR B A AR R Bl & RN M N L e R
FRAE] = XEEZWE It 2 € R A IR
NCI
1.4 FHik

EREAARRRKRAEREAI0 g5, HISIERIESE
28 d, SRS SFREGRIN Y RIMATEEE 16 h,
HERK. MRIERRVERIRL, 88 2% R M L2 a4
HERK (RP0.9% FALEN) TS TahPIeiE , 155
=950 mg/kg (JFRERZS R E/BIMIRTRE) o e 5

B 5 mlL SR M G R CR I, Rl &% /> 3.5
mL, XI5 E 30 min, L3 000 r/min &> 10 min,
RPTBEIMmES . RMAE NS FEEER, BE
26 Co MIGTEAMNGE KT 2~ 8 “CokaEH, 7250F
SREEBLMS0h, 2h, 4hy 6hy 24 h, 48 hF1120 hiX
7SR E K. Na*y Ca® Al Cl-& B 4L 4 T HLfR
FaArAK pH fH.
1.5 @HitZELE

R SPSS 17.0 Gt 547347, Bl Ao + s %
7R, 2hy 4h. 6hy 24h, 48h. 120 h S5 HI50 hFbER
ISR RN AR 8696, DAP<0.05 WERBEAZITF

2 #R

21 HPEREBER

SLIGHAN], BRI, TEEIER, WAL K
KIEH, KRR, £1 SRMEKRFSERERK
IEH, NEESIZEERER G TR Y (P>0.05),
FRARBRAERIREREF, AT AR R

*1 LEHEXENERE
Table 1 Weight of rats during the test

(m/g, X*s)
L3 AT (E) KERMES Rat sex
Test time 1M Male (n = 20) IiftE Female (n = 20)
ew 95.7+£3.5 92.0+4.0
Initial
B1E 169.0+6.9 152.0+7.1
15t week
£2E 246.5+7.4 197.7+13.8
2" week
#3338 313.8+12.6 228.1+16.4
3" week
H43 350.5+15.0 24414185
4" week

22 HERMpHEUESR

I Grubbs {51 bR 1A IR o 1 Ul RR Y = fE
(RIARRE Grubbs BARNIF BIREE) 5, AR R A
RIRNAS R A1 "0 h” IRUAS RECES, MEMERR ST
MG, K2R, MR SRR B bR 25
REDHHE AL B THES h GO’
BER I RERSZ W i (BREERR 120 hISHI30) , &
24 h 5 Ca* & EBEI [ HERS 12 W (% (RRERL 24 h BR
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4h), TCE 2 b pHAERER HHER B = Geit AT
ZERER, 50hiMESRERE, HE 48 hA1120 h
Cr &BEEAE (P<0.05), JHHE 48 hF1120 hH)
Ca” S EIHEIEK (P<0.05), HIE 24, 48, 120 h

F2 KRMBHEFHETR R EAIBBEREIRG NS

pHHHEF & (P<0.05); i) 55 2 [6] KF0 Na* (]
KM E5 R Z R TG0 # R (P>0.05), JFH6hA
CIA] Ca™ & & DA K pH E RIS SR 22 R 7
(P>0.05),

Table 2 Results of electrolyte indexes of rat serum samples placed for different storage times

(xx5s)
5 HERTE)/h K* cr Ca®
Rat sex Placementtime /h  ¢/(mmol-L7) c/(mmol-L™") c/(mmol-L7) c/(mmol-L™") PH
Mt Male 0 527197 142.96+1.09 99.21:1.14 224013 753:0.11
(n = 20) 2 5.33:2.22 143.43+1.35 99.81+1.06 2.28+0.07 7.44+0.07
4 5.3122.25 142.93+1.08 99.33+1.37 2.31+0.08 7.49+0.10
6 5.35£2.25 142.59+1.22 99.75+1.07 2.32+0.08 7.54+0.08
24 5.37+2.23 143.43+1.39 99.42+1.34 2.23+0.16 7.65+0.07*
48 5.3522.21 142.57+0.94 100.30+1.47* 2.02+0.20* 7.68+0.08*
120 5.34+2.16 142.62+1.23 100.19+1.57* 1.87+0.16* 7.72+0.07*
1t Fernale 0 5.26+1.36 143.34+0.92 99.66+1.59 2.10+0.18 7.61+0.08
(n=19) 5.23+1.47 144.29+1.26 99.50+1.58 2.29+0.06 7.26+0.10
4 5.38+1.43 143.24+1.09 100.12+1.61 2.34+0.07 7.44+0.09
519+1.41 142.98+1.14 100.19+£2.04 2.32+0.08 7.50+0.09
24 5.29+1.38 143.88+1.01 99.37+1.84 2.03+0.20 7.66+0.08*
48 5.33+1.43 142.95+0.92 101.00+1.89* 1.86+0.15* 7.69+0.08*
120 5.28+1.39 143.62+1.55 102.23+2.23* 1.71:0.09* 7.76+0.08*

5 0h AT RELE:, P < 0.05,
Note: Compared with 0 h, "P < 0.05.

3 ifie

R B AR E ZWIR, SR RS EE.
PRI AR . PR FIITLA RO RLEE , PAR A
MIER KPR R EE RN, 2 IRENAE
AR ERIE RIS TR 7. B
FEEMFEK . Na'y Ca® Mg'. CIFIHCO, o LK)
Py Y LR Bt R PR S SR AN A R A AR UL
HEREZ e, HESERRINE — AR IR, #F
WERRZ, HEAREIFN BRI 45 SR A
M 180, EL A TR PR o [ S B A AR T 14
PEERER. AR B IEtR i E N, H
ALE VKRS R PR ROR TR Y R s O A
A2 i EUR 5 22 s ELA 18 B R R B B A N 25
FIREMRBERE D 0 AR TR AR TR AR 0
A o PTG It 7 v EE B 2 HH R O SE R A B P B
WRZE L EL IS TR A 45 SR MR L RO R 22, 6 #%%0 b
2h. 4h. 6h. 24 hy 48 h 1120 hiX 7 4N [A] kAT

AR TGS 5 TR ARG 5 LT R A E
[T LA SR A B A A 25 SR A s A A AEEL, (HAEAE
—LE R, SLRGENY) SD KRR 5 LR RFEAR (K.
Na*. Ca’. CI'\ pH) TEJRCE 6 hNRMIZSE RS “0h”
MEE R EREZER (P>0.05); #id6h/EK" .
Na" feMZ5 RS “0h” LT ZESR (P>0.05),
ifi Ca*. CUFlpH BIREMIZE RS “0h” FHESAHEZ
5 (P<0.05). MRHELLERTEHE )3 hr 45 ok A
KER 5 LA RAE AR AR AR AR R RV ARSI, AN
SEERGI, NANEETET2~8 °C, SRIMG 6 h N INES
SREER R

i, NERHEERIERERKR ENHAEA, HE
JRHE R FHREEEA TRZ MR, H3iP5 ARk
AEHEERKIZES, e80T AR 75 T 1Y
5T B SR B R R B SRR AR A e 1112 AR
HePRAZ 5 R 2R D> Hah P se i AR AT R R AR
MIEFEA ST R R AR 72, B AR ILREER] . R
M. FEARMFRESFFMER 5, ERESH
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BRE, EHAIAN, ©EAYRENDMAFLHLRIMF OEE, BREARKES
ol KRR SRl B AT EERIMELR CREELE SAE, PEHAHEPLER
N & R 2 LB AN IFH R, PEELERIRERAT RS K. FEEEI M
SAEMNRHELWEFLER, PTEAZREEHMTAFRZRLZA. TEERIMES LB
MM EZER SR EFEER, Z2FEFERAMFEAH K. BT I8 MAT AL 2 R E K
Fo KAIMAFANRKE. AT, KRR, DRFLRN AL, WELEME . SR
WAL By M e RABEBUR . RIRARAE S A . R S 560 B M A 5L AR AR, RERSE 3 R R OR
DEFBEZFTTNR. B EFERIE 1I, FHRTE 4T, CREMEH T, s
P B RARAE 20, M IT AT O T, AT WATRES T BIRAT 4T KRBT HIIBXT0ORGR; £
HEE5R5 (MG HRERE). (FPRRXEREH). (PREFSEHEFH - LW MmE). O SRa 440 5 5 5RmR A
WY FFMFR2E. GRTERALRREBBERAL . =HE BRI AA

R PR TR L% AE 25 P AE I R W 5E b i B Bz 3R
JS I BEY)

MREERT, B, KTeH, W, FLIL, FWAL, KLl
(o [ 25 I 90 3 0 90 5057, LA 650223)

(B SYFATHLRDVENCESSZX T, NOEFIVERI—NEERH. MERME (blood
microsampling) RIR T EMABERMBGERIEESR. WG EKX. WREXNYNHEB RS S ESHRSE,
EYERN. REEMAASEYERANE, ENAEANSELIREVNEELE ., AXNBHMERMIEN
MR EUREIEIGRAR PR BOAETIE, U A TSR RUENE Z R E,
[X#2iA] MEFRME; %¥; FElEHK; 3REN

[FE 251 R-332; Q95-33 [XEkin&EEIA [MXEHS]1674-5817(2022)04-0306-07

Application of Blood Microsampling and Its Implementation of the 3Rs
in Non-clinical Studies of Drugs
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(Kunming Institute of Zoology, Chinese Academy of Sciences, Kumming 650223, China)
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[ABSTRACT] The welfare and ethics of laboratory animals in drug development has attracted increasing
attention, and how to treat animals well has become an important topic. Blood microsampling overcomes
several disadvantages of conventional large-volume blood sampling methods, such as complex operation,
great harm to animals and high requirement on rodent quantity, and has great advantages in animal
welfare, scientificity and cost. Therefore, its application is regarded as an important practice to implement
the 3Rs. This article reviewed the latest research progress of blood microsampling, and its advantages and
challenges in non-clinical studies in order to promote the wider application of this new technique in this
field.

[Key words] Blood microsampling; Drug; Nonclinical; 3Rs principle
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23 PR AT B VEA A 58 B AN SR 9 s Y % 1R 8¢
R NRFAGMERMEM R 2N, AR
RS, TEFRSMENINLE, A%
2% (pharmacodynamics ) « 24 % 8/) /7% (pharmacokinetics )
MEREN % (toxicokinetic) FEPEN 5. TENBIT
BREE. AL Hinr EEET, DIERUR. DS
&, USEN "2EET, LN AR
A el L T ER ST . BEERIARORAY R R
SR, B shYIseae 5 & R P
[, ERCNZ AR H ) — P E R,

DAL (replacement). Ak (refinement) F¥E/>
(reduction) LAY 3R RN S5 LRSS0 6
BOP JEfRAE T — AT AR EHE . 3R FEZELAAR
FIRFAE AR EAE I Y HEVEEIN, EA
EEAEZRHE T LSRR R R AR R
i, SR AR O R 3R JE N, BREE 2010 £F
mAEHY (PRI SE3EE1 2010/63/EU S15<) B T
3RIFE MR AL @0 FREEITHRE (SEReshE
BB CoTERFLRRESIERER) (SL5esh
W) (EFMCHEH AR ) AN AR A T 3R

F1 FElaRAFH M E RRMERMDE

Mo PRI, 3RJFENESER PG ERAIAZ ORI
VT EORETEHAE, R TR A AT O
R, W T ERMIER R R, MERIMEZRE
VRFEARAGER 50 wL ) BEREFRR T . AR A MRS
fERFER AT FUIME, FIIFI Gyrolab %y 526 -
&, MEEEAI AN 4wl o FEZPEEIRR
BRFEHR RS SR I, A2 BT 3R A EE 2
L, 53T E RS & E M ROR B =
(International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use, ICH)
A RT B DRI, ARSCREET 2R IG R 5T U
TR T PR R LT B B e 5 i e DA B N A B AT 35
Ak, DAEAMESIZEORE VBN, (REEZR Kk
SEEFHC BRI P AR R .

1 FRERMERMZENRHIERE

ARIEPRA TS, AL R MER M %, SEhx
REFAREREH, T3 R e RER R R R T RIS A 4
fEFRER (3R 1),

Table1 Common approaches for blood microsampling in non-clinical studies

MERM%

Blood micro-

BEREE  EEEX s

Matrix type Matrix form Advantages

sampling method

TR

Disadvantages

DBS Sl Fi& EEBL BEENEHAIEE
RIE
DPS m FiE  fEENSEAEERKE
VAMS EJuNE-N Fi&  fEENzHASEERE ER
mi RTRER
CMS M. m¥.

g5 o 0
s AR HERATRIER

LMEAES MR EFEEME SR, HCT M, TFEFHRIRE
AR
HESHRARIRA, JeREB L

EMHFESMFHBEERHCER, IR MEHSEFER

EFEHEKRS( - 20 °C), MK . MBS IRIERE

i*: DBSAFMEE, DPSHFMEK, VAMS HEEAFRRRI, CMSAHEMASHMERM, HCT AMMIELLS.
Note:DBS, dried blood spot; DPS, dried plasma spot; VAMS, volumetric absorptive microsampling; CMS, capillary microsampling: HCT,

hematocrit.

1.1 FInBE(dried blood spot,DBS)

DBS, RPRZ)15 pL A4 A B2 R4k L,
MEREFIRTEE, B E AT REHEE RS
AR, AT REREREAI 34T DBS RIE G M1,
B BTEfEfEmSEhs, A28k —E2
PR _E o AR Lg% ARG 1 52 97 0 2 1 SR I 75

2004 £, Beaudette F Bateman [© % DBS 8| AZ[HEIG R
g, FRER T HAEZKY A BRI /If5 . DBS
FARBEHE o Clark 5 7 TR T —E® RBEHE
YAk, Al 90% ML &P E & T IR
1 ng/mL, FRREERNAT/NREGRBNT1#5%, F2T
i R 2B S HE . Barfield % ¥ K DBS B
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RATARRR L PN, MEEZ AR DBS F
i HHR S A Z B s el 25 BN A RHIE 5 SRR P
EENEE

Yok, 5 A GO DBS B SRS R AR I PR R
F 28 28 R B A 5 A IRl i A bR DBS B4
Yoy i) SEFON A xR, BAckyd, mam
FbZ5 (hematocrit, HCT) ZX54MABE AR/ ¥ #FIB bR
SRR, HimEE'EEV AT ARSIR
7= 101, Xt Frist e ) — 1 REF RO SEaesh kst mlfe
HARRBARKRAE, EEFLLLAMIEZE. Al
FETESFHREIZGINT , RIRERIDGTE . ML FRAES 2% L4
N T LA T % — Rl TR IR
B IMAT 2R FREE Y SR TR HE DBS A& R HCT
TR L, R A H KA, DMK
P 12 = RGBT EAR A BT AL ) SR A ik
JEARER U Elgg RO U SRR
HERRARTR B MR . IXEEREARATHGEE, RARMEHE T DBS
FR N FHFRR R
1.2 FIMn#ZBE(dried plasma spot,DPS)

DPS 5 DBSHHEL, ME—AREHZREREK L2
MAERES . DPSIREE T DBS B2k & (FaEtir,
TRAFFEET(E) , [RIRER T DBS SRRl (HCT
BURL) o T2 MR TR E B O, HFr s maEZm
o FE—TRDIR MR, Lige US4 TR
A GBI Es sl SAFE-TEC) 4 i) DPS #£ &)
HARFEARE IR, A5 BN SRAS M H A 254k
B—2, REAEERESH (incurred sample reanalysis)
45 LRI DPS B AR AR @Rl 25, L !
BAOXT B A 78 S MK B BB ik B B2 R ML 1l £ DPS A iy
B A MK 2 L s Bl S H A P2t 2 i B
FRAIRE R (APAP—gluc) FIXS I BEMRIRES &
(APAP-sulf) AUVREE, 5ME NEICRER MK ik
JEAM BTN, BRGNS N5
PIRIROEKSE . MTIHERH 1 DPS £ K B2 ARE 177
FHHE)SER M

T Bt R B AR, DPS fEARIRIRAF 7T
FORL AR D, AT RES T Mgtk B A Sk o 5 DL R B 2R G
BIERF AR RSO 222 & T #E
5T HTHT 3K, AFELE DBS BYB:A 8GN A
Rt Y s 820 DU SRAERE . 51 AR ML 8 A
Bt ERAR 2 DIPGE RS R R A M . DAK
5 586 DBS Hlas AR ARFRA R DPS & 120,

1.3 [ %E & ] X M i (volumetric absorptive
microsampling, VAMS)

VAMS 2RI LA aR AL, 5K
SRIMYE R, B AR IR R E R ARG 7
o TlE. AN E B AN AT S0 2 i T B
VAMS /2 DBS B—P itk , JLF-#H6 DBS f4x
s, HAHHEHCT fysgnn 220 e, o
EE MO, RL077ERIE, B8 IR EIE
HAT VAMS LA FAEIGPRIFFE AT f T4 242, VAMS
B B YR SE R R FH 2 Denniff 25 270 %5} 2, W 2 B i B K B
G F. XTAFH, VAMS FE S FITR S
RRIMARRAER G-I 2 T AR, HLAIRIRE 2
LT 40% £ R, ZRHEFEATGESHEARRE/NG
X%, MSRMTETFR . Thiry % 2 @b AE95y
W73, R VAMS BB R T 4 M7 R iilel 6 290
FIFAZ R Ege

HE—IRHE, BIRVAMS £ 5 %% FEL DBS
FEONRE , (PR 4 I A B o I [ 1 i 7 ZE Sk
MR EEAT MR IR A (AL, R oMl RRp Ay, FREE
A HARRE gkl g MR, BAERNE 2,

1.4 FHESHERM;iE(capillary microsampling,
CMS)

CMS 216 FH B4 E iR B E AR ML, MK
BIMIER 7% SRS R B E 1 — Uiz AL
A, i AR AR L, SERE T B
THRIRGR T, WRTEHTRRE. 73 B IR B S Tt
H, CMSHMNEABNNMERE, FAERT
RN, HEMRMEFSAARR X 22,
BRI AR A RS, BT T TR M R
B ZEMFRESTT, HCOMS Z M TH& MRz
RO, ATRE R AN R AR & [ IR R B
B4dtE. 5@ DBSHHE, CMS f RAE AR FR B
iy B0, SESRAVAERRRE (THCT) Jok. %2 DBSHY
Bk, MNMURPLRE CMS R ZEEIRREF 7, JE-Ah T
NS REFIREVIF 2R 1% BRENFS
B, BEFIEIZE ARG MR S TR SR
Pl B1el,

CMS Bk U2 BRIEE 4%, 43 B ISR B 7 I e 22
DIEIBAE . FELGRR. RS EHRERHE T —
v oA P AR (g P L 200 L AT T [T B B
FRbE) MBAE Y, XM RNEMEE L TR
B, RS TR 2,
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2 HERMZENNAMRE

21 YEANLE

MESRIMEE BT 3R M “fufk” BISCEl. H
FArRin g R, ARIESIG M R AT He BE3h P A
LR K T 71 eI ELAA'F B 187 B AR I AP AR 7o
I BERIMESA B R NRAT SR, B
Bk, BBk, K. RESLERDKk. AT 2sh
YIRS, A ORME 48 R I A 8 s i RAE i in ik &
RS R e B sk iR E] Y TR A s
M, RIS FE AR E BN TR ZRIME R SRR
Hl, FRIET NREE, BRTHYIR. 1E Powles—
Glover B8 {yafserh, A 62% HA FRAE AR T4
SRBRGIA B T3 SE it 7 R k. AR
RIMEHRIRE 23 G, B EREERGHRN 2 5
S, HRTHEERERIIE, RIFERT Al EREESh s
T

b7 e, MESRIMERAERIT DT RYsE
Mo JRIRPRIFFRH, X SEE R AR E 25
TS T H NG s 254830 1)
PR, —MRTE 24 h N 6~ 12 PRI A ] &5,
BONESENHED3 WY, LR 29
MR BT I EARAEAIEE O B PRE],
FNHTEE 24 ~36 HU/NREHE 6~ 9 KRR 2, &
R 58N FREL, (BRELFIEE . W
MG R = T, MBS TR A
&, BRENIFEARRH EER RS M B ES)
PRk, XSSP ARE R, MERIMESEGR
B EM SRR, ([EIMAEARRAUIME, R EREE
B[R] P X ] — B[] — L s T 2 URCRAE R AT A
Kigik s A&, fEike, SESCRHEMEEL, #
ESRIMEARD 66% ~ 95% 125 40 shFi &, 4%
BB IREEBR TR PF Rl EE
K=,
22 HBErpmA

R IME R iF BRI RImRF R %, DI
DHIBIYIERS R 2 B FEdE, 2 TR AR
ME. "7 IAERMTEIR . 25— ih Ze ks 1 3
s DR A SRAS R AR IS R, SEBlfE
BRI SRIETHDITH: — @A SE
SN IR RL, M Eh i FEsE s 7S
BHTIEB/N, XEFRBCRR &Y At

HE, BN TMRESY, F—MERZE e
M N A HiE SRR, M HE R uEU )
V&Rl REHI A e B GRS BB I IE, D
RIS SR BUER T o Joyce 2 W70 5T T T8 R I
ERRERENIFS B MERZ R RE, SRR
RGERIMA R 150%, AR AR 30% .
23 RAF@E

ERIMVE R ERCTAIAR . FEEEh A RRD
w). . SCEGH AN A R E EE AR KR T
ke, TLEAEZEA 7376 FRA A BN BEANA] A B3 B2 AY
FEFLDRUINGR B AR . B—J7m, PURAK
M ARG R R LR ESE . EvkaE nT DU D&%
TR sege, MM PRIEM R, X2 A 3051 H
HAHLER] . B, EEMEIMEREI, HikEs
BIEMAEVAHRRAEY), nRAESMERIE
% 6 Fitb &R BN 1 E R R B AT, X AERE)
Y Ak 80% , 2 RIATIRD 75%, ffF SR [A]
I 40% W 48R, AR BT AR T B A
FERAL PiRh. SRIMFESE Y,

3 MERMERIN Ak

HET, PECRIMER A R HE RSN Pk, —2
RIS IMBUNMARREA T B AR TR BE ST o FR A
R, Hlrnzhm s RN, reEaaiel
HOHERR E A RBUEE AR . R ZE I brr i
V5w REE R AT 755 (AR Gl — OB BRI A
LC-MS/MS #I Gyrolab 425240 F- 57 ) M7, wIEA 10
L BE D HORE R B B REUE, T T-29900
IREAZIR R BA Ry A AR s R o, w]
BEIL TR EH A REUEE S A I 5. —RHE
FREREHIRE )0 WIS BT AR IR IR & MR
W R B AN S22 A AT RE 2 % £ B 7T s I 5 5 2
BEFNIR AR EE S RO A0 . BT A RO I 7
A, SRR EIEW KRR AEIRES (it
UR) HIWGH Y SRR A, XA
25 BRSO R T EL Ay 27 2 gk S
PR SRIMIE RS2 R, T EAREEH RAH DR
MLERTT, anstx ARk T a5 AR oL,
R RBUEHBEM T, P RREME
PERIEZE A0S = ZF FEsh P SE R R R U R B RE)
A 2= NN AL RN
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Research Progress on Alternative Methods of Skin Sensitization Test
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[ABSTRACT]
exposure to a substance and is a common public health problem. Traditional skin sensitization tests are

Allergic contact dermatitis is a type IV hypersensitivity reaction caused by repeated skin

based on animal experiments such as guinea pig maximum test and closed patch. In recent years, with the
increasing attention of animal ethics and the development of science and technology, alternative methods
of skin sensitization test have emerged. According to different principles, these alternative methods are
divided into in vivo alternative methods, several in vitro alternative methods based on harmful outcome
pathways, and genomic allergen rapid test, etc. In this paper, we reviewed the progress of these alternative
methods of skin sensitization test, and several integrated testing and evaluation methods based on
adverse outcome pathways.

[Key words] Skin sensitization experiment; Allergic contact dermatitis; Alternative method

B el M B2 R (allergic contact dermatitis,
ACD) 2HKS FEMAMED (low molecular weight,
LMW) S7EET B BRH R NI & 45 A T2 ARy IV A
BURRL, ACD B PRREIR 8 5 2R BN B IRBRFE . £13
KEZE, IMW BRFEETE . 250U AT
HEA &, LMW 5 Rz RS el = SBACD &R
. ARFUEREE, FERKINERRE AREH, ACD Ay
=K 18.6%, 5 PH 75 tH 5 T4 A O H A BRI Bz 1k
JRI85% ~90% o K, ACD BV HCH—FERLE
Beliim, fE— R E5gm T AR IE ARG TR,

2 58 1 Be IR Sl aiE H % B 2 sh P se e,
BN A B B R E {36 (guinea pig maximization test,
GPMT) . Buehler &f [ BE 61X % (Buehler test, BT)
o AR, BEEIR RS EANE AR S . #5875
TRAYBEHT . ShYIE B R Ok B 2 Y E R A ORI,
B BREE M AT IR R L BAS TN E
b, AREEEENIMIFER, siaRNEREEUTE.
HETFEELERBELE (adverse outcome pathway, AOP)
AL G A S AT 15 DA R i [R] 2H aod B0 R g 0 72
(genomic allergen rapid detection, GARD) %5 HH{j/JL2&

[E—1E&E] &816(1998—) , & MTHARE, HRH M SELEHFMN. E-mail: 844353890@qg.com
B,

[BEEE] &F#E(1979—)
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B IREE MR AOT IR TS5 o
1 BRBERFE

B2 R BRI ROT 2t il /N UK SRR
NSRBI R, @N/NREER I A5 (local
lymph note assay, LLNA). #R#& LLNA JER{E SRR
M, AR AGFR T HT LLNA R R 5k, RS-
B AR W oIE & (5—br0m0—2—deoxyuridine,
BrdU) - Bk 5095 W ff i € (enzyme linked immuno—
sorbent assay, ELISA) -LLNA JEFI LLNA- PN B =
FRRRE (adenosine triphosphate, ATP) &%,

11 EfiBILLNAE

LLNA 25 rud & BASE0E A
WAEZ—, BRI 67/548/EEC 84 INAT o LLNA
e ABB RE VS T R R F Ak 3 67 5 [T Uk L5 A ) T 4
5 A 3 T DR Bl R AR PR o b A0 B AZ R
(4n > H— FA L Bl s e B S 2 - MU S PR W B A
) HESEANRERN P, 5 h SIS SO0
EAh ] s A EIR, IE T 4H A TE TS

ZITE RS AR B WA — 2 RS &
(stimulation index, SI), Rz 5% 2L HY5E T 41
HIEUE, ZiEtn A T AW e & NEEG. %S>
30F, ZilglE BRI e B e iR 2
SI=3 ISR F Tk E  (effective chemical 3, EC3),
A AT DL - S R I R = AR Y, A
TR AW ERE I S RPN i ST P
FEBHEROAMIERE, HEC3<0.1%K, 52
PRI E IR RG] 24 EC37E0.1% ~ 1% i, %2184
TG EC3FE 1% ~10% i, 2R R BB
#l; EC210%, MINSSBEG S,

LLNA B AR, SERshPfEmED> . HETT
LB A, R ASTE A 96 ERVE DR
Z s W, £F & 3R (reduction,
refinement) JEM, LLNA % EF 2010 R A&
Y5 kB4 2 (Organization for Economic Co—operation
and Development, OECD) 48 A Bz ik 2 e il 77 1445
/o EE—IRIME, LLNA %5820 i A b
FrBRA o RIZKIE R TP RARMECE /N R A B Bk B 7R
PRSI 7, TRIAZ T i B T R /N
Zaa)iies
12 BEREIERLLNARIE
1.2.1 BrdU-ELISA-LLNA %

2003 4, Takeyoshi % '/ il FH 7 70 AR G 1

replacement

FREWY ST LLNA B R 7574, B BrdU-ELISA-
LLNA (XFRLLNA: BrdU-ELISA) . EC7F 5 BRATAG I
fabryim, 5 LLNAEEAR—2, [EEZRRED 5
T 24 F 5 e i s I 45 A AE LR BrdU o RIFE AR IR Y 58
24 h G HERETEST BrdU, Z0%E/NREUM S, FRE S
BRI, A5 %Al ELISA SEA MBS TE 20 A 4 BrdU
IRRIEE

ZITEGE T LLNA RS A i &>
FIE B, AR T LLNA WA 3N 1
PRI S, 12 OECD e/, %71k
fFF CBA/INRR, HXFH i 2R /N R FE SR R R AR
b, Bhisws. B, A5x4t BALB/c
1 CBA B i 2 /N A Z 7 AR IS R AS R, uESERT A
fdfi F BALB/c /)N BR 5 8 CBA /N R 47 LLNA: BrdU-
ELISAVERGI ) BRibZ N, 12 IR ST BrdU B 4
ff/NEURE . AREEsmEAl. BTk, B5HEBA
23t T LLNA: BrdU-ELISA i, Ze48/NREERYE G
ROFE, BNEESIRIMESS, fE476 BdU URGFREE K
YMNEEFRIMEAHML 24 h 5, XTIk EL4ER H Y BrdU & &
e 1o,

1.2.2 LLNA-ATP#&;%

LLNA-ATP £ ( X FRLLNA: DA) 22X T
ATP/KEEVEAIAC R IEAER, TR 520EE -5k
RHIE EYER = ERE X — B, Rthal DU
AR R IR R ATP 8 & 8k E 2 iR
Bt Y % A AR TSR LS ATP &OG(E. ik
Ak G, HTER DANE, DU SIFIECE 1,

%771 E A LLNA: BrdU-ELISA 559 4 351 £
PR ATP B = AE MR HE R, B EH TR RRME,
(1) B e]PRE]: ShPIHEE IR ATP B 2538 W N B,
FRE AT E, WS RS HIHE. Fi,
OECD #5 i HF i B 78 A5 A A M ESURA 2800 F B[] 2
££20 min AN 3, (2) EBAME: @AW, A
HRANGIRH, AR TRESR, BEZESEHS
KM AR LT DR E S, DAHERRSZ 100 B IR %o 45 SR A
S 1, (3) IZEANE R TR ATP AE BAAR E T
iy, il ATP HIgz s 04

2 ETAOPHIUFINERTIE

2007 &, HEFEERRFEMAZRASEHIRES
AOP, FHPLIIA FZ BREUE 53 FE IR SR 21 R S Ak
RN AR I — RV N EA, 201248, OECD
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e PR B BRAZ A I B SMR T T R B A, NI T
AOP J5HR 14 5z AR BB 7 15 o), A BB I Rk
4% (direct peptide reactivity assay, DPRA). ZJ&fiR
AW s LM % (amino acid derivative reactivity
assay, ADRA ). KeratinoSens™/LuSens i 360 A\ ZH g £
VEMIRES (human cell line activation test, h—CLAT),

B2 FRELBL AOP AL T 4 DR AL (1) &
£ (molecular initiating event, MIE ) PR R k&
HESEEREEaWEhE; (2) ARAEREZ
USRI, RAERIERBL, AR
R AEGER 2RI (dendritic cells, DCs); (3) DCs
R DCs # S et 2 hi , REFr R End
Wik B, RERAOAMO IR 0 T AN (4) HEY
mEBREHZDGREHEEEEY (major
histocompatibility complex, MHC) JGiTBEMELE, T
AR A MHC T AR e T, AT LA Bl =]
MR R ACD, HERMERNAE, AOP KB
AL ARSI A 4 P oy 7 R 8 E [0 2R R AR ST
F 7,

2.1 DPRAfZix

Gerberick A PAT- 2004 FEF1- % T DPRA £, ZJ51E
BB S R E H N S TR ECESURE (R
AoP BRI F) KSR, RS TT R
J5 5 A BEE IR DR~ ot 2 AT g a2 iR 22 IR HO TR AN e
RLES &, B A RBOR A - RSN (high
performance liquid chromatography—ultraviolet, HPLC—UV)
MIE PSS EHURRITERERG T, DUHCRAEZ B
ES 1Y, HAGMIEE 5 LLNA 0 — 80 AlA R 89%,
PITHAT T 20154 OECDUGREE TG 442045/ 17,

H ATk £ 2 T B — el R 2
B L oA B R FH 2 AR A B AT o 2009 A
Gerberick % ") %t DPRA WL T TR, TERRBLIRZR
AT BRI ST A R, TR ERRm
TUSRTAYIRRE S, R TIGMITEE, udhfe DPRA
BN FVEEHT T T 58 BBl

RTINS REUE i, Wei 5 2
HR T —HEET 384 LA PO [EFHZR AL (solid phase
extraction, SPE) — 53 Bk Jii 7% (tandem mass spectrometry,
MS) -DPRA EsiftBiei%. 5 HPLC-UV EEAHEL,
SPE-MS B NG HEEAAT 16 min 45 2] 10 s, R
fé F &t A\ 100 mmol/L i 2> 2] 5 wmol/L, KAHER
TR

2.2 ADRAi%

P75 TR S SE 3G AT B R BN A Y f B
PEFET, HPLC-UV 37 i 5 st 1 g 2
[EVERL, SETCEMEREIR KBRS EL i
A5 00 0 ) BB B 7T Y SRR AR, Fujita
& B PR IFIRAE T — o L AR R R BRI R T
RJADRA .

ZITEREEL S DPRA MERML, [RIFERELL AOP 18
R G S, RS HPLC-UV E &I SN
281 nm #H1T, $@m T EAREN . ZIT B ERAEE
a2 H Fujita AIRAHIE & BB M BRI A &
et @ R (N-acetyl-L—cysteine, NAC) F1Z B,
it (N-a-acetyl-L-lysine, NAL) 2/, ADRA JEIlRZ
RN NAC/NAL B [ R, RIAR AR 90 H o e R Y
NAC/NAL VR EEFHXT F-%f AL SP- P 0R B  BeefE i 5
HITEFEE T EC.

20194, Fujita A BAEIE P 2O CIGIF & 1 #TH)
ADRA- %% Yt & M 3 (ADRA-fluorescence detection,
ADRA-FL) ™1, AHRS F {48 ADRA ¥ {f F] HPLC-UV
A 2R A i - 2¢ 6 7 (high performance liquid
chromatography—fluorescence, HPLC-FL) , ADRA-FL
& NACFT NAL NG B8 i A R BUEEANSIELL. (FR A
TRFHERTRAPESHEREAELG) . HARAR
Al G YR EIER (M2, HE 855)
IMEIEIR IR, ST EEFETN 22 BT P R EUBUX

SHIRTRENE, (HEZ AP &6 iz, ook
P SRR o
2.3 KeratinoSens™/LuSens i3

FHUE BT R E RS S AR, SRR
B R AL S, RS R EARLEUR N (RIOCHE
2) o TENURR ASEARIT, His bR Z 2500
FEZ 2 A F Kelch £ ECH H X B H 1 (Kelch-like
ECH-associated protein 1, Keapl) G256 K+ E2H
F A F 2 (nuclear factor erythroid 2 related factor 2,
Nif2) FHEAVER, WEERRIRE R EE P,

BT BRFEE, SRR ARFR T MR T M5
AR AT BT T 7 KeratinoSens™ #1 LuSens it 46 . 13X
PRARRLIN 75 12 B X RIEFH AR BLef (antioxidant
response element, ARE) “R[A]: KeratinoSens™ iz 46 fit]
ARE SEJET AR AKR1C2 (Aldo—keto reductase family 1
member C2) H A, ifi/5#& 2k H KKK NQO1 (NAD
(P)H quinone dehydrogenase 1) #EH N L[R5
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BUNEM, FILE LD RERE S5 (fold of
induction, FI) ERIFEMFEFR P70, 2 FI> 1.5 B a] ]
AW

BRI, 5 AN R L& LLNA
IREEERAAEL, KeratinoSens™ 56 AR ZE 43 B 94%
F193%, 1 LuSens i{3GRY(%, 43318 83% F1174% %,
HHi, KeratinoSens™ i{4% £ 4% 44 A OECD 15873 442D
28011 LuSens I 3GA 20T 36ERT B o
2.4 h-CLAT%

h—-CLAT {ERTF A EET AOP B S i 4 3 14
(BN DCs HAFFIALZZEEEREM) . Kok
H 1975 THP-1 4 5525 T Jediff st sz i+ 24 h,
2 E R SR MR A, ) PR A e S 7 40 i 5%
FIAH) CD86 FI CD54 FUAERT T EaRE AR 1k ), PAMH
IR E RN 2 75 B B

FMRATT AR EES 3R, HARIE 2 ilIess
RETNER, AaeidiT F—BHE . Ha5REH M
FRZHFEATEEXT, @0 CD86>150% EL CD54>200%, M
HA THP-1 20 g TGk, HIE 2PN sG] . iR
BH, h-CLAT /£ 5 LINA E I 5G 45 R — 8 HN
84% BV, 2018 4F, % JTVEPE OECD 44 A 25 B 22 i
fam B,

FilE % B2 @t h-CLAT VRIS E B 10 Fh 45
IR FH CCK—8 21 a3 5/ B A I R i = A B S 3
TR, 5 SR TR WA T VR B AR 2R 22 5500 0.993,
— MR A, R A RE KRB IL-8 5 CD86
LE AR S th e X Stk i E B, [
B, BB AT R ERBEDRED
Karkhanis AT 2021 551 FH SR 2G5 1-56-2, 4- 5
K (1-chloro-2, 4-dinitrobenzene, DNCB). AH%55&
FESEGH S B (NICL,) AR B Xt A — R B T
(dimethyl sulfoxide, DMSO) Ab¥E TPH-1 40 fif1, @i
RNA N M7E T 5 Fgi A9 h-CLAT A7 &9 : CD109.
CDI181. CD183, CLEC5A#1CD354 B4,

3 ETFERAZFHNISIERERNE

Pt 5 DR A “E R R B 2 Je DA B B2 R AR AR IR B A
AR FRAWIRA . TFFEA GOR FD el 7 5 A
£ F5MH o 2011 4E, Johansson 2 ) &8 T —Fh4H
FE— AR LB D H My 40 M & MUTZ-3, EAE
s M S R R T AR AR R A S5 75 T 5 DCs AHTEL

MUTZ-3 734t J5 H G A IR AL R AL TR A HY DCs,
X CD1d. MHC I MIMHC [T 23515, JHiE SRR
PET MR THE

AR AL AR AR 7S R d B AT E R
Bt TR, FFHBIARIEEFREE R EI, XN
[ 2 B B9 A8 R I 5 A5 S8R 9 GARD Fil il (5 5
(GARD predictive signals, GPS). GPS{L{E 55 RHEE
BG5S DCs B RIEURNATIMSEY BR BIAE R
HOEER, A 5SRO RE A IR IR I iz fok 25 il &
KRGS, BT X—HE, AR ARELT —
FHELT MUTZ-3 41 GARD 1% %75 1A R B 55
R MRE GPS B K, (E A ZHFF I EAL (support
vector machine, SVM) & 7 £F M £ A — R E E
(decision value, DC)., DC>0, NEEG; DC<0, WM
FEBlR B

GARD 2 —FhE: T BRI & #al H RIER A
MBI I, 27375 AT IR 200 1 5 BUEHE OGO 5
R SR AR . X B EEPI A AR AR S RHE (6 2
S AR . DCs Bl 28 DA K 40 M TR 7 Je B B % it
AR DT, RN SEEE LR A P SR BRI Z ThRE M,
PE— 2 R AN B8 B IR AT T A IR T 4%,
Nitt—2 T RAENSEAERRE T Z2%, HiR,
RERAEEIR AN REGEE, B HTRER S8
RhRENIHIRTFE B Ah, GARD A AT HFH]
ENE B, G0 Masinja % ) H 80T —FhEERS X 53
R EGRIFNA R BRI A AR AR ), R EEBRAE MR
AFEEAREES

4 REBEEHERLGENLES R

W5 B B RO AR AN A e DA S N S S 56 ek
SRBREEA, TN B AR B R R kBT
RAFERTFRIE. i, #ok#kZ B8 AR5 E
LLNA. LLNA: BrdU-ELISA. DPRA. GARD ZAH#kH!
W, R L,

wR 1R, SHERTESEAFEATGER S,
XL AR AR 2 R rp T 5L 50 s A A A 2
B2 2E AR T LY, RBUSFIERRER
. AR 4% % T H . (HE DR KR
WARGRHY, JUEZEE SBRBE M DK T AR 40 A P oA
TBfRIE ERE MBS, BRI AOP B — P72 REM
YRR, TIE BRI E A A R R e
DRl A B A A T kG
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X1 REBEHERHENLE
Table 1 Comparison of alternative methods of skin sensitization
BiE EREE = R KL = HERE
Method Application scope Advantages Limitation Detection endpoint  Accuracy
LLNA WEm (BFENR BOLRIEMEA, 0¥ FEHHORKR LT REEG:SI=3,EC3< 72%%2
BORBHE).BE BRSO AR REES B BRFBEAMEERT;HEZ 0%
N FHR WM EXRS, FEFEAX
Eosiky N ENgel54
LLNA: BrdU-ELISA 2 R (BiFE#HM HZE7T LINAKKS, BX FERELLNAEZHREMOBIE ELISAKRNIEERES  86%"
mREE) EEhEng e/l {4 [a) ! 2 BrdU RItRICEL
LLNA: DA F R (BEH%L BB LNA:BrdU-ELISARS BIERS); RIEM; REATHM ATPHE HEBER  87%™
B RHGE) Ex={lnd ATP =L EY £ IBENHREMHE
#,LAR SIFIEC(E
DPRA TAMNE—F FMEBAIKRHY, IUETN SRSAEER BEEBEE RIESEEUER 80%
MRURKRRERE RS EZMSFNYLEZMERYFN HEWERERS
e MEFRHAFAHEBDERSEE BRIKSBSRHN
Mt B
ADRA AAMNE—E TERXE:Y, REUEM NEUMDERMEERRS; Tl NAC/NALBIR 86.9%
MRURKZRE ERtts WEUYRE ZSHOMRNTEESGEUD
# ZRE EpzRe=ES]
KeratinoSens™/ HAHERARE IKBES EHRES, AMF ERESHABREERMMOSN XX BES[EHF15 94%/83%
LuSens RRFFND FAsE3ash4 VEEBEEEY NEUNE THRSHEY A
DRG0 E A A2 BT S g4
h-CLAT ARG TMERLKEY, HENS NEUPNEREZKRRS,; K = CD86>150% B 84%
FTREERE RYES, HXTFHURSUHNARSMES]  CD54>200% A, A
BRES RHORMALC, SHEMRSZ™ HEAREY
ERIFIEER
GARD AR/ R BERES FAERAILHRE RAS; FREEETENAOPE DC>0, AEEH;DC  84%5
a4 WRE SEEE,. I K <O AAEEEH

0 IR B E D

i LLNABNR BB BN, LLNA: BrdU-ELISA B 5-R i & SR IEIEIZ H-BEBX R L IR E-LLNAE; LLNA: DARDLLNA-ATP &l
i%; DPRARDERERMANIZY; ADRABIREBRITENREMENE; h-CATLEIAMBRENILLY,; GARDBIERE AL HURREG L.

Note: LLNA is local lymph note assay; LLNA: BrdU-ELISA is LLNA-5-bromo-2-deoxyuridine-enzyme linked immunosorbent assay; LLNA: DA
is LLNA: Daicel; DPRA is direct peptide reactivity assay; ADRA is amino acid derivative reactivity assay; h-CALT is human cell line activation

test; GARD is genomic allergen rapid detection.

HoEr, FRE a2 f s ot 52 B B 4 58 o

5 ESRBSTEMGIE

BEIRAZAS R N — O B 2R e, e Uk
HMRININNA T TETC TR e BRI B R B S B, AT B2
FREBUR R T — P IR R, NIFRES & &N
JTER RELE . LBk SF 5 T @ T IR & R . [
I, OECD F-2016 445 1 & il S5itAlh /7 ik bF
T ARFCE DD EI B S R BO ) e RS S5
TR R —METRIS. LR EF IR T
&, BMRKIEIA LA EMREEE . BEEER .
R, RINEIGEE R THIZA & AT B A
USRI, DU 2 i SRR 251 B

DPRA{E. LLNA: DAFILLNA: Brd U-ELISA E& X
JTERRFEERIE, FFERENAA (g ZRoR
BE) (2015 4RAR) B (EXS ARG B & SR 7T
R FRTHIRE M B, HARMER D W Cao s P
A THP-1 20D A R AR B R R G DASE IR
K2 IR BRI, 25 SRR A R G
L —{ ] THP-1 ZHAfLA B8 R EC ATigEss B i@
DPRA JEFNh-CLATIE R AL &, SEBl TR — L&Y
ESEGIQERAC I

E B M B 2 & (quantitative structure activity
relationship, QSAR) B 3 TIENE —RYIEE
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MR AEE T BASMAER LS, DLEEE ka5
RN R, EYTENRAZ R, FIAEE ST
%, B LS YA S H A M2 1A A E S
£ DY, QSAR RZiREHE X 2 AN FE A 2 AT T
AR, AT R R R A B Al 7t B IR
P, TR T R BRIS E T QSARFREY, F I
T &R R RSB S B 2 MR 2, [
F, SRS QSAR B F 1T Mol i B B
fir, G2 THoRBEZ R EN, Btk &YE i
T ER (toxic hazard estimation, Toxtree). OECD H %
) QSAR T E4 (OECD QSAR Toolbox) . ZHZH#H R
Wl A5 L 28 (tissue metabolism simulator, TIMES-SS)
S 100 EIX SRR AR B — B0 7T TSR &
SGAUERYT, PRI — = IR H AL R EE T AOP IS
) 52 RSO T TA 51X L QSAR BRI & & Ja H 7T
R H B IRES R i UHE £ SR o

HAT, OECDfERE & MM 51E4 77 548 S XXk
NN HYRE S SRS AR E SMRBS H A L %, filan
EEE R (BASF) AAl FAK "3ik2” JEN
(BASF "2outof 3" ), EEFER (P&G) AFIF AR
DUH-Hf 25 B 5 A SR #E  (Bayesian network integrated
testing strategy) . {EERCERE (L° OREAL) ATIHA
A B e AL (Stacking Meta—mode) , DAz H R A=
& (Shiseido) 2 &) FF & B9 N T H & W 4% 53 A7 14
(artificial neural network ) % fo1]
51 “3i&2"[EN

BT A REE R AR K, ZEA T DPRA,
KeratinoSens™/LuSens 1 h—CLAT iX 3 fft 52 — & (i 16
Jiik O %) T AOPhED A A, H
FlEF=0n: A 3paerha 2 RhEE R E AN, WRAEE
S NEEG, R NAESEG . 58 —i{5etE
bb, B S RIS INAS R AT 819%0~88%
5.2 MNtHrM S S NiXRE

ZITEMEREEAFA, EiFTE T DPRA,
KeratinoSens™ F1 h—CLAT iX 3 fft B — &A% 77 76 B B il
£, BEINT TIMES-SS B 152 1 25 A O Tl LA S ZE49)
FIF B SRURG R 1 %7 TR R TR T30 K
HEC IR, 5 LLNA Z5 BAREL, Bl iy
HERRIZR N 100% , B 153 P HIMERZR N 89%
5.3 HEITIEE

2 EBEEPCEE AR TR, EEE T ER
AOP 3B S - DPRA VA, KeratinoSens™ {AA 1

1 U937 2B R AR EEAEE  (bone marrow U937 cell skin
sensitization test, U-SENS™) X 3 fift (i — &R /51 E A 5L
fi b, XG0T Wik A T E TIME-SS. Toxtree A%
IR EA MR, S aS A S MARE ST A
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[ABSTRACT] Objective To investigate the dynamic changes of autophagy in infarcted cortex at
different stages after ischemic stroke, and the relationship between phospholipase D1 (PLD1) activity,
autophagy, and the neurological function in mice. Methods Firstly, twenty-one male C57BL/6 mice at age
of 8 weeks were used to establish ischemic stroke models, and they were randomly divided into sham
surgery and ischemic stroke groups. The groups were furtherly divided into 4-, 6-, 8-, 12-, 24-, and 72-hour
groups according to the onset of ischemic strok with three mice in each group. Dynamic expression and
change of autophagy-related protein LC3 in the infarcted cortex were observed usingWestern
blotting method and immunofluorescence staining. Secondly, thirty-six male C57BL/6 mice at age of 8
weeks were randomly divided into the sham surgery group, the PBS treatment group, and different
concentrations of phospholipase D activity inhibitor 5-fluoro-2-indolyl des-chlorohalopemide (FIPI)
treatment groups containing 0.3, 0.9, 1.8, and 3.6 mg/kg, respectively. Each group comprised six mice. The
optimal FIPI concentration and its effects on neurological function and infarcted volume were assessed by
adhesive removal and whisker tests and TTC staining. Furthermore, nine male C57BL/6 mice at age of 8
weeks were divided into sham surgery group, intraperitoneal administration of PBS group, and 0.9 mg/kg
FIPI group. Each group comprised three mice. The effects of FIPI on changes in autophagy-related protein
LC3 were examined by Western blotting. Finally, thirty-six adult male C57BL/6 mice at age of 8 weeks were
divided into sham surgery group, intraperitoneal administration of PBS group, and 0.9 mg/kg FIPI treatment
groups at four time points (0, 4, 8, and 12 hours) after ischemic stroke. Furthermore, the neurological
functions and infarcted volume were assessed by the adhesive removal and whisker tests as well as TTC
staining with six mice in each group. Results The ratio of LC3- Il /B-actin in the infarcted cortex increased,
peaked at 24 hours (P<0.05), and then gradually declined after ischemic stroke. Compared with the
PBS group, the administration of 0.9 mg/kg FIPI significantly decreased the ratio of LC3- I /B-actin (P<
0.05), reduced the infarcted area (P<0.05), and ameliorated neurological functions (P<0.05) more
than those observed in the other concentration groups. Compared with the PBS group, in addition to 0.9
mg/kg FIPI without delay, the administration of 0.9 mg/kg FIPI at 4-, 8-, and 12-hour after ischemic stroke
could also decrease the infracted volume (P<0.05) and improve the neurological function (P < 0.05).
Conclusion The change of autophagy was the most obvious at 24-hour after ischemic stroke and
inhibition of PLD1 could improve the recovery of neurological function after ischemic stroke. Meanwhile, in
addition to administration of 0.9 mg/kg FIPI without delay, 4-, 8-, and 12-hour after ischemic stroke could
also shrink the infracted volume and improve the neurological function. The inhibition of the PLD1 could
extend the therapeutic window and provide a novel therapeutic strategy forthe clinical treatment
of cerebral stroke.

[Key words] Ischemic stroke; Autophagy; Phospholipase D1; Neurological function; C57BL/6 mice
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Note: A is the level of autophagy-related protein LC3 at different time points (4-72 h). B is the statistical analysis of the ratio of LC3- Il /-
actin at different time points (n=3 at each time point, "P < 0.05). C is the morphology of LC3 in the sham group. D is the morphology of
LC3 in 24-hour group after ischemic stroke (the arrow points for LC3- I, and the scale bar is 10 um).
El1 BRRENZEZE (A ~ B)FREREREIE(C -~ D) iGN ERM MRz H/NEFEMARPEEBEXERLCIHERIXAER
Figure 1 Expression of autophagy-related LC3 in the infracted cortex after ischemic stroke detected by Western blotting

(A and B) and immunofluorescent staining (C and D)
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BRMMENZEPEER 7 RNTHAEIRER, §H6R/NE; "P<005, "P<0.01, 7P<0.001, ""P<0.0001, XFRABDEHEESR; nsERT
BHREZES TSI EE N FIPIIBIEE DIEMEINEIF.

Note: A, B, and C denote adhesive removal tests (detecting latency time of left paw); D, E, and F are whisker tests (detecting success
percentage of left forelimb). A and D show the behavior tests on the 1st day; B and E show the behavior tests on the 3rd day; C and F show
the behavior tests on the 7th day. n=6 in each group; "P<0.05, “P<0.01, “"P<0.001, ""P<0.000 1; ns, not significant. FIPI, 5-fluoro-2-indolyl

deschlorohalopemide, is a phospholipase D inhibitor.

B2 THSELRBRRMMEKZEFFEF 0.9 mg/kg IMFIFI FIPI FRI LA R(2iE /BRI IhEERNIKE

Figure 2 Behavior tests reveal administration of 0.9 mg/kg FIPI after ischemic stroke obviously improves neurological

function of mice
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Note: A is the level of autophagy-related protein LC3 at different time points; B is the statistical analysis of the ratio of LC3- I /B-actin (n=3

in each group, "P < 0.05, “P < 0.01). C is the TTC staining of the infarcted cortex in two groups; white color indicates the infarcted cortex and

red color indicates the normal cortex; D is the statistical analysis of the infarcted cortex area (n=6 in each group, "P<0.05). FIPI, 5-

fluoro-2-indolyl deschlorohalopemide, is a phospholipase D inhibitor.
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Figure 3 Expression of autophagy-related LC3 and the change in the infarcted cortex volume after FIPI inhibitor treatment

are detected by Western blotting (A and B) and TTC staining (C and D)
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BRMMEMETRAER 7 RNTHZLRER, SHRNE,; AFER, 'P<005, “P<0.01, "P<0.001, “"P<0.0001, FIPIIHB:IEES DM
o

Note: A, B, and C denote adhesive removal tests (detecting latency time of left paw); D, E, and F are whisker tests (detecting success
percentage of left forelimb). A and D show the behavior tests on the 1st day; B and E show the behavior tests on the 3rd day; C and F show
the behavior tests on the 7th day. n=6 in each group. "P<0.05, ~"P<0.01, ""P<0.001, " P<0.000 1; ns, not significant. FIPI, 5-fluoro-2-indolyl

deschlorohalopemide, is a phospholipase D inhibitor.

El4 {THFEENBRR0 MR P EFREEIE SRS F 0.9 mg/kg {MHIF FIPI 0T LARS 2 (2 # 2 INRERIIRE

Figure 4 Behavior tests reveal the administration of 0.9 mg/kg FIPI at different time points after ischemic stroke can

improve the neurological function of mice
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E ARBRMERZEFEFARENBRRARNTICRRER, ARHERBIMLAR, AN EEREAR. BABTERORTSHER (54

6 RN, "P<0.05). FIPIJBEAEAE DB IEMHIFI

Note: A is the TTC staining of the infarcted cortex in different groups; white color indicates the infarcted cortex and red color indicates the

normal cortex; B is the statistical analysis of the infarcted cortex volume (n=6 in each group, "P<0.05). FIPI, 5-fluoro-2-indolyl

deschlorohalopemide, is a phospholipase D inhibitor.

B 5 TTC MR M MEMNZE & £ F AR E L5 F 0.9 mg/kg KR FIPI 48/)v/) R BB SEEIFR

Figure 5 TTC staining reveals the administration of 0.9 mg/kg FIPI at different time points after ischemic stroke can reduce

the volume of infarcted cortex of mice
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[ABSTRACT]
saccharide (LPS) administration to the maxillary molars. In addition, to analyze and evaluate the acute pain

Objective To establish a rat hyperalgesia model of acute pulpitis induced by lipopoly-

and LPS-induced pulpitis, and to investigate the change of pain threshold in rats with acute
pulpitis. Methods  Forty-five adult male Sprague-Dawley (SD) rats were equally divided into LPS group,
normal saline (NS) group, and blank control (SHAM) group, with 15 rats in each group. Under isoflurance
anesthesia, the rats in the LPS group had their right upper molar teeth drilled and LPS was sealed
temporarily with Caviton, while those in the NS group had their right upper molar teeth drilled and normal
saline was sealed temporarily with Caviton. Rats in the SHAM group, serving as blank control group, were
only anesthetized with isoflurane. Pain behavioral indexes, including spontaneous pain behavior scores,
50% paw withdrawal threshold (PWT), head withdrawal thresholds (HWT), paw withdrawal latency (PWL),
and head withdrawal latency (HWL) were measured before and 2 h, 24 h, 48 h, and 72 h after surgery. After
rats were anesthetized and sacrificed, the pathological status of pulp tissues was confirmed with
hematoxylin-eosin staining and pathological examination and serum IL-18 and TNF-« were determined by
ELISA. Results

significantly higher than that in the NS group postoperatively (P < 0.05), and increased gradually with time,

Concerning spontaneous pain behavior, the facial grooming time in the LPS group was

although there was no significant difference in activity time. The HWT in the LPS group was significantly
lower than that in the NS group at 2 h, 24 h, and 48 h postoperatively (P < 0.05). Additionally, 50% PWT in the
LPS and NS groups were significantly lower than those in the SHAM group (P < 0.05). The LPS group had a
significantly lower HWL than the NA group at 2 h and 48 h postoperatively (P < 0.05). Likewise, the PWL was
significantly lower in the LPS group than the NS group (P < 0.05) at 72 h postoperatively. The IL-18 and TNF-
a levels in the rats’ serum were significantly higher in the LPS group than in the NS group (P<0.01 or P<
0.05). Moreover, the IL-13 and TNF- a levels in all groups began increasing 2 h after the model
establishment, reaching a peak at 48 h. The pathological results of the LPS group showed a gradual
expansion in the neutrophil infiltration area from the point of perforation to the crown pulp and upper root
pulp, in 24-72 h after modeling. The rats in the NS group exhibited milder degree of inflammation than those
in the LPS group. Conclusion Based on the observations regarding rat behavior, pathological changes of
dental pulp, and detection of inflammatory factors in serum, the LPS induced acute pulpitis model causes
pathological pain and pain threshold alterations in rats.

[Key words] Acute pulpitis; Hyperalgesia; Lipopolysaccharide; Pain behavior; Sprague-Dawley rats
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ANE (BRI A301B10755. A38210815) . 2Rk
B AN R AR s E AR A F] 25 (225 SD-MIID) ;
REOBEFERASE AL EHE (ZF5: ZL
2020 2 2238865.5) ;& HAR I (X AL I AR ST i 1] R
B Aal A (B151056316) ; Von Frey Hairs Test fifl 5
SF 422 9 E[E Stoelting AF] 2 (815 Von-Frey) ; 5
UM SO R R R SEYIRS A IR AR 25 (B
S KW-YL), T ERER 734 R G0 s
ZRIFERAE 75 (5 TSAFE-JK6985) .
1.3 SHESER

BEREIERMENRTE LG, RAMVLEC TR
17478 45 REEMESD KR NS HX A (SHAM
). HeZ A (LPS4). AHEhi/kd (NSH), H4H
15 5. LPSAHIERIT:: 2% FRBETRARIE T F R
FIA M EREoF i, SRETRER S o/ L LPS VAR HfR
Bk, FHBEREAI 30 min /5, Caviton B £ ; NSZH LA
iR AERER K (H10.9% SAR7ATR) ; SHAM 411X
BT SEBURE . SCIRTREAH 15 HRREEBA S
MR, BE3H, SRITESRT GEN0h) ik
BEE2he 24 h, 48 hAl172h, BENLZERL3 H AR, MRk

AT B RMERAIT N FE T
HUf o
1.4 BRMERTIZES

Sy AT SR SRS 2 hy 24 hy 48 hF172 h
KEZE—BETF70 emx70 emx30 em (FxFExE) BIEHL
e E M SR . FERFRIUE R 30 min f5, i 2R
ZFSLge 7 B75 2 m BPIAERER & SEid sk s P E i 4E
FEN 30 min 9178, D RS EAETESIN R (st
FEFEISHERDEL) . TSR (R BN R IS
SERFARDRMIE A TiHE,
1.5  Hiw s ta
1.5.1 R R 5

53 T 1S AT S A5 2 he 24 hy 48 h #1172 h,
5% H Chaplan %5 1) 612 4 Up-Down /5 % 3 4 K Bt
TR R ORI o I 2 R K Bl B TR R Bk 22
b, S EEHEVIES (20 cmx20 cmx15 cm),
e K Rl LA 30 min, FERRZEH (FILREER
MR ZESN) 5, AR Von Frey fili2z (J1i&
5331904 ¢, 0.6g. 1.0g. 20g. 40¢g. 6.0g. 8.0¢g.
15.0 g« 26.0g), PL4.0 g JFIEHE Von—Frey 22 T2 EL ] [1]
KERERIERAFR (BT EE), mERIERRMY
Tl BRI EISS s, [EBEATIAI>2 mine, 4 KHR
HEE R B AT N RN BHIE L, 18 X7, R
WHEBR— RIS TR R, & HBFAM: R R
(KRB A sFR 2 T), i8N 07, F—ikfftm—
RIIEFATRIS . A2 —HEL “0” 8 “X” 4
BRI, ABE—RHE “X” BET—R “07 fEi
R, PR AR TESL 6 IR BRI SS SR HE
50% 4 & i B B {E  (paw withdrawal threshold, PWT)
H k], HE AN 50% PWT (g) =10 W)y
10 000, FH of NFFH ERAR IR Von Frey #1422
FIXTEE , kONIRIERIATSE "X 07 FHIE R
&, 870.231,
1.5.2  EHYHRH RS

53 S TS R KOS fE 2 he 24 hy 48 h 172 h,
TE2% SR SRR N, SRS HMES (&
RIG773 mm) ERALHATAUVBRNEL, RIS EREA
G 22 AR B AR SL SR LR e S RS I R UL (H
MBI FEES 5 ~6 mm), JIE LIRS R ES FIME (head
withdrawal threshold, HWT) 77, E{& 2 %Rl 477
FFRR TR, BRI, {8 AR 0 ~F B 7
0~ 130 g BB E A -1 A5 o R Y o S M ia

PR fE bR E K A FE
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GttATAUORTEIN L R0 BE i AT, S
0 g B, HELIN10 s, iB& LN RS RE
AU fE S A SO UM HW T
1.6 $EsUEN
1.6.1 BRLSRIBR S

AT IERET R IERE 2 hy 24 hy 48 hF172 h,
SR FH TR TR 4 A I ASCAGHIN 7 2L K B EE A0 J e S AR
HA (paw withdrawal latency, PWL)., MEFEARET
BERRRARIMEA L, EIRARE (25+2) Co RER%E
# (R IERBEEARREEES) &, MR RERE
SRS A s, Y B O [ A o ) 1) g R B A 42 TR
PWLo & HAIMRA 3R, FHRIEFFGS ~6 min, B3 IRES
SREEEIE
1.6.2 FERRIMKRE

ST ARET R IERS 2 he 24 hy 48 h 172 h,
18 2% b S BRI T, i A S 1R RSO R g
ZF 05 2R T e A2 ¥ P 22 R v I, R AU IR
TRIZAN N 22 R RO B A L S TP 578 S S i 2 T R
(FARAIFERS 5~ 6 mm) , 7E 5 2R BUE R I
BARERERSERRARE N, RIFREORE,
REMNA SRR BT E R 3R FFEES, LN
FIREE O CRATFE 180s, FREFEF LRI
75 R RIS SR REAR PO RE SONTF 18 RIEIES & S5 B
BYG I RE] (head withdrawal latency, HWL); *%
FARHNH 3R, FFIRIAIFG S ~6 min, HY3 YRES R
ESE

1.7 S E M B RS

73 A FIEERT OSSR 2 hy 24 hy 48 hFl172 h,
SRR TE RS . R F b S IR K 5%
HRREERING, RESHAARRORmR; MKs
B0 (2000 v/min) f5, BHEUMIE, SRA ELISA ENE
B AR FRIMIFH IL-1B A TNF-a K3
1.8 FHERBEZFMER

BHRFR AT IESATOERGHI 2 hy 24 h, 48 h
FI72h, 5% FEGEFREEEUM S WEASE, SR ERA M
TR O N JE Bl oAl S R, R B0 4% (Y
LR FREAREE, FEDTA RTINS 8 J&, fik
YR R T AR -, e D FgE
HIVHFHF I
1.9 HitZERH

RLFH SPSS 23.0 B A A TSR EHE . R B
Flx+s3F0R, RABEEMEFEZSWERITON, A
6] FL 8 5% F Tukey K656, P<0.05 N % 5 A & it %

2 #R

21 BHERKEHNBRERBTHEER

WEERT, 3R B &R T AR I oA
GER, EFfE2h, 24 h, 48 hH172 h, NSZHKRH
R EE ] {7 3% 25 T- SHAM 26, [R] s LPS 25 K il i 2
7 BRI [R] B (5. %5 T SHAM ZHFI NS 41 (P<0.01 B{ P <
0.05), /RIS AR 2 ERE (K 1A),

E: ANEERIERE; BABEIZME; CRENNE. SHAMARNHITREREMENTANERAE, IPSEERARRE T ARG LETH
BEFEHESHEE, NSHESARRE TARGLEFFEFSHEERKE, ERFA8ERIAE, ERESHNEIREH3IRKRE. 5
SHAMABLLE:, "P<0.05, “P<0.01; 5NSALLE, *P<0.05, **P<0.01,

Note: A, Facial grooming time; B, Upright time; C, Activity time. The rats in the SHAM group, a blank control group, only anesthetized with
isoflurane; Under isoflurance anesthesia, the rats in the LPS group had their right upper molar teeth drilled and lipopolysaccharide was
sealed temporarily with Caviton, while those in the NS group had their right upper molar teeth drilled and normal saline was sealed
temporarily with Caviton. There were 15 rats in each group before modeling and 3 rats in each group at different time points after successful
modeling. Compared with the SHAM group, "P<0.05, " P<0.01; Compared with the NS group, *P<0.05, **P<0.01.

E1 SFEXERARBREERITHZEFMN

Figure 1 Evaluation of spontaneous painin acute pulpitis model rats
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GRS 48 h, LPS A KFR A ESZ A (AR SHAM ZH HH @
r (P<0.05), HARARAREHEES (P>005, &
1B), JERE&HARRAESN 2R E S
X (P>0.05, E1C),
22 FHXRENNWERZEISTAZEER
BT, 34 ARREI50% PWTEITCHHEZE R (P>
0.05): iEMLfE, LPSZMINS 4 [HA R 50% PWT %
BEGHFEREN (P>0.05), 552 h, 24 he 48 h
72 h, NSZAFRAT50% HWT B KT SHAM 4 (P<
0.018(P<0.05); Eff52h, 48 h#172h, LPSHK
B9 50% HWT BH K T SHAM 41 (P <0.01 5 P<
0.05), HRKBAENIMETCTEIS (K24),
ERET, 3EAARRHWTARILHEZESR (P>0.05);
EEE 72 h, 3AHMHWTHARUHEZS (P>0.05),
FEBLE 24 b, NS 41K RS HWT 3 45 T SHAM 41
(P<0.01); HEfE2h, 24 h 248 h, LPSZARAY
HWT B AR T SHAM A X NS4 (P<0.01), FERAFRR

IR E R s B (E2B).
23 FBHREHNLSHHEREIHER

EEET, 3R PWLEIEHEZR (P>0.05),
WA G 2 h, NS4 K PWL & SHAM 481 &7 &
(P<0.05); #1548 h, NS4 AR PWLE SHAM 4
THEREME (P<0.05); 1EBI548 hfll72h, LPSZPWL
B SHAM ZHAHE (K (P<0.01); &5 72h, LPS4
PWL & SHAM #4H K NS 4 B & 3 X (P<0.01)
(E20),

EEET, 3HARRHWLEITCHHEZER (P>0.05),
SRS 2 h #0124 h, NS KFRE SHAM 41 K FR AT HWL
HHE K (P<0.01, P<0.05); j&E5f52h, 24h, 48h
72 h, LPSZHESHAM Z4H AFRAY HWLBHERHE (P <
0.015%P<0.05); ERHIEAI2 hF148 h, LPSAKNSH
KEAHWL I EFEE (P<0.018%P<0.05), $#ERK
SRR R it B (K12D).

E AR RHRRIERI50% 48 B R &S B01E; B AEHIMRIMERILENRERSEE, CHRBISRMENEERSENAE,; DAFELRH
ERILEBIR G R B K. SHAM AR NHTREARMBN=AXNEE, LPSHESRRKE TARAG LEFFHHEHESES; NSHE
SREGMETAREG LEFAEASHEENKE, ERFBEHILRXE, EEESNEAGH3IAR. SSHAMALLR, "P<0.05, "P<
0.01; 5ENSALK, "P<0.05, "P<0.01o

Note: A, 50% Paw withdrawal threshold (50% PWT); B, Head withdrawal threshold (HWT); C, Paw withdrawal latency (PWL); D, Head
withdrawal latency (HWL). The rats in the SHAM group, a blank control group, only anesthetized with isoflurane; Under isoflurance
anesthesia, the rats in the LPS group had their right upper molar teeth drilled and lipopolysaccharide was sealed temporarily with Caviton,
while those in the NS group had their right upper molar teeth drilled and normal saline was sealed temporarily with Caviton. There were 15
rats in each group before modeling and 3 rats in each group at different time points after successful modeling. Compared with the SHAM
group, "P<0.05, " P<0.01; Compared with the NS group, *P<0.05, **P<0.01.

El2 SEFBEREE KR NRRIRR S RB T RIREEEA

Figure 2 Mechanical and cold pain threshold of acute pulpitis model rats

24 FHREXRBHEFHAREZEL

HE Yot s IR, 5524 h, LPSHALA] W ZF5E
BN 7T BB A R AR TR E R SRR RE
JEERFRI; R AR EHES RS 2L S5 P BEAE
MRV, REEEARER (K3A), NSHELPSAHER
HAME (EI3E). SHAM 4B G40 i HEF I H]
7 DLEA TR R AR K Y 5K (B13D).

ISR E 48 h,  LPS ZH 27 16 550 BBl 22 B0 43 A R AR
56, R AR IE R T E YA . B AR R AR
HevIfE 2L REE7eM (&13B). NSAE LPSAfEIR
B (E3F),

EEYE 72 h, LPSAEREXTEEDY K, BE LERR
e, JEEA K ERAMAIE Y FA- BRI,
DLVAR B s AR A IR T DX Bl ] AL/ A A 2 2R A
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S8, BETHEAMRE A, A EINAARS ] ARME/N
MEEY 5K, MBS AR AL 2,

TeRMRE (B3C), SLPSHHMEL, NSHRIER
WREERR (F36),

F: A~-CHBIALPSHEEE24h, 48F172h; DAEENER (SHAMA); E~GoBIANSEHEERE24h, 48hF172 he SHAM AF{HTT
SRGFRENTENERE, IPSAERARMRETARALEFAEFEHESEE, NSEERRRAR T ARA LEF A SHEER

KA, ERAEIBAHABRKE, EREZNEREHIRAR.

Note: A-C, LPS groups at 24, 48, and 72 h after modeling, respectively; D, Normal control ; E-G, NS groups at 24, 48, and 72 h after modeling,
respectively. The rats in the SHAM group, a blank control group, only anesthetized with isoflurane; Under isoflurance anesthesia, the rats in

the LPS group had their right upper molar teeth drilled and lipopolysaccharide was sealed temporarily with Caviton, while those in the NS

group had their right upper molar teeth drilled and normal saline was sealed temporarily with Caviton. There were 15 rats in each group

before modeling and 3 rats in each group at different time points after successful modeling.

El3 LPSFINSES AR IMEFERAIARBIELH (HE,4013)

Figure 3 Histopathological changes of LPS and NS induced acute pulpitis in rats (HE, x40)

2.5 HBAKXRAMEIL-13F1 TNF-o EAEIEKE

S, LPSAMINS ZH KRG A IL-18 A1 TNF-
o FEHAREAERBES T SHAMA (P<0.01), FE7E
MR 48 hiAR| i i E; S5 24 hfil148 h, LPSA
-1 EHRAEKFEEZEFTNSA (P<0.01); jEH
J52h, 24h, 48 h#172 h, LPSZH TNF-o & [F LK
SERHEEFNSZH (P<0.018P<0.05) (E4),
3 g

AR SR BOE N R N R R R S
MUHIR Bt . TB I TE SR FADLIG R S S e R
R AR fRid A2, 935 AT DA I TR 5 i A% R TR
WAELARIRBRER A , FRk— 2B R o 8 K A R L
K& TFHRiaT #iTik. Bt EWNIME LM
SFHERIERFTIE, SRR oF 8 % AR AL e O
BONTEHARE, e — e ENARS.

EER R VA= ¢ A PS5 §SPAE A = P
PR E M 2P R ISR T, T nT st SE sk
PR Y+ B, SFBE R IR AR ] 43R

=feRAL: [ ADN MR IcsE, 1Ay
FHEHAT, SFREERIIRGE; M AUDNASAT SR oF %
FHEE LI I G RERRL o AR
RE Y IR o7 B BR A RAE S b e, TR oy
firo HET, ARl SF 6 R HIE AR T 15 £ E A5 LPS
B IBIRERESIE. BEEANE. FHRERE
& DO T IR SRR SR IR, )
WEAEBEARRIRIERE, FHBERERR IR
PR T ORISR, EHEAR] T A E R 2 ko
BERMAL, LPS 25 = PAME MM BE B2 a7, |
AAAETHARME R Mo ARTFFEREULPS i Sk
AT RSB R IER . HHEEERTR, EEE
24~72h, LPSHIULHRHE DI i B FE I AL PRI SEER
W, RIETGEEZHY SRR X BORE [ R A
R LPSARARE NS T S & £ I /575, T AR IRANHY
LPS IR, yRfdt iR, 1555 48 h vl W fiE X
WRIPEAE., ARBEAER BRI, BR7sh il
RGBS E 2 R TR L SR R A AL AR R AR
BEK, BEE7~14 d B 5F 1§ K R 5E A 4k
iﬁﬁz [10, 13—|4]o
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E ARMBIL-1B; BAMBE TNF-ao SHAM BIS{Xi#HIT R & bk FREE
N=EMERE, IPSEERARMRBE T ARG LEFABEHSHES
WEH; NSHIERARMETAREG LEFFHEHEHEEE KA,
BREABHILAAR, EREEMNERBHIR KR 5SHAM A
Ebiz, "P<0.05, "P<0.01; SNSALLE, *P<0.05, **P<0.01,

Note: A, IL-18 levels in serum; B, TNF-a levels in serum. The rats in
the SHAM group, a blank control group, only anesthetized with
isoflurane; Under isoflurance anesthesia, the rats in the LPS group
had their right upper drilled and
lipopolysaccharide was sealed temporarily with Caviton, while those

molar teeth were

in the NS group had their right upper molar teeth were drilled and

normal saline was sealed temporarily with Caviton. There were 15

rats in each group before modeling and 3 rats in each group at

different time points after successful modeling. Compared with the

SHAM group, "P<0.05, “P<0.01; Compared with the NS group, *P<

0.05, **P<0.01.

E 4 S HEREE AR S RE R FKFEN

Figure 4 Changes in serum inflammatory factors in acute
pulpitis model rats

SRR AR RRI SR, AR,
AR RIEOA L a1 BT, R
PRHIE SALH A . GE R, SRR
R R v RBPEIa v] e 2 MR 2 2 AT i 2 R ¢
Bk U R SE R B SR . BHE 2 E
FENT R PR B R AR AT R PR, BRI AL
ZNARFFNAL AR R FAAR, g
ZHRE EE & T BARTEE R R, E R
SFREI N = XA 3 SR 3 AR DXk, (ELEF i SR
FEfRRIgE B R ER . Bl saEEs Ot
Rt g Rl NI o e suithl = &N 2 N TN VRS e

BRI 4 ARAF R A A X F RS, FI, T2
PR BOTEN R 2R R IRSIE TR R FEN Z
L. Z TN RGN

ARFFREE RGN, EEHRBIT AN, LPSAH
L5 NS 20 (8 K s 3 A AR [ 820 I o 2% ) A RE AR RS A
HfEEEI, SLin%E ¥ iR—5. LPSASNSA
AR EZE S, ] UL R B A [B] rT R A v s okt
RIRTFHER B AR o 15 Sl (A1 A0 B N2 B R] 43 1]
KRBT KRB EITRHAEERETH " REFFRIFRER
PG AR R BT, o 1 s i v S5 A A e =
MEREE. ARSLIRI, S KREITN50% PWT il
HWT B G REAK, BE7R S0 E B AR AL Ak ot i 85 &%
A, 5 Ohara %5 U 1 Watase 25 [0 222 05045 B —
o ARSZEGH, WSS AR (A A L SE R 1 IL-
1B A TNF-o A 7RI, 45 R TR, IL-1BFITNF-a /£
EBREE, FHERE48 hiAZ[IEME, Link ¥ a5
FHA, M TR B KRR R BRI T 28 R 1L-18
TNF-a KRG 1 dIN B & o IL-18 FITNF—o AJ
BEhneR T A AU . It S B0 LA
S B, RN, Worsley 35 20 WAIESE, KA HER
i T SR AR R

ST v T A B S S 1 2% R s T i BT o
ARSEIGEE AL, LPS 215 NS 4K R 6 1R R0
S ERR, BRARFEEREES e RH]
HEEESABE, SIHRMRSREE 2. G
PREFFESE AN, AN ] 1 oF i 2% JE 25 A 1 PRIATUAR R ot it
R Y& TR 1 SO L R A SR B S v T AR 2,
SFAFRITA 2 AR R g ) S R
BRI EF R, MESRREETH ST, A
I, SR E6 & RS B i AT BB AN 5 oF U AR A8 e i
BEH R, Tt —If7EiEit R M & /N R Al 48
TERIRALG B, BRoF A A0 B2 oF 0512 15 S R 1E
B P,

E LRk, ARSCIR RIS, T KRR A S B AR
OB, A A A 5 [ R RS Jr 0 o 8 A
R, IR T & oF 88 2 2B & IR PRIDASE 5 .
TSI 7R B2 R BRI E R Az, TEIRAL B A
T SEEGH E XU HI T BT — ERRE AR E
DRI S BRS04 3 e B PR AR A A E AR v IR B R O 1
T ABRIMIE RIS AN E , UESE T AR
BRI E M. Mok, ARELEIRFEERR IR NE
Ze. PIRNUHIFARARBRATE RS, TR BRRERE,
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[ EZ{C 127 B Medical Ethics Statement ]
RAREROFAENTR I EBEI I RN ER LR
BEESCEZRFEHME (CEHEHS: XHDW-2019-
019). FTEXWIIRRIYBRILG MBI EZRENKOIER
1T o

All experimental protocols in this study were reviewed and
approved by Experimental Animal Ethics Committee of
Peking Union Medical College Hospital (Approval Letter
No. XHDW-2019-019) , and all experimental protocols were
carried out following the guidelines such as Animal
Management Regulations (01/03/2017), Laboratory Animal :
Guideline for Ethical Review of Animal Welfare (GB/T
35892—2018) and ARRIVE 2.0.
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[ABSTRACT] Alzheimer's disease (AD) is one of the most common neurodegenerative diseases, which
seriously affects the health of the elderly people. The drugs currently approved for the treatment of AD can
only reduce the symptoms severity of AD, but can't cure AD or prevent the deterioration of AD. Over the
past 40 years, there have been numerous treatments for AD, including compounds that prevent amyloid
deposition in the brain or remove existing amyloid plaques, but their clinical curative effects are not
significant. Therefore, more basic and clinical studies are needed to improve our understanding of the
biological mechanism of AD. Experimental animal models are very important not only for the study of the
pathogenesis of AD, but also for the development of AD drugs. This paper reviewed the main
histopathological characteristics, genetic factors, the current animal models and model evaluation of AD.
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Table 1 Advantages and disadvantages of three types of Alzheimer's disease (AD) animal models
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Table 2 15 common genetically modified mouse models of Alzheimer's disease (AD)
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Name of model Type of gene/mouse Characteristics of neuoropathology Behavioral / cognitive disorder
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(A246E). APP is amyloid precursor protein; PSEN1/2 is presenilin-1/2; AB is p-amyloid; NFTs is neurofibrillary tangles; CAA is cerebral
amyloid angiopathy; MAPT is microtubule-associated protein Tau; mMMAPT is mouse microtubule-associated protein Tau gene; hMAPT is
human microtubule-associated protein Tau gene; APOE is apolipoprotein E.
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Table 3 Common intervention models of Alzheimer's disease (AD)

& & A5 = Modeling method

8 Phenotype
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Bl SRR ER
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SICIZA=EICICREEM , RREKEF S, FEERTE. ERNS
KBRS, TERSEER
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F B

ICIZIERS  ME MR

i STZREREER,; AFBAART-ZE-1- (2-RZE) -SHERE; NMDAAN-FE-D-RZHH,
Note: STZ is streptozotocin; AF64A is 1-(ethyl)-1-(2-hydroxyethyl) aziridinium chloride; NMDA is N-methyl-D-aspartic acid.

4 FRRSHRBNYIER T RNALIE

Table 4 Behavioral validation tests for animal models of Alzheimer's disease (AD)

TR
Behavioral validation test

MWK AIIA R BE

Cognitive domains

R
Description

Morris JKIX S

Morris water maze

M ERE
Radial arm maze
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Barnes maze

Cued and contextual fear
conditioning

IR B L
Novel object recognition
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[ABSTRACT]
hepatocyte kinase (Eph) is closely related to the occurrence and development of malignant tumors and

As a receptor tyrosine kinase with the most family members, erythropoietin-producing

displays a wide range of clinical application value. Animal models have played an important role in exploring
the biological functions, molecular mechanisms and screening therapeutic targets of Eph family molecules.
In this paper, we reviewed the application and latest research progress of xenotransplantation model,
immune-related model, and gene modification model in the study of Eph family's functional research, and
summarized the advantages and disadvantages of various models, in order to provide a reference for
researchers to select appropriate animal models for Eph related research.

[Key words] Erythropoietin-producing hepatocyte kinase; Animal models; Application; Advantages and
disadvantages
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ik M5 S, DORBHMRATEAS. KR, H9%E.
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ME AR SCEMBAED TN, EMREE RS
RAREENE P HAl, AR SRR AR
RLFIRRAEZE T Eph ZKIRAHREE A 8. FEERTSE
HRE, WFFTE RS SEAS H A IE A P SL e R 5
W Eph FIEAH R 73+ HI S BE S L M 25 BTt A B 0R
o PRI, ASCERXAE Eph KR53 FIhRER T H, 0
e P 1 A SIS L DR A (R AR R O Lk rd i A7 U
aEgs, DI Eph RREVERIRF SRS %5 .

1 EphHRIEMNEIFaRINEE

Eph S 155 Eph 52 4&H Ephrin fidf&, 2 EHIIR
IR AR Z B RTK ZHGS 5T RE.
LIRS 2 2 R iy AN 2SS S CTINN 1= £ 45 94
PR RS 7T TR PR VR Mo AR Eph SRR AL A
[FPRME . RIE . 73 A FAEE A S5 O A 8] AT 40 93 0 32 44
EphA. EphB % fit f& EphrinA. EphrinB #1124 2,
Eph Z L Z A 16 D5, 4% EphA (1~10)
LUK EphB (1~6), EASMNX H— NUimERR A4 5 |
— & B PR EER R S5 AN R R A R .
f NS BA R A RRBEHE LR EA L AF o B
(sterile alpha motif, SAM) Z5FIERF C Uit () 5l f5 20
FHE A X (post—synaptic density protein, discs
large, zona occludens, PDZ) Z5A4J 1, Ephrin fit f&
AESA G B R B0 ANR] A S B e AS I L s 12
BT REE SRR FA EphrinAl ~ 5 LU S A IR IX
FIAELFR X A EphrinB1 ~ 3 ', Eph 5244 Kz Ephrin Bt & 5
FEAIPEARRER . (1) WEHREEMNS T
(2) BEHIERERAWEFEAAEEA, BEEMHEE
FA A & TRl B Rz fn 7 (3) Wi #TEE(E S5
SEEEME, FAEXAES, ZXMOREE S
Eph 52 7= 4 (Y IE [F15 5 DK Ephrin BC A4 724 (9 2 1]
fB5. [N, 2. RAERE A ZE—RAER,
NZABGETR LI, RZIFR. ST Eph FKIRE Z4 )
RIAHER, FEFRIIAWRAFUA R, FREAE R
Eph DHRER SR HISh IR AN . HET 12
PRI AL 15 = A RS AR AR R L TR S iy A
BRGNS, NERREEMERR. T8
MR 2G5 Z MR A 2T N SRR %
HEEH,

2 REBEEEREZEphATHIRNE
NVE g 4 i 2 Z R A2 M (cell line derived

xenograft, CDX) A AR IR (patient—
derived cell models, PDC) FATF A J5 g 20 21 S5 RS
8% (patient—derived xenograft, PDX) &7 JE T 5
PRSI , BT DA b RS2 #R . CDX A
BURRHARSMEFR R IR AR I R N TR PR VRS
JFE BRIk 14 77 RS AR 2] G e e B /N B AR PR A 2 g
s, HE N2 S TR E, s i
REBFEFEINGERRNIIE. 43 FHLHIRIER AR L%
R BE, (HIZ AR AL R = 5 R Y 73 7R S
Gtk 1 KSRV T ER A B AN M I A e ) T R AR
RBAER/NGFARNZENL A PDC. PDX AL, &HEE
HE I RN g ), R TR A MR 4R
R ARAIE, AT RS R TR TRL. 7k
M A, (HEBERIRIK, WEERK. HFREM
I _EABRE S ERZR T Eph RG> FEMRE SR 1M
B A BRI 2457 R BV
21 EFERHBEBERHAR Eph EMERZH
RI{ER

KREARNINZIGUERA , Eph B9 58 225K 5 g i
FERAH . N TP EFNA4 (Rl EphrinA4) fERFHEA
AR YIRS AR FALH], LinZE Uitk
1K EFNA4 B P A0 £ 2 AR RO RFAE, 4% CDX AR
A, G5HRERAH, EFNA4 I RAEH T AR bRz
] R A AR R e 78 o [FIRFEESS E WY, Dopeso
& 8] B COX AR T 1) EphB4 J5 , 45 B M Rg 95
1R, HBEETINMN, Lk Eph BEFFUEE SEHED
SRR T, TERA RSS2 R B AR R
AN R R R IR . ERTERRE, FIEHERA,
TERTFIIRE S, EphA2 SEAHEEAEHBER /T FiE5)
B, HEmEEIR R, T Y. R, Y
EphA2 S AE/ERS, BRI IEmEE . it Akt
T R 1 A1 3 e R AT B AT RS AR 22 1O L, Astin
% VAT Eph RIEE S SE SRS, Eph 321k,
Fil s DRl EIR e X S EE A . AR T2
— IR, XFEEAIE RN RS IRREE, A
TSRS, PRt Eph—Ephrin £ Z8X] Bied DhRERY
A

Qazi < 1" FH MAARiRg 2 M 4L 32 1 PDC
AL, UESE EphA2 1 EphA3 3244 £t [®] 9K 51 i fris .2 %
6%, 2 BB A Y se FEFE BRI TR RE T BV
i 120 3@yt B R RSN 1445 B PDX AR, it —28
SR RS B D7 3 91 5 9 PDX A5, FyJsidit PCR-
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Array T 305 B BB ORI EEN, Hest
5T EphB2,
22 EBETFRMBEBIEINR Eph EME £KP
#{ER

MEERE T RESANMELRE, EEEL
B AN Ahyp i R s P A P A rh 2 B R o
Eph S 43 - [F) RECE B g 15 A= pl rh i R B A
E 75 E I8 I sh PR R 2 SRR CDX AL, 5]
m, EEpES, v D mEn e AT Rk
EphB4 37 CDX & &Y, Jf{f A &F FRAH ML R BFF 58 T
EphB4 /e85 E s R BOPE A, 45 SR3RIASS E e 5
T ML R PR BB I % FE 55 EphB4 & #H%, EphB4
VER 5 B GE RS A= A IR B 8l 7, RTRERZ TS
TEHIEE FTARRAT M o Sato 55 14 Ky T A SL Bk
IRANAEIE T EphB2 A 2 AT M AR, RrriEek
I F%IA EphB2 A OSC19 U 2R RO &k, &5
X ERA A EphB2-KD ZH g AHEL, EphB2-OE 0SC19 fif
TR IS 2 N, PR S RIA Y EphB2 g it
i A AR B, TERTAIRE R, Li%s ") K EphA6
OFRIAHE L COX ARAL, RIS A R SE 6 45 SRR
RFRIA ) EphA6 NI M A 5o Neuber 25 167 25 11 BR
B¢ RVESTHT F 0k EphB4 B A-375 411, M A B EE
S CDX RS, R PRI B AR e R 45 R EHH . Eph
0 BB M85 A2 B o Festuccia 22 1) Z£F Eph-Ephrin
ARG & S HH TR NS, 51— Eph/
Ephrin fHEAEF /NS T UniPR1331, EAEANAZ BRI
R SR AR A R R R I AR, BA
TR
23 ETRMBEBERHAREphEMS PR
ER

JEUR: R 2 T 24 S bR VR 7 o A R I R R R 5%
SRIAIE, TR 2GR AT LR R A U S oy 1 T
B, Mok Z 7 2yt A scis. Cbx
BEAL PDX EARUSRHEITIRAE, 455 R PIERST Eph IR
SRR EHT RS, AR A B
R A AR B EAVEF . Miao %5 U8 5@ A3 B4y
M. AHAESZIGAT CDX BEALESE, EPHA2 7] ALW-
11-41-27 #1 HG-6-64-1 0] 5 % 1 # it j&k & 9k 2
(vemurafenib tablet, VEM) HJH@ZERAMBETE; [H
R, TEEME T A B @A A-375 IR CDX 5
R FESE 40 JAE FIEATT . &3 EphB4 i FA 5 f
FEAN BN A 7= A 25 A 5% LAk, %A S EphB4

1 A3 M 10 1) 751 640 2B 5 mT DA 950X AR A 1 T 245 7L
H 1 RESEHIIGIR, Leung % ) 4 5 ARoFr 2 14
PR FARIFARFEAEE] BALB/c #R 5 T BN PDX 5
A, BRI RS A RAEE GRS MR AR AL
JEER PDX SRS, RIS T RNA U434, 1
7E EphB2 2 i i B A0, 7ECEL Al Bt — 2P
7E EphB2/B —catenin/TCF1 [ 1F & {55 188 5% % 56 1 JIF-9e8 ()
AR A e AR AR R 251, s Rl RE2 iRt
JET 25 B R SRl o 111 Toosi 55 21 43 BISR FIAHRL
(R FLARE CDX A PDX A AL A S M AL 7 S0 A TR A
IAE, Z5SRREAVTER EphBe (R T IR 94K, #9fn
TFLIRIEN 2 R R T2

W& 2L EIETT T R AR B R G e
pHEURIENETE &Y. Sehi(ARel M I & Al45 24
BREER ST FREY a1 DL R R i b
TN F L T AIEEENEH . Zhang S ) 53T —
MERE pH BURMERI BRI Z DhRELR 25 2R 58,
Uikis G RIFEM MR AY EphA FUAMBEL 2 R ELE Y
TRIRE &Y. N TRIEHRLEE, ZRE T AT
A2 MCF-7 B CDX AL, 3 T E AR AR A A o
EEY, SRRANERE &N MCF-7 4l 5A R f
R IEIER, Rk T2 AMEUN . RIFEEA
FLARJE AN MCF-7 1) CDX A7 rfr , Zhang 55 ) ik —
P T A RIS T, IESE— MR A A 2
LA R ] 08 BDR ) — R L B - 2 VMt FR Rl & I T
(EPSLP/TD) 71 RE A5 ROt R i bR 25 1 15 21|
PR 2Rtk FEFRERRT AT,
XECEERELIR, N SRS i B 45 24 75 R
AT YIm 2] REmi I EENEEREEAER
B

SZ, Eph-Ephrin 28 7EREE 2 ALFIHE RO B
I EERIEIER, BRILUSCONTRE .. FEIHEFATT
MERLE, HRTFHEERMRBEX. WnES R
GRS R B R G R R, Eph RIBFREEEEE 2,
TERRE— P RARN o« SRR ) N7 A0 R
NTRFE Eph IR 5T FOIE T REFRIZ1E.

3 MERRaTEREEEPhARKPRINA

iR e e Ry AR AR G S R HE T AR AR oK S
TARESE T T BT A FIMRE IR g 16y 1
RIS AR AR B R A, R a2 R R A SR R
HY NSG /N BE AR IE 5 B A2 B AR AN s 2R
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NN TR R R TH, filan, A%
AN, ALAE AN SN E AL A A Y s i A
i 0, /NI AJGRETNRE, FRE N
BT RR . RPEETIRIRTER, ERE R CH 24
R EHT TN AT I, RN R
PDX filg 5 3= RIR M e AARZS & P, SEl TR
R MAE IR T TR T T

DA A 2 55 (immune checkpoint) 1l 751 A1 %
BHURZIR T AN 797 (chimeric antigen receptor
T-cell immunotherapy, CAR-T) 1BIT AHARFEHE 4
I TEEFFIE T IR e e G T HO#T [ REHFFIERH,
Eph RIG3FAEHRZA. EREAIR. T4/, B2
HFL MR R SR Y, HEMREE . 4y
e ISR A ORBEE o (KL, NOD-SCID,
NCG/NSG/NOD %5 52 I BESRFEAR /N R AR L AE Eph ff
FhEAMEEN AR, NOD-SCID/NRES T4IHE. B
HHROEREE, e R BRI, BUMEELN, EE
g, EHATZMMEARREE, ERNE TR
36 BT, NCG/NSG/NOD /N i £ NOD-SCID = fify_F fif
IL-2Rg £E[A], FEGRIC THIA. B 40 AR I B /D> NK 4
i, SRR R NREEE RS, R
EVEE, RS RECRFF B AR B = o, Al
FFRIEASEES B 88— 45 18 D R A S 70 A
Eph 43 /2 EphA2 B2 | ETEAIE BRMEENMNZ M
AE R R R K o BE S UESE EphA2 SZ R 1E A
CD4'T 2k CD8"T 4L £ MRAINLE 7, J2 Eph
FIRHRR TR Iz R AU
31 BEFMERKIEITIREMR EphEEEEIR
PRIER

Brg A S - B R MY (dendritic cells, DCs)
DR L AT 75 5 g B D5 e S A 00 D 28 1 T U B
(cytotoxic T cell , CTL) FI5HEA T 40 B i s 9586 T3
g T H (351 Yamaguchi% [36] PLC5STBL/6 /NFRORRFSE
MR, BRENTICDATUAR, FriceD8Hifk. BARRM
(natural killer, NK) 27155 371 asialo GM1 Fif4
Hey 3 T 4H AN NK ZH AR = O 45 B S et o/ N
BAL, F T IFE RN EphA2 fiTZEAR (Eph-DCs) 2R
BIBURE RE IR B L AR TR, EphA2 BHPE/NR
B ia sy ORGSR ER SR, $275 Eph-DCs
JE i %f EphA2 BHYERI IR BA R = ARG 71 IMX
[ B2 —2A4IEBH Eph—DCs 758 1 %57 A At 24 At A PR 25
HEARBNGERER P RREIERE, ET R

FFEIRy T BRLRAS B IR A TR - D Cs P2 v 3 SRS
A BT I SRR AR IR Y 2R
32 EFMBERRiariiBMREphECAR-TH
FRiaTr PRIER

CAR-T ZH iy i RO B A S B 2 A1 A A B S RO
FE SR BRI Yo 2 BRI RS TR CAR-
T4 EAESIIREL 3SR T IRRIEITT - S
RITE CAR-T A A AR A & i R EAE K

Chow 5 ) JF& T EphA2 RS S UG Z 14, T
A BERSAE AR TR FI AR A7 Eph A2 BHE A B 2 o
YHRESR, HRAE R MR R AL R R RS AR SCID ZINER
BARIR I S IMRIH T . IS, FEAR/ N MO A e
EphA2 57 B % & U 32 AR BE 1R R FE EphA2 FEE Y
FiliFEE 2D, 1401, [ 7E SCID /N ER iy Al ofr , [EIREE
A EphA2-CAR-TY 7 IEAIH B TUIRIER . fEREk
Raarh, BFEE T EphA2-CAR-THHM, &FH
12 CAR-T 40 fits B A5 77 S AR M ) 20 ffa R A 1 A 0
K& CAR-T HH 7 A AR IR RS R B IS T RS,
B2 CAR-T A O b B 7550, BEPTCRAN T, TN
AR B B I 520 CAR-T I TR e, H
H B i 5t = PRl CAR-T HUMRRCR AR 12, Bhxt
IS, An%E ) 5 NOD-SCID /IN U v e o Jd
SRR, PRSI EphA2-CAR-T LR
REMHREER, KK @A yv-THE (interferon—
v, IFN—vy) FI#EALIR 7324k 1/2 (chemokine receptor 1/
2, CXCR12) 5REMFIIREEEAER, 277K IFN-y
FICXCR172 20 A 72 PPl CAR-T ZH AL iR R0 ) ot
K1 . EphA2-CAR-T 4HHf i & B S8 e S sl
STHEE T BB, MERIARIAR, HIEEZ
(¥ Eph #HSC Y CAR-T Y7 I R I ARIATT o
33 EFMEREATIEEMREphERKERS
p=pirde sl

EEXF R R SR TS 3244 1 (programmed death 1, PD-
D/FEFFHEFETRCAR 1 (programmed cell death 1 ligand 1,
PD-L1) &t B G e i s ] sOn T Rk iR G
T U RS . il Eph B[R LA 25N & G g
BT T B E NIRRT & Kamoun S M 3 F
BALB/c. A/]. C57BL/6/INFARISTES T CD8 fiifk, #4
f CDST i fi O FLARE /N AR AL, R BREE R 4R AR 5T
RERZLEHIF (EphA2-1Ls-DTXp) 55uEef e sl
FIPHE, 8EA0T COS THHAEME, MmndiiR .
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FpE—2B TR PD-L1 BGYEFALHE], Yang s 1457 1 T,
B. NK 4 fififif = i) NOD-SCID /] i 8 37 FL AR s i Al
UESE EphA 10 BB AN AT DL FE I PD-L1/PD-1 13
S SO CTLYEYE, i HLA] DIXY 58 CTL [ frhgs 24
IR, $8R EphA L0 /E NSBEIRTT B S AR
(1. ERANERDIRIRN RE R Z MR &R, R
REARIL A BT SERRIE T o T AR A/ AR R 73X —
W, A T A E AR RIGTT /5 R4,
[ i i B P BT Eph AR S BRI U & o Eph SRR
RN EA BN AR S, RESHE G —L
ML, EWEAFEKKET, EphF5HSEANE
VER, 2B AERNIER . RIAESTER—DI6EH
W FE Al R e A A e e AR R BO1E A, H Eph iR
REBARE, [H—Z KAl 5E MRS S, ERAHEA
B4, BRI, EESRIE S AR SFR 5 DA
Eph o Bl (4 6 5877 15 BT & A s A R 90 IE 6l 15 7
UIE=

4 BREiHEEEEEph RPN

FEREME /N (genetically modified mice) [E]FE4
Eph KBS FHIThREM Rt T Rir TH . BH B
/NGB BT R BRI 9 AR S T BN /)N R R AT
ITHGE TS B R B, A e B A 2
PR SR SSIE . IR e REIRTT . B R RIE R I
BT HRmg . EiZF/NREAEERK. TIFER
Ko BARE . Fawal % o) 2 7 ABKEZSE (patient—
derived organoids) , -FRH il Fixi e e e 6 41 B 1 2 5E
. o MAERA BT, 458 kKM EAHR &K
EphrinB1-FC (i EphB 52 & 2 B I — ZH-FR1A S5 i
FIK s G ek g e e 4 e ) 15 R BE T S 3 LR
Mateo—Lozano 5 1“7 i it — 2 #1| {9 A 4P SZ 3G % BH
EphB6 JF AN A 145 E i Jm MR ASf. 1Z# . {H EphB6
BRARAT DO IR & . KR % EphB6 /iFR/INFR
RIS UERA ,  EphB6 Sl 2 fiff S RE i HE 45 B 7 i 5 7%
518 fEfatAR s, SERTHI 78R H EphA4,
EphA7 32K L EFNAS B AR  S A4 2R . 78
DL E A EphAd. EphA7 X3 R bR /N BRUBEAY
PRiF EphA4 A1 EphA7 Sl 2%+ i £ 40 fo g i) s fe B 5
p—Akt 7K AYAE IS MR, A5 R & BB U [ EphA4.
EphA7 sXEX & PR T A e SE R4 T AR K, HS
Akt BEBRIL A PIRE R 5 Jackson SEIR R WF & T
— it C57BL/6]~Ephadrb—2J/Grsr] /NERSSAF A, i BR

W R K EZ S M (restriction fragment length
polymorphism, RFLP) $7/R$K151% /N B A% R B[R]
EREEAOTEANE Rt EphB4 BITHRER SR BEE T Hk
filt 7 i bAmA, BRI N R IE
ARG, MEZERIARIE SR E IR LR
iR R R E R — AR A SRR R R . A
it DX\ g i sh WD AR 8] W] DASE B A 3 1 Eph Al BB Y
WsE, EVRMELERAR 6.

5 BRESRE

Zi bRk, R RMEERERL, iR sinyr i
RURIEL MBI /NERAR TS, B 555 N8R 1 #1 Eph
2 P B Ephrin B A YA 125 R BUAH S 73 AL, mo HLEA
R =R Bt AT DATRST 2 32 AR 5l B A
HIEKNEZAE S, BIEZ1 Eph H R R A4
P RE SRR o (EATAE— 2R M, fh
e AR AR . AT IR AR . e fe
RIFFM MOHEMBRE. B2, EFaEN)
PR, SCRe 2 MIRALR AR, PIRCRE B FEAh
AL eI, W REZ B IR HE ) BE Eph E 2R 5 S

SIS, IR AR AR R BRI o
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[ABSTRACT] Tyzzer's organism is a kind of Clostridium piliforme, formerly Bacillus piliformis, which can
cause hepatointestinal necrosis and diarrhea in animals. Tyzzer's disease caused by this pathogen is an
acute disease with rapid onset, high mortality and no obvious clinical symptoms, so it is difficult to make
early diagnosis and treatment. Once the outbreak, it will cause irreparable economic losses and laboratory
safety problems. This article reviewed the biological characteristics, epidemiological and disease
characteristics, detection methods, research progress of Tyzzer's organism, as well as the prevention and

treatment of Tyzzer's organism.
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[ABSTRACT] The establishment of standardized, scientific and normalized animal biosafety level-2 (ABSL-
2) laboratory is an important supporting of teaching and research in universities. Taking the ABSL-2
laboratory of Xiamen University laboratory animal center as an example, this paper elaborated the
operation and management mode of the ABSL-2 laboratory from the aspects of the qualification for the
record, biosafety management system documents, daily work management, pressure gradient control, the
management of people, animals and materials, biological safety supervision and inspection, and waste

disposal, and proposed countermeasures for the problems encountered in the management process.
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Figure 1 Plan of the animal biosafety level-2 (ABSL-2) laboratory of Xiamen University



366 LIS S L E S Laboratory Animal and Comparative Medicine

Aug. 2022, 42(4)

PTRIEE: 5 AR B 2 M R SO S R
TUE, ST e R 7 IS B R A A A R
TAEENTY, B, ALREMEDRINESE
5 NAREE S, Wi — R — S N e
), AR ORS00 A A 22 A P )
24 ] S R 7 T B R TR R ) 2
RIS S T B ) — ST — s B B
R SR AT i & 5o ABSL-2 SCIR 323
Hi, RIZHEH =i MR B T RON , ZHA
AR BB S HBR TA  HE EFRE THE A S
ks, BTSRRI 2, MR A
PR A R B M hRAR, ABSL-2 50805
GEIES AR, &SRR R
A R I L LR A R, BN RO
LR

BT BSL-2 SCR IR E BISE AT IR K
T A REMIR TR SRR A RE S
BEHE, 35 BSL-2 SCIRI I HAE AR AR 7E ABSL-2 S0k
SEERIT, BRI AGIAST (ABSL-2 N2 FY)
SR HIASE) . JFRAS4 ABSL-2 STIEE 6 AT
FiAT ABSL-2 S0 T I 75 7 N 3 15 3 S0 16 5 v 2
2 FERTPR B TSR
22 ABSL2LREEYRLEBARNH

B A2 ABSL-2 S S BLe A L 1]
SRRV, NST0es 1 SSThatl ke, Hvrfd
SRR, TR R L, S R
FIR TR R ERLRE, MIRSEIe A BRI (L. FRFFIL.
FRofE (LR, 0 PR 4 5 R S0 R e 2 L

E3 EiMAZFABSL2XBEEENREEBRREMG

B2 GEEETMREENAENFRMENITREEER
EiE
Figure 2 Record certificate of pathogenic microorganism
laboratory issue by Xiamen city, Fujian province
for Xiamen University

LAY ERERIEIUR BT BN, ALR=ER

K s N ERIRE . B3RS =AM Z2E

BARAR S

23 ABSL-2xBEZEHEI(FER
HPRETESEHEER, MEIAIKERE, Ll

E T (ABSL-25Z80 % A RAPEHICFRF) (ABSL-2 525

Figure 3 Documents of ABSL-2 laboratory biosafety management system in Laboratory Animal Center of Xiamen University



Aug. 2022, 42(4)

LR ENM S E S Laboratory Animal and Comparative Medicine 367

ZSLIGHIE AL RTR) (ABSL-2 SLIeEsh - (A8
Fidgt &) (ABSL2 LR EERE AW E Fid FR)
(ABSL-2 SZUG 2 PR 770 i EIH 8 K 0 s #R) (ABSL-
2 SEES R A R EIE SRR (I E = EE
REMFEAICRR) (kB mEKEEY &K ESS
FAMBUCRTR) (FEKEIMICTE) (ABSL-25L3G=
BAFEGHFREICRR) (IVC LFIExERK) (RE
RAZRHBHAICRR) (BEARa iR E H
BR) FRE, XA, £ MRT,.
24 ABSL-2EZREFEHBERH

ABSL-2SLH = RAEHNARSE, EEATTSXE
WSS & o PEAG B IR BRI T B R SR E Al R
2, BRSSP =Rl A fUEIVC. &)
LMEE; HE ABSL-2 LR EREG HIEIVC, EPE
. KPR ES, CRBIEEAR =4
Y SAENHT BEEREEYREME. IKFH. 9
WA, (HELIRss R B #

ABSL-2 SL96 R FEZS iR I . VEPIERE (—20 Pa)
— Yk =B ABSL-2 S5 % (—30 Pa) <« {5¥)E
JiE (=20 Pa) —fR{E=E (—30 Pa) /RELEIEED
fufE] (—30 Pa) < {5HIERE (—20Pa) «H &[]
(—10Pa) «HHEEX (+5Pa), WEMEER,
25 ABSL2EIBEZEAREE

INEEsEIG =AY e 2, M T/EERSIL, &
AH—ZIFEFE. WERMHEEEAR 1,
AL EA R FEAFEHEAL, BEIR, SRAR.
HefE NG, LIRA R SIREA 7 57 AR B SEEG
P OHIER LR EERZUN) & GREEAZRT
S, FHIF A im e, R 5T ARSE
A SEAG A RO RS, AT A S R R AH AR 5 75 BT )
A 1 TN HIE TR SCG . IR 1 57 N At
G, FTEZ5 A\ B ab it sz L8 = MR A 22 A
WHERI, WAL s o2 A SEaG 309 MOl A
RRNERI T DAERHREZ R SH R N EY) R4S
o EHANREIE, JrEd EZAE R Ik,
SEEG N B 5 S I SEge s O e B 28 I ) Sy 28 22
SETAIRGEENEILEI S5 2R, W 5%
o BISESIEBARELE Y ST I Y
TR EER, YR E R AT E R
BWISEEG AL ST LR (12) FiR
o MZHEIEBEEE N A IREES . LR=EAR
Prihm . NERARE HPEG. TR R

ALY, LR ARGEBERUGHIE, 7Tr3kE
GEISAGER EE SN S 57
26 ERHMVRVEHENEE

SLAeEh P EL . SERR SRR T AR SR 504
HR e ] P LA I LR R A A Y 2R R LA
ARRERS s b B IE RS s I BRI UE
RETehr Rz e, B R BRIz
BN EE, RN DK E A RER A,
NG RERS B ABSL-2 LR X . SNESIEEIAZR
LR G, NG R R e B 2 2k,
ARSI BIIN, R A=,

TRIRE SR RIRHMEDRERENERES (A
ARG R R a4 ) B (2006 hR) Bk a5y
FEOR, BAREHSZIR A G WAL REMAEYZ AR
FEAGE, JFHEVGEFRRERERE . BIREH
R ER R ED N AT IEF A, IO RAE
TR

FEPRZG A B RRIREG I ELAE IR 2 . KSR
i ZflERA BEREA el RnE. EN
R ABSL-2 SRR BT RN AITG, FrEURAHIRE
IR AR [ S RS A e = R B

Lo iHE R Bl R, FikE
BAREEANETE, &dEHENEHFE=. 1
PIE R A\ B B 2 el ABSL-2 SE40 =

P fesE IR . Bl R, REY IR
MM P FEEERTHE TR BB mkh K.
AR TG PRAT I =il = D ft A0 2 2 e
M E= REKEEREEKE. aRk&. M, =%
ezl AR, RIE AT S AN iR R R
MERRIRIE . RN W%, REALR. LA
HEEae T R KR
27 ZRZERFVLEEEE

ABSL-2 SEAR Z M50 A PR FFIHE AT A8 e Tt
JEINEERIE, oy Rt BARSE, HMbrEid; &
BEmimm EAIPI S (BIANER) R A AT S 2 i)Y
BTERE. rEYMediHE KETEE, J56E
IZH ABSL-2 55562 1,
271 RinFELERERE

ES g B NESESLEFRBES E AT E AN E
SHEH, A AENER g EBR . B L EE,
i R H e B B TR B gs A IZR & o Al &b
IR A G RIBHIM R R, HENFIRINAEEEE



368 LIS S L E S Laboratory Animal and Comparative Medicine

Aug. 2022, 42(4)

BRIz =IBER. REkfldatflEdT &
HEBKE, PIfFga—0H,
272 EFVLERE

R SESE s A AL, OKRFNSE g R AR
MR EPE . 485K, IVCEY R THEBZETH
5, ZIEBAIm RN ET RYIE RN, B X
Befy B FARHAR I TS, WERLFENHS
Py TR P RIRIH S KR o AR — R A
PifriR g maf b miRiEE KE )G, LRRIEET R
b, PTEEEAEKAL IVCEYMAFHE R
RS KE, BT, BEFSRESKEEE
Mo B KECHERFIN T HRR, BHF
FEEHER 1R AR R U TR P e B
273 mYIF L ERETE

AR R A ERIRAHR, TRAESE
AR, FLERN, ExXTESy & RR MR ] I 5
HEE, G EKE G _IRFTAFE ABSL-2 SE46
INOE KBS E, Rrh—EHEF A R
EHE TR R A TR FCE . 2afidiE
HIE AT RO %

3 EYREHERE

3.1 ABSL-2ZRERERE

W R HRERFE RS BHRZ. IR
Sifehn. M A, FFREE. MR AKX, HE
HAFIERKIOEREREETH , HHrds, 64
IRl R s ek B srie s R, SLie s S A
MRS HE TEMEYZEMER. AR
EHITIER . EMREERIEMNEIERE T ER. EY
CRWFHTIEEER . DA BRI T S R ]
B, EAREEEREIRER AT AR, &%
SRR RRWL W, L= A RN AEY RS RE
BEME, TiH #%E RS ST EANR. [
BERENAYLEE. BEKFEE. RIMTEHNEE
BV TER . KIERMYED,
32 EREVMARIERZEESZRSKE

FREVF T T LTS REASHRAEAEH
WA RFRE ABSL-2 SLie B E A RETER. £
MGG EEEE . ALK EREEN
KREER . B R AP R E . SCI6TH H ¥4 5L
B0 YRR RHER & BT SR Eh%E
B BIRARLEE RS, HREPLIAE, 5

BV L G R I A IE
WE N SEERL FHE T o
33 MmIRERREEIIES

R E T DAL R ANEHHRERK
B ABSL-2 L= I E T A SEER A, SLie=
WANEHEG, ks (SER) EEER, fafk
MR, W () MR BGERPRIE A PR
RE. smEEEREN, KAVLEERN, K2kE
B, ARSI SRERIEE, HAIIRETT SN,

4 gHEIE{TEERITS R3S E5E

41 BHEETEEER

RS ABSL-2 SEA6 =8 71 £ i e B B A B ) S e 25
Bt EMCETIR, DheE EfFE—EEG, BfTiE 84
SRABIAT FE A : (1) BIERmD, B R
IR SRR AT (2) A L0 A\ B A 24
IR E, XMLREEFNRANEERA . e
AT S206 28 4 PR K SEAG N A R VR AR K
(3) oA BAr B A SE a0 A BREN TR . L
AR E S, X R Al RN T RS, (&
KT L= MERF AR, (4) MEMRES, L
KEZAAR, (MERILENL.
4.2 Rix3iEhE

FEXTLA LRI, SPARAE IR TR BRI A R KL
. B, MEREREENHE RS, el
ABSL-2 SE8G Z 22 i T B, SERRsh W Ewf i A
SLIGHPIRE MU ERENR,, DI A LR 7N E
SALSEEI, FERTRE (CERRshis) (s
) BERRE, RIS A R AR AN AIRRERE 6E
HIR, ABSL-2SLIGESLATIRAIGIRE, A srih g
SIS, BSRELRT 24 h LIRS 75 AT ASE
o=, [E R O SeaG N AR — I A B 2 3 A
AL, MAT RN REASERE . FHR, 58
LI E MBS, WATEER AT AR, fHE
SEUG N R et lE, B SLI R A K i R =
BN, BERAAEEEGBEMNES, FRE
ABSL-2 B S Li = MIEF 21T, —HAMEMA
B, BREETRER (BRSO RRERE
ERBTTINE GRTT) ) HETRLST, M ERBY
EANMR. ffa, MIEEEMENTa AE. i
th. FVEAET ABSL-2 SEIG = B EIRAR, FPRSEIE A
BEMEILEESE M E RS A IRE . EEAA
BRI, WRseie A Rk

A S it PO ER R SRIE



Aug. 2022, 42(4)

LR ENM S E S Laboratory Animal and Comparative Medicine 369

5 Z&ERiE

R 2SI BARRE, K3 IR ER
BN RESRE , RN EIRER L, 752
— AV R XIS, e B R E Rk
7, REEfde. RIAMEHE, smibkeritE
RAEEH, B AR EYTEREIN, IS EN
YR e X R RAR, A REMRLR ABSL-2 SE56 25
O, ©Ba. BB1T. AR ABSL-2 LG 2= fE Y Relic
BT LA E—ERA R, (HH 2 RIARETE 2T
SEEFRMATRE, AR FROR B IR SL S 2 W s
BN, SR 2 N R RAREI, T AgE<FE
FIEAEMA L E IR, #— PR
ABSL-2 SEIG ZE R E K

[{E& =it Author Contribution]

MBEBHNBEEN; BBERADBSHEMBIEE; REBEN
KMENEERE; BEEAFIEXHERER.

[##575 B Declaration of Interest]
FrBEE SRR ANAFZENZE PR

[& % 3k References]

N BAXE Z=i BF. sSREXAFLREENZLEERRKREY
KRR RENERFBFIR, 2022, 30(2):233-236. DOI:10.
19958/j.cnki.cn31-2031/s.2022.02.005.

TANG W T, LI H, TANG Q. Current situations and

countermeasures of biosafety management of infectious

disease laboratories at Chinese universities[J]. Chin J Animal

Infect Dis, 2022, 30(2):233-236. DOI:10.19958/j.cnki.cn31-2031/

s.2022.02.005.

[2]  Z=BRE PSR . AR E R LRIRIEABSL-2)IETEE
ELot. FELRESFZE, 2019, 29(7):80-85. DOI:10.3969/
j.issn.1671-7856.2019.07.013.

LI XY, LU X C. Analysis on the key points of operation

management in animal biosafety level-2 (ABSL-2) facilities[J].

Chin J Comp Med, 2019, 29(7):80-85. DOI:10.3969/j.issn.1671-

7856.2019.07.013.

8] REBXFERABMERIERMENS S B0EM). P4
ABHMEBEIB LR, 2006(2): 32-52.

Notice of the ministry of health on printing and distributing

the list of pathogenic microorganisms of human infection[J].

Gazette Minist Health People's Repub China, 2006(2): 32-52.
4] EFE. PEARENERWVIBESISSNHDWHERHMEN

DERZFJ] PEEEEZIR, 2005, 25(5):473. DOI:10.16303/j.

cnki.1005-4545.2005.05.009.

GUO Z R. Decree No.53 of the Ministry of Agriculture of the
China
classification list of animal pathogenic microorganisms(J].
Chin J Vet, 2005, 25(5): 473. DOI:10.16303/j. cnki. 1005-4545.

People&apos; s Republic of announced the

5]

(6]

(71

8]

9]

(1a]

(1]

(12]

2005.05.009.

ERRERERELELSR FEERFENEEZRE. X1
Y IR R R BE: GB 14925—2010[S]. 1L : T E ¥R H AR #L,
2011.

General Administration of Quality Supervision, Inspection
and Quarantine, China National Standardization Adminis-
tration. Laboratory animal environment and facilities: GB
14925—2010[S] Beijing: China Standards Publishing House,
2011,
FEAREMETEMNS ZRES. £V TR EEHEAR
H3E: GB 50346—2011[S]. b : FEEF T A HhRE, 2012,
Ministry of Housing and Urban Rural Development of the
People's Republic of China. Technical code for building of
biosafety laboratory: GB 50346—2011[S].
Construction Industry Press, 2012.
ERREEERENESS FEERINENEEREEZRS. Xh
= EYZ2BAERK: GB 19489—2008(S]. Ib5: FEIRAEH IR
#t, 2009.

General Administration of Quality Supervision, Inspection

Beijing: China

and Quarantine, China National Standardization Adminis-
tration. General requirements for laboratory biosafety: GB
19489—2008|S]. Beijing: China Standards Press, 2009.
REAREMEESKR. BRMEMIREE DL EEKM)
[A]. 2004-11-12.

State Council of the people's Republic of China. Regulations
on biosafety management of pathogenic microorganism
laboratories [A]. 2004-11-12.
FEANRHNEEREEMTHWETEZERS . FEMEYIR
EEY L2 BAEN: WS 233—2017[S]. dbR: hEFFEH IR,
2018.

State Health and Family Planning Commission of the
People's Republic of China. General guidelines for biosafety
of pathogenic microorganism laboratory: WS 233—2017[S].
Beijing: China Standards Press, 2018.

= BB RAL ANMERIVELYRE2EHNRERSE
B RV LREHRSRR, 2017, 36(8):302-306. DOI:10.
3969/j.issn.1006-7167.2017.08.074.

QIN F, HUANG Q, YUAN J H. Cause analysis and manage-
ment strategies of the biosafety in university laboratories[J].
Res Explor Lab, 2017, 36(8):302-306. DOI:10.3969/j.issn.1006-
7167.2017.08.074.

TOKE BN NELE HR-RBAFLRELRSEEER
BEARFILE] THRERRSRE, 2022, 41(1):299-305. DOI:
10.19927/j.cnki.syyt.2022.01.061.

LI BY, HUANG K S, Al D S. The concept of laboratory safety
management in world-class universities and its practice in
tsinghua university[J]. Res Explor Lab, 2022, 41(1): 299-305.
DOI:10.19927/j.cnki.syyt.2022.01.061.

FHE BXE. SRILNPOERRHIZEEHAR S LK
Ul LTRFARSE R, 2020, 37(3):9-12. DOI:10.16791/j.cnki.sjg.
2020.03.002.

WANG Z X, JIANG X H. Research and practice on prevention
and control measures of infectious sources of university
laboratory animals[J]. Exp Technol Manag, 2020, 37(3): 9-12.



370 TR SR E S Laboratory Animal and Comparative Medicine Aug. 2022, 42(4)
DOI:10.16791/j.cnki.sjg.2020.03.002. [JI. Chin J Comp Med, 2020, 30(3):94-97. DOI:10.3969/j.issn.
3] BEM, I &M & SRIVDINEN LT EBREAHAR 1671-7856.2020.03.016.
. TR ARSEE, 2020, 37(2):1-5. DOI:10.16791/j. cnki. sjg. [15] #HtE, BXE, REN, & Hi¥ABSL-2 LR RETERES[).
2020.02.001. W St E E S, 2020, 40(2):149-153. DOI:10.3969/j. issn.
XIE Z C, JIANG Y, HUANG K S, et al. Research on laboratory 1674-5817.2020.02.011.
animal biosafety management model in colleges and YANG H, ZHAO Y, SONG Z G, et al. A brief introduction about
universities[J]. Exp Technol Manag, 2020, 37(2): 1-5. DOI:10. key points of management in ABSL-2 laboratory[J]. Lab
16791/j.cnki.sjg.2020.02.001. Animal Comp Med, 2020, 40(2): 149-153. DOI: 10.3969/j. issn.
4] 33E. IMENZ2IREERMRAER]. FENREF 1674-5817.2020.02.011.

&, 2020, 30(3):94-97. DOI:10.3969/j.issn.1671-7856.2020.03.016.
WEI Q. Issues of animal experiments in biosafety laboratories

(WF5 B HA:2021-10-19  {&[a]HEA:2022-06-10 )
(KX IRiE: KEBE, BEELE, H1R)

i sfe sk e s sfe sk sk sie s sfe sk sk sk sl sfe sk sk st s sfe sk st sie s sl skt sk sl sl skt st sk sk sk s st s sk sk sk sl sk sk sie sk s sk sk sk sk sl sk st sie sk sl skt st sl sl skt sk sk sk s st sk sk skt sk sl sk koot skoskokokokoskoskokokosk

(ERHMYSHERES) ERRENERER

T GERE1E EvE] P EMR(EE)

WHO World Health Organization HRPEHR

FDA Food and Drug Administration BEmimhEEERs(EE)
SPF specific pathogen-free TS ERER

PCR polymerase chain reaction REmeERMu

CT computerized tomography TENERER

ELISA enzyme-linked immunosorbent assay BE X 5 2 TR BT U 2

CCK-8 cell counting kit-8 Mgt =E-8

MTT thiazolyl blue IE M IS (AR IS TEE e it 7))
BCA bicinchonininc acid “FATR(ERRENELA)
PAGE polyacrylamide gel electrophoresis R IG BRI BB K

SDS sodium dodecyl sulfate T TIRERERR

DMSO dimethyl sulfoxide —EBETN

EDTA ethylenediamine tetraacetic acid RN

SP streptavidin-perosidase EENEMREL-TENYEE
HE hematoxylin and eosin DARRE-FRLL

DAB 3,3’ -diaminobenzidine "R EBKXR

ddH20 distillation-distillation H.0 PUEYI

PBS phosphate-buffered saline BER R B ITIAR

DPBS Dulbecco’s phosphate-buffered saline BB B R TR

PBST phosphate-buffered saline with Tween-20 & Tween-20 (IBEER B 28 i
TBST Tris-buffered saline with Tween-20 & Tween-20 A9 Tris R ER 42 /i
DEPC diethyl pyrocarbonate EWEBR 28

DAPI 4’ 6-diamidino-2-phenylindole 4’ 6-Z K E-2- R E DR

FITC fluorescein insothiocyanate SMERKER

PE phycoerythrin ROAEH

PVDF polyvinylidene difluoride RRZAIIE

RIPA radio immunoprecipitation assay T BT

FBS fetal bovine serum fa4 %

BSA bovine serum albumin FMEEEREH

P propidium iodide MR IE

Bcl-2 B-cell lymphoma-2 Bk EBARE-2 2R

GAPDH glyceraldehyde-3-phosphate dehydrogenase HimEE-3-# RS (Hs)
Ras rat sarcoma gene AERBER

DNA deoxyribonucleic acid B AR R

RNA ribonucleic acid ZHEZER

cDNA complementary DNA EiMR@EEF)DNA

siRNA small interfering RNA INFHERNA

miRNA microRNA M RNA

(LN SR EFVRER



Aug. 2022, 42(4) TSI ES Laboratory Animal and Comparative Medicine 371

DOI:10.12300/j.issn.1674-5817.2022.113 - SERR RN S L E SR QU B BAMETYT -

Scientific Innovation Teams in China

TR S 2y BRI D S g sh Pt 4 F- 6

1 FOEN

HEAFE TS EEN L (R "SEAL” ) B—ZNEHARRATE AN £ TN R LR
FH, HARFERADE BBTEMEGEORIT . EET 202163 H, HIE LT RIEFREEM R4 E
A, bl ARERAMTRL (ERARERARITHFGL) FEEEYIE SRR F LRI, HEim
SR At — R RHA L AL, BN A DR S Y SR SRR . A MERORFIE A i BB A
R FACRINRSS o

NTHEREEGETEYH = RTANTRE, EHRTAEAL (WHO). FEFRITRIETZ RSER T
AN RIES T, SEAOT 1988 FEIERFERL . SEALDIAET@RZGYNZESEE RN ES, P
Rl 2 2 AT R AR G R R, R RGP TG B AR AR S0, IO E S SR
BB B2 R FENIAL
2 IghEIRE

FHAPOIE AR FEE NI LREER AR, 6 —EFE (PEARSMERSEHE)
(Hp e N RSN E 2 5 B AL 455 HUE R SEIe sl (RIEA /NS5 b 22 Bt B S5 m 4 R A0 ) 7758 e )
FIRANES, 2008 fEiET T E R 4 i W B i LS R A S B 29 IR AT 22 2 M GLPIAE, FF3R18 GLPIAE
fit fF, 2014 £ 8 I H br
AAALACINIE, #3453k, &

AN TE JFE B 315 e
SIS WAL L, YRR
IFAVT 5 000 m®, fI%AETEZ
HESIR R . ATE S
=, JRHESHE . SAL%
2. WA RE YR E] =F

B K 56 55 4E 14 O % 30 R S

2N
'ﬂl%o

HHPOIHEA 120 A5
ffrfE 2 000 5% 3 TCHY %K= H
e r&E, BFEHR
Hamilton Thorne TOX IVOS ##
Tt LRI



372 SRS LR E S Laboratory Animal and Comparative Medicine Aug. 2022, 42(4)

I, SEE AB A FE]AY API 5500 LC-MS-MS. Instem 23 F] HY Provantis £ R EE AR Gt EMKA B RS LA T
FEE ABIZOEE R PCRAY, HIZ 7020 AL SysmexXT2000i MERHHUY . FEE M558 FC500 7 =AM
ZENyTh200ST FEEA 51X . Leica ASP300 i ZKHL. ST5010 Leica 4 H Zh%EHL. EG1160 fLHEHL. RM2126 HFrHl.
AUTOSTAINER XL HEI AL CN400 3 F A L R S . IECIRIR M B 0L FRIRVKAE . I ri = Bl
Ml EEBTE VET2 BRI AL G 22 Z0F1 H 7K Sysmex CAS00 IR E M E A o

3 EFRR

BEHUOHBMHAE — 5240 R AR ARIRSS AN, Hrpfd/mi-L i 40%, #6534 CFDAFreg bR,
B BTGB EA RIFIFARYE B ET, BT S8ERAREEN, Tk, SFEAOpMER. 2%
FIFFERABAERE T 20 RUIERFA G ERERABIE . &1 T 267015 EL & Fal el ZFermiE , L
SERL T 925 TANG, AUAE 139 TELISFIRN A EAERIA9e . 114 DG 2AR06, DU 672 IEHAARNG, Ba (s
TGo FERHIZIIMEIHRIRIRIRZEIUE H 21050, ¥ K 9 &= MR RZ MM I E , AR me o R Emk o
FHPRGZEEAL . MR RAHERG R EE AL ATEEE 1/ /M BGRE . BERI0. Sl fRErf]
BEFALE, L TR /N FTEZEHR. Beagle RATEEGE ZMLIGMIIAL, KRFRENIME L4375,
HIGEM 360, BAERE 23 i, ERMAREETH, SmMFEREE ST,

FFFR ULE 20 A0 T AR

Benfi b, R GLP PR AR AR AU HE

&R IE R EHEIRRPFAN 4 &R

MBI 7T, REER "+

“hT PHEEREDURR] A

& [ bR 25 i 78 JL TS HO 1l PR AT

ZEVNEARTE”, Ex "+

=17 PHYEREBEKRHE

Bl “EY R TN RTE T

(= BN b (s SR Ea =¥ RSB T/YAN

IR IR IR AR Bl B AR

RESFEE". " REHEHSAE

T M PR DA Ml 15 AN AR 55 °F

(= NI o= 33 EE AN R 1N Y )

Pyl R AT PN T Ml 52 R AR 551

A7 FERH. BERIRSTRR. FLEFER LimRlAis “ S RM=5R hESLEsM PSR RoRTE
. hEGFEPIEROR=5R, PEETREEREH S EE B AR SR ES T

A, BHARERITRA BB AMELSRI ARSI T, JUEILE. HFEat. Bkl Ak
InsEsEIeshPIH A G HIE B, INPREIesII ST IRAIEOR I ERHTAR R, T BONERSUE. EIN—RAEshY)
AT B P E PPN U o

B3 HE, B
HE: BE, RETH
Bz ER#



Aug. 2022, 42(4) TSI ES Laboratory Animal and Comparative Medicine 373

DOI:10.12300/j.issn.1674-5817.2022.115 - SERR RN S L E SR QU B BAMETYT -

Scientific Innovation Teams in China

B HRYET Bl s RS shelAm

T EEBEE B KRFLR
PBIFEEEE. AT,
ERANHFEREREEHRGHE,
R FEHEEE RS HEIIR,
NEEZFHHLE “"5ETFHAA L
27 M Rl mRb CEAY”
FR5, R EMER S
SZERNSEFIER, LigHE
K rEl R R, L5k,
FRER AARIFESEATE
HAED, BHZESHZAH] "8
KEHEEDU . THRED. ERESEAMAFRARITR] (973) ERBHLE1H 2030 EARIE “Mitl” F2 50
R

TERELEEZ (https://dinglab.fudan.edu.cn/) FEF| /NS AMAE RS R B AR FE], DUmE
FEREE  (WHPECAE M ZYE) IBUHEILE . ZHEBAIERMIA G 4N, HRRETAN (FESA, it2AN). i
SHES ., 7E Mol Psychiatry. Cell Death Differ. Schizophr Bull. Cell Rep. Cell Death Dis. Development. Cereb Cortex-
Transl Psychiatry SRR FAB 325, T RoHBEZ Ak 2014—2020 F-22 4R H i ER A & AT B E R
[l E==17 1

T BRI ERIE T B B RESLRIRIESR (http://labanimal.fudan.edu.cn/) o 2 HRZSEIG shP RIS
AT B2 1953 SRR LRSS — E BN, EHRFM LIBERIR AR GG, & LR shiRl s
B, NFEREB L SERSPIRI R R LIS BRI . LIRS R TR NS LA AR AR SS = —
WG ATIRSS BA . NIRBCERI. LR, SR RIRSS SE6 . FP RS EER 1. MEHBER

T22 N, FERITHE HER Tk 40
No LRI FER A E &4
RFR2 AL BlmRRa N, AiF
TS FEITS A, ekt
ifF7EAE 16 Ao

LR SR LA T A E
FATHER) LS sl R SPF
G L5 B )R IR AL ARAR S5 o
2018 58 Al £E 32 [E NIH T i B
W, BATERETE R &
Fo FIZH 2018 F AL X
S B 1) 15 e AT B0 BOE
MR FRERAAR]3.5 58 AL



374 LIS S L E S Laboratory Animal and Comparative Medicine Aug. 2022, 42(4)

R SR ARSI IeiRS 6, A fefii. scleshPisea sl Afummieil, ZE
B NPT IR NS

— ARG . TRV AP TR LU/ N R IR R LR, ARG /2 TR
PLB RS FHRURIE I3

— LIRSV HI A L X TUALE K R TR T BRI S E N SER s IR A s, 3 U™ AN e
HARN, ORFE R Rt b B SEAR s IR E R S E R A . R e SLRIPIHRIE M ZORAY[EIRY, AR L
SN R B AR R RIS R B e 2R

— MR & A5 2 SRS N2 B, mIARYE AP $2 ARG IS SRR
I 26 TAE A bRk 26 B 3 Hriahs .

— R G . T SPRASEIRhYIBRIE I , BT SR Y B RS DNA 5 RNA SE5MNE)
JiR, R NRIREG, BRI SZIEONEREEIRSE G R, A A B AR A el R BRSSO, ASEIEA
FON IR EE R/ NAREAL, DA B FE N R RSB TR R LB TR I6TY 77 K52 75 AL s R
Fh5E.

(BRRRMEFEIIE)

INIHTRRIITEA : EIE4ANEEKRSZ. BE. NITRREAZ. SEIBR%. &
AR AE RIS RS SOOI R GRS, RIERERS. PMULL A%, BRI RS, Sble/ Uil
RIS, /NSRS BRI, 2 EFT IR NRESHRRE AL PR AR TS, R TSR L SRR
(ST A S &, T2 Rl NI o 0,

NS BTA ST A RE R TR T A, ERRR R, A=/
S NIIR RS Micro-CT. /NIPHIERR . IR

ek, EERFELRANIRIES AW RAISLRARSS BRI, (RTS8 1. EikFamBER LA
HITR BRI THETT, NBEMPHHE R EERHIRSS SO EERNRRZRFER, R sMRS .




Aug. 2022, 42(4) TSI ES Laboratory Animal and Comparative Medicine 375

DOI:10.12300/j.issn.1674-5817.2022.114 - SERR RN S L E SR QU B BAMETYT -

MR REIERO/MCERTERE

RA R R ORISR E ER
FRREAEYFEM S, BARE R
PRUECCATAL R TR b, SE U
ANLIE R TSR EIBA, 2L
IR SR A SR B R sh P i A Bl

5 57 PR B B B R A
1 FlEeT

ARF B8R0 ot J5R % U AR 0 RS2 T 2013 4R 1
A, HE AR ORE. SELs
FERNREER AL, BHFFIMA 4K
%o HEITFREME1 5002 H, BEEEH
AR S00 R, JIEESREHEERT MR 6 000 42 H o EHif R ARG S m 55 2 400 m?,  FEBEERSE 1 600
m?, PR AEFRELE3002E, HEKEA3 60021, IVCHNEXEREE0LE, HEMAAFES 000 H, FfEgy
1600 Ho ZRESLIIEIIAXIE 150 m?, SCEGIXIK 300 R F /5K, ARG —RAEM R ETRE 2 ([, FOLEE
BISIISEL . 7 TEYF LR AEY LR ER TG, e BaMAEDLEE K

KRG, LNTOEERPCRIL. FRAMMEL. BERERE O, JOCEEDME. MR IHARAS SR
I ERA.

EilNAS VST AN A IS
Al EEAFRS TS zMET
HEEARBEARM LA, BFEHRL T
HIFHRAEARAN R FEERSIF=
HSHER, hESESYIE AR R L
RARWELRL. sHERKATR. =
A ALY AR GRS R 55
AR, DIk (SEheshil SHRES)
(PEZIEHPER) (PE R ERAR
&) B, RENERYIE U
HIRIA B R

R AR 5 13 A, Herp EAERL 1
%, BIEERT44, BIBMTRR 24,
RIEFRAR 6% . AR AR 14, ShFEFREA A3 4, At MRt 4.

2 EEHFRFREFEARG;L

WRIEA TS R AN H AT LR TAE: (1) SRR REEFRAIE ST R (2) W aE R M M AL 6]
HSHURIEFFE, WRAAFRPE (HCV). EV7L, Zika, HIN1ZE; (3) IRBLESHRMSELGIH]I SIS, W5
M BRI AZ % (4) MEBITIRBORM BT ALAIHI S MU, P/RIKEEN (AD). MHEARN
(PD) %; (5) MEHEZORREEL IR SHLHEIRTE, L. MRS, (6) 299, RN EN IR A,



376 TR SR E S Laboratory Animal and Comparative Medicine Aug. 2022, 42(4)

3 EERHAME
10583k, WA 7T = LA BAE LR L
S TARZ R (1) EERSEIe R bR (LAt
FUFN N B A 3 )AL ] 7 5 B FH 7 e 5
M, SRR EANM SR, A 10 ZFhE
RIIR R, A 8 Pk B S 2 st 71
&, HE SEUG I R o R s AR G R R RS
40801 (2) AHEERPHZHETRL BRER
Rl EE . B E ST A R & TR 15
H20%I5, KSR %4 0002 57T,
(3) KREMFTIEL 150255, HASCIIEL 4054
s (4) BT SCAO R = AT bR S T, o
ESLIGE P E SRR E 6 I, (5) HIEER K
WG R 18T, BV AR 14 01, BUSHAZIEN T, WMEEETE; (6) RERMEARRHE —%FR1
Ui, mrAGERFERIARHEEE T30, I ESLS S E SRR R R — S 3 I,

4 HIAEigER

FEANEREE  HEEERIEEGE A A A S A LR bR S R AR TR A AR AR AR A
WA Bt 5 AN SR s MR oM s AL SR B AN . 25 "SR IRRORPA R B A= "R A
HEARRYRE AR #ik; T "EERFRRIEE" LA, AEZMEEERRATRIA, AknmEad
HEEARERG LA A ZRERAREFIAL 14, NEASEERGERBAEERARAS 14, NERWTHE
FAAREARMENGEE LA, B LA LA 40 R A

5 MIMNRSESERR

RE Rt 3R I R O R AR SR X B S LA SRR . RS R BRI ZR RIS g izt . £\l sh P SLae B ER,
RARSS . Jela NATNOM S AR SCIO M 6 000 7 H, RIHRMERIRARSS JTRIK, RIS HRPEL Al e RE o
K. BN RS ST &S RN R AR,

HA A AHCREE IR 2 000 R, S28F THIfliz . B HCV ISR AL I O AT i vF
MEFE; WONZRE TACR R F . b EdmBl A Rb. R EA R BRERKE. PEER A B EM TR
B2 R AR TIE; NEZRRH S
I RITUE . 863 . 973 IREAIE
AR H BSLhEf i T A SRR 2
#: 5HPEARBRERERRIFRERE
Pk, mEEE ARER. BHE
RERF % %2 ZRH i B & B S 2 TR
& FINFHRENERE ARG, BT
WIRHETHREIRAF . BEAEEERE
I PR EA R FE LR AN R ARIRS &

FemiH , fEENINAI TR T TR
Wi, EXAS T B S RGERANA T A A o

(=M. EX#8Y,; HEaHE, FEERY,; KBRRER)



	目次
	动物实验技术与方法专题
	大鼠肠系膜淋巴液持续引流新方法的初步建立
	不同剂型普罗布考对大鼠肠系膜淋巴转运及药代动力学的影响
	三硝基苯磺酸诱导急性肠纤维化大鼠模型的改良方法
	利用CRISPR/Cas9技术构建脂多糖结合蛋白基因敲除小鼠
	放置时间对大鼠血清样本中电解质含量及pH值的影响
	浅谈微量采血法在药物非临床研究中的应用及3R原则的贯彻
	皮肤致敏性替代试验方法的研究进展

	人类疾病动物模型
	抑制磷脂酶D1活性可促进缺血性脑卒中模型小鼠神经功能恢复
	大鼠急性牙髓炎痛敏模型的疼痛效应评价
	阿尔茨海默病动物模型的研究进展
	动物模型在Eph家族蛋白功能研究中的应用

	实验动物质量控制
	实验动物质量控制中泰泽病原体的研究进展

	实验动物设施及管理
	高校ABSL-2实验室流程管理的实践探讨：以厦门大学为例

	实验动物与比较医学科创团队推介
	中国生育调节药物毒理检测中心实验动物研发平台
	复旦大学丁玉强实验室及实验动物科学部
	树鼩种质资源中心/代解杰实验室


	Contents
	Animal Experimental Techniques and Methods
	A Preliminary Method for Continuous Drainage of Mesenteric Lymph Fluid in Rats
	Effects of Probucol Formulations on Mesenteric Lymphatic Transport Efficiency and  Pharmacokinetics in Rats
	Modified method for inducing acute intestinal fibrosis in rats using 2,4,6-trinitrobenzene  sulfonic acid
	Construction of Lipopolysaccaride Binding Protein Knockout Mice Using   CRISPR/Cas9 Technology
	Effects of Storage Time on Electrolyte Content and pH Value in Rat Serum Samples
	Application of Blood Microsampling and Its Implementation of the 3Rs in Non-clinical  Studies of Drugs
	Research Progress on Alternative Methods of Skin Sensitization Test

	Animal Models of Human Diseases
	Inhibition of Phospholipase D1 Activity Improves the Recovery of Neurological  Function in Mice with Ischemic Stroke
	Evaluation of Pain in Acute Pulpitis Hyperalgesia Model Rats
	Research Progress in Animal Model of Alzheimer's Disease
	Application of Animal Models in the Functional Studies of Eph Family Proteins

	Quality Control of Laboratory Animals
	Research Progress of Tyzzer’s Organism in Quality Control of Laboratory Animals

	Facilities and Management for Laboratory Animals
	Practice of ABSL-2 Laboratory Process Management in Universities： Xiamen University  as An Example



