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SR P | =R PE | ;
e 0| o T e oo R 0
TR (- _ / AP (- w
AR ‘"'"’m 2901 0.1 5 ) 3
TOMBAFHE (5% 2 5.9m7 TOMFATILE (AR . 9
ERQEE (BBt . 1032 EERFE (SR _ 2.95%
= L dai20

7 7
B iorem (mEmstem (n=1) B o (Exms e (n=t)
26 BRI a6) -ARREG
BR ARG | (0=5) 80.0 20.0 R RETNINR (n=s)“
TEEHR (IR, _ TR (MR, . ;
BEP. RS ‘""‘"m BB 52| |RENE ) ‘"""m 283 722
. % " %

0% 20% 40% 60% 80% 100%

0% 20% 40% 60% 80% 100%

*1 BSOS THMRMRS (£F SilrSs) £RMUTVDIERR. [B50MS-SHE05E (BNFEEEN) LollBRRERBL TS KBS S
*2 RITHBITIHER | $FBCHVTReduction TR IR TESRMI GBS BRSNS

9 B FEERETHIE L HKEIIFIZ BT S Reduction
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BRSO RERSTEEZCHNT. Refinementlc D WTOED M (ash
FID*

W STaRM S5 BEEFELTNS
0 315, —8NFR+DTHD % TottBMERITEBEI L
BLL (P404&D)

E=3

SHTIATBERS (K
AR

DHIPAFHR (Ei-
WL AHEER)

EOMERFIEES (3%
FIFEAN)

EERMEF (SRS
&0)

BRI AR BOTR

B (s (Exmset
at) -BRREE

B BRTIIBGR

BRI

BTN (IR, .
Basw. massw)| (19

Zof (n=28)

0% 20% 40% 60% 80% 100%

-5%15 1 |sEnn R

114.3% 36
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i R e 3 g
m?ﬁzﬁumﬁu;mt Reﬂnementh.’)lntd)ﬂ]ﬁ(staiﬂtb\i e *

| v akdit] SENTLEL
I SUCLAFELTWS % THTOHBEIIMERBLTLERN

(P424h)
(n=593) 87.4 6 1,234

ANTATTMED (EsT- § »
WA AT R) (n=77) 047)% 158
MR (75 -

BTEEA) (n=17)

EREmBEF (BHEE
)

ERIHIRRR

bt (EZEEPSNRE
&at) -BERREE

B BRI R

BB

ot t"==8)n-14-3%10~7

0% 20% 40% 60% 80% 100%

* [B5OIERTHMERS (£E-5H0ES0) £RMLTVSIEIE. [B50ME:%- AR (EAEEEN) LECBMRERERMBL TSI LBIBLES IS

10 EWFEEGETHE & ZEIHICBIT S Refinement (22T (CEFRTI)

(= &%%(ﬁ%%ﬁ RESH, HEREE)]
FIZ3Rs 1T AHEOFEMIZOWT LA &
o LTI W AR & 7z,

BhI

DR A EERE IR O KIS T 2 A O
METH L, EBREWOFHE - FEIERSE 1T
IMEFRIZBIT L EREE TE LR K00 DM
IR A 2 bR B & L2z R 2 A 134 | o
FEFMDTTH Y, MAEIHG 72w 7R
FEB ORI T THIFLE L 107 %, AFHFETIE,
%ﬁﬁﬁ%%ﬁ iofﬁ&&@ﬁ#%Eéﬂt&
IAHTHIHY, WEBEL L CRESHEORELETE 2,
%%@%%@ﬁ@f@ﬁ%@ﬁﬁ&ﬁ%t£E%%
EHEMEREL TV, 2022y, SHoRER
T2 72 o THETH I 72750 72 FEEREN ) o B 454
MRPHEMROEME 1, L CTEARIEELZIT-
TWEWEZEZ TWnh,

wEC, B TH 42 EZBRBYOTER 2 1T> T»
LEmBHEOFT 2, FlEkE, REIEEREY YL
DBy & EERENY OB IE 2 B IC B O CTW 2 &
72,

SE Xk

1. B EEEEEATIIES (2016) [CRETML #h
Eéﬁ%%z#J%ﬁAﬁkm&Wﬁ

2. EWEERRNIZES (2006) [CIEBhi S A P
Q&AJ%TAﬁk&&WH

3. EWEEEEEAIIZES (2001) [CUEE)W % E
B R E e - ER—] Rl A
b

4.  FEERENY R SR EIES (2017) [ 5
BRENM O 3 OB I O TR ORI B3
5 IHEDEL ] BREA

5 FR 1846 H 1 HXHB=AERE 7L 5 [
e RIS IC BT 2 I EREDO ERICET 54
EN R

6. “FHL27 42 H 20 HFHSE 0220 25 1 5 [JEA57M)
BOFET 5 EMERE BT 5B EREDFE
MBS B FARTR

7. FRK 1846 H 1 H 18 B&5 307 & [ BbkoKE
BOFET ARSI BT 2 B FERED
FENi 2B § 5 FAR TGS
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KRB Y BREDRIK

M- BEEBMEABHNORRE EBREERANDIGH
fif i
AR T A G

1. LI

BB A W R GEREN IR (GF:
Germ-free) ¥~ AN LITLIEHEWVWOHNT WS, HEH
< ANIMOBMAEM O T E T hvicd, FFEE
WEDOHMICET 20, LX) ICHREILE % 15
T A% EOREHELRET S L THREMADM
Wi BB R BT LI ENTE L, T2, BHE<Y
ZZIGPAIREED £ 9 2MEDRELBL T, 20
MAEMBEOAED 2 W IIMHEIC & ) BYEDEITIC
B2 5 BEMITT 52 LT, MAeEYWEOHELEH
RfEE - e - WEA OB E IS S 2 L8
TX 2, 2OLH) IR~ 7 A3HEE O KGSE 7
WBWTIHEREICERZY = Ve o Twbh, KEEIZ
BWTIE, HRIVER~Y ZOME - EBREBEET
HENTWAE== V74V L—=% (VI:Viny
isolator) 7*5, X D AMEHEOEWETF - EEIREO
A HigL, /N4 4371 (bB : bioBUBBLE) &
B 54 — 2 (IVC : Individually Ventilated Cage)
AL EENFATREOMIEE A 70N
4 F = AEBRANOIEH FFEIZOWTHRET 5. R
W BYEDHNEN LD, R~ 2% L0 B
\ZFEBRT 5 I mAEnE 3y YO —v§ 5 TR
PIEFZEICBISHTE B L ZE 2N T %,

2. HILWEE~Y I XOREBAE

MEH ~ 7 A RWMAEYFERE~ Y AOHE - FEERIC
ET7AVL—F =3 AT LTHAVIDHRHAEINLTW
Bo VIIZ 1957 £ ICBAZE S N7z, HER & NER % ik
LCEMEFAECX LR EEETHL [1]. HRW
YA RMICREL CHAETAI LN TESH7T
ml, BRYEERR A 7 O F— LAEBRICHWS
NTwb, LoL, VIIEEMEMTHS L &I,
BEEZEAT 20BN OIHMSILE L2 b,
7o, BOPE2ENTHLEND L0, L7z
EEHETH o> T O REHRE S CHBEFM O & 9 2
W7 EEBIRER T C L IEREETH B, 512, &
W~ A% L 72EBREYBET 581121, VI 2
B LUEEREZ 7)) LESH ), ZHICIImEREE
ERLFETIZ20 HU L2560 5.
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AR, EBA > W TIE, IVCT v 7 TR
FADOFERIPEMLTW5, IVC T v 7 v AT AT,
REARI G L 72 A LG T Wy A %
=Dy 7 NOr — VBT HERE2R $§
WCHETZZENTEL (2], BEOMFTIE, IVC
VAFATEE Y AE ) FNLF— | (GB:
gnotobiotic) ¥ A DM & kK 12 HHEFAFTTE 5
ZEDIRENT VS [3-5], bBIXHEPA 7 4 V¥ —
THBEINKREOEBRAWREAL LT, 7)) —
Y= LANOFEFE T EHRETEAHBIEOERT
H5bo

AWZETIXIVC & bB 2 AGEDLEL I LT, FE
AlEomEwe MUEDFREE~Y Y AOME - FEBY
AT LEWE L, T3, KAV AT 2T RT3
FOVEEITEA L, R~ T AOMHE T AMT,
WIS, BT AF A EHWTIVC B THMAEDHET 5
CERLGBYUARFABCE LD EMEEL 720 &
B2, RV ATFLDBSL2D< A 7 UNA F—LE)
W EBRIMEHCE D 2% Mk L 7zo

31 MEEHE

B ¥ X, CIEM (Central Institute for Experimental
Medicine and Life Science : ZA\#&4% [ N E W C#
W, fH S N7-ME B X O°ASF (Altered Schaedler
Flora) [6] E& GB Y7 ADMAEWM 7L — FTh 5,
ICR HHEDEZRR IQIic ¥ A% MH L7z, 3¢
OEMWL, 12 FEROBHBEY A 7 v (PR 7 BRI T,
T TRICTHIT) OBRBECTHE Lz, ~ 7 AXHHE
H B~5L/r—Y) THEZITV, HHEMREE L
oo K, FE, vy FFy FEA—r27L—7
WL CHER Lz, $X_XToEWEEIL, CIEM D
B EBRTERIC L A2HAEE T, HBERIIKES
i (KERFES 1 19045), HERANTEDH A FF 4
o TERML 720

BMIZ, V7L a7 5y 2 1 CL-5900 B X
Y7Ly a7y —Y 1 CL5902 (AARZ L 7Hk
A&t #H50) (Fig. 1la-d) & bB (bioBUBBLE Inc.,
Fort Collins, CO, USA) #ffifi L7z, IVC T v 7L bB
AICEE&EL, IVCT v 7 x&ELbBIZary Ny aTf
VEI I E L7 (Fig. 2a). bB IXRIE & KT
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Fig. 1. W#UEES s — (ve) Y A7 A
(a) BESB L ORBRESI#EKX IVC Ny Y v 7,

(b) |VC '7— _ yo

EARENIAASR, SRR R T, (o) 7

VREROWHER Y 7 bo KENISA Vb LR LNEERT, (d) HEZDIVC T —2,

Fig. 2.

x D1,700 X H2,100 mm),

(@) 7=y N=2%h =T (FRTRT) T - 72 HKE,
¥AT—a ¥ (W1,430 x D860 x H1,000 mm) (a DKANIEIHL= > b EIRT),

aYNRY Y a FIVEETE R ICH%E S 1172 bioBUBBLE (bB)
(a, b) bBIX5ODEWEA LR ENL, (1) HEPA 74 V¥ —fFXBHEL=v b, (2) 7V —rL—2 (W3,200

(4) fEFFHR DR
(5) F¥EATF—arlilv

Uy rF— T TERENIZNAKR Y 7 (W860 X D600 X H1,000 mm) o

B & 11, WS (Working Station) (W1,430 X D860
X H1,000 mm) & /8ZA KRy 7 AHRFERIN TV 5D
(Fig. 2b)o 72, IVC £ bBF, BRETHIM S N7z
BSL2 B2 b % iE L 720 bB 2B EIFERICIZPIER
Z¥a—5v 27 A (600 ppm, HAEHA—%Fv 2
A, BHE) ICLBHEE RIFB LU, MB-10 (500 ppm,
Quip Labs, Wilmington, DE, USA) D ZEfiiE5%E 12 & %
HEZfTo720 bB & WS D1 XL, fABTRIZED
HTCHAIRAXTHIEDTETH D, IVC &N
4 Ft—T7F4F ¥ %y b (SCV-1309EC TIA2, #
KA AR 27 4, HE) (ZbB RICEELL
(Fig. 3a-b) o

TR OMEMETIE, FF T — U RARER by, A —
N L—=TTHRE L. N5 OEES Fig. 4a IZ7R
To F—=TVWNERELE T TEIFS 720, FiXPy
BV 72 IREECHEAR L, 2OBE Ny 7 &2 HwTZ
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EuHE L/IRECHE L7 (Fig. 4b)s 2O OME
ST HEABEERL, T 0N —-DRET—
&b LI, WMWEMHEE127C, 405 & L7
(Fig. 4c)o JKDWHIZDWTIE, B &z L7zt
#75er (Fig. 4d) W/ Ny S TZEICEHEL, L
FEE M U FMRBICE oW, WL s T 127C,
90 7IZR%E L7z (Fig. 4e)o WM L7z8E % /ARy
\ZAM, MB-10 (500 ppm) %#MEFEL, #HTS
ifﬂxﬁyﬁsz~%ﬁ%Lt(ﬁgmoﬁ@
*, A7, PRI — TV EFE UM THE - FRE
L7zo 1FEEZ, bB ORETERZ TH S, Zirff z
ABLEIWCZEFEZERL, NoBEHEZH <720
ROOFEIFEZ T — T THDI,
VINOERE <Y AL GB~Y T A2 B%ET L L X1
Rt 2 >~ 7 (W181 X D253 X H83 mm : & K
wEMRRAH, B AN, WE L oRETT
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o

Fig.3. NAdt—77 4 LX)V 2 OBYEEZ 7% S 1172 bB

(a, b) bBIX, (1) HEPA 7 4 V¥ —fF & BIH L=y , (2) 7 ) — )b — 2 (W1,960 X D1,660 x H1,950
mm), (3) Z4&Fr Ay b (WL500 X D780 X H2,035 mm) ® 3 O THREN, ZE&F Y EARY MIvTV v
75— 7 TbB IR L7,

140.0

C 120.0

100.0

c)

1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79
min

d e w00

120.0
100.0
80.0
60.0
40.0
20.0

0.0
1 4 7 101316192225283134374043464952555861646770737679

o

min

Fig. 4. fH#REDOWHE

(@) IVCIZIZRH, ZEDRAKR MV, /gl Lk E ANz, (b) WHEEMZ LCT4740, IVCOEIRT—DI
WLTERMIZTS L, WE/ Ny ZICANRz, (0) F—VWICKRELLZREFNTH- 2 L—TDIREZE=Y — L
WSt & 2 L72o RSB 2R T, (d) 500ml DA — 7 L— 7RISR FVICBWS 2 X, WE Ny 712
ANtze (e) KOWHSGHEDORED () LFEETH 72, ) WRIFEADETREIZI/SARY 7 AHh5HHA L7z,

EIZEA, Oy 7 a@LTHRIN L. bBAFEHAL 3.2 FHfi 1 - ERREOHIFIRE
BAZIIAMAlOMKEE L ELD 74 L, MB-10 %I L Th IVC & bB OflEBmE Xy a3 VEIWE
SINAR Y 7 AW L7zo WA LT 10 kel tk, BFRICKEBEL, ER~v7A2zHERETEDLL SN
MEIOMEZ T4 L, BEH Iy T F0AEWS  OHHEFTCE 22 %ML 72 REBETIE, WS
WA L7z ¥ R F2HLTCay 7455 WC—FICNE TR r— VB LTIVC 2 37—
IVCICBBI L7z INOHONETHEM LM E A R LA, 7 — VW27 R, WS IZ MB-10
WT, 3ODFHIli 4T - 720 WEFE L7 (Fig.5a). 72, IVC ZfATAHIIZD,
MB-10 T IVC O JE P % W Z A L 72 (Fig. 5b). WS
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12 MB-10 % Z2[EM& 7 L (Fig. 5¢), 5472128 L Wik
HEADINCZI/SAR Yy 72 A5 WSIZB L7
(Fig. 5d) o 4% #EVT B 728, HHPO IVC & KMH
D IVC OE G & I IX B L 720 EHREAD
r=otFHLnwr =, ENENNTEREOLEM &
ARICEE, FHBEAOZLHLVEIL T2 h
MO/ E AEICE N2 LTy — 3L
BIZE e (Fig. 6a)e ¥ 7 A H LW IVC IZRBENT
LT EHA L7, BT 70% % ) —)VIZiZ
BLTHEL, ¥—Y T2 L7z (Fig. 6b)o M
BMAETIE, ~7 A% T CHE LEMZRL 720
F/z, =V HIEEIZ 1 MER L 7.

33 FHiiz: R—IVC Sy JRICETE 75— VB
HEHR
WA 70N, F—2FEBREPHEL, BE~Y
AL GB YU ARKEF L H—F v 7 THET
XD EME L7, GB~ ™ AIZIT ASFEE~ Y A
FMA L7z, AWFETIE, 620 IVC (R~ Y A

fEMRIZ2Y—Y, GBY Y AFHERIC4r—Y) %
fERL, 77— VEUIEHE 1 & F UFNECTER L 72,
= DA S T e A U 72 O R IR % B
T A7, EEO3r—VIZIEGB v AR
BL, TOBRKBTZTEDOI Fr—J1iZEzhzh
GB, #EH ~ 7 A% fF L72(Fig. 7)o GB YT AD T —
DRME LRI, ERY YA -V ERKET S
B, AMIOFELH L D OIS L 72,

34 FHli3:RL&¥X+vEXRyY NERAWLBENEHR
RIB#S

BSL2 A 7 U/NA F— LA EBREFHEEL, BEH
MOFABTREIZZ SANA2 ¥ 4 TOREF YLy b
EHOWTER Y ADPEEETICHECE D 0ER
5 L72 IVC & bB 2 BSL2 B/ B =123k E L 720
<A 7 TNA F— NFEERO— R 7 SR & 2R
L, BHEfEFEYMI4EBE Lz, KRBT IVC
27— (Fig. 8) AL, 7— I ZHI3aPli1 &
FEREDFNETHEHM L 720

Fig. 5. 7 — IV e fi
(@) FHEIZT—F 7 AT7—2ary (WS) OEHHFELXIT-72. (b) FEHEFOENES T — (IVC) % WS (2
AT HBICHHR ZEE L. (o) 208, BRI WSNZ 5 0HEE L. KHIEY v/ s—0BE» 5
MB-10 8 L CTWA 22 A%m5RT, (d) BHESNIZBMEIIARY 7 205 WSIZB L7z 20 WS IZI3ff
HAbor—V 3@EBHADr —Y 3HE ANDE ZENTE DL, BRI ADGRIZ0bET, r—I%imo
BRICIZ S SR L FMEZ # DR L7z SO EEIZEME 1 & 53 2 THW 2.
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Fig. 6. WS 2B 27 — VXHFIE

(@) WSIZIEZ 320l — (1-3), 320OXBADTr - (1-3) BLUHW 4) 255, Mo LIk
BL7Ze (b) =T ADOBENL70% T VI —VIZELIZE YLy b B) #HWE, Erty MIFr—ITLI12K%

ml_/f:o

f—F v 27 CTOER (GF) ¥~ 7 A&/ b
44— (GB) ¥ ADEHEE

i 2 TIX, DUTOIEFETY — VB FE%2 {7720 £
9, EBED3/7—Y (1,GB; 2 GB;3,GB) &L,
HBWCTTEBD 37— (4,GF; 5 GB; 6, GF) &5 L7,
r— VORI, GE YT A, GBI A nb 5T,
Fig. 5OTNHZ#M VKL 720 GFX T ADT — TV %55
FTAHENS, YMUDOTFLEEEIT L\ DI L 72,

Fig. 7.

F 72, BB 1-3 12 B W CEERM 2 55 L 720 %
FEBICBWTHEEEDPREIC A > TR T — IR
W T T 5T TORMZHE L,

fE¥M21E bB N O WS, TE¥ER, KRiX, 70% L%
J=VERE L ANV EMHL CEELZ, bB D
SMALER S OB 1E, 200 ppm DIEFEKRTE Y THUFL
THF L7 BHE~ Y AL GB Y7 ADMEYFHY
AT CIL CIEM O ER AL D2 < & b Aic 1,
M~y 2% fHFLTW5AIVC TEREL 72, BRH
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Fig. 8. Z&¥ v Y v MIIBIT AT — VI FIE
FEXYE Ry FTIE, 2200HTOr— (1, 2)
E2ODOKBHOr—Y (1,2) 2B L. YT AD
BE Fig. 6 (b) OFNEIHE - 720 T D HFEIZEFAE 3
THW,

FA 7)) 3l — MR CRPMEERR S, /)
W, PR L ENRREE DS IE LR
B, TNENJICLELEM T2 AMEEE L, F72,
RF M TFTFAPO—AEREH (PDA, bRk
Nt HEl) ZHV, SERT2EMREEL -z, &
512, #IVCE AT 7 TRERY, 27 7% PDA
T2HMERE L (7],

GB ~ 7 A DA AN, 27 bHICL
fl, GBYY AZFfELTWASIVC TEMEL /2o
G FEAE LI M SE R B . (R b2k, D)
B LU DHL ERE . CRIMLSHRNAHE, W) %
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v, FREMET, 37TC T2 HEB# L2 72, 5%
Bz &4 7+ 7 ERKEH (Becton, Dickinson
and Co., Franklin Lakes, NJ, USA) % H\y, BSR4,
37C T3 HMEE L. E5IZPDA AV, IF&S
BT, 37CTLHEMRE L, MEWFINHEROR
ez a0 = — LHIOREIC X o THZE L 72,

4. FHMEiRER

Sl 1 TR~ 2, BERE SNz N
vYa FVEIEES T 38 AT SN, 2
O, 4 — VA 114 8], MR 117 [
Eh L7z (Table. 1),

37— Ve AT EREMI, =Y O A,
LETETICH 25 TH o720 B2 TIXERE~
A& GB~Yw R, BBEHMBINIar Ry aS
WVEIIETEE T, RAEHYA 12 29 A MEGEAT S
N7z CoOWMg, 47— I35t 174 [, MEHE
13 48 [0], ASF D5 et sl inAc 1L 68 MM L 72, 3 7 —
D, 2 A NV — VRIS LR, —
VOWADPLET EFTITHN A 5 TH o7z, FHii3 T
BEFERE SN2 F v Ery MNOFEEERET,
HEW ~ 7 GG 14 EB AT SN, 2
OB, A — VA3 28 [H, MR AT 32 A%
Wi L7ze 20— %25y T ERERIE, 77— Pl
ADPSETTAEITITHNIE D TH-o 72,

5, &
AWFFETILIVC & bB A EDLEL I LIZLD,
MR~ A% V72 ERN R ERRE 2B L7,
IVCEZHWTER~Y Y AL GBI Y ARMET S
HRdEE, SPE /N 7TEMNIZ IVC ZRiET 52, 4,81
AWFEDORER LY, IVC T v 7 EEEOY A X1k
FHTCE B DB BHMAE LY LT, FENZRZN
L&, avRY U a FAUBRETTH o THHMEIC
FBREBREERTELIEFHL N E RS F
72, BEHCIE 2 ANTIEERAT) Z e osaif e ST
VB DRIIZE T L 723 A7 A TIET R TOERE
AINTIT) ZENTE DL, 7— Y DOHFEH T
FRBRERNDRBEBTITOR TV, BHEICEEL
7o ko TEED A L S 7. VIRfER L 72
<A 7 uNA F— ABERTIE, W LI VI

Table 1. GF B X UF GB ~ 7 A DAYy koA f 5

FERET D2 OFEEH 2 HIRT 2 ULEDDH D, IVC
E VI E R LREBEEOL WEIWERRICBWT X )k
WEE M CHEBRAFERT A LATE D, 61T,
VESEMIR 2 B¢ 2 &, VI VI O & B3R
HIEIZHKT 20 HE D25 25, IVC OFEM #0135 £ 28
FIMEDTRE R 720 1 H T4 5, F72, Bk
b VIHTEEFNZ L 2L ZAT ) 720, RERRRSI
VI EFIRE & 0 3 HERRER 2 RIBICEi S &5 2 &8
TREL %25 (Fig. 9a)o € LT, VI TIIWAELE RS
HHER R B O AR O I E ORI F v v
TORM, WEZ EORRBIENAE L TLKRE L
FETH Do

KWFFECHESE L 723 A7 AL, EBRIEE 0%
TRl EBAROEKIZLEFET T 5, £7,
VIO TATFHEDOEZIEIH06 MM TH L DXL
REBRECTCHV I TLAFEOE I 0.1 mm TH
L7120, EWITATEE L OBENPAEIC R 722
& T, W R EDTREE o7z, STHUIC K D B
TR BRI S- D & 9 %8t % H V728 2 ESE AT
LRI o7, EHIMEEEMOLEKTIZIWS D
RIEREIEH 1.23 m?, E&iE1mTHLDITHL, VI
DORMEEIZH 058 m?, EEi3045m TH D720,
WS X VI DOF 4T REOKTELH L T\w»% (Fig. 9b).
FOOITEEHEBEDO LS 2 VITIZHEHATE %
Mol MR ERET A ENTEEE ol TG
D EiL, MR - GB v AR HW oK R
WCKREGFREED-5TEEZOND,

Effi2 TlE, ME T ALGBY Y AEZ1DOD
IVC T v 7 CRIEICEHE L7z 7 — VIR IXRH
—DOWSHTERFH~YYAEGBYTADT — V5
ZOEREAICER L7278, MW E RO TRE L
THBETAIENTE KRYATLATHHLL
WS DR A FT 1M H 720 100 IR ETH 5
728, WSHOZERIZBH T LICANEDL, 77—
VRMETIRE, TV OEEZHO TSRO —
TOERT S FETITHEE 15U EPNEZ LN,
ZOMIZ WS ADZERILIEF 2225 e ANEb b,
FORER, IVCHICRLZLIHENESE LY T A%
FELTCENTLIENTELEEZ SN, A
BT T—yaul—%HWCTHEBTERE, K R
CORERFHIIL, FRENORESEMERE L.

YIAD PR S Hi s i %%
MEWEN 7L — () SHURE WA 5 YRR 74
S 1 GF 3 38 114 117 ND 0
B i GF+GB 2+4 29 174 48 68 0
S 3 GF 2 14 28 32 ND 0
ND: £t
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YEZEHAR
VI
IvC
0O 10 20 30 40
B
iR pEB oREE

VI: EZ—=LTAYL—4&
IVC : ARl sr —

Fig. 9. TESRDMIM 2 5 CITAFE D I

(b)

IVC .

UE S

Wlll

(@) 10 HHEDFEERZEIT - 2B EOIEREA T ¥ 2 —l, (b) VI & WS OEREIE,

WHER R T LA G R RE L2 L, maE
WiHEGD) X7 ORI ES L-EE2 b5, K
Fge ik, 8HEHOMBEATERS L7z ASF v 7 A% 5F
fiiL7zo AWFZEZ B E 2, SRIIMOMEHRT LM
HYbZeNEThD,

BSL2 M % i & 2 356, $LE0G LR VESEE IR
oo, BEHIHOMEZREEF YLy b
WCTIEEX 1T ) BN D 5. FHM 3 DEERBEIE L,
BSL2 M O F 72133 ax ~ 7 A5 5H 2 L
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High-frequency ultrasound for assessing the renal characteristics of spontaneous
type 2 diabetes mellitus db/db MiCe ..........evevviiiiiiiiii e, 151-159

Jiazhi Cao®, Hao Feng?, Lutong Li®, Wenwu Ling® and Hong Wang®

YDepartment of Medical Ultrasound, West China Hospital of Sichuan University, 37 Guoxuexiang,
Chengdu 610041, P.R. China, ?West China Clinical Medical College of Sichuan University, 37
Guoxuexiang, Chengdu 610041, P.R. China

There are few ultrasonographic studies on the spontaneous type 2 diabetes mellitus db/db mouse.
Our objective was to dynamically investigate and assess renal morphological and hemodynamic
changes in spontaneous T2DM db/db mice through high-frequency ultrasound. Eighteen male db/
db mice (the model group) and twelve male db/+ mice (the control group) were included. Body
weight and fasting blood glucose were measured at the ages of 8, 16 and 32 weeks. High-frequency
ultrasound examinations were conducted at the same ages. Compared with those in the control group,
hematoxylin-eosin and Masson staining revealed pathological changes in the renal tissue of the db/
db mice at 16 weeks of age, and the lesions were significantly aggravated at 32 weeks of age. The
body mass of the mice in the model group increased significantly at 8, 16 and 32 weeks of age, and
the kidney volume measured by ultrasound also increased with age. Compared with those of the
control group, the blood flow scores determined via power Doppler were significantly different. The
peak systolic velocity (PSV), end diastolic velocity (EDV), and resistive index (RI) of the renal artery
and the PSV, EDV, and RI of the segmental artery were significantly different at the sixteenth week
compared with those that at the eighth week. The results of high-frequency ultrasound revealed that
the renal hemodynamics of db/db mice changed at the sixteenth weeks.
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Transcriptomics and metabolomics analysis of the pathogenesis of a novel
hyperlipidemia-susceptible rat Strain ... 160-172

Xiufeng Ai¥, Qian Zhang®, Quanxin Ma2,?, Mingsun Fang®, Keyan Zhu®, Yuegin Cai®,
Qingin Yang® and Lizong Zhang”

YAnimal Experimental Research Center/Institute of Comparative Medicine, Zhejiang Chinese
Medical University, 548 Binwen Road, Binjiang District, Hangzhou, Zhejiang 310053, P.R. China,
IKey laboratory of silkworm and bee resource utilization and innovation of Zhejiang Province,
College of Animal Sciences, Zhejiang University, 866 Yuhangtang Road, Xihu District, Hangzhou,
Zhejiang 310058, P.R. China, ®Hangzhou Lifutai Biotechnology Co., LTD, 9 Juyuan Road, Binjiang
District, Hangzhou, Zhejiang 310051, P.R. China, ¥Department of Experimental Animals, Zhejiang
Academy of Traditional Chinese Medicine, 132 Tianmushan Road, Xihu District, Hangzhou,
Zhejiang 310007, P.R. China

Wistar-SD Hypercholesterolemia (WSHc) Rat is a novel hyperlipidemia-susceptible rat that we
discovered and bred earlier, which can be used as an ideal animal model for the study of non-alcoholic
fatty liver disease (NAFLD). However, its pathogenesis of hyperlipidemia and genetic and biological
characteristics need to be further investigated. In the current study, WSHc rats were fed a high-fat
diet (HFD) and standard chow (SC), with age-matched Wistar rats as the control group undergoing
the same treatment, followed by serum lipid level measurement. It was found that HFD-fed WSHc
rats developed dyslipidemia. Transcriptomic analysis was performed to detect genes associated with
cholesterol metabolism in the liver, and 119 differentially expressed genes were discovered through
bioinformatics analysis and molecular biology verification. Additionally, Srebfl was identified as a
HUB gene and Nrld1 as an independent key gene using the protein-protein interaction network and
one-cluster clustering analysis. The two genes had also been further validated in molecular biology
experiments and were consistent with transcriptomic results. Serum lipid metabolomics analysis
identified 7 lipid subclasses and 84 lipid molecules using UHPLC-Q-TOF/MS. There were 62 and
70 lipid molecules with significant differences in the metabolic profiles of serum lipid mediators
in the WSHc+HFD group compared to the WSHc+SC and Wistar+HFD groups, respectively,
and the differential metabolites were mainly produced via sphingolipid and glycerophospholipid
metabolism. In sum, the hypercholesterolemia model can be established with WSHc rats after the
HFD induction, and the pathogenesis involves the Srebfl and Nrld1 genes and the sphingolipid and
glycerophospholipid metabolism pathways.
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Electroacupuncture improves cognitive function in high-fat diet/streptozocin-induced
type 2 diabetic mice by inhibiting autophagy-related ferroptosis ............ccccceeevunee. 197-208

Jingzhi Wang*™, Zhongyu Huang*™, Yiwen Li***, Qian Li*™, Xi Li** and Li Chen*™

DCollege of Acupuncture-Moxibustion and Orthopedics, Hubei University of Chinese Medicine, No.
16 Huangjiahu West Road, Wuhan, Hubei 430065, P.R. China, ?Hubei Shizhen Laboratory, Hubei
University of Chinese Medicine, No. 16, Huangjiahu West Road, Wuhan, Hubei 430065, P.R. China,
9Hubei Provincial Collaborative Innovation Center of Preventive Treatment by Acupuncture and
Moxibustion, Hubei University of Chinese Medicine, No. 16, Huangjiahu West Road, Wuhan, Hubei
430065, P.R. China, ?Affiliated Hospital of Hubei University of Chinese Medicine (Hubei Provincial
Hospital of Traditional Chinese Medicine), No. 4, Huayuanshan, Wuhan, Hubei 430060, P.R. China

At present, there lacks a definitive pharmaceutical intervention or therapeutic approach for diabetes-
associated cognitive impairment. Herein, we delved into the impact of electroacupuncture on cognitive
function in high-fat diet/streptozocin (HFD/STZ)-induced type 2 diabetes mellitus (T2DM) mice and
underlying mechanisms. Hippocampal insulin resistance was determined by western blot analysis.
Cognitive function was evaluated by Morris water maze test. The morphology of the hippocampal
neurons was observed through hematoxylin & eosin staining and Nissl staining. Synaptic plasticity
was assessed by western blot analysis. Immunofluorescence, immunohistochemistry, western blot
and real-time PCR were employed to detect the levels of ferroptosis markers, autophagy markers,
and netrin-1. Electroacupuncture treatment exhibited ameliorative outcomes on hippocampal insulin
resistance, spatial learning, memory function, neuronal damage, and synaptic plasticity in T2DM
mice. Furthermore, it effectively suppressed neuronal ferroptosis in the hippocampus by upregulating
GPX4 and SLC7A11 expression, and reducing 4-HNE expression. Meanwhile, electroacupuncture
intervention increased the levels of Beclinl and LC3II/LC3I, as well as decreased the levels of p62
and phosphorylated-mTOR in the hippocampus of T2DM mice, suggesting that electroacupuncture
facilitated autophagy activation by inhibiting mTOR activity. 3-MA-mediated autophagy inhibition
undermined the beneficial effects of electroacupuncture on neuronal ferroptosis and cognitive
deficits in T2DM mice. Additionally, the beneficial effects of electroacupuncture on autophagy and
ferroptosis was achieved by upregulation of netrin-1 in the hippocampus. Our study revealed that
electroacupuncture therapy inhibited neuronal ferroptosis via the activation of autophagy, thereby
ameliorating cognitive deficits in T2DM mice.

Perfusion computed tomography ZFIF U 7= K DB B MARETE.....coovoveveeceee 209-215

B Y AAEFY - FEXP Y LAY - BAEEY - 21UH V) V- FHEEY-
BEENY - BRMAY - Kija Lee® - KILUFES" - BBRIE - BAEHY
VENAREARRETAYESPBHRARESZEY, 2XRETI R\ SHIMPRERE 2 —,
VENAZEARREIAZARRESZH, "TREIAZEBMER L 2 —,
®Department of Veterinary Medical Imaging, College of Veterinary Medicine, Kyungpook National
University, BN AZEAEFAZEZFBHRAREZEY, " EFKEEHMRR

RIFZECld, Perfusion computed tomography (Perfusion CT) #7254 X DB IZHHTRETH
57, BOWMT L OMBORIEATTRETHL20EHEPIITLIEEHWE Lz, =7
K588 % F\» T Dynamic scan & 1T\>, maximum slope 8 X U Patlak plot#:12 & V) LT A#AT %
11o7z0 B, A, B X OHMHEBOM§ < TIZ2WThlood flow |2 A EAED D 7z,
BRI H R OM 1365, B L UMK 55 blood flow 2 £ L 720 7V T X ALMT
blood flow |2 EZIXFED L5 72, B Perfusion CTHFEIL B AR, BIEH, WMRIE O
TEDIMGTE % M C & D MREREE 2 FFDo T 7L 1) X 2 & LT Maximum slope #: % FIH 3
%2 LT, FREHT, FFREMICHIMTOMWEZIT) LD TE Do BRRIIZIZNHEEE T
L5 WHHR TR EADIGH A, FEEREIY TIIIHMRE L RER IS Y — L & L TH RS
fFC& %,

72



FEEREIY = 2 — A 2025 \ol. 74 No. 2

Therapeutic potential of omentin-1 in preeclampsia: enhancing fetal outcomes,
vascular function, and reducing inflammation.............cccccoccc 216-228

Min Song, Bo Jiao, Xiu-Juan Tian and Bang-Ruo Qi

Department of Obstetrics, Hainan Branch, Shanghai Children’s Medical Center, School of Medicine,
Shanghai Jiao Tong University, No. 339 Yingbin Road, Jiyang District, Sanya 572000, P.R. China

This study evaluated the therapeutic potential of omentin-1 in preeclampsia (PE). A PE-like mouse
model received recombinant human omentin-1 protein (rh-omentin) from gestation day (gd) 13.5 to
16.5. On gd 17.5, fetuses and placentas were weighed, and soluble fms-like tyrosine kinase-1 (sFlt-
1) levels were measured. Maternal aortic rings were used for ex vivo vascular reactivity assays.
Inflammatory factors and Krippel-like factor 2 (KLF2) expression in placental and aortic tissues
were assessed using qPCR. Human umbilical vein endothelial cells (HUVECSs) were exposed to
plasma from PE patients or healthy pregnant individuals to evaluate omentin-1 and KLF2 expression
by qPCR, with additional evaluation of KLF2 after rh-omentin treatment. Rh-omentin treatment
reduced blood pressure in the PE-like model, accompanying by increased fetal and placental weights
and higher fetal/placental weight ratios compared to untreated PE mice. Additionally, rh-omentin
enhanced endothelial function in maternal aortic rings, as well as reduced placental necrosis and
promoted CD31-positive vasculature in the labyrinth zone. Moreover, rh-omentin decreased pro-
inflammatory factors in aortic and placental tissues of PE mice. KLF2 expression was restored in both
aortic and placental tissues of PE mice and in HUVECs exposed to PE plasma following rh-omentin
treatment. Rh-omentin improved fetal and placental outcomes in PE-like mice, enhancing vascular
function and reducing inflammation in aortic and placental tissues. It also restored KLF2 expression
in PE tissues and HUVECs exposed to PE plasma, suggesting therapeutic potential for addressing
endothelial dysfunction in PE.
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Differential regulation of K*-CI” cotransporter 2 (KCC2) and Na*-K*-CI”
cotransporter 1 (NKCC1) expression by zolpidem in CA1 and CA3 hippocampal
subregions of the lithium-pilocarpine status epilepticus rat model.......................... 286-299

Muhammad Zulfadhli Othman®, Mohd Hamzah Mohd Nasir?, Wan Amir Nizam Wan
Ahmad®, Jafri Malin Abdullah? and Ahmad Tarmizi Che Has®

YDepartment of Neurosciences, School of Medical Sciences, Universiti Sains Malaysia, Health
Campus, Kubang Kerian, 16150 Kota Bharu, Kelantan, Malaysia, ?Department of Biotechnology,
Kuliyyah of Science, International Islamic University Malaysia, Jalan Sultan Ahmad Shah, Bandar
Indera Mahkota, 25200 Kuantan, Pahang, Malaysia, 9School of Health Sciences, Universiti Sains
Malaysia, Health Campus, Kubang Kerian, 16150 Kota Bharu, Kelantan, Malaysia

Status epilepticus is linked to cognitive decline due to damage to the hippocampus, a key structure
involved in cognition. The hippocampus’s high vulnerability to epilepsy-related damage is the main
reason for this impairment. Convulsive seizures, such as those observed in status epilepticus, can
cause various hippocampal pathologies, including inflammation, abnormal neurogenesis, and neuronal
death. Interestingly, substantial evidence points to the therapeutic potential of the sedative/hypnotic
agent zolpidem for neurorehabilitation in brain injury patients, following the unexpected discovery
of its paradoxical awakening effect. In this study, we successfully established an ideal lithium-
pilocarpine rat model of status epilepticus, which displayed significant deficits in hippocampal-
dependent learning and memory. The Morris water maze test was used to assess zolpidem’s potential
to improve learning and memory, as well as its impact on anxiety-like behavior and motor function.
Immunohistochemical staining and fluorescence analysis were used to examine the effect of zolpidem
on K*-CI” cotransporter 2 (KCC2) and Na*-K*-CI~ cotransporter 1 (NKCC1) protein expression
in the hippocampal CA1 and CA3. Our findings showed that zolpidem did not improve learning
and memory in status epilepticus rats. Additionally, its sedative/hypnotic effects were not apparent
in the status epilepticus condition. However, immunohistochemical results revealed that zolpidem
significantly restored altered NKCC1 levels in the CAl and CAS3 to levels similar to those seen in
normal rats. These findings suggest that zolpidem may contribute to molecular restoration, particularly
through its impact on NKCC1 protein expression in the hippocampus, which is crucial for proper
inhibitory neurotransmission in the brain.
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