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Comparison and discussion of methods for isolating mouse bone marrow
mesenchymal stem cells

LIAO Xinai, CAI Danni, YOU Ruolan, HUANG Huifang

(Central Laboratory of Fujian Medical University Union Hospital, Fujian University, Fuzhou 350001, China)
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[ Abstract) Objective  To achieve the efficient isolation of mouse bone marrow mesenchymal stem cells
(mBMSCs) . Methods mBMSCs from C57BL/6 mice, aged 7 to 9 weeks, were isolated by four method; the bone
fragment digestion and crawl method, whole-bone-marrow adherent method, bone fragment digestive fluid supernatant
method, and bone fragment digestion and mortar method. An inverted microscope was used to observe the morphology of the
mBMSCs, and their characteristic immunophenotype was detected by flow cytometry. The osteogenic and adipogenic
differentiation abilities of mBMSCs were detected through multidirectional differentiation induction. Results  Isolated
primary cells were observed under an inverted microscope after the first fluid change. A large number of bone fragments and
miscellaneous cells only were found in the primary cells isolated by the bone fragment digestion and crawl method, and this
method was no longer evaluated. Only a small number of polygonal adherent cells and a large number of miscellaneous cells
were observed in the whole-bone-marrow adherent-extracted sample. The cells isolated by the bone fragment digestive fluid

supernatant method were longer spindle-shaped and triangular adherent cells, but there were many miscellaneous cells. The
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cells isolated by the bone fragment digestion and mortar method were longer spindle-shaped and polygonal adherent cells,

and there were fewer miscellaneous cells. The isolated cells were cultured to passage 3, and the characteristic

immunophenotypes of mBMSCs were analyzed by flow cytometry. The result showed that the purity of mBMSCs isolated via

the bone fragment digestive fluid supernatant method and bone fragment digestion and mortar method was higher than that of

cells isolated via the whole-bone-marrow adherent method. When osteogenic differentiation and adipogenic differentiation

were induced, cells isolated by the bone fragment digestive fluid supernatant method and bone fragment digestion and mortar

method had stronger multidirectional differentiation potential than those isolated with the whole-bone-marrow adherent

method. Conclusions mBMSCs isolated using the bone fragment digestive fluid supernatant method and the bone fragments

digestion and mortar method were of higher purity and quality than those from the other method.

[ Keywords]

mouse bone-marrow mesenchymal stem cell; bone fragment digestion and crawl method; whole-bone-

marrow adherent method ; bone fragment digestive fluid supernatant method ; bone fragment digestion and mortar method
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Table 1 Specific steps of four separation methods for isolation of mBMSCs

43S )71 Tsolation methods

I Steps

BRI %
Bone fragment digestion and
crawl method

S E I BE

Whole-bone-marrow adherent method

3T BE R e R SRR b+ T A+ U R R + R R
Isolating lower limb bone and cleaning of bone marrow cavity + cutting bone +
collagenase II digestion+ washing bone fragments + culturing cells
3T T R O e R R+ TR A M DT + 2 R K 5

Isolating lower limb bone and cleaning of bone marrow cavity + filtering bone marrow fluid +

resuspending cell precipitation + culturing cells

GBS T BCE R b e B+ BT W+ IR T A+ B A O L A+

BRI LT i
Bone fragment digestive
fluid supernatant method

SN TTIE + AN R

Isolating lower limb bone and cleaning of bone marrow cavity + cutting bone +
collagenase II digestion + filtering digestive fluid and stopping digestion +

resuspending cell precipitation + culturing cells

O3B IBCE R PR B + TR+ P R IS T T AL+ BT AT 4 L T A+

B IHALOT L
Bone fragment digestion and
mortar method

FHUCHE) B I Ve MO A0 B B+ TR AN OV + AN A 5 57
Isolating lower limb bone and cleaning of bone marrow cavity + cutting bone +
crushing bone fragments + collagenase Il digestion + filtering digestive fluid and

stopping digestion+ crushing again and washing to collect cell suspension+

resuspending cell precipitation + culturing cells
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T A R HALIE Ak s B A BENG BEYE ; C i I AR L33k DA R il AR ek . (R EIIRD)
B R A R A

Note. A. Bone fragment digestion and crawl method. B. Whole-bone-marrow adherent method. C. Bone fragment digestive fluid supernatant method.

D. Bone fragment digestion and mortar method. ( The same in the following figure)

Figure 1 Primary cells observed under the inverted microscope after the first fluid change

xR2

SO D0 2 24 i e 4 240 PR 25 AN AL

Table 2 Morphology and content of adherent cells and heterocells in primary cells

IEITE

Isolation methods

I BE 2 LT 25
Morphology of
adherent cell

I BE 2 L o5 L
Proportion of
adherent cells

TRUNIEAS
Morphology of
miscellaneous cells

ZR A 7 LE
Proportion of
miscellaneous cells

R IHALIC R ik AL

Bone fragment digestion and crawl method None
2rE G BE Z e
Whole-bone-marrow adherent method Polygonal

B THALIR b
Bone fragment digestive fluid supernatant method
EEAR LA RSP

Bone fragment digestion and mortar method

KR =Mt
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Long spindle, polygonal
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RIE JEmip
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FE JE I
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Figure 2 Primary cell morphology observed under inverted microscope during passage

2.2 mBMSCs $FEE 5% R B

mBMSCs 4l il 3 1 R i 14 F0 % e AL CD45™
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R, 25N 3 BT . 4 w0 RE 1k 43 B A AN
CD45™ ¥ H 29.1%, CD29* ( 15.4%) . CD44"
(33.8%) .CD54"(58.5%) ;& A WAL Fif vk e
()40 L, CD45™ (90.6%) . CD29" (99.0%) . CD44"
(98.1%) Sca-17(99.3%) .CD140a’ (97. 8% ) ; & }
TH Ak A 4 1k 43 B O 4l S, CD457(190. 2% ) |, CD29°
(98.0%). CD44" ( 97.6%) . Sca-1" ( 93.1%) .
CD140a"(98.4%) . ViMWH R IHALH LIS ERE
AL BT ER 43 B 15 55 19 mBMSCs 4l B &, 4l
G BE L4 B BE SR mBMSCs 401G,

R 3 RIS B R U A A A2 AT ]
Table 3 Passage time of primary cells isolated and
cultured by four methods

JE AR A £ A Xt 8]

Passage time of

YRR
Isolation methods .
primary cells

ARG RS %520 K

Bone fragment digestion and crawl method Day 20
EEEL e 4 ~5K
Whole-bone-marrow adherent method Day 4 ~ 5
R THAR 5 i S5~ 6K
Bone fragment digestive fluid supernatant method Day 5 ~ 6
EEARIER AT/ Rz NES 6 ~8K
Bone fragment digestion and mortar method Day 6 ~ 8

2.3 KIMNFESHBE SR

SE RN RE T B R TH AR TR LS A e e
WAL S B 3 3R 1) P3 ARAR A i 5 S 45 5% 3 A
Jo , A HE ) R R B /N A A A AR



6 R E SR B2 A 4R 2023 45 1 A5 31 555 1 Acta Lab Anim Sci Sin, January 2023, Vol. 31, No. 1

3FIFIE B IRE P ARV E A TR AvE R ALHPRRIL RS B0 4G 4 R I P A e i B G R T
LY B R AT BIAR A GASZE Y R BN 2 (& 4) B2 X PR 5 14 20 S 1 5R A 40 i RE R
HOOREE (B 4) o HAE AR LW EAE A AR R B R B RE 1Y mBMSCs

TE AR5 L B3R 1 P3 AR mBMSCs FRAETE SRR A R IS5 R . AL ~ AS: A E B0 EEL Bl ~ B6. & IHAL L%, C1 ~
Co:H F IHALRTER I

3 U A TN At A mBMSCs HRAE 1 S yse K7
Note. Characteristic immunophenotype of P3 mBMSCs isolated and cultured by different methods was detected by flow cytometry. Al ~ AS5. Whole-
bone-marrow adherent method. B1 ~ B6. Bone fragment digestive fluid supernatant method. C1 ~ C6. Bone fragment digestion and mortar method.

Figure 3 Characteristic immunophenotype of mBMSCs was detected by flow cytometry

TE: A E IR P3 AR - V5 S T A MUE S LB AL 15 S I R AL G O B B5 4519 B S0 T, 10% 575
FEEE RO R ALY (S RO ESEETY , AR ORI DS 562 nm OB BEMRL; a: 2B BEWGBEVE ;b B A AL L5 125 o B RO i AL BE
2 5B BIEEE LR, P < 0.001, ™ P < 0.0001, (TFEIR)
B4 (ROMESE D RE T I MEE M R LY (8 i AR

Note. A. Cell morphology before osteogenic differentiation induction and calcium nodules observed by alizarin red staining after osteogenic
differentiation induction of isolated and cultured P3 cells. B. Absorbance value at 562 nm was detected by microplate reader after of 10%
chlorocetylpyridine dissolved calcium nodules stained with alizarin red at room temperature. a. Whole—bone—marrow adherent method. b.
Bone fragment digestive fluid supernatant method. c¢. Bone fragment digestion and mortar method. Compared with whole —bone —marrow
adherent method, ™ P < 0. 001, ™ P < 0.0001. (The same in the following figures)

Figure 4 Identification of osteogenic differentiation ability and quantitative comparison of alizarine red staining in vivo
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2.4 KSMESHURESLEE

S RN RERE CE R TH AR R A TR A
WFeR Ik B IR P3 AR 2 IR 5 5 B TR 2 A
Jo A B I 4 G, A ) AR R e 7 Ry [ T
PEMTAaRE ., B al UL N A = R A R

AN ILL O P LT (3 Py R I UG 43
RFE (K 5) o BB R IHAC B3 A i Aot
PRILINEZL O G (5 2 I 0 0 4 6 05 B 0 o (14
5), ULRA 2k IR 7 i 03 B B R B A ML REARAG S 2
(9 HAT BUIR 7L BE FT ) mBMSCs,

TE: Ao B IR A P3 AU IR Ak 75 5 AT AN AR A5 A0 MR J0 AL 8 S5 AL O Je COMLEE BIRYNRTH ; B IR T, R ESIR AR ZL O e (a
JE BUIRTH , BEARASRSA B AS 500 nm AW SCEA ; a: 2 F BN EE D b B R THALIR B350 o B R AL TSR 5 T BB B A Lo g, ™ P

< 0.0001,

B 5 HANES U RE ST S E SMAL O Ye (o sE 1 UL

Note. A. Cell morphology before adipogenic differentiation induction and lipid droplets observed by oil red O staining after adipogenic differentiation

induction of isolated and cultured P3 cells. B. Absorbance value at 500 nm was detected by microplate reader after isopropanol dissolved lipid

droplets stained with oil red O at room temperature. a. Whole-bone-marrow adherent method. b. Bone fragment digestive fluid supernatant method.

c. Bone fragment digestion and mortar method. Compared with whole-bone-marrow adherent method, *™* P < 0. 0001.

Figure 5 Identification of adipogenic differentiation ability and quantitative comparison of oil red O staining in vitro
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[ Abstract )
(PCE) against adenine-induced renal interstitial fibrosis ( RIF) in C57BL/6N mice and reveal its underlying molecular
g ying

Objective  This study aimed to test the efficacy of an ethanolic extract of Polygonum cuspidaium

mechanisms of action. Methods An RIF model was induced by gavaging C57BL/6N mice with adenine. Fifty male
C57BL/6N mice were randomly divided into five groups (n=10 per group) : normal control group, model group, PCE-L,
PCE-M and PCE-H (75, 150, 300 mg/kg, respectively) groups. After treatment for 42 consecutive days, serum
creatinine (Scr) and blood urea nitrogen (BUN) levels were measured with commercially purchased kits. Histopathological
changes to the kidneys were assessed by HE and Masson staining. The protein expression levels of TGF-B1, Smad6, a-
SMA, and type I collagen ( Collagen I) in kidney tissue were detected by Western Blot. Results Compared with the
normal control group, the model group had significantly increased BUN and Scr (P <0.01). The protein expression level
of TGF-B1 was significantly increased (P < 0.01), while Smad6, a negative regulator of the TGF-B/Smad pathway, was
significantly downregulated (P < 0.01). The expression of the epithelial-mesenchymal transformation ( EMT) marker
protein a-SMA and the extracellular matrix (ECM) protein Collagen I were significantly increased (P < 0.01). Compared
with the model group, the drug intervention groups showed decreased levels of BUN and Scr; declining protein expression
levels of TGF-B1, a-SMA and Collagen I; increased levels of Smad6 protein; and the alleviation of pathological changes.
Conclusions PCE treatment attenuated adenine-induced renal impairment and ameliorated renal interstitial fibrosis in

mice. The mechanism of action may be related to changes to the TGF-B1/Smad signaling pathway and the suppression of

EMT and ECM protein deposition.
[ Keywords ]

pathway ; epithelial-mesenchymal transformation
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&% SF RN B Y I A B BB T 5 LRI ik
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F 1 JRAEHRY IR IERS FTECE A 41/ AR E AL (n = 10)
Table 1 Effects of PCE on body weight of mice with adenine-induced renal fibrosis (n=10)
T (g)
415 Weight(g)
Groups CORNE 52 )4 B3 54 A %54 %6 JA
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

IR Y

AEFR AL 25.84 £ 2.00 27.01 £ 1.97 27.08 £ 1.78 27.10 £ 2.30 27.27 £ 2.17 27.20 = 2.06
Normal control group

5704

Beaa 25.96 + 1.47 26.76 + 1.52  26.46 = 1.64 24.79 + 1.85"  22.81 = 2.78" 22.72 x 1.73%
Model group

PCE-L 4

(f H 25.10 + 1.67 26.63 = 1.89 24.89 + 2.50"  24.04 + 2.89% 23,75 + 2.75% 23.18 + 2.90™
PCE-L group

PCE-M

25.43 £ 1.56 27.05 = 1.50 25.58 + 1.54%  24.62 + 2.26"  23.83 + 2.28" 23.52 + 1.87*

PCE-M group

PCE-H . .

. 25.26 £ 1.21 26.50 = 1.85 25.97 + 1. 68 25.52 £ 1. 11 25.81 = 1.59 25.12 + 1.88
PCE-H group

T SIEW XA e, " P < 0.01; SR HLE:, ™ P < 0.01, (FFR/ERE)

Note. Compared with the normal control group,™ P < 0.01. Compared with the model group,

figures)

2.2 RBEERM I RERESH S 8 R T %L /N
R 7E ANLET | bR = &K T B R200
H1€ 2 Al DL, 5558 REZH A L, AT 20 1fi 37 JUL S

R 2 PCE X JIRNZE04 B 8B (] i
WLEF BRI (n=10)

P < 0.01. (The same in the following tables and

el NI IR Z A

Table 2 Effects of PCE on blood urea nitrogen and serum

ﬁl{i%“( Ser .BUN) USRS Sl (P <0.01), Bt creatinine in mice treated with adenine(n=10)
BEHED 25 25 25 2/ BRULTE LI | PR 26 85 %) B 2 A4 415 VLT pmol/L) LI 28 (mmol/L)
e, 75 R VR 4, 60 S B LA 1 L Groups Sr(unbL) . BanCmmo
P R R KT 52 500 R P AR, HE v B Rl P 4 A 2

38.95 + 8.50 14.00 = 5.50

Normal control group

s R i 2O ARV S S FULIT PR 2R AT L
AR, S EOBALR 22 5 AT B

$iAY
e 89.19 + 15.30%

45.46 + 8.04%

(P < 0.01 ) . Model group
2.3 BESENET PCE-L 41 » "
84.74 + 8.09 44.82 + 3.35
2.3.1 F;JHEXFI%? PCE-L group
HE 4 =il 1 ¥ A -
AEFEXT L/ ? HONE T, F’iﬁ@%%’l" %E PEEFMM éi 71.24 £ 14.17% 37.43 £ 10. 19*
JEIR o A 5 AL A ) BV SR, R IR AR group
6, FRI M AR F T LSRR B A, R SR PCE-H 4 o5 a i 2631 a 1105~
I — PCE-H group T T
FER IR B AN A N [ AR B A s VR, =7
T SIEWSTRA LS, P < 0.05, (F&/KEIRE)

AR, LA P B v ) ek 0 AR S L
L (WA ) .

the following tables and figures)

1 AL X RIS T EORF 2F 48 AN P R AR SN 32 )

Figure 1 Effects of PCE on the general appearance of kidney in mice treated with adenine

Note. Compared with the normal control group,*P < 0. 05. ( The same in
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2.3.2 HHLUREID A I

(1) B4 HE Y s R

W 2 fros , TEH O R /N BB A U5 0 TR R
BB AR A B /NE B A R — L B RS
TNl RS RESE BRSO IE A5 B /NG LA X
¥ (back to back ) 177 X HEF , 6] 57 2 [8] JL-F- A A7
T, B /N BB NE SRR, 1IN, &
POR A B INE I ZE A 0 B NE TR AR R B NVE
B A (BRER IRBE, WV Y B /N B A T
I T U LR B A B BN O B
R ) 5 ] R 4 4 92 ) T 5, S 2 ) A7 P
A b, SEAUAALL, PCE &Rl & 45 25 40 1
LV B2 U A S [ TR T A ) A
PE, R N B AN RN — B HES
I, AMOE S, v T K B N I ZE S R
INEBAGE YL W R B NBRIE SR R DL R
ANMLIR I, 58 BE A fEAE O AR Y 2 A Y
2, %of R IR i B0 2 2L SRR A AR AP I G

(2) "B 4HZH Masson {045 1

Masson YLt 2 LR Aifb i) EZ Y B ik 22—,

TR T I ST 4 FILI 2T 4, 78 B 28 i 1% A6
A T R B /N ERUTE #Y 02 525 W) FIE IR
B R IRHE T S S 4F 4451, Masson Y45
NSRRI (e R aW)) @, BRI,
R B IRET 4 S, B /INVE I IR AL
BT AR AR A B I SRR Al R R
B I v R g i 2 A U DR ke € B e
RIFR I 0 22 | 3 i L A e A DX T AR
T 5 B AL 7 AR T R YRR

Gl 3 P 4 R TE W IRALE /BRI /N
FEAS KU, B /N L Bz 200 5 0 U 268 5%, T 2 i
FEAE TRIBRAE RS, R T PN Sl bk A B R | A
AR AT @S, LT B et Bl
/N B T A R R R R D AT A A, et B
O, 2 I R B B A e AL, SRR AR 1L, e AL
BESRIC v ven 7)  H E (5 BE  6 To ARA A AR
()R B8 AR U/, Y 2 2 D O RR K ) Joi 21 4 AL 5
SItEE L e TR TN S LS 7K N
e R R IR T S5 R A R TR
B A BB EEEE I (P < 0.01)

T Ok R Y IR B /ME SR R S A N LTk R AR
2 BT HE e @R R AIE R SR FE AL B 0T /1N L 20 20 R A8 AL 52 )

Note. Yellow arrows. Highly dilated tubules. Green arrows. Atrophied tubules. Red arrows. Inflammatory cells infiltration.

Figure 2 Representative photomicrographs of HE staining of kidney sections reflect effects of PCE on histopathological

changes in the kidneys of mice treated with adenine

TE Ak B M BT AR R R IR,

B3 EHSWI A AR Masson Bt (0 5 AT (5 S e pRAS B4R 0 1) 5 2 48 A/ N BRUBE IS DLAR ) 521

Note. Yellow arrows. Areas of fibrosis and collagen deposition.

Figure 3 Representative photomicrographs of Masson’ s trichome staining of kidney sections reflect effects of PCE on the

collagen deposition in mice treated with adenine
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B4 PCE X[ B detl N U DU AR B 20 (n=3)
Figure 4 Effects of PCE on the collagen deposition

area in mice treated with adenine(n=23)

2.4 RHLEFIRY T BRIE M BT BUE B R 4L /NR
# EMT.ECM Z R

B /INE b B 20 M 1] 8] 78 S5 B R 2T 24 A0 i e Y
B fb 5 % 4 fb  ( epithelial-mesenchymal
transformation, EMT) & & 2T 4 {k 1< #2 o 1% 56
AR B/ NE AR 25 b R A 0 B A,
5 ( E-cadherin ) , -2 45 8] 78 5014 5 04 3 45 11 40
WU H (vimentin) Fl a-FH NUILSNE F (-SMA)
SR T R AL e B S TR R AE R B T A A

M43 5 ( extracellular matrix , ECM) 2 1 89 LS £F
At EE SN S ST, %ad EMT 51
INE AN BT b R R AN ARAS 1] o 4 i R
AU TS Ak A LR T 4 20 B, AL R 2T 4 40 e fig 43
WA ECM HEH , A TR TV B A
JERERE A S E A%, Y ECM G U
EZ Wiy AU MR U IRAY Sk A R e i
3 L A

SRR PR AL T it A0 % i W 4 iy 50 T A Ak /N
U EMT, ECM 3 U0 AR B9 52 i, A it 52 fE
Western Blot X} EMT #rdith 8 A o SFE UL & H
( a-smooth muscle actin, a-SMA) ,ECM A% B4 1%
#57 Collagen I #EA4T T &M

WA 5 iz~ , 248 Western Blot #3015 %} BR 2H #H
o BB /N B 25 T IR R RS 3 B R B A 2 o
SMA | Collagen I F) AR e aA 7K O g 2 1 , ( ¥k P
< 0.01) . RUIREEERS IIBEGE T8 /NE b K 4
-l e B Ak (EMT) |, 304 i ZR L T (ECM)
EAN DU, SRR, R R A 254 2
T AR B 0 ) R M 5 1Y) o-SMA B Collagen

A Western Blot #:i FT75/N U H a-SMA | Collagen T 2 H I FE M4 B, C: a-SMA  Collagen T 2 [ Eb 12 22 12 70 #r
Bl 5 Western Blot {3 4% fz W PR B4 400 X R N2 & T B30 1) JB 21 4 Ak /N BRUEF R 2T Y a-SMA | Collagen 1
BEHACERIFE (n=3)

Note. A. Representative Western Blot showed the expression of a-SMA, Collagen I in mouse kidneys. B, C. a-SMA, Collagen I levels in

Western Blot were quantified via densitometry and were normalized to GAPDH.

Figure 5 Representative bands of Western Blot reflect the effect of PCE on the protein expression of a-SMA and Collagen I

in kidney tissues of mice (n=3)
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1 #E MR %3k, PCE-M Ml PCE-H £ it B F M o-
SMA £ B K THE (P < 0.01) ; PCE-H 41fig
W Collagen 1 H R X KFEF & (P <
0.01) , PRIt BRALRESE A mT LA sl Ji W2 4 BT 380190 '
(B 2T 4 A /N BUEF /N R Al EMT, 982> ECM
AR EDORR, DT ol 8 VB 1) 0T 48 A fb R AR, K 4 V1R
FHEH
2.5 ENERYIRER MBS ERTELNR
7 TGF-Bl/Smad {5 SEEMEXIES 5 FRIZM

AL RN F-B (TGF-B) MR AT & 75 38
EEHRF A LN, LSRN AT 3
fl TGF-B %Y. TGF-B1 ., TGF-B2 Fl TGF-B3, H
TGF-B1 TEH hRik i 2, TCF-B il F b A K
T-B AKX I (TBRIL)  Fe b A KB 7B Z K 1
(TBRI) S H: A N A 5t Smads 5 & EMT, Jf-38 Jin
ECM & F1an. 1 BF IV B F AR 1 2R i 8 L 4F
Ak 3% R R A ORI A3 W, R FE AR 4 4 Ak
PEHIT,

Smads 244 TGF-B 15 5 M AR ML B 74 31 240
A H A 4 F . Smads SRR S [R) A9 4 F 9k

K53 H 3 25 ZARVEE A Smads ( R-Smad ; Smad 1.2,
3.5.8) , 37T Smads ( Co-Smads : Smad4 ,Smad10) ,
4 Smads (1I-Smad : Smad6 . Smad7) , BEBERILIY
Smad2 .Smad3 4 Co-Smad ( Smad4) JE i & &%), I
FERS B ANMAZ , JHT T e £ b I T Feast
I-Smads ( Smad6 #1 Smad7) 51%1LiY TRRI 454 5%
FePERH IE TBRI #07% R-Smads, MtAh, Smad6 i 1] 5
PSR R-Smads AH BAEHIF T4 H 5 Smadd JE 1
AW, I R-Smad HYBERR Ik, IS EMT 75
S8 gk TGF-B1/Smad (5 2@ E RS 5 T
PCE B 41 & £F b A5, A8 58 R F Western Blot
il v 2% /BB ZH U Y TGF-B1 Smad6 25 113
B,

N 6 Frzs, Western Blot 18361 454 FIr s« IR
WERSHERE 42 d J5, BRI /N BB 2H 2P i TGF-B
KV BEE TRIBA (P < 0.01),PCE 4525 4HRE S
0 e AR 1 41 1 R M 45 24 2 B0y TGF-B1 /KF
T SR A H, PCE-M 41/ PCE-H #4163
il TGF-B1 & F 3Rk (2054 P < 0.05,P <
0.01), SXIHRZHAH L, BRI /N BV 2 48 TGF-

A Western Blot &0 T #5/NFUE 44 P TGF-B1 ., Smad6 2 H LR M 47 ; B, C: TGF-B1.Smad6 F BNl A9 2 %€ w40 M, SRR 40

Ik, " P < 0.05,

6 Western Blot 103204545 iz e pg ik i w7 BUIS H 20 P 19 TGF-B1 . Smad6 & /K F-HISEM (n=3)

Note. A. Representative Western Blot showed the expression of TGF-B1, Smad6 in mouse kidney tissues. B,C. a-SMA, Collagen I levels in Western

Blot were quantified via densitometry and were normalized to GAPDH. Compared with the model group, “ P < 0. 05.

Figure 6 Representative bands of Western Blot reflect the effect of PCE on the protein expression of TGF-B1 and Smad6

in kidney tissues of mice (n=3)
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B {5538 5 1) 68 35 X F Smad6 f 7/K - i 3 R
(P < 0.01),PCE 4525 2H fit 52 55 s AR i M A i s i
IR 25 24 7301 Smad6 KRR, Hid PCE-H 4168
Y Smad6 H H FK KK FERIREAK(P < 0.01)
B, PCE Al 3@ 4 TGF-B1/Smad 155 18 % & 4541 &
] AR AL VE R

3 i

'V 10 52 2T 4 Ak 2 Hy LB 2T 48 40 i 748 1 %
SO H sk BE 30 AR 4 M Ah 2 BT (extracellular matrix,
ECM) & 115 S AJE R gL gL AL A58 R
JRIEES RS S /N CKD B[] BT 2F 4 AL st |
I A8 B B 0 1 50 A AR AR
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SO TR R RSN T 3 s 1 2R
PEV B LR A K IR R I 5 15
VI 32 ) 2 8 7 I SR AL Bl 1 T T 2 A S i
MEVS KW 2,8 LR EERS (2,8-DHA) , IR
BN R /N RERE, B B R ek S AU
IRE | FEL AR S5 P 22k 1R A3 2L, AT 512 W i) Jo
RN DRI o A5 B AR I 15
/NEUE D RES G, AN B 12 P D e 4 s Bk
FEARAL, H B A 8 1A 2 2 | 484 5 (8 a9 0 A5
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mg/ kg MBRIENG i ZE 0 H 24525 42 d, & 2B A0 I
THNLEF PR 2R A Y 7 5 B r B W0 ¢ 2H 20 B~ P
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TRZ AN IR SR iz i, SCREAT I, B4 U<
ANREATIAL, LA AN W8 il N 2B o A Z IR | i
I EE I BE, 15307 2%, S BOE DhRE T K, B R
LRAEA SRR o Herb g Ry B 2T AE A 1 s B
PR IR AL 2 B B, SR N
AR R R R R P AR FE A 2 Rl I #AOF
P I AR R 2R 7 IR0 AL BRI R i A5
FEP=4) , TR i DR, SE G2 1 LT 4Rk i e

AT 7R R BL I 42 ) i ) 20 (300 mg/
kg ) Xof i I W8 Jify 055 ] Joi 27 24 1k /)N LAY — FBOIR B
TREE L7 B DI RE 45 bR (BUN  Ser) DL B 4 21 % BE
N O T AR B s B ] R,

AL B AR 20 /N U A 20 TGF-B1 R A = Rk,
TGF-B 155 & 1 77 845 P 7 Smad6 KL, LA
K EMT .ECM A1 5¢%E H : a-SMA | Collagen 1 25 1
IR, W 9Y 4 2R R W PR AL I 4R A T o 4 )
TGF-B1 WA, BLWr TGF-B F 75 5 %% i A T 11
Feak, R 7 JH T ) F Smad6 19 R 3K, ] R-
Smad FUBEIRLL , 55 EMT %55 & ECM & H TR,
AT 45 400 ) B 21 AR AL OR3P B 19/ . AS I 9E 45
S R 2l gL It PR N B AL T — 2 A S 50 A B
WA , (A ARSI A EE T TGF-B1/Smad {5538 %
B SHE  r T AT T, KX Smad6 &7 5 R-
Smads A EAEHIETHH S Smadd TEE &Y, )
il R-Smad 8% R AL AL AR i — 20 50, ok X
Smad i 72 U1 Erk . SAPK/JNK Fil p38 MAPK ;i
B, DL R 5 1) JoT 21 24 A0 R DG 1 HC Al 3 % 0 . Wt/
B-catenin {5 F il FEAEIE— 05T, BLAM, ARRAFF
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[ Abstract]  Objective To construct a mouse model of Pneumocystis pneumonia ( PCP) and evaluate the
immunological characteristics of the model mice. Methods A PCP model was established by endotracheal infusion of
Pneumocystis murine into severe combined immune deficiency mice. The etiology was identified by quantitative real-time
PCR and silver hexaammonium staining of lung tissue. The degree of lung tissue injury was assessed by HE staining, and
immunological evaluation was performed by immunofluorescence staining and flow cytometry. Results — After six weeks of
P. murina infection, there were significantly more lung tissue TRNA copies from P. murina in the experimental group than

the sham group. P. murina trophozoites and cysts were detected in lung tissue sections from mice in the experimental group
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by silver hexaammonium staining. HE staining showed the alveolar walls of lung tissues in the experimental group were

thickened, the lung interstitium was widened, and a large number of Gr-1" neutrophils and CD68" macrophages had

infiltrated the lungs. The levels of myeloperoxidase, a marker of neutrophil activation, and nitric oxide synthase, a marker

of macrophage activation, were significantly increased. Flow cytometry showed that the number and proportion of

neutrophils and monocytes in the lungs and alveolar lavage fluid were significantly higher in the experimental group than the

control and sham groups. Conclusions A stable PCP mouse model was established by endotracheal infusion of P. murina

into SCID mice, which showed immunological characteristics similar to clinical signs.

[ Keywords ] Pneumocystis  pneumonia;

neutrophil ; macrophage
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Jili 6 ¥~ B il & ( Pneumocystis pneumonia , PCP)
JE UL R TS TN g B A R A S R
NBEH UL B S P e R BOE IR A Bl 25 2%
SR AREECH 1934 2, PCP 1Y K 56 18 4F 4
Th 845 PCP RYTAR 69T LA K K s B 55 05 Tl B
WSR2 RO . R EE PCP Zh i
TR SRAIESE i 98 T8 78 i 32 P A9 AR 05 s o pLR
2y 7 18 R e AT A %) B

BRAE i P A 52 36 o Al P R B s H AR R H
SRSt PCP B, TR 5 AKHE
BT n R AL IS AL 1T 5 W) EAA A AT LTI AR
IR o TARAE SR 3, A 47 ok 3 22/ Bl 3 0k
FIFhil e PCP shA iAo Fii N Ah i 4
REIREIE (/N WA EE PCP AR, 32 2R FH A s v
5 BT A BT IR K A | TR A T A A
SRR /N U A ARG Ry 5, B |
IRASTRL R T vk DA AERE I A BT A0S A
EAI TR Ok i 22 25 e T ME T R A AR A 52
K GERE

ARG FEIS B ARA T B SE TR AR HAR
¥y PCP /NEUASTHL (i i BALB/ ¢ T & G ik s

(severe combined immunodeficiency , SCID ) /)N B

$EF0 il 1 1 ( Pneumocystis murina, P. murina ) 4
H PCP LR Ffd i o o A AN AR )
2E SIS H AR BRI A T g 2 VA

1 #MRER=E

1.1 #t

1.1.1 SEKshY)

19 H SPF glfetk SCID /MR, 18 ~ 20 g,6 ~ 8
JA, W [ b o A2 BB AR W BB A7 R A
[ SCXK( 5()2019-0008 ] , f 72 a1 4541 /I B E Hi Ak
Ko TFRAEE B EIE I BRI W R e TR

animal

model; severe combined immunodeficiency mouse;

PEHIAE 22~25°C , LSRR SR e v 2
YR E W FEBE[ SYXK (1) 2022-0014 ] SE L, BT A
BAEAT & B AR E R R 2 sh W S 80 X Se 9 sh )
P 51 23R (AEEL-2020-054 )
112 EZH 5

Jii 48 F B ( Pneumocystis murina, ATCC, PRA-
1™ B4R g 0350 & (PRI, R30435) , HE 3¢
38 7 £ (Solarbio, G1120) , i J& i TV ( Sigma,
C5183), RPMI-1640 % 33 4 ( Gibeo, A1049101 ),
PrimeDirect ®  Probe RT-qPCR Mix ( TaKaRa,
RR650A ) , DAPI ( Servicebio, G1012) , #i & CD45
FITC ( ThermoFisher Scientific, 11-0451-85) , Gr-1 PE
( BD Bioscience, 553128 ), CD11b PerCP-Cy5.5
(Tonbo, 65-0112-U025 ), CD48 APC ( ThermoFisher
Scientific, 17-0481-82) , CD11c APC-Cy7 ( Biolegend,
117324 ), Gr-1 ( Servicebio, GB11129 ), CD68
(Servicebio, GB11067) ,MPO ( Servicebio, GB11224) ,
FITC-TSA ( Servicebio, G1222) , Cy3 bric I EHi St
& ( Servicebio, GB21303) , HRP #ric 1 i b fA
(Servicebio, GB23303 ), £ 4 yii =\ 4f g 4X ( BD
Bioscience, FACS Canto II, 35 [H) , SL 0% 6 & &
PCR ¥ ( ThermoFisher Scientific, Applied Biosystems

7500, 3 H) ,
1.2 A&
L2010 BEFPORAT S R R B

6 H SCID /B T il il W AR B AL A, =%
Zheng 57 X} i 61 F B A AR R B G 735 8 1x10°
B 781 T A0 22 B VR SCID /N BUBE 6 J5 I R
P Ab B8 /N BRL, BRI il 26 4 5 R e P 70 um 440 JifL
ik 8 AR A B R A T ZH 20, i JC I PBS IR
337€,3000 r/min &0 5 min J5 7 EW, @A
195555 5 N EM 10% I EHA 90% # K
T35 0 T 2 LT ) ) VR A B TR AR A
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1.2.2  #57. PCP Sh¥tsinl

SCID /INERFEHL 2 A AR B ZH (Model ) B F AR 21
(Sham) 155 FX%T HE2H ( Control ) o A5 A1 4H Al B F A
HEA S R, A g fa 3 H, BRI /N R
FH 200 WL 1 0. 8% [5G B L 22 5 I Fes v SRR e, 6
0.2 wm A9 1 mL B R EE NI E 60 pL & A
10° () il 4607 T8 A2 B4 RNA (rRNA) 4% D15 %) i 26
LU, BT ARA/NRAENHTE 60 wL 1IEH
SCID /N3 25 AR FRAIAN ST oAb 2
1.2.3  FrARE &

Jii A VEE e YR 200 L« A TR A /)N U 98 P R L 6
iR 6 JE S, /N BURR B4 7 S008I F 4b BE, V) T
FERR AT B, 5 I A 4 AU T un IR e
1 mL {588 A G RS, 500 pL JCH# PBS
SR HEVE 3 Uk, WA A AR L VE PRV, 1200 1/ min
B0 5 min JEZAMAH 100 wl PBS 5, 245l
T VR AL

Al L2 BY I /0N BN s 47 i V8 3, 157 4 il 2% 1
S B O At 2 2, A2 Bl B 4, A 2 mL JH AR TR
(% 10% FBS F1 1 mg/mL Ji&J5 i IV ) RPMI-1640
Rigedk) | 37°CHEIRIEAL 30 min, ffH 70 wm 4 EE
UEARIEE 400 H uE Wik, B0 5 BE, WA A
4, N A 300 pL PBS & T i =40 i A
SIHTRNTEE, A7 I 4% 22 58 H R T
1.2.4 ZER75OEE R PCR

i F PrimeDirect ® Probe RT-qPCR Mix R_F &
G/ )N BRU T 2 2350 3% v A Bl 6 TR o, IR AT )T
) H. 5 ’-FAM-CCCAGAATAATGAATAAAG-
MGBNFQ-3"; L i 51 ¥ ¥ 4 4. 5’ -AGGTGAA
AAGTCGAAAGGGAAAC-3’ | FiiF 5| ¥ 0 57 -AAA
ACCTCTTTTCTTTCACTCAGTAACA-3" . L) fili # T
rRNA SR A4 EE R IR TR, VR A FR e
1.2.5 FhgHZiVI et

B A 5 F il 41 2 4% 22 3R S [ 5E A S A
R BE) b, A7 B 75 K R ~ LT (hematoxylin-
eosin, HE ) FlIZ7S AR Y (0, YGEs ™ WSS il 2H 2105 B el
7 il A 1A

i 2 207 R WU A 2 e S e 8 il 41 23070 B

B 2K BURIE SR, A s F A H B A 1:200
R B —P0 Gr-1 1 &N 4°C 18, AR Cy3 —
PRI R 50 min, VIR A TS A FITC-TSA s
JEIEE 10 min, PR, VIR B THURE W 0
ARFRF N 1:2000 FiBER—PHL CD68 Wik 4°C it 7,
INAAHR. HRP ZH0 % IREOEHFF 50 min, V1R

T 5 47 ,6-— Bk Fe2-2E Lo Wk (40, 6-
diamidino-2-phenylindole , DAPI) ¢ {% 10 min, £ F,
LR AL WA AR
1.2.6  HaHpAR

B 100 WL PBS 2 4 it 6 VE 1% I 40 Ji R it 21
LA 40 i fin A $T CD45 , Gr-1,CD11b, CD48  CD11c
TRAPURIELT 4C Yo W50k, 8 I ATHEUHOK,
i FACS Canto 11 3 = 20 B A5 47 20 B 43 4 A
B, AH FH Flowjo 10. 6. 2 BAEIEAT iR 2B 20 # .
1.3 SFiESR

PFA IE A 530 1 52 36 5508 LT 2+ hm o 5 22
(x + sx) Frn, LI EHE# A Graphpad Prism 8. 0 %X
HEATEE 24, = 2H 2 1) S 56 K5 0 4l A B R R
D AT LA, P < 0.05 N 22 5 B 4t

2 #HR

2.1 FALMBFEISE

W 1 R SRS E B PCR BAPE Ok br i
a4 2RI R BR R 107 copies/ L, K | FR
9 10° copies/ WL, BH AR HE 5 AR B AR E T EE N &
= -0.2516x + 12.075,R*= 0.9954 , 2k E X R R IF .
SEF 9 E T PCR 45 5% s AL ()46 26 S0 (B ( Ct
) B RAL T 25 A A MR T RY, 25 BA
WEMH(P <0.01), [FBHEL Pe rRNA # 015
2 A HRA A F AR AU e, 22 57 B B 35
(P<0.01)(WFE1),
2.2 MALRFEMFRFEMRERE

PN Y £ 5 B0, AR 2 /0N R 2 2 rp mT A I
Jiti 6 ¥ P 3 R FRAK (T 2A) | il 96 1 T B PR A
RN 80% (4/5) , i 2S 1A% I8 2 FVEL T AR 4l S i
LRk v NUW [ (IR RN SR 1 AN R S I E |
/1N BRI ZH 2 7S e 8 e 6 T AL i 467 P f 3 2 TR O
WEIEDE LA 2008 | $ERE iRk 4e t0, e N /IMA A 6
A WLARRBELSHY . HE Je @ n] WA i B2 il 41 21
SEFIEHR BT AR MM S5 v WA AE 5
25 FOG FR ARV T A A Eb, A5 241 /) R it ] Jo5 34
B, Jii 6 B 1 R | [ B il 9 1 AT DL IR AR IS Y ]
JE A B A 2 B P 20 R (8T 2B)
2.3 FHARMEM RS

IHLH L] 7 G e D Y a5 R R |, 25 IV R
LRI ZH 2R A AT W DAPT &2 4L i 4 i 4% , I CD68
(BEOTO0) M Gr-1 (L0 HEFE S, TR
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VE A AT cRNA BRPERRE AR 95 28 B WA T vRNA FHEERS S 0 bR 2
Bl 1 SEPOLE I PCR 4 HE 2 b 2k

Note. A. Amplification curve of the positive standard for the ribosomal RNA of P. murina. B. Standard curve of the ribosomal RNA positive standard for

P. murina.
Figure 1  Quantitative real-time PCR amplification curve and standard curve
R /IR ZUM 7 A 45 2R LA
Table 1 Comparison of P. murina detection results in lung tissue of three groups of mice
Ei=tan ESpapict:| BRFARH FEALEH FAE P{E
Index Control Sham Model F value P value
SIS E B PCR(Ct value) qRT-PCR( Ct value)  30.83 + 1.27  30.58 = 0. 56 21.92 + 1.55" 16. 11 < 0.01
Jifi 6L F- PR tRNA ¥ BE XL {H ( Log10 copies/ L)
Log value of rRNA concentration of P. murina 3.03 £ 0.39 3.72 £ 0.31 6.56 + 0.39" 25.45 < 0.001

(Logl0 copies/pL)
bav;i:<ic3 Al [N S

Positive rate of gomori-methenamine silver stain
TE SR AGI B« B A /A R A ST AREAALL, P < 0. 05,

Note. Positive rate of gomori-methenamine silver stain. Positive samples divided by the tested samples. Compared with sham group, *P < 0. 05.

0 0 80% / /

TE: A /NI SN R Y (0, BT S BT At 7 A3 5 B . /N RUTEH R HE Je (0| 20 (355 3k B 7 Ay it £ SR 20

B2 /DRSS HE G @
Note. A. Gomori-methenamine silver stain of mice lung tissue, and the cysts of P. murina are shown by the black arrow. B. HE staining of mouse
lung tissue. The red arrow shows granulocytes infiltration.

Figure 2 Gomori-methenamine silver and HE stain of mice lung tissue
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CD68" L RE A (£x (e ) Al Gr-1" Pk 4 (41
EHOE) BT 5 (B 3A) 528 X A
FARAAM M, BRI Y] CD68 ™ 155k 44t
(A ) A Gr-1" P RLAN A (£L 650 ) 1218
B % BTG s R o B2 /)N
SR ZH 2L R A L R T A O BRAE, 2 e B
AWEVE(P < 0.01) ;A B g 40 T80 T 25
FIXT R AR TR 4, 25 5 5T W 2 (P < 0.001)
(EI3B), MeAh, ks 20 M % A br 2 B 2o 8 A )
it} ( myeloperoxidase , MPO ) 7E 5 75 25 /N [ fifi 0 2

IR K 2 T A R B AR T R 4 (A
3C,3E) ; [Al B, F 0 40 3 fb br i — S AL B & B
(inducible nitric oxide synthase,iNOS) 7E 721 /N R,
Jifi ZH 2 i) 23k K P 35 TS LN BR A Al T

R, 2554 8 EM (K 3D,3E) , /R R R 4
FF ) R 2 A A 3 T K S T
2.4 oM Ah AL SR & A A EE 4L

S PO P E N R RN W AR
JIs 0 PEE R PR 2 B R PR AR S A LR 2, B
TR R, Il 2 525 [0k gl AR AR 4l
AH L, B 2H v dr 240 50O P M 40 e 40
Ji B 34 2 TR (P < 0.05) 5[] R R 4 B A
TR B A S A o e B T
25 AN B AR TF AR YL (P < 0.05) o 7EMTi i Ve
rh, 5525 U0 BRZE AR TR ZH AR B, A5 U 2 v
L HR5ORT P R A0 B o A A L R T
(P < 0.05) ; [Fl s A5 A 25 FPA% 200 B 3 50RN B A2 240
A VA E o R B S TR (P < 0.05)

A ZZ CDO8™ E WA Gr-17 rh ok 40 i S e S Y 0 s B . L AN B A0 v Mbr 40 B 31450 € T4 4N Gr-1 R MPO 58 56
Yefti ;D il 21 CD68 Fl iNOS FEse e YL (0, E i ZH 4N Gr-1" MPO™ 55 4k H PERE 40 i Fll CD68™ INOS™ I 1k 5 Wi 4l fifd - %k, 4 261 1] L

B,"™P<0.01,"™ P<0.001,

3 iSRRI e E Gt

Note. A. Lung tissue CD68* macrophages and Gr-1" neutrophils immunofluorescence staining. B. The counts of macrophages and neutrophils

in the lung. C. Immunofluorescence staining for Gr-1 and MPO in lung tissue. D. Immunofluorescence staining for CD68 and iNOS in lung

tissue. E. The counts of Gr-1" MPO™ activated neutrophils and CD68¥iNOS™ activated macrophages in the lung. Compared between two

groups, ™ P < 0.01, ™ P < 0.001.

Figure 3 Double immunofluorescence staining of lung tissue
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F2 ARG HT PCP BN R G A5 AL
Table 2 Immunological changes of PCP model mice analyzed by flow cytometry

FEARIHRY b 25 X HREH RFARL AL EH
Sample types Index Control Sham Model
7 4 i % 4
*\/,Hiﬂﬁ.ﬁ?ﬂl(xw >4 0.03 £ 0.01 1.81 = 0.98 25.4+4.10°
Neutrophils count( x10™)
PNTTTRIR" 2
HABAHIE(x10°) 0.19+0.18 0.75 + 0.51 124.84 + 26. 68"
Hili Monocytes count(X10~)
Lung g7 4 / 0
ﬁrlﬂﬂ@.ﬁﬁtt( /0) 6.02 +1.48 40.44 = 19.07 84.86 + 3.36"
Percentage of neutrophils( % )
4 /
PRI E YL (%) 0.31 £ 0.18 0.15 + 0.08 4.23£0.70"
Percentage of monocytes( % )
i NI 2
ﬂ,ﬂiﬂ@frfﬂc(xlo )7 1.58 + 0.34 3.87 £ 1.32 322.79 + 143.09*
Neutrophils count( x107)
PNl R 2
- i&ﬂﬂ@ﬂr*ﬁt(xloz) 0.80 = 0. 13 0.91 = 0.23 1.72+ 1.04"
il v o 1 TR Monocytes count( X10~)
Bronchoalveolar fluid g 4] AT
*TL,EJH@E)}L[G(V?) 0.07 £ 0.02 0.20 = 0.04 32.52 £ 12.26°
Percentage of neutrophils( %)
4 yi
PRI E YL (% ) 0.04 = 0.01 0.05 = 0.01 0.39 +0.10"

Percentage of monocytes( %)

TE RN 43 L - P PR AR 7 CDAS™ AN Y 1 5 A ARV 43 L - SRR AR CDAS5 T AR L9 SRR AL, T P < 0. 05,

Note. Percentage of granulocytes. Percentage of neutrophils to CD45" white blood cells. Percentage of monocytes. Percentage of monocytes to CD45*

white blood cells. Compared with sham group, * P < 0. 05.
AJ \A
3 itig

ARSI X SCID /Iy BRI P 42 ol il 48 147
PAFRREN PCP 7Y | qRT-PCR A% I fii 1 - i Je%
YL B RO RV 5207k E EVH T PCP
SIS It A 1 fi L TR 28 A I, DA R 40 il
R BT JER Y B4 I PRl B2 T AR AR A o
qRT-PCR &3, BEAYLH /N B0 TR kit W 3 v T

Z5 X IR AR T AR AL, 3R W 5 A0 A TR Ay S 5
TEATEE,

RETIZH /N BN 20 2290 e 7 Mg i % € L it 76
T AR IR, B Rl 80% , HE 455
N, 575 OO R VR T AR 2 A L, A58 4 /)N B
YL A7 BA ., AR 2 /)N BRI 4 4 RT DL B g 1 i ]
JH e e BE R JEL i PN D A B R Rk
BN, AR 2 /N BRI A 2B A R ] RS
IR R AT B, Walzer 1V R BUE T
RS I 0375 5/ UK AR il 47 B e, C3H/
HeN it & /N B BB & 2E & FE Jg 44, 1fii BALB/c Al
C57BL/6N /MUK A v B2 1Y) i 96 TR IR s . Wright
SR P JE e B Y CB17 /N RUBE & AR IE R
) Bt FE 1 AR, B R B S E . W] & R 5
CD4"CD8"T 4 i FE v 1) /N FRAH LL, CD4™ T 24 U #E v
{147 B il A6 BT JER % S 3005 7 1 i 5 AR 9
AR, PCP FETRL /N Bl 2 20055 2 el A5 mT B 5 il 16 5
PRI A2 T B o B SR e B ) A G, Zhang 25170 &R,

PD-1 BBk A /)N B 28 b ZE KA 5 S S i 4 i s R
PIEERI A 17, PCP /N I 21 20 HE e fa 25 31
7R PD-1 FHIR /N R A it 8 8 A 155 100 2 il 6 1 J%
Yu LRSI SRS I 3 ~ 7 JE PN S8 T 4 IR T AN
Wik, McKinley %' & #L7E PCP AL/ A,
CD4"CD25" I M T 20 B & # 4 9 RE g 1A
FH i+ TR YL O 0 3 CD4* CD25™ 1 M T 41 iR
P 14 d IR ENEEAA, /)N BRI 2 0E B, B o il 76 7
B AP IS A] B9 U R CD4 CD25 415 Pk T 40 LT iR
RAARG, S /0 Bt 91 3 0 VR v 4 1P 4 A o i 22
it 4 0 B A B

Z2 IS N | Il Y0 VR R v A ) v e 2
AT S AR 3L S B BB PCP R 1 B DA 38
b, A REAE Ry 3L PCP g A3 i 10 20 <7 XU [
F L Zhang SN KB, 7E Al S0 G s B Y
PCP 55 AP i 960 38 3 Y v A o 34 22 1% v 1 s 2
Jitl, X 28 PCP 5 A G 20 10 38 9 w1 ok 41 i A
CD4'T 40353 5 & %235 PD-L1 Ml PD-1 43 1, #275%
RN i T RE 3 A R T I L AN i T RE R R
YEH . BLER H AT T H PRk 40 M 7E PCP ¥ s it J2
Hh ) AR FH ML A o B B B2 S F 98 &
PR PCP &, il 20 245 475 40 R Bl 2 v P Ao 240 e
MR 0 S A I PR 3L P AR 2 PCP AR
ANJ PCP it as h i &5 R8s, h ik 4 i =
ENGREABi05, BeAk, KRR A ] B S AR &
TR R FE B AR AR, IR B e 2 v 2
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RG240 0 0 A4S 200 L {HL G T 98 1k B A A A
i A PR R e A R AR A B, S T — 2P
1y PCP /)N USRS fili N S i 27 A8 A AR 5 0] il 2H 21
AT T G PEDE SR Yo 0, | [] B Xof il 28 2 PN 448 i S
I YO TR YO AR 53 5 T 4 L A A R R A i
BGPTSR YL B 45 R Bon , 525 F6 gL A
RTFARLEAR LL, A5 20 /) BRI 25 23 rb Pk 240 it
W 200 it 32 Vi P S G 22 | [ S 0 O R R R 3 T
1o DRI & B, 7 i 7 9 R R R it 28 2 iy v
e At IR A N A R = g = PO EZE R |
BFARA, SEEAHGER PCP sl 21K &R 40
MR E A R —2,

Zi b, A SCID /NR A VI Fh 2
i f T, ANLRE RIS FAE (1) PCP SR B2k,
i B I 4 /)N B A G B R B LA 4 A ]
FE AL/ B A7 2R IR A B R
SEFFJE PCP WF5E (3R
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B 7 5T 40K KA G % /8 B
T BRI

REW,GL S, FHE,RER, R+, FA, RARR
(PR TREUEIT R A SRS T 505 M 510663)

[HE] HE FIHAEIRKIRIETT R/ B (Te-huTNFo /NEL) , 83508 8 18] 78 58 1 40 i ( BMSCs ) X 2%
KRS R R Hdk ke B E LW, 7% 3 JHR Teg-huTNFo /NEAT N 3 4. (1) BERIZH (Model ) |, & A I8 i 1
S 10,1 ml/10 g AAEFRERIK ; (2) huTNFo HUART T4 ( Anti-huTNFo) |, B BB 12K 10 mg/kg A9 huTNFa
Pild; (3) BMSCs T H4L ( BMSCs ) , 4 J& WU 56 15 s 4512 55 1 1R 5x10° Cells B9 BMSCs,, T WilbIIal 4 EFR & 1 K 3h
WHARER , TR SRS T A T I PRIy, &40 3h W T 10 10 JA S5 AR SEECH , I FR 240 A4 4 A SN A I T 4i e . B 41
Jitl .CD4"/CD8" T ZWMG HL ], AR S 324600 1M 375 P huTNFo TL-4 & TL-18 & i HE YL (a5 PR 2200 g 56 35 Fs 56
TR TR A A M B A A, SR SRR AL, BMSCs Al Anti-huTNFa Ty
22 Tg-huTNFo /N AT 1T B, 300/ BT RS T R EAMNE L huTNFo 5 &, AR Teg-huTNFa /) FLAY 5%
FTRELTEAY WA ST i AR B RRL, BEAh , BIE TR 0T LB, BMSCs T 10 nT $2 55 B /N0 A /N
PHFE S S Te-huTNFo /NRIBEE- B S50, 4538 S IS BMSCs 1] LU 25 2/ Te-huTNFo /N
RIRIETT RAEM , BB - B 450, % RA R A ERER,

[E8BiR] KRBT R HHEMN 500 T 40 ; Te-huTNFo /MR B i B R
[FEHES] Q95-33 [ xEktRIREG] A [ XZEHS] 1005-4847 (2023) 01-0027-08
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Effect of bone marrow mesenchymal stem cells
on rheumatoid arthritis in mice
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( Guangdong Laboratory Animals Monitoring Institute, Guangdong Key Laboratory of
Laboratory Animals, Guangzhou 510663, China)
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[ Abstract] Objective To investigate the effect of bone marrow mesenchymal stem cells (BMSCs) on rheumatoid
arthritis and secondary bone loss in a spontaneous rheumatoid arthritis mouse model ( Tg-huTNFa mice ). Methods ~ 3-
week-old Tg-huTNFa mice were divided into three groups: (1) Model group: 0.1 mL/10 g normal saline was
intraperitoneally injected once a week; (2) huTNFa antibody intervention group ( Anti-huTNFa) ; 10 mg/kg Anti-huTNFa
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was intraperitoneally injected once a week; (3) BMSC intervention group ( BMSCs): 5 x 10° BMSCs were injected into

both knee joint cavities once a week. During the intervention period, the animals were weighed once a week, and ankle

joint health was scored clinically. The animals were killed after 10 weeks of intervention. The percentages of T cells, B

cells and CD4"/CD8" T cells in the peripheral blood were analyzed by flow cytometry. The amounts of huTNFa, 11.-4 and

IL-1B in peripheral blood serum were detected by liquid chip technique. Pathological changes to the left knee joint and

ankle joint were evaluated by HE staining, and the right femur bone structure was analyzed by bone histomorphometry.

Results BMSCs and Anti-huTNFa provided relief from weight loss in Tg-huTNFa mice; inhibited joint swelling and

deformation; and reduced the peripheral blood huTNFa content, joint pathology score, and extent of joint synovium and

cartilage damage. Additionally, BMSCs improved the trabecular bone number and percentage trabecular bone area to

different degrees and improved the femur bone structure in Tg-huTNFa mice. Conclusions

Injection of BMSCs into the

joint cavity significantly alleviated symptoms of rheumatoid arthritis in Tg-huTNFa mice, improved femur bone structure,

and alleviated bone loss secondary to RA.

[ Keywords)
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IR FETT A (rheumatoid arthritis, RA) J&—Ff
o RO B 08 1 BB S e , DA R PRI IR S
F. RA ZRE T X ARPER T /DT, RIS
FRZL i /10 2 i, ™ R ] 0K T i TR D) BE
U ARYEE AT LU, 2R RA KRN
0.5% ~ 1%, 8% 15 FHIFRIEF N 61.3%" . RA
AT ™ H 5 £ ) A 3 R A 4 SR A E R
sl R TR RMET A, S50 RARIT Y4
FEAR AT 2 245 BT R 25 Bom B B R 45, K M)
i 25 ke ™ 5 0% S i 3 R B A BB
PAEED S BEE A AR & A RA R ALHT A
WAt 22 240 DL BEL OB 59 E A s H T Il
El?, ﬁﬂ HEP 3_?‘-’? ﬂ: T « ( tumor necrosis factor «,
TNFou) 5505 (BT A BT SR A B pT  HOIS v
) JIL-1 RSP CBIR F 3R) FIL-6 45 5150 2%
XL A 2 METR R RA SBRE 2 4R, AR
XEELTYAN M B Bt A2 R R o Ik, B 2 30%
(BT R TR IEAER B R ] FE
T+ 40 B ( bone marrow mesenchymal stem cells,
BMSCs ) 5= T H5R KA G2 98 55 bt RAE AT, A3 ik
200 B A E A AN 23 00 22 b TR DR 1Y Sy PR B 1B
AN X SRR BMSCs BUMTRYT RA (21
T HS

HATHFFE AR TNFo 76 RA 14 405 it Bt b il 25
RHAE T, HAE Dy — b 32 B 1 G2 98 35 PR 1~ AT R
PEREF, ZAAAE T RA BB B IILIE FOC s i R
LT 2 B 20 B B, TR M L A L
IL-1B TG IR 1~ 1 455 s 2 1 T 1R, X S8 L 3
BT O RAHERE R Y & AN B Ah, TNFa 7]
AT B AR BTN A T kB S ARTE AL

rheumatoid arthritis; bone marrow mesenchymal stem cells; Tg-huTNFa mice; bone loss

FBEAK (receptor activator of nuclear factor-kB ligand ,
RANKL) |, F W 41 Bt £ 7% 3] 3% X+ ( macrophage-
stimulating factor, M-CSF) F 1L-6 55, iX $& [ T 7£ {i¢
BB A N BSR4 ] It o ) B 4
PR T LA B WOOR T B8 G, R T 4
IR A7 | fe 24 T80 RA B G R 4 B
HEERY D BEDH RA BITIGT, R84
o X S E 440 1 RS OGS B R AR ki A
52 IERT RA b i i R R B

VR 2H B s S b T RN A R R R
TNFou %% 3 /N A AL ( Tg-huTNFo /N, FVB 3
S, AR R TR E M e I MY RA I PRAE IR N
P BHURFAE , RO AR OG5 Ko 38 O 1 X AR i
A | 519 1 IR HG A & PR 40 M =2 i i 78 5
JETERE SRR T BRI ARSI Tg-
huTNFo /NERBERS #53F BMSCs % RA 3RY7RCER
[F) I BB HXT RA 4k B i 2 RS20

1 B

1.1 #
1.1.1 LRz

SPF 2% 3 JE#E MEPE Te-huTNFa /MR 20 2 1A
(11.0 £ 0.9)g,SPF %% 6 ~ 8 J&#: FVB /Nl 30 H
(19 BMSCs 44, Tg-huTNFo /MR FF 5B ) | 1A
H(22.7 £ 2.4) g, Bl AR AE L5 3 Wy Wil By
[ SCXK ( #-)2018-0044 ) 241t Sh# 1R 3% T 4 5K
55 Sl W I B R W A B 2l ) s [ SYXK () 2021 -
0122] , fRIFRIAE 25 4/ A AR EIRK, 12 h/12
h BH 65 22 B, A 1R B 40% ~ T0%, IR JE 22 ~
26°C ., A HAERT & T R A 25 3 W Wl B
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IACUC g B2 51 23 B5R (IACUC 2017020)
112 EEH S

B3R AR BT SR (240 4 AR TNFo 55
BEPLIAR, LA 4E,40 mg/0. 8 mL, L5 70228XHO1) ,
HH H i K ( Merck, LZR3365) , PrimeSTAR™ HS DNA
Polymerase ( TaKaRa, R045A ) , fli ## DMEM &5 3% %t
( Thermo Fisher, 32561037 ), Fetal bovine serum
(gidco,16000-044) , 73 AHKE (Sigma, H3136) , 41 Y
(Sigma, 15086-94-9) , Penicillin-streptomycin solution
(HyClone ,SV30010) , £ 4 Jifd 4 f#% % ( BD, 555899) ,
Anti Mouse CD34 FITC ( eBioscience, 11-0341-82) ,
Anti Mouse CD29 PE ( eBioscience, 12-0291-82) , Anti
Mouse CD44 APC ( eBioscience, 17-0441-81) , FITC
Hamster Anti-Mouse CD3e ( BD, 561827 ), APC Rat
Anti-Mouse CD4 (BD,561091) , PerCP-Cy™ 5.5 Rat
Anti-Mouse CD8a(BD,561109) ,PE-Cy™ 7 Rat Anti-
Mouse CD19(BD,561739) , Luminex Mouse Magnetic
Assay 1257 & ( RND, LXSAMSM-06 ) , Luminex Human
Magnetic Assay {71 & (RND,LXSAHM-01) ,

CO, THIEEF744 ( Thermo Scientific , Forma series
1,350, J 20 4l L {X (BD, FACS Canto I , 25 [H) ,
PCR {¥ ( Bio-Rad, T100™ thermal cycler, J&[H) , 4= F
S LUK HL ( Leica, TP1020, 75 [ ) | 47 I £ 3 4
(Leica, EGI150H +C, 5 [ ), 4 A sh ¥ 7 1Y) A #l
(Leica, RM2255 , i [€ ) , MAGPIX & AH 5 F 70 1 &
4 ( Luminex, 3 [ ), 1IF£ B ¥ H 3 % % 5% ( Leica,
DM3000LED, f& ) .

1.2 FHiE
1.2.1 /B BMSCs fRAM 37

6 ~ 8 Ji i FVB /)N B SHE B H AL 5, & T
75% CIEHIEIL 5 min, JCTE A1F T 238 U B
JJ&H BT IO’ PBS Hr, 39 1 v 2 2 A e,
1 mL {35 H PBS ik i 6 28 & 1, B
WRFT - ER 40 it B VK, 800 t/min B0 5 min 3 BV,
%% 10% FBS F1 19 XULHY DMEM H 57 5 5 4
M, & T 37°C,5% CO, FFeh i, B2 ~ 3d ik
WK, YA KT TR 809 I, [
AR, H 256 3 A&

1.2.2 /ML BMSCs %5

B 3 0K RLAFAY BMSCs, JBERREI AL , T 45
PR LR, 800 r/min #5.0> 5 min, 1] PBS i BEAH Ml
3W, M5 x 107 A4 B T =N P AR A
CD34 ,CD29 Fil CD44 FEHTIR, [R]IBEBA 10 1, b

YEIEE 30 min, 800 r/min Bi5 min,iﬁ 3 ‘(QL(,PBS
YeEARPRICHIA, 0.2 mL PBS T E M, 7 = 40
ASCRSE 00 248 Ff R T AR i) o
1.2.3  Tg-huTNFa /NRIEP S PCR %85

552 mm /NREBE, 0.1 mL lysis buffer F1
2 wL A K,55°CH1L 2 h,95°C 5 min KifHEH
fiti K,12 000 r/min 250> 5 min, /il & DNA #5890
HHE PrimeSTAR™ HS DNA Polymerase 15¢ B - Bt il
PCR & i f& &, PCR & Vi 2 J¥ K. 94°C Tl A% 1
4 min;95°CAEM: 30 5,57°CiE K 40 s, 72°C HEAH1 40 s,
DL EAEER 35 Uk 72°C IR AEfH 10 min; 4°C PR A7
PCR 5I#F%) M F.5 -GAACTCCCTCGATGTTAACC
A-3’ ,R:5’-GAACTCCCTCGATGTTAACCA-3" , il
% L SR BEEERS , B2 50 V,35 min HLUKHIEL,
M, H bR & AE 375 bp AT HE N B M Tg-
huTNFo /ML,
1.2.4 W) d K se s+

SPF %% 3 JE#E i1 Te-huTNFoo /NERLZ>N 3 4.
(1) FERIZH (Model ) , B JEME s FE ST 1 1% 0.1 mL/10
g BAFER 7K .5 H; (2) huTNFo HiiAR T 741 ( Anti-
huTNFa ) , 5 B G s 3 5 1 K 10 mg/kg (9 huTNFa
Puik,5 H; (3) BMSCs T4 ( BMSCs ) , % J&] XA
BEEATIE A S 1 k3 5 x 10° 4~ BMSCs, 10 K,
P 450341010 J4
1.2.5 ke ZOCTle IR P53

R 2 )R R R A S A B [R) B RE BR DG R A T
e RITA>, AR ™ R .0 43, J6 &1 RAEIR
(SMUIEH, RATTCIPHK) 5 1 70 BT R (1Y
R LT MK 52 43, TR RESCTT R (ST W R 4T
K ) 53 43, HERESCY R (SCT M L2 ik A
) o MRIU T A" E R AR AR Y FT R
RIPEAY Al E3E N 0.5 43,
1.2.6 A& L5002 40 i Bz 200 it PR Al

T 10 J IS, 2 5 w68 R I 05 i 3 30 kR
I, BR 0.2 mL 4500, A 2 mL 1 x Z1 20 i 240
Z# 10 min, 800 r/min Z.[>» 10 min, PBS %% 3 1K,
Jn0. 1 mL PBS A4, Z 5 MA CD3,CD4 .CD8 ,
CD19 HifAHEHEE 20 min, 800 r/min #5.L> 10 min,
PBS ¥E% 3 U, B 0. 1 mL PBS HE 2400, izl
S M ASCRE I A0 5 0l T 40 M (CD3) (B 4L (CD19) |
CD4*/CD8" T AL A8 4k . AP I 4500 v/ min 2.0
10 min, ULV , 8 AH S R 2K I 103 ' huTNFa
IL-4 & IL-1B &4,
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1.2.7 SRR

B0/ B2 0 1 G 1 R BR G v PR A R ) AR
W AE 48 h T, 5% SRR I W AT , 280 FLIB K A1
S U1 HE Yeta RS 5 N3 T BT
F0) 8 5 s (L I W Y ] 2. 60 mm %
1.25 mm) ¥ B Tf0 BRURIA b TET AR, T b o'
20 3, JCRTAGI B BE 5 1 o3, 3 A b L 4
252 41, N 55, £F 4 2UE )7 35 TH0s %
T 53 73 BB R A BRI s 4 0, 97 R BCE
WA PR
1.2.8 HIBEIFEE oA e
4k,

BN AR, VAR 2R B AR W 72 48 h
S5 5% W RSTR Y TGS | 28 % LI /K A i A3 1)
A HE 3ea R, SERRAEKR T 2 mm® HHET
HIATH AR S SN A
OB /NRTERE /NGB BN ) R R R
BB/ INGE SR B 2
1.3 SFitZESH

SR EE AR (2 = 5) R A B
1] SPSS 19. 0 # GraphPad Prism 5 34038, &
£ R] P ALt FH B PR 28 5 26 43 B, W 20 ) L 35k T
STREA K. DL P < 0.05 FomE St A BEE,
WRBIEALT A IER 30 5 224855, W FdES
Bt ik,

2 #HR

2.1 /MR BMSCs ffoMEHFEREE

JRAREEFE FVB /NSRRI A BMSCs, 12 h 41+
LRIRE 48 h B RIS A R A A I B 85 554
1] BMSCs AR, HF B2 KWIE,3 ~ 5 d FF
IRV AR K, 1240 24 h J5 A bR B | 2=

B

53 RAMIES R —  BRIE A RZH IR 22 5%
FURE Y BT (L TA) o T =2 BRSO 4 A 2 1T A 1
Pk 45 5% WoR 55 =AM BMSCs ¥ — PR 4f,
CD34 BF 1 40 i He 1) 4 99.9% (&l 1B) , CD29 Al
CD44 [HM:40 A L 51 53 518 95. 3% 1 99. 7% (Kl 1C,
1D) , 25 L AR RE SR M 4 i BMSCs
2.2 BMSCs ¥t Tg-huTNFa /)N B4 #0355 5 i IR
T4 B 2

25 PCR Jyik S, rik B 20 H 3 JA /N
¥4 Tg-huTNFoo B4 /N B, WL 2A 3 389 1]
huTNFo i+ T4 A BMSCs 4Hsh ik & [ 45 7 4
TRUA R TR (R4 ] LT B 3 R 22 57, WA
2B, RV RPEAr B 425565 | Rz 2B 8 m,
55 6 JEE R B R OCTT A A 10 JRIGEREAE P B G
(2.3 43 /47) o huTNFa HLiR+ 4L F1 BMSCs +
T MNERE ST R (1 22 47) FHIRIR YT 24, ]
AT RAEIRA UL BN 25 10 JRI B e R e R
KT R MG R4 34 b AR TACARIZH (P < 0.05)
AN, 55 5~ 10 J& huTNFo FLAR il R OE-43 i 2
X T BMSCs 4, Z R HA B EME(P < 0.05), 45
WL 2¢,2D,
2.3 BMSCs ¥t Tg-huTNFo 7]\ 53 5 B I 4k B2 28 B
R 40 Ra B F B 220

TSI ARG & B, B 401 43 b BMSCs 4H
(41.0% + 26.6%) o FH AL THIAI A (96.9% +
2.8%) , 225 BA WEME(P <0.05) ; 78 1ML 40 i A
TR & PR, AP R I huTNFo 25 BMSCs 2H (1. 42
pg/mL = 0.59 pg/mL) Fl huTNFo Hi& T 140 (1. 05
pg/mL + 0. 17 pg/mL) #8 FLFRIAIL (2. 25 pe/
ml + 1.44 pg/mL) , Z 5 HA B EH (P < 0.05),
A 230 i PR F0 A1 A o G 928 4 e R L B R AR Ak
ZE R ILIEI 3A,3B,

B 1 iU SR 5 = AR BMSCs AH it R fibRiC )

Figure 1 P3 BMSCs were identified by flow cytometry analysis of cell surface markers
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2 BMSCs %t Tg-huTNFo /N FRAREE K 595116 PR PF-43 o 2 i
Figure 2 Effects of BMSCs on body weight and join clinical score of Tg-huTNFa mice

T GBI, P < 0.01; 5 huTNFa HiL0RF B4, P < 0. 01,
3 BMSCs X Tg-huTNFo /)y B4 ] i bk T 44 i B 40 e PR B 5 i)
Note. Compared with Model, P < 0.01. Compared with Anti-huTNFa, #P < 0. 01.

Figure 3 Effects of BMSCs on peripheral blood lymphocytes and cytokines in Tg-huTNFa mice

2.4 BMSCs ¥t Tg-huTNFa /N B 32 T 38 B 2200

W BEAE BT 9T K B Te-huTNFo /)N BLULE I 5615 Fl
BROCT B3 IR 248 XN DG 15 4% iy M A g B IR
AT R A S T A R R | i A L O T Rl R
B TR, AR AT R, T
JRFRPES BMSCs T4 (1.3 = 1.0) 1 huTNFa $1T
R (0.4 + 0.1) ¥ B EAMLTHAIL (3.0
1.0), 5645 1 % i A BMSCs T i 41 (0. 102 =+
0.085 em”) Al huTNFa FLA T 141 (0. 020 + 0. 010
em?) B B EAR THAAIZE (0. 166 + 0. 102 em?) , X
TR E A BMSCs THi41 (0. 024 + 0.025 cm®) Fl
huTNFa HiA&THiZH (0. 009 + 0.002 em?®) ¥ i F %
THIHIZH (0. 102 + 0. 075 em?) , 25 HA WEME(P
<0.05), 45 R WLE 45 BROCHT #LIE 4 BMSCs 4
(2.0 + 0.4) Fl huTNFoe LR THI41(0.8 = 1.1) %
BELTRAIZH (3.5 + 0.6), B 565 4 B
BMSCs T4 (0. 578 = 0.128 c¢m®) Fl huTNFa $t

H+

TFALH (0. 051 = 0.012 em?®) 34 5 % T AL A2
(1.342 + 0.903 cm®) , B &7 12 1l i FL BMSCs 41
(0.050 = 0.061 cm?®) Fl haTNFo HUATFi2H (0. 014
+0.002 cm®) 5 F (L FAIAIL] (0.318 = 0. 146
em?) , EFEARENE(P < 0.05) (WES), sk
SEPEY K B0, 8 O VP43 T B Az e AR R 4= ik
[ AL A5 5 T8 , ha TNFoo S04 T 1 28 B {2 /> F BMSCs
T, 2R A BEME(P <0.05),
2.5 BMSCs %f Tg-huINFa /MR BB E&HH
A

HIESTHRA 0T &, BMSCs T 10 JH )5,
P95 T Te-huTNFa /)N BUBCE B /N 22 1 AL E 20 80%
H/NRECREEIEAEIR (P < 0.05) , [A] Bt B
T /NGRS R AN, T AR R A R T
W8 AR (P < 0.05), 5 BMSCs 2518l Anti-huTNFa
1010 JEUS 38 1B /INR e R b T A T AR
W anfugics, 2SR HA B EE(P <0.05), 45
R 1,
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T LUk R R A ROk O B T Rl SRR I, "P < 0.05, P < 0.01; 5 huTNFa $ii{E T
Wgi#z,*P < 0.05,%P < 0.01, (FE/ER)
4 BMSCs % Tg-huTNFo /I BURESE 595 B 5 1
Note. Red arrows. Synovial hyperplasia. Black arrows. Cartilage or subchondral bone erosion. Compared with Model, *P <
0.05, P < 0.01. Compared with Anti-huTNFa, *P < 0.05, *P < 0.01. ( The same in the following figures and tables)
Figure 4 Effect of BMSCs on knee joint pathology in Tg-huTNFa mice

TE LD Ak T IR A 5 PR ATk AR sl R i Rl
B 5 BMSCs XF Tg-huTNFor /) BB G5 995 B A5 01
Note. Red arrows. Synovial hyperplasia. Black arrows, Cartilage or subchondral bone erosion.

Figure 5 Effect of BMSCs on ankle joint pathology in Tg-huTNFa mice
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% 1 BMSCs ¥} Tg-huTNFo /> BB B 4546 B 5% i
Table 1 Effect of BMSCs on bone mass of femur in Tg-huTNFa mice

PN N ST AT, L L VIR RE AL\ SRR B AL I\ 7R\ RE EAG TSRS
_— NGRS (% ) 5 /NZETEPE (um) B /NEECE (#/mm) ﬁ/J\z:ﬁ’rAJE(Mm) Bl 4 M0 (#/mm)
(; ) Trabecular area Trabecular Trabecular Trabecular Unit tﬁi) al: E . )
roups percentage ( % ) width ( pm) number (#/mm) separation ( um) ::teoiaitu;z:n:)::(u;;zz?)w
00
*f/lodejli 11.4 £ 3.1 17.3 £ 0.9 6.5+ 1.7 147.7 £ 52. 1 0.9+0.5
i i 4]
huTiiﬁ_ﬁ?;?j)\(H 15.0 £ 5.6 20.1+2.9"° 7.3+ 1.5 120.5 + 26.2 0.3+0.17
BMSCs T-#i4 p .
BI\?ISTJ?E 156 + 4.6 17.3 £ 2.7 9.0+ 1.6 97.3 £ 20.8 0.3+£0.2°
3 it FRIIREE MBS S A 2 IR YT RA (Y BRAH
A\ Y

HATBFFEIA A, 20 i A A 1k B2 4R 4 L
RSB Y- 10 W S8 W) I, LS 1) B 8 2R A I
ST RA KA TNFa £ —Fh EE Z AR 4
K, T2 AR T RA B B9 ILTE A OC 15 3 i 2
RA KR HLE] Y S 45 7' TNFo A H 5 HE
T T L A0 i T RS AT A A LT ZE K B 4
i 55 22 R A - 04 7 A ) IR TNFoo ] LA A
Frax eI i, A WK A EE S 48 0 i A2 TNFa
YIRE ) K& 4% 55 I 988 3R 38 A F 32 /K (tumor necrosis
factor receptor, TNFR) #H5%, TNFa 5 TNFR1 45 & )5
Al NF-kB 15538 ¢ & HE AL R I HE, 1 TNFa 47
S T AAEERS HETH S AR s A LB R
R AR B R 5 U)K T TNFR2 B 5 1%
S22 TNFo 38 e 3075 200 M DR 7 Ak 4k R 7 1 3%
IR HEIPN B A0 RS B o3 g R Ak DR A T IR 2T
AL, fE 00 A B, R P T 40 T 5 S
PR, 7E RA YRR il H A OERT 2, A
1383 A R S 5 D RE R AR RA 119 A LI RN A
RS AR, PR R RA VAT AW
22 BT R IR S AR SR BT R 24 | BT KGR 25 AN
MR PR 5 . SR, X e 25 W K ] 2 3 80—
FRIVARIVER a0 'S 8 R BB B L s
PRSI RN BEE LR R W & | 3
AR BL T U0 TNFo A1 IL-1 FOFS B, X K5435
SPRCRUI R, BMMks G5t F2y e Bk, HA Y
30% M R XX FE 2 R Rk, F & — b
B AR ARENE T RA RYT s, HA E%
O, AR T ST T A MR Sy 1 B e MR
ORIy gy v | e N e DIV E P i
BMSCs,, R EA B A S e 81 AT R A T, v i
ok 20 R B AR T 53 08 22 i IR R 3 15 R )

IE(S—Q} .

ARG LB, BMSCs 28 ¢ 15 s {3 441 10 J&, vl &
FUE Tg-huTNFo /) BROCTHT 2 I RASIE  #06 RA
ST BB AE | [RlAF F AN E I hu TNFo 755, $EZZ
INEUARE AR, 55t & B, BMSCs 677 R 55
T TNFa #5515 (huTNFa 04K , /T BEJE H T Te-
huTNFo /)N FRABERD R 55 335 N TNFa, %/ B RA i
RGPS W TNFo 58417 5%, B TNFo 45 $0 55
FERR I PE B3R T BMSCs,, A BIF 5 F T 3t 2 40 it 4%
ARAG A B, BMSCs 222 F I T Tg-huTNFa /)]s LA
JEIL B AU S e, ST RGE , RA RS B I TR
A B LA 2 PR W AOCTT Y
B bk EL A0 AR UR T A1 JE L, M AR SR B A A R
W R R IR = 7 K NRala Y ORTY y  VARSAS
HRTHFZEIAN , BMSCs %t RA H93A 7 1E FH R B 7
PR R TR DB AN, 0T 0 52 4 Mt AT — 2 A 18 7Y
YEF , BMSCs 38 13 7] 433 41 it IR - ( 5553 W )
21t — 200 2 Ak S, B B 20 ) 3 B R T
R AT B AT R AR DR, AT BMSCs
X} Teg-huTNFo /N B 4% & i 25 2R 52, B9 &
B ,BMSCs T 10 JiJ5 , #2551 Tg-huTNFa /)N U
BB/ N AR A BN AR A TR I B AR
CERANY S = AT AR e i O e
model HHH 1 B WA N, B BMSCs X} RA 4% &
M ERA —ENIREER, IR WA
P, BIE BB W 2 8] A7 A 2 — A T 1
TE RA B TPk o IR TNFo I8 P9 1 240
FEA IL-111L-6 FFEALIR F-, TNFa Fl TL-1 AN kAR
T FEE P A4 A L %) D e 58 L 0 45 b AR 4 -1 I i
Y AEREAT BT (426 ot 4 2 11 B L TL-6 RN 41 AR 3=
E) 1 HL AT DA 5 0 5k 40 B 43k Sk - 400
LR S 30T RA B G BRI R 4h & (9 B A
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(=8 N R T SR 2 i
1L BB BR MR ROT 52— BHBr TNFo 75 RA
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ERATEEST 5T 5 x 10° /> BMSCs, 1 i 2 S it
PZ/INEL RA I PR R A6 B A A | I i3 He e
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Establishment of fungal otitis media model in rats

PENG Dongdong'*, CHEN Xiangchi'*, TANG Zining"*, XIAO Sa"?, PENG Xixiang"*, LIU Xuewu'*"

(1. Hunan Key Laboratory of Pharmacodynamics and Safety Evaluation of New Drugs, Changsha 410331, China.
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Corresponding author: LIU Xuewu. E-mail: liuxuewu@ hnse. org

[ Abstract] Objective To establish a model of fungal otitis media induced by Candida albicans and provide a
useful animal model for drug efficacy evaluation. Methods Fifty healthy adult SD rats (50% male and 50% female) were
randomly divided into a normal control group, blank injection group, moist group, immunosuppressive group, and moist
immunosuppressive group, with 10 rats in each group. During the first 1 ~3 days of the experiment, a 0.9% sodium
chloride injection was administered twice daily to the right ears of the rats in the moist group, 0. 81 mg/kg dexamethasone
acetate was given daily by oral gavage to the immunosuppressive group, and 0. 81 mg/kg dexamethasone acetate along with
0.9% sodium chloride injection by oral gavage was given twice daily into the right ear of the rats in the moist
immunosuppressive group. On day 4, after the animals in each group were anesthetized with diethyl ether, the moist,

immunosuppressive, and moist immunosuppressive groups were injected with 1 x 10" CFU/mL C. albicans solution (50

[EETE ¥R RO R BT 71 91 (2020GK4083)

Funded by Science and Technology Innovation Leading Plan of High-Tech Industry of Hunan Province (2020GK4083).
[MEBRB N ] ZLA(1990—) B FEEmi L0 A, WFFE 07 0] BT 25 2530 5 % 2 P40 . Email : pengdongdong@ hnse. org
[EBEEE XN (1988—) , T fEi i -HAF 5 A, W5 7 1a) . 2532 . Email ; liuxuewu@ hnse. org



36

R E SR B2 A 4R 2023 45 1 A5 31 555 1 Acta Lab Anim Sci Sin, January 2023, Vol. 31, No. 1

KL to each rat) , the blank group was injected with an equal volume of saline, the blank injection group was injected with
an equal volume of blank culture solution, and the normal control group was given no treatment. Subsequently, a 0. 9%
sodium chloride injection was administered twice daily to the right ears of rats in the moist and moist immunosuppressive
groups. During the model-creation period, the general state of the rats in each group was observed. On the 5", 10", and
15" days of modeling, ear canal secretions were collected for C. albicans culture and Gram stain counting. On the 15" day
of modeling, ELISA was used to detect interleukin-6 (IL-6) , tumor necrosis factor-a (TNF-a) , and interleukin-8 (1L-B)
in ear canal irrigation samples. HE staining was performed to observe pathological changes to the lung and middle ear
tissues, and bacterial culture counts were performed. Results  Compared with the blank injection group, the moist,
immunosuppressive, and moist immunosuppressive groups all showed different degrees of otitis media symptoms, and the
levels of IL-6, TNF-a, and IL-1B were significantly increased (P < 0.05, P < 0.01), with different degrees of mucosal
congestion, edema, and inflammatory cell infiltration in the middle ear. The number of C. albicans in the ear canal
secretions of rats was significantly increased in both the immunosuppressive and moist immunosuppressive groups (P <

0.05, P < 0.01). Conclusions

tympanic membrane puncture to establish a model of fungal otitis media. The most effective model creation was under moist

In this experiment, C. albicans was injected into the middle ear of rats through a
immunosuppressive conditions, and this model can be used to evaluate the effects of drugs.
[ Keywords )

fungal otitis media; rats; Candida albicans; inflammatory factors
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B 1 KEHEES YT

Figure 1 Culture of secretion from rat ear canal

B2 KREHBESWBY(HE G, x100)

Figure 2 Gram stain of rat ear canal secretion( Gram staining,x100)
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with immunosuppression group,
Figure 3 Number of Candida albicans in ear canal

secretion(n = 10)
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Note. Compared with the blank injection group,

Compared  with  the moist  group, Compared  with

immunosuppressive group, " P < 0.05,™ P < 0.01. ( The same in the
following table)
Figure 4 Changes of IL-6, TNF-a and IL-18 levels in

rat ear canal lavage fluid(n = 10)
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Figure 5 Histopathological section of rat middle ear(x100, HE staining)



40 P E SIS SRR 2023 4E 1 A% 31 %55 1 ) Acta Lab Anim Sci Sin, January 2023, Vol. 31, No. 1

2.4.2  XFr EZH 4% AR R Y S
IEH XTI A as (ST s B4 2 8
SESEE IR AL G E A 4 R VR + S R A 4 5

Y BRI B INE (P < 0.01) ; 5188
ZH NG RE AN 2H LE , 0+ S e I ik 2 sh i vh B2 40
AN FERE I BN (P < 0.05,P < 0.01) (1),

R1 HOSHREXN KR AP HREREZREN (2 = 10)

Table 1 Effects of Candida albicans on middle ear lesions in rats(n = 10)
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RIERAK(P < 0.01) , M3 NQO-1 2 1R AMi#E ACR $EARIEINZ#HTHE (P < 0.01) . it FEHEM/NR
ACR 28 Pl S EUM A 25405 , 125 B2 7] e 5 il 2 21 S8 A i D A G
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Effects of adolescent exposure to acrylamide on oxidative injury
of lung tissue in mice
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[ Abstract] Objective To investigate the toxic effects of acrylamide (ACR) on the lung tissue of mice and its
possible mechanism of action. Methods  4-week-old SPF male mice were randomly divided into a control and two ACR
groups (10 mg/ (kg-d) group and 20 mg/(kg-d) group), with eight mice in each group. The control group was given

conventional drinking water. In the ACR groups, the exposure concentration of ACR was prepared according to 5 mL of
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drinking water per day which was changed every 3 days for 4 weeks. At the end of the experiment, lung tissue was
sectioned for histopathological analysis. Related indexes of oxidative damage were detected. Immunofluorescence and
Western Blot were used to detect the expression of Nrf2-ARE-pathway-related proteins. Results Compared with the control
group, the body weight of mice decreased gradually with an increase in ACR concentration (P < 0.01). Histopathological
analysis showed that bronchiolar epithelial hypertrophy, alveolar epithelial hyperplasia, and the alveolar cavity area were
significantly reduced in the ACR group, and the pathological changes were more obvious in the 20 mg/(kg-d) group.
Compared with the control group, the activity of GSH-Px (P < 0.05), SOD (P < 0.05), and CAT (P < 0.01) in lung
tissue decreased with an increase in ACR concentration, while the content of MDA increased significantly (P < 0.01).
Immunofluorescence result showed that, compared with the control group, the ACR group’ s expression of Nrf2 protein in
the lung tissue was significantly increased, and the highest expression was found in the 10 mg/ (kg-d) group (P < 0.001).
The nuclear translocation phenomenon occurred, and expression of the chaperone protein Keapl was significantly
decreased, with the lowest expression found in the 10 mg/(kg-d) group (P < 0.001). Western Blot result showed that,
compared with the normal control group, expression of the Nrf2 gene and its downstream antioxidant protein HO-1 was
increased in the lung tissue of the ACR group, and the highest level was found in the 10 mg/(kg-d) (P < 0.01).
Expression of the chaperone protein Keapl was significantly decreased, and the lowest expression was found in 10 mg/ (kg
+d) group (P < 0.01), but the expression of NQO-1 gradually increased with increased ACR intake concentration (P <
0.01). Conclusions  Exposure of adolescent mice to ACR can lead to lung tissue injury, which may be related to a
redoxic imbalance of the lung tissue.

acrylamide ; nuclear factor erythroid 2-related factor 2( Nrf2) ; oxidative damage
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Table 1 Body weight and lung index of mice (x + s, n=8)

2H 5 X IR
Groups Control group

10 mg/ (kg-d) group

10 mg/ (kg-d) 41 20 mg/ (kg-d) 4l

20 mg/ (kg-d) group

/NEUARTE (g)

33.20+ 1.56 ™

o
Body weigh of mice (g) 38.30 = 0.26 35.90 = 0.70
L
3R 1550 (% ) 0.65 = 0.07 0.59 = 0.07 0.64 = 0.03
Index of mice( % )
T 5B, P < 0.01;5 20 mg/ (kg-d) 4AHA L, P < 0.01, (FEIRF)

Note. Compared with the control group, ““P < 0.01. Compared with 20 mg/(kg-d) group, ™P < 0.01. (The same in the following figures)

B 1 L8 (HE Jefh)

Figure 1 Lung tissue section ( HE staining)

T SR, “ P < 0.05;5 20 mg/ (kg-d) AL, P < 0.05, (TFEIRE)
B2 ACR JI¥J5 /NS P Al SHiE b5tk (n=8)

Note. Companed with the control group, * P < 0.05. Compared with 20 mg/(kg-d) group, *P < 0.05. (The same in the following figures)

Figure 2 Changes of oxidation and antioxidant indexes in lung tissues of mice after ACR stimulation (n=38)
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NQO-1 A FEIABEE ACR $5 A MR B 1N 2 7 T 55
(P <0.01), XE55RFW], ACR RIBUG e A R0t
W% Nrf2-ARE {5 538 5%

B3 ACRAFAY Nef2 3 H7EMIZH A0 1R IK (n=8)

Figure 3 ACR-induced Nrf2 protein expression in lung tissue cells (n=28)

E 4 ACRiEFH Keapl HT7EMAH L AT HYFRIK (n=38)

Figure 4 ACR-induced Keapl protein expression in lung tissue cells (n=8)
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TE: SXRAMIL, ™ P < 0.001, (FEIR)

B 5 Keapl/Nif2 B [ WHEIREE LU H R
Note. Companed with the control group, ™™ P < 0.001. (The same in
the following figures)

Figure 5 Fluorescence intensity ratio of Keapl/Nrf2 protein

3 e
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ARG (IR B R A IR A AR 25 ) L
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BRI, AN/ DR Z DA ACR J&, /)

6 Keapl/Nrf2 2 H ATk &
Figure 6 Relative expression of Keapl/Nrf2 protein

7 HO-1/NQO-1 & 1 By HIXT 2k izt
Figure 7 Relative expression of HO-1/NQO-1 protein
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AT FH AT COPD A Fl AR 7Y Fé 44 g Az A It 2 =7 0 i
W BRI B BB B BEE EE

(1. EEHPZGH5ERE, MR P EZ SR P22 = 950 mIK 400065
2. FIRERIRA20 TR 4000163, BmPEPEZ 2R EIK  402760)

[{#ZE] B8 HAEEEHHME COPD K ERBA F 5 A A = AR B R AR, AiE RAMWE
PR LPS BT Aok ARG B A5 A 7 UM R IR AT Y COPD R BB | 5 i R BRAT 28 4k, T
AT MR TE PR TL-6 IL-18 \ TNF-« i, B U0 PUE 45 24 AR AL S BB E AT 5 I L.C-MS $2 ARAG I I
i T R 2 S AR R B e 2 SRl I B B s B i, SR SR E A L, R R U B
FEEE RN R RSN SEEE TR B O TR RE R ORI AR T SRR B IR R A A E
T A T 0 BRI T 4 M 50 T 5 s BALF 71 10-6 . IL-18 TNF-o 75 & 35 T 5 i 2 280 v 46 i 40 i 32 i B S il
R/ NAS— 850 T 481 I R SR 3R % 5 % 41 SRR AL M 3R 116 4> 2= F AR, £ 20 R 3m
WG A AR R T AR S A BRI B R G S R SR B, 55 ARFSRARAL T — R
Fa B BRI 2 COPD K BB 1y 7 ks B HAR S SP3BT IR By 3= AR A

[X#2iA)  ZHBHLAN; COPD; ShH IR WA ; 1 Qg 2%

[HE>ES] Q95-33 [ XErERIZE] A [XELHS] 1005-4847 (2023) 01-0051-13

Establishment and metabolomics analysis of a rat model of chronic obstructive
pulmonary disease with phlegm-dampness syndrome
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[ Abstract] Objective To establish a rat model of chronic obstructive pulmonary disease (COPD) with phlegm-
dampness syndrome. The metabolic characteristics of this rat model were revealed using metabolomics technology. Methods
A rat model of COPD with phlegm-dampness syndrome was established by forced smoking combined with LPS airway
infusion, forced swimming, and alternate-day fasting. The rat model was evaluated by observing behavioral changes;
measuring the body weight, anal temperature, blood indexes, and I1L-6, IL-1B, and TNF-a contents; and observing tissues
histopathological changes. Differential plasma metabolites between the normal group and the model group were detected and
screened by liquid chromatography-mass spectrometry, and enrichment analysis was conducted for metabolic pathways.
Results Compared with the normal group, COPD rats with phlegm-dampness syndrome showed different severities of
symptoms, including coughing, wheezing, depression, fatigue, withered and dry hair color, weight loss, increased water
intake , increased body temperature, production of loose feces containing fat, and a white and smooth tongue coating. In the

model rat, the number of white blood cells and lymphocytes in the peripheral blood and the contents of IL-6, 1L-1B, and
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TNF-a in the BALF significantly increased. In the lung tissue, there was obvious inflammatory cell infiltration; the alveolar
lumens appeared as different sizes; and the mucous membranes of the colon, duodenum, and ileum were partially
exfoliated. There were 116 metabolites that differed between the normal group and COPD group with phlegm-dampness
syndrome. These metabolites mainly involved metabolic pathways, including amino acid biosynthesis and metabolism;
vitamin digestion, absorption, and metabolism; lipid and lipoid biosynthesis and metabolism; and other metabolic
pathways. Conclusions  This study provides an effective method for establishing a rat model of COPD with phlegm-
dampness syndrome and a corresponding evaluation system and has preliminarily revealed the main metabolic characteristics
of this rat model.
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phlegm-dampness syndrome; COPD; animal model; syndrome index; metabolomics
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18 M BH ZE 4 il < 9% ( chronic  obstructive
pulmonary disease , COPD) J&—Fj AR S HEAF1E S,
T2 BN RRAE 95 DL 3R G0 , 24 4 2 Bk 5 DY
KREGEHHA . #2018 4, T [{ COPD BHF%T
142,20 % LI EABERY R RS 5 8. 6% , UK
T LR B PR B8 = ke R, T
COPD 3200 I PR 9 25 3 K952 0 1) v XL [
K, HLAT Rl 0 45 e 15 R 28 0 4 2 2 1 DA M 25 RS
JeRN TERR AR IR, % R 5 30T R Rpakiy
Kitadh, il 5 2060 4EEBRAAEK 2 /0 540 T
AFETF COPD K HAHEEG . HIL, Bk COPD
B AR T AR AU A R T A= —

H T, COPD i &R LTI AN 58 421 4 | I R AL
WICHRPL ), Tk, WEGR L et m £
R L 2R R B R B R S P BT
COPD PiiaH H 252 F| E W, COPD J& H I “ fifi
JC g LE T AR E  AMARIR R I AR
R KA B B 57 16 45 8 S A R, L 6 72 il
WP S A8 A, LU R T R R AR, R B
PR B2 B IR PRI HEIE R IR, 45 18 B FE
FliE 0 B2 32 7 F5 R ) /Y K43, 98 W8 B & COPD
SV I A B AR R 2 — R0, H AT R G R
(R UE A ShAIARE Y | 7E — 52 A2 BE L B X E B A 9
SEOR T AP D B 26 Hh R 28 5 FR3E T AL G B
B, R, ASHIF ST 3 T 1 0 0y 22 AE, 22 TR R 96 il
i, BRI B fds |, SRR 5 Bl A R T
5 RLPE eI NG A IATR ) ARG IR P iR I 1Y
s HE SR IR IE 3h 4 AR T A 0 B
LPS B 0 7 kA W B 78 COPD K B
BRI 22 Ly COPD K RURE RS g it B8, AT Sl K
MR BR VFEE B KR R R AR L A
USRI TR V23, DL 2H ZTE 25 24 R 40 [ 7
SEPEARAHZA I EA T PPN, 05 B AR 4 24 B R )
AR R BIR B COPD #5% K LA E

1 #RIERZE

1.1 ##
1.1.1 SEshY)

32 6 ~ 7 JAli& SPF 4% SD KHR, MEERS 4
180 ~200 g, W4 [F b0 A8 B A= W RHEE e A7 FR
AT SCXK( 50)2019-0008) . AFRFRES . 12 h JEHKE
R IRBERIAE 22 ~ 25°C 1B BE 2 55% ,fA T
PR 2 B 5 B Hh 24 24 B = 9 S0 B & [ SYXK
(¥1)2017-0004] , 7= 52 55 28 5 BT v 25 92 B 5
Bl A R4S B W A 2 01 S (y1s2021-16) , IF:
TR [ 53 OS50 B SRR FH A R
1.2 FEEH SR

NEZ W5 (LPS, R IE T KM FTF I 055 B55, Sigma-
Aldrich) ; B RUE HE A (R & 11 mg, — A1k
BEE 12 mg, MBS . 1. 1 mg, B PSP Tl A R 56
FE5H]) s KRB IL-6 IL-1B \TNF-o ELISA i & (3%
DU L A=Y RHE AT BRA R ) 5 130 B L 22 4 ( Sigma-
Aldrich) ; JF AR Z YR ET e i (bt PR P B4
HBRAFE) 50. 9% S AL GH = S (U RHE 2500
AR E ) 3 R (LC-MS %%, TCI) ; H i 1 2 1
(LC-MS %, CNW Technologies ) ; L-2-5 A& N & IR
(= 98%, Lifgkahr Tl A BR AR ) . ST-360 s
I B RHESL S R G A R A, HE D) 5 XT-2000i
2 F S s R o A (A ARSERE, HZR) 5 ASP300S
HZH [ S K ML HistoCore Arcadia H A7 AL
RM2235 3 U1 AL (BR-R A PR |, 721 ) ; DP260
S A e L CRINE RN BT 3 & A R A
A, HED) s BXS3 Ot i (AR bk 24t B
%) ; Mias-2000 J R ER AL B 2R 40 (PU)1] K25 E S Ab
PR Z ST, ) ; Waters Acquity UPLC HSS T3
E3ER: (1.8 pm 2.1 x 100 mm) , Waters Acquity 1-
Class PLUS 8 =80 AL Waters Xevo G2-XS QTOF
B4 BB (Waters Corporation , 2 [H ) |
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1.2 Ak
1.2.1 shyds

SD K EFARFE ML 3 41; 1EF 4 10 H 4
HL COPD 2 10 H iR A COPD 4 12 K, 1EFy
TES AN SCR IR T BRI L 1 K
FIEE 15 KA 0. 9% I 240 (5 mL/kg) X 25 g
COPD 4 FIHIE A COPD 41 K BB A7 1 Jis JBR B, FH
i S LDy N B 7 R DA TRl S R 4 N (OB 3
EHNE Z A8 4m A KRR, 2L 1 LPS (1
mg/mL,0.2 mL)IF., 2 ~ 14 .16 ~ 42 K AKX
PRI 2 R R B Hil A EEFE (85 em x 40 ¢cm x 45
em) HHFATINEE , BEUK 4 SCAAR, 30 min, ZEAH 2 WK,
Hrp AL COPD 2H KBRS 22 Kk, 7K

S 4 h, BHRIEA COPD 4H K U A K IR 25°C
Ao A B KA HR K 15 min, fRHAS S & 42 d, 1E
WA AL 3,

BRI AR ATIR, R ROK R B
FEMEIG O, DA B 45 A1 R B A5 v ok | g 2L
B EBE FBE fT3R % BR THEM SIS,
1.2.2 EfRPES>

i3 e SR T R IG IR 26 & 5 IR
SRV BT I Y B UE 2 R R B AR 5% i T an
BT 53R (L3R 1) VE A sh B AU IE A 1) o 2
H OB A 6 JE S RIS | XS LR R
4y, DIEEE A = 8 AR COPD K B B il oy
FRifE

F1 PERIEEITER

Table 1 Traditional Chinese medicine syndrome score scale

W 11h KRR BEHRE Fef HE AT
Score Behavior Mental state Hair, ear, tail Feces Tongue coating Diet and body weight
0 EH IEH IEH EH EH EH
Normal Normal Normal Normal Normal Normal
gk LME R T BRMIBE A
BEHFIRGE B4 N BERECY I REERE ’ H R A WS HEED K

1 Cough, huddle, tiredness,  Depression and Sparse hair, the

arched back, mild fatigue, drowsiness  color of ear and

slow movement tail is pale
B £ T
SRR g e Y e
2 Wheezing, severe . .
Sluggishness Dry withered and
slow movement .
fluffy hair

Sloppy soft stool,

RABR Thin and light red

tongue coating

Eating less and

. drinking more
loose feces

G- iPNEE: )

Fat, white and smooth

N IR B K R
. A

eight loss or
Watery stool

tongue coating slow growth

1.2.3  fabrfai

(1) AN LR BRI E - HUE A2, o ) 45 21K R,
BB 12 h JF AR S 0. 9% A9 56 I LE 22 4R R I
. = Sl K R T P o e R ) SR LA Y, R SR
AR S Vi S Qe ol v i O QR R 1 S R N W
ik QA i RGN A AR o = R R =L i

(2) I EHE R b TL-6 \TL-18 \ TNF-ou Y25 5
S - U Sl KRS S g0 R B, R R M, 43
A FSEEHL, THRED TR O L% 12 S
B R A, MRS FLIE E . FH 5 mL 3548
B i A BRER K 5 mL, S8 1 A, IR il
3YCH 1 R HEGE, A WEVE 3 Wk, A I i i E DR
(bronchoalveolar lavage fluid, BALF) , ¥ i 7% BALF
T 4°C,5000 r/min Z5.0> 10 min, B _F 3, # ELISA i,
FE U 43 B 2 10-6 1L-18 \ TNF-a 754,

(3) LR AR5 S HE Y {2, 1 il v 38
S, TG A3 B O 4 O D A R A
FREE, 715 W45 48 2k, 18 AT . Ik 25 45 £k

(%)= iR E H/ A TEX100%

PREE 5,0 Il B B R S o+ 4R e Il g
MEEM—IFTA 4% 22 R W[ 48 h, YJHCKR /D
B Ih HSURE i AT A A3 YD R HE e ) 0
BRSBTS R AR AL, A 45 il 21 23 v il o0 285
P e e | i 6 () B 1% KL 48 40 SR A I R
/N RE SORE A1 Y 3 1 1 G LA K Y RE A8 T
38
1.2.4 i A2 A

(1) MILZRFEAS B 1 5 S T A B . 3 i WA 4 1E 7
H 5B A COPD 40K BRUE F 3 kii T2 EDTA 4t
EERR LA, £5 ALIR 2SI )5, 3000 ©/min #5010
min, WM T 1.5 mL EP 45, FH 100 pL FE
ARZE 1.5 mL EP & A 300 L HEE, FEIA 20
L AR, B AEIR2) 30 s, KK B # A 10 min, T
-20°C# & 1 h, Bl 4°C ,12 000 r/min .0 15 min,
B 200 wL BT 2 mL #ERER , N REAS & B 20
L IRA A QC BEAS, FREL 200 WL _EALASI
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(2) K 25 4 - 8,335 254 : Waters Acquity UPLC
HSS T3 i (1.8 wm 2. 1 x 100 mm) , i EHH A .
0. 1% W R /K WS WL, T s AH B 0. 1% R LI , B8 2
YEML (0 ~ 0.25 min,2% B;0.25 ~ 10 min,2% ~
98% B;10 ~ 13 min,98% B;13 ~ 13.1 min,98% ~
2% B;13.1 ~ 15 min,2% B), ki 40°C , Fiik 0. 4
ml/min

JiE 251 : Waters Xevo G2-XS QTOF 543 #¢ it
TEANHE R B MF ( MassLynx V4. 2, Waters ) ¥ 1i] F 2K
F MSE #ExCHE AT — 20 R B R4 . e
B R AN EA | [7] BE X6 (P Alf 188 i o A vy Al 49 B Tt
HEATRGE T R AR (IRRE BB 5. 2 V5 S il 1 B
HIXH 10 ~ 40 VAR 0.2 s, ESI 72
H B0 HL R . 2000 V (IE B FAL) 5 - 1500 V
(B F ) HE LA . 30 VB TR R
150°C 5 BV 37 IR EE 500°C 5 LW : 50 L/h; i
VRIS 800 L/h,

(3) BRAL P . MassLynx V4. 2 5% 5 14 5 04 B
i Progenesis QI 310G 4 R U Xof 5 45 $ic 41 ik
FEPEVE  BE T Progenesis QI 4k F7EZk METLIN %44
XA % H AT %, [ AT B R iR
), B U 22 2 7E 100 ppm DAY, B Zad Ab BEAY
PRUBZH B 5 A SIMCA-P 13. 0 B4 v #E 4T F A 43
M7 ( principal component analysis , PCA ) 5 1F 32 fhi fx
/N3 2 F 51 43 B (orthogonal partial least squares
discriminant analysis, OPLS-DA ) , Jf: DA 22 F 54 FC
> 1.5,P < 0.05 1 VIP > 1 A5, $k i 4im
22 SR, 9@ i HMDB KEGG s 3 4 22 57

RGBT DR RN 5 5 0
L3 HiIFESN

BARLIFEE + dREZE (& = 5) om, R H]
Graphpad Prism 8. 0 £ %F 52 50 5048 #1748 1127 o7
B, T4 1R F 8% A Student”’ s ¢ 7656, 2240 6] HE 58 R%
H One-way ANOVA ( Dunnett) £ 5

2 &R

2.1 EEERIFS

HREIEAETE 43, BE38 8 COPD K BUAY Rl ) #
Fik 83.33% , IEH AL 24 COPD 41 K s 455 i Dy 119
PEUEAY COPD 2 K BRI UEA% A5 43 43 51 4 (0.50 +
0.71) .(6.00 = 1.15) F1(9.30 = 1.06) ,
2.2 iEfRIEFRELE

5IE % A, 2 i COPD 41 K BRI 15 AU
COPD 2K BRIP4t B R B2 B ) & ik | Mg S5, | 14
B NEPHEEEE VR FLME RONVRZE BT ANEN
PG A LA COPD 41, AL COPD Kk fl (il
ZABIY T KRR (B 1A) 6 A & 5O
KA (K 1B) AR E R (E 1C) , Tk B &34
(E D) ; B AL COPD KRR Tl 35 3 1% T 28 i
COPD KK, (HEZ & TIERHA (K IE)
2.3 SMEAMISFRETN

22 1 COPD 41 1A COPD 4H K B MLk 48
PRARACARL, P T JC B M 22 S HIE R 4l bk, &
i COPD 41 FIEEIE ! COPD 2H A BN A ifiL v 11 40 i
o Ak AN AR S BT B SR (P
< 0.01,P <0.001) ; T 40 Mo 50 S L2176 (i L Rg A

B 1 AARRIIEE S A oK R AT i

Figure 1 Changes in feces, tongue coating, body weight, water intake and body temperature of rats in each group
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T, /R B (A3 JE 2 22 5 (R 2) .
2.4 BALF H IL-6,IL-1B.TNF-a H1& 2

WK 2 s, 24 COPD 4 MR COPD 4
KB BALF H 1L-6 IL-1B . TNF-o B9 & 20 HH T,
HIEWAMI, YR EA G, HAGRITEE (P <
0.01,P < 0.001),
2.5 BESSIEH

W 3 s, 28t COPD 4 MEEIRA COPD 4H
KA IEARFEE0S 1EH 4L L RS 8 , H
22 ML COPD 41 FNFIR 7Y COPD 2 K FUAY At 48 £k 1 55
TEH LA B, M R Ei0s /), PRI COPD 41
A i ELRIE ) COPD ZH A BRI 0 JU 48 it

EERDIIN
2.6 HE BHALEFER

WE 3 fR, 28 AU e, 2 E AR
BRI A AE IR s £ 8 COPD 20 MR8 COPD 41
W4 f ) o % I A5 Y 39 R L B g 4R R 240 L 95 v R
G (B ARIE ) | il v ) 3 R s 35 i T 24 il v
TEAIINAS — BB 43 il o s AR 3 R, 22 il A< o e A
b, 5T AR T SR B, S AN SRR AR AL

FHECIE S 40, &5 8 COPD 4H 1925 i A [m] g il i
A S st 0, 22 BRI 8, B B COPD 4 Y 4%
770 st =1 7N 1178 o) S i R AR DS i T A B 8
TR (RAAET S ) ALk i D) o UL B G S

R 2 AAKRRINE AR
Table 2 Changes of peripheral blood indexes in each group rats

ECEAE R N il 24 COPD 4 PR COPD 4
Index name Normal group Classical COPD group Phlegm-dampness COPD group
1 41 - -
White blood cells 2.79 = 1.0 4.73 + 1.20 4.38 +0.92
LLAHML
Red blood cells 7.74 £ 1.22 8.98 +0.72 8.85 +0.98
z
[ﬂl,IEEI 143.90 + 19.71 167.70 + 10. 00 165.20 + 15. 61
Hemoglobin
/Mg 873.60 + 134.76 813.40 + 93.81 829.30 = 120. 63
Platelet
A 114 o
$1V]WH,T$E|$ . 18.66 + 0.73 18.72 + 0.54 18.69 + 0.53
Mean amount of hemoglobin
P K
AL L 10.20 + 3.42 7.19 £ 1.90 9.17 £ 2.05
Percent of neutral cells
7y 4 =
WﬁE,ﬂiH@ttK 86.46 + 4. 19 89.76 + 2.52 88.29 + 1.92
Percent of lymphocyte
2 4] R
R HE 2.15 £ 0.91 1.75 £ 0.56 1.59 = 1.01
Percent of monocyte
IR PR 4 b4
FREPERLALID 115 £ 0.47 1.24+0.53 0.92 £ 0.19
Percent of eosinophilic granulocyte
&R E R4 b
ol fﬁi*ﬁ,ﬂ]ﬂﬂ e 0.04 £ 0.07 0.06 = 0.07 0.02 + 0.04
Percent of basophilic granulocyte
= 20 i
AT 0.29 = 0.18 0.34 +0.13 0.40 £ 0.12
Neutral cells
T
AR 2.40 + 0.89 4.25 + 1.09 ™ 3.86 + 0.80 ™
Lymphocyte
4
R 0.06 = 0.04 0.09 = 0.04 0.07 £ 0.05
Monocyte
A 4
RERPERLAN 0.03 £ 0.02 0.06 + 0.02 0.04 £ 0.01
Fosinophilic granulocyte
FERR i 4
RITERLALIE 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00

Basophilic granulocyte

L SERHILE, P <0.01,™ P <0.001, (FEIE)

Note. Compared with normal group, P < 0.01, ™ P < 0.001. ( The same in the following figures)
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B 2 BALF H IL-6 IL-1B il TNF-a &5 &

Figure 2 Content of IL-

6, IL-1B and TNF-a in BALF

R3ESHEE(%)
Table 3 Organ indexes( %)

4151 LI il Jiit it 1 g’
Groups Heart Liver Spleen Lung Kidney Thymus
IEH
0.303 £ 0.025 2.906 = 0.411 0.171 £ 0.036 0.238 = 0.044 0.697 + 0. 104 0.124 = 0.025
Normal group
Z:4 COPD 4
"o . 0.314 £ 0.024 2.931 £ 0.288 0.166 = 0.030 0.286 = 0.071 0.670 + 0.049 0.095 + 0.024
Classical COPD group
T 4
#eR R COPD 41 0.333 £0.032 2.899 +0.292 0.174 +0.034 0.315 = 0.068 0.685 + 0.046 0.091 = 0.032

Phlegm-dampness COPD group

B3 K44 HE Bk

Figure 3 HE staining of each tissue

2.7 mERIGFHHTH

J T HRITRIRA COPD K B AE AR )24 it
FEfth, ARSI AR ) B TR N AR T OE R A S R
M COPD 4 KBRS AR P i A8 4k, I3 52 PCA
135 (DB 4A) AT, BRI B TR R IE # 4l
—ANREAR SRR 2 28 A, AR IE U AR,
1EH 4 5 PR COPD 41 K BURY ¢ AR g4 2 S 30
BB I X ], B S PR Y COPD K B N 1)

Rl A T IRk, FARYE OPLS-DA 4347,
PLVIP > 1 . FC >1.5 F1 P < 0.05 JH5Ebrife, 3L
e E AR R A 22 R AU 116 4>, Hirp
56 A~ L, 60 A~ IE, X 22 A i AT R0
Br 45 B RASINE (WLE 4B) . REMEIL R EIR,
IEH A S5PIBR COPD 4 REAS I I IX 7y HAH Rk
RAf, #— R IR COPD 4 K BLAYAR i =X
K RETL,
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HIEF A b, BRIB A COPD 41K B 2% b i

2e 5 AN 2 O E R IR IS IR T S S T (I e i
JRIE M BERANG 28 R MR | H R 28 B H il
FE) AR RREEY), % 4 PR AL Log, FC #E
FPHT 50 22U, RS Y EEE S
T & ME-RNA AW i A2 3 A5 i R A

TE: A:PCA 77018 B BT 8] C. KEGG 38 % w <L

Wy n R R AR A 5 A 5 i 55 (A JH g
T e | R SRR QI A S S T AR
I PR 55 RIS B4 5 B 20 A A D RS T I 5
50y ARBGR A A S AR DR TR A 2y
IAREE DR ZZ 1 A P I A | /MBS IR i
T o figg e S A E % (WL 4C)

B4 IEGE TR IR 4 SRR COPD 2 K B3¢ 25 A )
Note. A. PCA score plots. B. Heatmap. C. Dot plots of KEGG enrichment pathway.

Figure 4 Analysis of rat plasma differential metabolites between normal group and phlegm-dampness COPD group

in positive and negative ion mode
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x4 EWHSEER COPD 4K EMHET 50 /I3 22 AR
Table 4 Information of the top 50 differential plasma metabolites between normal group and phlegm-dampness COPD group

R K AR ) H PE AR R AL B
Code Name Log, FC P value VIP Variation trend
KT 24 SR
neg_1863 @%gﬁéﬂm 32.52631 0. 026115 2. 062504 1
Phosphoserine
=SS5
pos_1299 H ﬁ? G‘ 32.47632 0. 018580 1. 796625 1
Penicillin G
pos_2562 - Par Eﬁ“i% 37 Tﬁ . 32. 4067 0. 002443 1. 870454 1
Tetramethylquercetin 3-rutinoside
T e [T K o AR R T
pos_4335 Divanillyltetrahydrofuran ferulate 3140976 0002156 1. 898903 f
S _YAHL A~ 25
neg_2030 13 Fedky L 26. 46928 0. 013679 2.092127 1

13’ -hydroxy-gamma-tocopherol

A A S
neg_1553 WA RS AR 26. 24337 0.016987 2.084927 1

Arginyl-methionine

15-f-FIF IR K Fla
neg_1730 15 ket PCH L 25. 88409 0. 026307 2.045268 1

Mt EE A B

pos_3317 Trihexosylceramide (d18:1/25:0) 23. 84513 0. 032598 1.58712 1
pos_1474 *gﬁ"ﬁu ﬁi 21. 15369 0. 042414 1. 547875 1
Desglymidodrine
g Cl
pos_4683 Cyclocalopin C1 21. 07494 0. 034641 1.710843 1
LA
neg_604 H ﬂ:#ﬁ 20. 01818 0. 023924 1.914841 1
Calcitriol
2
neg_1097 ’%E:ﬁ: 19. 29657 0.010153 2.017631 1
Tracheloside
903 25-FARER D, 18. 8566 0. 048159 1. 85501 1
neg— 25-hydroxyvitamin D, ’ ’ ’
> _FH A R
neg_3696 (4 TRRRNE 18. 04965 0.021923 1.921556 1
4’ -methoxymucidin
pos_2173 [EM:;]KE% 12.91968 0. 047331 1. 712431 1
Tetrabenazine
MZ AR GM3 (d18:0/20:0)
pos_3450 Ganglioside GM3 (d18:0/20.0) 12. 10493 0. 044492 1. 53408 T
4a-FE I RE-5a-H -8, 24- 03B
neg_1407 4a-hydroxymethyl-5a-cholesta-8 , 24-dien-33-ol 1112063 0. 04462 1. 851845 f
H i A7 fie
neg_1335 )"»}’gfﬁ;)g.[ﬁﬁ 10. 51814 0.047914 1. 758952 1
Jangomolide
neg_1243 EE% El/% A 9. 855425 0. 046205 1. 928411 1
Biochanin A
S TS A GTD
neg_2354 ket 3.729847 0. 015175 1.978276 1
Prolyl-glutamate
A g
neg_1432 ﬂ E%Eﬁ( 3. 117435 0. 002407 2. 139646 1
Achimilic acid
HhBme L (20.3(82,112,142) /226
(47.,77.,10Z,,13Z ,16Z.,19Z) )
neg 2286 PS(20:3(8Z.117.142)/22:6 2.4774 0.031534 1. 856498 1
(42,72.,10Z,13Z,16Z,19Z) )
=iy
neg_24 L-CR 2. 079449 0. 025912 1.911497 1

L-tryptophan
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&R4
P ARK AR X EUE P1{a R B S BEY AR
Code Name Log, FC P value VIP Variation trend
-
neg_1342 *ﬁ‘? Lﬁtjﬁ A 1. 969696 0. 040005 1. 833292 1
Priverogenin A
JOEL 2T P A R
neg_304 Cholesterol sulfate 1. 886648 0. 015859 1.982189 1
(3B8,17a,23R) -17,,23-3R%-3,
29-F 127K 8- B M-15,24-
pos_1442 (38170, 23R) -17,23-epoxy-3, 29-dihydroxy-27- 1. 687843 0. 033979 1. 653055 1
norlanost-8-ene-15 ,24-dione
4R,5R,65-F5 45232 P AL-2-FR M- 1-
T 6-( 2-F4HE-6-75 FH R 1 i )
neg_3679 4R,5R, 6S-trihydroxy-2-hydroxymethyl-2-cyclohexen-1- 1. 586371 0020491 1932792 f
one 6-(2-hydroxy-6-methylbenzoate )
HiZIIRER H2
neg_2922 Prostaglandin H2 1. 556637 0. 003931 2.071205 1
pos_1234 AN 2:&@32,\%% 1. 509986 0.007126 1. 774986 1
Dopaxanthin
2-(3-HIZE T JE) -1H-MEME [ 2,3-b ] HEIE
neg_1444 2-(3-Methylbutyl ) -1H-pyrrolo[ 2., 3-h ] pyridine 1. 503045 0. 04977 1. 941765 1
CHH I 3o R A
neg_418 N-f 2315 *Eﬁ = 1. 465035 0. 019909 1. 940964 1
N-Norgramine
P g 9
neg_3669 N-Ff 21l ? 1. 436775 0. 008848 2.01619 1
N-methylserotonin
132
pos_2254 H HLH’?% —1.48837 0. 044434 1. 597126 |
Norepinephrine
FE D 1=
pos_1097 MBRTT IR ~1. 63403 0. 00266 1. 873945 1
Nepetaside
REL 22 E R
pos_1002 EEM#%M -1. 65053 0. 03224 1. 63651 }
Methionyl-serine
57 i
pos_759 Wﬁ@llﬁn -1.69152 0. 005132 1.799126 !
Ethyl cinnamate
pos_17 ¥M . -1.735%4 0. 005955 1. 745975 1
Decanoic acid
5-HUBR AW - 1- B R
neg_3585 S-methylthioribose 1-phosphate 1. 75006 0.013133 2.084158 !
o
pos_2576 JEAR LI -1.85043 0. 045289 1. 61051 !
Oxyphenonium
pos_1214 Eﬁgﬁémmm -1. 89993 0.011689 1. 756108 |
Methylmalonylcarnitine
pos_3233 R%ﬁﬁ‘ﬁt -2.17149 0. 04465 1. 745698 !
Canescein
R L2 T
pos_1872 ufﬁ—f‘{m -2.22201 0. 045293 1.73797 !
Frangulanine
P 1-( P AENE RS ) PRk i
pos_405 Propyl 1-( propylsulfinyl) propyl disulfide 2.62907 0.015834 1802122 .
pos_2061 SRR | —2.84443 0. 033629 1. 678141 l
Macrocarpal 1
pos_2638 W2 A5 -3.20132 0. 044225 1. 585678 }

Azithromycin
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giRa
G5 PR ARG B R E P{H A B ARk
Code Name Log, FC P value VIP Variation trend
HiMEg (22.5(47,77,107,137,,167) /22 .
6(47,72,10Z,13Z,16Z,19Z)/0:0) _
neg_3008 DG(23:5(4Z 72, 10Z. 132 162) /22 11.5937 0. 000744 2. 141226 !
6(47.,77.,107.,137,,167,197) /00)
[ 1 B S .
pos_677 AU B -12.3541 0. 041929 1. 600101 J
Oxopurpureine
- L;ﬁmz;ﬁlj A=
pos_3351 1- LRI -14. 3976 0.03164 1. 779555 J
Avocadyne 1-acetate
e 13
pos_3844 B -21. 4808 0. 034783 1. 585945 !
Thiamine
N3 b A= A TR A TS
pos_651 AR PR R TR ~22.7937 0. 042672 1. 622985 l

Gln, Ala, Trp, Phe

T T RBAKE L | RBAKETH,

Note. T represents up-regulated expression level. | represents down-regulated expression level.

3 g
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Effect of different modeling periods on hydroxyurea-induced kidney-yang
deficiency animal model
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[ Abstract] Objective By studying the effects of different modeling cycles on related indicators in a hydroxyurea-
induced kidney-yang deficiency animal model, the optimal modeling time was obtained. The stability of the model was
evaluated. We provide method for creating a stable animal model of warming and tonifying kidney-yang to treat yang-

deficiency syndrome. Methods Rats were gavaged with 30 mg/mL hydroxyurea suspension (300 mg/kg body weight)
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once daily for 28 days. On the 7™, 14", 21", and 28" days of gavage, the general condition, biochemical indexes related
to kidney-yang deficiency, and the morphology of the internal organs were examined to determine the optimal modeling
cycle. Results On the 7th day of hydroxyurea gavage, the energy metabolism of rats with kidney-yang deficiency induced
by hydroxyurea was assessed, and their body temperature, activity of kidney Na*-K"-ATPase, serum content of cAMP, and
cAMP/cGMP ratio were significantly decreased (P < 0.05).

neuroendocrine systems, immune functions, or urogenital systems. On the 14th day of hydroxyurea administration, serum

There were no significant changes in the rats’

c¢GMP increased significantly (P < 0.05) and total ATPase activity decreased significantly (P < 0.05). There were no
significant changes in the temperature of the extremities or tails of the rats or kidney Ca®*-Mg”*-ATPase activity (P >
0.05). Levels of the neuroendocrine system indicators serum T and T4 were significantly decreased (P < 0.05). In the
urogenital system, there were structural pathological changes to the kidney and testis, and the kidney index decreased
significantly (P > 0.05). On the 21st day of hydroxyurea gavage, the temperature of the extremities and tails of rats and
the kidney activity of Ca**-Mg**-ATPase were significantly decreased (P < 0.05). The neuroendocrine system indicators
urine 17-OH-CS and serum T3 levels were significantly decreased (P < 0.05). On the 28th day of hydroxyurea gavage,
the immune function indicator, the spleen index, decreased significantly (P < 0.05), and thymus pathological changes
were significant and irreversible. In the urogenital system, pathological changes to the kidney and testis were significant and
irreversible. Energy metabolism, neuroendocrine system, immune function, and urogenital system indexes still showed
decreasing trends on day 28, but there were no significant differences in energy metabolism, neuroendocrine system, or
urogenital system indicators compared with on day 21 (P > 0.05). Conclusions We found significant differences among
the modeling time periods for each energy metabolism, neuroendocrine, immune, and urogenital function index, and other
aspects, of a hydroxyurea-induced rat model of kidney-yang deficiency. The best modeling time was 28 days.

[ Keywords]

hydroxyurea; kidney-yang deficiency; animal model; modeling cycle
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B1 H4RREENENL

Figure 1 Changes in fur of rats in each group
x1 FHAKRBUEBEZ(x £5,n=8)

Table 1 Temperature changes of rats in each group(x + s,n=28)

415 81 R(C) 5514 K(C) %21 K(C) 5528 K(C) P p
Groups 7t day(°C) 14 day(°C) 21 day(C) 28" day(°C)
Z=EA
28.78 + 0.27 28.38 + 0.51 29.10 + 0. 80 28.55 + 0.56 1. 526 0. 246
Blank group
BRI .
27.79 + 0.43™ 27.55 £ 0.60™ 26.88 + 0.43™ 26.40 + 0.34™ 9.525 0. 001
Model group
t 4.334 2.344 5.515 7.352 - -

T 52 B AR BUILE, P < 0.01, (FE/ZER)

Note. Compared with subgroup rats of blank group, P < 0.01. (The same in the following figures and tables)

B WAL R NARE L, 7P < 0.01,
B2 4 RRMAEAL

Note. Compared within each subgroup of rats, P < 0.01.

Figure 2 Temperature changes of rats in each group

fitg 6 ) AL T B S 7R3 14 KITIR A g
25 (P < 0.05) ;Na'-K*-ATP B /) 2 fa 8 NG
POHEE T R BEARENEZER (P <0.05);
Ca® -Mg™ -ATP fifiG J) 2R TR, 21 K
FAAE BEMELEF (P <0.01), UL EZ5REIR, 5
i) B RE AR 3 b 2 BTG 7 B BH AR A Hh
8 R T R L BRG] R 5E 4 AR A Na ™K -

ATP fiff 3 B0 2 2 T B B (Rl e 7 (7 ), okl
ATP fiff (14 d) , FRRN Ca® -Mg™ -ATP fig (21 d) , 42
7' B EE SR R4 25 ATP i BB E AN TR
TR 24 A 2 0] L35, R RBR R 7 K556 14
K21 K545 28 KA ATP B R P8I0 B &1k 22
(P >0.05)457 K55 2128 K .4 14 K5
55 21,28 K ATP B3 A B M2 57 (P < 0.05),
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. 5PN AR, P < 0.05, P <0.01, ( FE/FER)
B3 A4 KRR R R R EAR

Note. Compared with subgroup rats of blank group, “P < 0.05, ™P < 0. 01. (The same in the following figures and tables)

Figure 3 Temperature changes of limbs and tail of rats in each group
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F2 HKAKREED ATP BEHEMEA L (X + 5, pumol/g,n=8)

Table 2 Comparison of ATPase activity in kidney of rats in each group(x % s,pwmol/g,n=8)

AN/ [ 4
G)tijis Name of %;%ubgmups ATP Na'-K"'-ATP Ca®-Mg”* -ATP
7" day 15.22 + 2.95 36.90 + 2.08 34.70 + 1.76
254 14™ day 15.49 + 1.36 37.82 + 1.01 34.97 + 2.42
Blank group 21 day 15.13 + 2. 89 36.77 + 4.00 34.70 + 3. 88
28" day 16.02 + 0. 81 36.16 + 3.07 34.15 + 2.27
7™ day 12.90 + 1.04 32.83+0.37° 33.23 + 3.55
REAIZ 14" day 11.81 £ 0.39" 27.96 + 1.94™ 27.48 + 4.94
Model group 21" day 9.21 + 1.36” 23.48 +1.94™ 21.29 + 1.53™
28" day 7.33+1.86™ 18.74 + 2.92™ 19.80 + 2.55™
F, P F, P value - 11.568,0. 003 26.949,0. 000 15.123,0. 001
P,y fH Py, value - 0.328 0.018 0. 066
Py {8 Py value - 0. 008 0. 000 0. 001
Po_ag i Py value - 0. 001 0. 000 0. 000
Piyo fH P4y value - 0.038 0. 026 0. 021
Piy_gg fH Pyy_og value - 0. 003 0. 001 0. 004
Py {H Py _og value - 0.111 0. 020 0.329

&3 FHAKRBIEARGBUMLE T.T, M1 T, FEHEE(x + 5,n=8)

Table 3 Comparison of serum testosterone T, T, and T, levels in rats in each group(x + s,n=8)

AN 7 4
Gjrili[)i Name of g;%ul)groups T(pg/ml.) T3(ng/mL) Ty(ng/ml.)
7™ day 1435.82 + 102. 83 2,23 +0.29 78.95 + 3.82
=HA 14" day 1426. 68 + 150. 90 2,12+ 0.46 77.74 £ 5.77
Blank group 21* day 1447.00 + 44. 69 2.14 +0.28 78.51 + 4. 14
28" day 1452.79 + 176.97 2.18 + 0.27 77.72 + 3.36
7™ day 1342. 60 + 64. 33 2.32+0.25 75.43 £ 5.29
T RIUEE | 14" day 1219.50 + 18.88 1.91 = 0.17 63.32 + 4.13"
Model group 21" day 1118.40 + 40.20™ 1.55 +0.21™ 65.43 +5.19™
28™ day 1070. 61 + 59.27** 1.45 + 0.07" 56.99 + 2.22*
F, P{i F, P value - 18.089,0. 001 13.385,0. 002 22.811,0. 000
P14 fH P;_y, value - 0.015 0. 029 0.010
Py fH P;_,; value - 0. 001 0. 001 0. 001
Py {H P;_55 value - 0. 000 0. 000 0. 000
Poyy 1H P4y value - 0. 036 0. 043 0. 059
Pypg TH Pyy_og value - 0. 006 0.016 0. 002
Py a5 TH Py _pg value - 0.267 0. 538 0. 046

BTN 25 7 20 2 (0] B R L 32, R 3 cAMP BRER 7
REH 14 K 521 K55 28 Kb, HARmRBZ
[FFFAE R E 2E 57 (P < 0.05) , 455 cAMP 125 7
KENEZ A B E2E5, #278 cAMP SRS 7
KB ERL THREHE E5HEAREE(P <
0.05) ., cGMP 7E%5 14 21 28 K& [A] Be 24y &2 i
ELTHER(P < 0.05) , IRl & 1 AL ] 48 K fa b
Tt cAMP/cGMP LA FE 45 > B A BE A 2 R R,
FREE 21 K55 28 RKERTREMESNP > 0.05),
HAAFR R B3 A B E W25 (P < 0.05),
P28 cAMP/cGMP [UABTESS 21 ~ 28 K] T R IR
JFEAR/IN K I 0 e 75 45 JiE 4 — B st 0] 2L 2 B

HPEPRCRS M T T (R 4) .
2.6 PEE5EEH

VB T EL W A1 R G2 i B IAE U8 1 LA i
hREPi & EEAEH, B4 SCIRRIE S BH & sh 4
AR ARG s e Thae L B EA S
BH R UF 5 22 A S0 2% 1, L7 SR 5 SRR B L I
WICASE TR ) AR L, 525 AL AR L, A R0 4 4
FEANTRI B[R] B R T RS, 5 14 .21 .28 RAEHK
BETFEP <0.05),

52 (AU H, RV MR B SR 7 R AR 14
KEFa A TR, 705 28 RIAE B F MK (P <
0.01) (£ 5) , $&7m M543 3 B B [B) 45 B, ' B i
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x4 KHAKREUMTE cAMP, ¢GMP and cAMP/cGMP & & i (% + s,n=8)
Table 4 Comparison of serum ¢cAMP, ¢cGMP and ¢cAMP/c¢GMP ineach group of rats(x + s,n=8)

3¢

W4H

Groups Name of the subgroups c¢AMP ( nmol/L) c¢GMP (nmol/L) cAMP/cGMP ( nmol/L)
7" day 2.23+0.18 0.11 £ 0.04 21.17 £ 6.39
ZHH 14" day 2.07 £ 0.56 0.16 = 0.07 13.46 + 4.22
Blank group 21% day 1.99 = 0.29 0.13 +0.03 15.47 + 6.39
28" day 1.99 + 0. 12 0.16 £ 0.01 12.98 + 2.33
7" day 1.44 +0.12™ 0.11 = 0.01 13.04 = 2.23*
LRI 14" day 1.15 = 0.05 ™ 0.15 + 0. 005 7.80 + 0.56 ™
Model group 21" day 0.96 + 0.05™ 0.18 + 0.003 " 5.30 + 0.06
28" day 0.82 + 0.08 ™ 0.20 + 0.02" 4.15 +0.99*
F, P F, P value - 33.725951,0. 000 31.507,0. 000 29. 894 ,0. 000
P14 fH P;_y, value - 0.124 0. 008 0. 001
Py fH P;_,; value - 0. 040 0. 001 0. 000
Py {H P;_5 value - 0.012 0. 000 0. 000
Piyy 1H P4y value - 0. 041 0.014 0. 040
Pypg TH Pyy_og value - 0.024 0. 000 0. 007
Py os fH Py o5 value - 0.232 0. 036 0.293
YRR R RS ThRERPUAR e ThBE,  BRIR TN (WL 6).

2.7 EHKXKR24hRE5 17-0H-CS &£
17-OH-CS B~ Bl -2 1A- B b B h i D s
HEFAM, BEAHRE S 17-0H-CS 2T
ek S 7 14 REBEMZEF (P> 0.05) 5
2128 KR8 5 17-0H-CS & & B FE I (P <
0.05) , PR A K BUAAFE T B il - R- 5 1 g 2

2.8 ZBHEARE . EH GPRHFRE LI
2.8.1 FHHKRKRENAL HE Yoo )5 AR b
HHAEIHL T AR NESREFEE o h
5)GERE TR T WA FE AR AS AN SRR 20
MBS IEH , 8 s N AT WKS 7, b B A 5] R 58
B G A s Y 5T HES 1] B AR, R LS AR

RS FAUREME R (x £ 5,0=32)
Table 5 Comparison of spleen and kidney index in rats of group(x + s,n=32)
EES B4R 21K H28 K
o 7" day 14" day 21* day 28" day
Coups PHEEC(%)  WHEH()  HEOR()  BMEEC(%)  BHEE(%) W) BEE(%)  WEE()
Kidney index  Spleen index Kidney index  Spleen index Kidney index  Spleen index Kidney index  Spleen index
(%) (%) (%) (%) (%) (%) (%) (%)
2314
=R4 4.86+0.49 2.7x0.04 4.72+0.13  2.3+0.00 461 +£0.16 2.60 = 0.04 4.75+0.07 2.70 £ 0.01
Blank group
R . .
4.46 £ 0.20 2.5+ 0.06 4.27 +0.22" 1.8 +0.04 3.98 £ 0.05™ 2.20 + 0.03 3.91+0.05™ 1.80+0.00™

Model group

F6 FKAKRE 24 h JREN 17-OH-CS FEILE (% + 5,n=8)

Table 6 Comparison of 24 h urine volume and 17-OH-CS content in urine in rats of each group(x + s,n=8)

$1R 14K 521 K 528 K
7" day 14" day 21* day 28" day
SHA 2AdnJREE RI7BE 24 hIREE RUTRESE 24 hIRE RI17BE 24hRE R1T-RER
oo (ml) KGR () Kpn () KGR (L) K
24h urinary (ng/mL) 24 h urinary (ng/mlL) 24 h urinary (ng/mL) 24 h urinary (ng/mL)
volume 17-OH-CS volume 17-OH-CS volume 17-OH-CS volume 17-OH-CS
(m) (ng/mL) (m) (ng/mL) () (ng/ml.) (mL) (ng/mL)
23194
2 HA 33.4+6.30 18.64+2.84 38.61+2.60 18.63+1.36 36.0+10.6 18.07 +4.27 40.0 +8.87 18.47 + 3.37
Blank group
HRAULH . .
30.6 £ 15.61 16.99 +3.26 28.6 + 13.83 16.18 +7.34  21.4+£9.07" 12.44+ 1.80" 21.2+4.55° 9.41 +1.60™

Model group
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Figure 4 Pathological structure of testis kidney and thymus in rats of each group(x100)
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Preparation of mouse models of chronic lymphocytic leukemia
by MEC-1 cells transplantation
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[ Abstract] Objective To prepare and evaluate a mouse model of chronic lymphoeytic leukemia in order to provide
a preclinical model for the treatment of chronic lymphocytic leukemia. Methods The cyclophosphamide ( CTX) injection
dose was determined after a literature review and experiments to prepare an immunosuppressed mouse model;1 x 10" MEC-
1 cells were transplanted into mice for three consecutive days by intraperitoneal injection and tail vein injection to prepare
mice with chronic lymphocytic leukemia. Flow cytometry, immunohistochemistry, and other method were used to detect

changes in peripheral blood leukocytes and CD19* CD5" B lymphocytes in mice with chronic lymphocytic leukemia and to
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analyze the infiltration of MEC-1 cells into the liver, spleen, thymus, lungs, lymph, and bone marrow. Results It was

determined that a CTX dose of 150 mg/kg injected for four days could significantly reduce the immune system function of

mice. After transplantation with MEC-1 cells, mice exhibited chronic lymphocytic leukemia ( CLL) characteristics. The

number of white blood cells and B lymphocytes increased, and bone marrow cells multiplied. Conclusions A CTX dose of

150 mg/kg injected for four consecutive days significantly reduced the immune function of mice and led to the successful

preparation of a mouse model of CLL.
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K il £ G BE PN /N ERAR Y | O J5 8% CLL /) BB R 1Y
il g At T 5
2.2 MEC-1 AR E R /MR AR

WT /NI PBS 7 5 41 /)y BUAY {4 5 A8 fb A 3
PR RS E , 22 I I R i Dk AS A MEC-1 21
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AL, P < 0.05, P < 0.01, ** P < 0.001, ( FEI[R)

1 el /s BRI

Note. A. Average mouse weight. B. Peripheral blood white blood cell counting in mice. C. Percentage of T lymphocytes. D. Percentage of B

lymphocytes. Compared with the control group, the experimental group before CTX injection, “P < 0.05, P < 0.01, ™ P < 0.001. ( The

same in the following figures)

Figure 1 Basic testing in immunosuppressed mice
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FELA /0N B i S 0 B ), s B SR R
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RETHEED(E2,P <0.001), SCK45 %R
B, 45 /NS MEC-1 2 it , REAE S /R A 1

B2 MEC-1 4R AR X/ A 19
Figure 2 Effect of MEC-1 cell transplantation on body

weight of mice

2.3 /NRAMNE I B AR EE

YR/ AN BRUAD ] T G 40 i S Bk 2 4 5
PEAT WD , 1] 3 45T, BE A MEC-1 4R, m LAAEE
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ARG, A6 I 3] 52 56 2 /) B AR A I th AE 7R CD19”
CD5" () B ik LL A (&1 4) S5 R UL, SEER 20 /1 B
HME I 20 R 3G 2 R AR SR AN A P i T
CD19°CD5™ ) B J#k B 20 Jfa Fr
2.4 INRBHL MEC-1 AfiRiaEREE

PL CD19 Fbric & FAXT MEC-1 41 i E 17 3E B,
SIEOG I, IS T S A T A R A ) D B, FE 3
SN A E i AR E) CD19™ (1) MEC-1 41 il ; B2
FRIK R SHE I T A A A B /N B 7E 4 /N
AR E I AR E] CD19* () MEC-1 4 it , W] B & 21,
WIRh RS AR J7 v X e MEC-1 40 it 32 0 /s BUAR AT
Jg Bt MR R AR (L S)
2.5 INEERAMAXATEFHEE

WA 6A Fir 7, 5255 41 /)N B RG22 K X6
SR /N B 5 A S 35 20 /N BRUA B i 200 L 22 1 % R A
/N 6B, 6C), Real-time PCR &5 HL 3R HH | L1156
/N FEBEANHE Bel-2 A9 mRNA Fik K W3 75
(& 6D), J& i ok 13 35 12 52 46 20 /)y B 1 6 40
Caspase3 , Bax ) mRNA F ik /K F & T B (A
6E) ; Western Blot It i /R i #5 FE K R ik #a# 5 qRT-
PCR 253 /R Rk aHh—2,

A B AMNEIMR 5 CANE M A A0 G D AN I B R EL AN A 43t E AR L A A E o e,
B 3 MEC-1 4R Ha Xt 1 40 i B0 i 52

Note. A,B. Peripheral blood smears. C. Peripheral blood leucocyte count. D. Percentage of B lymphocytes in peripheral blood. E. Percentage of

leukocytes in peripheral blood.

Figure 3 Effect of MEC-1 cell transplantation on leukocyte count
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B4 SMEI CD19'CDS'B ik B I F 43 L
Figure 4 Percentage of CD19"CD5"B lymphocytes in peripheral blood

A /DRUIF R MEC-1 Z0H0 2852 5 B /MU A MEC-1 4IMI3E%E ; €./ BUS R o MEC-1 A5 ; D - /M RU 2 7 MEC-1 4 252 5 1. /M B
filrf MEC-1 iM% 58 s Fo /MU iR MEC-1 4Ti%5E .

B 5 MEC-1 4uiuiz i/ Mlas A2 0
Note. A. Identification of MEC-1 cells in mouse liver. B. Identification of MEC-1 cells in mouse spleen. C. Identification of MEC-1 cells in mouse
thymus. D. Identification of MEC-1 cells in mouse lymph. E. Identification of MEC-1 cells in mouse lung. F. Identification of MEC-1 cells in

mouse bone marrow.

Figure 5 Infiltration of MEC-1 cells in various tissues of mice
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HE A NRUIE IR AS B C B8l HE B, D B BEAN S S AN DG RE R SR I O s E - B B4 I SH AR OGN SR Rk i
B 6 MEC-1 ZAHIAL AR 3 /IN B PO /DN U IR B 200 L 152

Note. A. Liver and spleen morphology in mice. B,C. Bone marrow HE staining. D. Expression of bone marrow cell proliferation related genes. E.

Expression of bone marrow cell proliferation related gene protein.

Figure 6 Effects of MEC-1 cell transplantation on liver, spleen and bone marrow cells in mice
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[{#ZE] B8 HITH DX S M e m L ALH . Ak MM CS7BL/6] /MR, SR FHBEHL
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mg/kg EX527) \EX527 4,520 38 H . RATEMAFL AL (CLP) i 48 MEGEEAE AR SCHERN (SAE ) /N RUBEAL, 257
AR F PR IR AT 7 d /N BAETE K, 3% Morris 7K 3 25 A6 0 /N GRS BE T DR 30 A0 2 T &5 ol BoR
J5i 24 h 385 B SCHT I (EB) 98 U B ITAG ML 57 55 ( BBB ) 3 i 14, BEEE S 38 W BRHI 8 ( ELISA ) 36460 iR 2H 28 1 40 i
A2 (IL) -6 MIEIRFER F (TNF ) -a TL-18 7K, fb 2% B 6 4G D00 Ay 246 23 9 18 ( MDA ) 7K S il 4801k 40 15 b i
(SOD) T4 ALl (CAT) 3 4, HE Yo 4 0 52 1 5 241 23055 B4 45 b, TUNEL ¥& A D0 A 22 D0 I 1, 28 1 S 3 B 3lb
( Western Blot) A 5 40 2T ERAE BRI F 1(Sirt] )/ SXCEKHEE H 01(FoxO1) BEEAHCEHRE, R 51
TR B /N RAOTETG 2R Z5HOF 4 780 SOD Al CAT J544E Sirtl AR NF-xB p65 KB 3& R,k
BEERI G4 4R EB & IL-6, TNF-o IL-18 F1 MDA /K5 i D #f 22 G A T35 8. £ BE 1L FoxO1 (Ac-Fox01)/
FoxO1 HAEF LA E T -kB p65( Ac-NF-kB p65) Jfit% NF-kB p65 25 /K- 3 T (34 P < 0.05) ; 5812
AH L, 3 SO /N BB FE TG 2R 208 & Y E . SOD Il CAT 35 M Sirtl FIMLT NF-kB p65 & 7K B E Thes , ki
TR T ZHZH EB % &t IL-6 TNF-o | IL-1B Fl MDA 7K i 4% 2 S0 T 9540  Ac-FoxO1/FoxO1 [L{HFl Ac-NF-kB
p65 S NF-kB p65 2 7K 5 EFEAR (X P < 0.05) ;EX527 Al Sirtl ik, B F B3 SO Xt SAE /N AY
IR ER (B P < 0.05), &8 i S0 AT £ m MERIE /D BTG 22l i 4ERF BBB S84 Pk i #0284 AE A
SRR B, DD I 2 TT IR T WA B 5 R A M 45 5 LA FH ML PT RE S5 30 Sintl/FoxO1 38 i, Ml NF-«B 1% 1k
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Mechanism of remazolam in reducing brain injury in sepsis mice based on
Sirtl/FoxO1 pathway

GUO Xiaoli', YANG Changming', WANG Chan', WANG Xianyuan®, LIU Rongli'*
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[ Abstract] Objective To explore the effect and action of remazolam on brain injury caused by sepsis. Methods

Male C57BL/6] mice were randomly separated into sham operation, model, remazolam (8 mg/kg), remazolam + Sirtl
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inhibitor (EX527) (8 mg/kg remazolam + 5 mg/kg EX527), and EX527 groups by the random number table method,
with 38 rats in each group. A sepsis-associated encephalopathy (SAE) mouse model was established by cecal ligation and
puncture. After the corresponding intervention was given, the survival rates of mice within seven days after the operation
were observed and recorded, and a Morris water maze was used to detect the mice’ s escape latency and number of times
crossing the platform. Twenty-four hours after surgery, blood-brain barrier (BBB) permeability was assessed by Evans blue
(EB) leakage; the levels of interleukin (IL)-6, tumor necrosis factor (TNF)-a, and IL-1P in brain tissue were detected
by enzyme-linked immunosorbent assay; the levels of malondialdehyde ( MDA ) and activities of superoxide dismutase
(SOD) and catalase ( CAT) in brain tissue were detected by chemical colorimetry. Histopathological changes to the
hippocampus were observed by HE staining, and neuronal apoptosis was detected using the TUNEL method. Western Blot
was used to detect the expression of silent information regulator 1 ( Sirtl)/forkhead box O1 (FoxOl) pathway-related
proteins in the hippocampus. Results ~ Compared with the sham group, mice in the model group had a significantly
decreased survival rate, platform crossing time, SOD and CAT activities, and Sirt] and cytoplasmic NF-kB p65 protein
levels and significantly increased brain tissue EB content; IL-6, TNF-o, IL-18, and MDA levels; hippocampal neuron
apoplosis index; acetylated FoxO1 ( Ac-FoxO1)/FoxO1 ratio; and acetylated nuclear factor-kB p65 ( Ac-NF-kB p65) and
nuclear NF-kB p65 protein levels (all P < 0.05). Compared with the model group, mice in the remazolam group had a
significantly increased survival rate, platform crossing time, SOD and CAT activities, and Sirtl and cytoplasmic NF-kB p65
protein levels, and significantly decreased escape latency; brain tissue EB content; 1L-6, TNF-a, IL-18, and MDA
levels; hippocampal neuron apoptosis index; Ac-FoxO1/FoxO1 ratio; and Ac-NF-kB p65 and nuclear NF-kB p65 protein
levels (all P < 0.05). EX527 inhibited the expression of Sirtl and substantially attenuated the above protective effects of
remazolam in SAE mice (all P < 0.05). Conclusions Remazolam improved the survival rate of mice with sepsis and
reduced neuronal apoptosis and brain damage caused by sepsis by maintaining BBB integrity and inhibiting
neuroinflammation and oxidative stress. Its mechanism of action may be related to the activation of the Sirtl/FoxO1 pathway
and inhibition of NF-kB activation.

[ Keywords ]
forkhead box O1

remazolam; sepsis-associated encephalopathy; neuroinflammation; oxidative stress; sirtuin 1;
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F(EX527) 41 (8 mg/kg Hi M +5 mg/kg EX527,
remazdam+EX527) 11 EX527 4 (EX527) , 45:4H 38
H, RIEBEFLE LI (CLP) #7/NE SAE
AILST R 40 mg/ kg I8 B HE 2 B0 I T SRR TR /)N
Wl B ImENFE 3 TAE S b R E R E
KA 0% L O WE R B R AT T 7, T IR
FLM—A2 1 em WVIET /NG BREEE W, LA i
Vils Z RN . SRIGH 3/0 2R AEIME M T 7 E W
i 172 KZ5FLE W, IFAE S5 FLAY E I h A ab Al
20 SEFLZERIBT IR, B 5 A DL R 25 005
PLRiE Y KB R I IR A7, 2 A IR
PO, RGBS 1 mL B (37°C) 4B K,
PLANFEF AR G 1 o 81 O B SRR R K, R AR A/
SR AFEAT CLP Ab, HOR BT SR 4 58 4 A1
[, AHI 30 min, FARJG 1 h F6 h,FG L4/
BRI Jis 1 3 8 mg/keg 13 T £ ; Bty Th k& + EX 527
/N EUAERE IS 1 56 8 mg/ ke T B M4 1 [] Iof i fes v
55 mg/kg EX527; EX527 41/ BB 5 5 mg/kg
EX527 ; (BRF AL FEARLH NG i vk 5 4 e A PR K

1.2.2 /NRFER

Tg R G, R REHLERE 10 HUNER, 5 R
F%, MEGFCEARIE 7 d N/NRBIIET K,

1.2.3  Morris /KEE

RRAAREHLEL 10 H/NE, 23090 FFARHi7 1 d . CLP
ARJE3.5.7 d#Efrl, kit an 10 IV
G Z IR H Y%, RO RO &5 758 VR
g, ISR K BEBLAE /DN BRIt BE A K
Hope AT o, A BB b6 s AN, IFiE
SR LA H Y R R] (bR vE AR s Bt 120 s Y
REEF], WL 120 s, REHEGIFZ2VGIHER
30 s, BERIINZ 4 0, BRIAIRRG 30 min, iC sk e
RIAFFBOFIE, CLP RJF5E 8 K, HF & 5K/
S T ZBRACAIEIE S, 120 s 5 4 B
A/ B[R] IRBGER 2 | 7R 1010 BE Bk
1.2.4 BBB @& &

WSO (EB) Yephil i BBB B, &
HBEHLI 6 H/NEL, F ARG 24 h il 2 i bk i3 55
EB(2%,5 mL/kg) ,60 min J& X /)N BREA 718 B BRI
I A H R K 00 R 7 DA R B a4 N ek, i
g HUN R AR IF 2 AR E, 1§ B AE 1 mL
50% —H LR ¥ Bk, fE 4C TR K, I E
13 000 r/min K B> 30 min, 18343 0606 EE 7
620 nm AbER I EB A, 45 RFOR AT
TS AUE R EB & (pe) .

1.2.5  BGLH 2908 K TR AR R 7K S A6

ARG 24 h, TAE 6 H/NRA MG S22, 56
FHAL KW (10%) . f& FF B0 3000 1/min,
15 min, W8 EIH W, RIEANM A F 1L-6 , TNF-a TL-
1B 7K~k FH Ml 16c B0 95 W B ( ELISA) 5, A= T
ARSI ik 2 2 54K VL 348 AR MDA 7K SOD
CAT 7if
1.2.6 HE Qo520 4 U0 B4 A8k

W R 6 HUNRZEMIE S 208U 4% 2 51 Rk
i I A T AR A (4 um) o R
KETT , IIAREYL AR, 3 ~ 5 min, 76 1% ERFRHRS h 4>
@RI, 78 ARKPIERY A 15 min f5, 203
1 ~ 4 min, 7RG RMEE T WSS CAL X pf
LI RFE,

1.2.7 TUNEL &G #h 20 1

B v S ZH 2 ) e, RS JS 0. 1% (v/v)
Triton X-100 7£ 37°C F % £} 15 min, PBS PE¥, 7625
i TUNEL W AE 37°C TIFE 1 h, PBS FRK
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PEA)E K DI 5 47 6- T REE-2- 2R BE 05|k ( DAPI)
£ 37°C FIEE 15 min, 5, 7€ Olympus FV1000
eI S R WLEE TUNEL FHMEM 20T, ok
A BEPLEEGE T CAL X 3 N HLEF % TUNEL FH:
T, IR T HE %, P ToHE %k = (TUNEL FHYE
P2 TCKL/ DAPT BH: AR 2850 5.80) x100%
1.2.8 EEAGPEEENH ( Western Blot) A v Th 2H 24
Sirtl/FoxO1 i F§AH G 11K

AR 6 H/ANBRIEARIT 24 h &LFE, UK 73
B ILHLY HYUE RIPA 24t b T ok FEfT4
X, Lh12 000 r/min B0 S min(4°C) 4
IEROT R E A, Bk SRR EA R R
PVDF i, 5 5% G 4F 05 (i) —EIRFE 1 h, 4%
JESPUR —$07E 4C P F LK, —Pi.: Sirtl | Ac-
FoxO1 FoxO1,1:1 000 4 % ; Ac-NF-kB p65 . NF-kB
p65,1:500 i F¢ ; GAPDH Histone H3,1:5 000 ik,
RS B 5 BRAR L S AL Y (HRP ) BRic i —Ht—
EIFE 1 h, Wik & R (ECL) #E17 v M Ak,
Image J R1F 531 8 BT 4540 K (B, WS
S35 GAPDH (41l 5 ) , Histone H3 (A% , 3T
SRR BE LU H B EE AR SRA

1.3 SEitELSH

SEG FT AR DAY E bR fE 2 (& £ 5) FROR,
KM GraphPad Prism 9. 0 34347 407, SR £
EITZ A L, SNK-g B E— 2 HE#, P <
0.05 WESAGII¥E X,

2 &R

2.1 HmEBEXRSENRFEENZI

WE 1 PR, W8 7 d e BT AR AN 45877
T (100%) ; SRF AL L, BLAIA T EX527 4171
RFEARE 7 d B (20%) B F TRE(P <
0.05) ; SHIRILH AR L, Hiy S w2 2H /N BRI A7 16 % 00
ETHE (P < 0.05) ; 5% D2 A7 L, B Ey s+
EX527 /NERIRAEE R B E TRE(P < 0.05)
2.2 WOMCIRREE/NRIAM IR

BRAZH AR X T T AR 4, ks v AR 00 98 | 2
O AR WD (P < 0.05) 5 Fi 24 25 I 3k
ETS R IPIAR XA 20 ) 2 A o IR B R E I 2 (P <
0.05) ,EX527 HEAHFER (P < 0.05) ;5 Fi Dk
T, B T+ EX527 41 5 2 HE K 0k 5 v 1R
(P < 0.05), WK1,

W SR ARG, P < 0.05; SHBALIE P < 0.05; SR EAILE, P < 0.05, (F&H)

Note. Compared with sham group, “P < 0. 05. Compared with model group,”P < 0.05. Compared with remazolam group,“P < 0. 05. (The same in the

following tables)

Figure 1 Survival rate of mice in each group

2.3 mOMOIIMREFE/NR BBB EiE AN

SEFARG A e, BRI U4 2 EB 5
BETE (P <0.05) ; SHAILIH L, 3 w21 ik
HYUEB F i B E IR (P < 0.05) ,EX527 41/ R
MZHZ EB &5 i W3 Th s (P < 0.05) 5 5 5t e
AL, Hi DO +EX527 41N ZH4 EB &
FIE (P <0.05), W2,

2.4 IHSMOITRFAE/NRMAL IL-6, TNF-a,
IL-1B 7K B S i

X b 4541 TL-6 \TNF-a \IL-1B /K, A AU 4 3 T
RFEARL(P < 0.05) ;3 Ty mp 4 A A R0 2 I 28 [
K (P < 0.05) ,EX527 10 i T (P < 0.05) ;4
Xof - Hi Sy e 2, il T S+ £X527 41/ BRI
(P <0.05), WE3,
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R AU/ RGO NS S YU (2 + 5,n=10)

Table 1 Comparison of escape latency and platform crossing times of mice in each group (x + s,n=10)

BRI (s
HEE RS (s) SEHF- A (K

215 Escape latency (s) i
Before CLP 3d 5d 7d platforms (times)
FARLH Sham 21.80 + 2.43 23.04 + 2.59 22,18 +2.32 20. 60 + 2.27 10.60 + 1.55
BERIL] Model 23.19 + 2.52 84.82 = 10.31"  75.76 + 9.24" 61.35 + 7.48" 2.57 +0.30"
% hs2H Remazolam 24.47 + 2.61 52.39 + 5.74™%  43.20 + 4.58"% 32,41 +3.75"* 5.86 +0.64""
ﬁi%i;ﬁf;;iﬂ 22.56 + 2.48 76.50 £ 8.12°%  68.15+ 7.19*% 55,06 + 6.48 "% 3.01 = 0.39*%
EX527 # EX527 23.95 + 2.70 95.47 £ 9.85""  87.42 + 8.65"™ 79,57 + 8.25*% 1.39 + 0.20 "

1.5 EX527 4HIL#,4P < 0.05, (F#F)

Note. Compared with EX527 group,*P < 0.05. (The same in the following tables)

F2 KA/NEMGAZLEB Fi i (2 £5,n=6)

Table 2 Comparison of EB content in brain tissue of

2.5 ImOMEeITIREE/NRKZALS MDA KFEF1
SOD ,CAT &4 HI &

mice in each group (x = s,n=6)

SR FARAA L, BB/ B4 2L MDA 7K

Hig kS +EX527 40 Remazolam+EX527

415 Groups EB(pg/g) S T, SOD Fl CAT i M i F AR (P <
BF AL Sham 1.91 + 0.28 0.05) ; SEAY LA AR e, B Lo & 20 i 2 21 MDA 7K
- - 3 K, SOD Ml CAT 16 P B F T (P <
FERIZ] Model 5.40 + 0.63" . I,
0.05) ,EX527 20/ BRI 41 21 MDA /K i 2 T+,
it b 2H Remazolam 3.56 + 0.41*"

SOD I CAT ¥ P EFEIR(P < 0.05) ; HHi Skt
AL, B S +EX527 2/ U 4H 4 MDA /K
W THE,SOD I CAT 1% B EREAL (P < 0.05)
W4,

5.17 + 0.59 "%

EX527 41 EX527 6.82+0.70°*

R3 HH/PEIKHL IL-6 TNF-o F1 IL-1B KFE L (2 + s,n = 6)
Table 3 Comparison of the levels of IL-6, TNF-a and IL-18 in the brain tissue of mice in each group(x + s,n = 6)

5 Groups IL-6 (pg/mg) TNF-a (pg/mg) IL-1B (pg/mg)

TR Sham 4.53 +0.62 80.65 + 11.43 21.32 +2.75
FRIZH Model 11.78 + 1. 14" 231.49 + 25. 17" 67.94 +7.40"
B E k2 Remazolam 6.90 = 0.83** 125.30 = 16.25** 35.08 = 4.13**

59.52 + 6.29 "%
80.47 + 8.11"%

204.78 + 23.19 "%
269.24 + 28.16"#

10. 65 + 0.96**
15.12 = 1.07**

Bt B +EX527 20 Remazolam+EX527
EX527 4 EX527

T4 HH/DEIGHL MDA K SOD  CAT 1& P4 (% + s,n = 6)

Table 4 Comparison of levels of MDA and activities of SOD and CAT in brain tissue of mice in each group(x + s,n = 6)

2[5 Groups MDA (nmol/mg) SOD (U/mg) CAT (U/mg)
RFARL Sham 12.50 = 1.71 130. 44 + 12. 06 25.30 + 2. 14
HEFEIZH Model 39.43 £ 3.24% 48.25 + 6.37" 8.49 + 1.08"

19.52 + 1.77**
10.16 + 1.35*%
5.27 £ 0.82*™

106. 36 + 10. 84 “*
59.07 + 7.12*%
32.15 + 5.60 ™

20.89 + 2.55**
34.25 + 3.76* %
50. 18 + 4,59

Hir Eh kS 2H Remazolam
B e +EX527 241 Remazolam+EX527
EX527 41 EX527

2.6 WmOMWEXREENRMAREIWETH
R IR

RFARL A W/ BUIKZH 20 5 CAT Xl 28
TCIASHRS M HLE 5%, 20 M 25 0 58 48, 40 i JEE A

Y HOA% T BT , TG BA S b B IR AL s SRR AL b, B
RUZH AN EX527 21/ R ZH 800 5 CA1 X i & onHE
IR, KN JEARAS KL B0 i 2L 240 i 235 4 A
R, T L3 22 1Y) i 28 o0 A8 PR R [ 40, R o 4% 0E 2
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JfLIR T 5 S AT 4 L e T A i 4 8L B CAL
DX A ZE ORI G N, 28 P P 28 ST B30 T AR 4 i i
TED s S5 She A L B 2+ EXS27 4170
FUKZHZ0E S CA1 X2 oo BUm /D, ROE 40 ifLiZ
T, WA 2,
2.7 HEMOXMREENMNREALEIWETA
i oA

FEAIZH /N BRI 2 200 B CA1 X AR TR F A
20, TUNEL PR 28 oo 85 om0 1246 250 0 35
B (P <0.05) ; SR AR L, Bty 2 w0 41 fil 2 20
I CA1 X TUNEL BHE M2 oo B s 0, 8 T 48 4K
HERAL (P < 0.05), EX527 2H /N UK 4H 41 5
CAl [X TUNEL A w2 o8 i in, S8 T8 50
T (P < 0.05) ; 5 %0 M 4l AH L, B Sk £ +
EX527 20/ H 2008 T CAT X TUNEL BH 2
JUECR I, A TR B 2 R (P < 0.05) (K3,
#5).

2.8 HSWEeXREENREDAHA Sirtl/
FoxO1 B 1HX&ARIZHNT

ST AR b, AL /N B T 4140 Sintl F
Jif i NF-kB p65 & H /K F & % [E AL, Ac-FoxO1/
FoxO1 FL{EAT Ac-NF-kB p65  Mfit% NF-kB p65 5 H
KB ETHE (P < 0.05) ; 5880 A L, By 25 g
TG LA 2 Sint]l AT NF-«B p65 & /K2
ZTE, Ac-FoxO1/FoxO1 H {H Al Ac-NF-kB p65 .
Hfik% NF-xB p65 # (17K E AL (P < 0.05),
EX527 41/ 4L 2N Sirt]l FE R NF-kB p65 &
F7KF B 3 FEAK, Ac-FoxO1/FoxO1 {8 1 Ac-NF-
kB p65 Mit% NF-kB p65 & H /K8 T (P <
0.05) ; 55 E -2 AH LL , B S+ £X527 2/
S ThZH 2 Sirtl AR NF-kB p65 2 /K B 3%
FEAIK, Ac-FoxO1/FoxO1 H A Fl Ac-NF-kB p65 | fifl
¥ NF-kB p65 FEHKFRETE (P < 0.05), U
K4 %o,

2 HY4U/NRIBD CAL K&t iR AE 1k

Figure 2 Pathological changes of neurons in hippocampal CA1 area of mice in each group

B3 A4UPRIKNAIZURES CA1 XM T:

Figure 3 Apoptosis of neurons in hippocampal CA1 area of mouse brain in each group

x5 BUH/NRNHLIES CAL XKMZITTH T HEUILE (2 25,0 = 6)

Table 5 Comparison of apoptosis index of neurons in hippocampal CA1 area of mouse brain in each group(x = s,n = 6)

415
Groups

AT HRE (%)
Apoptosis index (%)

HFEARL Sham
FEAIZ] Model
% Sy 2H Remazolam
Hii Sy +EX527 2 Remazolam+EX527
EX527 41 EX527

2.39 £ 0.28
24.17 £ 2.65"

10.52 + 1.49**
20.58 + 2.30 "%
31.41 + 2,75 "™
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B4 BAH/NRIEDHLH Sirtl/FoxO1 18 fEAEE 75k

Figure 4 Expression of Sirtl/FoxO1 pathway-related proteins in the hippocampus of mice in each group

xo6 FUA/NIESHNEAKTHLE(x £5,n = 6)

Table 6 Comparison of protein levels in hippocampus of mice in each group(x = s,n = 6)

fifgs Sirtl Ac-FoxO1/FoxOT Ac-NF-KB p63 cytffﬁn]jf _1:?-51251765 NE%EIF lE:EBp?)ZS
BFARA Sham 0.73 + 0.08 0.18 + 0.03 0.10 + 0.02 0.84 + 0.09 0.25 + 0. 04
B2 Model 0.24 +0.04" 0.56 £ 0.07°  0.70 = 0.08" 0.21 £0.03" 0.76 £ 0.08"

Fiy Ty 20 Remazolam 0.58+0.07°" 0.32+0.05"% 0.38+0.05°" 0.53 +0.06 " 0.40 + 0.05*%

ﬁiﬁiﬁfgﬁ 0.30 £ 0.05*%*  0.49 £ 0.06"** 0.59 = 0.07"** 0.25 £ 0.04 "% 0.72 +0.08*%

EX527 41 EX527

0.13 £ 0.02"" 0.70 + 0.08**

0.84 + 0.09 “" 0.12 £ 0.02 %" 0.89 + 0.09 "

3 e

SAE JE:MeERIE AR B DI REREIR 1) R ER ML —
TR 22 I UE TS F2 B, 1 B RRE L ALV BBB i
IR N e RERE 7 S A 45843 BV AE LR > L e A
S ERE B BUAH D RE B AT, 1 D X R ) i
1COIE BN E, SN DI Re % VIAH G, BRI
I | R 14 I 453 47 2 34 5 R E A 0 Y A R LAk
IO 5 X B AR 51 A M 22 0 A8 E AR AL R A7, I
LIRS, S B8O S, HIL, AR T

T b s X BT 77 | 7B 4 I A 0 /N BSOA RN DD BE L T
THRIZETTRAE A ORI A0 8 T A2

Fig Eh W — BT R R BRI B AT
DA B (R RS PR I e U2 F) ] R 2 5 UL VR 3l 0 2
I ELXGH PR 7 A 58 /N B 300 66 1 5 ] s, ]
R i R 1 e AN 2 BRI R AR AR
AR BRI il T SO, 3 Th s
CHIR RS R, H 2020 4F 12 A 7Eh ER S E
2N e SR T LR B Eh R )92 N T 4
FHRTEAAE S8 T PN BN 42 B BRI AT ICU L, Bl
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1A, Fig S ] G E ] LPS 75 5 1Y R AE A T
(U TNF-o IL-6 F1 IL-18 ) PR, H2 5 TR AE /)N Bl
AT 56 DB i R I 25 2 28 400 L EA I
g, B ShmR-Cl i R R CLP RS 7 d /NERIOTE IS
ROWRCT MeREIE FT UM FE T, il i 4E RF BBB 52
HNE MR 2T T BGE TN R BN D RE B
BT/ CLP J5 MEEEAE I 7, BEAb, S84k 1 3
G AT HR S 7F e B E J0 1] ok & ot 228 4400 9 12 IR
FEMIT T BOp 22 00 T R M A Y B N R
H2Z iR —2, CLP FAR B M T /N Ui 41
SV ) 9 S AN A L 38, il T 1 ] g /b i
T LA 2R R AL (TNF-o | 1L-6 FT IL-18) /)
FEHE BEAIE MDA ZKF-, 55 SOD i CAT i 1, 41 il
PREETCARAE FAR AL 3, 3 I Bty B W 5% Jik 2 E
HABLERIRIT 4L .

Sirt] J&—FhE B NAD MM i 2 kil , v
PAT A RS N | ARAE A TR A e 2 LG
AR R G pR . BEFE R Sl 1 0E AT
DAV e R E 51 A 10 Z2 28 B B 403, g ) )
FRFRY . 48 2 38, Sintl 3¢ % (4 FoxO1 1] {2 #F
SOD \CAT & i, 1fi Sirtl H 2% L BEL FoxO1 J5 1]
FBE AR AL R 3 0% NF-B AI3458 11-
6 IL-1B “FfE 4 HlF- % 5%, T 5o ma e d i i Jg . Sirtl
2O BEIE NF-B I 3006, 4k 1M A 4% 0 90 pp 22 4
AP ARG, B S B8 EE T Sind £
K AR T Ac-FoxO1 Ac-NF-kB p65 7K, I 1
LT NF-xB p65 [ 41 fl A% i 7%, W 2845 CLP
B MERE AT /) BRUA 2H 23 S840 07 RN A AE R - 7K F
A, R IT T, EX527 2 — R Sirtl $0H]F]
R, AR R T EX527 B S0y fk, 450 %
B, EX527 BT FAEl T Sirtl ik, FE TS
AT NF-xB p65 B3k, B T Ac-NF-kB p65 #l
¥ NF-kB p65 ik, F5-HER T Fi k-G X% SAE /)N
BUEI AR VR L, 42 %, Sirtl B 38005 AT i S 5
(FoxO1 NF-kB) 13815 5 By Sy W4 1 pit 22 R AP VR FH
AKX,

ZE TR, B s AT 3 R BE A /D B S
B EF BBB SRRk A A 48 A RE RN AR AL
W DD T T Y I R 5 | AR ) A 4 5
VBRI AT 68 S530% Sirtl/FoxO1 38 I, #11] NF-«B
WA G, SR, B Sk 02 B B A B E T, DL
KA Ry — Pt Az 28 R T I o i % e AH G 19 5l
BAIT A5 Rt gs, BeAh, i T 3 e o s

AR R, i B — 2D TS LA HE T o Hi
Thi O i e L2 2550 i A2 2575 5
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Advances in animal models of cervical spondylotic radiculopathy

CHENG Haiyan', YANG Chen’, HE Yan', DUAN Lidong', XU Xia**

(1. Nursing College of Gansu University of Chinese Medicine, Lanzhou 730030, China. 2. Gansu Provincial Hospital
of Traditional Chinese Medicine, Lanzhou 730050)
Corresponding author: XU Xia. E-mail; 540713843@ qq. com

[ Abstract ] Cervical spondylotic radiculopathy ( CSR) is a disease caused by cervical facet joint disorder or
cervical disc degeneration, which compresses nerve roots. CSR is characterized by radiating pain or numbness in the
cervical shoulder and upper limbs innervated by nerve roots and severely affects patients’ quality of life. To further study
the etiology, pathogenesis, developmental process, prevention, and drug treatment of the disease, the correct selection and
establishment of animal models in line with the clinical characteristics of the disease are crucial. In the writing of this
paper, relevant literature reports from China and abroad were consulted. The preparation of CSR animal models is
summarized to include simple compression models ( vascular forceps clamping method, wire ligation method, L-shaped steel
column compression method, silica gel compression method, autologous bone compression method, and nylon fishing line
compression method) , combined stimulation models ( clamping method and chrome intestinal wire compression method,
formalin quantitative filter paper stimulation method, and drug-mediated and kinetic imbalance method ), and a non-
surgical intervention model (low head flexion fixation method). The preparation of CSR animal models is summarized, and
their characteristics, advantages, and disadvantages are analyzed to provide an important reference for those selecting
appropriate animal models for preclinical research.

[ Keywords] cervical spondylotic radiculopathy; animal model; cervical spondylosis; experimental animal
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Figure 1 Modeling methods of common animal models of CSR
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[ Abstract] Atherosclerosis ( AS) is a common pathological basis of cardiovascular and cerebrovascular diseases.
Establishing an animal model of AS with the characteristics of blood-stasis toxin syndrome and a standardized evaluation
system is an important part of modern cardiovascular and cerebrovascular disease research. This model and system are of
great significance to research and development of traditional Chinese medicine for the prevention and treatment of
cardiovascular and cerebrovascular diseases and the evaluation of drug efficacy mechanisms. This review summarizes and

generalizes the construction and evaluation of animal models of atherosclerotic blood-stasis and toxic syndrome. The review
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further analyzes the problems existing with current model construction and evaluation to provide a reference for the

establishment of standardized animal models.
[ Keywords ]

and syndrome
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PEPR 1 B0 7 F -5 998 8 Uk =2 8] A 25 D0 19 AH G
P, 0] UL A8 28 i PR DR 6 BRI, AR 9 1 A B
RO BFE, 25 0005 i ke AT B, A4l A
(interleukin, IL)-1B, IL-6, IL-18  fif J& 3K 3€ A +
(tumor necrosis factor, TNF)-a . T 4t & (interferon,
IFN) -y M C 52 85 H (high sensitive C-reactive
protein, hs-CRP ) 5 £ L R4+, = 5Lk 2
TR FITIRE & RAE M B AR EY T Bk, IL-
1B .IL-6  IL-18  hs-CRP , TNF-au, IFN-y K 1 4 Kir 4
SR B 5 Bl TP A S RE S B DGR T
HOR VAR IR R S IS AR A
3.4 MikdEEREN

FRBEB DK, BELIE CHIL, P AR R, 5 500 98 ik
L RRAG, JF 7T 368 ol 4 000 280 88 | M % 266 32 4 oy, il
BN 32 5 0L 78 27 S W AL AR L 5% 31 g 381
T EEAG BRIV A 2 R AL 4T 4 1M H
Zh £ ( whole blood viscosity, WBV ) | Ifil %% kv % B
(plasma viscosity, PV') | ZI 4 Jifd 7 [% 2 ( erythrocyte
sedimentation rate, ESR ) | £F 4 £ [ J& ( fibrinogen ,
FIB) M Ifil /M R B ( platelet aggregation, PAG ) 4§,
B2 W TR B R R L o R e R AR 1 e
PO o S A 2R 1 R R A I
5 BRI 2R AL UE 22 1 BE A 1IN S i e
M RERCAE" > PRI B af DU AT R 2 UE fl o0
R EE SR EHE R A MEE
i e B A3 AR 2 PG A R ARl AL
DI TR 285 | I A8 A B B A I A RS T BE AT T
WU MV TE S Y B 2 5 Bl A T 46 D) g
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S AL PN B 32 At 10 78 0 P PR TR 4 N B R -1
(endothelin-1,ET-1) | ML # 2 A2 ( thromboxane A2,
TXA2) NIILEES B2 ( thromboxane B2,TXB2) nEE
ik & 11 ( angiotensin 11, Angll ). i %1 ¥ &-2
( prostacyclin-2, PGI-2) | Hj %1 fit £ E2 ( prostaglandin
E2,PGE2) . —% /LA (nitric oxide, NO) % [545 &
R AH K ( calcitonin gene-related peptide, CGRP )
W TR
3.5 ZAFREIH

TR 27 BEDH 4 2 e 4 1 o 2 o U A E Y
b E B R SRR TR AL, 7R U2 R MR
AEPEAT B Bt F R A 20 2% %) S 56 3l W Y afi
B IR EEHEAT o3 M7, W% Bl Wy DY IR AR 75 1 AR
AR AL e AL R ) 5 A AR AL T AT SR AR
REA 26 1 B4 2 F 90 A B, iR 22 W B0 EE IR IE K
B ) LY L ) L DK I b 13 A8 SR AR
F AR SeE U IR £ B I AR P
SIS K BRI FP RS g s OB R 1 (kininogen 1,
KNGL ) B HI & M i A b 9 i 5 fg-1
( peroxidoreductase-1, PRDX1) 42 RIi¥ 8 5 " Jg ML EE
AL % S LN LW 2T S N 1 S TP
B 22 /AT 19 MU B 50 W S kR AR
I BRI PRI I I AR 45 30 T 5 VR IE K B Y
At R AR DGl A A= 1 2 8 Ak, o6 KOl e i 2
ity = PR TR 0 EE 11 I R 23 T A DG Tl 2
SH RS P2 RE A FLE AR 255K 27,
A BN ks B A AL S BE IE Y 2 2 AR R W AT AE BaR
SER gk — 20 IR AW 5T AN IR L) A2 4 W TE 60 bR
HW.
4 FFCREELRSIEEENHAES
B2

1 ik oS A 8 1 958 B TE 2 I Ao AS [ B 2 A U
Xf [l — G B AN RIAGR,, BEE B2 24 B 16 sl Dk ks 1
REAE Y AT T S TR A 56 Hh B I PR 5 5
18 B I ok e B8 A 20 P A5 R R 1 Al 5 58 3 . IE
55 BRI LA B R HILEE S 45 5 TG B2 B
A R SR Z2 R 2 G il T Bof e Sk &
TR —sh PRI A5 G e PR 5512 e BRI A 52 P
HAANEG E PR AT SE VR R, S H A S K ok A i Ak
PRI AL A T RS 455 IARHIE ST, Sk ok A
Rl P IR A A T LA 55 R IR S 119 3 Jik
Vi =0 B O ) 1 1 i R T 5 U
TR R IR AR IR | B A SR AN s 2 B s T

TR A TS, A T DAGE 3 175 5 IR ASE AL 1Y) )
B PR A TS N R R ST, SR, 3
Wy ity ZAAR BT 22 S T 52 B S ;AR AN [ XA )
TRFR AT i i 1) 20 40 el ST 20 ok ok A REE A 8 2 TR A
B ARRATAT IR T B MBOR AT

TP BEAHRAE AT, ZHRE G
HRIESS & sh PRI Rl T P4 B2 % 2% 0 HIL il v
BE S0 R 2R, BUA Y9 A5 AL R v B A 6 B 2L A
MR, BRI R TR 22 MBI 7Y R B R Ol
H H AT Z 58— ML A IE LS & 3h Y BB bR
Y BREIIPR 2R 2 75 AR o A5 R 1% 5 A o B Al o
B R (B KB BePE R e A e, LA S Asi Al
AR T REPE AT R] E AT M A S BRI, (A5 Bl ik i A
AR AT IR 1) 2E ) 2 B ik S sh W) B R 3R AT R Gt
FUMVEAL . 456 ST IR S5 IE 9 28 W PE AN
BhR LG B3 bk ok AL 4 2 W BB S R
SEAH SR ¥~ LR ) 0 5 LR A2 2 | LA P B2 2
A S 4 27 S5 46 B T BE A2 2l JDk 985 B8 Ak 9% 5 Tk 1Y
BEAARIERR , PR R B T 5 B NTES %
WA o SR, L] X B UE B AT 1Y) 2 W R AE S
BottAr A, S22 16 R B AL YE AL L & WAL S bm
WEAAT 2 FAT 4 IS Bl it 2 18] 85 ) i e i xfe i, 5
Z RN L Y B Dk o8 A B8 1 58 B IE B ) 45
TR AT A 22 2 v 5 24 B 3 0 i I 4 95 5 T 5 Y
oA, TS R 2R € A D O 2 K Bl g b R 2 e
] FE PRk
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[ Abstract]  Since the first space flights, the number of hours astronauts spend flying in space has increased.
Studies have found that the weightlessness of space causes physiological and psychological changes in astronauts that
influence their physical health. To explore the mechanisms of these effects and to identify reasonable countermeasures, it is
essential to establish effective experimental animal models for simulating weightlessness and conduct in-depth studies. A
successful weightlessness simulation model should mimic the changes that occur to major systems in humans, such as
cardiovascular, bone, and muscle, due to weightlessness. This paper provides an overview of the existing ground-based
weightlessness simulation models and related research to provide a rational strategy for the evaluation of weightlessness
simulation models.
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Progress of hyperuricemia animal model research
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[ Abstract] With the development of the world economy, people’ s lifestyles and dietary structure have changed,
and the clinical detection rate of hyperuricemia is increasing year by year. Hyperuricemia has the “fourth highest”
incidence after hypertension, diabetes, and hyperlipidemia, and its incidence rate tends to be higher in younger people.
Therefore, the establishment of appropriate animal models is an important step in studying the pathogenesis of
hyperuricemia and preventing related diseases. In recent years, extensive literature has been published on the establishment
of hyperuricemia models. We consulted the relevant literature from recent years and summarized common animal models;
we summarized the method for increasing the source of uric acid, inhibiting the activity of uricase, inhibiting the excretion
of uric acid, and other modeling method. This paper provides a reference for the study of drugs related to the treatment and
prevention of hyperuricemia and method for the construction of hyperuricemia models.
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Table 1 Types of animal models and their induction methods

BT G R YL &R TEAH I P A FH
Molding method Animal species Modeling drug Modeling cycle  Usage and dosage Performance
2 2R Y e+ 5 2R 1 ) UA XOD T,
Hailan egg Yeast and high protein 30 d 400+200 mg/kg, p.o UA, XOD increase, renal
chick food damage[ ]
Wbk gay R AR R 20% + 20% + 10% + UA Fri5'"?)
MA . . Yeast, beef, clam and 60 d . [12]
ale difac quail aoybean 10%, p.o UA increase
B bR e [ 13]
MR @SR UA % KRR, b
. . - FEEEY Increased UA, joint
Increase uric acid Male white . I 70 d 19.11%, p.o . . .
. High protein food deformation and kidney
source Henley chicken 13
injury
M WA By TR UA Tt
Mice Bisphenol a diet 36 d 300 meg/kg, p-o UA increase- '
/ML IR . UA .Cr,XOD ADA b5
. S 7d 250 mg/kg,i. A N
Mice Uric acid e 1P UA, Cr, XOD, ADA increased! "’
. . UA JH i, W 105, 2 40 e =
MEMERRAE o W 2 . -
Inhibitio inhibition of R RN 28 d 75 mg/kg, p.o i .
I . . Mice Adenine Elevated UA, renal injury,
uric acid excretionuri . )
inflammatory cell infiltration
AN S | UA TS
RS Mice Potassium oxazinate 7d 250 mg/kg, i.p UA increase! 6}
T PR TR Bl
Inh.ib.ition uricase a of GLUT9, ORATI F &, ABCG2,
activity . I, OAT1 NPT1 mRNA R[]
ﬁ‘lﬁi ffﬂf‘!ﬁ Casinat 1~2h 250 mg/kg, p.o GLUT9 and ORATI increase,
e crassim oxazmate ABCG2 OATI and NPTI mRNA
ecrease!”]
ML SRR + RIS UA \BUN Cr T, B 145>
Mic Potassium oxazinate and 21 d 200+5 mg/kg, p.o UA BUN and Cr increased, renal
1ee adenine injury[zz]
= 2y vfr [ A
- SRR+ LIRS 2 [ 23]
]/\j[\fﬁ Potassium oxazinate and 10 d 300+300 mg/kg, i.p UA ?:hﬁ“ [23]
ice hypoxanthine UA increase
A S B+ T 44 . .
N f”@‘?‘ﬁ”ﬁ"@%f”Ti 54 300+100 mg/kg, i.p+ UA T3, 4512
Rat o.tasswm oxazma.te an 8.3 g/kg, p.o UA increased and al inury[2)
wric acid and sardine s increased and renal injury
5 85 A : - LBT 2 e e[ 26]
fj{(ﬁ ?{%dum"]? +ﬁ¥du ) 35d 100 mg/kg, p.o UA II " %bﬂ{t (6]
at enine and yeast UA increased and renal injury
D=1 [ 1Ay B 3 .
SMIEES g BRI R+ TR AL 100 mg/kg+10 g/kg, UA.BUN Cr 752"
Induction by multiple Rat Adenine, yeast and 8d +25 mg/mL, i . [27]
methods a sodium urate p-0 mg/mL, 1.m  UA, BUN, Crincreased
oy o
N BRI+ R A, T, UA T,
KL S na 0% porSOmghe, (B0 wel Li
Rat High fat diet, adenine i. g+100 mg/kg, i.p ianey injury, - toe swe e,
and polassium }’)isulfatc ’ elevated TC and UA, calcium
P depositianLZSJ
= =RE o [29]
L BRI + L T R 15d 50+100 mg/k 0 gﬁ }I;rr:“r;ijm(i ’_'\:'Ji\th little  renal
Mice Adenine and ethambutol 8: P 9] c
damage
KR SRR -+ NaCl ML 7+ I 4 417
Rat Potassium oxazinate and 42 d 2%+0.125%, p.o Elevated blood pressure and renal
NaCl interstitial injury[m]
KBRS +JH AR o[
KR H)’pOx;m?hine plus and 30 min 100 mg/.kg’ p-o+80 UA Thgt
Rat mg/kg, i.p UA increase!*"

nicotinic acid
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L 7 18 50 3% M 1S I 7 KG S G 2 B AR
B TR, W b B A0 2 B S B B R 7, X s
RAEAML R 52 I BMARTE IR b R BB, A
WF5EHE I8 T e IR A5 5 S 1) 40 781 7% 157 PTG S
PRI 5 R AR B 40, X 55 AR 95 993 %% D) A
SRR 2B A 1N 4 T B0 E W S
U, W3l B s 52 450 5 3500 W 1 TR A ) 3L T BB
PR IMAE % 975 9 PR 25 305 47 OF o 3 2B 9 B 8 ik
E S5 w8 PR IR AE B HAR SN A B B VI B R,
Wang 457 159% ) 2 SRV TR 37 BALB/ ¢ MEPE /)N
SR LA i e DR R IMTLRE B 7Y | 7 S 46 v AT LA 2 B I
UA, XO & % F & ™ i o W IR 2
(lipopolysaccharide, LPS) 7K T, & 508 1 56 A
S| i T8 TR RE O IR R v PR R INLAE 1 S B R
Morimoto %' 7545 K BRI M & A AR I &4, 8 JH
Ja KB ABCG2 MRk 7E [nl g vh 1 JRER T, %
BT [0 2 bR BRI v R L, 2 v
W& e Bl ) T £ TR 7 S 48 3 s DR R I 49
91 1 T 22 PGB P TR B0 TR R, A AR
WP N R R AN S RN, IR T, PRI AR
SR P ) 1 38 B AT LAV s 5 5 DR IR 1M A5
Rk,

3 {&ShmRmAEEEY

M T A & 22 5%, HAE H sl e il
T BEATT 5 PR IR IMAE 25 1) oA R I v | 8 R AR
S Jey BRA: , 40 SR R A 52 B0 24 490 A v 30 0 3k T4
K2 TS, [ B SCRE ht Go s P55 7Y fip 2t > 119
JrIBRAE U] SRk 2 A A >k B R AE A, 451 4n, #4411
AR RI A LS AT 4%, JC T R B It A v SE Y vl
A PER S 38 AT DL BT S A AL R AR L 2
H AT, 5& T i PR IR ILAE 1R &1 41 i Y SCRk E 38 A
Z IR AN MO TR L L 1 3h W 14 1 A AR TR A
i F R R PR IR 25 40 , Sk DA A TR 1Y) g Sy 2 AL
(R 1) XUPREET AR JE 40 e A A, DR R A
BRI AR ) o B R 15 5 0 ok S 7 R DR TR IR A%
SRR | RS R 20 25 T — 8 BRI TR, 1E R A
TR SR AL 36 h S N E IR AL EEIE E 12 h
S, A EBCE FfL b T I R TR Wk B, 5 R B R RS A 4
) JR IR A B W S w8 T TE B 4, 0 D A R e B st
[B)7E 2. 5 mmol/L 36 h 7] LA .3 i A T4 i =
A JRIR ., 2R 40 SR N % Ik I PN iz 44 i £
RWFFERT G, AN TR B2 1) R 1 %o N 5% i Joik A 287 PN

FZ UM AT AL B e PR T A [ Ve B 1) R R % e 3R
FEH F--o ( TNF-a0 ) 5 5 1) PN B2 400 D 4% RE s 7 1) 5%
Wi, 24 PR R ¥k #E 200,400,800 wg/mL i, A JBF &
Jik PN B A ) 36 B8 R R, Hou 86l G 3%
P4 I & BN B 19 30 s /N R A R (HK-2) AR
HRE T HK-2 20 A A RS A 0% JULH 0 0 I
W FERRTE N 2.5 mmol/L M 1 x 107, 75 1} ]
430 h BT (R PRI IAE 4 A 7R

4 i

AR bSO 8 2R v AT AR R b
PRIR MAERAY A 205 4 BT A & 2 B i
TR FEEAN TR 45, & J A RIR AL 75 i 5 2R
A AR Ak i 17 P 1A SIS A A B AR A 5 T Y
AR T E e, R B2 a5 .
GO RE THOR 25 AT 5T & AT R
NI T PR IR A T 410 ) B 1 I 1% | 4 o PR R
R AL P D K I P T R A O T AT R L AF
FEAE TTARE AN [ (8 55 5 2 18 R 0L Y 38 807 12,
TEIX A3 A v B2 3 2 W 1 g BRCIR L, 205 245 1 57
TN K, 45 2 5 PRIR KV I DR 582 i fe 1 30
AL G B, A, BE 2 A0 A 8 R BRIz
FH, R R LR AR S 240 e 455 B B A ] i 5 4 g A
S W I IR EE SO I8

IR EASFING I RIA AL BB RS
NERF R ZE R RAE S — T A2 2 1 BRG], Wik
AL PRI NS A 7 T 5 N TR], RS 4 i 5
TSR AT DA o 25 W 0 B e R0 (HAR RE SR 11 T g
AL S W B Z A HEVE , 259 WA SOvE ML A 75
BAES PRI R gt — 2D R E T AR BT ST AT]
A2 W52 X A ) ke 3 57 v PR TR If S AR AR
LBy fo R ), B 2 £ 7 B B R e, 5N
PRLELAT [R] e , R T — S8 % 78 S R R TR 41 15
Z )53 FAILH A IS ) ARt X 55 PR 2 i A 7 24
A v U A T R Sh R Ak JE AN R K
K N ey N g B 1% B AR 2 S AR Y
BEAY SR, I 28 5 T ) 1 A0 B IR A 22
TEARIAIT T rp iR A AT 1E © A7 19 J7 125 B6 Ak
AR DT SR AR B BT A SR

2 % X #k(References)
(1] R, #h, JHWEMT, 5. I8 KU PR R L 45 & 1297
ER [J]. PEEZRR, 2021, 62(14) ; 1276-1288.
Jiang Q, Han M, Tang XP, et al. Guidelines for diagnosis and

treatment of gout combined with hyperuricemia [ J]. J Tradit



118

R E SR B2 A 4R 2023 45 1 A5 31 555 1 Acta Lab Anim Sci Sin, January 2023, Vol. 31, No. 1

[4]

[9]

[10]

[11]

Chin Med, 2021, 62(14): 1276-1288.

BEie, B7p, WK, 5. P BEZSEIRYT e PRI ILE AT
FHERE [1]. LT PBESRE, 2020, 47(3) : 210-213.

Duan HF, Duan L, Xie ZH, et al. Research progress of
hyperuricemia treated with integrated traditional Chinese and
western medicine [ J]. Liaoning J Tradit Chin Med, 2020, 47
(3):210-213.

Johnson RJ, Bakris GL, Borghi C, et al. Hyperuricemia, acute
and chronic kidney disease, hypertension, and cardiovascular
disease ; report of a scientific workshop organized by the national
kidney foundation [J]. Am J Kidney Dis, 2018, 71(6): 851
-865.

bk, FER, sk, . 98 KSR T A R 5T IR e
PER [J]. BEAELEE, 2021, 27(12) : 2397-2401.

Jian GL, Qing YF, Zhang QB, et al. Research status and
progress of gout animal models [ J]. Med Recapitulate, 2021, 27
(12): 2397-2401.

R, Tz, eV, R KR AR R 1 2 ST X DR TR
AR BERE ()], T ER LA TR RS, 2021, 37(7) .
1283-1294.

Wu F, Wang L, Li HT, et al. Establishment of hyperuricemia
model and research progress of uric acid lowering drugs [ J].
Chin J Pathophysiol, 2021, 37(7) : 1283-1294.

XIDERE, REAIL, A, 45, AR AL FR /N B AR R R
MIERERA S [J]. BARA W BEEE R, 2011, 11(24) .
4824-4237.

Liu XY, Zhu XJ, Guo J, et al. Effects of different strains of
mice on the modeling of metabolic hyperuricemia [ J]. Pro Mod
Biomedicine, 2011, 11(24) : 4824-4237.

Wi, O, R, . R R R INLAE SR T Y ST R
REFT [J]. Sl 588, 2000, 2(2) : 6-9.

Cao KG, Zang LX, Tang L, et al. Establishment and application
of hyperuricemia animal model [ J]. Lab Anim Sci Adm, 2000,
2(2): 6-9.

ARG, 200, skik, S Bl AR AR A BIF 5T 0k
[J]. ESEYM, 2017, 25(5) : 572-576.

Lin Z), Li F, Zhang B, et al
hyperuricemia in poultry [J]. Acta Lab Anim Sci Sin, 2017, 25
(5): 572-576.

TRHEIT. BRI 7% s R A R BRVE IR A9 B 9T [ D).
LT WTHEZRS; 2018,

Shen GQ. Study on the mechanism of Jiangsuan recipe on

Research progress of

hyperuricemia rats [ D ].
Chinese Medicine; 2018.
BOESE, sRBEAR, THRTT, AE. R REE0N B R IR I AE AR Y
(1], hEZHEAEHR, 2003, 19(4) ; 467-469.

Chen GL, Zhang QL, Ma XQ, et al
hyperuricemia model in mice [ J]. Chin Pharmacol Bull, 2003,
19(4) : 467-469.

BIRTE, fLIE, JAZEAE. A BRI L AR 14 S S B i R e
XA IMHIE R [T]. hE B4, 2014, 34(8): 1345
—-1348.

Liaoning: Liaoning University of

Yeast induced

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Zhao 7S,
hyperuricemia model and its inhibition by allopurine [ J]. Chin J
Vet Sci, 2014, 34(8): 1345-1348.

By, A4 xR R A T S 0 20 2 SRR ILAE K% i 10 B
BLRZRATS [D]. dbat. JERUREARE; 2018.

Cai M. Effects of chicory on hyperuricemia and intestinal barrier

Kong T, Zhao BH. Establishment of chicken

damage in quails induced by non-homologous bait [ D]. Beijing:
Beijing University of Chinese Medicine; 2018.

Hong F, Zheng A, Xu P, et al. High-Protein diet induces
hyperuricemia in a new animal model for studying human gout
[J]. Int J Mol Sei, 2020, 21(6): 1-23.

Ma L, HuJ, LiJ, et al. Bisphenol a promotes hyperuricemia via
activating xanthine oxidasel [ J]. FASEB J, 2018, 32(2) . 1007
-1016.

Molbse, INERE, 0K, . /0 U IR IR LA A5 2 A BT 5
[J]. "PERZGEEE R, 2001, 17(3) : 350-352.

Chen GL, Sun XX, Wang QM, et al. Study on mouse model of
hyperuricemia [ J]. Chin Pharmacol Bull, 2001, 17(3): 350
-352.

R, sk, FAEME, A M SR AR Bl R R R
MEERGPRER (1], SLNBERIR 2244, 2021, 46(12) .
1404-1408.

Wu LQ, Zhang XX, Cai ZL, et al. Protective effect of volatile
oil from alpinia officinalis on hyperuricemia in mice []].
Guiyang Med Coll, 2021, 46(12) . 1404-1408.

HOU, BRER WA, 5. SRR 0 kT X
Xt/ RER IAE AU SR [J]. R RIEREEEZ, 2017,
26(5): 52-54.

Huang YH, Li XX, Pan QD, et al. Acute toxicity of alcohol
extract of celastrus angustifolia and its effect on hyperuricemia in
mice [J]. Chin J Etho Med Ethnopharm, 2017, 26 (5): 52
-54.

ERRZE, 2V, U, S AR EUN B IR R
MUAE SIS TE A4 [T, 2250 5 R, 2019,
35(1): 176-180.

Wang CY, Li ZL, Ye YS, et al. Study and evaluation of acute
hyperuricemia animal model induced by potassium oxazinate in
mice [ J]. Pharmocol Clin Chin Mater Med, 2019, 35(1) :176-
180.

FOAE. EHIAT R SE O JRER IfLAE K B SUA (XOD (ALP
RS2 [D]. dbat. deatrhBEZR; 2017,

Wang XY. Effects of acupuncture at Shu, Yuan and Mu points
on SUA, XOD and ALP in hyperuricemia rats [ D]. Beijing:
Beijing University of Chinese Medicine; 2017.

WREME, BEHETR, ZRUL, A5, R IR R AR IR ) VE v PR IR 1
ER BRI LR (1], ScsashPrRler, 2011, 28(2) : 23-26.
Yang GM, Huang SH, Li J, et al. Comparison of adenine and
oxazinic acid in hyperuricemia rat model [ J]. J Exp Anim Sci,
2011, 28(2): 23-26.

SRICHE, H o, B, A TR B 20 W R R X iR e
V5 9/ U IR IBR MU S BUE T [T]. RIS 7
%, 2016, 28(3): 433-437.



TR E S B2 A 4R 2023 45 1 A5 31 %6 1] Acta Lab Anim Sci Sin, January 2023, Vol. 31, No. 1

119

[24]

[25]

[26]

[31]

[32]

Zhang DY, Xiao W, Tao YX, et al. Antagonism of Laminaria
fucoidan on adenine induced hyperuricemia in mice [ J]. Nat
Prod Res Dev, 2016, 28(3) : 433-437.

Wen S, Wang D, Yu H, et al. The time-feature of uric acid
excretion in hyperuricemia mice induced by potassium oxonate
and adenine [J]. Int J Mol Sci, 2020, 21(15) :51-78.

Li Q, Huang Z, Liu D,

et al. Effect of berberine on

hyperuricemia and kidney injury: a network pharmacology
analysis and experimental validation in a mouse model[ J]. Drug
Des Devel Ther, 2021, 15(32) ; 41-54.

Chen Y, Li C, Yuan X, et al. Curcumin attenuates potassium
oxonate-induced hyperuricemia and kidney inflammation in mice
[J]. Biomed Pharmacother, 2019, 118(10): 91-95.

Dhouibi R, Affes H, Salem MB, et al. Creation of an adequate
animal model of hyperuricemia( acuteand chronic hyperuricemia)
study of its reversibility and its maintenance [ J]. Life Sci,
2021, 268(11) . 89-98.

Li H, Zhang X, Gu L, et al. Anti-Gout effects of the medicinal
fungus phellinus igniarius in hyperuricaemia and acute gouty
arthritis rat models [ J]. Front Pharmacol, 2021,12(8): 801
-910.

Liu X, Lv Q, Ren H, et al. The altered gut microbiota of high-
purine-induced hyperuricemia rats and its correlation with

Peer J, 2020, 8(1) . 86-64.
Niu H, et al

hyperuricemia [ J].
Liu Z, Chen T, The establishment and
characteristics of rat model of atherosclerosis
hyperuricemia [ J]. Stem Cells Int, 2016, 2016(136) . 52-57.
MR, DU L, RS, A /N R PR R I A AR Y A T
FONEARTHAER [J]. PERKEREEZ, 2011, 20
(18) . 48-49.

Lin YX, Ruan JS, Fu HL, et al. Establishment of hyperuricemia

induced by

model in mice and the intervention effect of Xiaochunhua [ J].
Chin J Etho Med Ethnopharm, 2011, 20(18) . 48-49.

Mazzali M, Hughes J, Kim YG, et al. Elevated uric acid
increases blood pressure in the rat by a novel crystal-novel
crystal-independent mechanism [ J]. Hypertension, 2001, 38
(5): 1101-1106.

PR, BMEEE, WOEAE, 45, R XUZ 2800 o IR IR MLAE K
S PR KPS ) SE B BE 5T ()], KRB R R0
2007, 23(2): 8-9.

Chen XZ, Huang XW, Ou XY, et al. Experimental study on the
effect of tongfeng’ an capsule on serum uric acid level in
hyperuricemia rats [ J]. J Changchun Univ Tradit Chin Med,
2007, 23(2): 8-9.

W, WEM, 2850, 4. Uox BEIRERR A % 1 IR 2 I
FEXT /N LA I B VA BRAE AL I [ ] v P

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

SRR, 2019, 29(11) : 71-77.

Pan MZ, He YW, Li HL, et al. Effects of Uox gene knockout
spontaneous hyperuricemia on body weight, blood pressure and
blood physiology and biochemistry in mice [ J]. Chin J Comp
Med, 2019, 29(11): 71-77.

Jie L, Xu H, Xuan Y, et al. Knockout of the urate oxidase gene
provides a stable mouse model of hyperuricemia associated with
metabolic disorders [ J]. Kidney International, 2018, 93(1) .
69-380.

R, IhaR. BT TR B TR v R R ILAE 1 BIF T A0 R
[J]. ik, 2021, 33(2) . 214-217.

Zhu XX, Sun Y. Research Progress on prevention and treatment
of hyperuricemia based on intestinal flora [ J]. J Snake, 2021,
33(2): 214-217.

Cani PD, Amar J, Iglesias MA, et al. Metabolic endotoxemia
initiates obesity and insulin resistance [ J]. Diabetes, 2007, 56
(7): 1761-1772.

Xu D, Lv Q, Wang X, et al. Hyperuricemia is associated with
impaired intestinal permeability in mice [ J]. Am J Physiol
Gastrointest Liver Physiol, 2019, 317(4) . 484-492.

Wang H, Mei L, Deng Y, et al. Lactobacillus brevis DM9218
inosine

[11].

ameliorates fructose-induced hyperuricemia  through

degradation and manipulation of intestinal dysbiosis
Nutrition, 2019, 62(11) . 63-73.

Morimoto C, Tamura Y, Asakawa S, et al. ABCG2 expression
and uric acid metabolism of the intestine in hyperuricemia model
rat [ J]. Nucleosides Nucleotides Nucleic Acids, 2020, 39(5) :
744-759.

XPE, AR, BRI, A v DRR I AE 20 B A T (g 4 2 K
TERRPRFRIK G 2 ey 2 AT (0], BN E SRR, 2017, 33
(8): 72-79.

Liu D, Ren JY, Liang M, et al. Construction of hyperuricemia
cell model and its application in the screening of uric acid
lowering peptides [ J]. Mod Food Sci Technol, 2017, 33(8):
72-79.

TEARTE. W IRFRAT TNF-o 1755 (14 Y B 20 M 8 AE S 14 5% 1)
KHLHIBESE [D]. 7M. BTBERIRY:; 2017,

Li QL. Effect of high uric acid on TNF-a Effect and mechanism
of induced inflammatory response of endothelialCells [ D ].
Guangzhou : Southern Medical University; 2017.

Hou C, Liu D, Wang M, et al. Novel xanthine oxidase-based
cell model using HK-2 cell for screening antihyperuricemic
functional compounds [ J]. Free Radic Biol Med, 2019, 136
(20) : 135-145.

[KF=EHHI] 2022-05-30



2023 4E 1 A o [ 5256 Sh P A 4 January 2023
B3E B ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 31 No. 1

AT, RS, TG BRI B K IR 7R B AR SF Sh R ch B 5O [T]. P ESEE s Yk, 2023, 31
(1): 120-128.

Diao HQ, Zhang J, Wang M, et al. Application and evaluation of the modified multi-platform method in animal model of sleep
deprivation [ J]. Acta Lab Anim Sci Sin, 2023, 31(1) . 120-128.

Doi; 10. 3969/]. issn. 1005-4847. 2023. 01. 015

R B2 G 7K IR B 7 B IR ) 25 3 4 4 8 o
A5 PEH
JAE R T REE AR A B

(1. At EZ R = E B, At 100029;2. b nt s i IX 48 = Bz, At 100121)

[BE] BEMNZEEKREEZ (modified multi-platform method, MMPM) B 55 5 2 2 5 /K M58 16 & Jre i
ke, H T2 H T il 4 BEAIR 25 (sleep deprivation, SD) Z4RRL, 5 575 LI 21 5 /K FR AR L, MMPM 7] 4
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Application and evaluation of the modified multi-platform method in animal
model of sleep deprivation
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[ Abstract]  The modified multi-platform method ( MMPM) is developed from single-platform and multi-platform
method and is mostly used to prepare sleep deprivation (SD) animal models. Compared with single-platform and early
multi-platform method, MMPM expands the range of activities that animals partake in and decreases the stress caused by
group separation and social isolation. Thus, MMPM can increase the social stability of SD animals. The advantages of
MMPM, high simplicity and applicability and low mortality, contribute to the popularity in preparing the animal model of
SD in China and other countries. However, many experimental factors affect the modeling effects of MMPM, resulting in
uneven modeling effects in different SD studies. In this article, to improve the stability and reproductivity of the
experimental SD and provide a reference for further, the specific application and evaluation method of MMPM in SD animal
models are reviewed.
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P 2 24 47 AL AR it e K v X o 28 28 49 1E 3 2
REWAAN AT /0 1) A B Ao A i AR 381 35 X MILAAR R K
TR TT AN T RE S5 AT T A 52 ), 2 22 R pl 48 R
GG I UL FE R PR 3R ik HE T 5N 2 R R R <
(sleep deprivation, SD) AHLL (1) Bl P A B R AR R H &
B B2 BIa i AR o AR B R B R i P 1 3 30 MR B
12 ) R R R B 45155 0, N 288 T B BIR 71T 3 Ry AR
IR 3l (non-rapid eye movement sleep, NREM ) FI
MR 3 (rapid eye movement, REM ) Wi isf A | H:
H REM BEAR PR S AHBEHR , 5 AR89 2% 21 il
1B NEE EREEA BV R, Z W S g b w
Bl 20 B IR AR, R B 2 F B K B8k
(modified multiple water method, MMPM ) fi f& 3] 2
REM R B ) — i T 58, S I AR 230 as 8)
YT IR KA T VAR L, MMPM. S A7 {8 517
17 HL2h ¥y 0 58 T2 A8, BA B m i ] 42 0 i
PEo ANt AR SELE S ) b AR | B HIR %1 <5 1) )
B HAE 0 IR 2H KA AU DY 45 O T Y 3 R AR A 22
5 ,MMPM [ IERRACR S 22455, R dd & MMPM i
£ SD FIRL Y AT R M R0 AT A AR SCEE D L A
JE HEE MMPM 7 [E] P 4/ IR <5 9F 5 Hh A 1oz HH 2R
INWSIEE UL PSR e S
1 FEKNEEEERRSFHIPRE
RHIM i

HOSE G OK B, PR B AL 203 (inverted
flowerpot method ) , & SD 2l 9 # A4 v fz A FH A9 SF
BKEREE, 1965 4F, Dement 42 ) YRS AR A ik
EAEBRDE KA oA P b AR BIZ T i BE R 5 A
(Y BEHS ; [F)4F Cohen %51 7K A8 i (1 47 B 5 45y 1
EAEAE, MAEK B S it A REM BRI, 23 4
B JIUSK T B, B4 K 22 P oK T e 1 Bl
PR E B bk AR, W0 dL G 3R 5, ] 5k 2
F|ZF REM BEARHCR . ik, KRB - 508
AR T Sh s S L T ELSE I TR S
RN, A FIWHE AR R L 5 SD [ &R REAK
TSRS B ) A BT, 1981 4, van Hulzen
S REIZOKA RO BRI 4 A TE R UE RE
HRRZFROCRAY T3 T, 97K T i s shia i, H
ST R ISR A TR 40K BB & T AN TR K 46
AN ] IR BE A B HR 3 25, X ] 84 o 2 P ) s A Ak
RS, I WE I X - 5 7K 3R 58 25 2R A7 #E ik
g, BV SCHR B R R 2 B K Bk
(MMPM) , MMPM 287684 BSR4 7 £ 1Y [F]

B0 sh W g, i R 2 sh WA WL O A TR — K
FERIZF MR , AN RE I /IN AL P9 B s AR 22 5
L RE RT3 B 7ty Sk 14) IO 38, Ay B I o) 25 0F 9 44
PEAR X RS E (1) Bh AR A
2 MMPM 7ERERR R Zsh W& B Y
=0
2.1 ZIThIMERE

VPRI 19 52 56 30 4 2 M B SR 25 S 56 P G
B R 5 N A R B B A 45 4 1 3
RWFFERTGE, SD sh iR n] H Y i R L, Il
BRR B R BE ) 0 4F (HFE MMPM #5721 SD
Rl R EURT/N B A, HoH Sprague-Dawley
KRS Wistar K BRE L ICR ) B R0
CS7TBL/6) /NE 'V (I R 78 12, H 5 A4 25 A1
U AR ZS 4, L R T T (R 1) . S
BT i PRS2 MMPM Hp 75 22 2% R Y 55 A B
BRI RS [ Ak AP RO A B T e
BRI, & PR TE UG SD Ay s i Pl s Y ik 4
PRI IR RS B 22 0 RE sSAHAE (B E BT E RS SD
FHOC S5 22 LUMERE O BT 98 X 42, 1 B 2 00 3
E 2 PO SRR A I B A ol S 4
WAFAEFL R B 2y, AR 2% 5 0 38 e > 44 o B
0 e = Stk S A ) B R SR 2 IF 9, T RE 2
A PRl 36 2R IR 25 9 1 7 AL s s m 25 i AN R
J IV A A 2R 7 S O 5 e A A 7 e B 321 2 A
e Y A, MMPM £ D) RAE B BIFSY
Mg, KRR AR Z R 8 ~ 12 A, /NRZH
6 ~ 8 Jiil , TR 1 e R 2 B S5 S A A K, AT
T SN LR RIS . A R s T2 R
FARR ARRAPEL Y 2 B B AT R AR IR T D
AP HIR B A HIR Sl A 78 | S T W 8 B4R 2 IR X
FARM M ) LK T /045 0 AR A b 2 B A
FRASAL XTI IR AT 2 IR A8 7= A AL B IR 97 i
RAEEME,
2.2 BEERFFINEANEZE

e I 5 o L A ) ) 7Y A, ' R R 4
RENRABF I P ZLOCTE M E N R, 2L 7Rk
FH MMPM il & SD AR, 234 5 52 56 % JF A (1))
MR R, 36 4% 12 h G 12 h Bwsak 14 h BB 10 h
BT A S R HE R O R T A B0 4 B IR 11
SRR T REAR S5 1 S 2 #E A 24 h IPOGAT
T BEREM ARG BRI s R T MMPM
PRIl /L Sl 1 5 B G FF [ L ) AS 3 A IR — S TR
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AR A B AR 1 2 SR BB A LR, IR B R AT 5
YA RERR 75 MMPM SZ56 b | 75 545 5 OC I i HR 1
2R KA AR, TR0 A 3R AR DG SCHR 2 R 4 A
XK &, ATRE R K IR X — R A5 REM,
B BEAR AT A2 I B S 06 ik i 58 35, A ok
MMPM H 7K a4 6l 1) ) AR 8 T 20, BF 5 i i —
L EAE (24 £ 2)C, BVRMTF , 5P 5255 % 1 i
JERSFIN, FEE, Sh YA R R B K i 2 15, T
VO IE B 1) F7 H1340 2 B B R 25 41, R N AR iE sh 0 3 72
SRR R OK 2 MMPM Hr i ok — g B HE T
W AR 27 /KA A TR, sh sl - & 00mT B ik
YOK R ES LS S i BRI T A, 1t
Ah, MMPM 5 22 /NI 58 2 500K 1 o 46
MR Z5A46 TH A7K A I HR AR X35 it P S B P
2.3 FAEXSHNHE

MMPM 5 21 1) S5 56 15 £ 650, 975 B HIR %1 <5 7K 48
FIE A6 TE A K A6 P oS 35 | 1RDREEE 95 Sk
M, BE, A F-HGE MMPM # 5 s ik iy £ 2 T
HOVFE8S B sl SFE M ER AR
GBE )R DL ST 15 55 7K T A9 B 25 2 AT 5 i) a2
o IR A SRR Ok 2 R
S 1 Tr) 25 8 K SRR T7) — 7K A6 08 4 B RSB 2, 7K AR
IS & H0E H R s 2 570 e R BE
P R GBI TE S AR & a2 0 S
2, HR,C FEMERR KRERZSFEmEN
P , KBRS 57 & m AR (80K, REM
MR IR /D B I S o Y ERAECN 1 LI S 5318 i e
MRz B8 2 el 10 : 1 (R Bk T Y
330 g, FHEHAN 6.5 cm, FEERMMAHN 33 cm?)
AT SE4RIZF REM BEIR' T2 B AR 31 25 S 56 oK
SRS RN S50 ~ 6.5 em! ™2 JNEE
HFEEHA N 3.0 ~ 3.5 em™" SEGRIEE L sh )
REFEE-A 18] A H ke, (ER BB £y 5 PR AF 5 oK A
G AR R B, K FRBT 6 B HIS S 234 TP A9 F 5 9B
PR EHR 7.0 ~ 10 em™™ NRIW 25 E
M50 em' " BT EE A, G H K
i1 ~2em™  FEABHKESZ, shPfEsEA
REM R R B A A 57 — B[] kK i o i, ELAS A1 F 3
WAKIG IR G807 665 KA 2 0] 253
TINS5 7K IR (44 fl st 18], 3 BB A A 2 98
2.4 EEXNRBAILHE

K MMPM il £ B B R 25 sh g A 0 i % 3
PRI A R IE 5 % R, 5 — T2 587 /5 0 | 24

W T HR2H 20 1y 7 A 5 S A A AR LK B 5 vh 1Y) B
FEE(CREHAEY 15 eom™  NR: HRY 12
em ') -6 AT Bl M A B IS kK, SR IE
YRR, BN EIEER T 1 Rai, 5
AR5 1] 25 1 B RIS %) S5 AR U JE BT ™A 109 X6 AR
55 R R AR R 2 R R PR X B A B P
TE SRV AR FREE v () 25 ARk 22 ) I (st K
T 2 em) , 1% )7 i Fei4 IRl — K A v sl i i 46 75— i
AME, 5587 6 X IR L, A7 & 3 i At 2 E R
P, BB FRRIEX IR, AR KX A S T
HRZRAIEH, o 1% B A1 sh 9 A FH 422 flobr 5% 1 7K
BT, HAT 70 2 0 IR IR 2% 1, S0 Re 5 A Y 21 JF B TR
KERFEBXT R, 3 Bhoxt BE 7 4 0 35, T AR B F
5% H 0 B S50 SR A e 1 a2 RO A S XF
M MWHET TR F, R IEXT IR & R OE
PG 0T R U 2 X ERALR , 2 AR IEXT RS
SeFE X A G, ANk, 76 B P 25 HE MR AT 24 h
W,12.5 em 58 F G475 7T LA 2F 3 %) 50% (1)
REM"™ , FEFIZIRIR U5 4 24 h, S F AU 5%
GEX R LK BRUA TREE K A9 REM BEIR R[], 25 &
ZHR B REM 2080 B, S/ it [a) i A )
WL TE -5 41 5B AVZH B ) ] 1 R 22 55, 97 &
PRI RETEGE T 24 h DL FROBEIR # 5 &, I
G, BB ME G BT 5 24 h A REIR S &, &
PRAE -5 40K SRS REM BEE AR B[] 38 411 280% , 1 5
AR R REM i) B4 38 8 | 2R 58
A X R REM HEAR (1452 M 42/, af A SD A Al
FA IE % IR
2.5 EEERFIFEHCAERE
KGRI AT S Y, AR 2 &k A= 7E
R il ] A A ) e B 1 5 55 9 22 76 1 R kAT, 1B
Y)Y BE AR O E 4 78 FOR, A B 5E 7E AR AR
MMPM I 4HR (14 h/d,21 d) , KIS A E1%
SR RN, o B e R AT T X5 A
KRR 51 A RAF 25 0 FE A, (2 HAT
v TR S LU A 11 K 5 1 ) ] 4 B IR %1 < A5 A8 19 %4
RS AE IR LEOR MMPM 4 i 7E R BUR
[T, BEAh, MMPM A5 %5 i 19 AT 446, AN AGE
Al g 2k SD IR RIS ME SD BIALAY Hl A h A
BB ARH, AnATETA , A [A] i 4 A B 2% ) A5
RULH 555 HR 2 S fa] A AR 22 53 Y| Rt el i K
KM P FE T 10 KRS, PR B 2otk SD AR AL
S BT 24 h 19 MMPM, $F22emf [ 2 4 2 ~
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4d(WFE 1), BYE SD BT Zh w2 8 ~ 18 =l A = 7 oy
h/d AYRE AR5, #IFEHC T 12 hd # % T B 3 /1\\/[‘1\/{PM ERER R TR RE R
IR S ARG T 2 v & EF PO TR

FIGR K H ARSI, XA MEIR T 3.1 —RE1E

A TRTESE , o /0N 1 3 A 5 50 o 0F 9 2 I B ) 5% 0 Y — AR AE LG R T AR oK E
TEE TS SD AR Y & BT ERFLE21 d, FEHORE B AFESE, BT SD AT mshy
GBI A R 3O MMPM 7R il 48 SD 34 AT Sl RSt ], 134 58 i e Q) AR FE A R T R AR S
AR A A3 5 WF 5% H W B A ARAE 2 — YoungbloodfffL29J L g

F 1 MMPM 7E SD hHa b i i ]
Table 1 Application of MMPM in the animal models of SD

B FH A R IR )27 250 /1 FH A IR )27 250
2K Frequently-used parameters of MMPM Less-used parameters of MMPM
Type K /R K /R,
Rats Mice Rats Mice
S‘?-_/% Sprague—Dawley[s_ﬂ . ICRI-13) . Swiss Albino . BALB/c?7) N
raimns
Wistar'®~%] C57BL/6J 1416 Wistar Albino!*®] Swiss EPM-M1%]
3 .4 JE B4
A N [7,19,39] _ @ pE[12-13,40] SH A £ [24] [ e [ 38]
JEl 8 ~ 12 J4 6 ~ 8Ji IR B 4 12
Age 8 ~ 12 weeks! "' ¥1 6 ~ 8 weeks! 2134 3 ~ 4 weeks! 247 4 weeks! ' |12 weeks!
retired breeders!?*!
P51 Tt WEAET1O28T W A R
Gender Male Female''"?*! Male and female! "’
G (O %) ; )
| 12:12 10013:26] Ay .0[27]
Photoperiod ( light :dark ) 14:10 2450
Kl (°C) 29 . gal2741-42] 23 ~ o5l11-12] 19033 26 ~ 28014
Water temperature( °C )
S 2 T4 [10,31,43] [5] [14,16,30,38,45-46] [19] [40]
VB HAZ(em) 5.0 S50 300 . 7.010 15100
Diameter of platform (cm) 6. 041! 6. 5123,27,44] 3. 5L11.12,37] 8. L4 9. 5l15]
-4 [ H (em) 1001923287 5 olis] 4,57 7 o4
Distance between platforms (cm) 7.0L27,31.48] ’ 15. 0t%! :

10:4[23.28] 1 o7l41] .
20:81%#) 12:50400 12:613-4) 5:20100 6:504) 24 :5114]
12:8M) 20:120°

ﬁ;]zﬁjg,%] ,%%[50] ,

TSR

Ratio of platform to animals

I K R 017 3% EES/RAT ¥ S78 I EA S
Method of normal control Large plalfonn[g'43] ,Cage[so] s MMPM was not filled with water' >
Dense wire mesh!?474]
[24] [11] [27,51]
S PEIE IR R 24 h/d(2 4PHT 3 gl 0 o h/;()( L /dd 5 fmi 7 jufw .
Duration of acute SD 4 L2844 ) ( N )

18 h/d(3 d''?)

8 h/d(28 d[¥) 42 a1 #1y |
12 h/d(21 4P 30 4% |
18 h/d(21 4t %) 28 157381

M B HER % 2 P

Duration of chronic SD

20 h/d(14 4% 28 4147 56 41"y |
24 h/d(42 dP))

8 h/d(8:30 ~ 16:30'%7) |

12 h/d(8:00 ~ 20:00°*) 9.00 ~ 21.000%)) | 19 h/d(20:00 ~ ¥ H 15:00°0)
N 18 h/d(14.00 ~ & H 8.00°) 16.00 ~ 20 h/d(0:00 ~ 20.00'%°) 12,00 ~ ¥ H 8,000 #7]
REM B {3 25 i ] o ( [58] - o (7, 12] ( . (6] )
Time of REM SD W H 10:00°% 18.00 ~ X H 12.:00'" ) 19 h/d(from 2000 to the next day 15.00'°" ),
18 h/d(from 1400 to the next day 800" 20 h/d( from 0:00 to 20:00%) from 12.00 to the
from 16:00 to the next day 10:001%) | next day 8:001 4 7))

from 18.00 to the next day 12;00[7‘ 12] )
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XG55 AA KRR EAEL, kM5 F &6
A MR s 1 PR R T 5 K IR Bl
YR o (A R, ALY 52 ] MMPM il
Mk SD A (24 h/d, B E 6 d, L 7 ), N
3 JEIT 4, (6 U2 B R AR 4 K BRUAG AR R AR T
JEXT B ZH ; Turan %°¢" 32 Ji] MMPM #5720 1 SD #%
RIJ5 (24 h/d,3 d), & BT H 3 4 1) 44 = B S A1
TR TEF- 54, T 2 ka8t SD 3)
YRR MMPM 347 0] U /)N 5l ) 11 1R B 348 K % X
5 b B WA S R IR BRI T W A0 A AR A Y
WA, B2 5 sk MMPM 8 7 B B ) 25 5 #84
(12 h/d,21 d) 5, R RV B R T 4G B 4K
THIEE XA AL S S0 s o ik 555 % ™ i ) o o5 R A 5 1
W it MMPM i £ SD 2R (20 h/d, 14
d) , WEE R K Bk £ A JOK & 3 22 AR 127 i DR
14 A AT Sl A 457, s R LA B I 7 2L s
WS 5T #7184 SD (18 h/d,28 d) , R BRI 4
KBRS OT AT, 5 B, B WORDRS JCOG %, TR s
> MoK L5 ] UL, MMPM AR 8 50 4 1
—BARTE S R A T HL Bl Y e A AN (] B G
FIZF I AL RE B 5 42— 2, 1T BE AY i DR 2 B AR
SEIZFI I ) Al AR T, R sh k1, B 3 i
MR RIZE A 1 R, B4 B IR % 7 55, JE 1 H
Wk B, B A LR B — SRR AE , BT R
SD HERI A PEA K
3.2 BEGFED

AR B> M HEAR ] 2F 23800 sh
SV TS SR, T A A I s i B T s
B, 00 A VAl MMPM 3 25 B AR A0 2% SR, 5 % B
TR MMPM i 4518 1 B B S0 25 550 ( 20 hv/d,
28 d), K BB 20 K B o0 S RS s iE B i K 7
A 2 BE R, TG SR, ELTE Sl B O,
FORK R LA i, X #2500 3@ i MMPM F
e PEEIR 2 (18 h/d, 21 d) , T L 545 7
KiIdsk KB E FIESE O, & IBR 4 K AL
RIS PR BE 6 ol % A DA S BTG B i A 3 I 3 1
T, S R R IR T A BB L A
A7 O R FIRG 381 23 F 98 0 e B RU s SR, DA SR 3
$E78 MMPM W] 38 158 3 25 e IR e B9 sh % 09 B 3%
Bl IZAE R TR R R ST SD AR A A SR
3.3 kBt ZiHERIR B E LG

B LBl T e 22 2R G IR S
— e o WL M 1 S 3G O B2, 45 S 3 W G B E

S ARAEAN SD ABERY (4 il 2535 L BHAE S Ok
PR SR , B L S K 52 0045 7 ) DA R Bl
BT, T W R T S RO S R R B e
B VER DR 0T , R I s S 00 2k 1) s Bk 2 I s e
REBRRFZEE (], BRI AT 0 R F MMPM 3125 K B
EAR (12 h/d,21 d) i 56 B b2z B e I B ) 512 56
i P AU 381 25 A SR ) M G s AR s 1) 2 o R | B
BRFFLEm] a5 % iR 246 ), Bergmann 251 [a] Wiz
FH MMPM #5748 SD AR 3 o 13 B b 22 9 e IR
BIMR S & AR 20 A R A% B AR VR AR 0] B 3 K T
TEH AL T A AR A ) S TR AL, X S R IR A
TREBE PR X, B B B R B) S R 0 5 A AR A, 4R
MMPM il & SD FEH (R AL
3.4 FxER M

I L P 2 i A 4 FEL TG S ARG A B R 3 TR
TE BI04 2 Hh AR, ] i 65 T 8 0 1 e G
Iv1) B B R 235 4, 2 At e IR, 521 25 30y R 7 1) 45 28 2R
MR T H AR IR Bki2 2, M IR i e 18 T 43k
NREM F1 REM A, 10 e W82 114 I AR 235 44 F A 456
BEHE(WAKE) 18 9% BEAR 13 (SWS1) 18 I i iR 11
HI(SWS2) R HR Bl B R ( REM ) Bz H: b s e R el
6] B L, A BFST i@ MMPM 145 24 h 19 27% SD
RECRY iR F, W 0 2 A R 2 Bl A B R R A A
Ko, IR RE By )2 P s ) AU et M P 30 B IRk 52 30
T REE ] REM BEAR A9 S5 4% REM J& MMPM
FIZF Y E L MERR A, PRSI AT s H MMPM (12
h/d, 21 d) il 0 B R 25 A B, i A T 4 A
RIZH KR Wake 39705 0] i 35 389, NREM ] . REM
ST e AR S 18] 347 B 5 OE 6 IR 1El
LD ] F MMPM 42 d #2718 1 SD, il B 45
SRR AR R 2 K R0 S B RIS 8] S 4 T 52 28 % IR
24 {5 SWS2 REM NPT (5 b i 251K T 52 G %t iR
4, Bk U MMPM (24 h/d,7 d) 4% SD #
AU SR B SR HIR B ] A1 NREM 7 L3I T 1E
B W A VAR M R L) 3 e T E R 4L
ROV 5 RO AR B ST A 2R LA e,
MMPM W25 SD shsi R4t 7 Jrikds
4 Z5iE

SR BRI ZE IR T 5 A S B I
2 B FIE B X6 B 7 302 MMPM AR A i) £ F10F

W EZE RN R, BRI SR DL L7 A7 e
ZE5 AHALA R AT A, ASE R ] 4 T T A B R <
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)25 22 LA BUAR B BEEPE R SR B/ BRI X 42,
DIZKFREE b 1 56 15 55 08 1 57 A T 6 R S
ARG Y IR E AL B A E AT A M & H
&, BEAN, MMPM H % B B 3 25 22 78 1 R kAT,
H 2k SD YRIRFIHC B A 24 h/d 15222 ~ 4 d,
Pk SD MRIZFIKZh 8 ~ 18 h/d, BAHF4E3
J&, BARFIZFRHE AR IR F 58 B T 2, FEELPEAY
J5 T, MMPM il % 9 SD 185 B n] 8 301 B ) & & HL
B Dy AR B TR B NG S A ARE, LA
e I A P AR 00 0E < | B A 1) 455 6 REML iz IR A%
b bR A1 55 B BIR 722 Ak, A9 A N 28 % B A i PR R
fiE, #2275 MMPM il 5 SD A5 # py A

AR MMPM J&— ] 5 ) il IR 340 25 5 3k, (0 G
TERAL 2 AP DT AT A A . B 5, KRB
J& MMPM #1Z5shi iR A — A EZ N K | Hsh P 5t
TR IR PR35 0y A B A7 AE 25 57, A [R) 2 B85 1 1o 38T 3
TR SD LAAM A PR 2 % 52 56 48 bk 19 52, R, A
WK B ) B T TR e HIRS ) 25 A 205 0 PR R . AR
ARSI R IR ) — D EER R, ARG
L S 4 ) A1 B 1) 25 A A 7K IR R 2 S 5
B 2E MO R I 15 45 ofe 458 Tl 4% Bl R 34 25 4 b
7K IR . P B IR 1 <5 3l A A Y op 1) 2 Pt
P b b i W R 28 T OR A BB, T
MMPM H {8 7K PR 2 38 iU 101 Sk g g JRURS: | HL K B
S LA B A R AR R 2 DT 9, X 24 h/d ) e IR %)
LRSI, N T W 50y e AR 1 5 30 ) e B A
OB, Bl A S 45 1 H 45 56 35 SR BRI 5 1
BATRA , MMPM TE B B E 257 20 A5 750 v iy iy AN
VAN T A B 2 e
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[ Abstract] The United States Department of Agriculture is charged with drawing up the Animal Welfare Act and
Animal Welfare Regulations, the only federal laws that regulate the treatment of animals in research, teaching, testing, and
exhibition and include animal facilities, vehicles, equipment, or other sites used or intended for use in business. These
federal laws govern large and medium-sized animals, such as monkeys, dogs, cats, and rabbits, and include marine
mammals, but do not regulate the use of rats and mice, which are commonly used in biomedical laboratories in universities
and institutes in the United States. Therefore, the laws do not fully govern the management of laboratory animals in
biomedical research institutions. By contrast, the policy on laboratory animal care and use supervised by the United States
National Institutes of Health (NIH) and Public Health Service (PHS) fully governs the use of all vertebrate animal species
— including laboratory rats and mice — used in biomedical research. This paper gives a brief overview of historical events
and information related to United States Animal Welfare Act and Animal Welfare Regulations. It is expected that this
research could offer some enlightenment might offer guide the use and management of laboratory animals in China.
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PHS/NIH policy on laboratory animal care and use in the United States
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[ Abstract]  Federal law and policy on laboratory animal care and use governed by the Public Health Service
(PHS) and by the National Institutes of Health (NIH) , Department of Health and Human Services in the United States is
different from the Federal Laws and Regulations of the Animal Welfare Act supervised by the Animal and Plant Health
Inspection Service of the United States Department of Agriculture. Early in 1961, the NIH released the first version of the
Guide for Laboratory Animal Facilities and Care. With a series of important revisions implemented from 1960 s to 1990 s,
the PHS/NIH have established two comprehensible systems: the IACUC and the Guide for the Care and Use of Laboratory
Animals. The NIH office of Laboratory Animal Welfare is responsible for the general administration and coordination of the
PHS-governed federal law and policy system and revises and releases the IACUC handbook, and the Guide for the Care and
Use of Laboratory Animals in the United States. Both publications are also widely adopted as administration references in
the field of international biomedical research. This review describes the historic evolution of PHS/NIH Law and Policy on
the use of laboratory animals.
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PRUFFEAHDCIR FR 2 LA AT AR T ], NIH 0 A 27 4
LA N0 A 1 A N = Y ES R oy 1l w51
KA AR . 2023 IF4FE NIH i 2y
625 12350, Hovh NIH 4 B 57 fic 9 15 24 BF A 5
490. 4 {2 FHTHRRWATIRG 5 120. 514, NIH
EHSCRLRY 490. 4 2 WK 7329 10% H T NIH fr
JB K EE,82% L NIH F:4: 101 H I X 98 B 4 36 m A
FBF R B, 29 8%y NIH 5 B 4P FiE AL B A
FAWH (LA EPORHEPE A NIH B3 ) . 5T NIH
MUER BRI 3 4 22 245 BRI A L, NTH A BE
VI S5 S kA Vi S ELR Y S 4 U], NIH
25 [ AR W 5 2 S B0 ) 7 B R B R A R
7.

ATSCH A 24 5 B AR sh 4R FIE ) B - 3
Y17 5 SO AL G S5 22 KRR/ B, BRI 38 4
YIBEF LA ) & DA A NIH (Y 5256 5
WECRE S T SRR KN A B S, I
SERFAAN B £ T IR Sk R, PO E A
P 2E TG AR SO S A M NTH
SEIG B PR R AR EE A48 NIH SE56 sl 4
B SEE s 1 5 4 B 2R B 4 (TACUC) 41K B!
REA TAEDLE] ; A 5 TR RE & EE M3 5 5))
Y SEIIRR,

1 NIH XEHYEBERIES

1961 43 [ 2 fin AF 4 X B2 27 B 58 AILAG 3K G 1
ST — Y 3R PE I ZH ( Animal Care Panel) |, B
TEAFE Sl S 56 0 W B FAR) 97 25 1F . 1963 4F 1
WA RS (S5 3h W Bt A iR 77 48 F9 ) (Guide for
laboratory animal facilities and care) , 1% 3 H 52 NIH
Rl PR B A S NIH 525 3h 9 45 B 4 — W
(1965 4FHI 1968 4EAETTHE — SE=Ji) 7 F4E,
P T A7 ) Sh Y BB AIE RS D1 2%, T 1965 4F
B4 IR 5 [ S 5 sh W A S A UIE PP 2% (American
Association for the Accreditation of Laboratory Animal
Care, AAALAC) , Bifi J5 1 7 i @ A2 )88 i 47 X () NIH
SR, 1967 45 PFISUZH B 28 i 36 I S 56 sh Y R
2¢1p 25 ( American Association for Laboratory Animal
Science, AALAS) | 3¢ [ 5245 5 ) MOl # Hp 23 5036 [
S s Wy B R B I ML A ( American Society  of
Laboratory Animal Practitioners, ASLAP) , X = K1/}
S BT BEAE NIH, & NIH £ 2 LAY EFHl
S0 B 4 PRBOR IR R 0 S8R, AR5 - 52

Bl R ME I D 44 TR
) Ll W Fil Comparative Medicine | Journal of the
American Association for Laboratory Animal Science
(JAALAS)

1971 4F NIH Al 1 5¢ 4=k [ 2 il 1T #9 52 56 2l
YK ( Care and Treatment of Laboratory Animals) ,
[I BT & A S2 56 sh ¥ B oE ) ( Principles for the
Use of Laboratory Animals) , #f #% & NIH 4§ 4 2 U
R, T 1972 AFEIT RS IR, NIH (95250 50 )
EHLBOR & 55 500, AR5 NTH %8 Bh i BILAG BE mT LA e
15 AAALAC S B TE (AN B 51 | i Lo —
NS FEYZE 51 2 (Animal Care Committee ) I 5R 4
B GBS R IR R, I B S SR R s 4
P EMAE TACUC, RESR B 1 Z 8B TAEK
A 1 RSPVt 4 Bk

I ] BACSE S DR AP 32 SGRGHETS B %08, 1966
HESRARON ARSI IR T2 sh Wy AR R ) | B e A% 1k
5 KA F T 55555 1970 48044 Bl W e Al k-
Animal Welfare Act) , 55« 5280 ” — F R B #EE
SANFRESER B, h  Sh B, (HZ 2 8 sh )
B SUARALIE LI 2 /N RS = R

1973 ARG DA% 55 — S S I sh ik i
CNBFRY RV 3L 55 3% Humane Care and Use of
Laboratory Animals) 7| DLEE 3 2 MUK 0 UMt T
NIH & BB 5, 53 i 22 ok AL A8 2 17 3h ) 1 it
AAALAC A IE, @6 200 8 57 & /b 3 A1) T1ACUC,
AAALAC Bt 38 FIOAIEAR AR &5 , 4154l 33 4 56
AR LR Bl ) B 3 T A T A 3R TT Y B Bt
R FELBE FIEARTATY AR Z AL #STC
Paakbr, DA E RAS SR HLA FBHIE A 51 A 5 %4
NP TAEE R R LB BIER TACUC MURE, 1%
A W A S RE 56 AN A o B ) S g
(‘animal protocol) | QA [a] | Z5 W 8 &8 1) 42 58+ £ A
WBHR A SEWU JACUC BHIF A B | sh# 15 i 5
FBEREA SHEE A BAATHE, k= 7T AT
B, BB T B, SR R MR 5
AHE 1979 4E A BETTAE 5 " RE R, AN
S8 I ER S tE AAALAC DGIE, HER LI 7
IACUC i A FE BE BT | (H IR A5 i o £ 5 ) i
JHITH1 ( Animal Protocol ) 11 & 5% ih HLAS AR A 5
oot 8 A, SCPR B 1971 4F NIH B — 4%, {H
1979 4E TEBEITIEE —UE LA — A RAE L,
BVEA A 2 AL NIH B SE 30 = % = 5 B A =
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( Office for Protection from Research Risks) T J&AJ3)
Yy F BE ( Division of Animal Welfare ) H & £t 3¢
IACUC #4517 JE ok iZRHIE AL Ay NIH 5250 3 47
| JIp 2y & ( Office of Laboratory Animal Welfare,
OLAW) 15 IACUC H 45 24147

1979 AE TR FBIT RGE ML ERIKSE TACUC, {2
AT A g 7 W A B A 3l A 31 X1 ( Animal Protocol )
(A AL, 1E U0 Whitney 2518 3 25 8F 5% IA My 78
1979 ~ 1984 4F 1Y 5 4F[H] TACUC HRZE AR B (2 2l 57
PEFIE A | 7E 8 R 7 T IS SR &2, R BEA S Tt
SCEGEY B R 1987 4FE Whitney ! #I TR F
115 AR ALY B R A AT, KT TACUC A
APRREFIACA], #1L IACUC Z& B HAT £ R &
AP HRFNSE S0 sh ) 28 56, U152 3w % sh Wy i
A1, I TACUC B AR %l 2% B3oxfE LA SR AT 40 (L A 7
W, BBENLIY TACUC 25 A 23 2 A i Bl B, AN g
ROBATEATT " 1987 4EJ5 1IE 43 E L 50 5
Pl AR 2 | T > B 5 AR RO AN e
HARIUA R B &, 24 16 & E AL 314K 534 M
TACUC HRBEAS B IR TEATIAR 244 L,

kgt AR WSS B W R 2H U i
S Bl A A AN, R R B 35 1F (Silver Spring
Monkey) \FEM KA WFFEN Gt AT B BH T A I 082 A
TR GURBEIRGHE AR AT X)), 2R E
UG R R R IR B R )
BRTE, © ShA AR AAE TR 78 RS AL 23 1R Al H R Y
Wi, 1981 4F 9 H 3h ¥ fr 37 itk 20 21 (People for
the Ethical Treatment of Animals, PETA) f§(J5 ) 5 J&
BBy HEATE NIH BT 42 5 B 09 47 Sy 27 F 58 BT
(Institute for Behavioral Research) ) Edward Taub {5
FHE T, Taub TS0 H A S U 2 S 3
WG I TEJEA TP 28 W 3 Sh ANAT O 2 S B i e 1, 5.
PETA J8 5 CAASEA 33 UL vh ity ) 9 AR
W TEZ AR F L ML AR I8, Ak T 4% 45 Taub 11
119 BUERF e ar4 7 BRE LA IR EIf
AT Taub 1" Taub 18 -1 Bk 55 [ o 2 ik
B0 H L sh e R R S B R
VnRCAITCTR B BT AR B NIH 5L 4 100 B w4y, 56
B i G M, Rl 2 4E | R R AT 5T i oA 2
FE

PETA 4tk 4 21 P e 44 75 M, JF th iz ks
JEE R AT . 1985 4F 12 A 23 HEEE
SUBATIRIR B A LR F b (s Y AR A

Public Law 99-198, Food Security Act of 1985,
Subtitle F-Animal Welfare ) , Ji7 2t 8% #RVE ( 5256 5h
Yk % K bp #E The Improved Standards for
Laboratory Animals Act) . J52RIXA~ F 7 bR )72 61
WA B R G AE AL ) o R 1985 4
11 7 20 HERFRE 240l BROFFE Y R 3R S2
H3h%)-Public Law 99-158. Animals in Research) , 11
A= B A A 1T A A (N T A B RN S ] SE 5 B ) —
Humane Care and Use of Laboratory Animals) , ¥ B¢HS
12 28 (3R 1 R 56 T A 3 0 5 0 e T 4 8 o ) )
VR R B S 2 A0 1986 R AR B 1AL, 4 i
s 7T SC e i BT A B HEZE S, I AR
B s FLBORA T B kB
S, DA B HE LA NIH B 57 5256 sh 44 A In 2
% ( Office of Laboratory Animal Welfare,
OLAW) % &y NIH 1 J& B % NIH F24F 8§,
FAEIAE R, N PIA B AR F R A
e A E BRI ST, — H 3 IACUC (K R4
FLR Y E S B4,
2 NHSZEHNEENMEEERK
REENE

FEAE I SC G 2 ) PR TAEZ T I, OLAW £
JIHEBERMSER TACUC TAEHLH] AETT %Al NIH 5255
S BCRCR ST T AE RS R, 3 T Y 2 (B A TR
EESE 2% —2, Heh 2 SE LA g 7 U0 S A 80
TACUC # A A pLifi . #2118 NIH 45 B Al IACUC T
YEF MR, 35 A 1990 AR UG A B IEM S T
TACUC M7 PEFIRUEAE , W 1 TACUC 1847 TAEHL
il , L NIH 555 F1 TACUC 14 28 A% .00 0 5 BRI 3 A
FUEB A RMEIBATHIE ", 1992 4F NIH & i 4
—JR(IACUC handbook T {EFJ) ,2002 4EME 1T Y
S R 2= 4 R IR E & Al TACUC TAE 101 1)
e HBEHIR T TACUC 2 SUIREE 2 17 TAENLHI |
Z: RS KB S S BN DRI R A
[ A BRI AR R BT & A NIH( 325
sh)E L5 i FH¥8 7 Guide for the care and use of
laboratory animals S AH 5GBSR 41 W) 01 | 25 5 X 5
Wit 0L Ml S 9 F 58 Bt i BT R i | Sh W R
iR s H 11X ( Animal Protocol ) 5 jife
B R R R S AR N D B ISR AT R . B
B4 H0 MRS it N R A A AT T Y (must, HAA 1%
R ) N S SR (should , 5 ZU AL ) W] LASKE
fiti o S AT B St 1Y (may, DL EE il 3B SR B & A K
W) NIH F85 R AL T 2000 ST Y e AR A o sk



TR E S B2 A 4R 2023 45 1 A5 31 %6 1] Acta Lab Anim Sci Sin, January 2023, Vol. 31, No. 1

137

At >R AR A8 R b o, 4 SR R A 3 A, 15 it P 7 T S
it fH R R T A Y A AR A M, BN, e
VEFESN) o0 B B it 2 M sr Al SPF 2 51 (k94X
TR FAR X SEEHERAE X, AP ERHIEA B A
OS2I 28 N EAT AT 24 h A9/ BRUSEB6 # A |
AL 12 h BIKER B R L SRl e S e 4R
1717 FLYE A 3 Sl B SR 208 ] SPF Z031 K /MR

H HT OB R NTH (52 56 2 9 48 B 5 il T 36 R )

JE 2011 4E55 8 W, 5 1996 4E55 7 Wiz A K, Al A
NIH R R 8530 . (TACUC handbook T.4EF
22 101 1128 ) , HRZ 2002 AEBTT IR R 5 M
P P SCRIBERR T 2 R e T 4R
S S PR 2R TAE LI A 68 %

F 1M 2 XA T DA/ NIH ROl 5
BHLECR T TACUC 2 S HEZR RN TAE R 93 1) %2
EA

R RHE NIH AL FRECE T IACUC FY41AHER
Table 1 Comparison of IACUC membership requirements

PHS/NIH BUR 2/ 5 #% b
Minimum of 5 members on PHS/NIH Policy

Al FRBOR 2/ 3 Z4 R
Minimum of 3 members by USDA Regulations

1A B2 Bl W) 4 R AR ] A A 52 0 3 ) 0 3T R Animal
Protocol, AI 5 £ 44 HE

One veterinarian who has responsibility for activities involving animals
at the institution.

| ZEADYBIRERNFITAG, IH 24,

One scientist experienced in research involving animals.

1 A AERFAGURN A, AT LU AU N Y, T LU ALY

One member whose primary concerns are in a nonscientific area.

1 50U JC K Ik i 2= 51, REAX SR 2 A xd 3 1 7 47 RAE JH Y
ESIN

One member not affiliated in any way with the institution, who
represents the general community interests in the proper care and use of
animals.

REER TR 22 U TACUC 2 B, A7 4 U 2 o2 B T &
SR,

Quorum votes require more than 50% of the IACUC members in favor.

| ZH8E BRI AR A, KA SC5 3h {8 FH TR Animal Protocol ,
WHZHEE,

One veterinarian who has responsibility for activities involving animals at the
institution.

/

1 ZARSER BT, 7T LR A

One person who is not a laboratory animal user.

| B 5IZHMIERIR N 2R 5, REARR A AT S FR I R F 9 56T,
One member not affiliated in any way with the institution, who represents
the general community interests in the proper care and use of animals.

HABZLK . 3 A AL 1 [R]— AT 8 HAL i 2 DU 3 A
Not more than three members from the same administrative unit of
the institution

3 IACUC HABREXMZITEIEM
EXFBANFB R

¥ I8 NIH #5F9 F1 IACUC TAET-WHA WL S
A XA A T Bl 4 2 045 B 60 5T, L A S
FREAUT TACUC T BZ b1 5 345 B2 I R HH R 1Y)
TEIFA ST AR EIACR, 7 LU TACUC 2 B {HAS
AT R, A B 2 W L TACUC &
iR AR 0 Ak ST A 1) AT B A R T TR
RS I 0 1 AR RN R S BRI Ui
AT TACUC = % v 68 & B W 76 ) A 25 o
gl 17191 NTH AK TACUC 3 i f IR FH4 &
AT, BERE 14 38 LA 1 i AN BHAIE N B, A ) T A
DL, AR — U IR JE SR AR 2 H S8R B
W R, NTH g 180] 5 15 B — 44 3L [m] 32 % P[]
AFRE GRS NIH ) R A R0, SEE 50
MIHLFS T TACUC EERFRIRZ: B, AR T
T2 51Nk RO LA I Rl FR S 5 BVI B A
Z 5 RGN ATV, 5 S i AR N
G i sty 0 65 R ) 1) 42 M B, S e e I S 26 7

ARG A B A% B AIF N B3 — LT it ) RBURE 45 T 76 N
S A Ve AR T BE 2 BE AR S B B SRR 1ACUC 4
00 CTACUC AR L 2 B R9AE F I LUk
P32 B, R DL ARG M E A
HZEH % AR Ll 2 51 e B 17 fis fn g
FRRE 23N AT BRI B D) AR E

FEFR [, HUA B o Bl 44T TACUC EJF 1%
TEAR UL o AR G At A5 G g Bsf 1) R 358 B B 5 55 2
P BARAE B 55 H AR EL A 5 K0 9 U5 Bl g
AR, P L A4 52 B 3R BH 3 AN J2 A AL
B BT 1990 AR Z R AR BB NIH A
FF TR Ay et B3 S, 1 5 IR

2014 4E[E R GB/T 27416¢ SLE0 shWHLK i &
fiE 7 8038 FH LR ) il AR 9 TACUC 2R 85 BR T 284
FE B PRGN Y, HAESR 20T NIH A BRIR R, E P H:
AT ARFIBRE , FBUNE 3 — 20 WA At < AL R e S
AT SRS HIZR B S AL 38 AR IX 53 & TAEAL
il , FHATEAR FR IR s« fm RIS HL | T4
A RAIE B ) i AN BT Sl S 56 AR S5 T
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2 G NIH AR TACUC 2 51 2 Y U AE
Table 2 Federally mandated functions of the IACUC

TLAEF/NIH 2 TACUC A3t
TACUC functions on PHS/NIH policy

M B BOR AL TACUC BT
TACUC functions on USDA regulations

/AR AT A 1 RKHUE K93 1R A 3P IR Animal
Protocol %5215, o

Review, at least once every 6 months, the research facility’ s program
for the humane care and use of animals, using the Guide as a basis for
evaluation.

4tk NTH 35 B (14 304 S50 11X Animal Protocol | # HEZh 4 -5l i)
RASH B 3 AR ELR A 1 U (TR ME Bl A 4 S5 5 & /)
B .

Review and approve, or withhold approval of animal care and use
activities. Continuing review is required at least once every 3 years.
FERRRAERGA 1 LI B IT A S5 30i , (45 PO Bt 41 92
BV G N T AR DI e I SE B A7 B 24 h DX, R A
I 12 h BB AR R AL B

Inspect, at least once every 6 months, all of the institution’ s animal
facilities, including satellite holding facilities (in which animals are
housed for more than 24 hours) outside of the core facility and areas
where surgical manipulations are performed, using the Guide as a basis

for evaluation.

A b B I B R 3R R PR
Review and investigate concerns involving the care and use of animals at

the institution.

AU IR S B PR BT B A A B 1 LA R
Make recommendations to the institution regarding any aspect of the

animal program, facilities or personnel training.

m LA $EEE TACUC AR5, (4% & 15 <1 NIH 15179, Z Wi 45
i 25 48 mE I OO R D R i R R R B M A A T
A ]2, IACUC AT 38375 s I B3t 7] e 5 D B At

The evaluation and report that must distinguish significant deficiencies
from minor deficiencies and contain a reasonable and specific plan and

schedule for correcting each deficiency.

TEFF NIH 85 , AU 1% OO R BUGE 4 21 IE R ; TACUC 2 U 2 4R
YR E Y SR I 1] OLAW ( NIH LI S Rl Ip s 5 ) A5 i
T4 R

Be authorized to suspend an activity involving animals only after review
of the TACUC with the vote. Review the reasons for suspension, take
appropriate corrective action, and report that action with a full

explanation to OLAW.

FDERRAETT AT 1 LI ) 3 48R 34 8 FT 7130 Animal Protocol
RSO

Review, at least once every 6 months, the research facility’ s program for
humane care and use of animals, using Animal Welfare as a basis for

evaluation.

FHE DY AT Animal Protocol | FF it B i1 T RAR T, &
B VAFFBT AL 1 IR (AR E R/ o
Review and approve, or withhold approval of animal care and use activities.

Continuing review of activities required not less than annually.

FDEREARRAT 1 WAL 09T A S Bt , (45 39 4R SR R 51X
A L 12 h AT KR,
Inspect, at least once every 6 months, all of the institution’ s animal

facilities , including areas where animals are housed for more than 12 hours.

A A B I B R 3R R PR
Review and investigate concerns involving the care and use of animals
resulting from public complaints and from reports of noncompliance received

from laboratory or research facility personnel or employees.

AU IR BB R R B B A B I e AL R
WL,

Make recommendations to the institution regarding any aspect of the animal
program, facilities or personnel training.

PSS TACUC PPAl i 45, 9 H ™ A9 L 2B AY RIS ) e i B
TR I (8] 32,k BT 3l ) 4 R 22 4 4 I B A Y ™ B BR B
TACUC BZ7E 15 A TAE H s UG & il ) APHIS A58 B i3 g e
FHU B mR

Prepare reports of its evaluations that must distinguish significant
deficiencies from minor deficiencies and must contain a reasonable and

specific plan and schedule with dates for correcting each deficiency.

BT EALER S BT OUR OGS 4 2 IE R, nT R,
li1) APHIS (SO RS Mk A = sh s AL AL ) 3l

Be authorized to suspend an activity involving animals only after review of
the TACUC

appropriate corrective action, and report to APHIS and any federal agency

with the vote. Review the reasons for suspension, take

funding that activity.

VI el I v ) S S R (L e S R
(TACUC) BJLAP 2 # J7 3, — o 23 S0l M 45 H A 4fE
R RFES S ML EIEIR, XPIZETT A

HME R AR ZAE L AT BUR B8 BT
BRI Ll e 22 9 S 1 4% 2082, (R HOT T 53R A
KBTS , WAL AN BEA AR HRJCHR T 28 1 15
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