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[ Abstract] Objective To explore the establishment of a subcutaneously transplanted tumor model of hepatocellular
carcinoma in mice with Qi stagnation and blood stasis syndrome. Methods Forty male C57BL/6 mice were randomly

divided into 4 groups: NC group, QZXY group, Tumor group, and QZXY + Tumor group. They were categorized based on

[E£TE ] EK A AFRA LG5 H (82004000) .

Funded by National Natural Science Foundation of China (82004000).

[MEBE A ] E MR, Lo FEs L Or e A BT 5807 0] th B 25 B I0 R AU JE T} . Email : eIn77¢@ 163. com

[EEMEE 12T, 5, A2 10 B0 S0, S5 5 1) - SR b B 2 3 5 P R R RS2 30 5T . Email : ppkppk_731@ 126. com;
WS, I B W WA W RS 1 S BE 2 S R BE A SR SE . Email : pzq527@ 163, com,
* JLFE A 1EH



1506

the modeling of Qi stagnation and blood stasis syndrome (7 days) combined with the modeling of subcutaneous
transplantation of hepatocellular carcinoma tumor (20 days). Observations were conducted of the syndrome manifestations
as well as the tumor size and weight of the mice after modeling. Results (1) Body weight: on the 7th day of modeling,
the weights of the QZXY group and QZXY + Tumor group were significantly lower than that of the NC group (P < 0.05).
(2) Body temperature: on the 7th day of modeling, body temperature significantly decreased in the QZXY group (P <
0.05) , while it increased in the Tumor group (P < 0.05) compared with the NC group. On the 27th day of modeling, the
temperature of the QZXY + Tumor group was significantly lower than that of the NC group (P < 0.05). (3) Syndrome
manifestations : according to the syndrome scoring table, mice in both the QZXY group and QZXY + Tumor group exhibited
Qi stagnation and blood stasis syndrome on the 7th day of modeling (P < 0.05). As modeling time extended, the score of
mice in the Tumor group increased with the formation of the tumor, and the score of mice in the QZXY + Tumor group was
significantly higher than that of the other three groups (P < 0.05). (4) Claw petechiae: the number of claw petechiae
significantly increased in all three groups of modeled mice compared with the NC group (P < 0.05), with the QZXY +
Tumor group showing the highest number. (5) Claw r value: the r value of the claw was significantly lower in all three
groups of modeled mice than that in the NC group (P < 0.05). Additionally, the r value of the claw in the QZXY + Tumor
group was consistently lower than that of the other three groups. (6) Open field activity: the vertical and horizontal activity
of mice in the QZXY + Tumor group decreased significantly compared with that of the NC group (P < 0.05). (7)
Coagulation indexes: APTT, TT, and FIB were significantly increased in the QZXY + Tumor group (P < 0.05 or P <
0.01) compared with those in the NC group. (8) Tumor size and weight: compared with the Tumor group, the QZXY +
Tumor group showed significantly increased tumor size and weight (P < 0.05). Conclusions This study successfully
established a subcutaneous transplanted tumor model of hepatocellular carcinoma in mice with Qi stagnation and blood stasis
syndrome. The findings indicated that Qi stagnation and blood statsis syndrome may occur during the course of live cancer.
Besides, the causes inducing the Qi stagnation and blood stasis syndrome will further accelerate the progression of liver
cancer.

[ Keywords ] hepatocellular carcinoma; Qi stagnation and blood stasis; syndrome model; disease-
syndrome combination
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Table 1 Qi stagnation and blood stasis syndrome scores of mice

TR VAR E W/ oy
Syndrome Standard of accessment Score/point
TEH G SR, HOCH # 0
Normal : quick movement, bright eyes
HERORAS RIS RS R WS, A S |
State of mind Mild abnormality; mental fatigue, laziness, decreased spontaneous activity
WA e < bl , MO AT D A A sk )
Obvious abnormality : significant reduction in avoidance and aggression
g jﬁ'ﬂﬁ%‘&ﬂﬁ No significant changes 0
AT Increased 1
Breathe )
187> Reduced 2
ik JE N HRELTC MK No foul smell in the bedding of the cage 0
ol IR EL Slightly foul smell |
A % 5L Obviously foul smell 2
. 21554 P Bright eyes 0
Eylii BARTCH Dull eyes 1
) HRAG IR, R Eyes wide open and alert 2
IEH HIRARE H Rk E T REA DT 3/4
Normal ; tongue appears slightly bluish, the main vein on the tongue does not 0
exceed three-fourths of its length
=+ BRPESEIE T IR A SR i R K TR ST 374
Mild cyanotic: tongue appears mild cyanotic or the main vein on the tongue 1
Tongue .
exceeds three-fourths of its length
B eI . T IR (SR I ELR R T T 34
Obvious cyanotic; tongue appears obvious cyanotic and the main vein on the 2
tongue exceeds three-fourths of its length
A LA .
No petechiae, the number of blood vessels is moderate
H A1~ 2 AR A N |
Ear There are 1 ~ 2 petechiae, and the number of blood vessels is slightly increased
A3~ 4D MU BB R )
There are 3 ~ 4 petechiae, and the number of blood vessels is obviously increased
-y Y5140 IR, e Z2 M Even and fine, smooth and soft 0
{F:ur FHEL, T8, A5 35 Slightly rough, dry, yellow 1
BRI, M Obviously rough, reduced 2
. ToH 5% No obvious abnormality 0
R PRI, B D Slightly yell 1l  uri
Urine bk e, s /b Slightly yellow, small amount of urine 1
JR %, #/L> Obviously red, small amount of urine 2
Sefg FAFRIE , ZEBIZZ4K Stool is formed and soft 0
gfool FAFHGPE TR A HIE Stool is partially formed and loose 1
BAFFHPE | SELAINIE Stool is completely formed and loose 2

Totol score

2 FR

2.1 MNRBEETK

TERER 7 KA MRS 2 AN A2 A A 2 /N B
FIAS I W FEFRAR (P < 0.05) , B A E] Y
MR S AH/NRAEEZ L LI (ARSI /N R
TR EAL T AN (E 1) .
2.2 IMREEMTK

RS 7 K, 525 HAAH H, A g /s BUA
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0.05) (& 2),
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TR AL, TP < 0.05, (FE/ER)
B /EAE
Note. Compared with NC group, “P < 0.05. ( The same

in the following figures and tables)

Figure 1 Body weight of mice
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Figure 2 Body temperature of mice
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with tumor group, 4P <0.05. (The same in the following

figures)
Figure 3 Qi stagnation and blood stasis syndrome

scores of mice
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Figure 4 Claw r value of mice
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Figure 5 Number of claw petechiae in mice
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Note. Compared with NC group, ™ P < 0.01. (The same in the following tables)

Figure 6 Open field activity of mice
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Figure 7 Tumor size and weight of mice
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Table 2 Four coagulation indexes of mice
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23114
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NC group
V=11 PR
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QZXY + Tumor group
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[ Abstract] Objective To compare the effects of intratracheal instillation by lumbar spinal needle and intratracheal

atomization on bleomycin-induced pulmonary fibrosis modeling in mice, to determine the optimal modeling method.
Methods Seventy-two C57BL/6] mice were divided randomly into control, lumbar spinal needle and aerosolization
groups, according to body weight (n = 24 mice per group). Mice in the control and lumbar spinal needle groups received
intratracheal instillation of saline or bleomycin, respectively, and mice in the aerosolization group received aerosolized
bleomycin intracheally by microsprayer aerosolizer. Micro-computed tomography ( CT ), histopathological changes,
hydroxyproline(HYP ) levels, Collagen I (COL I ) and a-smooth muscle actin ( @-SMA ) protein expression were
examined on days 14 and 21 to evaluate the degree of pulmonary fibrosis in each group. Results Mice in the two model
groups showed listlessness, slow responses, and decreased body weights on days 14 and 21, compared with the control
group (P < 0.001). Micro-CT showed white shadows surrounding the trachea in the lumbar spinal needle group, while the
shadows were more diffuse in the aerosol group. The degrees of alveolitis and pulmonary fibrosis were highest in the
aerosolization group, with a time-dependent trend. The hydroxyproline contents were significantly increased in the two
model groups on days 14 and 21 after modeling (P < 0.05) , with the increase on day 21 being more significant and stable
(P <0.001). COLI expression was significantly increased in both the lumbar spinal needle group and aerosolization
group on days 21 after modeling, especially in the aerosolization group (P < 0.001). Expression levels of a-SMA were

significantly higher in the lumbar spinal needle group and aerosolization group compared with the control group on days 21

[ SR B oA 4 2024 4 12 A S5 32 %55 12 ] Acta Lab Anim Sci Sin, December 2024, Vol. 32, No. 12

(P < 0.001); however, there was no significant difference between the two model groups. Conclusions

intratracheal

atomization of bleomycin is the optimal method for establishing a mouse model of pulmonary fibrosis.
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Figure 1 Schematic and mechanism diagrams of intratracheal atomization
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Note. A. Body weight changes of mice in each group after modelling for 14 d. B. Body weight changes of mice in each group after modelling

for 21 d. Compared with the control group, ™ P < 0.001. (The same in the following figures)

Figure 2 Body weight changes of mice
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B3 G 14 7121 d 4/ RIS %

Note. A. Survival rate of mice in each group after modelling for 14 d. B. Survival rate of mice in each group after modelling for 21 d.

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

Figure 3 Survival rate of mice in each group after modelling for 14 and 21 d
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Figure 4 Micro-CT images of mice in each group on day 14 and 21 after modelling
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Note. A. HE staining. B. Masson staining.

Figure 5 Pathological changes in lung tissue of mice on day 14 and 21 after modelling
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Figure 6 Levels of HYP inlung tissue of mice in

each group (n = 3)
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7 EBUE 21 d HA/NEITHSUH COL T &K (n = 3)
Figure 7 Levels of COL I proteins in lung tissue of mice on day 21 after modelling(n = 3)
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Figure 8 o-SMA protein expression levels in lung tissue of mice in each group(n = 3)
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Expression of GFP” cells and their response to diphtheria toxin
in a Lyz2 IRES DTREGFP mice strain in vivo
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[ Abstract] Objective To observe the expression characteristics of green fluorescent protein ( GFP ) -positive
myeloid cells (mainly monocytes, macrophages, and neutrophils) and their pattern of response to diphtheria toxin (DT) in
Lyz2 internal ribosome entry site (IRES) DT receptor/enhanced GFP ( DTREGFP) mice. Methods Transgenic Lyz2
IRES DTREGFP mice (6 ~ 8 weeks old) and C57BL/6]J mice with the same genetic background were selected randomly
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and injected intraperitoneally with DT (25 ng/g) for 3 consecutive days. Bone marrow, peripheral blood, and spleen cells

were separated and made into single-cell suspensions with GFP and CD11b as markers. Changes in the proportion of GFP*

cells to total myeloid cells ( CD11b") was detected in these tissues at different time points before and after drug

administration, using flow cytometry. Results Peripheral blood CD11b* GFP” cells accounted for (24. 62 + 5.655) % of

CD11b" cells before DT injection, and this proportion gradually decreased after injection and reached a minimum of (7. 982

+ 2.729) % on the third day. The proportions in spleen and bone marrow were (13.73 + 2.994) % and (65.23

H+

4.261) % before DT injection, respectively, decreased most significantly on the first day after injection to (3.468 =+

0.5862) % and (50.98 + 7.957) %, respectively, and then gradually recovered. Conclusions DT effectively reduced

the proportions of monocytes, macrophages, and neutrophils in Lyz2 IRES DTREGFP mice, but the pattern of change

varied among tissues.

[ Keywords ]

Conflicts of Interest: The authors declare no conflict of interest.

22 4 L T A R 20 B | A A R 2R
YA SR LSS = AR R s R £ B4
B AT , TEAN TR B G 88 PR 5 96 1 A s LT vh
PEE M VER . ERAE IR S B AR 1 T,
Z2 i 25 20 A P ) ARORE TR S AN HEO LA
YIRS o Wb — S A OC B T, B 5 R
ST SN L AEAL, | 1078 PR Bz e 0 S5 Lo 2 A L
HE B L R R e R v R Al A
2 5B R AR EAE AT, S 300 IE B e B 5 M1
U AT M A AR AR E T AR A0 A e T AR
BErh s 2 A A, DA T i R A AR SR
Yo R G0 A A I ELARAE T B AT B Y A DG HL I 2
TR

Bifi 25 5 TR G R 1 H 25 U B SRR /N BRUAE
BHF A B G i & 28+ 40 )z . FIH CRISPR/
Cas9 FAR , T LLARASHE K 22 A4/ A IRES DTREGFP
971N B, VSR I 9 5 28 4 i 85 B PR L A B Y T
APl bs RS I MERE R Z 4K (diphtheria toxin
receptor, DTR) 5 | AHREE /N A oy, /] DA 2 4
HIFEXT 1 1 7 2 ( diphtheria toxin, DT ) U8, I 7¢
DT {3 59 B 755 0k SO 4R BB T, DA TTT I8 210 248 Jf 1) 455 S
PEFESR O 120 3 R Ul I i 3 R 4 Ak H
Y8 DTR, 2R )58 8 DT 52 20 20 Jfd 1) 2 4%
MEE'

TEA S 6 k5 —Fh Lyz2 IRES DTREGFP #%
FER/INEL . HErb H Lyz2 LR 44 A 1) V25 B it 2 — Fob
EHBEEPEE 7, 23 A 5 8y &2 5 K
T RR)TIZ MR IR T AL AN | 5 I A e
LA AL, PR IR 3 D St A /1 BURE 2R 240 M 1 o S
PERREY R I, A5 5 SE 1 ) A B 2 40
FEFR ERAZ AL | W5 At A R R PR R AR AR, 1%/ B
DK Der B R 5 38 5 AU 2% (4 9% ' 2 H (enhanced

transgenic mouse; diphtheria toxin; diphtheria toxin receptor; depletion assay

green fluorescent protein, EGFP ) S )
DTREGFP 3 [, 3 izt [] I 5 25 (9 77 20K DTREGFP
HAZ/ N Ly22 B AL, 4 A DTREGFP &
/N B, BETERE R 4 FRr St 3R 35 DTR Flgg (0,
P¢GHE F (green fluorescent protein, GFP) | ¥E % £k
3 d S DT AR S DT 454, R 5k b
U/ 2R A L, S8 A GFP BHPE (GFP™) i L i
AAEIE B, fE 9 ULEE DT X H B9 40 p 2, AR
SEIG B A A I A R S Lyz2 IRES DTREGFP
/NEUAA GFP i 2 20 ML i 2 A5 FRAE R DT #9 )2
R, DAE— PR R B8 R A A Se R e R gt
KRR A T SAH AL, S LUS BRIESE S B8
R

1 #MR57AE

1.1 #
1.1.1 ZE8zh¥y

H Ligr AR A R AR A 6 ~ 8
JA#% SPF 4% Lyz2 IRES DTREGFP %% 3t A /N f
[ SCXK(7)2017-0010] , it f% #5 & /& C57BL/6] /)
Fo /DR 37 T R =R R F L8 s oo
[ SYXK(#%)2023-009] , fR+FZERTE 22 ~ 26 C,
MBJETE 45 ~ 65 %, PRIEEY) FOKIEFE R, 7R IEH &
WIREE R 3%, IR E k5] 20 g J5 BEMLEHL 28 H
PRI B, 25 > AT 4 2H B A2 AU (wild type, WT)
/IR R 3 R S 2 I R H %) SPF 2% C57BL/6) /)N
R,k 8 H MRS 6 ~ 8 L 1A 20 g, R
FiFE 355 [/ Lyz2 IRES DTREGFP %% 3 /NRL, 52
IS AR T A RV X e iR R R R 2 A 2 B &
F (2020-050) ,
1.2 FEEH SR

DT (lits labs,15047A1) ;Rat anti-CD11b antibody
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(Invitrogen , 130-113-238 ) ; i FH 21 2 i 1 i i 38 771
& (Hi Ik %, DHGT-5004 ); 1 40 g 24 f# W
( ThermoFisher ,00-4300-54) ; DMEM % 3% 4 ( Gibceo,
612302) ; i 2F MML7E (fetal bovine serum, FBS) ( ExCell
Bio, FSP500) ; PBS 2% i ( Biosharp , BL302A) ; £ H
FH % ( paraformaldehyde, PFA ) ( Biosharp, BL539A) ;
10 x TBE % ¥ ( biosharp , BL540A ) ; DNA # Bz 5
& ( Vazyme, PDI101-01 ); SuperRed/GelRed
( BIOMIKY ,MKO002A) ,

1553 B0 AL ( Eppendorf , 758 [ ) 5 5041 fifg 2 %
A (CH iR 8, D R X 4 i A ( Cytek
Biosciences, 3% [E ) ; Power Pac Basic & fifff Hi yk 1%
( Bio-rad, 3 ) ; Milli-QSynthesisA-10 4 7K %
(Millipore , JE ) ; BEHE BRI ( Bio-rad , 5 [H ) .

1.2 7k
121 /DR R R e

Lh C57BL/6] Ay B4 %} Bt 20 ( blank group) , LA
Lyz2 IRES DTREGFP 3 [H [ & 5Z 5 41 ( sham
group) , SCHGLHFE R 25 ng/g W5 B IE ST 4T DT,
ELE3 d, BRI

/NG DNA B $R B B3 A % /) BB i 4 21
1.5 mL Ep &, A 200 pL ZM## (1 x mouse
tissue lysis buffer 200 wL + proteinase K 4 pL) ,fifizH
YUt 4R ARHR 55 C/KTE 20 min, 95 C &R
1 5 min, K proteinase K J5 ,12 000 r/min,4 C , &
L5 min, BB, BT WD A Fr R ELY) DNA

LT DNA NAAR AT PCR 370, SRR &
2 x Taq Plus Master Mix ( Dye Plus)® 25 plL,ddH,0
16 wL,DNA #ifix 5 wL, FIF51H 1 pl, F#E514)
1 pL, PCR P M4 460£.95 °C,5 min, THAEYE, 94 C,
30 5,55 € ,305,72 °C,30 s, HE 35 MEH,72 C
7 min, PCR ¥ 1] 1. 5% 355 W 5 ¢ L JK 28 47 46
W, B A4 RAEBE R R G R dr, 519
A TAEYI A FE L, SIS IR 1,

1.2.2 AME £ Bk 3

S T U AT C 1 4 T 7 35 < SB G2 v (IR 4R
MiES 1 x PBS BYLLHISN 1:19) 51 x £L40 MU 2K
(10 x RBC 222 hil 54K LBl 12 9)

FHIN BRI 2 28 18 52 /N R, T 75% 2 B84/ N B
O, 5N RZ 1 em SEATIOIM , 45 SR 4E 1Y 1M
BT EDTAK HTLEEE T, AR Ik EESS . B 50 pL
M, & FRUE N SR E A 1 mL 2140 i 240
TR ST, e 3 min, FRRRIAE 52 5 A B AR TR 25
LU 1000 r/min,4 °C, 5.0 5 min, JIA SB ZZ i
AR A) )5 FRR 1000 r/min, 4 °C, &0 5 min,
W R 2 WK, VE L A0 Al M 2 A, A RO
50 wL (1Y SB 2% vh i i B A UL S5, i A CD11b
ok, vk FROEIEE 30 min 5, B0, 3 FiE . &S
HA 2%17) PFA [5E BT 4 CHROGIRTE, S5 EAL
Rl
1.2.3  E-REA0 e ] A S b 3

AbBE/INERE , FHBORS A BRI 33 i, I
JBeE Sk A A 5 BT T B R B R R BT
e, SRR R S R0 I ) WL PR R 2 4 4 2 25 B
R SB R R e T, VIR AR A
vity , R SR B e ok, T R 2K

FH 70 pum B2 I8 0 2 98 20 B 2 S 0 A
P47 1000 t/min, 4 °C, &0 5 min, 7 L3, AL
N 2L W, RATIRA), B B 5 min, ZJ5 B IR
1000 r/min,4 °C ,&.0> 5 min, JIA SB Z i, B E
JEHEAT 1000 r/min, 4 °C , B0 5 min, YEE 20 40 i 54
R, A CD11b HLik, vk LS E 30 min, 2
JEAEE M SB 2% ik, 1000 r/min, 4 °C, &L 5
min, VERARGHPE, 270 pm JE e WG
T AE T, BRI EENIA 2% PFA &,
BT 4 CHROGOAE S5 LR,
1204 JFF iR G B 240 2 R 174 o] & B A 3

5% 3G T L2480, #2 ] 50 me/kg A5 12 1

F1 PREHNIYTE PCR FIWIBETH I R B WK B
Table 1 PCR primer design scheme and product length for mouse genotyping

FEE /bp
u Product length/bp
5§ = = ] Y
Ifxf_f( J'I% .JM:Q”?&J (5 — ) ’ e e
Omnipotent Primer Primer sequence (5’ —3") W A 7 AH =
) Lyz2 TRES Lyz2 IRES
C57BL/6]) /o v/
DTREGFP DTREGFP
Pl F:GAGCACACTGTCAAAACCGAGAT 126 -
Lyz2 IRES P2 R:TCCTGGCTGAAGAACTGACCTAC
DTREGFP P3 F:TTCTTCAAGGACGACGGCAACTA 1o s1o

P4 R:GAGGGGAAATCGAGGGAATGTGAC
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SN R RN RS RS [ E TFARE L
B R S B R, O MEE R, WETRAE R Z G, BY
/NI BB e BRG] B 4 B SR AR B B
FIRHL, KNS, 42 BE I A5 m A xS
PR B PR ], — I A4S T,
ZULb A T A0 R A5 X DSC-400 (145 &
PR R T

TERFEE G B 70 wm JE T2 WX i 4 - ) 20 20
MBS A T g, B TR0 AE T, 1200 1/min, 4 °C
O 10 min, & B, AL AN M, # 8 5 min
J&, A DMEM £ 13 4k, 1500 t/min, 4 °C FRIK 2
L5 min, JIA SB 28 Wil J5 47 B0, B 4140 i 54
e B £, A CD11b $iiKk, vk b RESC I F
30 min, fill A SB ZZ W 1000 r/min, 4 °C, &L
5 min, %8 70 pm Jé Je AR 38 T BD Falcon Jit 2
b BRI 200 pL 4 2% PFA [#5E
BT 4 CHEOGOAE, SFRE BRI,
1.3 SitESH

iz [l GraphPad Prism 9.0 #4781 24407, £
Y] LR FH B 2 225301 (ANOVA ), PR [ L
BER WS FEAS ¢ K555 TR GER DO BIE + b
HEX (x £ 5)Fm, LA P < 0.05 HEAGH¥E X,

2 #HR

2.1 MNEWEEELEELER

Lyz2 IRES DTREGFP /)N & 7E Lyz2 KN4 1k
T2 5 5E S ki A IRES DTREGFP 35 35 HE (1) 3
FEH/NR, Wi PCR KU Lyz2 IRES DTREGFP
INERBY LR B &5 A DTREGFP 35 PR %) 52 56 2H /) i
TE 326 bp 1512 bp BB A 257, XS IR AR
326 bp AH7 505 AE 512 bp A TCEHE & 1,
2.2 /NEREGOBFOBE B EEFASME M GFPTABaET
a7 bk B

AN W NI = o A 1 B e w4
W EE GFP FH 1 20 M B o L), &l 2 45 3L i
7, /INERURF i L B 6 R A0 ) If i 4 RE ik GFP
FHE 20 B, ke 1) 53 530 o (3.887 = 1.457 )%,
(8.223 + 6.069)% . (21.03 + 12.28)% . (62.87 +
16. 88) F1 (40.47 = 5.835) %, H il fiFh GFP
BHE 200 BELPIT o Ll A8 g5 2>, T 0 ) I <B4 A B o BT
H LB Z . BT LAAS SE 58 5 B2 ANET X A0 Rl | B 6
ABHEA TR A, 7 — 25 W%E DT Xt GFP BH 4 48
JHLEA) 5

BE1 /NIRRT PCR %A
Figure 1 Genetic identification of mice by PCR

2.3 /NRiES DT EAERE K H CD11b’
GFP' 4l i)k F 1

T A AAS I SE 55 DT 5 1.3 f 5 d
B LU CD11b" GFP 4B A5 fL LA, CD11b
S EARZ A AL | 2 | MR 2 B RARS 51R 48
HIAREY, A S0 CD11b™ GFP* 5 b B A 4
Jit | 2 A A R A B AR, AR 3 BT S
U021 5 BT B AR e, g CDI1b" GFP* 41 LY
B el (13.73 + 2.994) %, I H A6 SE56 4 vF 5t
DT J& , i) CD11b" GFP* 20 BT (& e A9 Bl S i 2>
#(10.27 £ 1.246)% (P < 0.01), fEH4 DT 5
1d, GFP™ 4 i g i i 48 /> ik F] (3.468 =
0.5862) %, Wk W] DT HE B P18 2> 70% 72 45 )
CD11b* GFP* 4, {H 2 J5 40 A £ 32 Wi T i Wk =,
5 R R T, DT REAL Y/ g CD11b" GFP™ Y
A, IF HS5 S DT AAH L, e G 1 d A R
FHER(P<0.01),
2.4 /INREH DT EARREESSME A CD11b*
GFP' 4R i) Tk J 1

WA 4 FrR S04 5 BT RRALAR L, 28 1
RE K223k CD11b" GFP 41, 3 B A3 5 DT
J&  ANEIL A CD11b™ GFP* 41 i i 7 L ] B 3 U
(14.64 + 1.986) %, #EiEHT5E DT J5, CD11b*
GFP* 4l JF 4R/ (14. 27 + 4. 541) % , I H 523
W95 3 d, 7ZEESHE 3 d i, CD11b* GFP* 4 fifd fir
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B2 ATl SNE L AE RS GFP BRI AT & LBl (n = 3)

Figure 2 Proportion of GFP™ cells in liver,lung.spleen  peripheral blood and marrow(n = 3)

TE LA WS B X IR 4 5 529 A AR 1 DT 5156 DTSR CD11b* GFPH M 98 ek I8 H 5 B SCBb 23 5 DT J
AR RS CD1Lb™ GFP*Seit I 5:4F DT /AL, ™ P < 0.01, (FIEE)

B3 W CD11b" GFP* 4 bt e ZE AL (AL (n = 6)
Note. A. Representative images of CD11b* GFP* cells in the spleen of blank group and sham group before and after DT injection by
flow assay. B. Statistics of CD11b" GFP™ at different time points after DT injection in sham group. Compared with bofore DT
injection, ™ P < 0.01. (The same in the following figures)

Figure 3 Pattern of CD11b" GFP” cells in the spleen over time(n = 6)
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A7 R B AR (7. 982 + 2.729) %, 5 1E 4 DT i
HBEWER (P <0.01), UEH DT G s b4k
JRILH 60% ~ 70%¥) CD11b" GFP 4 fifl | = Ji 4 fifd
SR . LSRR, DT Ge 2/ 4h
JAIfH CD11b" GFP* By 40, 3F HAE S 3 d B
KB FARME
2.5 /NRiFS DT EAREE S &#H CD11b”
GFP" fifa i) L M2

WE 5 Frs , S5 BT FRALAR L, B E

RERLTNFE 3L CD11b" GFP 4 fify; % b CD11b* GFP*
YU LA (65.23 + 4.261) %, I HAEES DT
& BB A CD11bY GFP* 40 i i o5 Lo 43 B i
W (14.25 + 3.685) %, FEESE 1 d B, CDI1b*
GFP* 4ff {9t i 3 sk /b, £ /D 7] 3k 3] (50.98 =
7.957) %, H. DT g 2 2> 20% 2247 19 CD11b”
GFP 4l , 7RI Z Je Al S B R R K &2 . FR L2
SRRV, DT BP9/ 5 86 CD11b™ GFP* 1Y 2
Jio, I HAEES S 1 d B AR R AR

TE AWK I B X IR 20 5 SE B 20 70 R ST DT SRS DT RSN L CD1IL™ GFP 4 A9 FCRAEIE A 5 B SEBR2H TE S DT J5 AN IR I [a]

CD11b" GFP* STl

B4 SMEIfL CD1LT GFP™ 4 M BE A E LRI AL (n = 6)

Note. A. Representative pictures of CD11b* GFP™ cells in peripheral blood of blank group and sham group without and after DT injection by flow

assay. B. Statistics of CD11b* GFP* at different time points after DT injection in sham group.

Figure 4 Patterns of CD11b" GFP" cells in peripheral blood over time(n = 6)

3 g

TR G PE R G AL A — F 5 A 4 B AR S L
] SRR AR IR A — B TR
PERGEP T, R A AR AR, o,
PR AN AEDEER Y A0 b S 2R, Rt
AP F i 2 A A0 B I o TRD N2 i 50 31 ik S
TRz it A At e A i 1 UKL
TS 2P EE R, AT LR SR S ) 40 R | B A AR
o A H R B RN D BE (A A 248 i o
BEABIE ) X B s B A, PRAT 25 7o 0 L BIL A R A 58

KA LRI ML g B 0% 1 A W
A LA AR R e 1) ol A 0yl Al 200, 48 e ) S
o315 L 200 i 2 T A2 AR B 45 5 2 W A
XN AL S RIS G5 R T Ah, fesie 2
LB A7 6 R RE L 22 32 B S AL IE SR p 42 ], I B
PEF IS/ TG PE A (reactive oxygen species/reactive
nit rogen species, ROS/RNS) 114 2l }u P 1 41 fifg &1 7K
ST R, e g AR L S AR D R A
"oy,

TEMG BARZS T, B 2% 40 0 ik 23 73 0 — LEAH S 3R
FIANZRML A -, 76 Sk RAE 9 & A= &k R IR
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A PRSI B B 5 SCIR AR TR DT 5T DT 5438+ CD11b" GFP A AFCR AL K )1 B SEUR AL 5T DT J5 AR i)

FCD11b" GFP* Gt Rl 534 DT HiAHEL, * P < 0. 05,

B 5 Hf%EH CDI1b" GFP* 41 iRt A 28 L R (n = 6)

Note. A. Representative pictures of CD11b* GFP™ cells in bone marrow of blank group and sham group without and after DT injection by flow

assay. B. Statistics of CD11b" GFP* at different time points after DT injection in sham group. Compared with before DT injection, * P < 0. 05.

Figure 5 Pattern of CD11b" GFP" cells in bone marrow over time(n = 6)

OGBS B, e i R R A,
5 505 0 ML -1 b ke R Y 40 ) M 4 B ( myeloid-
derived suppressor cells, MDSCs ) FIH A7 40 Y, 38 1
3 Uh 22 b AR I A A= i R ke I S iR af A B A=
JET S AN, B R AN A A 2 R R R T
CHEME B /E . Bl dn, 7E 201 O JJLEE BE (acute
myocardial infarction, AMI) H | H P47 201 Bt 514 5
BRI M2 I 20 P Ee ) 2 B e G
AFET Ak B NaVi. 8 (9858 #i 28 70 8 i 6 22 20
AR LR 2 A RV L A0
AN M AE2H 232 P R e I 2 B e 2B IO (H AT
XS B VI 1 S I AL T SR e LA e
U, B B A ) AR AT 2R A0 M 5 B B AR T R
FERY BRI RE 075 X0 2 40 i 5 A7 5 R R At 1Y)
WH5E, PG ABFFEESE T —FhoE i) DTR % [A/)N
Kl & Lyz2 IRES DTREGFP,

P M RE 2R 2 — i H 1 B A T R i 1) 2 P B, TP

45 A MR 2 E K ] (heparin-binding EGF-like
growth factor, HB-EGF) 7224 DTR, {H /)N il HB-EGF
AR REA &S DT 454, Bk, /N 40Xt DT
PR AT RN B, Eaf R K 2E DTR
SIAEEE /N A0, AT DL e 2 40 A X6 DT 4
JBIFAE DT I GTEHF S X Le 4 Mu FE 1=, AT 35 21 41
HR RS S PR RE S P %/ U R i DTR 5
EGFP 454 J5 18 i3 [A) U5 5 21 1) J7 20K DTREGFP #fi
AB/INRI Lyz2 FERZ 5, 46 A DTREGFP JE[H )
JINER TERE R AL SRR S M ) kA A S
JGRY DTR, VRS DT 5, e S5 DT 454, iAFIBE &R
1 ) o SRR O

A SR R FR W AE /N B B A0 i
HHETAEAE GFPT 4 M, I H CD11b B B A6
FTE GFP PHYE4I M 3635, Lyz2 IRES DTREGFP
/NERZaE DT %22 3 d MIE S, CD1L1b" GFP* 4
A s /b | I ELAE A BE 4l i e, CD11b" GFP”
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MMETEREGT I 1 d BESETF 4R s/ Bl S T Gk 2
FESNE LA, CD11b" GFP* 4 ZE VST IS 3 d B L)
KB, Z R WIF R E IR, 45 DT (45 H
A1) BB A R RE ™ A K i IO B R Al i DL S B A 58
LFERBER MM A H VIR . K, 56 5 40 i 09 3%
SRR T B SRR R TR S DT R 4R, %45
5 22 T 0 — SRR IB) S 56 19 25 AR &5 1
Tk, FIMETE X Lyz2 IRES DTREGFP /)y B4 Py 24
KN | B W 41 B AN PR kL 4 B LA — e #E B AE
R, BEASRIFRALAE 0 e i AR TR, X R 2 )

W

T 7 A0 I 7E 221 J2 T D) ML S i T R

G T DL BN R 98 4% 1 D7 T ) F S 4R I S
WA
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AN R RS HE i A5 So 2 A0 IR 25 6 B 18 T
ey el =A
A BT A, E A f

(B2 A B A SR S I ST T , R Sh R B AR BT b R R TR 2R A 2
NP LU R 2 T i S 2, IR R AP sh R R B %8 JE AT 100021)

(HE] BH IPZEERSIBAE 0 mEME YRR TE /D REhE RSN, 7 %

36 2 CSTBL/6 /NBRBENLAY g 3 4 B 25 ROAE A (A 4) A VR 2SI T B RS AL (B 41) A R 288 i okl
H(Cd), HHTRIHE 2.4 F 6 JEREFRME, T 6 JARAFER AL NR A HEUNG NE A KGN EY), it
16 S TRNA W5 43 17 i T8 PR BE LS /RIS RE SR BE IO B S8k % . R o ST, 5 B AHAHLE A 4R C 4
NG R TE R (P > 0.05) , KIBRUAEW I SR TS (P < 0.001) , B RS,
A AN B /N (25 A SR ZEAEAR ] Xk, O R 2 OB (P > 0.05) , KM I & AR A I3 A ZEAN ] IX
3, 225 BAT REVE(P < 0.001) ;B 411 C 4L/ Nz A A FEAS 73 A 70 [) DX, 2 5 BAT 21 (P < 0.001)
2R H 5437 (linear discriminant analysis effect size,LEfSe) , WFFEE ] ( Bacteroidota ) 16 A 40P 7 FE XA 3 PEAL S
I"J( Verrucomicrobiota) EIE B ] ( Proteobacteria) 7E B 207 G AAXF L3 JEBEE 1] ( Firmicutes ) 76 C 41 H &5 AT L #
FEF EHEAMECIRERIE R G K A (PICRUSR) IRETRIN 7w , FEAR S AR A 5 =08 5 | U E W B T e
MIBUE . 858 SYRURISOENE B ROAEAR LU BT EE S B RAE A VRIS H AR AR & T KIn A M 2 he 2%
ARSI 52 0 T T 114 1 S ) BRI e AR R 3, TR AE Jr =R B T e D 3 (BN S e e M T D R
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Effects of different transplantation routes and fecal status on
structural abundance of gut microbiota

LIU Kaihui, GUO Yaxi, DU Xiaopeng, WANG Zhaohua, ZHU Hua"
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[ Abstract] Objective To evaluate the effects of fecal status and transplantation method on the intestinal flora
structure after fecal microbiota transplantation in germ-free mice. Methods  Thirty-six C57BL/6 mice were divided
randomly into three groups: fresh fecal gavage transplantation (group A), frozen fecal gavage transplantation (group B),

and frozen fecal rectal transplantation groups (group C). Feces were collected at 2, 4 and 6 weeks after transplantation.
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All mice were sacrificed at 6 weeks to obtain the contents of the small and large intestines. The structure and function of the
gut microbiota and dynamic trends in microbial changes were analyzed by 16 S rRNA sequencing. Results The diversity of
the small intestine microbes in both the group A and group C were similar to those in the group B, according to a-diversity
analysis (P > 0.05), but the diversity of large intestine microbes was significantly increased (P < 0.001). According to
B-diversity analysis, small intestine samples from the group A and group B clustered in the same area, indicating that the
microbial community compositions were similar (P > 0.05), but samples from the large intestine were distributed in
different areas, showing significant differences (P < 0.001). Small and large intestine samples from the group B and group
C were distributed in different areas, with significant differences (P < 0.001). Linear discriminant analysis effect size
showed that Bacteroidota were relatively dominant in the group A, while Verrucomicrobiota and Proteobacteria were relatively
dominant in the group B and Firmicutes were relatively dominant in the group C. Functional prediction using PICRUS{2
software showed that neither fecal status nor the method of transplantation affected the functions of the microbial community.
Conclusions  Both fresh fecal gavage and frozen fecal rectal transplantation can enhance the microbial diversity of the large
intestine, compared with frozen fecal gavage transplantation. Fecal status does not affect the gut function and colonization
trends of the microbiota, whereas the method of transplantation affects the colonization trends but not the functions of the
microbiota.

[ Keywords] intestinal flora; human flora-associated model; 16 S TRNA sequencing; flora structure
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JE W A W R o o 25 b A0 T L LT B R
A= B2 N A2 A HLRRE 1Y R G2, 1R B W) R TH A6
W B SR e R v e i e A 0
FAT R W Y SRR 2 AR M B k4R AR
Y AR RS NS O A
SR 5| A AR v W, W T8 e D RE RS
A=W E AL RE ) 32 40055 | 5 45 P 1) 4 A B DA
ST T R N T8 G R AT F 5 A
TEAS TR 1 XU, LS5 90 20 49 i 1 T o 2 ol S AR o
WS R B AR B 28 R R M A
AL HE (human flora-associated , HFA ) ol #5771 5
RHEE LT R E I R B R TR W T TR P A
18 2 Jre RN, R R JE T /0 B i g 3 T W RS
i (fecal microbiota transplantation , FMT ) 4 & A\ i i
TESH W 1L 1Y Sy TR RE 5 50 O AR AIF 5T B AR T R 8
B HRIE A 280 HFA S i 5w
AOBIFSE , AT R P T R AE A P 5 4 I | o
SIARRE SFL510 S BRI, A S TR T RE /N B FMT A
Y ) HEAA G 18 | A7 B B A 7 XS BOAR i R ST 48
—HYBRHUE , DAY 0 58 ZEAE RS AL A 7 00
NVEBERE/ N L FMT HE R R EE 1 520, A BIF 5004 1kt
AR AR B R 08 VR A A A o) i R VR i 5
HEE M E B E CSTBL/6 LW /NR, @it 16 S
rRINA I P75 AR Xof Jig 308 B A= 0 0 o R %o = 32 2 #
SRS WD RE ST LA N FMT J5 18 R RE Y
BHASAIHT R MR L FMT Y5206, Ol FMT A7 (1
RS

1 #MR5FE*

1.1 ##
1.1.1 SEZEshY)

TCH % CSTBL/6 /MR 36 H /K H 18 ~ 22 g,
8 ~ 10 JE %, ¥y R ik, AR B F I 5% T
BB B T [ SYXK (5%)2023-0037] , 54 525 15
B PR B A VIR 22 ~ 25 °C 1B 40% ~ 70%, 5%
MBI 228 12 h/12 b, S ERREs a8 N B
BEYOK, S50 AT HICH /D BUREHZE 50 kGy “Co-y
SRR IR, 1 7 oK 3R g8 B VE E B4
28126 °C 30 min = = R K AL B, AW h
[ = 2 B B B 2 S 50 sl W F 5% BT 55 56 sl 4 fiff
AP 51 25 (TACUC) #tfE ( ZH24002)
112 EZEF S5

A ORI BRI (b B VEAS T W FE A A BR A
), HY-XDB-500) , JC I PBS (b 5Tk Sk MR A FR
3, SL61002) . TR B B A (b 5 35 h B Ak
TARARAF, 1160 cm x 650 cm x 600 cm) , &= JE
ZEIKH % (TOMY, SX-700) | #B¥ TAE G ( LS
WA R i AT BR A /], ZHJH-C1118C) , 5 I #8
{RIRIKAS (FAF , MDF-382E) , ¥ /R vK 46 (1§ /K, BCD-
215KADZ) , 53 Hr KV (MR -4EH 2, ME104)
113 2B H

KA T AR S I FEMEE T -80 CR R
73 H R EE BUETT 3 A H AR IR
s B AR, W oK B B i e, 2508
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FMAEE 1 RORAE [] — 5 JB 3 19 0 ek 28 44 iy 40
-80 CRHBMRAMRHRIEETRMAT 1 d ET 4 <C
fifR . NFEMEREARAT [ S0 0E ot/ v [F Bs 22 R
e b 5t P R0 B A B b 9B B B 18 B 2 B S AL v
(24/120-4400) , JCRR A 1F T 43 BIFRHC 2 g 7 fif 3
EFEARTN 2 g WURFEMEREA, 23 JIIMA TSI PBS 20
mL, 7= % 4], i E 5 min J5 0 B EE T
50 mlL K B 005 81 f 21 0 21 DR AR VR RIS 1 3t
PRI, T Y RIS, R % 2
mL BT B T-80 CIRfE, HT/age2 d
FEERA
1.2 FHik
1.2.1 AT

¥ 36 HUEME/INEBEAILSY g 3 2, A AL A TR
FEMEATHE S B, B A0 AR R IS(E HETTE 5 B
L, C LA ME VR VRESAE AT B RS, 23R 1 Rtk
TTEBEBAE, BER 1R, B H 200 pl, #4E 3 d,

®1 ZTHRM(n = 12)
Table 1 Experimental grouping(n = 12)

gl AT LRATI7 1 BAt iRz /L
Groups Storage methods Transplantation methods ~ Does/pL

AH B HEH 200
Group A Fresh feces Gavage

BAL UM e 00
Group B Frozen feces Gavage

C4 Ve UREAE Hin 200
Group C Fruzen feces Rectum

1.2.2 FEACREE

ST REBAIG A 2.4 F1 6 RS/
AZEE IFT 6 JAIRPEE A L/ INRAR BT, 73 SO N A

29 (small intestine contents ) F1 K% N &9 (large
intestine contents) ,-80 CI-AF£H
1.2.3 QU Bl o M

B R RAF AR AR AT 28 0 R BOIR AR YR A R
A . 4 H DNA J5 8 ] Mumina )7 5 %
FEASTPANTA 16 S tDNA-V3 XTI, AR =
97% ) F¢ 5 w5 o3 BE B AH R B #RAE 2 38 ot
(operational taxonomic unit OTU) i e 44~ OTU 1)
TORMEF S, IR QUMER AT ¥ Fh e, 26T m
X UniFrac 2 ( weighted-unifrac ) | bray-curtis i 55
2 A F5 43t ( principal
coordinates analysis, PCoA ) I 3E i A 4 ~F #4 3%
(unweighted pair-group method with arithmetic means,
UPGMA) 734t
1.3 FitESH

Wt ¢ KIS AT AL o ARG L,
1 2 90 /5 2243 M1 ( permutational multivariate analysis
of variance , Adonis ) Kz g 2H (8] B ZFEMEG 11277 X,
RS R P BIE + b2 (2 £ 5) R8P < 0.05
h S A WA,

( bray-curtis distance ) 17

2 4R
2.1 MFREIT
SHUCEE 3 1 86 ANREAS HEAT I 675 31 9 221

671 JEAFH, Hir 8 609 478 41] T OTU fik)
Ay, A A B 4B AH C RIRFS A
BOFA A RBUT I L R RR N T 1% 8 & L,
FAmTC R EER(E2),

K2 BHEEEGI R (v £ 5)

Table 2 Data filtering statistical analysis(x + s)

orel fHi3a JER 1 ARTFINE /% RN 1% %
Groups Position Raw reads Clean reads Effective/ % Q20 bases rate/%
/N
. . 105 684. 00 + 4631. 37 101 628. 00 + 4760. 93 96.15 = 0.79 99.00 = 0.06
AW Small intestine
Group A N7
. . 109 743.00 = 8079. 90 98 748.00 = 7640. 47 96.75 + 0. 69 98.67 = 0.25
Large intestine
/N
. . 106 973. 00 = 4703. 93 103 048. 00 + 4751. 43 96.32 = 0.49 99.03 = 0.04
B4 Small intestine
Group B N7
. . 109 913. 00 = 9046. 67 104 935.00 + 9761. 10 95.46 = 0.75 98.77 £ 0.21
Large intestine
N7
. . 100 935. 00 = 2077. 48 95 135.00 = 1964. 95 96.56 = 1.20 98.56 = 0. 16
C4 Small intestine
Group C N
108 713.00 = 14 105.15 96 577.00 + 9056. 33 96.38 + 4.30 98.60 = 0.34

Large intestine
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2.2 BEWMEMBEESHEEST
2.2.1 o ZHREEI T

o ZREPEIERIRETE Nl o34 B 3 50 B2 R 2 A
PERSMAT . BT OTU A A4 B H SR b 4

B4 ( Ace , Chaol | Shannon F1 Simpson ) ffif f o £

FEPE

FEEIRASXT FMT 2 945 R SR , A /N
EE LAY OTUs  Chaol | Shannon . Simpson 5 B
IR EVEIET (P > 0.05) , A 4K MiE B
OTUs , Chaol | Shannon | Simpson BEWRLEST B
4L(P<0.001), #EARAHBTHEEIEMERAN 12 URFE

AL , /N i 18 T A B )Rl S BOR 2 R
AR, I 3 T 4 ) S BORT AP R AG
(#£3),

FoAE 7 3% FMT 82 B Z5 2R s, ¢ /Mg
B AEAY OTUs , Chaol | Shannon | Simpson 8445 B
HESTRFEMEP > 0.05), CHKRBHIERREN
OTUs ,Chaol , Shannon , Simpson 5§ % . & & T B 41
(P<0.01 8 P <0.001), $&RxMBTHBEH,
HEB AT /N i 18 TR R 0 W) T S EOR 2 AR 1
A AR K i T TR %) ) el ERORT 22 R
flR(£3),

F3 PEIGEER o ZHESPHEEILE

Table 3 Comparison of the results of a-diversity analysis of gut microbiota in mice

il A OTU %t H Chaol #5%k Shannon F5%% Simpson Ei=2 4
Groups Position OTUs Chaol Shannon Simpson
/N
. . . 472 483. 667 2. 057 0. 635
A Small intestine
Group A
L j(% . 290%*# 296. 667 3. 944" 0. 874
arge 1ntestine
] /J\% . 382 392. 357 1.572 0. 560
B4 Small intestine
Group B K
. . 111 114.929 1.792 0. 588
Large intestine
. /J\HZJ . 493 502. 118 3.184 0.772
cY Small intestine
Group C
Kk 289* 302. 182% 3.501%* 0. 829

Large intestine

5 B UL, *P < 0.01," P < 0.001,
Note. Compared with group B, P < 0.01,"P < 0.001.

2.2.2 B ZREMESHT

R T 2 R L RV Rl 2RV 25 5 R
H weighted-UniFrac B 25X Br & A i 17 PCoA HlI
UPGMA 5341, PCoA 25 /R, A 41 B 41/
W P EAEAR IR SHE— 2 , RN/ Na I HUEY
FELELRSRRALL, 1T R 1) A5 FEAS B S 4 A 4, R
EATE R W 0 A W A A B 5 P 22 % (BT 1A,
1B) . B #HA C AR/ NHFEARIL &R
R S N S (WD) B ER 1 a7 R s Y d o)
2R (K 1C,1D) , [T, Adonis /ATt 7, A
WM B A/NHHEWREE 5 TR EFME (R =
0.0974,P > 0. 146) , M KGR AE YRS 22 5 2A
WEM (R = 0.3191,P < 0.001), B ZHF C 4H/)
3 (R*= 0.6410,P < 0.001) FI KB (R*= 0.7833,P
< 0.001) AW RER A B E 2 5% . UPGMA
ST 45 4 3 A W T T KO 4 R E AR X 3
JERERZE, 5 PCoA 25 —3, UPGMA W EIFEH] A
A B HFE IKE L/ A Wi B A AR UM, K

It R A B 25 5 (81 2A,2B) . B 41H1 C 4
NIRRT I RE AT 35 25 5 (181 2€,2D)
2.3 BREWEMBEEBSTIT
PyFAERT BRI A 45 SR R, A N B HTE
N R G B T R 22 DR R i 3 TR i - B T R
( Escherichia-Shigella) (41.02% 1 55.32% ) b 50, %
)8 (Akkermansia ) (46.07% F1 39. 54% ) 1| 481 FT
W J& ( Parabacteroides ) ( 3.82% Hl 1.90%)
Parasutterella(6.00%) i A 445 A H M,
BESTBA(P <0.05) (K 3A,3E), A4EKX
M 1 A B2 TR B = B R Parabacteroides ( 30. 84%)
( 20.00%) FN  Escherichia-Shigella
(18.07%) ,B 2H Escherichia-Shigella (57.00%) (P <
0. 001) Fl Akkermansia(31.49%) (P < 0.05) fJ=E &
WREST AHAH, Parabacteroides(30. 84% ) fy A 41
P A Al (B 3C,36)  HF B HFT B 4L(P <
0.01) ;C HIE/NHMHEREA M S B HHBA W&
25, B W 8 ( Twricibacter ) (1 43.52%)

Akkermansia
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TE: A A 4UF1 B 4/NA NI PCoA 7387 B: A 211 B LRI NI PCoA 7345 C. B 41 C HL/Mam N PCoA 7347
D:B 4170 C RN B PCoA 7347,
1 PCoA 43T
Note. A. PCoA analysis of small intestinal contents in group A and group B. B. PCoA analysis of large intestine contents in group A and
group B. C. PCoA analysis of small intestinal contents in the group B and the group C. D. PCoA analysis of large intestine contents in
the group B and the group C.
Figure 1 PCoA analysis

TE: A A 4170 B 4N Y UPCGMA 20475 B: A 4170 B 41K A2 1) UPGMA 23087 ; C: B 410 C 41/Ms N A1 19 UPGMA 43
Hr;D:B 4iA C HRIGAAYIR UPGMA 7347,
B2 UPGMA Z#7
Note. A. UPGMA analysis of small intestinal contents in group A and group B. B. UPGMA analysis of large intestine contents in group A
and group B. C. UPGMA analysis of small intestinal contents in the group B and the group C. D. UPGMA analysis of large intestine
contents in the group B and the group C.
Figure 2 UPGMA analysis
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A A A B AN NIRRT 3= BEHDTE R BB 40 C /N N A I R A X £ EEFIE I8 G A A B R N AW
YRR R BEAEIE 3D . B AU C AR A AR IRIT R REAIE I B A 1A B A1/ AT 10pl00 Pkt A B 18 s . B 41
A1 C A1/ 1op 100 iRt AL 1R G - A 410 B A1 ARG 10p100 H bt Ak BB T H: B 1A C 41K AR HY top100
WAL R
3 i AR K LR I

Note. A. Histogram of species relative abundance of small intestinal contents in group A and group B. B. Histogram of species relative abundance
of small intestinal contents in the group B and the group C. C. Histogram of species relative abundance of large intestine contents in group A and
group B. D. Histogram of species relative abundance of large intestine contents in the group B and the group C. E. Top100 species evolutionary
tree diagram of small intestine contents in group A and group B. F. Top100 species evolutionary tree diagram of small intestinal contents in group
B and group C. G. Topl00 species evolutionary tree of large intestine contents in group A and group B. H. Topl00 species evolutionary tree
diagram of large intestine contents in group B and group C.

Figure 3 Gut microbiota distribution at the genus level
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(P < 0.001) Ai%5 R (Blawtia) (21.37%) (P <
0. 05) Fl Parabacteroides (12.20%) ( P < 0.01) f 3
JEHER W T B AL, B O H TR A (& 3B,
3F), [ A, C 4H 1 Km0y i % W #F Blautia
(47.61%) (P < 0.001) . Turicibacter (11.50%) (P <
0.05) FREAR W % & T B 41 (¥ 3D,3H) , I, A
LA B 21 (B AN C 48 BORE TS 45 M A7 35k
255 X RWIZLEAR B ML AL IR AR RE UL 5 ) FMT
J B AR E
2.4 PAEE S LEfSe 5747

LEfSe &7 H R0 £ 0 2 4 PR 551 20 58 43 2

REVE N AR WIbR & B9 J5 i, TR R R i A= Wk
PR EEER, SHEARSIE R B, NS
EARZSXS FMT BYZNETE /N AR Y Fh o B
Z5(E 4A) , T 1E KW, Bacteroidota ( 1713 F1)
1E A 4 5 AE X AE#Y Verrucomicrobiota ( N 171 3|
) Proteobacteria ( NI TEIFF) 76 B 2 H 5 A XA
(K 4B) ; NBHL X% FMT B2 A , TCig 2/
it KGR, Firmicutes( T TEIR) 78 C 4lh
A XF G Y, Verrucomicrobiota ( M\ 17T B F ) |
Proteobacteria( NI JEIF) 7E B 4 7 o5 AR XL #4 ( &
4C,4D)

o AA AR B A/NGREYR LESe 7387 ;B: A 4081 B A KGR EWH LESe 5387 ;C. B 41 C H/Nm AP LESe 5347; D:B 41 C

HARIHNEYIN LESe 247,

4 LEfSe #0250 HrE

Note. A. LEfSe analysis of small intestinal contents in group A and group B. B. LEfSe analysis of large intestine contents in group A and group B. C.

LEfSe analysis of small intestinal contents in the group B and the group C. D. LEfSe analysis of large intestine contents in the group B and the

group C.

Figure 4 Analysis diagram of difference between LEfSe groups

2.5 MEMAEWETEIIEETN

A PICRUSK HEA TR YT DI RE T 70 #r
5 FE IR E B 7% E (cluster of orthologous
groups, COG) #E47 X H , #3 ZIAH N ) COG Thfg TR
FHASE GER0T W FEMRS A A T7 A 5
A YRR I RE UL, B R AR TGS
LS N e SN SN R i AN R AW
MOHRE (K 5) o HE B BRI A bE T S 21, v R

FEFEM YRR T ERERFEMI(P <
0.05) ;R URISME I AH L T B R A , E B 4
PRV IE DIREF R B E IR (P < 0.001)
2.6 EFREVHELSH
MRS X HAE YRR R E (K 6),
Rl E IR HERS , 7E o ZHRETEHE 20, A AT B A
B EFEARL, B Chaol F5%UI 225700 B
(P > 0.05) ,Shannon $83I7E 4 Ji W W 238 (P
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A A AU B AN AR PICRUS2 JIGERUIN 34T s B B 4141 C 41/ A PICRUSK HRETIIN 73475 C A 41701 B 41K
J A PICRUSK DIRETU 247 ;D B 41N C 21K A4 9 PICRUSK2 T BETI 734 .

B 5 PICRUS®2 JIREH /4
Note. A. PICRUSH2 function prediction analysis of small intestinal contents in group A and group B. B. PICRUSI2 function prediction
analysis of small intestinal contents in the group B and the group C. C. PICRUSI2 function prediction analysis of large intestine contents in
group A and group B. D. PICRUSI2 function prediction analysis of large intestine contents in the group B and the group C.

Figure 5 PICRUSt2 function prediction analysis

A ~ C:A A0 B AN B MBS 2.4 716 JA/NRZEMERY Chaol ,Shannon Fl PCoA 7347 ;D ~ F:C 411 B HBAHG 2.4 Fl 6
JEl/INBRZEE ) Chaol \Shannon Hl PeoA 43H7, 5 4 JAAHLL, " P < 0.05, ™ P < 0.001,

Bl 6 FMT 2.4 16 )5 o ZHREMER B ZHEME T
Note. A ~ C. Chaol, Shannon and PCoA analysis of mice feces of 2, 4 and 6 weeks after FMT in group A and group B. D ~ F. Chaol,
Shannon and PCoA analysis of mice feces of 2, 4 and 6 weeks after FMT in group C and group B. Compared with 4 weeks, " P < 0. 05,

P < 0.001.
Figure 6 Analysis of a and B-diversity at 2, 4 and 6 weeks after FMT
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<0.001), T 6 JA W EFEAM (P < 0.05) (& 6A,
6B) ;1E B ZFEME I, PCoA 455 B, A 411 B 4H 7%
FMT J5 2 .4 F16 JiIREARETE— R (Bl 6C) , Uil
EATAEAS R B S 00 T A P e v ELA A, S e —
FH, Adonis 7T R B R EZRAEE (P > 0.001),
25 P TR RS XT FMT J5 /)N B AE (A e vk
) A A B BEAT R

AR T SO AR I RE TR S R R R Bl 2 B
[ HERS , C 41 Chaol FEEUAE 4 JAIBT L EHREAR (P <
0.05) ,7E 6 JE I 45 sh A5 °F- 7, Shannon 545 T 4
JEI B EFEAR (P < 0.05) , T 6 JAI 45 5h 258 1
(Kl 6D,6F), B A unmiscirid, 76 B L1 I,
PCoA Z5 578, C 41 B 4HA7E FMT J5 2 .4 F1 6 &
AREAS B B SR M 2H (18] 6F ) , BB E AT T7EA [m] i
WA s BA g2 5 5 I —3K, Adonis
ST EE R R 25 5 BAT (P < 0.001)

25 bR B S FMT 5/ RS R 4
HETE (1) AT R S BAT i 25

3 itig

HHI Bl A5 BB 2R B 2 T 5 9 s [
Kl B 2Tk 22—, O/ R
S FMT AT 47 6 i 3 0 e, s ik 1
RS 6 v 38t | PR 358 F0ER £ 45 AN A o DR 3R I
me M AR R b FMT 2 — R0 8 1697 ik
ABFTERM], FMT S 52 S 1 XM T SRR die i 2 1
TRYTIRRE P E TR S A R R T AT
0 6 ARG 2 70 7 A P o 2 g, SR A e ik
FHEEAT FMT, 5 7 A 2R Rl A7
FMT Al Z A7 X, 5 B B R 25 5 THAE H.
AR (EL ol A= P 2 52 30 B i 2800 B8 R R e
RSO 10T e 20 T i 2 (o 38 o LR, A
AREAEIAIE bR f 8 G BAE R AN,

FEARTSCH G 5d 16 S rRNA I AR 20 5 Ho g 7%
TSR VE T 5 RS AR U B R/
KL FMT BEH (5400

WS K B, W ZEMEARZS T FMT fO52 00 Sk &, 78
WA ZREE L R RIS /NG A )
1) 22 P 00 5 0 B 21 o B A A7 A AR, K i
Y/ E A2 2 T (AN RN e = L A W <o 2 R B
BRI SR MM RE k2, 7
T I RETE O Sh 2SR AR 34 | ¥4 TR S A 1 ff 5%

45 —E0, RAMAI %1% F1 ERICSSON %' f) fff
FERM], RV RIS AE AT 5 U W B M2
PR R B SR 7 2005 0 e A A L 0 1 35 2
S AR YT AR S BV I AT I 3X 5 AR S
PR AR — B, AT R, R d A
TE A IRE R A R 2R, R 2 ) e PR 4
PR A e, o 1 DR 48T AT RS B i 27 AR 3
Xof SEATAEA (1) b IR AE IR F SR T HEA T, AT R
BN K TR X AT B8 518 R ISE R 5 T AE )
ZAEME M BRARA OC, U, S 19 #8407 XX
FMT WS G B e 2 M b B
TR M AR R 2 REvE RS B 2 THEE
i, TEDIRETN 1, E 1 #% A8 FRE 18 F4 A8 1 1 1 7L
A DIREARDL, fERUEM RS R sh S L,
Kifi 5 B[R] 9 AR 40, BB AEIY) Chaol $54UHT Shannon
BRI E TRERGETIRE, # B HAE Chaol 83K
FERF R AR 4L 22 5 AN I 2| Shannon $8304C 0 & T i
FRREAR. B A 3 B0 Y A BT B AT e R T
RESC P O 25 3% 00 3wl B 7 A8 S W A B0 TR
FE ., JIANG 25 (o3 B, 00 R s e 4% 45 3 i
LT YRR i Z 8] R 7 RO W B M2 S, AR S0
HinkH G/ BUmE e 2 B 2 s THEE
FEAH , 1X AT BESRAS SCRS A T FH A0 285 TR B TR e = e 3
AR LR A 205 v i) 7 1 T A ) 9k 1 T R it
3N S PNITS S €22 clN N

FEAR B 3B A D REAE T TR KA
FL, EZH Bacteroidota F Firmicutes 218, A /D>
1 Proteobacteria F1 Actinobacteria>*>" o SR, W
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3. FELCAYRHEERAR, B 201403;4. TP EGRE S E, B 201203)
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AEH5 ( carbon tetrachloride , CCl, ) 5 S ARG VERR I PEIF R AOME ALK, 773k 45 HUfEME CS7BL/6) /NERBENL Y N
TE TR R IRZ | B8 D R4 (10 me/ (kg-d ) ) (B 7 HFURAL R4 (3. 74 ¢/ (kg-d) 7. 48 ¢/ (kg+d) ),
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[ Abstract] Objective Transcriptome sequencing technology ( RNA-seq) was used to analyze the mechanism of
compound Dancao granules as an intervention for high-fat feed combined with carbon tetrachloride ( CCl,)-induced non-
alcoholic steatohepatitis. Methods 45 male C57BL/6] mice were split into two groups at random: normal control group,
model control group, obeccholic acid group 10 mg/(kg+d), and compound Dancao granules low- and high-dose groups
3.74 ¢/ (kg+d) and 7.48 g/ (kg+d) , with 9 mice in each group. Normal diet was made available to the control group, and
the mice in the model group were given a high-fat diet combined with the subcutaneous injection of CC1,, with 100% CC1,
solution (4 mL/kg) in the first application, and 40% CC1,-olive oil solution (2 mL/kg) in the second application, twice
a week for a total of 6 weeks. Each drug group was administered the respective drug from week 3 for a total of 4 weeks.
12 h after the last administration, the serum and liver tissues of mice in each group were collected, and a biochemical kit
was used to detect serum liver function. Hematoxylin-eosin ( HE) , sirius scarlet, and oil red O staining were used to
examine histopathological changes to the liver. The levels of IL-6, IL-10, TNF-a and TGF-B in mice liver were detected
via ELISA, and the expression of a-SMA was observed by immunohistochemistry. Differential gene expression was analyzed
by RNA-seq and functional enrichment analysis. To verify the differential expression of mRNA, quantitative reverse
transcription PCR ( qRT-PCR) was used. TDT-mediated dUTP nick-end labeling ( TUNEL) staining was employed to
identify apoptosis. Results The model control groups had significantly higher levels of serum alanine aminotransferase
(ALT) , aspartate aminotransferase ( AST ), total cholesterol (TC), and triglycerides (TG) than normal control group
(P <0.01). Additionally, there was obvious inflammatory cell infiltration in the liver tissue, collagen deposition in the
sink and interlobule areas, and a significant increase in lipid droplet area (P < 0.01). The levels of IL-6 and TNF-a in
liver tissue were significantly increased (P < 0.01), the levels of IL-10 and TGF-B were decreased (P < 0.01), and the
expression of a-SMA was significantly increased (P < 0.01). The levels of TC, TG, ALT, and AST were significantly
lower in groups that received compound Dancao granules and obeccholic acid than the model control group (P < 0.01),
and inflammatory cell infiltration, collagen deposition, and fat accumulation in the sink and interlobule areas were improved
(P <0.01). The levels of IL-6 and TNF-« in liver tissue were significantly decreased (P < 0.01), the levels of IL-10
and TGF-B were increased (P < 0.05, P < 0.01), and the expression of a-SMA was significantly decreased (P <
0.01). RNA-seq sequencing result showed that 2819 genes in the normal control group were differentially expressed
compared with the model control group, with 543 up-regulated and 2276 down-regulated genes. In a comparison of the
model control group and compound Dancao granules group, 240 genes were differentially expressed, including 206 up-
regulated genes and 34 down-regulated genes. There were 221 genes with overlapping expression in the 2 groups and
functional enrichment highlighted cell cycle ( Cdil, Plk1, Bublb, Tik, Knll, Esco2, Cdc6, Ndc80, Cdc25h, Sgol,
Cenb2, Espll, Ccnel, Mcm4, McmS, FbxoS, Bubl, Mcm2) , apoptosis( Caspase3, Bax, P53, Apafl, Bak, Caspase8) ,
the P53 signaling pathway ( P53, Ccnb2, Apafl, Bak, Bax, Gtsel, Caspase3, Ccnel), arachidonic acid metabolism



S B4R 2024 4F 12 A% 32 %55 12 ] Acta Lab Anim Sci Sin, December 2024, Vol. 32, No. 12

(Hpgds, Cyp2c54, Cyp2b10, Thxasl, Cyp2¢50), galactose metabolism ( Hk3, Gla, HE2, Akr1b7) and other signaling
pathway genes. RNA-seq sequencing analysis showed that compound Danicao granules mainly regulated the apoptosis
signaling pathway, and qRT-PCR confirmed that the mRNA expression of Caspase3, Bax, P53, Apafl, Bak and Caspase8
in the liver tissue of the model control group was increased compared with that of the normal control group (P < 0.01).
Compared with the model control group, the compound Dancao granules group showed decreased mRNA expression of
Caspase3, Bax, P53, Apafl, Bak and Caspase8 in liver tissue (P < 0.01). TUNEL staining showed that the number of
cells showing nuclear shrinkage and apoptotic bodies decreased in the compound Dancao granule administration group.
Conclusions Compound Dancao granules had a significant protective effect against non-alcoholic steatohepatitis induced
by high-fat feed combined with CCI,, and its mechanism might be connected to the control of genes linked to apoptosis.

[ Keywords ] compound Dancao granules; non-alcoholic  steatohepatitis;  transcriptome — sequencing
technology ; apoptosis
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HL(EG1140) . U1 H HL (CM1850) | J&& F /K ¥ 54 (HI
1210) , ¥ [ f#5 7 LEICA 23,
1.2 FHik
1.2.1  5reH st

45 FU/INEUBEBL 23 by 1E 5 % B4 A 78 X HEA
A2 75 AR B R AIG | i ) e AL R B DL RR R A, A 9
H, SRS &S BB, 5IkA T 100%
CCl, %W 4 mL/kg [ TS SRIG 45T 40% CC1,-
MOHE I 2 mL/kg B2 BT, B 5 2 0, 36 A,
BEARIXT HR A | A2 7 IR R AL | 5 7] 2t 4 B B DU IR
FR 4 /N B AR S T e R TADRL , T % B2 45 75
WL, 56 3 AR, B UL RRRZH 52 5 MH s ORI | v
FHELH 20 B LA DL AERR 10 mg/ (kg-d) & 77 IH B
ki 3. 74 o/ (kg-d) F17.48 o/ (kg-d) FOFIHHEE It
4 JE TE X6 BB 21 AR R X B 2H E B AR TR AR AR Y A
PERIK
1.2.2 REURA

6 JEIR /N BT 5 3% 1% 0 L 240 (3 me/kg)
JPRIE FTJF R i | s K LI, L 2500 S5 I T B T
—80 CRAT, FH TR 1ML 35 JF 2 — 35 ( AST ,ALT) F1
AT (TC TG ) . fil B M8 IF 43 5% 5 YTHL
INERIFAM 27 0.5 em x 1.0 em K/NAHLUE A 10%
HP AR R R ol [, I A, B 4141
100 mg 77F TRIzol ', FH THEH RNA
1.2.3 £ 40/ BUIF 40 41 NAFLD 5% 3h & f1 %
(NAFLD activity score, NAS) P43 5 Ji J5E i LRI 2T
TR 22 A T

KR AR R-PHEL (HE ) B (WS 20 21 5 4
P, AR BT 5r 5 B 58 B 1 B 1 H9A NAS F
43, R 36 [ [ 57 TAEWFSE Be NASH i PRAE 52 9 95
T AR P51 NAS B4R (R 1) o e Dt 1 Y

TMEL AR E 1537« (TR Image J 1. 8.0 2347
FRARARELT G 7 FHIHT £ 9% €2 v 1) e Jirt 28 48 1T AR LE AN
PR IR LY | BT €0 i J5 R 2T €20 B i i 10 T A
JIE AT FH LA 20 A% R MG TH R A 43 Lok 58 1
J SR AL R 1

F 1 AETRSERR I YEATRT NAS 753 3%

Table 1 Nonalcoholic fatty liver disease NAS scale

PRI/ 5)
HH Scale/ points
Item
0 1 2 3
JHF 490 M s i o
a8 LY
L% 0~5 5~33 34~66 66~ 100

Proportion of hepatocytes
with steatosis/ %

NP 56 P b
A
Number of inflammatory 0 0~2 2~ 4 >4
lesions in the
lobule/number

S S R A
JH A SRR % AT, 20

Hepalocel.lular None Few Many -
ballooning

1.2.4  JFHZSRAER T

SR JF AR G0 28 W PR 56 ( ELISA ) 38 57) £ A6 1 i
HA 1L-6 IL-10 \ TNF-o Fll TGF-B I . 1 50
mmol/L PBS 2% thifi (pH = 7.4) W EVKKIB A
W IFTE 4 °CF 3000 r/min B0 15 min, 385 T2
Ko BRI, XA /N AT 100 wL 51383017
SRR, LA DR T A5 (B 7E B3> 0] & 4 it i b
THZEPEYS I N, ELISA 5256 3o 72 7™ 4 3805 il 15 B
FHRtE
1.2.5 SR IFA 4 o-SMA ik

VLA IS D) oy BBLRE 2K AP e 5k 2%
PR B, 3% MR K L BR IR YERE, 5% BSA
ZiR N E M 30 min, H—HT «-SMA(1 : 1000) ,
4 CRKRME LR, PBS WLk, AR 2 /ey
FEFRICILE i IgG(H + L) 240 (1 : 50) , =5 IR0
A 1 h, PBS P, SABC #8 R ERMFH 30
min, A DAB B, 76 W60EE T il w7k
RE YR, IR EE 0. 4% R 2 B4k, FhbE:
PSS o BUTR BRI CRE B R, 8 Image
1. 8. 0 BRAFHTHFLHEZY o-SMA A TE I .
1.2.6 AR AT IR oK ot 4% B B A =2 19 dUTP Sk
A Ui #5818 ( TdT-mediated dUTP nick-end labeling,
TUNEL ) 4% 4500 /)N BUH- 20 B 3 1

VL BUA IS U) R 4 G B 2 K foft P 2 11 il
K(20 pg/mL) FALIRLH L5 | 3% AU IK 2 bk N TRk
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it , e HEGR) 1 B 45 20 SR E AT e £ 25 oS il R
SLep g oG YAl A%, AR T SR, B AR B
B PCR B Fr ] Image J 1.8.0 B4, 7>
BT AN g8 T B
1.2.7 LA 7

B IRBUIF4H 210 RNA, ST HUE RNA 34T
SlRE A, O G U GV B RNA BTk A5 48 )5,
Hlumina HiSeq X Ten M J7 A% #F 17 I &, ff H
Trimmomatic v0. 32 FRAFHEAT BT 45 , i s 4ol 41K 5T & 0l
e 1555 iR Y Clean Reads, fii ] HISAT2 v2.2. 1
F1 Bowtie2 v2. 3.2 B, ¥ Clean Reads 55 % 5%
ARPEAT HOXT, P15 3 DR AR 1 7 S g
T WS SRR R BEBUA, 5 ek itk AT 22 R M,
R FRGB IR G, B ik & P < 0.05, P4
Je 22 A5 (fold change ,FC) | logFC | > 2, f#i
R 5 i th 22 L 5 |, 3547 GO Fl KEGG 5%
AT
1.2.8 qRT-PCR ARG [ F ik

it TRIzol 2 HLA-4H /N U 4140 5 RNA i
i 1 325 T A U T S ol P 33 5 5% 1R & ( TaKaRa ) 38
#5355k ¢DNA, B ¢DNA 2 uL, JITA ETF#ESI4(10
pmol/L) %4 0.4 uL, DEPC /K 6.8 uL,2 x SYBR
Premin Ex Taq 10 pL,50 x ROX Reference Dye II
0.4 pL, 3t 20 pL, HEAY HFEF,95 C HAE M 30 s
Ji, L 95 °C 55,60 °C 34 s A 1K, PR 40 Ik, 4%
% 3 ANE AL, B-actin fEANS I i@ L 2744 1k
TR AREA mRNA A X #8551 9 H NCBI
TEL S 4R Primer-Blast %31 (3 2)

%2 qRT-PCR 51¥1/%%)
Table 2 qRT-PCR primer sequence

EIL/E

Primer name

SIFHI(5°-3)

Primer sequence(5’ =3’

K EE/bp
Length/bp

o F: AGTGGGACTGATGAGGAGATGGC o
aspase R: ATGCTGCAAAGGGACTGGATGAAC

F:GCTACAGGGTTTCATCCAGGATCG

Bax R:TGCTGTCCAGTTCATCTCCAATTCG 127

F:ACCGCCGACCTATCCTTACCATC

P33 R:GGCACAAACACGAACCTCAAAGC 89

o F:CTGACGGGACTTTAAGGCTTTGGG 1
paf R:TCACGATCACCTCCACATCCTCTG 17

F:GCATCCTGACTGGCGTGAAC 1
Caspase8 R:AGGTGGGCTGTGGCATCTG 8

F:CGGGAATGCCTACGAACTCTTCAC

Bak R:ACGGTAGCCAAAGCCCAGGAG 100

F:AGGTCGGTGTGAACGGATTTG

- acti |
P-actin R:TGTAGACCATGTAGTTGAGGTCA 33

1.3 SitELH

K H SPSS 26.0 i 17 £ 4l 43 #7, Graph Pad
Prism 10 22 & F, 25 DIE(E + PRUfEZE (x +
s) PN, ZAH A LRk FHERL R 2R )7 225007, P < 0.05
FEF G R,

2 &R

2.1 REEEERIXT/INFR M A L FE AR A 20

AHES T IE H 0T R4, 45 0 XF B2 1 % ALT,
AST TC TG 7K FH T+ (P < 0.01) 5 S5HIXT IR
SRR L, 52 T A R BRI | = 791 2 4 R B8 D1 JJH i 441
I3 ALT (AST TC TG 7K Z K (P < 0.01)
A EEF B8 DR R 21, &2 5 IH 5§00k w8 77 2 4 TC 7K
R (P < 0.05) (B 1),
2.2 HHNMERHFALARE RETBRMEHER
7%

55 IE 5% RAL H B, A5 X6 HR 4 /N BRUIF2H 20 4R
PR ffL i i B A R R R D 25, T4l O e fa
7 21 €6 JIR T TR B A VA X R /N ] e
DURRBA 5, 2 JHF 400 it 2 OBk AR A8, NAS PF 40 B (2
THE (P < 0.01) ; SR IR AH LG, 52 75 H B0k
4590 1 41 RN B8 DT IR R 2 /)N BRUF 2 2 9 R W=V L Al
JLACBREEAS B BT AR | 3 21 G €0 1 AR R [ B
W/ (P < 0.01),NAS PP FEAR (P < 0.01) ;4 LE
TR DR , &2 Jy A RISk 45 59 & 20 25 24 5 i 21
HAHA (P < 0.01) g &GS (£ 3 K 2),
2.3 FBA/NRIFELARIERFKFLLE

55 TE X R AL b, BT BE 2 /)N RRUF 2 40
1L-6 A1 TNF-a 7K F-B T+ (P < 0.01) , 1L-10 A0
TGF-B /K- TFFE(P < 0.01) ;4525 )5 , & J7 IHE Fik:
24591 5t 2 AR DL IR R 20 /)N RO ZH 20 1L-6 Fl TNF-a
A B FEAL (P < 0.01) , IL-10 Fl TGF-B 7K FF+
B (P <0.05,P<0.01) (& 3),
2.4 FBHNMNRIFAL o-SMA S=LLE

BB AL TEAG I HF 4120 «-SMA 2 3A%5 W n &
4 7R . SIEHE T R R, BT B 4 /N BRUTF 4L
21 o-SMA FRIEHBTFE (P < 0.01) ; SR
WEZH AR LE , 52 T JIH e S04 5 391 2 A4 0 B DT I R & /N
FUFZH 2] a-SMA HZRIEB B R (P < 0.01) .
2.5 ERERRIAFELER

i R 18 5 X A bR AL 2 )5 I B R AT 2
SERIBHT, 5 R R 5 IE R X B A H AR AR X
M2 /N R R R W 2 R Y 3 AT 543 4>, 2276 M2
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I SIEEXHRAMLL, P < 0.01; SHEEIXRAAML, ™ P < 0.01; 5B ILERRHMIL, " P < 0.05, (FE/FER)
BE1 &4/PNEIME ALT AST . TC I TG K4 (n = 9)
Note. Compared with normal control group,™ P < 0.01. Compared with model control group, ™ P < 0.01. Compared with
obeticholic acid group, " P < 0.05. (The same in the following figures and tables)
Figure 1 Comparison of ALT AST TC and TG level in serum of mice in each group(n = 9)

F3 KA/NRNAS GBI (x £5,n = 9)

Table 3 Comparison of NAS score and semi-quantitative analysis in each group(x + s,n = 9)

5] NAS 743/ 43 JE I AR % LR/ %
Groups NAS score/points Collagen per area/% Oil red per area/%
-9 084
AEFXSHRAL 0.00 + 0.00 0. 000 + 0.000 0.616 + 0.358
Normal control group
HI X Y
BREb R IR 6.57 = 0.79% 4.581 = 1.549% 44.830 = 3.419"
Model control group
5275 IR RFOR AR ) 4 4 - s o
. 5 7ML A AL 3.42£0.79 2.275 = 0.639 26.570 + 1.988 " "
Compound Dancao granules low-dose group
42 77 NH B R 1 75 4 .
27 JE R P 4.00 £ 1.417 2.496 + 1.156 ™ 23.570 + 2.071 "M
Compound Dancao granules high-dose group
BLDL AR
i 3.43 £0.78 2.283 + 0.751 31.710 + 3.592™

Obeticholic acid group

VSRR I, N P < 0,01, ()
Note. Compared with obeticholic acid group, AN P < 0.01. (The same in the following figures)
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B2 HH/PEBUTHARIE BIRTTRAMIRN &R (n = 9)
Figure 2 Comparison of inflammation ,collagen deposition and neutral lipid accumulation in liver

tissue of mice in each group (n = 9)

T S IER X B4R LE, P < 0. 05; S BIAIX AR L, © P < 0.05,
B3 £4/DEIFHLIER T 1L-6 TNF-a TGF-B FI IL-10 lL#& (n = 9)
Note. Compared with normal control group,”P < 0.05. Compared with model control group, * P < 0. 05.

Figure 3 Comparison of IL-6 TNF-a \,TGF-B and IL-10 in liver tissue of mice in each group (n = 9)



1550

SRR B2 A4 2024 4 12 A58 32 %55 12 ] Acta Lab Anim Sci Sin, December 2024, Vol. 32, No. 12

E 4
Figure 4

DRI 263k i 25 1 I 5 S5 0 6k R 2 Fe %5, &2 0 IE o i
r = 3R 2 /N BUF 2 2 LR B 3 R 3L 206 4, B3
TURIRIER L 34 4>, 0F 2 g2 RIS %, B
INZESRLILE 221 A~ (ES)
2.6 EREEERFEMP GO HEEF KEGG EEHT
25 FIRIEA GO YyRE B A 5T 221 4~22
SEFIRFER X E] 30 4~ GO ZAHT(P < 0.05) ,%
B DR 3 AR R A R 03 R 4 o3 2445 T (A
6A), KEGG r#rZE R Bn 25 5N 2 FHE T 12
FETHPEE T (P < 0.05), Horp 40 5 (cell

B BE ARG I T 12 o-SMA 63k B oA

Immunohistochemical to detect of a-SMA expression and semi-quantitative analysis in liver

eycle) , BhiKFE [ ( motor proteins) , 40 Jifg Kl F 52 (A A1
HAEH ( cytokine-cytokine receptor interaction ) , i T
(apoptosis) , P53 {55 il [ ( P53 signaling pathway) ,
A6 DUMEER At (arachidonic acid metabolism) | 2%,
A (galactose metabolism ) %5 7E KEGG "' g & &
(K 6B) , 22573IEN KEGG 4585001 W3 4,
2.7 qRT-PCR #&ill£REERRIZE
TEZGIR Y 22 5 FE DA e 5 5 04 T2 AH DG Y 22 57
FEH 85T qRT-PCR 56 UE 5% 5 41 I e 45 38 1) ] 4
PE, S5 RAGR 5150 B B, B AL B4 /N B

R4 2EFIEN KEGG wAEN SmM (H)
Table 4 KEGG enrichment signaling pathway ( Part)

KEGG i % PAH FEN
KEGG pathway P value Gene
20 i 5 0 1 19E-12 Cdt1,Plk1,Bublb, Ttk ,Knll ,Esco2 ,Cdc6 ,Ndc80 , Cdc25b ,Sgol , Cenb?2 ,
Cell cycle : Espll, Ccnel ,Mcm4 ,McmS5 , Fbxo5 ,Bubl ,Mcm?2
ik . . . . . . .
Motor proteins 3. 64E-04 Cenpe , Tubb2b ,Kif18b , Kifcl ,Kif14 , Myo5a ,Kif22 ,Kif20a , Kif11 , Kif4
4 K
. /HH@.%*HE{/E)EH . 5.97E-03 Cerl, Csf2rb2 ,ll1rn , Ccl6 , Inhbb , Tnfrsf11a,ll7r ,Eda2r, Ccr2 , Pf4
Cytokine-cytokine receptor interaction
P53 {55l
P53 signaling pathway 1. 37E-03 P53, Ccenb2 ,Apafl , Bak , Bax ,Gtsel , Caspase3 , Cenel
-4 ik F £l
gﬂﬂ,ﬂiﬂ@ﬂﬁ’ﬁ(ﬁzz 4. 26E-04 Sgol,Cenb2 ,Espll,Ccnel ,Plk1, Fbxo5 ,Bubl ,Aurka
Oocyte meiosis
ks 6. 80E-03 Apafl, Caspase8 , Caspase3 , Bak , Bax , P53
Apoptosis . pafl, Caspase8 , Caspase3 , Bak , Bax ,
TEAE DUARR AR . . ,
Arachidonic acid metabolism 1. 55E-02 Hpgds , Cyp2c54, Cyp2b10, Tbxas1 , Cyp2¢50
R B LW E K . .
Steroid hormone biosynthesis 2. 17E-02 Cyp2c54,Srd5al ,Cyp2b10, Cyp2¢50,Akrlcl8
P P A , , ,
Retinol metabolism 2.40E-02 Cyp2c54,Cyp2b10,A0x3, Cyp2c50, Beol
Wb
. EE “é.] e . 3. 38E-02 Kenk5 ,Sle7a8 , Col5a2 ,Atpla3 , Kenn4
Protein digestion and absorption
ey Ay 1)
\ RS TSR A . 7. 65E-03 HE3, Fbp2 , HE2 ,Akr1b7
Fructose and mannose metabolism
LB 5.49E-03 HE3, Gla ,HE2 ,Akr1b7

Galactose metabolism
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TE: A2 BEDHRR B B 35 BB a0 1E 36X B 5 A5 TR 0 B ZF AR 5 b o A TR X B2 455 52 5 I B B0 5 ) e AR 1

5 2L RIATT LS
Note. A. Differently expressed gene histogram. B. Venn diagram. a. Normal control vs model control group. b. Model control group vs compound
Dancao granules high-dose group.

Figure 5 Results of differential gene expression screening

A 2R RIBEE GO DIRESIHT; B: KECG /PB4 ;01 AN A 1502 AU 7325 03 - G Cufk 7355 04 41MIXT DNA 45475 0 8 i S B
05 JA T 2 5 06 . 47 2257 B IR G (0 BAAS3 B 507 . A7 2253 L AN i JA 4015 08 - 2 e JA S ) 9 355 09 . 2 P Ilﬁ@i@&%;lozﬂtﬁ‘&J\ﬁﬂﬁ;
1 AR 12 A% 5 13 MO 5 14 K 15 M P 24 5 16 B AR 5 17 - AT X 3K 18 e Gtk %éé*ﬁlz-19-11&&-20%%*&-21.
ATP 856322 A BRES 523 KRBT 1 5 24 - U 45 1 5 25 SRR SR I 11 26 85 10 145 5 27 ATP BIRHIE AL 528 R IS, & 52
WA 30 MBS &
B 6 25tALARY GO RS Al KEGG i 5T 4 50 A
Note. A. Analysis of differential expression gene ontology. B. Analysis of KEGG. 01. Cell cycle. 02. Cell division. 03. Chromosome
segregation. 04. Cellular response to DNA damage stimulus. 05. Apoptosis process. 06. Mitotic sister chromatid segregation. 07. Mitotic cell
cycle. 08. Regulation of cell cycle. 09. Protein phosphorylation. 10. Negative regulation of apoptotic process. 11. Cytoplasm. 12. Nucleus.
13. Cytosol. 14. Nucleoplasm. 15. Cytoskeleton. 16. Chromosome. 17. Extracellular region. 18. Chromosome, centromeric region.
19. Microtubule. 20. Kinetochore. 21. ATP binding. 22. Nucleotide binding. 23. Hydrolase activity. 24. Microtubule binding.
25. Oxidoreductase activity. 26. Calcium ion binding. 27. ATPase activity. 28. Protein kinase binding. 29. Kinase activity. 30. Actin binding.
Figure 6 Distribution of GO enrichment for differently expressed gene and KEGG pathway enrichment



1552 v [ ST B4R 2024 4F 12 A 45 32 %45 12 ] Acta Lab Anim Sci Sin, December 2024, Vol. 32, No. 12

2.8 SEFFREEHAIN&E /R FHEEE T
TUNEL e (0 2~ i 25 R R W, SR %t
WRZHAR L, 5207 IR B BURLYE T ), /0 BT 200 i A% [
A1 BT/ MABCR D (P < 0.01) 4RI T 7E R
JiAHEBURLG YT NASH /N R SCHEEVE I (161 8.9) .

# Caspase3 , Bax , P53, Apaf1 , Bak #1 Caspase8 mRNA
TR B TR (P <0.01) ; SEAIXT AL, BT
JHE J50 4 45 570 & 241/ B Caspase3, Bax, P53,
Apafl, Bak F1 Caspase8 mRNA %1k B W REAK (P <

0.01) (Bl 7),

B 7 HKH/NRIFHZE Caspase3, Bax, P53, Apafl ,Bak Fl Caspase8 mRNA FikF [LH
Figure 7 Comparison of Caspase3 ,Bax P53 Apafl Bak and Caspase8 mRNA expressions in liver tissue

of mice in each group

8 %41 TUNEL #e (a2
Figure 8 Results of TUNEL staining in each group
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9 PRI T AL E BT (n = 9)
Figure 9 Semi-quantitative analysis of apoptosis

rate of hepatocytes(n = 9)

w

Fig

Z i rp RIS A B AL, NASH 1] 4324 4
ANUERY . ARG GIE | 808 PN BELUE , Y8 FR 28 445 I R
PEEEEUE, 67 R DO B, R AR
AR R AR, K L NASH % ZiF 3t
e, BBt % Z LA IR RN Uit 1 2 NASH 79 3=
FRBEE R S ARWRIE Y IR RSOk 4 7
AR AR XS i e | 2048 S IH M A Horp
TR BT AR 75 A 5 RS I 35 I I 214K
S Tz R W I S I N 1 R 1 - W= N WA
PH 25 TR 2 30 22 0 SR 0 I Ah 3 | 25 s I
Z I, G R S, (A B2 BRI ST —
Pz R LR s W T = SR o o 1 E R =
SRAEAET YU IR AN, I B P40 i
T VR R R ERARE T B A M 0 T A 1 A
0 A [ st 4 0F NASH B0 J o | IR itk & 5 A e
7 BB 75 38 o 1R YT A M Tk NASH (AR —25
5%

B S 25 R R 52 J7 IR B URL AT DL I 9
B/NRUALTE ALT ,AST ' TC F1 TG $5%5 , BT 20 41
IL-6 Fl TNF-a 7K, F+5 1L-10 1 TGF-B 7K,
o 45 R BH L AT DAk 2D 5 R 20 B I el
AR /0 i DT A B U, R AR AT 41 40 «-SMA
) IR7KF- X NASH By HA WEEH . eskdl
2fn] DU SRR KOF b W &2 Jr IR RS0 X NASH 119
S, I B E 5 2 M oG BV AE T TILAR A5, GO A

vl

KEGG & 474 5% e L2 5 JIEL e UKL 3 52 i 4
LRI U T (P53 A7 S i, A8 AR DU R N~ P
R4
2NN T S A R AN M B N BB AR T
i —Fh A R MBET AR T AR AR R 4l
FL PR T i BT 495 R NAFLD 3 Ji2 14 f5 HEAR 1 o
CERTOT AN R T 5 AR AT Ak R A )
A B DTS AN WHR A, BIF 58 N 5ORE 40 i 94
IR A8 4 AR IR AR | P I i A
WT S AmAR ,Bax Bak F Apaf-1 7EZ Rk 42
R EE AR, W5 & BE Bax Fll Bak A LLER ALK
KA HP R IE nl 5% BB AL, e Sk An (0 3R ¢ R
Y Apaf-1 FNAN (3R C 454 T DLIRA F 5
Caspase3 HUIIE 2>, P53 EH AT LA i Apafl 1)
A T i 200 B Xk R A R T 3 AR o U
Caspase8 JEAFE T2 AR AL i il S5 K 7, SE T FiC A4
53T 2 K45 G J5 ] LA Caspase8 , 3 1M 38 16
Caspase3 , e 28 T B4 10 I A B4l & 9
I3 FH TUNEL #4585 NASH J8# IF 418U Kibr At
BT A U T R A I R N AT kA R
SRS X — 5 7 NASH /ML B33 T ik —2
B E
ASLEH T qRT-PCR &, 2 58 T (A 56 3k
Caspase3 ,Bax , P53, Apaf1 , Bak 1 Caspase8 mRNA
IR TERADT B ZH /N B b B T, 52 07 I R
Rin] DL 20 FRBE R B K3k, TUNEL 4 (5,25
VE— 2P UE SE P T 7 NASH 1 f CBEVE . 28 L AT
W, 7 B URL X = AR R A CCl, i S
NASH /] BUBERY BA B 1 O34 T, HEBIL A T e
SRR/ BT A LR T AR DGR PR R AAH G
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[ Abstract] Objective To construct an accurate clinical model of lower limb varicose veins in rats through surgery
that provides theoretical support for evaluating drug therapy. Methods 30 SD rats, 15 males and 15 females, were
randomly divided into a control group and surgical group. In the surgical group, the rats lower limb veins (including the
small saphenous vein and femoral vein) were ligated via improved lower limb vein ligation, i. e. , the small saphenous vein
was completely ligated with the femoral vein, and the thrombosis result ed in a lasting increase in the internal pressure of

the deep veins of the lower limb, causing varicose symptoms. On the 6th week after surgery, the varicose veins of the rats
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in the surgical group were scored to select those that were successfully modeled. Then, the successfully modeled rats were
randomly divided into a model group and Maizhiling group. Maizhiling 62. 5 mg/kg was orally administered to the treatment
group once a day, while the control and model group received an equal volume of physiological saline orally every day for 20
consecutive days. On the day before administration and 7 d, 14 d and 20 d after administration, macro photography and
scoring were performed on the lower limbs of the rats. After completion, an approximately 1 c¢m long saphenous vein above
the ankle joint of the lower limb on the surgical side was removed from the model group and Maizhiling group rats, while
from the control group, the corresponding saphenous vein of the lower limb on the same side was removed. Pathological
tissue observation was performed using HE staining, Masson staining, and immunohistochemical examination for
interleukin-2(TL-2) and tissue inhibitor of metalloproteinases( TIMP-1). Results Of the 22 rats in the surgical group, 20
were successfully modeled, with a success rate of 91%. According to the manifestations of venous dilation, varicose veins,
and redness in the lower limbs of rats, the varicose vein score of the model group increased significantly compared with that
of the control group (P < 0.01). After the therapeutic dose of Maizhiling was administered, the varicose vein score in the
Maizhiling group decreased significantly compared with that of the model group (P < 0.01). Pathological examination
showed significant varicose-vein-like changes and mild inflammation in the model group. The Maizhiling group showed
reduced varicose veins and inflammation. Conclusions A rat model of lower limb varicose veins was successfully
established, providing a new research method for the study of drugs and treatment method related to lower limb varicose
diseases.

[ Keywords)

varicose veins of lower limbs; animal model; Maizhiling
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Table 1 Lower limb varicose vein scoring scale for rats
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Grade of classification Scoring criteria for varicose veins in the lower limbs of rats Score/points
CO: Toff AP TR Y T TR K
CO; Subcutaneous superficial vein without - 0
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Superficial capillaries are visible to the naked eye on the outer side of the lower leg, 1
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CL: BAMAEY 3 FRAMEY SR T /NRAMU P IR AT IR B AN, SR ZOIR, 22K, B A /NS — 2 22 A7
[ e NRZ 2 /NN IN B A /IR A, EAS T 4 1
C1:Telangiectasia, persistent dilation of Superficial capillaries visible to the naked eye on the outer side of the lower leg are 2
superficial subcutaneous veins,presenting as  linear and filamentous, with an area of about half of the outer side of the lower leg or
linear, filamentous, and reticular structures covering the outer side of the lower leg,but not connected into a network
AN S MO AR P L2 e B A 1L, S R A i /R A
Superficial capillaries are visible to the naked eye on the outer side of the lower leg, 3
forming a network and covering the outer side of the lower leg
/BRSO P HR AT DL T AR ek, AR, B SR — Ak — B
iR
Superficial capillary dilation is visible to the naked eye on the outer side of the lower 4
leg, appearing in a twisted shape with few,and one or a segment of blood vessels
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subgenular saphenous vein system n
ca
/NBESMIU A HR AT UL R AR M, SR, B Al R RS
Superficial capillaries visible to the naked eye on the outer side of the lower leg are 6
twisted and numerous , covering the entire outer side of the lower leg
el LI R AN MRS M N T =02 —
Mild, with less than one-third of the area of redness and swelling on the outer side of 7
the entire calf
3. 21 W o, S M AR o A NBRAMI — 2 A A =0 2 — B Ay 2 T2 JH]
T It is significantly heavier,with a redness and swelling area accounting for about half of 8
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Severe , the area of redness and swelling accounts for more than two-thirds of the entire 9

outer leg
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Note. Yellow arrow. Venous capillary dilation. Blue arrow. Varicose veins. Red arrow. Redness and swelling.

Figure 1 Clinical manifestations of rat lower limb varicose vein model
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Table 2 Statistical table of varicose vein scores in the

surgical group at the 6th week after surgery
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0.01) ;i R SR L, Bl 25 24 i 18] 16 K
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ZL P I W s, K ot R T A e b B B
PE2ESR(P <0.01) (E23),
2.4 KEFHKRETH

FH 40 55627 W g B K B ik, vT 0l HE 4%

T SRR LE, PP < 001, SETEI4L LA™ P < 0. 01,
B2 0 RO I o sk A A S e ik
KR (n = 8)

Note. Compared with control group,™P < 0.01. Compared with
model group, ™ P < 0.01.
Figure 2 Effect of Maizhiling on varicose vein score in

lower limb varicose vein model rats (n = 8)
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Note. Blue arrow. Varicose veins. Red arrow. Swollen area.

Figure 3 Clinical manifestations of rats after administration
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Note. Black arrow. Lost of endothelial cell. Red arrow. Foam cell.

Figure 4 Results of histopathological examination of great saphenous vein on the 20th day of administration
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[HE] HE FIARFEWRE PM,  EFEDB C57TBL/6 /N AR B AL N b 1 5 RS i 77 e A0 st e
Fik ¥ 36 HlfEr: CSTBL/6 /NRIEEHLA A XS BEZH PM, , 5.0 40 .PM, , 7.5 40 .PM, , 10.0 £H,7 d R AS[A) e g ik
A7 Y ;% TR ST T A R K RIS B AL BE . D3 AR - 21 (HE ) G £ 1 W05 it 21 20 1) o B 2 e A
ELISA 257 A 4 2H /)N BRI 35 H A 418 A & (interleukin, IL) -4 IL-18 I8 $8 L A F (tumor necrosis factor,
TNF) -0 RAEANME A F/K T, A AR & % ELISA 370 S kil 4 41/ B A R — %Ak & (nitrogen monoxide,
NO) N % ( malondialdehyde , MDA ) #8 % {1k L ( superoxide dismutase,SOD ) 7K ; I S0 A% M2 R K v e B
Ji AR i O AR bR ic s (TUNEL ) B4 A W82 E R 20 B U8 727K ~F ; 9098 20 46 5 (immunohistochemis, THC) £ | &
BB R B RIS, R PM, 2V 5 E B0 BURIE E] B 38 58, 2 MRS 5 v b 28 M 4t M 8
IL-4 IL-1B Fl TNF-a i1 219 NO MDA & 7155 ,S0D &K (P < 0.01 3% P < 0.05) ; I 2 40 M 98 T e B AR
b B R B AR T (P < 0.01 B P < 0.05) , &5t AMERZET PM,, Pk it e
T 2H 2R 9 R ORN S b b e R A, S BUN BRSSP, 5 B8R S 30 b B A T, 4 )
AR RTIEY 10 mg/ kg BRI B3 BIR T b 5 B e ity B 1% 422, i — 20 s/ N BRI 8473

[k#8iR] PM, ,;fifiifh; Rz bk

[HE>ES] Q95-33 [XEAREE] A [ XEHS] 1005-4847 (2024) 12-1565-07

Oxidative damage and epithelial barrier disruption of lung tissue
mediated by PM, . at different doses

SHI Yuyu, SHAO Qi, WANG Xuegqian "

( College of Traditional Chinese Medicine, Beijing University of Chinese Medicine,
Beijing 100029, China)
Corresponding author; WANG Xueqian. E-mail: shirlyding@ 163. com

[ Abstract] Objective To investigate the dose-dependence of inflammation, oxidative stress and epithelial barrier
disruption in C57BL/6 mice using different concentrations of PM, .. Methods A total of 36 male C57BL/6 mice were
randomly divided into control group, PM, 5 5.0 group, PM, 5 7.5 group and PM, 5 10. 0 group. The trachea of the control

group was instilled with normal saline, and the animals were sacrificed after the last poisoning. Hematoxylin-eosin ( HE)
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staining was used to observe the pathological changes of lung tissue. The ELISA kit was used to detect the levels of 1L-4,
IL-1B and TNF-a inflammatory cytokines in the serum of four groups of mice. Biochemical kits and ELISA kits were used to
detect the levels of oxidative stress nitrogen monoxide (NO) , malondialdehyde (MDA) and superoxide dismutase (SOD)
in four groups of mice. Deoxyribonucleotide terminal transferase-mediated nick end labeling was used by TUNEL staining to
observe the level of apoptosis of epithelial cells. Immunohistochemistry was used to detect the expression of epithelial
barrier tight junction proteins. Results Acute exposure to PM, 5 led to widening of alveolar septum and exudation of
inflammatory cells, increased serum levels of inflammatory cytokines IL-4, IL-1B and TNF-a and NO and MDA in lung
tissue, and decreased SOD (P < 0.01 or P < 0.05). increased apoptosis of epithelial cells; The expression of epithelial
barrier tight junction protein was dose-dependent (P < 0.01 or P < 0.05). Conclusions Acute exposure to PM,
particulate matter can lead to acute lung injury in mice by promoting the release of inflammation in lung tissue and inducing
oxidative and antioxidant imbalance. In addition, PM, 5 exposure led to epithelial cell apoptosis, especially at a modeled
dose of 10 mg/kg, which disrupted the tight junctions of the epithelial barrier and further exacerbated lung injury in mice.

[ Keywords] PM, . ; lung injury; epithelial barrier
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15 G AORIT ST 32 B v 7 0 IR I 28 458 R0 1T AR
Gertsgmm B B b R R R A S 5 6 ) A
Pyl 2 OC T E A A (0, T 2Rh R A R R
PN BT AN AT st () 20 R 4, o E-5 2 8
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][ SCXK( 3)2019-0010] , C57BL/6 /)N LIS i P
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THC) YL,

i THC G 600k [ e fili b iz W i B2 A
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2 #R
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EREMRBRETFRENFIT

il 1A s, b T RS PM, XAl U ()
R VA H HE Yeft, SX BRI L, PM, , 5%

B 1 PM, X C57BL/6 /)N B4 4T HE Y2 (50 M 375 48 4 20 M PR T2 35 1 32 0

Note. Compared with control group, P < 0.05, ™ P < 0.01. (The same in the following figures)

Figure 1 Effect of PM, . on HE staining of lung tissue and expression of inflammatory cytokines in serum of C57BL/6 mice
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EEAMNEIL

WE 4A iR, fE 2 88 T PM, , B, E-cadherin
occludin A1 ZO-1 4 k€0 FH 4 85 1 1 AR 36 38 = T %
MRA A ) B PR, o I A E-
cadherin 7E PM, 5 S| 58 7.5 F1 10 mg/kg i H
HYT2E X (E 4B,P < 0.01) ,occludin 7£ PM, ,
WA 10 mg/kg B A ST 2 L (K 4C,P
< 0.05),Z0-1 7£ PM, , A& 7.5 mg/kg I
10 mg/kg B FHE#EEA HIES T E L (K 4D)
ZE bl b R EEAE PM, | AN 10 mg/kg BT
25T

B2 PM, &4 C57BL/6 /R AR BLATHE R

Figure 2  Effect of PM, 5 exposure on oxidative stress in C57BL/6 mice

T Y AR SR R TR A 2

B3 PM,, ZFX) CSTBL/6 /N B B 40 M I 12 i 2 i

Note. Blue staining. Nucleus. Green staining. Detached cells.

Figure 3 Effect of PM, 5 exposure on epithelial cell apoptosis in C57BL/6 mice
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4 C5TBL/6 /NRLAMERL PM, 25518 F B 5 BE A0

Figure 4 Acute exposure to PM, ; C57BL/6 in mice can cause damage to the epithelial barrier
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Establishment and optimization of an “atopic dermatitis-asthma”
mouse model based on allergic march
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(School of Chinese Medicine, Nanjing University of Chinese Medicine, Nanjing 210023, China)
Corresponding author: QU Minye. E-mail; minye2008@ 126. com;LIU Tao. E-mail:13952091103@ 139. com

[ Abstract] Objective To establish and optimize an animal model of atopic march ( AM), skin and lung tissue
sensitization under single or combined modeling of ovalbumins (OVA)and calcipotriol (MC903) was compared. Methods

40 SPF BALB/c mice aged 6 ~ 8 weeks were randomly divided into a control group, model group A, model group B and
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model group C. The 3 of AM models were established with MC903, MC903 + OVA and OVA, respectively, through skin

sensitization ( twice ) and respiratory sensitization

(once ). Skin sensitization severity scoring system,

immunohistochemistry, and enzyme-linked adsorption assay were used to compare skin lesion morphology, skin or lung

histopathology, and immunophenotype. Results Compared to OVA or MC903 modeling alone, MC903 + OVA modeled

mice showed more significant changes in skin morphology, a higher score for skin sensitization severity, more severe skin

and airway inflammatory cell infiltration, and more significant changes in the expression of the related inflammatory factors

thymic stromal lymphopoietin ( TSLP ), interleukin 4 (1L-4), IL-13 and IL-10 (P < 0.05). Conclusions

An AM

animal model optimized by MC903 combined with OVA was successfully constructed that provides a good method ological

basis for AM mechanism research.
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1L 1.3 EZEH S5

IIARE - (HE ) e 350 & (R4 R A
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Table 1 Animal grouping and modeling for drug administration
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4341 s pir: 2 pire 3
Croups U R R B AL 22 VLA
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First skin sensitization Second skin sensitization Respiratory sensitization
23 % B TR L BRIRELZE il BRRR 2% il
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T8l B 4 IR HEH + £59H =A% I HEH I A
Model group B OVA + MC903 OVA OVA
R C 21 B = I YR A s & A
Model group C MC903 OVA OVA

B1 3B AM SRR EE
Figure 1 Schematic diagram of three-stage AM model
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Note. Stage 1. First skin sensitization. Stage 2. Second skin sensitization .

following figures)

Stage 3. Respiratory sensitization. ( The same in the

Figure 2 Comparison of skin morphology of mice at different stages under different modeling conditions
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FESEAMBAMEL," P <005 P <001, P <
0.001, ™ P < 0.0001; & HI& LA MAALL," P < 0.05,"P <
0.01,"P < 0.001, (FHEIR)
B3 ARG /N k™ R AR
W EhiS R (n = 3)
Note. Compared with the control group, ™ P < 0.05,™ P <
0.01,™ P < 0.001, ™ P < 0.0001. Compared between model
groups, P < 0.05,"P < 0.01," P < 0.001. (The same in the
following figures and tables)
Figure 3 Dynamic comparison of skin sensitization
severity scores of mice under different

modeling conditions(n = 3)
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TR B 4 5BR A dHAHLL(P < 0.05) , 518 C 4
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BIAHAHE (P < 0.01), 5E8 C HAHK (P <
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(P <0.05), 588 C AL (P < 0.0001) , #%
A 4 5B B A1/ Rz 104 41 2 S e T A2 A 56
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Pl 20 B AR R, 525 AT BRAL AR H, — 4
/N BRI il 20 2 349 1 B A 22 1) 90 At TRV, O
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LR | A5 I R o R o AR (81 6)
2.6 ZHHEEEZET/IRMALARERFRE
&R

/N ZH 2R34T ELISA A5 ([ 7A) = Fhis
BT R E S 1AM /)N BRUH 20 20 iy R 5E R
TSLP J% Th2 HIA0 M F 1L-4 1L-13 A9 A48
T, BoE i 32 FH OC 41 B K - 1L-10 Rk 45 A A
PRI (P < 0.05) , Horp B8 B 21/ ERUTZH 21
o TSLP RiA i 2 5 TR A 20 BRI C 41(P <
0.0001) ;£ 71 B 4 /NERUT 20 2 rp T4 SRk 5 54
R A G B C AL (P < 0.05) ;887 B 41

T s BB 4 Y S BUR RS I R 2385 W SRR AR 2
B4 AFEGERECE T /N R e

Note. 4. Epidermal hypokeratosis.

infiltration .

¥_. Stratum corneum thickens. J¥. Acanthocyte layer thickens. Wr. Inflammatory cell

Figure 4 Pathological observation of skin lesions in mice under different modeling conditions
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TE A/ NRBAR AL SR T ELISA KRS s B /N A SUIAE IR 3835 i A 4L ALIRI AT LL , ™ P < 0. 0001,

B 5 RGBT /N R B

205

ZURAEIN TR (n = 6)

Note. A. Procedure for extraction of mouse skin tissue and ELISA detection. B. Expression of inflammatory factors in mouse skin lesions.

Compared between model group, ™ P < 0.0001.

Figure 5 Expression of inflammatory factors in mice skin lesions under different modeling conditions(n = 6)

TE: TGRS A RAEANMBIE s | AT A

Bl 6 AFEEREARAET /N BUMIZL 2 U B LA

Note. 1. Epidermal hypokeratorsis. A. Inflammatory cell infiltration. | . Angiogenesis.

Figure 6 Lung histopathology of mice under different modeling conditions
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HUETB)

3 it
YU GLPEDR Y A AR R, TR B RO A

B P A B < Sh- P A R B AR
R, RA—F1) AD BILEZR 2 B AN, =

Sy THEHE AD BILES EW S AR 3
WA A BIF 50 0 TE S, 3 ek J el SR S 0 i e A
ZRNIT IS B AD B RE RS HOE LR Sk, 1
SR J 2 I I TE B 2 S BRI R AD R
R T 5 A B 0 i A 0 R A S I, A B i
I AM“ A% S R B 3k 14T, D8 a5 A Bl
PERRETT AT I8 R

TSLP Je 5o S0 i e 4 i B o T B2 1 I B2 A3
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VA /D BUZLSURIAT ELISA Kril i ; B /N BUI 2L 8400 PR 23
B 7 AFEERR T /NGBS RIE N T RIA L (n = 6)

Note. A. Procedure for extraction of mouse lung tissue and ELISA detection. B. Expression of inflammatory factors in mouse lung tissue.

Figure 7 Expression of inflammatory factors in lung tissue of mice under different modeling conditions(n = 6)
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Research progress on the role of PADI2 in autoimmune diseases
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[ Abstract]  Peptidylarginine deiminases 2 (PADI2) is an enzyme that catalyzes the conversion of arginine residues
to citrulline on protein peptides. Aberrant activation of PADI2 can induce excessive tissue inflammation and immune
responses, thereby exacerbating the progression of autoimmune diseases ( ADs). Through citrullination, PADI2 modifies
protein structure and immunogenicity, influencing the production of autoantibodies and regulating the activity of immune
cells such as neutrophils and macrophages. This review provides an overview of PADI2’ s functions and its pivotal role in
ADs, with the objective of elucidating the mechanisms underlying ADs pathogenesis and identifying novel therapeutic targets
and strategies for related diseases.

[ Keywords ) peptidylarginine deiminases 2; citrullination; autoimmune disease; inflammatory response;
immune cells
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(immunoglobulin M, IgM ) B H & T I ES B2
FRRPE ST RIARE DR Z Y TR R,
A HRINE R AT ECV340 40 R 335 & K F /Y
PADI2, 3 H 7] L= A 2 gl 208 XU 14 6 5 R
( theumatoid arthritis, RA) 19 ACPA 151 19L&
PRALALI s FI IR L4 5 20 B, ECV304 4 i 5 AT LA
YE Y RA B IS o — 284 IV R AL A Bt 5t
4 B 5 W He e RA AR [l s 30 g AR A
W ECV304 4il i 2 rTAE D9 I HAT =12 Wk Sk
1) ACPA Jf Aui/F 485 B> RA ILTE B 1] AR5 TV
WAL 2R A B ARG PRAF 5T B A ] B8 1y A i
RA SRR RO E . A, RA MHOGERIA“ Hh 3R
27 I AZEH AAE ST DR (human leukocyte antigen-
DR, HLA-DR) % 3£ K 5 ACPA B)7=74 %, HLA-
DR BRI T 240G B T Huikx 2 Jml $ ACPA iR
B ARZ INE TR P R SO, R IEH 1Y C57
/NEANEE A HLA-DR4 B AL/ N, 351 PADI2
AR ARG R, N R IR S0 B 4
16 PADL2/ JRATRAL IR 5 W), T K PADI2 Jik 5 3
45 T 4L, A BT ACPA <A 8BS PADI2
P AN R A A 1 7R IR0 5 1 5G9 8 TP A
FHACER, EAR PADI2 XF T2 A0 Af T 4 e %38 167G it
EAE B B KPR R HUAR Y 77 TN R B AN
FF PADI2 [y 4 'Y, OF H, 76 4k ik P IR R
(‘hidradenitis suppurativa, HS) H', PADI2 2 7] G 1
AR FURER L HE 3 B ACPA B, 25 HS
W KA R, AR HS B3 g hoas i 2
ACPA WIFFTE , #E— DTS R N RALBIE
INATRIET A 5 N Rk 22 5 8 A A= R
MBI R BUIA & 235 T, F H PADI2 L[]
LIS ek i ki Y 4278 PADI2 78 HS i 8
v R T HEAE, R AT REA BT ACPA (977
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B 1 PADI2 J845 [ B8 I RAE RV 520 ADs B JEFE

Figure 1 PADI2 regulates autoimmune and inflammatory responses and affects the progression of ADs

ADs 7] g 5 B 7R 9 U B A7 G, (H DG 1 w5 AN I
A0 AR R R B R YR BRAE ( Alzheimer s
disease , AD) F. 3 ( DAT) W IfiL i A7 7E ACPA | X
AIREAE T DAT £ B0 e o 40 e 1 2 1 & AR I
IR AL 5 3R AT B PR e, 2R S BT ACPA fY
FRAERY

S22, PADI2 i & i 1k | AR & R 1k A2 it
ACPA W77 A HE F B Gl MR E i v 4 A
F,ATRESN ADs M2 WG T H (T LR
2.2 PADI2 V75 5% 40 B i 14 70 56 & K AE & B2 n
E ADs

ADs PR P AEAE Z R s A 3 5 RS
TG AL EE AR A, 30 40 200 it ] 38 o R A E TR T S
RN R R R AE 7, IR ADs A iERE, Kt
SCHGUESE T PADI2 7F G Y28 240 M 9 3 14 DA K R E I
o7 R IR Hh AR TR
2.2.1 PADI2 VA7 ophr 20 i A 25 AR AE
JINEE ADs

HHRLAI I ( neutrophil ) |, J& AR & e 2 1

L, A HE AR W AR KA TR R 2 5 ARE s It AR
T A 1 P 240 L T ] 240 L A/ 86 8 el A 2R 10 G £,
s A RE ks cd S B RIS Y UR RN DR B
FACHEIFAR T PADI2 2 H MR 240 i 40 1 3k
(neutrophil extracellular traps, NETs ) 11 2 i) 8 %2
Tz, FEGEA A HE A SR AR R E
Wi NETs 2 0% H AR AE A F B9 Bk, PADI2 %238
VT NETs SFM5200 T R Gk L BRI (systemic
lupus erythematosus , SLE ) [ 5 fidt %) HE 35 +H
I, SLE 85 I3 i NETs &4 4 W 5 751
—8& NETs (5RAYI T LIER SLE 835 45 & i 500
bR PADI2 S 36 7 AT LA IR 1 420
FRUF) I L B B B A8 40, 1 P AR A1 52 56 F 5
S BN B Z 58 o > NETs BT R, ik —
AARE PADI2 M FINGST X NETs 19573 A= U 2k
HAEMA BT SLE B .
BT 500 NETs #b, PADI2 3£ AJ 3 i 9 5 — 2
A 5T R A 8] 42 52 el v M s 240 i 48 i PR 1Y
B RGP, A RAE S R, v VR A ]
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DURETIL i 983 PR A [H F (tumor necrosis factor-a, TNF-
a)  FH YA Z-6 (interleukin, IL-6) | [ 20 il 4y 2% -
1B (interleukin-1pB, IL-18 ) & 2 Fh 48 4 I 1~ 41 il
PADI2 A DL 53 98 /> NETs #9798 A, 25 1 ek 20> 1t 3%
HTNF-o TL-18 45 98 5E P 1) 1% S 0 8 4 B RNE
SR 3R RA BTG TT B4t T 50
2.2.2 PADI2 {¢#E W4 M1 B5EAL N ADs

PADI2 7€ B Mg b 2 ¥ — e . Mk
PR, B WRAA M P B PADI2 XF T 40 B i 404k 26 LI
ARSI R T B 2 B s 1 /EH . PADI2
TE L 4 9 53 Ak 2k 72 v 32 2k 398 o s 53k s 410 1)
PADI2 J& , A LAysi/b i o 2R A IR 20 R A 2t 1 4100 o]
i 40 B 43 Ak, JF 0k 20 0 R B R
PADI2 j& THP-1 E Wg 20 M 9 % 5 i = 1Y PADI2 43
T, UUERE 6] THP-1 0 40 i A9 PADI2
S5 T LAV W 2 L ) M1 3 80 ) 5 7 I 1 G i
M2 FH AR PADI2 X T I 40 i () 75 W fi
JIFNFEGMT R 1A R AR, £ AR A R AT D e
T AR HE PADI2 [ 2R 1K 17 1 56 i 508 5 44 A i) %
PEFIATWERE 7, M % PADI2 J5 , 21 4k 48 1 5 2 82 11
/N BRI 4 2 e I A ) R R A R RE TR
R PADI2 B G 38 T LA T 20 i 4 2
feft

PADI2 W] 3 i 1 WA it M1 254 £k M i 3
B ADs B9 & A RN HE S . PADI2 i 4k 1Y TN 2 1k 1Y
T FBEE, RN 4 2 1 D S TS T B R A A Y M
WA, INEE T RA FR 3 W B2 80 RAE [ N K 2 4
B Il PADI2 35 P i R RN R L B R
IRTGI E WEH M1 AR A I8 T AR A T Y
S,
2.2.3 PADI2 75 T 40T REFITE M ME ADs

PADI2 38 0] LLJE ST T 40 i 34y BE A 40 g 3% %
PADI2 w] LLid s 9755 T 20 Bl N A A VR A6 52 i
200 BT A R 40 L ) R AL Ak TR RE O O e ek
A5 ADs fOE R, 7€ Jurkat T 410 i3 223K PADI2
Jai , SRRARAN TS S sk a2 B — kg
RI,PADI2 EESE AL T AR AWML E N
FE T MR 1H 9 235, E MR i Jurkat T 40 1 1 4
-1 PADI2 AT LAY T 40 TH1 A1 TH17 £y
TRRFIIMES S SLE &4 K, PADI2 &5
ATREAIR T 4t A ) 02 R 434k DL S S 388 52 6 WP i
KM SLE B S8 R R AN g B 400 L kRS
B, PADI2 A3 19 2 5T N8 Ak mT LS e

JRALZUR T 40 Y T5 A B JFGR B, IF oE— A
H S5 m 1 BB PRI (type 1 diabetes mellitus,
TIDM) (& 4% | 7F TIDM 1, PADI2 Ak % 25
A EALAENARILE W& 0 CDS” T 4 i i)
PR IAIRE F7 , X TS S Bt T PADI2 AJ B3 i
JE T 4R THBERZ I ADs B9 KT

ol IS5 1) B TR B 4 928 9% 0 B 495
BT ADs BYBERE | Il PADI2 7E4R 3 E BT IATE i
TS G 9 A& RE L 493 38 4 AN AT S 1 #f
XARHE/R Y PADI2 FIREAE ADs it B OCHEMAEH ,
RAARSEEN X PADI2 1845 1) A5 B K s B A= 4 2
WREREIFIR AR A BT ADs W36 97 Fl i 5
Gig
2.3 PADR BT HMAEMFETESS ADs

B T L0 3 o AR R B R OE R Y e
PEYH MG LASD , Ay — BB 5T Hi 38 PADI2 W] LAiE
TP 2 2 )RR S B P B M A R R N R
AL HETTI R0 ADs B9 & 242 B

RA HE G W b 1 28 4 5 1 S AR B i 7K
SRR AL, (RSP G ff FNEE 4 PADI2 [Al#F ]
DU SR fb 27 2 25 11 R 0F 55 0 T — 28 VR 1k
P75, X8 VA R AL I 17 5 7T R RA I IZ W RILR T
PR BHY Bl AT DUV BUEGAE S IR R R AR
S N\ B 2T 24 200 F A 1 4 i A R e 2R P VR
BRI PADI2 23K 45 7R il 4 AT B3 oof 3
PADI2 FiE#E MR & A NE KL, =5 RA 2,
SLE £ &M i 40 i vb ) B e L K B R
KT 5825 T, S A SR YT S AT DAGE i s b
PADI2 Wik & it R IL g & A H I B
PE AWk T SLE iy &A™ AR EE T
TV 50 240 i e S5 P s 5 R U T 4 R
1 ( glial fibrillary acidic protein, GFAP) F1i% & £ H
T A M A R b AR 1, 78 T R 2K 08 BRAE 1 &
it A, PADI2 3515 GFAP R MRk, il 1 A
BRI & B T GFAP B W~ <7 T R Ak A o5
(R270Cit F1 R416Cit) ' PADI2 7T 38 3 i ik 5
PR 10 N R AL AR 32F 22 & M A A AE ( multiple
sclerosis , MS) [ & A= & J& | 2 K1 1 M B 25 b 2%
BN C6 28 i ST 4 L PADI2 93 PR 52 1 MS
Bt e A D X MS B T RE S
R H R 45 T AR PADI2 i PER S RE |

WA — SR B T PADI2 FIKE2E ADs [H]
FEAE—E HAHGE | {H PADI2 7EiX %6 ADs K551
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FAAETOLHI A AR AR DS . e s 8 22 00 W A 3R
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Z (BTEBZ LS 98 (ulcerative colitis, UC) A i i
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[ Abstract]  Laboratory animals provide an important experimental resource for life science research, and their
uniformity plays a key role in the accuracy and reliability of the experimental result. Genetic quality testing of laboratory
animals is thus essential to evaluate the genetic quality of laboratory animals. Progress in modern biotechnology has led to
improvements in the method of genetic testing of experimental animals. Single nucleotide polymorphisms, as molecular

markers, have been widely used in genetic testing of laboratory animals, and method for their detection in laboratory
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animals have been updated, in line with biotechnology advances. In this paper, we review current research progress and the

application of SNP detection method for genetic quality testing of laboratory animals, and discuss the advantages and

disadvantages of various detection method, with a view to providing a reference basis for genetic quality testing of laboratory

animals.
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A review of animal models of non-specific lower back pain

ZHANG Qiang, DONG Baogiang” , LIN Xingxing, LIU Ziwei, WANG Leichao, ZHANG Feng,
ZHANG Danning, ZHANG Kaixuan

(School of Acupuncture-Moxibustion and Tuina, Liaoning University of Traditional Chinese Medicine, Shenyang 110847, China)
Corresponding author; DONG Baogiang. E-mail:peterbaoqiang@ 163. com

[ Abstract] Non-specific lower back pain is a common clinical disease whose pathogenesis and causes are still
unclear, and the advantages and disadvantages of various therapeutic programs are controversial. Current research on this
disease is mostly limited to clinical studies, and there is an urgent need to invest in a large number of animal experiments to
analyze its underlying mechanisms. The construction of animal models is an important means to study the pathogenesis of
non-specific lower back pain and to explore therapeutic method, but there are certain limitations and delays in the
establishment of models for this disease. Therefore, this paper reviews the selection of animals, construction method, and
evaluation method of relevant indexes of animal models of non-specific lower back pain, and the advantages and
disadvantages of various models, to clarify existing problems in current basic research of this disease. We provide new
research ideas and aim to lay a theoretical foundation for studies into the mechanisms of non-specific lower back pain and
improved therapeutic strategies.
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Table 1 Non-specific low back pain modeling methods and characteristics
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induced 8 .K ‘\L b of lumbar spine compression and molding time, and increased [29-32]
models Passive upright force imbalance due to poor experimental dropout rate due to a series
g ostures such as weight-bearing of complications such as postoperative
A S e P g g p postop (33357
Lumbar instability and torsion. infections
HR K 2 MELL 22 AU A 1) K
AR R S TR U RIS R TR K e
Fe A Rl R A R B BR W5 Technically complex, difficult to fully [37-40]
Knockout model Gene knock-out High success rate, short time, simulate the pathogenesis of the disease,
suitable for targeted research unsuitable for extensive use as a
tool model
XA ) S5 AL AR Y IE AR R TR, B e "
ilater: : Lt 1 g . WA R F S 5 | R HA R RE , T
Bilateral ovary removal A X N fi%, H%Eﬁ%ﬁ;ﬁfﬁ?ﬁ%&ﬁﬁ AT
fty NLBP Hes I DL
B Ability to simulate NLBP caused Modeling based on evidence alone has
Chinese medicine model FERABE ISR Hily fo sunuiate cause low disease specificity and is prone to
Lo by different types of L . [43]
Cultivation in cold - L cause other conditions during the ’
. . I'CM certificates . . .
and wet environments modeling process, which may interfere
with the results of the study
- - .y e M IRA B = R
1 b s B . 0105 VOB BORRER

Spontaneous model

Natural aging

Simple, non-invasive operation

Higher observation costs and poor
model stability
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gZR1
T 1 A 7y Z:7% 3Lk
Modeling method Dominance Deficiency Reference
HUBR 25 30 45 A v 4%

TES
Mechanical puncture
combined with
intervertebral disc
injection of

FrdAoman e
Percussion combined

bRty il

Composite model with forced sitting

JEEHE AR S, & Wl HAr
Lumbar spine instability
combined with passive
uprighting

TG E LB
Percussion combined
with centrifugal motion

T /& NLBP RS 2R, BT
£ NLBP ZU 45 [46]
Meet the diversity of NLBP causes
and better characterize NLBP
pathogenesis

[45]

R 1) BN A5 2 AR T AN
Whether the cumulative amount of
stimulation is counterproductive is

unknown

[47]

[10]

4 NLBP zh#¥#E LM 5%

4.1 FEFBITAERN

NLBP Sz HEA 14 s 2 P50 A1z 3l 52 BR |, S5
Hh s R PR AT 2 A R A Rl Ak, 0 AW
VA R AT Ay 2 A, R AR A
TR WL 2 S 13 0 R DR R 38 S
S LI R A 000 3 DAV A 8 7 ¥ AR AL AR e
A AR Z WAL S, A R R R SR
S R EUIPEASTE | A R R A T B LA
FEXIE . AHJRE T2 E i R, A TR i
BRI ZN Y 2 Jm IR T 5050 B, B A o A | ke
2k F7I E f Y I & AR, R DA T X kR
ALIEAT IR ARG, o S g A VR PR B A MR, AT o2
Kl 2% H Cat Walk 2525707, 38 18 WLEE 5250 30 4
SPATEREE |2 I ik T FR B Ji R 5 e AR, B U
oA sh s sh i Y 32 B i 45 22 J Tl
FRACN  PIRAT R 2E WA I 2% 22 Jmy IR T 55 4 B4
/NEIENY), RS ) HORE R B — 6 2 WM 5 1 o
R4y, WeAABAE — PR B L BRI 1 A5 1) 2 ik
B WCEEJE SR A5 mT LA g X AH O AG AL #4519
WEARIRAE, HR R A o284k LR Ak
4.2 SFEWERN

SRR o SRR B AR 25 SRR,
FEX T AT R 0 FIR i A B 2 W I EE
WA LU T2 0023 T X R RAE A7 PF AN, SO0 )2
T X0 500 PR ) O o L S W, R
B, FI 204 -8 (interleukin 8, 1L-8) . i YR AL K]

“F-o( tumor necrosis factor-o, TNF-o0 ) Fl 4 ZH i A2 -
1B (interleukin 1B,1L-1B) FF & MK+ 7F NLBP 24!
HOFE AR i 23R P TR R S 3k DR O RK
(calcitonin gene-related peptide, CGRP ) £ 4 J&] 4 i
PR By TR B AR AR R
“AEWIBRICY)” 3 i BB G 95 R B AG I AH S
k" Western Blot \PCR 45 434 2 46 Il
] SR Rk R A R SRR AT
e bR A, AR i B SO0 PR LR A R T
B, RV B AH G A= Wy bn 10 W e 9 i 1) B A
HINFIEZE S o BR T AR A B AL A1 b ] LA
S 5218 MW NLBP (9550 X5 12 187
PEAS 597 R0CH W 24k 3 8 2R, (H 2 £ %) NLBP
B4 S PR BOR PR AT 5 AR 2 B T S i AT
W€ F53HT
4.3 HBEFRDN

AR e PR B TC 2 18 7 U 1 B B AT — 8
e SRR NLBP JBAEAT X 2R 55 A6 A i JOAE ]
o AW B Ve ek T B A BB AN T R
AR FEHAR WA Tz FORE 25, A F2 2R #
FIREI 3% i a5 B ILIA A5 4l 210 2o/ NLBP
RN I H OB R, o R R B R R A
TeAR SRR, F X NLBP A ] 4% 1) 25 48 A8 1k
HEATAGIN | AT LA R R BUMEE 18] B i B 25 2 ) 4%
55 IIBURAERAE , Z2 4 Jy HE R S5 NLBP i A%
IR S R R R AR AR 3 e A 5
JUURIHEAAS B 5 A 017 2 HE 55 JIL 2 R T Ak 25 AR
AR LTS 3 D RE A FIL AR 25 1 22 Ak
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BEATULEE ) i NLBP 5218 A 0F 58 AR BR T %F
MR £ R0 /N DG S ME R AR B B PEAl LA B 7 45
PRAEF AR T LIAG 850 26 W8 b DEAk UL A | i 15 JEE 5
AR I AR, I Xk 75 I A R A R A AG U A 43
Bl A BB AR E— B ST, O NLBP LA
BRI B AR AR AR A TEAE SRR T B, Lie 2
Il R 34 2 S35, NLBP 9 5215 2 K A #B 7E A W 61 35
AR (H AR 2 BRI 2 A T8 PE NLBP,
HApsMRIRIH G =, SO 2 fnas g i e 152
K 7E NLBP BLHEIPEM v i PR VR IS A 1R K o if
FUIB B EE
4.4 HARSERN

TESAZ AR AR X SR BR A BULIR T, HEUE B2
HAE R —AN R 2 I T B FH A4S UE NLBP AR
RUEHEST ), k& NLBP ¥ 0F ¢ 5 % 0L A PEAfT
FB, &M IRAKE-DHLL (HE ) G o 7 JEAME 1)
FE000 TN OG T RS eSS LN T 3 A
T TE ], LT O [ S Yo (0 B (0 B8 A, X L 375 B,
5T XA HER] 35 25 1o B AR ARG 0, 455 T LR
A AP B, FOH FE AN Y £, B0 2O & R R

&7 WA BFSE R Masson e (0 W2 BB 85 L
UEARIEN
4.5 FAEERFEN

2ot AT ST Ao 1 Wi PR rP 1 3 A T B
B R IR L VR IETRT L DA o 285 3 3 0 0 285055 B P 7
AT, AT TRA M0 28 LA D REZKF- LY
9% 57 R DL PRI | ZEAS S 1Y 12 W AT SO EAG
AFEN T TN I RO B L 2 kAl
C BB I T A 5 11 el AT 9, R S5 ot e 8
AL, ST, @FE NLBP (58
SiR JULFEL LAY L LU DA HL A B2 0 £ IR AR R
AR Y S HILTR 58 E AR 1 BERIESR

DL A PN IR I R AR R L3R 2,

5 Bk

ILRy—=|

PR SRR B A SO 5 (A 2T
T ] 4 U2 T s ) S B A G B T 4R . A
NLBP ## 54 Z LA BRI 3 (H 2 AR S 10 2 3
W, A HE A A i 2 g~ i N 25 B
LISt E e NE VA R B R VS DN

R 2 ARMER RN Ok

Table 2 Non-specific low back pain assessment methods

WA Ik M EEEER PeH gy 275 3k
Evaluation method Indicators of measurement Dominance Deficiency References
LRI RRIE R OBLAR R »
Measurement of mechanical =~ Mechanical pain threshold '

stimulus response thresholds  condition of the hind paw
[ia) 4 A 3 Wy B4R S B 1 0L
Indirect quantification of il = HA7 A F 1 [50)

SRS B {0 7

Measurement of thermal

J5 TS 1 1 O
Limbs grip, endurance,

stimulus response thresholds suspension ability

nociceptive sensitization Lack of site specificity

in animals

[51]

SZEBNERW, T

W ) Vo
e P JRT e
22574 A . Cold pain threshold
Behavioral cetone lesting condition of the hind paw ., . A .
i B BT PR S LA 9
evaluation R
of pain S Y More disease-specific than routine
EEE I ity 1) P I 1 190 ) P .
FavEe ivall Axial pain threshold pain threshold testing
Hanging tail detection ..
conditions
S AT ST S L
More objective analysis of
AT EEBH animal activity
Gait analysis Gait parameter
T AHIC M 7 R 4
,ﬂl,.i/\, - £ ‘ktﬁi?ll /;"‘A’S"’(“i XI'IAJi
FIEN WA S M0 0 )ﬁﬂ’ﬁ%Lfﬁ Bl E‘ﬁ’n%%g Ju.f’
Molecular FLISA Expression of relevant More consistent with
biology inflammatory factors and experimental objectivity
evaluation analgesic substances

A LR B ) 2 SR R T
More disease-specific than
routine pain threshold testing

AT A R A B 22
Jay BT S5 B
Model animals available for
testing are mostly limited to
laboratory rats

SR A= bmic o o
Tehrifi
No standardized
“biomarker” for low
back pain

[52]




T S B A 2024 4F 12 55 32 %55 12 81 Acta Lab Anim Sci Sin, December 2024, Vol. 32, No. 12 1601
gx2
W IT ik lEC A P Ey 275 ik
Evaluation method Indicators of measurement Dominance Deficiency References
Mef) BERBIE AL BHEAL S
N . o N 1 ERETN K2 . N e
BRI R TR St OO AL AT et g
. . . ‘/91" == . . [45, 52]
Magnetic resonance Disc degeneration, skeletal . - Long scanning times and ’
imagi le area, mass, fat High accuracy, no radiation, high equipment costs
imaging muscle » Mass, high soft tissue resolution.
content
B g5 205 o » o
E/F! FIHT XA RO B, 4
maging _— . PN ) s A s il FE 3 5 W 4
evaluation R SR AU vk
WL S PR B ) B A FIRA L LR It is hichl ’:)yemlor_ ]
Muscle and bone Muscle and fascia thickness Ability to clearly display gy op [60]
. .. . dependent, and the
ultrasound and cross-sectional area, superficial soft tissue structures
. . . pressure under the
elastic modulus of fascia such as muscles and ligaments R .
operator’ s hands is prone
to influence the results
PG AT, RIS TE M R 2] ASARSRALRRE B Tk
by 5 HLULAF=EAE Ak S FILE R
e AR ity L N
. . . orphological changes Simple and easy to use, with Cannot provide information ’
Hematoxyhn—eosm stain . . e e .
in the tissues the ability to clearly show on specific proteins
organizational structure or molecules
X FHELERER 45 A A
HHUBE HE ) 55 P 25 173 1Y JI A T 20 A AR A X
Eatgil WL O LR g AL R, L1 AR LI B
Histomorp- Saffron O solid Changes in the Bright colors, contrasting red There are relatively few (47]
hometric green stain components of the and green colors detailed descriptions of
evaluation intervertebral disc particular structures or
cell types
T R L .
e - N UCRGREE S ek 0 /[
, S LT 2 A YIS -
g RS B i LT 4 A 1 T4 U IE HEB

. Skeletal muscle fibrosis in
Masson stain .
the lumbar region

Sharp color contrast, can better
reflect the morphology of the

Quantitative analysis of
staining results is difficult

[63]

fibrous tissue

HEARBLAY B RS, 7 — BB R 5 A2
FEHE Rt 1) R 7 1) 2 S e, BTE 5 500 1 3 A il T e
W PR AW e NLBP RO Z/EH , e
PR , (0 A Bl A 1k A 1 R R 3 5 0 A 0k —
AT

XFF NLBP gl B B (1) il £ AF 5%, HoJy ik ml DA
I3 H RAERY 5 R AR FEDR R P AR | e AR AR
MR GRA S KA, M@ LR, %
T LRI AN [ 1 3 A5 JR ) B e R R B A AR
FEME FETENFIT TR A S LI 2 B 7 AT AE B 5 M 22
SN o S N S ¥ NS B vk = DI L
TR RGP, H I MR SC 86 B bR ST
P50 TR ST R0 HE 3504 28 1 i 3 P G 20 B D
YA S WF 577 10 (0 s B L, S iy [ P9 41 35k il i
FE LIS BRI f o0 o DL | YA AT 22 46 rh e A U 4
FUINIETSE P 2 T, 20 T RIS LA 24 2k i
PEREIR RIS, 7 — AR 120 7 X NLBP 5X i
()4 TH e 7 o [R) S)AE X PN 2 B T o A 1) 380 2 28 1
T AR P OR AT R X A R T, 5
ZARARL, 7 (B 325 AL A v | TGI8 S HILAR B A A5 AR

SRR SR AR R HESS L < B )24 B
“ I B R O D AF AR A | JC B B X A 5%
IR R FE IR, X NLBP A4 3f 5 [ J 3t ol ™
T, B B, A B R AT AR S
3% AR T 5 S0 S UL PR 1 0 47 2 5 R T R R
A — N EER R X ii i T xR A
XPAMZA L T AL IR 7R K, A
DA PR ] 1 118 T 6 2 45 1 DA A1 1l A % L PR 797
RN AT 1005 i 7 NLBP #5  f RFR R HER T
ARA5 i Ko 55 48 T4, 7] st 5 % A 9 4
PR = A AL A TR R 58

NLBP fRERIDEMY 32 2 LUBIR 1T M 2= A 8
BN E B Z < BRRUET VAN 72, B0 78 5 22
ST FROM SRS AR 2% W D SR A T 5, [R) A 385 o e A
HEER)IEAL T B, BE 2 M B 2 05 (kA7 A R 45
K, WHN BN FEEEANS TP EWFREZ T
TR , DASEI 2 W3R AE 5 % L4 bR i B G s FH %
PhEAE  BOF o83 NLBP BB AR

YT, TV NLBP &3 J PR K 1008 & pIL il
N EAE P RS EAT DN IR W ELY i O RN
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AR IEPERTE T, D 1R AR TR, 52k
GAL NLBP BYZERIBIFTT , NG AT % 5 PR AE,
PR RS E Y NLBP AL, IR0 4 s 4 HL AT 5E IR 97
T8, B AR AT I B VIR 500710,
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Figure 1 Mitochondrial dysfunction-excessive ROS production-mtDNA damage vicious cycle
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Figure 2 Crosstalk of signaling pathways in ovarian inflammatory microenvironment caused by oxidative stress
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Figure 3 Signaling crosstalk between the intrinsic and extrinsic pathways of apoptosis
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Figure 4 Telomere 8-0x0G oxidative damage and damage repair mechanism
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[ Abstract] Non-alcoholic fatty liver disease (NAFLD) is a metabolic syndrome caused by a variety of pathogenic
factors and characterized by the excessive deposition of fat in liver cells. At present, the pathogenesis of NAFLD is not fully
understood, and there is a lack of specific drugs for NAFLD in clinical practice. Therefore, the establishment of an ideal
animal model is extremely important for clarifying the pathogenesis of NAFLD and developing specific drugs and treatments.

In addition to NAFLD animal models, an increasing number of disease-syndrome combined models related to NAFLD has
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emerged with the continuous renewal and development of traditional Chinese medicine over the past five years. This article

summarizes the NAFLD animal models commonly used within the past five years, as well as their preparation and evaluation

method, to provide a reference for future studies in NAFLD animal model preparation and modeling a combination of disease

and syndrome.
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AE VRS 1 B8 Wi PE IF % ( non-alcoholic fatty liver
disease , NAFLD) J&48 FR #1 H TERS FIEL A %) A B 4
P FH R R R DR 0, LARE 5 76 40 e oA 2o B T
Bk B AR R AE A AR 2R A T L LI 35 DU
g Wi A8 1 ( nonalcoholic fatty liver, NAFL) 2| JF 7 K5
RS W PE 4% ( nonalcoholic steatohepatitis, NASH ) |
AN R AR I EF 4k Ak T RE AZ AT A0 g
(hepatocellular carcinoma, HCC) BV e L R
NAFLD & i % 58 2 4 b I % 4 83, B8
NAFLD B NEZ) 5 ek G H 7y 2 — i
(9B R B AR T 29%, IF B2 R AR B0,
NAFLD AR pL i i oK 56 48 28, B i, B 58 A Ry Jk
S FARPUZ NAFLD 2 % 1 5 2R BRAL I W B
WFFEALAE B 15 2 R g AR AL RS R
M AR A 25 5 23 5 310 NAFLD 199 0. 1k
Ab AR A UESE R A B 0 E Y 2 5 NAFLD 1y
SARAILR BRI, 2 s B B 1 T A R Y
A RN A2 Ak I EL Y 38 S0 A W0 e S AR ™ M T A
G S8 10 44 BR 5% 9 m T B R AR YT,
NAFLD #A Ky —F 2 A i A R | 52 i g
IRFBUANPG e  R AR 2, A 45 Fh i L 35t 4% &)
SR KR B A, S g R AR A A B
RO o AR R A AE, BT LA BE £ B 5T & B
47.3% ~ 63.7% ) 2 AU HRp H 5 F i ik 80% 1Y
JIEE & AT DL UL S NAFLD ) BB B i 0 X
NAFLD HRRL 25 , 1 2 AR AT, HT 48 10 55 07 T 1)
NIBIT, 0 LATH LA SR NAFLD $4 A B 2 L) — A
FORPREL  WEIE R SRR B TR R B
RIT IR O HIAR Ry S R mT LARE A5 HF 4 18 1
M PP 1 A2 2 BEAL AR R I 5 A sk
SIPERITE NAFLD ALl i A , 45502 Wy kol
Kamyy 77 R AT Oy L, H AT ST 5
NAFLD Zh## i K g iE 45 S A F e TR 2 6T
NAFLD B SiHL I, 48 10 25 9y i 0t 5, HLBOR 17—
FEMRUR . A SO Bh ) 55 B R e S AU ) 45
Tk BEBIPPN T RS T TN NAFLD sl il 45 K

non-alcoholic fatty liver disease; animal model; disease-syndrome combination model; evaluation

WUELS ST A TLRA
1 EPiEHF

NAFLD 2y #ye 5 i 2% & FH 2l 4 LAk 5 20 4
R BUR/IN B 3, Herb ) SD R B L Wistar K BLAI
C57BL/6 /NRUH B Tz, MeAh, ARk v B
4 WM B H TR NAFLD B3

SO REVEK K& MK K, A4 KEE#E
PR, BB RE T o L TR AR, e AN R N AT
SR AE 75, MEFR AR AN 5y TR A B B BT R0 1T 5
M SEHG 2 S, Wistar KEPER IR E BAERK A
B R IR R A AR R G B 1 FIE BT
TR AR A, I HLH A R AR B S O EAA
BERT DUBE A1 S e N 2R 9589, CSTBL/6 /N5 F
Bpy WU E (R 5T R PR R S TR W &R
1 NAFLD WFFEHT, BT 280 H B4 g s FHL ™ T i o
AN[EHY, KAWASHITAD %12 %t C57BL/6J ( BL6J) |
C57BL/6N (BLON) M A /N R FR #6471 LU 3431
b AT] A BRAE DU S8 AL A% ( carbon tetrachloride, CCl, ) 175
S NASH BRI Hr BL6J /) B 7E T b & 80 e
BLON /N ™ £ 1) S0 Ak 1V 38 RN 21 4k Ak, 1 76 5 R
TRE (high fat diet, HFD) i5 51 NASH £AU A L
BL6N /INERL, BL6J /)N B - H 7 =T ( triglyceride,
TG) BURT L (H AT 14 i Fn Ao 405 5 /0 DR A il
JH C57BL/6 /NEEAT NAFLD BF5E I, W % JE 5 AN
IFi) /N BRI 28 %52 976 1 s i, 7 U — oot g 7 4
I sh ¥, 5 32 I & I8 & B ( cholesterol , TC) ) 5%
i), JE o s AL [ M O S A0 I RS B 0 F ( non-
alcoholic fatty liver, NAFL) , A iff 57 W 7~ HEPE V0 BU7E
WA HFD 2 J& J5, H i 3 i 5 I8 B B ( total
cholesterol , TC ) FIMIL % B A5 £ 11 IH [ 5 ( low-density
lipoprotein cholesterol, LDL-C ) 7K *F i\ # i 3 Ft
P R B A S I B A R TC,
13 17 2 B4 025 S5 B2 I A, L N 2K T AURK Bk
AN A R TR R W DR i ), LB AR F 5 6
B NASH 5102 A A o Rk v BUs FH T0F



1618 o [E SE I Z WA 2024 4F 12 A5 32 %555 12 8] Acta Lab Anim Sci Sin, December 2024, Vol. 32, No. 12

5% NASH FIFIEAL 4 5 Hh SR 2k R [ e g e B 2
F, Zsh ] DLSE G b 2 AR 8 AR, JF A
AW W% 3 Py X VEAl 25 W 6t g 28 1 AR Y 52
ne) S EL TN, PR, 5 R RS BRUAH B, i
NASH MR E RO AT, e R 900 BH J 1) 5, JH- 2
MR Ak AT i Aet ™ % T DL b 3h W R, ot
NAFLD #8Y gl 1) 2 B0 5 DL B3R 4 Fpowk o5 3h )

2 REBHERE

W LRSI 4 T A R BE RS 2
S PRI RS PN B IR 5 5 A A P IR B s S
U] 45 07 1% ] B JURES By AR, H HG 3 A 3 4
HIE R NAFLD S B AL A BR . 259175 S A8 i
B S, A /) BRUAE A 3 B o 6 o )i B AE A
It H IR 25024 Wy 68 5% Jn T [ T4 £ 8 1)
PR, L DR a5 m i DR 155 5 A AR Y 3t A S L
RERSTER IS R N B, 5 IR B A SRR B4 &
S BE A S e NAFLD 595 26 90 S &9 il e
2.1 NAFL #%!
2.1.1 REFHTHRE

(1) HFD %Y, HFD /2% S NAFLD 3 #)4 Al
(R VR, — el BRI (60% keal ) ZH A, 32224 41
SR T TR RS YL R . L B 5 B0 D 40
T RERERT , BRI R it 41 48 PR R 3R ol e 75 0 s
M2 (free fatty acid,FFA) # 8 2| JH FFA MR T 4H
LR RYSMERS I T BE 22 5 5 106 & R A5 515 T ik
R e B O 2 5 SR AR, AR A A S
RAEI . MENG %7 i (60% keal B + %
oK) MEFE 6 Ak Y €57 BL/6J /N, 12 A UG /1N
AR AN, TG F1 TC 7Kg, HLAE/N BUIF o
FEEI NG 0T 7 FURIRE 7 728 Pk b 25 19 I, Re i SOk
A A AL R AE R, AL Y G s 2 T A
JEORH T R 28 Ty AR M 4 5 5 TR B AT AT, AT LA
LN 26 NAFLD #9 % % BIL i EL BE 2 BL i 55
NAFLD JH5 A — B8 BRARRAE , 5 e 52 1 A5
JEIR BRI  NAFLD JERELE

(2) &l e 2R | i I IE B2 IR (high fat, high
fructose, high cholesterol diet, HFFCD ) 5 %Y. HFFCD
HHAWREARIAE TS A TC, 385 e i w R
(high fat and high fructose, HFHF ) TX & } TC 4%,
HpEshn TC /Y B RS g H B AN R AR AL 3T AR
oK WFFT & BRI B H [ B ( free cholesterol, FC) B

BT RENE 0. 5% /) TC 3 B UL 2 LATE £ 2] A9 I
()5 Rl A O A MR I 1 FPF 6 TN AT 4 Al 1) &, 0. 2% il
1. 0% 1) TC f23F { % 1S e i & e . ZHAO
S0 4 S W U HFFCD sl HR IR £ 6 JA, 45
SRR BRI S W) (R R R I B 2 R,
TC TG LDL-C 7K {3 Th s, i % B g 25 1 0 ]
( high-density lipoprotein cholesterol, HDL-C ) 7K - i,
EREAR, LU AR BT BUR BN — 1 iR
Wiz, B 2 0 B s A O U A L H
TMBENRFIORS 2R A= W& O A iR AR 2L, i
RUTH 8 T VR TR B AR L G — TR, AT LB ADL DL
RER RGBT TIT, 3 NAFLD 1)49)25 &%
BLHI AT 25 AT FE S it 1 BRAR AR
2.1.2 FERRALRA

db/db /N BUBEARY . 98 3 (leptin, Lep ) /& Hi A5 /I 41
ZUr WA —FR , AR LW T i & & 5 3h W Ie i
LRI NIE HE ) Lep 38 32 48 A0 i i 2% DA o 20 %ok
B i ot £5 A Ok 2 45 Y R P A 19 4
REAEMF 58 £ IR Lep /K IE %, {H I8 % 2 1K
(leptin receptor, LEPR) TN REFI i 5 , 152 53X Lep
G 2, MR R BE R AEAER] . db/db /)
BUER T 32 A R DR b 5 A PR AT DL 3K
LEPR HJRESZ ., ZHANG %5 25 /1N BV 3% 3 4
12 JA R, db/db /N BRUSF I3 K 4 2R 5% 2 il
(‘aspartateaminotransferase, AST) . N & MR &% & W
(alanine aminotransferase , ALT ) B 5 ' #f i i 7K S
BFET v, JF H AR B ™ 5 A IR D28 e, BoR
NAFLD HERUEE 7 iy, BB n] DL & 9 B
PRI, I HRBE BT (1Y SRS NAFLD 1%
i e, (ELBR SR T X 2/ BUTE Ml B I AN
o3 R AL AEAL U REARGF 9 FH T-WF9E NASH
2.2 NASH ##3!
2.2.1 BTSSR

(1) AH B Bl = A L-24 37K & ( cholinedeficient
amino acid defined diet, CDAA) #5571, CDAA J& 44 4
NASH /MU BRI 3 R, — e A B (11%)
FURIT (31%) M, AN &5 TC RUIEGE, JE G R
BRI R LIE TR | —H b= v] B AR % B
F H (very low density lipoprotein , VLDL) 0k 7= A= 5%
W, I, AEg sk = )5 T VDL 1Y 53 W D fE
AR 3 PRI BT N R I AR sk A T
BRI B L B 4B g 105 R A AR Ak, 3
JHF A AR S RN LT Ak, 35 T 0 S 4, 28 A R ik
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Z 5 T R AR AR AR 98045 B HIK (glutathione , GSH)
AP B, FLE 5 | R A8 Ak W 8t 1T -5 3500 I 9
Rk TOLBOL %) 45 P Wistar K FUE &
A TC By CDAA (FE AR 1%, I8 Wi 31% , ik K4k
EW158%) 5 ok CDAA 3% 4 G, KELE&
I B B R N EF A qb, AR AT A T AT
DATE 55 S [i) P+ B0 7™ o 1 41 4k Ak, BE RS AR 4 1Y
FWE T ANZE NASH F A FIpm ok > o B mn]
PATERE I ] N B R 15 5, DR IR B AR AT DA Sy
FAE NASH By A mran TH

(2) AR FALHH B = T ( methionine choline
deficient, MCD ) £ 8 . MCD 4 H 1 4 DL Ko & I [
MBS CDAA IRE —H 8= A, iE 6 =
AR, IAERARIL W LBE SRR, ZF =z 0]
T30 VLDL JW0hs 7= A5 22 450, i i 45, 2 2 IR ik
= Jail it A > GSH RAEYI& i, SR 51k
SR 8T 2 3R A I PR 0 L AR
MCD TR I EME CSTBL/6 /N 4 J& /N B2 30 i
RIfY) NASH RHE 40 AR 25 1 LA RE 4 iR, O
H/NEUF TG & &shn, Ao R g EEY
BEAE NASH A & AR & J vl 2 JC|RVE 15 3l
Wy2H 2 AT VE RVAYT NASH (9 —Fi G A g 1o e mg
IZICHAIESE T MCD IR B IRSE AT 53 7 38 TR A R
BT/ IN ERUR JEEBE TR T FUAURT B 1T A L f37) Jd 25 185 o , ke
MCD 155 7Y £ 9% Bk 53 W 18 1l 2 0 e R 6 8 J Iif
£ NAFLD HfER

(3) Bl ok oks A A AL A R IR £ (Atherogenic diet,
ATH) BE7 . ATH 38 % B =5 TC Film IHERER A AL, TC
KRR ER AR BT T B AR B AR BTt A Ak,
iR B M, BE AR O T Wl & ATH B A
OMAGARI 250 8 JE #& e SD K EUBENL 2> N
H(ERIKE,69.5% MF) 5 H 4 (HFC Tk &,
28. 75% kMM 1. 25% TC 1 0. 5% REFR 4 ) Wi 20 37%
TSR, 9 JH R 45 R Won , IFE &/ KT L AST  ALT
I, DL TG FTC WeEE H 35 T N 41, 1t
Hh H LRI R D5 A5 0 /NI S | 200 SRR AR
MAFAEALI] & T N 4, A B S 7E T 7T DA
T 5 N2 NAFLD #H — 2y s BEEE 2R, 7= 4k
NAFLD FAEE 055 28 , 0T 40 i < BRBE 15 27 44k,
BRI E AR U NS NAFLD A —3,

(4) & B8 Wi, & W% 7K & (high fat, high
carbohydrate diet, HFFD ) # A . HFFD J57 B} fij 5., 78
NAFLD /) BB il & v, B 60% keal g 5 il

30% v/v(MFREE ) o SR T R AR, AT SR
PR B 57, 3 60% 1 F B T Bl A, [
SRS s A B A ST R AR
IR OIR A 0 mT RE b B i) SRWE T A 5 A
JHERR I AE M, v SR T KM 3K A i 5 4 4 0 R SR
WEAARELH G, HEAE BRI A A in JHF e s A2 1
T LU BB 1 O T B 45 A — R T A Y
WAYAL %7 F 60% keal i (475 B i A1 309%
v/v (R BUEL ) Y i SR 0 T OK B 2K Ik B IR 3R
C57BL/6 /MR, 8 JEIJG /N BB AA R L e o 11 db 2
AN, 3% ALT TG .TC .FFA 1 VLDL 7K i 3% 4%
i, RO S s B P AE R 05 | S B e I
EOBE R R O M om H W = B g
( hypertriglyceridemia, HTG ) , 3 N5 il 53 45 HH JEk e
Z3H8 N HFFD MR 5% 9 & B NAFLD Ay )™ & 2
FEH AR B A A R i A R A HFD MR
NAFLD AHCHE R i 238G 0, 48 R I & JF H BE
FEMFRE R HFFD BRI GRAR 47 b MEFE NAFLD B9 A
HeFM
2.2.2  FEHRPRER

(1)# B H E (eapolipoprotein E, APOE) # A
FBRAEAY . APOE J&— PSR M I3 & 11, H =24
R 5 Az R 25 G A IR IR E A A8 2
[ NG R EE RS Apoe IR IR B9/NEL, I3 TC
FRE A IR B0 8, (0 b 2 A S fk e I 1%
T TR R AR EE(10. 0% 54 . 20. 0 1
BE 10, 0% FEHE K} 0. 5% IHFRH ) W FE Apoe 3 [H il
FR(APOE™ ") /NE,7 5, 45 R W R HFD 75511
APOE™"/INEUAR T B M o 8 0% B 3 18 vy | 1L ¥ +h
TG\ TC /K- i 2 43 5 I 5, OF HAZUR S22 R
/N R AT IR/ INAS 347 1 i T3 Y 7k 18 A1, ik A7
FE S8 W BRI A8 P, 3 W NAFLD BRI Q) g 37
IR A5 (apolipoprotein A5, ApoAS) & &
BRI 0 , J2 B 2 11 B 7 6 0 R R H I R
B OCHETR 1 7, BIF5E & I 8 RO B R A
Z ApoAS 4 FUS , HiF H BE HTG, TG 7K i
FTVEL AFIERG S P HED MR )5 , ApoAS M fl %)
L HTG Al NASH'™' | AR I 7E T ah W AR 2>
H &1 H B NAFLD AH5C R B, (HAEME & HFD 1915
LT RefR v RE W AE 1, SRAE I R e

(2) miR-223 EEPH R BRASEAY . B a1k I 4t o] 1]
B PR A YR T NASH (945 &, HAE A ok T 40
R AT e = i R (B I AN 7
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( microRNA , miRNA ) 1 Ry W35t % K -0 15 & th Pk
WA M 1 A AT RE TR BT R microRNA-223 (miR-
223) FEH R L DA R KT 3Rk AR 55 Pk
720 B AR AL R R F . HE 260 A ek
miR-223"" (HfEME miR-223 KO) /N EUMEEL HFD ( 60k
cal DR IG) , KBS B AR miR-223 Y /NEUAI HE
HEPE miR-223 KO /IR HY B 7™ 5 1 NASH f £ 4k
FEERAE , IF B miR-223 KO /N BUA AT B 3 KAy
Gy, KB HFD MR 5 F 30 B8 i 21 4k AL Fn
RIESIN . BRAEHFSE SR, miR-223 1 5 [R] {25 i
HET /N HFD 8 MCD 5 519 NASH D) K K 10
HFD i S (0 T i 7
2.3 NASH AFE{L &5
2.3.1 REFHFHEA

1= BB = BH [ IR (high fat, high cholesterol
diet, HFHCD) ##1 . LT 261" 45 ¥) B & HFHCD 24
JiL 85 R R 50 AL L 9 8 R T B ALT,
AST TG ' TC .75 J& A% AR S T 55, 12 J8 5 Kupffer
Y AL 0 S, TR A A UL vp & BV RO i ik AR
B AR YR B0, % AR otk I 2 18T H 30T RS R0 00
(25T, FLFALZ 2% 8 40 it v o 140 22 s 1 i F
WAL TE B, Kupffer 41 AL A1 52 TR 40 3 5 94 A
Ry S £ A AN AR AL TR 18 A DG B 40 i, Pl e v BR
NAFLD AL R N7 i ), i B 5 XF
JE 5 SURR ) R M I 2 AR AR R i R A B e
T ALY B , il n] FH - BF 5 0F J 3 NAFLD , 4% 51
SERFREAL Y B, LA G-t 1 s 1A s B A PR
2.3.2 249 SAR

(1)CCl,+ HFFCD £, CCl, & — s PE1L
ST SR e B AT S 3RS Sl W A A
AeAFNFREAL - A SR Y CCLy, AT B A
JH-A0 R, 775 Mt 2 b AR ISR Jo, 52 W) S b AR 1) 485 44
Titie , /D B A0 A B, 5 R 6 A R IR R, I

SEM AT FRE 5 A9 77 AR A 20 40 A AR PR IR

B P IRE (western diet, WD) J&—Fh 435 75
JE EFERD TC IR, A ok X 5 1 1 1
AR EAE AR AR ), 8 23 I NAFLD
)% Ji& . TSUCHIDA %" 45 1ibE C57BL/6J /N B
B WD(21. 1% 855 41% RN 1.25% TC) + E I
WIS CCL (0.2 pl/g R A5 &) | #5242 12 A/
24 J&, ZEREoRMESE 12 BN 24 J& G /0N BUAG I E
HHEIN, ML ALT R AST FH, 12 i &4z 3 H4F
Hefk 24 JARE A HCC, MREAMESAAE T H S H

PEFITAT A M A ), RE RS AR A O ME S T
NSRRI 9 95 10 128 Joe I B, B0 DA 75 50 1 i 77 722
BN GARE , 21 4 A AV AE , JF H e R v B ] 32 58
s S T RE iR 42 5 AP 38 7 AL, (E2
AT /N B 7 S R HRP R AE AR DG
Sy Z AT T A 32 FR

(2)FFC + HEJR 5 2 ( streptozotocin, STZ ) f& 7l .
STZ v LIXTBRE B 40 /™ Bt Ve, 5 B0 5 6
PR A AR AE SR, e 2 il 9 15 3R 40 Db P i,
WEIRG . FFC 1 WD AL, 2 —FhE & s el 5
fm TC IR B, kM, STZ Al FFC 5%
F BT S RERE TS AR 25 L, ZHENG %50 J FRC (7
JE R OB LS TC IR E) WRIFR N 6 S S I
C57BL/6 /N + IE BN 4T 150 mg/kg STZ,12 J
Je /N BB AR EE 2R R, 1L YE ALT  AST \TC i 3% 3
I, HAA 25 B B R /N BRLAS /N HE B K IR T UL
S, TRk A SRR AS PRI 20 A e B SR FE 20 JE B
J P R R B 21 A AL AR 7R HCC, BRI AR
T TR 4, P B4 4 S I (g AT
B HCC, AN JEAET NAFLD AHCER I E

(3) DIAMOND #% %, DIAMOND /) f H. &
C57BL6/J Al S129S1/svim] /N B 1) B 5 45 3k I
R, HAGT 60% MK H CSTBL6/T T4, AR
R B ARy FE R 22 7857 ASGHARPOUR %5170 24
AL/ N R B B AR F A5G TC 19 HEFD, 45
WR/NEUR B A PETTIE NAFLD , S50 NASH £ 10
YA HCC, 212k A BoR 4 T8 s H oK
YERG AR, 8 ~ 16 JE & 1 & A i i M I R A R
JiE | 40 ABR A AE F Mallory-Denk /)N 1R T A%
DIAMOND /N ARSI i & 7] DL & 2B 5 N 28 NASH
— OB B ZARPT L MLAR S A T
2.4 FERELEAERFIEH*

AR RBEE B2y S ) & R, P BRI IESS A
B SR 4R | AR FLE VY B2 2 1 5 ™ RN B 2 1
“TE” RGP 45 BAE—E SR ARG B 2EIE A
TR V4 1 AR5 2 2 5 A A UL A 2 19 s R
WrfE. BEAh, A28 dE ST IR LS A 1 S A
TRUFF 5T B 21 (10 5 i A5 780 Bl P44 %) I A A5 0 177 7
WA LR T, A A B R P 45 A 2T
o R 2 25T & 5 25 LRl AT Y . B
NAFLD Ji i 45 A f BB 5% 5 /0, 32 5 DU L 1
R RWBAIE RS UE | SO AR A 45 R 5
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2.4.1  JHARRG HEUEA A

NAFLD JHABIGL 6 UE £8 5 22 28 30 0 A7 Joly ol 4508
TS R, A DR A AR T 5 A, IR A O
MOREE = ) Wk 35 KB SRR, R
FHE R R DRE + DR R 8 + 18 M A 4l g ol
B+ Je B EHST NAFLD AR L TE A5 7Y | 25 31 g
KB BIRE RER 78R8 SR
Fib A B FOELIC G S I 4K, T 40 B o N K
INANEE IR I 25 /N T/ DX 4R A0 i i 5 T
ARG RS FRAG I 25 SR A | i B T 25 H R
R = ( noradrenaline, NE ). L 7 ik ( 5-
hydroxytryptamine , 5-HT ) 1 D-AHE HE it 5 & 2%
i, IR LA 2 v B BOR R B TR 2k A |
R A JR R N K5 5 12 e R AR N + e R T
AT R, ol R 0 T I A B RS e A 3K
KEADUA G AR, IR & AR E R 26
R RI, LR — R PRI NAFLD JHAR
AR AR ST )
2.4.2  PRIBUFALAY

NAFLD #0258 2 A 98 A v Ao 21747
Wi 22 F A A e PO 5 O L R e 9 Wl =
Yo | JE B IR E RAE R Bl R AR
HWAA T NSRRI, BRI 2 UL T RE B
o IR R AR R (CFERIERE + 2% TC,
10% 563 ) SRR R, 8 JH U, KB A M4 it i | 2
I3 TC TG ,ALT , AST % 1F % 41 W] &b A 5 , K BLE
W AN IR TC O 16 B itk KA R R FY
TR R ST 3 i, BB R BRI B 35 Bl
A RABEFE RS 55 AT A W B AL W R
AURRTE 5 NAFLD SRV IER A s T 5T
2.4.3  JBU S A Y

NAFLD 15y 18 95 , AR 456« A 2 1, A £
W5 BIE %00 R H B A IE , e DL R
YRR UE B R 8 L %IE BB B 2R B R A W RO
P BRGR K = ) R AR,
RIEAE XIAFPEEEY ] HFFD MESE + T4 30
mg/kg STZ il #& NAFLD [ s EABE A | 45 51 R
KBTS NG AE | 210 28 HEf g m
IENGIR N EY - NN LD R R B N E
Bl B T B IR IR FLR BRUALTE ALT ,AST [ TC.,
TG .LDL-C 7K~F-Ft 15 , 20 M B A e R M=
M MR R ZA AU AE AR Z 8, B 32 T 2w, T
T A B A5, 3R R AR R S n s R

FETE RO i LR I 45 2 B 5 IR G 0 AT, i Y
T, SFEOK U B B 1 UM B /Dol TCRT 5 9% iR
i, RFRAERT & IO IE S B0, Pt NAFLD gt
JRE T AR A A L)
2.4.4 S IMFIERIA

NAFLD N7 HE bR 52 2 A1, Bl & R 0 & e, &
SN W PR 22 32 B0 A 5 5 o 4% M W B e
P, EL SRR | R Ak [, R I AN IR T g
5 T O S B B R AR A B D i T
RHC A 20 8 B 350 T3 1 4% NAFLD i I
PRI | 8 JR 5 A B BB (R vk | R B 65 B vk
K IELE BB 5 & AT A 48 50 3 ok
T8 T 200 6 T 0 2 T A TR R B 1 R e | /N T
O P 72 P R TR 7 S AL R 1 T LR i B IR
Bekt, KR BUAUHT IR UE R B0, B A r R G
2 7 ) 1 FRAB I RS, WA 5 NAFLD —
A EE L L, I F W] NAFLD A I RS R 1,
ST,
3 HEENEMAE

PR BT 3 A5 R (1A 32 5 A If 8 A Ak
LV B | RGPS AR S5 45 T 2R 1T

MR A2 D T 1T =5 B A 35 I D) i B it A
SR ALT J2 T 40 A b 3= 5 A9 i, JH 200 I 43 40 ) 1
B ALT /K FTHm , AST J2& o5 — Bl 46 405 1) A Ak s 2
Y, FE 00 5 B B i DAL, ALT AT AST 38
W J& NAFLD £34 JF 908 Fi A i s, I3 o ALT
1 AST K-8 TG AFIhEE' . NAFLD 41412
A EEA T IR WAL TE T 20 Ok RS R AE AN
YA Hirh NAFL fie 5 L 0 45 E 2 T A 15 28
P > 5% WA EAG BRI e ) i A &b B i
MM BRI i, T RE RO E A R
A A SR 26 g A B AR A S A I 5 1 A
¥ s, W MENG %17 H HFD M2 5% 6 J& i i 1
C57 BL/6] /MR, 12 8] J5 485 2R Wl 7 /)y BRUR o 384 i
TG F1 TC K367, HoHLE /N T IR i & AR
PG I A P S 2 B, R A Ry OERBE AR | 28 Ak AN
JFANARAE G, B NAFL A5 RS 8 57 5 T3, NASH [ 4¢
TEVE SRR W A M | BR2E 3 AE R/ 50, HoAh 4141
AU ALEE T TE KR AE | 2 X A% R  Mallory-Denk
AR JT/INERNST B R 0 R NASH B
23 7 SRS I A0 T ] B 0 AR (1 R 22
b NS R A e oW A e 2 A S N D B e
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PR TR K DI, B S 5 AT A b A
B BR LR GRS, S AR R 5T 95
ARZ-APLL(HE) et i 0” Y45 (ORO) 4
A RIARPRET G055, T A ( Masson ) H 6 8 PEH 45 7Y
@A E M, @ HE A1 Masson 4% 66 0F45 AT g 5 A8
Pk JAE ML 44k, R ORO i 5 45 B2 B 46
/NI IR 05 5 i, 88 20 Ak W8 28 98 o TR 1 1 3
ik, HUANG 251045 8 R 1EME C57BL/6J /) B M
£ MCD PLiFS NASH, 5 J& e B B 20 /N BRUFF /R 5 L
(3G N, HE % €2 ) U1 5 26 B0 op 3 I o R 28
Masson 4 {0, i, 7 A5 760 25 A 51 v A5 BH 88 A0 B DR T
FLL 0RO G55 R, PR RR B FR 2, B o4 B
SIHTUESE T 13X — 83, feAh/NER Y TG Fl TC, ALT Al
AST JKF-Th i, dhiz A B ST i . YANG 2617 H
HFFD B R 16 )5, 5% BT L, AR 2 1)
JIF BB E AN (P < 0.01) , FFYI R A3 4 it ik il
ABRAEME AR RN i TR AT BE 2 4k, ORO B4 4
FERLTR L [ 1) B v 002 380 7R 1 2 A B0RE R T 17
Masson — {0,3% {6, 3% I A 7 40 K RO H B0 21 4
1. BRAZAPERFIE KR A A1, AR 02 AP 25t 5
T A DE My, — 4 B AT 3R PE R 18 ( transiet
elastography , TE ) J&— P 5 T AR =2 A8 75 19 712,
B R U O RE B IR 37 45 5 98 2 B ( controlled
attenuation parameter , CAP) SR 1FAS IR VE , # HL T
JET AR , TE - Ah 2 0 ek A [X s )

RN R Ry i g ) N 1 R A o 1
TARAE LGRS S T AT IR

MR A FE bR, e nl 2 RE BT F DI Re s 5 I
MR R Y], Be U 2Bl 2 NAFLD 1Y 224
fiEZ —  BRAEA W I 3 W b BE R IB R 5 Tk A R R
WIS, — TR 5 30 2 X 2 JE R B AT R
WS, KB NAFLD (838 1 i H TG H i —
[T RS =R AT SN ¥ TR N I EU =R 3]
REPE S FATEAR DG | i/ 25 4 U 2L i 51 A 7] fig
YA NAFLD IR UE A B ARG, FFARIE I
NAFLD K Bt A7 76 B I3 AR Jr i i S5, ¥ 57
2 L0) e <y EAR MG R IE NAFLD K R, & IR 4
FUMIE S TC TG . FFA ALT . AST 7K B 48 25
AR, A B 2= WF I8N A, 10 20 2 22 388 Jo 4 i 35
LR IN o 12 Wi B i S 2 JHE AT AL B I 1 AR 5, T
NE 5-HT J& 52 b i 26738 A ) 3 2 b 283 57, D-AH
HedttZa 0] 2 Wl8LkE , ¢ NE A1 5-HT v] F T3P
NAFLD Ji 4 9 HE SIE B 0, 2% 25 By 0% FH 2 57

NAFLD B i JE A 75 | 4% 3 g o, I b | 1f g 7
1 \NE 5-HT Fll D-ABEHE 2 i 2 REAIL, 38 I AR
RUFg AT

IV 7827 | I 285 8 A5 A Sy o S I 8k Y
MIFEFR . NAFLD & FFf g oA i 260, X R 80k
WIR S E AR A RIEE A, IR & A R4 40
% T W B BT 40 i 2 R BRI DD T 4T 41
F AT, BT 210 M W RIS T AR I
AEJT, A D) M B R4 5 IR NAFLD f77E B 5 &=
AT, 3 1 Py v AL AT 20 400 b 1 S 2 F 0
AR 2T 400 i AR 5B A 189 T 4 i 6k A H At 1
WA A . PIAE NAFLD AR AL A5 2 f
ARG I 10 Y08 378 728 2 A 1 KT, A R X A R R 7
Wro Mo, GG FER NAFLD 5 BIAEAE MR 7 A8
AR, LIV 7S 4 A A0 5 P B IR IE SR B 12
71N I YA 378 28 27 48 B vl VR by A0 A 4 g 1 1 o
W MRS W7 00 2 G bR 2 — 0 WOrE ST I g
TEAF DGR B ] DUKR IV 37 A8 2 38 b A8 AR A Ry 5
RS ST AR AR, IR e T %5 R A HFD + 1
M + SR G B A H HE NAFLD 98958 B 45 5%
Y10 J8 55 A 21 3l ) 4 B 3 KGR TR AR AT
TG0 WA bR LR | TR0 AR A 38 hn T
B AP NAFLD FlHb B B 250 3, $ 7 A A
A,
4 BE

53— =]

NAFLD J& D) -2 Ja 3 g 107 4o B2 0 AR R R AR 7Y
— IR BZE AR WF 5T & B, S0 S aL A o6, Bk
By DT B PR E 2 RO PR m L S H 7
FREHLR TR 2 CEEAMEHDY . NAFLD 14
MR LIS MR 2 — , & BRI AT T TR YT, 5
PR R B A g R, B2 L O HCC, shiE R
VB R S AE R (A AIF 5% $A L, LA B4 ) B A 5 00 1) K
A R SR LL R ORI A BGARIT  hilRE =
KEEMAEN ., B WIE R 5 A0 38 AL B4
IR sz —, 7 iz g s, A
FAYHE NAFLD h s 5K B AR 25975
SRR DRI RR R L R TR & A AR R R R i
AT ) £ o hy TR A LB AR AR {E G 3 R 0 A
K5 259035 SR NAFLD [ PR 4L HCC 19 %
Ji& s LA ALK £ 50k 5 A 45 A, Hod B 0 L
PP NAFLD AHRURE &7, (DA 35 DR ke i sl 0 o
M s BARAR IR AR U5 /D BOZ B R ) 8 Z B, b
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BRI AE S A B R BE A AR I AR P B 22 1“9 5 h
B2 UE” FHES A, X P BE X NAFLD [ 4F 53 42
N (S AP e I (NS NES N P NS B R T R 2
W R = G — PRI bR e, S REAR G (4, A
Ttk NAFLD sh¥ s 0| i 5% 35 H M LT A 4k 40
SURERF FFAG BT | s 5 LA S L Y 9L A8 2 , i
RHEE D S X RERY AT PP, DA Y AR B A, 25
1 RS A B R ) i A AT R BR M, AR
RIDFM 7 ik B 2 48— IR H8 A , (BTS2 BB
B NAFLD A AL LA KRBT T 58 i) G ss A%
e A 5 Bt 58 v, AT 5 B 98 8 AT R B 5L 5
PIASAS 5 NAFLD 5 B 5 959 2% B A+ 0L i) 1
BUAS o T A5 S S s s A
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