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[ Abstract]
using metabolomics. Methods: A hepatic fibrosis mouse model was established by intraperitoneal injection of 20% carbon
tetrachloride (CCl,, diluted with olive oil at a ratio of 4: 1) at a dose of 2.5 mL-kg" for 4 weeks. A total of 54 C57BL/6J mice were
randomly divided into the blank control group, model group, Qinggan Jianpi Huoxue formula high-dose group (47.32 g-kg") ,

Objective: To investigate the mechanism of Qinggan Jianpi Huoxue formula against hepatic fibrosis in mice

medium-dose group (23.66 g-kg"'), low-dose group (11.83 g-kg"), and Biejiajian pill group (1.365 g-kg™'), with 9 mice in each
group. Concurrently with modeling, each administration group received the corresponding dose continuously for 4 weeks, once
daily. After 4 weeks, liver tissues and blood samples were collected for liver function and hepatic pathological examinations. Non-
targeted metabolomics was employed to detect hepatic metabolites. Principal component analysis (PCA) , partial least squares
discriminant analysis (PLS-DA) and orthogonal partial least squares discriminant analysis (OPLS-DA) were performed to explore
the metabolites and their involved metabolic pathways in the liver tissues of mice in the blank control group, model group and
Qinggan Jianpi Huoxue formula high-dose group. Western blot validation was conducted at both the cellular and animal levels.
Results: Compared with the blank control group, the model group showed significantly increased levels of alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) (P<0.05) , along with increased inflammatory cell infiltration, and formation of
fibrous septa. The predominantly enriched pathway was the forkhead box O (FoxO) signaling pathway. Compared with the model
group, the Qinggan Jianpi Huoxue formula high-dose group exhibited significantly decreased ALT and AST levels (P<0.01). In all
administration groups of Qinggan Jianpi Huoxue formula, inflammatory cell infiltration was reduced, fibrous septa were narrowed
and diminished, collagen fibers were reduced, and the collagen area was significantly decreased. Non-targeted metabolomics
identified 79 differential metabolites, among which 49 were up-regulated and 30 down-regulated, primarily enriched in the
tricarboxylic acid (TCA) cycle and pyruvate metabolism pathways. Western blot results demonstrated that, compared with the blank
control group, the model group exhibited significantly upregulated protein expressions of a-smooth muscle actin (a-SMA) , lactate
dehydrogenase A (LDHA), FoxO1, pyruvate kinase M2 (PKM2) , hexokinase 2 (HK2), and phosphofructokinase 1 (PFK1) in
liver tissues (P<0.05, P<0.01). In hepatic stellate cells, the glucose concentration increased, and the protein expression of a-SMA,
LDHA, FoxOl, PKM2, glucose transporter 1 (GLUTI1) , and PFK1 were significantly up-regulated (P<0.05, P<0.01).
Conversely, compared with the model group, the Qinggan Jianpi Huoxue formula high-dose group showed significantly
downregulated protein expression of «-SMA, LDHA, FoxO1l, PKM2, HK2, and PFKI in liver tissues (P<0.05, P<0.01). In
hepatic stellate cells, the glucose concentration decreased, and the protein expression of a-SMA, LDHA, FoxO1, PKM2, GLUTI,
and PFK1 were significantly down-regulated (P<0.05, P<0.01). Conclusion: Qinggan Jianpi Huoxue formula can alleviate the
pathological progression of hepatic fibrosis in mice, potentially by regulating the TCA cycle and pyruvate metabolism through
FoxOl1, and by modulating glycolytic metabolic reprogramming in hepatic stellate cells, thereby promoting liver tissue repair.

[Keywords] Qinggan Jianpi Huoxue formula; hepatic fibrosis; metabolomics; hepatic stellate cells; glycolysis
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Fig. 1 Effect of Qinggan Jianpi Huoxue formula on pathological morphological changes of liver tissue in mice with hepatic fibrosis
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Fig. 2 Effect of Qinggan Jianpi Huoxue formula on collagen fiber deposition in liver tissue of mice with hepatic fibrosis (Masson, x200)

3.2 T PR ARG T I 7 4 CS7BL//IN BRI 1 T 3 BE 5%
W A% 4/ BUMLTE ALT (AST K F, 55728 (4 e 4
BIAUZH ALT \AST /K-F- i 2 55 (P<0.01) , 5 HBEAIZ
FL AR, U G JAL0 1 7 AR R = L b ) i ALT K7 22
S E L, AST KT 1 2 BEAR(P<0.01) 5 %5 T
g JL I 1 7 e 7 ik M R ALT VAST /K 7 B &
A% (P<0.05,P<0.01)., W1,

3.3 AR 2= 5By

3.3 ARUHFSER M 3E a2 AR K v A
R AR 28 o Bl = 4k, W) B PR 5 45 Jr 25 BTk fie K
i, BRI B0 52 2% B B T A S5 B0 RE AR T QC

D E F

A 4R U 3 (4 0 3 FT PCA, QC FEAS ] 22 S /N i3
BH 7 3k e M R i A T R AT . R PCA )
BT QC AR A B4 7 — i th 136 W AU IR S o e S0 8
AR CANEEARRE ARBERRER., hit—4
G AT AS TR) 4 1) AR i 3% 22 5, R F PLS-DA R i 41
HOE AT B A RN A AT . S5 R A AR A
FE PLS-DA 1543 [ v B 5 53 55, 21 I REAS R4 R4
Y [A) R AR B8 15, 2 B AN () Ak 3 2 2 I A7 7 0 3 R AR
22 5 LA AR BRI A R

3.3.2 OPLS-DA ZEJiIEIE B FHTF R A
OPLS-DA, il it 200 YK & 4 A6 56 56 F A5 7Y ] ¢ 44 |
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R 1 BSR4 /NR ILE ALT AST BRI BE$5 4R
KR (x+s,n=6)
Table 1 Effect of Qinggan Jianpi Huoxue formula on serum alt and

ast liver function indexes in mice with hepatic fibrosis (x+s,n=6)

u-L!
21 51 Fl4E /g kg ALT AST
skl 17.2542.35  28.68+12.18
FERLZH 40.16+5.75% 138.2+42.23%

RIS o R =4l 11.83 81.51+17.36"
TR 5 R dl  23.66
TR )y i dl  47.32
W RTLA 1.365

T 52 4L 8 Y P<0.05, 2 P<0.01 5 5 85 8 41 1 %2 P<0.05,
YP<0.01(£ 2-% 6 7))

IE BT A SERA R, R Y(B A Y A8
E%ﬁ@%%)jjow O (A5 Y [y 500 %) 24 0.08, O
Ik -0.35; B R ZH 5 U £ RS 1
J7 e 7 A Hﬁiﬁ&,Rz\Q B AR KN 0.95.-0.27 .,
0.87.-0.50. W*Eléﬂ'%*ﬁﬂéﬂﬂiﬁ%%ﬁf O
FE>0, fFTE R G 05, AR B ALY e L5, T )
?%Mﬁtﬁi%uﬂ%_o Uit BB b e
333 AR MHAN ERRW W EE U
OPLS-DA 4 VIP { >1. P<0.05, Dk & 2% 5 1% %k
(FC)>2 5 FC<0.05 Jy i e b | 15 3] 25 11 2 FiASE Y
ZH 0 22 S N IR 794, Hoh EYE 314, R
48 A~ 5 155 7Y A Y JHF i B 3% il Ty v R o 2H A 25 RN
PR A 794, Horh BV 494, R 304, DL
5i8 L RS RRS TRE L
334 MRFALESYRE LT SHAE
A0 2 AR i3 J O R SR A A AR R
JRAT (cAMP) {5 538 i (i ZL S W TR i & R H A
(mTOR) {5 53 # 0 A 16 LS 3-8 it/ 2 1 V¥t B
(PI3K/Akt) {5 53l # . FoxO {5 53l % 2- S R MR X
WA P Bz A2 KR (VEGFE) 5 5 18 B 4G A6 50 24
L5 38 FF R L 0 R R R 2 9 R AR T AR A

34.74+9.06
32.21+4.04  83.73+18.10"
26.14+3.74"  68.21+7.50"

31.60+4.86"  80.5+12.46"

I R ACH  TGF-B 15 5 38 i R FLRAC I . =R R
(TCA)IEFR B v 1 0% 28 45 - 30 % . PN B 7R A3 55
25 AL R 2 5 o ) 2 A 2 e Y
I R AR . cAMP {5 53 B N 2R KA =R A
SR A W R AR A= W AR L FoxO {5 5 i@
B SRR A BT A R A T R R A AR .
St R BEE R R
3.4 AR I 7y /)N BRUHF A 2R 0 B A R 5
M 55 A R, B A N U 2 a-SMA L
LDHA .FoxO1 .PKM2 HK2 PFK1%E %k & 4
(P<0.05,P<0.01),GLUTI 253 G225 X, SR
S IR 2 2 Ry N R I N W A
a-SMA .LDHA .FoxO1 ,PKM2 HK2, GLUTlé%EIi'%
ik 28 S UG B S, R 2H PFK 8 3R

T 18 (P<0.01) ; & 7 &8 41 «-SMA | LDHA , FoxO1,
PKM2 HK2 PFK1 & H £ 5 W & F i (P<0.05, P<
0.01) ; % H AL AL 4 «-SMA .LDHA . PKM2 HK2 % [
F 3k W] 8 F i (P<0.05, P<0.01) , GLUTI, FoxOl .
PFK1 & IRIEER LRI E L 450K, 0
1535 1ty 388 A ) Fox O 1 17 538 I , 0 S A 7 A A R a5t
EAEE, AR/ N AT A difl . LK 3. 322 3.
3.5 LX2 ek B 525 A A AL
%) 46 2 TR 2 TH iR (P<0.01) 5 SRR L
AT PO AL At ARG e v R e 2 2 v Y
W T (P<0.01), L% 4,
3.6 T A A I 7 R LX-2 40 A% 0 B A5 Y
g 5 H s, A4 o -SMA . LDHA
FoxO1,PKM2,GLUTI, PFKlﬁlfISELEﬁiLiFJ
(P<0.05, P<0.01) ,HK2 % 1 % ik 2 5 L4 i1 2#
s AR tl:isc,vaHM%H?é‘(ﬁmlﬁ{E&ng,
a-SMA .LDHA .HK2 .GLUTI .PFK1 & H % ik # 7
TG L, FoxO1 ,PKM2 % 13 ik W 8 F ) (P<
0.05, P<0.01) , ¥& B fd B 05 1 7 b L ) & 4
a-SMA ,FoxO1,PKM2 GLUTI1 . PFK1 & H % i5 W]

R2 HFERETE M 7T AF 4L /N R AT BE o-SMA \LDHA (FoxO1#1 PKM2 & B R IXBI R (3+s5,n=3)
Table 2 Effect of Qinggan Jianpi Huoxue formula on «a-SMA, LDHA, FoxO1 and PKM2 protein expression in liver of mice with hepatic

fibrosis (x+s,n=3)

215 /g ke @-SMA/Tubulin LDHA/Tubulin FoxO1/B-actin PKM2/B-actin
25 14 0.50:£0.24 0.75+0.15 0.40+0.13 0.16%0.09
T 10 21 1.10+0.08” 1.07+0.19" 1.16+0.14” 1.17£0.11%
Y P AL 395 i 5 A1 ) k4 11.83 1.124£0.21 1.05+0.03 1.04+0.11 1.05+0.17
Y I feke J 39ty v 7 2 2 23.66 1.110.11 0.99+0.08 0.91£0.21 0.97+0.28
T3 e T3 1, e ) 1 4732 0.70+0.22% 0.66+0.03" 0.61+0.25% 0.51+0.07"
e LR 1.365 0.74+0.15> 0.68+0.01" 0.86+0.28 0.78+0.13%
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a-SMA 42 kDa

LDHA 36 kDa

Tubulin 55 kDa

|

FoxOl1

W S 70 kDa

PKM2 58 kDa

{
1

’

HK2 | 102 kDa

GLUT1 54 kDa

et S < o

42 kDa

[-actin

A B C D E
3 BRANRHALABRBRRPEXEARERKEK
Fig. 3 Electrophoresis of glycolysis related protein expression in

liver tissue of mice in each group

R H (P<0.05,P<0.01) , 75 - J4 3% iy wp 75 2 41
LDHA # 1%k W 2 T (P<0.01)., 45K G
I it J6 355 1617538 3 4 ) FoxO1 15 5 1 % , # 1 LX -2
21 A T 10T B g R L DT D LX-2 40 TR AL
WIE4,%5.%6,
4 itig

YA BIF 5% K BT A L I 7 B 6% 03 R R
I AN i T A = W A G T E e =N |
J A b & FE AT g, DT k3 K BRI £F b it
JR A5 A 1 FF 2T A A A O i BILRE JHF 2R 2Rk, RL I
AL, I R AR e A B, RN T, AR 0
Jo RS 5, KR AR IR S A L N BRI R
AL, T 5B, 280 5 B 4, S =
BRICYRT AR T S )y, i (iR IR ) K
et 5 CE AT ™ U AR O ) B B AR T AR R T AR .
Ty el RS B R AT IR S
BT TS $4, 20 Ru By i JE 0 ML 5 TP
FHA AN I A8 PR T 2 8 DR A,
BT I TV R A DA RS AN IR B LG AR

A FE R R AR R DL
fa 25 0, W RIE 25 . Ay L2 IS I L 4R R
J AT G I R R A, 22 T, V) R I 2R 4R R
i M AR A B e AL I 2 R R L
AR 5 2o A 2 B AR 6 T A B iy 2
P21 4 Ak AR T WL 2E 47 B R | L o = 24 8 A 0 A4
MPE ISR SR 24y 2 P A 5L
B HE AR AR IS N o PRI, AR A 53 ok AR 1 4 2 3
5 1 BT {8 9 3% 1M 7 3R 97 HE /N BUME AL . HE 3
0, 2% BH I I DL 3% i 7 98 4% /N BRUBF 4 21 R 4 i, &F
2 5] B 46 /> 2 78, Masson G (0, 15 L i I 2T 4 722 /)N |
AN e D T AR e A iV D) ALT VAST 3%
T SRR A R 5. BT LC-MS R Al 2
5 1 L v R Y 4RI R4 9Tl O v R 4
225 IR 79 4, H TR 2 55 3 T fE L R
I Jy v ) A R, 22 AR B 49 4 R I
304, A YA I 3O TCA G 36 L 79 IR R AR 341
FoxO {5 5 i WA S AR m B% . = 2 B
20 55 37 P D L 3 ol T v R et 4 A I B R B
J 00 A B2 AR L cAMP {5 53 % N 2R R A& &R
g @A R AR A R AR . FoxO 55
P s R A BT R AR T R AR A
LC-MS AR 2H 2% i /R TCA FGER TN i R 1 € itk 2 A8
b, 7R B B QI g R o T I MR IR TE O O T
Ja , P40 LX-2 41 g ' LDHA \PKM2 1 PFK 1 /Y
TR IR T E , 32 B LX-2 20 JOws % 32 2030 . f¢
4 2% 5 4R 1 FoxO i f 5 FoxO1 8 (135 T M &
JEW) G o FoxO1/E Ny e sk B 7, ml i i 5 2 A vl
2 A AR G JE 0 3 T DL T 1ty 410 ) FoxO1 /i
HHEHE N (PKM2 ,LDHA \PFK1,HK?2) % ik [A] 4 [%
I, BEL Vi B 17 A P 3ok 20 R HLKC2 i £k 7 44 1 % R £
PFK 1 8 ¥ SR WE-6-W IR % 1k . 0F 58 & B IE FoxO1
L R 20 L TGF-B, 2R3k, il M JIE 48 A 5 vy AN
TGF-B, /" F B LX-2 417G /L' . FoxO1 {4 FoxO

R3 ERHEREIE M 75 XA 4/ ATBE HK2 \PFK1 31 GLUT1 B B RIZMHM (X+5,1=3)
Table 3 Effect of Qinggan Jianpi Huoxue formula on HK2, PFK1 and GLUT1 protein expression in liver of mouse with hepatic fibrosis

(x+s,n=3)
21 51 Hl b /g kg HK2/B-actin PFK 1/B-actin GLUT1/B-actin
Yk 0.57+0.17 1.00+0.11 0.93+0.09
R 241 1.16+0.23% 1.35+0.15" 1.22+0.16
Tk 9395 1y ARG 5 e 4 11.83 086+0.09 0.91+0.27 1.10+0.11
T AL i 5 ) o 4L 23.66 0.88+0.11 0.36+0.06" 1.06+0.24
T JHF Al I 35 1 s ¥ ik 4 47.32 0.50+0.24" 0.56+0.41" 0.91+0.13
i H AL 1.365 0.70+0.21 0.72+0.29 1.08+0.06
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R4 FHEBELARAMNBZXN LX2HEBEHERENZN
(X+s,n=6)
Table 4 Effect of medicated serum containing Qinggan Jianpi

Huoxue formula on glucose concentration in LX-2 cells (x+5,n=6)

., 4 1 70 e
4151 S Ll
/mmol- g
2 H 4L 15.20+4.56
R 20 30.23+8.24%
T8 A AL 3% a1 ) o 4 5 13.4142.04Y
T A JAL 3% o v ) o 4 10 14.43+3.60"
T T FAL 3% I v ) o 4L 15 15.77+4.26%
a-sMa TR e 2 Do
ror ———
on -
prcin R - o

A B c D E
T ALZE LB R C AT A I3 1 )5 (50 4 2 D W5 T
LI 1y 7 v R 2 5 B T L al T s ) k2
B4 BAHLX-2H@BFELEBEBERRGEXEARERK

Fig. 4  Electrophoretic detection of expression of glycolysis

related proteins after activation of LX-2 cells in each group

e SR 1 O 0 — B3, A R 5 R o R % 22 ot
PR G A8 i (B0 45 B IR 1k . £ AR AN P E £k ) 5 DT AR
KM, FoxO1 2 i 2o i 1 A £ 41 5 25 Pt o 9 15 B
WA A e

WFFE R W], HSCs I 1k A P A3 3 2 72, 4
) A SR T AR A I A SRR I Ol HSCs 42
BUBUON A Yy BE B S AR YA O B, AT 5 L

1k BEFEAE RS 6 AL HSCs LAAT SN 7 i 0 fig
SRR, 2R FE A0 MG 5, 43 W ECM, I35 58 1] 20 Jid 45
P XA o A SR I A OC SR I, F 45 PKM2
-2, 6- SRR B 3 (PFKFB3) Ml HK2, n] LA i 1
HSCs 3 1k, o036 JIF£F e 465", 3 4R 5%, 40 i X
YRR — HOR I AR Y b o R W A5
2 i 3G BRI A e AL B 1k NORE OG0 B TR
T B T A Ry AN A R TR b B At v 1R AR 3
FIRE R S0 F 22 GLUT fE4K 9 3 B 11 5% 4 4 b
iz, I 5 5 L R AR 44k GLUTI
GLUT2 Ml GLUT4 ik KTt i, 1l 15 5 HSCs N &
A B4R R g A 34 58 Warburg &% 8, /2 #E HSCs 16
b, B 2 S BUN 5 e b & A ik 2 HK il e iF
I S B 2 e R 20— 2D A 00 L 15 7 % W A 240 i
T RE AR O HK A 450 A, 431 2
HK1 .HK2 HK3 Fl HK4. 1 K5 1E 5 4 81 H 3%k
Ik HK1. SR, HK2 75 A #F A 40 B g 7 18 5o,
JF BL7E 1 41k b = 2235770 PFKL J2 i 9 A 56
TP OCHEG, KAERE  FVE R . PEKI R GIE B
fift it B AR EME B E Y, SRR T JE
1% f#% i (HK 2 \PFK 1 .PKM2 .LDHA) , & 3 ik 3% JiF 21
A4k, 90 e J5 IR AT a-SMA 3K, PKM2 2
— 7ol DAY D R BRI, T A A AR A T M R S Y
it o A T Tl TR kDA Wl 1 s 2 X VR T 7R %% B %) ADP,
AT 7 40 A S5 7= A TR R R . PKIM2 A7 78 R R 25 4
AR S, B BRI PKIM2 10 3 A {1 2 ) 25 4 4 1k 1 i
1 LA 58 4 Al o3 i A7 A AT, T — 3R AR
AR R %R & T (1 Warburg R8P0, PKM2 764
PRAAE T 2 DL RAKIE X A7 AE (B AE 45 2 fb
Z I W R Ak . HSCs H Warburg &5 W 1 5 , 7 2L
HSCs 5k, LDH-A 2 05 B fif o 12 v 56 i filg , 2
T Ak TR T 2 7 A6 o0 FLIR 1Y) B 4L F) . LDH-A %
TR 1 5 BT P S AN A SR T A Y L N
717 i A2 DR o 24 40 A i R T R HK2 . PKM2,
LDHA F1ZL R S I HIERE 7 26 B AR AE 2F 4 Ak S

£5 EAFEREE L LX-2 4150 «-SMA LDHA (FoxO1 71 PKM2 & B R EME M (y+s,n=3)
Table 5 Effect of Qinggan Jianpi Huoxue formula on a-SMA, LDHA, FoxO1 and PKM2 protein expression in hepatic stellate cells (x + s,n=3)

21 51 IRFIY % «a-SMA/Tubulin LDHA/Tubulin FoxO1/B-actin PKM2/B-actin
2 H4 0.45+0.02 0.83+0.08 0.83+0.17 1.1140.05
AR 2] 1.19+0.05% 1.04+0.02" 1.23+0.30" 1.46+0.07%
T T AL 3% i 5 AR 5 4L 5 1.11£0.02 0.88+0.03 0.77+0.09” 0.82+0.06"
T8 R AL 3% a5 o ) o 4L 10 0.71+0.02" 0.71+0.13% 0.33+0.04" 0.91+0.08"
T AR AL i g ) i 4L 15 0.45+0.02" 0.97+0.01 0.24+0.01" 0.74+0.14Y
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F6 ERTEREE MY X LX-2 4 i1 HK2.PFK1# GLUT1 ZB &
B (+s,n=3)
Table 6 Effect of Qinggan Jianpi Huoxue formula on HK2, PFK1

and GLUT]1 protein expression in hepatic stellate cells (x+s,7=3)

AEUY  HK2 PFK1
/%  /B-actin  /B-actin

GLUTI

28 51
! /B-actin

=R
FE 2
EIHEME TR EL 5
TEIHEME I PR L 10
TNy w15

0.80+0.41 0.61+0.07 0.61+0.07
0.97+0.04 1.01+0.06> 0.84+0.01"
0.99+0.20 0.89+0.11  0.82+0.05
0.68+0.29 0.61+0.13" 0.47+0.02"

0.76+0.12 0.72+0.15% 0.61+0.05%
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