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[HZE] B 5T miRNA-mRNA 45 W 45 K A -15 4538 8 52 BE T, 3R 0T 5 W 32 I 05 38 o 2 R /AR 7 12 A0 2 4 7
555 N TR LI 394 it (PI3KO) /2R 141 Wt B (Akee) i % o 36 T 2F 4 Ak i VR LT o 75 3% FF SD R, ALY S 4 41, 113 41, B A
A1, AR R A1(7.0.28 g-kg'-d!) AL 8 Ho SRR (CCL) I FIFA LA . NS O TF R A T 209
T T . RKIRBAEHRAR L (HE) Yo TR L (PSR) Yo €0 45 I JFF IE 5 R AR Ak 5 4= [ sl 2B A0 AU DU TN 22 iR 42 ik 5 A% Tl
(ALT) . KX MR AL B WF (AST) B PE B M2 ilf (ALP) LSBT (TBA) 2K (M (ALB) L IH FE B (TC) %5 1 7 A Ak 8 4 s 1=
T8 miRNA I 5 3 A I T 27 4k 3 7% v 22 53 23K 19 miRNAs(DemiRs) ; #) @ miRNA-mRNA H A [ 4%, % 5 9 45 5 5 5 K]
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Qijia Rougan Decoction Ameliorates Liver Fibrosis Through miRNA-mRNA Network
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[Abstract]  Objective: To explore the mechanism by which Qijia Rougan decoction ameliorates liver fibrosis through
amino acid/fatty acid metabolic reprogramming and phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) pathway, based
on the miRNA-mRNA regulatory network and the interaction between metabolism and signaling pathways. Methods: Sprague-
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Dawley (SD) rats were randomized into four groups (n=8) : control, model, and low-dose and high-dose (7.0, 28.0 g-kg"'-d",
respectively) Qijia Rougan decoction. Liver fibrosis was induced by subcutaneous injection of carbon tetrachloride (CCl,). From
week 9, drug intervention was implemented for 7 weeks. After the final administration, the pathological changes in the liver were
evaluated through hematoxylin-ecosin (HE) and picrosirius red (PSR) staining. An automated biochemical analyzer was used to
measure the serum levels of biochemical indicators, including alanine aminotransferase (ALT) , aspartate aminotransferase
(AST), alkaline phosphatase (ALP) , total bile acid (TBA) , albumin (ALB), and cholesterol (TC). High-throughput miRNA
sequencing was performed to identify differentially expressed miRNAs (DemiRs) during liver fibrosis. A miRNA-mRNA
interaction network was constructed to identify key targets, which were then subjected to GO and KEGG enrichment analyses. The
expression levels of selected DemiRs were validated by Real-time PCR. Results: Compared with the control group, the model
group showed marked hepatic lobular necrosis, increased collagen deposition, significant fibrosis, elevated serum levels of ALT,
AST, ALP, and TBA (P<0.01), and declined levels of ALB and TC (P<0.01). Compared with the model group, Qijia Rougan
decoction treatment reduced hepatic necrosis, collagen accumulation, and fibrosis, lowered the serum levels of ALT, AST, ALP,
and TBA (P<0.01), and raised the levels of ALB and TC (P<0.01). Integrated miRNA-seq and RNA-seq analysis identified 31
DemiRs (6 upregulated and 25 downregulated) and 498 targets. The expression trends of four selected DemiRs, including rno-
miRNA-376b-3p, were consistent with sequencing results (R*=0.93). Functional annotation revealed that top 20 upregulated targets
were enriched in amino acid and fatty acid metabolism, while top 20 downregulated targets were significantly associated with the
PI3K/Akt signaling pathway and cancer progression. Conclusion: Qijia Rougan decoction alleviates liver fibrosis by reconstructing
the miRNA-mRNA regulatory network, promoting metabolic reprogramming, and inhibiting the PI3K/Akt signaling pathway.

These findings provide mechanism evidence supporting the multi-targeted antifibrotic effects of traditional Chinese medicine

compound formulas.
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Table 1 Primer sequences
5149 JPA(57-3") K /bp
18[9 it TGGAACGCTTCACGAATTTGCG 22

Fif GGAACGATACAGAGAAGATTAGC 23

mo-miR-376b-3p [ §if TCATAGAGGAACATCCACT 19
mo-miR-134-5p Fi# TGTGACTGGTTGACCAGA 18
mo-miR-409b  [#if AGGGGTTCACCGAGCAA 17
mo-miR-541-5p Fiif AAGGGATTCTGATGTTGGT 19
NED- S

3 &R

3.0 EEH X CCLA S 1 I 41 21458 493 1) 52

HE 4t {6 ii 7~ , 5 Control £ H %% , Model 2H K i AT
JUE 380 T /N m L SRBE 40 AR TR 98 E 4 i
Bl o SR, 3 S A8 b A P HY SR AR R R
HGRBIGHHE T EM, WE 1, PSR{EEAER, S
Control 4 5 , Model 2H K ST 45 4 fb 386 i, R B0
£F Y 21 208 A R TR DR AR EE R I AR L R
25 2 R RS AT 0 X R, DL R 2.

i 3 P %E K R P ALT,AST . ALP, TBA
ALB Il TC 9 ¥ J£ ok DAl 16 HY 22 1 75 X 2 e 2 8%
RYSZIR , & BE Y Control 41 He 4%, CCLAN B /S ,Model 4
Il 3% 4 ALT. AST. ALP 1 TBA ¥ J& & % 7} &
(P<0.01) , ALB Ml TC ¥ £ & % F L (P<0.01). 5
Model 41 4, W R 7 48 25 )5, KB i iy
ALT . AST.ALP 1 TBA ¥ & & 3 [ 1% (P<0.01) ,
ALB FI TC ¥ B i % T (P<0.01), L3 2,

3.2 EWZRIFIrX CCLE S 1 JIF£F 4 Ak R BURIE
miRNA £k A5 38 i miRNA-seq X 4% 41 K i
JHJUE B miRNA 238 KF- #4740, 28 9045 B 2% 53 B
278 5 Control 4H % , Model 4H & 178 /I> DemiRs
(1134 L, 654 F ). 5 Model 4l Fb%,QI-L 4l
K35 DemiRs(94>_E#,26 4~ F ) ; 1l 5 Model
20 A, QI-H 41 % P 69 1~ DemiRs(24 4~ 1,454
QO IR A S T - S D
#5M DemiRs, 1 H,QJ-H ZH .QI-L ZH#RRE W % CCl,

C D
7 :A. Control 41 ;B. Model 41 ;C. QJ-L41;D. QJI-H AL (& 2 [d])
B1 KBEZERAXNCCLBESHARFFLEMLNZN (HE,x200)
Fig. 1  Effect of Qijia Rougan decoction on CCl,-induced liver
fibrosis in rats (HE, x200)

B2 EBRERFAXCCLESHRBRIFFELNRI (PSR, x200)
Fig. 2 Effect of Qijia Rougan decoction on CCl,-induced liver
fibrosis in rats (PSR, x200)

V5 FFrEUAY 314> DemiRs A 435 , UL 55 H IR FRHin 4
Bl B, 4 H H Y 4 4> DemiRs(rno-miR-376b-3p
rno-miR-134-5p .rno-miR-409b Fll rno-miR-541-5p) 1)
Fik VAT T Real-time PCREE, % P, 5 RNA-seq %
R, TE L CCLIRYT 1 I £F 4 Ak K BUIFIE b, 53X
4/~ miRNA 17K {2 3 & T Control 41 , Ifif B H 2 )i
05 T UG AT R ARX 2 miRNA B 7KF, L3 3,

3.3 EEH A7 i miRNA-mRNA J# 5 [ 45 4 5
R 4 P2 5 PISK/AKf5 5 B s I AR ik 7
A3 BT EEH 7 T R BN £F 4 A 19 RN A-seq 24
KL 173434 1 22 57 4635 mRNA(DemRNAs, 535
L6388 Fill) . JETF miRWalk B4 14, 254~ F A9

x2 EHRERAMFAHMLARME ALT.AST.ALP. TBAALB.TC &M &M (X+s,n=8)
Table 2 Effect of Qijia Rougan decoction on serum ALT, AST, ALP, TBA, ALB, TC concentration in rats with liver fibrosis (x+s,7=8)

45 FE/g-ke! ALT/U-L" AST/U-L"! ALP/U-L"! TBA/umol-L"! ALB/g-L" TC/mmol-L"
Control £ 66.75+15.92 130.00+13.95 115.00+30.20 4.5542.20 32.21+0.52 1.40+0.13
Model £ 351.20+73.99"”  597.80+101.20"  496.90+118.80" 124.10+37.81" 26.97+2.38" 0.90:£0.08"
QJ-L4 7 109.70+25.65%  184.50+29.19” 169.10+28.01% 26.30+9.11% 30.87+0.37% 1.47+0.20”
QJ-HHA 28 110.60+20.28% 178.20+22.92% 147.60£16.20% 23.51+11.28% 31.07+0.96% 1.49+0.18”

¥ : 5 Control 4 %5 " P<0.01; 5 Model 21 13 ¥ P<0.01
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x3 KR FALELXRIFE miRNA BRI (F+s,n=8)
Table 3 Effect of Qijia Rougan decoction on expression of

miRNA in rats liver with liver fibrosis (x+s,n=8)

31 4t rno-miR-  rno-miR-  rno-miR- rno-miR-
ZH 7

" Jg-kg! 376-3b 134-5p 409b 541-5p
Control2i 1.00£0.54 1.00+0.45  1.004026  1.00+0.49
Model £ 25.12+7.90" 56.68+2531% 27.11£10.76> 116.82+47.39"
QJ-L4 7.0 3.89+2.87Y 7.89+4.22% 10.12£9.01° 32.01:18.36"
QJ-H#  28.0 2.93+2.03% 4.18+1.95% 3.90+2.33" 12.61+823"

1 : 5 Control 20 4% VP<0.01; 5 Model 4 . #: P<0.05,%P<0.01

DemiRs#[7] 302> DemRNAs, 1 67 _F 74 ) DemiRs
1) 196 4~ DemRNAs, F | Cytoscape FJ 2 T 1€ H
T T LT 44k 59 miRNA-mRNA 5 /2% . fifi
J&i T String ¥ B 43 50 2 AL 3024 A
DemRNAs F1 196 F 18 DemRNAs 2 11 5t -2 [ 5
FHEAEH 2% (PPT) o H-JE T W 284 Fhp b o, 20 3l &
IHEA 1T 20 B CEE N FE D . KEGG & £ #r s -
I B O B B R TR 2 5 8 i TR B 4R Ak R S B A R R
fif TR PR SCAR AR L R 2 5 PI3K/A KR 53l % A&
SiE R L L3S LR BRI b R, XSS5 IR R R
Z2 )5 AT 2 miRNA-mRNA 845 9 26 A SR 1 7 2
T2 5 PI3K/AKt i % o035 JF 21 2 Ak, UL 3% 5% R B
M
4 iTig

JHF T 2 Ak 2 45 Fh 12 2 JHF 9 1) 8 B2 5B, O Tl g
Wb — 25 & A A Ak R o R s 2 5L IR T R
T B T 25 4k B 7R Y . RS miRNA 25 T iF £
YA ) 1E R ARAR DA B 55 EA 2 24 X 3 2k 5
LF AL A Y miRNA B 1 52 M0 . ASBIFSE R BH , B
Fe D5 BEA R K BB IR 4 22 CCL B 1R i
F 5% % B, B H 22 IF Oy ik B 35 0% CCLLE 3 19 R R
M5 A2 AL FE B L 48 0 TR A5 AR R T AR, I AR 314
miRNA 1) %515 , 2 5 B 2 7 PO £F 4 Ak i e e
Mo JF H X 28 miRNA ) I 3 DA R 56 B 3 14 v % i
5 2 A 35 A PISK/AK (5 5 18 B 1 I 5

W BRI 8 4 Ak DL R A8 4, A o 3 2k
O B AR . T X R X T IR
I IFEF i fb 2 0 B WEOE WoR |, I 2 8 e %
) it A A I DR AP RS2 D Rz 4 B T g L DA I IR AR
ILSFSE JF 27 2462 i 224 U5 % 1 77 R % 100 i A 5 ik
A R R 4 AR T 2 RN 9 IS P L TR AL
I Qi i R A 1 1K= A S A |
A0 BH 3 037 38 13 98 95 #% - E, 40 G B 2(Nrf2) #il
NF-«B 5 5 38 46 4 410 1l 410 17 35 458 405 0 I 98 i 3

. 88 .

T, DT T00 5 4 B I 483 493 /0N BRUASE 280 o ) 1T &F 4
6 DLW gE 2R Bl i A IR R SR I R R
DT R AR A, WA L R T —
AR AR AR M, B A S YT TR Bk
A7 TR RS, ke R AT I, R AR
B, H R R R 24 e [ A A A<t 3 il % R B s
Bl BUACZHHAF ST R, 3 B9 2 TR yT 4 4
FEAE DG B9 , I 7T .38 I 1 YT 40 1R 5 I 3
il 27 AR . HE A |, o 0 32 B M ), g
BT (AS) FlEE (S BT (AF) | RE 6% 8 19 S04k I 3
HENE SN B JFIE B, DA T 235 HF 27 A A6 5%
SURTAZN: EE S e A Ao S O O W7 s ) X

miRNA A 53— F 51 W i R 9] 22k i
B A PRI A BT A 4 AL T ORS R e A ORT
' A WF ST B miRNA-seq 43 7 P74 T 52
JF 75 %58 JF 2F 48 4k K B miRNA 35 (9 52 . 78 & 0
A HE AZ R 7 R 1Y 31 miRNA A7 LA
IR A T 2 4 Ak 5RO 40 M s (HCC) 41 Jifd v 1E 47
WF 5, K 2 B0 R b o i, oE o kB,
miR-146b-5p i i i 17 5] 5 5 AH B4 2 1 1
(HIPK1) >k it #F I 2F 4 1k ) & B2 . ik 4k,
miR-122-5p # i %E Fy £ 9% 75 P IF 22 (HBV) A 5%
JHF£F 4 Ak 1 P BE A= W ds Y, 9F H& 3 miR-122-
Spad F kAT I HSC (76 Ak , 1 3 Rl 76 Ak 76 I £F 4k
i & e B S P WE5E & B miR-431 7K
F 5 HCC 2 Ak Buoh, W58 & 3 HCC B &
L3 A2 A T miR-370-3p /K ¥ B A, 1 miR-370-3p
A0 HCC % ' miR-127-5p ] i i NF-«B
i [ B 1R HCC 4 2B 4P o %t Hofth miRNA (14 43 Hr
W], miR-132-3p il i % 5% K F SOX-4 7 il HCC 4
FeL 34 R T GER AR 227 s miR-379-5p i i A
W7 B 25 PO (FAK) /AR5 5 30 i BT 98 40 o 4= 28 An
BB miR-378a-5p @ if M N A KW F
(VEGF) il fi% 10 il J7F 46 20 ff 38 3 32 B 4= 2800,
AH S, miR-382-5p W 38 £ 38 7% PI3K/Akt {55 5 i % fie
PR A M A 0 B e R B SR W R I
J5 VAR 1 5 28 miRNA ELA7 P03 76 1, i o5 — 2 ) 2
HACREEAER o SR, X S 58 K £ W K R 4 i,
R miRNA B 2 ARAE B T miRNA K AR AR .
T TR G U B AT TR 2 A oY SR AT I R AT I
DL 723X 28 miRNA 78 AT £F 4 Ak v i 78 F FnAE
Bl

20t €5, 3R PASO B2 1T 2 245 W AC I T 6 75 11, X
SR VT 22 24 ) R0 H b Ak 2 2 50 A0 I v 0o AR
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R PR EEAENY . AHESE S AT 20 4 i
FHEHE IR A RS DR g 1 B Y PASO i, B R R
4 M 5, 2 P450 3A18 (Cyp3al8) 1 Kk B 4 il 7 %
P450 3A62(Cyp3a62), 3 B & H 22 )T J7 BB 08 I 45 24
PR B O R R T L R S S R A
Fak A5 B OA M 3 K R AL Bt A2 (Aldh3a2) |
Aldh6al ,Aldh8al F1 Aldh9al, i & fif} GE % 14 1k 45 Fif
A B YA TR RN A ok Ak G i I AR AR AR B Y TR
WA, 2 5L A Akl 2 56 DR R 5 R ALl 2(Hao2) 4
fith— i ELAT 2% FE R SAUAb 0 P (9 88, 17 1 3 451k
fitg A b | B4 A B RE A Ak R L 1R M 2 S Ak O T 7 ot
UL T T A ML v R FEI A ARE R R
B, FERT 204> 1 V8 A AX 21 3 PR v, Hao2 /2 52 52 1 i K
B3 R X R 20 ST I Y O B TR 4y B R B
CD44 J&: AR 4 3 [, G i — Fh 40 B 85 B o0, 4 B
TR e R A . CD44 Y335 5 ITLF 4i 1k KA
K T CD44 1) 2 3K 7 A S00E% I 45 4k
b, B FH 225 AT AR E A3 0 T CD44 Sk O 47 T e 32
5. HEH RIS P AN AN L PR T R i
I al 55 (Colla) | 21 ML 3G 5 [ /N G AR 2 5 26
(Mcm)2 . Mcem6) ] R BT 4k 4 f P 5 32 58 LI/ AR A7
AR K F B BE(Pdgfb) (/MR AR AR K R 722 14 B
(Pdgfrb) | s s 1 SOX-9 FE R ik . fEH T
J5 36 55 AR I I NIMA FH G 3 2(Nek2)™ FFR G
B IAP & J7 541 & 1 5(Bire5)" #1 8l hi 2 F
Spc24(Spc24) ik i 2 R PR AR O X BE L BN E N
HCCHERE TG A RMAEYREY . &5 LIk, s it
JE 4 R FE W 2 Iy kPR AR AR I
[(FIZRHR] AXRAEETHEF R,
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