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Abstract: Objective To integrate network pharmacology and metabolomics to investigate the mechanism of action of Boschniakia
rossica boschnaloside (from B. rossica) against hepatic fibrosis (HF). Methods Network pharmacology was used to predict potential
targets and pathways involved in B. rossica boschnaloside’s intervention in liver fibrosis. SD rats were randomly divided into control,
model, silymarin (50 mg-kg™), and three B. rossica boschnaloside groups (high, medium, low doses: 270, 135, 68 mg-kg™). A carbon
tetrachloride (CCls)-induced liver fibrosis rat model was established. After modeling, animals received intragastric administration for
four consecutive weeks. Serum levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), hyaluronic acid (HA),

laminin (LN), alkaline phosphatase (ALP), albumin (ALB), and hydroxyproline (HYP), as well as hepatic tumor necrosis factor (TNF)-
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a, interleukin (IL)-6, IL-1pB, superoxide dismutase (SOD), malondialdehyde (MDA), and glutathione peroxidase (GSH-Px) were
measured using enzyme-linked immunosorbent assay kits. Hematoxylin-eosin (HE) staining was performed to evaluate pathological
changes in the liver. Serum and liver metabolic profiles were analyzed using ultra-performance liquid chromatography/quadrupole
time-of-flight mass spectrometry (UPLC/Q-TOF-MS). Finally, integrating results from network pharmacology and metabolomics, a
“metabolite-enzyme-gene” network was constructed to identify core regulatory targets. Western blotting was used to validate the
expression of key proteins including hexokinase II (HKII), hypoxia-inducible factor-la (HIF1A), protein kinase B (Akt),
phosphorylated Akt (p-Akt), phosphoinositide 3-kinase (PI3K), and phosphorylated PI3K (p-PI3K). Results Network pharmacology
analysis revealed that the core targets of B. rossica boschnaloside in anti-hepatic fibrosis include GAPDH, EGFR, GSK3B, MAPK1,
and HRAS, suggesting its potential involvement via the HIF-1 signaling pathway. Pharmacological studies showed that B. rossica
boschnaloside dose-dependently alleviated liver pathological damage. Compared with the model group, both silymarin and B. rossica
boschnaloside significantly reduced serum levels of AST, ALT, HA, LN, and ALP (P <0.05, 0.01) and increased ALB levels (P <0.01).
They also significantly decreased TNF-a, IL-6, and IL-1p, and MDA levels in the liver (P < 0.01), while increasing SOD levels (P <
0.01). The GSH-Px levels in the silymarin group and high- and medium-dose B. rossica boschnaloside groups were significantly
elevated (P < 0.05, 0.01). Metabolomics identified 33 potential biomarkers associated with glycolysis, gluconeogenesis, ether lipid
metabolism, and glutathione metabolism. Integrated analysis further indicated that B. rossica boschnaloside primarily regulates
homeostasis by modulating glycolysis and gluconeogenesis pathways. Western blotting demonstrated that B. rossica boschnaloside
significantly downregulated the upregulated expressions of p-Akt, p-PI3K, HIF-1a, and HKII proteins in the liver fibrosis model (P <
0.05, 0.01). Conclusion B. rossica boschnaloside exerts anti hepatic fibrosis effects through multi target and multi pathway
mechanisms, notably by regulating key metabolic pathways such as glycolysis and gluconeogenesis.

Key words: Boschniakia rossica (Cham. & Schltdl.) B. Fedtsch.; Boschniakia rossica boschnaloside; hepatic fibrosis; metabolomics;
network pharmacology; integrative analysis
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%=1 UPLC &t
Table 1 UPLC Conditions
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(mL-min!) L% 8 -H,0)/%
0 0.400 2.0 98.0
15.00 0.400 100.0 0.0
17.00 0.400 100.0 0.0
18.00 0.400 2.0 98.0
20.00 0.400 2.0 98.0
K2 MSEH
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L)
BT RR/V 35 34.0
AN 5+ i & 100~1 500 100~1 500

ABHGHAT b E 58, KA FERG 4 (PCA)
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BTN AT, BRI 2 AR, B SE
Je 2 [ EAE R R A5 B8 1A
2.9 Western blotting 77 #T#8 s BB FIAKF
WA MR IMANRFIEA L F, HE
4 °C. 12 000 r-min~! &> 20 min. 1 F BCA i
EARDIFES M E A PREE, el LeRE, RH
10%~12% SDS-PAGE 4y B8 1, FEH4 R 5, #12
F| PVDF i o H 5%l 0k k& 1 he
F TBST ¥ EAR R O3k veid . &S —P0 (B-
actin. HKII. HIF1A. Akt. p-Akt. PI3K. p-PI3K)
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AL PR AR A 4E A R B LIS AST. ALT. HA. IL-6. IL-1p. SOD. MDA. GSH-Px 7KFHIE N
LN. ALP /K°F (P<0.05. 0.01), J}& ALB /KF xR L, AR K R TNF-o, IL-
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4 BERENRHEFFAECER KR ATAEE R FEFAFMm (X200)
Fig. 4 Effect of B. rossica boschnaloside on liver pathology in HF model rats (x200)
R3I ENERRENFAHEMERARME ALT, AST, HA, LN, ALP, ALB KEHZM (X +s, n=6)
Table 3 Effects of B. rossica boschnaloside on serum ALT, AST, HA, LN, ALP, and ALB levels in HF model rats ( X *s, n=6)

1) i/ ALT/ AST/ HA/ LN/ ALP/ ALB/
(mgkg™) UL UL (ngl™ (ngl™ (ngL™ (ngl™
oyt —  13750£12.50  162.11%+6.26 60.23+10.56 29.68+525 32.55+823  520.11+50.25
it — 182.13+15.25% 202.55+20.11% 120.11+17.86" 43.56+9.74* 60.10+10.37# 350.25+42.11%
K KA 2 50 152.12+£8.45 178324753  70.21+9.26™ 30.21+6.76" 34.11+6.54™ 425.11+42.32"

KGR 270  155.53+7.45" 180.11+6.47*
135 160.21+11.21"" 185.21+8.23"
68 162.23+12.11" 190.114+9.12"

75.56+10.23" 32.25+5.23" 38.22+8.55"
80.34+10.21" 35.25+7.28
85.47+11.12"" 37.13+8.33

418.02+41.95™
405.11+17.96"
385.22+63.34

40.57+9.25"
42.33+7.33"

HxHRAIL: *P<<0.05 #P<<0.01; SHRIALLE: "P<0.05 P<0.0l1.

#P<0.05 *P<0.01 vs control group; "P <0.05 **P<0.01 vs model group.

6. IL-1B. MDA /K- EET & (P<0.01); MHET
BRI, /KRBT SRR R . (GG
HA AT TNF-0. IL-6. IL-1p. MDA /K458
FHRIC (P<0.01), HHrDARHIEX AR R AR, =
AR, BB R 2RI EAE .

xR, BEAARE T SOD GSH-Px 7K
BERIK (P<0.01); MRTHAM, K KETRHK
BRI AR ATEF SOD /KR
FhE (P<0.01); /K W& ZZH S HFARERG R = 55
#24 GSH-Px /K& THE (P<<0.05. 0.01), W& 4.

R4 BERENRE AL ARFRES TNF-a. 1L-6, IL-1p. SOD. MDA, GSH-Px KEHIZNE (X +s, n=6)
Table 4 Effects of B. rossica boschnaloside on TNF-a, IL-6, IL-1p, SOD, MDA, and GSH-Px levels in liver of HF rats ( X *+

ss n=6)
FE/

25 (mgke ) TNF-a/(pg'g’) IL-6/(pgg’") IL-1B/(pg'g’') SOD/(U-g") MDA/(U-g') GSH-Px/(nmol-g™')
papiS — 398.111+40.52 200.23+20.56 621£2.05 12.11£420 211.114+22.23 0.25£0.05
it — 842.11+92.11% 382.11+42.23% 18.59+4.62* 5.05+1.22% 398.22+31.23%*  (0.13+0.02#

K KA 2 50 402.11+62.11" 220.234+22.23" 721£2.67" 6.35+1.56" 352.11£29.16™  0.2140.02™
BRI 270  473.24£72.25™ 240.04+24.12" 8.55+3.12" 7.33+2.11" 301.11%£25.74"  0.20£0.03"
135 596.11£69.25™ 267.13+31.23™ 10.25+3.78" 8.17£2.06" 283.164+27.38"  0.18+0.04"

68  625.15+77.92" 278.33+35.21" 11.57+6.26™ 9.02+3.16" 251.16+24.64"  0.16+0.04

HXHRALEE: #P<0.01; SEAHELLE: "P<0.05 “P<0.01,
#P <0.01 vs control group; "P<0.05 **P<0.01 vs model group.

3.5 ENEFNREXATAHENARMME. FTARS
oA

X UPLC-TOF-MS 7= 4 I BE HEAT 2047,
o7 FH A W B 1 T 32 e /s — 3 ) A oy ATk PCA
HATACEE, DAERBUFAF4ECR RIS . FFITAE A
R ER PR, WE 5. 45 REREM (A, B)

FAPHE (C D) FEA 0 AL S5 AR A 2 B 82 73O
RUYMH MAFAE R EVEZE R, R AT ST
BRSPS E R s 0 IR LA S RO AR AN e
FEa 2ol RN LA AT R B, IR RAE MLIE ik 2 4E
FPREREAS b 3 4188 UL 2% B RS H BN G 1
AAATAE RS HEAL I a1 IR AR g Al
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Fig. 5 PCA plots of control group, model group, and B. rossica boschnaloside group in serum positive and negative ion

modes (A and B) and liver positive and negative ion modes (C and D)
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x5 ARMBRADBEEMTSHHIES

Table S Information on potential biomarkers in rat serum samples

#OHMDB R 45 g s R
5 5 SRR e A
1 10382  C24HsoNO7P lysoPC(16 : 0) T I B8 IR T IR 1 "
2 07954  CasHssNOsP PC[15 : 0/22 : 2(13Z, 162)] B TR A Bk 1 1"
3 09776  C47HooNO7P PE[24 : 1(15Z)/P-18 : 1(11Z)] BENRME 2 B f% 1 1"
4 08046  CasHssNOsP PC[18 : 0/20 : 3(5Z, 87, 117)] A ER N 1
5 0000289 CsHsN4O3 uric acid SRR 1 I
6 0000182 CeHiaN202 L-lysine g 1 1
7 0001388 CisH3002 alpha-linolenic acid o- TP R IR 1 7
8 0007858 C37H710sP PA[16 : 0/18 : 1(112)] T HEmE 1# ™
9 0010404 C3oHsoNO7P lysoPC[22 : 6(4Z, 7Z,10Z, 13Z, 16Z, 192)/0 : 0] % I 1 AR e AE Ak 0 1
10 12107  Ca7HosN206P SM[d18 : 1/24 : 1(152)] AT P e 1"
11 0012108 Cz2sHs:2NO7P lysoPC(17 : 0/0 : 0) MRk AT ER 1 ™
12 0010384 C2Hs4sNO7P lysoPC(18 : 0/0 : 0) TAY LB i P PR 1 "
13 0011148 CasHssNO7P PC[18 : 1(92)e/2 : 0] % 15 T FIFL [ i

- B -ETF SXPRARE: #P<0.05

#p<0.01; SHRIAE: "P<0.05

“P<0.01.

|-decrease; 1-increase; *P < 0.05 #*P<0.01 vs control group; “P<0.05 P <0.01 vs model group.

*6 ARAFEHEATBEEWIRSYNGES

Table 6 Information on potential biomarkers in rat liver samples

HMDB

PR vy BRI

e 7T ML eSS R S W s
1 0000125 CioH17N306S  glutathione B HEH K T 1
2 0000269 CisH3oNO> sphinganine HHE T 1
3 0000036 C2HasNO7S  taurocholic acid -2 R 1 T
4 0000985 CsH17NOS: dihydrolipoamide AR 1 T
5 0003337 C20H32NsO12S2  oxidized glutathione E=R AT MR 1 T
6 0000313 Ci3H220s3 16B-hydroxyestrone 16B-F2 FE M i ™ 1
7 0010404 C30HsoNO7P  1lysoPC[22 : 6(4Z, 7Z,10Z,13Z, 16Z,19Z)] ¥ if /i A5 FEAH Bk 1 V
8 0000252 CisH37NO:z sphingosine HHE T 1
9 0004185 Ci12H12N204 5-hydroxyindoleacetylglycine S-FREEm|E O B H AR 1 T
10 0010381 C23HasNO7P  lysoPC(15 : 0) T I B35 I T L 1 v
11 10382 CauHsoNO7P  lysoPC(16 : 0) V6 M S TR AE Bk V¥ 1"
12 0001220 C20H320s prostaglandin E; HIFIMEE Eo 1 I
13 0010383 C24HssNO7P  1ysoPC[16 : 1(92)/0 : 0] 5 00T e O PR 1 "
14 0010381 C23H4sNO7P  lysoPC(15 : 0/0 : 0) 5 00T e O PR 1 "
15 0012108 CasHs2NO7P  1ysoPC(17 : 0/0 : 0) 5 00T e O PR 1 "
16 0000929 Ci1H12N20: L-tryptophan L-OH R T 1
17 0003337 C20H32NeO12S2  oxidized glutathione AL H IR 1 T
18 0000220 Ci6H320: palmitic acid ErRHATR T 1
19 0000167 C4HoNO3 L-threonine L-F AR 17 ™
20 0000929 C11H12N202 L-tryptophan F B E R 1 N
I-TFB; - BT SxHE4IHE: “P<0.05 #P<0.01; SHEAYIHE: *P<0.05 **P<0.01.

|-decrease; {-increase; “P < 0.05 **P<0.01 vs control group; “P<0.05 P <0.01 vs model group.



« 2670 ¢ F49EFE8H 2026 FE8H %¥r34ak . Drug Evaluation Research Vol. 49 No. 8  August 2026

| .1 Ether lipid | ° ; ; i .l

‘metabolism ‘2 Glutathione
i 5 | | - Sphingolipid | ‘metabolism
204 157 mctdbPllsm :
: ; 3 P Valine, leucine and isoleucine
‘alpha-Linolenic g 1L R i
S ‘acid metabolism o i i
' 1s. Blotm mctabohsm.............} ................. - 7 ol 5
?2 :' ; i ; . 9 T;uﬁnedndhypommnemelabohsm il
LySIrle degmdatlon iosynthesis of unsaturated
ceropnospno i $
msatmt;io o6 mgtabolfsm g qj 054 Q'EA:WE"’ Segradaiy 4 Eatty qc_l.c_l.;longahon
fatty acids | 7 ; : : Tryptophan metabolis chidonic acid metabohsm
0 Purmc metabohsm 5 ; : : l 1 Hnnurv bile md bl()b)’l‘lulebls
0 005 010 015 020 025 030 b 005 0410 015 020 025
Pathway Pathway

9 M (A). FTBE (B) RSB IHTE
Fig. 9 Metabolic pathway analysis diagram of serum (A) and liver (B)
I 5 S W A

B 10 E=RKEY-RE-BE-EEMLEE

Fig. 10 Differential metabolite-reaction-enzyme-gene network diagram



FA49BESH 2026488  L¥p4at A Drug Evaluation Research  Vol. 49 No.8  August 2026 <2671+
6.6 X104
52X104 |Akt
66104 |p-/\kt 1.5 5 X8
52104 may
122§}$j | — — — — ‘PBK % T M ## " g%%ﬁﬁﬁ
i - S 1 A R SO S
10_5><104:I — - — | ﬁ T-'* " |

HKIL 0.5 T il

6122211?): -_— - —|HIEa1A N T T I ' I E :
10.5X 10 | . 1 .1
5.2X10% 0 -

3,8)(]04———1_. ——— eams ey e— |[5—acTin
B OB K RATER ROKEANNE

T I

T I 1 I
Akt p-Akt PI3K pPI3K  HIF-1A HKII

HXHEA R #P<0.01; SEMALLE: 'P<0.05 TP<001.
#P <0.01 vs control group; "P<0.05 **P<0.01 vs model group.

11 ERXEHNRER PI3K, Akty HKII, HIFIA ZAREHFMW (X L5, n=3)
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