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JEAEFE A 3R B SRR, HETH R RATHS B ™ E, MG hRERR KT REF R (P<0.0D). BIAHS/E,
K BT 2P0 BEAR A0 B R, T IhREFE AR /K T B BRI (P<<0.01), 2RI BEESICALAG T e s A 2 s T T B 15 . JL0%
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Mechanism of Scutellariae Radix compatible with Gardeniae Fructus on reducing
hepatotoxicity based on metabolomics
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Abstract: Objective To explore the effect and potential mechanisms of Huangqin (Scutellariae Radix, SR) combined with Zhizi
(Gardeniae Fructus, GF) on liver toxicity in normal rats. Methods High performance liquid chromatography was used to detect the
effect of GF single decoction and combined decoction of GF and SR on the dissolution rate of geniposide. SD rats were randomly
divided into control group, GF (5.6 g/kg) group and GF-SR group. After 5 d of treatment with GF single decoction or GF-SR (1 © 1)
decoction, liver function indicators were measured and pathological changes in liver tissue of rats were observed. Liquid
chromatography-mass spectrometry technology combined with metabolomics methods were performed, the differential metabolites
screened between groups were enriched in pathways, and the serum bile acids of rats in each group were quantitatively analyzed.
Results Compared with GF single decoction, the dissolution rate of geniposide was decreased after the combined decoction of GF
and SR. Compared with control group, rats in GF group had severe liver tissue damage and significantly increased serum liver function

indicators (P < 0.01). After compatibility with SR, the pathological damage to liver tissue was significantly reduced, and the levels of
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liver function indicators were significantly decreased (P < 0.01), indicating that the combination of SR and GF could effectively
improve liver pathological damage. A total of 490 potential differential metabolites were screened among the three groups, including
adenosine monophosphate, a-ketoglutaric acid, taurochenodeoxycholic acid, glycine chenodeoxycholate, etc., mainly involving nine
key metabolic pathways related to FoxO signaling pathway and cholesterol metabolism. The quantitative analysis of serum bile acids
showed that the contents of primary and secondary bile acids in GF group changed to varying degrees, with a decrease in the proportion
of bound bile acids and an increase in the proportion of free bile acids. After compatibility with SR, the imbalance of bile acid ratio was
significantly improved, and the bile acid homeostasis was restored. Conclusion The combination of SR and GF can reduce the dissolution
of toxic substances geniposide, and affecting bile acid metabolic-related pathways such as the FoxO signaling pathway and cholesterol
metabolism, improve bile acid accumulation caused by GF, restore bile acid homeostasis, and play a role in reducing liver toxicity.
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ME T N FERHEYINE T Gardenia jasminoides
Ellis FRITFRRCAR S, HAVS KRB, TERGRIE
IR EE I DI, FIRIB ARG . A5 Ot S ibkiiE
TRARIEN, i E K DA R RPN —#t2
BT, WRMETZ. 1E—RESR IR
P2, HaFrh IR EER G s (B E A
B BESSAE R RS E . BEILE. Brilanss
AR EYE T T AR R 25 24, SRTT, HCR R 5T
R, METH 2N S BURFB 6 32 22 5T 2Rt
a5 (R A4 A AR 77 4 3 8 ~F I 1 R FE A
PN B 1 1) ELFE R A -0, AR O R 1 HE 1 I
RN BT BWEFLRM, #7855 28~100
mg/kg & T WU RIFFHIERYER, 77&E
I 180 mg/kg (HrEia TA 2L 55 g/d) &L
245 14 d 20 R BRasE B 2 R 545 078, $R R AR T
X FREEE R CRIER, Rl 2 S EUH s

ER(RER
H AT R 08 7 I s e R pLRI B e 222+ T
2, LR IRAR SR 2B

AN R T R e I A A

REO-131, Horr, JHRRASAS KA 2 S BUB IR S H:
GG MR SR A A AT i SRR, KRR
Al E BT IERAR D Re B T B st T, s
UM T, 3 R AR 04 R SEUSIRE 7R AR
B, 400 mg/kg B 1 H 2 FHUMIF LR (total bile
acid, TBA) #&E R FFt. Tian SRR,

300 mg/kg HETHEZE, A RE TSR & K
PROJ# B IR A 7o 324K ( cholesterol 7a-
hydroxylase, CYP741) mRNA [{ZiL, TiEH R
iz E LB X %4k (famesoid X receptor,

FXR). JHERHiH R (bile salt export pump, BSEP)
(e, BHASAE BRARME . M H Y FRAE A H i AR
ik R RAR R, ORI WE T

B LA T 3 -

HH 2O R R 2 I R 2 R 6, sl A3
(RCH, THICIREE, 2N, fREE 2R AR 2
(A 0P B e A D7) G -3 55 M I R P I 24
X, fEREMEG . RIREHSEES TR R A
BOATAREL . (hEZGH) 2020 FERR FPUGE 109 Fif
TN T A R, TR AR B e () 2R S
(82 V), FEHHAM 52% K 1 ¢ 1 FIBAR EL IS,
DU 2] 31 22 HF 0 2 [l GG - 2 25 e A 30 R0 £ 5T
JRUOY, fEN T P 25 sk EE i AL A e R . I
TESR, AR S 7RO 70 Hh 24 e AR S ML 7 T R 4%
#EBEA/EHR, F, AWFTiE bR R A
T HEF-ES RN, TR HE TR R S 1R
BEACR s SRR A 2% 2 i i Ry B, 128
Vi) 8 25 U 4 R R AR s A2 M 1 B 2 1 (R AL
NI IR A N FHAE FIR B ke, IR E AT
TR R NI .

1 R
1.1 =¥

30 A SPF Zilftt SD K, 6~8 F%, )i
i 180~200g, W H L 4B AL S E A A
MRAT, EAES SCXK () 2021-0011. 3h¥T
SIS FTIE ML FE 7 d, 12 h GIE/12 h SRS, IR
(2242) °C, HHAHEE (55+2) C, HHIEEDK.
BNYSEIG R SLIR s R A I e S R, R
PR E2y KR RS (At S
AWE202407372).

1.2 Z5%f

BEF (5 230201). % (fit5 230202) 19
HiL g oA i HR AR, SR KRR
FEHBAREETHNABEREDE T G
Jjasminoides Ellis I TR SE . BT RHEY ) 8%
Scutellaria baicalensis Georgi [T AR .
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1.3 w5
WRIRE LM (alanine aminotransferase,

ALT )« R & Z R A K #% % M ( aspartate
aminotransferase, AST). TBA {7l & ({5 4-5N
C009-2-1. C010-2-1. E003-2-1) ¥ A F 5 A
Yo TAEWE ST A IERR (cholic acid, CA, b5
T16J8Q28663 , Jii & 7> ¥ =98% ). #§ % HIH K
(chenodeoxycholic acid, CDCA, fit*5 M221B209864,
iR Ay B = 98% ) H ARG N H R B ER
( glycochenodeoxycholic acid , GCDCA , it 5
D31GS173027. 97%). HZHER (glycocholic acid,
GCA, #t'5 I1B250354, i/ #=98%). “FHfiflH
TR4NEh (taurocholic acid, TCA, fit'5 KT35106A,
JiE 38009 98%) AfIHER (lithocholic acid, LCA,
#t5 O12HB197383, Jii&E /3 #=98%). AEL%/H
2 C(ursodeoxycholic acid, UDCA, #it*5 KB373700,
R #=98%) HAMENHER (glycodeoxycholic
acid, GDCA, #it-5 J28HB186197, Jii &7 51 =98%)-
2 g % 2 % B R ( taurohyodeoxycholic acid ,
THDCA, #it5 BI6A10K94146, JFiE540=>98%)
B B B AR R AR RS - SRE
[ Co-muricholic acid, o-MCA, {it'5 23B519-A1,
RS BUN 98.59% ) B-FRAEER (B-muricholic acid,
B-MCA, #it'5 23B421-Al1, &N 99.7%) 7
#8XL5ENHER (isochenodeoxycholic acid, isoCDCA,
#it'5 24F054-U6, IR 8=95%) “Fifi-o-FIHER
(tauro-a-muricholic acid, T-a-MCA, #t5 22B376-
Al, JREE 99.79%). A-fi-p-FAHER (tauro-B-
muricholic acid, T-B-MCA, #t5 23F027-W1, Jii&
3E=95%) Flifi-o-FRIHEE (tauro-o-muricholic
acid, T-0-MCA, it 5 23F027-V1, Jii &3 51 =95%).
3B-AE A NHER (3B-ursodeoxycholic acid, B-UDCA,
#t%5 21A011-L3, FiEDHCN 98.14%). FHXKEH
% (hyodeoxycholic acid, HDCA, #t5 24B854-H1,
R BN 96% ) . 6,7- — WA A4 HEE (6,7-
diketolithocholic acid, 6,7-diketo LCA, fit5 25B931-
Al, FRESH>99%) AR (taurohyocholic
acid, THCA, #lt'5 24F106-D4, Jfi&/>40=95%).
7,12-ZHi A RHER (7,12-diketolithocholic acid, 7,12-
diketo LCA, #It'5 22B353-A1, R 5(=95%) ¥
W8 BRI PR A A s R Bl I R
(allocholic acid, ACA, #lt'5 1-GAC-52-1, &4y
$1>95%). REHLAHER (ursocholic acid, UCA, #it5

11-JOB-76-1, B $1>95%) ¥ H &K TRC
Aw]s ARG 2 SUIHER (taurochenodeoxy-
cholic acid, TCDCA, #t'5 T860645, ifEnE
99.5%) . FHEM A HER (taurodeoxycholic acid,
TDCA, #it*5 T835753, JRENECH 97%) HIHH
EigE AR R ARAR ZEER
(deoxycholic acid, DCA) XI5 (b5 D2510, i
BEHH=98%) TWHZEE Sigma AH]; LA
IER (tauroursodeoxycholic acid, TUDCA) X & i,
(fit5 110816-202110, JEE/TECN 92.8%) WH
Efrin 2 ke i 7ibi; #EIHER Chyocholic acid,
HCA)X}E 5 (b5 CCAD303456, Jii &3 $1>95%)
WH CATO A#]; HAMK-B-RIHEER (glycine-p-
muricholic acid, Gly-MCA) X} & & (fit’5 HY-
114392, FiE/HUN 99.95%) 1 H 5% E MCE /A
Ma FHX IR (LS TB264069, i 4=98%)
W R AR A R A R i EE it
5 W30K936) I [H 3£ [E Thermo AF]; sl LN
(L5 250218001 ¥ H 3% E GRACE AF.
1.4 138

Epoch ZUFEFRAINAL (32 E AR A RA
A]); AK-RO-C2 BUSuEb skl CGEEHEA
F]D; HY-2508I BUA U] HL (e AR &
HHRATE]D; JY-BMB B AN, JY-TSF %
HEWKHL CHIALSRIR T R BR A F]D; JA1003
TRV (LEHETENESSERARD; OSB-
2200 Sk AR KA (R BACREA R A T,
Vanquish 25 AH €154 . Orbitrap Exploris 120 %4 i
WA (F2[E Thermo 22 7]); H1850-R AU mik & 34
PRE DML GH RIS EAE TR AR A D
2 ik
2.1 BRHE
2.1.1 AR FEEIEMISIS  FREN TR 200 g
Jn 10 £ E/KIZIE 30 min J5, HIZ 30 min, ZjiEF
T 8 5 E/KAIE 30 ming A 3F 2 KATEW, &L,
Wi 28 A 245 B B B 4 0.56 g/mL BIAEAE T~ ARV -
212 HEFEEAHRH & RENR TR 200 g
MEEER T 200g, $RELZER “2.1.17 1, 3,
WM T EEEIRE 5N 0.56 g/mL BT
BEF 3825 5 BV
22 WRFERL. "FESERXMNIEFEALEN
ME
2.2.1 {6324 Thermo BDS HYPERSIL C g {7
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FE (250 mmX 4.6 mm, 5 pm); F:7E 30 C; sk
MR CHE-K (15 185), ZEREYeli; AFmE 1.0
mL/min; BFFEE 10 uL; KPP K 238 nm.

222 XTI SUER I R B RRE NG R I
ARG, I EER R 30 ng/mL AW, BT
223 AEEERIGH S B“2.17 TURHE TR
WM T XA RO 100mL, & T4 % A4, 80 C
AR . RH B TR THA R T 24 h, FEER
EHTRRE, HEAR, BUATH 50 mg, R
R, BT 25mL &), IMAFE 20mL, &7 30
min 5 EFER, MPEEREZIE, #25, JEd,
HV A8 0.45 pm FUFLIENE, A ARSI -
224 JiEHEEE

(1) MR RFEL: W a1 0 I R R
10 %, SRR EIREA 3 ng/mL X . K
SEREL 1.0. 2.0. 5.0. 10.0. 15.0. 20.0 pL, %M
“2.2.17 BURNEMATIE, BHE 3K, o5 IR
() A% U T AR AR 204

(2) KEH RS R B WROHE FE J5 A - T
FEAR VAT 10.0 pl, 4218 “2.2.17 TR J7idaid gtk ke
6 K, LRI AR MEFF 1T RSD fH.

(3) R titse: K% I, ol
TERI T IIES 04 24 44 84 124 24 /NI, #2217
T 792000 5 Ve T AR AR {1 HE RSD E

(4) EEMRK: #% “2.2.37 TN FATH
% 6 I HE TR AR AR, IZIR “2.2.17 TUR A
Gy EATINE il SR TARAR SME FE 1T 5 RSD fH.

(5) MnEEREISCERES: RSB PR E O 24t
AR 6 17, B3 5 mg. 2 AREE I She 7 H
TrEAAERIR R R, %R “2.2.37 TUN
Fy FEHR 2217 BURNENRE, THEINFEECR
FI°F-14 RSD 1H..

23 FMISESHRY

% 30 HRERBENL > AXT IR, #6T (5.6 g/kg)
HANE A (-5 101 D, &4 10
Ho WAL TEAAK, ETH% 75
RV, HEFEESHS TR T RS SR B8R ig4h
25 1R, BB 5 do
2.4 B
241 [MEFARBESAE RKIRGHE, B8R
287K 16 h, ip J3 2 b 24 A B SR K VA VRURR I, I3
SNkEUM, FE 2h 5T 4 C. 3500 r/min 21> 20
min, HU B, B T-80°CUKFAHL .

242 JTHLKE ST BUATFAFAS, 59T
4%% S R[] 58 , o R I 2 O 0R R JG e e &2
—-80 CUKFHIHAT, #%H.

2.5 #MIEER

251 AEARTR AR 4% HE AR B Ul R
K FUMERTThEEfa PR (ALT. AST. TBA).
252 MHEHAZRE RN HIEHSAE T 4%%
RHEEEEEMK, AW, AHETR, K
HARZE-FA (hematoxylin-eosin, HE) #eft, T
B N .

2.6 [LEIEEEEKIEEZE ST

2.6.1 ARUHREC K SLIRFEAT 4 CRER, fRR
JEFEAIRIE 1 min, VBEII5]); KR UG EFEAT
2mL B0, N 400 pL FHEEVATR, WAE 1 min;
4 “C. 12000 t/min &> 10 min, B _EFHER, #EBE
B2 mL BLOE T, WRATR; HERRIDN 150 uL
80% FF B /K P L 1) 2-5-L- KA E R (4 mg/L)
BIEAFEM, B RIS, 24022 um JEREGE,
JPEBIN BRI, T LC-MS Al .

2.6.2 (it  Waters Acquity UPLC® HSS T3 &
PR (100 mmX2.1 mm, 1.8 um), N 40 C,
AR EA 0.3 mL/min, AN 2 L. 1FE TR
X, WEIHHN 0.1% IR LR (B1) -0.1%H R
KIEW (A1, BEEEVESL: 0~1min, 8%B1; 1~8
min, 8%~98%B1; 8~10min, 98%B1; 10~10.1
min, 98%~8%B1; 10.1~12min, 8%Bl. 71
W, BN (B2) -5 mmol/L W RAR K%
W (A2), BEEVERL: 0~1min, 8%B2; 1~8min,
8%~98%B2; 8~10min, 98%B2; 10~10.1 min,
98%~8% B2; 10.1~12 min, 8% B2.

263 Rk KA W E B E (electrospray
ionization, ESD) J&, KM /3514 ESIF. ESI;
SRR BN 43,5k V., —2.5kV; TR m/z
100~1 000; #5774 40 arb, FESE 1N 10
arb; BT 325 C. — RS HE N
60000, LA m/z100~1000 1FR—Z% & FFH e
TR AT SRR AR 25 (high-energy collision
dissociation, HCD), REf#RERE N 30%, K%
N 15000

2.7 IMERETERIK B4R S 47

271 @iE%&ME KA Waters Acquity UPLC BEH
Cig (a3 (100 mmX2.1mm, 1.7 pm); WENHHA
0.01% FER /KB (A) -4 (B), BHEWEH: 0~
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4 min, 25%B; 4~9min, 25%~30%B; 9~14 min,
30%~36% B; 14~18 min, 36%~38% B; 18~24
min, 38%~50% B; 24~32 min, 50%~75% B;
32~33 min, 75%~90% B; 33~35.5min, 90%~25%
B. AFULEA 0.25 mL/min, #EFEEA SuL, HiR
40 C.
272 BUEZAM ESI @, A TR,
BRI 500 °C, BTURHEE-4500V, RS
J£77 6 psi (1 psi=6.895kPa), A& 30 psi,
FACAR AR UL I3 09 50 psi, R 2 N
I (multiple reaction monitoring, MRM) #4734 .
273 IERECH]

(1) 0FRE VAR A VHERFARR A YR G

f T AR C 1 R 20 B R FE A 1000 pg/mL VR
GO0 RRA, ) 30% FHEEARER] 10 ASFriE 2R
Mo BRI TAEARER IR T-20 C.

(2) R BUEEFEAT 2 mL EO0E
H, KSEAIIAN 600 L HEE, JitindR 60s; 4 C.
12 000 r/min &> 10 min, HY 400 pL FiERHEZ
WRADORAE R R T TN 100 uL 30% &2 I A
ft, BOE B B3SO 30% H EERRRE 20 1%, b7
Wt 0.22 pm JEAR, SRR BRI A .

(3) FrAEMZRt) . FRUER IR B R0 2
Jei s CAREYA- B XS Lt o vk B D A bR, o) Rt 0
T FR BN IR 5 A bR (W T AR EUAE AR AR, He)
P2k, 1530 & MR LPERA T (R D,

FT1 28 FhPETERZL MRS T2

Table 1 Linear regression equations of 28 bile acids

JEY TR LRPE R R JE R LRPERT R

CA y=8.727 X 10° x+1.594 X 10° T-w-MCA y=5.866 X 10% x 15 595
CDCA y=5.188 X 10° x+1.798 X 10° B-UDCA y=3.360 X 10° x+396.4
GCDCA y=3.274X10*x—760.8 HDCA y=3.768X 105 x+6 561
GCA y=2.163 X 10* x+868.4 6,7-diketo LCA y=2.985X 105x—1.242 X 10
TCA y=1.899 X 10* x—400.8 THCA y=3.921X10* x—969.4
LCA y=3.253 X 10° x—4.754 X 10 7,12-diketo LCA y=5.705X 10* x+4 511
UDCA y=2.462X10* x+246.3 ACA y=1.631X 105 x+2.091 X 10
GDCA y=2.694 X 10* x—583.5 UCA y=7.331X10° x+1 964
THDCA y=7773x—1327 TCDCA y=2.539 X 10* x—3 593
o-MCA y=5.069 X 10° x+5.208 X 10* TDCA y=1.746 X 10* x—648.5
B-MCA y=5.062X10° x+5.182 X 10* DCA y=8.062 X 105x—7.521 X 10
isoCDCA y=5.084 X 10° x—1.225 X 10* TUDCA y=7773x—1327

T-a-MCA y=7440 x—1842 HCA y=1.113X10°x+8.293 X 10*
T-B-MCA y=1.660x10* x+1 847 Gly-MCA y=3.458 X 10* x+1.009 X 10*

(4) EEHE: IR RREMERA T FE, Xt
BN AT E R .
2.8 HIEAIE

X M Proteowizard # fff, (v3.0.8789)
MSConvert T F ¥ J5 46 57 3 T~ ML S 5 e
mzXML U SR R XCMS (v3.12.0)
ALBEAT IR, VeI 8 WX ALEE, 45 FCI
SERAIE. KA R B Ropls, 7370 FEA R 3
AT E B 4> 53 ¥ (principal component analysis ,
PCA) HIIEAZ i fix /N —3fe-H1 5] 73 Hr - Corthogonal
partial least squares-discriminant analysis, OPLS-DA)
B4t oyt . H B i 7 ik AR AT I LA A
. OPLS-DA BRIH] T Href fE4H . a4 b1
H AR ZE R, SRR EY. 1t
H P E. TEHRFELE (variable importance in
projection, VIP) F14H [A] 7 5% 45 (fold change, FC),
i it 2 AR . 24 P<<0.05 A1 VIP>1 B, A AR

WY REAGIT ¥ REZET. K MetaboAnalyst
A X U a2 HH O 1Y) 22 S AR P AT D R TR I AR
AT K KEGG Mapper AJ AL T E X
B AR B () E g AT 22 AU A S i T ) TR
29 GitEST

4 f# ] GraphPad Prism 9.5 24 TS0
#r, ZH A ELACR H $ K & 7 % 70 # (One-Way
ANOVA). THEHHERK X £ 5 F£oR.

3 #£R
3.1 HETFERERLETFRESARNIEFE A RN
301 ik

(1) LHEXRRFE: %] “22.17 BUN ik
TIE, DA H R R AR (), WETARAR
IMENIAERR () eafilbraErl 2R, THRZME TN
y=1294 x—22.641, IR (B> H1, &ME
Fl4 0.03~0.60 pg, FHHHEA RIFIHILMELR.

(2) B ERL: &GRSR, TR
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RSD {7 0.39%, /NT 3%, RHIZIXAREA BRI
(IR 25 B

(3) FE ML SR E/R, HaTHEmARm
RSD B4 0.25%, KM ML 24h WEA R
TR E T

(4) EEMRK: ERER, B FHFgmmRm
RSD N 0.82%, FKHZERA RIFMERNE,

(5) JnFEERIRGG: ZRER, 6 IHEFIF
FE A BINRE ISR 43 514 98.8% 96.6% 96.1%-
97.6%- 97.7% 98.7%, “F-IIINFEEICER N 97.58%,
RSD {4 0.14%, FHEIKE L.
312 HETFEHBEERNE  onlrrslE 3 it
WMER (WEFHRAIR. TP EF0), %
“2.2.17 R A% KT, Bk EILE 1, ¥
DA T R AR N B A il 2R T S0 1 HF VA HE R, 45 R
W2 2.
3.2 HEFSHRBOECAT KRB RIS

K 2 iz, SAHEAE, HE T4k R
i ALT. AST 3&7: M TBA KFHEETE (P<
0.01), KN T2 FBONRMAN A EH#G; 5
PETFLHLLE, HET 98 S 4K R IMIE+H ALT. AST i
P K TBA 7K1 3 % (P<<0.01), REIEX AR
FHRES B B OO G T 5 U I DhRE Fa b 7 T e
33 HRFERZEMANKRATIRALRFET LR
A

Wl 3 fion, WK RS f e, fF
FIR BB ESY 7K, ILEXALHEST, £
DB R 98 AR IR o A1 2E I 2 2R /N 25 4
AN, ARSI, ] WA 2 AR AE . B

sk

* 8993 »
Ba T
" |
| B E
B [
o
T ,_.{NL’%,«A; Y,,i,.\_
C
A UERINED
‘h./“‘“\“U\n/ JI \ -
0 5 10 15
t/min

1 RFEMRE A) SHEFERR B). BFREFE
Al (C) # HPLC &i%[E
Fig.1 HPLC chromatograms of geniposide reference
standard (A), Gardeniae Fructus single decoction (B) and
Gardeniae Fructus-Scutellariae Radix combined
decoction(C)

&2 RFERL RFESEFNEFEHALENFMN
(Xts,n=3)
Table 2 Effects of Gardeniae Fructus single decoction and
Gardeniae Fructus-Scutellariae Radix combined decoction

on dissolution rate of geniposide (X £ S, n=3)

Ff it Mo FH I HER/ % THE/ % RSD/%
HLAT] 2.60 2.670+0.148 0.82
HLAT2 2.84
A3 2.57
AT 2.05 2.110£0.060 2.04
EHIR2 2.17
£ A3 2.11
100 s
_ 80—
B
= 60
\Eat #
” E 40—
20
I 0 T T T

200 — 250
k%
200
~ 150 ~
| |
= 2 150
o 5 150
= 100 =
= [
= % 100
- i
50 T o
0 T T T 0 T
X T BT *RR

SxRA A "P<<0.05
"P<0.05

Bay HaTsas

"P<0.01; SHETAE: “P<0.05 #P<0.01,
P <0.01 vs control group; *P < 0.05 #P <0.01 vs Gardeniae Fructus group, same as Figs. 9—11.

X AT RIS

B 9~11 [,

2 RFERZEEMNARMAS ALT. AST 7&K TBA KFHIFME (X£s,n=10)
Fig.2 Effect of combination of Gardeniae Fructus and Scutellariae Radix on activities of ALT, AST and level of TBA in

serum of rats (X = S, n=10)
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&3 #HRFERERZSO{ETKRITIRALSRFBIET AR
(HE, X100)

Fig. 3 Effect of combination of Gardeniae Fructus and
Scutellariae Radix on pathological changes in liver tissue of
rats (HE, x 100)
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Fig.4 PCA plots of serum samples in each group under positive (A) and negative (B) ion modes
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Fig.5 OPLS-DA score plots (A, B) and 200-time permutation test plots (C, D) for each group in positive and negative ion
modes
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Fig. 6 Volcano plots of control group vs Gardeniae Fructus group (A) and Gardeniae Fructus group vs Gardeniae Fructus-

Scutellariae Radix group (B)
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FedE IR . SRR E moR A 24k
(IgE high affinity receptor, FceRD {5 Z k. Xk

HEZKH O (forkhead box protein O, FoxO) {55 il
. GABA fgZ%filt ( gamma-aminobutyric acid,
GABA). Wiz E % R EH (mammalian
target of rapamycin, mTOR) 155 1E % W ARRHEILEE
3-J4f (phosphatidylinositol 3-kinase, PI3K) -2 34
i B (proteinkinase B, Akt) {5518, s sml
e ELEL R LA b 9 S CHRARHHE S R AR IR T
T B . Hd, IHREEARE. FoxO {5518
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#3 WREAwRTFH TFHvs BFRSENEFREY

Table 3 Different metabolites in control group vs Gardeniae Fructus group and Gardeniae Fructus group vs Gardeniae

Fructus-Scutellariae Radix group

. " MR T T s TS T BTHEE BT
WG s i v p FC vip p e PR MR MeETA R
1 430 — BRI 178 0.002 0.07 1.62 0019 6.65CoHiuNsOP  406.0722 1 | BT
2 717 0-ZE-L-2E R 192 <0.001 051 1.59 0.024 1.39 CsHoNOs 1280358 1 | BT
3 8oL 173 0.003 047 2.00 0.001 2.37CsHgOs 1450150 1 | BT
4 2523 HH B 126 0.034 0.07 143  0.045 13.60 CHsNOsP 199.9969 1 | BT
5 73.0 1ML IN-5-FRER 133 0.037 394 134 0.038 045CsHNO: 114.055 5 l T EBT
6 3985 TCDCA 138 0.030 021 175 0.016 7.22 CHssNOeS — 517.3369 1 | EBT
7 427.7 GCDCA 174 0002 0.03 1.64 0028 897CxHuaNOs 4323110 1 | EBT
8 476 NER 2,03 <0.001 7.04 2.03 0.007 0.12 CsHi3N30s 1740891 | T RET
9 3220 A=HMiEs 1.84 <0.001 0.05 1.93 0.004 7.25C;sHyNOsS 4842328 1 | BT
10 454.9 BEASELIEBR[16 © 1(92)/18 1 1(92)] 149  0.017 527 152  0.046 027 CoHsoNOsP  758.5626 | T EHET
11 417.0 C17-B= B 1.89 <0.001 0.65 1.61 0.028 130CpH%NO, 2882911 1 | EET
12 1883 ARIEK R 134 0.022 0.69 149  0.043 1.53 CsHsOs 151.0409 1 | BT
13 542 fRmsng 1.87 <0.001 0.63 1.89  0.005 1.43 C4HsN20> 1110205 1 | BT
14 2293 {7 il 133 0.037 0.76 155 0.045 158 CiH»N20sS  259.1097 1 | BT
15 87.9 D-4-WRIZ R 198 <0.001 0.04 1.85 0.006 6.10 CsHisNOsP  280.0609 1 | AT
16 774 ZHEmR 207 <0001 0.14 175 0013 2.19 C:He0S 1331058 1 | EET
17 524 S-Eike AR H ik 203 <0001 001 1.64 0015 4.09 CioHN3OsS2 320.0342 1 | BT
18 261.0 5-ZAFE-4-FELEKMRE LR 154 0009 0.12 177 0.012 7.31 CoHisN4OsP  675.1242 1 | BT
19 21453-HEERR 2.16 <0.001 0.0l 1.64 0.024 5.43 CsHioOe 191.0539 1t | EBT
20 110.6 - KA AR 145 0.021 0.14 193  0.004 12.84 C1oHisNO> 180.1026 1t | EBT
21 506.6 13-BH-9Z, 11 E-+ )\ B) —Jilg 132 0.038 022 1.60 0.046 4.87 CisHy0s 295.2273 1 | EET
22 179.2 AR 1.89 <0.001 034 1.64 0013 232CsHNOS 1500576 1 | EET
23 343834 CREFHEL R 2.14 <0.001 0.01 1.68 0.020 5.32 CsHioO4 171.0642 1 | EET
24 4552FHCR 142 0013 056 141  0.046 1.54 CsHiNOs 160.0622 1 | RET
25 48.6 R 142 0009 159 147  0.031 0.22 CsHsNsOs 167.0220 | T BT
26 526.4 TR —IGRR 153 0.024 053 1.58  0.037 1.70 CisHas02 2772170 1 | EBET
27 4.0 (R)-5-"HRTE IR 1.81 <0.001 0.07 2.03 <0.001 8.56CsHiuO10P2 3069984 1 | HET
28 3744 RERZG BT 138 0.022 045 1.54  0.041 2.04 CaiHOsS 3951907 ¢ | RET
29 3625 +PURR 176 0.002 044 1.54  0.040 1.64 Ci4Hs02 2462439 1 | EET
30 3766 HOK 166 0004 0.13 1.63 0024 4.82CxHxN4Os 5832530 1 | BT
] ﬁ;ﬁﬂ‘émﬂw&[m: 1(92)/18 = 1(92)] I 2 oy HE
l;lﬂ.[ ?ijzuﬁém.s-fm 1I1‘E;§g
ZHLE 0 :

7 R4,

Fig. 7 Clustering heatmap of control group, Gardeniae Fructus group and Gardeniae Fructus-Scutellariae Radix group
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Fig. 8 Enrichment analysis plots of differential metabolite-related metabolic pathways in control group vs Gardeniae Fructus

group (A) and Gardeniae Fructus group vs Gardeniae Fructus-Scutellariae Radix group (B)
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Fig. 9 Changes of primary bile acids levels in serum of rats in each group (Xt S, n=6)
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Fig. 10 Changes of secondary bile acids levels in serum of rats in each group (Xt s, n=6)
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Fig. 11 Changes of bile acid levels in serum of rats in each group (Xt s, n=16)
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