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i E: B ETHECHIEETANE” b CHEREC Eig, RAHIE Coptidis Rhizoma 5y SRR 25 5 1F Mume Fructus
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Abstract: Objective To explore the effect differences and biological mechanisms of Huanglian (Coptidis Rhizoma) combined with
sour herb Wumei (Mume Fructus) and pungent herb Wuzhuyu (Evodiae Fructus) in treating cholestasis based on “liver desires
dispersion” theory from “five zang-organs preferences and aversions in tonification and purgation” in traditional Chinese medicine,
thereby enriching the scientific connotation of “sour purgation” and “pungent tonification”. Methods A total of 36 male SD rats were
randomly divided into control group, model group, Coptidis Rhizoma group, Coptidis Rhizoma-Mume Fructus group, Coptidis

Rhizoma-Evodiae Fructus group and ursodeoxycholic acid group. A cholestasis model was induced using o-naphthylisothiocyanate
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(ANIT). After drug intervention, the anti-cholestatic effects were evaluated by measuring serum biochemical markers sun as alkaline
phosphatase (ALP), y-glutamyl transferase (GGT), total bilirubin (TBIL), total bile acid (TBA) and histopathological examination. The
anti-inflammatory effects were assessed by measuring levels of tumor necrosis factor-a (TNF-a), interleukin-1f (IL-1B) and IL-6 in
serum. The anti-oxidative stress was evaluated by measuring activity of superoxide dismutase (SOD) and levels of malondialdehyde
(MDA), reactive oxygen species (ROS) in serum. The lipid-regulating effects were evaluated by measuring levels of total cholesterol
(TC), triglyceride (TG) and low-density lipoprotein cholesterol (LDL-C) in serum. LC-MS-based untargeted metabolomics was
performed on fecal samples to analyze metabolites, identify differential metabolites, and conducting Kyoto encyclopedia of genes and
genomes (KEGG) enrichment analysis and gene set enrichment analysis (GSEA). Results Compared with model group, the serum
biochemical index levels of each treatment group were significantly reduced (P < 0.05, 0.01, 0.001), the phenomena of liver tissues
inflammatory cell infiltration, liver cell swelling and focal necrosis were significantly alleviated. Compared with Coptidis Rhizoma
group, Coptidis Rhizoma-Mume Fructus group demonstrated significantly enhanced anti-inflammatory and anti-oxidative stress effects
(P < 0.05, 0.01), while Coptidis Rhizoma-Evodiae Fructus group showed significantly enhanced lipid-regulating effects (P < 0.05).
Metabolomics analysis indicated that the enhanced anti-inflammatory and anti-oxidative stress effects following the combination of
Coptidis Rhizoma with Mume Fructus were associated with the modulation of primary bile acid biosynthesis pathway, the enhanced
lipid-regulating effect following the combination of Coptidis Rhizoma with Evodiae Fructus was linked to the regulation of linoleic
acid metabolism pathway. Conclusion Coptidis Rhizoma, whether combined with Mume Fructus or Evodiae Fructus, exerts definite
interventional effects on cholestatic rats, demonstrating the differential characteristics of “purgation with sour herbs” and “tonification
with pungent herbs”. The modulation of primary bile acid biosynthesis pathway and linoleic acid metabolism pathway represents the
potential mechanism underlying these differential effects.

Key words: Coptidis Rhizoma; Mume Fructus; Evodiae Fructus; sour-bitter heat-purging; pungent-opening bitter-descending;
cholestasis; berberine; epiberberine; coptisine; palmatine; citric acid; evodiamine; rutaecarpin; limonin; primary bile acid biosynthesis

pathway; linoleic acid metabolism pathway
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36 H SPF ZilfEM: SD K, 8 W, (AFiE
(2504200 g, W H KABER LI R A, E
FEVFRES SCXK (JI1) 2020-0030. Zh41 3T 1
HH R 2K 2= SIS SR e Ly, SEERSAAE T
AES SYXK (J1]) 2024-0049, Hh4)S56 2 i v
P2 K ie B ot (b5 2023024).
1.2 Zh%f

% (5 2502117) S (Hit'5 474230401)
R (L5 24100801) TR ¥ H AR B 24K
I IBEERTE, HE R R 2 K I R 7 )
€ NEBEFBHEYIEIE Coptis chinensis Franch 1T-J5
WL, HEEMEYIME Prunus mume (Sieb.) Sieb. et
Zucc. ¥ T 5 35 BB A S S A B E ) R 2R
Euodia rutaecarpa (Juss.) Benth. [T i 2 S 52
1.3 Am5iRH

o-Z5 F I H R ES (o-naphthylisothiocyanate ,
ANIT, flt'5 N4525). fE E%HER (ursodesoxycholic
acid, UDCA, #t5 Y0001163) I H¥EE Sigma-
Aldrich A #]; GEHZE (5 B8220) W H b
REFPAWRAT,; 4%2EPE G5 G1101-
500 mL). #A AR ZE-HZ. (hematoxylin-eosin, HE) %t
WER 'S5 G103 W H I ER4E R AEM R A
AT, HEE (bS5 A452-4), 4 Git'S A998-
4). R (Jit5 A117-50) 4 H3EE Thermo Fisher
Scientific A5 B (45 02010-5500) W H -
157 BALFEH ARG R A7 MEIRTEA F-o (tumor
necrosis factor-a, TNF-o) ELISA R7l& (fit5
JL13202-48T). H#HMfIfr2%-6 Cinterleukin-6, IL-6)
ELISA {78 (5 JL20896-48T). IL-B ELISA i
F& (IS JL20884-48T) W H T 3R
HIRAF; W (malondialdehyde, MDA) K]
& (k5 A003-1). MY BALEE (superoxide
dismutase, SOD) X7& (k5 A001-1) T4 H e AT
AR A R A 7 5 3 14 28 (reactive oxygen species,
ROS) ELISA {#& (35 BLL-D5651F) WH L
AR RH AR A F] ;s IEBEIRES (alkaline
phosphatase, ALP). y-HRA B (y-glutamyl
transferase, GGT). B IHZ & (total bilirubin, TBIL)+
SJEVER (total bile acid, TBA). MJH[EEE (total
cholesterol, TC). =Mt H W (triglyceride, TG). ik

% g & E H [ BE  ( low-density lipoprotein
cholesterol, LDL-C) &7 & ({it5 737y GM1107.
GM1104. GM1105. GM1109. GM1113. GM1114.
GM1116) W H F&4E/RAEMFHHEE R AF] .

1.4 Y&

Centrifuge 5430R 7Y & VK & 0 Bl (15
Eppendorf /A ); ECLIPSE E100 BY &5 (HA
Nikon A ); Q Exactive w7 #1E{% . UltiMate
3000 RS ZU {14 . Thermo QE plus fii{X (H
Thermo Fisher Scientific /A ] ); Waters Acquity UPLC
I-Class plus # = yfAH 3 (3£ Waters A #]);
BS-240VET Al 4x [ sl A A 43 A QRYINIG 5 A= 1) =
T HRAFD.
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2.1 &

FRE ([ 24 ) 2025 4FJCF AT HARE 72000
FHM R, K EEH B EE 6 g Ak, W
E-SHMEE 6 g D3 g AL, HIE-REH
HHHEE 6g. R 3 g 4. TR &
kiR e E P EST S SHE IR
M R DT, B R NP BRI 10
FEARRR ALK, 1230 30 min JEINIAE WG, AT
30 min J5 FHXUZ 2 AsEit; %08 Bk ikt a7 e 2
WHIZ, HIF2 IR, KiinFak4s, RIS
BB €0 T e T DU AT -5 R 3 U B o D
(UPLC-Q-Orbitrap-MS) 7 A X 7K RV H ()35 14 i
ST T AR NN, BUEKRIR P EE 4 M
WEERR, Hh/NBERE 6 843.0 png/mL. FR/NEER,
699.8 ng/mL. FIEML 1201.7 pg/mL. 577 1188.4
pg/mL; FEIE- S MK B 4 S FhE I g
Ho/NBERS 608.3 ug/mL. F/NEERS 537.4 ug/mL.
FOER 1087.9 pg/mL L5577 1009.7 pg/mL. #i#%
i 4.0 mg/mL; - RAGKFIR 4w H 7 Fg
PERCY, o /NBERS 4 011.4 pg/mL. F/NBERH 398.2
pg/mL. EEDK 668.8 pg/mL. E 57T 690.0 pg/mL+
RGN 1.7 pg/mL REFLIRIL 8.0 pg/mL. 15
T2 138.7 pg/mL.
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SD KGN PEZE 7d 5, BEHL AXTIRL
BRI, B - DML PRI AN
UDCA (60mg/kg) H, &2 6 R JHH AR R
TR PR A 2 O i IR R A 2L B A O 7 kA7 030,
AR TR 2 i B ROC R U E B 0.6 glkg N
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YRR ig AR . RIRGZfE, KA
B 16h, WEEREEE, T-80 CUKFEfRfE, HT
JEEERI . BT KRR ip 3% [ EL ZANRRIE, fE -
SKEm, VK BB . R IMGAE 4 C.
3500 /min (0342 13.5em) &0 15min, WEEX
MiE, 23 HPE s AT HLSUEFE-80 CukaE, H
T, BEAFHSAE T 4%2 RHABEHEE,
T HE 2SR
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W, 2 1% ORERE G RK PR g, 1
SEAZ N E s FERL 0.5% 4R 4% 1~3 min )
MG A el R S RE K. R
FEW, AR PER RS E S, TR T MR AR
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2.5 MFEPRIERFKFRIEN

Hafn i, 4R & B B AS I TNF-o. IL-1B
1 IL-6 7KFo
2.6 [MFEPEWRBKFRIEN

B, R & U B 1A SOD & 1 &
MDA. ROS /K*F.
2.7 FEERFENFE

K LC-MS AR#E [ AT 22 AR 0 H 4K
SRR AR S i R FE AU AT A
o AR -SRI . O UG ER RN Se it ST
1 i RR 5 AR ) B 29 R A R 2 =R

2,71 FESEISE FREL 60 mg FE{EFEAZE 1.5 mL
BRI 2 BUNMNERAT 600 pL FEE-ZKVE R
(411, SRENIR L2-ERNRIR. JRIAIR-d4.
L4538 B-d8 JHER-D4, 4 pug/mL), fE—40 ‘CUKFH
HHFYA 2 min J5 , IONEFEEHL I (60 Hz, 2 min);
VKKV HEEL 10 min, —40 CEFE IR 4 C.
12 000 r/min #5.C> 10 min, WRHL 150 pL b3, f#
F 0.22 um HAHAHEFLIEJESS e 5, 23 LC
RN, —80 CIRAE, 4T LC-MS 4-#fr.
2.7.2 LC-MS 438t K Waters Acquity UPLC I-
Class plus/Thermo QE plus #8 = R AH 5 Bk i 7 HF
JRIEAGIEAT LC-MS 43 #T o

(1) il %4F: Acquity UPLC HSS T3 thift:
(100 mmX2.1 mm, 1.8 um); JRENHA 0.1%F LK
WK (A -2fF (B), BRELEM: 0~2.0min, 5%
B; 2.0~4.0 min, 5%~30% B; 4.0~8.0 min, 30%~
50% B; 8.0~10 min, 50%~80% B; 10.0~14.0 min,
80%~100% B; 14.0~15.0 min, 100% B; 15.0~15.1
min, 100%~5% B; 15.1~16.0 min, 5% B. HEif
45 °C; RFAFE 0.35mL/min; BEFEIARR 2 uL. F2
¥R : AERAERAIAGIRE N 60 °C, £R%F 0.5 min;
PL 8 ‘C/min FFIRZE 125 C, 8 C/min FHiRZE
210 °C, 15 C/min FH# % 270 ‘C, 20 C/min JFif
%305 C, fr¥F 5 min.

(2) B sft: 1B, BB R
H4 3800, —3000V; BAIE IR 320 C; 4
PRI 350 C; BHAMAFURE 35arb; Hih
SRR E 8arb; A BTIE /3 HEEE 700005 S i#E
BT A K 50, HLMWTE B 7R Celectron spray
ionization, ESD), FIE. F& 7R REL I,
K A O B KB 2 I (data dependent
acquisition, DDA ) . B % fi 2 Ui Celectron impact
ion source, ED), &FYRIRE 230 °C, VUMRATEE
150 C, HFRER 70eV. iR, FEHHE
m/z 50~500.

273 FBEWAES SN EEEREE
Progenesis QI v3.0 3T I I8 1R,
gy PREGITTRIRR IR . W S AIH—4k . MTRALEE 5
R PR BRI RS B, R B )L R
frbl . WETHARAE . JET R B TR RSB AE 5T o
B, WA URFMRERSGEZAE, S
HMDB. Lipidmaps (v2.3). METLIN %4 /% DL &
LuMet-Animal 3.0 A< 2 #4740 S0 4% 5E
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(principal components analysis, PCA) KM ZZ ZAEA
Z RN SR S A FEEAS S i R AR E M, SR A
BB e B /s 35 - A B 4 Bt (partial least
squares-discriminant analysis, PLS-DA) & 1E3Z
/N3 )43 BT Corthogonal partial least squares-
discriminant analysis, OPLS-DA ) 3K [X 7 %521 [a]4X 5
RO A ZE e, I A ) 22 AR . 2 AR
Yy bRAE NS EREAE (variable importance for
projection, VIP) >1. P<<0.05. ZRFf5% (fold
change, FC) =2, BT U #f LA S5 HFH { R4
(Kyoto encyclopedia of genes and genomes, KEGG)
Bl s 22 A EAT AR S = A A
2.8 GitESH

i/ SPSS 28.0 #AFHEATSE 70, S5IR LA
X +sF%R. ZHBCERHRFERITZ 75l Tukey
HER5

*®1 REER(MSHERRKEETHRIRARMT IR

3 &
3.1 EER(ASHIERFTEISAETIRIARTI
BEAN AT LR LR R IR T (L A =2

WM 1 FrR, S5 IR b, BRI K R i
1 ALP. GGT &1 TBA. TBIL /K1 &3 Tt
(P<<0.001); SEAIZHLLE:, PHEEH ALP i5M K&
TBA. TBIL 7K &3 F#(K (P<0.05), i%-SHg4
ALP. GGT &t & TBA. TBIL /K 3% &M% (P<
0.05. 0.01. 0.001), ¥{E-RZETH ALP. GGT i
T J TBA /K535 B (P<<0.05. 0.01), UDCA 41
ALP. GGT i K TBA. TBIL /K2 # K (P<
0.05. 0.01. 0.001).

WK 1 AR, SxPIRdL i, R K R ATA
SUE WS R AR MR, A« R MR B
S AYTI)E, FRBRHEEE. D EgR
B B 5% I AL Mg B 2 B IR IR AR OK B T
TRk N 55 B IR 25 UDCA. FIFE AL, 6 BE 3

9808 (X +5s,n=06)

Table 1 Effect of Coptidis Rhizoma combined with Mume Fructus or Evodiae Fructus on liver function in rats with

cholestasis (X + s, n=06)

HA /(g kg™ ALP/(U-L GGT/(U-L™) TBA/(umol-L™) TBIL/(umol-L™)
pagicl — 367.95+68.74 1.23£0.56 15.97+4.32 1.4140.24
A — 592.75+41.92" 7.23+£0.52""* 324.17+£23.30" 105.10£9.95**
HIE 0.6 474.87429.87* 6.22+0.95 266.50+27.68% 85.69+4.32%
BIE- S M 0.9 448.621+91.92# 5.92+0.98% 223.58429.25% 7279+ 17.04%#
HIE- R Y 0.9 4552242531% 5.85+0.54% 248.43+32.36% 87.531+15.46
UDCA 0.060 42425443 98## 5.57+0.81% 215.98+8.37# 85.81+6.53*
AR " P<0.001; HEEAANK: #P<0.05 #P<0.01 #P<0.001, TE[F.

**P <0.001 vs control group; P <0.05 *#P<0.01 *#P<0.001 vs model group, same as below tables.

o 1R

F5E 7

1 HERMSHERKETIETRRAAKRFALRETHAFME (HE, X200)
Fig. 1 Effect of Coptidis Rhizoma combined with Mume Fructus or Evodiae Fructus on pathological changes of liver tissues in
rats with cholestasis (HE, x 200)
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AU BT TR .
3.2 EER(ASHERFEEITETIRIARME
FRACEREF~ MASFNE (LR Bk S B2 MG
WIER 2 fw, SR LR, AR R Rty
TNF-a.. IL-1B #1IL-6 /K-F-&ET G (P<0.001); 5
WA LA, &4h254H TNF-a. IL-1B A IL-6 /KP4
FEE (P<<0.05. 0.01. 0.001); S LE, B
-2 TNF-o Al IL-1B /KR (P<<0.01).
W 3 Frow, SXTIRAIEE, ALK R G
' TC. TG M LDL-C /K& (P<0.001);
IR L, #EE4 TG 1 LDL-C /K- 3 35 PG
(P<<0.05), FEIE-SHFHMEE-REFEL TC. TG

1 LDL-C /KB ZFHE (P<0.05. 0.01); 55
HEEE, PHE-RZAHA TC. TG M LDL-C /K&
FFE% (P<0.05).

W 4 R, S5, MR KRR TG
t ROS. MDA /K23 JtE (P<<0.001), SOD %
PERZ L (P<0.001). SRS, #iEA
MDA /K P& 2 FK (P<0.05), SOD &tk & Tt
f (P<0.05); FE-ZH4] ROS. MDA /K23
FA% (P<<0.01. 0.001), SOD &M EETE (P<
0.001); FEE-RZEFZ ROS. MDA /KT8 2[4
(P<0.01). HEEHILEL, HiE-SiF4H SOD i %
BETHE (P<0.05).

*2 AEERMSHEHREFENETRRKRME R RER FRFEHZM (X£s,n=06)

Table 2 Effect of Coptidis Rhizoma combined with Mume Fructus or Evodiae Fructus on levels of inflammatory factors in

serum of rats with cholestasis (X £ s, n =6)

2H ) A=/ (g kg™ TNF-o/(ng-mL"") IL-1B/(ng-mL~") IL-6/(ng-mL"")
o} R — 280.53 +50.31 182.20+47.66 66.83+15.58
it — 1301.30+276.56" 934.634+96.23"* 201.75+£22.36"**
HiE 0.6 1001.28+115.20 701.28 +£120.81% 170.67420.00%
-G 0.9 604.98 +49.86##04 554.98+115.52##an 150.01 £20.58#
- R 0.9 841.024225.26% 657.69+167.51% 162.83 +17.39%

HHEM LS 4P<0.05 24P<0.01, FE[H.
AP<0.05 24P<0.01 vs Coptidis Rhizoma group, same as below tables.

*3 RAEEMSHEHRKEXETRIRARMASKFHIFNE (X+s,n=06)

Table 3 Effect of Coptidis Rhizoma combined with Mume Fructus or Evodiae Fructus on blood lipid levels in rats with

cholestasis (X + s, n=06)

2H 351 HlE/(gkg™ TC/(mmol-L™1 TG/(mmol-L™") LDL-C/(mmol-L")
X HE — 1.7440.15 0.72+0.45 1.59+0.29
TR — 6.25+0.83"* 2.35+0.40"* 3.78+0.34"*
HiE 0.6 5.4840.78 1.661+0.15% 2.9840.54%
-1 0.9 4.67+0.97* 1.08+0.36% 2.6310.51%
k-SRI 0.9 3.8341.09%2 0.9940.19%2 2.1440.28%a

F4 BERMSHBIRRENETRRARMAEPELSHKFHFME (X+s,n=6)

Table 4 Effect of Coptidis Rhizoma combined with Mume Fructus or Evodiae Fructus on levels of oxidative stress in serum of

rats with cholestasis (X + s, n=6)

2H ) HE/(gkg™h ROS/(ng'mL™1) SOD/(U-mL™") MDA/(nmol-mL™")
o e — 202.37+7.72 121.86+0.90 1.67£0.56
it — 257.35+£5.13* 109.80+0.91** 16.60+2.31**
W 0.6 244.38+11.60 114.72 +3.20" 12.25+2.27*
HE- 1 0.9 232.69 +8.81%# 119.97 £4.00%##a 9.77 277
-SRI 0.9 23532+ 11.17# 112.50+0.87 11.0341.72%
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Fig. 2 Multivariate statistical analysis of metabolic profiles
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Fig. 3 Screening of differential metabolites
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