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Pachymic acid prevents cholesterol gallstones by activating the PPARy/LXRa

pathway to regulate hepatic cholesterol metabolism
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Abstract: Objective To investigate the effects of pachymic acid
(Pac) on cholesterol metabolism in a gallstone ( GS) model and its
underlying molecular mechanisms. Methods A mouse model of GS was
established by feeding a high — fat diet. Fifty healthy SPF male mice were
randomly divided into five groups: Control group (fed a normal diet) ,
model group ( gallstone model ), experimental — L. group ( model +
25 mg - kg ™' Pac), experimental — H group (model +50 mg - kg ™' Pac),
and inhibitor group ( model + 50 mg - kg™ Pac + 1 mg - kg™
GW9662) .

cholesterol crystals or stones observed in bile. The expression of proteins

Gallstone grades were determined based on macroscopic

in the peroxisome proliferator — activated receptor y ( PPARy)/liver X
receptor o ( LXRa) pathway was detected by Western blot. Results
experimental - L.,

The gallstone grades in the control, model,

experimental — H, and inhibitor groups were (0 £0), (4.70 £0.46),
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(3.70 £0.64), (1.10 £0.70), and (3.20 +0.60) grades, respectively; The relative expression levels of PPARy
protein were 1.41 £0.13, 0.32 £0.02, 0.48 +0.05, 1.39 +0.15, and 0.80 +0. 07, respectively; The relative
expression levels of LXRa protein were 0.99 +0.07, 0.33 £0.03, 0.42 £0.02, 1.00 £0.09, and 0.73 £0.05,

respectively. Statistically significant differences were observed when comparing the model group with the control,

experimental — L, and experimental — H groups, as well as when comparing the inhibitor group with the experimental — H

group (all P <0.05). Conclusion Pachymic acid effectively prevents high — fat diet — induced cholesterol gallstone

formation in mice. lts protective mechanism is associated with the activation of the PPARy/LXRa signaling pathway,

leading to the restoration of cholesterol metabolic homeostasis.
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JHZS A7 (gallstone,, GS) 2 1H A 45 o # WL AT 4k
RGP —, 2P R &, G4 H T b I [
AN BRI SR R A PR A A,
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PEVIRARBA N A RER GS A& AR UEIR YT O i, B
UTFARG S K LZFAREM . Wik, GS BEA
T2 IRIT Ik, A RE A 2R R AR T A
STNRAUIE , MRS R 2 e R e R IR
((pachymic acid, Pac) j& M\ P24 % P I —Fh B £
BERL =S A . B2 BRE SIS, A &R .
PUAALLL B R s M A S5 2 M2 A AR L AR
KAESR 7R , Pac AT B35 o iR U075 A9 BT g Joi
BUBBLE SR, B %] MH I 28 45 8 [ B Qi iy B A4 52
Wiy, RE 2% GS T LAY T FAE ] B R JZ AL, i AR
ARGNIE . BT, AW R FI 2 MR 75 3/ B
GS A1, R5% Pac 75 B [E BEAC T B iR GS 1Y 43 F
PL, ERRE N GS ARG LA B AR %S 1Y T T & $2 14
B R AR o

wHEAE
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¥ 50 H CSTBL/6J MEPE/NE, Bl 6 ~8 A,
s A (18 £2) g, MWHTIAUMN FIRSE K sh YR A
RS F B A3, Sh W) A2 7 VF AT IR 5 - SCXK (1#) 2024 -
0004 , i FHF T 3IE5 : SYXK ( 3£) 2024 - 001, ZAHF5%
gtk N R ERBE SR s Wy 18 2 S oAt v (fe Bt
=.2024241 -1)

HmEIRF  REEIR, S B 100 mg, 4l
99.94% 5 : HY - N0371, 32 [/ MCE /A ) 24k 75 it
ALY A TG 55 W) B00E Z AR y (peroxisome proliferator
— activated receptor vy, PPARy) i@ % 411 il 7] GW9662 ,
kg R 10 mg, 2 FF =98. 00% , #it5: GC13969 , 3
Glpbio A H]HEFE; 73K 2 — 1. (hematoxylin and eosin

staining, HE ) FIMZL O Y (iRl &, Bk Bigdnt A=yt
FiA R 7 A 72 TRIzol 7], 26 [E] Invitrogen 23 F) A= 77
HAMG AR ( complementary deoxyribonucleic acid,
c¢DNA) Wi %% 551857 &5, 2 [ Thermo Fisher Scientific 2%
AJAE 7 SYBR OS2I 98O & R 5 T BE X N
( quantitative real — time polymerase chain reaction,
qPCR) Master Mix, #f] p SCR 5 A M) RHECA BR 2w A=
72 PPARy Hi K JIF X Z K o (liver X receptor o,
LXRoo) HTARFIH MIEE — 3 — B R il S0 ( glyceralde-
hyde — 3 - phosphate dehydrogenase, GAPDH ) {4, 14
HISE[E CST AR A 75 INEHL R A 5L, et Az 4
B A BARAT R w77

{88 BCE224I - 1CCN Hi ¥ 43 #7 K °F, 18 [
Sartorius 2\ 7] 7 i ; AU — 480 4> [ 3l A= 4k 43 B AL F0I
Allegra64 R 55 # ¥ ¥ & 0 ML, ¥ 2~ 2 E Beckman
Coulter Life Sciences /] f ; QuantStudio5 7¢ )6 5E &t
PCR 1%, 25 & Thermo Fisher A5 77 5o
2 KWHE
2.1 R

JIE A /INERAE S 00 B T b BE R R 2 (A X 5K
Wshr-6) LR shi .o n SPF 9 g4 52 % N ik
Froo0) 1 TR A5 PR A 3R A SR AR Dy PR R
(22 £2) C,HHXNZLEE (50 £10) % ,12 h/12 h B KAiG
PROCHRJETHA , I 3R AR o ) 4 35 4 S R K, fiE h
Yy & R B FNEROK o 3 g ] R R A R R (BC DT R i
N e R R A E R, 5 15% N 1. 5% JH & i &%
0. 5% JIHER ) #7E GS /NEUEEAY
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50 HfdRe SPF ZhfErE NG, FBERLER B -1 7y
R 5L 10 B X R SAALA B H ORI ST
SRR R A TR 7K 5 AV S S 3 2 0 ) S 56 2H O
I 25 mg + kg ™' 5 50 mg - kg™ ) Pac; 4]
LI TE ST S0 mg + kg™ AR IRAN mg - kg™
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1) GW9662, i & 25 iR & J5 Wk i€ M, Pac 55
GW9662 TETE ST T 1% — KL H fi4 A= 3 £k 7K
o, IR 22 0. 22 wm AL I8 R A U8 R T i E TR 2T, 1
INTCUIRE S M G 5 AT A B T334
H 1w, FR2:8 . B 1% S b Zahia il (s T
51,50 mg - kg ") XF A /N ERIERT BRI, B R SR 1ML
WA, IS U I 5 I 58, — &R 43 IR R & T
- 80 CUkFH IR AF, H T )5 L2 5L B (real — time, RT)
- qPCR S 3E H Bl 0o o5 — &80T 4%
P VA RO T T o
2.3 MmAEFAATINAEHEARIE

F AU -480 4> 3 3 A4k 43 BT, i 2 4 2H /N B
fi b A H Il = B (wiglyceride, TG) | i fIH [ [ ( total
cholesterol, TC) % % B ig 25 14 IH & EZ (low — density
lipoprotein cholesterol, LDL — C) | i 2% & |8 2& 11 IH [ fist
(high - density lipoprotein cholesterol, HDL - C) | 5 H
#1.2 (total bilirubin, TBil.) 4545 JIHZT. 2 (direct bilirubin,
DBIL) . JH R (total bile acids, TBA) | 7N 4 R 4 3L
B FL M (alanine aminotransferase , ALT) K| J & A RE
FLEEFL W} (aspartate aminotransferase , AST) DA K B 4 #k
JiZ i (alkaline phosphatase , ALP) f7KF-,
2.4 PEERERFNE

A4 AKTYOSHI % 7 11y 6 St , xR
T FF PRV HIR R D g LT et i 5 A AT BUE VA 0
2 AN HIGE 3 A DL 98N GO ST 3 43, BCT- 3
(8L, R PE o B B o HARPRAEQNR -0 2%, 4
FEEIE I 51 9, AT WA R /NG &2 9, 29 R B
10 N4/ fls 3 9%, 4505 J5 IB 92 2 50% 1Y T AR
4 9, A5l R NEAE 50% DL B TR S 9k, B i IREDE
JE&S A, FEVE o3 s A v, T AL I o A Z Y
Kappaftf DA VAl XS PF2r AL o 45 3R 75, Kappa
B4 0. 82(P <0.001) , FRHIPEI345 [l () — B ,
XE VFo T Al &E
2.5 BARFLE

IHHBREA , & 4% 22 5 RS 2 I 64T A0 I
I R 4 wm B AT EEY) Fr, EAT HE e fa,
TER IR T ST RAERIE , 5T WA 4 2V Bk
A5 A7 3 T HE IS 95 HE 5 nom — aleoholie fatty
liver disease, NAFLD) 7% ) ¥ % 43 ( NAFLD activity
score, NAS) "' Syl 5 JIF 44U S B SR A 00, 2R P i
210 Yetaihs o BEFAEAR DAVKVR D) A 3 70 i 28, o] 4
4 um B IR YR, IF AL O B (A i dE AT 4 (0
fdiJH Tmage Pro Plus R I 5 il 210 O e €2, 1 5 T8 AR
(Area) 53 SEEE (integrated absorbance, IA) , Ff: LA

IA S5 TR AT FAE (1A (sum) /Area (sum) ) /E
R GE BT R
2.6 RT-qPCR

AR i i R B LAY 7 5%, 6 A TRIzol 3057) MATFIE
HA PRI S A B A% R ( ribonucleic acid, RNA) . [ifi
J5 R A i cDNA 055 S iaR) SR B RNA i 5
 cDNA, #2VE 4K 4R B0 F3 347, ] SYBR qPCR
Master Mix X7 &5, 7 QuantStudio5 7l 5% Y% %€ i PCR
R b, BAFEAEZ N E 3 R A AE i RNA
(mess enger RNA, mRNA) fH %t #£ 5§, PCR § 1 f¢
F# .95 C TS PE | ming Bl 5 #E4T 45 DR, A4
95 CASM: 15 s #1160 °CiE k/#EAH1 min, L) GAPDH
YERWS I, 27 2 3 H AR 3£ 9 1) mRNA
XS RBIK . SIFRAITE LR 1,

®1 5FIIER

Table 1 Primer sequence information

Gene Primer type 5753
SR - BI F CGGGAGCGTGGACCCTATGT
R ACACGGTGTCGTTGTCATTGA
HMGCR F TCACATGGTTCACAACAGATCA
R GCACAGAGACTCCTCAGATGTG
ABCGS F AATGCTGTGAATCTGTTTCCCA
R CCACTTATGATACAGGCCATCCT
CYP7A1 F AAATACGACCGGTACCTTGATG
R TAACGCTCAGCAGTCGTTACAT
CYP7B1 F CACGGGGATGTCTTCACGG
R TGAGCACCAGTTCTTTTGCATAG
GAPDH F GCTACACTGAGGACCAGGTTGT
R CTCCTGTTATTATGGGGGTCTG

2.7 EBEGREMTE"

FHCSRT B9 100 R4 W B SO IR S0 2 1, Ol ik
Mtk B iR ¥ (bicinchoninic acid assay, BCA) ¥ %} 45
IR AT E R S0 pg B FFER 75 10% |- —
BESLRR RGN — JEPVIR I BRI vh R AT r Uk 20 B, B S
W R 2 R R ORI o T 5% AR 4 W3¢
M 1h J5 , 4% 5 e bt PPARy 470/ (1: 1 000) | Gt
LXRa A (1:1 000) F4Ht GAPDH HipfA& (1:2 000)
124 CWFRE R, H-5 BRI B B 10 18 AH B —
PL(1:1000) F 37 CHFF 1 h, fefa A e k6
PEAT W, IF ] Tmage] B4R 5500 IR BEARLHEA T 230 #T
3 GZritEseE

J SPSS 26. 0 FAF AT 53 o3 b A Eidls 15 %
PEATIEZS LRI (Shapiro — Wilk test ) F17J5 72 55 VA B
(Levene test) ,BNBHRAT & EA 734 HoJy 22551, 114K
TR (%) Fom  THERRLL v £5 2o, ZHME]H
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B R 7 2270 M (one — way ANOVA) , 2 6] HL 4]
SNK ¢ (student —newman - keuls ¢, SNK — ¢ ) ¥:35 5 7E o

# R

1 HEEXIEL A EENR MIE £ IR

5%F B LG, BRI 4L/ LY TG, TC LDL - €
TBIL, DBIL, ALT, ALP % AST 7k ¢ ¥ & % F} &
(¥ P <0.05),1M HDL - C /KB ZFEL (P <0.05) ;
SRRV A EL AP 2 S 56 A R g ) 2 S S /N B
RFEAR I R AR W WA (3 P <0.05) 5 Bb A, &
TSI AR R TR R L g A AR Bk dE AR b R BT
B (P <0.05) 5 5 = 70 i SO 4L AH L, 46 5710
4H/NEU TG . TC .LDL — C . TBIL DBIL ,ALT . ALP J%
AST K349 i 2 F4 25 (¥ P <0.05) , ifif HDL - C 7K
L FER(P <0.05) , W4 2 fiZk 3,
2 FEETAEEREEUNRABE AT

Xof REAH AEARYZH I S e e 7)o S g 2 N
P 70 2 N RO IR S A SE R 4 R (0 £ 0)
(4.70£0.46) . (3.70 £ 0.64) . (1.10 £ 0.70) FI

(3.20 + 0.60) g, 45 A1 K& £ K45~ 0.00% .
100. 00% .70. 00% .30. 00% 1 60. 00% , %} H& 4] 5
RUL e, A0 o 2 S0 20 0 v 77 o S 6 4 S5 A A 4 L
B AR S o ) S IR A LR, IR A SR AE S
e EZERAGIFE L (P <0.05),
3 FEETBELEAEE/NRATERES AR
HE FHZT O Yt n] WX HRLH AT /Nt 55 P 52 25 4
TR AP TE A5 IE %, & WAL G g T , JC g & AL
PRV o JIF 32 A8 A5 /N HEB 2L L JHF 200 i e i
PR ARSI 25 1, AT DL AT 20 N R R T8 43 A 1 4T
i , R AR L& B, S50 IR AH L, B
YH ) NAS F1 TA/ Area 355 Z 1 (P <0.05) . %
TR 2, AV o S 6 2R o 5 S AR AL /N 4
¥4 N8 25 90 5T A M T 25 35 4 s, A A e P 4T
i . 2 ek /0, Mg &5 RRURR B 08 %, NAS I TA/ Area
P E R (3 P <0.05) , m 71 5t 52 50 21 1) i i 3
TR 5 R SR AR Eb, 3 5 5R) AL A0 A HE
FIFEEZEEL K, I R BUIE 05 45 6, A0 A DY 2T e R
TEHEIN, NG B E R B N, HL NAS Fll TA/ Area 3 i,
EHWN(H P <0.05) , LE 1 FiZk 4,

R2 AAUMRUNEH N =HE(TC) (ERRERE (TC) R BN & A IE & A% (LDL - C) i % BE G 3 P I [ B (HDL - C) LB IR

(TBA) AT HEL (n =10,x £5)

Table 2 Comparison of serum triglyceride (TG) , total cholesterol (TC), low density lipoprotein cholesterol (LDL — C), high density

lipoprotein cholesterol (HDL — C) , and total bile acid (TBA) levels in mice in each group (n =10, x +s)

Group TG (mmol - L™1) TC(mmol -+ L=")  LDL-C(mmol - L=') HDL-C(mmol - L=')  TBA(umol - L")
Control 0.61 £0.07 1.29 0. 12 0.26 0. 04 0.42 £0.03 17.94 +3.78
Model 1.38£0.10* 5.24+0.38* 1.49 +0.15* 0.21 +0.03* 169.76 +13.61 *
Experimental — L, 1.09 £0. 11* 4.67 +0.31* 1.02 £0. 13* 0.32 +0. 02* 135.13 +12.07*
Experimental — H 0.75 +0. 06** 2.68 £0. 17* 0.43 0. 06** 0.40 0. 034 76.26 +6.39%4
Inhibitor 1.10 0. 144 3.99 0. 194 0.85+0.064 0.31£0.024 118.43 9. 674

Control group: Fed a normal diet; Model group: Gallstone model; Experimental — L group: Model + 25 mg - kg ™! Pac; Experimental — H group: Model +

50 mg - kg ™! Pac; Inhibitor group: Model + 50 mg - kg ™' Pac + 1 mg + kg ™! GW9662; Compared with control group, * P <0.05; Compared with model

group, *P <0.05; Compared with experimental — L group, %P <0.05; Compared with experimental — H group, 4 P <0. 05.

R3AA/NRUM S IEFEEE(TBIL) | IR (DBIL) A N RAF M (ALT) BRVERERRA (ANP) 45 N Z 552 (AST) K-F11

A (n=10,x %5)
Table 3

Comparison of serum total cholesterol ( TBiL), direct cholesterol ( DBil.), alanine aminotransferase ( ALT ), alkaline

phosphatase (ANP) , and alanine aminotransferase ( AST) levels in mice in each group (n =10, x £s)

Group TBiL( pumol + L=1) DBiL, (pmol -+ L") ALT (U - L) ALP (U - L") AST (U - L°1)
Control 5.02 0. 43 3.13 £0.39 27.46 +4.12 38.27 +3.23 42.39 +6.26
Model 89.56 +9.01* 67.49 +5.63 215.03 £17.59* 112.45+9.89 * 296.45 £35.16 *
Experimental — L 68.34 5. 46* 50.35 +5.07* 169. 54 +15. 74* 74.01 +6.93* 235.26 +20.37*
Experimental — H 29.77 +4, 38*~ 19.93 +3. 68%2 73.39 +10. 32%4 45.12 +3.76%2 103. 12 £13.91%4
Inhibitor 63.12+7.244 37.28 £4.954 133.95 £12.054 69.65 +5.634 170.48 +15. 784

Compared with Control group, * P <0.05; Compared with model group, *P <0.05; Compared with experimental — L group, P <0.05; Compared with

experimental — H group, 4 P <0. 05.
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Table 4
(NAFLD) activity score (NAS) and integrated absorbance (IA) /

Area of mice in each group (n =10, x +s)

Comparison of non - alcoholic fatty liver disease

Group NAS IA/ Area
Control 0.67 0. 20 0.06 +0. 01
Model 6.94+0.89* 0.61 £0.05*
Experimental — L, 4.45 £0.52* 0.47 +0.03*
Experimental - H 3.00 +0. 8772 0.15 +0. 02%~
Inhibitor 4.15+0.374 0.29 +0.034

NAS: Activity score; IA/Area: Integrated absorbance/total area ratio.
Compared with Control group, *P <0.05; Compared with Model group,
#P <0.05; Compared with Experimental — L group, 2P <0. 05; Compared
with Experimental - H group, 4 P <0. 05.

4 FEEBMEZAHE/NRBEBRHEXERR
oy A

5XT AL b, AR ZH /B S SR - BT, HMGCR
1 ABCGS 1y mRNA 22363 B 231 (34 P <0.05) ,
CYP7AL F1 CYP7BI ) mRNA X ik /K-35 i 2 %
(¥ P <0.05) ; SR AA Lb , 5] 5 S0 41 fn &
FE L5 41/ R SR - BI, HMGCR FI ABCGS 11

Control

Figure 1

The arrow points to fat vacuolar degeneration.

R T
P G
NASEIR

B 1 SUUNBUITIELLURANE - FFLL(A) FZL O(B) e l&] ( x200)

[ SR
X SR LV )

mRNA FHXf 3% 3k 7K P 34 W BEAK (3 P <0.05),
CYP7AL F1 CYP7BI ) mRNA A%} 3%k K 44 b 2 1t
T P <0.05) 5 5650 52 40 41 AH b, 0] i 55 g
ZH/NEUHY SR - BI L HMGCR F1 ABCG5 [ mRNA #f %
FIR K- 1 18 BEAR (¥ P <0.05), CYP7AT Al
CYP7B1 f§ mRNA #f X} 3 ik /K °F 3 & & 3 fin
(¥ P <0.05) ; 550 S2 g4l A5 b, S 7 20/ B
SR - BI .HMGCR Fi1 ABCG5 /) mRNA #H%} #2356 7K F-15
(34 P <0.05) ,CYP7A1 1 CYP7BI #) mRNA
FEXFZRIB A4 i 2 FEAR (4 P <0.05) , L3 5,
5 HEEITIELEREE/NR PPARyLXRa i# B HY
Al

X HRZH ABERYZ AP i S0 4 | e R A S g 2 A
PR ZH ) /N B PPARy 25 AR 23K K- 20501
1.41 £0.13.0.32 +0.02.0.48 +0.05.1.39 +0. 15 FI
0.80 + 0.07, LXRa & H A X} 2 ik /K °F 73 5
0.99 +0.07.0.33 +0.03.0.42 £0.02.1. 00 +0. 09 FI
0.73 £0.05, X HRZ SR B A, IG5 S 56 21 fn
e ) S e 2 AR 2 P A, A R 2 5 v R e S g
ZH HL%, PPARy il LXRow 25 AR R IB K TE S 17
FESHEGIEE L () P <0.05) WK 2 1k 6,

Inhibitor

T

Hematoxylin — eosin (A)and oil red O(B) staining patterns of liver tissues of mice in each group ( x200)

RS AU B AT ST AR RIK AR A L (n = 10,3 £5)

Table 5 Comparison of relative expression levels of cholesterol metabolism — related genes in mice of each group (n=10,x )

Group SR - BI HMGCR ABCGS CYP7AL CYP7BI
Control 0.99 +0. 05 1.00 +0. 09 1.01 +0. 08 1.01 £0.07 1.02 +0. 08
Model 3.10£0.19* 2.87£0.15* 3.36£0.29* 0.31£0.03* 0.26 £0.02*
Experimental — L. 2.71 £0.20* 2.30 0. 12* 2.59 +0.24* 0.45 +0. 03" 0.38 +0. 04*
Experimental — H 1.54 0. 15 1.45 +0. 16"~ 1.39 +0. 15 0.79 +0. 08%2 0.66 £0. 05*~
Inhibitor 2.38 £0. 134 2.06 £0. 144 2.31£0.174 0.60 £0.054 0.42 £0.044

SR - BI; Scavenger receptor class B type I; HMGCR : 3 — hydroxy —3 — methylglutaryl — CoA reductase; ABCGS: ATP - binding cassette transporter subfamily
G member 5; CYP7Al . Cytochrome P450 7A1; CYP7B1: Cytochrome P450 7B1; Compared with control group, * P <0.05; Compared with model group,

#P <0.05; Compared with experimental — L group, “P <0.05; Compared with experimental - H group, 4P <0. 05.



Chin J Clin Pharmacol

1543

Vol. 42 No. 11 June 2026 ( Serial No. 457)

peary MR e e S . o
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y(PPAR ) FIFFHE x Z 4K a(LXR a) 2 1 FRIE MR

Figure 2  Effect of pachyic acid on the expression of peroxisome
proliferator — activated receptor y ( PPAR +y) and liver x receptor a
(LXRa) proteins in mice with cholelithiasis

A Control group; B: Model group; C: Experimental — L group; D: Exper-

imental — H group; E: Inhibitor group

R 6 SAV/NRUL E YA A WS Z AR y(PPAR y) FTIE
x M a(LXR a) AN RIKKPHE (n=10,2 £5)

Table 6 Comparison of the protein relative expression levels of
peroxisome proliferator — activated receptor y ( PPAR ) and liver

x receptor a (LXRa) in each group of mice(n =10,x +s)

Group PPARy LXRa
Control 1.41 £0.13 0.99 +0. 07
Model 0.32£0.02* 0.33 £0.03*
Experimental — L. 0.48 0. 05" 0.42 0. 02"
Experimental — H 1.39 £0. 15%2 1.00 0. 09%4
Inhibitor 0.80 £0.074 0.73 £0.054

Compared with Control group, * P <0.05; Compared with model group,
#P <0.05; Compared with experimental — L group, “P <0.05; Compared

with experimental — H group, 4 P <0. 05.

it

e EREE T, GS R T EAK” “ MR ™ wyE”
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