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B OE: B HERZEED (GQD) MBIKGEREREL (AS) K BRI A B 414545 A i B A M B I B e 32 A4 y/
B X S48 o/ BRI 45 & &5k Al (PPARY/LXRWABCAL) EEHIFLI. 753 K SD KRB ot T, A
H, FEAAAIT (FHTEZE, 5mgke™) HM GQD K. mAE (4.1, 82gkg™) AN GQD HHIE (8.2 gkg™) +PPARy i
7 (BADGE, 20 mgkg™, T GQD ig #i 30 min 45F) 4, &4 12 X, BUBAALN, RAERRERE4ESE R D iFS AS
KB, SRR EMR ig 452 1 Ik, FESAG2) 8 A, Rl &AM le/K ¥ s 25 R F K Mg A R R TR TRARE-
A (HE) Pt MRk R0 Rl FAZ T IR A 2 dUTP S DR SAR 07 (TUNEL) et 52 M55 P 52
ZHMIPE T Western blotting A6 1 3k 443 PPARY/LXR0W/ABCA1 MIET-HEAFIL. R SBAMLL, HAHE T3k
BT E, ARERYIER, PSRRI M8 N AR T2 R s =B H (TG). BHFEEE (TC). R ENEE
HHEEE (LDL-C) MERIER T -0 (TNF-o) FEA4&BEARK-9 (MMP-9). A4IENER 6 (IL-6). 4AMulaZiH 7 7-1
(ICAM-1). W -1 (ET-1) /K F 2% Bel AHRE A X (Bax) HAFRBRET & (P<0.05), ik &% % A58 A MHEEE (HDL-
C). WEM—EIE G (eNOS). —2ALE (NO) 7KF K PPARy. LXRa. ABCAl. B 4k -2 (Bel-2) HARIL
BERK (P<0.05); H5HBAMIL, FMAMITHM GQD K. mAEAH ESNRIRBGRE, FYILRED, BEHEE T
LI P9 R 4B T2 28 K I3E TG TC. LDL-C. TNF-0. MMP-9. IL-6. ICAM-1. ET-1 /K°F. Bax & A%k & 3 A%
(P<0.05), Ifli& HDL-C. eNOS. NO /K°F}% PPARy. LXRa. ABCAl. Bcl-2 BARZEETH (P<0.05); 5 GQD il
EAWE, GQD+BADGE A ESIkRIMG™E, HREHHIZMR, PSRBT 1 P I TR &g TG, TC.
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J2 PPARy. LXRa. ABCAl. Bel-2 FHEAFLEZFHL (P<0.05). i GQD A ftilid 4% PPARY/LXRe/ABCAL 15 58
IR AS K BRI P R AN A5 43 -

KHEIR: HREED; SRR L A B A TS AR v/ X Ak o/ SBERRIR T 45 A R IEtk AL RES: M
WS PR

FEDHES: R6S NHRFRERE: A NERS: 1674 - 6376(2026)10 - 3629 - 10

DOI: 10.7501/j.issn.1674-6376.2026.10.019

Effect and mechanism of Gegen Qinlian Decoction on vascular endothelial cell
injury in atherosclerotic rats by regulating PPARY/LXRa/ABCA1 signaling
pathway

LIU Yang'!, SHEN Yan?, CHEN Hongzhi*, AN Meng', LUO Dong*

1. Health and Wellness College, Nanyang Vocational College of Science and Technology, Nanyang 474150, China

2. Department of Nosocomial Infection Management, The First Affiliated Hospital of Zhengzhou University, Zhengzhou 450052,
China

3. School of Basic Medical Sciences, Zhengzhou University, Zhengzhou 450001, China

ks HEA: 2026-05-29
EEWMB : WrE A E TSR E SR E R B (22A320069)
1EH RN x| PH (1988—), Piifi. E-mail: loe457@163.com



<3630 ZE49EE10H 2026F 108 ¥k A Drug Evaluation Research  Vol. 49 No. 10 October 2026

4. Department of Pharmacy, Dengzhou Hospital of Traditional Chinese Medicine, Nanyang 474150, China
Abstract: Objective To discuss the impacts of Gegen Qinlian decoction (GQD) on vascular endothelial cell injury and the
peroxisome proliferator-activated receptor gamma/liver X receptor o/adenosine triphosphate-binding cassette transporter Al
(PPARY/LXRo/ABCA1) pathway in rats with atherosclerosis (AS). Methods The SD rats were randomly divided into the control
group, the model group, the simvastatin (positive control, 5 mg-kg™!) group, the low and high doses of GQD (4.1 and 8.2 g-kg™') groups,
and the high dose of GQD (8.2 g'kg™") + PPARy inhibitor (BADGE, 20 mg-kg ™!, administered 30 min before GQD ig) group, with 12
rats in each group. Except for the control group, the high-fat diet combined with vitamin D3 was used to induce the AS rat model. After
successful modeling, the rats were given ig administration once a day for 8 consecutive weeks. The lipid levels, serum inflammatory
factors and vascular endothelial factor levels of each group were detected; Hematoxylin-cosin (HE) staining was used to observe the
aortic endothelial injury; Terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) staining was used to
observe the apoptosis of vascular endothelial cells; Western blotting was used to detect the expression of PPARy/LXRa/ABCA1 and
apoptotic proteins in the aortic tissue. Results For the control group, the AS group had severe pathological damage to the aorta, with
a large number of plaques formed. The plaque damage area, endothelial cell apoptosis rate, serum triglycerides (TG), total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-C), tumor necrosis factor-o (TNF-o), matrix metalloproteinase-9 (MMP-9),
interleukin-6 (IL-6), intercellular adhesion molecule-1 (ICAM-1), endothelin-1 (ET-1), and the Bcl associated protein X (Bax) protein
were prominently increased (P < 0.05), while the serum high-density lipoprotein cholesterol (HDL-C), endothelial nitric oxide synthase
(eNOS), nitric oxide (NO) levels, and the PPARy, LXRa, ABCAL1, and B-cell lymphoma/leukemia 2 (Bcl-2) proteins were clearly
reduced (P < 0.05). For the AS group, the Sim group and GQD 4.1, 8.2 g'kg™! group showed reduced pathological damage to the aorta,
decreased plaque formation. The plaque damage area, endothelial cell apoptosis rate, serum TG, TC, LDL-C, TNF-a, MMP-9, IL-6,
ICAM-1, ET-1, and the Bax protein were clearly reduced (P < 0.05), while the serum HDL-C, eNOS, NO levels, and the PPARY,
LXRa, ABCALI, Bcl-2 proteins were prominently increased (P < 0.05). For the GQD 8.2 g'kg™! group, the GQD+BADGE group
showed severe pathological damage to the aorta, with a large number of plaques formed. The plaque damage area, endothelial cell
apoptosis rate, serum TG, TC, LDL-C, TNF-a, MMP-9, IL-6, ICAM-1, ET-1, and the Bax protein were prominently increased (P <
0.05), while the serum HDL-C, eNOS, NO levels, and the PPARy, LXRa, ABCA1, Bcl-2 proteins were prominently decreased (P <
0.05). Conclusion GQD may alleviate endothelial cell injury in AS rats by modulation PPARY/LXRo/ABCA1 signaling pathway.
Key words: Gegen Qinlian Decoction; atherosclerosis; peroxisome proliferator-activated receptor gamma/liver X receptor o/adenosine

triphosphate-binding cassette transporter A1 pathway; vascular endothelial cell injury; apoptosis
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1.3 FEAFIRNEE
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1) (75 CB10640-Ra). i [a] %k 4> T-1 (ICAM-
1) (%5 CB10844-Ra). —% L& (NO) (&5
CB10963-Ra) FI4Hffi/r 2&-6(IL-6) (175 CB10218-
Ra). 3fi 48 -9 (MMP-9) (55 CB10472-
Ra). RIABE A T-0( TNF-a) ($¢'5 CB11057-Ra)
WAEEE RSB ARAR AR Alexa
Fluor 647 % YeAric i) CD31 (ab305210). PPARy (1%
5 ab310323). LXRo ($5 ab176323). ABCA1 (1%
5 ab307534). B ik 29E -2 (Bel2, &5
ab194583).Bel-2 #1¢ X £ 1 (Bax, 1t*5 ab32503)
UG E Abcam A F]; FIARFEAFLL (HE) Zefaik
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FARAFA .

EnVision Nexus Bt [ I Fd AR (L
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MAZ, R mET NI N iR TS, CD31
Fric A AR IS P R 4t . Rk ) BEALIZEL 5
ANARESME, ) Image J AT ILER M. LA
DAPI Fric 4tz A S 4 B H BiHs , CD31 BH bR
O NI P R 40, TUNEL A AR 8 T 2,
1Xi+% CD31 5 TUNEL WUBH P40 /E AR T A
FEAmf, THREETE. Ira T 2 ARSI S
XE e, BMEIT SR

JAT-% =CD31. TUNEL X{fH %40 ie 20/CD31 FH M40 i
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2.7 Western blotting %54l PPARy. LXRa.
ABCALl, Bax. Bcl2 EAFKIA

B “2.47 DU ERAZ ) BB L, AU
PEVTIEEE (RIPA) ST R 205, B0 e B b

T, MEEATKRE, 10%0+ I aimin-8w
T Nt e PRk AT 0 B8, R B, 59t
PPARy. LXRa. ABCAIl. Bax. Bcl-2 T 4 ‘C R
B, FEHERNE 1h, Bt s R0
B, HiTEARE.
2.8 ZItFESW
K FH SPSS25 B{ GraphPad 9.0 #4748 it
ST, LB FFE RS A X s £oR, R
J7 24578 (ANOVA) HTZ A IA Lhie, A pm Lk
BCKH Tukey HSD £, A3 7KiE a=0.05,
3 #R
3.1 GQD %t AS KR MAS7K FAIE M
5B, #iAH TG. TC. LDL-C /KF
BETHE, HDL-C K FEFFK (P<0.05); S5
RIHALL, FARABIT4HA GQD k. &ifE4 TG.
TC. LDL-C /K¥- & #EPE(%, HDL-C /K-FEETm
(P<<0.05).5 GQD =7l &4 H L, GQD+BADGE
4 TG. TC. LDL-C 7KV &3 F+, HDL-C /K&
FRRAL (P<0.05), WFE 1.

F1 B4 AS KRMAEKFEER (X £s, n=12)

Table 1 Comparison of blood lipid levels of AS rats in each group ( X s, n=12)
2H 51 FE/(g-kg ™) TG/(mmol-L?) TC/(mmol-L™?) HDL-C/(mmol-L™")  LDL-C/(mmol-L?)

X i — 0.67£0.15 1.48+0.24 1.35+0.21 1.73+0.32
LAY — 2.31£0.25" 431+0.85" 0.714+0.08" 4.75+0.64"
FARABTT 0.005 0.85+0.12% 2.05+0.21% 1.12+0.13* 2.13+0.45"
GQD 4.1 1.42+0.18% 3.36+0.72% 0.95+0.10%2 3.36+0.39%

8.2 0.93+0.11% 2.13+0.32% 1.15+0.15" 2.07+0.32*
GQD+BADGE 8.2+0.02 1.64+0.232 2.7240.524 0.8440.082 3.1240.422

SXHEA R *P<0.05; SHMHE. *P<0.05; 5 GQD mFlEHLE: “P<0.05,
*P < 0.05 vs control group; #P < 0.05 vs model group; “P < 0.05 vs GQD high-dose group.

3.2 GQD 3t AS XRINLE 2 GE R F 7K F B S2 00
BRI 3% TNF-0. MMP-9., TL-6 /KRS0 HEZH
SETE (P<0.05). FE%AhIT4R GQD K. =il

=4 TNF-0. MMP-9. IL-6 7K A 4 5 2 PG
(P<<0.05). GQD+BADGE 4 TNF-a.. MMP-9. IL-
6 KT GQD Eil R4 EE T e (P<<0.05) (£ 2).

%<2 %0 AS KR TNF-a. MMP-9, IL-6 /KELLE (X +s5, n=12)
Table 2 Comparison of TNF-0, MMP-9, and IL-6 levels in AS rats among groups ( X £s, n=12)

2H ) FE/(g-kg™) TNF-o/(pg-mL™) MMP-9/(ug-L 1) IL-6/(pg-mL™1)
X i — 45.38+4.76 61.75+6.56 8.76+1.12
R — 269.38+15.33" 158.334+10.42" 47314534
FEARABTT 0.005 90.35+9.28" 78.62+7.84" 17.45+2.23"
GQD 4.1 153.48 +10.34% 106.24+9.14% 30.15+£3.74%
8.2 86.75+9.36" 76.35+7.41% 18.56+2.32*
GQD+BADGE 8.2+0.02 138.72+12.354 109.64 +6.874 27.65+1.874

xR "P<0.05; SEEMALLE: “P<0.05; 5 GQD EFIEALLLE: “P<0.05.
*P<0.05 vs control group; *P < 0.05 vs model group; “P < 0.05 vs GQD high-dose group.
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3.3  GQD X} AS KR IMEME AR EFKFERIFNM
L xR L, AL ZH 3 eNOS. NO /KT &

FFHIK, ICAM-1. ET-1 K FEZEF & (P<0.05),

SRR AL, EfRfyT4R GQD K. EilEA

i eNOS. NO /KFE&#EF 5, ICAM-1. ET-1 K
TFRERK (P<0.05). 5 GQD miEAMLL,
GQD+BADGE #11fil{f eNOS. NO /K& 1K,
ICAM-1. ET-1 K FEEAS (P<0.05) (£ 3),

3 &H AS KRME eNOS, ICAM-1. ET-1. NO KEELE (X £5, n=12)
Table 3 Comparison of serum eNOS, ICAM-1, ET-1, and NO levels in AS rats among groups ( X £s, n=12)

2H 5] FE/(g'kg™)  eNOS/(umol-L™Y)  ICAM-1/(pg'mL™Y)  ET-1/(pg-mL™) NO/(umol-L ™)
xif — 6.78+0.95 12.34+1.46 83.42+8.41 36.45+3.12
it — 2.05+0.32° 62.38+5.64" 175.34+15.22" 12.41+1.55
FERABTT 0.005 5.81+0.55% 24.56+2.32" 96.42+9.65" 27.36+2.25"
GQD 4.1 4.25+0.55% 4521 +4.61% 134.75+11.43%2  18.42+1.47%
8.2 5.92+0.57* 23.42+2.37* 98.61 +8.54" 28.13+2.64*
GQD-+BADGE 8.240.02 3.54+0.364 37.85+3.634 127.81+9.564 20.31+2.134

Sx AL TP<0.05; SEEALE: *P<0.05; 5 GQD mEilEAE: “P<0.05.
*P < 0.05 vs control group; *P < 0.05 vs model group; “P < 0.05 vs GQD high-dose group.

3.4 GQD 3t AS KR EFPKHFIEF T AN

X HREH = Bh Ik s S5 A IE T, AHRHEE S, A
JEETERE, MR FANIK A KA, NS SRR,
¢ﬁ¥ﬁ%%@ﬁﬂ$ﬂm,&ﬁgﬁﬁiﬁﬁﬁ,

28

F AT

Xof

& 1
Fig. 1 HE staining for aortic endothelial injury in each group (x200)

3.5 GQD xt AS KR EBNBKBERAIFZ N

YR TC E Bk O i, AL K E 23
KBEHUE R, B Aafa i, BRSO 20
BRI (P<<0.05); “EARAhITZHA GQD %+ =il
B4 KPR AR B B (P<0.05), H
FRABTTHYE GQD == 44 Y ; GQD+BADGE
HEBBKBEHIE SIG I, PSS AR GQD &
FIEAPEML (P<0.05) (EF2. £4).

AT ULV R A P HE AN 5 S REAR IR SR ARAR YT 4LA
GQD {i& il sk B e, E Bl kERE
T AN A SR IR B 98> GQD+BADGE 43
SRR GQD sl EAINE (B 1.

)

s

GQD 4.1 gkg™!

< Soum

GQD 8.2 g'kg™!

S

GQD+BADGE

HE &Y RZEKXRENBKARIRFERL (X200)

3.6 GQD % AS KR INE A R 40 AT #I 52D
WK 3 ff, TUNEL SoRET-40 A4,

CD31 NI N A fabr &8, BoRmat, 41
WO WE SRS 2R I P B 4 P T 3R A0) 2 B
BIE (P<0.05); SHIAALE, AT A
GQD A%« a3 771 B 2L 4 Jf ) T2 6 0 25 PRI (P<<0.05);
GQD+BADGE 414 GQD il S A0 i 1 &
ZTHE (P<0.05) (£ 5),

GQD 4.1 g'kg™!

& 2
Fig. 2

GQD 8.2 g'kg™!

LT O REY R ZEAARRERNBKFERZ K

Oil red O staining for aortic plaque formation in each group
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x4 £ AS KREZNBKBHRERELE (X £5, n=6)
Table 4 Comparison of aortic plaque area in AS rats

among groups ( X s, n=6)

51 FE/(9-kg™) BEYLIAY Y%
puiE] — 0.00+0.00
R — 31.25+3.65"
FEARARTT 0.005 13.42+2.41%
GQD 4.1 20.36+2.13%

8.2 12.45+1.54"
GQD+BADGE 8.240.02 18.63+1.912

XA "P<0.05;
FIRALLE: “P<0.05.
P < 0.05 vs control groups
GQD high-dose group.

SRR *P<0.05: 5 GQD =
#P < 0.05 vs model group; “P < 0.05 vs

TUNEL-FITC CD31-594

3.7 GQD Xt AS KR EAFRIEEHF M

L xR AR L, #5720 PPARY.LXRo. ABCAL .
Bel-2 RARIEREMML, Bax EAREEET =
(P<<0.05). SR AH L, 2 A%Ah 7T 4181 GQD fi
A4 PPARy. LXRa. ABCAL. Bel-2 & A £k
BEFE, Bax EARBEERMK (P<0.05). 5
GQD il E4IM, GQD+BADGE 41 PPARYy.
LXRa. ABCAIl. Bel-2 HHARIA R ER(L, Bax &
HRIERETE (P<0.05) (K4, £6).
4 Tig

HHEESrR AS N “RE. KB, BER” SRR
W, FALE BRI IR CHRET K, Bl

DAPI

Merge

i)

GQD 4.1 mgkg™

GQD 8.2 mg kg™

GQD+BADGE

50 pm

3 TUNEL N8R LEMERKMBHET (X200)
Fig.3 TUNEL staining for vascular endothelial cell apoptosis in each group (x200)
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x5 BEASARMEAREMBATREER (X+
ss n=26)
Table S Comparison of vascular endothelial cell apoptosis

in AS rats among groups ( X £s, n=6)

2H 5] FE/(9-kg™) THT2/%
of R — 2.56+0.32
TR — 28.34+1.75"
FEARARTT 0.005 11.25+1.12*
GQD 4.1 22.36+2.32#
8.2 11.31+1.24%
GQD+BADGE 8.240.02 19.5441.76"

XA "P<0.05; SEAANK: *P<0.05; 5 GQD &
FIEALEE: “P<0.05.

*P < 0.05 vs control group; #P < 0.05 vs model group; “P < 0.05 vs
GQD high-dose group.

prARy WD " S s SIS s— 54X 10°
LXRo WD S summs ssee SIS s 43 10°
Apcal WD Sw- Ga S S s 250X 107
pax e D s G s - 2.1 10°
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Fig. 4 Western blotting analysis of protein expression

Fo6 FHEFAFTIEEHE (X s, n=6)

Table 6 Comparison of protein expression levels among groups ( X *s, n=6)

2H ) i/ (gkg ™) PPARy/B-actin ~ LXRo/B-actin ~ ABCAI1/B-actin Bax/B-actin Bcl-2/B-actin
Xif — 1.12+0.12 0.85+0.05 1.25+0.13 0.38+0.04 0.95+0.09
iRt — 0.37+0.04" 0.23+0.03" 0.53+0.04" 1.21£0.14" 0.25+0.03
FARARTT 0.005 0.95+0.09% 0.73+0.07* 1.05+0.11* 0.5540.05% 0.83+0.08*
GQD 4.1 0.61+0.05% 0.424+0.04%2  0.7440.07%2 0.96+0.09%2  0.5240.05%2
8.2 0.934+0.08% 0.7240.08% 1.01+0.12% 0.5340.06* 0.85+0.07*
GQD+BADGE 8.240.02 0.63+0.072 0.54+0.052  0.71%0.082 0.74+0.072  0.47+0.044

XA TP<0.05; SHBALE: "P<0.05; 5 GQD miflEAE: “P<0.05,
*P < 0.05 vs control group; P <0.05 vs model group; “P < 0.05 vs GQD high-dose group.
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