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Effect of GATA1/B2AR signaling in geniposide improving myocardial injury in
rats with coronary heart disease by regulating macrophage polarization

TAN Xu', ZHANG Yongjing?, YANG Ning?

1. College of Traditional Chinese Medicine, Henan Puyang Medical College, Puyang 457000, China
2. College of Rehabilitation, Puyang Medical College, Puyang 457000, China

3. Department of Cardiology, Puyang Oilfield General Hospital, Puyang 457000, China

Abstract: Objective The effects of geniposide on macrophage polarization and the GATA binding protein 1 (GATA1)/B2 adrenergic
receptor (B2AR) signaling pathway in a rat model of coronary heart disease were investigated. Methods A rat model of coronary
heart disease was established by ligating the end of the left circumflex branch of the left ventricle. The successfully modeled rats were

divided into the model group, low-dose (25 mg-kg™!) and high-dose (100 mg-kg™") geniposide groups, and the high-dose geniposide
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(100 mg-kg™") + clenbuterol (B2AR agonist, 0.5 mg-kg™!) group. A sham operation group was also set up, with the same operation but
without ligation. Drug administration began one week after successful modeling, once a day. Geniposide was ig administered, and
clenbuterol was ip administered. The sham operation group and the model group were ig given the same volume of 0.9% sodium
chloride solution. The treatment lasted for three weeks. Echocardiography was used to detect cardiac function in rats; ELISA was used
to detect the levels of N-terminal pro-B-type natriuretic peptide (NT-proBNP), interleukin (IL)-6, tumor necrosis factor (TNF)-a, IL-
10, and arginase-1 (Arg-1) in serum; flow cytometry was used to detect the relative content of cardiac macrophages and M1/M2
polarization status; immunohistochemistry was used to detect the expression levels of endothelial nitric oxide synthase (eNOS) and
endothelin-1 (ET-1) in myocardial tissue; Masson and TTC staining were used to evaluate the pathological morphology of myocardial
tissue and myocardial infarction in rats; TUNEL staining was used to detect myocardial cell apoptosis; Western blotting was used to
detect the expression levels of Bcl-2 associated X protein (Bax), B-cell lymphoma-2 protein (Bcl-2), cleaved caspase-3, GATA1, and
B2AR in myocardial tissue. Results Compared with the sham operation group, the myocardial tissue of the model group showed a
large amount of blue collagen fiber deposition. The left ventricular end-diastolic volume (LVEDV), left ventricular end-systolic volume
(LVESV), serum NT-proBNP, TNF-q, IL-6 content, the number of macrophages in cardiac tissue, M1-F4/80*CD86" value (proportion
of M1-type macrophages), ET-1, myocardial infarction rate, apoptosis rate, Bax, cleaved Caspase-3, and B2AR expression levels were
significantly increased (P < 0.05, 0.01, 0.001), while the left ventricular ejection fraction (LVEF), left ventricular fractional shortening
(LVFS), M2-F4/80°CD163* value (proportion of M2-type macrophages), eNOS, GATA1, and Bcl-2 expression levels were
significantly decreased (P < 0.01). Low-dose and high-dose geniposide administration could significantly reverse the changes in the
above indicators in the model group (P < 0.05, 0.01), and significantly increase the levels of IL-10 and Arg-1 (P < 0.05, 0.01).
Administration of clenbuterol significantly canceled the improvement effect of high-dose geniposide on the above indicators in the
model group (P < 0.05). Conclusion In the rat model of coronary heart disease, there is polarization imbalance of M1/M2 type
macrophages, with M1 type macrophages being dominant. Gardenia glycoside can promote the polarization of macrophages towards
M2 and inhibit the activation of M1-type macrophages by regulating the GATA1/B2AR signaling axis, thereby improving myocardial
injury in rats with coronary heart disease.

Key words: coronary heart disease; geniposide; GATA-binding protein 1 (GATA1)/p2-adrenergic receptor (B2AR) signaling pathway;

macrophage polarization; inflammation; myocardial injury
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Fig.1 Echocardiographic images of rats in each group
#z1 wFEHEOHFEERBR OGNS (X £5, n=6)
Table 1 Effect of geniposide on cardiac function in coronary heart disease rats ( X s, n=6)
2H ) | &E/(mgkg™") LVEF/% LVFS/% LVEDV/mL LVESV/mL
BFER — 85.08+7.74 53.62+9.96 4.661+0.32 0.624+0.15
it — 58.68+10.65* 37.15+7.76* 8.00+1.99* 1.4440.30"
Mo ¥ 25 73.45+12.39% 44,68 +6.05% 5.86+1.01% 1.02+0.27%
100 81.5419.38% 50.28+4.12% 5.25+0.33% 0.77£0.25%
MTH+ ey 100+0.5 65.57+10.49° 40.03+8.54° 7.22+1.86" 1.32+0.26"

S5EFARMALE: "P<0.01; SHMALLE: *P<0.05 #P<0.01; SETHF&EMNEHALE: “P<0.05.
**P <0.01 vs sham-operated group; *P < 0.05 #P<0.01 vs model group; “P < 0.05 vs high-dose group of geniposide.

32 HEFENEOHRIERKRIE NT-proBNP.
IL-6 TNF-a. IL-10. Arg-1 7KFHIENE
H5EFRALK, BEHEMHAKXRME NT-
proBNP. IL-6. TNF-oa /KPS Fif (P<<0.05.
0.01), IL-10. Arg-1 /KPR BARL; SHEAA

Fes, M HAK. A ES S RERIK NT-
proBNP. IL-6. TNF-o 7KV, #&#& IL-10. Arg-1
KF (P<<0.05. 0.01); SeAtde 2 N A f5 B S ARH
B 74 b0 K R R AR BCE R (P<
0.05). ZEFWF*K 2.
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95208 (X +s, n=6)

Table 2 Effect of geniposide on serum levels of NT-proBNP, IL-6, TNF-0, IL-10, and Arg-1 in coronary heart disease rats

(X £s, n=6)
i 7l &/ NT-proBNP/ IL-6/ TNF-o/ IL-10/ Arg-1/
(mgkg™) (pgmL™) (pgmL™) (pgmL™) (pgmL™) (pgmL™)
BFER — 544.55+42.96 60.16+8.92 271.57+28.50  184.38+21.83  22.96+3.10
e — 756.31£7027"  9527+1472°  420.43+91.58" 181.48+29.04  22.59+1.84
Ma 71 25 656.69+78.91* 75.02+16.99%  33427+75.60 247.50+49.97%  36.81%11.35"
100 568.58 £47.57%  64.41+5.26" 300.54+24.83"  299.06+4520% 453748724
W H+meH® 100405  672.40+100.67°  84.82+19.75°  377.75+£83.90° 219.49+64.85° 30.95+6.11°

S5\RFAR4LLE: "P<0.05

“P<0.01; SHEBAIE: *P<0.05 *#P<0.01; SHETH&EEHLK:

“P<0.05.

*P<0.05 **P<0.01 vs sham-operated group; *P < 0.05 #P <0.01 vs model group; “P < 0.05 vs high-dose group of geniposide.
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2 FAAREMELME M1. M2 REEER N AAEE

Fig.2 Flow cytometry of macrophages M1 and M2 phenotype cells in each group of rats

*3 RFEMNEOCHRE KRR CHERENR M1/M2 RERES FRIK

9808 (X x5, n=6)

Table 3 Effect of geniposide on expression of M1/M2 phenotype markers in myocardial macrophages of coronary heart

disease model rats ( X £s, n=6)

2H ) il &/(mgkg™") F4/80*CD11b"/% F4/80*CD86"/% F4/80*CD1634/%
BFEAR — 12.80+2.15 50.09+3.38 27.77+1.81
it — 25.99+6.10" 69.65+10.45™ 18.00+3.38"
MaFH 25 19.03+3.10* 60.24+5.63" 22.44+1.64*
100 16.53+2.43% 50.85+2.26 24.49+3.15%
We FH + T AehE® 100+0.5 21.79+4.94° 64.61+11.45" 18.01 +2.65"

H5EFRMALE: "P<0.01; SHMALLE: *P<0.05 #P<0.01; SHETHF&EMEHALE: “P<0.05.
**P <0.01 vs sham-operated group; *P < 0.05 #P < 0.01 vs model group; “P < 0.05 vs high-dose group of geniposide.
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34 HREFEXNEORARKE IR
HEFARLALE:, A4 eNOS /KT 2% N

(P<<0.01), ET-1 K FEZFETE (P<0.01); S5HEA

AL, HEFHIG. SfE eNOS AKCFRE A 5

(P<<0.05. 0.01), ET-1 /KF&EZ FE (P<0.05.
0.01); swASHE P N J5 BH 2 3K I8 HE 45 X6 e O
KRN R SEET (P<0.05). 4558 1K
3. £ 4.

H6 71 25 mg kgt

3 REANEMEXR O eNOS. ET-1 RiE& (X200)

Fig.3 Immunohistochemical staining of eNOS and ET-1 expression in rat cardiomyocytes (x 200)

F4 RFEMNEORARAKINERIFNE (X s, n=6)
Table 4 Effect of geniposide on endothelial function in

coronary heart disease rats ( X s, n=6)

—
13 Viil=v4 AfE
(mg-kg™) eNOS ET-1
BFER — 0.80+0.06 0.2840.03
it — 0.51£0.11"  0.45+0.09"
25 0.6510.09% 0.3610.08%
W ¥ " "
100 0.7940.09 0.2840.06
Mo TH -+ 100+0.5  0.60+0.19" 0.43+0.07°
WSS

SEFARLE: "P<0.01; SEALIE: P<0.05 P<0.01;
S FH AR “P<0.05.

*P < 0.01 vs sham-operated group; *P < 0.05 P < 0.01 vs model
group; “P < 0.0 vs 5 high-dose group of geniposide.

-
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ﬁﬁ?ﬁ 25 mg kg!

3.5 HEFEXNELRARCALELERIF N
TRFARH NG JE R W R A4 T
BR[O L, AR IR A 4E A BB & AE
TR m RO UL S RS R AT 4 (AT AR
7 PR RGN T I 8D s B 1 -+ AR R 2 O UL
HAVSHE T T AL O R AT e 2 S5 R 0
4,
3.6 tHEFEXELRARCHIERIF N
TR 20 K B0 JULBE BE 2 01 T AR 4 5 38 1
(P<0.001); HaFHAK. miifla O U St 2 A
RIZH B 2 FRA% (P<<0.05. 0.01); 25F saASk: %
ST HE T T O 95 KRR O JLRE B 26 11 508 A
H (P<0.05). SR WKE 5. &5,

HETH 100 mg kg

BE T8 + s 45 %

4 Masson FEMEZLEKXFROAFIERR (X200)

Fig. 4 Masson staining showing myocardial histopathological changes in each group of rats (x 200)

3.7 HEFENEORAROCHAETHSMm
LR AH O LAl L T2 F A1 Bax. cleaved
Caspase-3 H HRIAKTFEBFARLRET =, 1M

Bel-2 # FRIA KT &2 K (P<0.01. 0.001); 5
R LR, MK S EA O T
F1 Bax. cleaved Caspase-3 £ [k /K& 3 FFIK



* 1794 - FA8EFTH 2025578

¥4k £ Drug Evaluation Research

Vol. 48 No. 7 July 2025

BFEAR

W7 25 mg kg

Ha 7 100 mg kgt W+ e

5 TTC REVNRZHEXFRCHETLIRR

Fig.5 TTC staining showing myocardial infarction in each group of rats

®5 MmRFENEOCHEAROCINERENFME (X s,
n=2~0)
Table 5 Effect of geniposide on myocardial infarction in

coronary heart disease rats ( X +s, n=6)

2H 55 FE/(mgkeg)  OUEIER/%
BFAR — 4.99+0.50
LAY — 24.95+4.38"
Ma++H 25 18.06+3.61*
100 12.624+4.92#
e FH 4+ e 100+0.5 20.82+4.78"
5EFARALE: *"P<0.001; SHAALLE: *P<0.05 *pP<

0.01; SHETHEMERLLE: “P<0.05.
**P<0.001 vs sham-operated group; *P<0.05 *P<0.01 vs model
group; “P<0.0 vs 5 high-dose group of geniposide.

(P<0.05. 0.01), Bcl-2 HARIEKTEZET =
(P<<0.05. 0.01); wARKEZ B B HCIHAE 1 X 7k
Oo9p3 K RO LA B T G E B (P<<0.05). &5
R 6. 7% 6.
3.8 HmEFEMEORAROIMAM GATAI/B2AR
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61k i F BRI, 117 P2AR A RILHE TR (P<
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FEAXRILEZET S, B2AR EAXRIKLBERIT (P<
0.05. 0.01); 25 7w e ® al B EHIHAE 1 1 X et
O K RO LA GATAL/P2AR 15 5 HhE A KT
RS EEVE ] (P<<0.05). 4RI 8. £ 7.
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Fig. 6 Apoptosis of myocardial cells of rats in each group (x40)
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Caspase-3 R FRIAKTE
Fig.7 Western blotting analysis of Bax, Bcl-2, and cleaved

Caspase-3 protein expression levels

*6 MFEMNDUHRARCNMEATREXESNEE (X £s, n=6)

Table 6 Effect of geniposide on myocardial cell apoptosis and related proteins in coronary heart disease rats ( X s, n=6)

2053 FE/(mgke") YT %/%  Bax/GAPDH  Bcl-2/GAPDH cleaved Caspase-3/GAPDH
BFA — 3.03+0.27 1.00£0.07 1.00£0.10 1.00+0.13
LAY — 37.68£6.73"* 1361021  0.61£0.15" 1.394£0.29%
Ma+H 25 29.28+4.01* 1.15+0.09* 0.75+0.14% 1.12£0.06*
100 24.14+4.90%  1.03+0.09%  0.8240.17%# 1.01+0.14%
W7+ et 1004+0.5 31.95+£7.29° 1294020  0.66+0.14" 1.33+0.32°

H5EFARALE: “P<0.01 *P<0.001; SHEALE: P<0.05 "P<0.01; SHEFHEMNEALE: “P<0.05.
*P<0.01 **P<0.001vs sham-operated group; "P<0.05 *P<0.01 vs model group: “P<0.05 vs high-dose group of geniposide.

GATA]| WS S S S S (5.0 10¢

BRAR| T W s e e (6.4 10¢

RFAR Y W T R SURRY
25mgkg?! 100 mg kg

B8 Western blotting %2/l GATA1. B2AR FHHFRIEKT
Fig. 8 Western blotting analysis of GATA1 and f2AR

protein expression levels
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Table 7 Effect of geniposide on GATA1 and f2AR protein
expression in myocardial cells of coronary heart disease

rats (X s, n=6)

7l &/

45 GATA1/GAPDH B2AR/GAPDH
(mgkg™)
TR — 1.00+0.09 1.00+0.13
itit) — 0.59+0.13" 1.54+0.32""
o1 25 0.80+0.26* 1.194+0.18*
100 0.97+0.27% 1.0540.12%

WFH  100+0.5 0.73+0.12° 1.24+0.14"
+ it
Y

SEFARALLE: "P<0.01; SHMALLE: *P<0.05 #P<0.01;
Sig TR R4 ©P<0.05,

*"P < 0.01 vs sham-operated group; *P<0.05 *P < 0.01 vs model
group; “P<0.05 vs high-dose group of geniposide.
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