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Abstract: Objective: To observe the effects of Icariin (ICA) on ventricular remodeling in rats with heart
failure with preserved ejection fraction (HFPEF) through nitric oxide (NO) — cyclic guanosine monophosphate
(cGMP) — protein kinase G (PKG) pathway. Methods:
HFPEF rat models of were established, and were randomly divided into the model group, the low-dose,

Deoxycorticosterone acetate (DOCA)- sensitive

medium-dose and high—dose of ICA groups, and the inhibitor group; a total of 12 rats were randomly
selected as the control group. Each group was given the gastric irrigation with corresponding medicines
once a day for 6 weeks. The heart function of rats was detected by echocardiography; hemodynamic
parameters were measured by cardiac catheterization procedure; the pathological injury of myocardium
was observed by HE staining; the levels of NO, cGMP, reactive oxygen species (ROS), interleukin (IL)-
6, IL-18, and tumor necrosis factor (TNF)-a were detected by reagent kit; the expressions of platelet—
endothelial cell adhesion molecule— 1 (CD31) were observed by immunofluorescence staining; the
expressions of PKG, endothelial nitric oxide synthase (eNOS), inducable nitric oxide synthase (iNOS), and
soluble guanylate cyclase a (sGCa) were detected by Western blot. Results: VWhen compared with those in
the control group, the levels of LVEF, LVFS, E/A, LVSP, +dp/dt max, —dp/dt max, NO, and cGMP,
CD31, and the protein expression levels of PKG, eNOS and sGCa in the model group were decreased (P <
0.05); the levels of LVAM, LVPW, LVEDD, LVESD, LVEDP, ROS, IL-6, IL-1B8, and TNF-a, and
iINOS protein expression levels in the model group were increased (P < 0.05). WWhen compared with those in
the model group, the levels of LVEF, LVFS, E/A, LVSP, +dp/dt max, —dp/dt max, NO, and cGMP,
CD31, and the protein expression levels of PKG, eNOS and sGCa in the low—-dose, medium-dose and
high— dose of ICA groups were increased (P <0.05); the levels of LVAM, LVPW, LVEDD, LVESD,
LVEDP, ROS, IL-6, IL-1B, and TNF-a, and iNOS protein expression level in the low-dose, medium—
dose and high—dose of ICA groups were decreased (P <0.05); the changes were more significant in the
high—dose of ICA group (P <0.05). When compared with those in the high—dose of ICA group, the levels of
LVEF, LVFS, E/A, LVSP, + dp/dt max, - dp/dt max, NO, and cGMP, CD31, and the protein
expression levels of PKG, eNOS and sGCa in the inhibitor group were decreased (P <0.05); the expression
level levels of LVAM, LVPW, LVEDD, LVESD, LVEDP, ROS, IL-6, IL-1B8, and TNF-«a, and iNOS
protein in the inhibitor group were increased (P <0.05). Conclusion: ICA can reduce inflammation and
improve ventricular remodeling by activating NO-cGMP-PKG pathway.

Keywords: Heart failure with preserved ejection fraction; Rats; lIcariin; NO-cGMP-PKG; Inflamma-
tion; Ventricular remodeling
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HCRETEI . AEEKE, RIFREH I T R4t
E(PZSHTCM210618001) .

1.2 FERFIESME EFEAETU36861), L4
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5 30856), i UUTEAEYIRHE A IRAE] A
7o ek &R H G (L-NAME, %5 . BLL-Bytd0133),
AR AERHE A RA R HE e @l & (17
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g, ROV SEEREE YR A A FRA R ; NO T
R & (A013-2-1), Fg At #E AL ; R — 4T
PKG (ah90502) . eNOS (ab300071) .iNOS (ab178945) |
sGCa(ab154841) . GAPDH (ab9485) 40 1A LA Kz bl it
FALYIEEFRIC B0 30 (ab6721) , £ Abcam
oNEl; Z2YI6e4 A SR (HBS-ScanX), R 5 {4k
SR A RAF; BB (CX31), HAKEAM
ELTA s ANShPE 5 R 58 (Vevo 3100LT), JITEEK
FUJIFILM A #]
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B, 25 19K . [RIRT R RS DOCA(25 mg/ke,
4dR), HEKE. 4 JBERINKEOYIEE, Sy
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fik, MR HFPEF K FUBIAUAL 2 D™, B 2 A5E
Iy K BBENLS> N Model 2H . ICA . . B
M. AHIFIL, BEFLIER 12 RARFT PRI K EAMEN
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ICA F1 0.5g/kg 1) — 2 AL A G (NOS ) 1 i 551 I A 22
Jeheks & R S (L-NAME)"™, control ZH 1 Model ZH.
HEHSFENEIEIK, BR1IK, E56 .
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eNOS(1:2000) . iNOS(1:2000) . sGCa(1:1000) .
GAPDH(1 : 1000)—%i 4 CHFE %, A —Pr(1:

LVEDD. LVESD [&fi%, Hdr ICA &5 528 i i
F(P<0.05); 5ICA Flmal tbie, gl K R

2 000) 2 JEE 90 min, Image J A HTHHEHE A LVEF. LVFS. FE/A [% f£ , LVAM. LVPW,
AAXTFRIR K S LVEDD. LVESD J}& (P <0.05).
1.4 FitFERZE LREIH Graphpad Prism 9.0 8 2.2 HFAKXBRMAEI NWFEREE WE2. 5

TEATT 0T, THRGORLL (v 25) R . AR IR
FHPRAPR Ty 224381, SNK-q K6 56 1 41 1) /) L 4
N BRI EEA ¢ K280 . P<0.05 R EmA

control ZH FL#%, Model 2H K il LVSP . +dp/dt max,
—dp/dt max F#{%, LVEDP 1 (P<0.05); 5 Model
HIbH, ICAMR. . mflEA KR LVSP, +dp/dt

gt . max, —dp/dt max 175, LVEDP R#{IR, Hr ICA &
2 HBER AT B E (P<0.05); 5 ICA @Rl EALE,

21 HBAKROINEELEE WHE 1. £ 1, 5 control
H B, Model 41 KBl LVEF, LVFS, E/A F&AIK,
LVAM, LVPW. LVEDD, LVESD 7} & (P<0.05) ;
5 Model 4 L%, ICAMK. F . ®mifl &4 KK
LVPW .

LVEF. LVFS. E/A J} & , LVAM.

i H K B LVSP, +dp/dt max, —dp/dt max [,
LVEDP J}5 (P <0.05)

23 HAHKBRONMALHE £EE LK 2. control
HRBONHA GRS, AR R %Ay . A
A IE M s Model 21K FRO WAL Z5 2 B ™ B, 4

ICA &7 =28 ICA ¥/l &4 ICA & &4

Model £

control 28
1 FAEKRBREBHEOBELER

K1 FBERBOEELLE (v+s)
I Rl B LVEF(%) LVFS(%) LVAM(mm) LVPW(mm) LVEDD(mm) LVESD(mm) E/A
control £ 6 80.34%5.17 36.84 £2.87 3.05+0.13 3.12+0.21 5.08+0.65 3.12+0.21 1.68+0.12
Model £ 6 54.68+321"  17.14x1.05"  3.94x0.16° 4.17+0.23” 8.89x0.73" 7.83x0.56"  1.03+0.09"
ICAMEHIEY4] 6 6024+4.13%  21.13x137%  3.65+0.147 3.85+0.197 7.82+0.64° 6.54+0.43% 1.26+0.11°
ICA 54 6  67.89£4.62%° 26.87+1.25%° 334+0.13%% 3.74x0.20%° 6.74+0.57*% 5.32+0.37%° 1.54+0.13*%
ICA BSR4 6 74.38+4.87%%% 33.48+1.57%°Y 3.10+0.11%%% 3.21£0.18%°Y 5.62+0.41%%" 4.10+£0.28%°" 1.67+0.10**"
EBalEd: 6 59.25%3.53%  20.14+1.16° 3.82+0.15° 3.82+0.19° 7.73+0.65° 647+0.46°  1.14+0.09”

7Z: M5 control ZHFE, P<0.05; @ Model 205638, P<0.05; @ ICA KA T, P<0.05; @5 ICA +H TR,
P<0.05; ®5 ICA & &20k4, P<0.05

*®2 FHHARMTEHFIERRER (v +s)

4o S LVSP(mm Hg) LVEDP(mm Hg) +dp/dt max(mm Hg/s ) —dp/dt max(mm Hg/s )
control £ 6 133.89+10.74 6.73+1.08 4325.61+187.96 4251.27+196.38
Model £ 6 81.52+6.19" 19.24 +1.96" 2715.48 +154.62" 2541.39+175.42"
ICA K4 6 90.38 +7.42% 15.87 +1.437 3128.93+162.48” 2997.86+182.15%
ICA e 6 102.63 +7.85%° 11.49 +1.25%% 3652.17 +175.63% 3526.94 +186.73%"
ICA =il 4l 6 117.49 £8.92%°% 7.38 +1.04%°% 4219.87 +183.522° 4138.72 +194.29%%
ElpalEa: 6 93.68 £8.15° 16.28 +1.72° 3259.84 +170.32° 3107.58 +179.46°

E: D5 control ZAILE, P<0.05; @5 Model ZH3b45, P<0.05; @5 ICA KA F20L4, P<0.05; D5 ICA +HFmrbiz,

P<0.05; @5 ICA

= 7

lZakds, P<0.05

1 mm Hg=0.133 kPa
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WIH L 250 Z Wsids, AMMHESNV A . Feii fe %
PEAN R A, ICA B AR A RO NI SR B

ICA &7 & 48

control 28

SO ER I s GRS ICA MRl Al e, K
O WL S5 M 2 e . AL HESI AR XS FA T . 58
i e SRR N

it
A,
F 4] ) 48

ICA 74 ICA HA &4

2 FAKXBROIMALRHE FEE (x200)

24 FHAHKROAAEZLS NO, cGMP, ROS kI
LbEk W3 3. 5 control 43, Model ZH K FO L
HEH NO, cGMP ZKFRE{%, ROS /KFF & (P<
0.05); 5 Model ZH L%, ICAME. . EFlH4H K
FUC LZH 24 NO. ¢GMP /K FFF i, ROS /KR
fis, HicA mrlmd bR E (P<0.05); 5
ICA Rl gl g, Al 41k Lo L2l NO .
cGMP 7K F-[AK, ROS K- F-THE (P <0.05),

£R3 HBAKXBOINEALES NO, cGMP, ROS /KELEH (x+5)

45 AL NO(umol/mlL)  ¢cGMP(pmol/mL.) ROS(ng/ml)
control 4 6 39.68+2.05 45.68+3.27 45.13£2.57
Model £ 6 1237+1.13"  1946+148"  8745+539"
ICAMRAIE 6 17462124 257321.63%  76.614.65°
ICA FFlEA 6 2339+1.53%%  31.52+241°°  63.2743.79°
ICA SBFlEA 6 3251+1.85%%% 3829+3.16°7Y 49.8543.24°%7
A 6 1837+146°  27.15+174°  75.89+4.68°

E: DY control L%, P<0.05; @25 Model 2BILE, P<
0.05; @5 ICAI&FF4kis, P<0.05; @5 ICA + 724
iz, P<0.05; ®5 ICA FAs4kiz, P<0.05

25 FZAXBROIALF IL-6, IL-1p, TNF-o 7k
FEesg UL 4. 5 control ZHILES, Model ZH K Fty
WLZH 22 rh 1L-6. IL-1B. TNF-o /K F JF & (P<
0.05); 5 Model 41104, ICA K. . EFlE4K
LD LS IL-6, 1L-18. TNF-a K FR#E, HA
ICA AR 2 (P <0.05); 5 ICA &l
g, MR AR BUD LA 2 1-6., 1L-18.,
TNF-a /KT (P < 0.05)

26 H/HEKXR CD31 FiELLE WK 3, £5. 5

control ZH HLHE, Model 20K B0 LEHZ P CD31 Rk
IKFE AR (P<0.05) 5 5 Model 41 ML %8, ICA i .
o R R R BLO ML ZUh CD31 Rk KT,
Hp 1CA @l R4 LT 83 (P<0.05); 5 1CA &
R A, R AR B IZLZiT CD31 FikK
TR (P < 0.05).

27 BAKXROHAL S PKG, eNOS, iNOS,
sGCa EARIALLE WK 4. £ 6. 5 control 4t
B, Model A KELHIAHZIH PKG. eNOS, sGCa &
F 2k K P[5I, INOS Rk K FETHE (P<
0.05); 5 Model ZH [b4E, ICA K. . @A K
LD L LR PKG. eNOS. sGCa £ H ik KTt
i, INOS #E R AKCF-FEAK, Hirp ICA &Rl 4 42
fLE % (P<0.05); 5 ICA SlEd i, Wikl
HREOIHA T PKG. eNOS., sGCa 1K A K
F#A, iNOS B HF AR T (P <0.05),

®4 REXROIASRS IL-6, IL-1B,
TNF-o 7K FEE 3R (x £ 5)

4 A R4 1-6(pgmL)  IL-1B(pg/mL)  TNF-apg/mL)
control 41 6 7058841 101.52+12.14 51294638
Model 41 6 34892+17.86"  486.73£22.38"  292.82+16.21"
ICAMGHIEA 6 281.78:1539%  389.65+2146°  230.741348°
ICATHEA 6 21229+1376*7  30247+19.83*7  154.81+14.07%°
ICAEAEH 6 113.62£11.94*" 16049+17.98°°"  72.54£9.26*""
A 6 293.15£1624"  37548+2095°  21842+12.73°

E: DX control 2BIE, P<0.05; @ Model 2BIbE, P<
0.05; @5 ICAI&F T4 ki, P<0.05; @5 ICA FHS4
i, P<0.05; G5 ICA S5 4ks, P<0.05
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DAPI CD31 Merge

control 8

Model 48

ICA &5 &8

ICA ¥/ &2

ICA FH7&4

Fp k7 48

3 BAAXRBREILKN CD31 HIRIE

F5 HBHEKRCD31 RiEB (v+s) PKG R s S s

4 5 Ak CD31(CF¥ 5 esm B )

control £ 6 21.48+1.67 eNOS R v s— — T s—
Model 2 6 3.25+0.68" INOS  — D S S —
ICA 52 6 7.83+0.92%

ICA |2 6 12.96 +1.28> Gl D w——— Y w—
ICA #5752 6 19.21+1.57%%° GAPDH A s S S s S
B P 6 5.23+0.647 A B C D E v

72: (D% control L%, P<0.05; @25 Model B335, P< 7E: A.control Z1; B. Model 28; C.ICA f&5228; D.ICA ¥ #)
0.05; @5 ICA R FLLIE, P<0.05; @5 ICA PHE4 4 EICA S A Z4; F.aph Al

i, P<0.05; &5 ICA A &4kit, P<0.05 4 Westernblot #:1] PKG. eNOS. iNOS. sGCax EHFK %
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X6 HSAKRROALALAH PKG,. eNOS, iNOS.

sGCo EHRIALLB (v +5s)

il i Pk eNOS iNOS sGCa
control 41 6 1835019 149001  024£003  167£0.18
Model 41 6 035:004"  032£005"  1.78£0.14"  029£0.03"
ICAEAIEA 6 068£007°  0.67£0.08%  130£011°  0.60£0.07*
ICAHRIEN 6 121£0.03°%  108+0.10°°  0.84£009%°  0.94x0.08*
ICARAEA 6 1652015 13520.12%°% 035£0.04*" 142£0.13°*"
S 6 0724009°  070£008°  L16£0.10°  037£004°

E: D5 control 2BILE, P<0.05; @25 Model 2BILE, P<
0.05; @5 ICA I&H S ki, P<0.05; @5 ICA P A &4
iz, P<0.05; &5 ICA FAs4kiz, P<0.05

3 itit

HFPEF [ FRAF J2& ™ 5 1) 22 0 2 040 FN & 5k 4
i A EFRBEF . SR EREAL . 220 by
1R I R S I R I A T R R AR AR DY B R
iE |, ODEEWE HFPEF (9K JBE DI, [HIFENL
il AT 2

L3 L IE R0 HEPEF 8 2.0 IE S BER TR 1Y
B B A PR o ASBF SR B R 4 DOCA £
3. HFPEF K BB IEXT A 5E &30, Model 41K K
LVAM. LVPW. LVEDD. LVESD. LVEDP J} & ,
LVEF. LVFS, E/A. LVSP. +dp/dt max. —dp/dt max
FEAIL, Model IR BUAEOEILE | DESER L O
FEP IR N BERE AT, $ER, HFPEF K FUBE B4 2 K
Uio EAER, 2R I 25 B3 B Bk A AT
M, JEIRYT HFPEF —J5 . 1CA BAA R
ODBERVER o ICA TS sirtuin-1/FOXO01 {55
AR U WL D e 57 e iy /P 33 35 5 0 SRR T SR #
i, BT R, AL 1CA IR AR 775X
PO A A O NETE Y8, Song YH 2557 & B, ICA
I LI Bel-2/Bax il 1L i 42 & £ 1 g (MMP) -2,
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