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MEFE R GR :3H KM sh ik (mean pulmonary arterial pressure, mPAP) 225345 45124 L (F=101.797,P<0.001) ; 55
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The regulatory effect of sacubitril/valsartan on intestinal microbiota in rats
with right ventricular remodeling induced by hypoxic pulmonary hypertension:

a metagenomics analysis
Liu Hongjuan',Du Juan®,Lin Yue’,An Xiaojuan',Ren Ming’
(1. Graduate School of Qinghai University ;2. Department of Cardiology,
The Affiliated Hospital of Qinghai University )
[ Abstract ] Objective : To explore the effect of sacubitril/valsartan (LLCZ696) on intestinal microbiota and serological parameters associ-
ated with its derived metabolites in rats with right ventricular remodeling due to hypoxic pulmonary hypertension (HPH ). Methods : A
total of 24 male rats were randomly divided into Control group, Hypoxia group, and H-LCZ696 group. Since day 1, the rats in the H—
LCZ696 group were given LCZ696 by gavage, while those in the other two groups were given normal saline by gavage , both for 4 con-
secutive weeks. Related indicators were measured after experiment, including hemodynamics, color Doppler ultrasound of right heart,
and right ventricular remodeling. Histopathological staining and transmission electron microscopy were used to observe tissue struc-
tures; the metagenomics technique was used to analyze the characteristics and functional annotation of intestinal microbiota in the fe-
ces of the rats; ELISA was used to measure the serological parameters of the metabolites derived from intestinal microbiota. Results :
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mission electron microscopy showed that the Hypoxia group had disordered myocardial myofibrils of the right ventricle and mitochon-
drial swelling, while such ultrastructural damage was improved after LCZ696 intervention. The metagenomics analysis showed that the
Hypoxia group had a reduction in the diversity of intestinal microbiota, with increases in the abundance of pathogenic bacteria(such as
Proteobacteria, Prevotella, and Clostridium) and reductions in the abundance of probiotic bacteria(such as Lachnospiraceae and Lacto-
bacillus) , and such changes were partially reversed after LCZ696 intervention, with inhibition of the proliferation of pathogenic bacteria
such as Clostridiales, the failure to restore the diversity of intestinal microbiota , and a further reduction in the abundance of some probi-
otic bacteria (such as Lactobacillus). ELISA showed that compared with the Control group, the Hypoxia group had increases in the
serum levels of pro—inflammatory metabolites, and compared with the Hypoxia group, the H-LCZ696 group had reductions in the se-
rum levels of pro—inflammatory metabolites. Conclusion : LCZ696 can alleviate right ventricular remodeling in HPH and regulate
pathogenic bacteria and serum pro—inflammatory metabolites , with a main therapeutic effect on the cardiovascular system and a regula-
tory effect on intestinal microbiota.
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Jiiti & ik 55 & (pulmonary hypertension, PH) J&—
Aol L 1. A8 B S R A o 2 AR SR PR 1) I R
AT RAT DB T, PH AR R 5K, Hr,
PR S8 il 3 i @25 & (hypoxic pulmonary hypertension,
HPH) 2 ph T30 dke S5 | 0 i s JDk s - 2 T v
J& A5 3265, 1 URICHE PH R B L 5 3
2 PH B3 37/100 000, A VS (38 2od i
L sh D BIBET I E] Ry 4.2 455, HATIAH , PH B
O E A5 2 BB O3E B A O % I8 R A e HE 58
BES0U6e; Q&AL EY K OHEE T
Ko B 2T AEAR TR, e 6 R Je g A7 0™ . N i B 2
) 44 K BT 7 (N—terminal pro-B-type natriuretic pep-
tide, NT-proBNP) 7K *F- 5.0 Dy g &2 1EAH G, Al /E R
PH B2 Wik & KBS 845", 70580 PH 3%
FEPR A7 DI REREAR R 5 4R AR A7 R <30%", PRI,
HIRT T AL S RO HRTAFEE A

o T T R B AT A= AR A PH A S il 1l A8 e
IRANA O R A T R R E AR i E R
A5 TR AR A )RR A B 7 AR 410 1 s e A
NIRRT, BB & HOT /3 2 it
Yy, AL = W i N-48 1LY (trimethylamine N-
Oxide, TMAO) | fi§ Z §¥ (lipopolysaccharide , LPS) . 5-
4 1% (5-hydroxytryptamine , 5-HT) F1 %5 4% g 7 FiR
(short—chain fatty acid, SCFAs)Z"® Hrp | i 18 1 7
A R] RERE IR My 18 57 P I B , 15 10 98 E B 107 I i 3
BB [R] g T8 TR b AT A A A8 el (A
TMAO ., LPS . 5-HT Fl SCFAs %) i fig ik — it & ok
PR PH B i A8 E SR A O = AT TSR
W, JE DL v 30 AT B o 9 15 1 0 B A AL T G
HPH 9 Jili ifn A7 5 3800, 0 1 iih 450 10 38 (sacubitril/

valsartan , LCZ696 ) F ¥ A E i ( kg e JOR FE41 i 550 ) A
v 3H (i A5 5 7K 3R S2 MR BEL i ) ) AR, a1 5 A1)
# Bk 22 45 (natriuretic peptide system, NPS) Jf- 451 &
- L B 5K &K - [ [ &R 48 (renin—angiotensin—
aldosterone system , RAAS)™ | M 177 Y 54 000 JIE B R A1
O WUEF4EAL Nk R 155 1l 53 BB IR 1 .0 g s
L SR, LCZ696 A L &7 3k Al
HEJEAE T, BEAR O BUI sl kO Ay o = IE ™, B
B, ¢ LCZ696 7E B HPH 470 % 5 A 5 A2 v
Y T TR AR I MR T R DL R G AT S 41

e, ARSI TR HE D 1 2 BRI LCZ696
X AR5 1Y HPH 430 3 JE A R RGO 451 (T RE
B E R R ZREPE (A R R R ) hg S AR
38 B A 52 0 R, 1 — 20 0 BT B T R AT AR AR
PP IS TMAO (LPS F1 5-HT /K FA54k . BN
T AR R, IR I HPH 470 % JE A 1Y S A 4
BEPLSARE R RIETE AR L AL

| HRET®

1.1 ##

L1l S2szh¥) 24 2 SPF M, (&5 & (body weight,
BW) 2} (200 +20) g, BUIE K 6 ~ 8 1 SD K KL, W A e 74 57
TR A YR AT BRA W], BG4 B 45 SCXK (BR)
2023-002, fi F7 FRET IR 18~22 °C, {2 i 40%~60%, 1 JA.,
SRR, PRSI 0], PR AR ol S 06 & Tk S TR K,
Wkl ARHFIY O 3RS T I K2 s S e AR 25 51 2
B LB (45 P-SL-2024-165)

112 2 5RA LCze96 (b m i fe il 254 R A 7))
(100 mg LCZ696 7T 7 mL 0.9% EALANIE S )[60 mg/(kg-d)];
4% 2 W 3% 1% 8 | 95 AR F — £ (Hematoxylin and
Eosin, HE) Je 385 &5 . & # (Masson ) = £8, G2 21,1857 &5 (Al
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A BLUEYI B R A]) s KEUNT-proBNP . TMAO . LPS Al
5-HT 25 ELISA A5 M50 & (75 17 36 i /R AR ) RH A IR DT
YNCIDE

113 FEAUAS RS (GEHRE A RA R B
DYC-300) ; /N3h 48 75 A (h 52 K VisualSonics 23 &) , 15
Vevo 3100LT) ; {5 B8 7117 5 W gk S sk BRA 28 (it 22 B
BAFABRA T, 5 BL-420N) 5 ¥ 7R AL (78 & Eppendorf
AF] LBV 5810 R) 5 ST T WAMBE(H ACHL T JEOL, L5
JEM-1400FLASH) ; {3 2E ¥ 4% 7% 4 (1 [ Thermo Electron
LED /A #] , 5 Heratherm 1GS60) ; £ 3 fiE i #5 1% ( F& +
TECAN 2 1, 15 In—finite M200 Pro) .

1.2 Fik

12,1 ZhWor el ERL R 2 ROREACR SR 24 HUEYE SD K
SO MR SR S d, BEAL 23 3 41 % IR A (Control 41) IR 4AL4H
(Hypoxia 21) 7072 I 470 3 (H-1.CZ696 41) , 154 8 .
Control ZH7ETFIFRF 5 R E T 0 3 B (14K 2 260 m)
1A 3% , Hypoxia 2 l H-LCZ696 21 & F Ik H e (R $0L i 35
6 000 m, O, ¥ & 2k 10%) 1R 5%, A5 1 Rk, H-LCZ696 41K
B4 T LCZ696[60 mg/ (kg-d)IHEH , oAk 2 4143 T A5 dit A
HUKHEE HEfr4 . SEIREE R R REALI 6 AR BUR 4R
MR (1~2 /) ARG -80 “CIRAT , (I SE 4Ly
122 KREMFES 2= 4525 4 K, BA LA 6
FUR BRI K B BW I M T 25 20% 50K 1 o/kg IR, [ 52
R B PR Sk #8 , 5 F O BRCEEAR A 00 i Bk, il 485 L4 2. 21
A — > 8, 564 e A TRk . HEAITRR I
Bk T8 2 SHME IR E RIS K, 5 1 5 — i i
e 25 BALME 5 R & 5 A0 1R 4t LUic 5% 7 2 1 3 ik
(mean pressure of pulmonary artery, mPAP) . i Z2]ll i 6 />0
s R

123 REOHEZBI 4254 R, AL e H
R U/ NSl oy e R BRR T AL A T JRR T, JE 6 A 25 K UM 786
K AMBENE E TR b FRZE A RRZ , 2 5 03
Z 5 & A5 0 % i B BE JE B (right ventricular free wall
thickness, RVFW) . £7 .0y E 47 sk R N &2 (right ventricular
end—diastolic diameter, RVEDD) | = 43¢ ¥4 W 45 1 2 B8 (tri-
cuspid annulus planesystolic excursion, TAPSE) | 47 & i ) 14
W 1§(right ventricular outflow tract diameter, RVOT) Filfiiti h ik
i Bsf (8] /il 2 fik 53 1 B 18] (pulmonary acceleration time/pul-
monary ejection time, PAT/PET) 4§, R Vevo 2 B /4 (R A<
50 5.6.0) R Rl i 6 >0 Bl A T IME

124 FEAREAAOALEASCHEEONE KR 33k
SR, MR B R, DT B IR A3 g 2 40, (R = sl bk e 2
7, BT 2L B N . 4B I3 - 3 000 r/min #5.0 15 min,
I % 1.5 mL EP 45, SRAE-80 “CUKHI& Ao IS L.
JUE, 45 0> % (right ventricle, RV) (220 % (left ventricle, LV)
I % [6] B (interventricular septum, IVS) 7 B JF AR IC % A
A I JEE 45 £X (right ventricular hypertrophy index, RVHI) Fl £y
O i T8 A (right ventricular mass index, RVMI) [ 31 2 =

37 : RVHI=[RV/(LV+IVS) x100% , RVMI=(RV/BW )x100% .
1.2.5 HE F1 Masson 4% €0 00 2 i /)N 01 ik Al A5 U 28 2155 BRAR
1 BOR BRIl B FiAT O 2R, 22 4% 22 5 P [ 52 24 h
Ja Bk I P H, % HE Al Masson 42 8 7 FE XTI A 4L £4,
Yoty J 38 35 2 0 OB BRI A BT Il /N sl BRI A 0 2 2L
L S| S R

1.2.6 BEHHEBEIK RA LE OB KHkts
DEALBT L 1 mmx1T mmx1 mm /N, 57 RIA 3% 10—
i[5 B, 4 CEREEE E 24 h, 1 0.1 mol/mL PBS(pH {E 7.4)
B3, B 1% DAL SR E ARG IR TR (B3
W PR Y s , B TR AT O = O U RS
AR SR EUSFEATHT

12,7 Z 5L D2 25 R A B oK BRI T8 T A R AE R L T g
JH E.Z.N.A™ Mag-Bind Soil DNA Kit $& I Jc B3¢ f B A 34
DNA , &A% DNA K& Hieff NGS® MaxUp [T 077 £ %, 2
Covaris 220 T % 500 bp Bt , il @GR 24l1k R
BRI PCR Y DL AK SO, e 4 Qubit®4.0 T & 4%
J&i , 75 DNBSEQ-T7 Il AL L AL o F Fastp(V 0.36) i 3
JRURER , 25 bR sk P A RMIC I Bl E , 1EA 722 SE P 2 40
SrAE L, AT I O K AR U4 FE N E R L B
DIAMOND(V 0.8.20) L%t NR . KEGG 254548 2 , $R B L [ 1)
PR AT RE RS D o T R/ RE B M 25 R RRAE
S X6k 2 1) i A ) 2 REVE SR A (Kruskal. Wallis) 515 «
ZFEVE B T Bray—Curtis ] B 3 A8 45 7341 (PCoA ) 7 i, 31
BB L. MHRIES K vegan f1(V 2.5~6.0) #4171l #1
1k, {fi i Metastats 4347 3 20 2 [0] B A W 1 22 5 09 A sk
k.

1.2.8  ELISA # i1 7% NT-proBNP . TMAO . LPS.5-HT [ £
B R AE K BUNT-proBNP . TMAO . LPS . 5-HT %5 ELISA
TR GG A B 7E 450 nm P S5 A T T BEAR 2 B4 L
WEOGRE , LA U e o R W B A s il ith 2%, 10 4
PRI

13 %it¥5 %

K FH SPSS 20.0 #EAT 481124 43 17 , %647 IE A (Shapiro-
Wilk) 575 22 551 (Levene ) B 36 5 115V RE LA RL + drifE 22
(v £5)Fm , Z41HEBCR FI B 2R 07 20007, TR K i Jr
ZEFPEEPE LSD 1B Games—Howell 35 , #: 56: /K #E =0.05 .

2.1 LCZ696 3 HPH &< £ &M K K49 %h

211 HHKRBIEIKE A OB E-RER R 2580
7R, 340 K B mPAP(F=101.797, P<0.001) .RVHI( F=24.928,
P<0.001) FI RVMI(F=29.061, P<0.001) 2% 54 S8 2% 25 L.
5 Control 4141 Lt , Hypoxia 41 mPAP . RVHI,RVMI F+ & ; 5
Hypoxia 414 H. , H-LCZ696 41 mPAP . RVHI . RVMI F&AIE (£
D). $&7/8 HPH 47 0% F A R USSR EE 7 R, 45 LCZ696 1R
IT 5 mPAP FIAT 0 2 A FEAR A
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£1 BAARMIKE. HOEEWIBIRLE (x £5,n=8)
ZH 5 mPAP(mmHg)

RVHI(g/g,%) RVMI(mg/g,%)

Control 41 17.146 £ 1279 23.239+2.191  62.075 + 7.435
Hypoxia 21 31.686 +2.152"  33.251 +3.255" 117.614 = 19.799"
H-LCZ69641 22778 + 1.800° 29.545 + 1.7627  86.948 + 5.735"
F{H 101.797 24.928 29.061

P <0.001 <0.001 <0.001

¥E 1a, 5 Control 2 HL#Z , P<0.0015 b, 5 Control 4 HL#Z, P<0.015¢, 5
Hypoxia 20 iR, P<0.001;d, 5 Hypoxia 4 Fhis , P<0.05

2,12 FHREACIREIEF AL OIER B R ER,3
2H K B RVFW (F=30.498, P<0.001) \TAPSE (F=59.566, P<
0.001) . RVOT (F=14.050, P<0.001) F1 PAT/PET ( F=16.200,
P<0.001) 22 5345 481124 & L, RVEDD (F=3.092, P=0.077) 2
S G #E L. 5 Control 1A Lt , Hypoxia 41 TAPSE .

PAT/PET [F4% , RVFW .RVEDD 1 RVOT T} & ; 5 Hypoxia 41
A H , H-LCZ696 41 TAPSE .PAT/PET J} & , RVFW .RVOT [%
ik, RVEDD A G (H 22 R R Gt L (E 2, B 1), 3%
7~ Hypoxia 41 K R AT O DI REFEAIR , LCZ696 1777 5 i3 T K R
EERN]

213 HHRBM/NEIIKHE L2558 fili/Nahibk HE J4 4
25 R, 5 Control 440 Lt , Hypoxia ZH fiti /)N ol [k 45 B 38 J5E |
b LA IS A B RS s LCZ696 TS it/ N3 ik i
B JEL R RN I e AR R R (81 2) .

214 HHKRBAOLEHIESZILE 4AOEHLHE
F Masson J2 {8, g 7~ , 5 Control 44 Eb , Hypoxia ZH 0> LT 4
HEZN AN, [A) B AR T, 0o LA RIS K, 2 o B i 4 R TR
LCZ696 T , O WLEF 2[RI B gl /1N, HEF 4L 55, 20 JULAH L A
KN R A IRV A B, B RES e R, 5

®2 BEAROCEFBAEDINEEIEIRILE (x +5,n=8)

2H 5 RVFW (mm) RVEDD (mm) TAPSE(mm) RVOT(mm) PAT/PET (ms/ms )
Control 21 0.767 + 0.083 2296 +0.184 2214+ 0.063 2.621 £ 0.081 0.325 = 0.022
Hypoxia £ 1.267 + 0.141° 2.648 = 0.334" 1.540 = 0.048" 2.923 £0.131° 0.242 = 0.031°
H-LCZ696 21 1.006 + 0.078° 2.571 +£0.165 1.872 % 0.154° 2.752 £0.051° 0.273 = 0.017"
F{E 30.498 3.092 59.566 14.050 16.200

PE <0.001 0.077 <0.001 <0.001 <0.001

W ra, 5 Control 4 LA, P<0.001 ; b, 5 Control 2H L5, P<0.05;¢, 55 Hypoxia 4 L, P<0.01;d, 5 Hypoxia 4 42, P<0.05

ControlZH

TAPSE

RVOT

1 BHERROERE

HypoxiaZ

H-LCZ6964
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ControlZH

2 BHEKXRA

Control ZH#H Lt , Hypoxia 20 K FRILIF £F 4EHES 4 WL IC 78, 2 2
R AL, 2ok A i ik 52 B AR 5 L.CZ696 1151 JILIEL 2T 4k
HEFIRA, Z R R T B, 4853 X IR AR A AR K b (P 3) o

Control 2

,./‘/

HypoxiaZfl

H-LCZ696ZH
ol 0

HE(100x)

HE(400 x)

A AL EALURIIE SR (HEFIMassonje ()

Control £ HypoxiaZfl H-L.CZ6962H

B. A E 4 LUE SR
VE « SRS S BT R ORI 5 18 Sk TR DURET 4 5 2010, 7 R WU 2R
i OV ASS

3 BAKXRRALEALESEE

22 1CZ696 3 HPH A FEMX A MA R HELRASF
R

22,1 WHIEEBEZ R PT FH NR B0 R 1T 18
HEF Z RN, o ZREME IR B TE RN FERES £

HypoxiaZfl

IR HEREE

FEPE . 455 R, 5 Control ZHAH L , Hypoxia 2 ) Shannon 5
BEAR (1=3.934, P=0.004) , LCZ696 T il J5 Shannon 4§ % it
— 3 B A% (1=3.363, P=0.010) . 3 H Coverage 1§ B¥YET
0.997 , R W FEMEREA A 7B 25 28 KT 99.7%. B ZHEME
SRR REAS RV FP R VR Y 25 SRR S PR B Y 2R R 4
FE T Bray Curtis I 250 BEJEAT A 6R 7317 (PCOA) SRR 5T 1L
ARV B B 25 5, 5 SR o, 3 TR AR TE i 1 TR A A A
FZEFAGIEE L (RP=0.460, P=0.001) , 4 N I 25 55k 1
T, ZH AR B AR (] 4A~C)

222 JHEHEERN BT IR R W T R R 2
SRR K] 3 AR R RE A AT ] B T2 AR
BESr AT, SR EOR3ATEN] s B LR A AR ]
{EAX AR EZS (B5) TTKF L JEEE R TR
FFUETT R R BEARSARERE, 5 Bk 90% LA L, R O R 42
WIT VIR e LR . AT Control 4 ,
Hypoxia ZHAUAT B 1] PERLRT T ST 1T SO iR 1T R %t
FREETE JERER T F B AR, S BUEBE G 1 AUAT 1] (fir-
micutes/bacteroidetes , F/B) W 1B &AL . LCZ696 T Fija , 22 I
PRI S R RA T) F2 BEE—20 T (R RE LA ] I ] &
BT T T EFEREAL, /B LB 2 N, JBAKP
I, 5 Control ZHAH Lt , Hypoxia 2H ¥ By ¥k I B @ A0 XT 5 [
BT L LR B s AR X T AR . LCZ696 T T 3
IR G IR AOURF o T AR =F 8 L s, T LA B R I B
TR J AT 2E B2 LU BIRE AR . FhKSF I, 5 Control 148 I, Hy-
poxia ZH BUFT R B L BRI R B AR T 45 8 LS R
EARAT AR XS 32 B2 LU 5 5 B AR RL A L BRELAT B AR I
AT B HLAIFRAIR . LCZ696 + TiUJa BRFT B8 A B8 L JUAT B A
X = BE L A8 T v s T MR TRRL AT M DA A L T IR 2
FELFT PR AF T = B LU BRI

223 WEREREIRRIER AT BT KEGG il e 1 T 1
25 S ) e R AT B 43, 2 il B R H Venn B ([
6A) , 3 A 2 465 P EL K, Control 41 | Hypoxia 41 Fll H-
LCZ696 20 F5A47 JE K 20 51 0 124 .26 4~ .30 4~ . KEGG 1 %
TR (Level 1) i (1 6B), 3 21 fi 32 %2 A9 R 25 54T
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a ns perMANOVA: R2=0.460, P=0.001
125 b N — 0
a ns
12.0 95 ¥ 0.1
1s| - | % - g 00 o
g z =2 [$]Control#i]
= N o i Hypnxia‘:’ﬂ
5 = S ’ Lot ER
110 . 0.998 - £
-0.2
10.5 :
. . -03
' : ; R i 02 00 02 04
Control4]l  HypoxiaZl H-LCZ6964H Control4l  HypoxiaZfl H-LCZ6964H - PCoi [39.3%j -
A. Shannonf§%% B. CoveragefS %% C. PCoAZMHT
B4 BREEESHEMEST
100
75 75
AT FIKT
S oA
I8 R A W R
PR R [RARZE AT T
=§£§§¢mvﬁﬁ = =3§§E%
—~ —~ % 1) S
L4y L WA = WL
i 1l ORISR B H )8 %‘E?SREE%T
= W RO 3 W2
1 # WK CHIE £ B A
= = .%ﬁ?@ﬂ‘]%ﬂ‘%%ﬂ%ﬁ = .%E?*@ﬁﬂfl%i
s oS R BT R BT RHA
25 25
0

AL TR LA

WG, HOR R RE RS HAL PR RS (5 B A B I 40
3o AR A LR G S5 AR G B P

T BEDL R ARAS L ST KEGG Level 2 Y1515 #% , 4K 4
SR I D MH (mean decrease gini, MDG ) §ifi & X 24 [A] 2% 57
BTk B K BT 20 A4~ 5% i (1] 6C) , BT & B 3 41 Hr 2
s SRR B AR . 5 Control A L, Hypoxia
LB KA A A R T B (P=0.037) , 2 FERR A L
PR T A1 1% = 3 1K (P=0.037; P=0.004; P=0.010) ;
LCZ696 T HiJE Rk /K AL A P A 3 5% =F 2 715 (P=0.010) , #%
PR % I (P=0.007)

KEGG 4 B %] (Level 3) (I8l 6D)3 £H FE A v 32 B BT 10 1)
AR : koO1 100 (FRIHE ) \koO1 110 (R ZLARIH ™ H) 1)

B. Jg /K4y
E5 AREZMMARBEXNFEESHHESTRE

C. FR PR

WG ) ko01120 CR [R] 21458 i A 3 A= 0 10 3F) L ko01230
(RFEBRIEY A ) ko03010(FHEA) ko01200(BRATHH) |
ko01240 (4 A 1 19 A= 1 45 1) ko000 10 CHFE T fife A4 5 2 )
ko00970 (Z{ BE-tRNA A= #1451l ) Fil ko00230 (BERE AR ) . i
— 4 [B] 22 57 53T (Metastats ) , 55 Control 4 FL#4, Hypoxia 21
koO1100 (1L i3 %) F1 ko0006 1 (I i i A= 49 /5 A% ) 38 Jis == 1
FhE (1=1.972, P=0.049;1=3.670, P<0.001) , ko00250 (N & .
RAGATR AN SR A ) 38 i =F 27 1% (1=2.006, P=0.045) ;
LCZ696 T Ui koO1100 (R ) 4 J& Th 5 (1=1.993, P=
0.046) , ko00970 ( % %= i I 3£ —RNA A= 91 A 1) il ko00230
(N5 AR I8F ) 38 5 F BE BRI (1=1.978, P=0.048;1=2.340, P=
0.019),
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23 LCZ696 *f HPH & & £ & #@ X R 2 & NT-proBNP, 9.081,P=0.003) 7 1 22 H YA G124 8 L. 5 Control 41 It
TMAO . LPS.5-HT 4% 0l £ 69 % 5, Hypoxia 41 IfiL % NT—proBNP . TMAO . LPS ., 5-HT & & F}

3 2 K BRIV NT-proBNP (F=19.353 , P<0.001) ,TMAO 5, LCZ696 T W L7 NT-proBNP \ TMAO . LPS \5-HT %
(F=17.003, P<0.001) ., LPS (F=6.657, P=0.009) . 5-HT (F= PR (3).
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El6 M7EE R KEGG IhAEERE
®3 &KHAKXRMENT-proBNP. TMAO.LPS.5-HT & &2Ltb% (x +5,n=8)
251 NT-proBNP(pg/mL.) TMAO (ng/mL) LPS(EU/mL) 5-HT(ng/ml.)
Control 41 405.059 + 55.712 116.880 = 8.165 1.312 = 0.095 133.001 = 9.407
Hypoxia 2l 632.419 £ 93.678" 141.193 £ 5.862" 1.498  0.070° 148.893 + 4.175°
H-LCZ696 41 439.440 + 52.950° 124.982 + 7.823" 1.415 = 0.098 138.883 + 4.695°
FAL 19.353 17.003 6.657 9.081
P <0.001 <0.001 0.009 <0.010

Ha, 55 Control 41 LLHE, P<0.01;3b, 5 Control 4 HL4SE, P<0.001 5¢, 55 Hypoxia 2 FL 4%, P<0.05;d, 55 Hypoxia 2 FL 5%, P<0.01
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HPH & = J5 b X8 DL , H 45 28 7 PH
KAFAILH AN B, Hod HPH &2 HL ] T R i F5
SRR SR 90T AN T S DR R A S R
WRZEMZEEHM, R, mERERFRHYS
Zo 0 I A B (i I | sl ko AR Ak O R
FLC 1 32 0 55 ) B UIAH O, Wu PY 4895 1, 1
R FERS S PH RAE L

A 30 AT 4B G ) 7 HPH A0 % H
F R B Hypoxia 2028 BN mPAP JH 5 ifi/Nah
ok BE 358 JEL A A e A8, A 0 IR 48 A5 (RVHI,
RVMD) 340, .0 IEF 8 2 78 TAPSE \PAT/PET F# 1K,
RVFW . RVEDD 1 RVOT 54 i1, 3iF 55 47 /0 %5 A0
JEJE A S RE L%, LCZ696 T il 5 203 T mPAP Fl A7
OIRE. ABFFE, LCZ696 T Hi5 RVEDD 45 T
K, 2R LG8 L, ZErTaeh 7O N E
MRS TIRASWE , HAZIG 7 BN 2 I 28
SR KLY xtE s e 22 RS2 W R
S0 . PAT/PET FUARCEEARG, i 20 Ik i v, X 55l
IR PH 8857 0 20 (1) 3E R AL — 207, S5 HZEL
J SR UTAR | RAE SO WILEF 4E 4k i H B A5 &, 7F Hy-
poxia ZH 470 =g FRYL € rp UL A B B SR DURR, T g
5 HOb R PR sl R 8 AR OG . FUBETIE S Hypoxia 2H
KA OZE O NPT 2 Z= 00 LR AR b ik , 2 BH
O U T 25 M 2403 , 11 L.CZ696 T )5 k3 . 5%
R T IE AR AR 2 R B0 LR B 07, ki iR T
REBERT A AFSE — 3, A] fE I8 1 15 1 4 (reactive oxy-
gen species , ROS) Z2FUFI &AL L EOINRIC WL 43 , 1
M AT A

FHERH 2= AT 7, 5 Control HAH LY, Hypoxia
20 F T R R T R N 2R B S RIS, S SR Y
ZEie—8". 5 Hypoxia 4140 Ht , H-LCZ696 41 T# Ff
ZREPEID | TR AL AR, VT RE S R ) A0 T
ek T E AR B . T17KF I, Hypoxia 2H
FFURTT PEBE T T 32 B T, SR RE DA T T/ 35 /B L
FEAR ;s LCZ696 T Fil j5 SAFT 181 1) =5 B2 v, JERE AT ]
AR TR T T8/, 35 0 1 e TR 2R R . F/B HOAR 2K A
2 T8 TR R R Y G AR AP 5 Moutsoglou DM
PG AE R — 20, PH B AL R T RT3 =F
i JERER T IREAR . AH S5 REAESC T i 3L 3
JEBE R ] B TH v M HPH K RS 8 b F/B HE(E T
= R GETSAEAEA JEO2 KPP P i s/ 2 AR
O 1o VAR AT AR [ R A I oy A 8 () ] T T 7K

SrHTIR IR A R R v . F ARSI L,
R PRI ILAE DK U 18 $DUAF 1 T ~F 3 T i, L LPS 3l
TR IR RN 75 K A BB M SNE o PEiR T AR
Rl R0 R R AR ] o 2 TR ) A e AR 1 4R R R 1A R
WERAS, JF A2 U SCFAs SR AL bR Zh g, H i 5 8
NEACH BTARAHICRY, BRI nl a4 i
I TMAO Al /D2 2 M1 BRI SR AR JF T
2 Bt 5] 26 6 537 =1 (intercellular adhesion molecule—
1,ICAM-1) i R 78 K T —a (tumor necrosis factor—
alpha, TNF—o) 55 8 E PR, W8 1ML 48 9 0 A W 24
JHL R R, AR AU A T i T 4T T AR U 0
AV T BRI R T o 2 1 8 b Iy M S A5, (H 5
FERSFE T e BV AR RS IR BE R , S B LPS A
MERE RGEERIE ., AT TR R ] Tt
15, 5 Hong W 487 PH A KB 45 R — 3. BB
PIHE I AT B T LPS FI TMAO 7K T 59,

J& K I, Hypoxia 2H 3% 25 1K [C I @ AR IR
ZEIRFT BT BIR R LA R 5 LCZ696
TS AT T R H IR IR AR
ARZF AT B0, 3275 245 ) 5300 5 410 ) 00 A ) 1
PRAE A . A SCEG S5 R Nijiati Y S OB 5 J5UAI
AR HPH AR A5 R — 35, 35 B R IR el 28 K R
AT A IR R R R, AL R
BB R BERRAR, % 3 IR T 8 A UAT ],
W IR IR KR 2, JF 7 LR INIR S5 SCFAs , 2
51a FRE AR e A 1, ik BE G BE T BE 3L
RV W i | o 3 SR R RS I, O 5 02 48 S (A
TH17 40 M35 A6 A OGO, A HFR R, i 8 B iR
PR A 5 | AT A e A el s, (i 4 A
(interleukin, TL) =18 7= A= i /b , F 1fij Jin Jil 7 3 9¢
AER!. TMA/TMAO 7 A2 4 5G T A (3 7 TR i L IR
ZEARFT IR SF) 7 PH BCE WA B & i ELER
FF B B AR BT B A I SR AR B A . B
T8, B RNE 7 SCFAs (40 T /) #0142 42 K
F(IL-12 . TNF-a %) fE#EHT R K IL-10 431, JF
i B 405 5 I F -1 (hypoxia—inducible factor—1
alpha, HIF-1a) 3k D 08 % 4803 107 A i 3 I
TR ER IR YT TR HPH AR i i 4 M A0 =
R, BRARZF AT B T 1R i B R S EUW L TE
T PR R L ok B A v = B RS i (H BRI
NIEHE

HT KEGG #H A7 T REIE B 22 5793 H, 5 Control
ZH A e, Hypoxia 21 75 B8 & A L oK 4k & 90 18 5)
FIE W7 R A= -6 B i s 4 5 5 Hypoxia 41AH E
H-LCZ696 ZH AL 73 7 A = . AR
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B, BE A A ARG I, A AR S g iR B Ak
I/ J& PH g i AC I 55 5 FEAEDY . Zhang W 4807
FEFE AL T iR B E R 2 5ok A&
TH AL W ISR g S A ) JE PR 32 BE B Jin . MCT/SuHx
75 5 B A7 O RE R R A0 B S R 4 2
7R B W R A i V8, S AL Bl IR AL T I, W 1 Ao
% T P B 50 AR AR D R R R L RE )
Jo, A A S R e 3k R DL IR TR R .

AHF5E H Hypoxia 21 1l 3 TMAO . LPS . 5-HT %%
R, LCZ696 T 5 FEAIE T LA B4 bR, TMAO &
— AR R AT , I ARIE S TMAO ¥ B T 5 2 Fh
O ML 5 (U s IR el O D R AR L0 )
A ) KU TEAH 64 TMA FH i 38 9 A 4 1) FH RE s
SO 1, TE PS5 AR S TMAO , B0 4k /IMA , 51 &
LA S AL 3, 20 i D e s+, 1 30
B Wy STy kPR, &b 78 H B BE 9% 77 AR T 1 K F 1Y
TMAO, BE 0 O LET 2 AL A0 i DA IR RAIR
AR b e B e e A v, {4 LPS AL
51 & 4B RAE™, LPS [ ZIH G 321K Toll K214
4(TLR4) TETi N Kz 240 Ml 2238 , 5 45 5 )5 0% NF-
kB 25 N5 S A2, B IL-18 . 1L-6 . 1L-8 . IL-13
DL K TNF-o 55 Z2 Fh 4 i 1 ik i I -, 2 5 PH
) T L A5  M ok AR, S—HIT A Sy i 18 20 1 40 i £
AR , A8 AL TE H A/ N Wi, i i
W & ki /N sl kAR s 3l kT e LS B A h 3l ik
T 54 E N0, K3 PH #F W, 1 & Bos
HPH 5 M2 0 S-HT 7 & 2 H— 8 A s 24 30
f1el 2% | TMAO . LPS  5—-HT 7K F 7] fig 234 i
HPH & J&JF I A7 0 = B, 8 HPH Y FE A= 9
FraGd , EAT B I R A

25 I, LCZ696 3 o vt 35 ML 3 2 71 2F Ao AL
T4 W 30 2 A HPH A0 55 ), (H HEX g 3 B 1Y)
P45 5 90 5 24 - Hypoxia 20 % 18 B B 22 REVE D 1B
REARG , B0 B (NS B 1) BRARZEFUAT 1) 3 B T
=, A 25 R CAn B IR PR E ) s b, A B i v 2 R AR
WY (TMAO ,LPS,5-HT) /K *F- . LCZ696 1 Tii
Je T 43 30 A R AR Ak - PR TR A O TR A,
B BEVK &2 W RE 2 R, HL A 25 o (AL AP i
J& ) F= B HE— 25 B AR, B 7 X B A 1 )R A A
PRIk HAURA PR, LCZ696 AT 3 25 T B8 ik X O
M55 22 40 W BLHEAE S B, 1 i 2 o 4 0 9 1] g
R EIE AT & AE . AWFSEH SR BRYEE T REA R
I HAREE A AR AL 2 ) B e AT A At i Bk
PHEHLE o AT LY KNG T i 28 T e A 5
SRR -1 EEAEM R R IFERAG T

T s (AN LCZ696+45 52 4 A= W1/ £ 21 4E ) LA P13 [+)
O DI RE S AR A o DT K T T A
TR AT B T SR S A E A A
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