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[ Abstract] Heart failure is the final stage of cardiovascular disease development, and heart failure treatment
strategies need to be explored. Cyclic adenosine monophosphate (¢AMP) and cyclic guanosine monophosphate ( ¢cGMP )
are second messengers that regulate signal transduction, which are hydrolyzed by a group of distributed and functional
specific phosphodiesterases (PDEs) in cardiomyocytes, which play key roles in the pathogenesis of normal cell activity and
heart failure. The efficacy of PDE3 and PDES inhibitors has been clinically recognized, and clinical and basic researches
are constantly updating for their mechanisms of action. Here we summarize these research advances, which in turn helps us
to understand the strategies and research directions of heart failure treatment.

[ Keywords] heart failure; cAMP; ¢cGMP; PDE

O HIFEW (038 ) SO0 MU B R R BB By BE, LG 1 B A s o A 2 o EESR B, O

[E&mE ] WA FHEHORIT (20180414042GH)

[MEEB A IIMR(1983—) , 53 bk B IR I e O 18 R, R A B0 1, 5 5 1 o U RS A AL R 30
UE AR BRI 2YT . E-mail: sunhuan0404@ jlu.edu.cn

[EEEE 1T (1959—) , 2, #d/ BAT M 4 B9E 0 1A . O ETA 5.0 1380 5 O I B 1297 .
E-mail; pyang@ jlu.edu.cn



116 Fp ] P BE 2R 2k s 2020 4E 3 H AR 30 4855 33 Chin J Comp Med, March 2020, Vol. 30, No. 3

R R R I R &5 B AE H AR AL R
Al3K 50% , S NS L T ™ R 4P R A &
FANR A A AR SR PO I R (AR i
JIESG | R0 I 560 R A OB A ) I B,
HE T — ZRFNPh S AR R R R0 , S 800 VI REEAT
PEEAL, RO T B AL ARG T I I AE s AR
A RSN GG Kl PRAE 5 H AN B BUAS F J (E2:
OISR RBETRAR B R AT,

IBEIR IR (cAMP ) FIFRBERR 5 H (cGMP) 52
S PN IS AR B0, 70 I0L5E3E SR 1 7 TR 5
TR WER IR M (PDEs) J& — R 51 K it
cAMP J cGMP 7K il , &7 cAMP F1 cGMP 7K
BB 4% PDEs Jt HZ PDE3 Hil PDES ()
TR T T IR T A A R S, HIRYT B
WA B — PN FIESE

1 BT SRS H

IR (cAMP) 53R 5 4 (cGMP) J2:
21 6 P B A 5 A, TR AR M T e 0
EEEEMEM ., — RV RG-S 5 508 PR
M X PR A A (O AT A M A S e S, DA T 9
FEANNR TS 2y, 1000 LR Y 3% 2t 5 A 7 %% D0 A
K150 T PDEs @l K cAMP Fl cGMP i 45
ANHEG 3h , BEAE cAMP FI cGMP Y 1E HIXT % 4% PDEs
XA S LR

cAMP Hi i1 iR P11k A Ak — B R R 1 JE I,
LR A A [5] B R TR (PDEs ) {1k, cAMP 7£
WU R - (1) WAL P A (PKA)
1 PKA 17— R B A &, 0. L 2955 55 1
WIE | 22 JE 21K 2 (ryanodine receptor 2, RyR2) 5%
& 525 % A ( phospholamban, PLB) M L5 & H 1,
AT o 5 FIL 200 L 1) 65 5 742 01O JUL 200 B e 4
H S I 2 2 2y R B 40 LA LAY PKA 3
TR R S & IR A R e e iy R R
S B0 U TR T HE— 2B i O D RE AR
(2) BIE cAMP I 9 1Y 2 Ak 15 1 IR B e A 1
(Epacs) , \Tifih &2 Ca™ —5 ] 2 11 AR 360 14 2R 11 B
(CaMK ) Y Ak, o — 25 5 R O WLIE J52 25 g B
B, i CaMK [T 5[ 1% RyR2 B R 1b 25 5 50N it )
PHES AN, T O R R RO WUEE A LG D) E
AR

cGMP 55 iR B4 Al il e Ak = B R 15 B I,
LRt A O B cGMP 5 MERY PDEs i1k, &

FECHLANAR P 0 EZAE TS cAMP AR 4
. (1) cGMP Al idLE 8 I G(PKG) #1i L A4S
30 T P A A A o VLA B T R R A T O 5 L
o B O X mT R B S v L AR Y
(2)NO VENE 55 T R G0 — B 53, vl o 3 fin
cGMP ¥ B ke 21 A W% 4, T cGMP e BE Y 34 Jin 4%
TEI BEAE B O B A RGO 15

2 Hifs —EEEEZK % ( PDEs)

PDEs J& et i b K it R IR A 11 W IR — I
HG M 54 Sutherland Ko H: [5) = fr 4R e . H
KGR A 22, IR AE W TR 2 1 i 3L 3l P 4 9 19
PDE #1254 )\ PDE1 #] PDE11 +—NFp2& | [RlF
FEAEA AR [5] T8, i AS[6] PDEs 11434 1 D g
WA AN, G54y A, PDEs M8 A1 45 M 43 %,
AT o G 0 RE B, C i v R ST B
B L R v By 8 19 38, N PDEs 7K i 19 I 49 43
25, 0] LUK PDEs 43 W = 28 5 — 28 4% 55 1 K i
cAMP | £ PDE4 PDE7 £l PDES ; 5% — 2845 5k
fit cGMP ,f4% PDES PDE6 il PDE9 ; 5 =2 A5 /K
fi# cAMP F1 cGMP ,f14% PDE1 ,PDE2 PDE3 ,PDE10
1 PDEI1,

FH T A [m] S 289 5 PR 3 38 0 A [m] 1 75 R AT T RE
f% 1 ] mRNA #YR IR 7015 1 il 45 Fh PDEs 7E2HZH
By oA T AT R R AT FIE .

PDEL . 434 T L O E il e R ge AR5
FRY A FLAE A 45 VR 77 1 0 L 4 e s 4 1 7 L A
TR FIG s T R AT e AR

PDE2. 534 T8 L P& R il L B g
AL PN B 20 55  HL DD RE AL TS AT cGMP il cAMP
Z [ B AH EAE R R0 B L R A o A L RN R
2 Z GG B 0 U B T

PDE3 4345 F 0 I | I 78 7 ¥ AL I/ Al
JHE i A A A5 5 AR AL 46 < 70 LI 46 7 | i
AR I T LA | R R S B R AR
%‘%E‘F%[B—M] ;

PDE4 . 7304 TR 12 Rk TRAFHLIN, HAE
FHASAE I 755 il Iy 6 | I8 15 B A% 40 i S 1 ek 44 i 2
Al APV LA g i 2

PDES . 4341 T-0 I | I /N ot A8 - 9 L ik
R E S UL 5 E S A P A R A WA,
SR [ 25 R il S 1 A ) 7 4, ] B O R NO-
cGMP {55 ARG /MRS



rp [ AR BE 2 2 2020 4F 3 H 4 30 %55 3 Chin J Comp Med, March 2020, Vol. 30, No. 3 117

PDE6 . 734 T ¥ 58 F 46 v s e 32 B H#E 4
IR A 5 et

PDE7 5340 TE R G H 8L, P K 4t A
LRSI  FEGHGEE R T T 40 T Ak R e
1

PDES./p i TS 0L M HIL RS F AR
£ 1 e I R N R RO SR N i LN A
K T A iS AL ST ae ™

PDE9. ) {2434 T4 Rl 410, HoAE F ot fif o
L, AT g S ISP ) NO-cGMP {5 5405,

PDE10: 7EMK | 2L R MRS AR 2 b i 3Rk s e
e SR 2 > FHCAZ I REAR G 5

PDELL . 7E-8 8% L AT 51 R L 52 FOIRBR | 0 s
JREIFER LR R, HORTTRSE TFHEAE
FIRERE,

3 PDE3#I PDE5s ZELMEREFHERAREM
HIFIE DT R BN BR

M PDE WZhRERI 345 1, A TREAE 15 M1 SR
PDEs 7341 ) iz (2 D45 5, B3R ATT6 0
M4 RGO IR BIE T 5 E B R T &R
4422 169 PDE3 1 PDES, i PDE3 F1 PDES 1]
) 3R 207 I S0 I R P T 32 3 T 1 A
WA O L A P R FH R fe )37

PDE3 ¥4 28 I\ h S BB W8 IR I7 0 1 1Y T
M, —FRYERXT PDE3 IR IT B 78 X600 L2 it A 3]
TEE AL 1 FE 2 0 0 0 06 A B I3 B0 T 2%, 8K
T 5 RAIE 9 1) 15 0% 485 SRl 45 3K — 2 VA 7 3R s 2% AR
Joft, FAE 1991 48 X0 32 R PDE3 411 il
FIK TSI A IF5E PROMISE B H 2k A AT 2 10 45
U AR AT 1088 B0 TR AR, LA
KIAIGIT RN B A RIBE T R 2 B AT+
T 28% A FE T T T 34% , 1 HoU %5 IR
B A X —FE T XU 14 385 i B8 B g, ATk E)
53% . IXFEREE B AT I 1R 8 oK 0 R B
PDE3 #fil 7) XF 0 32 3697 B RCR , R 5278 A AT 1E
WL 253 T 18 M0 T RERUR ANE, FIRE, 5
— 7 PDE3 il 4K 18 15 B, 76— 300 2 ot SUE BF
GO AL T2 B G T A B T m AT
RO ZEHE BHHESE OPIME-CHF #F5% o |, # ik iz
FK A6 57 AR ST R N— T RETT ~ IV
W— BT AET R T B IR R, B AR N Y I 3
Bh 12l AR B0 ik — R0 AR I
PR 1) AT A% 35 % — M5 1S PDE3 il 571 X6

TR AIRIT A FE 4, XL 5T T
cAMP FIAURIET & 2 250 J) 3208 & A, HLAR Y
P —IRIRIREE K Az AR | 9 N A8 S b 28 204 B A2
AR Bl A SN, TS O LA PN A R TR B R
AP cAMP 7, O JULAR RS 45 77 388 Jm M i
FRAN oA R AN [R] SR T 45 25 1 f) SR 0 L4
i HE B AR A2, DT 5 A5 0 7 5 ) AS W7 2 Ak, T
FHT PDE3 il 7] F SR 23 (45 40 ML N cAMP FH 151,
X550 7 vk R A B A B AR B A A AR i
OB S FInFE

SR, — R IHT B ST 8RRy ik — IR 74 ok
BT B R A

(1) ARIRBFE 5 A0 X PDE3 410 il 35 77 7%
AFEMIRTT R, B 5E, —IE X OPTIME-CHF
WAL IR T 6 F AR SO BER A, K T 4R 1)
WP THRAET R T A, B
P2 Rl Z 0, SRl P 0o R0 [ 48 2 S 200 1 il i
TR R, SR B af O R A ot O LR
YSEI S WYKo G b= 3 i 3
HERZE, FE, S scm i is s 7O LR
B ISR E , PDE3 1 il 551 v X A5 750 /)N B 381 R 4
VER , BEARSET 3R A RGE D IREDS . X Fix—
ZANEER FRATL T Al LUFR A 40 R - R 8 R i 3
B0 1 BB TR S R EAFAEAN TR, H i 48 195 (0
PEA B 5 R 0T RE AE AE AN [RD, B AT 6 25 1 skt
PDE3 4 5 s 2345 B AN [R), PR R AN TR P T
ZOR[RI R BE S BT 50 vh PDE3 AR LA X EAT]
X} PDE3 1 il 71 W] fig 47 7 (1) A [A] )2 ;] fig 25 °
PDE3 #7046 0 g v g o FH 2L T Z i ml e 5
HEHE

(2) PDE3 #fill 77 % 5 Jo 14 7 8 J2 i & PDE3
IR sk 22 SR 2 0, R A2 PDE3 #I il
R, E 255 B T 45 A MRy i 25 BL1E
[l 2 PDE3 $ il 77) A 75 365l , 600 I 26 30 114 1
MWLV FAARSS 7 | I AE A 2 B AT it /R
RAEME A0 Y HE A n] B P m 4 &
SRR G % At e 2 0 U [ 2 38 B LS 40 i
T PR LA P A, DAL T 8 o 448 i 0 B 1 R
XA RES RN VE A s A O i 5 —
FiE A7 B OE M WL AE ) PDE3 1 il
Pimobendan, 7£ H A#HEHE H FI677 0 11 2= iy IF 9%
I RS a0 Ty s v (5B 2 HApkuE
A LA RCAR D WL B S 800 BER A5 i 1% — 1



118 Fp ] P BE 2R 2k s 2020 4E 3 H AR 30 4855 33 Chin J Comp Med, March 2020, Vol. 30, No. 3

BN R 5 NO AREIAR G, [FIB 7E B AR AT B I R
WS RIS )0 2 W 58 3 5 FLU A R B T i gk
TRAYRR S PR TEL B PDE3 1 590 A9 1
PRWFFE L 2 A >k F3 4 52 olprinone B 5 38 fil fpke ify 14
O AT T R s s 4 SRR W) SR A7 A
EVEWLSIZ5E R, AR B PDE3 36157 T fEfE e A
AR REE, B E AT L, AR TR ) PDE3 #3570 7T 6
FEAEAT W 80 1 S5 TP | 3800 S AN SE T3 1 2
SN AT REA BT ASTR], PR TR A PR R 45 2R ik g — TR
TR 11 A6 5500 %) 5 R AR A PT RE S B T TS IR 2
WA O e R A 3 R 18 P DA R Ry o0 IR T B A
HEMTER.

(3) PDE3 il 51 9 5 5P T 58 5 /E 9 PDE3
EAY(PDE3A il PDE3B) A [RIAT &, FATHIE, K
J14RIX —2 PDE3 #fil57%5 PDE3 1] A 4 A2 1%
PR, g AL N 300 WL B PDE3 1Y
A PR TR 2 52 B4, DTS 7 3k G 1) & A A
ARG cAMP ¥R EEFH i, B 1L 8K RS SR AH R A9 0
TR SR ) 3 R R R N R AT A B 5 3R
PDE3A fil PDE3B 7£ WGk 1A & W & i A [
PDE3A HE A o /0N RO WL 47 o B S 348 i, 3 b 1
J-55 UK I P 85 i 3 448 o AL TN 465 1 - B3
BRI M E55E (SERCA2 ) TEMEE ARG 1 5 L
TR S 38 3 15 G 56 i PDE3B #if ml £
0 WU St Il P 8 49, $2 7R PDE3B 1] BB 2ok
PREAL R i A ) | SR — S 2 AR TR
ANIE] ) PDE3 32U ] BEAE AN W] (14 W7 240 Jfd DX 38k & $4E4E
. A, Pdidoviteh 250 A B9 BF 58 % 1, A [
PDE3 S 75 1) 56 R i 5 /0 B s 8 0 5 5 1 0
WA ] % A= B AR Ak, Ui B PDE3 S Y76 505 &
Je b B v RS B A FH S AN TRD 1, o728 S ) 200 i 8 7k
LEF RIS Y cAMP 96 J3E R X5 40 Jf 4 35 307 A S TR Y
S, RIS T PDE3 VAR A3 Hr ] 16 Fe 142
PEVEPRRE S B 5 1 1o = Bt O IR YT PE A
WA HESN BT X E B3R 9 PDE3A B¢ PDE3B #1150 19
TS AR X S [+ 5 s BEL A e A 07

PDES 70 76U 1L 48 4508 0 F T34 7 il 31 ik
fe N T 20 3 BIRTT M B AN TR R
AW FE B PDES 78 0> 3 2h ) B AL rpr 3 1k 1%
NS PDES #0750 AT BA Gk 40 ] A0 R
T faf 18135 S A O LA SR>3 — i i mT T 9 45 3
MAEBEIR IR A2 PIK3/Akt S ERK2 15538 # WA 111
firCo WUAE JE i R A5 ki — 25 B ) &

PRI — AP AV A 85 8] o 28 Tl TR T AL R 79 /)
SR PARIRAAAE , T BE ] 17 33 A — Ao DR AP 7 T A L
il K AR B b i A A e S B, O L
HEJEE 04 22 A A 5 i 5 0 B A A 0 o) R 330 2 g A
P Ak SRR TE AN & B PDES #0550 75 4 35
A AT 38 A 0 3 2K S eNOS-soluble guanylyl cyclase
(sGC ) -cyclic guanosine monophosphate ( ¢cGMP ) -
PKGla (protein kinase lo) 18 %, 3X ol 18 7] DUf# BEAE
PDES A7 G2 it Lok B b G2t O JIUAL I iV IR
FHMED SO — BRI 45 Al 0 S 1R 4R
TRy SR

17 oK , PDEs 78/ IE B0 3 A8 9 B e v 1Y)
VEFA 4352 2%, LAl 500 i/ AT 45 2% A Y
A X ARSI A T T BEAS S B AT 4R k0 1R T
BUHTAILER B R iR A2 X — B L 2 i 1
TE 244 AR A A R RIS M (B A 3L

S 3k

[ 1] Yancy CW, Jessup M, Bozkurt B, et al. 2016 ACC/AHA/HFSA
focused update on new pharmacological therapy for heart failure
an update of the 2013 ACCF/AHA guideline for the management
of heart failure: A report of the american college of Cardiology/
American heart association task force on clinical practice
guidelines and the heart failure society of America [ J]. J Am
Coll Cardiol, 2016, 68(13): 1476-1488

[ 2] Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC
Guidelines for the diagnosis and treatment of acute and chronic
heart failure: the task force for the diagnosis and treatment of
acute and chronic heart failure of the European Society of
Cardiology (ESC). Developed with the special contribution of the
Heart Failure Association ( HFA) of the ESC [J]. Eur J Heart
Fail, 2016, 18(8): 891-975.

[ 3] WnfEd, TR, R, . Ry 600hs 28 0 3 R RO
HUBIREAE [J]. o I A B 2 20k, 2016, 26 (9): 61—
63,75.

[4] ERM, R, skEM%, S RIS PO K BT I 5 2
LR R ER [J]. T E L8R ZRE, 2016, 26
(9): 64-68.

[5] RJF, Sf4er, Timde, 55 pRh 400 3 R BB Y iy
FLCDIRER LA [1]. PRI R 24T, 2009, 19(9) : 20
-24.

[ 6] Steinberg SF, Brunton LL. Compartmentation of G protein-
coupled signaling pathways in cardiac myocytes [ J]. Annu Rev
Pharmacol Toxicol,, 2001, 41 751-773.

[ 7] Conti M, Mika D, Richter W. Cyclic AMP compartments and
signaling specificity ; role of cyclic nucleotide phosphodiesterases
[J]. J Gen Physiol, 2014, 143(1) . 29-38.

[ 8] Zaccolo M. Spatial control of ¢cAMP signalling in health and



o H A PE A 2R 75 2020 4F 3 A5 30 445 3 ] Chin J Comp Med, March 2020, Vol. 30, No. 3

119

[11]

[12]

[13]

[15]

[20]

[21]

[22]

[23]

disease [J]. Curr Opin Pharmacol, 2011, 11(6) : 649-655.
Francis SH, Corbin JD. Structure and function of cyclic
nucleotide-dependent protein kinases [ J]. Annu Rev Physiol,
1994, 56 237-272.

DiFrancesco D, Tortora P. Direct activation of cardiac pacemaker
channels by intracellular cyclic AMP [ J]. Nature, 1991, 351
(6322) . 145-147.

de Rooij J, Zwartkruis FJ, Verheijen MH, et al. Epac is a Rapl
guanine-nucleotide-exchange factor directly activated by cyclic
AMP []J]. Nature, 1998, 396(6710) . 474-477.

Morel E, Marcantoni A, Gastineau M, et al. ¢cAMP-binding
protein Epac induces cardiomyocyte hypertrophy [ J]. Circ Res,
2005, 97(12) : 1296-1304.

Mery PF, Lohmann SM, Walter U, et al. Ca®* current is
regulated by cyclic GMP-dependent protein kinase in mammalian
cardiac myocytes [ J]. Proc Natl Acad Sci U S A, 1991, 88
(4): 1197-1201.

Yang L, Liu G, Zakharov SI, et al. Protein kinase G
phosphorylates Cavl. 2 alphalc and beta2 subunits [ J]. Circ
Res, 2007, 101(5) . 465-474.

Evgenov OV, Pacher P, Schmidt PM, et al. NO-independent
stimulators and activators of soluble guanylate cyclase: discovery
and therapeutic potential [ J]. Nat Rev Drug Discov, 2006, 5
(9): 755-768.

Patra C, Brady MF. Biochemistry, cAMP. StatPearls [ M ].
Island ( FL ). Publishing,  2020.
Biochemistry, ¢cAMP BTI - StatPearls.

Treasure StatPearls
Ahmad F, Degerman E, Manganiello VC. Cyclic nucleotide
phosphodiesterase 3 signaling complexes [ J]. Horm Metab Res,
2012, 44(10): 776-785.

Bender AT, Beavo JA. Cyclic nucleotide phosphodiesterases:
molecular regulation to clinical use [ J]. Pharmacol Rev, 2006,
58(3) . 488-520.

Miller CL, Oikawa M, Cai Y, et al. Role of Ca?*/calmodulin-
stimulated cyclic nucleotide phosphodiesterase 1 in mediating
cardiomyocyte hypertrophy [ J]. Circ Res, 2009, 105(10) : 956
-964.

Rybalkin SD, Bornfeldt KE, Sonnenburg WK, et al. Calmodulin-
stimulated cyclic nucleotide phosphodiesterase ( PDE1C ) is
induced in human arterial smooth muscle cells of the synthetic,
proliferative phenotype [ J]. J Clin Invest, 1997, 100 (10):
2611-2621.

Hartzell HC, Fischmeister R. Opposite effects of cyclic GMP and
cyclic AMP on Ca® current in single heart cells [ J]. Nature,
1986, 323(6085) : 273-275.

Martinez SE, Wu AY, Glavas NA, et al. The two GAF domains
in phosphodiesterase 2A have distinct roles in dimerization and in
c¢GMP binding [ J]. Proc Natl Acad Sci U S A, 2002, 99(20) :
13260-13265.
Degerman E, Belfrage P, Manganiello VC. Structure,

localization, and regulation of ¢cGMP-inhibited phosphodiesterase
(PDE3) [J]. J Biol Chem, 1997, 272(11) . 6823-6826.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[32]

[33]

[34]

[35]

[36]

[37]

Wechsler J, Choi YH, Krall J, et al. Isoforms of cyclic
nucleotide phosphodiesterase PDE3A in cardiac myocytes [ J]. J
Biol Chem, 2002, 277(41) : 38072-38078.

Wallis RM, Corbin JD, Francis SH, et al. Tissue distribution of
phosphodiesterase families and the effects of sildenafil on tissue
cyclic nucleotides, platelet function, and the contractile
responses of trabeculae carneae and aortic rings in vitro [ J]. Am
J Cardiol, 1999, 83(5A) . 3C-12C.

N, SR, RN BERR T REEE 5 PR MESIHI R zaprinast
XoF /N BRI BRI R e [0]. P A R AR 2R, 2007
(12); 702-705.

TR, EEER, ¥k, 4. PDES 0I5 Sildenafil %3/ BLGH
R A SRR (1], PR KRR, 2009(4) ¢
10-14.

Patrucco E, Albergine MS, Santana LF, et al. Phosphodiesterase
8A ( PDESA )
ventricular myocytes [ J]. J Mol Cell Cardiol, 2010, 49(2) .
330-333.

Fisher DA,

regulates excitation-contraction coupling in

Smith JF, Isolation and
characterization of PDE9A,
phosphodiesterase [ J]. J Biol Chem, 1998, 273(25) . 15559
—-15564.

Packer M, Carver JR, Rodeheffer RJ, et al. Effect of oral

Pillar JS, et al.

a novel human c¢GMP-specific

milrinone on mortality in severe chronic heart failure. The
PROMISE Study Research Group [ J]. N Engl J Med, 1991,
325(21) ; 1468-1475.

Uretsky BF, Jessup M, Konstam MA, et al. Multicenter trial of
oral enoximone in patients with moderate to moderately severe
congestive heart failure. Lack of benefit compared with placebo.
Enoximone Multicenter Trial Group [ J]. Circulation, 1990, 82
(3) . 774-780.

Cuffe MS, Califf RM, Adams KF, et al. Short-term intravenous
milrinone for acute exacerbation of chronic heart failure: a
randomized controlled trial [ J]. JAMA, 2002, 287(12) . 1541
—-1547.

Felker GM, Benza RL, Chandler AB, et al. Heart failure etiology
and response to milrinone in decompensated heart failure ; results
from the OPTIME-CHF study [ J]. J Am Coll Cardiol, 2003, 41
(6):997-1003.

Ahmad F, Murata T, Shimizu K, et al. Cyclic nucleotide
phosphodiesterases ; signaling  modulators  and
therapeutic targets [ J]. Oral Dis, 2015, 21(1) ; e25-e50.

Bobin P, Belacel-Ouari M, Bedioune I, et al. Cyclic nucleotide

important

phosphodiesterases in  heart and vessels; A therapeutic
perspective [ J]. Arch Cardiovasc Dis, 2016, 109(6-7) : 431
—443.

Iwasaki A, Matsumori A, Yamada T, et al. Pimobendan inhibits
the production of proinflammatory cytokines and gene expression
of inducible nitric oxide synthase in a murine model of viral
myocarditis [ J]. J Am Coll Cardiol, 1999, 33(5) : 1400-1407.
Kanlop N, Chattipakorn S, Chattipakorn N. Effects of cilostazol

in the heart [ J]. J Cardiovasc Med ( Hagerstown), 2011, 12



120

H [ H B 2 2k 2020 4F 3 45 30 %45 3 ) Chin J Comp Med, March 2020, Vol. 30, No. 3

[40]

[41]

[42]

[43]

[44]

[45]

[46]

(2): 88-95.

Ansara AJ, Shiliz DL, Slavens JB. Use of cilostazol for secondary
stroke prevention: an old dog with new tricks ? [ J]. Ann
Pharmacother, 2012, 46(3) : 394-402.

Tara S, Kurobe H, de Dios Ruiz Rosado J, et al. Cilostazol,, not
aspirin, prevents stenosis of bioresorbable vascular grafts in a
venous model [ J]. Arterioscler Thromb Vasc Biol, 2015, 35
(9) : 2003-2010.

Shakur Y, Fong M, Hensley J, et al. Comparison of the effects of
cilostazol and milrinone on ¢AMP-PDE activity, intracellular
cAMP and calcium in the heart [ J]. Cardiovasc Drugs Ther,
2002, 16(5) . 417-427.

Fuentes VL, Corcoran B, French A, et al. A double-blind,
randomized , placebo-controlled study of pimobendan in dogs with
dilated cardiomyopathy [J]. J Vet Intern Med, 2002, 16(3):
255-261.

Summerfield NJ, Boswood A, O’ Grady MR, et al. Efficacy of
pimobendan in the prevention of congestive heart failure or
sudden death in Doberman Pinschers with preclinical dilated
cardiomyopathy (the PROTECT Study) [J]. J Vet Intern Med,
2012, 26(6) . 1337-1349.

Effects of Pimobendan on Chronic Heart Failure Study ( EPOCH
Study ) . Effects of pimobendan on adverse cardiac events and
physical activities in patients with mild to moderate chronic heart
failure: the effects of pimobendan on chronic heart failure study
(EPOCH study) [J]. Circ J, 2002, 66(2) ; 149-157.
Dobashi S, Watanabe I, Nakanishi R, et al. Comparing the
effects of milrinone and olprinone in patients with congestive heart
failure [ J]. Heart Vessels, 2019.

Sun B, Li H, Shakur Y, et al. Role of phosphodiesterase type 3A
and 3B in regulating platelet and cardiac function using subtype-
selective knockout mice [ J]. Cell Signal, 2007, 19(8): 1765
-1771.

Beca S, Ahmad F, Shen W, et al. Phosphodiesterase type 3A
regulates basal myocardial contractility through interacting with
signaling

sarcoplasmic reticulum calcium ATPase type 2a

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

complexes in mouse heart [ J]. Circ Res, 2013, 112(2): 289
-297.

Ahmad F, Shen W, Vandeput F, et al.
sarcoplasmic reticulum Ca?* ATPase 2 ( SERCA2) activity by
phosphodiesterase 3A ( PDE3A ) in
phosphorylation-dependent interaction of PDE3A1 with SERCA2
[J]. J Biol Chem, 2015, 290(11) ; 6763-6776.

Regulation  of

human myocardium;

Chung YW, Lagranha C, Chen Y, et al. Targeted disruption of
PDE3B, but not PDE3A, protects murine heart from ischemia/
reperfusion injury [ J]. Proc Natl Acad Sci U S A, 2015, 112
(17) : E2253-E2262.

Polidovitch N, Yang S, Sun H, et al. Phosphodiesterase type 3A
(PDE3A), but not type 3B ( PDE3B), contributes to the
adverse cardiac remodeling induced by pressure overload [J]. J
Mol Cell Cardiol, 2019, 132, 60-70.

Movsesian M. New pharmacologic interventions to increase
cardiac contractility: challenges and opportunities [ J]. Curr
Opin Cardiol, 2015, 30(3) . 285-291.

McLaughlin VV, McGoon MD. Pulmonary arterial hypertension
[J]. Circulation, 2006, 114(13) . 1417-1431.

Pokreisz P, Vandenwijngaert S, Bito V, et al. Ventricular
phosphodiesterase-5 expression is increased in patients with
advanced heart failure and contributes to adverse ventricular
remodeling after myocardial infarction in mice [ J]. Circulation,
2009, 119(3) . 408-416.

Takimoto E, Champion HC, Li M, et al. Chronic inhibition of
cyclic GMP phosphodiesterase SA prevents and reverses cardiac
hypertrophy [ J]. Nat Med, 2005, 11(2): 214-222.

Hsu S, Nagayama T, Koitabashi N, et al. Phosphodiesterase 5
inhibition blocks pressure overload-induced cardiac hypertrophy
independent of the calcineurin pathway [ J]. Cardiovasc Res,
2009, 81(2): 301-309.

Wu JA-Ohoo, Dai F, Li C, et al. Gender differences in cardiac
hypertrophy [ J]. J Cardiovasc Transl Res, 2020, (13); 73-84.

(K= EHH#I)2019-11-04



