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Abstract: This study aimed to explore the positive inotropic effect of phosphodiesterase type 9 (PDE9) inhibitor PF-04449613 in rats
and its cellular and molecular mechanisms. The heart pressure-volume loop (P-V loop) analysis was used to detect the effects of PF-
04449613 on rat left ventricular pressure-volume relationship, aortic pressures and peripheral vessel resistance in healthy rats. The
Langendorff perfusion of isolated rat heart was used to explore the effects of PF-04449613 on heart contractility. The cardiomyocyte
sarcoplasmic reticulum (SR) Ca’" transients induced by field stimulation and caffeine were used to analyze the mechanism underlying
the effect of PF-04449613 using Fluo-4 AM as a Ca”" indicator. The results indicated as follows: (1) PF-04449613 (5.5 mg/kg, ip)
significantly increased the stroke work, cardiac output, stroke volume, end-systolic pressure and ejection fraction (P < 0.05), and
decreased the end-systolic volume, end-diastolic volume and end-diastolic pressure (P < 0.05). Meanwhile, the systolic blood pressure
was increased and diastolic blood pressure and arterial elastance were decreased after PF-04449613 treatment (P < 0.05). (2) PF-04449613
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(0.001, 0.01, 0.1, 1 umol/L) significantly increased the left ventricular developed pressure (LVDP) in a concentration-dependent man-
ner in vitro (P < 0.05). (3) PF-04449613 (5 umol/L) significantly increased the amplitude of SR Ca”" transients mediated by facilitating
sarcoplasmic reticulum Ca**-ATPase-2a (SERCA2a) (P < 0.05). (4) PF-04449613 (5 pmol/L) decreased the SR Ca’ leak rate via ryan-
odine receptor 2 (RyR2) (P < 0.05). In conclusion, PF-04449613 exerted positive inotropic effect both in vivo and in vitro by enhancing

SERCAZ2a activity.

Key words: phosphodiesterase type 9; ventricular pressure-volume loop; Ca”" transient; SERCA2a

%% &% (phosphodiesterase, PDE) 5 11 %
Jt& (PDE1~11), & —/NFEA 4NN A 2 R 2 J
AR R, R E R 100 ANFE TEEK. B—1 %
Jti PDE 5 HL7E 20 M P9 oRE 8 10500, 3R I H Ry
R, H AT S Bk PDEL. 2. 3. 4. 5. 8.
9 7fE LAl A5 ik, b, PDEL. 2. 3 /Kfi#
cAMP & ¢cGMP, PDE4. 8 {{/Kf# cAMP, PDE5. 9
ALK fi# cGMP 2,

FE 45 1) PDE 1 PDE9 J2&%F ¢cGMP E A1 11 f i
(oK gl ™, W5 A PDE9 7 A T iZ (M4
PRAIZGIVEF .t T PDEQ i 55 6% % Fhe ek 42 741
AN ) cGMP ¥R FE, BT & T e e 1,
JE A I 7T 3R B LR B SR AR B B BUIAR K&
RO g e U PR M 2R .
PDE9 #i# 71) H 5 1247 5 AR 3RS, T2 4 R
JAG 1 o ZU0E IR 9T P BkAh, PDE9 401155 fin
4N cGMP IR &7 5 I, BHRITS
TR NP 7 7 1

PDE9 7E47 5K 10 J) 50 (0%E ) S I3 H
B ALOIE B A O L RIE R M AN RS
A % 52 %1 PDE9 JE X Ak /b PDE9 3k [A] () % 3L [
/IR A AIE Rn RRA RSB 20, 8 A A 2 D77 BA K
TENKGEEARKFE SO, SRER, SXEA
AHEE, @Rk/> PDE9 A/ cGMP & &5 5, W]
B A D IS D O ILEF R4 B U LR T,
PDE9 #1778 it [ 8 cGMP %E 22 0> % 1 % Jg 1,
AW TR BIACIE S B PRI B 5 1M 25 B0k B8 B o0 3 £
& IR N Bk A B R R B, RIN A
JZ DiRe sz 45, PDE9 #5718 it NO-cGMP-PKG i@
e o E R ohe U, ek, PDE9 )6
fEiE T NO-cGMP-PKG il 4 43 Bl ik sl FEREAL 1,

PDE9 #fi il 71 5. # L AR B0 T3 4 R G i
FIVEITIEFT, (BT A A N B, T
BEUGE LN RILIE TR, SGE IR K K
G Thee, Pokimn iy, o sh kol R i U,
SR X LB HIF AT R Ge b5t O I Th g AT VE AN T

F, FHEX O MRS iz R . OfF
(PRI R Je PR T OB 7, FRREE RS 28 E -
Y KCFHEATIZEWF 7. ESR PDE9 [ AE FIHL
H2 3l 1 cGMP-PKG 3t 4% ¢ 7 o A= B R B AL,
B R T L ARG M P oA 2 1) 22 S e, AR M T B b il
iF cGMP AF (e T HL AN A 2% B ThRE ol . AR
K IEH K U 9E PDEQ 0] 751 %6 00 JIE I 378 5 77 27
GRS, M H AT RE R AN B KT ONLEE . AT
BEOREE X IR KRR, AR, (H4d
>}y PDEQ il 75114 4o 1L 2 995 2 P 5 284 ()t 9 8
HSFEAE

1 M 57EE
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SD K BRBRIE 75 5 R 7E AR s B, TR GO B F 0~
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Table 1. Effects of PF-04449613 on left ventricular and aortic hemodynamic parameters of anesthetized normal rats

Kinetic parameters Control

PF-04449613 (5.5 mg/kg, ip)

SW (mmHg-pL) 4728.8+409.6

CO (uL/min) 20457.5+3 996.0
SV (uL) 62.6+5.8
Ves (uL) 74.8£7.5
Ved (pL) 137.3+£12.5
Pes (mmHg) 759+7.2
Ped (mmHg) 6.4+2.0
HR (beats/min) 325.0+40.3
EF (%) 45.6 1.7
SBP (mmHg) 107.4+£6.4
DBP (mmHg) 56.6+5.2
Ea (mmHg/pL) 1.23+0.2

5303.4 +408.4"
24753.8+6097.9°
67.6+6.9°
59.6+13.5
127.3+18.9"
78.9+7.6°
58+22
363.5+ 68.1
53.6+ 4.4
110.8 4.6
484+48
1.18+£0.2°

Data were expressed as mean + SD, n = 5. Paired t-test was used. P < 0.05 vs respective control. SW: stroke work; CO: cardiac out-

put; SV: stroke volume; Ves: end-systolic volume; Ved: end-diastolic volume; Pes: end-systolic pressure; Ped: end-diastolic pressure;

HR: heart rate; EF: ejection fraction; SBP: systolic blood pressure; DBP: diastolic blood pressure; Ea: arterial elastance.
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1. PF-04449613 (5.5 mg/kg, ip)X 7E R IE & KR A O = 3-8 K sl ik e 52 m (A Q3R 1 b 2
Fig. 1. Representative simultaneously recorded curves of rat left ventricular pressure, volume and aortic blood pressure (4), and the
derived left ventricular pressure-volume relationship (B) before and after administration of PF-04449613 (5.5 mg/kg, ip). Intraperitoneal

injection of 0.3 mL DMSO had no significant effect on hemodynamic parameters in rats (C).
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Fig. 2. The simultaneously recorded curves of rat left ventricular pressures (4) and aortic blood pressures (B) before and after admin-

istration of PF-04449613 (5.5 mg/kg, ip).

T 7B T A, HAMHEES I Z W B B PE-
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3.85 + 1.00 3 Ji1 ] PF-04449613 4H (1] 4.18 + 1.15,
P=0.0132, n=6, X 4G); PF-04449613 [#fk NCX
HTPMCA A 318 sy, T 50 2 B E W 2 1%
% ( MIEH ST IEZH 1K 0.20 + 0.07 S [%31] PF-04449613
YH1F0.18 £0.06, P=0.0278, n=6, K 4H). T
AR 1t 4 S LT FEAH A it 42 L 4.
2.4 PF-04449613%t KR A OEOALABENCX,
PMCA R AL 3z M5t REA{ER

ARSI AE S RO F A RSO R b, g A

R EE e R S WL X RyR2 58 45 HF G A LIE
53R 2 1) RS T BERG N O, AT T 422 R B AL
/) SERCA2a [ LihE, SEILEHR AR EE R B NCX
S PMCA SR ffa b i/ 5, AT S 340 B NCX
Jo PMCA sl k& S HRES IR 22, DL i &7
gk HA S MR G VLR NS A (SR R 2
)0 BEAG B TEAH DG ) I EUAR (A5 TR A ). SLIRSS
RZZH], PF-04449613 (5 pmol/L) A i 3 P M4 NCX
Jt PMCA Bk & v P i 0 4 (rnexepmea)( MK 2H
/] 0.207 + 0.07 %I PF-04449613 2111 0215+ 0.14, n=
10, P=0.89, K 5). [[FE, PF-04449613 (5 pmol/L)
KA 2 U PMCA AHEES 1) T8 285 50 (tppea)( KT
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K2, PF-044496133F (B KR, B ARSI £ 08 TG A B B e 48
Table 2. Effects of PF-04449613 on left ventricular contractility and heart rate in isolated rat hearts in the non-pacing and pacing modes

Non-pacing Pacing (4 Hz)

LVDP (mmHg) HR (beats/min) +dp/dt,, (mmHg/s) LVDP (mmHg) HR (beats/min) -+dp/dt,,, (mmHg/s)
Control 11.1+0.9 231.6+10.3 889.9 +224.4 183+2.7 240.0 1266.2+82.8
0.001 pmol/L  11.9£0.9 217.8+9.1° 1203.0+261.4" 215432 240.0 1384.0 + 66.0"
PF04449613
0.01 pmol/L  13.7£0.8'# 203.2+9.2" 1251.5+273.9° 227+3.5% 240.0 1399.3+72.1"
PF04449613
0.1 pmol/L 20.5+2.1" 195.8+9.6™  1698.4+2937" 242 +£327 240.0 1441.2+79.7"%
PF04449613
1 pmol/L 22.1+1.9"4%  192.4+95%%  1728.1+289.0"  252+3.0"* 2400 1671.5+81.7"4
PF04449613

Data were expressed as mean + SD, n = 5. One-way ANOVA was used. P < 0.05 vs control; “P < 0.05 vs 0.001 pmol/L group; “P < 0.05
vs 0.01 umol/L group; *P < 0.05 vs 0.1 pmol/L group. LVDP: left ventricular developed pressure; HR: heart rate; +dp/dt,,,,: peak rate

of rise of left ventricular pressure.
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Fig. 3. Representative left ventricular developed pressure curves from the isolated rat hearts in non-pacing (4) and pacing (B) modes
before and after perfusion of PF-04449613 (0.001, 0.01, 0.1, 1 umol/L).

A 2H 117 0.030 + 0.019 F] PF-04449613 #H [1 0.032 +
0.011, n=12, P=0.815, & 6D). #AMf, PF-04449613
(5 pmol/L) & 2 FER &7 5K ) Ca® " MR & [ MK IR 41
[ (7.1 £ 0.03)% [% X % PF-04449613 4 ] (4.5 +
0.02)%, n=12, P=0.0198, & 6C].

3 it

ASHIF 5 N FE AR B A U I Kz 2 i 7K ~F ) B T
PDE9 #fi #] 71 PF-04449613 %} 1E & K B L3R 25 /1 2
VEF e Fet M i VE FIMLEE,  BARVE G I 58 2O IE
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Fig. 4. Representative curves of field stimulation induced Ca™ transients and the representative curve fittings by two exponential equa-
tion. A: The continuously recorded Ca’" transients curves before (Control) and after perfusion of PF-04449613 (5 umol/L). B: The
Ca’" transients curves before (Control) and after perfusion of PF-04449613 (5 umol/L). C and D: The decaying phase curves of Ca*
transients by deleting the fast rise phase curves before and after perfusion of PF-04449613 (5 pmol/L). E and F: The decaying phase
curves are presented as the relationships between timings of s in X axis and the log,, fluorescence intensities in Y axis. The decaying
phase is expressed as an equation of y = A*e¢ ™ + B*e ™. The equation of fast component is described as y = A*e¢™ and slow one as
y =B*e ™. G is the fast component rate constant (o)) mediated by SERCA2a and H is the slow component rate constant () mediated
by combined NCX and PMCA. The representative two exponential fittings before and after perfusion of PF-04449613 (5 umol/L),
respectively, are also presented in (£) and (F). Data were expressed as mean + SD, n = 6. The statistical analysis was performed by
paired f-test. "P < 0.05 vs control.
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Fig. 5. Effect of PF-04449613 on decaying rate constant of Ca’* extrusion by NCX plus PMCA (rycx:pmcs)- 4 and B: The represen-
tative curves of Ca”" transients induced by caffeine (20 mmol/L) in control and PF-04449613 (5 pmol/L) treated rat left ventricular
myocytes. C: Statistical result of rycx.pyca- NT: normal Tyrode’s solution. Mean + SD, n = 10 for both control and PF-04449613 (5
umol/L) groups . The #-test was used for statistical analysis.

A

Control

Ca” transients

2+
by field stimulation SR Ca™ content

<— Ca®" extrusion by PMCA
0 Na*/0 Ca?'/
0 Tetracaine

|

rPMCA=0.0255

«— Ca* leak via RyR2

B

PF-04449613

NT

0 Na*/0 Ca2*/ 0 Na*/0 Ca2*/0 Tetracaine/Caffeine (20 mmolL)

Tetracaine (1 mmol/L)

Ca*" transients

? " > SR Ca** content
by field stlinulatlon

(5 umol/L
\ Ca”" extrusion by PMCA
- 0 Na'/0 ca?*/
T =0.
0 Tetracaine PMCA poese
1s - ~—Ca®* leak via RyR2
L 0 Na*/ 0 Ca?*/ 0 Na*10 Ca2*/0 Tetracaine+Caffeine (20 mmoliL) |
Tetracaine (1 mmol/L)
C 12 D o0, 50s

S 10 0.05
-
S 84 0.04
x~ * S
3 61 T & 0.03
§ 4 1 0.02 |
= 2
© : |
S 0.01

0 0

Control PF-04449613

Control PF-04449613

(5 pmol/L) (5 umol/L)

1.0 (DF/Fg)

6. PF-04449613 (5 pmol/L)XF PMCA &M 35 52 5 A (tpyea) S 5 LR 2645 F AR M M 22 S Gt oy b

Fig. 6. Effect of PF-04449613 on decaying phase rate constant of Ca’" extrusion by PMCA alone (fpyc,) and Ca”" leak rate. 4 and B:
Representative curves of Ca™ transients induced by caffeine (20 mmol/L) and Ca”" leak rate in absence (4) and presence (B) of PF-
04449613 (5 pmol/L) in the conditions of Na* and Ca®" free extracellular solution with or without Tetracaine following steady field
stimulation induced Ca’* transient in normal Tyrode’s solution (NT). Tetracaine, a RyR2 blocker, was used to block the Ca™ leak from
RyR2. The histograms show the statistical results of Ca’" leak rates of real leak value to Ca’” content (C) and tpycs (D). Mean + SD,
n =12 for both control and PF-04449613 (5 umol/L) treated group. The ¢-test was used for statistical analysis. "P < 0.05 vs control.
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