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Pharmacokinetics and Pharmacodynamics Following Oral Administration
of Pimobendan-Pentoxifylline Powder Formulation Mixture in Dogs
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Jong-ho Lee, Ki-hun Kim*, Sang-hee Jeong* and Min-hee Kang'

Department of Veterinary Internal Medicine, College of Veterinary Medicine, Konkuk University, Seoul 05029, Korea
*Biomedical Science Research Institute, Hoseo University, Asan 31499, Korea

Abstract : Pimobendan has inotropic and vasodilating effects on cardiovascular system, and pentoxifylline is known
to decrease blood viscosity and improve blood flow to the heart. This study investigated the pharmacokinetics and
pharmacodynamics following oral administration of pimobendan-pentoxifylline powder mixture in dogs. Eight healthy
dogs were included and were divided into control (n=4) and experimental (n=4) groups. Vehicle powder and
pimobendan-pentoxifylline powder mixture (pimobendane 0.25 mg/kg, pentoxifylline 15 mg/kg) were administrated
orally to control and experimental groups, respectively. Plasma samples and measurement of echocardiographic indices
were obtained for 24 hours following administration. Pimobendan and pentoxifylline concentrations were investigated
using liquid chromatography-mass spectrometer (LC-MS) assay. The elimination half-life (T,,) were 2.65 + 1.42 hours
for pimobendan and 0.29 + 0.23 hours for pentoxifylline. The time to reach maximum concentration (T,,) were
1.08 £ 0.72 hours for pimobendan and 0.29 + 0.14 hours for pentoxifylline. The maximum blood concentration (C,,,,)
were 2.83 + 1.50 ng/mL for pimobendan and 1184.33 £932.37 ng/mL for pentoxifylline. Among echocardiographic
indices, fractional shortening (FS), left ventricular internal diameter at end systole (LVIDs), and pre-ejection period
(PEP) showed significant changes at 1-4 hours after the administration of pimobendan-pentoxifylline powder mixture.
No adverse effects were observed during the investigation. This study demonstrates that pimobendan-pentoxifylline
powder mixture can be used to control cardiovascular diseases in dogs.

Key words : pimobendan, pentoxifylline, powder mixture, dogs.

N OB A=A DHL 34 1| Y2l (methylxanthine) 2, FU3]
A}RIA}-o(tumor necrosis factor-a), $1E1F71-1(interleukin-1)
T E YME 2 toy breedet AF AT =3} < oAlstaL Adyet dawe] $4& Aslste 2HE Tt
2 st Aol et WAde] ofg ArFawe] 25 HH(E A "ol Hrg UFy FE M AFeRe] IR
skal St} 53] Fljole oftE AFAR] SR i 58S TUATIE AoE dEA Uoh4.8,12).
Aol dejA= 7o Hn] gl {39 vk 7}7@4’ wEba S REdE AEAEUS A DS 711 AelA
= e 9 Ael7t At A AREEIE Wl fd axE 7K 749& Azt
AF7HA 9] Aol eJehd Al v E WdolA EEE= B Age 71 Aol AAE drdda) ASAdde]
k=Rl IFEWItke Wiz v t}&-1] 2] A #=(benzimidazole- ATE Fask(2,7,11), 7A74sE v A 3w ‘i‘r-ﬂ,_]%/\]fé
pyridazinone) A=, EXET o) 2H2tobA] I(phospho- d AE T A vehbe oFEeksslat ool s} 1l
diesterase 11I) &A|<} 24 W73} (calcium sensitization)S & Ao vRe JTS Felstual AFS AAE
3l dHE o7 A2 FEEE T B9E
R 7He] &84 AT AR EE] AREAL ATH(1,5,9). Mz W HHY
ZH|

'Corresponding author.
E-mail : maho79@naver.com gl (@A onlEl, A 2rte)), AT TkeolA 13 kgZkAl

46



Mol )ik

o] 773 AFAMIZA)yE ARSSIith AAAe 71 Al
AAL 2 g, dAsleE wHAL 55 FS)
e 4% IR sk A A=
2e A ARSI A7 S 2, FEe
A A1 AlRE 3R 23] Y Al¥E(Natural Balance
LID Potato & Duck Grain Free, Natural Balance)°= =
ojgtal B2 Ay Folaiith. # A= A= aE9ld
3lo] Felstell AArletitt,

A
A AL AE AelH ANE AT PAS Fska
om(7,11), 2194, AEA-AAZ 3] Fof 5 g

:,LH]—HJo] /\1)\154041;], /\15-4730 ‘:'X]'O]i /\E]@TT_LT’]’ EH}—\_
F IEEE wlOD sl et 24 9 of
EOLE A 3l Hol 2

Pt thabA ]
=3 Az} Urﬁ m7pA] 2] 2N

i

Y a7 A, BE APl 712 AAAAE AL
w, @4 =4 (petMAP™, Ramsey Medical) 2 4253}
A3t ;‘3%} R = 7]‘52 3—2’01”}9\1‘:}. oFs F
wolste] FH-S FAEAT £ &

F & fo
5
=
)
>~
_ﬁ
mlm

A, 7 2Fel g o ATEHE 93
Tt U2 oFEo] A7kEA] e EY FFAE
T3, A¥+e FJEHTGHIEA|ZY FAE Pimobendan
0.25 mg/kg, Pentoxifylline 15 mgkgl 2 77 Fol3litt.
EE NMAE T F 5-10mLe] &S Fofste] okEo] g4
3] AFHEES sioh AlZ2S9 AAKEPIQ 7 Cardiology
Ultrasound Machine, Philipsys T 30& 2, £ 24,
Fo] 3158, 308, 1, 1.5, 2, 3, 4, 8, 12, 24x7}0)] A
R Elr=

Ae AES B3 Y smL AFHE ATFEA T 5,
10, 15, 30, 4553} 1, 1.5, 2, 3, 4, 8, 12, 2417k 4]

=

s

[e

AEALY 2 A G A7RAN FBOKES W opRerislel e AT a7

Sk AE AR A7EL BE AAE B Af Fols
o, AEE 41 AE AF olF Folskich. BAE e

39l FEo| RAE I 447F oo %
4L AAsA, AA A=rfETZ F
AR =70°Ce] BT

CRERCE
| 254 (LC-MS)

- o =
(S = I' ;X‘__j

_ = o
HARAES A2Z9 A

o} Aol ol A =E 1]
2 4 2 AMSSIA| ‘3%9}
A% FoF A%xSIHEPIQ 7 Cardiology Ultrasound
Machlne Philips)= g o] ARt sl AA=ATE 4
251 24 5L 7€ AFE FAasiFeH (1), W
A7]|(left atrium size; LA), &% =L7|(aorta size; Ao),
A3 5™ H]&(left atrium to aorta ratio; LA/Ao),
o] &7 Q“—gzi =7 (interventricular septal septum
diastole; 1VSd), =712 HAF2 S (interventricular
septum  systole; IVSS), ol&71 2l 4l A (left ventricular
internal diameter diastole; LVIDd), =719 24 27
(left ventricular internal diameter systole; LVIDs), ©]$7]
T 2A 8 S (left ventricular posterior wall diastole;
LVPWd), F=71% 44 38 FA(eft ventricular
posterior wall systole; LVPWs), 44 = E(fractional
shortening; FS), the® EF £ X (aortic flow velocity; Ao
vel), = % 7]17H(pre-ejection period; PEP), 44 4=
Al7H(left ventricular ejection time; LVET)S 3313t}

ot=okE 5H(Pharmacokinetics) =4

AukA¢] oFE-okE8H Pharmacokinetics) #2412 SAJTHsH
uho] @ o FpetA Aol A KPSt JHellA 3] 2wl
(pimobendan)s} FNEA] & (pentoxifylline)o] =3l A|A|
AR Agsket Slo] EA fEAE T Fraldyt A
EAZde] EF 8 & 5
2ol vy AEADHS 747} AS kgd
kg, 15mgkee] $#FL = A5 & & Fof 5¢, 10%,
IS, 305, 455, 1AZE, 24178, 3AIZE, 417, 8217, 124

R

.

Pr\
Gl
Jﬂ
r (o]
_‘lll
tﬂ
D)
*J
o=
_o‘L
;&
o
,—E
=

.
Added 200 L of plasma
T Transferred supernatant to vial
- v
Added 550 pL of Acetonitrile
T Added 250 pL of Distilled water
. . v
Vortexing 2,500 RPM for 10 min
& LC-MS/MS

Sonication for 10 min

v

Centrifuge 15,000 RPM for 10 min at 4°C

Fig 1. Sample preparation protocol for pimobendan and pentoxifylline analysis in dog plasma.
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Table 1. Pre-examination characteristics of 8 dogs included in
this study

Characteristics Dogs
Number 8

Gender 2 Males, 6 Females
Body weight (Kg), mean=+ SD (Range) 10.6+1.8
Heart rate (bpm), mean + SD 114 +£27

Respiratory rate (/ min), mean = SD 34+6

Body temperature (°C), mean + SD 38.7+0.3
Hematologic evaluations

WBC (x 10° / pl) 10.0+£23
RBC (x 10° /) 6.9+0.8
Hb (gm/dl) 157+1.6
PCV (%) 488+5.8
PLT (x 10° / pl) 289.4+732

SD, standard deviation; CBC, complete blood count; WBC, white
blood cell; RBC, red blood cell, Hb, haemoglobin, HCT,
hematocrit; MCV, mean corpuscular volume; MCH, mean
corpuacular haemoglobin; MCHC, mean corpuscular haemoglobin
concentration; PLT, platelets.

Table 2. Pharmacokinetic parameters of dogs (n=4)
administrated with pimobendan-pentoxifylline mixture

Pharmacokinetic 1, . Analytes

parameter Pimobendan  Pentoxifylline
Lambda z h' 5.67£2.08 3.25+0.50
AUC o ngh/mL 450+ 144 1648.15 = 723.56
AUC ngh/mL 5.04+0.84 1648.15+723.56
C... ng/mL  2.83+150 1184.33+932.37
T,.. h 1084072 029+0.14
Tin h 265+142 0294023
CLGy / F L/h/kg 0.05+0.01 0.01 £0.00
VZemmy/F Likg 0204007  0.00%0.00

Lambda z, elimination rate constant; AUC,,, area under curve
from time zero to 24 hours; AUC,,,, area under curve from time
zero to infinity; Tmax, time to maximum concentration; Cmax,
maximum concentration; Vz......, / F, apparent terminal volume of
distribution.
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Fig 2. Time-course change graph of pimobendan concentration in plasma of dogs (n=4) administrated with pimobendan-
pentoxifylline mixture, determined by LC-MS/MS depending on points of time.
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Fig 3. Time-course change graph of pentoxifylline concentration in plasma of dogs (n=4) administrated with pimobendan-
pentoxifylline mixture, determined by LC-MS/MS depending on points of time.
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Table 3. Pre-examination echocardiographic indices of control
group (n=4) and experimental group (n =4)

Parameter (units)  Control group  Experimental group

Ao Vel (m/s) 127.4£30.2 123.3+29.8
Ao* (cm) 1.7+£0.0 1.5+0.6
FS (%) 43.1+43 37.7+25
HR (bpm) 134.5+16.0 943+179
IVSd* (cm) 0.9+0.1 0.8+0.1
IVSs* (cm) 1.2+0.2 1.1+0.1
LA* (cm) 2.0=0.1 1.8£0.7
LVET (ms) 1742+7.1 198.7+£9.2
LVIDd* (cm) 3.0£0.2 2.6+0.8
LVIDs* (cm) 1.7£0.2 1.6£0.5
LVPWd* (cm) 09+0.2 0702
LVPWs* (cm) 1.3+0.1 1.1£0.2
PEP (ms) 20.5+3.1 25.8+4.6
MBP (mmHg) 943 +6.7 101.5+£8.6
DBP (mmHg) 745+13.5 90.0+7.5
SBP (mmHg) 127.5+10.1 123.5+9.9

Echocardiographic indices referred to prior study in 2016 (11).

Ao Vel, aortic velocity; Ao, aortic diameter; FS, fractional shortening;
HR, heart rate; IVSd, interventricular septum (diastole); IVSs,
interventricular septum (systole); LA, left atrium; LVET, left
ventricular ejection time; LVIDd, left ventricular internal diameter
(diastole); LVIDs, left ventricular internal diameter (systole);
LVPWd, left ventricular posterior wall (diastole); LVPWs, left
ventricular posterior wall (systole); PEP, pre-ejection period; MBP,
mean blood pressure; DBP, diastolic blood pressure; SBP, systolic
blood pressure.

No values were significantly different between treatment groups
(P>0.05).

Values expressed as mean standard + deviation.

*Indexed to body weight (6).

vk AEA LY A9 AR o]F g A7k
2 yrdld % H3le Fig 20, 23] A7) w}
2 A=Y F% H3lE Fig 390 22 YeRITh

oFZ o245} (Pharmacodynamics)

AFA 718 A9 AR HAF A3 iz A8 7
of frol zol7t gla-S ERlsATH(Table 3).

I RAGAEADY FAE Fofgh AlA] Akl w
2} 7]1E AR #F FoHA AelE: vYER AFEe v
729kth: FS(1-4474), LVIDs(1-3A17Y), PEP(3, 4A174) (Fig
4). FS& 71 Axpkel vi8] S7ket9 e, LVIDset PEP
= 2 o= Ay a3 Fo T oA A7
Atolol] vrEbtom, AR vzt 7kl o3 Zpol(P<
0.05)8= FSollA 2A17kellA] 4|7 ell, LVIDsol A 14] 7kl A
3ROl 28]l PEPOIA] 3AIZFEL 4A7R o H2kE QAT

1]

i

Qe 1] Aol AAE SRas A5A89
o] eREoRgel o opEoRelst A7 g Mo, FujolA )
2E VEAR-AEA LY 2Y IS TSRS wel U
Bk wslE s1Ee) dast wastart s

sElde] okgorsstel A, Hzz sjute] &7l

[

60 - " [ o Experimental

— Control

FS (%)
e
o

-

+
20 T T T T T "
0 2 4 6 8 10 12
Time (h)
Left ventricular internal diameter (systole)
1.0 1~
----- Experimental
—— Control
0.9 T
E
2 0.8
; .
£
L
o 0.7
aQ
=
0.6
0.5 T
0 2 4 6 8 10 12
Time (h)
Pre-ejection period
35 4
-=== Experimental
——Control
25
m
E
2N
w
["B
15 A
«
5 T T T T T ,
0 2 4 6 8 10 12
Time (h)

Fig 4. Echocardiographic indices (fractional shortening, left
ventricular internal diameter systole, and pre-ejection period)
of control (n=4) and experimental (n=4) groups over time
after administration of vehicle powder and pimobendan-
pentoxifylline mixture, respectively. Measurement and expression
of echocardiographic indices referred to prior study (11). FS,
fractional shortening; LVIDs, left ventricular internal diameter
(systole); PEP, pre-ejection period; cm, wt norm, weight-
normalized centimeters (6). *Significant difference (P < 0.05)
from baseline (time 0) in the experimental group. There were
no significant differences from baseline in the control group.
"Significant difference (P < 0.05) between control and experi-
mental groups. Mean and standard deviation are represented by
point and bars, respectively.
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