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Abstract— A procedure for the determination of KR-30075 and its metabolites in plasma and
urine by high performance liquid chromatography is described.

For the study of pharmacokinetic properties of KR-30075, a new PDE III inhibitor, the plasma
concentration and urinary excretion after an oral administration of KR-30075 (4 mg/kg) in the
male rat (Sprague Dawley) were determined by high performance liquid chromatography. The
best extraction efficiency of KR-30075 and KR-30072 is obtained with ethyl ether adjusted to
pH 4.0. Retention times of both KR-30072 and KR-30075 were within 5 min and resolution was
complete at the flow rate of 1.0 mi/min.

The sensitivity and specificity of this HPLC assay appears to be satisfactory for the pharmacoki-
netic study of KR-30075 and its metabolites.

One-compartment open model with first-order absorption was applied to evaluate the pharmaco-
kinetic parameters of KR-30075 according to Minimum AIC Estimation. T,. was 1 hr, C,. was
0.789+ 0.31 pg/m/ and elimination half T, was 6.31 min after oral administration of 4 mg/kg
KR-30075 to male rats.

Keywords [ ] KR-30075, PDE inhibitor, HPLC, one-compartment open model with first-order absorp-
tion, minimum AIC estimation.

34 A% A Z(congestive. heart failure)e] ) AR A ze] r thE A 2L prazosin?o]i} capto-
Al 8 Al A kAl SR 2 2 priPE 2 B9y FAAY ARgeln). olF <
%4 Z7}A|(positive inotropic agent)$} A1=}¥-A4 9] B2 AlAro|| th3l afterload & ZAaAl7\ L 2ARFES
T4 Zolep AnbEeke] IHcKvolume over-  Z7MA)ZIvh o$ 2dd)] oj2 A+ isoborbide dini-
load)ell F£4-& 2 olkAl] w4 SWolgich? trate, nitroglycerin 3 Z& AW A}

EA APAEE 7R A EAA ATHOE A
PR =T B3 T o) AHRAZR. Sxo) grk? o] E Ao JERIFEES 4

259



260 O FE - PHA -

AHY - 237

Aol gt preloadE FAA7I BAYH ¥
A EARR-VU R o o i Bl EA L= R

# ol /43R fenoximone, amrinone, milrinone,
imazodan 5% 722 phosphodiesterase inhibitors
g F8 F95Y Y] FeE F
Alell el Aoz gdc)s

Phosphodiesterase 3',5'-cyclic AMPE- 5'-AMPE
A 7= 71588 EAqld), phosphodiesterase
A& A 3,5 -cyclic AMP7} 5'-AMP= AZ=EE A
4 AHAFeozH AZY cyclic AMP F=& 2714
7t cyclic AMPS] F&7t 27lEd 2458S 5
FWAF ez AAE 7Tl Y d9e 3
Aoz AR Fubsle A5R ke 7Sl
A1} 1012 ‘

Aze] &A= KR-30075% pyridazinoned <&
24] 3}3}9 o] 4,5-dihydro-6-[ 3-nitro-4-methoxyphe-
nyl)-5-methyl-3-[2H]-pyridazinone &2 o] 332
guinea pig®] A14Z5H ¢} phosphodiesterase isozy-
mesell & A=A QA4 Jehl =P R
guinea pige] Al¥lell A 2554 £713H4-& ey
Langendorff A3dAe #AFFU) 58 S7H]
71t w3 o] 3E-L guinea pigd FE, 22
PN AAFHA A FhE ¥ )7}ehat-8(differe-
ntial vasorelaxant effect)g jepich®

2 AYeMEs WP ZFEAZ KR-300728 A&
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Fig. 1(a)—Chemical structure of KR-30075.
1(b)—Chemical structure of KR-30072.

U5 Fyst=d Aok

KR-300752] ¥AL=-A7t dloJel= Akaike]
MAICE®¥®-¢ =-8-A]# compartmental anayisis&
AA s o

A

AT E %2

A7 FEZe EFEF KR-30075(3H= 3837
%) Fig. 1(@)e A48t HPLCOIA9 Wiy EFE
A2 = KR-300752} retention timeo] f-A}1g+ KR-
30072(=r2Hed &) Fig 1h)E AH8-3tdeh

Alet |

Tween 80(polyoxyethylene sorbitan monooleate)
2 Junsei Chemical Co.2] E.P. grade® A}8-3}3 %
potassium acetater Syinyo Pure Chemical Co.
GR. GradeE A}&3lgitl. acetonitrile ¥ watere
Tedia Co.9] HPLC$ grade® A}8-3132.% hepa-
rin Sigma Co.9] 100,000 unit& 2 A3}e] A}-4-3}1
Q). acetate buffer(pH 4.0)= potassium acetate 14
g3} acetic acid 205 m/ X FHFSTE £l A
shoich

2|7

High Performance Liquid Chromatography
(HPLC)¥ Perkin Elmer 410, LC1-100 Integrator-$-
A28t 3 column-2 Lichrosorb RP Cis(10 pm, 3.9
mmXx30cm) ¥ precolumn® ZE Pellicular Ciz&
A}2-3lgdc}. UV Spectrophotometer+= Perkin-Elmer
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Plasma 2 m/

pH 4.0 Acetate Buffer 2m/

20/ Internal Standard (KR-30072)
Ethyl ether 10m/

10 min  mix

Centrifuge (3000 rpm, 15min, 4T)

Ether layer
Dry
1.0m Acetonitrile
Filteration

20/ HPLC

Scheme 1—Plasma sample preparation for HPLC as-
say of KR-30075.
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2.0ml Urne

pH 4.0 Acetate Buffer 2ml/

20/ Internal Standard (KR-30072)
Ethyl ether 10m/

10 min mix

Centrifuge ((3000 rpm, 15 min, 4%7)
Ether Layer
Sm/ of 1IN NaOH
Centrifugc (3000 rpm, 15 min, 4%)
[ 1
Ether Layer Aqueous Layer

6md  Ethyl ether
10 min mix

Centrifuge
(3000 rpm,

I |
Aqueous Layer Ether Layer

Dry
1.0m/
Acctonitrile

15 min)

20m! HPLC

Scheme 2—Urine sample preparation for HPLC assay
of KR-30075.

Table I—Conditions of high performance liquid chro-
matography
Lichrosorb RP Cy5

Pellicular Cy,
Acetonitrile:Acetate Buffer(70:30)

Column
Guard Column
Mobile Phase

Injection Volume 20 W/
Flow Rate 1 m//min
Detector Amax 290 nm

Scheme 2dl+= % A]8%F KR-30075 ¥%&
HPLCE ZFA37d Ala AA whgel).

HPLC =

B Agelr AT KR-30075%F L tjAlES]
HPLCel| AF8-3t 2712 Table 13} 7t}

Working column Lichrosorb RP C& %1%
& AHEEE e columng B33 993814 pelli-
cular Cs& 243l guard columng AH&3kgict

HPLC 271%9 shie ol5Ae Z£Hel 4y
$0)

A=7}A] &l E o)F

Ao AMRd] B A} aceto-

nitrile#} acetate buffer®] T No] 7}A Helio)
FL, o] F &A9 L& A7) 3 aceto-
nitriles} acetate buffer®] ®])-8-2 100 : 0, 70 : 30, 50
- 50, 30 : 7022 AP A} 30 : 708 8l&o) S
EFo) itk

HPLCY F¢#k& 20u2 g L9l A flow
rate 1 m//min®] £E2 39}l A&7]= KR-30
0752} KR-30072& UV Spectrophotometer®. &3 4]
Hd F94<] 290 nmE A3l

Pharmacokinetic analysis

Model2] MEH—Model sAlo] gloiAlE= o313
71Fo vlehe F14 modelS Ae3l=rsbr) shte)
A7 "ok B w28 HolA AZe} A4xr)
2 dAskeA 9] X F83 BTl 5]"4 s
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231tk 22y model stejuiee] 5 Fo1A ?l“{i
AR AEA]7) & AXSAF = A9k datar} 2
227} adE 34 sevlEd BgEHAR Jug
SolEleE HAagoz F7MX Ao )k

Akaike+= ©] model A®9] 7)F0 24 “Akaiked)
Ak 715 Akaike’s Information Crlterlon(AIC)”—Q—
A 25t ot

AIC=nXIn(8S)+2m

n:&A datas

m . model parameters*
ol FAAl g £} == modele] E 7}
Ne A AICHP71 71 2k zkel modele A=)
3= Zle] H A9 A¥e] Yk Minimum AIC Esti-
mation, MAICE).

AICE model A9e] 3hje] 7|53
A A uE zZhes AL ofth

o|7e AIC7} two-compartment modelo] %3 o)
g1 dto]% B3| waki one-compartment mo-
dele] ¥ A7t A& Aelth model e
AICol g AFH o2 computerel] &a)+ 3}
A2l Zlo] o}l HFH o2 E ot} Algto)
FHdAoE fAT Yolrh

B dFolA & KR-300758 A E-A7F 4]
4412 AIC

AF SR

o]e}Z one-compartment modelel] =

=—122434 FAolglth
One-compartment open model with first-order ab-

sorption—one-compartment open model with first-
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Table II—Effect of solvent on the extraction of KR-
Dose — i—.’ Xe=CpxVd _!(“_) 30075
absorption excrtion

Km 1 metabolism

Ka © absorption: rate constant

Km ! metabolisin rate constant

Ku : urinary excretion rate constant

Cp . plasm concentration

Vd ! volume of distribution

Ke D elimination rate constant ; Ke = Ku t Km

Scheme 3—One-compartment open model with first-
order absorption

order absorption®< Scheme 322 FEAE = 9)
o,

Scheme 32 <FEo] 1xF o7 F4shs 449
one-compartment open model24 3 compart-
ments 338 ez, A compartment= 8
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A Bl X2 Kaol F4EE AT o) I3
0% Eoj7t ¥ 1 d%E Km9 tiAEE SR
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o] modelel] 234 FoA)= wlEA A2 o}-g3}
.

dX
2 =—Ka-Xa
dt
dXc
——=Ka-Xa—Ke X 1
& a e Xc 1)
dX
Lo =KuXXc
dt

t=00]4 XA0)=F-Dose, X,=00lzhz= %7|Z2H&
=

AH8-81aL Laplace transform& A Alsled ()42 F4

ohes] Ago] QdejAlcy.

Xa=Dosere K-t 2
Ka-Dose
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" Ka—Ke e e ®
Xu= Ka:Ku—Dose [_1 N 1 R
Ke Ka Ke—Ka
Ke
—_— 7 L-Ka-t 4
Ka(Ke—Ka) ] @
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Solvent Absorbance
Chloroform 1.905
Hexane 0.134
Ethyl ether 1.949
Ethy! acetate 1.897

Table III—Effect of pH on the ethyl ether extraction

of KR-30075
pH Absorbance
2.0 0.3882
4.0 0.5527
6.0 0.1241
8.0 0.2822
10.0 0.3249

3] modelel] ©)3te] AtEH Heln|EE o] 83}
terminal half-life, Ti»-S 0.693/Kd®] 222 AtEs}
slon, AUCE trapezoidal ruleel] ¢]3led Al33}ed
3L, AHEd AUC 7re 22X total clearance=Dose/
AUCS] Ao dislsted AbE3sich

dn o nf

=& Z2oj

B Age)A KR-300758 7MY A& 28
T 3= 2vlE A=) f)5ke] KR-30075 10 ppms
Fgolo g2 FAE F chloroform, n-hexane, ethyl
ether, ethyl acetate 5% v 10%7F ekgk &
3000 rpmel| 4] 1027 fAlR-2lstedch

7+ 9] &= KR-300759] Anu(SHET3H)
= 25 290 nme| gt}

2 A3} chloroformeil 419 &F3ZF =+ 1.905 he-
xaneol| 48] &Rt 0134, ethyl etherol A o] &3
L& 1.949, ethyl acetateol| 48] &=+ 1.8972 4]
ethyl ethero] &33%7} 7} =9kctHTable II).

maba B AgelaeE KR-300758] FEEWZE
ethyl ether& AM&-3haich

KR-300752] ethyl ether 22| absorbancedd| O}
X pHY Y&

Table II¢j&= KR-30075-% ethyl etherell £-3]4]7!
% 742 pHol| A =A% absorbancezt-2 EA]st4ch
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Enhanced scan: Speed: 300 Slit: I Resp: 2

Name: ....occco_....._ Date:.._. _...... Sample: _____..

0.5000 a -
045001
0.4000 4
uv spectrum of KR-30075
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0.2500
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@
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T "
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0.0000: e v T T T
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Fig. 2(a)—UV spectrum of KR-30075.
2(b)—UV spectrum of KR-30072.

©] Table IIlef 4] Bz n}e} ko] pH 4.09] -2-oj| 21 2]
absorbance”} 7} E9ko 2 B Aol A& acetate
bufferg AHg-3te] pH4.022 A ethyl ethers
FEEE ARSI

UV spectra of KR-30075 and KR-30072

Fig. 2(a)¢} Fig. 2(b)ol| 7183424 Tween 802
ARg-slo] 831471 KR-300752F KR-300722] UV spe-
crumg 27k #4850}

(=43
=
=
&N
3
[+2}
o~
< v
S
N o
o %
< Sz
Nlﬂ
3
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Fig. 3(a)—HPLC chromatogram of plasma spiked with
20 pg of internal standard, KR-30072.
3(b)—HPLC chromatogram of plasma sample ob-

tained at 60 minutes after an oral administ-
ration of 4 mg/kg KR-30075.

Fig. 2a), (b)oll Al R+ ule} 7o) absorbance(ABS)
2} Wavelengthel] 4] KR-300752} KR-300722] Anu(S
R EFIhE 2% 290 nme]gich

A KR-300752] HPLC chromatogram

Fig. 3(a)= KR-300758 F+3}#] otx WHEEE
Ael KR-30072%H 20 pg2 F ol 7AFF3laL 1
A|7b Fof] AP Y o2 RE Rt Aol st
Scheme 10 vtebdl uhgio 2 jejgt § & A8
tsl HPLCE A3}l $4% chromatogramo]c},

&4 Fig 3(b)= KR-30075 4 mg/kgs} WEIZFE
Zlel KR-30072 20 pg& 3ol AvFoIst 143k
Fol A dJeozHe] Fe|gk HA A s
Scheme 19 L}l spH o2 323 & Q& A5
)8 HPLCE AJA)8le] ¥A%F chromatograme]th.

Fig. 3(a), (b)elA] Ei= uie} 3te] KR-30072¢F KR-
300759] retention time2 ztZ} 1.66 min, 3.57 mino]
¢2lem F peak ©F blank chromatogram¥} w2 &
o dhsj=]elzrl EASHA ¢ar Fel= g

=& KR-300752] HPLC chromatogram

Fig. 4(a)x= o] KR-30072-8 FoJ& % Scheme
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s
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n § 5
o
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l Urine + KR-30072 J Urine+Drug (KR-30075, KR-30072)
! 1T 1
0 100 10

(@ ()

Fig. 4(a)—HPLC chromatogram of urine spiked with
20 ug of internal standard, KR-30072.
4(b)—HPLC chromatogram of urine sample obtai-
ned at 60 minutes after an oral administra-
tion of 4 mg/ug KR-30075.

Table IV—Mean plasma concentration of KR-30075
with time after oral dosing of 4 mg/kg in

rats
Time(hr) Cp(ug/mi)
0.25 0.724
0.50 0.728
0.75 0.751
1.00 0.684
2.00 0.684
4.00 0.396
8.00 0.413

2¢] W o2 Hujsle] A2 AR chromatogram
o1, Fig. 4(b)x= KR-30072¢} KR-30075% Foj3F &
Scheme 28} W o 2 H8)sle] AL A8 chroma-
togramo)t}.

Fig. 4@@)o) A Bz s} 7o) Xgol 4] 2] KR-30072
+ retention timeo] 1.57 mino]gith

Fig. 4(b)ell A B vfe} 7o) Lo 4] KR-30072
9} KR-300759] retention timeS 2}Z} 1.66 min, 3.57
mino] it}

Pharmacokinetic parameters

HE 5Z-AlZt HI0]El— 31 F ol 4 mg/kge] KR-30
0758 7773 A9 #d FAF=-A17t Hel

Vol. 36, No. 3, 1992

Absorption

%
8 8

Time (hr)

Fig. 5—Percent absorbed versus time plot of KR-30
075 according to Nelson-Wagner method.

Table V—Mean cumulative amount of unchanged drug
excreted in the urine with time following
oral dosing of 4 mg/kg KR-30075 to rats

Time(hr) Xu(mg)
0.25 5.84
0.50 8.62
0.75 13.07
1.00 15.79
2.00 17.71
4.00 20.02
8.00 21.40

€= Table IV} 7}

Fig. 5¢l]+= Nelson-Wagner method® 2 & A|7t
Aol g ¢ AEES =AEAh

o] Fig 52%E KR-30075% 72759 F 84
Zofl AA Fego o 50%7 FeEE 4
1=

=T -AlZt o0]El—4 mg/kge] KR-30075% 73
FFAg A9 A3F Aol wEE w3 GE
% wjAdeke Table Vo} )

e 25 ni2lo|e{el Al4t— 3% KR-30075
o] EL£ w24 s2bv]E]E Yamaoka 5] gt
computer program-= ©]-838}o] A4HgE A= il
Table VIz} 2}

AE A7 dolele nFEE-AlzE dloletst
%7 Damping Gauss-Newton®{?9 2 2 fitting 3192
v} Simpson’s rule® A¥34it}. weightingS 1/82&
AFE- A7t dolel ¥ &% dolel Bl b3

3o L
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Table VI—Pharmacokinetic parameters of KR-30075 ]
after oral dosing of 4 mg/kg to rats
Parameter Mean value g -
Kathr™1) 0.115+ 0.025 H 10 1
Km(hr™?) 14,200+ 14.560 g o
Ku(hr?) 0.633+ 0.694 Ps ;
Vd(m) 9.665+ 10.630 g f — calculated
Ke(hr ™) 14.833+ 15.254 £ : "M observed
[AUCIo-s(ug* hr/mi) 7670+ 4.121 FERE ',-’
Tuz(hr) 6.000+ 1.300 2 /
E I/
S
_ 1 4 calculated o1 ' i v ! ’ ' )
B .@ observed 0 1 2 3 4 5 6 7 8
g Time (hr)
g Fig. 7—Plot of mean cumulative urinary excretion of
% KR-30075 in rat. Each point represents the
£ mean observed value. The solid line is calcula-
: ted by computer program.
5
-9
Aol 3 73 =g A8 2l A 9t
o) BEA %} ANAT} & AASHE A& & 5 Aok
M Fig. 791& 7ol 4mg/kge) KR-300758% 7375

Time (hr)

Fig. 6—Plot of KR-30075 plamsa concentration versus
time after oral dosing of 4 mg/kg in the rat.
Each point represents the mean (n=5). The
solid line represents the curve calculated by
computer programi.

3lodt). Yamaoka 5%9¢] 7§l computer program-<
Ab2-sled A4kgE KR-300759] e 523 wielv)
E]:= Table VIe FEA)%l uvlse} )

EFr4x Apkayt 245 E Ake=km+ku)
B} A e g zlo} B okEe]| absorption rate-li-
mited elimination®& kA4S Bgor, old o&
WA w7t 7]= 6.0x 1.3 hr2 vebligle). Urinary eli-
mination rate¥ Zrol|lA9] tlAbg(km) R} iAo
2 vj$ Mg on] A4 8hr 9 ko Wi
214 g 2A & Foie 21%¢ £33t

Fig. 694 33 o] 4 mg/kge] KR-30075% 7715
o3 Fo| A7} Aol wEs A& dAexed

gt Fo| A7t A @2 AE3 =Hs KR-
300759 HT FA nF wjAds Ailel s 7
u¥s} KR-30075¢] F# FA nF WAz 47
FAEgc ol et o] #EX|9} AALAsE A
X3 AL £ 5 9l

Fig. 63} 72%¥ KR-30075%] ¥AF%=-A|ZF dHlo]
ele} S FA nF iR ASX e AR 2
YA 4 4 9k o] KR-300759] AMEH7t
one-compartment open-modelell WEc= AL &
T+ itk

4 £

B dFelxE HPLCE °]43le] ¥F KR-30075
2 o gAEEY AEe s =8 8%
2% X7} dlo]el= one-compartment open modell
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