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ABSTRACT

AIM; To swdy the simultaneous modeling of

pharmacokinetics and pharmacodynamics ( PK-PD) of
propafenone (Pro) in healthy subjects. METHODS:
Ten healthy Chinese volunteers, 5 extensive metabolizers
(EM) and 5 intermediate metabolizers ( IM) of
CYP2D6, received a single dose (400 mg) of Pro
hydrochloride. The blood samples and electrocardiogram
(ECG) measurements were taken after administration over
15 h period. The concentrations of Pro in plasma were
measured by a reverse-phase HPLC. PR interval was
used as an average value of 10 PR interval measurements.
RESULTS: There was a delay between Pro level and
percentage of PR interval prolongation.  After PK-PD
simulating, the relationship between effect concentration
(Ce) and the effect met the sigmoid E,, model,
CYP2D6 (EM & IM) played an important role in both
pharmacokinetics and pharmacodynamics which produced
by Pro. The AUC (ug-h-L™') of IM group was
significantly higher than that of EM group (5126 = 1030
vs 2048 £1230, P <0.05). Whereas Cegy(pg/L) was
also greater in IM group than in EM group (747 +281 vs
359+123, P <0.05). On the other hand, ¥ of EM
group was about one fold larger than that of IM group { P
< 0.05). CONCLUSION: CYP2ZD6 phenotype of
human may influence not only pharmacokinetic of Pro but
also its pharmacological effects.
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INTRODUCTION

Propafenone { Pro) is an Ic class antiamrhythmic
agent, which possesses an effect of blocking sodium-
channel in vive. It has been established that Pro
undergoes  stereoselective  pharmacokinetics and  its
variability is determined by CYP2D6, an enzyme
responsible to Pro metabolism in human"*’ . There are
greater inter-individual variances in clinical dosage to
achieve a safe and efficient effect. Whether it is related
to pharmacokinetic and/or pharmacodynamic variability
needs to be clanfied. Simultaneous modeling of pharma-
cokinetics and pharmacodynamics { PK-PD modeling) has
emerged as a new approach to deal with some clinically
important and wildly used dmgs. PK-PD modeling
expands classic pharmacokinetics by suggesting a
hypothetical effect compartment, which relates drug
concentration (o level in effect compartment and finally to
drg effect® . The purpose of this smudy was to
investigate (he relationship between plasma concentration
and PR interval prolongation with a PK-PD modeling in
10 healthy subjects after administration of 400 mg of
propafenone hydrochloride.

MATERIALS AND METHODS

Subject Ten healthy HAN Chinese subjects (5
men and 5 women) were recruited. Their average age
was (35.3£6.0) a and weight (60.0+5.5) kg. Five
(3 male, 2 female) subjects were extensive metabolizers
(EM) of CYP2D6 and five (2 male, 3 female) inter-
mediate metabolizers ( IM )} according to CYP2D6
phenotype established in our lablt). Al subjects were
healthy as assessed by the medical history, electrocardio-
gram (BCG) and biochemical testing. All were non-
smokers and drug free for at least 2 weeks before and
during the study.

Protocol  After an overnight fasting, subjects
received 40) mg propafenone hydrochloride  tableis
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(Xingyi Pharmaceutical Company, Shanghai, China, Lot
No 9610037) orally. Blood was taken at 0.5, 1, 2, 3,
4, 6, 8, 15 h after drug administration. Plasma was
separated and stored at - 20 T until assay. EBCG
(Cardiofax, model 6511, Shanghai Kohden Medical
Electronic Instrument Corporation, China) was assessed
at each blood drawing. PR interval, a significant and
regulatory index pertinent to pharmacological effect of
Pro, was used as an average value of 10 PR interval
measurements .

Drug analysis Plasma Pro concentrations were
measured by a reverse-phase high performance liquid
chromatography'®) ( HPLC pump. Shimadzu LC-6A,
SPD-6AV ultraviolent spectrophotometric detector 208
nm; column; hypersil ODS 200 mm x 4.6 mm, 5 pm;
mobile phase: acetonitrile : waler : acetic acid = 60:40:
0.01; flow rate; 1.0 mL/min) established in our lab*)
We used the sum of S-Pro and R-Pro as total Pro level.

Data analysis PK-PD modeling of Pro was
undertaken by a CAPP program ( Computer Aids
Pharmacokinetic and  Pharmacodynamic  modeling,
developed by Nanjing Medical University, China)® to
simulate Pro plasma concentrations with percentage of PR
interval prolongation. A model of first-order rate
absorption and two plus effect compartment was used after
orally pro administration. A sigmoid E,,, model was
utilized in the final pharmacodynamic modeling

s Ce(1)?

Cegy' + Ce(1t)”

Where £ is effect, Ce is the concentration of Pro in
effect compartment, E,, is the maximum effect, Ces, is
the Pro level at 50 % of E ., 7Y is sigmoid parameter of
effect curve. The differences in the pharmacokinetic and
phamnacodynamic parameters between different CYP2D6
phenotypes were tested by unpaired r test. A P value
less than 0.05 is considered as significant.

E(t)=

RESULTS

Fig 1 shows the plasma concentration-time curve of
Pro in 10 healthy subjects over 15 h after a single oral
dose of 400 mg Pro hydrochloride. The Pro effect-time
curve is shown in Fig 2. By simulating average Pro
level to percentage of PR interval prolongation with CAPP
program, we found that there was a delay between effect
and level of Pro (Fig 3A). The concentration-effect
curve was connected with central compartment (Fig 3B),
a relationship between effect concentration { Ce) and

effect is found to meet Sigmoid £, model (Fig 3C).
Fig 3D is a simulating curve of Pro effect versus time.
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Fig1. Plasma concentration-time curve of propafenone
in 10 healthy Chinese subjects. ¥z s.
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Fig2. Effect-time curve of propafenone in 10 healthy
Chinese subjects. xts.

Pharmacokinetic and pharmacodynamic parameters
simulated by CAPP program in 10 healthy subjects are
shown in Tab 1 and 2. The parameters by comparisons
with different CYP2D6 phenotypes (EM & IM) are
summarized in Tab 3 and 4. The AUC (pg-h*L™!) of
IM group is significantly higher than that of EM group
(5126 + 1030 vs 2948 + 1230, P <0.05). Whereas
Ces(pg/L)is also greater in IM group than that in EM
group (747 2 281 vs 359 + 123, P <0.05). On the
other hand, ¥ (a parameter of sigmoid effect curve) of
EM group is about one fold larger than that of IM group
(P<0.05).

DISCUSSION

There are emerging PK-PD reports regarding drugs
with narrow therapeutic range, large inter-individual
variability, and a lag between effect and level. Sheiner
et al'™ first suggested an effect compartment model to
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Fig3. Propafenone average concentration versus average effect ( percentage of PR interval prolongation) simulated
with Sigmoid E,,, model in 10 healthy subjects. A: concentration-effect curve. B: concentration-effect curve
cormiected with central compartment. C: concentration in effect compartment versus effect, D: effect-time curve of
propafenone predicted by sigmaid E, . model,

Tab1. Pharmacokinetic parameters of propafenone in 10 healthy Chinese subjects after oral administration of 400 mg
propafenone hydrochloride.

Parameters 1 2 3 4 5 6 7 8 9 10 x s
Coma/ gL 196.1 948 386.6 87.6 531.1 780.1 8.7 5907 99.1 9%.8 Tl 262
Tpg/h 23 0.3 1.8 107 198 08 210 139 08 11 14 06
K /! 062 473 106 18 118 241 09 1.6 313 140 19 12
fakah 112 015 06 037 059 02 077 04 0.2 048 051 0.29
b 031 131 02 030 018 0% 02 024 07 08 05 0.38
f12/ 222 055 27 13 392 07 32 28 09 08 1.9 1.2
R/h! 028 035 021 03 015 009 02 02 018 015 02 0.0
fum/h 247 19 3.2 194 460 7.5 323 347 3.8 479 37 L7
Vy/L .2 209 472 17.0 31T 4.5 17.0 311 2.9 287 35 16
AUC,_./pgh-L™l 134 2598 2672 3435 4692  S5M6 6269 351 5163 5304 437 15O
Ci/Lh! 332.3 1643 1672 101.0 9.5 7.0  60.7 1237 8.0 692 15 &

1

K,: absorption constant; o: distibution constant; P elimination constant; ty: half-life; V,: total apparent volume; AUC: area under
curve; Cl: clearance rate; Cpy: peak concentration; T, : time to reach peak concentration.
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Tab 2. Pharmacodynamic parameters of propafenone as determined by percentage of PR interval prolongation after an
oral dose of 400 mg prepafenone hydrochlotide in 10 healthy Chinese subjects.

Parameters 1 2 3 4 3 6 7 8 9 10 X $
Ko 1.9 0.79 1.51 1.18 068 0.9 1.6? 1.90 1.26 1.12 1.2 0.4
Eng/ % 31.1 2.5 474 416 53.6 28.4 58.1 4.3 65.1 .0 47 14
Ceg/pg-L7! 148.4 466.8 3753 392.5 4124 4772 1216 6.5 741 7273 553 289
Y 2% 4.22 2,42 3.79 1.73 2.35 1.68 1.76 1.43 0.88 2.3 1.1

K, elimination constant in effect compartment; s: slope in linear model which approaches the value of E_ ./ ECy.

Tab 3. Comparisons of pharmmacokinetics of propafenone between EM and IM phenotypes of Chinese subjects. n =10,
£15."P<0.05 us EM. IM: corrected parameters,
AUG_../  ar Co/
a/h™' hash -1 hey'h Kbl /b VL “‘“ To’h
V! f/h 12 12K 4 bl Len! pgeL!

EM
M

05+0.5 2.2+£1.3 0.27+£0.09 29+1.1 1.921.6 0.6:£04 39+2] 20481230
0.6+03 1.7+1.2 0.17+0.05 4.6£1.8 1.920.9 0.410.2 3111 5126+1030P 82+25 89+151 1.2+0.5

16999 57534 1.6+0.8

Tab4. Comparisons of pharmacodynamics of propafenone
between EM and IM phenotypes of Chinese subjects. n

=10. =+ s. "P<0.05 vs EM. IM: corrected
parameters.

Kb Eng’%  Ceg/pgrL! ¥
M 1.1£0.3 4111 39123 3.0:1.0
™M 1404 54£15  747:281" 1.620.5°

relate drug level to phammacological effect. Our previous
study ‘on metoprolol had shown that a PK-PD model could
explain stereoselective differences of drug disposition and
action in spontaneously hypertensive rat™. In present
study, we found that there exists delay between Pro level
and its effect in 10 subjects after administration of 400 mg
of Pro hydrochloride. It suggests that the peaks of
plasma level appear earlier than effect peaks, indicating
the presence of effect compartment. After simulating
with sigmoid model, we obtained a good relation of effect
with time, which provided theoretical basis for forecasting
maximum effect, the lag time between effect and level,
and possible maintaining time of drug effect. There are
magnificent  differences in  phammacokinetics  and
pharmacodynamics between CYPZD6 EM and M
phenotypes.  AUC of IM group is around two fold higher
than that of EM group, which results in same fold
increase of Cegy in IM group as compared to that in EM
gIOup.

In conclusion, genetic polymorphism of CYP2D6
could ot only influence phammacokinetic of Pro, but also
its pharmacological effect at the same time. The further
study on PK-PD of Pro and other CYP2D6 substrates in
patients will provide useful information of rational use of
these agents clinically.
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