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Pharmacokinetic-pharmacodynamic modeling of metoprolol stereoisomers

in spontaneously hypertensive rat!

YIN Xino-Xing”, ZHANG Yin-Di, LUOQ Jian-Ping, HUANG Xiao-Ping, SHEN Jian-Ping, DING Yong,

HUANG Da-Kuang
{ Depariment of Pharmacology,

KEY WORDS  metoprolol; sterecisomers; phar-
macokinetics; pharmacodynamics; inbred SHR rats

ATM: To study the combined pharmacokinetic-
pharmacodynamic ( PK-PD) model of metoprolol
stereoiscmers, and compare their inhibitery effects
cn cardiovascular system in the spontanecusly
hypertensive rats (SHR). METHODS: The drug
concentration in plasma was measured by the

reversed phase HPLC and the drug effects were
The

recorded by mlwmnh

parameters and the PK-PD model parameters were
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calculated. RESULTS: The plasma concentration-
time profiles were adequately described by iwo-
compartment model. Differences of V', berween
(+)Met and (~)-Met were found. The rela-
tionships between effects and ooncentration of effect
compartment were represented by the stgmoid-E
model. The Cys of V. dp/de ., and HR
inhibitory effects of (+)-Met were larger than
those of (—)-Met. CONCLUSION: Stereo-
selective drug distribution and different potencies of
the inhibitory effects of (+)-Met and (—)-Met
existed in SHR.

{Mer) is a
antagonist used in the treatment of hypertension and
=3 Like most B-bluckers, Met
steregisamers: R -metoprolol

Metoprolol {; -adrenoceptor

coronary disease

is racemic with 2
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[{+)-Met] and S-mewprotel [ (= )-Met . I
wvitra, the Bi-adrenocepror affinny of (= )-Met in
guinea pig left ventricalar wall was abouc SO0 inwes
greater than chat of { + )-Met 1 The inhibitary
effect of { = 1-Met om rabhit heart was 33 dmes
¢~ Moo
was more effective than ( + )-Met and { = J-Met in

wore potent than that of (+ 3-Met' -

reducing mean arterial blood pressure tn consclous

goa[“_‘] . Our  department has  demounstrated
counterclock-wis:  hysteresis  loops  between  the
inhibitery  effects on V... dp/de,.. LVSP,

SHP, heart rare (HR ), and { £ )-Met Dblood

conhcentratiot in Hurmotensive rats aud

spontaneosly  hypertensive rats ( SHR)' ™. Hy

g

using  Shemmer’s  effect  compartment  theory' -,

several investigators suecessiully collapsed some drug
hysteresis loops of effect-drug corcentration .
The present study was to establish the combined
pharmacokinetic ( PR} and pharmacodvnanue ( PD)
model of ( + )-Met and ( — })-Met. and compare the
inhibitory effects berween { + J-Met and ( — )-Met
effect  and  nepative

on  oegativé  itotropic

chronctropic effect m SHR.
MATERIALS AND METHODS

Reagents  ( + )-Met and ( — )-Met tartrates were
purchased from Ciba-Getgy Co (Switzerlane ).

Rats SHR (2, = =15, weighing 223+ 5 31 g, aged
16 — 20 wk) were purchased from Shanghar lusctute of
Hypertension Rescarch.
Alter the rats

ip. & cannula was

Measurement of myocardial function
were anesthetized with urethan 1 gekg™!
advanced tnto the left ventrieular through the dght commun
cartid artery, and then cmmecnad to & presure traosducer
which was comnected 1o an  amphher and polygraph
(RMeO0D . Mibrn Rohent.
cannulated for measurmg the bloxl preswre (BFP ) wave
ECG (lead [1) was observed simulumecndys
These 3 wignals were 1nput into Pharmacology and Physiology
Compater Systene (1PPS, develiped by swr deparment ),

The nght femeral artery was

sirmularly.

which rrcorded and caleulated 14 mdices of cardiovascular
function. Afteryg ( + J-Metin=T)or ( - -Met (n=8)5
mg* ke ! 10 SHE, the LVP, HBP, and EC(: signals were
reconded. VL. dpsdi o LVSP, SBP. and HRG were
catcudated,  Bload satnples were taken from left Temmoral artery
at 5, 10, 20, 30, 40, 6U, 90, and 120 nun.

Sample preparation  Plasme 0 L was addad to 10
pl. of NatH 2 mol- Lo " and 400 al of ethylacetate.  The
nuxlute was vortened for 10 s and >pun at 100N « g jor 11

mn.  The organic phase was tanslernd oo wbe and
veaporated vh drmess under Nz stream. The readue wos
recanstituted in 100 pl of owdale phase. and [0 . ol s
solutiem was znalyzed by HPLU.

Chromatography ~ The HPLU systemn oomeistad of a
wlvent purnps { Shinadeu LC-4A, Japan). a 130 oun - 4 mm
Shampack UDS column ¢ Waters Assccidtes, USAT, which
was heated o 300 U0 Mel cooeentmtions were Jetetmmnd
using a fluorescence detector { Shimadru RE-53), Japand ac

A 384 nmoand A, 302 mm. The modbile phase was

tetrahvdrofuran’ water (205800 pH 3 1, at 1 mb.- nin !
The lanit of detection was 3 pge L' e the coeflicients of
varacon m both witen- and itnter-days were vnder 3 % ; and
the recowery w952« 4 % .

PE-PD model Ellect comupartment. a PR compartment
ongmally proposed by Shuner o aid in the correlation of PK
and PD of drugs, assurie that (he hysteresis bap b due e the
drug eyuibbaunt counse between central compartment and
drug effevt site. The effect comparinient 1 a hvpothetival
compartment linked o the cenrral compariment via a first-

order rate conscand { Fig 1),

Peripheral
-———Jx' Central il Effeck —bK"
;q

Fig 1. Effect-compartment model in association with a
traditional two-compartment open maodel after ig input.

This compartment recerves a neglegible amount of actual
drug.  Hence. the exponental term jor the  elfect
comparament does not enter the everall scluton for the
amouny of drug in the body.

For twireompartonent nvadel with an g npuot, the drug

concentrateon n plasmia can e expressed by

Clu)=Ae "+ Be H=e R {1}
where K, was abscrption rate oonstant, g was disthibution rage

omstant, and B was elimrination rate constant.  For the effect
crppartment meovkl, the eopation

dNAde= K1 - KU1, (23
where [ and [, are drug amounts in central oompartment and
And Kj, s equilibium

comipartoent o elfect

ellect compartment, nepectively.

rate  oonstant from central

compartraene, K, iz elimtaten  constant eftect

a1
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oonpariment. When drug in 2 compartments  gels
equilibium. then KDy = K. D, . thereflore,

K., =K. DA {3)

Utilizing these 3 eruations. we gl drug concenttration (o
cllect cumpartment :

CAO=Ae U O A A v g e 00e Bt
whrre K i~ extinmated by simoltanecusly Titting the PR and
Pt} data using nonlmear regression

From Er3, when K, <K,. K. expresses not only drug
climtnation mle [rmom effect compariment. but alvs drog
equilibrion rale between cenlrml compartmenmt and  efiect
compartment  Thus, K, expresses the strength of drug
hysteresis,  T'he smaller the value of K, is, the greater the
drig hysteresis loop is.

Statistical analysis The PD parameters were calculaled
by PPS systetn,  The PK parameters and 1be PR-PD model
parameters were calculated by Compuler Aids Pharmacokimetic
and Pharmacodynamic (CAPP! Modeling ™. All data were
expressed a» ¥ £ 5. Slatstical dillerences between [ + )-Met

and ( — }-Met groupe were deterouned using 7-res.
RESULTS

PK The plasma concentration-time profiles of
(+)-Met and {—)-Met were most adequately
described by two-compartment model. The 1y
values of (+ J-Met and { - }-Met were 9.221.7
and 7.2+ 1.7 L-kg™ !, respectively (P <0.05).
There were no significant  differences of other
parameters berween { + }-Met and ( ~ }-Met { Tab
1, Fig 2).

Tab t. Pharmacokinetic parameters after ig ( + )-Met
{n=7)and { - }-Met {n =8) § mg-kg™" in SHR.
ris. "P<0.05 v { + )-Met.

Parameters { + )-Met { = )-Mer
K, 4mn! .18 +9.03 0. A75£0.027
K, /min ! D021 00003 0,022 20,003
Py, /min 3.6+1.0 3.6+0.9
1L, fuun Y.6=1.4 8z5
Tl min JTER 41+6
o]t .49 20,15 0.63=-0.13
I Vi 11.5c2.1 11.8=1.7
Viloke ! 9.241.7 72017
Cf A min kgt 0,1220.03 0.034+0.4
ALT /mige " oo 34 +15 129

PD  Afterig ( +)-Met or { — )-Met. the peak
times Yl plasma oncentration of (+ }-Met and

an

g

Drug concentration i plasma/pg-L 7

o 1 1 L 1 N 1

20 40 50 ] JL) 12a

Time/ min

Fig 2. Drug concentrations in plasma after ig { + )-Met and
(= )-Met 5§ mg-kg " in SHR. () Predicted.

(= }-Met were 11.5+ 2.1 and 11.8 = 1.7 min,
respectively, while the peak effects of V.. dp/
dt - LYSP, SBP, and HR appeared at about 30
~ 40 min. There were delavs between drug
voncentration in plasma and their PD responses,
resulting in hysteresis in the effect-concentration
data. When using the effect compartmenr model.
we estimated the values of K on V.. dp/de ...
LVSP. SBP. and HR in rats with CAPP software,
and the counterclock-wise hysteresis disappeared.
The PK and PI} data were fitted by using the
sigmoid-E . model after ', had been calculated:

E=E_, CIACT+C 5" (3)
where E.,., was the maximal effect, C, was the
concentration of drug in the effect compartment,
C.s0 was the concentration of drug in the effect
compartment required to achieve 50 % of the
maximal response, and ¥ was power function which
effects the sigmoidicity of the relationship!™’. The
relationships between predicted and measured effects
versus time were illustrated and excellent fits of
predicted effects with measured effects were found
{Fig 3).

Significant differences of C 5y on V. dp/
d? - HR between { + }-Met and ( - )-Met were
found (P <0.01).  Csp+ /Cuspo of Viown dp/
d? e, and HR were 11.4, 5.8, and 5.7.
respectively. The ¥ on HR in ( + )-Met group was
smaller than that in ( - )-Met group (P <0.05).
There were P effects on LVSP and SBP in
{ = )-Met group. but no significant effects on LVSP
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Fiz 3. Relationehips between inhibitory effects on Vi, 4500, HR, and {A) drug conceniration in plasma,

(B) concentrations of effect compartment, (C) time after ig ( + )-Met and ( — )-Met 3 mg-kg ™' in SHR.
{3 { + )-Met observed, () { = )-Met observed, (-~} predicted.
and SBP in { + )-Met group {Tab 2). software is well used in the PK-PD model.

The PK parameters show that both { + )-Met
and { - )-Met have a rapid absorption phase just like

. (N

The delays hbetween drug eoncentration in that of (£)-Met”. The fact that Vg of {+)-

plasma and PD responses indicate that effecy ~ Met was significantly greater than that of { — )-Met

DISCUSSION

rasn LoiLLe i

compartment is needed in the PK-PD model. indicates the sterec-selectivity in drug distribution,
When using the CAPP software, we success{ully which is due to stereo-selectivity in plasma protein
collapsed the hysteresis loops, verifying that our or tissue binding or both!!*.

Tab 2. Pharmacodynamic parmmeters after ig (+ )-Met {2 =7) and (- )-Met (n =8) S mg-kg ' in SHR. % x5,
BP<0.05. “P<0.01 vs ( +)-Met.

Ko Caso/mg-L "} ¥ K, /min !
(+ ) Mer (— M {(£)3Ma {(-3Mer (P iMer {-)-Me  {+ 1-Met (= )-Iviet
Vo, s ! 0.8£0.3 0.7830.28 1.6+0.3  (.14+0.06° 0.8520.26 1.1£0.6 (.05420.023 0.053£0.020
dp/dt s KPars™! 55030 SS0£140  1.4%0.4 (24400820 L0=06 1.2£0.5 0.054+0.025 0.056+0.018
LVSP, kFa - 8.0+2.7 - 0.33=0.08 20=L.6 - 0047 20.017
SEP. kPa - 9=3 - 0.30=0.06 - 1.8=1 0 - 0. 046 0. 02]
HR, bpm 1o x50 IS0=60  1.6t0.7 0.28+0.15 0.7+t0.5  1.570.5% 0.062+£0.017 0.060+0.029
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C s of inhibitory effects on Vo o dgpAdf e«
and HR were much greater than € sn- . suggesting
that { = )-Mct be more potent than { + )-Met n
attenuatng the motrupic and chronutropic fesponse.
The effects of { +)-Met on LVSP and SBP were
diffieuht 10 be
cumpared with those of { — )-Met, suggesting that

the affimey for {+)-Met and { —)-Mect on §;-

adrenuceptors be different *,

cbhrerved in our expeniment as

In sigmoid-E ., model, ¥ domonstrates the
receptor combined model. I several drug molecules
combine with pne recepror: 7 {D)+ (R) = (DR,
then the number # s the parameter ¥ in sigmotd-
E,..model.  The difference nof ¥ indicates that the
numnber of { = Y-Met molecules combined with one
Bi-adrenocepror is greater than that of { 4+ )-Met.

In conclusion, sterec-selective drug distribution
and different potencies nof the inhibitory effects on
myocardial funetion of (4 )-Met and ( — }-Met

existed in SHR. {c u.,v{g'jv
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BREEH, HAHDERFDE-BREL S
Bl SR hHWMESNEHKFS _ER
A V,ERMMet ZEFREXFHRER. UM
MEZEHRERAXEFE signoid-E,.. HH.
(+)-Met Wil V.., dp/dt . 8 HR B C.5 % 80
BATF(-)-Met. &ig: (+)-Met (- )-Met %
SHR FFREELRERES M, (-)-MetXH L
B REE MW HEERT(+)-Met.
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