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Stereoselective metabolism of metoprolol in isolated rat liver
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AIM: To study the stercoselective pharmaco-
kinetics of the enantiomers of metoprolol (Met) .
METHODS: The enantiomers of Met were
metabolized in isolated rat liver with hemoglubin-
free medium. The enantiomers of Met were
analyzed with HPLC. RESULTS: The linear
kinetics were found in 3 doses (0.16, 0.32, and
0.64 mg) of R-( + )- and S-( — )-Met. The
time-concentration curve of Met was fitted in first
order-kinetics compartment model. There were
differences in the pharmacokinetic parameters
(K, Tiqn, and Cl) between the enantiomers at
the same dose { P < 0.01). The ratio of liver
clearence of S-{ — )-Met/ R-{ + }-Met was 0,14
-0.17. CONCLUSION: Pharmacokinetics of
enantiomers of Met in the isolated rat liver were
stereoselective, with a preferential clearance of
R-( + )-Met, which elimination was not a
saturable process.

Metoprolol { Met) is a lipid-soluble J
adrenoceptor blocker, mainly metabolized in the
liver' . In rat, about 95 % of the oral dose
was eliminated during the first pass through the
liver'”, Met is used as a racemic mixture ,
R-( +)- and S-( — }-Met. Most of f-blocking
activity resides in the S-{ — )-enantiomers®).
The stereoselective metabolism of Met was found
in human and rat liver'*'>, but the differences in
the kinetics of the 2 isomers by studying on
physiologic model have not been reported. In the
present study, the phammacokinetics of two
enantiomers were studied to test the
stereoselective metabolism of Met.

MATERIALS AND METHODS
Reagents R-( + )- and S-( — )}-Met
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tartrate ( powder, purity >99 %, mp S-( - )-
Met 94 -95 C, R-( + })-Met 93 - M C) were
kindly provided by Prof M REIDENBERG of
Comell University of USA.  Dextran was
purchased from  Shanghai  Institute  of
Biochemistry.  Tetrahydrofuran was purchased
from Yixin Chemical Plants. Tetrahydrofuran
was treated with KOH pellets overnight to remove
water . The KOH was removed by filtration and
the tetrahvdrofuran was purified by distillation.
Other reagents used were AR.

Liver perfusion Sprague-Dawley rats of
either sex (n = 36, Jiangsu Animal Quility No
was 950005) weighing 200 — 250 g were fasted
for 12 h before liver perfusion. The livers were
perfused in a recirculating system with an inlet
catheter advanced into the portal vein and an

outlet catheter into the superior vena cava'®.

The bile duct was cannulated. The perfusion
medium consisted of K-H buffer 130 ml,
including 0.2 % glucose, 1.5 % dextran and
0.005 % benzylpenicillin. The medium was
oxygenated by perfusing it through a thin-wall
tube that passed 95 % O, +5 % CO; at a rate of
2-3 L min~'. The pH was maintained at
7.35-7.45. The liver was perfused 30 mL*
min~' at 37 C using a recirculating system
{ Ambec model 1000, USA). After R-( + )- or
S-( — )-Met was added into the reservior after 30
min perfusion, the reservoir was sampled 0.5 mL
each at various times and 0.5 mL of medium was
replenished .

Analysis of R-( + )-Met and S-( - }-
Met Sample 0.5 mL was extracted with 2.0 mlL
acetic acid after alkalization with 0.05 ml, NaOH
2 mmol*L~!. The organic laver was evaporated
at 60 — 70 °C in a stream of N;. The residue
was dissolved with 0.5 ml. mobile phase and then
assayed by Shimadm LC-4A HPLC system with
RF-530 fluorescence spectromonitor, A, 302
nm, A, 284 nm'”. The mobile phase
comprised of 80 % water and 20 %
tetrahydrofuran. Flow rate was 0.4 mL-min~"'.
Absolute recoveries were 98 % + 3 %, the
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coefficients of intra- and inter-assay were within
5 % and 6 % , respectively.

Pharmacokinetics analysis To assess
whether it possessed linear kinetics properties at
0.16 - 0.64 mg, the principle of superposition
was used’®™. The concentration-time courses
were analyzed with CAPP program (LUO Jian-
Ping et al, Department of Mathematics, Nanjing
Medical Uuiversity ).  Statistic analysis was
carried out using t-test.

RESULTS

Chromatograph of R-( + )-and S-( - }-
Met The retention times of R-{ + )- and
S-( - )-Met were 9.16 and 9.15 min, respec-
tively. Their metabolites were well-seperated
with R-( + )- and S-( — )-Met (Fig 1).
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Figl. HPLC of S-( - ). and R-( + )-metoprolol {0.32
mg) after perfosion for 20 min.

Pharmacokinetics  The time coumse of
R-( + )-Met and S-{ — )-Met concentration of 3
doses in the rfusing fluid reservoir was
illustrated {Fig 286:

Linear kinetics were found with R-{ + )-
and S-( - )-Met 0.16, 0.32, and 0.64 mg
(Fig 3).

The concentration was fitted in first order-
kinetics according to one-compariment model. The
regression coefficients were all >0.99 (P <0.01).
For 0.16 mg S-( — )-Met and R-( — )-Met,
Ty were (24.4+2.9) and (3.6 ¢ 1.4) min;

Concentration/mg L ~'(in lg scale)

Fig 2.
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Flg3. Metoprolol concentrations in lsolated rat Evers.

Cl were (4.5+0.5) and (30 £ 8) mL-L"!,
respectively, and no significant difference was
found between the 3 doses ( P > 0.05).
Significant differences were found between the 2
enantiomers of the same dose, the $-{ - )-/R-
{ + )-Met matio of 7,~, and CI were 6.09 —
7.11, 0.14~0.17, respectively (Tab 1).

DISCUSSION

Metoprolol is a lipid-soluble 3 adrenoceptor
antagonist. Single oral dose of metoprolol have
been shown in one study in the human to undergo
stereoselective oral clearence, producing the
plasma concentration with a S-( - )-/R-( +)-
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Tab 1. Pharmacokinetic peremeters of S-{ — )-Met and
R-(+)-Met 0.16, 0.32, 0.64 mg in isolated rat Liver.
n=6rats, x5, “P>0,05 P<0.01 vs R-( + )-Pet.

Boee/  R-( +)- §(=) B(-)v
Parameters mg Met Met  R-{+)-Met
V4 mlL 0.16 148 + 30 156+ 17* 1.05
0.32 131 = 34 140 = 17 1.07
0.64 144 + 13 129 & 29° 0.90
E-1073/min~! 0.16 29+ 58 29+ 4° 0.14
0.32 186 + 60 28+ 7° 0.15
0.64 156+ 11 %+ 107 ¢.15
T/ min 0.16 36214 24.43+2.9° 6.78
0.32 4,321 2682+£7.0¢ 6.09
0.64 45204 32.019.1° 7.11
Ci/ml min~'! 0.16 30:+8 4.5+0.5 0.15
0.32 23+6 318209 0.17
0.64 22+2.1 3.0x1.0¢ 0.14
enantiomers matio of 1.370%J. This enantio-

selectivity have proposed to be due to preferential
O-demethylation of the R-( + )-metoprolol, a
major pathway, o-demethylation of the
metoprolol, 2 minor pathway, is reported
selectively for S-( — )-enantiomer, and should
have the opposite effects on the clearence of the
enatiomers of metopmlolm . In our study, linear
kinetics were found of the dose of S-( — )-Met or
R-(+)-Met 0.16, 0.32, and 0.64 mg with the
principle of superposition, which was in good
agreement with the previous report by using
racemic Met™ . The $-( - )-Met/R-( + )-
Met ratio of the liver clearence between the three
doses was 0.14 — 0.17. The isolated mat liver
had the greater ability to eliminate R-{ + )-Met
than S-( — )-Met. The high stereoselectivity
between the metabolism of the enantiomers
implied a preferential elimination of R-( + )-
Met. Further investigation with liver cytochrome
Py is needed to find the mechanism of the
phammacokinetic stereoselectivity between the two

enanbomers .
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