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SHORT COMMUNICATIONS 

Physical partitioning as the major source of metoprolol uptake by hepatic 
~~~r~~~ 

Metoprolol, a lipophilic beta-blocker, undergoes oxidative 
metabolism to the extent of 80% in the liver [I]. Involve- 
ment of cytochrome P-450-dependent monooxygenases in 
this oxidative breakdown is supported by in vitro studies 
[2,3] which have demonstrated the ability of rat liver micro- 
somes to catalyze the aliphatic hydroxylation and O- 
demethylation of metoprolol. In the present partition equi- 
librium study [4,5] we show that such chemical phenomena 
contribute negligibly to microsomal uptake of metoprolol, 
which is dominated by direct drug partitioning into lipo- 
philic regions of hepatic microsomes from rat and human 
sources. 

Microsomes were prepared by the Guengerich f6] 
method from freshh excised liver, as detailed elsewhere 
[?I. The current batch of rat liver tmcrosomes had a cyto- 
chrome P-450 content of 0.9nmol/mg protein, whereas 
that of the human liver microsomal preparation was 
0.23 nmol/mg protein. Metoprolol tartrate was provided 
by Astra Pharmaceuticals, and [3H]metoprolol (1-[4-(2- 
methoxyethyl)phenoxyl] - 3 - isopropylamino-2-3H-propan- 
2-01 with a specific radioactivity of 527 Ci/mol and a radio- 
chemical purity of 97% by TIC) was a gift from Dr K.- 
I. Hoffman, Hassle, Molndal, Sweden. Cimetidine was 
donated by Smith Kline &z French (Australia). 

In partition equilibrium studies [4,5] of the interaction 
between metoprolol and rat liver microsomes, reaction 
mixtures (170 ~1) containing microsomal suspension (6 @vi 
cytochrome P-450) and metoprolol (0.9-90 PM, suitably 
supplemented with trace quantities of r3~lmeto~rolol in 
0,6&M sodium phosphate buffer, pH7.9 (0.005M 
NaH,P0s0.062 M Na,HPO,). were allowed to eauilibrate 
for timin at room temperature (25-28’). Mix&es were 
then centrifuged for 10min at 178,OOOg in a Beckman 
Airfuge to yield samples of the supernatant liquid for the 
determination of free metoprolol concentration by scin- 
tillation counting in a Packard model C2425 spectrometer 
[4, $1. Eq uivalent studies with the human liver microsomal 
preparation employed 2 PM cytochrome P-Q50 and meto- 
prolol concentrations in the range OS-SO pM. 

To obtain an estimate of the apparent partial specific 
volume, ulp, of rat liver microsomes, an Anton Paar DMA 
60,&@2 density meter was used to compare the density (p) 
of a mirosoma1 suspension having a protein concentration 
(cr) of 14.4 mg/ml with that (‘of of the buffer (0.067 M 
sodium phosphate buffer, pH7.9). Substitution of these 
densities into the expression zQP = (p - pO)/cr yielded a 
value of 0.85 ml/g protein for the apparent partial specific 
volume expressed in this manner. 

Resultr and discussion 

Results of partition equilibrium studies of the interaction 
between metoprolol and rat liver microsomes are summa- 
rized (a) in Fig. l(a), their most characteristic feature 
being the essentially linear form (correlation coefficient 
0.98) of the dependence of the binding function, r (moles of 
drug bound/mde cytochrome P-450), upon free metoproiol 
concentration. Although this behaviour could reelect rect- 
angular hyperbolic dependence for a system governed by an 
extremely large dissociation constant, such interpretation 
seems precluded in the light that a Michaelis constant of 

I8 .uM emanates from kinetic studies of monooxygenase- 
catalyzed oxidation of metoprolol by an equivalent rat liver 
microsomal preparation [3]. Furthermore, the extremely 
high values of r attained (greater than 4 for a free meto- 
prolol concentration of JOOpM) would require the exist” 
ence of a large number of metoprolol-binding sites per 
mole of haemoprotein; in which case the interaction would 
certainly not be restricted to the single haem moiety, as 
required for monooxygenase catalysis. In this regard the 
extent of linear concentration dependence of r is even 
greater for the interaction of metoprolol with the human 
liver microsomal preparation (A in Fig. la: regression 
coefficient 0.97). However, re-expression of the binding 
function on a protein basis largely eliminates this disparity 
(Fig. lb), an observation which adds weight to the above 
contention that dru~~binding by cytochrome P-4.50 must 
represent a refatively minor contribution to metoprolol 
uptake by microsames. In view of metoprolol’s hydro- 
phobic nature, a much more likely explanation of the 
observed phenomenon, frequently described erroneously 
as “nonspecific binding”, is that the results presented in 
Fig. 1 are dominated by partition of metoprblol into the 
microsomal membranes. Qn the basis of the OK, of 9.8 for 
metoprolol, the extent of ionization of its’single amine 
nitrogen is only 1% under present conditions and even less 
at physiological pH. 

Any rectangular hyperbolic concentration dependence 
of r em~ating from strong interaction of metoprolol with 
the haem group of microsomal cytochrome P-450 is clearly 
masked in Fig. 1. However, the inclusion of I mM cime- 
tidine, a competitive inhibitor of metoprolol oxidation [3], 
did lead to a slight decrease in r values for the rat liver 
microsomal system (0 in Fig. l), without effect on the 
linear form (correlation coefficient 0.98). This observation 
verifies the existence of a metoprolol-binding contribution 
to the essentially linear binding curve (0); and also the 
existence of competition between metoprolol and cime- 
tidine for at least some microsomal sites. In this regard it 
is first noted that the relative inability of cimetidine to 
partition into lipophilic regions IS] renders unlikely the 
interpretation that the decreased extent of metoprolol par- 
titioning is the result of cimetidine incorporation into the 
~~o~rnai phase. Secondly, the cimeditine concentration 
employed (I mM) should suffice to saturate effectively all 
microsomal sites with affinity for this drug; and thus elim- 
inate metoprolol-binding to those cytochrome P-450 iso- 
enzymes. On that basis the slope of the line drawn through 
the results obtained in the presence of cimetidine (---, 
Fig. 1) provides an upper-limiting estimate of the coefficient 
describing partition of metoprolol between aqueous and 
microsomal phases. 

For the partitioning of drug (D) between aqueous (a) 
and microsomal (m) phases with volumes V. and V,,, 
respectively, two types of coefficient seem pertinent. First, 
there is a partition coefficient describing the ratio of drug 
concentrations in the two phases (Eqn la); and secondly, 
there is a coefficient for the ratio of the amounts of drug 
in the two phases (Eqn Ib). 
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Fig. 1. Partition equilibrium results for the interaction of metoprolol with rat liver microsomes (0) and 
human liver microsomes (A) in 0.067 M sodium phosphate buffer, pH 7.9, the results being expressed 
on the bases of (a) the cytochrome P-450 and (b) the protein contents of the microsomal preparations: 
0, results obtained for rat liver microsomes in the presence of 1 mM cimetidine. The straighf lines 
denote the relationships obtained by least-squares calculations on the appropriate sets of results; and 
the error bars the uncertainty inherent in quadruplicate estimations of r for the same batch of microsomes. 

The coefficient that is independent of phase volumes, P, 
may be obtained from the slope of the broken line in Fig. 
l(a), since, from the definition of the binding function, it 
follows that P = [P-450](dr/d[D],), where [P-450] is the 
molar concentration of cytochrome P-450 in the microsomal 
suspension. The partition coefficient of 40 that is obtained 
by this means may be compared with a value of 93 for the 
corresponding distribution of metoprolol between octanol 
and water [9]: a comparison that may reflect the extent to 
which microsomes are comprised of lipophilic membranes. 

From density measurement the apparent partial specific 
volume (c%P) of rat liver microsomes was found to be 
0.85 ml/g microsomal protein. In a I-ml reaction mixture 
containing 6 mg/ml of microsomal protein suspension (the 
operative concentration in Fig. 1 (0)) the volumes of 
microsomal (V,,,) and aqueous (V,) phases are thus 5 ~1 and 
995 ~1 respectively. Substitution of these quantities with the 
value of 40 for P into Eqn (lb) gives a value of 0.2 for R, 
the ratio of the amount of metoprolol in the microsomal 
phase to that in the aqueous phase. For this relatively dilute 
microsomal suspension the concentration of metoprolol in 
the aqueous phase thus accounts for only 83% of the free 
drug present: in the physiological situation the discrepancy 
would be much greater. From Table III of Fleischer and 
Kervina [lo] the concentration of microsomal protein in a 
5: 1 homogenate of rat liver is approximately 18 mg/ml, 
which implies a value of 108 mg/g wet weight for the protein 
content of rat liver microsomes. On the basis of an assumed 
density of 1 g/ml for wet liver, and by reasoning analogous 
to that adopted above, V,,, = 0.092 ml and V, = 0.908 ml, 
whereupon R = 4.1. A measure of the metoprolol con- 
centration in the systemic circulation (as indicative of the 
amount in the liver) would thus reflect only one-fifth of the 
total free drug present in the hepatic microsomal tissue. 

Another consequence of the above calculation is that a 
fivefold difference in the magnitude of the dissociation 
constant for any metoprolol interaction with microsomal 
cytochrome P-450 would exist depending on the manner 
used to express free drug concentration [aqueous or total 
(aqueous plus microsomal) concentration]. Either descrip- 
tion has equal thermodynamic validity, but that based 
on the aqueous concentration of metoprolol would be of 
greater clinical relevance inasmuch as the quantity most 
readily monitored is the concentration of drug in the sys- 
temic circulation. By indicating the existence of alternative 
thermodynamic descriptions of the same microsomal drug 

interaction, the present investigation draws attention to 
the fact that for lipophilic drugs there may be need for 
distinction between total free ligand (substrate) con- 
centration, the quantity conventionally used in in vitro 
studies, and its aqueous counterpart, which would cor- 
respond to the systemic concentration of drug in the liver. 

Though unsuccessful in its initial aim to provide further 
information on the binding of metoprolol to microsomes, 
this partition equilibrium study has served to highlight 
the need for consideration of an equally fiscinating and 
pharmacologically important phenomenon-the micro- 
somal uptake of lipophilic drugs by partition. 
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