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Although clinical studies have provided an estimate of 15- 
20% for the proportion of protein-bound xenobiotic in the 
serum of cimetidine-dosed patients [l, 21, no attempt seems 
to have been made to identify the binding protein. Instead, 
it has been assumed, as in Ref. 3, that cimetidine interacts 
with or-acid glycoprotein, which is a binding protein present 
at low concentration but with high affinity for a number of 
basic drugs f4,5]. In the present investigation we have 
adopted the opposing viewpoint that the binding of cime- 
tidine by serum proteins may well be relatively weak, and 
have therefore studied its interaction with albumin-the 
plasma protein present at highest concentration and a pro- 
tein recognized for its ability to form complexes with amphi- 
philic ligands [6-S]. 

paternal and method 

Human serum albumin, bovine serum albumin (both 
Cohn Fraction V) and cimetidine were used as supplied by 
the Sigma Chemical Co. (St Louis, MO). Stock solutions 
of human serum albumin (10-12 mg/mL) and cimetidine 
(0.3-6mM) were both prepared by direct dissolution in 
phosphate-chloride buffer (0.04 M Na2HP0,-0.01 M 
NaH~PO~~.OZM NaCf), pH7.4, I 0.15. The concen- 
trations of suitably diluted samples were determined 
spectrophotometrically on the basis of molar absorption 
coefficents of 36,300 M-i cm-’ at 280 nm for human serum 
albumin [9] and 23,250 M-’ cm-’ at 220 nm for cimetidine, 
a value determined experimentally and confirmed by the 
manufacturer (Smith Kline and French). For bovine serum 
albumin the molar absorption coefficient was taken as 
43,600 M-’ cm-r on the basis of a value of 6.6 for Ai% at 
280nm [IO]. 

The interaction between cimetidine and human serum 
albumin in phosphate-chloride buffer (pH 7.4, 10.15) was 
investigated by ultrafiltration [ 1 l] at room temperature (26- 
28”). using an Amicon 8MC ultrafiltration assembly fitted 
with a YMIO membrane. Mixtures containing albumin (5- 
6 mgfml) and cimetidine (0.4-4.0 mM) were prepared by 
weight from stock solutions of the two reactants. Since 
preliminary experiments had indicated the occurrence of 
cimetidine adsorption to the membrane and cell assembly, 
the cell was pre-equilibrated with mixture to ensure the 
attainment of adsorption equilibrium prior to ultrafiltration 
[12]. At that stage a further sample (5 mL) of the test 
mixture was introduced into the apparatus, pressure 
(approx. 20 p.s.i.) applied and ultrafiltrate (5-10 drops) 
collected. This ultrafiltrate was suitably diluted by weight 
with buffer for spectrophotometric determination of the 
cimetidine concentration at 220 nm. Measurements at 
280nm were also performed routinely to check for any 
leakage of protein through the YMlO membrane. Com- 
parable experiments were also performed with mixtures of 
bovine serum albumin and cimetidine in 0.067M 
phosphate, pH 7.9. 

The estimates of the cimetidine concentration in the 
undiluted ultrafiltrate [S] in each reaction mixture with 
defined total concentrations {A] and [fl of albumin and 
cimetidine, respectively, were then used to determine the 
binding function, Y, for presentation of the results in Scat- 
chard [13] format. However, to avoid the consequences of 
error distortion associated with linear transforms of the 

binding equation, the magnitudes of the stoichiomet~ (n) 
and intrinsic association constant (Iri) were obtained by 
non-linear regression analysis [14] of the (v, [S]) data in 
terms of the rectangular hyperbolic relationship 

Y = ([S] - [S])/@] = nK[S]/(l + K[.s]). 

Rest&s and Discussion 

(1) 

The results of this investigation of the interaction 
between eimetidine and human serum albumin in phos- 
phate buffer, pH 7.4, IO. 15, are presented (0) as a Scat- 
chard plot in Fig. 1, where the solid line corresponds to 
the best-fit description obtained by non-linear regression 
analysis of the untransformed (v, [S]) data in terms of 
Eqn 1. On that basis the interaction of cimetidine with 
4.0 2 0.8 albumin sites is governed by an intrinsic associ- 
ation constant of 630 2 160 M-‘. For bovine serum albumin 
under slightly more alkaline conditions (pH 7.9,10.2), the 
corresponding analysis of results (0) signifies the presence 
of 5.9 -C 1.6 sites with an intrinsic association constant of 
260 + lOOM- (broken line in Fig. 1). The fact that these 
estimates are subject to considerable experimental uncer- 
tainty (2 2 SE) reflects the difficulties inherent in quan- 
titative characterization of relatively weak interactions. 
Nevertheless, the results suffice to establish that cimetidine 
does bind weakly to serum albumin, a phenomenon also 
detected for other basic drugs such as imipramine and 
desipramine, for which seven albumin sites with respective 
K values of 230 and 3OOM-’ have been reported [4]. In 
view of the uncertainties associated with evaluation of n it 
is extremely likely that these basic drugs are all binding to 
the same albumin sites, i.e. that the various values of n (4, 
6,7) are merely different estimates of the same number of 
binding sites. 

Binding Function v 

Fig. 1. Scatchard plots of data obtained by ultra~ltration 
for the interactions of cimetidine with human serum albu- 
min (0) and bovine serum albumin (0) in phosphate 
buffers (pH7,4 IO.15 and pH7.9, 10.20, respectively). 
The lines correspond to the best-fit rectangular hyperbolic 
relationships obtained by nonlinear regression analysis of 

the ultransformed (Y, [S]) data. 
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Since the decision to investigate the interaction of cime- 
tidine was made in the belief that such binding might 
account for the clinical observations [I, 21 that some II- 
20% of the drug in human serum is protein-bound, the 
point at issue is whether an interaction governed by such a 
small association constant (630 M-‘) could assume physio- 
logical relevance in the therapeutic situation involving sys- 
temic cimetidine concentrations in the low micromolar 
range [2]. Rearrangement of Eqn 1 yields the relationship 

([S]/[S]) - 1 = &[*17]/(1 f K[S]) =n@] (2) 

in which the [S] term in the denominator of the right hand 
side may justifiably be neglected on the grounds that qS] d 
1 in the systemic environment. From the approximate form 
of Eqn 2 it is clear that the predicted distribution in vivo is 
only reliant upon the product of n and K, i.e. upon the 
value of the ordinate intercept in the Scatchard plot. Com- 
bination of these estimates of 2.50 and 1.55 mM_’ (Fig. 1) 
with a value of 0.6 mM (40 mg/mL) for the systemic albu- 
min -concentration leads to the conclusion that 
[S]/[S] = 0.4 and 0.5 for human and bovine serum albumin, 
respectively. This predicted magnitude of 50-60% for the 
proportion of albumin-bound xenobiotic is, of course, a 
maximal estimate inasmuch as it is based on the pre- 
sumption that cimetidine is the only ligand capable of 
interaction with the protein sites. Clearly, the functional 
role of albumin as a transporter of amphiphilic metabolites 
[6-8] virtually guarantees a situation wherein cimetidine 
would be only one of several ligands competing for the 
same albumin sites. Thus, rather than being considered 
contradictory, the present work and the clinical findings 
[l, 21 should be regarded as complementary. Whereas the 
latter establish that a significant proportion (15-20%) of 
cimetidine is serum bound, the present study points to the 
likelihood that a relatively weak interaction with albumin 
accounts for that pharmacological situation. This con- 
clusion is supported by results obtained for lidocaine. a 
basic drug with strong gffinity for cr,-acid glycoprotein but 
with weak affinitv for albumin 1151: for a concentration 1st 

I L 1 
of 12 FM, the fraction bound*in serum is 70%, whereas 
only 20% is bound by 4% albumin. The correspondence 
between the latter value and the estimate of N-20% for 
protein-bound cimetidine in serum [I, ‘21 is certainly con- 
sistent with the concept that albumin provides the major 
source of protein-binding for cimetidine in serum. 

In summary, ultrafiltration studies have detected the 
existence of a weak interaction between cimetidine and 
human serum alb~n, a finding supported by cor- 
responding studies with this xenobiotic and bovine serum 
albumin. Furthermore, the binding characteristics of the 
interaction with human serum albumin (4 sites, K= 
630 M- ‘) more than suffice to account for the proportion 
of protein-bound drug in the serum of patients subjected 
to cimetidine therapy. Thus, although art-acid alvcoorotein 
is usually regarded as the specific transporter ofbasic drugs, 
the present evidence implicates albumin as the likely bind- 
ing protein for cimetidine in serum. 
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