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AGE-RELATED CHANGES IN PROTEIN BINDING OF
DRUGS: IMPLICATIONS FOR THERAPY

Summary
Albumin, alpha-1-acid glycoprotein and

lipoproteins are responsible for the majority of
binding of drugs to plasma proteins. In general acidic
drugs bind to albumin while basic drugs bind to
alpha-1-acid glycoprotein and lipoproteins. Protein
binding may be determined by the method of
equilibrium dialysis. Serum albumin falls with age
and disease, while alpha-1-acid glycoprotein
increases in the presence of diseases, and with age
in some studies. These changes may be expected to
lead to a rise in free drug concentration with age
and disease for acidic drugs, and a fall for basic
drugs. A review of relevant literature shows great
variability for different drugs, and few studies
comment on the clinical implication of variations in
protein binding with age, such as dosage
adjustments. Age and disease appear to be the main
factors contributing to variability in protein binding.
The clinical implication of changes in free drug
concentration as a result of variability in protein
binding is unclear, and needs to be defined for
individual drugs by studies relating free drug
concentration to factors that may affect this
concentration and to clinical endpoints, and should
be considered in the context of other pharmacokinetic
parameters such as drug clearance. Current
literature review does not suggest that age-related
changes in protein binding of drugs have an
important clinical impact for the majority of drugs.

Introduction
The magnitude of the effect of a drug on the

target organ is related to its free concentration,
which in turn is dependent on the degree of binding
to plasma proteins. In general a high degree of
protein binding will result in poor penetration of
tissues and the blood brain barrier. Reduced
binding to plasma proteins will result in a higher
free plasma concentration, and the effect of this
change at the target organ level will depend on
whether drug clearance is also increased. Ageing
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may affect this process in various ways: the
concentration of drug binding plasma proteins may
change with age; the presence of diseases (which
become more common with ageing) may also affect
the concentration of drug binding proteins;
concomitant use of more than one drug (again more
common in the older patients) may result in
displacement of other drugs from plasma protein
binding sites. However, these changes may not
always be of clinical significance, in terms of
necessitating dosage adjustments. This article
provides a review of the principles of protein binding
of drugs; the effect of age and disease on drug
binding proteins; information on protein binding
on some of the drugs commonly used in the elderly;
and the theoretial and practical implications for
therapy.

Principles of drug binding to plasma proteins
The three most important plasma proteins

responsible for binding of drugs are albumin, alpha-
1-acid glycoprotein, and lipoproteins. The total
plasma drug concentration is then made up of free
drug concentration plus the concentrations bound
to each of these proteins1. The concentration of
drugs that is bound is dependent on the number of
binding sites, the plasma protein concentration, and
the association constant of drug to protein. Serum
albumin accounts for most of the binding of acidic
and neutral drugs, while alpha-1-acid glycoprotein
and lipoproteins account for most of the binding of
basic drugs2,3. However, some acidic drugs may also
bind to alpha-1-acid glycoprotein as well as albumin
such as phenytoin and indomethacin4. Methods
used to determine the free fraction of drug include
equilibrium dialysis, ultrafiltration, high performance
liquid chromategraphy, ultracentrifugation and gel
filtration. There appear to be shortcomings in most
methods which could lead to inaccuracies of
estimation of the free fraction; however, values
obtained by equilibrium dialysis appear to be the
most acceptable5. In equilibrium dialysis, a solution
of drug in plasma (or a solution of plasma protein)
is dialysed against a buffer solution across a dialysis
membrane which prevents passage of proteins.
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Equilibrium times are determined by plotting the
drug concentration in both chambers against time,
and is taken as the time when steady drug
concentrations are reached in both dialysis
chambers. Results of binding studies may be
influenced by experimental circumstances1.

Effect of age and disease on drug binding
proteins

Albumin concentration falls with age and
disease, while most studies show an increase in
alpha-1-acid glycoprotein concentration in the
presence of disease, as it is an acute phase protein.
(Table 1) Changes with age are variable, more
studies showing an age-related increase. However
it is difficult to exclude the presence of occult
diseases in the older population. There appears to
be an age related decline in the magnitude of change
in alpha-1-acid glycoprotein concentration in the
presence of diseases7, perhaps relating to the
decline in immunocompetence16 or decreased liver
protein synthesis17. The theoretical implications of
these changes are that one may expect a more
marked age difference in free drug concentration
of acidic drugs in subjects with disease and less
difference in free concentration of basic drugs. There

may also be a greater fluctuation in free drug
concentration of basic drugs (or drugs strongly
bound to alpha-1-acid glycoprotein) during the
course of illness in younger compared with older
subjects. Whether these changes are observed in
clinical settings require confirmation from clinical
pharmacokinetic studies for individual drugs in
different ages and in the presence or absence of
diseases. The clinical significance of such changes,
if documented, is also uncertain. Such studies are
difficult to carry out comprehensively, since there
are such a large number of interacting variables
affecting protein binding: protein concentration,
drug concentration, age, disease. It is also difficult
to determine the clinical significance of any

documented changes in binding, in terms of the
necessity of changes in dosage. Little information
is available for lipoproteins.

Review of clinical studies of drugs with
information on protein binding in recent
literature

Recent literature is reviewed with a view to
documenting what is known currently regarding
protein binding of drugs commonly used in the older
population, factors contributing to variability in
binding, and the clinical importance of binding
variability. The findings are summarized in Table
2. Not all studies define the extent of binding to
individual plasma proteins. Age and disease appear
to be the main factos contributing to binding
variability. Information regarding the clinical
implications is scarce, comments being available
for only some of the drugs. In only a few of the
studies were there indications that dosage
adjustments may be necessary as a result of
changes in drug protein binding: the age-related
decrease in albumin binding of warfarin may
necessitate dosage reduction; however this is
accompanied by an increase in sensitivity to
warfarin with age and the relative importance of
changes in protein binding and drug sensitivity is
uncertain. The binding of ibruprofen decreases with
age, and the increased incidence of adverse effects
may be related to the increase in free drug
concentration. The percentage of unbound
propranolol decreases with age, and it is noted that
there is a decreased sensitivity to the drug with
increasing age. Again it is uncertain whether the
main contributing factor is decreased target organ
sensitivity to drug or the reduction in free drug
concentration with age. An increase in free drug
concentration may not have any important clinical
impact as the clearance of the drug may also
increase, as is the example in the study on
acetazolamide25. Another aspect of the clinical
implications for therapy for drugs that are highly
protein bound is the increasing chance of
displacement by other drugs that also have high
affinities for plasma proteins. It is known that older
individuals have a higher prevalence of polypharmacy,
so that the binding of a particular drug will be
affected by the binding characteristies of any
coexisting drugs that are also highly protein bound.
This situation is particularly relevant for drugs
acting on the central nervous system, when dosage
adjustments are sometimes necessary when more
than one drug is given. For example, the initial and
maintenance dosages of lamotrigine should be
reduced by about 50% upon addition to existing
valproic acid therapy21.

Table 1 Effect of age and disease on serum albumin and
alpha-1-acid glycoprotein

Albumin Alpha-1-acid glycoprotein Ref.

Age decrease no change (6)
decrease increase (7)
decrease increase (8)

increase (9)
increase (10)
no change (11)
no change (12)

Disease decrease increase (6)
increase (13)
increase (14)
increase (15)
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Drug Extent of Type of Main Factor Clinical Importance
Plasma Protein Contributing To of Binding
Protein Variability in Variability
Binding Binding

Central nervous system
desipramine8 88% Albumin Decrease with age. uncertain

Age most
important factor.

imipramine10 87% AGP Disease uncertain
maprotiline 9 90% AGP Disease little significance
diazepam18 96% Albumin Age uncertain
alfentanil19 92%(adult) AGP Disease, age uncertain
phenytoin8 90% Albumin age uncertain
zomisamide20 50% - - } no dosage

}
tiagabine20 96% - - } adjustment

} indicated based
valproic acid21 90% - age,valproic acid } on protein

concentration } binding data
clorpromazine8 98% AGP - uncertain
aniracetam22 66% - - uncertain
tacrine hydrochloride23 75% - Independent of none

age, albumin or
AGP concentration

Cardiovascular
drgitoxin18 95% Albumin Independent of none

age and renal
disease

l-propranolo8, 24 90% AGP age, disease Decreased sensitivity
to drug with age

acetazolamide25 Albumin age Increased clearance
with decrease in binding

verapamil26 Independent of age none
benazepril 96% - - uncertain
hydrochloride27

disopyramide28 AGP age Reduced volume of
distribution

warfarin28 Albumin age Need for dosage
reduction

Rheumabological
salicylic acid8 80% Albumin age uncertain
ibuprofen29 22-64% - age Elderly at greater risk

of adverse effects
zileuton30 93% - Independent of age none
tendinap sodium31 - Independent of age none
Antiliotics
pyrazinamide32 15-20% Both albumin & AGP - little clinical

(greater for albumin) significance
rifampicin32 70-80% Both albumin & AGP - little clincial

significance
isoniazid32 10-20% Both albumin & AGP - little clinical

significance
sparfloxacin33 37% - - little clinical

significance
Others
glyburide34 98% Albumin Not influenced uncertain

by the extent
of albumin glycation

Table 2 Review of Protein binding characteristics of some
drugs in recent literature

Implications for therapy
From theoretical considerations of age-related

changes to protein-binding of drugs, one may expect
changes in free drug concentration with age and

disease, base on observations from existing studies.
However there is a wide variation between different
drugs, making generalization difficult. An increase
in free drug concentration may result in greater
therapeutic effect or increase the incidence of
adverse effects, depending on the therapeutic ratio
of the drug. In practice, several points need to be
considered. It is necessary to relate free drug
concentration to clinical endpoints (such as blood
pressure and other therapeutic effects, adverse
effect incidence) and to factors that may affect free
drug concentration. Currently such information is
not available for many drugs. The importance of
measuring drug binding to individual plasma
proteins is uncertain. If drugs are bound to both
albumin and alpha-1-acid glycoprotein, with ageing
and the presence of diseases, the concentration of
these proteins will change in different directions
and so affect binding in opposite directions. In
practice the measurement of binding to plasma
proteins should be suff ic ient,  s ince the
measurement of interest is the free drug
concentration. In the context of the older population
where multiple drugs tend to be taken, the effect of
drug displacement from protein binding sites will
probably be of greater clinical impact than changes
in binding as a result of age or disease. Changes in
free drug concentration as a result of variations in
protein binding will need to be considered in the
context of other pharmacokinetic parameters, such
as hepatic or renal clearance. It can be seen that
there will be practical difficulties in carrying out
such comprehensive studies for individual drugs.
Nevertheless, such studies are necessary to
examine what implication age-related changes to
protein binding may have on therapy. Current
literature review does not suggest that they have
an important impact for the majority of drugs.
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