International Journal of Pharmaceutics, 54 (1989) 1-13
Elsevier

1P 01855

Invited Review

The influence of disease on plasma protein binding of drugs

T.-J. Grainger-Rousseau *, J.C. McElnay ! and P.S. Collier

Pharmacy Practice Research Group, School of Pharmacy, The Queen’s University of Belfast, Medical Biology Centre,
Belfast (Northern Ireland}

{Accepted 24 April 1989)

Key words: Plasma protein binding; Disease state; Albumin; a,-Acid glycoprotein

Introduction

In our paper in 1978 (Harron et al, 1978) we
described an in vitro system for the correlation of
drug /protein binding with variable plasma pro-
tein profiles. Since plasma protein binding is an
important determinant in drug pharmacokinetics,
especially for those drugs which are highly bound,
factors which influence plasma proteins quantita-
tively (i.e. change the plasma protein profile) will
influence various pharmacokinetic parameters, no-
tably the apparent volume of distribution and
clearance. Probably the two most important pa-
tient factors which can influence plasma protein
profiles are age and disease. In elderly patients, in
general, there is a reduction in plasma albumin
concentration and an increase in globulin con-
centrations; total plasma protein concentration
declines in the elderly. In the present short review,
however, we have concentrated on the influence of
disease on the plasma protein binding of drugs
and in particular the contributions to knowledge
on this subject over the past 10 years i.e. since the
publication of our paper in 1978. While consider-
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ing the influence of disease on plasma protein
binding one must bear in mind that albumin is the
main binding protein in the plasma. It can bind
both acidic and basic drugs, two drug binding
sites having been identified (sites I and II; Tille-
ment et al., 1984; Birkett and Wanwimolruk, 1986;
Wanwimolruk and Birkett, 1986). The other major
drug binding protein in the plasma is ea-acid
glycoprotein (AGP). This hinds basic drugs (Piaf-
sky, 1980; Kremer et al., 1988).

The influence of disease on the protein binding
of drugs is far reaching and complex. The un-
predictable nature of protein binding due to inter-
or intra-individual variation, and variation within
disease states, complicates the matter. The com-~
plex nature of this subject has been reviewed by
Tillement et al. (1978), Piafsky (1980) and Holtz-
man (1984). Piafsky’s review addressed the subject
specifically with regard to basic drugs. A section
of the proceedings of a recent symposium on Drug
Protein Binding and Transport was devoted to the
influence of disease on plasma protein binding
(Tillement and Lindenlaub, 1986). Although there
is no clear-cut way to predict ¢linically significant
consequences of protein binding alterations in dis-
ease states, common factors which may be re-
sponsible for the changes observed in pathological
conditions have been elucidated. These include,
alteration in the albumin concentration (as in
renal or hepatic disease), alteration in albumin
distribution due to an increased unidirectional
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TABLE 1

The influence of diseases on drug plasma protein binding

Drug Disease % Free or Sig. diff. Clinical sig./ References
free fraction comment
(control vs patient)

Carbamazepine Alc. liver 22.7% vs 19.5% Y Not clinically sig. Barruzi et al..
disease, renal Caution in 1986.
failure interpreting total
rheumatoid drug concentrations.
arthritis, Correlation with
ulcerative AGP shown.
colitis

Diazepam Early pregnancy 1.8% vs 1.9% N Large V; and Perucca et al.,
Mid pregnancy 1.8% vs 2.1% Y therapeutic index 1981
Late pregnancy 1.8% vs 2.6% Y means change is not

clinically important

in chronic use. If used
in status epilepticus may
have potentiated action
in late pregnancy due to
increased free fraction.

Uraemia 2.9% vs. 4.5% - Not indicated. Site 11 Calvo et al.,
not affected by 1982.
carbamylation.

Endogenous binding
inhibitors implicated.

Uraemia 1.64% vs. 3.23% Y Not indicated, but Grossman et al.

Kidney transpl. 1.50% vs. 2.11% Y an important 1982.

Nephrotic syndr. 1.60% vs 3.55% Y difference implicated
when interpreting
kinetic data with
regard to type of
renal disease and
the protein involved
in binding.

Chronic =1% vs 1.5% N Does not alter Fitchl et al.,

cardiac diazepam binding 1983.

failure site affinity.

Acute uraemia 2% vs 6% Y Large therapeutic Tiula and

Chronic uraemia 2% vs 4% Y index means that Neuvonen,
drug effect can 1986.
be monitored
clinically as clinical
end point can be
determined safely

Age-related 1.8% vs 3.0% Y Pharmacokinetic Tiula and

decrease in changes but no Elfving, 1987

renal function clinical implication

Digitoxin Chronic 6% vs 5.9% N Not significant Fitchl et al.,
cardiac 1983.

failure




TABLE 1 (continued)

Drug Disease % Free or Sig. diff. Clinical sig./ References
free fraction comment
(control vs patient)
Digitoxin End-stage 2.0% vs 2.5% N Difference too Lohman and
renal disease small to have any Merkus, 1987.
(haemodialysis) therapeutic
consequence
Disopyramide MI 0.25 vs 0.15 Y Binding varies wiih David et al.,
(at 2 mg/1) drug and protein conc. 1983.
0.53 vs 0.32 May be clinically
(at 5 mg/1) significant as AGP
conc. decreases
post MI.
MI 0.2vs0.13 Y Not indicated. Caplin et al.,
Pharmacokinetic 1985
change suggested.
Interpretation of total
drug levels caution.
Flecainide MI 39% vs 47% Y Not indicated. Endogenous Caplin et al.,
compounds may lead 1985.
to displacement and
decreased binding.
Imipramine Chronic 19% vs 18% N Drug binding Fitchl et al.,
cardiac not affected 1983
failure
Lignocaine Uraemia 30.7% vs 20.8% Y Interpreting kinetic Grossman et al.,
Kidney transpl. 33.7% vs 24.6% Y data with regard 1982.
to the type of renal
Nephrotic syndr.  30.4% vs 34.2% N disease and the
protein involved
in binding may be
important.
NIDDM 32% vs 30% N Not indicated O’Byrne et al.,
(but no change 1988.
expected).
Lorcainide Cardiac 26.03% vs 24.70% N Not significant Somani et al.,
arrhythmia 1984.
Renal disease 26.03% vs. 29.04 N Not significant.
Metoclopramide  Renal disease 0.6 vs 0.59 N Not significant Webb et al.,
1986.
Phenylbutazone  Alc. hepatitis 6% vs 13% Y Not known. Brodie and
Alc. cirrhosis 6% vs 19% Y Bilirubin and Boobis, 1978.
hypoalbuminaemia
implicated in binding
defect.
Phenytoin Early pregnancy * 9.7% vs 10.6% Y Important in drug Perucca et al.,
Mid pregnancy 9.7% vs 10.9% Y monitoring 1981.




TABLE 1 (continued)

Drug Disease % Free or Sig. diff. Clinical sig./ References
free fraction comment
(control vs patient)
Phenytoin Late pregnancy 9.7% vs 12.6% Y interpretation.
Decreased albumin
concentration in
pregnancy implicated.
Chronic =15% vs 15% N Not significant. Fitchl et al.
cardiac 1983.
failure
Acute uraemia 10% vs 25% Y Important clinically Tiula and
Chronic uraemia 10% vs 24% Y in drug monitoring, Neuvonen, 1986.
although free conc.
remains the same due
to pharmacokinetic
compensation.
Age-related 10% vs 13.5% Y Important in drug Tiula and
decrease in monitoring. Elfving, 1987
renal function
Prednisolone Porto-systemic 17.7% vs 28.6% Y Not significant Bergrem et al.,
shunt as elimination and 1983.
V, altered, therefore,
normalising free conc.
Nephrotic syndr. 2.26 x 10° Y Not known. Altered Frey and Frey,
vs 4.20 X 10° M ™! pharmacokinetic 1984.
(albumin K,) disposition, due to
2.12 %107 N change in binding,.
vs3.44x 10" M1
(transcortin K )
Propranolol Chronic 14% vs 14% N AGP binding not Fitchl et al.
cardiac affected. 1983.
failure
Cancer, 10.8% vs 5.5% Y Not clinically Paxton and
MI and IHD, significant but Briant, 1984.
infection, may be important
heart failure, when interpreting
COPD, drug levels.
CVA, miscell.
Acute uraemia 10% vs 9% N Not significant. Tiula and
Chronic ureaemia 10% vs 8.9 N Not indicated. Neuvonen, 1986
Salicylate Acl. hepatitis 27% vs 34% N Not known. Brodie and
Alc. cirrhosis 27% vs 41% Y Bilirubin and Boobis, 1978.
hypoalbuminaemia
implicated in binding
defect.
Sulphadiazine Alc. hepatitis 46% vs 58% Y Not known. Bilirubin Brodie and
Alc. cirrhosis 46% vs 51% N and hypoalbuminaemia Boobis, 1978.

implicated in binding
defect.




TABLE 1 (continued)

Drug

Disease

% Free or
free fraction

(control vs patient)

Sig. diff.

Clinical sig./
comment

References

Sulphisoxazole

Theophylline

Tolfenamic acid

Valproic acid

Verapamil

Warfarin

Uraemia

Acute illness
in COPD

Renal disease
Liver disease

Renal disease

Early pregnancy *

Mid pregnancy
Late pregnancy

IDDM

Arrhythmia

Liver disease

Chronic
cardiac
failure

5.2% vs 21.8%

54.6% vs 69.7%
7.4 vs 8.1

(pg/ml)

0.08% vs 0.17%
0.08% vs 0.29%

8.4% vs 20.3%

9.4% vs 11.5%
9.4% vs 12.1%
9.4% vs 14.6%

6.2% vs 7.6%

0.099 vs 0.16

1% vs 1%

z =<

<=

Not indicated.
Carbamylation of
drug binding site I
implicating in defect;
site II not affected.

Not significant as
free concentration
is not changed sig-
nificantly.

Not clear. High
affinity for red

blood cells means that
these may act as
reserve binding sites
when free fraction
increases.

Not clear. May lead
to increased incidence
of toxicity. Important
in drug monitoring
interpretation.

Important in

drug monitoring.
Decreased albumin
serum concentration
implicated in binding
defect.

Not significant

if diabetes is well
controlled. If poorly
controlled increased
free conc. may be
greater.

Not indicated.
Pharmacokinetic
change may be
implicated.

Clinical end point
effective to titrate
dose so change not
significant in therapy.
Change may be
relevant when
interpreting kinetic
data and total drug
concentrations.

No change
expected.

Calvo et al.,
1982.

Zarowitz et al.
1985.

Laznicek and
Senius, 1986

Gugler and
Mueller, 1978.

Perucca et al.,
1981.

Gatti et al.,
1987.

McGowan et al.,
1982.

Giacomini et al.,
1984,

Fitchl et al.,
1983.




TABLE 1 (continued)

Drug Disease % Free or Sig. diff. Clinical sig./ References
free fraction comment
(control vs patient)
Warfarin NIDDM 1.1% vs 1% N Not indicated O’Byrne et al,,
(but no change 1988.
expected)
Zomepirac Uraemia 1.4% vs 4% Y Decrease due to Pritchard et al..

endogenous inhibitors 1983.
Not clinically sig.

Y, yes; N, no; Ml, myocardial infarction; Transpl, transplant; IHD, ischaemic heart disease; COPD, chronic obstructive pulmonary
disease; CVA, cerebro-vascular accident; AGP, a;-acid glycoprotein; K, drug—protein association constant; miscel, miscellaneous;
V,, apparent volume of distribution; Alc, alcoholic, NIDDM, non-insulin-dependent diabetes mellitus; IDDM., insulin-dependent

diabetes mellitus.

* Although pregnancy is not a disease, it can give rise to changed binding; therefore it has been included in this table.

permeability of capillaries, impaired return of al-
bumin to the plasma compartment, due to im-
paired drainage of the lymph vessels (Barre et al.,
1983), conformational changes of the protein
molecule resulting in changes in drug binding
affinity e.g. glycosylation of albumin (Shaklai et
al., 1984) and an increase in the concentration of
endogenous compounds which may compete with
drugs for binding sites. Examples of this latter
effect, which can cause an alteration in the affinity
of the binding protein for a particular drug, in-
clude binding competition by free fatty acids in
stress or hyperlipidaemia, bilirubin in jaundice
(Barre et al., 1983) and 2-hydroxybenzoylglycine
in uraemia (Fiset et al., 1986). An increase in AGP
concentration in the plasma in various disease
states causing stress or inflammation (Piafsky et
al., 1978; Piafsky, 1980) can increase the plasma
binding of basic drugs. AGP may be variable in
concentration (0.38-1.05 g/1) in physiological
conditions such as pregnancy (Krauer, 1984,
Dwyer, 1988); however, the clinical implications
of this are controversial. Most commonly a de-
crease in total body albumin is seen in a range of
debilitating disease states including burns, cancer,
cardiac failure, cystic fibrosis, renal failure, nutri-
tional deficiency, liver diseases, and after surgery
(Tillement et al., 1978; Qie, 1986). Examples of
alterations in protein binding in specific disease

states are shown in Table 1. The more important
disease states involved are discussed below.

Common disease states which lead to altered plasma
protein binding

Cardiac disease

Cardiac diseases are life-threatening and, there-
fore, drug therapy plays an important role in the
medical management of these conditions, particu-
larly during acute phases. Increased concentra-
tions of AGP have been shown to occur after
myocardial infarction (MI). Many antiarrhythmic
drugs are basic in nature and therefore bind to
AGP. A reduction in their free serum concentra-
tion, due to increased binding, would theoretically
reduce the therapeutic effects achieved from a
particular total (free + bound) serum concentra-
tion. David et al. (1983) have published a study on
disopyramide plasma protein binding after MI,
with a follow-up for an average of 75 days post
MI. Their data indicated that the AGP concentra-
tion increased from days 1-5 and then gradually
decreased to the pre-infarct levels several months
later (73.5 + 7.8 days). A negative correlation of
disopyramide free fraction (free concentration/
total concentration) and plasma AGP concentra-
tion was demonstrated: however, large inter- and
intra-patient variations in protein concentration



and drug free fractions existed. A concentration
dependent binding pattern over the therapeutic
range of disopyramide (2-5 mg /1) was also shown.
Caplin et al. (1985) have studied the change in
serum protein binding of the antiarrhythmic drugs
flecainide and disopyramide post MI. These drugs
are both bound to AGP, the latter more strongly
bound than the former. In their study the AGP
levels increased from 1.04 g /1 to 1.80 g /1 (normal
range 0.55-1.40 g/1; Schmid, 1975) in the first 5
days post MI. The serum binding of disopyramide
increased from 80% to 87% over the same period,
while for flecainide the serum binding decreased
from 61% to 53%. The authors concluded that for
weakly bound drugs such as flecainide the binding
may be inhibited by endogenous compounds com-
peting for binding sites; however, strongly bound
compounds e.g. disopyramide were not displaced
and exhibited increased binding. Krauss et al.
(1986) showed that lignocaine has a concentra-
tion-dependent binding mainly to AGP, although
serum albumin also plays a role. Again increased
AGP concentrations post MI will influence this
drug’s pharmacokinetics. Shand (1984) had previ-
ously reviewed the implications of an increased
AGP concentration with respect to lignocaine
plasma binding. He concluded that, while there
was evidence of accumulation of lignocaine in MI
patients, there remained doubt whether the free
drug plasma concentrations of lignocaine needed
to be measured since the effectiveness of lignocaine
can readily be determined clinically.

Fitchl et al. (1983) studied the serum protein
binding of diazepam, digitoxin, warfarin and
phenytoin (as marker drugs bound to serum al-
bumin) and propranolol and imipramine (as
markers bound to AGP) in severe chronic cardiac
failure. They concluded that binding of all the
marker drugs was not altered significantly. The
importance of plasma protein binding on the
pharmacodynamics of drugs active on the
myocardium has been well illustrated, however, by
Gillis and Kates (1986). In their study, the
myocardial uptake of the antiarrhythmic drug pro-
pafenone and its effect (QRS widening) were con-
sidered using the perfused rabbit heart. A positive
correlation was shown between the steady state
free fraction of propafenone in the perfusing solu-
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tion and the maximal effect over a range of bind-
ing values (0-92%). Variable binding was achieved
by altering the AGP concentration in the perfus-
ing solution. The variability of AGP in MI in man
may, therefore, have an effect on the pharma-
codynamics of propafenone which is 98% bound
in human serum.

Renal disease

The kidneys are major organs of elimination
and detoxification. Poor kidney function may,
therefore, alter the protein binding of drugs in
plasma by virtue of accumulation of drug
metabolites and endogenous waste compounds
which may compete with or alter the affinity of
binding proteins for drugs.

Pritchard et al. (1983) have investigated the
plasma binding of the non-narcotic analgesic,
zomepirac in renal patients. This drug, which is
highly bound to plasma proteins (98%), exhibited
decreased plasma protein binding in uraemia (%
free 4% vs 1.4%). They showed that zomepirac
binding was unaffected by its metabolites or free
fatty acids, and thus concluded that the decrease
in binding was due to a decreased affinity of the
albumin, possibly due to the presence of other
endogenous inhibitors. The clinical implication of
the 3-fold increase in free fraction was not indi-
cated, and may not be significant.

Frey and Frey (1984) reported altered plasma
protein binding of prednisolone in patients with
the nephrotic syndrome. They found that neph-
rotic patients had a higher prednisolone associ-
ation constant (K,) for albumin compared to
controls (4.20 X 10> M ! vs, 2.26 X 103> M~ 1) and
tended also to have higher association constants
for transcortin, the specific binding protein for
prednisolone. This latter difference was, however,
not significant. The concentration of prednisolone
bound to transcortin and albumin was, however,
lower in nephrotic patients than in control sub-
Jjects (unbound prednisolone was not significantly
different). Consequently, the total prednisolone
concentration in plasma was lower in nephrotic
patients. The decreased binding was due to lower
transcortin and albumin concentrations in neph-
rotic patients which decreased the binding capac-
ity for both proteins. Although these alterations in
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protein binding in part explain the altered disposi-
tion of prednisolone in the nephrotic syndrome,
the clinical implication of the changed binding is
not known.

Tiula and Neuvonen (1986) reported that
uraemia increased the free fraction of diazepam
and phenytoin, but not propranolol (which is
bound to AGP), within their respective ther-
apeutic ranges. Further studies by Tiula and Elfv-
ing (1987) showed altered protein binding of
phenytoin, diazepam and propanolol in age-re-
lated decreased renal function. The free fraction
of phenytoin and diazepam was increased due to
an age related decrease in renal function concur-
rent with a degree of hypoalbuminaemia in elderly
patients. The change in propranolol free fraction
was shown to be significantly correlated to the
AGP levels. Although this study did not show
whether significant clinical effects occur due to
these changes in protein binding, the changes in
free fraction may explain the changed pharmaco-
kinetic profiles noted for these drugs in elderly
patients. Previous work on phenytoin suggested
that although there was an increased free fraction
of phenytoin (due to the increased serum urea and
associated with decreased renal function) the
hepatic clearance increased in proportion and thus
at steady-state a lower total (free + bound), but
unchanged therapeutic free, phenytoin concentra-
tion was present (Rowland, 1984).

Calvo et al. (1982) studied the effect of carba-
mylation (the addition of urea to the amino acid
residues of proteins) of plasma proteins and
uraemia on drug binding using the model drugs
suphisoxazole (a drug bound to site 1 on the
albumin molecule) and diazepam (bound to site
II). They showed that carbamylation decreased
the site I binding of suphisoxazole but had no
effect on the site II binding of diazepam. They
also showed, however, that other displacers (en-
dogenous) in uraemia did cause displacement of
diazepam from site II. The clinical significance of
this changed binding was not discussed in their
report. Grossman et al. (1982) found the binding
of diazepam to be decreased in 3 renal conditions,
namely nephrotic syndrome, uraemia and after
kidney transplant. The binding ratio (bound con-
centration : free concentration) was shown to be

correlated to serum albumin concentrations. With
lignocaine, which 1s bound primarily to AGP, the
free fraction was reduced in uraemia and in renal
transplant recipients. This increased binding cor-
related with the increased AGP concentrations in
these conditions. This latter study, therefore,
highlighted the fact that the type of protein in-
volved in binding and the type of renal disease
involved 1s of importance in determining the al-
teration of binding of a particular drug.

Although there are alterations in the binding of
digitoxin (a neutral drug) in uraemic patients dur-
ing haemodialysis, and between haemodialysis, this
change is small and hence unlikely to be of any
therapeutic significance (Lohman and Merkus,
1987). These latter authors pointed out that previ-
ous reports of decreased digitoxin binding during
haemodialysis was an in vitro artefact, due to
heparin-induced lipolysis (releasing free fatty
acids) occurring after the collection of blood sam-
ples for binding determinations. The free fatty
acids compete with digitoxin for albumin binding
sites. The use of a lipase inhibitor in the collection
tubes prevents the lipolysis and therefore the dis-
placement of digitoxin. Their work further corrob-
orates this conclusion, in that saliva levels of
digitoxin in patients undergoing haemodialysis and
treated either with or without heparin were similar
(0.41 ng/ml).

In an earlier study Jacobi et al. (1983) examined
the plasma protein binding of lignocaine in two
patients with end stage renal disease. They re-
ported that although the patients had elevated
AGP concentrations, unbound fractions of the
drug were high (0.55 and 0.68). The clearance of
total and unbound lignocaine in haemodialysis
was negligible and no dosage adjustment was nec-
essary.

The percentage protein binding of the anti-
arrhymic drug lorcainide has been shown not to
differ significantly between patients with end stage
renal disease, cardiac patients and normal volun-
teers (70.96, 75.30 and 73.97, respectively). This
kinetic study also showed no significant dif-
ferences in the drug half-lives in the 3 conditions
so dosage adjustment was not indicated (Somani
et al., 1984).

The non-steroidal anti-inflammatory drug,



tolfenamic acid, is 99.9% bound to plasma pro-
teins in normal plasma i.e. percentage free is 0.1%.
Laznicek and Senius (1986) reported that the per-
centage free increased to 0.17% (P <0.001) in
renal disease. These authors indicated, however,
that tolfenamic acid shows a lipophilic affinity for
red blood cells which may act as reserve binding
sites, so that in conditions where increases in free
fraction occur, these reserve sites may be available
to bind excess free drug, thus maintaining a rela-
tively constant active free drug concentration in
vivo. Metoclopramide free fraction does not
change in renal disease compared to healthy
volunteers (0.59 vs 0.60). This drug has been shown
to bind mainly to AGP and to a limited extent to
albumin (Webb et al., 1986).

Fiset et al. (1986) published work on the pro-
tein binding of the cephalosporin ceftriaxone and
the inhibiting effect of 2-hydroxybenzoylglycine, a
specific binding inhibitor present in uraemia.
Ceftriaxone showed concentration-dependent
binding over the therapeutic range and also showed
an increase in free fraction in the presence of
2-hydroxybenzoylglycine. The therapeutic conse-
quence of this binding inhibition is, however, un-
clear as the increase in free fraction in renal
disease may be compensated for by non-renal
handling of the drug.

A useful summary has been presented by Re-
idenberg and Drayer (1984), in their review of
drug protein binding in renal diseases. They
pointed out that renal disease mainly affects the
protein binding of acidic drugs. The main effect is
a decrease in the protein binding caused either by
a decrease in the concentration of albumin (due to
loss from the body) or competitive inhibition of
drug binding by endogenous inhibitors. These en-
dogenous materials may also cause alteration in
the albumin structure leading to altered binding of
drugs.

Hepatic diseases

In hepatic diseases the compromised ability of
the liver to manufacture albumin may result in
hypoalbuminaemia (eg. Pacifici et al., 1986). There
may also be an increase in endogenous com-
pounds such as bilirubin, which can act as a
binding inhibitor for some drugs. Brodie and

Boobis (1978) reported that the binding of phenyl-
butazone, salicylate and sulphadiazine was de-
creased in patients with alcoholic liver disease
(cirrhosis and hepatitis) when compared to con-
trols.

A decreased binding of verapamil in patients
with liver disease, with the free fraction increasing
significantly from 0.099 to 0.16, has been reported
(Giacomimi et al., 1984). This change in the un-
bound fraction was shown to be correlated with
lowered albumin and AGP concentrations.
Verapamil is, however, highly extracted in the
liver and, therefore, its clearance would be insensi-
tive to changes in binding, meaning that steady-
state total drug concentrations after oral dosing
would not be expected to change. The free frac-
tion is, however, expected to be = 60% higher in
liver disease. The clinical end point for verapamil
is clearly defined (prolongation of PR interval),
thus titration of dosage in altered binding states
can be carried out pharmacodynamically. Con-
flicting results on verapamil protein binding in
liver disease are, however, apparent in the litera-
ture eg. Echizen and Eichelbaum (1986) cited data
indicating that there was no change in the protein
binding of verapamil in liver disease.

In an early review on the influence of liver
disease on plasma protein binding Blaschke (1977)
concluded that the clinical implications of protein
binding changes in liver disease were unclear and
unpredictable, due to the complex nature of liver
function on drug disposition. There 1s a lack of
data on the clinical implications of the changed
binding. The situation has changed little over the
years and indeed at a recent symposium Williams
(1986) maintained that carefully designed experi-
mental studies needed to be carried out to de-
termine effective pharmacodynamic relationships
between free drug concentrations and liver dis-
ease.

Diabetes mellitus

Patients with diabetes mellitus have high levels
of circulating glucose in their blood which can
lead to non-enzymatic glycosylation of several
proteins including albumin. This glycosylation has
been shown by Ruiz-Cabello and Erill (1984), and
more recently by Kemp et al. (1987), to be im-
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plicated in decreased binding of the acidic drugs

sunphamethoxazole and nhenvtoin, both of which
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bind to site I on the albumin molecule. Kearns et
al. (1988) have shown that a significant correlation
exists between phenytoin free fraction and the
extent of glycosylation of albumin. In contrast
Gatti et al. (1987), who studied the serum protein
binding of phenytoin and valproic acid in sera
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patients and control subjects, reported no signifi-
cant changes in the free fractions of phenytoin,
but a significant increase in the free fraction of
valproic acid in IDDM serum. The valproic acid
free fraction was found to be correlated to the free
fatty acid concentration in the IDDM serum rather
than the serum albumin or glycosylated protein
concentrations. This is not surprising since valproic
acid is itself a fatty acid and is therefore involved
in competmon with endogenous fatty acids for
albumin binding sites. Recent studies in these
laboratories (Grainger-Rousseau, 1988) have also
shown that the serum from IDDM patients has a
decreased capacity for valproic acid binding (Fig.
1).
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Fig. 1. Scattergram of valproic acid % free vs serum albumin
concentration in serum from IDDM patients and age-matched

controls, (Total serum concentration 90 pg/ml).

controls, (1otal serum concentralion ) ug /mi)

In non-insulin dependent diabetic patients
(’Byrne et al. (1988) showed that the nlasma

Byrne et (1988) showed that the plasma
protein binding of lignocaine and warfarin was
unchanged when compared with control subjects.
Earlier work by Miller et al. (1978), however,
showed a 25% increase in the free fraction of
tolbutamide (0.032 to 0.040) due to an age-related
decrease in albumin concentration, and concluded
that this may partially explain the higher inci-
dence of hypoglycaemic reactions in elderly pa-
tients receiving tolbutamide therapy.

Other diseases

Respiratory disorders. Zarowitz et al. (1985),
reported that theophylline protein binding was
altered 1n acutely iil patients with chronic obstruc-
tive pulmonary disease (COPD) when compared
to controls with uncomplicated COPD. The total
theophylline concentration in acutely ill patients
was 11.8 pg/ml vs 13.7 pg/ml in controls. Al-
though a higher dose was administered to acutely
ill patients, the free concentration was similar, 7.4
pg/mivs 8.1 pg/mi. Theophylline is bound mainly
to albumin which was found to be decreased in

the serum of the acutely ill patients. The authors
(99 iws A LAELE \}l LI u\,ul.\.«l] e s l.}all\/lllo 1w auLLiviy

concluded that there may be a tendency towards
theophylline toxicity in acutely ill asthmatics due
to an increase in free theophylline plasma con-
centrations, although none was reported in the
patients in their trial.

Pulmonary infections are a major factor in the
““‘u1b1du_y and mor uuu_y of u_youu fibrosis \CF;
The pulmonary infection is often recurring and
requires intermittent antibiotic treatment. An-
tibiotics used in the treatment of pulmonary infec-
tions in CF have been reported to exhibit altered
pharmacokinetics (Kelly and Lovato, 1984). The
pharmacokinetics of flucloxacillin, a highly serum
protein-bound penicillin has, {or example, been
shown to be altered in CF patients when com-
pared to controls (Collier et al., 1986). One factor
that may contribute to this altered kinetic picture
i1s altered serum protein binding. Recent work
carried out in these laboratories (Grainger-Rous-
seau, 1988) showed that CF patients had a signifi-
cantly greater percentage free flucioxaciilin than
age- and sex-matched controls over the concentra-
tion range 5-100 pg/ml (Fig_ 2).
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Fig. 2. Comparison of flucloxacillin serum protein binding
(mean+S.EM.) in 6 cystic fibrosis patients and age- and
sex-matched control subjects at 3 total serum flucloxacillin
concentrations.

Acute illness. The binding of bastc drugs to
the acute phase reactant AGP has been well docu-
mented and several disease states have been asso-
ciated with increases in AGP concentrations in
plasma. These include cancer, MI, acute infection
and inflammation. Paxton and Briant (1984) have
found increased plasma binding of propranolol in
elderly patients with various acute illnesses which
resulted in elevated AGP levels. Baruzzi et al
(1986) also discussed the alteration in serum bind-
ing of the anticonvulsant carbamazepine in dis-
ease states associated with increased AGP levels.
A caution in the interpretation of total serum
concentrations of carbamazepine under such con-
ditions is warranted, since this anticonvulsant has
a narrow therapeutic range (4-12 pg/ml). An
increased plasma protein binding of the basic
drugs propranolol and chlorpromazine due to dis-
ease-induced elevations of AGP has also been
reported by Piafsky et al. (1978).

Conclusion

It is clear from this short review of published
research that disease can have a major influence
on the binding of drugs to plasma proteins, by a
variety of mechanisms. It has, however not been
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made clear, in many of the published reports,
what the clinical implications of this changed
binding are.

From a pharmacokinetic point of view a de-
creased binding in plasma will facilitate drug dis-
tribution out of the plasma compartment and
therefore increase the apparent volume of distri-
bution of the drug concerned. Any increased free
drug concentrations in the plasma will also lead to
increased drug elimination by glomerular filtra-
tion and metabolism (assuming the drug does not
have a high extraction ratio; Gibaldi and Koup,
1981; McElnay and D’Arcy, 1983). Together these
effects will tend to maintain free drug concentra-
tions in the plasma compartment at levels com-
parable to normal subjects and therefore maintain
the pharmacodynamic effects within normal limits.
Although the free drug concentration may remain
normal, if decreased binding occurs the total drug
concentration will decrease due to increased drug
distribution and elimination. This phenomenon
has obvious implications during therapeutic drug
monitoring, since the therapeutic effect will be
achieved from a lower total plasma drug con-
centration. In such a situation, to avoid possible
toxicity, it is important that drug dosage is not
increased, based on the low plasma total drug
concentration. For a drug with a high extraction
ratio, plasma binding displacement will lead to an
increased apparent volume of distribution and an
increased half-life, but clearance will remain unaf-
fected. If given by multiple dosing i.v. the mean
steady state total serum concentration will remain
unchanged (with lesser fluctuations between peak
and trough), but since the free fraction is in-
creased due to displacement, the steady-state free
concentration (and therefore therapeutic effect)
will increase. This will also be the case for orally
administered drugs with a high renal extraction
ratio. However, if the displaced drug is given
orally, and has a high hepatic extraction ratio, no
change in therapeutic effect would be expected
since the fraction escaping first pass metabolism
(which is already low) will be decreased further. In
this latter case, steady state total drug concentra-
tions will decrease and steady state free drug
concentrations will approximate to predisplace-
ment levels.
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Theoretically an increased plasma protein bind-
ing, eg. to AGP in disease states, will decrease the
apparent volume of distribution and increase the
steady state total plasma concentration of drugs
with low extraction ratios. From a pharmaco-
kinetic standpoint, however, the free (and
pharmacologically active) drug concentration
should remain at approximately normal levels. If
the drug has a high extraction ratio essentially the
opposite effects to those described above for high
extraction drugs will take place.

The situation will also obviously change if drug
elimination is inhibited by the disease eg. renal or
liver failure. More detailed information on
pharmacodynamics is required to help clarify the
situation. Such data could be easily generated
during routine therapeutic drug monitoring of pa-
tients with various diseases requiring treatment
with drugs which are highly bound to plasma
proteins.
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