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DRUG BINDING IN SERA DEFICIENT IN LIPOPROTEINS,
ALBUMIN OR OROSOMUCOID
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1 The relative role of lipoproteins, albumin and orosomucoid in the serum binding variations of
various drugs was examined by separate removal of these proteins.
2 Lipoproteins were removed from serum by ultracentrifugation, albumin by affinity chromato-
graphy and orosomucoid by immunoprecipitation.
3 Removal of the lipoproteins did not affect the serum binding of the acidic (phenytoin) and neutral
(digitoxin) drugs tested, nor the basic drugs disopyramide, quinidine or propranolol. A reduction in
binding of amitryptyline, nortriptyline, doxepin and desmethyldoxepin was observed.
4 Removal of albumin did, with some exception for nortriptyline, not affect the serum binding of the
basic drugs tested. A pronounced reduction in the binding of phenytoin and digitoxin was observed.
5 Removal of orosomucoid did not affect the binding of the acidic and neutral drugs tested. A
reduction in the binding of all the basic drugs tested was observed, especially for disopyramide whose
binding almost disappeared.
6 Quinidine, propranolol, phenytoin and digitoxin all bound to isolated lipoproteins, but the
removal of lipoproteins had no effect on the total serum binding for these drugs.
7 Hence, the use of deficient sera provides valuable information as to the quantitative role of the
various proteins in drug binding, whereas studies using purified proteins are often necessary to
examine the mechanisms of the drug protein interactions.
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Introduction Methods

Studies on the binding of drugs to isolated serum
proteins may provide information as to the qualita-
tive binding characteristics (Brinkschulte & Breyer-
Pfaff, 1980; Nilsen & Jacobsen, 1975). However, due
to the functional interplay between serum proteins
(Chen & Danon, 1979; Costello et al., 1982) extra-
polation from such studies as to the relative quantita-
tive role of the various proteins in the total serum
binding capacity must be done with great caution. To
avoid these problems we examined the relative role of
albumin, lipoproteins and orosomucoid in the serum
binding of various basic, neutral and acidic drugs,
using a serum pool from which the proteins in ques-
tion were separately removed. Preliminary data have
been presented elsewhere (Pike et al., 1982a).
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Serum pool

A serum pool was obtained from two fasting healthy
volunteers by venepuncture. The blood was collected
into glass containers, and all contact with plastics and
plasticizers was avoided. Serum was stored in glass
tubes at -20°C until analysed (within 1 month and
re-tested 9 months later). Previous studies (Pike &
Skuterud, 1983) revealed no difference in serum
binding characteristics before and after freezing.

Drugs

A range of basic drugs was selected in order to com-
pare their relative binding characteristics. In addition,
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one neutral and one acidic drug were included. The
drugs (and concentrations used) were: amitriptyline
(357 nmol/l), nortriptyline (1400 nmol/l), doxepin
(357 nmol'l), desmethyldoxepin (370 nmol/l), quini-
dine (10 ,mol/l), propranolol (0.2 ,tmol/l), disopyra-
mide (10 /Amol 1), digitoxin (9.2 nmol,!l) and pheny-
toin (40 ,umol/l). Radioactive drugs ([14C]-phenytoin
and nortriptyline, the others [3H]-labelled) were used
for all drugs except for disopyramide. All radioactive
compounds were examined and purified by thin layer
chromatography using at least two different solvent
systems.

Deficient sera

Lipoprotein deficient serum was prepared by adding
solid potassium bromide (KBr) and centrifuging
(123 000 g) at 40 C for 56 h (Pike et al., 1982b).
To correct for the removal of lipoproteins, deficient
serum was volume adjusted with Krebs Ringer bicar-
bonate buffer. A KBr control serum was similarly
prepared except that centrifugation was omitted.
Prior to binding studies both deficient serum and KBr
control serum were dialysed against Krebs Ringer
bicarbonate buffer.

Albumin deficient serum was prepared by a modified
affinity chromatography technique using Cibacron
blue-Sepharose 6B (Travis et al., 1976). Preliminary
experiments showed that some of the lipoproteins
were always removed together with albumin. This
was avoided when lipoprotein deficient serum (44 ml)
was applied to the column (2.5 cm x 40 cm) and the
column washed with 0.05 M Tris/HCl/0.05M NaCl, pH
8.0 (3 ml/10 min). Albumin deficient eluates thus
prepared, were monitored with OD280, pooled, con-
centrated (Millipore ® filtration cell with PSED
02510 filters, Bedford, Mass., USA) and dialysed
(against 100 volumes of Krebs Ringer bicarbonate
buffer pH 7.4). Subsequently this albumin deficient
serum was readjusted with the removed lipoproteins
(stored at 40 C for 48 h) and diluted with buffer to
reach KBr control serum concentrations of lipo-
proteins (cholesterol and triglycerides) and proteins
other than albumin.

Orosomucoid deficient serum was prepared as pre-
viously reported (Pike et al., 1981) by adding con-
centrated anti-human-orosomucoid antibodies from
rabbits (DAKO, Copenhagen, Denmark). Pilot ex-
periments using trace amounts of ['251]-orosomucoid
showed such sera to contain less than 2% of the
original orosomucoid concentration. Orosomucoid
deficient control serum was prepared by adding
Krebs Ringer bicarbonate buffer to the same volume
as concentrated antibodies (= 'diluted control
serum, see Table la).

Analytical methods

Drug serum binding was measured in duplicate by
equilibrium dialysis at 370 C, against Krebs Ringer
bicarbonate buffer. The equilibrium pH in serum was
7.4-7.5 (Pike et al., 1981; Pike & Skuterud, 1983).
The percentage unbound drug was found by using
radioactive labelled drugs and scintillation counting
for all drugs, except disopyramide, which was deter-
mined by gas chromatography (Bredesen et al., 1982).

Protein concentration measurements and lipid
electrophoresis were performed as previously de-
scribed (Pike& Skuterud, 1982; Pike etal., 1982b). In
order to quantitate the low albumin concentration in
albumin deficient serum a modified nephelometric
method was used. Thus diluted anti-albumin anti-
bodies were boosted with polyethyleneglycol 4% (w/
v), enabling concentration measurements of albumin
down to 1 mg/l. Serum electrophoresis on agarose
and cellulose acetate was performed according to
standard methods (Johanssen, 1972; Kohn, 1958).

Control experiments

Stability of isolated lipoproteins Since preparation
of albumin deficient serum depends on removal and
subsequent restoring of the serum lipoproteins, the
binding stability of these isolated lipoproteins was
examined for drugs whose binding in total serum is
also determined by the lipoprotein content (Pike et
al., 1982b).

Regeneration ofnormal serum Since preparation of
deficient sera generally involved various analytical
procedures including several separation techniques,
concentration, dialysis, storage at 4°C for 48 h, and
resubstitution with separated lipoproteins (albumin
deficient serum) a regenerated normal control serum
was prepared.

Regenerated normal serum was prepared by re-
storing removed lipoproteins (stored 8 days at 4°C)
and albumin (stored 6 days at 4°C) to values equal to
the KBr control. The regenerated normal serum was
compared to KBr control serum (stored at 4°C for 0 as
well as 8 days) with respect to drug binding, total
protein, albumin, orosomucoid and lipoprotein con-
centrations, as well as to electrophoretic behaviour in
agarose.

KBr control serum compared to original serum The
KBr control serum was compared to the original
pooled serum, as well as to original serum, diluted to
equal total protein concentration in the KBr control,
with respect to drug binding, protein concentrations
and electrophoretic behaviour.

The reproducibility ofmethods Serving as a control
for the lipoprotein deficient serum, the albumin de-
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ficient serum and the regenerated normal serum, the
KBr control serum was examined by drug binding
properties after 0, 2 and 8 days storage at 40 C. In
addition the KBr serum was re-examined after storing
for 9 months at -20°C. The following mean values (±
I s.d.) of per cent-unbound drug were found (n = 8):
amitriptyline = 9.1% (± 0.2), nortriptyline = 12.2%
(± 0.1), doxepin = 22.4% (± 0.5), desmethyldoxepin
= 23.9% (+ 0.6), quinidine = 21.6% (+ 0.5), pro-
pranolol = 17.8% (± 1.0), disopyramide = 41.3% (-
2.1), digitoxin = 5.9% (+ 0.1) and phenytoin = 17.6
(+ 0.3).
There was no difference in protein concentrations

or electrophoretic behaviour of the proteins during
this period of storage.

Results

The deficient sera presently prepared to evaluate the
relative importance of lipoproteins, albumin and
orosomucoid in drug binding, all showed a composi-
tion compatible with selective removal of the protein
in question. Thus, concentration estimates on total
protein, albumin, orosomucoid and lipoproteins for
these sera compared favourably with their respective
controls (Table la). Furthermore, qualitative
examinations of deficient sera and regenerated
normal serum, by agarose gel electrophoresis,
demonstrated similar electrophoretic behaviour of
the various serum fractions in those sera, as compared
to the KBr control serum (Figure 1). The a, -fraction
in the regenerated serum, however, has a slightly
more catodic movement than the KBr control fraction.

Lipoprotein deficient serum demonstrated a de-
crease in serum binding of the tricyclic antidepressant
drugs, but no effect for the other drugs (Table lb).

Albumin deficient serum demonstrated a pronounced
decrease in serum binding of the neutral drug digitoxin
and the acidic drug phenytoin, and a minor decrease
in the binding of nortriptyline (Table lb). The re-
generated normal serum generally demonstrated a
slightly reduced binding capacity as compared to the
KBr control serum (the difference is on the border-
line of the analytical error). Orosomucoid deficient
serum demonstrated a decrease in serum binding of
all basic drugs examined (Table lb). Furthermore,
removal of orosomucoid from serum resulted in dis-
appearance of binding for the basic drug disopyramide
(Table lb), whereas no effect was observed on the
acidic and neutral drug tested.

Isolated lipoproteins were suspended in Krebs
Ringer bicarbonate buffer to 'reference' serum levels
of cholesterol and triglycerides (Table 2a). As shown
lQy protein estimates, agarose gel and lipid electro-
phoresis, there were no proteins other than lipo-
proteins present in detectable amounts, and the elec-
trophoretic behaviour of the isolated proteins was
similar to that of the lipoproteins in the KBr control
serum (Table 2a and Figure 2). Isolated lipoproteins
thus suspended, clearly bound or solubilized all drugs
tested, except disopyramide (Table 2b). Storage of
lipoproteins at 4°C for 48 h did not change the binding
capacity towards amitriptyline and nortriptyline (79
and 85% bound before, and 79 and 86% after storage).
Thus, the lipoproteins boosted to albumin deficient
serum were intact with respect to binding.
When comparing dialysed KBr control serum to

original serum, the protein concentrations in the KBr
control serum were about 20% lower than in the
original serum. Diluting original serum in buffer to
the same protein concentration as obtained for the
KBr control serum after removal of KBr by dialysis,
gave similar reduction in binding for those drugs
tested (amitriptyline, nortriptyline and quinidine).

Table la Protein (g 1) and lipid (mmol/l) concentrations in serum before (control serum) and after (deficient
serum) separate removal of lipoproteins, albumin and orosomucoid

Lipoprotein
deficient
serum

Total protein
Albumin
Orosomucoid
Cholesterol
Triglycerides

48
34
0.6
0.4
-0

Albumin
deficient
serum

23
0.2
0.7
5.6
1.2

KBr*
control
serum

49
31
0.7
5.7
1.1

Regenerated* *
control
serum

53
32
0.8
5.5
1.3

Orosomucoid
deficient
serum

64****
35
-0
6.5
1.2

Diluted***
control
serum

50
33
0.8
6.3
1.1

* KBr control serum = original serum added KBr and dialysed against Krebs Ringer bicarbonate buffer
** Regenerated control serum = albumin deficient serum spiked with albumin and lipoprotein to KBr control

serum concentrations
* * * Diluted control serum = original serum added same volume of Krebs Ringer bicarbonate buffer as antihuman

orosomucoid used to prepare orosomucoid deficient serum (see Methods)
**** Enrichment due to addition of concentrated antibodies (see Methods and Figure 1)
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6,
Figure 1 Agarose gel electrophoresis of original serum (1), KBr control serum (2), lipoprotein deficient serum (3),
orosomucoid deficient serum (4), albumin deficient serum (5) and regenerated control serum (6).

Discussion

Our findings, based on separate removal of lipo-
proteins, albumin and orosomucoid from a serum
pool, demonstrate that binding characteristics vary
between as well as within classes of drugs.
The removal of lipoproteins from serum caused a

varying decrease in the binding of the tricyclic anti-
depressant drugs tested. The effect was greater for

amitriptyline and nortriptyline than for doxepin and
its demethylated metabolite. This is in accordance
with Gescher & Li Wan Po (1978), who found ami-
triptyline to be more lipophilic than doxepin. In our
study nortriptyline was somewhat more dependent
upon lipoproteins for serum binding than amitri-
ptyline. This was shown also by Brinkschulte &
Breyer-Pfaff (1980). In a previous study (Pike et al.,
1982b) we demonstrated a high degree of correlation

Table lb Effect on serum binding of separate removal of lipoproteins, albumin and orosomucoid. (Single samples
analysed in duplicate, for analytical reproducibility, see Methods)

Lipoprotein
deficient
serum

Amitriptyline
Nortriptyline
Doxepin
Desmethyldoxepin
Quinidine
Propranolol
Disopyramide
Digitoxin
Phenytoin

* n=4

15.6
23
28
30
24
18.7
44
5.8
18.4

Albumin
deficient
serum

10.2
14.8
25
26
24
18.9
43
44
63

% unbound drug
KBr Regenerated

control control
serum serum

9.1
12.2
22
24
22
17.8
41
5.9
17.6

9.8
13.4

22

6.3
19.6

Orosomucoid
deficient
serum

14.5*
13.3*
34
34
51
44
98*
5.9
18.8

Buffer diluted
control
serum

8.9*
11.3*
24
26
21
18.7
44*
5.5

18.1
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Table 2a Protein (g/l) and lipid (mmol/l) concentrations of
isolated lipoproteins in Krebs Ringer bicarbonate buffer

Total protein
Albumin
Orosomucoid
Cholesterol
Triglycerides

4
0.3

<0.1
4.4
0.6

between the serum binding of amitriptyline, nortri-
ptyline and the lipoprotein concentration. Taken
together, our present and previous findings sub-
stantiate the concept that lipoproteins contribute
substantially to the serum binding of amitriptyline
and nortriptyline.
The removal of lipoproteins had no effect on serum

binding of any of the other drugs tested. It should be
noted, however, that all drugs, except disopyramide,
demonstrated a pronounced binding to or solubiliza-
tion in isolated lipoproteins resuspended in Krebs
Ringer bicarbonate buffer to 'reference' serum con-
centration of cholesterol and triglycerides. This is in
line with several other authors who have demonstrated
binding to lipoproteins of basic drugs in particular
(for review see Piafsky, 1980). Thus, Nilsen & Jacob-
sen (1975) showed that quinidine bound to isolated
lipoproteins and Sager et al. (1979) found that pro-

a

b

1 2 3

Figure 2 (a) Agarose gel electrophoresis of KBr con-

trol serum and isolated lipoproteins and (b) Lipid elec-
trophoresis of original serum (1), isolated lipoproteins
(2) and KBr control serum (3).

Table 2b Drug binding to isolated lipoproteins in Krebs
Ringer bicarbonate buffer (single samples analysed in
duplicate)

Amitriptyline
Nortriptyline
Doxepin
Desmethyldoxepin
Quinidine
Propranolol
Disopyramide
Digitoxin
Phenytoin

% unbound drug
21
14
45
32
78
53
97*
43*
55*

* Confirmed in lipoproteins from another serum

pranolol was distributed to lipoproteins. The latter
concluded, however, that orosomucoid was the serum
protein of importance for the binding of propranolol,
although a more recent report (Sager etal., 1981) may
indicate some role of the lipoproteins as well. As to
the importance of lipoproteins for the variation in
total serum binding of quinidine the results have been
more controversial (Kates et al., 1978; Nilsen et al.,
1978; Pike et al., 1982). The present and a previous
study (Pike et al., 1982) on quinidine, however,
demonstrated that serum lipoproteins have little in-
fluence on the total serum binding neither of quinidine
nor propranolol, although binding or solubilization of
these substances by lipoproteins do occur (Table lb
vs Table 2b).
At present there is limited information regarding

the binding of acidic and neutral drugs to proteins
other than albumin. Kramer & Richens (1972)
demonstrated that phenytoin binds to ,3-lipoproteins.
Our results show that phenytoin and digitoxin both
are substantially bound to or solubilized in isolated
lipoproteins, although when lipoproteins were re-
moved from serum, no effect on total serum binding
was observed.
As expected, removal ofalbumin from serum caused

a pronounced decrease in serum binding for the acidic
and neutral drugs tested. The albumin deficient serum
(Table lb) also gave a small decrease in serum binding
for nortriptyline, but hardly any effect for amitri-
ptyline. This may be in agreement with Sharples
(1976) who concluded that the major factor influencing
the binding of tricyclic drugs to human serum albumin
was their ability to form a strong complex with one
tryptophan residue in albumin. They suggested that
the enhanced affinity for nortriptyline as compared to
amitriptyline was due to the greater capacity for the
secondary nitrogen of nortriptyline for side chain
binding.
The other basic drugs showed no variation in serum

binding before and after removal of albumin, although
quinidine (Conn & Luchi, 1961), propranolol (Scott
et al., 1979), amitriptyline and nortriptyline (Brink-
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schulte & Breyer-Pfaff, 1980; Pike & Skuterud, 1982)
and to a minor extent, disopyramide (Lima & Salzer,
1981) have been shown to bind to albumin.
Binding to orosomucoid has been shown for many

basic drugs (for review, see Piafsky, 1980). In the
present study the removal of orosomucoid from serum
caused a decrease in serum binding for all basic drugs
tested, but not for digitoxin and phenytoin. Dis-
opyramide was unique in that serum binding almost
disappeared with the removal of orosomucoid. Dis-
opyramide is known to have a concentration depen-
dent serum binding within concentrations seen after
clinical doses (Bredesen et al., 1982). The present
results, using orosomucoid deficient serum, indicate
that the concentration dependent variations in serum
binding for disopyramide might well be due to satura-
tion of the binding capacity of orosomucoid.
Our results also demonstrate that amitriptyline and

nortriptyline depqnd both on lipoproteins and
orosomucoid for their variations in serum binding.
Upon removal of orosomucoid serum binding of
amitriptyline decreased more than for nortriptyline,
indicating that amitriptyline is more prone to bind to
orosomucoid than nortriptyline. This is in agreement
with Brinkschulte & Breyer-Pfaff (1980). The binding
of a basic drug to an acidic protein might suggest a

binding of ionic character. The removal of the sialic
acid residues from orosomucoid, however, gave only
a small increase in unbound fraction of amitriptyline
(Pike et al., unpublished results). The secondary
amine nortriptyline is also slightly more basic than the
tertiary amine amitriptyline. Hence, more studies on
the nature of the binding ofbasic drugs to orosomucoid
are needed.
Our results, particularly evident when using lipo-

protein deficient serum, clearly demonstrate that
quantitative studies on drug binding to various serum
proteins should preferably be performed on protein
deficient sera, rather than on isolated proteins. How-
ever, important qualitative information may be
obtained from the latter type of studies, including
mechanisms of binding. Since the various compounds
within classes of acidic, neutral and basic drugs may
vary considerably in their binding characteristics,
further comparative studies are necessary.
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