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Abstract  To substantiate the binding of quinidine in human sera and predict variations of binding,
dissociation constants and number of binding sites were determined for separate serum proteins. Human
sera were fractionated by gel filtration and ultracentrifugation. and binding was evaluated by cquilib-
rium dialysis at pH 730 at 20" and 37 in a Krebs- Ringer phosphate buffer. Quinidine was bound
to all serum lipoproteins and to serum albumin. The binding was influenced by the buffer composition.
In sodium phosphate buffer there were two separate binding sites for quinidine on LDL and HDL.
while there was only one detectable binding site on VLDL and HDL in a Krebs Ringer phosphate
buffer. On LDL also there appeared to be one binding site but it cxhibited a positive cooperative
binding effect at lower concentrations of quinidine. This cffect was assumed to be caused by inorganic
ions of the Krebs Ringer phosphate buffer. At a therapeutic level of quinidine in normal human
serum the concentration of quinidine bound to serum proteins was 1062 x 1077 M. Calculated from
the evaluated binding parameters VLDL contributed with 0-101 x 10 * M of this binding. LDL with

0143 x 107> M. HDL with 0083 x 10 "M and albumin with 0:699 x 10 M.

When evaluating the interaction between ligand and
macromolecules the results can be influenced by the
method, pH, electrolytes, protein conformation and
concentration. To state that experimental binding
with isolated protein preparations has direct rele-
vance for native serum, the total binding produced
by the separate protein fractions should be compared
with the binding obtained with whole serum.

Serum protcin binding of the antiarrhythmic agent
quinidine exhibits great interindividual variability
[1.2]. The variability of binding seems not to be
related to the concentration of serum albumin pres-
ent. The causes of the variable binding arc unknown.
To approach this problem. the binding of quinidine
to some of the different serum proteins was investi-
gated qualitatively. From these observations serum
albumin [3.4] and high and low density serum lipo-
proteins [4] appeared to be responsible for the
greater part. but not the total of quinidine bound
in human scrum. when estimated in a sodium phos-
phate buffer. Earlier observations indicated that very
low density lipoproteins may also be important quini-
dine binding molecules in human scrum [4] as well
as in rat serum [5]. However. the binding paramcters
of the quinidine albumin complex differ depending
on the buffer and the albumin preparation used [6].

The aim of this investigation was to quantitate the
binding of quinidine to human serum albumin, chylo-
microns. very low. low and high density lipoproteins
in a more physiological buffer. the Krebs Ringer
phosphate buffer, to substantiatc that these scrum
proteins actually explain the total binding of quini-
dine in serum at therapeutic concentrations. and that
the choice of buffer may also influcnce the binding
of quinidine to lipoproteins.

MATERIALS AND METHODS

Serum. Serum was obtained from fasting healthy
males. 27-35 yr of age. Blood was allowed to clot
at room temperature (207) for 2hr. Serum was
obtained by centrifugation at 1100y for 30 min at
room temperature. Three different scra were pooled.

Chenticals. Quinidine hydrochloride of a purity of
967", was supplied by the Norwegian Drug Mono-
poly. Oslo [5]. *H-labelled quinidine (sp. act. about
500mCi/m-mole) was supplied by Buchler & Co..
Braunschweig. W. Germany. The tritiated quinidine
had identical R, values with the main spot of un-
labelled quinidine when chromatographed in three
separate solvent systems.

Equilibrium dialysis. Equilibrium dialysis was per-
formed in Perspex* cells with two chambers separ-
ated by semipermeable membranes (Visking dialysis
membranes 20/32). The serum or protein solution
(500 g) and the drug were added to onc chamber and
the buffer (500 ul) to the other. Serum was dialyzed
against Krebs--Ringer bicarbonate buffer. pH 7-30 in
an atmospherc of 5%, (v/v) carbon dioxide in air. and
the protein fractions against Krebs Ringer phosphate
buffer. pH 7:30. The dialysis was usually run for 18 hr
at 20 under standardized rotary shaking. although
equilibrium was achieved within 6 hr and remained
unaltered during the next 12 hr for all fractions in-
volved: the lipoproteins. albumin and serum. The pH
and protein concentration were determined before
and after dialysis. The concentrations of quinidine
were measured in both compartments after dialysis
was completed. The protein concentration measured
in scrum after equilibrium dialysis was equal to that
in the original serum. because the gassing of serum
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with carbon dioxide prior to the equilibrium dialysis
caused o slight evaporation of water which was
balanced by the dilution during cquilibrium dialysis.

Protcin binding calculation. To make a direct com-
parison of the binding of quinidine to different pro-
teins. the extent of binding should be related to the
same concentration of unbound drug [5]. This could
not be achieved in the dialysis cells because of the
relatively small volume of buffer used. Therefore. the
quinidine binding was expressed as [B]/[F] and
[B][F] = [P): [B]. [F] and [P] being the molar
concentration of bound drug. unbound drug and pro-
tein. respectively. Number of binding sites and disso-
ciation constants for the drug: protein complexes were
obtamed by plotting the data according to Scatchard
[71 as described carlier [6]. The concentration of
quinidine used was in the range 1125 x 1077 to
40 > 107*M.

The protein binding of quinidine in a solution of
protein molecules may be evaluated on the basis of
the actual free concentration [F of quinidine in two
wuys. One possibility is to use the number of binding
sttes (1) on the protein molecule and the dissociation
constant (K) in the following equation [8].

(B] nx [P] x [F]

’ K+ [F]

giving the molar concentration of quinidine bound.
The molar concentration of quinidine bound may
also be evaluated directly from the binding curve. The
actual concentration of free quinidine may be pre-
sented as a straight line through the origin i the
Scatchard plot with the frec concentration given as
the slope (value of abscissa/value of ordinate) of the
line [9]. The valuc on the abscissa corresponding to
the antercept of the binding curve and the straight
linc representing the fixed concentration of free quini-
dine gives the number of quinidine molecules bound
per protein molecule. The molar concentration of
quimdine bound in the solution was obtained by
multiplying by the molar concentration of protein.

Protein determination. Protein content was deter-
mined by the method described by Lowry er al. [ 107,
using bovine serum albumin as a standard. The con-
centration of Tipoproteins was  calculated on  the
assumption that the protein part of the lipoprotein
(apoprotein) occupics 43, (w/w) of the chylomicron.
837, (wiw) of the very low density lipoprotein. 22:7°,
(wiw) of the low density lipoprotein and 3817, (w./w)
ol the high density lipoprotein molecules [11].

Quinidine determination. The activity of the *H-iso-
tope was determined by liquid scintillation in a Pac-
kard Tri-Carb spectrometer model 3330 operated at
5 .50 ul buffer or protein solution was added to 10 ml
scintillation liguid as described carlier [5]. The count-
ing efficiency was 2%-S per cent and was the same
in the buffer and in the protein solution.

Isolation of chylomicrons. Serum was centrifuged at
12.200 revymin (9800 ) and 4 for 30 min in a L2-65
Beckman ultracentrifuge using a Ti-30 rotor. The
floating chyvlomicrons were aspirated and layered un-
der an equal volume of :15M sodium chloride and
recentrifuged. The floating chylomicrons were then
removed and cmulsified in (-15M sodium chloride
and recentrifuged. The last washing procedure was
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carricd out untl the infranatant was free from tur-
bidity.

Isolation of very low density lipoproteins (VDL
After the removal of chylomicrons, the serum was
centrifuged at 40.000 rev min (105.000¢) and 4 for
18 hr using a Ti-50 rotor. The VEDI. present in the
supcrnatant  were  removed  and  recentrifuged
(105.000¢) at a density of 1006 g ml for I8hr. o
remove the remaming LDE. The VEDL fraction was
then favered under an equal volume of 0-15 M sodium
chloride and centrifuged at 9800 i the Ti-50 rotor
for 30 min: remaining chyvlomicrons Hoated and were
excluded.

Isolation of low density lipoproteins (1.DL). Sohd
potassium bromide (18-39mg ml scrum) was added
to the serum from which chylomicrons and VLDL
had been removed. to achieve a density of T-019 g ml.
This solution wus centrifuged tor I hr as deseribed
carlicr. The floating proteins, consisting mainly of
VLDL. were excluded. 64:37 mg potassium bromide
per ml was added o the remaining mlranatant to
increase the density to 11063 g'mb The solution was
centrifuged at 40.000 revmin and 4 for 22 hr using
the same equipment as before and the floating LDILL
were removed.

Isolation of high density lipoproteins (HDL). The
serum  remaining after removal ol the LDL was
adjusted to a density of 11195gml by adding
21114 mg potassium bromide per ml. This solution
was centrifuged at 40.000 rev min and 4 for 45 hr
using the Ti-30 rotor. und the floating HDL fraction
was removed. After centrifugation the individual ipo-
protein fractions (about 20 ml) were dlvzed against
three changes of 1000ml Krebs Ringer phosphate
buffer pH 7:30 at 4 for 24 hr.

Isolation of scrum albumin. The remaming serum
protein solution (20mh with densitsy higher than
1195 goml was dialyzed against three changes of
1000 ml Krebs Ringer phosphate bufler pti 7-30. and
applicd on o Sephadex G-200 column (100 < Scm.
AB. Pharmacia. Uppsala. Sweden). and the serum
albumm was cluted at 4+ with Krebs Ringer phos-
phate buffer. pH 7-30. The albumin preparation was
obtained from the lust cluted protein peak as de-
scribed carlier [6]. where the imitial part ol the pro-
tein peak was discarded to obtain an albumin prep-
aration relatively free from other protems. The purity
ol albumin was determined by polvacrylamide ol
clectrophoresis. Polymers of albumin were not assign-
able. but traces of pre-albumuin and transferrin were
observed |51,

Solubility experiment. Three ml Krebs Ringer phos-
phate buffer pH 7-30, containing “H-labelled and un-
labelled quinidine in concentrations ranging from
1125 x 10 “ to 4 x 10 * M. was added to an cqual
volume of chlorolorm in stoppered glass tubes. After
mechanical shaking for 30 min at 20 . the two phases
were allowed to separate for 60min. 30 pl of cach
phase was taken for liquid scintillation counting. The
chloroform phase was evaporated prior to addition
of scintillation liquid (10 ml) to avoid quenching.

Buffers. Krebs Ringer phosphate buffer [12] pH
7-:30 or Krebs Ringer bicarbonate buffer [ 12] pH 7-30
was usced as noted for the separate experiments. When
Krebs -Ringer bicarbonate buffer wus used. dialysis
was performed in air with 3% (v v) carbon dioxide,
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Table 1. Binding of quinidine* to isolated human serum lipoproteins. chylomicrons and albumin

Protein and Concentration Concentration
lipoprotein of free of bound
concentration quinidine quinidine Binding ratiot
Protein (g (M x 10" %) (M x 1075 ({BYIF])

Chylomicrons 30 096 0-04 0-041 (0-032 0-060)
VLDL 52 0-62 073 1177 (1158 1:201)
LDL 99 067 0-64 0955 (0:947 0-960)
HDL 59 0-83 0-34 0410 ((-397 (-432)
Albumin 223 072 035 0-764 (761 -0-768)

* Initial concentration of 1 x 107 * M.
+ Mean values and range of 3 experiments.

RESULTS

Binding of quinidine to chylomicrons. lipoproteins
and albumin. Serum lipoproteins. chylomicrons and
albumin were isolated as described in Mcthods. These
protein preparations were used to estimate the bind-
ing of quinidine by adding 1 x 10~ ® moles to the di-
alysis cells. giving an initial concentration of
1 x t07°M. All proteins were dialyzed against a
Krebs- Ringer phosphate buffer pH 7-30 prior to the
cquilibrium dialysis which was performed with the
same buffer. The concentration of lipoproteins used
was approximately twice that found in normal human
sera [ 13] and albumin was present in a concentration
half that in serum. As can be seen from Table 1. the
extent of binding to lipoproteins was greater than to
albumin when lipoprotein and albumin concen-
trations werc taken into account. The chylomicrons
did not seem to be of any importance as quinidine
binding molecules.

The hinding of quinidine to lipoproteins. The interac-
tion of quinidine with the three classes of human
serum lipoproteins. VLDL. LDL and HDL was deter-
mined by equilibrium dialysis in a Krebs Ringer
phosphate buffer pH 7-30 with concentrations of
quinidine ranging from 1-:25 x 107" to 40 x 107*M
and the results arc shown in Figs. [, 2 and 3. plotted
according to Scatchard [7]. Assuming one group of
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Fig. 1. Scatchard plot showing the binding of quinidine
to human serum very low density lipoproteins {VLDL) at
20" in a Krcbhs- Ringer phosphate buffer pH 7-30. » being
moles of quinidine bound per mole of lipoprotein and F
the molar concentrations of unbound quinidine. Fach
point represents the mean value of duplicate experiments.
The continuous line represents a computer plot drawn as
a least square regression line with equal weight on cach
point. The concentration of VLDL after equilibrium dialy-
sis was in the range (989 9:99) x 1077 M.
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Fig. 2. Scatchard plot showing the binding of quinidine

to human scrum low density lipoproteins (LDL). Each

point represents the mean value of duplicate experiments.

Conditions and designations are the same as those in Fig.

1. The concentration of LDL after cquilibrium dialysis was
in the range (4-29-4-60) x 107" M.

binding sites. the dissociation constants and number
of binding sites per molecule were calculated from
these plots (Table 2). All the lipoproteins appcared
to have one group of binding sites for quinidine in
the concentration range investigated. The average
molecular weights of VLDL. LDL and HDL were
estimated to be 52 x 10° 2:3 x 10° and 25 x 10,
respectively [11]. The binding site of LDL exhibited
a positive cooperative binding effect at lower concen-
trations of quinidine and the binding parameters
given for quinidine in Table 2 arc valid only when
the concentration of free quinidine is more than
2-5 x 107° M as can be seen from Fig. 2. To evaluate
whether a physical distribution of quinidine to the
lipid phasc of the lipoproteins produced a similar
curve as those observed, the distribution of quinidine
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Fig. 3. Scatchard plot showing the binding of quinidine

to human serum high density lipoproteins (HDL). Each

point represents the mean value of duplicate experiments.

Conditions and designations are the same as in Fig. |.

The concentration of HDL after equilibrium dialysis was
in the range (234 251} x 107 M.
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Table 20 Binding characteristics of quinidine with human

serum lipoproteins and albumin®

Number of
binding sites
per molecule

Dissociation
Prowin constant (M)

02y -

VLDL 4)

993} 279 (335 o 4
LLDL (3) 1285 4 313 (4554 -y = 10
HDL (4 183 + 36 (975 4 1.9y - o !
Albumin (37
First bind-
Ing site O-01T 4 0001 (694 4 0:9) « 10 "
Sceond bind-
ing sie 1:29 4+ 012 (O8O £ 00y = 10 7

#*Mean values £ S.EM. The number in parentheses s
the number of separate experiments.

FThe experimental results for albumin are taken from
a previous investigation [6].

between chloroform and  Krebs Ringer  phosphate
buffer pH 7-:30 was examined. The result indicated a
proportional distribution of quinidine between the
two phases in this concentration range.

Theoretical caleulation. The concentration of bound
quinidine in pooled normal human sera identical to
those from which the protein fractions were sepir-
ated. was determined 1o be 1062 x 10 M at a total
quinidine  concentration in - scrum  close to  the
accepted  therapeutic range [13] (143 x 10 "M x
Spg per ml). On the basis of the actual free con-
centration  of  quinidine  in this  scrum pool
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(366 > 10 "M x> 1’25 g per ml) the binding of
quinidine to the separate proteins were caleulated
from the evaluated binding parameters for VDL,
HDL and albumin while the binding of qumidine to
LDL was evaluated directly from the binding curve
for LDL s deserihed in Methods, The binding of
quintdine to the pooled sera was determined experi-
mentally in o Krebs Ringer bicarbonate buffer pH
7-30. The experimental and caleulated data are pre-
sented i Table 3.

Influence of temperature. The effect of temperature
on the hinding of quinidine to human serum. lipopro-
teins and albumin was mvestigated at 200 and 37 .
The cquilibrium dialysis was run for 9hr only.
because the hipoprotein fraction exhibited @ marked
decrease v pH from 7-30 to 700 when the dialysis
was continued for INhrat 37 0 A slight fall i pH
from 7-:30 to 725 was stll observed adter only 9 hr
of dialvsis. The pH of serum and albumin remained
constunt during the equilibrium dialysis at both tem-
peratures. Table 4 demonstrates that an increase in
temperature decreased the binding ratio of quinidine
to ull protein fractions. All fractions. cxeept the lipo-
proteins. demonstrated also a decreased binding ratio
with increased concentration of quinidine in accord-
ance with the law ol mass action,

DISCUSSION
It has been shown previously that human high and

low density lipoprotems bind quinidine extensively
[4]. The present experiments establish that serum

Table 3. Theoretical caleutations of the binding of quinidine to fipoproteins wnd atbumin from normal
human sera

Protein
concentration

Unbound

Bound quinidme

in serum® quinidine Fxperimental Caleulated
Protein (M) (M) (M) (M)
VLDL 248 100 200 % 11" G101~ 10
LDL 191 » 10 ° 30660« 10" O 043 - 10
HDL 120 = 107 306 2 10" 0-083 10
Albumin 652 > 10 7 366 < 10"
First binding site 0248 - 10
Second binding site 0451 0
All protein fractions 1026+ {0
Serum 306« J0" 1002 - 10

# Mdun values of the serum protein coneentrations in bealthy males [ 13]

Table 4. The influence of temperature on the protem binding of quiidine®

Coneen-
tration

100 % 10 * M
20 37

2422410 2215 Q9093 098 09HO-KY 0-92)

O-NS(0-83 0-86) O-8Y(ORS 09]) OTHOTI -75)

of Concentration of quimdine
profeini 1:25 = 10 °M 100 = 10 M
Protein (g 20 37 20 37
Serum 582 JO3I9X F10) 337335 339) 2:30(2-28 2:33)
Lipo-
proteinst 35 0-92(0:90 0-93)  O-82(0-81 =83 [O1{T-00 [:02)
Albumin 22 O-9R(0:96 0-99)  0-86(0-84 0-87)  O-SHO-K2 (-85

O-75(0-74 0760 O-SO048 O-51) 0-46(0-45 0-48)

*The binding to albumin and lipoproteins was performed i Krebs Ringer phosphate buffer pH

7-30. while the

binding to serum was performed in Krebs Ringer bicarbonate buffer of the same pH. Binding is presented as the
ratio [BJ/[F]. Results are given as mean values and range of three experiments.

+ The lipoprotein fraction consist of lipoproteins with density < 1195 gml.

+ The lipoprotein concentration is related to the concentration ol apoprotein.
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very low density lipoproteins also participate in the

binding of quinidine. while the chylomicrons are of

less importance for the total binding. The albumin
together with the serum lipoproteins are responsible
for the quinidine that is bound in human serum.
The binding parameters obtained with Krebs
Ringer phosphate buffer should be considered to be
more adequate when human serum is used as this
buffer has an ion composition close to that ol scrum.

Krebs Ringer phosphate and bicarbonate buffers of

the same pH produced identical binding of quinidine
when measured by equilibrium dialysis. The present
experiments with different serum proteins were per-
formed with Krebs Ringer phosphate buffer pH 7-30.
while the binding parameters for high and low density
lipoproteins were formerly [4] obtained with a 0-15M
sodium phosphate buffer at the same pH. The binding
parameters for the lipoproteins determined in these
two investigations. were similar with respect to the
low affinity binding sites, but the high affinity sites
for quinidine were not detectable when Krebs Ringer
phosphate buffer was used. This observation may be
explained by an association between buffer ions. poss-
ibly the chloride ions [6]. present in the Krebs
Ringer phosphate buffer and the lipoproteins. block-
ing binding sites for quinidine or producing an allos-
teric effect on the macromolecules. A similar modifi-
cation of the binding parameters produced by inor-
ganic anions and bufler was obscrved for the interac-
tion between quinidine and albumin [6]. Furthermore
the binding of acetyl-L-tryptophan and skatol with
albumin was also reported to be influenced by halide
or halide-like ions. the binding of the former being
inhibited and the latter favoured [16]. The ions
mainly affected the primary binding site for skatol.

The binding parameters for the lipoproteins were
calculated on the assumption ol identical multiple
binding sites for molecules within cach group. and
a possible difference in binding of subgroups [17 19]
has not been examined.

Low density lipoproteins exhibited an unexpected
pattern. exhibiting increcased  binding  with  rising
quinidine concentrations in the lower concentration
range. A similar cffect was reported [14] for the inter-
action between tetracyeline and scrum hipoproteins.
However. this interaction was assumed to be a result
of a partition of tctracyctine into the lipophilic por-
tion of the lipoprotein molecule. rather than an as-
sociation with binding sites. This is probably not
valid for the quinidine low density lipoprotein inter-
action, because the distribution ratio for quinidine
wis constant in the chloroform buffer system in con-
trast to that obscrved for tetracycline. The present
observation for quinidine could more likely be
explained by a cooperative effect on the low density
lipoprotein produced by quinidine in Krebs Ringer
phosphate bufler or by the buffer alone. A similar
cooperativity is known for the binding of succinate
to the native cnzyme aspartic transcarbamylase
(ATCase) [20]. It 1s also reported [217] that if the
progesterone-AAG (z-ucid glycoprotein) complexes
are exposed to increasing concentrations of sodium
chloride. the association constant rises proportionally
to the salt concentration. The interaction of proges-
teron- AAG is anticipated to be favoured energetically
by sodium chloride which produces a more ordered
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conformation of the protein [22]. With this back-
ground and the fact that this cooperativity was not
observed with the low density lipoproteins in sodium
phosphate buffer [4]. it can be assumed that the ad-
ditional ions in a Krebs-Ringer phosphate buffer.
possibly mainly the chloride ions. may produce simi-
lar conformational alterations of the low density lipo-
proteins making the binding of quinidine cooperative
at low concentrations. Figure 2 demonstrates that the
therapeutic level of quinidine in serum is within the
range where cooperativity is present.

An increasc in temperature resulted in a fall in pro-
tein binding of quinidine to serum. albumin and lipo-
proteins. Our results were obtained at 20 and differ
consequently from the ideal conditions at 37 . How-
ever. the effect of temperature on the binding of quini-
dine to the isolated albumin and lipoprotein fractions
scemed to be about equal to the effect observed in
serum. For this reason a comparison of quinidine
binding to isolated protein fractions and serum at 20°
seems to be adequate even though the in vivo tem-
perature is 37 .

An interesting observation in Table 4 1s that while
serum and albumin obey the law of mass action. the
lipoprotein fraction (d < [-195 g/ml) does not. They
actually demonstrated an increased binding when the
concentration  of  quinidine  was  raised  from
1125 x 107°M to 1-00 x 107" M. This is in accord-
ance with the observation made on the isolated low
density lipoproteins. Being the most important quini-
dinc binding molecules among the Itpoproteins. they
also bind quinidine with a cooperative effect at low
concentrations of quinidine. This cooperative binding
cffect seems consequently to be dominant in the total
lipoprotein fraction while the albumin, following the
law of mass action. probably blurs this cffect of the
lipoproteins in serum.

The albumin molecule possessed less than one pri-
mary binding site per molecule. This may be due to
cndogenous substances such as free fatty acids or
bilirubin tightly bound to the albumin molecule
partially blocking the primary binding site. The
ability of these substances to interact with the bind-
ing of several drugs to albumin [23 28] is well
known.

The calculated values for the binding of quinidine
in scrum are based on the assumption that the bind-
ing parameters obtained for the isolated proteins are
valid for the different proteins when present in serum
[4]. The lipoproteins contribute with 30-8 per cent
and albumin with 658 per cent of the total protein
binding in a normal human serum. This indicates that
only 34 per cent of the quinidine in serum is bound
10 other scrum proteins. The binding to lipoproteins
may contribute cven more to the total binding in
common types of hyperlipoproteininemia where the
concentration of VLDL and LDL are considerably
increased. Even the normal values of plasma lipids
and lipoproteins are known to vary depending on age.
sex. environment, food and race [29]. When the total
binding of quinidine to human scrum proteins is to
be evaluated. the plasma lipids and lipoproteins must
be taken into consideration in addition to albumin.
In general the binding of other compounds to lipo-
protcins should be considered when serum protein
binding is investigated.
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