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Abstract To substanliate the binding of quinidinc in human scra and predict variations of binding, 
dissociation constants and number of binding sites were determined for separate serum proteins. Human 
sera were fl'actionated b~ gel filtration and ultracentrifugation, and binding was evaluated by cquilib- 
rium dialysis at pH 7.30 at 20 and 37 in a Krebs Ringer pbosphate buffer. Quinidinc was Round 
to all serum lipoprotcins and to serum albumin. The binding was influenced by the buffer composition. 
In sodinm phosphate buffer there wcrc two separate binding sites lot quinidine on LDL and HDL, 
while there was only one detectable binding site on VEDL and HDL in a Krebs Ringer phosphate 
bufler. On LDL also there appeared to be onc binding site but it exhibited a positive cooperative 
binding effect at lower concenmttions of quinidine. This effect was assumed to be caused by inorganic 
ions of the Krcbs Ringer phosphate buffer. At a therapeutic level of quinidinc in normal human 
serum the concentration ofqumidine bound to serum proteins was 1"062 x l0 5M. Calculated fl-om 
the evaluated binding parameters VLDL contributed with 0"101 × 10 s M of this binding, LD[, with 
0'143 × 10 "M. HDL with 0"083 × 10 5M and albumin with 0.699 x 10 >M. 

When evaluating tile 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-  

v a n c e  for native serum, tile total binding produced 
by the separate protein fractions should be compared 
with the binding obtained with whole s e r u m .  

Serum protein 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 difl'erent serum proteins was investi- 
gated qualitatively. From these observations serum 
albumin [3,4] and high and low density serum lipo- 
protems [4] appeared to be responsiblc for the 
greater part, butt not the total of quinidine bound 
in human scrum, when estimated m 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 parameters 
of the quinidine albumin complex difli~l depending 
on the buffer and thc albumin preparation used [6]. 

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

M A T E R I A L S  A N D  M E T H O D S  

Serum. Serum was obtained from fasting healthy 
males, 27 35 yr of age. Blood was allowed to clot 
at room tempcrature (20) for 2hr. Serum was 
obtained by cemrifugation at 1100~/ for 30min at 
room temperature. Three different scra were pooled. 

Chemicals. Qumidine hydrochloride of a purity of 
967!',, wets supplied by the Norwegian Drug Mono- 
poly. Oslo [5]. 3H-labelled quinidine (sp. act. about 
500mCi/m-mole) was supplied b5 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 dial.t'sis. 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 
(5(X) id) and the drug were added to one chamber and 
tile buffer (5(X)id) to the other. Serum was dialyzed 
against Krebs Ringer bicarbonate buffer, pH 730 in 
an atmosphere of 51!,, (v/v) carbon dioxide in air, and 
the protein fractions against Krebs Ringer phosphate 
buffer, pH 7.3t). The dialysis was usually run for 1N 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 
wets completed. The protem concentration measured 
in serum after equilibrium dialysis was equal to that 
in the original selum, because the gassing of serum 
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with carbon dioxide prior to tile equilibrium dialysis 
catlsed ~.l slight evaporation of water which was 
balanced b;. the dilution during equilibrium dialysis. 

l~roh'hi t~indiltq calc,lation. To make a direct con> 
parison of the bindmg of quinidine to different pro- 
teins, thc extent of binding should be related to tile 
sanlc concentration of unbound drug [5]. This could 
nc, t be achieved in the dialysis cells because of the 
reklti,,elv small voh.ime of bufl'cr used Therefore. the 
quinidinc binding ,,,,<',;is expressed as [B].'[F] and 
[HI IF] × [P]: [B]. IF] and [P] being the molar 
concentration of bound drug. uribound drug and pro- 
rein. respectively. Number of binding sites and disso- 
ciation constants for the drug protein complexes were 
obtamed b 3 plotting the data according to Scatchard 
[ 7 1 a s  described earlier [6]. The concentrati,.m of 
quinidinc used was in the range 1-25 x I0 " to 
4"0 > 10 eM.  

The protein binding of quinidinc in a solution of 
protcill molecules may be cw_tlnated on the basis of 
the actual free concentration [[:] of quinidine in two 
\',a3s. One possibility is to use the number of bindir~g 
sites (n) on lhe protein molecule and the dissociation 
constanl IK)h i  the l\)llowing equation IS]. 

, ,  × [ p ]  × [ r ]  
[sT] - 

K + [~']  

giving the n-lolar c,.mcentration of quinidine bound. 
The molar concentration of quinidine bound may 
.:llso bc evahiated directly fl'om the binding curve. Tile 
actual concentration of fl-ee quinidine may be pre- 
senlcd us a straight line through the origin in the 
Scatchard plot with the free concentration given as 
the slope (vahle of abscissa/vahie of ordinate) of the 
line [9]. The value on the abscis~l corresponding to 
the mtcrcept of the binding curve and the straight 
line representing the fixed concentration of free quini- 
dine gives the number of quinidine molec/lles bound 
per protein molecule. The molar concentration of 
quinidine bound in the solution was obtained by 
multiplying by the molar concentration of protein. 

t-'rolt'[ll dcterlplillalioH. Protein contenl was deter- 
mined bv the method described by Lowry uta/ .  [10]. 
using boxinc serum albumin as a standard. The con- 
centration of lipoproteins was calculated on the 
assumption that the protem part of the lipoprotein 
(apoprotein) occupies 4'30o (w/w) of the chylomicron. 
N.Y}<, (ww)  of the very low density lipoprotein. 22'7% 
(\,,, ,<v) of tile low density lipoprotein and 58"1"<, (w,:w) 
of tile high density lipoprotcin molecules [I 1]. 

Ol+it+idim, duturn~ination. The activity of the 3H-iso- 
tope was determined by liquid sciritillation m a Pac- 
kard Tri-Oarb spectrometer model 3330 operated at 
5 . 50 tzl bnfl'or or protein solution was added to 10 ml 
s,.'intillation liquid as described earlier [5]. The count- 
ing clIiciency was 285 per cent and was the same 
in tile but]'or and m the protein sohition. 

Isolation q/clu'lomicrons. Serum was centrifuged at 
12.200 revrnin (9800~1) and 4 for 30min in a L2-f~5 
BecklnLtn ultracentrifuge rising a Ti-50 rotor. The 
lloating chyh,rnicrons v.,'ere aspirated and layered un- 
der an equal vohime of 0.15 M sodium chloride and 
rccentrifugcd. The floating chylomicrons were then 
rcnlo\ed and cmutsit]ed in 0 l Y M  sodium chloride 
aild iecentrifuged. The last washing procedure was 

carried out until the infranatant x~a,, free h-ore tur- 
bidity. 

l.<~oh+lhm o! rur~" low Ucn,,iii lipopr+~lcisl+', {1 I.DLI. 
After thc rcmo\al of chxh,rnicrons, thc serum v, as 
centrifuged Lit 40.000roy rain (11)5.()0()~/1 and 4 for 
11-; hr tlsirig a Ti-50 rotor. The VLDI. present in the 
supcrnatant x'<ere t-emo\ed und reccr4rifttgcd 
(105.000 U) Lit a densit,, of I()()(-,g inl for I<";hr. Ic+ 
remove the remaining L I ) L  The VI.I)I. lractiot~ v,.~ts 
then layered tmdcr an equal \OlLInlc of ()-[5 M so,.titm~ 
chlorMe and centrifuged ul 9S()()!! hi t]lc Ti-5<) refer 
for 30 m e :  tetrluiriing clwlomicrons I]c,illed tltld \\el-c 
cxchldcd. 

It;elation o i  Ion' &,n:,it I' [ip<~lw,icin', (I.DI.). Solid 
pot4ssium bronlidc 11N39mg ml serum} \xas added 
to the sorl.ln] frolYi v, hich ch,,Iomicrolls alld VLI)I+ 
had been rcl-no,,ed, to achicve a densit\  of I.()19 g lnl. 
This solutioi-~ was cclairifuged I~1 IS hr as described 
earlier. The ftoatiilg proteins, consisting mainl\ of 
V L D L  were exchided. (~4-37 mg potassiunl I,romide 
per nll was added to lilt remaining inlrarmiant tc, 
increase the densit 3 to 1063 g n;I. Tile solution ,.\as 
centrifuged at 40.0t)0 re\ nlin clnd 4 Ic)r 22 hr using 
the saille equipment '<is belorc and the fitmtin 7 1,1)[. 
\yore remo\ ed. 

h'~ohltion +# /li{I/1 dcH<~ill lipol,rolc'/llX IIIDLi. The 
scl-um rcmainillg al'lcr rcnlt,x,:.il o1 tile I.DL ,.',as 
adjusted to cl densit\ of  1.195gml bx adding 
21114mg potassil.un bromide per e l .  This solution 
was centrifuged at 40,/i0(Ire~, i l l in and 4 ibr 45 hr 
rising tile Ti-5{)roh',r. alld the Iloalillg Itl)1. fl-4CliOll 
was removed. /\ftcr CClltrifl.igation the individual Iipo- 
protein fractions (abotll 2()nll) \~,crc diulx/cd against 
three changcs of Ill(l()nli Krc.'bs Ringer phosphale 
buffer pH 7.30 ;.it 4 for 24 hr. 

Isolation ~!I .scrllm <dl,mnin. The icnl:.lir~hlg scrttln 
protein solution f20ml l  x\ith densii\ higher thcln 
1.195gml ,aas diul3/cd agail>i tinuc clmngcs <>I 
l(Xi0ml Krebs Ringer phosphale I'>clll',.,'i-ptt 7.30. and 
applied on ~l Sephadcx (i-20() colunln (10()'< 5cm. 
AB.  Pharilmcia. {!ppsai;.i. S,acdeni. and the >,C.'ltllll 
albumin ~.~.as elulcct Lit .4 \,,ith Krebs Ririger phos- 
phate buffer, ptt 730. The :lll~umin preparation xxas 
obtaincd Irom tile last ehtied prolcin peak '<is de- 
scribed c_'Llllic'i [(q. wl;cre lilt_' ini l ial p~iri o1 the pro 
lein peak was discarded to obtain an '<ilbumin prep- 
aration relatively frec l ]om oll~cr proleiils. Thc purity 
of albunlin was determined bx pol~4cr~lamide gel 
elecirophoresis. Pohmcrs o fa lbumi i l  wcrc not ~tssign- 
able. btlt iraces of prc-albtimin tilld IiLinslc.'ri-in \\ere 
observed I 5]. 

Sohthilis)" cxperimel~l. Three ml Krebs Ringer phos- 
phate buffer pH 7.30. containing ~|l-labcllcd and un- 
labelled quinidme in cor~centratic, ns ranging from 
1.25 × 1(/ " to 4 × ll) aM. was added I,.', an equal 
volume of chlorolbrm in stoppcro:_t glass tube~. After 
mechanical shaking for 30 nlip. at 20 . the t\~.o ph:.isc', 
were allowed to separate for 60 rain. 50 /d of each 
phase u,.as taken li-,r liquid scintillation countirlg. The 
chloroR)rm phase was evaporated prior to addition 
of scintilh.ition liquid ( 1 0 e l ) t o  avoid quenching. 

Bi!lfl_'r.',. Krebs Ringci + phosph:.itc I-,ultL.'r [I2] I',H 
7"30 or Krebs Rmger bicaib,.matc buffer[ 12] ptt 7.3() 
was tlsed as noted for the sepalale cxperin]clllS. YVhell 
Krcbs Ringer bicarbonate h/lffcr \\:is u:-.cd, dial,,si:., 
was perlBrmed in air \\ i th 5<',, Ix' x) ccirboll dioxide 
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Table 1. Binding of quinidine* to isolated human serum lipoproteins, chylomicrons and albumin 
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Protein 

Protein and Concentration Concentration 
lipoprotein of free of bound 

concentration quinidine quinidine Binding ratio+ 
(g/l) (M x 10 Sl (M × 10 ~1 ([BJ/[F]) 

Chylomicrons 
VLDL 
LDL 
HDL 
Albumin 

3"0 (1"96 0"04 0"041 (0"032 0"060) 
5"2 0"62 0"73 1"177 (1'158 1'201) 
9"9 (/'67 0-64 0"955 (0"947 0-960) 
5"9 0"S3 0-34 0-410 (0"397 0"432) 

22"3 0'72 0"55 0"764 10"761 0-768) 

* Initial concentration of 1 x 1 0  ~ M .  

+ Mean values and range of 3 experiments. 

RESULTS 

Bimlimt of quinidim' to chylomicrons, lipoproteins 
amt altmmin. Serum lipoproteins, chylomicrons and 
a lbumin  were isolated as described in Methods.  These 
protein preparat ions  were used to estimate the bind- 
ing of quinidine by adding 1 × 10 s moles to the di- 
alysis cells, giving an initial concentrat ion of 
1 × 10 > M. All proteins were dialyzed against a 
Krebs Ringer phosphate  buff'or pH 730 prior to the 
equil ibrium dialysis which was performed with the 
same buffer. The concentrat ion of l ipoproteins used 
was approximately twice that  found in normal human 
sera [13] and a lbumin was present in a concentrat ion 
half that  in serum. As can be seen from Table I, the 
extent of binding to l ipoproteins was greater than to 
a lbumin when l ipoprotein and a lbumin concen- 
trat ions were taken into account. The chylomicrons 
did not seem to be of any importance as quinidine 
binding molecules. 

The himtin,q q[quinidiue to lil~oproteins. The interac- 
tion of quinidine with the three classes of human  
serum lipoproteins, VLDL. LDL and H D L  was deter- 
mined by equilibrium dialysis in a Krebs Ringer 
phosphate  buffer pH 7-30 with concentrat ions of 
quinidine ranging from 1.25 x 10 " to 4"0 x 10 ~ M 
and the results are shown in Figs. 1, 2 and 3, plotted 
according to Scatchard [7]. Assuming one group of 
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Fig. 2. Scatchard plot showing the binding of quinidinc 
to human serum 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 equilibrium dialysis was 

in the range (4-29 4.60) × 10 " M. 

binding sites, the dissociation constants  and number  
of binding sites per molecule were calculated from 
these plots (Table 2). All the l ipoproteins appeared 
to have one group of binding sites for quinidine in 
the concentrat ion range investigated. The average 
molecular weights of VLDL, LDL and  HDL were 
estimated to bc 5.2 x 10", 2.3 x 10 ~' and 2-5 × 10 ~, 
respectively [11]. The binding site of LDL exhibited 
a positive cooperative binding effect at lower concen- 
trat ions of quinidine and the binding parameters  
given for quinidine in Table 2 are valid only when 
the concentrat ion of free quinidinc is more than 
2.5 x 10 s M as can be seen from Fig. 2. To evaluate 
whether  a physical distr ibution of quinidine to the 
lipid phase of the l ipoproteins produced a similar 

• ~ .  curve as those observed, the distr ibution of quinidine 

• - - - - - - . -e ._  
~ 2,0 ~ t ~ . ~  e 

, - - .  

50 I~00 1'50 2Lo0 ; 1,0 
r 

Fig. 1. Scatchard plot showing the binding ot" quinidine 
to human serum very low density lipoproteins {VLDL) at 
20 in a Krebs Ringer phosphate buffer pH 7"30, r being 
moles of quinidinc bound per mole of lipoprotein and F 
the molar concentrations of unbound quinidine. 1-'iach 
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 each 
point. The concentration of VLDL after equilibrium dialy- 

sis was in the range [9.89 9.99) × 10 7 M. 
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Fig. 3. Scatchard plot showing the binding o1 quinidine 
to human serum high dcnsity lipoprotcins (HDL). Each 
point represents the mean value of duplicate experiments. 
Conditions and designations are tile same as in Fig. 1. 
The concentration of HDL after equilibrium dialysis was 

in the range (2.34 2.51) × 10  SM. 
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Table 2. Binding characteristics of quinidil~c \'~ith human 
St.'ltll]] l ipoprntcins and albumin* 

ProlCill 

VLDL 14) 
LDL 13) 
H I ) L  ( 4 !  

Alhulnm ( 3 I", 
I:irsl bind- 

ing site 

Second hind- 
ing site 

]'N tllll [)CI ('~1" 
binding site> I)issc)ciation 
pci Ill,DlccLlIC COI1M;Ill l (~,|) 

>)9.3 J 27-9 1355 J (1'2) . Ill 4 
12S-5 q: 31<, i4-55 :~ 1.11 . In ~ 
IS'5 ~ ~ '6  ( t ) '75  + 1"91 . I1) -i 

(Hi l l  ( ( ) . l ) ( ) l  ((Y94 :¢ ( ) . 9 ) .  II) " 

1.29 ~ I).12 i6.N0 f (i'fll .... It) 4 

(3-66 × 1() " M - -  1"25pg per ml) the  b ind ing  of 
qu in id inc  to the separa te  pro te ins  wcrc ca lcula ted  
froln the ¢\altl~llcd b ind ing  p~ti-Llillclcrs for VLDI . .  
H D L  and a l b u m i n  while the  b ind ing  of  q u i n i d m c  to 
I .DL xxas cxa lua tcd  d i r cc th  f rom the Ifinding ct.irvc 
Ior k l ) l .  ;ls dcscril~cd in Mc thods .  The  b ind ing  o1 
qu in id inc  to the poolcd SCl-a \~.as dc ic rmincd cxpcr i -  
incn la l ] \  in :i Ki-ub,, Ringer b icarbonate buffer p t t  
7-3(i. 1-11c cxpcr imcn la l  and calcula lcd & i l a  ;llt.' prc- 
suntcd in Tab le  ~. 

hfltm'nc<' <tl mmi,cralm'c. The el}cot of  lcmpc.'ratulc 
on the h ind ing o f  qu in id inc  to ht l i l lan st.'rtinl, l i popro-  
loins i i l ld a ibu l l l in  \~,as in \cs t iga lcd al  2() and 37 .  
) h e  cqui l i l~r ium d ia l \s is  \~as Hil l for 9 h r  only.  

*Mean  ' , a lucs+  S.I.M. The number in parentheses is 
[]1c lll.llll[]cl- t)[ y,c[-qll-~llC cx[-,clilllCllts. 

; T h e  cxpcrimcnlal rcsulls for albumin arc hlkcn I'r/)nl 
a prc~.Jous invcsligation 16]. 

bctwccn c h l o r o l o r m  and Krcbs  Ringer  p h o s p h a t e  
buffer pH  73(I was  cxaminc(t .  T h e  result indicated a 
p ropo r t i ona l  d i s t r ibu t ion  o f  q u m i d m c  bctxxccn lhc  
two phases  in fl]is c o n c e n t r a t i o n  range.  

Theoretical calculation. Thc concent ra t ion  of  bound 
qu in id inc  in pooled  nornl:.ll htlnlall SCla identical  lo 
those  from which  the  pro lc in  f ract ions x~cl-c scpar-  
atcd.  was  d e t e r m i n e d  lo bc 1-062 × I(I ~'M at a total 
qu in id inc  concc l l l r a t ion  in scrLim close Io thc 
acccplcd  thc rapcu l i c  range  [15] (1.43 × I0 " M  
5 fig pcr ln]). O n  the basis  of  lhc  ac tual  Ircc con- 
cen t r a t i on  of  qu in id inc  in this s e rum pool 

because  the l ipotwotcin l]act ion exhibi ted a m a r k e d  
decrease  in pH rrom 7.3(1 to 7.()n x~hcn the d i a l ; s i s  
\ \ a s  con t i nued  lot 1Nhr ;11 3 7 . . \  slight fall in p i t  
f rom 7 3 0  to 7"25 \~as still o b s c r \ c d  alIcr o1113 9 hr 
,nf dkf l :s is,  l hc  pH ,.:,1" :,crum ~md a lbumin  remained 
o.mshml dur ing  the cqu i l ib r i tm l  ,:.tial;sis at I',,.~lh lcrn- 
pcratt trcs.  "fable 4 d e m o n s t r a t e s  that  ;111 il]CICHS¢ il] 
t e m p e r a t u r e  decreased  the h ind ing  rat io o1 qu in id inc  
to ~tll prote in  fractions.  MI Iractions.  except  the  lipo- 
proteins ,  dcmons t l -a tcd  also a decreased  h i n d m g  ratio 
v, ilh increased c o n c e n t r a t i o n  o f  quinidir lc  in accc, rd- 
ancc  xxith the law o l m a s s  act ion.  

I)lN(l NSl()N 

It has  bccn shov, n prc\iousl_~ that  htnnan high and 
lo~a dcns i l \  l ipopr( f lc ins bind cl t l in idinc cxtcnsivcl  3 
[4]. T h e  present  c x p c r i m c n l s  cs tah l i sh  that  s c rum 

Tahlc 3. rhcorclic~fl calculations of the binding o1" quinidinc 1<~ lil~optolcins and :dhmnil~ from normal 

Protein 

htll/l~ln SCI ~1 

VLDL 
LI)I_ 
l tDL 
,Xlbumin 
Firs! binding silo 
Second binding site 
All protein fractions 
gel'till1 

|)rOtc_'in 
oanccll t ra ti~.m | ! l l b O t l l l d  

i l l  sc21"t l l ' l ]  :~: q Uillidill¢ 
( M I  ( M I  

2.4<<-; x It) 3.66 * I11 
1-91 x I(I " ~'66 > Ii) 
1"2(I :. It) " ? 6 f l ,  I0 
('r52 z I() 4 .".-(~(~ I() 

36(~ ;.~ I(I 

I'Iou nd qttinidinu 
I ix pcrimcntal ( "alctllatcd 

(I, I01 z l(i 

(1143 , I~) 
().)s~ • 1(I 

n.24,,, ~ 1(I 
n .451-  I(I 

I-()02. I1) 

* N'lv~dn x:llucs o1" lhc SCILIIll protcill conccnlrations in hcahh \  males [ 1 ~, ]. 

1-ahlc 4. l 'hc inllucncc of Iclllpclaltlr¢ o n  lilt protein binding of quinMinc* 

( 'oncuntration o[ quhlidinc 
1-"5 * l(J " M  I-(H) :< I(1 5 M 4.0() x I1) 4M 

Prolcill 20 )7 2t) 17 211 ? 7 

_ _ ".? "~."S 2-12(2" 2'15) fl.97(0.95 11"9St 0.9110.89 I)92t Serum q,":." 4"11313'9N 4"10) 3-3713"35 3.39) _ __ 2"•3) 10 
Lipo- 
proteins-i- 4-5 0.9210.9(I (I.93) ().<'.;210"SI (-N~) I.fll(l-00 1-02t "<<';5( .St ().,<-,61 0.89(0.X5 0.91) I).74t(.7 ~, I).751 
Albumin 221 0-9N10.96 0.99) 0.,<-;61()'N4 04";7) (H-;3(0-I"42 (t.85) 0-75(0-74 1)-7(,I (1.50(0.48 I)511 0"4610-45 1/.481 

• The binding Io albumin and lipoproteins v>as i',crlornlcd ill Krcbs Ringer phosphate builder pH 7"30. ahilc the 
binding It) sCrtllYI \%;AS performed in Krcbs Ringer bicarbonalc buffer o1" the same pH. Binding is presented as the 
ratio [B].[F] .  Results arc given as mean values and range of three experiments. 

";The lipoprotcin fraction consist o f l ipopro tcms  '~\ith dcnsit 3 < I . Ig5g ml. 
:E:: The lipoprotcin COllCcnlralion is related to the conccnlration of apopro~.cm. 

(_'OllgCn 
h'alJon 

o[ 
prolci I1;::; 
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very low density lipoproteins also participate in the 
binding of qumidine, while the chylomicrons are of 
less importance for the total binding. The albumin 
together with the serum lipoprotcins are responsible 
for the quinidinc that is bound in human serum 

The binding parameters obtained with Krebs 
Ringer phosphate buffer should be considered to hc 
more adequate when human serum is used its this 
buffer has an ion composition close to that of scrnm. 
Krebs Ringer phosphate and bicarbonate buffers of 
the same pH produced identical binding of quinidmc 
when measured by equilibrium dialysis. The present 
experiments with dilTcrent serum proteins were per- 
formed with Krebs Ringer phosphate buffcr pH 7-30, 
while the binding parameters for high and low density 
lipoprotcins were formerly [4] obtained with a 0'15 M 
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 ',;'as 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 lhe lipoproteins, block- 
ing binding sites for quinidmc or producing an allos- 
teric effect on the macromolecules, A similar lnodifi- 
cation of the binding parameters produced by inor- 
ganic anions and buffer was obscrvcd for the interac- 
lion between qnmidinc and albumin [6]. Vurthermorc 
the binding of acetyl-t_-tryptophan and skatol with 
albumin was also reported to bc influenced by halidc 
or halide-like ions, the binding of the former heing 
inhibitcd and the latter favoured [16]. The ions 
mainly affected thc primary binding site R~r skatol. 

The binding parameters tbr thc lipoproteins were 
calculated on the assumption of identical nmhiple 
binding sites for molecules within each group, and 
a possible diffcrence in binding of subgroups [17 19] 
has not becn examined. 

Low density lipopioteins exhibited an unexpectcd 
pattern, exhibiting increased binding with rising 
quinidinc concentrations in the lower concentration 
range. A similar effect was reported [14] for the inter- 
action between tetracycline and serum lipoproteins. 
However, this interaction was assumed to be a result 
of a partition of tetracycline into the lipophilic p o f  
tion of the lipoprotcin molecule, rather than an iis- 
sociation with binding sites. This is probabl 3 not 
valid for the quinidine love, density lipoprotein inter- 
action, because the distribution ratio for quinidinc 
wlts constant in the chloroform buff'or system in cou- 
trast to that observed for tetrac,,.cline. The present 
obserwltion ['or quinidinc could more likely bc 
explained by a cooperative effect on the low density 
lipoprotcin produced by quinidinc in Krcbs Ringer 
phosphate buff'or or by the buffer alone. A similar 
cooperativit> is kuox~n for the binding of succinate 
to the native enzyme aspartic transcarbamyluse 
(ATCase) [20]. It is also reported [21] thai if the 
progesterone AAG {c~-acid glycoprotein) complexes 
are exposed to increasing concentrations of sodium 
chloride, the association constant rises proportionally 
to the ~tlt concentration. The interaction of proges- 
teron AAG is anticipated to be fuvourcd cnergctically 
bv sodium chloride which produces a more ordered 

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 Kreb~ Ringer phosphate buffer. 
possibly mainly the chloride ions. may produce simi- 
lar conformational alterations of the low density lipo- 
proteins making the binding of qumidine cooperative 
at low concentrations. Figure 2 demonstrates that the 
therapeutic level of quinidinc in serum is within the 
range where cooperativity is present. 

An increase 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 fi-om the ideal conditions at 37 . How- 
ever, the effect of temperature on the binding of quint- 
dine to the isolated albumin and lipoprotein fractions 
seemed to be about equal to the effect observed in 
serum. For this reason a comparison of quinidinc 
binding to isolated protein fractions and serum at 2 0  
seems to be adequate even though the i ,  ciro tem- 
perature is 37 . 

An interesting observation in Table 4 is that while 
serum and albumin obey the law of mass action, the 
lipoprotein fraction (d < 1.195g:ml) does not. They 
actually demonstrated an increased binding when the 
concentration of quinidine was raised from 
125 × 10 "M to 1-00 x 10- 5M. This is in accord- 
ante with the observation made on the isolated low 
density lipoproteins. Being the most important quint- 
dine binding molecules among the lipoproteins, they 
also bind quinidinc with a cooperative effect at low 
concentrations of quinidinc. This cooperative binding 
effect seems consequently to be dominant  m the total 
lipoprotein fraction while the albunfin, following the 
law of mass action, probably blurs this effect of the 
lipoproteins in serum. 

The albumin molecule possessed less than one pri- 
mary binding site per molecule. This may bc duc to 
endogenous sl_ibstinlces such as flee fatt~ 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 tbr the binding of quinidine 
in serum arc based on the assumption that the bind- 
tug parameters obtained for the isolated proteins are 
valid for thc difl'erent proteins when present in serum 
[4]. The lipoproteins contribute with 30.8 per cent 
and albumin with 658 per cent of thc total protein 
binding in a normal human serum This indicates that 
only 34 per cent of thc quinidine in serum is bound 
to other serum proicins. The binding to lipoproteins 
may contribute even more to the total binding in 
common types of hypcrlipoproteinmemia where the 
concentration of VLDL and LDL are considerably 
increased. Even the normal values of plasma lipids 
and lipoproteins are known to wuy depending on age, 
sex, environment, food and race [29]. When the total 
binding of quinidine to human serum 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- 
proteins should be considered when serum protein 
binding is investigated. 
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