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Abstract The binding of tolbutamidc, chlorpropamide and glibenclamide to human and bovine serum 
albumin has been estimated in the presence of a number of acidic drugs. It is shown that agreement 
between cxperinlental data and that calculated using the competitive binding equation is very poor. 
The degree of displacement of tolbutamide and chlorpropamide is much greater than lhat calculated 
using the equation v~hilc displacement of glibenclamide is much less. These tindings suggest that dis- 
placement is essentially non-competitivc and that glibenclamide is less susceptible to displacement 
bx acidic drugs than tolbutamide or chlorpropamide. 

It is generally assumed that the degree of displace- 
ment of one drug by another flom protein binding 
sites can be calculated using the well known competi- 
tive binding equation [I .2].  Implicit in this is the 
furthcr assumption that both drugs are bound to and 
compete for common discrete binding sites. This is 
particularly the case where binding constants are 
dctermined by' measuring the displacement of a fluor- 
escent [3.4] or other probe. 

The displacement of the sulphonylurea drugs flom 
scrtlm albumin has received considerable interest 
[6 9]. A \aricty of drugs can displace tolbutamidc 
[6 10] and chlorpropamide [6 8, 10] from binding 
sites but little is known about the newer drug gliben- 
clamide. 

In this work displacement of the three sulphonyl- 
ureas by several common acidic drugs has been esti- 
mated, f h c  extent of displacement calculated using 
the competitive binding equation is compared with 
experhllental data. 

MAI'I(RI.~I.S AND M E T I I O D S  

Bo,~ine serum albumin (BSA lot number 300-2060) 
and human serum albumin (HSA lot number 
Slc-130281 were both crystalline fraction V albumin 
obtained from Sigma Co. Tolbutamide and chlorpro- 
pamide haxe been described elsewhere [ I  1 ]. [1 ~C]gli- 
benclamide ~as labeled as follows: 

(1 
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The pKa was estimated as 6.5 ± 0.03 [11] and the 
sp. act, was 0.84 mCig 1. Phenylbutazone and sul- 
phaphenazole were donated by Ciba Geigy and war- 
farin was donated by Endo Laboratories. All drugs 
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including salicylic acid and paracetamol were recrys- 
tallised prior to use. 

Diah'sis procedure. Binding of tolbutamide and 
chlorpropamide was determined in the presence of 
displacing drugs using the dynamic dialysis technique 
[12]. The volume of the protein solution inside the 
dialysis bag was 7 mfand  that of the external solution 
was 250 ml. This technique is unsuitable for use with 
glibenclamide because the drug is strongly bound to 
the membrane and has a ~ery low rate constant for 
diflhsion ac ross the  membrane [11]. Thus to study 
binding at the Io~ therapeutically signilicant lexels 
of glibenclamide, extended dialysis times plus a large 
correction for membrane binding would be necessary. 
An equilibrium dialysis technique was therefore used. 
Good agreement between the two dialysis techniques 
has been reported [13, 14]. Studies were carried out 
in sterile glass dialysis cells of 5-ml capacity. All dialy- 
sis studies were conducted at pH 7.4 in 0.067 M phos- 
phate buffer. Binding parameters were calculated as 
described previously [14]. 

To estimate the effect of a co-solute drug on the 
binding of another, n~o approaches are possible. The 
more common is to study the binding in systems con- 
taining a fixed total concentration of co-solute. This 
has the substantial disadwmtage that the binding pro- 
lile of the drug under consideration is determined un- 
der conditions of \arying co-solute activity since kS 
binding of the drug xaries binding of the co-solute 
also varies. The second approach is to determine the 
complete binding prolile of the drug while maintain- 
ing a const~_tnt frec concentration and thus a constant 
displacing eff,ect of the co-solute. Only binding data 
obtained m this way is suitable for treatment accord- 
ing to the competitixe binding equation. This equa- 
tion states that for a particular class of identical and 
independent binding sites, the apparent association 
constant tbr a drug A, U\, in the presence of a com- 
petitor B is given by 

k ' x -  k\  (I + k uD*u) 1. 

where k,, and kn are association constants for binding 
of A and B to protein and Dr~ is the free concen- 
tration of competitor B. 
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In d).namic dialysis  p r o c e d u r e s  this  is ach ieved  by 
adding a suitahlc concentration of displacing drug to 
the ;,]btunin solution and the corlcsponcthlg free con- 
CCl~tralion is maintained in the  cXtClnal cc)mpartmonl. 
Wl~cn samples arc removed fronl the external solt i t iol l  
the\ :.ire replaced with hi.ill01 con iammg the s;.inlc co- 
solulc concentral ion. As dialysis of tl~c prim:.u-', drug 
occurs, i1]ol-c co-solute wi l l  lend lo bind It) pioI0i i l .  
Thcrclorc. co-solulc f lonl the large cXtClilcll solution 
I l ia \  cnIei the protein Ct)lllp~ilIlllCnl. HOV, L'tOF. the 
saillc.' [roe concenlrat ion o[  co-solLilo should bc main- 
laincd because of l l]c rcsep<oir ollcct of i l l0 largo 
cxlcina] COlllpartll lcilt. For to lbulamidc,  chlorpropa- 
midc aild ihc d )namic  dialysis rli-ocedtirc, frcc concoil- 
li-atioi]s of  displacmg drugs no;c'r ~aiicd b \  more 
lhan + 2 per ccnl. A.~rccmcnl of  icplicaIcs for sc\mral 
s\slciYis iridicatcd good rcproducih i l i i ) .  

It is i l lorc di l l lcuh Io maintain a part ict l lar free 
co-solute level in cqui l ibrhun dialysis bec:.iusc lhcrc 
is no rcsorxoir el]bet, nmvcvcr,  in the Gist of glihon- 
clamidc, it was plo>onl in such Io,,\ conccntral ions 
compared Io co-sohilc>, lhal l i tt le displacement of co- 
solutes ocCtllTed, h \~as possible t{} nminLi in fiec con- 
ccnlr:.ilions of phcnylbutazonc, warfarin and s; i l ic\ lalc 
to \~ithin ±5  per toni. 

X X % I,Y,",;IS 

Tolbutanqd¢, ch lorpropamide and gl ibcnclamidc 
wcrc csthnated as described prcviousl} [11]. Paracc- 
lamol,  sulphaphcna/olc, salic},clalc, phcnylhula ionc 

aIld w~irl2liin \vcrc assam, col spcctr{q~h{}l{}mctric~lll> ill 
245. 252. 299. 26,"; aild-31011111, rcspcc l i \c l> .  \Vhcrc  
ncccssar_~, small absorbancc conlribulioi~s duc to h+l- 
bulalnide, chlorpropamJdL" and gl ibcnclamidc al lhc,,c 
~ : l \ c l c n g l l >  +~crc stiblr:.lclcd. 

RI {N I  I IN  

The ell'eel ,,11 i -~hcnylbuta/onc,  x~arlT.irin. ,,alic>latc. 
s t H p h a p h c n a z o l c  'and t -mracclamol  on  b ind in~  con-  
slY.tills ol" t o l h u t a m i d e  to BSA :rod H S A  :ire 'dl{}~n 
in T~Iblc 1. Signi l icanl  ctispl:lccmcnl o1 to l l~utamidc 
occtli-s in the lirsi {:kiss of silos btll ihcrc is liil lc c11~2cl 
on lhc sOColld class. I1 is inlcrcstii W Io ilOlC thai the 
app:.lFcnl ; i ssoc ia t ion  COllM;.lll[. I~'1. \~ilh lISA is ~ci; 
s i m i k u  to that  wi th  l ISA.  

The b inding  col]shlnl,s I;,}F the \;uiotl>, clispklcing 
compounds ai-c lislcd in Table 2. Phcn)lbul l izonc, like 
t o lbu tan l ide ,  is b o u n d  to lhrcc  p r i m a r )  ,,ilcs on  llic 
a l b u m i n  nlolCCtliC. If these  sites ~llC co111111Ol1 it migh t  
bc expected [hat binding o1" to lbu lamidc in the plC,~- 
once {/1 phcn},lbtit l izonc could bc described h\ the 
compc l i l hc  binding Oqtlalitnl. \":.lilies of 111c app~lFCiH 
pl ' i l l l { / l  3 association constants. /"l, for tolbut~uniclc 
v~clc cciicukilcd using the rcspeclixc binding pani- 
nlolers for Io lbuhunidc ~liltt phen_vibuia/cmo ~illCt f{q. 
I. (Table l i These \ahlcs Hrc ,,oxen limes 7icalcl- thai/ 
Ihosc obscr\cd cxpcrinlcnlal]},. 

Phen).lbulazoilc cruised .~lCalcr di~,plticcn]cnl o l  
cillorprol~an~ide [ tom lISA than \t:.ui2.u-in at cqui \a l -  
cnl ['I'CL' conccni la l io i ls  (T;ihlc 3i. Vv'arfarhl aild chlor- 

Tahle l. Binding t~ar~tmclcrs lot the intcraclion ol tolhtdan]idc ~ith a lhumin &ll pit ?.4 and ~7 in /he prc,,cncc {}1 
various drugs 

Bindine p:.Llamclcrs for toll-~ut;Hnidc (Ltlculatcd 
Mean frcc • 

Displacing COIICCIIII ' ; .I t lO n I1 I k ] I1 , k - /' i 

agcnl (M x I04) .,\lbumin (M ~ x 10 ¢) (M ~ < I() ) (M : I() 41 

BSA ~9H ~4x ~ x.12 ~ >~ 
HSA 2.27 21.86 ,',.21 i 71 

[ } h c l l \ l b t l l a / o n c  (LOS B S , , \  2 . $ 6  ] { 2 x ( N q 2 l  

(t. 16  B S A  _. , ,~ "77 () .71 "; ._~  .7.(C 

O. 16 HS,,\ 2.22 ().63 > 7 1f14 
Warlhrin O.()4 BSA 2.93 2.3x x.(i6 ~.24 

O. 16 BS..\ 3.12 I.{)5 X.15 3.19 
(i. 16 HSA 2.25 1.6(} ,',.17 1.55 

Salic\latc ZOO BSA 3.12 (i.91 ?.75 k3¢ 
l}al'aCCta111{}l 3.{}() BSA 2.97 7.X I 9.(H ;. :,2 

6.00 BSA 2.c}< x 5.0() 9.72 2.Sx 
{ . ,  I},S/\ _.s_ 14.70 x.47 24 } Sulphaphcna/o lc  ) ' ~ ~ '" 
0.64 BS,\ -~. 13 6.5S s I)f 175 

7 6 

4 q~  
J .  t=  

Tahlc 2. Binding constanls  lbr drugs used Io disF, lacc Ihc stHphon 3hHc:ts h>m 
37 in ().{}7 M phosphate  huffer, pH 7.4 

/x t 
l ) rug i\lbumil] n I IM ~ , l(I 4) n, 

",L'I'LII/] ; l l h H I / l i l /  i l l  

/,, 
( \1 . I() '} 

l~hcnvlhtLta/onc HSA 3.()() !5.01 4J)6 12.52 
BSA 3. I ~ 27.X() 4.21 22.xn 

Wa rib rin tt SA I.S4 14.71 >.0l I >.2{t 
BSA 2.{}(, I 1.36 5.{)3 [ 6.4() 

Salicvlalc lISA 1.07 22.2f~ >24 t>.n7 
BSA I.I N 21.03 5.()3 [fl.72 

Sulphaphcna/olc BSA I.()2 g.2() 530 1 l. ~ I 
Paracctamol " BSA ( }I{)~ ( ) I I 5 ~I{ )() l) ('t) 
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Table 3. Binding parameters lot the interaction of chlorpropamide with BSA at pH 7.4 and 37 in thc prcsence of 
warfarin and phenylbutazone 

Binding parameters for chlorpropamide Calculated 
Mean free 

Displacing concentration n, k~ k2 k'~ 
agent M x I()'* IM ~ x I(I ~1 n, (M ~ x 10 21 (M i × 10 4) 

1.94 4.67 8.93 4.14 
Warfarin 0.04 2.00 1.92 9.21 2.88 3.20 

0.16 1.94 1.09 9.14 1.86 1.64 
Phcn3,1butazone 0.08 2.12 0.95 8.95 2.41 

O. 16 2.16 0.46 9,13 1.42 

Table 4. The effect of warfarin, phenylbutazone and salicylate on thc interaction of glibenclamidc 
with HSA at pH 7.4 and 37  

Binding parameters fo r  
glibenclamidc Calculatcd 

Mean free 
Displacing concentration k k 

agent M x 104  n M 1 x 1 0  5 M ~ × 10 5 

1.82 7.64 
Warfarin 0.l I 1.95 5.66 3.02 

0.26 1.76 5.47 1.57 
Phenylbutazonc 0.1 I 1.58 5.72 2.02 

0.24 1.53 4.52 1.11 
(I.45 1.49 3.77 0.63 

Salicylatc 0.41 1.78 5.9(,) 
0.71) 1.75 5.31 
1.53 1.68 4.64 

propamide are both  bound  to two primary sites on 
the a lbumin molecule. However, the calculated values 
of k'~ for chlorpropamide in the presence of warfarin 
were again considerably greater than those observed 
experimentally (Table 3). A noteworthy point is that  
warfarin and phenylbutazone also appear  to displace 
chlorpropamide from the secondary binding sites. 

o 1.5 

E 
,2_ 

C2l 

,'~ 1.o o 

0-5 

0 0.5 1.0 1.5 

Fig. 1. Thc effect of phenylbutazonc and warfarin on the 
binding of glibenclamidc to 0.5°; HSA at 37': in 0.067 M 
pH 7.4 phosphate buffer. O Glibcnclamide alone. Warfarin 
free concentrations (M × 10~): V 0.11 (....1"; EJ 0.26 
(. - .)*. Phcnylbutazone frcc concentration (M x 1041: @ 

0.11 ( )*: ® 0.24 (OOOO)*; ~ 0.45 (XXXX)*. 
* Binding curves predicted from k' values (Table 4) calcu- 

lated fi'om Eq. 1. 

In contrast  displacement of glibenclamide from 
HSA by phenylbutazone,  warfarin and salicylate is 
far less than that  predicted by the competitive binding 
equat ion (Table 4. Fig. 1). At the highest phenylbuta-  
zone free level (0.45 x 10-a M) the association con- 
stant was reduced by a factor of only 2 compared 
to a 35-fold reduction in kl for to lbutamide in the 
presence of 0.16 x 10 aM free phenylbutazone.  Thus 
glibenclamide is far less susceptible to displacement 
by anionic drugs than tolbutamide and possibly 
chlorpropamide,  

DISCI_ S S I O N  

The standard competitive equat ion gives a very 
poor  estimate of the degree of displacement for the 
systems considered here. In the case of tolbutamide 
and chlorpropamide displacement is far greater than 
that  calculated. These drugs [11] and phenylbulazone 
[15] appear  to bind to serum albumin by ionic forces. 
Calculations which account for electrostatic repulsion 
between the a lbumin molecule and sulphonylurea 
anions due to a t tachment  of phenylbutazone anions 
produced little improvelnent  in the fit of calculated 
data to that observed experimentally. 

The possibility that materials may cause non-com- 
petitive displacement of drugs from plasma proteins 
has been recognized previously [15 17]. 

Tile environment  a round a binding site may facili- 
tate hydrogen bond formation or van der Waal 's  
at t ract ion between drug and protein, contr ibut ing to 
the free energy of binding through either an enthalpic 
or entropic stabilisation [18]. If a compet i tor  induced 
configurational changes in the a lbumin molecule thus 
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dis turb ing  the f a \ou rab le  env i ronmen t  this could 
br ing aboul  d i sp lacement  in addi t ion  to that caused 
b\ direct competit ion for conlnlon complexation sites 
[15]. The signit icance of  these l indings is that  the 
degINe of  dispktccment CLIlallOl al\~ays bc predicted 
directl 3 by cons idera t ion  of  the respective ctssoci;ition 
COlISLillIS of thc drug and displucing compound. 

The displacenlenl of to lbulamide [rein its primary 
sites by \\arfarin. salicylate, paracelanlol and sulpha- 
pheiiazole clesei-,,es consideration. Tl~ese four drugs 
Ltre botl i ld to tml\ one or h\.o prinl~lr} sites {Table 
21 but the\ CLILISe displacement in the three prinlal-) 
tolbutamide binding sitex Therel\n+e it is dif l icuh to 
explain the displacement in lernqs of competit ion t\~1 
comnloi l  sites. It could be argued thai competit ion 
OCCLII'S due to oxer lap of  b inding  silos of the bye  
drugs. 

Warlkuin, for example. \~ould then compete for 
onlx t\~o of the three lo lbutamide binding sites, t lt>w- 
e,,er, tt~e three pr i inar)  sites [\>1 lolbutanl ide are 
apparently still et iui\alent (Table 11 and the coi~cept 
of over lapping  sites does  not  seem to appl  5. 

It has been suggested plexiotlsl  5 that  the tcndenc3 
of  one  drug  to displuce ano the r  depends  on it> ability 
to dis lor t  the u lbumin molecule  [19]. The  naechanism 
of  d isp lacement  ma \  lhcrefore  be essentially non-  
t e m p e | i t  i \c .  

Thc  d isp lacemcni  of  g l ibenclamide l~-om a lbumin  
by phcnylbutazonc. ~.attarin or salicvlatc i~ far less 
than tl lal calcLikitcd b~. the competitive binding equa- 
tion. (Eq+ 1), assunling L'c:qnpctilion t\>r both binding 
sites. This I'll~.lV be related to its nqcch;.llliSlI1 of binding. 
Gl ibenc lamidc  is bound  by noia-itmic forces whereas  
to lbu tamide  and ch lo rp ropumide  appear  to be b o u n d  
chiefly b3 ionic lolces [11]. In addi t ion anions  would  
not  displace gl ibenclamide b 3 increasing the charge 
on the albumin molecule. The displacement that does 
oCctlr 111a3 be title It+ lit1 effect of the drugs Oll t0rtiary 
~tlbunlin strtlcturc. If this is the case. the el]cot is snl:.ll[ 
possibl  3 because the sites of att;.tchmellt are remolc  
from those of  glibenclanlide.  

Although the binding parameters cannot be used 
quan t i t a t i \ e l  5 It> c~tlculate d isplacement ,  there  does  
~lppc~tr to be Zl raItk older correlation between the 
binding ct)nslants of displ;lcing drLigS zlnd the c.' \ letlt  
to ~ hich lhe\  reduce binding ofa particul~/r sull~hon>l- 
tliea. For cxamplc, phcnyll'~Lit:l/Ol~C is the most 
strongl} bound  c o n l p o u n d  in l ' ab le  2 and appears  
to be the most  efl~ctive u t a  g i ; en  free concen t ra t ion .  
Warfar in  is Inore x\eaklv b o u n d  and is less elt"ectixe. 

The degree of  d i sp lacement  is therefore >,till +l functicm 
of  the number  of  drug  molecules  b o u n d  e\ on though 
the mechanisi l l  of  d isplacemenl  mt t \  bc essentiullx 
n o n - c o m p e l  it i xe. 

The binding of glibenclanfide is rckit ixch tlilai L 
fccted by therapeutic le,<els of these displucing ohrigs. 
At most tile free glibcnciamidc level ~totild hc d o u -  
b led .  Hence glibenckulfide max be :.i ~,~11~2i drti~ t<+ 
use wllcn there is likeliht+od of COllCtll+renl administ- 
ration of other drugs. It siaould be emphasized thai 
the displacing drLIgS tlsed in this ~\ otk ~\crc ell [ill|Oils+ 
It is possible  thut dlug~, bound  bx taon-ionic for-cos. 
similar to glibenclamidc ii1~1\ Cluse i11ole stil~st~intial 
displacement. 
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