
I~iochcmical PIlalmacoh}g>. Vol. 25. pp 1215 1216 Pclganloll hess .  /,)76. PIintcd in Great Britain 

S H O R T  C O M M U N I ( ' A T I O N S  

Thermodynamics of fatty acid anion displacement of warfarin and 

phenyibutazone from human albumin 

(Receired 22 Au:tust 1975; accepted 17 October 19751 

While it is recognized that the concentration of plasma 
free fatty acid {FFA) fluctuates considerably in responsc 
to changes ira physical strcss and food intake [1 4]. these 
ph>siological changes in concentration generally have not 
been thought to have a signilicant effect on drug binding. 
However, in contrast to this view, recent work [5.6] sug- 
gests that plasma F'FA may ha',e an important influence 
on the extent of drug albumin interactions. The manner  
ill which FFA alters drug binding can be expected to vary 
with the mechanismfs) and sitels) of binding of a given 
drug and, in the cases of warfarin and phenylbutazonc, 
is incompletely understood. This paper seeks to further 
examine certain published data concerning the human 
serum albumin binding of warfarin and phenylbutazonc 
and their displacement of FFA in an effort to gain ad- 
ditional insight into the identit 3 of their binding sites and 
tile mechanism of their displacement. 

The interactions of long-chain futty acids with serum 
ulbtnnin was studied by Goodman [71 at a pH of 7"45 
at 23 . Apparent association constants were determined by 
tile method of Scatchard [8] and correspond to the binding 
of tile fatty acid anions at this pH. Tile even-numbered 
saturated fatty acids from C~_, to  GiN were found to bind 
to three classes of sites (coordination nunlbers of n I - 2. 
~ - 5 + I and n3 ~ 20) and to have association constants 
,ahich increased with increasing acid chain length. Solo- 
mon eta/ .  [9, 10] have employed ultraliltralion to charac- 
terize tile displacement of warfarin and phenylbutazone 
froln human serum albumin bx xarious drugs and fatD 
acids. Double-reciprocal plots showed apparent compcti- 
tixe displacement of both ~arfarin and phcnylbutazone by 
hmric acid al acid albumin molar ratios of 1.8 and 8.8 
respccli\ely. However, these aulhors [10] also found that 
stcaric, m,~ristic and laurie acids, at an acid albumin molar 
ratio of 35, reduce the per ten! bound of both drugs inver- 
sch ,,','ilia fatty acid chain length. 

The latter evidence, logether vdth tile FFA albumin 
binding data of Goodman [71, sttggcsls in two ways that 
the predominant mechanisnl of drug displacement at thc 
higher FF'A lexels is other than competition for binding. 
sites. ('ompetitive displacement would require that the 
fatty acid anions displace drug ira rank order correspond- 
ing to their affinities for albumin: however, the inverse 
relationship is observed. Secondl>. because the association 
constants of the fatty acid anions for albumin exceed those 
of ~arfarin and phenylbutazone by. from one to three 
orders of magnitude, ahnos! no binding of either drug 
~tllcl be expected to occur with simultaneous acid albu- 
min ;rod acid drug molar ratios of 35 and 85 respectivel>. 

The experimental observations can be explained if it is 
assumed that the displaced drug, warfarin or phen}lbuta- 
zone. binds to n independent identical sites on serum albu- 
min and that the cfl'ect of FFA of reducing the binding 
of drug resuhs solely from a change ira tile binding affinily 
of the site. The apparent association constant, K, l\~r drug 
binding to a given site is defined as 

(DP) 

(DIIP) 

where (DP) and (P) are the concentrations of a given ~itc 
occupied and unoccupied b3 drug, respectbely, and (I)1 is 
the free.drug concentration. The fraction of drug bound. 
F, is then gi,,en by tile expression 

n(DP) 
F - -  

(D) + u{DP) 

It follows thai, given F. the product nK(P) can be calculated 
from thc equation : 

F 
nK(P) - 

1 F 

If only the per cent drug bound is known or can be 
determined, an approximate apparent FFA-induced 
change in the free energy of binding can be calculated from 
the ratio. K(P):K'IP)'. where the prime denotes values 
determined in tile presence of F'FA. Where ',alucs of (P) 
and (P)' can be measured or calculated, the apparent FFA- 
induced free energy change in drug binding. AAG. can 
be determined from the reh|tionship: 

AAG RTIn(K K'i 

This has been done for the data presented by Solomon. 
whose measurements were made in pH 7.4 phosphate 
buffer at 30. and is shown in Table 1. 

The close correspondence of AAG between ~<trfarin mid 
phenvlbutazonc, pairwise with each of the three acids, sug- 
gems that these drugs are bound to the same primary ~,itc, 
as was also reported by Solomon et at.[9.101, and that 
they are displaced from albumin by the same mechanism. 
This is of significance since, although lhcre is general 
a g r e e m e n t [ 1 0  12] that phenylbutazone binds primarily to 
a single site on human albtunin, various vahles ha'~e been 
reported for warfarin: u single primary site [9, I()], two pri- 
mary sitcs[13,14] and reccntly approximately 1.5 primary 
sites [151. Similarities in binding are kno~n wherein \~ar- 
latin appears to bind to secondary sites [14, 15], as does 
phenylbutuzone [12]. and both drugs ha\e been reported 
to bind to hydrophobic primary silos b 5 other than ionic 
interactions [13].  

Specter et a/. [51 have proposed ;,m allosteric mechanism 
to account for tile effect of FFA on the albumin binding 
of chlorophenoxyisobutyrate ion, which has been shown 
to compelitixely displaccv, arfarin [10]. The thcrmod}na- 
mic data derived in this papcr also are consistent v, ith 
an allosteric mechanism as a dominant mode of FFA dis- 
placement of drug from albunml for both warfarin and 
phenylbutazone. These data also suggest that the 
mechanism is tile same for the three acids, since the calcu- 
lated AA(; vahles do not show erratic changes with in- 
creases in furry acid chain length. F'FA-induced spatial re- 
arrangenrents in human albunlin sutt]cient to result ira an 
allosteric influence on drug binding are not unexpected 
since bovine serum albunlin is known to undergo signili- 
cant conformational shifts in responsc to FFA[16].  The 
results obtained from the calculations in the present paper 
indicate that useful tests of the similarity of binding siles 
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l~lblc I. l h e r m o d \  nalnic dat:l of  \~:lrl~/lill l ind phci1}l l~clta/onc displaccmol l l  b\ I 1 \ 

t ,Ill ', I 1>):: /', ~\(' \ \ ( '  
acid t J~KI/'I (M " IO ' l  I M  I < IO Xl (cal inolc l  teal inolc) 

\VOltfi l l in 

None 0"829 4"85 0"70 72'3 6740 I I 
Slcal ic (!'515 1"06 7"99 13"3 5720 I1121) 
My ristic 0'306 0"44 8'85 4.98 5129 161 I 
l~l tuic  0' 16(I 0" 19 9'44 2"02 4584 21 "W> 

Pheny lbu lazonc  

None  0-913 10"49 6'36 165 7237 !) 
Stcaric 0.677 2" 10 7'32 28.6 6181 105(, 
M3 ristic 0.509 1-(/4 8.01 12-9 5703 1534 
Laur ie  0.286 0.40 8.93 4.49 5065 2172 

* Vahlcs o f l l  ~) were ca lcula ted  from lhc rcpor ted [10] ,values of t" anti the total  conccn l ra t ions  
of d rug  and a lbu ln in  a~,suming tl 1. 

and l l lcchanisnls for pairs of  drugs, such as war far in  and 
phcn} lb t l t a /o l l c ,  arc possible Ga molcct l iar  probes snctl 
as fa i l \  acids. 

Dwl){ll'lltlWtl[ O[ ])]kll'lH~tct'llliu'~. 
(. 'nllcoc ~!1 Pllormoci. 
('~*ircw'~if I <!1 Ali , ,csola.  
3,1i,~n'ol>oli~. Aliml. 55455. (:.S..I. 
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Elevation of central 7-aminobutyric acid levels by isoniazid in 

mice and convulsant thresholds 

(Rt'ct, iccd 26 .luuusf 1975" 

I-he accumula t i ng  e \Mence  for a role of / -a rnmobuly ' r ic  
',lcid {GABAI :is a central  inh ib i tory  t r ansmi t t e r  [1. 2] has 
p ron lp tcd  several s tudies  about  a re la t ionsh ip  between the 
central  le ;c ls  or thc mc tabo l i sm of this amino  acid and 
lhc ,~cnsilivit~, 1o con~.ulsions. Thc rcsults  of these s tudies  
huvc been contrcn.t ic lor):  ~,t',l-ne authors  did nol  f ind an x. 
stlch rc la t ionsh i l~ [3  5]. whereas the restllis of  others seem 
to indicate ci role o f  ( I A B A  for  central  e x c i t a b i l i t y [ 6 ]  o r  

seizure acli, . it  3 [7 9]. In te rp re la t ion  of thc rcstllls was 
made  difl]cull b,, lhe rise o1" drugs  with pov,'erful pha rmaco -  
d \ n a m i c  propcrl ies.  :LS for example  ih ioscmica rbaz idc  or 
a m i n o o x \ a c e l i c  acid. as tools  for alteralioi ' ls  in the central  
(.iABA metabol i sm.  Recently. however ,  Perry and Han-  
s c n [ l O  1 repor ted thai  isoniazid adminis tered  in the food 
oxcr several da3s m non tox ic  doses ,,,+'as able lo elevate 
ccntral  (}ABA lcvcls cons iderabl  3. W o o d ,  Peesker  and  
l ir lon [ I1] and Wood  and Pceskcr  [121 showed thal  treat- 
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ment with isoniazid  indeed protected chicks  agains t  ,,ci/- 
ures elicited by exposure  to hyperb',n'ic ox3gen or b 3 Inicc 
t ion of p ic ro toxin  or pentetrazole ,  but ~a s  mcfl'cctixc m 
rodents  agains t  hyperbar ic  oxygen ,,ciiurcs. 

Since a dail_~ up t ake  of l O 0 m g k g  isoniazid  in tile 
d r ink ing  water  was Iolcrated bx mice ~ i l h o u t  beha,~ioral 
changes,  and  smce this t reat i l lcnl  nci thcr  scorned Io Mlccl 
the central  me tabo l i sm of monoamincs ,  the eft'eel oi  \~ hich 
oi1 convu l san t  threshoMs had been ";tudied prc \ ious l3  [ lX ]. 
we though l  it worthv, 'hile to look for a corrcl ' , llion bct\~ccn 
centra l  G A B A  concen t ra t ion  and the clcclro- and chcmo- 
convu l san t  th resholds  m this species. 

Thc stud', ~as done in mice of  NMRl -~ t rah~  ~Mol lc  
gaard H:.inscn~ /\ '~lsl;d~oraloricr \ ~. l i b }  1)K-4632 [ I 


