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ind cach test
BSA and [SA. The
7 The inhibition affec
ested drug of both. Bindin

- pumber of class 1 sifes avai !
eqificant . acid and (cnoxicam was nearly
" fonic 300 © 0 HSA frec from FFA was

JFA
olof gcncfal inhibitory effect on the capac

either -
, with the

hain fatty acids on the binding of anti-inflammatory drugs to bovine (BSA) and human serum albumi
. . min

tod with the hope that the {csu!ls obtained would provide some informations about the forces involved 1

binding siles on the albumin molecule. The interaction between albumin molvcc l]n b
7.4 using Sprcsnscn's phosphate buffer at 25°C by obscrving the mm;x:ti‘:i;navd
fenic acid or tenoxicam. By the equilibrium dialysis lechnique, the capeit . ";
ed drug was ‘mc:lsurod. Analysis of scatchard plots showed that the two &ru ] o::uy'ud
binding of the two drugs to BSA or HSA was inhibited by palmilic or ollz:w
ted cither the number of binding sites or the association constant for the
g lo cither tiaprofenic acid or tenoxicam was markedly reduced, with a
lable, The inhibitory effect of oleate al a molar ratio of 7 on the binding pr.opcnies
similar to that of 7 mol of palmitate. The binding of the two drugs to HSA
Jess than that observed upon using BSA preparations, These cxpcrimc;ts
ity of albumin to bind Gaprofenic acid or tenoxicam.
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INTRODUCTION

acids and numerous drugs are
Plasma free fattz’n e arly e o plasma

mmpoﬂcd C 1y of free fatty acids (FFA) for
2. T that of most drugs. us,

the number of :
(o) nd o constant of these sites for the
n

ftty acid @ Tt as observed that 2o acute in::ircasc in
plasma FFA of the rabbit was assocxa_tcd with a decrease
in the plasma concentration of protein-bound lhyfo xu;e
wd anincrease in the concentration of fre thyroxine @,
Supporting  this conclusion Was the observation of
Tebachnik © that addition of 1 0f 3 moles of palmitate
to defatted albumin reduced the protein’s capacity to
bind thyroxine in vitro and the finding of Hollander et
oL ) hat acute elevation of plasma FEA Jevels in man
sas with  2- to 9Jold increase in percentage of free
thyroxine in plasma. On the other hand, Braverman et
il .0{ ad co-workers found little or no effect of
;mu‘m’ in plasma FFA level upon the percentage of
e e ot e 1o
et ofthe atioagulant ;Em;;f ter heparin to an
9 et i the capncr er than FFA. Solomon et
0 bind phen)-lbummcapwly of human serum albumin
Desence o e e O warfarin was reduced in th
of launc_ myristic or stearic aci €
Severd studj' ' aric acid,
¢s pointed that the binding of

droxyphen
ylazo.]
benzoate was sensitive to relatively

b Fi C.s in FFA CO! .
B mi‘:ll;mvon 19), This was due
ng of drug bindin g to

« ‘

albumin. Also, anilinonaphthalene sulfonate binding to
albumin was altered by relatively small changes in FFA
concentration{D), It was observed that octanoate binding
{o albumin was decreased by addition of FFA 2+ Some
authors have reported that FFA reduced the ability of
albumin to bind azorubin %> tryptophan(4), skatole (15)
, thyroxine 19, triiodothyronine (7, {rinitrobenzenesul-
fonate @® and zomepirac 1% . It was reported that
nonesterified fatty acid concentrations did not contribute
to the pregnancy-associated decrease in theophylline
binding@®, whercas Shum and Jusko 1 concluded
{hat obesity causes a moderate decrease in serum
binding of theophylline which may be attributed to
increase free fatty acids. Several authors @2} reported
that the variations in free fraction of lidocaine and
quinidine were strongly associated with variations in
free fatty acids, but for propranolol, no significant
correlation was observed. Also, several authors have
reported that FFA reduced the ability of albumin to bind
diazepam @ in diabetes mellitus, warfarin and indo-
methacin in theumatoid arthritis 4) | and zomepirac 1%
in uremia. The effcct of age on the invito binding of
valproic acid to serum proteins was investigatedin rats
ranging in age from 14 days to 24 months; The
influence of free fatty acids and total protein
concentration on age-related change in binding was

examined by Slattum et al (25) . They found that
ding may contribute (0 age related

changes in protein bin

changes in disposition of valproic acid in rats. These
findings led us to suspect that physiological changes in
the binding of

FFA concentration might influence
certain drugs to albumin. Thus, the questions have
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catchard plot for the b‘i'nding ol tenoxicam n(8.1) and K (1 x 103). The curve for binding of
In the ‘ - FFA content) (Fig. 1a), the shnrply tenoxicam by BSA conmining 7 moles of palmits lfpcr
psA onl3 b of the curve represents a  high mole of albumin (Fig. 1c) was displa
" nding l:;:smn! value (K= 6.50 x 10% with a low n
F '" C

ced marked]y
downwards and (o the Jef; L, reflecting reduceq binding b;

sciti® 1.8); the nearly horizontal limb at r values the two classes of site, (1

N ass 1 was now undetectable,
s s a low association constant value (K= 27) The value of I was reduced from 367 10223 with a
. mlm:scﬂnumbcr of binding sites (n> 20). The bend
[ c
.dl ‘

o . ) significant reduction jn K3 (from 27 (o 2).
¥l (r = 3-9) indicales a class with intermediate
e (r=
i ({thc .

} + Number of binding sites, n, and apparent assoication

qable (1 tiaprofenic acid and tenoxicam by bovine serum albumj

constants , K ( litres per mole

) for binding of
0 containing various concentrations

of plamitic acig.
K—’\"" ) _ 3.5 moles of palmitate per mole of , )
Bovine serum albumin albumin 7 moles of palmitate per mole of albumin
Drug
Ky (] Kp |ny Ki oy Ki | Ky ny Ki |
" |
ranovicam | 649x10% | 18 10268102} 367 | 2413x104] 26 | 0107102 953 | Not | Nt

)
detectable]  detccule | X107 |223

(]6 Q ()3 5 3 “2 Not- Not-
ll&pﬂ?’-ﬂllc 35x1 l 1 l 039x10 i
acid de ectable dcwcmb e
\

Table (2) : Number of binding sites, n, and apparent assoication constants , K ( litres per mole), for binding of
tiaprofenic acid and tenoxicam by human serum albumin containing various cong

entrations of plamitic acid.
an ) 3.5 moles of palmitate per mole of ) .
Drig Bovine serum albumin Elbumin pet Tmoles of palmitate per mole of albummW
Kl nl Kl n] KI n] Kl n] K] ll] Kl Dl
Tenoricam | 4911x104| 230 {0.081x103{ .2 | 12010104 12 | 00563103 2%62 | Not Nk o onaxte2| 132
detectable]  detectable
apolenic | 1.239x105{ 2.33 3.392x102{19.01 | 3.511x104| 22 | 1602x102 164 | Not Not- 0.013x103| 195
acid detectable]  detectable )

Table (3) : Number of binding sites, n, and apparent assoication constants , K ( litres per mole), for binding of

taprofenic acid and tenoxicam by bovine serum albumin containing various concentrations of plamitic acid.
, 3.5moles of palmitate per mole of . in
Dng Bovine serum albumin E\?bumin pe T moles of palmitate per mole of albumi
P — 4
K K n K n
S K T [ K [ K [ | K 1 L L
Tenoxica 2 Not- Not- 18x102} 216
6.081x104 2 21 10.098x104 226 0.0 :
| MO 12 J02suicR)aas | 220axi0f detectable]  detectabe
\M‘
Tiaprofegi, | 2 Not- Not- 1 310103 | 164
41555106 LO4| 1.113x104] 256
Q il e T detcctable]  detectable
gl_
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i Ge. (2a) : Scatchard plot for bindi .

Fig. (1a) : Scatchard plot for binding of 1cmO§llC£_um“bt)(') },“"b&‘ﬁe §ffufu ‘;lbllx)ln?in c; nlll:,(lh;rlgmogo“gr rofen, aciy

bovine serum albumin r= molar 11;;1(10 ?fht::ugm . f e Y Tbumin, Dp= Conc‘cnt_r.m'o.n (mo!‘”:’) oot de dmg

albumin, Dp= concentration (mol/L.) o ] B ove Tepresents one d.l_al) Lol e‘peg‘m
Ty

o ol e equilibrium experituent. ! : one ¢ s ¢ .
curve represents one dialysis equili Each point on the curve is the average of three e :nt

Each point on the curve is the average of three values.
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Fig. (1b) : Scatchard plot for bindiug of temosicam by Fig. (2b) : Seatchard plot for binding of daprofesic yqq
bovine serum albumin containing 3.5 moles of palmitate by bovine serum aibumin o 5

. _ B
per mole of albumin .r= molar ratio of bound drug to palmitate per mole of albumin .r= molar mﬁoffqtfé unz{
bumin,  Dp= concentration (wollL) of frec drug. The drug to albumin, Df= concentration (

) : mol/L.
curve represents one dialysis equilibrium experiment. drug. The curve represents one dialysis qunl(:[bxgg
Each point on the curve is the average of three values. t&.'lcpenmlent. Each point on the curve is the svery o of
ree values. <
0.0045]
0.0041
0.0035 |
g 000 0%
2 0.0025] 0 9.025
X 0.002 g oo
= 0.0015 5 - 0015
0.001 g o
0.0005} - 2 o
0 : X o
g 5 10 15 20 0 5 10 18 2 x
r
Fig. (1c) :) : Scatchard plot for binding of temaxi indi japrofesi¢
: ; . cam by Fig. (2 ¢) 1) : Scatchard plot for binding of U3FPE
bozmeolsmnrnBalsl:Aumm containing 7 moles of palmitate ac%d (b\’)ngmecze;m alptlwumin coptaining 7 2916 3
gleb m e]; - I= molar ratio of bound drug to palmitate per mole of BSA . r= molar e & hfrﬁ*
wanin, Dp= concentration (mollL) of free drug. The  drug to- albumin, Dye concengaton (moll) & %
Fach pabesers one dialysis equilibium experiment, 2. The curve represents onc dialysis €98y
ch point on the curve is the average of three values. experiment. Each ;’im on the curve is the 3¢
three values.
7
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:menl ¥
«pecﬂ\fgl ues
0025
002
£ 0015
X 00l
¢ wik 0O__a 4
0005 e o0 o
04L_’—'-1, ¥ h 4 :

0 5 10 15 20 25

DBE Scatchard plot for binding of tiaprofenic
wd by bovine serum albumin containing 7 moles of
deic acid per mole of BSA . 1= molar ratio of bound
g to albumin, Df= concentration (mol[L) of free drug.
Tie curve represents one dialysis equilibrium
aperiment. Each point on the curve is the average of

{hree values.

[

The effect of oleate at a molar ratio of 7 was

more or less nearly similar to that of palmitate (Table 3).
The effect of palmitate at a ratio of 3.5 was detectable
(Fig. 1b) but less marked than that scen al a ratio 7
where K; and K, were moderately reduced. HSA
contzining either 3.5 or 7 moles of palmitate per mole of
Pfoh‘:in or that free of palmitate exhibited differences in
K‘;sd’tﬁfnct‘;!;ﬂants for tenoxicam and that binding was
tobserved with BSA preparations (Table 2).

by BsgltvprofcMc acid was likewise hound to two sites
Y3 :\th K= 435x106, 0= 2.3, Ko= 1.67x10° and
o P "ms shown (Fig. 2¢), BSA containing 7 moles
leymbi‘:;’l‘f of albumm had a markedly reduced
N ;‘:Pmiemc acid where K ; and n1 with 7
ety . d been reduced largely and became
Rl o 07855 2, K and ng were significanty
R 7 % 10% 10 0.39 x 102 and from 33.2 to
© Moleg op FFA wy’ Thus, class 1 with BSA containing 7
410 longer detectable. Oleate at a ratio

rDx10°M

oon
005
004 f¢
003

0
002
0.01 %\O\o\

0 9"'0—“0-—..*0
0 5 10 15 T

tD, x 10°M

Fig. (4 a) : Scatchard plot for binding of temoxicam by
bovine serum albumin containing 3.5 moles of olcic acid
per mole of albumin .r= molar ratio of bound drug to
albumin, Dg= concentration (mol/L) of free drug. The
curve represents one dialysis equilibium cxperiment.
Each point on the curve is the average of three valucs.

0.0045
0.004
0.0035
0.003
0.0025 0
0.002
0.0015
0.001
0.0005
0

0 5 10 15 T

Fig. (4 b) :) : Scatchard plot for binding of temoxicam
by bovine serum albumin containing 7 moles of oleic
acid per mole of BSA . r= molar ratio of bound drug to
albumin, D= concentration (mol/L) of free drug. The
curve represents onc dialysis equilibrium experiment.
Each point on the curve is the average of three values.

of 7 moles per mole of BSA reduced Ky, ny, Kp and m
in a manner nearly similar to 7 moles of palmitate (Figs
34). Considerably less inhibitory were 3.5 mole of
palmitate which reduced Kj, nj, K, and m 10 2
considerable but less significant extent. Addition of 3.5
or 7 moles of palmitate to HSA produced more and
Jargely inhibitory effects on the binding parameters of
tiaprofenic acid and tenoxicam as compared to those
observed with BSA (Figs. 5,6).

DISCUSSION

Tenoxicam and tiaprofenic acid are extensively
bound by serum albumin. In every case the binding is
reduced by palmitate or oleate. It should be mentioned
that the values for n and K in the present
dialysis-equlibrium studies are affected not only by FFA
content of the albumin preparation, as the pres‘ent. da.ta
show, but also by temperature, species of albumin, 10MC
strength and pH of the buffer
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Fig. (5a) : Scatchard plot for binding of iaprofenic ac!
b."ghumgn serum albtrlinﬁn r= molar ratio of bound dﬁi
to albumin, D= concentration (mol/L.) of free drug - ent
curve represents one dialysis equilibrium expenment
Each point on the curve is the average of three values.
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Fig. (5b) : Scatchard plot for binding of tiaprofenic acid
by human serum albumin containing 3.5 moles of
palmitate per mole of albumin .r= molar ratio of bound
drug to albumin, Dy= concentration (mol/L) of free
drug. The curve represents one dialysis equilibrium
experiment. Each point on the curve is the average of
three values.
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Rg. (5¢) :) : Scatchard lot for bi
acid by human serup a{)b?nnizrcb(ln?

<Y
K

(DX10°M
o [ [} (&) [
o (=] o O <O
-~ N w o~ o

o

o

Gg. (6 2) : Scatchard plot for binding of :
;nlﬁn;n serum albumin r= molar ratio of tbmcn?!:] by
albumin, Df= concentration (mol'L) of free dnyy 30
curve represents one dialysis equilibriug ¢y, 2

Each point on the curve is the average of thye, Values

ae

13

Fig. (6 b) : Scatchard plot for binding of Emoxicam by
human serum albumin containing 3.5 moles of palmjtavi
per mole of albumin += molar ratio of bound drmg g
albumin, Dj{= concentration (mol'L) of free drug, The
curve represents one dialysis equilibrium exper:
Each point on the curve is the average of three valpes,

0.004
VL0351,

o
0.003 |
0.0025

=
7]
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a
i
c
~

=

Fig. (6 ¢) :) : Scatchard plot for binding of temouca®
by human’ serum albumin containing 7 mles
Palmitate per mole of BSA . r= molar ratio of bou®
& 10 albumin, Dy= concentration (moll) q‘mm
g The curve represents one dialysis equilt of
C-‘P'?nx;llent Each point on the curve is the 3vere
€ values.
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ratio 3.5 and 7, palmitate and oleate,
e W0 pfincipal con'xpo.nents of the. mixture
(Hich & |asma, depress the bm.dmg of tenoxicam and
clff"\n-]p .id by BSA. This suggests that the
W"“" (foct 12y be attributed to the long chain
wbitor)' CBch fatty acid was tested at several molar
jaty 29 3'5 and 7 moles of FFA per mole of albumin to
alioSs " e ishibitory potency of each one. The n and
B " for the binding of tenoxicam and tiaprofenic
g vaues sA, and the effect of palmitate at ratios of 7

id o H th yalues, were generally largely affected

on these ’ . . .

w37 o the corresponding data obtained with
when O indicates that the structure of sites on these
Bs:\;);r:s’so( albumin which bind these two drugs, and
(w0

flect of FFA on these sites, are more or less
different {0 some extent.
tion of the scatchard curves in all figures
the calculated binding parameters, shows that the
ighibitory effect of pa]milahj. (or oleate) at molz}r ratio 7
‘¢ differcot i ils magnitude from tenoxicam to
;apmfmic acid. FFA can reduce‘bmdmg to other drugs
by a least three different mechanisms:

1) Competition for the same binding site between
7FA and the drug. This type of competition would cause
2 reduction in K without change in n for the drug. But
ihe insolubility of FFA in aqueous buffer and tendency
1o micelle formation when saturation is approached may
restrict the amount of fatty acid which can be displaced
by another, more soluble drug competing for the same
te, with consequent reduction in n as well as K values
for the drug. 2) Increased electrostatic repulsion
between albumin and anionic drugs. 3) Changes in the
conformation of the albumin molecule caused by the
binding of FFA@8 This type of effect could reduce
dither n or K values for any type of binding sites.

CONCLUSION

The present data show that palmitate at a molar
ratio of 7 inhibits the binding by BSA of the two drugs
tested, tenoxicam and tiaprofenic acid. For the two
drugs, the inhibitory effect was confirmed with olcate in
place of palmitate and with HSA in place of BSA. This
Suggests that at a molar ratio of 7, FFA may exert a
general inhibitory cffect on the binding of many drugs
to several species of serum albumin. The data with BSA
wntzining 3.5 as compared to 7 moles of palmitate
wggest that the inhibitory effect may become
“glicant only at serum FFA concentrations over 3.5
moles per mole of albumin. Elevation of this magnitude
hm_ been reported in patients with gram-negative
*picemia @) ‘These conclusions need to be tested with
g‘)‘f"‘"":‘ drugs, additional concentrations of various
wumm from additional species.
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