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SHORT COMMUNICATIONS

Thermodynamics of fatty acid anion displacement of warfarin and

phenylbutazone from human albumin

(Received 22 August 1975;

While 1t is recognized that the concentration of plasma
free fatty acid (FFA) fluctuates considerably in response
to changes in physical stress and food intake [1 4]. these
physiological changes in concentration generally have not
been thought to have a significant effect on drug binding.
However, in contrast to this view, recent work [5.6] sug-
gests that plasma FFA may have an important influence
on the extent of drug albumin interactions. The manner
in which FFA alters drug binding can be expected to vary
with the mechanism(s) and site(s) of binding of a given
drug and. in the cases of warfarin and phenylbutazone.
is incompletely understood. This paper seeks to further
examine certain published data concerning the human
serum albumin binding of warfarin and phenylbutazone
and their displacement of FFA in an effort to gain ad-
ditional insight into the identity of their binding sites and
the mechanism of their displacement.

The interactions of long-chain fatty acids with serum
albumin was studicd by Goodman[7] at a pH of 743
at 23 . Apparent association constants were determined by
the method of Scatchard [8] and correspond to the binding
of the fatty acid anions at this pH. The cven-numbered
saturated fatty acids from Cy, to C,, were found to bind
to three classes of sites (coordination numbers of n, = 2.
n, =35+ 1 and ny > 20) and to have association constants
which increased with increasing acid chain length. Solo-
mon et ol [9, 10] have employed ultrafiltration to charac-
terize the displacement of warfarin and phenylbutazone
from human serum albumin by various drugs and fatty
acids. Double-reciprocal plots showed apparent competi-
tive displacement of both warfarin and phenylbutazone by
lauric acid at acid- albumin molar ratios of 18 and 88
respectively, However, these authors [10] also found that
stearic, myristic and lauric acids. at an acid-albumin molar
ratio of 35, reduce the per cent bound of both drugs inver-
sely with fatty acid chain length.

The latter evidence. together with the FFA-albumin
binding data of Goodman [7]. suggests in two ways that
the predominant mechanism of drug displacement at the

higher FFA levels is other than competition for binding.

sites. Competitive displacement would require that the
fatty acid anions displace drug in rank order correspond-
ing to their atlinities for albumin: however. the inverse
relationship is observed. Secondly. because the association
constants of the fatty acid anions for albumin exceed those
of warlarin and phenyibutazone by from one to three
orders of magnitude. almost no binding of cither drug
would be expected to occur with simultaneous acid-albu-
min and acid drug molar ratios of 35 and 85 respectively.

The experimental observations can be explained if it is
assumed that the displaced drug, warfarin or phenylbuta-
zone. binds to n independent identical sites on serum albu-
min and that the cficct of FFA of reducing the binding
of drug results solely from a change in the binding affinity
of the site. The apparent association constant, K. for drug
binding to a given site is defined as
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where (DP) and (P) arc the concentrations of a given site
occupicd and unoccupied by drug. respectively, and (D) 1
the free drug concentration. The fraction of drug bound.
F. is then given by the expression

B n{DP)
" (D) + n(DP)

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

F
nK(P) = ——-
I —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'(P). where the prime denotes values
determined in the presence of FFA. Where values of (P)
and (PY can be measured or calculated. the apparent FFA-
induced free energy change in drug binding. AAG . can
be determined from the relationship:

AAG = RTIn(K/K")

This has been done for the data presented by Solomon.
whose measurements were made in pH 74 phosphate
buffer at 30 . and is shown in Table 1.

The close correspondence of AAG between warfarin and
phenylbutazone, pairwise with cach of the three acids. sug-
gests that these drugs are bound to the same primary site,
as was also reported by Solomon er al. [9. 10], and that
they are displaced from albumin by the same mechanism.
This is of significance since. although there is general
agreement [ 10127 that phenylbutazone binds primarily to
a single site on human albumin, various values have been
reported for warfarin: a single primary site {9, 10}, two pri-
mary sites [ 13,147 and recently approximately 1-5 primary
sites [15]. Similarities in binding are known wherein war-
farin appears to bind to sccondary sites [14. 157, as does
phenylbutazone [12]. and both drugs have been reported
to bind to hydrophobic primary sites by other than ionic
interactions [13].

Spector et al. [5] have proposed an allosteric mechanism
to account for the cffect of FFA on the albumin binding
of chlorophenoxyisobutyrate ion, which has been shown
to competitively displace warfarin [107]. The thermodyna-
mic data derived in this paper also are consistent with
an allosteric mechanism as a dominant mode of FFA dis-
placement of drug from albumin for both warfarin and
phenylbutazone. These data  also  suggest  that  the
mechanism is the same for the three acids. since the caleu-
lated AAG  values do not show erratic changes with in-
creases in fatty acid chain length. FFA-induced spatial re-
arrangements in human albumin suficient to result in an
allosteric influence on drug binding are not unexpected
since bovine serum albumin is known to undergo signifi-
cant conformational shifts in response to FFA{16]. The
results obtained from the calculations in the present paper
indicate that useful tests of the similarity of binding sites
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Fable 1. Thermodynamice data of warfarin
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and phensibutazone displacement by FEA

bty Py AG A
acid Ia INTA! M - 107 Y (cal molce) (cal moley
None 0-829 485 670 723 - 6740 0
Stearic O0-515 1-06 7-99 133 S720 1020
Myristic (306 044 X85 4-98 —~ 5129 toll
Lauric 0160 019 944 202 - 4584 2156
Phenylbutazone
None 0913 10-49 6°36 165 — 7237 0
Stearic 0677 210 7-32 286 ~O18] 1056
Myristic 0-509 1-04 801 129 — 5703 153
Lauric 0-286 040 893 449 — 5063 2172

* Values of (P) were caleulated from the reported [10] values of F and the total concentrations

of drug and albumin assuming »# = 1.

and mechanisms for pairs of drugs. such as warfarin and
phenylbutazone. are possibie via molecular probes such
as [atty acids.,

Departnient of Pharmacentics. FbwarDb G. Rippnt
College of Pharmacy,

Ulnniversity of Minnesota.

Minncapolis. Minn. 85455, U.S. 1.

REFERENCES

. R J Havelo Ao Naimark and . F. Borchgrevink. J.
clin. Ineest. 42, 1054 (1963),

. K. Rodahl. H. . Miller and B. lssckutz, Jr.

Physiol. 19, 489 (1964).

J. M. Court, M. E. Dunlop and R. F. Leonard. J. appl.

Physiol. 30 345 (1971).

A Golas AL L Frydecka and B. Slonczewski, Clinica
chim. Acra 38,127 (1972).

J. appl.

L3

n

AC AL Spector. B O Santos: )0 Do Ashbrook and
E. Fletcher, Ann NOY Acud. Sei 226, 247 (1973}

6. E. C. Santos and A. A. Spector. Molee, Pharinac. T,
S19 (1974).

7. D. S Goodman. J. Am. chem. Soc. 800 3892 (1958

8. G. Scatchard, Amn. NOY. Adcead. Scic S1660 {1949,

9. H. M. Solomon and 1. ). Schrogie. Biochem. Pharniac.
16. 1219 (1967).

10. H. M. Solomon. I. 1. Schrogic and D. Williams, Bio-
chem. Pharmac. 17, 143 (1968),

11, C. F. Chignell, Anne NUY dead. Seio 2260 44 11973

12, C. F. Chignelll Molec, Pharmac. 8, 244 (19691,

13, R. A OReilly. Anne NOYD dead. Scio 2260 293 (1973,

14. S, Garten and W. D. Wosilait. Comp. gen. Pharmac,
3. 83 (1972)

15. R. F. Mais, S. Keresztes-Nagy, 1 F. Zaroslinsks and
Y. T. Ocster. J. pharm. Sci. 63, 1423 (1974)

16, F. Soctewey. M. Rossencu-Motrefl. R Lamote and L

Pecters. J. Biochem. Tokvo T1. 705 (1972),

Biochemieal Pharmacology. Vol 25 ppo 1216 12190 Pergamon Press. 1976 Pri

nted in Great Britnm

Elevation of central y-aminobutyric acid levels by isoniazid in

mice and convulsant thresholds

(Received 26 August 1975:

The accumulating evidence for o role of s-aminobutyric
acid (GABA) as o central inhibitory transmitter [1. 27 has
prompted several studies about a relationship between the
central levels or the metabolism of this amino acid and
the sensitivity to convulsions, The results of these studies
luve been contradictory: some authors did not find any
such relationship [3 5] whereas the results of others scem
to indicate a role of GABA for central excitability [6] or
seizare activity [7 9. Interpretation of the results was
made difficult by the use of drugs with powerful pharmaco-
dynamic properties. as for example thiosemicarbazide or
aminocosyacetic acid. as tools for alterations in the central
GABA metabolism. Recently, however. Perry and Han-
sen [ 10} reported that isoniazid administered in the food
over several days in nontoxic doses was able to clevate
central GABA levels considerably. Wood. Peesker and
Urton [ 11] and Wood and Peesker [127 showed that treat-
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ment with isoniazid indeed protected chicks against sciz-
ures elicited by exposure to hyperbaric oxygen or by injec-
tion of picrotoxin or pentetrazole. but was ineffective m
rodents against hyperbaric oxygen seizures.

Since a daily uptake of 100 mg:ke isonad in the
drinking water was tolerated by mice without behavioral
changes. and since this treatment neither scemed 1o affect
the central metabolism of monoamines. the effect of which
on convulsant thresholds had been studied previously [ T3]
we thought it worthwhile to look for a correlation between
central GABA concentration and the clectro- and chemo-
convulsant thresholds in this species.

MATERIAL AND METHODS

The study was done in mice of NMRI-strain (Molle-
gaard Hunsens Avislaboratorier A S by, DK-4632 1]



