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STT\1 MA !fl�

The interactions of several structural analogues of time anmticoagulanut drug sodium svarfarin

svitim iuumans arid canine plasma albumins was studied by e(1uihibriunm dialysis. Tue conmpounu(Is
studied were t W() precursor compounds, coumari nmanmd 4-imydroxycotumarinm ; t ime anmt icoagulanut
tirugs aceruocoumarins , bisisydroxycoumariru , ethmyl biscoumacetate, anmd Pilenprocotsnmonm

tsV() metabolic pro(lucts, 5-hsvdroxvsvarfarins ansd time ivarfarins alcohuois ; amid time optical

enmanst.ionsers (- )-S-warfarinm anm(l (+)-R-svarfarinu. The nmajor source of time binudinmg enuergy
for time coumarini conmpounsds was time coumarinm raiclenis itself. flue �rectsrsor counmarinus,
svimichm have alnsost rio anticoagulant activity, sln)\ve(l a single binding site for albunmin,
svimile all time counmarins anmticoagulanmt dniigs studied siuowed two binmdinmg sites, suggestinug

thuat tue side cluainss ons time coumarirm molecule provide(l arsticoagulanut activity nmot timn’ougii
sins inmcrease of binudinmg energy but. rather’ by time fornmatioru of a seconu(l bindinmg site. lucre was

little differenuce in time binsdinug enmergy of tue optical ermanmtionmorpiis of wam’farinm. flue sirr-

�)risirsgly imigli binmdinmg enmergy of time metabohite ;)-isydroxywarfarinu j)robahly resulte(I fronmm time
fornmations of a iuydrogens-borsded rinmg.

Tue binmding of svarfarini by imunmanu l)iasmlma albunmins sv;ts 6 tinmies greater tiuanm that by

cansine plasnma albunmins. ilmis finmdinmg nmay explains sviuy ins nians, with greater binmdirmg, �)imenIyl-

butazone l)otenmtiates svarfarins, but mm clogs, with less hinudinug, time enizyme-inmducinsg effects
of I)hmeni�lbIttnizonse l)nedorulinsate. Time hydrophobic nature of time substituenmts ons time 4-

iuvdroxvcounmarinu nmmolecule correlate(l (hirectiv with time binudinug strenugtiu of time conmmpounuds

to plasma albumin ansd to time intracellular receptor site for’ anuticoagulanut activity.

INT1SO!)UCTION metabolic l)ro(lucts svithi hunmmani l)lasnlma

. . . . . . albunmiini s��as sttrdied hs eonitinuuotns uiosv
�nu mis �r, of tis( brnmdrnig nms�du snmn.mmmoh t.. . . . t’h&�ct t�)j)iiOPes1S ( 1 ) , e 1urlrhrniusm dialysis (2)

(ir.tig ss’rtis l)Iasflma anounmrns cans i�n�ovi�nt’ mu- . . . .

anud heat -hurst nmmrcrocalurrnmet rv (.�). Ins t lie
snghmt unto its initeractronu svnth srtes of .

present st mdv time rnstt’ract ronm of several other
biological activrtv. mu I)F(�ViOU5 studnes the .

counmarrns coniluoisnmtls with imunmanm plasrmma
omnmannmg on time coumarmns anmtncoagwanut uning . . . .

albummmmns was deten’rmirnied by em1urlibnmunmm
sousunm warfarrnm anmd sonse of its Krsowtm . . .

(lmalVSiS. I lie coisn�ianini COnmI)OuinidS were two

This work was supported by United States precursor coumarinis almost devoid of ansti-
Public health Service (hraimt HE 8058-08. coagiilanmt activity, foum well-known anti-
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coagulant drugs, two isewly described
metabolites of sodium warfarinm in mans (4),

arid time resolved optical isomers of tise com-
mercially available racemate of sodium

warfarini (3). Ins addition, time binding of
sodiunms svarfarins to both humans and carmine

plasma albunmirs was compared to examinse
furtimer time discrepancy between mans armd

dog ins time timerapeutic interactions of oral
anticoagulanmts wit is l)hmeniYlbutazOnse (6).
Witim timese diverse data, time molecular basis
for time associations of coumarirs compounds
witim plsi�ma albumin and sites of anti-
coagulntnst activity ��-as analyzed.

EXPERIMENTAL PROCEI)URE

Materials. Equilibrium dialysis, prepara-
tions of cellopiianse bags, experimental pro-
cedures, measuremenut of free and bound

drug, arid determinations of time free energy
cluange were performed essentially as de-

scribed previously (1, 2). The low concenstra-
tions of time coumarins compounds were
varied over a 16-fold ranmge, to evaluate only
time associations consstanut of time first class of
binding sites. Humans plasma albuminm (lot
27, Pentex) , prepared by repeated crystalli-
zations from Coimns’s i”ractions V, was used in
all experiments except whets tise comparative
binding of sodium warfarins (Coumadin,
Panwarfin) to humans arid canine plasma

albumins was studied. Ins these experiments
unchanged Fraction V of imumans ansd cansiise

plasma albumin (Penitex) was used. Time
concentrations of albumin used ins all experi-
ments was 0.4% (57.9 MM). Time coumarins
compounds, obtained as amorpimous powders
from academic arid commercial sources, were
used at 95% purity by weight. Time com-
pounmds were as follows: coumarirs, Fritsche

Brotimers and Wisconusi ns Alumni Researcim
Founsdations; 4-hydroxycoumarins arid bishy-

droxycoumarini (Dicumarol), Abbott Labo-
ratories; ethyl biscoumacetate (Tromexan)

and acenmocoumarin (Sinmtrom), Geigy
Pharmaceuticals; pimenmprocoumons (Marcu-
mar), Hoff mann-La Roche; S( - )-D-war-
fan R (+)-L-warfanin, ansd time racemic

mixture (±)-S, R-warfaninm, Enmdo Labora-

tories and Wisconssirm Alumni Research

Foundations; arid 5-hmvdroxvwarfanins ansd the

side cimairs alcohol of warfarins, Dr. W. F.

Trager, Unsiversity of (1ahifonnsia Scimool of
Piuanmacv, Sanm I’ranscisco. Time experiments
were carried out at 27#{176}in 0.067 �n sodium

j)iiOsphate buffer at pH 7.4 arid ionic
strenmgths 0.170 or ins 0.067 �n sodium borate-
sodium carbonsate buffer at pH 10.0 and

iormic strenmgthm 0.181. Dialysis bags were made

from 1 �/j 6-irmcim Viskinsg cellophane casinsgs.
Time casings were cleansed by continuous
ninmsinug in a recycling baths of deionized water
for S hr arud could be stored up to 10 days in
deionized water at 4#{176}.Just before use, time
casinsgs were wasimed repeatedly with deiois-
ized water, followed by time buffer used in the

experiment ; they were riot allowed to dry.

With this teclmnique time optical density of a

buffer blank carried through an experimental
runs was always less than 0.015 at time

wavelenmgtim of time maximum extinction

coefficienmt for time coumanins compound
studied.

Experimental methods. Time albumin-buffer
solutions (10 ml) was placed inside the

dialysis bag, arid 15 ml of the coumarin-
buffer solutions were placed outside the bag.

To ensure efflciermt mixing, the bags were
prepared witim arm enclosed air bubble and
withmout tenisioni. Dialysis was performed in
50-ml glass tubes covered with caps of
Paraflim. The tubes were placed on a honi-
zontal wrist-action simaker with a capacity

of 24 tubes and rocked through a 5-degree
arc at a frequenmcy of 150 cycles/mm.

E9uihibnium control bags, consisting of

coumanins-buffer solutiois outside and buffer
solution insside, without army albumin, were
irmeluded in all runs. To detect leakage of
albuminm by the bags, time outside fluid �

tested with 3 % sulfosalicyhic acid; in rio

instance was protein found outside the bags.
To determine the degree of adsorption of time
coumanin compounds to the bags, dialysis

was carried out as described above witisout

time additions of albumin. As binding to time
bag did not occur witim army of the coumarin
compounuds studied, nmo correction for bag
binding vas required ins the experimental
calculat ions.

At equilibrium time conmcenutrationss of time

unsbounsd coumaninm compound on both sides

of time membrane are equal, and any ins-

crement of time drug ins time protein compart.-
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nmenst represenmts binsdinug of the counmarins

conspounid to time albumin (1 , 2) . Time anmounst
of urmboimnmd coumarins conmpounmd was deter-

mined by measuring time coumarins colseens-
trations outside time dialysis bag. Time anmounst

of coumarins compound bounsd to time albumin

s��as deternminmed by subtracting time unmbounmcl

conmpounsd from time amourmt added insitially.

Wimetimer time coumarinm compound was added

initially to tiiti� inmside or outside of time

dialysis bag iiatl rio effect ons the anmounst of
time compounsd bourmd to albumin. \Iost of

time compounuds were sparinmgly soluble at

PH 7.4 but were freely soluble at I)H 10.
Previous studies �vitim svarfarin simowed little

difference irs binding strerugtim betweenm pH
10 ansd 7.4 (2). As coumarin � freel��
soluble at pH 7.4 and unstable at I)H 10,

it was studied at time former PH. Time cons-

cenmt rat ions of t ime arst icoagulanmt drugs
( et imvl biscoumacet at e , acensocoumari ru , bis-

lmydroxvcoumarinm , pimenuprocoumorm , armd
warfarins) were determinsed spect ropisot o-

metrically by measurinug time optical denmsity

at timeir ultraviolet absorption maxima (7).
Time values of time logio ± standard error of
the molar extinctions coefficient arid tue

ult raviolet absorpt ions maxi munm for t hue

coumarins compounmds were, at pH 7.4,
coumarirm, 4.034 ± 0.01 1 (276 � ; arid at

pH 10, 4-hydroxycoumarins, 4.170 ± 0.006

(286 m��) ; warfarinm alcoimol, 4.175 ± 0.005

(308 m�n) ; 5-hydroxywarfarins, 4.107 ± 0.007

(302 mM) ; (-)-S-warfariiu, 4.160 ± 0.012
(305 m.m) ; and (+)-R-warfarinm, 4.166 ±
0.003 (308 m�m). Time adimerensce to Beer’s law

was examined for eacim compounmd; linear
depenidensce of optical derusity was observed

up to the imighest concenmtrations mrsed ins time

experiments.

Calculations. Time binsdinmg constanmts for time
initeractions were analyzed by mearss of time

Scatcimard equations for time law of mass

actions, �/A = kn - k�. wimere � is time molar

ratio of bound coumariru to albumins, A is time
molar conmcentrationm of free coumarirm at

equilibriuns, k is time average associations

corustant for time bindinsg at eacim site, anmd ii

is time average number of binsdinmg sites on time

albuminu molecule (1, 2). lor eacim compounmd
studied, � ansd �/A arud tlueir standard errors

at eachu concenmtration studied were calcu-

hated. A regressions line � calculated for

cads set of data by time method of least

sililares, ntns(1 lit (equal to time first coumarins
anions bounsd, on’ L,) arid is were deten’nmminsed by
extrapolations (1 , 2). Time values of i/A

plotte(.i againmst r give a straigiut hinse smiseni
t ise birmdinsg sites mint ins(lel)ensdermt anal

e(luivaienmt. %s � approacises zero as a

hinmit, this: irutercept ons the r-axis (abscissa)
is ii , anal as i� mtp�)roaciues zero as a linmit , t hue

intercept onu tii#{128}i�1 axis (on’dinmate) is k�

tist� ntssoCititi()!m conmstanmt for the first ansiorm

bound. lime standard free energy chsanuge for

the first anuionm bound (i..�Ii’�#{176}) was detcrnmminied
frormi A by time germeral tiiennmo(lynmanmic rela-
tionsshsil) ��X/�i’i#{176}= -Ri’ ins � , whiere I? is time
gas law conmstamst anal 7’ is the absolute terms-

perature. About (100 separate experinmenmts
\\�(�I� carried out , mviuiciu averaged about 50
experinmeruts jer conmpomsnmd arid 10 experi-

menstal points for cads conmcenmtration of

every conmpounm(l studied.

RESULTS

lime values for ii , k1 , armd � are simomvis

mu 1�able 1 . �Fime �F�#{176} for counmarinm �
- 5.51 keal ‘flmOlt�, arsd for 4-isv droxvcou-

nmarins, -6.72 kcah,nmole, anm irmcrenmmenst (if

about - 0.9 kcal, nmole. ilie nsunsber of

birmdinug sites for botim compouruds was 0.9
( I”ig. 1). Acensocounmarinu, a nmonmocoumarins

aniticoagulanut (lrug lurid a � of - 7.09

kcah/ nmole, siigiutly less timani tisat of (±)-

S , il-warfarins (- 7.16 kcai,/mole), smimile time

ot imer monmocoumarins must icoagulanmt , piserm-

procounmons, imad a z�Pn#{176}of - 7.44 kcal/mole,
somewimat greater tiuans svarfarins. These tiuree

nmonsocounmarins aniticoagulanits humid ars aver-

age number of binsdinsg sites of 1.9. Etiuyl

biscounmacet ate, a dicounmarinu anut icoagulanmt,

hmad a �P1#{176}of -6.54 kcal, nmole. Arsothser
dicoumarins ant icoagulanut, bisiuydroxycou-

maninm, imad a �I’�#{176}of - 7.37 kcal /nmole. Time

(liCounmarins anst icoagulanuts had an average
muunmber of binmdinsg sites of 1 .S.

Time �F1#{176} for warfarinm alcohuol, -7.07

kcal nmole, ��as rueariv time same as tlmat for

(±)-S, il-warfarinu, - 7.16 kcal nmole. Time

m�F#{176}for warfarinu alcohuoh at pH 7.4 mvas

larger thans at pH 10; tisis was also true for
(±)-S,I1-warfarinm (2). Tue �P#{176} at pH 10
of 5-isvdroxvwarfarins mvas the largest of army



pH of No. of
buffer binding sites’

Plasma albumin Coumarin compound

11 ll�ii��fl enyst all i ic (�osmnmarimi

4-Ilvdroxvcounmmarimi

lt hvl hiscotnnmacet ate

.\cemiocounnari mm

l3ishvdroxvcounmuanini

Phemiprocosnnmmomi

Warfarimi alcohol

Warfari mi alcohol

5-I lvd roxvwarf animi

(± ) -S, It-Warfarimit

(±)-5,It-Warfarimn’

(-)-S-Warfarini

+)-it-Warfarim

l1ummi�sni F’ract iou V (±)-5, it-%Varfariuu

(‘amiiuie Fraction V ( ±)-S,I{-Warfariui

Mean ± slauidard (trW.

Val ll(�S (leniVe(l louis mel. 2.

Average
daily dose for

therapeutic
hypopro-

throm-
binemia

�ng

0

1500

150

5

dO

4

50
50

0

I;

3()

7.4

10

10

10

10
10
10

7.4

10

7.4

10

10

10
10

10

Association
constant, k,5

M3 X ro-�

1.7 ±0.2

7.9 ± 0.3

5.9 ± 0.1
14.7 ±0.4

23.1 ± 0.5
26.6 ± 0.8

14.5 ± 0.1
15.6 ± 0.2

27.2 ± 0.3

23.0 ± 0.2

16.4 ± 0.7

24.4 ±0.3

20.6±0.2

42.1 ± 1.8

7.4 ±0.1

Log,o k,

M�

4.24
4.90

4.77

5.17

5.36
5.42

5.15
5.19

5.43
5.36

5.22
5.39

5.31

5.62

4.87

0.9 ± 0.1

0.9 ± 0.1

1.6 ± 0.2

2.1 ± 0.1

2.0 ± 0.1

1.9 ± 0.2

1.3 ± 0.1

1.8 ± 0.1

2.0 ± 0.1

2.6 ± 0.2

1.7 ±0.2

1.7 ±0.1

1.9 ± 0.1

1.5 ± 0.2

2.6 ± 0.2

Standard
free

energy
change
(SF,’)

kcat/mole

-5.81
-6.72

-6.54
-7.09

-7.37

-7.44

-7.07

-7.14

-7.45
-7.37

-7.16

-7.39

-7.28

-7.71

-6.68

212 ROBERT A. O’REILLY

T�mImF; 1

Binding data lu, (oiiiiiarifl (0111 pounds (ifl(1 plasma albUlllifl

I

counmmarins conlmpours(1 test e(l, - 7.45 kc�mh /

immole. hit niurmmber of binding sites for time

niietabolic h)1OdiIcts of �varfarirm ntV(rstg(�l I .7.

1imt� iuunmben of binsdinmg sites for botim

iaCeimmi( mm�tif�trini, (±)-S , R-�v�trf:trin, arid

mvarfaiiru alcohol (lechinsed as time pH svas

rais((h lroimm 7.4 to 10.

�fhuere �vas a slight diflereruce mm �1”�#{176}be-

t ��eeni time t�V() (1manutiOflsOFh)ims of �varfarins,

- 7 . 25 aIi(l - 7��) keal, nsole, anmd time
ra(enmic nmixture of \\anf:mrinu, - 7. 16 kcal,

numole. Tfise miunmmbei of binsdiisg sites ntverag(d
1 .5 ion time truant ionmsori)his anmd 1.7 for

racenimic warfarins at pH 10, arm inmsignsificanit
(hfferenmce.

Time association cormst alit of nacenmic

warfarinm was about 6 times greaten for

huunmaru Fractions V than for time caruinue frac-

1015, anud time �F1#{176}was -7.71 ars(1 - 6.65
kcal. nmmole, respectively. Tise average nmum-

her of binmdirug sites for I hue t \V() species of

plasma albuminm was 2.1. lime �F#{176} for bind-

mug of i�scenimic �varfarini to Fract ioni V of

hiunmanm albiunminm, -7.71 kcal nmmole, was

(( )nssiderabl� greater t Isari t 1sat for hi nudinig

to crystalline human albmrmimi, - 7.16 kcal/

rmsol&.

i)ISCUSSION

iThie nmajor source of thse ensergy of birmdinsg
of time counmmanins ansticoagularut (Irugs to

iuun�ianu l)l!tSflmIt albunmins is time coumarins

part of time molecule itself (- 5.8 kcal/mole).
1�ime a(lditionu to cournarins of time ensohic

iuv(II’OX\l group at positions 4, nsecessary for

anmt icoagulant act ivity, contributes less than

- 1 .0 kcal .� nmohe of birsdinmg energy. Time

bulky substitutionss at l)ositionu 3, whether ans

acvl grouj) on anu(:)t.imer� counmarins nmucletrs,
conitnibUte au average ()f onsly -0.5 kcal/

rmmole tt(l(lit ionuah binmdinmg enmergy. Vet timese

substitut ions ai� nmanm(lat ory for signmifictsrut.
alit icoagulanmt act ivity , as 4-imydroxycou-

niarirs itself huas onmly S � of time biological
activity of bisimydroxvcounmarirm (8).

Tue nmost striking difference betweenm time

jmnecuisor comsnmari ns compounsds and the
coumarins anticoagulant drugs in binding to

plasnma albumins is time imunmber of binmdinmg

sites. Tue precursor counmarinms had atm aver-

age nsirnsmben’ of 0.9, while time ansticoaguhaimt

drugs averaged 1.9 binmchirmg sites. Tiuis

bivalenscv of plasnma albumin for time anti-
coagulansts ocdurTe(l sviuetimes time (1mg \V555 a
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FIG. 1. Scatchard plot of datafor binding of four

coumarin anticoagulant drugs and two precursor

coumarin compounds to h uman plasma albumin

The intercepts ors the ie�axis equal the number of

binding sites, which for the coumarin nsucleus and
4-hydroxycoumarin (solid symbols) were nearest

the whole integer of 1. The average number of
binding sites for the anticoagulant drugs (open
symbols) , both t he monocoumarins (aceno-

coumarin and phenprocoumon) and the dicoumar-
ins (bishydroxycoumarin and ethyl biscoumace-

tate), was nearest the whole irmteger of 2.

monocoumarin (warfarin, acenocoumarins,

and phenprocoumon) or a dicoumarin (ethyl
biscoumacetate arid bishydroxycoumarin).
The metabolic products of warfarin also had
nearly 2 binding sites for alb#{241}min (2). Those
metabolites bearirsg the hydroxyl group on
the coumarin nucleus (6-, 7-, or 8-hydroxy-
warfarin) had arm association constant for
human plasma albumin 6-23 times less than
unchanged warfarin, and are devoid of
anticoagulant activity (2). Those bearing
the hydroxyl group on the acetonyl side
chain (warfarins alcohol) or on the pimensyl
side chains (4’-hydroxywarfarin) had an

associations constant similar to unchanged
warfarin and about one-third and one-

fifteenth the anticoagulant activity of un-
changed warfarin, respectively (4, 9).

The most surprising result for the meta-

bolic products of warfarinm was time binding

strensgtim of 5-imydroxywarfarins, which was

greater timans timat of unicisanuged warfarins or

of ansv coumariru conmpourmd tested. It is

possible timat time close proximity of time two

imydroxyl grOU�)s at positionms 4 arid 5 ors time

coumarirs nmucleus allows time formations of a
hydrogen-bonded ring (4) . ‘Fhsis rinmg forma-
tionm would yield a compounud iviths a P1\a

lower timans that of unmchmansged warfarins ; at

9H 7.4 or hmigiier it would ionize more
readily anmd bind more avidly to albunminu
(10). Time discrepanicv between tIme binsdinmg
strength of 5-hmydroxywarfarins arid its lack

of biological activity (4) would be explicable

by time loss, tiurougim rinsg formations. of tise
keto-ersol tautomerism of the 4-iuvdroxv-

coumarirs funuctions that is mansdatorv for
ansticoagulanut activity (9). lime average

nmumber of binding sites decreased signsifi-
canmtly for botis warfarinm alcoimol anmd racemic

warfarirs whers tise pH was raised from 7.4
to 10.0. This suggests that time binding sites
on time albumin molecule are riot rigid or

preformed, but are insfluenuced by time ens-

vironimenit or by competitions witis time buffer

anions (11).
Tisere \\�a.s little difference irs time binmding

energy for time optical enantiomorpims of
warfarin, yet the anticoagulant activity for

( - )-S-warfarin form is several times greater

than for (+)-R-warfarinm ins mans’ ansd time

rat (12). Tiuis max’ indicate time relative
inadequacy of using plasma albumin as a

model for binding to intracellular receptor
sites for any drug. This inadequacy of time
albuminu molecule may result from time two-

dimenssionmal rmature of its insteractionis, since
the inmteractionus with intracellular receptor
sites are timree-dimenmsionsal anud discriminia-

tion bet weens optical isomers readily occurs.
The comparative study of time binding of

warfarins by canminse anmd imumanm plasma
albumins stemmed from the opposite effect
of phuensylbutazone on ant icoagulanmt activity
ins tise two species (13). Pimenmylbutazonse is a
stimulator of drug metabolism by imepatic

microsomes timat lessens time isypopro-

thrombinsemic effect of time oral ansticoagu-
lanuts in time dog but ensisanmces it in mans (14).
Ins mans pimenylbutazone competes with time
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anticoagulant for binsdinmg sites to plasma

albumin, arid timereby increases time delivery
of time coumarinm compounds to the liver (15).
It, Imas beers suggested thiat time species

difference could be explained by a greater
affinity of humans I)lasma albumin for the
anticoagulant drug (6). Thus, the 6-fold
lesser binding of warfarin by canine albumin

reported here suggests that time phensyl-
but azonse-induced stimulat ions of warfarins

metabolism may be more importanst in the
dog, while time greater binding with iuuman
albumins indicates that the phenmylbutazone
effect on warfarins transport may be domi-
nsant ins mans.

The stronger binding of racemic warfarin
at I)H 10 by I’raction V of humans plasma
albumin than by time purer crystalline form
was surprisinug. However, this finmdinsg hsas

also been reported for the binmdinug of 2-(4’-

imvdroxybenzeneazo)benszoic acid , svimich is

frequermtly used as a standard for time

analysis of albumin (16). This discrepancy
could result from a decrease in time nmumber of

biniding sites or ani irscrease mi PolYmer
format ion durinug time crystahhizat ioru process
(17).

The strenmgtim of binmdinmg to ahbuminu anud to

time intracellular receptor site for ansticoagu-

lanst activity correlates witim time imydropimobic
nuature of time substituenmts introduced orsto

time 4-hydroxycoumarinm nsucleus by imepatic
metabolism or by organic synsthesis (1 , 2,
18), Ins the formations of bishydroxycoumarins
t he i ntroduct ion of another imvdrophobic

group, the second 4-imydroxycoumarins funsc-
tionm, greatly insereases both the atmticoaguhanst
activity and time binmdinsg to albumirm. In
etlmvl biscoumacetate time additions of time
imydrophilic etimyl acetate ester function to

time bishydroxycoumarirm molecule decreases
botim the ansticoagulant activity arid time

binmding to albumin. Ins pimenmprocoumons the
introductiors of ani ethmvlbenszvl funsctionu, a

Isydrophobic group, to 4-imydroxycoumarin
great lv inmcreases t hue ansticoagularmt activity

armd time bindinsg to albumins. mm warfarin time

inst roductiors of time acetonsylbenmzyl funict ions,

a less hydropimobic group, results ins less
anticoagulant activity and less binding to

albumins compared wit is phmensprocounmons.

Jim acenmocoumarin time instroductions of arm

acetonsylnitrobenmzyl function, a hydrophobic

group similar to acetonylbenzyl, results ins
ansticoagulant activity ansd binding to
albumin similar to svarfarins.

Similarly, a marked decrease in the hydro-

pimobic cimaracter of the coumarin anti-
coagulanits, by introduction through me-
tabolism of a imydroxyl group in position 6, 7,

or S ons time coumarins nucleus of warfarin or
ethuyl biscoumacetate, abolishes the anti-

coagulant activity ansd greatly reduced time

bitmding to albumins (2, 19). The hydrophobic

contributions to binuding by the phenyl side
cimains of warfarin is somewhat less than that
of time coumarin rsucleus, as the introduction
ins that positions by metabolism of a hydroxyl
group (4’-hydroxywarfarin) reduces the loss

of anticoagulant activity and produces a
smaller decrease in binding to albumin. The

hmydropimobic constributions to binding by the
acetonvl side chmain of warfarin is markedly

less than that. of the coumarin nucleus, as

the reduction by metabolism of the ketone
functions to form a diastereoisomeric mixture

of alcohols leads to the least reduction of

botim ansticoagulant activity and binding to
albumin. Ins 5-hydroxywarfarin the hydro-
pimobic nature of time compound is enhanced
through the formations of a ring structure by
imydrogens bonidinsg, but time anticoagulant

activity is abolished timrougiu the loss of the
enmolic imvdroxvl group at position 4.

Hydrogens bonding is said to be aim im-

portant source of binding energy for the
interaction of sodium warfarin and human

plasma albumin because of the favorable

enstimalpy change observed (3) . Hydrogen

bonding is suggested s�imen time sulfur
analogue of a compound is bound less
strongly to its receptor site than is the

oxygen analogue (20). Time sulfur anahogue
of bisiuvdroxycoumarins shows a 10-fold
reductions of anticoagulant activity ins tlse
rabbit (21). Studies with circular dichroism

huave demonist rated imydrophmobic bonding

between the warfarinm arid imuman plasma

aibumins (22). Thee observations reinforce

time previous conclusions, based ors thermo-

dvnsamic considerationss, thmat time binding of

coumarins ant icoagulanmts to plasma albumin

insvolves the formations of botis hydrogen

ansd hmydrophmobic bonmds (1-3).
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Means of binding data for each concentration of coumarin compound studied

No. of Initial Final unbound
Structural formula Compound experi- coumarin coumarin Bound

ments concentration concentration

Ethyl bisconmnmi- 16

acetateb 16
12

8

8

60

Bishydroxy-

(oumari mit

5.7 1.0 82.7

11.3 21 81.3

22.6 5.3 76.7

45.2 16.0 64.6

90.4 50.3 44.8

6.7 1.0 84.1)

13.5 2.5 81.5

27.0 7.2 73.3

53.9 23.4 56.6

107.8 64.4 40.3



Structural formula Bound

PM pM

Warfariui 10 6.1 1.5 75.5
alcohola 10 12.3 3.7 70.0

10 24.5 10.3 58.0

6 49.0 26.9 45.1

6 98.1 69.7 28.9

42

Warfarimi 12 6.1 1.4 76.3

alcoholb 10

10
5

4

12.3

24.5

49.0
98.1

3.2

8.3
22.8
61.0

74.2

66.0

53.5

37.8

41

5-Ilydroxy- 7 5.9 0.8 86.5

warfaritt#{176} 11

9

6
.�!
36

11.7

23.4

46.9

93.8

2.1

5.3

16.6

52.2

82.2

77.2

64.6

44.3

CH3

c=O
CH2

,, Temmmperature 27#{176};p11 10; jouiic strength of bumifer, 0.181.
,, Tenmperature, 27#{176};p11 7.4; ionic. strength of buffer, 0.170.

A1’PF.Nm)tX :�

Structural formula
Initial Final unboundNo. of coumarin coumarin

Compound experiments concentration concentration

CH3

c=O

CH2

pM PM

Bound

( - )-S-Warfarimi 12 6.2 1 .0 83.7
12 12.3 2.3 81.1

10 24.7 7.3 70.4

12 49.4 22.1 55.3
6 98. 7 60. 7 38.5

52

6 6.2 1.2 80.1
#{182}5 12.3 2.6 78.5
7 24.7 6.7 72.7

5 49.4

98.7

20.8
59.4

57.9
39.8

( +)-H-Warfarimi

4

:31
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.lfeans of binding data for each concentration of warfarin inehibolite studied

Initial Final unboundNoof .Compound experiments concentration concentrationcoumarin coumarmn

Illeans of binding (iota for each concentration of optical en(lnhio?1,ers of

Terusperature, 27#{176};pH 10; iorsic .stremigth of huller, 0.181.

u’arfur,,, .�I 1(10(1
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APPENDIX 4

Means of binding data to Fraction V of human and

canine plasma albumin for each concentration

of (±)-S,R-warfarin studied

Temperature, 27#{176};pH 10; iomiic stremugth of 111sf-

fer, 0.181.

Final
No of Initial unbound

Plasma - . warfarin
albumin experl- concen- coumarmn Bound

ments . COnCen-
tration

tration
(�.

/C

Himmams 16 5.8 0.6 89.4

15 11.5 1.5 86.7

9 23.0 5.0 78.3

5 46.1 16.3 64.6

45

Cansimse 12 5.8 2.2 62.9
10 11.5 4.6 60.1

8 23.0 10.0 56.7

8 46.1 23.4 49.2

8 92.2 54.2 41.2

46




