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SUMMARY

A warfauinn-biridinmg site which had pncviously bet-n-i do-monnst.rated in-i liven- nm-re)sonnal

nennbranmcs � studh-d. Although ti-ic binding site displayed appanently tyj)iral sat-umndtie)n
binding o-urves when incubated wit-h radioactive warfanin, the bonn-nd warfanini � nnot-

readily displat-ed by inne-ubation with unlabeled wanfanin. \Vnnnfanin-bindinmg capacity was

increased in membranes isolated fuonn vitaminm K-deficient rats, but- was returned to nuonmal
when deficient rats were treated with 1 ng of phyllooiuinonme on its o-ilono analogue. Prior
treatment of animals with nonnnadioaetive w-anfanin-i gneatly decneasett ti-ne subsequcint bind-

ing capacity of the mio-nosomal nmembnaincs in-vitro. The warfnnrinn-binmdinng o-apao-it-y was also

very low in mienosomes ise)lated fuom a strain of \varfaninn-rcsist ant n-ats. The majority of

the warfanin associated with ti-ic microsomal membranes isolated ft-on-n �varfanin-ne-sistant
rats was either bonn-itt very loosely on- en-itnapped in-n vesicles, or it t-oultt be no-movo-et by
phospholipasc treatment - However, ti-ic warfanin associated wit ii mio-rosomal membranes

from normal rats was bounmct to) othc-r membrane componeimts, presumably protein-n.

INTRO1)UCTION

Strain-is of wild rats have been-i diso-overed
in Scot land, Wales, anui Dcnmman-k that an-c
resist-an-it to the vitamin K antagonist- war-

farm [3-(a-acetonylbcnzyl)-4-hydnoxycou-

maninj an-id ot her coumanin an-it ieoagulant-s -

This trait is inherited by an-n autosomal

dominant- get-ic (1, 2). Homozygous, war-

faninn-nesistant rats have been found nnot only

to be 50-500 times less susceptible to n-e-

peat-ed w-arfarin feedinngs than nnormal rats,

but also to require 20 times more phyl-
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lotiininone (1). \Van-fam-int nesistamice is mImic-

toted to ti-ic ability of those rats to metabolize

�varfanin (2) on vitanin K (3). It- has timere-
fore been-i suggesteti that- ti�-ie mutation is one
that alters a regulatory prot-einm ncquired for

synthesis of the vitamin K-dependent- c-lot-

ting factors such that the affinnity fon vitamin
K is lowered only slightly while the affin-iity

for warfanin-i is diminished greatly (1).
The site of synthesis of pnothn-ombinn an-itt

the other vitamin K-dependent ciottnmg

factors has been-i shown to be ti-ne liver (4).
When subcellular fraction-is were prepared (3)
from inormal an-nd warfanin-resist al-it n-at s

treated wit-h inject-ions of radioactive var-
farm, the microsomal fraction, but- no other

fraction, was found te) contain more radio-

activity. When ribosomes were isolatett from

liver microsomes ti-nat had been incubated in

radioactive wntrfanin, nibosomes from �var-
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farm-resist-ant rats had onily 20-30 % as n-nut-h
warfanin bound to them as did ribosomes

from normal rats (3). This difference in
binding was hypothesized to be due to ti-ne
presence of the altered warfarin-binding

protein in the ribosomal preparations from
resistant rats. This specific binding was

found only with liven n-ibosomcs, since nibo-
some.s isolated from kidney, heart , and spleen
exhibited low, nonspecific binnding whet-her
prepared from normal or warfanin-resist ant
rats.

The.se studie.s did n-iot determine whether
the radioactivity assoo-iat-ed with the ribo-
somes was actually bout-id to the ribosomes

or was due to the presence of wanfarin bound
to microsomal membranes which cosedi-
mented with the nibosomes during their
preparatioin. Ti-ne pre.�enmt study was under-
taken to determint- ti-ne actual site of war-

farm bindirmg in liver microsomes and to
determine ti-ic properties of wanfanin binding
to liver mie-rosomes iii- situ.

MATERIALS AND METHODS

Drugs. Phylloe�uinone (Ae1tta\ lephyt oi-i)
-is-as obtained from-i-i \ le-r(-k Siarp #{176}�I)ohme.

2 - Chioro - 3 - phytyl - 1 ,4 - imapt-hoquinone

(Chloro-K) was donated by Dr. ,J. Lowen-
t-i-ial, i�s1cGill University, )slontrcal, and was
dissolved in 0.9 � NaC1 with 7 % Twecn SO.
\\Tanfarin sodium n-tn-nd [4-’4C] warfanin (23

mCi/mmoie) w-ere donated by Dr. K. P.
Link, University of Wisconsin. The radio-
active �vanfarin migrated as a single spot in

a solvent- system o-omposed of terl-butyl a!-
e-oI-iol-benzcn-ie-cone-cnnt rated NH4OH-H20
(43:20:9:3).Phenobarbital(USP, J. T. Baker
Chemical Company) was dissolved in 0.1 N

XaOH to give a solution cont-aininng 16 mg of

phenobarbit-al per milliliter; the solution was

adjust-ed to pH 8.5 with concentrated HC1.
Treatment of animals. Normal, male Holtz-

n-nan rats and male rat-s homozygous for the

warfarin-resistant trait (1) were used. When
vitamin K-deficient rats were required, they

were housed for 7 days in coprophagy-pre-
venting cages (5), and were fed a diet low in

vitamin K (6). Phylloquinone and it-s chioro
analogue were injected intramuscularly at a
dose of 1 mg/rat - Warfanin (3 mg/kg) was

administered as the sodium salt in 0.9 %
NaCL by mt napenit-oneal in-njcot ion-n.

Experimental procedures. Animals (1 SO-

200 g, body weight) were routinely fast-ed for

16 hr an-id killed by decapitation at S a.m.

The livers were quickly removed and chilled
immediately in 0.25 nn sucrose-TK’ml (0.03

M Tnis-HC1, pH 7.5, at 200; 0.025 �mn KC1;
annd 0.05 :mi \IgCl). The livers were weighed,
minced wit-h scissors in 2 volumes of 0.25 M

sucrose-TN \l , and homogenized wit-h 10
strokes at- 1700-1500 rpm in-i a Potter-

Elvehjem homoge-nilzer wit-h a motor-driven
pestle (clearance, 0.01 inc-h) . The homog-

enat-e -i-i�as centrifuged for 10 mm at 17,000 X

qmax to obtain-n the postniitochon-idnial super-
natant fraction. \-Iicrosomes were prepared
by taking 2 nil of the post-mitochondnial
supennatant fraction, adding 0.25 itt sucrose-

�ri�I to io ml, and o-cntnifuging for 1 hr at
105,000 X 1/avg . The results obtained wit-h
this preparation were similar to those with
the bicanbonat c-buffered pncpanat ion used
previously (3) . All procedures were carried

out- at 0-4#{176}.

Micnosomal membranes were prepared
ae-cordi nmg t e) ti-ic diseont muons gradient

method of Kashnig and Kasper (7) . Micro-

somal me-mbnanes plus the upper 2.3 ml of

each gradient were removed an-id diluted to
10 ml wit-h TIcM buffer. The membranes
were pelleted by centrifuging for 35 mm at
163,000 X 1/avg and were resuspended in
0.23 o sucrose-TKI’m-I. Stripped ribosomes

were obtained by taking the lower 2.3 ml

of each gradient-, diluting wit-h TKM buffer
to 10 ml, an-id ccnt-rifuging for 2 hr at

163,000 X g� . Ribosomal pellets were
resuspended in TKM buffet-.

Microsomal subfnactionms were isolated by

the method of 1)allnen and Nilsson (5, 9),
using a Spino-o SW� 50L rotor. Rough aind

total smooth mio-rosomes were separated by
centrifuging for 73 mini at- 204,000 X 1/avg

while smooth mie-rosomal fractions I an-id II
were separated by ccnmtnifuging for 40 mm
at the sanne force. Each subfnact-ion was

resuspended il-i 0.25 ni sucrose-TKM and

used for wanfanin binditmg studies.
Microsomes, at a total protein e-onccntna-

tion of 5 mg/mi, were incubated il-i 2.5 �sni

[4-’4C] warfanin (10) for 1.3 hr in 0.25 mi

sucrosc-TKi\-I. The incubationn was ten-

minated, and the membranes went- e-ither re-
moved from suspension-n by (-ent-rifugation, or



No
detergent

Microsomie ---
fraction Nor- Resis-

mal tant
(N) (R)

punole.s
war/arm
�ng protein

punoles
war farin/
ung protein

Snootlm I
Smooth II
Rough

22 9 2.4 31 4 7.7

5 4 1.3 5 2 2.5

44 34 1.3 37 8 4.6
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sodium deoxycholate was added to ni final

con-icentratiot-i of 025 � (w/v) before ti-ne
suspen.sion was diluted to 10 ml with i.�KM

and centrifuged for 10 mm at 105,000 X

f/avg to obt aim deoxycholat c-treat ed nnicno-
somal membranes. The ncsult ing supernat ant-
fluid � them (-euntnifluged for 1 hr at

105,000 X s/avg to isOlItte deoxycholate-
treated nibosonnes. Each pellet was washed

once and recent rifuged. Microsonnal sub-
fraction-is weue incubated in-i the same mann-

ncr, an-id stripped niboson-ics were it-ncubntted

as above, at a conwentration of 0.5 mg of

RNA p�-r n-nilliliter. Ti-ic incubat-ionn was
terminated, and ti-ic u-ibosomes were washed

once.

Protein-i conncen-itration vas deternninct by

a modification of the F’t)lin phenol method
( 11) on susl)ension.s of the various fractions.

RNA was deternUne(l by a modified Sc-hrnidt -
Thannhauser assay (12). Lipid was extnao-ted
by the met-hod of Bligh tund Dycn- (13), tend

organic phosphorus was assayed in-i the
chloroform layer by the method of 1’htke

and SubbaRow (14). (‘vtot-hrome P-450 �
assayed as dese-nib#{128}-d by Omura and Steto
(15).

Radioactivity was de-termined by dis-
solving 0.4-mi alieiuots of the various frac-

t-ions in 2 ml of at-i organic base (“XCS,”
Nuclear-Chicago) before addition of a
toluenc-2 , 5-diphenvloxazolc-1 , 4 - bis[2 - (4-

methyl-5-phenmyloxazolyl)]benzene se)lution

A liquid scintiila-tion spectrometer was used,
an-id absolute counting rates were obtained
by extcnnnal standardization. The data were
expressed as picomoles of warfanin bounmd,
based on-i the specific activity (55.5 dpm/

pmole) of the wan-farm added.

RESULTS

The ro-.sults of tlm(- cincnnio-al o-harae-teniza-

t-ionn of the prepan-at ion-is, an-id of ti-ic incuba-

tion-i of microsomal nnembn-ancs and stripped

ribosomes in radioactive warfanin, are shown

in Table 1. The chemical analyses itndicated

that good separation of ribosomes an-nd nu-m-

branmes had been-i a-hicved. Mu-tosonml mcnin-
bran-nes from nmoi-mal rats showed selective
binding of warfanin, while stripped nibosomes

showed onnly low, nonselective binding. Simi-
lar negative results were obtain-ned when

none highly purified nibosomes (16) were

TABLE 1

Chemmmicai characterization- (And binding of -warfa it mu

to isola (e(l in zcrosomma I membranes an (1 ribo -

SOifl(’S

Microsomal membrane-s au-id nibosomcs were

prepared fronm the pooled livers of fomur rats and
incubated as deseribeti mm tie text. No differences

in RNA to protein or phospholipid to protein

ratios were found between normal and resistannt

rats, and the data from-i-i both grotups lmave been

pooled.

Warfarun bound Bimmd-
Phos- . ing

RNA: pho- Resus- ratio,
protein Jipud: Normal tant N: R

l)r�teun (N) (R)

punol es/tug
pro/el;:

Memi.)ranes 0.01 0.56 42.0 17.7 2.4

Ribosomes 0 .45 1) . 1 1 3 . 7 4 . 4 0.8

l.u(n�E 2

I1arfarin binding to in iClOsOmm((ll sttbJm(zctu)m(s

?slicrosomal fract iomis were Prel)areel from t Ime

pooled livers of four nt-its anCi incenbated as (Ic -
scribed in time text.

After
detergemit

Ratio,--- ------ Ratio,

N:R - � . N:R
�or- Kesus-
mal tant

usett mi warfan-in biumding experimctits. The
ratio of warfanin bindinng in normal compared
to warfanin-resist ant microsomal membranne
preparations varied fronn 1.5 to 2.5 inn five

experiments. These results indicate that tine

warfanin-binding sitt- is located in nmo-u-o-

somal membranes ant! not mi tie ribosomes,

as suggested by the previous data (3).
Rough microsomes from nmormal at-nd mvar-

farm-resist-ant- rats showed a high ItNA

content- (RNA to proteinn ratio, 0.14), while

snnooth microsomal fractions 1 and II had

a low R-NA content (1IXA to pro)tein-i ratio,
approximately 0.02 for both fractions). Table
2 shows the amount of ivarfanin bounmd to



I 4
WARFARIN CONCENTRATION (pM)

Control (8)

I )efiriemmt (8)

l)efitienmt -1- J)hVllotluinione (3)

J)eficiemmt + (�iuloro-K (3)

\Vamfarin (6)

93 ± 4

116 ± 5”

86 ± 6b

84 ± 6

10 ± la
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each nio- no)so)nal subfrnu-t ionn aft en incubation-n

in-i radioactive- warfaninn. Prior to the addition
of (l(-t(-ngent, onmlv ti-ic smooth microsomes I
from nonmal rats showetl selective bindinng

of �v;enfarin ; inowever, after adttition of

detergent, rough microsomes also showed a
latgo degn-ce of s-leo-t-ivc bindinng of warfanin.

Ti-ne differetne-e -i��as presumably due to the
r(-lc-ase of entrapped or nonsclectivcly bounnd
�varfani n-i. Snnoot h microsomal frae-t ion II
bounnet vct-y littl(- wanfanitm either before or

after detergennt tn(-atmernt-. No n-none than
12 �T of tine added warfarin was bound to the

incubated microsomes or the various mioro-

son-i-in-il frao-t-ionns.

Tabli- 3 shows ti-ne effo-et- of the vitamin K
status of the animals an-nd prior treatment
with ant-io-oagulant s otn the subsequent bin-itt-
ing of warfarin in- vtti-o. Nutritional vitamin

K deficiency caused a 24 #{188}increase in ti-ic
amount e)f wanfanin which could be bound to
dlcoxv(-hoiat-e-t u-cat ed microsomal menn-

bnanmes. Treatment of the vit-amit-n K-dc-

fi(�i(nt animals with 1 rug of phylloquinonnc

TABLE 3

Effect �f rilamnin K status and prior treatmment with

anticocigulanis omu warfcxrin- binding �fl vitro

Phvlloquinomme (1 mg) or Chloro-K (1 mg) were

given I hr, and warfarin (5 mg/kg) 22 hr before

the rats were killed. \‘itanmin K-deficient rats had

25�, and warfarimm-t-reated rats 10#{176}, of the nor-

mal prothronibin -oncentration when they were
used. Plmvlloquinone treatment- restored the

protimrombin concentration to 60#{188} o)f normal in 1
imr. Mierosommies were prepared amid incubated

with radioactive warfaninm as described in the text-.

Valunes are means ± stammdard errors for the num-

bers of animals immdicated in paremmtheses.

Specific
Treatment activity

pmnoles �mng
protein

ignmihcantlv elificremnt at p = 0.01 from con-

trols.
Sigutificanitlv differemit at p = 0.01 from dc-

ficiemmt animals; riot significantly differemnt at

p = 0.05 from-i-i controls.

Fit;. 1 . Effect of warfarimi concentration on bind-

imi q of 5(1 rfarimi to in icrosomna 1 mnemmubra a es

Membranes from both types of rats were pre-

pared as described iii the text amid inctubated for

1.5 hr imi time standard system. The points are the

averages of values from two experinments, each

tutilizing j)ooled livers from four rats. The binding
at each warfarin e-t)ncentrationi did not differ

more than 10�� iii the two experiments. Similar
curves were seen-i wimeum unfractionated microsomes

were itmciubated am-id the nimembranes subsequently
were isolated t)v eleoxvcholate treatment.

or its chloro atnalogw- 1 hr before- death

rct-unncd �varfanin biinding to normal levels.

Injection of �varfanit 22 hr before the rats
were killed caused a no-duction of approxi-
nnately 90 % inn �vnntf�mnin binmding in vitro.

These results show that wanfanin, or otne of

its met.abolites, was tightly bound to micro-

somal membranes anti was riot removed

durin-ig t he fract ionat-ion procedure.
When-i microsomal membranes from both

normal an-id warfanit-i-resist-ant rats were
incubated il-i various concentrations of �var-
farm (Fig. 1), what appeared to be typical

saturation bindinng curves were obtained.
Similar binding curves were obtained when

nnicnosomes were first- incubated in various
content-rations of warfanin and then de-

oxycholat c-treated niicrosomal membranes

were isolated. To determine whether war-

farm binding was reversible, microsomes
were incubated in-i 2.5 �mn radioactive war-

farm fot 1.5 hn, followed by ti-ic addition-i of

a large excess of unlabeled wanfarin. When

the amount of labeled warfanin bonn-id to the

dcoxvcholat e-t ieatcd microsomal mem-

brannes was examined, there was no signifi-

o-ant exchange for up to 4 hr, even-i with a



1000-fold exo-css O)f unilabeled evanfteuinm. Thus

it. appears that- warfanin binnc!ing in. tuna may

be essentially irreversible, aind that what

appear to be binding curves n-nay represent
a slow titration of these irreversible sites by

warfanin.

The amounnt of radioactive warfanin pres-

ent- at a very labile binding site, entrapped
by microsomal membrane vesicles, on’ as-
sociat-ed with phospholipid was determin-ned
by incubat-i ng ti-ne membrane preparat ion-is
wit-h buffer or with phospholipase C. Itcu-
bat-ion-i with dilute buffer alon-ic resulted in

the loss of roughly ti-ic san-ne amount of
labeled warfanin from both n-normal an-id re-
sistant rat- microsomal preparations. This

loss presumably represented the removal of
�rarfanin from labile binding sites, or war-

farm which was entrapped in the previously

washed microsomes. Incubat ion of the prep-

aration-is with phospholipase resulted in an

additional loss of warfanin, which presum-
ably was associated with a lipid component
of the membrane, rather than being tightly
bound to a membrane protein. These data
are summarized in-i Table 4. The amount of

total activity released by buffer and enzyme

TABLE 4

Effect of buffer or p/ms pholi pose (‘ treatment tin
warfarimi binding to uiiicrosomuial mneumll)ranes

Five nmilligrams of tmmicrosonmal tnemnhrammcs,

labeled with warfanin, were inciubated for 30 muimi

at :37#{176}in-n 2 nil of 0.04 M Tris bruffer, p11 7.8, or in

buffer with 10 mit CaCl2 and 0.5 timg of phospho-

lipase C added. After imicubationi, the samples

were chilled, diluted with cold buffer, annd ceim-

trifuged at- 165,000 X g for :30 mm.

\Varfarin bound

Normal Resistant

pnwl es� fraction

298 169

Membrane fraction

I. Membranmes before treat-

merit

II. Membranes after buffer in-

c uubatiomi

III. Membranes after enmzvmmme

treatment

IV. Warfariui released by buffer

(calculated, I II)

V. Warfarim-i released by en-

swine (calculated, II -

III)

DISCUSSION
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treatnuenmt � fotinid to be about the- iane

in-i the ncnnbranie preparation-is fnon both
strains of nat-s. The specific activity of the

preparation-i from normal rats was roughly 7
times that from resistant- rats following this

treatment-. The result-s suggest- ti-nat- the
strain-specific difference ire warfarin bi ndinng

was not due to permeability factors, on to
the bindinig of warfanin to phospholipid. Ti-ic

decreased warfanin binding in-i microsomal
niembranie prcl)arationls from warfani in - re-

sistant rats was PresumablY due to the
presence of an altered warfarin-binding pro-

tein.
Olson (17) has hypothesized that a regula-

tory protein which cani bind both warfanin

and vitamin-i K interacts withtranslocase, the

cycloheximide-bindinmg protein on-i the large
subunit of mammalian nibosomes, and tinat

cycloheximide is a part-ia! competitive in-
hibitor of vitamin K. No significant dif-

ference in the amount. of warfarin bout-id to

deoxycholate-t neat-ed membranes was seen-i
when 1.8 mmr cycloheximide was included itt

the system.

Since many drugs (18) are known to bin-ic!

to cytochrome P-450, it was considered 1)05-

sible that t-i-ie warfanin-binding sit-c in nuicro-

sonnal membranes could be cytochrome P-45O.

Phcnobarbital was administered (19) to botin
strainns of rats, an-ic! rytochnonnc P-430 was

found (Table 5) to increase- to 213 - of
(-o)nt u-ol levels in-i nnormal animals annd 237

of (-0-intro! levels in-i warfanin-resistant :umi-

nuals. \lu-rosomal protein \\5 foun-nd tO be

147 #{188}of connt no! levels in-i normal rats, bent
onn!v 105 #{188}of co-intro! values in-i wat-fa n-inn-

resist ant n-ats. Phenobarbit a! admitmist rat ion

caused a 32 #{188}decrease in-i the speo-ifir ac-

tivity of warfanin bounmd to deoxycholiete-

treated microsomal membranes, but di(t

nnot alTo-ct warfanin biindinmg inn warfarini-rc-

sistant- rats. These findings suggest- tinat-

co P-450 did not- bin-id wan!aninm

1J6 � and that warfanin binding to microsomal

140 19 mennbranes w’ts due to another component-
of tine nuembranes.

102 117

56 33 The warfaninn-binnding site previously ob-

served to be associated with crude prepara-

_______________ tions of nibosomes (3) imas be-en found to he
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TABLE 5

Effect of phenobarbital treatment on warfarin bimiding

Three animals of each group were given 40 mg/kg of phenobarbital intraperitoneally for 4 consecu-
tive days and were killed 24 hr after the last- injection. Cytochrome PASO assays were perforned on

whole mnicrosomnes. Warfariun binding was assayed on deoxycholate-treated membranes after disruption

of the n-nicrosomes wit-h detergent. Values are means ± statdard errors.

Microsomal protein Cytochrome P450
Rat strain

Control Phenobarbital Control Phenobarbital Control Phenobarbital

ung/g liver

Normal 23±3 34±2

Warfarin-resistant 26 ± 2 31 ± 3

localized in microsomal membranes. The
ribosomal binding was presumably due to the
presence of contaminating membrane com-
ponents il-i the ribosomal preparations, which

were also observed (20, 21) when crude
ribosotnes were prepared from microsomes
by deoxycholate disruption. The lack of a
specific warfarin-binding sit e in ribosomes
was further demonst rat ed when st-ripped
ribosonnes were incubated in warfanin and

no strain-i-specific bitnding was observed.
These preliminary data indicate that- the

warfaninm-bindinng site is present in both
rough and smooth fraction I microsomes.

The determination of the actual location

and relative amount of the warfanin-binding
sit-c in the membran-ies of microsomal sub-
fractiotis must-, however, await. the isolation

of pure membranes from each subfraction.
These studies also demonstrate an in-

creased binding of warfanit-i to deoxycholate-

treat-ed microsomal membranes prepared
from vitamin K-deficient. animals. This in-

creased binditg could have been due to one
of two generalized effects. A warfanin-binding
site could have been unmasked because
vitamin K was removed from a common

binding site, or ti-rough conformat-ional
changes of a protein, or proteins, caused by
the removal of vitamin K from its binding

site. Alternatively, the synthesis of the
wanfanin-bin-iding 1)notein could 1-nave been
increased in vitamin K deficiency. The
rapidity with which vitamin K blocked

the increased binding in microsomal mem-
branes from deficient animals seems to rule

out ti-ic- ��econd possibility. The pre.sett-

nmnoles/g liver pnzoles/nzg

14±2 44±3 101±7 69±3

16±2 46±1 18±1 19±1

experiment-s did not- show whet-her the return
to normal binding -is-as due to conformational
changes or whether vitamin K directly

blocked warfanin-binding sites.

The chloro analogue of phy!lotiuinone wa.s

also observed to block the increased warfarin
binding in crude membranes from vitamin

K-deficient rat-s. Lowenthal (22) has sug-

gested that- phylloquinone is t-ranisport-ed
in the cell via both a coumarin ant icoagulant-

sensitive transport route and, at higher

levels , by an alt ernative, non-coumarin-

sensitive route. He has proposed that ehloro-
phylloquinone is t ransported only by the
alternative route, which is insensitive to the
coumanin an-it icoagu!ant s. Both phylloqui -

not-ne and its chloro analogue might then
interact competitively with a receptor site
that is not directly affected by the coumarin
anticoagulant-s. The present finding of an
int-eraction of chloropi-iyl!oquinone wit-h a
warfanin-binding site seems to contradict
this hypothesis, an-nd suggest-s that coumarin

anticoagulant-s bit-id at the same site as
vitamin K or to sites in-n close proximity. At-

tempt-s to block mierosomal warfarin binding
with vitamin K in- vitro, or to obtain sig-
nificant labeling of isolated microsomes (3)
by incubation wit-I-n radioactive phylloqui-
none, have n-not- beet-i successful. Whether or

not- this extremely in-isoluble lipophi!ic com-
pound act-ualiy reaches ti-ne same membrane
sites as the water-soluble warfarin is not
known.

Warfarin bindiing to isolated microsomal
membranes appeared to be essentially ir-

reversible for ti-ne period investigated. The



WARFARIN BINDING TO LIVER MICROSOMES 203

binding curves that- were obtained were

typical of those seen for saturation binding,
but because of ti-ne inrevensible nature of the

binding, these curves were interpreted to be
titration curves for ti-ne binding of warfarin

to apparently irreversible sites. A similar
situation was sect-i itt two. Wheni ti-ic rats
had been treated ivith warfanin, the binding
sites were apparently saturated and would
riot. subsequently exchange with radioactive
warfanin. The available data do nnot offen’ a
satisfactory explanmat ion for this behavior.

Pool et al. (2) have noted that factor VII

product-ion in liver slices from both n-normal
and warfanin-resistant- rats is blocked by

warfanin-n. How this relates to the situation

in- vivo is not clear, as Pool and Borchgrevinnk

(23) i-nave also shoivn that warfarin blocks
both fact-or VII production an-nd protein
synthesis in-n this syste-m, but only factor VII

production in vivo.

Because the amounts of warfanin released

by buffer or phosplnolipase treatment of
microsomal membranmes from nmormal anmd

warfanin-resistant- rats were found to be the

same, the lower an-noun-it of warfanin as-

sociatcd witi-n microsomal membranes from

wanfarin-n-nesistant rats n-iust be due to the

bindinmg of less warfanin to a specific site on

ti-ne protein. The activity which remain-ned
bound to ti-ne microsomes from ivarfauinn-

resistant rats was so low that- it- could not be
determined whether ti-ic binding protein-n was

completely missing or whether its affinity
was altered. These observation-is generally
support the hypothesis of Thierry, Hermod-
son, an-nd Sut.t-ie (3) ti-nat an altered warfarii-i-
binding protein exists in-n the livers of wan--

fan n-n-sist ant rats. Although cyt oo-hrome

P-450 has been report ett to bind warfanium
(24), there was no indicat-ioin that it was

involved inn this species-sj)ecific binding. Tine
data do not, however, completely ex-luclc
the bitmdit-ig of varfarin to some neutral

lipid c-omponeunt of ti-ic membranme. Deter-
minat-ionn of the exact- nature of ti-ic warfanin-

binding protein must await- its solubiliza-

tion atnd purifie-ationn. Prcliminnary attempts

to purify the protein-n have beenn unsuccessful.

In gcnmcrai, proo-eduro-s which 1-nave resulted

in effe-tivc solubilization of tie membran-ie

i-nave also caused a loss of binding.
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