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ABSTITACT

The slmultaneous administration of an indirect anticoagulant, war-

farin, inhibits partlally or completely the increase of the plasma level of

factor VII by an optimal dose of vitamin K, in vltamin K deficient but not

ln anticoagulant treated rats. When the ratlo of vitamin K, to warfarin is

kept constant, but the doses increased, the inhlbltlon at ffrst increases,

but disappears when the doses are. i.ncreased further. The dose of vitamln K,

necessary for the disappearance of the inhibitlon 1s found to be constant

for all dose ratlos tested and of the same order of nagnitude as that

necessary to produce a comparable lncrease of the plasma level of factor

VII in antlcoagulant pretreated rats.

The results ca¡r be explalned by the hypothesis that ln addltlon to

lts normal site or mechanLsm of actlon, larger doses of vitamin K, can act

by an alternate slte or mechanism. While Lndirect anticoagulants lnhibit

the action of vltamln K, at the normal slte by an antagonism which is not

of the competitlve, but either of the nonequillbrium (conpetitive irrever-

slble) or noncompetltive type, larger doses of vitamln Kl reverse the 1n-

hibition by acting at the alternate 9ite, which ls not lnhiblted by indlrect

anticoagulantg.

oF TirE ANTAGONISM BETWEEN VITAMIN Kl

by
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THE MECHANISM OF BLOOD COAGULATION

The classical theory of blood coagulati.on of Schmidt (gZ) and
Morawitz (91) posturated that four substances, thromboplastln, carcium
ions' prothrombin' and flbrinogen interacting in two consecutive reactions
are required for the formation of a coagulum or fibrin clot. The flrst
of these reactions (i) invorves the activation of prothrornbin to thrombin
by calclurn ions and thromboplastin and is folrowed by (i-i) the trans-
formation of fibrinogen to fibrin by the action of thrombin.

(1) prothrombin 
thrombin

(il) Fibrinogen 
fibrin

According to this theory b100d remains fluid because free
thromboplastin is not found in the plasma, but is present in the tissues
or in the pratelets. Tissue damage or the disintegration of platelets
results in the appearance of thromboplastin in the plasma and i.nitiates
the crotting process" rn 1g35 Quick introduced a method for the quanti-
tative measurement of prothrombir 

r vitro based on this theory, by
assuming that with optimal concentrations of calcium ion, fibrinogen,
and tissue extract as a source of thromboplastin, the time requlred for
fibrin formation would be a function of the prothrombin concentration (90).

' More detailed investlgation of certain congenitar hemorrhagic
diseases and an increased interest in b100d coaguration brought about
by the clinical use of anticoagulants after 194o showed that many experimental
observations could not be explained satlsfactorily by the simple classical
theory. rn particular, these studies reveared that tissue or pratelet
extracts that had been asÉumed to possess thromboplastin actf.vity, that is

.4.:4..::.4
t:., .-:r. .,\':



the ability to transform prothrombin to thrombin, did so only after

interacting with several additional plasma factors. rt is now gene-

taLLy accepted that the generation of thrornboplastin activi.ty can only

occur by two different independent mechanisms (14, 15). In the so-

called extrÍnsic mechanism, a tissue factor interacts with several

plasma factors, specifically, factors v, vlr, and x to form an enti-ty

capable of transformi.ng prothrombin to thrombin ar¡d which is referued to

as thromboplastin or thrombokinase, while in the intrinsic mechanism,

the components required for the formation of thromboplastin are a fac-

tor present in plateletso platelet factor 3, and several plasma factors,

1oêo¡ factors V, VIII, trX, X, XI, and XII. Both rnechanisms require fac-

tors V and Xe while factor VII is required by the extrinsic mechanism and

fáctors VIII, iX, Xf, and XII by the intrinsic mecha¡rlsm only. These

interrelations are summarized in the scheme shown in Figure I.

latelet factor 3 Ca** + factors V + VIII + IX + X + XI + XII

Blood thrcinboplastia
(intrinsic)

I
I

Prothrombt"Ë Thronbin

I'I
Tissue thromboplastin

(extrinsic)

Tissue faetor.+ Ca-' + factors V + VII + X

FIGURE I

REAGTIONS INVOLVED IN EXTRINSIC AND INIR,INSIC THROMBOPI,ASTIN
FORMATION

F ibrinogen

I
Fibrin

OFSEQUENCE



The assumptiorson rvhich Qui.ckrs method for the estimation of prothrombin

are based are therefore not va1id, since tissue extract does not possess

thromboplastin activity, but is only one of the conrponents necessary for

extrinsic thromiroplastin formationo Quickrs method estimates, therefore,

in addition to prothrombin, the combined efr"ect of the concentrations of

plasma clotting factors, V, VfI, and X on extrinsic thromboplastin forma-

tion" The method can be ¡nodifÍed to measure the effect of a singre

factor on extrinsic thromboplastin formation by using reagents which

supply an excess of all the factors required with the exception of the

one that is estimatedo The clotting time will then depend on the con-

centration of this factor" in the sarnple and under these condltions the

assumptfons of Quick will be satisfied within certain limits. Such

so-called one-stage methods for the determination of prothrombin, fac-

tor vrr, and factor x have been used in the present investigation"



VITAMIN K

Before 1935 there had been several reports in the literature

that chicks kept on a low fat diet developed hemorrhagic symptoms and

showed decreased coagulability of the blood (27r 28r 29r 761 77>, In

1936 Dam et al., (3O) and Schdnheyder (1O0) showed that the eoagulation

defect was due to a deficiency of prothrombin. Dam (24, 25) and Alm-

quist (1, 2) ln 1935 found that the hemorrhagic symptoms could be pre-

vented by the addition of alfalfa or putrified fish meal to the diett

but none of the known vitamins was found to be effective. Dam assumed

the existence of an unknown vitamin required for normal blood coagulation,

to which he gave the name vltamin K (Ger. Koagulation) and undertook its

isotation. The active substance *r" IIo in the nonsaponifiable

fraction of ether extracts of alfalfa (2a) 
"

By degradative studies and chemical synthesis the active sub-

stance from the alfalfa extracts was shown to be a derivative of 2-methyl-1 '

4-naphthoquinone having a phytyl side chain at the 3-position (16, L7 , 32,

35, 38, 39, 56, 57).

cHg

c HzcH=3T8*r. n 

"c*r.lllc 
n.

Vitanin K, (2-niethyl-3-phytyl-I, 4-naphthoquinone)

To this compound the name vitamin K, was given.
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A similar compound differing only in the nature of the side

chain at the 3-position was isolated fro¡n bacteriaridentified as 2-methyl-

3-difarnesyl-l, 4-naphthoquinone, and given the name vitamin K2 (78> 
"

cH- t*: 
1t.,.

cH2 cH =ctcHz cHacrt:cJ-cn,

Vitamin I{, (2-methyl-3-difarnesyl-1-, 4-naphthoquinone)

Recent improved techniques for the isolation and identification of

biological substances from complex biological mixtures have shown that

vitanin K, vas not a single substance but a mixture of two naphthoqui-

nones, one having a farnesyl-digeranyl side chain and the other the

previously identified difarnesyl compound (5O, 51).

o
tl(Y\

\-A--l
tl

o

cHg 
Pn¡ f lu

cHacH: c tcH zÇH zc H: c 
î6cH3

Vitamin K, (2-methyl-3-farnesyl, digeranyl-l, 4-naphthoquinone)



Another analogue of vitamin K, with a side chain of 50 carbon atoms

has been isolated (52>. It therefore appears that in nature bacteria

synthesize a series of vitamin K, analogues that differ only in the

Length of the sLde chain at tlre 3-po6itlon. On the othêr hand no

homologues of vitamin K, have been isolated.

These were the first quinones shown to possess biological ac-

tivity in higher organisms. It was only after more than fifteen years

that Crane (23) and Morton (82) isolated a substituted benzoquinone,

ubiquinone or soenzyme Q, which functions in terminal electron transport.

n= O to 9

ubiquinone (coenzyme Q)

Both vitamin I(, and vitamin K, were found to be active in

restoring the prothrombin leve1 to normal in vitamin f Oeficient chicks.

In 1939 Almquist (3-6) observed that the aromatic moeity of

vitamln K", 2-methyl-I, 4-naphthoquinone, (Menadione) could prevent the
I

hemorrhagic symptoms in the vitamin K deficÍent chick. This conpound

is known as vitamir K3, although the designation as a vi.tamin is open

to some criticism since it does not occur in nature.

:iïr-.cHzcH:il.r.
ng

{.cH



CH¡

Vitamin K, (2-methyl-lr4-naphthoquinone)



THE NATURE OF VITAN{IN K DEFICIENCY

Although vitamin K deficiency could be produced readily in chicks

by'feeding a vS.tamin K deficient diet, Dam and co-workers (30) failed to

produce a deficiency when they fed similar diets for long periods to

young rats, guinea Þigs, rabbits, dogs, and swine" Greaves (41), however,

reported a small incidence (L2/77> of vitamin K deficiency in rats kept

on vitamin K deficient diet for forty-five weeks. These failures arose

from the fact the vitamin can be obtained from intestinal bacterial

synthesis. For this reason also, in humans, simple dietary deficiency of

vitamj.n K rarely occurs" However., it had been noted clinically from very

early times that in patients with chronic biliary obstruction hemorrhage

was frequently a serious complication (94) " In 1935 Quick (90) showed

that the hernorrhagJ.c symptoms associated with billary obstruction ì,vere

related to a low concentration of plasma prothrombin. Following the

isolation of vitamin I(, it was soon shor,vn that in the absence of bile

the vitamin is not absorbed from the gastro-intestinal tract"

Various workers attempted to produce vitamin K deficiency

ex¡perimentally by utilizing the requirement of bile for the absorption

of vitamin K. Greaves (40) showed that bile-fistula rats maintained

on a vita¡nin K deficient diet became vitamin K deficient in less than

a week, In dogs, cholecystnephrostony (55) i"e., the diversion of bile
I

to the hilus of the kidney produced a similar effect (93) " However,

these procedures were difficult, and there was also the possibility

of tÍver dysfunction due to bile stasis and of nuttiple deficiencies

due to the absence of bile"



Several years ago an attempt to modify this operation in rats

by draining the bile into the vas deferens was made by us (67>.

Atthough a few rats developed a mild vitamin K deficiency' in a high

percentage of these animals the drainage tube became blocked, the

animals showed signs of severe jaundice and were generally in poor

condition for experimental studies.

Other workers fed large doses of mineral oil to rats in an

attempt to produce vitamin K deficiency (26, 361 83) " In our hands this

method rvas not satisfactory because the absorption not only of vitamin K

but also of other essential lipids was interfered with, and tire animals

again were generally in poor, condition (67>,

Barnes and co-workers (13) produced vitamin K deficiency in the

rat by placing a plastic cup over the tail and anus of the rat to pre-

vent coprophagy and feeding a vitamin K deficient diet" Their results

demonstrated that the rat obtains a major part of its vitamin K require-

ment by coprophagy" Evidence that the bacterial flora of the intestine

v/as an important source of vitamin K has l¡een obtained also from studies

with gerrn-free ratso Such a¡rimals became vitamin K deficient when a

vitamin K deficient diet was fed and coprophagy allowed (43, 44).

Metta a¡rd Johnson (79) improved on the rather laborious technique

of Barnes by designing a cage which prevents or reduces coprophagy while

at'the same time the anlmals are not unduely restrained, Under these

conditions feeding a vitamin K deficient diet results in a high incidence

of vitamln K deficièncy, and at present this is undoubtedly the si.mplest



IO

and most reliable method for producing vlta¡nin K defÍcierrcy in rats.
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COUMARIN ANTICOAGULANTS

Another aspect of blood coagulation has come from studies of

a hemorrhagic syndrome encountered in cattle. Schofield in Lg22 (98, 99)

traced the syndrome to the feeding of spoiled sweet clover hay,

Melilotus sp., and in 1931 Roderick (96) demonstrated by quantitative

precipitation of prothrombin that the delayed coagulability of the blood

was related to a reduced concentration of prothrornbin in the plasma.

In 1939 Carnpbell et aI., (18, 19) and Link (62) i.solated from spoiled

sweet clover the substance responsible for the hemorrhagic syndrome.

The observation that a low coumarin content sweet clover spe-

cies did not become hemorrhagic when subjected to artifiei.al spollage

suggested that the hemorrhagic substance rnight ari-se from coumarin (1O2).

From the molecular formula and some of the chemical properties of the

substance isolated lt appeared. likely that it u'as a derivative of

4-hydroxycoumarin. Link and co-workers syntheslzed various coumarin

derivatives (48). The compound formed by the condensatlon of 4-hydroxy-

coumarin with formaldehyde to give methylene-bis-3r3'-(4-hydroxycoumarÍn),

+ HCHO --)

(met hyl ene-b is -4-hydroxycoumar in)
dicoumarol

OH

4-hydroxycoumarin fornaldehyde
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dicoumarol, was found to have identical chemical and biological properties

with the substance isolated from spoiled sweet clover (fO3) " It is of

interest that thls compound had been synthesized already by Anschütz in

1903 (7).

At the time these investigations were in progress, heparin had

just been introduced for the clinical treatment of conditions requiring

reduced coagulability of the blgod (54). Because of the short duration

of action of heparin and the necessity for parenteral administrati.on,

dicoumarol was tried as a substitute" However, the mode of action of

heparin and dicoumarol is dÍfferent. Ileparin has an immedlate direct

effect on the clotting process, acting as an antithrombfn and possibly

also as an antÍthromboplastin. In contrast, dicoumarol has no direct

effect on the clottlng process, but Ínterferes with the synthesis or

secretion of certain clotting factors at the cellular level (34, 47, 49) .

Therefore, the anticoagulant effect appears gradually with the decrease i.n

the plasma level of these factors, and depends on the di-fference between

the rate of secretlon into and the rate of disappearance from the plasma.

Dicoumarol and related drugs therefore became known as indirect anti-

coagulants,

Numerous analogues of dicoumarol were synthesized to establish

the structural requirements for activity and to find more active compounds.

In addition to derivatives of 4-hydroxycoumarin, the derivatives of 1,3-

indanedione were also f,ound to possess âJ¡ticoagulant activity" Both of

these groups of compounds possess a p-dicarbonyl configuration capable

of enolization. Activity i.s markedly incree.sed by an aliphatic or aromati.c

substituent in the Cl-position, but the structural requirements of this

substituent do not appear to be very specific and no satisfactory
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and anticoagulantexplanation for the relation between chemical

actlvity has been given (49).

OH

till
oÅo

s-

enol

enol

4-hydroxycoumarin

s-

lndanedione

o
tl4\õ,Ätill

\Ao/o

keto

keto
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THE RELATION BEtrWEEN VITAIVIIN K AND INDIRECT ANTICOAGUI,ANTS

While vitarnin K and dicoumarol were discovered concurrently by

different groups of investigators, a relationship between these compounds

was indicated when Quick in 1937 observed that aLfalfa prevented the

anticoagulant effect of spoiled sweet clover in rabbits (91). Finally

ín Lg42 Overmann showed that vitamin K reversed the hypoprothrombinemia

caused by dicoumarol i.n rats (84) 
"

At present it is known that vitanin K deficiency and indlrect

anticoagulants not only reduce plasma prothrombin but also plasma factors

VII, IX, and'X (94r 47,49). Because of certain similar properties, such

as absorption on barium sulphate, this group of plasma clotting fastors

is also known as the prothrombln complex" In contrast factors V' VIII,

and fibrinogen are not affected by dicoumarol treatment or by a deficiency

of vitamin K (14) o (

The anticoagulant effect of Índirect anticoagulants can be

readily reversed by vitamln K, and vitamin Kr" However, 2-methyl-l,

4-naphthoquinone (menadione, or vftamin Kr) has no effect in the fully

antlcoagulated animal. A possible explanation fs that vitamin K, can

be transformed in the body to a vitamin Kr-like compound by condensation

with a polyisoprenoid slde chain (74). l{hile the rate of transformation

is sufficient to overcome the deficiency in vitamin K deficient animals'

it is not sufficient to reverse the clotting defect in coumarin treated

animals o
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THE NATIJRE OF TI{E ANTAC'ONISM BE]]IVEEN VITAMIN K AND INDIRECT ANTICOAGULANTS

After a relationship between vitamin I( and indirect anticoagu-

lants rvas discovered, it was suggested that the nature of the antagonism

might be of the coniþetitive type. This suggestion was based on the assump-

tion that the chenrical structures of vitamin I( and dieoumarol were suffi-

ciently similar to give rise to this type of antagonism (85, I05). Both

indirect anticoagulants and compounds with vitamin K-Iike activity possess

two carbonyl groups as part of a ring structure. However, the two car-

bonyl groups of the 1r4-naphthoquinone structure of vitamin K-like

compounds constitute a reversible quinone-hydroquinone oxidation-reduction

system,

211+ ?e-+

quinone hydroquinone

whereas, as mentioned before, the most prominent chemical reactivity of

the 1r3-dicarbonyl configuration present in compounds with anticoagulant

activity is their ability to exhibit keto-enol tautomerÍsm.

White an exact definition of structural similarity is open to

different lnterpretations,, there appears littLe doubt that these two

classes of compounds are diffe'rent as regards chemical structure or

reactivity (49) e

OH

OH
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Almquist (45) attempted to determine the antagonism from data

published by Quick and Stefanini (92) who measured the response to

graded tloses of vitamin KI and vitamin K, in vitamin K deficient chicks

in the absence and presence of dicoumarol, Since the presence of dicou-

marol resulted in paralle1 displacement of the dose response curve, it

was concluded that the antagonism was of the competitive type. However,

only a single dose of dicoumarol was tested and other erçerÍmental

details such as the duration of the experiment, leave this interpretation

open to question.

--,collentine and Quick (22) showed that the dog made vitamin K

deficient by cholecystnephrostomy was much more susceptible than the

normal dog to the anticoagulant activity of a smaLl dose of dicoumarol "

Furthermore, in such animals the increase of the plasma clotting factors

by vitanin K. was prevented by the simultaneous administration of dicou-
-I

marol, incidentally demonstrating the irunediate onset of action of

coumarin drugs -- a fact which had not been shown previously because in

normal animals there is a long induction period related to the slow

disappearance of the clottlng factors from the plasma. Although only

one dose of vÍtamin K was used, Collentine a¡¡d Quick concluded that the

antagonism between dicoumarol and vitamin K was of the competitive type'

apparently una\å¡are that the criterion for competitive antagonismt

constant inhibition with constant ratios of increasing doses of agonist

and antagonistr was not demonstrated"

Babson and assoclates (S) incorporated constant ratios of

vitamin K- and di-coumarol i-nto the diet of rats and measured the prothrom-
L^

bin time when the rats had been on the diet for seven days. For any dose
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ratio, the anticoagulant effect reached a maximum at low doses, but as

the doses were increased while the ratio was held constant the anti-

coagulant effect disappeared. Therefore, at higher doses the effect

of dicoumarol was always overcome by vitamÍn Krr an observation not in

agreement with a competitive antagonism. However, because of the

duration of the experiment, the possibility can not be overlooked that

the fat-soluble vi-tamln K, misht have been stored more readily in the

body so that at higher dose levels the effect of vitamin K might have

predominated.
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STATEMENT OF THE PROBLEM

Because of their clinical use, the nature of the antagonism

between vitamin K, and indirect anticoagulants is not only of theore-

ticaL but also of practlcal lnterest. Althouglr lt has been stated

frequently t|,at the antagonj.sm is of the competitive type, this has

not been demonstrated e>çerirnentally (45, 85, 105) ' For example, the

ready reversibility of the a¡rticoagulant effect of coumarin drugs by

vitamin K. and the experiments of Collentine and Qulck (22) are only in
I

agreement with, but are not sufficient evidence for such conclusions.

On the other hand, the experiments of Babson (8) appear to indicate

that the antagonism is not of the cornpetitive type. It can therefore

be concluded that the minimum requirement for a competltive type of

antagonism, that Ís, constant inhÍbition of constant ratios of increa-

sing doses of vitamin K, (agonist) and coumarin anticoagulants (antagonist)

has not l¡een demonstrated experimentatly

The indeterminate state of the problem can be 
"traced 

partly to

experimental conditions encountered when the antagonism is studied in

normal animals" Whlle indirect anticoagulants interfere with the

formation of prothrombin, factor VII, factor IX, and factor X at the

cellular 1evel (34,47r 49), the appearance of the anticoagulant effect

depends on t¡e rate of disappearance of the clotting factors from the

plasma" Because of thisu the onset of the anticoagulant effect is rather

slow (I2 to 24 hours), and other variables such as rate of metabolism

and excretion may enter lnto the i.nterpretation of the experiment.

In addition, because of the non-linear relation between the plasma
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concentration of clotting factors and coagulation time, the rnethods

for the determination of these factors are not very sensitive to smaIl

variations about normal concentration (100%), Therefore, the initial

changes brought about by coumarin anticoagulants cannot be determined

with accuracyc

It was envisaged that these difficulties might be partly avoided

by studying the effect of lndirect anticoagulants on the increase of

the plasma clotting factors by vítamin K in vitamln K deficient and

coumarin treated animalso In particular, previous investigations had

shown that when vitamin K, f.s brought into suspension with the aid

of Tween 80 and administered intravenously, its speed of onset is

appreciably increased (68). Under these experimental conditions one 
)

ileasures the relatively rapid increase of the plasnta clotting factors

by vltamin K over a period of two to two and one-half hours" During

this interval the plasma concentration of the clotting factors can be

assumed to be predominantly a function of the rate of secretion frorn the

tissues into the plasma, while the rate of disappearance from the plasma

can be assumed to be less important" Furthermore, because the plasma

concentration of the clotting factors is low, the e>çerimental measure-

ments are made within a range where the methods show greater sensitivity"

The present investigation is an attempt to test, under these

experimental condltions, increasing doses of constant ratios of agonist

and antagonist, to determine more accurately the nature of the antagonism

between vitamin K, and indirect ar¡ticoagulant drugso



II. IMTHODS AND REAGENTS
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Vitamin K Deficient Animals: Norwegian hooded male rats, 6 to I weeks

o1d, weighing 150 to 2OO grams, r¡/ere selected from stock maintained

since weaning on calf meal pellets. They were placed in square tubular

cages to prevent coprophagy (79) and were fed a vitamin K deficient diet

(69). To reduce tlre growth of bacterial flora, the cages, water-bottles,

and feeding dishes were washed twlce weekly, and the water was changed

daily. Animals were screened once a week for development of vitamln K

deficieney.

Anticoagulant Pretreated Animals; For anticoagulant pretreatment normal

rats were gtven .25 mg warfarin (g-lg-acetonyl benzy]-]-4-hydroxycoumarin)

/ LOO gm body weight 24 hours before being used for exlperimental studies"

Blood Samples and Iniections: Rats were lightly anaesthetized with

diethyl ether for these procedures. Blood samples were taken from the

lateral tail vein of the rat by drawing 0"1 ml blood lnto 0.9 ml veronal

buffer containing 0.38% sodium citrate in a silicone coated 1.0 ml- tuber-

culin syringe. The blood was transferred to a silicone coated test tube

(10 x 75 mm.) and centrifuged at 2500 rop.Illo for 10 minutes

Injections of vitamin K and warfarin were administered into the tail

vein at the time of the test.

Standard Curves: Pooled plasma of rats on a normal diet obtained as

described above was serially diluted with veronal buffer and the

indivldual clotting factors, prothrombin, factor VII, and Factor X

determined" Standard curves were obtained when the log of the clotting

time was plotted against the 1og of the concentration. Standard curves

were checked frequently and new curves-were prepared whenever new reagents
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were prepared.

Clotting Methods: Prothrombin, factor VII, and factor X were determined

on rat plasma obtained as described above without further dilution by

established one-stage methods. A1l determinations were done in duplicate.

Factor VII Determination: (58) Into a silicone coated test tube 0.1 ml

factor VII-free reagent plasma was pipetted. The tube was placed in a

constant temperature water bath at 37oC and O.1 mI of the test plasma

was added. A stop watch was started as O.1 mI thromboplastin solution

was added. After a 3o-second incubation period, the stop watch was

reset to zero and started again simultaneously with the addition of

O.1 ml O,O25 M calcium chloride" The tube was observed carefully for

the formation of a eLot" The tlme required for clot formation was

converted to per cent of normal plasma concentration by reference to the

factor VII standard curve.

Prothrombin Determination: (58) Into a silicone coated test tube 0.L ml

prothrombin-free reagent plasma was pipetted, 0.1 nI test plasma was

added anci the mixture incubated 6O seconds at 37o with 0.1 ml throm-

boplastin. 0,1 ml O.025 M calcium chloride was then added and the time

required for clot formation noted. Results were expressed as per cent of

normal plasma concentration by reference to the prothrombin standard curve.

Factor X Determination: (9) In a silicone coated test tube 0.1 ml

factor X-free reagent plasma, O.1 ml of the test plasma' and 0.1 ml

Russell viper venom-cephalin reagent were lncubated for 30 seconds at

37oC" A stop watch was started as 0.1 ml 0,025 M calciun chloride was

added. The time required for clot formation u¡as recorded and results
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expressed as per cent of normal plasma concentratlon lry reference to the

factor X standard curve.
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Vitamin K Deficient Diet: (69)

Salt mix

DrL methionine

ll¡heat germ oil

Glycerol

Vitamin mixture

Sucrose

Soy Protein*

Cod liver oil

Vitamin Mixture

Thiamine hydrochloride

Riboflavin

DrL calcium pantothenate

Pyridoxine hydrochloride

Nicotinic acid

Folic acid

Vitamin B, ^L¿

Choline chloride

Biotin

Cerelose

Per Cent

4.0

o.5

o"5

2"O

+.v

67.5

20,o

1.5

Mg per kg diet

1O"O mg

10 "o

50.0

5.0

20.o

1.0

0.1

1000.o

0.1

48.9 g

*Soy protein obtained from the Drackett Company was extracted with alcohol

before use" Other ingredients with the exceptj-on of sucrose were obtained

from Nutritional Biochemicals Company.

The diet was prepared 1n 10 kilogram quantities and stored at 4oC

preveut deterioration. 
r
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Thromboplastin: Rabbit brain thromboplastin was supplied by lYarner

Chilcott Laboratories. It was prepared for use by suspending 1"5 g

of the dessicated brain extract in 100 m1 0"9/q sodium cirloride for

15 minutes at 50 to 52oC with occasional stirring . Aftet incubation the

sediment was filtered off through several layers of cheesecloth and the

filtrate stored in ampules at -20oC"

Russell Viper Venom-Cephalin Reagent: (9) Russell viper venom (StypvenB)

rvas supplied by Burroughs Wellcome" Cephalin was prepared from calf

brain according to the technique of Hjort (46) and Milstone (80). The

Russell viper venom was dissolved in veronal buffer containing O"O7%

cephalin to give a final concentration of L/4O'OOO.

Veronal Buffer:

Stock Solution: 9.7L4 g sodium acetate, L4.7L4 g veronal sodium dissolved

in 5O0 ml distilled water"

\forking solution: 250 ml stock solution, 200 ml 4.25% sodium chioride,

2I7 mL O.1 N hydrochloric acid, 683 ¡nI distilled water. Adjust the

pH to 7 .35.

Calcium chloride: 0"025 molar calcium chloride was used in all experiments.

Vitamin K1: Vitamin Kl was obtained through the courtesy of Merck Sharp &

Dohme of Canada Ltd", and was made up as a clear aqueous suspension with

Tween 80 (polyoxythylene sorbitan monocleate, Atlas Powder Company) (68).

'!{arfarin: (S-[ø-acetonyl benzyl-]-4-hydroxycoumarin) was obtained

commercially and a stock solution containing 2O mg/tn} was prepared by

dissolving the warfarin with an equi.valent amount of sodium hydroxide,

adjusting the PH to 7.5



III" RESULTS
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DEVEIOPMENT OF VITAMIN K DEFICÏENCY

Rats were fed a vitamin K deficient diet and kept in square tubular

cages to prevent coprophagy. Table I shows the incidence of vitamin K

deficiency as measured by the weekly determination of the plasma leveL of

factor VII. Arbitrarily a plasma leveI of factor VII of less than fif-

teen per cent was considered to represent a sufficiently severe defi-

ciency to make these animals useful for subsequent studies. l{hile there

were exceptions, most of the animals had to be kept on the diet for at

least three weeks before the plasma concentration of factor VII fell

below this level,
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TABLE I

DEVELOPJVIENT OF VITAMIN K DEFICIENCY IN RATS ON A VITAMIN K FREE DIET ESTI.
MATED BY IVEEKLY DETERMINATION OF PLASMA CONCENTRATION OF FACTOR VII*.

Weeks12S45678

Rats

342 2.2

418 2"6

455 6"4

405 18.6 1.6

4r5 27 ,O L2.5 8.O

427 36"0 3.6

428 14.0 13"5 5"0

429 16.0 13"0 7.O

45r 15.O 8.0

331 100.0 55.o 5"2

4L4 100.0 17"0 5.6

426 80 .0 29 "O 2.8

43L 25 "0 2"3 7 "2
447 100"0 36,0 3"0

448 22"O 9"0 3" 3

432 34"O 6"4 13.0

329 86" 0 50. O 46.0 I.2
330 19.5 20 "O 5.6 1"O

352 38.0 29 .O 11 .5 2.7

443 100"0 20.O r2.0 2.L

4L6 25.O 38.O 11.0 30.O 1.5

417 35.0 13.0 32.O 33.0 2"7

300 54,0 71,0 62"0 4.8 11.5 7.8

343 100.0 58.O 23.O 50.0 9"6 L"2

297 65"0 28"5 45"0 74.O 63"0 ,.-100.0 2.6

425 100.0 30"o 18.5 28.O 23.O 15.0 4"5

353 25,O 28"0 10.5 rO0.0 100.0 39.0 10.5 Lz.O

3q1 50"0 23.5 56.0 78"0 36.0 1O0,O 100.0 60.0

* Per cent of normal concentration.
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INCREASE OF PLASMA LEVELS OF FACTOR VII, PROTTIROMBIN, AND FACTOR X AFTER
A SINGLE INTRAYENOUS DOSE OF VITAMIN K" IN VITA}{IN K DEFICIENT RATS

To determine the effect of a small dose of vitamin K, on the

vitamin K dependent cLotting factors (prothrombin, factor VII, and factor

X) in vitamin K deficient rats, 0.5 Fg vitamin Kl,/100 g of body weight

was injected intravenously (Table II*, figure 2a). Twenty minutes after

the injection the plasma concentration of prothrombin had increased from

4.4% to g.6%, of factor VII from L3.5% to Lg.O/o, and of factor X from

I5.5% to 2L.O%. After 45 minutes the plasma concentrations of prothrombin,

factors VII, and X were  O"Qto, 28.5% and 38.O% and after 157 mlnutes 66.0/o,

58.O% and 60.0%.

When the dose of vitamin K, was i.ncreased to 5.O \C/\OO g, the

response was essentially the same (Table III, Figure 2b). Since the

pattern of the response of all three factors was simllar, only factor VII

was determined in subsequent experiments.

* Table II to XYIII see appendix.
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INCREASE OF PLASMA LEVEL OF FACTOR VII BY GRADED DOSES OF VITAMIN Kl IN
DEFICIENT RATS

To find the dose range for which the response to vitamin K, r as

measured by the increaee of factor VII, becomes proportional to the

dose, graded doses were. given to vitamin K deficient rats.

As shown in Table IV and Figure 3, a dose of 50' 40, 20, 10' 5'

2.5, and 0"5 ¡rg,/100 g of vitami.n Kr g;ave essentially the same response,

while below 0"5 pg the response became proportional to the dose (Table V,

Figure 4) " It therefore appears that in the vitamin K deficient rat

0.5 pg vitamin KL/LOO g produced an optimal response"

The increase in factor vII was detected after 20-30 minutes.

Such a rapid increase can only be obtained when vitamin K is suspended

with the aid of Tween 80 and is given tntravenously. A similar rapid

i.ncrease after intravenous administration has been demonstrated previously

in the coumarin anticoagulant treated rat (68) 
"

trt woutd have been desirable to establlsh the optimal dose of

vitamin I(, by constructing a complete dose response curve. Unfortunately,
t

this could not be'done because of the limited number of vitamin K deflcient

animal-s available. However the data are sufficient to demonstrate that

the optimal dose in the vitamin K deficient animal is 0.5 PS/LOA e,

and only this lnformatlon was requfred for the design of subsequent

errperiments.
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FIGURE 4

INCREASE OF PLASMA LE\TEL OF FACTOR VII AETER INTRAVENOUS
ADMINISTRATION OF SUBOPTIMAL mSES OF VITAMIN Ki rN VITA-
MIN K DEFICIENT RATS.
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EFF.ECT OF SIMULTANEOUSLY INJECTED IYARFARTN ON THE INCREASE OF FACTOR VII
BY VITAMIN K. IN VITAMIN K DEFICIENT RATS

I

To test the effect of an indirect anticoagulant on the increase

of the plasma level of factor VII by vitarnln K, 1n vitamin K deficient

ratsr an optlmar dose of vitamir Kl, o.5 lrg/too g, was given together

with lncreasing doses of warfarlno

When 5.0 pg warfarin,/IOo g was lnjected together with O"b pg

vitamin K,/Loo g the response to vitamin K was srightly inhibitedI-

(Table VI, Figure 5) " lYhen the dose of warfarin was increased to

1O Ug./tOO g, the inhibition was increased and when the dose of warfarln

was Z5.Opg/tOO g or 50.0 ¡-rg,/10o g, the inhlbltion ìÀ'as complete. When

5.0 lrg watfarín/l00 g was given alone to a vitamin K defici.ent rat,

there was a small decrease of the plasna concentration of factor VII

over the next 165 mlnutes, from ISoOTc to LO.O$,
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EFFECT OF TNCREASING DOSES OF CONSTANT RATIOS OF VITAMIN Kl AND WARFARIN
IN VITAMIN K DEFICIENT RATS

To study the nature of the antagonism between vitamin K, and

warfarin, demonstrated in the previous series of experimentsrconstant

ratios of increasing doses of vitamln K, and warfarin were tested. As

shown before, simultaneous administration of 5.0 Ug warfarín/l00 g

partially inhibited the response to O.5 t g vitamin Kr,/100 g" Keeping

this ratio of vitamin K, to warfarin (1 : 1O) constant and increasing

the doses 5-fold (2.5 Ve vÍtamin K, and 25 VC warfari.n,/10o g), the

increase in the plasma leveL of factor VII by vitamin K, was nearly

completely inhibited (Tables VII, VIII, Figure 6a). When the doses were

increased lo-fold (5.0 pg vltamin K, and 50.0 pg warfarin/loO g) the
I

inhibition became completer but a l0O-fold increase (500 pg vltamln K,

and 5¡Ooo ¡¡g warfarín/lOO g) resulted in a complete disappearance of

inhibltion"

Using a ratio of,vitamin K, to warfarin of 1 to 20, 10 pg of

warfarin produced nearly complete inhibitlon of the increase of factor

VII by 0"5 pg vitarnÍn X,/IOO g" A 1O and 20-fold increase of the doses

resulted in complete inhibitlon, but after a 4O-fold increase the inhibiti.on

decreased a¡rd there \'r'as a small response (Tab1es trX, X, Figure 6b) "

Finally, after a l00-fold and 1r000-fold increase of the doses, the inhi-

bltion by warfarin dlsappeared completely"

ll¡ith a ratio of vitamin K, to warfarin of l to 50, the inhibition

remained constant when the doses were increased lo-fold, but dlsappeared

after a 100 a¡rd IrOOo-foId Lncrease (Tab1es XI, XII, Figure 6c) " Si¡nilar
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results were obtained when the ratio of vitamin K1 to warfarin was I to

100 (Table XIII, Figure 6d) and I to 500, (Table XIV, Figure 6e) ' 1.e. r

the inhibition disappeared after the doses had been lncreased 100-fo1d.

Therefore for any ratio tested the lnhibition disappeared completely when

the doses were increased at least a 100-fo1d. Since the lowest dose of

vitamin K1 for all ratios was O.5 pgllOo g, this means that the lnhlbltion

dlsappeared when the dose of vitamin KI vras 5O.O pg,/100 g regardless of

the dose of warfarln admlnistered simultaneously.
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ÍNCREASE OF PII\SMA LEVEL OF FACTOR VII BY GRADED DOSES OF VITAMIN K1 IN
ANTTCOAGUi,A}IT PRETREATED RATS

When normal rats were given 0.25 mg warfarin,/tOO g of body weight

by stomach tube, the plasma concentration of factor VII decreased after

lg to 20 hours to about L to 2% of normal, while the concentrations of

prothrombin and factor X were usually between 5 and 15%. To find the

doses of vitamin Kl required to increase the plasma level of factor VIIr

graded doses of vitamin Kl were injected intravenously (Table XV, Figure 7)

When 6O.O ¡rg vitamin Kl,/lOO g v/ere given, the plasma level of

factor VII increased from L.O% at, the tine of the injectlon to L9"2%

after 4O minutesu to 32.O% aftet 68 mlnutes, and reached 36.0% after 120

minutes "

When the dose of vitamin K, was 4O.O pg/L00 g, the plasrna leve1

of f,actor vrl increased from L.4!o to L8.8% after 38 minutes, to 33"8%

after 7O minutes, and was AL.O% after 125 minutes"

Thirty-five minutes after 20.0 pg vitamin \/1o0 g the plasma

level of factor VII had increased from I .O% to 7 "O%, after ?O mÍnutes it

was 11.0%, after 107 minutes 16.0%, and after 137 minutes it was 18.0/o.

The increase of factor VII after 2O"O ¡.rg vitamin K-,/LOO g is therefore

approximately one-half that of the 40.0 pg dose.

with a dose of 10.0 i.rglloO g the plasma level of factor vII after

57 minutes had increased from an initial value of 1"L%to 4"2%, while

after 147 minutes it was 8.0/o. The total increase in the concentratlon

of factor VII was about I/5 t]nat of the increase given by a 4O.0 pg dose.

When the dose of vitamin K, was 5.O pg/lOO g the i.ncrease in the plasrna

Ieve1 of factor VII was fiegligible. The range in which the increase of
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factor vII $'as proportional to the dose was approximately between 10.0

and 40.0 pg vitarnin K1/100 g body weight. Therefore in rats pretreated

with o,25 mg warfarin,/IOO g, a dose of vitamin K, of 4o,o ¡4/L0o g pro-

duced an optinal increase of factor VII" This dose of vitamin K, is

approximately 80 times greater than the dose of vitamln K, re9uired to

overcome vitamln K deficiency fn rats.
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INCREASE OF PI,]{SMA LEVELS OF FACTOR VII, PRC}THROI\{BIN, AND FACTOR X A¡"TER

A SINGLE INTRAVENOUS DOSE OF VITAMIN Kl IN ANTICOAGUI'ANT PRETREATED RATS

Twenty-four hours after oral administration of O "25 mg warfarin,/IOO

Br an optimal dose of 4O.O pg vltami.n llL/LOO g was iniected and the in-

crease in the plasma level of the clotting factors, factor VII' prothro¡n-

bin, and factor X followed" An increase j.n the plasma concentration of

each factor was detected after 15 minutes when factor VII increased

from 1"4% to 2.4%, prothrombin from 19"5% to 23.Olo, and factor x from

2.O7o to 3.5%. After 3O minutes factor vII was L8,8%, prothrombin 35.O%

and factor x 16.0/6, while after 6o minutes factor vII was 33.8%,

prothrombLn 46.O/o and factor K 23,Oft of' normal" At the end of the

e:rperimental period factor VII had reached 4L.O%' prothrombi-n 55'O/o,

and facto r X 34.O%" The total increase in concentration of each factor

and the rate of increase were similar (Table XVI, Figure 8) 
"

The results of an ldentfcal experiment are shown,in Table )ffII"
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EFI.ECT OF SIMULTANEOUSLY INJECTED WARFARIN ON THE INCREASE OF FACTOR VII
BY VITAMIN K. IN ANTICOAGULANT PRETREATED RATS

To investigate the effect of sirnultaneously adrninistered warfarin

on the acttvity of vttamin K, fn rats pretreated with O.2S mg wa.tfarLn,/

1OO g orally, the highest tolerated dose of warfarin, 2o"o ng/Loo g, was

injected simultarreously with an optimal dose of 40.0 ¡rg vita¡nin fr,/100 S

(fable XVIII, Figure 9). The effect of 40.0 pg vitamin Kl,/100 g given

alone is shown for comparison" After 35 minutes the increase in the

plasma concentration.of factor VII by 4O.0 ¡rg vitamin K/LOO g in the

presence of warfarin was not reduced when compared to 40,0 t g vitamin K,

given alone. Similarly after 70 rninutes there tÀ¡as no inhibition of the

activity of vitamin K, by warfarin" At the end of the exlperimental period

there was no marked difference in the increase of factor VII by this dose

of vltamin K, in the presence or absence of warfarln"

when the dose of vitamin K, was reduced to 2O.0 pgl100 E, 20 mg,/10o

g again had no effect on the responsec .
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The experimental results obtalned in the present lnvestigation

show that the antagonlsm between vitamin K, and coumarÍn anticoagulants

ls not of the classlcal competltive reversible type. In the coumarln

pretreated a¡rlmal slmultaneous admlnlstratlon of warfarln at the

hlghest dose tolerated had no effect on the activity of an optlmal dose

of vitarnin K, as measured by the lncrease of the plasma level of factor
I

VII. In contrast, when warfarln was administered with an optlmal dose of

vitamln K, fn vltamln K defi.cient anlmals, dependlng on the dose of war-

farin, the response ì¡/as elther partly or completely lnhibited. When the

varlous ratios of vltanln K, to warfarin were kept constanto but the
I

doses Lncreased, the lnhibitlon increased and became complete for those

ratj-os which produced partial lnhibltlon, brrt when the doses were lncreased

further the j.nhibitlon dlsappeared. Slrnilarly for ratlos that produced

complete inhibltion, an lncrease of the doses resulted ln dlsappearance

of the inhlbition. Inspectlon of the data shows that for all the ratlos

tested the inhibltlon disappeared when the dose of vitamin K, was

approximately 4O to 50 pgl100 g. The disappearance of the lnhibltion

was therefore lndependent of the dose of slmultaneously admlnistered anti-

coagulant" Furthermore, the dose of vitamln K necessary to overcome the

inhlbitlon by simultaneously adnÍnlstered warfarin ln vitamln K defl-

clent anlmals was of the same order of magnltude as that necessary to

.reverse the anti.coagul.ant effect ln the warfarin pretreated anlmal 
"

A tentative er<planation of these flndings can be glven if it ls

assumed that coumarln anticoagulants block the normal mode or site of

actlon of vita¡nin K, by an antagonism that |s not of, the competitive
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reversible type, but is either of the competltive irreversible (non-

equlllbrium) oi non-competltlve type. However, at large dosest

vitamin K, can act by an alternate site or mechanism that is not affec-

ted by coumarin anticoagulants and thus bypass the lnhibltlon. The

above explanation depends on the assumptlon that for all ratios tested

the relative concentratlons of vltamln K, and warfarln at the site of

action remain constant when the doses are increased. To assume that these

results could arlse from a change of the,ratio of the relative concentra-

tions at the site of actlon would 
-requlre that for low doses the concentra-

tlon of warfarln increases faster than that of vitamin K., r but reaches a
I

Iimited value, whlle the concentratlon of vltamin K, continues to lncrease.

Thls is considered to be unlikely and therefore the first explanatlon'

constancy of the reLative concentratlon at the site of action with

increasing doses of constant ratios, is given preference" The fact that

the dose of vitamin Kl required to overcome the anticoagulant effect 1n

the warf,arin pretreated anlmal ls of the same order of magnitude as that

required to overcome the effect of siuruLtaneously adminlstered coumarin

antlcoagulant Ín the vitamin K deflclent animal ls also ln agreement

wlth this explanation" Results obtai.ned /rom further studies on the

mode of actlon of vltamln K, ln this laboratory are also in agreement

wlth and can be exS.aÍned by an extension of the above scheme"

The present findings are supported by the results of Collentine

and Qulck (22), who in L922 showed that simultaneous administration of

dLcoumarol blocked the response to vltamfn K, in dogs made vltamin K

deficient by cholecystnephrostomy" In thls publication Quick drew atten-

tion to the rapid reappearance of prothrombin following intravenous
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administration and postulated that since the reappearance i-s so rapidt

vitanin K may be required as a cofactor or coenzyme of an enzyme system

involved in the synthesis of prothrombin. This hypothesis can be

restated ag followe:

(a) Vitamln K flrst combines reverslbly

apoenzyme to form the active apoenzyme-coenzYme

with a speciflc

complex.

AK

(b) The enzYme then

factors via the formation of

factors,

.Pe
Precursors of
Clotting factors

Active EnzYme

transforms the precursors of the clotting

an enzyme-substrate complex into the clotting

A

Apoenzyne

K

Vita¡nln K

AK PIAK P +

Enzyme EnzYme-substrate Plasma
Complex clotting

factors

AK
Enzyme

euick assumed that dicoumarol and vitamLn K were cornpeting for the active

site of the apoenzyme. However, no attempt was made to demonstrate

competitive antagontsn by the use of increasing doses of constant ratios

of vi.tamin K, and dicoumarol .

-- These experj.ments were really the first unequivocal demonstration

that coumarin anticoagulants antagonized directly the effect of vitamit Kl,

and furthermore, they also demonstrated that the slow onset of the antl-

coagulant effect arfses entirely from the slow rate of disappearance of

the clotting factors present 1n the plasma at the time of adminlstration

and not from the transformatlon of the.anticoagulants. However' the
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signlfÍcance of this observation was not appreciated and, in fact, this

important paper appears to have been neglected by many workers who have

revley/ed the literature of the subject. While the mechanism of action of

coumarln anticoagulants proposed by Quick has turned out to be not

correct, structural analogues of vitamin K, have been synthesized in this

laboratory which do act by thls mechanism (64' 66).

In 1956 Babson and assoclates (8) trled to determine the nature

of the antagonisn by feedlng constant ratios of vitamin K, and dicoumarol

to normal ¡rats" For any ratio the anticoagulant effect increased to a

maxlmum, þut as the doses were increased further, the effect of the dicou-

marol was completely bLocked and the prothrombin time returned to normal,

The results Índicated the antagonism utas not of the competiti.ve type.

However, wLth such a long term experlment, other factors suctr as different

rates of absorption, storage, and excretfon, etce e lttâ5| have had an effect

on the response, and thls makes lt dlfflcult to evaluate the si.gnificance

of this experlment.

In 1953 and 1954, Martlus and Nltz-Litzow (70' 7L' 72l. reported

in a series of papers that mitochondria from vitamin K deflcient chicks

showed decreased P:O ratios (oxidative phosphorylation), and also that

addition of dicoumaroL to mitochondria from normaL anlmals decreased P:O

ratios" Martlus therefore concluded that vitamln K was a component

of the termlnal electron transport chain necessary for the coupling

of oxfdation and phosphorylatlon, and that coumarln antlcoagulants

acted ln vlvo as uncoupllng agents at thls site. These findlngs intro-

duced an entireLy new approach to the study of the mode of actlon of



49

vitamln K, and coumarln anticoagulants at the cellular Ievel. However,
l_

it now appears that the experimental findings and the concLusions based

on them are open to serious doubt. Several workers have falled to

observe decreased oxidative phosphorylation in mltochondria from vltamln

K deficient animals (I2, 86). Mitochondria from animals pretreated with

anticoagulant doses of a coumarin anticoagulant or with a competitive

antagonist of vitamin K have been shown also to give normal P:O ratios

(42, 87). Furthermore, the presence of vltamin K, in mitochondrla has

not been demonstrated. Instead a benzoquinone, ubiqulnone or coenzyme

Q, has been found to be present in mitochondria. Thls quinone lacks

vitamin K-like activity (23, 65). Furthermore, it ls difficult to

visuaLizee on one hand, why a defect as general as an interference with

oxidatlve phosphorylation should be limited to such a specific effect

as a decrease of a limited number of clotting factors. On the other

hand, since there are many alternate sites for the generation of high

energy phosphate bonds, which could possibly be required for the forma-

tion of the plasma clotting factors, it is equally difficult to visualize

why the organism should be unable to supply the energy requirements for

thts transformation which is certainly only an insignificant part of

lts total energy requi.rement.

Martlus tried to explain these contradictions by assuming that

the anticÒagulant effect arose from the high turn over rate of these

particular proteins (73) " It is however doubtful that tieis explanation

can be correct since no other changes have ever been noted when anti-

coagulants are used in the long tern treatment of patients. Nor can
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the uncoupling action of coumarin anticoagulants when added irylllg b"

considered conclusive evidence for a slmilar action in vivo.

There is considerable evidence demonstrarr'*l*-nmarin anti-

coagulants inhibit numerous enzyme systems ig::3"o, but enzyme activity

from tissues of anj-mals pretreated with large doses of coumarin anti-

coagulants is normal (42). Similar objections can be made to the

demonstration of so-caIled quinone reductases, i.e.r enzymes capable

of reducing or oxidizing para-quinones, vrhich are inhibited by coumarin

anticoagulants (74, 75) , These enzymes show litt1e.or no activity for

vitamin K. but act on vitamin Kor which as has already been mentloned'
-I it

is not a naturally occurring vitamin" Furthermore thls group of enzymes

show little substrate speclficlty and can also reduce other oxidation-

re<juctÍon acceptors of appropriate potential that are not related in

chemical structure to vitamit Kl. It is therefore by no means certain

that the specifi.c substrate of these enzymes is vitamit Kl. Nor can

inhibition by coumarin antlcoagulants, in view of their general inhibitory

activity, be considered evidence that vitamin K, is the specific substrate

of these enzymes. According to Martius (73, 74) and Ernster (33 ' 37)

vitamin K is not a component of the terminal electron transport system

inthepigeon.However,additionofcoumarinanticoagulantsto

mltochondria from normal pigeons uncoupled oxldative phosphorylation'

Although the possible role of vitamin K, in oxidative phosphory-

latlon has continued to draw conslderable attention among workers interes-

--ted i.n electron transport and oxidative phosphorylation (21, 60, 104),

such a role of vita¡nin K, has by no means been estabLished, nor does the
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experimental eviclence available indicate how such a function could be

related to the requirement of vitamin K, for blood coagulation.

Based on these findings Lasch and Roka (59) attempted to study

the effect of mitochondria on the formation of plasma clotting factors

and reported that mitochondria formed prothrombín in the presence of

suitable substrates such as aged serum. Several workers have been unable

to conflrm these experiments and there appears little doubt that the

findings were due to the action of mitochondrial cathepsins on plasma

and serum proteins, while others must have arisen from technical errors

in Lasch and Rokars determinatims of the clottlng factors (10' 11, ç3, 88).

pool et al., (88, 89) showed that llver slices synthesized plasma

clotting factors 3 vitro and attempted to use this system for a study of

the antagonism between coumarln anticoagulants and vitamin Kr. It was

found that slices from coumarin pretreatecl animals or the acldition of

coumarin anticoagulants to normal slices inhibited plasma clotting factor

synthesis. However, while in slices from coumarin treated animals pro-

tein synthesis as meas'ured by incorporation of radio-active amino acids

was normal, except for formation of plasna clotting factors' addition

of coumarin anticoagulants to normal slices inhibited not only plasma

clotting factor synthesis but all protein synthesis" Attenpts to

reverse the effect of anticoagulants in either sli.ces from coumarin

pretreated animals or after addition to normal slices' by vitamin K,

failed. This can perhaps be attributed to failure to solubilize the

fat soluble vitamin" Pool and Borchgrêvink (89) discussed various possi-

bilities and concluded that there was no satisfactory explanation for

this discrepancy between the effect of coumarin anticoagulants in vivg



and in vitro.

..IYhilethepresentresultsdonotgiveanypreciseinformati-on

of the mode of action of vitami. Kl, they clearly demonstrate the non-

competitive nature of the antagonism between coumarin anticoagulants

and vita¡nin K. However, although the antagonism is of the non-competitive

type,theinhibitioncanalwaysbeovercomebylargedosesofvitaminK

þecause of the existence of an alternate pathway or mechanism. From a

review of the literature it ca¡r be seen that the existence of such an

alternate pathway has not been recognlzed previously' Indeed, the ready

reversibility of the anticoagulant effect by vitamin K, has generally

been takeir to indicate that the antagonism is of the competitive type'

In aJly further study of this problem it will be necessary to take these tq'o

factors, the non-competitlve nature of the antagonism a¡rd the existence

of an alternate pathway, into consideration'

Furthbr work in our lal¡oratory on the mode of action of vitamin I(

has been in agreement with the e:<planation proposed here, and indicates

that the normal site of action presents a specific transport site for

the transfer of vitamin K rvhich is inhlbited by coumarin anticoagulatrts'

whlle the alterrrate mechanism involves passage by diffusion at larger

doses (67) 
"
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INCREASE OF PLASI\'IA LEVELS
A SINGI,E INTRAVENOUS DOSE

TABLE II

oF FACTOR Vrr, PROTIIROMBTN,

OF 0"5 ¡rg VITAMIN Kr,/100 g
DEFICIENT RAT"

AND FAqIOR X AFTER
IN TITE VITAMIN K

Time Factor
minutes seconds

Prothrombin
seconds percent

Factor X
seconds percent

VII
percent

U

20

45

67

lo2

L57

77.2 77.8

68.4 68"7

57 .6 58.2

5L"4 51"4

47 "7 46.2

4I.1 42.6

56.2 56.2

54"2 55 "4

36 "0 37.8

32.8 35,6

32.8 32"8

3r.o 32 "O

L8 "2 18. 6 15 .5

16.6 18"4 2r "O

14.4 15"O 38.0

L4"4 L4"8 4s.O

L3.4 13"6 58"0

L3.4 13.8 60.0

13.5

19.0

24.5

38"0

48"0

58.0

44

9.6

40.o

52 "O

59. O

66.0

INCREASE OF PLASMA I,EVELS
A SINGLE INTRAVENOUS DOSE

oF FACTOR VII, PRO,IHROMIN
OF 5.0 ¡rg VITAX{IN Kr,/10O S

DEFICIENT RAT"

(Figure 2a)

AND FAC"IOR X AIìTER
IN THE VITAMIN K

TABLE III

Time Factor
minutes seconds

Prothrombin
seconds Percent

Factor X

seconds Percent
VII
percent

o

20

45

'I t)

IUU

160

98,4 98.4

89.8 88"4

58"0 60"6

54"O 56"6

52"4 52.6

45 "2 44.6

70 "6 72 "2

58.0 61.O

39.8 37"0

34.O 35.6

34.2 35.2

31.4 32"4

20.6 20"2 11"5

L7 "A l.8.2 19.0

L5 "7 15 .9 31 .0

14"2 14"8 43"0

13.8 13.9 51.0

13.5 13"6 56.0

8"2

11"0

25 "O

32.0

36 
"O

53"O

4.O

7"2

35"0

44"O

51 "0

60 "0

(Figure 2b)
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TABLE IV

INCREASE OF PLASMA LE\TEL OF FACTOR VII
GRADED DOSES OF VITAMIN K. IN VITAMIN

I

BY SUPEROPTIIVIAL
K DEFICIENT RATS

Rat
Vltamin

Dose
vc/LOO

Time
minutes

K1

ç
Factor VII

seconds percent

296 50 "o

450 40. o

lto 20"0

468 10.0

470 5.0

L34 2"5

0
36
65

108

0
2n

65
94

120

0
35
63
92

LzL

o
30
62
94

L24

o
30
60
93

L2L

0'
33
62

L42

o
20
40
70

100

L25

199.5 200.3
91 "3 95.6
72.2 7L.4
54.2 56.4

2I4"O 208"4
93.6 87.8
70.6 69.6
64.4 62"8
60 "4 61.6

199.0 203.8
82"6 79"g
62 "6 64"6
57. I
52.8 53.0

294.O 289.O
117"8 119.8
83.4 83.4
66.2 67 "662.7 60.0

155.6 I51.4
90.4 88.6
7! "2 7L "O65.8 66"0
53.6 53,8

160,8 L54"4
I12"6 116"6
81"0 83.6
64.4 62"8

I72.O 168"0
138"0 l-40 "2
93.5 85 "761.0 58.4
57.O 56.8
56.4 54.6

3"1
L4,5
25 "O
42"O

2.8
r5"8
26 "O
31"0
35 .0

3.O
'to ,i

32 "O
38"0
46 "O

1,5
9"0

18"5
28"5
35"0

5.3
16.0
2-õ "5
29.2
45.O

8"0
16"0
30"0
50 "o

qq

13.0
2L "I
39.6
¿*.+. o

47.O

455 0.5

(Figure 3)
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Tab1e V

INCREASE OF PLASMA LEVEL OF

GRADED DOSES OF VITAMIN K.
I

FACTOR VII BY SUBOPTITIAL
IN VITAMIN K DEFICIENT RATS.

Vitamin K.,

Rat u*)îã3 * 
^ Tfms

minutes
Factor VII

seconds percent

+ÐD 0.5

4L7 0"25

+LO 0.062

0.016342

U

40
70

100
L25

U

30
88

105
140

0
29
70

r05
135

o
30
oo

101
135

L72"O 168.0
93.5 85.7
61"0 58.4
57 .O 56. 8
56.4 54.6

200,2 200"4
I84"4 L78"4
LOz.2
91.0 87.0
88.8 89.4

9"9
27.r
39. 6
44.6
47.O

9.5
TL.2
22.O
25.5
27 "O

L47 .O 148,6 I "4L43"4 138"8 10.5
L32"2 L27 "6 L2,O
Lzt.6 120.5 13.6
96.6 96.0 19"8

r70 "6 L76.6 7 "2167.0 t63 "4 7 .7
165.4 168.2 7.8
r44.4 L48"4 9.4
L40.2 L44.2 10.0

(Figure 4)



TABLE VI o4

EFFECT OF INCREASING DOSES

NEOUSLY WITH O.5 pg VITAMIN
PLASMA LE\rEL OF FACTOR VII

OF \YARFARIN ADMINISTERED SIi\ruLTA-
I(1,/100 g ON THE INCREASB OF Trm

IN VITAMIN K DEFICIENT RATS.

Rat Vj.tamln K1

!¡cl100 s
Warfarin

¡.rgl1009
r 4¡¡rg

*:-..+^^uttllu uEò

Factor VII
seconds percent

+JC

297

331

296

183

0.5

o.5

o.5

0.5

o.5

5.0

10.o

25.0

50.0

5.O

o
40
70

100
125

0
30
63
90

L20

U

30
60
90

120

0
30
60
90

L20

0
30
bU

100
130

0
50

TL4
165

330

L72.O 168.O 9.9
93 

" 
5 87.5 2L "L61.O 5A.4 39.6

57.O 56.8 44"6
56"4 54"6 47.O

242.8 250.0 I "4
205 .7 2L4,2 11 .5
L45"6 140.8 r7"0
116"8 rzL.6 2L.O
99.6 102.6 25 .O

L22"O 128.0 r3.0
L26.2 132.8 !2"5
L28.4 r36"4 L2.2
112"0 115.6 15.0
103.0 99 "4 17 "O

159.6 170.O L4.5
164.6 168.0 14"5
183.8 190.0 L2"5
182.0 186.2 L2.4
176,8 L77.4 13.5

364"6
362.2
379 "4
379 "8
293"6

93,5
92"6
96.6

1o5.6

6"4
6.4
6.0
6.O
7.8

92.O 13.O
92 .2 l_3.0
98"0 Lr "7104"3 10.0

(Figure 5)



EFFECT OF CONSTANT DOSE RATIO
IN VITANIIN K

TABLE VII

OF VITAI{IN Kl AND I'/ARFARIN (1 : 10)
DEFICIENT RATS.

Rat Vitamin K1

vc/roo s
Warfarin
vc/LOO s

Time
minutes

Factor VII
seconds percent

477

444

425

432

0.5

2"5

5"0

50.0

5.O

25.O

50"0

500. o

o
30

.69
96

135

U

30
75
94

140

0
30
65
96

135

0
30

'67
96

139

203. O 206.3
L42.6 L44.8
85.4 88.9
83.6 82.3
76.2 73. B

195.0 197.O
161.4 164,5
L3r.2 133.8
149.8 L47.8
138.8 1s9.8

234"A 239.2
2I4.O 2L2.2
LAz.2 r88.0
I79.2 L42,6
L76.8 178.O

2L2.O 210.8
106"4 100,8
76.2 74.8
7L.2 69.6
63.6 61.8

3.0
6,1

16.5
L7.5
22.5

3 "25
4.6
7.2
5"7
6.5

2.2
2.7
3"7
3.9
4"O

2.8
12"O
22 "5
26.O
33"0

(Figure 6a)
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TABLE VIII

EFFECT OF ONSTANT DOSE RATIO OF VITAI{IN K1 AND WARFARIN (1 : 10)
IN VITAMIN K DEFICIENT RATS"

Rat Vitanin K1 B

Pg,/100 g
lìrarf arin
ugrllOo g

Time
minutes

Factor VII
seconds pêrcont

297

406

432

433

0.5

2.6

5.o

50.o

5.0

25.O

50"0

500.o

U

30
63
90

L20

0
30
60
92

L23

o
30
60
90

L20

0
30
63
90

L20

242.8 250"O 9,4
205 .7 2L4.2 11 .5
145"6 140.8 L7.O
116.8 LzL.6 2L"O
99.6 102.6 25.O

100.0
10o.4
1O3.6
LOz.4

95.4

L69.2 l_73.8
175.8 173.8
L45.O 150"8
L44"O L46.4
141.6 143.8

144"2
110.4

76.2
65 "4
58.6

LOz.4 !2"5
100"6 12"5
98.8 Lz.A

104 
" 
6 L2.O

94"2 14.0

4.2
4"1
5o7
6"O
6"2

L42"6 6.1
116"0 10.I

77 "5 2L.5
65.4 29"5
56,8 38.5
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TABLE IX

EFFECT OF CONSTANT DOSE RATIO VITAMIN
IN VITAMIN DEFICIENT

I(1 AND WARFARIN (1 : 20)
RATS.

Rat Vitamin K1 :

$g/LOO s
Warfarin
pC,/10o g

Time
minutes

Factor VII
seconds percent

331 0"5

405 5.0

296 1o. o

353 20"0

330 50"0

35t

10.0

100.0

200.0

400.O

1r000.0

t22.O 128"0
L26.2 132.8
l-28.4 136.4
112.0 115.0
103.0 99.4
96.4 100,4

240 "4 237 "O2L7.4 2L4.8
244.8 238.8
230.0
2L7.8
287.O

0'30
60
88

U

30
60
90

L20
190

o
30
60
90

L25
1_90

20.0
19. O

18.5.
22.O
25.O
26.O

4.4
5.2
4.4
4.O
5"2
3"3

2L "ç)
23.5
20.5
19.5

4"3
5.7
6"0
9.2
7.6

3.3
L2"5
20.0
23"O
25,5
29.O

5"2
17 "5
22.O
27.O
26.O
31. ö

94.4
85.O
95,2
96" 8

91 .6
88" I
96"4
98.4

500"0 10, ooo.0

230.8 233.8
r97 "4 L92"2
187.6 L93"2
L54"6 146.8
166.6 165.O

2A3 "2 28,0.8
t26"2 L29.O

97 .O 93. 6

87.5 82.6
81.6 82.6
'14.4 72.O

2L4.8 2r9"2
10s"4 LOz.2
92"4 85 

" 
4

79.O 77 .8
8L.2 80.6
69.2 74.6

0
32
58
87

L20

U

30
60
95

L2B
190

0
30
60
95

130
190

(Figure 6b)
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EFFECT OF CONSTAI{'T DOSE RATIO
IN VITAMIN K

TABLE X

VITAMIN K1 AND WARFARIN (1 : 20)
DEFICII]M RATS.

Rat Vita¡n1n
pell0o

Kr3
c

Warfarin Time
pe/LOO e minutes

Factor VII
seconds percent

406

311 o,5

5.O

329 50.0

500.0

10.0

100"0

1 , O00.0

10 ,000 .0

0
30
60
90

120

o
30
60
95

L25

0
30
60
90

L20

0
30
60
90

L20

156.0 154.5 6.6
148.0 I47 "4 7.5
138.5 138"0 8.5
112.0 114.0 Lz.O
89.O 89.6 18.O

270.O 268.6 2"7
239,8 240.6 3.3
248.0 250.0 3. I
234.0 236.0 3 "4
224.0 226"0 3"7

166.8 168"O
90.0 91.8
69.O 69.8
66.O 68.0
66.2 66. O

6.2
17.0
27.5
28.5
30. o

350 250,2 252"2 3.0
9L"2 92.4 L7.5
72.O 72,6 26.0
67.6 68.2 29.O
63.8 64"4 31.0
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EFITECT OF CONSTA}IT DOSE RATIO
IN VITAMIN K

TABLE XI

VITAMtrN K1 AND WARFARIN (1 : 50)
DEFICIENT RATS.

Rat Vitamin K1

Fg,/fOO e
: lltarf arin

¡rg,/10o g
Factor VII

seconds Percent
Time

minutes

331 o.5

342 5,O

344 50.0

353

2r5OO"O

500 "o 25 rOoO.O

395.0 392"0 2"O
326.6 327 "2 2.6
299 "O 299 "O 3.1
29L.2 294"6 3"2
272"0 276.6 3"6
296.8 284"2 3.3

109.8 1L2"6 15.5
LLz"2 LL6,4 15.0
112.8 115.4 15.O
LLL"2 107,0 16,0
114.8 115.6 15.0
L28.4 L29.4 L2"O

235.6 23g"6 4.5
159.0 154.8 8.8
108.4 110"6 16.0
100.6 LO2"6 18.0
94"8 92.2 20.5
90.8 2L.5

165.0 157.6 8.4
119.0 119"8 14.0
89.8 97.O 20.0
gg,4 89.2 22"5
74.2 74.3 30 . O

65" 6 64"0 37 .5

25.O

250.O

0
30
60
93

]-27
180

o
30
60
92

, L28
180

o
30
60
87

L23
180

o
27
60
89

L23
180

(Figure 6c)
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TABLE XII

EFFECT OF CONSTANT DOSE RATIO VITAMIN K1 AND IVARFARIN (1:50) IN
IN VITAMIN K DEFICIEIIIT RATS

Rat Vitanin
pe,/100

K1 2

e
Warfarin Time
þ¡g,/100 e minutes

Factor VII
seconds percent

299 o.5

343 5.0

296 50.o

202"0 208.0 5.2
199.3 190.8 5.7
L84.2 180.2 6"3
195"4 191.0 5.9

94.6 95 .4 16.5
91.6 92"2 17.O
89.O 90,0 l8.o
93.6 94.6 16.5
95.2 96.6 16"0

215 . O 224 .O 4.7
120.0 110.O 14.5

85 "2 87.0 24.O
67 .4 69,2 37.0

25.O

250.O

2 r50o.o

o
30
60

130

o
30
60
92

1.25

.o
30
60

130
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EFFECT OF OONSTAIfT DOSE RATIO
IN VITAMIN K

TABLE XIII

VITAMIN Kt RttO wenfenru (1 : 100)
DEFICIEMT RATS.

Rat Vltamin
ve/too

K1 !
c

lYarf arin Time
ttS/LOO g mÍnutes

Factor VIf
seconds percent

296 o.5

330

350 5o.o

50.0

5OO.O

5 rO0O.O

5.0

0
30
60

100
130
180
260

o
38
60
90

L20
190

0
35
62
90

L20
190

364.6 350.5 6.4
363.2 6.2
379.4 6.0
379.8 6.0
293.6 7.9
279.O 270.O 8"4
377.O 382"0 6.0

211.0 274"6 4"9
187.6 lgl "O 6.4
169.8 l-75.4. 7.2
182.0 187.O 6.3
243.O 244"L 3.9
243.8 239.4 4.3
409.O 419.0 1.5
L40"2 L24"4 11.0
10o.6 gg,2 19.0
84.4 88.4 24.O
78,4 91.6 27 "577.4 79.2 29"O

(Flgure 6d)
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TABLE XIV

EFFECT OF CONSTANT DOSE RATIO VITAMIN K1

IN VITAMIN K DEFICIEI{T
AND WARFARIN (1 : 500)
RAÎS.

Rat Vitanin
pg,/100

ITarf arin
ps/Loo g

Time
mlnutes

Kl ':
c

Factor VII
seconds percent

330 0.5

296 20,o

187.8 186.4 6.2
185.4 187.0 6.2
191.4 186.8 6.1
200.2 200.8 5.4
205.8 20O"o 5.3

208. 6 205.o 5.2
163.0 6.0
137.8 10.5
135.4 136.6 11.0
152.8 L45 .2 9 

" 
3

153.4 155.6 8"6

l-30. 6 L30 .2 11 .5
LOg.4 105.2 16.5
93.2 93.O 24"O
9L"4 94,O 24.O
93.6 84. I 25 .O
69.8 69.2 35.5

250.O 0
33
64
92

L25

351

10 r 00o.o

40.o 20, O0O"o

o
31
63
93

L2L
198

o
32
65
95

L2s
L87

(Flgure 6e)
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TABLE XV

INCREASE OF PIASMA LE1EL OF FACTOR

MIN K1 IN AI{IICOAGiILAI{I
VII BY GRADED DOSES OF VITA-
PRETREATED nATS.

Rat Vitamin K1
pg,/foO S

Time
minuteg

Factor VII
seconds percent

401

398

375

309

345

60"0

40.o

20.o

LO.O

o
37
70

107
137
190

o
57

L47

0
65

1_59

250

o
40
68

t20

o
38
70

L25

543.0 548.0 1.0
96.4 99. O L9 "274.6 74.4 32.O
69.8 67.2 36.0

424"0 442.0 L.4
98.8 101"8 18.8
70.4 72,O 33.8
63.4 63.6 41.0

606.0 594"0 1.O
L75"2 180"0 7,O
L3L,2 r38.8 11.0
111.8 107.8 16.0
103.8 L07.0 18.0
85,6 86.6 25.O

296.6 301.2 1.1
L67.9 166.3 4.2
130"8 L26.8 8"0

315.0 310.0 0.9
299,4 290.O 0.9
258.8 254.2 1.0
3L9.2 319.4 0.9

5.0

(Figure Ð
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TABLE XVI

INCREASE OF FACTOR VII,PROTHROMBIN, AND

VENOUS DOSE OF 40.0 prg VITAMIN X1l1O0 S
RAT.

I.+

FACTOR X AFTER A SINGLE IMRA-
IN THE ANTICOAGUI.A}IT PRETREATED

Tlme
minutes

Factor VII
seconds . Percent

Prothrombin
seconds Percent

Factor X

seconds percent

0
15
30
60

L20

424"O 442"O
285.O 286.0
98.8 101,8
70 "4 72"O
63"4 63.6

48.O 47.6
43,8 43.8
40.8 39.8
36.4 36,2
34.0 35.O

L.4
2"4

18.8
33.8
41.O

19.5
23"O
36. O

46.0
55.O

24.8
2L"6
16, O

14.8
13.9

23.4 2;O
2L"4 3"5
L6.4 16.0
15.0 23,O
13.6 34"0

INCREASE
NOUS DOSE

TABLE XVII

oF FACIIOR VII, PRÛTHROMBIN, AND

oF 4o.O pg VITAMIN K1l10o g IN

(Figure 8)

FACTOR X AFTER A SINGLE INTRAVE-
THE A¡TÎICOAGULANT PREÎREATED RAT"

Time
mlnutes

Factor VII
seconds percent

Protlrrombin
seconds Percent

Factor
seconds

VII
percent

o
30
60

L28

435.O
118.0
72"O 73" I
58"8 60.6

46.O 46.6
43.8
37.8 38.8
34"7 36.2

1.O
9.0

26.O
36.0

19.5
23"O
35"0
44"O

24.8 23.4
19"4
14"8 15.0
14.O 14.8

2.O
7.2

23.O
27 

"O
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EFFECT
CREASE

OF
OF

TABLE XVIII

S IMULTAI.TEOUS ADX{IN ISTRATION
FACT0R VII BY VITAMIN K1 IN

RATS.

OF WARFARIN ON TIIE IN-
ANTICOAGULANT PRETREAT-ED

Rat Vitamin K1

¡rg,/100 g
: IYarf arin Time

¡rg,/10o g minutes
Factor VII

seconds percent

366 40.0

398 40.0

376 20.o

42L 20.0

377 20.0

385"0 395.0 1.6
96"5 9L"2 zL"O
73.8 74"L 32.O
68"0 69.0 35.0

424.0 442"0 L,4
98.8 101.8 18.8
7O.4 72 "O 33" I
63.4 63.6 41"O

619"4 64r.4 1.0
151 "4 135.8 9.0
L28.2 L27 "O 15.O

657.0 660"0 1"0
L76"4 185.8 6.6
L24.2 116,8 13"5
108.6 1O9.6 16.2

545.0 1.0
107.6 108.4 L6.2
98.6 100"4 18.0

LL3.2 111.8 16.5

20.o

20.o

20.o

o
45

105

o
30
72

L20

o
40

100
160

0
35
70

Lt2

0
38
70

L25

(Figure 9)


