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STRACT ' ‘ '

(\‘ . s 2' 3"
Vitamin K, has been separat by C into 1its A °

isomers to a purity of better than 99% as {ndicated by TLC and NMR .

- trans and cis

The activities of the two isomers have been compared in vit. K deficient
and coumarin anticoagulant‘pretreatetfl rats. In vit. K deficient rats the
cis 1somer had 1.5% of the potency of the trans isomer with 5 percent
fiducial limité' at 1.17 and 1.9-2. In coumarin pretreated rats che'cis ’

j i '
isomer had 11X of the potency ‘of the trans isomer with 5 percent M&l

limits at 9% and 13Z. Comparable results were obtained after addition

,QLthe;;;ér isomers to liver slices and microsomes from vit. K deficient

rats. ' .
Catalytic reduction of the 2',3'-double bond leaves the activity of
the trans isomer unchanged, but increases that of the cis isomer to that

of the trans isomer., -

The results can be explained by the hypothésis that the mechanism of

" action of vit. K involves proton transport across a-lipophilic nmbrane

structure, and that thT difference between the activity of the trans and
cis isomers ariua from the different lgatial orientation of the phytyl

side chain.
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‘ ‘* 'La vitamine I(1 a &t& séparée par CCM (chromatographie sur couche .
. ™ B R \ . ! ' ' ‘q\ } . ! ' . { .
% mince) en ses isoméres A2 r3 -trans et cis, @ un degré de pureté supérieur

& 99%, comme cela a &t& démontré ‘par CCM et RMN. L'activité de chaque
isomére a étélcomparée chez des rats déficients en vitamine K ainsi que
che'z des rats préalablement traiéés avec des anticoagulants de type
coumarinique. Chez les rats défic'ier;ts en vit;mine K 1'activité de 1'

, 1somére cis n'est que 1.5% de celle de 1'isomdre trans, admettant comme
limii:es de confiance 1.1% et 1.9%, avec 52 de certitude. Chez les rats,
préailablemen; traités avec des anticoag}x\ants de type coumarinique,
l’isoqére cis :x'a que 117 de 1'activité de l'isomére trans, admettant
comme limites de confiance 9% et 137, avec 57 de certitude. Des résultats: :

L

semblables ont &t& obtenus aprés 1'addition de chaque isomére @ des

" ,

déficients en vitamine K.. ' v

Lar

ction catalytique de la liaison double situfe & la position ) |

2',3", ne change pas 1'activité de 1'isomére trans, mais augmente celle

. de I"igomire cis @ la valeur de 1'activité de 1'isomére trans.

¢

o Les résultats peuvent &tre expliqués admettant 1'hypothése que la
vitamine K participe au phénoméme de déplacement de protons 3 travers
. une membrane lipophile, et que la°différence entre 1'activité de 1'isomére

trans et celle de 1'isomére cis provient de la différente orientation . i

— oy

\v

spatiale du radical phytyl.
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Mechanism of blood coagulation

a

The molecular basis of blood coagulation is the transformation of

A

a soluble plasma protein, fibrinogen, to an insoluble protein, fibrin,
This transformation is initiated by the action of an enzyme, thrombin,
whereby two pa‘ys of small polypeptides (fibrinopeptides A and B) are
split from the fibrinogen molecule (1,2), thus removing mos.t of the
charges as well as changing the conformation of the fibrinogen molecule.
i‘he resulting fibrin monomer aggregates spontaneously to fo{m an
insoluble fibrin polymér. By the action of another enzyme, factor XIII
(clot stabilizipg factor) covalent bonds are formed between Y glutamyl
and £ lysine residues of adjacent fibrin monomers (3,4). It 1is this
last reaction which gives to the bf%d clot its elasticity and tensile
strength.

Nornglly, blood does not coagulate because thrombin is present in
an inactive form as prothombin or factor II. Under physiological
conditions the activation of~ prothrombin to t)hrombin only occurs when
coagulation is required to prevent lqss of blood resulting fpm damage
to the cardiovascular system. There are two mechanisms by which this
activation can be initiated through the sequent:lali éctivation of a
number of plasma protein clotting factors (5,6).

In the first mechanism fa;:tor XII becomes activated on contact
with damaged endothelfum (7,8), the active factor XII then activates
f.ac'tor XI, which i}n turn activates factor IX (9). Active factor IX then
forms a conple(x with factor VIII and factor X on the aqueous interphase
of phospholipid derived from the sinu‘l‘tnneo;m disintegration of platelets

(platelet factor 3) @ The formation of this complex is also dependent
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~ by antithrombin. Om the other hand, this mechanism may also serve to

m; the presence of calcium ion and results in ghe activation of
factor X (10,11, 12,13). Active factor X forms a similar complex with
factor V and factor II to activate factor II to thrombin (14,15,16,17,18).

In the second mechanism, tissue fragments enter the blood after
injury and, 1in the presence of calciuwm ion, activate factor VII. The
particular tissue component which activates factor VII, known as
thromboplastin, is thought to be a phospholipid rich fragment derived :
from the plasma membrane or endoplasmic reticulum (19). Active factor VII
in turn activates factor X (10). Active factor X interacts with
factor V and factor II to form a complex held together by calcium fon
on the aqueous interphase of thromboplastin. This leads to the ‘
transformation of factor II to thrombin.

The two mechanisms, therefore, converge in their final reaction and
differ only in the manner by which factor X ia activated and in the
nature of the phospholipid involved. The first sequence of activation
is called the intrinsic pathway or mechanism, since all of its components
are derived from the plasma, - while the second is called the extrinsic
patﬁxway or meshanism, because one of the components, thromboplastin,
is derived from outside the plasma. Fig. 1 gives a summary pf the

sequence of reactions.

The sequential activation results in the amplification of the initial 1
stimulus to produce a rapid rate of thrombin fomtio:;. For coagulation
to occur, the rate of formation as well as the amount of thrombin formed 1
are important. Free thrombin will be ivniialile for action on fibrinogen

only 1f {ts rste of formation {s greater than its rate of inactivation




"

TR 0

7ig. 1. Cascade mschanisa of blood cosgulation.

Xil Xlla

Xl Xla
X Xo ) tissue thromboplastin

vin | y Ca™\

C Cl“ \ ﬁVIIo Vil
Pli) :

4

X

: &

. Pho&phohpni

» 1

Ia

77\

Fibrinogen  Fibrin monomer
. .

Fibrin'polymu
| Xilla

! % Cao"™
Fibrin

¢

9”’
¢

- . \
’ ¢ . . | N ! ]
S PRl . 1

Mo e e S————— oot}



- g 8 s

g

.t

filter out weak initfal stimuli under conditions where coagulation
does not serve a physiological purpose. The sequential, cascade or
waterfall-like activation of a qéries of plasma proteins appears to be
a general mechanism by which plasma kinases like the plasminogen, the
kallikrein, and the complement system are activated.

Until recently, most of the research in blood coagulation was
descriptive or phenomenological. It was only after techniques for the
fsolation and pu;'ification of minor plasma proteins\ had been developed
that the blochemical basis of the clotting mechanism could be studied.
Four of the clotting factors (factors II, VII, IX and X) have been shown
to be serine proteases (20,21,22). These four factors have certain
common properties; they are present in plasma as inactive precursors,
they have gaﬂ high capacity to bind calcium ions and they can be removed

from plasma by adsorption on barium sulfate. After activation they can

also hydrolyse simple esters of basfic amitno acids, like arginine and
lysine, and they are inhibited by diisopropyl fluoro phosphate (DFP).
In sddition, one of the fat soluble vitamins, vit. K, is required for
their formation, since in its absence the}f activities in the plasma
decrease, Partial amino acid sequence ajﬂalysis indicates that the
four clotting factors show a high degree of homology and it has been
suggested that these proteases have evolved from a common ancestral
gene bygge;e duplication and trenslocation (20).

The best characterized of these four factors is prothrombin because,
compared to the others, it is present in plasma in rxelatively high

concentrations (10-15 mg/100 ml) and, therefore, its isolation and

L
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purification are comparatively easy. Prothrombin is a single chain
glycoprotein with a molecular weight of 68,000 - 72,000 with an
N-terminal alanine (23,24,25). It has recently been shown that the
calcium binding capacity 1s localized at the N-terminal of the peptide
and 18 due to the presence of a new tricarboxylic amino acid ¥y
carboxyglutamic acid, of which there seem to be present from 10 to 12
units (26,27,28). During activation by active factor X (Xa),
prothrombin is cleaved into two parts; they are prethrombin 2, which
carries the masked active site, and fragment 1:2, which carries the
calcium binding sites (29,30). Factor Xa also activates prethrombin
to thrombin by cleavaging into an A and a B chain with simultaneous
unmasking of the active site, the two chains being held together by a
disulfide bond. The amino acid sequence of the B chain of thrombin,
vhich contains the a\ctive site, shows a considerable homology with other
serine proteases (28). The various steps of prothrombin activation
are summarized in Fig. 2.

Active factor X, thé enzyme respc;nsible for the cleavage of
prothrombin, 18 a two chain serine protease (mol. wt. 46,000) held
together by a disulfide bond(s) and is derived from 1its inactive
precursor, factor X, by either the intrinsic or extrinsic coagulation
system. During act_ivation a peptide 18 split frot: ‘the N-terminal of
the heavy chain to unmask the serine active center (10). The actiwvation
of factor X is, therefore, sinu,'ar to that of the prothrombin with one
important difference, the calcfl.um binding sites which are on the light
chain do{ not dissociate during ghe activation proceas.a

Factor V is a high molecular weight (about 290,000) cofactor or
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Fig. 2. Schematic outlime of prothrombin sctivation.
1 and 2 sites of action of factor Xa on prothrombin.
3 site of action of factor II om F1.2 fragment.
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( regulatory protein which facilitates the interaction between factor Xa

and prothrombin (15,17,29). The other components of the prothrombin-

-

factor X activation complex are phospholipid and calcium ions. The
function of the phospholipid is to provide a surface onto which the
proteins are bound (15). Prothrombin and factor Xa are bound to the
phospholipids through their calciym binding sites, while the interaction

between factor V and phospholipids does not require calcium ion.

e ———E g o~ o

The activ‘ation of prothrombin is further complicated by the fact
that the product of the activation, thrombin, can degrade prothrombin
into prethrombin 1 and fragment 1 and can degrade fragment 1:2 into
fragment 1 and fragment 2 (30). Whether these reactions o;:cur under -
physiclogical conditions is at present not certain.
The molecular basis for the initial reaction of the intrinsic system,
_activation of factor XII on contact with collagen or damaged endothelium
AN
e (contact activation), is only partly known; factor XIla converts

factor XI to an enzyme (Factor XIa) which activates factor IX (31).

The complete structure of factor IX is not known, but appears to be

-
. .-

1
b
¥

" similar to that of factor VII, factor X end .prothrombin (20).
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Vitamin K

The signs of vit. K deficiency were originally observed in 1929
by Dam (52,33) who noticed bleeding and slow clotting of. the blood in
chicks kept on an almost lipid free diet. Similar results were reported
by McFarlane (34). Dam showed that the symptoms did not appear when
the diet was supplemented with large amounts of cereals; hemp seeds, and
similar vegetable sources (35), but not by any of the then known
vitamins or dietary factors. D‘am, therefore, assumed the existenge of a
new fat soluble vitamin necessary for normal blood coagulation which he
called vit. K (in German Koagulation Vitamin, (36)). In 1936 Schonheyder
at Dam's Institute was able to trace indirectly the coagulation ~iefec:t:
to a lack of plasma prothrombin (37).

y

Almquist et al (38) showed that the vitamin can alzo be formed by
bacterial putrification of fish meals, and that in addition coprophagy
could serve as a source of the :ritamin‘ because of the formation of
vitl K by the intestinal flora (39). With this infomaéion Dam in
collaboration with the Swiss chemist Karrer undertook the isolation and
chgyxical identification of the vi.tamin from alfalfa and reported the
partial tiharacterization of a yellow oil with high activity (40). In
the same month, Doisy et al reported i;olation of the same oil from
alfalfa and of a crystalline substance with similar activity from
putrefied fish meal. In May of 1939, Doisy's group identified the oily

substance frm alfalfa as vit. K. and the crystalline substance from

1
puffeﬂed gardine meal as vit. K, (41,42). Doisy's group established
the structure of vit. ll‘“ 2-gethyl-3-phytyl-l, 4-naphthoquinone (I).

This structure was confirmed by chemical synthesis in :eve/ral labora-

w.\a )
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f (' tories (43,44,45).
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' ™
CHy [ cH, CH,
1 |
' , CH,f CH=C~[CH,~CH,~CH,-CH] -CHj
| o A
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The structure of vit. K2 was shown by Doisy (46) to be 2-methyl-3-
difarnesyl-l,4-naphthoquinone (II). Later studies by Isler et al
showed that vit. Kz was predominantly 2-methyl-3-digeranyl farnesyl-l,

4-naphthoquinone . (47,48).

0 . i
CHy " cn, CHy
1 .
CH,-CH=C - [CH,~CH,~CH=C]- CH,
O ) i/LCH?\\, ’ ’ |
I[ » N=5
‘ Ila, n=6

The two vitasmins diff'er’, therefore, only in the number of carbon atoms
ami thé degree of unsaturation of the aliphatic side chain at the 3-
position. The nomenclature of biological ;[uinonen has been standardiged
\by the Ixitemation(al Union of Biochemistry (IUB). According to this

Il
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nomenclature the official name of vit. K, is phylloquinone, and vit. K,

menaquinone, with a subscript fndicating the number of isoprenoid units

1

of the side chain at the 3-position, for example vit. K2(5) or
menaquinone (5)° denotes vit. K2
units (49).

In man and most other animals a simple dietary vitamin deficiency
does not occur. Even if it 1s not supplied in the diet, synthesis by
intestinal flora can serve as a source of the vitamin. In some animals,
such as chicks or rats, absg\rption from the intestine is- insufficient
and vit. K deficiency will develop after feeding a‘:‘vit. K deficient diet
and preventing coprophagy. Vit. K deficiency can occur as a result of
failure of intestinal absorption, either because of the absence of bile,
which 18 required for the saponification of the vitamin, or in certain
malabsorption syndromés. The first demonstrations-of thbﬁ«:@l
vit. K in humans, were carried out in 1937 and 1938 (50,51) when oral
ingestion of concentrates from alfalfa or even putrefied fish meal was
used to treat patients with hemorrhagic diathemsis due ¢>l:o jaundice. \
Vit. K deficiency can also be produced in animals by diverting the
secretion of bile into the intestine (52,53). Inhibition of baéterial
synthesis by antibiotics or sulfonamide drugs has been reported to.
produce vit. K deficiency (54,55). Germ-free animals also show vit. K
deficiém:y (56). Newborns, p;tgicuhrly premature newborns, ;requntly
show a bleeding tendency which has been attributed to vit, K deficiency
bacause of insufficient b’acterial synthesis.

In 1941 Campbell and Link 1solated and identified the substance

~ gy,

with 30 carbon atoms or with 6 isoprenoid

o
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responsible for the clotting defect producsd by ;feediné animals with
spoiled sweet clover, dicoumarol (3'3-methyl'bis'(4-hydroxy-coumarin))
(57,58). Dicoumarol was found to produce a coagulation, defect identical
with thatoof vit. K deficiency and, moreover, the defect could be
reversed by vit. Kl (59). \

With a better understanding of the coagulation mechanism a more
precise definition of the clotting defect produced by vit. K has becom.e
possible; it is now known that vit. K specifically lowers the plas
activity not only of prothrod[l;in but also of factors VII, ix anci .

At the same time, none of the other co/mponent:s of the clotting system
like fibrinogen and factors V, VIII, “tl ?I}d XII are directly affected.
The effect iof vit. K seems to be lzhgx:l.t:e\&vl /to the coagulation systen,

since nb other symptoms or defect have been directly related to K

|
deficiency.
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Mechanism of action of vitamin K

Addition of vitaming to blood from normal or vit. K deficient
animals was found to have no effect on coagulation (60). '“Qiepeated
attempts to demonstrate the presence of vit. K in the prothrombin
molecule were likewise unsuccessful or inconclusive (61). An‘
intracellular site of action was indicated by the experiment of
Lupton (62) who demonstrated that the perfusion of blood from coumarin
ani:icoagulant treated animals through livers from normal animals
increased the prothrombin level, while by perfusion through livers from
coumarin anticoagulant pretreated animals had no effect,

-

The first suggestion of a possible mechanism of action of vit. K

s
at the molecular level was made by Martius in 1954 (63), when he
reported that mitochondria from vit. K deficient chicks showed decreased
P/0 ratios. Mart‘fius concluded that vit. K was a component of the *
terfiinal electron transport chain that was necessary for the coupling

of electron transport and ATP formation (oxidative-phosphorylation).

* Additional, but indirect, support for this explanation was provided

by the finding that addition of dicoumarol to mitochondria 'from normal
apimal‘s uncoupléd oxidative-phosphorylation. On the other hand,

'mitochondria from coumarin anticoagulant treated animals showed normal
ratios (64). Martius et al published a series of additional papers to

substantiate and extended their findings (65) and for several years

- the concept tPat vit. K was involved in oxidative-phosphorylation was

[
generally accepted and incorporated into bilochemical text books.
Several investigators tried to study the possible mechanism by which

vit. K could participate in high energy bond (ATP) formation in model
! .-

—— =
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systems. While many of these experiments added to our knowledge of
|
the chemical reactivity of the\vit. K molecule, they have been found

|

1 s
to be of no biological signifidance. For example, Wieland (66)

proposed the phosphorylated hydroquinone of vit. K as the active
intermediate and obtained experimental evidence that oxidation of
hydroquinone by iodine, in the presence of ADP and inorganic phosphate,
can result in ATP formation.

Lederer et al (67) assumed cyclization of vit. K to a phosphorylated
chromane because bf the presence of a double bond in the 2' 3'-position
of the phytyl side chain. Matschiner isolated the 2,3-epoxide of
vit. X, from liver (68) and postulated .that its formation from and

1

retransformation to vit.‘k1 iﬁ part of'the mechanism of action of the
vitamin (69,70,71,72). However, at present it is not certain that the
epoxidation reaction plays a functional role or is simply a metabolic
transformation of the vitamin (73).

Gradually, evidence accumulated that contradicted Martius' findingg
when a number of investigators (74,75,76) were unable to corfirm that
mitochondria isclated from v;;amin K deficient animals have a lower
P/0 ratio than those from normal/animals. Mitochondria from animals
treated with the 2-chloro analogue‘of vit. Ki (2-chlore-3-phytyl~1,
4-naphthoquinone), a competitive antagonisg with a high anticoagulant
activity, also have a normal P/0 ratfo (75).

It appears th:; the original results of Martius were obtained w%qh
animals that were in the terminal stage of hemorrhage, so that the
mitochondria were ﬁfobably damaged by lysosomal enzymes liberated during

severe hepatic anoxia due to poor blood flood through the liver. In

-
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( retrospect, it seemd\ remarkable, in view of the specificity of the
i effect of vit. K deficiency in intact animals, that this concept was
ever seriously reconsidered because Intérference with a process as
[ essential as oxidative-phosphorylation would be exp;cted to produce
more generalized effects.
The question of how a fat soluble vitamin could specifically affect

the synthesls of four plasma proteins, therefore, remained unsolved.

»

R T U B e ST,

By 1964 the general outline of protein synthesis had become known
and a different approach to this question became possible.u Olson
(77,78) reported that Actinomycin D, an inhibitor of DNA-dependent
messenger RNA synthesis, inhibited the response of vit., K in vit. K
g . deficient chicks and dicoumarol pretreated rats;'he concluded that
vit. K acted by derepressing a repressor protein which regulates
synthesis of the messenger RNA for the four clotting factors that make
uﬁ ghe prothrombin complex. Other investigators were unable to confirm
these findings. Johnson (79), Suttie (80) and Hill (81) found that
Actinomycin D did not iThibit the response in vit. K deficient and

coumarin nnticd;gulant pretreated rats. Similafly, experiments using

?x, 1solfted organs or tisgue preparations did not confirﬁ olsPn'a results
ad (80). | |

Results similar to those of Olson were obtained in other laboratories
with Pura-ycir gud Actidione \an inhibitor of protein synthesis at the
stage of peptide formation at the ribosomal level. However, the

experimental design of these experiments was difficult to evaluate’

because of the systemic toxicity df theese inhibitors. For

\
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example, by using liver slices and homogenates from coumarin pretreated
or vit. K deficient rats it was possible to show that Puromycin did
not block the response to vit. K added "in vitro" under conditions where
protein synthesis was inhibited 98%, as measured by incorporation of
Cll’ labelled amino acid (82). From these‘resultjs it can be concluded‘
that the response to vit. K does not depend directly on "de novo"
protein synthesis, but that the vitamin must act on an intermediate
beyond the level of polypeptide formation. Furthermore, in both vit. K
deficient and coumarin anticoagulant pretreated animals, this intermediate
must i)e present in amounts sufficient to obtain a measurable response
by vit., K in the absence of "de novo" protein synthesis.

Hemker (83) concluded, from an #nalysis of the kinetics of the’
coagulation time (thrombo t,est) of normal plasma, plasma from patients
with chronic liver diseases and plasma from patients treated with H

coumarin anticoagulants, thq}t after treatment with anticoagulants the

SO

plasma contained a protein precursor which acted as a competitive
inhibitor of prothrombin conversion. This protein was later called by
Hemker (84) PIVKA (Protein Induced by Vitamin K Absence or Antagonists).
More direct evidence for the presence of such a f;:nctionally inactive
variant of prothrombin was obtained in 1968 by Josso (85) and Ganrot
and Nilehn (85) with a monospecific antibody against human prothrombin.
Josso found that the plasma of patients on anticoagulant therapy with
low prothrombin activity ;322 ayerage) indicated higher prothrombin
levels when tested against &e antibody. Similar results wer; obtained
by Garnot and Nilehn. These findings were interpreted to indicate the

presence of an inactive, prothrombin-like protein which was possibly,
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but not necessarily, a precursor of prothrombin. Unlike prothrombin,

this precursor was not removed from plasma by adsorption on BaSOa

“and 1ts electropﬁoretic mobiiity was not retarded by calecium ion

(87,88,89). :These observations indicated that it differed from pro-
thrombin in it;xinability to bind calcium ions, a reaction necessary

for physiological prothrombin activation. 3In contrast, agents that can
activate prothrombin in the absence of calcium ions and other cofactors
like staphylocoagulase, or prothrombin specific venomsl(85,90) will also
activate the "inactive" prothrombin. This clearly demonstrated that the
thrombin portion of the abmormal protein is intact. In various
immunological tests the abnormal prothrombin gave a reaction of complete
immunological identity., A similar substance was identified and isolated,
in amount and purity sufficient for identification, from bovine plasma
after anticoagulant treatment. The purified, "inactive'" prothrombin ga%e
the same amino acid, carbohydrate and end group analysis as prothrombin
(90,91), but from a comparison of the ami;o acid sequence analysis and 1
finger printing, (26, 89, 92 it was found that it differs by the absenci
of y carboxyglutamic residues in- the nonthrombin moiety (F.1). From this
it vas concluded that the carboxylated residues are essential for calcium
binding and that carboxylation of specific glutamyl residues takes

place after ribosomal formation of the polypeptide chain. These findings

o

were confirmed by Howard & Nelsestuen (94) and Girardot » Delaney &
Johnson (95). ;he carboxylation seems to be vit, K-dependent, so that
in ic absence of the vitamin there appears in the plasma a non-
carboxylated inactive intermediate, Similarly, functionally huctive“
variants have been demonstrated f:;r the other vit, K-dependent factors *
of the é;nthro-bin*conplax (96,97,98) and'l?cher (99) reported the

presence of y carboxyglutamic residues in bovine factors IX and X.

R



- s Ry e " oa o - o ARSI . oy AN een

i 17 L

In support of this explanation, vit. K-—dependent‘ incorporation of
Cll' labelled CO2 by liver microsomes from vit. K-deficient rats has
been reported from a number of laboratories (95,100,101,102,103,104,105).
Initially Suttie (100) reported that the incorporation was ATP-
dependent, but in later publications no energy requirement could be

demonstrated; either vit, Kl or the hydroquinone of vit. Kl was Jsuffictient

to catalyze incorporatfon (106). Likewise, a requirement for biotin,

the coenzyme for similar known carboxflation reactions, could not be

demonstrated (107). Even more surprising was the finding that simple

glutamyl containing polypeptides could be carboxylated by this cell-

free system in the presence of vit. K or its hydroquinone (105). (
By comparison with similar known biochemical carboxylations, for

example the formation of malonyl coenzyme A’ from acetyl coenzyme A ,

in fatty acid synthesis, there seems to be little doubt that such a

reaction requireé not only the activation of the CO2 to be incorporated, ’ |
but also the activation of the carboxylic acid to be carboxylas.ed.
The failure to demonstrate an energy requirement is at present difficult
to understand. It is true lthatt certain y keto acids like pyruvic acid
can be reductively carboxylated, but the equilibr'imn of this reaction :
is in favour of decarboxylation. Such keto acids probably react in
their tautomeric enol form where the ¥ bond 1is sufficiently sctivated
- for carboxylation to take blace by a mechanism that doaes not r;qu:lte ,
. ATP ar biotin but requires NADPH. A sinilar% wechanisa would be unlikely 1
+» for a carboxylic acid like glutamic acid. There Seems to be little
. doubt that the formation of calcium binding sites by carboxylation of

specific glutsmyl residue IL- invelved in the formation of prothrombin,
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but whether or not this reaction is directly dependent on vit. K and,

if so, by what mechanism still remains to be established.

Chemical structure and vitamin K activity

In 1939, the structure of vit. K was determined and a method for
its synthesis worked out. It therefore became possible to prepare
and test analogues of the vitamin. One of the aims of such studies
has been to establish the structural requirements for vit. K=like
activity, i; the expectation that this might provide inférmation
about its possible mechanism of actiom.

In trying to evaluate and summarize the results of experiments
carried out in various laboratories for more tyan‘30 years, it is )
necegsary to emphasize the differences In the e;perimental conditions. 9
These incluﬂe the species and condition of the animal used to test
for vit. K-like activity. Some investigators estimated activity-as
the ability to correct the coagulation defect in vit. K deficien;
animals (chicks and rats), while others measured activity as the ability
to reverse or antagonize the effect of coumarin anticoagulant drugs
(rats, rabbits, dogs). It has been found that the relative activity
of vit. K analogues may be different in tge two tests, the first of
which meaau?ea the dietary activity, while the second measures the
antidotal activity. Since vit. K is a fat soluble substance, completely
insoluble in water, the metﬁbd used for solubiliration, particularly -
for the preparation of aqueous suspensions sultable for intravenous
1njecc;on, is 1nportant; In additiﬁn, the route of administration
also affecta activity. It has been found that not only the potency,

but also the speed of onset and duration of action depend on these

factors. The method used to measure the activity, the coagulation
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test, also varies greatly. For example some inve;tigators used the
whole blood clotting time, others the one stage prothrombin time or one
of the modifications. Results have been reported as the change of
clotting time in seconds, the increase of plasma level of the clotting
factors as percent of their normal plasma concentration, but often,
when compounds with slight activity were tested, the activity has not
been quantitated at all.

With many analogues, the maximgl effect that can be obtained will
be less, often significantly less, than that ﬁroduced by the optimal

dose of vit. K This can be explained by the hypothesis that in terms

1
of drug receptor interaction, the overall activity of a drug depends on
its ability to combine with a complementary receptor site (i.e. its
affinity) and the ability of the drug recqptor combination to produce

an effect (i.e. its intrinsic activity). Unlike analogues that have
both high affinity and high intrinsic activity and therefore can produce
a maximal response, partial agonists—antagonists possess relatively high

3

affinity buﬁ low intrinsic activity, so that, even at full receptor
occupancy, Fhey do not, produce the maximal response of wh;ch the system
is capable.! When gi;en together with a small dose of an agonist,

there are sufficient receptorf available for combination with both and
the regponse is additive, but:yhen given with a large dose of an agonist,
they compete for receptor occupancy with the more active agonist and
hence reduce its effect (108). When only a eingleldose of an analogue
with low activity is tested partial agonism may be missed. To-date,

only one example of such la partial agonist-antagonist has been fully
demonstrated experimentally for a vit. kl analogue, although it probably

occurs very often (109).
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To simplify the discussion of the structural requirements for

activity, the vit., K molecule can be arbitrarily considered to be
made up of several distinct chemical parts (Fig. 3 ).

1. Naphthoquinoné nucleus

The naphthoquinone nucleus appears to be an important, but not
absolutely essential requirement for activity. Imncrease of its size by
substitution of methyl or methoxy groups in the 5, 6 or 7 position
decreases or abolishes activity (110). Partial hydrogenation results
in a'ma:rked reduction of activity (111). Replacement of the para-
naphthoquinone by a benzoquinone structure results in either a large

decrease or complete loss of activity (109). For example, 2,5,6 -

trimethyl-3-phytyl-1,4-benzoquinone shows partial vit. K-like activity (III).

That is, it behaves as a partial agonist-antagonist. The 2,5 and 5,6~
dimethyl analogues show no activity. It is also of interest to note

.that the phytol analogue of coenzyme Q (IV) the para-benzoquinone found

-

in mitochondria, is completely devoid of vit. K-like activity (109).

2. Para—-quinone structure

A para-quinone structure seems to be an absolute requirement for

vit. K~like activity. Certain estefs of the hydroquinone of vit. Kl

such as acetate, sulfate, and phosphate, show 'activity, undoubtediy
f '

because they can be hydrolysed and oxidized "in vivo"™ to a quinone.

On the other hand, the dimethyl ether of vit. K, which should be more

1
/
resistant to hydrolysis, shows no actlvity (112). The only exception

A9

seems to be & report by Fieser (111) that an isomeric ketonic by-
product (2-methyl-2-phyryl-3,3 dihydro-l, 4-naphthoquinone) (V) abtained

in the synthesis of vit. K shows ‘2% of the activity of vit. K,. When

1.
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a sample of this compound, purified by TLC, was tested recently in our
laboratory it was found to be completely inactive (112).

3. Substitution at the 2-position

#
The requirements for the substituents at the 2-position are found

to be relatively specific. In the naturally occurring vit. K, and K2

the substituent 1s a methyl group. Replacement by a hydrogen atom or
an ethyl group results in a marked reduction of activity, and these
compounds behave as partial agonists—antagonists (111,113). A further
increase in the size of the substituent to a propyl group; 3 carbon
atoms; gives an analogue with very slight and transient activity, and
still larger groups such as butyl; & carbon atoms; and amyl; 5 carbon

atoms; give analogues which are completely devoid of activity (113).

Replacement of the methyl group by a methoxy group gives an analogue

that has 251 of the full activity of vit. Kl in vit, K deficient and
in coumarin anticoagulant pretreated rats (113). Larger alkoxy groups,

like ethoxy; 2 carbon atoms; or propoxy; 3 carbon atoms; show only

slight activity and do not produce the full effect of vit. Kl while

, still larger groups like butoxy; 4 carbon atoms; are completely inactive

(113). .

Replacement of the méthyl group of vit. K1 by a chlorine or bromine
atom gives competitive reversible antagonisés (114, 115). When given
to normal ani;ald, these compounds produce an‘anticoagulant effect by
decreasing the plasma activity of the vit. K dependent clotting factors
and this defect can be reversed by vit. Kl' When given simultaneocusly
with vit. Kl to vit. K deficient Lr coumarin anticoagulant pretreated

animals, depending on the relative doses, they partially or completely

o o b, B skt
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( inhibit the response to vit. Kl. When a ratio of wvit. Kl and the chloro

analogue producing partial inhibition is kept constant, but the doses

B L e B T o

are increased, the degree of inhibition remains comnstant. Hence the

P

inhibition must be of the classical competitive kind. Replacement
of the 2-methyl group of the benzoquinone (2,5,6-trimethyl-3-phytyl-1,

4~benzoquinone) by a chldrine or l;romine atom likewise results in a

change from vit. K to antivit. K activity (109).

4. The lipophilic side chain at the 3-position

. e et O] F IPAERRTS SORTATIIS  ; ©

(a) 1In naturally occurring vit. Kl and Kz these are polyiso-
N prenoild - °side chains. In vit. l(l (I), the side chain is a phytyl

R . !
group of& isoprenoid units or 20 carbon atoms with only one double

bond in t(é 2',3"~position. 1In vit. K2 (1I), the length of the side

chain can vary from 6 t% 9 isoprenoid units oxr 30 to 45 carbon atoms
and each isoprenoid unit has a double bond. Isler et al (116) have

synthesized and tested the vit. Kl and vit. K2 analogues from 5 to

~

35 carbon atoms. The analogues with 5 cagtbon atoms show only slight

transient activity. Highest activity the vit. Kl serles was

P AR A s & APt b

obtained with 20 carbon atoms, that s with the naturally occurringi
vit. K;. Inthe vit. K, series, the highest activity was obtained with o
25 carbon atoms. All of these compoinds ‘produce the maximal effect as 4
vit. Kl, that is they are agonists, but they do show significant differences
in their duration of actien.

(b) Because of the presence of olefinfc double bonds, vit. K;»
vit. Kz and their analogues can exist in the cis 'and trans configurat}on.

Matschiner from a comparison of the activity of impure preparations

of the trans 2nd cis isomers of vit. Kl came to the conclusion that the
]. i
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cis isomer lacks biological activity (117).
In the vit. K2 series, the mono 6',7"~cis isomer shows less activity

than the 6',7'-trans isomer, but the cis isomers of the more distal
double bonds (10',11' and 14',15') hava the same biological activity as
the all trahs isomer; the cis trans isomers of the 2',3'-double bond

in the vit. K, series have not been prepared.

?

The effect of the double bond in the 2',3'-position on biological
activity was already investigated by Karrer and by Fieser im 1940 (111,
118). Using the chick assay Karrer reported that the 2',3'-dihydro
analogue of vit. Kl had 1/24 while Fieser reported 1/8 of the activity
of wvit. Kl.

(c) Replacement of the polyisoprenoiEl side chains by unbranched
aliphatic’side cha\ins (i.e. removal of the methyl groups) reduces, but
does not abolish, activity provided the side chain contains more thanm
5 carbon atoms (119,120). Introduction of the cgrboxy group at the
terminal carbon of the side‘ chain greatly reduces acti\‘rity (V1); 1f the
carboxy group 1s esterified (VII) or reduced to an alcohol (VIII) the
activity 1s increased (1\12,121). More complex aliphaitic afom'atic side
chains llike cinnamyl (IX) have also been tested and are reported to
possess activity, but other, still more bulky side chains for exchange
in compound (X) result in a complete loss of activity 122). ‘

In our laboratory\ a series of vit. Kl analogues in whidh the methyl
(XI) group of the side chain at the 3'-position has been replaced by
a hydrogen atom (XII), an ethyl group; 2 carbon atoms; (XIII), a :

propyl group; 3 carbon atoms; (XIV) and a butyl group; & carbon atoms; (XV)
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} . ( has been prepared recently and is currently being tested. The results
so far obtained indicate that replacement by a hydrogen atom and by an

ethyl group retains activity, while replacement by the larZLr propyl or

butyl group abolishes activity (112). The exact quantitative comparison

of the activity of these compounds, and in particular the difference between

their cis and trans isomers, is currently in progress.

A e AT AT

What general conclusions can be drawn from these results?

¥
{1) The para-quinone structure, the most reactive function of the

vit. K molecule, appears to be an absolute requirement for activity.

s

Since this function can be reversibly reduced and oxidized, it seems
likely that the vitamin functions as part of a reversible redox system.
The change from vis, K to antivit. K activity, after replacement of the

-

2-methyl group by a more electronegativé chlorine or bromine atom, would

.5

i, ¥

be in agreement with this explanation since such a replacement will

change the redox potential to a more positive value,

(2) The overall size of the naphthoquinone nucleus has an effect on

00 ek

activity, any increase or decrease in the size either reduces or abolishes

activity, The size of the substituent at the 2-position seems to be

particularly critical, an increase or decrease by only one carbon atom

results already in a very marked decrease of the qctivicy.‘ The only

ARy T e

exception to this generalizatfon is replacement by the methoxy group,
which surprisingly gives an analogue with maximal vit. X effect, althougﬁ
this group hag a larger size than the ethyl group. Aﬁ present, no
sntii%actory explaunfion for this éiscrepaucylcan be given. The results
. l are in agreement with the explanation that the interaction or combination

of the naphthoquinone part of the vit. K molecule with a complementary

\
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‘ site of an enzyme or similar structure is involved in the mechanésm of
action. The change from vit. K-1like to antivit. K activity of the

clasgical competitive reversible type associated with the replacement

W R~ W A

of the 2-methyl group by a chlorine or bromine atom supports this

o

explanation. Since a chlorine or brominpe atcom 18 gsimilar in size to
a methyl group, these analogues can interact at the receptor or the
complementary site but the combination lacks activity.

(3) From the data which 18 presently available it 1is difficult to

wa

define completely the structural requirements of the lipophilic aide

s

chain at the 3-position. The primary function of this group seems to

+

Ve o

be a non-specific increase in the 1ipid solubility of the vit. K molecule.

For example -analogues with side chains of less than 10 carbon atoms

show little or no activity. In addition, the double bond in the 2',3'-
position iso another chemically reactive center because in a reductive
acidic mgdium it can cyclize to chromane or chromene. The partial
activity, as reported by two laboratorles, of the 2',3'-dihydro
derivatives makes it unlikely that cyclization is part of the biological
. mechanism. Because of a discrepancy in the data it would be desi_rable
to reinvestigate this compound in greater detail. On the other hand,
the reported lack of activity of the cis igomer of vit. K and the loss of
activity resulting from the replacement of the methyl group at (th?
3'-position by a propyl group clearly :lmiicate that in addition to the
effect on solubility the side chain must have a more direct effect on
activity. The remaining snalogues, having a more bulky side chain, are
too heterogeneous to allow any general conclusion. A more systemstic

investigation of the effects of modifications of the side chain of the

3
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vit. K molecule on biological activity, including a reinvestigation
of some of the previous experhgsz by the more sensitive and accurate
techniques currently available, seems to be desirable, The present

work was undertaken as part of such an investigation.
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Coumarin anticoagulant pretreated animals

Lo ]

Rats were given, by stomach tube, a single dose of 200 ug/100 g of
body weight of warfarin (3-(x-acetonylbenzyl)-4-hydroxycoumarin) 18-24
houts before being used for experimental studies. This dose was
sufficient to lower the activity of factor V11 to less than 5% of normal.

Vitamin K deficient animals

The production of vit. K deficiency in the rat seems to depend on a
mmber of factors, since intestinal bacterial synthesis of the vitamin
and coprophagy can serve as an adequate source in the absence of the
vitamin from the diet. It would appear that imn addition to preventing
coprophagy by keeping the rats in special cages and administering poorly
sbsorbed sulfonamide (succinyl sulfathiazine) to reduce intestinal flora,

the presence of glycerol in the diet may be important because it reduces
L4

the absorption of fat soluble vitamins in general. The vit. K deficient

diet seems to produce specifically vit. K deficiency because, unlike
other fat soluble vitamins, vit. K is not gtored in the body, so that the
deficiency develops before the tissue stores of the other vitamins become
depleted.

Rats were made vit. K deficient by a modification of the procedure
of Mameesh and Johnson (123). The animals vere fed a vit. K
deficient diet and kept in square tubular cages to prevent coprophagy (124).
To reduce bacterial contamination, which can serve as a source of the
vitamin, water bottles were changed daily and sodium benzcate (0.08X)
was added to the drinking water. Cages were sterilized twice a week.

Only animals with a plasma level of factor VII of less than 5% of normal

! 0
.
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were used for the experiments. On the average, the rats had to be kept
on the diet from 10 to 15 days to lower the concentration of factor VII
to this level.

Drawing of blood samples and giving intravenous injections

Rats were lightly anaesthetized with diethyl ether a:;d the tail vein
was dilated by warming in water at approximately 50°C and gentle
massaging. An aliquot of 0.1 ml of blood was drawn into 0.9 ml of rat
sample solution uging a 27 or 28 gauge needle and a 1.0 ml tuberculin
syringe. The sample was immediately transferred to a polystyrene tube
(11 x 63 mm) and centrifuged at 2500 rpm for 10 min. at room
temperature. If the determinations were not done immediately, the samples
were kept on ice. The plasma was used without further dilution for the
determination of factor VII. Injections were likewise given by tail
vein puncture. Routinely, blood was drawn to check that the needle was
in the vein befote starting the injection.

Determination of factor VIIL

The method is a modification of the procedure of Koller et al (125);
0.1 ml of plasma was pipetted into\a plastic test tube (100 x 17 mm)
followed by 0.1 ml of factor VII-free reagent and 0.1 ml of thromboplastin.
After incubation for 30 sec. at.37°C. the reaction was started by the
addition of 0.1 ml of Ca(:l2 (0.025 M), taking as the end point the time
required to initiate the formation of a fibrin clot. The concentration
of factor VII 1is expressed as percent of its concentration in normal
rat plasma by reference to a standard curve. ' .

Determindtion of facter II (prothrombin)

The plasma concentration of prothroabin was determined by the one-

stage method of Koller et al (125); 0.1 ml of plasma vas pipetted into

8
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A a plastic test tube (100 x 17 mm), followed by 0.1 ml of prothrombin-

free reagent plasma and 0.1 ml of thromboplastin. After incubation for

60 sec. at 37°C, the reagtion was started by the addition of 0.1 ml

of CaC1:2 (0.025 M), taking as the end point the time required to

initiate the formation of a fibrin clot. The concentration of prothrombin
is expressed as percent. of 1ts concentration in normal rat plasma by
reference to a standard curve.

- Factor VII standard curve

Plasma samples, obtained as described above from three normal rats,
were pooled for the determination. The undiluted sample was taken as
1007 of normal and serilal dilutions of 50, 25, 12.5, 6.25, 3.125 and

} ; 2% were made up with working solytion. The relation between clotting

o

time in seconds and factor VII concentration was found to be linear
between 1001 and 2% wheén plotted on double log graph paper. It should -
be pointed out that, bécause of this relationship, the sensitivity of the

method is not uniform dver the entire range of concentration, but
1

RIS psiicnss . | |

increases with lower cc}ncentrations. For example, concentrations of

100 and 807 give clot4ing times of 35.5 and 37.8 sec. respectively,

4 while 50Z and 5% give x+lotting times of 42 and 88 sec. Since most of the
measurements reported i',:i this investigation are below 80, the more
sensitive part of the %tandard cuw@sed. A new standard curve has

to be prepared for every new preparation of fa&({i free reagent or
is

thromboplastin. A representat:ﬁe standard curve shown in rig. 4.

‘ Factor I1 standard curv

The standard curve was prepared with serial dilutions of pooled

o normal rat plasma as d+scribed for the preparation of the factor VII
' 1
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standard curve. The relation between clotting time in seconds and factor
II concentration was found to be linear between 100% and 10X when plotted
on‘ double log graph paper. The standard curve was required to monitor

the concentration of factor II in the preparation of the factor VII-free
reagent.

Purification of vit K, ’

Synthgtic vit Kl’ which is a mixture of the cis and trans isomers in
a ratio of approximately 2 to 8, was obtained from commercial sources and
first purified by column chromatography on Florisil (magnesia silica gel
60-100 Mesh, Fluka AE, Buchs SE Switzerland).

Appr:'oximately 1 gram of vit. Kl was placed on the column (30 x 2 cm)
and the sample was then developed with 987 petroleum e\ther (38.0° -
53.309): 2Z diethyl ether. The wvit. Kl was recovered )by evaporation of the
|
solvent in a rotory evapc;rator under vacuum at 50°C and stored in the
dark in a desiccator under a high vacuum. The :;: and trans 150!::3 were
separated by thin layer chromatography (TLC) on precoa(ted plastic sheets
(20 x 20 polygram 0.25 mm silica gel without gypsum with fluorescent
‘indicator UV254 (Macherey~-Nalgel & Co. MN) obtained from Brinkmann

Instruments (Canada) Ltd.). Vit. Kl was dissolved in diethyl ether

(200 mg in 2 ml) and approximately 100ul of this solution, containing

approximately 5 mg of vit. Kl was applied as a narrlv streak on each sheet

at 3 cm from tl\\e bottom and -2 cm from each edge. The sheets were developed
with 90% hexane: 10% butyl ether in all glass tanks (4 x 12 x 9"). The
tanks were El:lned with filter paper to provide a more homogeneous atmosphere
of solvent vapors. The chromtoxran: were vigualized by brief exposd’re

. . 4
under &n ultraviolet light (mineralight UVS. 11). The racemate ccmlrl
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be resolved into two bands with R_ values of 0.51 and 0.43 for the cis

f
and trans isomers respectively (Fig. 5). i

The bands corresponding to the two isomers were cut out and eluted
separately with diethyl ether in a Soxhlet extraction appératus for
3 hr. Usually, in one preparation 24 sheets were developed. To eliminate
any i:articles carried over from the extraction, the ether solution was
filtered through a sintered glass funnel with sliguht suction and the
solvent evaporated in a rotory evapotator at 50°C. The residual oils
were ttans/ferred to conical tubes and the remaining solvent blown off
under a stream of dry nitrogen. For further purification, each isomer
was rechromatog[raphed and isolated by the same procedure. If necessary
the purification was r‘epeated until the two isomers were obtained at a
purity better than 997. Care was taken during all manipulations to prevent
photocatalyzed isomerization, particularly of the more labile cis isomer,
by carrying out all procedures in éubdued light and all solvents wvere
distilled immediately before use‘ over lithium aluminium hydride to
eliminate peroxide. The chromatograpkfic purity of the preparations was
estimated by TLC, Fig. 6 shows that the lowest concentration of vit. Kl
that can be Setec;ed by TLC is 0.2 ug. When 50 ug of the purified cis

. -
or trans isomer was chromatographed, na contamination by the other isomer

can be detected. The p\fxrity of the preparations must, therefore, be

- better than 99%. To test for the possibility that low concentrations of

the contaninating isomer may not separate when chromatographed with a high
concentration of the other isomer, mixtures of the two isomers were
chromatographed. Fig. ] shows that when 100 pg of the trams, 99 ug of
tha trans ax;d 1 yg of the cﬁ. 98 ug of the trans and 2 ug of the cis,

“
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(e)

. ‘
| 1
i

£l

ng.vs. Separation of vit. K1 racemic into its cis and trans isomers.

(a) 5 mg vit:. !1 racenic developed on silica gel (0.25 mm) with
flngreicent indicator Uvzs‘o(precoate;l plastic sheets 20 x 20 cm) with
90 % n-hexane: 10% n-butylether. (b) and (c) rechromatography of the

trans and cis isomers after separation.
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Fig. 6. Determination of the purity of the cis and trans isomers of

. K,. f '
vit Kl .

‘ X ,
(a) a: 50 ug vit. Kl racemic, b: 50 ug trans vit. Kl, c: 50 ug cis vit. Kl

|
(b) Increasing concentrations of trans vit. K, vere applied to determine

the lowest concentration of wit. Kl that can be detected after chromatography,

W
3

.

which was found to be between 0.2 to 0.4 pg.
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< . Pig. 7. Chromatography of mixture of the trans and cis ilsomers of vit. Kl.
(a) 100 ug trans vit. Kl isomer.
\ \ ; /
{(b) 99 ug trans vit. Kl: 1 ug cils vit. Kl {soner. ‘
{(c) 98 ug trans vit. Klz 2 ug cis vit. K; isomer. . .

{(d) 96 ug trans vit. xl: 4 ug cis wvit. Ky isomer. ‘

{e) 92 ug trans vit. K¢ 8 ug cis vit. Ky isomer.
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C 96 ug-of the trans and &4 ug o:f the cis, or 92 ug of the trans and ”

8 ug of the cis were chromatographed there was a distinct separation 133

£

- of the two isomers at all concentrations. %g
Reduction of vit. K, to 2',3-dihydrovitamin K, f

The reduction was carried out on a semi-micro scale in an open system

%0

e
ol Rabhpdn

by the method of Cheronis & Koeck (126); 200 ml of absolute ethyl alcohol
and 80 to 200 mg of vit. Kl (cis or trans), with four times its weight
of fOZ palladium on charcoal, were placed in the reaction vessel. Hydrogen

was passed from a tank into the reaction mixture through a sintered gas

O

b dispenser (pore size 10 to 15 microns) while the mixture was agitated by
a maghetic stirrer. A number of palladium on charcoal catalysts from
different sources were tried. It was found that the catalysts differed

[ll greatly in their activity. Some produced extensive reduction of the aromatic -

part, others cyclization of the phytyl sicg chain to the chromane.
Bast results were obtained with an aged 10Z palladium.on charcoal
catalyst obtained from Nutritional Blochemicals Gorporation. For repro-
/
ducibility the same lot of catalyst was used for all reductions.

The course of the reduction of the trans iSOmeli could be readily

followed by removing a small sample for TLC because the Rf value of the

S

dihydro derivative (0.43 to 0.49 respectively) was sufficiently different.

1

M ]

( This was not possible for the cis isomer, since the dihydro vit. Kl

et

)

has nearlﬁP the same Rf I'value (0.49 and 0.51) as the cis isomer. The

reduction had, therefore, to be arbitrarily discontinued after a fixed

Ao TN il o,

time. Best results were obtained when the reduction was carried out

\ w

for/ 90 min. Shorter times resulted in incomplete reduction and longer

s e s
e S e A Rl

|
( ) times in extensive reduction of the naphthalene ring. After completion,

e
3

2
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the reaction mixture was filtered by gravity through a fluted filter paper
(Ra grade 202, size 15 cm) to eliminate most of the catalyst and the
alcohol evaporated in a rotory evaporktor at 60°C in vacuo. The residue

was purified by TLC until the 2',3“dihydro derivative of vit. K, was

1

obtained as a single band.
The purity of the products from the reduction of the cis and trans
isomers was tested by TLC. The reduction products gave a single spot

(Fig. 8). While the R, value of the trans isomer and the 2',3'-dihydro

f

vit. K1 are different, the dihydro derivative has the same Rf

the cis isomer. This made it difficult not only to follow its reduction

value as

but likewise 1ts purification by TLC. The ultraviplet and infrargd
spectra of both isomers and the dihydro derivatives showed no distinét
difference, but their nuclear magnetic resonance spectra (NMR) are different
and can be used for identification and estimation of purity. The cis

and trans isomers showed identical NMR spectra (Fig. 9) except for a
chemical shift due to the protron of the methylene group (Cﬁz) in the

1'-position. The CH2 of the cis dppears at lower field than the Cﬂz

of the trans, whereas the 3'CH$ of the cis appears at higher field than

the 3'cH3 of the trang/isomer. The NMR spectra confirm the high purity of

n

khe compounds already demonstrated by TLC. After reduction (Fig. 10),

the olefinic double bond of each isomer disappears and changes are seen.

(upfigld shifts) for the CH2 of the quinoid and methyl groups of the

former olefinic structure. From the spectra, the reduced trans isomer
appeais to be reasonably pure. In contrast, the spectra of the reduced

1

cis isomer indicated the presence of some unreduced compound and possibly .

impurities due to reduction of the naphthalene ring. This cin be traced

~

'
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(a) ® () () |

/ '
Fig. 8. Chromatography of the 2'3'-dihydro vit. K,-
(a) vit. Kl racemic shown for cmpirim. o .

-
“

(b) 2',3'-dihydro vit. ‘1 from the reduction of vit. ‘1 racemtc.

() 27,3'-dihydro vit. K, from the reduction of the trans {somer of vit. K,.

(@) 2'3'-dihydro vit. K, from the reduction of the cis fsomar of vit. K.
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Fig. 9. MNMR spectra {(a) trans vit. K, isomer, (b) cis vit. K, isomer.
The NMR spectra were determined and interpreted by Drs. A.S8. Perlin
and C. Hamar of the Chemistry Departmeamt, McGill University.

Bruker WH-90 FT NMR spectrometer. Solvent cocr, 'nﬁrquud to internal IMS.
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Fig. 10. M spectra (a) 2',3'~dthydro vit. K, from reduction of

. trane vit. K, (b) 2'p3'~dthydro vit. K, from reduction of cis vit. K, .
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to the difficulty encountered in the purification of the reduction

bl

product of the cis isomer by TLC. |

Solubilization of Vit, X

1
vit. Kl was solubllized (suspended) with the aid of a nonionic detergent

Tween 80, by a standardized procedure worked out in our laboratory. A
small quantity of vit. Kl on the tip of a small glass rod (approximately
the amount to be used) was transferred to a 12 ml gradvated comical test
tube containing 3 drops of Tween 80 (polyoxyethylenme sorbitan mono oleate).
The vitamin and the nonionic detergent were mixed with a glass rod to a
homogeneous paste. Water was added drop—wlse, the mixture being reworked
carefully into a homogeneous paste after each addition until the
vitamin-detergent paste gradually went into solution. 1If care is taken to
add the water initfally very slowly, a completely clear solution is
obtained. Careful solubilization of the vit. Klis important, because it
has not only an effect on the potency but also on the onset and duration
of action (127). The concentration of the solution was determined from a
standard curve by measuring the optical density at 270 mu. The solutions
were made up daily, since it was found that in solution, the cis isomer
on storage for sbout 10 hr. even in the dark,was transformed to slight
extent to the traps isomer. However imdiacely“" after preparation, na
trans isomer could be detected.

Vic. X _standard curve

—
Approximately 5 mg of vit. K, vas weighed out to the third decimal on’

an analytical balance (Sartorius—Werke GHBHQ Gottingen type 240 A I3
Ko. 134577) by placing a small amount of the vitamin, an oil, on the

“ttp of a tarred glass rod. The rod vas transferred to a 12 ml graduated

-
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conical test tube containing 0.1 ml oé Tween B0, the vitamin was
solubilized as described, and the solution made up to a final concentration
of 1 mg/ml in a 10 m1 glass stopped graduated cylinder. Serial dilutions
of 50, 25, 12.5, 6.25 and 3,125 ug/ml were made up with distilled water,
and the optical density at 270 mu read in a Zeiss spectrophotometer

(PM) 11). The aqueous solutidns of vit. K1 prepared with Tween 80,
although perfectly clear, are not, true solutions but highly dispersed
suspensions'which still produce some light scattering (Tyndall 'effect)
which depends on the concentration of the nonidniec detergent.' To
cmpensat; for thie effect each concentration of vit. K. has to be read

1
against a blank containing the same final concentration of Tween 80 as the

*

sample. . N

It is of interest to note that the ultraviolet spectra of vit. Kl’
solubilized with Tween 80, is nearly identical to that of a vit. Kl

;‘ . solution in ethyl alcohol (Fig. 11). It has been shown (128) that the
chromophore for the ultraviolet absorption of vit. K is the naphthoquinone

structure. From the spectra of the aqueous suspemsion of vit. K;it

. - ' appears that the lipophilic phytyl side chain is responsible for the

n& chment of the molecule to tghe micelle of the detergent, while the

more imlar naphthoguinone poiety that carries the chromophore is.oriented

into the aquecus phase.

- . . - |
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Fig. 11. Utravioclet absorption spectrum of vit. Kl (tranl); (a) in ethanol, (b) solubilized in

water with Tween 80. Scale rate 0 - I, scan rate-50 nm/min. Varian Techtrom spectrophotometer model 633.
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‘ REAGENTS

e

Thromboplastin

Rabbit braiﬁ thromboplasti}x was obtained from Modern Laboratories
Limited Toronto. 1.5 g of thromboplastin was suspended i'n 100 ml of :
0.97 sodium chloride preheated to 50°% and gently stirred for 15 min.
at 50-52°C. The suspension was filtered through several layers of cheese

cloth and the filtrate stored in siliconized glass tubes (70 x 10 mm) at

—

-20°C. The reagent was kept for at least 4 days at this ten\pltat:ure -

A s (PN & g

before being used.

-,

Factor ViI-free reagent

iy

Fresh bovine blood obtained at the slaughter house was immediately . !
transferred to a 2 liter plastic bottle containing sodium oxalate
(100 m1 0.1 M sodium oxalate for 900 nl of blood). The blood was i
centrifuged at 2000 r.p.m. for 30 min. at room t:enpérature (International
Model U.V. centrifuge head #266) in 250 ml siliconized glass bottles.

The oxalated plasma was collected with a plastic bulb baster and

\

recentrifuged for 15 min. at the same speed to remove any residual ‘sus-
ey

\ pended erythrocytes. Factor VII-free reagentwas prepared by the method |

of Koller et al (125). The filter (Ertel Engineering Corp. Kingston,

v

, New York) was set up with two asbestos filte)t pads, the ‘upper with a 202

DA aps

and the lower with a 30 asbestos content (filters No. 5 and No. 7,

v

Filtrox and Co., St. Gallen, Switzerland). Fifty ml of saline were first
placed in the reservoir and filtered under slight pressure. One liter ‘
~of oxalated bovine plasma was then pl:ced‘ into the reservoir and the

\

pressure vas Adj‘ucted to permit a ﬂ'ow rate of 1 to 2 drops per second.

3 o The first 200 ml of filtrate vas discarded and the filtrate collected |

7
f . "
’
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. in 30 ml1 fractions in plastic beakers. The factor VII concéntration of
every fraction and the prothrombin concentration of every fifth fractiom
w;re determined. Fractions hav'ing a prothrombin concentration of at
least 30%Z of normal and a factor VII concentration of less than 1% of
’ normal were pooled and kept in small siliconized test tubes in 1 or
‘2 ml lots and stored at -20°C. ) !

-
Factor II-free reagent

The reagent was prepared by mixing equal parts of barium sulfate
adsorbed oxalated beef plasma and human serum. The plasma serves as the °~ {
source of factor V and the serum of factors VIL and X (125).

| (a) To 200 ml of oxalated beef plasma was added 10 g of barium sulfate,
the m%xture was stirred gently for 20 min. at room temperature and .the
barium sulfate separated by centrifugation at 2000 r.p.m. for 15 min.

One ml of the adsorbed plasma was mixed with 1 ml of serum (see below).

This mixture should give a blank value of at least 60 sec; lL.0€® tine

is shofter the adsorption is repeated, the quantity of barium sulfate

used for the second adsorption depending on the differ;nca from the desired
| blank value. It may be n'ecessary to'repeattthe adsorption until a blank
value of greater than 60 s;c. is obtained.

(b) Oxalated human sgrun; the blood was allowed to clot in 10 ml
aliquots in plain 12 x 2.5 cm glass test tubes containing 0.1 ml thrombo-
plastin. After incubation at 37°%c for 1 hr, the clotted blood was left
o, at room temperature overnight and the serum collécteh. . To 180 ml of

.t serun was added 20 ml of sodium oxalate (0.1 M), ‘and the precipitate

removed by centrifugation at room temperature at 700 g x 20 min. The
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reagent was prepared by mixing equal volumes of the adsorbed plasma
and serum and should give a blank value greater than 60 sec. The
reagent was stored in aliquots of 1 or 2 ml at -20%.

Veronal buffer

(a) Veronal stock solution: 5.85 g sodium acetate, 14.71 g sodium’
Veronal (sodium bar}:iturate) dissolved in 500 ml of deionized
wvater. |

(b) Veronal working solution: 92.5 ml Veronal stock solution, 74 ml
4,252 (W/V) sodiTm chloride, 80;5 ol of 0.1 N HCL, 253 ml water,
and the pH adjusted to 7.35. ‘

(c) Sodium citrate stock solution (./3;82): 3.8 g‘sodium citrate in
100 ml of deionized water.

(d) Rat ‘sample solution (Anticoagulant solution for drawing blood
samples): 89 ml of Veronal working solution, 1 ml of 3.8

so:}ium citrate stock solution.,\

Calcium chloride solution

(a) Stock solution (0.1 M): 11.099% g CaCl, dissolved in one liter
deionized water. ]

(b) Wérkins solution: 25 ml 0.1 M Stock solution was made up to

100 ml with deionized water and -stiyred in the refrigerator.

Warfarin aollution

?D.l g of Warfarin was suspended in deionized water and dissolved

by the addition of a few drops of sodium hydroxide to give a 1 mg/ml stock ‘

X

solution with a pH of approximately 7.5. ‘ ‘
&

cramenn d




V’it. K deficient diet

[
The vit. K defé.cient diet 18 a modification of the one described for

M.S. Maméesh and B. Connor Johnson (123).

g fkg diet
Sucrose 495 ‘
Vitemin mix. 100 ;‘
*Cagein & ' 300 3
" Methionine 7.5 5
salt mix. , 40
wheat germ oil . 6.5
glycerol : 30 ’
cod liver oil 17.5 '
succinyl sulfathiazine 5 K
( Na benzoate ‘ [ 1 !
Vitamin  Mixture [ mgfkg diet 3
Thiamirte hydrochloride 10.0 | !
{ Riboflavin 10.0 - | ?
D, L Calcium pantothenade 50.0 ‘ ¢ t
Pyridoxine hydrochloride ) 5.0 g
Nicotinic acid 20.0 |
Folic acid B 1.0 :
vic. B, ; 0.1 §
Choline chloride 1000.0
Biotin / ' 0.1 H
sugar ./’ : 48980 .0 .

! .
L3

* anin; essentially vitamin-ftee, obtained from Sigms Chemical Company
vas extracted by stirting two times with hot alcohol for 6 hr.

] * .

All othcg chemicals were obtained from commercial sources and whenever

‘ possible were at least Of reagent grade.

< ! ’
] . i
l
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RESULTS
: i The cis and trans isomers of vit. Kl were first tested im vit. K ‘
o deficient rats. A blood sample was taken at zero time by tail vein

. puncture, the needle left in place, and the injection given immediately.
< To follow the responae, blood samples were then taken from each animal
after 30, 60, 90 and 150 min. for the determination of the plasma level

of factor VIIL. Preliminary experiments were carried ouﬁ to find the
- !

range at which the relation between the dose and the response would be
linear when the responses are plotted against the log of the doses.

The final comparison between both isomers was planned as a 6 point symmetrical

parallel line assay (129,130), so that each isomer was tested at 3 dose
levels. Groupa of 5 aningls received\ 0.0312, 0.0625 or 0.125 ug/100 g
of body weight of the trans and 1.6, 3:2 or 6.4 ifg/lOO g of body weight
o-f the cis isomer respectively. Fig. 12 shows the time course of thL
responses. |

Not only do the two isomems differ in their potency, but it appears
that they differ also in their onset of action with the trans 1?01:0:
having & faster onset”. PFrom Fig. 13 it can be seen that when the means
of the responses are plotted against the iog of the doses, the two dose
response curves are parallel after 1'50 min.

The responses after 150 min. were‘theref;':re used for the enr:i;ution
(Tsble I). The analysis is summarized in Table II. The differences
due to the various preparations (term 1) and doses (term 2, regression)
are highly significant when tested against the general error (term 7).

o “ Tha third tern, is a measurs of the dnv:utio'n'frou parallelism /of the
[}

two résponse curves and is not statistically significant at the 5 percent

©

—

s bt i s it




A g

Zm\‘ Agﬁg&:% a;ﬁi@%‘wwmy@% RIS

53

- Ry ol
: ’ L

J® ©

FACTOR vt ( % of NORMAL)

L I 1 1 1 1 [TIE: T W | L ‘1 A i
Q JS 30 60 90 120 150 15 30 60 90 120 150

MINUTES FROM DOSE -

Fig. 12. -Time course of response to graded doses of the trans and cis isomers of vit. ll in vit. K

deficlent rats. (a) the trans ilsomer, o 0.0312 ug/l00 g, ©® 0.0625 ug/100 g, & 0.125 ug/100g.

(b) the cis isomer of vit. K, @ 1.6 ug/100 g, o 3.2 ug/l00 g, A 6.4 ux/laovs- (All results are

the mean of at least 5 different experiments). T
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Fig. 13. Means of "\{:esponsea to graded dosea of the t&rans and cis isomers
of vit. Kl in vit. K deficient rats; (a) after 60 min., (b) after 90 min.,

®(c) after 150 min. (9 the trans isomer, & the cis 1§omer). The dose

S SR o

scale is logarithmic, but is graduated in true doses.
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% J ‘ . Dose of trans vit. Kl . Dose of cis vit. Kl
Mgt
0.0312 ug 0.0625 ug 0.125 ug 1.6 ug 3.2 ug 6.4 ug
| 14.5 34 48.3 14.3 22.5 48,2
r 20 31.2 45.5 4.3 18.5 51.8
¢ !
” 20.5 20.5 34.2 6.6 15.4 38.5
"
902 ’ 3602 ‘\\ 38.4 7-J 10 33
4.2 | 22,5 48.5 5.9 10.8 21.7
Total 78.4  144.40 214.9 38.9 77.2 193.2
. ,% ot
\ Mean 15.68 28.88 42.98 J-78 15.44 38.64 ‘

i

i

Table I. Increase of the plasma level of factor VII in vit. K deficient
rats 156 min, after administration of 0.0312, 0.0625 and 0.125 ug of the
trans and 1.6, 3.2 and 6.4 ug/100 g of body weight of the cis isomers of

Vit. K - e
/1 |
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|
1
1
‘ Nature of variation df + sum of squares mean square F P
- (1) Preparations 1 549.552 549.552 : !
(2) Regression 1 4228.23 4$228.23 | ;
(3) Deviation from '
Parallelism 1 15.49 15.49 0.31 >0.05 ‘
(4) Curvature 1 '112.61 112.61  2.25 >0.05 ‘
| (5) Diff. ‘of\Curvature 1 89.3 u 8?.3 1.79 >0.05
| }
(6) Bel;ween doses 5 4995.54 ‘
(1) Brror R 1200.02 50 ‘
TOTAL 29 6195.56 | ‘
|
|

. J ]
‘ Table II. Analysis of variance of the data from TaiﬂeJ 1. ‘

(Details of calculation are given in the appendix) S

|
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-of body weight of the cis isomers.

57
level of probability (P > 0.05). The relative activity of the two
isomers can therefore be estimated by this method. The remaining terms
(4, curvature; 5 differencs from curvature) are an estimase of the
deviation from 1inear/1,ty and are not statistically significant (P > 0.05).
The slope and the intercept for the dose response curves of the two |
isomers were calculated. Fig..1l4 shows the curves obtained with thege
parameters when the response is plotted against the log of the doses.

In terms of relative potency \(R), in vit. K deficient rats, lug
of the cis isomer has the same activity as 0.015 ug of thé trans isomer,
with 5 percent fiducial limits at 0.011 pg and 0.019 pg. Expressed
differently, the cis isomer has approx:l:mately 1.5% of the potency of
the trans isomer with 5 percent fiducial limits at 1.1X and 1.9%.

A similar expe;:imental design was used to estimate the potency of both
isomers in coumarin anticoagulant pretreated animals. Preliminary
experiments indicatsed a dose dependent response between 10, 20 and
40 ug/100 g of b;>dy weight of the trans and 80, 160 and 320 ug/100 g

In coumarin anticoagulant pretreated
i

animls‘ the cis isomer showed an even slower onset of action than in

vit, K deficient animals. While for the trans isomer a distinct response
could be detected after 15 min., for the cis isomer a response could

only be detected after 45 min. (Fig. 15). To try‘ to ul_ect ‘the data for
a‘c:onparisaﬁ. the means of the responses to the trans isomer after 60 min.
and the cis isomer after 150 and 300 min. were plotted against the log

of the doses (Fig. 16). The flou response curves best approsach parallelisa

wvhen the responses to the trans fsomer after 60 min. and to the cis isomer

after 300 min. are compared. The responses at these times (Table III)
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; 0 were therefore usedafor the analysi: (Taple IV) . As in the vit. K :%
% deficient rats, the differences between preparations (term 1) and between ‘g
: doses '°€’term 2) are highly significant wvhen tested against the general z
: error (term 7). The deviation from parallelism (term 3) is not ;;
E , statistically significant (P > 0.05). The potency of both preparations :
§ can therefore be estimated by this method. O0f the remaining terms the i
}g mean square for curvature (term 4) is just significant at the 5 percent j;%
% level of probability, the required value of F is 4.26 and the calculated ?
‘ value is 4.83. The large mean square for curvature, which is a measure #
o

of deviation from linearity, probably arises from the different ‘onsets of
action of the two preparations and the arbitrary selection of the times
for the comparison. In particular, for the two lower doses of the cis
isomer the peaks of the responses already seem to occur after 150 min,
while for the larger dose the response still hcreases after 150 min,

(Fig. 15). This difference seems to be the major contributor to

deviation from linearity. In contrast, the response curve for the cis

r isomer after 150 min.showed less deviation from linearity but showed

poor approach to'parallelism with that of the trans isomer (Fig. 16).

5 o B R o g, o

Fg. 17 Qhow- the dose response curves with the slopes and intercepts

kY

EY red Vo

calculated from the data of the anllylis‘. o

.:’#4%
¥

-

In teras of relativa potency (R), in coumarin anticoagulant pretreated
rats, 1 ug °‘? the cis Lo-ar has the same activity as 0.11 ug of the
trans isomsr, with 5 percent f al limits at 0.09 ug and 0.13 yg or
expressead differently, the cis has approximately the 11X of the
potency of tha trans isomer with 5 percent ndﬁcinl limits at 9% and 13X.
(o] " In sn attempt to obtain furtber evidence about the functional role of

. |

e
.
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4
\ Dose of trans vit. K, Dose of cis vit. X,
i
1
10ug 20 ug 40 yg 80 ug 160 ug 320 ug
13.2 30.5 58 1.4 24 40
9.6 26.5 50 5.5 24 46.5
8.4 28.7 55 5.4 19.2 50
: 7.2 . 28.6 48 5.2 19.5 50
¥
; 10.1 25 42.5 4.5 19 49
k s 1
Total 48.5 139.3 253\.5 2? 106.7 235.5
| .
Mean 9.7 27.86 50.7 - 5.6 21.34 47.10
1

Table III. Increase of the plasma level of factor VII in coumarin

anticoagulant pretreated rats 60 wmin. after administration of 10,

20 and 40 ug of the trans and 300 min. sfter aduministration of 80,
i

160 and 320 ug/100 g of body weight of the cis itc;-er of vit, ‘1'

]
1
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Nac\ute of varthicln df sum of squares ne’ﬁn square F P
(1) |Preparations 1 168.51 168.51
(2) Regression 1 8507.81 18507.81
(3) Deviation from ‘
arallelism 1 0.31 0.31 0.02 >0.05

(4) CGurvature 1 90.04 63.04  4.83 <0.05
(5) Diff. of Curvature 1 1]..88i 3.6 0.37 »>0.05
(6) . B%tveen doses 5 8778.55 -
¢)) or 2% 295.18 13,04

: .

I«%& 29 9073.73 | . g

" AN

1

‘Table IV, Analysis of varisnce of the data from Table III.

" 3

(Datails of calculation are given in the appendix)
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the douple bond, the tranr and cis isomers were reduced catalytically

to 2',3'-dihydro vit. K The activities of the reduced isomers were

1
compared in’ coumarin anticoagulant pretreated rania)-ajls at a dose level
of 20 and 40 ug/100 g o'f body weight with that of the trans isomer
(Fig. 18). The reduced product of e‘:lther the cis or the trans isomer
showed the same activity and onset of action as the more active trans
isomer. Therefore, while reduction does not chgnge the activity of the
trans isomer, it increases botfh the activity and the speed of onset of
action of the cis isomer. The responses afté’i‘ 150 min. (Table V) were
analyzed statistically (Table VI). The mean square due to prepar io s
(term 1) 1is si\gnificant at the 5 percent level \§P < 0.05). 1t can be

o

seen from insp}.ction of Table V that’ the major c\ontt:lbution to this term
|

is made by the“reduced cis isomer since the mean\of the responses is \\

lower than that to the trans and the reduced trans isomer. The differences
between regression (term 2) and deviation from parallelism (term 3)

are not significant atl the 5 percent level. Fig. 19 shows the dose
response curves when responses are i)lotted againsé the log of the doses '
usin; the regression equation calculated from the data.

The relative potencies and their fiducial limits were calculated and
expressed in terms of the trans isomer of vit. K;: 1 g of the Teduced
trans isomer is estimated to have .the potency of’ 0.92 yg of trans, _with
5 percent fiducial limits at 0.84 pg and 1 pg, while 1 ug of reduced cis isomer
is estimated to have the potency of 0.793 ug of trans X,, with 5 percent
fiducial limits at 0.72 pg and 0.87 uyg. As reported in tllxe meathods

section the NMi spectrs of the reduced cis isomer indicated the presence

of impurities which could not be eliminated because of the limitations
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01530 60 90 120 150 1530 60 90 120 150 1530 60 90 120 150

MINUTES FROM DOSE

Fig. 18. Time course of response to graded doses of: (a) the trans isomer of vit. Kl’ (b) 2',3'~dihydro

vit. K, from the reduction of trans vit. Kﬂl,_(c) 2',3"'~dihydro vit. ‘1 from the reduction of cis vit. !1,

1
20 ug/100 g, 40 ug/100 g. (All results are the mean of at least 5 different experiments in

coumarin anticoagulant pretreated rats).
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1
Dose of Dose of Dose of
] the trans vit. Kl 2',3'—¢1‘:lhydro vit. Kl 2'3'~dihydro vit. Kl
B 1 somer (from trans) (from cis)
40 ug 20 g 40 ug 20 vg 40 ug 20 ug
711.5 30 63 20 , 60 17.5
57 30 6%.3 23 46.5 21.8
: 70 30.5 53 28.6 54 17.8
f O n.s 27.8 6l %9 50.2 23.5
56 26.9 61 27 50 13.8
| Total 326 145.2 300.3 127.6 260.7 9.4
F’ ! @
# \. [ |Mesn  65.2 29.04 60. 06 25.52 52.14" 18.88
/
Table V. Inctaaée of the plasma level of factor VII in coumarin
‘ , |
. anticoagulant pretreated rats 150 min. after administration of 20 and ]l

N .
40 pg/100 g of the trans isomer, 2',3'-dihydro vit. K from the

reduction of trems vit. K, and 2',3'-dihydro vit. K, from the

reduction of cis vit. Kl.
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. Nature of variation daf sum of squares mean square F P
(1) Preparations 2 688.46 344.23 14.9 <0.05
(2) Regression 1 9006.40
(3) Deviation from .

Parallelism 2 10.56 5.28 0.23 >0.05
<
(4) Between doses 5 9705.43 .
(5) Error 25 s$4.41 23.10
TOTAL 29 10259. 84

Table VI. Analysis of variance of the d;ta from Table V.

(Details of calculatidn are given in the appendix)
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FACTOR ViI (% of NORMAL)

1 |
20 40 -
Dose of: TRANS ISOMER (1g/100g)

& l .

20 40
' TRANS REDUCED ISOMER (ug/100g)

20 40 1
+ €IS REDUCED ISOMER (ug/100g)

Pig. 19. Dose rq curves for graded doses of thejtrans isomer of

vit. Kl. 2'.3'-dthydro' v:lt.( ‘1 from the reduction of ¢

T 2',3'-dihydro vit. K, from the reduction of cis vit. K. are

Meuh:d from data of Table V, details of cslculation are givoh in the
/
u.pyew::lx- r N
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of the method of purification. There is also tixe possibility that

the ratio of the optical isomers, due to the formation of a new,
asymmetric center at the 3'-position, may be different for the reduction
of the two geometric fsomers (131). Either one of these factors could
be responsible for the lower activity of the reduction product of the
cis isomer, but the first, the presence of impurities, is considered to
be the more likely one.

In‘the previous experiments 1 ug of cis was estimated to have the
activity of 0.11 ug of the trans isomer. | Reduction of the cis isomer,
therefore, results in an approximately 8 fold increase of activity and
also in a faster onset of action. Within statistical limits the reduced
trans isomer has the same activity, while the reduced cis has only 79
of the activity of the trans isomer,

It wvas considered of interest to carry out preliminary experiments
with the cis and the trans isomer with liver slices and microsomes from
vit. K deficient animals. These systems have been uséd before in our
laboratory and it has been shown that the formation and release of
factor VII, after vit. Kl (racemic) 1s at?ded to suchmsystems "in vitro",
have physiological properties. For example, in these systems, as in
intact animals, the response is inhibited by the chloro analogue of vit.

Kl and, in addition, the presence of factor VII and factor II can be

. demonstrated immunologically (106). Fig. 20 shows the results obtained

with }1vcr slices. The trans isomer gave an {‘vpti-al re‘nponse at a final

concentration of 10—5 M. While 5 x 10"5 M gave the uxﬁc response after
z&ou min,, the rate of increase was slightly slower. The cis isomesr gave

‘/thc same optismel response as the trans isomar p,ut at a concentration 10-? M.

T SR S




a

Fig. 20. Comparison of the activity of the trans and cis isomers

of vit. Kl in liver slices from vit. K deficient rats.

6

(a) trans isomer; ¢ no vitamin,d 10 M, O 10-5 M, [

5 5x 100 M.

(b) cis 1s9mer; e no vitamin, D ;5 x 10\-5 M,‘O 5 x 10-6 M,

s 1073 u

0.5 g of slices in 5 ml of bicarbonate buffer, pH 7.3. The
incubation was carried out in a Dubnoff sha&.cr at 37°C under

an atmosphere of 95% 02: 5% COZ.‘ Concentration of factor VII

is expressed as percent of its concentration in’normal rat}
plaanma. V;t. kl isomers solubilized wi}th Tween 80. Slices
prepared by the method of Deutsch (132). At the times indicated

o

2 smmple was removed from the.medium for determination of

factor VII.
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This difference is of the same order of magnitude, about 50 to 100 times,
as in vit. K deficilent rats. It is also of interest to note that the
differ;nae between the onsets of action is the same as in the imntact
animals. The trans isomer already gave a slight, but measurable response
after 30 nin.,, while with the cis i{somer there was no response after

30 min. and only after 60 min. was there a response.

A similar comparison was tarried out with liver microsomes from
vit. K deficient animals (Fig. 21). This preparation will release factor

VII after addition of the hydroquinone of vit. X, without the requirement

1
for any other :cofactors (106), provided vit. Kl is solubiliged with the
nonionic detergent Lubrol. In this system the trans isomer gives an
optimal response at a concentration between 5 x 10.-5 and 10-4 M. The
response to the cis isomer, at a final concentration of 10-'3 M, is
considerably less than that to the trans isomef, however, it is not
possible to teat in this system concentrations higher than 10-3 M.
There is algo a difference in the onset of action after 15 min. The
trans isomer has ;lready produced an effect, while there is no effect
vi;:h )the cis {somer. The difference between the activity and the onset
of action of tHe two isomers are, tlie::sfore, similar 'in the "in witro"

systes and in intact animals. :




“95zo:szco

!‘ig 21. Conparisom of the activity of the trans and cis
:I.soners of vit. LS in 1iver microsomes (100 x 103 g pellet)

F

from vit. K deficient rats. Microsomes suspended in one-sixth

L, 4
of the volume of the postmicrosomal supernatant. 0.5 ml of

. &
suspension in 5 ml incubation media. Incubation media in

] -
mmoles/L: NaCl 110.0, KCL 2.0, ngso,‘.mzo 0.9, HgClz.ﬁﬂ 01.0]

'NaHiPO, 2.0, KH_PO, 6.0, xncb 27.0, CaCl, 0.8, (133). Tocubation

ca.tr'i.ed out in a Dubnoff sluker at 37% \mder an ntmphere of
|

2
l (a) trans isomer of vit. Kl; e mo vitamin, o 10
-5

Su.

025220 K, 452107 w0 752200 80700 ’
{b) cis Lsomer of vig. llg » no vitemin, o 10 b M, B \* J
0 2.5x 10" x,As:m“u.nm’u. 1 |
vit. K, isomers solubilized 1n Lubrol and reduced to hydroquinone
'by sddicion of equimolar amount of sodﬁm hydrosulfite (Na szo,‘).
M: thc times ms.um s taple m‘ rwvtd from the medium for

«dution of factm‘ VII.
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DISCUSSION l

i

The present results demonstrate that the trans isomer of vit. Kl
hnq greater biological activity than the cis isomer and allow a
quantitative estimate of this differ;nce' in vit. K deficient and coumarin
anticoagulant pretreated animals. In the vit. K deficb.ent: rats the
trans isomer is approximately 67 timés #oté active than the cis isomer,
while in the coumarin anticoagulant pretreate(i animals, the trans
isomer is approximately 9 times more active. In addition, the trans
isomer has a faster onset of action, particularly in coumarin anti-
coagulant pretreated animals (about 30 min. compared to 60 min.).

These results are at variance with the report of Matschiner and
Knauer (117) that the cis fsomer lacks biological activity. In their
experiments the activities of partially purified preparat\ions of the - .
two isomers, containing 90 trans: 10% cis and 90X cis: 10Z trans were
compared. After injection of a single dose of 2 ug per animal to
vit. K deficient rats, 2 ug of the cis isomer showed less activity than
0.2 yg of -a sample containing predominantly the trans isomer (95 trans:
5% cis). Since the sample of the cis isomer (2 ug) contained approximately
this amount of the trans isomer -(10% or 0.2 ug), Hatschin;r concluded
that the cis isomer lacked activity. In our experiments the cis isomer
had & purity of greater than 997 and 1.6 ug per ‘100 g of body weight was
found to be the lowest dose that gave & rasponse in vit. X deficieti‘t
animals. Since in lhtschigcr'n report the doses (2 ug) are exp} d
per rat, assuming a wi\ght per animal of 200 to'SG;I gs the dose per 100 g
mumbmcﬂyfrmo.si;olumlm;mdmu, theufor:, have
been insufficient to produce a response.
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Is it possible that the activity of the cis isomer observed in our

[

experiments|is, likewise, the result of contamination by the trans

isomer because of isomerization during the preparation and handling of

§
the solutio@s before injection? Since the trans isomer is 67 times

mgre activ7/in vit. K deficient animals, transformation of as little

‘ asﬂl.Sz of /the dose of the cis isomer would have been sufficient to

produce_the responses observed. In coumarin anticoagulant pret;éated
animals, hoéever, the trans isomer 1is only 9 times more active and the
transformatio; of approximately 10Z of the cis would have had to occur

to accownt for‘the activity. Furthermore, if isomerization had occurred
before administration one would expect to see a faster onset of action

as oc;urs with the trans isomer. Moreover, reproduci£le results were
obtained with differeng preparaFions of the cis isomer at different

times, making it unlikely that "uncontrolled" isomerization is responsible
for the act%yity obtained.

The preaént results have been obtained in intact animals. In contrast
to studies with "in vitro” systems, their physiological significance
cannot be open to doubt. On the other hand, the final effect ;eaaured.
the increase of the plasma level of factor VII, is the resultant of an
unknown number of pecondary iﬂteractions such as transport, uptake,
distribution and rate of metabolization, in addition to the primary
interaction of the vitamin with its specific site of action. Differences
between the two isomers at. any of these levels could account for the
different biological responses. The finding that in slices and in a
cell-free system the difference is of the same order of magnitude as in

intact animsls excludes tha possibility that the secondary interactions
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ci are responsible for the difference. From this, it can be concluded
that the difference of the activity of the two isomers can be traced
to the specific site of action. . [

What is the functional significance of these findings? The mechanism

of action of vit. K at the molecular l¢vel, including its possible role

§ in the carboxylatfon of clofting facfors 1s st11l unknown. Vit. Kl is

E | one of a group of lipophilic para-quitqnes including vit. Kz (2-methyl-

% 3-difarnesyl-1,4-naphthoquinone) which i{s found in the mempbranes of

. ,‘ ceptain bacteria, coenzyme Q (2-methyl-5,6-~dimethoxy-3-polyisoprenoid-1,
4~benzoquinone) which is present in mituchondrial‘and bacterial membranes,

1 apd plastoquinone (5,6~dimethyl-1, 4~benzoquinone) which is préseni in
chloroplasts. In general, these quiuon?s» function as part of electron
‘t'nnsport systems because they can be reversibly reduced and oxidlzed, but
in many cases their exact function is still uncertain. The most

extensively studied member of this group is ubiquinone or coenzyme Q,

vhose aromatic moiety has a 2-methyl-5,6-dimethoxy-para-benzoquinone

| structure. This quinone is a component of the mitochondrial terminal
electron transport chain and functions between the flavin dehydrogenases
and the cytochrome system. When originally isolated, it was believed
that it might act as a coupling factor between terminal electron transport
and oxidative-phosphdrylation. Failure to establish such a role for‘
ubiquinone or to demonstrate the presence of coupling factors in general

_ led Mitchell to propose in 1961 the chemi-osmotic theory of oxidative-

phosphorylation, actording to which the association of terminal electron

tramsport with proton dislocation across the mitochondrial membrane is
ruy’miibh for oxidative-phosphorylation (134). Klingenberg has made
the sdditiomsl n;mun that wbiquinone, becamse it can be reduced and
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oxidized reversibly by virtue of its para-quinone structure, could

function as a proton carrier. Such a funct‘ion would require also a
certain mobility witfiin the membrane structure, so that protons could
be accepted and donated at opposite interfaces of the membrane (135).
It seems not unreasonable to assume as a working hypothesis that,
because of its similar s[;ucture, vit. K

1 could function at the molecular

level in a similar manner and to try to explain the difference between

A ,‘;t
the biological activity of the trans and cis isomers within the context

of this hypothesis.. Such a function would require, in addition to a
certain mobility and flexibility, a precise orien‘tation within the three
dimensional membrane structure o‘f the part of the vit. Kl molecule that
carries the functional group, the para-naphthoquinone; this part of ghe
molecule would have to make contact or combine with the conjugate systems
that donate or accnept protons on the opposite intarfacés of the membrane.
The finding that the particular microsomal system r’that responds to vit. Ky
is derived from an intracellular membrane structure lends additional
suppo}t to i:his\ hypothesis. It has been pointed out already in the
~discussion of s;::ic:‘lsu}jg requirements for vit. K-like activity, that the
size of the aromatic nucl;x:é, in general, and that of the substituent

at the 2-position, in particular, appear to be critical for combination
(affinity), and it can thereforé be assumed that this part of the vit.' K
molecule, which also carries the functi;mal group, the para-quinone
structure, combines with the active sites of the conjugate systems. If,
for example, the 2-methyl-l,4-naphthoquinone moieties of the cis and
trans isomers are oriented identically, it can bde seen from molecular

models that the orientation of the 3-lipophilic side chain will be

* 4
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( different, because of the absence of free rotation about the 2' ,3’-—doub1e .

E

bond (Fig. 22 (a)and (b)) The same considerations would apply if the
naphthoquinone moiety of either isomer were to comhine identically with

, the active sites of an enzyme.

This difference in orientation of the 3-side chain r;xight be sufficient

to abolish or reduce the ability of the cis igomer to function as a

B e 2

proton carrier. In the first cage, the cis isomer would, therefore, only
become active after it has been transformed "in vivo" to the trans isomer.
In vit. K deficient animals, where only a transformation of 1 to 2%

would be required, the cis isomer shows a slightly slower onset of action A
(Fig. 12). In coumarin pretreated ani?als, where a transformation of

approximately 10Z is required to account for the activity observed, the

Mt

onset of action of the cis isomer is considerably slower, 60 min. compared

-~ g iy

to 30 min. (Fig. 15). On the other hand, the different orientation of
the side chain, by restricting the mobility or changing the orien.tation,

may simply reduce the efficiency of the cis isomer as a proton carrier.

The experimental evidence at hand is insufficient to distinguish between
thesé two possibilitieé, although the difference in the onset of action

18 more easily explained by the first.

¢ -

Reduction of the 2',3%“double bond of the trans isomer leaves the
BRI activity unchanged, but incresses the activity and the speed of onset of
the cis isomer to that of the trans isomer. Inspection of molecular

_models shows that the spatial orientation of the 2',3dihydro derivative

1s similar to that of the trans isomer (Fig. 22(a)and (b)). Furthermore,

after reduction there is Iree rotation about the bond at the i',.‘!’-pooition

and, therefore, increased flexibilicy.
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Fig. 22. CIX wolecular models of: (a} the trans isomer of vit. K

(b) 2',3'-dihydro vit. Kys (c) the cis isomer of vit, K.
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The 2',3"'-dihydro derivative of vit.\‘\ K, vas first synthesized by
Karrer in 1940 (118) who reported that it had 1/24 of the activity of
vit. Kl' Fieser et al (111) prepared the dihydro derivative by a
different method in 1941 and reported 1/8 of the activity of vit. K-
Since these results were reported, more efficient wethods for the
purification, - such as T L C, and for deteminatioﬁ of the purity, such
as N MR, "l;live become available. We also found that catalytic reduction

of vit. Kl gave, in addition to the reduction of the 2',3'-double bond,

sone reduction of the naphthoquinone nucleus, and encountered difficulties,

particularly with the reduction product of the cis isomer, in eliminating
these byproducts. These byproducts differ only by 2 or 4 hydrogen atoms,

s0 that the contamination would not have been detected by the techniques

of carbon hydrogen analysis and ultraviolet spectra used by Karrer and by

Fleser as criteria for purity., They do, however, show up in the NM R
spectra, particularly for the byproducts of the cis isomer,

The retention of activity after reduction of the double bond makes
it unlikely that trana-ciallsomerigation plays a role in the mechanism of
acti_on of vit. Kl. This possibility was suggested by Brodie (136) in

connection with vit. Kl dependent oxidative-phos“ylattgn in vit. K

depleted preparations from M. Phlei. Brodie reported that only the trans’

isomer of vit. xl was éapable of restoring activity and that this was

ulociated with its lsamerirzation to the cis inoner. This could not be
confirud by Di Mari et al (137) who traced the iso-erization to non~
specific photocatalysis because of poor experimental controls. ‘

\ | .
If vit. xl were to act as a proton carrier within or across a
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C‘” lipophilic membrane structure, how could such a function be related or
directly coupled to the carboxylation of a saturated aliphatic acid
like the glutamyl residues of a polypeptide? Structural analysis leaves
little doubt that the vit. K-dependent clotting factors contaim y-
carboxyglutamic acid residues and that the inactive variants found in the
’ plasma of vit. K deficient \and coumarin anticoagulant pretreated animals
lack the ability to bind Ca ion because of their absence (26,92,93).
Moreover, vit. Kll—deper;dent carboxylation in cell-free systems has been
measured by the incorporation of 014 labelled in COz in at least seven
laboratories (95,100,101,102,103,104,105). It 1is of course possible that
‘ in partially purified cell-free systems the formation or activation
of the clotting factors involves an interrelated sequence of reactions,
including carboxylation, in addition to a separ\!late vit. K-dependent step.
This argument cannot, however, apply to the expériments in which it has
been claimed that simple glutamyl containing pentapeptides are carboxylated
in the presence of vit. K; by a microsomal preparation (105,138). Assuming
the validity of these experiments, one must, th;refore, assume that the
carboxylation~dependent on vit. K takes place by a mechanism entirely
different from any of the presently known biological carbuxylation‘s.
While the hydroquinone of vit. K1 could supply the reducing equivalents
and energy for a reductive type of carboxylation, there still rmins the
problem of how an aliphatic acid could be \carboxyllted ‘by such a mechanism
vithout energy-dependent activation. In I}ddition it should be noted that
the response to vit. Kl in the cell-free system must also infolvu the

Telsase of the cl:;tting factor protein from tha particulate microsomal

O ‘ preparation. By vhat mechanisa and hm;' closely this releass is coupled

3
H
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or integrated with the carboxylation is a problem shlt does not seem to
have until now received any attention. i
A systematic study of the structural requirements for vit. K-like

activity in intact animals may provide additional infmtion and an

indicat;on\qf the as“ yet unknown mechanism of action of the vitamin.
Since there shpuld be a correspondance between the activity in intact
animals and in “ln vitro" system, such studies should also be useful

to evaluate the significance of results obtained with "in vitro™ systems.
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SUMMARY

(L) Vit. I(1 has been separated into its 2',3"- trans and cis 1somers
by TLC to a purity of better than 992 as indicated by TLC and NMR.

(2) The activity of each of the two isomers was estimated in vit. K
deficient and coumarin anticoagulant pretreated rats after intravenous
administration. The results were evaluated by a’n analysis of variance
as a 6 point parallel line assay. 1

(a) In vit. K deficient animals the cis fsomer had 1.5% of the potency

of the trans isomer with 57 fiducial limits at 1.1% and 1.9%.

(b) In coumarin anticoagulant pretreated rats the cis isomer had-

1 11% of the potency of the trans isomer with 5X fiducial limits

at 9% and 13%.

(c) In addition, the cis isomer had a slower onset of action, parti-

cuhrlygin coumarin pretreated rats (60 min compared to 30 min.).

"(3) The trans and cis isomers were reduced catalytically to 2',3'-dihydro

-~

vit. Kl. Hydrogenation did not change the activity of the trans isomer,

but increased the activity of the cia isomer to that of the more active
trans isomer.
(4) Approximately the same difference was found between the uhctivity
of the two lsomers on the release of factor VII from liver slices and
mictosomes from vit. K deficient rsts when ;ddcd to these systems "in vitro".
{(5) The results can be expllined by the hypothesis that the mechanism
of sction of vit. K involves proton transport -across a lipophilic membrane
structurs, and that the difference between the activity of the trans and

cd isomers arises from the different spatia) orientation of the phytyl

side chais because of the pressmce of the 2',3'~double bosd and the effect

»
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molety of the vit. K molecule. The finding"t;hat when the double bond
is reduced, activity of the trans isomer Ji,a/‘tatained and activity of
the cis isomer is increased to that (:f:the trans isomer is in agreement
with this explanation, and also demon;a rates that the double bond is

' ; /

not an obligatory requirement for sctivity.

i,

1
%
5
1y
5




S L

o APPSO e -

R =

10l

85

BIBLIOGRAPHY

.BAILEY, K., and BETTELHEIM, F.R. The clotting of fibrinogen. I.

The liberation of peptide material. Biochim. Biophys. Acta.
18: 495, 1955. . .

BLOMBACK, B., and VESTERMARK, A. Isolation of fibrinopeptides by
chromatography. - Ark. Kem., 12: 173, 1958. "

FULLER, G.R., and DOOLLITTLE, R.F. The formation of cross-linked
fibrins: Evidence for the involvement of lysine €-amino groups.
Biochem, Biophys. Res. Commun., 25: 694, 1966.

PISANO, J.J., FINLAYSON, J.S., and PEYTON, M.P. Cross link in
fibrin polymerized by factor XIII: E (a-glutanyl) lysine.
Scilsnce, 160: 892, 1968.

MACFARLANE, R.G. An enzyme cascade in the blood clotting mechinism
and its function as a biochemical amplifier. Nature, 202: 498, 1964.

DAVIE, E.W., and RATNOFF, 0.D. Waterfall sequence for intrinsic
blood clotting. Science, }45: 1310, 1964.

WILNER, G.D., NOSSEL, H.L., and LEROY, E.C. Activation of Hageman
factor by collagen. J. Clin. Invest., 47: 2608, 1968.

NIEWIAROWSKI, B., BANKOWSKI, E., and ROGOWIGKA, I. Studies on the
adsorption and activation of the Hageman factor (factor XII) by
collagen and elastin. Throab. Diath. Haemorrh., 14: 387, 1965.

KATO, H., FUWIKAWA, K., and LEGAZ, M.E. , Isolation and activation of
bovine factor XI .(plasma thromboplastin antecedent) and its interaction
with factor 1X (Christmas factor). Fed. Proc., 33: 1505, 1974.‘

<

FUJIKAWA, X., COAN, M.H., LEGAZ, M.E., and DAVIE, E.W. <

' The mechanism of activation of bovine factor X (Stuart facter)

11.

13.

by intrinsic and extrineic pathways. Biochemistry, 13: 5290. 1974.

HOUCIE, C., DENSON, K.W.E., and BIGGS, R. A ntudy of the ruction
product of factor VIII and factor IX by gel filtration.

Thromb, Disth. Haeworrh., 18: 211, 1967. )

JSTERUD, B., and RAPAPORT, S5.J. Synthesis of intrimsic factor X ’
activator. Inhibition of the function of formed act:lvator by ’
antibodies to factow VIII and to factor IX. lidchuutry, 9: 185&, ).970.
HESR, H.C., aod YABN, M.J,P. Resction sequence of blood mmuqm.
kt‘t" 215: m, 1”7- - * b R

. %)‘:’5

St v =

l\ﬂ

R E

e
N v
g
i“"et_




N
i - : '

1

s
I

. . i - i I e i RN I . 2

! . !
Nl

86

X 14. JESTY, J., and ESNOUF, M.P. The preparation of activated factor X
- and its -action on prothrombia. Biochem. J., 131: 791, 1973.

15. PAPAHADJOPOULOS, D., and HANAHAN, D.J. Oiservations on the
interaction of phospholipids and certain clotting factors in

prothrombin activator formation. Biochim. Biophys. Acta,
90: 436, 1964. | - )

< -
3w
TSR IR SR k.
A
s
.

\ , .

16. BARTON, P.G., JACKSON, C.M., and BANAHAN, D.J. Relationship
between factor V and activated factor X in the generation of -
prothrombinase. Nature, 214: 923, 1967.

[ L T

17. JOBIN, F., and ESNOUF, M.P. Studies on the formation of the \
[ prothrombin-converting complex. Biochem. J., 102: 666, 1967.

| 18. HEMKER, H.C., ESNOUF, M.P., HEMKER, P.W,, SWART, A. C.W., and

' MACFARLANE, R.G. Formation of p:othrdmbin conve?rting activity.
T~ !' N Nature, 2150 248’ 1967-

!

o 7 I
~19. ZELDIS, S.M., NEMERSON, Y., PITLICK, F.A., and LENTZ, T.L.

Tissue factor (thromboplastin): Localization to plasma membranes
by peroxidase-conjugated antibodies. Science, 175: 766, 1972,

e e+ e s e s o

. 1y .
20. FUJIKAWA, K., COAN, M H'., ENFIELD, D.L., TATANI, K., ERICSSON, L.H.,
and DAVIE, E.W. A comparison of bovine prothrouﬁ!’in, factor IX
X (Christmas factor), and factor X (Stuart factor). .
; { Proc. Nat. Acad. Sci. USA, 71: 427, 1974. N
L 21. ENFIELD, D.L., ERICSSON, L.H., FUIIKAWA, K., TITANI, K., WALSH, K.A.,

&

and NEURATH, H. Bovine factor IX (Christmas factor). Further

evidence of homology with factor X (Stuart factor) and prothrombin. :
FEBS Letters, 47: 132, 1974. .

. 22. TITANI, Kl, HERMODSON, M.A., FUKIJAWA, K., ERICSSON, L.H.,
. WALSH, K.A., NEURATH, H., and DAVIE, E.W. Bovine factor X,,
; l (activated Stuart factor). Evidence of homology with
’ . mammalian serine proteases. Bilochemistry, 11: 4899, 1972,

23. BAJAJ, S.P‘., and MANN, K.G. Simultaneous purification Iof bovine
prothrombin and factor X. J. Biol. Chem., 248: 7729, 1973.

\
et Ty 5 eowteibnd

24. MAGNUSSON, 5. Thrombin and prothrombin. In the Enzymes (ed.
P.D. Boyer), Vol. 3, page 277, Academic Press, New York, 1971.

[ . 25. HELDEBRANT, C.M., NOYES, C., KINGDON, H.S., and MANN, K.G.
. The activation of prothrombin and the intermediates, of activation.
; Biochem. Bilophys. Res. Commun., 54: 155, 1973.

1

o [ - |
O o




P R

26.

27.

28.

29.

30.

31.

32,

33.

34.

35.

36.

37.

. ‘ ! ! '
STENFLO, ., and GANROT, P. 0 Vitamin K and the biosynthesis of '
prothrombin. I. Identification and purification of a dicoumarol
induced abnormal prothrombin from plasma. J. Biol. Chem., “247: *
8160, 1973.

STENFLO, J., FERNLUND, P., ard ROEPSTORFF, P. Structure of a

.

Mvitamin K-dependent portion of prothrombin. In Proteases and

Biological Control, page 111, Cold Spring Harbor Conferences on
Cell Proliferation, Vol. 2, Cold Spring Harbor Laboratory, 1975.

MAGNUSSGN, S., PETERSEN, T.E., SOTTRUP-JENSEN, L., and CLAEYS, H.
Complete primary structure of prothrombin: Isolation,&tructure and
reactivity of ten carboxylated glutamic acid residues and regulation
of prothrombin actlvation Ey thrombin. 1In Proteases and Biological
Control, page 123, Cold Spting Harbor Conferences on Cell Proliferation,
Vol. 2, Cold Sfpring Harbor Laboratory, 1975.

{

°

ESNOUF, M.P. The prothrombin—converting complex. . \
Biochem. Soc. Trans}., 5: 1244, 1977, s !

JACKSON, C.M.,. ESMON, C.T., and OWEN, WsG. The activation of
bovine prothrombin. In Proteases and Bidlogical Control, page 95,
Cold Spring Harbor Conferences on Cell Proliferation, Vol. 2,

Cold Spring Habor Laboratory, 1975.

DAVIE, E.W., and FUJIKAWA, K. The role of serine proteinases in the
early phase of blood coagulation. Bioch. Soc. Trans., 5: &}, 1977.

DAM, H. Cholesterinstoffwechse in Hihnerelern und Hithnchen.
Biochem. itschr., 215: 475, -1929. .

DAM, H. "Uber die cholesterinsynthese im tierkdrper.
Biochem. Zeitschr., 220: 158, 1930. !

MACFARLANE, W.D., GRAHAM, W.R., and RICHARDSON, F. The fat-soluble ' '
vitamin requirements of the ghick. Biochem. J., 25: 358, 1931. |
DAM, H., and SCHONHEYDER, F. A deficieii.:xcy disease in chicks

resembling scurvy. Biochem. J., 28: 1355, 1934. -

DAM, H., and SCHONHEYDER, F. Antihemorrhagic vitamin of the chick,
occurrence and chemical nature. Nature, 135: 652, 1935.

SCHONHEYDER, F. The quantitative ‘determination of vitamin K.
Biochem. J., 30: 890, 1936.

ALMQUIST, H.J., PENTLER, C.F., and MEC&HI, E. Synthesis of the !
antihemorrhagic vitamin by bacteria. Proc. Soc. Exptl. Blol. Med.,
38: 336, 1938. : .

&

T

3 - |

ki P remimametinm g



Loamoeegr T

.
£
.
8
%
e
L
N

39.

40.

41,

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

88

ALMQUIST, H.J., and STOKSTAD, E.L.R. Pactors influencing the _
incidence of dietary hemorrhagic disease in chicks. -
J. Nutr., 12: 329, 1936. :

DAM, H., GEIGER, A., GLAVIND, J., KARRER, P., KARRER, W., ROTHSCﬁILD, E.,
and SALOMON, H. Isolation of vitamin K in highly purified form.
Helv. Chim. Acta, 22: 310, 1939.

MACCORQUODALE, D.W., MCKEE, R.W., BINKLEY, S. B., CHENEY, L.C.,
HOLCOMB, W.F., THAYER, S.A., and DOISY, E.A. Identification of
vitamin K, (alfalfa). J. Biol. Chem., 130: 433, 1939.

MCKEE, R.W., BINKLEY, S.B., THAYER, S.A., MACCORQUODALE, D.W.,’
a?d DOISY, E.A. The isolation of vitamin Kz.

J. Biol. Chem., 131: 327, 1939.
KARRER, P., and GEIGER, A. Vitamin K from alfalfa. H?].v. Chim. Acta,
22: 945, 1939.

ALMQUIST, H.J., and KLOSE, A.A. Antihemorrhagic aL:tivity of
2-methyl-1l,4-naphthaquinone. J. Biol. Chem., 130: 787, 1939.

FIESER, L.F., BOWEN, D.M., CAMPBELL, W.P., FRY, E.M., and GATES, M.D.
Quinones having vitamin K activity. J. Am. Chem. Soc., 61: 1925, 1939.

BRINKLEY, S.B., MCKEE, R.W., THAYER, S.A., and DOISY, E.A. .
The constitution of vitamln K,. J. Biol. Chem., 133: 721, 1940.
ISLER, b., R'IjEGG, R., CHGPm—dit—Jm, L.H., WINTERSTEiN, A.,

and WISS, 0. Synthesis and isolation of vitamin K2 and isoprenologous
compounds. Helv. Chem. Acta, 41: 786, 1958.

.

ISLER, O., and WISS, 0. Chemistry and.biochemistry of the K vitamins.
Vitamins and Horm{bnes, 17: 53, 1959.

MORTON, R.A. A note on Nomenclature. In Biochemistry of Quinones,
ed. R.A. Morton, p. IX-XII, Academic Press, London and New York, 1965.

WARNER, E.D., BRINKHOUS, K.M., and SMITH, H.P.
Bleeding tendency of obstructive jaundice: Prothrombin deficiency and
dietary factors. Proc. Expt. Biol. Med., 37: 628, 1938.

/
_BUTT, H.R., SNELL, A.M., and ‘OSTERBERG, A.E. The use of vitamin K

and bile in treatment of the hemorrhagic diathesis in cases of jaundice.
Proc. Staff Meetings, Mayo Clinic, 13: 74, 1938.

GREAVES, J.D. The nature of the factor which is concerned in loss of

blood coagulability of bile fistula and jaundiced rats. q
Au. J. Physiol., 125: 429, 1939. ! \\)

N



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

| : " 89

QUICK, A.J., anc_i COLLENTINE, G.E. Role of vitamin K in the synthesis
of prothrombin. Am. J. Physiol., 164: 716, 1951.

HADEN, H.T.- Vitamin K deficiency associated with bro;onged antibiotic
administration. Arch. Internal Med., 100: 986, 1954.

LOCKHART, J.D. Hypoprothrombinemia. Clin. Proc. Children's Hosp.
.Wash., 9: 211, 1953.

GUSTAFSSON, B.E., DAFT, F.S., MCDANIEL, E.G., SMITH, J.C.

and FITZGERALD, R. J. Effect of vitamin K active compounds and
intestinal microorganisms in vitamin K deficient germ-free rats.
J. Nutr., 78: 461, 1962. \
CAMPBELL, H.A., and LINK, K.P. “Studies on the hemorrhagic sweet
clover disease. IV. The isolation and crystallization of the
hemorrhagic agent. J. Biol. Chem., 138: 21, 1941.

LINK, K.P. The anticoagulant from spoiled sweet clover hay.
Harvey Lectures, 39: 162, 1943. ‘
QUICK, A.J. The coagulation defect in sweet clover disease anld in
the hemorrhagic chick disease of dietary origin. Am. J. Physiol., v,
118: 260, 1937.

DAM, H., scr{éNHEsdDER, F., and TAGE-HANSEN, E. Studies on "the mode
of actien of vitamin K. Biochem. J., 30: 1075, 1936. ‘ '

.SEEGER, W.H., LOOMIS, E.C., and VANDENBELT, J.M. Preparation of
prothrombin products: Isolation of prothrombin and its properties.:
Arch. Biochem., 6: 85, 1945.

LUPTON, A.M. The effect of perfusion through the isolated liver on
the prothrombin activity of blood from normal and dicoumarol treated
rats. J. Pharmacol. Exptl. Ther., 89: 306, 1947.

MARTIUS, C., and NITZ-LITZOW, D. Oxidative phosphorylierung und
vitamin K mangel. Biochim. Biophys. Acta, 13: 152, 1954.

GREEN, J.P., S@NDERGAARD, E., ;md DAM, H. Some liver enzymes during
dicoumarol treatment and vitamin K-deficiency. J.Pharmacol. Exptl.
Ther., 119: 12, 1957.

MARTIUS, C. In Quinones in Electron Transport, page 324, ed.
G.E.W. Wolstenholme and C.M. O'Connor. J, and A. Churchill Ltd.,
London, 1961. .
WIELAND, T., und BKUERLEIN, E. Gedanken und Experimentezu einer
oxidativen Einfithrung des Phosphorylrests. Die Naturwissens Chaften.,
» 54: 80, 1967.

P N TN

-

N
.




e b -

2y

69.

70.
71.
72.

73.

74.
75.
76.
77.

78.

79.

80.

3 90

LEDERER, E., and VILKAS, M. Phosphorylation of derivatives of the
vitamin K group. Vitamins . and Hormones, 24: 409, 1966.

MATSCHINEli, J.T., BELL, R.G., AMELOTTI, J.M., and KNAUER, T.E.
Isolation and characterization of a new metabolite of phylloquinone
i\n the rat. Biochim. Biophys. Acta, 201: 309, 1970.
-d
; <33
BELL, R.G., and MATSCHINER, J.T. Warfarin and the inhibdition of ¥
vitamin K activity by an oxide metabolite. Nature, 237: 32, 197?.

WILLINGHAM, A.K., and MATSCHINER, J.T. Changes in phylloquinone
epoxidase activity related to prothrombin synthesis and microsomal
clotting activity in the rat. Biochem. J., 140: 435, 1974,

BELL, R.G., CALDWELL, P.T., and HOLM, E.E.T. Coumarins and the
vitamin K-K epoxide cycle. Lack of resistance to coumatetralyl
in warfarin-resistant rats. Biochem. Pharmacol., 25: 1067, 1976.

WILLINGHAM, AK.K., LAIIBERTE,< R .E., BELL R.G., and MATSCHINER, J.T.

Inhibition of° vitamin K epoxidase by two non-coumarin anticoagulants.

L

Bi!ochem. Pharmacol., 25: 1063, 1976.

SADOWSKI, J.A., SCHNOES, H.K., and SUTTIE, J.W. Vitamin K epoxidase:
Properties and relationship to prothrombin. Biochem. J., 16: 3856, 1977.

/

BEYER, R.E., and KENNISON, R.D. Relationgship between prothrombin
time and oxidative phosphorylation in chick liver mitochondria.
Arch. Biochen. Biophys., % 63, 1959. o
PARMAR, S.S‘., and LOWENTHAL, J. Oxidative phosphorylation in
nmitochondria from animals treated with 2-chloro-3-phytyl-1,
4-naphthoquinone, an antagonist of vitamin Kl’

Biochem. Biophys. Res. Commun., 8: 107, 1962-

PAOLUCCI, A.M., RAO, B.B.R., and JOHNSON, B.C. Vitamin K deficiency
and oxidative phosphorylation. J. Nutr., 81: 17, 1963. . .

t
OLSON, R.E. Vitamin K induced prothrombin formation: Antagonism
by actinomycin‘D. Science, 145: 926, 1964.

OLSON, R.E. The regulatory function of the fat-gsoluble vitamins.
Can. J. Biochem., 43: 1565, 1965.

JOHNSON, B.C., HILL, R.B., ALDES, R., and RANHOTRA, G.S.
Turnover time of prothrombin and of prothrombin messenger RNA and

evidence for a ribosomal site of action of vitamin K in prothrombin -

synthesis. Life Sclence, 5: 385, 1966. .

SUTTIE, J.W. Control of prothrombin and” factor VII biosynthesis
by vitamin K. Archives Biochem. Biophys., 118: 166, 1967.

|

s




) } ‘ 91

\ g . ~
( 81. HILL, R.ﬁ., GAETANI, S., PAQLUCII, A.M., RAO, P.B.R., ALDEN, G.S., -
SHAW, D.K., and’ JOHNSON, B.E. Vitamin K and biosynthesis of protein
. and prothrombin. J. Biol. Chem., 243: 3930, 1968.
82. LOWENTHAL, J., and BIRNBAUM, H. Vitamin K and coumarin-anticoagulants:
Dependence of anticoagulant effect on inhibition of vitamin K
transport. Science, 164: 181, 1969.

4

83. HEMKER, H.C., VELTKAMP, J.3¥., HENSEN, A., arnd LOELIGER, E.A. . N
Nature of prothrombin biosynthesis: Preprothrombinaemia in vit. K-
deficiency. Nature, 200: 589, 1963.

. 5

84. HEMKER, H.C., and MULLER, A.D. Kinetic analysis of the interaction
of blood-clotting enzymes. VI.Localization of the site of blood-
coagulation inhibition by the protein induced By vit. K absence
(PIVKA). Thromb. Piath. Haemorrh., 20: 78, 1968.

4

A W,

85. JOSSO, F., LAVERGNE, J.M., GONAULT, M., PROU-WARTELLE, O., and

SOULIER, J.P. Différents états moléculaires du facteur II

(prothrombine). Leur étude 3 1'aide de la staphylocoagulase et

d'anticorps antifacteur II. 1. Le facteur II chez, les sujets Ny

traités par les antagonistes de la vitamine K. Thromb. Diath. Haemorrh.,

20: B8, 1968.

i -

. 86. GANROT, P.0., and NILEHN, J.E. Plasma prothrombin during treatment

. , witg dicoumarol. II,Demonstration of an abnormal prothrombin fraction.

Sca@ﬁ. J. Clin, Lab. Invest., 22: 23, 1968.

87. GANROT, P.0., and NILEHN, J.E. Inmunochemical determination of
| human prothrombin. Scand. JJ Clin. Lab. Invest., 21: 238, 1968.

88. STENFLO, J. Dicoumarol-induced prothrombin in bovine plasma.
Acta Chem. Scand., 24: 3762, 1970.

89. STENFLO, J. Binding of Cé++ to normal and dicoumarol-induced prothrombin. '’
Biochem. Biophys. Res. Commun., 50: 98, 1973.

90. NELSESTUEN, G.L., and SUTTIE, J.W. The purification and properties [ ’
of an abnormal prothrombin protein produced by dicoumarol-treated
. cows. J. Biol. Chem., 247: 8176, 1972a.
9]. STENFLOf J. Vitamin K and the biosyntLesis of prothrombin. II. } .
Structural comparison of normal and dicoumarol~induced bovine It
prothrombin. J. Biol. Chem., 247: 8167, 1972. !

v 92. STENFLO, J. Vitamin K and the biosynthesis of prothrombin. @
“IV. 1Isolation of peptides containing prosthetic groups from normal §§
prothrombin and the corresponding peptides from dicoumarol-induced
.prothrombin. J. Biol. Chem., 26%: 5527, 1974. ) ¥

{

i

§ ( ! : 93. STENFLO, J., FERNLUND, P., EGAN, W., and ROEPSTORFF, P. 3
; ’ Vitamin K-dependent modifications of glutamic acid residues in iy
‘ prothrombin. Proc. Nat. Acad. Sci., 71: 2730, 1974.
{

\ | ‘




% 92

HOWARD, J.B., and NELSESTUEN, G.L. Properties of a Ca2+ binding
peptide from prothrombin. Biochem. Biophys. Res. Commun., 59: 757, 1974.

GIRARDOT, J.M., DELANEY, R., and JOHNSON, R.C. Carboxylation, the
completion step in prothrombin biosynthesis. Biachim. Blophys.
/-0 . Res. Commun., 59: 1197, 1974.

‘ 96.° PRYDZ, H., and GLADHAUG, A. Immunological Studies. .
Lo Thromb. Diath. Haemorrh., 25: 157, 1971. 4
' K3

97. LECHNER, K. Imnune reactie factor IX in acquired factor IX
deficiency. Thromb. Diath. Haemorrh., 27: 19, 1972.
! } .
{ 98. REEKERS, ¥.P.M., LINDHOUT, M.J., KOP-KLAASSEN, B.H.M., and HEMKER, H.C.
d ' Demonstration of three anomalous plasma proteins induced by a
¢ vitamin K antagonist. Biochim. Biophys. Acta, 317: 559, 1973.

o N

» o

99. BUCHER, D., NEBELIN, E., and TH@MSEN, J. Identification of gamma-
carboxyglutamic acid residues in bovine factor IX and X and in a
{ new vitamin K~dependent protein. FEBS Letters, 68: 293, 1976.

gloo. SUTTIE, J.W., ESMON, C.T., GRANT, G.A., and SADOWSKI, J.A.
Proceedings: In vitro prothrombin synthesis. The vitamin K-dependent
carboxylation of a prothrombin precursor. - Thromb. Diath. Haemorrh.,
37: 561, 1975. \

101. SADOWSKI, J.A., ESMON, C.T., and SUTTIE, J.W. Vitamin K-dependent
. carboxylase., Requirements of the rat liver microsomal enzyme
) . system. J. Biol. Chem., 251: 2770, 1976.

', . 102. HOUSER, R.M., JONES, J.P., FAUSTO, A., GARDNER, E.E., LEE, F.C.,
. and OLSON, R.E. Vitamin K-dependent carboxylation of preprothrombin
in rat liver microsomes. Fed. Proc., 35: 1352, 1976.
103. FRIEDMAN, P.A., and SHIA, M. Some characteristics of a vitamin K-
dependent carboxylating system from rat liver. Biochem. Biophys.
Res. Commun., 70: 647, 1976.

, 104. MACK, D.O., SUEN, T., GIRARDOT, J.M., MILLER, J.A., DELANEY, R.,
and JOHNSON, B.C. Soluble enzyme system for vitamin K-dependent

2 , carboxylation. J. Biol. Chem., 251: 3269, 1976.

105. SUTTIE, J.W., .and HAGEMAN, J.M. Vitamin K-dependent carboxylase,-

v Development of a peptide substrate. J. Biol. Chem., 251: 5827,/1976.

¥ 106. LOWENTHAL, J., and JAEGER, V. Synthesis of clotting factors byla

5 , cell-free gystem from rat liver in response to the addition of

%:, vitamin Kl in vitro. Bioc}tem. Biophys. Res. Comun.,‘74: 25, 1977.

o » - N~

%ﬁ > 107. FRIEDMAN, P.A., and SHIA, M.A. The apparent absence of involven;ﬁ@t;

8 » of blotin in vitamin K-dependent carboxylation of glutamic residues’
of proteins. Biochem. J., 163: 39, 1977. »

N o




108.

109.

111.

112.

113.

114.

us.

116.

117.
118.

119.

120.

) 93

’x ° 1 {
ARIENS, E.J., ROSSUM, J.M., and SIMONIS, A.M. A theoretical basis
of molecular pharmacology.Part I. Interactions of one or two with
one receptor system. Arzneim-Forsch., 6: 282, 1956.
4

LOWENTHAL, J., and MACFARLANE, J.A. Vitamin K-like and antivitamin
K activity of substituted para-benzoquinones. J. Pharm. Exp. Ther.,
47: 130, 1965.

HET, J., HODROVA, J., und BLAHA, L. Studien in der Vitamin-K
d) Vitamin-E-Reihe XIII. Synthese von 6,7-disubstituierten
amin-K-analogen. Coll. Czechoslov. Chem. Comm. 29: 197, 1964.

FIESER, L.F., TISHLER, M., and SAMPSON, W. Vitamin K activity and
structure. J. Biol: Chem., 137: 659, 1941.

‘

LOWENTHAL, J. unpublished results.

LOWENTHAL, J.,and MACFARLANE, J.A. In Proceeding of the First
International Pharmacological Meeting, ed. by C.I. Brunings
vol. 7, page 333, Pergamon Press, London, 1963.

LOWENTHAL, J., MACFARiANE, J.A., and MCDONALD, K.M. The inhibition
of the antidotal activity of vitamin K, against coumarin anticoagulant
drugs by its chloro analogue. Experimentia, 16: 428, 1960.

¢

TOWENTHAL, J., and MACFARLANE, J.A. Use of a competitive vitamin K
antagonist, 2-chloro-3-phytyl-1, 4-naphthoquinone, for the study of
the mechanism of action of vitamin K and coumarin‘anticoagulantsl’z.
J. Pharm. Exp. Ther., 157: 672, 1967.

ISLER, O. Uber die Vitamine K, und K. Angewandte Chemie., 71: 7, 1959.

1 2

KNAUER, T.E., SIEGFRIEG, C., WILLINGHAM, A.K., and MATSCHINE&, J.T.
Metabolism and blological activity of cis— and trans~ phylloquinone

in rat. J. Nutr., 105: 1519, 1975.

KARRER, P., and EPPRECHT, A. Eine allgemeine Darstellungsmethode ‘%
fiir 2-Methyl~3 alkyl-naphtochinone. Konstitution und Vitamin K-
Wirkung. Helv., 23: 272, 1940,

WEICHET, J., KVITA, V., BLAHA, L., und TREKA, V. Studien in der
Vitamiy~K und Vitamin-E-Reihe VITII. Synthese von Vitamin~K, analogen
Mit Zweifach Verzweigter Seitenkette. Collection CzechosloV.

Chem. Comm., 24: 2754, 1959. :

_§MOLIK, S., KVITA, V., WEICHET, J., und TRCKA, V. Studien in
‘der Vitamin-K und Vitamin-E-Reihe X. Synthese von Vitamin-K

analogen Mit Unverzweigter Seitenkette. Collection Czechoslov.
Chem, Comm., 25: 259, 1960.



v

D gt S P 1%

121.

122,

123,

124,
4

\

125,

126

127,

128.

129.

130.

131.

132,

133.

134,

135.

136.

94

N

WELCHET, J., BLAHA, L., KAKAC, B., und TRCKA, V. Stpdien in der
Vitamin-K-und Vitamin=B-Reihe XVIL. Synthese Neuer analoga des
Vitamins Kl. Collection Cgechoslov. Chem. Comm., 31: 3606, 1966.
ISLER, 0., RUEGG, R., STUDER, A., und JURGENS, R. Konstitutionsspe-
zifische Wirkung von Vitamin K. und Analogen gegen Cumarin-
Verbindugen. Helv. Phis. Acta, 295, 1953.

MAMEESH, M.S., and JOHNSON, B.C. Production of dietary vitamin K
deficiency in the rat. Proc. Soc. Exp. Biol. Med., 101: 467, 1959.

METTA, V., CHALOM, N., and CONNOR JOHNSON, B. A tubular coprophagy-
preventing cage for the rat. J. Nutr., 74: 473, 1961.

KOLLER, F., LOELIGER, A., and DUCKERT, ¥. Experiments on a new
,clotting factor (factor VII). Acta. Haemat., 6: 1, 1951.

CHERONIS, \N.D., and KOECK, M., Semimiéro hydrogenation at
ospheric pressure. J. Cheq. Educ., 20: 488, 1943.

LOW%NTHAL, J., and TAYLOR, J.Dl A method for measuring the activity
of compounds with an activity like vitamin K against indirect
anticéggulants in rat. Brit. ﬂ. Pharm., 14: 14, 1959.

MORTON,\ Spectroscopy of quinones and related substances.
I. Ultra iolet absorption specc&a. In Biochemistry of Quinones,
ed. R.A. Mgrton, page 1, Academ#c -Press, London and New York, 1965.

BURN, J. H.,\FINNEY D.J., and GOODWIN, L.G. Biological Standardi-
zation. Oqurd University Press, London, New York, Toronto, 1952.
C\
\
FINNEY, D.J. Yn Statistical Method in Biological Assay. Pub-
lished by Charigs Griffin & Company Ltd”, London, 1952,

AGUSTINE, R.L. Catalytic hydrogenation, page 57. Published by
Marcel Dekker, Inc., New York, 1965. :

DEUTSCH, W. An improvement of Warburg's method for cutting tissue

slices for respiratory-experiments. J. Physiol., Lond., 87: 56P, 1936.
i

DWORKIND, J. Vitamin Kl and plasma clotting factor formation.

Ph.D. Thesis, 1973.

MITCHELL, P. Possible molecular mechanism of the proton motive
function of cytochrome system. 'J. Theor. Biol., 62: 327, 1972.

KROGER, A., and KLINGENBERG, M. Quinones and nicotinamides ™

assoclated with electron transfer. Vitamins and Hormones, 28: 533, 1970.

BRODIE, A.F., GUINICK, D.L., DUNPHY, P.J., SAKAMOTO, H., and"
PHILLIPS, P.G. Cis- Trans isomerism in naphthoquinones:
Interconversion and participation in oxidative phosphorylation.
Science, 58; 1469, 1967.




rman e s gt o o pedmadEw st % PESVME XRBRINVT WY 7Y

P

e e e
v
-
ep ey

w
entee

137. DIMARI, S.J., and RAPAPORT, H.
The reconstitution of oxidative phosphorylation in mycobacterium

plei with cis- and trans—- phylloquinone. Evidence against isomerization.
Biochemistry, |7: 2650, 1968.

: K4
v
138. HOUSER, R.M., CAREY, D.J., DUS, K.M., MARSHALL, G.R., and OLSON, R.E.
Partial sequence of rat prothrombin and the activity of two related
pentapeptides as substrates for the vitamin K-dependent carboxylase
system. FEBS Letters, 75: 226, 1977. xr

N L4
1 ‘\
i \ .
{ \ [ 3
1 | -
L4 3
P “*‘E”
. , : i
. &
i s
¥
N J %
o ;
E 3




e —e——————

96

APPENDIX (éummary of Statistical Calculations)'

-

’ Polynomial coef ficients

Component ) tl ‘,,tz t3 C1 c2 C3 Divigion
(1) Preparations ., -1 -1 -1 1 1 1 - 30
(2) Regression ' -1 0 1 -1 0 1 20
3) 'Deviatioh from \ e

Parallelism ‘ 1 0 1 -1 0 1 2,0

¥

(4) Curvature i \ 1 -2 1 1 -2 1 60
(3 Diff. from cm:rvature ’-1 2 -1 1' -2 1 60

wt

Table VII. Polynomial coefficients for the calculation of the’
» . -3 ! &H
component of analysis of variance for data from Table I and Table IIIL,

Analysis of. variance and estimation of relative potency of the cis

|

and trans isomersof vit. K, in vit. K deficient rats: Data from Table I. -

1
{

(1) Preparations = [-78.4-144.4-214.9+38.9+77.2+4193.2]” + 30
- 549.552 |
(2) Regression =[~78.4+214.9-38.9+193.2]% 20
" = 4228.23 o
(3) De\;iat:ion from Parallelism
~ [(214:9-78.4)-(193.2-38.9) 1% + 20
\ - 15.488 ' ,

(4) Curvature = [(78.4+214.9)-2(144.4)+(38.9+193.2)—2(77.2)]2J+ 60

= 112.61 o w

[ETVSU—
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" (5) Difference of Curvature |

- ¥, = intercept of trans curve

, " ~N
' ™ intércept of cis curve.
%
}'t = (78.4+214.9) * 10 = 29.33
| Y, = (38.9+193.2) : 10 = 23.21 . /
& : b = glope for both curves .
; . b = (214.9-78.4+193.2-38.9) ¢ 20 A
b = 14.54 | : \ -
ko ’
: Relative potency = R
! » | |
'} - jog 9:125 _ ‘ ' ‘.

F ) ’ log 1} log 6.4 0.42 x 0.301 . N

-1.835 *
R = antilog 2.165 i . ’
3 ' R = 0.015

Fiducial limits of R ‘
\
4 ' Y0.05, 24 d.f. = 2.06 | |

g criterium , ‘ ’

2 b o
- 50 x (2.06)° _ : ,

M = difference between equally effective doses e

4

Y V(M) = variance of M

V(M)

50 + (14.56)2 x [1/15 + 1/15 + (<0.42)2 + 20] '

(0.18) 2

-
.
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(4) Curvature = [(48.5+253.5)-2(139.2)+(28+235.5)-2(106:7)12

o I

, 4

1

)

L} . y
( . l I
\ s ) ! |

Fiducial limit (below) = antilog Z.06

0.011 - ’

Fiducial limit (above) = antiiog.f.2767

-

0.019 N

Analysis of variance and estimation of potency of the cis and trans
isomersof vit. K1 in coumarin anticoagulant pretreated rats: data from

Table III. {olynomial coeffigients were used from Table VII.

v
b ‘_“I"J
v
L

(1) Preparatioms= [-48.5-139.3-253.5+28+106.74235.5]
- 168.51
(2) Regression -[—48.5+253.5—28+235.5}% 20

= 8507.81

~(3) Deviation from Parallelism

= [ (253.5-48.5)~-(235.5-28)] >

= 0.31

: - 90.04
(5) Difference of Curvature EL) .
- [(48.5+253.5)-2(139.2)~(28+235.5)-2(106.7)] % + 60

= 11.88 ' -

Calculation of intercepts
?; = (48,5+253.5)¢ 10 = 30,2

¥, =(28+235.5): 10 = 26.35 o ~
b =(253.2-48.5+235.5-32)% 20 .. .-
b = 20.43

Y.
- o 4 . 5 N
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Q Calculation of R N ,
o, 10 . ‘
' log R = 108,‘56 =~ 0.17 x 0.301 - ,
e = -0.953 '
r . | R.= ;antilog 1.047
\ - < e
1 R = 0.11 N
E \ q
. Fiducial limits of R N
~ \ 2
- [30x(2.08 =0.03 <0.1
. & ™ (20.43)Z x 20 i
( V() = 50 ¢ 20.43% x [1/15 + 1/15 + (-0.17)2 ¢ 2J]
| \ _ - (0.127)% A
Fiducial limit (below) = antilog 2.96814 ’ ;
- 0.09293 ' %
Fiducial limit (above) = antilog 1.12586 | :
., . ' ) - = (.13 {
{ y 0 }3362( y |
[1 ‘ - \ ;
[ Analysis of variance and estimation of the relative potency of T
- 2',3':-d1hydro vit. l;l obtained by reduction of the cis and t:ransw isomers
! )
P of vit. K; by comparison with the trams isomer of vit. K- : o
\ - Table for calculations
Preparations low  High  Total  High-low
1Y M ' o
(I) Trens 145.2 326 471.2+  180.8 ST
(2) Trans reduced 127.6  300.3 427.9 172.7 ‘
o | . | (3) Cis reduced 94.4 . 260.7 355.1  _166.3 / ;
< - .
E¥ s t R - \ I
10 |- TOTAL —%67:2 887  1254.2  518.8




r

i

\ - (3) Parallelism = (180.8%+172.7%4166.3%)t 10-9006.4

Y \

= 10.56

b

Calculation of intercepts

o

y, = 326+145.2 ¢ 10 = 47.12

o
»

Ve redudeq =(127-6+300.3) 10 = 42.79; 0

N
! b
o

yc reduced

b = 518.8 + 30

=(94.4+260.7)% 10 = 35.51

b= 17.33 - |

~ t

R = antilog 1.96239 *
- |

R ~‘01917 '
Fiducial limits of R \
’ 2
_ 23.10x(2.06)2 _ “<0.1 -

.
P

o

C - (0.12467)2
Fiducial limit (bg10¢) = antilog 1.92373
/ = 0.84

Fiducial limit (above) = antilog 1.99895

/ \

| |
ot

: (1), Preparations -(471.ga+427.92+355.12)+010-12J4.22 + 30
| | / | o messas ‘ $J ‘ |
(2) Regression . = 519.8% : 30 /
= 9006.4
2 2 ’

Relative potency trans- 2',3'-dihydro vit. Ky (from trans vit. K

VOO = 23.10 + 17.33% x [1/10 + 1/10 + (-0.24986)2 ¢ 30

100

1 teduction)l

PO

b > bAoA

e

-

o
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Relative botency trans- 2',3'-dihydro vit. Kl (from cis vllt:. Kl réduction)

R = antilog 1.99916 ’

R = 0.793
Fiducial 1im1t?s qf RJ
g = 0.0108 <0.1 - (the same that fabove)
VOO = 23.10 ¢ 17.33%11/10 + 110 + (-0.67)2 ¢ 30]
= (0.12865)> v

&

Fiducial limit (below) = antil‘og"f.85927

| =072 |
| -
Fiducial 1imit (above) = antilog 1.93905 AN
= 0.87 ‘

For further details see Refltaren;:es 129 and 130.
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