
- --_m-èe;];ln ~:-;er~e·l" R~ver: 
1 ; MI [ ~ * ~e.J' tilti" Il . 

M. Sc:. 
Phanaac:ology and TherapeuticB 

DIFFERENCE OF ACTIVITY BETWEEN CIS AND TRANS VITAMIN KI 

,1 

• 
l 

1· 
1 

J 

. . 



.. c v 

~\ 

\ 

o -. 

A COMPARISON OF THE ACTIVITY OF THE 
cts- AND TRANS- lSOHIRS' OF VITAMlN KI 

by 

German M. Vergel I.i'ler. 

A the.ls 8ub~tted to the Faculty of 

Graduate Studies and Research in partial 

1 
fulfillment of the requ1rements for the degree of 

~ster of Science 

1 
~epart"Dt of PharmacololY ,and Therapeutlcs 

MeGl11 UniVéraity 

MOntreal. Que.bec 

Canada 

\. 
~ 

May, 

"-
\ 

./ 

.. 

a a 

/ 

1918 
~ 

" 
( 



c 

\ 

\ 
\ 

_~ ........ _ .... ~",<t _~ __ >I..- ____________ ,,... ..... _._,_. _, ___ _ 

t TRACT 

-' 2' 3" Vitaa1n KI has been sepà:rai - bY ~c into iU A ' - trana and cfa 

isomers ta a P~t'ity of better than 99% a. indicated by TtC and IfMI1.. tib, ~ 

The activitiea of the t~ isomers have been compared in vit. K deflcient 

and coumarin anticoagulant' pretreated rata. In vit. K deficient rats the 
1 

cis isomer had 1.5% of \the potencyof the trans iaomer vith 5 percent 

flduclal limlt~' at 1.1% and 1.9%. 
. . 

In coumarin pretreated rats the cis 

i ~.r. 18011er had 11% of the potency'of the trana iSOlDer w1~h 5. percent l..L~al 
\ . 

liaits K 9% and .13%. C01Ilparabl,.e resulta vere obtained after addition 

9IJdle~tWo 1some~s to liver sU.ces and microsame. from vtt. 1{; deflcient 

rats~ 

Catalytic reduction of the 2',3'~ouble bond leave. the activity of 

the tr~n8 iaomer unchanged, but increases that of the cie isoœer to that 

of the trans isomer. ' 

The resulu can be explalned by the hypothes1s that the mechaniS1l of 

action of vit. KI involve8 proton transport ac-ross a-Upophil1c IUlllbrane 

structure, a~d that t~ differènce be~en the activity of the trane and 
, 1. 

ci. iea.ere .ria.s froa the different .~tial orientation of the phytyl 

a1dè chain. 
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CONDENSE 

, 
'La vitamine KI a êté séparée par ,CCM (chromatograp~ie ,~sur cO,u~pe 

" 2' 3' A' -
mince) en ses 1 isomères 6 ' ~trans et cie. à un d~gré de pureté 8uplrieur 

l 99%, comme cela a 'té démontré (par CCM et RMN. L'activité de chaque 

isomère a été comparée chez des rats déficients en vitamine K ainsi que 

chez des rata pt!a1ablement traités avec des anticoagulants de type 

coumarlnique. Chez les rats déficients en vitamine K l'activité de l' 

isomère cis n'est que 1.5% de celle de l'isomère trans, admettant ca.me 
, 

limites dé confiance 1.1% et 1.9%, ave~ 5%'de certitude. Chez les rats) 
\ 

préalablemen~ traités avec des anticoagu~ants de type coumarinique, , 
l'isomère ch n'a que 11% de l'activité del'isomi,re trans, admettant 

comme limites de ~onfiance 9% ~t 13%. avec 5% de certitude. Des résultats' 

semblables ont été obtenus apr~s l'addition ,de chaque isomère à des 

tr chee de foie ainsi qu'à des fractions microsomiques. frovenant de rau 

en vitamine K •. 

ction catalytique de la liaison double .située à la position 

2' ,3'·; ne cha~e pas l'activité de l'isomère trans, mais augmente celle 

ode i~8omère!~is à la valeur de l'act~vité de l'is?mère trans. 

Les r'sultata peuvent être-~pllqués admettant l'hypothèeé que la 

vitaaine t participe au pb6nomème de,déplacement de protons à travers 

une .. brane lipophile, let que la:'diff're.nce entre l'activit6 de l'isomère 

trana et celle de l'isomère cie provient de la dlff6rente orieDtation 
" , 

\, 

.pat1aIe du racUc41 PJ!ytyl. 
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INTRODUCT!O 

Mechanism of blood coagulation 

the molecular basis of blood coagulation 18 the transformation of 

a aoluble plasma protein, fibrlnogen. ta an insoluble proteln, fibrin. 

This transformation Is initiated by the action of an enzyme, thrombin, 

whereby two p~s of smali polypeptides (fibrlnopeptides A and B) are 

split from the fibrinogen molecule (1,2), thus removing most of the 

charges as well as changing the conformation of the fibrlnogen molecule. , 
The resulting fibrin monomer aggregates spontaneously to form an 

insoluble fibrin polymer. By the action of another enzyme, factor XIII 

(clot stabilidng factor) covalent bonds a~e formed between y glutamyi 

and € lysine residues of adjacent fibrin monomers (3,4). lt i8 this 

last reaction which gives to the b1ll>d clot its e1~stic:ity and tenaile 

strength. 
, 

Normélly, blood does not coagulate because thrombin Is present in 

an inactive form as prothombin or factor II. Under -physiologie&! 

conditions the activation of prothrombin to thrombin only occura when . . 
coagulation 1& required to prevent 108s of blood resulting frlom damage 

to the cardiovascular system. There a~e two m,chanisms by whlch this 
i 

activation can be initiated through the sequential activation of a 
1 -

number of plasma prote!n 'clottin& factors (5,6). 

In the firat Dlechanism factor XII becomes activated on contact 

vith damaged endothelium (1,8), the active factor XII then act1vatea 
, 

factor XI, vbich ~n turn acUvates factor IX (9). Active factor IX then 

fo'r_ a coaplex vi.th factor VIII and factor X on the aqueous interpha.e 

of pboapho11picl derlved frOli the simultaneous d1sintegration of platelets , ' 

(p14telet factQf 3)/1 The fotllUltion of th1. coaplex ta also dependent 

\ 
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on the prese.rtcé of calcium ion and rtsults in the activation of 

1 factor X (10.H, 12.13). Active factor X forms a siaUar cOlRplex vith 

'-\ - , 

faetor V and factor II ta activate factor II ta throabin (14,15,16,17,18). 

In the second mechanlslD., tissue fragments enter the blood after 

Injury and. in the presence of calcitDII Ion, activate factor VII. Thé 

particular tissue component 'Which activates factor VII, known a8 

thromboplastin: la thought ta he a phosphollpid rlch fragment derlved 

from t.he plasma membrane or endoplasmic reticulum (19). Active factor VII 

in turn activate.s factor X (10). Active factor X tntèracts with 

factor V and factor II to fOl'm a complex held cogether by cal.cium ton 

on the aqueous interphase of thromboplastin. This leads to the 

transformation of factor II to thrombin. 

The two mecbanisms, therefore, converge ln their final reactton aad 
,p 

differ on1y in the manner by which factor X ta activated and iD tbe 

nature of the phospholipid involved. The fint sequence of activation 

18 called the intrinaic path'Way or, _chanis., aince aIl of ite components 

are de.rived from the plasma •. while the aecond i,s called the e.xtrinai,c 

pat~way or ae.chanlall, because one of the cOllPonents, thrOllbop1a.Un, 

1s derived from out.ide the pluma. Fig. 1 lives. auaaary ()f the 

sequence of reaetione. 

The. eequential activation reaulta ln the uapliUcation of the initial 

atimulus to produce a rapld rate of thrOJlbin for.ation. l'or coasulatlon 

to oceur, the rate of forwation a8 vell ae ~be --..nt of thra.biD loraed 
. ,\ 

are Iapon.nt. Fre .. thrOllbln vUl be avallable for action on flbrinoaan 

OIlly lf lta rate of fomation is creater tban lt. rate of inactivation 

.. by .D.ti~1n. Oa the otber band. tbia ..cbaa1. -y allo •• ne to 

a 2 
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filter out weak lnUial stimuli under conditions where coagulation 

does not serve a physiological purpose. The sequential. cascade or 

waterfall-like activation of a ~erie8 of plasma pro teins appears to be 

a general mechanlsm by which plasma kinases like the plas1II.inogen, the 

kallikrein, and the complement system are activated. 

Dntil recentiy, most of the research in blood coagulation was 

descriptive or phenomenologieal. It W8S only after techniques for the 
\ 

laolation and purification of minor plasma proteins had ~een developed 

that the bloehemical basls 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 

c~n properties; they are present in plasma as inactive p~ecursors, 

they have a high capacity to blad calcium ions and they can be removed 

from plasma by adsorpbion on b~rium sulfate. After activation they can 

a180 hydrolyse simple esters of basic amt~o aci~, like arginine and 

lysine, and they are inbibited by di isopropyl fluoro phosphate (DFP). 

In addition, one of the fat soluble vitamine, vit. Kt is required for 

their formation, since in its absence theii activities in the plasma 

decrea.s.. Partial amino acid sequence B:_aly81s 1ndieates that the 

four clotting fac.tors shaw a high degree of hOlIIOlogy and'" ft bas been 

8uageated that these prot .. ses have evolved froa a common ancestral 
~ ~j 

sene br gene duplication ahd translocation (20), 

The best cbaractedzed of the .. four factora 18 prothrOlllbin bec.use, 

cOllpAred to the othera, it 1. ,resent in pla_ in ~wt1Ve1y hiSb 

çoncentrat1ou QO-1S ./100 111) and, therefore., ft. bolation and 
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purification are comparatively easy. Prothrolllbin i8 • single chain 

glycoprotein with a molecular vei.ght of 68,000 - 72.000 with an 

1 N-terminal alanine (23,24,25). It has recently been shawn that the 

calcium bindlng capacity is localized at the N-terminal of the peptide 

anel 'is due to the presence of a new tricarboxylic salno ac1d y 

c8l='boxyglutamic acid, of which there seem to be prasent 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, vhich carries the 

""" calcium binding sites (29,30). Factor Xa also activa tes prethrombin 

to thrombin by cleavaging into an A and a B chain vith s1multaneous 

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, 

which contains the active site, shows a considerable homology with other 

serine proteases (28). The various steps of prothrombin activation 

are summarized ln Fig. 2. 
, 

Acti~e factot X, the enzyme responsible for the cleavage of 

prothrombin, is a two chain serine proteà.se (mol. wt. 46,000) held 

together by a disul !ide bondes) and ia derived frowa its inactive 

precursor. factor X, by either the intrinsic or extrinsic coagulation 

syBta. 'Dudng Jlc~ivation a peptide is split frosa lthe N-terainal of 
~ 

the heavy chain ta unm&sk the serine acttive center (10). The activation 

;;. of factor Xia;' therefore, sillilar to that of the prothrombin with one 

iaportant difference, the calc~um bindinl lites tihich are on tbe llgb.t 
('J 

chain dol not c1iasociate dudng ~he activation proces •• 

factor V ia a hlgb molecular velght (about 290.000) cofactor or 

... 
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regulatory prot.in whieh facilitates the interaction between factor Ka 

and prothro~in (15.17,29). The other components of the prothrombin-

factor X activation complex are phosphol1pid and calcium ions. The 

funetion of the phospho1ipld is ta provide a surface onto which the 

proteins are bound (15). Prothromb1n and factor xa are bound to the 

phospholipids through their calci~m binding sites, whi1e the interaction 

between factor V and phosp~olipid8 does not require calcium ion. 

The activation of prothrombin is· further compIicated by the fact , 

that the product of the activation, thromb1n, can degrade prothrombin 

into prethrombin 1 and fragment 1 and can degrade fragI\lent 1:2 lnto 

fragment 1 and fragment 2 (30). Whether these reaètions occur under '" 

physiologieal conditions Is at present not certain. 

The mo1ecular basls for the initial reaction of the int~insic system~ 

activation of factor XII on contact with collagen or damaged endothelium 
""~-, .>, 

'~(contact activation). is only partIy knowo; factor XIIa converts 

r ... 

1 

"" .. 
J' 

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

The complete structure of factor IX i8 not known. but appeara to be 

• iailar to that of factor VII, factor X and,prothro.bin (20). 

Il 

'. 

l' 

• 

-



\ 

o 

-' 

1 

8 

Vitamin K 

The signa of vit. K deficiency vere originally observed in 1929 

• by Dam (32,33) who noticed bleedlng and slow clotting o~, ::the blood ln 

chicks kept on an almost lipid free diet. S1milar results vere reported 

by McFarlane (34). Dam showed that the SymptOllS did not appear when 

the diet was supplemented with large amounts of cereal~ hemp seedl, &pd 

similar vegetable sources (35), but not by anyof the then known 

vitamins or dietary factors. Dam, therefore, assumed the existe~e of a 

new fat soluble vitamin necessary for normal blood coagulation which he 

called vit. K (in German Koagulation Vitamin, (36». In 1936 Schonheyder 
,p 

at Dam' 5 Institute was able to trace indirectly the coa'gulation èefect 

to a lack of plasma prothrombin (37). 

Almquist et al (38) showed that the vitam1n can a180 be formed by 

bacterial putrification of f1sh mea1s, and that in addition coprophagy 

" could serve as a source of the vitamin,because of the formation of 

viti K by the intestinal flora (39). Vith this information Da. in 

collaboration with the Sviss chemist Karrer undertook the isolation and 

ch~ical identification of the vitamin from alfalfa and reported the 

partial characterization of a yel10w oi1 vith hlgh activity (40). In 
~ 

the same month, Doisy et al reported isolation of the sam. ail fram 
, 

alfalfa and of a eryetalline substance vith stal1ar activlty fra. 

putrefied fish meal. In May of 1939, Dolsy'. group identified the oily 

sub.tance .. from alb.lfa as vit. ~l and th. crysta1l1ne substance frOli 

pUfiefled àard~e meal as vit. K2 (41,42). oD018Y'8 group eatabliahed 

the 8tructure of vit. ~ ,a. 2 .... tby'1-l-phytyl-l, 4-naphthoquinona (1). 

'thi. structure va. eooflraed by ch.-ical ayntheaia in ae~al labora-. 

• 

- . 
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tories (43,44,45). 

o 

1 

The structure of vit. K
2 

was shown by Doisy (46) to be 2~ethyl-J

difarnesyl-l,4-naphthoqulnone (II). tater studies by Is1er et al 

showed that ~lt. K2 was predominantly 2-methyl-3-digeranyl farnesy1-1. 

4-naphthoquinone,(47,48). 

o 

. . 

II. n.S 

lIa, n-6 

,.' 

The two 'ritaa1n. differ t therefore., on1y in tqe. ntmbe.r of carbon atOlla 

anJ th~ de.aree of un.aturatlon of the. aliphatic .ide chain at the 3-

p081tlon. The. na.enclature of bi-ololtc:al quinonea bas beetl atandardiaed 

by th. Interuatlooal Union of Blochedatry (lUi). Ac:cordins to thi_ 
'\ ~ 

(. 

• c 

t 



o 

\ 10 

nomenclature the official name of vit. KI i8 phylloquinone. and vit. K2 

.enaquinone, with a subscript indtcating the number of isoprenoid units 

of the side chain at the 3-poaition, for examp~e vit. K2(5) or 

me~quinone(5)' denotea vit. K2 with 30 carbon atoms or with 6 Isoprenoid 

units (49). 

In man and most other animaIs a simple dietary vitamin deficiency 

does not occur. Even if it is not suppl1ed in the diet, synthesis by 

intestinal flora can serve as a source of the vitamin. In some animaIs, 

<. 
such as chicks or rats, absorption from the intestine is.insufficient 

éI 
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 la requlred for the saponification of the vitamin, ~ in ce~tain 

malabsorption syndromès. The firat demonstrations- of the e~ 

vit. K in humans, were carried out in 1937 and 1938 (50,51) when oral 

ingestion of concentrates from alfalfa or even putrefied flsh meal vas 

used ta treat patients with hemorrhagic diath~s1s du~ ta jaundice. 
b 

Vit. K deficiency can al80 be produced in animals by diverting the" 

secretion of bile into the intestine (52,53). Inhibition of bacterial 

synthesl. by antiblotlcs or sulfonamide drugs bas been report4d to

produce vit. K deficiency (54,55). Germ-free aniula .1&0 show vit. It 

def~ei'ncy (56). Rewborns. particularly premature UewbOTU., ~requently 

show • bleeding tendency which bas been attributed to vit. Je deficiency 

becauae of inauff~clent bacter1a.i synthe.ai8. .', 

In 1941 Campbell and L1nlt bolated and identified the substaa.ee 

\ 
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re.ponsible for the cl~ttin8 defect produced by;feeding animaIs with 
p 

spolled sweet claver, dieoumaroi (3'3-methyl'bis'(4-hydroxy-coumarin» 
. 

(57,58). Dicoumarol was found to produce a coaguiattonùdefect identieal 
CI 

with that of vit. K deficiency and, moreover, the defect could be 

reversed by vit. KI (59). 

With a better understanding of 

preci~e definition of the clotting 

th~ coagulation mechanism a more 

de1ect produced by vit. K has become 

possible; it ia now kno~ tha~ vit. K specifically lowers ~bè p~a( 

activity not on1y of prothrombin but a1so of factors VII, IX and • 

At the same time, none of the other components of the clotting sys m 
! 

like fibrinogen and factors V, VIII, ~I and Xlr are directly affected. 
~, p 

The ef~ect/of vit. K seems to be li~ited ta the coagulation 818te~ 
, \ 

sinee n~ other symptoms or defeet have been directIy related to K 
\ 

deficiency • 

. 1 

1 1 
1 
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Mechan1sm of action of vi~am1n K 

Addition of vitamini ta blood from normal or vit. K d~ic1ent 

animaIs was found ta have no effect on coagulation (60). "~epeated 

attempts to demonstrate the presence of vit. K in the prothrombin 

molecule were likewise unauccessful or Inconcluslve (61). An 

Intracellular site of action was Indicated by the experiment of 

Lupton (62) who demonstrated that the perfusion of blood from coumarln 

anticoagulant treated animaIs through livers fra. normal animaIs 

increased the prothrombin level, while by perfusion through livers from 

éoumarln antIcoagulant pretreated animaIs had no effect. 

The firat suggestion of a possible mechani~ of action of vit. K 
b 

at the molecular level was made by Martius in 1954 (63), when he 

reported tbat mitochond~ia from vit. K deficient chicks showed decreased 

PlO ratios. Martius concluded that vit. Kwas a component of the 
1 

terminal electron transport chain tbat was neces~i,ary for the coupling 

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

'Additional, but indirect, support for this explanation vas provided 

by the finding that addition of dicouma~ol ta aitochondria Ifrom normal 
l' 

apimals uncoupled ox1dative-phospborylatlon. On the other hand, 

!m1tochondria from COUDl&rin anticoagulant treated animaIs showed normal 

ratios (64).' Martius et ~l published a series of additional papers to 

8ub.tantiaté and utended their ftndings (65) and for several yaars 

. the concept t~at vit. K w.~ lnvolvèd in oxidative-phoephorylati.on was 
1 

aenerally aceepted and Incorporated !nto bioche.ical tut books. 

Several luv •• tigatora triéd to Btudy the posslble •• chani.. by wh1ch 

vit. x. could. part1ci.pate lu high enerBY bond (,A.'l'P) foraation in -.odel 
.-
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the ehemieal reactlvity of the\ vit. K molecule~' they have been found 
1 

1 ~ 

to be of no biological signifieance. For example, Wieland (66) 

proposed the phosphorylated hydroquinone of vit. te'. as the active 

intermediate and obtained experimental evidence tbat oxidation of 

hydroquinone by iodine, in the presence of ADP and inorganic phosphate, 

can result in ATP formation. 

Lederer et al (67) assumed cycliz~tion 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. KI from liver (68) and postulated,that its formation from and 
1 

retransformation to vit. 1<.1 i8 part of the mechanlstn of ae tion of the 

vitamin (69,70,71,72). However, at present it is not certain that the 

epoxidation reaction plays a functional role or ls simply a metabolie 

transformation of the vitamin (73). 

Gradually, evidence accumulated that contradicted Martius' findings 

when a number of investigators (74,15,76) were unable to confirm that 

" mitochondria isolated ftom vitamin K deficient animaIs have a lover 

plO ratio than those from normal animaIs. Mitochondria from animaIs 

treated vith the 2-chloro analogue of vit. Ki (2-chloro-3-phytyl-l. 

, 4-naphthoquinone), a competitive antagonist vith a hlgh anticoagulant 

activity, also have a normal Plo ratio (75). 

It appears tut the original results" of Martius vere obtained vith 
J • ! 1 

animale t~at were in the te.rminal stage of hemorrbage, 80 that tbe 

mitochondria vere probably damaged by lysosomal enzyme. liberated during 

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

... 

I~ 
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retrospect, it Seem~rkable, in view of the specificity of the 

effect ~f vit. K defieiency in intact animais, that this concept was 

ever seriously reconsidered because intèrfe~ence vith a process as 

essential as oxidative-phosphorylation would be expected ta produce 

more generalized effects. 

The question of how a fat soluble vitamin could specifieally affect 
\ 

the synthesis of four plasma'proteins, therefore, remained unsolved. 

By 1964 the general outline of protetn synthe sis had becQme known 

and a different approach ta this question became possible. Oison 

(77,78) reported that Actinomycin D, an inhibitor of DNA-dependent 

messenger RNA synthesis, inhibited the response of vit. K in vit. K 

deficient chicks and dicoumarol pretreated rats; he concluded that 

vit. K act~ by derepressing a repressor protein which regulates 

synthesis of the messenger RNA fot the four clotting façtors that make 

up the prothrombin complex. Other inve~tigators were unable ta confina 

these findings. Johnson (79), Suttle (80) and Hill (81) tound that 

Actlnomycin D dld not i~ibit the reaponse in Yit. K deficient and 
1 

coumarin anticoagulant pretreated rats. SimilaÎ:ly. exp.rimeurs using 

isolated orsans or tis.ue preparations did not confina 01sbu'a result8 
1 

(80). 

aesults .iailar to thos. of Oison vere abtained in other laboratories 

vith Pur"Jcl.r ..,.s "oU di_ \ ... lnMbltor of prote la oynthad. at th, 

ata.e of peptide foraation at 4e ribosomal leve!. However, the. 

uper1aerital de.ian of the .. exp.riaenta vas difficult ta e.valuate': 

becau.e of the .,..tea1c toxic1ty o'f the" üah1bitors. For 

- • 
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example, by using liver aliees and homogenates from coumarin pretreated 

or vit. K deficlent rats' 1t 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 

14 • C labelled amino add (82). From these resultls it can be coneluded 

that the response to vit. K do es not depend directly on "de novo" 

protein synth~sis. but that the vitamin must act on ~n intermediate 

beyond the level of polypeptide formation. Furthermore, in bath vit. K 

defi~ient and coumarin anticoagulant pretreated animaIs, this intermediate 

must be present in amounts sufficient to obtain a measurable response 
, 

\ by vit. K in the absence of "de novo" prote1n synthesis. 

Hemker (83) concluded, from an analys1s of the kineties of the-

coagulation time (thrombo test) of normal plasma, pl~sma from patients 

with chronic liver diseases and plasma from patients treated with 

coumarin anticoagulants, th~ after treatment vith antlcoagulan~s the 

plasma contained a protein precursor which acted as a competitive 

inhtbitor of prothrombin conversion. This protein vas later called by 

Hemker (84) PIVKA (Pro~ein Induced by Vitamin K Absence or Antagon!sts). - - - --
More direct eVidence for the presence of auch a functionally inactive 

variant of prot~ombin vas obtained in 1968 by Josso (85) and Çanrot 

and NilebD (86) vith a monospecific antibody against human prothrombin. 

J08ao foUQd that the plasma of patients on anticoagulant therapy vitb 

~ low prothrombin activity (32% average) indicated higher prothrombin , 

levels when tested _pinat ~e antibody. Sillilar reaulta wu obtained 

by ~rnot and Hileba. 'l1lese findlngs vere interpreted ta indicate the 

pruençe of an iuaet1.ve, prothrOllbin-l1.ke protein which vas po.db!y, 
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but not neceasarily, a precursor of prothrombin. Unlike prothrombin, 

this precursor was not removed from plasma by adsorption on BaS04 
, < " r 
and its electrophoretic mo'tl1ty was not retarded by calcium ion 

(87,88,89). "These observations indlcated that it dif{ered from pro-
" . . 

thrombin in its inability to bind calcium ions, a reaction necessary 

for physiological prothrombin activation. ln contrast, agents that can 

activate prothrombin in the absence of calcium ions and other cO factors 
\ 

1ike staphy1ocoagu1ase, or prothrombin specifie venoms (85,90) will also 

acUvate the "inactive" prothr01llbin. This clearly demonstrated that the 

thrombin portion of the abnormal protein ia intact. In various 

Immunol~gical tests the abnormal prothrombin gave a reactlon of complete 

immunological identity. A similar substance was identified and isolated, 

in amount and purity Bufficient for identification, from bovine plasma 

after anticoagulant treatment. 
1.1 

The purified, "inactive" prothrombin gave 

the same amino acid, carbohydrate and end 'group analysis as prothrombin 

(90,91), but from a comparison of the amina acid sequence ana1ysls and 

linger printing, (26, 89, 9~ it was found that It dUfera by the absence 

of y carboxyglutamic residues in-the nonthr~ln moiety (F.l). From this 
,,'J 

It was concluded that the carboxylated residues are essential for calcium 

blnding and that carboxylatlon of specific glutamyl residues takes 

plaCé after ribosomal formation of the polypeptide chain. These findings 

w.re confirmed by Howard & ~elB .. tuen (9~) and Girardot, Delaney & 

Johnson (95). The carboxYlation lIeeu to be vit. lC-dependent, lia that 

in the abaeuee of the Vit_in there appeara in the plaa ... noÎl-

earboxylated iuctive interaedlate. Sia11ar~. functionally inactive 

nriant. have been dellOlUltrated for the other vit. t-dependent factors .. 
• 

of tfiit prothrOlibiD. COIIp1ex (96,97,98) aod.lucher (99) rëported the 

prueaee of y c:arboxya1utaaic ru1duee la bovine factora IX aD4 X. 
'r ' 

~ i. t r 
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. 
ln support of this explanation, vit. K-dependent incorporation of 

C14 labelled CO
2 

by liver microsomes from vit. K-deficient rats ha. 

been reported ft01ll à number of laboratories (95,100,101,102,103,104,105). 

Initially Suttie (100) reported that the incorporation vas ATP

depenc' but in later publications no ene'rgy requirement could be 
. J 

demonstrated; elther vit. KI or the hydroquinone of vit. ~l was ~ufficient 

to catalyze incorporation (106). Likewise, a requ~rement for biotin, 
, 

the coenzyme for similar known carboxylation reactions, coula not be 

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

glutamy1 containing polypeptides could be carboxylated by th!s cell

free system ln the presence ot vit. K or its hydroquinone (105). 

By comparison with slmilar known biochemical carboxylations, for 

• example the formation of malonyl coenzyme A trom acetyl coenzyme A 

ia fatty acid aynthesis, there seems to be little doubt that suéh a 

reactlon requlres not only the activation of the CO2 to be Incorporated, 

but a1so the activation of the carboxylic acid to ~e càrboxylated • 
• 

The fallure to demonstrate aQ .nerlY requlrement la at present difficult . 
to underatand. It la true that certain y keto acide Itke pyruvic .cid 

• 
can be reduct1vely carboxylated, but the equilibr1um of thia reaction 

1. in favaur of decarboxylatlon. Such keto acids probably react ln 

their tautoaerle enol fora where the w bond la sufflclently actl~.ted 

- for carbo,cylatlon to tate place by •• chani •• tbat do •• Dot requin 

A'tP Qr biotin but requlres NADPH.. A aÙlllar'" _chani •• would be uD.likely 

for a carboxylie aeid lib glutaa1c seid. Thera •• eu to be l:1tt1e 

" . daubt that the forution of calci .. b1adlag ait .. by carboxylati-oD of 

specifie ,lut..,l reaidue la 1a~ved in the fo~tion of ,rotbroabln. 

J 

. , 
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but whether or not this reaction is directly dependent on vit. K and. 

if so, by what mechanism st!ll remains to be established. 

Chemical' structure and vitamin K activity 

In 1939. the structure of vit. Kwas deteraioed and a method for 

its synthesis worked out. It therefore became possible to prepare 

and test analogues of the vitamine One of the aima of such etudies 

bas been to establish the structural requirements for vit. K~like 

activity, in the expectati~n that this might provide inf~rmation 

about its possible mechani$m of action. 

In trying to evaluate and summarize the results of expert.ents 

carried out in various laboratories for more t~d 30 years, it is 
t 

necessary ta emphasize thé differences in the experimental conditions. 

These include the specles and condition of the animal used ta test 

for vit. K-like activity. Some investigators estimated activity·tas 
! \ 

1 

,. 

the àbllity ta correct the coagulation defect in vit. K deficient 

animaIs (chicks and rats), while others measured activlty as the abllity 

to reverse or antagonize the effect of coumarin aruticoagulant drugs . . 
(rats, rabbits, doga). It bal been found that the relative activity 

of vit. K analogues may be different in the rwo tests, the firat of 

vhieh aeasures the dietary activity, ·wbile the second measures the 

antidotal activity. Sinee vit. K is a fat soluble substance, compl~tely . 
insoluble in vater, the method ueed for.801ubilization, particularly 

for the preparation of aqueous suspensions 8uitable for intravenoU8 

injection, ia t.portant~ In add~ti~, t~e route of administration 

abo affecta aetiv1ty. It ha. been found that not only the potency, 

but a1ao the .peecl ~of ()Q8et Gd durat~on of action depend 011 thes. 

factors. The aethod uaed to ___ aure the act1vity, the coagulation 

- • 
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test, also varies greatly. 
'; 

For example some investigators 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 ln seconds, the In~rease of plasma level of the clotting 

factors as percent of thelr normal plasma concentration, but often, 

when compounds with slight activity were tested, the activity bas not 

been quantltated at aIl. 

Wlth many analogues, the maxImal effect that can be obtained will 

be less, often significantly Iess, than that produced by the optimal 

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

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 rec~ptor combinatlon to produce 

an effect (i.e. Its intrinaic activity). Unlike analogue$ that have 

both high affinity and high intrinsic activlty and therefore can produce 

a maximal response, partial agonists-antagonisœpossess relatively hlgh 

aBinity but low intrinsic actlvity, 80 that, even at full receptor 
\ 

occupancy, ~hey do not .. prod\J'Ce the maximal response of w}}lch the system 

18 capable.\ When gi~en together vith a small dose of an agooist, 

there are sufficient recePto~ availa~le for combination vith bath and 

the re.ponse ia additive, but ,when given with a large dose of an agoniat. 

they compete for reèeptor occupancy with the more active agoBiat and 

hence reduce ita effect (108). When on1y a ainglel dose of an analogue 

vith 10'11 activity la teated partial agonl_ uy be ailaed. To-date, 

on!y one exaaple of auch1a partlal agonlst-antagoniat haa bean fully 

deaonatrated experiaentally for a vit. KI analogue, althougb 1t probab1y 

occora very often (109).' 
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Tb s1mpllfy the discussion of the structural requirements for 

activity, the vit. K Molecule can be arbitrar!ly considered to be 

made up of severai distinct chemical parts (Fig. l ). 
1 

1. Naphthoquinon~ nucleus 

The naphthoquinone nucleus appears to be an t.portant, but not 

absolutely essential requirement for activity. lncrease of its size by 

substitution of methyl or methoxy groups in the 5, 6 or 7 position 

decreases or abolishes activity (110). ~artial hydrogenation results 

in a "marked reduction of activity (111). Replaeeaent 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-i,4-benzoquinone shows partial vit. K-like activity (III). 

That 18. it behaves as a partial agonist-antagonist. The 2,5 and 5,6-

dimethyl analogues show no activity. It ia also of interest to note 

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

lin mitochondr1a, ~s completely devoid of vit. K-like activity (109) • 

. i ,< 2. Para-quinona structure 

A para-quinone structure BeemB ta be an absolute requirement for 

vit. K-11ke activ1ty. Certain estefs of,the hydroquinone of vit. ~1 

auch as aeetate, sulfate, and phosphate, show 'aetivity, undoubtedly 

because they ean be hydrolysed and oxidbed "in vivo" to a quinone. 

On the other haud, the dimethyl ether of vit. KI whlch should be acre 

re.lat~nt to hydrolysi8. ~bov8 no actlvity (112). The only exception 

8.... to be a repol't by r1l8er (Ill) that an ll1QMrtc ketonic by

product (2~t~yl-2-phytyl-3t3 dlhydro-l. 4-aaphthDquiUODe) (V) obtA1ned 

ln the 8yntbes1a of vit. K shows 't~ of the actlvlty of vit. KI' When 

l' 

• 
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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). 

l. Substitution at the 2-position 

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

to be relative1y specifie. In the natu~a1ly occurring vit. KI and K2 

the substituent i5 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,lll). 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; 4 carbon atoms; and amyl; 5 carbon 

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

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

that has 25% of the full a~tivity of vit. KI 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 

? Blight activity and do not produçe the full effect of vit. KI while 

, still larger groups Iike butoxy; 4 carbon atoms; are compietely inactive 

(113). 

Replaceaent of the methyl group of vit. Kl by a chlorine or broadne 

atom gives competitive reversib1e antagonists (114. 115). When given 

to normal animale, these compounds produce an anticoagulant effect by 

decreaBing the plasma activity of the vit. K dependent c10ttins factors 

and thi. defect can be reve;rfJed by vit. KI. Wben gben sim.ultaneously 
1 

vith vit. Xl to vit. l{ deficient or coumarin anticoagulant pretreated 

animaIs, depending on the relative doses. they pa~tlally or coapletely 

• 
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inhibit the response to vit. KI' When a ratio of vit. KI and the chloro 

analogue produclng partial inhibition i8 kept constant, but the doses 

are Increased, the degree of inhlbitil:>n remaina constant. Henee the 

inhibition must be of the classical competitive kind. Replacement 

of the 2~ethyl group of the benzoquinone (2,5,6-trimethyl-3-phyty1-l, 

4-benzoquinone) by a chldrine or bromine atom likewise results in a 

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

4. The lipophi1ic side chain at the 3-position , 

(a) In natural1y occurring vit. KI and K2 these are polyi80-

prenoid'side chains. In vit. KI (1), the side chain ls a phytyl 
1 

group-;;~ lsoprenoid units or 20 carbon atoms with only one double 

bond in t~ 2',3'-position. In vit. K2 (II), the length of the side 

chain can vary from 6 to 9 isoprenoid units or 30 to 45 carbon atoms 
~ 

and each isoprenoid unit has a double bond. Isler et al (116) have 

synthesized and tested the vit. KI and vit. K2 analogues from 5 to 
1 

35 carbon atoms. The analogues vith 5 c 'bon atoms Bhow on1y alight 

transient activity. Highest actlvity the vit. KI series was 

obtainad with 20 carbon atome, that s with the naturally occurring 

vit. KI' In the vit. K2 seriea, the ighest a.ctivity was obtained rlth 

25 carbon atoms. AlI of theae campo da pro duce the maximal effect as 

vit. KI' tbat is they are agonists, but they do show significant differences 

in their duration of action. 

(b) Because of the presence of olefiole double bonds, vit. ~l' 

vit. K2 and their analogues cau exist in the cia ~nd trana configuration. 

Matachiner froa a comparison of the Activlty of i~ure preparationa 

of the t~d ci. iaa.ers of vit. ~ c,.. to the conclusioG that the 
1· 1 
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cis isomer lacks biological activity (117). 

In the 'vit. K
2 

series, the mono 6', 1'-cis isomer shows less activity 

than the 6',7'-trans isomer, but the cis isomers of the more distal 

double bo~ds (LO',ll' and 14',15') hava the same biological activity as 

the aIl trabs 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 biologica1 

activity was already investlgated by Karrer and by Fieser in 1940 (111, 

118). Using the chick assay Karrer reported that the 2' ,3' -dihydro 

analogue of vit. KI had 1/24 while Fieser reported 1/8 of the activity 

of vit. KI' 

(e) Replacement ,of the polyisoprenoid side chains by unbranched 
. \ 

aliphatic side chains (i.e. remova1 of the methyl groups) reduces, but 

do es not abolish, activity provided the side chain con tains more tharr 

5 carbon atome (119,120). \ 
Introduct~on of the carboxy group at the 

terminal carbon of the side chain greatly reduces activity CVl); if t~e 

carboxy group ois eaterified (VII) or reduced to an alcohol (VIII) the 

activity is inéreased (112,121). MOre complex aliphatic a~omatic side 

chains like clnnamyl (IX) have also been tested and are reported to 

possess activlty, but other, still more bulky side chains for exchange 

!in compound (X) result in a coaplete 10s9 of act1~ty (122). 

In bur 1aboratory a series of vit. KI analogues in whldh. the methyl 

(XI) group of the slde chain at the 3'-position has been repIaeed by 
1 

a hydrogen atom (XII)', an ethyl group; 2 carbon atOlll": (XIII), a \ 
, , 

propyl gro~p; 3 carbon atoas; (XIV) and a but yI group; 4 carbo~~tom8; (XV) 

- -
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bas been prepared recently and is currently being tested. The results 

so far obtained indicate that replacement by a hydrogen atoa and by an 

ethyl group retains activity, while replacement by the lar~er propyl or 

butyl group abollshes actlvlty (112). The exact quantitative comparison 

- . 

of the activity of these compounds. and in particular the dlfference between 

their cis and trans lsomers, Is currently in progresSe 

What general conclusions can be drawn from these results? 

Cl) The para-quinone structure, the most reactive functlon of the 

vit. K molecule, appears ta be an absolute requirement for activlty. 

Since this function can be reversibly reduced and oxidized, lt 8eems 

likely that the vitamin functions as part of a reversible redox system. 

The change from vi~~~K to antivit. K act!vity, after replacement of the 

2~ethyl group by a more electronegative chlorine or bromine atom, would '\ 

be in agreement w;S..th this explanation since such a replacement will 

change the redox potent!al to a more positive value. 

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

activity. any increase or decrease in the aize elther rèduces or abolishes 

aetlv1ty. The size of the substituent at the 2-position se..- to be 

part~cularly crit1cal, an Increase or decrease by only one carbon atom 

reaulta already in a very marked decrease of the ~ctlvity. The only 

exception to this generalization i8 replacement by the aethoxy group. 

which 8urprisinlly lives an analogue vith 1UX1IIal vit. 1C. effect, although 

this group bas a larger sbe than the ethyl group. At pte.eut, no 
>, 1 

.. tisfactory explanation for t~. di.crepancy can be given. The results 

are in acredent vith the explanation tut the interaction or coaab1nat10n 

of the naphthoqu1none part of the vit. 1: IIOlecule vith a cOIIpl ... nt.ry 

----------~-_!_-~-
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site of an enzyme or similar structure ia involved in the mechanism of • 
action. The change from vit. K-like to antivit. K activity of the 

clas~ical competitive reversib1e type associated with the replacement 

of the 2-methyl group by a chlorlne or bromine atom supports thls 

explanation. 51nce a chlorine or bromine atom is similar in size to 
D 

a methyl group, these analogues can interact at the receptor or the 

complementary site but the combination lacks activity. 

(3) From the data wh1eh i9 presently avai1able it i9 difficult to 

clefine completely the structural require$ente of the lipophilic side 

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

be a non-specifie increase in the lipid solubillty of the vit. K molecule. 

lor exa~le analogues wlth side chalns of less than 10 carbon atome 

show litt1e or no activity. In addition, the double bond in the 2'~3'-

position ia another chemically reactive center because in a reductlve 

acidic ~dium it can cyclize to, chromane or chromene. The partial 

activity, as reportecl by two laboratories, of the 2!,3 1 -dihydro 

derivatives makea it unllkely that cycli%atlon ia part of the biological 

1Ilech.anism. Because of a discrepancy in the data it would be desirable 

to relnvestlgate thia compound in greater datai!. On the other band, 

the reported lack of acUvity of the cie isamer of vit. IC. and the loss of 

activlty resulting from the replacement of the methyl group at t.he 
\ 

l' -position by a propyl group clearly indicatt that in addition to the 

effect. on solub111ty the side chaIn must bave a .are direct affect on 

actinty. The remain1na aBaloaues, having • IIOre' bullty side chain, are 

too heterogeDeoua to aUov cy general conc:1usion. A .are .,.teaatie 

inv •• t1ptioa. of the effect. of aodif!cat!ona of the aide chain of the 
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vit. K molecule On biologieal activity, ineluding a teinve.t1gat1on 

of SOrae of the prev:tous exper~. by the IIOre seoaitive and accurate 

techniques currently avdlable. see_ to be desirable. The present 

work was undertaken as part of 8uch an investigation. 
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METHODS 

Coumarin anticoagulant pretreated animaIs , 

"" Rats were given, by stomach tube. a s'ingle dose of 200 pg/lOO g of 

body welght of warfarln (3-(a-acetonylbenzyl)-4-hydroxycoumarin) 18-24 

houts before being u8e~ for experimental etudies. This dose vas 

sufficient to lower the activity of factor VII to less than 5% of normal. 

Vitamin K deficiertt animaIs 

The production of vit. ){ deficiency in the rat see1D!l to depend on a 

number of factors, sinee intestinal bacterial synthesis of the vltaudn 

and coprophagy can serve as an adequate source in the absence of the 

vitamin from the diet. It would appear that in addition to preventing 

coprophagy by keepinl the rats in special cages and administering poorly 

absorbed sulfonamide (succinyl sulfathiazine) to reduce intestinal flora, 

the presence of glycerol in the diet may be important because it reduces ,. 
the absorption of fat soluble vitamina ln cenera!. The vit. 1. def1c1ent 

diet seems to produce speêlfically vit. K deflciency because. unlike 

other fat .oluble vitamins, vit. ~ 1. oot .tored in the body, 80 tbAt the 

defi.c1ency developa befoTe tlle tissu. etores of the o'thfr vltaûns become 

depleted. 

bU vere .d. 'rit. X. defteient by a 1DOdifieadon of the procedure 

of _e.h 8nd JobDeon (123). The an1aala weTe fed a vit. ~ 

deflclen.t d1et and upt l.n square tw.ular eaa •• to preyent eoprophaaJ (124). 

To re4uce Net.rial conta.ination, vh1ch can serve _ •• ource of the 

Ylt.-iD ... ter bottle. vere èhaa.&ecI 4a1ly and eod1ua benZOAte (0.08%) 

OIl.ly _:&..ale vith a ,la_ leva1 of factor VII of 1... than SI of ...... 1 

• 
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• 
vere used for the experiments. On the average. thé rats had to be kept 

on the diet from la to 15 days to lot.rer the concentration of factor VII 

to this level. 

Drawing of blood samples and giving intravenous injections 

Rats vere lightly anaesthetized with diethyl ether and the tail vein 

o was dilated by warming in water at approximate1y 50 C and gentle 

massaging. An aliquot of 0.1 ml of blood was drawn into 0.9 ml of rat 

" sample solution using 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 la min. at room 

temperature. If the determinations were not done immediately. the samples 

were kept on iee. Tte plasma was used without further dilution for the 

determination of factor VII. Injections were likewise given by ta11 

vein puncture. Routinely, blood was drawn to check that the needle was 

in the vein befote starUng the inj ection. 

Determination of factor VII 

The method i6 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 m) 

fo11owed by 0.1 ml of factor VII-\free reagent and 0.1 ml of thromboplastine 

~ter incubation for 30 sec. at J70 C. the reaction vas started by the 

addition of 0.1 ml of CaC1
2 

(0.025 M). taking as the end point the time 

required to initia te the formation of a fibrin clot. TiLe concentration 

,of factor VII 18 expres •• d as percent of ita concentration in normal 

rat pla ... by reference to • standard curve. 

J)ete~tloD of facter II (pro thrOIlb ln) . 
'lhe plà_ conc~ratlon of prothrOilbin vaa detendned by the one-

.up _thod of to11er et al (125); 0.1 al. of p1 __ va. pipetted lnto 
\ 

• 
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a plastic test tube (100 x 17 mm). followed by 0.1 ml of prothrqmbin-

free reagent plasma and 0.1 ml of thromboplastine After incubation for 

o 
60 sec. at 37 C, the reaç,tion was started by the addition of 0.1 ml 

of CaC1
2 

(0.025 M), taking as the end point the time requir'èd to 

initiate the formation of a fibrin clot. The concentration of prothrombin 

is expressed as percent of its concentration in normal rat plas~ by 

reference' ta a standaJ:'d curve. 

Factor VII standard c*rve 

Plasma samples, obtained as described above trom three normal rats, 

were pooled for the determination. The undiluted sample was taken as 

100% of normal and serlial dilutions of 50, 25, 12.5, 6.25, 3.125 and 

2% were made up with working solution. The relation between clottins 

time in seconds and fa~tor VII c~mcentration was found to be l1near 

between 100% and 2% when plotted on double log graph paper. It should-

be pointed out that, bc\!cause of this relationship. the sensitivity of the 

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

increases vith lower c4ncentrations. For example, concentrations of 

100% and 80% give clot~ing times of 35.5 and 37.8 sec. respectively, 

white 5d% and 5% give 1lotting times of 4~ and 88 sec. Since IIOst of the 

aeasureuaentE! reported id this investigation are below 80%, the IIOre 

sensitive part of the ~tandard curv~sed. A new Itandàrd curve has 

to be prepared for eft~y new preparation of fa~II free reagent or 

tbroaboplastlu. A rep :esentatlve standard CURe ia ~OVD in lia. 4. 

Factor II .taoc:1ard cur 
• 1 

The standard cut"VefW8a prepared vith aerial dilutions of pooled 

DOrMI rat p~a •• " as 4 scribed for the pr-aparat1oD of the factOr ~I 
, \ 

1 
• i , . 

î r li 
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standard curve. The relation between clotting tille in seconds and factor 

II concentration was fo'und to be Hnear between 100% and 10% when plotted 

on double log graph paper. The standard curve was required to monitor 

the concentration of factor II ip the preparation of the factor VII-free 

reagent. 

Purification of vit !S. 
Synth~tic vit. KI. which is a mixture of tbe cis and trans lsamera in 

a ratio of approximately 2 ta 8, was obtained frOII commercial sources and 

first purified by column chtomatography on Floris!l (magnesia silica gel 

60-100 Mesh. Fluk.a AE. Duchs SE Switzerland). 

Approximately 1 gram of vit. KI vas placed on the column (30 x 2 cm) 

\ 0 
and the sample was then developed vith 98% petroleum ether (38.0 -

53. lOG): 2% diethyl ether. The vit. KI was recovered by evaporation of the 

, 0 
solvent in a rotory evaporator under vacuum at 50 C and stored in the 

. 
dark in a desiccator onder a high vacuum. The ois and trans isaurs were 

separated by thin layer cbromatography (TLC) on precoated plastic sbeets 

(20 x 20 polygram 0.25 mm aillca gel vithout gypsum vith fluorescent 

. indicator UV 254 .(Macherey-Nalge1 & Co. MN) obtained froa Brinlalann 

, Instruments (Canada) Ltd.). Vit. KI vaa dissolved in diethyl ether 

(200 1Ilg in 2 lIÙ) and apprmtimately 100J,aZ of th:1s solution, conta1n1ng 

,approxiu.tely 5 ma of vit. K
1 

was applied as a narrl streak Oll eaeh sbeet 

at 3 ca from the bottom and -2 Cil from each eclge. The sheeta vere deve10ped 

with 901 hexane: 10% but yI ether in all al88. taDka (4 x 12 x 9"). Tbe 

tanks were linecS vith filter paper to provide a .ore h.o1Iosenaoua 8tmoaphere 
~ , 

of solvent vapors. The chromatoar.a vere vi.ual1zed by br1.ef exposQre 

under a'n ultraviolèt l1ght (IIlineraliSht UVS. 11). l'b.e race_te c:oul~ 

, 
{ 

l 
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be resolved into two bands vith Rf values of 0.51 and 0.43 for the cis 

and tran8 ieomers respectively (Fig. 5). 

The bands corresponding to the two isomers were cut out and eluted 

separately with diethyl ether in a Soxhlet extraction apparat us for 

l hr. Usua1ly, in one preparation 24 sheets were developed. To eliminate 

any particles carried over from the extraction, the ether solution was 

filtered through a sintered glass funnel with slight suction and the 

solvent evaporated in a rotory evapotator at 50oC. The residual oils 

were transierred to conical tubes and the remaining solvent blown off 
1 

under a stream pf dry nltrogen. For further purification. each isomer 
1 

was rechromatographed and isolated by the same procedure. If necessary 

the purification was repeated until the two isomers were obtained at a 

purity better than 99%. Care was taken during a11 manipulations to prevent 

photocatalyzed isomerization, particularly of the more labile cis isomer. 

by carrying out aIl procedures lin subdued light and aIl solvents were 

distilled ÜDmediately before use over lithium aluminium hydride to 

elim1nate peroxide. The chromatographie purity of the preparations was 

estÜBated by TLC, Fig. 6 shows that the lowest concentration of vit. KI 

When 50 Pg of the purified cis that can be rtected ~Y TLC 1& 0.2 lIg. 

- .. 
0li trana isomer was chroma-tographed, na contalllination by the other isomer 

cau be detected. The p~rity of the preparations must, therefore. be 

"-
better than 99%. Ta test for the posaibility that low concentration, of 
the contaminating iaOlDer may not aeparate wh", chr01llltographed with a h11h 

conceiltration of the other lsomer, aixtures of the two iS01Iera vere 

chromato'sraphed. Fig. l shows that when 100 PI of the trans, 99 PI of 

tbll tran_ and ~ pa of the cia, 98 PI of the trans and 2 P8 of the ct., 

- -
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(c) 

Cb) , 

<a> 

llg.·S. Sepa~.tioa of vit. 'l-raeem1c into fta cie and trana isomere. 

<a> 5 -.g vit. ~ raceaic developed on ailiea gel (0.25 JIll) vith 

fl~.âcent indlcator UV254 c(precoate; plastic aheeta 20 x 20 ~ vith 
1 • 

90 % D-heUIle: 10% n-butylether. (b) and (C)I' rechromatoaraphy of the 

trana and ci. isomera after a~paration. 

• 

( 
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0.2 J.lg 0.4 JJg 0.8 J.lg 1.6 jJg 
f j 

< a., , 

(a) (b) (c) 

• 

Fig. 6.' Dete.ndnation' of the purity of\'the cia and trana !somera of 

vit. Kl. 

:<a) a: 50' \.II vit. Kl raculc, b:11 
50 I;.Ig traM vit. ICl , c: SO IJg ci. vit. Kl 

\ 

o 
\ 

(b) Increadna c~nce.llt.rat1on. of trân8 vit .. :ll vere Itppl1ed to 4eterm1ne 

the lowe.t c:oncentrat:1on of vit. ICl t:hat can be dett!Cted after ehrolIItography. 
" \ L\ 

wh1ch vas foun4 to be 'betweea 0.2' to 0.4 Sig. 

( 
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(a) (b) 
\ 

(c) (d) (e) 

:r1g. 7. Chromatography of aixture of the trana and cis 18011ers of vit. Kl' 

<a> 100 PI trans vit. 11 i.ODl~r. 

(b) 99 lIg trans vit. ICI: l }JI cis vit. ICI 1somer. 
\ 1 

(c) 98 PI traDS vit. KI: 2 \lI cis vit. ICI 1somer. 

(d) 96 lia trana vit. Kl : 4 \lI cia vit. Kl isomer. 
_._-~ 

. 
• 

(e) . 92 III trana vit. Kl : 8 III cie vit. ICI 1sOller. 

o 

- .1 
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96 ~g'of the trans and 4 ~g of the cis, or 92 pg of the trans and 
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8 ~g of the cis were chromatographed there was a distinct separation 

of the two isomers at aIl concentrations. 

Reduction of vit. Ki to 2' t 3'-dihydrovitamin Ki 

The reduction was carried out on a semi-miero scale in an open system 
1 

by the method of Cheronis & Koeek (126); 2pO ml of absolute ethyl aleohol 

and 80 ta 200 ~g of vit. KI (cis or trans). with four times its we1ght 

of 10% palladium on charcoal, were placed in the reaction vessel. Hydrogen 

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

dispenser (pore size 10 to 15 microns) whi1e the mixture was agitated by 

a magrtetic stirrer. A number of palladium on charcoal catalysts from 

,different sources were tried. lt was found that the catalysts differed 

greatly in their activity, Some p~oduced extensive reduction of the aromatic 

• part, others c,ycl1zation of the phytyl side chain to the chromane. 

Bast results were obtained with an aged 10% palladium-on c~rcoal 

catalyst obtained from Nutritional Biochemicals Corporation. For repro-
1 

duc1b111ty the saUle lot of catalyst was used for aIl reductions. 

The course of the reduction of the ~rans isomeJ could be readily 

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

U Q 

l ' 

dihydro derivative (0.43 to 6.49 respectively) waa sufflctently different. , 

This wa. not possible for the cia isome! t sinee the dlhydro vit. ~l 

has nearly the s8lle Rf l,value (0.49 and 0.51) as the ch bOlier. The 

reductlon had. therefore, to be arbitrarily discontinued after a fixed 

time. Best resu1ts vere obtained vhen the réduction vas earried out 

for
/
90 _in. Shorter times rèsulted in incomplete reèluetlon and longer 

t1aea in extensive reduction of the naphthalene ring. After comp!etion. 

"#.;7 
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the reaction mixture was filtered by gravit y through a fluted fiiter paper' 

(Ra grade 202, 8ize 15 cm) to el~inate .ost of the c~talyst and the 

, 0 
aleohol evaporated ln a rotory evapor~tor at 60 C in vacuo. The residue 

W8S purified by TtC until the 2' ,3~dihydro derlvative of vit. KI was 

obtained as a single band. 

The purity of the products from the reduc~ion of the cis'and trans 

isomers was tested by TLC. The reduction products gave a single spot , 

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

vit. KI are different, the dihydro derivative has the same Rf value as 

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

but likewise its purification by TLC. The ultraviolet and Infrared 

spectra of both isomers and the dihydro derlvatives showed no distinct 

difference, but their nuclear magnetlc resonance spectra (NMR) are different 

and can be used for identification and estimation'of purity. The cia 

and trans iaomers showed identical NMR spectra (Fig. 9) except for a 

chemical shift due to the protron of the Methylene group (Ca2) ln the 

l'-position. The ca2 of the cie ap~ears at lower field than the CH2 

of the trans, whereas the J'CHl of the cia appeara at higher field than 
1 

the J'CH3 of the trans isamer. The NMlt spectra contirm. the high purity of 
l ' 

Ithe compounds already demonatrated by TLC. Alter reduct10n (Fig. 10), ~ 
the olefinlc double bond of eaeh isomer disappeara and changes are seen. 

(upfi!ld shifts) for the CH2 of the quinoid and methyl groups of the 

former olefinie 8tructu~e. From the spectre, the reduced trane 1samer 

appears ta be reasdQably pure. In contrast, the spectra of the reduced 

cia iaOlller indicated th, presence of aOllle unredw::ed co.pound and po •• ibly . 

Ûlpuritiea due to reduction of the naphthal~e riDa- This can be traced 

( 
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'ta· 8. Chrou~oaraph7 of tu 2'.3·-clih~ro vit. Er 
Ca) nt. ~ raceai~ .howD for c~rillOll. 

(b) 

(e) 

(i) 

2' .3'-d:lhydro vit. Il frOll the raduet:lon of vit. I.
l 
tae~c. ~ 

~'.3',·,U.bydro vit, Il tro. the l''t4GCtlon off da. tr .... 18CJ11!11" of vit. 

J',,':-.dlh7dro -dt, II froa the rllllued.oo of tille cl_ 1 .... 1' of vit. 1.
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ta the difficulty encountered in the purification of ~he reduction 

product of the eis 180mer by TLC. 

Solubilization of Vit. ~l 

Vit. Kl was solubil:l.zed (suspended) vith the aid of a non ionie detergent 

Tween 80, by a standardlzed procedure worked out in our laboratory. Â 

small quantity of vit. KI on the t1p of a small gias. rod (approximately 

the amount to be used) was transferred to a 12 ml graduated cooleal test 

tube eontaining 3 drops of Tween 80 (polyoxyethylene sorbltan .ono oleate) • 

The vitamin and the non ionie detergent vere taixed vith a glass rod to a 

homogeneo .. plste. Water was added drop-wise. the mixture being reworked 

carefully into a bomogeneous paste after each addition_until the 

vitamin-detergent paste gradually went into solutiOD. If care i8 taken to 

add the vater initially very slowly, a completeiy elear solution i8 

obtained. Careful solubilizatlon of the vit. '1is t.portant. becauae it 

has not only an effeet on the poteney but a1so on the onset and duration 

of action (127). The concentration of the. solution vas deterw1ned fro. a 

standard curve by .easuring the optieal denslty at 210~. The solutions 

vere made up daily. s1nce lt was lound that in solution, the cis i~r 

on storage for about 10 br. «ven "in the dark,W8s tral!.fo~ ta sUgbt 

extent ta the tr ... boser. Hovever r.ediatelY, after preparation. llQ 

tran. iaa.er could be detected. 

nt. ~1 .t ..... rd eurv_ 

Appr$iutely , as of vit. ~1 VAl wei&hM out to the tUreI ded_al 0I1~ 
~ 

an aaalytlcal balance (Sartori •• -Werke 6QK Gott1npll t.",. 240 4 n 

Ro. 154577) "" placing a ama11 ..ount of the vitalda. ... oil. on the 

. ttp of a t&rz" a1aaa rad. The pd vas translet;r" to a 12 al arad_tH 
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eonieal test tube containing 0.1 ml of Tween 80, the vitamin was 

solubllized as descrlbed, and the solution made up to a final concentration 

of 1 mg/ml ln a 10 ml glass stopped graduated cyllnder. SeriaI dilutions 

of 50, 25, 12.5, 6.25 and 3~125 ~g/ml were made up with dlstilled waters 

and the optical density at 270 m~ read ln a 'Zeiss spectrophotoaeter 

(PMQ II). The aqueouB solutions of vit. ~ prepared ~th Tween 80, 

although perfectIy clear, are notJtrue solutions but highly dlspersed 

suspensions which still produce some light scattering (Tynda11'effect) 

which depends on the concentration of the noniônic detergent. To ... 
compenaate for this effect each concentration of vit. KI has to be read 

agalnst a blank containlng the same final concentration of Tween 80 as the 

sampie. 

lt la of intereat to note that the ultraviolet spectra of vit. KI' 

solubl1ized vith Tween 80. ls nearly identical to that of a vit. ~ 

solutIon in ethyl alcohol (Fig. 11). lt has been shawn (128) that tbe 

cbro.opbore for tbe ultraviolet absorption of vit. K Is the naphthoquinone 

structure. From the spectra of the aqueou8 suspension of vit. Klit 

appear_ tbat the 11po~hillc phytyl side c~in 18 re.pon.lble for the 

atJeluaent of the lIo1eeule ta the micelle of the 'detergeat, while' the 

_re polar naphthOqu1:n.ooe ~iet~ that cardes the chrOllophore 18,oriented 

lnto the aquedus pha ... 
l' 
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REAGENTS 

Thromboplastin 

Rabbit brain thromboplastin vas obtained fra. MOdern Labotato~ies 

Luitad Toronto. 1.5 g of thromboplastin was suspended in 100 ml of 

, 0 
0.9% sodium chloride preheated to 50 C and gent1y atirred for lS 1I1n. 

at So-S2oC. The suspension was filtered through aeveral layers of cheele 

cloth and the fHtrate stored in siliconized glass tubes (70 x 10 1IIIIl) st 

-200C. The reagent was kept for at least 4 days at this tempJrature 

befora being used. 

Factor V1I-free reagent 

Fresh bovine blood obtained at the slaughter house vas immediately 

transferred to a 2 liter plastic bottle containing sodium oxalate 

(100 ml 0.1 lM sodium oxalate for 900 ml ·of b~ood). The b100d vas 

centrifuged at 2000 r.p.m. for 30 min. at room temperature (International 

Model U.V. centrifuge head #266) in 250 ml slliconized glas8 bottles. 

The oxalated plaallé wu col1ected vith a plasÙc bulb baster and 

recentrifuged for lS min. at the s&me speed to r.-ove any resiclual'sus-
.(:""\ 

pendecl erythrocytea. Factor VIt-::-free reagent'~aa prepared by the llethod 

of Koller et al~(125). The fUte~ (Et tel Engine_ring Corp. Kingston, 

li.., York) ,vas set up vith two .sb •• to. filtejr pacla» the ~per vith a 20% 

and ,the lover vith a 30% asbestos content (filtera No. 5 and No. 1, 

J'iltrox anel Co., St. Gallen, S'lfitzerland). rifty ti of aaline vere firet 

placed ln, the r.aenoir an.c1 filtered wder .Upt pre.surè. One liter 
, 

, of œalated bovine plana va. then placN into the re.eT'Voir and the 

pres.ure vaa aclj~ted to perait a flov ra~e of, 1 to 2 drop. per ~econd. 
, \ 

the fint 2oo.I. of filtrate wu dl.carclecl and the filtrate eolleete.cl 
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ln 30 ml fractions ln plastic beakers. The factor VII concentration of 

every fraction and the prothrombin concentration of every fifth fractlon 

were determined. Fractions having a prothrombin concentration of at 

least 30% of normal and a factor VII concentration of Iess than 1% of 

normal were pooled and kept in small siliconized test tubes in 1 or 

o 
,'2 ml lots and stored at -20 C. 

Factor !I-free reagent 

The reagent vas prepared by mixing equal parts of bariwn sulfate 

adsorbed oxa1ated beef plasma and human serwn. The plasma serves as the 

source of factor V an4 the serum of factors VII and X (125). 

-1 

(a> To 200 ml of oxalated beef plasma was added 10 g of barlum sulfate, 

the mtxture was stirred 8e.nt1y for 20 min. at roOID temperature and ,the 

barium sulfate separated by centrifugation at 2000 r.p.m. for 15 min. 

One ml of the adsorbed plasma W1!!-s m1xed with 1 al of serum (see below). 

This mixture should give a b1aok value of at 1east 60 sec; 1f sWt' tiJae 

ls sborter the adsorption ls repeated, the,quantlty of bariua aulfate 

uaad for the second adsorption dependlng on the difference fra. the deaired 

blank value. lt may be necessary to repest 1 the adsorptlon unti1 s blank 

value of grester tban 60 sec. 1. obtained. 

(h) 'oxalated hUlUn 8~r,.; tbe blood was allowed to clot in 10 ml 

sliqU(tta in plain 12 x 2.5 ca 81a.a test tubes contaln1ng 0.1 III thrOilbo-

plaatin. o After incubation st 31 C for 1 br, the cbtted blood vaa left 

at rooa teaperature overnlght and -tbe .er_ COll~ct.~. , To 180 1Û of 

aerUll vaa aclded 20 al. of 8Odi .. oxalate (0.1 K), 'aad the precipitate 

r~ed by centrifugation at rooII taperature at 700 1 x 20 1IiD. The 

& a 
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resgent was prepared by mixing equal volumes of the adsorbed plasma 

and serum and should give a blank value greater than 60 sec. The 

o resgent was stored in aliquots of l or 2 ml at -20 C. 

Veronal buffer 

la) Veronal stock solution: 5.85 g sodium acetate. 14.71 g sodium' 

Veronal (sodium barbiturate) dissolved in 500 ml of deionlzed 

vater. 

(b) Veronal working solution: 92.5 ~ Veronal stock solution, 74 ml 

1 

4.25% (W/V) SOdirm chl~rtde, 80.5 ml of 0.1 N HCL, 253 ml water, 

and the pH adjusted to 7.35. 
1 

(c) Sodium citrate s~ock solution (3:8%): 3.8 glsodium citrate in 

100 ml of deionized water. 

(d) Rat \s&mPle solution (Anticoagulant solution for drawing blood 

aamples): 89 ml of Veronal working 80lut~on, 1 al of 3.8% 

SO;iUlll citrate stock. solution •. 

Calcium chloride solution 

<a> Stock. solution (O. i M) ,: 11.0994 g CaC12 d18801 veJ! in one 11 ter 

deionized water. 

(b) 
1 

Work1ng solution': 2S 111 0.1 M Stock 801ution va. made lIP to 

100 1IÙ. vith deionized vater and .. ~red in the refrigerator. 

Warfarin solution 1 

1 

10.1, of Warfarin vas auspended in deionized vater and disso1ved 
1 

"y the addition of a lev drops of sodium hydroxide to give a 1 JAI/wsl. stock 

aolutin vith. pB of approxi .. tely 7.S. 
" 
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1 
The vit. K defJ-cient diet 18 a modification of the one described for 

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

.âlkl diet 
Suc rose 495 
V1tamLn mile •. 100 1 

1 *C as ein 300 
Methionine 7.5 
salt mile. 40 
wheat getID oil 6.5 
slyeerol 30 
cod liver oi1 17.5 
succinyl sulfathiazine 5 

Na benzoate 1 

Vitamin , M1xtHre -&/ks diet 
Thiamine hydrochloride 10.0 

\ 

Iliboflavin 10.0 
D. L Calcium pantothenaJe 50.0 
Pyridoxine hydrochloride 5.0 
lUcot1aic aCid, 20.0 
Polie .cid 1.0 
Vit. B12 0.1 
Choline chloride 1000.0 

,1 8ioUa 0.1 
Il euaar !/ 48980.0 

.. 
• ~ •• 1n, e .. ent1ally vitaain-ft-ee. obt.11ied froa Sipil Chea1cal eo.pany 

wu utr.cted by .tlrtlna two U .... vith hot .lcobol for 6 br • 

AU other eb-tcal. vu. ob~1a" frOll c~d .• l taure •• an4 vbenever 

poe.1M. "e at le .. t of r .... t pMe. 

t 
1 

1 
, 
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RESULTS 

The cis and trans isomers of vit. KI were first tested in vit. K 

deficient rats. A blood sample was taken at zero Ume by tai! vein 

puncture, the needle 1eft in place, and the injection given immediately. 

To foilow the responae, blood sampI es were then taken from each animal 

after 30, 60, 90 and 150 min. for the determinatlon of the plasma level 

of factor VII. Preliminary experiments were _~arried ou, to flnd the 

range at which the relation between the dose- and the response would be 

1inear when the responses are plotted against the log of the doses. 

The final comparison between both isomers wasrplanned as a 6 point symmetrical 

, paralIel llne assay (129,130), so that each bOlller vas tested at 3 doae 
\ 

l.vels. Groupa of 5 an~ls received\ 0.0312, 0.0625 or 0.125 \Ji/100 g 

( ,\ -_._----_. 
of body weight of the trans and 1.6, 3.2 or 6.4 \Jg/IOO g of body veight 

of the cia isomer respectively. Fig. 12 shows the time course of th~ 

responses. 

Not oo1y do the two isOlielB dUfer in their potancy, but 1 t appeara 

tbat they dlffer a180 in their onset of action vith the trans t.omer 

baving a falter onaet:. Fros Fig. 13 it can be aeen that when the ..ana 

of the re.pons •• are plotted againlt the log of the doses, tha aJo do.e 

respana. eurvel are parallel after 150 .tu_ 

th. re.pon ••• after l~O min. vere'tharefore uaed for the e'Fiaation 

(Teble 1). 'l'he analyd. te a\J8&r1.zecl in Table II. Tbe differeneea 

due to the varlou.e preperatlO1l8 (tel'1ll 1) and do... (tera 2, regre •• iou) 

are h:f.lhlr 'i&n1ficant wh. t •• ted .Piat the lenerel enor (ten 7). 

The th1.rd ten t i. • .... ur. of the dev.:tauoia . frn par.lleU_ J ot the 
1\ 
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Fig. 12. --Time course of response to graded doses of the trana and ci. isomera of vit. ~1 in vit. X 

deficient rats. Ca> the trans isomer. 0 0.0312 pg/100 g. D 0.0625 pg/100 g, A 0.12S ~&/100I. 

(b) the cis isomer of vit. KI J 0 1.6 J,A,/lOO g, D 3.2 \.Ig/1oo l, A 6.4 p&l100 1. (All ra.u1t8 are 

the mean of at least 5 different experiments). 
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0.0312 Cl.062.5'0J2.5 1 0.0012 o.o6U 0J25 

OpSE of TRANS ISOMER (Jl9/1009) , 

1.6 3.2 6.4 1.6 3.2 6..4 1.6 1.2 6.-4 

DOSE of CIS ISOMER (~9/1009) 

Pi,. 13. Mean8 of -'~esponse.~ to araded' doses of the t~an8 and cia iso_ra 

of vit. Kl in vit. K ~ef1cient rata; (a) alter 60 .1n., (b) after 90 min., 

,cCc) after 150 JIlin l
• (~ the trana isolDer, () the cia l~OIler). The dosé 

~cale 18 logarltbmic, but 18 gradUâted in true doaes. 
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Dose of trans vit. IS. .. Dose of cie vit. ~ 

0.0312 }lg 0.0625 ).1.8 0.125 ).lg 1.6 118 3.2 ).lg 6.4 lIg 

14.5 34 48.3 14.3 22.5 48.2 

20 31.2 45.5 4.3 18.5 51.8 

20.5 20.5 34.2 6.6 15.4 38.5 

9.2 36.2 , 38.4 7.J 10 33 \ 

114.2 ! 22.5 48.5 5.9 10.8 21.7 . . 
Total 78.4 144.40 214.9 38.9 77.2 193.2 

1 et 

Mean 15.68 28.88 42.98 J.78 15.44 38.64 

Table 1. Increase of the plasma leve1 of factot VII in vit. IC deficient 

~at8 lsd min. after adainistration of 0.0312, 0.0625 and O.12S lia of the , . 
trans and 1.0, 3.2 and 6.4 lIs/lOO g of body weight of the cia iso.ara of 

vit. 1C
1
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Nature of variatiQn df 1 ad of squares Ilean square F p 

(1) Preparations 1 549.552 549.S52 
1; 

(2) Regression 1 4228.23 42.28.23 

1 (3) Deviation from 
Paralle1ism 1 15.49 15.49 0.31 >0.05 i 

(4) Curvature J. '112.61 112.61 2.25 >0.05 
1 

1 

(5) Diff. of Curvature 1 89.3 89.3 1.79 >0.05 1 

1 

(6) Between d(jaes 5 4995.54 

(7) ~rror 24 1200.02 50 

TOTAL 29 6195.56 
, , 

, 1 

Table II. Ana1yaie of variance of the data Ira. Table i 1. 

(Details of calcUlation are alven in the appendix) 1 
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leve! of probability (P > 0.05). Tke relative activity of the ~ 

isomers can therefore be estimated by this method. The remainlng terms 

(4, curvaturej 5 difference trom curvature) are an estim~ of the 

/' 
deviation from line.arity and are not stat1st1cally slgnificant CP > 0.05). 

The slope and the interc.pt for the dose response curvee of the twO 

iSO)Jlers were calculated. Fig .. 14 shows the eurve8 obtained vith these 

parameters when the r.esponse i8 plotted against the log of the doses. 

In terms of relative poteney \(1). in vit. K deficient rats. Ip g 

of the ds isomer has the same aetivity as 0.015 li g of the trans 1somu. 

with 5 percent Uducial limits at 0.011 lIg and 0.019 ).Ig. Expre.sad 

differently. the cis !somer has approximately 1.5% of the potency of 

the tuns isomer rlth 5 percent fiducial liudts at 1.1% and 1.9%. 

A similar experimental design was used to estimate the poteney of both 

isomers ln coumarin anticoagulant pretreated animaIs. Prellm1nary 

experiments 1ndiea,ed a dose dependent response between 10. 20 and 

40 111/100 • of body we1ght of the trans and 80. 160 and 320 lAg/IOO g 

. of body weight of the e1e iSOMrtr. IIln eoumarin antieoaplant putr.atad 

.nimals the eis iso1ller showed an even alaver oneet of action than ln 

vit. ~ deflelent animale. White for tb. trane lso.er a diatiDct re'!'jk)nse 

could be deteeted after 15 min.. for the ch 18011er a reapone. could 

only be detected after 45 1lin. (l'l,. 15). To try to select ,the data for 

1 
a cowpariaon. the .aeans of tbe reepons •• to tbe trane iaOlller after 60 .in. 

j 

and t:h~ cia isoaer aftar IS0 and 300 1Ii.n ~ we.re plotted apinat the 101 

of the do ... (Fia_ 16). Tha do •• respon •• c:urvea but approach parallel1sa 
\ 

wlwtn the r .. pona .. to the. tran. 1.Io .. r &ft.r 60 mn. and to the eu bolier 

alter 300 aiD.. are CCllpared. Tbe ra.pou .... at the •• tille. (Table III) 
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vere therefore used for the analyais CTs(J1e IV). As in the vit. ( 
'~ 

deficient rats, the differances between p~eparations (tem 1) and betwaen 

doses : (t~rm 2) are Mghly signifiéant when tested againsn. tbe general 

error (term 7). The deviation from parallelis. (tem 3) 18 not 

atatistleaUy signifieant cP )0 0.05). The poteney of bath preparations 

can therefore be estimated by this 1Ilethod. Of the reuini'ng ter. the 

mun square for eurvature (ten 4) .is Just signi.ficant at the 5 percent 

lavel of probabUity, the required value of , 18 4.26 and tbe ealeulated 

value i8 4.83. The large lIlean square for eurvature, whicb 1s a meuure 

of deviatian from 1inearity, probably arises frOli the different 'On8ets of 

actiou_ of the two preparations and the arbitrary selection of the times 

for the eamparison. In particular,. for the two lover doses of the cis 

bomer the peau of the responses already seem ta occur after 150 min., 

wUe for the larger dose the reaponae sI~ill De ra •• es after 150 1I1n. . " 

<f1.&. 15). This difference SeeJ118 to be the I14jor contributor ta 

deviation fro. linearity. In contra.,t, the re.ponse turve for tbe cis 

1aoaer alter 150 ~u. 8~oved le •• déviation froll I1nearlty but .bowed 

poor approach tO"îparal1el1_ w1th tut of the trans boaer (fig. 16). 

1'1&. 17 show the 40 .. re.poue curwa vith the .10p •• and bterceptt 

caleulated frOli the data of tbe a_lyaie. 0 

1 

III ten. of relative poteDCy (a). in couaarla antlcoa8Ul1At: prètreated 

raU. 1 Il. o~ th. cu t.08el' .... tlM .... actiri.ty .. 0.11 118 of' the 

tr ... 1.-i; vith 5 pereeat fu4a111a1Ca at 0.09 ~ •• ad 0.13 ~. or 

.,na ... diff_reatly. the cia ~ hp approdllatelYeth. 11% of the 

pot.ney of tM trau u..r wlth 5 .. cent ftcluc1.al Uaiu at 91 a_ 13%. 
~ , 

la _ att..,t to "tain futber e'f'14.eace about the f1IDctlO1Ml roI_ of 

Il 
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.1 

Dose of trana vit. ~ 1 D08. of cis vit. Il 

10 111 
1 

20 ).lI 40 PI 80 \JI 160 PI 320 PI 

13.2 30.5 58 7.4 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 SO 
1 

10.1 25 42.5 4.5 19 49 
l 

1 

Total 48.5 139.3 253 j 5 2~ 106.7 235.5 
i 

Mean 9.7 27.86 50.7 5.6 21.34 47.10 

'fable 11.1. Illerea •• of the p1asIIa level of factor VII in cou_rin 

anticoapûant pretreated rAte 60.m. alter -ainiatratiou of 10, 

20 8D~ 40 \JI of tbe trans ,\md 300 II1n. ~ter ada1.n1etratlOil of 80, 
1 

160 and 320 P"l~ 1 of body wei,ht of tbe da bOlIer of vit. 11. 

& 2 Mid Ht 

1 \ 
1 
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Nat ure of vari~t1~n 

(l) Preparations 

(2) l.egress1on 

(3) Dev:Lation from 
aralleU •• 

(4) (urvature 

. "' 

(5) D ff. of Curvature 

(6) , BI t'Veen closes 

(7) JI: ~or 
,1 1 

df 

1 

1 

1 
1 

1 

l 

5 

24 . 

29 

SUIl of squares 

168,.51 

8507.81 

0.31 

90.04 

11.88 ' 

8718.55 ' 

295.18 

9073.73 

168.51 

18507.81 

0.31 

63.04 

3.6 

13.04 

, 

'Table IV ~1.,..1a of varlaàce of the ut« fl'oa Table "III. 

(DetaUa. of ylculatloa ar8 aj,.en la the appeudfx) 

=" ••• ~.: 
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0.02 "0.05 

4.83 <0.05 

0.37 >0.05 
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fia. 17. Do •• r-.ca- curv.. for IrMed cIoaa. of the tra_ .. et.' 1I0IIer. 
1 • 

o -t..'" 1 

,of 'rit. El in .... da AIlt1coaa1l1aat pr~~eat" rat. (0; th. trme lIoilller • 

• tht e1.l. ' ... r). Canu are calcualat" Ina lata of 'ula III. d.tail. , . , • 
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the douple bond, the tranr and cis lsomera vere reduced catalytieally 

to 2',3'-dihydro vit. KI. The activitles.of the redueed isomera vere 

compared in'" co umar in anticoagulant pretreated ~n~IIIll.S at a dose level 

of 20 and 40 ~g/lOO g of body weight vith that of the tranS isoaer 

(Fig. 18). The reduced product of either the cis or the trans isomer 

showed the same activlty and onset of action as the more active trans 

isomer. Therefore, while reduction does not change the activity of the 
• 

i 
tran. isomer, 1t increases both the activity and the speed of ooset of 

action of the cis isomer. 
t, 

The responses after lSO min. (Table V) were 

analyzed 8tat~8tical1Y (Table VI). The Mean square due to prepar~s 

(term 1) ls s~gnificant at the 5 percent level \~p < 0.05). lt cao be 

'" seen from insp~ction of Table V that the major contribution to thi. term 
\ 1 

\ 
\ is made by the ireduced cis isomer since the me~\ of the responael ia 
\ 

lower than that to the trans and the reduced trana isomer. The differences 

betwe~n regre$sion (term 2) and deviation from parallelisM (ter. 3) 

l ' 

are not slgnificant at the S percent level. Pige 19 shows the dose 

response curve. when teaponse. are plotted agalnst the lOI of the doses 

using the regression equation calculated fram the data. 

The relative poteneie. and their fiducial It.1ts vere calculat.d an~ 

expressed in tet'1D8 of the trans bOlier of vit. KI: 1 III of the "l"educed 

trana isomer 1. estiaated to h.ve·the potency of 0.92 liS of traDl. vith 
, -

5 percent fiducial lilllits at 0.84 III and 1 PI, while 1 418 of reduced ci_ isoaer 

la eatiuted to bave the potellc)' of 0.793 III of tr ... 1.1' 1I1th S percent 

Uduc1a1 U .. lta at 0.72, 111 and 0.87 ),II. A. reportecl in the _thocls 
1 
1 

lectiOl1 the lOIl .pectra of the reduced eb 1aciaer indicated the pr •• enee 

of 1JIpurlt1e. wh1eh coulet DOt be e111l111atu hec:au .. of tbe Um.tat1ona 
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MINUTES FROM DOSE 1 

1 
1 

Fia. 18~ T~e course of response to graded doses of: Ca) the èFans isoaer of vit. El- (b) 2';3'~ro 1 
r 

vit L Kl from the reduct10n of tran.s vit. KI' Cc) 2' .3'-dihydro vit. ~l from ~he r.cluct~ of ,c14 nt. Cl' t 
1 

20 lIs/l00 g, 40 lIg/l00 g. JA11 reBults are ,the mean of at leaat 5 different e.zperiaeGta 1:A 1 , 
, l 

coumarin anticoagulaqt pretreated rata). i . 

1 
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0 

Dose of Dose of Dose of 
the trana vit. KI 2' ,3' -~~hydro vit. KI 2',3' -dihydro vit. KI 

isomer (from trans) (from cia) 

" 

40 J.lS 20 lJg 40 llg 20 Ils 
1 

40 liS 

71.5 30 63 20 _ 60 

57 JO 62.3 23 46.5 
"'" 

70 30.5 53 28.6 54 

71.5 27.8 61 29 50.2 

56 26.9 61 27 50 

Total 326 145.2 300.3 127.6 260:7 . 
Mean 65.2 29.04 60.06 25.52 52.14l 

Table V. Increa~e of tbe plasma level of factor VII ln, coumarln 

anticoasulant pretreated rats 150 min. after administration of 20 and 

" 40 IlS/lOO 8 of the trans isomer, 2' ,3'-dihydr,o vit. ICI frOII the 

reduction of tran. vit. K
1

.ana 2' ,3'-d.ihydro vit. JC1 froa the 
, 

reduetion of ci. vit. KI' 

/ -.... 

• 

20 llg 

17.5 

21.8 

17.8 

23.5 

13.8 , 

94.4 

18.88 

Il 

__ ... -4~" ____ _ 

. \ 

" 

\ , , 
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c\ 
.' . 

\ 

Nature of variation df SUID of squares mean squate F P 

\ 
(1) Preparations 2 688.46 344.23 

1 

14.9 <0.05 l' 
, 

(2) Regression 1 9006.'40 

(3) Deviation frOID 
ParaUelism 2 10.56 S.28 0.23 >0.05 

S 
\ 

(4) Between doses S 970-5.43 

(5) Error 25 ~~.41 "- 23.10 

., ' 

TOTAL 29 10259.84 

. 
Table VI. AnalY81sof variance of the data from Table V. 

en_taUs of ea1c:uladbn are aiven, in the appendix) 
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20 40 , 
Do •• of 1 TRANS ISOMfR (1I9/1009) 

1 
20 40 

1 TRANS R,DUCEO ISOMER (119/1000) 
'\ 

1 , 
20 40 

cas REDUCED ISOMER (lIO/lOOg) 

'11. 19. 1)0'. r ' cu.rv-a for pad-.:l doa .. of the ttaua leoae.r of 

rit. 't. 2' *"-dthydro, 'rit.!"l fr~ the red_tion of t • 'l' 
21 ,3'-clUqdn 'Ilt. ~ !rOll the recluctiOll of cb nt. ~1" C are 

ca1c~t" fna data' of 'rab le Y. 4etaUa of ulcul&tioa are ,i~ :tu tM 
! ...,.u.x. 
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T 
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of tbe method of purification. there ls a1so the possibility that 

the ratio of the optiea! isomers, due ta the formation of a newi 

asymmetric 'center at the J'-position, maybe different for the teduction 

\ of the two geometric lsomers (131). Either one of these factora could 

be responsible for the lower activity of the reduction product of tbe 

eis isomer, but the first, the presence of impurities, ia considered ta 

be the more likely one. 
, 

In the previous experiments 1 ~g of cis was estimated to have the 

activity of 0.11 )Jg of the trans isomer. /lleductioll of the cis isomer, 

tberefore, results in an approximately 8 fold inerease of activity and .. 
also in a faster onset of action. Within statistical limits the reduced 

trans isomer bas the same activity, while the redueed eia has only 79% 

of the activity of the 'trans isomer. 

lt was, considered of interest to carry out preliminary experiaents 

vith the eia and the trans isomer with liver sllees and microsomes from 

vit. K defieient animals. These systellla have been usJd belore in our 

laboratory and it bas been showq thet the formation and release of 

factor VII • .alter vit. Kl (racemic) 18 added to such", systems "in vi~ro", 

have physioloSical properties. Par èxa.ple. in these systeme, as in 

intact aniaals, the response il inhibited by the chlora analogue of vit. 

~1 and, iD addition, the presence of factor VII and factor II can be 

. - 4.-oa.etratec.l ilIIIDUIloloaically (106). Fi&. 20 shows the re8ults obtained 

with ~lve: slicel. 
, 

The trana 1.ocaer lave an cpti.l reaponse at a final 

~ o 

-s -s t coace.trat1on of 10 H. Whlle S x 10 H save the .... re8pon8 •• fur , 

140 atn.. the rate of 1oer.a .. vas ll1&htly .lover. The et. ilcaer .ave 

(tbe ... opt11lal reaponu a. the trans iSOll8r ',ut at a concentTaUon lO-~ H. 
:' 

\ 
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'liS. 20. Comparison of the. actlvity of the trans and cis bomers 

of vit. ~1 ln liver .lices from vit. K deficient rats. 

<a) trans iaomer; • no vitamin, D 10-6 M, 0 10-5 M:o 

b 5 x 10-5 M. 

(b) cis isomer; • no vitallin, a 5 x 10-5 M:o' 0 5 le: 10-4 K. 

~ 10-3 H. 

0.5 8 of, sliees Ij,n 5 al of bicarbonate buffer,,PH 7.3. The 

1neub~tlon was carried o~t in a Dubnof; shaker at 310C under 

an atllOsp,here of 95% 02: S% CO2 " , Concentration of factor VII 

1. eçre •• ed as petc!'nt of .lts concentration in"norma1 :rat 1 

pl...... Vit.:KI bœaera lIo1ubil1..ed ~th Tween 80. Stice. 

prepa.recl by the aethod of Deutac~ (132). At the tl... 1ndicated 

a _.ple v •• r..,~ frOll 'h ... aed1U1l for det.raination of 
J 

f.etor VII. ~ 
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This dif ference 1& of the ._e order of aasnitude, about .50 ta 100 ti.e., 

a. in vit. K deflelent rats. lt 18 a180 of intere.t ta note tbat tbe 

differenC!.-e betveen the onsets of ac:tion 18 the s ... a. in tbe iut.ct 

animaIs. The tr~JDS isomer already gaVe a slight. but IIle&Surable re.ponse 

after 30 mu., while vith the ci. lsOlle~ '"there wa. nO re.pon~e after 

30 lIin. and 0I11y after 60 IIdn. val there a response. 

A .imi1ar cOIIlpari.on vas çarried out vith liver mierosomes frae 

vit. K deflclent animal. (rig. 21). This preparation will releas. factor 

VII after addition of the hydroquinone of vit. [1 without tbe requirement 

" 
for any other~eofactors (106), provided vit. KI ia 8D1ubi11*~d,witb the 

nonionic detergent Lubrol. In this system the tran. isOlller gives an 

optimal response at a concentration betweed 5 x 10-5 and 10-4 M. The 

o -3 re.ponse to the cia isomer, at a final concentration of 10 H. i. 

considerably les. than tbat to the trana iBOlRer, hovever, it 18 Ilot 

pos8ible to test ln thi. system concentrations higher thaa 10-3 M. 
r~ 

Th.e' i. alao a difference in the onset of action after 15 mIn. The 

c:_ trana i~.r lua. already produced an affect. nile tbere i. no .ffect 

vith the ct. l~er;' The dlfferance bet .... the aetivlty and the on.et. 

of action of tlfe two iaoaer .. are, therefore •• 1aUar 'ln the "in vitro" 

ay8ta aDd in intact aniaal. •• 

J 
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Pia. 21. Comp.rison. of the act1vity of the trana and ci. 
1 • ç ~ -

3 ' 
1somer. of vit.-I} 'ln liver .iero.~ (1~O x la 1 pellet) 

trOll vit" ~ $leUelent rata. lU..ero8OlHS aU8pended in on.-aixth 
J 

of the voiuae of the po.talero.OJiaI 8upernatant. o.s.f of 0 

" BUSPeuton in 5 111 incubation .adl~. Incubation HcUa in 
- 1 

1 -

.ale.IL: Bacl 110.0, l'.CL 2.0. HaSO.o7B.20 0.9, MgC12.6H20 1.0. 
, , \ ' 1 

, MazBP04 2.0. Q(l P04 6.0, m03 21.0. CaC12 0.8, (133),. lncubatioa 

carr'1ed out ln a Dubnoff shaker at 37°C uncler an at_phere of 
/ ' 1 

1 1 

1 l 

'5% O2: SI COl" 
1 -5 

(a> trana iaour, of vit. 11; • DO vit..u, 0 10 K. 

O· 2.5 ~ 10-.5 K .... .5 x 10-5 M.a 7.5 x 10-5 K." 10-4·,X. 
, , 

(b) ~i. UOMf ot' n~. &:1; • DO vlt..da, 0 10-4 M. 

o 2.5 x 10-4 H. A .5 x 10-4 H •• 10-3 H. 

Vtt. 't, l~rs aolubiU-ad in LUbro1 ad redŒecl ta hyclroquJ.aone 

. 'y -adcU.~lo. of .equ,ialAr _ount of: I~. hnrHulflte (1&252°4)' 
, -- j 

At tba tùea ~.t-' • ...,le 'Ra 'r-.wecl fna the .ad1_ for 
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DISCUSSION 

The present results demonstrate tbat the traDS lsomer of vit. KI 

ha~ greater biological actlvity than the cis ieo.er and alIo~ a 

quantitative estimate of this difference"in vit. ~ deficient and coumarin 

anticoagulant pretreated animaIs. In the vit. K defic~ent rats the 
1 

trans isomer is approximately 67 ttmê~-.ote active than the ci. iaomer, 
. 

while in the coumarin ant1coa~lant pretreated ani-.ls, the trans 

isoœer is approximate1y 9 tilles more actiVe. In addition, the trana 

isomer has a faster onset of action~ particularly in c9umarin anti-

coagulant pretréated animaIs (about lO 1Ilin. ccapared to 60 .in.). 

These resulta are at variance vith the report of Matachlner and 

Knauer (117) tbat the cis 1sOller lacks biolog1ca1 activity. In their 

experiaents ~he activities of partially purifled preparations of t~e . 

tvo i.OIaers, eontaUiiog 90% trans: 10% e19 and 90% cia: 10~ trau ver. 

COIIpared. After injection of • single dose of 2 Il. per anillllai to 
\ 

vit. t deficient rats, 2 III of the ch bOlIer showed le .. activlty thao 

0.2 PI of '. sample contallÛng predollina,:,tly the trans bOlier (9S% tr .... : 

SI cie). Since the sample of the cis lsOller (2 118) conta1.ned approxi .. tely 

this amount of thé trans bOlIer· (101 or 0.2 pg), Hat:schiner concludecl 

that the ei. itc::aer lacked &c:tiv1ty. la our experi.ents the el8 iaoiler 

• 
, bacl. purity of gr_ter chan 99% ancl 1.6 ", par 100 g of body veipt va, 

1 

fouad to be the lonlt clo •• tut save a ruponae in vit. X def1c:i~t , 
_aiull. Sinee in Mat8C:.hhar' 8 report the.... (2 1'8) are expr~d 
per rat, ........ wight pu 4D'.11 Off 200 to' 300 a. the do •• per ~OO 1 

"
....u b.wa ... on17 fu- 0.6 co 1 III ... 100 1 aad 'WOOld, chereton, haft 

beeD. 1uuffklaa.t Co proRce • ~ • 

. ' .... 
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ssible that the activity of the cis isomer observed in our 

experiments is, l!kewise, the result of contamination by the trans 

lsomer beca se of isomerization during the preparation and handling of 
1 

\ 
the solut1o~S before injection? Since the trans isomer i8 67 times 

1 • 

more active/in vit. K deficlent animaIs, transformation of as little 

as 1.5% of)the dose of the cis isomer would have been sufficient to 

produce the responaes observed. In coumarin ant~coagulant pret!eated 

animals, however, the trans isomer is only 9 times more active and the 
1 

transformatio~ of approximately 10% of the cis would have had 'to occur 

to acco~t for the activity. Furthermore, if isomerization had occurred 

before administration one would expect to see a laster onset of action 

as accurs vith the trans isomer. Moreover. reproducible reBults were 

obtained with different preparations of the cis isomer at different . . 
tilleS, making 1t unlikely that "uncontrolled" isomerization i. responsible 

for the activity obtained. 

The present reeolts have been obtained in intact animaIs. In contraIt 

to etudies vith "in vitro" system.s, their physiological significance 

cannot be open to doubt. " On the other band, the final effect .ealured. 

the Increase of the plasma level of factor VII, i& the resultant ~f an 

unknown number of secondary interactiona such as tr_nsport, uptàke, 

distribution and rate of metabolizatlon. iJ addition ta the primary 

Interaction of the vitaa1n vith its specifie site of action. Differences 

betveen the two iso.er& At, any of thele leval. could.aecount for the 

different biolOlical respoa:8es. The fiad.1a:a that in slice. a~ in a 

cell-frH _1IItea the ~1ff.reac.. t. of the ... orcier of _snitude a_ ia: 

1atact api-la excl ..... tu posa1Ja1l1ty tllat tM secODdary 1nt .. ~ctf.oala 
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are responsible for the difference. From this, it can be concluded 

that the difference of the activity of the two isoaers can he traced 

to the &pecific site of action. 

What Is the functional significance of these findings? The ~chanism 

of action of vit. K at the moleçular 1 vel, including lts possible role 

l.n the carboxylation of clotting fac ors is lst.lll unknown. Vit. Il is 

one of a group of lipophilic para-qui nes including vit. 1
2 

(2-.ethyl-

3-difarnesyl-l,4-naphthoquinone) which ls found in the me$brane. of 

certain bacteria. coenzyme Q (2-methyl-S,6-dimetbozy-3-polyisoprenoid-l, 
, l ' 

4-benzoqulnone) which is present in mltochondrial and hacterial membranes, 

a~ plastoquinone (5,6-dimethyl-I,4~enzoquinone) vb1ch Is present in 

chloroplasts. In general, these qulnones·function as part of eleftron 

transport systems because they can be reverslbly reduced and oxidlzed, but 

in many cases their exact functlon is still uncertain. The 1DOst 

extensively studied lIember of this group 18 ubiquinone or coenZJM Q, 

wbose aromatic moiety bas a 2-methyl-5,6-d1methoxy-para-benzoquiDone 

structure. This quinone i8 a component of the aitochond~ial tera10al 

electron transport chain and functions bet.ween the flavin dehydrolenasas 

and the cltochrome system. When originally isolatad, it vas beliaved 

that it might, act as a couplina factor be~n tenli.nal electron transport. / 
.. 

and oxidative-phosphclrylation. Failure ça establdsh wch a role for 

ubiquiuone or to demonstrate the presence of coupling factors in leuera1 

_ 1ed Mltchell ta propose in 1961 tlle chem1-oamotie theory o~ oxiclative

pho.pilorylatiolÎ, aaordiug to which the auociatiol'l of tel'lliMl electron 

tr_port vith proton dislocation Aero .. the II1tochondr1al ..... rane i. 

die "lt~ ...... t1oa tUt ~ta.a.- .... 1 it eu .. ~ecl ... 
" 
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oxidized reversibly by virtue of its para-quinone structure, eould 

funetion as a proton carrier. Such a funetion would requ1re aiso a 

certain mobility within the membrane structure, so that protons could 

be aeeepted and donated at opposite interfaces of the membrane (135). 

It 8eems not unreasonable to assume as a working hypothes1s that, 

because of its similar st:ucture. vit. Kl èould function at the .. lecular 

level in a,similar man~er and to try to explain the difference between 
• ;oc'"!. 

. the biologieal activity of the trans and eia isamers with1n the context 

of this hypothesis. 5uch a funetion would require, in addition to a 

certain mobility and flexibility, a precise orientation vithin the three 

dimenslonal membrane structure olf the part of the vit. KI moleeule that 

car ries the functional group, the para-naphthoquinonej this part of the 
:' 

molecule would have ta make contact or combine wit~ the conjugate systems 

that donate or accept protons on the opposite interfaces of the aembrane. 

,f 

The finding that the particular microsomal systemthat responda ta vit. KI 

is detived from an intracellular membrane structure 1~nd8 additiona! 
c 

8upport ta ih~~,hypothe8is. It has been pointed out already in the 
... 

:discu8sion of s~cu~f~l requirements for vit. K-llke ac~ivlty. that the 

"-aize of the aromatic nucleus. in general, and that of the 8u~stituent 

at the 2-position, in particular, appear to be critical for ca.bination 

(affinity), and it can therefore be a •• Ul\led that this part of the vit." ~ 

1lO1ecule, which a180 carrie. the funet10nal group, the para-quinone 

atructure, combines with the active sites of the conjugate .'st.... If, 

for example, the 2-meth1l-1,4-naphtboq~ne .olette. of the ci. and 

tTaU iSOMra are orienteeS identically. it cao be Mea frOll .,leeular 

wocLtla that tba od.eatatioa of the 3-li~h111e ~id. ebain wUI •• 
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different, because of the absence of free rotation about the 2' ,1-double 

bond (Fig. 22 (a) and (b»). The same considerations would apply if the 

naphthoquinone moiety of either isomer were ta combine identically with 

the active sites of an enzyme. 

This difference in orientation of the )-slde chain might be sufficient 

ta ab01ish or reduce the ability of the cis isomer to function as .a 

proton carrier. In the firat cafe, the cia isomer wou1d. therefore, on1y 

become active after it has been transformed "in vivo" to the trana isomer. 

ln vit. K deficient animaIs. where only a transforaation of 1 to 2%, 

would be required. the cis isomer shows a slightly slower onset ot action 

(Fig. 12). In coumarin pretreated animaIs, where a transf~tion of . 
approximately 10% i8 required ta account for the activity Qbaerved. the 

onset of action of the cis isomer iB considerab1y slower. 60 min. compared 

to 30 min. (Fig. 15). On the other band. the different orientation of 

the side chain. by restrictin~ the mobl1ity or cbanging the orienfation • 

.. y aimply reduce the effieiency of the cis isomer 8S a protbn carrier. 

The experi.antal evidence at band ia inauffieient to distinsuisb hetween 

theae tvo possibilitiea, although tbe differenee 10 the on.et of action 

is more easlly explained by the firet. 

Reduction of the 2' ,3!..c1oubla bond of Ile tralUJ isomer leavea the 
, 

activity unchanged, but iocr ... a. the activity and the speed of Quet of 

tbe cie laOlller to that of the trana i8OMr. Inspection of IIOleeular 

.adele .havs tut the apatial orientation of the 2' ,J'-dlhyclro clar1vaUve 

la 81111~r to tut ot tbe trau i.o.el' (Fis. 22(a)aud Ch». l'urthamore, 

after re4uction there la free rotation about the Itood at the 2' ,]t-poeition 

.... tllerefore, faneraaMd flexilt1Uty. 
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The 2' ,3' -dihydro derlvative of vit.: 1(1 vas firet synthesized by 
\ 

Karrer in 194è (118) who reported that lt had 1/24 of the activity of 
( 

vit. KI' Fieser et al (111) prepared the dihydro derivative by a 

different method in 1941 and reported 1/8 of the activity of vit. KI' 

Slnce these results vere reported, more efficient aethods for the 

purificatio~'.uch a8 T L Ct and for determinatlon of the purity, luch 

as N If R, /have become availa~le. We also found that catalytic reduction 

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

some reduction of the naphthoquinone nucleus, and encountered difficulties, 

particularly with the reduction product of the cis isomer, in ellminatins 

tbese byproducts. These byproducts differ only by 2 or 4 hydrOlen atoms, 

ao that the contaaination would not have been detected by the techniques 

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

Fieser as criteria for purity. They do, hovever, show up in thè N M R 

spectra, particularly for the byproducts of the ci. isomer. 

The retention of acUvity after recluction of the double bond makes 

lt unl1k.ely that trans-cis Il0000er1fation plays a role in the aechanis1ll of 

act~on of vit. ~l' This possibility was sUII.ated by Brodia (136) in 

counection vith vit. KI dependent OxidatiV8""PhOS*",latifn ln vit. K 

dapleted preparations from H. Phlei. Brod!e reported that only the trane ' 

iaa.er of vit. KI va. éapable of restoring activ1ty and tbat th1s was 

uaociated vith ita 1sGiiaerUation to the cis u.o.er. Thia could Dot he 

confir.ed br Di Hari et al (137) who traced the fso.eriz.tion to non-
~ 

.pecifie photocatal,.ia beeaul. of poor expu:laeDtal eontrola. 
\ , 

If nt. Xl vare to Kt .. a proton c.hier within or aèro •• -. 
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llpophilic membrane structure, how cou1d such a function be related or 

directly coupled ta the carboxy1ation of ~ saturated aliphatic aci4 

1ike the g1utamyl residues of a polypeptide? Structural analysi, leava. 

little doubt that the vit. [-dependent clotting factors contain y-

carboxyglutamic acid residues and that the inactive variants found in the 

plasma of vit. K deficient and coumarln anticoagulant pretreated animaIs 

lack the abili.ty to bind Ca ion because of thelr absence (26,92,93). 

Horeover, vit. K~-depend~nt carboxylation ln cell-free systeœs has been 

14 measured by the incorporation of C 1abelled ln CO
2 

in at least seven 

laboratories (95,100,101,102,103,104,105). lt Is of course possible that 

\ in partially pUl'ified ceU-free systems the formation or activation 

of the clotti.ng factors involves an lnterrelat~d sequence of reactions, 

Includlng c.rboxy1ation, in addition to a separ~te vit. K-depandant step. 

This argument cannat, however, apply ta the exp,riments in whlch it has 

been claimed that simple glutamyl containlng pentapeptides are carboxylated 

in the presence of vit. KI by a microsomal prepa.ration (105,138). Assuming 
c, 

the validity of the .. expel'aents, one must, therefore, aasUIIle that the 

carboxylatlon-dependent on vit. K takes place by a ~chanisa entirely 
, 

different frOID Any of the pr ••• ntly 1cnown biologieal carboxylacion •• 

While the hydroquinone of vit. KI could 8upply the redueing equivalenca 

Incl enerlY for a l'eductive type ,of earboxylation. there still remains the 

probl .. of hOw an .lipbaUc acid cauld be carboxylat.d 'by euch a _chanis. 
\ 
\ 

witbout eneray-depend.ut activation. In a4dltlon lt ahoulc:l he Doted tbat 

the re.pous. ta vit. 1'.1 in the cell-free s,..t_ .. t .lao ~lv .. the 

rel .... of tha c10ttins fact.or prote1D f~ tM .,.nieul.te IdcroaoMl 

pra..-ration. :I,. .... c IleCbaIû_ and ~ clo_1,. thia r.l ..... la coupl_ 
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or integrated with the carboxylation i8 a problea tbat doe. not .... to 
t ,J 

bave unti1 now received any attention. 

Â syatematic study of the .tructural requir..-ntl for vit. ~-like 

activlty in Intact animals may provide additlonal Inf~tion .ad an 
, 1 

indicat'i."'on ~f the aJI yet \U\known _chani Al , of act:1on of the vitaa1n. 

Since there .hpuld be a corre.pondance between the actlvlty in intact 

aniJUla and ln .. ln vitro" systu, such etudie •• hould &1ao b. uaeful 

to evaluate thé significance of re.ulta obt.a1.qed vith "in vitro" .yet .... 
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SUMMAB.Y 

(1) Vit. KI has been se.parated into its 2' ,3'- trans and c1s ilomers 

by TtC to a purity of better than 99% as lndicated by TtC and NMR • 

(2) The activity of each of the two bOlllera vas estimated in vit. K 

de.ficient and coumarln anticoagulant pretreated rats after intravenous 

administration. The re8ults vere evaluated by an analysis of variance 

as a 6 point paraI leI line a8say. 

(a) In vit. K defieient animal. the ci. lsomer had 1.5% of the potency 

t:i. the trans iaomer vith 5% fiducial limits at 1.1% and 1.9% • 

(b) In coumarln anticoagulan~ pretreated rats the cie i80mer had' 

11% of the potency of the tran. 1somer vith S% fiducial limita 

at 9% and 13%. 

(c) In addition, the ci. isomer &ad a 8lover onset of action. parti

cularly < in couaarlft pretreat.d rata (60 min campered to '30 min.) • 

. (3) The trana and cis isoaers vere reduc.ed eatalytically to 2'.3' -dihydro 

vit. KI' Hydrogenation did not change the act1vity of the tran. lsoller, 

but 11lcreased the activity ,?f tbe ci. iaOlller to that of tbe more ~tive 

trans isolller. 

(4) Approx1aately the .... , 4ifferenea v .. found between the aetlvlty 

of th. two iBOller. on the ral.... of factor VII froll liver .lle.. and 

,aici'osoaea frOil vit. K clefic:ient' rata vben added to ~he ... ,.t .. "in vitro" • 
1 

(5) The reaulta can he explaiQed by the hypotb.eai. tUt, tu aec.bani •• 

of tcUon of Vit. ~ 1l1'V'Oivej proton t~anaport -&Croa. a Upophl1ie -...brane . . , 

KhCtah. aa4 tut the cliffareace be~ tbe activity of dle trau _d 
- 1 

cJ u.v. aria .. - f'ra. tu cI1ff81'.u~ apat1a.\ orieatation of tb phytyl 

~ _0 ".ua. ,t tu pr __ c. of CM 2' .l'-double bOad ad the efftct 

** 1d1l .... _ tha orieatad_ ... fl.a1t.Ul.q- el' the .... dIoquiaoDe 
l, 
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lI01.ety of the v1.t. 'I ÎIOle.eule.. The findina tut vhen tbe double bond 

18 reelueed, activity of the traua bOUler y./ retained anel aetivity of 

the d, 180mer 1. in~reas.cl to that <if, the. trana ieoaaer ta 1n .. r .... nt 
, \ \ j 

vith this explanat1.on, ancl al80ldemo+tratea, tut the double boa4 1. 

DOt an obl1.aatory requireMftt for ad:! iq .. 
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APPENDIX (Summary of Statistical Ca1culations)~ 

Polynomial coefficients 
" 

Component t
l :Itzi 

t
3 Cl C2 C3 

Division 

~ 

(1) Preparations -1 -1 -1 1 1 1 " 30 

(2) Regression -1 0 1 -1 .0 1 20 
, 

(3) IDeviation from 
1 0 -1 -1 0 1 20 Parallel1sm 

(4) Curvàture 1 -2 1 l' -2 1 60 

(,) Diff. from curvature -1 2 -1 1 -2 1 60 
\ 

., 
Table VII. Polynomial coefficients for the ca;Lculation of the' 

9- 1 .fi 

component of analysis of variance for data from Table 1 and Table III. 

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

and trans isomersof vit. Kr in vit. K deficient rats: Data ftom Table 1. 

[ ·2 
(l) Preparations ~ -78.4-~44.4-214.9+38.9+77.2+193.2] t 30 

.. 549.552 

2 
(2) Regression ~[-78.4+214.9-38.9+193.2J~ 20 

Of 4228.23 

(3) Deviation from Para11e1ism 

Q ~(214.9-78.4)-(193.2-38.9)]2 + 20 

• 15.488 

(4) Curvature • [(78.4+214.9)-2(144.4)+(38.9+193.2)-2(77.2)]2 1
• 60 

• 112.61 

• 1 

.. 
K ,/11 t 

-

• 0 
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" '(5) Difference of Curvature 

: l(78.4+214.9)-~-=--.J..~-(38.,*193.2)-2(77 .2)]2 t 60 

"" 89.3 

1-Yt - intercept of trans Curve 

y • intercepf of cis curve. c 

Yt 
• (78.4+214.9) ~ 10 .. 29.33 

, 

Y • (38.9+193.2) T la • 23.21 c 

b • slope for both curves 

.f-

"-

b - (214.9-78.4+193.2-38.9) 20 

') -
b • 14.54 

Relative potency - R 

,. 0.125 
log ~ - log 6.4 - 0.42 x 0.301 

• -1.835 " ' 

R • anti10g 2.165 
/ 

R. - 0.015 

Fiducial 1imits of R 

t 
0-05. ~4 d.f. - 2.06 

g criterium 
, ' 50 x (2. 06) 2 

g - (14.54)2 x 20 - 0.05 '<0.1 

H - difference between equally effective doses 

V(M) - varianée of K 

VOO - 50 f (14.54)2 x [1/15 + 1/15 + (':'0.42)2 * 20] 

- (0.18)2 

" 

~. '. '. 

, J 
\ ,,'~ 
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Fiducial Iimit (below) • antilog 2.06 

- 0.011 

Fiducial limit (above) - antiiog 2.2767 

• 0.019 -1 

Analysis of variance and estimatfon of potency of the cis and trans 

isomersof vit. KI in co umar in anticoagulant pretreated rats: data fr~ 
l " 

Table III. Idlynomial coeffi~ient8 were used from Table VII. 
• 0 

, .... 
(1) Preparatioœ. [-48.5-13'9.3-253.5+28+106.7+235.5] 2 + 30 

... 168.51 . 

(2) Regression -[-48.5+253.5-28+235.5]1 20 

- tJ507.81 

- (3) Deviation from Parallelism 

~ [(253.5-48.5)-(235.5-28)]2 + 20 

- 0.3l 

(4) Curvature - [(48.5+253.5)-2(139.2)+(28+235.5)-2(106Z7)]2 • 60 

... 90.04 
.. 

(5) Difference of. Curvature 

... 11.88 

Calcu1ation of intercepts 

Y
t 

-(48.5+253.5)+ 10 ... 30.2 

~ • (28+235.5)+ 10 - 26.35 c 

b -(253.2-48.5+235.5-32)+ 20 _1/ 

b • 20.43 

, c 

.. 

- .J 

" 

-

,l, 
1 

·1 

:q 

~ , 
i 
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\ 

Calculation of R . ~ 

,4' log R - log, !~ \ ~ 0.17 x 0.301 
\ 

- -0.953' 

R,· antilog 1-.047 

R - 0.11 

1 Fiducial limita of R 

<0.1 

V(M) - 50 f 20.432 x [1/15 + 1/15 + (-0.17)2 t 2d1 

- (0.127)2 

Fiducial,limit (below) - autilog 2.96814 

- 0.09293 

Fiducial li~t (above) - antilog ï.12586 

!nalyaia of variance and estimation of the relative po~ency of 

2',l~-dihydro vit. ~1 obtained by reductlon of the cis ~nd trans isomers 

of vit. Kl.by comp.arison with the t~anB isomer of vit. KI-

Table for calcUlations 

Preparad.ons .low High Total 8igh-low 
~ t 

(I) Trans 145.2 326 180.8 

300.3 427.9 172.7 

(3) Cie reduce.d 94.4 \ 260.7 355.1 _ 166.3 

-367:2 887 1254.2 518.8 

.' l '\ 
\ 

\ 

,', 

• Q 

): 
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\ , D • 
\ 
1 
1 

, \ 

..J 

(1) 
r 

2 2 1 2 1 2 
Preparations -(471.2 +427.9 +355.1 )+010-12'4.2 + 30 

- 688.46 - /~ 

(2) Regression 1 • 519.a2 + 30 

- 9006.4 

(3) Parallelism • (180.82+172. 72+166.32 )+. lO-9QO~~~ 

- 10.56 

Ca1cu1ation of intercepta 

't - 326+145.2 +.10 .. 47.12 

y . d d -(94.4+260.7)+ 10 '.35.51 c re uce 

b • 518.8 t 30 

b .. 17.33 

(' 

,\ 
'1 

l' 
\, 
1. 
1 ,1 
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Relative potenc~ trans- 2',3'-dihydro vit. KI (from trans vit. KI r~duction) 

R • ~ntilog 1.96239 

R D. 0.917 ' 

F1ducia1 limits of R , 

_ 23.1Oxt2.06)2 _ 0.0108 '<0.1 ' 
g (17.33)2 x 30 

" '2 2 -
v(M) - 23.10 + 17 .33 x [1/10 + 1/10 + (-0.24986) )+ 30 

- (0.12467)2 ~ 
Fiducial Itmit (b~loJ) .. anti10g 1.92373 

1 - 0.84 

Fiducia1 1imit (above) - anti10g 1.99895 

- l 1 \ 1 

, .. f 

\ 

\ 
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1 
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Relative potency trans- 2',3'-dibydro vit. Ki (from cis vlt. KI reduction) 

R - ant110g 1.99916 

R - 0.793 
,~ 1 

F1duc1al limits of R 

g • 0.0108 <0.1' (the same that ~bove) 

1 V(M) • 23.10 t 17.332x[1/lO + lrlO + (-0.~7)2 f 30] 

• (0.12865) 2 .. 1 

Fiducial limit (below) ~ antitog,1.85927 

'''0.72 1· 
, 

Fiducial limit (above) - anti10g 1.93905 

• 0.87 

1 

For further details se~ References ~29 and 130. 
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