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THESIS 

THE METABOLISM OF VITAMIN K, PARTICULARLY

VITAMIN K 1

The distribution, fate, and excretion of vitamin K, administered 
as a colloidal suspension to albino rats, was investigated with the 
aid of 2-methyl-C14_3-phytyl-l,4-naphthoquinone (radioactive 
vitamin K 1) and 2-methyl-C14-l,4-naphthoquinone (radioactive 
vitamin K s), in particular as affected by route of administration, 
dose, age, sex,and pregnancy. Radioactivity was foundin all tissues 
following oral, intramuscular, and intravenous administration of 
radioactive vitamin K 1. The liver accumulated the largest amounts 
of radioactivity and retained it for six days. The concentration of 
C14 in tissue gave a logarithmic relation with the dose of vitamin 
K 1. The deposition of C14 in the livers and spleens of young rats 
was less than for older animals. No differences were observed in 
the tissue deposition of C14 in male or female rats. When radioactive 
K s was injected intravenously no marked concentration of C14 
occurred in the livers. Pregnancy did not influence the deposition 

. of C14 in maternal tissues, and furthermore, the levels of C14 in 
fetal tissues were of tile same order of magnitude regardless of 
whether. radioactive vitamin K 1 or vitamin K s was administered. 

Isotope dilution tests were used to ascertain the amount of in
jected radioactive vitamin Kl that was present in rat tissues in 
unchanged form. Most of the radioactive vitimin K 1 in liver and 
skeletal muscle was present as such, whereas the small intestine, 
placenta, fetal tissue, feces and bile contained C14 predominantly 
in a form other than the unchanged vitamin. The urine contained 
no unchanged radioactive vitamin K 1. 

Attempts were made to identify ,a urinary metabolite of 
vitamin K s by comparing its chromatographic behavior with phos
phate and sulfate esters of vitamin K s. Since the radioactive meta
bolite did not coincide with fluorescent spots produced by vitamin 
K s, or the diphosphate, monophosphate, disulfate or monosulfate 
esters of vitamin Ks, it was concluded that this compound was not 
identical with any of these substances. Ion exchange, column chro
matography, and paper chromatography were used in unsuccessful 
attempts to isolate the metabolic products of vitamin K 1 from bile 
and urine. 
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1.

INTRODUC!IOlf

ObservatioAS lesting to the initiation of vitamin K research.
A. 

·Several excel1e.nt reviews have been published Oll all 

aspects of Vitamin K including its chemistry and its biologi

cal importance (2) (16) (20) {36} (52) (89). Since another 

exhaustive tabulation of the literature would be of very 

li ttle value the followins paragraphs have beea lim! ted to a 

review of pertinent observations and recent work which appears 

to be related to the metabolism of Vitamin K, particularly 

vitamin 1:1. 

The discovery of vitamin Iel presents an. interesting 

example of the evolution of a new biochemical concept. 

McFarlane, Graham and Richardson (63) of the Ontario Agricul

tural College, Guelph, Ontario, Canada, observed that a syn

thetic diet which contained all of the then known essential 

dietary constituents would not permit optimal health in 

chicks. They presented an excellent description of the 

hypocoaguability of the blood of two groups of chicks that 

were fed on diets containing ei ther whi te fish meal or mea t 

meal that had been extracted with ether. Holst and Halbrook 

(45) and Dam (18) also reported that they had observed the 

disease. Holst and Halbrook assumed that the disease was 

scurvy and ted cabbage as a source of ascorbic aci4. !hey 

found that the cabbage corrects4 the bleeding tendency. 



Dam (19) supplemented the diet wi th lemon Juice as a source 

of asoorbio aoid and he observed that lemon Juice did not 

correct the bleeding tendenoy. Dam and Sohonheyder (27) 

proved that the disease was not scurvy by administering 

pure ascorbio aci4 to chicks; furthermore. Dam (17) demoa

stratad that some seeds and cereals contained a factor that 

would prevent the bleeding tendency and suggested the term 

vi tamin IC (Koagula tions-vi tamin i.n the Germall/!and ScandiD.&

v1an languages). It is .now known that both oabbage anI lemon 

juice contain ascorbic ae14 but that cabbage also contains 

signifioant amounts of vitamin Xl' whereas lemon Juice is a 

very poor source. 



3.

Batural sources of vitamin Xl.
A. 

SUDsequelli experimel1tatioa~:, showel that plants 

are the prinoipal source 0 f vi taD1iD. Xl' ana.- tha t the 

vitamin is to be founi. in the gree.n leaf ani all the other 

chlorophyll-oontaining parts. MOst fruits are poor sources 

but tomatoes are an exception. Cereals, beans an4 ripe pea8 

contain only a small amount of the vitamiD.. SAd the vitami.n 

Xl content of oarrots ana potatoes is practioally zero. 

(16) (22). Hoi liver contain8 the equivalent of about 

50 ~m. of Vitamin ~per gram of dry weight (16) (28). It 

has never been 4etermine4 whethe~ this vitamin K is present 

as vitamin Kl or some other form of ihevitami.n. Cows' milk 

and human milk oantaia the equivalent of 3 ~m. of vi tamiD. Kl 

per 100 ml. !hese values have been calculate4 from the 

original data (16) OD. the basis that 1 Dam Gla"in4 unit is 

equal to 0.086 A&m. vitamin Xl (16). 



Isolatio•• purlficatio,n a.D4 sy,nthesi8
of viiami,n Iel. 
c. 

The chemical properties of vitami,n K1 in conoen

trates from alfalfa were 8t114i&4 by Dall ana. eo-workers 

(17) (24) (28) ani 07 Almquist ant his group (3). I41939 

Dam, Geiger, Glavina t Karrer, Karrer, Rothachi14, ani 

Solomi,n reporte4 the i801ati04 of vitamin K as a light 

yellow oil after co,noentratioa 01 an alfalfa extract fol

lowei by chromatograph1 on. zinc carbon.a te ani pemuti t (21). 

MCKee, Biakely, MacCorquodale, thayer and DOi81 (Go) a180 

alUloWlce4 the chromatographic isolation. of the pure vitama 

from alfalfa ana they desigaated it vitamin Iel to distinguish 

it from vitamin K2 which they isolated from putr1fied fish 

meal (64). These workers reported the ultraviolet absorp

tion spectra of the pure vitamins, iden.tifiel them &s sub

s t1 tute4 .naphthoqui.o.o.o.es and veri!i e4 the sugges tel 

struoture of vitam1.o. Kl by synthesis (62). The ohemical 

structure that was 8ssigne4 (62) to Vitamin Kl was: 

o 
/I 

-CH3 

/J-CH2 - CH =? -~CH2.-CH1.. -CH2.-7 H0- CH3 
3 

~ CH3 CH,3



tie 

!o%ioity of vitamin Kl. 
D. 

itoli tor an.d RobiASOA (73) reporte4 that 40 leialal 

affect oould be produce4 by acute oral or pareatera1 admin

istration 01 2ti gm./kg. of Vitamin K1 to rats, mi08, or 
chi oks , alld thai 2 gm./kg. fed to yo'tUJ8 rats for 30 day, 

produced no symptoms indioating toxioity. Dam, Prang•• 

ani S_ndergaard (2ti) admin1stere4 100 mgm.!kg. of vitamia 

Kl 1.ntraveno1lS11 as a coll01dal BUllpeasioD. 1.11 !wee4 80 to 

rats a.D.d chioks without tox10 malli1estatioas. fhis lack 

of tOXiCity does .I1ot .pp1y to 2-meth71-1,4-aaphthoquinoa8 

whieh has aa L.D.50 of 500 l1J8m.!kg. when givea oral11 to 

mioe aal 360 msm./kg. fet to rats produoe4 a marke« fall 

of the erythrooyte aouni (71). Shimkin (91) in a stull of 

the aoute aAl ohroD.1o toxic1ty of six naphthoquiAoaes with 

vitamia K aotivity reporte4 that the oompolUlda were respira

tOrJ lepreasaata. S1nkav1te~-meth11-1,4-aaphthoquiaoae

diphosphate tetr&sodium salt) has be.a reporte4 to produce 

hemolltic anaemia ia 1afanta (1) (12). 



6.

Metabolism of vitamin. K1. 
lI. 

The metabolism aal metabolites of vitamin 1:1 are 

unkaown. Hoskin, Spi.t'l1ts aad Jaques have demonatra tea bo'h 

glucuroai4e aal sultate oOAJugates of 2-me'hl1- C14_l, 

4-D.&ph1;hquinOlle 1a the uriae o:f ra t8 (4'1). Vi taml11 Kl mal 

hl:coaJus&. tel in a similar maDJler. Moreover t the mathl1 

group on carbon. 2 mighi be oxidlze4 '0 an alcohol, since 

Francis, Lan,4quist, Le'Vi, Sill, 8Jl4 fhorp (39) ha'Ve toual 

2-hydroXlmethl1-Z-methl1quiaoxa11ne 1:4 dioxide to be a 

metabolite of 2:5-41mathllquinoxaliJla 1:4 dioxide in sheep. 

Pi.nally, the phytyl 8i4e chain may be 4egrade4 or oxidize4 

to an alcohol, a14ehlde, or ketone. Fieser, Chang, DaubeD, 

Heidelberger, HeYJl8.B, sal Seligll8.J1 (35) have demonstrated 

penultimate oxidation (w-l), hydroxylation, demethylatloA, 

oxilati ca (w-2), anI terminal (w), oxi4a1;ion of the allyl 

side chaias of a series at 2-hydroxy-3-alkl1-l,4-naphtho
Sundheim 

quiaoJles. Simon, Eise.ngart,/aJld Jfilhorat (92) isolated two 

metabolites of vitamia E from the urine of rabbits and 

ntlDlans. !he al1tl1 sideohain of vi tam1n E hal beea ox141se4 

to gi~e 2-(3-hldroXl-3-methyl-5-oarbox1pentyl)-3,D,6-trimeth

y1benzoqui.l1cU18 ani its ¥ -lactoJle. fhe latest views oa 

Vitamin A metabolism (58) include sc1ssion of the unsaturatel 

side chain although, like Vitamin KIt the active metabolites 

have Aot yet been iso1atei anA identifiel. 



7. 

In several recent papers Martius and Nitz-Litzow 

suggest that vitamin Ie! may be involved in oxidative phos

phorylation (68) (69) (70) (7l). Oxidative phosphorylation 

was deoreased ill liver mitocholldria from vitamin Ie deficient 

chicks (69), while the addition of vitamin Iel in vitro to 

mitochondria from vitamin K deficient ohioks oaused an 

increase in the pia ratio for the oxidation. of;.3 -hydroxy

butyrate (70). It is difficult at present to evaluate the 

significance of these observations or to correlate the 

in Vitro effeots of vitamin Iel with the in vivo aotions of 

the vitamin although the following observations are of 

interest.Bouman and Slater flO) reported that a freeze-

dried preparation of heart saroosomal fragments (mitochondria) 

oontained less than O.Ol,u'nlole vi tamin Klgm. of protei.n. 

Green, Spndergaard, and Dam (43) observed that the 

vitamin Ie aotivity of 100 gm. of fresh beef liver was 

equivalent to that of 71 pgm. of Vitamin Ie3 when. determined 

by ohiok assay. The highest concentration of Vitamin K/gm. 

of nitrogen was in. the mitochondrial fraction but this 

accounted for on.ly 25 percent of the total vitamin Ie content 

of the liver. Attempts to isolate the vitamin by reverse 

phase partition paper chromatography from a petroleum 

ether-ethanol extract or by its reaction with aluminum oxide 

were not successful. Fieser suggested that vitamin Ie3 might 



8.

be cOAverte4 to vitamin K1 1.11 the tissues 01 vertebrate. 

(36). Recently J1artius (6') and others (50) (86) have 

use4 this theory to explaia the superior! t1 of v1 tamin Kl 

as aa aat1dote ia anticoagulant iatoxieatioA and the 

observatioa that whereas vitamin Kl increases the oxidative 

phosphory18tloA by mitoohondria from Vitamin. K defiole4t 

ohicks vitamia K3 iahibits phoap11or1lati04 without affecting 

oxlda tioa (68). :Ma1'ti1J8 (6') extraoted a ra4io&otive sub

stance from heart saroosomea tollowi.ns the :tee4il1B of 

2-methyl-C14-l.4-naphthohydroqulnolle diacatate to K deficient 

ohicks. ~hi8 substan.oe had a distribution coefficient ot 

1:18.2 betweea 91 percent methanolan4: n-heptane. The 

2-methy1-C14- 1 .4- napht hohydr oquiAoa e diacetate had a Goettie

ient of 1:0.12. that of Vitamin K3 was 1:0.035 and vitamin K1 

gave 1:18.1. I8rti~ concluAe4 that Vitamin KZ diaeetate was 

transformed to vitamia Kl or a Bubstance with similar solubil

ity oharacteristics. 
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Methods ot developing a vitamin Ie 
deficiency in rats. 
F. 

Dam and Glavind (23) pointed out that some rats 

on a vitamin K-free diet become Just as ill as chicks. 

whereas other rats appear to receive adequate vitamin Ie 

of non-dietary origin. It has been established that some 

bacteria synthesize vitamin Ie (4) (ll) (40) and therefore 

it was sU&gested that the non-dietary vitamin Ie was pro

vided by bacterial synthesiS in the caecum and large bowel 

CD). Various procedures have been employed in an attempt 

to disrupt the bacterial synthesis of vitamin Ie or to pre

vent its absorption from the gastrointestinal tract. 

Sulfaquinoxaline, fed at a lev~l o~ 400 mgm.!kg. per dal, 

produced a prolonged prothrombin time in 6 out of 10 rats 

(90). Sulfaguanidine and sulfasuxidine have a similar 

effect {al. Black, Ove~an, ElvehJem, ani Li.nlt (8) stl8

gestel that liver damage produced by the administration 

of sulfonamide. was the cause of the deranged coagulation 

mechanism. Matoth (72) demonstrate4 that the prothrombin 

level was not affected by sulfaguanidine, succinylsulfath

iazole and orally administered streptomycin t. infants that 

already had a prolonged prothrombin time due to chronic 

diarrhea. If the sulfonamides had caused liver damage one 

would have expeete4an even greater prolongation in the 

prothrombin time. Vitamin A, administered in massive doses. 
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alao produces a hypoprothrombinemia in. rats, ani Quick ani 

Stefaaim sUBgested that this was due to its toxie effects 

on. the mioroflora of the intestine (81). Luckey and co

workers (iol have pointed out that the importance o~ the 

microflora in Vitamin. Ie sYlltheaia may have been overempha

aizet. These workers have obtained muoh useful information 

on vitamin metabolism throush the use 01 ttgermfreelt animals 

which they de~iAe as animals liviAg in the oomplete absence 

of all demonstrable living mioroorganism (59). Theirexpe~

menta indicate thai -germfreen chicks, maintained on a 

vitamin K-free diet developed prolonged whole blood olotting 

times and then reoovered spontaneousll from the vitamin K 

deficienoy before cOllventioaal control birds OD. the aame 

diet hat developed a prolonge« bloot 010tti41 time. 

Guatafssoa (44) reported that germfree rats bat blool anI 

prothrombin olotting times that were very lone. Reyn1ers 

(82) stated that germfree rats dil not develop a vitamia K 

deficienoy rea4i17; however, Luokey et a1 (61) found that 

germfree rats on a low protein 41e~ that contaia" 2 mgm.!kg. 

of 2-methll-1,4-n.aphthoquinoae 4evelopel prolol.l&e4 b1004 a114 

prothrombin clotSing times ani 4ied from hemorrhage. 

Vitamin E supplement prevented death and partia117 correoted 

the prolonged prothrombin times. !he livers of the germfree 

rats were fOUild to be normal 011 pathological examinatloA, 

whereas eO.Qventio.nal rats 011 the same' low proteiD. 4iet hat 

necrotiC livers. 
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The incorporation of 20~ mineral oil into the 

diet (31), cecectomy (9'), biliary fistula (41}t biliarr 

duet occlusion in vitaminK depleted rats (93), anA lymph 

drainage (GG) are all techniques that have been employed 

with a view to preventing the absorption of vitamin Ie 

from the intestine. Mineral oil is not absorbed from the 

88strointestiaal tract to a~ ap,reciable extent ani pre

sumably serves as a solvent that removes :tat soluble 

vitamins by way of the feces. Contrary to the generally 

accepted belief, bile may not be essential for the absorp

tion of vitamin Iel from the intestine since Fisher et &1 

(57) have shown an increase in factor VIr and prothrombin 

in a choleeystnephroatomise4 dog following a si.nsle oral 

dose of 100 ~m. ot vitamin Iel- However, bile increases 

the rate of absorption. lOst of these methods are 

ineffieient. No more than GO~ of the rats develop a pro

longei prothrombin time and usuall, the ra.t plasma must be 

diluted 1:8 vlv with saline if a proloilBed prothrombin time 

is to be observe4. 



Warfarin (3- (oC -phSllyl-;9 -aeeiylethyl)-4-hydroxy

coumari,n) produces a pronounce! hlpoprothroab1nemia 1a rats 

that oan be correetel by the administration of vitamia Xl 

(S5). It is not possible to state at present exactly what 

relationship exists between vitamin Xl and Warfarin. !he 

derangement is not, however, identical with a dietarJ 

vitamin K defioiency since both vitamin Xl ani 2-methyl-l, 

4-naphthoquinone are effeotive on an equimolar basis in 

vitamin K deficiency whereas 2-methyl-l,4-naphthoquiaone 1a 

relatively ineffective as an antidote in alltiooagulallt 

intoxioation (9). 
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All lt1'eJle.'I.na a,pro.eh '0 the .'114, 01 the 

...'abolll.o1 "Stamla It 1e alto:r4e1b, the ,Aeoo••• 

a.8001at.a wi th 'he pl'Oloaae4 pJ-O'bl-aablA '1me I_oa

atrable 14 the pla8. 01 'he n_bOIJ. 'he pa-o'bJto.b14 

.aluee ot tbe ....bora infaAtal'e usuall, lee. 'haahal' 

01 alul' ..alu.e. flat app_1' *0 b. W11411ue,Qo" bl 'he 

aA'.,a~'ua alra1ld.., 'loA 0' 'Vi'ald.a X '0 'he me'b." (II) 

('1'). Aa ••ea area' pJtOlotlCa'loll of ishe ,rothroltbla 

tl•• ot 'he lafan' appears be"'..1J. the ••0044 ad fourth 

4a, of lite (80) ('I). Owe.a a.tll Bun. bay. ShOWA ,hat the 

poa',ar'lUI pl-Oloaa-'10401 'he pl'O'uJtOablA '1me 18 due '0 
a 4••rea•• iaboth 1••,o. '1,1 ant ps-o,brombla. bu' 40' 111 

lao'o. '('6) _fh1•••ooGlt1.J7 prolong.ttoll laps-othromtt1a 

'1me l.t,plluln." ttl tbe aatepa..'ua alll141.'ra t1tul 01. 

"1 lama lC a,.lo,. '0 'he laO'b.. ,'1')0. postpal'tum &411141.

'ra'to. 01 ~1'am14 11 0» 814&a.1i. '0 tnelAten' (10). 
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!he presen' problem. 
H. 
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2. ME!HODS 

A. As say of al 4: 

A sealer (Berkeley Scientifio model 21(5), a 

prillti.ng timer (Nuolear Ias"trumell' anA Ohemi 01.1 Corporation, 

model 0-111), sa automatic sample ohanger (lfuclear, model 

0-110), and a time delay switch (R.W. Cramer Co. lac., 

model PTEC 15 xl were arranget to funotion as a single auto

matic UJlit. Dr. G.cT. Millar desigl1e4 alld supervised the 

modifioation. in the eleotrica1 circuits of this equipmeAt. 

All measurements were made with a windowless gas flow 

counter (Atomic Energy of Canada Limited, Ottawa, Canada) 

that was mounted Oll the automatic sample changer. The 

"Q-gas" was purchased from Matheson. Co. rao. t East Ruther

ford, New Jersey, U.S ••• and was composed 01 98.7~ of 

helium an4 1.3~ isobutane. Planchets of 1.0 ill. diameter 

by 1/16 ill. depth were pressed iA a 1uoit8 han4 press fro. 

sheet alumi.nWB 0.002 i.n;. thick. The sheet a1um111U1ll was 

obtained from Aluminum Rolling Mills, Mo.ntrea1,Quebec. 

fhe priaeipal advantage of thesealumi.nuspans was that 

they were cheap and oould be discarded after use. 
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Rats containing administere4 a14 were anesthe

tized lightly with ether ani kille4 by deoapitation. The 

wet tissues were removed from. the rat's body with !oree,Ps 

and placed on a tared aluminum pan. They were driel for 

48 hours at 850 e. in an oven. The dry tissues were eool84 

ani weighe4 en the aluminum pan and the weight of the dry 

tissue obtained by difference. The tissue was then pulver

ized and ground in a porcelain mortar to a fine powder of 

ahou't 100 mesh. 

250 ID&m. or les8 of the dry powder was spread over 

the entire surface of a tared aluminum planchet and tampe4 

slightly with a spatula, care being taken to obtain a uniform 

smooth surface. The mounted sample was then placed in a 

desiccator over oalcium chloride until it was asaayed. IReh 

sample was counted for 4000 counts and weighed immediately 

after assay to eliminate the error due to adsorbtion of 

water. Urine samples of 0.1 ml. volume were placed on 

tared aluminum planchets and 0.5 ml. of distilled water 

was added to spread the sample"uniformly over the entire 

area of the planohet. The water was evaporated first ai 

room temperature and then over caloium chloride in a 

desiocator. Urille samples were weighed andcorreoted for 

self-absorption. 
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Vitamin K3-C
14 was converted to the diace 

a1l4 assaye4 for 014 as describe4 by Hoski4 (46). 

very important to convert this compound into a non 

derivative such as the diacetate since vitamin IC3 
sublimes and will oontaminate the counting chamber 

ate 

t 1s 

olatil. 

tselt 

Vitamin KI_C14 was plated directly as 5 )J.1. of a 0 f,& wlv 

solution of vi tamin Kl-C14 in 5~ v/v 'ween 80. 

water was added to each planohet to spread the 

formly over the surface and the sample was dried a 

desoribed above. 

O. ml. of 
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The grinding and plating of powdered tiss 

requires practice. The following test can be to 

determine if satisfactory results are being obtain A 

dried rat liver containing 0}.4 is ground, and thre samples 

are plated on alum:fi.n:ulD. pLanchesa , The three samp1 

counted (4000 counts} and the counting is repeated. Whea 

the agreemen.t between the calculated specifiC activ 

± 5%, the plating procedure can be regarded as sati 

for the assay of al 4 in biological material. The 

sources of error are dust, in.sufficient grinding wh"ch 

exposes an irregular and variable surfaeeJaal moist e. 

Removal of all water vapor is particularly importan 

windowless gas flow counters are employed, compo

sition of the counting gas determines the character 

of the counting chamber. 
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It was eVident from the start of our work that we 

would be measuring radioactivity in tissues and 

both very high ana very low speoific activity. 

tioa curve to correct for absorption 10s8es was co structe4 

as fo110ws:

Drie4, powdere4, C14- cont a i lli D.B ra. t liver was plat on 

eleven tared aluminum p1anchets ill amounts of app %i

mately 1, 2, 4, 10, 25, 50, 75, 100, 125, 250, ani 00 mgm•• 

Each sample was assayed twice (10,000 counts) 

values were plotted and the best fitting line calo ated. 

!he value for 1 mgm. was chosen as unity 

correction factors was oalculated ill such a manner hat 

-
.. 2- counts mgm.16.l om • 

Since all our planchets were of equal surface area, this unit 

was disregarded and henceforth specific aotivity wi 

expressed in counts !m1n.!mgm•• All counts record were 

less than 2 x 103 counts Imin. aDd therefore no cor 

for resolving time was employe4. A correction for 

tive decay was not required since e14 has a half li 

approximately 5 x 103 years. No correction was emp for 

geometry because the geometry of the sample wi th re to 

the gas flow oounter was kept constant and absolute disin

tegration rates were not required. A 014 standard 

to correct for changes in the 
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chamber and automatic recording equipment. This standarcl 

(Nuclear R-20) assayed 565 couats/min. in our gas flow 

counter. 

When radioactive vitamin K1-C14 has been adminis

tered to a rat the extent of metabolism of the vitamin at 

any given time is unknown and therefore it is convenient 

to express the radioactivity of the tissue in terms of the 

equivalent amo'Wlt of vitamin Kl-c14 in the tissue. The 

vitamin Kl-C14 equivalent was calculate4 from the specific 

activity of the dry tissue and the specific activity of the 

injected vitamin as follows:

Vi tamin Kl-c14 equivalen.t (J.18m./8m.) :: 

Specifio activity of dry tissue (counta!minjmgm.} x l06A&!. 
Specific activity of vitamin ICl-CI4{counts/min!mgm.l 1 gm.. 

!his manner of expressing the concentration of 

radioactivity in tissues has the added advantage of 

permittii'l8 a direct comparisoll when the specific activ1ties 

of the vitamin Kl-C14 preparations differed from Olle another. 
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Experimental Animals: 
B. 

Albino ra ts were used throushout this investi

gation. fhese animals were fed a4 libitum a stock 

laboratory 4iet of Q,uaker calf meal pellets supplemental 

with oats unless indicated otherwise. They were houset 

in groups of from one to ten rats in screen wire cages 

until injected with either radioactive vitamin K3-014 or 

14• vitamin Kl-C !hey were then hause4 individually, or 

on one oceasioll in groups of four, in circular wire 

metabolism cages supported on glass funnels. The metabol

ism cages had a 4 mesh floor and a 16 mesh subfloor ani in 

addition a loosely fitti.D& groUlld glass stopper was plaoet 

in the funnel to keep the urine and feces separate. 

Usually the rats were fed prior to injeotion and then 

deprived of food and water until they were killed: however, 

if the experiment exoeeded 24 hours the rats were given 

distilled water to drink and calf meal pellets to eat 

ad libitum. 
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Although all of the rats used were albino they 

were obtained from several sources. The majority of the 

rats were supplied by Dr. Halstead, a breeder in Saskatool1. 

!his stock was later boU&ht by Mrs. Brown and is descellded 

from rats bOU8ht from Wistar Institute, Philadelphia, ill 

1953. Some of the other rats were obtained from the 

Sutfield Experimental Station at Ralston, Alberta, and 

E.G. Steinldlber ani Compa~, Oshkosh, Wisconsia, and 

still othees were bred in the departmental animal quarters 

and are of unknown lineage. 

Bile was collected by cannulation of the oommOA 

bile duct of rats as describa4 by D'J.mour and Blood (29) 

except tha t the ean:nUlae used were eight illOh lengths of 

P.E. 50 polyethylene tubing (Clay Mama Co.) The bile was 

col1eoted ill sterile 10 ml. graduated cylinders. The 

carotid arteries of four rats were oannulated with 4 inoh 

lengths of P.E. 50 polyethylene tubing in order to oollee' 

blood for the fract1o.nation. of plasma proteins by the 

method of Cohn et ale (14). 



~he vitamin IC1-c14 was administered as a trans

parent colloidal auspellsioa in. "!ween 80" (6) (25), 

by intraveaous injeotion into the Jugular or tail vein, 

using light ether anesthesia, or by intramuscular 

injections into the left hint leg, or orally by foroe 

feeding with a polyethylene stomach tube. When vitamill 

K3-C14 was administered to rats an equal weight of cora 

oil was added to solubilize the vitami.o. ICZ-c14 before 

preparation of the aqueous suspension. The animals were 

killed by decapitation after a period of time varying 

from 5 hours to 12 daya. 
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Reagents: 
c. 

14 (1) Vitamin Iel-c14, vitamin Iel' vitamin K3-C
and vitamin Ie3. 

~o lots of vitamin le1- C14 were synthesized by 

Dr. R. Woods of the Department of Chemistry, University 

of Saskatchewan. The first lot of vitamin le1-C14 was 

synthesized using a method developed by Dr. Otto Ia1er 

of :F. Hoffman-LaRoche, A.G., Basle, (48), (49) with modi

fications suited to small scale synthesis (56). This 

involves the reaction between 18ophytol (3,7,11,15 

tetramethy1-1-hexadecea-Z-ol) and 2-methy1_C14_1,4

n.phthoquiaone with boron trifluoride as catalyst. The 

second lot of vitamin Iel was synthesize4 by the same 

method except that phytyl alcohol 3,7,ll,15-tetramethyl

2-hexadecen-l-oll was used instead of isophytol. 

Isler and Doebel (49) showed that vitamin Iel 

prepared from IDsophytyl alcohol was a racemic mixture 

whereas vitamin Kl prepared from phytyl aloohol was an 

optically pure eompound. Both vitamin Iel preparations 

had identical ultraviolet and infra red absorption 

spectra and there were no differences in the produots 

arisiJ:l& from 0:x:io.at1ve degradat1otl. 
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The vitamin KZ_C
14 used was also synthesised by 

Dr. Woods aceording to the method of Fieser (33) (34). 

The nonradioactive vitamin Kl that was used as a compara

tive standard and as a oarrier in isotope dilution tests 

was obtained in 1 gram ampules from Merck and Company. 

10 grams of 2-methyl-l,4-naphthoquinone was purchased fro. 

Eastman Kodak Company. 



) 
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(2) Irreverre Sullivan colorimetric assay of vitamin K1 

Colorimetric assays for vitamin Kl were oarrie« 

out as described by Irreverre and Sullivan (51) except 

that 1 ml. of benzyltrimethylammon1um hydroxide was sub

stituted for the 2~ sodium alooholate. The absorption at 

540mft.was read in 10 x 75 mm. Coleman cuvettes in a 

spectrophotometer {Coleman Juniior mo4el 6AJ. Vitamin Kl 

yields. a blue oolor while vitamin K3 gives a pink color. 

The blue color is not stable_ It reaches maximum intensity 

3 mi,Qutes after the reagents have been mixed, after which 

it fades. The benzyltnimethylammomum hydroxide reagent 

consisted of a 30,& solution in methyl aloohol (Chemical 

Development Gorp_, Danvers, Mass•• U.S.A.). Sodium 

4iethy14ithiocarbonate was obta1,Qe4 from Fisher Scient!f1. 

Company. 
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(3) Colorimetria assay of vitamin K3. 

The Craven reaction. (15) as modified by Riahert 

(83) was used for the assay ot 2-met.hyl-l,4-naphthoquinone. 

2-methy1-1,4-naphthoquinones with a substituent in the 

1, 3 or 4 position do not give this reaction. A stable 

blue aolor develops in the presence of 2-methyl-l,4

naphthoquinone. The ethylayanacetate wa.s obtained from 

Brickman and Co., Montreal. 

(4) Diphosphate and disulfate esters of
2-methyl-l,4-naphthoquinone.

10 gm. of SyJlk.avite (2-methyl-l,4-naphthoquinone 

diphosphate tetrasodium salt) was a gift from F. Hoffman 

LaRoche Company, Nutley, N.J. The 2-methy1-1,4-naphthoquinone 

disulfate disodium salt was synthesized by Dr. R.Woods 

according to the method of Fieser (34). 
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(5) Ultra-violet absorptioll spectra. 

Ultra-violet absorptioll spectra were determined 

in silica cells of 10 mm. light path, using the spectro

photometer (Beckman ,tmodel D.U.) Spectra grade n-tiexane 

(British Drug Houses) was used as a solvent for purifie4 

vitamia Kl preparations. 
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(6) Solvents, chromatographic adsorbants
and ion exchange resins.

Petroleum ether (Skelly FJB.P. 4000_600C, 

Skelly Oils) was used for the ohromatography of vitamia 1:1 

on Folints Permutit (Fisher Seientific £ompany). All the 

other solvents that were employed were reagent grade chemi

cals with the exception of chloroform and diethy1 ether 

whioh were U.S.P. grade. The ether was made peroxide free 

by extraction with acidic ferrous sulfate followed by water 

and dried over calcium oh1oride. 

Other chromatographic alsorbants used were actiy

atel alumina (Aleo, 100 mesh), zinc carbonate, reagent 

grade powder (Fisher Scientific Company), and Celite 545 

(Johns ManVille Co.). !he amberli ts resins employed were 

1R-45 , IRe-50, lR4:B, and lIU20, experim.ental grade (Rohm 

and Haas). Dowex 1, 10~ eross link, 100-200 mesh was' 

obtained from Dow Chemical Compa4y. 
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(7} Papers and solvents for paper ohromatograph7.
aal reverse phase partition paperohromatosrap!l.

WhatmanNo. 1 filter paper was used exclusively. 

Sheets, 18 in. x 22 in. were cut into 9 in. x 11 in. 

reotangles. A solvent system that prove4 very useful for 

the chromatography of naphthohydroqui.none esters, urine 

and bile was butanol; metha.nol 3:1 saturate4 with 0.01 N. 

acetio aci4 (46). Vitamin K1' vitaminKz and extracts of 

liver were chromatographe4, using reversal phase partition 

paper chromatography, on si1ioo.ne4 Whatman. :No.1 filter 

paper, acoording to the method described by Green an4 Dam 

(42). Reotangles of Whatman Ko. 1 filter paper were dippe4 

in a 5~ solution 01 Dow Corning silioone No. 110' i.n ohloro

form and allowed to air dry. Ethyl alcohol: aoetic aci4: 

water (Z011:9) was employe« as the solvent syatem. 



31.

(al Hydrolytic agents used to hydrolyse
2-methYl-l,4-naphthohydroquinone esters. 

Ceric sulfate reagent was used to hydrolyse 

naphthohydroquinone esters according to the metho4 

described by Riehert {a41. 

j3-g1ueuron14ase (Sigma Chemical Company) was 

employed to test for the presence 01,,8 -D-glucoPlra.nuroaide 

conjugates of Vitamin K1-cl4 or its metabolic products. 

Jqlase P (Wallerstein Laboratories} was used to test for 

the presence of ethe~..l sulfate eon3ugatea 01 vitamin K1-014 

or 1is metabolio products.. 11; was also usel 1;0 hydrolyse 

2-methyl-l,4-.naph1;hohydroquinone disulfate. Wheat germ 

aei4 phosphatase (Nutritional Biochemical Co.) was usel 

as a hydrolytic agent for 2-methyl-l,4-.naphthohydroquino.ne 

diphosphate. The exact conditions used for each hydrolysis 

are presented along with the results. 



3. RESUL!S: 

A. Purifioation of radioaotive vitamin Xl-C14 

{ll !he detection of an impurity in vitamin Kl-C~~

Dr. R. Woods provided a secon« lot 01 radioaotive 

vitamin ICl-c14 in December 1955. !his vitamin K1- C14, 

lot No.2, had a specifiO activity of approximately 

1 x 106 counts/min/mgm. whereas vitamin K1_C
14, lot No.1, 

had a specific activity of apprOXimately :5 :x 105 counts/min. 

/msm.. We had Just succeeded in acquiring the technique of 

reverse phase partition chromatography on 8i1icone4 Whatman 

No. 1 filter paper as described by Green and Dam. !he 

vitamin KI-C14, lot No.2, gave two radioactive spots, Rf 0.20 

and it 0.S5, only one of which, Rf 0.20, eorresponde4 with 

the added carrier vitamin Iel. Colorimetria estimation of 

vitamin Iel by the method of Irreverre and Sullivan (see 

methods) showed that the preparation was 14~ pure and the 

ethylcyanoacetate test (83) indicated that the im.puri ty 

was not vi tamin K3-C14. .The sample of vi tamin ICl-c14. lot 

No.1, was assayed next and it was found to be 82~ pure ani 

no vitamin K3-C14 could be deteoted. Dr. Woods ha4 reported 

that lot No. 1 of Vitamin Kl-C14 contained less than 5% 

Vitamin K3-C14 as assayed by isotope dilution tests. 



liovitamin Ie1 was available at the time of synthesis :tor 

isotope dilution tests. An ultraviolet absorption 

spectrum in absolute ethanol was performed. by Dr. Woods 

. on the vitamin Kl-Cl 4 lot No.1, and was in good agreement 

with the literature (32). 

(2) Separatio!l of vitamin Iel and vitamin 1:3
b1 ohromatograEhl on zino carbonate.

Ten mgm. of vi tamin Ie1 ana. 10 mgm. of vi tam1n K3 

were dissolved in. Skelly F and chromatographed on a 

10 em. x 10m. column. of zinc carbonate wet with Skelly F. 

!rhe vi tamin. Iel could be eluted wi th Skelly F plus lO~

benzene but the vitamin. K3 was strongly a4sorbe4 and 

changed. The vitamin K3 ban4 could be eluted with diethyl 

ether but it had an orange 00101' ani gave a negative 

ethyloyanoacetate test. 
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~hromatographlofvitamin K1 and
'fitamin ICZ on Folin'e Permu;it.

A 1 em. x 15 em. OOlWDll of Folia's Permutit was 

moistened with Skelly F and 10 mgm. of Vitamin Kl' plus 

10 mgm. of vitamin K3 diasolve4 in 2 ml. of benze.tte were 

aclaarbel. one the Permuti t,. 100 mi. of Skelly :r followe4 

by 250 ml. of Skelly F plus lO~ benzene, 250 mi. ot Skelly 

F plus 20% benzene, ani 250 ml. of Sk.elly ., plus 3()~ ben

zene were percolated through the oolumn and 50 ml. fraotiona 

were eolleete4. !he separation of vitamin Ie1 aM vitamil1 

KZ is shown ia Table 1. 

Vi tamin 1:1 can be ssparate4 from vi tamin ICZ usi.ng 

either method of column ehromatograph1 but the Permutit 

column has the advantages that the vitamin K3 oan be recov

ered and the ra te 0 f flow is mo re rap14 than wi th zille 

eazbonate. 



(4) Purification of radioactive vitamin Kl -e14 
bl ehromatosraphl on Folin's Permutit. 

Zl.2 mgm. of the impure vitamin K1-c14, lot No.2, 

was chromatographed on Folin's Permutit as described above. 

!hree radioactive peaks were recovere!. The first peak was 

radioaotive vitamin Kl-C14, approximately 20.8 mgm •• the 

secon. was present in very small amoUtlts, approximately 

3.0 mgm. !he thir4 peak could be eluted with dlethyl ether. 

It was a rei oil weighing approximately 7.% mgm. Neithe~

of the last two substances gave a positive Irreverre

Sullivan reaction. !he red oil was not only present in 

our preparations of vitamin K1- G14 but was also recovere& 

from two samples of MerCk's vitamin Kl. fhis red oil 

might be a product arising on storage because one ampule 

of Merck's Vitamin Kl was free from detectable impurity. 



36.

(5) Synthesis 01 2-methyl-3-phyiyl-l,4
.l1&.phthoh,ydroquillo.ne di ace1;at e.

Although the synthesis of this eompounl is 

reported in the literature (7) we felt that our exact 

method should be reeor4e4 since considerable difficulty 

was experienoed in obtaining the first crystalline product. 

Merck f S vi tamin Kl, 50 JnBm. twas refluxed for 

thirty minutes with 25 mgm. of fused sodium aeetate an4 

50 mgm. of zinc dust in 1 ml. o~ aeetie anhydride and 0.25 

ml. of glacial aceti. aei4. The mixture was cooled, 25 tnl. 

of distilled water was aidel and the mixture was warmed at 

700 for 1 hour. After coolin.g, the· oil that separated was 

extracted with two 25 ml. portions of peroxide-free dieth11 

ether. The ether was pooled aAl extracted three times with 

10 ml. 01 distilled ~ater ani once with 25 ml. of 0.01 

N sodium bioarbonate and then dried over 1 gm. of anhydrous 

sodium sulfate. The ether was evaporated in vacuo at the 

water pump anA the resulting oil was placed in the deep 

freeze at ~50C. Atter about two weeks crystals were present. 

Once the first orystals were obtained it was possible to 

crystallize the Vitamin Kl diacetate from methanol oon

taining lO~ ethanol at -50C. The best yield obtained was 

18,& calculated on the basis of the vi tamn Iel used. After 
two crystallizations from the above solvent this material 

haa a melting point of 55-56°0 uncorreote4 (literature 
62°0-630C. (11)). 
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(6) Biological (aati-Warfarin) activity
of vitamin K1-C14• 

It occurred to us that a syathetie vitamin Kl 

preparation might give all the ohemical tests for vitamin 

Kl described above and still fail to possess biological 

aotivit1. Vitamin Kl has been reported to oorrect the 

prolonged oae-stage prothrombin times resulting from the 

administration of Warfarin (3-(<.-phen.yl-,s -aoetylethyll

4-hydroxycoumarin). Warfarin was chosen beoause rats 

respond very readily to tnis drug. 

It is eVident from the results of this experimeat
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(table 2) that the vitamin Kl-c14 does possess biological 

activity in the sense that it restore4 the prothrombin 

times of two ra ts from grea ter than 180 seconds to near 

normal values when the vitamin dosage was 1 mgm.[kg•• 

Merck's vitamin Kl was tested first and when a response 

was obtained with 5 mgm./kg. of vitamin Kl we decided to 

inject a smaller dose of vitamin Kl-C14 in order to con

serve our supply. 

Isler and Doebal (49) have reported that Vitamin Kl 

synthesized from isophytyl alcohol had. a biological aotivi t1 

identical with vitamin Kl synthesized from phytyl alcohol 

when tested in vitamin K defioient ohicks and rabbits ren

dered hypoprothrombinemic with-dlooumarol. 
,

(3,3--methylenebis (4-hydroxycoumarin). 
. 
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(7) Ultra-Violetltbsorption spectrum of 
vi tamin K, -c • 

An ultra-violet absorption spectrum in n-hexane 

on a sample of vitamin Kl_C14, lot No.1, purified by 

chromatography on Folints Permutit showed five absorption 

peaks at 243, 247, 260, 268 ani 325 ma; The values 

reported in the literature {32} are 243, 249, 261, 270, 

325 mJ<. Accurate measurements of the absorption spectrum 

of Vitamin Kl are difficult to obtain since it has a 

complex speotrum and is destroyed by light. Vve obtained 

an E'!-l%cvm. at 249111;(';:': 533 (literature ~lfo at 249m/{,,: 540 (32)).
• em. 
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(8 ) Isotope dilution test to ascertain t~~
radiochemical purity of vitamin Kl-C.

The purified vitamin Kl_C14 recovered after 

chromatography on Folin's Permutit had a specific 

actiVity ot 1.05 x 106 aounts/min./mgm. 0.75 mgm. was 

added to 108.0 mgm. of nonradioactive vitamin Kl in 

Skelly F. The mixture was ehromatographad on 

permntit and the yellow solution obtained was evaporated 

in vacuo and dissolved in n-hexane. The mixed vitamin Kl 

had a specific activity of 7.06 x 103 counts/min../mgm. 

From this we calculated that 0.72 mgm. of vitamin KI-C14 

had been added to the nonradioactive vitamin Kl carrier. 

Therefore the purity of the preparation. after chromatog

raphy was 96%. We were unsuccessful in an attempt to 

synthesize the diaeetate of this sample of vitamin K1• 
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Tissue deposition and exoretion of 014 in 
rats following the administration of Vitamin xl-a14• 

(1) Test for the presenoe of C02 in expired air. 

To check the possibility that the ra4ioactive methyl 

grou.p of the vitamin Xl-C
14 might be metabolized to 002, a. 

156 gram female rat was given a parenteral injection of 6.9 

mgm.!Xg. ot radioactive vitamin Xl-C14,' lot No.1, specific 

activity 3.0 x 105 oou.n.ts/ml.n.lmsm. The expired air was 

passed through sodium hydroxide for 5 hours and the carbon 

diOXide was preoipitated as barium carbonate, which was washed, 

dried, weighed and the C14 aotivity assayed in the manner 

described above. The barium carbonate was fou.04 to contaia 

no aignifi cant amount of radioactivi ty; e.g., specific activ

ity 0.097+ 0.087 (s.».l counts/min./mga. As little as O.05~

of the injected dose could have been detected. 

(2) 014 in blao4, erythrocytes, bufty caat, 
plasma. and plasma protein fractions. 

A dose of 3 mgm./Kg. of vi tamin Kl_C14, lot No.2, 

specifio activity 1.33 x 105 countslmin.!mgm. t was adminis

terel orally to each of four adult male rats. Blood was 

collected from the carotid arteries into acid aitrate

dextrose anticoagulant mixturetin plastic test tubes. Two 

t 
referred to hereafter as A.C.D. 



rats were blet one hour after' the vitamin was given and the 

other pair were bled after sixteen hours. fhe blood from 

each pair 0 f ra ts was pooled and fractiona ted by the method 

ot Cohn et a1 (14). One hour after the oral i,ngestioll of 

the vitamin Kl-C14, 69~ of the activity present i.o. the bloat 

was in the plasma. The results of this experime.o.t are pre

sented 1.0. ~abl. 3. The fraction that contained fibrinogen 

(1+111-3) had a very high specific activity compare4 to the 

other fractio.D.8. Fraction 1II-0, the ;9 -lipoprotein-contail1

iAg fraction had .0.0 signifioant activity. !he specific 

actiVity of the washed erythrocytes had decreased very l1tt1e 

after 16 hours whereas the specifiC activity of th~ buffl 

coat had increased approximately seveAto11. The level of 

014 in the 16 hour plasma was only 25~ of the radioactivity 

present in the whole b1ool. The level of radioactivity had 

decreased in all the plasma fractions but the greatest 

decrease was in the fibrin.ogen containing fraction (1+111-3). 

The albumin containing fractions IV, V, and VI carried most 

of the radioactivity 1.n the plasma after 16 hours. This 

shift might be due to the metabolism of the vitamin K1-c14. 

On analysis of the bloat from a rat five hours 

after intravenous administration of vitamin K1-C14, specific 

activity 3.0 x 105 counts/min./mgm., the plasma contained 

abou.t 64,& of the total actiVity present in the whole blood. 

On a dry weight basis the buffy ooat had a specific aotivit1 



43.

of 3.78 + 0.102 counts/min.lmgm•. compared with 0.13+0.83 

cOUllts!min./fllBm. for the erythrocytes. The erythrocytes, 

however, because of their greater weight. had a greater 

vitamin. Kl equivalent (counts Imin./lOO ml. of blood) 

as presented in Table 3. 

(3) 014 ill the blood. liver, spleen and bone marrow. 

A ccmpazt eca 0 f the specific activi ties ia the 

liver, spleen, bone marrow and blood 5 hours after the 

administration of radioactive vitamin Kl-C14 is presented 

in Table 4. The spleen had the highest specific actiVit)', 

316.0 counts/min.lmam. j the liver followed. wi tn 86.6 countsl 

min./T.B&m., and the bon.e marrow an4 whole blood. were nearly 

01 equal value. The blood was 18.2(or'20.4)counts/min.!mgm. 

and the bone marrow was 20.4 oounts/miD../lDBm. The citrate4 

plasma had an actiVity of 494 counts/min./O.l Ill. while ~he

whole blood was 359 counts/miA./O.l ml. Since the hematoo

rit was 32.5~ it caa be calculated that ~34 eounts/mine 

would be present ill the plasma of 0.1 mli of who'. blool.• 

i 

Therefore, 5 hours after intravenous a4m~aistratioA 93.5~

of the aotivity in the blood is found aS$ooiated with the 

plasma. The rat was a young one (160 gr~ms) and the entire 

bone shafts were filled with red marrow.! The sample for 

plating was 8or&.ped from the ends of thei femur;, wi th ai4 of 

a micro spatula. The observation. that ~ll parts of the 
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reticuloendotlBlia1 syst.em do AOt co.ncelltrate vi tamill Kl to 

the same extent, could be accounted for Oll the basis of d11

ferellces in the cytology aad chemical eompositioJ1 of the 

liver, spleen and bone marrow. The amount of vitamill K 

required for optimal ·prothrombintt synthesis in the rat is 

not known aecurately.~u1ek estimates 0.5 micrograms per 

kilogram body weight [day for adult 40gs all4 ten times this 

amount for pups (79). If the requirements of the rat are o~

the same order ot magnitude, as little as 1.Z x 104 of the 

dose administered (6.25 m&/Kg.) might suffice for dally 

"prothrombi.a" synthesis. If all the activi t1 in the bcae 

marrow at 20.4 counts/mill./mgm. ware preaellt ill a.a. active 

form about 20 mg. of bone marrow (dry) would contain enough 

of the injected vitamin Kl-C14, specifio actiVity 9.5 x 105 

eounts!min./mgm. to meet one day's requirements. 



(4) Estimatioa of cl4 distribution ani total
percent recovery.

A preliminary investigation of the distribution. 01 

radioactive vitamin Iel was conducted as follows: 

A 310 gram female rat was given aJ1 illtravenous inJectioll of 

0.32 Jf.18m.!Kg. of vitamin K1_014, specific aotivity 3.0 x 105 

counts/min./mam. Nine hours later the liver, lung, kidney, 

spleen, heart, large bowel and coatents, small illtestine anC 

oontents, stomach anA oonte~ts, and the urine were assayed 

for 014 content. The rest of the animal was lIince4 in a meat 

chopper, anA treated as above. The results presen.ted in fable 

5 show the distribution of ra4ioactivi ty in this rat. 1Ul the 

radioactivity injected was aocounted for. The liver appears 

to concentrate vitamin K1 evan at doses of less than 1 mgm./Kg. 

of body weight. The 11.UJ.g and the spleen also aeenmul.atel some 

radioaotivity. It is also apparent that activity was present 

in the gastroilltestinal traot ill fairly high con.centration. 

The small intestine and ita contents showe4 a higher specific 

activity than the caeoum, large bowel an.d oontents although 

both cOlltailled oonsiderable actiVity. The caecum, large bowel, 

and contents contained a greater percentage of the injected 

dose because of their larger bulk. 
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(5) Distribution of a14 in tissues following
oral, intramuaoular, iiI intravenous 
doses of vitamin Kl-C • 

In order to determine whether the route of adminis

tration affecte4 the deposition of vitamin K1 in the tissues 

of rats, three female rats weighing 144, 155 ani 160 grams 

were injeoted with 1 mgm. of radioaotive vitamin 1(1-C14, 

speoific aotivity 3.0 x 105 eoun.tslm.in.[mgm. One rat reeeive4 

the 0011014al suspension by stomaoh tube, a second animal was 

given an intramuaoular injeotion and the remaini.D& rat re

oeived an intraJugular injection. After 24 hours the animals 

were kille4 and the tissues were assayed for 014• fable 6 

shows a oomparison of the tissue levels of radioaetivi'J 

found in these animals. At a dose of 6-7 mgm./Kg. it would 

appear that there is very little difference in the vitamin 

KI-C
14 equivalent deposited in the liver when administered 

by the various routes. The vitamin Kl-014 equivalent of the 

blood and heart of the rat given an intravenous injection 

was lower than those of either of the other animals. On. the 

other hand the spleen of the animal give.n vitamin Kl intra

venously had a higher Vitamin KI-014 equivalent than the 

other animals. It should be pointed out that a large amount 

of the vitamin Kl given intramuscularly remained at the site 

of injection. 
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(6) Retention of 014 in tissues following
intravenous and intramuscular 

14• administration of vitamin Kl-C

In 0 rd er to study th e dura ti on 0 f the re tenti on. of 

radioactivity in the tissues, six female rata were given 

5.2 mgm. of vitamin Krein 5~ Tween 80. fhree of these ani

mals were given intravenous injections and three were given 

intramuscular injections. The animals were killed at one, 

three, and six days. The urine and feces were collected and 

pooled and the cumulative fecal and urinary exoretions were 

determined. The results of this experiment are shown in 

Table 7. A progressive decrease of radioactivity in the 

livers of both groups of rats and an increased fecal and 

urinary excretion is evident. Radioactivity remained in 

the livers and spiee.ns of both groups for as 10J18 as six 

days. The cumulative fecal excretions at six days exceeded 

the urinary excretion by a factor of two to three. The 

total excretion in 6 days amounted to 52~ and 65~ of the 

injected doses. Whell the radioactive vitamin was alven 

intravenously, the liver and spleen retained appreciable 

amounts of radioactivity but when. the vitamin Kl-cl4 was 

injected intramuscularly the spleell retained only a small 

amount of the radioactiVity although the liver levels were 

similar to those obtained after the intraven.ous injection. 
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Approximately 30% of the intramuscular dose remained at the 

site of injection after 24 hours and about 4~ was still 

preseni after 144 hours. 

('l} The effect of increasing the intravenous 
dose of vitamin Xl on the tisfie 
deposition ani exoretion of C • 

In order to teat the effect of the magnitude of the 

administered dose on the tisaue deposition of radioactive 

vitamin Kl five young female rats were each given an intra

jU8ular injection of vi ta.min Ie! in !ween. 80. The amount of 

radioactive. Vitamin given each rat was 5 T.1J8m.!Kg. but the 

amount of nonradioactive Vitamin. was varied to give the 

total amount of Vitamin. indicated in figure 1 and Table 8. 

The animals were killed 24 hours after the injection ani the 

radioactivity in the livera, lungs, kidneys, spleens, hearts, 

bloot, skeletal muscle, urine and feces was determined. The 

amount 01 radioactivity deposited in all the tissues examined 

increased with increasing doses ofra4ioaotive vitamin X! 

but this increase was most marked in the oase of the liver, 

heart and spleen. Figure 1 a bows the caLeuka te4 vi tamin Xl 

equivalent in pgm.!gm. of dry tissue plotted against the 

dose of vitamin Xl in mgm.!Xg. (both on log scalel. As the 
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size of the administered dose was increased the percentage 

of the dose deposited in the liver and the spleen tended to 

increase while the percentage excreted in the urine an4 feces 

tended to decrease. 

Figure 2 shows the values for the urinary a114 fecal 

excretion of radioactive vitamin Iel plotted against the dose 

of vitamin Iel in mgm.!Kg. (both on logarithmiC scales). 

The fecal excretio4 exceeded the urinary excretion for all 

the doses used. The large variation in feoal excretion can 

be aocounted for on the basis of correspo1l41ag1y large varia

tions in the weight of the feces exoretei by individual rats. 

The data from which figures 1 and 2 were plotte4 i8 

contained in Table 8 as well as the peroent of the injected 

dose deposited in each organ. 
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014 (8) A comparison of the concentration of
ia the tissues of pregnant and nonpregnant
female rats following the intravenous
administration of vitamin K1-C14 and vitamin K3-C14•

Female rats weighing 150-200 grams were examined 

daily by vaginal smear to demonstrate the estrus cycle ani 

a check for sperm in the vagina was made after mating. 

Eighteen days after the day of oonception six pregnant rats 

were given an intravenous injection of 5 mgm./Kg. of 

vitamin Kl_C14, specific activity 8.4 x 105 counts/min./mgm. 

and six pregnant rats were given an intravenous inJection 01 

5 mgm../Kg. 01 vitamin K3-C14, specific activity 3.3 x 105 

counts/min./mgm.. fwenty-four hours after the administ~

tioa the anim.als were decapitated and their uteri were 

ligated and removed. The tissues ani fluids listed ia 

~able 9 were assayed for C14 and the percent of the injected 

dose and the vitamin K equivalents were calculated as 

describe4 previously. !welve nonpregnant female rats were 

retained as controls. Six of these animals received 

5 mgm.!Kg. of the vitamin Kl_c14 and six received 5 mgm./Kg. 

of the Vitamin K3-C14. In order to determine the amount ot 

radioactiVity present as unchanged vitamin Kl_C14 a pregnant 

rat was given 5 mgm./Kg. of vitamin KI-C14 on the eighteenth 

day of gestation,·killed 24 hours later and isotope dilution 

teats were performed on the maternal liver ani on the 

placental and fetal tissue. 
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The data that ~e preseilte4 in Table 9 show:. that 

the placenta, fetus, fetal liver, and amnionic f1ui4 di4 

contain C14 following the intravenous administration 01 

either vitamin Kl-C
14 or vitamin K3-c14 and that the Vitamin 

K1- c14 equivalents are of the same order of magnitude as the 

vitamin K3-014 equivalents. A comparison of data from animals 

givan vi tamill Kl-C14 wi th those given vi tamin IC3-C14 showe4 

that a marked concentration of 014 ocourred in the 1ivera 

and spleens of the animals given vitamin KI-C14 whereas the 

concentration was much less prominent in the animals given 

vitamin K3-C14. It is interesting to note that the conoen

tration of 014 in the blood of animals that had receival 

vitamin K3-C14 was greater than the concentration in the 

blood of the rats that were given vitamin 1(1-014• The same 

trend was apparen' in the skeletal muscle of the two groups 

but the difference was not 8tatistica1l1 significant. The 

vitamin K1-C14 eqniva1eAta for the fetal livers were much 

lower than those for the maternal livers whereas when 

vitamin K3-C14 was given the' maternal and fetal livers had 

similar Vitamin K equivalents. 

Table 10 illustrates another interesting point. 

When the ra tios weight of dry tissue (sma.) were 
live weight of the rat (gms.) 

calculated for the livers and spleens of pregnant and non

pregnant rats the following comparisons could be made: the 



ratios for the spleens differed significantly whereas the 

ratios for the livers did not. However, when the weight of 

the uterus and contents was subtracted .from the live weight 

of each pregnant rat and the ratios recaloulated the reverse 

was found to be true; that is, the ratios for the spleens 

did not differ whereas a signifioant differenoe existed 

between the ratios for the livers of the two groups of rats. 

Since a ratio may be increased either because the 

numerator was increased, the denominator was decreased or 

both, it is important to note that the increased ratios 

presented in Table 10 were due to a marked increase in the 
-

dry weight of the livers of the pregnant rats. 
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(9) The effect of a vitamin K-free, fat-free
diet and of a stock laboratory ration on
the deposition of 014•

A comparison of the tissue levels of radioaoti va 

vitamin Kl in two groups of rats receivi.ng either a stock 

laboratory ration or a vitamin. K-free, fat-free diet was 

obtained as follows:- A group of six weanling female 

rats were maintained on a stock laboratory ration of calf 

meal pellets for three months. A second group of twelve 

wean.li!l8 female rats were given. a fat-free, Vitamin. K-free 

diet for three months. This diet was obtained trom 

Nutritional Biochemicals Corporation, Cleveland, Ohio. It 

was formulated as a modifios tion of diet 674, Woolay~t1Qd

Sabrell (98). 

All animals were given water ad libitum; they were 

fed daily, and housed individualll. During the course of 

the feeding period five of the animals on the synthetic 

ration die4. Autopsy of these animals revealed hemorrhagic 

lungs. Dam and Glavind poin.ted out that some rats on a 

Vitamin-free. diet beoome just as 111 as chicks. Other rats 

appear to reoeive adequate vitamin K from their intestinal 

flora. After ten weeks some of these rats showed a loss of 

weight. Just prior to intrajugular injeotion of 5 mgm./kg. 

body weight of radioactive Vitamin Kl oardiac punctures 

were performed to obtain plasma for the determination of 
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one stage prothrombin times by the method of Quiok. No 

differenoe was found between the prothrombin times of the 

two groups of rats. Four rats di64 as a result of oardiae 

punoture. There remained five animals on the synthetic 

ration and four control animals. These were inJected with 

radioactiva vi tamin K1-C14, housed in individual metabolism 

cages, killed b1 decapitation after 24 hours and the various 

tissues, feces and urine listed in fable 11 were assayed for 

C14 activit1. The Vitamin Kl-C14 equivalent in the liver 

and skeletal muscle of the animals on the Vitamin K-free, 

fat-free ration were greater than those for the animals on 

the stock laboratory ration. The urinary exoretion of radio

activity was greatest for the animals on the normal diet. 

A marked difference in the color of the liver and 

kidneys of the two groups of animals was eVident during the 

removal of the tissues. The groups of animals that had been 

on the synthetic ration had paler mottled livers and the 

kidneys were pale also. The difference in appearanoe of the 

liver and kidneys of the two groups of rats combined with 

the faot that these animals had rough dry skin about the 

tail and feet, and furthermore, that the1 lost weight after 

a period on the synthetic ration suggest an essential fatty 

aoid. deficiency_ fhe exact malUler i.o. whioh such a defioienoy 

could i.o.fluence the metabolism of Vitamin Kl can 0.0.11 be 

determined by further investigatio.o.. 
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Further information can be gained if the data in 

Table 9 and !able 11 are compared. The marked difference 

in the deposition of 014 in the livers of the two groups 

of normal animals on a stock laboratory ration suggested an 

UIlcontro1le4 variable the. t was influencing the metabolism 

of vitamin Iel- It was for this reason that the following 

experiment was designed. 

flO) The effect of age. sex and fithod of 
preparation of vitamin K1-O on the 
deposition of 014 in the liver. spleen,
skeletal muscle, and blood of rats. 

Twelve adult rats weighing 195+ 1.18 (s.e.) gms. 

were diVided into four groups containing three rats per 

group. Six of the rats were males and six were females. 

Three of the males and three of the females were given an 

intravenous injection of 5 ID8m./kg. of Vitamin Kl_014, 

lot No.1, and two similar subgroups were given an intra

venous injection of 5 mgm./kB. of Vitamin KI-C14 , lot I'io.2. 

Twelve young rats weighing 93.7+0.35 (a.e)gms. were 

diVided into groups and subgroups in the same manner. 

Twenty-four hours after administration of the vitamin Kl_C14 

the rats *ere killed and the tissues were removed and 

assayed for 014• 
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The mean percent deposition of 014 and the me&A 

vitamin Kl equivalent are presented in Table 12. An analysis 

of the data showed that the vitamin Kl equivalents and the 

percent of the dose of 014 in the livers and spleens of the 

young animals differed significantly from that of the adult 

animals. Another observation was a significant difference 

between the amount of 014 deposited in the skeletal muscle 

of the rats given vitamin Kl-C14, lot No.1, as compared 

with the animals given vitamin Kl-C14, lot No.2. This 

difference was not demonstrated in any of the other tissues 

studied. It is of interest to note the observations of 

Isler and Doebel (49) that vitamin Kl prepared from isophytyl 

alcohol is a racemic mixture (e.g., Vitamin Kl-C14 , lot No.1} 

whereas vitamin Kl prepared from phytyl alcohol is opticall3 

uniform. (e.g., Vitamin Kl-C14, let No.2). 
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(11) Isolation of vitamin K1 from rat liver
by extraction and reverse phase
partition paper chromatography following
the intravenous administration of vitamin Kl-

By reverse phase partition paper chromatography we 

were able to demonstrate the presen.ce of unmetabolized 

vitamin Kl in the liver of a 180 gram female rat that had 

received a massive dose, 100 mgm.!kg. of vitamin Iel in 

Tween 80, by tail vein. This animal was killed 4t hours 

later and the liver was removed, ground with anhydrous 

sodium sulfate and extracted with perOXIde-free ether. 

The ether was evaporated in vacuo and the residue was 

extracted with absolute ethanol (30). After leaVing over

night at _500 the solution was filtered and the volume was 

inoreased to 10.0 ml. The vitamin Iel content of the liver 

was estimated colorimetrioally by the Irreverre-Sullivan 

reaction and a recovery of 22.8% of the inJected vitamin Kl 

was attained. An aliquot of the liver extract containing 

25 ~m. of vitamin K1 was chromatographed simultaneously 

with control spots of authentic vitamin Iel and vitamin K3. 

Atter chromatography a spot was present that corresponded 

to a control spot of vitamin Iel both in its position on the 

chromatogram and by its blue fluorescence under ultra-violet 

light. Green, S~!ldergaard, and Dam (43) were unable to 

isolate vitamin Ie from beef liver~ by reverse phase partition 
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paper ahromatogra.ohy although they showed by the chick 

assay that the liver oontained the equivalent of 71 P8m. 

of menadione /100 gm. of fresh liver. 

(12) Isotope dilution testa to ascertain 
the'percent of C14 present in tissues 
as unohanged vitamin Kl-C14• 

The following is an example of the procedure and 

calculation employed in conducting the isotope dilution 

tests: ApprOXimately 27 grams of wet muscle was removed 

from a 325 gram male rat that had reoeived, intravenously, 

1 mgm. of Vitamin K1-cl 4, specific actiVity 1.01 x 106 

coun.ts/min./m&m. The animal was killed by decapitation 

24 hours afte~ inJeotion. The muscle was chopped, ground 

and weighed. 2.06 grams of wet muscle had a dry weight of 

1.1052 grams and a specifio actiVity of 1.37 couats/min./mgm. 

(dry). On this basis the remaining 25.4 grams of wet muscle 

would be equivalent to 13.6 grams of dry muscle containing 

1.86 x 104 counts/min. The 25.4 grarrs of wet muscle was 

ground with 55 mgm. of vitamin Kl' 50 grams of anhydrous 

sodium sulfate was added, and the mixture was ground to & 

powder, and extracted with perOXide-free ether; the ether 

was removed in vacuo and the residue was extracted with 

absolute ethanol. The alcoholic extract was refrigerated 

overnight at _50C, filtered, extracted with petroleum ether 
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(B.P.30-600C) and chromatographe4 on permutit with petro

leum ether, petroleum ether plus lO~ benzene, and petroleum 

ether plus 20% benzene (99). The yellow oil that was 

obtained weighed 24.0 mgm. and assayed 24.4 mgm. using the 

Irreverre-Sullivan color reaction. It had a specific 

activity of 250 countsfmin.fmgm. The number of milligrams 

of labelled vitamin Kl-cl4 present in the muscle before 

adding carrier was 1.Zi x lO-2mgm., i.e., 1.4% of the 

injected vitamin Kl-C14• As the total activity in the 

sample before extraction was 1.86 x 104 counts/min. or 

1.9% of the injected activity, it appears that apprOXimately 

74~ of the activity in the muscle was present as unmetabo1

ieed radioactive vitamin Kl-C14• 

Isotope dilution tests were carried out on the other 

tissues in a similar manner and the results are presented in 

Table 13. It can be seen that the liver of rat No.1 con

tained 2.8~ ot the injected actiVity of which about 78% was 

present as unchanged vitamin Kl_C14• The urine contained no 

unchanged vitamin Kl-C14. The sk.eleta1 muscle presents a 

picture similar to that of the liver of rat No.1, whereas 

the small intestine and its contents and the feces are inter

mediate. Bile was collected by fistula for 16 hours and this 

eontained 26~ of the injected activity, but only 1.5~ of the 

e14 in the bile was present as unchanged Vitamin Kl-C14. 

Analysis of the Vitamin K1-C14 content of the tissues of a 
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pregnant female rat (rat lio. 4) showed that 12" of the 

activity in the fetal tissue, 59~ of the activity in the 

placental tissue ani 120,& of the activity in the maternal 

liver were present in unchanged fora. The high value for 

the maternal liver may be due to a sampling error. 
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c. Attempts to identify the ftthird"
urinary metabolite of vitamin K3_c14.

Hoskin (46) demonstrated the presenoe of three radio

aotive metabolites in rat urine following -the administration 

of vitamin K3-C14. He showed that the third metabolite was 

" not hydrolysed by ~ -glucuronidase but was hydrolysed by 

0.2 If hydroohloric acid. An. iso.tope dilution test indica teA 

that vitamin K3 resulted from the acid hydrolysis. 

~he radioactive spot of the third urinary metabolite 

of vi tamin K3-C14, followill& paper ohromatography, was com

pared with the diphosphate and disulfate esters of naphthohy

droquinone and with their products of hydrolysis in att.empts 

to identify this metabolite. In order to determine whether 

the third urinary metabolite of Vitamin K3 was the diphosphate 

we chromatographe4 2-methyl-l,4-naphthohydroquinone diphos

phate tetra sodium salt (Synkavite) on Whatman No.1 paper 

in butanol:methanol:acetic acid. The diphosphate did not 

migrate and therefore we ooncluded that it was not identi

cal wi th the third urinary metaboll te which has an Rf of 

0.20 - 0.25. Chromatography in. butanol:methanol: 3:1, 

saturated with 0.01 H acetic acid on Whatman No.1 paper 

revealed that the disulfate had an Rf of 0.20 - 0.25. 

When a 15 ugm. sample of the disulfate of menadione was 

added to 25 ul. of rat urine containing the third radioac

tive metabolite of vitami!l K3-C14 the fluorescent spot of 



62.

the disulfate under ultra-violet light and the peak of the 

radioactivity did not ooincide. It is therefore unLikely 

that the third urinary metabolite of vitamin K3-C14 is the 

disulfate of vitamin K3-C14. 

(1) Produots of hydrolysis of
na Rhtho.hldro 9.u1none es ters.

~he following paragraphs describe attempts to hydro

lyse Sy.nkavite with hydrochlorie aOid, eerie sulfate reagent, 

alkaline phosphatase, and crystalline wheat germ acid phos

pha tase. A. phosphomolybda,te, oolor reaction (54) was used 

to measure the increased phosphate resulting from the hydro

lysis of Synkavite. The disulfate of vitamin K3 (2-methyl-l, 

4-naphthohydroqui,none) was subJeoted to hydrolysis wi th hydro

chloric aci4, eerie sulfate reagent and Mylase P. The ethyl

oyanoacetate color reaction was used to demonstrate the 

appearance of free Vitamin XI following hydrolysis. The con

ditions for eaoh hydrolysis were varied depending on whether 

the material was to be subjected to paper chromatography. 

analysis for phosphate, or analysis for vitamin K3. 
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Cal Hydrolysis of Syllk.avite 

(i) Hydrolysis with 1.2B hydrochloric acid. 

Refluxing 5 gm.% w/v Synkavite with 1.2N hydro

chloric acid failed to hydrolyse the phosphate groups as 

indicated by absence of inorganio phosphate and a negative 

test for vitamin KS following ether extraction. and evapora

tion. of the ether in vacuo. 

(i1) Oxidative hydrolysis with eerie sulfate reagent. 

An attempt was made to hydrolyse 5.4 mgm. of 

Synkavite in 1 ml. of water by the addition of 1 ml. of 

O.lN cerie sulfate in. IN sulfuric acid and 2 ml. of 

glacial acetic acid C84}. The mixture was incubated at 

60oior 5 minutes, cooled, diluted with 9 volumes of 

distilled water, extracted with ether and the ether 

extract was washe4 twice with water and evaporated to 

dryness. The residue was dissolved in 1 ml. of 95~ ethyl 

alcohol and 5 ml. of borate buffer pH 10.5 ani 0.1 ml. of 

ethylyan.oacet,cite acid W8S added. A stable blue color 

resulted, indicating the presen.ce of menadione. A con.trol 

of 2 mgm. of menadione was Bubj ected to the same procedure 

an.d it also gave a positive color reaction. 
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The oxidative hydrolysis of Synkavite with eerio 

sulfate reagent was used to estimate the amount of menadione 

in our sample of Synkavite. 61.8 mgm. of Synkavite was dis

solved in 2 ml. of water and 10 ml. of cerie sulfate reagent 

was added, followed by 90 ml. of water. A white pre.c,t:pJiMte 

appeared. !WO 20 ml. portions of peroxide-free ether were 

used to extract the vitamin K3 resulting from hydrolysis. 

The ether fractions were pooled. washed with 10 ml. of water, 

evaporated to dryness. and the yellow residue was dissolved 

in 50 ml. of ethanol and an 0.50 ml. aliquot used for a color

imetric assay of vitamin KZ. A sample of 17.4 mgm. of mena

dione was treated in the same manner and served as a standard. 

The Synkavite contained 28.4~ Vitamin K3. 

An analysis for phosphate was performed after digest

ing a sample of Synkavite with 60~ perchloric acid (64). 

This sample of Synkavite contained 31.1% phosphate. Drying 

47.3 mgm. of Synkavite over phosphorous pentoxide at 940C, and 

under reduced pressure revealed that the Synkavite contained 

28.6% water. These figures correspond to the deeahydrate, 

e.g., G1l, HS, OS, P2, Na4,.10H20. 
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(ii1) Hldrollsis with "serum alkaline phosphatasen • 

Synkavite, 0.2 gm.~ w/v was incubated at 37°0. 

and pH 9.4 for 70 minutes using ra t serum as a source of 

alkaline phosphatase. The results presen.ted in fable 14 

indicate that Synkav1te contains no orthophosphat~ (tube 3) 

and that approximately 38% of the total phosphate ester 

linkages were hydrolysed (calculated on the basis of Synka

vite containing 31.6~ esterified phosphate). A 20 pl. 

aliquot from the test an4 each of the control tubes was 

spotted on Whatman :No.1 paper an4 chromatographe4 by the 

ascending technique in butanol:methanol:acetic acid solvent. 

The test (tube No. l) gave 3 spots at Rfv 0.0, 0.25 and 0.87. 

The con.trol tubes (No.2, 1'10. 3, and No. 41 gave Qnly one 

spot at Rf. 0.0. The spots were located by their blue 

fluorescence under ultra-violet light. A control spot of 

Syllkavite had an RfG of 0.0 and vitamin K3 had an. Rf~ of 

0.86. A red color developed overnight in tube No.1 and 

therefore wheat germ acid phosphatase was used in all subse

quent experiments because the free naphthoquinon8s are 

destroyed in a.lkaline media. 
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{iv} Hydrolysis with wheat germ acid phosphatase. 

One spot, at Ri. 0.25 resulted when 0.20 gm.1b w/v 

of Synkavite was hydrolysed at 25°0. for 27 hours by 0.1% w/v 

wheat germ acid phosphatase and then chromatographed as 

described above. Control spots of Synkavite, vitamin KZ, 

and vitamin Kl were in their correct positions at lif. 0.0, 

0.87, and 0.92 respectively. 

The results of an experiment designed to test the 

extent of hydrolysis of Synkavite with wheat germ acid phos

pha taae are presented in Table 15. A 90 m.gm.% wlv solutiol1 

of Sy.ak.avite in citrate buffer at pH 5.0 was inoubated for 

2 hours at 37°0. with acid phosphatase in a final concentra

tion of 0.017 gm.% w/v. Aliquots were removed at various 

times and the inorganio phosphate assayed. The test tube 

contained 1.68 mgm. of phosphate whereas 0.60 mgm. of phos

phate resulted from the hydrolysis of the Synkav1te; there

fore the extent of hydrolysis was Z5.8%. 

Since the fluorescent material at Rf~ 0.25 had 

approximately the same Rf. value as the unknown urinary 

metabolite of vitamin KZ-C14 it appeared that the two might 

have been identioal. On adding a sample of acid phosphatase

hydrolysed Synkavite to urine from a rat that had received 

vitamin K3-cl4 the radioactivity for "compound 3" did not 



67.

correspond to the fluorescent spot at Rf~ 0.25. It is 

unlikely that "compound 3" is identical with the produot 

resulting from the hydrolysis of Synkavite with wheat 

germ acid phosphatase. 

(b) Hydrolysis of 2-methyl-l,4-naphthohydroquinone
disulfate. 

(i) Hydrolysis with 2N hydrochloriC acid. 

Hoskin (46) observed that the monosulfate of 

vitamin Kl_Cl 4 was readily hydrolysed by dilute hydro

chloric acid. Similarly the disulfate may be readily 

hydrolysed by warming at 600 e for 1 hour in 2N hydro

chlorio acid. 

(ii) Oxidative hydrolysis with eerie
sulfate reagent.

The 4isulfate of vitamin K3 can be hydrolysed in 

exactly the same manner as the diphosphate using eerie 

sulfate reagen.t. This hydrolysis takes place as soon as 

the reagents are mixed and requires no heating. 
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(iii) Hydrolysis wi th Mylase P. 

Hoskin (46) reported that Mylase P, a sulfatase 

of fungal origin, would not hydrolyse the monosulfate of 

l 4• Vitamin K3-C This same enzyme will hydrolyse the disul

fate of Vitamin K3 when it is inoubated at pH 6.0 and 3700 

for six hours. We have been able to confirm the observation 

that Mylase P does not hydrolyse the disulfate to free 

vitamin K3, since no Vitamin K3 results from the hydrolysis, 

but the monosulfate can be detected by its fluorescenoe 

under ultra-violet light followi~ paper ohromatography of 

the enzyme reaotion mixture. Complete hydrolysis of the 

disulfate did not take place even for incubation periods of 

greater than six hours. When. chromatographed by ascending 

technique on Whatman lQo. 1 paper using butanol-methanol: 

acetic acid solvent the disulfate of vitamin K3 had an Rf. 

of 0.22 and the monosulfate had an Hf. of 0.60. When the 

disulfate of vitamin K3 was added to urine from a rat that 

had received vitamin K3-014 the radioactivity for "compound 3ft 

did not correspond to the' fluorescent spot. Therefore 

"compound 3" is probably not identical with the disulfate 

of vitamin K3
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D. Hydrolysis of ri!ioactiva metabolites 
ot vitamin K1-C in urine ani bile 
from rats given vitamin Kl_Cl 4 intravenously. 

Essentially the same teohnique was used throughout 

all these experiments. Although only traoes of the metabo

lites of vitamin Kl-C
14 can be extracted from rat urine ani 

bile with ether or other organic solvents suoh as ethyl 

aoetate, chloroform or butyl alcohol a signifioant increase 

in the ether extractable radioactivity could be detected 

following various hydrolytic procedures. The urine was col

lected from rats given vitamin KI-Cl4, pooled, and stored in 
by

the frozen state until used. Bile was obtainedia biliary 

fistula consisting of a polyethylene cathete.r inserted into 

the common bile duct as described under methods. 

(l} Hydrolysis with hydrochloric acid. 

A 0.1 ml. aliquot of urine containing 2.1 x 103 

counts/min. was added to 0.9 m1. of 1.2N hydrochloric acid 

and heated for 30 minutes at 700C. The tube was cooled and 

1.5 ml. of peroxide-free ether was added. The tube was 

stoppered, shaken, centrifuged and 0.5 ml. of the ether 

extract was plated for counting. 31% of the 014 was found 

in the ether phase after 30 minutes hydrolysis at 70°C. 

When the hydrochloric acid was replaced with distilled 

water 28% of the radioactivity was ether extractable. In 

another experiment 30 ml. of urine was increased to 150 ml. 

with distilled water and the pH was adjusted to 1.3 by the 
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addition of 2.0 ml. of concentrated hydrochloric acid. 

The urine was extracted five times with 50 ml. of peroxide

free diethyl ether an.d the pooled ether extracts were con

centrated to 110 ml. by distillation. Approximately 31~

of the radioactivity was extracted from the acidified urine. 

The ether was then. extraoted :> times with 30 mi. of 0.02 M. 

sodium bicarbonate and only 4.70; ot the radioactivity pres

ent in the original urine was :foWl! in the bicarbo.nate 

extracted ether. It is o:f interest to note that vitamin Kl 

cannot be extracted from ether with bicarbonate. The bicar

bonate extracts were pooled and acidi:fied with 1 ml. of con

centrated hydrochloric acid and extracted 5 times with ether. 

The pooled ether extracts were eoneentra ted to a volume of 

95 ml. and contained l31b of the radioaotivity present in the 

original urine. 

It would appear that the ether extractable material 

was no t vi tamia Kl and may have been. acidic ia aa ture siaca 

it was extracted from acid solution with diethyl ether and 

was readily removed from the ether with sodium bicarbonate. 

!his was not, however, a.o. efficient method :tor reeovering 

the radioactivity from the urine of rats that had received 

vitamin Kl-C14• 
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(2) Oxidative hldrolysis with cerio sulfate. 

0.9 ml. of eerie sulfate reagent was added to 0.1 ml. 

of urine containing metabolites of vitamin KI -a14• :fhe mix

ture was divided into two parts a.o.4 inoubated for 30 minutes 

at 22°0 and 7060. .After cooling to room temperature 1.5 ml. 

of peroxide-free ether was added.; the tubes were stoppered, 

shaken and centrifuged and 0.5 ml. of the ether extraot was 

plated. Control tubes containing distilled. water instead of 

the cerio sulfate reagent were treated in the same manner. 

Treatment with the cerio sulfate reagent made possible an 

increase in. the ether extractable a14 from 27~ and 28~ in. 

the control tubes to 33~ a.0.4 40~ i.o. the tests incubated at 

22°0 and 7000 respectively. 

Cerio sulfate reagent was also employed for the 

following experiment: 3.0 ml. of urine were added to 9.0 ml. 

of cerio sulfate reagent, 3.0 mgm. of vitam.in Kl (Hoffman 

LaRoche, KO.1lakionl was added and the solution was warmed at 

6000 for 10 minutes. Atter cooling to room temperature it 

was extracted twice with 5 ml. of peroxide-free ether. The 

ether extraot was evaporated to 3.0 ml. in vaou"O.. and sub

Jected to reverse phase partition paper chromatography. The 

vitamin Iel had an Rf .. of 0.22 whereas the radioactivity 

had an Rf. of 0.90. It therefore appears unlikely that the 

material resulting from oxidative hydrolysis with cerio sul

fa te reagent was vi tamin Kl - C14• This experime.1lt also s howec1 
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that the vitamin Kl was not destroyed by the eerie sulfate 

reagent at 60bO. since the vitamin Kl that underwent the 

extraction procedure had the same Rf. value as a control 

spot of vitamin Iel. 

(3) Hydrolysis withfi~Glucuronidase

Urine and bile were collected for 24 hours from 

rats that had received :5 mgm./kgm. of Vitamin Kl-C14, 

lot No.2. These excretions were stored at _50C. in a 

frozen state. 0.1 ml. of urine or bile was added to 0.5 ml. 

of O.lM veronsl-acetate buffer. The pH of the buffers used 

were 4.0, 4.8, 6.2, 6.6 and 6.0. 0.2 ml. of 2'~ w/V;:9-g1u

curonidase was added and the tubes were incubated for 2 

hours at 37°0.. 0.8 ml. of concentrated hydrochloric acid 

and 2.4 ml. of 3;1 v/v ether:ethanol was added to each tube. 

It was often very difficult to break the emulsions formed 

when hydrolysis was performed with ei ther P-glucuronidaae 

or Mylase P and it was for this reason that the ether:ethanol 

mixture was substituted for straight ether extraction. The 

tubes were stoppered, shaken, and the solvent layer separated 

by centrifugation. An 0.2 ml. aliquot of the solvent layer 

was plated and assayed for C14. A blank was prepared for 

each tube by replaoing the enzyme solution with distilled 
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water. The solvent layers were more colored in the tubes 

containil18;3 -glucuronidase and bile than in the correspond

ing control tubes. It appears that substances other than 

metabolites of Vitamin Kl-C14 were hydrolysed by 

;3 -gluouronidase. However, the results presented in Table 16 

indicate ths. t the ~ -glucuronidase prepara tion di4 hydrolyse 

C14 oontaining glucuronide oonjugates in both urine and 

bile. The pH optima appear to differ for the two solutions 

being 4.8 for urine and 5.6 for bile. The rate of hydrolysiS 

was somewhat slower in bile. 

Levvy and cowork.ers (57) have shown tha t while 

~ -glucuronidase specifically hydrolyses~-D-glucopyranurono

sides in general, some of these compounds are not hydrolysed 

by the enzyme. Moreover, some glucuronides competitively 

inhibit the action of the enzyme on other glucuronidas. 

Although tha enzyme preparation used may have oontained 

enzymes other than~-glucuronidasethe increase in ether

extractable C14 following hydrolysis suggests the presenoe 

of glucuronide oonJugates. The large amounts of non-Cl'

containing material that. were extracted prevented paper 

chroma tography to 
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(4) Hydrolysis wi th Mylase P. 

The experiments described in the preceding section 

were repeated except that 0.2 gms7b w/v 1{Lylase P solution 

was substi tuted for the;9 -glucurollidase. Although.no 

significant increase in ether extractable C14 was deteote4 

this does not mean that there were no ethereal sulfate 

conjugates present. Hoskin (46) demonstrated that the 

monosulfate of vitamin. K3 was not hydrolysed by Mylaae P 

and we were unable to obtain hydrolysis of both ester 

linkages of 2-methyl-l,4-naphthohydroquinone disulfate 

using the same enzyme preparation. 
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E. Attempts to isolate metabolites of 
vitamin Kl-C14 from rat urine and bile. 

(1) Paper chromatography 

The paper chromatographic system described by 

Solvonuk (94) and Hosk.in (46) gave good separation of 

esters of vitamin K3 such as the disulfate and diphosphate 

and proved useful for the detection of products resulting 

from hydrolysis of these materials. ~his same system was 

used in attempts to separate the metabolic products of 

vitamin Kl-C14 in rat urine and bile following the adminis

tration of vitamin Kl-C14• The large amounts of 0the~

substances relative to the quantity of C14-containing 

metabolites rendered this procedure impraoticable. Radio

activity was spread from the point of application to the 

solvent front but no zones of high concentration could be 

discerned with any degree of reliability. 
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(2) Ion exchange resins. 

Since approximately 25% of an intravenous dose of 

5 mgm./Kg. of vitamin Kl-C14 oould be reoovered in a 24 hour 

sample of rat bile obtained by bile fistula this appeared 

to be the most suitable medium from which to isolate metab

14• oli tea of vi tamin K1-C Only 1.5% of the 014 in the bile 

was present as unmetabolized Vitamin Kl-cl4 according to the 

isotope dilution test reported above. A dose level of 

5 mgm./Kg. of Vitamin Kl-C14 was employed throughout all 

these experiments and bile was obtained by a fistula cott

siating of a 0.25 mm. polyethylene tube inserted into the 

common bile duct. The "specific activity", counts/min./mgm. 

of dry material, was used as an index of purification and 

wherever the term "specifio actiVity" is used it is intended 

as counts/min./mgm. dry weight. 

5.0 ml. of bile containing 2.4 x 104 counts/min. 

was made 0.20 normal with respect to trichloracetic acid 

and the resulting precipitate was centrifuged to the bottom 

of the tube. The supernatant contained 62% of the original 

actiVity and this was chromatographed on a 25 x 2 om. column 

of IR-4B that had been washed twice with 500 ml. of 4% 

hydrochlorio acid and 500 ml. of 4% ammonium hydrOXide anA 

then washed with distilled water until neutral. The acid 

supernatant from the bile was placed on the resin bed ana 
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ohromatographed with 100 mI. of distilled water followed 

by 100 ml. of 0.1M borate pH 9.5 and 100 ml. of 4% 

ammottium hydroxide. 47~ of the original aotivity passed 

through the column unadsorbed attd the remainder of the 

activity was never recovered. Thirty ten m1. fraotions 

were colleoted. 

This experiment was repeated exoept that an aliquot 

of the bile was used that had been aoidified with sodium 

aoetate butfer to pH 4.0. Only 33% of the original activity 

was recovered and only 2% of the original activity of the 

bile was eluted with 4% ammonium. hydroxide. The problem 

seemed to be threefold. (l) A portion. of the radioactivity 

did not remain on the resin: (2) Another portion was so 

firmly bound thatit was not exchanged with 4% N1i.40H, and 

(3) no purifioation was effected: that is to say, the spec

ific activity of the eluates did not inorease. 

Chromatography of 20 mgm. of a known compound, the 

disulfate of Vitamin. IC3 was attempted on IR4B (OR) IR-45 
'> 

(OR) and Dowex 1. This substanoe could not be removed with 

4% BH40H, borate buffer pH lO.5,IN sulfuric aCid, or III 

hydrochlorio acid. 

90~ of the radioactiVity in bile could be reoovered 

after ion exohange on IRC-50 (E) or IR-l20(H} but the precip

itation of proteins interfered with flow of the solvents 
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through the column. The effluent material was strongly 

acid and the specific activity had not increased. 

(3) Chromatography on activiated alumina. 

Both the disulfate and the diphosphate of vitamin 1(3 

could be adsorbed on. aotiviated alumina (100 mesh, Alco) 

from acetone:water 4:1 and the# be eluted with distilled 

water. fhe chromatography of bile on alumina was therefore 

attempted using gradient elution with increasing water 

concentration. 

5 ml. of bilecontainill8 1.54 x 104 counts/min. 

was added to 20 cc. of acetone at 50C. and the precipitate 

was allowed to settle iil the refrigerator at 50C. fhe 

supernatant was removed and the precipitate was washed 

with 80% acetone. The supernatant and washings contained 

83% of the original activity and the precipitate showed, a 

threefold decrease in speoific actiVity. The supernatant 

was chromatographed on alumina by gradient elution.. 500 ml. 

of water was allowed to drop contin.uously into a reservoir 

containing 500 ml. of acetone initially. The column was 

continuously fed the aqueous acetone mixture from the 

reservoir and 10 ml. fractions were collected. 
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The forerun and acetone wash contained 17% of the 

original activity with a twofold increase in specifiO activity. 

A second peak was obtained and one 10 ml. fraction from this 

peak slwwed a threefold inorease in specific activity. All 

the radioactivity was recovered but the speoifio activity 

beoame progressively lower and lower. A ncolar-throw" from 

the alumdna was disturbing. The fraction that showed a 

threefold inorease in speoifio aotivity was subJeoted to 

paper ohromatography and showed four peaks at Rf~ 0.15, 0.30, 

0.45, and 0.80. It would therefore appear that a purifica

tion had been achieved in that the speoific actiVity of the 

two fraotions had been inoreased but a separation of the 

radioactive oomponents had not been affeoted. Washing the 

alumina with 3% acetio acid in aoetone v/v or uSiJ38 butanol: 

methanol 2:1 vivas the solvent system did not improve the 

separation and the specifio activity was not inoreased 

sufficiently to warrant paper chromatography~

(4) Chromatography on Ce1ite. 

Several grades of Celite (diatomaceous earth) were 

tried. Celite 545 (78) was the most satisfactory beoause it 

had the greatest flow rate. A preliminary experiment was 

conducted by adding 50 00. of Skelly F and 50 00. of aoetone 

to a 1 ml. aliquot of bile oontaining 3.1 x 103 oounts/min. 
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This was chromatographed on Celite 545 and washed with 

O.5N" sulfuric acid. Two fractions were obtained, one in 

Skelly F:acetone 1:1 and a second in Skelly F:acetone 

3.5:6.5. This experiment was then repeated with the follow

ing modifications. A one ml. aliquot of bile was mixed with 

1 gm. of dry acid-washed Celite and the resulting slurry was 

tamped on top of 9 grams of acid-washed Celite in a :; em. 

diameter column. Chromatography was effected with 100 ml. 

each of Skelly F:acetone, 1:1, 2:3, 3:7, 4:1, acetone, ani 

finally water. At least 3 major peaks of radioaotivity were 

obtained. The first peak washed through with the Skelly F: 

acetone, 1:1 vlv forerun, the second peak was contained in. 

fractions of the Skelly F:aceto.n.e, 2:3 vlv solvent and the 

third peak in the Skelly F:a'cetone, 3:7 vlv fractions. 

Unfortunately the bile salta and other constituents of rat 

bile were eluted along with the radioactivity. Subsequent 

attempts to vary the solvent system did not improve on this 

initial separation. The eluates from this column chromatog

raphy were acid and on paper chromatogra.phy in butanol: 

methanol, 3:1 saturated with water all of the radioactivity 

was located at the solvent front. The radioactivity oould 

be extracted into O.lM sodium bicarbonate. Attempts to 

ooncentrate this material by vacuum distillation yielded & 

tar that migrated to the solvent front on paper chromatog

raphy. 



81. 

Other oolumns that were tried but which failed to 

give separation of the radioaotive metabolites were: 

1. Cellulose powder with butsnol:methanol:H20 (3:1:4) 

2. Folin's Permutit with ethanol, methanol, benzene.

pyridine, H20.

3. Anhydrous sodium sulfate wi th pyridine and ethanol. 

4. Alumina:silica 25:75 cracking catalyst with ethanol

and water.

Aoidification of bile to pH 4 resulted in a precipi

tate (protein oonjugate) with 2.08 times the specific activity 

of the bile but containing only about 30 percent of the radio

activity in the total bile sample. Precipitation of barium 

insoluble material resulted in no change in the specific 

activity of the supernatant. Precipitation with zinc car

bonate resulted in a twofold decrease in the specific 

activity in the supernatant. 
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4. DISCUSSION

The first tests for the purity of vitamin Kl-C14 

were performed about eight months after the first lot of 

vitamin KI-Cl 4 was synthesized and therefore a few experi

ments were conducted using vitamin Kl_C14 of unknown purity_ 

It ia of some importance to keep this in mind when evaluat

ing these experiments although it would be difficult to 

revise the data since neither the exact amount nor the 

tissue distribution of the impurity is known. However, when 
l 4 purified vi tamin K1-C was used the general picture for the 

tissue distribution did not differ greatly from that obtained 

with the impure material. 

When radioactive Vitamin KI-C14, labelled in the 

methyl group, was administered intravenously to a rat no 

significant amount of the radioactivity appeared in the 

expired air. It appears, therefore, that the 2-methyl-Cl 4 

group was not removed and by inference the aromatic nuoleus 

was not completely metabolized. A fractionation of rat 

blood into plasma, erythrocytes, and buffy coat indicated 

that radioactivity could be deteoted in all the fractions. 

Fractionation of A.C.D. plasma by the method of Cohn et al 

(14) revealed that the globulin fractions were associated 

with most of the radioactivity one hour after the adminis

tration of vitamin KI-C14 and that the albumin fractions 
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had the highest oonoentration after sixteen hours. Solvonuk 

et al (95) obtained similar results for vitamin K3-c14 given 

intramuscularly to mice. The difference in the radioactivity 

between the albumin and globulin fractions may be due to the 

metabolism of the vitamin Kl-cl4• 

A comparison of the oral, intramuscular, and intra

venous routes of administration showed that the vitamin was 

rapidly distributed throU8hout the body regardless of the 

route of administration. When vitamin KI-C14 was given intra

musoularly, up to one-third of the dose could still be found 

at the site of injection after 24 hours. The spleen acoumu

lates more vitamin Kl after intravenous injection than it 

does folloWing either oral or intramuscular administration. 

Since radioactiVity appeared in the bile soon after the 

administration of radioactive vitamin Kl-Cl 4 it was difficult 

to determine the completeness of absorption of the orally 

administered Vitamin. The intravenous route was therefore 

chosen for a study of the effeot of increasing doses of 

vitamin Kl. This experiment demonstrated that in all the 

tissues studied the deposition of the vitamin Kl inoreased 

logarithmically as the log of the dose of the vitamin 

increased. 
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The isotope dilution test on the bile is of some 

interest beoause in the first plaoe it oonfirms the observa

tion (25)tha'b no vitamin Ie1 could be detected in bile using 

the colorimetric assay 01 Irreverre and Sullivan while at 

the same time the presence of 014 indicates that a form of 

the Vitamin is present in the bile. Greaves (4l) reported 

that bile itself contained low levels of an antihemorrhagic 

faotor that would allevia.te the prolonged prothrombin times of 

vitamin K defioient ohicks. Furthermore, he was able to dem

onstrate that the active principle could be preoipitated with 

zinc hydrOXide and could be demonstrated after removal of the 

zinc. 

Dam et a1 (26) have suggested that the high oonoen

tration of vitamin Iel in the liver and spleen of the rat is 

related to phagocytosis by the retiouloendothelio1 system. 

However, the differences obtained between the ooncentration 

of a14 in the livers and spleens of rats given Vitamin Kl-C14 

suggest that either this phagooytosis did not prevent the 

metabolism of the vitamin Ie3-C14 or the vitamin K3- 0l 4 sus

pension was not phagocytosed to as great an extent as the 

oolloidal suspension of vitamin ICl-c14. Radioactivity does 

pass from the maternal tissues to the fetal tissues and, 

furthermore, in the case ot Vitamin Kl-C14• a portion of the 

radioactivity in the fetus exists in unohanged form. The low 

conoentration of Vitamin Iel in fetal and placental tissue 
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probably aocounts for the failure of Dam et a1 to detect it 

using their extraction procedure and colorimetric estimatio.Q 

(2.6). Nords and Bennett (74) have presented evidence that 

the placenta may be a site of prothrombin formatioll. When 

vitamin Kl_C14 was administered the concentration of radio

actiVity was significantly greater in the placenta than. in 

either the maternal blood or skeletal muscle. The vitamin 

Kl_C14 equivalent of the placenta was less than that of the 

maternal liver but significantly greater than the concentra

tion in fetal liver. 

Since a ratio may be increased either because the 

numerator was increased, the denominator was d~creased, or 

both, it is important to note that the increased ratios 

presented in Table 10 were due to a marked increase in the 

weight of the livers of the pregnant rats. If one refers to 

the data presented in Table 9 it can besho.n that the per

centage of the injected dose of either vitamin K1-c14 or 

Vitamin. K3-C14 present in the livers of the pregnant rats 

did not differ significantly from that in the livers of non

pregnant rats. It might be suggested that if the liver 

weight of the pregnant rats had not increased we might have 

expected a relative deficit due to the increased metabolio 

demands which the uterine contents could present. Also the 

tissues of the pregnant rats were probably hydrated in com

parison to the tissues of nOll-pregnant rats. If allowance 
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were made for the exoess tissue water of the mothers the 

differenoe between the ratios would have been even greater 

than shown in !able 10. 

In 1940 fooantins (96) suggested that the low pro

thrombin level of the newborn i.nfant may be due to a low 

funotional oapacity of the liver. Dam (20) pointe4 out that 

if this were true then the reduoed functional capacity must 

differ from that observed in chloroform poisoning or cirrhosis 

as the latter do .not respo.nd to vitamin K therapy. Since 1t 

has recently been shown {77} that the initial hypoprothrombin

emia of the newborn does not respond to Vitamin K it would 

appear that this objection is no longer valid. Moreover. 

Jurgens (53) observed that if the liver po1so~s carbon tetra

chloride or trypan blue were administered 20 hours after 

dico~arol and 50 mgm./kg. of vitamin Kl was given intraven

ously 40 hours after the dicoum.arol the prothrombin. times of 

rabbits returned practically to normal in 2 to 4 hours. 

Unfortunately it was .not possible to perform isotope 

dilution tests with vitaminK3 because the added vitamin KZ 

could not be recovered once it was added to the tissue. This 

observation is supported by other reports (13) (88). 

It has been shown. that the,a;:L,tt that is excreted 

in the bile and urine of rats was not present as unchanged 

vitamin Kl-C14• Furthermore, at least two metabolites of 
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vitamin K3-Cl4 exist as water soluble substances, the 

diglucuronide, and the mono8ulfate (47). Our ex,Periments 

indicate that the bulk of the radioactivity in the fetus, 

88~, exists in some form other than unchanged vitamin 

ICl_Cl4. We do not rkhow~c~rrowe:v€~~, whether the vi tamin Iel 

crossed the placental barrier in a water soluble form: for 

example, an es.t er which was then hydrolysed to vi tamin Iel 

in the fetus or whether it was transferred to the fetus as 

vitamin Iel am metabolized to some other derivative. 

When a comparison was made between the data obtained 

for various experiments it was observed that there was a 

marked difference in the percent of the injected dose of 

014 deposited in the livers of rats. The data presented in 

c~able 13~, for example, show that the percent of the injecte4 

Cl 4 was seven times greater for the adult male rat than for 

the pregnant ferr~le rat given a comparable dose of vitamin 

KI-Cl 4 • The results presented in Table 12 showed, however" 

that there was no differenoe between male and ferrale rats 

but that there was a marked difference in 014 coneentratio4 

in the livers of young and old rats. Although dietary 

factors can influence the C14 levels in the liver as shown 

by the data in ~ble 11 this does not account for all of the 

variation. !WO comparable groups were fed a stock laboratory 

ration of calf meal pellets ad libitum and whereas one group 
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of four rats had 3.70± 0.90 (S.D.) peroent of the injected 

C14 in their livers (Table 11) another group of six rats 

(Table 12) had 11.8+ 2.7 (S.D.) percent. The difference was 

statistically significant. The first group of rats (Table 11) 

were bred in the animal quarters of the Department of Physiol

ogy from parents of unknown lineage and the other group was 

obtained from Mrs. Brown. Since the breeding of rats by the 

department has been discontinued it was not possible to test 

for a difference in the Vitamin K metabolism of the two 

strains of rats. If two such strains of rats were available 

they might be useful tools for the study of Vitamin K 

metabolism. 

D.D.!. (1,1,1 - trichloro - 2.2 - bis (p-chlorophenyl) 

ethene) was employed as an insecticide in the animal quarters 

and since some of the animals (Table 9) were accidentally 

exposed several times to D.D.!. a comparison was made between 

the percent Cl 4 deposited in the livers of adult female rats 

exposed to D.D.!. (Table 9) and the adult female rats (Table 12) 

that were not exposed to D.D.!. The values obtained were 

19.3+3.5 (S.D.) percent for the D.D.!. treatefl group aAd 

18.9+3.5 (S.D.) percent tor the nontreated group. The dif

ference was not significant and therefore we felt that 

spraying with D.D.f. had not affected the results obtained. 
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Attempts to isolate the metabolites of vitamin Kl-C14 

from the urine and bile of rata were unsuccessful. The best 

procedure tried thus far was chroma tography on Celi te 5415., 

It appeared that at least three radioactive metabolites were 

present in the bile of rats that had received vitamin Kl-C14• 

All attempts at further concentration. and purification of 

these metabolites failed. Hydrolysis of the radioactive com

ponents ill ra t bile wi thf5'-glucuronidase indica ted the presence 

of glucuronide conjugates of the metabolites of vitamin Kl-C14• 

The faot that Vitamin Kl-C14 was not obtained on ether extrac

tion or urine hydrolysed with eerie sulfate reagent whereas 

added Vitamin K1 was recovered indioates that the Vitamin Kl-C14 

underwent some moleoular transformation or degradation. In 

the light of results obtained by Simon and co-workers (92) on 

the metabolism of vitamin E it seems likely that scission ot 

the aliphatic phytyl side ohain of vitamin Kl-C14 might have 

taken plaoe. Furthermore. Fieser and eo-workers (35) have 

demonstrated degradation of various side chains on 

2-hydroxy - 3 - alkyl - 1.4-11aphthoquinones. 

It is of interest to note that complete hydrolysis 

was not obtained when the diphosphate of vitamin K3 was hydro

lysed with acid phosphatase or when Vitamin K3-disulfate was 

hydrolysed with Mylase P. In both cases the products of 

hydrolysis seemed to be the corresponding mono-esters and 

these mono-esters appeared to resist hydrolysis. 
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One of the most useful techniques that was acquired 

was the hy~lysis of esters of both vitamin Kl and vitamin KZ 

with cerie sulfate reagent. fhis reagent readily hydrolyses 

the sulfates, phosphates,and acetates without destruction of 

the vitamin Kl or vitamin K3 components. 
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5. CONCLUSIONS 

Chromatography on Foli.D.ts Permutit and zinc carbonate 

provided an [effective purification of small amounts of vitamin 

Kl-cl 4 • No difference was observed in behaviour on the column 

whether the vitamin Kl_cl 4 was synthesized from phytyl alcohol 

or isophyty1 alcohol. Although equal amounts of 014 were pres

ent_in the liver, spleen and blood following administration of 

the two lots of vitamin Kl-Cl 4, the a14 content of the skeletal 

muscle was about 1.6 times greater when vitamin Kl-C14, lot 

No.1, was administered than when lot No.2 was given. The 

vitamin K~_c14, lot No.1, possessed biological actiVity in 

the sense that it reversed the hypoprothrombinemia caused by 

Warfarin administration. 

When vitamin Kl-Cl4, labelled in the methyl group, 

was administered intravenously to a rat no significant amount 

of radioactivity appeared in the expired air. It therefore 

appears that the naphthoquinone ri.agstructure was not com

pletely metabolized. A. fractionation of the blood into plasma. 

erythrocytes, and buff,y coat indioated that radioactivity could 

be detected in all the fractions. Fractionation of the plasma 

proteins by the method of Cohn and co-workers (14), following 

oral administra.tion of the vi tami.n K1-C14 indicated that the 

014 was transported primarily in the globulin-containing frac

tions of the plasma one hour after oral administration of the 

vitamin and primarily by the albumdn fractions after 16 hours. 
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A comparison of the oral, intram.uscular, and intra

venous routes showed that the vitamin was rapidly distributed 

throughout the rat 1s body regardless of the route of adminis

tration. When vitamin Kl-c14 was given intramuscularly up to 

one-third of the dose could still be found at the site 01 

injection after 24 hours. The spleen accumulated more a14 

after intravenous injection than following either oral or 

intramusoular administration_ Since radioactivity appeared 

in the bile soon after the administration. of radioactive 

vitamin Kl_c14 it was difficult to determine the completeness 

of absorption of the orally administered Vitamin. The intra

venous route was chosen to study the effeot of increasing the 

dose of vitarrdn Kl- fhis experiment demonstrated that the 

depositio11 of vitamin Kl inoreased logarithmically as the log 

of the dose of the vi tamin increased. 

Large amounts of radioactivi ty appeared. in the fetus 

after intravenous or intramuscular administration of the 

vitamin. Over a six-day period more radioaotivity was excreted 

in the feces than in the urine. 

Isotope dilution tests on urine and feces following 

intravenous admiJlistra tio.o. of radioaotive vi tamin Kl-CI 4 

indicated that all of the radioactivity in the urine was 

present as metabolites of vitamin KI-C14 and only 6.5% of the 

activity in the feces was present in the form of the unchanged 
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vitamin.. Since only 1.5% of the radioactivity in the bile 

was unchanged vitamin Kl-C1 4 while 15% of the activity founi 

in the small intestine was present in this form it appears 

that some reaction., such as hydrolysis of oonjugates, had 

taken. plaoe. 

It was evident that the liver of the rat was capable 

of "storing" Vitamin Kl but this acoumulation was not 

restrioted to the liver. ~l the tissues investigated showed 

an uptake of radioaotivity that inoreased with increasing 

doses of vitamin Kl-C1 4• Isotope dilution studies indioated 

that not all of the activity present in each tissue was pres

ent as unmetabolized vitamin Kl - 01 4 . In the liver of a male 

rat about 22~ of the activity was present as some metabolite 

of vitamin K; in the skeletal muscle about 26% existed in some 

altered form. The plaoental tissue from a pregnant rat oon.

tained 59% unohanged vitamin Kl-cl4 whereas the fetal tissue 

contained only 12~. Therefore it appears that about 88% of 

the 014 in the fetal tissue was present as metabolites of 

vi tamin Kl-014. 

The Vitamin. K equivalents of the livers of pregnant 

and non-pregnant rats given vitamin Kl-C14 were about 24 times 

greater than those of rats that had received Vitamin K3-c14 • 

A fivefold difference in the same direction. exists between 

the ooncentrations in the spleens of the two groups. The 
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vitamin Ie equivalents for skeletal muscle, blood, placenta. 

fetal liver, and fetal tissue were of similar magnitude 

regardless of whether vitamin Iel or vitamin K3 was adminis

tered. The results of this experiment indioate that vitamin 

IC3-c14 was not ecneennza ted in the liver of the ra t whereas 

vitamin K1- C14 was. Furthermore, it would appear that both 

vitamin K1 and vitamin K3 can pass the plaoental barrier of 

the rat. 

The dry weights of the livers of pregnant rats were 

greater than those of non-pregnant rats and the inorease was 

proportional to the live weight of the pregnant rat. No sig

nifioant difference could be demonstrated in the peroentage 

of the injeoted dose of vi tamin K1 or vi tamin K3 deposi ted i.o. 

the livers of pregnant or non-pregnant rats. 

The synthetic diet that was fed to rats in order to 

deplete their stores of Vitamin Ie was also deficient in other 

essential lipid nutrients and therefore the only conclusion 

that can be drawn from this experiment is that vitamin K 

metabolism oan be influenoed. by dietary deficienoies. 

An attempt was made to reoonci1e the variability in 

the data obtained for the percent of the injected 014 in the 

tissues of different groups of rats by designing an experiment 

to test the effeot of age, sex, and the method of preparation 

014•01 vitamin Kl-C14 on the tissue deposition of Although a 
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significant difference was noted in the deposition of 014 in 

the skeletal muscle depending on the method of preparation of 

vitamin Kl-C14, no such difference existed in the livers, 

spleens or blood. The most marked differences appeared in 

the percent of the 014 deposited in the livers and spleens 

of the old rats as compared with the young animals. Rata 

weighing approximately 200 grams have about If times as much 

014 in their livers and spleens as compared with the young 

animals weighing about 100 grams. The sex of the animals 

appears to be unimportant. We were also able to show that 

the accidental ingestion of D.D.i. did not influence the 

deposition of 014 in the livers of experimental animals. 

Since all of the variation in the data was not 

accounted for it was suggested that different strains of 

rats might metabolize Vitamin Iel at different rates. How

ever, no experiment was designed to test this hypothesis 

because one strain of rata was no longer available. 

Some interesting observations were made during the 

course of our attempts to isolate and identify the third urinary 

metabolite of vitamin K3-C
l 4• !rhis metabolite was shown by 

paper chromatography to differ from the diphosphate, monophos

phate, disulfate and monosulfate of Vitamin K3• The diphosphate 

of vitamin K3 was remarkably stable to acid hydrolysis but was 

easily hydrolysed to vitamin K3 with eerie Bulfate reagent. 
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Wheat germ acid phosphatase brought about a partial hydrolysis 

and it was suggested that the main produot was a monophosphate. 

The disulfate of vitamin K3 was hydrolysed by refluxing in 

1.2 N hydrochloric aoid but it was even more readily hydrolysed 

with cerio sulfate reagent sinoe the ester was split spontane

ously at room temperature. Mylase P was able to hydrolyse 

partially the disulfate of vitamin K3 and when the products of 

hydrolysis were subjected to paper ohromatography the prinoipal 

produot behaved in a manner similar to the monosulfate described 

by Hoskin (46). 

The C14-containing metaboli tes of vi tami.!l ICl - c14 in 

rat bile were hydrolysed by~-glucuronidasebut not by Mylase P. 

It was conoluded that some of these metabolites existed in the 

form -of gluouronide conjugates. However, reverse phase parti

tion paper ohromatography of the products of eerie sulfate 

hydrolysis indicated that oonjugates of vitamin Kl-Cl 4 8S such 

were not present. It was suggested that degradatioa of the 

phyty1 sid e enaan had proba bly taken place. 

Attempts to isolate the metabolites of Vitamin Kl-c14 

from rat urine and bile by paper chromatography and i04 exchange 

on ~4B, IR45 , and Dowex 1, and column ohromatography on Celite 

545 and alumina indicated that at least three metabolites of 

vitamin Kl-C14 were present in rat bile. 
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6. SUMMARY 

1. Vitamin KI-OI4 oan be purified by chromatography on

Falin's Permutit and zinc oarbonate.

2. Reverse phase parti tion paper chromatography. the 

ultra-violet ati.o~tion spectrum, the ethylcyanoacetate 

color reaction and the diethyldi thlocarl:ama te 

reaction oan all be used to adv~ntage to verify the 

purity of vitamin Kl. 

3. The Vitamin KI-014 used possessed biological activity

in that it would serve as an antidote in Warfarin

intoxioation.

4. lio radioactive C1402 was expired following the adminis

tration of vitamin Kl-cl 4 and therefore it was con

cluded the Vitamin Kl-c14 was not completely metabolized. 

5. a14 was detected in the formed elements of the blood

and in the plasma followitlg ora.l and intravenous

administration of vitamin KI-014• Furthermore, a

fractionation of the plasma proteins indicated that

the 014 was transported primarily by the globulin

containing fractions one hour after oral admin.1str&.

tion and by the albumin fractions after 16 hours.

6. The levels of 014 in the blood and bone marrow were

much lower than in the liver and spleen of rats.
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7. The degree of deposi tion of C14 in the spleen. 

depended on whether the vitamin Kl-Cl 4 was ad~dn

istered orally, intramuscularly, or intravenously. 

The greatest amount of the vitamin was deposited in 

this organ following intravenous administration. 

No marked differences in the liver levels were 

observed. The vitamin Kl-Cl 4 equivalents of the 

blood and the heart of the rat given the intravenous 

injection were lower than those of the animals given 

vitamin Kl - c14 orally or intramuscularly. 

8. Radioactivity was present for at least 6 days in the 

tissues of rats given Vitamin Kl-c14 intravenously 

and intramuscularly. 

9. As the dose of vitamin KI-014 was increased from 

5 mgm.!kgm. to 82 mgm.!kgm. the conoentration of C14 

in the liver, lung, kidney, spleen, heart, blood, 

muscle, urine, and feces increased. 

10. Vitamin Kl-Cl 4 was concentrated in the liver of 

pregnant and non-pregnant temale rats whereas 

vitamin K3- Cl 4 was not. 
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11. Radioactivity was detected in the placenta, fetus, 

fetal liver, and amaionic fluid of rats following 

the administration of both vitamin KI-C14 and 

vitamin K3-C14. Furthermore, the C14 concentrations 

of these tissues were of the same order of magnitude 

regardless of whether vitamin KI-C14 or vitamin K3- 0l 4 

was administered. 

12. It was observed that following intravenous adminis

tration of vitamin Kl-C14 twice as much 014 was 

deposited in the livers of rats on a fat-free, 

vi tamin K-free diet as was deposi.ted in the livers 

of normal control animals on a stock laboratory 

ration of ca1f-mealpellets. 

13. The livers and spleens of young rats contained much 

less 014 24 hours after the administration of 

vitamin K1-c14 than did the livers and spleens of 

older rats. 

14. More radioactivity was deposited in the skeletal 

muscle of rats given vitamin Kl-C14 that was synthe

14 sized froID,isophytyl alcohol than for vitamin K1-C

synthesized from phytyl alcohol. 

15. The sex of the rats did not influence the deposition 

of 014 in the livers, spleens, blood, or skeletal muscle. 
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16. Accidental exposure to D.D.T. did not influence 
.~

the deposition of 014 in the livers of adult rats. 

17. Isotope dilution tests indicated that none of the 

radioactivity in the urine of a rat given vitamin 

14 was present as unchanged vitamin Kl-014.K1-C

Only 1.5% of the activity in the bile was present 

in unchanged form whereas a value of 6.5% was 

obtained for fecal material. 

18. Values of 78% and 120% were obtained for the C14 

present as unchanged vitamin K1-c14 in the livers 

of two rats. The percentage of the injected C14 

present in these two rat livers were 2.8% and 20% 

respectively. 76% of the 014 in skeletal muscle 

existed as unchanged vitamin Kl-C14• 

19. The fetal tissue from a pregnant rat contained 12% 

of its total C14 content as unehanged vitamin K1-C
14 

whereas 69% was in this form in the placental tissue. 

20. The diphosphate and disulfate of vitamin K3 are readily 

hydrolysed by eerie sulfate reagent. The diphosphate 

is stable to acid hydrolysis whereas the disulfate 

can be hydrolysed by boiling in 1.2 N hydrochloric 

aoid. 
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21. Both the diphosphate and the disulfate of vitamin K3 

can be hydrolysed with the corresponding enzymes 

wheat germ acid phosphatase and Mylase P but appar

ently only one ester linkage was hydrolysed and the 

monoesters resulted in each case. 

22. It was concluded that one or more of the metabolites 

of vitamin Kl-C14 in urine and bile existed as 

glucuronide conjugates because hydrolysis with' the 

enzyme;8-g1ucuronidase resulted in an increase in 

C14-containing, material.ether extractable, 

The C14-containing,23. ether extractable, material 

obtained from rat urine following hydrolysis with 

hydrochloric aCid, was readily removed from the 

ether extraot by dilute sodium bicarbonate and 

could be re-extracted into the ether after destruc

tion of the bicarbonate and acidification of the 

solution. 

24. Reverse phase partition paper chromatography of the 

ether extraotable, C14-oontaining, material from rat 

urine folloWing hydrolysis with eerie sulfate reagent 

indicated that the C14-containing material was 

probably not vitamin K1-C14 but rather a degradation 

product of Vitamin K1- C14• 
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25. Attempts at the isolation of the metabolites of 

vitamin Kl_C14 in urine and bile of rats by paper 

chromatography, ion exchange, and column 

chromatography were all unsuccessful. 
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7. SUGGESTIONS FOR FUTURE WOHK. 

Since some evidence has accumulated to indicate 

that the side chain of vitamin Kl might be oxidized and 

degraded (35) (39) (96) it seems that the synthesis and 

administration to rats of vitamin Kl-C14 labelled uniformly 

in the side chain would be worthwhile. Perhaps the 

biosynthesis of the phytyl alcohol could be accomplished 

using plant material. An investigation of the synthesis of 

phytyl alcohol or of vitamin Kl by plants might provide use

ful information that could be applied to the possible 

synthesis of Vitamin K in animals. 

The metabolism of vitamin K1 and Vitamin K3 in species 

other than the rat might provide some useful information on 

Vitamin K metabolism. The effects of operative procedures 

such as thyroidectomy, and adrenalectomy on the metabolism 

of vi tamin K could be studied. Metabolic studies should be 

extended to tissue slices, breis, and homogenates. 

The ether extractable material, resulting from the 

cerie sulfate hydrolysis of the vitamin KI-Cl4 metabolites 

in urine, might be isolated and identified. 

Vitamin Kl is more efficient than Vitamin K3 on an 

equimolar basis, as an antidote in anticoagulant intoxication. 

At doses of about 5 mgm.!kgm. vitamin K3 is excreted as 
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gluouronide and sulfate oonjugates much more rapidly than 

vitamin Kl- At lower plasma levels the reaotions by which 

vitamin K3 might be transformed into a more biologically 

active oompound might predominate. Perhaps the antidotal 

effeot of vitamin K3 would be greater if it were given over 

a longer period of time by continuous intravenous infusion 

to anticoagulant treated animals. 

An isotope dilution experiment was conducted to test 

for the conversion of vitamin K3 to Vitamin Kl. One mgm. of 

vitamin K3- Cl 4 was administered to a rat and the animal was 

killed 24 hours later. One half of the liver was assayed for 

c14 whereas the other half was ground with nonradioactive 

Vitamin Kl and the vitamin Kl was isolated by the teohniques 

described previously_ The yellow oil that was isolated oon

tained 014, suggesting that vitamin KI-Cl 4 was present, but 

on repeating the purification procedure the specific activity 

decreased to 20 peroent of the original value whereas the 

purity of the vitamin Kl t as determined by the Irreverre 

Sullivan colorimetric reaction, increased only 2 percent. 

This would indioate that the radioactive component in the 

extract was not vitamin Kl-c14• Vitamin K3-C14 was separated 

from vitamin Kl by the solvent extraction and chromatographic 

procedures so it seems that the vitamin K3-cl4 was transformed 

into some substance with solubility properties very similar to 

vitamin Kl_ The isolation of this substance, its identifica

tion and the metabolic pathway involved in its formation 

would be a subject for study. 
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Vitamin K has not been isolated from mammalian 

tissues. It is not known whether the vitamin K in hog liver 

or beef liver is vitamin Iel or vitamin K2 or even whether it 

is a naphthoquinone. At least 7 kgm. of fresh beef liver 

would be required for the isolation of the equivalent of 

:5 mgm. of vitamin !Co, calculated on the basis that bee:! 

liver contains the equivalent of 71 ~m. of menadione (43). 

If the vitamin K in beef liver were not present as a fat 

soluble materia.l but existed as a more hydrophilio derivative 

such as a glucuronide the extraction procedures for vi tam1n Kl 

would be of limited value. 

Although Ii difference in C14 deposi tioJl was founa in 

the livers of ra ts on a fa t-free, vi tamin K-free diet compared 

with rats on a stock laboratory ration it might be questioned 

whether the effect was due to the lack of vitamin K or to the 

lack of fats or essential fatty acids. The effects of these 

dietary factors on vitamin K metabolism have not been 

inves tigated. 
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TABLE 'I 

Separation of vitamin II from vitamin 13 on FolintaPenmtti". 

Solvent. Fraction Color Irreverr.··Sul1iYaD 
on .0. ot spot 

eol_ (50 111.) eluate ted VitaaiB 

StellT F 1 negatift 

2 negative-
SkellT F+10% Beuen. 3 negative 

4 - negatift 

5 - negatiT. 

6 negativ. 

7 - negatiTe 

Skel.1y F+20% Beune 8 yellow blue 

9 7811011 b111e }
le> - faintolu. 

11 nesati.,..-
12 - faint piDle 

SkellT F+ 30% Benzene 13 -pink 

14 yell.... piDk 

1S - faint piDle 



ii 

acbni nistered. intraveno\1s17 to Warfarin treated rats. 

2. rat•. red 2 rat. reel 2 rate 1M 2 rats tett 
calfaeal 2 doses·· of 1 dose 1 dose 
pellets Warfarin Wartarin Warfaria 

(5 mga./kg./dose) (5 ~./kg.) (5 - .../kg.) 

Initial pro
thrOilbin 
tiae 

SolutioD 
injected 

Prothro... 
biD. tiae 
2 hours 
atter 
injeetioll. 

25 sec. >180 sec. 

26 sec. >l8O see. 

1 ml.,C;",~%
~ween;·gO

26 sec. 

248.0. 30 sec. 

>180 see. 

>180 sec. 

0.2 1I1., 
vitamin 
It-C14 
Lot #1 

(lmgm../kg.) 

51 sec. 

70 sec. 

>180 sec. 

;> 180 sec. 

'7 180 sec. 

/ 180 see. 



iii 

TABLE ;ill 

A comparison of the vitamin (l-C14 equiTalent. iD plaSJl&, 

erythrocytes, and buff7 coat followiDg oral aacI 

intravenou.s administration of vitamin II-C14 • 

Ti.me interval to collection of. blood sample. 

16 hr. 5 hr. 

Vitamin I,-CU. e911iv&18I1t..../100 ti. blood 

Oral Oral IntraveD0118 

Plasma 28 53 

Washed 
erythrocytes 31 27'1 

0.34 

Plas_ fractions: 

1+ ill·3 35 0.97 

11 4.0 K.A..

lll-O K.l. Ii.A.

111-1,2 1.0 I.A.

IV-1 2.9 0.7S

IV-6+7 1.2 0.50

V 6.2 3.7

n 2.7 3.3

Rote: Oral dose of 1{1-C14 = 3.0 ap./kgm.. (specific activit7 
1.'3 x 105 counts/min./mgm.1. 

IntraTeDOUS dose 1{1-C14 ;:: 6.9 mp.jkgm.. (sptcific activit7 
3.0 x 10' COllDtS/miR./ap.). 

I.A.. =no significan.t activit7. 



iv 

A eomparison of the levels ot cl4 in the blood, reticuloendothelial 
tissues, and other tissues five hours after intravenous 
administration of vitudn (l-C14. 

Tissue %·of the administere. Vita.mill 11-014 
vitudn Il-C14 depos
ited in the tissue. 

equivalent 'JIgm./ p. 
of dry tissue. 

Spleen 

Liver 

Bone marrow 

Blood 

Lung 

fidne7 

Heart 

Skeletal musele 

GI Tract and 
contents 

5.85 

17.70 

4.l7 t 
t+ 

6.13'*" 

0.72 

0.56 

0.25 

8.85 t+ 

.333 

91.3 

19.2 

31.5 

17.4 

Dose of vitamin II-C14 = 6.25 ~./kg. (one r a t ). 
Specific activit7 9.5 J[ 105 counts/min./mglll. (Lot 10. 2) 

+Caleulated on the basis of blood constituting 2% of the dr.1 
weight of the rat's body. 

t+ Calculated on the basis of IlUscle constituting 27% of t.hedry 
weight of the rat's body. 

tt+ Calculated on the basis of the dry weight of the bone marrow 
being equal to that of the liver (38). 



v 

TABLE If> 

Distribution of radioactivity in a rat nine hours atter the 
intraTenous.adJainistration or vitamin Ii-cU-. 

Organ %of injected 014 Vitamin I1-c14 
deposited ift the equivalent 
organ. !gm./p. tissue. 

Liver 

Lung 

Kidney 

Spleen 

Heart 

Caecum, large bowel 
and contents 

Stomach and. 
contents 

small intestine 
and contents 

Urine 

Remainder 

Total % 

16.60 

1.75 

0.23 

0.9.3 

0.22 

79.00 

107.0

6.07 

4.80 

0•.37 

4.54 

0.67 

-

Weight ot rat .310 gil. 

Dose ot 11-C14 0•.32 -g./kg. (specific activity .3.0 x 105 
,counts!min.!mga.) •

(Lot 10. 1, not purified). 



TABLE¥I 

Comparison of oral, intramuscular, and intravenous administration of vitamin Il-CU. 
on tne vitamin K1-C14 equivalent and percent of administered activity in rat tissues. 

Route of admin
istration of 
vitamin K1-014 Intravenous Intramuscular Oral--..... 

Tissue Vitamin II-C14 %of the injecte. Vitamin 11-014 %of the injected Vitamin 11-014 %ot the injected 
assa,..d. equivalent l1g!g. activity deposited equivalent l1g!g. activity deposited equivalent J/lg/g. activi"7 

~.~l~~~.__~nj;hetissue. dry tissue. in the tissue. dry tissue. in the tissue. 

Liver 21.0 3.50 15.0 2.70 lS.0 2.60 

Lung 5.8 CO.13 5.6 0.13 10.0 0.21 

Kidne7 6.1 0.16 3.7 0.11 4.8 0.15 

Sp1ee. 35.0 0.59 8.6 0.22 8.4 0.0' 

Heari 0.9 0.01 3.7 0.47 8.9 0.13 

Blood 0.6 0.19'- 4.5 1•.39 t- 3.4 0."+ 

Husc1e 0.4 1.72++ 1.30.0 19.00+-+ 2.5 9.64++

t Calculated on the basis ot blood constituting 2% of the dry weignt of the rat I 8 body. 
tfCalculated on the basis of skeletal muscle cOBstituting 27% of the dry weight of the rat's body. 

Site of intramuscular injection. 

Dos8 vitamin 1:1-014 1.0 Jap., (specific activit,. 3.0 x 105 counts/min./mp.), Lot 10. 1, not purified. 

Rats obtained from E.G. Steinhilber and Company, @.shkosh, Wisconsin, U.S.A. 



l44 Liver 70 2.~O 09.0 3.9U 
Lung 
Kidney 

21 
26 

0.13 
0.12 

1.0 
1.6 

0.01 
0.01 

Spleen 290 1.35 4.7 0.02 
Hearl 60 0.20 2.5 0.01 
Blood 13 0.95 + N.A. H.A 
Injection site 480  4.40 
Feces 382 43.00 190 38.0 
Urine 19.00 14.0 

+ Calculated on the basi. ot blood constituting 2% of the dry weight of a rat t s body. 
The specific activity aftne vitamin K1-C14 was 6.15 x 103 counts/min./mgm. 
Por the intravenous injections and 5.70 x 103 counts/min./mgm. for the intramuscular injections. 

Dose was 26 mp../kg. , Lot No.1, not purified. 

H.A. = Radioactivity not statistically different from background.. 

Rats obtained from Hr. Halstead, Saskatoon, Canada. 
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-'TABLE XIr 

Comparisonot the vitamin Kl-C14 equivalent and the pereen.t of injected activity deposited. in 
tissues ot rat. 24, 72 and 144 hours atter intravenous and intramuscular admin1stratioD ot 

vitamin K1-cl4. 

Route of acl.Jll1n
istrationof 
vitamin 11-C14. 

Time ot 
sacrifice Tissue 
(hours) a••a~".

24 Liyer 
Lung 
Kidney 
Spl••n 
Heart. 
Blood 
Inject10D site" 
Feces
Urine

Intravenous 

Vitudn KI-014 %ottbeinjectecl 
eqW.valentl1gjg. act1vitydepositecl 
~_~i••~,~111 the_ t1s'-\1••'-___ 

Intr8Jm1scular 

Vitamin (l-C14 %ot the injected 
equiYalentWg. act1vity deposited 
o.17t1sJ11•• in the tissu•• 

72 Liver 
Lung 
Kidney 
Spleen 
Heart 
Blood 
Injection site 
Feces 

300 
SO 
50 

2480 
52 
50 

555 

98
70 
21 

210 
85 
24 

250 

S.20 
.33 
.28 

9.10 
.18 

3.60T 

5.30 
9.70 

3.30 
.35 
.12 
.90 
.21 

1.85 + 

12.00 

180 
90 
84 
72 
63 
63 

lOS0 
148 

96 
96 
35 
42
4'54 

490 
185 

10.00 
.72 
.67
.27 
.24 

5.10 + 
32.00 

5.50 
3.70 

5.00 
.49 
.03 
.02 
.02 

3.80+ 
5.60 

26.00

<. 

Urine , .~. '.'1fJ 



TABLliVJ. I I 

The effect ot .inereasing the intravenous dose ot vitamin Ia.-C14 on the tis.uedeposition ot 014• 

82.0 
given (mgm.) 
Total vitamin (1 5.6 9.3 22.0 39.0 

1.2 x It:1+ 
Specific activity 1.8 x 105 8.6 x 104 4.4 x 104 2.4 x 104 
(ecn1D.t_/min./mgm. ) 

Weight ot rat (gms_.) 9~_ _ 11>$_ ___ 3Q ~ JQ3 98 

% I-E % K-E % I-I: % 1..1: % I-E

Liver - 6.70 16 6.40 34 7.30 74 a.50 1SO 15.0 600 
Lung - 0.52 18 .43 26 .21 35 .42- 100 .51 240 
Kidney - 0.30 9.3 .28 14 .12 14 .20 39 .25 100 <:.. J-l• Spleen 0.14 7.6 .47 36 .35 74 .70 150 .81 5S0 

1-1.
Heart - 0.01 6.5 .34 i- 33 .09 24 .32 130 .33 270 f-l. 

Blood .. 1.9,ti" 5.6 2.06 to 9.6 1.74...... 19 1.54....... 30 1."# 81 
Kuse1e .. 23.0'" 4.8 2,.8 + 10.0 19.6 -to- 16 21.4.f- 30 14.4 + 45 
Urine .. 16.0 900H J 15.2 1400 t++ 9.20 2100-H1" 10.0 3900+++ 9.60 79OO++t-
Feces - 38.0 2100 41.5 3900 17.0 3700 37.0 1400 19.0 1600 

%-:: percent ot the injected CU. I-E :ovitudD (1-014 equivalent utJR.!p.. dry tissue. 
t Caleulated on the basie ot ...c1e comprising 27% ot the rat'. boaT weight. 

1'+ Calculated on the baais ot blood comprising 2% of the rat f IS body weight. 

ttt ~S-./kg./24 hours. 

Rats raised in the Department ot Ph78iologJ' aniul quarters. 

Vitamin 11-014, lot Ho. 1, not purified. 



TABL1t~X

The percentafe of the injected dose of vitamin 11-C14 or vitamin 13-C14 and the vitamin 11-014 or 
vitamin 13-C 4 equivalents in some rat tissues following theiutravenous administration ot 

vitamin KI-C14 or vitamin 13-C14 to pregnant and nonpregnant female rats. 

Jitamin 11-C14 administered. JitaminuK'2-C~ administered. 
six pregnant rat. six nonpregnant rats six pregnant rats ~~,-- six nonpregnant -rat~

T.. mean .t standard error mean ~ standard error) (mean ~ standard error) 
of the Vitamin I1-C of the Vitamin 11-CJ.4 %of th.- Vitamin Xl-CX4 

injecte. equivalent injected equivalent injected equivalent 
dose }J.p../•• dose pp../,m. dose ~gm./S-.

Tissue dry tissue dry tissue dry tissue 

Liver 18.471.1 9l.Ss5.6 19.3±2.7 103±15 0.732±O.073 3.82~0.30 O.795±O.085 4.4l± 0.36 
Splee. 1.4310.12 9l.2i13 1.24:±O.1; 76.?±4•.3 0.200±O.04.317.9±4.6 0.26<)tO.052 l6.8!2.8 
Skele-

tal I-J. 
do + t' :><muscle 6.7010.57+ 1.64:!:O.16 6.86!O.34t 1.38!O.07l 7.461:0.91+ 1.73±O.20 0.23 -1.8 2.40±O.lO 

Blood 1.36±.O.060H 4.28:tO.23 1.12±O.07St t 3.04±O.20 2.6.lt O. ,32H· S.40±1•.30 2.54!0.261"f" 7.4.3±O.6l 
Feces 4.05~0.62 77.l±5.6 2.70±1.2 47.2±19 l2.7=tl.6 l38:t17 9.8l±2.0 127±-42 
Urine 1.9.3rO.25 4l3±59 2.39±O.72 558±97 13.5±2.2 2230±58 9.33±1.5 2240±~

Pla
centa 0.293±0.047 7.96~0.19 O.200±O.034 5.26±O.53 
Fetus 
(-liver)1.01±O.29 5.84i"0.60 O.333±'O.064 3.64±O.41 
Fetal 
Liver 0.0741±0.01S 4.44"t0.60 O.0571±O.Ol? 2.82±o.23 
Amnionic 
fluid O.121~O.053 15.3±1.90 0.1l5±0.040 20.4±9.6 

+Calculated on the basis of skeletal BlUscle comprisir1g 27% ot the rat' 8 bod,- weight. 
+tCaleulated on the basis ot blood comprising 2% of the rat's bod,- weight. 

Rats obtained from Mrs. Brown, Saskatoon, Canada. 
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A comparison of the ratiosot mean dry weight. of tissue (± s.d.) 
mean live weight of rat 

tor pregnant, Donpregnan:t, anel pregnant rats leas the
weig!t of the uteri and contents.

tissue twelve twelve twe1ft 
:nonpregnant pregnant pregnant rats 
rats rats less weight of 

uteri and content. 

Splee. 

Liver 



xi 

A comparison ottne percent 01 the injected dose ot C14 and vitamin Il-c14 
eqllivalents.in.the tissues ot .rats on.a stock laboratory ration compared 
with rats on a synthetie tat-tree,vit8JlliJ1 I-f'ree ration. 

Tissue %of the administered Vitamin II-C14 
Titudn 1[1-C14 deposited. equivalel\t ».p./•• 
in the tissue ot dry tissue 

(a.an ± standard denatieD) (mean± standard d.eviation). 

Stock laboratory diet (4 rats) weight 128 ±14 (S.D.) gaas. 

LiTer 
Lung 
Iidne;y 
Spleen 
Heart 
Blood 
KU8cle 
Feces 
Urille 

3.70 + .90 
0.20 +.O"f, 
0.17 :t: .03 
0.22 ±. .04 
0.19 :!: .07 
0.71 -1-.08 
6.22 -+ .6., 

13.7 "!: 11.6 
8.4 + 1.20 

18.1 -+- 4.76 
,.02.±" 2 •.38 
4.62± 0.76 

1.3.1 + 1•.3'1 
10.' + .3.;' 
2.78-1- 0.61 
1.80+0.29 

g5.1!43.4
••D. 

Fat-tree, vitamin I-tree diet (5 rats) weight 106_ 7.2 (S.D.)gu. 

Liver 
Lung 
Kidl'leT 
Spleen 
Heart 
Blood 
Kusel. 
Feees 
Urine 

7.50 -+- 1.80 
0.,32 ±. 0.02 
0.24:!: 0.03 
c).28 -+- 0.09 
0.20 + C).03 
0.71 :t 0.0; 
7.16 -t- 0.50 

11.1 -t- 4.44
6.8.3 .:!: 1.23 

25.9 -4- g.16 
7.951: 1.'10 
5.20:t 1.08 

16.7 + 6.41 
9.sa:t2.45 
3.35 + 0.86' 
2.60±0.2;2 

73.4 :t4.l5 
N.D. 

Dose of' vitamin II-C14 ; .gIIl./kg. Specific activity 
2.77 x l05eounts/min./mgm., lot 10. 2, Rot purified. 

H.D. =: not determined.

Rats raised in the Department ot Physiology animal quarters.
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XI,! 

The eff'ect of' age, sex of' rats and the method of preparation of vitamin 11-014 on the deposition 
of' 014 in the tissues of rats f'ollowing the intravenous administration of' vitamin 11-014.----------------_.,-",.;,----_.'_..-_-------------------------------------

Liver Spleen Muscle Blood 

Vitamin I1-C14 
preparation 1 2 1 2 1 2 1 2: 

J 

+ t tt t+% 9.81 1'.9 .404 .456 10.2 8.', 1.08 1.03 
Males 

I-E 5'.1 71.2 42.9 48.5 1.88 1.56 2.70 2.58 
12 young rat. 

% 12•.3 11.1 .751 .560 14.8+ 8.39+ 1.26f t 1.13 tt 
~93.7+4.l8(5.».} I-J. 
I-Jogma. Females I-E 65.1 62.8 57.7 48.6 2.59 1.58 3.12: 2.82 

% 17.1 18.1 1.71 .696 11.8t* 7.,,1- 1.Ult-~ 1.19++ 
Males 

I-E 87.6 101 164- 69.S 2.18* 1.36 3.44!J( 2.91 

11 ad\1lt rats t13.3+ 7.82+ 1.38-t 1.46tt% 19.1 18.6 .685 .797 
195±l,.O(S.D.} 

gms. Females I-E 118 108 65.3 71.4 2.54 1.46 3.46 '.67 

Rotes:-.... % :: percent. of" the injected 014• K-E= vitamin I1-C14 equivalent 1J.P./gm. dry tissue. 
t Calculated on the basis of' _sc1.comprising 27% of' the d!7 weight of' therat's body. 

Tt calculated on the basis of' blood comprising 2% of' the dry weight of' the rat f s body. 

Each value is the mean of' 3 determinations except value. marked with an~ (*:: mean of' 2 values). 

Rats obtained from Hr. Halstead, Saskatoon, Canada. 
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Isotope ciilutioR tests on rat tissues·tollcnd.Dg 
administration of vitamin Kl-C14. 

%of' injected 
C14 present in 

%of' injected 
Titamin. Il-C14 

%of a.ctivit)'" in 
the tissue which 

the sample. present in the was present aa 
sample. vitamin 1C1  C14. 

Liver (Rat 10.1) 2.8 

Skeletal JIlUScle t 
(Rat 10.2) 1.9 

Small intestine and 
contents· (Rat .0.2) 2.5 

Feces (Rat .0.2) 6.2 

Urine (Rat 10.2) 0.'8 

Bile (Rat 1'0.3) 26.0 

Maternal liver 
(Rat :10.4) 20.0 

Placenta 
(Rat 10.4) 0.41 

Fetus (Rat 10.4) 1.34 

74 

0.37 1S 

0.0 

0.39 

120 

0.29 59 

0.16 12 

t This correspond.sto 12.2% of' the injected activit,. in the total 
skeletal muscle on the basis of muscle comprising 27% of the 
dry- weight of the rat t 8 body. 

I'ote: Rat 10. 1 was a 260 f9Il. 1I1&1e aDd was give. 1.0 mgm. of' 
11-014 intravenously. . 

Rat 10. 2 was a 325 gil. male and was given 1.0 mga. of' 
Kl-C14 intravenousl,.. 

Rat Ho. 3 was a 350 gil. male and. vas given 1.0 mgm. of' 
Kt-C14 intravenously. 

Rat Ho. 4 was a 222 gm.. pregnant f'ema.le and If&S giveR 
1.1 ap. of' KI-C14 iDtravenousl,.. 
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Hydrolysis of SynkaTite using rat .erma as 
a source of alkaline phosphatase. 

hoe Water Rat senua Phosphate 0.2% S1DkaTite TiJne·of !norgan!e 
Ho. (ml.) (ml.) standard in 0.1 H. hydrolysis Phosphate 

5 mga% Veronal, at ,,,oC. 
(ti.) pH 9.4. (min.) 

(!ill.) 

1 a 0.1 0 1.0 70 26 

2 0 a.l 0 l.O 0 2.7 

:3 0.1 0 a 1.0 0 a 

4 0 0 0.1 1.0 0 5 
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Extent ot hydrolysis ot Synkavi.te with wheat germ aeidphosphatase. 

rime of Inorganic % 
hydro].ysis phosphate 
at 3~O' in tube. hydr01ysia 

(min. ) (mp.) 

0 0 0 

15 .101 9.6 

.30 .291 17.3 

45 .378 22.5 

60 .452 27.0 

75 .542 32.2 

90 .592 35.2 

105 .600 35.7 

120 .600 35.7 
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The hydrolysis of metabolites of vitamin KI-C14 
in bile and urine b)"~ -glucuronidase. 

%increase in ether extractable C14 following. hydrolysis 

pH Urine Bile 

4.0 16 0 

4.4 () 1 

4.8 19~) :3 

5.2 10~~ 14 

5.6 2;l 27 

6.0 50 24 
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figure I. 

Radioactivity of rat tissues following 

intravenous injection of vitamin Kl-C14• 

0--0 liver; A --A lung; .---. kidney; 

+ -- + spleen; D--O heart; 0 -- 0 blood; 

6 -- .a muscle. 
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figure 2. 

Excretion of radioactivity following 

intravenous injection of vitamin KI-C14 • 

• --. feces; 0---0 urine. 
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