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SUMMARY 

A sensitive combined adsorption and reversed-phase high-performance liquid 
chromatographic procedure is described that permits the determination of endog- 
enous vitamin I& levels in serum. 

The separation of vitamin K1 (cis- + trans-isomers), vitamin K, epoxide and 
the menaquinones MK-2, MK4 and MK-9 by adsorption, reversed-phase and 
cyano-bonded phase chromatography is discussed_ The methodolo_q was further 
developed for the quantitative measurement of vitamin K1 in human serum. Concen- 
trations as low as 500 pg/ml In serum could be detected. The identity of the vitamin K1 
peak was ccdhmxi by W absorption spectrophotometry and rechromatography. 
The method has been applied to the determination of serum levels in normal healthy 
individuds and patients treated with vitamin KL_ 

INTEtODUCITON 

There is a growing interest in the role, biochemical function and metabolism 
of vitamin K in man It is weli known that this vitamin is essential for the formation 
of prothrombin and other blood-clotting proteins by the liver. During the last few 
years, much progress has been made in understanding the biochemical mechanism 
involved’. Rekent investigations indicate that vitamin K would also be required for 
the synthesis of other calcium-binding proteins 2. Rs ro!e in cell respiration was 
associated with possible anti-tumoral activit$* (. As there is no direct and practical 
method available for the m easurement of vitamin K, prothrombm levels are deter- 
mined as an indication of the vitamin K status. However, hypoprothrombinemia may 



750 M. F. LEFEVERE A. P. DE LEENHEEi .kECLAEYS 

also result from severe liver di,cease, such as cirrhosis, not associated with vitamin R 
deficiency. Studies on the biochemistry and function of vitamin K also require a 
specific determination of the various forms of the vitamin and its met&o&es. 

The two naturahy occurring and bioiogicahy most important forms of vitamin 
K zre phylloquinone or vitamin Kr (I) from plant origin and the menaquinones or 
vitamin Kz series, synthesized by bacteria (II). The Ien@ of the isoprenoid side-chain 
in menaquinones is defined by its carbon number, or the n-umber of isoprenoid units, 
e.g., vitamin KXM), or menaquinone-4 (MK4). After fractionating an extract of 5 kg 
of human liver by classical column and thin-layer chromatography, Dueho and 
Ma%&ine~ obtained mass spectrometric evidence for the presence in human body 
of both phyhoquinone (K3 and some menaquinones (MK). This supports the hy- 
pothesis that the vitamin K status is determined by food intake (phyhoquinone) 
and intestinal synthesis (menaquinones). 

Phylloquinone 2,3-epoxide (K, epoxide) was found as a metabolite after the 
administration of radioactively labelled vitamin K1 (ref. 6). On the other hand, the 
formation in the liver of MK-4 from other vitamin K compounds has also been 
reportecW_ 

The gas chromatoeraphy of phyhoquinone (Kr) and menaquinones up to 
MK-9 has been described9. However, in spite of the use of short cobuuns, low station- 
ary phase loads and high anaIysis temperatures, retention times of 30 min and more 
are common. Vetter et &_I0 suggested reduction to the naphthohydroquinone, 
followed by silylation to prevent on-column degradation of the vitamin. The use of 
this procedure was criticized by Dialameh and 0ls0n~~. 

In our opinion, high-performance liquid chromatography (HPLC) appears to 
be a more appropriate approach for these unstable high-molecular-weight com- 
pounds. Absorptiometric detection is indicated as both phylioquinone and the 
menaquinones strong!y absorb UV radiation [for Kr, E = 20,300 at &,,,_ (24% nm)]. 
Elliot et (Ii.f2 used HPLC to determine vitamin Kr and vitamin Kr epoxide added to 
liver homogenates. Whik our work was in progress, papers appeared describing the 
separation of K,, K1 epoxide and MK homologues in standard solutions ad in&c- 
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tiom~-~. Bjornsson et al. I6 followed radioactively labelled KX and its epoxide in 
human plasma by EIPLC. In their work it was necessary to add the radioactive tracer 
to obtain suEcient sensitivity to measure these compotx~ds at physiological conce~- 
ttatiOIlS_ 

Our aim was the development of a method selective and sensitive enough to 
determine endogenous levels of vitamin K. The separation of phylloquinone, phyllo- 
quinone 2,3-epoxide and the menaquinones by adsorption, reversed-phase and 
cyano-bonded phase chromatography was studied. The eluent composition and 
column dimensions were optimized so as to allow an optimal detection limit for these 
compounds in a serum extract. We fractionated the serum extract on a silica adsorp- 
tioocolumnand subsequently quantified the fractions containing compounds of interest 
on a 9% octadecyl reversed-phase column. The vitamin K peaks were well resolved 
from interfering co-extracted serum compounds with excellent sensitivity (for vitamin 
K,, l &e detection limit is less than 500 pg/ml)). This method was used for identification 
and determination of vitamin IS1 in human serum with pH]phylloquinone as an 
internal standard. Serum levels found in normal healthy individuals and in patients 
treated with vitamin K1 are given. It is interesting that, independently of our work, a 
combined adsorption and reversed-phase HPLC system has recently been described 
by Thompsonl’ for the determination’of phylloquinone in milk. 

EXPERIMENTAL 

Reagents 
Phylloquinone (IQ was obtained from ICN Ph2rm2ceutids (Cleveland, Ohio, 

U.S.A.) and from Serva (Heidelberg, G.F.R.). Nuclear magnetic resonance (NMR) 
spectrometry was used to determine the ratio of cis- and trans-phylloquinone in the 
respective smdards Is The menaquinones MK-2, MK-4 and MK-9 were a gift from . 
Dr. Weber and Dr. Gloor (HofImarm-La Roche, B&e, Switzerland) as well as 
[phytjrl-1,2-3H]vitamin K1 (700 &i/mg). The radiochemical purity of the latter was 
checked by thin-layer chromatography on silica gel with the solvent mixture light 
petroleum-diethyl ether (98:2:) and radioscanning. We isolated trans-C3EI]phyllo- 
quinone after chromatograph:r on a silica I-IPLC column (20 cm x 4.6 mm I.D.) 
eluted with 0.2% acetonitrile in n-hexane and used this to prepare the final internal 
standard solution. Phylloquinone 2,3epoxide (K, epoxide) was synthesized according 
to Tishler et a1.19 and the chemical identity of the product was co-ed by mass 
spectrome&y_ All standard solutions were prepared in the eluent used in the respective 
HPLC procedure and stored at 5” in dark brown vessels. All solvents were of analytical 
reagent grade from Merck (Darmstadt, G.F.R.). The scintillation cocktail used was 
Insta-Fluor II from Packard (Downers Grove, Ill., U.S.A.). 

coiKrnl7s 
The column dimensions were 1Ocm x 2 mm I.D., 15 cm x 3.2 mm I.D:and 

20 cm x 4.6 mm I.D. The following packing materials were obtained from RSL 
(St. Martens&&em, Belgium): silica (Rsil, 5 pm); high-load (1s % organic C) and 
low-load (9 % organic C) octadecyl reversed-phase (Rsil C,, ML, 10 pm, and Rsil C,, 
LL, 5 p and 10 pm); and a cyano-bonded phase (Rsil CN, 1Opm). LiCbrosorb 
RP-S, 5 ym, was supplied by Merck. Silica columns we& packed from a 10% slurry 
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in methanol with Ii& petroleum (5000 p.s.i_) as pmssuri&g liquid. For bonded 
phases we used acetouitrile (64Wp.s.i.) and a IQ% siurry, for G, and CN in 
carbon tetrach.lorid~metbanol- (911) and for BP-8 in g&cerol-methanol (I:+_ The 
precolumn (5 cm x 4.6 mm I.D.) was dry packed with Perisorb A, 3tMO~rn 
(Merck)). The cotumns were operated at ambient temperature_ 

A Hewlett-Packard HP 1OIMA liquid chromatograph (Hewfett-Packard, 
Wbhngen, G.F.B.) equipped with a fixed-wavelength W detector (254 mu) was used 
for the fractionation of the serum extract on silica. The quantitative work was carried 
out on a second apparatus, consisting of a Varian 41GO LC pump (Ovarian, Palo Alto, 
Cahf., U.S.A.), a Bheodyne injection valve w$h 20- and i50+ loops (Rheadyne, 
Be&&y, Calif., U.S.A.) and a Pye Unicam LC 3 variable-wavelength detector (Pye, 
Cambridge, Great Britain). 

Scintillation counting was performed on a Packard 3380 Tricarb liquid 
scintihation spectrometer. 

For the developmental work on the assay, a pooi of normal human serumwas 
used. Normal ranges for vitamin K1 were determined using serum freshly taken 
from apparently healthy adult laboratory workers. Serum samples from patients 
treated with vitamin K1 were obtained through the kind help of Dr. F. Hub& Internal 
Medicine Dept., Academic Hospital, Ghent. They were taken just before and 1 h 
after the administration of au i-m. dose of 10 mg of Konakion (vitamin K,). 

Methods 
The following compounds were used as standards and chromatographed under 

various eiution conditious on silica, high- and low-load octadecyl-, octyl- aud 
cyauo-phases: cis- and rrm~~-K~, K, epoxide, MK-2, MK-4 and MK-9. 

Serum extracts were preped from 2 mi of sermn to which 5000 dpm of ~ru.ns- 
[‘HEK, in 40 ,ul of methanol were added as internal standard_ Incubation of the 
serum with the k&e&d product at 4” for 60 min ensured a thorough equilibration of 
exogenous and endogenous Kt_ The serum was deproteinimd with 2 ml of methanol 
and extracted with 5 ml n-hexane on a vortex mixer for 2 min. After centrifugation 
(4200 g, 5 min) the supernatant fluid was transferred to a brown conical glass tube 
and evaporated to dryness on a rotating vacuum evaporator (Evapo-Mix, Bfichler. 
Fort Lee, NJ., U.S.A.) at ambient temperature_ The residue was dissolved in 200 pl 
of eluent, injected on top of a 20 cm x 4.6 mm LD. silica column and eluted with 
0.2 % acetomtrile in n-hexane at a fiow-rate of 2 mi/min. The fraction corresponding 
to vitamin K, was collected, evaporated to dryness under a stream of nitrogen and 
the residue redissolved in 100 ,u: of the eluent used for reversed-phase chromatography. 
An &quot corresponding to L ml of serum was injected on an octadccyl low-load 
(BP-18 LL, 5 pm) 15 cm x 3.2 mm I.D. column and eluted with acetonitrilt+ 
dichloromethane (92:g) at a flow-rate of I m&run. 

The efIiuent was monitored with a variable-wavelength detector at 248 run 
[sensitivity 0.005 absorbance unit fuli scaIe (a.u.f.s.)]. The fraction of reversed-phase 
effluent corresponding to the K, peak, was coilected in a scintillation viaL ARer 
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evaporation of the a6etonitrik-dichloromethane mixture, the residue wti redissolved 
in 8 ml of scintillation fluid and counted. 

The extraction recoveries of vitamin Kr from serum were determined by 
evaporating exactly 4.00 ml of the n-hexaue layer directly in a counting vial and 
redissolving the residue in scintillation fluid. To compensate for quenching, the 
percentage counting e&iency was determin&l by recounting each vial after the 
addition of a known number of dpm of [311]tolueue. 

For the identilication of the peak corresponding to vitamin I&, an extract was 
made from 10 ml of serum without the addition of internal standard. After puri- 
fication on the silica column, five fractions (each corresponding to 2 ml of serum) 
containing KX were pooled, evaporated to dryness under nitrogen and the residue was 
redissolved in 400 ~1 of reversed-phase eluent. Aliquots of exactly 20 ~1 (correspond- 
ing to 0.5 ml of serum) were injected on to the C,, LL reversed-phase column at 
difherent detector wavelength settings and the peak height of the compound of interest 
was plotted verszr wavelength. A second confirmation was obtained by re-chromato- 
graphy of the Kr peak collected from the RP-18 LL coIumn. The reversed-phase eluent 
was carefully evaporated on the Evapo-Mix and the sample redissolved in 100 ,~l of 
n-hexane. Aliquots of 50 ~1 were chromatographed OQ 15 cm x 3.2 mm I.D. silica 
and cyano-bonded phase columns. 

EUSSUJXS AND DISCUSSION 

Adsorption chromatography on silica (20 cm x 4.6 mm I.D. and 15 cm x 3.2 
mm I.D. columns) allowed the separation of the cis- and trans-isomers of K,, K, 
epoxide and the lower (MK-2, MK-4) from the higher (MK-9) menaquinones (Fig. 1). 
As these substances are highly non-polar, eluents with very low eluotropic strengths (E,,) 
were used. To avoid the difhcuhy of saturating apolar solvents (e.g., n-hexane) with 
water, a moderator was used 20*21. Mixtures of isopropanol, dichloromethane and 
acetonitri!e with n-hexane or light petroleum were studied as eluents. A 0.2 oA solution 
of acetonitrile in n-hexane (or light petroleum) gave the best peak shape and com- 
promise between resolution and analysis time [capacity ratio (k’) of 9.5 for MK-9, 
Table I]. A greater setectivity of acetonitrile over dichloromethane was observed. 
cis-I(,, rrans-K, and the epoxide were no longer resolved when 10% dichloromethane 
in n-hexane was used to elute the silica cohmm (Table I). In general, the selectivity 
will be greater if the concentration of the stronger component of the solvent mixture 
is less than 5°/oz. Moreover, the use of dichloromethane resulted in unsymmetrical 
peaks, even when ternary acetonitril+dichloromethane-n-hexane mixtures were used. 
A third reason to prefer acetonkile over dichloromethane (and also n-hexane over 
light petroleum) was related to the collection procedure to be used for serum samples. 
When 2.5 ml of the O-2 “/, acetonitrile in n-hexane eluent were evaporated to dryness 
and the residue, redissoxved in acetonitrile, was injected on to a reversed-phase 
column @P-S or RF-l@, only a small solvent peak was observed, in contrast to the 
large signal obtained from dichloromethane or light petroleum residues. 

Reversed-phase chromatography, whether on C,, or C,, high-load or low-load 
columns, resulted in the separation, in order of elution, of MK-2, MK-4, K1 epoxide, 
Kl (cis- and frrmseluted as a single peak) and MK-9 (Table I). As was expected, a 
linear relationship between log k’ and the carbon uumber of the MK side-chain was 
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0 2 4 6 min 

Fii 1. Separation of vitamin K compounds by adsorption chromatography. Column:~lS cm x 3.2 
mm LD. silica (5 pm). Mobile phase: 0.2% acetonitde in n-h-e, L ml/min. Peaks: 1 = c&-K1 ; 
2 = tmzs-Kl; 3 = EC1 epoxide; 4 = MK-2 f M.K-4; 5 = MK-9. 

observed’9 Two important observations were made on all reversed-phase systems. 
Firstly, acetonitrile acts as a weaker eluent than methanol, in contrast to what one 
might expezt on the basis of polarity. This was in close agreement with results ob- 
tained in our laboratory with other fat-soluble vitamins. Secondly, when acetonitrile 
was added to methanol, the selectivity and efliciency increased and the optimal solvent 
velocity shifted to higher values (Tables II and III. In particular, this increase in 
selectivity was important for the resolution of the pair MK4-K1 epoxide. 

A high-load RP-18 HL 15 cm x 3.2 mm I.D. column separated K1 well from 
interfering serum compounds still present after pre-purification oa silica, but the 
sensitivity for IS, was lower than in any other reversed-phase system, owing to the 
high capacity ratio (k’). The latter could be reduced by substituting C, for the high- 
load C;, packing. However, lower elkiencies for I& were obtained then and the 
maximal amount of serum that could be injected on to a 15 cm x 322 mm I.D. 
RP-S culumn was 0.5 ml. Above this limit, the K1 peak was no longer completely 
resolved from interfering compounds. Low-load C,, phase had the advantage of 
lower k’ values than ffie high-load Cle, combined with a better resolution of K, from 
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TABLE II 

INFLUENCEOFCONCENTRA TION OF AClXONITRILE IN METHANOL IN REVERSED- 
PHASE CHROMATOGRAPHY OF VITAMIN K CO_MPOUNDS 

Cohmn, 15 an x 32 mm I.D. RI’-18 IIL (IO/m); flow-sate 0.5 d,hi~. N = numkofthea~ 
plats; K = capacity ratio; (I = szktivity f&or; Rs = zsoition. 

Acetoltitrize NforK, K afar Rsfor 
in nlethio~ (“/o) 

4 Kl epoxx-a’e MK4 
Kl epoxtZsMK4 Ka epoxiakMK-4 

0 7.6 4.7 4.3 1.09 1.0 
25 3500 8.3 5.0 42 1.19 1.5 
543 3600 8.7 5.2 4.2 1.24 2.2 

100 5200 13.0 7.3 5.1 1.42 4.2 

TABJX III 

=Cl- OF PAR-AXZLE CXh4EJER AND NATURE OF ELUENT ON REVERSED-PHASE 
CHEWMATOGRAPHY OF VlTAMlN K, 

Cbhmms: Hun x 3.2mmI.D. 

Paramezer RP-I8 LL (IO _umJ RP-BLL (Srwn) 
- 

Im% Iao% IoO% 8% &kr&Yrom&aHe 
methI acetomlrile acetonitrik in acetom~riile 
ehent ekent e!uent eke& 

Capacity ratio, K 8.0 10-O 6.2 
0primi.l soht vehcity, u (cm/s) 0.12 0.26 0.17 
Numbs of tkoretkal pmes, N 5m 11,500 11m 
Reduced plate he&h& h 288 2.27 261 267 

serum components *&an that obtained on G. Capacity ratios (k’) and detection 
limits for I& are given in Tables 1 and IV_ We packed IS cm x 32 mm ED_ cohmms 
with both lo- and 5-pm RP-18 LL particles. 

Although better reduced p!ate heights and lower k’ vahxs were obrained with 
the IO-~ packing, the 5-m packing showed a signXcantly -higher total plate 
number and ‘therefore, increased sensitivity, as wefl as a higher optimal solvent 

TABLE IV 

DETEcnoN LIhQTS FOR VrrAMIN Kx AT 248 nm ON 15 cm x 32 mm I.D. COLUMNS 
(SIGN& TO NOISE RATIO = 3) 

Parameter Ph 

RP-I8tn RP-8 R.&I8 LL RP-18 LL RP-MU 

10 5 10 5 5 
100% 100% lW% loQ% 8%&cbloro- 
acetonitde zcetonitde acefcmitie acet.on&rik nldKne&&o- 

&de 
3300 1190 1im 

13.0 5.6 8.0 10.0 6.2 



veki@ (T’abksXH and IV). Foi practical tiork,‘higher solveQt velocities (0.54 cQ&ec, 

.conxspoQdi~g to a.flow-rate of 1 ~zl/iniQ) eonld be Qsed&thout afEctiQg the sepa- 

ration, to reduce the tofai a~aiysis time. The capacity ratio was adjusted by adding 
dichIororne%bane (up to 8%;) to acetonitrile in order to obtain optimal sensitivity_ 
The same remit cmid also be’obtied by using tetrahydrofimn-acetonitrile mix- 
tures. -Witfi- 100% methanol, k’ values in the Fe range were obtained, but thle 
column etliciencies were lower. The- separation of MK-2, MK4, K, epoxide and 
& OQ RP-18 LL (5 ~QI) is shown in Fig. 2. Reversed-phase chromatography 011. 
smaller cohrQQs (IO cm x 2 mm I.D.) has been investigated but abandoned as the 

increase in absohte sensitivity~ was counteracted by the very low szmpie capacity. 

We dso found it difkuk to pack these calm reproducibly_ 

, 
0 1 2 3 min 

Fig. Z Sepsition of vitamin K cmqouds by reversed-phase cbrosnatogrzphy. Coluzmi: IS cm x 
3.2 mm LD. RP-IS LL (5 m)_ Mobile phase: 8 % dichloromethane in acetonitie, 1 snl/min. Fe&s: 
i = ME&2; 2 = MEC-4; 3 = EC, epoxide; 4 = K1; 5 = vmknom impurity. 

A third cfrromatographic system OQ cyan0 (CN) bonded phase was developed 
later to co- the results obtzined fiosn serum extracts w&h the comb&d adsorp- 
tioix-reversxl-phase meffiod. We tried the CN column in both the reversed- and the 
tight-phase modes. while no R%Q~~OQ for vitamin K a~&ogues was obtained in 
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the teversed-phase mode, a similar pattek to that for adsorption ehromatograpby 
was observed when we e&ted the column with O_@ % acetonitrile in n-h$mme (Fig_ 3)_ 
Again, tbk supaiori~ of acetonitrile ova- 3chIorometba.m wan Uustrated as wk 
obtained only two peaks with dicMorometh;znen-hexane tnSures: one for Ka (cir. -k 
rnms) and KX epoxide and a second fork the menaquimnes. ‘I% obtain k’ vabxes of 
the same &ier of magnitude %s those found on a silica cohmn, the ehzotropic 
stfen@k(~ has to be lower on the CN-phase for alI vita&n K canpounds @able I)_ 

c - - * * 
2 4 6 0 lOtyin 

Frg. 3. Sqamtion of vitamin K compounds by chromzto~phy on cyxm-bona pbasc Cohxrm: 
15an x 32IEm LD_ Rsil CN (Sfifn)_ _Mobii phase: O-OS% aC&ozlitrite In rr-hcxam, 0.5 ml/min. 

peaks: ck- + tram-K1 (4.8 6); KL epaxick (5.6 mk); MK4 (7.4 ain) and .MK-9 (8.6 min). 

As overlapping serum peaks~hindered the qumtitation of K, on both silica 
and reversed-phase columns, we chose a two~~lumn approach. The serum extracts 
were pre-purifkd and fractionated on a 20 cm x 4.6 mm I.D. silica cohmn. Amounts 
emresponding to up to 2 ml of serum could be injected. The eluent was motitored at 
254mn and the portions of the elmnt cmtaining the compounds of inkrest were 
identiCed z&er injection of an extract, spiked with ICI, & epoxide and MK-4. The 
three fractions colkcted for the detemina tion of K,, I& epxide and MK-4 are 



&d&ted by arrows in Fig. 4. We focused our attention mainly on the determination 
of vitamin KL, especially as a suitable internal standard was ava&xble. When a shorter 
column (10 cm X 4.6 mm I.D.) was us&, or larger colkction wi~~clows were applied, 
considerably more contamination in the reversed-phase chromatograms occurred. 

0 2 4 6 6 lQ mkl 

Fii B l?ze-pddon of an extract of 1.5 ml of serum. Column: 20 cm x 4.6 mm I.D. silica (5 
pm). Fluent: 0.2% a,cetonitriIe in Axzxane, 9.5 ml/min. Fractions containing K,, K1 epoxide and 
xwc-4 are ilKEi?ated. 

The sampte capacity of 3.2 mm I.D. silica columns was insticient. The use of a short 
guard column (5 cm x 4.6 mm I.D. Perisorb A, 3M pm) is recommended for pro- 
tecting the analytical silica wlmxm. Injections could be made every 20 mix when the 
system was operated at a flow-rate of 2 n#nin. The chromto,m in Fig. 5 was 
obtained by injecting a portion of the silica EC1 eluate on to a 1.5 cm x 3.2 mm I.D. 
C& LL @pm) column. Amounts corresponding to up to 1 ml of serum could be injected 
without problems. This brings the minimal detectable amount of vitamin KI ia serum 
down to about 500 p&ml @able IV). We chromatographed serum extracts at .both 
270 run (quinoid absorption band of &) and 248 run (benzenoid absorption band) 
but x.10 marked increase in sekctivity was observed at 270 nm, while the. sensitivity 
is better at 248 nm. 

We used trrms-PH]-Kt as internal stzmdard as it 2cxxmras not only for losses 
during the extraction and evaporation steps, but also for the accuracy of the collection 
of the KI fraction on silica. The fraction of reversed-phase duent containing the Kl 

peak was cdected for scintillation counting of the internal standard (Fig. 5). The 
concentration of Kl ic serum was determined from the peak height to dpm ratio. 
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Fg. 5- Chromatography on RP-I8 LL of the K1 fraction obtained after prc-pzuifkation on silica. 
The injected amount corresponds to 0.5 IIll of serum extracted. The arrows indicate tEle KI peak, 
comsponding to 4 ng. Cohen: 15 cm x 3.2 mm I.D. RP-18 JX (5 F). Mobile pk: 8 % di- 
chIorcrcethime in acetonitxife, 1 mI/min. Detection: LT. 248 nm, OJJO5 a.u.f.s. 

Extraction recoveries on basis of the number of dpm of firms-[%&ICI extracted 
from serum averaged 93.9 f 26 “/, (coefficient of variation = 2.4 %. n = 7). 

The total recovery of the method was determined by the ratio of the specific 
activity of the EC1 peak in the fkl reversed-phase step to the activity originally added 
to serum. Values from 60 to 89 % were found. 

The identity of the Kl peak was co-ed by the W absorption spectrum 
obtained by injecting equal amounts of serum extract at different wavelength settings. 
Maxima were observed at 243,248,270 and 320 nm, the quinoid maximum at 262 nm 
being less pronounced. The same spectrmz was obtained from a sta&ard solution of 
vitamin K, and correlates ciosely with data given in the literatun?. On both silica 
am? nitrife 15 cm x 3-2 mm ID_ columns, a peak with k’ equal to that of vitamin KS 
was &served upon injection of the KI peak collected from the rewzrseci-phase cdumn 
(Fig- IS)- The re~uks of the spectrometry and the resh~ornatography together with 
the specifitity of the two-cohmn system not only co&-m the identity of the vitamin 
Kx Kak, but also sngg that the presence of another peak with k’ equal to that of 
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Fig. 6. EC* peak (11 ng) cohcted from C,, EL (5 pm) on cyanc-bou&~I phase. Column: 15 cm x 
3.2 mm I.D. Rsil CN (lOpm). Eked: 0.05% acetonitde in n-hexule, 1 ml/mh. Detection: W, 
248 nm, 0.005 aa&% 

Kr in the reversed-phase chromatogram, which absorbs W radiation at 248 nm, is 
very improbable. 

Vitamin K1 serum levels in our studies to date OIL normal healthy adults range 
between 5 and 30 ngjml. ln patients we found a marked increase in the vitamin K, 
level of serum (70-80 ng/ml) 1 h after the administration of a dose of 10 mg of&. 

CONCLUSION 

In the separation of vitamin K analogues by adsorption, reversed-phase and 
cyano-bonded phase chromatography, the sensitive detection of vitamin K1 was 
possible by using a low-loading octadecyl phase and a modern variable-wavelength 
detector. Levels down to 500 p&l in serum could be detected after fractionation of 
the serum extracts on silica. 

The use of a two-cohrmn system in combination with detection of the com- 
pound of interest at its A,,,_ provides high selectivity. The results of W absorption 
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spectrophotometry and rechromtography co&rmed the identity of the vitamin KI 
peak ob’&ed from serum and su~ested that no overlapping peaks were presetit. 

Tritiatcd vit;zrr.in K1 is a good internal standard in this instance as it corn- 
pensates both for variations in the extraction and evaporatiolz steps and for losses 
dtig thy collection of the vitamin ISI fraction on siJ.ica. 

Serum levels (5-30 ng/ml) found under- physiological conditions are of the 
order of 10 times above the detection limit of the method- 
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