
J Clin Lab Anal. 2018;32:e22381.	 wileyonlinelibrary.com/journal/jcla	 	 | 	1 of 6
https://doi.org/10.1002/jcla.22381

© 2018 Wiley Periodicals, Inc.

 

Received:	12	October	2017  |  Accepted:	14	December	2017
DOI:	10.1002/jcla.22381

R E S E A R C H  A R T I C L E

Determination of vitamins K1, MK- 4, and MK- 7 in human 
serum of postmenopausal women by HPLC with fluorescence 
detection

Eva Klapkova  | Jana Cepova | Katerina Dunovska | Richard Prusa

Department	of	Medical	Chemistry	and	Clinical	
Biochemistry,	Charles	University,	2nd Faculty 
of	Medicine	and	University	Hospital	Motol,	
Prague,	Czech	Republic

Correspondence
Eva Klapkova, 2nd	Faculty	of	Medicine	and	
University	Hospital	Motol,	Prague	5,	Czech	
Republic.
Email:	eva.klapkova@email.cz

Funding information
Ministry	of	Health,	Czech	Republic,	Grant/
Award	Number:	00064203

Background:	 New	 high-	performance	 liquid	 chromatography	 (HPLC)	 method	 was	
	developed	for	the	determination	of	vitamin	K1	and	two	forms	of	vitamin	K2	(MK-	4	and	
MK-	7)	in	human	serum,	and	the	levels	of	vitamin	K	were	determined	in	350	samples	of	
postmenopausal women.
Methods:	Vitamin	K	was	determined	by	HPLC	with	fluorescence	detection	after	post-
column	 zinc	 reduction.	 The	 detection	 was	 performed	 at	 246	nm	 (excitation)	 and	
430	nm	(emission).	The	internal	standard	and	2	mL	of	ethanol	were	added	to	500	μL	of	
serum.	The	mixture	was	extracted	with	4	mL	of	hexane,	and	solid	phase	extraction	was	
then used.
Results:	The	HLPC	method	was	fully	validated.	The	intra-		and	interday	accuracy	and	
precision	were	evaluated	on	two	QC	samples	by	multiple	analysis,	and	CV	were	less	
than	 10%.	 The	 limit	 of	 quantification	 for	 MK-	4	 was	 found	 at	 0.04	 ng/mL,	 for	 K1 
0.03	ng/mL,	 and	 for	MK-	7	0.03	ng/mL.	 The	mean	 recoveries	 of	 the	 corresponding	
compounds	were	98%-	110%.	Serum	levels	of	MK-	4,	K1,	and	MK-	7	in	postmenopausal	
women	 with	 osteoporosis	 were	 0.890	±	0.291	ng/mL,	 0.433	±	0.394	ng/mL,	 and	
1.002	±	1.020	ng/mL,	respectively	(mean	±	SD).	Serum	levels	of	MK-	4,	K1,	and	MK-	7	
in	 postmenopausal	 women	 without	 osteoporosis	 were	 0.825	±	0.266	ng/mL,	
0.493	±	0.399	ng/mL,	and	1.186	±	1.076	ng/mL,	respectively	(mean	±	SD).
Conclusion:	New	HPLC	method	for	the	determination	of	vitamins	K1,	MK-	4,	and	MK-	7	
in	serum	was	evaluated	and	validated.	This	method	is	highly	specific	and	sensitive	with	
the	low	limit	of	quantification.
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1  | INTRODUCTION

Vitamin	 K	belongs	 to	 the	 family	 of	 structurally	 similar	 fat-	soluble	
2-	methyl-	1,4-	naphthoquinones.	 The	 members	 of	 vitamin	 K	family	
have various side chains.1,2	There	are	three	types	of	vitamin	K,	phyl-
loquinone	 (vitamin	 K1),	 menaquinone	 (vitamin	 K2),	 and	 menadione	
(vitamin	 K3).	 In	 the	Western	 diet,	 phylloquinone	 (PK)	 is	 a	 predom-
inant	 dietary	 form	 and	 is	 produced	 by	 plants	 and	 algae	 (eg,	 green	
leafy	vegetables	such	as	kale	and	spinach).3-5	Menaquinones	(MK)	are	

synthesized	by	gut	bacteria	 and	are	 found	 in	 fermented	 foods	 such	
as	 dairy	 products,	 natto	 (fermented	 soybeans),	 and	 animal	 products	
(eg,	 liver,	 egg	yolk,	meat).	Menaquinones	 have	 a	varying	 number	 of	
isoprenoid	residues	in	their	side	chains.	The	main	important	forms	of	
menaquinones	are	MK	with	four	(MK-	4)	and	seven	(MK-	7)	isoprenoid	
residues.	Menaquinones-	4	is	the	most	common	form	of	vitamin	K2 in 
animal products.5-7	Menadion	is	produced	synthetically	8.

The	 half-	time	 of	 PK	 and	MK-	4	 is	 1.5-	2	hours.	 The	 half-	time	 of	
MKs	with	longer	side	chains	is	about	72	hours.	Vitamin	K	is	absorbed	
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from	a	gut.	Vitamin	K	has	neither	the	recommended	daily	dosage	nor	
the	 reference	 level.	 The	 adequate	 intake	 (AI)	 of	 vitamin	 K	 is	 about	
120 μg/d	for	adult	men	and	90	μg/d	for	adult	women.3,9

Deficiency	of	vitamin	K1	could	cause	anemia	and	bleeding	(coag-
ulopathy).	Osteoporosis	and	vascular	calcification	are	associated	with	
the	deficiency	of	vitamin	K2.	Newborns	are	at	higher	risk	of	vitamin	K1 
deficiency,	and	postmenopausal	women	are	at	higher	risk	of	vitamin	
K2	deficiency.	There	is	no	known	toxicity	associated	with	high	doses	
of	vitamin	K.3

Vitamin	 K	function	 is	 blocked	 by	 coumadin	 (anticoagulants).	
Patients	 with	 anticoagulant	 treatment	 often	 suffer	 from	 a	 lack	 of	
vitamin K in their body.4	 Vitamin	 K	 is	 usually	 determined	 by	 high-	
performance	liquid	chromatography	(HPLC)	with	fluorescence	detec-
tion	with	postcolumn	zinc	reduction.7

Vitamin	 K	acts	 as	 a	 cofactor	 in	 the	 enzymatic	 carboxylation	 by	
gamma-	glutamyl-	carboxylase	 of	 glutamic	 acid	 residues	 forming	
gamma-	carboxyglutamic	acid	in	proteins.	Vitamin	K1	is	the	best-	known	
member	of	the	vitamin	K	family.	Vitamin	K1	is	very	important	for	blood	
coagulation.2	Vitamin	K	has	different	functions.	It	has	a	procoagulant	
activity	(prothrombin,	factor	II,	VII,	IX,	X)	and	also	an	anticoagulant	ac-
tivity	(protein	C,	S,	Z).	A	deficiency	of	vitamin	K1 increases prothrombin 
time.	Vitamin	K	reduces	risk	of	vascular	calcification	and	osteoporosis	
(matrix	Gla	protein,	osteocalcin)	and	 is	 related	to	“calcification	para-
dox”.10 Vitamins K2 and K3	exhibit	anticancer	activity	 in	vitro	and	 in	
vivo	for	cell	lines	of	ovaries,	liver,	colon,	leukemia,	breast,	etc.2,10

2  | MATERIAL AND METHODS

Analytical	 standards	 of	 phylloquinone	 and	 MK-	4	 were	 obtained	
from	 Sigma-	Aldrich	 (Czech	 Republic).	 MK-	7	 was	 obtained	 from	
NattoPharma	 (Norway).	 Acetic	 acid	 and	 sodium	 acetate	 were	 pur-
chased	from	Penta	(Czech	Republic);	zinc	chloride	was	obtained	from	
Merck	 (Czech	Republic).	All	 used	 solvents	acetonitrile,	2-	propanole,	
methanol,	 and	 hexane	 (HPLC	 grade)	 were	 purchased	 from	 Sigma-	
Aldrich	(Czech	Republic).

HPLC	analysis	was	performed	using	an	Agilent	1260	HPLC	system	
(Agilent	Technologies,	Santa	Clara,	CA,	USA)	equipped	with	a	fluores-
cence	detector.	The	separation	was	carried	out	on	a	reversed	phase	
column	LiChroCART	RP	18,	Superspher	100	 (4.6	×	125	mm,	particle	
size	 4	μm,	 Merck,	 Czech	 Republic)	 with	 postcolumn	 zinc	 reduction	
(powder	zinc	99.995%,	Sigma-	Aldrich).	The	column	was	operated	at	
22°C	(laboratory	temperature).	The	mobile	phase	consisted	of	meth-
anol	85%,	2-	propanol	9%,	acetonitrile	5%,	and	methanol	solution	1%	
(10	mM	zinc	chloride,	5	mM	natrium	acetate,	5	mM	acetic	acid).	The	
flow	rate	of	the	mobile	phase	was	0.8	mL/min.	The	vitamin	K	derivate	
(Immundiagnostik	 AG,	 Germany)	 was	 used	 as	 an	 internal	 standard.	
Fluorescence	detection	was	carried	out	at	an	excitation	wavelength	of	
246	nm	and	an	emission	wavelength	of	430	nm.	The	injected	volume	
of	prepared	samples	was	50	μL.	The	chromatograms	were	processed	
by	OpenLab	(Chem	32,	Agilent	Technologies).	The	total	run	time	per	
sample	was	20	minutes	(Figure	1).

2.1 | Preparation of standards and control materials

All	stock	vitamin	K	solutions	were	prepared	by	diluting	certified	ma-
terial	with	ethanol	to	a	final	concentration	of	200	ng/mL.	Standards	
were	prepared	using	pooled	serum	from	healthy	volunteers.	Aliquots	
of	 serum	were	 spiked	with	 known	 amounts	 of	 K1,	MK-	4,	 and	MK-	7.	
Standard	concentration	used	0.1,	0.3,	0.6,	1,	1.5,	2,	4,	8,	and	15	ng/mL.	
Working	 standard	 solutions	were	 stored	at	−20°C.	Control	 samples	
were	 prepared	 at	 concentrations	 of	 0.5	 and	 1.5	ng/mL.	 Vitamin	 K-	
depleted	 serum	was	 prepared	 by	 exposing	 pool	 serum	 to	 UV	 light	
over	24	hours.

For	determination,	we	used	0.5	mL	of	serum	sample	(control,	cal-
ibrator);	10	μL	of	internal	standard	(Immundiagnotik	AG)	and	2	mL	of	
ethanol	were	added.	Sample	was	briefly	mixed,	and	4	mL	of	hexane	
was	 added.	The	mixture	was	 shaken	 for	5	minutes	 and	 then	 centri-
fuged	 10	minutes	 at	 3727	 g.	 The	 upper	 layer	 was	 quantitatively	
transferred	to	a	glass	tube,	and	the	lower	layer	was	re-	extracted	with	
another	4	mL	of	hexane	and	centrifuged.	The	organic	layer	was	then	
evaporated	under	a	stream	of	nitrogen.	The	lipid	extract	was	dissolved	

F IGURE  1 Analysis	of	vitamin	K	
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with	2	mL	of	 hexane,	 and	SPE	extraction	was	performed.	The	 sam-
ple	was	loaded	onto	the	silica	Sep-	pak	extraction	cartridges	(Waters,	
USA)	connected	to	a	Visiprep	Solid	Phase	Extraction	Vacuum	Manifold	
(Sigma-	Aldrich),	which	was	washed	before	with	3	×	3	mL	of	hexane.	
The	cartridges	were	washed	again	with	3	×	3	mL	of	hexane,	 and	vi-
tamin	K	was	then	eluted	with	3	×	3	mL	of	diethylether:hexane	(3:97).	
The	sample	was	then	evaporated	under	a	stream	of	nitrogen,	and	the	
residue was dissolved with 100 μL	of	isopropanol.	50	μL	of	sample	was	
injected into the column, which was connected with postcolumn reac-
tor	freshly	filled	with	zinc	dust	(Sigma-	Aldrich).

We	measured	350	patients’	serum	samples	from	postmenopausal	
women	with	and	without	osteoporosis.	All	 serum	samples	were	ob-
tained	 in	 tubes	 with	 a	 clot	 activator	 (Vacuette,	 Germany),	 and	 the	
tubes	were	 protected	 from	 light,	 centrifuged	 10	minutes	 at	 3727	 g 
and	immediately	stored	at	−80°C.	The	samples	were	stored	maximum	
3	months	before	the	analysis.

3  | RESULTS

The	HPLC	method	 has	 been	 successfully	 validated.	 The	 calibration	
curves	were	constructed	by	plotting	the	peak	area	ratios	of	vitamin	K	
standards	to	the	internal	standard	against	the	concentration	of	vita-
min	K.	The	assays	were	linear	(r2	was	0.9992	for	MK-	4,	r2 was 0.9993 
for	K1, r2	was	0.9995	for	MK-	7)	across	the	whole	range	of	concentra-
tions.	The	intra-		and	interday	accuracy	and	precision	were	evaluated	
on	two	QC	samples	by	multiple	analysis	(n	=	20).	The	intraday	CV	for	
MK-	4	were	8.4%	and	8.4%,	for	K1	were	7.3%	and	8.6%,	and	for	MK-	7	
were	9.5%	and	6.9%.	Interday	CV	for	MK-	4	were	9.4%	and	9.7%,	for	
K1	were	9.9%	and	8.7,	and	for	MK-	7	were	9.9%	and	9.6%.	The	within-	
day	accuracy	was	expressed	by	the	calculated	bias	between	observed	
and	 theoretical	 concentrations	 for	MK-	4	were	5.2%	and	0.07%,	 for	
K1	were	4.5%	and	3.9,	and	for	MK-	7	were	2.5	and	2.5%.	The	mean	
recoveries	 of	 the	 corresponding	 compounds	 were	 98%-	110%.	 No	
interference	 has	 been	 found	 between	MK-	4,	 K1,	 and	MK-	7,	 or	 the	
internal	standard	(Figure	2).	The	limit	of	quantification	for	MK-	4	was	
found	at	0.04	ng/mL,	for	K1	0.03	ng/mL,	and	for	MK-	7	0.03	ng/mL.	

Retention	times	of	MK-	4,	IS,	K1,	and	MK-	7	were	4.2	minutes,	6.1	min-
utes,	7.0	minutes,	and	14.1	minutes	respectively.	Quantification	was	
based	on	the	peak	area	ratio	of	vitamin	K	to	the	internal	standard.

The	stability	of	vitamins	was	tested.	We	tested	the	stability	of	vi-
tamins	in	the	fridge	(2-	8°C)	for	7	days	(Table	1),	and	the	stability	in	the	
freezer	for	3	months	 (Table	2).	Our	results	showed	that	the	vitamins	
were	 not	 stable	 in	 the	 fridge.	Mean	 decreases	 of	 51.6%	 for	MK-	4,	
16.8%	for	K1,	 and	23.0%	for	MK-	7	were	noted	after	7	days	storage	
of	serum	in	the	refrigerator.	The	vitamins	stored	in	the	freezer	were	
stable	 throughout	 the	 storage.	Mean	decreases	of	all	vitamins	were	
lower than 1%.

We	measured	 the	 levels	 of	vitamin	K	in	 two	groups	of	 patients.	
The	first	group	were	postmenopausal	women	with	osteoporosis	aged	
67.6	±	7.7	years	 (mean	±	SD,	 n	=	192),	 and	 the	 second	 group	 were	
postmenopausal	women	without	osteoporosis	aged	64.6	±	8.3	years	
(mean	±	SD,	 n	=	158).	 In	 accordance	with	 the	WHO	 consensus,	 os-
teoporosis	 is	 diagnosed	 when	 the	 densitometry	 shows	 −2.5	 SD	 in	
the	 T-	score	 downward.	 The	 first	 group	 with	 osteoporosis	 included	
women	with	a	T-	score	of	the	lumbar	spine	and	left	femoral	neck	below	
−2.5.	Our	data	 showed	a	 large	variability	 in	vitamin	K	levels.	 Serum	
levels	 of	 MK-	4,	 K1,	 and	 MK-	7	 from	 postmenopausal	 women	 with	
osteoporosis	 were	 0.890	±	0.291	ng/mL,	 0.433	±	0.394	ng/mL,	 and	
1.002	±	1.020	ng/mL,	respectively	(mean	±	SD).	Serum	levels	of	MK-	4,	
K1,	 and	MK-	7	 in	postmenopausal	women	without	osteoporosis	were	
0.825	±	0.266	ng/mL,	0.493	±	0.399	ng/mL,	and	1.186	±	1.076	ng/mL,	
respectively	(mean	±	SD).

4  | DISCUSSION

Vitamin K plays a key role in the blood coagulation, but it is also es-
sential	for	bone	and	vascular	health.2,10,11,12-16 Especially over the last 
thirty	years,	different	methods	for	quantification	of	vitamin	K	in	serum	
have been developed.17-20,21	The	most	commonly	used	methods	for	
determination	 of	 vitamin	 K	 are	HPLC	methods	with	 fluorescent	 or	
electrochemical detection. Recently, there have been published some 
methods	 based	 on	 liquid	 chromatography	 connected	 with	 tandem	

F IGURE  2 Analysis	of	blank	serum	with	
IS
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mass	 spectrometry	 (LC-	MS).	 Determination	 of	 vitamin	 K	 levels	 is	
quite	difficult,	because	of	low	concentration	of	circulating	form	of	vi-
tamin	K	 in	plasma,	 and	 interfering	 compounds	 in	plasma,	 especially	
triglycerides.

We	describe	a	HPLC	method	for	determination	of	vitamins	K1,	MK-	
4,	and	MK-	7	with	low	limit	of	quantification.	Wang	et	al19	used	HPLC	
method	with	fluorescence	detection	after	zinc	postcolumn	reduction	
for	determination	of	vitamin	K1.	They	tested,	similarly	as	we,	a	propri-
etary	vitamin	K	derivate	from	Immundiagnostik	as	an	internal	standard	

together	 with	 MK-	6.	 However,	 they	 had	 problems	 with	 MK-	6	 due	
to	 the	asymmetric	peak.	Their	 limit	of	quantification	was	0.01	ng/L.	
Marinova	et	al20	developed	a	HPLC	method	with	 fluorescent	detec-
tion	 for	determination	of	vitamins	K1	 and	MK-	4.	They	used	vitamin	
K1	(25)	as	internal	standard.	The	limit	of	quantification	was	0.0625	ng	
per	injection	for	both	forms	of	vitamins.	The	analysis	time	was	about	
13 minutes long.

Kamao et al22	published	HPLC	method	also	with	fluorescent	de-
tection	 for	measuring	of	vitamins	K1,	MK-	4,	and	MK-	7.	They	 tested	
two	HPLC	systems.	The	analysis	 time	was	quite	 long	approximately	
40	minutes.	Ahmed	et	al23	 also	described	 the	determination	of	vita-
mins K1,	MK-	4,	and	MK-	7	by	HPLC,	but	with	online	photoreactor	and	
peroxyoxalate	chemiluminescence	detection.	Authors	had	a	high	limit	
of	detection	1.4,	1.7,	and	5.5	ng/mL	for	vitamins	K1,	MK-	4,	and	MK-	7.	
The	disadvantage	of	this	method	was	a	big	amount	of	patient	samples	
(1	mL	of	plasma),	quite	complicated	equipment,	and	the	analysis	time	
was about 30 minutes long.

Recently,	 there	 have	 been	 also	 other	 methods	 based	 on	 liquid	
chromatography	with	 tandem	mass	 spectrometry	 (LC-	MS/MS)	 pub-
lished.	These	methods	 primarily	 use	 atmospheric	 pressure	 chemical	
ionization	 (APCI).	 For	 example,	 Song	 et	al24 determined vitamin K1 
by	HPLC-	APCI-	MS	without	SPE	extraction,	only	with	liquid-	liquid	ex-
traction	step.	The	analysis	time	was	about	13	minutes	 long,	and	the	
limit	of	quantification	was	0.3	ng/mL,	it	is	still	quite	high.

Riphagen et al25	published	a	LC-	MS	method	with	APCI	for	deter-
mination	of	vitamins	K1,	MK-	4,	and	MK-	7	with	a	simplified	pretreat-
ment	sample	procedure.	But	the	limit	of	quantification	for	MK-	7	was	
only	2.2	ng/mL.	Therefore,	 this	method	 is	definitely	not	 suitable	 for	
monitoring	the	levels	 in	normal	population,	because	the	levels	of	vi-
tamin	MK-	7	are	much	lower.	These	authors	used	the	pretreatment	of	

TABLE  1 Sample	stability	in	the	fridge

Sample stability—in the fridge, sample protected from light (4- 8°C)

Period MK- 4 (ng/mL) K1 (ng/mL) MK- 7 (ng/mL)

Original value 1.004 1.051 1.320

After	2	d 0.864 1.029 1.242

After	5	d 0.658 0.927 1.131

After	7	d 0.486 0.874 1.016

TABLE  2 Sample	stability	in	the	freezer

Sample stability—in the freezer, sample protected from light (−80°C)

Period MK- 4 (ng/mL) K1 (ng/mL) MK- 7 (ng/mL)

Original value 1.004 1.051 1.320

After	1	mo 1.002 1.046 1.320

After	2	mo 1.000 1.043 1.318

After	3	mo 0.996 1.045 1.311

TABLE  3 Published	levels	of	vitamin	K	in	different	populations

K1 (ng/mL) MK- 4 (ng/mL) MK- 7 (ng/mL) Location Population n Reference

0.51	±	0.37 not measured 0.29 ± 0.18 UK Young normal subjects 11 Suttie31

0.60	±	0.28 not measured 0.33 ± 0.17 UK Elderly normal subjects 17 Suttie31

0.10	±	0.14 0.01	±	0.0004 0.35	±	0.65 Japan Healthy	postmenopausal	
women

23 Kawana 
et al32

0.85	±	0.99 not measured not measured China Older men 86 Yan et al33

1.12	±	1.45 not measured not measured China Older women 92 Yan et al33

0.69	±	0.90 not measured not measured USA Older men 741 Booth et al34

1.81 ± 1.11 0.15	±	0.17 16.27	±	20.58 Japan Healthy	subjects 20 Kamao et al22

0.62	±	0.25 46.83	±	46.41 4.18	±	6.28 Japan Osteoporotic patients 10 Kamao et al22

1.22	±	0.57 0.39	±	0.46 6.37	±	7.45 Japan Healthy	subjects 20 Suhara	et	al29

0.32	±	0.24 0.02	±	0.04 1.97 ± 2.80 Japan Healthy	postmenopausal	
women

344 Tsugawa	
et al35

1.21	±	0.15 0.65	±	0.19 1.51	±	0.34 Japan Healthy	subjects 6 Ahmed	et	al23

0.68	±	0.05 not measured not measured USA African	American	adults 180 Shea	et	al36

not measured 2.20 ± 0.38 <	LOD	(0.04	ng/mL) Japan Healthy	female	subjects 10 Sato	et	al37

1.36	±	1.08 0.91	±	0.85 1.95	±	1.37 Italy Healthy	blood	donors 62 Fusaro et al30

0.61	±	0.21 0.09 ± 0.01 <LOD	(2.86	ng/mL) Netherlands Renal transplant recipients 60 Riphagen 
et al25
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the	sample	without	SPE	extraction	but	with	a	very	bad	limit	of	quan-
tification	 of	MK-	7.	 Especially	 based	on	 this	 study,	 it	 is	 evident	 that	
SPE	extraction	is	necessary	for	the	removal	of	interfering	substances,	
which	affect	mainly	MK-	7.

In	 the	 literature,	 it	 is	 possible	 to	 find	 the	 published	 reference	
range	 for	 vitamin	 K1	 (0.11.-	1.01	ng/mL,

26	 0.1-	3.2	ng/mL,27 and 
0.22-	2.28	ng/mL,28	but	it	 is	impossible	to	find	the	reference	range	
for	 menaquinones,	 so	 there	 is	 currently	 no	 established	 threshold	
of	 menaquinones	 that	 would	 indicate	 insufficiency	 or	 deficiency.	
However,	 it	 is	 not	 currently	 known	 if	 the	 recommended	 intake	 is	
sufficient	to	meet	all	physiological	needs.	Therefore,	it	is	very	diffi-
cult to derive clinical outcomes in patients as well as to compare the 
levels	of	vitamin	K.	The	different	plasma	levels	of	phylloquinone	and	
menaquinones	 have	 been	 reported,	 and	 the	 published	 data	 differ	
significantly	across	countries.21 Kamao et al22 measured the levels 
of	vitamin	K	in	20	healthy	subjects	and	in	10	osteoporotic	patients	
treated	with	MK-	4.	The	mean	concentration	±	SD	 in	healthy	 sub-
ject	 for	MK-	7	was	 16.27	±	20.58	ng/mL.	 Kaneki	 et	al17 published 
mean	±	SD	 for	 MK-	7	 3.82	±	3.11	ng/mL,	 and	 Suhara	 et	al29 pub-
lished	mean	±	SD	for	MK-	7	6.37	±	7.45	ng/mL	in	healthy	adults.	But	
these	data	were	obtained	from	the	Japanese	population,	where	the	
levels	of	MK-	7	differ	greatly	from	European	or	American	ones,	be-
cause	Japanese	diet	is	rich	in	natto	(fermented	soybean	food),	con-
taining	 the	 biggest	 amount	 of	MK-	7.	 Fusaro	 et	al30	 found	median	
concentration	of	K1,	MK-	4,	and	MK-	7	0.63	ng/mL,	0.51	ng/mL,	and	
1.09	ng/mL,	respectively,	in	hemodialysis	patients.

Kaneki et al17	also	published	data	from	France	and	the	UK,	and	
those	do	not	correlate	with	our	data.	In	Table	3,	we	summarized	the	
published	 levels	 in	different	populations.	 It	 is	obvious	that	the	data	
vary	across	populations.	It	is	a	question	whether	the	data	are	so	sig-
nificantly	 different	 due	 to	various	 analytical	methods,	 and	because	
it	 is	 necessary	 to	 standardize	 them,	 or	whether	 the	 concentrations	
vary	with	the	type	of	meal	pattern.	Additional	research	in	this	area	is	
needed.	It	is	also	important	to	mention	that	some	published	data	were	
measured	in	very	small	groups	of	patients.22,23,29,37,31,32	It	is	quite	in-
teresting that our results in postmenopausal women with osteoporo-
sis	and	without	osteoporosis	are	very	similar;	however,	the	difference	
was	statistically	significant.	Especially,	the	differences	in	the	Japanese	
population	 are	more	 evident.	Authors	Kaneki	 et	al17	 found	out	 the	
difference	between	the	levels	of	MK-	7	about	2.97	ng/mL	in	Japanese	
women with and without osteoporosis living in eastern Japan, but 
only	0.35	ng/mL	in	Japanese	women	living	in	western	Japan.	The	lev-
els	of	MK-	7	were	 significantly	higher	 in	both	groups	of	postmeno-
pausal	women	from	eastern	Japan,	because	in	this	part	of	Japan	natto	
is	 frequently	 eaten.	 Shea	 et	al38	 published	 the	 difference	 of	MK-	7	
between	Japanese	women	with	and	without	osteoporosis	0.499	ng/
mL.	Comparable	to	our	results	are	the	differences	of	MK-	7	in	the	UK	
about	0.18	ng/mL	and	in	France	about	0.12	ng/mL,17 but these data 
were	measured	in	small	groups	of	patients.	Vitamin	K	(especially	K2)	
plays	an	essential	role	in	mineral	utilization	and	activates	proteins	re-
sponsible	for	the	deposition	of	calcium	and	phosphorus	salts	in	bones.	
Low	vitamin	K	concentrations	are	associated	with	increased	risks	of	
osteoporotic	fractures	in	the	elderly	and	vascular	calcification.21,39	It	

was	published	that	serum	vitamin	K	concentrations	are	significantly	
associated	with	dietary	 intake	of	 these	vitamins.25	 It	 is	not	entirely	
clear	why	 there	are	no	 significant	differences	between	populations	
but also between postmenopausal women in individual populations, 
and	if	only	nutritional	and	metabolic	factors	play	role.	Therefore,	fur-
ther	investigations	are	necessary	to	be	performed.

5  | CONCLUSION

We	described	a	HPLC	method	for	determination	of	vitamin	K	with	
fluorescence	detection	after	postcolumn	 reduction.	This	method	 is	
selective	and	highly	sensitive	and	is	suitable	for	the	routine	measure-
ment	of	the	levels	of	phylloquinone	and	menaquinones	in	serum.	It	
was	published	that	it	is	much	easier	to	find	out	the	status	of	vitamin	
K	by	 the	measurement	 of	 undercarboxylated	 vitamin	 K-	dependent	
proteins, where the analytical methods are not so complicated. 
However,	 lots	of	 these	proteins	are	affected,	 for	example,	by	vita-
min	D,	therefore	the	levels	of	these	proteins	may	not	reflect	the	ac-
tual	 concentration	of	vitamin	K.	 In	order	 to	 improve	 the	outcomes	
of	some	medical	 treatments,	especially	related	to	bone	metabolism	
and	inhibition	of	vascular	calcification,	it	is	recommended	to	measure	
directly	the	 levels	of	phylloquinone	and	menaquinones	 in	serum	or	
plasma.
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