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Abstract

A HPLC fluorescence determination method for Vitamin K derivatives (Vitaminghylloquinone, PK and K menaquinones, MK-4
and MK-7) using post-column reduction and internal standards was developed. Selectivity and reproducibility were increased by optimized
chromatography conditions and satisfactory precision and accuracy were attained by using synthetic internal standards. After addition of
internal standards to plasma samples, lipids were extracted with ethanol and hexane. Chromatography was performed by isocratic reverse
phase separation on a C18 column. Vitamin K derivatives were detected at 430 nm with excitation at 320 nm for MK-4 and 240 nm for PK and
MK-7. The detection limits for MK-4, PK and MK-7 were 4, 2 and 4 pg, respectively. The recoveries of MK-4, PK and MK-7 were greater
than 92% and the inter- and intra-assay R.S.D. values were 5.7-9.2% for MK-4, 4.9-9.6% for PK and 6.3-19.3% for MK-7. The data showed
good correlation between proposed method and LC-APCI/MS method for M&-4@{.988), PK R2=0.979) and MK-7 R =0.986). The
method allows the determination of Vitamin K for evaluating their clinical and nutritional status.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction duction in bone resorption in humaf3—6] and rodents
[7-13]
Vitamin K is a cofactor for an enzyme that con- There are two major forms of Vitamin K in nature. Vi-

verts specific glutamyl residues in several proteins suchtamin K; (phylloquinone, PK) is produced by plants and
as plasma clotting factors Il (prothrombin), VII, IX and algae, and Vitamin K series (menaquinones, MKSs) is syn-
X, protein C, S and Z, osteocalcin (bone Gla protein), thesized by bacteria={g. 1). The length of the isoprenoid
matrix Gla protein toy-calboxylglutamyl (Gla) residues. side-chain in menaquinones is defined by its carbon number,
These Vitamin K-dependent proteins play crucial roles in or the number of isoprenoid units. The major dietary form of
homeostasis and calcificatidt,?]. It is well known that Vitamin K has been considered to be PK, which is contained
neonatal and infantile Vitamin K deficiency causes me- in green and leafy vegetablg§s4,15] In contrast, MKs are
lena neonatorum and intracranial hemorrhagic disorders.found in fermented food and in the colon, where they are
In addition, several reports indicate an important role for synthesized by the intestinal microfldf®]. However, little
Vitamin K in bone health. Administration of Vitamin K is known about Vitamin K status in humans. It is difficult to
results in an increase in bone-mineral density and a re-determine plasma Vitamin K because basal concentrations of
Vitamin K in plasma are very low. In addition, MK-4 has re-
* Corresponding author. Tel.: +81 78 441 7563; fax: +81 78 441 7565, C€lved governmental approval for use as an agentfor the treat-
E-mail addresst-okano@kobepharma-u.ac.jp (T. Okano). ment of OSteOpOfOSiS in Japan. ThUS, measurement of MK-4
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(o] for Vitamin K in human plasma using two kinds of HPLC
systems, optimized for determination of MK-4 and less polar
O‘ derivatives, PK and MK-7. We also synthesized Vitamin K
~ H analogs with different length of the alkyl side-chal¥d. 1)
0 3 as internal standards and selected suitable synthetic Vitamin
Vitamin K, (phylloguinone, PK) K analogs for determination of MK-4, PK and MK-7.
(o]
O‘ 2. Experimental
R H 2.1. Chemicals and reagents
o}

n

Vitamin K, (menaquinone, MK-n) PK, MK-4, MK-5, MK-6, MK-7, MK-8, MK-9 and MK-

10 were kindly provided by Eisai Pharmaceuticals (Tokyo,

o Japan). The Vitamin K analogs with different length of the
alkyl side-chain as internal standards were synthesized in
O‘ our laboratory as described belo¥fO-labeled MK-4, PK
CoHzni and MK-7 which are replaced both oxygen atoms at quinone
structure td®0 were also synthesized in our laboratory as de-
Internal standard (1.S.-C,) scribed previously31]. The isotopic purity of-80-labeled
MK-4, PK and MK-7 are 95%, respectively. HPLC-grade
Fig. 1. Structures of natural VitaminiKK» and internal standards. solvents and reagents for chemical synthesis were purchased

from Nacalai Tesque, Inc. (Kyoto, Japan) and Wako Pure
Chemical Industries Ltd. (Osaka, Japan). Control human
concentration in plasma of osteoporaotic patients is important serum was purchased from Wako Pure Chemical Industries
in therapeutic drug monitoring. Ltd. (Osaka, Japan).
Previously, several methods for separation and determi-
nation of Vitamin K by thin layer chromatography (TLC) 2.2. Synthesis of internal standards
[17], gas liquid chromatography (GLG)18,19] and high-
performance liquid chromatography (HPLC) with ultraviolet The synthetic method of Vitamin K analogs with different
(UV) detection20], fluorescence detecti¢dl—-25] electro- length of the alkyl side-chain was previously repoitggi. A
chemical detectiof26—29]and mass spectrometric detection solution of 1 g (NH)2S,0g in 10 mL water was added drop-
[30] were reported. Recently, we have developed a methodwise over 90-120 min to a stirred suspension of 10 mL wa-
for the determination of Vitamin K in human plasma by ter, 20 mL acetonitrile, 0.25 g AgN§0.2 g Vitamin K3 (2-
liquid chromatograpy-atmospheric pressure chemical ioniza- methyl-1,4-naphthoquinone) and 1.5 mmol fatty acid (.3,
tion/mass spectrometry (LC-APCI/M$31]. Although this 14, 15, 16, 18, 19, 20, 23) at 65-76. After stirring for
method has great advantage in high sensitivity and accuracyanother 30 min, the resulting mixture was cooled, extracted
it is very expensive for routine assay. In contrast, the sep- with ether, washed with water, dried, filtered, and concen-
aration and detection by HPLC with fluorescence detection trated. Purified products with yield of 50-65% as yellow nee-
using post-column chemical reduction is relatively high sen- dles were obtained after flash chromatography through silica
sitive, convenient and stable. Vitamin Ks are reduced by the gel 60 (Merck, Darmstadt, Germany) using hexane-ethyl ac-
platinum-reduction column and converted into Vitamin K hy-  etate (20:1, v/v) and recrystallization. The 500 M#tzNMR
droquinones, which are highly fluorescent. However, there is spectra of the synthetic compounds were measured on a Var-
still the problem in separation of Vitamin K from interfering ian VXR-500. All compounds were dissolved in 0.3 mL of
compounds in plasma. Especially, it is difficult to determine deuterated chloroform (CDg;l Merk). Chemical shifts are
MK-4 accurately in a routine assay, because basal plasmagiven in ppm §) using tetramethylsilane (TMS) as the in-
concentration of MK-4 is markedly lower than PK and elute at ternal standard. Mass spectra were obtained using M-4100
the same retention time of a number of interfering compounds (Hitachi, Tokyo, Japan).
in plasma. Also, it is assumed that use of internal standards
is necessary due to the loss of Vitamin K during extraction. 2.2.1. 2-Methyl-3-trydecyl-1,4-naphthoquinone (Code:
One of natural Vitamin K derivatives, MK-6, has been used 1.S.-C13)
widely as internal standaf@2], because human circulating 1H NMR (500MHz, CDC}) § 0.88 (t, J=6.8, 3H),
levels are undetectable. However, synthetic compounds arel.15-1.38 (m, 16H), 1.40 (m, 2H), 1.47 (m, 2H), 1.57 (m, 2H),
more suitable for internal standards in terms of application 2.19 (s, 3H), 2.63 ()=7.8, 2H), 7.69 (m, 2H), 8.08 (m, 2H);
to various samples such as animal tissue or foods. In this'3C NMR (125 MHz, CDC}) § 12.63, 14.11, 22.68, 27.10,
paper, we describe improved highly sensitive assay method28.76, 29.34, 29.43, 29.53, 29.62, 29.63, 29.66, 29.99, 31.91,
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126.15, 126.25, 132.16, 132.21, 133.26, 133.29, 143.07,133.30, 143.07, 147.60, 184.73, 185.41; HREIMS calcd for
147.59, 184.72, 185.40; HREIMS calcd fosEl3402 (M*), C3oH4602 (M*), 438.3498, found 438.3497.
354.2559, found 354.2561.
2.2.7. 2-Methyl-3-icosyl-1,4-naphthoquinone (Code:
2.2.2. 2-Methyl-3-tetradecyl-1,4-naphthoquinone 1.S.-C20)
(Code: 1.S.-C14) 'H NMR (500 MHz, CDC}) § 0.88 (t, J=7.0, 3H),

IH NMR (500 MHz, CDC}) § 0.88 (t, J=7.0, 3H), 1.15-1.38 (m, 30H), 1.40 (m, 2H), 1.47 (m, 2H), 1.57 (m,
1.15-1.38 (m, 18H), 1.40 (m, 2H), 1.47 (m, 2H), 1.57 2H), 2.19 (s, 3H), 2.63 (1)=7.8, 2H), 7.69 (m, 2H), 8.08
(m, 2H), 2.19 (s, 3H), 2.63 ()=7.8, 2H), 7.69 (m, 2H),  (m, 2H);13C NMR (125 MHz, CDC}) § 12.63, 14.11, 22.69,
8.08 (m, 2H);13C NMR (125 MHz, CDC}) 812.63, 14.11, 27.11,28.76,29.35, 29.43, 29.54, 29.63, 29.65, 29.66, 29.68,
22.68,27.10, 28.76, 29.34,29.43, 29.54, 29.62, 29.64, 29.65,29.69, 30.00, 31.92, 126.16, 126.26, 132.16, 132.21, 133.26,
29.68, 30.00, 31.91, 126.15, 126.25, 132.16, 132.21, 133.26,133.30, 143.07, 147.60, 184.73, 185.41; HREIMS calcd for
133.29, 143.07, 147.59, 184.72, 185.40; HREIMS calcd for C31H4802 (M*), 452.3654, found 452.3658.

CasH3602 (M), 368.2715, found 368.2717.

2.2.8. 2-Methyl-3-tricosyl-1,4-naphthoquinone (Code:
2.2.3. 2-Methyl-3-pentadecyl-1,4-naphthoquinone I.S.-C23)
(Code: I.S.-C15) IH NMR (500 MHz, CDC}) § 0.88 (t, J=6.8, 3H),

IH NMR (500 MHz, CDC}) § 0.88 (t, J=6.8, 3H), 1.15-1.38 (m, 36H), 1.40 (m, 2H), 1.47 (m, 2H), 1.55 (m,
1.15-1.38 (m, 20H), 1.40 (m, 2H), 1.47 (m, 2H), 1.57 (m, 2H), 2.19 (s, 3H), 2.63 (1)=7.8, 2H), 7.69 (m, 2H), 8.08
2H), 2.19 (s, 3H), 2.63 (=7.8, 2H), 7.69 (m, 2H), 8.08  (m, 2H);13C NMR (125 MHz, CDC}) § 12.63, 14.11, 22.65,
(m, 2H);13C NMR (125 MHz, CDC}) § 12.63, 14.11,22.68,  27.11, 28.76, 29.35, 29.43, 29.54, 29.63, 29.65, 29.67, 29.68,
27.10, 28.76, 29.35, 29.43, 29.54, 29.62, 29.64, 29.66, 29.67,29.69, 30.00, 31.92, 126.16, 126.27, 132.18, 132.23, 133.26,
29.69, 30.00, 31.91, 126.15, 126.25, 132.16, 132.21, 133.26,133.30, 143.08, 147.61, 184.73, 185.41; HREIMS calcd for
133.29, 143.07, 147.59, 184.72, 185.40; HREIMS calcd for C34Hs540, (M*), 494.4124, found 494.4126.

Co6H3802 (M*), 382.2872, found 382.2866.
2.3. Sample preparation
2.2.4. 2-Methyl-3-hexadecyl-1,4-naphthoquinone
(Code: I.S.-C16) For the developmental work on the assay, control serum

IH NMR (500 MHz, CDC§) § 0.88 (t, J=6.8, 3H), (Wako Pure Chemical Industries Ltd.) and plasma of healthy
1.15-1.38 (m, 22H), 1.40 (m, 2H), 1.47 (m, 2H), 1.57 (m, subjects were used. The plasma samples from healthy sub-
2H), 2.19 (s, 3H), 2.63 (t)=7.8, 2H), 7.69 (m, 2H), 8.08 jects and osteoporotic patients treated with MK-4 were
(m, 2H);13C NMR (125 MHz, CDC}) § 12.63, 14.12,22.69,  obtained through the kind help of Dr. M. Shiraki, the Re-
27.11,28.76,29.35, 29.43, 29.54, 29.63, 29.65, 29.66, 29.67 search Institute and Practice for Involutional Disease. Ex-
29.68, 29.69, 30.00, 31.91, 126.16, 126.26, 132.16, 132.21,actly 0.5 mL of serum or plasma sample was placed in a
133.26, 133.30, 143.07, 147.60, 184.73, 185.41; HREIMS brown tube and diluted with distilled water to 1 mL. After
calcd for G7H4002 (M), 396.3028, found 396.3025. addition of internal standards solution (1.S.-C16 and I.S.-

C19, 1 ng/5QuL each), the diluted sample was extracted with
2.2.5. 2-Methyl-3-octadecyl-1,4-naphthoquinone (Code: 1.9 mL of ethanol and 3mL of hexane. The mixture was
I.S.-C18) shaken for 5 min before centrifuging at 3000 rpm for 5 min,

IH NMR (500 MHz, CDC§) § 0.88 (t, J=6.8, 3H), 2.5mL of hexane layer was passed through a Sep-Pak silica
1.15-1.38 (m, 26H), 1.40 (m, 2H), 1.47 (m, 2H), 1.57 (m, cartridge (Waters, Milford, MA, USA) that was washed with
2H), 2.19 (s, 3H), 2.63 (tJ=7.8, 2H), 7.69 (m, 2H), 8.08 10 mL of hexane. Vitamin K was eluted with 5 mL of hexane-
(m, 2H);13C NMR (125 MHz, CDC}) § 12.63, 14.11,22.68,  diethyl ether (97:3). The eluate was evaporated under re-
27.11,28.76,29.35, 29.43, 29.54, 29.62, 29.64, 29.65, 29.66 duced pressure, and the residue was dissolved witi.P@d
29.69, 30.00, 31.92,126.16, 126.26, 132.16, 132.21, 133.26,ethanol. Forty microlitre aliquots were subjected to two kinds
133.29, 143.07, 147.59, 184.72, 185.40; HREIMS calcd for of HPLC, System 1 for determination of MK-4 and System 2

CogH440; (M), 424.3341, found 424.3344. for determination of PK and MK-7. The recoveries of MK-4,
PK and MK-7 were evaluated using control serum spiked

2.2.6. 2-Methyl-3-nonadecyl-1,4-naphthoquinone MK-4 (0.1, 0.2 or 0.4ng/0.5mL serum), PK (0.4, 0.8 or

(Code: I.S.-C19) 1.6 ng/0.5 mL serum) and MK-7 (0.75, 1.5 or 3.0ng/0.5mL

IH NMR (500 MHz, CDC§) § 0.88 (t, J=6.8, 3H), serum) (1=5). To evaluate the precision (intraassay and in-
1.15-1.38 (m, 28H), 1.40 (m, 2H), 1.47 (m, 2H), 1.56 (m, terassay), control serum and plasma of healthy subject were
2H), 2.19 (s, 3H), 2.63 (t)=7.8, 2H), 7.69 (m, 2H), 8.08  used. To examine the correlation with LC-APCI/MS method,
(m, 2H);13C NMR (125 MHz, CDC4) § 12.63, 14.12,22.69,  plasmasamples from healthy subjects @0, age 59-82) and
27.11,28.77,29.36, 29.43, 29.55, 29.63, 29.65, 29.67, 29.68,0steoporotic patients treated with MK-4%£ 10; age, 47-85;
29.69, 30.00, 31.92,126.16, 126.26, 132.16, 132.21, 133.26 daily dose of MK-4, 45 mg; attending period, 4.0-12.2 years)
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were used. For LC-APCI/MS analysé€0-labeled MK-4, tem (Applied Biosystems, Foster City, CA, USA), equipped

PK and MK-7 were used as internal standards. with an APCI electrospray interface. All MS data were
collected in positive ion mode. The following APCI/MS
2.4. HPLC apparatus and conditions for fluorescence parameter settings were applied: corona discharge needle
detection voltage, 4.5KkV; vaporizer temperature, 4@ sheath gas
(high-purity nitrogen) pressure, 70 psi; no auxiliary gas; and
The HPLC system consisted of a LC-104®pump (Shi- transfer capillary temperature, 220. The electron multi-
madzu, Kyoto, Japan), a SIL-10AB auto injector (Shi- plier voltage was set at 850 eV. The scan range for the parent

madzu), a CTO-10ADe column oven (Shimadzu) set to Scan was 400-500 atomic mass units (amu) in case of PK,
35°C, and a RF-104 fluorescence detector set to an MK-4, and their'®0-labeled compounds, 600-700amu in
excitation wavelength of 320nm (System 1: for determi- MK-7 and'®0-MK-7. Quantitative analysis was carried out
nation of MK-4) or 240nm (System 2: for determina- USing MS/MS-multiple reaction monitoring (MRM) of pre-
tion of PK and MK-7) and an emission wavelength of cursor ion of Vitamin K homologuesr(z 445, MK-4; 449,
430nm. The data acquired by C-R8A chromatopac (Shi- -°O-MK-4; 451, PK; 455,%0-PK; 649, MK-7; 651,'°0-
madzu) were processed by CLASS-PR10 software (Shi- MK-7) and their product ionrfVz 187, natural Vitamin Ks;
madzu)_ Separations were performed on a CAPCELL 191,18O'|abe|ed Vitamin KS) with a dwell time of 500 ms.
PAK C18 UG120 (4.6 mnx 250 mm, 5um, Shiseido Co. Calibration, using internal standardization, was done by lin-
Ltd., Tokyo, Japan). A RC-10 platinum-reduction column €ar regression analysis using four different concentration
(4.0 mmx 15 mm, Irica, Kyoto, Japan) was located between fanges from 12.5 to 200 ng/mL. The concentration of MK-
HPLC column and the fluorescence detector for postcolumn4, PK and MK-7 in plasma was calculated as fluorescence
reduction. detection.

Analysis was performed using an isocratic eluent system.

For determination of MK-4, the mobile phase was a 95:5

(v/v) mixture of methanol and water (System 1). For deter- 3- Results and discussion

mination of PK and MK-7, the mobile phase was a 95:5 (v/v)

mixture of methanol and ethanol (System 2). The flow-rate 3-1. Optimal HPLC systems and internal standards
was 1.0 mL/min in both systems.

For determination of MK-4, standard solutions contain- ~ PK, MK-4 and MK-7 were detected in almost all plasma
ing MK-4 (1, 5 and 10 ng/mL), and I.S.-C16 (5 ng/mL) were Samples from healthy subjects tested here. In contrast, MK-
used. For determination of PK and MK-7, standard solu- 5, MK-6, MK-8, MK-9 and MK-10 were not detected in all
tions containing PK and MK-7 (1, 5 and 10 ng/mL each), samples. Thus, it was decided to measure PK, MK-4 and
and 1.S.-C19 (5 ng/mL) were used. The calibration curve was MK-7 in this study using two kinds of HPLC systems. In
constructed by plotting the peak-area ratio of Vitamin K to case of determination of MK-4 in control serum and plasma
internal standard versus molar ratio of Vitamin K to inter- Of healthy subjects, MK-4 was not separated completely from
nal standard. The concentration of MK-4, PK and MK-7 in interfering compounds in serum or plasma by a mixture of

plasma (ng/mL) was calculated using the following formula: Methanol and ethanol, which was used as mobile phase gen-
RS erally (data not shown). In addition, the peak which has reten-

Concentration of MK-4 PK or MK-7 = — tion times very close to that of MK-4 was observed during the
4 analysis without reduction. To separate MK-4 from interfer-
whereRis quantitative ratio of Vitamin K to internal standard ing compounds, HPLC System 1 (retention time of MK-4,
obtained from calibration curv8ijs added amount of internal ~ 23.74 min) was used. In System 1, unknown peaks, which
standards (1 ngy is volume of a sample (mL) taken forassay eluted at the same retention time as MK-4 was not observed

(0.5mL). with or without reduction column. For quantitative analy-
sis of MK-4, 1.S.-C16, which was found as a single peak,
2.5. LC-APCI/MS apparatus and conditions was chosen as an internal standard. The retention times of

Vitamin K analogs in System 1 were as follows: 1.S.-C13,

The HPLC system consisted of a SCL-10ADvp system 21.88 min; I.S.-C14, 27.41min; |.S.-C15, 32.43min; I.S.-
controller (Shimadzu), a LC-10Alp pump (Shimadzu), C16, 41.98 minFig. 2 shows the chromatographic profiles
DGU-14A automatic solvent degasser (Shimadzu), a SIL- of authentic MK-4 and I.S.-C168~g. 2A), a representative
10ADyp auto injector (Shimadzu), and a CTO-104&col- plasma sample from healthy subject with post-column re-
umn oven (Shimadzu) set to 4Q. Separations were carried duction Fig. 2B) and the same plasma sample without post-
outusinga CAPCELL PAKC18 UG120 (4.6 mrm250 mm) column reductionKig. 2C) in System 1.
with a solvent system consisting of an isocratic solvent A Ultilizing a 95:5 (v/v) mixture of methanol and ethanol
(methanol-0.1% acetic acid, 95:5, v/v) in 25 min and then a as mobile phase and the detection at 430 nm with excita-
linear gradient from 0 to 50% ethanol in 50 min. Mass spec- tion at 320 nm were effective for the separation of PK from
trometry was performed with an AP13000 LC/MS/MS Sys- other substances in serum or plasma, however, MK-7 was not
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Fig. 3. Chromatograms of authentic standards and a plasma sample in Sys-
Fig. 2. Chromatograms of authentic standards and a plasma sample in SySiam 2. (A) authentic standards of MK-4, PK, 1.5.-C19 and MK-7; (B) a
tem 1. (A) authentic standards of MK-4 and 1.S.-C16; (B) a plasma sample plasma sample obtained from the same subject as showgir2 with
obtained from a healthy subject with reduction by the platinum-reduction ¢q,,ction by the platinum-reduction column; and (C) a plasma sample ob-
column; and (C) a plasma sample obtained from a healthy subject without {zined from the same subject as showrFig. 2 without reduction by the
reduction by the platinum-reduction column. platinum-reduction column.

successfully isolated from deterrent. HPLC chromatograms MK-4 was not separated from interfering compounds in
were obtained by injecting plasma samples and verifying plasma.

the excitation wavelength from 230 to 320nm and the op-  For multiple assay of MK-4, PK and MK-7, a gradient
timum excitation wavelength for the detection of PK and eluent system after elution of MK-4 is available. It has been
MK-7 was set at 240 nm (data not shown). For quantitative

analysis of PK and MK-7 in System 2, I.S.-C19, which was Table 1

found as a single peak between PK and MK-7, was chosenThe recoveries of MK-4, PK and MK-7

as an internal standard. The retention times of PK, MK-7 MK-4 PK MK-7

and Vitamin K analogs in System 2 were as follows: PK, Low (n=5)

16.99 min; MK-7, 34.48 min; 1.S.-C13, 11.47 min; |.S.-C14, Mean+ S.D. (%) 93+ 8.6 103+5.2 97+6.1

13.04 min; 1.S.-C15, 15.42min; 1.S.-C16, 17.81min; I.S.- R.S.D.(%) 9.2 5.0 6.3

C18, 24.41 min; I.S.-C19, 25.54 min; 1.S.-C20, 31.01 min; Middle (n=5)

1.S.-C23, 36.35 minFig. 3shows the chromatographic pro- Mean+ S.D. (%) 101£2.5 99+2.3 101+ 4.6

files of authentic MK-4, PK, 1S-C19 and MK-F{g. 3A), R-S.D. (%) 25 23 4.6

a representative plasma sample from healthy subject withHigh (n=5)

post-column reductionig. 3B) and the same plasma sam- ~ Mean+SD.(%)  99£5.2 99+£2.0 104£3.2
R.S.D. (%) 5.3 2.0 31

ple without post-column reductiorFig. 3C) in System 2.




46 M. Kamao et al. / J. Chromatogr. B 816 (2005) 41-48

Table 2
Intra- and inter-assay/R.S.D. values of assay method for Vitamin K
MK-4 PK MK-7
Intra-assayr{=10)
Control serum
Mean=+ S.D. (ng/mL) 0.179:0.014 0145+ 0.014 006740.013
R.S.D. (%) 7.5 B 193
Plasma of normal subject
Mean+ S.D. (ng/mL) 0.353:0.021 1270+ 0.084 0693+ 0.061
R.S.D. (%) 6.0 ® 88
Inter-assayr{=10)
Control serum
Mean+ S.D. (ng/mL) 0.1910.011 0152+ 0.008 0076+ 0.011
R.S.D. (%) 5.7 3 139
Plasma of normal subject
Mean+ S.D. (ng/mL) 0.332:0.031 1193+0.058 0598+ 0.038
R.S.D. (%) 9.2 0 6.3

confirmed that MK-4, PK and MK-7 were successfully de- speculate that intra- and inter-assay R.S.D. values of control
termined without interruption of co-eluting compounds by serum for MK-7 were high because concentration of MK-7
using following HPLC system; column, CAPCELL PAK was low and close to the limit of quantitation. The sensitivity
C18 UG120 (4.6 mnx 250 mm); reduction column, RC-10 and an overall recovery combined with reproducibility al-
(4.0 mmx 15 mm); mobile phase, anisocratic elution of 95:5 lowed the measurement of three kinds of Vitamin K, MK-4,
(v/v) mixture of methanol and water for 30 min, and a linear PK and MK-7 with only 0.2 mL of plasma, which is smaller
gradient from 0 to 100% ethanol following 50 min; flow- than in previous.

rate, 1.0 mL/min; excitation wavelength, 240 nm; emission

wavelength, 430 nm; retention time of MK-4,23.74 min; 1.S.- 3.3, Concentration of Vitamin K in healthy subjects and
C16, 38.49 m|n, PK, 44.73 m|n, IS'Clg, 55.12 m|n, MK'?, Osteoporotic pauents treated with MK-4

65.79 min.

This method was applied to the plasma samples ob-
3.2. Sensitivity, precision and accuracy tained from 20 healthy subjects and 10 osteoporotic patients.
Plasma levels of MK-4, PK and MK-7 in healthy subjects
A calibration curve of MK-4, PK and MK-7 gave a linear- were 0.15:0.17ng/mL (meag-S.D.), 1.8141.10ng/mL
ity between 2 and 500 pg in Systems 1 and 2 described previ-and 16.27 20.58 ng/mL, respectivelyffable 3. Plasma lev-
ous section. The detection limits of MK-4 and MK-7, based €ls of MK-4, PK and MK-7 in osteoporotic patients treated
on a signal-to-noise ratio of 3: 1, were 4 pg per injection, and With MK-4 were 46.83t 46.41 ng/mL, 0.620.25ng/mL
that of PK was 2 pg per injection, respectively. The recover- and 4.18t6.28 ng/mL, respectively. The plasma levels of
ies of MK-4, PK and MK-7 calculated by measurements of MK-4in patients treated with MK-4 were significantly higher
control serum spiked Vitamin K at low (MK-4, 0.1 ng; PK, than that of healthy subjectp €0.05). The plasma levels
0.4 ng; MK-7,0.75 ng/0.5 mL serum), middle (MK-4,0.2ng; ©of PK and MK-7 in patients treated with MK-4 were sig-
PK, 0.8ng; MK-7, 1.5ng/0.5mL serum) and high (MK-4, nhificantly lower than that of healthy subjects<{0.001 and
0.4ng; PK, 1.6 ng; MK-7, 3.0ng/0.5 mL serum) concentra- P<0.05, respectively). However, itis conceivable that the in-
tion were about 92-105%T4ble J). Intra- and inter-assay  dividual difference derived from diet exists in plasma levels
R.S.D. values calculated by measurements of control serumof PKand MK-7. We confirmed that the plasma concentration
and plasma of healthy subject were 5.73-9.21% for MK-4, of MK-7 was markedly increased after intake of fermented
4.86-9.64% for PK and 6.32—19.31% for MKTable 9. We soybean (data not shown).

Table 3
Concentration of Vitamin K in healthy subjects and osteoporotic patients treated with MK-4
MK-4 PK MK-7
Healthy subjectsn(=20) (meant S.D. (nhg/mL))
Fluorescence detection 0.149+0.172 1.844.107 16.27+ 20.58
LC-APCI/MS detection 0.392+0.457 2.168 1.340 17.53+ 22.55

Osteoporotic patientsiE 10) (meant S.D. (ng/mL))
Fluorescence detection 46.83+46.41 0.62D.245 4.17% 6.281
LC-APCI/MS detection 51.89+44.88 0.8500.272 4.128+ 6.373
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4. Conclusions

)
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Q

Here we show an improved HPLC method for determina-
tion of Vitamin K with fluorescence detection using post col-
umn reduction. Synthetic internal standards were synthesized
and used and validated to quantify MK-4, PK and MK-7.
The proposed method has several advantages in comparison

1501

100

3 Fluorescence detection (ng/mL

80 iRy B with previously reported method: high selectivity and repro-
R2=0.988 ducibility attained by using two kinds of HPLC system opti-

00 - e 380 20 mized for determination of MK-4 and less polar derivatives,

) LC-APCI/MS detection (ng/mL) PK and MK-7; satisfactory precision and accuracy attained

by using synthetic Vitamin K analogs as internal standards;

6 small sample required for determination of three major Vi-

tamin K derivatives, MK-4, PK and MK-7. Therefore, the
proposed method is suitable for both clinical and nutritional
studies and the routine assay for MK-4, PK and MK-7 in
plasma. Due to its high sensitivity, the assay may provide
a useful tool for elucidation of importance of Vitamin K in
bone metabolism, for example, analysis of Vitamin K in bone

ST— tissue extracts obtained from animals.
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