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Endogenous Concentrations of K Vitamins in Human Placenta

and in Maternal and Umbilical Cord Plasma

Hidekazu HIRAIKE, Kenji SEKINE, Mieko KIMURA, Yoshinori ITOKAWA
Department of Hygiene, Faculty of Medicine, Kyoto University

Endogenous concentrations of K vitamins(VKs) in human placenta and in paired
samples of maternal and umbilical cord plasma were detected and identified by high-
performance liquid chromatography (HPLC) with fluorometric detection using post-
column reduction. ,

Pylloquinone(K1) and menaquinones(K2:MK-4, 6, 7) were found in placentae
and maternal plasma. K1 and MK-4 were found in umbilical cord plasma. (Table 1.)

The experimental subjects were (A) thirteen pregnant women with normal diet
and (B) two pregnant women with diet addition of fermented soybeans (Natto) about
30g on alternate days for 1 month before delivery. As MK-7 is abundant in fermented
soybeans, the placenta and maternal plasma of group (B) contained higher concentra-
tions of MK-7 than group (A). But MK-7 was not found in umbilical cord plasma of
any of the subjects.

These results may be helpful to elucidate the cause of neonatal hemorrhagic
disease occuring a few days after birth which appears to be at least in part responsive

to vitamin K therapy.
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placenta 4g
4 + 66% isopropanol, 7ml —~ homogenize
{  + 66% isopropanol, 3ml - homogenizer shaft wash
J  + hexane, 25ml -
{  shake (5min), centrifugation (1,300G: 5min)
hexane layer (20ml)
§  evaporate
residue
4+ hexane 5ml (+ hexane 3ml: wash)*

SEP-PAK silica
- pre-wash 1. hexane:ether=97:3 5ml
2. hexane 10ml
{  hexane with residue *
hexane 10ml: wash
0+ hexane:ether=97:3 5ml — elute
eluate
{  evaporate
residue
+ hexane 150ul (+ 50ul:wash)

TLC = Merek precoated plate silica gel 60 F254 -
200 x 200 x 0.25mm
(predeveloped with CHCl;)

4 1 sample/ 1 plate, pet. ether:ether=85:15
scraped SiO, :

J  + CHCl; 7ml

4 shake (5min), centrifugation (1,300G:5min)
CHCI; lay, Sml

evaporate
residue
J  + ethanol 200ul
HPLC 50ul injection

HPLC Conditions

1. Mobil phase: 92.5% ethanol
3
2. Pump: flow rate 1ml/min

3. Injection: sample 50ul

3
4. Column: Nucleosil 5C-18, (15cm x 4.6mm 1.D.)
4
5. Reductant: 0.025% NaBH,; ethanol solution
ﬁ (cool inll ice bath, N, gas bubble)
= < 6. Pump: flow rate 0.4ml/min
! :

7. Reaction coil: 2m x 0.8mm LD.
8. Fluorometer: detect
I Excitation 320nm
Emission 430nm
4

9. Recorder: peak area

Fig. 1. Assay procedure for K vitamins in human placenta
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Fig. 2.

(a) Elution profiles for a standard solution of K1, MK-4,
MK-6 and MK-7.

(b) Relationship between the common logarithm of the
-Capacity Ratio (k’) and isoprene unit number of
menaquinone-n.
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YR K1, MK —4 OEERRZ 50 pg T, MK—6, 71X 100pg TH %, lpMaklg 47z Y &
HHBREE& 4 0.1ng &£ 0.2ng ThH 5,
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Elution profiles for K vitamins of placenta

(a) : not added
(b), (c) : added

(d) : on reduction of the sample (c}
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plasma 1ml

3 + I’IQ_O lml

J + ethanol 4ml

{ + hexane 6ml

4 shake (S5min), centrifugation (1,300G: 5min)
hexane layer (5ml)

4 evaporate
residue

+ hexane 2ml (+ hexane 2ml: wash)*

SEP-PAK  silica
- pre-wash 1. hexane:ether=97:3 5ml
2. hexane 10ml

1) hexane with residue *

4 hexane 10ml:wash ‘

4 + hexane:ether=97:3 5ml —— elute
eluate

4 evaporate
residue

g + ethanol 200ul, filtration (0.45um)

HPLC 50ul injection

HPLC Conditions

1. Mobil phase: 92.5% ethanol, containing 0.25% NaClO4
N Ar gas bubbling

2. Guard cell:potential -1.0V
g
3. Pump: flow rate 1ml/min

4. Injection: sample 50ul

g
5. Column: Nucleosil 5C-18, (I15cm x 4.6mm I.D.)
4

6. Coulochem: reduction potential
electrode (1) +0.25V
electrode (2) -0.55V (*electrochemical reduction)

7. Fluorometer: detect
Excitation 320nm
Emission 430nm

3

8. Recorder: peak area

Fig. 4. Assay procedure for k vitamins in plasma
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Elution profiles for K vitamins of plasma
(a) : maternal plasma, 1ml
(b) : umbilical cord plasma, 5ml
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Table 1. Endogenous concentrations of K vitamins in human placenta and in paired samples of

maternal and umbilical cord plasma.

A Group : with normal diet.
B Group : with diet addition of fermented soybeans(Natto) on alternate days for 1 month
before delivery.

Sub. Placenta (ng/g) Maternal (ng/ml) Cord (ng/ml)
no. K1 MK-4 MK-6 MK-7 K1 MK-4 MK-6 MK-7 K1 MK-4
A 1 1.82 1.98 0.51 0.86 381 | 0.09 0.56 | n.d. 0.07 0.04
2 0.66 0.93 0.51 0.36 3.64 | 0.05 0.99 | 1.41 0.10 0.05
3 1.25 0.38 0.61 1.92 2.64 | 0.10 0.94 | n.d’ 0.05 0.02
4 1.35 1.49 n.d. 0.74 2.41 0.05 n.d. | 0.14 0.21 0.07
5 1.13 0.38 n.d. 0.64 1.63 | n.d’ 0.14 | 0.49 0.26 0.02
6 1.46 1.47 n.d. 0.44 1.47 | 0.05 0.14 | 1.41 0.05 0.02
7 1.25 1.17 n.d. 0.79 1.28 | 0.05 0.12 | 0.98 0.10 0.07
8 1.85 0.59 n.d. 1.78 | 1.12 | n.d’ n.d. | 0.98 0.08 n.d.”
9 1.50 2.04 n.d. 1.36 0.60 | n.d’ n.d.” | 0.84 0.05 0.05
10 1.30 1.56 n.d. 2.13 0.35 | n.d’ nd.”’ | 1.97 0.03 0.02
11 0.85 0.67 n.d. 1.35 0.32 | n.d’ 0.19 | 0.84 0.07 0.03
12 0.92 1.10 n.d. 1.24 0.27 | 0.09 nd’ | nd’ 0.11 0.06
13 0.64 0.81 n.d. 0.48 0.25 | 0.10 n.d”’ | nd.’ n.d.” 0.05
Mean | 1.23 1.12 0.13 1.08 1.52 | 0.04 0.24 | 0.70 0.10 0.04
B 14 0.94 0.53 n.d. 6.69* | 1.77 | 0.09 0.10 | 2.95% 0.11 0.02
15 2.24 2.55 0.38 14.95% | 1.47 | 0.06 0.14 | 4.15% 0.24 0.03
Mean | 1.59 1.54 0.19 10.82*% | 1.62 | 0.07 0.12 | 3.55% 0.18 0.03
Total :
Mean 1.28 1.18 0.13 2.38 1.54 0.05 0.22 | 1.08 0.11 0.04
n.d. = not detected (< 0.20ng/g, > < 0.05ng/ml, ” < 0.01ng/ml)

* Significant difference (p < 0.001) as compared to group A.
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