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SILVER I O N  AS MODIFIER FOR HIGH PERFORMANCE 
LIQUID CHROMATOGRAPHY OF MENAQUINONES 

Donald 0. Mack 
Oklahoma Medical Research Foundation 

825 N.E. 1 3 t h  S t r e e t  
Oklahoma Ci ty ,  Oklahoma 73104 

ABSTRACT 

The chromatography of t h e  homologous series of menaquinones 
wi th  0 t o  10 i soprenoid  u n i t s  on reverse phase h igh  performance 
l i q u i d  chromatography is i nves t iga t ed  wi th  o c t y l d e c y l s i l i c a  and C- 
8 s i l ica  supports.  Addition of chloroform decreases  r e t e n t i o n  
(k') of a l l  menaquinones and v i tamin  K1 l i n e a r l y  wi th  r e s p e c t  t o  
l o g  k'. The add i t ion  of s i l v e r  i on  decreases  k' of menaquinones 
wi th  3 o r  more i soprenoid  u n i t s  wi th  a non-linear r e l a t i o n s h i p  t o  
l o g  k'. There is a l i n e a r  r e l a t i o n s h i p  a t  a given silver ion  
concent ra t ion  between log k' and the  number of i soprenoid  u n i t s .  
There is no e f f e c t  of silver i o n  on v i tamin  K 1 ,  al though t h e r e  is 
one double bond i n  the  s i d e  chain.  

INTRODUCTION 

Vitamin K is respons ib le  f o r  t h e  carboxyla t ion  of s p e c i f i c  

glutamic ac id  r e s idues  on a precursor  p r o t e i n  t o  y i e l d  a y- 

carboxyglutamic ac id  (1). The v i tamin  K requirement can be m e t  2 
- vivo and i n  v i t r o  by s e v e r a l  2-methyl-3-polyisoprenoid-l,4-naph- 

thoquinones (2,3). The rnenaquinone s e r i e s  (Fig. 1) has ,  a t  t he  

3 pos i t i on ,  a polyisoprenoid cha in  wi th  a l l  isoprenoid u n i t s  

unsa tura ted .  The number of i soprenoid  u n i t s  can range from the  

s y n t h e t i c  menadione (npo) to  t h e  n a t u r a l l y  occurr ing ,  n = l  inc lu-  

s i v e l y ,  up t o  n=12. Vitamin K l ,  t he  v i tamin  K found i n  p l a n t s ,  

has  4 i soprene  u n i t s  wi th  the  las t  3 u n i t s  s a t u r a t e d .  The 

1005 

Copyright 0 1980 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1006 MACK 

s i m i l a r i t y  i n  the  b i o l o g i c a l  and chemical p r o p e r t i e s  of K1 and 

the  MK-ns make sepa ra t ion ,  i d e n t i f i c a t i o n  and q u a n t i r a t i o n  d i f f i c u l t .  

The e s t ab l i shed  b i o l o g i c a l  and spectrophotometric procedures used 

t o  q u a n t i t a t e  the vitamin K's cannot be used t o  i d e n t i f y  a s p e c i f i c  

vitamin K o r  t o  q u a n t i t a t e  a given v i tamin  K i n  a mixture of 

vitamin K's. Procedures t o  i d e n t i f y  and q u a n t i t a t e  the  v i tamin  

K ' s  are necessary f o r  s t u d i e s  on the  metabolism of vitamin K. 

Reverse phase HPLC is a l o g i c a l  choice f o r  t he  sepa ra t ion  and 

q u a n t i t a t i o n  of vitamin K's. Previous a p p l i c a t i o n s  of HPLC t o  

vitamin K q u a n t i t a t i o n  have been r e s t r i c t e d  t o  a l imi t ed  number of 

the n a t u r a l l y  occurring vitamin K ' s  (4,5). This paper s t u d i e s  the 

e f f ec t iveness  of non-aqueous reverse  phase HPLC on ODS and C-8 

columns to  sepa ra t e  the  menaquinones (MK-n, n=O t o  10) and v i tamin  

K1. The hydrophobicity of MK-n, 1127 is so l a r g e  that: e l u t i o n  from 

a Zorbax ODs column is not achieved wi th  100% methanol. A s tudy  

w a s  undertaken t o  determine the  e f f e c t i v e n e s s  of two d i f f e -en t  

types of mobile phase modi f ie rs  t o  y i e l d  a mobile phase capable of 

e lu t ing  a l l  vitamin K compounds. One modifier s tud ied  is chloro- 

form, which genera l ly  decreases  r e t e n t i o n  t i m e  (k') on an ODS 

column by decreas ing  the  p o l a r i t y  of t he  mobile phase and thereby 

increas ing  the  s o l u b i l i t y  of the non-polar s o l u t e  i n t o  the  mobile 

phase. The second modifier s tud ied  is s i l v e r  ion  which can reduce 

k' of non-conjugated unsa tura ted  compounds by complexing wi th  the  

double bond (6 ) .  thereby reducing t h e  hydrophobic i n t e r a c t i o n  wi th  

the ODS support. Argentation chromatography has been success fu l ly  

used f o r  the  thin-layer chromatography of many a lkenes ,  inc luding  

0 

FIGURE 1. S t ruc tu re  of  menaquinone (MK-n). 
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SILVER ION AS MODIFIER 1007 

several of t he  menaquinone homologues (7). Appl ica t ion  of argen- 

t a t i o n  chromatography t o  HPLC has su f fe red  from problems encountered 

i n  p repa ra t ion  of a s t a b l e  support  conta in ing  si lver ion .  
ion  has  been complexed t o  c a t i o n  resins (8).  impregnated i n t o  s i l i c a t e  

(9-101, o r  bonded t o  a luminos i l i ca t e  (12) i n  a t tempts  t o  prepare  a 

silver i o n  support  s u i t a b l e  f o r  HPLC. Such silver suppor ts  s u f f e r  

from column d e t e r i o r a t i o n ,  l a r g e  particle s i ze ,  o r  l i t t l e  c o n t r o l  

of t he  silver conten t .  An alternate approach t o  a rgen ta t ion  HPLC 

is t h e  add i t ion  of s i l v e r  ion  t o  t h e  mobile phase of reverse phase 
HPLC. Reverse phase a rgen ta t ion  chromatography e l imina te s  the 

problems a s soc ia t ed  wi th  p repa ra t ion  of a s i l v e r  suppor t  and permi ts  

the  use  of the  materials and techniques used i n  reverse phase IiPLC 

without modification. 

appl ied  t o  the  sepa ra t ion  of a few types of compounds conta in ing  

double bonds (6,13-17). 

modifier t o  decrease  the  k' of the  longer cha in  menaquinones, 

which conta in  one double bond i n  each i soprenoid  u n i t  of t he  s i d e  

chain. The e f f e c t s  of chloroform and s i l v e r  ion  on t h e  e l u t i o n  of 

the  se l ec t ed  v i tamin  K compounds have been inves t iga t ed  f i r s t  on 

an ODS column and then on a C-8 column. 

Silver 

Reverse phase a rgen ta t ion  HPLC has been 

Silver ion  is p o t e n t i a l l y  w e l l  s u i t e d  as a 

MATERIALS AND METHODS 

Apparatus 

The chromatograph cons is ted  of a DuPont Model 860 pump wi th  

an I sco  model UA-5 absorbance monitor wi th  8 ul (2 m path  length)  

f l o w  through c e l l s  and a Rheodyne nodel 7120 va lve  wi th  50 p 1  

sample  loop. 

Reagents 

Methanol (HPLC grade) and s i l v e r  n i t r a t e  were obtained from 

J . T .  Baker. Chloroform (HPLC grade) was obtained from Fisher  

S c i e n t i f i c .  Vitamin K w a s  obtained from Sigma Chemical Co. and 

menadione was from I C N  Biochemicals. The menaquinones, MK-1 through 

MK-10, were the  generous g i f t  of U. Gloor and F. Leuenberger, 

Hoffman-LaRoche & Co., Basle, Switzerland. 2,3-dimethyl-1,4- 
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100 8 MACK 

naphthoquinone w a s  obtained from Aldr ich  Chemical Co. A l l  vi tamin  

K compounds were p u r i f i e d  by chromatography on the  Zorbax ODS 

column p r i o r  t o  use,  

Chroma tog rap hy 

A prepacked Zorbax ODS and a Zorbax C-8 column wi th  a 7 

micron particle s i z e  and dimensions of 4.6 mm I D  x 25 cm were 

obtained from DuPont. The flow rate  w a s  4 ml/min. 

t u r e  was ambient. Detection was a t  254 MI. 

Column tempera- 

RESULTS AND DISCUSSION 

I n i t i a l  a t tempts  to  ob ta in  a good chromatogram of j u s t  menadione, 

MK-3 and K on a Zorbax ODS column wi th  methanol-water mixtures 

were not successfu l .  

column (k' > 20)  o r  not e lu t ed  a t  a l l .  The t o t a l l y  porous na tu re  

and high carbon conten t  of Zorbax ODS l eads  t o  a g r e a t e r  r e t e n t i o n  

of t he  v i tamin  K compounds than observed f o r  the  p e l l i c u l a r  supporc,  

Permaphase ODs ( 4 ) .  It w a s  soon bvident t h a t  non-aqueous mobile 

phases would have t o  be employed. Methanol, without modi f ie rs ,  

cannot e l u t e  MK27. 
practical f o r  MK-5 and MK-6 o r  K1, as k' is g r e a t e r  than 1 2  (Table 

1). The s a t u r a t i o n  a t  the  3 end i soprenoid  u n i t s  of K1 is  seen t o  

dramat ica l ly  increase the r e t e n t i o n  t i m e  of K over t h a t  of MK-4, 

which a l s o  has 4 isoprenoid u n i t s .  Changing the mobile phase from 

methanol to  a c e t o n i t r i l e  served only to  inc rease  k'. This is 

cons i s t en t  wi th  the  s o l u b i l i t y  d a t a  of Rohrschneider (18) i n  t h a t  

the non-polar so lu t e ,  oc tane ,  i s  more so lub le  i n  methanol than i n  

ace  t o n i  tr ile. 

1 
The K1 w a s  e i t h e r  r e t a ined  too long on the 

Methanol, without a modi f ie r ,  is also no t  

1 

The des i r ed  sepa ra t ion  of t he  homologous MK s e r i e s  r e q u i r e s  

t he  add i t ion  of a m o b i l e  phase modi f ie r  t h a t  w i l l  b r ing  the  k' of 

MK-10 c lose  t o  the  i d e a l  upper l i m i t  of 10. This must be done 

without lowering the k' of the  lower MK's very  much below t h a t  of 

1.0. The add i t ion  of chloroform t o  methanol w a s  i nves t iga t ed  as 

to  its s u i t a b i l i t y  to  lower the  k' of the  longer chain MK's (Table 

1). Increas ing  the non-polar c h a r a c t e r i s t i c  of t he  mobile phase 
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SILVER I O N  AS MODIFIER 1009 

by t h e  add i t ion  of chloroform, as expected, decreased the  k' of 

the  MK's and Kl. 

chloroform (Fig. 2) g ives  a l i n e a r  p l o t  f o r  a l l  MK's and Kl. 

r e l a t i v e  p o s i t i o n  of K1 between MK-5 and MK-6 is not  a f f e c t e d  by 

the  chloroform concentration. There is  a linear r e l a t i o n s h i p  

between the  number of isoprenoid u n i t s  (n) and log  k' a t  a given 

chloroform concent ra t ion  (Fig. 3) f o r  MK-1 through MK-10. Menadione 

does not have a 3 p o s i t i o n  s i d e  chain and thus ,  would be expected 

t o  be more polar  than compounds wi th  a 3 p o s i t i o n  s i d e  chain.  The 

d i f f e rence  i n  k'  of MK-0 through MK-10 is due t o  the  i n t e r a c t i o n  

of t h e  support  wi th  the  3 p o s i t i o n  s i d e  chain and thus  t h e  k' of 

MK-0 would not be r e l a t e d  t o  the  3 p o s i t i o n  s i d e  chain.  The 

d i f f e rence  between the  observed k' of MK-0 and t h a t  p red ic t ed  i f  

the l i n e  i n  Fig.  3 were continued to zero ( log  k = 0.1) is an 

ind ica t ion  of t h e  decrease i n  p o l a r i t y  by s u b s t i t u t i n g  R f o r  t he  H 

i n  MK-0. This is subs t an t i a t ed  by t h e  k' of 2,3-dimethyl-l,4- 

naphthoquinone (k' = 0.7, log k' = 0.11). The usefu lness  of 

The p l o t  of l og  k' ver sus  the  concent ra t ion  of 

The 

TABLE 1 

Effec t  of Chloroform on k' of Menaquinone on Zorbax ODS with  
Methanol Mobile Phase 

% Chloroform 
0 15 20 25 30 - 

K1 
FX- 0 
XK- 1 
xi- 2 
FlK- 3 
m- 4 
;.M- 5 
XK-6 
MK- 7 
?fK-8 
FM- 9 
MK-10 

lh.50 4.61 
0.64 0.39 
1.39 0.81 
2.31 1.10' 
3.92 1.65 
7.14 2.68 
12.89 4.06 
23.44 6.23 

8.81 
13.71 
21.13 
32.48 

3.45 
0.39 
0.71 
0.97 
1.42 
2.06 
3.03 
4.42 
6.39 
9.23 
13.47 
19.26 

2.65 
0.39 
0.65 
0.87 
1.16 
1.68 
2.32 
3.19 
4.45 
6.13 
8.48 
11.65 

1.97 
0 . 3 4  
0.59 
0.81 
1.00 
1.31 
1.72 
2.34 
3.09 
3.97 
5.28 
6.97 
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FIGURE 2 .  Log k' v e r s u s  p e r c e n t  of ch loroform i n  t h e  methanol  mobile  
phase f o r  menaquinones on  Zorbax O D s .  

chloroform t o  o b t a i n  a good chromatogram of t h e  MK-n, n=O t o  10 ,  

however, is q u e s t i o n a b l e  due t o  t h e  j m i n g  t o g e t h e r  of t h e  lower 

MK-n (n:3) as t h e  amount of ch loroform is  i n c r e a s e d .  

" b e t t e r "  t h a n  chloroform is  c l e a r l y  needed. 

A m o d i f i e r  

The "bes t"  m o d i f i e r  t o  o b t a i n  s e p a r a t i o n  of t h e  homologous >% 

series would be one t h a t  d e c r e a s e s  t h e  k' of t h e  h i g h e r  members of 

t h e  series p r o p o r t i o n a l l y  more t h a n  t h e  lower c h a i n  members,  
thereby  d e c r e a s i n g  the k' of MK-10 t o  around 10 ,  w h i l e  d e c r e a s i n g  

t h e  k' of MK-0 t o  3 o n l y  s l i g h t l y .  All non-polar m o d i f i e r s  would 

be expected t o  g i v e  r e s u l t s  similar t o  t h o s e  o b t a i n e d  w i t h  ch loro-  

form. A m o d i f i e r  t h a t  would be wor thwhi le  t o  t e s t  i s  one t h a t  
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SILVER ION AS MODIFIER 1011 
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1.0 - 
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0 OJ- 

4 

0 -  

15% 

0 5 
n 

10 

FIGURE 3 .  E f f e c t  of ch loroform on l o g  k' v e r s u s  number of i s o p r e n o i c  
u n i t s  (n)  i n  t h e  menaquinone s i d e  c h a i n  on Zorbax O D s .  

would be  expected t o  change k 'of  t h e  menaquinones by means o t h e r  

t h a n  i n c r e a s i n g  the non-polar c h a r a c t e r i s t i c  of t h e  mobile  phase.  

S i l v e r  i o n  is known t o  complex w i t h  double  bonds t h a t  are n o t  

conjugated  o r  s t e r i c a l l y  h indered  ( 6 ) .  

a mobile  phase m o d i f i e r  has  been p r e v i o u s l y  r e p o r t e d  (6,13-17) f o r  

compounds c o n t a i n i n g  a few non-conjugated double  bonds. The e f f e c t  

of silver i o n  on k'  of t h e  MK series would be expec ted  t o  be  

g r e a t e r  on t h e  h i g h e r  members of t h e  rnenaquinone series as they  

c o n t a i n  more double  bonds t h a n  do t h e  MK-n, n=O t o  3 .  

The use  of si lver i o n  as 

The e f f e c t  of  v a r i o u s  c o n c e n t r a t i o n s  of silver ion from 5 mM 

t o  50 mM on k '  of t h e  MKs and K1 were t e s t e d  w i t h  methanol  as t h e  

mobile  phase (Table  2 ) .  The expected lower ing  of k' of  MK=7 t o  
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1012 MACK 

TABLE 2 

E f f e c t  of Silver I o n  on k' of Menaquinones on Zorbax ODS w i t h  
Methanol Mobile Phase 

mM S i l v e r  Nit ra te  
30 40 50 - 20 - 10 - 5 - 

K1 
MK-0 
MK- 1 
MK-2 
MK-3 
MK-4 
MK-5 
MK-6 
MK- 7 

MK-9 
MK- 10 

m-a 

10 w a s  obs 

14.06 
0.58 
1.33 
2.19 
3.64 
6.06 
10.00 
16.80 
27.39 

13.13 
0.55 
1.16 
1.90 
3.16 
4.92 
7.63 

11.58 
17.37 

13.05 
0.60 
1.15 
1.83 
2.65 
3.53 
4.90 
7.05 
9.35 

13. 87 

1.08 

2.81 

4 . 8 1  

0.53 

1.74 
2.28 

3.63 

6.29 
8.37 
11.10 
12.94 

14.00 

1.30 
1.83 
2.23 
2.58 
3.18 
3.95 
4.75 
6.10 

9.30 

0.68 

7.68 

14.32 
0.70 
1.36 

2.08 
2.30 
2.75 
3.25 
4.05 
4.55 

6.40 

1.85 

5 .48  

rved as t h e  c o n c e n t r a t i o n  
+ is no d e c r e a s e  i n  k' of FM-0 as [Ag 1 

+ 
f Ag reached  30 mM. There 

is i n c r e a s e d  s i n c e  t h e r e  i s  no 

non-conjugated double  bond w i t h  which t h e  s i lver  i o n  can  complex. 

There is also l i t t l e  d e c r e a s e  i n  k' of  XK-1 and K1, p o s s i b l y  due 

t o  steric h inderance  of t h e  naphthoquinone r i n g .  Thus, u n l i k e  

w i t h  chloroform,  t h e  relarive p o s i t i o n  of K w i t h  r e s p e c t  t o  t h e  
+ o t h e r  Mk's does  change as t h e  (Ag ] is  changed. The s l i g h t  e f f ec t  

of s i l v e r  i o n  on k' of MK-0 t o  MK-3 r e s u l t s  i n  a g r e a t e r  r e s o l u t i o n  

of MK23 a t  a [Xg ] which g i v e s  a k ' = l 0  f o r  PIX-10 than o b t a i n e d  w i t h  

t h e  methanol-chloroform phases  (Tables  1 & 2, Fig .  4 ,  h S B ) .  

1 

+ 

+ 
The i n c r e a s e  i n  k' of MK-0, 1,2 and K1 a t  40-50 mEi [Ag 1 was 

n o t  expected and may be due t o  e i t h e r  a s l i g h t  i n c r e a s e  i n  t h e  

non-polar i ty  of t h e  mobile  phase by t h e  s i l v e r  n i t r a t e  o r  by an 

i n t e r a c t i o n  w i t h  t h e  naphthoquinone r i n g  making i t  less p o l a r .  
+ 

The r e l a t i o n s h i p  of l o g  k' v e r s u s  [Ag ] (Fig.  5) is l i n e a r  

f o r  most of t h e  MK-n f o r  o n l y  a s h o r t  c o n c e n t r a t i o n  range .  The 

n o n - l i n e a r i t y  is probably due t o  approaching  t h e  maximum e f f e c t  

p o s s i b l e  f o r  a g i v e n  MK-n. I f  a s i t u a t i o n  is produced a t  a g i v e n  

c o n c e n t r a t i o n  of [Ag ] where all of the d o u b l e  bonds i n  a XK-n a r e  + 
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I 
0 10-1 20.1 10 -1 

FIGURE 4 .  S e l e c t e d  chromatograms. A mixture  of MK-1 t o  MK-10 was 
chromatographed under c o n d i t i o n s  t o  o b t a i n  a k '  of approximately 10 
f o r  MK-10. The peak number i s  n ,  t h e  number of i s o p r e n o i d  u n i t s  i n  
t h e  menaquinone. 
- B ,  Zorbax ODs column w i t h  40 mM s i l v e r  n i t r a t e  i n  methanol .  C ,  Zorbax 
ODS column wi th  7 . 5  mM s i l v e r  n i t r a t e  i n  methanol-chloroform T 8 5 / 1 5 ) .  
- D, Zorbax C-8 column wi th  10 mN s i l v e r  n i t r a t e  i n  methanol .  

A, Zorbax ODS column w i t h  methanol-chloroform ( 7 5 1 2 5 ) .  

+ f u l l y  complexed w i t h  s i l v e r  i o n ,  then  i n c r e a s i n g  [Ag ] would n o t  

have any f u r t h e r  e f f e c t  on k' due t o  i n t e r a c t i o n  of s i l v e r  i o n  

w i t h  a double  bond. 

k' of t h e  lower members of t h e  MK-n series may have o n l y  a s l i g h t  

c o n t r i b u t i o n .  As f o r  those  EX-ns whose k' does i n c r e a s e  a t  t h e  

h igher  [Ag 3, t h e r e  is a l e v e l i n g  o f f  of t h e  k' b e f o r e  t h e  i n c r e a s e  

is observed. The r e l a t i o n s h i p  f o r  t h e  homologous MK series a t  a 

g iven  s i l v e r  i o n  c o n c e n t r a t i o n  i s  l i n e a r  w i t h  r e s p e c t  t o  l o g  k' 

(Fig.  6 )  f o r  t h e  number of i soprenoid  u n i t s  (n)  i n  t h e  s i d e  cha in .  

The only d e v i a t i o n  from l i n e a r i t y  is s e e n  w i t h  MK-1 where t h e  

decrease  in k' is observed a t  low [Ag] c o n c e n t r a t i o n  w i t h  essen-  

t i a l l y  no e f f e c t  on i n c r e a s i n g  [Ag ] u n t i l  30 mM when k' star ts  t o  

i n c r e a s e .  

dered l i k e  t h e  o t h e r  MK-ns i n  i t s  r e a c t i o n  t o  s i l v e r  i o n ,  s i n c e  

t h e r e  are no non-conjugated doubles  w i t h  which t h e  s i l v e r  ion  can 

complex. 

The secondary e f f e c t  of s i l v e r  i o n  t o  i n c r e a s e  

+ 

+ 
The k' f o r  EX-0 is n o t  plotted as it cannot  be consi-  
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F I G U R E  5 .  Log k '  v e r s u s  s i l v e r  ion i n  t h e  methanol mobile  p a h s e  f o r  
menaquinones on Zorbax ODs. 

The p o s s i b i l i t y  of u t i l i z i n g  b o t h  ch loroform and s i l v e r  ion 

as m o d i f i e r s  of t h e  mobile  phase was determined (Table  3) .  The 

e f f ec t  of vary ing  [Ag ] even s l i g h t l y  had a d r a m a t i c  e f f e c t  on the 

k' of EX-6 through HK-10. 

s i lver  i o n  w a s  s l i g h t l y  s y n e r g i s t i c .  The s i l v e r  i o n  double  bond 

complex has a l e s s e n e d  a f f i n i t y  f o r  t h e  ODS s u p p o r t  than does t h e  
non-complexed double  bond material. A non-polar m o d i f i e r  such  as 

chloroform,  which d e c r e a s e s  t h e  p o l a r  i n t e r a c t i o n  of  s o l u t e  w i t h  

t h e  ODS s u p p o r t ,  would be  expected t o  d e c r e a s e  t h e  k'  of t h e  more 
p o l a r  s i l v e r  i o n  complex more than t h e  non-complexed s o l u t e .  The 

p l o t  of log k' v e r s u s  n (F ig .  7 )  once a g a i n  g i v e s  a s t r a i g h t  l i n e .  

+ 
The e f f e c t  of b o t h  ch loroform and 
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YK- 2 

TABLE 3 

E f f e c t  of S i l v e r  Ion on k' of Menaquinones on Zorbax ODS w i t h  
Chloroform/Hethanol (15/85) Mobile Phase 

mM S i l v e r  Nitrate  
5 7 .5  10 

K 1  
?K-0 
>K- 1 
.xK- 2 
m- 3 
MK-4 
MK-5 
b t -  6 
?K- 7 

MI;- 9 
MK-lo 

m-a 

4.77 
0.42 

1.16 
1.68 
2.32 
3.19 
4.32 
5.94 

11.13 
15.52 

0. 87 

8.06 

4.65 
0.45 

1.16  
1 . 6 1  
2.06 
2.71 
3.52 
4.61 
6.00 
7 . 9 4  

10.55 

0. 87 

4.84 

0.87 

1.87 

0.45 

1 .10  
1.52 

2.39 
3.00 
3.81 
4.74 
6.06 
7 . 7 7  
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FIGURE 7 .  E f f e c t  of  s i l ve r  i o n  on log k' v e r s u s  number o f  i s o p r e n o i d  
u n i t s  (n)  i n  t h e  menaquinone s i d e  c h a i n  on Zorbax ODS w i t h  methanol- 
chloroform ( 8 5 / 1 5 ) .  

The combined u s e  of a non-polar m o d i f i e r  w i t h  s i l v e r  i o n  as a 

m o d i f i e r  is of v a l u e  i n  i d e n t i f y i n g  s p e c i f i c  v i t a m i n  K ' s  i n  a 

b i o l o g i c a l  sample. The t r e a t m e n t  of b i o l o g i c a l  samplits bv chlorofori 

o r  o t h e r  non-polar s o l v e n t s  t o  e x t r a c t  v i t a m i n  K's will a l s o  

e x t r a c t  numerous o t h e r  l i p i d  materials. The c a p a b i l i t y  of changing 

che k' of t h e  MK-n series by making t h e  mobile  phase more non- 

polar a n d f o r  by forming a silver i o n  complex w i t h  double  bonds 

w i l l  a l l o w  the chrornatographer t o  s e p a r a t e  away t h e  MK peaks from 

o t h e r  l i p i d s .  

The p o s s i b i l i t y  t h a t  a C-8 bonded s i l i c a  g e l  would g i v e  b e t t e r  

s e p a r a t i o n  of t h e  homologous series of menaquinones w a s  i n v e s t i -  

g a t e d  (Table  4 ) .  The r e t e n t i o n  of t h e  menaquinone is less on t h e  
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TABLE 4 

Effect of Silvkr Ion on k' of Menaquinones on Zorbax C-8 with 
Methanol Mobile Phase 

mM Si lver  Nitrate 
0 5 10 15 20 25 30 ------- 

K1 
MK-0 
MK-1 
MK- 2 
MK- 3 
MK-4 
MK-5 
MK- 6 
MK- 7 
MK-8 
MK- 9 
MK-10 

3.15 
0.42 
0.48 
0.85 
1.27 
1.82 
2.78 
4.30 
6.70 

10.58 
16.79 
27.09 

3.18 3.18 
0.36 0.36 
0.49 0.52 
0.85 0.85 
1.21 1.12 
1.73 1.48 
2.48 2.00 
3.58 2.70 
5.21 3.70 
7.62 5.09 
11.36 7.12 
17.12 10.12 

3.18 
0.36 
0.52 
0.82 
1.00 
1.24 
1.61 
2.12 
2.79 
3.64 
4.82 
6.45 

3.18 
0.36 
0.54 
0.85 
0.97 
1.15 
1.42 
1.79 
2.24 
2.82 
3.58 
4.61 

3.24 
0.36 
0.52 
0.82 
0.97 
1.06 
1.24 
1.52 
1.88 
2.27 
2.79 
3.52 

1.0 

0 

2 

0 

K1 
YK-10 
Y K - - 9  
MI -  8 
Y K -  7 

Y K - 6  

o-*-O-O-O Y K - I  

e- 0-0-0--0 Y K - 0  

I I I I I 
0 S 30 10 IS 10 1 s  

-Y SILVfP N I T R A T €  

3.27 
0.36 
0.52 
0.82 
0.97 
1.00 
1.06 
1.30 
1.58 
1.85 
2.22 
2.70 

FIGL'RE 8 .  Log k '  versus s i l v e r  ion i n  the methanol mobile phase for 
menaquinones on Zorbax C-8. 
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C-8  s u p p o r t  t h a n  on t h e  ODS suppor t .  The MK-7 t o  MK-10 are e l u t e d  
by rnethancjl. but t h e  MK-9 and MK-10 peaks are l a t e  and v e r y  broad ,  

The e f f e c t  of si lver i o n  f o r  t h e  C-8 column is s imilar  t o  t h a t  

observed on t h e  ODS column (Table  4 ) .  The p l o t  of l o g  k' v e r s u s  

c o n c e n t r a t i o n  of s i lver  n i t r a t e  is curved f o r  a l l  menaquinones 

(Fig.  a), e x c e p t  for MK-0, MK-I, MK-2 and K which are minimal ly  

a f f e c t e d  by s i l v e r  ion .  The p l o t  of l o g  k' v e r s u s  t h e  number of 

i s o p r e n o l d  units (Fig.  9)  is l i n e a r  u n t i l  t h e  l o g  k '  f o r  a g i v e n  

menaquinone approaches  an a p p a r e n t  minimum. 

1 

13 -I 
i 0 

J d 5 mM 

1.0 

a 
0.5 

Q 
0 
4 

0 

- 0 3  3 
0 5 10 

n 

I0 m M  

FIGURE 9. E f f e c t  of s i l v e r  i o n  on log k' v e r s u s  number o f  i s o p r e n o i d  
u n i t s  (n)  i n  t h e  menaquinone s i d e  c h a i n  on Zorbax C-8. 
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The ODS and C-8 columns can  both  be used t o  s e p a r a t e  t h e  

menaquinone series by adding  s i l v e r  i o n  t o  the mobile  phase.  

There is  no major d i f f e r e n c e  between C-8 and ODS columns t h a t  

would warran t  recornending  e i t h e r  column over  t h e  o t h e r .  The C-8 

column does r e q u i r e  less silver n i t r a t e  t o  o b t a i n  a k '  of 210 f o r  

MK-10 than  does t h e  ODs which may b e  of economic import .  

a d d i t i o n  of chloroform t o  t h e  mobile  phase,  however, d e c r e a s e s  the 

silver i o n  requi rements  f o r  t h e  ODS column making its behavior  

v e r y  similar t o  t h e  C-8 column (Fig.  4 ,  C & D) . The technique  of 

adding s i l v e r  i o n  t o  t h e  mobile  phase is of d e f i n i t e  p r a c t i c a l  

importance to  t h o s e  i n t e r e s t e d  i n  p o l y i s o p r e n o i d s  such  as  t h e  

menaquinone series. This t echnique  is a l s o  p o t e n t i a l l y  u s e f u l  f o r  

s t u d i e s  on similar poly isoprenoids ,  such  as the ubiquinones  and 

t h e  long c h a i n  poly isoprenoid  a l c o h o l s .  

The 
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