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HPLC DETERMINATION OF VITAMIN K 1  
IN NEONATAL PLASMA FOLLOWING ORAL 

OR PARENTERAL SUPPLEMENTATION 
WITH KONAKION 

M .  Lucock. R .  Hartlcy,  m d  N .  J .  Wild 
University of Lecds 

Paediatric Research Unit 
D Floor, Clarendon Wing 

The General Infirmary at Leeds 

ABSTRACT 

A r a p i d  high-performance 1 i q u i d  chromatographic method f o r  
t h e  d e t e r m i n a t i o n  o f  V i tam in  K1(2 
hexane e x t r a c t i o n  i s  descr ibed.  
o f  ace ton i  t r i  1 e/propan-2 -01 / d i  c h l  oromethane (68.5/22.2/9.3, 
w i t h  a f l o w  r a t e  o f  1.8 ml/min was used i n  combinat ion w i t h  a 
Waters Associates Z Module RCSS c o n t a i n i n g  a Nova-Pak CI8 
Radia l -Pak c a r t r i d g e  t o  p r o v i d e  separa t i on  f rom co -ex t rac ted  UV 
abso rb ing  contaminants. The a n a l y t i c a l  column was p r o t e c t e d  by a 
Waters Associates Guard-Pak precolumn module w i t h  a Guard-Pak 
VBondapak C 8 c a r t r i d g e .  
l e v e l s  i n  t h e  r e g i o n  o f  15-20 ng/ml f o r  V i t a m i n  KR(20)  can be 
determined u s i n g  UV d e t e c t i o n  a t  270 nm. V i tam in  
s y n t h e t i c  homologue o f  K 20 , was used as in ternaA standard. 
The method has been develbpe8 f o r  measuring plasma l e v e l s  i n  
neonates a f t e r  supplementat ion w i t h  V i  tami n K1 (20). 

i n  plasma a f t e r  a s i n g l e  
t e r n a r y  mob i l e  phase c o n s i s t i n g  

v / v )  

Using o n l y  2 5 0 ~ 1  o f  sample, plasma 

(251, a 

INTRODUCTION 

V i  tami n K1(20) (2-methyl-3-phytyl-1,4-naphthoqui none) i s  

e s s e n t i a l  i n  t h e  s y n t h e s i s  o f  c l o t t i n g  f a c t o r s  11, V I I ,  I X  and 
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192 LUCOCK, HARTLEY, AND WILD 

X(1). 

t o  a bleeding disorder known a s  haemorrhagic d isease  of the 

newborn ( H D N )  which occurs in t h e  f i r s t  8 weeks of l i f e ( 2 ) .  For 

many yea r s  routine prophylactic use of parenteral  vitamin K 1 ( 2 0 )  

( K 1 )  was successful in preventing H D N .  

diminished incidence, cos t  and trauma th i s  form of treatment has 

been discontinued i n  many a r e a s ( 3 ) ,  except i n  h i g h  risk cases.  

Recently, t he re  has been a n  increase i n  t h e  occurrence of H D N ( 4 )  

and th i s  may be re la ted  to  the d i e t a ry  in take  of K1; t h e  cu r ren t  

t rend  towards breast-feeding resu l t ing  i n  fewer babies receiving 

K 1  supplemented infan t  formula m i l k .  

e x i s t  for  t h e  re-introduction of K1 prophylaxis. 

suggested t h a t  oral administration of t h e  vitamin o f fe r s  s a fe r  a n d  

equally e f f ec t ive  protection against  HDN(5). In order t o  evaluate 

the e f f i cacy  of oral  versus parenteral  administration, a rapid 

and r e l i a b l e  method f o r  monitoring the  e leva t ion  of K1 l eve l s  i n  

plasma following supplementation i s  required. 

Deficiency of these c lo t t i ng  f ac to r s  i n  neonates can lead 

However, a s  a r e s u l t  of 

Consequently, a case may 

I t  has been 

Existing HPLC methods f o r  t he  quant i ta t ion  of K vitamins i n  

plasma can be divided in to  two general categories.  The f i r s t  

group includes those assays which attempt t o  measure endogenous 

level s by employing off-1 ine mu1 tidimensional chromatography(6 - 
1 2 ) .  

components by l iqu id- l iqu id  ex t rac t ion  i s  followed by f u r t h e r  

separa t ion  of the  l i p i d s  using adsorption chromatography. 

f r ac t ion  of t h e  eluant containing the l ipo id  material of i n t e r e s t  

i s  then col lec ted ,  evaporated and, following recons t i tu t ion  i n  a n  

Using this approach, preliminary f r ac t iona t ion  of the l i p i d  

The 
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VITAMIN K 1 IN NEONATAL PLASMA 193 

appropr ia te  so lvent ,  subjected t o  a second chromatographic s tage  

u s i n g  reversed-phase conditions.  The mode of de tec t ion  used i n  

conjunction w i t h  t h i s  multidimensional chromatographic approach 

has included u l  t r av io l e t (6 -10) ,  photochemical r eac t ion ( l1 )  and 

e lec t rochemica l ( l2) .  

category, a var ian t  s ing le  column reversed-phase method e x i s t  s 

which ernpl oys f luor imet r ic  detection a f t e r  post-column 

electrochemical reduct ion( l3) .  The second category inc ludes  

ana ly t ica l  procedures which a re  adequate f o r  therapeut ic  

monitoring o f  K 1  concentrations i n  plasma(l4) and determination 

o f  v i t a m i n  l eve l s  i n  ex t r ac t s  of microsomal p r o t e i n ( l 5 ) ,  b u t  lack 

su f f i c i en t  s e n s i t i v i t y  t o  be of value i n  measuring endogenous 

leve ls .  The methods in t h i s  group tend towards a r a p i d ,  s ing le  

column approach employing e i t h e r  reversed o r  normal-phase 

chromatography fol lowed by u l t r a v i o l e t  ( U V )  detection. 

Although not s t r i c t l y  a member of this  

The s e n s i t i v e  and spec i f i c  reversed-phase method described 

f a l l s  i n t o  the  l a t t e r  category and provides a simple and rapid 

procedure f o r  therapeut ic  monitoring o f  K 1  plasma concent ra t ions  

following oral  o r  parenteral  administration of  t h e  vitamin. 

E XPE R 1 MENTAL 

Reagents 

Vitamins K 1 ( 2 0 )  (Konakion) , K1(25), K1Z,3-epoxide, 

K2(20), K2(30) and K2 (35) were donated by Hoffman-La Roche, 

Basle, Switzerland. Ace ton i t r i l e  (HPLC S grade) and 

dichl oromethane ( H P L C  grade) were obtained from Rathburn 
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194 LUCOCK, HARTLEY, AND WILD 

Chemicals, Walkerburn, U K .  Propan-2-01 (Analar  q u a l i t y )  and 

n-hexane (Laboratory Reagent grade)  were purchased from BDH 

Chemicals, Poole ,  UK.  Ethanol (Absolute  Alcohol, AR q u a l i t y )  was 

s u p p l i e d  by James Burrough, London, U K .  

S tandard  S o l u t i o n s  

S o l u t i o n s  of K 1  were prepared by d i l u t i n g  Konakion 

( c o n t a i n i n g  K1 10 mg/ml) with ethanol  t o  provide working 

c o n c e n t r a t i o n s  of 0.1, 1 and 10 pg/rnl. The i n t e r n a l  s tandard  

s o l u t i o n  was prepared by d i s s o l v i n g  Vitamin K1(25) i n  e thanol  t o  

g i v e  a working c o n c e n t r a t i o n  of 0.624 pg/ml. All s o l u t i o n s  were 

p r o t e c t e d  from f l u o r e s c e n t  l i g h t  by s t o r a g e  i n  l ow  a c t i n i c  

g l a s s w a r e  and long term s t o r a g e  i n  the dark a t  0-4OC. 

Apparatus 

The high-performance 1 iqu id  chromatograph (Waters A s s o c i a t e s ,  

Har t ford ,  U K . )  c o n s i s t e d  o f  a Model 510 pump, U6K i n j e c t o r  and a 

Lambda-Max Model 481 v a r i a b l e  wavelength L . C .  spectrophotometer  

o p e r a t i n g  a t  270 nm which was connected t o  a Model 730 Data 

Module. 

Z-Module RCS system c o n t a i n i n g  a NOVA-PAK C18 Radial-Pak 

c a r t r i d g e  (10 cm x 8 mm ID).  

capped 4 pm s p h e r i c a l ,  octadecyl  s i l a n e  bonded-sil i c a )  was 

p r o t e c t e d  by a Waters Assoc ia tes  Guard-PAK precol  umn rnodul e 

c o n t a i n i n g  a Guard-Pak pBondapak C18 c a r t r i d g e .  

Chromatographic Condi t ions  

Chromatography was performed using a Waters Assoc ia tes  

The a n a l y t i c a l  column ( f u l l y  end 

The mobile phase,  c o n s i s t i n g  of  a c e t o n i t r i l e / p r o p a n - 2 -  

o l /d ic t i lo rone thane  (68 .5 /22 .2 /9 .3 ,  v / v ) ,  was f i l t e r e d  through a 
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VITAMIN K 1 IN NEONATAL PLASMA 195 

0.5 urn Millipore f i l t e r  ( type FH) p r ior  t o  use. Chromatography 

was e f fec ted  a t  ambient temperature using a flow-rate of 1.E 

ml/min which produced a back-pressure of 6.8 MFa. 

was monitored with a I IV  detec tor  operating a t  270 nm and a maximum 

s e n s i t i v i t y  of '2.002 aufs.  

R 1  ood Sampl illg 

Column eluant 

Blood was co l lec ted  from newborn bahies 24 hours post-partum 

a n d  d i lu ted  with 50 u l  of 3.13% trisodium c i t r a t e  dihydrate t o  a 

f i n a l  volume of 500 ~ 1 .  Anticoagulated blood was centrifuged a t  

1400 "q"  f o r  15 min and plasma stored a t  -?O°C unt i l  required. 

P roccrlure ____- 

I n t o  a l ight-shielded 15  m l  stoppered g l a s s  cent r i fuge  tube, 

p i p e t t e  250 u l  of p lasma,  add  500 p1 of in te rna l  standard so lu t ion  

and Vortex mix f o r  1C! sec. Add 2 m l  of n-hexane and shake f o r  30 

min o n  a mechanical shaker. 

1000 rpm ( a p p r o x  300 " g " )  t h e  hexane layer  was removed, 

evaporated under nitrogen a t  50°C and re-dissolved i n  200 u1 of  

ethanol. 35 u7 a l iquots  o f  t h i s  ethanolic ex t r ac t  were injected 

onto t h e  chromatograph. 

Cal i b r a t i c  

Following cent r i fuga t ion  f o r  5 m i n  a t  

A1 iquots of t he  K1 standard solutions in  ethanol referred 

t o  e a r l i e r  were added to  cord FlaSma obtained from pa t ien ts  who 

were not receiving Konakion, i n  order t o  produce a se r i e s  of 

cal  ibratiori standards. The concentration increments chosen f o r  

t hese  ca l ib ra t ion  standards were 0.025, 0.05, 0.1,  0.25, 0.5 and 

lpg/ml. These were extracted u s i n g  t h e  procedure described and, 
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196 LUCOCK, HARTLEY, AND WILD 

f o l l o w i n g  a n a l y s i s ,  c a l i b r a t i o n  graphs comparing peak h e i g h t  r a t i o  

w i t h  a c t u a l  c o n c e n t r a t i o n  of K1 were cons t ruc ted .  

RESULTS 

Fig. 1 A  i l l u s t r a t e s  t h e  chromatogram ob ta ined  f o l l o w i n g  

i n j e c t i o n  o f  an e t h a n o l i c  s o l u t i o n  o f  a u t h e n t i c  components. Peaks 

corresponding t o  K12 ,3-epoxideY K 1  and K i ( 2 5 )  ( i n t e r n a l  

s tandard )  have r e t e n t i o n  t imes  o f  4.28, 5.96 and 10.55 min, 

r e s p e c t i v e l y .  The r e t e n t i o n  t i m e s  o f  some a d d i t i o n a l  K2 analogs 

w h i c h  were eva lua ted  f o r  use as i n t e r n a l  s tandard  a r e  3.49, 6.06 

and 8.54 m in  f o r  K2(20), Kz(30) and K2(35) ,  r e s p e c t i v e l y .  

The chromatogram represented i n  F i g  1 B  i s  t h a t  o f  e x t r a c t e d  b lank 

c o r d  plasma ob ta ined  frm a p a t i e n t  r e c e i v i n g  no K1 

supplementation. F ig .  1 C  i s  a t y p i c a l  chromatogram o f  e x t r a c t e d  

plasma o b t a i z e d  from a p a t i e n t  r e c e i v i n g  Konakion. Comparison o f  

F i g .  1 B  and 1 C  c l e a r l y  shows t h e  absence o f  endogenous components 

which m i g h t  i n t e r f e r e  w i t h  t h e  q u a n t i t a t i o n  o f  K1 us ing  t h i s  

technique.  

The recovery o f  v i t a m i n s  K1 and K i ( 2 5 )  was c a l c u l a t e d  

a f t e r  e x t r a c t i n g  two s e r i e s  o f  r e p l i c a t e  samples. These were  

p repared  by s p i k i n g  b lank  plasma w i t h  50 ng/ml and 500 ng/ml 

v i t a m i n  K1.  

comparing t h e  peak h e i g h t s  ob ta ined  when these  samples were 

s u b j e c t e d  t o  t h e  s tandard e x t r a c t i o n  procedure and subsequent ly  

chromatographed, w i t h  those f rom i n j e c t i o n s  o f  s tandard s o l u t i o n s .  

The mean recovery of v i t a m i n  K1 was 84.3%_+0.60 S.D. and 

The e x t r a c t i o n  e f f i c i e n c y  was determined by 
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Figure 1: 
(peaks 1. 2 and 3 represent K1 2.3 -epoxide, Ki(20) and Ki(25). respectively); 
(6) an unsupplemented plasma extracted without internal standard: 
(C) a plasma from a patient supplemented with Konakion (Vitamin Kl(20)). 

Chromatograms of (A) an ethanolic solution of authentic components 

86.3%~.+G.rIb S.D. a t  l ow  and h i g h  concen t ra t i ons ,  r e s p e c t i v e l y .  

The mean recovery o f  v i t a m i n  K 1(25) a t  t h e  i n t e r n a l  s tandard 

work ing c o n c e n t r a t i o n  was 86.6%*4.97 S.D. ( i n  a l l  cases n = 5 ) .  

The c a l i b r a t i o n  cu rve  was ob ta ined  by comparing t h e  peak 

h e i g h t  r a t i o  ( v i t a m i n  K l / i n t e r n a l  s tandard)  w i th  t h e  a c t u a l  

c o n c e n t r a t i o n  o f  v i t a m i n  K1 i n  sp iked  a l i q u o t s  o f  plasma. 

r e l a t i o n s h i p  was 1 i n e a r  over  t h e  c o n c e n t r a t i o n  range n-lpg/ml w i t h  

The 
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198 LUCOCK, HARTLEY, AND WILD 

cor re l a t ion  coe f f i c i en t  ( r )  and regression slope values of 0.997 

and 0.002, respectively.  

The e f f e c t  o f  sample storage on reproducib i l i ty  o f  results 

was examined by analysing rep1 i c a t e  samples containing 50 and 500 

ng/ml o f  vitamin K 1  i n  plasma. 

t ime) ,  samples were stored in t h e  dark a t  -2OOC and a sayed 

weekly f o r  four weeks followed by monthly assays. The f ina l  

measurements were taken a f t e r  t h ree  months  storage. nter-batch 

coe f f i c i en t s  of var ia t ion  calculated from peak height r a t i o s  a re  

9.85% ( n  = 10) and 6.17% ( n  = 11) f o r  50 and  500 ng/ml vitamin 

K 1 ,  respectively.  Clearly storage a t  -2OOC i n  the dark f o r  u p  

t o  t h ree  months has had no se r ious  e f f ec t .  

Following i n i t i a l  ana lys i s  (zero  

D I S C U S S I O N  

Interference from co-extracted UV absorbing contaminants 

poses a major problem in the  determination of K 1  i n  plasma, 

pa r t i cu la r ly  in  those methods designed f o r  measuring endogenous 

l e v e l s  of t he  vitamin. 

chromatography (MDC) has been widely used in  order t o  overcome 

t h i s  d i f f i cu l ty (6 -12) .  

a t  270 nm(8-10) and electrochemical de t ec t ion ( l2 )  t o  measure 

en#ogenous l eve l s  of K 1  as  low as  0.08 ng/ml i n  human plasma. 

However, t h i s  high level of s e n s i t i v i t y  was achieved using very 

l a r g e  sample volumes (10-20 ml). 

detection a t  248 nm which permitted endogenous K1 plasma 

concentrations in the region of 500 pg/ml t o  be quant i ta ted(6) .  

Consequently, multidimensional 

Shearer 's  group used MDC with UV detec t ion  

Lefevere a l so  used MDC with UV 
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VITAMIN K 1 IN NEONATAL PLASMA 199 

Using t h e  same approach, bu t  w i t h  a Photochemical Reac t ion  

D e t e c t o r ,  s e n s i t i v i t y  was inc reased  t o  p r o v i d e  a d e t e c t i o n  l i m i t  

o f  150 p g ( l 1 ) .  I n  common w i t h  t h e  p rev ious  MDC methods(8-10,12) 

t h i s  h i g h  l e v e l  o f  s e n s i t i v i t y  was a l s o  achieved by us ing  l a r g e  

sample volumes (10 m l  ) .  

i n c o r p o r a t e  t r i t i a t e d  K1(20) as t h e  i n t e r n a l  s tandard so t h a t  

c o l l e c t i o n  o f  f r a c t i o n s  f o r  a n a l y s i s  by L i q u i d  S c i n t i l l a t i o n  

Coun t ing  i s  an a d d i t i o n a l  requi rement  subsequent t o  t h e  

chromatographic separa t i on .  

techniques(6-12)  and t h e i r  l a r g e  sample requi rement  make them 

u n s u i t a b l e  f o r  r o u t i n e  t h e r a p e u t i c  m o n i t o r i n g  o f  K1 plasma 

l e v e l s  i n  c h i l d r e n .  

Furthermore, L e f e v e r e ' s  methods(6,7,11) 

The comp lex i t y  o f  t hese  MDC 

An a l t e r n a t i v e  approach dev ised by Langenberg( l3)  uses a 

s ing1 e c o l  umn reversed-phase chromatographic separa t i on  and p o s t -  

column e lec t rochemica l  r e d u c t i o n  f o l l o w e d  by f l u o r i m e t r i c  

d e t e c t i o n .  A l though f a r  l e s s  comp l i ca ted  than  those  p r e v i o u s l y  

descr ibed,  t h i s  method does r e q u i r e  two expensive d e t e c t o r  systems 

t o  p r o v i d e  t h e  d e t e c t i o n  l i m i t  o f  25 pg o f  K 1  u s i n g  1 m l  o f  

p l  asma. 

I n  another  study Wi l son ' s  group(14) eva lua ted  both normal and 

reversed-phase s i n g l e  column methods f o r  m o n i t o r i n g  t h e  e l e v a t i o n  

o f  K1 i n  r a b b i t ( l 4 )  and human plasma(16,17) f o l l o w i n g  

pharmacologica l  doses o f  t h e  v i t am in .  Wi lson opted f o r  t h e  

improved s e l e c t i v i t y  and s e n s i t i v i t y  o f  t h e  normal-phase system, 

which enabled l e v e l s  i n  t h e  r e g i o n  o f  20 ng/ml t o  be q u a n t i t a t e d  

u s i n g  1 m l  o f  plasma. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
3
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



200 LUCOCK, HARTLEY, AND WILD 

The present method employs a ternary non-aqueous mobile phase 

in  conjunction w i t h  a Nova-pak c18 column t o  provide s u f f i c i e n t  

s e l e c t i v i t y  t o  overcome problems from co-extracted U V  absorbing 

contaminants. Levels i n  the region of 15-20 ng/ml can be measured 

using UV detec t ion  a t  270 nm w i t h  only 250~7  of plasma. 

f o r  therapeutic drug monitoring appl ica t ions  i n  neonates the  small 

sample requirement using this method i s  preferab le  t o  tha t  of the  

a l t e r n a t i v e  techniques cited(6-14).  

Clear ly ,  

Mean 24 h r  K1 plasma l eve l s  determined using t h i s  

method a f t e r  oral ( n  = 12)  or  intramuscular ( n  = 14) adminis- 

t r a t i o n  of t h e  vitamin a re  73.4 ng/ml (range 19.2-210.9 n g / m l )  

and 347.7 ng/ml (range 174.0-608.9 ng/ml), respectively.  

These f igu res  a re  of the  same order a s  t h e  median values obtained 

by McNinch e t  a l (18 )  24 hrs following a n  equivalent dose of 

Konakion given o r a l l y  (23 ng/ml) o r  intramuscularly (444 ng/ml). 

1. 

2. 

3. 
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