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SAMPLE PREPARATION TECHNIQUES PRIOR TO HPLC 
ANALYSIS OF SERUM NUCLEOSIDES AND THEIR BASES 

Richard A. Hartwick, Denise Van Haverbeke, 
Malcolm McKeag and P h y l l i s  R. Brown 

Chemistry Department, U n i v e r s i t y  of Rhode I s l a n d  
Kingston, Rhode I s l a n d  02881 

ABSTRACT 

Techniques f o r  sample p r e p a r a t i o n  and handl ing o f  serum p r i o r  
t o  a n a l y s i s  f o r  nuc leos ide  and bases  were eva lua ted .  E f f i c i e n c y  
d a t a  are r e p o r t e d  f o r  t h e  t r i c h l o r a c e t i c  a c i d  (TCA), ammonium 
s u l f a t e ,  u l t r a f i l t r a t i o n  and pre-column c o n c e n t r a t i o n  sample prep- 
a t a t i o n  techniques.  Maximum r e c o v e r i e s  f o r  most of t h e  compounds 
were obtained us ing  t h e  u l t r a f i l t r a t i o n ,  ammonium s u l f a t e  and 
pre-column concent ra t ion  techniques.  
u s i n g  t h e  TCA/Freon-amine methods. Theophyl l ine and t ryptophan 
e x h i b i t e d  pH dependent r e c o v e r i e s  us ing  t h e  u l t r a f i l t r a t i o n ,  
ammonium s u l f a t e  and pre-column techniques.  

Poorer  recovery was observed 

INTRODUCTION 

I n  t h e  l as t  s e v e r a l  y e a r s  t h e r e  have been tremendous advances 

i n  the  development of methods f o r  t h e  a n a l y s i s  by h igh  performance 

l i q u i d  chromatography (HPLC) of t h e  nuc leos ides  and b a s e s  i n  serum 

and o t h e r  b i o l o g i c a l  f l u i d s .  While b o t h  c a t i o n  and anion-exchange 

columns have been used (1-7), t h e  a n a l y s i s  of picomole q u a n t i t i e s  

of nuc leos ides  and bases  i n  complex sample matrices w a s  made 

p o s s i b l e  (8-11) by r e c e n t  improvements in  reversed-phase 
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726 HARTWLCK ET AL. 

chemically-bonded m i c r o p a r t i c l e  packing materials. However, 

concomitant improvements i n  the! procedures  used t o  prepare  samples 

p r i o r  t o  a n a l y s i s  by HPLC have n o t  been made. Consequently, t h e r e  

e x i s t s  a need f o r  sample p r e p a r a t i o n  techniques  which are r a p i d ,  

reproducib le  and compatible w i t h  t h e  high s e n s i t i v i t y  of HPLC 

analyses .  

The major requirement  i n  t h e  p r e p a r a t i o n  of b i o l o g i c a l  sam- 

p l e s  p r i o r  t o  a n a l y s i s  by HPLC i s  t h e  removal of pro te inaceous  

material from t h e  sample. This i s  necessary  b o t h  t o  e l i m i n a t e  

i n t e r f e r e n c e s  and t o  prolong column l i f e .  Severa l  methods used t o  

d e p r o t e i n a t e  b i o l o g i c a l  samples are presented  i n  Table 1. The use  

of s t r o n g  a c i d s ,  such as perchloro-  o r  t r i c h l o r o a c e t i c  a c i d s  (PCA 

o r  TCA), have c l a s s i c a l l y  been widely used techniques.  I n  t h i s  

case, a combination of low pH and high i o n i c  s t r e n g t h  cause  pre- 

c i p i t a t i o n  of t h e  macromolecules from t h e  s o l u t i o n .  With t h e  TCA 

and PCA methods i t  is  sometimes necessary t o  remove t h e  a c i d s  and 

P r i n c i p l e  

Dielectric change 

Temperature change 

S p e c i f i c  complexation 
o r  adsorp t ion  

pH change 

I o n i c  s t r e n g t h  

F i l t r a t i o n  

TABLE 1 

D e p r o t e i n i z a t i o n  Methods 

Example 

A c e t o n i t r i l e  o r  Ethanol  

Boi l ing  w a t e r  b a t h  

Bora te  g e l s ,  pre-column c o n c e n t r a t i o n  

TCA and PCA 

Ammonium s u l f a t e  

U l t r a f i l t r a t i o n  w i t h  membranes 
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SAMPLE PREPARATION OF SERUM WCLEOSIDES 727 

t h e i r  salts from t h e  sample. Recent ly ,  t h e  e x t r a c t i o n  of t h e  a c i d  

from t h e  sample wi th  a water- insoluble  amine d i s s o l v e d  i n  Freon 

w a s  repor ted  by Khym (12) and w a s  found t o  b e  compatible  w i t h  

m i c r o p a r t i c l e ,  chemically-bonded anion exchange columns ( 1 3 ) .  

However, f o r  nuc leos ides  and bases  t h e  e f f i c i e n c y  of e x t r a c t i o n  

from serum w a s  n o t  determined. 

Severa l  o t h e r  methods are a v a i l a b l e  f o r  t h e  d e p r o t e i n i z a t i o n  

of b i o l o g i c a l  samples. P r o t e i n s  may be p r e c i p i t a t e d  by decreas ing  

t h e  d i e l e c t r i c  c o n s t a n t  of t h e  s o l u t i o n  w i t h  t h e  a d d i t i o n  of an 

organic  reagent  such as e t h a n o l  o r  a c e t o n i t r i l e .  P r e c i p i t a t i o n  of 

p r o t e i n s  can a l s o  be accomplished by i n c r e a s i n g  t h e  i o n i c  s t r e n g t h ,  

e.g. t h e  a d d i t i o n  of a high c o n c e n t r a t i o n  of a salt  such as 

ammonium s u l f a t e  t o  t h e  s o l u t i o n .  Another less s e l e c t i v e  approach 

is t o  dena ture  t h e  p r o t e i n s  by hea t .  

A d i f f e r e n t  approach taken by Gehrke and h i s  group is  t h e  

s e l e c t i v e  removal of nuc leos ides  from b i o l o g i c a l  samples by spec- 

i f i c  complexation wi th  a borate-gel  polymer ( 9 , 1 4 ) .  

A v a r i a t i o n  of t h i s  technique i s  t h e  u s e  of a s m a l l  c a r t r i d g e  

packed w i t h  a r e l a t i v e l y  non-se lec t ive  s t a t i o n a r y  phase. 

sample i s  i n j e c t e d  by a s y r i n g e  i n t o  t h e  pre-column. Compounds 

which are compatible  with t h e  s t a t i o n a r y  phase are r e t a i n e d  under 

s p e c i f i c  c o n d i t i o n s  whi le  p r o t e i n s  and undesired compounds are 

washed through t h e  column. The compounds of i n t e r e s t  are then  

e l u t e d  wi th  a s u i t a b l e  s o l v e n t .  

The 

S ince  our  r e s e a r c h  involved n o t  only nuc leos ides  b u t  a l s o  

bases  and s e v e r a l  amino a c i d s ,  t h e  s e l e c t i v e  removal of  t h e  
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728 HARTWICK ET AL. 

nuc leos ides  a l o n e  w a s  n o t  compat ible  w i t h  our  work. 

techniques a v a i l a b l e ,  h e a t i n g  of t h e  sample was n o t  chosen because 

of t h e  g e l - l i k e  cons is tency  of serum a f t e r  d e n a t u r a t i o n  and a l s o  

because of the  thermal l a b i l i t y  of many of t h e  compounds of 

i n t e r e s t .  The u s e  of an  organic  s o l v e n t  t o  p r e c i p i t a t e  p r o t e i n s  

a l s o  was n o t  i n v e s t i g a t e d  i n  d e t a i l  because of t h e  low s o l u b i l i t y  

of s e v e r a l  of t h e  nuc leos ides  and bases  i n  many organic  s o l v e n t s .  

Of t h e  o t h e r  

Another method of p r o t e i n  p r e c i p i t a t i o n ,  t h e  Iomogi technique 

(ZnSOq-Br(OH)2) w a s  considered,  bu t  n o t  used, s i n c e  t h i s  technique 

removes u r i c  a c i d  as w e l l  as t h e  serum p r o t e i n s .  

Therefore ,  t h e  procedures  which were i n v e s t i g a t e d  f o r  sample 

prepara t ion  p r i o r  t o  HPLC a n a l y s i s  were; TCA - amine-freon, 

ammonium s u l f a t e ,  u l t r a f i l t r a t i m  and pre-column sample concentra-  

t ion .  They were evaluated f o r  t h e i r  e f f i c i e n c y  of recovery of 

added s tandards  from t h e  serum matr ix ,  and f o r  t h e i r  g e n e r a l  

s u i t a b i l i t y  w i t h  r e s p e c t  t o  i n t e r f e r e n c e s ,  ease of use, c o s t  and 

speed. 

EXPERIMENTAL - 
Apparatus 

A Waters ALC 202 Liquid Chromatograph (Water's Assoc ia tes ,  

Milford,  MA) wi th  a Model 440 absorbance d e t e c t o r ,  and a Model 660 

s o l v e n t  programmer, w a s  used. Q u a n t i t a t i o n  of t h e  nuc leos ides  and 

bases  w a s  a t  254 nm using a Hewlett-Packard Model 3380-A i n t e g r a t o r  

(Hewlett-Packard, Avondale, PA). Simultaneous d e t e c t i o n  a t  280 nm 

w a s  used w i t h  a dual-pen recorder  t o  o b t a i n  peak-height ratids as 

an a i d  f o r  t h e  confirmation of peak i d e n t i t i e s .  
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SAMPLE PREPARATION OF SERUM NUCLEOSIDES 7 29 

For t h e  u l t r a f i l t r a t i o n  s t u d i e s  c e n t r i f u g e  cones (Amicon 

Corp., Lexington, MA) Type CF 25 were used. These cones had a pore  

s i z e  r e t a i n i n g  compounds wi th  a nominal molecular  weight  of g r e a t e r  

than 25,000. Sep-Pak(R) c a r t r i d g e s  were obtained from Waters 

Assoc ia tes .  

C l e  packing ma te r i a l .  

These mini-columns were pre-packed wi th  p e l l i c u l a r  

A l l  c en t r i fuga t ions  were performed on a Dynac cen t r i fuge ,  

(Clay, Adams, Pars ippany,  N J )  wi th  a maximum f o r c e  of  1145 

r e l a t i v e  c e n t r i f u g a l  f o r c e  (RCF). Samples were vortexed on a 

Vortex-Genie K 550-G ( S c i e n t i f i c  I n d u s t r i e s  Inc . ,  Sp r ing f i e ld ,  MA). 

P i p e t t i n g s  were accomplished using Eppendorf p i p e t t e s  of t h e  

appropr i a t e  volumes (Brinkman Instruments ,  Westbury, NY). 

Columns 

Pre-packed a n a l y t i c a l  columns from Waters Assoc ia tes  were 

used. 

wi th  VBondapalc C, ,  packing m a t e r i a l  (10 Vm i n  d iameter ) .  

x 5 cm s t a i n l e s s  s tee l  pre-column packed wi th  p e l l i c u l a r  C,, 

mate r i a l  (Whatman Inc. ,  C l i f t o n ,  NJ) w a s  used t o  p r o t e c t  t he  

a n a l y t i c a l  column. 

Chemicals and Suppl ies  

These 4 . 6  mm x 30 cm s t a i n l e s s  steel columns were packed 

A 4.6 mm 

The mobile phase f o r  t h e  l i q u i d  chromatography was prepared 

from reagent  grade  potassium dihydrogen phosphate (Mall inckrodt  

Chemical Works, S t .  Louis, M O ) ,  and from s p e c t r a l  g rade  methanol 

D i s t i l l e d  deionized water (Burdick and Jackson,  Muskegon, MI). 

was used throughout. P r i o r  t o  use ,  aqueous b u f f e r s  were degassed 

by an a s p i r a t o r  vacuum. A s t ream of H e  (60 mlfmin f o r  30 sec )  w a s  
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730 HARTWICK ET AL. 

bubbled through t h e  methanol lwater  s o l u t i o n s  i n s t e a d  of a vacuum 

i n  o r d e r  t o  avoid changes i n  t h e  composi t ion of t h e s e  s o l u t i o n s .  

The t r i -n-oc ty l  amine w a s  purchased from I C N  Pharmaceut ica ls ,  I n c . ,  

Plainview,  NY and t h e  Freon(R) from Matheson Gas Products ,  East 

Rutherford,  N J .  

The nuc leos ide  and base  s t a n d a r d s  were purchased from Sigma 

Chemical Co., S t .  Louis ,  MO, and were of the h i g h e s t  p u r i t y  grades  

a v a i l a b l e .  

- Serum C o l l e c t i o n  and Storage  

E x t r a c t i o n  s t u d i e s  were c a r r i e d  o u t  on s i n g l e  l o t s  of pooled 

human serum i n  o r d e r  t o  e l i m i n a t e  any sampling v a r i a n c e s .  A l l  

sample p r e p a r a t i o n s  were c a r r i e d  o u t  on t h e  same day,  and t h e  

e x t r a c t s  were immediately f r o z e n .  The prepared samples were 

chromatographed w i t h i n  48 hours .  

Chromatographic Condit ions 

A g r a d i e n t  e l u t i o n  mode w a s  used, w i t h  a n  i n i t i a l  e l u e n t  of 

0.02 mol/L KH,PO,, pH 5.6 ( a d j u s t e d  w i t h  KOH), and a h i g h  s t r e n g t h  

e l u e n t  of 60% MeOHIwater  (v/v). A l i n e a r  g r a d i e n t  of s l o p e  

0.69% organiclmin w a s  used. The flow rate was 1 . 5  mllmin. A l l  

a n a l y s e s  were c a r r i e d  o u t  a t  ambient temperature .  

Sample P r e p a r a t i o n  Techniques 

TCA-amine-Freon Method 

The TCA-amine-Freon(R) method used w a s  f i r s t  r e p o r t e d  by Khym 

(12), and opt imized f o r  nucleot i .des  and n u c l e o s i d e s  by 

Van Haverbeke and Brown (13) .  One m l  of pooled serum and 1 m l  of 

a s tandard  1 mM s o l u t i o n  of t h e  nuc leos ides  and bases  of i n t e r e s t  
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SAMPLE PREPARATION OF SERUM NUCLEOSIDES 731 

w e r e  vortexed v i g o r o u s l y  f o r  2 minutes  w i t h  2.00 m l  o f  12% TCA. 

A f t e r  c e n t r i f u g a t i o n  f o r  6 minutes  a t  1145 RCF, t h e  s u p e r n a t a n t  

was f i l t e r e d  through a M i l l i p o r e  Type GS membrane f i l t e r  (0 .22  

micrometer pore  s i z e ) .  A 1.00  m l  a l i q u o t  of t h i s  f i l t r a t e  was 

then vortexed f o r  2 minutes  w i t h  a n  e q u a l  volume of 9.5 M t r i - N -  

o c t y l  amine d i s s o l v e d  i n  Freon(R) .  

c e n t r i f u g a t i o n ,  t h e  upper ,  aqueous l a y e r  w a s  withdrawn and immedi- 

a t e l y  f rozen .  

A f t e r  a b r i e f ,  low speed 

Ammonium S u l f a t e  

Standard s o l u t i o n s  were prepared by d i s s o l v i n g  weighed 

amounts of t h e  s t a n d a r d s  i n  0 .01 mol/L KH,PO,/Na,HPO,, pH 6.88. 

1.00 m l  of a s t a n d a r d  s o l u t i o n  of t h e  n u c l e o s i d e s  w a s  added t o  

4.00 m l  of serum thus  producing a 20% d i l u t i o n  of t h e  serum m a t r i x .  

The c o n c e n t r a t i o n  of t h e  s t a n d a r d s  w a s  approximately 2 x M i n  

t h e  d i l u t e d  serum. 

For  t h e  ammonium s u l f a t e  technique ,  a n  equal  volume of  

s a t u r a t e d  ammonium s u l f a t e  (25OC) w a s  added t o  t h e  serum-standard 

mixture .  A f t e r  2 minutes of v o r t e x i n g ,  t h e  samples w e r e  c e n t r i -  

fuged a t  1145 RCF f o r  1 0  minutes  and t h e  s u p e r n a t a n t  f l u i d  

f i l t e r e d  through a M i l l i p o r e  membrane f i l t e r ,  Type GS ( M i l l i p o r e  

Corp., Bedford, MA). The f i l t e r e d  samples w e r e  immediately f r o z e n  

i n  p l a s t i c  v i a l s .  

U l t r a f i l t r a t i o n  

For t h e  u l t r a f i l t r a t i o n  method, t h e  samples were f i l t e r e d  

d i r e c t l y  through t h e  u l t r a f i l t r a t i o n  membrane cones. 

c e n t r i f u g a t i o n  times (15 min) and speeds (500 RCF) w e r e  used t o  

i n s u r e  r e p r o d u c i b i l i t y .  

Uniform 
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732 HARTWICK ET AL. 

Pre-Column Concentrat ion 

One m l  a l i q u o t s  of serum w e r e  passed through t h e  Sep-Pak(R) 

c a r t r i d g e s  followed by 1.0 ml oii 0.02 mol/L JW2P0,, pH 5.6 t o  wash 

o u t  t h e  p r o t e i n s  and unre ta ined  compounds. 

water (v/v)  was then  passed through t h e  c a r t r i d g e s  whi le  t6e 

e f f l u e n t  was c o l l e c t e d .  Al iquots  of t h e  e f f l u e n t  were then 

i n j e c t e d  d i r e c t l y  i n t o  t h e  HPLC. 

1.0 m l  of 60% methanol- 

Experimental Design 

Model Compounds 

For the  i n i t i a l  TCA s t u d i e s  t h e  nuc leos ides ,  xanthos ine ,  

i n o s i n e  and guanosine were chosen as model compounds. 

guanosine are endogenous t o  human serum, and pre l iminary  s t u d i e s  

i n d i c a t e d  t h a t  t h e  recovery o f  these compounds from serum w a s  poor 

using the  TCA techniques.  

I n o s i n e  and 

For t h e  o t h e r  techniques ,  r e c o v e r i e s  from serum of added hypo- 

xanth ine ,  theobromine, theophyl l ine ,  c a f f e i n e ,  and t h e  amino a c i d ,  

L-tryptophan were a l s o  eva lua ted .  These compounds w e r e  chosen 

because of t h e i r  d i v e r s e  range of chemical f u n c t i o n a l i t i e s  and 

the  p o s s i b i l i t y  of  t h e i r  occurrence i n  human serum. 

S t a t i s t i c s  

I n  order  t o  o b t a i n  s t a t i s t i c a l l y  v a l i d  r e s u l t s ,  a t  least  5 

independent samples were prepared f o r  each of t h e  methods, us ing  

t h e  same l o t  of pooled serum. 

pared s imultaneously.  The r e c o v e r i e s  of t h e  s tandards  which had 

been added t o  t h e  sera were c a l c u l a t e d  by f i r s t  s u b t r a c t i n g  t h e  

average areas of t h e  peaks i n  t h e  b lanks  from t h e  areas of t h e  

Three independent b lanks  were pre-  
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SAMPLE PREPARATION OF SERUM NUCLEOSIDES 733 

samples wi th  t h e  added standards.  These a reas  w e r e  then compared 

wi th  those of t h e  aqueous standard so lu t ions  which had been 

in j ec t ed  d i r e c t l y .  The appropr ia te  d i l u t i o n  f a c t o r s  and i n j e c t i o n  

volumes were taken i n t o  account. 

t he  95% confidence l i m i t  un l e s s  otherwise s t a t e d .  

Calcu la t ions  f o r  Pre-Column Method 

A l l  s t a t i s t i c s  a r e  repor ted  a t  

When using the  pre-column method (Sep-Pak(R)>, it is use fu l  

t o  be a b l e  t o  determine approximately the  condi t ions  necessary f o r  

t he  e l u t i o n  o r  r e t e n t i o n  of t h e  compounds of i n t e r e s t .  This may 

be f a c i l i t a t e d  by the  following approach. Since i t  has  been 

shown previously t h a t  t h e  I n  k' is  approximately l i n e a r  wi th  the  

concent ra t ion  of organic  so lven t  i n  the  mobile phase (15), then i t  

is poss ib l e  t o  de r ive  equation 1, where A i s  defined as m, m being 

the  s lope  of the  I n  k '  vs.  % organic  p l o t .  

i n t e r c e p t  of the  I n  k '  p l o t  Vo f o r  t he  sample c a r t r i d g e  i s  e a s i l y  

determined by weighing a c a r t r i d g e  dry  and a f t e r  being f i l l e d  wi th  

w a t e r .  

The k: is the  y 

VR = Vo - (k: - e-Ac +1> Eq.  1 

I f  t h e  i n t e r c e p t  and the  s lope  of t he  p l o t  of I n  k '  vs.  o rganic  

concent ra t ion  i s  obtained f o r  t h e  reversed-phase material, then one 

can use Eq, 1 t o  p r e d i c t  approximately t h e  minimum volume necessary 

t o  e l u t e  a compound, o r  conversely,  t o  p r e d i c t  how much so lvent  can 

be passed through t h e  Sep-Pak without e l u t i n g  a compound of 

i n t e r e s t .  These va lues  w i l l  r epresent  t h e  e l u t i o n  volume t o  the  

cen te r  of t he  s o l u t e  band. 

f o r  band broadening. 

Appropriate compensation must be made 
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7 3 4  HARTWICK ET AL. 

RESULTS 

TCA Nethod 

For t h e  nuc leos ides ,  g u a n x i n e ,  i n o s i n e  and xanthos ine ,  

recover ies  i n  t h e  range of 65-70% w e r e  observed us ing  12% TCA. I f  

t h e  TCA concent ra t ion  w a s  decreased t o  6%, lower r e c o v e r i e s  

averaging about  60% f o r  xanthos ine  and i n o s i n e  and 54% f o r  guano- 

s i n e ,  were obta ined  (Table  2 ) .  

Since i t  was p o s t u l a t e d  t h a t  t h e  low r e c o v e r i e s  of t h e  nucleo- 

s i d e s  might b e  due t o  acid-base r e a c t i o n s  w i t h  excess  amine i n  t h e  

Freon(R),  t i t r a t i o n  curves were obta ined  by monitor ing t h e  pH of 

the  aqueous sample as t h e  amine-solution w a s  added. I n  t h i s  way, 

t h e  equivalence poin t  was found. For subsequent a n a l y s e s ,  t h e  

e x a c t  volume of t h e  amine s o l u t i o n  needed t o  n e u t r a l i z e  t h e  TCA i n  

t h e  samples was added. I n  c o n t r a s t  t o  t h e  recovery of n u c l e o t i d e s  

from serum (13), excess  amine s o l u t i o n  had no s i g n i f i c a n t  e f f e c t  on 

t h e  recovery of t h e  nuc leos ides .  

The s o l u b i l i t y  of t h e  nuc leos ides  i n  Freon(R) a l o n e  w a s  n e x t  

i n v e s t i g a t e d .  Using s tandard  s o l u t i o n s  of t h e s e  nuc leos ides ,  i t  

w a s  found t h a t  on ly  85% of each nuc leos ide  w a s  recovered from t h e  

aqueous s o l u t i o n  a f t e r  v igorous ly  mixing w i t h  Freon(R). 

about  h a l f  of t h e  nuc leos ide  l o s s  can b e  a t t r i b u t e d  t o  s o l u b i l i t y  

of t h e  nuc leos ides  i n t o  t h e  Freon(R) i t s e l f .  

t h e  loss was due e i t h e r  t o  c o - p r e c i p i t a t i o n  wi th  t h e  p r o t e i n s  o r  

adsorp t ion  of t h e  nuc leos ide  t o  t h e  pro te inaceous  material. 

Thus, 

The o t h e r  h a l f  of 
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7 36 HARTWICK ET AL. 

Ammonium S u l f a t e  and U l t r a f i l t r a t i o n  

Ammonium S u l f a t e  

Because of t h e  low r e c o v e r i e s  of nuc leos ides  obta ined  when 

the  TCA-amine-Freon(R) method was used f o r  sample p r e p a r a t i o n ,  

a l t e r n a t i v e  techniques were i n v e s t i g a t e d .  Table  2 summarizes t h e  

average r e c o v e r i e s  of t h e  added compounds when t h e  ammonium 

s u l f a t e  method w a s  used. High r e c o v e r i e s  (73-100%) were obta ined  

when us ing  t h i s  method. I n  a d d i t i o n ,  t h e  chromatograms of t h e  

serum samples showed few in te rEerences  f o r  t h e  compounds which 

e l u t e  r a p i d l y .  

U l t r a f i l t r a t i o n  

U l t r a f i l t r a t i o n  a t  pH 7.8 ( t h e  pH of t h e  pooled serum) a l s o  

showed e x c e l l e n t  r e c o v e r i e s  f o r  most of t h e  compounds s t u d i e d  w i t h  

t h e  except ion of t ryptophan and theophyl l ine .  The recovery of 

t ryptophan averaged only  1 2 . 1 %  and t h e o p h y l l i n e  40.7%. 

chromatograms of t h e  sera processed by t h e  u l t r a f i l t r a t i o n  tech- 

nique a l s o  d i d  n o t  c o n t a i n  t h e  i n t e r f e r i n g  compounds p r e s e n t  i n  

t h e  chromatograms of samples prepared w i t h  TCA (Fig.  1). The 

d o t t e d  l i n e  i n  F igure  1 shows t h e  i n t e r f e r e n c e s  when t h e  TCA method 

of p r o t e i n  removal was used. Samples processed us ing  t h e  ammonium 

s u l f a t e  method are q u a l i t a t i v e l y  v e r y  s i m i l a r  t o  t h e  u l t r a f i l t r a -  

t i o n  p r o f i l e  observed i n  F igure  1 except  f o r  lower t ryptophan 

l e v e l s  encountered w i t h  u l t r a f i l t r a t i o n  (Table 2 ) .  

The 

In order  t o  determine i f  t h e  lower u l t r a f i l t r a t i o n  r e c o v e r i e s  

of tryptophan and theophyl l ine  were due t o  a pH dependent b inding  

of t h e s e  compounds t o  p r o t e i n s ,  t h e  experiments  were repea ted  u s i n g  
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Figure 1. 
tion and trichloroacetic acid (TCA) methods. Chromatographic condi- 
tions: column; reversed-phase (C18) 10 pm particle diameter. Grad- 
ient: low strength, 0.02 mol/L KH2PO4, pH 5.6; high strength, 60% 
methanollwater (v/v). Gradient: 0.69Xlmin. linear (0-60% methanol 
in 87 min). Temperature: ambient, flow rate: 1.5 ml/min. 

Separation of 80111 of human serum prepared by ultrafiltra- 

serum adjusted to a pH of 5.1. 

recoveries of 96.2% (trp) and 85.5% (thp) were obtained at this 

lower pH value. This observation is  in agreement with those of 

other researchers (16) who have found that tryptophan is 

reversibly bound to serum albumin, probably through the carboxylic 

group (17). 

The data in Table 2 show that 

In order to determine if binding to the filter cones was 

responsible for the low recoveries of tryptophan and theophylline, 
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738 HARTWICK ET AL. 

s tandard  aqueous s o l u t i o n s  ( 10--5moles/L) of  'the n u c l e o s i d e s  and 

b a s e s  a t  7 .8  were passed through t h e  cones. Recoveries  of g r e a t e r  

than 98% were observed f o r  a l l  compounds e x c e p t  t h e o p h y l l i n e .  The 

recovery f o r  t h e o p h y l l i n e  averaged 80.0%. Thus, 20% of t h e  59.3% 

of t h e  t h e o p h y l l i n e  l o s t  dur ing  u l t r a f i l t r a t i o n  was adsorbed onto  

t h e  cones. The rest  of  t h e  l o s s  might be  due t o  p r o t e i n  b inding .  

T h i s  observa t ion  could b e  of i n p o r t a n c e  in t h e  c l i n i c a l  a s s a y s  f o r  

theophyl l ine  which employ u l t r a f i l t r a t i o n  as t h e  sample 

p r e p a r a t i o n  technique.  

Pre-Column Concent ra t ion  Method 

Sera  were processed by t h e  pre-column c o n c e n t r a t i o n  method 

(Sep-Pak(R)) as descr ibed  i n  t h e  Experimental  Sec t ion .  I n  o r d e r  

t o  determine t h e  approximate minimum and maximum e l u t i o n  volumes 

necessary t o  i s o l a t e  t h e  compounds of i n t e r e s t  w i t h o u t  l o s s ,  Eq. 1 

w a s  used i n  conjunct ion  w i t h  data obta ined  p r e v i o u s l y  on 

chemica l ly-s imi la r  s t a t i o n a r y  phases .  Curves of e l u t i o n  volumes 

c a l c u l a t e d  from Eq. 1 were p l o t t e d  a g a i n s t  % methanol i n  t h e  

e l u e n t .  

can be  passed through t h e  c a r t r i d g e  b e f o r e  l o s s  of  c a f f e i n e  will 

occur .  Conversely, on ly  about 0.5 m l  of 60% methanol w i l l  b e  

needed t o  q u a n t i t a t i v e l y  e l u t e  t h e  c a f f e i n e  f o r  sample c o l l e c t i o n .  

F igure  2 shows t h a t  approximately 80 m l  of aqueous b u f f e r  

The r e c o v e r i e s  ob ta ined  f'or t h e  pre-column technique  are 

s imi la r  t o  t h o s e  obta ined  f o r  the u l t r a f i l t r a t i o n  a t  pH 5 .1  and 

f o r  t h e  ammonium s u l f a t e  techniques  (Table  2 ) .  However, i t  i s  

i n t e r e s t i n g  t o  n o t e  t h a t  t ryptophan showed an i n t e r m e d i a t e  

recovery ( 4 3 % )  w h i l e  t h e o p h y l l i n e  w a s  recovered i n  h i g h  y i e l d  
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Figure 2.  Calculated volumes o f r  e l u t i o n  of some of t h e  nuc leos ides  
and bases from a small  c a r t r i d g e  pre-column packed wi th  reversed- 
phase (C18) p e l l i c u l a r  packing mater ia l .  Curves represent  t heo re t i -  
c a l  values ca lcu la ted  from r e t e n t i o n  d a t a  obtained on an a n a l y t i c a l  
(30 cm) reversed-phase column. 

(91%).  

e s s e n t i a l l y  pa r t i t i oned  between 2 competing phases,  t h a t  of t h e  

serum p ro te in  and of t h e  hydrophobic packing material. When a 

s l i g h t l y  a c i d i c  (pH 5 . 6 )  e luen t  was used,an indeterminate amount 

of tryptophan was l o s t  from the  column before  being bound t o  the  

A poss ib l e  explanation f o r  t h i s  i s  t h a t  t he  tryptophan i s  

s t a t i o n a r y  phase. 

We were not a b l e  t o  determine accu ra t e ly  t h e  recovery of Xao 

using the  pre-column (ca r t r idge )  technique because of t h e  c r i t i c a l  
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740 HARTWICK ET AL. 

r e t e n t i o n  behavior  of t h i s  compound i n  t h e  pH r e g i o n  of i t s  pKa of 

5.7 (8). 

b u f f e r  caused a v a r i a b l e  recovery of t h e  added xanthos ine .  

Ef f ic iency  of P r o t e i n  Removal 

The pH d i f f e r e n t i a l  between t h e  serum and t h e  e l u t i n g  

The re la t ive e f f i c i e n c i e s  of t h e  p r o t e i n  removal methods were 

i n v e s t i g a t e d  (Table 3 ) .  Under t h e  c o n d i t i o n s  used f o r  t h e  

ammonium s u l f a t e  procedure,  o n l y  65% of t h e  p r o t e i n  w a s  removed 

from a serum pool  w i t h  an average p r o t e i n  c o n c e n t r a t i o n  of  56.5 

mg/100 m l .  The p r o t e i n  c o n c e n t r a t i o n s  were measured by t h e  

B i u r e t  method. The TCA, u l t r a f i l t r a t i o n  and pre-column techniques  

removed e s s e n t i a l l y  a l l  of t h e  p r o t e i n .  The p r o t e i n  remaining i n  

the  ammonium s u l f a t e  samples Cid n o t  appear  t o  a f f e c t  column l i f e -  

t i m e s ,  a l though no c o n t r o l l e d  experiments were designed t o  prove 

t h i s .  

TABLE 3 

E f f i c i e n c y  of  D e p r o t e i n i z a t i o n  Methods 

Method % E f f i c i e n c y a  

TCA 100% 

Ammonium S u l f a t e  (65. 5+2.1)Xb 

U l t r a f i l t r a t i o n  100% 

Pre-column Concent ra t ion  

aBiure t  method o r  p r o t e i n  a s s a y  

b95% confidence l e v e l .  

CDependent upon e l u t i o n  c o n d i t i o n s  
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SAMPLE PREPARATION OF SERUM NUCLEOSIDES 741 

DISCUSSION 

Ease of use and q u a l i t a t i v e  d i f f e rences  can o f t e n  be of more 

importance i n  a sample prepara t ion  technique than t h e  abso lu te  

recover ies .  From Fig. 1 i t  i s  obvious t h e  TCA method precludes 

the  accura te  ana lys i s  of compounds e l u t i n g  wi th in  t h e  f i r s t  5-7 

minutes. The ammonium s u l f a t e  method reduces these  in t e r f e rences  

and y i e l d s  e s s e n t i a l l y  q u a n t i t a t i v e  recovery of tryptophan and 

theophylline.  The u l t r a f i l t r a t i o n  technique produces considerably 

c leaner  chromatograms then both the  TCA and t h e  ammonium s u l f a t e  

methods i n  t h e  f i r s t  5 minutes of t h e  chromatogram. I n  add i t ion ,  

the  sample is  not  d i l u t e d ,  a s  i s  t h e  case wi th  t h e  o the r  pro- 

cedures. 

i n t e r e s t  a r e  s e l e c t i v e l y  r e t a ined .  However, compounds e l u t i n g  

e a r l y  on a reversed-phase system, such as c r e a t i n i n e  and u r i c  a c i d ,  

may be p a r t i a l l y  l o s t .  It should be  noted t h a t  graphs such as 

presented i n  Fig. 2 should be used as approximations only.  

The Sep-Pak(R) technique i s  unique i n  that compounds of 

I n  summary, i t  appears t h a t  t he  TCA method i s  t h e  least 

s u i t a b l e  f o r  t h e  ana lys i s  of serum nucleosides and bases ,  i n  terms 

both of recover ies  and of W absorbing compounds which may 

i n t e r f e r e  wi th  the  reversed-phase HPLC ana lys i s  of nucleosides and 

bases. The ammonium s u l f a t e  method has  the  advantage of being 

chemically mild and of producing e s s e n t i a l l y  100% recover ies  of 

tryptophan and theophylline.  However, t he re  i s  t h e  p o s s i b i l i t y  of 

sample contamination from t h e  added salts. 

sa tu ra t ed  so lu t ion  of ammonium s u l f a t e  i s  used (as  i n  t h i s  study) 

I n  add i t ion  i f  a 
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742 HARTWICK ET AL. 

r a t h e r  than by t h e  a d d i t i o n  of l a r g e  amounts of s o l i d  ammonium 

s u l f a t e ,  t h e  d e t e c t i o n  l i m i t s  are r a i s e d  due t o  sample d i l u t i o n .  

The pre-column concent ra t ion  method has  t h e  advantage of 

concent ra t ing  the  s o l u t e s  of in te r res t  by s e l e c t i v e  sample adsorp- 

t i o n ,  thus  o f f e r i n g  fewer i n t e r f e r e n c e s  i n  t h e  prepared samples, 

The technique i s  r a p i d  and r e q u i r e s  no a c c u r a t e  volume measure- 

ments i f  an i n t e r n a l  s tandard  i s  used. However, some compounds 

i n  t h e  serum which are e l u t e d  e a r l y  on a reversed-phase system 

(such a s  c r e a t i n i n e  and u r i c  a c i d )  may b e  l o s t .  

The u l t r a f i l t r a t i o n  method o f f e r s  t h e  advantages of freedom 

from chemical i n t e r f e r e n c e s ,  no sample d i l u t i o n  and l a c k  of 

i n t e r f e r e n c e s  p r e s e n t  i n  t h e  reversed-phase a n a l y s i s  of serum 

nucleos ides  and bases .  Bound components w i l l  n o t  b e  recovered 

u n l e s s  proper  c a r e  i s  taken t o  a d j u s t  t h e  pH of t h e  sample. An 

advantage of using t h e  u l t r a f i l t r a t i o n  cones i s  t h a t  m u l t i p l e  

samples can be prepared r a p i d l y  and e f f i c i e n t l y ,  producing t h e  

g r e a t e s t  throughput per hour of a l l  of t h e  methods i n v e s t i g a t e d .  

I n  conclusion,  each of t h e  methods d iscussed  h a s  c e r t a i n  

advantages and d isadvantages  depending upon t h e  problem a t  hand. 

For t h e  r o u t i n e  a n a l y s i s  of  nuc leos ides ,  b a s e s  and o t h e r  low- 

molecular weight, W-absorbing compounds i n  serum, we  have found 

e i t h e r  t h e  pre-column c a r t r i d g e  o r  t h e  u l t r a f i l t r a t i o n  method t o  

be t h e  most u s e f u l  f o r  t h e  comparison of serum p r o f i l e s  of  normal 

s u b j e c t s  and cancer p a t i e n t s .  However, i n  work involv ing  t i s s u e s  

o r  o t h e r  body f l u i d s ,  a l l  techniques  should b e  examined and op- 

t imized f o r  each problem t o  o b t a i n  t h e  b e s t  r e s u l t s .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SAMPLE PREPARATION OF SERUM NUCLEOSIDES 743 

ACKNOWLEDGMENTS 

The authors thank Ante M. Krstulovic for his assistance; Paul B. 

Champlin of  Waters Associates, Klaus Lohse of Kratos, Inc. (Schoeffel 

Instrument Division) and Fred Rabel o f  Whatman, Inc. for their helpful 

comments and Roberta Caldwell for the preparation of the manuscript. 

Support for this work was made possible by an A.C.S. Summer 

Fellowship sponsored by the Society of Analytical Chemists, Pittsburgh, 

and N.I.H. Grant #2ROl-CAl7603-04. 

LIST OF ABBREVIATIONS 

Xao Xanthosine ThP 

Ino lnosine Caf 

Guo Guanosine Crt 

Trp Tryptophan Thb 

Theophylline 

Caffeine 

Creatinine 

Theobromine 

REFERENCES 

1. Uziel, M., Koh, C., and Cohn, W.E., Anal. Biochem., 2, 77 (1968). 
2. Horvath, C. and Lipsky, S.R., Anal. Chem., 41, 1227 (1969). 
3. Murakami, F., Rokushika, S . ,  and Hatano, H., J. Chromatogr., 12, 

584 (1970). 

4. Singhal, R.P. and Cohn, W.E., Biochem., 12, 1532 (1973). 
5. Brown, P.R., Bobick, S., and Hanley, F.L., J. Chromatogr., 99, 

587 (1974). 

6. Breter, H.J., Sibert, G., and Zahn, R.K., J. Chromatogr., 140, 251 
(1977). 

7. Brown, P.R. and Krstulovic, A.M., Ion-Exchange Chromatography, A .  

Weissberger (Ed.), from Techniques of Chemistry, Vol. XII, John 

Wiley and Sons, New York, 1978. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



744 HARTWICK ET AL. 

8. Hartwick, R.A. and Brown, P . R . ,  J. Chromatogr., 126, 679 (1976). 
9. Gehrke, C.W., Kuo, K.C., Davis, G.E., Suits, R . D . ,  Waalkes, T . P . ,  and 

Borek, E., J. Chromatogr., 150, 455 (1978). 
10. Brown, P . R . ,  Krstulovic, A.M., and Hartwick, R.A.,  J. Clin. Chem. 

Biochem., 14, 282 (1976). 
11. Davis, G.E. ,  Suits, R.D., Kuo, K.C., Gehrke, C.W., Waalkes, T . P . ,  

and Borek, E., Clin. Chem., 3, 1427 (1977). 
12. Khym, J.X., Clin. Chem. , 3, 1245 (1975). 
13.Van Haverbeke, D.A. and Brown, P . R . ,  J. Liq. Chromatogr., 1, (4), 507 

(1978). 
14.Uzie1, M., Smith, L.H. and Taylor, S . A . ,  Clin. Chem., _?_1, 1451 (1976). 
15.Hartwick7 R.A. ,  Grill, C., and Brown, P . R . ,  Anal. Chem., 51 (l), 34 

(1979). 
16. Krstulovic, A.M., Brown, P . R . ,  Bosie, D.M., and Champlin, P.B., Clin. 

Chem., 2, 1984 (1977). 
17. Opienski-Blauth, J., Charezinski, M . ,  and Bruszkiewics, H . ,  Clin. Chim., 

- 8, 260 (1963). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


