
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Optimization of a Procedure for Extraction of Nucleotides from Plasma
and Erythrocytes Prior to HPLC Analysis
Denise A. Vana; Phyllis R. Brownb

a Haverbeke Bredestraat, Ekeren, Belgium b Department of Chemistry, University of Rhode Island
Kingston, Rhode, Island

To cite this Article Van, Denise A. and Brown, Phyllis R.(1978) 'Optimization of a Procedure for Extraction of Nucleotides
from Plasma and Erythrocytes Prior to HPLC Analysis', Journal of Liquid Chromatography & Related Technologies, 1: 4,
507 — 525
To link to this Article: DOI: 10.1080/01483917808060015
URL: http://dx.doi.org/10.1080/01483917808060015

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483917808060015
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 1(4), 507-525 (1978) 

OPTIMIZATION OF A PROCEDURE FOR EXTRACTION OF NUCLEOTIDES 
FROM PLASMA AND ERYTHROCYTES PRIOR TO HPLC ANALYSIS 

Denise A.  Van Haverbeke 
Bredestraat  , 136 

B-2070-Ekeren 
Belgium 

and 

Phy l l i s  R .  Brown 
Department of Chemistry 

University of Rhode I s l and  
Kingston, Rhode I s l and  02881 

ABSTRACT 

The ef f ic iency  of ex t r ac t ion  of nucleotides from plasma and 
erythrocyte samples by means of t h e  f i y m  TCA' - mine-FreonR pro- 
cedure w a s  inves t iga ted .  

Maximum e f f i c i ency  of recovery w a s  found when TCA concentra- 
t i o n s  g rea t e r  than 9% were used t o  ex t r ac t  the  nuc leo t ides  of 
cytosine,  adenine and guanine from plasma and ery throcytes .  The 
recovery from t h e  erythrocyte matrix w a s  20% lower than t h a t  from 
t he  plasma matrix and 40% lower than t h e  recovery of t h e  same nu- 
c l eo t ides  from water. It w a s  a l s o  found t h a t  using t h e  exact 
amount of m i n e  so lu t ion  t o  neu t r a l i ze  the  TCA r e s u l t e d  i n  in- 
creased recovery of t h e  nuc leo t ides .  

INTRODUCTION 

The use of micropar t ic le  chemically-bonded anion-exchange 

packings i n  HPLC has made poss ib le  the  monitoring of nucleotides 

i n  biochemical s tud ies  with high speed, r e so lu t ion  and accuracy (1-8). 

'See l i s t  of abbreviations 
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508 VAN HAVERBEKE AND BROWN 

Since the  technique i s  very s e n s i t i v e ,  sample prepara t ion  proce- 

dures used p r i o r  t o  chromatographic ana lys i s  a r e  important and 

must not cause s i zeab le  e r r o r s  i n  t h e  q u a n t i t a t i v e  r e s u l t s .  With 

b io log ica l  f l u i d s  and t i s s u e s ,  proteinaceous ma te r i a l  i s  usua l ly  

removed by p rec ip i t a t ion  with e i t h e r  t r i c h l o r o a c e t i c  ac id  (TCA) 

or  perch lor ic  ac id  (PCA). 

breakdown of t he  nuc leo t ides ,  t h e  ac id  has t o  be removed p r i o r  t o  

HPLC ana lys i s .  

To p ro tec t  t he  columns and prevent 

Five d i f f e ren t  sample prepara t ion  methods have been inves t i -  

gated f o r  use p r io r  t o  HPLC analys is  by Brown and Miech (9). 
However, Brown (10) found t h a t  t he  TCA-TRIS procedure, which had 

been found t o  be very s u i t a b l e  wi th  the  p e l l i c u l a r  packings,  could 

not be used with t h e  micropar t ic le  chemically-bonded anion-exchange 

columns. Therefore, t he re  was a need f o r  re-evaluation of t h e  

sample preparation procedures. 

Khym (11) reported on a method i n  which t h e  TCA o r  PCA was 

ex t rac ted  i n t o  a so lu t ion  of a water inso luble  amine d isso lved  i n  

Freon 113.' Chen e t  a l .  (12) inves t iga t ed  t h e  Khym procedures 

fo r  t h e i r  e f f i c i ency  i n  e x t r a c t i n g  nucleotides from aqueous solu-  

t i o n s  p r io r  t o  HPLC ana lys i s  us ing  micropar t ic le  chemically-bond- 

ed anion-exchange columns. The TCA - amine-FreonR method showed 

exce l len t  quan t i t a t ive  recovery. However, it was found t h a t  t h e  

concentrations of t h e  amine so lu t ions  may change i f  t h e  so lu t ion  

i s  not f r e sh ly  prepared. Chen a l s o  found d i f fe rences  i n  recovery 

dependent on base s t r u c t u r e  and the number of phosphate groups 

present i n  t h e  compounds. 

R 

I n  t h i s  study, t h e  TCA - amine-FreonR procedure w a s  i n v e s t i -  

gated f o r  t h e  recovery e f f i c i ency  of nuc leo t ides  from plasma and 

red  blood c e l l s  as compared t o  t h e  recovery of nuc leo t ides  from 

water. Differences i n  recovery dependent on base  s t r u c t u r e  and 

number of phosphate groups were s tud ied  i n  t h e  two blood matri- 

ces. The inf luence  of d i f f e r e n t  TCA and amine concentrations on 

R 2Freon is  a reg i s t e red  trademark of E. I. duPont de Nemours & Co. 
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NUCLEOTIDES FROM PLASMA AND ERYTHROCYTES 509 

t h e  recovery of t h e  nucleotide standards from plasma and erythro- 

cy tes  was a l s o  inves t iga ted .  

MATERIALS -- 
m a r a t u s  

A Waters ALC 202 High Pressure  Liquid Chromatograph (Waters 

Associates,  Milford, MA) wi th  a double beam W de tec to r  opera t ing  

a t  a wavelength of 254 mu w a s  used. 

a Schoeffel  Variable Wavelength Detector (Model SF 770 Spectroflow 

Monitor, Schoeffel  Instrument Corp., Westwood, N J )  w a s  used at a 

wavelength of 280 nm. 

For i d e n t i f i c a t i o n  purposes 

The gradien t  accessory cons i s t ed  of an 

e l ec t ron ic  programmer and a second pump. Peak areas  were in t e -  

g ra t ed  by means of an Auto-lab Minigrator (Spec t ra  Phys ics ,  Santa  

Clara ,  C A ) .  

t i f i c  Indus t r i e s  Inc. , Spr ing f i e ld ,  MA). 

Samples were mixed on a Vortex-Genie K550-G (Scien- 

Columns 

The columns used ( P a r t i s i l  PXS 10/25-SA.X) suppl ied  by Whatman 

( C l i f t o n ,  N J )  a r e  s t rong  anion-exchange columns which a r e  suppl ied  

pre-packed i n  25 cm x 4.6 mm I. D. s t a i n l e s s  s t e e l  columns. 

ion-exchange moiety i s  quaternary ammonium ion  which i s  bonded t o  

t h e  s i l i c a  base through a Si-0-Si bond. The p a r t i c l e  s i z e  i s  10 

microns. 

The 

Buffers -- 
Aqueous bu f fe r s  were prepared from reagent-grade potassium 

dihydrogen phosphate (Mallinckrodt , S t .  Louis,  MO) and potassium 

chlor ide  (Al l i ed  Chem. , Morristown, N J ) .  

Chemicals 

The nucleotides GMP, ADP, GDP and GTP were obta ined  from 

Sigma Chemical Company (St. Louis, MO) and AMP, CMP and ATP were 

obtained from PL Biochemicals Inc.  (Milwaukee, W I ) .  

Tri-n-octylamine ( r e f e r r e d  t o  subsequently as m i n e )  w a s  

purchased from I C N  Pharmaceuticals Inc . ,  L i fe  Sciences Group 

(Plainview, NY) and t h e  Tr ich loroace t ic  Acid (TCA) from Sigma 
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510 VAN HAVERBEKE AND BROWN 

R Chem. Company. Freon 113 was obtained from Matheson Gas Products 

(Hackensack, N J )  . 
METHODS 

1. ChromatoRraphy 

The conditions f o r  the HPLC separation of nucleotides,  develop- 

ed by Hartwick e t  a l .  (8) were improved by McKeag (13) and make 

possible the separation of the mono-, di- and triphosphate 5 'r ibo- 

nucleotides of adenine, guanine , hypoxanthine, xanthine, cytosine , 
u r a c i l  and thymine i n  40 minutes. 

KH2POr and O.OO7M K C 1 ,  was adjusted t o  pH4.0 with H C 1 .  

eluent,  0.25M KH~POI, and O . 5 M  K C 1 ,  was adjusted t o  pE5 .0  with 

pot ass ium hydroxide. 

The i n i t i a l  e luent ,  0.007M 

The f i n a l  

A l i nea r  gradient from 0% of f i n a l  eluent t o  100% of f i n a l  

eluent was run i n  35 minutes a f t e r  5 minutes of i s o c r a t i c  e lut ion 

on the low concentration buffer.  The flow r a t e  was 2.0 m l  per 

minute. 

A l l  the eluents were f i l t e r e d  on Millipore membrane f i l ters  

(HA; Millipore, Bedford, MA) and degassed p r io r  t o  use. 

2 .  Blood Collection and Storage 

All extraction efficiency s tudies  were ca r r i ed  out on s ingle  

l o t s  of f reshly collected whole blood b n  acid-citrate-dextrose , 
ACD), from which the p l a t e l e t s  had been extracted.  The erythro- 

cytes and plasma were separated by centrifugation at 1145 RCF f o r  

10 minutes. The buffy coat was removed, and the erythrocytes 

were washed i n  normal sa l ine  p r io r  t o  use. 

3. Sample Preparation Procedure 

One m l  of doubly d i s t i l l e d  water, plasma or erythrocytes and 

1 m l  of a ImM standard solution of nucleotides were mixed vigor- 

ously with 2 m l  of 6% TCA on a Vortex-Genie. 

centrifuged fo r  6 minutes at 1145 RCF. 

i n  t h i s  s t ep  of t he  procedure. 

through a Millipore membrane f i l ter  (GS; Millipore,  Bedford, MA). 

The samples were 

The erythrocytes axe lysed 

The supernatant was f i l t e r e d  
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NUCLEOTIDES FROM PLASMA AND ERYTHROCYTES 511 

I n  the  f i l t r a t i o n  of t he  r e d  c e l l  samples, a g l a s s f i b e r  f i l t e r  

(GF/F; Whatman, Cl i f ton ,  NJ) w a s  placed upon t h e  membrane f i l t e r  

t o  keep it from clogging. To the  f i l t r a t e ,  an equal amount of a 

0.5M mine-Freon so lu t ion  w a s  added. The samples were vigorously 

mixed on a Vortex-Genie f o r  3 minutes a t  low speed. 

na tan t  was  p ipe t t ed  i n t o  a v i a l  and ad jus ted  t o  pH 7 with t r i s ( h y -  

droxy(methy1)aminomethane ( T r i z m a  base)  (Sigma Chem. Company, 

St. Louis, MO). 

R 

The super- 

Fresh so lu t ions  of O.5M of t h e  m i n e  i n  FreonR and 6% TCA i n  

water were prepared d a i l y  before  t h e  sample prepara t ions .  

4.  Influence of t he  Base S t ruc tu re  and the  Number of Phosphate 
Groups 

Four s e t s  of standard so lu t ions  were prepared. The f i r s t  solu- 

t i o n  contained AMP, CMP and GMP i n  a 1 m M  concentration and w a s  used 

t o  inves t iga t e  the  e f f e c t  of t he  base s t ruc tu re .  Two s e t s  of solu- 

t i o n s  were used t o  inves t iga t e  t h e  e f f e c t  of t h e  number of phos- 

phate groups present :  a 1 mM so lu t ion  of AMP, ADP, ATP and a ImM 
so lu t ion  of GMP, GDP, GTP. A ImM so lu t ion  of XMP was prepared t o  

be used as an i n t e r n a l  standard.  The i n t e r n a l  s tandard  w a s  added 

t o  the  ex t r ac t ed  samples before the  chromatographic ana lys i s .  

Known mounts of these  standard so lu t ions  were added t o  water,  

plasma and erythrocyte mat r ices  and recovered by the  Khym pro- 

cedure. 

were only in t e re s t ed  i n  t h e  recovery of t h e  added s tandards .  

Therefore, we determined t h e  amount of nucleotides present  i n  t h e  

blood samples by preparing and analyzing samples t o  which we  added 

water ins tead  of t he  standard nucleotide so lu t ions ,  

Because we were determining e f f i c i ency  of recovery,  we 

5. Influence of the TCA and Amine Concentrations 

In  order t o  f i n d  t h e  e f f e c t  of t h e  TCA concentration on t h e  

recovery, a concentration range varying from 6% t o  18% TCA w a s  

used during sample prepara t ions .  The recover ies  of t h e  nucleotides 

were determined f o r  each TCA concentration. 
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512 VAN HAVERBEKE AND BROWN 

TO determine the  exact amount of amine so lu t ion  needed t o  

neut ra l ize  the  TCA used i n  the  ex t r ac t ion  procedure, a t i t r a t i o n  

curve was  set up. After adding a small amount of t h e  amine solu- 

t i o n  t o  the  TCA so lu t ion ,  t h e  sample w a s  vortexed, cen t r i fuged  a t  

low speed f o r  1 minute and t h e  pH w a s  measured. 

curve, the  exact amount of m i n e  so lu t ion  necessary t o  ex t r ac t  t he  

TCA was  determined. The samples were then prepared wi th  the  amount 

of m i n e  determined from t h e  t i t r a t i o n  curve and recoveries were 

calculated.  

6. Calculations 

From t h e  t i t r a t i o n  

The percentage recovery of a s p e c i f i c  nucleotide can be calcu- 

l a t e d  by means of t he  following equation: 

a rea  nucleotide ex t r ac t ed  from blood sample 

%(not ex t r ac t ed )  
A 1  = are  

a rea  
A2 = nucleotide i n  standard so lu t ion (no t  ex t r ac t ed )  

XMP(not ex t r ac t ed )  are a 

concentration of nucleotide i n  blood sample c1 = concentration of i n t e r n a l  standard 

concentration of nucleotide i n  standard so lu t ion  
concentration of i n t e r n a l  standard c2 = 

RESULTS 

An example of t h e  chromatograms of t h e  ex t r ac t ed  plasma and 

erythrocyte sample with and without added standards can be seen i n  

Figure 1 and Figure 2. 

The r e s u l t s  of ex t rac t ions  of CMP, AMP and GMP from water,  

plasma and erythrocytes a r e  shown i n  Figure 3 and t h e  da t a  are 

presented i n  Table I. If the  percentage recovery f o r  t h e  nucleo- 

t i d e s  from water i s  compared with the  values found by Chen e t  a l .  
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PLPSMA 

iCMcAMSGMP 

PLASMA 

I 
4 0  20 ' 0  

TIME(min) 

Figure 1 A. A chromatogram of 5 p1 of an e x t r a c t  of human 
plasma t o  which CMP, AMP and GMP were added (approxi- 
mately 0.25 IUM i n  each) .  
B. A chromatogram of an ex t r ac t  of t he  same l o t  of  
plasma, t o  which these  standards were not  added. 
The l a rge  peak a t  about 20 minutes i s  t h e  i n t e r n a l  
standard,  X M P .  Chromatographic conditions were as 
follows: low s t rength  e luen t ,  0.007 F. KH2P04, 
0.007 F. K C 1 ,  pH 4.0. High s t rength  e l u e n t ,  0.25 F. 
KHzPO4, 0.50 F. K C 1 ,  pH 5.0.  Gradient,  5 minutes 
i s o c r a t i c ,  then 0% t o  100% of the  high s t r eng th  elu- 
en t  o i n e a r ) ,  i n  35 minutes. Flow r a t e ,  2.0 ml/min. 
Detection i s  a t  254 m. 
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514 VAN HAVERBEKE AND BROWN 

Figure 2 

ERYTHROCYTES 

I 
' 4'0 ' 20 0 

TIME (min) 

A. 
with added CMP. AMF' and W. 

A chromatogram of 5 p1 of an erythrocyte a rac 

B. 
extract. Same chromatographic conditions as in 
Figure 1. 
as XMPco-injectedwith the extract for identifica- 
tion purposes. 

A chromatogram of 5 p1 of a blank erythrocyte 

The upper chromatogram shows ADP as well 
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NUCLEOTIDES FROM PLASMA AND ERYTHROCYTES 515 

100 

8 0  

* 
w > 
0 
V 
W 
n 

60 

$ 4 0  

2 0  

CMP AMP GMP 

C L 
Figure 3 B a r  graph showing the  average recovery of t h e  mono- 

phosphate nucleotides CMP, AMP and GMP from water 
bar A )  , plasma (bar  B) and ery throcytes ,  bar C ) .  
The bar  heights shown i n  Figures 3-5 represent  t h e  
average of 3 independent samples. 

c12), a decrease of 10% is  observed. A poss ib le  reason f o r  t h i s  

loss i s  t h a t  a f i l t r a t i o n  s t e p  was incorporated i n  our  procedure 

i n  order t o  compare, exac t ly ,  recovery f ac to r s  of t h e  nucleotides 

from water t o  t h e  recovery f ac to r s  from plasma and ery throcytes .  

Although Figure 3 indica tes  t h a t  t he  base s t ruc tu re  of t h e  nucleo- 

t i d e s  may cause a small d i f fe rence  i n  percentage recovery,  t he  

differences axe not s t a t i s t i c a l l y  s ign i f i can t .  However, a s i g n i f i -  

cant decrease i n  recovery of both t h e  adenine and t h e  guanine tri- 

phosphate nucleotides was  observed from t h e  erythrocyte samples 

(Figures 4 and 5 ) .  
i n  t he  ex t rac t ion  from plasma. 

There was not a similar decrease i n  recovery 

Comparison of t he  recovery of AMP and GMP when a combined CMP- 
AMP-GMP standard so lu t ion  w a s  used (Figure 41 t o  t h e i r  recovery i n  
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TABLE I 

EFFICIENCY O F  THE TCA - AMINE-FREON PROCEDURE I N  DIFFERENT MATRICES. 

INFLUENCE OF THE BASE STRUCTURE AND NUMBER OF PHOSPHATE GROUPS OF 

THE NUCLEOTIDES . 
A. Standard S o l u t i o n  Containing CMP,  AMP and GMP 

MATRIX PERCENTAGE RECOVERY 

CMP AMP GMP 

WATER 85.1 ? 2.9 78.9 ? 2.4 81.0 t 3.4 

PLASMA 68.7 i 1.4 66.2 ? 1.9 59.1 ? 1.5 

ERYTHROCYTES 43.0 f 2.1 37.1 f 2.5 39.0 ? 2.7 

B. S tandard  S o l u t i o n  Containing GMP, GDP and GTP - 
MATRIX PERCENTAGE RECOVERY 

GMP GDP GTP 

WATER 81.0 f 3.4 77.6 2 5.0 72.2 i 6.1 

PLASMA 59.1 ? 1.5 64.4 t 1.4 60.4 f 3.5 

ERYTHROCYTES 39.0 f 2.7 32.9 t 3.2 23.0 f 2.3 

~~ 

C .  Standard S o l u t i o n  Containing AMP, ADP and ATP 

MATRIX PERCENTAGE RECOVERY 

AMP ADP ATP 

WATER 78.9 k 2.4 76.2 * 5.6 75.1 ? 2.7 

PLASMA 6 6 . 2  k 1.9 61.8 i 2.9 61.8 2 3.5 

WYTHROCYTES 37.1 t 2 .5  36.0 i 1.3 17.9 t 3.5 

-- 
n > 3 ,  f 1 S.D. - 
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WCLEOTIDES FROM PLASMA AND ERYTHROCYTES 517 

I00 

8 0  

J- 
K 
W 

V 
W 

'0 6 0  
a 

E? 
4 0  

20 

Figure 4 
AMP 

C 

1 
A 

B 

ADP AT P 

C 

1 
Bar graph of t h e  percent recover ies  of added AMP, 
ADP and ATP t o  water bar A ) ,  plasma (bar B) and 
erythrocytes (bar  C ) ,  showing t h e  e f f e c t  of t he  
number of phosphate groups on t h e  percent recovery. 

t he  experiments when t h e  combined GMP-GDP-GTP (Figure 5 ) ,  and t h e  

combined AM€'-ADP-ATP (Figure 4) standard so lu t ions  were used, show- 

ed recovery f a c t o r s  i n  t h e  same range. This i nd ica t e s  that no 

hreakdown of t h e  tri- and diphosphate nucleotides occurred during 

t h e  sample preparation. 

Since it was found t h a t  recovery of nucleotides from plasma 

and erythrocytes i s  much lower than from aqueous so lu t ions  (Figure 

3 ) ,  it appears t h a t  e f f i c i ency  of recovery i s  dependent on t h e  

numher and kind of  macromolecules present  i n  t h e  b i o l o g i c a l  matrix. 

The recovery of nucleotides from plasma i s  10-20$ l e s s  than  t h e  

recovery from u a t e r  and only about 50% of t he  added nuc leo t ides  

were recovered from the ery throcytes .  Thus, it i s  pos tu la ted  t h a t  

hydrogen bonding t o  the  proteinaceous p r e c i p i t a t e  may be one f a c t o r  

involved i n  t h e  loss  of t he  nucleotides.  Therefore, we used in- 

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



518 

100 

80 

t 
a 
w 6 0  > 
0 u 
W a 

’ 4 0  

20 

B 

1 
GMP 

VAN HAVERBEKE AND BROWN 

I- 
GDP GTP 

C 

1 
Figure 5 The percent recoveries of added GMP, GDP and GTP 

from water (ba r  A ) ,  plasma (bar B) and erythrocytes 
(bar C ) .  

creasing concentrations of TCA t o  determine the  optimal concentra- 

t i o n  of TCA for recovery of t he  nucleotides from t h e  blood samples 

(Table 111. Because breakdown of t h e  nucleotides can occur i f  the  

ac id  concentration i s  too  high, the samples were ca re fu l ly  monitor- 

ed t o  see i f  any new peaks represent ing  breakdown products appear- 

ed i n  the  chromatograms or i f  t he re  were d r a s t i c  changes i n  peak 

areas .  Since no changes were observed, it appears t h a t  l i t t l e  or 

no breakdown occurred i n  t h e  ac id  range used (6-18%). 
TCA concentration was 9% or grea te r  f o r  ex t r ac t ion  of nucleotides 

from e i t h e r  plasma or ery throcytes .  

f o r  a l l  subsequent work.) 

Optimal 

( A  value of 12% was chosen 

Another important f a c t o r  i n  optimizing the  recovery i s  the  

amount of amine so lu t ion  used t o  remove t h e  TCA from t h e  so lu t ion  
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TABLE I1 

INFLUENCE OF THE TCA CONCENTRATION ON THE RECOVERY OF AMP-CMP-GMP 

MATRIX CONCENTRATION PERCENTAGE RECOVERY 
TCA CMP AMP GMP 

ERYTHROCYTES 6% TCA 43.0 ? 2.1 37~1 ? 2.5 39.0 f 2.7 
9% TCA 64.8 k 3.8 64.0 k 1.9 59.8 k 3.2 
12% TCA 67.6 k 6.7 66.5 f 6.6 67.6 ? 3.7 

18% TCA 65.0 f 5.6 67.5 f 2.3 69.8 f 1.7 
15% TCA 70.4 6.0 74.1 f 0.2 75.9 +_ 0.5 

PLASMA 6% TCA 68.7 f 1.4 66.2 f 1.4 59.1 k 1.5 
9% TCA 86.4 f 6.7 65.6 k 2.1 65.8 k 1.2 

15% TCA 83.4 f 5.6 68.0 f 2.1 66.8 f 2.2 
18% TCA 79.9 f 1.8 65.7 f 1.7 64.9 k 2.5 

12% TCA 87.1 f 5.8 68.5 k 0.5 71.2 k 2.9 

(Table 111). By using more of the m i n e  solut ion than necessary 

t o  extract  the TCA, it appears t h a t  the nucleotides a re  a l s o  ex- 

t r ac t ed  i n t o  the  amine layer .  Using t i t r a t i o n  curves, it w a s  found 

t h a t  the optimal amount of amine w a s  d i f f e ren t  f o r  plasma and 

erythrocytes,  1 m l  being required f o r  t he  plasma and 0.3 m l  f o r  

the erythrocyte samples (Figure 6 and 7). 
recovery of the nucleotides with 2 and 3 phosphate groups was on 

the average 3-5% lower than t h a t  of the monophosphate nucleotides,  
suggesting t h a t  polyphosphate nucleotides are  more r ead i ly  l o s t  in- 

t o  the  m i n e  solution layer when excessive amounts of the amine 

solution i s  used t o  extract  t he  TCA. 

With excess amine, t he  

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



520 

TABLE I11 

VAN HAVERBEKE AND BROWN 

INFLUENCE OF EXCESS AMINE SOLUTION ON THE RECOVERY OF C M F ,  AMP, ADP 
AND ATP 

MATRIX PERCENTAGE RECOVERY 

CMP AMP AEP ATP 

PLASMA (1) 68.7 * 1.4 66.2 * 1.9 61.8 +. 2.9 61.8 * 3.5 
( 2 )  75.3 2 1.2 77.6 2 0.9 78.5 5 1.0 78.1 ? 0.7 

- 
ERYTHROCYTES (1) 43.0 ? 2.1 37.1 * 2.5 36.0 ? 1.3 17.9 t 3.5 

(2) 47.0 2 2.3 42.7 _+ 1.8 53.5 5 4.0 25.0 f 8.2 

(1) Excess amount of amine so lu t ion  used t o  neu t r a l i ze  TCA. 

(-2). Exact amount of m i n e  soluti’on used t o  neu t r a l i ze  TCA. 

6% TCA was used t o  p r e c i p i t a t e  t h e  p ro te in  i n  both s e t s  of samples. 

n - > 3, t 1 S.D. 

DISCUSSION 

From OUT r e s u l t s  it can be seen t h a t  t h e  conditions f o r  t h e  

ex t rac t ion  of added nucleotides t o  plasma and ery throcytes  can be 

optimized t o  obta in  max imum e f f i c i ency  o f  ex t r ac t ion .  

amine-FreonR procedure as a sample prepara t ion  procedure i n  plasma 

and erythrocytes can be used but care must be taken t h a t  t he  TCA 

so lu t ions  a re  f r e s h  and t h e  concentrations kept constant t o  elimin- 

The TCA - 
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5.0 

pH 4.0 

3.0 

2.0 

0 2 0.6 1.0 1.4 1.8 2.2 2.6 3.0 3.4 3.8 

VOLUME OF FREON SOLUTION 

Figure  6 T i t r a t i o n  curve showing t h e  change i n  pH of t h e  
aqueous l a y e r  of e x t r a c t e d  plasma as a f u n c t i o n  of  
t h e  volume o f  m i n e  s o l u t i o n  added t o  t h e  mixture .  
The arrows i n  F igures  6 and 7 r e p r e s e n t  t h e  volume 
of 0.50 m i n e  which i s  normally added t o  a sample 
(11,121. 
m i n e  s o l u t i o n .  

The equivalence p o i n t  i s  at 0.98 m l  of 

a te  any v a r i a t i o n s  i n  recovery  (12). 

concent ra t ions  must be determined f o r  each b i o l o g i c a l  m a t r i x ,  as 

t h e  e f f i c i e n c y  of recovery  appears  t o  be dependent on t h e  t y p e  of 

macromolecules p r e s e n t  i n  t h e  samples. In  the l i t e ra ture  it has  

been assumed t h a t  t h e  ac id-so luble  n u c l e o t i d e s  and nuc leos ides  are 

e i t h e r  e x t r a c t e d  campletely i n t o  the s u p e r n a t a n t  f l u i d  o r  t r a p p e d  

i n  t h e  p r e c i p i t a t e .  

The opt imal  TCA and m i n e  

The p o s s i b i l i t y  o f  a d s o r p t i o n  on t h e  p r e c i p i -  
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5.0 

4.0 

PH 

3.0 

2.0 

Figure  7 

0.2  0.6 1.0 1.4 1.8 2.2 2.6 3.0 

VOLUME OF FREON SOLUTION 

T i t r a t i o n  cullre of  TCA w i t h  mine-FreonR s o l u t i o n  
added t o  a sample of e r y t h r o c y t e s .  Same g e n e r a l  
condi t ions  as i n  F igure  6. 
at 0.30 m l  of added smine s o l u t i o n .  

The equiva lence  p o i n t  i s  

t a t e  by means of some k ind  of bonding h a s  been cons idered  by C u r r i e  

(15) who r e p o r t e d  t h a t  xanthos ine  added t o  a t i s s u e  sample ( l i v e r  

homogenate) was incompletely recovered because of a d s o r p t i o n  of  

t h e  xanthosine molecules t o  t h e  p r e c i p i t a t e .  I n  our  s t u d i e s  w i t h  

d i f f e r e n t  TCA c o n c e n t r a t i o n s ,  w e  found b e t t e r  r e c o v e r i e s  a t  h i g h e r  

a c i d i t i e s ,  sugges t ing  t h a t  hydrogen bonding,  which i s  a favored  

type of bonding f o r  n u c l e i c  a c i d s  and t h e i r  components, may be one 

of  t h e  f a c t o r s  involved i n  e x t r a c t i o n  e f f i c i e n c y .  Therefore ,  t h e  
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f i rs t  s t e p  o f  t h e  e x t r a c t i o n  procedure and t h e  p r e c i p i t a t i o n  of  

t h e  p r o t e i n  wi th  a c i d  can cause s i z e a b l e  e r r o r s  i n  t h e  q u a n t i t a -  

t i v e  r e s u l t s  i f  t h e  a p p r o p r i a t e  a c i d i t y  i s  not  used.  

Our r e s e a r c h ,  however, does not  assume t o  answer t h e  c r u c i a l  

ques t ion  of t h e  e f f i c i e n c y  of recovery  o f  t h e  n a t u r a l l y  o c c u r r i n g  

f r e e  n u c l e o t i d e s  i n  c e l l  e x t r a c t s .  What percentage  of  t h e  f r e e  

n u c l e o t i d e  pools  a r e  we a c t u a l l y  e x t r a c t i n g  from t h e  c e l l s :  Is 3 

s m a l l e r  percentage of  t h e  t r i p h o s p h a t e  n u c l e o t i d e s  t h a n  mono- 

phosphates  e x t r a c t e d  from t h e  c e l l s  as i s  i n d i c a t e d  from our work 

w i t h  added n u c l e o t i d e s ?  A r e  we  e x t r z c t i n g  t h e  same percentage  of  

pyrimidine n u c l e o t i d e s  as p u r i n e  p o o l s ?  Are we adequate ly  break-  

i n g  t h e  c e l l  membranes t o  e x t r a c t  completely t h e  n u c l e o t i d e s  from 

t h e  c e l l s ?  On t h e  o t h e r  hand, i n  c e l l u l a r  mater ia l  and t i s s u e  

which conta ins  DNA and RNA, w i l l  we break down t h e  n u c l e i c  a c i d s  

and o b t a i n  abnormally high v a l u e s  for t h e  n u c l e o t i d e s ?  Thus, n l -  

though our s t u d i e s  a r e  beginning t o  giva us  i n s i g h t  i n t o  t h e  cori- 

d i t i o n s  a f f e c t i n g  opt imiza t ion  of  n u c l e o t i d e  e x t r a c t i o n  procedures ,  

our r e s u l t s  do not  g ive  us a b s o l u t e  v a l u e s  of n u c l e o t i d e  concentra-  

t i o n s  i n  c e l l s .  However, t h e  v a l u e s  we o b t a i n  can be used i n  com- 

p a r a t i v e  s t u d i e s  of normal and d i s e a s e  s t a t e s .  In  u s i n g  t h e s e  

procedures  f o r  f u t u r e  use i n  c l i n i c a l  l a b o r a t o r i e s ,  c a r e  m u s t  be 

taken  t o  opt imize and s t a n d a r d i z e  t h e  sample p r e p a r a t i o n  pro- 

cedures  i n  order  t o  o b t a i n  normal values  or a normal range  of 

va lues  wliich a r e  s t a t i s t i c a l l y  v a l i d .  
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APPENDIX 

ADP 

AMP 

ATP 

CMP 

GDP 

GMP 

GTP 

TCA 

TRIS 

UMP 

XMi? 

XTP 

M I N E  

List of Abbreviations - 
Adenosine 5'-diphosphate 

Adenosine 5 '-phosphate 

Adenosine 5 -triphosphate 

Cytidine 5'-phosphate 

Guanosine 5'-diphosphate 

Guanosine 5'-phosphate 

Guanosine 5'-triphosphate 

Tri c hloroacet i c acid 

Tris (hydraxy (methyl f )aminamethane 
(Trizma base) 

Uridine 5'-phosphate 

Xanthosine 5'-phosphate 

Xanthosine 5' -triphosphate 

Tri-n-octylamine 
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