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ABSTRACT 

This  paper  demonstrates  t h e  a p p l i c a t i o n  of High P r e s s u r e  Liquid  
Chromatography (H.P.L.C. ) f o r  t h e  s e p a r a t i o n  and measurement of  
p u r i n e s  from p e r f u s a t e s  of r a b b i t  kidneys preserved  f o r  t rans-  
p l a n t a t i o n .  A A-Bondapak C r e v e r s e  phasecolumn at pH 4.5 
w a s  inc luded  i n  a convex g r a g e n t  e l u t i o n  program t o  f a c i l i t a t e  
optimal r e s o l u t i o n  i n  minim time, The e l u e n t  comprised 
dipotassium hydrogen phosphate (K2HF'0 ) b u f f e r  wi th  a f i n d  
c o n c e n t r a t i o n  of 1% methanol. 
method i s  d i s c u s s e d  i n  r e l a t i o n  t o  v i a b i l i t y  p r e d i c t i o n  of  
kidneys s t o r e d  f o r  t r a n s p l a n t a t i o n .  

A p i s s i b l e  a p p l i c a t i o n  of  t h i s  

INTRODUCTION 

The i n c r e a s e d  p r a c t i s e  of  t r a n s p l a n t a t i o n  f o r  t rea tment  of  

a c u t e  r e n a l  f a i l u r e  has  c r e a t e d  a need f o r  t h e  s u c c e s s f u l  

p r e s e r v a t i o n  of  kidneys. 

p l a n t e d  kidneys f a i l  t o  suppor t  l i f e  due t o  i r r e p a r a b l e  

damage i n c u r r e d  dur ing  s t o r a g e .  

v i a b i l i t y  t es t  t o  e l i m i n a t e  t h o s e  kidneys not  capable  of l i f e  

s u p p o r t i n g  f u n c t i o n  a f t e r  t r a n s p l a n t  has  been generated.  

A c o n s i d e r a b l e  p r o p o r t i o n  o f  t r a n s -  

The need f o r  an a c c u r a t e  
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850 TAYLOR, CHASE, AND BEWICK 

Numerous t e s t s  have been suggested, none a f ford ing  a def ina te  

co r re l a t ion  t o  v i ab i l i t y .  These inc lude  changes i n  vascular res i s -  

tance (1,2), perfusion flow (l), weight ga in  (2,3), l a c t a t e  l e v e l s  

(4-7), l a c t a t e  dehydrogenase (LDH) l e v e l s  (3,d,h-9), glutamate- 

oxdoace ta t e  transaminase (GOT) l e v e l s  ( 3 , 6 , 7 )  and adenosine 

tr iphosphatase a c t i v i t y  (10,l l)  during perfusion preservation. 

However, t o t a l  adenine nucleotide l e v e l s  i n  t h e  t i s s u e  have shown 

def ina te  re la t ionships  t o  func t ion  (12 ) ,  but t h i s  t e s t  required 

250 mg. of t i s sue .  

A number of workers have been i n t e r e s t e d  i n  the  e f f e c t s  o f  

purines i n  perfusates.  

l eve l  of oxypurines i n  the  kidney e f f luen t  and warm ischaemia. 

Infusion of inos ine  p r io r  t o  w a r m  ischaemia has prevented the  

damaging e f f e c t s  observed i n  the  cont ro ls  (14). 

preservation of r e d  blood c e l l s  has been enhanced by purines,  

pa r t i cu la r ly  inosine,  adenine and guanosine when added t o  t h e  

pyruvate and phosphate r i c h  preserva t ion  medium (15-18). 

B u h l  (13) found a p rec i se  l i n k  between t h e  

The e f f i c i e n t  

It w a s  decided t o  inves t iga t e  the  outcome of adding purines 

t o  kidney preservation media. However, before any documentation 

of r e s u l t s  w a s  possible,  a r e l i a b l e  method of purine quanti- 

f i c a t i o n  had t o  be established. This has already been achieved 

by u t i l i z i n g  an i s o c r a t i c  reverse  phase system of H.P.L.C. (19). 

A modification of this technique, enabling f a s t  i s o l a t i o n  of t h e  

various purines t h a t  e x i s t  i n  t h e  kidney per fusa tes  i s  

described i n  this paper. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



HPLC OF PURINES FROM RABBIT KIDNEY 851 

MATERIALS 

Animals And Operative Procedure 

New Zealand Albino rabbi ts  of 3kg weight were used for a l l  

experiments, following the  technique of Green (20). 

Perfusion Apparatus 

The kidneys were perfused a t  4Omm Hg pressure for 24 hours a t  

8OC using an extracel lular  solut ion which contained 5% dextran 70 

as the  colloid. 

dioxide t o  maintain the pH a t  7.4. 

were added t o  the p e r m a t e  (see Table 1) which contained 5mm 

pyruvate and 15g/i glucose. 

H. P.L. C. 

This w a s  bubbled with 95% oxygen and 5% carbon 

Various mixtures of purines 

- 
An ALC/GPC 204 High Pressure Liquid Chromatograph consis t ing 

of a U6K septumless injector ,  a dual channel Model 440 dt r+  

v io le t  (W)  absorption detector and a Model 60006 solvent 

delivery system w a s  u t i l i z e d  (Waters Associates, Milford, 

Massachusetts). 

(Waters Associates) w a s  also attached t o  enable gradient elution. 

The W detector w a s  l inked t o  a two channel Ph i l l i p s  PM 8252 chart  

recorder which enabled comparison of the t races  a t  254 + 28011~ 

simultaneously. 

Column 

A 660 solvent programmer and an extra  pump 

- 
A pre-packed reverse phase FBondapak C18 column of 4mm 

1 . D  x 30cm (Waters Associates) w a s  employed for a l l  t races  a t  

ambient temperature. 
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852 

Adenine 

Adenosine 

Allopurinol 

Guanosine 

Inosine 

IMP 

Ribose 

TAYLOR, CHASE, AM) BEWICK 

1.8mM 

5mM 

500mg/l 

5mM 

lOmM 

5mM 

5mM 

Table 1 

Eluents 

Eipotassium hydrogen phosphate buffer (lOmg/l) adjusted t o  

pH 4.5 with phosphoric acid w a s  f i l t e r e d  through a submicron 

f i l t e r  pr ior  t o  use as the low concentration eluent. 

o f  2% methanol i n  buffer was used as t he  solvent fo r  the second 

pump, the f i n a l  concentration of methanol programmed t o  1%. 

For i soc ra t i c  runs the eluent w a s  4% methanol i n  buffer. 

A mixture 

METHODS 

Samples 

The samples of rabbi t  kidney perfusate were di luted s i x  times 

with 3% perchloric acid t o  p rec ip i t a t e  any protein. After 

centrifugation and removal of the p rec ip i t a t e  they were neutra- 

l i s e d  by mixing with an equal volume of 6% tri-normal octyl- 

amine i n  freon (1,1,2 - trichlorotrifluoroethane). 
topmost layer  w a s  s tored frozen f o r  analysis a f t e r  removal by 

mixing and centrifugation. 

The neutral  

Each sample waa passed through a 
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HPLC OF PURINES FROM RABBIT KIDNEY a53 

submicron f i l t e r  before in j ec t ion  onto the column. T h i s  ensured 

prolongation of the active l i f e  of the column. 

Standards 

Due t o  the water i n so lub i l i t y  of most purines, the standards 

were dissolved i n  I M  hydrochloric acid o r  I M  sodium hydroxide 

before di lut ion with water and a l t e r a t ion  t o  pH 6.0. 

standards, f reshly made, were analysed at frequent i n t e rva l s  t o  

check f o r  any column variation, which w a s  not observed i n  

these resul ts .  

These 

C ondi ti om 

For the i soc ra t i c  runs a flow r a t e  o f  lml/min w a s  necessary 

using 4% methanol i n  buffer with a chart  speed of lcm/5 min. 

For gradient elution the programmer w a s  set t o  change the  eluent 

from &5@ of 2@ methanol over a period of t en  minutes via 

the convex curve no. 7, and at a flow r a t e  of 2 ml/min. 

recorder speed w a s  lcm/2 min. 

I denti f i  c a t i  on 

The chart  

Four methods of i den t i f i ca t ion  of components were used. 

These were retent ion times, standard addition, absorbance r a t i o s  

and recycling. I n i t i d  c l a s s i f i ca t ion  w a s  achieved by r e fe r r ing  

t o  re tent ion times, which were similar i n  all instances. Known 

amounts of standard solutions were added and any observed increase 

i n  one peak provided fur ther  diagnostic evidence. 

analysed a t  254 and 280 nm consecutively enabling absorbance 

r a t i o s  t o  be calculated. Provided these r a t i o s  agreed with those 

Samples were 
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854 TAYLOR, CHASE, AND BEWICK 

of the unknown peaks, then iden t i f i ca t ion  waa complete. If, 

however, there  w a s  a discrepancy i n  these r a t io s ,  the unident i f ied 

peak w a s  recycled through the  column s i x  times t o  check homo- 

geneity,  I r r e fu t ab le  diagnosis of peaks i s  possible using a 

combination of al l  these methods. 

KESULTS 

The i soc ra t i c  method of 4$ methanol i n  buffer did not produce 

good resolution and required a flow of lml/min which lengthened 

the overall elution time, s ee  f igure 1. I n  fact the last peak 

t o  be eluted, adenosine, did not appear f o r  over thirty-five 

minutes a f t e r  the injection. Certain peaks (allopurinol,  inosine, 

adenine and guanosine) had s imilar  re tent ion times, which were 

not suff ic ient ly  separated by t h i s  method. Also, oxipurinol w a s  

sometimes completely engulfed by the  hypoxanthine peak, thus 

denying any quantitation of these two compounds. 

A technique f o r  delaying the initial peaks, eg. m o x a n t h i n e  

and oxipurinol, while accelerat ing the terminal peak, eg. adenosine, 

waa then developed. The gradient e lut ion mode of H.P.L.C. waa 

employed with much success (see f igu re  2). 

The new procedure involved programming &lo$ methanol i n  

buffer over a ten minute period, i n  such a way t h a t  a m i n i m a l  amount 

of methanol waa present f o r  the first f i v e  minutes. This waa 

achieved by using a convex curve (no. 7 )  and resul ted i n  the 

appearance of the adenosine peak a f t e r  15 minutes. 

time w a s  reduced owing t o  the low fins concentration of methanol. 

This method f a c i l i t a t e d  the  good separation of hypoxanthine and 

The reversal  
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5 
4 
I 
e 
I 
F: 

18 

16 

10 

11 

: 1 r h - = h = = = 3  

0 inject 

Absorbance at 254nm 

Figure 2.  
method. Conditions: Column, VBondapak C ~ & I U I I  I .D.  x 30cm; pH, 4.5; 
Flow r a t e  h l /min ;  C h a r t  speed, 0.5cm/min; Detector s e n s i t i v i t y ,  
0.2 A.U.F.S.; Temperature, ambient. Solvent: A. K2HP4 (lOmg/l), B. 
20% CH30H i n  K2HPO4 ( l h g / l )  0% B + 50% B over 10 min v i a  convex 
curve. 

Chromatogram of perfusate absorbance a t  254nm - gradient 

oxipurinol, t he  adequate i so l a t ion  of allopurinol,  inosine, 

adenine and guanosine es w e l l  as the  e a r l i e r  appearance of adenosine. 

DISCUSSION 

A previous method of  purine analysis (19) haa been adapted 

for use on kidney preservation media. 

the decreese i n  re tent ion time t h a t  i s  brought about by inclusion 

of a gradient elution mode. The speedy completion of a run, less 

than twenty minutes, w i l l  be of great advantage i f  the purine 

l eve l s  i n  t h e  kidney perfusion media can be shown t o  correlate  

with the v i a b i l i t y  of the organ, and thus, warrent the use of 

this method c l in i ca l ly ,  

The main improvement i s  
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- ~~ ~~ 

5 Wpurinol 3.3 0.6 

6 Allopurinol 6.4 2. I2 

Table 2 INDEX OF PEAK NUMBERS 

Compound 

Inorlne monopho#phate 
Lactate 0.192 
Pyruvate 0.019 

0.075 
Uric acid 0.236 

CreaUnine 

2.6 0.953 

Cuanorine 

Adenine 

S'-deoxy-guanoslne 0.561 

11 AdenoSine 14.8 2.67 

254/280 
absorbance 

ratio 

7.21r0.34 
2 . 3 l k 0 . 1  
4.15t0.13 

1 . 1 8 1 ~ 0 . 0 7  

0. MtO. 02 

ac 
14.06t0.15 

5.21t0.06 

13.03t0.1 

7.48f0.07 

2 .30 t0 .02  

7.93CO. 13  

2.35f0.04 

6 . 5 8 f 0 . 0 5  
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