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QUANTITATION OF CREATININE IN URINE 
AND PLASMA SAMPLES BY REVERSED PHASE 

HPLC 

Luz Ma. Del-Razo and Pedro Jauge* 
Departmento de Farmacologia y Toxicologia 

CINVESTA V-IPN Apartado Postal 14-740 
07000 Mexico 14, D. F. 

ABSTRACT 

C r e a t i n i n e  d e t e r m i n a t i o n  i n  u r i n e  and plasma a f f o r d s  an index 
o f  t h e  r e n a l  f u n c t i o n .  Reversed-phase h i g h  p ressu re  l i q u i d  
chromatography was used f o r  t h e  separa t i on  and q u a n t i t a t i o n  o f  
c r e a t i n i n e  i n  normal and a r s e n i c  exposed human u r i n e  samples. 
A c e t o n i t r i l e / w a t e r  (1:l) was t h e  mob i l e  phase. The method was 
compared w i t h  t h e  J a f f e  a l k a l i n e  p i c r a t e  r e a c t i o n .  R e s u l t s  show 
t h a t  t h e  HPLC procedure has h i g h  r e p r o d u c i b i l i t y  and samples a r e  
s t a b l e  a t  t h e  s to rage  cond i t i ons .  Plasma samples r e q u i r e d  depro- 
t e i n i z a t i o n  and e x t r a c t i o n  w i t h  CH3CN p r i o r  t o  HPLC ana lys i s ,  w h i l e  
u r i n e  samples r e q u i r e d  o n l y  c e n t r i f u g a t i o n .  

INTRODUCTION 

The f o r m a t i o n  o f  c r e a t i n i n e  (CT) i s  r e q u i r e d  t o  a l l o w  t h e  

e x c r e t i o n  o f  c r e a t i n e .  Free c r e a t i n i n e  i s  p resen t  b o t h  i n  b lood  and 

i n  u r i n e .  The u r i n a r y  e x c r e t i o n  o f  CT i n  24 hs i s  cons tan t  f rom day 

t o  day i n  a g i v e n  sub jec t .  The r a t i o  between e x c r e t e d  CT i n  t h i s  

*To whom correspondence shou ld  be addressed. 
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1894 DEL-RAZO AND JAUGE 

p e r i o d  and t h e  body weight  i s  almost constant  f o r  d i f f e r e n t  

i n d i v i d u a l s  w i t h  t h e  same age and sex. Also, t h e  c l i n i c a l  

d e t e r m i n a t i o n  o f  CT i n  plasma and u r i n e  a f f o r d s  a q u a n t i t a t i v e  index 

o f  t h e  r e n a l  f u n c t i o n  . (1 1 

Hojo (2’3) suggests f o r  selenium, t h a t  t h e  exp ress ion  ng Se/mg 

o f  CT i n  s i n g l e - v o i d  u r i n e  samples i s  n o t  o n l y  a b e t t e r  exp ress ion  

o f  selenium level ,  b u t  a l s o  a more e f f e c t i v e  i n d i c a t o r  o f  se len ium 

s t a t u s  i n  humans, i n  comparison w i t h  ng Se/ml o f  u r i ne .  

I n  a human populat ion,  c h r o n i c a l l y  exposed t o  a r s e n i c  through 

d r i n k i n g  water, we have ob ta ined  t h e  f i r s t  v o i d  u r i n e  sample, due 

t o  d i f f i c u l t i e s  i n  24 hs c o l l e c t i o n ( 4 ) .  I n  t h i s  case, i t  was 

convenient t o  know CT l e v e l s  i n  ur ine,  t o  a v o i d  doubts r e l a t e d  w i t h  

u r i n e  samDle c o l l e c t i o n .  

C l i n i c a l  procedures f o r  t h e  d e t e r m i n a t i o n  o f  c r e a t i n i n e  a r e  

based on t h e  Jaf f .6  method, i n  which CT r e a c t s  w i t h  a l k a l i n e  p i c r a t e  

t o  y i e l d  an ambar-yellow chromogen. T h i s  method, a l t hough  rapid, 

does no t  posses t h e  d e s i r e d  s p e c i f i c i t y  and accuracy. To i nc rease  

t h e  s p e c i f i c i t y ,  i t  i s  recommended d i f f e r e n t i a l  absorbance 

measurements us ing  an i n t e r v a l  o f  5 min., due t o  d i f f e r e n t  r e a c t i o n  

r a t e s  between CT and o t h e r s  chromogens p resen t  i n  t h e  sample w i t h  

t h e  a l k a l i n e  p i c r a t e ( * ) .  The p r e p a r a t i o n  and s t a b i l i t y  o f  reagents 

o f  a k i n e t i c  enzymatic method(6) reduces t h e  p o t e n t i a l  f o r  r o u t i n e  

ana lys i s .  

Actual ly ,  t h e  use o f  h i g h  p ressu re  l i q u i d  chromatography 

(HPLC) becomes more impor tan t .  C a t i o n i c  normal 

phase(9) and reverse-phase (10-14) HPLC a r e  used f o r  serum, plasma 

and u r ine .  

I n  t h i s  study, t h e  a p l i c a t i o n  o f  reversed-phase HPLC f o r  t h e  

d e t e r m i n a t i o n  o f  c r e a t i n i n e  i n  u r i n e  and plasma samples u s i n g  

CH$N/HzO (1:l) as mobi le  phase i s  considered, pay ing  a t t e n t i o n  t o  

sample t reatments.  We have a l s o  compared t h e  HPLC procedure w i t h  t h e  

Jaf f .6  a l k a l i n e  p i c r a t e  method. 
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CREATININE IN URINE AND PLASMA 1895 

MATERIALS and METHODS 

Reagents and Solvents. 

A l l  reagents were A n a l y t i c a l  Reagent Grade. C r e a t i n i n e  

-anhydrous- used as standard, was purchased f rom Sigma Chem. ( S t .  

Louis, USA) and used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  
R 

A c e t o n i t r i l e ,  L iChroso lv  , HPLC grade, was purchased f rom 

Merck (Darmstadt, G.F.R.). Water was D u r i f i e d  w i t h  a M i l l i - R O  15 

Reagent Grade water  system ( M i  

redest  i 1 led. 

Apparatus. 

A Va r ian  High Pressure L 

l i p o r e  Corp., USA) and g lass -  

q u i d  Chromatograph model 8500, 

coupled w i t h  a VariChrom v a r i a b l e  wavelenght Spectrophotometer 

(8 1.11 c e l l )  and a V a r i a n  model 9176 Recorder were used f o r  

chromatographic de te rm ina t ions .  Samples were i n t r o d u c e d  w i t h  a 10 ~1 

s y r i n g e  (Hamilton), through a V a r i a n  AeroGrapgh High Pressure 

Septumless L i q u i d  Chromatography I n j e c t o r .  

pH de te rm ina t ions  were c a r r i e d  ou t  w i t h  a S e l e c t I o n  2000 I o n  

Analyzer  (Beckman Inst r . ,  Inc., USA) u s i n g  a Beckman L a b o r a t o r y  

Combination pH E lec t rode .  Samples were c e n t r i f u g e d  w i t h  a Beckman 

model TJ-6 Centr i fuge,  coupled w i t h  a r e f r i g e r a t i o n  u n i t .  

C o l o r i m e t r i c  de te rm ina t ions  were c a r r i e d  o u t  w i t h  a Coleman 44 

Spectrophotometer (Pe rk in  Elmer, I l l i n o i s ,  USA). 

Chromatographic Condi t ions.  

A prepacked Micropack MCH-10 s t a i n l e s s  s t e e l  column (250 x 4 

mm i.d., 6647 t h e o r e t i c a l  p l a t e s )  and a column guard packed w i t h  

Vydac RP (40 x 4 mm) s u p p l i e d  by  Var ian  were used. 

So lven ts  - f i l t e r e d  and degassed by vacuum - were used a t  an 

e l u t i o n  r a t e  o f  30 ml/h. UV d e t e c t o r  was se t  a t  210 nm. An s l i t  o f  

16 and a s e n s i t i v i t y  o f  0.1 AUFS was used. Char t  speed was 2.5 

cm/min. 

U r i n e  and Plasma Samples. 

Normal u r i n e  and plasma specimens were o b t a i n e d  f rom labora-  

t o r y  personnel. F i r s t  v o i d  u r i n e  samples were used. B lood  samples 
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1896 DEL-RAZO AND JAUGE 

were ob ta ined  by venous puncture. U r i n e  and Plasma samples were a l s o  

used f rom i n d i v i d u a l s  c h r o n i c a l l y  exposed t o  a rsen ic (4 ) .  Samples 

were s t o r e d  a t  - l O ° C  i f  n o t  analyzed i n m e d i a t l y .  

RESULTS and D I S C U S S I O N  

F ig- I -  shows t y p i c a l  HPLC chromatograms o f  u r i n e  and plasma 

samples ob ta ined  u s i n g  t h e  desc r ibed  procedure. I n  o r d e r  t o  

improve t h e  c r e a t i n i n e  s e p a r a t i o n  f rom o t h e r  components i n  samples, 

K2HPO4 0.1 M b u f f e r s  a t  d i f f e r e n t s  pH (2.3 - 8.2) and a m i x t u r e  o f  

a c e t o n i t r i l e / w a t e r  (1:l) as mobi le  phases were used, w i t h  a 

reversed-phase c18 column. 

I n  t h e  t a b l e  -1- i s  shown r e t e n t i o n  t imes  and r e l a t i v e  peak 

area f o r  d i f f e r e n t s  mob i l e  phases used. 

The r e s u l t s  show t h a t  CH3CN/H20 (1:’l) i s  an adequate mob i l e  

phase. Re ten t i on  t i m e  was 67 f 5 s. A r e l a t i v e  peak area i n  

r e l a t i o n  t o  K2HP04 0.1 M b u f f e r  (pH = 2.3) was 88.977. T h i s  mob i l e  

phase has a l s o  t h e  advantage t o  extend t h e  column l i f e .  

TABLE -1- 

Mobi l e  Phase 

K2HP04 0.1 M B u f f e r  R e t e n t i o n  Time R e l a t i v e  Peak Area 

PH seg. x 

2.3 64 t 3 

4.4 76 f 5 

6.1 103 f 7 

8.2 121 f 6 

67 f 5 CH3CN/H20 (1 : 1) 

100.0 

92.6 

17.2 

6.1 

88.9 

Chromatographic c o n d i t i o n s  as above desc r ibed  
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CREATININE IN URINE AND PLASMA 1897 

A 

CT 

0.1 AUFS I 
L -  1 I I 

0 I 2 3 mtn 0 I 2 3 min 
- 
FIGURE -1- Reversed-Phase HPLC Chromatograms 

Mob i l e  phase: CH3CN/HZO (1:l) 30 m l /h  
Detector :  UV 210 nm. 

A )  U r i n e  sample (0.1 ~ 1 1 1  
B) Plasma sample (3 ~ 1 )  (CH3CN e x t r a c t )  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1898 DEL-RAZO A N D  JAUGE 

condi 

c r e a t  

Good l i n e a r i t y  was observed f o r  peak area a t  t h e  chromatographic 

ions. Fig-2- (m = 5.67; r = 0.993). The i d e n t i f i c a t i o n  o f  t h e  

n i n e  peak i n  b i o l o g i c a l  samples was done by t h e  stopped-f low 

UV scanning t e ~ h n i q u e ' ' ~ ) ,  bes ides  t h e  r e t e n t i o n  t ime. 

U r i n e  Samples. 

U r i n e  samples were c e n t r i f u g e d  and f i l t e r e d  th rough  M i l l i p o r e  

(0.45 pm) f i l t e r  t o  extend t h e  l i f e  o f  t h e  column. The f i l t r a t e  was 

i n j e c t e d  d i r e c t l y  t o  t h e  column. The s tandard a d d i t i o n  method was 

used t o  check f o r  chemical i n t e r f e r e n c e s  i n  t h e  q u a n t i t a t i o n  o f  

c r e a t i n i n e .  The s lope  found u s i n g  t h i s  method (m = 5.85; r = 0.997) 

i s  s i m i l a r  t o  t h e  c a l i b r a t i o n  curve. Fig-3-. 

Plasma Samples. 

P r i o r  t o  i n j e c t i o n  t o  t h e  l i q u i d  chromatograph, plasma samples 

were d e p r o t e i n i z e d  and c r e a t i n i n e  was e x t r a c t e d  w i t h  a c e t o n i t r i l e ,  

accord ing t o  Chiou e t  a t .  . (8) 

We have found t h a t  t h e  recovery of c r e a t i n i n e  f rom plasma 

samples us ing  t h i s  procedure i s  78.2 ? 1.9%. T h i s  was con f i rmed  w i t h  

t h e  s tandard a d d i t i o n  method. 

S t a b i l i t y  o f  Samples. 

I n  o rde r  t o  know i f  t h e  s to rage  c o n d i t i o n s  have i n f l u e n c e  i n  

t h e  de te rm ina t ion  o f  c rea t i n ine ,  we have c a r r i e d  ou t  a s i m i l a r  

scheme p r e v i o u s l y  desc r ibed  . (16) 

We have n o t  found s i g n i f i c a n t  d i f f e r e n c e s  a f t e r  12 weeks i n  

u r i n e  and plasma samples (% var. = 4.7 f 1.8). 

HPLC vs J a f f 6  Method. 

HPLC procedure was compared w i t h  t h e  J a f f e  a l k a l i n e  p i c r a t e  

r e a c t i o n  i n  u r i n e  samples f rom a p o p u l a t i o n  c h r o n i c a l l y  exposed t o  

a rsen ic  through d r i n k i n g  water ( 4 )  I 

Resu l t s  a r e  shown i n  t h e  Table -2-. 

The c r e a t i n i n e  c o n c e n t r a t i o n  es t ima ted  by  t h e  HPLC 

procedure i s  lower  than  t h e  va lue  found when t h e  Jaffc! 

method i s  used by a f a c t o r  o f  0.65 k 0.09. T h i s  i s  i n  

agreement w i t h  t h e  r e s u l t s  o f  Chiou e t  a1 . (8) 
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CREATININE IN URINE AND PLASMA 1899 

1 0.2 0.4 0.6 0.8 1.0 

Pg 
FIGURE -2- C r e a t i n i n e  C a l i b r a t i o n  Curve 

Column: MicroPack MCH-10 
M o b i l e  phase: CH3CN/HzO (1:1) 
E l u t i o n  r a t e :  30 m l / h  
De tec to r :  UV 210 nm 

Areq 
cm 

4.0 - 

0.1 0.1 0.2 0.3 0.4 

FIGURE -3- Standard A d d i t i o n  Method f o r  
C r e a t i n i n e  i n  Ur ine .  
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1900 DEL-RAZO AND JAUGE 

TABLE 2 

Urine Sample HPLC Method J a f f P  Method HPLC/JaffP 

r a t i o  

CT m g / m l  

A - I  8 

A-31 

A-32 

A-42 

A-52 

8-17 

8-26 

C-24 

C-31 

c-47 

1.15 

0.50 

0.61 

0.92 

0.90 

0.70 

0.60 

1.01 

0.45 

1.26 

1.65 0.70 

0.82 0.61 

1.28 0.46 

1.25 0.74 

1.46 0.62 

1.08 0.65 

0.74 0.80 

1.50 0.67 

0.84 0.54 

1.90 0.66 

- 
X = 0.65 ? 0.09 
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