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The coproporphyrin (CP) III is led to heme in the biosynthetic pathway, 
but CP I is not involved in the metabolic pathway. Therefore, a deficiency 
in the metabolism may be observed from the analysis of CP I and CP III. 

Previously published methods for the CP isomers were a paper chromato- 
graphic method [l] and thin-layer chromatographic methods 12, 3] _ But 
these published methods present both problems of precision and are time 
ccnsuming. Battersby et al, 143 reported the separation of CP isomers (I, II, 
III, IV) using a high-performance liquid chromatographic (HPLC) method, 
but the method required a recycling system for separation of all the isomers. 
Recently, Englert et al. [5] reported a direct method for the isolation and 
measurement of porphyrins in biological samples using HPLC. Unfortunately, 
the method was intricate; we also examined a direct method for the deter- 
mination of CP isomers in urine, but were not able to obtain adequate results. 
Therefore, we investigated an HPLC combined solvent extraction method, 
and obtained good resuits. 

In this paper, a simple HPLC method for the separation of CP I and CP III 
is described, The chromatographic analysis was realized in less than 20 min 
without the need for temperature programming. 
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EXPERIMENTAL 

Reagents 
Free coproporphyrln I 

purchased from Sigma (St. 
and coproporphyrin HI tetramethyl ester were 
Louis, MO, U.S.A.). Coproporphyrin I (5 Lrg per 

vial) was dissolved in 5 ml of 0.1 N hydrochloric acid. Coproporphyrin III 
tetramethyi ester was hydrolyzed in 7 N hydrochloric acid overnight, and 
diluted with water until a concentration of 0.1 N hydrochloric acid was ob- 
tained; the concentration of CP III was calculated from the molecular extinc- 
tion [6] . 

Acetonitrile was purchased from Wako Chemical (Tokyo, Japan) and all 
other reagents were reagent grade. 

Instrumentation 
The liquid chromatographic system consisted of the following components: 

a Model 635 High-performance liquid chromatograph (Hitachi, Tokyo, Japan); 
a Hitachi 3053 reversed-phase column 5 pm (150 mm X 4 mm); a Model 204s 
fluorescence detector (Hitachi); and a Hitachi Model 056 recorder. 

Procedure 
The chromatographic procedure was as follows: for the mobile phase 5 ml 

of acetic acid and 0.25 g of potassium dihydrogen phosphate were dissolved 
in water and made up to 500 ml with water. Then, 500 ml of acetonitrile 
were added. The solvents were degassed in an ultrasonic bath under reduced 
pressure (water pump) before use_ The flow-rate was 1.3 ml/mm The excita- 
tion wavelength of the xenon lamp was 392 nm and the emission wavelength 
was measured at 610 nm. The chart speed of the dual-channel recorder was 
0.5 cm/min_ All chromatographic separations were performed at room tem- 
perature- The volume of the samples injected into the column was 10 ,ul. 

Urine analysis 
The method was applied to the analysis of urine levels in ten healthy volun- 

teers. Urine (10 ml) was placed in a separating funnel, acidified with 2 ml of 
acetic acid and extracted with 20 ml diethyl ether until the aqueous phase 
showed no fluorescence under UV light. The extracts were combined and 
washed once with a little water. The extract was evaporated to dryness using 
a rotary evaporater and the CP I and CP III isomers in the residue were dis- 
solved in 0.5 ml of 0.1 N hydrochloric acid. Then the 0.1 N hydrochloric 
acid solution was filtered through a membrane filter (Sartorius 0.45 pm). 

RESULTS AND DISCUSSION 

Fig. 1 shows the effect of acetonitrile concentration in the mobile phase 
on the separation of CP I and CP III. On decreasing the acetonitrile concentra- 
tion, the retention times increased, and other variables were kept constant_ 
A concentration of 50% (v/v) acetonitrile was chosen for the. determination 
of CP 1~ and CP III. The-effect of acetic acid concentration on the separation 
was studied at different concentrations of 0, 0.25, 0.5, 1;O and 4;0% (v/v). 
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Fig. 1. Effect of acetonitrile concentration in the mobile phase on the separation and reten- 
tion times of the CP isomers. Solid line: CP I; dotted line: CP III. Stationary phase: Hitachi 
Gel 3053 (150 X 4 mm), mobile phase: see ExpeGmentaL Flow-rate: l-3 ml/m&x_ Fluoro- 
photcmeterr excitation wavelength 392 nm, emission wavelength 610 nm_ 
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Fig_ 2_ Effect of acetic acid concentration in the mobile phase on the separation and reten- 
tion times of the CP isomers. Solid line: CP I, dotted line: CP III. Potassium dihydrogen 
phosphate 0.05% (w/v) in acetonitril~ater (1:l) solution. 

A good separation was obtained at a concentration of 0.5% (v/v) acetic acid 
(Fig. 2). Effect of the potassium dihydrogen phosphate concentration was 
studied at concentrations of 0, 0.025, 0.05, 0.1 and 0.2% (w/v) with both a 
50% (v/i) solution of acetonitrile and 0.5% (v/v) solution of acetic acid. A good 
separation was obtained at a concentration of 0.025% (w/v) (Fig. 3). Tbere- 
fore, to determine CP I and CP III, concentrations of 50% (v/v) acetonitrile, 
0.5% (v/v) acetic acid and 0.025% (w/v) potassium dihydrogen phosphate were 
chosen for the mobile phase. 
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Fig. 3. Effect of potassium dihydrogen phosphate concentration in the mobile phase on t h e  
separation and retention times of the CP isomers. Solid fine: CP I, dotted line: CP III. 
Acetic acid 0.05% in acetonitrile--water (1:1) solution. 

Linear i t y  
U n d e r  t h e  o p t i m a l  c o n d i t i o n s ,  a g o o d  l inear  r e l a t i onsh ip  b e t w e e n  t h e  p e a k  

he ights  and  c o n c e n t r a t i o n s  o f  CP I and  CP III in t h e  ranges 2 - -10  ng and 2 .7 - -  
13 .5  ng, r e spec t ive ly ,  is f o u n d .  Sens i t iv i ty  o f  bo:th CP I and CP III in t he  
desc r ibed  m e t h o d  was 0.5 ng. 

Compar i son  o f  results using s p e c t r o p h o t o m e t r i c  and  s p e c t r o f l u o r o m e t r i c  
d e t e c t i o n  

T h e  t w o  d e t e c t o r s  were  c o n n e c t e d  in series d i r ec t l y  a f t e r  t h e  c o l u m n ,  f i rs t  
t he  p h o t o m e t e r  and s e c o n d l y  t he  f l u o r o m e t e r .  F l u o r o m e t r i c  d e t e c t i o n  d e p e n d s  
o n  t w o  p a r a m e t e r s ,  t h e  emiss ion  and t h e  e x c i t a t i o n  wave leng th ,  and y ie lds  a 
h igher  spec i f i c i ty  t h a n  t h e  VIS d e t e c t i o n  (Fig.  4).  

R e p r o d u c i b i l i t y  
T h e  r ep roduc ib i l i t i e s  o f  t e n  rep l i ca te  analyses  o f  CP I ( 2 0 0 , 4 0 0 ,  1 0 0 0  pg/1) 

and CP III (270 ,  540 ,  1350  pg/1) were  e x a m i n e d .  Coe f f i c i en t s  o f  va r i a t ion  
were  4 .0 ,  2.7,  1.3% and  3 .7 ,  2 .4 ,  1.2%, r e spec t iye ly .  

A p p l i c a t i o n  
T h e  CP c o n t e n t  in u r ine  was ca l cu l a t ed  f r o m  peak  heights ,  acco rd ing  t o  

t h e  fo l lowing  e q u a t i o n :  

P H  a 0.5 V 1 
A = S X  X X - -  x -  

PHs 0.01 10 1 0 0 0  

w h e r e  A = CP I o r  CP III c o n c e n t r a t i o n  in t h e  sample  (pg /day ) ;  S = a m o u n t  
o f  t h e  s t anda rd  in j ec t ed  in to  c o l u m n  (ng);  P H  a = p e a k  he igh t  o f  CP I o r  CP III 
in t h e  sample  ( m m ) ;  PHs = p e a k  he igh t  o f  t h e  s t anda rd  CP I o r  CP III  ( m m ) ;  
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Fig- 4. Comparison of results using spectrophotometric and s_pactrofluorometric detection. 
Solid line: CP I, dotted line: CF HI_ Hitachi spectrophotometer 100-50 at 401 nm, 0.05 
a_u_fs_; Hitachi ffuorometer 204-S, excitation waveIength 392 nm, em&ion wavelength 
510 mu. Chromatograpbic conditions were as given in the text. 

V = total volume of the sample (ml); 0.5 = final volume of the sample (ml); 
10 = initial volume of urine (ml); 0.01 = volume of the sample injected into 

1 
the column (ml); and - = 

1000 
conversion factor into micrograms_ 

Normal urine contains about 31~ 15 pg per day CP I and about 72 -c 27 pg 
per day CP III_ Total CP value obtained with the present method was in a 
good agreement with previous reports [7, S] _ CP III. per total CP found in 
urine in ten normal inciividuaIs was 60-75%, which was in agreement with 
the value reported by A-ziz et al_ [9] _ 

For recovery studies, distinct amounts (10 ng per 10 ~1) of CP I were added 
to urine samples. The mean recovery of ten experiments was 85% for CP I. 
Thus this method might be expected to be useful in the routine analysis of 
CPI;andCPIIi_ 
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