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The separation and determination of the various porphyrins is of clinical 
importance for the diagnosis of the type of porphyria, but it carz also be applied 
for the investigation of porphyrin metabolism. Thin-layer chromatography (TLC) 
on silica gel, after extraction and methylation of the porphyrins, is the method 
usually employed_ The individual porphyrins can be determined spectrophotometri- 
caHy after elutior? from the silica gel by use of their characteristic absorption peaks 
at ca. 400 nm’. 

Because of the rapid development of high-pressure liquid chromatography 
~HPLC) during the last few years, new separation methods have become available. 
In comparison to TLC, HPLC has the advantage of giving a better separation in a 
considerably shorter time. Therefore we decided to investigate whether HPLC could 
be used for the separation and determination of porphyrin methyl esters and whether 
it could provide a useful alternative for the common TLC-spectrophotometric deter- 
mination. 

Apparatus 

A gradient mixer (Type 11300; LKB, Bromma, Sweden), which has been 
described in detail elsewher$, was programmed to produce a linear gradient of two 
liquids. The mixer was designed primarily to generate gradients over a long period 
of time (for use in conventional column chromatography), but it can also be used for 
HPLC Work, although the latter type of analysis is performed in a much shorter time. 
The gradient mixer was connected to a liquid pump (Type CMP 2; Chromatronix, 
Berlceky, Calif., U.S.A.), which could deliver a maximum pressure of Xi0 p.s.i.g. 
and a reasonable pulse-free liquid flow. Essentially, the pump is of the double-piston 
type, whose pistons deliver liquid alternately and which has a third piston to damp 
pulses which are generated during switching from the first to the second- piston. 
Because of its relatively large inner volume, this pump is not ideal for gradient work, 
but in view of the results obtained is satisfactolry. A pressure gauge was placed in a 
side-line of the system. 

GIass columns (25 cm x 2.0 mm i.D_) were trsed. Injection was carried out 
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by tieans of an injection valve (Chromatronix, Type SV-SWf), which contained a 
sample loop with a volume of 2L.5 pl. All of the connections and fittings were made 
from~inert material such as PTFE, K&F or D&in (Chromatronix]. The efbent was 
monitored by means of a spectrophotometer (Type PLMQ II, CarI Zeiss, Gberkochen, 
G.F.R.) which was equipped with a cytindriczd cell of IO-mm Light path and S-PI 
capacity (Zeiss, Type MR 1 D)_ The instrument was connected by means of a lin-log 
converter (Zeiss, Type TKR) to a potentiometric recorder. The peak areas were 
determined by means of a simple but adequate electronic integrator (Type BC 1; Kipp 
& Zonen, Delft, The Netherlands). 

Columns were packed with Merckosorb ST I00 (30 pm) (E. Merck, Darmstadt, 
G.F.R.) by. gentle tapping. Protoporphyrin-IX dimethyl ester (PPMe), copropor- 
phyFin-I tetramethyl ester (CPMe) and uroporphyrin-I oetamethjrl ester (UPMe) 
were purchased from Sigma (St. Louis, MO., U.S.A.); their purity was always better 
than 900?, as determined spectrophotometrically by means of the molar extinction 
coefficieF&. All of the liquids were of reagent-grade quality and were used without 
further purification. 

Proceciure 
In order to condition the cohunn, 20% tetrahydrofuran in heptane (liquid A) 

was pumped through the cohunn for 15 min. The pumping speed was always 2.0 ml/ 
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Fig. 1. Recording of a separation of porphyrin methyl ester standards. Sample size, 31.5 pl; cohmn 
(25 cm x 2.0 mm) packing, Merckosorb SI 100 (3Opm); mobiIe phase, linear gradient from 20 to 
50% tetrahydrofuran in heptane; flow-rate. 2.0 m!/min: column pressure, 375 p.s.i.g; detector (pho- 
tometer) sensitivity. 0.2 absorbance units full sale: wavelength, 4GO m. Peaks: 1 = protoporphyrin 
methyl ester (PEWe); 2 = coproporphyrin methyl ester (CPMe); 3 = uroporphyrin methyl ester 
(up%%). 



II& which_g&erated a ptissure drop of CQ. 375 p.s.i.g_ over the column +d a floe 
velocity of 1.1 tzin/s. A Iimar gradient, from ZOoI! ~etrahydrokran ia hepkme (A) 
to SO % _tetrahydrofuran in-heptane (B) in 7 min, w&s starte directly @ter injection 
of the sample. The spectrophotometer was set at 400 nm. When a ran-h.ad been com- 
pleted, the column was regenerated- by pumping liquid k _&rough the &Em& for 
5 min. The total time needed for &e analysis wzc only II-12 X&IL 

lU3X.Xl-S AND DISCUSSION 

In the preliminary investigations we tried various mMures of chloroform and 
heptane as-the eiuent. A liquid gradient appeared to be necessa@ in order to elute 
all of the porphyrin methyl esters in a *reasonable time since their~polarities differ 
greatly. With the apparatus used, gradiefits of chlorofo,m in heptane produced a 
stron& pulsaiing baseline, presumab!y as 2 result of inzdequzte mixing of the 

primary solutions. Therefore we replaced chloroform by tetrahydrofuran. However, 
this caused an injection problem_ IS HPLC, *e samples to be injected are often 
dissolved in. 2 liquid of similar composition to that of the starting eluent, in this case 
20% ?etrahydrofuran in heptane_ Generally, porphyrin methyl esters have only a 
low solubility in tetrahydrofuran-hepie mixtlures, therefore it was nmssary 

CO use the porphyrin esters in a chloroform solution, which restricted the volume 
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Fig. 2. CBromato~ of porphyrin nieffiyl essers extracted from an wing ampie of a patient with 
Ecute intermittent porphyria. Chrmnatagraphic auditions were the same s in Fii f. the detztor 
sensitivity of peak 6 beii 0.5 absahace tits fuU’xaIe. I?c&s: I = PPMe; 2 = CPIM~; 3 = pen- 
tearboxyiicporphyrin methyl ester; 4 = hcxzaboxykporphy& methyl ester; 5 = heptacarbo~l- 
icporphyti methyl ester; 6 = WPMe. 
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Fig. 3. Graphs of the relationship between the peak arez and the injected quantity of PPMe (A), 
CPMe (B) and UPMz (C). 

of the sample that could be injected. The 21.54 volumes which we usually applied 
to t-he column did not give problems, but injection of 50 ~1 resulted in a severely 
disturbed chromatogram. 

PPMe and CPMe were separated adequately by 20% tetrahydrofuran in 
heptane, but UPMe has a capacity factor, k’, of 60 in this &rent, which is unfavour- 
able. A linear gradient of 20-50 o/0 tetrehydrofuran in heptane provided a good sepa- 
ration of all of the components of the mixture within 6 min (Fig. 1). However, one 

TABLE I 

REPEATABILITY OF THE ANALYSIS OF PORPHYRIN METHYL ESTERS BY HPLC 

Each value represents the mean of five separate messureme.nts of sxnples tien from the same so- 
lution. 

Pfofoporphyfin meZhyl ester Coproporplzyrin methyl ester Uropofphyfin methyl esfer 

Amount Stnndnrd deviation Amount Stcmabrd deviation Amount Standard deviation 
injected (% of the mean injected (% of the mean injected (% of the mean 

(WI peak area) iPz& peak area) (P&T) peak area) 

1.29 4 1.60 4 1.83 3 
0.52 1 0.64 5 0.73 2 

0.26 I 0.32 4 0.37 0.13 4 0.16 6 0.18 3 
0.06 9 0.0s 14 0.09 6 

--_ 
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has zo keep in mind that the choice of this particular gradient was partIy determined 
by the time (ca. 1.5 min) needed for the front of the gradient to reach the top-of the 
column. This delay was caused by-the relatively targe dead volume of the inlet port 
preceding *he cohunn. This means that in a different set-up a slightly diff’erent 
gradient may bc necessary. With the use of a steeper gradient the retention time of 
UPMe could be shortened further, but in this case it was impossible to separate 
methyl esters of porphyrins with 5, 6 and 7 methyl grou_ps. These compounds occur 
in relatively small quantities in biological ffuids. An example of a separation of 
porphyrin methyl esters from an urine sample (pathological] is shown in Fig. 2. 

In Fig. 3 is shown the linear relation which exists between the peak area and 

the injected quantity over a range of at least 0.1-1.3 pg, for PPMe, CPMe and UPMe 
(higher concentrations were not measured). The standard deviation varied between I 
and 6% (Table I>_ Thus the repeatability of the HPLC separation is comparable to 
that of TLC separation followed by spectrophotometric determinationl, except for 
the lowest measured concentration. The total recovery in the eluent of a mixture of 
porphyrin methyl esters was always between 95 and 100 %_ 

In conclusion, the method described above offers a significant reduction in 
analysis time compared with the method hitherto used. iMoreover, the procedure is 
simple to perform routinely_ 
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