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SUMMARY 

Two new high-performance hquld chromatographlc methods are described for the quantl- 
tatlve determmatlon of porphyrins and their precursors In our method, sub-nanomole 
quantltles of porphynns, 6 -ammolevulmlc acid and porphobdmogen denvatlzed vvlth o- 
phthalaldehyde were mjected onto a C!,, reversed-phase column and eluted with 0 1 M 
monobasic sodmm phosphate--methanol-tetrahydrofuran (4 6 3) and detected with a 
spectrofluorometer A second reversed-phase system usmg methanol-tetrahydrofuran- 
22 mkf acetate buffer (15 6 11) was also developed 

INTRODUCTION 

Naturally occurring polycarboxyhc porphyrms, protoporphyrm and zinc 
protoporphyrm are intermediate metabohtes of heme biosynthesis Two 
molecules of the precursor F -ammolevulmlc acid (ALA) are condensed with the 
monopyrrole porphobllmogen (PBG) to form metal-free cychc tetrapyrroles 
(porphyrins) which are the nnmedlate precursors of the various hemes, chloro- 
phylls and cobalammes [l] Natural porphyrins of mammalian omgm are sub- 
stituted at the p-positions Tnth methyl, ethyl, vmyl, acetate and proplonate 
groups and occasionally by other closely related substltuents Mesoporphyrm 
differs from protoporphyrm by havmg two ethyl groups m place of two vinyl 
groups. Free porphyrins and zmc protoporphyrm when u-radiated with ultra- 
violet light behave smularly and exhlblt strong characterlstlc red fluorescences 
wlvch are commonly used for detection [2] and are sensitive enough to detect 
porphyrins at sub-nanomole concentrations. While all porphyrms mvolved In 
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heme biosynthesis can be detected by this fluorometnc method, PBG and ALA 
do not exhibit an appropriate fluorescence The deslrablhty for the 
simultaneous detection of PBG, ALA and porphyrms prompted the 
development of a fluorescence method utlhzmg o-phthalaldehyde (OPA) as 
a denvatlzmg reagent [ 31 m the pre-column mode employed for this study 

A variety of methods for the quantltatlon of porphyrms has been reported 
Several recent papers [4-91 have led to slgmflcant contributions They require 
gradient elutlon and analyze most of the intermediate metabohtes m the heme 
blosynthetlc pathway. The present paper describes two slmllar reversed-phase 
high-performance liquid chromatographlc (HPLC) methods for the deter- 
mination of ALA, PBG and porphyrms related to heme biosynthesis by HPLC. 

EXPERIMENTAL 

Ma terlals 
The dlhydrochlondes of uroporphynn I, coproporphyrm I, the penta-, 

hexa-, and heptamethyl esters of penta-, hexa-, and heptacarboxylporphyrm 
I, mesoporphyrm IX dlhydrochlonde, protoporphynn IX and zmc proto- 
porphynn IX were purchased from Porphyrms Products (Logan, UT, U S A.) 
PBG, ALA, OPA and 2-mercaptoethanol were obtamed from Sigma (St Louis, 
MO, U S.A ) Absolute ethanol was purchased from Aaper Alcohol and 
Chemical (Shelbytie, KY, U.S A ). Methanol and tetrahydrofuran (HPLC 
quality) were purchased from J T. Baker (Phllhpsburg, NJ, U.S A.) and Burdock 
& Jackson Labs (Muskegon, MI, U S A ), respectively All other chemicals 
were reagent grade 

Instrumentatwn 
Experunents were performed on a Model 5000 liquid chromatograph 

(Vanan) equipped urlth a Rheodyne 7126 mjector htted with a 20-~1 loop. A 
lo-pm Ultrasphere octadecylsllane (ODS) guard column (Whatman) connected 
In line with a prepared Partlsll-10 ODS analytical column (25.0 X 0 46 cm, 
particle size 10 ,um) (Whatman, NJ, U S A ) and a Model SF-330 varlable- 
wavelength spectrofluorometer (Vanan) vvlth a 40-~1 flow-cell attachment 
All chromatograms were recorded with a Hewlett-Packard 3388A mtegrator 
All pH readmgs were taken on a Model 601 dlg&al lonalyzer vvlth a Ross 
combination pH electrode both from Onon Research (Cambndge, MA, U.S.A.) 

Preparation of porphyrin and precursor standards 
Standard solutions of copro-, meso-, hexa-, hepta-, penta-, proto- and 

uroporphyrms were dissolved with somcatlon for about 15 mm m concentrated 
acetic acid Zmc protoporphyrm solution was prepared m ammomum 
hydroxide solution The stab&@ of these standard solutions was mamtamed 
for at least five months by stormg m a refngerator at 10°C However, uro- 
porphyrm and zmc protoporphyrm solutions had to be freshly prepared dally 
ALA and PBG were dissolved m 0 1 M hydrochlonc acid solution m separate 
stoppered test-tubes The PBG solution was stable for a few days Borate buffer 
solution was prepared by dlssolvmg 0 27 g of bone acid m 10.0 ml of delonlzed 
water The pH was adjusted to 9.5 with concentrated sodium hydroxide 
solution 
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Preparation of o-phthalaldehyde-2-mercaptoethanol buffered reagents 
A total of 27 0 mg OPA was dissolved completely m 500 ~1 ethanol A 

4.5-ml volume of 0.4 M sodium borate buffer (pH 9 5) was added to the 
solution together with 25 ~1 mercaptoethanol and allowed to stand for 24 h 
before use [IO] Buffered reagents were stored at room temperature since 
refrlgeratlon caused precipitation of borate buffer salts The stabrhty of the 
solution was mamtamed by addltron of 20 ~1 mercaptoethanol every two days 

Derwatlzatzon of S -ammoEevuEmx acid and porphobrlmogen 
A typical preparation was obtamed by reactmg 20 ~1 of each of the standard 

solutrons wrtb 20 ~1 of OPA-2-mercaptoethanol reagent After exactly 2 mm, 
the reaction was stopped by addrtlon of 20 ,ul phosphate buffer (0.1 M mono- 
basic potassium phosphate, pH 4.0) A 5-~1 aliquot of the mixture was inJected 
onto the reversed-phase column with excltatlon wavelength and emlsslon 
wavelength of the detector set at 330 and 418 nm, respectively. For the detec- 
tion of porphyrins wavelengths were momtored at 405 and 630 nm, respectlve- 
1Y 

HPLC condltzons 
An aqueous buffer solution was prepared by dlssolvmg 0.1 mol of monobasic 

potassmm phosphate or 22 mmol of sodmm acetate m 1 0 1 of deionized water. 
The mobile phase for chromatography of porphynns was prepared by mixmg 
ahquots of sodmm phosphate solution-methanol-tetrahydrofuran (4 6 3) 
or 22 mM acetate-methanol-tetrahydrofuran (11 15 6) The pH of the 
solutlon was adlusted wrth concentrated phosphorrc acid or concentrated acetic 
acid to 5.2, while the mobile phase for elutlon of ALA and PBG was made with 
0 1 M phosphate buffer-methanol (7 5) or 22 mM acetate buffer-methanol 
(7.5). The pH of each solution was adJusted to 3.3 with correspondmg acids 
All mobile phases were degassed by aspnation prior to use 

Reversed-phase HPLC separations of porphyrms and their precursors were 
performed with lsocratrc elutlon separately and the ten different compounds 
were chromatographed together with a binary mobile phase either wrth an 
acetate buffer or with a phosphate buffer The isocratic elutlon for separation 
of ALA, PBG and porphyrms on the C,, column was run at a flow-rate of 
1 0 ml/mm at ambient temperature. The sample volumes inJected varied from 
5 to 20 /Jl 

RESULTS AND DISCUSSION 

Three variables characterlzmg the mobile phase composltlon, pH, elutlon 
strength and lomc strength, have been thoroughly studled m order to optimize 
the separation parameters of ALA, PBG and porphyrins related to heme blo- 
syntheses Figs 1 and 2 show the chromatograms of the separation of ALA, 
PBG and porphyrms wth phosphate buffer When 22 mM acetate buffer was 
used m the mobile phase, solar results were obtamed (Table I) The resolution 
between the two precursors is well defined Increasmg the pH of the aqueous 
mobile phase from 3 0 resulted m a gradual decrease of resolution to zero at 
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Fig 1 Chromatogram of denvatmed 6 -ammolevulunc acrd (9 8 nmol), and porphobrlmogen 
(0 41 nmol) Eluent methanol-O 1 M phosphate buffer (5 7), pH 3 3, flow-rate 1 0 
ml/mm Peaks 1 = S -ammdevuhnlc acid, 2 = porphobilmogen 

hg 2 Chromatogram of porphyrms Eluent 0 1 M phosphate-methanol- tetrahydrofuran 
(4 6 3), flow-rate 1 0 ml/mm Peaks 1 = uroporphynn (0 36 nmol), 2 = coproporphyrm 
(0 16 nmol), 3 = heptaporphynn (0 30 nmol), 4 = hexaporphynn (0 19 nmol), 5 = penta- 
porphyrm (0 04 nmol), 6 = mesoporphyrm (0 40 nmol), 7 = zmc protoporphyrm (0 77 
nmol), 8 = protoporphyrm (0 30 nmol) 

pH 7.0. Sumlarly, an increase of orgamc component of the mobile phase 
decreased the resolutron. The retention times of the precursors dropped signrfl- 
cantly as the percentage of methanol was mcreased The effect of acetate or 
phosphate and methanol composrtlons on separations over a pH range of 
3-7 were examined The capacity ratios for the two precursors under these 
conditions were above 2 0. Apparently, both acetate-methanol and 
phosphate-methanol have the same selectivity for the precursors The reten- 
tion trmes of ALA, PBG and porphyrms obtained with these two systems were 
summarized in Table I 

Fig 2 mdicates an efficient elution profile of eight different porphyrms 
under isocratic conditions It is well understood that the pH and the com- 
position of an eluent can sigrnficantly change the capacity ratio of poly- 
carboxyhc porphyrms The relative retention of the porphyrms is mamly 
governed by the number of alkyl groups m the molecule The retention, there- 
fore, increases as the number of srde-cham alkyl substrtuents increases Thus, 
coproporphyrms (4 COOH, 4 CH,) were eluted before hepta- (7 COOCH3, 
CHB), hexa- (6 COOCHB, 2 CH,) and penta- (5 COOCHB, 3 CH,) porphyrms In 
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TABLE I 

RETENTION TIMES OF ALA, PBG AND PORPHYRINS 

Compound Retention tnne (mm) 

Phosphate buffer* Acetate buffer** 

ALA 9 20 7 97 
PBG 13 27 10 09 
Uroporphynn 3 95 3 95 
Coproporphynn 8 11 7 67 
Heptaporphyrin 9 87 9 61 
Hexaporphynn 1166 11 33 
Pentaporphyrm 14 18 14 63 
Mesoporphyrm 18 24 19 85 
Zinc protoporphyrin 19 87 21 60 
Protoporphynn 23 11 25 98 

*Eluents 0 1 M phosphate-methanol (7 5), pH 3 3, for ALA and PBG, 0 1 M phosphate- 
methanol-tetrahydrofuran (4 6 3), pH 5 2, for porphyrms 
l *Eluents 22 mi’kf acetatwmetbanol (7 5), pH 3 3, for ALA and PBG, 22 m&f acetate 
methanol-tetrahydrofuran (11 15 6), pH 5 2, for porphyrms 

our expenments, the pH was adjusted to about 5.2 to maxlmlze the resolutions 
between porphyrms and to mamtam the capacity ratio of uroporphyrm close 
to one. Also, the stablllty of zmc protoporphyrm could be mamtamed through- 
out the elution There was mcomplete separation of all porphyrms at or near 
neutral pH. A reasonable resolution between porphyrms was achieved at apH 
as low as 3.0. However, the chelatmg metal from zmc protoporphyrm 
dissociated to a sigmficant extent and unexpected protoporphyrm was 
accumulated The elution strength of acetatemethanol-tetrahydrofuran was 
stronger than the phosphate ternary mobile phase as mdicated by the better 
resolution between mesoporphyrm and zmc protoporphyrm. Ionic strengths 
as high as 0 1 M acetate buffer or as low as 0.08 A4 phosphate buffer did not 
seem to significantly influence the resolution of porphyrms. However, the 
separation and the retention times are affected considerably by small volume 
changes of organic components m the mobile phases. A shght increase m the 
amount of methanol (as little as 3%) compressed the porphynn peaks and 
resulted in poor separation Sunllarly, effects on retention behavior of the 
porphyrms were predictable with variation of acetate or phosphate buffer in 
the mobile phase To facilitate the separation of ALA, PBG and porphyrms 
related to the heme biosynthesis (ten different mtermediate metabolites) in 
the same samples of blood or urine, a mixture of denvatized precursors and 
different standard porphyrins were chromatographed simultaneously The 
results are shown in Figs. 3 and 4 In order to separate and detect the ten 
standard compounds m a smgle run, the wavelengths were mitmlly set at 330 
nm for excitation and 418 nm for detection of ALA and PBG After exactly 
9 mm or 12 mm of elution with the binary mobile phase acetate-methanol 
or phosphate-methanol, respectively, the ternary mobile phase (phosphate- 
or acetate-methanol-tetrahydrofuran) was introduced for the remamder 
of the run. After the porphobllmogen was eluted the detector wavelengths 
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Fig 3 Chromatogram of ALA, PBG and porphyrins Eluent 0 1 M phosphatelnethanol 
(7 5), pH 3 3, elution for 12 mm, contmuous Isocratic elutlon with 0 1 M phosphate- 
methanol-tetrahydrofuran (4 6 3) f or the rest of the run, the excltatlon and emlsslon 
wavelengths were changed from 330 and 418 nm to 405 and 630 nm after the complete 

elutlon of porphobllmogen Indicated by the arrow; flow-rate 1 0 ml/mm Peaks- 1 = 6. 
ammolevuhnlc acid (20 4 nmol), 2 = porphobllmogen (0 84 nmol), 3 = uroporphyrm (0 17 
nmol), 4 = coproporphyrm (0.08 nmol), 5 = heptaporphyrm (0 14 nmol), 6 = hexaporphyrm 
(0 21 nmol), 7 = pentaporphynn (0 11 nmol), 8 = mesoporphyrm (0 37 nmol), 9 = zinc 
protoporphyrm (1 04 nmol), 10 = protoporphyrm (0 04 nmol) 

Fig 4 Chromatogram of ALA, PBG and porphyrms Eluent 22 m&I acetate--methanol 
(7 5), pH 3 3, elutlon for 9 mm, a ternary mobile phase 22 r&f acetate- methanol-tetra- 
hydrofuran (11 15 6) was used for the rest of the run at a flow-rate of 1 0 ml/mm The same 
wavelength changes as m Fig 3, mdlcated by the arrow Peaks 1 = &ammolevuhmc acid 
(21 9 nmol), 2 = porphobllmogen (0 60 nmol), 3 = uroporphyrm (0 30 nmol), 4 = copro- 
porphyrm (0 05 nrnol), 5 = heptaporphyrm (0 46 nmol), 6 = hexaporphyrm (0 08 nmol), 
7 = pentaporphynn (0 04 nmol), 8 = mesoporphyrm (0 16 nmol), 9 = zmc protoporphyrm 
(0 37 nmol), 10 = protoporphyrm (0 16 nmol) 

were monitored with the excltatlon set at 405 nm and emlsslon at 630 nm. 
These binary lsocratlc condltlons of elutlon of ALA and PBG and porphyrms 
were highly reproducible and It 1s an excellent method for separatmg these 
complex mixtures The apphcatlon of these procedures to samples of patients 
with porphyrm-related diseases 1s underway 
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