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Zinc protoporphyrin and protoporphyrin free acid is blood were determined by high- 
performance &quid chmmatography on a C,, cokmn. Results for 63 human blood sampls 
obtained through a lead poisoning detection pmgrsm compared favorably v&h the widely- 
used ethyl acetate-acetic acid e&&ion determination. Blood from 16 rats which had been 
mairxtahwl on water heavily spiked with chlomform or brornodichlowmethane and blood 
from a lezd-poisoned cow were examined by this pmcedure. 

INTRODUCTION 

It is difficult to determine any of the specific porphyrbxs in blood (Table I) 
because so many other absohbing and fluorescing species are present. Interlab 
oratiry agreement for protoporphyrin (PP) in blood is lacking, probably be- 
cause of the many spectroscopic interferences and the lack of a good primary 
standard [I]. To Ee accurate a method rust be capable of efficiently sepa- 
rating the porphyrin of interest not only from the other porphyrins but also 
from these interferences. 

Most laboratories which assay blood samples to detect lead poisoning mea- 
sure porphyrins routinely. However, they must perform double-solvent extrac- 
tions in order to separate protoporphyrin from blood and hemin [Z].’ Many 
laboratories use a hematofluorometer, which measures porphyrin fluorescence 
directly froni whole blood and therefore relies soZeiy on optical filters for por- 
phyrin speci&ity 131. 

High-penlbrmance liquid cbro&atograpby @E%C) has been .success~y ap- 
plied to the analysis of porphyrins [4--6]. i3skaed 2-8-carboxylic acid-substi- 
tuted propbyxins can be ezsSy separated by adsorption on a 20-cm, 5+m Partisil 

*To whom correspondence should be addressed. 
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Porpkyrin &I-= Substituents on positionS 

1.3.5.8 2.4 6.7 

Urnporphyrin III 2H -CIii$OOH -C~H&H.$OQH -CH$H&OOH 
copmfyxphyrin m 2s -GEE, -CEQcE&coOH -C~CqCOOH 
Rotoporphyrin M 

z 
-a-E, -ChlcH, -CH$~CO9Ii 

!&I probpmphyrin Ix -CH, -CHCH, -CH$EJXOH 
Fe pmtoporphyrin IX Fe -cfg, -CKCH, -CH.$H&00H 

ghe=@ - 

cohmm with a solvent such as ethyl aceMxz-cycli3hexane (60:40) 111. How- 
ever, the added esterificztion step is tbne-consuEning, especially when &ge 
numb& of samples must be snalyzed. Ion-pair separation of free acids has 
been repo&ed [8] _ This approach was rejected for the present work because of 
the added complexity which its IL% would &roduce with regard to formation 
of the zinc complex 

We have developed a rapid HPLC method for accurate determination of por- 
phyrin &ee acids in blood using a C&-bonded column packing. Using a primary 
standard wh%zh has been assayed by this method, we have determined PP and 
zinc protoporphyrin (ZnP) in blood and compared the res&s with those ob- 
tained by conwentional me&&s. 

EXPERIMENTAL 

A rmdtfied Waters Assoc. (AGlford, Mass., USA.) high&fo*ance kpid 
chromatograph was used in the isocratic made. The individual components in- 
cluded a Waters 6000A solvent delivery system, a Rheodyne 7105 conf&iuou.s- 
flow septumless injector (Perkin Elmer, Norwalk, Corm., U.S.A.),. a Waters 
30 cm X 4 mm LD. reversed-phase PBondapak CIs column (IO-pm particle 
size), aud a Dupont (Wilmington, Del., U.S.A.)- Model 836 fluorescence de&c- 
tar (medium-pressure Hg tiurce, R’777 PMT) equipped w& a-& = 36~nnx 
filter (Co&g -7-60, Corning, N-Y., U.S.A.) and a X, = 595nm f%er 
(source unknown). 



321 

A Ke%rlett-Packard 3385A data-sysfzem was used for all measuremertts. In% 
g&ion-wasimproved by shunting a I-mF capae%or to the data system input. 

A Dupont Sorvall Superspeed SS3 cenmge equipped with an SS-34 rotor 
eras used to separate the cellular debris. 

Retzgenfs 
Methanol and ethyl acetate were purchased from Burdick and Jackson Labs. 

(Muskegon, Mich., U.S.A.), acetic acid md zinc acetate from LT. Baker (Phil- 
Lipsburg, NJ., U.S.A.). 

Uroporpbyrin, coproporphyrin, protopozphyrin, and G.nc protoporphyrin 
are separated (Fig. 1) using the mobile phase methanolacetic acid+* 
ionized water (&3:2:15) (pH 3.9) which has been degassed by vacuum filtration 
?%rough a 0.22-pm Tefloir filter (MiHipore, Bedford, Mass., U.S.A.). Blood sam- 
ples, however, co&&x large- amounts of hemin, which obscures the earlier 
peaks; therefore a more nonpolar 39:4:7 @H 3.4) solvent mixture was chosen 
to speed up the analysis time for ZnP and PP. 
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.a 

1’ 
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Fig. 1. HPM= sepantion of porphyrin f&e acids: ruoporphyrin, coproparphyzin, ZnP, and 
PP. Sample, 100 ~1 of porphyrin standards (O-1-0.5 pg/ml) in the mobile phase; instrument, 
modified Waters; coiumn, ~Bondapak C,, 10 em; mobile phase, methanolacetic acid- 
water (83:2:X5); Qow-rate, 2 ml/&; temperature, ambient; detector, Dupont 836 fluores- 
cence, h, = 365 nm, X, >595 nm. 

A stock disodium protoporphyrin (Na,PP) standard was prepared by dis- 
solving 13.7 mg of the anhydrous s&i (Sigma, St. Louis, MO., U.S.A.) in 11 of 
aceton e-water (7:3) solvent. This standard was corrected for ptity (see Dis- 
cussion). - 

Dilute working standards were prepared daily as follows: for PP, 0.5 ml of 
the Na,PP stock solution was d&&xl to 100 ml with chromatographic solvent. 
For ZnP, 3 ml of the Na,PP stock s&.&ion, 3 ml of 0.3% zinc acetate in 1% 
acetic acid, and 50 ml of methanol were reacted for 1 h in a IOO-ml volumetric 
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flask then diluted to obtain a solvent composition of approximately 89:4:7. 
The .~~lveIIt used to exQa43 porph@ins from blood was ethyl aceancetic 

acid (43). : . 

. . 

Sampbs 
So-three human blood samples were chosen at random from among those 

submitted-to this Divison’s lead poisoning detection prow.= 
-Rat blood was obtained from Nya:NYLAR -rats by drawing from the tail. 

The tats had been maintsined for over 2 years on a water supply containing 
chloroform or bromodichloromethane (2 mlfl). 

Cow blood was obtained &om a’dow which is regularly fed lead acetate for 
the production of qualitycontrol samples for the New York State lead poison- 
ing detection program. 

All blood samples were collected into glsss microcapillaries or Vacutainers 
@e&on Dickenson, Rutherford, NJ., U.S.A_), containing disodium ethylene 
dinitrilotetraacetic acid (EDTA) and stored away from light at 4”. 

The freezedried pooled human blood was purchased from A.R. Smith Labs., 
Los Angeles, Calif., U.S.A. 

Procedure 
With an Eppendorf pipette 200 ~1 of blood are added to 100 ~1 of water in a 

glass centrifuge tube. The porphyrins are extracted by addition of I ml of ethyl 
acetateacetic acid (80:20), followed immtiztely by vigorous mixing. The 
sample is then centrifuged for 1 min at 17,369 g, and 25 ~1 of the porphyrin- 
containing supematant are injected onto the column_ 

The standards are injected separately ppih no extraction. Total analysis time 
for ZnP and PP is about 15 min/sample. 

Chromato&qhic conditions 
TO minimize adsorption of hemin and porphyrins onto any polar silicic acid 

sites, the C,, column must first be washed with 50 ml of 0.01 N HCl. ZnP, PP, 
and hemin in blood extracts are then well separated as free acids in 5 min at 
ambient temperature, using the methanolacetic acid--water solvent at a flow- 
rate of 2 ml/min_ Between sample injections a 5-min washout time of sample 
residues is required, otherwise significant porphyrin adsorption will occur. 

RE%JLTS AND DISCIJSSION 

Reeuse it minimizes spectroscopic interferences, this DPLC method may be 
applied to many matrices containin g porphyrin. However, blood samples were 
of particular interest because of their routine we for clinical assays. 

Humani bovine, aird rat blood samples were analyzed (Pig. 2) and found to 
contain varying amounts of Znl? and PP. Although about 90% of the pmtupor- 
phyrin in whole human blood is found present as the Zn% complex, about 10% 
is not complexed. The 4-SCCCH-porphyrins may not be seen in the chromato- 
grams because of hemin absorbance from 1.5 to 25 min, but an ez&a&ion 
solvent which elimin&d hemin (possibly ethanol [9] ) would permit snalysis 
of these porphyxins. 
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Fig. 2. Chrometagrarns of ZnP (3.1 min) and PP (4-d tin) for several different kinds of 
blood. Arxzounts are in figldl. 

Sixty human blood samples were analyzed by HPLC for total protopor- 
phyrin (ZnP + PP), commonly called erytbrocyte protoporphyrin (EP). These 
samples were also analyzed by three established methods: for lead by a micro- 

sampling-cup atomic absorption method [lo], for ZnP by a commercial filter 
hematofiuoromefxr with fluorescent-dye calibration slides, and for total proto- 
porphyrin (PP ? ZnP) by a doubhxxtrac tion fluorescence method [a]. These 
three established methods are routine in our laboratory, and our performance 
is checked routinely by participation in several interlaboratory surveys. A sum- 
mary of these results is given in TabIe II. 

The Lead content of samples ranged 5om 9 to 63 gg!dl, total porphyrin con- 
tent ranged &cm 18 to 204 ~g/dl_ 

CORRELATION OF RESULTS FOR 60 BLOOD SAMPLES 

R* = CMreMio~k coefficient squared, indicates the proportion of the population represented 
by the -ion [ill; b, = slope of line and b, = intercept on Y-axis. 

Independent variable (X) Dependent variable (y) R’ b, 60 

Double-extraction ZnP + PP HPLcznP+PP 0.96 1.1 1.7 
Doubleextraction ZnP + PP HPLC ZnP ,0.!36 0.97 1.8 
Doubk-estraction ZIYP + PP Hexnat. ZhP 0.88 0.85 6.5 
Hemat. !ZnP HPLC ZnP 0.57 1.0 4.1 
Henxat. znp EIPLCZnP+PP 0.86 1.1 4.9 
Doubxe-extraction ZnP + PP HPLC PP 0.43 0.11 -0.36 
HP%.& ZEIP EiPLC PP 0.38 0.11 0.38 
HeIn& znp ErPLC PP 0.37 0.11 0.42 
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F&L 3. Comparison of results of actual samples analyzed by HPLC and either the double-es= 
traction ffuorescence method or a hematofluoromet.er. 

F&. 4. Comparison of results of actual sampks analyzed for Znp by HPLC and for I+ by 
microsemp~~p atomic absorption. 

Consisttzn~ good agreement was found between HPLC and doubkextmc- 
tion fluorescence results for total porphyrins (Fig. 3). Hematofluorometric re- 
suks correlated less well, but free uncomplexed protoporphyrin did not really 
correlate witb the other measmements at all. Clearly the proportion of ziuc- 
complexed to uncomplexed protoporphyriu is variable and may reflect the 
trace zinc content of the subject. 

Because of our interest in detection of subclinical kad poisoning, we investi- 
ga+& the correlation between blood lead and HPLC ZuP results. In view of the 
good agreement between the HPLC ZuP l PP and do~b&.ex&action fluores- 
cence 2n.P t PP, it seems likely that the very poor correlation between blood 
lead and HPLC ZnP (S’ig. 4) is ph~~ioIogical and not a pkduct of methodolqgy, 

To ob+& good quantit&ive resu&s with the CIS cohmms cvutly available, 
the pH of the column, mobile phase, and sample m&t be controHe& The reten- 
tion time of hmnin was v&y sensitive to coiunmacidity, kequi&gd&tivation 
of the cohum by washing with strong acid. Withpredominanti~ hydrophijbic 
packing, the best separation for uroporphyrin, coproporphyriu, ZuP, aud PP 
was found (Fig. 1) as expected, when the mobile phase was main~ed slightly 
below the isoekctric point of the porphyrins (pH 4-5). At &g&ficautly big@ 
and lower pH~v&es, porphyrin iouization &used a drastic loss of r&oMSu~ 
Injection of staudards or samples containiug less than 2% acetic acid& not.& 
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Fig. 5. tX~mmstogwm of impure &odium protoporphyrin M primary Standard. 
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Fig. 6. Reaction of ZW’ with protoporphyrin IX sbnM in methanoi. Peaks: I= Zn com- 
plex of an t~~koown porphyrin impurity; 2 = uaknoan pa!pIq7rin impurity; 3 = ZnP; 4 = di- 
sodium protiporphyrin M stating mate&l. 



326 

PORPHYRIN (p&.U) IN THE BLOOD OF RAm FED EITHER CHL0ROFORIU Oti 
ERO~ODICHLOROME%RANR DAILY FOR 2 YRARS 

mcl, 

ZnP PP PP 

23 12 
21 15 

z f3” 

i; 19 16 
35 16 
- - 

24 18 
36 15 
32 16 
21 9 

i: 13 14 
29 11 
29 9 
21 12 
- - 

Mean 
27-7 16.1 27-l 13-O 27.5 12.2 

commended, as up to 30% of the porphyrin may be lost by column adsorption. 
‘Ibe Na,PP Ix standard was found to contain two small impurities (9% by 
area) by absorbance at 2.54 nm and by red fluorescence detection (Fig. 5). Ef- 
forts were made to prepare ZnP from Na2PP and to retiove the impurity by 
fractional crystallization, but Zn complexes of the impurities always appeared 
in the product (Fig. 6). Hence it was assumed that the impurities were por- 
phyrin in nature, and the concentration of Na$P stock solution was corrected 
for 91% purity. Preparation of a working ZnP st%&.ard by reaction-of the 
Na,PP stock solution with Zn* in methanol (Fig_ 6) yiekled a !ZnP standard 
which was stable for 1 day. 

A number of instances have been reported in the literature where exposure 
to chlorinated organic coxnpounds has produced hepatic porphyria. Administra- 
tion of hexachlorobenzene [lZ], polychlorinated bipaenyls El3 3, or 2,3,7,& 
te+chlorodibenzo-1,4_dioxin [14] produced hepatic porphyria in some 
mammals, explained by a decrease in the activity of decarboxylation enzymes. 
Currently we are conducting a chronic toxicology study with chloroforsn and 
bromodichloromethane in rats. .T~Ks far an effect has not been reported in 
erythrocytes, and so the analysis .was applied to blood samples from rats ex- 
posed for &wo yezus to these compouIlds at appros.inIatiy 20 Engper kg body 
weight per day. Samples from rats exposed for two years to either chloroform 
or bromodichloromethane were analyz& for ZnP or PP by HPLC. Table III 
shows clearly that no effect on leveJs of %I? or PP has been produced. More 
likely pOrphyrias, such as those found by San Martin de Wale et aI. [15] in the 
liver or ki@ney, have not yet been studied. 
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