
Environmental Research Section A 84, 56}63 (2000)
doi:10.1006/enrs.2000.4074, available online at http://www.idealibrary.com on
Comparison of Spectrofluorometric and HPLC Methods for the
Characterization of Fecal Porphyrins in River Otters

Christopher Taylor,* Lawrence K. Duffy,*,1 F. Gerald Plumley,- and R. Terry Bowyer*

*Institute of Arctic Biology and -Institute of Marine Science, University of Alaska Fairbanks, Fairbanks, Alaska 99775

Received September 29, 1999
A spectroBuorometric method (B. Grandchamp
et al., 1980, Biochem. Biophys. Acta 629, 577+586)
developed for the determination of amounts of
uroporphyrin I (Uro I), coproporphyrin III (Copro
III), and protoporphyrin IX (Proto IX) in skin Abrob-
lasts was compared with a high-performance liquid
chromatography (HPLC) method for the analysis of
porphyrins in fecal samples of river otters (Lutra
canadensis). Heptacarboxylate porphyrin I and
coproporphyrin I, two porphyrins determined to be
critical in deAning the porphyrin proAle in fecal
samples of river otters with the HPLC method, con-
tributed substantially to the calculation of the con-
centrations of Uro I and Copro III, respectively, in
standard solutions of porphyrins with the spectro-
Buorometric method. Fluorescent components of
the fecal matrix complicated the determination of
the concentrations of Uro I, Copro III, and Proto IX
with the spectroBuorometric method and resulted
in erroneous values for the concentrations of these
porphyrins compared with values determined with
the HPLC method. These results indicate that the
complexity of the sample, particularly with regard
to the potential presence of interfering Buorescent
compounds, as well as porphyrins additional to Uro
I, Copro III, and Proto IX, should be considered
prior to the application of the spectroBuorometric
method. An alternative HPLC method developed for
the rapid characterization of porphyrin proAles
in fecal samples of river otters is described. ( 2000
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INTRODUCTION

The use of changes in the pro7le of fecal por-
phyrins as a biomarker of effects of crude oil
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exposure in river otters (Lutra canadensis) following
the Exxon Valdez oil spill in Prince William Sound,
Alaska has been under investigation in our laborat-
ory. River otters are ubiquitous in the Gulf of Alaska
and occupy large home ranges within Prince William
Sound (Bowyer et al., 1995). Furthermore, river ot-
ters occupy a critical niche in the coastal ecosystem
linking the nutrient dynamics of the aquatic and
terrestrial environments (Bowyer et al., 1994; Ben-
David et al., 1998) and therefore serve as an impor-
tant indicator species for the evaluation of the chro-
nic effects of exposure to crude oil in biomonitoring
and restoration programs.

Heme biosynthesis and porphyrin excretion have
been shown to be sensitive to a number of chemicals
in the environment (DeMatteis and Lim, 1994). El-
evation of porphyrins in blood, urine, and feces due
to exposures to heavy metals and halogenated hy-
drocarbons has been measured in laboratory ani-
mals and humans (Daniell et al., 1997). Porphyrin
levels also have been used as an indicator of chem-
ical exposure in studies of wildlife. Elevated levels of
highly carboxylated porphyrins occurred in livers of
herring gull chicks (Larus argentatus) collected from
sites within the Great Lakes contaminated with
polyhalogenated aromatic hydrocarbons (Kennedy
and Fox, 1990). Measurements of total porphyrin
levels were higher in fecal samples of river otters
inhabiting oiled areas in comparison with nonoiled
areas of Prince William Sound, Alaska, following the
Exxon Valdez oil spill (Blajeski et al., 1996).

Field monitoring programs, designed around the
use of changes in the pro7le of fecal porphyrins as
a biomarker of contaminant exposure, involve the
collection and analysis of large numbers of fecal
samples necessitating the development of analytical
methods that are rapid and ef7cient. The application
of a spectro8uorometric method for rapid determina-
tion of the ratios of (Uro I), uroporphyrin I
coproporphyrin III (Copro III), and Protoporphyrin
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IX (Proto IX) in skin 7broblasts (Grandchamp et al.,
1980) has been reported more recently for the evalu-
ation of porphyrin levels in both laboratory and wild
marine organisms (Fossi et al., 1996, 1997a,b). This
spectro8uorometric method is based on the measure-
ment of the relative 8uorescence signals obtained
at each of three discriminating pairs of excitation}
emission wavelengths to determine the ratios of Uro
I, Copro III, and Proto IX present in biological sam-
ples. The purpose of this study was to test the effec-
tiveness of the spectro8uorometric method for the
characterization of porphyrin pro7les in fecal sam-
ples of river otters through comparison with HPLC
results.

METHODS

Sample Collection and Preparation

Fecal samples were obtained from the frozen ar-
chive at the Institute of Arctic Biology at the Univer-
sity of Alaska Fairbanks, Fairbanks, Alaska. Fecal
samples had been collected from 7eld locations with-
in Prince William Sound during 1990, placed in plas-
tic bags, and stored in a freezer at !70@C. The
samples were lyophilized for 24 h prior to porphyrin
extraction and analysis.

Standards

Porphyrin standards used for HPLC analysis in-
cluded a chromatographic marker kit containing the
number I isomers of 8, 7, 6, 5, 4 carboxylate por-
phyrins and mesoporphyrin IX, Copro III, and Proto
IX. The porphyrin standards used for the spectro-
8uorometric analysis included Uro I, Copro III, and
Proto IX 8uorescence marker kits, heptacarboxylate
porphyrin I (Hepta I), and coproporphyrin I
(Copro I). All porphyrin standards were dissolved
in 6 N HCl. The concentrations of Hepta I, Copro I,
and Proto IX were determined by measuring the
absorbance at the Soret peak and applying the
appropriate molar absorptivity. All porphyrin
standards were purchased from Porphyrin Products,
Logan, Utah.

Reagents

Reagents used in extraction procedures included
ACS-grade hydrochloric acid, sodium phosphate
(monobasic), acetonitrile, and acetone. HPLC re-
agents included ACS-grade ammonium acetate and
HPLC-grade methanol. Milli-Q 18 water was used
for all solvent preparations.
Equipment

Porphyrins were concentrated on disposable, 500-
mg, trifunctional, C-18 (tC-18). Sep-Pak cartridges
(Waters Corp.). Separation of porphyrins was facilit-
ated by a high-performance liquid chromatography
system consisting of two Waters 510 pumps,
a Rheodyne 7125 injector valve equipped with a 5 lL
injection loop, and a 3-cm-long by 0.46-cm-wide
Luna C-18 column equipped with a Security Guard
Cartridge System (Phenomenex Corp.). Porphyrins
were detected with a McPherson FL-748 8uores-
cence detector equipped with a 405-nm excitation
(Ex) cutoff 7lter, a 620-nm interference emission
(Em) 7lter with a 10-nm bandwidth, and a red-sensi-
tive photomultiplier tube. Baseline 810 and Maxima
820 chromatographic software (Waters Corp.) were
used for system control and peak integration.

Spectro8uorometric analysis was accomplished
with an SLM Aminco spectro8uorometer Model SPF
500C equipped with an LX 300 UV lamp and a
Hamamatsu R928P red-sensitive photomultiplier
tube. A 1.0-ml quartz cuvette was used for spectro-
8uorometric measurements.

Porphyrin Extraction

Extraction and isolation of porphyrins from the
fecal samples was accomplished with a modi7cation
of a procedure described by Bowers et al. (1992).
Porphyrins were extracted with HCl and concen-
trated on trifunctional C-18 Sep-Pak cartridges.
Five milliliters of 6 N HCl was added to 1.0 g of dried
fecal material and the sample was macerated with
a glass rod for 1 min. The sample was then mixed
with a bench-top vortex for 1 min, sonicated in
a water bath for 5 min, and mixed again for 1 min.
Five milliliters of sodium phosphate buffer (0.01 M,
pH 3.5) was added to the sample, which was mixed
for 1 min. The sample was then centrifuged for
10 min at 4000 rpm. Following this step, the coarse
pellet was removed and the sample was centrifuged
again for 10 min at 4000 rpm. Eight milliliters of
the supernatant was delivered to the Sep-Pak
cartridges.

Trifunctional C-18 Sep-Pak cartridges were used
for porphyrin concentration to avoid stripping of the
alkyl chain from the support under acidic conditions.
The tC-18 Sep-Paks were connected to a Supelco
Visiprep vacuum manifold and washed with 7 ml of
acetonitrile, followed by 7 ml of sodium phosphate
buffer (0.01 M, pH 3.5). Eight milliliters of fecal
supernatant was delivered to the Sep-Paks and al-
lowed to gravity feed. The Sep-Paks were washed
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with 3 ml of sodium phosphate buffer (0.01 M, pH
3.5) to facilitate complete delivery of the super-
natant to the Sep-Pak, followed by 7 ml of sodium
phosphate buffer (0.01 M, pH 7.5) to adjust the pH of
the column and enhance recovery of porphyrins. Re-
sidual sodium phosphate buffer was removed from
the column with vacuum set at 5 mmHg. The con-
centrate at the top of the Sep-Pak containing the
porphyrins was eluted into 5-ml cryogenic centrifuge
tubes with 1 ml of acetonitrile, followed by 0.5 ml of
acetonitrile:1.0 N hydrochloric acid (1 : 1, v/v), fol-
lowed by 1 ml of acetone under vacuum set at
15 mmHg. The tubes containing the eluates were
placed in a water bath at 553C and evaporated under
a stream of air. The dried residues containing the
porphyrins were stored at !703C. For HPLC analy-
sis, the dried residues were reconstituted in 0.5 ml of
6 N hydrochloric acid and injected directly into the
HPLC system.

HPLC Analysis

The HPLC method used was a modi7cation of a
procedure described by Kennedy et al. (1986). Separ-
ation of porphyrins was facilitated by a 6-min gradi-
ent elution and a two-component mobile phase
consisting of ammonium acetate (1.0 M, pH 5.16) as
solvent A and 100% methanol as solvent B. Gradient
elution commenced upon injection at 25% B, in-
creased to 50% B in 1 min, then to 95% B in 3 min,
remained at 95% B for 1.5 min, and returned to 25%
B in 0.5 min. The column was allowed to reequili-
brate for 5 min at 25% B before the next injection.

The concentrations of porphyrins in each fecal
sample were calculated with a seven-point calib-
ration curve ranging from 0.0 to 3.0 lM. Calibration
standards for porphyrins were dissolved in 6 N hy-
drochloric acid and remained stable for at least 24 h.

Spectro>uorometric Analysis

Spectral measurements were made with the exci-
tation bandwidth set at 0.25 nm and the emission
bandwidth set at 20 nm. Maintaining a very narrow
excitation bandwidth was necessary to discriminate
between Uro I and Copro III. The emission band-
width was set at 20 nm to obtain an adequate 8u-
orescence signal from such a narrow range of
excitation energy.

To determine the three pairs of excitation}emis-
sion wavelengths necessary to discriminate between
Uro I, Copro III, and Proto IX, standard solutions
of the three porphyrins were scanned individually
at 90 different pairs of excitation}emission
wavelengths from 395}595 nm Ex to 410}610 nm
Em, and the 8uorescence signal for each porphyrin
at each wavelength pair was recorded. The choice of
the wavelength pairs was based on those that pro-
duced the greatest 8uorescent signal for each por-
phyrin of interest relative to the other two
porphyrins (Wehry, 1981).

HPLC Spectro>uorometric Method Comparison

Fecal samples were applied to the extraction pro-
cedure and aliquots of the same resultant extracts
representing each sample and containing the por-
phyrins were applied to both the HPLC and the
spectro8uorometric methods within 6 h for analyti-
cal comparison. Porphyrins separated and identi7ed
with the HPLC method were quanti7ed with the
seven-point calibration curve.

To test the accuracy of the spectro8uorometric
method, 8uorescence signals were measured at each
of the three pairs of wavelengths for four different
mixtures of Uro I, Copro III, and Proto IX, and the
relative concentrations of the porphyrins were cal-
culated. The actual concentrations were then com-
pared with the calculated concentrations.

To determine the contribution of Hepta I and
Copro I to the calculation of the concentrations of
Uro I, Copro III, and Proto IX, Hepta I and Copro
I were added to three different mixtures of por-
phyrin standards. The concentrations of Uro I,
Copro III, and Proto IX were determined with Hepta
I and Copro I present in the standard mixtures and
compared with the actual concentrations.

The concentrations of Uro I, Copro III, and Proto
IX in 10 different fecal extracts also were calculated
with the spectro8uorometric method and compared
with concentrations calculated with the HPLC
method. Fecal extracts prepared for HPLC analysis
were diluted 100-fold prior to spectro8uorometric
analysis.

Statistical Analysis

A multivariate analysis of variance model (PROC
GLM, MANOVA; SAS) was used to evaluate the
contribution of the addition of Hepta I and Copro I to
the standard porphyrin mixtures on the calculation
of the concentrations of Uro I, Copro III, and Proto
IX. One-tailed contrasts (PROC GLM, CONTRAST;
SAS) were used to evaluate how Hepta I and Copro
I contributed to the calculated concentrations of Uro
I, Copro III, and Proto IX independently. Differences
in concentrations of the porphyrins in the fecal ex-
tracts determined with the HPLC and spectro-
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8uorometric methods were evaluated with paired
t tests. Results were determined to be signi7cant at
P(0.05. Statistical analyses were accomplished
with SAS Statistical Software, SAS Institute, Cary,
North Carolina (MANOVA) and Microsoft Excel
(Microsoft Corp., paired t tests).

RESULTS

Measurement accuracy with our HPLC system
was evaluated and monitored by running porphyrin
standards prior to and during sample analysis. An
aliquot of a chromatographic marker kit solution
(6 N HCl) was used for each porphyrin standard.
Differences in porphyrin recoveries obtained from
standards run prior to and during sample analysis
were within 11% for all porphyrins of the chromato-
graphic marker kit.

Extraction ef7ciencies were evaluated by process-
ing aliquots of porphyrin standard solutions and
fecal samples spiked with aliquots of porphyrin stan-
dard solutions through the extraction procedure.
Mean recoveries for all porphyrins for the methods
standards tests ranged from 70 to 82% (Table 1a).
Mean recoveries for all porphyrins for the sample
spike tests ranged from 62 to 189% (Table 1b).

The pairs of excitation}emission wavelengths
chosen for this study were 407}592 nm for Uro I,
397}591 nm for Copro III, and 410}610 nm for Proto
IX. These wavelength pairs provided the most dis-
criminating 8uorescence signals for each of the three
TABLE 1
Mean Extraction EfAciencies Determined by (a) Process-

ing an Aliquot of a Standard Chromatographic Marker Kit
Solution (Porphyrin Products, Logan, UT) through the
Extraction Procedure and (b) Applying an Aliquot of
a Standard Chromatographic Marker Kit Solution to
a Fecal Sample Prior to Processing through the Extraction
Procedure

Mean percentage nanomoles recovereda

Nanomoles
applied Uro I Hepta I Hexa I Penta I Copro I

ab 1 77 70 82 74 76

bc 9 69 76 77 68 66
6 72 118 79 70 71
3 62 189 123 84 140

an"2 for both method standards (a) and sample spike (b) tests.
b1.0 nmol porphyrins in an aliquot of 6.0 N HCl treated as

a sample and processed through the extraction procedure.
c9.0, 6.0, and 3.0 nmol porphyrins in an aliquot of 6.0 N HCl

added to each 1.0-g portion of fecal sample prior to processing
through the extraction procedure.
porphyrins. The percentage differences between the
actual and the measured concentrations of Uro I and
Copro III were within 18% for all four trials, how-
ever, the concentration of Proto IX was consistently
underestimated, with the percentage differences
ranging from 27 to 60% (Table 2). In the two mix-
tures containing no Uro I and Copro III, erroneous
detection of these two porphyrins occurred. The per-
centage differences between the actual and the mea-
sured concentrations for Uro I with the wavelength
pairs reported by Grandchamp et al. (1980) were
within 18% for all four trials, however, the percent-
age differences between the actual and the mea-
sured concentrations of Copro III and Proto IX
ranged from 3 to 110% and from 20 to 90%, respec-
tively.

The addition of Hepta I and Copro I contributed
substantially to the calculated concentrations of
Uro I and Copro III with the wavelength pairs
chosen for this study (Table 3). A MANOVA model
incorporating addition of Hepta I and Copro I as
treatment effects (no addition, treatment 1; addition
of Hepta I, treatment 2; addition of Copro I, treat-
ment 3) and concentrations of Uro I, Copro III, and
Proto IX as dependent variables was signi7cant for
treatment effects (Wilk’s Lambda, F"7.67,
P"0.0056, df"6,8). Independent contrasts re-
vealed that Hepta I contributed signi7cantly to the
calculated concentration of Uro I (F"6.16,
P"0.048, df"1,2). The contribution of Copro I to
the calculated concentration of Copro III was non-
signi7cant (F"0.47, P"0.512, df"1,2). Hepta I
had minimal effect on the calculated concentration of
Copro III (P"0.822) and, likewise, Copro I had no
effect on the calculated concentration of Uro I
(P"0.726). Also, addition of Hepta I and Copro I to
the porphyrin mixtures had no effect on the cal-
culated concentrations of Proto IX (P"0.765 and
P"0.929, respectively). Qualitative assessment of
the spectral scans of all 7ve porphyrins also con7rmed
these results. Both the excitation and the emission
spectra of Hepta I and Copro I were nearly identical
in position to the those of Uro I and Copro III,
respectively, (Figs. 1 and 2).

Ten fecal extracts prepared for HPLC analysis
were diluted 100-fold and the concentrations of Uro
I, Copro III, and Proto IX were calculated with the
spectro8uorometric method. For all samples, except
for one value for Uro I, the concentrations of the
three porphyrins were overestimated signi7cantly
by the spectro8uorometric method (Uro I,
P"0.0011; Copro III, P"0.000002; Proto IX,
P\0.0010), (Table 4). Values for Proto IX were cal-
culated in eight samples in which Proto IX was not



TABLE 2
Accuracy of the SpectroBuorometric Method with the Wavelength Pairs Chosen for This Study

Actual (nM) Measured (nM) Percentage difference

Mixture Uro I Copro III Proto IX Uro I Copro III Proto IX Uro I Copro III Proto IX

1 25 50 75 24 41 55 4 18 27
2 60 20 40 67 22 28 12 10 30
3 40 60 20 41 60 8 3 0 60
4 80 120 40 72 106 20 10 12 50
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detected with the HPLC method. Values for Uro
I and Copro III also were calculated for samples in
which these porphyrins were not detected with the
HPLC method. Ratios for the measured concentra-
tions of porphyrins in the 10 samples with the spec-
tro8uorometric method were different from the
ratios of the concentrations determined with the
HPLC method.

The contribution of 8uorescent matrix constitu-
ents in the fecal extracts to the measured concentra-
tions of the porphyrins was qualitatively assessed by
comparing spectral scans of whole fecal extracts
with chromatographic results from HPLC. The spec-
tro8uorometric emission scan of a whole fecal ex-
tract revealed a broad 8uorescence signal that
merged with the porphyrin peak. All of the HPLC
chromatograms for the fecal samples analyzed for
this study contained material that eluted prior to the
porphyrins. This component of the eluate was frac-
tion-collected during HPLC analysis, dried under
a stream of air, and reconstituted in 1.0 N HCl for
spectro8uorometric analysis. The spectro8uoromet-
ric emission scan of the fractioned component re-
vealed a peak similar to the broad 8uorescence
signal observed in the whole fecal extract emission
scan.
TABL
Effect of the Addition of Heptacarboxylate Porphyrin I (a) an

on the Calculated Concentrations of Uroporphyrin I, Coprop
Pairs Chosen for This Study

Actual (nM)

Mixture Uro I Copro III Proto IX

a 1 0 83 333
2 125 0 292
3 104 313 0

Mixture Uro I Copro III Proto IX
b 1 0 83 333

2 125 0 292
3 104 313 0
DISCUSSION

The use of the spectro8uorometric method with
the pairs of excitation}emission wavelengths chosen
for this study resulted in relatively high accuracy for
the determination of Uro I and Copro III in mixtures
of porphyrin standards at concentrations ranging
from 20 to 120 nM; differences between the actual
and the measured concentrations were within 18%.
Consistently lower accuracy was observed for Proto
IX at concentrations ranging from 8 to 55 nM, with
differences between actual and measured concentra-
tions ranging from 27 to 60%. Although use of the
wavelength pairs chosen for this study resulted in
higher accuracy on average than use of the
wavelength pairs reported by Grandchamp et al.
(1980), the low accuracy associated with the deter-
mination of the concentration of Proto IX precludes
the use of the method for sensitive evaluation of the
concentration of Proto IX relative to the concentra-
tions of Uro I and Copro III. Furthermore, because of
the lower accuracy associated with Proto IX, estima-
tion of total porphyrins (Uro I, Copro III, and Proto
IX combined) also would be suspect.

HPLC analysis showed that Hepta I and Copro I,
as well as Uro I, Copro III, and Proto IX, were critical
E 3
d Coproporphyrin I (b) to Mixtures of Porphyrin Standards
orphyrin III, and Protoporphyrin IX with the Wavelength

Measured (nM)

Hepta I Uro I Copro III Proto IX

83 154 129 271
83 264 50 226
83 243 307 0

Copro I Uro I Copro III Proto IX
83 1 169 323
83 162 78 264
83 130 413 0



FIG. 1. Overlay of the excitation spectral scans of uroporphyrin I, heptacarboxylate porphyrin I, coproporphyrin I, coproporphyrin III,
and protoporphyrin IX. The excitation peaks of heptacarboxylate I and coproporphyrin III are nearly identical in position
to those of uroporphyrin I and coproporphyrin III, respectively.
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in de7ning the porphyrin pro7le in fecal samples of
river otters. The results of this study demonstrate
that the presence of Hepta I and Copro I contribute
substantially to the calculated concentrations of
Uro I and Copro III, respectively, using the spectro-
8uorometric method. Furthermore, because the
emission spectra of Hepta I and Copro I are nearly
FIG. 2. Overlay of the emission spectral scans of uroporphyrin I, h
and protoporphyrin IX. The emission peaks of heptacarboxylate I an
uroporphyrin I and coproporphyrin III, respectively.
identical in position to the emission spectra of Uro
I and Copro III, respectively, this method lacks the
selectivity necessary for more diagnostic studies in
which determination of the individual concentra-
tions of Uro I, Hepta I, Copro I, and Copro III may be
critical in identifying changes in the porphyrin pro-
7le. For example, heptacarboxylate porphyrin
eptacarboxylate porphyrin I, coproporphyrin I, coproporphyrin III,
d coproporphyrin III are nearly identical in position to those of



TABLE 4
Comparison of HPLC and SpectroBuorometric Methods for the Determination of Porphyrin Concentrations in 10 Fecal

Samples of River Otters from Prince William Sound, Alaska

HPLC method (lM) Spectro8uorometric method (lM)

Sample Uro I Copro III Proto IX Uro I Copro III Proto IX

C004 0 0.400 0 167 1144 811
C108 0.134 0.716 0 359 981 85
C031 0 0 0 148 409 168
C011 0.460 0.290 0 144 830 408
C063 0.120 2.052 0 63 1153 738
HB23 0.974 2.122 0 0 1100 1100
KI12 0 0.824 0 78 1132 944
HB04 0.406 1.022 4.441 193 937 874
HB01 0.176 0.318 1.264 267 647 213
DI02 0 0 0 126 595 265

Note. Fecal sample extracts prepared for HPLC analysis (500 lL) were diluted 100-fold prior to spectro8uorometric analysis. The
detection limit for the HPLC method was approximately 10 pmol/500 lL (0.020 lM).
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contributed signi7cantly to the porphyrin pro7les in
embryo hepatocytes of chickens after exposure to
PCBs (Lorenzen et al., 1997). Also, in instances
when uroporphyrinogen synthetase is de7cient or
inhibited, the type I isomer of uroporphyrin may be
produced, which, in turn, may result in the accumu-
lation of Copro I (DeMatteis and Lim, 1994).

The spectro8uorometric assay was not appropri-
ate for the determination of the amounts of por-
phyrins in the fecal samples of river otters.
Fluorescent components of the fecal matrix resulted
in elevated and erroneous values for the concentra-
tions of Uro I, Copro III, and Proto IX. Qualitative
analysis of the emission spectra of whole fecal ex-
tracts showed a 8uorescence signal extending from
430 to 600 nm, which merged with the porphyrin
peak and most likely contributed to erroneous
values. That peak corresponded to the emission
spectrum of a matrix compound evident as a peak on
the HPLC chromatogram that was fraction-collected
and analyzed on the spectro8uorometer. This com-
pound could be partially removed by addition of a di-
lute methanol wash through the C-18 Sep Pak
cartridges to the solid-phase extraction}isolation
procedure (results not shown). Although the devel-
opment of more extensive extraction procedures may
facilitate the separation of porphyrins from other
matrix components, this would preclude the use of
the spectro8uorometric assay for rapid and cost-ef7-
cient analysis of porphyrins.

The HPLC method described in this study is an
alternative to the spectro8uorometric assay and is
relatively rapid and sensitive for quantifying the
porphyrins that typically de7ne the porphyrin pro7le
of biological samples. The solid-phase extraction}
isolation step to isolate porphyrins from the river
otter fecal samples was developed primarily for
sample concentration. Attempts to separate por-
phyrins from all of the matrix components with the
C-18 Sep-Pak cartridges were problematical because
the same solvent systems necessary for eluting all of
the porphyrins from the cartridges also were those
that facilitated the removal of the fecal matrix com-
ponents. The 8uorescent matrix components present
in the 7nal eluate, however, did not interfere
with HPLC separation and quanti7cation of
porphyrins.

The HPLC conditions described in this study, in-
corporating the use of an inexpensive 3-cm-long col-
umn and short (6-min) run time with 5-min column
reequilibration, facilitates rapid separation and
identi7cation of porphyrins. The type I and type III
isomers of coproporphyrin were discriminated read-
ily by this method. This HPLC method may serve as
a rapid alternative to the spectro8uorometric assay
for samples from wildlife containing signi7cant in-
terfering, 8uorescent constituents and porphyrins
other than Uro I, Copro III, and Proto IX, which
contribute to the porphyrin pro7le.

ACKNOWLEDGMENTS

This study was funded in part by the University of Alaska
Fairbanks Natural Resource Fund, The Institute of Arctic Biol-
ogy, and the Exxon Valdez Oil Spill (EVOS) Nearshore Vertebrate
Predator Project funded by EVOS Trustees. The authors also



HPLC/SPECTROFLUOROMETRIC COMPARISON 63
kindly thank T. B. Toivanen for technical assistance with the
spectro8uorometric analysis.

REFERENCES

Ben-David, M., Bowyer, R. T., Duffy, L. K., Roby, D. D., and
Schell, D. M. (1998). Social behavior and ecosystem processes:
River otter latrines and nutrient dynamics of terrestrial vegeta-
tion. Ecology 79, 2567}2571.

Blajeski, A., Duffy, L. K., and Bowyer, R. T. (1996). Differences in
faecal pro7les of porphyrins among river otters exposed to the
Exxon Valdez oil spill. Biomarkers 1, 262}266.

Bowers, M. A., Aicher, L. D., Davis, H. A., and Woods, J. S. (1992).
Quantitative determination of porphyrins in rat and human
urine and evaluation of urinary porphyrin pro7les during mer-
cury and lead exposures. J. Lab. Clin. Med. 120, 272}281.

Bowyer, R. T., Testa, J. W., Faro, J. B., Schwartz, C. C., and
Browning, J. B. (1994). Changes in diets of river otters in Prince
William Sound, Alaska: Effects of the Exxon Valdez oil spill.
Can. J. Zool. 72, 970}976.

Bowyer, R. T., Testa, J. W., and Faro, J. B. (1995). Habitat
selection and home ranges of river otters in a marine environ-
ment: Effects of the Exxon Valdez oil spill. J. Mammal. 76,
1}11.

Daniell, W. E., Stockbridge, H. L., Labbe, R. F., Woods, J. S.,
Anderson, K. E., Montgomery Bissel, D., Bloomer, J. R., Ellef-
son, R. D., Moore, M. R., Pierach, C. A., Schreiber, W. E.,
Tefferi, A., and Franklin, G. M. (1997). Environmental chemical
exposures and disturbances of heme synthesis. Environ Health
Perspect. 105, S37}S53.

DeMatteis, F., and Lim, C. K. (1994). Porphyrins as ‘‘nondestruc-
tive’’ indicators of exposure to environmental pollutants. In
‘‘Nondestructive Biomarkers in Vertebrates’’ (M. C. Fossi and
C. Leonzio, Eds.) pp. 93}128. Lewis, Boca Raton, FL.
Fossi, M. C., Casini, S., and Marsili, L. (1996). Porphyrins in
excreta: A nondestructive biomarker for the hazard assessment
of birds contaminated with PCBs. Chemosphere 33, 29}42.

Fossi, M. C., Savelli, C., Casini, S., Franchi, E., Mattei, N., and
Corsi, I. (1997a). Multi-response biomarker approach in the
crab Carcinus aestuarii experimentally exposed to
benzo(a)pyrene, polychlorobiphenyls and methyl-mercury. Bio-
markers 2, 311}319.

Fossi, M.C., Marsili, L., Junin, M., Castello, H., Lorenzani, J. A.,
Casini, S., and Savelli, C. (1997b). Use of nondestructive bio-
markers and residue analysis to assess the health status of
endangered species of pinnipeds in the South-West Atlantic.
Mar. Poll. Bull. 34, 157}162.

Grandchamp, B., Deybach, J. C., Grelier, M., Deverneuil, H., and
Nordmann, Y. (1980). Studies of porphyrin synthesis in 7brob-
lasts of patients with congenital erythropoietic porphyria and
one patient with homozygous coproporphyria. Biochim. Bi-
ophys. Acta 629, 577}586.

Kennedy, S. W., Wig7eld, D. C., and Fox, G. A. (1986). Tissue
porphyrin pattern determination by high-performance liquid
chromatography. Anal. Biochem. 157, 1}7.

Kennedy, S. W., and Fox, G. A. (1990). Highly carboxylated
porphyrins as a biomarker of polyhalogenated aromatic
hydrocarbon exposure in wildlife: Con7rmation of their
presence in Great Lakes Herring gull chicks in the early 1970s
and important methodological details. Chemosphere 21,
407}415.

Lorenzen, A., Kennedy, S. W., Bastien, L. J., and Hahn,
M. E. (1997). Halogenated aromatic hydrocarbon-mediated
porphyrin accumulation and induction of cytochrome P4501A
in chicken embryo hepatocytes. Biochem. Pharmacol. 53,
373}384.

Wehry, E. L. (Ed.) (1981). ‘‘Modern Fluorescence Spectroscopy.’’
Plenum, New York.


	INTRODUCTION
	METHODS
	RESULTS
	TABLE 1
	TABLE 2

	DISCUSSION
	TABLE 3
	TABLE 4
	FIGURE 1
	FIGURE 2

	ACKNOWLEDGMENTS
	REFERENCES

