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Background: The precursors for heme, 5-aminolevulinic acid (ALA) and
porphobilinogen (PBG), are elevated in the urine of patients during an attack of one of
the acute porphyrias. ALA and PBG can be measured directly by liquid chromatography
tandem mass spectrometry (LC-MS/MS) without derivatization. However, ion suppression
can severely reduce the sensitivity. The aim was to develop a robust LC-MS/MS method
for measuring ALA and PBG without the need for derivatization.

Methods: In the method described here, silica Solid Phase Extraction (SPE) cartridges
are used to remove the ion interferences from urine samples prior to LC-MS/MS. The
isotopic internal standards, '*C,'*N-ALA and "*C,-PBG, were added to urine samples. The
samples were then diluted in water, eluted through the silica SPE cartridges, diluted
further with acetonitrile, and analysed by LC-MS/MS with a silica HPLC column.

Results: The ALA and PBG signals were significantly increased after elution of urine
through silica SPE cartridges. The Coefficients of Variation (CVs) were typically < 8.5%,
and recoveries ranged from to 107% to 112%. The lower limit of quantitation was 1.4
umol/L for ALA and 1.0 umol/L for PBG.

Conclusion: Ion interferences were difficult to separate from ALA and PBG using
standard chromatography conditions. However, silica SPE cartridges were effective
at removing ion suppression, therefore improving the sensitivity and reliability of the
method.

Keywords: Acute Porphyria; 5-Aminolevulinic Acid; lon Suppression; LC-MS/MS;
Porphobilinogen; Silica SPE

Introduction

The precursors, 5-Aminolevulinic

Acid

(ALA) and ALA and PBG have previously been measured by colorimetric

Porphobilinogen (PBG), are involved in the heme biosynthetic
pathway. ALA and PBG concentrations are elevated in urine and
plasma during an attack of the acute porphyrias, such as Acute
Intermittent Porphyria (AIP), or porphyria Variegata (VP) and are
used as markers to screen for these conditions [1-4]. Urinary ALA

can also be elevated in cases of lead poisoning [5,6].

methods usingion chromatography and complexation with Ehrlich’s
reagent [7,8], by High Performance Liquid Chromatography
(HPLC) [9], and more recently by liquid chromatography mass
spectrometry (LC-MS/MS)
ALA and PBG colorimetrically using a kitset method. However,

[1,2,10]. We previously measured

colorimetric methods have lower sensitivity and specificity than
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mass spectrometry methods which can lead to falsely elevated
results, especially at lower concentrations [1,11].

The main problem with measuring ALA and PBG in urine is loss
of signal from ion suppression. lon suppression is typically caused
by the presence of non-volatile substances in the sample matrix
that affect the ionization of the analytes and can dramatically
decrease the sensitivity in mass spectrometry [12,13]. Urinary
ALA and PBG have previously been measured by LC-MS/MS either
directly [1] or with pre-column derivatization [10,14]. Benton et
al. [1] described a method that reported to separate ALA and PBG
in urine from ion interferences without the need for pre-column
sample clean-up. However, their method required unorthodox
chromatography conditions, including an injection volume of 100
uL and a high flow rate of 1 mL/minute through a 50 mm long HILIC
HPLC column with a 2.1 mm internal diameter, as well as solvent
splitting post column before entering the mass spectrometer [1].
These conditions could potentially overload the column and lower
the life of the column. There is a need for a more robust LC-MS/
MS method to measure ALA and PBG directly using standard
chromatography conditions that can be replicated in any clinical
laboratory. We describe an efficient and reliable LC-MS/MS method
for the direct measurement of urinary ALA and PBG that uses silica
Solid Phase Extraction (SPE) cartridges to effectively address the

problem of ion suppression.

Materials and Methods

Reagents

Acetonitrile was purchased from Merck (Darmstadt, Germany).
Ammonium formate, 5-aminolevulinic acid, and porphobilinogen
were purchased from Sigma (St Louis, MO, USA). '3C,'*N-5-
Aminolevulinic acid (HCI) was obtained from BDG Synthesis
(Wellington, NZ), and "C,-porphobilinogen was purchased from
IsoSciences (Ambler, PA, USA).

Standards

Calibration standards containing ALA and PBG in lyophilized
urine were obtained from Recipe (Munich, Germany) and diluted in
distilled water to make 6 calibration points for routine assays. Urine
was also spiked with pure ALA and PBG (Sigma) to investigate the
linear range of the assay. A working internal standard containing
100 pmol/L of both C,-PBG and "C,"*N-5-ALA was prepared in
distilled water.

Sample Extraction

In a 1.5 mL microcentrifuge tube, 500 pL of distilled water, 50
uL of urine, calibration standard, or control, and 10 pL of internal
standard (containing 100 upmol/L "C,"N-ALA and "C,-PBG)
was added, and the samples were vortex mixed for 20 seconds.
The samples were then eluted through Strata SI-1 silica (55
um, 70 A, 100 mg mL?) SPE cartridges (Phenomenex, CA, USA).

Fifty microlitres of the eluent was then extracted into 300 pL of
acetonitrile. The samples were then vortexed, centrifuged at 13,000
x g for 5 minutes, then transferred to HPLC vials and capped for

analysis.

LC-MS/MS

Samples were analysed using an Agilent 6490 mass
spectrometer connected to an Agilent 1290 Infinity HPLC system.
A Luna silica 50 x 3 mm, 3 pm (Phenomenex) with a silica guard
column was used for the separation. The injection volume was 10
uL, and the injector wash solvent was from a wash vial containing
distilled water. The column was maintained at room temperature
(approximately 250°C). Mobile phase A consisted of 95% water and
5% acetonitrile containing 10 mmol/L ammonium formate. Mobile
phase B contained 95% acetonitrile, 5% water, and 10 mmol/L
ammonium formate. The flow rate was 0.3 mL/min and the flow
was diverted to waste for the first 5 min of the gradient run. The
gradient started at 7% A (93% B) and went to 10% A (90% B)
over 3 min, then stepped to 20% A (80% B) at 3.1 min and stayed
there until 6 min. Then the gradient stepped up to 50% A (50% B)
at 6.1 min and went to 70% A (30% B) at 10 min. At 10.1 min the
gradient went back to starting conditions 7% A (93% B) until 12
min. Mass spectrometry was carried out in positive ion mode using
Electrospray lonisation (ESI). The gas Temperature was 250°C, the
gas flow rate was 14 1/min, the nebulizer pressure was 20 psi, the
sheath gas flow rate was 11 1/min, the capillary voltage was 3000
V, and the nozzle voltage was set to 1500 V. The fragmentor voltage
was set to 380 V, the cell accelerator voltage was set to 5 V, and
the dwell times were set to 200 ms. ALA and PBG were detected
using Multiple Reaction Monitoring (MRM). The resolution was set
to enhanced for PBG and **C,-PBG and unit for ALA and **C,"*N-5-
ALA. The MRM mass transitions for quantifier and qualifier ions
and collision energies are shown in Table 1. To investigate the effect
of ion suppression on the ALA and PBG signals, the same urine
sample was compared with and without elution through silica
SPE cartridges while undergoing the same dilutions. In order to
evaluate the loss of ALA and PBG on the silica SPE cartridges, a 100
umol/l aqueous standard containing no matrix interferences was
both eluted through a silica SPE cartridge and not eluted through
an SPE cartridge. The recovery of ALA and PBG was calculated by
the ratio of the peak areas.

Table 1: Mass spectrometry parameters.
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Compound Precursor Ion Productlon CE (V)
ALA Quantifier 132.1 86 11
ALA Qualifier 132.1 68 20

B3C,"N-ALA  Quantifier 135.1 89 11

BC,SN-ALA  Qualifier 135.1 71 20
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PBG Quantifier 210.1 122 24

PBG Qualifier 210.1 94 30

13C,-PBG Quantifier 212.1 122 24

13C,-PBG Qualifier 212.1 94 30
Method Validation

To evaluate precision and accuracy, a normal random urine
sample was spiked with 0, 5, 50, and 200 umol/1 ALA (Sigma) and
0,5, 20, and 50 umol/L PBG (Sigma). Five replicates of each of the 4
different concentration levels were analysed for ALA and PBG over
three separately calibrated runs. The low and a high lyophilised
urine Quality Control (QC) material purchased from Recipe were
analysed with each batch and the results were evaluated after 5
runs. The LC-MS/MS method was compared with ALA and PBG
results obtained using the BioRad (CA, USA) colorimetric method
for 10 urine samples with a varied concentration range from the
Royal College of Pathologists of Australasia quality assurance

program.
Results
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Figure 1:
(A) MRMs of ALA and *C,”N-ALA, and

(B) PBG and “*C,-PBG in a urine sample containing 89.9
umol/1 ALA, 14.7 umol/1 PBG and internal standard. PBG
elutes at 7.9 min, and ALA elutes at 8.1 min The LC-MS/
MS conditions were the same for each injection.

The use of silica SPE cartridges to remove the ion suppression
significantly increased the size of the ALA and PBG peaks in urine
samples, despite the silica solid phase removing some of the ALA
and PBG (Figure 1). The recovery from a 100 umol/L aqueous
standard was 75% for ALA and 85% for PBG after elution through
the SPE cartridges (Figure 2). With the dwell times set to 200
ms and the resolution set to “enhanced” for PBG and the internal
standard ("*C,-PBG), there was no detectable interference caused
by the small mass difference (2 Da) or cross-talk in the PBG MRM
after injecting 100 pmol/L "*C,-PBG. However, there was some
minor interference (<1.5%) observed in the *C,-PBG MRM when a
high PBG standard (100 pmol/L) was injected.
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Figure 2: The effect of SPE for 100 pmol/l aqueous
ALA and PBG standards. The dashed line represents
chromatograms from standards which have been through
the silica SPE cartridges. The solid lines were standards
that were not eluted through SPE cartridges but underwent
the same dilutions. The mass transitions shown are 132 —
86 for ALA, and 210 — 122 for PBG.

Method Validation

Carry-Over and LLOQ: Carry-over was a problem for the
measurement of PBG with an autosampler wash solvent containing
high organic solvent. Therefore, the autosampler needle was rinsed
from a wash vial containing distilled water. The Lower Limit of
Quantitation (LLOQ) for ALA (defined as the concentration where
the imprecision was < 20%) was 1.4 umol/l. The LLOQ for PBG was
1.0 pmol/1.

Linearity: The r? for the ALA calibration curve was 0.998 and
the r? for the PBG calibration curve was 0.999. Results from spiked
urine showed that the assay was linear up to at least 360 umol/l
ALA, and 200 pmol/1 PBG.

Precision and Accuracy: The between batch Coefficient of
Variation (CV) for ALA ranged from 2.5% to 6.2%, the within batch
CVs for ALA ranged from 2.5 to 8.4%, and the recoveries ranged
from 110 to 112%. The between batch CVs for PBG ranged from
1.5% to 20% (near the LLOQ), the within batch CV for PBG ranged
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from 2.3% to 4.1%, and the recoveries ranged from 107 to 110%
(see Table 2). CVs below 15%, and recoveries of 100% (+15%)
were considered acceptable. The Recipe QCs were all within the
acceptable ranges provided by the manufacturer. Over 5 separate
runs, the ALA low QC mean was 30.4 pmol/L (ref value 32.3
(acceptable range 24.2 - 40.4) pmol/L), the high ALA QC was 131.5

Table 2: Precision and accuracy for ALA and PBG.

umol/L (ref value 142 (113 - 170) umol/L), the low PBG QC was
6.5 pmol/L (ref value 7.9 (5.5 - 10.3) umol/L), and the high PBG QC
was 74.8 pmol/L (ref value 69.7 (52.3 - 87.1) umol/L). The between
batch CVs for the Recipe controls were < 3.2% for ALA and < 5.2%
for PBG.

Mean ALA (pmol/L) Between batch CV% Within batch CV% Recovery%
16.5 6.2 8.4
221 29 5.6 112
72.4 3.6 2.5 112
235.5 2.5 7.7 110
Mean PBG (pmol/L)
1.0 20.0 35
6.4 1.5 4.1 107
23.0 4.9 3.2 110
55.6 7.1 2.3 109

Method Comparison: The results comparing the LC-MS/MS
method with the colorimetric method are shown in Table 3. There
was a strong correlation between the methods for both ALA (r? =
0.994) and PBG (r? = 0.985). Passing-Bablok analysis indicated that

Table 3: Method comparison.

the ALA (y = 1.098x - 0.1) results had a positive bias for LC-MS/
MS but were not significantly different for PBG (y = 0.962x - 0.2)
compared to the colorimetric method.

ALA pmol/L Colorimetric ALA jmol/L PBG pmol/I Colorimetric PBG pmol/I IC-MS/MS
LC-MS/MS
Sample 1 335 363 205 198
Sample 2 24 22 4 6
Sample 3 136 132 73 71
Sample 4 54 57 27 25
Sample 5 52 58 24 25
Sample 6 209 231 120 116
Sample 7 98 122 52 49
Sample 8 22 23 6 4
Sample 9 111 126 62 50
Sample10 107 119 191 203
Discussion reversed phase SPE cartridges. While Benton et al. [1] separated

There are few reported methods for the measurement of ALA
and PBG in urine by LC-MS/MS. Most of these methods involve
sample clean-up and/or derivatization to deal with the problem of
ion suppression. Derivatization methods require extensive sample
preparation [10,14]. Zhang et al. performed SPE using Waters Oasis
HLB polymer reversed phase cartridges, and butylated ALA and PBG
prior to analysis by LC-MS/MS [10]. Floderus et al. [14] derivatized
the amino groups on ALA and PBG with phenylisothiocyanate to
measure them in serum by LC-MS/MS. Ford et al. [15] measured
PBG by LC-MS/MS without the need for derivatization, but
performed a sample clean-up step with Waters Oasis HLB polymeric

ALA and PBG from the matrix interferences chromatographically,
we found that when using standard chromatography conditions,
ion suppression still hindered the detection of ALA and PBG, and
some form of pre-column sample clean-up was required. Relying
on the HPLC column to separate analytes from the urine matrix
interference can make the method less reliable because small
changes to the chromatography may lead to a severe loss in signal
for ALA and PBG. The commercially available isotopes, **C,**N-5-
aminolevulinic acid (HCI) (**C,*N-ALA) and *C,-porphobilinogen
(**C,-PBG), were used as internal standards in the current method.
Ford et al. also used **C,-PBG as the internal standard to measure
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PGB [15], and Zhang et al. [10] used the isotopic internal standards
3C,-PGB and "*C,*N-ALA for the analysis of ALA and PBG by LC-
MS/MS. The internal standard used by Benton et al. [1] (6-amino-
5-oxohexanoic acid) is not readily available and is structurally
different to both ALA and PBG.

Comparing the mass spectrometer signal for a biological
sample such as urine with an aqueous standard is an effective
way to investigate the effect of ion suppression from the sample
matrix on the sensitivity [13]. The peak areas for both ALA and
PBG were much lower without removing the interfering substances
in the sample matrix. However, this interference was effectively
removed by elution of diluted urine in an aqueous phase through
silica SPE cartridges prior to LC-MS/MS. This suggests that the
ion interference present in urine is likely to be caused by strongly
hydrophilic cations such as sodium and potassium. ALA and PBG
also have an affinity for silica, and this has been demonstrated by
the use of a silica HPLC column for the chromatographic separation.
However, in a completely aqueous medium, ALA and PBG are not
well retained by the silica SPE cartridges and mostly elute straight
through, whereas the ion interferences in urine appear to have a
stronger affinity for silica and are effectively removed from the
samples. The apparent analyte loss (of approximately 25% of
ALA, and 15% of PBG) during sample clean-up is relatively minor
compared to the loss in signal from ion suppression. To account for
these analyte losses, the assay relies on the use of isotopic internal

standards for reliable quantitation.

Conclusion

The LC-MS/MS method described here measures ALA and PBG
in urine directly without the need for pre-column derivatization,
uses commercially available isotopic internal standards, and does
not suffer from low sensitivity due to matrix interferences. This
method is relatively simple and produces results with acceptable
accuracy and precision, and can be employed in any laboratory
with LC-MS/MS to measure urinary ALA and PBG for aiding the
diagnosis of porphyrias such as AIP and VP.
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