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A new analytical method suitable for high throughput measurements of LTE4 in human urine is described.
The methodology utilizes on-line enrichment and liquid chromatography/tandem mass spectrometry
(LC/MS/MS). The novel LC/MS/MS method is rapid, linear from 5 to 500 pg/ml in spiked urine samples
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of both healthy and asthmatic subjects and more accurate and precise than enzyme immunoassay (EIA)
and previous LC/MS/MS methods. Results from sample integrity experiments and preliminary values of
urinary LTE4 from healthy adults and children are reported.
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. Introduction

Lipid mediators have emerged as key players in asthmatic
nflammation and are specific targets for asthma therapy to
mprove symptoms, lung function, and disease control [1]. The best
haracterized in the context of asthma, the cysteinyl leukotrienes
i.e., LTC4, LTD4, LTE4: “cysLT”), are potent mediators of bron-
hoconstriction and inflammation in asthma and have become
argets for asthma therapy. Our data, and that of others, has shown
hat the measurement of leukotriene-E4 (LTE4) in human urine can
otentially be used to predict asthma worsening and to identify

ikely responders to leukotriene modifying medications [1–8]. The
idely used LTE4 measurement assay is an antibody-based method

hat is time-consuming and subject to high variation thereby lim-
ting its efficacy as a clinical tool. Developing an assay that is quick,
eliable and precise is a crucial step in determining the clinical

fficacy of this biomarker.

In general, two basic methods of measuring LTE4 are cur-
ently employed, antibody-based, and mass spectrometry-based.
lthough both techniques have merit, neither appears to have been

∗ Corresponding author. Tel.: +1 303 398 1964; fax: +1 303 270 2325.
E-mail address: ReisdorphN@njc.org (N. Reisdorph).

570-0232/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2009.08.011
accepted as a standardized approach and it has yet to be estab-
lished which method provides the highest degrees of sensitivity,
accuracy and precision. Critics of LTE4 immunoassays cite con-
cerns over sample loss during the sample preparation phase and
cross-reactivity of the antibody resulting in overestimation of LTE4
levels [9]. Conversely, mass spectrometry-based assays may result
in significant sample loss during sample preparation [9].

1.1. Measurement of LTE4 using immunoassay

The LTE4 immunoassay is based on the competition between
free LTE4 in the sample and an LTE4–acetylcholinesterase (AChE)
conjugate for a limited amount of LTE4 antiserum. Urine contains
impurities which can interfere with the assay, in effect competing
for LTE4 binding sites. To eliminate contaminants from the urine, it
is often subjected to an affinity purification step prior to its use in
the immunoassay. Not only is the accuracy of these methods depen-
dent on the specificity of the chosen antibody, extraction methods
and efficiencies can also vary widely, making it difficult to com-

pare values between clinical research studies. One such method
utilizes crude urine [10] and another HPLC for separation of various
leukotrienes [11], both followed by enzyme immunoassay (EIA).
Another strategy employs a peptidoleukotriene immunoaffinity
resin to reportedly simplify extraction [12,13]. An EIA kit is dis-

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:ReisdorphN@njc.org
dx.doi.org/10.1016/j.jchromb.2009.08.011
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ributed by Cayman Chemical Company (Ann Arbor, MI) and has
een utilized in clinical studies of children with asthma [13].

.2. Measurement of LTE4 using mass spectrometry

A number of mass spectrometry-based methods to measure
TE4 levels in urine have been previously employed, many of
hich employ multiple reaction monitoring (MRM) with a triple

uadrupole (QQQ) mass spectrometer. When a calibration curve
nd labeled internal standards are used, this method is often
hought to be more precise than antibody-based assays. However,
o our knowledge a direct comparison of the two methods for
uantitating LTE4 has never been published. In addition, previously
ublished methods rely on often-complex up-front enrichment
trategies that make them less suitable for adaptation to a clini-
al assay. For example, Wu et al. [14] extracted LTE4 and LTE4-d3
ith Empore membrane disks (3 M, St. Paul, MN) followed by anal-

sis using a MRM strategy. Hardy et al. [15] used solid phase
xtraction (SPE) followed by MRM. Kishi et al. [9] sought to
mprove the efficiency and speed of these methods through the
se of on-line extraction of LTE4 followed by MRM. Specifically,
column-switching/enrichment column strategy was employed
hich resulted in the concentration of the analyte on the column

nd removed salts and contaminants that could interfere with ion-
zation. The assay displayed good linearity from 10 pg/ml to 3 ng/ml
nd inter-assay precision relative standard deviation (RSD) and
ntra-assay precision (DEV) were both under 6%. We sought to
evelop a LC/MS/MS assay that could be readily adopted by clinical

aboratories based in part on these previous methods.

. Experimental

.1. Reagents

LTE4 and LTE4-d3 standards were purchased from Cayman
hemical (Ann Arbor, MI) or Biomol (Plymouth meeting, PA).
TE4 EIA and affinity sorbent and cysteinyl leukotriene purifica-
ion kits were also purchased from Cayman Chemical. Oasis HLB
Hydrophilic-Lipophilic Balanced) solid phase extraction cartridges
ere obtained from Waters (Milford, MA). Water (HPLC grade)
sed for HPLC mobile phases was obtained from Burdick and

ackson (Morristown, NJ). Acetic acid, methanol (LC/MS grade), ace-
onitrile (LC/MS grade) and ammonium hydroxide were obtained
rom Fisher Scientific (Fair Lawn, NJ). Protease inhibitor tablets
Product S8820) were purchased from Sigma–Aldrich and contain
-(2-aminoethyl)benzenesulfonyl fluoride (AEBSF), E-64, bestatin,

eupeptin, aprotinin, and EDTA.

.2. Standards and calibration curve preparation for LC/MS/MS
nalysis

An internal standard spike solution was prepared daily at
ng/ml LTE4-d3 in 50:50 methanol:water in 0.1% acetic acid and
.036% ammonium hydroxide. Calibration solutions of LTE4 were
repared from stock solutions in methanol at concentrations of 4, 8,
0, 40, 80, 200 and 400 pg/ml in 1 ml of 90:10 water:methanol and
.02% acetic acid and 0.007% ammonium hydroxide. This is equiv-
lent to 5–500 pg/ml final concentration in 800 ul of urine before
ddition of 200 ul of internal standard. Reported physiological con-
entrations of LTE4 are 10–60 pg/ml in normal subjects and up to
everal hundred pg/ml in some asthmatic patients [1,16].
.3. Sample preparation

Human urine from healthy and asthmatic volunteers was
ollected in 120 ml urine collection vesicles. Immediately after
r. B 877 (2009) 3169–3174

sample collection urine was placed in a 15–45 ml tube and cen-
trifuged at 3000 × g, for 10 min at 4 ◦C. The supernatant was
collected and placed in a new tube or subaliquoted into microfuge
tubes and frozen at −80 ◦C. Alternatively, samples were ana-
lyzed prior to freezing or were kept at 4 ◦C, room temperature,
or 30 ◦C degrees for stability assessment experiments. For sam-
ple integrity comparisons, urine was pooled from three asthmatic
subjects. Pooled urine from asthmatics was also used for accu-
racy and precision experiments. The Institutional Review Board
at National Jewish Health approved this study. Parents/guardians
provided informed consent for children less than 7 years of age
and written consent was obtained from older children and their
parents.

2.4. Purification prior to EIA analysis

2.4.1. Affinity sorbent purification
Samples were processed according to the protocol provided by

Cayman Chemical. Briefly, sorbent is provided in a microfuge tube
as a loose material with storage buffer. The sorbent is activated
and sample added. Following washing, methanol is added as an
eluant. The sample is centrifuged and the supernatant used for EIA.
Methanol eluants were stored at −80 ◦C prior to vacuum drying and
analysis by EIA.

2.4.2. Cysteinyl leukotriene purification kit (purification columns)
Sorbent is also available pre-packed in 5 or 20 ml SPE columns.

Current samples were processed using the 20 ml columns according
to the protocol provided by Cayman Chemical. Methanol eluants
were stored at −80 ◦C prior to vacuum drying and analysis by EIA.

2.4.3. Waters HLB solid phase extraction cartridges
A 10CC syringe barrel was attached to an HLB cartridge and then

attached to a vacuum SPE manifold. The cartridge was conditioned
with 2 ml of methanol followed by 2 ml of H2O at 5 ml/min. A 2 ml
aliquot of urine was adjusted to pH 4 using 10% acetic acid, and then
drawn through the extraction cartridge at 1 ml/min, followed by a
wash with 2 ml of 5% methanol at 5 ml/min. LTE4 was then eluted
from the column with 2 ml of 100% methanol, and then stored in
a 12 mm × 75 mm polypropylene snap cap tube at −80 ◦C prior to
vacuum drying and analysis by EIA.

2.4.4. Off-line reverse phase HPLC
A 900 ul aliquot of urine was injected on an Agilent 1200 series

autosampler with an isocratic pump (Pump “A”), a quaternary
pump (Pump “B”), a variable wavelength detector and analytical
scale fraction collector. The loading/wash buffer on Pump A was
1:1 methanol:H2O with 10 mM ammonium acetate with a flow
rate of 1 ml/min. For Pump B Buffer A was 10 mM ammonium
acetate in H2O and Buffer B was 10 mM ammonium acetate in
methanol. Gradient conditions for Pump B were as follows: iso-
cratic at 70% B from 0 to 6 min, 100% B from 6.01 to 10 min, 70%
B from 10.01 to 15 min. The column-switching valve was switched
to redirect the flow from Pump B to backflush the enrichment col-
umn onto the analytical column from 3.01 to 10 min. The fraction
collector was set to collect from 5.51 to 6.5 min. The sample was
stored in a 12 mm × 75 mm polypropylene snap cap tube at −80 ◦

C prior to vacuum drying and analysis by EIA. The enrichment
column was an Agilent SB-C18 4.6 mm × 15 mm 3.5 um, and the
analytical column was an Agilent Eclipse XDB-C18 4.6 mm × 50 mm
1.8 uM.
2.5. Sample preparation prior to LC/MS/MS analysis

For LC/MS/MS, 800 ul of supernatant from centrifuged urine
was placed in an autosampler vial and 200 ul of internal stan-
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∼150,000 for 500 pg/ml samples (data not shown). Response val-
M. Armstrong et al. / J. Chro

ard spike solution was added, giving a final concentration of
00 pg/ml of LTE4-d3. The sample was vortexed for 5 s and loaded
irectly on to the LC/MS/MS system using the HPLC method out-

ined below.

.6. Enzyme immunosorbent assay (EIA)

Prior to EIA analysis, the methanol eluants were dried in a vac-
um centrifuge. EIA was performed by Cayman Chemical Company
ccording to the product insert. Urine samples were also sent to
ayman Chemical (Ann Arbor, MI) for analysis, which was con-
ucted using an EIA for LTE4.

.7. High performance liquid chromatography

Liquid chromatography was carried out using an Agilent 1200
eries HPLC equipped with a quaternary pump (Pump “A”), a
inary pump (Pump “B”), an autosampler with thermostat, and a
olumn heating compartment with switching valve (Agilent Tech-
ologies, Palo Alto, CA). Buffer A was 0.02% acetic acid in HPLC
ater adjusted to pH 5.6 with ammonium hydroxide (about 0.007%

mmonium hydroxide), and Buffer B was 0.02% acetic acid and
.007% ammonium hydroxide in 100% acetonitrile. Gradient con-
itions for Pump A were as follows: 5% B from 0 to 1 min, 30% B
rom 1.01 to 4.5 min, 100% B from 4.51 to 7 min, 5% B from 7.01
o 14 min. Gradient conditions for Pump B were as follows: 30% B
rom 0 to 3 min, 35% B from 3.01 to 4.5 min, 35 to 38% B from 4.5
o 11 min, and 38% B from 11 to 14 min. 900 ul of the prepared
rine was injected onto the enrichment column for concentra-
ion/purification followed by backflushing and separation on the
nalytical column using the gradient conditions described above.
he column-switching valve was switched to redirect the flow from
ump B to backflush the enrichment column onto the analytical col-
mn from 3 to 4.5 min. Flow rates were 1 ml/min for Pump A and
.15 ml/min for Pump B. The enrichment column was an Extend
18 4.6 mm × 12.5 mm 5 uM guard cartridge (Agilent Technolo-
ies, Palo Alto, CA). The analytical column was an Agilent Eclipse
8 column (2.1 × 50 mm) with a 1.8 uM particle size fitted with
n Eclipse C8 2.1 mm × 12.5 mm 5 uM guard column operated at
0 ◦C.

.8. Tandem mass spectrometry and MRM

Detection of LTE4 was accomplished using an Agilent 6410 triple
uadrupole mass spectrometer (QQQ) coupled to a positive electro-
pray ionization source. The HPLC column effluent was diverted to
aste until 10 min, and then diverted to the electrospray source
uring the elution of LTE4 from 10.01 to 13 min. Heated (300 ◦C)
rying gas flowing at 10 l/min, with a nebulizer pressure of 15
SIG, was used for droplet desolvation. Spray was induced with
capillary voltage of 4000 V. The optimal fragmentor voltage of

0 V and collision energy of 8 V was determined by flow injection
nalysis. The QQQ mass spectrometer was tuned and calibrated
sing Agilent G1969-85000 calibration and tuning mix (Agilent
echnologies). The transition of LTE4 440.2 → 301.2 m/z and LTE4-
3 443.2 → 304.2 m/z (Fig. 1) was measured as described by Kishi
t al. [9]. Both transitions were monitored for 500 ms resulting in
scan/s.

LTE4 and LTE4-d3 were monitored for quantitation by
xtracting ion chromatograms for the transitions 440.2 → 301.2

/z and 443.2 → 304.2 m/z using Mass Hunter Quantitative
nalysis Software (Agilent Technologies). In some experi-
ents the transitions of LTE4 440.2 → 189.2 m/z and LTE4-d3

43.2 → 192.2 m/z were monitored as qualifiers. Calibration
urves were calculated using linear regression with a 1/x
r. B 877 (2009) 3169–3174 3171

weighting. The calibration curves were not forced through the ori-
gin.

2.9. Statistics

Intra-day variation was monitored by spiking LTE4 into pooled
urine at concentrations of 0, 25, 50, 100, 250, and 500 pg/ml and
analyzing sample replicates (n = 6) on the same day. Inter-day vari-
ation was evaluated over 6 days. Spike recovery was calculated
as [(measured spike sample concentration) − (measured unspiked
sample concentration)/(theoretical spike concentration)] × 100 (%).
Coefficient of variation was calculated as [(standard deviation
n)/(average n)] × 100. Linearity was determined using linear regres-
sion analysis as described [17]. Comparison of normal adult versus
child data was conducted in JMP 7.0.02 (SAS Institute Inc.).

3. Results and discussion

3.1. LTE4 quantitation using off-line purification methods
followed by EIA

Results from the four purification methods prior to EIA were
compared for accuracy and precision (Table 1). Using the software
provided by Cayman, linear regression analysis produced a calibra-
tion curve of y = −0.79x + 4.055, r2 = 0.953 with 8 calibration points.
Of the off-line sorbent/SPE-based methods, the best results were
obtained using the affinity sorbent. Overall the best accuracy and
precision for purification prior to EIA were obtained by off-line
HPLC.

3.2. LTE4 quantitation using LC/MS/MS

Method development focused on rapid, on-line extraction of
unprocessed urine. Similar to Kishi et al. [9], we utilized a column-
switching strategy to both concentrate the analyte and to remove
contaminants. Significant ion suppression was observed before
optimization of the HPLC method. Ion suppression was reduced by
washing the trapping column with 30% Buffer B (0.02% acetic acid
and 0.007% ammonium hydroxide). The gradient was further opti-
mized to separate closely eluting endogenous contaminants from
LTE4. Several combinations of enrichment column and analytical
column were compared and it was determined that the Extend C18
4.6 mm × 12.5 mm 5 uM guard cartridge for the enrichment column
and the Agilent Eclipse C8 column 2.1 mm × 50 mm 1.8 uM analyt-
ical column resulted in optimal separation and elimination of ion
suppression (data not shown). The elimination of ion suppression
was confirmed by comparing the response of equivalent amounts of
LTE4-d3 spiked into reagent water and pooled urine, in addition to
a continuous post-column infusion of LTE4-d3 with unspiked water
and urine (Fig. 1). Greater than 90% recovery of LTE4-d3 in pooled
urine was obtained using these methods. Although operating the
instrument in negative mode resulted in less noise than positive
mode, an adequate signal could not be generated at lower concen-
trations even after optimization (data not shown). The instrument
was operated in positive mode as a result. A typical standard curve
was linear in the range 5–500 pg/ml with an equation of y = 0.0033x
(SE = 2.11E − 05) − 1.43E − 005 (SE = 1.28E − 03), and a correlation
coefficient of 0.9985 for 7 calibration levels. Typical response val-
ues (i.e., intensities) ranged from ∼1000 for 5 pg/ml samples to
ues are arbitrary and have no units of measurement. Standards
from two independent sources (Cayman and Biomol) were com-
pared, with the product from Cayman Chemical producing a slightly
lower response (−9.9%) than the product from Biomol International
(Plymouth meeting, PA) (data not shown).
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Fig. 1. Evaluation of ion suppression on response of LTE4 and LTE4-d3 in urine and water. Injection experiments: extracted ion chromatogram (EIC) of MRM transitions for
LTE4-d3 (m/z 443.2 > 304.3) spiked at 200 pg/ml in a human urine sample (A) and water (B), and MRM transition of endogenous LTE4 (m/z 440.2 > 301.3) in a human urine
sample (C, hatched lines). Data demonstrate the response of internal standard is not affected by ion suppression. Data was collected in positive electrospray ionization mode.
The peak area for urine and water spiked with LTE4-d3 was 115754 and 107672, respectively. Post-column infusion experiments: LTE4 was infused and the 440.2 > 301.2
transition was monitored during injection of urine (D) and water (E) samples. Data demonstrate the absence of ion suppression in a urine matrix.

Table 1
Analysis of spiked pooled urine samples from healthy adults by enzyme immunoassay.

Method 1 Loose sorbent 2 Sorbent column 3 HLB SPE cartridge 4 Off-line HPLC

Ave conc CV %R Ave conc CV %R Ave conc CV %R Ave conc CV %R

Spike amount (pg/ml)
0 17.5 75 NA 133.6 a NA 147.9 13.8 NA 27.5 10 NA

15.6 36.7 4.2 123.4 198.3 a 414.7 148.2 25.1 2.2 36.7 13.1 59.3
62.5 38.8 8 34.2 224.7 a 145.8 262.1 7.9 182.7 107.3 8.8 127.7

250 197.1 11.4 71.9 69.3 a −25.7 489.4 6.3 136.6 216.1 5 75.5

P d then
M = HLB

3
p

p
f
t
w
f

handling conditions

T
I

I
s
a
A

ooled urine samples (n = 2) were spiked with 0, 15.6, 62.5, or 250 pg/ml of LTE4 an
ethod 1 = Cayman loose sorbent; Method 2 = Cayman sorbent columns; Method 3
a Precision data was not obtained.

.3. LC/MS/MS method is precise and accurate over a
hysiological range

Intra- and inter-day analyses were conducted over a 6-day
eriod using both calibration standards and spiked, pooled urine

rom asthmatic children (Table 2). With the exception of one out of
hirteen measurements, CVs were under 10% and the average CV
as 5.76% for all intra-day experiments. Similarly, the average CV

or inter-day measurements was 7.20%.

able 2
ntra-day and inter-day accuracy and precision of LTE4 assay using calibration standards

Intra-day accuracy and precision (n = 6)

AVG CV %R

Calibration standards (pg/ml)
5 5.35 15.90 107.07
10 10.11 9.82 101.07
25 24.13 2.59 96.52
50 49.26 7.01 98.52
100 98.66 1.69 98.66
250 238.32 4.00 95.33
500 514.17 3.11 102.83

Spiked urine (pg/ml)
+0 81.09 4.59 NA
+25 111.31 6.84 120.87
+50 132.11 6.08 102.04
+100 184.98 4.34 103.90
+250 322.11 6.72 96.41
+500 571.85 2.17 98.15

ntra- and inter-day analyses were conducted over a 6-day period using either calibrat
tandards were prepared in 30:70 water:methanol in 0.08% acetic acid and 0.04% ammon
sthmatics at the indicated concentrations before analysis. Individual results were aver
bbreviations: average (AVG); percent recovery (%R).
purified using the indicated method, followed by EIA analysis.
SPE cartridge; Method 4 = off-line HPLC.

Recoveries ranged from 95.33% to 120.87% for the intra-day
experiments, and 94.15% to 104.92% in the inter-day experiments.

3.4. Urinary LTE4 appears to be stable under typical laboratory
Sample integrity was measured using the LC/MS/MS method fol-
lowing various storage procedures: (1) samples analyzed on the day
of collection, (2) following a single freeze/thaw cycle, (3) following

or pooled spiked urine from asthmatic children.

Inter-day accuracy and precision (n = 6)

AVG CV %R

5.25 11.52 104.92
9.77 11.28 97.74

24.77 11.69 99.09
50.32 5.84 100.64
99.35 4.43 99.35

244.26 2.18 97.71
506.66 1.38 101.33

82.62 10.20 NA
106.16 9.53 94.15
131.67 5.30 98.09
180.31 4.52 97.69
317.71 8.43 94.04
584.47 7.31 100.37

ion standards or spiked, pooled urine from asthmatic children. Calibration spike
ium hydroxide. Standards were then spiked into HPLC water and pooled urine from
aged and coefficient of variation (CV) and percent recovery (%R) was determined.
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Table 3
Integrity of LTE4 in urine following various handling procedures.

Procedure Freeze/thaw AVG CV %D from fresh

1 Analyzed fresh 0 71.27 2.33 0
2 Immediately centrifuged and frozen after collection 1 61.04 3.29 −15.47
3 Remained at 4 ◦C for 7 days prior to centrifuging and analysis 1 63.56 3.94 −11.43
4 Remained at room temp for 24 h before centrifuging and freezing 1 55.15 3.1 −25.51
5 Remained at 30 ◦C for 24 h before centrifuging and freezing 1 54.75 1.99 −26.21

The integrity of LTE4 in urine was assessed following various storage procedures. Human urine from three asthmatic individuals was collected, pooled, and handled under
five different conditions: (1) immediate centrifugation and analysis within 1 h of collection (fresh), (2) immediate centrifugation and storage at −80 ◦C prior to analysis, (3)
remaining at 4 ◦C for 7 days prior to centrifugation and analysis (no freezing), (4) remaini
and (5) after remaining at 30 ◦C for 24 h prior to centrifugation and storage at −80 ◦C. F
per condition. The average LTE4 value, average CV, and average percent difference (%D)
percent difference from fresh (%D), and coefficient of variation (CV).

Table 4
Effect of multiple freeze/thaws on LTE4 levels in urine.

No. of freeze/thaws Multiple freeze/thaws

AVG CV %D from fresh

0 71.27 2.33 0
1 59.32 3.51 −18.30
2 62.77 7.19 −12.69
3 60.51 7.57 −16.33
4 65.98 5.27 −7.71
5 63.97 6.20 −10.79
AVG 62.51 5.95 −13.16

Human urine from three asthmatic individuals was collected, pooled, and subjected
to multiple freeze/thaw cycles. Samples were analyzed in duplicate. The average
L
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TE4 value, CV, and percent difference (%D) from fresh levels was assessed. Abbrevi-
tions: average (AVG), percent difference from fresh (%D), and coefficient of variation
CV).

p to 7 days at 4 ◦C, (4) following 24 h at room temperature, or (5)
ollowing 24 h at 30 ◦C. As shown in Table 3, storing the samples
t 4 ◦C for 7 days had the least affect (−11%) while samples stored
t 30 ◦C for 24 h underwent the most loss of LTE4 (−26%). Analy-
is was also performed on samples undergoing up to 5 freeze/thaw
ycles. Perhaps surprisingly, single and multiple (5) freeze/thaw
ycles had an equivalent effect on samples, with losses of 18.30%
nd 10.79%, respectively (Table 4). These results may be used to
etermine shipping and storage of urine samples for the purpose
f LTE4 analysis.

Because initial steps can vary greatly between laboratories,
ample handling studies also included a comparison of samples

hat were centrifuged prior to freezing versus samples that were
entrifuged after freezing and the addition of protease inhibitors.
n general there was no significant difference between samples
egardless of time of centrifugation (Table 5). Similarly, the addi-

able 5
ffects of sample handling on LTE4 in urine.

Std (p-value) Spin AVG CV %R

0 pg (0.46) Y 21.72 10.10 NC
N 22.85 4.33 NC

25 pg (0.05) Y 40.72 1.46 76.02
N 45.41 6.15 90.24

100 pg (0.57) Y 108.93 1.32 87.21
N 111.90 7.36 89.04

250 pg (0.21) Y 253.89 3.73 92.87
N 265.20 3.45 96.94

he effects of centrifugation (spin) of urine prior to storage and analysis were deter-
ined for several levels of LTE4 spiked into normal human urine. Urine was spiked
ith 0, 25, 100, or 250 pg of LTE4 and samples were either centrifuged followed

y freezing at −80 ◦C or were immediately frozen and centrifuged upon thawing
rior to analysis. Samples were prepared and injected in duplicate and the average,
V, and percent recovery (%R) was determined. Results were subjected to a t-test
nd no significant difference (p-values ≥ 0.05) was found between centrifuged and
on-centrifuged samples at any spike level.
ng at room temperature (RT) for 24 h prior to centrifugation and storage at −80 ◦C,
ive samples were processed and analyzed in duplicate for a total n = 10 injections
from fresh levels was assessed for the five samples. Abbreviations: average (AVG),

tion of protease inhibitors in clinical samples had no effect on the
recovery as demonstrated by comparison of LTE4-d3 internal stan-
dard areas from samples with protease inhibitors and those without
(data not shown).

3.5. Comparison of EIA and LC/MS/MS using clinical samples

Urine was obtained from 10 asthmatic subjects and compared
using EIA and LC/MS/MS. One aliquot was analyzed using LC/MS/MS
on the day of collection and the remaining sample was aliquoted
and stored at −80 ◦C. Frozen aliquots were either sent for EIA anal-
ysis or were analyzed in-house using LC/MS/MS. Calibration curves
were run prior to LC/MS/MS (r2 = 0.9995). Creatinine values were
obtained through Cayman or using an in-house procedure. No r2

values were provided with the EIA results.
Following normalization to creatinine, the EIA resulted in values

ranging from 639 to 5685 pg/mg creatinine with CVs ranging from
2.60% to 26.42% (average 14.34%). The LC/MS/MS method resulted
in values ranging from 29 to 143 pg/mg creatinine with CVs ranging
from 0.44% to 7.36% (average 2.99%). Overall, LC/MS/MS analy-
sis of fresh (LCMS1) versus frozen (LCMS2) samples had excellent
correlation (0.9897) and no significant correlation was apparent
between LCMS versus EIA (−0.1906 and −0.1182, respectively).
Results are summarized in Fig. 2. It should be noted that although
requested, affinity purification prior to EIA was not conducted at the
commercial laboratory. To the best of our knowledge this was due
to the unavailability of the affinity sorbent at the time of sample
submission, which was discovered when attempts were made to
purchase the sorbent directly. Table 1 illustrates the wide range of
CVs (4.2–75%) and percent recoveries (2.2–182.7%) that occur even
when various purification methods are used prior to EIA. A com-
parison with Table 2 demonstrates the excellent CVs (2.1–10.2%)
and recovery (94.04–120.87%) when the LC/MS/MS method is used.
Note that pooled, normal urine samples were used for in-house EIA
(Table 1) while pooled urine from asthmatic children was used for
LC/MS/MS (Table 2).

3.6. Levels of LTE4 in urine from non-asthmatic adults and
children

Control subjects did not have physician-diagnosed asthma and
were not currently taking allergy or asthma medication. Urine was
obtained from 39 control children (ages 3–17 years; 17 female, 21
male) and 10 control adults (ages 23–46 years; 4 female, 6 male),
and analyzed as described using LC/MS/MS. Calibration curves
were run prior to LC/MS/MS (r2 = 0.9982). Creatinine values were

obtained through the National Jewish Clinical Laboratory. Follow-
ing normalization to creatinine, normal adult LTE4 values ranged
from <17.2 to 63.0 pg/mg creatinine and averaged 36.7 pg/mg crea-
tinine with an average CV of 9.20%. Normal LTE4 values for children
ranged from 9.0 to 115.1 pg/mg creatinine and averaged 50.7 pg/mg
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Fig. 2. Comparison of ELISA and LC/MS/MS analysis of LTE4 in urine from asthmatics. Urine from 10 asthmatic subjects was obtained, centrifuged within 15 h, and processed
as follows: one aliquot was analyzed in-house using LC/MS/MS on the day of collection (LCMS1) and several aliquots were frozen at −80 ◦C immediately after collection. One
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rozen aliquot was analyzed by Cayman using ELISA (ELISA) according to the manu
reatinine levels were obtained from Cayman and used to normalize all data. For LC
V values for ELISA were obtained from Cayman. Methods used are on the x-axis an
Vs (y-axis).

reatinine with an average CV of 5.06%. No significant gender differ-
nces were detected in either age group. There was no significant
ifference between adult and children values (p < 0.12); however,
his may be misleading as only 10 adults were sampled compared
o 39 children. In addition, only limited exclusion criteria were
sed. LTE4 levels for normal children and adults have been previ-
usly reported at 103 and 80 pg/ml, respectively [12]. Normal adult
anges appear consistent with previously reported values when
C/MS/MS is used. For example, Kishi et al. reported an LTE4 value in
single healthy male subject at 155.5 pg/ml using LC/MS/MS with
o normalization to creatinine [9]. Mizugaki et al. reported values
f 63.1 ± 18.7 pg/mg creatinine in 10 healthy human samples when
n Empore disk was used prior to LC/MS/MS analysis [16].

. Conclusion

We have demonstrated the sensitivity, precision, and accuracy
or an LC/MS/MS-based assay for the measurement of LTE4 in urine.
he method is linear along a physiological range, is fairly rapid
15 min), requires no sample preparation beyond a simple centrifu-
ation, and is suitable for adaptation to clinical samples. In addition
o minor sample loss following freeze/thaw cycles, samples were
elatively stable when stored at 4 ◦C for up to 7 days. Results from
ample integrity studies may be used to determine shipping and
torage conditions.

A comparison of EIA and LC/MS/MS methods shows a higher
oncentration when EIA is used. In the current study, the EIA assay
as conducted at an off-site laboratory according to their protocol

nd no affinity purification was used. However, samples analyzed
ia EIA using various affinity purification methods in our labora-
ory showed highly variable values and high %CV when different
urification methods are used prior to EIA. A possible explanation
or variable and/or high EIA values is interference from contami-
ants for the antibody binding sites. For EIA assays that incorporate

urification, although somewhat lower values are reported, high
ariance can still potentially confound data analysis. The lower vari-
nce and easily reproducible LC/MS/MS methodology reported in
his study should enable investigators to better assess the capac-
ty for LTE4 levels to differentiate between patient phenotypes and

[

[

[

er’s protocol and a frozen aliquot was analyzed in-house using LC/MS/MS (LCMS2).
MS samples were injected in duplicate and their average and CV were determined.
el A shows normalized LTE4 values in pg/mg creatinine (y-axis) and Panel B shows

predict asthma control and susceptibility to anti-leukotriene med-
ications.
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