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Abstract 

Wc have developed a highly sensitive and highly selective method tk)r the dctertnination of Leukotriene B 4 

(LTB.;) in human plasma using negative ion chemical ionization/gas chromatography/tandem mass spec- 
trometry (NICI/GS/MS/MS) analysis. The developed tuethod was summarized as follows. Deutcratcd LTB~ 
(d4-LTB4) was added to human plasma samples ;ts an internal standard, anti samples were extracted by a 
Scp-pak C18 column. Extracted L'I'B4 was dcrivatizcd into the pcntalluorobcnzyl ester of bis-trimethylsilyl 
ether (1)FB-TMS-LTB4) and quantilicd oil the basis of sclcctctl reaction monitoring (SRM) at m/z 299 of 
[M-PI:B-2TMSO! l] by NICI/GC/MS/MS analysis, which was the product ion of [M-PFB l . The detection 
limit for the qttantification of LTB.~ in hunlan plasma was 10 pg ml ', sufficiently sensitive to determine the 
concentrations of endogenous LTB.~ in human plasma. The plasma level of LTB4 rncasurcd in healthy male 
volunteers was 33.85 + 33.91 pg ml i (mean + S.D. in six volunteers). The technique of MS/MS used in this 
method ofl'crs much greater sensitivity and selectivity than single-stage mass spectrometry. The developed 
method showed good reproducibility with a simple and rapid extraction procedure, and would be useful for 
examining the relationship between various disease states and the levels of LTB.t in biological fluids. 

Kevwords: Leukotriene B., (LTB4); Human plasma: Tandem mass spectrometry (MS/MS): Selected reaction 
monitoring (SRM) technique 

I. Introduction 

Leukotriene B4 (LTB4) is a dihydroxy 
metabolite of  arachidonic acid via a 5-1ipoxyge- 
nase pathway. LTB4 is well known as a media- 
tor of inflammation owing to its potent 
chemotactic and chemokinetic activity for 
polymorphonuclcar leukocytes (PMNs) and 
venular permeability. There have been many 
methods reported for the determination of 
LTB.~ in biological fluids, by radioim- 
munoassay (RIA) [ I -9] ,  radioreceptorassay 
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(RRA) [10,11]. high-performance liquid chro- 
matography (HPLC) [12] and gas chromatog- 
raphy/mass spectrometry (GC/MS) [13,14]. 
However, the RIA methods have the problem 
of cross-reactivity of  antibody with other en- 
dogenous substances, such as isomeric dihy- 
droxyeicosatctraenoic acids in biological fluids. 
The RRA methods also have the drawback of 
cross-reactivity of receptor with other [igands. 
HPLC methods have merit for purification, but 
lack the degree of sensitivity required for our 
purpose. The GC/MS method, reported by 
Blair et al. [14], was carried out by negative ion 
chemical ionization/gas chromatography/single- 

reserved 
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stage spectrometry (NICI/GC, MS) analysis. In 
this method, LTB., in human serum was deriva- 
tized into the pentafluorobenzyl ester of bis- 
trimetylsilyl ether (PFB-TMS-LTB.~) and 
quantified on the basis of the selected ion 
monitoring (SIM) technique: the extraction 
and purification procedures by a solid-phase 
cartridge column Sep-pak C18, thin-layer chro- 
matography (TLC) and further TLC purifica- 
tion after the derivatization step would be 
required. In general, complex extraction and 
purification procedures are not only time-con- 
suming, but result in a low recovery. Further. 
the concentration of endogenous LTB~ in bio- 
logical fluids is generally extremely low, typi- 
cally in the picogram range, and there may be 
interference from other endogenous substances. 
Accordingly, higher sensitivity and higher se- 
lectivity are reqt, ired for the determination of 
LTB.~ in biological fluids. 

This paper describes the development of a 
method ['or the determination of LTIL in hu- 
man plasma by negative ion chemical ioniza- 
tion/gas chromatography/tandem nlass spec- 
trometry (NICI/GC/MS/MS) analysis [15] on 
the basis of a selected reaction monitoring 
(SRM) technique. In the developed method, 
one extraction procedure was perlbrmed by it 
solid-phase cltrtridge colunm. We also com- 
pared NICI/GC/MS/MS analysis with NICI/ 
GS/MS analysis for the determination of LTB4 
in human plasma. 

2. Experimental 

Z 1. Mater&Is 

LTB4 (5(S),12(R)-dihydroxy-6,8,10,14(Z,E,- 
E,Z)-eicosatetraenoic acid) (Fig. 1) was pur- 
chased from Sigma (St. Louis, MO, USA). 
6,7,14,15-d4- LTB4 was purchased from 
Caymvn Chemical (Ann Arbor, MI, USA); 
its isotopic concentration was more 
than 98 atom% D. Pentafluorobenzylbromide 
(PFBB) and N,N-diisopropylcthylamine were 
obtained from Tokyo Kasei Kogyo (Tokyo, 
Japan). N,O-bis-trimethylsilyltrifluoroaceta- 
mide (BSTFA) and it Sep-pak CI8 column 

OH OH 
I I ~ COOH 

Fig. I. Chemical structure of  LTB.t. 

were obtained from Pierce (Rockford, IL, 
USA) and Waters (Milford, MA, USA), re- 
spectively. The solvents of HPLC grade and 
the reagents of analytical grade were purchased 
from Wako Pure Chemical (Osaka, Japan) and 
Katayama Chemical (Osaka, Japan). 

2.2. Human plasma samples 

Human plasma samples from healthy male 
volunteers were obtained by centrifugation of 
blood treated with the anticoagulant heparin 
sodium. The samples were stored at -20°C 
until analysis. 

2.3. Extraction atul dericatization proce&tre 

The extraction procedure wits as follows. 
Deuterated LTB4 (d~-LTB,~, I ng) was added to 
ht, man plasma (0.2 ml) as an internal standard. 
The sample was diluted with 2 ml of distilled 
water and acidified to pH 4 by addition of 
50 I.d of l N HCI. The acidified plasma sample 
was applied to a Scp-pak C18 colunm which 
had been preconditioned with 4 ml of methanol 
and 4 m[ of distilled water, and the column was 
washed with 4 ml of distilled water and 2 ml of 
methanol-distilled water (10:90, v/v). LTB.~ and 
d4-LTB4 were then elutcd with 2 ml of 
methanol from the column and the eluate was 
evaporated to dryness. 

The deriwitization procedure was as follows. 
The residue was dissolved in 30 l.d of acetoni- 
trile, 101al of PFBB-acetonitrile (30:70, v/v) 
and 10 I.tl of N,N-diisopropylethylamine-ace- 
tonitrile (10:90, v/v). The mixture was then 
reacted at 40°C for 20 min for the derivatiza- 
tion of LTB 4 and d4-LTB4 into their PFB 
esters. The reacted mixture was evaporated to 
dryness and the residue was dissolved in 50 I.d 
of BSTFA. The mixture was then reacted at 
70°C for 60 min for the derivatization of PFB- 
LTB4 and PFB-d4-LTB4 into their TMS ethers. 
Thus, LTB4 and d4-LTB4 were finally deriva- 
tized into PFB-TMS-LTB4 and PFB-TMS-d4- 
LTB4, respectively. 

An aliquot (I lal) of the reacted mixture in- 
cluding PFB-TMS-LTB4 and PFB-TMS-d4- 
LTB4 derivatives was injected into the 
NICI/GC/MS or NICI/GC/MS/MS system. 

2.4. GC/MS and GC/MS/MS conditions 

Instrumental analysis was performed on a 
TSQ-700 triple-stage quadrupole mass spec- 
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trometer (Finnigan MAT, San Jose, CA, USA) 
equipped with a Varian 3400 gas chro- 
matograph (Varian, Walnut Creek, CA, USA). 

Gas chromatography conditions were as fol- 
lows. Fused silica capillary column DB-I {J&W 
Scientific, Folsom. CA, USA), 12.5 m × 0.25 
mm i.d., with a film thickness of 0.25 I.tm was 
used. The initial temperature of the column 
was maintained at 80°C for 1 min, increased to 
300°C at 28°C min- t  in a linear gradient mode, 
and then maintained at 300°C for 4 rain. The 
injector and transferline temperatures were 
280°C and 300°C, respectively. Helium gas was 
used as the carrier gas at a pressure of 10 psi. 

Mass spectrometry conditions were as fol- 
lows. Analysis was carried out in the NICI 
mode and methane gas was used as CI reagent 
gas at a pressure of 1.0 x 10 ; mTorr. The 
emission current wits 200 l.tA, the ionization 
voltage wits 70 V. and the multiplier voltage 
was 1700 V. The ion source temperature was 
150°C and the manifold temperature was 70°C. 
In MS:MS mode, argon gas was used its the 
collision gas at a prcssruc of I mTorr and the 
collision energy was 10 cV. 

2.5. ~]tli~kttion proce~htrt' 

('ulihration curve Jor LTB~ 
Standard solutions of L'I'B.~ at six concentra- 

tions (0.2, 0.5, 1.0, 2.0, 5.0, 10.0 pg I.tl -i) in 
ethanol and :l standard solution of tI.:LTB.~ 
( 100 pg I.tl -*) in ethanol were prepared. 10 I.tl of  
each standard solution of  LTB4 and d4-LTB4 
were taken into the same test tube; each LTB., 
at six concentrations (2, 5, 10, 20, 50, 100 pg 
per tube) and d4-LTB4 at a constant concentra- 
tion (I ng per tube) were obtained. These 
ethanol solutions were ewtporated to dryness 
under reduced pressure, and LTB4 and d. :  
LTB., were derivatized and quantified its previ- 
ously described in Sections 2.3 and 2.4. Each 
peak area of PFB-TMS-LTB4 and PFB- 
TMS-d4-LTB~ derivatives was obtained by 
monitoring at m/z 299 and m/z 303 of [M- 
PFB-2TMSOIt] in the SRM technique, re- 
spectively. A calibration curve for LTB4 wits 
constructed in the range of 2-100 pg (corre- 
sponding to injection of  0.04-2 pg onto the 
GC system), by plotting the peak area ratio of 
PFB-TMS-LTB4 to PFB-TMS-d.,-LTB4 deriva- 
tive versus the concentration of  LTBa. In both 
intra-assay (within-day) and inter-assay (be- 
tween-day), standard solutions were prepared 
and the calibration curves for LTB,~ were con- 
structed six times. 

Regression curve oJ" spiked human phlsma 
samples with authentic LTBa 

Spiked human plasma samples (0.2 roll con- 
taining each authentic LTB.. at seven concen- 
trations (0, 2.5, 10, 20, 50, 100 pg per tube) and 
d4-LTBa at a constant concentration (I ng per 
tube) were prepared. These samples were ex- 
tracted and derivatized as described previously 
in Section 2.3 and quantified as described in 
Section 2.4, Each peak area of PFB-TMS- 
LTB.L and PFB-TMS-da-LTB.t derivatives was 
obtained as described above, and the concen- 
trations of LTB., in the spiked human plasma 
sltmples were calculated by calibration curve 
t\~r LTB~ in the SRM technique. A regression 
curve of spiked human plasma sltmples with 
authentic LTB,~ was constructed in the range of 
0-500 pgml -~ by plotting the detected con- 
ccntrations of LTB,~ versus the spiked concen- 
trations of LTB4 in human plasma samples. In 
both intra-assay (within-day) and inter-assay 
(between-day), spiked Imman plasma samples 
were prcpard and the regression curves were 
constructed six times in order to examine tile 
lincarity, precision and analytical recovery in 
the present method. 

3. Results and discussion 

3. I. Comparison ~" NICI/GC/MS~ ?,IS 
analysis with NICI/GC/MS analysis 

Typical NICI/MS and NICi/MS/MS spectra 
of  PFB-TMS-LTB4 derivative are shown in 
Figs. 2(a) and 2(b), respectively. These spectra 
were obtained by the injection of the same 
derivatized authentic LTB4 (1000pg) sltmple 
into the NIC1/GC/MS and NICI/GC/MS/MS 
systems. In the NICI/MS spectrum (Fig. 2(a)), 
the quasi-molecular ion was hardly observed 
but the fragment ion [M-PFB l -  (m/z479),  
formed by loss of the PFB group from the 
quasi-molecular ion, predominated. In con- 
trast, the main product ion in the NICI/MS/ 
MS spectrum (Fig. 2(b)), formed by loss of the 
two TMS groups from the parent ion [M- 
PFB] , was [M-PFB-2TMSOH]-  (m/z 299). 

Based on these spectral data, LTB,~ was 
quantified by both the SIM and SRM tech- 
niques. This was accomplished by monitoring 
at m/z 479 of [M-PFB]- and at m/z 299 of 
[M-PFB-2TMSOH]- ,  respectively. Typical 
SIM and SRM chromatograms of the spiked 
human plasma sample (0.2 ml) with authentic 
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Fig. 2. Typical NICI MS and N C MSMS spcctrzt of I'FIbTMS-LTB.~ derivative: (a) NICI, MS spcctrttm: (b) NI('I 
MS MS Sl~CCtrttm. 

L'i'I~., (I00 pg) arc shown in Figs. 3(a) and 3(b), 
respectively. These chromatogr;mls were ob- 
tained by injection of the sltme spiked human 
plasma sitmplc after extraction :tnd dcrivatiza- 
tion into the NICI/GC/MS itnd NICI/GC/MS/ 
MS systems. The peaks of PFB-TMS-LTB.~ 
derivative had a retention time of 10.2 rain on 
both mass chromatograms. On the SIM chro- 
matogram, there wits serious interference from 
the reagents, which were added in large excess 
for the dcriw~tization, and also other endoge- 
nous substances in human plasma. On the 
SRM chromatogram, such interference was sig- 
niticantly decreased. The signal to noise ratio 
(S/N) and the peak shape of  PFB-TMS-LTB.~ 
deriwttivc on the SRM chromatogram were 
superior to those on the SIM chromatogram. 

Typical SRM chromatograms of  PFB-TMS 
derivatives of authentic LTB4 ( 100 pg) and d.~- 
LTB.t (1 ng) are shown in Figs. 4(a) and 4(b), 
respectively. 

These rcsuhs suggested that NICI/GC/MS/ 
MS analysis for the determination of LTB.~ in 
human plasma oilers much greater sensitivity 
and selectivity than NICI/GC/MS analysis. 
Therefore, NICI/GC/MS/MS analysis was 
selcted for the determination of LTB.s in hu- 
man plasma, and the validation was checked in 
this method as follows. 

.~.,. Validatio, (the lim'ariO', prccisio, <tml 
amtlytical rc('orcrv) 

Calibration curves for L'I'B4 in the range of 
2-100 pg per tube in intra-assay ( ,  = 6) and 
inter-assay ( ,  = 6) are shown in Figs. 5(a) and 
5(b), and Table i. These showed good lincarity, 
with a correlation coellicicnt of greater than 
0.999; the .v-intercepts were negligible. These 
calibration curves showed good reproducibility 
in the given range, with the relative st:mdard 
deviation (RSD) of the slope being 8.3'¼, in 
intra-assay and 9.0% in inter-assay. S/N on the 
chromatogram at the concentration of 2 pg per 
tube of  LTB.s (corresponding to injection of 
0.04pg onto the GC system) wits greater 
than 10. 

Regression curves of  spiked human plasma 
samples with authentic LTB4 in the range of 
0-500 pg ml " ~ in intra-assay ( ,  = 6) and inter- 
assay (n = 6) are shown in Figs. 6(a) and 6(b), 
and Table 2. Regression curves of spiked hu- 
man plasma samples with authentic LTB.~ 
showed good linearity in this range, with a 
correlation coefficient of greater than 0.999; the 
slopes were almost 1.0. The precisions of the 
assay for LTB.8 in human plasma at the seven 
spiked concentrations (0, 10, 25, 50, 100, 250, 
500 pg ni l- i )  were less than 12.0% in intra-as- 
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Fig. 4. Typical SRM chrom:ztograms of PFB-TMS derivatives of authentic LTB~ (100pg) and d.t-LTB4 (1 ng): (a) 
PFB-TMS-LTB.t: I.bl PFB-TMS-d4-LTB.=. 

say and . -  .~,w 1,~._/,, in inter-assay. The analytical 
recoveries of  LTB4 in human plasma at the six 
spiked concentrations (10, 25, 50, 100, 250, 500 

pg ml - I ) ,  calculated by the equation shown in 
Table 2, were 9 6 . 5 - I I  1.8% in intra-assay and 
87.0- 109.1% in inter-assay. 
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(0.2 ml) with authentic LTB4 in the range of  0 500 pg ml ~: 

Thus, the present method showed good 
linearity, precision i, nd analytical recovery. 
Based upon these rest, Its, the detection 
limit for the quantilication of  LTB.~ in 
human plasma was 10 pg ml- t  in the present 
method. 

3.3. 77re eh, termination o f  LTB a in the phtsnla 
o f  health r male t~olltnteers 

The detected Icvcls of LTB4 in the plasma 
of healthy male volunteers were 
33.85_+ 33.91 pg ml -j (mean _+ S.D. of six vol- 
unteers) in the present method. These levels 
were lower than those previously reported 
[3,5,6,9,14]. This result suggested that the 
present method by the use of N I C I G C / M S /  

MS analysis was more selective thvn previ- 
ously reported methods. 

4. Conc lus ions  

The developed method for the determina- 
tion of LTB+ in human plasma by the use of" 
NICI/GC/MSMS analysis showed high sensi- 
tivity, high selectivity and good reproducibility 
with a simple and rapid extraction procedure 
by only a Sep-pak CI8 column. The present 
method was sufficiently sensitive to determine 
concentrations of endogenous LTB4 in human 
plasma with high reliability, and would be 
useful to e×amine the relationship between 
various disease states and the levels of LTB.~ 
in biological fluids. 
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Table 1 
Calibration curves for LTB~ in the range of  2 - 100 pg per 
tube 
lntru -assay 

Concentration of LTB,A 
(pg per tube) 

Peak area ratio 
(PFB-TMS-LTB a 
PFB-TMS-d~-LTBa) 
Mean _+ S.D. 

101) 0.16452 4- 0.01353 
50 0.08320 __+ 0.00681 
20 0.03608 +__ 0.0t)483 
10 0.01961 _____/).0t)242 
5 0.00906 4- 0.00145 
2 0.011419 4- 0.00063 
0 0.01)i)57 4- 0.01)051 

Parameter Mean 4- S.D. RSD C' )  

Slope 0.01) 163 _.+ 0.00013 
Intercept I).1)(1173 4-0.00135 8.3 
Correlation coelticient 0.99981 "' 

bttl'r .as,~a r 

Concentration of LTB, I'eak area ratio 
Ipg pcr tube) (PFII -TMS-I .TB:  

PF II-T M S-d i- I.T I1~ ) 
Me:,n L S.I). 

100 11.15624 ± I).111442 
50 0.08156 ± I).11117511 
20 0.03513 ± 0.11o528 
11) 11.01821 ± 0.00291 
5 11.00842 ± 0.00165 
2 0.00375 +__: 0.00054 

0 0.00029 Z 0.00t)I 9 

l 'arametcr Mc:m ± S.D. RSI) (%) 

Slope 0.00156 ± 0.00014 9.(1 
Intercept 0.00172 ± 0.00112 
Correlation cocllicient 0.99960 " 

The data represent mean 4- S.D, of six experiments, except 
for correlation cocllicicnt. 
" Corrclatiort cocllicient was calctdatcd from the mean 
v;,lues of  peak area ratio. 
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Table 2 
Precision of the assay lbr LTB~ and analytical reco,,ery of 
LTBa in human plasma 
Intra-assm" 

Spiked Detected concentration of LTBa 
concentration (pg m l - I )  
of LTB~ 
(pgml  -t  ) mean 4- S.D. Precision(%) Anal',tical 

reco,,ery C ;4 ~ 

5011 544.72 +_ 12.93 2.4 100.3 
250 284.66 4- 8.07 2.8 96.5 
10<) 146.86 4-11.47 7.8 10Y6 
50 92.22 4- 11.02 12.0 97.8 
25 69.67 4- 7.4-1 11).7 105.5 
10 54.48 4- 4.31 7.9 I I 1.8 

0 43.31 4- 2.98 6.9 
(non-spiked) 

Linear regression 

Slope I).99597 
lntcrcept 43.53 
Correlation 0.99977 
coefficient 

Spiked Detected conccntration of  L.'I'FI+ 
conccntrl,tion (pg ml t) 
of I,I'B. I 
(pg ml t) mean ± S.I). PrccisionC/,,) Analytical 

recovery (%)" 

500 5 5 0 8 4 ±  17.22 3.1 1112.1 
251) 298.,"t9 ± 12.79 4.3 103.4 
100 149.52 ± 8.01) 5.3 1119.1 
50 91.75 ± 4.38 4,8 1112.7 
25 69.49 ± 5.96 8.8 1118.4 
10 49.119 + 5.12 11).4 87.1) 

0 40.39 + 5.73 14.2 - 
(non-spiked) 

Linear regression 

Slope l .(12156 
Intercept 41.83 
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