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ABSTRACT

A method is described for automated on-line extraction and fractionation of plasma leukotrienes (L.Ts) and (5Z,8Z,10E,142)-(125)-
hydroxy-5.8,10,14-eicosatetraenoic acid [12(S)-HETE] by reversed-phase high-performance liquid chromatography (RP-HPLC). This
method was utilized to assess the accuracy of leukotriene B, (LTB,) and leukotriene C, (LTC,) determinations obtained by direct
immunoassay of guinea pig plasma. Plasma LTB, levels were significantly higher (» < 0.01) and plasma LTC, levels were unchanged
when immunoassays were performed post versus pre RP-HPLC fractionation. Rapid separation, high recovery and baseline separation
of LTB,, LTC, and 12(S)-HETE, and minimal hardware requirements clearly demonstrate the general utility of this method.

INTRODUCTION

The area of research involving arachidonic
acid (AA) metabolism has been actively explored
due in part to the identification of several biolog-
ically active mediators of inflammation and al-
lergy which are produced by the action of a 5-
lipoxygenase. Among the agents which have been
studied are the chemotactic eicosenoid, leuko-
triene (LT) By, and the cysteinyl-containing leu-
kotrienes LTC4, LTD,4 and LTE,, potent bron-
choconstrictor substances [1-3].

The ability to accurately identify and quanti-
tate levels of these AA metabolites in tissues and
in biological fluids by the use of reversed-phase
high-performance liquid chromatographic (RP-
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HPLC) fractionation followed by immunologi-
cal, biological and physiochemical characteriza-
tion has allowed many laboratories to examine
and elucidate the various pathways involved in
AA metabolism and to determine the specificity
of agents that modulate these pathways [4-10].
Due to potential cross-reactivity of AA metab-
olites (e.g. LTB4 and 12-hydroxy-5,8,10,14-eico-
satetraenoic acids (12-HETES) [11]) as well as in-
terference by other unknown constituents, it be-
comes necessary to validate eicosenoid data
which are obtained by direct immunological
analysis of experimentally derived biological
fluids. Procedures have been developed for the
rapid separation of major AA metabolites con-
tained in cell-free supernatants derived from lung
tissue and polymorphonuclear leukocyte experi-
ments (e.g. refs. 5-7). Some methods [5,7] require
a manual pre-extraction step for sample concen-
tration prior to RP-HPLC, making accurate
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quantitation of a large number of samples both
cumbersome and time-consuming. Richmond ez
al. [6] incorporated an on-line extraction step in-
volving a Brownlee cartridge reversed-phase pre-
column followed by separation over an analytical
ODS column. This 70-min procedure automates
the concentration and clean-up of large (15-20
ml) volumes of biological fluid prior to fraction-
ation and UV analysis, and can be modified to
accommodate smaller volumes. However, plas-
ma cannot be fractionated with this system since
precipitated protein would block the loading col-
umn. A method for profiling lipoxygenase prod-
ucts by UV detection described by Borgeat et al.
[8] although very elegant, requires several pumps
and valves in addition to a standard laboratory
HPLC system, making this method relatively
complex and expensive to set up. A fully auto-
mated system for extraction and HPLC fraction-
ation of 10-ml human urine samples by initial
clean-up and concentration over a Cg cartridge
(each sample was extracted over a fresh car-
tridge) followed by separation over a C;g analyt-
ical column was presented by Nicoll-Griffith and
Zamboni [10]. Such an approach would be neces-
sary for analysis of either relatively large volume
samples or samples which have significant num-
bers and/or quantities of contaminating sub-
stances. The method described herein was devel-
oped for fractionating small volumes (40 ul) of
methanol-precipitated plasma and requires one
external pump, two solvent switching valves, and
an air control valve in addition to an HP 1090M
(or similar) HPLC system.

In this paper we present a new method which
consists of an HPLC system, with only minimal
additional hardware requirements, for rapid au-
tomated extraction and fractionation of complex
biological samples prior to enzyme-linked immu-
nosorbent assay (ELISA) quantitation of eicose-
noids.

EXPERIMENTAL
Materials

[®H]Leukotrienes LTB4, LTC4 and LTB, were
obtained from New England Nuclear (Boston,

MA, USA); [PH]12(S)-HETE was purchased
from Amersham (Arlington Heights, IL, USA).
Standard solutions of unlabeled LTB,, LTC,,
LTD4, LTE4 and 12(S)-HETE were obtained
from Biomol (Plymouth Meeting, PA, USA) and
the laboratory of Dr. Richard Baker (Eli Lilly
and Company, Indianapolis, IN, USA).

HPLC-grade methanol was obtained from
Mallinckrodt (Paris, KY, USA) and water was
Milli-Q HPLC grade (Millipore, Bedford, MA,
USA).

Calcimycin (I) was kindly provided by Ms.
Louise Crandall (Eli Lilly and Company, Indi-
anapolis, IN, USA). Sodium arachidonate (AA)
was obtained from NuCheck Prep (Elysian, MN,
USA). Ethylenediaminetetraacetic acid, tetraso-
dium salt (EDTA) was purchased from Sigma
(St. Louis, MO, USA). Phosphoric acid was from
Baker (Phillipsburg, NJ, USA).

Borosilicate autosampler vials (Hewlett Pack-
ard, Kennett Square, PA, USA) were silanized
prior to use.

Sample preparation

Blood was collected into heparinized (20 U/ml)
tubes from anesthetized (35 mg/kg ketamine,
Aveco, Ft. Dodge, 1A, USA and 10 mg/kg xyla-
zine, Butler, Columbus, OH, USA) six-week-old
male Hartley guinea pigs (Charles River, Por-
tage, MI, USA). Aliquots of 1 ml were incubated
(in duplicate) for 5 min at 37°C in the presence of
150 uM AA, then stimulated by the addition of
20 pg/ml 1 in 10 ul of dimethylsulfoxide (DMSO)
and incubated for an additional 10 min at 37°C.
The reaction was stopped by centrifugation (1500
g, 10 min, 5°C) and the plasma decanted. Plasma
was adjusted to 60% methanol (v/v) by the addi-
tion of HPLC-grade methanol containing 0.183
uCi/ml PH]LTB,4 (174.0 Ci/mmol) and 0.22 uCi/
ml [*H]12(S)-HETE (172 Ci/mmol) to monitor
recoveries. These methanol-treated plasmas were
stored under argon in polypropylene vials at
—32°C until assayed. Prior to RP-HPLC, precip-
itated plasma proteins were pelleted by centrifu-
gation (12 000 g, 5 min) at 5°C.
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HPLC instrumentation and hardware

The HPLC system (Fig. 1) utilized a Hewlett
Packard (HP) 1090M (Hewlett Packard, Boblin-
gen, Germany) liquid chromatography station
with a refrigerated autosampler. An RP-18 New-
guard-Brownlee 7-um, 15 mm x 3.2 mm 1.D.
silica guard column (Brownlee Labs., Santa Cla-
ra, CA, USA) was used as a pre-column for on-
line extraction of methanolic plasma. AA metab-
olites were separated over a Beckman Ultra-
sphere octadecylsilica (ODS), 5-um, 25 cm X 4.6
mm 1.D. column (Beckman Instruments, Fuller-
ton, CA, USA). An Eldex Model B-100-S 5000
maximum p.s.i. precision metering pump (Eldex
Labs., San Carlos, CA, USA) was used to supply

Pre-Column

DIODE ARRAY
DETECTOR

FRACTION
COLLECTOR

solvents to regenerate and re-equilibrate the
guard column. Two Rheodyne Model 5301 three-
way slider valves (SV1 and SV2) (Rheodyne, Co-
tati, CA, USA) with Model 5300 pneumatic ac-
tuators were controlled by a Rheodyne Model
7163, 24-V D.C. dual solenoid-operated air con-
trol valve which was in turn operated by two ex-
ternal HP 1090M 24-V switches. (The slider
valves determine which solvent is pumped by the
Eldex pump and are also involved in solvent re-
covery.) A Rheodyne Model 7030P column
switching valve (CSV) is responsible for selection
of an HP 1090M solvent path which either in-
cludes both pre-column and analytical column or
analytical column only with the pre-columsiiin an

Solvent
Reservoir

WASTE

DIODE ARRAY
DETECTOR

FRACTION
COLLECTOR

Fig. 1. Automated apparatus for on-line pre-column clean-up and fractionation of lipoxygenase products (LP) in plasma. (a) The
sample is injected and pumped (heavy arrows) using the HP 1090M DRS pump and A-B (40:60, v/v) as solvents {see Table I for
composition of buffers) through the pre-column and onte the C, , analytical column. The PSV-100 solenoid valve (S8OL) controlled by
the fraction collector diverts solvents to waste, The Eldex pump, which must operate continuously during analysis, pumps solvent C
(selected by three-way slider valve; SV1) through three-way shider valve 2 (8V2) to a solvent recovery reservoir to conserve solvent, (b)
The column-switching valve (CSV) is activated, placing the pre-column into an external loop which reverses the flow of solvent through
this column (thin arrows). The DRS pump directs A-B (20:80, v/v) to the analytical column which elutes LP to the diode-array detector
and the fraction collector which is controlled by an HP 1090M contact closure. When fractions are not being collected, the SOL directs
solvent to waste. Following fraction collection, the analytical column is regenerated with A-B (5:95, v/v) and re-equilibrated with A-B
(40:60, v/v). SV1 changes the solvent being utilized by the Eldex pump to 100% B to elute strongly bound material, then to A-B (40:60,
v/v) to re-equilibrate the pre-column. SV2 directs contaminated solvent to waste.
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external solvent path (Fig. 1). Collection of frac-
tions containing metabolites of interest was ac-
complished by a Pharmacia Frac-100 fraction
collector (Pharmacia-LK B Biotechnology, Pisca-
taway, NJ, USA) which was controlled by an HP
1090M circuit containing a contact closure and a
Pharmacia remote control adaptor. Solvent was
diverted to waste, when fractions were not being
collected, by a Pharmacia PSV-100 solenoid
valve (SOL) controlled by the fraction collector.

Chromatography

Solvents consisted of (A) 0.004 mM phosphor-
ic acid containing 1.5 mM Na,EDTA, pH 3.3,
(B) methanol and (C) methanol-0.004 mA phos-

TABLE 1
HPLC PROGRAM

This panel outlines the HP 1090M-programmed sequence of
events which control the delivery and direction of flow of sol-
vents to the columns during a typical sample fractionation. Sol-
vent A = 0.004 mM phosphoric acid containing 1.5 mM
Na,EDTA, pH 3.3; solvent B = methanol; solvent C = B-A
(60:40, v/v). Solvent C is contained in an external reservoir and is
pumped through the pre-column during pre- and post-run by the
external Eldex high-pressure pump (Fig. 1).

Time (min)  Event
0.01 Flow-rate, 1.8 ml/min
0.01 Solvent A-solvent B, 40:60 (v/v)
0.01 Contact 1, on (cooling autosampler)
0.01 Contact 2, on (60:40 to pre-column)
0.0l Contact 3, off (external 60:40 goes to waste)
0.01 Column, 1 (pre-column in solvent path)
0.02 Contact 4, on (stop fraction collection)
2.00 Solvent A—solvent B, 40:60 (v/v)
2.00 Column, 0 (pre-column in external solvent path/
reverse flow)
2.10 Solvent A-solvent B, 20:80 (v/v)
4.30 Contact 4, off (fraction collection)
8.30 Contact 4, on (stop fraction collection)
9.01 Contact 2, off (methanol to pre-column)
11.00 Contact 4, off (begin fraction collection)
13.00 Contact 4, on (stop fraction collection)
16.00 Solvent A-solvent B, 20:80 (v/v)
16.50 Solvent A-solvent B, 5:95 (v/v)
19.00 Contact 2, on (solvent C to pre-column)
21.50 Solvent A—solvent B, 5:95 (v/v)
22.00 Solvent A-solvent B, 40:60 (v/v)
22.00 Contact 3, on (60:40 to reservoir)

Post time = 10 min (re-equilibration of analytical column)

phoric acid (60:40, v/v) containing 1.5 mM
NasEDTA, pH 3.3.

The C;s guard column was equilibrated with
solvent C using an external ELDEX high-pres-
sure pump. A 40-u] aliquot of the methanolic ex-
tracts was injected onto the guard column at a
flow-rate of 1.8 ml/min (Table 1). The composi-
tion of the eluting solvent allowed the metabo-
lites of interest to pass through the guard column
(Fig. 1a) and onto the analytical column in <2
min at which time the column switching valve
(CSV) was activated to remove the guard column
from the HP-1090 solvent path (Fig. 1b). Imme-
diately following switching, the concentration of
solvent B was increased to 80% (Table 1) and
2-min fractions were collected at a flow-rate of
1.8 ml/min. Fractions were collected for 13 min.
At 16.5 min the concentration of methanol was
increased to 95% to elute any remaining material
on the analytical column followed by re-equili-
bration by A-B (40:60, v/v). Total time for frac-
tionation of the eicosenoids of interest and regen-
eration and re-equilibration of both columns re-
quired 32 min. During sample fractionation over
the analytical column, the pre-column was pre-
pared for the next sample by reversing the direc-
tion of solvent flow (Fig. 1b, activation of CSV)
and washing with solvent C, then with 100%
methanol (to remove very hydrophobic species)
followed by a final re-equilibration with solvent
C. Fractions were dried under vacuum using a
Speed-Vac (Savant Instruments, Farmingdale,
NY, USA), overlayed with argon and stored at
—70°C.

Eicosenoid quantitation

LTB, and LTC, levels were determined by di-
rect immunoassay of plasmas and appropriately
matched RP-HPLC fractions using reagents ob-
tained from Caymen (Ann Arbor, MI, USA).
The dried RP-HPLC fractions were dissolved in
0.4 ml of ELISA buffer [100 mM potassium
phosphate, pH 7.4, containing 1% sodium azide,
1 mM Na,EDTA, 0.4 M NaCl and 0.1% bovine
serum albumin (fatty-acid free)] and assayed with
the same reagents as were used for the plasma
assays.
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RESULTS AND DISCUSSION

Initial experiments performed in our laborato-
ry on guinea pig whole blood stimulated by AA
and I suggested an age-dependent increase in
production of the 5-lipoxygenase metabolite
LTB,. Further investigation of the metabolism of
['*C]AA in stimulated guinea pig whole blood
demonstrated that the major metabolite was
[**C]12-HETE [12]. Due to the possibility of in-
terference by plasma constituents or 12(S)-
HETE [11] in our LTB4 immunoassays and thus
the necessity to confirm our initial data, the
HPLC technique reported here was developed as
a rapid, automated method for separation of
these two eicosenoids from plasma.

The elution profile (Fig. 2) illustrates the sep-
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Fig. 2. Fractionation of a mixture of LTB,, LTC,, LTD,, LTE,
and 12(S)-HETE using the RP-HPLC program and conditions
described in Fig. 1. Of each of the above eicosenoids 8 nmol were
brought up in solvent C and separated over a Beckman Ul-
trasphere ODS 5-um, 25 cm X 4.6 mm L.D. column. Absorbance
was measured by a Hewlett Packard 1090M diode-array detec-
tor. The upper and lower panels illustrate peaks detected at 235
and 280 nm, respectively. LTE, and LTD,, co-eluted in the same
peak. However, LTC,, LTB, and 12(S)-HETE were baseline-
separated.

aration of LTBy, LTC4, LTD4, LTE4 and 12(S)-
HETE obtained by using the method described
above. It is apparent that LTE, and LTD, co-
elute and are not well separated from LTB,.
However, cross-reactivity of LTE4 and LTD, in
the LTB4 immunoassay using the reagents uti-
lized in these experiments was insignificant
(<0.01%, Caymen). Therefore, carry-over of
these metabolites into the LTB, fraction was not
addressed. A mobile phase of methanol-water
(8:2, v/v) containing 0.1% heptafluorobutyric
acid-triethylamine, pH 3.0, as suggested by Stef-
fenrud and Salari [7] may provide improved reso-
lution of these leukotrienes and also decrease run
time. We did not examine this solvent system in
the present studies.

We observed improved and more consistent re-
coveries of leukotrienes and more stable reten-
tion times when 1.5 mM EDTA was included in

TABLE 11

RECOVERY OF TRITIATED STANDARDS FOLLOWING
RP-HPLC IN THE PRESENCE OR ABSENCE OF 40% GUI-
NEA PIG PLASMA

[PHILTB, (0.53 pmol, 174 Ci/mmol, NEN), [*HJLTC, (0.38
pmol, 39.3 Ci/mmol, NEN) and [*H]12(S)-HETE (0.11 pmol,
172 Ci/mmol, Amersham) were placed in polypropylene micro-
centrifuge tubes along with identical unlabeled eicosenoids (3-5
ugof LTB, and LTC, and 1.4 ng of 12(S)-HETE) and evaporat-
ed under vacuum. A 200-ul volume of heparinized control guinea
pig plasma or phosphate-buffered saline was added to each tube
and vortex-mixed. HPLC-grade methanol was then added to
each tube so that the final concentration of methanol was 60%
(v/v). This mixture was vortex-mixed and placed in a —32°C
freezer for 1 h to precipitate proteins, removed from the freezer
and immediately spun for 2 min at 4°C at 12 000 g in a Sorvall
Microspin 24S microcentrifuge. Supernatants were carefully
recovered so as not to disturb the pellet and transferred into
silanized glass micro-autosampler vials. A 75-ul aliquot was in-
jected using the protocol described in Fig. 1. Fractions of 1.8 ml
were collected and radioactivity was quantitated (n = 3, mean +
S.E.M.).

Eicosenoid Plasma Recovery (%)
LTB, - 88.7 £ 0.7
LTB, + 83.0 £ 1.0
LTC, - 81.9 £ 0.3
LTC, + 904 + 1.2
12(S)-HETE - 737 £ 2.6
[2(S)-HETE + 87.0 £ 0.1
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the aqueous buffer as suggested by Peters et al.

[5]. It was imperative that the peaks did not drift

since a typical experiment consisted of up to thir-
ty consecutive samples which were automatically
injected, fractionated and collected during specif-
ic time intervals. The solvents used in the sep-
aration and column regeneration systems utilized
in the method described herein resulted in highly
reproducible chromatographic profiles.
Validation of both the extraction method for
sample preparation prior to RP-HPLC and also
the actual HPLC fractionation method was ac-
cumpusneu Dy pcrlormmg lIle experlmen[s ae-
scribed in Table II. These studies provided in-

farmatinn the ran £ e idq fall
IOrmauon on ine récovery o1 SiCosenolGs icuow-

ing extraction and fractionation in the presence
or absence of guinea pig plasma. Inclusion of
both 3H-labeled and unlabeled eicosenoids al-
lowed visual monitoring of eicosenoid elution
times in addition to quantitation of recovery by
liquid scintillation. The recoveries for control in-
jections of [*H]LTB,, [*H]LTC, and [*H]12(S)-
HETE were 88.7 £ 0.7, 81.9 + 0.3 and 73.7 =
2.6%, respectively (mean £+ S.EM., n = 3). The
recoveries [83.0 £ 1.0, 90.4 4+ 1.2 and 87.0 +
0.1%, respectively (mean =+ S.EM., n = 3)] of
these tritiated elcoseno1ds remained excellent fol—

nea pig plasma.

Aliguots of plasma which were fractionated by
RP-HPLC and then re-assayed for immunoreac-
tive LTB,4 produced values which were four-fold
larger [36.04 + 7.47 versus 8.83 +£ 1.81 ng/ml,
respectively (mean = S.E.M., n = 5)] than those
obtained by direct immunoassay of the plasma
(Fig. 3). LTC4 immunoassays performed either
directly on plasma or on appropriately matched
RP-HPLC fractions demonstrated that there was
‘1g1‘1 ificant difference [‘+ 12 + 0.82 versus 4.33

s
+ 0.92 ng/ml, respectively (mean £ S.EM., n =

5)} between these two assay methods for the

(8§ Lwiv 4 Je8Lu N LN, (94

quantitation of LTC,. Presumably, the unfrac-
tionated plasma contains an agent(s) which in-
terferes with the LTBs—antibody reaction in the
immunoassay but which can be removed by frac-
tionation.

In conclusion, a novel method is presented for

407
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Fig. 3. Immunoassay of guinea pig plasma LTB, and LTC, be-

fore and after fractionation by RP.HPLC R‘nnrl from one- o

e and after fractionation by RP-HPLC. Blood from one- to
two-month-old guinea pigs was collected, stimulated with AA
and I, and processed as described in the Experimental section.
Immunoassays were performed either directly on plasma or on
the RP-HPLC fractions (from the same animals) co-eluting with
either [PHILTB, or [PH]LTC,. There was no significant differ-
ence related to the method of sample preparation for LTC, [pre-
HPLC= 4.12 £ 0.84 ng/mi, post-HPLC= 4.33 + 0.92 ng/ml
(mean £ S.E.M., n = 5)]. Post-RP-HPLC quantitation of LTB,
by immunoassay revealed significantly (p = 0.0076) more LTB,
than was measured by direct immunoassay of plasma [36.04 +
7.47 versus 8.83 £ 1.81 ng/ml, respectively {(mean + SEM.,»n =

5)]. The accuracy of the RP-HPLC extraction/fractionation
method was confirmed by the 1 TC, data since similar amounts

of LTC, were detected both before and after fractionation. The
LTB, data suggest that guinea pig plasma interferes with the
accurate evaluation of LTB, levels by the immunoassay reagents
used in these experiments.

automated, rapid clean-up and fractionation of
plasma prior to quantitation of eicosenoids by
immunoassay. This procedure is useful in the
processing of large numbers of samples since it
requires little hands-on manipulation, therefore

inerancing enmnla thraniaghnnt o Aevancing Ay

MICYeasing Sampic tnrougnput and dvuxbaaxué CX-~
perimental error. Through simple modification
of the HP 1090M program (Table I and Fig. 1)
and solvents supplied to the system one can per-
form a wide variety of sample clean-up, concen-
tration and fractionation procedures for com-
pounds (or metabolites) in complex biological

matrices.
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