27

Journal of Chromatography, 225 (1981) 27—35
Biomedical Applications
Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands

CHROMBIO. 921

DETERMINATION OF SEROTONIN, ITS PRECURSORS, METABOLITES
AND [P*H]SEROTONIN IN LUNG BY HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHY WITH FLUORESCENCE DETECTION

DALE E. MAIS, PATRICIA D. LAHR and TALMAGE R. BOSIN*

Section of Pharmacology, Medical Sciences Program, Indiana University School of Medicine,
Bloomington, IN 47405 (U.S.A.)

(First received January 15th, 1981 ; revised manuscript received March 17th, 1981)

SUMMARY

A rapid, simple, sensitive method for the determination of serotonin, its precursors,
metabolites and [*H]serotonin in lung is described. Tissue preparation requires only homog-
enization in dilute perchloric acid and centrifugation prior to separation by high-perfor-
mance liquid chromatography using a reversed-phase column. Detection is based on the
native fluorescence of indole compounds and detection limits ranged between 30—90 pg
injected. The method has been used to determine these compounds in mouse lung and
plasma.

INTRODUCTION

The importance of the lungs in the control of circulating levels of vasoactive
substances in health and disease has been established [1, 2]. Recent investiga-
tions [3—9] have demonstrated the pulmonary vasculature to be the major site
controlling the arterial concentraticn of the vasoactive amine, serotonin (5-
hydroxytryptamine, 5-HT). This control is accomplished by 5-HT uptake,
storage, and metabolism and may be important in maintaining the fluidity of
the pulmonary circulation. Drugs, and dietary and environmental toxicants
which interfere with this pulmonary function may produce severe adverse
effects. Furthermore, the control of circulating 5-HT levels by the lung and its
function therein have been the subject of considerable speculation which has
included such pathological states as anaphylaxis [10, 11], delayed-type hyper-
sensitivity [12] and pulmonary hypertension [13].

. Vanous analytical methods have been employed to measure 5-HT and its
precursors and metabolites in: tissues and fluids, including thin-layer chromato-
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graphy [14], ultraviolet spectrometry [15], fluorescence spectrometry [16],
gas chromatography [17], gas chromatography—mass spectrometry (GC—MS)
[18] and radicimmunoassay (RIA) [19]. All of these analytical methods suffer
from limitations of simplicity, selectivity and/or sensitivity. Recently these
compounds have been analyzed in brain, cerebrospinal fluid, serum and urine
by high-performance liquid chromatography (HPLC) with fluorescence
{20—25] and electrochemical (EC) [26—31] detection.

In light of the importance of lung—serotonin interactions, we have developed
a simple, sensitive method for the determination of tryptophan (TRP),
5-hydroxytryptophan (5-HTP), 5-HT, exogenous [*H]5-HT, 5-hydroxyindole-
8-acetic acid (5-HIAA), 5-hydroxyindole-3-acetic acid O-sulfate (5-HIAA-O-
sulfate), 5-hydroxytryptophol (5-HTOL), tryptamine, N-acetylserotonin and
indole-3-acetic acid (IAA) in a single injection. This method has been used in
the determination of these compounds in mouse lung and plasma.

EXPERIMENTAL

Reagents

Tryptophan, tryptamine hydrochloride, indole-3-acetic acid, 5-hydroxy-
tryptophan, serotonin hydrogen oxalate, N-methylserotonin hydrogen oxalate,
N-acetylserotonin, 5-hydroxyindole-3-acetic acid, and 5-hydroxytryptophol
were purchased from Regis (Morton Grove, IL, U.S.A.). 5-Hydroxytryptamine
binoxalate [1,2-3H(N), specific activity 27.0 Ci/mmol] and 5-hydroxytrypt-
amine binoxalate [2-'*C, specific activity 51.5 mCi/mmol] were purchased
frcm New England Nuclear (Boston, MA, U.S.A.). The purity of all labeled
compounds was determined by thin-layer chromatography on 250-um silica
gel G plates purchased from Analtech (Newark, DE, U.S.A.), using a solvent
system composed of acetone—2-propanol—water—ammonium hydroxide
(50:40:7:3). The thin-layer plates were scanned on a Packard 7200 radio-
chromatogram scanner (Packard Instrument Co., Downers Grove, IL, U.S.A.).
Liquid scintillation fluid was prepared by dissolving 5 g of PPO—POPOP (98:2)
purchased from Research Products International (Elk Grove Village, IL,
U.S.A.) and 100 g of naphthalene in 1 1 of p-dioxane. Type VII purified
bacterial g-glucuronidase and Type H-1 partially purified g-glucuronidase—
sulfatase from Helix pomatia were purchased from Sigma (St. Louis, MO,
U.S.A.). Glass distilled methanol was obtained from Burdick and dJackson
Labs. (Muskegon, MI, U.S.A.) and 0.01 M sodium acetate buffer, pH 4.7,
was prepared from reagent grade sodium acetate. Solvents were filtered through
a 0.2-um Millipore fiiter (Millipore, Bedford, MA, U.S.A.) and vacuum
dezereated. Standard solutions (1 mM) were prepared in 0.1 M perchloric acid
and diluted to the desired concentration.

Apparatus

Liquid chromatography was performed using a Varian 5020 liquid chromato-
graph (Varian Assoc., Palo Alto, CA, U.S.A.) equipped with a universal loop
injector, a 5-cm column guard packed with Vydac reversed-phase hydrocarbon
(Separations Group, Hesperia, CA, US.A) and a 30 ecm X 39 mm LD.
uBondapak C,; reversed-phase column, particle size 10 um (Waters Assoc.,
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Milford, MA, U.S.A.). The mobile phase consisted of 12% methanol—0.01 M
sodium acetate buffer (pH 4.7) and the flow-rate was 0.8 ml/min. Fluorescence
detection was achieved using a Fluorichrom detector (Varian Assoc.) equipped
with a deuterium arc source and using a 200 I excitation filter and a Corning
7-60 band filter (360 nm) for emission. Radioactive samples were counted in a
Beckman LS-8000 liquid scintillation counter (Beckman Instruments,
Fullterton, CA, U.S.A.) and programmed to count dual-labeled (CH/'*C)
samples.

Sample preparation

Male, Swiss-Webster mice weighing 20—25 g were purchased from Labora-
tory Supply Co., (Indianapolis, IN, U.S_A.). All animals were fed food and
water ad libitum and were maintained on a 12:12 light/dark cycle for five days
prior to use. 5-Hydroxytryptamine binoxalate [1,2-3H(N)] was injected into
the tail vein of mice at a dose-of 0.2 uCi and 20 ng 5-HT binoxalate per g. The
mice were loosely restrained under an inverted 100-ml blackened beaker with
the tail protruding from the lip of the beaker. Fifteen min after administration
of [3H]5-HT the animals were killed by ether asphyxiation/decapitation which
involved placing the animal in a warmed (37°C), ether-saturated desiccator
until all breathing ceased (1.1 min). The lungs were quickly removed, rinsed in
ice-cold 0.9% saline, blotted dry and frozen at —80°C for analysis. Blood was
collected from the decapitation site in glass tubes previously rinsed with EDTA
anticoagulant solution [27]. Hematocrits were determined and compared to
previously reported values [32]. Plasma samples were prepared by centrifuging
the sample for 30 min at 600 g in a Beckman J-6B centrifuge cooled to 4°C.
Aliguots of up to 300 ul of each plasma sample were transferred to 125 X 15
mm glass tubes and stored at —80°C for analysis.

Lungs were weighed and homogenized (Polytron, Brinkmann Instruments,
Westbury, NY, U.S.A.) at a setting of 6 for 0.5 min in 2.0 ml of ice-cold 0.1 M
perchloric acid containing 100 ul of EDTA—ascorbic acid solution (200 mg
ascorbic acid per ml of 10% EDTA solution, prepared fresh daily), 50 ul (0.4
zg) N-methylserotonin (as internal standard for endogenous indole determina-
tions) and 50 ul (10 nCi) of [!'*C]5-HT as internal standard for [3H]5-HT
determinations. Plasmma samples were handled in the same manner. The homog-
enates were cenfrifuged for 10 min at 4°C and 2500 g and the supernatants
transferred to screw-capped glass centrifuge tubes and 100-ul aliquots were
injected onto the column. Samples were stored at —80°C for longer than two
weeks without evidence of degradation.

Quantitation

The quantitation of the endogenous indoles was based on the calculated
fluorescence intensity ratio of each indole to N-methylserotonin (internal
standard), and the use of a calibration curve that was prepared by adding
differing amounts of each indole compound to 0.4 ug of N-methylserotonin
and analyzing the samples (see above).

The quantitation of [*H]}5-HT was based on the [*H]5-HT to ['*C]5-HT
ratio defermined by collecting the detector effluent associated with the 5-HT
peak in 10 ml of liquid scintillation fluid and counting. A calibration curve was
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prepared by adding known amounts of [*H] 5-HT and 10 nCi of ['*C]}5-HT to
blank lung tissue and analyzing the samples (see above).

Identification and quantitation of 5-HIA A-O-sulfate

The substance to be identified (Fig. 1A, peak 2) was repetitively collected
from lung chromatographic analysis and evaporated to dryness under a stream
of nitrogen gas. The residue was dissolved in 2.0 ml of water and divided
equally. The divided samples were adjusted to pH 5.9 and pH 5.0, and treated
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Fig. 1. Chromatograms of mouse lung sample before (A) and after (B) acid hydrolysis.
Peaks: 1 = 5-HTP; 2 = 5-HIAA-O-sulfate; 3 = 5-HT; 4 = N-methylserotonin; 5 = TRP; 6 =
5-HIAA. See Experimental for chromatographic conditions. Samples were elufed with 12%
methanol in 0.01 M sodium acetate buffer, pH 4.7 and a flow-rate of 0.8 ml/min.
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with 9.3 mg (12,000 units) of Type VII purified g-glucuronidase and 10 mg
(3000 units and 300 units) of partially purified Type H-1 g-glucuronidase—
sulfatase, respectively. Each sample was incubated for 18 h at 37°C, after
which it was adjusted to pH 1.0 with dilute perchloric acid, centrifuged, and
analyzed.

A 0.5-ml aliquot of the lung supernate was treated with 100 ul of EDTA—
ascorbic acid solution and then adjusted to a final conceniration of 1.0 M
perchloric acid by the addition of 90 ul of concentrated perchloric acid.
The solution was heated for 10 min at 100°C, cooled, and neutralized with
180 pl of 2 M potassium acetate solution. The sample was centrifuged to
remove the potassium perchlorate precipitate and a 100-z1 aliquot was
analyzed.

The quantitation of 5-HIAA-O-sulfate was based on the quantitative acid
hydrolysis of the lung supernate, as described above. From the increased level
of 5-HIAA following hydrolysis, the initial concentration of 5-HIA A-O-sulfate
was readily calculated. Under the hydrolysis conditions 5-HTOL was not
oxidized to 5-HIAA, the other indole derivatives were not converted to
5-HIAA, and both 5-HIAA and N-methylserotonin (internal standard) were
stable. The peak height differences observed between Fig. 1A and B are due to
dilution of the sample during the hydrolysis of the sample. All peak height
ratios remained the same.

RESULTS AND DISCUSSION

The chromatographic charactersistics of the authentic indole compounds are
depicted in Fig. 2 and the chromatographic and detectability data are presented
in Table I. Under the experimental conditions, all of the indole compounds are
readily separated and fluorescence detection provides detection limits which
are comparable to GC—MS [18], RIA [19] and HPLC—EC [26—31].

The analysis of mouse lung indoles is presented in Fig. 1A. All of the com-
pounds, except the one producing peak 2, were confirmed by both spiking the
sample with authentic material and chromatographing the samples with
differing percentages (5—15%) of methanol. In each instance the compound
coeluted with the appropriate standard. The identification of 5-HIA A-O-sulfate
as the compound chromatographing as peak Z was based on its rapid hydrolysis
to 5-HIAA, as shown by the marked increase in 5-HIAA in the hydrolyzed
chromatogram (Fig. 1B). Under the hydrolysis conditions neither 5-HTOL nor
the cother indole compounds present in the lung sample were converied to
5-HIAA. In addition, both 5-HIAA and N-methylserotonin, the internal
standard, were stable under these conditions, thereby providing an easy means
of quantitating this metabolite. The identification of the metabolite as a sulfate
conjugate was based on the facile hydrolysis of the concenirated metabolite by
partially purified Type H-1 B-glucuronidase—sulfatase and the absence of
hydrolysis with Type VI purified g8-glucuronidase. Based on this differential
hydrolysis the conjugate was identified as a sulfate.

The chromatographic analysis of mouse plasma is presented in Fig. 3A. The
idenfification and quantitation of 5-HIAA-O-sulfate as the metabolite
responsible for peak 2 in the chromatogram was based on the same eriteria as
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Fig. 2. Chromatogram of standard indole compounds. Peaks: 1 = 5-HTP; 2 = 5-HT; 3 = N-
methylserotonin; 4 = TRP; 5 = 5-HIAA; 6 = 5-HTOL; 7 = tryptamine; 8 = N-acetylserotonin;
9 = JAA. See Experimental for chromatographic conditions. Elution conditions were the
same as for Fig. 1.

TABLE I
CHROMATOGRAPHIC AND DETECTABILITY DATA

For chromatographic conditions see Experimental.

Compound Retention time  Detection limit
(min) (pg)*
5-Hydroxytryptophan 7.6 45
Serotonin 9.1 30
N-Methylserotonin 104 50
Tryptophan 124 50
5-Hydroxyindole-3-acetic acid 15.7 90
5-Hydroxytryptophol i 186 . 70
Tryptamine 21.6 100
N-Acetylserotonin 319 300
Indole-3-acetic acid 50.0 210

%*Injected quantity of authentic material giving a signal-to-noise ratio of 2.0.
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Fig. 3. Chromatogram of mouse plasma sample before (A) and after (B) acid hyédrolysis.
Peaks: 1 = 5-HTP; 2 = 5-HIAA-O-sulfate; 3 = 5-HT; 4 = N-methylserotonin; 5 = TRP; 6 =
5-HIAA. See Experimental for chromatographic conditions. Elution conditions were the
same as for Fig. 1.

described above for lung samples and the corresponding hydrolyzed plasma
sample is shown in Fig. 3B.

The determinations of TRP, 5-HTP, 5-HT, [°H] 5-HT, 5-HIAA and 5-HIAA-
O-sulfate levels in mouse lung and plasma are shown in Table II. The lung 5-HT
and 5-HIAA values are similar to those previously reported [33, 34], while the
remaining indoles have not been prevmusly reported in mouse lung. The plasma
5-HT levels are considerably lower than those reported [83] and may reflect
differences in ana.lytlcal method or differences in the method of sacrifice. The
latter have been shown [35, 36] to markedly afféct the lung and circulating
levels.of 5-HT.

In summary, we have d&scnbed a sn:nple, sensxtwe procedure for the rapid
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TABLE II

LEVELS OF SEROTONIN, ITS PRECURSORS, METABOLITES AND {>HISEROTONIN IN MOUSE
LUNG AND PLASMA

Values are expressed as ug/g or pg/ml and radioactivity is expressed as nCi/g or nCi/mil. All values are
mean + S E.M.

Sample TRP 5-HTP S-HT ’H4] 5HT 5.-HIAA S5-HIA A-O-sulfate

Lung 10.98 + 0.89 0.45 = 0.05 2.89
117

0.26 1544 £ 138 0.12 £ 0.04 9.96 * 0.39
Plasma 12.04 +1.34 0.15 £ 0.03 0.

.16 586 + 72 ND* 0.27 + 0.01

*Not routinely detected.

determination of exogenous [’H]5-HT and endogenous 5-HT, its precursors
and metabolites in lung. With a method capable of simultaneously measuring
both endogenous 5-HT as well as exogenous [2H] 5-HT, the dynamics of lung—
serotonin interactions and their alteration by drugs, environmental toxicants,
and disease can be more readily studied.
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