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ABSTRACT

A method is described for the analysis of multiple neurochemically important compounds. The technique involves high-performance
liquid chromatographic separation in combination with ultraviolet and continuous-flow fast atomn bombardment mass spectrometric
detection. High-performance liquid chromatographic elution behaviour and relative detection responsiveness as correlated with chem-

ical structure are also presented.

INTRODUCTION

The complexity of the interactions which take
place between various neurochemical systems dur-
ing behavioral, pharmacological or psychological
investigations requires that a comprehensive analyt-
ical strategy be used in order to study these phe-
nomena. In one approach to this problem, simulta-
neous quantitative determination of multiple neu-
rochemicals is utilized to provide a profile of the
changes which are occurring in the central nervous
system. Instrumental techniques such as gas chro-
matography (GC), GC-mass spectrometry (GC—
MS) and high-performance liquid chromatography
(HPLC) have been widely used for this purpose. In
particular, recent developments in HPLC technol-
ogy make it possible to separate and quantitate nu-
merous organic compounds without requiring ex-
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tensive sample preparation or chemical derivatiza-
tion. Moreover, the combination of HPLC with MS
permits the analysis of polar, non-volatile or ther-
mally labile substances which are not amenable to
GC-MS techniques. As an alternative to thermo-
spray [1,2] or moving-belt [3-5] interfaces, we utilize
direct sample introduction into an HPLC—contin-
uous-flow fast atom bombardment (CF-FAB)-MS
system [6,7] to accomplish these measurements. We
have recently reported on our use of this method for
quantitative analysis of acetylcholine (ACh) in rat
brain regions [8].

In the present report we describe our results for
analysis of 29 standard neurochemicals which have
been evaluated for their LC elution behavior and
suitability for guantitation by HPLC-CF-FAB
MS. Furthermore, we show correlations between
individual chemical structure and sensitivity by this
technique.
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EXPERIMENTAL

Chemicals

A list of the standard compounds used in this
investigation is presented in Table I. DOPAC,
nMET and DOMA were purchased from Aldrich
(Milwaukee, W1, USA); all of the other standards
were obtained from Sigma (St. Louis, MO, USA).
HPLC solvents and other reagents were of the high-
est purity available from commercial sources.

Continuous-flow FAB LC~MS system

A block diagram of the HPLC-CF-FAB-MS sys-
tem is shown in Fig. 1. (Note that the manufacturer,
JEOL, uses the term “FRIT-FAB LC-MS” for this

TABLE I
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technique.) Details about this system were recently
presented by Ikarashi et al. [8]. HPLC separation
was accomplished with an octadecyl silane semi-mi-
cro column (SFPAC-ODS05 S15 column, 15 cm x
1.7 mm I.D., 5 um particle size, JEOL, Tokyo, Ja-
pan). Binary gradient elution was performed with
mobile phase A comprised of 0.2% (v/v) trifluoro-
acetic acid (TFA) in water containing 1% glycerol,
and mobile phase B consisting of 0.2% TFA in
methanol containing 1% glycerol. The separation
was initiated with 100% A, and the content of B
was linearly increased from 0 to 40% over a period
of 15 min. The flow-rate was maintained at 0.15
ml/min. After passing through the UV detector, the
effluent from the column was mixed with a 1%

HPLC RETENTION TIME OF SELECTED NEUROCHEMICALS USING UV AND MASS SPECTROMETRIC DETECTION

Compound Abbreviation Mol. wt. Retention time (min)®

uv MS
Choline Ch 104 nd. 3.6 £ 0.2
Norepinephrine NE 169 24 + 0.1 3.7 £ 0.5
Octopamine OCT 153 32+0.1 44 + 04
3,4-Dihydroxymandelic acid DOMA 184 34 + 0.1 n.d.
Epinephrine EP 183 37 £ 0.2 49 + 04
Ethylhomocholine EHC 132 n.d. 51+ 02
3,4-Dihydroxybenzylamine DHBA 139 42 + 0.2 5.5+ 04
Acetylcholine ACh 146 n.d. 57 £ 0.3
Normetanephrine NMN 183 4.7 + 0.2 59 £ 04
Synephrine SYN 167 5302 6.7 + 0.4
Dopamine . DA 153 58 £ 0.2 72 £ 04
Metanephrine MN 197 64 £+ 0.5 8.1+ 0.6
Deoxyepinephrine DEP 167 6.5 £ 0.5 81+ 05
3,4-Dihydroxyphenylalanine DOPA 197 7.0 £ 0.5 85+ 05
Tyramine TYM 137 70 £ 04 85+ 05
Phenylethanolamine PEOHA 137 n.d. 89 £ 04
Tyrosine TYR 181 8.7 £ 0.2 10.0 + 0.4
3-Methoxytyramine 3-MT 167 87 + 0.2 10.0 £ 0.5
5-Hydroxytryptamine 5-HT 176 89 £ 0.2 103 £ 04
N-Methyl-5-hydroxytryptamine nMET © 190 93+ 0.3 10.7 £ 0.5
Homovanilic acid HVA 182 10.0 £ 0.3 11.5+ 04
5-Hydroxytryptophan 5-HTP 220 104 + 0.3 11.7 £ 0.3
Phenylalanine PHE 165 nd. 12.1 £ 0.2
Phenylethylamine PEA 121 n.d. 123 £ 0.2
5-Hydroxytryptophol 5-HTOL 177 11.0 £ 0.4 12.6 £ 0.4
3,4-Dihydroxyphenylacetic acid DOPAC 168 119 £ 05 132 +£ 0.4
5-Hydroxyindoleacetic acid S-HIAA 191 134 + 0.2 148 +£ 0.4
Tryptamine ™ 160 135 £ 0.2 148 + 0.3
Tryptophan TRP 204 141 + 0.2 154 + 0.5

“ n.d. = not detected; values represent the mean + standard deviation for five separate injections.
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Fig. 1. Block diagram of the HPLC-CF-FA-MS system. For more details about the instrumentation, see ref. 8.

glycerol-methanol solution and introduced into the
interface region (the splitter, connector and CF-
FAB probe) at a final flow-rate of 0.25 m!/min, the
maximum flow-rate which could be readily accomo-
dated by the vacuum system. Approximately 8 ul/
min of the effluent were transmitted into the mass
spectrometer, and the remainder was collected.
Mass spectra were acquired on a JEOL Model
JMS-AX505W mass spectrometer in combination
with a JEOL Model JMA-OA 5000 data system
which was used for mass spectra data processing.
MS conditions were as follows: ion source temper-
ature, 50°C; accelerating voltage, 3 kV; conversion
dynode voltage, — 10 kV; electron multiplier volt-
age, 1.2 kV; resolution, 1000. A liquid nitrogen trap
in the ion source region was used to improve the
speed of evaporation. The mass spectrometer was
either scanned from 30 to 800 a.m.u. (positive-ion
detection) for qualitative analyses or operated in
the selected-ion monitoring (SIM) mode for quanti-

120

Absorbance at 280 nm (mAU)

Retention time (min)

Fig. 2. HPLC pattern with UV detection for the standard com-
pounds listed in Table I. Column specifications and composition
of mobile phase are given in the Experimental section. A 5-nmol
aliquot of each compound was injected.

tative determinations. A JEOL atom gun was used
with xenon (5 keV) for FAB from the surface of the
flow FAB probe.

RESULTS AND DISCUSSION

After HPLC separation of the standard com-
pounds, initial detection was accomplished by UV

70

Peak helght (mm)

Flow~rate of post column solution (mi/min)

Fig. 3. Effect of post-column addition on the intensity of matrix
ions in HPLC-CF-FAB-MS. Composition of mobile phases is
given in the Experimental section. Solution added post-column
consisted of 1% glycerol in methanol (v/v).
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Fig. 4. Mass chromatograms for HPLC—CF-FAB-MS analysis of the standard compounds listed in Table 1. Column specifications and
composition of mobile phase are given in the Experimental section. A 5-nmol aliquot of each compound was injected. Positions on the
traces marked with a circle represent the retention time for compounds not detected for the sample size used in this analysis.

since most of the neurochemicals of interest to us
absorb near 280 nm. We found that, when only sol-
vent A was utilized, retention times were extremely
long, and broad peaks were observed for the strong-
ly retained compounds. Gradient addition of meth-
anol containing 0.2% TFA along with 1% glycerol
led to faster elution of these substances. After ex-
amining various mixing rates for the two solvent
systems, we ascertained that the linear gradient sys-

120

tem of 0—40% solvent system B gave optimal sep-
aration in an acceptable amount of time. A typical
HPLC profile using UV detection is shown in Fig.
2. Peaks for Ch, ACh, EHC and PHE were not ob-
served at 280 nm because these compounds lack a
chromophore at that wavelength; consequently, MS
was used for detection of these substances. With the
solvent system described above, HPLC separation
of the analytes was completed within 15 min. As can
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Fig. 5. CF-FAB mass spectrum of acetylcholine (ACh); G = glycerol.
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Fig. 6. CF-FAB mass spectrum of dopamine (DA), G = glycerol.
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Fig. 7. CF-FAB mass spectrum of phenylalanine (PHE); G = glycerol.
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Fig. 8. CF-FAB mass spectrum of serotonin (5-HT); G = glycerol.
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TABLE II

RELATIVE RESPONSE OF SELECTED NEUROCHEMI-
CALS TO DETECTION BY FRIT-FAB-MS

Compound” Monitored  Peak area®  Response®®
ion (m/z) (%)

ACH 146 42832 100.0
EHC 132 39187 91.5
PEA 122 25123 58.7
Ch 104 19184 44.8
PHE 166 14675 34.3
PEOHA 138 13523 31.6
™ 161 6046 14.1
3-MT 168 5449 12.7
TRP 205 4427 10.3
DEP 168 4216 9.8
SYN 168 4019 9.4
TYM 138 3838 9.0
MN 198 3762 8.8
EP 184 2889 6.7
DA 154 2386 5.6
TYR 182 2334 5.4
nMET 191 2033 4.7
OCT 154 1520 35
NMN 184 1361 3.2
DOPA 198 1337 31
NE 170 1313 3.1
S-HT 177 1033 2.4
DHBA 140 920 2.1
5-HTP 221 762 1.8
HVA 183 390 0.9
5-HIAA 192 239 0.6
5-HTOL 178 214 0.5
DOPAC 169 55 0.1
DOMA 185 n.d. n.d.

¢ Abbreviations as shown in Table 1.
? n.d. = Not detected.
¢ Response relative to ACh.

be seen from the chromatogram in Fig. 2, the close
similarities in chemical structures of many of the
compounds makes it difficult to obtain complete
HPLC separation, as evidenced by closely eluting
or overlapped peaks. However, the use of CF-FAB-
MS for detection eliminates this problem. By using
SIM, differentiation between these compounds can
be readily accomplished even without baseline
HPLC separation. Moreover, even for isobaric sets
of compounds such as OCT and DA (mol wt. 153),
EP and NMN (mol. wt. 183), SYN, DEP and 3-MT
(mol. wt. 167) and MN and DOPA (mol. wt. 197)
the HPLC retention times are sufficiently separated
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that the specificity afforded by MS permits facile
peak identification.

In order to increase efficiency and ion stability, it
was necessary to employ post-column addition of a
mixture of 1% glycerol in methanol. The effect of
flow-rate of the post-column solution on the pro-
duction of matrix ions by CF-FAB was examined
by monitoring the intensities of ions at m/z 369
(protonated glycerol tetramer) and m/z 461 (prot-
onated glycerol pentamer). As shown in Fig. 3, the
maximum peak heights for both of these ions were
obtained when the flow-rate was 0.1-0.2 ml/min.

The mass chromatograms obtained for HPLC-~
CF-FAB-MS analysis of the selected neurochem-
icals are presented in Fig. 4. For the quaternary
ammonium compounds Ch, ACh and EHC molec-
ular cations ((M]*) at m/z 104, 146 and 132, respec-
tively, were monitored. For the other neurochem-
icals, protonated molecular ions ((MH]") were de-
tected. The retention times of the compounds being
tested, as recorded by UV and CF-FAB-MS are
listed in Table I. As can be seen in the table, longer
retention times were observed for the peaks detect-
ed by MS (Fig. 4) as compared with UV (Fig. 2)
because of the additional length of tubing in be-
tween the UV detector and the CF-FAB probe.

CF-FAB mass spectra of representative com-
pounds are shown as follows: ACh (quaternary
amine), Fig. 5; DA (catecholamine), Fig. 6; PHE
(amino acid), Fig. 7; and 5-HT (indoleamine), Fig.
8. Proposed cleavages for each analyte are illustrat-
ed for each structure; however, details of the frag-
mentation mechanisms have not yet been compre-
hensively investigated. From the spectra it can be
seen that the base peak was either [M]* or [MH]*,
depending on the compound class.

In order to ascertain the sensitivity of CF-FAB-
MS for our compounds of interest, 5 nmol of each
substance were injected into the HPLC system, and
the retrieved area for each base peak was measured
after SIM. The results are summarized in Table II.
The data show that the highest sensitivity was ob-
tained for quaternary ammonium compounds such
as ACh and EHC. The detection limit for ACh was
less than 1 pmol. The poorest sensitivities were
found for compounds such as HVA, 5-HIAA, 5-
HTOL, DOPAC and DOMA, all of which lack an
amino group. These compounds were either not ob-
served or were only marginally detected at the 5-
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TABLE 1
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RELATIONSHIP BETWEEN CHEMICAL STRUCTURE AND RESPONSE FOR ANALYSIS BY CF-FAB-MS

Compound R, R, R,

Peak area Response (%)

Quaternary ammonium compounds

AcH CH, OCOCH, f 42832 100.0
EHC C,H, CH,OH HaC N CHa2 CH2 39187 91.5
Ch CH, OH | | 19 183 448
R R,

Catechol analogues H H

PEA H H H i | 25123 100.0
PEOHA H H OoH R, c N 13 523 538
TYM OH H H < ) I I 3838 153
DA OH OH H R, . H H 2386 9.5
NE OH OH OH 1313 5.2
Indole analogues

™ H H H H H H 6046  100.0
TRP H H cooH R~ | | c c N 4427 73.2
nMET OH CH, H ~ /l l l ' 2033 33.6
S-HT oH H H ﬁ H A b 1033 17.1
5-HTP OH H COOH 2 3 764 13.6

nmol level. We found approximately a 1000-fold
difference in sensitivity between ACh and DOPAC.

From a review of our data, we ascertained that
the sensitivity of individual compounds using our
CF-FAB-MS method could be correlated with
chemical structure. For example, the response for
PHE [C¢Hs—CH,~CH(NH;)-COOH] was almost
ten times greater than for DOPA [C¢H3(OH),-
CH,-CH(NH,)-COOH], with the structures of
these related compounds differing only by the pres-
ence of two hydroxyl groups on the phenyl! side-
chain of DOPA. In the current study, it was appar-
ent that compounds with alcoholic or phenolic sub-
stituents tended to exhibit lower responsiveness by
CF-FAB-MS; in general, the greater the hydro-
phobic nature of a compound, the stronger the sig-
nal CF-FAB-MS. This trend is substantiated by the
data presented in Table III for representative qua-
ternary ammonium, catechol and indole analogues.

In conclusion, we present methodology for LC
separation and CF-FAB-MS quantitation of mul-
tiple neurochemically important compounds. We
believe that this technique will be quite valuable for

monitoring changes in the central nervous system
during behavioral, pharmacological and psycholog-
ical investigations if the sensitivity of the technique
can be improved. In future studies we plan to ex-
plore the use of packed capillary columns for HPLC
separation in order to eliminate the need for post-
column splitting. In addition, we will examine the
use of negative-ion detection in conjunction with
CF-FAB-MS analysis of these compounds in an ef-
fort to enhance the sensitivity for the more hydro-
philic analytes and to obtain more uniform respon-
siveness for the different structural analogues.
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