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ABSTRACT

Several bjogenic amines, metabo1ites,‘andﬁretated’compounds
were derivasized with trifluoroacetic anhydride(TFAA)'and-were
1ntroduced into the GC MS. The mass spectra and the séns1t1v1ty
‘of these compounds were 1nvest1gated in pos1t1ve chemical |
1onizat1on(PCI) where methahe or ammonia was used as a reagent .
} gas,'electronvimpact 1on1zatton(EI)[ and negative’-ion chemcal
ftonization(NlCI). where methane was used as a reagent Qas.'

Every spectrumfwas‘characteristic to a compound used, and it
provides the information aboutkmo1ecu1ar weight and molecular
structure. The sensitivity order was found to be NICf > EI >
PCI (methane) > PCI (ammonia). The ammonia PCI was found the
1east sensitive-among a]] 1onazat1on modes used but a]]
biogenic~amtnes give [M+NH4] as a base peak Thereforéfg

‘this 1on1zation mode clear]y prov1des the 1nformat1dn about the
'mOIecu1ar structure and mo1ecu1ar we1ght of an analyte.: The R
methane PCI wh1ch is more sens1t1ve than' ammon1a PCI, g1Ves
[MsHTH or [MH- TFAOH] 'as a base peak to SUpport‘the H
molecular structure of an ana]yte A]though the sens1t1v1ty of

'EI is 1ower than negat1ve ion chem1cal 1on1zatlon, 1t gives

: LRy
_ numerous fragmeft peaks conta1n1ng abundant 1nformat1on about
."the molecular structure The methdme negat1ve ion chemtca1
‘:ionization, whtch was found to be the most sens1tive among all

1onization modes used ‘in this present study. made it poss1b1e to

s

identify picomole quant1t1es‘of b1ogen1c amines in b1oIog1ca] i

Tyt &
o L -
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~samples.

By combination fused silica capillary column gas
chromatography mass spectromefry and HPLC-EC, which was also
found highly specific and Sensitive to catecho1amines,_p100m61e

. . .

levels ofldopémine were found to exist in mg. wet weight of a

nerve-rich tissue of Polyorchis %enici11atus The finding of the

~

ex1stence{9f dopamine 'in the nerve rich t1ssue of Po]yorchi

ggn1c111atus strong]y suggests thalt this an1ma1 has a -

neurotransmitter in its nervous system. . "

\

-
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THAPTER 1

INTRODUCTION

kAl

#

The naturally found catecholamines, norépinephrine (NE,
~noradrenaline (1)), epinephrine (EN, édréna]ine (11)). dopamine
(DA (II1)), and tryptamfné (TRA (IV)) and related compdund,
5-hydrox§—tryptaminé (5-HT, serotonin (V)), see Thb]e‘1.1, p]ay.
a role as neurotransmittehs in the‘centra1 ana peripheral
nervous systems [1,2]. They also play a vital role in human’
disease. Thus, dysfunétions of catecholamines, and the related
compounds, meta(orfp%{a)-octdpamine (m-0CT (V1) and p-0CT
(VII)f,‘serphrfne%(SYNE (VIII)), 3:4—dihydroxy-pheny1a1anine
(DOLA (IX)), are Known to lead to ParKinson’'s disease[3],

depression{4] schizoﬁhrenia[S].‘and pheochromocytoma [6].

The physiology and pharmacology of biogenic amines and,the{r
roles as ‘hormones or neurotransmitters have been studied
eXtensive]y,ahd the discovery of their catabolic pathways has
hevolutionized_this area‘of biochemical research and led to a
growing interest in the analysis of the parent amjhes, their
precursors and'hégabolites. The major metabolic p;thway for the

catecholamines may be represented by a single scheme (Fig.

1.1)[7).
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Figure 1.1 Catecholamine metabolism and the related enzymes.
TH: tyrosine hydroxylase, AADC:aromatic L-amino-acid
* decarboxylase, DBH:dopamine b-hydroxylase, PNMT:phenylethanol-
~.amine N-methyltransferase.



TaBle 1.1 Structures of several biogenic amines and metabolites

© Ry Ro Rj Rg Rg Rg
17 -0H -OH -OH -H -NH, -
11)  -0H" -OH -OH -H -NH=CH; -
111)  -OH -OH -H -H -NH -
V) - - - - -4 -H
V) - - - - | -OH
VI)  -OH -H -OH -H -NH2 - .
VI1) -H -OH -OH -Ho -NH5 -
VII1) -H -OH -OH H -NH=CHj -
IX}  -OH ;- -OH -H -COOH -NH, - -

Since progress in research often depended upon development

of improved analyticaf procedures, introduction of improved

.analytica1 technology makes new developments in biogenic amine

research possible. A variety of analytica] methods have
receﬁtly been developed for the determination oﬁébiogenic amines

and their metabolites. Amongethese methods, high performance

>Vliduid-chromatographyiWith_electrdchemical detection [8-11] and

"capillaﬁy gas chrometography chemical ionization mass .

-
spectrometry (12, 13T‘afford a combination of great*Te1ect1v1ty

xr

‘and sensitivity wh1ch 1s not eas11y obta1ned by other" methods ..

The recent availability of combined l1qu1d chromatography
mass spectrometry[14 16], which can be used in ‘the sélected ion
monitoring mode. clearly offers new opportun1t1es to extend

further the use of mass'spectrometry in bqogenlc amine research.
N .



~

In the present study, the mass spectra of several biogenic
amines and related compound in vaFious ionization modes in GC-MS
were investigated first. Then this technique was applied to the

identification of biogenic amines:inbthe jelly fish Polyorchis

penicillatus. _ ’J/—‘\

The phylogenetic tree is shown in Fig. 1.2. The
coelenterate phylum is the md%t Brimitive, which possesses a
nervous system. In this phylum there are three different

14

- classes, Hydrozoa, Scyphozoa, and gnthozoa (Fig. 1.3). The

species, Polyorchis penicillatus belongs to the Hydrozoa. To
find out whether neurotransmitters are present and how these
compounds act in this primitive animal will help us better.

understand: its nervous system.

[ 3

1.1. GAS CHROMATOGRAPHY MASS SPECTROMETRY (GC-MS)

" Specificity and SensitiVity, the two main performance
characteristics :;/éombined gas chromatography hass
spectrometry(GC-MS), have been utilized in a remarkable number

-of applications in él] arégé of biogenic amines research
[17-20]. \GC-MS represénts one of the most power ful aﬁd
versatile analytical methods availablé for the unequivocal
identification and quantitation of‘Small émounts of organic

compounds in complex mixtures. Thelrecently avdi]abie capillary

co]umns'provide high]y inert sysfems to assay labile substances



YR

kohha

Crnodea Echinodertnata —

g(
,;%%4’
Aschelminthes

g )
AD
B Porifera
Soorozoa v ‘

Cmaia
Cl\ Rrgzoooda

Ptatyhelmmthes
Ctenophora %
0(318

Anthazoa
| w Higher Plants -
Chioroptyta @iyﬁ

Phaeophyta~ ' -
~ )Z‘
— -

Rhodophyta

Protozoa
Flageiiata

%J

Cyanophyta

Figure 1.2 The phﬂlogentiéltree.
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as well as sufficient effieiency and resolution to separate
closely related substances in complex samples. The technique ot
selected ion monitoring(SIM) where the mass spectrometer_
focuses on a.few preselected masses charahteristic of the
compounrd rather than scanning the entire mass range,  is now used .
extensively hecause it permits a considerable relaxation in
sample purification requirement and provides confirmation of
analyte identity in the case of coelution of one or more

compounds &ithbthe compounds of interest [21-23],

The sen51tiv1ty and spec1f1c1ty of GC MS .can be increased
turther by the use of the new: 1onization methods Known as_
positive and negative ion chemical ionization methods. The
chemical ioni;étion technique avoids the extensive ﬁregmentation
of the analyte molecular ions and thus improves the
detectability of molecular lOﬂ relative to that obtained with
electron impact 1onization Positive chemical ionization(PCI)
has been throughly investigated and is being used extensively
[24-27]. .NegatiQe ion chemical ioﬁization(NICI), a relatively
new technique. offers a dramatic increase‘in sensitivity and
pecéits the quantification of even a few femtograms of amines by

GC-MS- SIM [28-31].

1.2. CHEMICAL IONIZATION MASS SPECTROMETRY

In chemical ‘onization méss‘speetrometry (CIMS), ions from

e——
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“the molecule of interest are formed by reactions between the

V]

molecule of interest and a set of ions which serve as ionizing

e

reagents.

The essential reactions'in poéitive {on chemical'ionization
v m ., N X :
can be ngen in genera] form in ﬁeact1ons (1) to (3) The

‘reactant ions are generated by ﬁon1z1ng the reagent ‘which

ex1sts in 1arge amounts, by e]ecfron 1mpact 1on1zat10n and
ionization is followed by 1on~molecu1e reactions. Because the

~

reagent gas 1s'present in large excess, ions from the reagent

)

gas are essentially thé'on]y ones produced by electrqp impact

ionization. The reactant ion and the reagent gas_neutné?é’x‘
produce_tﬁé chemical ionization'reactanf"iohJo;_reactanf ion
series shown-béJow, whéﬁe e* means a therma]ized electron.
y o .
e + R =---> RY + e + e (1)
R + A e At e Ny (21
B A YA T R EY
s mmes> At 4 Ng | (B
At R
. “- .

The reactant ion or'reaétantAion»array represents the stable end

' 5roducts of the ion molecule reactions. Collision of the

'reactant ions, RY, with the additive._produces ah ion, A1+,

characteristic of the additive (Reactio (2)).,#Thé-aaditive is
. ! . L

the substance under investigation and is presenilat Tow

concentration levels. A3+Amay fragment by one or

!



more pathways, as in Reaction (3). An advantage of chemical
ionization mass spectrometry is the fact that a large variety of
reagent gases can be used to change the sectrum of the

substance under investigation{32-34].

Formation of negativé ions by ihteréction of electrons and
sampie molecules can oczur >y three differeht mechanisms;
resonance electron capture, dissociative resonance capture, and
ion-pair produétjon[27,35]. | ‘
AB + e ----> ABT Resonance Capture

| Dissociative Resonance
Captu}e
AB + e ----> AT+ BT 4+ e. Ion-Pair Producfion

16 negative ion‘éhemicél ionﬁzétion mode , therma] dr-nearj
thermal electrons (e* ) are produced as the‘reactant. ,
(Reaction 1). NICf mass spectrometry can 1eéd»tp sample iqﬁ
currents under.eleétrnn.capture\gpnditions thét exceed ion
‘curfents in the positive by two or threg orders of magnitudé
[27-29]. Enhanced»sensitiVity:}n the e]ectron‘capturé negafive
idn mode will only be realizéd for sample molecules which:
possess a positive electron affinity and a large cross section
fdr electron capture. Generally, molecules with pogitive

of .

e%ectroh affinity:have very large\eléctron capture crosé

)

sections. The electron capture negative ion tedhnique has found

widespread use in quantitation of trace level mixture components

vl
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by cbmbfned gas chromatography-mass spectrometry. lln this

methodology, most organic samples have to be derivatiz%p in
I

order to increase their volatility to facilitate passage of .the
A
sample through the GC and to endow the compounds with electrén

{

affinity. o | S

- A »

{.3. HIGH PERFORMANCE "LIQUID CHROMATOGRAPHY WITH ELECTROCHEMICAL
DETECTION (HPLC-EC) |

,H%gh performance liquid chromatography with electrochemical
detection(HPLC-EC) has become one of.the most important methods
for -the determination of biogenic amines and related compounds
[36-38]. Of the HPLC methods, those with ultraviolet
photomeiric deiection(UV) are insufficiently sensitive and - the
fluorimetric deteption methods“require-formation of derivatives,
‘since the fluorescence of the parent substances is not
sufficieht]y intense[39-43]. The e]ecfrochemicgl detector (EC)
is extremely sensitive and selective since it only detects
compounds that can be electrolyzed by the electrode. Because
compounds cohtaining catecholic, pheno]ic; and indole groups
have low oxidation potentials. these compounds in an aquéous
»solution*can bé easily oxidized by the application of a.suitable

potential between two elect-odes used in the detector. The

=

tybical.oxidation reaction occurring in the detection cell. is

shown in the following scheme:



HO ' -
0.6 V O R

L ‘ + 2H‘ - 2e”

HO o”

4

The abstfaction of'twb electrons from"the cohﬁound produces
a current which then is amplified for detection by the
amperometric measurements. Because of the selectivity of
e]ectro@%emicai detection, many background compounds present in
the samples do not interfere and thus the sample pretreatment is-
often simpler than that required by the other methods[37,44,45]).
The advantages oi HPLC-EC are high resolution and
sensitivity combiqed with good precision, even at low solute
- concentrations and a selectivity of detection that can be

obtained by variation of electrochemical conditions|[46].
_ .

1.4. THE NERVOUS SYSTEM AND SYNAPTIC TRANSMISSION

»

The nerve céils. neurons, the essentiai conducting units of
the n;rvous system, aré'large cells generally consisting of a
cell body.cohfaining a_nupleus.'a number of branching dendrites
which extend Jike antennae from the cell body and ﬁrovide an
enlarged susface area for fhe reception of signals from other

cells, and a single straight axoh that conducts electrical
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signals ‘away from the cell body to distant targets (Fig. 1.4)

[47].
e

o’

Neurons receive, conduct, and transmit a signal or impulse
fr _m one part of the body to another. Even though tHe signals
and impulses may vary a lot, their forms are the séme,
consisting of changes-Qf the electrical potential across the

N membrane [48].> Neuronal impu]sés aré transmitted from one.cell
to another at specialized sites of contact knqwn as synapses
(Fig. 1.5) [49,50]. In synapses, there is always a distinct gép
between -the presynaptic and postsynaptic membranes which is
termed the synaptic cleft. The presynaptic cell is electrically
separated from the postsynaptic cell by the synaptic cleft.
Transmission of a signal through the cleft occurs by either
electrical or c;emica]_mechanisms. In electrical transmission,
one neuron passes its 1mpu&se to another by direct electrical
coupling through gap juﬁctjons. In chemical transmission, a
éhange of e]eqtrica] potential in the presynaptic cell triggers
the release of a chemical known as a neurotransmitter, which
diffuses across the synaptic cleft and provokes an electrical
change in the postsynaptic cell. Tﬁﬁs the communication
involves converting an electrical Signa1 into a chemical signal
and then converting the chemical signal bapk to an electrical\
one again[51}. . |

To consider a substance as a neurotransmitter, several

differént lines of evidence should be provided to meet the
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cell body dendntet axon (less then 1T mm to ugml branches of axon
more than 1 m in length], :

-

Figure 1.4 Schematic diagram of a typical neuron of a vetebrate.
| " (The arrows indicate the direction in which signals

are converged.)

Neurotransmitter Synaptic

stores cleft Neuro- -

transmitter
receplors

- Synaptic
vesicles

ﬂ ,
Direction of
transmission
. Milocho,ndrion

Presynaptic - : Postsynaptic
ending . terminal -

Figure 1.5 Schematic diagram of a typical synapse.
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followirg generally accepted criterial52-54]. The»presynapt{c
neuron must synthesize, contain, and release the transmitter at
a concentration sufficient to produce demonstrabie aétion in a
posﬁ%ynaptic cell. “Apply .ny a test drug to the postsynaptic
cell should produce the .same action as the endogenous
neurotransmitter. Finally, there must be a mechanism to remove
the transmitter in order to terminate the action of the

neurotransmitter[54].

r

1.5 PREVIOUS EXPERIMENTS TO JNVESTIGATE NEUROTRANSMIKIERS IN
CNIDARIANS | |

Several attempts have been made to investigate possible
neurotransmitters in cnidarian animals. Ostland reporfed that
epinephrine, norepinephrine, and dopamine were hot detected in
several cnidarians by paper chromatqgraphy. ‘However, He'

reported that there was an unknown catecholamine in the sea

anemone Metridium dianthus, which he called "Catechol 4" [55].

It was reported that DOP%,'norepinephrine, and_dopamine'webe

detected in the sea anemone Actina equina by TLC or ion exchange

ra

chromatography or partition papér,chromatography after alumina

extraction [56]. The existence of dopahine, DOPA and 5-HT in

the sea anemone Metridiuh senile by THC after organic extraction
was also reported . The colors of sample spdts did ndt match
_with those of the authentic standards [57]. However,. Carlberg

_ : : 7
“could not identify any catecholamines and-5-HT except DOPA in
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the sea anemone Metridium senile by the HPLC-EC [58]. Venturini

et al demonstrated that 5-HT, dopamine and norepinephriné were

detected in the hydra Chlorohydra viridissima by HPLC-EC [59].

v

The difficulty in obtaining conélusive evidence to support

the existence of neutransmitters from the previous experiments
g i !

lies in the fact fhat the‘exfract of the cnidarian usua]]y{
contained substances which cbe]Uted with catecholamines and then
interfered the normal travel of catecholamines on the '
chromatographic media. Furthermore sinqe the amines are present
in extremely iow concentrations in cnidarjans, more sensitive
and selective detection methods for the identification of the
transmitters‘are required. The more selé%tive and sensitive gas
chromatography mass spectrometry(GC-MS) technique can provide

. ™~
much more reliable results in the research on transmitters in

cnidarians.



CHAPTER 2

- EXPERIMENTAL

2.1. REAGENTS AND CHEMICALS

v

Trifluoroacetic anhydride (TFAA) was obtained from General
Intermediétes of Canada. Dopaminé(DA).hydrochloride. |
~ norepinephrine(NE) hydrochloride, epinebhrine(EN) hydroch]o;ideg
meta and para octopamine hydrochioride, synephr%ne(SYNE) |
hydrochloride, N—methy1dopémine(NMDA) hydrochloride,
tryptamine(fRA) hydrochloride, S(hydrox;tryptamine(S-HT)
hydrochloride, 3,4;61hydroxypheﬁy]a]anine(DOPA).
dihydroxypheny]gycol(DHPG), 5-hydroxyindoleacetic acid(S-HlAA),
homovaniltlic acid(HVA). Sa]éo]ino](SALS). dihydroxyphenylacetic
acid(DOPAC), dih&drOxybenzy]amine(DHBA) and:
tris(hydroxymethyl)aminomethane (TRIS) were from Sigma Chemical
Co. (St. Louis, MO). Sodium octyl sulfate(SDS) was from KODAK
Laboratory Chemicals (Rochester N.Y.) Other chemicals were
chromatographic or reagent grade and were obtained from local

suppliers.

16
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9.2 GAS CHROMATOGRAPHY-MASS SPECTROMETRY (GC-MS)

The GC-MS system consisted of a gas chromatograph (Varian,
Vista 6000} equipped with a SPB-S fused silica capillary coluﬁh
(30m length: 0.25 um @ilm thickness) and a VG 7070E mass
spectrémefer equipped with an EI and Cl source with negativé ipn
chemical jonization capability. The end of the capi11ahy column

was inserted directly into the ion source of the mass |
’spectrometer. Heiium was uéed as the carrier gas with a flow
rate of About 1.5ml per minute. The temperature of fhe GC oven
waé kept at 100 ©C initiafly and increased to.240 ©C (or 290
OC)‘by 10 ©C per minute. The injector and the interfacial B

region between gas chromatograph and mass spectrometer were

‘maintained at 240°C.

The mass spectrometer was operated at a resolution R=1000.
The ionizatiop~energy was 150 eV and emmision current was 5 mA
for the chemica] ionization mode. 40 eV was used for the
e]eqtroh impact ionization. "The ion source temperature was
maintained at 190 °c. A PDP-f1/73\computer was used to
acquzre the data. The mass spectrometer was set fo scan mass
unit 130 up to 700 when NICI spectra were recorded since there
was great interferencevby‘the lodide ion at mass unit 127 in the
negative ckemiéal ionizafion mode. To {ake NICI spectra,
methane was used for the reagent gas. Spectra were also

obtained in the electron impact ionization and positive ion

chemical ionization modes where methane and ammonia were used
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\ p
as the/reagent gases in order to study the fragmetation patterns

and compare the relative sensitivity between these ionization

‘modes .

2.3. HIGH PERFORMANCE LIQUID CHROMATOGRAPHY SYSTEMS

Two liguid chromatography systems (system I and 11) were
used in'fhe present study. The chro&atographfvsystem I was set
up and operated in Department of Zoology, UniVersity of Alberta
by my cpworkervdun-Mo Chung. The chrométograbhy system Il was
developed for the cohpling experiment of a HPLC to MS-MS. No
additives(sodium octyl sulfate and disodiuﬁ EDTA) wére used in
ghe mobile phase pf the chromatography system Il since the ’
adgitives in chromatography system 1 caused great interference
in the mass spectra. An electrochemical detector ahEMa uv
detectorvwere employed in chrohatography sys}em I and‘iI,

respectively.

2.3.1. CHROMATOGRAPHY SYSTEM 1

‘A, HPLC INSTRUMENTATION

deC determinations were‘performed with a WATERS MODEL 6000
(Milford, MA, U.S.A.) liquid chromatograph.equipped with a
Rheodyne.7125 injection valve With a 200 ul sample'ldop, an
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Econasphere RP-18 column (5 um-particle size, 250 mm x 4.7 mm)
from Econosphere, and BAS LC-4B amperometric detector with a
TL-5 glassy carbon electrode maintainéd at a potential of 0.75V

]
vs. a Ag/AgCl reference electrpode with a sensitivity of 2 nA/V.

B. CHROMATOGRAPHIC CDNDITIONS ‘ ' .

The mobile phase consisted of'55 mM sodium phosphate.
monobasic, 0.85 mM sodium octyl sulfate (S0S) which was added to
act as an jon-pairing agent [60,61], 7 mM disodium EDTA which
was added to réduce the~deiector noise and to protect the
solutes from oxidation, and 9% acetonitrile. The pH of the
mobile phase was adjusted Eo 3.75 with phosphoric acid. The
mobile phase was‘filteréd through a 0.22 um membrane filter
(Millipore, Bedford, MA, U.S.A.) and then degassed under vacuum

before use. A flow‘rate of 0.5 ml/min. at ambient tempebature

was employed in ﬁhe,present study.

2.3.2. CHROMATOGRAPHY SYSTEM 11 . 7

A. HPLC INSTRUMENTATION

A Waters model 6000A 11gu1d chromatograph pump. a Rheodyne
 mode1 7125 injection valve w1th a 100 ul samp]e loop, and a
Waters model 440 fixed wavelength UV detector (254 nm) were used

for the HPLC sebaration.' The HPLC chromatogram was recorded on
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a chart recorder (Yokogawa, Tokyo, Japan). A reversed phase

Supelco LC-18-S (4.6 mm x 250 mm) analytical column was used.

B. CHROMATOGRAPHIC CONDITIONS

The mobile phase COﬂSlSted of 0.02 M ammonium phosphate (mono
basic) and 10% methanol. The pH of the mobile phase was
adjusted to 3.75 with 1M HCl1. The mobile phase was filtered
through a 0.22 um membrane filter (Millipore, Bedford, MA,
U.S.A.) and then degassed under vacuum before use. A'flow rate
of 0.5 m]/m1n. at ambient temperature was emp]oyed in the

present study.

: )
2.4. ANALYTICAL SYSTEMS TO STUDY BIOGENIC AMINES IN THE

JE_LFISH POLYORCHIS PENICILLATUS

A scheme of the ana]yt1oa1 procedures for the analysis of
b1ogen1c amines in the Je11yf1sh is shown 1n the flow chart o
fash1on in F1g 2. The procedures including homogenization,

alum1nc extract1on and HPLC-EC were deve]oped and performed by
my coworker, Jun-Mo Chung who is currently studying

‘Neurophysiology in the Departmenf of Zoology, University of

Alberta. ' o o - v

The hydrozoan jellyfish Polyorchis penicillatus were

‘collected from the Bamfield Marine Station, Vancouver Island,

/

Y
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B.C., Canada. The nerve rich tissue dissected from,the animals
was homogenized and centrifuged. 20 ul of the supernatanf

solutio‘\uas introduced into the chromatography system Il to
find out thé.ndmber of éompounds that existed:in the solution at

concentration down to nanomole levels.

The catecholamines were separated from the supernatant

solution of the homogenate with an alumina'extraction'

procedure([62]. The alumina extract was introduced into the .
chromatography system 1 to identify and quantify the
.catecholamines present in the sampie. Several alumina extr&cts

v L ‘
were combined and then derivatized with trifluoracetic anhydyide
(TFAA). The derivatized products were’ then intrOduced into the
GC-MS. These analytical procedures are described in detail in

" the following sections.

2.4.1. HOMOGENIZATION AND ALUMINA EXTRACTION

The nerve rich tissues were dissected from jellyfish that
were Kept unfed fogﬁat legst two days. The no feeding step was
necessary ‘because the nerve rich tissue consisted of a strip of
tissue which iqpluded nerve rings in the velum and sco ring
canal tissue which might contain catecho]émines from prey
organisms ingested by the jellyfish. The general structure of a
je]Tyfish wi£h one quadrant éut awayvis shown in Fig 2.2. The

‘_combihed tissue §amp]es.from 1 to 3 animals were weighed and
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Figure 2.1 Scheme of the analytical prdcedures for the analysis ~

w

of biogeniC‘amings in the jellyfish
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immeﬂiete y frozen at -25 OC to prevent theuaction of enzymes
if such were present. 1 ml of freshly prepared ice-cold 0.1 N
perchlor1c acid conta1n1ng 1% sodium métab1su1fate and internal
standard (DHBA d1hydroxybenzy1am1ne) were added to the frozen
sample to denature the proteins and .to protect catechoiam1nes
jrom oxidation. The sampTes were homogenized by hand\or
'ultrason1cat1on and centr1fuged at 3600 g for 1 hour at 4 OC
to remove the ce]l debris and proteins. The supernatant was
transferred to the test tobe and 50 mg of aotivated alumina,
'which had'beeh.baked.at 120 ©C for 2 hours and washed with
acid{aocording to the.procedgre'described by Anton and
'Sayer[62},»was added to the test tube tn.order to extract the
“catechdlamines. The separationlof the‘cetecho1amihes depends on
the fact that the free bases, which.are formed in a basic
solution, arepadsorbed oh the alumina. In an acidic solution
‘des?rptgon from the alumina occure since the much more stable
‘ammonium salts are’ formed in solution.’ 4 ml of TRIS buffer (1.5
M of tr1s(hydroxymethy1)am1nomethane) was- added and the test
tube was then vortexed for 5 m1nutes to adsorb éatcho]am1nes on
the alumlna, and centrlfuged for 30 seconds at 2500 rpm. The
so]utwon was removed by vacuum esplratton and the alumina was
" washed twice with double disti]]ed water as quickly.as ooseible
becaose the catecholam1nes are Known to be, unstable in the .

a]Ka]wne solution. 100 ul of 1. 0 M of HC] sqhyt1on was added to

'the test tube and then the test tube was)yprtexed aga1n to.elute-

the: catecholam1nes from the alum1na ‘;

' centrxfuged for 30 seconds and the ac1d1c extract was pipetted

A
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Figure 2.2 General structure of a hydrahedusa with one quadrant

N cut-away.
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to a 500 ul container and stcred in the refrigerator until
éssayed. 30, 50 or 100 ul o- :he‘aéidic‘extract was injected
‘-0 the HPLC to analyze for bibgenic amines in the je]]yfish.l
Several alumina extracts were cOmbfhed together to obtain
.sufficient.amqunts of catecholamines (apprdximate]y 80-100
pmole) and then the solvent was eyaporated under reduced.
pressure. The'residue was derivatized as described under

“Derivatization” and then subjected to GC-MS analysis.

For analytical companisions'working standérd solutions of 80
nM df given authentic standérds in 0.02 M HC1 solution wefe
prepared fmmedfately before use by dilution of stock so]ﬁfions
of the given reference amine and internal sténdard (0.1 M).

T iese solutions were prepared monthly in 0.02 M HC1 solution
thch contained 0.54 mM EDTA disodium salt, and stored in brown

bottles at 0 to -5 ©C.

2.4.2. DERIVATIZATION

2

The combined é]umina extract or a giVehvstandard.so]ution was
evaporated with a gentle stream of.nitrogen'under.reducedi
_pressure. 100 ul of ethyl acetate and 100 ul of TFAA were added

to the dried residue, and the mixture was then allowed to stand
“to react for one hour at room‘temperature. The mixture was

evaporated again to remove excess reagents with a stream of -
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nitrogen and « i of ethyl acetate was added to the residue.
The ethy1 acetate solution was stored in the freezer at - 14

OC until assayed. 3, 1, or 0.5 ul of this solution was

introduced into the NICI-GC-MS.

To obtain individual spectra of ‘the authentic compounds,
10-50 mg of the pure catecholamine was weighed and the same

procedure was applied as above.



CHAPTER 3

INVESTIGAT]ON OF MASS SPECTRA OF SEVERAL BIOGENIC AMINES AND

DHPG JIN VARIQUS IONIZATION MODES OF GC-MS

In order to aéhieve_a certain e*perience in the analysis of ~
biogenic amines as a pfeparation towards the possibie )
identification of biogenjc amines in je]]yfish; this author
undertook a more general investigatiod of the GC-MS capability
for the biogenic amine analysis. |

/

Seveﬁal biogenic amfnes and DHPG were derivatized with
trifluoroacetic anhydride(TFAA) and introduced into the GC-MS.
The spectra were ;ecorded: (a) in positive ion chemica]
ionization mode where methane or ammonia was used as a reagent

gas, (b) with electron impact ionization, and (c) with negative

ion chemical ionization where methane was used as a reagent gas.

B

3.1. NEED FOR DERIVATIZATION

A molecule must bé sufficiently nonpolar, volatile and
thermally stable in order to bass through the gas chromatograph

column. However, few biogenic amines and related compounds meet

27
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these requirements. Therefore, the acidic hydrogens in the
polar groups should be replaced with an appropriate group to
form a single chemically stable a?d ngnpolar derivative. In
prihcip]el thévtechniqugs develobéd for making derivatives for
use in gas chromatographyl[63] should be aléo useful in GC-MS.
The use of acylating agents containing fluorine atoms was

" developed for the sensiﬁjve gas chromatographic electron capture
assays of several biogen%c amiﬁes. In partfcu]ar. the perflubro
acid.anhydrides, trifluoroacetic anhydride(TFAA),
pentaf]uggoﬁropionic amhydfide (PFPA), and heptdfluorobutyric
anhydride (HFBA) have been uééd'because they facilitate rapid,

complete, one step derivatization reactions for the biogenic

amines and their metabolites[64-69].

In this work, .TFAA was mainly used and reactions with it
.provedbto be very handy, rapid and comp]eté} The
trifluoroacetyl derivatives of éevera] biogenic'amines and
rélated compounds are listed in Table 3.1. The g]uorinated
acy]ating reagent can completely acylate the active hydrogens of
most biogenic amines and metabolites used in the présent
experiments. Even though the products are simplé for most cases,
the number and proportions of the products of NE, 5-HT and TRA
| were found to vary according to as yet undetermined factors.
When NE whs reacted with TFAA in the presence of ethy] acetate

at room temperature for 1 hour, there were three different

products; TFA4-NE, cis and trans TFA3-NE.
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TABLE 3.1.

Trifluoroacety! derivatives of several blogen1c amines and DHPG,
and their molecular weights.

'COMPOUND | MW TFA-DERIVATIVE M.W.
O
OH 0- C C"
HO 170.2  °F3 -C- O:]::::I/l\j 554.0
" 0-C- cF, .
OH _
HO cFy ﬁ 0 |
DHPG TFA4-DHPG
O
OH 0-C- cFy
R0 153.2 "cp co 441:0
L b
M-0CT, - TFA5-M-0CT
o .
0-C- CFy ,
153.2 /J:::]/i\j 441.0
| cr, o NH-C- cF,
P-0CT . TFA4-P-0CT \
OH - '°
' 167.2 455.0
NH : .
HO T ¢H CF Cﬂo

SYNE ’ TFA5-SYNE




TABLE 3.1 (continued)

COMPOUND

M.W. TFA-DERIVATIVE M.W.
g
. i
OH . . 9 O~C-CF3
CF,-C-
“O;©H\ 169.2 ~'37C-0 -0 553.0
NK
KO <
_NE
0H
KO
::I:::]/J\j 183.
Ko N
CH,
EN
, v
H Cr,-C- ,
HO@/\(COO” 197 . OCOO 467 0
, NH NH-C-
EO 2 CFy-C-0 _ H-C-CFy
0
DOPL TFA3-DOPA
- | o
HO CF.-C-
::I:::]/”\j 153. 370 0 441.0
W, -
NH -C-CF
HO 2 CF,-C-07 " NH-C-CFy
| ‘ o
Da TFA3-DA
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"TABLE 3.1.(continued)

31

~ COMPOUND MW TFA-DERIVATIVE M.W.
:I:::]/”\j . 187. 2 :Ii::j//\w 455.0 ’
N- C C“ .
' CF CO
 NMDA TFA3-NMDA
EO ' CF CO
179.2 487.0
| NH | N-C- CF,
Y CFBEO
Ch3
SALS TFA3-SALS
352.
3
TRA TFAy-TRA
o W
\I:::I:—]f/\ﬁ 176.2 NH-C-CFy 368, 1
?F3 '
5-HT IFA255'HT




0 3
» . (o}
0 0-C-cFy i ° EK-C-CF
- o ¢ .C-
R
NH-C-CF _ NH-C-C?;
CFy-C-0 3 cr,-g ° €Fy-C-0
o .
TFA4-NE cts TFA5-NE O trans TFA5-NE

i

The presempe of the two TFA3-NE isomers was deduced from
the1r retent1on times in the gas chromatograph and similar mass
spectrometric fragmantation patterns. These cis and trans
isomers seem to be formed by elimination of trifluorcacetic acid
from the side chain of the TFA4;NE where all acidic hydrcgens
were replaced with trifluoroacetyl group. When TRA and 5-HT
were derivatized with TFAA, more fhan 3 products were forhed.
But some of tﬁem seemed to be very unstabtle at room temperature.
Within several hours after the products were left standing at
room tehperature.'the intensities of these products varied a lot
in tHe total ion current chromatograms. The major derivat%ves of

TRA and 5-HT are shown in Table 3.1.

'\\\ | | .

~3.2. THE MASS SPECTRA OF BIOGENIC AMINES AND DHPG

The NICI and ammonia PC] spectra of TFA derivatives of
several biogenic amines and metabolites are shown in Fig. 3.1 to

Fig. 3.13. Because there are too many peaks inﬂthe ammonia PCI,
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};nly the peaks whose relative intensities are‘greéter than 5%,
are shéwn in the Figures. Several characteristic fragmentations
in each ionization mode are observed ahq classified in Table 3.2
to Table 3.4. ‘The characteristic fragmentations will be

_discussed in the section, "Charécteristic Fragmentations”. In
the section, "Individual S%ictra", the spe;tra of Compounds used
in the present study'are sﬁbwn and the‘fragmentatjon patterns

are examined for each ionization mode.

3.2.1. CHARACTERISTIC FRAGMENTATIONS

In NICI, the molecular ions are not‘p ominent (Table 3.2),
but the base peak was usually greahf? thén 50% of the total ion
current. The base peak is formedaby,eiimingyTg;\bf a CF3CO0 |
(TFA) group from the mofecu]ar anion. WbodLBO]’has observed
simi]af loss and ‘has suggested that the loss of the derivatizing
group is probably from the catechol rather than the amine
position in the Study of NICI spectra of PFP dérivatives of DA
and several biogenic amine metabolites; hQWeveb, no plausible

)

evidence was given for this[30].

As shown in Table 3.2, the catechol compounds show
: siéhificant amounts of the [M-TFA]~ jon while indole compounds
;. and phenolic amig§§\go not. Therefore, it is deducible that the
elimination @f a TFA group is related with the ‘catechol

structure and comes from the phenolic position which is in
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agreement with Wood's suggestion. i«

The [M-TFA}™ fragment is amongst the most useful for the
mass spectrometric identifications. The [M-HF]", i
[M-TFAOH] , and other ions of Table 3.2 occur only for some
compognds and wil] be discussed in the.individual spectra -

section.

Many of the derivatized compounds had a prominent peak at
hass unit 113, which corresponds -to CF3C00" . %he _
CF3C00". ion must be formed by cleavage of the phenoﬁic C-0
bond. Also observed wére»the OH™ adducts and CF3COO—
adducts to thé mo]ecﬁ]e,jM, when the pressure of the ion source
was high. These ions could be useful for identifying the
molectlar weight of M. Dougherty et,a][70]~obsefved‘[M+C1];

ion'in NICI spectra of polycyclic chlorinated insecticides.,

o

They thought that the ions, [M+C1]™, occur by a clustering
reaction between the sample molecule, M, and C17, which is the
primary product of the ionjzation. ‘The present results are
_soméwhat analogous, but in this case a 1arge group, CF3COO7,
instead of a single atom attaches itself to the neutra]:molecufe

to form a negative ion, [M+CF3C00]".

Al ionization was employed with ammonia
ifluoroacetyl derivativésﬁof several

biogenic amines had the ibn-molecule adducts [M+NH4J+ as

3

base peaks (Table 3.3). Because tHe most abundant ibn was
e, . - ‘ .

& .
N
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[M+NH4]" in all cases, the spectra were very simple.

Therefore, this ionization mode provides unéquivoca] information
on_the molecular weight of the analyte. The trtfluoroacetyl
derivative of DHPG was not detected in ammonia PCl. One of
peculiar things of the present experimentaltobservation was that
no [MH] existed.in the spectra. It can be suggested that the
proton affinities of the der1vat1z - b1ogen1c amines are lower =~
than that of ammonia, SO no proton transfer reaction can occur
‘from_the'ammon1um ion to the samp]e molecule. It is Known»that
strong electron withdrawimg-grQUps 1ike CF3CO whenhattaohed'to |
nitrogen lead to a substantial reduction of the.nitrogen _ .
basicity. More detat]ed information on the reiation betweeh the
}proton affinity and proton trahsfer reation cen be found in ;7

N

" references([34, 71-72].

Miyazaki et a1[24]_have previously studied the ammonia PCI
of PFP der1vat1ves of biogenic amines and the1r metabo11tes
They observed no elimination of der1vat1z1ng reagent specific
groups in the Spectra[24] On the contrary, in the present'
study the elimination of TFA or TFAO groups from the TFA
derivatized b1ogen1c'am1nes 1s,observed, see Table 3.3. Howeyer?
‘the peaks correspond to loss of IFA or TFAD with a simu]taheous
lpickup of one H atom, It is of interest to f1nd out where the
hydrogen atom comes from. A s1m11ar process was also observed
in the methane'PCI where e11m1natwon of the TF* and TFAO groups -

from tM+H]+ jons and a'pickuo of a hvdrogen atom occurs.

Stemmler and Hites[73] recently repc .d the NICI spectra of 24
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HExéch1orocyc1opentadiene derivatives where they observed
unusual promineht ior of type, [M+nH-nC1]: or series of ions
differing b§ 34 mass units, [+nH-nC1], where n=1'to 4 [73].
Grimsrud et al{74) also observed M™, [M+H-X]) ", [M-2x]",

and [M+H-X]" in the NICI spectra of fluoranil and chloranil
where methane was used as a reagent gas. Taking El spectra of
fluoranil after subjecting the ion source to NIC! conditions for
different time 1nterva1s, they observed that the inteheity of
f[M+2H]+ 1ncreased accord1ng to the time for which the ion
source was subJected to the NICI condition. They obtained also
evidence that an efficient wall reaction occurs in the ion
source. They heve suggested that H atoms adsorbed on the ion'
source walls hydrogenate the neutral sample molecules and that
activation(hydrogen 1oading) of the ion source wa]ls is cauced
by the 1ntense electron 1rrad1at1on of methane under the normal
NICI cond1t1ons[74] The phehomena observed in the present
work in the ammonia and methahe.PCI, also suggest that {he wall
hydrogenétion heaction occufs underﬁbCI conditions. The
hydrogenated MH on forming an adduct with NH4* undergoes

then a simple 1oss of TFA or TFAQ. - | )

Whén methane wés_used as the reagent gas-foh’the pesitive‘
chemical i'oni:;fatjon,»[M+H]+ ions were recorded as the base
peaks of derivatized DA, NMDA, SALS, TRA and 5-HT (Tableg3.4).
The elimination‘of pentaf luoropropionic acid(PFPOH) from the PFP
der1vat1ve of norep1nephr1ne was observed[24] in the methane PC Eiy
and the following mechanism has been suggested[24]

T
R
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l[Scheme 1]
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PFPO

PFPO

In the present wdrkﬁithe loss of?d%ss 114, corresponding to
TFAQH, wasfobsérved'ﬁn the deﬁiv;tized pngaucts of several
biogenic aminés_énd‘DHPGn 'The'above fﬁagméntatidn type
probably occuré, provided thaf there is a hyérokyl;grogp in the
alkyl chain of thejﬁolecular structure. fThg.gragment ions

formed in this fragmentation were the base peaks of the TFA

derivatives of DHPG, M-OCT, P-OCT, SYNE and EN.

In Electron Impact(El), fragmentation is sign{ficant and.
molecular ions are generally not observed.(?Only DOPA shows a

significant amount of the molecular ion(Table 3.5). Several

'major ions and relative intensities of biogenic amines and DHPG

are listed in Table 3.5. Table 3.5 shows that one of the
prominent fragmentations in the spectra of TFA derivatives of

S : e} \
severdl biogenic amines(M-OCT, SYNE, EN, and DA) is cleavage of

-the bond between alpha and beta carbon atoms of the alel'éhain

with retention of the positive charge-mostly on the nitrogen

containing fragment, leaving an ion at m/e=126,

=



41

. (R “" L
TABLE 3.5

Several fragment ions of biogenic amines and metabolite in the

electron impact (El) jonization mode

TFA DERIVATIVE FRAGMENT IONS (Values are relative intensities %

DHPG 440(100)

343(15.0) 327(16.7) 287(20.0)
246(30.0) 229(26.7) 133(26.8) 97(16.7) 69(43.3)
“M-0CT 328(58.3) 315(50.0) 2B7(26.7) 217(11.7)
106(100) 105(31.7) 69(58.3) :
© p-oCT 398(33.3) 315(46.7) 287(16.3) 217(8.3)
106(28.3) 63(100)
SYNE 342(13.3) 328(23.0] 315(12.0 287(10.0)
245(10.0] 217(17.0) 140(100) 110(33.7) 68(95.3)
EN 454(10.8) 440(8.2) 357(4.2) 140(100) 69(73.3)
DOPA 467(43.3) 341(31.7) 315(25.0) 287(24.7)
959(10.3) 216(22.0) 69(100)
DA 328(100) 287(11.7) 231(13.3P 126(61.7) 69(56.7)
NMD £ 341(40.0) 327(70.0) 230(25.0) 214(16.7)
130(18.3) 116(23.3) 110(100)
SALS 467(14.2) 452(100) . 69(13.3)
TRA - 352(16.7) 239(100) 226(93.3) 129(31.7) 69(18.3)
C5oHT 368(1C.0) 255(28.3) 242(100) 145(18.3) 117(15.0)

69(8.3)
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[CF3CONHCHé]+. or an ion at m/e=140 |
[CF3CON(CH3)CHy 1Y, if there is a methyl substituent on

the nitrogen. This fragmentation was obierved previously[75] in
the spectra of TFA derivatives of p-hydroxyamphetamine énd
p-hydroxynorephed(ing and the above explanation has been
suggested by gék%é#ere. Another major fragmenfation in the TFA
derivatives of M;Oé%. P-OCT, SYNE, EN, DA, :NMDA, TRA, anq 5-HT
is a mass loss of 113 wh#@% may cofrespond to either

CF3CONHo or CF3C00. Belvedere[75] suggested that this loss

is due to the elimination of CF4C00 from the benzehe ring
r:fher than the alkyl chain. On the contrary,vDuncan[64]
sugéested.thﬁt CF3CONHy is.e]?miﬁated by a McLafferty

.rearrangehent as shown below for the case of a TFA derivatized

dopamine,.~
[Scheme 11]
| /7t , [ ¢
TFAO TEAD
~TFANH, . -
TFAD NHTFA | ————= | 1£4g
e —

ST
Q m .y

xr}‘ -

3.2.2. INDIVIDUAL SPECTRA

The dopamine derivative spectrum in NICI is shown in Fig 3.1
(a). The small peak, whose m/e is 441, is the molecular anion.
In NICI.}Erlecular ions did not predominate. There is also a

i

[M-20]" ipn which is due to loss of HF from the molecular

I3
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Figure 3.1 a). NIC! spectrum of TFA derivative of dopamine.
,b).

PCl(ammonia) spectrum of TFA derivative of
dopamine. :



44

anion. Even though/the intensity of this peak is very weak in
the TFA derivative of DA, the elimination of HF from the PFP
derivative is a major fragmentation pathEy and [M-HF] ™ ion is
the base peak[28]. The biggest peak in”{He spectrum of the TFA
derivative of dopaminevisdan jon at m/e :344 which comes/from
loss of a TFA group from the catechol derivatives. This base
‘peaK wag usually greater than 60 % of the total ion current.
The sucéessiye loss of a TFA group from the ion at m/e=344
results in an._ion at m/e=248, . %%?
b

‘In ammonia PCl, the base peak of the/dopam%ne aerivative
mass spectrum is an ion at m/e=459 which is [M+NH4]+ (Fig.
3.1 (b)). This peak shows that the molecular mass of the
dopamine derivativé;is 441. QOther characteristic fragment'ions

: e o
of the dopamine derivative in ammonia *vﬁ

are listed in%Table
3.3. The ion at m/e=363 comes from e11m1nation of a TFA group
and a pick up of a hydrogenlatom from fhé ion source walls.

In Fig 3.%, there are EI and methane PCl mass spectra of the
dopamﬁne derivative. In EI spectrum, there are a 1ot of fragment
ions as expected and the base peak, an jon at m/e=328, comes
-from‘loss of mass 113 corresponding to eitheerF3COO or
CF3CONHy . | | _

Tﬁe base peaK is an ion at m/e=442 which is [M+H]" i
methane PCI. An ion at m/e=346 comes from loss of a TFA group
.from the pseudo molecular ion [M+H] and pick up of a hydrogen ~

atom. The jon at m/e=328 comes from loss of tr1f1uoroacet1c acid

£l
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from the ion at 442. The other fragment ions are classified and
listed in Table 3.4.
In contrast;with the spectra of the dopamine TFA

{derivative. the spectra of two isomers of dopamine, meta and
para octopamine derivatives, éhow significant differences in
their fragmentation patterns (Fig. 3.3 and 3.4, re;pectively).
The Base peak ions of meta and para octopamine derivatives at
m/e=327, comeétgrom losé oflmass 114, corresponding to the mass
of trif]uoroaceﬂig‘acid. from the molecular anion. By
inspecting the molecular stru;tures of TFA derivatives of meta
andopara octopamine, it can be suggested that the
trifluoroacetic acid is elimiéated from thé alkyl chain of the

molecular anion as shown in the following scheme:

g
4
[Scheme 111]
— ' i R
OTFA
Ry
~TFAOH
NHTF A4 —
R
- Ry R
“M-0CT TFAO H
P-0OCT H ~ TFAO

Duffield[76] reported different fragmentation processes in the

study of NICI spectra of deuterated analogues of ortho-, meta-,



Intensity

Relative

\

Relstive Intensity

100

v

30 <

"]

10 ~

TTAJ-N-OCT

[M-HF )~

‘b (m-TFA)™ (21 (M)’ .
' o L0 v
Lﬁrﬁ T J‘ lY 1 S YJ'_' M

IM-TFaDH)" 0.

”95i EO'
CY)

lH-E-CTy'.

47

-+
150

200 250 3oc 350 400 450 500 550 €00

B
o

~
o

-
o
J SEPUN U S |

» - o
=3 o o
S S

—
o

TFAJ-K.CC7

[MeNH - TFADeH) "

232 37

[MeNH,- TFA-TFAD#2H)
e

257 328 (MeNH, - TFASH]®

s 3
D S SRS S T

-~
o

4

e

T
200 230 300 350 400

W/1

430

gure 3.3 a). NICl spectrum of TFA derivative of M-OCT.
b). PCl(ammonia) spectrum of TFA derivative of

M-0OCT

$00



[

a) NICI

Y0 -1

[ LI

Intensity

50+

a0 —

Relative

30 =

20

(M-TFADH) - 0

300 330 «00 450 500 $50 €00 450 700

\

a0 —

Relative Intensaty

10 —~ e

] t) PCI(NE) obocr

3 ' [MeNH, )"
I () : ’
Cry-<-0 RS

.TAJ-?-C:T

(MeNH, - TFAD+H]®

3

241

328

(e, - TFA«K)®

48

Figure 3.4 a).
b).

-

j-.

. NICl spectrum of TFA derivative of P-0OCT.

PCl(ammonia) spectrum of TFA derivative of
P-OCT. -

o B i T .
30 350 €00 €50 $00 -



48

and para—tyramine—N,0-9ipentaf1quopropionic derivgtives. He
observed that the base peak ions of PFP derivatives of meta aﬁd
para tyramine are different. He proposed that the base peak ioh
of the PFP derivative of the para tyramine, [M-H-PFP]', is
formed by elimination of PFP from the pheﬁo] derivative éndva
hydrogen atom from the nitﬁééén atom of the molecular anion.
However, it was observed that an ion at 327 is the base peak in
‘both spectra of the TFA derivatives of meta and péra octopamihe\
and an ion at m/e=343, cor;esponding to [M-H-TFA]™, does not
exist in the spectra of the TFA derivatives of meta and para
ctopamine. Therefore, the fragmentation patterns obs%rvéd.by
Duffield do not occur in th% NICI spectra of the TFA derivatiyes
" of meta and para octopamine.- The main reason of the differencéf
1n the ffagménatation patterns between tyramine and octopamfné ;
comes from the fact -that octopam1ne has 2 hydroxy] group in the
alkyl chain whlle tyram1ne does not
The NICI AEd};hﬁonia PCI spectra of two isomers,
N- methy]dopéﬁ?ﬁe(NMDA) and synephrine(SYNE) TFA derivatives, are

_,\1

shown,ﬂh F1@, 3 5 and F1g 3.6, respectively. The molecular
“u} 3% . ,
weight <gf gach der1vat1ve is 455 (Table 3.1) and it can be

der1v;élfrom the ammonia: PCI spectra where the base peaK is an
ion at 4?3 corresponding to [M+NH4] . It is clearly shown

that the fragmentation patterns in the NICI spebtra of NMDA and
SYNE are very different. The base peak of NMDA derivative comes

fhbh”elimination of a TFA group from the molecular.anion in.NICI

and this base peak ion séems‘to béﬁvefy-stable so the NICI
. r/\‘ N ) N )
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NIC] spectrum of TFA derivative of SYNE.
PCl(ammonia) ‘spectrum of TFA derivative of
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spectrum is much simplier. Jn “he contrary, in the fragmentat1on'
of SYNE derivative in NICI, there is [M-HF] peaKﬁat ‘m/e=435.

The base peak at m/e=338, comes from the e]1m1nat1on of a TFA
group from the [M-HF]™ ion. . :ﬂﬁ?; 'ﬁ .

[

There are also a 1ot of fragmentat1on d1fferen€es€§p the 55
ammonia PCI. In the “NMDA spectrum, there is an ion at m/e 459 Al
which comes from elimination of a methyl @roup from‘the s1de ”ﬁf}
chain and pickup of a hydrogen atoh, and the ion is re]atthly
strong 1n 1ntens1ty But in the SYNE derivativeﬁspectrum there
is no 1n1t1a1 fragmentat1on of the methy] group and the rest of

the fragment ions.do not correspond, to those of the NMDA

derivative.- @

T

The methane PCI spectrum of the NMDA derivative isysimilar
ih fragmentation to that of the dopamine der%Vative and the
‘ spectrum of the SYNE der1vat1ve is similar to that of the |
octopam1ne der1vat1ve (see Table 3.4). This s1m1tar1ty in
fragmentat1on depehds on whether there is a hydroxyl group in

the side chain,.or not.

‘The NICI spectra of NE, EN, and DHPG (Fig. 3.7 and Fig. 3.8)
also gave 1nterest1ng results NE, EN, and DHPG have a catechol
group and a hydroryl group in the alkyl cha1n of the mo]ecule
It is of interest tojfjnd out which fragmentat1on process occurs
first, the elimination of the_cetechol derivative er the
hydroxy1l derivative. No [M-TFAOH]  ion exists in the spectra

of these three compounds (m/e=439, 453, and 440 for NE, EN, and
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DHPG,trespectively) except NE (less than 5%). If the

élimination of trifluéroacetic acid occurred first, the above
jons should exist in a significant amant: The [M-TFA]’ ion
exists at 456,9470. and 457 (more than 60 % relative intensity)
for NE, EN, and DHPG, réspective]y. The [M-TFA-TFAOH]™ ion
exists also as a base peak for DHPG and EN. The precusor of the
ion, ?M-TFA-TFAOH]-' must be the ioh, [M-TFA] . From the !
abéve results, it can be suggested that the e]imination of a’
catechol derivative_ occurs first followed by the e11m1nat1on of

A
‘i’_,vn the alkyl chain.

U ':~=):'
I

‘the hydroxy!l der1v§{

The NICI spectrum of TFA derivatized DOPA is shoWn in Fig.
3.9 (a). The expected molecular weight of this derivatized
product is 485. But there i's not an ion of this mass {ﬁﬁkhe
spectrum. The highest mass anion of the DOPA TFA derivative
“occurs at m/e=467. This mass cdrresponds to the ]oss.of one
mole of water from the supposed structure(X)f‘ In the same.run,
. an ion at~m/e=484, was obserqu "which correspon?s in mass to

the adduct cluSter'offbH' to the sample molecule.

el

HO - i: c 3 » '
OOH _— TF'hoj@/\V/COOH ~Ho0 TFAO@/YCO
NHo e — 4 TEA
HO _ Et0ac TFAD ~~d NHTF A " TFaD NG NH
| ’ . l)/‘-
The base peak of the NICI spectrum®of DOPA derivative is an ion
< .

at m/e=37p which comes from loss of a TFA group from the highest -

J
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s

- mass anion.. There is also an ioh at m/e=439 which i1s due to

Joss of CO from the highest mass anion. This peak strongly
B

suggests that the product of the derivatizing reaction-has a CO.
)

functional group in the molecular structure. -4

The base peak in the ammonia PCI spectrum is a [M+NHg1™"

iom at 485 (Fig. 3.9 (bl). This data shows that the molecular
" mass of the TFA derivative of DOPA is 467, and excludes  the
possibility of a dehydration reaction in the ion_sduféé.;ﬁ; LR

o
-

The EI spectrum ofkthe derivatiVé'of‘DOPA is shoanﬁp ﬁ?gfj§ H%,
3.10. Even though the intensity of én‘ion'at 439 15 1ow]ufh%€;
ion comes from loss of CO'from fhe molécular ion ét 467Z EI
spectrum a1so suggests the derivatized product has a CO |
functional group. Therefore, there is a dehydration rééct{on lj’

X

&: fjvatized withTFAA in ethyl acetate.

The NICI spectrum of derivatized salsolinol(SALS) showé only
one big base peak at m/e=370 -which comes from 1oss.of a TFA'
group from the molecular anion(m/e=467). The molecu1ar‘anion is
.hot present in the épectrum (Fig. 3.11). The ammonia PCI shows
that the molecular mass is 467¢because‘there is a base peak at.

m/e=485 which is a [M+NHgz]* (Fig. 3.11(b)). The EI spectrum

of° SALS shows that the base peak ion comes from elimination of a
methyl group from the molecular ion (Fig. 3.12). This_5ehavi6hr
of TFA perivative of SALS in EI was already observedl64]. This
behaviour can be explained since a stab1e_secondary carbonium

ion is formed by losing the methj] groupl77].
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The NICI and ammonia PCl spectra of TFA derivatized
tfyptamine(TRA) and 5-hydroxyfryptahine (5-HT) are shown iﬁ4Fig.
3.13 and Fig. 3.14. The base peaks of these products are due to
the of loss of HF from the molecular anions. Even though no
molecular anion is shown in 5-HT, the ammonia PCl sho s that the
molecular weight of the derivatized product is 368. .1d in
these compounds, there are M* jons in the ammonia PC An ion
at.m/é=328 in NICI spectréﬁ of 5-HT derivative comes i >m loss |
of 2 moles of HF \from the molecular anioﬁ which is not shown in
the spectfum. The on at m/e=304 comes from elimination of
HoNCO radical@from the base peak of NICI spectrum of TFAU_

derivative of 5-HT.
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3.3. SENSITIVITY COMPARISION BETWEEN SEVERAL IONIZATION MODES IN
GC-MS h

T

To compare the sensitivity of the various ionization modes ,
the same amounts of the mixture of TFA derivatized 50'p mole
,of DA, P-0CT, M-OCT, SYNE, NMDA, SALSOL, TRA and 5-HT, and 0.5 n
mole of DHPG were ianodUced into each individual ionization
mode. The total ion chromatograms were recorded and shown
through Fig. 3.15 to Fig. 3.18. It is clear from these figures
that the sensitivity obtained with NICI is highest. The methane
PCI gives strong background ions in TIC chromatogr;m. see fFig.
3.16.. The situation is mgkb.wocge in ammonia PCI]’&here no peak.

can be identified. The ‘% Jhe sensitivity is NICI > EI >

) Q-( -

- PCl(methane) > PCI(ammoni figh sensitivity with NICI

resu]{s frbmttﬁe ability ;ru. QTFA derivatives of biogenic
aminés to capture near thermal ejectrons'énd form negative
ions: At the same time no negative ions are—produced from
methane. Thus the NICI is very selective: On the other hand
abundaﬁt positive ions are produced from CHgq and NHj in the
positive ion éode. The rafe’cénstant for formatidn of a
negative ion by capture of a 16w energy electron can be as high
as 400 times greateb.than that for an ion molecule reactiod {nv
PCI.f Thérefore, negative ion chemical ionization should
facilitate detection and quantification of many organic
molecules by two or three orders of magnitude compafed with PCI

or EI[27,28].
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CHAPTER 4

IDENTIFICATION AND QUANTIFICATION OF NEUROTRASMITTER CANDIDATES.

:IN NERVE RICH TISSUES OF POLYORCHIS PENICILLATUS

The procedures including alumina extraction and HPLC-EC were

done by my coworker, Jun-Mo Chung who is current]y stug¥1ng

“Neurophysiology in Department of Zoology, Un1veﬁs1ty of Alberta.

Figure 4.1 4nd Figure 4.2, and Table 4.1 to Table 4.3 were
Kindly prov1ded by him. He is responsible for the experiment

and 1nterpretat1on of these resu]ts—‘ S

4.1. PREPURIFICATION FROM THE TISSUE HOMOGENATE : -
. - : _ - .
Due to the complexity of the matrix Qf nerve rich tissues,

it is’necessary to apply prepurification techniques before '

introducing sample homogenates to HPLC."Amohd several

L preseparation methods aluminumioxide is widely used for -

prebur1f1c3tlon of catecho]am1nes of t1ssue extracts[18 20 417,
The prepur1f1cat1on is based on adsorpt1on of catecholam1nes\
onto alumina. 1n alka11ne med1um 'The alumina is then washed
with water’and the catecho]am1nes desorbed by aeidification

The extract1on resu]ts from adsorpt1on due to attractlon between'

. 'i‘-’ 9
ﬂthe alum1na matr1x and the two v1c1na] hydroxy] groups on the o
benzene r:ng of the catechol molecules{éB] The préggnce of

~

Lo

63



an amine group seems unimportant for the extraction. As a

.result,“alt catechols, not just catecholamines, are extracted by

the alumina.

In the present study, this alumina extraction was applied-to
: .
extract all catechol compounds from the tissue homogenate.
Either a column or a batch technique can be used for the alumina

extraction. . In the present study, the batch technique was used

e : o . | : .
n-gent1re assay'can be done in one sample tube; and the

enough“i fthat 1t cou]d be subJected tor HPLC However, in

app]yfhg th1s techn1qc to the nerve rich t1ssue, large

Lﬁ‘ 4)2»;1

ty:" '

- var1at1on€ SN recover1es@§ere observed’

. -

vaktiations, d1hydroxybenzy1am1ne~(DHBA);q§s used%as an internal
standard. - : |

o ) ¢

]
-

The HPLC ch?omatograms of< pveral catecho]7hines, ,f'

K,\k

Ametabo]1tes and DHBA are shown before alum1na extract1on (fFjg.

™

'4 1 (a)) and after alum1na.extract1on (F1g (b))

expected the compoundsﬁah1ch do not have- a catecho] group

‘\’~4~'

éﬁhe mo]ecul%‘such as 5- HIAA HVA and: 5 HT (-ee F1g. 4.1 (a)),

were not extracted by the alumina and are m'ss1ng in
chromatogram (b) .. Even though tHZie is no ami in the
molecular structure Ja compound wh1ch has a cat chol structure,'
such as DOPAC .can pass fhrough this extractJon step ‘The;
‘;effhc1ency of the a]um1na extract1on was evaluated by: comparrng

-the peak hewghts of a]um1na extracted and unextracmed samples

o

*
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containing initia]Iy known amounts of catecholaminés and.DHBA.
‘As shown in Téb]eQ4.1wA;, the alumina extractlon step recovered
, 65-80% of the compounds .- The effect of t1ssue on the a]um1na
extract1on was also found by add1ng 5 pmole of catecholamlnes
and DHBA to thé samples w1th or without tissue, and by
extracting catecho]amipes qnd DHBA_through the alumjna'

extract1on step. The percent recovery yield is shown in Table

4.1 B.

4.2 IDENTIFICATION AND QUANTITATIVE DETERMINATION OF

NEUROTRANSMITTER .CANDIDATES BY HPLC-EC

The>fetention times of several catecholamines and DHBA
after'alumina extractioq\with the‘fissue matrix and wittht
tissue matrix in HPLC-EC are listed in Table 4.2. The typical
céromatogram of a nerve rich tissue extract prepared by alumina
extraction is’shown in Fig. 4,2§f'ﬁﬁé front big béaKAin Fig. 4.2
is due to the 1.0 M hydrochloric acid and sodium metabisulfate..
This peak was sometimes big enough to interfere the retention
region 6f DOPAS Wheh N.1 M HC1 acid was used to desonb the

. catechol compounds”from ihe a]uminaz the big frpht peak was
‘reduced in 1ntens1ty 1n-the EC detector But 65? M_leswgs'not‘
" used for the entire exper1ments because it caused pbor”ﬁgcpverY"
of catechol cohpounds from th; afumina éxtraction The EC
detector does not respond to tha TRIS at a potent1a1 of 0. 75V
:vsi ‘a Ag/AgC] reference electrode.w However, a 1arge amount of

,.TRISRpassed through ‘the 'alumina extraction. Introduc1ng the
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TABLE 4.1

Recoveries of‘thé Catecholamines as a Function of Alumina
Extraction and of Presence of Tissue?.

A;'Ef%iciency of pluﬁfna extraction

NE EN DA DHBA
Extfactgd sample 0.6‘91“(‘{.‘02 0.62+0.04 0.51+0.05 0.7420.04
Unextracted sample  1.04+0.02 0.88+0.02 0.71x0.01 0.94x0.02

Percent Recovery  66.40.6 7'0.5'5'-?%9 71.8+6.5  78.7+2.5
Percent Recovery ' 84.3+1.9 89.5:6%@ 81.3+5.1 100
relative to DHBA _ : i
B. Effect of tissue on Recoveryb
Percent Recovery » 980.1+7.8 98.822.0 92,448 98.7+5.1
(N=5)
8 values given are in mean peak response(nA) +S81EN=10 in al)
cases except the case of effect of tissue o ¥ecovery

experiment. , £

b The extent of recovery, was found by adding 5 pmole of
catecholamines and. DHBA' to the sample without or with tissue
- from 1 to 3 animalgl -~ ' '

ot



_TABLE 4.2

Retention Times of the Catecho]amwnes and DHBA ON HPLC-EC in
Chromatography System 12

NE EN DHBL DA

A. WITHOUT TISSUE
Ueegtracted Standard ’
12.13+0.20 15.45+0.21 17.0220.17 -23.3820.20
Extracted Standard . A )
"12.13+0.09 15.38+0.11 16.92+0.15 23.32+0.06
B. WITH TISSUE ’ —
Extracted Standard _ f>T | ¢

(N=5) ) _ -
12.25+0.25 15.33#0.22 15.8920.13 23.4010.21//}'

38 values are expressed in m1nutes (mean~* $.D.) and obtained
in system 1
N=10 in all cases except in the gase of with tissue
experiment v '

System '1: The compounts of mob11e phase are 55mM sodium
phosphate(monobaswc) 0.85mM sodium octyl suifate, 7mM.di
EDTA and 9% aceton1tr11e The pH of the mobile phase was
Econosphere RP-18 Column was used
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'Figu?e'4.2 HPLC-EC Chromatogram of a real tissue,extract sample

in chromatography system 1. (System 1: see the experimental
sectionj ' :

Compounds: 1:D0PA like compound, 2:NE like compound, 3:EN like
compound. 4:DHBA, 6:D4. : ' ‘

-

~—,



76

-~

alumina extract without using antioxidant such as sodium
‘metabisulfate into the HPLC-UV, it was ‘found that there was
still a big front peak but this was not due to the HC]k By
introducing TRIS 1ntobHPLC-UV, it was found that TRIS has good-
responée in thé UV detector and the retention time of TRIS is

matched with the big peak in the UV chromatogram of the alumina
extraéf.

By comparing the retention t{mes of sever%i peaks in a nerve
rich tis§ue g@roﬁaﬁogram with those when autHéntic compounds
were addéd tgithe tissue matrix, it was found that dopamine(DA)
anduseveral'otﬁgr compoqnds(NE, EN, and DOPA) had similar

-7 retention timg;ﬁ In Fig. 4.2, the peak which is assigned as #6,
seems to be DA, because its retention timevis the same as that
of‘authentic dopamine.v Thé cohcentrqﬁion‘of dopamine in the
nerve rich tissue was calcu1étedf5§i{ge fb]lowing formula and

the result is listed in Table 4.3.

’ Conc..of CA = P.H. ratio of CA/DHBA for sample x [IS]
‘ P.H. ratio of CA/DHBA for stand. SA

/7

F
CA : Catecholamine

P.H.: Peak Height
[IS] : The concentration of internal standard sblution.
SA : The ratio of the sdmple volume to the volume of

the internal standard solution.
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TABLE 4.3

Identification and Quantification of Catecholamines in the nerve . .~
rich tissue of Polyorchis penicillatus. S : o .
’ -

a

M

NE EN DA

N1/NQ2 N1/NQ 0.12 + 0.06°

P

8 N1: not idetified NQ: not quantifiable

b values are expressed in p mole + 5.D. per mg of wet tissue
weight.
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The peaks assigned #1, #2 and #3 in Fig. 4.2 seem to come
from DOPA, NE and EN, respective]yi Even fho@gh tngir retention
times are very similgrazo those of the authentic compounds, one
can not be certain that these peaks are due to DOPA, NE'and EN.
By introducing crude nerve rich {}ssue homogenate into the
. .

H=LC-UV system ( Chromatograhphic system 11), it was observed

that a large .fumber of compoUndé elute from the column with

T

'strongxintensities in the catecholamine region. Even though
‘they gle_not sgjective]y‘adéorbed to the alumina like the
catechol compounds, their highegﬁgoncentrations seem to be high
eﬁoug o\make them pass thhough the alumina extraction Step and
1nférfere in the regions wheré real catechdlamings elute.

Thereforg, the presence of the catecholamines ¢an not be proveﬁ

g the basis of retention times. But DA elutes awéykfrom the

ggaiecholamines so the presence of DA can be proven by its

‘on “time.. More selective experiments such as a mass &
,1§ihic detection is needed to study the front region of
. H . <

M,aiogram and to confirm the presence of dopamine.

-

2 3. IDENTIFICATION OF NEUROTRANSMITTER CANDIDATES‘BY GAS

CHROMATOGRAPHY NEGATIVE 1ON CHEMICAL IONIZATION MASS .

SPECTROMETRY - *

13

-

Several authentic .catecholamines and DHEL were derivatized
rwiih TFAL in ethyT_aceTcte and introduced into GC-MSIVG 7070F

in negative jon chemical ionizatior mode where methane was used

-
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L ; ﬁ%; ) . |
as the reagent gas. The resultant total ion current

l

chromatogram is shown 1n F1g 4, 3 The retention times and. .

-maJor ion intensities of the NICI GC'M@.separat1on of TFA

«*

derivatives of several catecholamines and DHBA are listed jn

~

Table 4.4. ‘The GC température _was 100 ©C initial]y and was‘
inCreased‘to 230 ©C by ten degrees per m1nute The coﬁpounds

eluted at temperatures up to 240 OC; The incrfease from’ 240 to

290 ©C was used in.order to clean. the column by baking it at a

-,

high temperature such-as 290 °C. .

Y

4

Two Kinds of GC retention times are listed. Table 4.4 (A)

4

Bhows the retent1on t1mes of severaT authent1c compounds without

samp]e matrlx v The retentwon t1mes of severa] authentic

.compounds wwth samp]e matr1x are shown in Tab]e 4.4 (B) The

:1ntens1t1es of the mo]ecu]an ‘anion and the base peak are listed

in the table. These two ions are used to obta1n the se]ected } -

ion current chromatograms. The ratio of these fwo - ions from a -

real biological samp]e should be 1dent1ca] w1th the

correspond1ng rat1o from the authent1c standard But as we canqsi'

see 1n the table, the ratio of these two peaks is. sT1ght1y Q
S
d1fferent

f

It Ts‘ﬁntereéting that the derivatized DHBA, the internal
.gtandard} also shows a good Nlél'response. The molecular weight.
of TFA derivatized DHBA is 427. The'NICI spectrum of
derwvat1zed DHEB " is shown in F1g 4*4 In the spectrum fhere is

an 1on at 427 wh1ch is a molecu]ar anion and there is an 1on at

S, -
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o b‘B ul of sample was injected to GC_injeptor.

TABLE 4.4
b

‘The GC-MS NICI Character1st1cs of the TFA der1vat1ve of several-
. Catecholamines and DHBAZ2

- . A

3

TFA M.W. ~ GC R.T. RELATIVE INTENSITY(%) RaTID OF
DERIVATIVE (MIN:SEC) [M-§7) M7 [M-97]

. : o

A. WITHOUT TISSUE AND ALUMINA EXTRACTION

DA 441 7:32 7.5 100 0.075

NE 553 7:05 10,7 67.4 0,159
_EN 567 7:07 . 1.6 100 0.016
DOPA 467 717 8.5 100 - 0.085
DHBA 427 “B:37 3.8 . 100 0.038
E. WITH TISSUE AND ALUMINE EXTRACTIOND L= |
L 441 7:50 5.9 100 < 0.049
DHBL - 427 . 6:51 ° 4.2 " 100 e 0.042

8 GC-MS conditions: The temperature of GC oven was programmed
to keep 100 ©C initially and increased to 290 OC by 10

degrees per m1nute"SPB 5 GC column was us€d. The temperatures
of GC injector was 240YC and ion source weas 180 oc.

~
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ﬂ'an444tyhi¢h'f5'the OH™ cluster ion with the mo]equ]arbantOn.

-~ ’ -

. -’ FA’
TFAA TFAD

EtDAc

TFAO

TFA,-DHBA =

The base peak of derivatized DHBA comes from elimination of a
TFA gnaup from the'molecularfanion as‘ekpected for catecholic |
compound derivatives (see Table 3.2). | ”

“

Total ion“current chromatogram of a real tissuenéxtract

sample 1s shown 1nsF1g 4.5. 1 ul of derivatized alumina

extract was injected into the GC and the sp11tless mode was
used. Before the tissue was homogenized, DHBA was added to the
A\

dissected nerve rich tiSsue of the jelly fish, to serve as

internal standard in the;HPLC-EC. Aluminum'oxide was used to ‘

. .. \
extract catechol compounds by adjusting pH of‘the homogenate.

alka]ine with TﬁIS buffer; ﬁecause highly concentrated TRIS
was‘used, there is a lot of TRIS left over jn the alumina
extract. TRIS is.th detected in HPLC-éC.  But the TFAA
derivatized TRIS and then the products were detected in NICI-
GC-MS. THe huge tailing peaks up.to scan number 120 which arelwfjf
in the front of the TIC chromatogram come from the TRIS

tr1f1uoroacet1c derivatives. The NICI chromatogram of the TFA {

o der1vat1v¢§ of an authent1c TRIS is shown in F1g 4.6 and their

mass spectra are»shown in F1g 4.7. IRIS gives two:majgr

LR
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products when it reacts with TFAA. One has molecular weight 601

and the other 505.

" . , ‘ . /’
0 | 0
noL . 0 . W
) CH,0-COFy D CHy0:CCF,
N (Y o e kSN P DA
- . , e o .
pM-C-ChigsOR - v = CF,C-NH-C-CH,0-CCFy o eNCACHy0-CCF,
‘ . . & cH,0-ccF
Cii,0-CCFY , \ 20-GCF;
oo AR i
TRIS . - . . \ ° . : .
TFA,-TRIS - TFAJ-TRIS

As seen;from the spectra, there' are no mo]ecuiar anions.
Instead, there are ions at 618 and 522 which correspond»@o the
OH™ -adducts to the respective molecu]es.‘ Even though'the"hass
spectra of TRIS in the TIC of a ner&e rich tissue were |
saturated, there was no confgsién to identify them because the
major ions in the spéctra of TFA derfvatiyes of-the authéntic

TRIS were present in those of the nerve rich tissue.

ulw

To check for the presence of QHBA derivative in the,GC-MS
spectrum of a nervébrich tissue, reconstructed selected ion
chromatograms were obtained for the two informative ions of TEA
derivative DHBA, from the TIC chromatograms. These are the ions
at m/e¥427 which is the ﬁo]ecu]ar anion, and 330, the base |

peak. As shown in Fig. 4.8, it is clear that the p;;K. scan
: nuhbeh'QSI.,comes from DHBA derfvative which was,adqea»as the

inter .al standard.

f”\Té check whether theresis dopémine‘in the tissue or not,

selecte® ion chrématograms were reconstructed from the TIC of a



L SCAN'#

FigL-e 4.8 a). GC-MS NICI TIC chromatogram of ‘a real tissue
| samp]e in scan #90- 350 | , ~

b)), c).r Reconstructed Selected lon Current‘

éhrbmatograms for -ions ‘at m/e=330 and 427.

88 .
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" nerve rich tissue sample(Fig. 4.9). Two ions, m/e=441 and 344,
were elected The ion at m/e=441 is the moYecutar anion of the
fbﬁj£Zr1vat1zéd dopamine and the jon at m/e=344 is the base peak
ofvdopam1ne NICI spectrum\(F1gu 3.1). From these»two selec'ted
ion chromatograms it cen be easi]y“Shown that the'ceak at scap
number 297 cdrresponds to the TFA derivatized dopam1ne The
1ntens1ty rat1o of the two ions (441/344) in the chromatograms
is 0.043 but the ratio of the authentic compound is 0.048 (Tablé
4.4) . This variation is probably due to the inConststency of
the ion source pressure. There is a little difference;in GC
‘retention times of dopamine between DA in a nerve rich tissue
extréct.and authentic DA in the tissue matrix. The retention
httmeﬂof DA tn a nerve rich tissue extract is 7 minutes and 55
secoan. The retentiqn time of authentic dobamine is 7 minutes
and. 50 seconds'uhen the tissue sample was spiked w®th authentic
ddpamine. The NICI spectrum of scan number 297 is shown in Fig.
4.10. This spectrum can be compared with the epectrum of
'guthentic dopamine(Fig. 3.1 (a)). In the spectrum, there is not.
an ion at m/e=458 which corresponds to [M+17]° but when 3 ul
instead of 1 ul solution was introduced into the GC injector, an
ior at m/e=458 whose intensity was twice as high as that of the
moFecular anion was obserVed.'»By compértng the ecectrum of scan
number 297 of TIC chromato.kams of the nerve rich tissue extract
~(F1g 4.10) with that of authent1c dopamine standard(F1g 3.1
(a )),,the peak at scan number 297 is certa1nly due to the TFA
derivatized dopamine in the nerve rich tissue. Even though

there are several unmatching,peaks in.the rferve rich tissue
e . 2
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extract, maJor ion peaks at m/e=441, 344,.305,*281, and 248 in
the authent1c standard are found also in the spectrum of the
tissue’ sample. Jhe peaks at m/e=227, 183, 181, and 167 in Fig.
4.10, that do not match, could be due to strong jeackground ions,
because these peaks ‘were observed also 1n the spectra at other

scan numbers. Three different tissue samples ~were u.ed and the

specfrum in Fig. 4.10 was reproducibly obgérved.

for confirmatibn of the existence of NE in the nervs fich
tissue extraét( reconstructed selected ion current chrombtograms
were obtained for ions of m/es 456 [M-TFA]™, 433 [M-TFAOH]™,
and 553 [M]~ from the toté1_ion current chromatogram (Fig.
“4.11). .From these chromatograms, it is evident that NE is not
present. Even thdugh Fig. 4.11 (c) shows fhat there - a little
bpéssibilfty of-ex%stence of NE, the mass spectrum of scan number
268 showé thét the ion at m/e=456 is in the noise leve'’ " the
entire spectrum. Fig 4.11’(d) shows that it is evident (ihat
there. is no NE in thé nerve rich tisiye,sample above the level
of detéction']imitlof GC-MS which is abproximate]y 1 p mole per

injection.

Several reconstructed chromatograms were obtained for
characteristic ions of m/e=567 [M]”, 470 [M-TFAl", and 356

[M-TFA-TFADH] ™ from the TIC chromatogram of a nerve tissue

sample (Figt 4.11,. i.e NIL. spectrum of the TFA derivatized
authentic EN is shown in Fig. 3.7 ({b). As seen in the figuré,

there is no EN i- the nerve rich'tissue-extraCt; In. HPLC
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chrdmatograms of the tissue extract, peaks with retention times
equal to those for NE and EN were qpserved, seevFQg;4.2; In
the light of the present results, these peaks i.e. #2 and #3 in

the HPLC_chromatogram (Fig. 4.2) should be ~eqa-ded as unknowns.

DOPA is the immediate pre0usqr oquA:in the eonvereion from
tyrostne (Figr 1_1);. Becauee DA is found‘to exiEt.tn the‘nerye
rich tissue, DOPA should also be expected to exist in the nerve
tissue. But in the GC-MS eXperiment no DOPA was found. The
‘NICI spectrum of the authent1c standard DDPA derivative is shown
in F1g 3.9 (a{f\ For the two major 1ons the molecular anion at

‘m/e-467 rand the base peak ion at m/e 370 [M 97]'“‘
reconstructed selected ion current chromatograms were obta1ned
fr;m the TIC chromatogram (F1g 4.13)., As seen in those
f1gures the currents for the jtwo ione were zero intensity.

This result shows qu1te conc]Us1ve1y that DOPA was not present
in the tﬁssue sample at 1east above the detection limit i.e.
‘approximate1y 1 p mole per injection.: Tmis corresponds to less
than 200 picogram DOPA Qér 0.1 gm wet we?ght'of nervé rich

tissue.
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CHAPTER 5

CONCLUSIONS AND SUGGESTIONS FOR FURTHER EXPERIMENTS

5.1. CONCLUSIONS

Mass spectra of several biogenic amines, metabolites.vand
'setha] related compounds were obtained in the several d
jonization modes. Each ionization mode has its own merits and
~defects. Even‘though the sensitivity of ammonia PCl was the
lowest among all ionization mddes 1nvestiga§ed. this ionization

\

clearly provided information for the mo]ecular‘wé}ght

E deteﬁminat{on of the ana1yte§.‘ The methané PCIi which is more

. sensitive than ammonia PCI, giyés supp]eméntaﬁy infgrmation
ébout the molecular weight and the molecular structure. Althouéh
Ei is leés sensitive than NICI, it gives abuhdaﬁ? peaks in‘the
spectra éf analytes, providingyin this7ﬁahner “information about
thenstruéture of the -analytes. NICI is the mOstléen;ftive 'mbde
~ among ali iohizatjon modesl although it provides little
structufal,information. Combined with capillary column gas

" chromatography, NICI provided the necessary tool in the search

for biogenic amines present at picomole levels in nerve tissue.
/

- \ . N b

o

As a practical app]icatién an assay for catecholamines in a
’ : 3

nerve rich tissue of Polyorchis penicil]atus'was under taken.

- _ TE'
{ ' ' . . v

o 97 .
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By combining GC-MS with HPLC-EC picomole levels of dopamine

were found ta exist in mg. wet weight of a nerve rich tissue of:

Polyorchis penicillatus. The finding of dopamine in the nerve .

rich tissue of coelenterate is of specia]\bjo]ogical
gignificaﬁce.‘ The existence of dopamjne strongly suggests that"

there are chemical synapées in the.herve<systems'of coe}pntérate

aminals.
(4

5.2. SUGGESTIONS FOR _FURTHER EXPERIMENTS. v

1

)

(‘Even though- dopamine was found in the nerve rich tissue of

Polyorchis penicillatus, several more expepiments should bé dQne
to confirm that dopamine is a neurotransmitter and to find‘out
ythe precusor and mefabo]ites_of dopamine. In this present
experimental proceduré, it is imbossfble to detect metabo]ites
of dopamine that do not have a catechol group in the molecular
structures. = Therefore, a different procedufe, not usiné
alumina extnéction, is needed to study the metabolites and
precusor. The direct coupling of'HPLﬁ’wjth MS will be useful in
this Kind of experiment. By using HPLC-MS, it will be also;easy
to study the frontal pért of thg HPLC chromatogram where there
afe a lot of unknown peaks. The proper mobile phase should be
chosen to sussessful coupling of HPLC-MS; Experiments of this

\\ixpé are:npw in the explorétory stage in this laboratory.
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