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SUMMARY 

A method is described for simultaneous extraction and quantitation of the 
amines 2_phenylethylamine, tele-methylhistamine, histamine, tryptamine, m- and p- 
tyramine, 3_methoxytyramine, 5hydroxytryptamine, cadaverine, putrescine, sper- 
midine and spermine. This method is based on extractive derivatization of the amines 
with a perfluoroacylating agent, pentafluorobenzoyl chloride, under basic aqueous 
conditions. Analysis was done on a gas chromatograph equipped with an electron- 
capture detector and a capillary column system. The procedure is relatively rapid 
and provides derivatives with good chromatographic properties. Its application to 
analysis of the above amines in cheese and chocolate products is described. 

INTRODUCTION 

The investigation of the presence of bioactive amines in foodstuffs is becoming 
an increasingly active area of research. It is well known that patients taking mono- 
amine oxidase (MAO) inhibitors must avoid certain foodstuffs since these foods may 
cause a number of adverse effects, including hypertensive crises, in such individuals’,* 
when taken concomitantly with these drugs. It has been proposed that this is due to 
the presence ofp-tyramine in these foods; this amine, which is normally metabolized 
by intestinal MAO, is taken up into adrenergic nerves and causes extensive release 
of the catecholamine noradrenaline. However, it is also possible that other structur- 
ally related amines such as 2-phenylethylamine or m-tyramine, may contribute to the 
effect; these amines are known to have strong releasing effects on catecholamines 
from nerve terminals in vitro 3,4 It is also conceivable that histamine may be respon- . 
sible for some of the effects seen when patients on MAO inhibitors ingest certain 
foodstuffs. Absorption of histamine from the gut is reported to be facilitated by 
hydrazine-type MAO inhibitors (such as phenelzine), but not by MAO inhibitors of 
the phenylcyclopropylamine type (e.g. tranylcypromine). It has been reported that 
the former compounds, but not the latter, inhibit diamine oxidase5,6. Intraduodenal 
administration of the histamine-rich yeast product Marmite to cats results in marked 
electromyographic changes and potentiation of spinal cord reflexes; these changes 
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can be mimicked by administering histamine concomitantly with an MAO inhibitor’. 
Consumption of foods rich in amines may produce problems other than those 

mentioned above. In about 30% of patients with classical migraine, injection of p- 
tyramine or eating p-tyramine-containing foods can result in the production of head- 
aches. In these patients, there seems to be a deficiency of the enzyme responsible for 
the formation of the sulfate conjugate of p-tyramine8g9. It has also been reported 
that foodstuffs with a high 2-phenylethylamine content, such as chocolate, can bring 
on attacks in certain migraine sufferers 9,*o. Sandler et aL9 reported that migrainous 
patients have significantly lower 2_phenylethylamine- and tyramine-oxidizing ability 
than normal subjects. Histamine is of further interest since this amine is thought to 
be responsible for many of the symptoms observed in scombroid poisoning from 
consumption of fish’ l-l 3. 

Little information is available on measurement of the amount of tryptamine 
in foods, but this indolealkylamine may be of interest since it has been reported to 
have rather strong effects on the release of catecholamines and the vasoconstrictor 
substance 5-hydroxytryptamine from nerve terminals3,14. 5-Hydroxytryptamine is 
present in relatively large quantities in many tissues of the body and there is now a 
large body of evidence indicating that it may be a neurotransmitter, particularly in 
the central nervous system’ 5. Introduction of tryptamine or 5-hydroxytryptamine 
into the afferent circulation is reported to cause a release of prostaglandins and other 
vasoactive substances into the systemic circulation 16. In this regard, it is noteworthy 
that intravenous administration of prostaglandin El can lead to headaches similar 
to those observed in spontaneous migraine”. 

2-Phenylethylamine and tryptamine, lipophilic substances which can cross the 
blood-brain-barrier with ease, are endogenous constituents of many tissues, including 
brain. Since they are excellent substrates for MAO, it is conceivable that inhibition 
of this enzyme may result in large amounts of 2-phenylethylamine and tryptamine 
from foodstuffs entering the circulation. Marked behavioural syndromes can be pro- 
duced in laboratory animals18-20 by injection of these amines, or their a-methyl de- 
rivatives (amphetamine and a-methyl-tryptamine respectively), which are protected 
from MAO by their x-methyl group. Chronic abuse of amphetamine in humans can 
result in a condition which is virtually indistinguishable clinically from paranoid 
schizophrenia2 l, and it has been proposed that 2-phenylethylamine may be involved 
in the etiology of certain types of schizophrenia 22,23. LSD-like physiological effects 
in dogs have been reported after injection of tryptamine24. 

At physiological pH, polyamines (putrescine, cadaverine, spermidine, sperm- 
ine) are known to be protonated at all nitrogen sites; that is, they are polycations at 
physiological pH. This makes it possible for the polyamines to react with a number 
of negatively charged molecules, such as nucleic acids, proteins and anionic sites of 
membranes, and it has been proposed that polyamines are involved in cell growth 
and replication25,26. A major stimulus of the present interest in polyamine research 
evolved from the fact that enhanced polyamine metabolism was found in fast growing 
tumours27,28. The possibility that the growth rate of tumours may be hindered by 
inhibiting polyamine synthesis 29 has further heightened research interest in these 

amines. 
Administration of polyamines to laboratory animals can produce a wide spec- 

trum of physiological responses, such as curare-like paralysis of the musculature, 
sedation and hypothermia, hyperglycemia and convulsions30. 
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Polyamines are distributed widely in nature and their presence in foodstuffs 

has recently attracted considerable attention in the field of food chemistry. In the 
presence of heat (e.g. in cooking), putrescine and cadaverine may be converted to 
pyrrolidine and piperidine, respectively 31. If these amines are formed they may in 
turn be nitrosated, in the presence of nitrite, to form carcinogenic nitrosamines3*. It 
is well-known that nitrite is a normal constituent of human saliva, and it has been 
suggested that nitrosamines can be formed in the gastrointestinal tract33,34. Bjeldanes 
et al.35 suggested that there may be a synergistic relationship between histamine and 
the diamines, indicating that scombroid poisoning may be the consequence of in- 
gesting a combination of histamine and diamines. 

Much still remains unknown about concentrations of the amines in food prod- 
ucts which would be required to cause possible adverse effects, and this is obviously 
an area deserving of further detailed investigation. Many of the studies cited above 
investigated only one class of amine or a small number of amines. Obviously there 
are several types of bioactive amines present in food products, and a comprehensive 
study of levels of all the amines mentioned above would be useful. We report here 
a rapid method, utilizing gas chromatography with electron-capture detection 
(GC-ECD), for simultaneous analysis of several bioactive amines and describe its 
application to cheese and chocolate. 

The presence of a number of amines in a variety of foodstuffs has now been 
well established36-51. Several techniques have been utilized for such analysis, and 
these include thin-layer, paper and ion-exchange chromatographic52-60 procedures, 
colorimetry61,62, spectrophotometry38,63, fluorometry64-68, radioenzymic proce- 
duresso%6Q, high-performance liquid chromatography (HPLC)70-80, gas chromato- 

graphy 3Q,81--87 and combined gas chromatography-mass spectrometry (GC- 
MS) 88,89 

Fluorometric methods have been reported as being laborious83 and may pres- 
ent specificity problems, particularly if not used in combination with separation tech- 
niques such as HPLC3Q,86,90. P aper chromatographic techniques are semi-quanti- 
tative at best and often imprecise at low levels3Q, while calorimetric and spectropho- 
tometric procedures are often non-specific and tedious. Radioenzymic procedures 
have been developed for analysis of a number of bioactive amines and provide high 
sensitivity (see ref. 91 for review); these assays have been used more frequently for 
analysis in tissues and body fluids than in food productsSo. Disadvantages of this 
type of assay include the necessity of handling and disposing of radiochemicals and 
difficulties in separating some structural isomers; in addition only one or a small 
number of amines can be assayed practically in each sample. HPLC techniques have 
become very popular in recent years, as evidenced by the surge in publications uti- 
lizing this methodology. Certainly HPLC often provides a convenient means of 
analysis and has the advantage over GC and GC-MS of being useful for heat-sen- 
sitive compounds. However, MS provides identification of the compound of interest 
(or a derivative of it) and when combined with GC provides a high degree of selec- 
tivity and sensitivity; HPLC-MS is also available but still in its infancy. A major 
disadvantage of GC-MS is the large financial commitment required for initial pur- 
chase, operation and.maintenance. It has been our experience that GC combined 
with a capillary column and an electron-capture detector provides a specific, sensitive 
and relatively inexpensive alternative; confirmation of structures of derivatives can 
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be carried out by interfacing the GC column with MS, and subsequent routine analy- 
sis can be done by capillary GC-ECD alone. 

EXPERIMENTAL 

Chemicals and reagents 
The following chemicals, unless specified, were obtained from Sigma (St. Louis, 

MO, U.S.A.): tele-methylhistamine dihydrochloride, tryptamine hydrochloride, 2- 
phenylethylamine hydrochloride, p-tyramine hydrochloride, cadaverine dihydro- 
chloride, 2-(4-chlorophenyl)ethylamine, putrescine dihydrochloride, spermidine trihy- 
drochloride, spermine tetrahydrochloride, di-2-(ethylhexyl)phosphoric acid, hista- 
mine dihydrochloride (Calbiochem, Los Angeles, CA, U.S.A.), m-tyramine hydro- 
chloride (Vega Biochemicals, Tucson, AZ, U.S.A.), o-tyramine (Dr. B. A. Davis, 
Saskatoon, Canada), pentafluorobenzoyl chloride (Aldrich, Milwaukee, WI, U.S.A.) 
potassium bicarbonate (analytical reagent grade; Mallinkrodt, Paris, KY, U.S.A.), 
sodium carbonate (Fisher Scientific, Fair Lawn, NJ, U.S.A.), ethyl acetate and tolu- 
ene (each glass distilled) (Caledon Labs., Georgetown, Canada), ammonium hy- 
droxide (Anachem, Portland, OR, U.S.A.), benzene (pesticide grade, Fisher Scien- 
tific), acetonitrile (ACS, Fisher Scientific), perchloric acid (Fisher Scientific), hydro- 
chloric acid (ACS grade, The McArthur Chemical Company, Montreal, Canada). 
2-(4-Chlorophenyl)ethylamine was purchased as the free base and converted to the 
hydrochloride salt by Dr. F. M. Pasutto. 

Procedures for cleaning glassware 
All glassware was rinsed with tap water before immersing in biodegradable 

Sparkleen (Fisher Scientific) solution. Subsequent thorough washing (and rinsing 
with distilled water) of beakers, flasks and measuring cylinders was done in a dish- 
washer (Miele Electronic G715). The glass tubes in which the extractions and analyses 
were conducted were immersed in Sparkleen solution, placed in an ultrasonic cleaner 
(Mettler Electronics) containing a solution of Decon 75 concentrate (BDH Chemi- 
cals), 20 ml to 1 1, and ultrasonicated for a minimum of 1 h. The glass tubes were 
then stacked in stainless-steel wire mesh baskets and rinsed with hot distilled water 
in the dishwasher. All glassware, after rinsing, was air-dried in a mechanical convec- 
tion oven (Model 29, Precision Scientific Group). 

Gas-liquid chromatography 
A Hewlett-Packard 5880A gas chromatograph equipped with a 15 mCi 63Ni 

source electron-capture detector was used. The capillary column used was an SE-54 
fused-silica column, 15 m x 0.25 mm I.D. Helium at 2 ml/min was used as carrier 
gas and argon-methane (95:5) at 35 ml/min as make-up gas to the detector. The 
following oven programme was employed: initial temperature of 105°C (maintained 
for 0.5 min), increasing at a rate of 25°C per min to 240°C. After maintaining it at 
this level for 3.5 min, the temperature was increased again at the same rate to 330°C. 
The temperature of the injection port was 250°C and that of the detector was 345°C. 
Injection volumes used were 1 pl or less. 
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Extraction and derivatization 
Approximately 1 g of cheese or chocolate was cut into tiny pieces before homo- 

genization in 10 volumes of ice-cold 0.4 A4 perchloric acid containing 10 mg% EDTA. 
The suspension was centrifuged for 15 min at 12 000 g at 0” to precipitate protein 
and an aliquot of the clear supernatant (1-2 ml) was used for analysis. For quanti- 
tation purposes, 2-(4-chlorophenyl)ethylamine was added to the 0.4 A4 perchloric 
acid during its preparation to serve as internal standard (final concentration: 1 
pg/ml). After refrigerated centrifugation, a portion (2 ml) of the clear supernatant 
was basified by the addition of solid potassium bicarbonate. The potassium per- 
chlorate precipitate was removed by brief centrifugation. Extraction of amines was 
performed by shaking the supernatant with 3 ml of the liquid ion-pairing compound 
di-2-(ethylhexyl)phosphoric acid (2.5% v/v in chloroform) for 10 min. After centrifu- 
gation at 1000 g for 5 min to separate the layers, the aqueous phase was aspirated 
off and discarded. The amines were back-extracted by shaking with 2.5 ml 0.5 A4 
hydrochloric acid for 5 min. After centrifugation at 1000 g for 5 min, the hydrochloric 
acid layer was retained and made alkaline using a small excess of solid sodium car- 
bonate. This was followed by the addition of 3 ml of extracting-derivatizing mixture 
made up of benzene-acetonitrile-pentafluorobenzoyl chloride (PFBC) in the ratio 
9:1:0.01 (v/v/v). The mixture was shaken on a vortex mixer for 15 min at room 
temperature. The two phases were separated by centrifugation (5 min) at 1000 g. The 
organic phase was retained and taken to dryness under a stream of nitrogen. The dry 
residue was reconstituted with 300 ~1 toluene. This toluene layer was washed by 
shaking with 1 ml 1 M ammonium hydroxide for 15 s. After a brief centrifugation, 
the toluene layer was retained and 1 ~1 was injected on the SE-54 fused silica (15 m) 
capillary column for GC-ECD analysis. 

Amine concentrations were measured using the ratio of peak heights of com- 
pounds of interest to the peak height of the internal standard. These peak height 
ratios were compared to those in a standard (calibration) curve, which was prepared 
for each batch of analyses. Construction of a calibration curve was done by adding 
known, varying amounts of authentic standards and a constant amount of internal 
standard to a series of tubes and carrying these tubes through the assay procedure 
in parallel with the sample tubes. Calculations were performed using a Hewlett-Pack- 
ard (HP) 86 microcomputer with an HP 9130A flexible disc drive coupled to an HP 
82905B printer and an HP 7475 plotter. 

Although GC-ECD was used for the routine analysis, structures of the final 
derivatives were confirmed initially by GC-MS. The mass spectrometer was a Hewlett 
Packard (HP) 5985A operated in the electron-impact (EI) mode. The GC-MS system 
also consisted of an HP 5840A gas chromatograph, an HP 2648A graphics terminal, 
an HP 9876A printer, an HP 7920 disc drive (software), and an HP 21MX series E 
computer (Hardware). Operation conditions were as follows: ion source temperature, 
200°C; interface temperature, 275°C; column pressure, 10 p.s.i.; accelerating voltage, 
2200 eV; ionization voltage, 70 eV; scan speed, 100 a.m.u./s; and dwell time, 200 ms. 
The capillary column and oven programme were the same as those described above 
in the text. 
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Fig. 1. Structures of the derivatized amines formed during the assay procedure. Derivatives of 2-phenyl- 
ethylamine (A); 2-(4-chlorophenyl)ethylamine, internal standard (B); tele-methylhistamine (C); histamine 
(D); putrescine (E); tryptamine (F); cadaverine (G); m-tyramine (H); p-tyramine (I); 3-methoxytyramine 
(J); S-hydroxytryptamine (K); spermidine (L); and spermine (M). 
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RESULTS AND DISCUSSION 

Several authors have reported the use of PFBC as a derivatizing reagent for 
amines and phenolic amines92-100. This reagent frequently produces derivatives with 
very high sensitivity on the electron-capture detector and can react under anhydrous 
or aqueous conditions. The procedure described in the present paper provides a rapid 
and sensitive procedure for simultaneous extraction and derivatization of a number 
of amines with biological activity. The “on-column” sensitivites (ECD responses at 
least twice the blank response) were demonstrated to range from 5 pg (2-phenyl- 
ethylamine) to 20 pg (tryptamine). The derivatives have excellent chromatographic 
properties, with little peak tailing evident, and are stable at -20°C for long periods 
of time. Recoveries of the amines were high in most cases, with those for the poly- 
amines being virtually quantitative; recoveries for the other amines were as follows 
(means of six experiments): 2_phenylethylamine, 87%; m-tyramine, 82%; p-tyramine, 
80%; Me-methylhistamine, 53%; histamine, 66%; tryptamine, 80%; 5-hydroxytrypt- 
amine, 42%; and 3_methoxytyramine, 79%. Calibration curves prepared by using 
5-6 concentrations of the standard were utilized in each assay run, and were shown 
to be linear (correlation coefficient > 0.99) over a lOO-fold range of concentrations. 
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Fig. 2. Proposed mass spectral fragmentation of the pentafluorobenzoyl (PFB) derivative of 2-phenyl- 
ethvlamine. 
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The structures of the derivatives were confirmed by combined GC-MS and 
were consistent with the structures shown in Fig. 1. Proposed fragmentation patterns 
for pentafluorobenzoyl derivatives of representative amines are shown in Figs. 2-7. 
Only the mass spectrum of tele-methylhistamine was inexplicable. Unlike histamine 
and other amines investigated, teEe-methylhistamine appears to be doubly derivatized 
on the same aliphatic nitrogen atom. This possibility is now being studied using other 
physico-chemical techniques. 

A number of compounds [toluene, benzene, ethyl acetate, cyclohexane, 
toluene-acetonitrile (9:1)] were tested for suitability as a solvent for PFBC, but the 
cleanest GC baselines were obtained when benzene was used in the procedure. 

The procedure was applied to cheese and chocolate samples, and results from 
four brands of each are shown in Table I. The results are the means (standard error 
of the mean, S.E.M.) from at least 3 samples of each, and at least 2 portions of each 
sample were analyzed. Examples of typical GC traces are given in Fig. 8. Preliminary 
findings from the application of the technique to other foodstuffs such as beer, wine, 
canned tuna and salmon, and soya sauce appear promising. 

Thus, a rapid, sensitive procedure has been developed which utilizes extractive 
derivatization with PFBC and subsequent separation utilizing a gas chromatograph 
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Fig. 3. Proposed mass spectral fragmentation of the PFB derivative of p-tyramine. 
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equipped with a fused-silica capillary column and an electron-capture detector. The 
method provides simultaneous analysis of twelve bioactive amines and is readily 
applicable to the study of these amines in foodstuffs. Although we used GC-MS for 
initial confirmation of structures of the derivatives, GC-ECD was employed there- 
after for routine analysis. Thus the assay should be a particularly attractive alternate 
analytical procedure to those laboratories which are interested in performing com- 
prehensive studies of amines in food products but do not have sufficient funds for 
the equipment and maintenance costs involved with mass spectrometric procedures. 

ACKNOWLEDGEMENTS 

The authors gratefully acknowledge funding from Health and Welfare Canada 
and thank Miss Heather Schmidt for typing this manuscript. The assistance of Dr. 
D. F. LeGatt, Department of Laboratory Medicine, University of Alberta Hospitals, 
in performing mass spectrometric analyses is much appreciated. 

REFERENCES 

1 E. Marley, in D. G. Grahame-Smith (Editor), Drug Interactions, University Park Press, Baltimore, 
MD, 1977, p. 171. 

2 N. Weiner, in A. G. Gilman, L. S. Goodman and G. Gilman (Editors), Goodman and Gilman’s The 
Pharmacological Basis of Therapeutics, MacMillan, New York, 1980, p. 138. 

3 D. M. Paton, in D. M. Paton (Editor), The Mechanisms of Neuronal and Extraneuronal Transport of 
Catecholamines. Raven Press, New York, 1976, p. 155. 

4 M. Raiteri, R. Del Carmine, A. Bertollini and G. Levi, Eur. J. Pharmacol., 41 (1977) 133. 
5 P. A. Shore and V. Cohn, Biochem. Pharmacol., 5 (1960) 91. 
6 W. P. Burkaard, K. F. Gey and A. Pletscher, Br. J. Pharmacol., 11 (1962) 177. 
7 B. Blackwell and E. Marley, Br. J. Pharmacol., 26 (1966) 142. 
8 M. B. H. Youdim, S. Bonham Carter, M. Sandler, E. Hanington and M. Wilkinson, Nature (Lon- 

don), 230 (1971) 127. 
9 M. Sandier, M. B. H. Youdim and E. Hanington, Nature (London), 250 (1974) 335. 

10 M. Sandier. S. Bonham Carter, B. L. Goodwin and C. R. J. Ruthven, in E. Usdin and M. Sandler 

11 
12 
13 
14 
15 
16 
17 

18 
19 

20 

21 
22 
23 

24 

(Editors), Trace Amines and the Brain, Marcel Dekker, New York, 1976, p. 233. 

Canada Diseases Weekly Reporf, 7-16 (1981) 77 (published by Health and Welfare Canada). 
Canada Diseases Weekly Report, 7-24 (1981) 117 (published by Health and Welfare Canada). 
R. J. Gilbert, Br. Med. J., 281 (1980) 71. 
G. B. Baker, I. L. Martin and P. R. Mitchell, Br. J. Pharmacol., 61 (1977) 151P. 
J. W. Phillis, in The Pharmacology of Synapses, Pergamon Press, Oxford, 1974, p. 57. 
V. A. Alabaster and Y. S. Bakhle, Br. J. Pharmacol., 40 (1970) 582P. 
L. A. Carlson, in S. Bergstrom and B. Samuelson (Editors), Prostaglandins: Nobel Symposium 2, 
Interscience, New York, 1967, p. 123. 
W. G. Dewhurst, E. Marley, Br. J. Pharmacol., 25 (1965) 705. 
R. F. Squires, in L. L. Iversen, S. D. Iversen and S. H. Snyder (Editors), Handbook of Psychophar- 
macology, Vol. 14, Plenum Press, New York, 1978, p. 1. 

B. A. Diamond, A. Hitri, C. Shah and R. L. Borison, in A. A. Boulton, G. B. Baker, W. G. Dewhurst 
and M. Sandler (Editors), Neurobiology of the Trace Amines, Humana Press, Clifton, NJ, 1984, p. 
375. 
E. H. Ellinwood, Jr., J. Nerv. Ment. Dis., 44 (1967) 273. 
M. Sandler and G. P. Reynolds, Lancer, i (1976) 70. 
S. J. Potkin, F. Karoum, L. W. Chuang, H. E. Cannon-Spoor, I. Phillips and R. J. Wyatt, Science 
(Washington, D.C.), 26 (1979) 470. 
W. R. Martin, J. W. Sloan, D. B. Vaupel, J. A. Bell and M. Nozaki, in E. Usdin and M. Sandler 
(Editors), Trace Amines and the Brain, Marcel Dekker, New York, 1976, p, 83. 

25 N. Seiler, Neurochem. Znt., 3 (1981) 95. 



330 G. B. BAKER et al. 

26 J. Janne, H. Poso and A. Raina, Biochim. Biophys. Acta., 473 (1978) 241. 
27 D. H. Russell, in D. H. Russell (Editor), Polyamines in Normal and Neoplastic Growth, Raven Press, 

New York, 1973. 

28 A. Raina, T. Eloranta, R. L. Pajula, R. Mantyjarvi and K. Tuomi, in J. M. Gaugas (Editor), 
Polyamines in Biomedical Research, Wiley, Chichester, NY, 1980, p. 35. 

29 N. Seiler and K. Dcckardt, in R. A. Campbell, D. R. Morris, D. Bartos, G. D. Daves, Jr. and F. 
Bartos (Editors), Advances in Polyamine Research, Vol. 2, Raven Press, New York, 1978, p. 145. 

30 N. Seiler, in A. Lajtha (Editor), Handbook of Neurochemistry, Vol. 1, Plenum Press, New York, 2nd 
ed., 1982, p. 223. 

31 W. Lijinsky and S. S. Epstein, Nature (London), 225 (1970) 21, 
32 D. D. Bills, K. I. Hildrum, R. A. Scanlan and L. M. Libbey, J. Agric. Food. Chem., 21 (1973) 876. 
33 R. S. Tannenbaum, A. J. Sinskey, M. Weisman and W. J. Bishop. J. Natl. Cancer Inst. (U.S.), 53 

(1974) 79. 
34 B. Spiegelhadler, G. Ersenbrand and R. Preussman, Food Cosmet. Toxicol., 14 (1976) 545. 
35 L. F. Bjeldanes, D. E. Schutz and M. M. Morris, Food Cosmet. Toxicol., 16 (1978) 157. 
36 S. Udenfriend, W. Lovenberg and A. Sjoerdsma, Arch. Biochem. Biophys., 85 (1959) 487. 
37 B. Blackwell and L. A. Mabbitt, Lancer, i (1965) 938. 

38 T. A. Wheaton and I. Stewart, Anal. Biochem., 12 (1965) 585. 
39 N. P. Sen, J. Food Sci., 34 (1969) 22. 
40 A. A. Boulton, B. Cookson and R. Paulton, Can. Med. Assoc. J., 102 (1970) 1394. 
41 M. N. Voigt, R. R. Eitenmiller, P. E. Koehler and M. K. Hamdy, J. Milk Food Technol., 37 (1974) 

377. 
42 W. Lovenberg, J. Agric. Food. Chem., 22 (1974) 23. 
43 L. Lakritz, A. M. Spinelli and A. E. Wasserman, J. Agric. Food Chem., 23 (1975) 344. 
44 S. L. Rice, R. R. Eitenmiller and P. E. Koehler, J. Milk Food Technol., 39 (1976) 353. 
45 G. N. Neurath, M. Dunger, F. G. Pein, D. Ambrosius and 0. Schreiber, Food Cosmet. Toxicol., 15 

(1977) 275. 
46 S. L. Taylor, E. R. Lieber and M. Leatherwood, J. Food Quality, 1 (1977) 393. 
47 P. Vandekerckhove, J. Food Sci., 42 (1977) 283. 
48 M. J. Saxby, J. P. Chaytor and R. G. Reid, Food Chem., 6 (1980/S]) 281. 
49 J. A. Zee, R. E. Simard and A. Roy, Can. Inst. Food Sci. Technol., 14 (1981) 71. 
50 J. M. Feldman, Arch. Intern. Med., 143 (1983) 2099. 
51 R. T. Coutts, G. B. Baker and F. M. Pasutto, in B. Testa (Editor), Advances in Drug Research, Vol. 

15, Academic Press, London, 1986, p. 169. 
52 J. M. Foy and J. R. Parratt, J. Pharm. Pharmacol., 12 (1960) 360. 
53 J. M. Foy and J. R. Parratt, J. Pharm. Pharmacol., 13 (1961) 382. 
54 A. M. Asatoor, A. J. Levi and M. D. Mime, Lancet, ii (1963) 733. 
55 J. V. Hodge, E. R. Nye and E. W. Emerson, Lancet, i (1964) 1108. 
56 W. F. Nuessle, F. C. Norman and H. E. Miller, J. Am. Med. Assoc., 192 (1965) 726. 
57 B. Blackwell, L. A. Mabbitt and E. Marley, J. Food Sci., 34 (1969) 47. 
58 D. Mack, Z. Lebensm.-Unters.-Forsch., 152 (1973) 321. 
59 H. Woidich, W. Pfannhauser, G. Blaicher and U. Pechanek, Mitt. Klosterneuburg, 30 (1980) 27. 
60 J. A. Zee, R. E. Simard and M. Desmarais, Can. Inst. Food Sci. Technol., 14 (1981) 119. 
61 D. W. Bruce, Nature (London), 188 (1960) 147. 
62 W. Horowitz (Editor), AOAC Oficial Methods of Analysis, Association of Official Analytical Chem- 

ists, Washington, DC, 12th ed., 1975, p. 316. 
63 T. A. Wheaton and I. Stewart, Phytochemistry, 8 (1969) 85. 
64 D. L. Hedberg, W. G. Malcolm and B. C. Glueck, Am. J. Psychiat., 122 (1966) 933. 
65 S. Rice, R. R. Eitenmiller and P. E. Koehler, J. Milk Food Technol., 38 (1970) 256. 
66 C. S. Ough, J. Agric. Food Chem., 19 (1971) 241. 
67 P. A. Lerke and L. D. Bell, J. Food Sci., 41 (1976) 1282. 
68 S. L. Taylor, E. R. Lieber and M. Leatherwood, J. Food Sci., 43 (1978) 247. 
69 R. A. Dean, D. P. Henry, R. R. Bowsher and R. B. Fomey, Life Sci., 27 (1980) 403. 
70 R. M. Riggin, M. J. McCarthy and P. T. Kissinger, J. Agric. Food Chem., 24 (1976) 189. 
71 R. M. Riggin and P. T. Kissinger, Anal. Chem., 49 (1977) 530. 
72 R. Battaglia and D. Friihlich, J. High Resolut. Chromatogr. Chromatogr. Commun., 2 (1978) 100. 
73 R. R. Eitenmiller, P. E. Koehler and J. 0. Reagan, J. Food Sci., 43 (1978) 689. 



GC-ECD OF BIOGENIC AMINES IN CHEESE AND CHOCOLATE 331 

74 R. E. Subden, R. G. Brown and A. C. Noble, J. Chromatogr., 166 (1978) 310. 

75 D. Friihlich and R. Battaglia, Mitt. Geb. Lebensmitfelunters. Hyg., 71 (1980) 38. 
76 C. Buteau, C. L. Duitschaever and G. C. Ashton, J. Chromatogr., 284 (1984) 201. 
77 A. Matsunaga, A. Yamamoto, H. Sekiguchi and R. Shimizu, Toyama-ken Eisei Kenkyusho Nenpo, 

7 (1984) 62. 
78 A. Matsunaga, A. Yamamoto, Y. Saito and M. Makino, Hokuriku Koshu Eisei Gakkaishi, 12 (1985) 

19. 
79 S. F. Chang, J. W. Ayres and W. E. Sandine, J. Dairy Sci., 68 (1985) 2840. 
80 G. Tiecco, G. Tantillo, G. Marcotrigiano and G. DeNatale, Ind. Aliment. (Pinerolo, Italy), 24 (1985) 

122. 
81 D. E. Coffin, J. Assoc. Off. Anal. Chem., 52 (1969) 1044. 
82 D. E. Coffin, J. Assoc. Off. Anal. Chem., 53 (1970) 107 1. 
83 E. R. Kaplan, N. Sapeika and I. M. Moodie, Analyst, 99 (1974) 565. 
84 P. J. O’Neill and R. G. Rahwan, Pharm. Sci., 66 (1977) 893. 
85 R. W. Daisley and H. V. Gudka, J. Pharm. Pharmacol., 32 (1980) 77. 
86 S. Yamamoto, S. Wakabayashi and M. Makita, J. Agric. Food Chem., 28 (1980) 790. 
87 J. F. Brien, P. J. Andrews, C. W. Loomis and J. A. Page, Can. J. Physiol. Pharmacol., 61 (1983) 632. 
88 B. Sjijquist and E. Magnuson, J. Chromalogr., 183 (1980) 17. 
89 M. W. Duncan, G. A. Smythe and P. S. Clezy, Biomed. Mass Specfrom., 12 (1985) 106. 
90 J. M. Baker and W. G. Dewhurst, in G. B. Baker and R. T. Coutts (Editors), Analysis of Biogenic 

Amines, Elsevier, Amsterdam, 1982, p. 63. 
91 J. M. Saavedra, in A. A. Boulton, G. B. Baker and J. M. Baker (Editors), Neuromethods, Vol. 2, 

Amines and Their Metabolites, Humana Press, Clifton, NJ, p. 87. 
92 E. Angaard and A. Hankey, Acta. Chem. Stand., 23 (1969) 31 IO. 
93 G. R. Wilkinson, Anal. Left., 3 (1970) 289. 
94 S. Ahuja, J. Pharm. Sci., 65 (1976) 163. 
95 M. Makita, S. Yamamoto, M. Miyake and K. Masamoto, J. Chromatogr., 156 (1978) 340. 
96 K. K. Midha, J. K. Cooper, D. Gagne and K. Bailey, J. Anal. Toxicol., 3 (1979) 53. 
97 W. A. Cristofoli, G. B. Baker, R. T. Coutts and A. Benderly, Progr. Neuro-Psychopharmacol, Biol. 

Psychiat., 6 (1982) 373. 
98 F. T. Delbeke, M. Debackere, J. A. A. Jonckheere and A. P. De Leenheer, J. Chromatogr., 273 (1983) 

141. 
99 A. J. Nazarali, G. B. Baker, R. T. Coutts, F. M. Pasutto and W. A. Cristofoli, Res. Commun. Subst. 

Abuse, 5 (1984) 317. 
00 S. D. Roy, G. McKay, E. M. Hawes and K. K. Midha, J. Chromatogr., 310 (1984) 307. 


