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Abstract

The aromatig-carbolines norharman and harman have been implicated in a number of human diseases including Parkinson’s disease,
tremor, addiction and cancer. It has been shown that these compounds are normal body constituents formed endogenously but external source
have been identified. Here, we summarise literature data on levels of norharman and harman in fried meat and fish, meat extracts, alcoholic
drinks, and coffee brews. Other sources include edible and medicinal plants but tobacco smoke has been identified as a major source. Exposure
levels from these different dietary sources are estimated to a maximupgafidrharman per kg body weight (bw) per day andytharman
per kg bw per day. Exposure via tobacco smoke depends on smoking habits and type of cigarettes but can be estimagéd)tovt for
norharman and 0,6g9/kg bw for harman per package of cigarettes smoked. Studies on toxicokinetics indicate that inhalative exposure leads to
a rapid increase in plasma levels and high bioavailability of norharman and harman. Oral bioavailability is lower but there are indications that
sublingual absorption may increase dietary uptakg-ofrbolines. Endogenous formation can be estimated to be 50-100 ng/kg bw per day
for norharman and about 20 ng/kg bw per day for harman but these rates may increase with high intake of precursors. Biomarker studies on
plasma levels of-carbolines reported on elevated levels of norharman, harman or both in diseased patients, alcoholics and following tobacco
smoking or consumption @f-carboline-containing food. Cigarette smoking has been identified as major influence but dietary exposure may
contribute to exposure.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction B-Carbolines have been shown to bind with high affinity to

receptors in the brain such as 5-hydroxytryptamine-receptor

p-Carbolines comprise a class of compounds that have Subtypes[15] or imidazoline receptor§l6] and enzymes
elicited interest from a number of different disciplines. Such monoamine oxidasd7] and to influence cerebral
Initially, B-carbolines have been identified as alkaloids in Neurotransmitter concentratiofis?]. Experimental animal
plants that have a long tradition in ethnopharmacology Studies suggested an association with addiction with a pos-
and are active constituents in hallucinogenic plants em- Sible connection to the reward system in the bfdi®, 19]
ployed in South American Indian cultur§s]. This led to ~ This hypothesis was supported by biomarker studies were
intensive psychopharmacologic investigations and a wide €levated levels were observed in smokgr$,20}, chronic
range of receptors in the central nervous system have beerflcoholics[21] and heroin addict$22]. Here, we present
identified to which g-carbolines bind with high affinity ~ & brief, comprehensive up-to-date summary with a spe-
12,3]. cial emphasis on the exposure levels and toxicokinetics

The identification of the aromatR-carbolines norharman ~ While toxic and pharmacologic effects will be summarised
(9H-pyrido[3,4b]indole) and harman (1-methyl-9H-pyrido- ~ €lsewhere.
[3,4-blindole) as pyrolysis products in fried foods has
spurred investigations into their genotoxic and most notably
co-mutagenic activity Kig. 1) [4,5]. Harman and norhar-

man have also been shown to be formed endogenously in Norharman and harman have been analysed in different

exlﬁ)ﬂerllmeTtal qana!s as Wi” a; hEmQﬁSS] duc matrices including fried food, plant extracts, beverages and
. oNecu arr] T'Z“ ";”ty Ito t.d.e rar m;orr:—lnbucmg .neuLO- biological matrices such as urine, blood plasma and organs.
toxin N-methyl-4-phenylpyridinium and the observation that \y/jje earlier reports relied on thin layer chromatographic

harman induced tremor in mice as well as parkinsonism-like methods combined with fluorescence detection modern
effects has resulted in a number of studies investigating themethods to determing-carbolines in foodstuffs have been
possibility of the;e compqunds as end.ogenou.slly formed recently reviewed23]. Since the amounts of norharman and
factolrs thj’:\t are involved in the induction of |d|opath|c harman in heat treated food are low (at ppb level) and fried
I?arkmson s d|sgas[®,10]. Herg, theN-methyIatt_ad deriva- meat and fish or even meat extracts are complex matrices,
tives or metabolites of-carbolines have been in the focus i step enrichment and preparation techniques are neces-
[11.12] . . L sary. Most commonly, th@-carbolines are analysed along
B-Carbolines have been a subject of controversial dlscus—With mutagenic heterocyclic aromatic amines (HCAs). To
sion in alcoholism research because of a possible Precursotpis and. the tandem-cartridge method as devised by Gross
role of acetaldehyde in the endogenous formation of harman.[24 25] is used. Briefly, an alkaline homogenate of the
Indeed, intf_;lke of high doses of_ ethanol resulted in elevatedsan'qple is applied to a c,olumn containing diatomeous earth,
levels of urinary harman excretiqi3]. Therefore, harman \ ich s eluted with organic solvent (dichloromethane
was suggested as a possible trait marker of alcoholism. How—Or ethylacetate). The eluate is passed directly through a
ever, it was sho_wn that findings qf eIerted plasma levels propylsulfonic acid ion exchange column where HCA in-
of B-carbolines in alpohol consuming patients may be con- cluding B-carbolines are retained. The latter are eluted in
founded byp-carboline exposure through tobacco sSmoke o unon_polar” fraction with methanalic hydrochloric acid

[14]. and further enriched using octadecyl modified silica gel
columns. Finally, when high complex matrices such as meat

— — extract are analysed a further ion-exchange purification us-
ing TSK gel columns may be necessary. Other methods in-
\ N \ N g ; - - )
% Z clude liquid extraction with lipophilic solvent at alkaline pH
N N
H H CH,

2. Analytical methods

[2,8,33] or solid-phase extraction using one ion-exchange
column [26] or extraction with phthalocyanin-based blue

Norharman Harman cotton, blue rayon or blue chitifi27,28] The artefac-
Fig. 1. Chemical structures. tual formation of B-carbolines from precursors such as
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tryptamine during acidic work-up procedures may be It has been proposed that, apart from the hallucinogenic
inhibited by fluorescaming29]. However, artefactual for-  effect, an antiparasitic effect of-carboline containing
mation seemed to be relevant mainly to the tetrahydro- plants may also be a reason for their use in religious cere-
derivatives. monies in Amazonian peop[&3]. Indeed, an effect ofry-
Highly sensitive and selective GC-MS0,31], capillary panosoma cruzia protozoan parasite, was observed in vitro
electrophoretid32] or HPLC methods using isocratj83] [54].
or gradient elution with reversed-phase columns have been Because harman is easily formed from tryptophan and
described[34]. Chemiluminescencg5] or electrochemi- pyruvate or acetate precursors in alkaloid biosynthesis in
cal detection methods have been employed but detectionplants, thig3-carboline was detected in several plant species
by fluorescence is most widely applied and allows anal- from a wide range of plant families including Apocynaceae,
ysis in the low picogram rangf36—38] Most recently, Bigoniaceae, Elaeagnaceae, Gramineae, Rubiaceae and Zy-
improved sensitivity was obtained by laser-induced flu- gophyllacead55]. Reports up to 1979 on the detection of
orescence techniqueB2] or cyclodextrin-complexation  simplep-carbolines including norharman and harman were
[39]. Mass spectrometric methodi38] using atmospheric  summarised by Allen and Holmstef5]. However, some
pressure chemical ionisatigd0,41] or electrospray with  of the earlier reports relying on thin layer chromatographic
in-source fragmentatiofd2] coupled to liquid chromatog-  procedures and fluorescence detection may represent arte-
raphy allow identification. Also, fluorescence spectra ob- facts[55]. In a number of publications (reference texts on
tained off-line [43,44] or on-line [45] are employed to  alkaloids and primary publicatior}56,57]) harman is listed
prove the identity of the analyte. Since several sample as a constituent of the extracts of Passifloraceae including
preparation steps are required, quantification requires ei-the passion flowePassiflora incarnatawith reported levels
ther the application of the standard addition proced2#é of 68.3 + 5.3 ng norharman and 126 27 ng harman per g
or the use of internal standards. Deuterated norharmandry weight[58] but more recent analyses have challenged
or harman would be most suitable as internal standardsthis [59]. Harman is sometimes referred to, but is different
for mass spectrometric analysis but are not commercially from passiflorin and its aglycon passifloric acid, which have
available. In biological samples such as plasma or tis- been identified as saponins with acycloartane stru¢éfe
sue where even lower levels (ppt) are detected, the flu- Low levels of harman have been detected in recent studies
orescent synthetic 1-ethyl-9H-pyrido[3bjindole [46] or at about ppb levels in dry leaves but harman is apparently
1-propyl-9H-pyrido[3,4bJindole [41] have been used suc- not the principle alkaloid in these plarj&6,37]. These con-
cessfully as internal standards in HPLC analyses with tradicting reports may be due to analytical problems but
fluorescence detection. may also be attributable to naturally varying levels of alka-
loids in plants. Unclear is the situation also feassiflora
edibilis, the fruit of which are consumed as passionfruit or

3. Occurrence and formation maracuja.
Bourke et al.[61] reported on norharman and harman
3.1. g-Carbolines as plant alkaloids detected at a level of 44g/g dried leaves ofribulus ter-
restris, (puncture vine, Zygophyllaceae) while Tsuchiya
Since B-carbolines were originally isolated frorRe- et al. [58] observed considerable lower levels (norharman:

ganum harmala(Zygophillaceae, Syrian Rue) the name 131+ 11ng/g and harman: 99+ 13.2ng/g) and it was
harman was coinefl]. P. harmalais being used as a tra- proposed that th@-carbolines are responsible for the tox-
ditional herbal drug as an emmenagogue and abortifacienticity observed in sheep grazing on this pld6i]. It was
in the Middle East and North Africgd7]. In the Amazon shown that subcutaneously applied norharman and harman
basinp-carboline containing plants were used as hallucino- induced similar locomotive effectsI( terrestris staggers)
genic drinks or snuffs, these incluanisteriopsispp. and in sheep61]. Most recently this plant, a traditional Arabic
Tetrapteris (Malpighiaceae),Virola spp. (Myristicaceae) and Chinese herbal drug, has been marketed as a ergogenic
and Anadenatheraspp. (Leguminosa€])l,48]. Apparently, aid and a sexual stimulant because of an alleged stimulation
the substituted derivatives harmine (7-methoxy-harman) of testosterone production in m¢sR2].
and harmaline (3,4-dihydro-harmine) are responsible for Norharman is also present in extracts frdg barn-
reported hallucinogenic effects of “ayashuasca”, a beveragehartiana leaves[63], in Festuna arundinace&chreb. and
used for religious purposes in Braf#9,50] while others Lolium perennd.. (Gramineae) an@hrysophyllum lacour-
propose a combination effect witlh,N-dimethyltryptamine tianum (Sapotaceae]p5]. Tsuchiya et al[58] analysed a
[51]. number of crude herbal drugs and were able to detect both
Harman was reported as a component of the bark of thenorharman and harman in all specimen of rhizoma, fructus
legumeArariba rubra (Sickingia rubrg, native to the Bahia  and semen at levels of four to several hundred ppb. Excep-
state in Brazil, as well as the bark 8fymplocus racemosa tionally high levels of both norharman .@! + 0.13.9/q)
and was detected in south American and African plants suchand harman (®3 + 0.13p.g/g) were detected in evodiae
asGrewia bicolour[52]. fructus.
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3.2. g-Carbolines in food 0.04 to 1.43ug/g [43]. Similar levels were detected in de-
caffeinated coffee. In brewed coffee (filtered, espresso),

Norharman and harman are formed when proteinous food91-165.6 and 26.9-39.9 ng/ml of norharman and harman,

is heat-prepared and most oft@racarbolines are analysed respectively, were detected depending on the strength of the

along with mutagenic heterocyclic amines (Skbles 1 brew[43].

and 2. Generally, the levels of norharman and harman is  B-Carbolines are also formed in non-heated foodstuff in-

about one order of magnitude higher as compared to HCA cluding vinegar (horharman up to 96 ng/ml, harman up to

[24,25] Similar to theseB-carboline formation was shown 730 ng/ml), soy sauce (norharman 71 ng/g, harman 250 ng/g

to be dependent on temperature and heating g%, [71]), miso and rye flour, corn starch, and soybean fl@di.

but also frying or grilling procedure, use of fat and the Tsuchiya et al[72] reported on considerable higher levels

meat, poultry or fish may influence the level of HCA and of harman in soy sauce (0.29-4,18/ml), tomato ketchup,

B-carbolines Table ). Solyakov et al[64] investigated the  and other plant derived food29] (Table 3.

formation in chicken dishes prepared by different methods.

From these studies, it was concluded that high-temperature3.3. g-Carbolines in alcoholic beverages

preparation procedures resulted in the highest levels of HCA

including norharman and harman. This was also confirmed Norharman and harmd8,71,41]were detected in beer at

in other studies with different food items such as beef or levels in the low ppb range but some speciality beers such as

fish [26]. Irrespective of the meat type grilling on an open bock or guiness contained up to 22 ng/ml norharman, while

flame resulted in extremely high levels of norharman and harman levels are generally lower in one studigtile 4 but

harman[65] (Table J). Originally, it was believed that the ranged from 7.3-140 ng/ml in another repp¥t]. Norhar-

carbolines are formed only at high temperatures and haveman was not detected in wirf@] or only at low sub-ppb

been referred to as protein pyrolysis produdk Trypto- levels[71,29]while harman was detected in similar amounts

phan was identified as precursor and glucose is enhancingn white and red winesT@able 4. B-Carboline levels are low

norharman formatiof66,67] In an aqueous model systems in spirits (whiskey, brandy, sake) but some exceptions have

containing creatine, glucose and various single amino acidsbeen shown with up to 590 ng/ml of harman in a specific

norharman and harman were formed in mixtures containing sake[71] (data are summarised rable 4.

isoleucine, arginine, phenylalanine and tryptophane, while

tyrosione afforded norharman upon heating at 4BCor 3.4. g-Carbolines in the environment

10 min [68]. When iron (Fé") and copper (Ct) were

added to a model system norharman was formed even at Fukazawa et al.[73] reported on harman levels of

temperatures as low as 40 [66]. The implications of this 27-75ng/l in effluent from a sewage treatment plant which

finding, e.g. influence of the material of the frying pan on were extracted using blue rayon. Also identified were

B-carboline or HCA formation have not been addressed. chlorinated derivatives believed to result from chlorine dis-

Most recently it was shown that aromatg-carbolines infection. These chlorination products were 20-fold more

are formed from the 1,2,3,4-tetrahydro- and 3,4-dihydro active with regard to co-mutagenic activity in a microbial

derivatives under nitrosating (and oxidising) conditions mutagenicity assafr4].

[69]. Levels of 1,2,3,4-tetrahydrp-carboline-3-carboxylic

acid and its 1-methyl derivative of up to 1 ppm have been 3.5. g-Carbolines in tobacco smoke

detected in fried fish[26] paralleling levels of norhar-

man and harman, respectively. It was proposed that these A major contributor to human exposure to norharman and

tetrahydro-acid derivatives are precursors of the fully aro- harman is tobacco smoke. Poindexter and Carpenter found

matic B-carbolines and spiking of a swordfish sample with norharman levels of 12g/g condensate while harman was

10ppm of these tetrahydi®-carboline-3-acids resulted determined at 4.g/g[75]. Traces of botl-carbolines were

in a four- to five-fold increase of norharman and harman detected also in uncured tobacco I1§a5]. High levels of

following heat preparation. 11.2pg norharman and 3469 harman per cigarette were
Considerable levels of norharman and harman have beerreported in another studg1]. Lower values were obtained

detected in grill scrapings, pan residues and gravy madefor filter cigarettes as compared to non-filter cigarettes but

thereof {Table 2. Levels up to several hundred ng/g of both both, harman and norharman levels correlated with tar (con-

norharman and harman have been detected in meat- andlensate) levels of different cigarettes. Totsuka efi6&l] re-

vegetable-derived process flavours, meat extracts and bouilported on levels of norharman (0.9-4.8 per cigarette) and

lon cubes Table 2. However, these food items contribute harman (0.36-2.2g per cigarette) in mainstream cigarette

only in small amounts to the diet. smoke. Even higher levels were observed in sidestream
Norharman and harman were detected in brewed coffeesmoke for norharman (4.1-9.@ per cigarette) and harman

and in roasted coffee beans but not in green coffee beang2.1-3.0ug per cigarette). Smoke from non-filter cigarettes

[43,70] In ground and instant coffee levels of norharman is much higher inp-carboline conten{31]. Norharman

ranged from 0.09 to 9.34g/g and harman levels were and harman were also detected in the basic fraction of
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Table 1
Norharman and harman in heat-treated meat and fish (ng/g cooked weight)
Sample Cooking conditions Norharman (ng/g) Harman (ng/g) Reference

Method/ equipment TemperatureQ) Time (min)
Chicken breast Pan-fried 175 30 0.2 0.1 [28]
Chicken breast Boiled 100 23 nd 0.1 [64]
Chicken Boiled 100 240 0.4 0.2 [64]
Chicken breast Deep-fried 160 11 0.3 0.5 [64]
Chicken breast Pan-fried 140-225 14 0.3 0.5 [64]
Chicken breast Pan-fried 170 16 0.3 0.1 [64]
Chicken breast Pan-fried 190 18 1.9 1.0 [64]
Chicken breast Pan-fried 220 12 3.5 5.7 [64]
Chicken breast Pan-fried 220 20 5.1 2.6 [64]
Chicken liver Pan-fried 190 9 nd nd [64]
Chicken breast Roasted 175-240 25-40 ng-1.7 ng-3.3 [64]
Chicken breast Clay pot 200 25 nd 0.1 [64]
Chicken breast Roasting bag 200 25 0.1 0.1 [64]
Chicken breast Broiled 200 38 nq nq [64]
Chicken Grilled Com 15 15-1.8 [64]
Chicken Flame broiled 6 622 133 [65]
Chicken, skin Grilled Com 10.3-12.9 6.5-9.6 [64]
Chicken breast Lab furnace 275 30 ®27 5.2 [94]
Chicken thigh Lab furnace 275 30 12.9 8.3 [94]
Chicken legs Deep-fried 100-200 5-15 nd, £31 nd, 2.1¢ [95]
Chicken breast Pan-fried 190 12 nd nd [96]
Chicken legs Fried 200 10 0.10 0.12 [97]
Chicken legs, with skin Microwaved 5-15 nd, 1211 nd, 1.73 [95]
Chicken legs, without skin Microwaved 5-15 nd, 91 nd, 2.84 [95]
Chicken breast Pan-fried 150-225 30 nqg nqg [98]
Turkey breast Pan-fried 190 12 16.5 12.0 [96]
Pork chop Pan-fried 200 6 1.8-34 0.4-1.9 [99]
Pork chop Pan-fried 176 15 2.39 0.62 [65]
Pork chop Oven-broiled 179 11 17.3 11.2 [65]
Filet of pork Fried 225 7 6 200 [30]
Bacon strips Fried 170 12-16 nd, 30 nd, 22 [100]
Bacon strips Microwave 3 3.3 nd [100]
Bacon Oven-broiled 175 7.2 59.6 325 [65]
Bacon Pan-fried 176 16.1 40.2 55 [65]
Hamburger, fast-food Pan-fried nd nd [28]
Hamburger, fast-food Pan-fried 0.08 0.1 [28]
Hamburger Grilled 240 38 5.98 3.63 [65]
Hamburger Pan-fried 191 20 12.0 7.0 [65]
Beef, minced Fried 200 8 0.5-3.2 0.1-0.7 [101]
Beef Fried 270 3-7 3.3 nd [100]
Beef FRIED >15 1.2 7.0 [100]
Beef Flame broiled 6 795 169 [65]
Beef steaks Fried 190 6-13 8.7-19.3 3-4.8 [100]
Steak Pan-fried 191 33 125 3.8 [65]
Beef steak Grilled 7.34 5.39 [65]
Roast beef Oven-broiled 178 24 5.0 4.03 [65]
Mutton Flame broiled 6 458 67.7 [65]
Reindeer Fried 225 5 10 80 [30]
Otak-otak (fish) Flame grilled 2-13 5.9-21.3 [102]
Salmon Pan-broiled 200 6-24 8-28 2-34 [103]
Salmon Grilled 270 8-24 8-184 3-130 [103]
Salmon Oven-baked 200 20-40 2-15 <1-3 [103]
Salmon Fried 10-15 nd nd [26]
Salmon Fried >15 6.94 8.87 [26]
Hake Grilled 10-15 nd nd [26]
Hake Grilled > 15 27.0 8.4 [26]
Hake, frozen Raw 0 19.0 nd [26]
Swordfish Fried >15 40.7 5.41 [26]
Swordfish Grilled 10-15 0.67 nd [26]
Hake, breadcrumb-coated Fried 10-15 13.0 33 [26]

nd: not detected; nq: detected but not quantified; and Com: commercially prepared.

@ ng/g dry matter.
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Table 2
Norharman and harman in pan residues, drippings and meat extracts (ng/g cooked weight)

Sample Cooking conditions Norharman (ng/g) Harman (ng/g) Reference

Method/ equipment TemperatureQ) Time (min)

Pan residue (chicken breast) Pan-fried 175-225 12-18 ng-0.1 nq [64]
Chicken bouillon Boiled 100 240 0.4 0.5 [64]
Pan residue (meat loaf) Roasted 175 45 52.6 14 [104]
Pan residue (pork chop) Roasted 175 60 0.04 0.04 [30]
Pan residue (meat loaf) Roasted 175 45 0.2 0.04 [30]
Pan residue (chicken breast) Pan-fried 150-225 30 nq ng [98]
Pan residue (chicken breast) Roasted 150 30 nq nq [25]
Turkey: dripping Lab furnace 275 30 £9 1.3 [94]
Process flavours 0-176 0-755 [104]
Process flavour ingredients 0-97 0-96 [104]
Bouillon concentrate 8.3-22.3 3.3-21.9 [104]
Meat sauce Fried 175-200 6 ng nq [25]
Meat extract 20-200 100 [30]
Bouillon concentrate Com 8.0 8.4 [64]
Bouillon cube Com 3.2 4.6 [64]
Beef extract 74.0 129.5 [40]
Beef extract 61 135 [42]
Meat extract 53 110 [105]
Beef extract 93.8 377 [65]
Beef extract 64.1 110.3 [105]

nd: not detected; and nq: detected but not quantified.
@ ng/g uncooked weight.

marihuana smoke condens§ié]. No data on cigar or pipe Norharman is formed endogenously by cyclisation of
tobacco smoke have been published. tryptamine with a carbon unit transferred from 5-methyltetra-

hydrofolate. The resulting tetrahydro-derivative tryptoline
3.6. Endogenous formation @gfcarbolines is aromatised to form norharm4n7].

Feeding a single dose of 1.2 gryptophan to non-smokers
Rommelspacher et al[77] investigated the endoge- and smokers it was shown that, after 2 h, plasma level of
nous formation of harman in mammals. Usifig-labelled norharman were elevated, smokers had higher levels of
compounds, tryptamine was identified as a precursor which norharman in both the treated and untreated gi{@8p
condensates with pyruvate to 1,2,3,4-tetrahydro-1-methyl- Early studies[13] showed that a high dose of ethanol
B-carboline-1-carboxylic acid. This is metabolically decar- (100 g) resulted in an increase of urinary excretion of har-

boxylated and subsequently aromatised to harman. man in man. Similarly, following a dose of 1g ethanol per
kg body weight (bw) it was shown that plasma levels of
Table 3 ethanol and acetaldehyde paralleled the concentration of har-
Norharman and harman in miscellaneous foods (ng/g or ng/ml) man (detectable in 7 of the 11 treated male subjects) in
Norharman Harman Reference  €rythrocytes with a maximum reached at 1-2 h after dosing
[79]. The maximum harman levels of about 20 pg/mg pro-
Coffee 91-165.6 26.9-39.9 29,43,70] tein corresponded to values detected in alcoholics. Plasma
63.5+ 11.0 18.7+ 4.8 L
_ harman levels were below the detection limit in this study
Vinegar 1.9-96 15-730 [71] and also no harman was detectable in erythrocytes when no
26.4+ 12,5 110.4+ 82.7  [29] .
ethanol was givefi79].
Soy sauce 15-71 130-250 [71] Rather high norharman levels were reported in several
294 + 86 1558+ 1550 [29] organs of male Wistar rats: 11-14.3ng/g (brain, heart,
Tomato ketchup 57.% 19.4 55.0+ 35.5 [29] liver) and 17.8-18.8ng/g (lung, spleen, and kidney) and
Tabasco 211 10.5 621+ 263  [29] plasma levels of 185 pg/niB0]. Rommelspacher et g2]
Cow's milk 0.4+ 0.08 0.46+ 0.34 [29] : .
Cheese 395 122 107+ 14.3 [29] reported lower levels in organs and plasma of male Wistar
Cormn starch 3.6 0.9 [71] rats summarised iffable 5 Treatment with clorgyline, an
Soybean protein 3.0 0.8 [71] inhibitior of monoamine oxidase A (MAO A), was shown
Soybean flour 10 4.7 [71] in rats to increase levels of harman in plasma with a max-
Rye flour 39 12 (7] imum three-fold concentration after 1h. An increase of
Cocoa 84.4+ 38.6 161.8+ 73.1  [29]

both, norharman and harman was observed in liver while in
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Table 4
Levels of harman and norharman in alcoholic beverages (ng/ml)
Norharman Harman Reference
(pg/ml) (pg/ml)
Becks 4.8 1.7 [2]
Weizenbock 11.7 5.4 [2]
Guiness 22.7 3.2 [2]
Budweiser 4.6 24 [2]
Tuborg 49 1.9 [2]
Groterjan 2.7 0.7 [2]
Beer (eight brands) 2.+ 0.7 1.7+ 0.7 [71]
Beer 7.3-140 [41]
Beer 5.3+ 2.8 57+ 3.4 [29]
Wine (five brands, 05+ 0.2 8.5+ 14 [71]
red and white)
Wine 0.8-10.5 [41]
Wine 0.62+ 0.22 6.3+ 5.9 [29]
Chardonnay nd 3.6 [71]
Bordeaux white nd 2.9 [71]
Miller-Thurgau nd 7.8 [71]
Beaujolais nd 1.3 [71]
Chianti nd 25 [71]
Bordeaux red nd 2.0 [71]
Whisky 12+1.1 21+ 26 [71]
0.41+ 0.08 0.59+ 0.34 [29]
Brandy 0.5 0.2 [71]
0.11+ 0.15 0.07+ 0.10 [29]
Shochu 0.1 0.1 [71]
0.09+ 0.13 0.19+ 0.26 [29]
Sake 0.2+ 0.2 41+ 4.0 [71]
3.6+ 52 29.9+ 42.4 [29]
Gin 0.12+ 0.17 0.16+ 0.22 [29]
Vodka 0.10+ 0.14 0.17+ 0.25 [29]
Sake akitanishiki 67 590 [71]
Liquor (Kurisake) 26 56 [71]

nd: not detected.

121

drawn a significantly reduced plasma level of norharman was
reported 4 weeks post-withdrawal.{5+ 3.4 pg/ml). Har-
man plasma levels were not significantly effected by ethanol
compared to controls (8 + 3.7 pg/ml) albeit reduced at 4
weeks post-withdrawal (8 + 2.6 pg/ml).

B-Carbolines have been detected also in butterflies (of the
species heliconiini) at rather high levels of 0,5 norhar-
man and up to 0.8_g harman per animal, accounting for 7
and 14 ppm in the dry mass, respectivi3g].

4, Toxicokinetics

Intraperitoneal injectionof norharman in male Wis-
tar rats was investigated by Fekkes and B¢&@]. One
hour after application of 2mg norharman per kg bw
0.67-1.34.g/l norharman per g organ were observed in all
organs investigated. Plasma levels were 2185 ng/ml.
When 100 mg norharman per kg bw were administered
i.p., levels of 28.0-54.pg/g organ were detected. Plasma
levels were 18 + 7.2 wg/ml after 1 h. Intraperitoneal in-
jection of norharman (10 mg/kg bw) resulted in high levels
(16.7-34.3.9/g) of norharman in different regions of the
brain after 5min80].

Male Wistar rats were injected i.p. with 0.1 mg harman per
kg bw[2]. After 2 h plasma levels were elevated from 8.6 to
75.6 pg/ml, levels in brain increased from 147 to 458 pg/ml.
Inhibition of MAO A with clorgyline further raised plasma
levels[2].

Toxicokinetics of harman (0.5mg/kg bw, i.v.) in male
rats fitted with a two-compartment modg2]. Elimina-
tion half-life was 24 min, area-under-the-curve (AUC) was
12.3+3.6 pg min/ml, systemic clearance was 52.2 ml/kg ml,
volume of distribution was 1.6 I/k§82].

Oral applicationof harman dissolved in corn oil by gav-

brain there was no effect on norharman and reduction in the@ge to male rats at 20 mg/kg bw resulted in a bio-availability

level of harman at 135 min after the i.p. injection of 10 mg

of 19%[82]. Maximum plasma level (Z + 0.5 pg/ml) was

clorgyline [2]. These effects were attributed to the release reached after 20 min, elimination half-life was 29 min and

of harman from MAO A-binding sites in the brain because
clorgyline competes for the same binding sites while inhi-
bition of hepatic metabolic degradation by clorgyline may
account for the increase of both carbolines in liver tig2jie

In an experimental animal studgl] with Wistar rats, af-
ter 4 weeks of ethanol with a daily dose of 16.3 g/kg bw a
doubling of norharman levels to 34+ 35.1 pg/ml was ob-
served. While still elevated 1 week after ethanol was with-

Table 5
Baseline levels of3-carbolines in organs of saline-treated male Wistar
rats (data according tf2])

Male Wistar rat Norharman Harman

Brain 292.4+ 55.3pa/g 147.4+ 36.2pg/g
Liver 390.2+ 60.7 pg/g 242.9+ 64.0pg/g
Heart 891.4+ 87.7 palg 215.8+ 41.7 pg/g
Kidney 625.3+ 47.1pg/g 1049+ 36.8pg/g
Plasma 31.0t 4.6 pg/ml 8.57+ 3.1pg/ml

AUC was 119+ 28ug min/ml.

Human kinetics of plasma levels of norharman were
investigated in healthy subjects receiving oral doses of
7, 65 or 11Qug/kg bw [83]. At 7wg/kg bw, peak lev-
els were observed after 30 min (up to 160 pg/ml) with
considerable inter-individual differences in AUC. Ap-
parently, bio-availability was much higher in women
(AUC = 3.8 £ 3.4 pgmin/l) as compared to men (AUE
1.0 + 0.69pg min/l) [83] although only a small group of
volunteers was included in this study.

For the oral dose of 6mg/kg bw, peak level was also
reached at 30min (386 170 pg/ml) with an AUC of
23.7+18.1 g min/l and 66 £+ 3.4 p.g min/l for women and
men, respectively. Two male individuals received the high-
est dose (11.g/kg bw) which resulted in AUC of 16.0 and
19.6p.g min/l [83].

Sublingualadministration of 6.5.g norharman per kg bw
resulted in an increase of plasma levels already after 5 min
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increasing faster as compared to oral dosing. Peak levelsTable 6

were reached at 10min and were 20-fold highe2 & Baseline plasma levels of Norharman and Harman in non-smokers
1.0 ng/ml) compared to oral administration. Similarly, AUC n Norharman (pg/ml) Harman (pg/ml) Reference
was h|g.her as compared to oral do.smg by a factor of 125 8 2344 13.0 [83]

and 32 in men and women, respectividga]. (range: 1.7-47.0)

t Inhalative exposur_eto ha_rman and norharman through 18 2024 13.4 [87]
obacco smoke was investigated by Breyer-Pfaff eflal] 1014 8.4

and in more detail by Rommelspacher et [@0]. Plasma

levels of harman and norharman showed a rapid increase (‘::nz:e:?'g_z%) ?r'alnje? 0-51) [10]
within 5min following smoking of a cigarette. Elimina- 5 9.5+ 5.0 41+ 2.6 [20]

tion half-lives of 51 min[14] or 25-30min[20] were 18 17+ 8 [14]
estimated. 100 228 [106]

n: number of subjects in the study.
a Different levels due to seasonal variatif8v].

5. Metabolism
but other external sources (e.g. coffee drinking) may con-

Only few studies are published on the metabolism of tribute to these observations.
harman and norharman. Harmine (7-methoxy-harman) was Norharman was detected in the human brain autopsy sam-
formed after oral administration of harman (20 mg/kg bw) to ples ¢ = 4) with the highest concentrations ab2-1.3 ng/g
male SD-rats as major metabolite accounting for 13% of the tissue in the substantia nigra compared to49% 18.5 pg/g
administered dosfB82]. This metabolite was not observed in the cortex indicating a 26-fold concentratig#6]. A
following i.v. application. Thus, it was concluded that first four-fold concentration in the substantia nigra was reported
pass hepatic metabolism plays a significant role, cytochromefor harman (199 20 pg/g) relative to the cortex (4#
P450 of the CYP2A family was proposed as enzyme respon-7.4 pg/g).
sible for this bio-transformatiori82].

Further hydroxylation of harmine at the 6-position was 6.1. g-Carbolines and disease
also the major route of metabolism in rat liver microsomal
preparation$82,84] Kuhn et al. reported on significantly elevated lev-

N2-methylating activity of norharman was reported els of norharman in patients with Parkinson’s disease
in rat brain [85] and it has been hypothesised that the both in plasma[88] and cerebrospinal fluid10]. Con-
N2-methyl derivative is further methylated at the9 trols had norharman plasma levels of94t 7.9 pg/mi
position. Both metabolites,N2-methylnorharman and (range: 0-26.5pg/ml) while patients had significantly el-
N2,N9-dimethylnorharmonium cation have been detected in evated plasma levels of 38 52.7 pg/ml (0-192 pg/ml).
rat and human brain samplgk2?]. Harman levels were of .4 £ 9pg/ml (0-51pg/ml) and

Unmaodified norharman has been detected in urine of rats8.7 + 20.5pg/ml (0-123.2 pg/ml) for controls and pa-
and in human urinary sampl@6]. No information on pos-  tients, respectively. In this study, smoking or coffee
sible conjugates is available. drinking was not accounted for. It was proposed that

carbolines, especiallyN2-methylated metabolites, may
play a role in the pathogenesis of Parkinson’'s disease
6. B-Carbolinesin human biomarker studies [9,12].
Louis et al.[106] reported on comparatively high median

A number of studies investigating plasma levels of norhar- levels of harman 228 pg/ml in a control group=£ 100) and
man or harman have been published. Background levels varya significantly elevated level (532 pg/ml) in patienis £
considerably between studieFaple §. This may be due  100) suffering from essential tremor. These about 10-fold
to methodological differences but also confounding factors higher levels of plasma levels cast some doubt on the au-
have been identified, such as tobacco smoke. The influencahenticity of the analysed compound.
of coffee drinking and intake of fried food or fruit juices
that might contain norharman and harman have been not ad6.2. g-Carbolines and alcohol
dressed.

In a more detailed study, Spijkerman et 7] inves- While in experimental studig43,79]dosing with ethanol
tigated plasma levels of norharman at three different time resulted in elevated harman levels this was not observed
points during the day. For non-smokers no significant circa- in alcoholics but rather elevation of norharman levels were
dian differences where observed. However, when serum lev-reported.
els of norharman were measured 2 months later in the same Rommelspacher et al[21] reported elevated plasma
study population reduced levels-%0%) were determined. levels of norharman in alcoholics (#B+ 26 pg/ml) com-
The authors hypothesised seasonal variations in precursorspared to a control group (26+ 10.7 pg/ml) while no
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difference was found in harman plasma levels between 6.4. g-Carbolines and diet

non-alcoholics and alcoholics. In this study, tobacco smok-

ing of patients or controls was not accounted for. However, Norharman and harman were detected in all 24-h urine
in a study with alcohol-dependent intensive care patients, samples from healthy volunteers at levels of 9.3—-33.5 ng and
where confounding by smoking can be ruled out, similar 97.7-298 ng, respective[6]. Tsuchiya[29] reported lev-
results were obtaineB89]. Similarly, norharman plasma els of 0314+0.04 ng/ml for norharman and244-0.04 ng/ml
levels were elevated in alcoholica (= 79) diagnosed  for harman in a non-specified human urine sample. These
with cancer of the upper digestive tract. Post-operatively, B-carbolines were also found to be present in the urine
plasma levels of norharman decreased in all of these pa-of the three patients receiving parenteral alimentation but
tients with the exception of those: (= 11) who devel- their levels in the 24-h urine were comparatively lower than
oped alcohol withdrawal syndrom@0]. In a study on those in urine of healthy volunteers eating a normal diet.
serum levels of harman and norharman in weaned alco-After changing from parenteral alimentation to normal diet,
holics a correlation was observed with tobacco use but B-carboline levels in urine increased in two of the three pa-
also harman plasma levels were correlated with depressiontients. From the above results, it is suggested that humans

[91]. are continuously exposed to norharman and harman derived
No effect on alcohol intake on norharman serum levels endogenously and exogenoubg].

was observed in a study with heavy drink§8g], but levels In a small feeding experiment with seven volunteers, we

of alcohol intake were not determined in these studies. analysed the influence of intake of dietary norharman on

Elevated urinary levels in 24-h urine of both harman the time dependent plasma levels of norharman. Healthy
(two-fold) and norharman (six-fold) were reported in alco- volunteers consumed a slice of fried turkey meat (2 g/kg
holics[92]. Also, tryptoline (1,2,3,4-tetrahydro-norharman), bw). A small increase in serum levels of norharman was
a precursor of norharman, was observed in 57% of uri- observed in all cases already at 5-10 min after beginning
nary samples from alcoholica (= 188) but only in 40% of the meal. For harman, an increase in serum levels was
of samples from healthy volunteers (= 50) while no observed in six of seven volunteers 5 min after the start of the
correlation was observed with the state of alcoholisation meal (Pfau et al., unpublished data). Kinetics of norharman

[93]. investigated after oral administration of 5@ norharman
resulted in a delayed increase in plasma 1488], while
6.3. g-Carbolines and smoking both sublingual (50Q.g norharman) and inhalative exposure

(one cigarette-4 g norharman) resulted in a rapid increase

In a study on the influence of tobacco smoking on and bioavailability was significantly high§83,20]
plasma levels of norharman Breyer-Pfaff et H4] re- When compared to these published human resorption ki-
ported 17+ 8pg/ml for non-smokers and similar levels netics of norharman dosing this rapid uptake is indicative of
(20+ 8 pg/ml) for smokers who had abstained from smok-
ing for 6 h. Following smoking of a cigarette norharman —O—oral 500 pg —&—sublingual 500 ug
levels increased to 70-560 pg/ml plasma. Levels of harman - = cig.smoke4 g ==C=—fried meat 1 g
in plasma were about 10 pg/ml increasing to 30 pg/ml after
smoking a cigarette.

Similarly, Rommelspacher et gR0] reported on lower
norharman plasma levels of non-smokers (8.5.0 pg/ml)
as compared to smokers who had a baseline plasma level
of 19.2 + 19.4 pg/ml. After 5min following smoking of a 1000
cigarette plasma levels rose to #180.8 pg/ml. Correspond-
ingly, plasma levels of harman were lower for non-smokers
(4.1 + 2.1 pg/ml) than harman plasma levels for smokers
(8.7£7.5 pg/ml) which rose to 23+11.0 pg/ml after 5min
following smoking of a cigarett§0].

In another study, plasma levels of norharman were simi-
lar in non-smokers and smokers (13.2-23.5) after over night
abstinence from smokin§B87]. However, during the day
plasma levels rose to 14484 pg/ml for heavy smoking in-
dividuals, while levels remained constant for non-smokers. 10
In accordance with reports on analyses of cigarette smoke
[31,75], it was shown that norharman plasma levels were min
about twice as high for SmOkerS. of non-filter C'Qare”es- Fig. 2. Toxikokinetics of norharman (plasma levels in pg/ml) in man
Plasma levels were correlated with number of cigarettes comparing different application pathways. Data for d&8], sublingual
smoked per daj87]. [83] and inhalative]2] exposure adapted from published studies.

10000

pg/ml plasma

100
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a significant buccal or sublingual component in the resorp-
tion of B-carbolinesFig. 2). We hypothesise that, generally,
heterocyclic amines consumed with a meal of fried meat
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bacco smoke contains high levels of harman and norharman
[65].
An estimation of the endogenous formationgtarbo-

may be partly resorbed via the oral mucosa, evading hep-lines can be calculated from baseline plasma levieble §
atic first-pass metabolism. This may lead to higher exposureand the reported half-lives of elimination from the body. A
levels in peripheral organs. daily production of about 50-100 ng/kg bw norharman and
about 20 ng harman is estimated, but may be influenced by
intake of precursorf26,77,78]
Analyses of harman and norharman in tobacco smoke,
several alcoholic and non-alcoholic drinks and a number of
Several external sources of harman and norharman ex-heat prepared fish and meat dishes have been published and
ist including diet and tobacco smoke. Exposure from fried summarised in this review. All these external sources may
meat may account, in an extreme scenario (e.g. intake ofcontribute to the exposure towards norharman and harman.
300 g of fried meat with high levels of norharman: 622 ng/g In addition, endogenous formation of norharman and harman

7. Conclusions

and harman: 133 ng/glable 1 for 187ug of norharman
and 40u.g harman, but generally will be lower. Exposure
from fermented drinks (wine, beer, and whisk&gble 4
may add up to 249 norharman or p.g harman. Depend-
ing on dietary habits soy sauce may contribute to the di-
etary exposure t@-carbolines. In Japan, 20-30 ml of soy

has been shown but human biomarker studies of plasma
or organ levels have generally disregarded dietary sources.
Furthermore, the possible accumulationfatarbolines in
body fat has not been investigated.

Several toxicological and pharmacological effects have
been observed for harman and norharman in experimental

sauce are consumed daily per person resulting in a dose ofnvestigations including enzyme inhibition or receptor bind-

up to 120ug harman per day72]. Consumption of coffee
contributes significantly t@-carboline intakg43] and may
add up to 8Qug norharman and 20g harman. Thus, dietary
sources known so far will account to a maximum daily in-
take of 4.1u.g/kg bw norharman and [dg/kg bw harman.
B-Carbolines are, as naturally occurring plant alkaloids also
present in dietary fruits and vegetables, such as tomatoes.

Herbal drugs may contribute significantly to the intake
of B-carbolines, but only limited data are available. The er-
gogenic aidT. terrestrismay contain about 04g norhar-
man and harman per g dried plant matef@dl]. Oral doses
of up to 10g are recommended, thus, a dose of upyig 1
can be reachefb2].

Oral bioavailability, as determined in animal experiments
[82] and with human volunteerf83], is less than 20%.
Our own data suggest that post-prandial plasma levels of
norharman and harman are elevated which could be at-
tributable to a significant oral mucosal or sublingual com-
ponent in the resorption of8-carbolines evading hepatic
first-pass metabolism. In addition to intake of norharman and
harman, ingestion of precursors may further result in ele-
vated plasma levels @-carbolines, this has been shown for
L-tryptophan78]. It may be hypothesised that dihydro- and
tetrahydro-derivatives o-carbolines, ingested with fried
food at ppm leveld26] may be transformed in vivo into
norharman and harman.

Tobacco smoke is a relevant sourceBetarbolines. De-
pending on smoking habits, intake may account for up to
1.14p.g/kg bw for norharman and 0.56/kg bw for harman

ing. In order to evaluate the significance@farbolines in

the aetiology of acute or chronic human disease exposure
levels and biological effect have to be assessed in a quanti-
tative way.
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