THEOBROMINE
1. Chemical and Physical Data

1.1 Synonyms

Chem. Abstr. Services Reg. No.: 83-67-0

Chem. Abstr. Name: 3,7-Dihydro-3,7-dimethyl-lH-purine-2,6-dione
Synonym: 3,7- Dimethylxanthine
1.2 Structural and molecular formulae and molecular weight

H.. )0): lH3

N N
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1

CH3

C7HaN402

MoL. wt: 180.17

1.3 Chemical and physical properties of the pure substance
(a) Description: White crystallne powder (Moffat, 1986)

(b) Sublimation-point: 29O-295°C (Windholz, 1983)
(c) Me/ting-point: 357°C (Windholz, 1983)

(d) Spectroscopy data: Ultraviolet spectra: aqueous acid-272 nm (Al 563a); aqueous alkali-274 nm; infrared spectra: principal peaks at wave
numbers 1690, 1665, 1221, 1550, 1595, 680 nm (potassium bromide disc);
mass spectra: principal peaks at m/z 180, 55, 67, 109, 82, 42, 137, 70;
3-methylxanthine, 166,68, 95, 41, 53, 123; 7-methylxanthine, 166,68, 123,
53, 42, 41, 95 (Moffat, 1986)
(e) So/ubi/ity: Soluble in water (1.0 g/2 1), boilng water (1.0 g/O.15l) and 95%

ethanol (1.0 g/2.2 1) (Windholz, 1983); slightly soluble in chloroform (1.0
g/61; Moffat, 1986); almost insoluble in benzene, diethyl ether and carbon

tetrachloride (Windholz, 1983)
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x 10-14 at

if Equilibrium constants: acidic (Ka) 0.9x 10-10 and basic (Kb) 1.3

180 C (Windholz, 1983)

(g) Reactivity: Forms salts, which are decomposed by water, and compounds
with bases, which are more stable (Windholz, 1983)

(h) Octanol/water partition coeffcient (P): log P -0.8 (Moffat, 1986)
1.4 Technical products and impurities
Theobromine should contain not less th

an 99.0% and not more th

an 101.0% of

the product calculated on a dry basis (Anan., 1988).

Trade names: Riddospas; Riddovydrin; Santheose; Seominal; Theobrominum;
Theoguardenal; Theominal; Théoxalvose

2. Production, Use, Occurrence and Analysis
2.1 Production and use
(a) Production

Theobromine is the principal alkaloid (1.5-3%) of the cacao bean (Theobroma
cacao); it is usually extracted from the husks of cacao beans, which contain 0.7-1.2%
theobromine. It has been synthesized from 3-methyluric acid (Windholz, 1983), but
is not known ta be produced commercially. Annual production of theobromine in
the mid-1970s was over 33 00 tonnes (Cordell, 1978). ln 1980,607 milion pounds
a were imported into the USA, which represents 9.11 million
pounds (4.1 milion kg) of theobromine (Hirsh, 1984).
(276 milion kg) of coco

(b) Use
Theobromine is used principally ta make caffeine (McCutheon, 1969).

Formerly, theobromine and its derivatives were used in diuretics, myocardial

stimulants, vasodilators and smooth muscle relaxants (Windholz, 1983).
Theobromine salts (calcium salicylate, sodium salicylate and sodium acetate) were
used previously to dilate coronary arteries (Tarka, 1982; Gennaro, 1985) at doses of
300 to 600 mg per day (Moffat, 1986). There is no current therapeutic use of
theobromine (Tarka, 1982).
2.2 Occurrence
(a) Natural occurrence

Theobromine is found in chocolate, tea and cocoa products (Graham, 1984a;
Shively & Tarka, 1984; Stavric, 1988). Cacao is the major natural source of
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theobromine; the concentration in whole cacao beans and nibs (cotyledon)

increases during the first day of fermentation and that in the shells increases
subsequently (Timbie et al., 1978; Shively & Tarka, 1984).
Theobromine has been reported in cacao husks and beans at 0.7-1.2% and
1.5-3% (15-30 g/kg) (Windholz, 1983). Levels have been reported to be 20 mg/kg in

al & Colln,
1976; Graham, 1984a) and 0.3% in dried mate (Michl & Haberler, 1954; Graham,

green coffee beans (Spiler, 1984), 0.15-0.20% in manufactured tea (J al

1984b ).
(b) Occupational expsure

No data were available to the Working Group.
(c) Water and sediments

Theobromine has not been found in US industrial effluents (Perry et al., 1979)
or drinking-water (National Research Council, 1977).

(d) Foods and beverages (see also the monograph on caffeine, pp. 296 et seq.)

a solids, or nonlipid portion, of
chocolate liquor (Shively & Tarka, 1984). An average theobromine level of 1.89%
Theobromine is a component of the coco

was found in eight commercial brands of cocoa powder (not calculated on a dry
basis; Zoumas et al., 1980; Shively & Tarka, 1984). A level of 2% was reported in one

cocoa powder (Sontag & Kral, 1980) and 2.5-3.3% in bulk unsweetened cocoa
(Martinek & Wolman, 1955; Shively & Tarka, 1984). Hot chocolate beverages had
average levels of 65 mg/5-oz serving (Zoumas et al., 1980); chocolate milk samples
prepared from instant, cold, sweetened cocoa powders had an average level of 58 mg

theobromine per serving (Zoumas et al., 1980; Shively & Tarka, 1984), and hot cocoa

prepared from nine commercial instant mixes had an average of 62 mg theobromine
per serving (Blauch & Tarka, 1983; Shively & Tarka, 1984). The mean concentration

oftheobromine in 12 varieties of cocoa powderwas 0.26% (Craig & Nguyen, 1984).
Dark chocolate contains the largest amount of theobromine per serving of any

type of eating chocolate; concentrations vary widely (0.36-0.63%) owing ta the initial
large difference in the theobromine content in chocolate liquors, but one l-oz bar of
dark chocolate contained 130 mg theobromine, and one 1 -oz bar of milk chocolate

contained 44 mg theobromine. The theobromine content of chocolate foods
prepared from home recipes using standard chocolate sources (i.e., cocoa and
baking chocolate) varies widely (24 mg per serving in chocolate brownies ta 724 mg

in chocolate frostings); chocolate frostings have relatively higher theobromine levels
(0.055-0.213%) than chocolate cakes. The methylxanthine (theobromine and
caffeine) content of manufactured chocolate foods and beverages varies according
to food source and within different brands ofthe same item (Shively & Tarka, 1984).
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Theobromine has been found in blended black tea beverage at a level of 0.69%
of dry extractable solids present (Graham, 1984a).
ln the USA in 1980, the daily per-caput intake of theobromine from food and
beverages was estimated to be 39.05 mg; daily per-caput consumption of

theobromine from cocoa was calculated to be 38.3 mg on the basis of the 276 millon
kg of coco

a imported (Hirsh, 1984).

2.3 Analysis
Analytical procedures for the determination of methylxanthines (including

theobromine) in biological fluids (Schack & Waxler, 1949; Christensen & Whitsett,
1979; Tang-Liu & Riegelman, 1982; Klassen & Stavric, 1983; Christensen & Neims,

1984; Hurst et al., 1984) and in foods (Hurst et al., 1984) include ultraviolet
spectroscopy, thin-layer chromatography, gas chromatography and high-performance liquid chromatography.
Modern methods for the determination of theobromine in foods and beverages
(cocoa beans, cocoa and chocolate products) usually rely on high-performance

liquid chromatography (Wildanger, 1975; Kreiser & Martin, 1978; Timbie et al.,
1978; Hatfull et al., 1980; Horwitz, 1980; Kreiser & Martin, 1980; Sontag & Kral,

1980; Zoumas et al., 1980; De Vries et al., 1981; Reid & Good, 1982; Woollard, 1982;
Blauch & Tarka, 1983; Craig & Nguyen, 1984; Vergnes & Alary, 1986) and, ta a lesser

extent, on thin-Iayer chromatography (Senanayake & Wijesekera, 1968a,b, 1971).
These methods replaced the traditional titrimetric procedure using silver nitrate
(Gerritsma & Koers, 1953), paper chromatography (Jalal & Colln, 1976),

gravimetry and ultraviolet spectroscopy (Hurst et al., 1984).

3. Biological Data Relevant to the Evaluation of

Carcinogenic Risk to Humans
3.1 Carcinogenicity studies in animais

No data were available from studies on the carcinogenicity of theobromine.

Modifng effects on the activity of known carcinogens
Urethane

Groups of female ICR/Jcl mice (initial numbers unspecified), 25 days of age,
received a single subcutaneous injection of 0.1 mg/ g bw urethane followed
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immediately by seven intraperitoneal injections (0.05 l1mol/g bw) of theobromine
(purity unspecified) at 6-h intervals up ta 36 h after urethane treatment, to give a

total dose of 63 l1g/g theobromine. Mice were killed five months after urethane
treatment. The number of mice with lung tumours was significantly reduced in

groups that received post-treatment with theobromine (II/56 versus 31/59; p .c
0.(01). The number oftumours/lung was also reduced (0.28 versus 1.07 in controls)
(Nomura, 1983). (The Working Group noted that the effective numbers of mice
varied considerably among the different groups.)
3.2 Other relevant data
(a) Experimental systems
(i) Absorption, distribution, metabolism and excretion

The pharmacokinetics and toxicity of theobromine have been reviewed

extensively (Tarka, 1982; Arnaud, 1984, 1987; Tarka & Shively, 1987). As a
metabolite of caffeine, theobromine has been detected in variable amounts in
plasma and urine of humans and different animal species (Arnaud, 1984).
When theobromine was given as a single oral dose of 15-50 mg/kg bw to male

dogs, peak plasma concentrations, with considerable individual variations, were
observed within 3 h. With a higher dose (150 mg/kg bw), the peak plasma

concentrations were attained 14-16 h later, showing delayed intestinal absorption
(Gans et al., 1980). ln rats, plasma protein binding was very low (8- 17%) after oral

administration of 1-100 mg/kg bw theobromine (Bonati et al., 1984).
Similar kinetic parameters were observed in male and female rabbits when
theobromine was administered intravenously or orally at doses of 1 and 5 mg/kg bw,
with complete gastrointestinal absorption. A reduction in the absorption rate
constant was seen in rabbits when the dose was increased from 10 to 100 mg/kg bw.
ln spi

te of delayed gastrointestinal absorption at high doses, probably due to the

low solubility of the compound, the absolute bioavailability of theobromine
approached 100% (Latini et al., 1984). Labelled theobromine was almost
completely absorbed after oral administration (1-6 mg/kg; Arnaud & Welsch, 1979);
the peak blood level tended to appear later with larger doses (100 mg/kg; Shively &
Tarka, 1983).

Theobromine is absorbed and distributed rapidly after oral administration ta
rats (Shively & Tarka, 1983) and equilibrates freely between plasma and testicular
fluid (Shively et al., 1984).

The ratio of brain:blood theobromine concentrations decreased continuously
from 0.96 at birth ta 0.60 in 30-day-old rats (Arnaud & Getaz, 1982). After 24 h, no

organ accumulation of theobromine or its metabolites could be seen in adult
animaIs (Arnaud & Welsch, 1979).
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ln dogs, an average plasma half-time of 17.5 h was reported after single oral
doses of theobromine ranging from 15 to 150 mg/kg bw (Gans et al., 1980). ln
rabbits, the mean elimination half-time was 4.3-5.6 h for doses ranging from 1 to 100

mg/kg bw (Latini et al., 1984). From these data, it was concluded that the
pharmacokinetics of theobromine in rabbits are linear and not dose-dependent up
to 100 mg/kg (Traina & Bonati, 1985). Linear pharmacokinetics were also observed

in rats up to a dose of 100 mg/kg. No significant first-pass effect or sex difference
were observed (Shively & Tarka, 1983; Bonati et al., 1984). Repeated administration

of theobromine ta dogs, rabbits or rats did not alter its kinetics or metabolism
(Gans et aL., 1980; Bonati et al., 1984; Latini et aL., 1984). Pretreatment of rats with

3-methy1cholanthrene in vivo markedly increased theobromine elimination, while
phenobarbital had no effect (Shively & Vesell, 1987).

The kinetic parameters in rats on day 19 of gestation were similar ta those of
non-pregnant rats at doses ranging from 5 to 100 mg/kg bw (Shively & Tarka, 1983).
A decrease in the elimination rate constant was observed in pregnant rabbits at a

dose of 50 mg/kg bw, suggesting saturation (Latini et al., 1984).

The metabolic pathway of theobromine reported in rats and several other
animal species is shawn in Figure 1. 6-Amino-5-(N-methylformylamino)-I-methyl-

uracil is quantitatively the most important theobromine metabolite in rats,
accounting for 20-35% of urinary metabolites (Arnaud & Welsch, 1979; Shively &

Tarka, 1983; Bonati et al., 1984). The majority of theobromine-derived radioactivity
in the faeces of rats could be accounted for by 3,7-dimethyluric acid (Shively &
VeseIl, 1987). The most extensive metabolism of theobromine was observed in
rabbits and mice; male mice converted theobromine more extensively into this
metabolite th

an did female mice. ln contrast, oxidation of theobromine ta

3,7-dimethyluric acid was significantly greater in female than in male rats. Rabbits
and dogs metabolized theobromine primarily to 7-methylxanthine and

3-methylxanthine, respectively, and dogs excreted small quantities of an
unidentified metabolite (Miler et al., 1984).

The compounds identified in bile of phenobarbital-treated rats were
3,7-dimethyluric acid (64-76% of biliary radioactivity), dimethylallantoin (5-8%),
6-amino-5-(N-methylformylamino )-l-methyluracil (10-17%) and theobromine
(8-10%). ln 3-methy1cholanthrene-treated rats, urinary elimination of unchanged

theobromine was reduced from 23-27% to only 2%, while excretion of

6-amino-5-(N-methylformylamino )-l-methyluracil was significantly increased.
Only 3,7-dimethyluric acid was produced by liver micros

omal incubation in control

rats while phenobarbital and 3-methylcholanthrene pretreatment enhanced the
biotransformation resulting in the production of aIl metabolites found in vivo as
well as unknown polar compounds (Shively & VeseIl, 1987).
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Figure 1. Metabolism of theobrominea
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Pregnancy and increased doses of theobromine were shown ta modify
theobromine metabolism. At a dose of 50 mg/kg bw, pregnant rabbits excreted
more unchanged theobromine in the urine (51% versus 35%; Latini et al., 1984).

Pregnant rats excreted a higher percentage of a 5 mg/kg dose as unchanged
an non-pregnant rats (39%); this difference disappeared at
the saturation dose (100 mg/kg), when unchanged theobromine corresponded ta

theobromine (53%) th

about 60% of the dose in the urine of bath pregnant and non-pregnant animaIs

(Shively & Tarka, 1983). Rats given 100 mg/kg excreted more unchanged
theobromine than those given 1 mg/kg (73% versus 51%), and showed a
corresponding relative decrease in excretion of its uracIl metabolite,

6-amino-5-(N-methylformylamino)-I-methyluracil (16% versus 28%) (Bonati et al.,
1984).

About 60% of orally administered labelled theobromine was recovered
unchanged in rat urine; 94-106% total urine radioactivity was recovered (Shively &
Tarka, 1983). Large variations in faecal excretion (2-38% of the dose) were reported
in metabolic experiments performed in rats, mi

ce, hamsters, rabbits and dogs

(Miler et al., 1984). Theobromine was excreted into the bile of dogs fed

theobromine (Gans et al., 1980). Biliary secretion accounted for 5-10% of the
administered (8-14C)theobromine dose in phenobarbital-induced rats (Shively &
Vesell, 1987).

Urinary excretion of theobromine metabolites and theobromine clearance
et compared to those on a semipurified

were increased in rats on a commercial di

diet (Shively et al., 1986).

(ii) Toxic effects

The toxicity of theobromine as compared to other methylxanthines has been
reviewed by Tarka (1982). The acute oral LDSO in rats was 950 mg/kg bw, whereas in

mice it was 1356 mg/kg (for the sodium acetate). While the toxicity oftheobromine

in domestic animaIs has been indirectly attributed to excessive consumption of
cocoa and chocolate products, there are few direct studies where theobromine was

evaluated,because of its extremely low solubility in aqueous media. The oral LDSO
of theobromine in dogs appears to be about 300 mg/kg bw (Gans et al., 1980).
The effects of theobromine on rodent and dog testis are reviewed below; the

other target organ identified in rodents is thethymus gland. High doses - 250-300
mg/kg bw (mature animaIs) and 500 mg/kg bw (immature animaIs) - have been

shown to cause complete thymic atrophy in male and female rats. This effect was
seen in hamsters only at a level of 850 mg/kg bw and in mi

ce at levels of 1840-1880

mg/kg bw (Tarka et aL., 1979).
The only study of non-rodent species is that of Gans et al. (1980), who fed male

dogs 100-150 mg/kg bw theobromine for periods of 21-28 days as well as various
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doses over a one-year periode They reported a degenerative and fibrotic lesion in
the right atrial appendage ofthe heart. This finding appears to be unique ta the dog

since no such appendage exists in man. The study is further confounded by
administration of varying doses in early treatment groups, with adjustments at
several points in the one-year study.
A subchronic toxicity study performed in male and female Sprague-Dawley
rats was reported in an abstract (Tarka & Zoumas, 1983). Theobromine was fed at
levels of 0,0.02, 0.1 and 0.2% of a chow diet for 90 days (corresponding to 25, 125 and

250 mg/kg bw/day). The only changes noted were a reduction in body weight gain
and testicular weight in males at the high dose. No pathological lesion was observed
and there was no haematological change.
(ii) Effects on reproduction and prenatal toxicity

Reproductive toxicity Feeding theobromine ta male Osborne-Mendel rats at a

dietary level of 0.5% for 64 weeks resulted in severe testicular atrophy in 94% of
animaIs, with aspermatogenesis in 82% (Friedman et al., 1979). The results were
confirmed in another strain of rats (Holtzman); following 19 weeks of feeding

theobromine, all rats showed atrophy, and 79% had aspermatogenesis.
Tarka et al. (1979) found that feeding theobromine at levels of 0.2- 1.0% in the

28 days to rats produced
severe testicular atrophy at the 0.8% level and seminiferous tubular-cell
diet (90-140 to 500-600 mg/kg bw per day) for a peri

ad of

degeneration at the 0.6% leveL. Rats were found ta be most sensitive, while mice
(doses, 0.2-1.2%; 300- 1850 mg/kg bw per day) were more resistant, and testicular

changes were seen only at concentrations that caused considerable mortality.

Hamsters (doses, 0.2-1.0%; 182-1027 mg/kg bw per day) were almost totally
resistant ta testicular changes. These authors also studied the potential
reversibility of this phenomenon by feeding proven breeder male Sprague-Dawley
rats 0.2,0.6 or 0.8% theobromine (88, 244 or 334 mg/kg bw per day, respectively) for

49 days, performing unilateral orchiectomy at that time and allowing rats ta recover
on a theobromine-free di

et for an additional 49 days. Histologically, the effects at

the two highest dose leve1s were largely irreversible (Tarka et al., 1981). Daily
administration of 500 mg/kg bw theobromine to Fu albino rats for three or five days

interfered with germ cell kinetics but did not cause significant damage ta
spermatogonia. The release of late spermatids into the tubular lumen was retarded
and generally occurred two weeks after treatment (Ettlin et al., 1986).
Subsequent studies (Gans, 1982, 1984) substantiated these observations.
Significantly higher serum theobromine concentrations were achieved with a

semisynthetic diet, resulting in more advanced morphological changes in the testes
in rats, than with a chow diet. Shively et al. (1986) demonstrated that rats fed 0.6%

theobromine in a certified chow diet for 28 days did not develop the testicular
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atrophy induced by addition of theobromine ta a semisynthetic diet, due ta
induction of theobromine metabolism in animaIs on the chow diet.
Gans et aL. (1980) studied the effects of short-term and long-term theobromine
administration to male dogs; no testicular atrophy was seen at doses of 25,50, 100 or
ad.
Male and female Sprague-Dawley rats were given cocoa powder containing
150 mg/kg per day over a one-year peri

2.50-2.58% theobromine and 0.19% caffeine in the diet at concentrations of 0, 1.5,

3.5 and 5.0% for three generations. Males and females were given diets containing
coco

a powder for 12 and 2 weeks, respectively, prior to mating. The average

methylxanthine doses for males/females were 30/36, 72/86 and 104/126 mg/kg bw

a powder groups, respectively. No consistent
dose-related effect was observed in any reproductive index; nonreproductive

per day in the 1.5, 3.5 and 5.0% coco

toxicity was observed at the two highest dose levels (Hostetler et aL., 1990).

Developmental toxicity ICR-JCL mice received a single intraperitoneal
injection of 500 or 600 mg/kg bw theobromine on day 12 of gestation. MaternaI

deaths occurred in 40% of the higher-dose group but not in the lower-dose groupe
The incidence of resorptions was significantly increased with the higher dose; at

bath dose levels, fetal body weight was decreased and the incidence of
malformations and subcutaneous haematomas was increased (Fujii & Nishimura,
1969).

ln Sprague- Dawley rats fed diets containing theobromine (daily doses, 53 or 99
mg/kg bw) on gestation days 6-19, no maternaI toxicity was observed. Although no
malformation occurred, slight decreases in fetal body weight were observed wIth the
high dose, and a significant increase was seen in the frequency of skeletal variations.
Serum concentrations of theobromine in the high-dose group were 15-20 JlI/ml
(Tarka et aL., 1986a).

New Zealand white rabbits were administered up to 20 mg/kg bw
theobromine by gavage on gestation days 6-29. MaternaI deaths occurred in 40% of

the group receiving the highest dose level, but little or no maternaI toxicity was
observed with 25, 75 or 125 mg/kg bw per day. Decreased fetal body weight and

malformations were seen at doses of 125 or 20 mg/kg; the incidence of skeletal
variations was increased with 75 mg/kg and over. With 75 mg/kg per day - the
lowest dose at which developmental toxicity was observed - serum concentrations
of theobromine were 24-86 Jll/mL. ln other groups of New Zealand rabbits fed diets

containing theobromine (daily doses, 21, 41 or 63 mg/kg bw), little or no maternaI
toxici ty was observed at any dose leveL. Fetal body weight was decreased at 41 and

63 mg/kg bw, and there were significant increases in the frequency of skeletal
variations. Average serum concentrations at the lowest effective concentrations
were 12-15 li1/ml (Tarka et al., 1986b). (The Working Group noted that serum
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concentrations of theobromine following administration of the lowest effective dose

were proportionally higher in rabbits than in rats.)
(iv) Genetic and related effects
The genetic effects of theobromine have been reviewed (Timson, 1975, 1977;
Tarka, 1982; Grice, 1987; Rosenkranz & Ennever, 1987a,b).
The results described below are listed in Table 1 on p. 433, with the evaluation

of the Working Group, as positive, negative or inconclusive, as defined in the
footnotes. The results are tabulated separately for the presence and absence of an
exogenous metabolic system. The lowest effective dose (LED), in the case of
positive results, or the highest ineffective dose (HID), in the case of negative results,

are shown, together with the appropriate reference. The studies are summarized
briefly below.

place acridine orange from
DNA in vitro (Richardson et aL., 1981). ln extracts of Escherichia coli, it selectively
Theobromine has only a very weak capacity ta dis

inhibited sorne purine nucleoside phosphorylases (Koch & Lamont, 1956).
Theobromine was not incorporated ta 'any great extent' into the DNA of E. coli,
which possibly cannat demethylate this substance (Koch, 1956). The effects of
an DNA are discussed in the monograph
on caffeine (p. 332).
Theobromine was mutagenic to E. coli under conditions in which a constant
growth rate and cell population density were maintained, but it was not mutagenic
ta Salmonella tyhimurium. Theobromine induced mutations in a lower eukaryote,
theobromine on relevant targets other th

Euglena gracilis.
Theobromine did not induce chromosomal aberrations in plants (Vicia faba).
It was reported in an abstract that chrornosomal aberrations were not observed in

Drosophila melanogaster treated with 0.45% theobromine in feeding experiments
(Mittler & Mittler, 1968).

Theobromine increased the frequency of mutant tk colonies in mouse
lymphoma cells, but only at extremely cytotoxic doses. Significant increases in the
frequency of sister chromatid exchange were induced in Chinese hamster CHO

cells in the absence of an exogenous metabolic system; in the presence of an

exogenous metabolic system the results were equivocal and not dose-related
(Brusick et al., 1986). Chromosomal aberrations were not induced by theobromine

in Chinese hamster cells. BALB/c 3T3 cells were not morphologically transformed

by treatment with theobromine, and, unlike theophyllne but like caffeine,
theobromine did not reduce the expression of parameters associated with
morphological transformation (Rajaraman & Faulkner, 1984).
ln human lymphocyte cultures, theobromine did not significantly increase the
number of sister chromatid exchanges per cell, but, in another experiment using
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higher doses, the numbers of sister chromatid exchanges per cell were increased in
the absence of an exogenous metabolic system. The induction of sister chromatid
exchange is not necessarily due to a directly damaging effect upon DNA, since
theobromine can have indirect effects (Levi et al., 1978) which are associated with

the induction of sister chromatid exchange (Morgan & Cleaver, 1982) and may even

give rise to false-positive effects, the primary effect upon DNA being due ta
bromodeoxyuridine (Natarajan et al., 1981). Theobromine did, however, induce
breaks in human lymphocytes in culture, contrary ta the results with rodent cells
(see above).

Theobromine induced sister chromatid exchange and micronuclei, but not
chromosomal aberrations, in the bone marrow of Chinese hamsters treated in vivo.
No dominant le

th

al effect (increases in either preimplantation loss or dead

implants) was observed in either CD-l mice or in male Sprague-Dawley rats. The
negative result in rats was not due to pharmacokinetic limitations, as demonstrated
above.
(b) Humans

(i) Absorption, distribution, exaetion and metabolism
Theobromine is readily absorbed from food and evenly distributed in body
fluids; the half-times in plasma and saliva are highly correlated (Drouilard et aL.,
1978). Theobromine has been reported ta pass into the breast milk of nursing
mothers (Resman et al., 1977).

The mean half-time of theobromine in human serum ranged from 6.1 to 10 h
(Drouilard et al., 1978; Tarka et al., 1983; Shively et aL, 1985); the apparent volumes
of distribution and clearance were estimated to be 0.76 l/kg bw and 0.88 ml/min/kg
bw, respectively (Shively et al., 1985).
The major metabolite of theobromine in hum

an urine is 7-methylxanthine

(34-48%), followed by 3-methylxanthine (20%) and 7-methyluric acid (7-12%),
6-amino-5-(N-methylformylamino)-1-methyluracil (6-9%) and 3,7-dimethyluric
acid (1%). Of the dose, 1- 18% is recovered in the urine as unchanged theobromine
(Tarka et al., 1983; Birkett et al., 1985). Theobromine metabolites were not found in

an subjects (Tarka et al., 1983). Theobromine has a low protein
binding capacity in both serum (15-21%) and breast milk (12%) (Resman et al.,
the plasma of hum

. 1977; Birkett et al., 1985).
(ii) Toxic effects

It has been stated that 'in large doses' theobromine may cause nausea and
anorexia (Reynolds, 1982) and that daily intake of 50-100 g cocoa (0.8-1.5 g
theobromine) by humans has been associated with sweating, trembling and severe
headache (Czok, 1974). ln a study of 13 volunteers who consumed 200 mg

Table 1. Genetic and related effects of theobromine

Test system

Reference

Dose

Resul ts

LEDjHID

wi thout
exogenous

With
exogenous

metabol ic

metabolic
acti vation

acti vation
SAO, Salmonella typhimuriur TA100, reverse mutation
SAO, Salmonella typhimurium TAlOO, reverse mutation
SAS, Salmonella typhimuriur TAl53S, reverse mutation
, reverse mutation
SA5, Salmonella typhimuriur TAl535
SA7, Salmonella typhimuriur TA1537, reverse mutation

SA7, 'Salmonella typhimurium TA1537, reverse mutation
, reVerse mutation
SA8, Salmonella typhimurium TAl538
SA8, Salmonella typhimurium TA1538, reverse mutation
SA9, Salmonella typhimuriur TA98, reverse mutation
, reverse mutation
SA9, Salmonella typhimurium TA98
ECR, Escherichia coli, phage T5-resistance
ECR, Escherichia coli, phage T5-resistance
??? , Euglena gracilis, auxotrophic mutations
G5T, Gene mutation, mouse lymphoma L5178Y cells, tk locus
SiC, Sis ter chromatid exchange, Chinese hamster CHO cells
CIC, chromosomal aberrations, Chinese hamster CHO cells
TBM, Cell transformation, BALB/c 3T3 cells
SHL, Sis ter chromatid exchange, huran lymphocytes
SHL, sister chromatid exchange, human lymphocytes
change , human lymphocytes
SHL, sister chromatid ex
CHL, chromosomal aberrations, human lymphocytes
CHL, Chromosomal ~berrations, human lymphocytes
SVA, sister chromatid exchanges, Chinese hamster bone marrow
SVA, Sister chromatid exchanges, Chinese hamster bone marrow
MVC, Micronucleus test, Chinese hamster bone marrow
CBA, Chromosomal aberrations, Chinese hamster bone-marrow
DLM, Dominant lethal test, male Swiss CD-I mice
DLM,

Dominant lethal test, male Swiss CD-l mi

ce

DLR, Dominant lethal test, male Sprague-Dawley rats

+

0

+

0

+

0

(+)

(+)

+

-

+

0
0
0
0

+
+
+
+

+

0
0
0
0
0
0
0

0
0

2500.0000
2500.0000
2500.0000
500.0000
2500.0000
500.0000
2500.0000
500.0000
2500.0000
2500.0000
150.0000
150.0000

Renner & Münzer (1982 )
Brusick et al. (1986)

Renner & Münzer (1982)
Brusick et al. (1986 )
Renner & Münzer (1982 )
Brusick et al. (1986 )
Renner & Münzer (1982 )
Brusick et al. (1986)

Renner & Münzer (1982)
Brusick et aL. (1986)
Novick & Szilard (1951)
Novick & Szilard (1952)
Corne & Travis (1969 )
Brusick et aL. (1986)
Brusick et al. (1986)
Brusick et aL. (1986)
Brusick et aL. (1986)
Brusick et aL. t1986)
Mourelatos et al. (1982 )
Mourelatos et al. (1983 )
Weinstein et al. (1973 )
Weinstein et al. (1975 )

o . 0000

2000.0000
100.0000
1000.0000
5000.0000
100.0000
100.0000
120.0000
250.0000
500.0000
150.0000
200.0000
1300.0000
1300.0000
380.0000
480.0000
450.0000

oral
oral
oral
oral
i.p.
i.p.
oral x 5 d

~
m

0tt
:;
0
~
Z

m

Renner (1982)
Renner & Münzer \ 1982)
Renner & Münzer (1982 )

Renner & Münzer (1982)
Epstein & Shafer (1968 )
Epstein et al. (1972 )
Shi vely et al. (1984 )

i.p., intraperitoneal; oral, by gavage; d, days

.l

W
W
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theobromine orally three times during a 24-h period, no clinical symptom or other
pharmacological activity was observed (Birkett et al., 1985). Ingestion of

theobromine in sweet chocolate at a dose of 6 mg/kg bw per day had no effect on
clinical parameters in 12 human subjects (Shively et al., 1985).
Studies on a possible association between consumption of methylxanthines
and benign breast disease are summarized on pp. 347-350.

(iii) Effects on reproduction and prenatal toxicity
No data were available to the Working Group.

(iv) Genetic and related effects
No data were available to the Working Group.
3.3 Epidemiological studies of carcinogenicity to humans
Studies on methylxanthines are summarized in the monograph on caffeine.

4. Summary of Data Reported and Evaluation
4.1 Exposure data

Theobromine is the principal alkaloid of the cacao bean. It is extracted from

the bean husks and used in the synthesis of caffeine. It has been used in various
pharmaceutical products. Theobromine is consumed in coco

a and chocolate

beverages and in various forms of chocolate-based foods. Theobromine is also
present in small amounts in green coffee beans, tea and mate.
Daily per-caput consumption of theobromine in the USA in 1980 from food
and beverages was estimated to be 39 mg.

4.2 Experimental carcinogenicity data
No data on the carcinogenicIty of theobromine were available.

4.3 "uman carcinogenicity data
No data were available to the Working Group ta evaluate the carcinogenicity of
theobromiii~ per se.

For descriptions of studies on methylxanthines, see the monograph on
caffeine.
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4.4 Other relevant data

Oral administration of high doses of theobromine ta rats caused severe

testicular atrophy, which was largely irreversible. Administration of lower levels for
prolonged periods had no significant adverse effect on the testis. Mice, hamsters

and dogs were less sensitive than rats or were resistant to the effect of theobromine
in causing testicular changes. No adverse reproductive effect was observed in a
three-generation study in rats given cocoa powder containing theobromine in their
diet. Teratogenic effects were observed in rabbits after gavage but not after dietary
administration of theobromine. The signs of developmental toxicity observed at the

lowest dose level inc1uded decreased fetal body weight and increased skeletal
variations in rabbits. No teratogenic effect was seen in rats.
ln vivo, theobromine did not induce dominant lethal effects in mice or rats. It

induced sister chromatid exchange and micronuc1ei but not chromosomal aberrations in the bone marrow of Chinese hamsters. ln human cells in vitro, theobromine

induced sister chromatid exchange and chromosomal breaks. ln cultured
mammalian cells, it induced gene mutations and sister chromatid exchange but not

chromosomal aberrations or cell transformation. ln plants, theobromine did not
induce chromosomal aberrations. It induced gene mutations in lower eukaryotes
and bacteria but gave negative results in the Salmonella/mammalian microsome
assay.
4.5 Evaluation 1

There is inadequate evidence for the carcinogenici ty in humans of theobromine.
There are no data on the carcinogenicity of theobromine in experimental

animaIs.
Overall evaluation

Theobromine is not classifable as to ifs carcinogenicity to humans (Group 3).

lFor descriptions of the italicized tenns, see Preamble, pp. 27-31.
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