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Search terms: Caffeine, Theobromine, Theophylline, CAS numbers

Ingredient names with the terms dermal, toxicity, metabolism, penetration, cosmetic, development, irritation, sensitization
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INTRODUCTION
This is a review of the following 3 xanthine alkaloid ingredients in cosmetics:
Caffeine
Theophylline
Theobromine
The ingredients in this assessment, Caffeine, Theophylline, and Theobromine, are structurally similar to one another.
According to the web-based International Cosmetic Ingredient Dictionary and Handbook (wINCI; Dictionary), all of these
ingredients are reported to function as skin-conditioning agents in cosmetic products.1 Caffeine and Theobromine are also
reported to function as fragrance ingredients in cosmetics (Table 1).
This safety assessment includes relevant published and unpublished data that are available for each endpoint that is evaluated.
Published data are identified by conducting an exhaustive search of the world’s literature. A listing of the search engines and
websites that are used and the sources that are typically explored, as well as the endpoints that CIR typically evaluates, is
provided on the CIR website (http://www.cir-safety.org/supplementaldoc/preliminary-search-engines-and-websites;
http://www.cir-safety.org/supplementaldoc/cir-report-format-outline). Much of the information in this report was discovered
in the European Chemicals Agency (ECHA) database2-4 or was available from the Organisation for Economic Cooperation
and Development (OECD) Screening Information Dataset (SIDS) reports.5,6, Information from these sources is cited
throughout the assessment. Please note that the ECHA website and OECD SIDS documents provides summaries of
information generated by industry, and it is those summary data that are reported in this safety assessment.
CHEMISTRY
Definition and Structure
Alkaloids are naturally-derived, nitrogen-containing compounds.7 Xanthine alkaloids are intermediates in the degradation of
adenosine monophosphate to uric acid. Caffeine, Theobromine, and Theophylline can be naturally or synthetically derived
via the chemical synthesis of urea. The definitions and structures of the ingredients included in this report are presented in
Table 1.1 The ingredients in this group are methylated xanthine derivatives and are therefore structurally similar. The
placement of the N-methyl groups is the only structural difference between these three ingredients. (Figure 1.)

Figure 1. Xanthine alkaloids
Physical and Chemical Properties
The placement of the N-methyl groups (determines the pharmacological profile of each ingredient.8 These methylated
xanthines, notably Theobromine, are slightly to poorly soluble in water (Table 2).5,9-12,12 However, solubility is significantly
increased in boiling water.
Method of Manufacture
Caffeine
The methods below are general to the processing of Caffeine for food or food ingredients, and it is unknown if they apply to
cosmetic ingredient manufacture.
Caffeine can be extracted from plants or developed synthetically. Caffeine is most commonly extracted from green coffee
beans, tea, or cola nuts.9 Dichloromethane, ethyl acetate, edible fats and oils, supercritical carbon dioxide and acid-activated
carbon can each be used in the decaffeination process. For beans with moisture levels below 40%, direct bean decaffeination
processes are applied, while for beans containing moisture levels of 60% or above, extract decaffeination techniques are
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applied. Caffeine can be synthesized via methylation of Theobromine or Theophylline. For instance, Theophylline can be
methylated with carbon monoxide and methanol.
When directly decaffeinating green coffee beans, beans are swollen with water and steam at a temperature of 20 - 100ºC for a
maximum of 5 hours.9 These are then decaffeinated in static or rotating drums with a solvent (dichloromethane, ethyl acetate
or edible fats and oils). The beans are then steam stripped at 100 - 110 ºC for a maximum of 4 hours, and dried to their initial
moisture content via hot air or vacuum. The solvent is then evaporated or steam stripped under a vacuum to extract Caffeine,
which is then purified via crystallization. Another bean decaffeinating technique includes the use of supercritical carbon
dioxide at temperatures of approximately 40 - 80 ºC and pressures of 197 - 296 atmospheres (atm) for up to 30 hours. The
Caffeine is dissolved and passed through a pressurized vessel.9
Extract decaffeination involves water as the extraction agent.9 The extract is decaffeinated by either liquid-liquid extraction
with dichloromethane and steam deodorization, or by selective adsorption of Caffeine on acid-activated carbon.
Theophylline
According to one method, the synthetic manufacturing of Theophylline comprises the reaction of dimethylurea and ethyl
cyanoacetate.9 However, Theophylline is also naturally occurring and can be found in green coffee beans (Coffea arabica or
Coffea canephora), black tea (Camellia sinensis), cocoa (Theobroma cacao) cotyledon, and dried mate (Ilex paraguariensis).
Theobromine
Theobromine can be produced synthetically from 3-methyluric acid, but is not typically derived this way.9 More commonly,
Theobromine is obtained from natural sources, mainly found in the cocoa bean (Theobroma cacao). The extraction of this
ingredient typically occurs from the husks of the cocoa beans.
Impurities
Caffeine
United States Pharmacopeia (USP)-grade Caffeine must contain at least 98.5% pure Caffeine.9 USP-grade Caffeine must
also not exceed a 0.5% or 8.5% weight loss upon drying the anhydrous form or hydrous from, respectively, and the residue
on ignition must not be more than 0.1%. In addition, USP-grade Caffeine must not contain more than 1 mg/kg lead.13
Theobromine
According to the British Pharmacopeia, Theobromine should be at least 99.0% of the product.9
Theophylline
Specifications for Theophylline indicate that it be at least 97.0% of the active ingredient according to the USP,9 and should
not contain less than 99.0% active ingredient according to the British Pharmacopeia.9 USP-grade Theophylline also must not
exceed a 0.5% weight loss upon drying for the anhydrous form, or 7.5 - 9.5% weight loss for the monohydrate form.9 In
addition, the residue on ignition must not be more than 0.15%.
Natural Occurrence
Caffeine
Caffeine can be found naturally worldwide in seeds, leaves, cocoa beans (Theobroma cacao), and other sources.9 The most
common sources include coffee (Coffea canephora and Coffea arabica), cocoa beans, tea leaves, and guarana (Paullinia
cupana). Coffee beans contain, on average, 1.1% Caffeine in green coffee beans (Coffea arabica), and 2.2% in green robusta
(Coffea canephora) beans. Tea plants can contain up to 5% Caffeine, but levels are dependent on seasonal variation, origin,
and fertilizers.9
Theophylline
Theophylline is commonly found in black tea (Camellia sinensis), green coffee beans (Coffea arabica), dried mate (Ilex
paraguariensis), and cacao (Theobroma cacao).9
Theobromine
Theobromine is also found in the same sources as identified above, but is primarily sourced from the cocoa plant
(Theobroma cacao).9
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USE
Cosmetic
The safety of the cosmetic ingredients addressed in this assessment is evaluated based on data received from the US Food and
Drug Administration (FDA) and the cosmetics industry on the expected use of these ingredients in cosmetics. Use
frequencies of individual ingredients in cosmetics are collected from manufacturers and reported by cosmetic product
category in the FDA Voluntary Cosmetic Registration Program (VCRP) database. Use concentration data are submitted by
the cosmetic industry in response to a survey, conducted by the Personal Care Products Council (Council), of maximum
reported use concentrations by product category.
According to 2018 VCRP data, Caffeine is reported to be used in 1033 formulations, 882 of which are leave-on products and
151 are rinse-off.14 Theobromine and Theophylline are reported to have much smaller frequencies of use at 5 formulations
each. The results of the concentration of use survey conducted by the Council indicate Caffeine also has the highest
concentration of use in a leave-on formulation; it is used at up to 6% in non-spray body and hand products.15 All ingredients
reviewed in this report were reported to be in use, as described in Table 3.
Cosmetic products containing Caffeine and Theobromine are applied near the eyes (e.g., at maximum concentrations of 1.5%
and 0.0025%, respectively, in eye lotions), and Caffeine is used in products that can result in incidental ingestion (e.g., at
0.2% in lipstick). Caffeine is also used in sprays (e.g., up to 0.2% in face and neck sprays) and powders (e.g., up to 2% in
face powders), and these products can result in incidental inhalation. In practice, 95% to 99% of the droplets/particles
released from cosmetic sprays have aerodynamic equivalent diameters >10 µm, with propellant sprays yielding a greater
fraction of droplets/particles < 10 µm compared with pump sprays.16,17 Therefore, most droplets/particles incidentally inhaled
from cosmetic sprays would be deposited in the nasopharyngeal and thoracic regions of the respiratory tract and would not be
respirable (i.e., they would not enter the lungs) to any appreciable amount.18,19 Conservative estimates of inhalation exposures
to respirable particles during the use of loose powder cosmetic products are 400-fold to 1000-fold less than protective
regulatory and guidance limits for inert airborne respirable particles in the20-22.
The xanthine alkaloids named in the report are not restricted from use in any way under the rules governing cosmetic
products in the European Union.23
Non-Cosmetic
Caffeine
Caffeine is most commonly used in beverages, such as coffee, tea and soft drinks. It can also be used as flavoring agents in
baked goods, desserts, and candy.24 The US FDA has determined that Caffeine is generally recognized as safe (GRAS) when
used in cola-type beverages at concentrations that are equal to or less than 0.02%. [21CFR182.1180] The average Caffeine
intake of adults in the US is 200 mg/day per individual.24
A smaller percentage of Caffeine is used in over-the-counter (OTC) drug products, prescription drug products, and dietary
supplements.24 Caffeine is frequently used in analgesics as it may relieve headaches and pain associated with migraines or
menstruation. Caffeine is also used in some medications to treat bronchopulmonary dysplasia and apnea in preterm infants.
The US FDA has determined that Caffeine is considered to be safe as an active ingredient in OTC weight control drug
products and when used as an active ingredient in stimulant drug products at dosage limits of 100 - 200 mg every 3 - 4 hours
for adults and children 12 and up. [21CFR182.1180]
Theobromine
Theobromine is mainly used in the production of Caffeine.9 The majority of consumed Theobromine is through
chocolate/cocoa products. Theobromine is used as a bronchodilator, diuretic and vasodilator.
Theophylline
Theophylline is a bronchodilator and can be used to treat lung diseases such as bronchitis, asthma, and emphysema.9 It can
also be used for the relief of biliary colic, and in diuretics.
TOXICOKINETIC STUDIES
Absorption, Distribution, Metabolism, and Excretion (ADME)
Caffeine
Caffeine is readily absorbed through body membranes. The typical half-life of Caffeine in humans, after oral consumption, is
2.5 - 4.5 hours, but the time is increased during the third trimester of pregnancy and in women taking oral contraceptives.5
Caffeine is widely distributed throughout body tissues, and is metabolized by hepatic enzyme systems only. The majority of
Caffeine, 70 - 80%, is metabolized through 3-N-demethylation to paraxanthine, carried out by the liver enzyme CYP1A2.25
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Approximately 7 - 8% of Caffeine is metabolized by 1-N-demethylation to Theobromine, while 7-N-demethylation to
Theophylline also accounts for about 7 - 8% of Caffeine metabolism products.25 The remaining Caffeine is metabolized
through C-8 hydroxylation, resulting in the formation of 1,3,7-trimethyluric acid. However, outside of the liver, no
significant metabolism of Caffeine occurs in other organs. The majority of Caffeine is excreted via urine (> 95% in humans).5
Theobromine
Theobromine can be seen in the body as a result of Caffeine metabolism. In humans, Theobromine is metabolized in the liver
into xanthine (i.e. fully demethylated), and further metabolized into methyluric acid, facilitated by CYP1A2 and CYP2E1.26
Some mammals, such as cats and dogs, metabolize Theobromine at a slower pace. This can result in Theobromine poisoning
in amounts as small as 50 g. In humans, Theobromine is metabolized at a faster rate. The approximate half-life of
Theobromine is 7.1 ± 0.7 hours in humans, and approximately 18 hours in dogs.27 An estimated 10% of Theobromine is
excreted via urine unchanged, while the rest is excreted as metabolites.
Theophylline
Theophylline is metabolized by ring oxidation and N-demethylation facilitated by microsomal enzymes in the liver
(cytochrome P-450).6 Metabolites are excreted into bile and eliminated via urine. Only 7 - 12% of orally ingested
Theophylline is excreted unchanged in urine. The major metabolites of Theophylline include 1,3-dimethyluric acid (35 55%), 1-methyluric acid (13 - 26%), and 3-methylxanthine (9 - 18%). After review of the kinetics and metabolism of
Theophylline in rats, IARC concluded that Theophylline is quickly and completely absorbed from the digestive tract, readily
crosses placental boundaries, can be distributed in breast milk, and is dispersed throughout all organs, with the exception of
adipose tissue.9 Approximately 50% of Theophylline intake is bound to plasma proteins. The elimination half-time of
Theophylline is approximately 3 - 11 hours in adults, which can be shortened or prolonged by certain medications and
behaviors, such as smoking and oral contraceptives.
Animal
Oral
Theobromine
Theobromine was given to rabbits orally in doses of 1 and 5 mg/kg bw.9 Rabbits given these doses showed complete
gastrointestinal absorption. Rabbits given high doses (10 - 100 mg/kg bw) displayed a reduction in absorption rate. Despite
the reduced absorption rate, absolute bioavailability of the given Theobromine reached 100%.
A single dose of 15 - 50 mg/kg bw of Theobromine was given to dogs orally.9 Peak plasma concentrations were observed
within 3 hours of dosing. Dogs given a high dose (150 mg/kg bw) had peak plasma concentrations 14 - 16 hours after
dosing, implying delayed intestinal absorption.
Human
Dermal
Caffeine
A non-occlusive 2.5 cm2 patch of 4 µg Caffeine in acetone was applied to the forearms of people from the age of 22 - 40 or
65 - 86.28 After 24 hours, the site was washed and urine was collected. For the group with the age range of 22 - 40, the dose
recovered was 32.1 ± 4.2%. For the age group of 65 - 86, the dose recovered was 61.8 ± 5.4%.
The role of hair follicles in the dermal absorption of Caffeine was studied.26 A solution that contained Caffeine (2.5%),
ethanol, and propylene glycol was applied to the skin of six male subjects who had not ingested Caffeine for at least 48 hours
before testing. The average hair follicle density was 20 - 32 follicles/cm2. Hair was clipped down to 0.5 mm in the 25 cm2
application area of on the chests of volunteers. For the first test, a microdrop of varnix-wax mixture was applied beside each
hair follicle orifice, and 2 mg/cm2 of the Caffeine solution were applied to the test area of each subject for 8 h (formulation
allowed to evaporate); subjects were not allowed to shower or bathe for 72 hours. A blood sample was taken at 5, 10, 20, and
30 minutes, and 1, 2, 5, 8, 24, and 72 hours after application. The same procedure was repeated in the same test areas after 3
more days of a Caffeine-free diet, but with each hair follicle orifice blocked with a microdrop of the varnish-wax mixture.
Caffeine was extracted from the serum samples with dichloromethane. Serum penetration was measured by a surface
ionization mass spectrometry (SI/MS) technique.
When hair follicles were left open, the average Caffeine levels in the blood 5 minutes after application were 3.75 ng/ml, and
when hair follicle orifices were blocked, Caffeine was not detected in the blood until 20 minutes after application. After 20
minutes, the average amount of Caffeine detected in the blood in the blocked follicle group was 2.45 ng/ml, compared to an
average blood concentration of 7.57 ng/ml in the open follicle group. The highest concentration in the open follicle group
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was approximately 11.75 ng/ml an hour after application, while the highest concentration in the blocked follicle group was
6.65 ng/ml at 2 hours after application. After 72 hours, no Caffeine was detected in the blood serum in either test group.
Oral
Caffeine
Four men were treated with 1, 4, and 10 mg/kg Caffeine orally.5 The absorption rate constant was 0.11 ± 0.02 hours-1.
Ninety-nine percent of the dose was absorbed. Metabolites were measured in plasma. Approximately 85% of the given dose
was excreted in the urine. The main metabolites excreted were 1-methyluric acid, 1-methylxanthine, 1,7-dimethyluric acid,
7-methylxanthine, and 1,7-dimethylxanthine. In a similar study using 4 subjects, plasma peak was reached at 47 ± 5 minutes.
The mean plasma concentration was 8.3 ± 0.1 µg/mL, with an apportion rate constant of 6.3 ± 1.9 per hour and elimination
rate constant of 0.11 ± 0.02 per hour. Ninety-nine percent of the given dose was absorbed. The metabolites 3,7-dimethylxanthine, 1,3-dimethylxanthine, and 1,7-dimethylxanthine were measured in the plasma. Approximately 85% of the
administered dose was recovered in the urine within 48 hours. The main metabolites excreted were 1-methyluric acid,
7-methylxanthine, and 1,7-dimethylxanthine.5
Nine pregnant and 4 post-partum women were exposed to Caffeine.5 Method of exposure was not provided. Results showed
a significant prolongation of Caffeine elimination in the pregnant women. Post-partum women showed normal rates of
Caffeine elimination.
Thirteen males, 9 females not on oral contraceptive steroids (OCS), and 9 females taking OCS were examined.5 The
elimination half time was significantly longer in women taking OCS. The average elimination half time for women taking
OCS was 10.7 hours, versus 6.2 hours in women not taking OCS. Women on OCS had a total plasma clearance of 0.79
mml/min/kg, and free clearance of 1.12 ml/min/kg. Women not taking OCS had a total plasma clearance of 1.3 mml/min/kg
and free clearance of 1.97 ml/min/kg. Kinetic parameters were similar in men and women, with the exception of volume of
distribution, which was significantly higher in women.
A similar study was done using nine females who had been taking a low-dose estrogen-containing oral pill for at least 3
months, compared to 9 females who did not take OCS.5 Each subject was given an oral dose of 162 mg of Caffeine. In
subjects who took OCS, the elimination half-life of Caffeine was 7.88 hours, the plasma clearance was 1.05 ml/min/kg, and
peak plasma concentration was 3.99 µg/ml. In subjects who did not take OCS, the elimination half-life was 5.37 hours,
plasma clearance was 1.75 ml/min/kg, and the peak plasma concentration was 4.09 µg/ml.
Theophylline
The distribution of Theophylline into breast milk was studied in five women. On average, less than 10 percent of the
mother’s Theophylline intake was distributed into breast milk.6
Dermal Penetration
In Vitro
Caffeine
The follicular penetration of Caffeine was studied using a combination of the Franz diffusion cell (FDC) technique, and the
follicle closing technique (FCT).29 Caffeine, 12.5 mg (study design 1) or 2500 mg (study design 2), was dissolved in 100 ml
Dulbecco’s phosphate-buffered saline (DPBS). Three types of skin samples were used as test barriers: a human reconstituted
model, a human heat-separated model, and full-thickness human skin. Study design 1 involved the study of the permeability
of both the reconstituted human epidermis model and the heat-separated human epidermis. The skin samples had a high, low,
or no follicular density. These samples were exposed to the test substance for 24 hours. Samples taken from the receptor
chamber were examined using high-performance liquid chromatography (HPLC). After 24 hours, the skin sample that had a
normal follicular density had the lowest absorption of the three types of samples (36.1 ± 9.85%). The skin sample without
follicles had absorption of 43.4 ± 9.73%, and the high follicular density sample had the highest percentage of absorption
(47.1 ± 9.10%).
In study design 2, the full-thickness skin membranes were mounted in the diffusion cell and subsequently exposed to the
FCT. Shunts in the closed follicular pathway samples were blocked with a varnish-wax mixture. The varnish-wax mixture
was also applied to the open follicular pathway samples, but only near the follicles preventing shunt blockage. Breast skin
was more penetrable than abdominal skin in both types of skin samples (blocked or open follicular orifices). For example, in
skin samples with artificially blocked follicular orifices, 3.6 ± 0.59% of the test substance penetrated in the epidermis of the
breast skin, while 2.5 ± 0.94% penetrated into the epidermis of the abdominal skin. In both abdominal and breast skin
samples, test substance penetration was higher in samples with open follicular orifices. In breast skin with open follicular
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orifices, 7.9 ± 0.56% of the test substance penetrated into the epidermis, while 3.6 ± 0.59% penetrated into the epidermis of
blocked follicular orifice samples.
A solution containing 4 mg/mL Caffeine was applied at a dose of 50 µL/cm2 to mounted human skin.28 Six hours after
application, skin samples were cleaned with soap and isotonic water. Permeation was measured for 42 hours. Caffeine
permeation was reported to be 24 % in cells that were not washed, and 8% in cells that were washed.
Studies have also been done to examine the effect of skin thickness and occlusion on the absorption of Caffeine.30,31 Human
abdominal skin samples were mounted on Dianorm Teflon macro 1 cells or Franz diffusion cells. Occlusion did not have an
effect on the dermal absorption of Caffeine. When Caffeine in saline was applied to skin samples varying in thickness, it was
observed that the maximum flux of Caffeine was increased with decreasing thickness, but these increases were considered to
be non-significant. The amount of Caffeine in the skin membrane was not affected by skin thickness.
Theophylline
Human skin was used to examine the metabolism and absorption of 98% Theophylline.6 Absorption varied among skin
samples. The lowest reported absorption was 3.6%, while the highest was 33.4%. Diffusion ranged from 2.2 - 7.7%.
Approximately 0.2 - 4.6% of applied substance was metabolized, and more than 60% of the metabolites diffused through skin
samples. Reported metabolites were 1,3,7-trimethyluric acid, 1,3-dimethyluric acid and 3-methylxanthine. Amount of
metabolites varied per skin sample.6
A flow-through in vitro diffusion system was used to study percutaneous absorption of 8-[14C]-Theophylline (radiolabeled)
through 5 different samples of excised human skin.32 Donors of the skin samples differed by age, sex, and ethnicity. Eagle’s
medium consisting of gentamicin sulfate and 10% fetal bovine serum was continuously perfused along the well. Receptor
fluid was aerated with 95% O2; 5% CO2 and pumped underneath the skin’s surface at a rate of 3 mL/h. The diffusion area
was 1.0 cm2. Skin cells were exposed to a solution of Theophylline (6.8 and 306.8 µg/cm2) and receptor fluid was collected
hourly for 20 hours. The percentage of the applied dose that diffused through the skin was similar between all skin samples,
with a range of 2.8 - 7.8%. The percentage of the applied dose that was absorbed varied greatly between skin samples (3.6 33.4%). The metabolites were estimated by thin-layer chromatography. Between 0.2 ± 0.1% - 4.6 ± 0.2% of the applied doses
were metabolized, and over 60% of the total formed metabolites penetrated through the skin. The metabolites that were
observed were 1,3,7-trimethyluric acid, 1,4-dimethyluric acid, and 3-methylxanthine.
TOXICOLOGICAL STUDIES
Acute Toxicity Studies
The acute toxicity studies summarized below are described in Table 4.
Acute dermal toxicity studies were performed in which both Caffeine5 and Theophylline,6 in olive oil, were applied under a
semi-occlusive patch for 24 h to rats. The LD50 was > 2000 mg/kg bw for both test substances.
Numerous acute oral toxicity studies were performed with Caffeine. The lowest reported LD50s in mice and rats are 127
mg/kg bw (vehicle not specified) and 192 mg/kg bw aqueous (aq.), respectively.5 In other species, LD50s of Caffeine were
230 mg/kg bw (guinea pigs and hamsters), 224 mg/kg bw (rabbits), and 240 mg/kg bw (dogs). For Theobromine, the
reported LD50s in rats and dogs (vehicle not specified) were 950 and 300 mg/kg bw, respectively.9 For Theophylline, the
lowest LD50s reported for mice, rats, guinea pigs, and rabbits are 235, 225, 183, and 350 mg/kg bw, respectively.6
Acute inhalation studies were performed in rats on Caffeine5 and Theophylline6 mixed with a hydrophobic fumed silica. The
LC50 following aerosol exposure or Caffeine mixed with 2% of a hydrophobic fumed silica was 4.94 mg/L. Following a dust
aerosol exposure to Theophylline mixed with 1% and 2% silica, an LC50 of > 6.7 mg/L was established.
Short-Term, Subchronic, and Chronic Toxicity Studies
Details of the short-term, subchronic, and chronic toxicity studies are provided in Table 5.
Repeated dose oral toxicity studies were performed with the xanthine alkaloids. In a study in which rats were given diets
containing 0.5% Caffeine or 0.8% Theobromine for 7 or 8 weeks, treated rats of both groups displayed statistically
significant decreases in thymus weights and vacuolar degeneration of spermatogenic cells; the effects were more severe with
Theobromine.33 In 90-day studies in which mice and rats were dosed with Caffeine in drinking water, the no-observableadverse effect-levels (NOAELs) were 167 and 179 mg/kg bw/day in male and female mice, respectively, and 151 and 174
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mg/kg bw/day in male and female rats, respectively; the highest doses administered in these studies were 167 and 179 mg/kg
bw/day to male and female mice, respectively, and ~272 and 287 mg/kg bw/day in male and female rats, respectively.9
In a study in which immature and mature rabbits were fed a diet containing ≥ 1.5% Theobromine for 20 or 120 days,
respectively, only 25% of the immature rabbits survived until study termination in each group, including controls.34 Rabbits
placed in groups 0, 1, 2, and 3 were given doses of 0, 0.5, 1, and 1.5, respectively. In mature rabbits, on day 30 of treatment,
group 1 gained 6% of their original body weight, while groups 2 and 3 lost an average of 5.9 and 18.1%, respectively. By day
30, 0/8 animals died in group 1, 5/8 animals died in group 2, and 4/8 animals died in group 3. By day 120, 4/8, 7/8, and 7/8
animals died in groups 1, 2 and 3, respectively. In immature rabbits, mortality was clearly dose-dependent. Lesions were
apparent in the thymus in both immature and mature rabbits. Mature rabbits displayed severe pulmonary congestion and
slight to moderate hydropericardium. Slight ascites were also present in the liver, as well as kidney congestion and redness of
the gastro-intestinal mucosa. In immature rabbits, lesions were similar to mature rabbits. In addition, edema of the thymus
and extensive hemorrhaging was present.
A 16-day gavage study was performed using mice given Theophylline in corn oil at doses as high as 400 mg/kg bw once
daily.35 All females (5/5) and 3/5 males dosed with 400 mg/kg bw died on day 1. A similar study was performed using rats.
Animals were given up to 400 mg/kg Theophylline in corn oil via oral gavage once per day for 16 days; all male and females
died after exposure of 400 mg/kg Theophylline given once daily and 9/10 animals died after exposure to 200 mg/kg
Theophylline given twice a day. A 16-day feed study was also performed using groups of 5 rats/sex. Rats were given
Theophylline at concentrations of up to 8000 ppm. All rats survived; the final mean body weight was statistically decreased
in rats given 8000 ppm. In a study in which Theophylline was given to 10 mice/group/sex at a maximum dose of 4000 ppm
for 14 weeks, statistically significant decreases in mean body weights and increases in leukocyte, segmented neutrophil, and
lymphocyte counts were recorded at the 2000 and 4000 ppm dose levels. In a study in which 10 mice/group/sex were given
Theophylline for 14 weeks in corn oil via oral gavage at a maximum dose of 300 mg/kg bw, a statistically significant
decrease in mean body weights of male mice given 150 or 300 mg/kg bw was apparent.
Two year studies were also performed. Administration of Theophylline in corn oil of up to 150 mg Theophylline/kg bw was
given to 50 mice/group/sex for 2 years via oral gavage. Administration resulted in decreases in the survival, and body weights
of male mice dosed with 150 mg/kg, 25 mg/kg females, and 75 mg/kg females were significantly less than the control groups.
In a 2 year gavage study using 50 rats/sex/group, animals were dosed with up to 75 mg/kg bw Theophylline in corn. No
statistically significant differences in the survival between treated and control groups were seen. Dosed rats had a statistically
significant decrease in final mean body weights compared to the control group. In addition, chronic inflammation of the
mesenteric arteries was increased in male rats given 75 mg/kg bw.
DEVELOPMENTAL AND REPRODUCTIVE TOXICITY STUDIES
Details of the developmental and reproductive toxicity studies summarized below are provided in Table 6.5,6,9,36-41
Studies were performed evaluating the developmental toxicity of Caffeine in mice. Mice dosed with up to 30 mg/kg/d of
Caffeine in drinking water did not display any consistent dose-related effects on fertility, litter size, offspring weight, sex
ratio, or fetal abnormalities. Details of this study were not provided. 38 In a similar study mice given up to 350 mg/kg
Caffeine on days 8-18 of gestation via gavage did not display differences in embryonic resorption, growth, skeletal
development, or terata, compared to control groups. No other details of this study were provided. 5 In different studies, mice
displayed reduced maternal body weight gain (100 - 400 mg/kg/d Caffeine; gestation day (GD) 6 - 15) a reduction of live
male pups/litter, female body weight, and adjusted seminal vesicle weight (up to 88 mg/kg/d; 21 - 35 weeks).
Multiple reproductive toxicity studies were performed using rats. Dose-dependent maternal weight gain decreases were
reported when rats were dosed with 10 - 40 mg/kg/d (GD 1 – 20; 12 females/group; oral administration), 40 - 80 mg/kg/d
(GD 1 – 19; 20 females/group; oral administration), 10 - 100 mg/kg/d (GD 6 – 20; administered as single bolus or 4 divided
doses), 100 mg/kg/d (GD 7 - 19, 7 - 16, 16 – 19, or day 19; oral administration), and 70 – 2000 mg/kg (GD 0 – 20; 61
females/group; drinking water).5 In a study where 61 Osborne-Mendel rats were treated with up to 125 mg/kg via gavage on
GD 0 - 19, 6/61 females died at the highest dose level. At the 80 mg/kg dose level, 2 litters were resorbed, and at the 125
mg/kg dose level, 4 litters were resorbed. No other details regarding this study were given. Resorption was also noted at
doses of 1500 and 2000 ppm in a different study involving 61 female rats given Caffeine in drinking water on days 0 -20 of
gestation. At these doses, decreased implantation efficiency, and a decreased number of viable fetuses was also noted.
A 23% average sperm radius decrease, as well as a decrease in sperm motility and velocity was observed in 8 rats given 25
mg/kg Caffeine via oral gavage.5 No teratogenic effects were observed when rabbits were given up to 125 mg/kg of Caffeine
via gavage on gestation days 6 -16. When 40 pregnant monkeys were given Caffeine in drinking water eight weeks before
pregnancy to several months after pregnancy, a dose-related increase in stillbirths, decreased maternal weight, and
miscarriages were present.
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In a study where rats fed diets containing up to 99 mg/kg bw/d Theobromine during GD 6 - 19, no maternal toxicity was
reported, but a slight decrease in fetal body weight as well as an increase in skeletal variation frequency was apparent. 9.
Rabbits given up to 63 mg/kg bw via feed displayed little to no maternal toxicity. In a different study, rabbits were given up
to 200 mg/kg bw Theobromine via gavage on GD 6 - 29. At the 200 mg/kg dose level, 40% of the dams died, but little to no
maternal toxicity was reported in rabbits given 25 - 125 mg/kg.
Mice given 0.2% Theophylline on GD 6 - 15 via drinking water displayed an increased percentage of resorptions/litter and a
reduced lumber of live fetuses.35 Dose-related decreases in the number of live pups/litter was also reported in a different
study in which mice were given 0.3% Theophylline in feed for one week before mating and during 13 weeks of cohabitation.9
A statistically significant decrease in testicular weight was observed at the 300 mg/kg bw dose level in mice dosed for 13
weeks via gavage or diet. No effects were reported at the 150 mg/kg bw dose level. Decreases in litter size and fetal weight
was noted in rats dosed with 0.4% Theophylline via drinking water on GD 6 - 15.35
GENOTOXICITY
Details of the genotoxicity studies summarized below are provided in Table 7.
In Vitro
Caffeine
Multiple tests were available regarding the genotoxicity of Caffeine. Ames tests performed without metabolic activation, at
concentrations as low as 1000 µg/mL, yielded positive results. 5 In Ames tests performed in Salmonella typhimurium with
metabolic activation at doses up to 6000 µg/plate, only negative results were reported. However in a different study, positive
results were observed in Escherichia coli at doses as low as 6000 µg/well. Bacterial gene mutation assays performed without
metabolic activation yielded negative results in doses as high as 20,100 µg/plate (S. typhimurium). All chromosomal
aberration studies performed without metabolic activation yielded positive results at doses as low as 194 µg/mL (Chinese
hamster cell line (CHL)). Sister chromatid exchange (SCE) assays performed with metabolic activation yielded both positive
and negative results. Positive results were apparent with doses as low as 19 µg/mL (human xeroderma pigmentosum cell
lines) and negative results were seen with doses as high as 400 mg/kg bw (Chinese hamster cells).39 DNA damage and repair
assays performed without metabolic activation yielded negative results in Chinese hamster lung fibroblast V79 (V79) cells at
up to 5826 µg/mL and positive results in E. coli at doses as low as 1550 µg/mL.5 A DNA damage and repair assay performed
with metabolic activation on E. coli resulted in bacterial growth and a minimal inhibitory concentration range of 187 - 1125
µg/plate. All micronucleus tests performed without metabolic activation, doses as low as 5 µg/mL in human hepatoma cells,
resulted in positive results.
The majority of cytogenetic tests performed using Caffeine yielded positive results at doses as low as 0.05 µg/mL in both
human peripheral blood leukocytes and human embryonic fibroblasts. 5 However, negative results were seen in studies at
doses as high as 160 µg/mL (rat MCT1cells). A cytogenetic test performed with metabolic activation resulted in an increase
in chromosome breaks at a dose of 2.0 mg/mL in the presence of S-9. In cytogenetic studies in which the use of metabolic
activation was not noted, positive and negative results were seen. In one study, Caffeine yielded positive results at a dose of
4850 µg/mL (CHL). Caffeine did not promote breaks or growth effects in two studies using immortalized human cervical
cancer cells (HeLa) cells at doses as high as 5826 µg/mL.42 Multiple mammalian cell gene mutation assays performed
without metabolic activation yielded negative results in doses as high as 194 µg/mL in V79 cells. An Unscheduled DNA
synthesis assay performed without metabolic activation on human lymphocytes obtained from both healthy donors and
patients with systemic lupus erythematosus (SLE) yielded negative results in doses as high as 583 µg/mL. No inhibition of
DNA repair in normal lymphocytes or reduction of DNA repair in SLE cells were reported.
In a human lymphoblast mutation assay, Caffeine was considered to be non-mutagenic when dosed with concentrations as
high as 20 mM.40 S. typhimurium cells were exposed to Caffeine with and without a drug-metabolizing system (consists of
post-mitochondrial supernatant (PMS) derived from aroclor- or phenobarbital-induced rat livers and a nicotinamide adenine
dinucleotide phosphate (NADPH) generating system) and plated after exposure at concentrations as high as 20 mM. No
mutations were observed by Caffeine alone or with the drug-metabolizing system.
Theophylline
Negative and positive results were also seen in genotoxicity studies involving Theophylline. In one study involving hamster
V79 cells and human cells, positive results were only obtained when testing was done without metabolic activation.38 No
DNA damage was observed when human cells were dosed with up to 20 mg/mL Theophylline. When V79 cells were
exposed to up to 20 mg/mL Theophylline without metabolic activation, weak mutagenic effects were present. However, in
the presence of metabolic activation, negative results were yielded. An Ames test using E. coli in doses as low as 150 µg/mL
produced negative results.6 Another bacterial gene mutation assay using E.coli also yielded negative results, however
information on dosing was not provided. Cytogenetic assays performed without metabolic activation also had conflicting
results, with positive results in doses as low as 500 µg/mL in human lymphocytes and negative results were seen at doses as
high as 1800 µg/mL in human lymphocytes. A hypoxanthine-guanine phosphoribosyltransferase (HGPRT) assay performed
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with and without metabolic activation produced negative results (V79 cells; up to 9 µg/mL). A mouse lymphoma assay also
yielded negative results when L5178Y tk +/- cells were dosed with up to 5 mg/mL. SCE assays in Chinese hamster Don-6,
human diploid fibroblast (dose not stated) and Chinese hamster ovary (CHO) cells (18-360 µg/mL) yielded positive results.
Negative results were apparent in a SCE assay performed without metabolic activation using human lymphocytes at doses of
up to 100 µg/mL.
In Vivo
Caffeine
Cytogenetic assays were performed using rats as well as human volunteers. When 30 rats were rats dosed with 46 mg/kg/d
via feed for 117 weeks, there were no statistically significant differences compared to control rats.5 In a different cytogenetic
assay involving humans, 9 volunteers were given 800 mg of Caffeine in tablet form each day. No significant increase in
chromosome damage was seen.
Multiple dominant lethal assays performed on mice yielded negative results at doses as high as 200 mg/kg/d. 5 However,
when mice were dosed with up to 1000 mg/kg/d for 100 or 140 days via drinking water, an increase of preimplantation loss
and resorptions were seen. Positive results were seen when a micronucleus assay was performed on Chinese hamsters.5
Induction was apparent at the 300 mg/kg/d dose level.
A SCE assay was performed in Chinese hamsters given a single dose of up to 300 mg/kg Caffeine.5 Bromodeoxyuridine
(BrdU) tablets were implanted two hours before Caffeine dosing. A slight increase in SCEs was apparent at the 150 mg/kg
dose level and higher. A similar SCE assay was performed using mice given up to 1000 mg/kg Caffeine each day for 5, 10 or
15 days. The frequency of SCEs increased in a time-dependent manner.

Theophylline
The majority of in vivo genotoxicity studies involving Theophylline yielded negative results.6 However, when hamsters
were given up to 600 mg/kg in a SCE assay, positive results were noted. In a micronucleus assay in which mice were given
up to 150 mg/kg Theophylline for 14 weeks via oral gavage, no increase in micronucleated cells were seen. Similar results
were yielded in a micronucleus assay in which mice were given up to 850 mg/kg bw/d Theophylline in the diet for 14 weeks.
Negative results were also seen in a cytogenetic assay in which rats were given up to 230 mg/kg bw/d Theophylline via oral
feed for 75 weeks.
CARCINOGENICITY STUDIES
IARC concluded there is inadequate evidence for the carcinogenicity of Caffeine in experimental animals and in humans;
IARC had an overall evaluation that Caffeine is not classifiable as to its carcinogenicity to humans.9
Details of the carcinogenicity studies summarized below are provided in Table 8.
Theophylline was not carcinogenic in rats and mice when administered up to 150 mg/kg bw/d in male B6C3F1 mice and up
to 75 mg/kg in male and female Fischer 344 rats.6,35 The National Toxicology Program (NTP) claimed there was no evidence
of carcinogenic activity based on 2 year gavage studies performed on F344/N rats and B6C3F1 mice.
No information regarding the carcinogenicity of Theobromine was found in the published literature.
Co-Carcinogenicity
Osborne-Mendel rats were given a diet consisting of 0.5% Caffeine, Theobromine, or Theophylline alone or with sodium
nitrite.43 In the group fed both nitrite and the xanthine alkaloids, the mortality rate was significantly increased. Food intake
was decreased in Caffeine-treated rats, and a further reduction of food intake was noted in rats treated with both Caffeine and
sodium nitrite. Food intake was not affected in rats treated with Theobromine alone, but rats treated with both Theobromine
and sodium nitrite displayed significant decreases in intake. There was no effect on feed consumption in rats treated with
sodium nitrite only. Terminal mean body weights were decreased in all treated rats. The addition of sodium nitrite created a
slight increase in the reduction of body weight. No neoplastic or pre-neoplastic lesions were observed.
In a different study, groups of 50 rats were given 100 mg/kg N-butyl-N-(4-hydroxybutyl)-nitrosamine (BBN).5 After
administration of BBN, rats were given 110 mg/kg/d Caffeine for 21 months via drinking water. Groups received either
Caffeine-treated water only, Caffeine-treated water and phenacetin incorporated into their diet, or phenacetin alone. No
carcinogenic potential was seen in rats given only Caffeine treated water, but an increase in tumor incidences was seen in rats
given Caffeine and phenacetin combined. The increase in tumor incidences was greater in rats treated with both Caffeine and
phenacetin versus rats treated with phenacetin alone.
Fischer 344 rats were given 90 mg/kg/d Caffeine via drinking water for 6 weeks.5 The hepatocarcinogenic potential was
evaluated using groups of 12 - 20 rats. Rats were given one 200 mg/kg diethylnitrosamine (DEN) intraperitoneally. The test
substance was administered each day 2 weeks after the DEN injection for 6 weeks. Control rats were given a DEN injection
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only. Carcinogenetic potential was evaluated by comparing the number and area of glutathione-S-transferase placental form
positive (GST-P+) foci in the liver of treated rats with control rats. There was no increase in the number and area of GST-P+foci in treated animals.
Tumor Promotion
BD2F1 mice were given an injection of 7,12-dimethylbenz[a]anthracene (DMBA) once a week for 6 weeks.44 The test
substance (250 and 500 mg Caffeine/L of drinking water) was given to groups of 54-55 mice/group, one week after the end
of DMBA injections. C3H mice were divided into groups of 37-43 mice/group and given the same test substance without the
pretreatment of DMBA. In BD2F1 mice, the low dose of the test substance revealed a 20% increase of mammary carcinoma
multiplicity, while the high dose revealed a 40% increase. C3H mice had an increase of mammary carcinomas of 13% at 250
mg/L Caffeine, and an increase of 117% at 500 mg/L Caffeine.
OTHER RELEVANT STUDIES
Male Reproductive Impairment
Theobromine
Male rats were fed Theobromine in the diet for 28 days at concentrations of 0.2 - 1.0%.9 At the 0.8% level, rats displayed
severe testicular atrophy. At the 0.6% level, rats exhibited seminiferous tubular-cell degeneration. Testicular changes
occurred only at lethal concentrations. A similar study was performed using a concentration of 0.6% Theobromine in the diet
for 28 days. No testicular atrophy was reported.
Theobromine was fed to dogs at doses of 25, 50, 100, or 150 mg/kg/d for one year.9 No testicular atrophy was seen at any
dose level.
Theophylline
Up to 300 mg/kg bw Theophylline was given to B6C3F1 mice via gavage for 13 weeks.9 Mice that were dosed with 300
mg/kg bw/d displayed a slight but statistically significant decrease in testicular weight. When dosed with 150 mg/kg bw/d or
less, no effects were observed. When Fischer 344 rats were subjected to the same procedure, a statistically significant
decrease in testicular weight was reported after gavage with 150 mg/kg bw/d, but no effects were reported when dosed with
75 mg/kg bw/d or less.
Holtzman rats were given Theophylline at a concentration of 0.5% for 19 weeks.9 Eighty-six percent of the treated rats
displayed testicular atrophy. A similar study was performed in rats given 0.5% Theophylline for 14 to 75 weeks.35 Bilateral
testicular atrophy and atrophic changes in the epididymis, prostate gland, and seminal vesicles was noted.
Tumorigenicity
Caffeine
Sprague-Dawley rats (50 rats/sex) were given Caffeine (up to 2000 ppm) for 104 weeks via drinking water.5 No statistically
significant difference between the incidences of tumors in control and treated rats were apparent except for mammary
fibroadenomas. The incidence of mammary fibroadenomas showed a significant inverse dose-response relationship. Fifty
percent of the control animals displayed mammary fibroadenomas, while 26% of the highest dosed female rats showed
mammary fibroadenomas.
Forty female Wistar rats were given a 0.2% (2000 mg/L) Caffeine solution as their drinking fluid for 12 months.45 The
average consumption of Caffeine was 13.5 g per rat. A control group of 30 rats was given untreated water. Twenty-two out of
the 40 treated rats had pituitary adenomas, while 9 out of the 30 untreated rats had pituitary adenomas. Pituitary hyperplasia
was seen in 5/40 treated rats, and in 1/30 untreated rats.
Three groups each of 50 male and 50 female Wistar rats were maintained on a basal diet and given either tap-water
(controls), a 0.1% solution of synthetic Caffeine (purity 100%), or a 0.2% Caffeine solution as the drinking fluid for 78
weeks.9 Rats that survived were then given tap-water only for 26 more weeks. A total of 65/96 untreated rats had developed
tumors. In the 0.1% solution group, 75/88 rats were tumor-bearing, and in the 0.2% group, 55/94 rats were tumor-bearing.
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DERMAL IRRITATION AND SENSITIZATION
Irritation
Animal
Caffeine
A study was performed in which a test substance containing 50% Caffeine was applied to the skin of three White Vienna
rabbits under a semi-occlusive patch for 4 hours.5 The irritation index was 0.
Theophylline
Doses of > 2 g/kg bw Theophylline in olive oil were applied to Wistar rats via a semi-occlusive patch for 24 hours.6 After
patch removal, sites were washed. No deaths or substance-related effects were reported.
Semi-occlusive patches containing 0.5 g of 50% aqueous Theophylline were applied to two White Vienna rabbits.6 Patches
remained on the skin for 4 hours. After removal of patches, sites were washed and scored. Four hours after patch removal,
very slight reddening of the skin was present in both rabbits. No other signs of irritation were reported. The reported irritation
index was 0.0.
One male and two female White Vienna rabbits were given a 0.5 g dose of a 50% aqueous suspension of the test substance
containing Theophylline under a semi-occlusive patch.6 Patches were kept on for four hours. After patch removal, the
exposed area was washed. Sites were scored 4, 24, 48, and 72 hours after removal. The female rabbits had slight redness four
hours after patch removal. No other signs of irritation were reported.
OCULAR IRRITATION STUDIES
Caffeine
Undiluted Caffeine (0.1 mL) was instilled into the eyes of three rabbits.5 Average irritation indices were 0.9 (corneal
opacity), 0 (iritis), 1.6 (conjunctival erythema) and 0.6 (conjunctival edema). Irritation was observed in all three test subjects
within the first 24 hours, and only 1 animal showed minimal corneal and conjunctival irritation by day 8.
Theophylline
Fifty-one mg of undiluted Theophylline (0.1 mL) was instilled into one eye of 3 male White Vienna rabbits.6 Eyes were not
rinsed. Tested eyes were examined 1, 24, 48, and 72 hours and 8 days after application. Minimal corneal opacity was
reported for 1 -2 rabbits each day, for up to 8 days. Minimal to well-defined redness and swelling was observed in the
conjunctiva in all tested rabbits for up to 3 days. By day 8, only one animal showed conjunctival redness (grade 2), corneal
opacity (grade 1) and keratitis. The irises of test animals were unaffected. Mean irritation indices for corneal opacity, iritis,
conjunctival redness, and conjunctival swelling were 0.6, 0.0, 1.8, and 0.6 respectively.
EPIDEMIOLOGICAL STUDIES
A summary of epidemiological studies can be found in Table 9. Case-control studies regarding the carcinogenic potential of
Caffeine through the intake of coffee (≥ 7 cups/day) provided no evidence of a potential breast cancer risk.5,9,46 Multiple
studies confirmed this result. Different studies showed no or irregular association between Caffeine intake and cancer in the
reproductive organs or pancreas. 46 Cohort studies showed no correlation between risks for bladder cancer and Caffeine
consumption, while a number of case-control studies showed a weak positive association between bladder cancer and coffee
intake.
SUMMARY
The safety of three xanthine alkaloid ingredients as used in cosmetics is reviewed in this CIR safety assessment. According to
the Dictionary, Caffeine, Theobromine, and Theophylline are reported to function as skin-conditioning agents, and Caffeine
and Theobromine also are reported to function as a fragrance ingredient.
According to 2018 VCRP survey data, Caffeine is reported to be used in 1033 formulations, 882 of which are leave-on
products and 151 are rinse-off. Theobromine and Theophylline are reported to have a much smaller frequency of use of 5
formulations each. The results of the concentration of use survey conducted by the Council indicate Caffeine also has the
highest concentration of use in a leave-on formulation; it is used at up to 6% in non-spray body and hand products.
Caffeine is readily absorbed through bodily membranes and is distributed throughout the body. Theobromine and
Theophylline are both metabolites of Caffeine, and make up 14% of Caffeine’s metabolism, combined. Factors such as
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pregnancy, oral contraceptives, and age affect the metabolism of Caffeine. All three xanthine alkaloids are metabolized by
the hepatic enzymes.
When follicular penetration of Caffeine was studied using a combination of the Franz diffusion cell and follicle closing
techniques, the skin sample without follicles had absorption of 43.4 ± 9.73%, and the high follicular density sample had the
highest percentage of absorption (47.1 ± 9.10%). Human skin subjected to 98% Theophylline displayed a diffusion range of
2.2 - 7.7%. Approximately 0.2 - 4.6% of applied substance was metabolized, and more than 60% of the metabolites diffused
through skin samples. Reported metabolites were 1,3,7-trimethyluric acid, 1,3-dimethyluric acid, and 3-methylxanthine. The
amount of metabolites varied per skin sample.
Studies involving acute dermal and inhalation toxicity of Caffeine and Theophylline reported low toxicity levels. The
reported dermal LD50 for Caffeine and Theophylline were > 2000 mg/kg bw when test substances were applied via a semiocclusive patch. The lowest reported LD50s in mice and rats are 127 mg/kg bw (vehicle not specified) and 192 mg/kg bw
(aq.), respectively. In other species, LD50s of Caffeine were 230 mg/kg bw (guinea pigs and hamsters), 224 mg/kg bw
(rabbits), and 240 mg/kg bw (dogs). For Theobromine, the reported LD50s in rats and dogs (vehicle not specified) were 950
and 300 mg/kg bw, respectively. For Theophylline, the lowest LD50s reported for mice, rats, guinea pigs, and rabbits are 235,
225, 183, and 350 mg/kg bw, respectively.
When 0.5% Caffeine was given to rats for 7 or 8 weeks, a statistically significant decrease in thymus weight and vacuolar
degeneration was apparent. Similar results were seen when 0.8% Theobromine was given to rats for the same duration. In 90day studies in which mice and rats were dosed with Caffeine in drinking water, the NOAEL were 167 and 179 mg/kg
bw/day in male and female mice, respectively, and 151 and 174 mg/kg bw/day in male and female rats, respectively; the
highest doses administered in these studies were 167 and 180 mg/kg bw/day to male and female mice, respectively, and ~272
and 287 mg/kg bw/day in male and female rats, respectively. In 16 day gavage studies involving Theophylline, the majority
of rats died after being dosed with 200 mg/kg, and all rats died when dosed with 400 mg/kg. A 16-day feed study was also
performed using rats given Theophylline at concentrations of up to 8000 ppm. All rats survived; the final mean body weight
was statistically decreased in rats given 8000 ppm. Administration of Theophylline in corn oil to mice for 2 years via oral
gavage resulted in decreases in the survival, and body weights of male mice dosed with 150 mg/kg were statistically
significant. In a 2 year gavage study with Theophylline in corn oil using rats, no statistically significant differences in the
survival between treated and control groups were seen.
Studies were performed evaluating the developmental toxicity of Caffeine in mice. Mice dosed with up to 30 mg/kg/d of
Caffeine in drinking water did not display any consistent dose-related effects on fertility, litter size, offspring weight, sex
ratio, or fetal abnormalities. Details of this study were not provided. In a similar study mice given up to 350 mg/kg Caffeine
on days 8-18 of gestation via gavage did not display differences in embryonic resorption, growth, skeletal development, or
terata, compared to control groups. No other details of this study were provided. 5 In different studies, mice displayed reduced
maternal body weight gain (100 - 400 mg/kg/d Caffeine; GD 6 - 15) a reduction of live male pups/litter, female body weight,
and adjusted seminal vesicle weight (up to 88 mg/kg/d; 21 - 35 weeks).
Multiple reproductive toxicity studies were performed using rats. Dose-dependent maternal weight gain decreases were
reported when rats were dosed with 10 - 40 , 40 - 80, 10 - 100, 100 and 70 – 2000 mg/kg.5 In a study where 61 OsborneMendel rats were treated with up to 125 mg/kg via gavage on GD 0 - 19, 6/61 females died at the highest dose level. At the
80 mg/kg dose level, 2 litters were resorbed, and at the 125 mg/kg dose level, 4 litters were resorbed. No other details
regarding this study were given. Resorption was also noted at doses of 1500 and 2000 ppm in a different study involving 61
female rats given Caffeine in drinking water on days 0 -20 of gestation. At these doses, decreased implantation efficiency,
and a decreased number of viable fetuses was also noted.
A 23% average sperm radius decrease, as well as a decrease in sperm motility and velocity was observed in 8 rats given 25
mg/kg Caffeine via oral gavage. No teratogenic effects were observed when rabbits were given up to 125 mg/kg of Caffeine
via gavage on gestation days 6 -16. When 40 pregnant monkeys were given Caffeine in drinking water eight weeks before
pregnancy to several months after pregnancy, a dose-related increase in stillbirths, decreased maternal weight, and
miscarriages were present.
In a study where rats fed diets containing up to 99 mg/kg bw/d Theobromine during GD 6 - 19, no maternal toxicity was
reported, but a slight decrease in fetal body weight as well as an increase in skeletal variation frequency was apparent.
Rabbits given up to 63 mg/kg bw via feed displayed little to no maternal toxicity. In a different study, rabbits were given up
to 200 mg/kg bw Theobromine via gavage on GD 6 - 29. At the 200 mg/kg dose level, 40% of the dams died, but little to no
maternal toxicity was reported in rabbits given 25 - 125 mg/kg.
Mice given 0.2% Theophylline on GD 6 - 15 via drinking water displayed an increased percentage of resorptions/litter and a
reduced lumber of live fetuses. Dose-related decreases in the number of live pups/litter was also reported in a different study
in which mice were given 0.3% Theophylline in feed for one week before mating and during 13 weeks of cohabitation. A
statistically significant decrease in testicular weight was observed at the 300 mg/kg bw dose level in mice dosed for 13 weeks
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via gavage or diet. No effects were reported at the 150 mg/kg bw dose level. Decreases in litter size and fetal weight was
noted in rats dosed with 0.4% Theophylline via drinking water on GD 6 - 15
Multiple tests were available regarding the genotoxicity of Caffeine. Ames tests performed without metabolic activation, at
concentrations as low as 1000 µg/mL, yielded positive results. In Ames tests performed in Salmonella typhimurium with
metabolic activation at doses up to 6000 µg/plate, only results were reported. However in a different study, positive results
were observed in E. coli at doses as low as 6000 µg/well. Bacterial gene mutation assays performed without metabolic
activation yielded negative results in doses as high as 20,100 µg/plate (S. typhimurium). All chromosomal aberration studies
performed without metabolic activation yielded positive results at doses as low as 194 µg/mL (CHL). SCE assays performed
with metabolic activation yielded both positive and negative results. Positive results were apparent with doses as low as 19
µg/mL (human xeroderma pigmentosum cell lines) and negative results were seen with doses as high as 400 mg/kg bw
(Chinese hamster cells). DNA damage and repair assays performed without metabolic activation yielded negative results in
V79 cells at up to 5826 µg/mL and positive results in E. coli at doses as low as 1550 µg/mL. A DNA damage and repair
assay performed with metabolic activation on E. coli resulted in bacterial growth and a minimal inhibitory concentration
range of 187 - 1125 µg/plate. All micronucleus tests performed without metabolic activation, doses as low as 5 µg/mL in
human hepatoma cells, resulted in positive results.
The majority of cytogenetic tests performed using Caffeine yielded positive results at doses as low as 0.05 µg/mL in both
human peripheral blood leukocytes and human embryonic fibroblasts. However, negative results were seen in studies at doses
as high as 160 µg/mL (rat MCT1cells). A cytogenetic test performed with metabolic activation resulted in an increase in
chromosome breaks at a dose of 2.0 mg/mL in the presence of S-9. In cytogenetic studies in which the use of metabolic
activation was not noted, positive and negative results were seen. In one study, Caffeine yielded positive results at a dose of
4850 µg/mL (CHL). Caffeine did not promote breaks or growth effects in two studies using immortalized human cervical
cancer cells (HeLa) cells at doses as high as 5826 µg/mL. Multiple mammalian cell gene mutation assays performed without
metabolic activation yielded negative results in doses as high as 194 µg/mL in V79 cells. An Unscheduled DNA synthesis
assay performed without metabolic activation on human lymphocytes obtained from both healthy donors and patients with
systemic lupus erythematosus (SLE) yielded negative results in doses as high as 583 µg/mL. No inhibition of DNA repair in
normal lymphocytes or reduction of DNA repair in SLE cells were reported.
In a human lymphoblast mutation assay, Caffeine was considered to be non-mutagenic when dosed with concentrations as
high as 20 mM. S. typhimurium cells were exposed to Caffeine with and without a drug-metabolizing system (consists of
post-mitochondrial supernatant (PMS) derived from aroclor- or phenobarbital-induced rat livers and a nicotinamide adenine
dinucleotide phosphate (NADPH) generating system) and plated after exposure at concentrations as high as 20 mM. No
mutations were observed by Caffeine alone or with the drug-metabolizing system.
Negative and positive results were also seen in genotoxicity studies involving Theophylline. In one study involving hamster
V79 cells and human cells, positive results were only obtained when testing was done without metabolic activation. No
DNA damage was observed when human cells were dosed with up to 20 mg/mL Theophylline. When hamster V79 cells were
exposed to up to 20 mg/mL Theophylline without metabolic activation, weak mutagenic effects were present. However, in
the presence of metabolic activation, negative results were yielded. An Ames test using E. coli in doses as low as 150 µg/mL
produced negative results.6 Another bacterial gene mutation assay using E.coli also yielded negative results, however
information on dosing was not provided. Cytogenetic assays performed without metabolic activation also had conflicting
results, with positive results in doses as low as 500 µg/mL in human lymphocytes and negative results were seen at doses as
high as 1800 µg/mL in human lymphocytes. An HGPRT assay performed with and without metabolic activation produced
negative results (V79 cells; up to 9 µg/mL). A mouse lymphoma assay also yielded negative results when L5178Y tk +/cells were dosed with up to 5 mg/mL. SCE assays in Chinese hamster Don-6, human diploid fibroblast (dose not stated) and
Chinese hamster ovary (CHO) cells (18-360 µg/mL) yielded positive results. Negative results were apparent in a SCE assay
performed without metabolic activation using human lymphocytes at doses of up to 100 µg/mL.
Cytogenetic assays were performed using rats as well as human volunteers. When 30 were rats dosed with 46 mg/kg/d via
feed for 117 weeks, there were no statistically significant differences compared to control rats. In a different cytogenetic
assay involving humans, 9 volunteers were given 800 mg of Caffeine in tablet form each day. No significant increase in
chromosome damage was seen.
Multiple dominant lethal assays performed on mice yielded negative results at doses as high as 200 mg/kg/d. However, when
mice were dosed with up to 1000 mg/kg/d for 100 or 140 days via drinking water, an increase of preimplantation loss and
resorptions were seen. Positive results were seen when a micronucleus assay was performed on Chinese hamsters.5 Induction
was apparent at the 300 mg/kg/d dose level.
A SCE assay was performed in Chinese hamsters given a single dose of up to 300 mg/kg Caffeine. BrdU tablets were
implanted two hours before Caffeine dosing. A slight increase in SCEs was apparent at the 150 mg/kg dose level and higher.
A similar SCE assay was performed using mice given up to 1000 mg/kg Caffeine each day for 5, 10 or 15 days. The
frequency of SCEs increased in a time-dependent manner.
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Theophylline was not carcinogenic in rats and mice when administered up to 150 mg/kg bw/d in male B6C3F1 mice and up
to 75 mg/kg in male and female Fischer 344 rats. The National Toxicology Program (NTP) claimed there was no evidence of
carcinogenic activity based on 2 year gavage studies performed on F344/N rats and B6C3F1 mice.
Osborne-Mendel rats were given a diet consisting of 0.5% Caffeine, Theobromine, or Theophylline alone or with sodium
nitrite. In the group fed both nitrite and the xanthine alkaloids, the mortality rate was significantly increased. Food intake
was decreased in Caffeine-treated rats, and a further reduction of food intake was noted in rats treated with both Caffeine and
sodium nitrite. Food intake was not affected in rats treated with Theobromine alone, but rats treated with both Theobromine
and sodium nitrite displayed significant decreases in intake. There was no effect on feed consumption in rats treated with
sodium nitrite only. Terminal mean body weights were decreased in all treated rats. The addition of sodium nitrite created a
slight increase in the reduction of body weight. No neoplastic or pre-neoplastic lesions were observed.
In a different study, groups of 50 rats were given 100 mg/kg N-butyl-N-(4-hydroxybutyl)-nitrosamine (BBN). After
administration of BBN, rats were given 110 mg/kg/d Caffeine for 21 months via drinking water. Groups received either
Caffeine-treated water only, Caffeine-treated water and phenacetin incorporated into their diet, or phenacetin alone. No
carcinogenic potential was seen in rats given only Caffeine treated water, but an increase in tumor incidences was seen in rats
given Caffeine and phenacetin combined. The increase in tumor incidences was greater in rats treated with both Caffeine and
phenacetin versus rats treated with phenacetin alone.
Fischer 344 rats were given 90 mg/kg/d Caffeine via drinking water for 6 weeks. The hepatocarcinogenic potential was
evaluated using groups of 12 - 20 rats. Rats were given one 200 mg/kg diethylnitrosamine (DEN) intraperitoneally. The test
substance was administered each day 2 weeks after the DEN injection for 6 weeks. Control rats were given a DEN injection
only. Carcinogenetic potential was evaluated by comparing the number and area of glutathione-S-transferase placental form
positive (GST-P+) foci in the liver of treated rats with control rats. There was no increase in the number and area of GST-P+foci in treated animals.
BD2F1 mice were given an injection of 7,12-dimethylbenz[a]anthracene (DMBA) once a week for 6 weeks. The test
substance (250 and 500 mg Caffeine/L of drinking water) was given to groups of 54-55 mice/group, one week after the end
of DMBA injections. C3H mice were divided into groups of 37-43 mice/group and given the same test substance without the
pretreatment of DMBA. In BD2F1 mice, the low dose of the test substance revealed a 20% increase of mammary carcinoma
multiplicity, while the high dose revealed a 40% increase. C3H mice had an increase of mammary carcinomas of 13% at 250
mg/L Caffeine, and an increase of 117% at 500 mg/L Caffeine.
Impairment of male reproductive organs was apparent in several studies regarding Theobromine and Theophylline. Rats fed
0.8% Theobromine in the diet for 28 days displayed testicular atrophy, and rats fed 0.6% exhibited seminiferous tubular-cell
degeneration. However, in a similar study where rats were fed 0.6% Theobromine, no testicular atrophy was noted. No
testicular atrophy was noted when dogs were given up to 150 mg/kg/d Theobromine for one year.
Mice dosed with 300 mg/kg bw/d Theophylline for 13 weeks via oral gavage displayed decreases in testicular weight.
However, no effects were observed at the 150 mg/kg bw/d level. Testicular weight decreases were also apparent when rats
were given 150 mg/kg bw/d Theophylline via oral gavage for 13 weeks. No effects were reported when rats were given 75
mg/kg bw/d or less. Eighty-six percent of rats given 0.5% Theophylline for 19 weeks in feed displayed testicular atrophy.
Rats given 0.5% Theophylline for 14 to 75 weeks displayed bilateral testicular atrophy and atrophic changes in the
epididymis, prostate gland and seminal vesicles.
Multiple tumorigenicity studies were performed using mice and rats. Twenty-two out of 40 rats given 0.2% Caffeine via
drinking water had pituitary adenomas, while 9/30 untreated rats also had pituitary adenomas. Pituitary hyperplasia was seen
in 5/40 treated rats, and in 1/30 untreated rats. When female rats were given up to 170 mg/kg bw/d and male rats were given
up to 102 mg/kg bw/d for 104 weeks, tumor incidence was similar to control rats. However, mammary fibroadenomas
showed a significant inverse dose-response relationship. Fifty percent of the control animals displayed mammary
fibroadenomas, while 26% of the highest dosed female rats showed mammary fibroadenomas.
The irritation index was 0 when White Vienna rabbits were subjected to 50% Caffeine under a semi-occlusive patch. Slight
reddening was reported when White Vienna rabbits had semi-occlusive patches containing 0.5 g of 50% aqueous
Theophylline applied to the skin. The reported irritation index was 0.0.
Average irritation indices of 0.9 (corneal opacity), 0 (iritis), 1.6 (conjunctival erythema) and 0.6 (conjunctival edema) were
recorded when undiluted Caffeine was instilled into the eyes of 3 rabbits. In a similar study, 51mg of undiluted Theophylline
was instilled into the eyes of 3 White Vienna rabbits. Mean irritation indices for corneal opacity, iritis, conjunctival redness,
and conjunctival swelling were 0.6, 0.0, 1.8, and 0.6 respectively.
The International Agency for Research on Cancer (IARC) evaluated the carcinogenicity of Caffeine in humans as inadequate
evidence. Caffeine was not classifiable as to its carcinogenicity to humans. Case-control studies regarding the
carcinogenicity through the intake of coffee (≥ 7 cups/day) provided no evidence of a potential breast cancer risk. Multiple
studies confirmed this result. Different studies showed no or irregular association between Caffeine intake and cancer in the
reproductive organs or pancreas. Cohort studies showed no correlation between risks for bladder cancer and Caffeine
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consumption, while a number of case-control studies showed a weak positive association between bladder cancer and coffee
intake.
DISCUSSION
To be developed.
CONCLUSION
To be determined.
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TABLES
Table 1. Definitions, idealized structures, and functions of the ingredients in this safety assessment1,CIR staff
Ingredient CAS No.
Caffeine
58-08-2

Definition & Structure
Caffeine is the heterocyclic organic compound that conforms to the
formula:

Function(s)
Fragrance Ingredients; SkinConditioning AgentsMiscellaneous

Theobromine
83-67-0

Theobromine is the heterocyclic compound that compound that
conforms to the formula:

Fragrance Ingredients; SkinConditioning AgentsMiscellaneous

Theophylline
58-55-9

Theophylline is the xanthine derivative that conforms to the formula:

Skin-Conditioning AgentsMiscellaneous

Table 2. Chemical Properties of Caffeine, Theobromine, and Theophylline
Property
Caffeine
Physical Form

Color
Odor
Molecular Weight (g/mol)
Density/Specific Gravity (@ 18 ºC)
Vapor pressure (mmHg @ 25 ºC)
Melting Point (ºC)
Boiling Point (ºC)
Water Solubility (g/L @ 20 ºC)
Ethanol Solubility (g/L 20 ºC)
log Kow
Disassociation constant - pKa (@ 25 ºC)
Theobromine
Physical Form
Color
Molecular Weight (g/mol)
Density/Specific Gravity (@ 20 ºC)
Vapor Pressure (mmHg@ 25 ºC)

Value

Reference

Powder
Prismatic crystals
Hexagonal prisms
White
Odorless
194.194
1.23
9.0 x10-7
238
178
22
8
-0.07
14

10

Crystalline powder
Monoclinic needles
White
180.167
1.52
1.13x10-11

11

10
10
10
10
10
10
10
10
10
5
5
10
10

11
11
11
11
11
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Table 2. Chemical Properties of Caffeine, Theobromine, and Theophylline
Property

Value

Melting Point ( ºC)
Boiling Point ( ºC)
Water Solubility (g/L @ 25 ºC)
log Kow
Disassociation constants - pKa (@ 25 ºC)
Theophylline
Physical Form

357
290-295
0.33
-0.78
9.9

11

Crystalline powder
Needles or plates
White
Odorless
180.167
5x10-9
273
8.3
-0.02
8.81

12

Color
Odor
Molecular weight (g/mol)
Vapor Pressure (mmHg @ 25 ºC)
Melting Point ( ºC)
Water Solubility (g/L @ 20 ºC)
log Kow
Disassociation constants - pKa (@ 25 ºC)

Table 3. Frequency and Concentration of Use
# of Uses14
Max Conc of Use (%)15
CAFFEINE
Totals*
1033
0.00005-6
Duration of Use
Leave-On
882
0.00005-6
Rinse-Off
151
0.0004-0.37
Diluted for (Bath) Use
NR
0.05
Exposure Type
Eye Area
206
0.01-1.5
Incidental Ingestion
4
0.0004-0.2
Incidental Inhalation-Spray
2; 237a; 293b
0.2; 0.001-1b
Incidental Inhalation-Powder
3; 237a; 1c
2; 0.0001-6c
Dermal Contact
945
0.00005-6
Deodorant (underarm)
NR
NR
Hair - Non-Coloring
76
0.001-1
Hair-Coloring
4
NR
Nail
NR
0.0001-0.2
Mucous Membrane
24
0.0004-0.2
Baby Products
1
NR

Reference
11
47
11
11

12
12
12
12
12
12
6
12
12

# of Uses14
Max Conc of Use (%)15
THEOBROMINE
5
0.00002-0.0025

# of Uses14 Max Conc of Use (%)15
THEOPHYLLINE
5
NR

2
3
NR

0.0025
0.00002
NR

5
NR
NR

NR
NR
NR

NR
NR
2a
2a
5
NR
NR
NR
NR
3
NR

0.0025
NR
NR
NR
0.00002-0.0025
NR
NR
NR
NR
NR
NR

NR
NR
2a;1b
NR
5
NR
NR
NR
NR
NR
NR

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR

*Because each ingredient may be used in cosmetics with multiple exposure types, the sum of all exposure types may not equal the sum of total uses.
a
Not specified whether a spray or a powder, but it is possible the use can be as a spray or a powder, therefore the information is captured in both categories
b
It is possible these products are sprays, but it is not specified whether the reported uses are sprays..
c
It is possible these products are powders, but it is not specified whether the reported uses are powders
NR – no reported use

Table 4. Acute toxicity studies
Ingredient
Animals

No./Group

Caffeine
Theophylline

Rat
Rat

10
10

Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine

Mouse
Mouse
Mouse
Rat
Rat
Rat
Rat
Rat

NR
12
10
NR
12
NR
NR
10

Caffeine
Caffeine
Caffeine
Caffeine

Rat
Rat
Rat
Rat

NR
NR
NR
NR

Vehicle

Concentration/Dose/Protocol

DERMAL
olive oil
semi-occlusive patch applied for 24 hrs
olive oil
semi-occlusive patch applied for 24 hrs
ORAL
NR
NR
sodium benzoate NR
water
NR
water
0, 160, 180, 200, 220 mg/kg
trioctanoin
50, 100, 200, 400 and 800 mg/kg
NR
NR
NR
NR
carboxymethyl
gavage, observed for 14 days
cellulose

NR
NR
NR
corn oil

NR
NR
NR
90, 130, 200, 200, 300, 450, 670, 1000,
1500 mg/kg

LD50/Results

Reference

> 2000 mg/kg bw
> 2000 mg/kg bw

5

127 mg/kg bw
185 mg/kg bw
200 mg/kg bw
192 mg/kg bw
200-400 mg/kg bw
233 mg/kg bw
247 mg/kg bw
261-383 mg/kg bw, three
males and all three males died
within 24 hours when treated
with 383 mg/kg bw
344 mg/kg bw
355 mg/kg bw
421 mg/kg bw
450 mg/kg bw

5

6

5
5
5
5
5
5
5

5
5
5
5
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Table 4. Acute toxicity studies
Ingredient
Animals

No./Group

Vehicle

Concentration/Dose/Protocol

Caffeine

Rat

5

corn oil

Caffeine

Rat

10

gum Arabic

Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Theobromine
Theobromine
Theophylline
Theophylline
Theophylline
Theophylline
Theophylline

Hamster
Guinea Pig
Rabbit
Rabbit
Dog
Rat
Dog
Mouse
Mouse
Mouse
Rat
Rat

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
20

90, 130, 200, 300, 450, 670, 1000, 1500 483 mg/kg bw
mg/kg
NR
700 mg/kg bw; muscular
rigidity and tremor noted
NR
230 mg/kg bw
NR
230 mg/kg bw
NR
224 mg/kg bw
NR
246 mg/kg bw
NR
140 mg/kg bw
NR
950 mg/kg bw
NR
300 mg/kg bw
NR
235 mg/kg bw
NR
332 mg/kg bw
NR
600 mg/kg bw
NR
225 mg/kg bw
0, 100, 215, 261, 316, 464, 1000 mg/kg 272 mg/kg bw

Theophylline
Theophylline

Guinea Pig
Rabbit

NR
NR

Caffeine; test
substance was
mixed with 2% of a
hydrophobic fumed
silica

Rat

10

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
0.5% Tragacanth
in distilled water
NR
NR
NR
NR
INHALATION
aersol
2.48, 4.94 mg/L; rats were exposed to
an aerosol for 4 hours

Theophylline; test
substance mixed
with 1% and 2% of
a hydrophobic
fumed silica
NR = Not Reported

Rat

10

aerosol

2.39, 6.7 mg/L; rats were exposed to a
dust aerosol of the test substance using
a head-nose inhalation system for 4
hours

LD50/Results

Reference
5

5

5
5
5
5
5
9
9
6
6
6
6
6

183 mg/kg bw
350 mg/kg bw

6

4.94 mg/L; No deaths at
the low dose level; In the
high dose group, 6/10 rats
died. Congestion, bloody
ulcers in the glandular
stomachs and hyperemia
was discovered in the rats
that died.
>6.7 mg/L; No deaths
occurred

5

6

6
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Table 5. Repeated Dose Toxicity Studies
Ingredient
Animals/Group

Study Duration

Vehicle

Dose/Concentration
ORAL
21.4, 43.6, 85.4, 130.5, 167.4
mg/kg bw/d (male); 24.6, 46.6,
87.9, 134.4, 179.4 mg/kg bw/d
(female)

Caffeine

B6C3F1 mice (12/sex)

90 days

drinking water

Caffeine

male Sprague-Dawley
rats

7 or 8 weeks

feed

0.5%

Caffeine

Fischer 344 rats
(12/sex)

90 days

drinking water

19.7, 41.8, 85.4, 151, 271.9
mg/kg/d (male); 23.1, 51,
104.2, 174.2, 287 mg/kg/d
(female)

Theobromine

male Sprague-Dawley
rats

7 or 8 weeks

feed

0.8%

Theobromine

8 rabbits/group

20 days (immature
rabbits) or 120 days
(mature rabbits)

feed

0, 0.5, 1, 1.5%

Theophylline

B6C3F1 mice (5 male/5
female per group)

16 day (gavage)

corn oil

0, 12.5 (twice daily), 25 (once
daily), 50 (once daily), 50
(twice daily), 100 (once daily),
200 (once daily), 200 (twice
daily), 400 (once daily) mg/kg
bw

Results
Body weight was statistically significantly decreased, but was not dosedependent. Significant decreases in the levels of serum amylase (1500
ppm, male and female), serum aspartate aminotransferase (375 ppm,
female), and alanine aminotransferase (1500 ppm, females) were
present. Water consumption was decreased in the higher dosed animals.
No gross morphology or irregular microscopic findings were observed.
NOAEL male: 167.4 mg/kg bw/d
NOAEL female: 179.4 mg/kg bw/d
Statistically significant decreased in body weight and food consumption
was noted. Decreases in thymus weight were apparent. Treated rats
displayed vacuolar degeneration of spermatogenic cells.
Body weight gain in all groups was decreased in all dose levels,
however the effect was only statistically significant in the highest dose
only. In animals given the highest dose, a body weight reduction of 26%
and 20% was observed in males and females, respectively. Water
consumption was decreased in the high dosed groups. Microscopic
evaluation of sex organs revealed no difference between treated and
control rats.
NOAEL male: 151 mg/kg bw/d
NOAEL female: 174.2 mg/kg bw/d
Statistically significant decreases in body weight and food consumption
were noted. Decreases in thymus weight were apparent. Treated rats
displayed severe testicular atrophy and spermatogenic cell
degeneration/necrosis.
Mature rabbits dosed for 120 days displayed a dose-dependent increase
in the severity of lesions in the thymus, heart and testes. For rabbits
given 1 or 1.5% Theobromine in the diet, 1/8 survived the duration of
120 days. 4/8 mature rabbits exposed to 0.5% Theobromine in the diet
survived. Statistically significant decreases in weight gain were present
in a dose-dependent manner. In rabbits that died, severed pulmonary
congestion, slight to moderate hydropericardium and scattered foci of
myocardial necrosis were present. Congestion of the capillaries and
intraalveolar oedoema was apparent. Degeneration of the heart was
seen, and in severe cases, fragmentation of the fibers associated with
macrophage infiltration was apparent. Damage to the seminiferous
tubules was also noted.
In immature rabbits dosed, mortality was apparent in a dose-dependent
manner. Gross lesions were similar to those that appeared in mature
rabbits. The thymus of treated animals showed edema and widespread
hemorrhages.
Three out of five males and 5/5 females dosed with 400 mg/kg once
daily died on day 1. No statistically significant decreases in body weight
were found. No other findings were reported.

Reference
5

33

5

33

34

35
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Table 5. Repeated Dose Toxicity Studies
Ingredient
Animals/Group

Study Duration

Theophylline

B6C3F1 mice (10
male/10 female per
group)

14 week (gavage)

corn oil

Theophylline

B6C3F1mice (10
male/10 female per
group)

14 week (feed)

feed

Theophylline

B6C3F1 mice (50
male/50 female per
group)

2 year (gavage)

corn oil

Theophylline

F344 N rats (5 male/5
female per group)

16 day (gavage)

corn oil

Theophylline

F344 N rats (5 male/5
female per group)

16 days (feed)

feed

Theophylline

F344 N rats (10 male/10 14 week (feed)
female per group)rats

feed

Vehicle

Dose/Concentration
0, 75, 150, 300 mg/kg bw

Results

Three males and 10 females given 300 mg/kg, one 75 mg/kg male, and
one control female died before study completion. The decrease in mean
body weights of male mice given 150 and 300 were statistically
significant. The increase in mean cell volume and mean cell hemoglobin
of male mice dosed with 300 mg/kg was also statistically significant.
Slight dose-depended increases in the incidences of mesenteric
periarteritis in both sexes were apparent. No other findings were
reported.
0, 1000, 2000, 4000 ppm
Decreases in mean body weight were statistically significant in all mice.
One animal per sex died before completion of the study. The increase in
leukocyte, segmented neutrophil, and lymphocyte counts of male mice
dosed with 4000 ppm was statistically, significantly increased compared
to controls. Increases in the leukocyte and segmented neutrophil counts
of female mice dosed with 2000 and 4000 ppm was statistically greater
than controls. Slight dose-depended increases in the incidences of
mesenteric periarteritis in both sexes were apparent. No other findings
were reported.
0, 15, 50, 150 (male); 0, 7.5,
The decrease in the survival and body weights of 150 mg/kg males were
25, 75 (female)
statistically significant. Decreases in the final body weights of 150
mg/kg males, and 25 and 75 mg/kg females were also statistically
significant. No treatment-related increases in the incidence of
nonneoplastic lesions or neoplasms were reported. There were
decreased incidences of hepatocellular adenomas compared to control
mice. Male mice showed a pattern of nonneoplastic liver lesions along
with silver-staining helical organisms in the liver (Helicobacter
hepaticus). These lesions were significantly more prominent in control
males compared to males treated with 150 mg/kg/
0, 12.5, (twice daily) 25 (once All rats that received 400 mg/kg once daily died, and all but one female
daily), 50 (once daily), 50
rat receiving 200 mg/kg twice daily died. Final mean body weights and
(twice daily), 100 (once daily), body weight gains of groups receiving Theophylline twice per day were
200 (once daily), 200 (twice
similar to those receiving the same doses once per day. Body weight
daily), 400 (once daily) mg/kg gains of males receiving 100 or 200 mg/kg and of females receiving 50bw
200 mg/kg were less than the weight gain of the control animals.
Uterine weights of females that were dosed with 100 or 200 mg/kg once
per day were significantly less than females receiving 50 mg/kg daily.
Uterine atrophy was apparent in 3 females receiving 200 mg/kg twice
per day. Periarteritis was observed in 2 male and 2 female animals
dosed with 400 mg/kg twice daily. No other findings were reported.
0, 500, 1000, 2000, 4000, 8000 All rats survived. The decrease of final mean body weight was
ppm
statistically significant in rats given 8000 ppm. Testis weights were
statistically significantly decreased in male rats given 4000 ppm. All
rats survived until completion of the study. The incidence of uterine
hypoplasia was observed in treated females.
0, 1000, 2000, 4000 ppm
The increase in the final mean body weights in rats given 1000 ppm
compared to the control group was statistically significant. Segmented
neutrophil counts in all dosing groups were significantly greater than the
control group. Kidney weight was increased in rats given 4000 ppm. A
dose –related, statistically significant increase in the severity of
nephropathy in males and incidences of mesenteric and/or periarteritis
in males and females was apparent.

Reference
35

35

35

35

35

35
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Table 5. Repeated Dose Toxicity Studies
Ingredient
Animals/Group
Theophylline

Study Duration

F344 N rats (50 male/50 2 year (gavage)
female per group)

Vehicle
corn oil

Dose/Concentration

Results

7.5, 25, 75 mg/kg bw

No statistically significant differences in survival between treated and
control groups. Dosed rats had final mean body weights that were
statistically, significantly lower than the control group. No statistically
significant increases in the frequency of neoplasms were found. Chronic
inflammation of the mesenteric arteries was increased in males given 75
mg/kg bw. Dose-related negative trends in the incidence of mammary
gland fibroadenomas and fibrodenomas or carcinomas combined in
females.

Reference
35

NOAEL= no-observed-adverse-effect-level

Table 6. Developmental and Reproductive Toxicity Studies
Test Article
Animals/Group
Vehicle
Dose/Concentration
Caffeine

CD-1 mice (20 pairs
of
animals/generation)

Water

ORAL
0, 4-5, 12-18, 25-39 mg/kg/d

Caffeine

CD-1 mice; 40
animals/sex for the
control and 20
animals/sex for the
treated groups

Water

0, 22, 44, 88 mg/kg/d

Procedure

Results

Reference

A population of mice was bred for four
generations, and administrated Caffeine
via drinking water. Twenty pairs of mice
were bred in each generation.
Animals were given drinking water
containing Caffeine during a 7 day
premating period and during the 100 day
cohabitation period. A crossover mating
trial was then performed.

No dose-related effects on fertility, sexual maturity,
litter size, offspring weight, sex ratio, or
abnormalities were observed.

37

F0: no effect on body weight, alopecia in 55% on
mice at 44 mg/kg/d and 50% of mice at 88 mg/kg/d;
the number of live pups/litter decreased as Caffeine
dosage increased; male body weight was reduced by
8%, no change in female body weight

5

No effect on the average number of litters per pair
or mean number of pups/litter was observed. There
was a 20% reduction of live male pups/litter. The
amount of pups born alive decreased as Caffeine
dosage increased. No differences between control
and tested groups in mating and fertility indices.
Female body weight decreased by 5%. Testis weight
dropped by 7% and adjusted seminal vesicle weight
dropped by 12%.
Caffeine

CD-1 Mice (# of
animals not stated)

Water

350 mg/kg

Mice were dosed once daily on days 8-18
of gestation.

No difference was noted between the control group
and treated mice regarding embryonic resorption,
growth, skeletal development, or terata.
Supernumary ribs were the only observed fetal
affect with a linear inverse relationship between
maternal body weight gain during gestation.

5

Caffeine

CD-1 Mice (# of
animals not stated)

NR

50, 100, 250, 400 mg/kg/d (# of animals
not stated)

Mice were given daily doses via gavage
on days 6-15 of gestation.

Reduced maternal body weight gain was reported at
the 100 mg/kg/d level. Developmental effects on
fetal weight and ossification were observed at the
250 mg/kg/d level and higher.

5
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Table 6. Developmental and Reproductive Toxicity Studies
Test Article
Animals/Group
Vehicle
Dose/Concentration

Procedure

Results
Six females died at the 125 mg/kg dose level. A
statistically significant decrease in weight gain as
well as food consumption was observed in treated
animals compared to controls. Two litters were
resorbed at the 80 mg/kg dose level and 4 litters
were resorbed at the 125 mg.kg dose level.
Statistically significant decreased in fetal weight and
crown-rump length was reported at 40 mg/kg.
Ectrodactyly was seen at the dose levels of 80 and
125 mg/kg. At this dose level, skeletal ossification
problems such as misshapen centra, missing centra,
reduced dorsal arch, reduced pubis, missing hind
phalanges, reduced metacarpals, and reduced
metatarsals were also seen.
No consistent effects were reported, however,
Caffeine caused a reduced maternal weight gain at
all three dose levels.

5

Pup weight decreased by 7, 7, and 8% in the 12.5,
25, and 50 mg/kg dose groups, respectively. The
average sperm radius was decreased by 23 and 26%
in the 25 and 50 mg/kg groups, respectively. Sperm
motility was reduced by 4%, and sperm velocity was
reduced by 9%. Organ weight was decreased in all
groups.
At both dose levels, a statistically significant
reduction of maternal weight gain was apparent.
However, this did not have an effect on the rate of
prenatal death or malformation. Fetal weight was
significantly reduced in the high dosed-group.

5

Caffeine treated animals displayed a dose-dependent
decrease in maternal body-weight gain during the
first week of treatment. During the second week of
treatment, all groups showed similar weight gain
patterns, however, rats treated with the high dose
had lower final body weights than control rats and
low-dose treated rats. Increases in late resorptions,
retarded ossification of the fetal skeleton, and
incidences of malformed fetuses were present in the
group given 100 mg/kg Caffeine once a day.
Significant decreases in fetal weight and length was
observed in groups treated with 100 mg/kg Caffeine
once daily or 25 mg/kg Caffeine 4x daily.

5

Caffeine

Osborne-Mendel
Rat (61 rats/group)

Water

6, 12, 40, 80, 125 mg/

Rats were treated by gavage each day on
days 0-19 of gestation.

Caffeine

CD rats (12
rats/group)

Water

10, 20, 40 mg/kg d

Rats were administered the test substance
via gavage on days 1-20 of gestation, and
allowed to litter.

Caffeine

Sprague-Dawley
Rat (8
animals/sex/dose)

Water

0, 12.5, 25, 50 mg/kg

Rats were given Caffeine in deionized
water via gavage for 28 days and allowed
to cohabitate.

Caffeine

CD rats (20
rats/group)

Water

0, 40, 80 mg/kg bw

Rats were given doses via gavage on
days 1-19 of gestation.

Caffeine

Rat (# of animals
not stated)

Water

10, 100 mg/kg

Pregnant rats were given either a single
bolus, or 4 separate boluses, containing
Caffeine for 15 days via gavage on days
6-20 of gestation.

Reference

5

5
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Table 6. Developmental and Reproductive Toxicity Studies
Test Article
Animals/Group
Vehicle
Dose/Concentration

Procedure

Results
Dams dosed with 700 ppm had decreased body
weight gain. Animals killed on gestation day 20 at
the 700 ppm level had a decreased number of viable
fetuses and an increased occurrence of sternebral
variations. Pups of animals killed on postnatal day 0
displayed affected sternebral development at the 700
ppm dose level. Pups of animals killed on postnatal
day 6 had impaired weight gain and reduced
sternebral ossifications at the 700 ppm dose level.
The decrease of maternal food and water
consumption was statistically significant at doses of
1000 ppm and higher. Maternal body weight gain
was statistically significantly decreased at doses of
1000 ppm and higher. At doses of 1500 and 2000
ppm, decreased implantation efficiency, increased
resorptions, and decreased mean number of viable
fetuses was observed.
No teratogenic effects were observed.

5

Dose-related increases in stillbirths, miscarriages
and decreased maternal weight were present. Infant
body weights were reduced over the first 30 days in
males, but the deficits were reversible and not
evident after one year of age. These effects were
seen at all dose levels.
No maternal toxicity reported; slight decrease in
fetal body weight and increase in skeletal variation
frequency at high dose. No other
developmental/reproductive toxicity information
was noted.

5

Little or no maternal toxicity was observed. A fetal
body weight and increase in the frequency of
skeletal variations was observed at the 41 and 63
mg/kg bw levels. No other
developmental/reproductive toxicity information
was noted.
40% of rabbits receiving 200 mg/kg died; little or no
maternal toxicity was observed at the lower doses;
decreases in fetal body weight and an increase in
malformations was seen at doses of 125 or 200
mg/kg.

9

Caffeine

Osborne-Mendel
Rats (Sixty females
were mated in the
control and lowest
dose groups and 30
females were mated
for the mid and high
dose group)

Water

180, 360, 700 ppm

Rats were given Caffeine in drinking
water continuously on days 0 to 20 of
gestation. Animals were killed on either
gestation day 20, postnatal day 0 or
postnatal day 6.

Caffeine

Osborne-Mendel
Rats (61
females/group)

Water

70, 180, 360, 700, 1000, 1500, 2000 ppm

Rats were given Caffeine continuously in
the drinking water on days 0-20 of
gestation. Dams were killed on day 20 of
gestation.

Caffeine

Rabbits (# of
animals not stated)

Water

14, 40, 125 mg/kg

Rabbits were given test substance via
gavage or drinking water.

Caffeine

Monkey (40 female
monkeys)

Water

10-15, 25-30 mg/kg/d

Forty pregnant monkeys were
continuously given Caffeine in drinking
water eight weeks before pregnancy to
several months after pregnancy.

Theobromine

Sprague-Dawley
Rats (# of animals
not stated)

NR

53 or 99 mg/kg bw d

Rats were fed diets containing
theobromine on gestation days 6-19

Theobromine

New Zealand white
rabbits (# of
animals not stated)

feed

21, 41,63 mg/kg bw

Rabbits were diets containing
Theobromine.

Theobromine

New Zealand white
rabbits (# of
animals not stated)

NR

up to 200 mg/kg bw

Rabbits were given test substance via
gavage on gestation days 6-29.

Reference

5

5

9

9
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Table 6. Developmental and Reproductive Toxicity Studies
Test Article
Animals/Group
Vehicle
Dose/Concentration

Procedure

Results

Reference

Theophylline

CD-1 Mice (# of
animals not stated)

Water

0.2%

Mice were given 0.2% Theophylline in
drinking water on gestation days 6
through 15.

An increased percentage of resorptions per litter and
reduced number of live fetuses/fetal weight as well
as decreases in gravid uterine weight were noted. No
other developmental/reproductive toxicity
information was noted.

35

Theophylline

Swiss CD-1 Mice (#
of animals not
stated)

Feed

0.075, 0.15, 0.30%

Mice were given Theophylline in the diet
for one week before mating and during
13 weeks of cohabitation. Litters were
removed one day after birth, except for
one litter which was raised for 21 days.

9

Theophylline

CD Rats (# of
animals not stated)

Water

0.4%

Rats were dosed with drinking water
containing 0,.4% Theophylline on
gestation days 6 to 15

A dose-related decrease in the number of live
pups/litter was reported in the high-dose groups. A
statistically significant decrease in live pup weight
as well as number of litters/breeding pairs was also
reported in the high-dose groups. No other
developmental/reproductive toxicity information
was noted.
A reduction of litter size and fetal weight was noted,
but no increases in malformations. No other
developmental/reproductive toxicity information
was noted.

35

NOAEL= no-observed-adverse-effect-level; NR = Not Reported

Table 7. Genotoxicity studies
Test Article

Concentration/Dose

Test System

Procedure

Results

Reference

IN VITRO
Caffeine

5000 µg/mL

Escherichia coli K12

Ames test without metabolic activation

positive, frameshift mutation observed

5

Caffeine

1000 µg/mL

E. coli K12

positive

5

Caffeine

up to 1940 µg/plate

E. coli K12

negative

5

Caffeine

6000 µg/well

Ames test without metabolic activation,
activation with S-9 mix made from rat liver
homogenate
Bacterial gene mutation assay with and without
metabolic activation, activation with S-9 mix
made from mouse liver homogenate
Ames test

5

Caffeine

NR

positive, inhibition zone was 5 and 11
mm for tester strain PolA+ and PolA-,
respectively
negative

Caffeine

up to 1940 µg/plate

Caffeine

Caffeine

E. coli PolA+, PolA-

S. typhimurium

S. typhimurium TA 98, TA100, TA535,
TA1537

4, 20, 100, 500, 2500 µg/plate S. typhimurium TA98, TA100, TA1535,
TA1538
100, 333.3, 1000, 3333.3,
10000 µg/plate

S. typhimurium TA98, TA100, TA1535,
TA1537

5 strains of Salmonella were subjected to a
microsome assay with and without metabolic
activation
Ames test with and without metabolic activation, negative
activation with S-9 mix made from rat liver
homogenate
Ames test with and without metabolic activation; negative
activation with S-9 mix made from rat liver
homogenate
Ames test with and without metabolic activation negative

48,49

5

5

5
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Table 7. Genotoxicity studies
Test Article
Caffeine
Caffeine
Caffeine
Caffeine

Concentration/Dose
3.3, 10, 33.3, 100, 333.3,
1000, 3333.3 µg/plate
6000 µg/plate

Test System
S. typhimurium TA98, TA100, TA1535,
TA1537
S. typhimurium TA98, TA100, TA1535,
TA1537
S. typhimurium BA13

58, 97, 291, 583, 971, 2524,
2913, 10098, 20100 µg/plate
250, 500, 1000 µg/mL
CHL

Caffeine

194-777 µg/mL

Caffeine

100 µg/mL

Caffeine

19, 97, 194 µg/mL

Caffeine

194-777 µg/mL

Caffeine

1550 µg/mL

Caffeine

583, 1942, 5826 µg/mL

Chinese hamster V79 cells (V79)

Caffeine

971, 1942, 3884 µg/mL

Rat kidney cell line NRK-49F

Caffeine

CHL

Indian muntjac skin fibroblasts
Human xeroderma pigmentosum cell lines
(XP19, XP20)
CHL
E. coli WP2, WP-B

Procedure

Results

Reference

Ames test with and without metabolic activation negative

5

Ames test with and without metabolic activation negative

5

Ames test

negative

5

Chromosomal aberration study without
metabolic activation, cells were exposed for 24
or 48 hrs, 100 metaphases/dose evaluated
Chromosomal aberration study without
metabolic activation

positive; dose related increased in
chromosomal aberration frequency at
mid and high dose levels
positive, increase of chromosomal
aberration frequency occurred in a dosedependent manner
positive, SCE frequency greatly
increased in presence of test substance
positive, increase in SCE frequency at
concentrations at all dose levels
positive, dose-dependent SCE frequency
increase
positive

5

negative

5

positive, 4.5% increase of
micronucleated cells at high does level,
control had a 0.3% increase; cell viability
was 92.3% at the 1942 µg/mL dose level,
and 63.6% in control after 0-3 days of
incubation

5

positive, linear increase in micronuclei at
concentrations of 194 µg/mL and above
positive, dose-dependent increase in
micronuclei frequency

5

positive, chromosome damage seen at the
DNA-synthesis phase, S-phase most
sensitive, G1 and G2 not affected
positive , chromosome damage seen at
DNA-synthesis phase, S-phase most
sensitive, G1 and G2 not affected; gaps
and breaks, no exchanges observed
negative

5

positive

5

positive, increased frequency of
chromatid breaking and decreased G2
duration in X-ray irradiated and
nonirradiated cells

5

Sister chromatid exchange assay without
metabolic activation
Sister chromatid exchange assay without
metabolic activation
Sister chromatid exchange assay without
metabolic activation
DNA damage and repair assay without
metabolic activation
DNA damage and repair assay with and without
metabolic activation
Micronucleus test without metabolic activation;
cells incubated for 1 hr, ≤4000 interphase cells
scored

Caffeine

24, 49, 97, 194, 388, 777, 971, Preimplantation mouse embryo
1359 µg/mL
5, 50, 500 µg/mL
Human hepatoma (Hep-G2) cells

Micronucleus test without metabolic activation

Caffeine

0.05, 0.1, 0.25, 0.5, 1.0 µg/mL Human peripheral blood leukocytes

Micronucleus test without metabolic activation,
incubation for 24 hours, 1000 cells/dose level
scored
Cytogenetic assay without metabolic activation

Caffeine

0.05, 0.1, 0.25, 0.5, 1.0 µg/mL Human embryonic fibroblasts

Cytogenetic assay without metabolic activation

Caffeine

5, 10, 25, 50, 75, 100 µg/mL

Human lymphocytes

Caffeine

250, 500, 750 µg/mL

Human lymphocytes

Cytogenetic assay without metabolic activation,
activation with S-9 mix made from animal liver
homogenate
Cytogenetic assay without metabolic activation

Caffeine

485, 971 µg/mL

Human lymphocytes

Cytogenetic assay without metabolic activation

5

5

5

5

5

5

5

5
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Table 7. Genotoxicity studies
Test Article

Concentration/Dose

Test System
Rat MCTI cells

Cytogenetic assay without metabolic activation

Caffeine

40, 60, 80, 120, 140, 160
µg/mL
252, 505, 757 µg/mL

Human diploid fibroblasts

Caffeine

1.0, 1.5, 2.0 mg/mL

Caffeine

5, 10 or 20 µg/mL

Cytogenetic assay without metabolic activation,
incubation with test substance for 24 hours,
colcemid added 24 hours later, 200
metaphases/dose scored
Cytogenetic assay with and without metabolic
activation, activation with S-9 mix made from
rat liver homogenate, incubated with test
substance, colmecid added 24 hours later, 100
metaphases/dose scored
Cytogenetic assay, cultures exposed for 6 and 9
weeks, cells examined twice a week
Cytogenetic assay without metabolic activation

Caffeine

Caffeine

Caffeine

Caffeine

Caffeine
Caffeine

Caffeine

Caffeine

Theophylline

Theophylline

Human diploid fibroblasts

HeLa cells

Procedure

Results
negative, only minimal effects after 1-4
weeks of treatment
positive, mitotic index reduction of 58%
at the 252 µg/mL dose level with
significant clastogenicity, no exchanges
observed
positive, increase in chromosome breaks
at high concentration in presence of S-9,
no exchanges observed

negative, no breaks or growth effects
reported
40, 60, 80, 120, 140, 160
HeLa cells
positive, significant and dose-dependent
µg/mL
increase in terminal break frequency at
concentrations of 40 µg/mL and higher
583, 1942, 5826 µg/mL
HeLa cells
Cytogenetic assay, suspended in culture for 7-11 negative; no chromatid break increase
days
was observed when cells were exposed to
5 and 20 µg/mL of Caffeine.
4850 µg/mL
CHL
Cytogenetic assay
positive result observed at 4850 µg/mL
dependent on temperature, but not ATP
content
194 µg/mL
V79
Mammalian cell gene mutation assay without
negative, no induction of ouobainmetabolic activation
resistant mutants was induced
97, 146, 194, 388, 583 µg/mL Human lymphocytes
Unscheduled DNA synthesis without metabolic negative, no inhibition of DNA repair in
activation, lymphocytes obtained from healthy
normal lymphocytes, no further reduction
donors and patients with systemic lupus
of DNA repair in SLE cells
erythematosus (SLE)
0, 5, 10, 15, 20 mM
Human lymphoblast lines MIT-2 and HH-4
Human lymphoblast mutation assay; cell lines
At significantly toxic concentrations,
were maintained in RPMI 1640 supplemented
Caffeine was not mutagenic.
with either 10% of 15% fetal calf serum; after
treatment, cells centrifuged; 4000 cells were
plated and incubated for 2 weeks
0, 5, 10, 15, 20 mM
S. typhimurium
Cells were exposed with and without a drugNo mutations were observed by Caffeine
metabolizing system; cells were resuspended in alone or with the drug-metabolizing
phosphate-buffered solution and plated after
system.
exposure
1-10,000 µg/plate
S. typhimurium TA97a, TA100, TA102, TA104 Ames test with and without metabolic activation, negative, very weak mutagenic activity
activation with S-9 mix made from rat liver
(factor up to 1.5) observed in TA104 and
homogenate
TA102 in presence of S-9
100, 333, 1000, 3333, 10000 S. typhimurium TA97, TA98, TA100, TA1535 Ames test with and without metabolic activation, negative
µg/plate
activation with S-9 mix made from liver
homogenate of rats and hamsters

Reference
5

5

5

42

5

42

5

5

5

40

40

6

6
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Table 7. Genotoxicity studies
Test Article

Concentration/Dose

Theophylline

10 mg/mL

S. typhimurium TA100, TA98

Test System

Theophylline

20 mg/mL

Hamster cells

Theophylline

20 mg/mL

Human cells

Theophylline

NR

Theophylline

1, 10, 100 µg/mL

Chinese hamster Don-6 cells and human
diploid fibroblasts
Human lymphocytes

Theophylline

18, 90, 360 µg/mL

CHO

Theophylline

13 mg/mL

Theophylline

18, 180, 1800 µg/mL

Human lymphocytes

Theophylline

1, 10, 100 µg/mL

Theophylline

250, 500, 750 µg/mL

Theophylline

577, 1135 µg/mL

Theophylline

0, 100, 150, 200 µg/mL

Theophylline

510, 555, 600 µg/mL

Theophylline

NR

Procedure

Results

Reference
38

Human lymphocytes

positive; the higher concentrations had
negative effects on bacteria; a weak
mutagenic effect was evident in TA 100
without the S9 fraction, however
mutagenicity was not present when the
same bacteria was tested with
Theophylline and the S9 fraction;
bacterial strain TA 98 showed no
mutagenic effects.
Ames test with and without metabolic activation, positive; weak mutagenic effect was seen
test substance consisted of Theophylline
in in the absence of S9 cells in hamster
dissolved in distilled water; test substance was
cells; in the presence of S9, a decreased
tested with and without S9 fraction; results were level of spontaneous mutation was
compared with negative and positive control
evident
Ames test with and without metabolic activation, negative, no DNA damage observed
test substance consisted of Theophylline
dissolved in distilled water
Sister chromatid exchange assay without
positive
metabolic activation
Sister chromatid exchange assay without
negative
metabolic activation
Sister chromatid exchange assay without
positive, number of SCEs slightly
metabolic activation, incubated with test
increase (factor up to 2.8), potentiated
substance for 26 hours or 46 hours
toxic effects of methylnitrosurea and
reduced cloning efficiency of cellular
growth rate
Cytogenetic assay without metabolic activation, positive, chromatid breaks: 68/2776 in
incubated with 1.3% solution of test substance
treated cells (2.4%) and 3/3208 in control
for 1 hour and fixed after 30 hours
cultures (0.1%)
Cytogenetic assay without metabolic activation, negative, mitotic rate was 16% of control
incubated with test substance for 72 hrs, 1000
at low concentration, no mitosis seen at
cells/culture examined
mid and high concentration; no
chromosome damage observed
Cytogenetic assay without metabolic activation positive

Human lymphocytes

Cytogenetic assay without metabolic activation

positive, increase in breaks at dose of 500
µg/mL and above, mitotic indices
reduced at 500 µg/mL and above
Cytogenetic assay without metabolic activation, positive; the low dose produced 20
cells incubated with test substance for 24 and 48 aberrant metaphases after 24 hours and
68% aberrant metaphases after 48 hours;
hours
high dose produced 46 and 56% aberrant
metaphases after 24 and 48 hours,
respectively
Cytogenetic assay
positive

6

Cytogenetic assay with and without metabolic
negative
activation, activation with S-9 mix made from
liver homogenate of rats,
Bacterial gene mutation assay without metabolic positive
activation

6

HeLa cells

FM3A cells

Human lymphocytes
CHO

E. coli 15+m-

Ames test with and without metabolic activation,
test substance consisted of Theophylline
dissolved in distilled water, concentrations of
0.01-1 mg/petri dish tested

38

38

6

6

6

6

6

6

6

6

6
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Table 7. Genotoxicity studies
Test Article

Concentration/Dose

Theophylline

150 µg/mL

Results

Reference

E. coli

Theophylline
Theophylline

Test System

Procedure
Bacterial gene mutation assay

positive

6

5, 7, 9 µg/mL

V79

negative

6

up to 5 mg/mL

L5178Y tk +/- cells

HGPRT assay with and without metabolic
activation
Mouse lymphoma assay

negative, treatments greater than 24
hours produced weakly positive results

6

negative, no significant difference
between treated and control rats
negative, no significant increase in
chromosome damage, single exposure of
cells at the 48 h time produced gaps and
breaks in the 250-750 µg/mL range
negative, litter size and fertility
unaffected
negative

5

Dominant lethal assay, 3 (112 mg/kg) or 6
weeks (90 mg/kg)
Dominant lethal assay, 8 weeks (112 mg/kg)
drinking water or 5 days (90 mg/kg) gavage;
administered drinking water, 10 male mice
administer i.p. injection
Dominant lethal assay

negative

5

negative, no mutagenic induction of
dominant lethals, preimplantation losses,
or depression of female fertility observed

5

negative

5

Dominant lethal assay, exposure for 100 or 140
days, mated to untreated females for three weeks
or more
Dominant lethal assay, 254-550 days of
exposure, each male mated with five females
each week for 8 weeks
Sister chromatid exchange assay, exposure
period of 5, 10, or 15 days, given test substance;
colchicine and BrdU injections given at 19 and 2
hours before mice were killed; 25
metaphase/animal scored
Sister chromatid exchange assay, given 2 doses
within 24 hours in an aqueous solution
Micronucleus assay, given 1 or 2 gavage doses
of test substance in water, bone marrow removed
from femur and studied
Sister chromatid exchange assay, given single
dose , BrdU tablets implanted at 2 h prior to
dosing; animals injected with 0.02 mg
vincristine and killed 3.5 hours later
Micronucleus assay, 14-week exposure

positive, increase of preimplantation loss
and resorptions

5

negative, no significant increase in
embryonic deaths, males given highest
doses produced less pregnancies
positive, SCE/cell frequency increase in
exposure time-related manner

5

positive

5

positive, induction seen at highest dose
level

5

positive, slight increase in SCE at 150
mg/kg and higher

5

negative, no increase in micronucleated
cells
negative, no increase in micronucleated
cells observed
negative

6

IN VIVO
Caffeine

46 mg/kg/d

Rat (oral feed); 30 rats

Cytogenetic assay, 117 weeks of treatment

Caffeine

800mg/daily

Human (tablet); 9 volunteers

Chromosomal damage assay; volunteers treated
for 4 weeks, 200 mg 4x a day

Caffeine

4, 13, mg/kg

Mouse (drinking water); 5 male mice/group

Caffeine

3.6, 13.4, 49, 122 mg/kg/d

Dominant lethal assay, 16 week exposure, each
male mated to five females a week for 7 weeks
Dominant lethal assay, 8 weeks of exposure

Caffeine

90 mg/kg, 112 mg/kg

Mouse (oral)

Caffeine

90 mg/kg, 112 mg/kg

Mouse (drinking water, gavage); 50
mice/group

Caffeine
Caffeine

Mouse (drinking water)

200 mg/kg d (drinking water), Mouse (drinking water, i.p.)
168-240 mg/kg (i.p.)
50, 100, 200, 400, 600, 800, Mouse (drinking water)
1000 mg/kg/d

Caffeine

NR

Mouse (drinking water); 6 mice/group

Caffeine

1000 mg/kg/d

Mouse (drinking water); 3 mice/group

Caffeine

0, 20, 100, 200, 400 mg/kg

Chinese hamster (gavage)

Caffeine

0, 45, 75, 100, 300 mg/kg/d

Chinese hamster (gavage); 8 hamsters/group

Caffeine

0, 45, 75, 150, 300 mg/kg

Chinese hamster (gavage); 8 hamsters/group

Theophylline
Theophylline
Theophylline

75, 150 300 or 75, 150 mg/kg Mouse (gavage); 7-10 mice/sex/group
bw/d
175, 400, 800 or 225, 425, 850 Mouse (oral feed); 10 mice/sex/group
mg/kg bw/d
230 mg/kg bw/d
Rat (oral feed); 6 treated and 5 untreated rats

Micronucleus assay, 14-week exposure
Cytogenetic assay, 75 week exposure

5

5

5

5

6

6
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Table 7. Genotoxicity studies
Test Article

Concentration/Dose

Test System

Procedure

Results

Reference

6
0, 30, 75, 150, 225, 300, 450, Hamster (gavage)
Sister chromatid exchange assay, implantation of positive
600 mg/kg
BrdU tablets
BrdU = Bromodeoxyuridine; CHL = Chinese Hamster Cell Line; CHO = Chinese Hamster Ovary Cells; E. coli = Escherichia coli; HeLa = Henrietta Lacks (uterine cell variety; deceased patient); HGPRT =
Hypoxanthine-Guanine Phosphoribosyl Transferase; MCT1 = Monocarboxylate Transporter 1 Cells; NR = Not Reported; SCE = Sister Chromatid Exchange; SHE = Syrian Embryo Cells; S. typhimurium = Salmonella
typhimurium

Theophylline

Table 8. Carcinogenicity studies
Ingredient
Animal (#/group)
Theophylline

B6C3F1 Mice

Theophylline

Fischer 344 Rats
(50/sex)

Dose/Vehicle

Procedure

Results

Reference
6

15, 50, 150 mg/kg bw/d Mice were given of test substance in corn oil via gavage, 5
(male); 7.5, 25, 75
days a week, for 2 years.
mg/kg bw/d (female)

0, 7.5, 25, 75 mg/kg
bw/d

Males given high doses experienced a high mortality rate. Mean
body weights at the end of the two year period were greatly
increased in high dose males and females, and mid dose females.
An increase in neoplasms and neoplastic lesions was not observed.
Frequencies of hepatocellular carcinomas and adenomas were
decreased in treated mice. Low and mid dose treated male mice had
a combination of lesions (non-neoplastic) and silver staining helical
organisms in the liver. High dose treated male mice had a greatly
reduced number of liver lesions. Authors attributed the increase in
hepatocellular neoplasms in male mice to Helicobacter hepaticus
infection when mice were also affected my hepatitis. The authors
found it difficult to interpret the decreased incidence of liver
neoplasms in high dose treated male mice.
For 2 years, rats were given the test substance in corn oil via No significant increases in the frequency of neoplasms were found.
gavage
Chronic inflammation of the mesenteric arteries was increased in
males given 75 mg/kg bw.

6,35

Table 9. Epidemiological Studies
Ingredient

Test Article/Dose

Procedure

Results

Reference

Bladder/Renal
Caffeine
Caffeine

Caffeine
Caffeine

30+ cups coffee/wk, 3+ cups tea/wk

332 white male bladder cancer patients between the age of 21 and 84
with 686 population-based controls
Caffeinated coffee and tea (Control
424 bladder cancer patients identified through the Utah Cancer
patients received 0 cups of coffee or tea, Registry, and 889 controls obtained through random digit dialing and
other dose levels included 1-20, 21-40, the Health Care Financing Administration
or 40+ cups/week)
Coffee (caffeinated and decaffeinated), 826 bladder cancer patients; 792 randomly selected population
tea, cocoa, soda, artificial sweetener controls matched by age, sex, and area of residence
Coffee consumption (regular ground, 195 male and 66 women with lower urinary tract bladder cancer,
instant, decaffeinated)
identified in Hawaii between 1977 and 1986. Each case was matched
for sex, age, and ethnic group (Caucasian or Japanese) to 2
population-based controls.

A 2.5-fold increase in the risk of developing bladder cancer was
observed in men who drank 30 or more cups of coffee46/day
Patients who drank more than 40 cups of coffee or tea a day had an
increased risk of bladder cancer; for non-smokers, the odds ratio was
doubled with consumption of one or more cups of caffeinated tea,
smokers had a tripled odds ratio
No association was reported between Caffeine consumption and bladder
cancer
No association between duration and amount of coffee consumed and
development of lower urinary tract cancer; inverse relationship between
lower urinary tract cancer and the consumption of regular ground coffee
(p = 0.02), but not with any other types of coffee

46

46

46

46
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Table 9. Epidemiological Studies
Ingredient

Test Article/Dose

Caffeine

Coffee consumption (caffeinated and
decaffeinated), other methylxanthinecontaining beverages

Caffeine

up to 7 cups coffee/day

Procedure

Results

303 male and 61 female Italian bladder cancer patients

The relative risk was 1.2 for those who drank 1 cup of coffee or less/day;
the relative risk for those who drank 3 or more cups/day was 1.5, those
who drank 4 or more cups/day had a relative risk of 1.4. The results
indicated a higher prevalence of coffee consumption in bladder cancer
cases; however, the prevalence was not clearly dose-dependent.

Reference
46

No association between coffee consumption and breast cancer risk
observed.
No association between Caffeine consumption and breast cancer risk
observed.

46

No association between breast cancer occurrence and Caffeine intake.

46

No association between Caffeine consumption and breast cancer risk.

46

No relation between coffee consumption and pancreatic cancer incidence
reported
Increased incidence of pancreatic cancer is patients who drank 2+ cups
coffee/day (RR=1.72, 95% CI 0.95-3.11); RR of 1.44 (95% CI 0.742.80) for those who drank 3-4 cups/day and 1.06 (95% CI 0.41-2.70)
who drank 5+ cups/day

46

Increased risk of ovarian cancer associated with drinking 4-5 cups
coffee/d; RR=1.1 (95% CI 0.6-2.0) using the controls with nonmalignant conditions and RR=1.0 (95% CI 0.5-1.8) using the controls
with cancer.
No association between ovarian cancer and decaffeinated beverage
consumption
Elevated risk in patients who drank 1, 2, or 4 cups of coffee, but not 3
cups/day. No association between vulvar cancer and decaffeinated
coffee seen.
No association between prostate cancer risk and coffee/tea/Caffeine
consumption

46

Breast

Caffeine

Caffeine

Caffeine

Caffeine
Caffeine

2651 newly-diagnosed breast cancer patients in the eastern US; 1,501
controls with nonmalignant conditions
Consumption of coffee, tea, soda,
1617 breast cancer patients, ages 20 to 79 in eastern New York; 1617
chocolate, chocolate drinks (amount not randomly selected controls matched with age, sex, and area of
reported)
residence
Median Caffeine intake of 212 mg/d in 34,800 postmenopausal women from Iowa were monitored from
women who developed breast cancer 1986-1990. Caffeine intake was assessed by food frequency
and 201 mg/d in women who remained questionnaire.
free of the disease
580 with breast cancer
>100 mg Caffeine/d; 0.5 mmol/d
755 breast cancer patients udner the age of 36 in the United Kingdom;
755 age-matched general population controls
Pancreas
5 or more cups coffee/day

99 pancreatic cancer patients, aged 40-79 years in Sweden; 138
population controls and 163 hospital controls
Coffee (5+ cups/d), decaffeinated coffee 150 Italian women with pancreatic cancer, 605 controls with acute,
(2+ cups/d), tea (1+ cups/day)
non-neoplastic diseases unrelated to coffee consumption

46

46

Reproductive Organs
Caffeine

Coffee (5+ cups/d), decaffeinated coffee 290 patients with ovarian cancer in the United States; 580 controls
(5+ cups/d), tea (5+ cups/day)
with non-malignant conditions of acute onset and 476 controls with
cancer of other sites

Caffeine

Caffeinated coffee, decaffeinated coffee, 201 patients with vulvar cancer; 342 community controls
and tea consumption (amount not
reported)
Coffee, tea, and Caffeine consumption 362 white Utah men with prostate cancer, 685 age-matched controls
(amount not reported)

Caffeine

46

46
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FDA Frequency of Use Data
Caffeine
01B - Baby Lotions, Oils, Powders, and Creams

58082

1

03B - Eyeliner

58082

1

03C - Eye Shadow

58082

10

03D - Eye Lotion

58082

119

03E - Eye Makeup Remover

58082

1

03F - Mascara

58082

4

03G - Other Eye Makeup Preparations

58082

71

04A - Cologne and Toilet waters

58082

1

04E - Other Fragrance Preparation

58082

4

05A - Hair Conditioner

58082

11

05B - Hair Spray (aerosol fixatives)

58082

2

05E - Rinses (non-coloring)

58082

2

05F - Shampoos (non-coloring)

58082

24

05G - Tonics, Dressings, and Other Hair Grooming
Aids

58082

34

05I - Other Hair Preparations

58082

3

06H - Other Hair Coloring Preparation

58082

4

07B - Face Powders

58082

3

07C - Foundations

58082

17

07E - Lipstick

58082

4

07F - Makeup Bases

58082

1

07H - Makeup Fixatives

58082

1

07I - Other Makeup Preparations

58082

17

10A - Bath Soaps and Detergents

58082

10

10E - Other Personal Cleanliness Products

58082

10

11A - Aftershave Lotion

58082

11
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11E - Shaving Cream

58082

4

11G - Other Shaving Preparation Products

58082

2

12A - Cleansing

58082

54

12C - Face and Neck (exc shave)

58082

109

12D - Body and Hand (exc shave)

58082

124

12E - Foot Powders and Sprays

58082

4

12F - Moisturizing

58082

201

12G - Night

58082

36

12H - Paste Masks (mud packs)

58082

29

12I - Skin Fresheners

58082

14

12J - Other Skin Care Preps

58082

82

13B - Indoor Tanning Preparations

58082

8

Theobromine
10A - Bath Soaps and Detergents
12C - Face and Neck (exc shave)
12D - Body and Hand (exc shave)
Theophylline
12D - Body and Hand (exc shave)
12J - Other Skin Care Preps
13B - Indoor Tanning Preparations

83670
83670
83670
58559

3
1
1
2

58559
58559

2
1
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Concentration of Use by FDA Product Category – Xanthine Alkaloids*
Caffeine
Theobromine
Theophylline
Ingredient
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Caffeine
Theobromine
Theobromine

Product Category
Other bath preparations
Eyebrow pencils
Eye shadows
Eye lotions
Eye makeup removers
Mascara
Other eye makeup preparations
Hair conditioners
Shampoos (noncoloring)
Tonics, dressings and other hair grooming aids
Other hair preparations (noncoloring)
Blushers
Face powders
Foundations
Lipstick
Other makeup preparations
Nail extenders
Nail polish and enamel
Dentifrices
Bath soaps and detergents
Aftershave lotions
Shaving cream
Skin cleansing (cold creams, cleansing lotions,
liquids and pads)
Face and neck products
Not spray
Spray
Body and hand products
Not spray
Moisturizing products
Not spray
Paste masks and mud packs
Other skin care preparations
Suntan products
Not spray
Indoor tanning preparations
Other suntan preparations
Eye lotions
Skin cleansing (cold creams, cleansing lotions,

Maximum Concentration of Use
0.05%
0.33%
0.21%
0.023-1.5%
0.2%
0.01%
0.01-1.4%
0.01-0.2%
0.001-0.1%
0.001-1%
0.01-1%
0.1%
2%
0.00005-2%
0.01-0.2%
0.3%
0.2%
0.0001%
0.0004%
0.009-0.2%
0.02-0.2%
0.049-0.2%
0.01-0.37%
0.005-3%
0.2%
0.0001-6%
0.1-2%
0.001-0.2%
0.1-0.2%
0.1-0.2%
0.001-0.2%
0.2%
0.0025%
0.00002%
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liquids and pads)
Theobromine
Moisturizing products
Not spray
0.0025%
*Ingredients included in the title of the table but not found in the table were included in the
concentration of use survey, but no uses were reported.
Information collected in 2017
Table prepared: October 2, 2017
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