
Toxicological profile for

Vanilla, vanilla beans, extract,
oleoresin

This ingredient has been assessed to determine potential human health effects for
the consumer. It was considered not to increase the inherent toxicity of the product
and thus is acceptable under conditions of intended use.



1. Name of substance and physico-chemical properties

1.1. IUPAC systematic name

Not applicable.

1.2. Synonyms

8023-78-7:Resins, oleo-, vanilla; Vanilla oleoresin; Oleoresin vanilla; Resins, oleo-, vanilla-bean;
(PubChem, a)

8024-06-4: Protovanol; Vanilla oleoresin (Vanilla fragrans); Vanilla resinoid; Vanilla tincture; Vanilla
oleoresin; Vanilla extract; Vanilla extract, ten-fold; Vanilla extract (Vanilla fragrans); Vanilla oil;
Vanilla; Vanilla flavor; Oils, vanilla; FEMA No. 3105; FEMA No. 3106; Vanilla Absolute; Vanilla bean
oil; Vanilla bean oleoresin; Vanilla, absolute; (PubChem, b)

84650-63-5: Vanilla fragrans, ext.; EINECS 283-521-8; FEMA No. 3104; Vanilla beans (Vanilla
fragrans); (PubChem, c)

8047-24-3: Vanilla, tincture; EINECS 232-463-1; (PubChem, d)

1.3. Molecular formula

Vanilla contains vanillin (1.3-3.0%) as the major component, with over 150 other aroma chemicals
also present, most of which are present in traces, including p-hydroxybenzaldehyde, acetic acid,
isobutiric acid, caproic acid, eugenol, furfural, p-hydroxybenzyl methyl ether, vanillyl ethyl ether,
anisyl ethyl ether, and acetaldehyde. Other constituents present include resins, sugars, and fixed
oil (Encyclopedia of common natural ingredients, 2003)

1.4. Structural Formula

Not applicable.

1.5. Molecular weight (g/mol)

Not applicable.

1.6. CAS registration number

8023-78-7, 8024-06-4, 84650-63-5, 8047-24-3

1.7. Properties

1.7.1. Melting point

(°C): 81.5 (CAS RN 8024-06-4 and 8047-24-3) (EPISuite, 2017)

1.7.2. Boiling point

(°C): 285 (CAS RN 8024-06-4 and 8047-24-3) (EPISuite, 2017)

1.7.3. Solubility

11000 mg/L at 25°C (CAS RN 8024-06-4 and 8047-24-3) (EPISuite, 2017)



1.7.4. pKa

No data available to us at this time.

1.7.5. Flashpoint

(°C): No data available to us at this time.

1.7.6. Flammability limits (vol/vol%)

No data available to us at this time.

1.7.7. (Auto)ignition temperature

(°C): No data available to us at this time.

1.7.8. Decomposition temperature

(°C): No data available to us at this time.

1.7.9. Stability

No data available to us at this time.

1.7.10. Vapor pressure

1.18E-04 mm Hg at 25°C (CAS RN 8024-06-4 and 8047-24-3) (EPISuite, 2017)

1.7.11. log Kow

1.21 (CAS RNs 8024-06-4 and 8047-24-3) (EPISuite, 2017)

2. General information

2.1. Exposure

Vanilla oleoresin (CAS RN 8023-78-7):

Reported used (ppm): (FEMA, 1994)

Estimated intake from use as a flavouring: 0.01040 mg/kg bw/day.

Vanilla extract (CAS RN 8024-06-4):
Reported used (ppm): (FEMA, 1994)

Food category Usual Max Food category Usual Max

Alcoholic beverages 157.60 192.50 Hard candy 25.93 25.93

Baked goods 351.60 454.10 Nonalcoholic beverages 205.60 239.60

Frozen dairy 320.50 389.20 Soft candy 273.20 352.20

Gelatins, puddings 297.90 389.00



Estimated intake from use as a flavouring: 4.8870 mg/kg bw/day.

Vanilla (No CAS RN):
Reported used (ppm): (FEMA, 1994)

Estimated intake from use as a flavouring: 1.6242 mg/kg bw/day.

As taken from Burdock, 2010

The following uses in cosmetics have been described in the EU:

8024-06-4 / 84650-63-5: Vanilla planifolia fruit as a fragrance, skin protecting and smoothing agent;
Vanilla planifolia fruit extract as a skin conditioning, skin protecting and smoothing ingredient;
Vanilla planifolia fruit water as a skin conditioning agent; Vanilla plantiflolia fruit oil as an emollient
and skin conditioning - emollient ingredient; Vanilla planiflolia leaf cell extract as an antioxidant and
skin protecting agent; Vanilla planifolia seed as a skin conditioning agent; Vanilla planifolia seed
powder as an abrasive ingredient.

8024-06-4: Vanilla planifolia flower extract as a skin conditioning agent.

8024-06-4 / 94167-14-3: Vanilla tahitensis fruit as a fragrance agent.

8024-06-4 / 8047-24-3: Vanilla planifolia tincture as a perfuming agent

As taken from CosIng (Cosmetic substances and ingredients database), available at
https://ec.europa.eu/growth/tools-databases/cosing/

Food category Usual Max Food category Usual Max

Alcoholic beverages 165.10 311.40 Hard candy 16.58 71.89

Baked goods 1705.00 3449.00 Imitation dairy 200.00 400.00

Confection, frosting 200.00 4000.00 Nonalcoholic beverages 419.00 781.10

Frozen dairy 1810.00 3877.00 Soft candy 950.50 2359.00

Fruit juice 8.00 12.00 Sweet sauce 59.50 437.00

Gelatins, puddings 1536.00 2732.00

Food category Usual Max Food category Usual Max

Alcoholic beverages 1220.00 2076.00 Gelatins, puddings 262.00 434.20

Baked goods 2230.00 9462.00 Hard candy 293.00 293.00

Breakfast cereals 380.00 460.00 Nonalcoholic beverages 78.94 223.10

Confection, frosting 1011.00 1886.00 Soft candy 329.90 1395.00

Frozen dairy 527.80 913.60

https://ec.europa.eu/growth/tools-databases/cosing/
https://ec.europa.eu/growth/tools-databases/cosing/
https://ec.europa.eu/growth/tools-databases/cosing/


“Vanilla extracts (especially tincture N.F.) are used in pharmaceutical preparations such as syrups,
primarily as a flavoring agent. Vanilla extracts (tincture, absolute, etc.) are used as fragrance
ingredients in perfumes).

Vanilla, vanilla extract, and vanilla oleoresin are widely used as flavor ingredients in most food
products, including alcoholic (e.g., liqueurs) and nonalcoholic beverages, frozen dairy desserts
(especially ice cream and yogurt), candy baked goods, gelatins and puddings, and others. Highest
average maximum use level is about 0.964% (9,642 ppm) reported for vanilla in baked goods.”

As taken from Khan and Abourashed, 2010.

Vanilla (vanilla spp., CAS RN 8024-06-4) and vanilla extract (vanilla spp., CAS RN 84650-63-5) are
listed as fragrance ingredients by the US EPA InertFinder Database (2023) and vanilla oleoresin,
absolute, extract, CO2 extract (all CAS RN 8024-06-4) and vanilla tincture (CAS RN 8047-24-3) by
IFRA.

Vanilla oil/extract (CAS RN 8024-06-4) is listed as an ingredient in personal care products and
Vanilla fragrans, ext. (CAS RN 84650-63-5) is listed (at given concentrations, where specified) in
pet care, personal care (<1%) and inside the home (<0.1%) products by the CPID.

“This work investigates emissions sampling methods employed for qualitative identification of
compounds in e-liquids and their resultant aerosols to assess what capture methods may be
sufficient to identify harmful and potentially harmful constituents present. Three popular e-liquid
flavors (cinnamon, mango, vanilla) were analyzed using qualitative gas chromatography-mass
spectrometry (GC-MS) in the un-puffed state. Each liquid was also machine-puffed under realistic-
use flow rate conditions and emissions were captured using two techniques: filter pads and
methanol impingers. GC-MS analysis was conducted on the emissions captured using both
techniques from all three e-liquids. The e-liquid GC-MS analysis resulted in positive identification of
13 compounds from the cinnamon flavor e-liquid, 31 from mango, and 19 from vanilla, including a
number of compounds observed in all e-liquid experiments. Nineteen compounds were observed in
emissions which were not present in the un-puffed e-liquid. Qualitative GC-MS analysis of the
emissions samples identify compounds observed in all three samples: e-liquid, impinge, and filter
pads, and each subset thereof. A limited number of compounds were observed in emissions
captured with impingers, but were not observed in emissions captured using filter pads; a larger
number of compounds were observed on emissions collected from the filter pads, but not those
captured with impingers. It is demonstrated that sampling methods have different sampling
efficiencies and some compounds might be missed using only one method. It is recommended to
investigate filter pads, impingers, thermal desorption tubes, and solvent extraction resins to
establish robust sampling methods for emissions testing of e-cigarette emissions.” As taken from
Eddingsaas N et al. 2018. Int. J. Environ. Res. Public Health 15(2), 323. PubMed, 2018 available at
https://www.ncbi.nlm.nih.gov/pubmed/29438289

“According to 2020 VCRP data, Vanilla Planifolia Fruit Extract is reported to be used in 383
cosmetic products (240 leave-on products, 136 rinse-off products, 7 products that are diluted for
(bath) use). Of the vanilla-derived ingredients reviewed in this safety assessment, this is the
greatest reported use frequency. The 2020 VCRP data also indicate that generic vanilla (not
assigned to any ingredient in this report) is used in 20 cosmetic products. The results of a
concentration of use survey conducted by the Council in 2017 indicate that Vanilla Planifolia Fruit
Extract is used at maximum use concentrations up to 0.33% in leave-on products (face and neck
products (not spray)) and up to 0.25% in rinse-off products (skin cleansing products). These are the
highest use concentrations in leave-on and rinse-off products reported for the vanilla-derived
ingredients reviewed in this safety assessment. According to VCRP and Council survey data, the
following 2 ingredients are not currently in use in cosmetic products: Vanilla Planifolia Seed and
Vanilla Tahitensis Seed.”

As taken from CIR, 2020

https://www.ncbi.nlm.nih.gov/pubmed/29438289


According to Health Canada’s Natural Health Products Ingredients Database, the following
substances (no CAS RNs given) are used for the indicated purposes in non-medicinal natural
health products:

Vanilla is used as a flavour enhancer,

Vanilla extract is used as a flavour enhancer in oral use products,

Vanilla planifolia essential oil and vanilla planifolia fruit are used as fragrance ingredients in topical
use products,

Vanilla planifolia fruit extract is used as a skin-conditioning agent in topical use products,

Vanilla planifolia fruit oil is used as a skin-conditioning agent - emollient in topical use products,

Vanilla powder is used as a flavour enhancer,

Vanilla tahitensis fruit is used as a fragrance ingredient in topical use products.

In addition, vanilla planifolia is listed as a homeopathic substance.

As taken from Health Canada, 2022

2.2. Combustion products

This ingredient was investigated in a pyrolysis study. Results are given in JTI Study Report (s).

This ingredient was investigated in a pyrolysis study. Results are given in Baker and Bishop (2005)
J. Anal. Appl. Pyrolysis 74, pp. 145–170.

Compound Two stage heating One stage heating

Abundance Area% Abundance Area%

ethanol 14556218 5.26 4617781 2.68

2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one 4990941 1.80 3533593 2.05

5-hydroxymethylfurfural 12174958 4.40 6770910 3.93

vanillin 145405983 52.55 78718055 45.73

p-hydroxybenzaldehyde 5206722 1.88 3114027 1.81

Total ion chromatogram 276953298 100 172045691 100

Ingredient
Name &
CAS Number

Max. cig.
appln. level (ppm)

Composition of pyrolysate
(Compound, %)

Max.
level in
smoke (µg)

Vanilla, absolute
8024-06-4

326 Vanillin + hydroxybenzaldehyde (68.2)
Ethyl linoleate (8.8)
Ethyl palmitate (2.7)
Ethyl oleate (1.5)
Linoleic acid (1.0)
Cresol (0.08)

110
14
4
2
2
0.1

Vanilla oleoresin
8023-78-7

326 Glycerol (92.8)
Vanillin (2.8)
Propylene glycol (1.4)

150
5
2



(CAS 8024-06-4, 84650-63-5)

When vanilla extract was pyrolyzed at 840+10ºC under nitrogen 20 pyrolysis products were
identified, including phenols, neutrals such as benzene and toluene and nitrogen gases (Higman et
al. 1974).

Ethanol and vanillin were identified as purge and trap products when a small sample of vanilla
extract was heated rapidly from room temperature to 1000C (Philip Morris USA (a) 2001).

When vanilla extract was heated to 9000C ethanol, vanillin, propylene glycol and water were the
main pyrolysis products (Philip Morris USA (b) 2001).

When portions of 30g of vanilla roots were heated at 7000C 13 pyrolysis products, including PAHs
and phenols, were identified (Kröller 1967).

2.3. Ingredient(s) from which it originates

No evidence of its presence in tobacco or smoke naturally (Stedman 1968; Lloyd et al 1976)

“Vanilla extract is the solution in aqueous ethyl alcohol of the sapid and odorous principles
extractable from vanilla beans.”

As taken from Burdock G.A (2010). Fenaroli’s Handbook of Flavor and Ingredients. Sixth Edition.
CRC Press. ISBN 978-1-4200-9077-2. pp.

“Source: Vanilla planifolia Andr. [syn. V. fragrans (Salisb.) Ames] and V. Tahitensis J. W. Moore
(Family Orchidaceae).”

As taken from Khan IA and Abourashed EA, 2010.

Vanilla planifolia flower extract (CAS RN 8024-06-4) is the extract of the flowers of Vanilla planifolia,
Orchidaceae

Vanilla planifolia fruit (CAS RNs 8024-06-4 / 84650-63-5) is a plant material derived from cured,
full-grown unripe fruit of the vanilla, Vanilla planifolia, Orchidaceae

Vanilla planifolia fruit extract (CAS RNs 8024-06-4 / 84650-63-5) is an extract of the fruit of the
vanilla, Vanilla planifolia, Orchidaceae

Vanilla planifolia fruit oil (CAS RNs 8024-06-4 / 84650-63-5) is the oil expressed from the fruit of the
vanilla, Vanilla planifolia, Orchidaceae

Vanilla planifolia fruit water (CAS RNs 8024-06-4 / 84650-63-5) is an aqueous solution of the steam
distillate obtained from the fruit of the vanilla, Vanilla planifolia, Orchidaceae

Vanilla planifolia leaf cell extract (CAS RNs 8024-06-4 / 84650-63-5) is the extract of a culture of
the leaf cells of Vanilla planifolia, Orchidaceae

Vanilla planifolia seed (CAS RNs 8024-06-4 / 84650-63-5) is the seeds of the vanilla, Vanilla
planifolia, Orchidaceae

Vanilla planifolia seed powder (CAS RNs 8024-06-4 / 84650-63-5) is the powder obtained from the
dried, ground seeds of the vanilla, Vanilla planifolia, Orchidaceae

Vanilla planiflora tincture (CAS RNs 8024-06-4 / 8047-24-3) is the alcoholic solution of the
macerated vanilla, Vanilla planifolia, Orchidaceae

Guaiacol (0.7)
Unidentified compound (0.3)
Phenol (0.1)

1
0.5
0.2



Vanilla tahitensis fruit (CAS RNs 8024-06-4 / 94167-14-3) is a plant material derived from the
cured, full-grown, unripe fruit (bean) of the vanilla, Vanilla tahitensis, Orchidaceae

As taken from CosIng (undated)

3. Status in legislation and other official guidance

Vanilla, oleoresin (vanilla spp., CAS RN 8023-78-7) and vanilla extract (vanilla spp., CAS RN 8024-
06-4) are included on the US FDA’s inventory of “Substances Added to Food (formerly EAFUS)” as
flavoring agents or adjuvants (CAS RNs 8023-78-7 and 8024-06-4) and as a color or coloring
adjunct (CAS RN 8024-06-4):

8023-78-7

FDA: 21 CFR 169.175 (Vanilla extract), 169.179 (Vanilla powder), 182.20 (GRAS; Essential oils,
oleoresins (solvent-free), and natural extractives (including distillates))

8024-06-4

FDA: 21 CFR 135.110 (Ice cream and frozen custard), 169.175 (Vanilla extract), 169.176
(Concentrated vanilla extract), 169.180 (Vanilla-vanillin extract), 182.20 (GRAS; Essential oils,
oleoresins (solvent-free), and natural extractives (including distillates))

As taken from FDA, 2022, 2023a

Estimates of daily intake

“The principles and procedures used by the Committee to estimate intake in the safety evaluation
of individual flavouring agents are equally valid and appropriate for natural flavouring complexes,
provided that the intended conditions of use are similar to those for individual flavouring agents.
One obvious difference between individual flavouring agents and natural flavouring complexes is
that some of the latter have much broader patterns of use in the food supply and much higher
volumes of disappearance into the marketplace than do individual agents. Natural flavouring
complexes such as vanilla extract and lemon oil are used in a wide variety of food categories that
have high rates of consumption from products such as baked goods, beverages, soft and hard

Food UK Yes EU Yes USA 182.10 182.20

ADI The fruit from Vanilla planifolia (Vanilla fragrans) has been classified in Category 1 – a plant
part normally consumed and for which it is considered there should be no restrictions on use,
or a preparation derived from such a plant and not considered a health risk in the quantities
used (COE, 2000). In a review (now over 25 years old) of flavourings, the UK FACC concluded
that vanilla (Vanilla planifolia) fruit could be added to food at quantities not exceeding those
occurring naturally in food (MAFF, 1976).

Codex
Alim.

Not listed

C of E no. 474 (Vanilla planifolia G.Jacks)
(COE 2000)

FEMA no. 3104 (CAS RN 84650-63-5) 3105,
3106 (CAS RN 8024-06-4)

TLV
(ACGIH)

Not listed

Cosmetics
(UK)

Not listed in Schedule 1



candy, and dairy products. Annual volumes of production for twelve natural flavouring complexes in
use in the United States exceed 1 000 000 kg.

As has been common practice by the Committee since 1996, intake of individual flavouring agents
is based on a conservative estimate, with the assumption that only 10% of the population
consumes all of the substance as a flavouring agent, Clearly the use of natural flavouring
complexes, such as vanilla extract and lemon oil, that are used at high volume is not limited to 10%
of the population. It is recommended that in the case of natural flavouring complexes that are used
at high volume (e.g. >100 000 kg/year) that the Committee use the actual percentage of users as
estimated from databases on food intake. This would provide more realistic estimates of daily
intake.”

As taken from INCHEM, 2010, WHO FOOD ADDITIVES SERIES: 52; THE SAFETY EVALUATION
OF NATURAL FLAVOURING COMPLEXES;
http://www.inchem.org/documents/jecfa/jecmono/v52je19.htm

Vanilla extract (CAS RN 8024-06-4), Vanilla fragrans, ext. (CAS RN 84650-63-5), vanilla,tincture
(CAS RN 8047-24-3) and Vanilla planifolia andrews ext (no CAS RN given) are not registered
under REACH (ECHA, undated).

CAS RN 8023-78-7 is not registered nor pre-registered under REACH (ECHA, undated).

Vanilla extract (CAS RN 8024-06-4), “[No public or meaningful name is available]”,Vanilla
fragrans,ext. (both CAS RN 84650-63-5); vanilla,tincture (CAS RN 8047-24-3) and vanilla oil (no
CAS RN given; EC no. 946-327-0) are not classified for packaging and labelling under Regulation
(EC) No. 1272/2008 (ECHA, 2023).

Vanilla (vanilla spp., CAS RN 8024-06-4) and vanilla extract (vanilla spp., CAS RN 84650-63-5) are
listed in the US EPA InertFinder Database (2023) as approved for fragrance use pesticide products.

Oils, vanilla (CAS RN 8024-06-4) are listed in the US EPA Toxic Substances Control Act (TSCA)
inventory and also in the US EPA 2020 CDR list (Chemical Data Reporting Rule). The CDR
regulation requires companies that manufacture (including import) certain chemicals at certain
volumes in the U.S. to report to the EPA every four years through its CDR.

The TSCA inventory and 2020 CDR list.

Vanilla (Vanilla planifolia Andrews or V. tahitensis J.W. Moore), vanilla (Vanilla spp.) (both CAS RN
8024-06-4 and FEMA no. 3104), vanilla extract (Vanilla planifolia Andrews or V. tahitensis J.W.
Moore), vanilla extract (Vanilla spp.) (both CAS RN 84650-63-5 and FEMA no. 3105), vanilla
oleoresin (Vanilla planifolia Andrews or V. tahitensis J.W. Moore) and vanilla oleoresin (Vanilla spp.)
(both CAS RN 84650-63-5 and FEMA no. 3106) have been given GRAS status by FEMA (Hall RL
and Oser BL, 1965)

Vanilla bean (no CAS RN given) is included on the US FDA’s list of inactive ingredients for
approved drug products. It is permitted for use as an ingredient in two products, at the following
maximum potencies per unit dose:

As taken from FDA, 2023b

“Vanilla Planifolia Seed, Vanilla Planifolia Seed Powder, and Vanilla Tahitensis Seed are, according
to the US FDA, GRAS for use as spices and other natural seasonings and flavorings in food.
Additionally, Vanilla Planifolia Fruit Extract, Vanilla Tahitensis Fruit Extract, Vanilla Planifolia Fruit

Inactive
ingredient

Route Dosage form CAS
RN

UNII Maximum potency per
unit dose

VANILLA
BEAN

ORAL TABLET, ORALLY
DISINTEGRATING

Q74T35078H 1 mg

http://www.inchem.org/documents/jecfa/jecmono/v52je19.htm


Oil, Vanilla Planifolia Fruit Water, Vanilla Planifolia Seed, Vanilla Planifolia Seed Powder, and
Vanilla Tahitensis Seed are, according to the US FDA, GRAS in animal feed.”

“The Expert Panel for Cosmetic Ingredient Safety concluded that the following 7 vanilla-derived
ingredients are safe in cosmetics in the present practices of use and concentration described in the
safety assessment when formulated to be non-sensitizing.

Vanilla Planifolia Fruit Extract, Vanilla Planifolia Fruit Oil, Vanilla Planifolia Fruit Water, Vanilla
Planifolia Seed*, Vanilla Planifolia Seed Powder, Vanilla Tahitensis Fruit Extract, Vanilla Tahitensis
Seed*

*Not reported to be in current use. Were ingredients in this group not in current use to be used in
the future, the expectation is that they would be used in product categories and at concentrations
comparable to others in this group

The Panel further concluded that the available data are insufficient to make a determination of
safety under intended conditions of use in cosmetic formulations for Vanilla lanifolia Flower Extract
and Vanilla Planifolia Leaf Cell Extract”

As taken from CIR, 2020

4. Metabolism/Pharmacokinetics

4.1. Metabolism/metabolites

"Two human subjects, male and female, were placed on a plant free diet 72 hours prior to treatment
and maintained on the diet for 24 hours following administration of vanillin. Treatment consisted of
one subject orally ingesting 60 ml of vanilla extract within 5 minutes, and second ingesting 10
average servings of an artificially flavoured vanilla pudding within 12 hours. Urine analysis of
samples collected for a 24 hour period during and following both treatments revealed trace levels of
3-methoxy-4-hydroxy-benzylamine (vanillylamine) as a result of both vanilla extract and pudding
ingestion, respectively.” As taken from OECD SIDS (1996), Vanillin (121-33-5) available at
http://www.inchem.org/documents/sids/sids/121335.pdf(CAS 8024-06-4, 84650-63-5)

“After 2 subjects ingested vanilla extract (ethanol extract), conjugated 3-methoxy-4-
hydroxybenzylamine was detected in the urine 24 h later. No other toxicokinetics data were found
in the literature or submitted.”

As taken from CIR, 2020

4.2. Absorption, distribution and excretion

Simultaneous determination of the major acidic metabolites of catecholamines and
serotonin in urine by liquid chromatography with electrochemical detection after a one-step
sample clean-up on sephadex G-10; Influence of vanilla and banana ingestion (Abstract). A
simple method is described for the simultaneous determination of vanilmandelic acid (VMA), 3,4-
dihydroxyphenylacetic acid (DOPAC), 5-hydroxyindole-3-acetic acid (5-HIAA) and homovanillic acid
(HVA) in urine. The compounds are isolated by a one-step sample clean-up on Sephadex G-10,
separated by ion-pair reversed-phase liquid chromatography and detected electrochemically. A
single analysis is completed within 65 min. Sample clean-up did not cause losses of the
compounds of interest. The detection limits in urine were 0.4, 0.8, 1.0 and 1.6µmol/l for VMA,
DOPAC, 5-HIAA and HVA, respectively. 3,4-Dihydroxymandelic acid and vanillic acid (VA) were
also detectable, but, under the chromatographic conditions used, they were not resolved from
interfering components. VA and 5-HIAA could be analysed separately in the Sephadex G-10 eluate
if more restrictive sampling conditions were used. Ingestion of bananas caused an increase of
VMA, DOPAC, 5-HIAA and HVA in 24-h urine. After ingestion of vanilla an increased excretion of
VA was observed, while the excretion of VMA, DOPAC and HVA was unaffected.

http://www.inchem.org/documents/sids/sids/121335.pdf


As taken from Odink et al., Journal of Chromatography B: Biomedical Sciences and Applications;
Volume 424, 1988, Pages 273-283. ScienceDirect, 2010 available at http://www.sciencedirect.com/

Influence of Certain Components of a Chemically Defined Diet on Urinary Excretion of
Ultraviolet-Absorbing Compounds (Abstract). Young [Clin. Chem. 16, 681 (1970)] has recently
reported tentative identifications for 12 compounds resolved by anion-exchange chromatography of
urine from a subject on a vanilla-flavored synthetic diet. Relative excretion rates for the diet and
control periods were also given for several of the chromatographic peaks. We are reporting positive
identification of 26 of the resolved compounds and absolute excretion rates for 11 of these. The
most significant differences between the diet and control chromatograms are the absence of 5-
acetylamino-6-amino-3-methyluracil from the diet sample and the presence of a group of large
peaks— including five peaks related to the vanilla flavoring and three peaks derived from 4-
aminobenzoic acid—in the diet chromatogram. The 4-aminobenzoic acid derivatives were all
acetylated; the chromatogram showed no evidence of un-acetylated products.

As taken from Butts et al; Clinical Chemistry 17: 956-957, 1971 available at
http://www.clinchem.org/

4.3. Interactions

Sensory Profiling of Vanilla Ice Cream: Flavour and Base Interactions (Abstract). Four
different types of ice cream bases containing 125 g/kg butter were prepared with vanilla flavours.
The five different types of flavours included a CO2 extract, an oleoresin, an extract, a natural
flavour and vanillin. A professional descriptive panel carried out flavour and texture profiling of the
20 ice cream samples representing each combination of flavour and base. The data were analysed
by 3-way ANOVA, Principal Component Analysis (PCA) and Cluster Analysis. Results indicate that
the nature of the base is very important to flavour perception. Modifying fat distribution in the
finished product influences the flavour release.

As taken from Bonnie M. King, Lebensmittel-Wissenschaft und-Technologie; Volume 27, Issue 5,
October 1994, Pages 450-456. ScienceDirect, 2010 available at http://www.sciencedirect.com/

“The odor of vanilla was shown to enhance the sweetness sensation of aspartame (odor induced
taste enhancement) in a group of human volunteers. The effect was mainly attributed to olfactory
stimulation rather than taste bud stimulation.”

As taken from Khan and Abourashed, 2010.

5. Toxicity

5.1. Single dose toxicity

Estimated lethal dose in female albino rats was found to be 20-35ml/kg body weight (Hodge &
Downs 1961).

CAS RN 8047-24-3:

As taken from ChemIDplus, available via PubChem.

Organism Test
Type

Route Reported Dose
(Normalized Dose)

Effect Source

rabbit LD50 skin > 2gm/kg (2000mg/kg) Food and Chemical Toxicology.
Vol. 20, Pg. 849, 1982.

rat LD50 oral > 5gm/kg (5000mg/kg) Food and Chemical Toxicology.
Vol. 20, Pg. 849, 1982

http://www.sciencedirect.com/
http://www.clinchem.org/
http://www.sciencedirect.com/


“In an acute dermal toxicity study on vanilla extract (ethanol extract) involving rats (number and
strain not stated), the LD50 was determined to be > 2 g/kg. An acute oral LD50 of > 5 g/kg was
reported in a study on vanilla extract (ethanol extract) involving rats (number and strain not stated).”

As taken from CIR, 2020

5.2. Repeated dose toxicity

No data available to us at this time.

5.3. Reproduction toxicity

“Rat fetuses can perceive chemosensory stimuli derived from their mother's diet, and they may
learn about those stimuli. In previous studies we have observed that prenatal exposure to alcohol
during the last days of gestation increases the acceptance and liking of an alcohol flavor in infant
and adolescent rats. While these results were not found after prenatal exposure to vanilla, cineole
or anise, suggesting that the pharmacological properties of alcohol, mediated by the opioid system,
underlie the effects observed with this drug. Considering that other studies report enhanced
acceptance of non-alcohol flavors experienced prenatally when subjects were tested before
infancy, we explore the possibility of observing similar results if testing 1-day old rats exposed
prenatally to vanilla. Using an "odor-induced crawling" testing procedure, it was observed that
neonates exposed prenatally to vanilla or alcohol crawl for a longer distance towards the
experienced odor than to other odors or than control pups. Blocking mu, but not kappa opioid
receptors, reduced the attraction of vanilla odor to neonates exposed to vanilla in utero, while the
response to alcohol in pups exposed prenatally to this drug was affected by both antagonists.
Results confirm that exposure to a non-alcohol odor enhances postnatal responses to it,
observable soon after birth, while also suggesting that the mu opioid receptor system plays an
important role in generating this effect. The results also imply that with alcohol exposure, the
prenatal opioid system is wholly involved, which could explain the longer retention of the enhanced
attraction to alcohol following prenatal experience with the drug.” As taken from Gaztañaga M et al.
2015. Physiol. Behav. 148, 58-64. PubMed, 2016 available at
http://www.ncbi.nlm.nih.gov/pubmed/25554482

5.4. Mutagenicity

Vanilla extract at a dose of 16mg/ml did not induce chromosomal aberrations in a Chinese hamster
fibroblast cell line (Ishidate et al 1984).

In vivo

Species Test conditions Endpoint Result Reference

No relevant data were identified

In vitro

Test system Test conditions Endpoint Activation Result References

Salmonella
typhimurium strains
TA98, TA100,
TA1535, TA1537,
TA1538

Vanilla oleoresin and vanilla
essence no. 3 were tested
initially at up to 10 mg/plate,
then up to 100 mg/plate
(essence) or 20 mg/plate
(oleoresin)

Mutation With and
without S9

-ve Bonin &
Baker, 1980

http://www.ncbi.nlm.nih.gov/pubmed/25554482


(CAS 8023-78-7)

“Vanillic acid (VA) found in vanilla and cinnamic acid (CA) the precursor of flavonoids and found in
cinnamon oil, are natural plant phenolic acids which are secondary aromatic plant products
suggested to possess many physiological and pharmacological functions. In vitro and in vivo
experiments have shown that phenolic acids exhibit powerful effects on biological responses by
scavenging free radicals and eliciting antioxidant capacity. In the present study, we investigated the
antioxidant capacity of VA and CA by the trolox equivalent antioxidant capacity (TEAC) assay,
cytotoxicity by neutral red uptake (NRU) assay in Chinese Hamster Ovary (CHO) cells and also the
genotoxic and antigenotoxic effects of these phenolic acids using the cytokinesis-blocked
micronucleus (CBMN) and the alkaline comet assays in human peripheral blood lymphocytes. At all
tested concentrations, VA (0.17-67.2 μg/ml) showed antioxidant activity but CA (0.15-59.2 μg/ml)
did not show antioxidant activity against 2,2-azino-bis (3-ethylbenz-thiazoline-6-sulphonic acid)
(ABTS). VA (0.84, 4.2, 8.4, 16.8, 84 and 168 μg/ml) and CA (0.74, 3.7, 7.4, 14.8, 74, 148 μg/ml) did
not have cytotoxic and genotoxic effects alone at the studied concentrations as compared with the
controls. Both VA and CA seem to decrease DNA damage induced by H2O2 in human
lymphocytes.” As taken from Taner G et al. 2017. Drug Chem. Toxicol. 40(2), 183-190. PubMed,
2017 available at https://www.ncbi.nlm.nih.gov/pubmed/27309403

“The goal of this study was to analyze cytotoxicity, genotoxicity and mutagenicity to bone marrow
cells of mice of nature identical synthetic flavorings, passion fruit and strawberry, and artificial
synthetic flavorings, vanilla, chocolate, tutti-frutti and cookie, at doses 0.5; 1.0; 2.0; 5.0 and 10.0
mL/kg. The additives were given to the animals by gavage in a single daily application for seven
days. Data were subjected to analysis of variance (ANOVA) followed by post Tukey's post hoc test,
p <0.05. Animals treated with 2.0; 5.0 and 10.0 mL/Kg of flavorings chocolate, strawberry and
cookie, and 5.0 and 10.0 mL/Kg of flavorings vanilla and passion fruit died on the fifth and sixth day
of the experiment, respectively. The doses 0.5 and 1.0 mL/Kg of the six additives significantly
reduced erythropoiesis in the examined tissue. Also, treatments 0.5 and 1.0 mL/Kg of chocolate,
and 1.0 mL/Kg of strawberry and biscuit induced the formation of micronuclei in the bone marrow
erythrocytes, at a significant frequency. Therefore, under the study conditions, the six
microingredients analyzed were cytotoxic and genotoxic, and additives strawberry, chocolate and
cookie were also mutagenic in at least one of the evaluated doses.” As taken from Sales IMS et al.
2018. Braz. J. Biol.78(2), 306-310. PubMed, 2019 available at
https://www.ncbi.nlm.nih.gov/pubmed/28832835

5.5. Cytotoxicity

“Vanillic acid (VA) found in vanilla and cinnamic acid (CA) the precursor of flavonoids and found in
cinnamon oil, are natural plant phenolic acids which are secondary aromatic plant products
suggested to possess many physiological and pharmacological functions. In vitro and in vivo
experiments have shown that phenolic acids exhibit powerful effects on biological responses by
scavenging free radicals and eliciting antioxidant capacity. In the present study, we investigated the
antioxidant capacity of VA and CA by the trolox equivalent antioxidant capacity (TEAC) assay,
cytotoxicity by neutral red uptake (NRU) assay in Chinese Hamster Ovary (CHO) cells and also the
genotoxic and antigenotoxic effects of these phenolic acids using the cytokinesis-blocked
micronucleus (CBMN) and the alkaline comet assays in human peripheral blood lymphocytes. At all
tested concentrations, VA (0.17-67.2 μg/ml) showed antioxidant activity but CA (0.15-59.2 μg/ml)

Salmonella
typhimurium strains
TA98, TA1535,
TA1537, TA1538

Vanilla essence tested, no
details given

Mutation With and
without S9

+ve Sivaswamy
et al. 1991

+ve, positive; -ve, negative; ?, equivocal; with, with metabolic activation; without, without metabolic activation

https://www.ncbi.nlm.nih.gov/pubmed/27309403
https://www.ncbi.nlm.nih.gov/pubmed/28832835


did not show antioxidant activity against 2,2-azino-bis (3-ethylbenz-thiazoline-6-sulphonic acid)
(ABTS). VA (0.84, 4.2, 8.4, 16.8, 84 and 168 μg/ml) and CA (0.74, 3.7, 7.4, 14.8, 74, 148 μg/ml) did
not have cytotoxic and genotoxic effects alone at the studied concentrations as compared with the
controls. Both VA and CA seem to decrease DNA damage induced by H2O2 in human
lymphocytes.” As taken from Taner G et al. 2017. Drug Chem. Toxicol. 40(2), 183-190. PubMed,
2017 available at https://www.ncbi.nlm.nih.gov/pubmed/27309403

“The goal of this study was to analyze cytotoxicity, genotoxicity and mutagenicity to bone marrow
cells of mice of nature identical synthetic flavorings, passion fruit and strawberry, and artificial
synthetic flavorings, vanilla, chocolate, tutti-frutti and cookie, at doses 0.5; 1.0; 2.0; 5.0 and 10.0
mL/kg. The additives were given to the animals by gavage in a single daily application for seven
days. Data were subjected to analysis of variance (ANOVA) followed by post Tukey's post hoc test,
p <0.05. Animals treated with 2.0; 5.0 and 10.0 mL/Kg of flavorings chocolate, strawberry and
cookie, and 5.0 and 10.0 mL/Kg of flavorings vanilla and passion fruit died on the fifth and sixth day
of the experiment, respectively. The doses 0.5 and 1.0 mL/Kg of the six additives significantly
reduced erythropoiesis in the examined tissue. Also, treatments 0.5 and 1.0 mL/Kg of chocolate,
and 1.0 mL/Kg of strawberry and biscuit induced the formation of micronuclei in the bone marrow
erythrocytes, at a significant frequency. Therefore, under the study conditions, the six
microingredients analyzed were cytotoxic and genotoxic, and additives strawberry, chocolate and
cookie were also mutagenic in at least one of the evaluated doses.” As taken from Sales IMS et al.
2018. Braz. J. Biol. 78(2), 306-310. PubMed, 2019 available at
https://www.ncbi.nlm.nih.gov/pubmed/28832835

“Our body is regularly exposed to a plethora of compounds originating from a diet. These chemicals
are structurally diverse compounds of either natural or artificial origin. Food constituents were
previously reported to cause food-drug interactions and/or endocrine disruption by altering the
transcriptional activity of nuclear receptors leading to changes in the expression of xenobiotic-
metabolizing enzymes and hormone homeostatic pathways. In the current work, we have focused
on the effects of essential oils of culinary herbs and spices on the transcriptional activity of human
aryl hydrocarbon receptor (AhR). We have examined essential oils from 31 culinary herbs and
spices obtained from the plants or their parts by steam distillation, with defined chemical
composition evaluated by GC/MS analyses. The stably transfected reporter cell line AZ-AHR was
used for the evaluation of the effects of these essential oils on the transcriptional activity of human
AhR1. Prior to the gene reporter assays, the cytotoxicity assays were performed. Essential oils of
cinnamon, lemongrass, lovage, verveine, oregano and thyme displayed a significant cytotoxicity to
AZ-AHR cell line with IC50 values ranging from 5 × 10−5 to 2 × 10−4 g/mL. All other tested
essential oils were not cytotoxic. Gene reporter assays were performed in two different
experimental layouts – in the absence (agonist mode) and/or in the presence (antagonist mode) of
TCDD, the model agonist of human AhR. The results of gene reporter assays were confirmed by
the analyses of CYP1A1 mRNA expression in LS180 cell line. Out of 31 EOs tested, 14 specimens
were inactive at AhR. Essential oils of cumin, jasmine, vanilla and bay leaf displayed agonist effects
at AhR, while oils of tarragon, caraway, turmeric, fennel, lovage, spearmint, star anise and anise
antagonized AhR. Partial agonist activities were observed for EOs of cloves, dill, thyme, nutmeg
and oregano. In conclusion, our data reveale that essential oils of culinary herbs and spices
possess the ability to alter the transcriptional activity of human AhR, displaying full agonist, partial
agonist and antagonist effects.” As taken from from Bartonkova I and Dvorak Z. 2018a. Drug
Metabolism and Pharmacokinetics 33(1), S87. Available at
https://www.sciencedirect.com/science/article/pii/S1347436717305165

5.6. Carcinogenicity

No data available to us at this time.

5.7. Irritation/immunotoxicity

https://www.ncbi.nlm.nih.gov/pubmed/27309403
https://www.ncbi.nlm.nih.gov/pubmed/28832835
https://www.sciencedirect.com/science/article/pii/S1347436717305165


“Vanilla has been reported to have allergenic properties in humans, and vanillin was found not to be
the principal active agent.”

As taken from Khan and Abourashed, 2010.

It has been suggested that natural vanilla in food is a sensitising agent which could aggravate
atopic dermatitis in some children (Kanny et al. 1994; Ferguson & Beck 1995).

As taken from RTECS (1991), record for CAS RN 8047-24-3.

“Vanilla extract

Prior to initiation of the maximization test involving 25 male subjects that is summarized below, a
vanilla extract (ethanol extract, 10% in petrolatum) was applied, under occlusion, for 48 h to the
backs of 5 subjects. Irritation was not observed.” “The skin sensitization potential of a vanilla extract
(ethanol extract,10% in petrolatum) was evaluated in a maximization test using 25 male subjects.
Because skin irritation was not observed in a pre-test (described previously), the decision was
made to pretreat the skin with sodium lauryl sulfate (SLS) prior to patch application in the
maximization test. Initially, the volar forearm was pretreated for 24 h with 5% aqueous SLS (under
occlusion). The test material was then applied to same site for 5 alternate-day, 48-h periods. After a
10-day non-treatment period, a challenge patch containing vanilla was applied (under occlusion) for
48 h to a new site. Challenge patch application was preceded by a 1-h application of 10% aqueous
SLS (under occlusion). Reactions were scored at the time of challenge patch removal and 24 h
later. There was no evidence of contact sensitization in any of the subjects tested.”

“Vanilla planifolia or Vanilla tahitensis fruit

The skin irritation potential of Vanilla planifolia- or Vanilla tahitensis-fruit was evaluated using 31
eczema patients. Two were sensitive to wood tar, and one was sensitive to turpentine. Patch tests
were performed using pieces (5 mm in length) of vanilla pods. The pieces were split, and the pulp
side applied to the skin. For all patients, results were negative at 48 h, 96 h, and 120 h. In one
case, a delayed reaction (undefined) was observed on day 9.”

“The skin sensitization potential of vanilla fruit (Vanilla planifolia and Vanilla tahitensis) was
evaluated using 73 patients who were sensitive to balsam of Peru. Patch tests (concentration not
stated) were performed using pieces (5 mm in length) of vanilla fruit. The pieces were split, and the
pulp side applied to the skin. The duration of patch application was not stated. Thirty-four patients
(46% of patients tested) had positive reactions to both vanilla plant species. The authors noted that
58 of the 73 patients were described as consecutive, and 24 of the 58 had positive reactions. A
consecutive case series is a clinical study that includes all eligible patients identified by the
researchers during the study registration period. The patients are treated in the order in which they
are identified. Ten of the remaining 15 patients had positive reactions which may be ascribed to a
selection of the patients examined. The authors also noted that these study results indicate that
balsam of Peru cross-sensitizes to vanilla fruit.

Nine eczema patients from the preceding sensitization study were patch tested (protocol not stated)
with a 10% w/w vanilla extract (alcohol extract) and 10% w/w vanilla extract (acetone extract). The
plant source of both extracts was either Vanilla planifolia or Vanilla tahitensis. Seven of 9 patients
had positive reactions to 10% w/w vanilla extract (alcohol extract), and 1 of 9 patients had a
positive reaction to 10% w/w vanilla extract (acetone extract).”

“Vanilla Extract and Vanilla Fruit

Route/Organism Dose Effect Reference

administration onto
the skin, rabbit

500
mg/24H

moderate
irritation effect

Food and Chemical Toxicology. (Pergamon Press
Inc., Maxwell House, Fairview Park, Elmsford, NY
10523) V.20- 1982- 20,849,1982



Mostly positive patch test reactions have been reported in various case reports on a vanilla extract
(12 report tests) and vanilla fruit (1 test). A summary of these reports appears below…...

In a case report involving a tinea pedis patient, positive patch test reaction (+++) to a 10% w/w
vanilla extract (alcohol extract) was observed on day 18. A negative reaction to a 10% w/w vanilla
extract (acetone extract) was reported on the same day. In the same patient, a positive (+++) patch
test reaction to vanilla extract (concentration not stated) was reported. Four other case reports
involved employees of a cookie/bread factory or bakery. Patch testing with vanilla extract
(concentration not stated) yielded positive reactions (++ or +++) in all 4 reports. In another case
report, patch testing with vanilla extract yielded a ++ reaction; whether natural or synthetic vanilla
was tested is unknown. Additional case reports involved a patient with lip dermatitis who had
positive (++) patch test reactions to 10% vanilla extract in petrolatum and a lip salve containing
vanilla extract, and a photodermatitis patient with positive (++) patch test and photopatch test
reactions to vanilla extract (concentration not stated) and vanilla fruit. Negative results were
reported for an eczema patient patch tested, for cross reactivity from balsam of Peru, with vanilla
extract at concentrations of 10% and 25% in petrolatum. Whether natural or synthetic vanilla was
tested in this study is unknown.” “Moderate skin irritation was observed in rabbits (number not
stated) after application of undiluted vanilla extract (ethanol extract) for 24 h.

In a 48-h, occlusive patch test involving 5 male subjects, a vanilla extract (ethanol extract, 10% in
petrolatum) did not induce skin irritation. The same material (10% in petrolatum) did not induce
contact sensitization in a maximization test involving 25 male subjects.”

“In provocative studies, the skin irritation potential of Vanilla planifolia or Vanilla tahitensis fruit was
evaluated using 31 eczema patients patch tested with vanilla fruit. Results were negative at 48 h,
96 h, and 120 h. In one patient, a delayed reaction (undefined) was observed on day 9.

The skin sensitization potential of Vanilla planifolia and Vanilla tahitensis fruit was evaluated using
73 patients (sensitive to balsam of Peru) patch tested with vanilla pods. Thirty-four patients (46% of
patients tested) had positive reactions to pods from both vanilla plant species. Nine patients from
the preceding study were patch tested with a 10% w/w vanilla extract (alcohol extract) and a 10%
w/w vanilla extract (acetone extract). Seven of 9 patients had positive reactions to 10% w/w vanilla
extract (alcohol extract), and 1 of 9 patients had a positive reaction to 10% w/w vanilla extract
(acetone extract).

In a case report involving a tinea pedis patient, positive and negative patch test reactions to 10%
w/w a vanilla extract (alcohol extract) and 10% w/w natural vanilla extract (acetone extract),
respectively, were reported. A positive patch test reaction to vanilla extract (concentration not
stated) in this patient was also reported. Additional case reports involved a patient with lip
dermatitis who had positive patch test reactions to 10% vanilla extract in petrolatum and a lip salve
containing a vanilla extract, and a photodermatitis patient with positive patch test and photopatch
test reactions to a vanilla extract (concentration not stated) and vanilla fruit. The patch testing of
individuals employed in the baking industry with a vanilla extract (concentration not stated) yielded
positive reactions in 4 case reports. For another employee in the baking industry, a positive patch
test reaction to a vanilla extract (whether natural or synthetic unknown; concentration not stated)
was reported. Negative results were reported for an eczema patient patch tested with a vanilla
extract (whether natural or synthetic unknown) at concentrations of 10% and 25% in petrolatum.”

As taken from CIR, 2020

5.8. All other relevant types of toxicity

Total particulate matter (TPM) from heated (tobacco or nicotine) product(s) containing Vanilla
Extract was tested in a battery of in vitro and/or in vivo test(s). Within the sensitivity and specificity
of the bioassay(s) the activity of the TPM was not increased by the addition of Vanilla Extract when



compared to TPM from 3R4F cigarettes. The table below provides tested level(s) and specific
endpoint(s).

“A 75% aqueous methanol extract of vanilla pods inhibited quorum sensing (method of chemical
communication) in Chromobacterium violaceum via reduction of violacin production. The authors
suggested that this effect may be useful in preventing bacterial pathogenesis.”

As taken from Khan and Abourashed, 2010.

“Vanillic acid (VA) found in vanilla and cinnamic acid (CA) the precursor of flavonoids and found in
cinnamon oil, are natural plant phenolic acids which are secondary aromatic plant products
suggested to possess many physiological and pharmacological functions. In vitro and in vivo
experiments have shown that phenolic acids exhibit powerful effects on biological responses by
scavenging free radicals and eliciting antioxidant capacity. In the present study, we investigated the
antioxidant capacity of VA and CA by the trolox equivalent antioxidant capacity (TEAC) assay,
cytotoxicity by neutral red uptake (NRU) assay in Chinese Hamster Ovary (CHO) cells and also the
genotoxic and antigenotoxic effects of these phenolic acids using the cytokinesis-blocked
micronucleus (CBMN) and the alkaline comet assays in human peripheral blood lymphocytes. At all
tested concentrations, VA (0.17-67.2 μg/ml) showed antioxidant activity but CA (0.15-59.2 μg/ml)
did not show antioxidant activity against 2,2-azino-bis (3-ethylbenz-thiazoline-6-sulphonic acid)
(ABTS). VA (0.84, 4.2, 8.4, 16.8, 84 and 168 μg/ml) and CA (0.74, 3.7, 7.4, 14.8, 74, 148 μg/ml) did
not have cytotoxic and genotoxic effects alone at the studied concentrations as compared with the
controls. Both VA and CA seem to decrease DNA damage induced by H2O2 in human
lymphocytes.” As taken from Taner G et al. 2017. Drug Chem. Toxicol. 40(2), 183-190. PubMed,
2017 available at https://www.ncbi.nlm.nih.gov/pubmed/27309403

“Vanilla flavour is familiar to consumers through foods, cosmetics, household products and some
medicines. Vanilla flavouring agents typically contain vanillin or its analogue ethyl vanillin. Our
previous study revealed that the inhalation of eugenol, which contains a vanillyl group, has an
appetite-enhancing effect, and the inhalation of aroma compounds containing the vanillyl group or
its analogues led to increased food intake in mice. Here, we found that vanillin, ethyl vanillin and
eugenol showed appetite-enhancing effects, whereas isoeugenol and safrole did not. These results
suggest that the appetite-enhancing effects could be attributable to the vanillyl group and could be
affected by the position of the double bond in the aliphatic chain. Furthermore, the results of
intraperitoneal administration of eugenol and vanillin suggest that their appetite-enhancing effects
could occur via stimulation of olfactory receptors.” As taken from Ogawa K et al. 2018. J Nat Med.
72(3), 798-802. PubMed, 2018 available at: https://www.ncbi.nlm.nih.gov/pubmed/29569223

6. Functional effects on

6.1. Broncho/pulmonary system

No data available to us at this time.

6.2. Cardiovascular system

“BACKGROUND: Different studies have shown that the use of olfactory stimuli during painful
medical procedures reduces infants' response to pain. The main purpose of the current study was
to investigate the effect of breast milk odor and vanilla odor on premature infants' vital signs
including heart rate and blood oxygen saturation during and after venipuncture. METHODS: A total
of 135 preterm infants were randomly selected and divided into three groups of control, vanilla

Endpoint Tested level (ppm) Reference

In vitro genotoxicity 39 JTI KB Study Report(s)

In vitro cytotoxicity 39 JTI KB Study Report(s)

https://www.ncbi.nlm.nih.gov/pubmed/27309403
https://www.ncbi.nlm.nih.gov/pubmed/29569223


odor, and breast milk odor. Infants in the breast milk group and the vanilla group were exposed to
breast milk odor and vanilla odor from 5 minutes prior to sampling until 30 seconds after sampling.
RESULTS: The results showed that breast milk odor has a significant effect on the changes of
neonatal heart rate and blood oxygen saturation during and after venipuncture and decreased the
variability of premature infants' heart rate and blood oxygen saturation. Vanilla odor has no
significant effect on premature infants' heart rate and blood oxygen saturation. CONCLUSION:
Breast milk odor can decrease the variability of premature infants' heart rate and blood oxygen
saturation during and after venipuncture.” As taken from Neshat H et al. 2016. Pediatr. Neonatol.
57(3), 225-231. PubMed, 2017 available at https://www.ncbi.nlm.nih.gov/pubmed/26560183

6.3. Nervous system

“Acetylcholinesterase inhibitors (AChEIs) are important for treatment of Alzheimer's disease and
other neurological disorders. Search for potent and safe AChEIs from plant sources still continues.
In the present work, we explored fragrant plant extracts that are traditionally used in flavoring foods,
namely, Hemidesmus indicus and Vanilla planifolia, as possible sources for AChEI. Root and pod
extracts of H. indicus and V. planifolia, respectively, produce fragrant phenolic compounds, 2-
hydroxy-4-methoxybenzaldehyde (MBALD) and 4-hydroxy-3-methoxybenzaldehyde (vanillin).
These methoxybenzaldehydes were shown to have inhibitory potential against acetylcholinesterase
(AChE). Vanillin (IC50 = 0.037 mM) was detected as more efficient inhibitor than MBALD (IC50 =
0.047 mM). This finding was supported by kinetic analysis. Thus, plant-based food flavoring agents
showed capacity in curing Alzheimer's disease and other neurological dysfunctions.” As taken from
Kundu A and Mitra A. 2013. Plant Foods. Hum. Nutr. 68(3), 247-53. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/23715789

“The aim of the present study was to examine human central nervous system response to three
different odors. Electrophysiological activity was recorded in the baseline state and for 3 odors,
lemon, peppermint, and vanilla, in 16 healthy participants. Electrodes were separated into groups
according to the spatial position on the head. Fast Fourier transformation was performed on every
set, and mean value of activity in theta was exported. As theta showed statistically significant
results, further analysis was based only on the theta frequency band. On electrodes FP1, F3, Fz,
F4, F8, T7, C3, Cz, C4, T8, TP9, CP5, CP1, CP2, CP6, P7, P3, Pz, P4, P8, PO9, and PO10 there
was statistically significant difference in the electrical activity of the brain between four conditions.
For peppermint and lemon, there was statistically significant difference in activity between different
regions-F(1.576, 23.637)=16.030, P=.000 and F(1.362, 20.425)=4.54, P=.035, respectively-where
the activity in the central area was significantly reduced compared with the activity in the other 4
areas and in the left and right anterior and left posterior area, respectively. There was no
statistically significant difference for vanilla between specific areas, F(1.217, 18.257)=1.155,
P=.309. The results indicate that olfactory stimuli can affect the frequency characteristics of the
electrical activity of the brain.” As taken from Krbot Skori-ç M et al. 2015. Clin. EEG Neurosci.
46(4), 370-6. PubMed, 2016 available at http://www.ncbi.nlm.nih.gov/pubmed/25406126

“AIM: Studies have reported conflicting findings on whether different smells can reduce distress
when infants undergo painful procedures. Our study assessed the impact of vanilla on infants'
responses to a painful toe lance, including possible gender differences. METHODS: We measured
the pain responses of 69 full-term infants - 34 girls and 35 boys - during toe lance, using two
multidimensional scales - the Neonatal Facial Coding System and Behavioural Indicators of Infant
Pain - together with crying duration and hand movements. Three sets of data were collected during
baseline, toe lance and recovery, while the babies were exposed to the odour of vanilla (n = 39) or
odourless water (n = 30). RESULTS: Pain responses increased significantly during toe lance, then
declined during recovery. Crying duration correlated significantly with finger splaying/fisting and
both pain scale scores, with boys displaying higher pain scores than girls. Vanilla had no impact on
pain levels. CONCLUSION: Crying and finger splaying/fisting were observable responses that may
be useful for screening pain or distress in healthy neonates. Increased pain reactions by boys may

https://www.ncbi.nlm.nih.gov/pubmed/26560183
http://www.ncbi.nlm.nih.gov/pubmed/23715789
http://www.ncbi.nlm.nih.gov/pubmed/25406126


reflect higher irritability. Exposure to an unfamiliar odour did not have a calming effect on full-term
neonates.” As taken from Romantsik O et al. 2014. Acta Paediatr. 103(11), 1130-5 PubMed, 2016
available at http://www.ncbi.nlm.nih.gov/pubmed/25060331

“OBJECTIVE: The main purpose of this study was to investigate the calming effects of breastmilk
odor and vanilla odor on preterm infants during and after venipuncture. SUBJECTS AND
METHODS: One hundred thirty-five preterm infants were randomly selected and divided into three
groups: control, vanilla odor, and breastmilk odor. Infants in the breastmilk group were exposed to
breastmilk odor, and infants in the vanilla group were exposed to vanilla odor from 5 minutes before
the start of sampling until 30 seconds after sampling. The Premature Infant Pain Profile was used
for calculating quality of pain in infants during and after sampling. RESULTS: Statistical analyses
showed that both vanilla and breastmilk odors had calming effects on premature infants during
sampling, but just breastmilk odor had calming effects on infants after the end of sampling.
Compared with vanilla odor, breastmilk odor has more calming effects on premature infants.
CONCLUSIONS: Breastmilk odor can be used for calming premature infants during and after
venipuncture.” As taken from Jebreili M et al. 2015. Breastfeed. Med. 10(7), 362-5. PubMed, 2016
available at http://www.ncbi.nlm.nih.gov/pubmed/26252909

“Many domestic dogs are kept in rescue and rehoming shelters which are frequently stressful and
under-stimulating environments. Dog welfare is often compromised within these environments and
there is a need to determine new practical and effective methods of improving the welfare of these
kennelled dogs. Olfactory stimulation has been demonstrated to have positive behavioural effects
in a range of contexts, however this field remains relatively understudied in the domestic dog. This
study aimed to investigate the effects of olfactory stimulation via vanilla, coconut, ginger and
valerian upon the behaviour of 15 dogs at a rescue shelter. The dogs were simultaneously exposed
to six olfactory conditions using scented cloths following a fixed order (cloth control, coconut,
vanilla, valerian, ginger and odour control) for 2 h a day for 3 days with an intervening period of
2 days between conditions. The dogs’ behaviour was recorded every 10 min throughout the 2 h
olfactory conditions using instantaneous scan-sampling. Exposure to ginger, coconut, vanilla and
valerian resulted in significantly lower levels of vocalisations and movement compared to the
control conditions, while coconut and ginger additionally increased levels of sleeping behaviour.
These odours may have application in rescue shelters due to the reduction of behaviours such as
barking and activity which may be indicative of stress as well as being traits perceived as
undesirable by adopters. This research provides support for the use of olfactory stimulation within
the kennel environment.” As taken from Binks J et al. 2018. Applied Animal Behaviour Science.
202, 69-76. Available at https://www.sciencedirect.com/science/article/pii/S0168159118300297

“Microglia, resident macrophages of the central nervous system (CNS), is responsible for immune
responses and homeostasis of the CNS. Microglia plays a complex role in neuroinflammation,
which has been implicated in neurodegenerative diseases such as Alzheimer's disease and
Parkinson's disease. Therefore, therapeutic agents that suppress the microglia-mediated
inflammatory response could potentially be used in the prevention or treatment of
neurodegenerative diseases. Vanillin, a primary component of vanilla bean extract, has anti-
inflammatory, anticancer, and antitumor properties. However, the effects of vanillin on the anti-
neuroinflammatory responses of microglial cells are still poorly understood. In this study, we
investigated the mechanism by which vanillin induces anti-neuroinflammatory responses in
lipopolysaccharide (LPS)-stimulated BV-2 microglial cells. We found that vanillin significantly
decreased the production of nitric oxide and pro-inflammatory cytokines, including interleukin (IL)-
1β, tumor necrosis factor-α (TNF-α), and interleukin-6 (IL-6). Vanillin also reduced the protein levels
of inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2), as well as the mRNA
expression levels of IL-1β, TNF-α, and IL-6. Moreover, vanillin inhibited the phosphorylation of
mitogen-activated protein kinases (MAPKs) and nuclear factor (NF)-κB. Collectively, these results
suggest that vanillin has anti-neuroinflammatory properties and may act as a natural therapeutic
agent for neuroinflammatory diseases.” As taken from Kim ME et al. 2019. Appl. Biochem.

http://www.ncbi.nlm.nih.gov/pubmed/25060331
http://www.ncbi.nlm.nih.gov/pubmed/26252909
https://www.sciencedirect.com/science/article/pii/S0168159118300297


Biotechnol. 187(3), 884-893. PubMed, 2019 available at:
https://www.ncbi.nlm.nih.gov/pubmed/30097802

6.4. Other organ systems, dependent on the properties of the substance

Taste and smell sensations enhance the satiating effect of both a high-carbohydrate and a
high-fat meal in humans (Abstract). The effects of meal sensory properties (tasty vs. bland) and
nutrient composition [high-CHO (carbohydrate) vs. high-FAT] on hunger ratings, blood glucose and
free fatty acids (FFA), taste perception, and subsequent food intake, were studied in human
subjects. Aspartame and vanilla were used to augment meal palatability, yielding four isocaloric
liquid meals: bland-FAT, tasty-FAT, bland-CHO, tasty-CHO. Normal-weight, nondieting young adults
consumed each of the meals for breakfast on separate days. The main finding was that tasty
versions of high-FAT and high-CHO meals were more satiating than nutritionally identical bland
meals, as indicated by a greater decrease in hunger ratings following the tasty meals. Changes in
blood glucose and FFA were related to meal nutrient composition, but not to meal sensory
properties. High-CHO meals tended to be more satiating than high-FAT meals. Consumption of
each of the meals produced a similar decrease in pleasantness ratings of food-related tastes.
Intake of carbohydrates was significantly higher at a self-selected lunch 5.25 h following a tasty
breakfast. These findings indicate that hunger is decreased to a greater extent by meals flavored
with aspartame and vanilla relative to nutritionally identical, unflavored meals. The satiety-
enhancing effect of oral stimulation was found for both high-FAT and high-CHO meals.

As taken from Warwick et al., Physiol Behav. 1993 Mar; 53(3):553-63; PubMed, 2010 available at
http://www.ncbi.nlm.nih.gov/pubmed/8451323

“The odor of vanilla was shown to enhance the sweetness sensation of aspartame (odorinduced
taste enhancement) in a group of human volunteers. The effect was mainly attributed to olfactory
stimulation rather than taste bud stimulation.”

As taken from Khan and Abourashed, 2010.

Our body is regularly exposed to a plethora of compounds originating from a diet. These chemicals
are structurally diverse compounds of either natural or artificial origin. Food constituents were
previously reported to cause food-drug interactions and/or endocrine disruption by altering the
transcriptional activity of nuclear receptors leading to changes in the expression of xenobiotic-
metabolizing enzymes and hormone homeostatic pathways. In the current work, we have focused
on the effects of essential oils of culinary herbs and spices on the transcriptional activity of human
aryl hydrocarbon receptor (AhR). We have examined essential oils from 31 culinary herbs and
spices obtained from the plants or their parts by steam distillation, with defined chemical
composition evaluated by GC/MS analyses. The stably transfected reporter cell line AZ-AHR was
used for the evaluation of the effects of these essential oils on the transcriptional activity of human
AhR1. Prior to the gene reporter assays, the cytotoxicity assays were performed. Essential oils of
cinnamon, lemongrass, lovage, verveine, oregano and thyme displayed a significant cytotoxicity to
AZ-AHR cell line with IC50 values ranging from 5 × 10−5 to 2 × 10−4 g/mL. All other tested
essential oils were not cytotoxic. Gene reporter assays were performed in two different
experimental layouts – in the absence (agonist mode) and/or in the presence (antagonist mode) of
TCDD, the model agonist of human AhR. The results of gene reporter assays were confirmed by
the analyses of CYP1A1 mRNA expression in LS180 cell line. Out of 31 EOs tested, 14 specimens
were inactive at AhR. Essential oils of cumin, jasmine, vanilla and bay leaf displayed agonist effects
at AhR, while oils of tarragon, caraway, turmeric, fennel, lovage, spearmint, star anise and anise
antagonized AhR. Partial agonist activities were observed for EOs of cloves, dill, thyme, nutmeg
and oregano. In conclusion, our data reveale that essential oils of culinary herbs and spices
possess the ability to alter the transcriptional activity of human AhR, displaying full agonist, partial
agonist and antagonist effects.” As taken from from Bartonkova I and Dvorak Z. 2018a. Drug
Metabolism and Pharmacokinetics 33(1), S87. Available at
https://www.sciencedirect.com/science/article/pii/S1347436717305165

https://www.ncbi.nlm.nih.gov/pubmed/30097802
http://www.ncbi.nlm.nih.gov/pubmed/8451323
https://www.sciencedirect.com/science/article/pii/S1347436717305165


“Essential oils (EOs) of culinary herbs and spices are used to flavor, color and preserve foods and
drinks. Dietary intake of EOs is significant, deserving an attention of toxicologists. We examined the
effects of 31 EOs of culinary herbs and spices on the transcriptional activity of human aryl
hydrocarbon receptor (AhR), which is a pivotal xenobiotic sensor, having also multiple roles in
human physiology. Tested EOs were sorted out into AhR-inactive ones (14 EOs) and AhR-active
ones, including full agonists (cumin, jasmine, vanilla, bay leaf), partial agonists (cloves, dill, thyme,
nutmeg, oregano) and antagonists (tarragon, caraway, turmeric, lovage, fennel, spearmint, star
anise, anise). Major constituents (>10%) of AhR-active EOs were studied in more detail. We
identified AhR partial agonists (carvacrol, ligustilide, eugenol, eugenyl acetate, thymol, ar-
turmerone) and antagonists (trans-anethole, butylidine phtalide, R/S-carvones, p-cymene), which
account for AhR-mediated activities of EOs of fennel, anise, star anise, caraway, spearmint,
tarragon, cloves, dill, turmeric, lovage, thyme and oregano. We also show that AhR-mediated
effects of some individual constituents of EOs differ from those manifested in mixtures. In
conclusion, EOs of culinary herbs and spices are agonists and antagonists of human AhR, implying
a potential for food-drug interactions and interference with endocrine pathways.” As taken from
Bartonkova I and Dvorak Z. 2018b. Food Chem. Toxicol. 111, 374-384. PubMed, 2018 available at
https://www.ncbi.nlm.nih.gov/pubmed/29191726

“Essential oils (EOs) of culinary herbs and spices are consumed on a daily basis. They are
multicomponent mixtures of compounds with already demonstrated biological activities. Taking into
account regular dietary intake and the chemical composition of EOs, they may be considered as
candidates for endocrine-disrupting entities. Therefore, we examined the effects of 31 EOs of
culinary herbs and spices on transcriptional activities of glucocorticoid receptor (GR), androgen
receptor (AR) and vitamin D receptor (VDR). Using reporter gene assays in stably transfected cell
lines, weak anti-androgen and anti-glucocorticoid activity was observed for EO of vanilla and
nutmeg, respectively. Moderate augmentation of calcitriol-dependent VDR activity was caused by
EOs of ginger, thyme, coriander and lemongrass. Mixed anti-glucocorticoid and VDR-stimulatory
activities were displayed by EOs of turmeric, oregano, dill, caraway, verveine and spearmint. The
remaining 19 EOs were inactive against all receptors under investigation. Analyses of GR, AR and
VDR target genes by means of RT-PCR confirmed the VDR-stimulatory effects, but could not
confirm the anti-glucocorticoid and anti-androgen effects of EOs. In conclusion, although we
observed minor effects of several EOs on transcriptional activities of GR, AR and VDR, the
toxicological significance of these effects is very low. Hence, 31 EOs of culinary herbs and spices
may be considered safe, in terms of endocrine disruption involving receptors GR, AR and VDR.” As
taken from Bartonkova I and Dvorak Z. 2018c. Food Funct. 9(4), 2136-2144. PubMed, 2019
available at https://www.ncbi.nlm.nih.gov/pubmed/29629442

“Objectives: The scent of vanilla has a relaxing effect and is used to treat sleep disorders. Sleep
disorders can both cause and be caused by nocturia. Therefore, we examined whether vanilla
inhalation would reduce the frequency of urination in rats under light urethane anesthesia. Methods:
Twenty-four rats were anesthetized with 0.6 g/kg urethane subcutaneously (half the usual dose) to
induce a sleep-like state. In 12 rats, continuous cystometry was performed via a transurethral
catheter before, during and after inhalation of vanilla (n = 7) or the citrus fruit shiikuwasa (n = 5) for
60 minutes. The remaining 12 rats did not undergo cystometry but underwent vanilla inhalation
treatment for 60 minutes (n = 6), or no inhalation treatment (n = 6); blood was then collected from
these two groups and serum monoamine levels were compared. Results: Intervals between bladder
contractions were significantly longer after vanilla inhalation than before. However, baseline bladder
pressure, maximum bladder contraction pressure, and residual volume remained unchanged.
During shiikuwasa inhalation, the body movement of each rat increased but cystometric parameters
did not change. Serum concentrations of adrenaline, noradrenaline and dopamine, but not
serotonin, were significantly lower in rats that had inhaled vanilla than in those that had not.
Conclusions: Vanilla scent decreased serum catecholamine levels and urination frequency in rats
under light urethane anesthesia. These results suggest that the scent of vanilla may reduce

https://www.ncbi.nlm.nih.gov/pubmed/29191726
https://www.ncbi.nlm.nih.gov/pubmed/29629442


nocturia.” As taken from Sugaya K et al. 2021. Low. Urin. Tract Symptoms 13(1), 189-193.
PubMed, 2021 available at https://pubmed.ncbi.nlm.nih.gov/32871621/

7. Addiction

JTI is not aware of any information that demonstrates that this ingredient has any addictive effect.

8. Burnt ingredient toxicity

This ingredient was considered as part of an overall safety assessment of ingredients added to
tobacco in the manufacture of cigarettes. An expert panel of toxicologists reviewed the open
literature and internal toxicology data of 5 tobacco companies to evaluate a composite list of
ingredients used in the manufacture of cigarettes. The conclusion of this report was that these
ingredients did not increase the inherent biological activity of tobacco cigarettes, and are
considered to be acceptable under conditions of intended use (Doull et al., 1994 & 1998).

Tobacco smoke condensates from cigarettes containing vanilla extract and an additive free,
reference cigarettes were tested in a battery of in vitro and/or in vivo test(s). Within the sensitivity
and specificity of the bioassay(s) the activity of the condensate was not changed by the addition of
vanilla extract. Table below provides tested level(s) and specific endpoint(s).

Endpoint Tested level (ppm)
Reference

Smoke chemistry
15 (extract, 8024-06-4)

326 (oleoresin, 8023-78-7)
Carmines, 2002 &
Rustemeier et al., 2002

2,460 (oleoresin, 8023-78-7)
381 (absolute, 8024-06-4)
468 (extract, 8024-06-4)

Baker et al., 2004a

26 (8024-06-4) 6
00 (8024-06-4)1

170
JTI KB Study Report(s)

55,100
Gaworski et al., 2011 &
Coggins et al., 2011b

153 (CAS 8024-06-4)
3 (CAS 8047-24-3)

Roemer et al., 2014

In vitro genotoxicity
15 (extract, 8024-06-4)

326 (oleoresin, 8023-78-7)
Carmines, 2002 &
Roemer et al., 2002

2,460 (oleoresin, 8023-78-7)
381 (absolute, 8024-06-4)
468 (extract, 8024-06-4)

Baker et al., 2004c

26 (8024-06-4) Renne et al., 2006

26 (8024-06-4)
600 (8024-06-4

JTI KB Study Report(s)

https://pubmed.ncbi.nlm.nih.gov/32871621/


9. Heated/vapor emissions toxicity

Total particulate matter (TPM) from heated (tobacco or nicotine) product(s) containing Vanilla
Extract was tested in a battery of in vitro and/or in vivo test(s). Within the sensitivity and specificity

1,800 (8024-06-4)

254 (8024-06-4) fGLH Study Report (2010)

55,100 Gaworski et al., 2011 &
Coggins et al., 2011b

153 (CAS 8024-06-4)
3 (CAS 8047-24-3)

Roemer et al., 2014

In vitro cytotoxicity
15 (extract, 8024-06-4)

326 (oleoresin, 8023-78-7)
Carmines, 2002 &
Roemer et al., 2002

2,460 (oleoresin, 8023-78-7)
381 (absolute, 8024-06-4)
468 (extract, 8024-06-4)

Baker et al., 2004c

26 (8024-06-4)
600 (8024-06-4)
1,800 (8024-06-4)

JTI KB Study Report(s)

254 (8024-06-4) fGLH Study Report (2010)

55,100
Gaworski et al., 2011 &
Coggins et al., 2011b

153 (CAS 8024-06-4)
3 (CAS 8047-24-3)

Roemer et al., 2014

Inhalation study

9 (8024-06-4) Gaworski et al., 1998

15 (extract, 8024-06-4)
326 (oleoresin, 8023-78-7)

Carmines, 2002 &
Vanscheeuwijck et al., 2002

2,460 (oleoresin, 8023-78-7)
381 (absolute, 8024-06-4)
468 (extract, 8024-06-4)

Baker et al., 2004c

26 (8024-06-4) Renne et al., 2006

26 (8024-06-4)
600 (8024-06-4)
1,800 (8024-06-4)

JTI KB Study Report(s)

153 (CAS 8024-06-4)
3 (CAS 8047-24-3)

Schramke et al., 2014

Skin painting 9 (8024-06-4) Gaworski et al., 1999

26 (8024-06-4)
600 (8024-06-4)

JTI KB Study Report(s)

In vivo genotoxicity
153 (CAS 8024-06-4)
3 (CAS 8047-24-3)

Schramke et al., 2014



of the bioassay(s) the activity of the TPM was not increased by the addition of Vanilla Extract when
compared to TPM from 3R4F cigarettes. The table below provides tested level(s) and specific
endpoint(s).

Aerosol from an electronic nicotine delivery system (ENDS) product that creates a vapor by heating
an e-liquid; the vapor then passes through a capsule containing tobacco granules, containing
Vanilla extract and/or oleoresin was tested in a battery of in vitro and/or in vivo test(s). Under the
test conditions and within the sensitivity and specificity of the bioassay(s), no mutagenic, genotoxic
or cytotoxic responses were observed when exposed to Aerosol Collected Matter (ACM) and/or
aerosol Gas Vapor Phase (GVP) and no adverse findings from a 90-day in vivo repeat-dose
inhalation toxicity study were observed after exposure to the aerosol even when exposure
concentrations were the maximal amount that could be achieved with the specific product(s). These
results are in contrast to those observed with combustible cigarette which showed mutagenic,
genotoxic, cytotoxic and adverse effects upon exposure. The table below provides tested level(s)
and specific endpoint(s):

10. Ecotoxicity

10.1. Environmental fate

The Ecological Categorization Results from the Canadian Domestic Substances List simply state
that oils, vanilla (CAS RN 8024-06-4), vanilla tincture (CAS RN 8047-24-3) and vanilla oleoresins
(CAS RN 8023-78-7) are of uncertain persistence in the environment.

Data accessed July 2017 on the OECD website: http://webnet.oecd.org/CCRWeb/Search.aspx

EPISuite provides the following data for CAS RNs 8024-06-4 and 8047-24-3:

Endpoint Tested level (ppm) Reference

In vitro genotoxicity 39 JTI KB Study Report(s)

In vitro cytotoxicity 39 JTI KB Study Report(s)

Endpoint Tested level Reference

Aerosol chemistry 0.0917 mg/(tobacco portion; 310 mg) Logic (2019)

In vitro genotoxicity 0.0917 mg/(tobacco portion; 310 mg) Logic (2019)

In vitro cytotoxicity 0.0917 mg/(tobacco portion; 310 mg) Logic (2019)

In vivo genotoxicity 0.0917 mg/(tobacco portion; 310 mg) Logic (2019)

Inhalation study 0.0917 mg/(tobacco portion; 310 mg) Logic (2019)

Henrys Law Constant (25 deg C) [HENRYWIN v3.20]:Bond Method : 8.27E-011 atm-m3/mole
(8.38E-006 Pa-m3/mole)

Group Method: 2.81E-009 atm-m3/mole
(2.85E-004 Pa-m3/mole)

Exper Database: 2.15E-09 atm-m3/mole
(2.18E-004 Pa-m3/mole)

Henrys LC [via VP/WSol estimate using User-Entered or Estimated
values]:

HLC: 1.302E-008 atm-
m3/mole (1.319E-003 Pa-

http://webnet.oecd.org/CCRWeb/Search.aspx


m3/mole)

VP: 0.000447 mm Hg
(source: MPBPVP)

WS: 6.88E+003 mg/L
(source: WSKOWWIN)]

Log Octanol-Air Partition Coefficient (25 deg C) [KOAWIN v1.10]:Log
Kow used:

1.21 (exp database)

Log Kaw used: -7.056 (exp database)

Log Koa (KOAWIN v1.10 estimate): 8.266

Log Koa (experimental database): None

Probability of Rapid Biodegradation (BIOWIN v4.10):Biowin1 (Linear
Model):
Biowin2 (Non-Linear Model) :
Biowin3 (Ultimate Survey Model):
Biowin4 (Primary Survey Model) :
Biowin5 (MITI Linear Model) :
Biowin6 (MITI Non-Linear Model):
Biowin7 (Anaerobic Linear Model):

1.2075
1.0000
2.8835 (weeks)
3.9417 (days)
0.9554
0.9555
0.8515

Ready Biodegradability Prediction: YES

Hydrocarbon Biodegradation (BioHCwin v1.01):Structure incompatible with current estimation method!

Sorption to aerosols (25 Dec C)[AEROWIN
v1.00]:Vapor pressure (liquid/subcooled):

0.0569 Pa (0.000427 mm Hg)

Log Koa (Koawin est): 8.266

Kp (particle/gas partition coef. (m3/ug)):Mackay
model: Octanol/air (Koa) model:

5.27E-0054.53E-005

Fraction sorbed to airborne particulates (phi): Junge-Pankow model:
0.0019

Mackay model: 0.0042

Octanol/air (Koa) model: 0.00361

Atmospheric Oxidation (25 deg C) [AopWin v1.92]:Hydroxyl Radicals
Reaction: OVERALL OH Rate Constant =

27.3410 E-12 cm3/molecule-
sec

Half-Life = 0.391 Days (12-hr day; 1.5E6
OH/cm3)

Half-Life = 4.694 Hrs



Persistence Time: 623 hr

Ozone Reaction: No Ozone Reaction
Estimation

Reaction With Nitrate Radicals May Be Important!

Fraction sorbed to airborne particulates (phi): 0.00305 (Junge-Pankow, Mackay avg) 0.00361 (Koa
method)Note: the sorbed fraction may be resistant to atmospheric oxidation

Soil Adsorption Coefficient (KOCWIN v2.00):Koc :

10 L/kg (MCI method)

Log Koc: 1.000 (MCI method)

Koc : 38.71 L/kg (Kow method)

Log Koc: 1.588 (Kow method)

Aqueous Base/Acid-Catalyzed Hydrolysis (25 deg C) [HYDROWIN
v2.00]:Rate constants can NOT be estimated for this structure!Volatilization
from Water:Henry LC: 2.15E-009 atm-m3/mole (Henry experimental
database Half-Life from Model River:

3.359E+005 hours (1.4E+004
days)

Half-Life from Model Lake: 3.664E+006 hours
(1.527E+005 days)

Removal In Wastewater Treatment:Total removal:
1.91 percent

Total biodegradation: 0.09 percent

Total sludge adsorption: 1.82 percent

Total to Air: 0.00 percent

(using 10000 hr Bio
P,A,S)

Level III Fugacity
Model:

Mass Amount(percent) Half-Life(hr) Emissions(kg/hr)

Air 0.0439 9.39 1000

Water 30.9 360 1000

Soil 69 720 1000

Sediment 0.0696 3.24e+003 0



10.2. Aquatic toxicity

According to the Ecological Categorization results from the Canadian Domestic Substances List,
vanilla oils (CAS RN 8024-06-4), vanilla tincture (CAS RN 8047-24-3), and vanilla oleoresins (CAS
RN 8023-78-7) are not inherently toxic to aquatic organisms and are of low ecotoxicological
concern (no further details given).

Data accessed July 2017 on the OECD website: http://webnet.oecd.org/CCRWeb/Search.aspx

ECOSAR version 1.11 reports the following aquatic toxicity data for CAS RNs 8024-06-4 and 8047-
24-3:

Values used to Generate ECOSAR Profile:

Log Kow: 1.055 (EPISuite Kowwin v1.68 Estimate)

Wat Sol: 1.1E+004 (mg/L, PhysProp DB exp value)

ECOSAR v1.11 Class-specific Estimations Aldehydes (Mono)

Phenols

ECOSAR Class Organism Duration End Pt Predicted mg/L (ppm)

Aldehydes (Mono) : Fish 96-hr LC50 27.172

Aldehydes (Mono) : Daphnid 48-hr LC50 70.250

Aldehydes (Mono) : Green Algae 96-hr EC50 86.545

Aldehydes (Mono) : Fish ChV 5.968

Aldehydes (Mono) : Daphnid ChV 8.573 !

Aldehydes (Mono) : Green Algae ChV 25.426

Aldehydes (Mono) : Fish (SW) 96-hr LC50 38.628

Aldehydes (Mono) : Fish (SW) ChV 4.009 !

Phenols : Fish 96-hr LC50 138.180

Phenols : Daphnid 48-hr LC50 27.313

Phenols : Green Algae 96-hr EC50 137.704

Phenols : Fish ChV 12.146

Phenols : Daphnid ChV 5.204

Phenols : Green Algae ChV 65.470

Phenols : Fish (SW) 96-hr LC50 74.072

http://webnet.oecd.org/CCRWeb/Search.aspx


NOTE: ! = exclamation designates: The toxicity value was estimated through application of acute-
to-chronic ratios per methods outlined in the ECOSAR Methodology Document provided in the
ECOSAR Help Menu.

10.3. Sediment toxicity

No data available to us at this time.

10.4. Terrestrial toxicity

ECOSAR version 1.11 reports the following terrestrial toxicity data for CAS RNs 8024-06-4 and
8047-24-3:

Values used to Generate ECOSAR Profile:

Log Kow: 1.055 (EPISuite Kowwin v1.68 Estimate)

Wat Sol: 1.1E+004 (mg/L, PhysProp DB exp value)

ECOSAR v1.11 Class-specific Estimations

Phenols

“This study aimed to analyze the antiproliferative and genotoxic potential of synthetic food
flavorings, nature identical passion fruit and artificial vanilla. This assessment used root meristem
cells of Allium cepa L., in exposure times of 24 and 48 hours and using doses of 0.2; 0.4 and 0.6
mL. Roots were fixed in Carnoy's solution, hydrolyzed in hydrochloric acid, stained with acetic
orcein and analyzed with optical microscope at 400× magnification, 5,000 cells for each treatment.
For data analysis, it was used Chi-square test at 5%. Doses of 0.2 mL at ET 48 h; 0.4 and 0.6 mL
at ET 24 and 48 h of passion fruit flavor, and the three doses of the vanilla flavor at ET 24 and 48 h
significantly reduced the cell division rate in the meristems of roots, proving to be cytotoxic. Doses
of 0.2; 0.4 and 0.6 mL of the passion fruit additive, and the three doses of vanilla tested, in the two
exposure times, induced mitotic spindle changes and micronuclei formation in the cells of the test

Phenols : Lemna gibba 7-day EC50 124.973

Neutral Organic SAR : Fish 96-hr LC50 882.407

(Baseline Toxicity) : Daphnid 48-hr LC50 459.167

Green Algae 96-hr EC50 238.437

Fish ChV 77.815

Daphnid ChV 35.123

Green Algae ChV 51.413

ECOSAR Class Organism Duration End Pt Predicted mg/L (ppm)

Phenols : Earthworm 14-day LC50 344.133



organism used, proving to be genotoxic. Therefore, under the studied conditions, flavoring solutions
of vanilla and passion fruit, marketed nationally and internationally, significantly altered the
functioning of the cell cycle in root meristem cells of A. cepa.” As taken from Nunes RD et al. 2017.
Braz J Bio. 77(1), 150-154. PubMed, 2017 available at
https://www.ncbi.nlm.nih.gov/pubmed/27463833

10.5. All other relevant types of ecotoxicity

The Ecological Categorization Results from the Canadian Domestic Substances List simply state
that oils, vanilla (CAS RN 8024-06-4), vanilla tincture (CAS RN 8047-24-3), and vanilla oleoresins
(CAS RN 8023-78-7) are of uncertain bioaccumulative potential in the environment.

Data accessed July 2017 on the OECD website: http://webnet.oecd.org/CCRWeb/Search.aspx
EPISuite provides the following data for CAS RNs 8024-06-4 and 8047-24-3:

Bioaccumulation Estimates (BCFBAF v3.01):
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1. INTRODUCTION 

For nearly 40 years, the Joint FAO/WHO Expert Committee on Food Additives (JECFA) has played a leading role in 
the development of principles and procedures for the safety evaluation of flavouring agents. In 1996, the Committee 
began an ongoing programme to conduct safety evaluations and establish specifications for individual flavouring 
agents. On the basis of this experience, the Committee recognizes that the safety evaluation of flavouring agents 
presents unique challenges, principally owing to the fact that there are more than 2000 such agents used in commerce, 
the vast majority of which are added at extremely low levels in food. In view of the fact that the majority of 
individual flavouring agents occur naturally in food, the Committee has concluded that to evaluate each of these 
substances by traditional toxicological testing is simply not warranted in most cases (WHO, 1987). 

In 1987, WHO classified flavouring agents into four groups: 

1. (a) Artificial substances that are unlikely to occur naturally in food; 
2. (b) Natural substances that are not normally consumed as food, their derived products, and the equivalent 

nature-identical flavourings; 
3. (c) Herbs and spices, their derived products, and the equivalent nature-identical flavourings, and 
4. (d) Natural flavouring substances obtained from vegetable and animal products and normally consumed as food 

whether processed or not, and their synthetic equivalents. 



Since 1996, the Committee has evaluated the safety of approximately 1150 individual flavouring agents using the 
Procedure for the Safety Evaluation of Flavouring Agents (Annex 1, references 116 and 117 ). The Committe 
organized these agents into a number of well-defined chemical groups (i.e. congeneric groups) in order to effectively 
evaluate such a large number of substances. The evaluations conducted to date have demonstrated that flavouring 
agents within a congeneric group have a similar biochemical fate and toxicological potential. Most individual 
flavouring agents have been shown to be efficiently detoxicated to yield innocuous metabolites. Knowledge of their 
metabolic fate, coupled with low intake levels that are typically below thresholds of toxicological concern, has 
formed the basis for the majority of the Committee’s evaluations of individual flavouring agents. In instances where 
the metabolic fate of an individual flavouring agent was not well known or readily predictable, or where intake 
exceeded the threshold of toxicological concern for the relevant structural class, the Committee has relied on data on 
the toxicity of the agent itself or of a structurally related substance in order to perform a rigorous safety evaluation. 
The results of these evaluations comprise an extensive database, which has been published since 1996 in the WHO 
Food Additive Series as a series of monographs on congeneric groups. 

A key development in the process by which the Committee evaluates the safety of flavouring agents has been the 
establishment of specifications, consistent with JECFA practice, for all flavouring agents. The criteria underpinning 
these specifications require that the chemical assay for individual flavouring agents be specified. The Committee has 
adopted the criterion of a minimum assay of 95% purity of the named flavouring agent. In some cases, flavouring 
agents have been reported to be of less than 95% purity. In such instances, the Committee has required the 
identification of the secondary components such that at least 95% of the chemical composition of the named 
flavouring agent can be accounted for. Key features of secondary components are that many are themselves 
flavouring agents that are likely have been evaluated previously by the Committee, as a member of a different 
congeneric group, or they are structurally related substances that belong to the same congeneric group as the named 
flavouring agent. 

In order to provide for a rigorous safety evaluation when there are many secondary components, the Committee has 
collected and evaluated data on each of these components. This process has been facilitated by the fact that, since 
1996, the Committee has reviewed and published monographs on most of the chemical groups of flavouring agents. 
Using these monographs on congeneric groups, the Committee now has the capacity to efficiently evaluate additional 
flavouring agents and numerous secondary components. An obvious extension of this process is that the Committee 
can begin to evaluate mixtures of flavouring agents, as found in natural flavouring complexes. 

2. SAFETY EVALUATION OF NATURAL FLAVOURING 
COMPLEXES 

Natural flavouring complexes fall into the following categories: 

1. Essential oils: the volatile flavouring constituents of plant sources (leaves, fruits, buds, bark, etc.) usually 
obtained by steam distillation, by expression or extraction, or some combination of these processes. 

2. Extracts: the volatile and non-volatile flavouring constituents of plant sources, as described in (1) above, 
obtained by extraction with a permitted polar or non-polar solvent, the choice of which depends on the 
botanical source and the constituents desired. 

3. Oleoresins, often called solid extracts: obtained by extraction as in (2) above, followed by removal of the 
solvent. 

These categories fall into groups (b), (c), and (d) listed above (WHO, 1987). The agents that comprise these 
categories range from those that consist almost entirely of a single chemical entity, such as bitter almond oil 
(benzaldehyde), to those with a highly complex composition (e.g. rosemary oil). In some instances, dozens of 
constituents are essential to the technical flavour characteristics of the natural flavouring complex. Although the 
chemical composition of these complexes is variable, their constituents can be assigned to relevant congeneric 
groups. 

Table 1 gives examples of natural flavouring complexes and individual flavouring agents and provides an indication 
of the number of these substances that are used in commerce in the United States. Tables 2 and 3 list the constituents 
of two natural flavouring complexes, bois de rose oil and lemongrass oil, organized by congeneric group. While each 



of these complexes has numerous constituents, these constituents fit readily into congeneric groups, most of which 
have already been evaluated by the Committee. 

Table 1. Examples of individual flavouring agents and natural flavouring complexes

Type of flavouring agents (number of 
agents of this type)

Examples (No.) Chemical assay

Individual flavouring agents with 
minimum assay value of >95% 
(1400)

Cinnamyl alcohol (No. 647) Minimum assay of >95% (JECFA)

Individual flavouring agents with 
minimum assay value of <95% (230)

(E,R)-3,7-Dimethyl-1,5,7-octatrien-3-
ol (No. 1154)

Minimum assay of 93%; 3-5% linalool, 
and lesser quantities of linalool oxide and 
nerol oxide

Natural flavouring complexes 
Essential oils (190)

Wintergreen oil (Group (b))a FCC chemical assay: not less than 98% 
and not more than 100.5% methyl 
salicylate

Lemongrass oil (Group (c))a FCC chemical assay: not less than 75%, by 
volume, of aldehyde as citral

Lemon oil, distilled (Group (d))a FCC chemical assay: between 1% and 
3.5% aldehydes, calculated as citral

Extracts (100) Vanilla extract (Group (c))a —

Oleoresins (30) Black pepper oleoresin (Group (c))a FCC chemical assay: piperine: not less 
than 36%; volatile oil content: between 15 
ml and 35 ml/100 g.

a Group as classified by WHO (1987) (see Introduction) 

FCC, Food Chemical Codex

This monograph proposes that the existing Procedure for the Safety Evaluation of Flavouring Agents (Annex 1, 
references 116 and 117), as refined by the Committee (Annex 1, references 122, 131), be further modified to 
accommodate the safety evaluation of natural flavouring complexes. After consideration of an approach to 
determining specifications that could be used to specify a chemical assay for a natural flavouring complex, details of 
the suggested modifications to the existing Procedure in order to provide for the evaluation of natural flavouring 
complexes are outlined herein. 

2.1 Specifications for natural flavouring complexes 

The Committee has always insisted upon specifications that define the substance being considered and, as previously 
noted, has typically required that a chemical assay for individual flavouring agents be at least 95%. In cases in which 
the named substance could not practically be freed from secondary components, the Committee has evaluated each 
secondary component individually. The emphasis throughout has been on assuring the identity and safety of the 
substance being evaluated. 

In dealing with natural flavouring complexes, it may be useful to invoke compendia of specifications published by 
organizations that have previously considered these agents. The Food Chemicals Codex is one such organization, 
recognized by regulation in the United States and elsewhere. Food Chemicals Codex specifications typically list 
physiochemical properties, contaminants (including heavy metals and polynuclear aromatics) and microbiological 
parameters, to ensure that food ingredients, including flavouring agents, are safe for human consumption. For many 
natural flavouring complexes, Food Chemicals Codex also specifies a minimum chemical assay for key chemical 
constituents. For example, the chemical assay for caraway oil specifies that it should contain not less than 50%, by 
volume, of ketones calculated as carvone. The assay for peppermint oil is not less than 5% esters, calculated as 



menthyl acetate, and not less than 50% menthol. Clearly, flexibility is maintained in a chemical assay specified by 
Food Chemicals Codex in that a minimum level is specified for a chemical group that may be measured or calculated 
as a key chemical constituent in the natural flavouring complex. This approach could be used effectively to specify a 
chemical assay for natural flavouring complexes evaluated by the Committee. 

To perform an evaluation, the Committee would organize the constituents of the natural flavouring complex into 
congeneric groups (e.g. phenols, tertiary alcohols, etc.) and perform a series of evaluations for the congeneric group. 
Within key congeneric groups (e.g. alicyclic secondary alcohols and ketones) selected constituents (e.g. menthol) will 
be associated with the technical flavouring characteristics of the natural flavouring complex (e.g. peppermint oil). In a 
manner entirely consistent with Food Chemicals Codex, the evaluation of congeneric groups within the complex 
could be linked by chemical assay to constituents that are fundamental to the flavouring characteristics of the natural 
flavouring complex. 

An essential general principle is that the specification should be no more complex than is essential to assure the most 
critical aspects of safety, identity, and technical function. Determination of these key characteristics requires the use 
of methods shown to be reliable through collaborative studies. Existing relevant specifications from Food Chemicals 
Codex for bois de rose oil and lemongrass oil are provided in Tables 4 and 5 (Food Chemicals Codex, 1996). 

2.2 Estimates of daily intake 

The principles and procedures used by the Committee to estimate intake in the safety evaluation of individual 
flavouring agents are equally valid and appropriate for natural flavouring complexes, provided that the intended 
conditions of use are similar to those for individual flavouring agents. One obvious difference between individual 
flavouring agents and natural flavouring complexes is that some of the latter have much broader patterns of use in the 
food supply and much higher volumes of disappearance into the marketplace than do individual agents. Natural 
flavouring complexes such as vanilla extract and lemon oil are used in a wide variety of food categories that have 
high rates of consumption from products such as baked goods, beverages, soft and hard candy, and dairy products. 
Annual volumes of production for twelve natural flavouring complexes in use in the United States exceed 1 000 000 
kg. 

Table 2. Constituents of bois de rose oil, organized by congeneric groupa

Congeneric 
group (date of 
JECFA review)

DT 
class

FEMA 
No.

CAS No. Constituent

3 I 2303 141-27-5 Geranial

3 I 2507 106-24-1 Geraniol

3 I 2509 105-87-3 Geranyl acetate

3 I 2303 106-26-3 Neral

3 I 2770 106-25-2 Nerol

3 (1997, 2003) I alpha,beta-Unsaturated aliphatic 
primary alcohol/ aldehyde/ 
acid/acetal/ ester

6 I 29171-20-8 trans-Dehydrolinalool

6 I 20053-88-7 3,7-Dimethyl-1,5,7-octatrien-3-ol 

6 I 2,6-Dimethyl-3,7-octadien-2,6-diol



6 I 2635 78-70-6 Linalool

6 I 2772 7212-44-4 trans-Nerolidol

6 I 5986-38-9 Ocimenol

6 I Spathulenol

6 I 2248 562-74-3 Terpinen-4-ol

6 I 3045 98-55-5 alpha-Terpineol

6 I gamma-Terpineol

6 (1998) I Aliphatic, alicyclic and aromatic 
saturated and unsaturated tertiary 
alcohol and related ester

16 II 2465 470-82-6 1,8-Cineole

16 II 3746 5989-33-3 cis-Linalool oxide

16 II 3746 56752-50-2 trans-Linalool oxide

16 II 3746 68892-15-9 Linalool oxide (2 peaks)

16 II 3735 7392-19-0 2,2,6-Trimethyl-6-
vinyltetrahydropyran

16 (2003) II Aliphatic and alicyclic ethers

31 I 29350-73-0 Cadinene

31 I 483-76-1 delta-Cadinene

31 I 39029-41-9 gamma-Cadinene

31 I 2229 79-92-5 Camphene

31 I 2252 87-44-5 beta-Caryophyllene

31 I 3856-25-5 alpha-Copaene

31 I Cyclosativene

31 I 2356 99-87-6 para-Cymene

31 I 33880-83-0 beta-Elemene

31 I Eremophilene

31 I 2633 138-86-3 Limonene

31 I 2762 123-35-3 Myrcene

31 I 3539 3338-55-4 (Z)-beta-Ocimene

31 I 3539 3779-61-1 (E)-beta-cimene



31 I 555-10-2 beta-Phellandrene

31 I 2902 127-91-3 beta-Pinene

31 I 2903 80-56-8 alpha-Pinene

31 I 17066-67-0 beta-Selenene

31 I 473-13-2 alpha-Selenene

31 I gamma-Selenene

31 I 3046 586-62-9 Terpinolene

31 (2004) I Aliphatic and aromatic hydrocarbons

Total

FEMA, Flavour and Extract Manufacturers Association; CAS, Chemical abstracts service

Notes:

The composition data cited above are derived from industry and from published literature. The data are 
representative of the NFC in commerce (1, 2 and, in some cases, 4) and various analytical data for studies on the 
impact of various factors (geography, maturity, storage, etc.) on the composition of the NFC (mainly 3). Typically, 
four types of analyses are available:

1. Target analyses from industry: routine quality control analysis for key constituents responsible for technical 
flavour function

2. Complete analyses from industry: complete analysis for all constituents in the NFC intended for commerce

3. Target analyses from the literature: published limited analysis for constituents in the NFC on the basis of the 
objective

4. Complete analyses from the literature: published complete analysis for all constituents in the NFC

a For bois de rose oil, constituents identified in complete analyses account for >95%

b Only data available from complete analyses are used in the safety evaluation procedure for the NFC

c All references for data from industry (Ind. 1-8): Industry (1999-2002) Private communication to the Flavour 
and Extract Manufacturers Association, Washington DC

d References for data from the published literature:

1. Formacek, K. & Kubeczka, K.H. (1982) The chemical composition of commercial bois-de-rose oil. In: 
Essential oils analysis by capillary chromatography and carbon-13 NMR spectroscopy. New York: John 
Wiley and Sons

2. Buccallato, F. (1988) Bois-de-rose oil: A glimpse into the past. Perfumer Flavorist, 13, 35-36

3. Lawrence, B. (1984) Bois-de-rose oil. Perfumer Flavorist 24, 63

Table 3. Constituents of lemongrass oil organized by congeneric groupa

Congeneric 
group (Date of 
JECFA review)

DT 
class

FEMA 
No.

CAS No. Constituent

1 I 2362 112-31-2 Decanal

1 I 2792 124-13-0 Octanal



1 (1996, 1997) I Straight-chain primary aliphatic 
alcohol/aldehyde/acid/acetal/ester

3 I 2303 141-27-5 Geranial

3 I 2307 106-24-1 Geraniol

3 I 2509 105-87-3 Geranyl acetate

3 I 106-29-6 Geranyl butyrate

3 I 105-86-2 Geranyl formate

3 I 2303 106-26-3 Neral

3 I 2770 106-25-2 Nerol

3 I 2773 141-12-8 Neryl acetate

3 (1997, 2003) I alpha,beta-Unsaturated aliphatic 
primary 
alcohol/aldehyde/acid/acetal/ester

4 I 2307 Citronellal

4 I 2309 106-22-9 Citronellol

4 I 2311 150-84-5 Citronellyl acetate

4 I 106-72-9 2,6-Dimethyl-5-heptenal

4 I (Z)-5-Decenal

4 I 141-27-5 3,7-Dimethyl-3(E),6-octadienal

4 I 3,7-Dimethyl-3(Z),6-octadienal

4 I 50705-16-3 3,3-Dimethylbicyclo[2.2.1]heptane-
2-carbaldehyde

4 I 112-54-9 Dodecanal

4 I 2401 68820-34-8 (E)-5-Dodecenal

4 I 55050-40-3 exo-Isocitral

4 I 55722-59-3 Isocitral

4 (1998) I Nonconjugated unsaturated linear 
and branched chain aliphatic primary 
alcohol/aldehyde/acid/ acetal/ester

5 II 409-02-9 6-Methyl-5-hepten-2-one

5 II 4485-09-0 4-Nonanone

5 I 3388 593-08-8 2-Tridecanone



5 I 3093 112-12-9 2-Undecanone

5 (1998, 2002) II Aliphatic/alicyclic secondary 
alcohol/ketone/ketal/ester

6 I epi-Cubebol

6 I alpha-Cubenol

6 I 639-99-6 Elemol

6 I 473-16-5 alpha-Eudesmol

6 I 2635 78-70-6 Linalool

6 I 2772 40716-66-3 (E)-Nerolidol

6 I 2248 562-74-3 Terpinen-4-ol

6 I 3045 98-55-5 alpha-Terpineol

6 (1998) I Aliphatic/alicyclic/aromatic tertiary 
alcohols and esters

8 I 2125 507-70-0 Borneol

8 II 2159 76-49-3 Bornyl acetate

8 II 2230 76-22-2 Camphor

8 I 2247 1197-06-4 (Z)-Carveol

8 I 6753-98-6 alpha-Humulene

8 II 89-81-6 Piperitone

8 II 546-80-5 alpha-Thujone

8 II 473-67-6 Verbenol

8 (2004) II Secondary 
alicyclic/saturated/unsaturated/ 
alcohol/ketone/ketal/ester

31 I 3331 495-62-5 gamma-Bisabolene

31 I 483-76-1 delta-Cadinene

31 I 39029-41-9 gamma-Cadinene

31 I 2229 79-92-5 Camphene

31 I 2252 87-44-5 beta-Caryophyllene

31 I 3856-25-5u Copaene

31 I Cyclosativen

31 I 2356 99-87-6 para-Cymene



31 I 515-13-9 beta-Elemene

31 I 3839 18794-84-8 (E)-beta-Farnesene

31 I 23986-74-5 Germacrene D

31 I 1195-32-0 1-Isopropenyl-4-methylbenzene

31 I 2633 138-86-3 Limonene

31 I 2762 Myrcene

31 I 3539 3779-61-1 (Z)-beta-Ocimene

31 I 3539 3779-61-1 (E)-beta-Ocimene

31 I 2856 555-10-2 beta-Phellandrene

31 I 2903 80-56-8 alpha-Pinene

31 I 3046 586-62-9 Terpinolene

31 I Tetradecane

31 I 508-32-7 Tricyclene

31 I Cadina-1(10),5-diene

31 I Cadina-3,5-diene

31 (2004) I Aliphatic and aromatic hydrocarbons

32 III 1139-30-6 Caryophyllene epoxide

32 III 6,7-Epoxy-3,7-dimethyl-2-octenal

32 III Geraniol-6,7-epoxide

32 III Humulene epoxide

32 III Rosefuran epoxide

32 (2005) III Epoxides

Totals

Notes to Table 3 

FEMA, Flavour and Extract Manufacturers Association; CAS, Chemical abstracts service 

Notes: 

The composition data cited above are derived from industry and from published literature. The data are 
representative of the NFC in commerce (1, 2 and, in some cases, 4) and various analytical data for studies on the 
impact of various factors (geography, maturity, storage, etc.) on the composition of the NFC (mainly 3). 
Typically, four types of analyses are available: 

1. Target analyses from industry: routine quality control analysis for key constituents responsible for technical 
flavour function; 



2. Complete analyses from industry: complete analysis for all constituents in the NFC intended for commerce; 

3. Target analyses from the literature: published limited analysis for constituents in the NFC on the basis of the 
objective; 

4. Complete analyses from the literature: published complete analysis for all constituents in the NFC. 

a For lemongrass oil, constituents identified in complete analyses account for >95%

b Only data available from complete analyses are used in the safety evaluation procedure for the NFC (shaded 
columns)

c References for data from industry (Ind. 1–4): Industry (1976–2003) Private communication to the Flavour 
and Extract Manufacturers Association, Washington D.C.

d References for data from published literature:

1. Chowdhury, J.U. et. al. (1998) Studies on the essential oil bearing plants of Bangladesh. Part IV. 
Composition of the leaf oils of three Cymbopogon species: C. flexuosus Wats. J. Essent. Oil Res., 10: 301
–306. 

2. Chalchat, J.C. et. al. (1997) Correlation between chemical composition and antimicrobial activity. VI. 
Activity of some African essential oils. J. Essent. Oil Res. 9, 67–75. 

Table 4. Food Chemicals Codex specifications for bois de rose oil 

NFC cluster Bois de rose

Common name Rosewood

Botanical family Lauraceae

Genus and species Aniba rosaeodora Ducke 
Aniba duckei Kostermans 
Aniba rosaedora Ducke var amazonica Ducke 
Aniba parviflora (Meissner) Mex

Synonyms Aniba rosaeodora var. amazonica 
Brazilian rosewood oil

Geographical source Wood is collected in principally in Brazil and, to a lesser extent, in 
Peru

Description of botanical 
source

Tropical, medium-sized, wild-growing evergreen

Degree of maturity Mature trunk wood

FEMA No(s). 2156

FDA citation(s) 182.20

COE No(s). Not applicable

Other information Use in formulations has become less attractive as environmental 
concerns have grown over the destructive nature of rosewood oil 
production in Brazil.

Plant parts used Trunk wood



Derivatives used (e.g. 
absolute, oil, extract, 
etc.)

Essential oil (FEMA2156)

Yield, %, based on 
original botanical

Yields of oil vary according to wood feedstock quality and moisture 
content. Typical yields of oil are approximately 1% (w/w).

Method of isolation Steam distillation of water soaked comminuted trunk wood. 
Distillation is carried out in mild or galvanized steel vessels that 
may vary in size from 200 to 1000 kg capacity of chips. Steam 
generation is by boiler fueled with spent chips. No further 
processing of the oil is carried out either by the primary distiller or 
by the end-user.

Solvents used Not applicable

Appearance Colourless or pale yellow liquid with a refreshing, sweet woody, 
linalool-like, somewhat floral-spicy odour.

Angular rotation FCC: -4 to+6° 
Brazilian: -2 to +5° 
Cayenne: -10 to -17° 
Peruvian: -2 to +6°

Heavy metals Specific 
gravity

FCC: passes test (as lead, Pb) 
FCC: 0.868-0.889 at 25 °C 
Brazilian: 0.871-0.888 at 20 °C 
Cayenne: 0.866-0.877 at 20 °C 
Peruvian: 0.870-0.880 at 20°C

Refractive index FCC: 1.462-1.470 at 20 °C 
Brazilian: 1.4620-1.4685 at 20 °C 
Cayenne: 1.4610-1.4665 at 20 °C 
Peruvian: 1.4620-1.4700 at 20°C

Distillation range 
Solubility in alcohol

FCC: Not less than 70% distills between 195 and 205°C 
FCC: 1 :6 in 60% alcohol 
Brazilian: 1:3-5 in 60% alcohol 
Cayenne: 1:4 in 60% alcohol 
Peruvian: 1:6 in 60% alcohol

Solubility in water Very soluble

Solubility in other 
solvents

FCC: Soluble in mineral oil, most fixed oils and propylene glycol 
Slightly soluble in glycerin

Moisture Not applicable

Major components assay 
(if applicable)

FCC: Total alcohols 82-92%, calculated as linalool 
ISO: Total alcohols 84-93%, calculated as linalool 
Main constituent is linalool. The l-form of linalool is predominant 
in cayenne oil, whereas the d- and l-isomers are present in Brazilian 
and Peruvian oils.

Recommended JECFA 
specifications for 
chemical assay

Not less than 80% and not more than 95% tertiary terpenoid 
alcohols and related esters, calculated as linalool (decision-tree 
class I).



COE, Council of Europe; FCC, Food chemicals Codex; FEMA, Flavour and Extracts Manufacturers Association; ISO, International 
Organization for Standardization

Table 5. Food Chemicals Codex specifications for lemongrass oil

NFC cluster Lemongrass

Common name Lemongrass

Botanical family Gramineae

Genus and species Cymbopogon flexuosus (Nees.) Stapf ("East Indian type") 
Cymbopogon citratus DC ("West Indian type")

Synonyms Citral terpenes 
Indian melissa oil 
Indian oil of verbena 
Oil of lemon grass

Geographical source India, West Africa, Central America, West Indies, South America

Description of botanical 
source

Cultivated herbaceous grass

Degree of maturity Mature fresh or partly dried leaves

FEMA No(s). 2624

FDA citations(s). 182.20

COE No(s). CE38

Other information: Lemongrass oil has one of the largest annual volumes of production 
of all essential oils in the world. Most of the volume produced is 
used for the production of citral.

Plant parts used Leaves

Derivatives used (e.g. 
absolute, oil, extract, 
etc.)

Oil

Yield, %, based on 
original botanical

0.2-0.4%

Method of isolation Steam distillation

Solvents class used No solvents

Cymbopogon flexuosus

Appearance ISO: Pale yellow to yellowish brown, mobile liquid with odour 
resembling that of citral

Optical rotation ISO: -3 to+1° at 20 °C 
FCC: -3 to +1 °

Heavy metals FCC: passes test



Specific gravity ISO: 0.885-0.905 at 20/20 °C 
FCC: 0.894-0.904 at 25/25 °C

Refractive index ISO: 1.4830-1.4890 at 20 °C 
FCC: 1.483-1.489 at 20°C

Distillation range Not applicable

Solubility in alcohol ISO: Miscible 1:3 in 70% (v/v) ethanol at 20 °C 
FCC: Passes test

Solubility in water Not available

Solubility in other 
solvents

Not available

Moisture Not available

Major components assay 
(if applicable)

ISO: Carbonyl content (as citral) 73% min 
FCC: Aldehyde (as citral) 75.0% min.

Other ISO: Residue from vacuum distillation: 10% (m/m) max. 
FCC: Steam-volatile oil 93.0% min.

Cymbopogon citrates

Appearance ISO: Pale yellow to orange-yellow, mobile liquid with characteristic 
strong note of citral.

Optical rotation ISO: -3 to +1 at 20°C 
FCC: -3 to +1 °

Heavy metals FCC: passes test

Specific gravity ISO: 0.872-0.897 at 20/20°C 
FCC: 0.869-0.894 at 25/25°C

Refractive index ISO: 1.4830-1.4890 at 20°C 
FCC: 1.483-1.489 at 20 °C

Distillation range Not applicable

Solubility in alcohol ISO: Soluble in 70% (v/v) ethanol at 20°C 
FCC: Passes test

Solubility in water Not available

Solubility in other 
solvents

Not available

Moisture Not available

Major components assay 
(if applicable)

ISO: Carbonyl content, as citral: 75% min. 
FCC: Aldehyde (as citral) 75.0% min.

Other FCC: Steam-volatile oil 93.0% min.



Recommended JECFA 
specifications for 
chemical assay

Not less than 70% and not more than 90% primary terpenoid 
alcohols, aldehydes, carboxylic acids, and related esters, calculated 
as citral (decision-tree class I). 
Not more than 10% nonconjugated unsaturated linear and branched 
chain aliphatic primary alcohols, aldehydes, carboxylic acids, and 
related acetals and esters (decision-tree class I). 
Not more than 10% aliphatic and aromatic terpenoid hydrocarbons 
(decision-tree class I). 
Not more than 2% aliphatic or alicyclic epoxides (decision-tree 
class III).

COE, Council of Europe; FCC, Food Chemical Codex; FDA, Food and Drug Administration; ISO, International Organization for 
Standardization

As has been common practice by the Committee since 1996, intake of individual flavouring agents is based on a 
conservative estimate, with the assumption that only 10% of the population consumes all of the substance as a 
flavouring agent, Clearly the use of natural flavouring complexes, such as vanilla extract and lemon oil, that are used 
at high volume is not limited to 10% of the population. It is recommended that in the case of natural flavouring 
complexes that are used at high volume (e.g. >100 000 kg/year) that the Committee use the actual percentage of users 
as estimated from databases on food intake. This would provide more realistic estimates of daily intake. 

The data on poundage and intake for bois de rose oil and lemongrass oil are show in Table 6. For these natural 
flavouring complexes, it is valid to estimate daily intake using the principles and procedures that are used for 
individual flavouring agents. 

Exposure to constituents of the natural flavouring complex in the various con-generic groups does not solely occur 
via intake of the complex. These constituents, mainly terpenes, are also present as common components of many 
traditional foods. In fact, the majority of terpenes that are constituents of a natural flavouring complex are also 
consumed in the normal diet. For example, exposure to linalool, limonene, linalyl acetate and other terpenes in bois 
de rose oil also occurs by daily consumption of spices (e.g. coriander), fruits (e.g. oranges), wine, and certain 
vegetables. Exposure to the constituents found in bois de rose oil occurs mainly from consumption of a normal diet. 
This is to be expected, given the ubiquitous presence of simple monoterpenes in all plants. 

Table 6. Poundage and intake data for bois de rose oil and lemongrass oil

Bois de rose oil Lemongrass oil

USA annual poundage (1995) 2902 kg 1470 kg 

Per capita intake, USA 38 mg/person per 
day 

19 mg/person 

"Eaters only", per capita intake, USA × 10 380 mg/person per 
day 

194 mg/person 

2.3 Proposed modification to the current procedure for the safety 
evaluation of flavouring agents 

It is recommended that the current Procedure for the Safety Evaluation of Flavouring Agents be expanded to include 
the option to evaluate both individual flavouring agents and natural flavouring complexes. Like individual flavouring 
agents, flavouring agents present in a natural flavouring complex will be assigned to the appropriate congeneric 
groups. Subsequently, each congeneric group will be evaluated according to the current steps in the Procedure (see 
Figure 1). Once all congeneric groups contained within the natural flavouring complex have been evaluated, a 
conclusion can be made concerning the safety of the combination of congeneric groups that constitute the complex. 
This modification to the existing Procedure to allow the inclusion of assessments for congeneric groups will permit 



the evaluation of all types of flavouring agents, including relatively pure individual flavouring agents (chemical assay 
>95%), agents containing appreciable amounts of secondary components minimum chemical assay, <95%), and 
natural flavouring complexes containing different congeneric groups of individual flavouring agents. The proposed 
modification to the Procedure constitutes an efficient use of resources because it builds upon the evaluations 
previously conducted and relies on the extensive series of monographs on well-defined congeneric groups of 
flavouring agents already published by the Committee. 



Figure 1. Procedure for the Safety Evaluation of Flavouring Agents and Natural Flavouring Complexes



As a test, two natural flavouring complexes, bois de rose oil and lemongrass oil, were evaluated using the modified 
Procedure. The results of these evaluations (shown in Table 7 and Table 8, respectively) indicate that at current levels 
of intake these natural flavouring complexes would not be expected to present a safety concern. 

Table 7. Safety evaluation of bois de rose oila,b

Flavouring agent or congeneric group of NFC Congeneric group 
number

Structural class I

Aliphatic, alicyclic, and aromatic saturated and unsaturated 
tertiary alcohols and esters

6

Aliphatic and aromatic hydrocarbons 31

alpha,beta-Unsaturated straight-chain and branched-chain 
aliphatic primary alcohols, aldehydes, acids and esters

3

Structural class II

Aliphatic and alicyclic ethers 16

NFC, natural flavouring complex; NR, not required for evaluation because consumption of the substance 
was determined to be of no safety concern at step A3 of the decision-tree

a If members of the congeneric group have different structural classes, assign the highest structural 
class to the congeneric group. If the flavouring agent or natural flavouring complex contains more 
than one congeneric group, assign a decision-tree classification to each of the congeneric groups that 
make up the flavouring agent or natural flavour complex

b Step 2: All of the congeneric groups in this NFC are expected to be metabolized to innocuous 
products. The evaluation of these congeneric groups therefore proceeded via the A-side of the 
decision-tree

c The thresholds for human intake for structural classes I and II are 1800 and 540 µg/day, respectively. 
Daily intake for each congeneric group was calculated by taking the highest analytical value (%) 
from the complete analyses and multiplying by the daily per capita intake ("eaters only") of the 
NFC. The daily per capita intake ("eaters only") is 380 µg/person per day from use of bois de rose 
oil as a flavouring agent in the USA

Notes:

1. To be evaluated by the Committee in 2004: aliphatic and aromatic hydrocarbons (Group 2)

2. To be evaluated by the Committee in 2004: a,b-unsaturated aldehydes (Group 3)

3. To be evaluated by the Committee in 2004: monocyclic and bicyclic secondary alcohols and ketones 
(Group 4)

4. Evaluated by the Committee in 2003 (WHO Food Additives Series 52, in preparation): aliphatic 
branched-chain saturated and unsaturated alcohols, aldehydes, acids, and related esters

5. Evaluated by the Committee in 2003 (WHO Food Additives Series 52, in preparation): aliphatic and 
aromatic ethers

Table 8. Safety evaluation of lemongrass oila,b

Congeneric group 
number

Structural class I



alpha,beta-Unsaturated straight-chain and branched-chain 
aliphatic primary alcohols, aldehydes, acids and esters

3

Aliphatic and aromatic hydrocarbons 31

Unsaturated straight and branched chain ali primary 
alcohols, aldehydes, acids, acetals and esters

4

Straight chain aliphatic primary alcohols, aldehydes, acids, 
acetals and esters

1

Structural class II

Aliphatic, alicyclic secondary alcohols, ketones, ketals and 
esters

5

Aliphatic, alicyclic and aromatic tertiary alcohols and esters 6

Secondary alicyclic saturated and unsaturated alcohols, 
ketones, ketals and esters

8

Structural class III

Epoxides 32

Notes to Table 8 

NR, not required for evaluation because consumption of the substance was determined to be of no safety 
concern at step A3 or B3 of the decision-tree; NFC, natural flavouin complex

a If members of the congeneric group have different structural classes, assign the highest structural class 
to the congeneric group. If the flavouring agent or natural flavouring complex contains more than one 
congeneric group, assign a decision-tree classification to each of the congeneric groups that make up 
the flavouring agent or natural flavour complex 

b Step 2: Seven congeneric groups in this natural flavouring complex are expected to be metabolized to 
innocuous products. The evaluation of these congeneric groups therefore proceeded via the A-side of 
the decision-tree. Congeneric group 32, epoxides, is in structural class III; and limited metabolic data 
exists for this congeneric group. The evaluation of this congeneric group therefore proceeded via the 
B-side of the decision-tree 

c The thresholds for human intake for structural classes I, II and III are 1800, 540 and 90 µg/day, 
respectively. All intake values are expressed in mg/person per day. Daily intake for each congeneric 
group was calculated by taking the highest analytical value (%) from the complete analyses and 
multiplying by the daily per capita intake ("eaters only") of the natural flavouring complex. The daily 
per capita intake ("eaters only") is 194 µg/person per day from use of lemongrass oil as a flavouring 
agent in the USA 

Notes: 

1. To be evaluated by the Committee in 2004: aliphatic and aromatic hydrocarbons (Group 2) 

2. To be evaluated by the Committee in 2004: a,b-unsaturated aldehydes (Group 3) 

3. To be evaluated by the Committee in 2004: monocyclic and bicyclic secondary alcohols and ketones 
(Group 4) 

4. Evaluated by the Committee in 2003 (WHO Food Additives Series 52, in preparation): aliphatic 
branched-chain saturated and unsaturated alcohols, aldehydes, acids, and related esters 

5. To be evaluated by the Committee in 2005 



3. CONCLUSIONS AND RECOMMENDATIONS 

Procedures that allow the Committee to evaluate individual flavouring agents as well as natural flavouring complexes 
are already in place. The examples provided indicate that the modified Procedure for the Safety Evaluation of 
Flavouring Agents also works for natural flavouring complexes. It is recommended that the Committee should 
evaluate several natural flavouring complexes using the modified Procedure at a future meeting. 
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A series of in vitro and in vivo studies evaluated the potential effects of tobacco flavoring 
and casing ingredients. Study 1 utilized as a reference control cigarette a typical commercial 
tobacco blend without flavoring ingredients, and a test cigarette containing a mixture of 165 
low-use flavoring ingredients. Study 2 utilized the same reference control cigarette as used in 
study 1 and a test cigarette containing eight high-use ingredients. The in vitro Ames Salmonella 
typhimunum assay did not show any increase in mutagenicity of smoke condensate from test 
cigarettes designed for studies 1 and 2 as compared to the reference. Sprague-Dawley rats were 
exposed by nose-only inhalation for 1 Wday, 5 daydwk for 13 wk to smoke from the test or 
reference cigarettes already described, or to air only, and necropsied after 13 wk of exposure 
or following 13 wk of recovery from smoke exposure. Exposure to smoke from reference or test 
cigarettes in both studies induced increases in blood carboxyhemoglobin (COHb) and plasma 
nicotine, decreases in minute volume, differences in body or organ weights compared to air 
controls, and a concentration-related hyperplasia, squamous metaplasia. and inflammation in 
the respiratory tract. AU these effects were greatly decreased or absent following the recovery 
period. Comparison of rats exposed to similar concentrations of test and reference cigarette 
smoke indicated no difference at any concentration. In summary, the results did not indicate 
any consistent differences in toxicologic effects between smoke from cigarettes containing the 
flavoring or casing ingredients and reference cigarettes, 
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nontobacco ingredients might increase or decrease the toxic ef- 
fects of inhaled tobacco smoke, and later pubhcations (LaVoie 
et al., 1980; Hoffman and Hoffman, 1997, 2001; World Health 
Organization, 2001) supported that hypothesis. Recently pub- 
lished research results (Gaworski et al., 1998; Paschke et al., 
2002; Rodgman, 2002a, 2002b; Rodgman and Green, 2002; 
Carmines, 2002; Rustemeier et al., 2002; Roemer et al., 2002; 
Vanscheeuwijck et al., 2002; Baker et al., 2004) have presented 
data from in vitro, and in vivo toxicity studies that indicate the 
addition of ingredients to tobacco does not increase the toxicity 
of the smoke. Baker et al. (2004), using a pyrolysis technique 
that mimics closely the combustion conditions inside burning 
cigarettes (Baker and Bishop, 2004), studied the effects of py- 
rolysis on the chemistry, in vitro genotoxicity and cytotoxicity, 
and inhalation toxicity in rodents of 29 1 single ingredients added 
to cigarettes. 

The studies described herein were designed to evaluate the 
potential influence of low-use flavonng ingredients and high-use 
mixed casing or flavoring ingredients on the biological activity 
of mainstream cigarette smoke. Test cigarettes containing flavor- 
ings or casings were analyzed and compared against an identi- 
cal reference cigarette respectively produced without flavors or 
casings. 

MATERIALS AND METHODS 

Cigarette Design 
In study 1, 165 low-use flavoring ingredients were added 

to a single test cigarette and compared to a reference cigarette 
without these ingredients. In study 2, eight high-use flavoring or 
casing ingredients were added to a single test cigarette and com- 
pared to the same reference cigarette that was used in study 1. 
Thus, the design covered these. ingredients as well as possible 
interactions between them andlor their combustion or pyrolysis 
products. The prototype cigarettes were designed to be repre- 
sentative of commercial, full flavor filter cigarettes. Test and 
reference cigarettes were constructed with conventional com- 
mercial equipment. 

The ingredients selected for evaluation in these studies com- 
prise low-use and high-use ingredients normally utilized in the 
manufacture of commercial cigarettes. The point of adbtion was 
chosen to mimic actual process conditions. Study 1 and study 2 
ingredients were incorporated into a flavoring or casing system 
at levels exceeding their normal use. Table 1 outlines the tobacco 
components of the blend used to construct the cigarettes in both 
study 1 and study 2. The blends were cased with a mixture 
of glycerin and water (at a ratio of 2:l) to provide the neces- 
sary moisture for standard processing. In preparation of study 1 
cigarettes, the ingredients were applied at arate of 10 kg11 000 kg 
leaf blend, that is, at 1 % on the test cigarettes, and the casing was 
applied at a rate of 30 kg11000 kg leaf blend. The study 2 ingre- 
dient system was applied at a rate of 31 kg11000 kg leaf blend 
(3.1%). The 165 ingredients included in the study 1 mixture ap- 
pear listed in order of descending application rate in Table 2, 

TABLE 1 
Blend composition of prototype cigarettes 

Percent of blend component in cigarettes 

Blend components Tobacco wet weight Tobacco dry weight 

Burley 24 
Virginia 28 
Oriental 14.8 
Reconstituted sheet 23.4 
Expanded tobacco 9.7 

along with the corresponding CAS-Number, regulatory identi- 
fiers (where applicable) and application rate. The seven casings 
and one flavoring included in the study 2 mixture appear listed in 
order of descending application rate in Table 3. Cellulose acetate 
filters with 32% average air dilution were used in all cigarettes. 
Monogram inks were not subject to these studies. 

Cigarette Performance 
A preliminary cigarette performance evaluation was carried 

out prior to the toxicology studies. Prior to characterization, the 
cigarettes were conditioned for a minimum of 48 h at a tempera- 
ture of 22 J; 1°C and a relative humidity (RH) of 60 & 2%, in ac- 
cordance with IS0 Standard 3402. Subsequently, the cigarettes 
were smoked on a 20-port Borgwaldt smoking machine under 
the conditions stipulated in IS0  Standard 3308. Therefore, the 
puffing regime for mainstream smoke used a 35 & 0.3 ml puff 
volume, with 2.0 & 0.05 s puff duration once every 60 k 0.5 s. 
Smoke samples were respectively collected in accordance with 
the analytical method. 

In Vitro Study Design 
The mutagenicity of total particulate matter (TPM) in study 

1 and 2 cigarettes was investigated using an Ames assay proto- 
col that conformed to OECD Guideline 471. For this purpose, 
prototype cigarettes containing a mixture of ingredients, refer- 
ence cigarettes without these ingredients, and 2R4F cigarettes 
(a standard reference cigarette developed and validated by the 
University of Kentucky) were smoked on a Borgwaldt RM200 
rotary smoking machine under the IS0 standard 3308 condition. 
TPM was collected in a standard fiberglass (Cambridge) trap 
with dimethyl sulfoxide (DMSO), and the DMSO solution was 
stored in the dark at -80°C prior to performance of the Ames as- 
say. Each sample was tested with and without S9 metabolic acti- 
vation in five slrains of Sal~nonella typhimuriurn: TA98, TA100, 
TA102, TA1535, and TA1537. Evaluation of the Ames assay 
data was carried out in terms of the mutagenic response, tal- 
ing into consideration the reproducibly dose-related increase in 
number of revertants, even if the increase was less than twofold. 
The mutagenic response to TPM from the reference and test 
cigarettes was compared using the linear portion of the slope 
(revertantslmg TPM). 



EFFECTS OF INGFEDIENTS ON CIGARETTE SMOKE TOXICITY 

TAJ3LE 2 
Ingredients added to test cigarettes in study 1 

Ingredient 
Application 

CAS no? FEMA CFRC CoEd rate (ppm) 

Benzyl alcohol 
Immortelle extract 
Coriander oil 
Balsam peru resinoid 
Anise star oil 
Celery seed oil 
Vanillin 
Potassium sorbate 
Propyl para-hydroxybenzoate 
Benzoin resinoid 
Cedarwood oil 
Clary extract 
Methy lcyclopentenolone 
Phenethyl alcohol 
Piperond 
Tea extract 
Vanilla oleoresin 
Brandy 
trans-Anethole 
Coffee extract 
5-Ethyl-3-hydroxy-4-methyl-2(5 H)-furanone 
Propionic acid 
Acetic acid 
Amy1 formate 
Angelica root oil 
Beeswax absolute 
Benzyl benzoate 
Benzyl propionate 
Cardamom oil 
beta-Carotene 
Ethyl acetate 
Ethyl butyrate 
Ethyl levulinate 
Eucalypt01 
Geranium oil 
Labdanum resinoid 
Lavandm oil 
Malt01 
Spearmint oil 
Ethyl hexanoate 
Acetylpyrazine 
Ethylmaltol 
Chamomile oil, Roman 
Citronella oil 
delta-Decalactone 
gamma-Decalactone 
Ethyl phenylacetate 

100-5 1-6 
8023-95-8 
8008-52-4 
8007-00-9 
8007-70-3 
89997-35-3 

121-33-5 
24634-6 1-5 

94-13-3 
9000-05-9 
8000-27-9 
8016-63-5 
80-71-7 
60-12-8 
120-57-0 

84650-60-2 
8024-06-4 

N.A. 
41 80-23-8 
84650-00-0 
698-10-2 
79-09-4 
64-19-7 
638-49-3 
80 15-64-3 
8012-89-3 
120-5 1-4 
122-63-4 

8000-66-6 
7235-40-7 
141-78-6 
105-54-4 
539-88-8 
470-82-6 
8000-46-2 
8016-26-0 
8022-15-9 
118-71-8 

8008-79-5 
123-66-0 

22047-25-2 
4940- 1 1-8 
8015-92-7 
8000-29- 1 
705-86-2 
706-14-9 
101-97-3 

2137 
2592 
2334 
21 17 
2096 
227 1 
3107 
292 1 
295 1 
2133 
N.A. 
2321 
2700 
2858 
2911 
N. A. 
3 106 
N.A. 
2086 
N. A. 
3153 
2924 
2006 
2068 
2088 
2126 
2138 
2150 
224 1 
N.A. 
2414 
2427 
2442 
2465 
2508 
2610 
2618 
2656 
3032 
2439 
3126 
3487 
2275 
2308 
2361 
2360 
2452 

172.515 
182.20 
182.20 

182.20 
N. A. 

182.20 
182.60 
182.3640 
172.515 
172.5 10 

N.A. 
182.20 
172.515 
172.515 
182.60 
182.20 
182.20 

N.A. 
182.60 
182.20 

N.A. 
184.1081 
184.1005 
172.515 
182.20 
184.1973 
172.515 
172.5 15 
182.20 
184.1245 
182.60 
182.60 
172.515 
172.515 
182.20 
172.5 10 
182.20 
172.515 
182.20 
172.515 

N.A. 
172.515 

58c 
225n 
154n 
298n 
23811 
52n 
107c 
N.A. 
N. A. 
439n 
252n 
415n 
758c 
68c 
104c 
45 In 
4741 
N. A. 
183c 
452n 
2300c 

3c 
2c 

497c 
5611 
N.A. 
262c 
413c 
180n 
N.A. 
191c 
264c 
373c 
182c 
324n 
13411 
257n 
148c 
285n 
3 10c 

2286c 
692c 
4811 
39n 
621c 
2230c 
2156c 

(Continz~ed on next page) 



688 R. A. RENNE ET AL. 

TABLE 2 
Ingredients added to test cigarettes in study 1 (Continued) 

Ingredient 
Application 

CAS no.' F E U  no.' CFRC C O E ~  rate (ppm) 

Ethyl valerate 
Ethyl vanillin 
Fennel sweet oil 
Glycyrrhizin arnmoniated 
gamma-Heptalactone 
3-Hexen-1 -01 
3-Hexenoic acid 
Hexyl alcohol 
Isoamyl phenylacetate 
Methyl phenylacetate 
Nerol 
Nerolidol 
Peruvian (bois de rose) oil 
Phenylacetic acid 
Pyruvic acid 
Rose absolute 
Sandalwood oil 
Sclareolide 
Triethyl citrate 
2,3 5-Trimethylpyrazine 
Olibanum absolute 
delta-Octalactone 
2-Hexenal 
Ethyl octadecanoate 
4-Hydroxy-3-pentenoic acid lactone 
Methyl 2-pyrrolyl ketone 
Methyl linoleate (48%) methyl 

linolenate (52%) mixture 
Petitgrain mandarin oil 
Propenylguaethol 
4-(2,6,6-Trimethylcyclohexa-1,3-dienyl) 

but-2-en-4-one 
2-Propionyl pyrrole 
Orange essence oil 
Benzyl phenylacetate 
2,3-Butanedione 
2,3,5,6-Tetramethylpyrazine 
Hexanoic acid 
Cinnamaldehyde 
Acetophenone 
2-Acetylthiazole 
Amyl alcohol 
Amyl butyrate 
Benzaldehyde 
Butyl butyrate 
Butyric acid 
Cinnamyl alcohol 

2462 
2464 
2485 
N.A. 
2539 
2563 
3170 
2567 
208 1 
2733 
2770 
2272 
2156 
2878 
2970 
2988 
3005 
3794 
3083 
3 244 
2816 
3214 
2560 
3490 
3293 
3202 
341 1 

2854 
2922 
3420 

3614 
2825 
2419 
2370 
3237 
2559 
2286 
2009 
3328 
2056 
2059 
2127 
2186 
222 1 
2294 

172.515 
182.60 
182.20 
184.1408 
172.515 
172.515 

N. A. 
172.515 
172.515 
172.515 
172.515 
172.515 
182.20 
172.515 
172.515 
182.20 
172.510 

N.A. 
184.1911 

N.A. 
172.510 

N. A. 
172.515 

N.A. 
N.A. 
N.A. 
N. A. 

182.20 
172.515 

N.A. 

N.A. 
182.20 
172.515 
184.1278 

N.A. 
172.515 
182.60 
172.515 

N. A. 
172.515 
172.515 
182.60 
172.515 
182.60 
172.515 

465c 
108c 
200n 
N.A. 
2253c 
750c 
2256c 
53c 

2161c 
215% 
201 8c 

67c 
4.411 
672c 
19c 

40511 
420n 
N.A. 
N.A. 
73% 
93n 

219% 
748c 
N. A. 
73 1c 
N.A. 
713c 

14211 
170c 
N. A. 

N. A. 
143n 
232c 
752c 
734c 
9c 

102c 
138c 
N.A. 
514c 
270c 
101c 
268, 

5c 
65c 

(Continued on next page) 



EFFECTS OF INGREDIENTS ON CIGARETTE SMOKE TOXICITY 

TABLE 2 
Ingredients added to test cigarettes in study 1 (Continued) 

Ingredient 

DL-Citronellol 
Decanoic acid 
para-Dimethoxybenzene 
3,bDimethyl- l,2-cyclopentanedione 
Ethylbenzoate 
Ethyl heptanoate 
Ethyl isovalerate 
Ethyl myristate 
Ethyl octanoate 
Ethyl palmitate 
Ethyl propionate 
2-Ethyl-3-methylpyrazine 
Genet absolute 
Geraniol 
Geranyl acetate 
gamma-Hexalactone 
Hexyl acetate 
Isoamyl acetate 
lsoarnyl butyrate 
3,7-Dimethyl- l,6-octadiene-3-01 
Menthyl acetate 
Methyl isovalerate 
Methyl salicylate 
3-Methylpentanoic acid 
gamma-Nonalactone 
Oakmoss absolute 
Orris absolute 
Palmitic acid 
Phenethyl phenylacetate 
3-Propylidenephthalide 
Sage oil 
alpha-Terpineol 
Terpinyl acetate 
gamma-Undecalactone 
gamma-Valerolactone 
3-Butylidenphthalide 
Davana oil 
3,5-Dimethyl-1, 2-cyclopentanedione 
Ethyl cimamate 
Farnesol 
Geranyl phenylacetate 
alpha-hone 
Jasmine absolute 
Kola nut tincture 
Linalool oxide 
Linalyl acetate 
para-Methoxybenzaldehyde 

Application 
CAS no." FEMA no.b CFRC ~o~"ate (ppm) 

2309 
2364 
2386 
3268 
2422 
2437 
2463 
2445 
2449 
245 1 
2456 
3 155 
2504 
2507 
2509 
2556 
2565 
2055 
2060 
2635 
2668 
2753 
2745 
3437 
278 1 
2795 
N.A. 
2832 
2866 
2952 
3001 
3045 
3047 
3091 
3103 
3333 
2359 
3269 
2430 
247 8 
25 16 
2597 
2598 
2607 
3746 
2636 
2670 

172.515 
172.860 
172.515 

N.A. 
172.515 
172.515 
172.515 
172.515 
172.515 

N.A. 
172.515 

N.A. 
172.510 
182.60 
182.60 
172.515 
172.515 
172.515 
172.515 
182.60 
172.5 15 
172.515 
175.105 

N.A. 
172.515 
172.510 
172.510 
172.860 
172.515 
172.515 
182.20 
172.515 
172.515 
172.515 

N.A. 
N.A. 

172.510 
N. A. 

172.515 
172.515 
172.515 
172.515 
182.20 
182.20 
172.515 
182.60 
172.515 

59c 
1 lc  

2059c 
2234c 
261c 
36% 
442c 
385c 
392c 
634c 
402c 
548c 
436n 
60c 
201c 
2254c 
196c 
214c 
282c 
61c 

206c 
457c 
433c 
N.A. 
178c 
194n 
241n 
14c 

234c 
494c 
61n 
62c 

205c 
179c 
757c 
N.A. 
69n 

2235c 
323c 
78c 
231c 
14% 
245n 
149n 
N.A. 
203c 
1 O3c 

(Continued on next page) 
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TABLE 2 
Ingredients added to test cigarettes in study 1 (Continued) 

Application 
Ingredient CAS no.' F E M A ~ O . ~  C W  C O E ~  rate (pprn) 

2-Methylbutyric acid 
Myristic acid 
gamma-Octalactone 
Opoponax oil 
Tagetes oil 
3-Ethyl-2-hydroxy-2-cyclopenten-1-one 
4-Methylacetophenone 
Isobutyraldehyde 
3-Methylbutyraldehyde 
2,3-Dimethylpyrazine 
2,5-Dimethylpyrazine 
2,6-Dimethylpyrazine 
Dimethyltetrahydrobenzofuranone 
4-Hydroxy-2,5-dimethyl-3(2H)-furanone 
4-(para-Hydroxypheny1)-2-butanone 
alpha-lonone 
beta-lonone 
Isovaleric acid 
Lime oil 
Mace absolute 
Nutmeg oil 
Caprylic acid 
Phenylacetaldehyde 
5,6,7,8-Tetrahydroquinoxaline 
Thyme oil 
Valeraldehyde 

2695 
2764 
2796 
N. A. 
3040 
3152 
2677 
2220 
2692 
3271 
3272 
3273 
3764 
3 174 
2588 
2594 
2595 
3 102 
263 1 
N.A. 
2793 
2799 
2874 
N. A. 
3064 
3098 

172.515 
172.860 
172.515 
172.510 
172.510 

N.A. 
172.515 
172.515 
172.515 

N.A. 
N. A. 
N.A. 
N.A. 
N.A. 

172.515 
172.515 
172.515 
172.515 
182.20 
182.20 
182.20 
184.1025 
172.515 

N.A. 
182.20 
172.515 

2002c 0.65 
16c 0.65 

2273c 0.65 
313n 0.65 
44311 0.65 
759c 0.52 
156c 0.26 
92c 0.13 
94c 0.13 

N.A. 0.13 
2210c 0.13 
221 1.c 0.13 
N.A. 0.13 
536c 0.13 
75% 0.13 
141c 0.13 
142c 0.13 
8c 0.13 

14111 0.13 
296n 0.13 
296n 0.13 
1Oc 0.13 

1 16c 0.13 
721c 0.13 
456n 0.13 
93c 0.13 

Note. "n" Follows the name of natural source of flavorings and "c" follows the number of chemical substances. 
"Chemical Abstract Service registry number. 
'The Flavor and Extract Manufacturers Association reference number. 
'Code of Federal Regulations reference to Title 21 indicating regulatory status of material. 
dCouncil of Europe reference number. 

Inhalation Toxicity Study Design 
Groups of 30 Sprague-Dawley rats of each sex were exposed 

by nose-only inhalation for 1 Wday, 5 daysfwk for 13 consecu- 
tive weeks to concentrations of 0.06,0.2, or 0.8 m g L  WTPM of 
smoke from test cigarettes containing flavoring (study 1) or to 
flavoring or casing ingredients (study 2). Additional groups of 
30 ratslsex were exposed to the same concentrations of smoke 
from reference cigarettes, similar to the test cigarettes but with- 
out the flavoring or casing ingredients (as described above), 
or to filtered air only (sham controls). This exposure regimen 
(1 Wday, 5 dayslwk) reflects current laboratory practices for an- 
imal inhalation studies comparing the effects of smoke from test 
and reference cigarettes, and does not simulate human usage pat- 
terns. However, this difference should not influence the validity 
of the results. 

Each group of 30 ratslsex was subdivided into 2 groups: 
20 ratsfsex scheduled for necropsy immediately after 1.3 wk 

of exposure (interim sacrifice) and up to 10 ratslsex scheduled 
for necropsy following 13 wk of recovery from smoke expo- 
sure (final sacrifice). Target smoke concentrations were 0.06, 
0.2, or 0.8 mg WTPML for the test and reference cigarettes. An 
additional group of 30 ratslsex served as sham controls. 

Biological endpoints for the 13-wk exposure and 13-wk re- 
covery groups included clinical appearance, body weight, organ 
weights, and gross and microscopic lesions. Plasma nicotine, 
COHb, and respiratory parameters were measured periodically 
during the 13-wk exposure period and clinical pathology param- 
eters were measured at the end of the 13-wk exposure period. 

Smoke Generation and Exposure System 
Animal exposures were conducted in AMESA exposure units 

(C. H. Technologies, Westwood, NJ). The smoke exposure ma- 
chines were designed to contain 30 cigarettes on a smoking head 
that rotated 1 revolution per minute (Baumgartner and Coggm, 
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TABLE 3 
Ingredients added to study 2 test cigarettes 

Ingredient 
Application 

CAS no.' FEMA no.b CFRC CoEd rate (ppm) 

1 Invert sugar 
2 Block chocolate 
3 Plum extract 
4 Fig extract 
5 Molasse extract and tincture 
6 Gentian root extract 
7 Lovage extract 
8 Peppermint oil 

8013-17-0 
N.A. 

90082-87-4 
90028-74-3 
68476-78-8 
97676-22-7 
8016-31.-7 
8006-90-4 

N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
2506 
2650 
2848 

184-1859 
N.A. 
N.A. 
N.A. 
N.A. 

172-510 
172-510 
182-20 

N.A. 
N. A. 
371n 
198n 
371n 
214n 
261n 
282n 

.. . 

Note. "n" Follows the name of natural source of flavorings and "c" follows the number of chemical substances. 
"Chemical Abstract Service regisky number. 
bThe Flavor and Extract Manufacturer's Association reference number. 
'Code of Federal Regulations reference to Tide 21 indicating regulatory status of material. 
dCouncil of Europe reference number. 

1980; Ayres et al., 1990). A vacuum port aligned with, and drew 
a puff from, one test or reference cigarette at a time as the head 
rotated. Air was drawn through the vacuum port by a peristaltic 
pump operating at a flow rate of -1.05 Llmin, creating a 2-s, 
35-ml puff through each cigarette once each minute. The smoke 
vacuum flow rate was regulated by a concentration control unit 
consisting of a real-time aerosol monitor [(RAM)-1; M E ,  Inc., 
Bedford, MA], a computer, and an electronic flow controller 
(Emerson Electric Co., Brooks Instrument Division, Hatfield, 
PA). The computer monitored analog voltage output of the RAM 
and adjusted the amount of smoke that was drawn from the glass 
mixing bowl by the flow conboller until RAM voltage matched 
the calculated target voltage. The exposure units contained 3 
tiers, each with 24 animal exposure ports. The exposure ports 
were connected to a delivery manifold, which transferred smoke 
to the animal breathing zone, and to an outer concentric mani- 
fold that drew the exhaled and excess smoke to an exhaust duct. 
Each cigarette was retained for seven puffs. 

Exposure Atmosphere Characterization 
The protocol-prescribed limits for the smoke concentration 

(WTPML) were target 410% coefficient of variation (%CV). 
Smoke exposure concentrations were continuously monitored 
with a RAM at a representative exposure port. Mean exposure 
concentration was calculated from the mass collected on the 151- 
ter and the total volume of air drawn through the filter, which 
was determined by the sample time and flow rate. RAM volt- 
age readings were recorded during filter sample collection and 
were used to calculate a RAM response factor for subsequent 
exposures. 

Two filters per exposure group per week were chemically 
analyzed for total nicotine. Nicotine standard reference material 
(98%) was purchased from Aldrich Chemical Company, Inc. 
(Milwaukee, WI). The WTPMmicotine and C0:nicotine ratios 

were calculated for the exposure atmospheres. The concentration 
of CO in the test and reference atmospheres was determined 
using Horiba PIR-2000 CO analyzers (Horiba Instruments, Inc., 
Irvine, CA), monitored by DOS-based computers. 

Particle size distribution of the smoke was measured using 
Mercer-style cascade impactors designed specifically for the size 
range of particles found in cigarette smoke. The mass collected 
on each impactor stage was analyzed gravirnetrically for WTPM 
and the resulting data were interpreted by probit analysis (NEW- 
CAS; Hill et al., 1977) to obtain the particle size distribution, 
mass median aerodynamic diameter (MMAD), and geometric 
standard deviation (GSD). Temperature and RH of the expo- 
sure atmospheres were measured from a representative animal 
exposure port once every 2 wk for each exposure group. 

Animals and Animal Care 
Sprague-Dawley (Cr1:CD) rats 4-5 wk of age were purchased 

from Charles k v e r  Laboratories (Raleigh, NC), held for 13 
days in quarantine status prior to initial smoke exposure. Health 
screens were performed following group assignment and at 24 
days after arrival. These health evaluations included necropsy, 
microscopic examination of selected tissues and examination 
for parasites. The 24 days after arrival screening included sero- 
logical testing for antibodies to common viral pathogens. Vi- 
ral antibody testing was also performed on sera collected from 
10 sentinel rats at the end of the 13-wk exposure period and 
from another 10 at the end of the recovery period. All sera 
were tested for antibodies to Sendai virus, Kilham's rat virus 
(KRV)floolan's H-1 virus, pneumonia virus of mice (PVM), rat 
corona virus/sialodacryoadenitis virus, and Mycoplasma pzil- 
monis. During the 13-wk exposure period, the animals were 
housed in individual stainless-steel cages on open racks. Dur- 
ing the recovery period, the animals were housed in individual 
polycarbonate cages (Lab Products, Maywood, NJ) bedded with 
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ALPHA-dri alpha cellulose bedding (Sheperd Specialty Papers, 
Kalamazoo, MI). The cage space met the requirements stated 
in the current Guide for Care and Use of laboratory Animals 
(National Academy of Sciences, 1996). 

Body Weight and Clinical Observations 
All rats were observed twice daily for mortality and mori- 

bundity. Each rat was examined every 4 wk for clinical signs. 
Individual body weights were measured during the randomiza- 
tion procedure, on exposure day I, biweekly thereafter, and at 
necropsy. 

Respiratory Function Measurements 
Tidal volume (TV), respiratoly rate (RR), and minute volume 

(MV), derived from flow signals from spontaneously breathing 
animals, were measured in 4 rats/sex/group during wk 2, 8, and 
13 using whole-body phethysmography (Coggins et al., 198 1). 
Each animal was monitored once during a single exposure pe- 
riod. MV and the actual WTPM were used to estimate the av- 
erage total inhaled mass for the 1-h exposure period for each 
animal. 

Carboxyhemoglobin and Plasma Nicotine Determinations 
During wk 2 and 10, blood was collected from designated 

animals at the end of the 1-h smoke exposure. Animals were 
removed from the exposure unit and bleeding was initiated 
within -5 min. The blood samples were obtained from the retro- 
orbital plexus of carbon dioxide (C02)-anesthetized animals 
into tubes containing potassium ethylenediaminete traacetic acid 
(K+-EDTA). The sample tubes were immediately placed into 
an ice bath and maintained under these conditions until ana- 
lyzed for blood carboxyhemoglobin (COHb). Plasma nicotine 
was quantitatively determined using gas chromatography/mass 
spectrometry (GC/MS) with selected ion monitoring. 

Clinical Pathology 
On the day of the 13-wk interim sacrifice, the rats were anes- 

thetized with -70% C 0 2  in room air and blood samples were 
obtained from the retro-orbital plexus. One sample was collected 
in a tube (Monoject, Shemood Medical, St. Louis, MO) contain- 
ing K+-EDTA for hematologic determinations. Another sample 
was collected in a tube devoid of anticoagulant but containing a 
separator gel (Vacutainer, Franklin Lakes, NJ) for serum chem- 
istry analysis. The following parameters were determined using 
an Abbott Cell-Dyn 3700 (Abbott Diagnostics Systems, Abbott 
Park, IL) multiparameter hematology instrument: white blood 
cell (WBC) count, red blood cell (RBC) count, hemoglobin (Hb) 
concentration, volume of packed red cells (VPRC), the red cell 
indices (mean corpuscular volume IMCV], mean corpuscular 
hemoglobin [MCK], and mean corpuscular hemoglobin concen- 
tration [MCHC]), platelet count, and WBC differential counts. 
Results of the differential cell counts were reported as both rela- 
tive and absolute values. Reticulocytes were stained supravitally 
with new methylene blue and enumerated as reticulocytes per 

1000 enthrocytes using the Miller disc method (Brecher and 
Schneiderman, 1950). 

A Roche Hitachi 912 system (Roche Diagnostic Corp., 
Indianapolis, IN) chemistry analyzer was used to determine the 
following serum analytes: urea nitrogen (BUN), creatinine, glu- 
cose, total protein, albumin, aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), gamma-glutamyl transpepti- 
dase (CGT), sodium, potassium, chloride, calcium, phosphorus, 
total bilirubin, cholesterol, and triglycerides. 

Necropsy and Tissue Collection 
A complete necropsy was done on all 13-wk exposure groups 

and 13-wk recovery group animals. Rats designated for sched- 
uled sacrifices or sacrificed due to moribund condition were 
weighed and anesthetized with 70% C02 in air, followed by 
exsanguination before cessation of heartbeat. All abnormali- 
ties were recorded on the individual animal necropsy forms. 
Lungs, liver, kidneys, testes, adrenals, spleen, brain, and heart 
from all scheduled sacrifice animals were weighed. These organ 
weights and the body weights at necropsy were used to calcu- 
late orgmbody weight ratios. In addition, orgarbrain weight 
ratios were calculated. The time fromremoval of the organ until 
weighing was minimized to keep tissues moist. 

A complete set of over 40 tissues was 1-emoved from each 
animal at necropsy and examined. All tissues were fixed in 10% 
neutral buffered formalin (NBF) except for the eyes, which were 
fixed in KarnovsLy's fixative. After the lungs were weighed, they 
were perfused with 10% NBF at 25 cm hydrostatic pressure. 

Histopathology 
All tissues were fixed in 10% NBF for a minimum of 48 h 

before being trimmed,. Paraffin blocks were microtomed at 
5 ,um. All sections were stained with hematoxylin and eosin 
(H&E) stains for standard histopathologic evaluation of mor- 
phologic changes. Duplicate slides of nasal tissues, larynx, 
lung, and trachea were stained with periodic acid-ScMJAlcian 
blue (PASIAB) stains for evaluation of goblet cell populations. 
The lungs, nasal cavity (four sections), nasopharynx, larynx 
(three cross sections), trachea (three transverse sections), tra- 
cheobronchial lymph nodes, rnediastinal (thymic) lymph nodes, 
heart, and all gross lesions were examined microscopically. The 
lungs were sectioned to present a maximal section of the main- 
stem bronchi. The nasal cavity was prepared in four sections us- 
ing the landmarks described by Young (1 98 1). Three transverse 
laryngeal sections were prepared from the base of the epiglottis, 
the venual pouch, and through the caudal larynx at the level 
of the vocal folds (Renne et al., 1992). In addition, sections of 
brain, adrenals, spleen, liver, kidneys, and gonads from animals 
in the sham control and the groups exposed to 0.8 mg/L of smoke 
from the test or reference cigarettes were examined microscop- 
ically. Exposure-related microscopic lesions were observed in 
the tissues from the rats exposed to 0.8 mg1L; target organs were 
examined microscopically in the lower concentration groups to 
ascertain a no-effect concentration. 
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Evaluation of Cell Proliferation Rates 
of Respiratory-Tract Tissues 

Cell proliferation rates were measured on respiratory tract 
tissues collected from 10 rats of each sex from each expo- 
sure group and the sham controls necropsied immediately after 
13 wk of exposure, using a monoclonal antibody to 5-bromo-2'- 
deoxyuridine (BrdU). Tissues evaluated using the BrdU assay 
included the respiratory epithelium lining the median nasal sep- 
tum and distal portions of maxillary and nasal turbinates, the 
transitional epithelium at the base of the epiglottis, the luminal 
epithelium dorsolateral to the ventral pouch, the luminal epithe- 
lium lining the cranial trachea, the luminal epithelium of the 
mainstem bronchi and adjacent bronchioles, and selected areas 
of alveolar epithelium. Data from both sides of bilaterally sym- 
metrical tissues (nose, ventral pouch, mainstem bronchi) were 
combined for tabulation of results. 

Statistical Methods 
Body weight, body weight gain, organ:body weight, and or- 

gan:brain weight ratios were statislically analyzed for each sex 
by exposure concentration group using the Xybion PATWTOX 
system. Data homogeneity was determined by Bartlett's test. 
Dunnett's t-test was performed on homogeneous data to iden- 
tify differences between each concentration group and the sham 
con@ol group, and between corresponding concentrations of test 
and reference cigarette smoke-exposed groups. Nonhomoge- 
neous data were analyzed using a modified t-test. Respiratory 
physiology, clinical pathology, COHb, and plasma nicotine data 
parameters were statistically evaluated using SAS software (Sta- 
tistical Analysis System, SAS, Inc., Cary, NC). One-way anal- 
ysis of variance (ANOVA) between exposure groups was f is t  
conducted, followed by Bartlett's test for homogeneity of vari- 
ance. A two-sided Dunnett's multiple comparison test was em- 
ployed to determine which exposure groups were different from 
the controls. An unpaired two-sided t-test was used to compare 
equivalent exposure groups between cigarette types. Differences 
were considered significant at p 1 .05.  The statistical evalua- 
tion of incidence and severity of lesions was made using the 
Kolmogorov-Srnirnov two-sample test (Siegel, 1956). All treat- 
ment group means were compared to the sham control mean, and 
means of groups exposed to the test cigarette smoke were com- 
pared to the corresponding reference cigarette smoke-exposed 
group means. Cell proliferation data were compared statistically 
using Tukey's studentized range test with SAS software. 

RESULTS 
Cigarette Performance 

The results of characterization of the test and reference 
cigarettes for study 1 and study 2 are presented in Tables 4 and 
5. These results show that the filler weight and the number of 
puffs per cigarette, nicotine yield, and nicotine-free dry partic- 
ulate matter (NFDPM) were comparable for test and reference 

TABLE 4 
Key parameters for laboratory control of prototype 

study 1 cigarettes 

Run average 

Parameter 
Test Reference 

Target cigarette cigarette 

Individual weights (g) 
Cigarette weight 
Standard deviation 
Non tobacco weight 
Net tobacco 

Air dilution (9%) 
Standard deviation 
Porosity of cigarette paper 

(cc/min/cbar/cm2) 
Expanded tobacco (%) 
Nicotine (mglcig) 
Nicotine (mglpuff) 
NFDPM (mglcig) 
NFDPM (mglpuff) 
CO ( mglcig) 
co (mdpuff) 
PufFsIcigarette 
Burning rate (mg tobaccolmin) 

Nore. Cig, cigarette. 

cigarettes in both studies. The yields of nicotine andNFDPM and 
the puff count were also comparable. These results are consis- 
tent with the neg l i~b le  differences in the configuration of both 
prototype cigarettes, which basically consist of the total relative 
amount of flavor ingredient contained in the test cigarettes (1% 
or 3% of the filler weight). A comparison of the burning rates in 
study 1 illustrates that the addition of the ingredients had little, 
if any effect on the burning characteristics of the test cigarettes. 

In Vitro Mutagenicity Assays 
Figures 1,2,3,  and 4 summarize the results of Ames assays 

on test cigarettes from study 1 and 2 with and without metabolic 
activation. TA100, TA98, and TA1537 strains showed a posi- 
tive response only with metabolic activation. No response was 
observed in TA 102 or TA1535. No sporadic responses in rever- 
tants were recorded. The highest sensitivity and specificity of the 
mutagenic response were observed using TA98 with metabolic 
activation. From the comparison of the data obtained for the test 
and reference cigarettes, it was concluded that the addition of 
ingredients did not result in a positive mutagenic response in any 
of the strains under the conditions already described. Hence, the 
use of the tested ingredients had no influence on the mutagenic 
activity of the cigarettes. 
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TABLE 5 
Key parameters for laboratory control of prototype study 2 cigarettes 

Parameter 

Individual weights (g) 
Cigarette weight 
Standard deviation 
Nontobacco weight 
Net tobacco 

Air dilution (%) 
Standard deviation 
Porosity of cigarette paper 

(cc/min/cbar/cm2) 
Expanded tobacco (%) 
Nicotine (mglcig) 
Nicotine (mglpuff) 
NFDPM (mglcig ) 
NFDPM (mglpufF) 
CO (mglcig) 
co (mglpufF) 
Puffslcigarette 

Target 

Note. Cig, cigarette. 

Exposure Atmosphere Characterization 
Tables 6 and 7 summarize the exposure data for the inhalation 

exposure periods for study. 1 and study 2. The mean exposure 
concentrations (WTPM) were all within 3% of the target concen- 
tration, with CVs of 6.6%, or less. Nicotine and CO concentra- 
tions correlated well with WTPM in reference and test cigarette 
smoke atmospheres in both study 1 and study 2. Particle sizes 
were slightly larger in the study 1 test and reference cigarette 
smokes. All concentrations of the smoke from each cigarette 
were highly respirable for the rat model under investigation. 

Body Weights and Clinical Observations 
No significant mortality occurred in either study. Exposure- 

related adverse clinical signs were absent. Clinical observations 
noted were minor in consequence and low in incidence. 

Mean body weight data for all groups on study throughout 
the exposure and recovery periods are illustrated in Figure 5. In 
study 1, mean body weights were consistently decreased com- 
pared to sham controls during the exposure period in male rats 
exposed to 0.8 mg/L of reference cigarette smoke and in males 
exposed to all 3 concentrations of test cigarette smoke. With the 
exception of day 71 (0.8 m g L  test), all female smoke-exposed 
groups in study 1 were comparable to sham control females 
throughout the study. h study 2, mean body weights were con- 
sistently decreased compared to sham controls in males exposed 
to 0.8 m g L  of test cigarette smoke and in females exposed to 
0.8 mglL of reference cigarette smoke. Mean body weights of 

Run average 

Test Reference 
cigarette cigarette 

smoke-exposed groups were similar to sham control weights 
during the recovery period of both study 1 and study 2. The only 
consistent statistical difference in body weight changes between 
the test and reference cigarette smoke-exposed groups in either 
study was the decreased mean body weight in males exposed 
to 0.8 mg/L of reference cigarette smoke during the exposure 
period of study I. 

Organ Weights 
Comparisons of selected group mean organ weights between 

smoke-exposed and sham controls in study 1 are presented in 
Table 8. Statistically significant differences in organ weights 
in groups of smoke-exposed rats were primarily low mean or- 
gan weights compared to their respective sham controls. There 
was no clear pattern of differences in any absolute or relative 
organ weight in smoke-exposed groups compared to sham con- 
trols, or in groups exposed to test versus reference cigarette 
smoke at either the interim sacrifice or the recovery sacrifices. 
Sham controls for the interim sacrifice of study 2 were inad- 
vertently not fasted overnight prior to necropsy, which made 
comparison of absolute and relative organ weights of smoke- 
exposed and sham control groups from the interim sacrifice of 
questionable scientific value; thus these comparisons were not 
made for study 2. Statistical comparison of absolute and rela- 
tive organ weights between groups exposed to test and reference 
cigarette smoke in study 2 showed very few statistically signifi- 
cant differences, none of which were considered toxicologically 
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700 Lot A 
600 1 

o Refsrenes 

Lot B 

MEAN SSD of Specific Activity (50 to 150 &plate) 

Reference ......... l576i141.9 Reference. ........ 1734q70.9 

.......... Sample.. ......... 1783i167.3 Sample. 17034151.2 

FIG. 2. Ames assay results, study 1 with TA98 metabolic activation. 

significant. Comparison of organ weights in rats necropsied fol- 
lowing the 13-wk recovery of study 2 indicated no consistent 
differences between sham control and smoke-exposed groups, 
or between groups exposed to similar concentrations of test and 
reference cigarette smoke. 

Respiratory Physiology 
Reductions in RR andlor TV resulted in consistently lower 

MV in rats exposed to test or reference cigarette smoke 
compared to sham controls in both study 1 and study 2. 
There was no consistent difference in MV between groups of 
rats exposed to test and reference cigarette smoke in either 
study. Because the overall MV in study 1 was similar among 
groups exposed to smoke, total inhaled mass was proportional 
to increasing smoke concentration in this study. In study 2, 
decreases in MV in gro;ps exposed to 0.8 or 0.2 mg/L compared 
to groups exposed to 0.06 mg/L caused total inhaled mass for 
the hgh  and middle dose groups to be lower in proportion to 
the exposure concentration of inhaled smoke. 

Clinical Pathology 
There were occasional statistically significant differences in 

hematology and clinical chemistry parameters from control val- 
ues in groups exposed to smoke from test or reference cigarettes 
in both study 1 and study 2. These differences did not occur 
in a dose-response pattern and were well withm &2 standard 
deviations of historic values for control Sprague-Dawley rats of 

comparable age. There were also statistically significant Wer -  
ences in several hematology and clinical chemistry parameters 
between groups exposed to similar concentrations of test and 
reference cigarette smoke. These differences are not considered 
to be of toxicologic significance, nor were they exposure related. 

Whole-blood COHb levels were increased in a graded dose- 
response fashion as a function of exposure concentration for 
all test and reference cigarette smoke-exposed groups in both 
studies. In study 2 rats bled during exposure wk 2, there was a 
statistically sipficant decrease in COHb levels in both sexes ex- 
posed to 0.8 mg/L of test cigarette smoke and in females exposed 
to 0.2 mg/L of test cigarette smoke, compared to groups exposed 
to reference cigarette smoke. There were no other clear differ- 
ences in whole blood COHb levels between the test and reference 
cigarette groups at equivalent exposure levels in either study. 

Plasma nicotine levels increased in a graded dose-response 
fashion for test and reference males and female groups in both 
studies. In study 2, test female groups exposed to 0.8 mg/L had 
significantly lower plasma nicotine levels than the 0.8 mg/L 
reference females at both 2- and 10-wk sampling. Comparing 
males to females at all exposure levels for test and reference 
cigarettes, the females consistently had higher plasma nicotine 
levels in both studies. 

Pathology 
Few gross lesions were observed in either study, with no evi- 

dence of changes atmibutable to exposure to smoke from the test 
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TABLE 6 
Study 1, exposure concentration data for rats exposed to mainstream smoke from test or reference cigarettes 

Concentration [mean f SD (%CV)] 

Measured exposure Nicotine CO Percent of 
concentration concentration concenbation target WTPM 

(mg WTPMIL; (wgk; (ppm; concentration Particle size 
n = 126) n = 28) n = 63) (mean =t SD) (MMAD, wrn) 

Test target 
exposure 
concentration 
(mg WTPML) 

0.800 
0.200 
0.060 

Reference 
target exposure 
concentration 
(mg WTPh4L) 

0.800 
0.200 
0.060 

Note. CO, carbon monoxide; WTPM, wet total particulate matter. 

0 Refwrenoe 

A Sample 

Lot B 

MEAN'SD of Specific Activity (50 to 150 &plate) 

Reference. ........ 1576+141.9 Reference. ........ 1734!170.9 

Sample.. ......... 1726'138.6 Sample-1 .......... 1701'107.9 

FIG. 4. Ames assay results, study 2 cigarettes with TA98 metabolic activation. 
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TABLE 7 
Study 2, exposurc concentration data for rats exposed to smoke from test or reference cigarettes 

Concentration [mean * SD (%CV)] 

Measured exposure Nicotine CO Percent of 
concentration concenbalion concenmation target WTPM 

(mg WTPML; ( ~ g k  (ppm; concenhation Particle size 
n = 134) n = 28) n = 67) (mean =k SD) (MMAD, pm) 

Test target 
exposure 
concentration 
(mg WTPML) 

0.8 0.798 f 0.040 (5.0) 56.8 f 2.6 (4.6) 646 f 34 (5.3) 100 + 5 0.65 f 0.01 
0.2 0.194 f 0.007 (3.6) 12.9 f 0.6 (4.7) 158 4 9 (5.7) 97 f 4 0.62 4 0.04 
0.060 0.060f  0.002 (3.3) 4.0&0.2(5.0) 5 4 f  3 (5.6) 100 & 3 0.66 f 0.03 

Reference 
target exposure 
concentration 
(mg W T P K )  

0.8 0.784 f 0.031 (4.0) 55.1 k 2.3 (4.2) 676 f 31 (4.6) 98f  4 0.57 4 0.03 
0.2 0.201 & 0.004 (1..8) 13.0 + 0.4 (3.4) 170 f 15 (8.7) 100 f 2 0.64 0.07 
0.060 0.060 +0.002(3.3) 4.1 f 0 . 2  (4.4) 57=k 3 (5.8) 99 4 3 0.66 & 0.06 

Note. CO, carbon monoxide; WTPM, wet total particulate matter. 

or the reference cigarettes. Exposure to smoke from reference 
or test cigarettes in both studies induced concentration-related 
proliferative, metaplastic, and inflammatory microscopic lesions 
in the respiratory tract after 13 wk of exposure. The incidence 
of exposure-related respiratory-tract lesions observed at micro- 
scopic examination of tissues from rats necropsied at the interim 
sacrifice immediately following 13 wk of exposure is summa- 
rized in Table 9 for study 1 and Table 10 for study 2. 

Hyperplasia of respiratory epithelium lining the anterior nasal 
cavity was present in all rats exposed to 0.8 mg/L in both stud- 
ies, a few rats exposed to 0.2 mg/L in both studies, and in 3/40 
rats exposed to 0.06 mg/L in study 1. Areas most severely and 
most frequently affected were the distal portions of the nasal and 
maxillary turbinates in sections of nose just caudal to the incisor 
teeth. In affected rats, the epithelium in the distal turbinates was 
up to six cells thick. There was also a clear dose response in the 
severity of nasal respiratory epithelial hyperplasia, with severity 
ranging from minimal to moderate. Comparison of incidence 
and severity data for nasal respiratory epithelial hyperplasia in 
rats exposed to similar concentrations of smoke from the test 
and reference cigarettes did not indicate any statistically signifi- 
cant differences in either study. Minimal goblet-cell hyperplasia 
was observed in the mucosal epithelium lining the median nasal 
septum in some smoke-exposed and sham control rats. Although 
not statistically significant compared to concurrent sham con- 
trols, the incidence of nasal goblet cell hyperplasia in male rats 
exposed to the 0.8-mg/L concentration of smoke from the refer- 
ence cigarette or test cigarette in study 1 were considered to be 

tox~cologically sigmficant. There was no clear difference in the 
incidence of goblet cell hyperplasia between groups exposed to 
similar concentrations of reference and test cigarette smoke in 
either study. 

Exposure to smoke from the reference or test cigarette in both 
study 1 and study 2 induced squamous metaplasia, hyperplasia, 
and hyperkeratosis of the transitional epithelium h i n g  the base 
of the epiglottis and the epithelium lining the dorsal border of 
the ventral pouch and the adjacent laryngeal lumen. In con- 
trol rats, the epithelium lining the base of the epiglottis was a 
mixture of ciliated columnar epithelium and slightly flattened, 
oval, rounded, or cuboidal cells one or two cells thick over a 
poorly defined basal cell layer (Renne et al., 1992). In affected 
smoke-exposed rats, the base of the epiglottis was covered by 
a stratified squamous epithelium up to eight cells thick with a 
variably keratinized surface layer and a distinct basal cell layer. 
There was a concentration-related increase in severity of squa- 
mous metaplasia and hyperplasia of epiglottis epithelium in rats 
exposed to test or reference cigarette smoke. Statistical analysis 
did not indicate any significant differences in incidence or sever- 
ity of these lesions between test and reference cigarette smoke- 
exposed groups in either study. Hyperkeratosis (accumulation 
of keratinized squamous cells on the surface) was observed in 
association with squamous metaplasia of the epithelium lining 
the base of the epiglottis in most rats exposed to smoke from 
reference or test cigarettes. Comparison of incidencelseverity 
of hyperkeratosis in the epiglottis between test and refer- 
ence cigarette smoke-exposed groups indicated a statistically 
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FIG. 5. Body weights, study 1 (top) and study 2 (bottom) 



EFFECTS OF INGREDIENTS ON CIGARETTE SMOKE TOXICITY 

TABLE 8 
Organ weights for rats exposed to smoke from study 1 cigarettes (n = 20, g k SD) 

Test Reference 

Sham 0.06 mg 0.2 mg 0.8 mg 0.06 mg 0.2 mg 0.8 mg 
control WTPML WTPMn WTPML WTPMn WTPML WTPMn 

Males 
Heart 1.60k0.16 1.4840.15a.b 1.43f0.16a.C 1.55f0.15 1.60zk0.13 1.574~0.16 1.52f0.15 
Edneys 3.39 f 0.33 3.17 4 0.39 2.92 f 0.30a.' 3.05 1.0.33' 3.38 k 0.33 3.20 f 0.31 3.02 f 0.27' 
Lungs 1.95 f 0.22 1.89 f 0.17 1.82 f 0.23' 1.93 k 0.14 2.02 zk 0.28 1.98 f 0.26 1.89 f 0.15 
Adrenals 0.066 f 0.010 0.066 f 0.012 0.059 zk 0.010 0.064 f 0.012 0.062 f 0.007 0.064 f 0.008 0.063 f 0.008 

Females 
Heart 1.06 f 0.09 1.02 f 0.10 1.00 f 0.10' 1.05 f 0.12 1.03 f 0.09 1.07 f 0.09 1.09 f 0.12 
Kidneys 2.18 f 0.21 2.02 k 0.24 1.90 f 0.19' 1.93 4 0.18' 2.04 f 0.21 1.99 f 0.19" 1.95 f 0.19' 
Lungs 153f0 .13  1 .50i~0 .13  1.52f0.17c l S 2 f 0 . 1 5  1.55f0.14 1.50f0.17 1.60f0.19 
Adrenals 0.080 f 0.010 0.081 f 0.011 0.078 f 0.008 0.082 f 0.012 0.078 f 0.008 0.080 f 0.010 0.081 f 0.013 

" p  1.05, Dunnett's t-test of significance, compared to sham control. 
b p  1.05, Dunnett's t-test of significance, compared to 0.06 reference group. 
' p  1.05, Dunnett's t-test of significance, compared to 0.2 reference group. 

significant difference only in the 0.06-mgL groups from study 
1, in which females exposed to test cigarette smoke had a higher 
incidencelseverity than females exposed to reference cigarette 
smoke. Chronic inflammation was present in the submucosa of 
the epiglottis in some rats exposed to reference or test cigarette 
smoke in study 1, most frequently in rats exposed to the 0.8 mg/L 
smoke concentration. Squamous metaplasia, hyperplasia, and 
hyperkeratosis were also present in the epithelium Lining the 
opening of the ventral pouch and the adjacent laryngeal lumen 
in most rats exposed to smoke from the test or reference cigarette 
in both studies. In control rats, the epithelium lining the opening 
of the ventral pouch and adjacent laryngeal lumen was slightly 
flattened, oval, rounded, or cuboidal cells one or two cells thick 
with no discernible basal cell layer (Renne et al., 1992). In af- 
fected smoke-exposed rats, this area was covered by a stratified 
squamous epithelium from three to six cells thick with a variably 
keratinized surface layer and a distinct basal cell layer. Compar- 
ison of incidencelseverity of lesions at this site between test and 
reference cigarette smoke-exposed groups did not indicate any 
statistically significant differences in either study. Minimal or 
mild squamous metaplasia of the mucosal epithelium lining the 
caudal larynx was observed in 2/20 rats exposed to the 0.8 mgL 
concentration of smoke from the test cigarette and 1/20 rats ex- 
posed to the 0.8 mgL concentration of smoke from the reference 
cigarette in study 1. 

Exposure to smoke from reference or test cigarettes induced 
a dose-related increase in minimal hyperplasia of the mucosal 
epithelium lining the tracheal lumen in both sexes of rats in 
study 1 and in males in study 2. Comparison of incidence in 
groups exposed to similar concentrations of smoke from test and 
reference cigarettes did not indicate any statistical differences 
in either study. 

There were increased numbers of macrophages diffusely scat- 
tered through the pulmonary alveoli of rats exposed to smoke 
fromreference or test cigarettes in both studes, compared to con- 
current controls. There was some evldence of a dose response in 
the incidence and severity of macrophage accumulation in alve- 
oli of smoke-exposed rats. This increase was graded as minimal 
in the vast majority of affected rats. Comparison of incidence 
and severity data for macrophages in alveoli of rats exposed to 
smoke from the test and reference cigarettes did not indicate any 
statistically significant differences. Minimal goblet-cell hyper- 
plasia was observed in ABPAS-stained sections of the mainstem 
bronchi of some rats exposed to smoke from reference or test 
cigarettes in both studies. There was some evidence of a dose re- 
sponse in the incidence of this lesion. Analysis of data indicated 
a statistically significant increase compared to controls in rats of 
both sexes exposed to the 0.8 mgL concentration of smoke from 
reference cigarettes and in female rats exposed to the 0.8-mg/L 
concentration of smoke from the test cigarette in study 1, and in 
both sexes exposed to 0.8 mg/L of reference cigarette smoke in 
study 2. The incidence (7120) of goblet-cell hyperplasia in males 

1 

exposed to the 0.8-mgiL concentration of smoke from the test 
cigarette in both studies, although not statistically significant, 
was considered to be toxicologically significant. The incidence 
of bronchial goblet-cell hyperplasia was slightly higher in male 
rats exposed to smoke from reference cigarettes compared to 
similar concentrations of smoke from test cigarettes, but com- 
parison of incidence in groups exposed to similar concentrations 
of smoke from test and reference cigarettes did not indicate any 
statistical differences. There was a very low incidence of a va- 
riety of microscopic lesions m other tissues examined in both 
studies, with no evidence of an effect of exposure to smoke from 
the reference ox test cigarette on these tissues. 
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TABLE 9 
Study 1, summary of microscopic observations with average severity in rats 

Incidence of lesions (mean severity, if applicable) 
by target exposure concentration (mg WTPML) 

Test Reference 

Sham controls 0.06 0.2 0.8 0.06 0.2 0.8 

Noselturbinates 
Respiratory epithelium, hyperplasia 
Goblet-cell hyperplasia 
Suppurative inflammation 

Larynx 
Epiglottis, squarnous metaplasia 
Epiglottis, epithelial hyperplasia 
Epiglottis, hyperkeratosis 
Ventral pouch, squamous metaplasia 
Ventral pouch, epithelial hyperplasia 
Ventral pouch, hyperkeratosis 
Chronic inflammation 
Caudal larynx, squamous metaplasia 

Trachea 
Epithelial hyperplasia 

Lung 
Alveoli, macrophages 
Bronchi, goblet-cell hyperplasia 
Alveoli, hemorrhage 

Noselturbinates 
Respiratory epithelium, hyperplasia 
Goblet-cell hyperplasia 
Suppurative inflammation 

Larynx 
Epiglottis, squamous metaplasia 
Epiglottis, epithelial hyperplasia 
Epiglottis, hyperkeratosis 
Ventral pouch, squarnous metaplasia 
Ventral pouch, epithelial hyperplasia 
Ventral pouch, hyperkeratosis 
Chronic inflammation 
Caudal larynx, squamous metaplasia 

Trachea 
Epithelial hyperplasia 

Lung 
Alveoli, macrophages 
Bronchl, goblet-cell hyperplasia 
Alveoli, hemorrhage 

Males 
20" 20" 

4 (0.3) 20 (2.2) 
3 (0.2) 9 (0.5) 
O(0.0) l(0.1) 

20" 20" 
20 (2.9) 20 (3.0) 
20 (2.9) 20 (3.0) 
20 (1 .I) 19 (1.9) 
20 (2.4) 20 (2.8) 
20(2.4) 20(2.8) 
9 (0.6) 19 (1 .I) 
X(O.4) 16(0.9) 
O(0.0) l(O.1) 

2oa 2on 
b(0.3) lS(O.9) 

20" 20" 
14 (0.7) 20 (1.4) 
1 (0.1) 7 (0.4) 
0 (0.0) 0 (0.0) 

Females 
30' 20" 

7 (0.4) 20 (2.0) 
2(0.1) 7(0.4) 
O(0.0) O(O.0) 

20" 2oa 
ZO(3.0) 20(3.1) 
20 (3.0) 20 (3.1) 
20 (2.2) 20 (2.2) 
20 (2.7) 20 (3.0) 
20 (2.7) 20 (3.0) 
15 (1.3) 20 (1.8) 
2 (0.2) 10 (0.6) 
0 (0.0) 1 (0.1) 

20" 20" 
8 (0.4) 12 (0.6) 

20" 20" 
13 (0.7) 20 (1.2) 
3 (0.2) 10 (0.5) 
O(0.0) O(0.0) 

Note. Severity: 1 = minimal; 2 = mild; 3 = moderate; 4 = marked. 
"Number of tissues or animals examined. 
"umber of diagnoses made. 
" p  i .0S, Kolrnogorov-Smimov test, compared to 0.06-mg/L reference group. 


