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Abstract

Quantitative risk assessment for skin sensitization is directed towards the determination of
levels of exposure to known sensitizing substances that will avoid the induction of contact
allergy in humans. A key component of this work is the predictive identification of relative skin
sensitizing potency, achieved normally by the measurement of the threshold (the ‘‘EC3’’ value)
in the local lymph node assay (LLNA). In an extended series of studies, the accuracy of this
murine induction threshold as the predictor of the absence of a sensitizing effect has been
verified by conduct of a human repeated insult patch test (HRIPT). Murine and human
thresholds for a diverse set of 57 fragrance chemicals spanning approximately four orders of
magnitude variation in potency have been compared. The results confirm that there is a useful
correlation, with the LLNA EC3 value helping particularly to identify stronger sensitizers. Good
correlation (with half an order of magnitude) was seen with three-quarters of the dataset. The
analysis also helps to identify potential outlier types of (fragrance) chemistry, exemplified by
hexyl and benzyl salicylates (an over-prediction) and trans-2-hexenal (an under-prediction).
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Introduction

Within the vast spectrum of chemicals that are commercially

available, there exists a few thousand that are used as flavours

and fragrances. Fragrance ingredients are reviewed in terms

of their safety for human health and the environment by the

Research Institute for Fragrance Materials (RIFM)1. Clinical

evidence has shown that a number of fragrance ingredients

have the capacity to cause sensitization by skin contact2–4.

Consequently, a particular focus concerns the extent to which

these materials possess the intrinsic capacity to cause skin

sensitization and to this end studies are conducted to identify

this hazard5,6. Unfortunately, the simple identification of

hazard is insufficient to assess the potential risks to human

health7. An essential component part of the assessment of

risk involves the establishment of the variables associated

with exposure to individual fragrance ingredients. This

information has to be coupled with an understanding of

the relative potency of an identified sensitization hazard8,9

and then applied into a quantitative risk assessment (QRA)

via use of a derived threshold, the no expected sensitization

induction level (NESIL), which is akin to the no effect

level (NOEL) concept used in systemic toxicology10. In this

respect it has been reported that skin sensitising chemicals

may vary in terms of their relative potency by approximately

at least five orders of magnitude11,12. In addition, careful

attention has to be paid to information from dermatology

clinics which represent the ultimate feedback on the entire

hazard identification and risk assessment process13,14.

To complete a risk assessment, the predictive identification

of potency is critical. Historically, the most common way to

predict the relative potency of a skin sensitising substance has

been to conduct a local lymph node assay (LLNA),

interpolating the dose response to estimate the concentration

of substance which would be required to generate a threefold

stimulation of proliferation in draining lymph nodes, this is

the EC3 value15. This measurement has not only been

demonstrated to be robust within and between laboratories16,

but through extensive study has also shown a good degree of

correlation with what is known concerning the relative

potency of a range of substances in humans8,17,18. Some of

the studies in which the correlation between an EC3 value and

the human NOEL has involved the collation of information

from human repeated insult patch tests (HRIPT). However,

the quantity of such data remains largely restricted to

historically published information, some of which has

recently been summarised19. Consequently, in this present

work, information from human studies on 57 fragrance

ingredients has been presented and is compared with LLNA

EC3 values to examine further both the quality of correlation
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between such measures, but also to illustrate a number of

caveats that need to be borne in mind when using an EC3

value to complete a risk assessment process.

Materials and methods

Materials tested

The alphabetical list of fragrance ingredients tested in the

present work together with their CAS numbers is presented in

Table 1. All of these were of the commercial grade generally

used in the fragrance industry, and thus represented the

quality of material to which skin exposure would arise in

relation to consumer product use.

Local lymph node assay

Prior to conduct of human study, skin sensitization potential

was evaluated in a Local Lymph Node Assay (LLNA)20. The

LLNAs were conducted according to the method described in

OECD Guideline 42921. Groups of female CBA/CA mice

(n¼ 5) were dosed topically on the dorsum of each ear with

25 ml of test fragrance in 1:3 ethanol:diethyl phthalate.

Each group received one of five test concentrations prepared

as a w/v%. A concurrent vehicle control group was similarly

treated with 1:3 ethanol:diethyl phthalate. Dosing occurred

daily for three consecutive days. The animals received no

treatment for two days and on the sixth day after the first

application, all mice were injected intravenously via the tail

vein with 250 ml of phosphate buffered saline containing

20 mCi of radiolabelled methyl thymidine (3HTdR). Five

hours later, the mice were euthanized and the draining

auricular lymph nodes were excised and pooled for each

experimental group. Suspensions of the lymph node cells

were prepared by mechanical disaggregation through 200-

mesh stainless steel gauze. The cell suspensions were washed

three times with phosphate buffered saline and precipitated

overnight at 4 �C with 5% w/v trichloroacetic acid (TCA). The

samples were then pelleted by centrifugation. The cells were

resuspended in 1 ml of TCA and transferred to scintillation

vials containing 10 ml of scintillation fluid. The incorporation

of 3HTdR was measured by b-scintillation counting and

expressed as disintegrations per minute (dpm) per lymph node

for each experimental group. The stimulation index (SI)

values were calculated for each dose level. An SI of 3 or more

was considered to give a positive response. For positive

materials, linear interpolation of the dose response data from

each LLNA was then used to derive an estimated concentra-

tion (EC3) required to elicit an SI value of 3. The EC3 value

was taken as a measure of relative potency. Where more than

a single determination of the EC3 value was available, these

were reduced to a single weighted mean value. Where no

concentrations tested in the LLNA resulted in an SI value of

greater than 3, the fragrance material is not considered to be a

sensitizer under the conditions of the study.

Human repeated insult patch test)

The HRIPTs on 56/57 of the fragrance ingredients detailed in

Table 1 were carried out according to the basic principles

previously described22,23. Anisyl alcohol was the only

substance for which historical human maximization test

(HMT) data was used exclusively for comparison24. Each

HRIPT study received approval from an independent ethical

review committee (IRB – institutional review board) prior to

its initiation. The test concentrations selected were based on

an in vivo assessment of skin sensitization potency, together

with any other information on human health effects which

could impact the safety of the study volunteers, or comprom-

ise the scientific integrity of the study. In brief, the general

protocol was as follows: volunteers were recruited to ensure

that a minimum of 100 would complete the study. During the

induction phase an occlusive webril/adhesive patch (25 mm

Hill Top Chamber System) was used. 0.3 ml of the test

material in 1:3 ethanol:diethyl phthalate (vehicle) was applied

to each patch. The test material was allowed to volatilize for at

least 15 min but no longer than 40 min prior to application to

the skin. The left side of the back was used for the test area

during the induction phase. Patches remained in place and

were kept dry for approximately 24 h, after which time they

were removed. A 24 h period, during which no test mater-

ials were applied, followed the removal of the Monday and

Wednesday patch applications; a 48 h period followed the

Friday patch applications. On Mondays, Wednesdays and

Fridays, the test sites were observed and any reactions scored

and recorded. The identical test site was then retreated until

nine induction applications were completed over a period of

approximately 3 weeks. A rest period of approximately 2

weeks followed the last induction patch. No test materials

were applied during the rest period. At the challenge phase,

the original induction test sites were observed and each

subject queried as to whether any reaction had been

experienced during the rest period. The untreated right side

of the back was used for the for the challenge phase. Patches

were applied as in the induction phase and held in place for

24 h after which time they were removed and the challenge

site scored. The original test sites were also observed. Scoring

of the test sites was also carried out at 48, 72 and 96 h post-

patching using the scoring scale: 0¼ no visible reaction;

+/�¼ faint, minimal erythema; 1¼ erythema; 2¼ intense

erythema, induration; 3¼ intense erythema, induration, ves-

icles; 4¼ severe reaction with erythema, induration, vesicles,

pustules. The vehicle was tested separately in the same

manner as the test material.

In all cases, the NOEL reflects that the outcome of the

study, normally in approximately 100 volunteers, yielded no

evidence of skin sensitization. It is important to note that the

values represent a NOEL, and are not necessarily the highest

possible NOEL. No attempt was made to test at increasing

concentrations until skin sensitization appeared – it is the

view of the authors that such an approach would not be

ethical.

Human maximization test

Human maximization test (HMT)24,25 data were collated from

the historical dataset on 30 fragrance materials in a petrol-

atum vehicle on various panels of volunteers. Application was

under occlusion to the same site on the forearms or backs of

all subjects for five alternate-day 48 h periods. Patch sites

were pre-treated for 24 h with 10% aqueous sodium lauryl
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C
ut

an
eo

us
 a

nd
 O

cu
la

r 
T

ox
ic

ol
og

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
R

es
ea

rc
h 

In
st

itu
te

 f
or

 F
ra

gr
an

ce
 M

at
er

ia
ls

 o
n 

12
/0

1/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Table 1. Fragrance chemicals tested with in vivo and human results.

Human data

Fragrance ingredient CAS no.

LLNA weighted
mean EC3 (mg/cm2)

[no. studies]

NOEL HRIPT
(induction)
(mg/cm2)

NOEL HMT
(induction)
(mg/cm2)

LOELb

(induction)
(mg/cm2)

WoE NESILc

(mg/cm2)

Group 1
Allyl phenoxyacetate 7493-74-5 775 [1]d 709e 690 NA 700
a-Amylcinnamyl alcohol 101-85-9 46250 [1]d 3543e NA NA 3500
Anisyl alcohol 105-13-5 1475 [1]d NA 3448e NA 1500
Balsam oil, Peru (Myroxylon

pereirae)
8007-00-9 987 [1]d 950e 5517e NA 950

Benzyl alcohol 100-51-6 412 500 [1]d 5906 6897 8858 5900
Benzyl benzoate 120-51-4 412 500 [1]d 59 050e 20 690e NA 59 000
Benzyl cinnamate 103-41-3 4600 [1]d 4720e 5517e NA 4700
p-t-Butyl-dihydrocinnamal 18127-01-0 1075 [1]d 1181 4138e 7087 1100
p-t-Butyl-a-methylhydro-cinnamal 80-54-6 2372 [6] 4125 NA 29 528 4100
Carvone 99-49-0 2650 [3] 2657 1376 18 898 2650

2244-16-8
6485-40-1

Cinnamal 104-55-2 262 [22] 591 NA 775 590
Cinnamyl alcohol 104-54-1 5250 [1]d 3000 2759 4724 3000
Cinnamyl nitrile 1885-38-7 42500 [1]d 1063 3448 1938 1060
Citral 5392-40-5 1414 [11] 1400 NA 3876 1400
dl-Citronellol 106-22-9 10 875 [1]d 29 528e 4138e NA 29 500
Coumarin 91-64-5 412 500 [1] 3543 5517 8858 3500
Dibenzyl ether 103-50-4 1575 [1]d 2362e 2760 NA 2300
Eugenol 97-53-0 2703 [6] 5906e 5517e NA 5900
Farnesol 4602-84-0 1200 [2] 2755 NA 6897f 2700
Geraniol 106-24-1 4080 [6] 11 811e 4138e NA 11 800
2-Hexylidene cyclopentanone 17373-89-6 600 [1]d 300 NA 500 300
Hydroxycitronellal 107-75-5 5612 [9] 5000 NA 5906 5000
3 & 4-(4-Hydroxy-

4-methylpentyl)-3-
cyclohexene-1-

Carboxaldehyde (HMPCC)

31906-04-4 4275 [1]d 4000e NA NA 4000

Isocyclogeraniol 68527-77-5 46250 [1]d 3898 NA 5000 3800
Isoeugenol 97-54-1 498 [18] 250 NA 775 250
p-Isobutyl-a-methyl

hydrocinnamal
6658-48-6 2375 [1]d 2362e 5520 NA 2300

Jasmine Absolute (Grandiflorum) 8022-96-6 1475 [1]e 1475 NA 2069 1470
8024-43-9

90045-94-6
84776-64-7

Jasmine Absolute (Sambac) 91770-14-8 9100 [1]d 8858e NA NA 8850
d-Limoneneg 5989-27-5 10 075 [5] 10 000e 5517e NA 10 000
Linaloolg 78-70-6 12 650 [2] 15 000e 13 793e NA 15 000
Majantol 103694-68-4 47500 [1]d 9900e NA NA 9900
p-Mentha-1,8-dien-7-al 2111-75-3 2175 [2] 709 690 2760 700
Menthadiene-7-methyl formate 68683-20-5 42500 [1]d 1063 690 6900 1060
4-Methoxy-a-methyl

benzenpropanal
5462-06-6 5900 [1]d 5905e 1380 NA 5900

a-Methyl-1,3-benzodioxole-5-
propional

1205-17-0 4100 [1]d 4016 13 800 15 000 4000

a-Methyl cinnamal 101-39-3 1125 [1]d 3543e 5517e NA 3500
Methyl 2-octynoate (methyl

heptine carbonate)
111-12-6 5125 [1]d 118 NA 194 110

Oakmoss Absolute 90028-68-5 970 [1]d 700 1724 1414 700
1-Octen-3-yl acetate 2442-10-6 47500 [1]d 3543 NA 6900 3500
Phenylacetaldehyde 122-78-1 962 [2] 591 NA 1181 590
3-Propylidenephthalide 17369-59-4 638 [2] 945 345 2760f 920
Tea Leaf Absolute 84650-60-2 41250 [1]d 480e NA NA 480
Ylang Ylang Oil Extra 8006-81-3 1700 [1]d 1772 6897 7752 1770

68606-83-7
83863-30-3

Group 2
Benzaldehyde 100-52-7 46250 [1]d 590 NA 2760f 590
trans-2-Hexenal 6728-26-3 1012 [2] 24 NA 236 24
6-Methyl-3,5-heptadien-2-one 1604-28-0 41250 [1]d 118 NA 1299 110
Methyl 2-nonynoate (Methyl

octine carbonate)
111-80-8 625 [1]d 24 NA 118 24

2-Methoxy-4-methylphenol 93-51-6 1450 [1] 118e NA NA 118

(continued )
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sulfate (SLS) under occlusion if the test material was

insufficiently irritating to the skin. Following a 10–14 day

rest period, challenge patches were applied under occlusion to

a fresh forearm site for 48 h. Challenge applications were

preceded by 30–60 min SLS treatment. Reactions were read at

patch removal and again at 96 h after the initiation of

application. Scoring of the test sites was also carried out at 48,

72 and 96 h post-patching using the scoring scale: 0¼ no

visible reaction; +/�¼ faint, minimal erythema; 1¼ ery-

thema; 2¼ intense erythema, induration; 3¼ intense ery-

thema, induration, vesicles; 4¼ severe reaction with

erythema, induration, vesicles, pustules. The vehicle was

tested separately in the same manner as the test material.

Results

Table 1 contains the list of materials tested, their LLNA EC3

values and an induction NOEL derived from the HRIPT or

HMT. Simple inspection of the results indicates that whereas

for a number of materials there is good agreement between

the EC3 value and the human NOEL expressed in mg/cm2, for

a minority there is either overestimation or underestimation.

Sometimes the difference is considerable. To facilitate

comparison, the materials have been placed in one of three

groups: group 1 where the LLNA EC3 and HRIPT NOEL

values are within half order of magnitude (i.e. ˇ10); group 2

where there is, or is likely to be, an underestimation of human

potency by the LLNA of greater than half an order of

magnitude and group 3 where there is, or is likely to be, an

overestimation of human potency by the LLNA by the same

magnitude. This means for group 1 that the LLNA EC3 value

is approximately no more than 3.2 fold higher or lower than

the identified HRIPT NOEL value. Where the figures for

either the LLNA EC3 value or the HRIPT NOEL are

associated with uncertainty (i.e. a5or4sign), for the present

comparison, these have been ignored. Consequently, some 42

of the 57 materials (76%) fit into the group 1 category. Seven

materials (12%) fell into group 2, where the LLNA over-

estimated the human potency and seven materials (12%) also

fell into group 3, where the LLNA EC3 value underestimated

the measured human potency.

Group 2 contained seven materials, those whose potency

was underestimated in the LLNA. Of these, the most notable

were trans-2-hexenal and methyl-2-nonynoate, where the

LLNA predictions were approximately 42 and 26 times too

weak. Perhaps of lesser concern in terms of human safety

were the underestimations in group 3, also a total of seven

materials. The most notable, in terms of the difference, were

benzyl salicylate and hexyl salicylate, where the LLNA

predictions were approximately 25 and 790 times too potent.

In contrast, isocyclocitral was only a little outside group 1

categorization.

As a matter of interest, the human data are used to inform

the NESIL based on a weight of evidence overview of the data

(and detailed in Ref. [10]) is also presented in Table 1. It can

be seen from this that greater emphasis is given to the human

data, which is appropriate given that the aim of the

downstream risk assessment is the protection of human

health.

Conclusions

The safe use of chemicals is dependent on the predictive

identification of their toxic properties (hazard identification),

the characterisation of any hazard, e.g. in terms of dose

response, and via that the determination of acceptable levels

of exposure. For (fragrance) chemicals that possess skin

sensitising properties, this process has evolved in recent years

into a QRA strategy10. At the heart of this is the determination

of a ‘‘no expected sensitization induction level’’ (NESIL),

Table 1. Continued

Human data

Fragrance ingredient CAS no.

LLNA weighted
mean EC3 (mg/cm2)

[no. studies]

NOEL HRIPT
(induction)
(mg/cm2)

NOEL HMT
(induction)
(mg/cm2)

LOELb

(induction)
(mg/cm2)

WoE NESILc

(mg/cm2)

Treemoss Absolute 90028-67-4 45000 [1]d 700 6896 1417 700
Vanillin 121-33-5 412 500 [1]d 1181e 3450 NA 1100
Group 3
a-Amylcinnamal 122-40-7 2420 [4] 23 622e NA NA 23 600
Benzyl salicylate 118-58-1 725 [1]d 17 717e 20 690e NA 17 700
a-Hexyl-cinnamal 101-86-0 2372 [5] 23 622e NA NA 23 600
Hexyl salicylate 6259-76-3 45 [1]d 35 433e 2069e NA 35 400
Isocyclocitral 1335-66-6 1825 [1]d 7087e 2759e NA 7000
a-iso-Methylionone 127-51-5 5450 [1]d 70 866e NA NA 70 000
OTNE 54464-57-2 6825 [1]d 47 244e NA NA 47 200

All underlying data in this table are available from RIFM and are detailed in the RIFM Database27.
NOEL¼No observed effect level; HRIPT¼Human Repeat Insult Patch Test; HMT¼Human Maximization Test; LOEL¼ lowest observed effect

level; NA¼Not Available.
bData derived from HRIPT or HMT.
cWoE NESIL limited to three significant figures.
dEC3 value from one LLNA, not the mean.
eMT-NOEL¼Maximum Tested No Effect Level. No sensitization was observed in human predictive studies. Doses reported reflect the highest

concentration tested, not necessarily the highest achievable NOEL.
fLOEL from human maximization test, not a human repeated insult patch test.
gd-Limonene and linalool are not contact allergens, but some hydroperoxides formed by autoxidation are known to be dermal sensitizers.
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which is, in effect, the threshold at which the induction of skin

sensitization in an HRIPT should not occur. Although the

NESIL value ideally is derived by analysis of the weight of all

available evidence10, the reality for many substances, and

especially new chemicals, is that the only available data is the

LLNA EC3 value. Fortunately, this is suggested to be a

reasonable predictor of human thresholds (e.g. 8, 9, 17, 18),

but it is not always accurate, as is further evidenced in the

present work. One option to limit the risk this could imply for

human safety is to confirm the quality of the NESIL by the

conduct of an HRIPT23,26.

In the present work, some 57 fragrance ingredients for

which LLNA EC3 values were available were checked by the

conduct of an HRIPT. The results in Table 1 confirm that the

LLNA is generally a good predictor of relative skin

sensitization potency. They also suggest that for some types

of material, e.g. salicylates, there may be either over or under

prediction of human potency. However, the number of

materials in any class is sufficient only to provide an alert

for consideration, rather than implying a general rule.
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