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Cytokine analysis results indicate that both Th1 and Th2 cy-
tokines are involved in the regulation of murine contact al-
lergy and can be considered as useful endpoints.  Conclu-

sion:  In conclusion, according to our results, fragrance mix 
and balsam of Peru can be considered as moderate sensitiz-
ers; however, in high concentrations, both of them have ir-
ritation properties. The cytokines investigated can be con-
sidered as the endpoints of the ex vivo LLNA-BrdU assay.  

 © 2014 S. Karger AG, Basel 

 Introduction 

 It is well known that fragrances are very important 
sensitizers. Fragrance mix and balsam of Peru are two im-
portant diagnostic markers in the European baseline se-
ries based on patch test results. Fragrance mix has 8 com-
ponents: 7 synthetic fragrances (cinnamal, cinnamyl al-
cohol, geraniol, isoeugenol, eugenol, hydroxycitronellal, 
α-amyl cinnamal) and 1 natural fragrance (oakmoss ab-
solute). Balsam of Peru is a natural resinous balsam with 
odorous properties. It consists of essential oil and resin 
and is thus an oleoresin. Cinnamal is a major component 
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 Abstract 

  Background:  Balsam of Peru and fragrance mix are com-
monly used in cosmetic products. Allergy to fragrance is the 
most common cause of cosmetic contact dermatitis.    Meth-

ods:  In the present study, ex vivo local lymph node assay-5-
bromo-2 ′ -deoxyuridine (LLNA-BrdU) was used to evaluate 
the dermal sensitization potential of these cosmetic mix-
tures. The stimulation index values and estimated concen-
tration (EC3) values were calculated and the potency classi-
fication was found for each mixture. At the same time, in or-
der to measure the irritant effect without having to use 
additional animals, a combination of ex vivo LLNA-BrdU and 
the irritancy assay was conducted.  Results:  Th1 [interleukin 
(IL)-2, interferon-γ] and Th2 cytokine (IL-4, IL-5) releases from 
lymph node cell culture were investigated as non-radioac-
tive endpoints. According to the results of ex vivo LLNA- 
BrdU assays, EC3 values were found to be 3.09% (moderate) 
for balsam of Peru and 4.44% (moderate) for fragrance mix. 
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of the resin  [1]  which also contains cinnamyl alcohol, eu-
genol and isoeugenol  [2] .

  Local lymph node assay (LLNA) is an alternative to 
guinea pig models for the assessment of contact sensitiza-
tion potential. Contact sensitization of an allergen is char-
acterized by lymphocyte proliferation in the lymph nodes 
 [3] . LLNA provides information on the ability of a sub-
stance to induce sensitization, and importantly, delivers 
quantitative data that enable dose-response assessment. 
Previous studies have shown that some essential oils such 
as basil, clove leaf and palmarosa can result in a dose-
dependent local lymph node cell proliferation  [4] .

  The original LLNA uses  3 H-methyl thymidine to mea-
sure lymphocyte proliferation. The use of this method is 
difficult in any laboratory because this radioisotope-
based method (RI) requires special facilities and handling 
procedures. Several authors have conducted investiga-
tions for the development of an alternative non-RI meth-
od for performing LLNA  [5–12] .

  The non-RI method, LLNA:5-bromo-2 ′ -deoxyuridine 
(BrdU)-ELISA, proposed by Takeyoshi et al.  [8] , is a 
modification of the original LLNA. This method involves 
assessing lymphocyte proliferation using ELISA to mea-
sure BrdU incorporation instead of measuring the radio-
activity produced by  3 H-methyl thymidine incorpora-
tion. This modification has recently been approved by the 
Interagency Coordinating Committee on the Validation 
of Alternative Methods (ICCVAM). Although the valida-
tion of this assay was carried out, ICCVAM recommends 
future studies to characterize the limitations of the 
LLNA:BrdU-ELISA test method  [10] .

  Recently, we have investigated the following non- 
radioactive endpoints of LLNA in response to 
dinitrochlorobenzene:BrdU incorporation ex vivo and in 
vivo, as well as the formation/release of interleukins 
 (IL)-2, IL-4 and IL-5, and interferon (IFN)-γ from iso-
lated lymph node cells  [12] . The results of the in vivo and 
ex vivo assays were compatible both with one another and 
with standard radioactive LLNA results for dinitrochlo-
robenzene. Therefore, we concluded that the ex vivo 
BrdU incorporation method could be used as a viable al-
ternative approach to assess the skin sensitization poten-
tial of the test compound in terms of improving animal 
welfare  [9, 11, 12] . 

  In the present study, a combination of ex vivo LLNA-
BrdU  [12]  and the irritancy assay  [13, 14]  was conducted 
to evaluate the sensitization and irritation potential of fra-
grance mix and balsam of Peru. We also investigated Th1 
(IL-2, IFN-γ) and Th2 cytokine (IL-4, IL-5) responses fol-
lowing the sensitization of mice.

  Materials and Methods 

 Mice 
 Female BALB/c mice (8–12 weeks old) were obtained from 

Gulhane Military Medical Academy (Ankara, Turkey) and then 
housed at a temperature of 23   °   C and a relative humidity of 55%, 
with a 12-hour light/dark cycle. Mice were provided chow (Opti-
ma, Kırklareli, Turkey) and water ad libitum. All animal proce-
dures were conducted in an Association for Assessment and Ac-
creditation of Laboratory Animal Care accredited facility under an 
animal protocol approved by the Ankara University Animal Ex-
periments Ethics Board. Before the experiment, mice were weighed, 
randomized and marked for identification. 

  Chemicals 
 Balsam of Peru (Fagron, Germany) at concentrations of 0, 

0.5, 5, 25, and 50% and fragrance mix at concentrations of 0, 0.5, 
5, 25, and 50% in acetone:olive oil (AOO, 4:   1 v/v; Sigma) were 
applied to the animals. Fragrance mix (8%) was prepared by mix-
ing 8 constituents in the liquid petrolatum. These constituents 
were α-amyl cinnamal (RTC, USA), cinnamal (RTC, USA), cin-
namic alcohol (Merk, Germany), eugenol (Acros Organics, 
USA), geraniol (Fluka, Germany), hydroxycitronellal (Acros Or-
ganics), isoeugenol (Acros Organics) and oakmoss absolute (Bri-
al, Germany).

  Combined ex vivo LLNA-BrdU and Irritancy Assay  
 A combination of ex vivo LLNA-BrdU and the irritancy assay 

was conducted following a modification of previously published 
procedures  [9, 13, 18] . Five groups of mice (n = 4/group) were 
exposed topically on the dorsum of both ears to 25 μl of differ-
ent concentrations of mixtures and vehicle (AOO) alone, daily 
for 3 consecutive days. Before the first mixture application, the 
thickness of the right and left pinnae of each mouse ear was mea-
sured using a digital micrometer (Mitutoyo Co.) for the irritan-
cy assay. Ear thickness measurements were taken 24 h following 
final exposure. The results of the irritancy assay were expressed 
as percent change in ear swelling using the following formula:

  % change in ear swelling = [(mean post-challenge ear thick-
ness – mean pre-challenge ear thickness)/mean pre-challenge ear 
thickness] ×100. 

  The mice in this study were only rested on day 4. On day 5, all 
mice were killed by cervical dislocation, and their auricular lymph 
nodes were excised and weighed. Excised right and left lymph nodes 
were pooled and homogenized, and the released cells were suspend-
ed in 15 ml physiological saline. After counting, some cells from the 
suspension were seeded into 96-well culture plates (at 10 5  cells/well 
in RPMI-1640 medium, supplemented with 10% fetal bovine serum 
and 1% penicillin-streptomycin; all from Biochrom). After cultur-
ing for 48 h at 37   °   C, BrdU (10 μl of a 10-μ M  BrdU labeling solution; 
final concentration = 1 μ M  BrdU) was added to the wells for a 24-
hour labeling period. The cells in the wells were then recovered by 
aspiration and the extent of BrdU incorporation measured by 
 ELISA (Roche, Penzberg, Germany), according to the manufactur-
er’s instructions. Absorbance was measured at a wavelength of 450 
nm (optical density, OD 450 ) with a reference wavelength of 620 nm, 
using an ELISA reader (SpectraMAX, Molecular Devices Inc.); 
these values were used to define the BrdU labeling index. 
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  Calculations of Stimulation Indices and EC3 Value 
 The stimulation index (SI) was calculated as the ratio of the 

mean ex vivo BrdU incorporation (labeling index) for each treat-
ment group to that of the vehicle control group.

  The EC3 – a measure of relative skin-sensitizing potency of a 
substance – is expressed as the estimated concentration of a chem-
ical necessary to produce a 3-fold increase in proliferation in 
draining lymph nodes compared with the spontaneous prolifera-
tion that occurs with cells from vehicle-treated control hosts. The 
method represents a simple linear interpolation of the points in 
the dose-response curve which lie immediately above and below 
the classification threshold, i.e. an SI of 3. If the data points lying 
immediately above and below the SI value of 3 have the coordi-
nates (a, b) and (c, d), respectively, then the EC3 value may be 
calculated using the following equation  [15] : EC3 = c + [(3–d)/
(b–d)] (a–c).

  Culture of Lymph Node Cells and Cytokine Determinations 
 Harvested lymph node cells from the ex vivo protocols out-

lined above were seeded in a 24-well culture   plate (at 1 × 10 6  
cells/well) in 1 ml of RPMI-1640   medium supplemented with 
10% fetal bovine serum and 1% penicillin-streptomycin. In case 
of the ex vivo method, the cells   used here were obtained from the 
pooled cells from day 4 rested hosts prior to the removal of ali-
quots for use in BrdU staining/analyses (see above). Following 
the seeding steps, the wells were then supplemented with 5 μg/
ml of phytohemagglutinin-L (Biochrom). Here, phytohemagglu-
tinin-L was selected as the mitogen (as opposed to concanavalin 
A) in that it has been widely used for the mitotic stimulation of 
T lymphocytes. After 72 h of culture in a 37   °   C incubator con-
taining 5% CO 2 , supernatants were collected and stored at 
 − 80   °   C until analyzed for IL-2, IFN-γ, IL-4, and IL-5 levels. The 
level of each cytokine in the culture supernatants was measured 
using commercially available ELISA kits (BenderMed Systems, 
Burlingame, Calif., USA), according to the manufacturer’s in-
structions. 

  Statistical Analyses 
 Means and standard errors were calculated for the lymph node 

weights and for OD values obtained by ELISA for each treatment 
group. The difference(s) between the vehicle control and each 
treatment group were analyzed using Dunnett’s t test.

  Results 

 Lymph Node-Related Parameters  
 For the ex vivo study, five groups of BALB/c mice 

were exposed topically (on the dorsum of both ears) to 
0.5, 5, 25, and 50% balsam of Peru, 0.5, 5, 25, and 50% 
fragrance mix or to AOO vehicle alone on 3 consecutive 
days. Auricular lymph node weights, lymph node cell 
counts, and the percent change in ear swelling associ-
ated with each mouse are shown in  table 1 . The results 
show that at a concentration of 5%, the application of 
balsam of Peru and fragrance mix in AOO caused sig-
nificant increases in lymph node weights and cell counts 
as compared to the values in mice that received vehicle 
treatments only. 

  Ex vivo LLNA-BrdU for Balsam of Peru and 
Fragrance Mix 
 The EC3 values derived from the results of the ex vivo 

BrdU labeling study were calculated as 3.09 and 4.44% for 
balsam of Peru and fragrance mix, respectively. The data 
for all OD 450 , SI and EC3 values from ex vivo BrdU label-
ing studies are presented in  table 2 . 

 Table 1.  Lymph node weight, cell count and % change in ear swelling values after treatment of mice with differ-
ent concentrations of balsam of Peru and fragrance mix in AOO

Chemical Vehicle Concentration,
w/v%

Lymph node
weight, g

Cell count,
×106/ml

% change in ear 
swelling 

Balsam of Peru AOO –
0.5

5
25
50

0.016±0.0018
0.020±0.0003
0.021±0.0006**
0.023±0.0003**
0.027±0.0008**

4.90±0.33 
5.73±0.48
8.00±0.00*
9.33±1.33**

14.66±1.33**
0
4.92±2.88
7.00±5.56

15.10±2.59**
29.63±2.89**

Fragrance mix AOO –
0.5

5
25
50

0.017±0.0003
0.031±0.0009
0.038±0.0002*
0.047±0.0012**
0.067±0.0016**

6.40±0.22
7.60±0.36

10.00±0.57*
12.03±1.36**
16.00±2.06**

0
5.02±0.41
4.77±0.40

11.90±8.31*
21.04±5.26**

 Each value represents the mean ± SD. * p < 0.05, significantly different from the vehicle control (Dunnett’s 
test). ** p < 0.01, significantly different from the vehicle control (Dunnett’s test).
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  Irritancy Assay  
 The results of the irritancy studies for fragrance mix 

and balsam of Peru are presented in  table 1 . A significant 
percentage of change in ear swelling was observed after 
exposure to a concentration of 25 and 50%  fragrance mix 
and 5, 25 and 50%  balsam of Peru.

  Cytokine Determinations 
 The levels of IL-2, IFN-γ, IL-4, and IL-5 present in the 

lymph node cell culture supernatants are provided in  fig-
ures 1  and  2 .

  According to the cytokine results of the group exposed 
to fragrance mix, it was found that the formation of IL-2, 
IFN-γ, IL-4, and IL-5 was strongly elevated in a manner 
reflecting a clear dose-related trend. The levels of IL-2, 
IFN-γ, IL-4, and IL-5 were significantly increased in the 
culture supernatants when fragrance mix was applied at 
concentrations of 5%.

  We also observed a clear dose-related trend in the 
formation of cytokines of the group exposed to balsam 
of Peru. Significant differences in the release of cyto-
kines were noted at a concentration of 25% balsam of 
Peru. 

  Discussion  

 In this study, we aimed to assess the sensitization po-
tency of balsam of Peru and fragrance mix which are 
commonly used in cosmetic products by using ex vivo 
LLNA:BrdU-ELISA. We combined the LLNA test and the 
irritancy test to minimize animal use. 

  A concentration of 4.44% fragrance mix and a concen-
tration of 3.09% balsam of Peru induced a 3-fold stimula-
tion of proliferation in draining lymph nodes compared 
with vehicle controls. According to our EC3 values, fra-
grance mix and balsam of Peru can be classified as mod-
erate sensitizers. The sensitization potency according to 
the EC3 values of the mixtures has been classified follow-
ing the method of Gerberick et al.  [15] . These mixtures 
are complex mixtures, and there are no LLNA data avail-
able for them. Although there is little information on the 
utility of LLNA to evaluate complex mixtures, some stud-
ies suggested that LLNA may be of some value in investi-
gating the overall sensitizing capacity of a mixture  [5, 16–
18] . 

  Patch testing with fragrances is an important step in 
the diagnosis of fragrance allergy. Different strategies 
have evolved for the detection of fragrance hypersensi-
tivity. The most important one is the use of fragrance 
mix. Because of many false-positive irritant reactions 
obtained at the original concentration of fragrance mix, 
the final concentration was reduced from 16 to 8% (1% 
for each constituent)  [19] . Besides the fragrance mix, 
balsam of Peru (10% in petrolatum) has also been used 
as screening substance for fragrance allergy in European 
standard series. Our results have shown that at high 
concentrations (>25%), these mixtures have irritant 
properties. 

  Changes in cytokine levels are related to T-helper cell 
proliferation that plays an important role in the induc-
tion and elicitation of contact sensitivity. The regulation 
of contact sensitivity responses by Th1 and Th2 cyto-
kines has been studied intensively. Contact hypersensi-

Table 2. OD450, SI and EC3 values from the ex vivo BrdU labeling studies

Chemical Vehicle Concentration,
w/v%

OD450 SI EC3, %

Balsam of Peru
AOO

– 0.125±0.006 1

3.09
0.5 0.263±0.008 2.104

5 0.462±0.010 3.696
25 0.524±0.023 4.192
50 0.814±0.031 6.512

Fragrance mix AOO

– 0.127±0.006 1

4.44
0.5 0.238±0.014 1.87

5 0.401±0.021 3.16
25 0.626±0.032 4.93
50 1.107±0.050 8.72

The OD450 values shown are means ± SDs.
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  Fig. 1.  The levels of IL-2, IFN-γ, IL-4, and IL-5 in the lymph node cell culture supernatants from BALB/c mice 
were exposed topically (on the dorsum of both ears) to 0.5, 5, 25, and 50% balsam of Peru or to AOO vehicle alone 
on 3 consecutive days.  *    p < 0.05,  *  *  p < 0.01; significantly different from the vehicle control. 

  Fig. 2.  The levels of IL-2, IFN-γ, IL-4, and IL-5 in the lymph node cell culture supernatants from BALB/c mice 
were exposed topically (on the dorsum of both ears) to 0.5, 5, 25, and 50% fragrance mix or to AOO vehicle alone 
on 3 consecutive days.  *    p < 0.05,  *  *  p < 0.01; significantly different from the vehicle control. 
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tivity reactions are mainly thought to be associated with 
the activation of Th1 cells. In contrast, Th2 cytokines 
(primarily IL-4 and IL-5) have long been considered 
suppressive against contact sensitivity. However, in re-
cent years, studies reported that Th2 cells and Th2 cyto-
kines (especially IL-4 and IL-5) play a positive role in the 
development and pathogenesis of contact hypersensitiv-
ity  [20–22] . In this study, we investigated Th1 (IL-2, 
IFN-γ) and Th2 cytokine (IL-4, IL-5) releases from 
lymph node cell culture as non-radioactive endpoints. 
We found that there was a dose-related increase in the 
formation/release of IL-2, IFN-γ, IL-4 and IL-5 for two 
mixtures. Our results were compatible with these latter 
studies.

  Under the EU Cosmetics Directive (76/768/EEC), as 
of 11 March 2013, animal testing for cosmetic products 
are prohibited. Although it is prohibited to use LLNA for 
the testing of cosmetic ingredients because of their skin-
sensitizing potential, there is still no validated in vitro 
method to measure the allergic potency of chemicals 
apart from animal testing. On the other hand, LLNA may 
be useful for testing chemical compounds within EU reg-
ulations such as REACH (Registration, Evaluation, Au-
thorization and Restriction of Chemicals). The assess-

ment of the skin sensitization potential represents an im-
portant component of the safety assessment of compounds. 
LLNA is the preferred testing method under REACH as 
it represents a reduction and refinement in animal testing 
(2Rs) and provides information on relative skin sensitiza-
tion potency.

  In conclusion, according to our results, fragrance mix 
and balsam of Peru can be considered as moderate sensi-
tizers; however, in high concentrations, both of them 
have irritation properties. The cytokines which we inves-
tigated can be considered as the endpoints of the ex vivo 
LLNA-BrdU assay. 
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