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Utilization of the Ex Vivo LLNA:
BrdU-ELISA to Distinguish the Sensitizers
From Irritants in Respect of 3 End
Points—Lymphocyte Proliferation,
Ear Swelling, and Cytokine Profiles

Seren Arancioglu1, Ozge Cemiloglu Ulker2, and Asuman Karakaya2

Abstract
Dermal exposure to chemicals may result in allergic or irritant contact dermatitis. In this study, we performed ex vivo local
lymph node assay: bromodeoxyuridine-enzyme-linked immunosorbent assay (LLNA: BrdU-ELISA) to compare the differences
between irritation and sensitization potency of some chemicals in terms of the 3 end points: lymphocyte proliferation, cytokine
profiles (interleukin 2 [IL-2], interferon-g (IFN-g), IL-4, IL-5, IL-1, and tumor necrosis factor a [TNF-a]), and ear swelling.
Different concentrations of the following well-known sensitizers and irritant chemicals were applied to mice: dinitrochlor-
obenzene, eugenol, isoeugenol, sodium lauryl sulfate (SLS), and croton oil. According to the lymph node results; the auricular
lymph node weights and lymph node cell counts increased after application of both sensitizers and irritants in high concentra-
tions. On the other hand, according to lymph node cell proliferation results, there was a 3-fold increase in proliferation of
lymph node cells (stimulation index) for sensitizer chemicals and SLS in the applied concentrations; however, there was not a
3-fold increase for croton oil and negative control. The SLS gave a false-positive response. Cytokine analysis demonstrated that
4 cytokines including IL-2, IFN-g, IL-4, and IL-5 were released in lymph node cell cultures, with a clear dose trend for sensitizers
whereas only TNF-a was released in response to irritants. Taken together, our results suggest that the ex vivo LLNA:
BrdU-ELISA method can be useful for discriminating irritants and allergens.
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Introduction

In recent years, in the industrialized countries, the incidence

of skin toxicity has a tendency to increase in parallel to the

increase in the number of potential chemicals. The 2 most

frequent manifestations of skin toxicity are irritant contact

dermatitis and allergic contact dermatitis.1

The murine local lymph node assay (LLNA) is a validated

method for the evaluation of skin sensitization potential of

chemicals. The assay is based upon measurement of induced

proliferative responses in lymph nodes by in vivo incorporation

of [3H] methyl thymidine. Several authors have conducted

investigations for the development of an alternative nonra-

dioactive method because such radioisotope-based methods

require special facilities and handling procedures.2-16 Intera-

gency Coordinating Committee on the Validation of Alterna-

tive Methods (ICCVAM) approved the validation of LLNA:

bromodeoxyuridine-enzyme-linked immunosorbent assay

(LLNA: BrdU-ELISA) for identification of skin sensitization

potency of chemicals that was based on the protocol developed

by Takeyoshi et al.10 On the other hand, ICCVAM recom-

mends future studies to characterize the limitations of the

LLNA: BrdU-ELISA test method.17 We developed an ex vivo

LLNA: BrdU-ELISA and demonstrated that ex vivo LLNA:

BrdU-ELISA has sensitivity that is comparable to LLNA; how-

ever, there is a compromised accuracy in LLNA-BrdU-ELISA.

Recently, the advantages of ex vivo LLNA-BrdU have also

been concluded by Williams et al.16 Ex vivo LLNA BrdU

provided many advantages when compared to LLNA and

LLNA: BrdU-ELISA methods. First, intraperitoneal injection

of bromodeoxyuridine (BrdU) is not necessary, which may
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increase reproducibility of the method by eliminating the

potential for variability resulting from inconsistent injection

technique. Second, lymph node cellularity data provide an

early indicator of sensitization potential. Third, because lymph

node cells are isolated from the animals before BrdU labeling,

these cells can also be used for other experimental end points

like cytokine analyses.16 Many studies have tried to character-

ize and distinguish the chemical sensitizers from irritants or

nonsensitizers according to cytokine profiles.13,18-29

In this study, we performed ex vivo LLNA: BrdU-ELISA

to compare the differences between irritation and sensitiza-

tion potency of some chemicals in terms of the 3 end points:

lymphocyte proliferation; proinflammatory (tumor necrosis

factor a [TNF-a], interleukin 1 [IL-1]), T helper type 1

(Th1; IL-2 and interferon-g [IFN-g]), and Th2 (IL-4, IL-5)

cytokine profiles; and ear swelling results.28,29 Different con-

centrations of the following well-known sensitizers and irri-

tant chemicals were applied to mice: dinitrochlorobenzene

(DNCB), eugenol, isoeugenol, sodium lauryl sulfate (SLS),

and croton oil.

Materials and Methods

Mice

Female Balb/c mice (8-12 weeks of age) were obtained from

Gulhane Military Medical Academy (Ankara, Turkey) and

housed at a temperature of 23�C and relative humidity of

55%, with a 12-hour light/dark cycle. Mice were provided

mouse chow (Optima, Kırklareli, Turkey) and water ad libi-

tum. All animal procedures were conducted in an Association

for Assessment and Accrediation of Laboratory Animal Care-

accredited facility under an animal protocol approved by the

Ankara University Animal Experiments Ethics Board. Before

the experiment, mice were weighed, randomized, and marked

for identification. Ear thickness was measured with digital

micrometer.

Chemicals

Sodium lauryl sulfate (SLS; 0.05%, 0.1%, 0.25%, and 0.5%;

Prolab, Belgium), croton oil (0.05%, 0.1%, 0.25%, and 0.5%;

Sigma-Aldrich, MO, USA), DNCB (0.025%, 0.05%, 0.1%, and

0.25%; Sigma-Aldrich, MO, USA), isoeugenol (0.5%, 1%, 5%,

and 10%; Acros Organics, NJ, USA), eugenol (2.5%, 10%, 20%,

and 50%; Acros Organics, NJ, USA), and para aminobenzoic acid

(PABA; 1%, 2.5%, 5%, and 10%; Sigma-Aldrich, MO, USA) in

acetone:olive oil (AOO; 4:1 v/v; Sigma-Aldrich, MO, USA) were

applied to the animals in these studies. Para aminobenzoic acid

was used as the negative control.

Combined Ex Vivo LLNA-BrdU and Irritancy Assay

A combination of ex vivo LLNA-BrdU and irritancy assay was

conducted following a modification of previously published

procedures.13,28,29 Five groups of mice (n ¼ 4/group) were

exposed topically on the dorsum of both ears to 25 mL of

different concentration of chemicals and vehicle (AOO) alone

daily for 3 consecutive days. Before the first chemical appli-

cation, the thickness of the right and left pinnae of each mouse

ear was measured using a digital micrometer (Mitutoyo Co,

Japan) for the irritancy assay. Ear thickness measurements

were taken again 24 hours following the final exposure. The

results of the irritancy assay were expressed as percentage

change in ear swelling using the formula.28,29

% change in ear swelling ¼ ([mean postchallenge ear thick-

ness � mean prechallenge ear thickness]/mean pre challenge

ear thickness) � 100. To reduce the number of animals

required, these evaluations were conducted in conjunction with

the LLNA.

The mice in this study were 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 cells were

suspended in 15 mL physiological saline temperature. After

counting, cells from the suspension were seeded into 96-well

culture plates (at 105 cells/well, in RPMI 1640 medium sup-

plemented with 10% fetal bovine serum [FBS] and 1% peni-

cillin–streptomycin; all from Biochrom, Israel). After

culturing for 48 hours at 37�C, BrdU (10 mL of a 10-mmol/L

BrdU labeling solution; final concentration ¼ 1 mmol/L

BrdU) was then added to the wells for a 24-hour labeling

period. The cells in the wells were then recovered by aspira-

tion, and the extent of BrdU incorporation was measured by

ELISA (Roche, Germany), according to the manufacturer’s

instructions. The absorbance was measured at a wavelength

of 450 nm (optical density at 450 nm [OD450]) with a refer-

ence wavelength of 620 nm, using an ELISA reader (Spectra-

MAX; Molecular Devices Inc); these values were used to

define the BrdU labeling index. Stimulation index (SI) was

calculated as the ratio of the mean ex vivo BrdU incorporation

(labeling index) for each treatment group to that of the vehicle

control group.

Culture of Lymph Node Cells and the Measurement of
Cytokine Levels

Harvested lymph node cells from the ex vivo protocols outlined

previously were seeded in a 24-well culture plate (at 1 � 106

cells/well) in 1 mL of RPMI 1640 medium supplemented with

10% FBS and 1% penicillin–streptomycin. Following the seed-

ing steps, the wells were supplemented with 5 mg/mL of

phytohemagglutinin-L (PHA-L; Biochrom) immediately. The

PHA-L was selected as the mitogen here (as opposed to con-

canavalin A) in that it has been widely used for mitotic stimu-

lation of T-lymphocytes. After 72 hours of culture in a 37�C
incubator containing 5% CO2, supernatants were collected and

stored at �80�C until analyzed for levels of IL-2, IFN-g, IL-4,

IL-5, and TNF-a. The levels of each cytokine in the culture

supernatants were measured using commercially available

ELISA kits (BenderMed Systems), according to the manufac-

turer’s instructions. The SI was calculated as the ratio of the
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mean cytokine levels for each treatment group to that of the

vehicle control group.

Statistical Analyses

The differences in cytokine levels between the vehicle group

and each treatment group were statistically analyzed with

Mann-Whitney U test, and P < 0.05 was taken as the level of

significance.

Results

Lymph Node-Related Parameters

The auricular lymph node weights, lymph node cell counts,

and percentage change in ear swelling associated with experi-

mental groups are shown in Table 1 (mean + standard devia-

tion). Treatment of Balb/c mice with sensitizer (DNCB,

eugenol, and isoeugenol) and irritant (croton oil and SLS)

chemicals resulted in increased lymph node weight and lymph

node cell count. The responses exhibited a concentration–

response. Treatment of Balb/c mice with negative control

(PABA) did not show changes in these parameters.

The OD450 and SI data from ex vivo BrdU labeling studies

are presented in Table 2. Approximately 3-fold induction in

OD values was found at concentrations of 0.05% DNCB,

20% eugenol, 1% isoeugenol, and 0.5% SLS. For croton oil

and negative control (PABA), induction was less than 3-fold at

the applied concentrations.

Irritancy Assay

The results of the irritancy studies for sensitizer (DNCB,

eugenol, and isoeugenol) and irritant (croton oil and SLS)

chemicals are presented in Table 1. Excessive local irritation

is indicated by an ear thickness of �25%. The percentage

change in ear swelling was found to be higher than 25% at

10% for isoeugenol, 0.25% croton oil, and 0.5% SLS.

Cytokine Determinations

The levels of IL-2, IFN-g, IL-4, IL-5, TNF-a, and IL-1 present

in the lymph node cell culture supernatants and the SI values

are provided in Table 3. In the DNCB-, eugenol-, and

isoeugenol-exposed groups, the formation/release of IL-2,

IFN-g, IL-4, and IL-5 was strongly elevated in a clear dose-

Table 1. Lymph Node Weight, Cell Count, and Percentage Change in Ear Swelling Values After Treatment of Mice With Different Concen-
trations of Chemicals in Acetone:Olive Oil (AOO; 4:1 v/v).

Chemical Vehicle Concentration, w/v% Lymph node weight, g Cell count, 106/mL Percentage change in ear swelling

DNCB AOO – 0.022 + 0.002 6.05 + 2.96 0
0.025 0.025 + 0.002 9.62 + 2.47 2.7
0.05 0.029 + 0.003 11.35 + 4.31 4
0.1 0.045 + 0.009 16.32 + 9.50 13
0.25 0.060 + 0.020 17.54 + 2.94 16.9

Eugenol AOO – 0.022 + 0.002 6.05 + 2.96 0
2.5 0.023 + 0.002 6.52 + 4.21 7.5

10 0.036 + 0.002 8.22 + 4.23 20
20 0.038 + 0.005 9.62 + 2.47 20
50 0.046 + 0.017 12.25 + 3.21 17

Isoeugenol AOO – 0.022 + 0.002 6.05 + 2.96 0
0.5 0.023 + 0.010 6.88 + 1.13 0

1 0.033 + 0.009 9.28 + 0.45 7
5 0.038 + 0.007 13.28 + 0.67 10.7
10 0.039 + 0.005 14.72 + 7.24 26

PABA AOO – 0.022 + 0.002 6.05 + 2.96 0
1 0.023 + 0.013 6.20 + 2.25 0

2.5 0.020 + 0.010 6.14 + 1.12 0
5 0.024 + 0.007 6.22 + 2.22 0
10 0.026 + 0.007 6.27 + 2.22 10

Croton oil AOO – 0.022 + 0.002 6.05 + 2.96 0
0.05 0.025 + 0.004 7.04 + 1.69 9
0.1 0.024 + 0.004 7.78 + 3.41 18.25
0.25 0.035 + 0.010 14.93 + 7.39 25.7
0.5 0.040 + 0.023 20.48 + 9.01 28

SLS AOO – 0.022 + 0.002 6.05 + 2.96 0
0.05 0.023 + 0.010 7.62 + 3.25 6.25
0.1 0.021 + 0.009 11.95 + 6.91 9.1
0.25 0.027 + 0.009 12.9 + 5.03 13
0.5 0.048 + 0.014 14.06 + 3.25 26

Abbreviations: DNCB, dinitrochlorobenzene; PABA, para aminobenzoic acid; SLS, sodium lauryl sulfate.
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related trend. This strong elevation was reflected in the calcu-

lated SI values (Table 3). In the lymph node cell cultures

treated with lower concentrations of sensitizers, TNF-a release

was increased significantly (P < 0.05). A clear dose-related

trend was observed in TNF-a levels in the croton oil (irritant

chemical)-exposed group. The levels of TNF-a from

the SLS-exposed group were also found to significantly

increase at 0.05%, 0.1%, and 0.25% concentrations, compared

to the control vehicle group. Both Th1 (IL-2 and IFN-g) and

Th2 (IL-4 and IL-5) cytokine releases were observed in irritant-

exposed experimental groups, but these releases did not reflect

a dose-related trend. The IL-1 levels were found to be very low

in all the experiment groups.

Discussion

In our study, we used ex vivo LLNA: BrdU-ELISA to distin-

guish the sensitizing and irritation potential of some chemicals

in 3 end points: lymphocyte proliferation, ear swelling, and

cytokine profiles. According to the lymph node results, the

auricular lymph node weights and lymph node cell counts were

increased after application of both sensitizers and irritants in

high concentrations. These results indicate that not only sensi-

tizers but also irritants stimulate the lymph nodes after local

treatments. Several parameters of draining lymph node activa-

tion were measured following topical exposure of mice to con-

tact allergens and to nonsensitizing chemicals. These

composed changes in lymph node weight and cellularity and

lymphocyte proliferation measured as a function of radiola-

beled thymidine incorporation during culture of lymph node

cells.30-32 The marker that proved to be the most sensitive and

selective correlate of sensitizing activity was the induction of

lymph node cell proliferation. Our results were consistent with

these comments. According to lymph node cell proliferation

results, we found that there was 3-fold increase in proliferation

of lymph node cells for sensitizer chemicals (DNCB, eugenol,

and isoeugenol) and SLS, whereas there was a less than 3-fold

increase for croton oil and negative control (PABA). Although

Table 3. Cytokine Stimulation Index (SI) Values for Lymph Node
Cells after Treatment of Mice With Different Concentrations of
Chemicals in Acetone:Olive Oil (AOO; 4:1 v/v).a

Chemical
Concentration,

w/v%
IL-2
SI

IFN-g
SI

IL-4
SI

IL-5
SI

TNF-a
SI

IL-1
SI

DNCB – 1 1 1 1 1 1
0.025 1.6 1.98 2.44 1.19 2.54 1.21
0.05 3.128 4.53 3.31 1.47 1.83 1.39
0.1 4.96b 5.22 3.90 1.62 3.84 1.41
0.25 5.23b 6.09b 7.61b 2.99b 4.60 1.46

Eugenol – 1 1 1 1 1 1
2.5 1.6 2.14 2.30 2.06 4.19b 1.04
10 1.75 2.24 7.32b 2.25 2.3 1.20
20 1.78 3.12b 7.26b 3.53b 4.43 1.16
50 2.32b 3.24b 10.10b 4.51b 1.56 1.23

Isoeugenol – 1 1 1 1 1 1
0.5 1.5 1.63 1.89 1.07 6.9b 1.49
1 2.5 1.65 4.10 2.71 3.58 1.15
5 3.12b 2.06 5.55 2.99 1.96 1.07
10 5.73b 5.58b 6.15b 3.74b 1.22 1.19

PABA – 1 1 1 1 1 1
1 1.09 1.08 1.4 1.2 1.08 1.47

2.5 1.53 1.20 1.45 1.71 1.11 1.56
5 1.42 1.29 2.01 1.72 1.36 1.61
10 1.74 1.42 2.22 2.02 1.61 1.25

Croton oil – 1 1 1 1 1 1
0.05 1.78 1.02 1.25 1.55 2.71 1.02
0.1 2.57 4.65 3.33 2.50 3.30 1.33
0.25 1.5 6.11 2.25 1.72 2.95 1.32
0.5 2.45 5.42 4.41 2.43 3.45 1.93

SLS – 1 1 1 1 1 1
0.05 4.09b 5.34 6.18b 2.78 3.40b 1.29
0.1 4.91b 6.74 3.42 2.5 3.42b 1.98
0.25 4.74b 3.70 8.28b 2.44 3.40b 1.26
0.5 1.72 1.76 2.87 1.97 1.91 1.18

Abbreviations: DNCB, dinitrochlorobenzene; IL, interleukin; IFN-g, interferon-
g; PABA, para aminobenzoic acid; SLS, sodium lauryl sulfate; TNF-a, tumor
necrosis factor a.
aThe differences in cytokine SI values between the vehicle group and
each treatment group were statistically analyzed with Mann-Whitney U test,
bP < 0.05 was taken as the level of significance.

Table 2. Optic Density (OD) and Stimulation Index (SI) Values After
Treatment of Mice With Different Concentrations of Chemicals in
Acetone:Olive Oil (AOO; 4:1 v/v).

Chemical Vehicle Concentration, w/v% OD SI

DNCB AOO – 0.07 1
0.025 0.18 2.65
0.05 0.22 3.21
0.1 0.32 4.49
0.25 0.34 4.77

Eugenol AOO – 0.07 1
2.5 0.18 2.55

10 0.19 2.75
20 0.24 3.39
50 0.25 3.43

Isoeugenol AOO – 0.07 1
0.5 0.16 2.31

1 0.22 2.93
5 0.27 3.84
10 0.36 5.14

PABA AOO – 0.07 1
1 0.11 1.62

2.5 0.12 1.66
5 0.12 1.81
10 0.17 2.46

Croton oil AOO – 0.07 1
0.05 0.11 1.57
0.1 0.11 1.57
0.25 0.12 1.71
0.5 0.12 1.71

SLS AOO – 0.07 1
0.05 0.07 1
0.1 0.11 1.57
0.25 0.15 2.14
0.5 0.30 4.28

Abbreviations: DNCB, dinitrochlorobenzene; PABA, para aminobenzoic acid;
SLS, sodium lauryl sulfate.
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a few case reports suggesting contact sensitizing effect of SLS

have been published, SLS has been considered an irritant by

most researchers and dermatologists. For croton oil, no litera-

ture is available on the sensitization potency in humans, and it

is considered as an irritant. Both irritants and sensitizers can

induce lymphocyte proliferation. Although sensitizers gener-

ate antigen-specific lymphocyte proliferation, this response is

nonspecific for irritants. In the LLNA, the use of [3H] methyl

thymidine incorporation for measurements of lymphocyte

proliferation does not allow for differentiation of the 2. For

this reason, it has long been debated that the LLNA may give

false positives when irritating chemicals are tested.33,34 For

example, topical application of the well-studied surfactant

SLS has been shown to test positive in the LLNA with SI

values above the threshold limit (3-fold increase).33-38 In our

study, SLS gave a false-positive result at concentration of

0.5%.

According to the ear swelling results, we found that croton

oil and SLS had irritant potency at concentrations of 0.25% and

0.5%, respectively. On the other hand, isoeugenol was found to

be a sensitizer and also only at high concentrations (10%) to be

an irritant. These results are compatible with the previous

reports.39-41 The European Food Safety Authority The Panel

on Additives and Products or Substances used in Animal Feed

considered isoeugenol as an irritant to the respiratory system,

skin, and eyes and as a skin and respiratory sensitizer, based on

the information available in the literature.41

Increases in cytokine levels are related to T helper cell

proliferation, which plays an important role in the induction

and elicitation of contact sensitivity. The regulation of contact

sensitivity responses by Th1 and Th2 cytokines has been

studied intensively. The findings demonstrate that not only

Th1 cytokines such as IL-2 and IFN-g but also Th2 cytokines

such as IL-4 and IL-5 can play essential roles in elicitation of

contact sensitivity.13,41-43 In the early phases, it is likely that

IL-1 and TNF-a driven innate immune responses are involved

in both irritant and allergic contact dermatitis. In later phases

of irritant contact dermatitis, skin inflammation is still criti-

cally dependent on innate responses. However, in allergic

contact dermatitis, adaptive immune responses involving

antigen-specific T cells take over to amplify skin inflamma-

tion.44 Although the precise cytokine activation cascade in

irritant contact dermatitis is still unclear, it is likely that the

primary cytokines involved following irritant exposure are

IL-1 and TNF-a.

In this study, we measured levels of proinflammatory Th1

and Th2 cytokine releases from lymph node cells. At the lower

concentrations in the sensitizer-exposed groups, TNF-a release

was found to be increased significantly. This finding is well in

line with the suggestion that TNF-a is involved in early phases

of allergic contact dermatitis. On the other hand, IL-2, IFN-g,

IL-4, and IL-5 releases in sensitizer-exposed groups were

found to be increased in a manner reflecting a clear dose-

related trend. The cytokine levels in the higher concentration-

exposed groups were found to be significantly higher, com-

pared to the levels of lower concentration-exposed groups.

These findings are consistent with the previous reports that

cytokines including IL-2, IFN-g, IL-4, and IL-5 are produced

during the elicitation phase in contact allergy.13-15,42,43,45,46

Exposure of Balb/c mice to PABA did not stimulate levels

of cytokines (IL-2, IFN-g, IL-4, IL-5, IL-1, and TNF-a). This

finding was as expected since PABA is considered as a nega-

tive control in LLNA studies.47

Numerous in vitro studies have shown that various irritants

induce the expression of IL-1 and TNF-a in keratinocytes.48-53

Kerotinocytes play a key role in production of immune med-

iators in irritant contact dermatitis. On the other hand, the role

of skin infiltrating T lymphocytes in irritant contact dermatitis

is also not well defined. In acute reactions of irritant contact

dermatitis, cellular infiltrates consisting of mainly T helper

lymphocytes were seen with an increased level of IL-2 and

IFN-g.54 In our study, a clear dose-related trend was observed

in TNF-a levels of croton oil-exposed group. The levels of

TNF-a of SLS-exposed group were also found to significantly

increase at 0.05%, 0.1%, and 0.25% concentration compared

to the control vehicle group. These results showed that irritant

chemicals induced TNF-a release in lymph node cells. Both

Th1 and Th2 cytokines releases were observed in irritant-

exposed experimental groups, but these releases did not

reflect a dose-related trend. On the other hand, IL-1 levels

were found to be very low in all the experiment groups.

Lymph node cells were not as critical as keratinocytes for

observing IL-1 releasing.

According to our results, proinflammatory Th1 and Th2

cytokines were detected in lymph node cell cultures of both

irritant and sensitizer-exposed groups. Cytokine analysis

demonstrated that 4 cytokines (IL-2, IFN-g IL-4, and IL-5)

release in lymph node cell cultures showed a clear dose-

related trend for sensitizers, whereas only TNF-a release for

irritants.

It has been reported that some irritants induce proliferation

in the lymph nodes in both radioactive and nonradioactive

LLNA. Thus it is important to perform irritancy test to deter-

mine the potential of irritancy, if a positive response is

obtained. Measuring some cytokine levels can be useful for

distinguishing the irritants and sensitizers as an additional end

point of the method. These modifications of the nonradioac-

tive LLNA are intended for use as research tools and are not

validated for the purpose of hazard identification. The valida-

tion studies of ex vivo LLNA: BrdU ELISA method would be

needed to be considered as a more data-rich alternative to

LLNA without using extra animals.

Author Contribution

S. Arancioglu contributed to conception and design, acquisition,

analysis, and interpretation, drafted the article, gave final approval,

and agreed to be accountable for all aspects of work ensuring

integrity and accuracy. O. C. Ulker contributed to conception and

design, acquisition, analysis, and interpretation, drafted the article,

gave final approval, critically revised the article, and agreed to be

accountable for all aspects of work ensuring integrity and accu-

racy. A. Karakaya contributed to conception and design, drafted

28 International Journal of Toxicology 34(1)



the article, gave final approval, critically revised the article, and

agreed to be accountable for all aspects of work ensuring integrity

and accuracy.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect

to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

References

1. Saint-Mezard P, Rosieres A, et al. Allergic contact dermatitis.

Eur J Dermatol. 2004;14(5):284-295.

2. Suda A, Yamashita M, Tabei M, et al. Local lymph node assay

with non-radioisotope alternative endpoints. J Toxicol Sci. 2002;

27(3):205-218.

3. Ehling G, Hecht M, Heusener A, et al. An European inter-

laboratory validation of alternative endpoints of the murine local

lymph node assay: first round. Toxicology. 2005;212(1):60-68.

4. Ehling G, Hecht M, Heusener A, et al. An European inter-

laboratory validation of alternative endpoints of the murine local

lymph node assay: second round. Toxicology. 2005;212(1):69-79.

5. Idehara K, Yamagishi G, Yamashita K, Ito M. Characterization

and evaluation of a modified local lymph node assay using ATP

content as a non-radio isotopic endpoint. J Pharmacol Toxicol

Methods. 2008;58(1):1-10.

6. Jung KM, Bae IH, Kim BH, et al. Comparison of flow cytometry

and immunohistochemistry in nonradioisotopic murine lymph

node assay using bromodeoxyuridine. Toxicol Lett. 2010;

192(2):229-237.

7. Jung KM, Jang WH, Lee YK, et al. B cell increase and ex vivo

IL-2 production as secondary endpoints for the detection of

sensitizers in non-radioisotopic local lymph node assay using

flow cytometry. Toxicol Lett. 2012;209(3):255-263.

8. Kojima H, Takeyoshi M, Sozu T, et al. Interlaboratory validation

of the modified murine local lymph node assay based on 5-bromo-

20-deoxyuridine incorporation. J Appl Toxicol. 2011;31(1):63-74.

9. Piccotti JR, Knight SA, Gillhouse K, Lagattuta MS, Bleavins MR.

Evaluation of an ex vivo murine local lymph node assay: multiple

endpoint comparison. J Appl Toxicol. 2006;26(4):333-340.

10. Takeyoshi M, Yamasaki K, Yakabe Y, Takatsuki M, Kimber I.

Development of non-radio isotopic endpoint of murine local

lymph node assay based on 5-bromo-20-deoxyuridine (BrdU)

incorporation. Toxicol Lett. 2001;119(3):203-208.

11. Takeyoshi M, Lida K, Shiraishi K, Hshuyama S. Novel approach

for classifying chemicals according to skin sensitizing potency

by nonradioisotopic modification of the local lymph node assay.

J Appl Toxicol. 2005;25(2):129-134.

12. Takeyoshi M, Noda S, Yamasaki K, Kimber I. Advantage of

using CBA/N strain mice in a non-radioisotopic modification

of the local lymph node assay. J Appl Toxicol. 2006;26(1):5-9.

13. Ulker OC, Atak A, Ates I, Karakaya A. Evaluation of auricular

lymph node cell lymphocyte proliferation and cytokine

production as non-radioactive endpoints during murine contact

allergy. J Immunotoxicol. 2011;8(2):131-139.

14. Ulker OC, Atak A, Ates I, Karakaya A. Evaluation of non-radioactive

endpoints of ex vivo local lymph node assay-BrdU to investigate

select contact sensitizers. J Immunotoxicol. 2013;10(1):1-8.

15. Ulker OC, Kaymak Y, Karakaya A. Allergenicity evaluation of

fragrance mix and its ingredients by using ex vivo local lymph

node assay–BrdU endpoints. Food Chem Toxicol. 2014;65:

162-167.

16. Williams WC, Copeland C, Boykin E, Quell SJ, Lehmann DM.

Development and utilization of an ex vivo bromodeoxyuridine

local lymph node assay protocol for assessing potential chemical

sensitizers [published online February 14, 2014]. J Appl Toxicol.

2014. doi:10.1002/jat.2983.

17. Interagency Coordinating Committee on the Validation of Alter-

native Methods (ICCVAM). The murine local lymph node

assay: a test for assessing the allergic contact dermatitis poten-

tial of chemicals/compounds. The results of an independent peer

review evaluation coordinated by the ICCVAM. NIH Publica-

tion no.; 99-4494; 1999.

18. Dearman RJ, Basketter DA, Kimber I. Characterization of

chemical allergens as a function of divergent cytokine secre-

tion profiles induced in mice. Toxicol Appl Pharmacol. 1996;

138(2):308-316.

19. Dearman RJ, Moussavi A, Kemeny DM, Kimber I. Contribution

of CD4þ and CD8þ T-lymphocyte subsets to the cytokine secre-

tion patterns induced in mice during sensitization to contact and

respiratory chemical allergens. Immunology. 1996;89(4):502-510.

20. Dearman RJ, Kimber I. Cytokine fingerprinting: characterization

of chemical allergens. Methods. 1999;19(1):56-63.

21. Dearman RJ, Betts CJ, Humphreys N, et al. Chemical allergy:

considerations for the practical application of cytokine profiling.

Toxicol. Sci. 2003;71(2):137-145.

22. Manetz TS, Meade B J. Development of flow cytometry assay

for the identification and differentiation of chemicals with the

potential to elicit irritation, IgE-mediated, or T-cell-mediated

hypersensitivity responses. Toxicol Sci. 1999;48(2):206-217.

23. Hayashi M, Higashi K, Kato H, Kaneko H. Assessment of pre-

ferential TH1 or TH2 induction by low-molecular-weight com-

pounds using a reverse transcription-polymerase chain reaction

method: comparison of two mouse strains C57BL/6 and BALB/

c. Toxicol Appl Pharmacol. 2001;177(1):38-45.

24. Manetz TS, Pettit DA, Meade BJ. The determination of draining

lymph node cell cytokine mRNA levels in BALB/c mice follow-

ing dermal sodium lauryl sulfate, dinitrofluorobenzene, and

toluene diisocyanate exposure. Toxicol Appl Pharmacol. 2001;

171(3):174-183.

25. Plitnick LM, Loveless SE, Ladics GS, et al. Cytokine profiling

for chemical sensitizers: application of the ribonuclease protec-

tion assay and effect of dose. Toxicol Appl Pharmacol. 2002;

179(3):145-154.

26. Vandebriel RJ, De Jong WH, Hendriks JJ, Van Loveren H. Impact

of exposure duration by low molecular weight compounds on

interferon-g and interleukin-4 mRNA expression and production

in the draining lymph nodes of mice. Toxicology. 2003;188(1):

1-13.

Arancioglu et al 29



27. Van Och FM, Van Loveren H, De Jong WH, Vandebriel RJ.

Cytokine production induced by low-molecular-weight chemicals

as a function of the stimulation index in a modified local lymph

node assay: an approach to discriminate contact sensitizers from

respiratory sensitizers. Toxicol Appl Pharmacol. 2002;184(1):

46-56.

28. Woolhiser MR, Hayes BB, Meade BJ. A combined murine local

lymph node and irritancy assay to predict sensitization and irritancy

potential of chemicals. Toxicol Methods. 1998;8(4):245-256.

29. Anderson SE, Brown KK, Butterworth LF, et al. Evaluation of

irritancy and sensitization potential of metalworking fluid mix-

tures and components. J Immunotoxicol. 2009;6(1):19-29.

30. Kimber I, Mitchell JA, Griffin AC. Development of a murine

local lymph node assay for the determination of sensitizing poten-

tial. Food Chem Toxicol. 1986;24(6-7):585-586.

31. Kimber I, Hilton J, Weisenberger C. The murine local lymph node

assay for the identification of contact allergens: a preliminary

evaluation of in situ measurement of lymphocyte proliferation.

Contact Derm. 1989;21(4):215-220.

32. Kimber I, Weisenberger C. A murine local lymph node assay for

the identification of contact allergens. Assay development and

results of an initial validation study. Arch Toxicol. 1989;63(4):

274-282.

33. Loveless SE, Ladics GS, Gerberick GF, et al. Further evaluation

of the local lymph node assay in the final phase of an international

collaborative trial. Toxicology. 1996;108(1-2):141-152.

34. Basketter DA, Scholes EW, Kimber I. The performance of the

local lymph node assay with chemicals identified as contact aller-

gens in the human maximization test. Food Chem Toxicol. 1994;

32(6):543-547.

35. Basketter DA, Gerberick GF, Kimber I, Loveless SE, The local

lymph node assay: a viable alternative to currently accepted skin

sensitization tests. Food Chem Toxicol. 1996;34(10):985-997.

36. Basketter DA, Miettinen J, Lahti A, Acute irritant reactivity to

sodium lauryl sulfate in atopics and non-atopics. Contact Derm.

1998;38(5):253-257.

37. Cumberbatch M, Scott RC, Basketter DA, et al. Influence of

sodium lauryl sulphate on 2,4-dinitrochlorobenzene-induced

lymph node activation. Toxicology. 1993;77(1-2):181-191.

38. Montelius J, Wahlkvist H, Boman A, Fernstrom P, Grabergs L,

Wahlberg JE. Experience with the murine local lymph node

assay: inability to discriminate between allergens and irritants.

Acta Derm Venereol. 1994;74(1):22-27.

39. Wright ZM, Basketter PA, Blaikie L, et al. Vehicle effects on skin

sensitizing potency of four chemicals: assessment using the local

lymph node assay. Int J Cosmet Sci. 2001;23(2):75-83.

40. Piccotti JR, Kawabata TT. Use of an ex vivo local lymph node

assay to assess contact hypersensitivity potential. J Immunotox-

icol. 2008;5(3):271-277.

41. EFSA. Panel on Additives and Products or Substances used in

Animal Feed (FEEDAP): scientific opinion on the safety and

efficacy of allylhydroxybenzenes (chemical group 18) when used

as flavourings for all animal species. EFSA J. 2011;9(12):

2440-2454.

42. Azam P, Peiffer JL, Ourlin JC, et al. Qualitive and quantitative

evaluation of a local lymph node assay based on ex vivo

interleukin-2 production. Toxicology. 2005;206(2):285-298.

43. Itakura A, Kikuchi Y, Kouro T, et al. Interleukin-5 plays an

essential role in elicitation of contact sensitivity through dual

effects on eosinophils and B-1 cells. Int Arch Allergy Immunol.

2006;140(suppl 1):8-16.

44. Meller S, Lauerma AI, Kopp FM, et al. Chemokine responses

distinguish chemical-induced allergic from irritant skin inflam-

mation: memory T cells make the difference. J Allergy Clin

Immunol. 2007;119(6):1470-1480.

45. Itakura A, Ikutani M, Takatsu K, Kikuchi Y. Interleukin-5 plays a

key role in mouse strain-dependent susceptibility to contact

hypersensitivity through its effects on initiator B cells. Int Arch

Allergy Immunol. 2013;161(suppl 2):98-106.

46. Niiyama S, Tamauchi H, Amoh Y, et al. Th2 immune response plays

a critical role in the development of nickel-induced allergic contact

dermatitis. Int Arch Allergy Immunol. 2010;153(3):303-314.

47. Gerberick GF, Ryan CA, Kimber I, Dearman RJ, Lea LJ, Basketter

DA. Local lymph node assay: validation assessment for regula-

tory purposes. Am J Contact Derm. 2000;11(1):3-18.

48. Hoefakker S, Caubo M, Van’t Erve EH, et al. In vivo cytokine

profiles in allergic and irritant contact dermatitis. Contact Derm.

1995;33(4):258-266.

49. Grangsjo A, Leijon-Kuligowski A, Torma H, Roomans GM,

Lindberg M. Different pathways in irritant contact eczema? Early

differences in the epidermal elemental content and expression of

cytokines after application of 2 different irritants. Contact Derm.

1996;35(6):355-360.

50. Effendy I, Loffler H, Maibach HI. Epidermal cytokines in murine

cutaneous irritant responses. J Appl Toxicol. 2000;20(4):335-341.

51. Smith HR, Basketter DA, McFadden JP. Irritant dermatitis, irri-

tancy and its role in allergic contact dermatitis. Clin Exp Der-

matol. 2002;27(2):138-146.

52. Lisby S, Baadsgaard O. Mechanisms of irritant contact dermatitis.

In: Frosch PJ, Menne T, Lepoittevin JP, eds. Contact Dermatitis.

Berlin, Germany: Springer; 2006:69-82.

53. De Jongh CM, Lutter R, Verberk MM, Kezic S. Differential cyto-

kine expression in skin after single andrepeated irritation by

sodium lauryl sulphate. Exp Dermatol. 2007;16(12):1032-1040.

54. Lee HY, Stieger M, Yawalkar N, Kakeda M. Cytokines and

chemokines in irritant contact dermatitis. Hindawi Publishing

Corporation. Mediators Inflamm. 2013;2013:916497. http://dx.

doi.org/10.1155/2013/916497.

30 International Journal of Toxicology 34(1)

http://dx.doi.org/10.1155/2013/916497
http://dx.doi.org/10.1155/2013/916497


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


