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ABSTRACT
Introduction: The Local Lymph Node Assay (LLNA) was developed as an alternative to the 
Buehler and maximization tests. It is applied to discriminate substances that are able to 
induce contact dermatitis and its outcome is cell quantification in mice auricular lymph 
nodes. Although recommended by international agencies involved in the development of 
alternative methodologies, the LLNA still needs to be improved. Objective: To investigate 
possible differences in lymphocyte subpopulation patterns between mice treated with irritants 
and skin sensitizing agents. Method: Animals were treated with the sensitizing substances 
dinitrochlorobenzene and paraphenylenediamine and the irritants sodium lauryl sulfate 
and Triton X-100 for three days by applying the substances on the back of both ears. The 
percentages of different lymphocyte subpopulations were analyzed using flow cytometry. 
The ears of the animals were also evaluated for possible pathological alterations. Results: 
Differences were observed in CD4+CD25+ and CD4+CD69+ cells, as well as in the proliferation of 
these subpopulations. Histopathological analysis of the ears showed no difference between the 
treatments with skin sensitizing agents and irritants. Conclusions: T lymphocyte phenotyping 
may be useful for developing an assay to differentiate between skin sensitizing agents and 
irritants. Additionally, these results may contribute to improving the knowledge of this field 
and help in the search for a correlate in vitro assay. 
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RESUMO
Introdução: O ensaio do linfonodo local murino (LLNA) foi desenvolvido como uma alternativa 
aos testes de Buehler e maximização. O teste tem o objetivo de identificar substâncias capazes 
de induzir dermatite de contato e tem como desfecho a quantificação celular nos linfonodos 
auriculares. Embora recomendado por agências internacionais envolvidas no desenvolvimento 
de metodologias alternativas, o LLNA ainda necessita de aprimoramento. Objetivo: Estudar 
possíveis diferenças nos padrões de subpopulações linfocitárias entre camundongos tratados 
com substâncias irritantes e dermosensibilizantes. Método: Os animais foram tratados com 
os sensibilizantes dinitroclorobenzeno e parafenilenidiamina e os irritantes lauril sulfato de 
sódio e Triton X-100 por três dias consecutivos no dorso de ambas as orelhas. As subpopulações 
foram analisadas por citometria de fluxo e possíveis alterações histopatológicas nas orelhas dos 
animais foram examinadas. Resultados: Foram observadas diferenças nas células CD4+CD25+ 
e CD4+CD69+, assim como na proliferação dessas subpopulações. Nenhuma diferença entre os 
tratamentos com dermosensibilizantes e irritantes foi vista nos estudos histopatológicos das 
orelhas dos animais. Conclusões: A fenotipagem de linfócitos T pode ser considerada útil no 
desenvolvimento de possíveis protocolos de ensaios que visem à diferenciação entre substâncias 
dermosensibilizantes e irritantes. Além disso, os resultados obtidos podem vir a contribuir com 
o aumento do conhecimento nesta área e auxiliar na busca por um ensaio in vitro correlato.

PALAVRAS-CHAVE: Dermatite de Contato; LLNA; Método Alternativo; Vigilância Sanitária
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INTRODUCTION

Occupational skin diseases are a public health concern. The 
number of products incorporated into the environment grows 
annually, thus increasing the potential of these toxic agents 
to induce adverse events. In addition, in 2012, the annual 
direct and indirect costs related to occupational skin diseases 
exceeded US$ 1 billion in the United States only. Expenses with 
dermatological treatments are expected to reach US$ 18.5 bil-
lion per year until 20181.

The development of methodologies aimed to predict and control 
possible adverse effects of xenobiotics on the immune system is 
a pertinent subject and a relevant challenge for health surveil-
lance. Hypersensitivity reactions are the most prevalent adverse 
effects caused by xenobiotics2,3,4,5. Contact dermatitis (CD) is an 
inflammatory dermatosis induced by chemical agents. It encom-
passes mainly allergic contact dermatitis (ACD) and irritant con-
tact dermatitis (ICD)6. The former is a type of CD provoked by 
repeated contacts between the skin and small reactive mole-
cules with molecular weight lower than 500 Da called haptens, 
originating from several sorts of chemical agents, which are rec-
ognized by the immune system as foreign antigens7.

Allergic contact dermatitis requires the activation of innate 
and adaptive immunity and, according to several authors, 
is mediated mostly by T cells6,8. Genetic factors also play a role 
in the development of this disease9. Contact dermatitis is set 
off by the topical application of sensitizing agents on the epi-
dermis, such as nickel, chromium, dinitrofluorobenzene (DNFB), 
and oxazoline (OXA)10,11. Consequently, the immunopathological 
mechanism of ACD begins at the first contact between the skin 
and the sensitizing agent, which results in the formation of a 
hapten-protein conjugate that can be recognized and captured 
by Langerhans cells. When this process occurs, these cells can 
move from the epidermis to the paracortical region of drain-
age lymph nodes. The presentation of these peptides associated 
with haptens activates specific CD8 and CD4 T lymphocytes12,13,14. 
Reexposure of the same hapten results in the production of 
proinflammatory cytokines and chemokines by epidermal cells, 
recruitment of memory T lymphocytes, activation of endothelial 
and mast cells, and infiltration of neutrophils. All these phenom-
ena are necessary for this inflammatory process to develop12,15,16. 
The final step of the immunological mechanism of ACD is the 
end of the inflammatory reaction. At this phase cytokines are 
released, including IL-10, which, conversely to those in the pre-
vious phases, seems to be more related to the inhibition of the 
immunological reaction14,17.

Irritant contact dermatitis, for its turn, is characterized by a 
skin inflammation that develops after immediate contact with 
irritant substances18. The immunological response described for 
this type of dermatitis involves innate immunity, more specif-
ically an increased production of proinflammatory cytokines 
in cells that make up the epidermis and dermis, such as kera-
tinocytes and Langerhans cells, which secrete several cyto-
kines, among which the tumor necrosis factor-alpha (TNF-a), 
granulocyte-macrophage colony-stimulating factor, and IL-113,19. 

However, there are controversies regarding the participation of 
the adaptive immunological system in ICD. It is known that some 
substances classified as irritants may induce the proliferation of 
adaptive response cells20,21,22.  

For a long time, ICD was defined as a nonspecific reaction of 
the skin to the presence of irritants. At present, it is accepted 
that the immune system plays a fundamental role in trigger-
ing ICD. In the presence of irritant agents, physiopathological 
changes may take place, such as destruction of the epithelial 
barrier, cell damage, and increase in the level of proinflamma-
tory mediators18,23,24. A cell type that is crucial in the immuno-
logical response set off by irritants is keratinocytes. They give 
off cytokines during the destruction of the epithelial barrier, 
express class II histocompatibility molecules, adhesion mole-
cules (CD54), and costimulatory molecules, such as CD80 and 
CD4025. The release of cytokines by keratinocytes stimulates 
other keratinocytes and cell types, such as Langerhans cells, 
and attracts inflammatory cells, thus enhancing the inflamma-
tory process26. Proinflammatory cytokines, such as IL-1a, IL-1b, 
TNF-a 27, IL-6, IL-226, and the CCL21 chemokine, produced by 
lymphatic endothelial cells, were found at higher levels in peo-
ple with ICD28,29.    

The investigation of subpopulations of lymphocytes involved 
in ACD and ICD has proved promising. The possibility of using 
lymphocyte phenotyping as a method to distinguish between 
ACD and ICD has been examined. Studies of subpopulations of 
lymphocytes show several proposed guidelines and few simi-
larities, which hinders the elaboration of a common protocol. 
Some authors demonstrated an increase in B cells, measured via 
the presence of B220 and CD19 receptors in mice exposed to 
skin sensitizing agents30,31. Lee et al.32 partially confirmed the 
results of the previous investigations, because they observed a 
selective increase in the percentage of B cells that presented 
the CD86 marker only when exposed to sensitizing agents, but 
did not obtain conclusive results about the CD40 molecule32. 
Neves et al.33 reported a growth in the level of the CXCR4 chemo-
kine receptor and CD40 molecule in vitro in dendritic cells when 
these were treated with sensitizing substances. Nevertheless, 
when these cells were exposed to irritants, the expression of 
these molecules was downregulated33. 

Additionally, there are several controversies regarding the study 
of subpopulations of T lymphocytes. There is no consensus on 
either the subpopulations of CD4 T cells (auxiliary T cells) or CD8 
T cells (cytotoxic T cells). Goutet et al. observed and analyzed 
the differences in the expression of the IL-4 cytokine and its 
receptor in CD4 T cells34, whereas Lee et al. investigated the 
percentages of CD4 and CD8 T cells only32. De Silva et al. studied 
the population of total T cells by using CD3 and CD25, which is 
the IL-2 cytokine receptor and, together with CD4, is the marker 
of regulatory T cells35. Furthermore, in vitro studies with den-
dritic cells originating from the bone marrow (BMDC) proved 
promising to assess the allergic potential of chemical products. 
Battais et al. showed that the expression of molecules such as 
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MHC II, CD86, CD54, and CD40 in BMDC may distinguish between 
allergens and nonallergens and classify chemical substances 
according to their allergenic potential36. However, it is import-
ant to stress that the field literature has few papers addressing 
this subject. Consequently, studies of this type are still neces-
sary to reproduce the data reported in previous investigations 
and increase the fundamental knowledge of the topic, aiming to 
reach a consensus.

Another relevant aspect in this type of study is the use of 
laboratory animals. Although Asherson and Barnes37 used 
mice as a model to predict hypersensitivity reaction, other 
investigations were carried out with guinea pigs, and con-
sequently the first tests aimed to predict hypersensitivity 
reactions induced by xenobiotics were developed using this 
animal. Over the years, several experiments were proposed 
and their applicability and limitations have been discussed 
up to the present38,39,40,41,42.

The Buehler43 and maximization44 tests were designed to identify 
the potential of substances to cause ACD43,44. Although widely 
used in the 1970s and 1980s, these procedures had serious lim-
itations in common, such as: (i) subjective data interpretation 
(evaluation of the extension of the local edema, for instance); 
(ii) long duration of the tests (both executed in two phases, 
with a total period between 25 and 30 days); (iii) high costs and 
a significant demand for labor; and (iv) use of a high number 
of animals, which were submitted to a considerable level of 
stress38,45. At the end of the 1980s, the local lymph node assay 
(LLNA) emerged as a promising alternative to the conventional 
tests carried out with guinea pigs.

The local lymph node assay was first described by Kimber and 
Weisenberger46 as a substitute for the Buehler and maximiza-
tion tests47,48,49,50 and was accepted for regulatory purposes in 
200251 by the European Centre for the Validation of Alternative 
Methods and the Interagency Coordinating Committee on the 
Validation of Alternative Methods. The main advantages of this 
test in comparison with those of its precursors are: (i) the ana-
lyzed final parameter (proliferation of lymphocytes assessed 
through 3H-thymidine) is quantitative; (ii) the test is performed 
during the sensitization phase, and consequently is short (five 
days); (iii) characteristics of the examined substance, such as 
color, do not influence the test outcomes; (iv) the number of 
animals used per substance-test is around 50% lower than that 
used in the other tests involving guinea pigs; and (v) it spares 
animals pain and suffering resulting from phase 2 reactions, 
which is the inflammatory phase46,52.  

However, the LLNA protocol initially accepted for regula-
tory purposes51 also presented important limitations, such 
as the use of radioactive material and delivery of false posi-
tives22,53,54,55,56. Because of this, as part of the improvement of 
the assay, modified LLNA protocols were launched in 201057,58. 
Additionally, the definitive prohibition of the use of animals 
by the cosmetics industry in Europe in 201359 intensified the 
search for in vitro methodologies. In this context, predictive 
strategies, such as the Integrated Approaches to Testing and 

Assessment, have stood out worldwide and drawn the atten-
tion of regulatory agencies60. Many in vitro assays that do 
not have a significant predictive capacity in isolation become 
promising strategies when combined in a battery of tests. 
Thus, many strategies and batteries of assays proposed by the 
scientific community have been studied and assessed system-
atically by centers of validation of alternative methods, and 
some have already gained regulatory acceptance, including in 
the skin sensitization field57,58,60,61,62,63. 

Regulatory agencies and the scientific community have sought 
advances in reaching consensuses, and one of them regards the 
use of new approaches to cope with the challenges of 21st cen-
tury toxicology. Many authors believe that regulatory toxicol-
ogy must resort to modern and innovative approaches, such as 
the use of big data and in silico, “omics”, and high-throughput 
models, among others, and deepen mechanistic studies to bet-
ter understand the toxicological outcomes that are aimed to be 
predicted64,65,66. The present study was designed in this context, 
and had the objectives to examine the mechanism of differen-
tiation between ACD and ICD by using lymphocyte phenotyping 
and increase the knowledge of the physiopathological alterations 
involved in the execution of the LLNA test.

METHODS

Animals

All the procedures involving animals were approved by 
the Animal Research Ethics Committee as per license no. 
P-0415/07 and carried out in accordance with the Animal 
Research: Reporting of In Vivo Experiments protocol. Treat-
ment groups had four animals for each tested substance and 
another four control animals treated with the carrier only. 
Female mice from the CBA strain with ages ranging from 
eight to ten weeks and an average weight of 17 g were used. 
The animals were provided by the Science and Technology 
Institute for Biomodels and kept at the Animal Experimen-
tation Division of the National Institute of Health Control of 
the Oswaldo Cruz Foundation in cages with the dimensions 
20 cm x 35 cm x 15 cm. The animals had free access to water 
and food and were submitted to diurnal and nocturnal cycles 
of 12 hours and controlled temperature (20 ºC to 26 ºC) and 
humidity (30% to 70%). Two animals from each cage were ran-
domly selected to be treated with the substances and carri-
ers. The treatment was carried out during the diurnal cycle 
in a laminar flow cabinet. A volume of 25 μL of each tested 
substance or carrier was applied with a tip to the back of 
both ears of the animals for three consecutive days. Two hours 
before euthanasia by CO2 inhalation, the animals received 
100 mg/kg of bromo-2’-deoxyuridine (BrdU) in 200 μL of salt 
solution, in accordance with the LLNA protocol51.

Chemicals 

The substances used in the experiment were as follows: 
severe (paraphenylenediamine (PPD, concentration of 1%) and 
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dinitrochlorobenzene (DNCB, concentration of 1%) diluted with 
acetone (A)/olive oil (OO) (A:OO 4:1)) and moderate skin sensi-
tizing agents (sodium lauryl sulfate (SLS, concentration of 25%) 
and Triton® X-100 (TX-100, concentration of 25%) diluted with 
30% ethanol. All the chemicals were purchased from Sigma-Al-
drich (USA). The reagent BrdU was obtained from the same 
company. The antibodies used were: anti-CD4 allophycocyanin, 
anti-CD69 phycoerythrin (PE), anti-CD25 PE and fluorescein iso-
thiocyanate (FITC), anti-CD11a PE, and anti-BrdU FITC. All of 
them were purchased from BD Pharmingen, USA.

LLNA and flow cytometry

After euthanasia, ear lymph nodes were isolated and macer-
ated using a tissue homogenizer to obtain a cell suspension, 
which was then centrifuged for 5 minutes at 300 g and ressus-
pended in 1% PBS/BSA. Subsequently, cells were counted using 
a Neubauer chamber and their concentration was adjusted to 
1x106 cells/mL. They were incubated for 30 minutes with the 
antibodies listed previously. For the labeling with BrdU, cells 
were permeabilized in a solution of 70% ethanol at 20 ºC for 
30 minutes. The cell suspension was centrifuged twice for 5 min-
utes at 300 g and incubated with 100 μL of deoxyribonuclease for 
40 minutes at 25 ºC. Cells were then labeled with anti-BrdU for 
20 minutes at 4 ºC. The resulting samples were analyzed using 
flow cytometry (FACSCalibur, Becton, Dickinson and Co., Frank-
lin Lakes, NJ, USA). The results were treated using the WinMDI 
version 2.9 software.

Histological analysis

The ears of the animals were removed and fixed in a Millonig 
solution for 24 hours. The material was then dehydrated in eth-
anol, diaphanized in xylol and incorporated into paraffin67. The 
paraffin blocks containing the ears were cut to have a dimension 
of 5 μm and laid on microscope glass slides. The samples were 
stained with hematoxylin and eosin (H&E) and analyzed using a 
Nikon Eclipse E600 microscope. 

Statistical analysis

The nonparametric Mann-Whitney test was run with the Graph-
prism 5.1 program. Data were considered statistically significant 
when the p value was lower than 0.05.

RESULTS

Possible T lymphocyte markers for differentiation between 
ACD and ICD

The expressions of some cell activation markers, such as the a 
chain of the IL-2 (CD25) receptor and the CD69 receptor, and 
of the adhesion marker CD11a, which can enhance its expres-
sion intensity when faced with cell activation, proved possible 
candidates for differentiation between ACD and ICD (Figure 1). 
A significant increase of CD4+CD25+ cells was observed in ani-
mals treated with the skin sensitizing substances DNCB and 
PPD. This growth was also found for CD4+CD69+ cells when 

the animals were exposed to PPD. However, when animals 
were submitted to contact with the irritant substances, the 
increase in CD4+ cells was significant for the CD69 activation 
marker only, and this increase occurred exclusively in animals 
treated with SLS in comparison with the control substance eth-
anol. No significant difference was found in the percentage 

(A) Percentage of CD4+CD25+ cells in animals treated with the 
skin sensitizing substances DNCB and PPD and their vehicle A/OO 
(control) and irritants SLS and TX-100 and their carrier ethanol 
(control). (B) Percentage of CD4+CD69+ cells treated with the skin 
sensitizing substances DNCB and PPD and their carrier A/OO (control) 
and irritants SLS and TX-100 and their vehicle ethanol (control). 
(C) Percentage of CD4+CD11a+ cells treated with the skin sensitizing 
substances DNCB and PPD and their vehicle A/OO (control) and 
irritants SLS and TX-100 and their vehicle ethanol (control). Bars 
represent the average + standard deviation for three independent 
experiments, with four animals in each group.   
*p < 0.050; **p < 0.010; ***p < 0.001 show that there was a statistically 
significant difference in comparison with the control group according to 
the nonparametric Mann-Whitney test with a confidence interval of 95%.

Figure 1. Expression of activation and adhesion markers.
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of CD4+CD25+ cells. Neither the treatment with irritant sub-
stances nor with skin sensitizing ones induced significant alter-
ations in the adhesion marker CD11a. 

Although an effect on T cell subpopulations was observed, it 
was necessary to confirm the proliferation of these cells, given 
that the outcome of LLNA is cell proliferation (Figure 2). Con-
sequently, the next step was to evaluate whether the effect 
observed in T cells would be confirmed with a proliferation 
profile using BrdU staining. The absolute number of cells in 
CD4/CD25/BrdU+ and CD4/CD69/BrdU+ subpopulations was 
analyzed in the different treatment groups. Some significant 
differences were found. The group of animals exposed to 
DNCB showed an increase in the CD4+CD69+BrdU+ subpopula-
tion, whereas a growth in the CD4+CD25+BrdU+ subpopulation 
was registered in the animals treated with DNCB and PPD in 

comparison with data related to mice treated with the A/OO 
carrier. When the animals were exposed to irritants, no signif-
icant differences were observed between the groups treated 
with SLS and TX-100 in comparison with the results obtained in 
the group treated with ethanol. 

Histological alterations in the ears of mice

Several studies showed that the thickness of the ears of mice 
increases considerably after treatment with skin sensitizing 
substances and irritants for three consecutive days in com-
parison with the result observed in control animals12,13,68,69,70. 
This outcome has been suggested in the field literature as an 
improvement of the LLNA. Nevertheless, comparative histopa-
thology data of the ears of animals are limited. The present 
investigation included a preliminary histopathological examina-
tion of the ears of the animals treated with skin sensitizing and 
irritant substances.

No pathological tissue alterations were found in the groups 
treated with the vehicle ethanol and A/OO, as revealed by his-
tological examination (Figure 3A and 3D). Both sensitizing (DNCB 
and PPD) (Figure 3B and 3C) and irritant (SLS and TX-100) sub-
stances induced epidermal hyperplasia and cellular infiltrate in 
the ears of the animals, as shown in Figures 3E and 3F.

DISCUSSION

One of the first cell surface antigens expressed by T cells after 
activation is CD69. Once expressed in cells, it functions as a 
costimulatory molecule in T cell proliferation71. CD25 is the a 
chain of the IL-2 receptor and is expressed in activated T and B 
cells. In the present study, analysis of T lymphocytes regarding 
the activation markers CD25 and CD69 revealed an increase in 
the absolute number of CD4 cells expressing these two activa-
tion markers. This growth in the number of CD4+CD25+ cells 
occurred in the lymph nodes of animals treated with the skin 
sensitizing agents DNCB and PPD but not in the group exposed to 
irritants. For the CD4+CD69+ cell subpopulation, this increase 
was registered in animals treated with PPD and SLS. The results 
obtained in the experiment with the sensitizing substances cor-
roborate the findings of Homey et al.72. These authors reported 
that topical treatment with the skin sensitizing agent OXA 
caused an increase in the number of cells expressing the activa-
tion markers CD25 and CD69 in comparison with data obtained 
for the control group, and it was higher in CD4+ cells than in 
CD8+ cells. The authors also found that there was no signifi-
cant increase after exposure to an irritant substance (croton 
oil) in comparison with the results in the control group72. In 
a more recent study, Strauss et al.73 examined the immuno-
phenotyping of lymphocytes in the LLNA by comparing several 
sensitizing and irritant substances. The authors monitored pan 
surface markers for B, TCD4, and TCD8 cells. In addition, they 
measured the expression of CD69 and MHC-II (I-Ak) in lympho-
cyte subpopulations. The authors found no differences in the 
number of cells presenting these profiles when they compared 
results from animals treated with sensitizing agents with those 

(A) Significant increase of CD4+CD25+BrdU+ and CD4+CD69+BrdU+ 
subpopulations in animals treated with DNCB and PPD in comparison 
with the result obtained in the control group, treated with A/OO. (B) 
Nonsignificant increase of CD4+CD25+BrdU+ and CD4+CD69+BrdU+ 
populations in animals treated with SLS and TX-100 in comparison with 
the result obtained in the control group, treated with ethanol. Bars 
represent the average + standard deviation for three independent 
experiments, with four animals in each group.   
*p < 0.050; **p < 0.010; ***p < 0.001 show that there was a statistically 
significant difference in comparison with the control group according to 
the nonparametric Mann-Whitney test with a confidence interval of 95%.

Figure 2. Proliferative increase of subpopulations.
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from animals exposed to irritants. These findings match those 
obtained in the present study. However, taking into account the 
significant difference in the CD4+CD25+ subpopulation, which 
was not mentioned in the paper by Strauss et al., there is a high 
possibility of finding a secure outcome in immunophenotyping73. 
Furthermore, another study74, which used the popliteal lymph 
node assay (also applied in the evaluation of immunosensitizing 
agents), indicated the CD25 molecule, among others, as a pos-
sible marker for the determination of activation of T cells by 
immunosensitizing substances.   

Regarding the BrdU marker in these subpopulations, there were 
no significant changes in the lymph nodes of animals treated with 
SLS and TX-100, but the results indicate an increase in the num-
ber of CD4+CD69+BrdU+ and CD4+CD25+BrdU+ cells in animals 
treated with the substance SLS in comparison with those exposed 
to ethanol. Although most irritants lead to negative results in 
this type of test, studies show that some irritant substances 
induce cellular accumulation and proliferation, just like sensitiz-
ing agents2,55,75,76. Jung et al. reported an increased incorporation 
of BrdU after treatment with SLS75. However, concerning animals 
treated with sensitizing molecules, the present study revealed 
an increased quantity of BrdU+ in CD4+CD69+ cells in animals 
exposed to DNCB and in CD4+CD25+ cells in animals treated with 
DNCB and PPD.

Additionally, possible histological alterations in the ears of the 
animals were analyzed to be considered for the differentiation 
between ACD and ICD. Data collected in the present study do 
not show differences between the treatment with irritant and 
sensitizing substances. Lee et al.77 observed a proliferative 
increase using BrdU in epidermal cells in animals treated with 
DNCB, toluene diisocyanate, hexyl cinnamic aldehyde, and SLS in 
comparison with their controls. Dubois et al.78 analyzed the con-
tribution of TCD4 and TCD8 cells to primary ACD, which occurs 
when people develop a CD after a single application of a strong 
sensitizing substance. Using monoclonal antibodies, the animals 
had their TCD4 and TCD8 cells depleted and were treated with 
the severe skin sensitizing agent DNFB. The animals which had 
their TCD4 cells depleted presented a larger edema in the der-
mis and significant cellular infiltration in comparison with normal 
animals treated with DNFB. Conversely, animals without TCD8 
cells showed no pathological alteration.

Bonneville et al.13 showed that the ACD response is more severe 
in mice from the C57Bl/6 strain than in those from the BAL-
B/c strain. Mice from both strains were treated with DNFB and 
the thickness of their ears was evaluated. Three hours after the 
exposure, C57BL/6 mice had an edema larger than that observed 
in BALB/c mice. Similarly, histological analysis demonstrated 
that six hours after the treatment C57Bl/6 mice had a cellular 

Figure 3. Alteration in the ears of the animals. Hematoxilin and eosin (H&E)-stained images of the ears of animals treated with: the vehicles (A) A/
OO and (D) ethanol, revealing the absence of inflammatory infiltrate and edema in the epidermis; (B) DNCB and (E) SLS, showing the presence of 
inflammatory infiltrate and edema in the epidermis; (C) PPD and (F) TX-100, revealing the presence of inflammatory infiltrate and edema in the 
epidermis. 20X magnification.
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infiltrate in the dermis and a edema larger than those present in 
BALB/c mice13. Jung et al. reported an increase in the weight of 
the ears treated with 1% SLS and PPD in comparison with control 
animals and analysis of the histological aspect revealed epider-
mal hyperplasia and inflammatory infiltrate75. Similarly, Ku et al.70 
showed that the skin sensitizing agents DNCB and OXA and the 
irritant croton oil induce epidermal hyperplasia and inflamma-
tory infiltrate. The findings of the present study corroborate the 
results described by Jung et al.75 and Bonneville et al.13, given 
that the same histological alterations, that is, hyperplasia and 
infiltrate, were observed after treatment with skin sensitizing 
agents and irritants.

CONCLUSIONS

The results show differences in both phenotyping and prolifera-
tion of T lymphocytes in animals treated with the skin sensitizing 
agents DNCB and PPD in comparison with the results obtained 
in the control group, treated with A/OO, and the group treated 
with SLS and TX-100. These data are relevant and may be use-
ful for developing predictive strategies and assay protocols to 
distinguish between ACD and ICD. Histopathological analysis of 
animals that received topical treatment with skin sensitizing 
agents and irritants does not seem to significantly help distin-
guish between these two categories of substances.  
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