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Abstract

Metal allergy is mainly an environmental disorder. Nickel is present everywhere. Exposure to nickel is a major
cause of Allergic Contact Dermatitis, which respectively is an inflammatory, cellular type delayed hypersensitivity
immuno response induced by antigen specific T cells. However, there is no standardized method to assess trace to
moderate nickel diagnostic accuracy. The actual antigen is the nickel ion that can only penetrate skin epidermis in
soluble form as ion metal hapten, leading to sensitization. Standard nickel sulfate molecule 5.0% w/v in petroleum,
as contactant in patch test, evokes clinical global data which are inconclusive and disputable. Such limited antigenic
surface recognition does not disclose in full subsequent immuno bio-responses.

Nanoparticles have much larger surface area to unit mass ratios which has more powerful and specific foreign
signal ability to activate human immune system responses, indeed. Increased immunogenicity with subsequent
enhanced immuno-recognition of unrestrictedly exhibited surface antigenicity toward nickel nanoparticles is
consistent with presented working hypothesis. Those unique, most effective, super sensitive surface nano-antigens
are regulating with extreme precision; recognition, cellular binding and intra-cellular interactions comprising immuno-
biological responses toward nickel nano-particles. On the basis of patients under the study with Allergic Contact

Dermatitis, and control group the distinctive diagnostic definition of nickel nano molecules will be formulated.
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Introduction

Allergic Contact Dermatitis (ACD) to nickel is a frequently
encountered problem and can be the cause of significant morbidity,
particularly in patients with chronic hand eczema, which can lead to
inability to work, a decrease in quality of life and significant healthcare
expenses [1,2]. Sources of nickel sensitizations involve environmental
exposure toward either by exogenous skin contact and/or endogenous
endanger by inhalation or oral ingestion [2]. It is well established that
nickel allergy is more frequent among women than man, and depends
of certain occupations and geographical location [3]. A genetic
predisposition possibly plays a role. The women who become sensitized
to nickel have a higher prevalence of histocompatibility HLA-B35 and
BW?22 tissue antigens. Documented loss of function mutations in the
filaggrin gene are likely to increase the risk of nickel allergy [2,4]. ACD
should be always investigated using skin prick test for immediate,
humoral type IgE mediated hypersensitivities and skin patch test, to
diagnose cellular, delayed-type hypersensitivity [5]. To detect cellular,
delayed-type hypersensitivity reactions to environmental haptens like
nickel, the patch test is the golden standard in clinical assessment of
impending symptomatology. To establish clinical diagnosis of nickel
ACD, a detailed history should investigate possible source of exposure,
including daily activities, environmental conditions, past and current
occupations and elements of products exposure. Primary skin
eruptions observed among patients with nickel ACD, are characterized
by recurrent eczematous lesions on the site of direct contact with the
items that release nickel, such as use of pierced earrings in earlobes,
wrist use of watches, neck use of necklaces, and umbilical region
exposed to metallic jeans button. The face and scalp may be involved
from contact with cellular phones, piercing and hair claps. Secondary
generalized eruptions which can be eczematous or not, reveals the
maculopapular exanthema with flexural involvements presented as a
symmetrical eruptions of the neck, face, eyelids, elbow and forearms
flexures, hands, inner thighs, and anogenital regions [2]. Multiple
sensitizations to metals can easily occur in clinical setting and require

differential diagnostic tests applications. Cross reactivity between
nickel and palladium sensitive patients provides evidence that 96% of
palladium reactive individuals exhibit also nickel allergy [1]. Palladium
is a precious metal used in dental alloys and jewelry. Such metal cross
sensitivity was due to similar stereo chemical arrangements [1,2].

Clinical Materials and Proposed Methodology
Study design

The aim of our working hypothesis is to provide evidence that
nickel-nanoparticles, like the ones obtained using sodium borohydride,
are diagnostically, specifically and precisely superior from standard
nickel sulfate 5.0% w/v in petroleum, in vivo comparative patch testing.
Apparently, many antigenic properties of nano sized elements are not
present in their bulk states [6].

Nano-probes characterization

The physicochemical properties of nano particle probes will be
measured with appropriate X-ray and atomic methods.

Precise determination of elemental composition of entire
nanoparticles will be assessed with the Grazing Incidence X-Ray
Fluorescence (GIXRF) method. Oxidation state of nickel atoms

*Corresponding author: Stanistaw H. Nowak, Stanford Synchrotron Radiation
Lightsource, 2575 Sand Hill Road, MS 69, Menlo Park, 94025 California, USA, Tel:
+1-650-926-2843/+1-415-688-5885; E-mail: nowak@slac.stanford.edu

Received August 15, 2015; Accepted August 26, 2015; Published September
02, 2015

Citation: Nowak SH, Podleski WK (2015) Diagnostic Specificity of Nickel
Nano-Particles in Allergic Contact Dermatitis. J Anal Bioanal Tech 6: 270
doi:10.4172/2155-9872.1000270

Copyright: © 2015 Nowak SH, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

J Anal Bioanal Tech
ISSN: 2155-9872 JABT, an open access journal

Volume 6 - Issue 5 + 1000270



Citation: Nowak SH, Podleski WK (2015) Diagnostic Specificity of Nickel Nano-Particles in Allergic Contact Dermatitis. J Anal Bioanal Tech 6: 270

doi:10.4172/2155-9872.1000270

Page 2 of 3

will be determined from X-ray Absorption Spectroscopy (XAS)
measurements.

Surface properties of nanoparticles can drastically differ from the
bulk. Elemental composition and chemical state of the surface atoms
can be reviled with the X-ray Photoelectron Spectroscopy (XPS). This
technique provides detailed information on composition and chemical
state of the nanoparticle shell.

The size and shape of nanoparticles will be determined with the
use of Atomic Force (AFM) and Transmission Electron Microscopy
(TEM). These techniques can provide spatial resolution in nanometer
to Angstroms range, e.g., corresponding to a size of single atoms.

Detailed nano-characteristics of surface and bulk of different nano-
probes will provide a credible reference to clinical results and varying
immune response patterns among patients.

Clinical materials

Approximately 25 subjects, 20 females and 5 males, age from 18 to
55 y.o. and respectable 10 control group subjects consisting 7 females
and 3 males, will be enrolled to the study.

Patients with ACD will be recruited from Dermatology
Departments of Medical Schools in Lausanne-Switzerland and Zabrze
Rokitnica-Poland. They all will have previously confirmed positive
patch skin reaction toward nickel sulfate 5.0% w/v in petrolatum. Patch
testing

Patch test can be considered as biological provocation test and it
can be postulated that locally induced skin symptoms like erythema,
scaling and itching were considered as immune responses toward
nickel sulfate in general and nickel-based nanoparticles in particular
[7.8].

Patch testing is the established method to prove contact
sensitization

The study strips will be attached for 2 days and reactions will
be examined on day 2 and day 3; negative (-) no visible reaction,
questionable (?) erythema no infiltrations, follicular (f) only discrete
follicular papules in the test area, weak (+) erythema infiltrations with
possible slight papules, moderate (++) erythema infiltrations papules
vesicles, strong (+++) erythema infiltrations with confluent vesicles. To
compare the strengths of reactions, numerical values were allocated to
distinct reactions, as follows: 0 to negative reaction; 0.5 to questionable,
irritant and follicular reactions; 1 to + reactions; 2 to ++ reactions; and
3 to +++ reactions [9]. The test strips either with nickel sulphate and/
or nanosized nickel particles, using sodium borohydride will be applied
on forearm skin [6,10]. Ethical committee approvals and informed
consent from participants will be obtained.

Statistical evaluation

The sign test will be used for statistical evaluation, p<0.05 will be
considered to indicate a statistically significant difference.

Anticipated Results

There is no standardized method to assess trace to moderate nickel
exposure [11]. Selective and critical application in patch test of nickel
nanoparticles among ACD patients has been never reported before.

We hypothesize that cellular, delayed type hypersensitivity
induced by bulk nickel sulfate in ACD, can be diagnostically refined
in its precision by using nickel nano-particles. Such proposed super

antigen, specific optimization ligand is representing the most reliable
and adequate new surface epitope immuno-biomarkers [12].

Our concept study will develop a novel, more accurate approach to
increase diagnostic sensitivity of immuno-reactivity responses among
nickel susceptible populations.

To determine false negative and false positive results of nickel
nanoparticles diagnostic outcome, traditional techniques of
nanoparticles interferences will be applied [13].

Discussion

The possible origin, mechanisms, diagnosis, treatment and
prevention of nano-quantum material related diseases expressed and
induced by skin contactants are inconclusive and disputable [14].

The immunological system response to hostile and disturbing
agents is the most sophisticated, ultra sensory signaling network
demonstrated among altered environmental factors.

The immuno-response parameters detects instantly aberrant nano-
particles in our surroundings like inhalants (nickel containing dust),
ingestants (food containing nickel), and contactants metals like nickel.
However, different people on different continents will show different
clinical symptoms induced by the same offending agent.

With this respect, uniform well established standard methodology
in the assessment of given eco-toxic factors must be applied via
proposed molecular profiling of applicable nickel nano-particles, more
specific and more precise diagnostic patch tests positive responses
will culminate in protective management of our home environment,
expressed as Environmental Syndrome [15].

References
1. Garner LA (2004) Contact dermatitis to metals. Dermatol Ther 17: 321-327.

2. Torres F, das Gragas M, Melo M, Tosti A (2009) Management of contact
dermatitis due to nickel allergy: an update. Clin Cosmet Investig Dermatol 2:
39-48.

3. Lim YL, Goon A (2007) Occupational skin diseases in Singapore 2003-2004:
an epidemiologic update. Contact Dermatitis 56: 157-159.

4. Thyssen JP, Uter W, McFadden J, Menne T, Spiewak R, et al. (2011) The EU
Nickel Directive revisited-future steps towards better protection against nickel
allergy. Contact Dermatitis 64: 121-125.

5. Usmani N, Wilkinson SM (2007) Allergic skin disease: investigation of both
immediate- and delayed-type hypersensitivity is essential. Clin Exp Allergy 37:
1541-1546.

6. Magaye R, Zhao J (2012) Recent progress in studies of metallic nickel and
nickel-based nanoparticles' genotoxicity and carcinogenicity. Environ Toxicol
Pharmacol 34: 644-650.

7. Anveden |, Lindberg M, Andersen KE, Bruze M, Isaksson M, et al. (2004) Oral
prednisone suppresses allergic but not irritant patch test reactions in individuals
hypersensitive to nickel. Contact Dermatitis 50: 298-303.

8. Pacor ML, Di Lorenzo G, Martinelli N, Mansueto P, Friso S, et al. (2006)
Tacrolimus ointment in nickel sulphate-induced steroid-resistant allergic
contact dermatitis. Allergy Asthma Proc 27: 527-531.

9. Brasch J, Weichenthal M, Szliska C, Loffler H, Koch P, et al. (2006) Positive
patch test reactions to nickel sulphate are not modified by neighbouring
negative fragrance patch tests. A multicenter-study by the German contact
dermatitis research group. Acta Derm Venereol 86: 345-347.

10. Chou KS, Chang SC, Huang KC (2006) Study on the characteristics of
nanosized nickel particles using sodium borohydride to promote conversion.
Adv In Tech Mater & Mater Proc J 8: 172-179.

11. Nielsen NH, Menné T, Kristiansen J, Christensen JM, Borg L, et al. (1999)
Effects of repeated skin exposure to low nickel concentrations: a model for
allergic contact dermatitis to nickel on the hands. Br J Dermatol 141: 676-682.

J Anal Bioanal Tech
ISSN: 2155-9872 JABT, an open access journal

Volume 6 - Issue 5 + 1000270


http://www.ncbi.nlm.nih.gov/pubmed/15327477
http://www.ncbi.nlm.nih.gov/pubmed/21436967
http://www.ncbi.nlm.nih.gov/pubmed/21436967
http://www.ncbi.nlm.nih.gov/pubmed/21436967
http://www.ncbi.nlm.nih.gov/pubmed/17295692
http://www.ncbi.nlm.nih.gov/pubmed/17295692
http://www.ncbi.nlm.nih.gov/pubmed/21226718
http://www.ncbi.nlm.nih.gov/pubmed/21226718
http://www.ncbi.nlm.nih.gov/pubmed/21226718
http://www.ncbi.nlm.nih.gov/pubmed/17883733
http://www.ncbi.nlm.nih.gov/pubmed/17883733
http://www.ncbi.nlm.nih.gov/pubmed/17883733
http://www.ncbi.nlm.nih.gov/pubmed/23000472
http://www.ncbi.nlm.nih.gov/pubmed/23000472
http://www.ncbi.nlm.nih.gov/pubmed/23000472
http://www.ncbi.nlm.nih.gov/pubmed/15209811
http://www.ncbi.nlm.nih.gov/pubmed/15209811
http://www.ncbi.nlm.nih.gov/pubmed/15209811
http://www.ncbi.nlm.nih.gov/pubmed/17176790
http://www.ncbi.nlm.nih.gov/pubmed/17176790
http://www.ncbi.nlm.nih.gov/pubmed/17176790
http://www.ncbi.nlm.nih.gov/pubmed/16874422
http://www.ncbi.nlm.nih.gov/pubmed/16874422
http://www.ncbi.nlm.nih.gov/pubmed/16874422
http://www.ncbi.nlm.nih.gov/pubmed/16874422
http://ir.lib.nthu.edu.tw/handle/987654321/92928
http://ir.lib.nthu.edu.tw/handle/987654321/92928
http://ir.lib.nthu.edu.tw/handle/987654321/92928
http://www.ncbi.nlm.nih.gov/pubmed/10583115
http://www.ncbi.nlm.nih.gov/pubmed/10583115
http://www.ncbi.nlm.nih.gov/pubmed/10583115

Citation: Nowak SH, Podleski WK (2015) Diagnostic Specificity of Nickel Nano-Particles in Allergic Contact Dermatitis. J Anal Bioanal Tech 6: 270
doi:10.4172/2155-9872.1000270

Page 3 of 3

12. Ross EA, Branham ML, Tebbett IR (2000) Optimization of ligand presentation 14.Song Y, Li X, Du X (2009) Exposure to nanoparticles is related to pleural
for immunoadsorption using star-configured polyethylene glycols. J Biomed effusion, pulmonary fibrosis and granuloma. Eur Respir J 34: 559-567.

Mater Res 51: 29-36. . . . n
15. Podleski WK (2012) Eco- Protection Environmental Syndrome, a new clinical

13. Dobrovolskaia MA, Aggarwal P, Hall JB, McNeil S (2008) Preclinical studies to entity to be monitored by immunology markers. Congress European Academy
understand nanoparticle interaction with the immune system and its potential of Allergy and Clinical Immunology, Geneva, Switzerland.
effects on nanoparticle biodistribution. Mol Pharm 5: 487-495.

J Anal Bioanal Tech

ISSN: 2155-9872 JABT, an open access journal Volume & - Issue 5 + 1000270


http://www.ncbi.nlm.nih.gov/pubmed/10813742
http://www.ncbi.nlm.nih.gov/pubmed/10813742
http://www.ncbi.nlm.nih.gov/pubmed/10813742
http://www.ncbi.nlm.nih.gov/pubmed/18510338
http://www.ncbi.nlm.nih.gov/pubmed/18510338
http://www.ncbi.nlm.nih.gov/pubmed/18510338
http://www.ncbi.nlm.nih.gov/pubmed/19696157
http://www.ncbi.nlm.nih.gov/pubmed/19696157

	Title
	Corresponding authors
	Abstract 
	Keywords
	Introduction
	Clinical Materials and Proposed Methodology 
	Study design  
	Nano-probes characterization 
	Clinical materials 
	Patch testing is the established method to prove contact sensitization 
	Statistical evaluation 
	Anticipated Results 

	Discussion
	References 

