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a b s t r a c t

Analytical applications of chemiluminescence detection systems based on magnetic microparticles and
nanoparticles (MMP-CL and MNP-CL) have attracted growing interest in research and commercial fields.
This article reviews the literature on the analytical applications of MMP-CL and MNP-CL systems, illus-
trated by different reaction strategies, such as immunoassay and hybridization labels in diverse fields
(e.g., clinical and pharmaceutical, environmental or food analysis).
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1. Introduction

Magnetic particles (MPs), which can be readily synthesized in a
wide range of sizes (from nm to a few lm), possess remarkable
merits, including large ratio of surface area to volume, low cost
of synthesis, magnetic susceptibility, low toxicity and compatibil-
ity with biomaterials. Because of these features, MPs have found
a plethora of applications in a wide variety of scientific fields [1].
General applications of MPs are presented in Fig. 1. In this regard,
the use of MPs as biomolecule carriers in analytical chemistry is
promising, because they can be easily manipulated by using an
external magnetic field and matrix effects are almost eliminated
because of the improved washing steps. Also, unlike conventional
purification methods, exploitation of MP-based techniques elimi-
nates the need for sample pretreatment by centrifugation or chro-
matography, therefore shortening the time needed. Indeed, the
molecules, which are immobilized on MPs, can be readily sepa-
rated or dispersed in solution by an external magnetic field [2]. It
is noteworthy that immobilization of enzymes, including horserad-
ish peroxidase (HRP), onto magnetic nanoparticles (MNPs) effi-
ciently increased the activity and the stability of the enzyme and
allowed its reuse in chemical operations [3].

Combining MPs with immunoassay has made screening faster
and easier than conventional immunoassay because, in such a
homogenous system, the mass-transfer distance of analytes and
reagents to the immobilized antibody (Ab) on the MPs is signifi-
cantly decreased. The Ab–antigen (Ag)-binding equilibrium can
therefore be provided faster than that with antibodies coated on
the planar surface, including in micro-plate wells, so reducing
the incubation time [4]. Besides, MNPs possess intrinsic peroxi-
dase-like activity similar to that found in natural peroxidases [5–
7]. Based on this finding, analytical applications of MPs have been
extended to determination of various species involved in the oxi-
dase-mimicking activities of MPs [7].

CL is generally defined as the emission of light (ultraviolet, vis-
ible, or infrared) during the process of a chemical reaction [8,9].
The CL reactions have high potential for a great variety of analytical
applications due to their high sensitivity, wide linear range and
cost-effective apparatus because there is no need for an excitation
light source and a spectral resolving system [10,11].

Recently, Iranifam [12] reviewed the state-of-the-art in flow-CL
techniques for pharmaceutical analysis. However, CL analysis
sometimes suffers from drawbacks, such as poor selectivity be-
cause of existing species in the solution that can alter analytical
signals. The relatively low emission intensity of some CL reactions,
due to possessing very low efficiency in transforming chemical en-
ergy into light, is another possible shortcoming of CL-detection
systems [13].

Indeed, the current classical CL systems generally need to en-
hance emission intensity and to improve selectivity for quantita-
tive analysis in samples with complex matrices, including
biological and environmental samples.

In this context, coupling magnetic microparticles (MMPs) and
MNPs with CL methods could meet two requirements: high sensi-
tivity and selectivity, in which MPs can participate in the CL reac-
tions as catalyst, biomolecule carrier and separation tool. Due to
these properties, analytical applications of MP-CL systems have at-
tracted much attention of researchers, so they deserve a compre-
hensive review on the findings of published studies in this topic,
as intended in this review.

2. Magnetic particle-based chemiluminescence immunoassays
(MP-CLIA)

Antibodies (Abs) are large Y-shaped proteins produced by the
immune systems of animals and humans, when the body detects
the presence of allochthonous substances (Ags). Abs have a high
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Fig. 1. General applications of magnetic nanoparticles (MNPs) [1].
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