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Hypothesis

Are reported methods for synthesizing nanoparticles and
microparticles by magnetic stirrer reproducible?
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One of the most common tools for fabricating different drug-loaded polymeric
particles is magnetic stirrer, a widely-used tool in nano-based drug delivery
systems. Typically, the revolutions per minute (rpm) or G-Force of the stirrer are
reported in related literature, while other parameters generate less attention and
must be better understood. Reporting the rpm or G-Force is likely insufficient for
producing the same vortex flow intensity and mono-dispersity as having a reliable
and reproducible nanoparticle and microparticle synthesis method. We speculate
that the magnetic stirrer bar’s length and diameter, and the size of the cylindrical
container, affect the qualities of nanoparticles and microparticles. Given the
importance of these particle characteristics in the field of nanomedicine,
understanding these details would improve reporting method reliability. These data
are currently missing in most related papers and must be reported. The purpose of
our study is to highlight the importance of these underestimated parameters
(magnetic bar’s length, diameter, and the size of the cylindrical container) and the
impact on the reproducibility of particle synthesis methods using a magnetic stirrer.

1. Introduction

that enables the delivery of drug release in a controlled manner at
specific parts of the body [1].

Nanomedicine is a multidisciplinary science that attracts
researchers from different fields and viewpoints based on their
academic backgrounds. It seems that despite the diversity of
researchers, the importance of accurate reporting of some
information is overlooked. Total transparency in reporting every
aspect of experiments is necessary for having data reproducibility
that allows others to thoroughly understand the steps the
researchers took to achieve their results. Error and negligence in
science may lead to gaps in knowledge and may unintentionally
hinder research progress. Nanomedicine is a new emerging science

In recent years, many studies have been published about the
effects of different parameters on nanoparticle and microparticle
characteristics in different synthesizing methods, including;
single- or double emulsion, solvent  evaporation,
nanoprecipitation, ion gelation, and other similar approaches that
require the use of a magnetic stirrer.

These fabricated particles have garnered attention for drug
delivery applications, ranging from tumor therapy targeting to
immune system modulation [2-5]. Also, the particles are more
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efficient than using drugs individually for maintaining the half-life
of drugs and reducing systemic side effects [6-8].

A recent study has pointed to the influence of different
parameters on particle size and stability of nanoparticles [9].
However, despite the widespread use of magnetic stirrer for
nanoparticles and microparticles synthesis, we have been unable
to find parameters described in the experimental set up that affect
the vortex flow, an important factor in providing a reproducible
synthesizing method. Parameters such as the concentration of the
involved materials, the order and volume of adding materials to
the system, stir rate, time of stirring, temperature, and the total
amount of the reaction are typically mentioned in articles [10-12].

Some parameters that affect fluid motion have generated less
attention, including; the magnetic stir bar’s length, diameter, and
the exact shape, as well as the size of the cylindrical container
(typically a beaker). The effects of the stir bar’s parameters are
more potent than the container’s geometry. However, all these
parameters affect vortex flow [13] and are essential for reporting.
Although in recent years, researchers have begun publishing some
of these parameters, [14-16] many still do not mention these
measures in their writing. The reproducibility problems of
nanoparticle and microparticle synthesis are mostly for
mechanical stirring and need to be better understood [16].

2. Hypotheses

We hypothesize that the magnetic stir bar’s length, diameter,
and shape, and the size of the cylindrical container (beaker), affect
the vortex flow intensity and mono-dispersity. These factors
impact nanoparticle and microparticle size, distribution of size,
drug loading capacity (LC), and encapsulation efficiency (EE).
Thus, stating these parameters is essential for having reproducible
results.

We propose that using a smaller magnetic bar, in general, will
decrease the vortex flow intensity and mono-dispersity, and may
increase particle size and distribution of size (Figure 1).
Contrarily, using a larger magnetic bar would, therefore, increase
vortex flow intensity and mono-dispersity, thereby decreasing
particles size and their distribution size. Additionally, using a
smaller beaker will increase the liquid height, reducing vortex flow
intensity and mono-dispersity, especially at the surface. This may
increase nanoparticle and microparticle size and their size
distribution. Utilizing a larger beaker will, therefore, increase
vortex flow intensity and mono-dispersity. Finally, the ratio of bar
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length to beaker diameter and the ratio of bar length to the height
of the liquid in the filled beaker affects the vortex flow.

In general, reducing the liquid height in the beaker or increasing
the magnet bar length and diameter may increase vortex flow
intensity and mono-dispersion, leading to smaller and more
uniform microparticles and nanoparticle sizes.

3. Evaluation of the hypotheses

It is necessary to experimentally study the effect of magnetic
bar and beaker size on nanoparticle and microparticle size, drug
LC, and EE of different polymers, drugs, and solvents.
Nanoparticle and microparticle size can be measured by scanning
electron microscope (SEM) and dynamic light scattering, while
drug LC and EE can be evaluated by spectroscopy, nanodrop,
high-performance liquid chromatography (HPLC) or liquid
chromatography-mass spectrometry (LC-mas), depending on the
amount of drug. Mathematical model design with mechanical
engineering software would predict the exact relationship between
different factors for vortex flow and synthesis of nanoparticles and
microparticles.

4, Conclusion

In general, reporting routine equipment features in detail may
seem trivial. However, it appears that most experiments are not
entirely reproducible. The size of nanoparticles and microparticles
has a tremendous impact on drug LC and EE and thus drug release.
Accurate reporting of synthesis methods that result in reproducible
particle size is therefore crucial for the field of nanomedicine to
produce nanoparticles and microparticles with more controllable
characteristics. Establishing an international guideline is necessary
for writing reproducible methods of nanoparticle and
microparticle synthesis. Such criteria would assist researchers in
designing, conducting, and reporting experiments.
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Figure 1. The probable effect of magnetic bar and beaker size on vortex flow, all in the same particle synthesis reaction volume.
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