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1. Introduction

Compounding personalized medicine can be defined as the combination or mixing of pharmaceutical ingre-
dients to create specific treatments according to individual patient needs. This can be achieved through com-
pounding pharmacies and their ability to customize dosage, pharmaceutical forms, and ingredients, making
specific adjustments for special groups, such as pediatric, elderly, or hospitalized patients.'

The combination of ingredients and the customization of treatments are possible thanks to what can be called
pharmaceutical operations. These operations are of great importance for the quality of the final product, and
can be divided as physical (i.e. dissolution, distillation, drying) or mechanical (i.e. grinding, mixing).! One of the
most important and largely applied operation in every type of compounded formulation is the mixing process.??

A mixture can be defined as the homogeneous association of several substances - solids, semi-solids, or liquids
- and the quality of the mixture plays a significant role in the final product, directly influencing the efficacy and
even the safety of treatments.* In a compounding pharmacy, several methods and equipment can be applied for
mixing ingredients, such as the use of mortar and pestle, magnetic or electric agitators, and large-scale mixers

like the V or Y-shaped mixing systems, planetary and tumbler mixers, among other kinds.'

2. Powder Mixing

The most common - and one of the most challenging
operations in the compounding pharmacy is powder
mixing. The main challenge rests on understanding
the particularities of the many different ingredients,
and how they will behave together inside of the same
mixture. It is common that, for physical-chemical rea-
sons, a pharmaceutical powder mixture contains up
to 20 different ingredients to meet the acceptable
quality standards of the final product.?®

Many factors can influence the powder mixing effi-
ciency. The flow characteristics of the ingredients,
particle size and shape variations, particle density,
cohesivity, hygroscopicity, and hardness are some
of the physical parameters that can directly impact
the quality of the mixture.?® If these particularities
are not taken into consideration previously, the re-
sults can be the agglomeration of particles and the
uneven distribution of ingredients leading to a lack
of dose uniformity in the formulation.?

The adequate choice of the mixing technique and
equipment can play an important role in the stability
and quality of the mixture. There are different cate-
gories of mixing equipment, which can be classified
either as segregating mixers, which work mainly un-
der diffusive mechanisms, moving the material inside
of a container, or as less segregating mixers, which
work under convective mixing mechanisms with in-
ternal rotors.?”

The segregating mixers, or so-called diffusive mixers,
are widely used in the pharmaceutical industry for
powder or granular mixing. They are easy to operate
and present a good solution for shear-sensitive ingre-
dients, that can be affected by the rotor movement
of the convective mixers. This category of mixer also
does not generate temperature during the mixing
process, another advantage for thermo-sensitive in-
gredients.®®
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The most known type of diffusive mixer is the V or Y-shaped blender but, although well established, these devices
are more suitable for large-scale production, and require high standard cleaning operation after use, since their
parts are permanent, making them less favorable for small batches compounding preparations.® There is a
growing trend and necessity for smaller-scale mixing devices, that are safe and validated for the pharmaceutical
compounding market, to provide both efficiency and high-quality standards to personalized treatments.

3. InvoMatic

The gako InvoMatic is an automated mixing system developed to produce highly homogeneous mixtures at
controlled time and speed. It works in a 3-axis movement, combining the principles of the oloid and inversion
mixing, creating a unique 3D-movement cycle, that allows a complete diffusive mix. Also, gako InvoMatic is
equipped with a digital system that allows the pharmacist to choose their mixing cycles according to their

needs, creating multiple combinations to fit the formulation characteristics, achieving easy and efficient repro-

ducibility.
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3.1 The oloid concept

The oloid is a three-dimensional geometric object dis-
covered by the German mathematician Paul Schatz, in
1929. The oloid structure is the convex hull of two cir-
cles standing perpendicular to each other. Although
its shape is curved, it moves in a perfectly straight
line, creating a unique inversion motion.'*"" Based on
this principle, and evolving the mixing rotation to a
3D movement, we developed gako InvoMatic.

The oloid-like motion created during the mixing cycle
allows for the even distribution of the materials being
mixed, with a proper homogenization and particle
overlay, in a rhythmic and symmetric circular move-
ment. This principle, together with a robotic arm,
gives gako InvoMatic a 3-axis structure, resulting in
the perfect diffusive mixing.

Figure 1. The oloid.

gako ’ O



3.2 The diffusive mixing method

The diffusive mixing method consists of particles
moving randomly inside of a vessel, under influence
of gravity to impel the flow, causing the particles to
roll to the opposite side of the vessel, therefore pro-
ducing homogeneous mixtures.

The mixing process of gako InvoMatic is performed
inside of any vessel available in the compounding
pharmacy. This is a great advantage for containing
the materials during the process, ensuring an en-
closed and safe environment during the mixing cycle
also with hazardous preparations, and avoiding the
necessity of extra cleaning operation after every use.
Just change the vessel, and the device is ready for
the next cycle.

Depending on the properties of the substances being
mixed, extra tools can be added inside of the vessels
during mixing, such as porcelain or ceramic spheres,
to avoid particle agglomeration and create even par-
ticle size in the formulation. It can operate with a mix-
ing speed from O to 100 RPM, and a mixing time from
0 to 99 minutes, creating multiple combinations to fit
the formulation properties. The mixing arm is capa-
ble of holding vessels from 30 mL to 1.000 mL (aver-
age). Itis suitable for the complete mix of solids, but
also liquids, homeopathic preparations, and impreg-
nation of globules and granules.

The gako InvoMatic is the evolution of powder and
liguid mixing in the compounding pharmacy.

4. Scientific Background

4.1 Content Uniformity

To evaluate the mixing cycles of gako InvoMatic, a
study was performed with three different powder mix-
tures, to show the capacity of the device to provide
homogeneous mixtures when compounding with (1)
low dosage ingredients, (2) different granulometry
ingredients, and (3) multicomponent formulation.
All three formulations were mixed through different
time (2, 5, and 8 minutes) and speed (10, 50, and 100
RPM) cycles, to verify whether there would be the best
working condition for the device. All conditions tested
were able to produce homogeneous powder mixtures,
with adequate dose uniformity among the compound-
ed capsules even at low mixing time. This shows that
gako InvoMatic is suitable and adequate for the day-
to-day routine of the compounding pharmacy to pro-
duce a broad range of products every day, resulting in
fine and homogeneous formulations.

Advantages

« Unique 3-axis mixing robotic arm
+ Reproducibility and speed

« Automated process

« Validated mixing process

« GMP and GLP compliant

« Safe for hazardous preparations
« Reliability

+ Any vessel, any volume

+ No cleaning after mixing

4.2 Comparative Tests

After evaluating gako InvoMatic in different work-
ing conditions, a comparative test was performed
to evaluate the homogenization efficiency between
this device and alternative methods (Y-shaped mix-
er and manual plastic bag technique). All tests were
performed under the same mixing condition for each
formulation, to validate the comparison. The results
showed that the use of gako InvoMatic was superi-
or or at least comparable to the alternative methods,
especially when compared to manual mixing, show-
ing that the automation increases the reliability of the
mixing process (Figure 2). Results present the con-
tent uniformity of the single ingredients for formula-
tions (1), (2), and (3).
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Figure 2. Comparison of the use of gako InvoMatic with other methods. (1): a) finasteride capsules; (2): b) vitamin B12 and c) folic acid capsules;
(3): d) cooper chelate, e) magnesium citrate and f) zinc chelate capsules. AV = Acceptance Value (Ref. USP).
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5. Applications

The gako InvoMatic is a device suitable for the mixing of powders of different granulometry and physical prop-
erties and is also suitable for the mixture of liquids and homeopathic formulations. Being compatible with differ-
ent models of vessels, and with personalizable mixing cycles, liquids of different viscosity can be mixed in the
device, in a closed environment, with no risk of cross-contamination.

In homeopathic formulations, especially during globules impregnation, the prescribed solution is added to the
inert globules and mixed. This process can be done as a simple impregnation, with the total volume added at
once to the formulation, or in triple impregnation, dividing the total volume into three equal additions, followed
by a mixing process. In both methods, a controlled time and speed of mixing is needed to ensure the even dis-
tribution of the dosage among the globules.”? The gako InvoMatic works in a constant mixing cycle, allowing
the solution to be evenly distributed among the globules until complete impregnation, with no left liquid on the
bottom of the final formulation that can lead to a lack of uniformity of dosages.
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