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In this project we intended to integrate fiber formation techniques into the pharmaceutical
process lines which includes the development of new fiber formation methods and to merge
these techniques into continuous pharmaceutical manufacturing.

In the first year of our research high yield alternating current electrospinning was used for the
first time to process HPMCAS - an important pharmaceutical cellulose ether - into nanofibers
for dissolution enhancement [1]. A pH-dependent fibrous drug-delivery system was also
developed based on Eudragit® FS using both direct and alternating current electrospinning for
the first time with this polymer [2].

The most important result of the second year of our research was finalizing the development of
our continuous model system (CMS) and publishing the results [3]. The CMS is able to
synthetize and subsequently formulate the drug substance into a solid formulation in a fully
continuous manner. We could achieve this for the first time in the benchtop size range by
exploiting the advantages of electrospinning. The formulation module of the CMS was
successfully used with another drug [4]. Due to the well-designed system the residual solvent
content as well as the effect of secondary drying could be also investigated which were
important parts of the project.

The success of fiber formation methods mostly depends on the suitability of the developed
fibrous formulations for the patients. Various efforts have been made to resolve the great
challenge of poorly water-soluble drugs. We discovered during the development of continuous
tablet production based on an electrospun material that itraconazole — a poorly soluble
antifungal agent — precipitates due to magnesium stearate and it could be resolved by replacing
the lubricant [5]. In an international cooperation we investigated the formulation of
flubendazole — another poorly soluble antifungal drug — using high speed electrospinning as a
scaled-up method [6].

Our further works involved technology related pharmaceutical advancements. The
aforementioned intraconazole-loaded polymeric nanofibers were direct compressed into tablets
by the addition of free flowing excipients [7]. Direct compression can be easily integrated into
a continuous production line due to its simplicity, therefore we investigated further the
homogenization of the fibrous material with tableting excipients for the challenging production
of ultra-low dose tablets [8]. We participated in another international cooperation about 3D
printing which resembles the fiber spinning techniques [9]. Basically 3D printing is the
controlled deposition of a thin molten polymeric liquid jet, and this method may be used for
continuous tablet production of arbitrary shape and type. We also took advantage of the variable
3D arrangement of the electrospun material when the fibrous mats were loaded into plastic
straws enabling ultrafast drug liberation especially for pediatric use [10]. Finally, our
experiences with fiber-based tablets were molded into a concept of a continuous system
involving spinning and subsequent grinding of the fibers, then homogenization and lastly
tableting, all these with real-time analytical support [11].

In the last year of the research project we developed a nanofibrous orally dissolving formulation
containing a poorly soluble drug at the pH of the stomach as part of an ongoing international
cooperation [12]. A related work was published about the fusion of the results of four
independent analytical methods investigating nanofibers with the same drug [13]. Besides
these, our investigations regarding the development of fiber formation techniques persistently
continued and as a side project a brief review article about continuous pharmaceutical



manufacturing was also published in Gyogyszerészet [14]. Continuous manufacturing was also
the main principle during our extrusion-based wet granulation project where the target dose of
the final tablets was set to the ultra-low range [15] similarly to our earlier work [8]. Meanwhile
the throughput of alternating current electrospinning could be elevated approximately twenty
times using a so called corona spinneret for the preparation of fast dissolving nanofibrous
products [16]. It should be noted that the productivity of novel alternating current
electrospinning with the same corona spinneret was several times higher than that of traditional
direct current electrospinning. Thereafter the main focus of our research was to consider the
change of the frequency and the waveform of alternating current high voltage and investigate
their effect on alternating current electrospinning. The related results are being summarized in
an upcoming publication [17].

To sum it up, we could exceed the expected number of publications (“2 articles with impact
factor”) during the three-year long period of the project since 14 articles have been published
in journals with impact factor related to the original programme. Besides these, | participated
in the creation of two other research paper not related to the project [18,19]. The cumulative
impact factor of the listed and accepted articles is 56.263.
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