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ADDITIVE TECHNIQUES AND BIOPRINTERS IN PHARMACEUTICAL INDUSTRY:
A REVIEW OF MODERN APPLICATIONS

SUMMARY. The aim - to search in informational-scientific and sciencemetric data bases such as Scopus, Web of
Science and PubMed by the key words: additive techniques, 3D printing, medicines, cosmetics, manufacturing,
personalized medicine, for systematizing of scientific professional literature data in regarding the implementation of
additive techniques and bioprinting in the production of medicinal and cosmetic products, assessing the advantages and
constraints of the techniques as well as to prognose the ways of future research directions in this field.

Material and Methods. The source material for the study was derived from scientific publications of domestic and
foreign authors presented in professional peer-reviewed publications and electronic scientific databases dedicated to
application of additive techniques in pharmaceutical and cosmetic industries. For our research we used the methods of
systemic analysis, comparative and generalization of literary sources, as well as logical and structural processing of
information.

Results. The modern healthcare system is undergoing a fundamental transformation shifting the focus on
personalized medicine. The adaptation of therapy to the individual needs of patients in context of pharmacogenetics,
metabolism and physiological characteristics has become the mainstream of the pharmaceutical industry.

The techniques are focused on layer-by-layer objects based on digital models for designing medicines with complex
geometry, controlled active substance release, and the ability to combine several active ingredients in a single dose.
Inkjet printing, fused deposition modeling (FDM), selective laser sintering (SLS), stereolithography (SLA) and pressure-
assisted microsyringe (PAM) are the techniques currently being practically tested by pharmacists and cosmetologists for
the above purposes.

Conclusions. We summarized currentinformation on application of additive techniques in manufacture of medicines
and cosmeceutical products. 3D printing has been shown to enable to create personalized medicinal and cosmetic
formulations with controlled structure and release profile. Bioprinting has been proven to boost the potential of
preclinical screening and alternative safety models, particularly in cosmetology and regenerative medicine. However,

widespread adoption of these techniques is hampered by technological and regulatory constraints.
KEY WORDS: additive techniques; 3D printing; medicines and cosmetics products manufacture techniques;

personalized medicine.

Introduction. The modern pharmaceutical
industry is experiencing a period of rapid technolo-
gical transformation driven by the need to perso-
nalize medical treatment, increase the efficiency of
production processes, and respond to the challenges
of personalized medicine as more than 90% of
patients have at least one genetic variant that
requires alteration of medication dosage or regimen in
cases of prescribing certain medicinal products [1].
One of the most promising areas of innovations in
the industry is incorporation of additive techniques
that open up fundamentally new potential for deve-
lopment of novel medicinal and cosmetic products.

Additive techniques, including 3D printing based
on layer-by-layer material deposition, make it possible
to manufacture products of complex geometry with

precisely controlled composition and individual
characteristics. While traditional pharmaceutical
manufacture methods are focused on mass produc-
tion of standardized forms, additive techniques
provide flexibility in creating personalized medicinal
and cosmetic forms with targeted pharmacokinetic
parameters that meet the specific needs of individual
patients or certain groups [2, 3].

Additive techniques are used in the pharma-
ceutical sector for manufacture of modified-release
tablets, combined medicines, transdermal systems,
and for creation of innovative cosmetic products
with personalized characteristics. Of particular
importance is manufacturing pediatric and geriatric
medicinal forms with optional correction of standard
dosage [4-6].
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The topicality of the study of application of
additive techniques in pharmaceutical industry is
preconditioned by a need to analyze their potential
for optimizing manufacture processes, improving
product quality and safety, and shaping new
strategies for development of the industry in the
context of personalized medicine and cosmetology.

Bioprinting (3-D bioprinting) is developing in
parallel with classical 3D printing to utilize bioinks
containing cells and biopolymers for creating tissue
models. This aspect is especially important for
cosmetics due to high ethical requirements in the
industry and a need for safe informative alternative
models. Bioprinters make it possible to reproduce
complex skin compounds, including immune compo-
nents, thus increasing the relevance of preclinical
screening of ingredients and preparations [6, 7, 8].

Despite brisk progress, broad integration of 3D
printing and bioprinting into manufacture process is
quite constrained for a number of technological,
organizational and regulatory barriers [9, 10].
Therefore, technology-summarizing efforts demon-
strating successful cases and problematic issues are
an important tool for planning innovations in the
industry.

The aim of the study was the search of
informational-scientific and sciencemetric data bases
such as Scopus, Web of Science and PubMed by such
key words as additive techniques, 3D printing,
medicines, cosmetics, manufacturing, personalized
medicine, in order to systematize the scientific
professional literature data in regarding the imple-
mentation of additive techniques and bioprinting in
the production of medicinal and cosmetic products,
assessing the advantages and constraints of the
techniques as well as to prognose the ways of future
reseach directions in this field.

Material and Methods. The source material for
the study was derived from scientific publications of
domestic and foreign authors presented in profes-
sional peer-reviewed publications and electronic
scientific databases dedicated to application of
additive techniques in pharmaceutical and cosmetic
industries. The methods of systemic analysis,
comparative and generalization of literary sources,
as well as logical and structural processing of
information were used in the study.

Results and Discussion. Application of 3D
printing technologies in manufacture of medicinal
products is characterized by a number of significant
advantages. For example, additive methods deliver
high productivity and accuracy, since individualized
dosage forms of complex architecture can be
manufacturedinashorttimewithhighreproducibility
exceeding the potential of traditional techniques
[11, 12]. At the same time, 3D printing creates

conditions for personalization of pharmacotherapy
through precise dosing and openness to individual
patient characteristics, including pharmacogenetic
profile, age and sex, which are especially important
for medicines with a narrow therapeutic index [13].
Moreover, additive techniques contribute to lower
production costs and higher economic feasibility of
manufacturing complex medicinal forms, boasting
adaptation of a release profile of active pharma-
ceutical ingredients by creating porous and
multilayer structures or combining several active
pharmaceutical ingredients (APIs) in a single
medicinal product at the same time [14-19].

Transdermal delivery of active ingredients is
inherent in both pharmaceutical and cosmetic
products as the same carrier (patch, hydrogel, micro-
needle system) can be used as a dosage form (e.g.,
for wound or acne treatment) or as a cosmeceutical
platform (moisturizing, anti-aging, lightening, barrier
function enhancement). That is why this segment is
considered one of the most promising for 3D printing
[7, 20].

The specifics of additive techniques, including 3D
printing, is the layer-by-layer formation of an object
using a digital model, which is segmented and
reproduced by printing machine. Rapid progress in
this field has contributed to the emergence of
numerous technological approaches that differ in
types of materials, work mechanisms and characte-
ristics of finished products. Given the above diffe-
rences, the American Society for Testing and Materials
has classified 3D printing techniques into seven
groups: extrusion technique, binder jetting, powder
layering, photopolymerization, material jetting, direc-
tional energy deposition, and sheet lamination [21-
24]. 3D printing techniques are characterized by high
efficiency, versatility and flexibility of pharmaceutical
production process, as they facilitate creating a wide
range of complex and individualized medicinal forms
by varying the parameters of a digital model, such as
dimensions, geometry and filling density of medicinal
or cosmetic form [25]. For example, they are used for
manufacturing a variety of medicinal forms, such as
immediate-release tablets, controlled-release tablets,
dispersible films, microneedles, implants, and trans-
dermal patches [26].

In pediatric practice, 3D printing releases the
potential of creating personalized low-dosage medi-
cinal products adapted to age and improvement of
organoleptic properties of medicines, thus contri-
buting to better children's adherence to treatment
[4, 27].

For elderly patients who often suffer from
dysphagia, additive techniques open the way for
production of light, porous and rapidly dissolving
dosage forms that ease the swallowing process. For
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patients prone to polypharmacy, different active
pharmaceutical substances can be combined into
one multilayer or combined tablet, thus reducing
the risk of errors and missed doses and generally
increasing the safety of pharmacotherapy. Moreover,
the technique provides the possibility of applying
special markings or formations on the surface of
medicinal products, which is especially useful for
patients with eye disorders [5, 28, 29].

3D printing techniques can contribute to
manufacturing of sustained-release medicinal forms
designed for coherent action in line with daily
fluctuations of disease manifestations. In particular,
the T19 by Triastek manufactured using 3D printing
technique was approved by the US Food and Drug
Administration (FDA) for clinical trials in January
2021. Being administered before bed, it delivers
maximum blood API concentration in the morning,
when the most pronounced manifestations of pain
and joint stiffness are usually observed. Maintaining
therapeutic concentration of medicines throughout
a day contributes to better disease control and
higher efficacy of therapy [30].

3D printing technology at the stage of
developing new medicinal products is particularly
effective for small-scale prototype production, as it
allows for rapid changes in design and form at
minimal cost. The integrated nature of the manu-
facture process and low cost of small batches boost
the demand for this technique to be used in
conditions of limited time and resources. Studies
have shown that utilization of a modified FDM (fused
deposition modeling technique, where an active
substance is dispersed in a polymer matrix) with
"zoning" delivers a possibility of manufacturing
reliable 3D-printed capsule shells for encapsulation
of dry or liquid formulas and controlled release of
active substances [31].

Advances in 3D printing have also contributed to
its introduction into the development of cosmeceu-
ticals, opening up possibilities for precise application
of active substances in predefined layers or spatial
patterns. For this purpose, additive techniques
provide flexible customized formulation based on
individual skin characteristics and needs. This level of
personalization represents a new stage in the deve-
lopment of cosmeceuticals and is in line with current
trends towards personalized skin care [32, 33].

The most common 3D printing technologies
used in the pharmaceutical industry for manufacture
of various medicinal dosage forms (MDF) are jetting,
extrusion, and laser printing systems [18, 34, 35].

The Fused Deposition Modeling (FDM) technique
is extruding thermoplastic polymer filament consis-
ting of an active pharmaceutical ingredient (API)
through a heated printing head for further layering

and solidification of the material applied. Being
initially heavily constrained by a lack of appropriate
pharmaceutical polymers, the FDM technique is now
widely using polyvinyl alcohol (PVA), polyvinylpyrro-
lidone (PVP), ethyl cellulose (EC), hydroxypropylcel-
lulose (HPC), hydroxypropylmethylcellulose (HPMC),
hydroxypropylmethylcellulose acetate succinate
(HPMCAS), ethylated acrylate copolymer (Eudragit®RL
and RS), polyethylene oxide (PEO), polylactic acid
(PLA) and other synthetic materials. The method
works under temperatures within the range of 150-
230°C, whichincreases the risk of thermal destruction
of thermolabile APIs and forming porous structure
when heated excessively. The effort to minimize the
above disadvantages consists in using polymers with
low melting and vitrescence temperature of the
powder mixture. The FDM method allows producing a
wide range of LFs, including implants and modified-
release tablets [34, 36-38]. Fused Deposition Modeling
is also promising method for creation of cosmetic
products in the form of skin patches consisting of
hydrophilic and hydrophobic components, namely
polylactic acid (PLA) and polyvinyl alcohol (PVA). The
PVA layer serves as a carrier for cosmetic formula,
ensuring controlled release of active ingredients and
reliable adhesion to the contours of the face, while
the PLA liner gives the whole structure mechanical
strength and durability. This design and combination
of components allows the product to be precisely
adapted to various anatomical areas of the face [38].

The semi-solid extrusion (SSE) method is based
on the extrusion of a solvent-containing paste or gel
from a syringe-like system for layer-by-layer formation
of the object under low temperature conditions,
which makes this technique suitable for working with
thermolabile active pharmaceutical ingredients [34].
SSE is widely used for manufacture of immediate and
controlled-release tablets, orodispersible dosage
forms, flotation systems and other pharmaceutical
products. At the same time, the effectiveness of the
method largely depends on the optimal selection of
excipients to ensure proper rheological properties,
and normally requires post-processing, such as drying
or cooling of finished products. The technique is
limited by relatively low printing resolution due to
large diameters of process nozzles [3, 39].

3D jetting has been implemented at account of
using jet printers. There are several types of 3D
jetting. Continuous ink jet printing (ClJ) and drop-on-
demand (DoD) jetting are characterized by using both
thermal and piezoelectric print heads, controlled
particle formation and liquid viscosity rates. The use
of printers with thermal heads is limited for liquids
with a content of volatile components. Printers with
piezoelectric heads can work with much larger
volumes of source liquids [18].
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Binder Jetting (BJ) is a 3D jet printing technique
that involves applying a binder solution on a powder
liner using a printer nozzle and further sintering the
resulted layer. The process is repeated in the
required numbers [34, 40]. Based on this approach,
the ZipDose® technology was developed which was
used for manufacture of Spritam®, one of the first
FDA-approved 3D-printed tablets. The method can
work at room temperature, supports a wide range of
materials, is suitable for manufacture of highly
porous LFs, but requires a multi-step process with
subsequent drying, and often delivers insufficient
mechanical strength of finished medicinal forms.
The quality of a binder jetting product depends
significantly on the behavior of a binder during
printing, that is the ability to form stable droplets/
particles, penetrate the free space between the
powder particles, and to ensure sufficient strength
before drying [3, 41, 42].

Laser printing techniques are widely used
among the methods of 3D printing of medicinal
products. Such methods include the Selective Laser
Sintering (SLS) method, which uses sintering of API
powder mixture and excipients. After sintering the
first layer, a subsequent thin powder layer is applied
onto its surface, after which the process is repeated
until the finished medicinal form is ready. The
method enables to manufacture complex structures
and regulate the porosity by changing laser scanning
rate [43]. High temperature and intensity of laser
radiation may cause degradation of heat-sensitive
APIs, thus substantially limiting the use of the
method. The properties of the powder (particle size
and distribution, bulk density, Fflowability, and
humidity) and layer forming parameters are also
very sensitive for powder techniques (SLS) [18].

The effect of ultraviolet (UV) radiation on curing
of various polymer resins has been reflected in stereo-
lithography (SLA), another 3D laser printing method.
The method is based on layer-by-layer photopolymer
curing of polymer resins under the influence of UV
laser radiation. The method provides the highest
resolution among 3D techniques and minimizes
heating effect, making it suitable for temperature-
sensitive APIs. The SLA effectiveness for the work
with such substances has been confirmed when
printing tablets containing 4-aminosalicylic acid [44].

A summary of the literature sources shows that
3D printing methods enable to create medicinal
forms of various structures and purposes, ranging
from microcapsules and mesoporous bioactive
scaffolds to nanosuspensions and synthetic matrices
based on hyaluronate [3, 23, 45].

Unlike "classical" 3D printing with source
materials such as powders, polymers or API pastes,
3D bioprinting works with biological components,

such as cells, extracellular matrix and biopolymers,
which form so-called bioinks. Bioink is considered
one of the key components of 3D bioprinting
technique. It is defined as a special material con-
sisting of cells suitable for processing by automated
biomanufacturing techniques, which can also contain
biologically active components and biomaterials.
The fundamental difference between bioinks and
biomaterial inks is the cells content; they are an
obligatory component of bioinks and can be
represented by individual cells or cell aggregates
encapsulated in hydrogels, microcarriers, microgels,
nanoparticles or nanofibers. In contrast, biomaterial
inks do not contain cells during printing as they are
added after formation of the structure [46]. In the
most general term, bioprinting is an extrusion (or
other controlled deposition) of organicand biological
materials layer by layer, thus enabling the geometry
and structure of tissue layers to be reproduced [7].

In pharmacy, bioprinters are subdivided into two
main branches by application method. The first one is
creation of informative skin models for preclinical
screening of ingredients and preparations, including
assessment of irritation, sensitization, inflammatory
responses and action mechanisms. The second is the
development of tissue engineering and potential
regenerative solutions (scaffolds, cell constructs),
which may be further used as medical products for
treatment of complex skin lesions [9, 47]

From a methodological point of view, bioprinting
presumes special demands on reproducibility, as it is
necessary to control cell viability during printing,
maintain standard composition of bioink, ensure
sterility, and validate the functional characteristics of
the model (barrier properties, marker expression,
response to inflammatory stimuli, etc.). An additional
driver for the cosmetic industry is a need for stan-
dardized alternative methods in response to growing
ethical and regulatory restrictions on animal testing,
therefore bioprinted models may become one of the
most "physiological” tools of the kind [47].

Conclusions. We have summarized current
inputs on the use of additive techniques in medicines
and cosmetics industries. 3D printing has been shown
to enable the development of personalized medicinal
and cosmeceutical formulations with controlled
structure and release profile. Bioprinting has been
shown expanding the capabilities of preclinical
screening and alternative safety models, particularly
in cosmetology and regenerative medicine. However,
widespread adoption of these techniquesishampered
by technological and regulatory constraints.
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O2190u imepamypu, opu2iHasibHi 00C/TIOHeHHS

B. M. KoBanb, B. B. F'yuon, O. B. Kpusos'as, l0. O. ToMmalleBCbKa,
T. . BouTeHKo, O. 0. To3mok, I'. |. Kpamap

BiHHUUbKUU HayioHanbHUl MeduqyHul yHisepcumem imeHi M. |. [Tupo2osa, BiHHUYS, YkpaiHa

BUKOPUCTAHHA AOUTUBHUX TEXHOJIOTIN TA BIOMPUHTEPIB Y ®APMALLEBTUMHOMY
BUPOBHULTBI: Oornag CY4ACHUX NPAKTUK

PE3IOME. MeTa po6oTu — npoBefieHHA MOLWYKY B iHGOPMALINHO-HAYKOBMUX Ta HAyKOMETPUYHMX Ba3zax AaHux
Scopus, Web of Science Ta PubMed 3a kntouosumn cnosamu: additive techniques, 3D printing, medicines, cosmetics,
manufacturing, personalized medicine, 3 MeTol0 y3arasibHeHHSA Ta CMCTeMaTM3alii AaHMX HayKoBOI $haxoBoi NiTepaTypu
LL{OZ10 3aCTOCYBAHHA AANTUBHUX TEXHOJIOTIN | GIONPUHTMHTY Y BUPOOHMUTBI NiKapCbKMX Ta KOCMETUYHMX 3acobiB, BU3Ha-
YEeHHS Cy4YacHMX TeHAEHLiM, nepeBar i 06MeXeHb LUMX TEXHOIONiN, @ TAKOX NPOrHO3yBaHHS NEePCNEeKTUBHUX HANPAMIB
noJasbLlUMX AOCNIAXKEHb Y AaHiN ranysi.

MarTepian i MeToaun. MaTepianamu focniaxeHHs 6yan HaykoBsi ny6aikauil BiTYM3HAHMX | 3apybixKHMX aBTOPIB, Npea-
CTaBneHi y paxoBnx peLeH30BaHMX BUAAHHSX Ta €JIEKTPOHHMNX HAYKOBMX 6a3ax AaHWX, NPUCBAYEHI 3aCTOCYBaHHIO aANTHB-
HWUX TeXHoNOorin y dpapmMaLeBTUYHOMY Ta KOCMETUYHOMY BMPOOHMLUTBI. Y po60Ti BUKOPUCTAHO METOAN CUCTEMATUYHOIO
aHani3y, NOpiBHAJIbHOMO Ta y3ara/lbHOBaJIbHOIO aHasli3y NiTePaTyPHUX AXKEPes, @ TaKOX JIOMYHOMo 1 CTPYKTYPHOro onpa-
LItoOBaHHS iHpopMmaLyii.

Pe3ynbTaTn. Cy4acHa cMCTEMA OXOPOHM 340POB'A NepexxnBae GyHAAMEHTAsIbHY TpaHCPOPMaLito, 3MilLyoun do-
KYC Ha NepCcoHidikoBaHy MeaunLmMHy. [0/IOBHMM 3aBAaHHAM CTa€ afanTalia Tepanii nia iHAnBiAyanbHi NoTpebu nauieHTa
3 ypaxyBaHHAM NOro ¢apMakoreHeTMKn, MeTabosiamy Ta $isiosioriyHnx 0ocobMBoCTEN.

TexHonoria 6a3yeTbcsA Ha MOLIAPOBOMY CTBOPEHHi 06'€KTIB 33 ULMbPOBMMIN MOAENAMM, LLO [03BOJIAE MPOEKTYBATH
npenapaTu 3i CKJIAAHOK reOMeTPi€l0, KOHTPOJIbOBAHOK KiIHETUKOK BMBIJIbBHEHHA aKTUBHUX PEYOBUMH Ta MOXXJIMBICTIO
NOEAHAHHA KiNIbKOX Ail04MX KOMMOHEHTIB B 04HIN A03i. Cepesi 0OCHOBHMX TEXHOIOTYHMX NAaTHOPM, L0 CbOroAHI A0CI-
OXY0TbCA Ans noTpeb dpapmadii Ta KocMeToNoriT, BUAINAITL: CTpymMeHeBuI ApyK (Inkjet printing), MogentoBaHHA MeTo-
OoM HannassieHHA (FDM), cenekTuBHe nla3epHe cnikaHHA (SLS), ctepeoniTorpadito (SLA) Ta ekcTpysito HanisTBepamMX
MaTepianis (PAM).

BUCHOBKM. Y3arasibHeHO Cy4acHi AaHi WoA0 3aCTOCYBaHHA aANUTUBHUX TEXHOJOTIN Y BUPOOHNLTBI NIKapCbKMX Ta
KOCMeTUYHMX 3acobiB. MNMokasaHo, wo 3D-apyK 3abe3nevye CTBOPEHHA NePCOHai30BaHMX NiKapCbKNX | KOCMEeLEeBTUYHNX
$opM i3 KepoBaHOK CTPYKTYPOIO Ta NpodisnemM BUBIIbHEHHA. BCTaHOB/IEHO, WO 6iONPUHTUHT PO3LUNPHOE MOX/MBOCTI
JOKJIHIYHOrO CKPUHIHTY 11 a/ibTepHAaTUBHUX Modenen 6e3nekun, 30KpemMa B KOCMETO/IOrii Ta pereHepaTUBHIN MeauLyHI.
BoZHOYaC WMPOKE BNPOBAAXKEHHSA LMX TEXHOJIOTIN CTPUMYETHCA TEXHOJIOTIYHMMM Ta PETYIATOPHUMU 0BMEXEHHAMM.

KJIFOYOBI CJIOBA: aanTuBHI TexHooril; 3D-ApyK; TeEXHOMOriA NiKiB Ta KOCMETUYHMX 3acobiB; NepcoHasnizoBaHa
MeauumHa.
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