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Abstract 
In recent years, the interest in 3D printing of medicines has increased due to many 

advantages of this technology, such as flexibility of the dose and dosage form of the printed 
product. Fused deposition modeling (FDM) is one of the most popular 3D printing technologies 
in the pharmaceutical field, due to its low cost and simplicity. The subject of this review is the 
potential use of natural products as biodegradable and biocompatible materials with good safety 
profiles in FDM 3D printing of pharmaceuticals. Natural products such as alginate, chitosan and 
starch have already been employed as excipients in FDM 3D printed pharmaceutical dosage 
forms, while others like shellac and zein show the potential, but haven’t yet been part of 3D 
printed pharmaceutical formulations. These excipients have different roles in the formulation of 
filaments for FDM 3D printing, for example as fillers, matrix carriers or drug-release modifiers. 
In addition, the possibility of incorporating active pharmaceutical ingredients of natural origin in 
filaments for FDM 3D printing was reviewed. High printing temperatures limit the use of natural 
products in FDM 3D printing. However, adequate selection of thermoplastic material and printing 
parameters can widen the use of natural products in FDM 3D printing of pharmaceutical dosage 
forms. 
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Introduction 
Three-dimensional (3D) printing is an additive manufacturing method that involves 

stacking layers of material to form different 3D shapes. This technology enables rapid 
production of prototypes using computer-aided design (1). 3D printing technology is 
applied in a variety of fields, including the consumer goods industry, the automotive and 
aerospace industry, and also the development of medical devices and medicines (1, 2). 
The interest in 3D printing of pharmaceutical products has been growing since the US 
Food and Drug Administration (FDA) approved the first 3D printed drug Spritam® in 
2015 (2). 

One of the major advantages of 3D printing of pharmaceutical dosage forms is the 
high adaptability of drug dose and dosage form. 3D printed medicines can be customized 
for the individual, which can lead to the transformation of extemporaneous compounding 
in pharmacy practice. This can be of particular importance for the pediatric and geriatric 
populations, patients suffering from rare diseases, as well as for veterinary patients, for 
whom there are generally no adequate doses and drug dosage forms available on the 
market (2, 3). The adoption of 3D printing as an alternative method of tablet production 
can be used in both preclinical and clinical research, as it enables cheap and fast printing 
of a small series of products, and at the same time highly dose-flexible formulations (3). 

3D printing is a term that encompasses several technologies. The most commonly 
used 3D printing technologies for the development of pharmaceutical products are binder 
jetting, vat polymerisation, powder bed fusion, material jetting and material extrusion. 
Material extrusion includes semi-solid extrusion and fused deposition modeling (FDM) 
(3, 4).  

FDM is an extrusion-based 3D printing technology. The printed material is melted 
and softened, then extruded through the printer nozzle and finally deposited on the printer 
build plate layer by layer in order to form a 3D structure. Each layer bonds to the previous 
layer, becoming solid after cooling. There are a few important parameters for FDM 3D 
printing: the printing temperature, build plate temperature, printing speed, infill density, 
shell thickness, top/bottom thickness and layer height. Modifying these parameters affects 
product characteristics (5). In FDM 3D printing of pharmaceutical dosage forms, printing 
parameters such as layer thickness and infill density modification gives the opportunity 
to alter pharmaceutical dosage forms' geometry, complexity and inner structure, which 
can affect the release of the active pharmaceutical ingredient (API) from a 3D printed 
dosage form (6, 7). Therefore, one of the advantages of FDM 3D printing is the easy 
modification of the drug release profile. Additional advantages are the possibility of 
printing pharmaceutical dosage forms with multiple APIs, and the fact that no post-
processing is needed after printing. Another important advantage of FDM 3D printing 
technology is its low cost (6). On the other hand, FDM 3D printing has its limitations, a 
major one being the high printing temperature, which can lead to degradation of the API 
and other thermosensitive components (3). Another limitation is the lack of thermoplastic 
materials suitable for formulation of pharmaceutical dosage forms (8). 
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Feedstock material for FDM 3D printing are thermoplastic polymers in the form of 
filaments (9). The currently available commercial filaments for FDM 3D printing are not 
suitable for pharmaceutical application, which is why in-house preparation of filaments 
is needed prior to the printing process. Hot-melt extrusion (HME) is the most frequently 
used method for the preparation of filaments with pharmaceutical-grade polymers (10, 
11). Commonly used thermoplastic polymers for this purpose are polyvinyl alcohol 
(PVA), polylactic acid (PLA), polyvinylpyrrolidone (PVP), cellulose ethers, derivates of 
acrylates, polyethylene glycol (PEG), polyethylene oxide (PEO). Other excipients and 
APIs can also be added to the powder mixture for HME (10). Excipients often used to 
improve physical and rheological properties of the filament are plasticizers and fillers. 
Plasticizers are substances that can reduce the glass transition temperature of the 
polymers, lowering the extrusion temperature and thus broadening the range of 
thermosensitive APIs and other substances that can be incorporated into filament 
formulation (10, 12). Plasticizers most commonly used for FDM 3D printing of 
pharmaceuticals are glycerol, polyethylene derivatives, triacetin, triethylene citrate. 
Immiscible fillers such as talc, lactose, starch, microcrystalline cellulose, magnesium 
stearate and tricalcium phosphate can also be added to filament formulation along with 
disintegrants, solubilizers and modifiers of the drug release (10).  

Natural products in FDM 3D printing 
Due to biocompatibility, biodegradability and a good safety profile, natural 

products are increasingly used as pharmaceutical excipients. The growing interest in 
sustainability is shifting the focus on utilization of biopolymers obtained from renewable 
sources (unlike petroleum derived polymers, which are exhaustible in nature) (13). In 3D 
printed pharmaceutical dosage forms made by the FDM 3D printing technology, 
polymers make up more than 50% of the dosage form. As sometimes partial or complete 
degradation of polymers can occur in the gastrointestinal tract, with this relatively high 
intake of these excipients, their safety is of great importance, especially for pediatric 
patients (14).  

The requirements that natural products for 3D printing in medical and 
pharmaceutical field should fulfil in general are biocompatibility, biodegradability, 
appropriate mechanical properties and printability (13). Natural products can have 
various roles in formulation of filaments for FDM 3D printing, such as thermoplastic 
matrix carriers, fillers, and drug-release modifiers, as will be shown in this review. For 
example, with the use of plasticizers, biopolymers such as starch and proteins can be 
processed as thermoplastics. Some natural products can be used as APIs in 3D printing 
of pharmaceutical dosage forms, which will also be a subject of this review. Because they 
are biocompatible, some also edible, and available directly from plant or animal sources, 
they represent good candidates for FDM 3D printing of natural products in the food 
sector, biomedical and pharmaceutical field (15).  

Natural fibers from vegetables such as rice or coconut husks, hemp fibers, flax 
fibers and others are mainly waste products coming from industry or local agriculture. 
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Using natural fibers as fillers in filament formulations for FDM 3D printing has numerous 
advantages, because they are environmentally friendly and economical. These fillers are 
pulverized cheap materials, which can be added to the filament formulation to lessen the 
use of expensive plastic materials and consequently reduce the overall cost of the 3D 
printing process. Fillers can increase flexural stiffness of the filaments and increase 
dimensional stability after solidification, but also reduce filament tensile strength and 
increase filament density (16).   

However, there are certain limitations to using natural products in filament 
formulations for FDM 3D printing. In the pharmaceutical field, filaments produced by 
HME are exposed to temperatures ranging from 47 ˚C to 200 ˚C (17). The temperature 
used for the 3D printing of filaments is usually even higher than the HME temperature, 
because nozzle diameters of 3D printer and extruder differ, the printer nozzle diameter 
being smaller, which is why a higher temperature is needed to achieve adequate viscosity 
of the filament and avoid blockage of the nozzle (17, 18). When natural fillers are exposed 
to high temperatures (above 200 ˚C) for more than a few minutes, thermo-oxidative 
degradation is expected to occur. For example, Domingues-Robles et al. used FDM 3D 
printing to create objects from PLA composites containing lignin as a natural filler. The 
printing temperature ranged from 185 ˚C to 205 ˚C and the thermogravimetric analyses 
showed that thermal degradation of the lignin started to occur (a small amount, ca. 3%) 
(19). This is why the choice of thermoplastic polymer has to be limited to those polymers 
with a rather low melting temperature when natural fillers are added to the filament 
formulation. Moreover, natural fillers are highly hydrophilic. The accumulation of water 
in these materials can lead to water evaporation during filament formation and printing 
processes, or even hydrolysis of the polymeric material susceptible to this type of 
degradation (16). Therefore, careful drying of natural fillers is of great importance prior 
to the filament forming process.  

Because excipients of natural origin cannot withstand high temperatures used in 
FDM process, FDM technology is not the most suitable one for 3D printing of natural 
products. Natural products are more often employed as excipients in semi-solid extrusion 
3D printing, because this type of technology doesn’t require high temperatures (14). 
Nevertheless, utilization of natural products is certainly possible in FDM 3D printing in 
various fields, including pharmacy, as will be discussed in this review. 

Excipients of natural origin utilized in 3D printing 

Alginate is a naturally occurring anionic polysaccharide, derived mainly from 
brown algae cell walls (Laminaria hyperborea, Macrocystis pyrifera, Ascophyllum 
nodosum) and several strains of bacteria (Azotobacter, Pseudomonas). Sodium alginate 
is the most widely used form of alginate in the pharmaceutical industry and biomedicinal 
field (20). A few studies have reported on using alginate in FDM 3D printing for the 
formulation of pharmaceutical dosage forms. Mirtamadian et al. used FDM 3D printing 
combined with HME to produce tablets containing alginate nanoparticles loaded with 
oxaliplatin for colon cancer targeted delivery. Oxaliplatin loaded alginate nanoparticles 
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were prepared using the ionic gelation method with calcium chloride as a cross-linking 
agent. Eudragit® L 100-55 was used as the main polymer for the formulation of the 
filaments, with PEG 6000 and triethyl citrate as plasticizers and freeze-dried alginate 
nanoparticles containing API. By combining nanotechnology and FDM 3D printing, they 
successfully prepared colon-specific oral tablets for targeted drug delivery to colorectal 
cancer tissue (21). Yang et al. mixed ibuprofen as an API, ethylcellulose as a 
thermoplastic polymer and sodium alginate as a drug release modifier. This mixture was 
extruded in a twin-screw extruder at 100-120 ˚C. The obtained HME filaments were used 
for FDM 3D printing of controlled-release ibuprofen tablets (22). In another study, the 
authors reported printing a pH-responsive tablet using FDM 3D printing technology with 
a filament made of Eudragit® L100-55 and Eudragit® S100 and PLA filament. Before 
completion, the printing process was paused, the previously made non-coated or chitosan-
coated alginate beads containing 5-fluorouracil were placed in the hollow part of the print, 
and the printing process was resumed.  In this formulation, alginate and chitosan are 
technically part of the 3D printed tablet; however, neither of these natural products is 
employed in either HME during filament forming, or FDM during the 3D printing of the 
dosage form (23). 

Chitosan is a natural polycationic polysaccharide derived from chitin, found in the 
exoskeleton of insects, cell walls of fungi and crustaceans (crabs and shrimps mainly) 
(24).  Eleftheriadis et al. utilized the mucoadhesive properties of chitosan, adding it to the 
PVA filament formulation, plasticized with xylitol and with diclofenac sodium as the 
API. The HME temperature was 169 ˚C and the filaments with and without chitosan were 
prepared. FDM 3D printing technology was used to obtain mucoadhesive buccal films 
from the previously prepared filaments. Filaments with and without 1% w/w of chitosan 
were printed at 200 ˚C, and better mucoadhesion and permeation properties were 
confirmed in the presence of chitosan in the 3D printed buccal film (25). Yang et al. 
reported FDM 3D printing of drug delivery implants, consisting of polycaprolactone 
(PCL) as a drug delivery carrier, ibuprofen as an API and chitosan as an agent for 
controlled drug release. The filaments were made via a two-step HME process. The first 
step was granulation in a twin-screw extruder, and in the second step extrudates were 
placed in a single-screw extruder in which the filaments were formed. The implants were 
3D printed on an FDM 3D printer from the previously produced filaments. Controlled 
drug release was adjusted by changing the API and chitosan content and the structure of 
the printed product (26). Chitosan was also used in a hollow tablet formulation with 5-
fluorouracil as the API, along with alginate in the study mentioned previously, though not 
as part of the HME or FDM 3D printing process itself (23). 

  Pectin is an anionic polysaccharide found in the cell wall of plants. Among other 
uses, it is used as a thickening agent in the food industry and an encapsulating agent in 
pharmaceutical formulations (27, 28). Apples and citrus fruits are sources of commercial 
pectin. Other possibilities for the extraction of pectin are being investigated, such as 
various agro-industrial residues (28). Hwan Lee et al. have successfully produced 3D 
printed gastro-retentive tablet formulations containing sarpogrelate, prepared by FDM 3D 
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printing, coupled with the HME of the filaments with different amounts of polymers 
Eudragit® L 100-55, PEO and pectin. They were able to develop a 3D printed gastro-
retentive tablet with the ability to float for over 10 hours. Moreover, they have shown that 
the interaction between Eudragit® L 100-55 and pectin has a significant effect on the 
dissolution rate of sarpogrelate from this dosage form (29). 

Starch is a versatile biopolymer that can be extracted from agricultural plants, such 
as rice, corn, sugarcane, sugar beets, and wheat (30, 31). It is an excipient widely used in 
the pharmaceutical industry, mainly in oral solid dosage forms as a disintegrant, binder 
and diluent (filler) (32). Ehtezazi et al. reported successful FDM 3D printing of 
multilayered fast dissolving oral films with ibuprofen and paracetamol as APIs. The layer 
containing ibuprofen was extruded from PEO filaments with sodium lauryl sulphate and 
starch. In this formulation, starch was used as a disintegrant. The HME process was 
conducted at 60 ˚C on a single-screw extruder, while the FDM 3D printing process of the 
obtained filaments was performed at 165 ˚C (33). In addition to this, unmodified starch 
can be processed as thermoplastic in the presence of a highly viscous plasticizer (e.g. 
glycerol). Starch contains many hydroxylic groups, available for interaction with the 
plasticizer. The result of this interaction is the formation of an amorphous structure and 
the viscous starch melt (31). Mendibil et al. performed a direct powder extrusion of 
paracetamol tablets on an FDM 3D printer with an added powder-extrusion head, which 
allowed a 3D printing process without previous preparation of the filaments. Mixtures 
containing hydroxypropyl cellulose and starch with different proportions of paracetamol 
and guar gum were extruded with a twin-screw extruder at 85 ˚C, only to determine the 
thermal processability of the formulations. The obtained filaments were later not used for 
3D printing. Instead, direct powder FDM 3D printing was used make the tablets and 
explore possibilities of reducing the API thermal stress, because it meant skipping one 
thermal process – HME. Hydroxypropyl cellulose and potato starch were used as matrix 
carriers and, because of the low printing temperature (90 ˚C), water was used as a 
plasticizer. Guar gum is another natural product added to this formulation (34). Guar 
gum is a non-ionic polysaccharide found in the seeds of Cyamopsis tetragonolobus (35). 
It is an excipient used in pharmaceutical dosage forms as a disintegrant and binder (32). 
Mendibil et al. concluded that the addition of 5% w/w of guar gum eased the extrusion 
process. (34).  

There are a few studies showing the possibility of employing thermoplastic starch 
as a filament forming material in combination with other thermoplastics. Ju et al. obtained 
filaments of starch plasticized with glycerol (70:30 % w/w) in a twin-screw extruder at 
135-150 ˚C. Filaments were then cut to pellets and mixed with PLA and poly(butylene 
adipate-co-terephthalate) and extruded again at 165-180 ˚C. In this filament formulation, 
thermoplastic starch made up 50% w/w and was used as a matrix material. These 
filaments were later successfully used for FDM 3D printing of various shapes at 180 ˚C 
(36). Kuo et al. made filaments consisting of thermoplastic starch and acrylonitrile-
butadiene-styrene copolymers, with the addition of pigments and compatibilizers and 
impact modifiers, to improve mixing of thermoplastic polymers and physical properties 
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of the filaments (37). Zhao et al. reported obtaining PCL/starch filaments for low-
temperature FDM 3D printing (38). These studies show promise that thermoplastic starch 
composites can be used in 3D printing of pharmaceuticals. It should also be mentioned 
that natural starch is a starting material for the synthesis of PLA, one of the most 
commonly used biodegradable synthetic thermoplastics for FDM 3D printing (30). 

Cellulose, being one of the principal plant components, is a ubiquitous, 
biodegradable and almost inexhaustible natural polymer. Chemically, it is an unbranched, 
linear polysaccharide. Cellulose and its derivates are well known pharmaceutical 
excipients used in formulations with controlled drug release, mucoadhesive and bio-
adhesive formulations, osmotic drug delivery systems and others (39). Natural cellulose 
possesses a strong hydrogen bonding network, which is why it degrades before melting 
(40). This is why natural cellulose cannot be used in HME and FDM 3D printing as matrix 
polymer. However, it is a source material for numerous cellulose derivates, highly 
employed in FDM 3D printing of pharmaceuticals. In addition to synthetic thermoplastic 
polymers like PLA, PVA and PVP, cellulose derivates are the most commonly used 
thermoplastics for filament formulation in pharmaceutical field. The use of 
hydroxypropyl cellulose (HPC), hydroxypropyl methylcellulose (HPMC), ethylcellulose 
(EC), hydroxypropyl methylcellulose acetate succinate (HPMCAS) was reported for the 
formulation of filaments loaded with APIs for FDM 3D printing of dosage forms in 
various studies (8, 10, 18, 22, 41-50), examples of which are shown in the Table I. Table 
II gives an overview of the selected excipients of natural origin (other than cellulose and 
its derivates) and their specific roles in FDM 3D printed pharmaceutical dosage forms. 
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Table I  FDM 3D printed pharmaceutical dosage forms containing cellulose-derivates  

Tabela I  Farmaceutski oblici lekova sa derivatima celuloze štampani FDM tehnologijom  
 

Cellulose-derived polymer API Dosage form Reference 

EC 

Ibuprofen Controlled release tablet (22) 

Quinine Implant (18) 

Paracetamol Controlled release tablet (41, 42) 

HPC 
 

Theophylline Immediate release tablet (43, 44) 

Paracetamol Controlled release tablet (41, 42) 

Domperidon Intragastric floating 
controlled release tablet (45) 

Itraconazole Controlled release floating 
tablet (46) 

HPMC 

Paracetamol Controlled release tablet (41, 42, 47) 

Haloperidol Immediate release tablet (48) 

Carvedilol Gastro-retentive floating 
tablet (49) 

HPMCAS Paracetamol Controlled release tablet (42, 50) 

 
Table II  Selected excipients of natural origin and their specific roles in 3D printed  
 pharmaceutical dosage forms 
Tabela II  Odabrani ekscipijensi prirodnog porekla i njihove specifične uloge u 3D štampanim  
 farmaceutskim oblicima lekova  
 

Excipient of 
natural origin 

FDM 3D printed 
pharmaceutical dosage 

form 
API Role of excipient Reference 

Alginate 

oral tablet for targeted drug 
delivery oxaliplatin carrier (21) 

controlled release tablet ibuprofen drug release 
modifier (22) 

Chitosan 

mucoadhesive buccal film diclofenac 
sodium mucoadhesive agent (25) 

implant ibuprofen agent for controlled 
drug release (26) 

Pectin gastro-retentive tablet sarpogrelate release modifier (29) 

Starch 
fast dissolving oral films ibuprofen; 

paracetamol disintegrant (33) 

tablet paracetamol matrix carrier (34) 

Guar gum tablet paracetamol plasticizer (34) 
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Excipients of natural origin with the potential to be utilized in 3D printing  

There are some natural products not yet used in the formulation of FDM 3D printed 
pharmaceutical dosage forms, but with the potential to be applied in this field. Shellac is 
a natural resin secreted by insects and a known pharmaceutical excipient. In 
pharmaceutical dosage forms it is mostly used as moisture barrier, usually in the form of 
an aqueous or alcoholic solution (32). It has also found its use in the food industry, for 
example as the shiny shell on candies (17). Chansatidkosol et al. managed to prepare 
filaments based on shellac by HME, and reached the conclusion that shellac might have 
suitable properties, such as decomposition temperature, melting temperature and melting 
enthalpy, for the formulation of filaments for FDM 3D printing (51). Zein is a plant 
protein obtained from corn. In the pharmaceutical industry it is used as a binder and 
coating agent (32, 52). Chaunier et al. used zein from maize with glycerol as a plasticizer 
to produce filaments via a single-screw extruder at 130 ˚C. Afterwards they used these 
filaments to print a ring geometry model by the FDM 3D printing technology at the same 
temperature at which the HME process was done. The authors suggest the possibility of 
zein filament application in the biomedical and pharmaceutical field (52). 

Many studies have been conducted to examine the possibility of adding natural 
fillers to thermoplastic biocomposites in order to lower the cost of filaments and excess 
use of thermoplastics such as PLA (30). For example, Domínguez-Robles et al. prepared 
printable antioxidant PLA filaments with lignin as a biofiller (19). Lignin is a plant-based 
polymer and a by-product of the pulp and paper industries (30). The authors suggested a 
possible application in healthcare products for wound healing (19). Cali et al. made two 
types of PLA filaments containing either hemp or waste powder of hemp inflorescences 
as fillers. This study acknowledged the effect of filler particle size and moisture content 
on the compatibility with the matrix polymer. The authors successfully used an FDM 3D 
printer to make neck orthosis from these filaments, and point to further usage possibilities 
in the cosmetic, biomedical and pharmaceutical fields (53). Many more agricultural-waste 
products have been investigated as natural fillers for FDM 3D printing filaments, like 
soybean hull fiber (54, 55), cocoa shell (56), sugarcane (57), etc. However, the possibility 
of their usage in the formulation of pharmaceutical dosage forms is still to be evaluated. 

Apis of natural origin in HME and FMD 3D printing 
To the authors’ knowledge, only a few studies have reported using a naturally 

occurring substance as an API in FDM 3D printed formulations. Quinine is an 
antimalarial drug naturally occurring in the bark of the cinchona tree (58). Kempin et al. 
3D printed implants with quinine as the API. Different types of filaments were produced, 
with either PLA, PCL, EC or Eudragit® as matrix carriers. Quinine was incorporated into 
polymer matrixes by a solvent casting method. Ethanolic solutions of quinine and a 
solution of polymers in either methylene chloride (PCL, PLA) or acetone (EC, Eudragit®) 
were mixed and poured as a thin layer on a glass plate. After solvent evaporation, the 
created films were broken into small pieces, which were afterwards extruded into 
filaments. The created filaments were then 3D printed into implant shapes, with the 
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printing temperature depending on the polymer (164 ˚C, 155 ˚C, 145 ˚C and 53 ˚C for 
PLA, Eudragit®, EC and PCL respectively). The authors showed that the quinine release 
rate greatly depended on the polymer used and the amount of drug loaded into the filament 
(18). Tagami et al. used FDM 3D printing technology to print curcumin tablets (9). In 
this study, curcumin, a polyphenol with antioxidant and anti-inflammatory effects, 
naturally occurring in Curcuma longa (59), was incorporated into PVA filaments by the 
soaking method (avoiding HME of the filaments with API). These filaments were later 
successfully used for 3D printing of the tablets (9). On the other hand, Chuah et al. 
prepared an amorphous solid dispersion of curcumin by HME. HPMC, lecithin and 
isomalt were used as excipients in this formulation. It should be mentioned that in this 
study the authors did not aim to produce filaments for FDM 3D printing, but rather to 
formulate a dosage form with improved bioavailability of curcumin (60). 

A few other studies have investigated the possibility of forming extrudates with 
plant extracts by HME. Pinho et al. used HME to produce filaments with cocoa extracts 
from Theobroma cacao. Cocoa extract contains high amounts of flavonoid theobromine, 
with cardioprotective and anti-inflammatory potential. Different polymers were used as 
matrix carriers (Soluplus®, Plasdone® S630, and Eudragit® E), and the authors reported 
that the stability of the natural product was preserved (61). Ginkgo biloba extract is 
widely used in cardiovascular and neurodegenerative diseases (13). Extrudates containing 
a 25% extract of Ginkgo biloba were obtained by the HME process, with a Kollidon® 
VA64 and Kolliphor® RH40 mixture (85:15) as the matrix carrier, by Wang et al. (62). 
Angelica gigas Nakai (AGN), a medicinal plant with anticancer, antiamnestic and 
antiallergic effect, has also been employed in the HME process. Jiang et al. (63) and 
Kalam Azad et al. (64) obtained extrudates of Angelica gigas Nakai dry root, in Soloplus® 
and HPMC as a polymer matrix, respectively. Piperin (65), artemisinin (66), paclitaxel 
(67) and quercetin (68) are additional examples of natural extracts successfully loaded 
into polymeric matrix formulations, either pellets or powders, by HME. The aim of these 
studies was to increase the dissolution rate and bioavailability of the abovementioned 
compounds by formulation of solid dispersions. The likelihood of loading these 
ingredients into filaments for FDM 3D printing is yet to be researched. However, the very 
possibility of processing these natural products using the HME technology shows promise 
for their utilization in FDM 3D printing. 

Conclusion 

Based on this review, we can conclude that many natural products have a lot of 
potential to be employed as either excipients or APIs in FDM 3D printing of 
pharmaceuticals. As excipients, they can have various roles in filament formulations, such 
as matrix carriers, fillers, disintegrants, modifiers of drug release and many others. Most 
of the used natural excipients in FDM 3D technology can be described as multifunctional, 
and their functional categories should be determined in the future. A major obstacle of 
employing natural products in FDM 3D printing and HME are the high temperatures often 
used in these technologies. By selection of appropriate polymers (with low melting 
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temperatures), plasticizers and other excipients, HME and FDM 3D printing parameters, 
the temperatures used in these technologies can be reduced. With lower extrusion and 
printing temperatures, the use of natural products in FDM 3D printing of pharmaceutical 
dosage forms can be broadened. This review provides a comprehensive overview of 
natural excipients with the potential to be used in FDM 3D printing in order to leverage 
this technology for application in the pharmaceutical industry and drug production. 
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Kratak sadržaj 
Poslednjih godina interesovanje za 3D štampanje lekova je u porastu usled mnogih 

prednosti ove tehnologije, kao što su visoka fleksibilnost u pogledu doze i farmaceutskog oblika 
štampanog farmaceutskog proizvoda. Fused deposition modeling (FDM) je jedna od 
najpopularnijih tehnologija 3D štampanja u farmaciji, zbog svoje niske cene i jednostavnosti. 
Predmet ovog preglednog rada je upotreba prirodnih proizvoda kao biorazgradivih i 
biokompatibilnih materijala sa dobrim bezbednosnim profilima u FDM 3D štampanju 
farmaceutskih proizvoda. Prirodni proizvodi kao što su alginat, hitozan i skrob već su 
primenjivani kao ekscipijenti u FDM 3D štampanim farmaceutskim oblicima lekova, dok drugi, 
poput šelaka i zeina, pokazuju potencijal, ali još uvek nisu korišćeni za 3D štampu farmaceutskih 
oblika lekova. Uloge ovih ekscipijenasa u formulaciji filamenata za FDM 3D štampu mogu biti 
različite, npr. punioci, nosači matriksa ili modifikatori oslobađanja. Takođe je razmatrana 
mogućnost inkorporacije aktivnih farmaceutskih sastojaka prirodnog porekla u filamente. Visoke 
temperature štampanja ograničavaju upotrebu prirodnih proizvoda u FDM 3D štampanju. 
Međutim, adekvatan izbor termoplastičnog materijala i parametara štampanja može proširiti 
upotrebu prirodnih proizvoda u FDM 3D štampanju farmaceutskih proizvoda. 

 
Ključne reči:  biopolimeri, prirodna sredstva za dopunjavanje, prirodni plastifikatori,  
   FDM, trodimenzionalno štampanje 
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