
183Čes. slov. Farm. 2019; 68, 183–197

REWIEV ARTICLE

Souhrn

Přehledový článek se zaměřuje na charakterizaci (meth)
akrylátových kopolymerů – Eudragitů®, popis jejich 
chování při tepelném ošetření, možné interakce mezi 
kationtovými a aniontovými polymery, inkompatibili-
ty související s Eudragity® a na jejich využití v oblasti 
farmaceutické technologie perorálních tablet. V přehledu 
jsou rozděleny na rozpustné, nerozpustné a kombinaci 
těchto dvou typů. Právě kombinací rozpustného a ne-
rozpustného poly(meth)akrylátu byl získán nový typ po-
lymeru, Eudragit® FL. V technologii perorálních tablet 
se Eudragity® hojně využívají v matricových tabletách, 
a to samostatně nebo i v kombinacích, kde zajišťují ze-
jména prodloužené uvolňování léčiva. V menší míře se 
využívají v gastroretentivních systémech. Naopak velký 
význam mají Eudragity® v technologii potahovaných 
tablet, kde tyto enterosolventní polymery zajišťují speci-
fické směřování léčiva do určitých částí trávicího traktu,  
zejména do tenkého střeva nebo kolonu. Jsou zde zmí-
něny důležité systémy jako CODESTM a MMX® techno-
logie. V neposlední řadě je uvedena přehledová tabulka 
zahrnující aktuálně dostupné perorální léčivé přípravky 
na českém trhu, u kterých byl jako filmotvorná látka vy-
užit některý z Eudragitů®.
Klíčová slova: Eudragit® • matricové tablety • flotující 
tablety • potahované tablety • acidorezistentní tablety • 
burst efekt • prodloužené uvolňování léčiva • přívod léči-
va do kolonu

Introduction

Eudragit® was a trademark of Rohm GmbH & Co. KG. 
in Darmstadt in Germany, which was first marketed in 
19531). The name Eudragit® was derived from the Greek 
word “Εύ” (meaning good) and the German word “dragi-
eren” (meaning sugar coating), combined together to 
indicate an “excellent functional coating”2). In 1955, the 
first poly(meth)acrylates for pH-controlled release be-
came commercially available (Eudragit® L and Eudragit® 

S as organic solutions in isopropyl alcohol). These were 
followed in 1959 by a polymer with protective and mask-
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Characterisation and types of Eudragit® polymers

(Meth)acrylate copolymers can be subdivided into the 
soluble pH-dependent type and the insoluble pH-indepen-
dent type. The polymers with pH-dependent behaviour, 
such as anionic copolymers Eudragit® L, S and FS, are 
mainly used in gastro-resistant dosage forms, whereas 
the pH-independent types, such as Eudragit® NE, NM, 
RL and RS, are widely used for sustained release dosage 
forms8, 9). All Eudragit® polymers, except the acid soluble 
Eudragit® E, provide modified release effects10).

Soluble pH-dependent poly(meth)acrylates

Soluble poly(meth)acrylates (Eudragit® E, L, S, 
FS) exhibit a certain solubility in digestive fluids by 
salt formation. These polymers have acidic or alka-
line groups which enable a pH- dependent release of 
the API (Active Pharmaceutical Ingredient)4). They 
are applied in taste masking, enteric formulations as 
well as in controlled drug release in all sections of the 
intestine. Namely, Eudragit® L and S are suitable for 
enteric coating, whereas FS is appropriate rather for 
colon delivery. Eudragit® E polymer is gastrosoluble 
and enteroresistent1).

Eudragit® E
This type consists of dimethylaminoethyl methacry-

late, methyl methacrylate and butyl methacrylate in a 2 : 
1 : 1 ratio. Introduction of the cationic monomer ensures 
its solubility below pH 5 by salt formation with anions 
present in gastric fluid2).

Eudragit® E is provided as a micronized powder for 
aqueous dispersion named Eudragit® E PO, in a granule 
form for organic solution preparation called Eudragit® 
E 1009), and in a 12.5% organic solution named Eu-

ing function intended for immediate-release applications 
(Eudragit® E). Only ten years later poly(meth)acrylates 
for time-controlled drug release were launched on the 
market. Eudragit® research and manufacturing today 
takes place at the Evonik Industries sites in Darmstadt, 
Weiterstadt and Worms1). 

Eudragits® are synthetic acrylic copolymers that are 
derived from esters of acrylic and methacrylic acid, by 
free radical polymerization3, 4). Their physicochemical 
properties are determined by their functional groups 
(Fig. 1), and their solubility in the digestive tract re-
sults from monomer variations and polymerization 
reaction3). Eudragits®, owing to their stability in the 
presence of digestive enzymes and body fluids, are 
known as non-biodegradable polymers. Originally, 
they had been made as solutions of organic solvents, 
however in the course of years the product offer was 
expanded to a wide range of different physical forms. 
They are available as aqueous dispersions (marked D), 
granules (100), powders (PO) and organic solutions. 
Water dispersions greatly contribute to reducing the 
burden on the environment5, 6).

Eudragit® polymers have excellent film-forming 
properties, which are combined with high flexibili-
ty, low water vapour transition rates, high pigment 
uptake and a wide variety of available products4, 7). 
Due to the above, Eudragit® main application in the 
pharmaceutical industry is for the development and 
manufacturing of solid dosage forms that achieve 
therapeutically appropriate release profiles (modified 
release applications); protection of the drug from sur-
rounding influences such as humidity or light; and 
for the conventional film coating3, 4). Furthermore, 
they are used to avoid interactions between the core 
material and the coating as well as to increase a pa-
tient’s compliance4).

Fig. 1. Various Eudragit® copolymers, their respective groups (R) and properties1)
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Insoluble pH-independent poly(meth)acrylates

Insoluble but permeable neutral or cationic copoly-
mers, by contrast, enable prolonged release applications 
through pH-independent swelling and diffusion-con-
trolled dissolution4). These polymers include Eudragit® 
NE and NM, which have neutral groups (neutral ester 
groups) and Eudragit® RL and RS, which have alkaline 
functional groups (trimethylammonioethyl groups)20). 
Eudragit® NE and NM have an average permeability 
whereas RL and RS are polymers with a high and a low 
permeability, respectively2). They are commonly used 
for the development of delayed and sustained drug re-
lease formulations (Table 2)19). In coating technology, 
Eudragit® NE and NM polymers do not require addition 
of plasticizer19).

Eudragit® NE, NM
These polymers have no reactive functional group, 

since all carboxylic groups are esterified. They are 
mainly used in coating preparations in which the drug 
release is controlled by the film thickness. Both of these 
polymers have a minimum film forming temperature of 

dragit® E 12.511). Eudragit® E is naturally amorphous 
with a glass transition temperature of approximately 
48.6 °C, and it is perfectly applicable in hot melt extru-
sion for the preparation of solid dispersions due to be-
ing thermoplastic12). Originally, Eudragit® E was widely 
used for taste and odour masking6). Later, Eudragit® E 
was reported to be effective in enhancing the dissolu-
tion rate of poorly water-soluble drugs and improving 
the physical stability of amorphous solid dispersions 
against humidity stress13–15).

Eudragit® L, S, FS
Due to the presence of enterosoluble carboxylic 

groups, Eudragit® L, S, and FS are anionic pH-depen-
dent polymers suitable for gastro-resistant formula-
tions1, 16) (Table 1). These polymers are soluble at pH 
above 5.5. Although dissolution pH is mainly deter-
mined by the percentage of methacrylic acid, the pres-
ence of ester comonomers also contributes11, 17). As coat-
ing polymers, they ensure the site-specific drug release 
in the gastrointestinal tract (GIT), enabling the targeting 
to specific enteric areas, such as the upper intestine, the 
ileum, and the colon18).

Table 1. Eudragit® polymers used for GIT targeted drug delivery and their respective properties19)

Eudragit® Polymer Availability Dissolution Properties

L 30 D-55 30% aqueous dispersion
Dissolution above pH 5.5

L 100-55 Powder

L 100 Powder
Dissolution above pH 6.0

L 12.5 12.5% organic solution

S 100 Powder

Dissolution above pH 7.0S 12.5 12.5% organic solution

FS 30 D 30% aqueous dispersion

Table 2. Eudragit® polymers used in sustained release formulations and their respective properties19)

Eudragit® Polymer Availability Dissolution Properties

NE 30 D 30% aqueous dispersion Insoluble
Low permeability
pH-independent swelling
No plasticizer required
Highly flexible

NE 40 D 40% aqueous dispersion

NM 30 D 30% aqueous dispersion

RL 100 Granules
Insoluble
High permeability
pH-independent swelling

RL PO Powder

RL 30 D 30% aqueous dispersion

RL 12.5 12.5% organic solution

RS 100 Granules
Insoluble
Low permeability
pH-independent swelling

RS PO Powder

RS 30 D 30% aqueous dispersion

RS 12.5 12.5% organic solution
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Eudragit® NM). Due to its dominating gastro-resis-
tant property, Eudragit® L 30 D-55 serves as the lead 
polymer, while Eudragit® NM 30 D provides higher 
levels of flexibility. Eudragit® FL exhibits a very low 
acid value, which makes it highly compatible with 
a broad range of APIs such as acid-sensitive small 
molecules or peptides. It enables plasticizer-free for-
mulations, making it ideal for the compression of coat-
ed multiparticulate systems. It can be sprayed to form 
a smooth coat with excellent adhesion. The advantages 
of the coating process include time reduction (by up 
to 70%), lowering manufacturing costs, total required 
polymer amount, avoidance of sticking, and increased 
drug loading24).

IPEC

Inter-Poly-Electrolyte Complex (IPEC, IPC or PEC) 
results from the interaction of the cationic polymer (chi-
tosan25)) with the anionic polymer (carbomer26), sodium 
alginate27)). The preparation of IPEC is a lengthy process. 
The complex is formed by precipitation in aqueous or 
buffer solution, followed by isolation, drying, grinding 
and sifting (to the desired particle size) to obtain a mix-
ture intended for direct compression of the tablets. Some 
of Eudragits® can be considered as polycations (Eudragit® 
types E, RL, RS) and others as polyanions (Eudragit® 
types L, S) (Fig. 2)27, 28). It is known that the stoichiom-
etry of both components in binary IPEC depends on the 
pH values of the media, ionic strength, concentration, 
and sometimes on the order of mixing. IPECs can extend 
drug release either by reducing swelling and erosion of 
polymeric matrix or by modulating microenvironmental 
pH. The advantage of this complex is a slow release of 
a wide range of drugs due to ion-hydrogen interactions 
within the system. The swelling of the matrix IPEC sys-
tem is controlled by the relative ratio and composition 
of the individual components determining the amount 
of hydrophilic and hydrophobic parts in the IPEC struc-
ture27).

Ofokansi et al.30) prepared ibuprofen tablets from  
IPECs formed between Eudragit® RL 100 and chitosan. 
An electrostatic interaction between the carbonyl (–CO–) 
group of Eudragit® RL 100 and amino group of chitosan 
of the tablets formulated with the IPECs was capable of 

5 °C11). Depending on the drug solubility, 5–20% of dry 
polymer substance based on tablet weight is usually suf-
ficient to control drug dissolution and release over a 6–8 h  
period4). Due to insolubility, they can be utilized in 
the formulation of inert matrix systems. Their release 
mechanism is controlled by diffusion and gives straight 
lines in the plot of dissolved drug versus square root of 
time2). Table 3 summarizes some important character-
istics of the Eudragit® NE and NM water dispersions.

Eudragit® RL, RS
Cationic poly(meth)acrylates typically consist of 

ethyl acrylate, methyl methacrylate, and a low content 
of methacrylic acid ester with quaternary ammonium 
groups. The ammonium groups are present as salts, 
which increase the polymer swelling in aqueous me-
dia, thereby making the polymers more permeable20). 
Quaternary ammonium groups dissociate completely 
at pH 1–8. Since both are insoluble during gastroin-
testinal transit, these polymers are employed in ma-
trix formulations in which drug release is driven only 
by diffusion. Eudragit® RL is highly permeable, while 
Eudragit® RS is only slightly permeable. They can be 
mixed in any ratio to adjust the intermediate perme-
ability and obtain a specific release pattern2). Since 
Eudragit® RL contains more quaternary ammonium 
groups, it is more hydrophilic and permeable, resulting 
in accelerated drug release, its features are dominant 
in these combinations4). Due to the above, the quan-
tity of Eudragit® RS is usually much higher in order 
to achieve extended release effects8). Typical RS : RL 
ratios are 95 : 5, 90 : 10 or 80 : 202). Variations in poly-
mer ratio and coating quantity result in maximum flex-
ibility and ability to design the desired formulation. 
The combination of Eudragit® RS PO with Eudragit® 
RL PO has been shown to have improved release rates 
of drug from tablets compared to formulations with 
Eudragit® RS PO only21–23).

Combination of soluble and insoluble poly(meth)
acrylate

Eudragit® FL
Eudragit® FL is a new product combining the advan-

tages of two widely used polymers (Eudragit® L and 

Table 3. Characteristics of Eudragit® NE 30 D and NM 30 D1)

NE 30 D NM 30 D

Emulsifier 1.5% nonoxynol 100 0.7% macrogol stearyl ether

Ratio EA : MA 2 : 1 2 : 1

Mw (g/mol) 7.5 ∙ 105 6 ∙ 105

Viscosity (mPa ∙ s) 2–20 50

pH 5.5–8.5 5.5–8.6

1037–1047 1037–1047

EA – ethyl acrylate, MA – methyl acrylate
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such as plasticizers, make polymers less brittle and more 
flexible. The thermal treatment often influences the me-
chanical properties of polymers32). 

Thermal treatment of the polymeric matrices above the 
Tg could significantly alter the drug release. The duration 
of this process is also an important factor31). The effects 
of thermal treatment of tablets on the drug release rate 
were attributed to the polymer chain movement and in-
ter-diffusion of the Eudragit® polymer chains in the tablet 
matrix, which causes a better coalescence of the polymer 
particles to form a fine network and a matrix with lower 
porosity and higher tortuosity. In this way, the drug is 
surrounded and entangled by the polymer network, re-
sulting in a restricted leaching of the drug33). 

Azarmi et al.31) evaluated thermal treatment as a pro-
cess to extend drug release from Eudragit® RL, RS based 
matrix tablets. A prolonged release was observed when 
the heat treatment was above the Tg of the polymers. The 
duration of the heat treatment came up to be an import-
ant factor and the results showed that an increase in the 
duration of the heat treatment resulted in a reduced drug 
release. The heating of the matrices over 24 hours had 
no significant effect on the release rate of indomethacin. 
Furthermore, heat treatment of the matrices above the 
glass transition temperature of the polymer had no signif-
icant effect on the tensile strength of tablets33). In a sub-
sequent study, the same scientific group concluded that 
the prolonged release of API was due to the movement 
and redistribution of Eudragit® RS polymer chains in the 
matrix tablet structure.

On the other hand, the study of Dave et al.34) brought 
different results. The thermal treatment at 75 °C for 5 
hours increased breaking force and decreased the drug 
release rate only for theophylline/Eudragit® RS PO ma-
trices. For matrix tablets containing Eudragit® RL PO or 
a mixture of RL PO/RS PO it failed to impart an extend-
ed-release property to the tablets. This can be attributed 
to the relatively more hydrophilic nature of Eudragit® RL 
compared to Eudragit® RS. Although thermal treatment 
may result in the formation of a strong polymer matrix 
structure, the high level of permeability to aqueous me-
dia resulted in the rapid disintegration of the tablets and 
releasing of the drug. For the tablets containing Eudragit® 
RS PO, theophylline release decreased proportionately 

preventing drug release in the stomach and small intes-
tine and helped colon-targeted drug delivery of ibuprofen 
in the treatment of inflammatory bowel diseases. Kinetic 
analysis of drug release profiles showed that the systems 
predominantly released ibuprofen in a zero-order man-
ner. 

Another approach can be seen in utilizing physical 
mixtures of polymers in controlling drug release. Li et 
al.28) evaluated the combination of chitosan as a cation-
ic and Eudragit® L as an anionic polymer. They utilized 
physical mixture of these polymers and observed the in 
situ formation of an IPEC-based film on the tablet sur-
face. This novel structure could be only formed under 
specific dissolution conditions.

Thermal treatment of Eudragit® polymers

The term “thermal treatment means” a process in 
which the polymer is heated to a certain temperature for 
a specified time period (curing time). Thermal treatment 
of amorphous polymers usually requires the heating of 
a polymer to temperatures above the glass transition tem-
perature (Tg) (Table 4)31). The glass transition tempera-
ture, a fundamental property of an amorphous polymer, is 
the temperature at which a polymer undergoes a change 
from a hard, brittle glassy state to a soft, flexible rubbery 
state. It is well known that excipients that lower the Tg, 

Fig. 2. Interpolyelectrolyte complex between Eudragit® E and L29)

Table 4. Glass transition intervals of Eudragit® different 
grades17)

Eudragit® grade Tg (°C)

E 100/E PO 48

L 100-55/L 30 D-55 110

S 100/S 12.5 110

FS 30 D 48

NE 30 D 9

NM 30 D 11

RL 100/RL PO 70

RS 100/RS PO 65
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stearate contained in the tablets does not affect the prop-
erties of the polymer film. Aqueous dispersions show 
more incompatibilities than organic solutions or solid 
poly(meth)acrylates6).

Matrix tablets with Eudragits®

Matrix tablets involve a homogeneous dispersion of 
a drug into an excipient or a mixture of excipients which 
are able to form a matrix structure. Such excipients are 
termed as matrix carriers and are usually of polymeric 
origin. Interaction between a drug and a polymer gen-
erally forms the basis of controlled oral drug delivery. 
They can be prepared by direct compression of the pow-
der blend and by granulation prior to compression40). The 
most common approaches to achieve a controlled release 
are to embed the drug in a hydrophilic (swellable) matrix 
tablet based on the swelling of hydrophilic polymers41–44), 
a lipophilic matrix systems containing fats and waxes as 
carriers or insoluble matrices34, 45–48).

Eudragits® are attractive matrix forming materials 
due to their high chemical stability, good compatibility 
properties, and a large variety of available grades with 
different physicochemical characteristics. Insoluble Eu-
dragit® copolymers are known to form skeleton (insolu-
ble) diffusion-controlled matrix tablets by participation 
of individual (meth)acrylic copolymers or their mixture 
mainly together with different commonly used soluble or 
insoluble fillers. Moreover, a combination of insoluble 
Eudragits® with other insoluble polymers (e.g. ethylcel-
lulose – EC) have been described in the literature49). Both 
types of poly(meth)acrylates can be also an important 
component of swellable polymeric matrices (mainly hy-
droxypropyl methylcellulose – HPMC) to optimize drug 
release performance by adjusting gel layer characteristics 
in dependence on their physicochemical properties41).

Insoluble Eudragit® polymers
In technology of mono-component matrix tablets 

based on insoluble Eudragit® polymers, a combination of 
a freely soluble API/insoluble filler (or no filler)50) and 
a poorly soluble API/soluble filler is considered advan-
tageous. In the first case, an insoluble filler supports the 
regular sustained drug release, in the second case, a sol-
uble filler prevents a rapid disintegration of an almost 
insoluble matrix system. For a very soluble drug, a burst 
effect is typically associated with such a system. That can 
be demonstrated on Eudragit® NM-based matrix tablets 
with microcrystalline cellulose (MCC, Avicel® PH 101) 
as an insoluble filler for sustained release of a freely solu-
ble drug (diltiazem hydrochloride) or a sparingly soluble 
drug (caffeine). In the experiment, Eudragit® NM 30 D 
was used to granulate the drug-filler mixture. It has been 
concluded that the 12 hours extended release of a freely 
soluble drug can be achieved with the drug-filler ratio 1 : 1  
and the polymer concentration from 11.3% and 13.8%. 
On the contrary, the same system did not work with API 
caffeine and a higher tendency for fast disintegration was 
observed47). As a prevention of rapid disintegration, Apu 

with an increase in the thermal treatment temperature and 
concentration of plasticizer in the matrix.

Several studies have described the thermal treatment of 
insoluble Eudragit® polymers usually resulting in extend-
ed drug release from Eudragit® tablets due to a decrease 
in matrix porosity. It cannot be forgotten that the copoly-
mer incorporated into a commercial product has a differ-
ent Tg value than, for example, a blend with other matrix 
tablet components. Therefore, the thermal treatment of 
Eudragit® NE and NM matrices having Tg values very 
low is also important35).

Incompatibilities associated with Eudragits®

Although Eudragit® polymers are considered as chem-
ically stable, there are studies documenting polymers in-
compatibilities with some substances. The interactions of 
Eudragit® E with histamine-H2 receptor antagonists, Eu-
dragit® L with proton pump inhibitors, and Eudragit® RL, 
RS with nonsteroidal anti-inflammatory drugs (NSAIDs) 
are known.

In Sarisuta et al.37) the effect of polymeric Eudragit® 
E 100 film on coated tablets with ranitidine hydrochlo-
ride was investigated. Due to the mild interaction, such 
as hydrogen bonding, between protonated tertiary amino 
group of ranitidine hydrochloride and functional group 
of the Eudragit® E 100, the adhesive force between the 
film and the tablet surface decreased36). The interaction 
between Eudragit® L and proton pump inhibitor ome-
prazole is also known. The acidic nature of the polymer 
leads to the degradation of omeprazole. A possible solu-
tion is to use an inert subcoating layer, which separates 
the omeprazole containing core from the enteric coating.

Pignatello et al.38) studied the mechanisms of inter-
actions between Eudragit® RL 100 and RS 100 poly-
mers with three NSAIDs: diflunisal, flurbiprofen, and 
piroxicam. In particular, the incorporation and release 
of NSAIDs from Eudragit® RL and RS polymers was 
shown to be strongly dependent on the acidic nature of 
these drugs, which allows chemical interactions, physical 
interactions, or both to occur (zwitterionic adducts, ion 
pairs, ion-exchange resin behaviour) with the ammonium 
group of polymers. 

Physical and chemical interaction of ibuprofen with 
Eudragit® RL has been reported. Incompatibility occurs 
due to the electrostatic interactions and/or hydrogen 
bonding (carboxylic group of ibuprofen) with the quater-
nary ammonium groups in Eudragit® RL. This probably 
inhibits uniform dispersion of the drug in the polymer 
network and ultimately affects the drug loading and re-
lease profile in vitro and in vivo39).

Incompatibilities may also occur with some poly(meth)
acrylate dispersions depending on the ionic and physi-
cal properties of the polymer and solvent. For example, 
coagulation may occur due to soluble electrolytes, some 
organic solvents, pH changes and extremes of tempera-
tures. It is known that water dispersions of Eudragit® L, 
RL and RS are not compatible with magnesium stearate 
(thickening or coagulation). However, the magnesium 
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and a lot of literature sources can be found. As an exam-
ple, Reddy et al.53) published a significant burst release 
reduction of freely soluble nicorandil by granulation of 
the HPMC K4M/drug mixture (4 : 1) with ethanolic solu-
tions of Eudragits® RL 100 (10%) and RS 100 (4 and 8%). 
The initial release during the first 2 hours significantly 
decreased when Eudragit® RL (10%) was used (19.7 vs. 
32.6% in reference); a lower burst effect reduction was 
achieved for Eudragit® RS (27.4 vs. 30.8% for reference). 

In the study published by Tomuta et al.54), the HPMC 
K100M matrix tablets containing a very soluble drug 
(metoprolol tartrate) were prepared by fluid bed granu-
lation with Eudragit® NE 40 D as the granulation liquid. 
The obtained results revealed that increasing amounts of 
both polymers (HPMC K100M and Eudragit® NE) led 
to a decreased release of the drug amount, nevertheless 
without a significant reduction of burst effect as the con-
centration of Eudragit® NE was rising. 

An interesting addition of excipients in relation to 
granulation process was performed in the experiment 
published by Roy et al.55). Matrix tablets of the very 
soluble metformin hydrochloride were prepared by 
low-shear wet granulation. The formulations of an  
intragranular mixture included a combination of HPMC 
K200M with either Eudragit® RS 100 or Eudragit® RL 100  
and an addition of HPMC K15M extragranularly. The 
obtained results revealed that at the 26% concentration 
HPMC K200M was able to sustain the drug release 
for 12 hours and the combined effect of HPMC K15M 
as an extragranular excipient and Eudragit® RS 100  
displayed a significant role in drug release. It has been 
concluded that various grades of HPMC, at suitable  
concentration, in combination with polyacrylate  
polymers can be used effectively to modify the release 

et al.22) prepared an Eudragit® RS PO/RL PO matrix sys-
tem with a prolonged release of poorly soluble carbamaz-
epine (water solubility: 17.7 mg/L) in combination with 
soluble Ludipress® LCE (96.5% lactose, 3.5% povidon 
30) in the role of the filler.

Insoluble Eudragit® polymers with both good swell-
ing capacity and permeability can be successfully used 
for the acceleration of drug release from matrices based 
on more hydrophobic EC or oppositely an EC addition 
to Eudragit® formulations prolongs drug release51). In 
the study of Sánchez-Lafuente et al.49), didanosine, an 
antiretroviral drug, was incorporated into directly com-
pressed matrices using different ratios of Eudragit® RS 
and EC (Ethocel® 100). The results showed a progressive 
increase in the drug dissolution rate with an increasing 
ratio of Eudragit® RS in the polymeric matrix. 

Due to their insolubility, these polymers play a key role 
in a slowdown of drug dissolution rate and elimination/re-
duction of the burst effect of very soluble APIs from HPMC 
and other swellable matrices to obtain zero-order kinetics 
or near zero-order kinetics. Their insoluble character de-
creases the penetration of the dissolution medium into the 
inner matrix structure in a concentration-dependent man-
ner and lowers the diffusion extent. Even a thin polymeric 
layer inside a matrix can be observed for Eudragit® co-
polymers with more plastic character (e.g. Eudragit® NE) 
as demonstrated in Figure 3. A deeper explanation of this 
effect can be seen in the creation of a significantly larger  
interface between a highly soluble drug and insoluble  
Eudragit® polymers due to formation of nano-sized drug 
particles in HPMC K4M/Neusilin® US2 matrices as 
demonstrated by ssNMR spectroscopy52).

For this reason, a combination of HPMC and insoluble 
Eudragit® copolymers has been intensively investigated 

Fig. 3. The thin Eudragit® NE layer inside the HPMC K4M matrix structure (image from 
scanning electron microscopy)52)
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100-55 resulted in release retardation due to an interac-
tion between the anionic polymer and the cationic drug 
and the extent of retardation increased with an increase 
in the polymer level. 

Mixtures of pH-dependent and pH-independent poly-
mers can be employed in matrix tablets formulations 
with weakly basic drugs. While in the stomach, the poly-
mer mixture ensures low permeability, in the alkaline 
intestinal environment, the entero-soluble polymer dis-
solves and acts as a pore former, and increases solubil-
ity of the drug2). This approach was followed by Corti  
et al.63). In their study, pH-dependent Eudragit® L 100-55  
with hydrophilic swellable polymers such as chitosan 
and HPMC K4M was combined. They performed com-
plexation of the very soluble drug metformin with hydro-
phobic cyclodextrin and dispersed it in the matrix carrier. 
It was concluded that the method of complexation de-
termined the dissolution profile but the combination of 
Eudragit® L and chitosan was able to release the drug at 
the desired profile. 

Huang et al. achieved a desirable release profile of di-
phenhydramine by incorporating Eudragit® L in a carnau-
ba wax matrix system64). Tatavarti and Hoag employed 
Eudragit® L and malic acid as pH modifiers in the HPMC 
E4M matrix. Both compounds resulted in pH-indepen-
dent drug release65). Cha et al. included both Eudragit® 
L and S (1 : 1 ratio in concentration of 10% and 20%) 
into polyethylene oxide based matrix tablets to achieve 
pH-independent minocycline release66). 

Incorporation of cationic polymers such as Eudragit® 
E in the HPMC K4M matrix system has been attempted 
by Rao et al.67) in order to control the release of a weak-
ly acidic drug. Eudragit® E 100 facilitated a creation of 
relatively constant microenvironmental pH resulting in 
pH-independent release of divalproex sodium in dissolu-
tion media at different pH conditions (pH 1.0, 4.5, 6.8).

Combination of insoluble and soluble Eudragit® 
polymers

Various types of (meth)acrylate copolymers are of-
ten combined to achieve the desired dissolution profile 
of the drug from matrices. The controlled drug release 
kinetics close to zero-order kinetics can be achieved 
by combining Eudragits® with pH-dependent solubility 
and insoluble poly(meth)acrylates. Ceballos et al.7) pre-
pared extended-release theophylline matrix tablets by 
direct compression or by the solvent method [drug and 
polymer(s) were dissolved in a 95% ethanolic solution 
and then the solvent was removed in a rotary evaporator 
at 60 °C; the residue was stored at room temperature in 
a desiccator for 24 h and sieved (75–150 µm) before use] 
and different pH-dependent (Eudragit® L 100, L 100-55 
and S 100) and pH-independent (Eudragit® RL PO and 
RS PO) polymer combinations. Combining the solubil-
ity and permeability characteristics of the two polymer 
groups was the key to modulating the release profiles. 
Dissolution profiles of tablets (pre-prepared by the sol-
vent method) showed a stronger controlled release effect 
due to a reduction in the particle sizes of the drug, leading 

rates in hydrophilic matrix tablets, prepared by wet 
granulation technique.

Moreover, Eudragit® RS 100 showed a more prolonged 
drug release compared to the Eudragit® RL 100 based 
formula. The burst effect reduction of freely soluble met-
formin was also observed when Eudragit® RS PO was 
combined with the natural resinous material gum copal 
and/or damar gum exhibiting a highly hydrophobic struc-
ture (MCC PH 101 was used as the filler)56).

Due to the cationic character of Eudragit® RL/RS, 
drug release of very soluble APIs from HPMC K4M/
Eudragit® matrices can be significantly prolonged by an 
addition of an oppositely charged surfactant. This effect 
was demonstrated in the experimental study published 
by Nokhodchi et al.57) investigating the effects of various 
anionic (lauryl sulphate), cationic (cetyl trimethyl ammo-
nium bromide) and non-ionic (Tween® 65 and Span® 60) 
surfactant types, its concentrations and the different ra-
tios on the release rate of highly soluble propranolol hy-
drochloride. The different concentrations of surfactants 
were incorporated into HPMC K4M-Eudragit® RS matri-
ces prepared by direct compression. The dissolution rate 
of the drug from the matrices was evaluated at pH 1.2 or 
6.8. The results showed that the release rate of propran-
olol hydrochloride decreased as the concentration of an-
ionic surfactant increased due to complexation with the 
drug and the polymer. The non-ionic surfactant caused an 
increase and the cationic surfactant had a little effect on 
the drug release rate.

Newly, insoluble Eudragit® polymers participate in the 
formulation of bi-layered tablets delivering drugs that 
require a loading dose followed by a maintenance dose. 
In such a system, one layer contains a quantity of drug 
for conferring immediate release (fast disintegrated part), 
while the second layer contains a quantity of drug for 
extended release. Polymers Eudragit® RL and RS can be 
utilized in the sustained release layers58).

Soluble Eudragit® polymers
Some of anionic polymers can be also used in matrix 

tablet technology. However, applicability of these poly-
mers in sustained release matrix formulations is limited 
because they are non-gelling and soluble in intestinal 
fluids, often necessitating the use of a gelling polymer, 
such as HPMC59), hydroxyethyl cellulose, hydroxypropyl 
cellulose60) and xanthan gum61). However, the solubility 
of these enteric polymers at intestinal pH allows them to 
form pores in certain matrix systems, where interstitial 
channels are created due to the dissolution of these poly-
mers, which enables enhanced drug release via diffusion 
through the channels59). Tatavarti et al.62) explained the ef-
fect of the methacrylic acid polymer Eudragit® L 100-55  
by a significant decrease in matrix micro-environmental 
pH, enhancing the release of weakly basic drugs papav-
erine hydrochloride and verapamil hydrochloride from 
HPMC K4M hydrophilic matrices. For the former, the 
release increased with an increase in the levels of the 
methacrylic polymer used (influence of pH and polymer 
solubility). For the latter, incorporation of Eudragit® L 
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to interactions between the polymers and the drug. Nev-
ertheless, the results obtained from direct compression 
were more advantageous, as matrix tablets gave a total 
release after 6 hours and resulted in more reproducible 
release rates. Matrix tablets based on L 100/RL PO and 
L 100/RS PO mixtures gave the best results, displaying 
the highest percentage of total theophylline release, and 
the matrix formulation allowed to obtain more regular re-
lease profiles. This was achieved by a combination of the 
good erodible properties of L 100 with the swelling prop-
erties of RL PO and RS PO polymers. Thanks to high 
flexibility, Eudragits® NE or NM can be incorporated into 
Eudragit® L based formulations and act as plasticizers2). 
On the other hand, if Eudragit® L is added in an Eudragit® 
NM based formulation, drug release is retarded in acidic 
environment and enhanced in alkaline conditions68).

Floating tablets with Eudragits® 

Gastroretentive systems can remain in the gastric re-
gion for several hours and hence significantly prolong 
the gastric residence time of drugs. They are of particular 
interest for drugs that are locally active in the stomach 
(e. g. 5-flurouracil, antacids, prostaglandins), have an ab-
sorption window in the stomach or in the upper small 
intestine (e.g. ketoprofen atenolol, levo DOPA, salbu-
tamol, sotalol), are unstable in the intestinal or colonic 
environment (e.g. captopril), or exhibit low solubility at 
high pH values (metoprolol, propranolol, verapamil, di-
azepam)69, 70–72).

Unlike multi-particulate systems73), Eudragit® poly-
mers are not commonly used in the technology of gas-
troretentive floating tablets, but some examples can be 
found in the scientific literature. Generally, the tablets 
exhibiting floating properties containing polymers from 
Eudragit® group are manufactured by direct compression 
or hot-melt (HME). HME of Eudragit® RS PO (65 % per 
tablet) in the presence of sodium bicarbonate (10% per 
tablet) was used as the unique technique for the prepa-
ration of a floating tablet system for acetohydroxamic 
acid and chlorpheniramine maleate. It was that sodium 
bicarbonate was decomposed to CO2 gas, sodium carbon-
ate and water during HME. The prepared HME tablets 
exhibited a more porous structure as CO2 gas was gen-
erated in softened acrylic polymers at elevated tempera-
ture. They released the drugs in a sustained manner and 
floated on the surface of the acidic media for 24 hours70). 
Another approach is a combination of oppositely charged 
Eudragit® E and Eudragit® L 100-55 as matrix formers 
for the development of floating tablets for metronida-
zole. As single polymers, they are not suitable for the 
development of floating matrices, but their mixture at 
the optimum 1 : 1 weight ratio ensured superior floating 
and sustained drug release in 0.1M HCl. This behaviour 
was explained by the creation of IPEC in the presence of 
sodium bicarbonate which likely mediated the IPEC by 
raising the microenvironment pH around the Eudragit® 
L particles. This allowed a significant ionization of Eu-
dragit® L and its interaction with Eudragit® E74). Simi-

larly, the IPEC complexation between Eudragit® E and 
oppositely charged hydrophilic polymer carrageenan was 
used to develop floating matrix tablets for metronidazole. 
The matrix tablets consisting of the drug, pre-prepared 
IPEC (complexation weight ratio 0.6, drug : polymer ra-
tio 1 : 2) and effervescent sodium bicarbonate achieved 
a fast (lag time less than 30 s) and prolonged floating 
duration with drug release correlating with zero-order ki-
netics for more than 10 hours75).

Coated tablets with Eudragits® 

Film coating is a common step in tablet manufacture 
that can be used to improve product appearance, organo-
leptic properties, or to facilitate swallowing. Functional 
film coats can also be used for product stabilisation and to 
modify or delay drug release76). Film coating can be per-
formed with a poly(meth)acrylate organic solvent and wa-
ter dispersion. The type of solvent can have a major influ-
ence on the resulting film structure and subsequent release 
kinetics77). The tablet coating method is an effective tool 
for targeting the API to the small intestine or colon. Unlike 
matrix tablets with controlled drug release, the coated tab-
lets with a functional Eudragit® film are commonly used 
in pharmacotherapy. Table 5 provides an overview of such 
medicines available in the Czech Republic.

Small intestine delivery

The application of an enteric coating to a solid dosage 
form is a well-established approach to prevent drug re-
lease in the stomach and to allow release in the small in-
testine. It is used to prevent the degradation of acid-labile 
APIs in the gastric environment or to protect the stomach 
from irritant compounds79). This is usually achieved by 
applying an outer polymeric film coat with pH-dependent 
solubility/permeability, or possibly, by using a drug-con-
taining matrix with suitable swelling/solubility character-
istics, i.e. delayed release. 

If a polymeric film coat is used, the type of polymer and 
the thickness of the coating will be of importance for the 
onset of drug release. A threshold pH – for solubility of 
the polymer – slightly below 6.0 is generally considered 
to be sufficient to achieve protection from release in the 
stomach followed by a fast onset of release in the small 
intestine, e.g. polymers such as hydroxypropyl methyl-
cellulose phthalate and Eudragit® L, which are soluble 
above pH 5.5, will usually dissolve immediately after 
the dosage form has been emptied from the stomach80). 
The double-coated system was developed to accelerate 
drug release in the upper small intestine. The system 
comprises an inner coat (partially neutralised Eudragit® 
L 30 D-55 and organic acid) and an outer coat (standard 
Eudragit® L 30 D-55). As an example, prednisolone tab-
lets were coated with double layer formulations with in-
ner coats neutralised to pH 5.6 in the presence of 10% 
citric acid or adipic acid79). Eudragit® L 100-55 can be 
used for a dry powder coating process. Unlike aqueous 
coating, powder coating minimizes partitioning of the 
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lease rate from powder-coated theophylline tablets was 
controlled with slightly lower coating levels81).

Colon delivery

Targeted drug release to the colon is required for the 
treatment of local diseases associated with this area 

drug into the film coating during the coating process. Eu-
dragit® L 100-55 was pre-plasticized with triethyl citrate 
using hot-melt extrusion. Chlorpheniramine maleate and 
theophylline tablets were powder-coated with pre-plas-
ticized Eudragit® L 100-55. The drug release properties 
of powder-coated tablets were dependent on the curing 
time, coating level and plasticizer content. The drug re-

Corticosteroids Budesonidec) Cortiment® Eudragit® L, S

Venopharmaceuticals Aescina)
Aescin-Teva Eudragit® L

Reparil®-Dragées Eudragit® L

Antiepileptic Sodium valproatea) Orfiril® Eudragit® L

Amino acids and 
derivates Ademetioninea) Transmetil® Eudragit® L

Proton pump inhibitors Pantoprazolea)

Apo-panto Eudragit® L

Controloc® Eudragit® L

Nolpaza® Eudragit® L

Pantomyl Eudragit® L

Pantoprazol + pharma Eudragit® L

Pantoprazole Zentiva® Eudragit® L

Enzymes

Pancreatina)
Pancreolan® forte Eudragit® L

Panzynorm® forte-N Eudragit® L

Bromelain, trypsin, rutosidea) Phlogenzym® Eudragit® L

Pancreatin, trypsin, chymotrypsin, 
bromelain, papainum, rutoside, 
amylase, lipasea)

Wobenzym® Eudragit® L

Laxative Bisacodylc)
Dulcolax® Eudragit® L, S

Bisacodyl-K® Eudragit® L, S

Immunosuppressant Mycophenolic acida) Mycophenolic acid accord Eudragit® L

Drug used in alcohol
 dependence Acamprosatea) Campral® Eudragit® L

Anti-rheumatics, 
Antidotes Penicillaminea) Metalcaptase® Eudragit® L

Drug release area: a) upper small intestine, b) terminal ileum and colon, c) colon

Table 5. Enteric coated tablets currently available in the Czech Republic78) 

Pharmacologic class Drug Product name Film-forming agent

NSAIDs

Acetylsalicylic acida)

Aspirin® protect Eudragit® L

Manoass Eudragit® L

Stacyl Eudragit® L

Vasopirin Eudragit® L

Diclofenaca)

Voltaren® Eudragit® L

Veral® Eudragit® L

Diclofenac AL Eudragit® L

Mesalamineb)
Salofalk® 500 Eudragit® E, L

Asacol® Eudragit® L

Sulfasalazineb) Sulfasalazin K-EN Eudragit® L
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formed. Being in the neutral medium, carboxyl groups 
of Eudragit® FS 30 D are completely ionized interacting 
with quaternary ammonium groups of Eudragit® RL 30 D  
chains to form a 3D structure based on IPEC which 
strongly modified the release profile of the model drug 
diclofenac sodium93). 

Eudragit® S (solubility at pH > 7.0) has been routinely 
used as a coating material for pH-dependent ileo-colonic 
drug delivery systems as a part of commercially available 
products. In contrast to Eudragit® FS, a failure of disinte-
gration followed by slow and incomplete dissolution has 
been described for Eudragit® S-coated tablets in vivo. The 
performance inconsistency has been attributed to intra- 
and inter-individual variability in intestinal pH, transit, 
volume of colon liquid, etc. In this case, Eudragit® S-coat-
ed dosage forms do not work optimally and patients are 
not effectively treated91). To overcome this problem, the 
dual mechanism (pH – Eudragit® S/bacterial – resistant 
starch) coating provides colon specificity and both mech-
anisms work as a failsafe, ensuring drug targeting94). An-
other possibility to ensure ileo-colonic targeting is to ac-
celerate dissolution of the Eudragit® S film in the desired 
GIT area. Similarly as for the upper small intestine drug 
delivery, Eudragit® S has been used in the development 
of a double coating system, in which prednisolone tablets 
were coated with partially neutralized Eudragit® S and 
a buffer agent (10% KH2PO4, neutralization pH of 8.0), 
followed by a second coat of standard Eudragit® S. The 
prepared coated tablets exhibited a significant accel-
eration of coat dissolution and a subsequent rapid drug 
release compared to the Eudragit® S single-layer-coated 
tablets in the medium simulating distal small intestine95). 
Eudragit® S100 film (6.0% w/v) prevented premature 
release of 5-flourouracil from matrices consisting of 
a polymeric blend of Carbopol 71GNF : guar gum (4 : 1) 
during an in vitro release caecal study96).

Anionic pH-dependent Eudragit® copolymers have also 
found an application in the Multimatrix® (MMX®) sys-
tem which is a drug formulation developed to facilitate 
release of high API concentrations into the colon with 
a homogeneous distribution along all colonic segments, 
particularly the most distal ones. The MMX® formula-
tion is characterized by a lipophilic matrix dispersed in 
a hydrophilic structure, moreover with gastro-resistant, 
pH-dependent coating (Eudragit® L, S, FS)97). The mech-
anism of drug release concerns the gastro-resistant coat-
ing, which avoids the release of the embedded compound 
until the tablet is exposed to a pH of 7 or higher, which 
is normally reached in the terminal ileum. After reaching 
this site, the activity of the tablet core, which consists of 
hydrophilic excipients (for driving the tablet to swell into 
a viscous gel mass to lower the release of the drug) and 
lipophilic excipients (slowing the penetration of aqueous 
fluids into the tablet core), results in a homogenous and 
prolonged exposure of the whole colonic mucosa to the 
embedded substance98). Several drugs were incorporated 
to the MMX® systems. In particular, MMX® mesalamine, 
budesonide and parnaparin formulations have been in-
vestigated in patients with ulcerative colitis, and the first 

(Crohn’s disease, ulcerative colitis or intestinal cancer) 
but also for the potential to ensure a systemic delivery of 
proteins (e.g. insulin) and therapeutic peptides82). 

To achieve colon site-specific delivery via oral admin-
istration, several approaches such as use of pH-depen-
dent, time-dependent, pressure-dependent, microbially 
activated or newly also combined drug delivery systems 
have been designed83, 84). Among various polymeric sub-
stances, soluble and insoluble Eudragit® copolymers in 
the form of polymeric coating are essential components 
of all above-mentioned systems exhibiting very often 
a multi-layered structure85). Generally, anionic Eudragits® 

(L, S, FS) are used for their pH-dependent solubility al-
lowing to overcome the acidic stomach compartment 
with strongly fluctuating pH and residence time and shift 
the drug release more distally in the human intestine in 
dependence on their own unique dissolvement pH and 
a film coat thickness. On the other hand, insoluble Eu-
dragits® (especially RL and RS type) due to their proper-
ties play the key role in a system resistance and prolong-
ing drug release86, 87). Soluble cationic type Eudragit® may 
find the application as an enteroresistant polymer. An ex-
ample is the CODESTM, a colon targeted delivery system. 
It has been developed by utilizing a unique mechanism 
involving lactulose, which acts as a trigger for site spe-
cific drug release in the colon. It consists of a traditional 
tablet core containing lactulose and drug, which is coated 
with Eudragit® E (acid soluble material), and the outer 
layer is an enteric material, Eudragit® L. Between Eu-
dragit® E and L layer there is an insulating layer made up 
of hypromellose. The system passes unchanged through 
the stomach environment and dissolves in the small in-
testine, where it is still protected by an inner envelope 
that is slightly permeable and swells. Once the tablet ar-
rives in the colon, the bacteria enzymatically degrade lac-
tulose into an organic acid which ensures the pH decrease 
resulting in Eudragit® E dissolving and drug release88, 89).

Among Eudragit® copolymers, Eudragit® FS 30 D 
(dissolves at pH > 7.0) is a preferable coating material 
which combines together a side-specific drug release in 
the colon, aqueous processing and flexible coatings18, 19). 
Tablets with the 10% coating level of Eudragit® FS could 
maintain their integrity for 5 hours, approximating co-
lon arrival time and then they released the drug instanta-
neously or in prolonged manner90). In in vivo conditions, 
this polymer exhibited consistent intra- and inter-subject 
performance, with the site of disintegration focused on 
the ileo-caecal junction and ascending colon91). It is also 
a part of the composite oral colon-specific drug delivery 
coated system (together with Eudragit® RL/RS) under the 
trade name EUDRACOL®, registered by Evonik/Degus-
sa Röhm GmbH92), which has a supreme position in the 
development of multiparticulate colon drug delivery sys-
tems. Another example of the Eudragit® FS (polyanion) 
importance is a preparation of a film-coated formulation 
for colon drug delivery based on its combination with 
Eudragit® RL 30 D (polycation) in two separated lay-
ers. An investigation of film behaviour in the conditions 
mimicking the gastrointestinal environment was per-
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two have reached worldwide registration for the treat-
ment of this disease. Moreover, MMX®-rifamycin is be-
ing positively tested in the treatment of colonic bacterial 
infections, including traveller’s diarrhea97). Budesonide 
MMX (Cortiment®) has been available in the Czech Re-
public since 2015.

Recently, a technologically demanding drug delivery 
system based on a doubly coated multiple-unit tablet 
was developed for bisacodyl to decrease the intestinal 
irritation and/or the systemic adverse effect of this stim-
ulant laxative. Bisacodyl solubilized in surfactants was 
adsorbed into the porous carrier and primarily coated 
with different combinations of pH-sensitive polymers 
(Eudragit® L and Eudragit® S) and a time-dependent re-
lease polymer (Eudragit® RS). Prepared granules were 
compressed into tablets and coated again with pH-sen-
sitive polymers (Eudragit® L/Eudragit® S = 1 : 1). The 
granules with a 12.5% coating of Euragit® L/Eudragit® 
S/Eudragit® RS mixture in the ratio 1 : 5 : 4 and the final 
tablets with 25% coating of Eudragit® L effectively re-
tarded the drug release in the simulated gastric and small 
intestinal fluids but drug liberation in the colonic fluid 
was over 50%83).

Conclusion

Eudragit® polymers are widely used acrylic pharmaceu-
tical excipients. Due to their unique properties, Eudragit® 
polymers have made significant contributions to many 
types of formulations. Poly(meth)acrylate copolymers 
provide controlled release effects for solid dosage forms 
as multi-unit systems or matrix tablets. Being a synthetic 
polymer, Eudragits® display good reproducibility and oth-
er advantages associated with synthetic polymers. Further, 
these are regarded as non-biodegradable, non-absorbable, 
and non-toxic functional excipients, thus circumventing 
issues accompanying synthetic polymers. The combina-
tion of these polymers shows that different release patterns 
can be achieved based on their interactions, giving the 
polymers a variety of properties. Combining differently 
charged (meth)acrylate copolymers appears to be an inter-
esting field of investigation, providing advantages in the 
processing and modulation of release profiles.
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