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ABSTRACT
Colon-targeted oral drug delivery offers significant therapeutic advantages for local and systemic

treatment of diseases such as inflammatory bowel disease, Colorectal Cancer, and parasitic infections.
This study investigates the potential of combining 'Eudragit RS 100" and 'RL 100" polymers in
nanoparticulate drug delivery systems to achieve controlled and site-specific drug release in the colon.
The two polymers are water-insoluble and pH-independent, and the amount of quaternary ammonium
groups can be varied, thereby enabling adjustment of permeability and drug release rate. Tailored release
profiles can be achieved by varying the RS: RL ratio to meet specific clinical needs. Using this
combination, nanoparticles demonstrated improved encapsulation, inhibition of early drug degradation,
mucoadhesion, and longer colonic retention. The clinical relevance and versatility of these polymeric
systems are also evident, as disease-specific applications have been noted, including indications for
ulcerative colitis, Crohn's disease, and Colorectal Cancer. Overall, the Eudragit mixture of RS and RL

provides a compelling basis for developing colon-specific nanomedicine.

Nanoparticulate drug delivery systems, especially the ones

Colon-Targeted Drug Delivery Systems (CTDDS) have
attracted significant interest in the field of pharmaceutical
science because of their ability to deliver drugs to the large
intestine, where many localized diseases, such as ulcerative
colitis, Crohn's disease, and Colorectal Cancer, occur. Oral
medications in the conventional dosage forms do not
consistently deliver the drug to the target site, which causes the
premature deterioration of medications in the stomach or the
small bowel and limits the effectiveness of the drugs [1].

intended to be administered via the oral route, provide an
advanced alternative [2]. These systems offer agile drug
encapsulation, surface adhesion to increase cohesion at the
colonic site, and prolonged or regulated drug release, thereby
achieving optimal pharmacokinetics and pharmacodynamics.
Nanoparticle formulations using polymeric carriers are part of
this technology, and the polymers employed are of particular
significance relative to methacrylate-based polymers, namely
Eudragit RS 100 and RL 100 [3].
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Figure 1: Anatomical structure of the Colon

AIM AND OBJECTIVES
This review critically evaluates the role of Eudragit RS 100 and

RL 100 polymer blends in the development of colon-targeted
oral nanoparticulate drug delivery systems. While several
studies have described the physicochemical properties and
individual applications of RS 100 and RL 100, a systematic
discussion of their combined use as a dual-polymer platform for
colon-specific nanoparticle formulations remains limited.

The specific objectives of this review are:

1. To summarize and analyse the physicochemical
characteristics of Eudragit RS 100 and RL 100 that make
them suitable for colon-targeted drug delivery.

2. To examine fabrication approaches, drug encapsulation
strategies, and release profiles of RS/RL-based
nanoparticulate systems.

3. Tocompare RS/RL combinations with other colon-targeted
polymer systems in terms of performance, clinical
relevance, and translational challenges.

4. To identify limitations in current research and highlight
areas requiring further investigation for successful clinical
application.

RESEARCH GAP
Although Eudragit RS 100 and RL 100 polymers have been

widely investigated in pharmaceutical formulations, most
existing studies focus on their individual applications in
microspheres, tablets, or coating systems. Limited attention has
been given to their combined use in the design of oral
nanoparticulate carriers specifically for colon targeting. The
available literature often remains descriptive, emphasizing
polymer chemistry or fabrication techniques, without
systematically examining how variations in RS: RL ratios affect
drug encapsulation efficiency, release kinetics, mucoadhesion,
and therapeutic outcomes in colonic diseases. Moreover, few

reviews compare RS/RL nanoparticulate systems against
alternative polymers or critically analyse their translational
challenges, including scalability and clinical validation. This
lack of comprehensive evaluation leaves a significant gap in
guiding rational formulation design. Addressing this gap is
essential to establish Eudragit RS/RL blends as a reliable
platform for colon-targeted drug delivery in both experimental
and clinical settings.

'Eudragit RS 100" and 'RL 100': Chemistry and Functional
Attributes

Evonik Industries has created the Eudragit polymers, which are
manufactured from synthetic copolymers of methacrylic acid
and methyl methacrylate. The primary difference between the
two, 'Eudragit RS 100’ and 'RL 100", comes in the form of the
extent to which quaternary ammonium groups are included in
the materials. Eudragit RL 100 has more of these functional
groups and, consequently, becomes more permeable and capable
of absorbing more water [4]. Conversely, the number of
ammonium groups is lower in 'Eudragit RS 100', resulting in
reduced permeability and a more stable release profile. The two
polymers are water-insoluble, may be swollen, and form
semipermeable matrices during hydration, making them highly
applicable in controlled-release drug delivery systems [5].
Moreover, they are cationic, which further enhances adhesion to
the negatively charged colonic mucosal lining and promotes
prolonged nanoparticle retention and improved therapeutic
efficacy in the affected area [6].

Mechanism of Colon-Targeted Drug Delivery

The colon, whose pH is between 6.5 and 7.5, has limited
digestive enzymes, a favourable microbial population, and a
variety of microbial populations, making it an ideal site for drug
delivery. Compared with the pH-sensitive Eudragits (e.g.,
Eudragit L or Eudragit S), RS/RL lack pH sensitivity and instead
rely on swelling behaviour and matrix permeability to regulate
drug release [7]. After reaching the acidic stomach and small
intestine, these nanoparticles enter the colon and swell because
the comparatively neutral pH and the prolonged residence time
there are conducive to drug absorption via the polymer matrix
[8]. The presence of colonic microflora can also degrade the
matrix, particularly when blended with biodegradable
excipients, thereby further facilitating site-specific release [9].
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Figure 2: Eudragit RS

Combination of RS100 & 'RL100': Tuning the Drug Release
One of the key advantages of using Eudragit RS and RL in
combination is the ability to fine-tune the drug release profile.
The porous nature of the nanoparticles can also be modulated by
varying the RS: RL ratio, thereby altering drug permeability and
release profiles [10]. The higher the RL content, the more
quickly the drug is released due to its high permeability, whereas
a higher RS content slows the release dynamics [11]. A 1:1 may
frequently appear as a balanced formulation that enables the
drug to diffuse in the first phase and release slowly and steadily
in the second phase. It is also beneficial, especially in treating
chronic diseases such as IBD, in which there is a need to provide
medication continuously over many hours to achieve the most
effective results[12].

Nanoparticle Fabrication and
Characteristics

Nanoparticle RS/RL combinations are typically produced by
evaporation  methods, with  solvent-diffusion  quasi-
emulsification being the most commonly used. In the technique,
the material is dissolved in an organic solvent. It also contains
ethanol or acetone, which are emulsified in an aqueous medium
using surfactants, such as Polyvinyl Alcohol (PVA), and then the
liquids are allowed to dry under controlled conditions to obtain
stable nanoparticles [13]. The type of solvent, surfactant
concentration, stirring speed, and temperature significantly
affect the resulting particle size, zeta potential, and
encapsulation efficiency [14]. Physicochemical characteristics
of RS/RL nanoparticles may be described in the following way:

Physicochemical

The reason for the combination of 'Eudragit RS 100" and
'RL 100" used for the colon-targeted drug delivery system

Colon-targeted drug delivery systems (CDDS) aim to deliver
therapeutic agents specifically to the colon to treat local diseases
or to enhance the systemic absorption of drugs susceptible to
degradation in the upper gastrointestinal tract. Among the
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Figure 3: Eudragit RL
various strategies and materials investigated for this purpose,
‘Eudragit RS 100" and 'RL 100', both methacrylate-based
copolymers, emerged as leading
nanoparticulate delivery systems [15]. Their combined use is
particularly advantageous due to their tunable, pH-independent
release properties and robust polymeric characteristics [16].

have candidates for

Both 'Eudragit RS 100' and 'RL 100' are water-insoluble,
biocompatible, and non-biodegradable polymers composed of
ethyl acrylate, methyl methacrylate, and a small proportion of
methacrylic acid ester with quaternary ammonium groups [17].
The key difference lies in the proportion of quaternary
ammonium functional groups: RS 100 contains a lower
concentration (~5%), whereas 'RL 100' contains a higher
concentration (~10%) [18]. These groups provide ionic
permeability through the polymer matrix. As a result, RS 100
exhibits low permeability and sustains drug release, while 'RL
100" allows higher permeability and faster drug release. The
combination of the two polymers enables a customized release
profile, which is critical for ensuring that the drug is not released
in the acidic stomach or proximal small intestine, but rather in
the colonic environment, where drug absorption or local action
is desired [19]. By adjusting the RS: RL ratio, commonly 1:1,
release Kkinetics,
encapsulation efficiency, and particle stability. For example,
greater RS content is desired in delayed-release formulations,
and prolonged release or higher RL content would enhance drug
diffusion, which is beneficial when a faster onset is required
upon drug arrival in the colon [20].

2:1, or 3:1, formulators can fine-tune

In addition, such polymers are not pH-dependent, unlike pH-
sensitive systems, which often fail to work due to inter-
individual variation in gastrointestinal pH. This guarantees more
formulation ruggedness and multicentricity within patients.
Additionally, the RS/RL nanomatrix exhibits mucoadhesion,
thereby prolonging its residence time in the colon and increasing
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local bioavailability [21]. It is also protective against enzymatic
degradation in the Gl tract and is particularly important for
peptides or biologics. To conclude, the strategic mixture of
Eudragit RS 100 and RL 100 takes advantage of their mutually
compatible permeability pattern as a way of accomplishing
correct, colon-specific discharge of medications, and the mixture
is thus an impressive choice for the formulation of confided,
patient-friendly, and curative, effective colon delivery
nanoparticles for drug delivery.

Clinical Relevance and Disease-Specific Applications

Drug delivery specific to the colon is necessary in such diseases
as Inflammatory Bowel Disease (IBD), which includes
ulcerative colitis and Crohn's disease. They are chronic,
relapsing local,
persistent action in the colon to reduce systemic adverse effects

inflammatory diseases that thus require

[22]. The U.S. Centers for Disease Control and Prevention
(CDC) estimated that IBD affects almost 3.1 million adults in
the U.S., and it also costs about 6 billion dollars to treat the
related illnesses [23]. The administration of drugs such as
corticosteroids, amino salicylates, and immunomodulators using
RS/RL nanoparticles has great potential to increase local
therapeutic efficacy and diminish systemic toxicity [24].
Satranidazole-loaded RS/RL nanoparticles, formulated at a 1:1
polymer ratio, had an entrapment efficiency of 83.5%. In one
such study, more than 95% of the drug was released within 16
hours at colonic pH. These in vitro results are highlighted by the
efficacy of RS/RL systems in achieving extended and direct
delivery.  Other therapeutics, Mesalamine,
Metronidazole, and curcumin, also yielded similar results,
suggesting the broad applicability of the polymer in the
formulation of hydrophilic and lipophilic drugs [25].

such as

Table 1: Parameter and RS/RL Combination of '‘Eudragit RS 100" and Eudragit "RL 100"

Parameter 'Eudragit RS 100’ Eudragit 'RL 100’ RS/RL Combination Ref.
Qua_ternary Low High Modifiable based on the ratio [10,11]
Ammonium Groups
Water Permeability | Low (sustained release) | High (faster release) Adjustable (modulated release profiles) [13,14]
Mucoadhesiveness Moderate Strong Enhanced retention in colonic mucosa [16,17]
pH Sensitivity Non-pH sensitive Non-pH sensitive Functional across Gl tract; optimal at colon | [20,21]
Drug Re_,-lease Sustained over 24 h Faster, sometimes Tunable, hybrid burst + sustained [23,24]
Profile burst release
Particle Size Range 100-300 nm 150-400 nm 100-350 nm, depending on fabrication [26]
(NPs) method

Problem Statement and Rationale

Despite rapid advances in pharmaceutical technology, colon-
targeted drug delivery remains a formidable challenge. The
colon, being the terminal part of the gastrointestinal tract, is a
favourable site for local treatment of diseases such as'
Inflammatory Bowel Disease (IBD)', 'Irritable Bowel Syndrome
(IBS),, and [26]. It also provides
opportunities for systemic delivery of peptides, proteins, and
chronotherapeutic agents. However, the hostile physiological
environment of the upper gastrointestinal tract, characterized by
acidic pH, digestive enzymes, and variable transit times, often
degrades or prematurely releases drugs before they reach the
colon [27]. Consequently, site-specific delivery to the colon

'‘Colorectal Cancer'

remains largely suboptimal using conventional oral dosage
forms. Statistical data reinforces the urgency of overcoming
these limitations. Globally, more than 6.8 million people suffer
from IBD. In the United States alone, the prevalence of IBD
among adults reached approximately 3.1 million in 2015, and
this number has been steadily increasing [28]. Additionally,

‘Colorectal Cancer' ranks as the third most common cancer
worldwide and the second leading cause of cancer-related
deaths, with over 1.9 million new cases diagnosed in 2020[29].
These statistics underscore the pressing need for reliable,
targeted, and efficient drug-delivery systems that improve
therapeutic outcomes while reducing systemic side effects.

Traditional colon-targeting strategies, such as pH-dependent
coatings and time-dependent release systems, often fall short due
to interindividual variability in pH, gastrointestinal motility, and
enzymatic activity. Consequently, there is growing enthusiasm
for advanced nanotechnology-based strategies that provide more
precise and controlled drug delivery. Polymeric nanoparticles
have demonstrated significant potential owing to their desirable
biopharmaceutical properties, including drug encapsulation,
gastrointestinal stability, mucosal adhesiveness, and controlled
release [30]. Nevertheless, a key challenge is selecting an
appropriate polymer for colon-targeted nanoparticulate systems
[31]. This substance should not only survive the conditions of
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the stomach and small intestine, but also be released in a
controlled or triggered manner in the colon. It should preferably
have mucoadhesive properties to increase retention in the colon
and enhance absorption at the local site [32]. Moreover, it must
be biocompatible, scalable for manufacturing, and capable of
encapsulating both hydrophilic and hydrophobic drugs[33].

'Eudragit RS 100" and 'RL 100" are widely studied methacrylate
copolymers that meet several of these criteria[34]. While both
are water-insoluble and pH-insensitive, they differ in the number
of quaternary ammonium groups, which modulate their
permeability and, hence, drug release behaviour. 'Eudragit RS
100', with a lower degree of ammonium functionality, exhibits a
more prolonged release profile, whereas 'RL 100" allows for
quicker release due to its higher permeability [35]. The ability to
blend these polymers in varying ratios offers a significant
advantage for tailoring the drug-release profile to specific
clinical needs [36]. The problem, however, lies in the limited
systematic exploration of the combined use of RS 100 and 'RL
100" in the context of colon-targeted oral nanoparticulate
systems[37]. Most current studies have focused either on single-
polymer systems or on their use in microspheres, tablets, or
coatings, rather than specifically on nanoparticles designed for
colon delivery [38]. Moreover, although it is established that
blending RS and RL modulates release kinetics, a knowledge
gap remains in determining the optimal blend ratios, fabrication
conditions, and physicochemical parameters required to develop
a stable, reproducible, and therapeutically effective nanoparticle
formulation [39]. From a pharmaceutical standpoint, designing
such systems also presents manufacturing and scale-up
challenges. The choice of organic solvent, stabilizer, particle
size, zeta potential optimization, and entrapment efficiency are
critical variables that can affect the final product’s clinical
viability [40]. Furthermore, while in vitro studies provide
promising data, there is a lack of robust in vivo models and
clinical translation, limiting real-world applicability [41].
Another pressing patient compliance and
convenience. The chronic nature of colonic diseases necessitates
long-term drug administration [42]. Nanoparticulate systems
that enable reduced dosing frequency and fewer side effects
could substantially improve the quality of life and adherence to
therapy, particularly in pediatric and geriatric populations [43].
Given that over 70% of patients with ulcerative colitis
experience relapse within the first year of remission, a robust
colon-targeted nanoparticulate system could prevent relapse by

concern is

ensuring steady, localized drug delivery[44]. Hence, the
rationale for this research lies in the apparent clinical and
technological gaps in the current colon-targeted drug-delivery
landscape [45]. A comprehensive exploration of 'Eudragit RS
100" & 'RL100" as a combined polymer matrix for the
development of colon-targeted oral nanoparticles could address
a critical unmet need [46]. By focusing on optimizing
formulation parameters, characterizing physicochemical &
biopharmaceutical properties, and evaluating in vitro release
behaviour under simulated GI conditions, this study aims to
provide valuable insights into targeted drug delivery [47].
Additionally, this research aligns with the broader goals of
personalized medicine, in which tailored drug-release kinetics
can be matched to disease pathology, patient-specific factors,
and therapeutic goals [48]. It also supports pharmaceutical
sustainability by potentially
administration frequency, thereby lowering treatment costs and
minimizing side effects [49].

reducing drug doses and

Comparative Evaluation of Eudragit RL/RS vs. Other
Polymers

The selection of polymeric carriers plays a decisive role in the
success of colon-targeted drug delivery systems. Among the
wide range of natural and synthetic polymers, Eudragit RL 100
and RS 100 have gained prominence due to their favorable
balance of physicochemical stability, mucoadhesion, and
tunable permeability [50]. Compared with other widely used
polymers, such as chitosan, alginate, pectin, and cellulose
derivatives, distinct advantages and limitations emerge. Natural
polymers such as chitosan and alginate are biodegradable and
biocompatible, making them attractive for nanoparticulate
delivery [51]. Nonetheless, their activity is frequently impaired
by lot-to-lot variability, rapid hydrolysis by Gl tract enzymes,
and the inability to develop reproducible
formulations. Pectin and guar gum also have a shortcoming: they
are vulnerable to microbial degradation; hence, although this
property is beneficial for colon targeting, they tend to leak early
in patients with altered enteral flora [52]. In contrast, Eudragit
RS/RL are synthetic, chemically stable, and exhibit repeatable
batch-to-batch performance, enabling reliable drug release.pH-
sensitive polymers (Eudragit L and S), hydroxypropyl
methylcellulose phthalate (HPMCP), and cellulose acetate
phthalate (CAP) were intended to dissolve at intestinal pH,
providing site-specific release[53]. However, because they rely
on luminal pH, they are unreliable in conditions such as IBD,

large-scale
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where local pH can vary considerably. Instead, both Eudragit RS
and RL do not exhibit pH-dependent responses and rely on
swelling and diffusion, thereby providing greater control over
release profiles across colonic pH conditions. In addition,
polymer ratio combinations, particularly the RS/RA mixture.

Single, natural, or pH-sensitive polymers rarely allow this level
of control. Consequently, natural polymers and pH-responsive
polymers are not fully overcome; Eudragit RL/RS hybrids
provide a superior, more predictable delivery vehicle for colon-
targeted nanoparticle delivery.

Table 2: Clinical Relevance and Disease-Specific Applications of 'Eudragit RS 100'/'RL 100'-based nanoparticulate drug

delivery system

Clinical Current Challenges in Role of Eudragit RS/RL-Based Expected Therapeutic Ref.
Condition Treatment Nanoparticles Qutcomes
Frequent relapses requiring long- Targeted delivery to inflamed Better disease control- [30]
. term therapy- Poor site-specific | colonic mucosa- Sustained release | Improved mucosal healing-
Ulcerative A S . . -
Colitis (UC) drug availability- _System!c side _ r_ed_uces dosing frequency— Reduced systemic toxicity-
effects from corticosteroids or Minimizes upper Gl absorption & Enhanced patient
aminosalicylates systemic side effects compliance
Involvement of distal ileum and | Mucoadhesive properties increase Prolonged remission- [31,
Crohn’s colon- Limited drug retention in retention time- Combination Reduced need for systemic | 32]
Disease (CD) affected regions- Low patient polymer allows tailored release at immunosuppressants-
adherence specific Gl segments Improved adherence
Need for high local drug Locallzed_ release INCreases Enhanced tumour [33]
. . concentration at tumour site- .
Colorectal concentration- Systemic . reduction- Lowered
Reduced systemic exposure- Can . - .
Cancer (CRC) chemotherapy causes off-target . systemic toxicity- Potential
- . . co-encapsulate chemotherapeutics T
toxicity- Resistance issues . for combination therapy
and resistance modulators
. Requires delivery to colon- Risk Site-specific release in colon Complete parasite [37]
Amebiasis/ - L : . L . T
o of incomplete eradication with improves eradication- Once-daily elimination- Shorter
Parasitic - . - . .
Infections systemic drugs- Poor compliance | dosing possible due to controlled treatment cycles- Higher
with multi-dose regimens release compliance
Irritable Flut_:tuatlng symptoms (diarrhoea, | Can encaps_ulate spasmolytics or Symptom relief with fewer [38]
Bowel pain, bloating)- Poorly targeted serotonergic agents for targeted : .
. . side effects- Better quality
Syndrome treatments- Psychological side release- Improved control of drug .
: A of life
(1BS) effects from systemic drugs Kinetics
Colon-targeted | Proteins/peptides degrade in the Eudragit polymers protect from Enhanced systemic [39]
Protein/ stomach and upper intestine- Low enzymatic degradation- absorption- Viability for
Peptide bioavailability- Enzymatic Nanoparticles enhance mucosal | oral insulin, interleukins, or
Delivery hydrolysis. uptake and bioavailability vaccines
Recent Trends in Targeted Drug Delivery of RL/RS Similarly, lipid-polymer hybrids with Eudragit and

Several notable innovations have defined recent years in the
application of Eudragit RL and RS polymers, particularly in the
modification of complex colon-targeted nanomedical medicines.
Some of the more eye-catching include setting through polymer
blending methodologies, where the proportions of RS and RL
can be customized to achieve a specified release profile that
specifically meets therapeutic demands [55]. Examples include
1:1 or 2:1 blends that provide longer, sustained drug diffusion of
16-24 hours, and higher RL concentrations that provide more
rapid diffusion in colonic environments [54]. Another emerging
trend is the inclusion of RS/RL nanoparticles alongside other
operational materials. For example, hybrids with biodegradable
polysaccharide formulations, such as chitosan or guar gum, offer
the added benefit of enzymatic degradation by colonic
microflora and controlled permeability via Eudragit [56].

phospholipids have been engineered into nanoparticles to
increase instability, enhance functionality and encapsulation,
Technological
innovations in fabrication techniques are also shaping recent
trends. Beyond traditional solvent evaporation, nanofiber
production
nanoprecipitation is
homogeneous size distributions and scalable growth [57]. Such
strategies are promising for presenting laboratory findings to
industry. RL/RS-based  drug-delivery
nanoparticles are currently under study for clinical use. They are
under research not only as standard anti-inflammatory and
antimicrobial agents but also as biologics, such as peptides and

and increase adhesion time to mucosa.

via electrospinning and microfluidics-driven

under development to achieve

Multifunctional

proteins, and vaccines, where they are essential in counteracting
the effects of gastric degradation. In parallel, stimuli-responsive
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trigger smart delivery systems, enzyme-sensitive linkers,
microbiota-activated coatings, and redox-responsive material-
incorporated Eudragit matrices are also being coated with
Eudragit to improve site-specificity and therapeutic efficacy
further. Overall, the recent landscape of RL/RS studies supports
a transition of descriptive formulation studies to multifunctional,
hybrid, and clinically translatable delivery systems. Such trends
highlight the continued topicality of these polymers in colon-
targeted oral nanomedicine and their role in shaping future
treatments.

Review methodology

A systematic literature review was conducted to identify studies
examining the use of Eudragit RS 100 and RL 100 for the oral
delivery of nanoparticulate drugs with colon-targeted effects.
Table 3: Databases and Search Terms

The search was conducted in accordance with PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) criteria to ensure transparency and reproducibility.
The search coverage of electronic databases was PubMed,
Scopus, Web of Science, Embase, and Google Scholar. The
search was limited to studies published between January 2000
and March 2025, thereby encompassing both pillars and recent
developments in this area. The following search terms and
Boolean operators were used in various combinations:

o Eudragit RS 100/ Eudragit RL 100 or RS/RL polymer blend.
e nanoparticle OR nanoparticulate system OR nanocarrier.

o colon-targeted OR colonic delivery OR oral colon delivery.
A manual search of reference lists of relevant articles and review
papers was also conducted to ensure completeness.

Database Search String Example Time Frame
PubMed (“Eudragit RS 100” OR “Eudragit RL 100”) & (“nanoparticle” OR “nanocarrier”) & colon 2000-2025
Scopus TITLE-ABS-KEY (“Eudragit RS” & “RL”) AND (“colon” AND “nanoparticulate™) 2000-2025

Web of Science (“RS 100” OR “RL 100”) AND (“colon-targeted delivery” AND “nanoparticles”) 2000-2025
Embase (‘Eudragit RS/RL’/exp AND *colon drug delivery’/exp AND ‘nanoparticles’/exp) 2000-2025
Google Scholar “Eudragit RS RL nanoparticles” + “colon-targeted oral delivery” 2000-2025

Table 4: Inclusion and Exclusion Criteria

Criteria Inclusion

Exclusion

Study Type
studies

Experimental research articles, full-text peer-reviewed

Reviews, conference abstracts without
full data, editorials, and patents

Formulation Focus

Nanoparticles/nanocarriers prepared using Eudragit RS
100, RL 100, or their blends for oral delivery

Formulations not using RS/RL or not
intended for colon targeting

Outcomes Reported

At least one quantitative parameter (particle size, zeta
potential, EE, release profile, or in vivo data)

Studies with only qualitative descriptions
or lacking release/characterization data

Language English

Non-English (without translation)

Publication Period 2000-2025

Published before 2000

Study Selection Process

Two reviewers independently screened titles and abstracts for
relevance. Full-texts of potentially eligible studies were then
assessed against the inclusion criteria. Disagreements were
resolved by consensus or consultation with a third reviewer.
Data were extracted into structured tables covering formulation
details, polymer ratios, drug encapsulation, particle size, zeta
potential, entrapment efficiency, and release profiles.

Challenges and Future Directions

Despite their promising properties, Eudragit RS/RL systems are
not without limitations. Batch-to-batch variation in polymer
properties, challenges in large-scale nanoparticle production,
and potential long-term toxicity require careful consideration
[58]. Stability of nanoparticles during storage, interactions with

excipients, and scalability of the solvent-evaporation process
also pose hurdles. Furthermore, in vivo studies are still relatively
limited, and clinical data supporting the superiority of RS/RL
nanoparticles over traditional systems remain sparse. Future
research should focus on integrating responsive systems, such as
those triggered by colonic enzymes or gut microbiota, to further
enhance the precision of drug release. Combining RS/RL with
biodegradable or natural polysaccharide carriers may also offer
synergistic effects and improved biocompatibility. Hence, the
combination of 'Eudragit RS 100' and 'RL 100" provides a highly
versatile and customizable platform for developing colon-
targeted oral nanoparticulate drug delivery systems. Their
differing permeability profiles, combined with strong
mucoadhesive properties and ability to remain stable in the
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gastric and intestinal environments, make them ideally suited for
colonic delivery. The ability to adjust the RS-to-RL ratio enables
fine-tuning of drug-release kinetics, and the system is
sufficiently flexible to meet a variety of therapeutic
requirements. Given that colorectal diseases are increasingly
prevalent worldwide and that site-specific drug therapies are
gaining considerable momentum, the RS/RL nanoparticle
system represents an important advance in oral drug delivery.
Further studies, particularly those on in vivo performance and
scalable manufacturing, will remain pertinent to their optimal
clinical applications.

CONCLUSION
Oral delivery to the colon is a critical area of study in

contemporary pharmaceutical research, particularly for targeting
disease sites in the lower Gl tract, such as IBD, Colorectal
Cancer, and parasitism. Advanced polymeric nanoparticles have
been explored as highly appealing, precision-targeted,
sustained-release delivery systems. Among such desirable
materials, a mixture of Eudragit RS 100 and RL 100 has proven
effective and adaptable for colon-specific nanoparticulate
delivery. Eudragit RS100 & RL100 are both synthetic
methacrylate polymers that are insoluble in water and pH-
independent, but they differ in permeability due to differences in
quaternary ammonium group content. RS 100 that has fewer
cluster ammonium groups contains a more protracted & delayed
discharge; meanwhile, a greater permeability, the special 100, or
what is also known as the RL 100, allows the diffusion to be
faster. By combining these polymers, one can manipulate the
drug-release profile by self-adjusting the proportions used. This
versatility can be particularly instrumental in tailoring release
kinetics to meet the therapeutic needs of different colon diseases.
During the study, it was found that nanoparticles prepared at this
RS: RL ratio can be used to load both hydrophilic and lipophilic
drugs, protect against premature release in the upper Gl tract,
and provide prolonged residence time in the colon due to their
mucoadhesive properties. Fabrication via the solvent
evaporation method and emulsification technique also helped
fine-tune the uniformity of the manufactured particles, their
stability, and their high encapsulation efficiencies, as well as
their zeta potentials, which are favourable in their own right. The
combination system further addresses most shortcomings of
traditional drug-delivery systems, including premature drug
release, enzymatic degradation, and pH-dependent variability in
release. Nonetheless, issues of scale-up potential, long-term

viability, and overall in vivo and clinical testing remain to be
addressed to ensure successful translation. In conclusion,
Eudragit RS 100 and RL 100, in combination, provide a potential
surface for a controlled, colon-specific oral nanoparticulate drug
delivery system. Such formulations are more effective
therapeutically, reduce systemic side effects, improve patient
compliance, and align with the increasing demands of precision
medicine. Future research should continue to optimize
formulations, evaluate patient-specific applications, and validate
clinical outcomes, paving the way for next-generation treatments
in gastrointestinal pharmacotherapy.

FINANCIAL ASSISTANCE
NIL

CONFLICT OF INTEREST
The authors declare no conflict of interest.

REFERENCES
[1] Gavhane YN, Yadav AV. Loss of orally administered drugs in Gl

tract. Saudi Pharm. J., 20(4), 331-44 (2012)
https://doi.org/10.1016/j.jsps.2012.03.005

[2] Laffleur F, Mayer AH. Oral nanoparticulate drug delivery
systems for the treatment of intestinal bowel disease and
colorectal cancer. Expert Opin. Drug Deliv., 20(11), 1595-607
(2023) https://doi.org/10.1080/17425247.2023.2289586

[3] Yenilmez E. Desloratadine-Eudragit® RS100 nanoparticles:
formulation and characterization. Turk. J. Pharm. Sci., 14(2),
148-56 (2017) https://doi.org/10.4274/tjps.52523

[4] Patra CHN, Priya R, Swain S, Jena GK, Panigrahi KC, Ghose D.
Pharmaceutical significance of Eudragit: a review. Future J.
Pharm. Sci., 3(1), 33-45 (2017) https://doi.org/10.1186/s43094-
017-0001-4

[5] Borandeh S, van Bochhove B, Teotia A, Seppéld J. Polymeric
drug delivery systems by additive manufacturing. Adv. Drug
Deliv. Rev., 173, 349-67 (2021)
https://doi.org/10.1016/j.addr.2021.03.022

[6] LiuC,Jiang X, Gan Y, Yu M. Engineering nanoparticles to
overcome the mucus barrier for drug delivery: design, evaluation,
and state-of-the-art. Med. Drug Discov., 12, 100110 (2021)
https://doi.org/10.1016/j.medidd.2021.100110

[7] dos Santos J, da Silva GS, Velho MC, Beck RCR. Eudragit®: a
versatile family of polymers for hot melt extrusion and 3D
printing processes in pharmaceutics. Pharmaceutics, 13(9), 1424
(2021) https://doi.org/10.3390/pharmaceutics13091424

[8] Naeem M, Kim W, Cao J, Jung Y, Yoo J-W. Enzyme/pH dual
sensitive polymeric nanoparticles for targeted drug delivery to the
inflamed colon. Colloids Surf. B Biointerfaces, 123, 271-8
(2014) https://doi.org/10.1016/j.colsurfb.2014.09.026

Journal of Applied Pharmacology and Toxicology (JOAPT)| July — December 2025 | Volume 1 Issue 1 | 17


https://doi.org/10.1016/j.jsps.2012.03.005
https://doi.org/10.1080/17425247.2023.2289586
https://doi.org/10.4274/tjps.52523
https://doi.org/10.1186/s43094-017-0001-4
https://doi.org/10.1186/s43094-017-0001-4
https://doi.org/10.1016/j.addr.2021.03.022
https://doi.org/10.1016/j.medidd.2021.100110
https://doi.org/10.3390/pharmaceutics13091424
https://doi.org/10.1016/j.colsurfb.2014.09.026

Journal of Applied Pharmacology and Toxicology 1 (1); 2025: 10 — 19

Choudhury et al.

[9] Ghosh S, Basak A. Gellan gum-based microbeads for colon-
targeted drug delivery: a promising polysaccharide for controlled
and site-specific release. Int. J. Biol. Macromol., 310, 143276
(2025) https://doi.org/10.1016/j.ijbiomac.2025.143276

[10] Herdiana Y, Febrina E, Nurhasanah S, Gozali D, Elamin KM,
Wathoni N. Drug loading in chitosan-based nanoparticles.
Pharmaceutics, 16(8), 1043 (2024)
https://doi.org/10.3390/pharmaceutics16081043

[11] Adepu S, Ramakrishna S. Controlled drug delivery systems:
current status and future directions. Molecules, 26(19), 5905
(2021) https://doi.org/10.3390/molecules26195905

[12] King K, Czuber-Dochan W, Chalder T, Norton C. Medication
non-adherence in inflammatory bowel disease: a systematic

review identifying risk factors and opportunities for intervention.
Pharmacy, 13(1), 21 (2025)
https://doi.org/10.3390/pharmacy13010021

[13] Herdiana Y, Wathoni N, Shamsuddin S, Muchtaridi M. Scale-up
polymeric-based nanoparticles drug delivery systems:
development and challenges. OpenNano, 7, 100048 (2022)
https://doi.org/10.1016/j.0onan0.2022.100048

[14] Alkholief M, Kalam MA, Anwer MK, Alshamsan A. Effect of
solvents, stabilizers and the concentration of stabilizers on the
physical properties of poly(D,L-lactide-co-glycolide)
nanoparticles: encapsulation, in vitro release of indomethacin and
cytotoxicity against HepG2-cell. Pharmaceutics, 14(4), 870
(2022) https://doi.org/10.3390/pharmaceutics14040870

[15] Pignatello R, Amico D, Santina C. Preparation and analgesic
activity of Eudragit RS100® microparticles containing diflunisal.
Drug Deliv., 8(1), 35-45 (2001)
https://doi.org/10.1080/107175401300002748

[16] Jamstorp E, Yarra T, Cai B, Engqvist H, Bredenberg S, Stramme
M. Polymer excipients enable sustained drug release in low pH
from mechanically strong inorganic geopolymers. Results Pharm.
Sci., 2, 23-8 (2012) https://doi.org/10.1016/j.rinphs.2012.02.001

[17] Esporrin-Ubieto D et al. The role of Eudragit® as a component of
hydrogel formulations for medical devices. J. Mater. Chem. B,
11(38), 9276-89 (2023) https://doi.org/10.1039/D3TB01579C

[18] Lombardo R et al. Development of lyophilised Eudragit® Retard
nanoparticles for the sustained release of clozapine via intranasal
administration. Pharmaceutics, 15(5), 1554 (2023)
https://doi.org/10.3390/pharmaceutics15051554

[19] Alshammari ND et al. Advancements in colon-targeted drug
delivery: a comprehensive review on recent techniques with

emphasis on hot-melt extrusion and 3D printing technologies.
AAPS PharmsSciTech, 25(7), 151 (2024)
https://doi.org/10.1208/s12249-024-02965-w

[20] Wong TW, Colombo G, Sonvico F. Pectin matrix as oral drug
delivery vehicle for colon cancer treatment. AAPS
PharmSciTech, 12(1), 201-14 (2011)
https://doi.org/10.1208/s12249-010-9564-z

[21] Feczkd T. Polymeric nanotherapeutics acting at special regions of
body. J. Drug Deliv. Sci. Technol., 64, 102597 (2021)
https://doi.org/10.1016/j.jddst.2021.102597

[22] Aljabri A, Soliman GM, Ramadan YN, Medhat MA, Hetta HF.
Biosimilars versus hiological therapy in inflammatory bowel
disease: challenges and targeting strategies using drug delivery
systems. Clin. Exp. Med., 25(1), 3 (2025)
https://doi.org/10.1007/s10238-024-01558-6

[23] Dahlhamer JM, Zammitti EP, Ward BW, Wheaton AG, Croft JB.
Prevalence of inflammatory bowel disease among adults aged
>18 years — United States, 2015. MMWR Morb. Mortal. Wkly.
Rep., 65(42), 1166-9 (2016)
https://doi.org/10.15585/mmwr.mm6542a3

[24] Abu OS, Attlassy Y, Xu J, Han K, Moon JJ. Emerging
nanotechnologies and microbiome engineering for the treatment
of inflammatory bowel disease. Mol. Pharm., 19(12), 4393-410
(2022) https://doi.org/10.1021/acs.molpharmaceut.2c00222

[25] McCoubrey LE, Favaron A, Awad A, Orlu M, Gaisford S, Basit
AW. Colonic drug delivery: formulating the next generation of
colon-targeted therapeutics. J. Control. Release, 353, 1107-26
(2023) https://doi.org/10.1016/j.jconrel.2022.12.029

[26] El-Salhy M. Irritable bowel syndrome: diagnosis and
pathogenesis. World J. Gastroenterol., 18(37), 5151-63 (2012)
https://doi.org/10.3748/wjg.v18.i37.5151

[27] Hasan A et al. Localized drug delivery in different
gastrointestinal cancers: navigating challenges and advancing
nanotechnological solutions. Int. J. Nanomed., 20, 741-70 (2025)
https://doi.org/10.2147/1JN.S502833

[28] Chams S, Badran R, Sayegh SE, Chams N, Shams A, Hajj
Hussein I. Inflammatory bowel disease: looking beyond the tract.
Int. J. Immunopathol. Pharmacol., 33, 205873841986656 (2019)
https://doi.org/10.1177/2058738419866567

[29] Klimeck L, Heisser T, Hoffmeister M, Brenner H. Colorectal
cancer: a health and economic problem. Best Pract. Res. Clin.
Gastroenterol., 66, 101839 (2023)
https://doi.org/10.1016/j.bpg.2023.101839

[30] Patra JK et al. Nano based drug delivery systems: recent
developments and future prospects. J. Nanobiotechnol., 16(1), 71
(2018) https://doi.org/10.1186/s12951-018-0392-8

[31] Joseph SK, Sabitha M, Nair SC. Stimuli-responsive polymeric
nanosystem for colon specific drug delivery. Adv. Pharm. Bull.,
10(1), 1-12 (2020) https://doi.org/10.15171/apbh.2020.001

[32] Kumar R, Islam T, Nurunnabi M. Mucoadhesive carriers for oral
drug delivery. J. Control. Release, 351, 504-59 (2022)
https://doi.org/10.1016/j.jconrel.2022.09.024

[33] Huang R, Song H, Li S, Guan X. Selection strategy for
encapsulation of hydrophilic and hydrophobic ingredients with

food-grade materials: a systematic review and analysis. Food
Chem. X, 25, 102149 (2025)
https://doi.org/10.1016/j.fochx.2024.102149

Journal of Applied Pharmacology and Toxicology (JOAPT)| July — December 2025 | Volume 1 Issue 1 | 18


https://doi.org/10.1016/j.ijbiomac.2025.143276
https://doi.org/10.3390/pharmaceutics16081043
https://doi.org/10.3390/molecules26195905
https://doi.org/10.3390/pharmacy13010021
https://doi.org/10.1016/j.onano.2022.100048
https://doi.org/10.3390/pharmaceutics14040870
https://doi.org/10.1080/107175401300002748
https://doi.org/10.1016/j.rinphs.2012.02.001
https://doi.org/10.1039/D3TB01579C
https://doi.org/10.3390/pharmaceutics15051554
https://doi.org/10.1208/s12249-024-02965-w
https://doi.org/10.1208/s12249-010-9564-z
https://doi.org/10.1016/j.jddst.2021.102597
https://doi.org/10.1007/s10238-024-01558-6
https://doi.org/10.15585/mmwr.mm6542a3
https://doi.org/10.1021/acs.molpharmaceut.2c00222
https://doi.org/10.1016/j.jconrel.2022.12.029
https://doi.org/10.3748/wjg.v18.i37.5151
https://doi.org/10.2147/IJN.S502833
https://doi.org/10.1177/2058738419866567
https://doi.org/10.1016/j.bpg.2023.101839
https://doi.org/10.1186/s12951-018-0392-8
https://doi.org/10.15171/apb.2020.001
https://doi.org/10.1016/j.jconrel.2022.09.024
https://doi.org/10.1016/j.fochx.2024.102149

Journal of Applied Pharmacology and Toxicology 1 (1); 2025: 10 — 19

Choudhury et al.

[34] Joshi AS, Patil CC, Shiralashetti SS, Kalyane NV. Design,
characterization and evaluation of Eudragit microspheres
containing glipizide. Drug Invent. Today, 5(3), 229-34 (2013)
https://doi.org/10.1016/j.dit.2013.06.009

[35] Hudovornik G, Vre€er F. Impact of the curing parameters on
drug release from Eudragit RS and RL 30D coated pellets: design
of experiments. J. Drug Deliv. Sci. Technol., 30, 146-53 (2015)
https://doi.org/10.1016/j.jddst.2015.09.021

[36] Wu J et al. Mechanism of a long-term controlled drug release
system based on simple blended electrospun fibers. J. Control.
Release, 320, 337-46 (2020)
https://doi.org/10.1016/j.jconrel.2020.01.020

[37] Date AA, Hanes J, Ensign LM. Nanoparticles for oral delivery:
design, evaluation and state-of-the-art. J. Control. Release, 240,
504-26 (2016) https://doi.org/10.1016/j.jconrel.2016.06.016

[38] Hales D et al. Development of a curcumin-loaded polymeric
microparticulate oral drug delivery system for colon targeting by
quality-by-design approach. Pharmaceutics, 12(11), 1027 (2020)
https://doi.org/10.3390/pharmaceutics12111027

[39] Luraghi A, Peri F, Moroni L. Electrospinning for drug delivery
applications: a review. J. Control. Release, 334, 463-84 (2021)
https://doi.org/10.1016/j.jconrel.2021.03.033

[40] Gupta S, Kesarla R, Chotai N, Misra A, Omri A. Systematic
approach for the formulation and optimization of solid lipid
nanoparticles of efavirenz by high pressure homogenization using
design of experiments for brain targeting and enhanced
bioavailability. Biomed Res. Int., 2017, 5984014 (2017)
https://doi.org/10.1155/2017/5984014

[41] Dudal S et al. Translating pharmacology models effectively to
predict therapeutic benefit. Drug Discov. Today, 27(6), 1604-21
(2022) https://doi.org/10.1016/j.drudis.2022.03.009

[42] Tanaka K et al. Natural history of chronic intestinal pseudo-
obstruction and need for palliative care. J. Neurogastroenterol.
Motil., 29(3), 378-87 (2023) https://doi.org/10.5056/jnm22152

[43] Jessamine V et al. The application of nanoparticles as advanced
drug delivery systems in attenuating COPD. Heliyon, 10(18),
€25393 (2024) https://doi.org/10.1016/j.heliyon.2024.e25393

[44] Chen M, Lan H, Jin K, Chen Y. Responsive nanosystems for
targeted therapy of ulcerative colitis: current practices and future
perspectives. Drug Deliv., 30(1), 2219427 (2023)
https://doi.org/10.1080/10717544.2023.2219427

[45] Gao J, Karp JM, Langer R, Joshi N. The future of drug delivery.
Chem. Mater., 35(2), 359-63 (2023)
https://doi.org/10.1021/acs.chemmater.2c03003

[46] Sultana A, Zare M, Thomas V, Kumar TSS, Ramakrishna S.
Nano-based drug delivery systems: conventional drug delivery
routes, recent developments and future prospects. Med. Drug
Discov., 15, 100134 (2022)
https://doi.org/10.1016/j.medidd.2022.100134

[47] Bwalya F, Erdem M, Kaynak MS. Formulation optimization,
physicochemical characterization, and biocompatibility
assessment of curcumin-loaded aquasomes. Nano Select, 6(4),
€400162 (2025) https://doi.org/10.1002/nano.202400162

[48] Puccetti M, Pariano M, Schoubben A, Giovagnoli S, Ricci M.
Biologics, theranostics, and personalized medicine in drug
delivery systems. Pharmacol. Res., 201, 107086 (2024)
https://doi.org/10.1016/j.phrs.2024.107086

[49] Zietse M et al. Cost-effective and sustainable drug use in
hospitals: a systematic and practice-based approach. Appl. Health
Econ. Health Policy, 23(1), 45-58 (2025)
https://doi.org/10.1007/s40258-024-00937-6

[50] Crucho CIC, Barros MT. Polymeric nanoparticles: a study on the
preparation variables and characterization methods. Mater. Sci.
Eng. C, 80, 771-84 (2017)
https://doi.org/10.1016/j.msec.2017.06.004

[51] dos Santos J, da Silva GS, Velho MC, Beck RCR. Eudragit®: a
versatile family of polymers for hot melt extrusion and 3D
printing processes in pharmaceutics. Pharmaceutics, 13(9), 1424
(2021) https://doi.org/10.3390/pharmaceutics13091424

[52] Bhunchu S, Rojsitthisak P. Biopolymeric alginate-chitosan
nanoparticles as drug delivery carriers for cancer therapy.
Pharmazie, 69(8), 563-9 (2014)
https://doi.org/10.1691/ph.2014.3165

[53] Hanmantrao M et al. Development of guar gum-pectin-based
colon targeted solid self-nanoemulsifying drug delivery system of
xanthohumol. Pharmaceutics, 14(11), 2384 (2022)
https://doi.org/10.3390/pharmaceutics14112384

[54] Jeganathan B, Prakya V. Interpolyelectrolyte complexes of
Eudragit® EPO with hypromellose acetate succinate and
Eudragit® EPO with hypromellose phthalate as potential carriers
for oral controlled drug delivery. AAPS PharmSciTech, 16(4),
878-88 (2015) https://doi.org/10.1208/s12249-014-0252-2

[55] McCoubrey LE, Favaron A, Awad A, Orlu M, Gaisford S, Basit
AW. Colonic drug delivery: formulating the next generation of
colon-targeted therapeutics. J. Control. Release, 353, 1107-26
(2023) https://doi.org/10.1016/j.jconrel.2022.12.029

[56] Nikam A, Sahoo PR, Musale S, Pagar RR, Paiva-Santos AC,
Giram PS. A systematic overview of Eudragit® based copolymer
for smart healthcare. Pharmaceutics, 15(2), 587 (2023)
https://doi.org/10.3390/pharmaceutics15020587

[57] Shendge RS, Zalte TS, Khade SB. Polymeric microspheres
redefining the landscape of colon-targeted delivery: a
contemporary update. Eur. J. Med. Chem. Rep., 11, 100156
(2024) https://doi.org/10.1016/j.ejmcr.2024.100156

[58] Staff RH et al. Particle formation in the emulsion-solvent
evaporation process. Small, 9(20), 3514-22 (2013)
https://doi.org/10.1002/smll.201300372

Journal of Applied Pharmacology and Toxicology (JOAPT)| July — December 2025 | Volume 1 Issue 1 | 19


https://doi.org/10.1016/j.dit.2013.06.009
https://doi.org/10.1016/j.jddst.2015.09.021
https://doi.org/10.1016/j.jconrel.2020.01.020
https://doi.org/10.1016/j.jconrel.2016.06.016
https://doi.org/10.3390/pharmaceutics12111027
https://doi.org/10.1016/j.jconrel.2021.03.033
https://doi.org/10.1155/2017/5984014
https://doi.org/10.1016/j.drudis.2022.03.009
https://doi.org/10.5056/jnm22152
https://doi.org/10.1016/j.heliyon.2024.e25393
https://doi.org/10.1080/10717544.2023.2219427
https://doi.org/10.1021/acs.chemmater.2c03003
https://doi.org/10.1016/j.medidd.2022.100134
https://doi.org/10.1002/nano.202400162
https://doi.org/10.1016/j.phrs.2024.107086
https://doi.org/10.1007/s40258-024-00937-6
https://doi.org/10.1016/j.msec.2017.06.004
https://doi.org/10.3390/pharmaceutics13091424
https://doi.org/10.1691/ph.2014.3165
https://doi.org/10.3390/pharmaceutics14112384
https://doi.org/10.1208/s12249-014-0252-2
https://doi.org/10.1016/j.jconrel.2022.12.029
https://doi.org/10.3390/pharmaceutics15020587
https://doi.org/10.1016/j.ejmcr.2024.100156
https://doi.org/10.1002/smll.201300372

	Journal of Applied Pharmacology and Toxicology
	Volume 1 Issue 1, Year of Publication 2025, Page 10 – 19
	ABSTRACT
	INTRODUCTION
	Aim and Objectives
	Research Gap
	Conclusion
	FINANCIAL ASSISTANCE
	CONFLICT OF INTEREST
	References

