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Abstract: Colorectal cancer is one of the most common cancer diseases with the increase of 
cases prevalence >5% every year. Multidrug resistance mechanisms and non-localized 
therapy become primary problems of chemotherapy drugs for curing colorectal cancer 
disease. Therefore, the enteric-coated nanoparticle system has been studied and proved to 
be able to resolve those problems with good performance for colorectal cancer. The highlight 
of our review aims to summarize and discuss the enteric-coated nanoparticle drug delivery 
system specific for colorectal cancer disease. The main and supporting literatures were 
collected from published research articles of journals indexed in Scopus and PubMed 
databases. In the oral route of administration, Eudragit pH-sensitive copolymer as 
a coating agent prevents the degradation of the nanoparticle system from the gastric fluid 
and releases drug to intestinal-colon track. Therefore, it provides a colon-specific targeting 
ability. Impressively, enteric-coated nanoparticles having a sustained release profile signifi-
cantly increase the cytotoxic effect of chemotherapeutic drugs and achieve cell-specific target 
delivery. The enteric-coated nanoparticle drug delivery system represents an excellent mod-
ification to improve the effectiveness and performance of anticancer drugs for colorectal 
cancer disease in terms of the oral route of administration. 
Keywords: drug delivery system, oral route, cytotoxic, anticancer drugs

Introduction
Colorectal cancer is one of the most common cancers in the world with about 
1.9 million new colorectal cancer (CRC) cases reported in 2018 and 900,000 
deaths, making it the third most commonly diagnosed cancer worldwide.1 In 
2020, around 147,950 individuals will be predicted with CRC, 53,200 might die 
from these diseases.2 Even though the prognosis of CRC patients has improved 
over the last few decades in many developed countries, mostly due to improved 
prevention and treatment,3–6 the incidence and mortality in low-and middle-income 
countries are rising rapidly, in part due to adaptation of western-lifestyle.7

Conventional colon cancer treatment depending on the tumor stage consists 
mainly of surgery, chemotherapy, and radiation.3,8–11 However, these methods bear 
several risks. Besides, the usual risks of surgery such as major blood loss and 
infections, colectomy might lead to serious tissue damage causing leakage of the 
anastomosis.12–19 It is also worth mentioning that the risk of fecal and urinary 
incontinence after radiation therapy is high.5,20–25 Another problem associated with 
radiotherapy and chemotherapy is tissue toxicity as both cancerous and healthy 
cells are affected.26–28
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In addition, the application of chemotherapeutics is 
greatly limited, ascribable to multi-drug resistance caused 
by efflux mechanisms, enhancement of drug inactivation, 
or mutations of the drug target.28–31 Besides that, common 
chemotherapeutics like 5-Fluorouracil have a poor site- 
specificity leading to the fact that a growing dose size of 
anti-cancer drugs is required, which increases toxic side 
effects.32 For example, the overall response rate for 
5-Fluorouracil regarding colorectal cancer alone is only 
10% to 15%.29 Furthermore, researchers are challenged 
to overcome the limitations of conventional cancer therapy 
with new approaches.

Targeted anti-cancer agents such as Bevacizumab and 
Cetuximab have been developed. Both are monoclonal 
antibodies specific for molecular targets, which block 
transduction pathways or cancer proteins. These targeted 
monoclonal agents are able to reach the tumor site 
specifically.12,33,34 Currently, first-line treatments combine 
targeted therapy and fluoropyrimidine-based 
chemotherapy.35,36

In order to increase anti-tumor efficacy, current thera-
peutic methods involve the combination of different che-
motherapeutic drugs in a series of cycles.3,12,31 However, 
the emergence of drug-resistant tumor cells reduces the 
efficacy of chemotherapeutics and endure a crucial pro-
blem in colon cancer chemotherapy.37

One promising approach to improve the efficacy and 
to reduce the systematic side effects of anti-cancer 
agents is nanoparticle drug delivery systems. They are 
biodegradable, nano to submicronic colloidal systems 
with a diameters range between 3 and 200 nm, able to 
effectively carry the anti-cancer agents to the tumor 
site,30,34,38 attaining a high local drug concentration by 
site-specific targeting, enhanced permeability, and 
greater retention.27,39–44 Thus, the use of nanocarriers 
can reduce the unwanted systemic side effects and drug 
resistance.27,45

However, nanoparticles for colon-targeted oral drug 
delivery systems have to overcome pH-sensitivity and 
transit time in the stomach. For oral administration, the 
formulation must be protected in order to prevent degrada-
tion, premature drug release and absorption before reach-
ing the colon.46,47 These problems can be overcome by 
enteric coating of the nanoparticle delivery system. The 
enteric coating acts as a barrier protecting the loaded drug 
against the stomach acidic environment and controlling its 
release to reach sites in the lower gastrointestinal 
tract.32,48–52

In recent years more and more nanoparticles for var-
ious purposes have been developed. Previous review arti-
cles discussed the application of polymers in delivering 
cancer drugs to colorectal cancer individually.53–55 This 
review article summarizes and discusses the enteric-coated 
nanoparticles as oral drug delivery systems for treating 
colorectal cancer. In this review, the comparison of differ-
ent applied formulations and polymers for enteric-coated 
nanoparticles in colorectal cancer drug delivery system 
were discussed.

Methodology
This review is focused on published articles indexed in 
Scopus and PubMed database using the keyword “enteric- 
coated nanoparticle colorectal cancer,” “enteric-coated 
nanoparticle cancer,” and “enteric-coated nanoparticles.” 
Opinions, assessments, and unrelated subjects such as 
pharmacological characteristics and bioactivities have 
been utilized for exclusion criteria. The flowchart of the 
methodology can be seen in Figure 1. The distribution of 
articles based on the year of publication can be seen in 
Figure 2.

In this review, we examined the studies on nano-sized 
cancer drugs with a macroporous sponge and multilayer 
dispersion system from macro to nano-sized. This system 
serves as a protection, targeted delivery to cancer cells, 
modification of release, and enhancing cell uptake in can-
cer drugs. Therefore, we also discussed the enteric-coated 
nanoparticle drug system for non-colorectal cancer and its 
development in targeted delivery to colorectal cancer.

Colorectal Cancer
Colorectal cancer is a type of cancer that grows in the 
large intestine (colon), or at the very end of the large 
intestine that is connected to the rectum. The term color-
ectal cancer refers to cancer that develops slowly. Its 
development starts from tumor or tissue growth in the 
inner lining of large intestine or rectum.56 In general, 
colorectal cancer originates from the inner wall of color-
ectal epithelial layer as a polyp, which then invades the 
lymph node and muscles surrounding it. In the next stage, 
colorectal cancer will spread to other organs, especially the 
liver. Recurrence and widespread cancer (metastatic) dis-
tribution are the two main factors that are affecting the 
survival of patients with colorectal cancer. The chance of 
survival of colorectal cancer patients can reach up to 
around 90% for 5 years if colorectal cancer did not metas-
tasize. But the survival rate is reduced to around 12% in 
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patients with metastatic colorectal cancer.1,57,58 Several 
factors are influencing the incidence of colorectal cancer 
including age, gender and genetic factors. Concomitant 
chronic diseases such as ulcerative colitis, diabetes, and 
obesity can increase the risk of developing colorectal 
cancer.58–61 At this time, patients with colorectal cancer 
are being treated by surgical removal of the tumor, che-
motherapy as well as radiation therapy.62,63

Nanoparticle Drug Delivery System
Nanoparticles are defined as size structures ranging from 1 
to 100 nm in at least one dimension. However, the “nano” 
prefix refers to nanostructured particles, is usually used for 
particles up to several hundred nanometers in secondary size 
contained nano-sized primary particles.64,65 Nanocarriers 
have certain physicochemical and biological characteristics, 
which makes it easier to enter cells in comparison to larger 
molecules, so they can successfully deliver active substances 
intracellularly,66–68 and have the ability to carry cancer drugs 
having small or large molecular weights including genes or 
proteins. Thus, nanocarriers can be used for targeted antic-
ancer delivery approaches for better accumulation in cancer 
cells.34,69–74 In addition, nanocarriers can increase the solu-
bility of hydrophobic drugs, protect drugs from degradation, 
reduce renal clearance, increase the half-life, and can be 
used for controlled systemic release.34,75

Nanotechnology has been widely developed as a new 
strategy for drug delivery and cancer treatment. When 
compared to conventional drug delivery systems, nano-
technology-based drug delivery systems have superior 
potential in several aspects, for example, targeting specific 
organs, increased circulation times and controlled systemic 
release.75 The application of nanotechnology has the 
potential to overcome drug resistance especially through 
reversing Multi-Drug Resistance (MDR). Thus, allowing 
sufficient drugs to accumulate in the cytoplasm resulting in 
remarkable improvement in chemotherapy efficiency.76–81

Enteric Nanoparticle Development
In 1930, the first ingredient used in the enteric coating 
system was shellac. The enteric coating technique was first 
introduced by Unna in 1984 in the form of keratin-coated 
pills. Micro- to nano-encapsulated forms were then devel-
oped due to various needs in improving the quality and 
stability of drugs such as controlling drug release, redu-
cing gastrointestinal irritation, and preventing drug inter-
actions. This delivery system was first developed by 
Bodmeier et al (1989) using chitosan and alginate as 

coatings.82,83 Furthermore, the development of nano- 
sized enteric coating systems has been developed to date 
with various coating modifications and the addition of cell 
targeting or magnetic labeling agents (see Figure 3).

Enteric-Coated Nanoparticle 
Formulations for Non-Colorectal 
Cancer
Each part of the digestive tract has a different pH. The 
stomach has an acidic pH environment (1–3) while the 
small intestine has a slightly acidic to neutral environment 
pH (5.9 −7.8). The colon has a pH ranging from 5 to 8.84–86 

Based on physiological conditions of the gastrointestinal 
tract, targeted drug delivery systems that are suitable for 
certain parts of the gastrointestinal release the active com-
pounds triggered by pH. pH-dependent coating technology is 
usually applied to protect active substances from degradation 
by gastric acid and as targeted delivery in certain parts of the 
digestive tract.87,88 Enteric-coated drug delivery systems are 
designed to be able to survive in the acidic environment and 
disintegrate at a higher pH environment, preventing the 
degradation of active compounds by gastric fluid 
components.88,89 Some examples of enteric-coated drug for-
mulas for non-colorectal cancer are summarized in Table 1.

The application of enteric-coated in several studies has 
successfully delivered drugs through the gastric channel 
(low pH) by maintaining the stability of active substances, 
even those in the form of peptides and proteins such as 
vaccines,99,104,125 and insulin94,95,98 to be absorbed via 
lymphatic or bile pathways. These formulas can be used 
as innovators in the development of targeted delivery 
systems to colon cancer cells.

Natural or synthetic polymers are used in the enteric- 
coated system. However, in the colorectal drug delivery 
system, the polymers used need to be modified in order to 
deliver drugs to the targeted cells and increase its bioavail-
ability. Therefore, mediators such as receptors, peptides, 
and other compounds are needed to be linked to the sur-
face of the carrier. The mediators facilitate the attachment 
of the drug to the cell and increase its uptake.

Enteric-Coated Nanoparticle 
Formulations for Colorectal Cancer
Enteric-coated nanoparticles are one of the drug delivery 
technologies that can improve the bioavailability of drugs 
by oral administration,50,133–135 increase intracellular 
penetration and retention time, control the release of 
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encapsulated drugs and targeted delivery in specific parts 
of the gastrointestinal tract such as in the treatment of 
colorectal cancer.136 Cellular uptake and efficacy of nano-
particle drug delivery systems for colorectal cancer ther-
apy are influenced by several factors, namely, size, shape, 
and surface chemistry.137–139 The size of the drug delivery 
carrier plays an important role in colorectal cancer therapy. 
Nanoparticles sizes around 100–200 nm have better 

cancer-targeting properties than larger particles. This can 
increase selective accumulation in the colon tissue due to 
the epithelial-enhanced permeability and retention effect. 
This can increase selective accumulation in the colon 
tissue.140 In order to be absorbed into the cells, the particle 
size of the drug should not exceed 104 nm. With a particle 
size of 102 nm, nanoparticle drugs are generally absorbed 
via the clathrin pathway.141 The illustration of anticancer 

Figure 1 Flowchart of methodology.

Figure 2 Distribution of colorectal cancer articles based on the year of publication.
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drug delivery and its release in the colon can be seen in 
Figure 4.

Materials used for enteric coating are usually water- 
resistant or pH-sensitive (Table 2). Enteric-coated systems 
use polymer coatings that do not dissolve in a gastric fluid 
consequently prevent or slowing down the release of drug 
compounds in stomach.89 Eudragit is a pH-dependent 
enteric-coated polymer, dissolves in a pH>5.5 
medium,142 and has the highest entrapment ability com-
pared to other polymers.143,144 It protects the active ingre-
dient from gastric fluid, improves drug effectiveness, and 
enables targeting specific areas at intestine. Eudragit poly-
mers are versatile polyacrylate polymers with various 
degrees of solubility, which make it suitable for sustained 
release formulation. Eudragit S100 has solubility charac-
teristics above pH 7, making it suitable for use in colonic 
release targeting. Therefore, it is often used as an enteric 
coating in the drug delivery system for colorectal cancer.

Chitosan Nanoparticle
In 2017, Sun et al tried to develop a nanoparticle system 
for 5-Fluorouracil as drug payload by using ionic gelation. 
In this study, they used chitosan as the main carrier. The 
observed mean particle size was around 283.9 nm, with 
44.28% of entrapment efficiency and 20.12% loading 
capacity. The highest entrapment efficiency and drug- 
loading could be achieved by using a 1:1 mass ratio of 
5-FU and Chitosan. The PDI was around 0.252, indicating 
that the distribution is relatively homogeneous. In addi-
tion, the nanoparticle system showed good stability with 
a zeta-potential of about 45.3 mV. Impressively, the 
in vitro and in vivo drug release study implies that com-
pared to the normally used 5-FU solution, a notably sus-
tained and extended drug release by 5-FU Chitosan 
nanoparticles can be observed. Regarding the bioavailabil-
ity in rats, the AUC value of 5-FU Chitosan nanoparticles 
showed more than 2-fold increase to the solution. 
Furthermore, the nanoparticles show the same in vitro 

cytotoxic efficacy on gastric cancer SGC-7901 as conven-
tional 5-FU injections.145

Another study from Tummala et al in 2015 demon-
strated that nanoparticle formulations with enteric coating 
become an excellent modification of the previously men-
tioned nanoparticles. In this study, the solvent emulsifica-
tion evaporation technique was used to prepare the same 
type of nanoparticles, which were additionally coated with 
an enteric coating (Eudragit S100) to protect the nanopar-
ticles from degradation in gastric fluid and to achieve drug 
release when the carrier reaches the intestine. Comparing 
the 1:1 mass ratio formulations of S. Tummala and L. Sun, 
the particle size with about 192 nm which is much smaller, 
even though having an extra enteric coating. Moreover, the 
average particle size of the formulation prepared using 
a 1:3 mass ratio was about 138 nm, which is even smaller. 
In addition, the study revealed a significantly higher 
entrapment efficiency (69.18%) and drug loading 
(28.14%), using a drug: polymer ratio of 1:3. In contrast 
to the study of Sun et al the drug loading did not increase 
with the increase of 5-FU. Other than that, the other 
particle characteristics regarding stability and distribution 
showed similar results.

In in vitro study, non-enteric-coated 5-FU chitosan 
nanoparticles released up to 70% of 5-FU before reaching 
the colonic fluid. Due to the Eudragit S100 coating, which 
contains acidic functional groups, dissolving only in alka-
line colonic medium, the enteric-coated nanoparticles 
remain stable in gastric fluids and reach the tumor sites 
in the colon. Drug release of enteric-coated nanoparticles 
started only after 4h in simulated intestinal fluid and 
showed a sustained release profile over 24h of a time 
period, whereas non-enteric-coated nanoparticles released 
about 50% of 5-FU after 2 to 3 hours and up to 70% 
before reaching colonic fluid.32

Continuing the previous study, Tummala et al focused 
on improving 5-FU anti-cancer activity of 5-FU loaded 
enteric-coated chitosan nanoparticles, they have evaluated 

Figure 3 The development of enteric nanoparticle.
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Table 1 Enteric-Coated Nanoparticle Formulations for Non-Colorectal Cancer

No Polymer Active Ingredient Application Ref

1. Propylene glycol alginate sodium sulfate – Potential enteric 
delivery system

90

2. Copper-substituted mesoporous silica 16-Hydroxy-cleroda-3,13- 
dien-16,15-olide (HCD)

Controlled anti-glioma 
drug delivery

91

3. Starch and chitosan Withania coagulans extract Enteric extract delivery 
system

92

4. Polylactic acid (PLA), polyvinyl alcohol, poloxamer 188 β-galactosidase Protection on 

enzymatic degradation

93

5. PLGA, lipid, PEG Insulin Oral insulin delivery 

system

94

6. Polyacrylic resin II (PRII) and solid lipid (polyvinyl alcohol and 

octadecanoic acid)

Enrofloxacin (ENR) Enteric delivery and 

light protector system

51

7. Deoxycholic acid-conjugated chitosan Insulin Oral insulin delivery 

system

95

8. Hydroxypropyl methylcellulose and Eudragit® L100 Darunavir Enteric antivirus 

delivery system

96

9. (methoxy-polyethylene glycol)-b-poly(D,L-lactide-co-glycolide)-b-poly 

(L-lysine)

Peptide Val-Leu-Pro-Val-Pro- 

Arg

Enteric peptide delivery 

system

97

10. Hyaluronic acid, chitosan, and Eudragit® L-100 Insulin Oral insulin delivery 

system

98

11. Chitosan and Eudragit® L-100 Bovine serum albumin (BSA) Oral protein vaccine 

delivery system

99

12. Deoxycholic acid conjugated PEGylated polyhydroxybutyrate Insulin Oral insulin delivery 

system

100

13. Hyaluronic acid (HA) Insulin Oral insulin delivery 

system

101

14. Guar gum and Eudragit® L30D Amphotericin B Antileishmanial drug 

delivery system

102

15. Compritol 888 ATO, cetyl palmitate, stearic acid, Dynasan® 114, 

Dynasan® 116, Dynasan® 118, Gelucire® 50/13, Softisan® 154, lauric acid, 

glyceril monostearate, glyceril trioleat, Labrafil® M-2151 CS, Labrafac® 

WL 1349, corn oil, sesame oil, sthyl oleat, oleic acid, Eudragit® S100

Budesonide Inflammatory Bowel 

Disease

103

16. Gelatin, 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC), 
monophosphoryl lipid A, glycerol tripalmitate, and cholesterol

HBsAg Oral vaccine delivery 
system

104

17. Eudragit® S-100 and Eudragit® L-100 Sulfasalazine Oral-specific delivery 105

18. Glyceryl monooleate and Eudragit® L100-55 Pravastatin sodium (PVS) Duodenum-triggered 

delivery

106

19. Eudragit® L100-55 and polyvinyl alcohol Nifedipine Oral pH-sensitive 

delivery

107

20. N-(2-hydroxy)-propyl-3-trimethylammonium chloride modified chitosan 
(HTCC) and sodium tripolyphosphate (TPP)

Insulin Oral insulin delivery 
system

108

(Continued)
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Table 1 (Continued). 

No Polymer Active Ingredient Application Ref

21. Mesoporous silica Safranin O Colonic targeted 

delivery system

109

22. Monomethoxyl poly(ethylene glycol)-b-poly(L-lactide-co-glycolide) Growth factor Enteric protein delivery 

system

110

23. Hydroxypropyl methylcellulose phthalate (HPMCP) Omeprazole Enteric drug delivery 

system

111

24. Hydroxypropyl methylcellulose phthalate (HP55), poly(lactic-co-glycolic 

acid) (PLGA), and Eurdragit® RS
Insulin Oral insulin delivery 

system

112

25. Polyacrylic acid Papain Small intestine targeted 

delivery system

113

26. Polyethylene imine Insulin Oral insulin delivery 

system

114

27. Mesoporous silica and polyacrylic acid Metoprolol tartrate Enteric delivery and 

sustained release 

system

115

28. Eudragit® RS100 and poly(lactic-co-glycolic acid) (PLGA) Lansoprazole Enteric delivery and 

sustained release 
system

116

29. Eudragit® L100 Darunavir Enteric antivirus 
delivery system

117

30. Methacrylic acid-methyl methacrylate and chitosan Recombinant human 
keratinocyte growth factor 

(rHuKGF)

Enteric protein delivery 
system

118

31. Phospholipon® 90H, Arlacel® 1689, Crodamol® CP-PA-(SG), and 

Eudragit® S100

Lipo-endomorphin-1 Enteric peptide delivery 

system

119

32. Compritol 888 ATO (COMP) and Poloxamer 188 (P-188) Carvedilol Lymphatic absorption 120

33. poly(g-glutamic acid) and chitosan Exendin-4 Enteric peptide delivery 

system

121

34. Poly(methacrylic acid)-polysorbate 80-grafted-starch terpolymer and 

ethylcellulose

Diltiazem Enteric delivery and 

controlled release 

system

122

35. Pluronic Efavirenz Microfold cells (M-cells) 

targeted delivery 
system

123

36. Poly(D,L-lactide-co-glycolide) and Eudragit S100 Eluxadoline Enteric delivery and 
sustained release 

system

124

37. Alginate and chitosan Goat anti-mouse IgG 

peroxidise conjugate

Oral vaccine delivery 

system

125

38. Hydroxypropyl methylcellulose phthalate (HP55) Insulin Oral insulin delivery 

system

126

(Continued)
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their apoptotic activity in vitro using HCT 116 colorectal 
cancer cells. A decrease in the IC50 value of 5.5 folds 
compared to pure drugs was shown, whereas plain nano-
particles showed no toxicity indicating the safety of 

nanoparticles. Furthermore, the research demonstrated the 
ability in localizing the drug at the colon and releasing the 
majority of the payload once it arrives at the ascending 
colon after 4 h. Moreover, the improved apoptotic activity 

Table 1 (Continued). 

No Polymer Active Ingredient Application Ref

39. Diethylene triamine pentaacetic acid and poly(γ-glutamic acid) Insulin Oral insulin delivery 

system

127

40. Folate-chitosan 5-fluourouacil (5-FU) and 

leucovorin (LV)

Multiple drug and 

targeted delivery 

system

128

41. Poly(lactic-co-glycolic acid) Docetaxel Lymphatic absorption 129

42. Chitosan and Eudragit L-100 Insulin Oral insulin delivery 

system

130

43. Acrylic acid and methacrylic Rifampicin Sustained release and 

mucoadhesive delivery

131

44. Poloxamer 188, polyvinyl alcohol, and polyacryl resin II Tilmicosin Prevent gastrointestinal 

degradation

132

Figure 4 The illustration of nanosized drug entrapped in polymeric matrix (A) and its mechanism in release and delivery at colon (B).
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of enteric-coated nanoparticles was determined compared 
with free nanoparticles and pure 5-FU133

In conclusion, an enteric-coated nanoparticle system 
with a significant sustained and localized release and 
enhanced anticancer activity for colorectal cancer treat-
ment was successfully developed.

As for various cancer diseases including colorectal 
cancer hyaluronic acid (HA) receptors in tumor cells are 
overexpressed, making it a suitable target for anticancer 
drugs, which seems to be a promising approach to improve 
orally targeted drug delivery systems for colorectal cancer.

In a study from Jain et al in 2010 hyaluronic-acid 
coupled Oxaliplatin (L-OHP) loaded nanoparticles with 
Chitosan as the main carrier were prepared using ionotro-
pic gelation as an attempt to develop an optimal targeted 
delivery system for colorectal cancer. Afterward, the nano-
particles were processed into pellets, which were then 
coated with Eudragit S100.

Characterization studies showed that HA-coupled chit-
osan nanoparticles had similar characteristics as the pre-
viously mentioned nanoparticles. However, compared to 
uncoupled nanoparticles, the entrapment efficiency of HA- 
coupled nanoparticles was significantly less.

Other than that, zeta potentials of uncoupled chitosan 
nanoparticles (CTNPOP) and HA-coupled chitosan nano-
particles (HACTNPOP) formulations were observed to be 
around 40.3 and 10.0 mV, which mean that the stability 
differs significantly. It was also concluded that the optimal 
total weight gain regarding the film thickness is 10%. In 
this range, the coat is stable enough to pass gastric fluids in 
the upper gastrointestinal tract without degradation but is 
still able to ensure an optimum drug release in the colon. 
In terms of the in vitro drug release, non-coupled nano-
particles had a higher drug release profile than the HA- 
coupled ones. HA coupling might act as an additional 
barrier for drug diffusion, which has to be overcome. 
Furthermore, the mural study could confirm, that coated 
nanoparticles mainly started to release the drug in the 
ascending colon after 4 to 5 hours, which implies, that 
colon-specific delivery of L-OHP was achieved after oral 
administration of enteric-coated nanoparticles and, that the 
enteric coating process was successful.

As expected, the biodistribution studies show, that HA- 
coupled nanoparticle increased the drug concentration at 
the tumor site more effectively than the uncoupled nano-
particles or the free drug, which means that the researchers 
were able to achieve a more specific targeted approach to 
the colorectal cancer site by using hyaluronic acid as 

targeting ligand. Impressively, tumor regression studies 
on C57 Balb/c mice could successfully confirm HA- 
coupled nanoparticles being able to stop tumor prolifera-
tion more effectively than free L-OHP and CTNPOEPs. It 
could be observed that the growth of tumor cells could be 
delayed for about 8 days, which is twice as long as non- 
coupled nanoparticles. These results imply that nanoparti-
cles coupled with targeting ligand like hyaluronic acid 
have a significant effect.39 Five years later in 2015, Jain 
et al used 5-FU instead of Oxaliplatin and attempted to 
optimize the chitosan nanoparticles. The preparation 
method was comparable to the study from 2010 and very 
similar results regarding the characterization could be 
observed.155

Pectin-Eudragit Nanoparticle
Subudhi et al attempted to prepare Eudragit S100-coated 
nanoparticles, which are loaded with 5-FU for colon tar-
geting in cancer therapy. Instead of using Chitosan like in 
the previously mentioned articles, citrus pectin was used. 
Conveniently, citrus pectin also acts as a target mediator at 
the same time since it additionally functions as a ligand for 
galectin-3 receptors. Like hyaluronic acid receptors, 
Galectin-3 receptors are also overexpressed in colorectal 
cancer, making it a promising and specific target for antic-
ancer medication. With a mean particle size of about 
218.12 nm the enteric-coated nanoparticles are slightly 
bigger than coated nanoparticles consisting of Chitosan.

Surprisingly the zeta potential of the coated citrus 
pectin nanoparticles could be found around the value of 
−27.5 mV. Compared to the same non-coated nanoparti-
cles with −18.4 mV, an enormous improvement could be 
found, but the optimal stability could not be achieved as 
the zeta potential should be >|30| mV to provide good 
stability of colloidal dispersions. In contrast to chitosan 
nanoparticles of previously mentioned articles, citrus pec-
tin nanoparticles showed less entrapment efficacy of only 
around 35.15%. That being said, regarding particle size 
and entrapment efficacy, citrus pectin nanoparticles seem 
to be less optimal for colon targeted delivery systems than 
chitosan nanoparticles.

Thus, the effective drug delivery depends on the size, 
stability of the suspension and provide well-dispersed 
nanoparticles. The morphology of the nanoparticles also 
plays an important role on the hydrodynamic of the drug 
delivery and consequently affect the kinetic reactivity of 
the colloidal systems.
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The in vitro drug release study in simulated gastroin-
testinal fluid mediums at different pH values showed that 
the enteric-coated nanoparticles did not release 
a significant amount of 5-FU within the first 4 hours in 
simulated intestinal fluid, which is similar to the result of 
S. Tummala et al, whereas the release rate from nanopar-
ticles starts to increase with the increasing pH values of 
the release medium. Therefore, as expected, the amount of 
drug release of non-coated and coated nanoparticles differs 
significantly. Eudragit S100 coating was able to reduce the 
drug release by about 19% after 24 hours. In medium 
containing 2% rat cecal content, it could be stated that 
the drug release of both coated and non-coated nanoparti-
cles was drastically increased by the numerous anaerobic 
bacteria, which could digest pectin, leading to 5-FU being 
released.

All in all, it can be concluded, that the prepared coated 
citrus nanoparticles have a controlled and sustained release 
profile. Based on sulforhodamine B assay, it was success-
fully proven that the cytotoxicity could be increased by 
using citrus pectin nanoparticles as dosage form (LC50 = 
36.4 μg/mL) compared to the free drug solution, but when 

coated with Eudragit S100 the nanoparticles (LC50 = 94.2 
μg/mL) showed less cytotoxicity than the free 5-FU (LC50 

= 56.7 μg/mL), which is probably due to the Eudragit 
S100 coating, that remains mostly stable in acidic pH of 
the medium used in the cell cytotoxicity study.

As expected, it was verified that the nanoparticles 
covered with Eudragit S100 released the least amount of 
drug in the upper GIT compared to the non-coated nano-
particles and free drug solution. In addition, there was 
a significant increase in colon 5-FU concentration in the 
case of Eudragit-coated citrus pectin nanoparticles due to 
facilitated microflora degradation in the colonic region.

The plasma drug concentration was analyzed to evalu-
ate drug absorption. The maximum drug plasma level of 
non-coated nanoparticles was reached after 8 h, mainly 
released in the small intestine, also showing a prolonged 
and delayed-release profile due to low permeability. On 
the other hand, enteric-coated nanoparticles reached their 
maximum plasma level after 12h, slowly releasing the 
drug in the colon within 12 hours, achieving a higher 
drug concentration and prolonged effect in the colon site 
compared to the non-coated nanoparticle and the free 

Table 2 Enteric-Coated Nanoparticle Formulations for Colorectal Cancer

No Type of Nanoparticle Main 
Carrier

Enteric Polymer Active Ingredients Target 
Mediator

Ref

1 Chitosan Nanoparticle Chitosan – 5-FU - 145

Chitosan Eudragit S100 5-FU - 32,133

Chitosan Eudragit S100 Oxaliplatin Hyaluronic 
Acid

39

Chitosan Eudragit S100 5-FU - Leucovorin Folate 127

Chitosan Eudragit S100 Curcumin - 146

Chitosan Eudragit S100 Doxorubicin - 147

Chitosan Eudragit S100 7-Hydroxy 
staurosporine

- 148

2 Pectin-Eudragit Nanoparticle Citrus 
Pectin

Eudragit S100 5-FU Citrus Pectin 149

3 PMMA-Eudragit Nanoparticle PMMA Eudragit RS PO + Eudragit S100 - - 150

4 PLGA- udragit Nanoparticle PLGA Eudragit S100 Aspirin – Folic Acid - 151

5 Sodium alginate-Eudragit Nanoparticle Sodium 

Alginate

Eudragit S100 Indomethacin - 152

Sodium 
Alginate

Eudragit S100 Irinotecan 
hydrochloride 

trihydrate (I)

Folic acid 153

6 Albumin Nanoparticle BSA Eudragit S100 Indomethacin - 154

BSA Eudragit L100 Indomethacin -
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solution. In addition, Eudragit-coated nanoparticles 
showed a relatively low drug plasma level at all time 
points, and as a result, the risk of severe systematical 
side effects is reduced and the exposure time to the 
tumor site in the colon is prolonged.149

PMMA-Eudragit Nanoparticle
In 2015 another approach on developing nanoparticles as 
a colon targeted delivery system was attempted. Ma et al 
first prepared Cy5-labelled PMMA-Eudragit RS PO nano-
particles (Cy5 NPs). Subsequently, they were incorporated 
in IR750-dyed-chitosan-Hypromellose microcapsules 
using ionotropic gelation. The microcapsules were then 
coated with Eudragit S100 eventually. Other than the pre-
viously mentioned studies, the nanoparticles were not 
loaded with an anti-cancer agent. Thus, the nanoparticles 
were not coupled with a specific target mediator for tumor 
cells in the colon site. In the study, they tried to compare 
site-specificity of free nanoparticles and nanoparticles in 
a microcapsule-system and evaluated their potential for 
colon-targeting.

After 2 hours of in vitro incubation in simulated gastric 
fluid and 6 hours in intestinal fluid, only less than 4% of 
nanoparticles from Eudragit S100-coated IR750 MCs were 
released. Another 9% were released in the following 6 
hours in simulated colonic fluid, which not only demon-
strates an overall relatively slow release rate but also 
showing that Cy5 nanoparticles could be at least success-
fully released from Chitosan-HPMC microcapsules in 
colonic fluids. Moreover, a significant number of nanopar-
ticles have been already released in the small intestine 
before reaching the colon. Therefore, the aim of colon- 
specificity could not be achieved.

To have a significant therapeutic effect, the NP must 
not only be released but also penetrate into the tumor 
tissue. In order to investigate the cellular uptake of Cy5 
nanoparticles, human colon adenocarcinoma (HT29) and 
embryonic fibroblast (NIH/3T3) cells were used. 
Altogether it could be noted that the general NP from 
Eudragit S100-coated IR750 MCs uptake increased with 
the increase of NP concentration and time of exposure. 
Due to the higher proliferation rate of cancerous cells, the 
NP uptake in HT29 was higher than the uptake in NIH/ 
3T3 cells.

Surprisingly, in contrast to the in vitro study, all of the 
drug was released in vivo in the lower small intestine. 
Altogether it could be concluded that there is an efficient, 
but non-specific uptake of nanoparticles in both normal 

and cancerous cells. After oral administration in mice, the 
biodistribution of free Cy5 NPs and Eudragit S100-coated 
Cy5 NP-in-IR750 microcapsules was examined by using 
fluorophore-based animal imaging. It could be stated that 
free Cy5 NPs and Eudragit S100-coated Cy5 NP-in-IR750 
MCs, showed stomach retention over 24 hours, owing to 
adhesion to the gastric mucosal surface.

Over 24 hours after oral administration, the non- 
encapsulated nanoparticles had a restricted allocation in 
the colon. On the other hand, the enteric-coated MCs 
increased the delivery of nanoparticles to the colon due 
to prolonged nanoparticle residence in the gastrointestinal 
tract of the mouse and reduced nanoparticle excretion in 
feces, although the MCs had poor colon specificity.150

PLGA-Eudragit Nanoparticle
In 2011, Nassar was able to prepare nanocapsules loaded 
with Docetaxel using PLGA [poly(lactic-co-glycolic acid)] 
as the main carrier, which was then embedded in micro-
particles coated with Eudragit L. The average diameter 
and zeta potential values of the NCs formed were around 
300 nm and −60.1 mV to −37.7mV, which is the prevalent 
size for PLGA nanoparticles, and also demonstrates that 
the solution is stable. Interestingly, the nanoparticle- 
microparticle system showed a significant better oral 
absorption and higher bioavailability compared to both, 
the docetaxel solution and the free docetaxel NC 
formulation.

Cell viability assay, MTT, on Walker 256 cells could 
demonstrate, those blank microcapsules alone have 
a certain toxic effect due to the cytotoxicity of Eudragit 
L. A higher intrinsic cytotoxic activity can be seen when 
testing free docetaxel nanoparticles.

Interestingly, there were even more pronounced cyto-
toxic impacts of nanocapsulated docetaxel microparticles 
than blank microparticles and Docetaxel in solution. At 
a Docetaxel concentration around 5 µg/mL, it could be 
observed that cytotoxicity increased significantly com-
pared with the free solution and blank nanocapsules. 
These results could be found for an incubation time of 
72 hours in a cell growth medium. When incubating only 
for 3 hours, we can surprisingly see that the docetaxel 
solution has a significantly higher cytotoxic effect than 
the microparticle system. Comparable results could be 
observed in the studies of M. Subudhi, where coated 
nanoparticles had less cytotoxicity effect than free nano-
particles and free drug solution. It can be assumed that the 
enteric coating could be the reason for this result. Only 3 
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hours of incubation may not be enough time for the poly-
mer to degrade, which might show a delayed-release pro-
file because Eudragit L is only soluble at pH level above 
6.156 Furthermore, the microcapsules showed promising 
stability for one hour in a solution with a pH of 1.2, 
whereas a complete degradation of the enteric coating 
could be observed at pH value of 7.5.

The study was also able to show, that an enormous 
improvement in docetaxel oral absorption was achieved by 
this nanoparticle system. A higher bioavailability and 
lower clearance could be observed compared to both the 
docetaxel solution and the docetaxel NCs injected 
intravenously.157

Sodium Alginate-Eudragit Nanoparticle
Research conducted by Ma (2013) shows a double coating 
of indomethacin-complexed Eudragit RS nanoparticles that 
are incorporated into alginate microcapsules successfully 
delivering indomethacin to the colon with 60% drug load-
ing. The nanoparticles’ size ranges from 116 nm with 
a drug loading of 5%. The entrapment efficiency increases 
when the nanoparticle-microcapsule system was drained 
(0.7% alginate). The nanoparticles also release the drug 
immediately in the gastric and intestinal tract by 90%. But, 
the double coating using alginate as the outer layer can 
maintain the drug entrapment up to the colon and reduce 
systemic toxicity from indomethacin.152 Meanwhile, 
research conducted by Rajpoot and Jain (2020) resulted 
in targeted cancer drug delivery to colon cancer cells using 
radio labelling and the addition of folic acid to solid lipid 
nanoparticles as ligand cell targeting. The solid lipid nano-
particles (SLN) that have been labeled and given the 
ligand were then encapsulated into the S-100 eudragit 
polymer and alginate. The results showed that the max-
imum drug accumulation was achieved to the cancerous 
tissue in the colon in the alb/c mouse model.153

Albumin Nanoparticle
The delivery system of indomethacin to the colon has also 
been studied by Cerchiara et al by using a multi-coating 
system. The increased solubility of Indomethacin was signifi-
cant with increasing cyclodextrin concentrations. However, 
the swelling index of the indomethacin-cyclodextrin complex 
was smaller than that of indomethacin-albumin. The swelling 
index of Indomethacin-cyclodextrin-albumin was greater in an 
alkaline atmosphere with the release rate following zero order. 
However, this system still releases some drugs in an acidic 
atmosphere. With a multi-coating system using Eudragit as the 

outer layer, the release of drugs in an acidic atmosphere can be 
reduced.154

Size and Mechanism Comparison
Some of the encapsulation forms described in the previous 
sections vary in size and shape of the system used. This 
difference will lead to different deliveries and endocytosis 
mechanisms. The comparison of size and coating system 
can be seen in Figure 5.

Figure 5 describes that the enteric-coated nanoparticle 
drug formulations for colorectal cancer system can be in 
the form of a single drug coating or in the form of 
a matrix. The single form of coating generally aims to 
prevent drug aggregation and targeted delivery39,127,153 

while the matrix form aims to increase solubility and 
controlled release.150,154 For anionic charged drugs that 
reach target cells in the 102 nm size will be uptaken via 
the clathrin pathway. Whereas those with cationic and 
neutral charges with a larger size (not to exceed 104 nm) 
will be uptaken via other channels besides clathrin.141

As enteric-coated polymer, eudragit releases nearly 
90% drug in a zero-order pattern at 10 h time at small 
intestinal pH. Meanwhile, ethylcellulose and cellulose 
acetate phthalate released 90% of the drug at 20 hours. 
When compared with these polymers, shellac has a more 
sensitive response to intestinal pH where drug release 
reaches 100% at 10 hours.158 However, when compared 
to natural polymers, eudragit is more reproducible and is 
not absorbed, so they do not give systemic side effects.159

The Perspective of the Author
In the last decades, researchers have been developing and 
using nanoparticle systems with controlled drug release 
profiles. It was possible to elaborate nanoparticles for 
sustained and delayed drug release, which prolongs release 
and extends the drug effect, leading to a significant 
increase of bioavailability.

Chitosan polymer is often used in nanoparticle technol-
ogy, as studies prove that it shows low toxicity. Besides, it 
is biodegradable and biocompatible.160

In order to improve the delivery efficiency of oral 
nanoparticle systems even more, the enteric coating 
seems to be a promising approach, but every dosage 
form taken orally has to face the problem of degradation, 
resulting in reduced oral availability. This can be pre-
vented by enteric coating. So far enteric-coated nanoparti-
cles for various purposes have been developed. For 
instance, oral delivery of insulin,94,111,161,162 
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antihypertensive agents,97 anti-glioma therapeutics,163 and 
cancer therapeutics for colorectal cancer.

As for nanoparticle system in colorectal cancer treat-
ment, Eudragit has been used commonly as an enteric 
coating. These copolymers are perfectly suitable for colon- 
specific targeting as their dissolution is pH-depended, 
which is necessary since there are several milieus of dif-
ferent pH levels throughout the gastrointestinal tract,156 

making it a perfect option as an enteric coating of oral 
nanoparticle systems. In the previously mentioned articles, 
Eudragit S100 was commonly used taking advantage of 
the fact that it dissolves above a pH level of 7, which 
makes it perfectly suitable for colon-specific release.

As a summary, the reviewed articles discussed the 
enteric coating of the nanoparticles significantly improves 
the delayed and prolonged drug release in the colon. Also, 
the sustained drug release profile can be enhanced. Thus, 
a more localized release at the tumor site could be achieved 
leading to a significantly enhanced antitumor activity.

Moreover, nanoparticles modified with ligand seem to be 
a promising attempt to improve specific active colorectal 
tumor targeting, although they did not show optimal char-
acteristics compared to non-modified nanoparticles. 
Therefore, more research has to be conducted to optimize 
these modified nanoparticles, but other than that, combining 
enteric coating with modified nanoparticles could enhance 
the colon-specific targeting and release, which is essential 
for antitumor agents in colorectal cancer therapy.

As for the anticancer activity, in vitro studies should 
consider the characteristics of enteric coating. Cell toxicity 
assays should be tested in a medium similar to the colonic 
fluids instead of acidic cell medium. Only then, studies can 
be informative and comparable.

Further, more in vivo studies should be taken into 
consideration that optimal colon-targeted drug release 

depends on many various factors, which can hardly be 
simulated fully in vitro.

Conclusion
In recent years the field of nanotechnology in cancer 
treatment has been expanding rapidly. Nanoparticles used 
as oral drug delivery systems seem to be one of the most 
promising approaches in colorectal cancer therapy these 
days. The development of different formulations and tech-
nologies has been carried out to improve colon-specific 
drug delivery by controlled drug release. The overall 
research, which has been conducted so far, showed that 
enteric-coated nanoparticles were able to enhance the con-
trolled drug release. An improved delayed, prolonged, and 
sustained drug release profile in the colonic area could be 
confirmed, leading to an enhanced antitumor activity on 
tumor cells. Enteric-coated nanoparticles showed a great 
potential to increase the effect of anticancer agents like 
5-FU significantly, which could be a big next step in 
colorectal cancer therapy.

Furthermore, for the future development of drug deliv-
ery systems in colorectal cancer therapy not only target 
pH-stimulated release but also combined with specific 
targeting of colorectal cancer cells. The interaction 
between the targeted ligands decorated on the nanoparticle 
surface and certain receptors that are overexpressed at the 
diseased site or certain cells is expected to increase the 
adhesion and internalization of the nanoparticles. This 
effect will lead to selective drug accumulation at the target 
site which can increase therapeutic efficacy and reduce 
side effects.
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