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Abstract 

Studies show that new drug delivery methods using carrier nanoparticles to deliver drugs have 

fewer side effects and toxicity and can specifically target diseased tissue cells. Also in this 

method, the serum concentration of the drug, mode of action, place and time of secretion can 

be adjusted. In addition, colon cancer is one of the most common causes of death, so there have 

been many recent studies on modern drug delivery and its effects on this kind of cancer. The 

results of these studies indicate that these methods can treat cancer in a more specialized way. 

And drug resistance is less likely to occur. 
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Drug delivery 

A drug delivery system (DDS) is a formula or a device that increases the effectiveness of a 

substance in the body, also it creates immunity by controlling the amount and location of the 

drug in the body. In other words, DDS is a relationship between the patient and the drug. The 

ways of drug delivery to the patient's body are various including oral, nasal, transmucosal, 

transdermal, and injection (1).  

Oral drug delivery 

The most widely used method is oral drug delivery .The ease of use of the drug by the patient 

and the variety of drugs that are able to work in this way are the advantages of this method. 

While, taking the drug orally has disadvantages, such as: unpredictable absorption and serum 

concentration of the drug. Moreover, some drugs are not resistant to the pH of the 

gastrointestinal tract or cause digestive problems for the patients (2). Figure 1 shows the Nano 

carrier-based oral delivery and its advantages. 
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Figure 1. The Nano carrier-based oral delivery and its advantages. 

Parenteral drug delivery 

 Parenteral DDS is the injection of a substance into the body that has a rapid and high effect, 

but in most cases requires repetition. The injection is given intramuscularly, intravenously or 

subcutaneously .One of the most important strengths of this method is that it does not have 

negative effects on the digestive system. But few drugs can be applied to the body in this way 

(3). Figure 2 shows the common injection methods used in parenteral drug delivery system.  

Transdermal drug delivery 

In the transdermal method, drug delivery is applied to the skin. It is less used than previous 

methods and is very effective for the delivery of lipophilic drugs. Nowadays, new methods 

have been developed for transdermal DDS, for example, the use of microneedles, which play 

an important role in vaccine injection (4). Figure 2 shows the common injection methods used 

in parenteral and transdermal drug delivery system. 

 

Figure 2. The common injection methods used in parenteral and transdermal drug delivery system 
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Nasal drug delivery 

The nose has a wide mucosal surface that creates a very good space to absorb a variety of drugs, 

but due to its special anatomical and physiological structure, nasal drug delivery is somehow 

limited. This method can be referred to drug sprays that work through the nose (5). Figure 3 

shows nasal drug delivery pathways.  

 

Figure 3. Nasal drug delivery pathways. 

Anal drug delivery 

Anal delivery is a good alternative to oral medications when the patient has difficulty 

swallowing. Anal medication is used to treat hemorrhoids and reduce fever. In addition, with 

the development of analgesic methods, anal drugs can enter the systemic bloodstream (6). 

Drug delivery systems 

 Common drug delivery systems include capsules, tablets, sprays, solutions, ointments, and 

injections. However, all the mentioned methods and common tools have certain disadvantages, 

the most important of which are the rapid release of the drug and the formation of toxins in the 

blood. With the advancement of science and technology, methods have been invented for the 

slow release of drugs into the body. However, this new system may also cause new problems 

and poisonings (7). Conventional drug delivery routes are unable to release and release many 

drugs, such as some proteins and gene-based drugs. But new systems such as nanoparticle 

arrangement have made this process possible  .Other problems with old-fashioned drug delivery 

include a lack of resistance to stomach acid. One of the new methods of DDS is the use of 

liposomes that are resistant to immune system defense barriers, including stomach acid (8).  

Liposomes 

Liposomes are lipoid vesicles that carry drugs to specific areas of the body and are flexible in 

structure, size, and surface load. Laboratory studies have shown better performance of drugs 

encapsulated in liposomes than conventionally formulated drugs. For example, drug delivery 

to cancerous organs through liposomes was more effective than treatment with 

chemotherapeutic drugs (9). Figure 4 shows the structure of a liposome designed for drug 

delivery. 
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Figure 4. Structure of a liposome designed for drug delivery. 

Nanoparticles  

Recently, nanoparticles have also been considered for their potential ability to deliver drugs. 

Special chemical, physical and biological properties of nanoparticles such as high surface-to-

volume ratio and high biological interactions make them one of the best drug transducer (10).  

One of the problems of nanoparticles is the toxicity and release of nanoparticles from the 

human body .Nanoparticles are divided into minerals, non-minerals and polymers. Polymer 

nanoparticles include polyacrylic and chitosan. Synthetic polymers (dendrimers) are able to 

increase the half-life of drugs, but due to their toxicity, their use is currently limited (11), (12), 

(13). Mineral nanoparticles can adjust shape, size and function and have been widely used in 

biology and medicine (14). Non-mineral nanoparticles such as gold are suitable for the delivery 

of active drugs (15). Figure 5 shows common nanoparticles designed for drug delivery. 

 

Figure 5. Common nanoparticles designed for drug delivery. 
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Viral vectors 

Viral vectors are also good candidates for gene therapy; however, they may damage target 

tissue (16). Gene therapy has many applications in the treatment of various genetic and 

acquired diseases, and viral vectors of emerging vehicles are due to the fact that the limitations 

and safety problems of this method have made non-viral biological agents such as 

bacteriophages and exosomes more suitable (17).  

Drug delivery and cancer treatment 

In recent years, there has been a considerable increase in the number of new methods for drug 

delivery (18). This mini-review serves as a window to an understanding of the role of drug 

delivery to colon cancer therapy. Extracellular vehicles (EVs) enable intercellular 

communication by serving as delivery vehicles for a wide range of endogenous cargo 

molecules, such as RNAs, proteins, carbohydrates, and lipids (19). Several studies have shown 

that cancer cell-derived EVs loaded with chemotherapy can overcome drug resistance in stem 

cell-like cancer cells, which are one of the major barriers to effective cancer treatment. (20) 

Scientists have designed smart nano-carries to develop safer and more efficient therapeutics. 

In the recent years, smart drug delivery system has been effective in the cases of cancer. There 

are many differences between tumor microenvironment from healthy tissue, such as low pH, 

low oxygen level, or high enzymatic activity of matrix metalloproteinase. These nano-carriers 

can serve as an intelligent system by considering these differences (21).  Despite advances in 

treatment modalities, colon cancer is the third most common cause of cancer-related death in 

both men and women (22). Nanoparticles with targeting abilities have an important approach 

to site-specific delivery of chemotherapeutic agents (23). Oral drug delivery to the colon has 

attracted significant attention during the past 20 years. Local treatment of colonic pathologies, 

such as ulcerative colitis, colorectal cancer and Crohn's disease, is more effective with the 

delivery of drugs to the affected area (24). Oral drug delivery systems play a striking role in 

the treatment of colon cancer. Due to the pH changes of the gastrointestinal tract and specific 

enzymes secreted by the colonic microflora, scientists have tried to realize programmed drug 

release and magnetic resonance imaging at the tumor sites. In summary their arguments prove 

that such a novel drug system could protect, transport, and program drug release locally within 

the colonic environment (25). A recent study showed that nanoparticle-assembled plant ferulic 

acid in a rat model of colon cancer significantly inhibited cancer (26) .Nanoparticles have 

become an effective drug delivery system nowadays. This delivery system use polymers, such 

as chitosan and pectin as carrier molecules, with the maximum absorption of the drug, decrease 

side effects and also offer protection to the therapeutic agent from quick clearance or 

degradation, thus allowing an increased amount of the drug to reach the target tissue or cells. 

Researchers have proved the role of chitosan and pectin as polymer-carriers in colon targeted 

delivery of drugs in colon cancer treatment. (27). In fact, the main treatment for cancer has 

been chemotherapy, but its success rate is low due to limited drug access to the tumor, drug 

resistance, and side effects. With a better understanding of the structure of cancerous tumors 

in recent decades, new approaches to drug delivery have been developed, the most important 

of which in the field of cancer time are Nano systems and biological mixtures (28). The targeted 

drug delivery system has the potential to determine selective concentrations, specific targets, 

and ligands for targets, and can be created specifically for any type of cancer (29).  

Nanoparticles are carriers of drug entry through blood vessels that can penetrate directly into 

vessels and tumor cells (30). It is possible for these particles to attach directly to the membrane 

or nucleus of a cancer cell or tumor microenvironment. As a result, it can target large 

concentrations of the drug while minimizing toxicity (31).   Nan-  carriers such as liposomes and 

micelles enhance the effects of the drug, and their small size allows them to cross all pathways. 
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Because of high levels of angiogenesis and hematopoiesis in cancerous tumors, the rate of drug 

delivery to the tumor increases (32).  Targeted drug delivery involves ligand or antibody 

mediators that reduce toxicity by increasing therapeutic index (33). Integrin is an aggravating 

factor in cancer that can trigger tumor metastasis. One study showed that this agent could be 

targeted using a drug delivery liposome coated with polyethylene glycol. In colon cancer, for 

example, this type of liposome is used to target integrin-expressing cancer cells. Also, the 

toxicity of these liposomes is less than the specific chemotherapy drug for colon cancer, namely 

5-fluorouracil (34). Extracellular vehicles (EVs) are lipid bilayer vehicles secreted by cells to 

communicate with other cells and these vehicles can contain proteins, DNA and RNA. In 

addition, many studies have shown that a variety of natural cancer-relieving drugs and 

compounds can be used in this way (35).    Therefore, nano-carriers have become a great option 

for modern treatments.  

Conclusion 

Colon cancer has been reported to increase worldwide. Common methods for colon cancer 

treatment is facing major challenges such as drug resistance.  Applying the new methods for 

colon cancer treatment is now being at the center of attention by many researchers. Nano-

particles and designing new methods for drug delivery systems, which directly target the 

tumors including colon tumors play a critical role in successful colon cancer treatment. Further 

research is required to prove the advantages and safety of nanoparticles-based drug delivery 

for colon cancer treatment . 

References 
[1] Jain KK. Drug delivery systems-an overview. Drug delivery systems. 2008:1-50. 

[2] Sastry SV, Nyshadham JR, Fix JA. Recent technological advances in oral drug delivery–a 

review. Pharmaceutical science & technology today. 2000 Apr 1;3(4):138-45. 

[3] Gulati N, Gupta H. Parenteral drug delivery: a review. Recent patents on drug delivery & 

formulation. 2011 May 1;5(2):133-45. 

[4] Prausnitz MR, Langer R. Transdermal drug delivery. Nature biotechnology. 2008 

Nov;26(11):1261-8. 

[5] Djupesland PG. Nasal drug delivery devices: characteristics and performance in a clinical 

perspective—a review. Drug delivery and translational research. 2013 Feb;3(1):42-62. 

[6] Purohit TJ, Hanning SM, Wu Z. Advances in rectal drug delivery systems. Pharmaceutical 

development and technology. 2018 Nov 26;23(10):942-52. 

[7] Wang, NX.; von Recum, HA (2011). "Affinity-Based Drug Delivery". Macromol Biosci. 

11: 321–332. doi:10.1002/mabi.201000206. "Definition". Retrieved 2008-05-27 

[8] "Saraiva, C.; Praça, C.; Ferreira, R.; Santos, T.; Ferreira, L.; Bernardino, L. Nanoparticle-

Mediated Brain Drug Delivery: Overcoming Blood−Brain Barrier to Treat Neurodegenerative 

Diseases. J. Controlled Release 2016, 235, 34−47 

[9] Gregoriadis G, Florence AT. Liposomes in drug delivery. Drugs. 1993 Jan;45(1):15-28. 

[10] Nanoparticles as drug delivery systems,Pharmacological Reports, Volume 64, Issue 

5,2012,Pages 1020-1037,ISSN 1734-1140 

[11] Turos, E. , et al. , Antibiotic-conjugated polyacrylate nanoparticles: New opportunities for 

development of anti-MRSA agents. Bioorganic & Medicinal Chemistry Letters, 2007. 17(1): 

p. 53-5 



ICCBMS21., ICFNEAS21  

 August 19-20, 2021 

Conference Book  
ISBN 978-600-98459-7-2  

 

7 
 

 

[12] Pinto Reis, C. , et al. , Nanoencapsulation I. Methods for preparation of drug-loaded 

polymeric nanoparticles. Nanomedicine: Nanotechnology, Biology and Medicine, 2006. 2(1): 

p. 8-21 

[13] Choi, D.H. , et al. , Dual Growth Factor Delivery Using Biocompatible Core–Shell 

Microcapsules for Angiogenesis. Small, 2013. 9(20): p. 3468-3476. 

[14] iner-Casares, J.J. , et al. , Inorganic nanoparticles for biomedicine: where materials 

scientists meet medical research. Materials Today, 2016. 19(1): p. 19-2 

[15] Wijaya, A. , et al. , Selective Release of Multiple DNA Oligonucleotides from Gold 

Nanorods. ACS Nano, 2009. 3(1): p. 80-86.  

[16] Yoo, J. -W. , et al. , Bio-inspired, bioengineered and biomimetic drug delivery carriers. 

Nature Reviews Drug Discovery, 2011. 10: p. 521. . 

[17] Seow Y, Wood MJ. Biological gene delivery vehicles: beyond viral vectors. Molecular 

Therapy. 2009 May 1;17(5):767-77. 

[18] Vasir JK, Labhasetwar V. Targeted drug delivery in cancer therapy. Technology in cancer 

research & treatment. 2005 Aug;4(4):363-74. 

[19] Au, J. L., Jang, S. H., Zheng, J., Chen, C. T., Song, S., Hu, L., Wientjes, M. G. 

Determinants of Drug Delivery and Transport to Solid Tumors. J Control Release 74, 31-46 

(2001). 

[20] Haley B, Frenkel E. Nanoparticles for drug delivery in cancer treatment. InUrologic 

Oncology: Seminars and original investigations 2008 Jan 1 (Vol. 26, No. 1, pp. 57-64). 

Elsevier. 

[21] Sun T, Zhang YS, Pang B, Hyun DC, Yang M, Xia Y. Engineered nanoparticles for drug 

delivery in cancer therapy. Angewandte Chemie International Edition. 2014 Nov 

10;53(46):12320-64. 

[22] Khan DR. The use of Nanocarriers for Drug Delivery in Cancer Therapy David R. Khan. 

Journal of Cancer Science & Therapy. 2010 Jan 1;2(3):058-62. 

[23] Malam Y, Loizidou M, Seifalian AM. Liposomes and nanoparticles: nanosized vehicles 

for drug delivery in cancer. Trends 

Pharmacol Sci 2009;30:592–9 

[24] Garg A, Tisdale AW, Haidari E, Kokkoli E. Targeting colon cancer cells using PEGylated 

liposomes modified with a fibronectin-mimetic peptide. International journal of pharmaceutics. 

2009 Jan 21;366(1-2):201-10. 

[25] Cabeza L, Perazzoli G, Peña M, Cepero A, Luque C, Melguizo C, Prados J. Cancer therapy 

based on extracellular vesicles as drug delivery vehicles. Journal of Controlled Release. 2020 

Aug 16. 

[26] Zheng Y, You X, Guan S, Huang J, Wang L, Zhang J, Wu J. Poly (ferulic acid) with an 

anticancer effect as a drug nanocarrier for enhanced colon cancer therapy. Advanced 

Functional Materials. 2019 Apr;29(15):1808646. 

[27] De Jong WH, Borm PJ. Drug delivery and nanoparticles: applications and hazards. 

International journal of nanomedicine. 2008 Jun;3(2):133. 

[28] Walker S, Busatto S, Pham A, Tian M, Suh A, Carson K, Quintero A, Lafrence M, Malik 

H, Santana MX, Wolfram J. Extracellular vesicle-based drug delivery systems for cancer 

treatment. Theranostics. 2019;9(26):8001.  



ICCBMS21., ICFNEAS21  

 August 19-20, 2021 

Conference Book  
ISBN 978-600-98459-7-2  

 

8 
 

 

[29] Ma J, Zhang Y, Tang K, Zhang H, Yin X, Li Y, Xu P, Sun Y, Ma R, Ji T, Chen J. Reversing 

drug resistance of soft tumor-repopulating cells by tumor cell-derived chemotherapeutic 

microparticles. Cell research. 2016 Jun;26(6):713-27.  

[30] Unsoy G, Gunduz U. Smart drug delivery systems in cancer therapy. Current drug targets. 

2018 Mar 1;19(3):202-12. 

[31] Krishnaiah YS, Khan MA. Strategies of targeting oral drug delivery systems to the colon 

and their potential use for the treatment of colorectal cancer. Pharmaceutical Development and 

Technology. 2012 Oct 1;17(5):521-40. 

[32] Song Q, Jia J, Niu X, Zheng C, Zhao H, Sun L, Zhang H, Wang L, Zhang Z, Zhang Y. An 

oral drug delivery system with programmed drug release and imaging properties for orthotopic 

colon cancer therapy. Nanoscale. 2019;11(34):15958-70.  

[33] Deshmukh R. Bridging the Gap of Drug Delivery in Colon Cancer: The Role of Chitosan 

and Pectin Based Nanocarriers System. Current Drug Delivery. 2020 Dec 1;17(10):911-24.. 

[34] Naeem M, Awan UA, Subhan F, Cao J, Hlaing SP, Lee J, Im E, Jung Y, Yoo JW. 

Advances in colon-targeted nano-drug delivery systems: challenges and solutions. Archives of 

pharmacal research. 2020 Jan;43(1):153-69.. 

[35] Wong TW, Colombo G, Sonvico F. Pectin matrix as oral drug delivery vehicle for colon 

cancer treatment. Aaps PharmSciTech. 2011 Mar;12(1):201-14. 

 

 

 

 

 

 

 


