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ABSTRACT 
 

Targeted delivery systems are the advanced systems where the active pharmaceutical ingredient is 
delivered accurately to the specific site for the necessary pharmacological action and better 
therapeutic Index. The main motto of these transport systems is to increase the drug activity at 
specific target sites with a low amount of drug as compared to high doses of conventional dosage 
forms. This helps to reduce the side effects of medication, as the drug acts directly at the specific 
tissues or cells and shows its intended action at the given concentration without getting dissipated 
in the other areas of the body or the surrounding environment. The evolution of these new 
approaches plays a vital role in the treatment of chronic diseases like diabetes, tumors, and cancer, 
etc. This context mainly talks about the delivery agents for the treatment of pancreatic cancer, 
delivery agents, and the recent advancements made in this area. 
 

 
Keywords: Target delivery systems; liposomes; nanoparticles; carbon nanotubes; dendrimers; layered 

double hydroxides; micelles; SMART DDS; etc. 
 

1. INTRODUCTION 
 
Cancer, a typical disease that involves rapid 
multiplication of cell growth at the tumor site and 
has a chance to spread to other parts of the body 

if early effective chemotherapy is not started. 
Now a day this has become a common disease 
all over the world and reports say that most 
cases were found in developed countries. The 
probable symptoms of the disease include loss of 
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body weight, continuous cough, blood loss, 
defecation problems, and symptoms vary from 
person to person depending on the type of 
cancer. The reason for the cause of this typical 
disease is due to several factors such as 
consumption of tobacco, excessive body weight 
above the BMR level, Irregular food habits with 
more junk foods, no physical exercises, 
excessive consumption of alcohol, Environmental 
Pollution, and other infections caused by micro-
organisms. Among all the above several factors, 
cancer occurring due to excessive alcohol 
consumption occupies the first position in many 
countries [1,2]. 
 
Pancreatic cancer is having common symptoms, 
like impaired glucose metabolism resulting in 
higher blood glucose levels, excessive loss of 
body weight, back pain, yellow skin, etc; that are 
not generally observed during the early stage but 
only at the advanced stage of this cancer which 
makes it critical for treatment. Different types of 
pancreatic cancers have been identified in which 
pancreatic adenocarcinoma takes a major 
position. A lot of research work is being carried 
out on this cancer chemotherapy especially 
focussing on target delivery systems for the 
effective delivery to the tumour site because the 
conventional delivery system faces the biggest 
challenge of involving normal cells. For this 
approach, few targets have been identified, like 
Growth Factor Receptor, Urokinase plasminogen 
activator receptor, Transferrin, Stem cell 
markers, etc for effective targeting of any given 
drug [1-4 ].                          
 

2. TARGETED DELIVERY SYSTEMS 
 
Targeted delivery systems are of choice because 
of the major advantage that it eliminates the 
major challenge of accumulation of potent drugs 
at other nontarget tissues which further reduces 
the toxicity. These delivery systems used for 
cancer chemotherapy are non-toxic and 
biocompatible to the human body environment. 
At present Targeted delivery systems like 
Liposomes, Nanoparticles, Carbon nanotubes, 
Dendrimers, Micelles, SMART DDS, etc. play an 
organized role in delivering the medications to 
the site of action on time. Among the above-
mentioned delivery systems Liposomes, 
Nanoparticles, Carbon nanotubes are widely 
used for Pancreatic Chemotherapy. 2,3 These 
delivery systems control the rate of drug 
movement into the target site with high safety 
and efficacy for prolonged periods along with the 
other benefits illustrated in Fig. 1. 

 
 
Fig. 1. Image showing advantages of targeted 

drug delivery system 
                                 

3. LIPOSOMES 
 
The liposome is a tiny, concentric sphere in 
which an aqueous layer is surrounded by a 
phospholipid bilayer. Normally the size of 
liposomes ranges from a few nanometres to 
micrometers. They are amphiphilic in nature with 
an external hydrophobic phospholipid layer and 
an internal aqueous compartment. The 
amphiphilicity nature enhances the solubility of 
poorly water-soluble drugs thereby acting as 
carrier systems for many active pharmaceutical 
ingredients. These are self-assembled lipid 
bilayers made up of ether phospholipids, 
cholesterol, or any other synthetic amphiphilic 
component.  
                                      

 
 

Fig. 2. Structure of a liposome 
 

The variable composition of liposomes made 
them suitable carriers for anticancer drugs. The 
external hydrophobic layer of phospholipids acts 
as a binding agent to the tumor cells or tissues 
and rapidly transports the active ingredient [4]. 
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Table 1. Examples of some liposomal formulations 
 

Name of the Drug Liposomal Formulation 

Gemcitabine Combination with PEG-treated liposomes for pancreatic cancer treatment 
has shown a rapid reduction in the cancer cells in comparison to 
gemcitabine alone [3]. 

Doxorubicin Combination with Hydrogenated soya phosphatidylcholine (HSPC), DSPE, 
and Cholesterol in different ratios for the colorectal cancer treatment 
(under in-vitro trials) [4]. 
Combination with Cholesterol, Distearoyl phosphatidylcholine (DSPC), 
DSPE, and DSPE-PEG2000 for colorectal cancer treatment (under in-vitro 
and in-vivo trials) [5]. 
Association with Hydrogenated soya phosphatidylcholine (HSPC), 
Cholesterol, DSPE-PEG2000at different molar ratios for colorectal cancer 
treatment (under in-vitro trials) [4]. 
Combination with 1-Palmitoyl-2-oleoylphosphatidylcholine and Cholesterol 
at the different ratios for Metastatic Cancer treatment (under clinical trials) 
[2]. 

Daunorubicin Formulation of Daunorubicin in combination with DSPC and Cholesterol at 
the different ratios for the treatment of Kaposi’s sarcoma [6]. 

All-trans retinoic acid Combination with DSPC, Cholesterol, DSPE -Methoxy PEG2000 and at 
the different ratio for the treatment of Human Thyroid carcinoma (under in-
vitro trials) [2]. 

Mitoxanthrone Combination with Hydrogenated soya phosphatidylcholine (HSPC), DSPE-
PEG2000, Cholesterol, Anacardic acid at the different ratios for the 
treatment of Melanoma cancer (under in-vitro trials) [7]. 

Paclitaxol Combination with Egg phosphatidylcholine, Cholesterol, TPGS1000-TPP 
at the different ratios for Lung cancer treatment (under in-vivo and in-vitro 
trials) [2]. 
Combination with Egg phosphatidylcholine, Cholesterol, TPGS1000-TPP 
at the different ratios for Lung cancer treatment (under in-vivo and in-vitro 
trials) [2] 

Irinotecan Formulation of Irinotecan for pancreatic ductal adenocarcinoma treatment 
[8]. 

Cytarabin and 
Daunorubicin 

Formulation with Distearoyl phosphatidylcholine, Distearoyl 
phosphatidylglycerol, and Cholesterol for the treatment of tumors [9]. 

Cisplatin Combination with 6-amino nicotinamide for ovarian cancer treatment [10]. 

 

4. NANOPARTICLES 
 
Nanoparticles are carrier systems developed for 
target-specific action and prolonged release of 
medicament. In general, optimum-sized 
nanocarriers are used in the formulation design, 
as smaller surface area of these nanocarriers 
makes them better delivery systems for 
interacting with the target tissue. The target-
specific action of the nanocarriers helps in 
reducing the dose of the drug which in turn 
reduces the cost of the formulation [11]. These 
nanoparticles may be comprised of single or 
more than one polymer having a size range of 
10-1000 nm known as polymeric nanoparticles or 
it may be a simple lipid nanoparticle, which is 
nothing but an advanced nanoparticle which is 
comprised of a central core of solid lipid phase in 

place of liquid lipid component. Another well-
known of nanoparticles is metallic nanoparticles 
like gold nanoparticles, iron nanoparticles, zinc 
nanoparticles etc. [4]. 
 

 
 

Fig. 3. Structure of nanoparticles 
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Table 2. Examples of nanoparticle formulations 
 

Name of the Drug/System Nanoparticle Formulation 

Irinotecan Formulation of polymer-drug conjugates by combining with polymers 
like methoxy Poly(ethylene glycol) and methoxy (polyethylene 
glycol)-Polylactide (under preclinical studies) [12]. 

Gemcitabine Formulation of polymer-drug conjugate (monomer) by combining 
with polymers like Methacrylate (under preclinical studies) [13]. 
Formulation of the polymer-drug conjugate by combining with 
polymers like PEG-b-poly(2-methyl-2-carboxyl-propylene 
carbonate)-graft-dodecanol (under preclinical studies) [14]. 

Formulation of polymer-drug conjugates by combining with 
conjugated polymers of Epidermal Growth Factor Receptor peptide 
on the gelatin surface via PEG linkage (under preclinical studies) 
[15]. 

Nanoparticulate System Formulation of CDF with block copolymer Styrene+maleic acid 
which enhances systemic half-life (under preclinical studies) [16]. 

Oxaliplatin Formulation with block co-polymerPEG-b-poly (glutamic acid) (under 
preclinical studies) [17]. 

Gemcitabine, Doxorubicin 
and its hydrochloride salt, 5-
Fluorouracil, Paclitaxol 

Formulation with Mixed micelles like PVP-b-PCL  and PVP-b-P(DX-
co-MeDX) with increase efficiency in pancreatic chemotherapy 
(under preclinical studies) [18]. 

Bisnaphthalimido 
propyldiamino octane 
(BNIPDAOct) 

Formulation with grafted polymer Poly- allylamine – g-cholesterol 
(Under studies) [19]. 

Candesartan Formulation with the Grafted polymer of Chitosan with Poly 
(ethyleneimine) (preclinical studies) [20]. 

Sqalenoyl gemcitabine and 
Paclitaxel 

Combined Formulation with Thermo-responsive polymer Poly 
(diEGMA-co-OEGMA300)-b-PEHMA (under preclinical studies) [21]. 

Curcumin Formulation with PH-responsive polymer Poly (styrene-alt-maleic 
anhydrate) for enhanced cellular uptake (under Preclinical studies). 
[22]. 

Paclitaxel Formulation of Paclitaxel as Ultrasound-responsive nano-emulsion 
with PEG-PLLA (under preclinical studies) [23]. 

Formulation with protein Albumin as Abraxane mainly for Breast 
cancer (Approved by FDA in 2013) [24]. 

Combined Formulation of Paclitaxel and Gemcitabine with protein 
Albumin as Abraxane / Gemcitabine (Under phase III clinical trials). 
[25]. 

Doxorubicin Formulation of Doxorubicin with dextran (a branched poly-α-d-
glucoside) coated with iron oxide as inorganic nanoparticles (under 
preclinical studies) [26]. 

Gemcitabine Formulation with Iron oxide and antiCD47 antibodies as inorganic 
nanoparticle formulation for pancreatic cancer chemotherapy (under 
preclinical studies) [27]. 

BNIPDSpm 
(Bisnaphtalimide spermine) 

Formulation of BNIPDSpm (Bisnaphtalimide spermine) with Iron 
oxide and gold as inorganic nanoparticles (under preclinical studies) 
[28]. 

Gemcitabine Formulation with Iron oxide and gold as inorganic nanoparticle 
formulation for pancreatic cancer chemotherapy (under preclinical 
studies) [29]. 

Irinotecan Formulation of a nanosystem by combining with Folfirinox for 
pancreatic cancer chemotherapy (FDA approved 2015) [30]. 

Nanoparticle systems Formulation of Modified nanoparticles, sequentially triggered 
nanoparticles, Fucose bound Nanoparticles for pancreatic cancer 
Treatment (preclinical studies) [31,32,33]. 
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Name of the Drug/System Nanoparticle Formulation 

Iron-oxide nanoparticles Formulation of Iron-oxide nanoparticles using phospholipids and 
PEG-coated paramagnetic iron oxide for solid cancer treatment [34]. 

Doxorubicin A formulation as Mesoporous silica nanoparticles system by coating 
with silica and converting nanoparticles into Mesoporous by 
Azobenzene for Near IR-laser triggered anticancer drug transport 
[35]. 

Formulation of as Mesoporous silica nanoparticles system as 
controlled drug transport in cancer chemotherapy by controlling PH 
[35]. 

Camptothecin Formulation of Camptothecin as Polymeric Nanoparticles system 
(CRLX101) by conjugating covalently with Cyclodextrin and 
Polyethylene glycol for Lung and Ovarian cancer treatment [36]. 

Docetaxel A formulation as Polymeric Nanoparticles system (BIND-014) using 
PEG and PLGA for cancer chemotherapy [37]. 

Paclitaxel Formulation of Paclitaxel as Protein Nanoparticles system using 
Human serum albumin for Metastatic Breast cancer [38]. 

Formulating as Protein Nanoparticles system using Bovine serum 
albumin conjugated with Folate for Prostate cancer treatment [39]. 

 

5. CARBON NANOTUBES 
 
Carbon Nanotubes is among the class of 
advanced nanocarrier systems used for 
delivering active Pharmaceutical Ingredients [40]. 
These are versatile tube-like structures with large 
surface areas, altering the functional groups 
attached to the surface, which in turn makes 
them a better carrier for anti-cancer drugs [41]. 
The safety and efficacy make them better 
delivery systems for many medicines to the 
target sites, comprising of graphene as a 
hydrophobic moiety [42]. These structures are 
typically used in the photo-thermal treatment of 
cancer because of their capability to absorb heat 
energy. 

 
 

Fig. 4. Structure of carbon nanotube 

 
Table 3. Examples of carbon nanotube based delivery systems 

 

Name of the Drug Carbon Nanotube Formulation 

Doxorubicin Water-soluble single-wall carbon nanotubes (SWCN) with anti-P-glycoprotein 
for encountering leukaemia cells [43]. 
Multi-walled carbon nanotubes for cancer treatment [44].  

Paclitaxel SWCN covalently bonded with Chitosan; used in the treatment of lung cancer 
[45]. 
SWCN is linked using Epidermal Growth Factor (EGF) for targeting cancer 
cells [46]. 

Arg/Gly/Asp (RGD) 
peptides 

SWCN for treating cancer cells [47]. 

Gadolinium MWCN with better efficacy than the other drug formulations [48]. 

Gemcitabine Magnetic multi-walled nanotubes for treatment of Lymph node metastasis 
[49]. 

Cisplatin SWCN complexed with folic acid derivative for Cancer treatment [50]. 
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6. DENDRIMERS 
 

Dendrimers are three-dimensional, 
multibranched, synthetic molecules having a size 
lesser than 15 nm. The recent development 
made dendrimers a better system of drug 
delivery for cancer chemotherapy. These are 
smart systems that deliver more than one API to 
the cancer cells selectively, maintaining good 
plasma concentration for a suitable period under 
cytotoxic conditions. The first dendrimer was 
designed using poly-amidoamine in the year 
1980, providing the three distinct sites for 
attachment namely core, branching zone, and 
the branch edges. The dendrimers can carry the 
drugs either via encapsulation or by conjugation. 
These nano-formulations can provide drug 
targeting via both passive and active targeting 
[51-54]. 
 

 
 

Fig. 5. Structure of dendrimer 
 

7. MICELLES 
 
Micelles are polymeric structures having a size 
ranging from 10-100 nm [55]. These Polymeric 
structures are amphiphilic in nature with an inner 
hydrophobic core and outer hydrophilic core. 
They are capable of enhancing the solubility of 
poorly soluble molecules that in turn increase the 
blood plasma concentration at the specific site. 

Apart from increasing the solubility, these 
polymeric micelles liberate the drug in a 
controlled state at the targeted site which mainly 
contributes to effective cancer chemotherapy 
[56]. These micellar products involve different 
types of mechanisms for binding drug molecules 
namely, conjugation, complexation and 
entrapment [57] 
 

 
 

Fig. 6. Structure of micelle 
 

8. SMART DDS 
 

These most advanced nanotechnological drug 
delivery systems are also known as stimulus-
responsive drug delivery systems or intelligent 
drug delivery systems. These systems are the 
most advantageous drug delivery systems due to 
their capability to provide controlled release at 
the target site, lesser dose frequency, 
maintaining the steady concentration of the drug 
at the site, lesser toxicity, and better therapeutic 
efficacy [66]. The drug targeting and release from 
these systems depend on different types of 
stimuli like the climate at the site of action, pH, 
availability of reactive oxygen species (ROS), 
Enzymes, or any other endogenous or 
exogenous cellular conditions like ultrasonic 
waves [4]. 

 

Table 4. Examples of polymeric micelles for cancer treatment 
 

Name of the Drug Micellar Formulation 

Doxorubicin Conjugating via amide bonding with Poly (aspartic acid) chain of PEO-b-poly-
aspartic acid to form polymeric micelles [57]  

Paclitaxel Polymeric micelles by solubilizing paclitaxel in amphipathic co-polymer 
containing PEG and Poly-vinylbenzyloxy-N,N-Diethylnicotinamide [58]. 

Taxol Polymeric micelles with PEG and Polylactide [59]. 
Polymeric micelles with PEG and Poly-aspartate (under Phase III clinical 
trials) [60]. 
Polymeric micelles with PEG-b-Polycaprolactone [61]. 

Doxorubicin Polymeric micelles with Dextran and Poly (DL-Lactide-co-glicolide) [62]. 
Polymeric micelles of PEG, n-butyl methacrylate and Methacrylic acid [63]. 
Polymeric micelles of Poly-histidine-co-phenylalanine [64]. 
Polymeric micelles comprising of m-PEG-PCL-PDMA and m-PEG-PCL-
PVBA [65]. 
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9. CONCLUSION 
 
The severity of pancreatic cancer is one of the 
major reasons for the higher mortality rate in 
almost every of the globe. A lot of research work 
has been carried out to date and is in progress to 
explore the possibilities of designing efficient 
chemotherapy for pancreatic cancer. Many 
treatments like radiation therapy, tumor surgery, 
and conventional chemotherapy are available, 
still, the percentage of recovery is on the lower 
side because of the complexity of the disease 
and limitations of treatment. Now a day the 
practice of advanced delivery systems has 
improved a lot due to the need for site-specific 
drug action without affecting surrounding normal 
organs or tissues. These approaches have led to 
the use of lower concentrations and the 
frequency of drugs due to site-specific action and 
controlled release of drugs for a prolonged 
period. Therefore, further research must be 
performed on these advanced drug delivery 
systems focusing on their target specificity of 
action. 
 

CONSENT  
 
It is not applicable. 
 

ETHICAL APPROVAL 
 
It is not applicable. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Savia Caldeira de Araujo Lopes, Cristiane 
dos Santos Giuberti, Talita Guieiro Ribeiro 
Rocha, Diego dos Santos Ferreira, Elaine 
Amaral Leite, Monica Cristina Oliveira 
et.al,  Liposomes as Carriers of Anticancer 
Drugs; 2013. 

2. Temidayo OB, Olusanya, Rita Rushdi Haj 
Ahmad, Daniel M Ibegu, James R Smith, 
Amal Ali Elkordy, et al.  Liposomal Drug 
Delivery Systems and Anticancer Drugs; 
2018. 

3. Cinzia Federico, Valeria M Morittu, 
Domenico Britti, Elena Trapasso, Donato 
Cosco et.al,  Gemcitabine-loaded 
liposomes: Rationale, potentialities and 
future perspectives, International Journal 
of Nanomedicine; 2012. 

4. Vimal Arora, Dinesh Kumar Chellappan, 
Krishnan Anand, Harish Dureja. Advanced 
drug delivery system in pancreatic cancer; 
Advanced Drug Delivery Systems in the 
Management of Cancer. Edited by Kamal 
Dua, et al., Academic Press, Elsevier. 
2021;243-258. 

5. Nancy Dos Santos, Kelly A Cox, Cheryl A 
McKenzie, Floris van Baarda, Ryan C 
Gallagher, Goran Karlsson, Katarina 
Edwards, Lawrence D Mayer, Christine 
Allen, Marcel B Bally et.al,  PH gradient 
loading of anthracyclines into cholesterol-
free liposomes: enhancing drug loading 
rates through use of ethanol, Biochimica et 
Biophysica Acta (BBA) – Biomembranes. 
2004;1661(1):47-60. 

6. Eric A Forssen, et al. The Design and 
development of DaunoXome for solid 
tumor targeting in vivo Advanced Drug 
delivery Reviews. 1997;24(2-3):133-150. 

7. Mateusz Legut, Dominik Lipka, Nina 
Filipczak, Adriana Piwoni, Arkadiusz 
Kozubek, Jerzy Gubernator, et al. 
Anacardic acid enhances the anticancer 
activity of liposomal mitoxantrone towards 
melanoma cell lines – invitro studies Int. 
Journal of Nanomedicine; 2014. 

8. Wonhee Woo, Edward T Carey, Minsig 
Choi, et al, Spotlight on liposomal 
Irinotecan for metastatic pancreatic cancer: 
Patient selection and perspectives, Onco 
Targets an Therapy. 

9. Lawrence D Mayer, Paul Tardi, Arthur C 
Louie, et al, CPX-351: A nanoscale 
liposomal co-formulation of daunorubicin 
and cytarabine with unique biodistribution 
and tumor cell uptake properties 
International Journal of Nanomedicine. 

10. Daniela Catanzaro, Silvia Nicolosi, 
Veronica Cocetta, Marika Salvalaio, 
Andrea Pagetta, Eugenio Ragazzi, Monica 
Montopoli, Gianfranco Pasut, et al, 
Cisplatin liposome and 6-amino 
nicotinamide combination to overcome 
drug resistance in ovarian cancer cells, 
Oncotarget. 2018;9(24):16847-16860. 

11. Agnieszka Z Wilczewska, Katarzyna 
Niemirowicz, Karolina H Markiewicz, 
Halina Car, et al.  Nanoparticles as drug 
delivery systems, Pharmacological 
Reports. 2012;64(5):1020–1037. 

12. Jing Xie, Xiaomin Zhang, Meiyu Teng, Bo 
Yu, Shuang Yang, Robert J Lee, Lesheng 
Teng, et al. Synthesis, Characterization 
and evaluation of mPEG-SN38 and Mpeg-
PLA-SN38 micelles for cancer therapy, Int 



 
 
 
 

Pinisetti and Arora; JPRI, 33(60B): 1889-1898, 2021; Article no.JPRI.77513 
 
 

 
1896 

 

J Nanomedicine. 2016;11:1677-1686. 
2016 Apr 26. 

13. Weiwei W, Chen Li, Ju Zhang, Anjie D, 
Deling K, et al. Tailor-made gemcitabine 
prodrug nanoparticles from well-defined 
drug-polymer amphiphiles prepared by 
controlled living radical polymerization for 
cancer chemotherapy, Journal of Materials 
Chemistry B. 2014;13. 

14. Karaca M, Dutta R, Ozsoy Y, Mahato R, et 
al. Micelle Mixtures for Co-administration 
of Gemcitabine and GDC-0449 to Treat 
Pancreatic Cancer MOI Pharm, 2016 Jun 
6;13(6):1822-32.  
DOI: 10.1021/acs.molpharmaceut.5b00971 
Epub 2016 Apr 27.  

15. Amit Singh, Jing Xu, George 
Mattheolabakis, Mansoor Amiji, et al. 
EGFR – Targeted Gelatin Nanoparticles 
for Systemic Administration of Gemcitabine 
in an Orthotropic Pancreatic Cancer Model 
Nanomedicine. 2016 Apr;12(3):589-600. 

16. Prashant K, Sanjeev B, Subhash P, Fazlul 
S, et al. Hyaluronic acid engineered 
nanomicelles loaded with 3,4-
difluorobenzylidene curcumin for targeted 
killing of CD44 Stem-Like Pancreatic 
Cancer Cells, Biomacromolecules. 
2015;16(9). 

17. Horacio C, Nobuhiro N, Kazunori K, et al. 
Optimization of (1,2-diamino-cyclohexane) 
platinum(II)-loaded polymeric micelles 
directed to improved tumor targeting and 
enhanced antitumor activity, Journal of 
Controlled Release. 2007;121(3):146-155. 

18. Veeran A, Bhaw Luximon A, 
Mukhopadhyay D, Jhurry D, et al. “Mixed 
poly (vinyl pyrrolidone) – based drug-
loaded nano micelles shows Enhanced 
efficacy against Pancreatic Cancer cell 
lines Eur J Pharm Sci. 2017 May 
1;102:250-260.  
Epub 2017 Mar 18. 

19. Manzur A, Oluwasanmi A, Moss D, Curtis 
A, Hoskins C, et al. Nanotechnologies in 
Pancreatic Cancer Therapy 
Pharmaceutics. 2017;9(4). 

20. Xiuli Bao, Cheng Wang, Wei Wang, Yu 
Wang, et al. A Chitosan – graft – PEI – 
Candesartan conjugate for targeted co-
delivery of drug and gene in anti-
angiogenesis cancer therapy Biomaterials. 
2014;35(29). 

21. Mandana Emamzadeh, Didier Desmaele, 
Patrick Couvreur, Geoge Pasparakis, Co-
delivery of Squalenoyl – gemcitabine and 
paclitaxel by thermoresponsive polymeric 

micelles to pancreatic cells in vitro 
International Conference and Exhibition on 
Nanomedicine and Drug Delivery. 

22. Xia Li, Myron R Szewczuk, Cecile 
Malardier – Jugroot, et al. Folic acid – 
conjugated amphiphilic alternating 
copolymer as a new active tumor-targeting 
drug delivery platform Drug Des Devel 
Ther. 2016;10:4101–4110. 2016 Dec 15. 

23. Natalya Rapoport, Anne M Kennedy, Jill E 
Shea, Courtney L Scaife, Kweon – Ho 
Nam, et al.  Ultrasonic Nanotherapy of 
Pancreatic Cancer: Lessons from 
Ultrasound Imaging, Mol Pharm. 2010 Feb 
1;7(1):22. 

24. Evelina Miele, Gian Paolo Spinelli, 
Ermanno Miele, Federica Tomato, Silverio 
Tomao, et al. Albumin – bound formulation 
of Paclitaxel (Abraxane ABI-007) in the 
treatment of Breast Cancer  Int J 
Nanomedicine. 2009;4:99–105. 

25. Saif MW, et al. U.S. FDA approves 
Paclitaxel protein-bound particles 
(Abraxane) in combination with 
Gemcitabine as first-line treatment of 
patients with metastatic pancreatic cancer, 
JOP. 2013 Nov 10;14(6):686-8.  

26. Peng M, Li H, Luo Z, Kong J, Wan Y, 
Zheng L, et al. Dextran – coated 
superparamagnetic nanoparticles as 
potential cancer drug carriers in vivo 
Nanoscale. 2015 Jul 7;7(25):11155–62. 

27. Sara Maria T, Antonio A, Alexandra A, 
Christopher H, et al. Multifunctionalized 
iron oxide nanoparticles for selective 
targeting of pancreatic cancer cells 
Biochimica et Biophysica Acta (BBA) – 
General Subjects. 2017;1861(6).  

28. Ayesha M, Adeolu O, Darren M, Anthony 
C, Clare H, et al. Nanotechnologies in 
Pancreatic Cancer Therapy 
Pharmaceutics. 2017 Dec;9(4):39.  

29. Roxana Cristina P, Ecaterina A, Bogdan 
Stefan V, Roxana T, Adina B, Laurentiu M, 
et al.  Fabrication and Cytotoxicity of 
Gemcitabine – Functionalized Magnetite 
Nanoparticles Molecules. 2017 
Jul;22(7):1080. 

30. Danielle C Glassman, Randze L Palmaira, 
Christina M Covington, Avni M Desai, 
Geoffrey Y Ku, Jia Li, et al. Nanoliposomal 
irinotecan with fluorouracil for the 
treatment of advanced pancreatic cancer, 
a single institution experience BMC 
Cancer. 2018;18:693. 

31. Sarita K, Susheel K, Annamaria C, James 
N, Youssef H, Rajesh K, et al. Surface 



 
 
 
 

Pinisetti and Arora; JPRI, 33(60B): 1889-1898, 2021; Article no.JPRI.77513 
 
 

 
1897 

 

modification of inorganic nanoparticles for 
development of organic-inorganic 
nanocomposites Progress in Polymer 
Science. 2013;38(8):1232–1261. 

32. He X, Chen X, Liu L, Zhang Y, Lu Y, Chen 
Q, Ruan C, Guo Q, Li C, Sun T, Jiang C 
et.al, Sequentially Triggered Nanoparticles 
with Tumor Penetration and Intelligent 
Drug Release for Pancreatic Cancer 
Therapy Adv Sci (Weigh). 2018 Feb 
26;5(5):1701070. 

33. Yoshida M, Takimoto R, Murase K, Sato Y, 
Hirakawa M, Tamura F, et al. Targeting 
Anticancer drug delivery to pancreatic 
cancer cells using fucose – bound 
nanoparticle approach PloS One. 
2012;7(7). 

34. Kai Li, Hossein Nejadnik, Heike E. Daldrup 
– Link, et al. Next Generation 
Superparamagnetic Iron Oxide 
Nanoparticles for Cancer Theranostics “ 
Drug Discovery Today. 2017;22(9):1421–
1429. 

35. Mingdong Wag, Ting Wang, Dong Wang, 
Wei Jiang, Jiajun Fu, et al. Acid and Light 
Stimuli – responsive mesoporous silica 
nanoparticles for controlled release, 
Journal of Materials Science. 
2019;54:6199–6211. 

36. Cissy Young, Thomas Schluep, Jungyeon 
Hwang, Scott Eliasof, et al. CRLX101 
(formerly IT – 101) – A Novel 
Nanopharmaceutical of Camptothecin in 
Clinical Development Curr Bioact Compd. 
2011 Mar;7(1):8–14. 

37. Pedram Rafiei, Azita Haddadi, et al. 
Docetaxel – loaded PLGA and PLGA – 
PEG nanoparticles for intravenous 
application: Pharmacokinetics and 
biodistribution profie, Int J Nanomedicine. 
2017;12:935 – 947. 

38. Nikita L, Susan W, Leila F, Meenakshi M, 
Dominique Shum-Tim, Satya P, et al. 
Human Serum Albumin Nanoparticles for 
Use in Cancer Drug Delivery: Process 
Optimization and In Vitro Characterization, 
Nanomaterials (Basel). 2016;6(6): 116. 

39. Dongmei Zhao, Xiuhua Zhao, Yuangang 
Zu, Jialei Li, Yu Zhang, Ru Jiang, 
Zhonghua Zhang et al, Preparation, 
Characterization and In vitro targeted 
delivery of folate – decorated paclitaxel – 
loaded bovine serum albumin 
nanoparticles, Int J Nanomedicine. 
2010;5:669–677. 

40. Alberto Bianco, Kostas Kostarelos, 
Maurizio Prato, et al. Applications of 

Carbon Nanotubes in drug delivery Current 
Opinion in Chemical Biology. 2005; 
9(6):674–679. 

41. Abdelbary MA, Elhissi Waqar Ahmed, Israr 
UL Hassan, Vinod R Dhanak, Antony 
D’Emanuele, et al. Carbon Nanotubes in 
Cancer Therapy and Drug Delivery; 2012.  
Article ID 837327. 

42. Reza Aboofazeli, et al. Carbon Nanotubes: 
A Promising Approach for Drug Delivery 
Iranian Journal of Pharmaceutical 
Research. 2010;9(1):1–3. 

43. Ruibin Li, Renan Wu, Liang Zhao, Minghuo 
Wu, Ling Yang, Hanfa Zou, et al. P-
Glycoprotein Antibody Functionalized 
Carbon Nanotube Overcomes the 
Multidrug Resistance of Human Leukemia 
Cells ACS Nano. 2010 Mar 23;4(3):1399-
408. 

44. Jian Ji, Minfeng Liu, Yue Meng, Runqi Liu, 
Yan Yan, Jianyu Dong, Zhaoze Guo, 
Changsheng Ye et.al, Experimental Study 
of Magnetic Multi-walled Carbon 
Nanotube-Doxorubicin Conjugate in a 
Lymph Node Metastatic Model of Breast 
Cancer e-ISSN 1643-3750, Med Sci Monit. 
2016;22:2363-2373.Baodan  

45. Yu, Li T, Runhui Z, Huo T, Lixia Z, et al. 
Targeted delivery and controlled release of 
Paclitaxel for the treatment of Lung cancer 
using single-walled carbon nanotubes 
Materials Science and Engineering. 
2016;68:579-584. 

46. Ashwin A Bhirde, Vyomesh P, Julie G, 
Guofeng Z, Alioscka AS, Andrius M, et al. 
Targeted Killing of Cancer Cells in Vivo 
and in Vitro with EGF Directed Carbon 
Nanotube based Drug Delivery, ACS 
Nano. 2009 Feb 24;3(2):307-16. 

47. Adam De La Zerda, Cristina Zavaleta, 
Sanjiv S Gambhir, et al. Carbon nanotubes 
as photoacoustic molecular imaging 
agents in Living Mice, Nature 
Nanotechnology. 2008;3:557-562. 

48. Ania Servant, Igor Jacobs, Cyrill Bussy, 
Chiara Fabbro, Tatiana Da Ros,                  
Elzbieta Pach, et al, Gadolinium-
functionalised multi-walled carbon 
nanotubes as a T1 contrast agent for MRI 
cell labeling and tracking, Carbon. 2016; 
97:126-133. 

49. Feng Yang, Chen Jin, Dong Yang, 
Yongjian Jiang, Ji Li, Yang Di, et al. 
Magnetic Functionalized Carbon 
Nanotubes as Drug Vehicles for Cancer 
Lymph Node Metastasis Treatment Eur J 
Cancer. 2011 Aug;47(12):1873-82. 



 
 
 
 

Pinisetti and Arora; JPRI, 33(60B): 1889-1898, 2021; Article no.JPRI.77513 
 
 

 
1898 

 

50. Shanta D, Zhuang Liu, Jurgen T, Hongjie 
D, Stephen JL, et al. Targeted Single Wall 
Carbon Nanotube Mediated Pt(IV) Prodrug 
Delivery Using Folate as a Homing Device 
J Am Chem Soc. 2008 August 
27;130(34):11467–11476. 

51. Meredith T Morgan, Yuka Nakanishi, David 
J Kroll, Aaron P Griset, Michael A 
Carnahan, Michael Wathier, Nicholas H 
Oberlies, Govindarajan Manikumar, 
Mansukh C Wani, Mark W Grinstaff, et al. 
Dendrimer – Encapsulated Camptothecins: 
Increased Solubility, Cellular Uptake and 
Cellular Retention Affoerd Enhanced 
Anticancer Activity in vitro Experimental 
Therapeutics, Molecular Targets and 
Chemical Biology; 2006.  
DOI: 10.1158/0008-5472.CAN-06-2066  

52. Michael F Neerman, Hui – Ting Chen, Alan 
R Parrish, Eric E Simanek, et al. Reduction 
of Drug Toxicity Using Dendrimers based 
on Melamine Molecular Pharmaceutics 
2004;1(5):390–393. 

53. Jayant J Khandare, Sreeja Jayant, Ajay 
Singh, Pooja Chandna, Yang Wang, 
Nicholi Vorsa, Tamara Minko, et al. 
Dendrimers Versus Linear Conjugate: 
Influence of Polymeric Architecture on the 
Delivery and Anticancer Effect of Paclitaxel 
Bioconjug Chem. 2006;17(6):1464-72. 

54. Yiguang Jin, et al. Int J Pharm, A 5-
Fluorouracil-loaded PH responsive 
Dendrimer Nanocarrier for Tumor 
Targeting; 2011 

55. Yifei Zhang, Yixian Huang, Song Li, et al. 
Ploymeric Micelles: Nanocarriers for 
Cancer-Targeted Drug Delivery AAPS 
Pharm Sci Tech. 2014;15(4). 

56. Wei Xu, Peixue Ling, Tianmin Zhang, et al. 
Polymeric Micelles, a Promising Drug 
Delivery System to Enhance Bioavailability 
of Poorly Water-Soluble Drugs. 
2013;Article ID 340315. 

57. Elena V Batrakova, Tatiana K Bronich, 
Joseph A Vetro, Alexander V Kabanov, et 
al. Polymer Micelles as Drug Carriers 
Department of Pharmaceutical Sciences. 

58. Sang Cheon Lee, Kang Moo Huh, Jaehwi 
Lee, Yong Woo Cho, Raymond E. 
Galinsky, Kinam Park, et al, Hydrotropic 
Polymeric Micelles for Enhanced Paclitaxel 

Solubility: In vitro and In vivo 
Characterization Biomacromolecules. 2007 
January;8(1):202-208. 

59. Zhijian He, Xiaomeng Wan, Anita Schulz, 
Herdis Bludau, Marina A Dobrovolskaia, 
Stephan T Stern, et al. A High Capacity 
Polymeric Micelle of Paclitaxel: Implication 
of High Dose Drug Therapy to Safety and 
In Vivo Anti-Cancer Activity, Biomaterials. 
2016;101:296-309. 

60. Lai Pan Sze, Wai Yip Thomas Lee, et al. 
Oral delivery of Paclitaxel by polymeric 
micelles: A comparison of different block 
length on uptake, permeability and oral 
bioavailability Colloids and Surfaces B: 
Biointerfaces. 2019;184:110554. 

61. Young-II Jeong, Do Hyung Kim, Chung-
Wook Chung, Jin-Ju Yoo, Kyung Ha Choi, 
Cy Hyun Kim, Seung Hee Ha, Dae Hwan 
Kang, et al. Doxorubicin-incorporated 
polymeric micelles composed of dextran-b-
poly(DL-lactide-co-glycoside) copolymer 
International Journal of Nanomedicine; 
2011. 

62. Zhenhua Xu, Keliang Liu, et al. Enhanced 
loading of doxorubicin into polymeric 
micelles by a combination of ionic bonding 
and hydrophobic effect, and the PH-
sensitive and ligand-mediated elivery of 
loaded drug “ Reactive and Functional 
Polymers. 2013;73(3):564-572. 

63. Dongin Kim, et al. Small. Doxorubicin-
loaded Polymeric Micelle Overcomes 
Multidrug Resistance of Cancer by Double-
Targeting Folate Receptor and Early 
Endosomal PH; 2008. 

64. Chunyun Wang, Peilan Qi, Yan Lu, Lei Liu, 
Yanan Zhang, Qianli Sheng, et al. 
Bicomponent polymeric micelles for PH-
controlled delivery of doxorubicin, Journal 
Drug Delivery. 2020;27(1). 

65. Xianjun Yu, Yuqing Zhang, Changyi Chen, 
Qizhi Yao, Min Li, et al. Targeted Delivery 
in Pancreatic Cancer Biochim Biophys 
Acta. 2010;1805(1):97. 

66. Vijayakameswara Rao N, Hyewon Ko, 
Jeongjin Lee, Jae Hyung Park. Recent 
Progress and advances in Stimuli – 
Responsive Polymers for Cancer Therapy 
Front. Bioeng. Biotechnol. 6:110. 

 

© 2021 Pinisetti and Arora; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited.  
 Peer-review history: 

The peer review history for this paper can be accessed here: 
https://www.sdiarticle5.com/review-history/77513 

http://creativecommons.org/licenses/by/2.0

