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Abstract

The ideal goal of treatment, and most often the goal in practice, is the successful removal of cancer with near-zero damage to the rest of the body. As cancer is referred to a class of diseases, it is unlikely to idealize a single cure for cancer. The attempt to cure cancer has been revolutionized over decades as the underlying processes have revealed more horizons of understanding. Although a number of strategies have been developed, the associated side effects have led the research to enter a new era of nanoengineering and nanotechnology. Designing versatile nanocarriers offer efficient drug delivery applications with enhanced therapeutic benefits of drug. Amphiphilic nanocarriers fall under the heading of such novel carriers which offer high circulation half-life, low risk to benefit ratio of drugs, sustained release and effective targeting. They provide a paradigm for the design of nanocarriers with a broad spectrum of functionality, applicability, and versatility of synthetic drug delivery particles.
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Out of different choices of therapy like surgery, chemotherapy, radiation therapy, hormonal therapy, or targeted therapy; the selection criteria is specified with reference to the tumor location & grade, stage of disease and above all the general health condition of the patient. Therefore, a number of experimental strategies are under development for complete cure of cancer with as minimum side effects of the anticancer drugs as possible. For instance, present-day cancer therapy involves application of catheters for chemotherapy to destroy cancerous cells. Catheters, thin tubes of medical grade materials, are inserted into the body to treat diseases and performing surgical procedures. The method follows the initial chemotherapy which renders shrinkage of any cancer present to; surgical removal of the tumor if possible, followed by more chemotherapies and radiations over the last 25 years but still needs more improvement due to rapid cancer cell growth. Current research offers new dosing routes via blood vessels to fuel tumor growth with more specific targeting actions. Whatever the route or treatment may be, the eventual expectation is the improved change in patient’s quality of life and least damage to the normal healthy tissues.

Unfortunately, the treatments covering all oncological specifications are still not good enough to kill the cancer cells before the cancer kills the patient. The advancement in nanotechnology had bridged the gap by offering different drug delivery carriers with a hope to move us away from near-toxic doses of non-specific agents [1,2].

Non-specific distribution of cytotoxic drugs may lead to variety of toxic effects by killing both normal and malignant cells [3]. Controlled release, understanding target structure and function, achievement of the maximum therapeutic effect, minimum risk to benefit ratios have been the major factors in designing novel drug delivery systems in the past few decades [4]. Nanotechnology has been utilized to treat a variety of diseases and disorders and its applications can be traced in physics, chemistry, communication, robotics, biology and medicine [5,6].

Oral and parental administration routes have been considered as traditional drug administration routes. The former is a type whereby the administered drug gets absorbed from the gut followed by its admittance in blood stream, whereas the later route is a method of direct drug injection into the blood possible only in solution or emulsion form. Once injected as solution, it gets distributed into the body according to its partition coefficient and become easily accessible to degrading factors like water and enzymes. Such problems have been controlled by entrapping such drugs into some potential particulate carrier systems.

Colloidal systems, being at the epicenter of modern drug delivery systems, have long been explored for their applications in cancer management. A variety of colloidal nanoparticles have been proposed as carriers like composite nano-shells, dendrimers, viral nanoparticles, magnetic nanoparticles, quantum dots, micelles and liposomes [7]. Among these, drug encapsulation into liposomes resulted in increased circulation times, increased drug deposition to tumor tissues by decreasing drug metabolic degradation, and their altered tissue distribution in the body.

Liposomes come under the heading of amphiphilic carriers. The term amphiphile describes a chemical compound possessing both hydrophilic (polar) and lipophilic (non-polar) properties. Such a compound is named as amphiphilic or amphipathic [8,9]. The amphiphilic compound tends o partition when placed in an immiscible biphasic system containing both aqueous and organic solvents. The extent of partitioning is evaluated by the extent of hydrophobic and hydrophilic portion of that compound. Liposomes prepared by phospholipids have gained tremendous attention as novel and efficient drug delivery carriers. Phospholipids are very important amphiphiles and are found as main components of the biological membranes where they define the way of membrane formation [10]. They position as bilayers whereby their polar groups are exposed towards the surrounding aqueous medium and lipophilic chains are sandwiched between polar head groups throughout the bilayer arrangement. Some other important amphiphiles present in the biological membranes are cholesterol, required to maintain both membrane structural integrity and fluidity [11] and glycolipids, to serve as markers for cellular recognition and to provide energy [12]. Many other amphiphilic compounds, for instance pepducins [13,14] act as intracellular modulators of signals from receptors to G proteins which are involved in transferring signals from a number of stimuli outside a cell to its interior [15].

Therefore, being self-assembled amphiphiles, liposome can create the possibility to dissolve and protect anticancer drugs from adverse external effects, and then make sure to access cancer targeted sites by leaving blood under specified triggered release strategies [16]. Some of the exemplary carriers have also been introduced to clinical practice and are FDA approved like Doxil and Abraxane. Clinical trials have opened new era for the patients to choose the best option which may increase survival time and the quality of life by killing cancer before the cancer kills the patients [17].

Drug delivery required designing liposomes in such a way so as to optimize carriers with reference to drug loading, controlled drug release rate, rapid clearance by reticuloendothelial system, and above all the drug delivery across cell membranes  to intracellular sites of action [18]. The nanoparticles are purposely engineered ranging from a few nm to several hundred nm so as to pass through the fenestration of the leaky cancer endothelium. All the Nano-vehicles are constructed on the basis of their use and preferential accumulation at tumor sites with fewer accumulations in liver, lungs, spleen, and bone marrow [19]. It is very important to take a look at tumor environment for better understanding of it cure and problem solving aspects. The notion of tumor vasculature, and tumor interstitium, cellular resistance is important to understand abnormal cell growth phenomenon [20,21], resistance to the inward flux of molecules & enhanced permeability and retention (EPR) effect [22-24], and to understand cellular resistance mechanisms [25,26].

Liposomes have gained special attention with reference to their many clinical applications like gene delivery [27] diagnostic imaging, vaccines, some pharmaceutical uses of stealth liposomes as vesicular containers, in particular for liposome-encapsulated hemoglobin (LEH) developed as oxygen therapeutic. The developed PEG-LEH had a circulation half-life of about 65 hours.

Carrier targeting to specific organs or different tumor types is a greatest challenge. Nanoparticles should selecticley and specifically transport drug payloads to cancerous tissues like breast cancer [28,29], receptors for liver targeting [30], and folate receptors [31]. Therapeutic agents will thereby be delivered to the interior of the cancer cells.

Undoubtedly, innovation in the field of synthetic drug delivery biomaterials has gained fundamental importance in terms of functionality and diversity, it still cannot reach the complexity and sophistication levels exhibited by distinctive biological moieties. Erythrocytes, as remarkable biological entities, have been investigated many a times for understanding their complex biological functionality when it comes to mimic their unique characteristics [32-34]. Three different strategies have been followed to mimic erythrocytes i.e. Red Blood Cell (RBC) membrane ghosts [35] Engineered RBC as synthetic carriers [36] and RBC-membrane clocked vehicles [37]. However, drug delivery is a growing interdisciplinary field which covers new materials and their interaction with the selected drugs, innovation in their biomedical properties, and improved therapeutic mode of actions with much reduced toxic effects.
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