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Introduction

Since its introduction decades ago nanotechnology has delivered promising solutions in healthcare industry. Nanotechnology
has been widely used for both diagnostic and therapeutic purposes. Platforms like liposomes [1], dendrimers [2], Nano
emulsions [3], micelles [4], and carbon nanotubes [5] have been effectively utilized for treatment of cancer. These systems
also offer advantage of minimizing the drawbacks associated with the drugs like solubility, stability and bioavailability.
Nanotechnology has touched all realms of life including food and cosmetic industry [6]. The success is widely embraced in
the scientific community offering newer applications day by day. However, some researchers have raised a genuine concern
related to toxicity of nanomaterial inside body [7]. Since nanoparticles are extremely small in size they reach deep inside
tissues and cells. Investigators have concern regarding its elimination from the body. Some investigations reveal that
inorganic nanomaterial get deposited deep into the tissues and cause serious side effects to human body. Use of organic and
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biodegradable substances in Nano formulation has minimized this problem to some extent. However a complete safe and
reliable approach is a necessity for successful delivery of drugs. This is where bio-inspired delivery systems show its
importance. It has been observed that imitating nature’s way of transporting substances and cells inside the body could help

in enhancing the pharmacological activity and reducing the unavoidable side effects associated with drugs [8].

Development of bio-inspired delivery systems

Advanced drug delivery system behaves like a supercomputer. It offers both ‘hardware’ and ‘software’ components that
controls the handling and administration of drug and regulates the local or systemic release and also sense the
microenvironment through which the drug has to pass in the route towards the action site. Bio-inspired drug delivery systems
are designed familiar to biological molecules which are continuously transported inside the body. Biomimetic has been
recently defined as an emerging field of science that includes the study of how Nature designs, processes and
assembles/disassembles molecular building blocks to fabricate high performance soft materials and mineral-polymer
composites, and then applies these designs and processes to engineer new molecules and materials with unique properties [9].
Biological molecules like erythrocytes, bacterial ghosts and genetically engineered stem and dendritic cells have been widely
used and accepted for drug delivery purposes [10]. Their unique properties make them suitable for in-vivo investigations. For
example, resealed erythrocytes have been widely exploited for delivery of nanoparticles. Drugs could be incorporated inside
the core of RBCs or attached onto the surface for successful delivery of medicaments [10-12]. Bacteria use fimbriae and
flagella filaments to attach themselves to human mucosa. This unique property of bacteria could be exploited in muco
adhesive drug delivery of nanoparticles [13]. Similar inspirations have been drawn from Velcro-like hook-and-loop fasteners,
Gecko-inspired (geometric-based) adhesives and mussel adhesive proteins for successful drug delivery [14].

Drugs delivered via bio-inspired mechanisms tend to remain inside the human body for longer duration and develop unique
strategies to evade the host immune systems [15-16]. Bacteria that are used for development of bio-inspired delivery systems
are non-pathogenic and generally regarded as safe (GRAS). Some of them include Lactococcus lactis which is utilized for
protein production and Streptococcus gordonii have ability to colonize mucosal surface in oral, nasal and vaginal cavity [17-
18]. Apart from producing cytokines and enzymes [19] attenuated pathogenic bacteria have also been used to target tumors
[20]. Similarly investigators developed a Nano machine termed as ‘microbots’ which are basically bacteria which have been
used to load nanoparticles for successful delivery at desired sites [21].

Another biologically inspired molecule is the Virus-like particle (VLP). These virus derived particles are self-assembled
particles of capsid or envelope proteins, homogenous in size and morphology and are non-infectious due to absence of
genetic material [22]. Viruses like particles have been incorporated into liposomes (referred to as virosomes) for vaccine
delivery. siRNA, nucleic acids, peptides and/ or proteins, and antitumor drugs could also be loaded in virosomes for delivery
to target sites. Industrially virosomes can be easily manufactured at a relatively low cost [23].

Various body cells like RBCs, stem cells, macrophages and dentritic cells have been actively studied for various biomedical

applications. Red blood cells (RBCs) have capability to circulate and deliver oxygen for a prolonged period of time, owing to
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their unique shape, mechanical properties and the presence of a self-marker on their surface. RBCs can be used either for the
continuous release of drugs into the circulatory system or for targeted drug delivery to specific organs. Owing to their
prolonged circulation time (~120 days) and slow rate of drug release they have been widely investigated for targeted delivery
of drugs [23].

Macrophages are essential component of immune system. These can also be exploited for delivery of drugs. These have
advantage to phagocytose nanoparticles and are re-injected into the body as ‘Trojan horse’ for therapeutic delivery [24].
Another bio-inspired delivery system is engineering of lymphocytes as therapeutic drug carriers. Drugs could be conjugated
onto the surface of B and T cells. In a study B cells and T cells were grafted with polyelectrolyte multilayer patches -disc-
shaped thin polymer films that are ~300 nm in thickness and several micrometers in diameter that had a cell-adhesive face to
enable cell attachment, termed a ‘cellular backpack’ [25].

Stem cells have been widely used for delivery of genetic material in-vivo. Now they are also utilized for delivery of
nanoparticles. Roger et al. have demonstrated that non-transformed, non-immortalized adult human mesenchymal stem cells
are able to internalize polymeric and lipid nanoparticles without affecting the viability, differentiation or ability of MSCs to

migrate to brain tumors [26].

Conclusion

The development of bio-inspired drug delivery system is a rapidly emerging field. Bacteria, viruses, lymphocytes,
macrophages and stem cells have been widely investigated for drug delivery. Nature inspired structures that mimic in-vivo
organelles could be developed for successful delivery of drugs inside human body.

REFERENCES

1. LiT, Takeoka S. Smart Liposomes for Drug Delivery. InSmart Nanoparticles for Biomedicine 2018;31-47.

2. Chauhan AS. Dendrimers for Drug Delivery. Molecules. 2018; 23(4):938.

3. Ahmad U, Akhtar J, Singh SP, et al. Silymarin nanoemulsion against human hepatocellular carcinoma: development
and optimization. Artif cells nanomed biotechnol. 2018; 46(2):231-41.

4. Mandal A, Bisht R, Rupenthal ID, et al. Polymeric micelles for ocular drug delivery: from structural frameworks to
recent preclinical studies. J Control Release. 2017; 248:96-116.

5. Pham-Huy C, Dramou P, Pham-Huy LA, et al. Carbon Nanotubes Used as Nanocarriers in Drug and Biomolecule
Delivery. InDrug Del Appro Nanosyst. 2017; 1:163-212.

6. Ahmad U, Ahmad Z, Khan AA, et al. Strategies in Development and Delivery of Nanotechnology Based Cosmetic
Products. Drug res (stuttg). 2018.

7. Behzadi S, Serpooshan V, Tao W, et al. Cellular uptake of nanoparticles: journey inside the cell. Chem Soc Rev.
2017; 46(14):4218-44.

8. Carmen Alvarez-Lorenzo and Angel Concheiro. Bioinspired drug delivery systems. Curr Opin Biotechnol. 2013;



www.tsijournals.com | August-2018

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.
21.

22.
23.

24,

25.

26.

24(6):1167-73

Bhushan B. Biomimetics: lessons from nature - an overview. Philos Trans A Math Phys Eng Sci. 2009;
367(1893):1445-86.

Gutiérrez Millan C, Colino Gandarillas Cl, Sayalero Marinero ML, et al. Cell-based drug-delivery platforms. Ther
deliv. 2012; 3(1):25-41.

Hu CM, Zhang L, Aryal S, et al. Erythrocyte membrane-camouflaged polymeric nanoparticles as a biomimetic
delivery platform. PANS. 2011; 108(27):10980-85.

Merkel TJ, Jones SW, Herlihy KP, et al. Using mechanobiological mimicry of red blood cells to extend circulation
times of hydrogel microparticles. Proc Natl Acad Sci U S A. 2011; 108(2):586-91.

Salman HH, Gamazo C, Campanero MA et al. Salmonella-like bioadhesive nanoparticles. J Control Release. 2005;
106(1-2):1-13.

Cui J, Yan Y, Such GK, et al. Immobilization and intracellular delivery of an anticancer drug using mussel-inspired
polydopamine capsules. Biomacromolecules. 2012; 13(8):2225-28.

Alcami A, Koszinowski UH. Viral mechanisms of immune evasion. Immunol Today. 2000; 21(9):447-55.

Hornef MW, Wick MJ, Rhen M, et al. Bacterial strategies for overcoming host innate and adaptive immune
responses. Nat Immunol. 2002; 3(11):1033-40.

Wells JM, Mercenier A. Mucosal delivery of therapeutic and prophylactic molecules using lactic acid bacteria. Nat
Rev Microbiol. 2008; 6(5):349-62.

Wells J. Mucosal vaccination and therapy with genetically modified lactic acid bacteria. Annu Rev Food Sci
Technol. 2011; 2:423-45.

Yuvaraj S, Peppelenbosch MP, Bos NA. Transgenic probiotica as drug delivery systems: the golden bullet? Expert
Opin Drug Deliv. 2007; 4(1):1-3.

Pawelek JM, Low KB, Bermudes D. Bacteria as tumour-targeting vectors. Lancet Oncol. 2003; 4(9):548-56.

Akin D, Sturgis J, Ragheb K,et al. Bacteria-mediated delivery of nanoparticles and cargo into cells. Nat
Nanotechnol. 2007; 2(7):441-49.

Grgacic EV, Anderson DA. Virus-like particles: passport to immune recognition. Methods. 2006; 40(1):60-5.

Yoo JW, Irvine DJ, Discher DE,et al. Bio-inspired, bioengineered and biomimetic drug delivery carriers. Nat Rev
Drug Discov. 2011; 10(7):521-35.

Burke B, Sumner S, Maitland N, et al. Macrophages in gene therapy: cellular delivery vehicles and in vivo targets. J
Leukoc Biol. 2002; 72(3):417-28.

Swiston AJ, Gilbert JB, Irvine DJ, et al. Freely suspended cellular “backpacks” lead to cell aggregate self-assembly.
Biomacromolecules. 2010; 11(7):1826-32.

Roger M, Clavreul A, Venier-Julienne MC, et al. Mesenchymal stem cells as cellular vehicles for delivery of

nanoparticles to brain tumors. Biomaterials. 2010; 31(32):8393-401.



