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Abstract- Recent advances in nanotechnology have enabled the development of numerous nanomedicines and 
nanodevices for diagnostic and therapeutic purposes. Their unique size-dependent properties make these 
materials superior and indispensable in many areas of human activity. However, worries are expressed regarding 
the exact properties that make these nanomaterials attractive, and questions are raised regarding their potential 
toxicity, their long-term secondary effects or their biodegradability, particularly when thinking of their use in the 
(nano)medical field. These questions may be justified by switching to non-metallic nanomaterials instead of 
metallic ones as they are way superior to the metallic counterpart in terms of toxicology and health hazards. 
This brief review tries to summaries the potential pharmacological applications of some of the well-known non-
metallic nanomaterials. 
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1. INTRODUCTION 

Nanotechnologies, defined as techniques aimed to 
conceive, characterize and produce material at the 
nanometer scale, represent a fully expanding domainof 
numerous applications both in material science and 
biomedicine (Lanone et al.,2006; Khanbabaie et 
al.,2012) [1-2].The use of nanotechnology in drug 
delivery and imaging in vivo is a rapidly expanding 
field. The technology could be a beneficial 
replacement of current practices of site remediation 
(Lü et al.,2009)  [3]. Howeverpotential risks are 
poorly understood and it may lead unintended 
consequences.When conventional metallic 
nanomaterials exposed to inhalation, the specific sizes 
ofnon bio-compatible nanoscale particles could be 
deposited in the respiratory tract ( Andrew et al., 2010; 
Sanchez et al.,2012 [4,5]. The tiny particles may 
facilitate uptake into cells and transcytosis across 
epithelial and endothelial cells into the blood and 
lymph circulation to reach potentially sensitive target 
sites such as bone marrow, lymph nodes, spleen, and 
heart ]( Andrew et al., 2010; Buzea et al 2007) [4,6]. 
Access to the central nervous system and ganglia via 
translocation along axons and dendrites of neurons 
could not be denied. There is also possibility of 
penetrating the skin and distribute via uptake into 
lymphatic channels. This activity includes a potential 
for inflammatory and pro-oxidant activity (Mahmoudi 
et al 2011; Karen et al 2014) [7,8].The non-metallic 
nanomaterials, on the other hand, are less hazardous 
and may be considered as good alternatives as long as 
proper knowledge of the toxic effects of metallic 
nanomaterialson health and corresponding remedies 
are established (Buzea et al 2007) [6]. 

2. CARBON NANOMATERIALS (CNM) 

CNM exhibits a wide range of morphologies. The so 
called ‘miracle molecules’ fullerenes are made up of 
60 or more carbon atoms with a polygonal structure. 
Carbon  nano particles exhibit  tubular, fibrous and 
bead like structures named as  carbon Nanotubes 
(CNT), Carbon Nano fibres (CNF) and Carbon Nano 
beads(CNB) respectively have been used for their high 
electrical conductivity and excellent strength (Medina 
et al, 2007, 56)[9]. These materials are being studied 
for therapeutic applications. Fullerenes can be 
functionalized for delivery of drugs and biomolecules 
across cell membrane to the mitochondria (Xu et al, 
2006)[10]. Carbon nanotubes (CNT) unique properties 
including low cytotoxicity and good biocompatibility 
attract their use as vector system in target delivery of 
drugs, proteins and genes (Xu et al, 2006)[10]. CNTs 
possess the feature of being able to enter a living cell 
without causing its death or without inflicting other 
damage. The diameter of CNTs is similar to the 
diameter of a molecule of DNA, hence can easily 
traverse through the cell. The use of CNTs in drug 
delivery systems by the attachment of different 
functional groups onto the external surface of the 
nanotubes makes it very ideal candidate. Carbon nano 
beads (CNB) has recently attracted attention to use as 
drug carrying vehicle as their smaller and desired sizes 
can be synthesized by controlling the reaction 
conditions (Sharon and Sharon, 2007)[11] 
 Carbon nanofibres(CNF) exist in various forms 
e.g., straight, coiled, spiral, branched, bamboo-like, 
octopus etc. it has been found that activation of CNF 
with KOH results into creating pores on CNF surfaces, 
thus increasing the available surface area for 
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functionalization or drug attachment; which is a 
necessary requirement for drug loading. CNF was 
successfully loaded with four different molecules 
aspirin, phenolphthalein, copper sulphate and an 
anticancer drug, doxorubicin hydrochloride (Parihar et 
al, 2006[12]; Sharon and Sharon, 2007)[11]. However, 
toxicity of carbon nanotubes is of concern. Carbon 
nanotubes may cause inflammatory and fibrotic 
reactions (Muller, et al, 2006)[13].  

3. POLYMERIC NANOPARTICLES 

The polymeric nanoparticles are colloidal solid 
particles with a size range of 10 to 1000nm and they 
can be spherical, branched or shell structures (Yih and 
Al-Fandi, 2006)[14]. The first fabrication of 
nanoparticles was about 35 years ago as carriers for 
vaccines and cancer chemotherapeutics (Kingsley et 
al., 2006)[15]. They are developed from non-
biodegradable and biodegradable polymers. Their 
small sizes enable them to penetrate capillaries and to 
be taken up by cells, thereby increasing the 
accumulation of drugs at target sites. Drugs are 
incorporated into nanoparticles by dissolution, 
entrapment, adsorption, attachment or by 
encapsulation, and the nanoparticles provide sustained 
release of the drugs for longer periods, e.g., days and 
weeks (Arias et al, 2008)[16]. Nanoparticles enhance 
immunization by prevention of degradation of the 
vaccine and increased uptake by immune cells (Singh 
et al, 2006)[17]. 
 To target drugs to site of action, the drug can be 
conjugated to a tissue or cell specific ligand or 
coupled to macromolecules that reach the target 
organs. To target an anticancer agent to the liver, 
polymeric conjugate nanoparticles which comprised 
biotin and diamine-terminated poly (ethylene glycol) 
with a galactose moiety from lactobionic acid were 
prepared (Kim and Kim, 2003)[18]. Some other 
applications of nanoparticles include possible 
recognition of vascular endothelial dysfunction (Ikuta, 
2007)[19]; oral delivery of insulin(Damge, 2008)[20]; 
brain drug targeting for neuron degenerative disorders 
such as Alzheimer’s disease(Härtig, 2003)[21]; topical 
administration to enhance penetration and distribution 
in and across the skin barrier(Alvarez-Roman, 
2004)[22]; and pH-sensitive nanoparticles to improve 
oral bioavailability of drugs.(Dai, 2004)[23]. 

4. LYPOSOMES 

Liposomes have the composition of amphiphilic 
phospholipids and cholesterol that self associate into 
bilayers encapsulating   an aqueous interior. These 
were first developed about 40 years ago (Kingsley, 
2006)[15]. They are small artificial vesicles (50 - 
100nm) developed from phospholipidssuch as 
phosphatidylcholine, phosphatidylglycerol, 

phosphatidylethanolamine and phosphatidylserine, 
which have been used in biology, biochemistry, 
medicine, food and cosmetics (Kingsley, 2006[15]; 
Arias, 2008[16]).The characteristics of liposomes are 
determined by the choice of lipid, their composition, 
and method of preparation, size and surface charge 
(Yih and Al-Fandi, 2006)[14].  The potentiality of 
liposome as drug carrier was first proposed by 
Gregoriadis due to their ability to prevent degradation 
of drugs, reduce side effects and target drugs to site of 
action (Soppimath, 2001)[24]. These are encapsulating 
hydrophobic drugs in the lipid bilayer and hydrophilic 
drugs in the aqueous interior. The serious drawbacks 
of liposomes as drug carrier include low encapsulation 
efficiency, rapid leakage of water-soluble drug in the 
presence of blood components and poor storage 
stability (Soppimath, 2001[24]; Lim, 2008[25]).  
 However, surface modification may confer 
stability and structure integrity against harsh bio-
environment after oral or parenteral administration 
(Sihorkar and Vyas, 2001)[26]. Surface modification 
can be achieved by attaching polymers such as poly 
(methacrylic acid-co-stearyl methacrylate) and 
polyethylene glycol units to improve the circulation 
time of liposomes in the blood; and by conjugation to 
antibodies or ligands such as lectins for target specific 
drug delivery and stability(Lim, 2008[25]; Sihorkar 
and Vyas, 2001[26]; Bakowsky, 2008[27]). 
Applications of liposomes include transdermal drug 
delivery to enhance skin permeation of drugs with 
high molecular weight and poor water solubility (Qiu, 
2008[28]); a carrier for delivery of drugs, such as 
gentamicin, in order to reduce toxicity (Jia, 2008[29]); 
possible drug delivery to the lungs by nebulisation 
(Zaru, 2007[30]); ocular drug delivery 
(Budai,2007[31]) and in the treatment of parasitic 
infections. However, solid lipid nanoparticles provide 
an effective alternative due to their stability, ease of 
scalability and commercialisability(Dat, 2007[32]). 
Other vesicular structures include transferosomes, 
ethosomes, niosomes and marinosomes which are 
used mainly for transdermal delivery (Moussaoui, 
2002[33]; Barry, 2001a, b[34]). Transferosomes are 
developed by incorporation of surfactant molecules 
(edge activators) such as sodium chlorate into 
liposomes while ethosomes are liposomes that are 
high in ethanol (up to 45%). Niosomes are vesicles 
developed from non-ionic surfactants and 
marinosomes are liposomes produced from a natural 
marine lipid extract containing a high poly 
(unsaturated) fatty acid (PUFA) ratio. 

5. DENDRIMERS 

Dendrimers are nanostructures produced from 
macromolecules such as polyamidoamine (PAMAM), 
polypropyleneimine and polyaryl ether; and are highly 
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branched with an inner core. They are composed of 
three basic components: 

a. A central core. 
b. The interior dendritic structure (the 

branches). 
c. The exterior surface (the end groups). 

The particle size range is between 1 to 100nm 
although their sizes are mostly less than 10nm. They 
bear large numbers of reactive end group 
functionalities with shielded interior voids possessing 
low systemic toxicity. About 20 years ago, dendrimer 
studies centred on their synthesis, physical and 
chemical properties while exploration of their 
biological applications was initiated recently (Gilles 
and Frechet, 2005)[35]. The uniqueness of dendrimers 
is based on their series of branches, multivalency, well 
defined molecular weight and globular structure with 
controlled surface functionality, which enhances their 
potential as carriers for drug delivery(Gilles and 
Frechet, 2005[35]; Gupta et al, 2006[36]). The most 
important advantages enjoyed in using dendrimers in 
drug delivery are: 

a. These can hold drug molecules in their 
structure and serve as a delivery vehicle. 

b. These can enter easily and release drug on 
target. 

c. These do not trigger immune system 
responses. 

Their globular structures and the presence of internal 
cavities enable drugs to be encapsulated within the 
macromolecule interior. These have been reported to 
provide controlled release from the inner core (Gupta, 
2006[36]). However, drugs are incorporated both in 
the interior as well as attached on the surface. Due to 
their versatility, both hydrophilic and hydrophobic 
drugs can be incorporated into dendrimers. 
 Controlled multivalency of dendrimers enables 
attachment of several drug molecules, targeting groups 
and solubilising groups onto the surfaces in a well 
defined manner (Gilles and Frechet, 2005[35]). These 
are employed due to their size (less than 10nm), ease 
of preparation, functionality and their ability to display 
multiple copies of surface groups for biological 
recognition process (Cloninger, 2002[37]). Water 
soluble dendrimers can bind and solubilise small 
molecules and can be used as coating agents to protect 
drugs and deliver to specific sites. Other applications 
of dendrimers include catalysis, gene and DNA 
delivery, biomimetics and as solution phase supports 
for combinatorial chemistry (Beezer et al, 2003[38]). 
Some of the drug delivery applications include 
therapeutic and diagnostic utilization for cancer 
treatment (Wolinsky and Grinstaff, 2008[39]); 
enhancement of drug solubility and permeability 
(dendrimer-drug conjugates) (Najlah, 2007[40]); and 
intracellular delivery (Najlah and Emanuele, 
2006[41]).  

6. SOLID LIPID NANOCARRIERS 

These nanoparticles are made from solid lipids such as 
glycerylbehenate (Compritol), stearic triglyceride 
(tristearin), cetylpalmitate and glycerol tripalmitate 
(tripalmitin) with a size range of 50 and 1000 nm 
(Muller et al, 2000[42]; Wissing et al, 2004[43]. Solid 
lipid nano particles attract attention of research about 
10 years ago due to their scalability potential. The 
lipids employed are well tolerated by the body; large 
scale production will be cost effective and simple by 
using high pressure homogenization. Some of the 
features include good tolerability, site-specific 
targeting, stability, controlled drug release and 
protection of liable drugs from degradation (Wissing 
et al, 2004[43]). However, these are known for 
insufficient drug loading, drug expulsion after 
polymorphic transition on storage and relative high 
water content of the dispersions (Wissing et al, 
2004[43]). These nano particles has been studied and 
developed for parenteral, dermal, ocular, oral, 
pulmonary and rectal routes of administration 
(Wissing et al, 2004[43]; Pugli et al, 2008[44]; Cavalli 
et al, 2002[45]; Casadei et al 2006[46]; Liu et al, 
2008[47], Jones et al, 1999[48]). To overcome the 
limitations, these were modified by introducing a 
certain amount of liquid lipids with improved drug 
loading and increased stability on storage thereby 
reducing drug expulsion (Wissing et al, 2004[43]; 
Cavalli et al, 2002[45]). These have been explored for 
dermal delivery in cosmetics and dermatological 
preparations (Wissing et al, 2004[43]; Cavalli et al, 
2002[45]).  

7. POLYMERIC MICELLES 

Micelles are formed when amphiphilic surfactant or 
polymeric molecules spontaneously associate in 
aqueous medium to form core-shell structures or 
vesicles. Polymeric micelles are formed from 
amphiphilic block copolymers (5-50nm), such as 
poly(ethylene oxide)-poly(β-benzyl-L-aspartate) and  
poly(N-isopropylacrylamide)- polystyrene, and are 
more stable than surfactant micelles in physiological 
solutions(Jones et al,1999[48]). They were first 
proposed as drug carriers about 25 years ago (Jones et 
al, 1999[48]).   
 The inner core of a micelle is hydrophobic which 
is surrounded by a shell of hydrophilic polymers such 
as poly (ethylene glycol) (Nishiyama and Kataoka, 
2006[49]). Their hydrophobic core enables 
incorporation of poorly water soluble and amphiphilic 
drugs while their hydrophilic shell and size (<100nm) 
prolong their circulation time in the blood and increase 
accumulation in tumoural tissues (Jones et al, 
1999[48]). Polymeric micelles are able to reach parts 
of the body that are poorly accessible to liposomes; 
accumulate more than free drugs in tumoural tissues 
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due to increased vascular permeability (Jones et al, 
1999[48]). Thus, these can be employed to administer 
chemotherapeutics in a controlled and targeted manner 
with high concentration in the tumoural cells and 
reduced side effects. 
 However, the targeting ability of them is limited 
due to low drug loading (Yamamoto et al, 2007[50]; 
Seow et al, 2007[51]) and low drug incorporation 
stability (Yamamoto et al, 2007,[50]) which cause the 
loaded drug to be released before getting to the site of 
action. Consequently, manipulation of the production 
parameters and the design of the inner core can 
improve drug loading and drug incorporation stability 
(Yamamoto et al, 2007[50]; Seow et al, 2007[51]). 
Lipid moieties, such as cholesterol and fatty acyl 
carnitines, can also be employed to impart good 
stability to the polymeric micelles. This is based on 
increased hydrophobic interaction between the 
polymeric chains in the inner core due to presence of 
fatty acid acyls e.g. diacyllipid (Jones et al, 1999[48]). 
Polymeric micelles have been employed for targeted 
and intracellular delivery (Seow et al, 2007[51]), 
sustained release and parenteral delivery (Jones et al, 
1999[48]). 

8. NANO CAPSULES 

Nanocapsules were developed about 30 years ago. 
These are spherical hollow structures in which the 
drug is confined in the cavity and is surrounded by a 
polymer membrane (Tiark et al, 2001[52]). The 
particle size ranges between 50 and 300nm are 
preferred for drug delivery and may be filled with oil 
which can dissolve lipophilic drugs. They have low 
density, high loading capacity and are taken up by the 
mononuclear phagocyte system, and accumulate at 
target organs such as liver and spleen (Jiang, 
2006[53]). Nanocapsules can be employed as confined 
reaction vessels, protective shell for cells or enzymes, 
transfection vectors in gene therapy, dye dispersants, 
carriers in heterogenous catalysis, imaging and drug 
carriers (Meier, 2000[54]; Reinhold, 2007[55]). These 
are known to improve the oral bioavailability of 
protein and peptides which include insulin, elcatonin 
and salmon calcitonin (Tiark et al, 2001[52]; Prego et 
al, 2006[56]). Encapsulation of drugs such as 
ibuprofen (Jiang, 2006[53]) within nanocapsules 
protects liable drugs from degradation, reduces 
systemic toxicity, provide controlled release and mask 
unpleasant taste (Whelan, 2001[57]). The difficulty 
associated with these are due to their high stability and 
low permeability, drugs may not be loaded into the 
capsules after formulation and also the release of the 
drug at target site. To improve on their permeability, 
these are made responsive to physiological factors 
such as pH (Sauer and Meier, 2001[58]). 
 DNA nano capsule mimics the work mechanism 
of a virus. These nano capsules contain strands of viral 

DNA, which they smuggle into cells. Inside the cell, 
the capsule breaks down, the exposed DNA takes the 
control over the cell’s machinery and triggers the 
production of compounds that would be expected in a 
virus attack, thus alerting and training the immune 
system to recognize them. This technology can also be 
used to direct living cells to produce ‘ordered’ 
compounds such as new proteins or toxins and thus 
possesses the potentiality to be used in bio warfare. 
(Fahmy et al, 2005[59]; Kim and Nie, 2005[60]; 
Biondi et al, 2008[61]). 

9. NANOEMULSIONS 

Nanoemulsions are emulsions with droplet size below 
1µ but usually between 20 and 200nm (Solans et al, 
2005[62]; Santos-Magalhaes et al, 2000[63]). Unlike 
microemulsions which are white in colour due to their 
light scattering ability, nanoemulsions whose nanosize 
is often smaller than visible wavelength, are 
transparent (Solans et al, 2005[62]; Chiesa et al, 
2008[64]). Nanoemulsions are biodegradable, 
biocompatible, easy to produce and used as carriers 
for lipophilic drugs which are prone to hydrolysis. 
They are employed as a sustained release delivery 
system for depot formation via subcutaneous injection 
(Santos-Magalhaes et al, 2000[63]). They enhance 
gastrointestinal absorption and reduce inter- and intra-
subject variability for various drugs. Due to their very 
large interfacial area, they exhibit excellent drug 
release profile (Brusewitz et al, 2007[65]). 
Nanoemulsions have been studied and developed for 
parenteral, oral, ocular, pulmonary and dermal 
deliveries (Solans et al, 2005[62]). 
 Unlike microemulsions, nanoemulsions are 
metastable and can be destabilized by Ostwald 
ripening whereby the small droplets dissolve and their 
mass is taken up by the large droplets and depletion 
induced flocculation due to addition of thickening 
polymers. When this happens, the nanoemulsion 
becomes opaque and creaming will occur (Sonneville-
Aubrun, 2004[66]). However, addition of a small 
amount of a second oil with low solubility into the 
aqueous phase and addition of a second surfactant may 
reduce Ostwald ripening (Solans et al, 2005[62]). 
Also, a number of factors that should be controlled 
during production such as selecting an appropriate 
composition, controlling the order of addition of 
components, applying the shear in a manner that will 
effectively rupture the droplets, and ensuring that the 
dispersed phase molecules are insoluble in the 
continuous phase so that Ostwald ripening does not 
occur rapidly (Chiesa et al, 2008[64]). 

10. CONCLUSION 

Nanomaterials are indeed the most exciting and 
revolutionary biomedicine in the                              
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pharmacological arena. In spite of some serious health 
concern, their potentiality to be a good biomedicine 
can never be denied. However, non-metallic 
nanomaterials having unique properties like bio-
compatibility, non-cytotoxicity, bio-degradability 
ect.,can overcome these limitations  and prove 
themselves a better alternative biomedicine until a 
concrete solution to the toxicity of conventional 
metallic nanomaterials is established.   
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