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12.1  Introduction

Since primeval times, plants and plant-derived 
extracts containing bio-active molecules (phyto-
chemicals) have been used as a source of medi-
cines for the treatment of ailments. As per a 
guesstimate, a total of 25–48% of currently 
approved medicines by FDA (food and drug 
administration) is derived from the natural prod-
ucts (Russo 2007; Orlikova and Diederich 2012). 
Natural products derived from plants 
(Phytochemicals) are a large diversified group of 
chemical compounds granting color, flavor, 
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aroma, and texture along with various medicinal 
properties. These phytochemicals are widely dis-
tributed among the plant kingdom ranging from 
vegetables, legumes, grains, fruits, flowers, nuts, 
seeds, herbs and spices into plant-based beverages 
such as wine and tea. Potential pharmacologically 
active phytochemicals are time  tested  and 
extracted from edible and medicinal plants, 
which means they are usually safe and exhibit 
low or no toxicity at a physiologically relevant 
concentration on normal human organs and cells. 
The profusion and readily available plants and 
plant products (fruits, flowers, bark, leaf, etc.) 
make the derived chemical constituents diverse 
and economical to use and study for human 
benefits.

Naturally occurring compounds derived from 
plants hold a major proportion of prospective 
therapeutically active agents (Al-Farsi and Ellis 
2014; Overby et al. 2014). It is pertinent to men-
tion that, paclitaxel from Taxus baccata (Legha 
et  al. 1986; Riondel et  al. 1986; Wiernik et  al. 
1987), vinblastine from Vinca rosea (Costa et al. 
1963; Frei et al. 1961) and topotecan a synthetic 
derivative of natural compound (Cheson and 
Arbuck 1993; Wall et al. 1992), have been suc-
cessfully developed into clinically used drugs for 
the treatment of cancer. However, several encum-
brances are to be overcome for their extensive 
use as drugs. These encumbrances range from 
low solubility, poor penetration into the targeted 
cells, and high hepatic clearance due to first pass 
effect, to narrow therapeutic index (Lipinski 
2000; Mastropaolo et  al. 1995). Additionally, 
undesired pharmacokinetic profile and emerging 
drug resistance are also major obstacles for the 
development of phytochemicals in the clinically 
used drugs (Lin et al. 2003).

Novel drug delivery system (NDDS) is a novel 
approach to  drug delivery that overcomes the 
restrictions of the traditional drug delivery sys-
tems of phytochemicals. Modern medicine exerts 
its actions by targeting precisely the affected 
areas of a patient and delivering the drug to the 
particular organ or area. The drug targeting with 
NDDS to individual organs improves selectivity, 
drug delivery and effectiveness with dose reduc-
tion, and safety, and increases compliance. The 

NDDS as an ideal drug carrier should be capable 
of extended circulation in the bloodstream, tiny 
enough to penetrate target cells and tissues, and 
finally delivering the active constituents in a pre-
determined manner.

12.2  Novel Drug Delivery Systems

The NDDS are classified by multiple schemes 
depending on the types and techniques—based 
on therapeutic group of drug loaded, the physical 
form of the NDDS, administration route, mode of 
delivery or action, etc. Therefore, a few most 
popular and promising NDDS have been dis-
cussed in the following sections which are 
Polymeric Nanoparticles, Liposomes, 
Ethosomes,  Phytosomes, Nanoemulsion/
Microemulsion, Microsphere, Micelles, 
Transferosome, Implants,  Cyclodextrins, 
Niosomes, Transdermal Patches, etc.

12.2.1  Nanoparticles

There has been substantial research interest in the 
particulate drug delivery systems (submicron par-
ticle size ranging 10–1000  nm) as a transporter 
for small and large molecules of therapeutic inter-
est. Nanoparticles have many advantages, such as 
solubility enhancement, thereby leading to bio-
availability enhancement, reduction in dose, 
improvement in therapeutic effectiveness, better 
stability, and improved absorption of herbal medi-
cines or phytochemicals in comparison with the 
respective crude formulation or preparations. The 
nanoparticles can be designed with different par-
ticle size and surface characteristics for controlled 
and targeted drug delivery of both hydrophobic 
and hydrophilic phytochemicals. The phytochem-
ical release from nanoparticles is either through 
bulk erosion in the matrix or by surface erosion in 
the polymer depending on the drug characteristics 
and method adopted for preparation (Chan et al. 
2010a, b; Kumari et al. 2010; Rao and Geckeler 
2011; Leo et al. 2006). There are various methods 
employed for the preparation of nanoparticles, 
viz. salting out method, solvent evaporation 
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method, nanoprecipitation, and dialysis method. 
Polymeric nanoparticles are extensively used in 
nanotechnology due to their tiny size and excep-
tional biocompatibility. Interesting synthetic 
polymers for research include chitosan (Anitha 
et al. 2011; Das et al. 2010), poly (d,l-lactide-co-
glycolide) (PLGA) and PEG (Anand et al. 2010; 
Shaikh et al. 2009; Yallapu et al. 2010). Among 
these, PLGA is considered an efficient material 
for the formulation of a variety of nano delivery 
systems.

Curcumin, a natural diarylheptanoid polyphe-
nol  is an indispensable curcuminoid present in 
the turmeric rhizome—Curcuma longa (L.) 
(Family: Zingiberaceae) and is accredited as 
“Wonder drug of life”. Despite its enormous ther-
apeutic potential against a wide variety of physi-
ological disorders, the poor aqueous solubility, 
resulting poor systemic bioavailability and quick 
degradation are a few of the major constraints 
which put a ceiling on the clinical development 
of curcumin (Gera et al. 2017). To advance clini-
cally applicable parameters of curcumin, the 
nanoparticle has been prepared using different 
polymers by many researchers with enhanced 
aqueous solubility and site-specific delivery of 
curcumin that prompts to augment the bioavail-
ability, transportation, and quick treatment lead-
ing to better clinical applications. Mathew et al. 
coupled Tet-1 peptide with PLGA coated- 
curcumin nanoparticles, and reported that this 
complex of curcumin encapsulated-PLGA 
nanoparticles is non-cytotoxic and exerted the 
antioxidant property alongside destroying amy-
loid aggregates. The PLGA encapsulated cur-
cumin does not hamper its intrinsic therapeutic 
potential and so, the PLGA encapsulated cur-
cumin nanoparticles provides a hope for its use as 
a drug with multiple therapeutic potentials in the 
treatment of Alzheimer’s disease (Mathew et al. 
2012). Yallapu et al. reported enhanced intracel-
lular uptake of curcumin-PLGA nanoparticles 
and antibody conjugation attributed in cancer 
cells (Yallapu et  al. 2010). Furthermore, 
Curcumin loaded PLGA nanoparticles with thio-
lated chitosan such as bis sulfosuccinimidyl 
suberate facilitated conjugation of annexin A2 
and displayed efficient delivery of curcumin to 

annexin A2-positive MDA-MB-231 cancer cells 
(Thamake et al. 2011). Curcumin encapsulated in 
polycaprolactone nanoparticles (650 nm ) showed 
elevated intracellular levels of curcumin in liver 
cells upon intravenous administration to male 
wistar rats. This study demonstrated the thera-
peutic efficiency of this formulation in liver dis-
eases (Anuradha and Aukunuru 2010).

In another study, a remarkable improvement 
in A549 cells (human lung adenocarcinoma epi-
thelial cell line) cytotoxicity was reported by the 
combinations of PLGA encapsulated quercetin (a 
naturally occurring flavonoid) nanoparticles and 
etoposide-loaded PLGA nanoparticles, as com-
pared to free quercetin and etoposide (Pimple 
et  al. 2012). Quercetin has been studied exten-
sively as a potential drug candidate for the treat-
ment of cancer but its implementation as a 
clinically used therapeutic drug are limited 
because of the poor aqueous solubility and low 
oral bioavailability. Nanoformulations developed 
for quercetin have shown promising epithelial 
system uptake as well as enhanced targeted deliv-
ery to the site.

Triptolide, a diterpenoid epoxide, is known 
for its anti-inflammatory, anti-fertility, anti- 
neoplastic and immunosuppressive properties. It 
shows some of the undesirable toxic effects 
because of the poor aqueous solubility. The anti- 
inflammatory activity of nanoparticles and 
microemulsions containing triptolide were evalu-
ated in the rat paw oedema model and the solid 
lipid nanoparticle  (SLN) formulation displayed 
better activity than the microemulsion (Mei et al. 
2003). PLA nanoparticles encapsulating Taxol, 
produced by emulsion solvent evaporation 
method, displayed improved bioavailability with 
sustained release pattern compared to the free 
drug (Fu et al. 2006). SLN of silibinin showed the 
hepatoprotective effects and an improved bio-
availability due to improved circulation time and 
enhanced (Zhang et al. 2007).

12.2.2  Liposomes

Liposomes are microscopic, vesicular phospho-
lipids/cholesterol carrier system formulated by 
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one or more concentric lipid bilayers encapsulat-
ing small proportion of the solvent in which they 
unreservedly diffuse into the interior of the lipo-
somes. It is built of polar lipids containing both 
hydrophilic and lipophilic groups on the same 
molecule (Lasic 1993). The interaction of polar 
lipids with water results in self-assembly of the 
polar lipids to form self-organized colloidal par-
ticles. Hydrophilic molecules of interest or drugs 
are encapsulated in the hydrophilic/aqueous 
compartment and the lipophiles are inserted into 
the membrane. Liposomes can be classified based 
on the size, a number of lamellae, and the surface 
charge. The liposomes are further classified 
based on the surface charge into, anionic, cat-
ionic, or neutral subcategories (Bonifacio et  al. 
2014). Liposomes have the property of encapsu-
lating both hydrophilic and lipophilic materials, 
therefore, as a carrier, it can indiscriminately 
deliver molecules of interest through the cell 
membrane by increasing ingredient solubility 
and enhance intracellular uptake. Liposomal 
mode of drug delivery can maintain therapeutic 
concentrations of the drugs or other phytochemi-
cals for prolonged periods of time, thus signifi-
cantly improves the therapeutic activity, remedial 
effect and safety profiles. It releases herbal drugs/
phytochemicals in a sustained release fashion 
with reducing peak-valley fluctuations and tar-
geting into the desired area, by improving the 
solubility and bioavailability (Singh 2015; Abou 
ElWafa et  al. 2003; Barragan-Montero et  al. 
2005; Weiss and Fintelmann 2000; Ajazuddin 
and Saraf 2010).

Liposomes were discovered in 1970 as drug 
delivery vehicles for targeting at the active site 
into desired concentration. The first successful 
example of a liposomal drug delivery system is 
the formulation of doxorubicin (anti-cancer drug) 
encapsulated in sterically stabilized liposomes 
(Doxil®). It was approved in 1995 by the FDA for 
clinical use in the US market  (James 1995). 
Liposomes have been found to be a delivery sys-
tem for vitamins and enzymes, small cytotoxic 
molecules as liposomes are biocompatible, non- 
toxic, and biodegradable in nature (Musthaba 
et  al. 2009; Allen and Cullis 2013). Liposomal 
drug delivery systems play a vital role owing to 

easy preparation, and charged liposomes could 
enhance the percutaneous permeation through 
the skin, resulting in transdermal drug delivery. 
The applications of liposomes in herbal formula-
tions have been investigated widely and it’s evi-
dent from the latest researches that are more 
focused on enhancing the bioavailability of phy-
toconstituents (Musthaba et al. 2009; Ajazuddin 
and Saraf 2010). Atractylodes macrocephala 
Koidz essential oil entrapped into liposomes for 
the treatment of digestive diseases and tumors 
has displayed lesser side effects (Wen et  al. 
2010). Tripterygium wilfordi extract displayed 
better heat stability and lesser side effects on 
liposomal entrapment (Li et al. 2007).

Quercetin liposomes increased anxiolytic and 
cognitive effects with a significant reduction in 
dose when administered through oral and intra-
nasal route (Priprem et  al. 2008; Blumenthal 
et  al. 2000). To improve the solubility of 
Silymarin in the gastrointestinal tract, it has been 
incorporated into liposomal dosage form which 
on oral administration improved its bioavailabil-
ity. Soybean lecithin has been used to incorporate 
silymarin in liposomal form to improve the bio-
availability in a stable buccal dosage form. 
Silymarin has also been encapsulated as hybrid 
liposomes (El-Samaligy et  al. 2006) to prevent 
aggregation by maintaining liposomal stability. 
Commercially available liposome as a delivery 
system for herbal extracts is Liposomal based 
powder form Herbasec® by a Swiss-based com-
pany Cosmetochem International AG. It is avail-
able in the freeze-dried form which is 
reformed-encapsulating the concentrated plant 
extract on dispersion in water (Saraf 2010).

12.2.3  Ethosome

Ethosomes are the slightly modified un-shakable 
drug carrier liposome. It was developed by 
Touitou et  al. (1997), as a non-invasive drug 
delivery carrier that facilitates drug delivery into 
the deep skin layers and/or into the systemic cir-
culation through the stratum corneum barrier 
(Bendas and Tadros 2007). Ethosomes are mal-
leable soft vesicles containing ethanol (20–45%), 
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phospholipids, and water customized for 
enhanced delivery of desired compounds. These 
phospholipids are mainly phosphatidylserine, 
phosphatidylcholine, phosphatidic acid (Merdan 
et al. 1998). Ethanol is added to make vesicular 
systems an elastic nanovesicle. The property of 
ethanol to disturb the skin lipid bilayer organiza-
tion acts as a competent permeation enhancer and 
helps in penetration of stratum corneum by inter-
acting with the hydrophilic polar part of the lipid 
molecules imparting lipid fluidity, and enhances 
cell membrane permeability as a result of a 
decrease in the melting point of the stratum cor-
neum lipid. The addition of ethanol imparts high 
flexibility to the vesicular membrane making 
elastic enough to squeeze through the pores 
smaller than their size (Verma and Pathak 2010). 
Ethosomes can penetrate through the skin at a 
higher rate than liposomes, rendering them to 
replace liposomes. Ethosomes entraps phyto-
chemicals and drug molecule with differing 
physicochemical properties i.e. hydrophilic, lipo-
philic, and also amphiphilic molecules like pro-
teins and peptides. Herbal ethosome preparations 
have effectively enhanced the bioavailability of 
many medicinal plants including Sophora alope-
curoides, Cannabis sativa, Glycyrrhiza glabra, 
etc. for various diseases (Pawar et  al. 2015). 
These ethosomes are suitable for various applica-
tions in cosmeticeuticals, phyto-pharmaceuticals, 
pharmaceuticals, nutraceuticals, veterinary and 
biotechnology segments. Topical application of 
Vitamin E, exogenous lipophilic vitamin with 
antioxidant property reported to enhance the skin 
protection from exogenous oxidants and used 
widely in various dermatological preparations. 
Vit E addition decreases the production of lipid 
peroxides and protect against UV exposure, 
destructive chemicals, and physical agents as 
well. Antioxidants rapidly undergo degradation 
when exposed to light. Ethosomes have been 
reported to be an advantage in cosmeceuticals for 
topical administration of antioxidants to diminish 
oxidative injury in the skin. Koli and Lin (2009) 
developed antioxidant ethosomes using the syn-
ergistic properties of Vit A palmitate with Vit C 
for Vit E transport into the deeper layer of stra-
tum corneum. An absolute protection of the etho-

some formulations from the oxidation was 
observed due to the synergistic interaction of Vit 
C and Vitamin A and E in the aqueous core and 
lipid bilayer, respectively.

Ethosomes application in transcutaneous 
immunization of antigen against Hepatitis B 
showed superior entrapment efficiency when 
compared to conventional liposomes. In vitro 
assay in murine dendritic cells demonstrated an 
efficient uptake of HBsAg-loaded ethosomes. It 
also generated a robust systemic and mucosal 
humoral immune response on the topical applica-
tion in mice in comparison with alum-adsorbed 
HBsAg suspension (i.m.), the topical application 
plain HBsAg solution, and the hydroethanolic 
(25%) HBsAg solution. HBsAg-loaded etho-
somes were capable to produce a protecting 
immune response. It was further tested using 
human cadaver skin, which displayed a superior 
skin penetration of the antigen than the conven-
tional liposomes and soluble antigen formulation 
(Mishra et al. 2007). The ethosomes may be used 
for the development of a Hepatitis B vaccine via 
a transcutaneous route due to its ability to trans-
verse and target the immunological environment 
of the skin.

Other applications of ethosome  have been 
reported in the administration of hormones by 
Ainbinder and Touitou (2005). Paolino et  al. 
(2005) investigated the anti-inflammatory ammo-
nium glycyrrhizinate ethosomes for dermal deliv-
ery for various skin diseases. Lodzki et al. (2003) 
prepared a transdermal cannabidiol ethosomal 
formulation for the treatment of rheumatoid 
arthritis.

12.2.4  Phytosome

In most of the cases, biological activities are par-
tially or totally lost during the isolation and puri-
fication process of the molecules having 
therapeutic potential. It has been observed that 
the bioavailability and biological activities of the 
active constituents is dependent on the complex-
ity of the different ratios of the constituents pres-
ent in the crude or partially purified extract. 
Extracts, when taken orally, may sometimes lead 
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to the destruction of active constituents in the 
gastric environment due to digestive secretions 
and gut bacteria. Therefore poor bioavailability 
hinders their effects. As most of the bioactive 
water-soluble phytochemicals like flavonoids, 
tannins, terpenoids, etc. have large molecular 
weight and this leads to poor absorption by pas-
sive diffusion, and possibly their poor lipid solu-
bility also limits their ability to permeate through 
lipophilic biological membranes, thus results in 
poor bioavailability of these molecules (Manach 
et al. 2004; Kumar and Kesari 2011). Therefore, 
for such herbal extracts to be effectively utilized 
as herbal drugs is hugely dependent on the deliv-
ery to an effective level. Indena  S.p.A. of Italy 
developed the Phytosome® technology which 
markedly enhanced the bioavailability of select 
phytomedicines. This technology involves incor-
poration of water-soluble phytoconstituents or 
standardized plant extracts or fractions into phos-
pholipids molecular complexes; improves their 
bioavailability (Bombardelli et al. 1989; Manach 
et al. 2004).

Phytosomes display structural and functional 
differences from liposome as phytosomes are a 
molecular unit of few molecules bound together 
while the liposomes are made of several phos-
pholipid molecules aggregating together to 
enclose the phytochemicals or drugs without spe-
cifically binding with them. The water-soluble 
active principles are hosted in the inner cavity of 
liposomes with limited interaction with sur-
rounding lipid core. On the contrary, the phyto-
somes accompany their polyphenolic guest at 
their surface and the guest having polar function-
alities via polar interactions with phospholipids 
bearing charged phosphate groups. The spectro-
scopic technique can evident these interactions. 
The topical application of phytosomes enhances 
the absorption of desired active compounds and 
oral administration significantly improves the 
systemic bioavailability and thus phytosomes are 
superior to liposomes in these modes of adminis-
tration (Fry et al. 1978; El Maghraby et al. 2000; 
Jain 2005).

Phytosome being able to cross the lipophilic 
biological membranes to reach into systemic cir-
culation results in higher plasma concentrations 

than the individual compounds (Mauri et  al. 
2001; Kidd and Head 2005; Rossi et  al. 2009). 
The resulting higher plasma concentration ensure 
that more amount of the desired constituent is 
available at the site of action (liver, kidney, brain, 
heart, or another organ) at the same or even low 
dose. Therefore, the therapeutic action improves, 
prolongs and becomes detectable. Absorption of 
phytosome in gastro-intestinal tract can be favor-
ably deployed in the treatment of acute hepatic 
disorders of metabolic and/or infective origin. 
Phosphatidylcholine can also be used as a hepa-
toprotective besides its use as a phytosome car-
rier, thus it may exert a synergistic effect as 
hepatoprotective (Saraf and Kaur 2010). The 
phytosomes can be used for various ailments 
including cardiovascular, anti-inflammatory, 
immunomodulatory, anticancer, antidiabetic, 
etc and also for prophylactic and health benefits 
as neutraceuticals.

Several therapeutically important phytochem-
icals developed in this form displayed excellent 
therapeutic activity in the animal and human 
models. Meriva®, a patented curcumin-soy phos-
phatidylcholine complex (Kidd 2009; Marczylo 
et al. 2007) demonstrated greater bioavailability 
in rats in comparison with standardized curcumin 
extract in rats. Indena complexed soyphospholip-
ids exploiting the Phytosome® technology to 
defeat the poor bioavailability of silybin. 
Ginkgoselect® Phytosome® have been used in 
human trials for Raynaud’s disease and the study 
exerted the usefulness of the phytosome in the 
reduction of Raynaud’s attacks, both the fre-
quency (56%) and severity (Muir et al. 2002).

12.2.5  Nanoemulsions/
Microemulsions

Emulsions are thermodynamically unstable for-
mulations of oil and water phase, stabilized by a 
suitable emulsifying agent. Nano and micro emul-
sions O/W or W/O type emulsion possess the size 
range of several microns. These emulsions are 
widely used in drug delivery formulations to 
enhance the solubility of inadequately soluble 
drugs and possess various advantages such as 
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good thermodynamic stability, ease of manufac-
turing, fewer chances of drug degradation, etc. 
(Kumar et al. 2012; Mujaffar et al. 2013).

FDA approved surfactants, considered safe for 
human use, are utilized for the preparation of 
these emulsions. The higher surface area and 
lower size enable them to penetrate easily through 
the skin. Nanoemulsions can be prepared by vari-
ous methods including the high-pressure homog-
enization and microfluidisation technique 
(Lieberman et  al. 1998; Lachman et  al. 1996) 
unlike to microemulsions which form spontane-
ously. The scope of microemulsions and nano-
emulsions in herbal drug delivery is wide and has 
been used clinically as well as commercially 
(Goyal et al. 2011).

An enhanced anti-inflammatory activity of cur-
cumin in O/W nanoemulsion was reported in 2008 
(Wang et al. 2008). It was prepared by an optimized 
high pressure and high-speed homogenization 
method to achieve droplet sizes in the 618.6–
79.5  nm range. 12-O-tetradecanoyl phorbol- 13-
acetate-induced edema of mouse ear was used to 
compare this formulation against 1% curcumin in 
10% Tween 20 water solution and it was observed 
that high-pressure homogenization microemulsion 
showed improved activity compared to microemul-
sion prepared with the high- speed method; no activ-
ity was observed with 1% curcumin in 10% Tween 
20 water solution. The eutectic properties of ubiqui-
none was utilized to develop a self nanoemul-
sion (Nazzal et al. 2002). This drug delivery system 
enhanced the solubility and bioavailability and 
reduced precipitation of the drug in the vehicle.

12.2.6  Microsphere

Microspheres are spherical particles having a 
diameter in the range of 1–1000  μm in which 
drug is dispersed in finely divided form or crys-
talline form and also referred to as micro- 
particles. They can be prepared from various 
materials of natural and synthetic origin like 
albumin, gelatin, chitosan, polypropylene, poly-
lactic acid, polyglycolic acid, modified starch, 
dextran, etc. The first order kinetics is followed 
by microsphere for the drug release and con-

trolled by the matrix dissolution and disintegra-
tion. The drug release is majorly affected by the 
matrix type, size and concentration of the poly-
mer (Brahmankar and Jaiswal 1998). 
Microspheres are having wide commercial appli-
cations including sustained drug delivery, they 
can be ingested or injected, overcome handling 
issues with potent molecules and improved tar-
geting at the active site in desired concentration 
to maintain overall effective plasma concentra-
tion for a longer duration (Singh 2015; Varde and 
Pack 2004; Freiberg and Zhu 2004). 
Mucoadhesive microsphere has been prepared by 
evaporation technique and ionic cross-linking 
technique, etc. (Kanan et  al. 2009; Das and 
Senapati 2008). In recent times, microspheres are 
widely used to enhance the therapeutic potential 
of various poorly soluble phytoconstituents.

Gastro-retentive floating microspheres of cur-
cumin have been prepared with a prolonged gas-
tric residence time in simulated gastric fluid for at 
least 20  h, resulting in increased drug bioavail-
ability (Kumar  & Rai 2012). Rutin-alginate- 
chitosan microsphere delivered rutin specifically 
to cardiovascular and cerebrovascular organelles 
(Xiao et  al. 2008). Piper sarmentosumn  
extract encapsulated with calcium alginate beads 
used an industrially feasible process of adsorption 
(Chan et al. 2010a, b). Zedoary turmeric oil was 
microencapsulated to enhance bioavailability and 
sustained-release application. This was achieved 
by emulsion-solvent diffusion method (You et al. 
2006). Turmeric oleoresin microspheres were 
prepared after emulsification of oleoresin fol-
lowed by spray drying technique. The micro-
spheres displayed an improved therapeutic effect 
and also protected the oleoresin from degradation 
when exposed to light, oxygen, heat, and alkali 
(Kshirsagar et  al. 2009). Camptothecin was 
encapsulated in oxidized cellulose microspheres 
by spray drying process; enhanced its solubility 
and cytotoxicity (Chao et al. 2010).

12.2.7  Micelles

Micelles are lipid molecules organize themselves 
in a spherical shape in aqueous solutions. 
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Polymeric micelles are usually very small in size 
and range from 10 to  100  nm (Kataoka et  al. 
2001). Micelles protect the drug from its sur-
rounding which may inactivate the drug and thus 
increases the drug bioavailability and retention 
(Kwon 2002). There are various factors which 
govern the drug release from micelles, such as 
micelle stability, drug diffusion rate, the partition 
coefficient, and the copolymer biodegradation 
rate (Kwon and Okano 1996). The drug release is 
also affected by its concentration and location 
inside the micelles, molecular weight and physi-
cochemical properties (Teng et al. 1998). Targeted 
delivery of poorly soluble herbal drugs has 
been  achieved by using polymeric micelles. 
Micelles formulations of poorly soluble drugs 
like Artemisinin and Curcumin with sodium 
dodecyl sulphate increased their solubility by 
25-folds. The micellar formulation also increased 
the solubility of paclitaxel and has been used for 
the treatment of hormone refractory prostate can-
cer in LN Cap tumor model (Simon et al. 2000).

12.2.8  Transferosome

The transferosome concept was introduced in 
1991 by Gregor Cevc. Transferosomes are phos-
pholipid vesicles which can penetrate the stratum 
corneum to be used as potential transdermal drug 
delivery carriers (Pandey et  al. 2009). 
Transferosomes exhibit better elasticity than the 
standard liposomes and thus more suitable for the 
transdermal drug delivery. Transferosomes 
squeeze themselves along the intracellular lipids 
of the stratum corneum and penetrate the skin 
(Eldhose et al. 2016). Hydration or osmotic force 
in the skin enhances the penetration through stra-
tum corneum. They can be used as a potential 
carrier for drugs with a wide range molecular 
weights and different pharmacological actions 
including analgesic, sex hormones, anesthetic, 
anticancer, corticosteroids, and insulin, etc. They 
are biocompatible, biodegradable and have high 
entrapment efficiency (near to 90% for the lipo-
philic drug). They act as a depot for the encapsu-
lated drug protecting from metabolic degradation, 
and release the drugs slowly and gradually. They 

are used in both systemic and topical drug deliv-
ery. The preparation of transferosomes is simple, 
short and do not involve pharmaceutically unac-
ceptable additives (Cevc et  al. 1998). 
Transferosomes are prepared using following: (a) 
phospholipids, a vesicle-forming material, (b) 
surfactant for providing flexibility, (c) alcohol as 
a solvent and (d) a buffering agent as a hydrating 
medium.

Curcumin is largely used as a potent anti- 
inflammatory herbal drug, but it has low bioavail-
ability due to poor gastrointestinal absorption. 
Transferosomes encapsulating curcumin gel 
showed an increase in skin permeation compared 
with the plain gel containing curcumin, paving 
the transferosome as potential carriers for the 
curcumin transdermal delivery (Patel et al. 2009). 
High shear dispersion technique was used to pre-
pare Capsaicin transferosomes and it showed bet-
ter topical absorption compared to pure Capsaicin 
(Xiao-Ying et  al. 2006). Colchicine transfero-
somes for topical delivery were prepared using 
handshaking method and prevented the GI side 
effects of oral absorption (Singh et  al. 2009). 
Transferosomes encapsulating Vincristine sulfate 
were prepared by lecithin and sodium deoxycho-
late (70/20). The in  vitro tests through mouse 
skin showed penetration through the skin at zero 
order rate (Lu et al. 2005).

12.2.9  Implants

Another approach of controlled drug delivery is 
to formulate  into polymeric implants. Implants 
are polymeric devices which provide controlled 
drug delivery of wide variety of drugs. These are 
prepared using biodegradable polymers and can 
be directly placed at the site of action by a micro-
surgery for the insertion of these devices 
(Brahmankar and Jaiswal 1998). Two types of 
polymeric matrices are used for the preparation 
of Implants: Biodegradable and Nondegradable 
polymeric matrices. Nondegradable bio-matrices 
are made of either silicone or poly (ethylene-co- 
vinyl acetate) (Saltzman and Fung 1997). The 
Norplant system of contraception uses these non- 
biodegradable biomatrices for this type of drug 
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delivery (Darney 1994). Vadhanam et  al. have 
delivered ellagic acid using this system of deliv-
ery in a mammary tumorigenesis model and 
observed tumor reduction with 130-fold less 
compound (silastic implants v/s dietary route) 
(Vadhanam et al. 2011). Although implant deliv-
ery system has the potential to deliver for a long 
duration, it has the risks of mechanical failure of 
implants that may lead to dose dumping. Another 
drawback of the system is the likelihood for 
fibrous growth in the region of the implants, 
which become difficult to remove after the treat-
ment is over (Aqil et al. 2013). A biodegradable 
polymeric system can overcome those disadvan-
tages of a nondegradable  matrix system. A 
sustained- release implant containing plant extract 
has proved to be beneficial. An implant contain-
ing the extract of Danshen (Radix Salvia miltior-
rhiza) using chitosan and gelatin was developed 
to support anastomosing and healing on muscles 
and tissues in abdominal cavities. The sustained 
delivery of the implant was observed for up to 
28 days. The repairing of the wounds and tissues 
were healed better with this implant system and 
frequent dosing was reduced for the patient (Zhao 
et al. 2002).

12.2.10  Cyclodextrins

Cyclodextrins (CDs) are cyclic oligosaccharides 
that contain six to eight dextrose units (α-, β-, and 
γ-cyclodextrins, respectively) connected through 
1–4 bonds. The outer side of CDs is hydrophilic 
and the inner side is relatively lipophilic, enabling 
them to interact and entrap molecules forming 
noncovalent inclusion complexes (Challa et  al. 
2005). The application of cyclodextrins is also to 
enhance the drug bioavailability by enhancing 
the solubility, stability and overcoming the unde-
sirable physiochemical properties of drugs (Le 
and Rysanek 1987; Szejtli 1982, 1988).

CDs enhance the permeability of hydrophobic 
drugs by increasing the availability of the drug on 
the surface of the biological barrier like skin and 
mucosa, where the drug partitions into the mem-
brane and thus penetrating the lipid layers of 
these barriers. The optimum CDs should be used 

to solubilize the drug in the aqueous vehicle 
increasing the drug availability (Loftsson and 
Stefansson 1997).

Cyclodextrin scan be used for both oral and 
intravenous drug delivery and when used as vehi-
cles/carriers for oral delivery they can increase 
the bioavailability of insoluble drugs by molecu-
lar dispersion, shielding it from degradation in 
different gastro intestinal tract pH, and increasing 
the availability at the intestinal wall. When it is 
used as parenteral vehicles, they solubilize the 
hydrophobic drugs without changing their phar-
macokinetic properties (Thompson 1997).

Due to volatile properties, oxidation, photo-
degradation and/or polymerization, many natu-
rally occurring compounds, like vanillin, 
cinnamaldehyde, essential oils and flavoring 
agents such as lemon and orange peel oil, tends to 
vanish from solid formulations. CDs formulation 
could overcome those problems up to an ade-
quate level (Vyas et al. 2008).

High hydrophobicity and sensitivity to air, 
light and oxidative enzymes caused remarkable 
problem for resveratrol formulation. β-CD and 
G2 β-CD complexation with resveratrol reduced 
the oxidation as it is entrapped in the internal cav-
ity of CDs (Lucas-Abellan et al. 2007).

 CD complexation can stabilize many famous 
paramedical foul smelling and volatile products 
like cinnamon leaf oil and garlic oil (Ayala- 
Zavala et al. 2008). The glucopyranose rings of 
β-cyclodextrins are able to form inclusion com-
plexes of small molecular weight with flavor sub-
stances. The stable β-cyclodextrin complexes 
have the advantages of persistent composition, 
macroscopic and microbiological purity, and 
reduced sensitivity to external factors (Lindner 
2006).

12.2.11  Niosomes

Niosomes are vesicles composed of multiple 
lamellas and are non-ionic in nature. It consists 
of non-ionic surfactant and differs from lipo-
somes which have phospholipids. Because of the 
similarity in structure with a liposome, niosome 
can be an alternative to liposomal drug carriers. 
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The properties of the niosomes are influenced by 
additives, mode of preparation, drug’s physico-
chemical properties, surfactant’s amount, struc-
ture and type, cholesterol content and resistance 
to osmotic stress (Rajera et al. 2011). Niosomes 
can enhance the therapeutic effect of drugs by 
targeted delivery as they are non-ionic in nature 
and are less toxic.

They can be prepared by any of the following 
methods—ether injection, sonication, reverse 
phase evaporation, extrusion, remote loading, 
hand shaking, and microfluidization. These vesi-
cles act as a storehouse for the drug and release it 
in a controlled manner. They improve the stabil-
ity of the entrapped drug molecule and thus 
enhance the oral bioavailability of poorly 
absorbed drugs. They cross the anatomical bar-
rier of GIT via transcytosis of M cells of Peyer’s 
patches in the intestinal lymphatic tissues (Jadon 
et al. 2009). Such highly contained drug accrual 
is beneficial in the treatment of diseases like 
leishmaniasis where parasites attack liver and 
spleen cells (Sheena et  al. 1998; Baillie et  al. 
1986). Niosomes have been suggested for treat-
ments of various diseases such as cancer and 
infection (Balasubramaniam et al. 2002), also as 
immunological adjuvants (Jain et  al. 2005), as 
anti-inflammatory drug carrier (Shahiwala and 
Misra 2002) and also as a diagnostic imaging 
agent (Uchegbu and Vyas 1998). Niosomes can 
be administered through various routes and par-
ticular emphasis has been given for transdermal 
drug delivery systems. The evolution of niosomal 
drug delivery technology is in its formative years 
but it has displayed promising potential in cancer 
chemotherapy and anti-leishmanial therapy.

12.2.12  Transdermal Drug Delivery 
System (Transdermal 
Patches)

Delivery of phytochemicals via skin is widely 
investigated and an increase in interest for drug 
delivery through transdermal patch has been 
observed for enhancing permeation and thera-
peutic efficacy. The major advantages of topical 
delivery are an evasion of the first-pass metabo-

lism, decrease adverse effects associated with 
oral and intravenous (IV) doses and improved 
therapeutic efficacy. Various strategies are used 
to enhance the transdermal permeation including 
transdermal patches, ethosomes, transferosomes, 
and SLNs (Prausnitz and Langer 2008; Benson 
and Watkinson 2011; Prausnitz et  al. 2004). 
Ethosomes, transferosomes, and SLNs are 
already discussed in this chapter.

The medication delivery by transdermal 
patches is done through an adhesive patch which 
is attached to the patient’s skin. The patch is 
made up of special membrane which can control 
the rate of drug release. Treatment through such 
patches is non-invasive and medication delivery 
is designed to release the active ingredient at a 
constant rate over a specific period ranging from 
several hours to days after application to the skin. 
It involves percolation of the drug from the sur-
face of the skin passing through the layers of der-
mal tissue and finally into the circulatory 
system.

Transdermal patches are the novel approach 
which utilizes permeation enhancers (terpenes, 
ozones, and surfactants) for topical delivery. 
Various physical methods are used such as ionto-
phoresis, sonophoresis, microneedles, and skin 
electroporation for delivery of the drug through a 
transdermal patch. The main limitation in trans-
dermal patch approach is that it causes skin irrita-
tion or skin infection due to the high frequency 
applied through iontophoresis, which will over-
come by the novel vesicular carriers such as 
transferosomes and ethosomes, which supplies 
essential nutrients results in maintaining the 
integrity of the skin.

Some examples of marketed preparations

 (a) The virility patch: The RX male virility 
enhancement patch is an ultra-concentrated 
formulation infused in discreetly small patch 
containing a variety of herbs which exist to 
enhance male vigor. Other nicotine patch and 
diet patches are similar examples, where 
these products use advanced physiological 
technology to feed the formulation into the 
blood circulation of a patient in a timely 
manner. The effective mixture of ingredients 
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is right away absorbed into the skin from the 
patch. The major advantage of this product is 
that the formulation can bypass the digestive 
system and working mechanism of the for-
mulation immediately fasten up and provides 
effective virility enhancement. This transder-
mal delivery system is approved by the FDA 
(Bayarski 2010).

 (b) Transdermal slimming patch (Levin Health 
Care): This product is prepared on a soft 
patch embedded with formulation entirely 
made of natural herbs with the transdermal 
delivery system. It reduces the overburden to 
the vital organs and works for 24  h. Once 
applied it helps in the acceleration of the fat 
burning process, alleviating hunger pangs 
and provides the feeling of fullness, even 
when one has not eaten (Anonymous 2010).

12.3  Conclusion

Herbal drugs have the potential to treat all dis-
eases with one or more active constituents pres-
ent in them and they have been extensively used 
throughout the world since ancient times. With 
fewer side effects when compared with modern 
medicines, it’s well-recognized between physi-
cians and patients. Plant actives and extracts are 
now also been recognized for high therapeutic 
value in the new dimension of novel drug deliv-
ery and targeting. This change has been brought 
by the rising demand of herbal drugs in the mar-
ket and also with the growth of awareness among 
people about the safety of plant origin drugs. 
NDDS for herbal drugs can bring down the 
repeatable dose administration to overcome non- 
compliance and elevate the therapeutic value 
increasing the bioavailability thus reducing tox-
icity and so on. This technology being an explor-
atory stage demands some more research, to 
resolve issues with production and application. 
The pharmaceutical companies have started 
focusing on adopting new drug delivery technol-
ogy for existing drugs, for various reasons, such 
as reducing the dosing frequency to meet patient 
compliance, and these developed products are 
normally filed a new drug application (NDA) to 

capture the generic market because the develop-
ment of investigational new drugs (IND) is slow 
and developing new drugs for specific diseases 
takes a long time. Several excellent phytochemi-
cals have been successfully delivered using this 
technology. In years to come, there is definitely a 
great potential in the field of novel drug delivery 
systems for active phytochemicals.
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