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Abstract

Nanotechnology is an emerging science in pharmaceutical technology with
numerous opportunities to address the various challenges in drug delivery.
Despite the scientifically proved therapeutic activities and good safety and effi-
cacy, the use of herbals is limited. This is due to challenges like higher molecular
size, low aqueous solubility, lipid permeability, and elevated degradation profile
in vitro and in vivo which lead to ineffective pharmacodynamic and pharmacoki-
netic profile. Amid the advancement in novel drug delivery systems for herbal
bioactives, nanoemulsion technology is highly popular in the pharma industry.
Nanoemulsion technology is the nanocarrier system which has the ability to
overcome all aforesaid challenges and potentiate the biological efficacy of herbal
bioactives. This chapter highlights the concept and state of the art for the
nanoemulsion and describes the applications of nanoemulsions for herbal drug
delivery.
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19.1 Introduction

Nanoemulsions are classified as nanoscale emulsions which are specifically regarded
as kinetically stable systems. The nanoemulsions are optically isotropic mixtures and
can be translucent or transparent. However, microemulsions are also nanoscale
emulsion but are both thermodynamically and kinetically stable as compared to
nanoemulsions with a droplet size of less than 100 nm. These emulsions are liquid-
liquid colloidal dispersion with amphiphilic surface-active agents (Barkat et al.
2020; McClements 2012). Due to its nano-size, these novel drug delivery systems
offer enhanced solubility and permeability of poorly aqueous soluble compounds
(Ghai and Sinha 2012), optical clarity (de Oca-Ávalos et al. 2017), better bioavail-
ability (Li et al. 2017), and increased shelf life (de Oca-Ávalos et al. 2017; Sharma
and Sinha 2018; Parveen et al. 2015). Nanoemulsion mainly comprises three
components, i.e., oleaginous phase, surface-active agents, and aqueous phase. The
oleaginous phase involves the lipophilic components such as free fatty acids, mono-,
di-, or triacylglycerols, essential oils, etc. The role of surface-active agents is to
stabilize the nanoemulsion by preventing Ostwald ripening, coalescence, and floc-
culation. These surface-active molecules also prevent collision of small droplets and
provide kinetic stability to nanoemulsions. Surface-active agents form a layer around
the dispersed phase or droplet which can be monolayer or multilayer and reduce the
interfacial tension between two immiscible liquids. Selection of surface-active
agents with an appropriate hydrophilic-lipophilic balance (HLB) value is necessary
as this is an important parameter which determines the type of emulsion (oil in water
or water in oil). Moreover, the surface-active agents are important components of
nanoemulsion which determine as well as maintain the droplet size throughout the
shelf life. These surface-active molecules may be used as stabilizers, emulsifiers,
wetting agents, and viscosifiers. Finally, the third component is aqueous phase
which influences polarity, ionic strength, and phase behavior of nanoemulsion.
Sometimes apart from the aforesaid components, cosolvents are also utilized in
nanoemulsion formulation so as to increase the emulsification attribute and provide
stability to the nanoemulsion. Short-chain alcohols, proteins, and carbohydrates are
some of the examples that are utilized as cosolvents in nanoemulsion (Saxena et al.
2017). Amid the advancement in novel drug delivery systems for herbal bioactives,
nanoemulsion technology is highly popular throughout the globe. Herbal-derived
molecules or extracts have several therapeutic benefits and are scientifically proven
also. But challenges like higher molecular size, low aqueous solubility, lipid perme-
ability, and elevated degradation profile in vitro and in vivo lead to ineffective
pharmacodynamic and pharmacokinetic profile. Nanoemulsion technology is the
nanocarrier system which has the ability to overcome all aforesaid challenges and
potentiate the biological efficacy of herbal bioactives. Also, scientific studies have
meticulously provided the evidences which demonstrate dose minimization (Kazemi
et al. 2020), facilitate targeting (Shobo et al. 2018; Ahmad et al. 2018), improving
bioavailability (Zhao et al. 2013), release behavior (Macedo et al. 2014), and
reducing side effects (Maghbool et al. 2020). In this chapter, we highlight the
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concept and state of the art for the nanoemulsion and describes the applications of
nanoemulsions for herbal drug delivery.

19.2 Nanoemulsion: The State of the Art

Among the formulation considerations, nanoemulsions formulated with low-energy
methods relatively require high concentration of surface-active agents as compared
to the high-energy methods. A drawback of destabilization of micelles is associated
with higher concentration of surfactants utilized for the fabrication of nanoemulsions
by low-energy method. Such methods utilize only environmental changes and form
a spontaneous nanoemulsification system. On the other hand, high-energy methods
utilize intensive mechanical forces such as high-pressure homogenization/
microfluidization and ultrasonic waves. These intensive disruptive forces break
down the large droplets of dispersed phase into smaller droplets. Therefore, the
high-energy methods require relatively less concentration of surfactants as intensive
mechanical forces facilitate the size reduction of micelles (Salvia-Trujillo et al.
2016). Also, microemulsions due to its thermodynamic stability generally require
low-energy methods for preparation (Nastiti et al. 2017). The surface-active agents
can be ionic (anionic or cationic or zwitterionic) or nonionic (neutral) in nature and
depending on the nature these agents impart stability to nanoemulsions. For instance,
ionic emulsifiers induce electrostatic repulsion and prevent dispersed phase aggre-
gation. On the other hand, nonionic emulsifiers predominantly induce steric hin-
drance and reduce droplet aggregation (Aswathanarayan and Vittal 2019).
Nanoemulsions are nonequilibrium type of system which cannot be formed sponta-
neously, and external energy input is required to process the formulation. This
external energy facilitates to circumvent the challenge of interfacial tension between
the immiscible liquids and form kinetically stable nanoscale emulsified droplets for a
long time (Aboofazeli 2010). The importance of additional shear is to break the
micron size droplets into nano-range. The high shear required for formulating
nanoemulsions is due to the inverse relation of Laplace pressure with the curvature
radius (nonplanar surface), and mathematically it is denoted as ПL ¼ 2σ/r
(Bhattacharjee 2019; Mason et al. 2006). The ПL refers as Laplace pressure, σ as
interfacial tension between two immiscible liquids, and r as droplet radius. Laplace
pressure is defined as the pressure exerted by curved interface on the molecules
inside the droplet. This also signifies that smaller droplets have relatively high
Laplace pressure than larger droplets. Furthermore, nanoemulsions are thermody-
namically unstable and have positive value of Gibbs free energy on the formation of
nano-droplets. This is due to significant increase in surface area of while conversion
from large size droplets (micron/submicron) to small droplets. Consequently, the
magnitude for the change in the surface area of dispersed phase becomes positive,
and entropy of formed nanoemulsion is also more than zero or positive. Hence,
referring the following mathematical equation (Eq. 19.1), Gibbs free energy for
formed nanoemulsion becomes positive which signifies that the formation of
nanoemulsion is a non-spontaneous process (Barkat et al. 2020):
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ΔG ¼ ΔArƴ þ TΔS ð19:1Þ
where
ΔG is the Gibbs free energy or total free energy
ƴ is the interfacial tension
ΔAr is the change in the surface area of the interface
T is the temperature of the system
ΔS is the change in entropy

19.3 Types of Nanoemulsion

Nanoemulsions are mainly classified as oil in water (o/w), water in oil (w/o), and
bicontinuous phases. In principle, among the two immiscible liquids, one component
will be dispersed phase and the other will be regarded as continuous phase. By
convention, the phase with higher volume fraction becomes the continuous phase
and the other will become dispersed phase, but it is dependent on the type of the
emulsifier. Accordingly, the surfactant molecules will orient themselves around the
dispersed phase and impart kinetic stability. The nonpolar tail part of the surfactant
orients towards the hydrophobic phase, whereas the polar head towards the hydro-
philic phase. Hydrophilic-lipophilic balance (HLB) is a parameter which aids in the
selection of appropriate surfactant. HLB of a surfactant signifies a ratio of hydro-
philic segment to the lipophilic segment. This means the lower the HLB value
(around 3–8), the surfactant is more suited for the preparation of w/o type
nanoemulsion, and higher HLB (around 8–18) forms o/w nanoemulsion (Che
Marzuki et al. 2019). In the case of bicontinuous phase, both immiscible liquids
do not form globules in the dispersion; instead, they form irregular structures or
birefringence. This state is also known as liquid crystalline state.

19.4 Components of Nanoemulsion

19.4.1 Oil

Oil is one of the components of nanoemulsion and is employed to solubilize
hydrophobic drug molecules. Also, oil phase facilitates drug permeation through
the biological membrane of the gastrointestinal tract or skin and improves pharma-
cokinetic behavior. In association with surfactants, oil phase tends to emulsify and
form nano-micelles with hydrophobic drug in solubilized form. In general, for
pharmaceutical use, hydrolyzed vegetable oils, chemically modified triglycerides,
essential oils, and medium-chain fatty acids are preferred. The screening of oil is
done on the basis of drug solubility in oil phase, and also miscibility with surfactant
is also evaluated before the final selection of all excipients.
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19.4.2 Surfactants and Cosurfactants

The surfactants or cosurfactants are also known as surface-active agents, and they
can be nonionic, cationic, anionic, and zwitterionic. The role of surfactant is to
determine the type of emulsion, size of dispersed droplet, and stability and some-
times also impart toxicity to the nanoemulsion. Among the toxicity issues, the excess
amount of surfactants may cause gastric irritancy if taken orally, skin hypersensitiv-
ity in topical use, and renal toxicity in parenteral use. Therefore, it is necessary to
critically monitor the type and concentration of surfactants while preparing
nanoemulsions for pharmaceutical use. Surfactant alone is not sufficient to reduce
interfacial tension and stabilize nanoemulsion. Therefore, an additional cosurfactant
is usually required for the preparation of nanoemulsion. Preferably, C3–C8 chain
alcohols (ethanol, glycerin, propylene glycol, polyethylene glycol 400, Transcutol
P) are employed as cosurfactant and are supposed to increase the fluidity as well as
synergistically reduce the interfacial tension (Lawrence 1996). Generally,
cosurfactants are needed in lower concentrations as compared to the surfactant.
For instance, in the preparation of o/w nanoemulsion with one surfactant, a small
area signifying the nanoemulsion region has been observed. However, in combina-
tion with suitable cosurfactant, an increase in the nanoemulsion region towards the
water-rich apex has been observed. Also, more oil can be transformed into nano-
emulsified droplets. Therefore, a proper optimization of surfactant mixture has to be
validated so that surfactant and cosurfactant mixture can provide an optimum
reduction in interfacial tension (Sharma 2018) (Table 19.1).

19.5 Technology Involved for Preparing Nanoemulsion

Nanoemulsions are a non-spontaneous and non-equilibrated system, which means
they require some extra energy to form. Nanoemulsion comprises numerous nano-
droplets which cause an increase in the surface area, and to increase the surface area,
additional energy input is required. Therefore, to fabricate nanoemulsion, the type of
constituents, processing methods (high-energy or low-energy method), and
processing conditions are the critical factors among the nanoemulsion formulation
considerations. The primary aim is to achieve the minimum interfacial tension with
maximum stabilizing capacity and small size. In some cases, the mixture formed
spontaneously by mixing components all together is coarse dispersion, and hence
such premixtures are then subjected to high-energy processes like high-pressure
homogenization, microfluidization, and ultrasonication. These methods have differ-
ent mechanisms to reduce the size from coarse to significantly small size range as
shown in Fig. 19.1. High-energy methods utilize mechanical devices to forcefully
break down the bigger droplets to ultrasmall size. On the other hand, low-energy
processes comparatively require low energy input, and size reduction is carried out
by phase inversion composition, phase inversion temperature, and solvent diffusion
method. Low-energy processes generally utilize the intrinsic properties of the
components.
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Table 19.1 Some examples of components of microemulsion/nanoemulsion used for herbal drug
delivery

Oils
Surfactant/
cosurfactant Concentration Application References

Cassia oil Tween
20, ethanol

Cassia
oil/ethanol/
Tween 20 (1:
3:6)

Antifungal
activity

Xu et al. (2012)

Clove oil Tween 20 Clove
oil/Tween
20/water (5:
30:65)

Antiparasitic
activity

Gupta et al. (2005)

Neem oil Tween
80, sodium
dodecyl
benzene
sulfonate, and
hexyl alcohol

Neem
oil/emulsifiers/
water (1:3.5:
5.5)

Antiparasitic
activity

Xu et al. (2010)

Origanum
vulgare
essential oil

Tween
60, butylene
glycol

Oil/Tween
60/butylene
glycol/water
(5:25:25:45)

Anti-
inflammatory
property

Laothaweerungsawat
et al. (2020)

Artemisinin
loaded in a
eutectic oil
mixture of
lidocaine and
ibuprofen

Tween
80, Span
20, and
ethanol in a
ratio of 1:1:1

1% of
artemisinin
loaded in oil
phase;
oil/surfactant/
water (1:4.5:
4.5)

Transdermal
delivery
system

Zhang et al. (2020)

Curcumin in
vitamin E oil

Tween 20 and
ethanol

Vitamin
E/Tween
20/ethanol/
water (3.3:
53.8:6.6:36.3)

Improved
solubility,
stability, and
oral
availability

Bergonzi et al. (2014)

Piperine
solubilized in
Capryol 90

Cremophor
RH 40, Tween
80, and
Transcutol HP

o/w emulsion:
Capryol
90/Smix/water
(32:34:34)
w/o emulsion:
Capryol
90/Smix/water
(64:27:9)

Oral delivery
of piperine for
the treatment
of
Alzheimer’s
disease

Etman et al. (2018)

Berberine in
oleic acid

Tween
80, PEG 400

Oleic acid/
Tween 80/PEG
400/water (15:
17:17:51)

Oral drug
delivery
system

Gui et al. (2008)

Capsaicin
solubilized in
medium-chain
triglycerides
(MCT)

Cremophor
EL, ethanol

MCT/
Cremophor
EL/ethanol/
water (1.0:7.2:
1.8:20.5)

Enhanced oral
bioavailability

Zhu et al. (2015)

(continued)

356 S. Sharma et al.



19.5.1 High-Energy Processes

These methods mainly involve mechanical energy in the form of pressure, wave, or
mechanical stirring. After disruption of coarse dispersion into very small droplets
and increasing the surface area, the process allows adsorption of surfactants at the
interface of and enables steric stabilization. The magnitude of mechanical energy
must be significantly greater than the interfacial energy so as to achieve a nano-range
of droplets. The following are the generally employed high-energy processes for the
fabrication of nanoemulsions.

19.5.1.1 High-Pressure Homogenization
The principle of nanoemulsification through high-pressure homogenization involves
passing the fluid through micro-orifice under positive pressure through the homoge-
nizer valve. In this process, shear, impact, and cavitation are the principal
mechanisms producing mechanical energy to disrupt the droplets into smaller size
(Shen 2012; Villalobos-Castillejos et al. 2018). The method involves mainly a two-
step process where in the first step, coarse droplets are reduced to ultrafine droplets
with an increased surface area. After size reduction to nano-range, the droplets tend
to undergo coalescence. Hence, the second step involves the role of the emulsifier
wherein the emulsifier adsorbs on the interface and reduces the interfacial tension.
An increase in emulsifier concentration and faster adsorption retard the coalescence

Table 19.1 (continued)

Oils
Surfactant/
cosurfactant Concentration Application References

Tea tree oil Polysorbate
80, isopropyl
myristate,
isopropyl
alcohol

Tea tree oil
(5%)

Anti-psoriatic
activity

Khokhra Sonia
(2011)

Fig. 19.1 Overview of method of preparation for nanoemulsions
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process and impart stability to nanoemulsion. The process of homogenization is
performed in cycles and optimized. During homogenization, sometimes heat is
generated which may have a detrimental effect on heat-sensitive bioactives. How-
ever, this situation can be countered through ice or cold water jacketing and reducing
the homogenization time of each cycle.

19.5.1.2 Microfluidization
The microfluidization process utilizes a static and mechanical mixer which involves
driving a fluid through microchannels under high pressure which results in ultrafine
droplets of dispersed phase. The positive pressure applied has a direct impact on size
reduction, which means an increase in pressure may result in a decrease in droplet
size. The principle of microfluidization is almost similar to high-pressure homoge-
nization except the passage through microchannels whose pore size ranges from
50 to 300 μm. Generally, a pressure of around 270 mPa is applied in
microfluidization, and the fluid is allowed to move downstream through
microchannels at a velocity of approximately 400 m/s. Through the inlet, the fluid
passes through the Y junction where it splits into two branches and then reconnects
at the interaction chamber at high velocity and high shear rate. After size reduction,
the surface area of dispersed phase increased significantly, and the surfactant has to
adsorb on the interface rapidly to avoid coalescence. Therefore, fast-adsorbing
surfactants are often selected for fabricating nanoemulsions through
microfluidization. Also, increasing the viscosity of continuous phase also retards
the coalescence of ultrafine droplets. These forces result in mechanical energy with
high magnitude sufficient to counter the interfacial energy and significantly reduce
the droplet size (Che Marzuki et al. 2019; Villalobos-Castillejos et al. 2018).

19.5.1.3 Ultrasonication
Among other high-energy methods, ultrasonication is the simplest, is easy to use,
and requires low-end mechanical instruments. It is the ultrasound waves that are
responsible to produce shock waves, resulting in disruption of mainly oil droplets
into smaller size in water. These intensive ultrasonic waves generate vibrations and
acoustic cavitation which creates high pressure in dispersed phase and turbulence
that collapse the droplets. The frequency of sonic waves and time of sonication play
an important role for appropriate size reduction. An optimum frequency is necessary
to produce shock waves with sufficient high energy input that can disrupt the droplet.
Generally, frequency with more than 20 KHz is suitable for droplet size reduction.
Also, the more the time of ultrasonication, the more efficiently size reduction takes
place. This is because an increase in the time of ultrasonication produces higher
energy input capable to reduce the interfacial tension (Behrend et al. 2000).

19.5.2 Low-Energy Processes

Low-energy processes are of great interest for those bioactives which are heat
sensitive as in the case of high-energy processes, some of the heat energy is
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produced. On the other hand, low-energy processes, particularly the phase inversion
composition and solvent diffusion method, show spontaneous emulsification with
slight agitation. All methods of low-energy processes depend on inherent physico-
chemical properties of all components to form nanoemulsions such as solubility,
concentration, and impact of temperature. Unlike the high-pressure energy process,
the low-energy process does not utilize high energy input for reducing interfacial
tension which may generate additional heat in the system. This approach for the
fabrication of nanoemulsion recommends the use of medium-chain triglycerides for
oily phase, whereas these methods are not suitable for long-chain triglycerides.
Hence, this limits the use of several oils in which the herbal bioactive shows good
solubility. But this situation can be resolved in some of the cases by using a mixture
of medium-chain and long-chain triglycerides (Pathania et al. 2018).

19.5.2.1 Phase Inversion Temperature
In this method, a key role is played by the emulsifier which tends to change their
hydrophilic and lipophilic character with respect to temperature at fixed concentra-
tion. With an increase in temperature, the emulsifier changes their curvature at the
interface, and the process of phase inversion begins. For instance, o/w nanoemulsion
is subjected to higher temperature, and with an increase in temperature, the solubility
of the emulsifier tends to alter. Particularly, the solubility of nonionic surfactant
decreases in aqueous solution with an increase in temperature due to the dehydration
of the hydrophilic component of nonionic surfactant. Therefore, at a specific tem-
perature, the type of nanoemulsion reversed, i.e., from o/w to w/o nanoemulsion, due
to the change in the solubility of the emulsifier as a function of time. This tempera-
ture is known as phase inversion temperature. A continuous stirring is generally
required in this technique for the uniform distribution of temperature in the system
and ultimately the uniform influence of temperature on size reduction. Compara-
tively, higher concentration of the emulsifier (such as ceteareth-12, cetostearyl
alcohol, and tetra-ethylene glycol dodecyl ether) is required in this method as it is
mainly the inherent property of the emulsifier which is influenced by temperature
that plays a critical role in phase inversion, droplet size, type of emulsion, and
stability (Pathak 2017; Anton and Vandamme 2009; Förster et al. 1990).

19.5.2.2 Phase Inversion Composition
This is a type of low-energy method wherein the change in fraction of oil to water or
vice versa at fixed temperature leads to phase inversion. The mechanism involved a
change in emulsifier orientation with an increase in dispersed phase volume. Due to
the change in emulsifier orientation, the micelle transformed from one type to
another, i.e., o/w to w/o or vice versa. The process involves slow addition of one
component with slight stirring. In between the complete transition, a phase comes
where the content of both oil and water reaches almost in equal fractions.
Bicontinuous structures are formed in this phase and are also known as liquid
crystalline phase. After this phase further addition of oil or water forms the opposite
type of micelle and with an increase in dilution results a further droplet size reduction
(Sharma and Sinha 2018; Che Marzuki et al. 2019; Sharma 2018).
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19.5.2.3 Solvent Diffusion Method
In solvent diffusion method, oily components are mixed into organic solvents like
ethanol, acetone, ethyl acetate, isopropyl acetate, etc. The prepared oily phase is then
mixed in aqueous phase consisting of surfactant or surfactant mixture with continu-
ous stirring. The agitation caused by the stirring in the system forms nano-droplets.
The organic solvent is then removed from the system using rotary vacuum evapora-
tor. The safety consideration of organic solvent is important in this method as the
solvent has to be safe in terms of toxicity. Also, the solvent should have miscibility
with both the oil and aqueous phases. The concentration of organic solvent along
with the concentration of oil, surfactant, and water plays an influential role in the
determining the formation of nanoemulsion and its stability (Porras et al. 2008;
Bouchemal et al. 2004).

19.6 Application of Nanoemulsion for Herbal Bioactives

Herbal bioactives have been pharmacologically utilized for the treatment of various
diseases. Despite the huge potential of phytopharmaceuticals (herbal extracts and
bioactives), their pharmaceutical application is limited due to poor water solubility,
membrane permeability, and limited bioavailability. All these issues can be resolved
through nanoemulsion technology wherein the active compound is encapsulated in
nano-droplets dispersed in continuous medium. Also, self-nanoemulsifying system
has the property to transform into nano-droplets when comes in contact with gastric
environment and additional energy required for the formation of nanoemulsion is
provided by the gastrointestinal motility itself. Such type of nanoemulsions is also
known as self-emulsifying nanoemulsion. The dispersed phase rapidly diffuses into
the continuous phase and instantaneously forms nanoscale emulsions in vivo. Such
nanoscale emulsions usually carry low oil content and high concentration of surfac-
tant or surfactant mixture which enables to form o/w nanoemulsion spontaneously
(Kumar et al. 2019). Nanoemulsion also provides stability to phytopharmaceuticals
from gastric degradation and can also impart controlled release pharmacokinetics.
Several herbal phytopharmaceuticals (quercetin, camptothecin, rutin, genistein, res-
veratrol) have been reported to be delivered using nanoemulsion technology primar-
ily with an aim to improve their permeability through the gastrointestinal membrane
and skin (Salvia-Trujillo et al. 2016; McClements and Xiao 2017; Aboalnaja et al.
2016; Rahman et al. 2020).

The important challenge associated with phytopharmaceuticals is their variable
bioavailability that may produce nonuniform therapeutic effects. This is the reason
phytopharmaceuticals are unable to produce favorable therapeutic action consis-
tently and sometimes cannot satisfy the medical community. This nonuniformity
causes uncertainty in treating disease and reduced level of significance in statistical
clinical data. There are mainly three major factors that influence the oral bioavail-
ability of phytopharmaceuticals, i.e., (1) the dose of the herbal extract or bioactive to
be ingested and fraction available for dissolution in gastric environment (this factor
can be a rate-limiting factor for most of the herbal bioactives because of their
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hydrophobicity that limits their solubilization in vivo); (2) fraction of the solubilized
concentration which is supposed to be absorbed through the gastrointestinal mem-
brane and enter into the systemic circulation (in this factor, the permeability factor
plays a key role that determines the level of absorption); and (3) after absorption
through oral route, the absorbed fraction undergoes biotransformation and then
transferred to the site of action.

Therefore, several novel drug delivery approaches have been concurrently
performed and developed to maximize the therapeutic efficacy of herbal bioactives.
Apart from solubility, permeability, and stability issues of phytopharmaceuticals,
improvising the biological half-life is of great concern among the formulation
scientists. As biological half-life directly determines the bioavailability and potency
of herbal bioactives at the site of action. Low biological half-life signifies low
bioavailability and high biological half-life signifies high bioavailability (Mukherjee
et al. 2015).

To curb all aforesaid problems associated with herbal bioactives, nano-sized
emulsions are pioneering among the novel drug delivery systems (NDDS) in context
to industrial viability and providing promising uniform therapeutic results to
clinicians. The herbal bioactives are usually lipophilic or have poor aqueous solu-
bility which generally limits their bioavailability. Hence, nanoemulsions are the best
suitable drug carrier system as the hydrophobic bioactive substance is dissolved in
oil phase, whereas the hydrophilic bioactive is dissolved in aqueous phase. After
solubilizing the bioactive in selective phase (oil/water) along with appropriate
surfactant and cosurfactant are mixed into the continuous phase. The colloidal
dispersion formed is subjected to either high-energy processes or low-energy pro-
cesses for nanoemulsification or size reduction. In some cases co-solvents are also
added as an adjuvant as they have been shown to increase the solubility of
compounds and penetration into biological tissues as well. In such cases,
transforming the bioactive substance into a crystalline form can resolve the issue
(Chen et al. 2011; Shegokar and Müller 2010). It has been observed that most of the
herbal bioactives are usually poorly soluble in oil and water as discussed in
Table 19.2. Under such circumstances, the route of administration plays a key role
in defining the formulation considerations. For instance, if the hydrophobic bioactive
is intended to deliver through oral route, then the oily phase is preferred as it tends to
digest rapidly in the gastrointestinal medium and forms mixed micelles also known
as swollen micelles (Rana et al. 2017). In the case of topical or transdermal route,
certain percutaneous absorption enhancers like ethanol or essential oils are reported
as an adjuvant to nanoemulsion (Shen et al. 2011). Also, for topical applications, the
increased concentration of surfactants or cationic surfactants can be employed for
improvising the low solubility and permeability issues with clinical safety (Dario
et al. 2016).

Selection of oil also plays a major role particularly for drug loading and ultimately
bioavailability of lipophilic herbal actives. The oils with long-chain triglycerides
comprise comparatively more lipophilic character due to long nonpolar chains. This
property allows accommodation of more drug into the mixed micelle formed and
nanoemulsification technology facilitates the dissolution and permeability through
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the biological membrane (Qian et al. 2012a; Yang and McClements 2013). Such
micelles with comparatively large dimension of nonpolar chains also facilitate
loading of large hydrophobic bioactives and capable to transport these large
hydrphobic molecules across the biological membrane. Some of the oils like
tocopherols have antioxidant property which can be utilized for imparting the
stability to bioactives which are sensitive to oxidation such as carotenoids.
Ethylenediaminetetraacetic acid and ascorbic acid are some other water-soluble
examples of antioxidants which are commonly utilized in nanoemulsions for
providing chemical stability to sensitive bioactives (Qian et al. 2012b). Herbal
bioactives like resveratrol with short half-life in water and susceptible to aqueous
degradation can be formulated as nanoemulsion (Francioso et al. 2014).
Nanoemulsions by encapsulating the bioactive in oil phase not only increase the
shelf life but also slow down the degradation kinetics of resveratrol when
administered orally and hence improve the bioavailability (Davidov-Pardo and
McClements 2015). In conclusion, nanoemulsions as a drug delivery system for
herbal bioactives are the ideal approach for hydrophobic herbal bioactives as it
addresses major challenges of poor water solubility, low permeability, chemical
degradation, and reduced bioaccessibility. Moreover, nanoemulsions are suitable for
oral, topical, and pulmonary route of administration and hence prove its wide
acceptance. Oil solubility, water solubility, miscibility of oil and surfactants, polar-
ity, viscosity, optical clarity, stability, crystal form of bioactive, and partition
coefficient are some of the important formulation considerations that should be
taken into account while formulating nanoemulsions for bioactives.

19.7 Future Prospects

The amalgamation of nanotechnology with herbal bioactives is quintessential in the
current scenario. Nanoemulsions, among all the nanocarrier systems, use industrially
viable and comparatively low-end mechanical instruments for its fabrication; hence,
it is widely accepted and used. The benefits of herbal bioactives are effectively
delivered with the help of nanoemulsions, especially dealing with low-solubility
criteria which most of the natural products have. Nanoemulsions offer great
advantages as they can formulate herbal bioactives and the route of administration
can vary from oral, topical, as well as parenteral. Improved targeting, reduced size,
increased solubility, as well as better bioavailability are some of the major criteria for
a formulation to be efficient. Nanoemulsions inculcate all these features and effec-
tively deliver herbal bioactives without altering their health benefits. With the
upcoming renewal of the use of herbal moieties, it becomes the need of the situation
to effectively deliver the bioactives. This is thus possible with the exploration of the
systematic and effective approach for the formulation of such bioactives.
Nanoemulsions have been widely used in many such cases and have shown tremen-
dous results in nanoresearch. Thus, this collaboration of nanoemulsions with herbal
bioactives holds immense potential for future, providing formulation experts a
pathway to enhance in the field of nanoresearch.
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