Sys Rev Pharm 2022; 13(5): 324-333

A multifaceted review journal in the field of pharmacy
E-ISSN 0976-2779 P-ISSN 0975-8453 / DOI: 10.31858/0975-8453.13.5.324-333

Review Article

Supersaturated Drug Delivery System: A Novel
Technique to Overcome Lacunas of Topical Formulation

Dipika Chavda", Sagar Chavda’, Jaina Patel’, Pratik Chauhan', Tejal Gandhi*
"Department of Pharmaceutics, Anand Pharmacy College, Gujarat, India
2Department of Pharmacology, Anand Pharmacy College, Gujarat, India

Article History: Submitted: 01.04.2022

ABSTRACT

Presently, topical preparations have grabbed re-
searchers' attention and proved to be the safest and
most patient compliant drug delivery systems. Still,
some gaps must be filled to get higher penetration
and effectiveness of topical drug delivery systems.
The present review focuses on one such approach,
which has been proven as a promising tool to en-
hance the solubility of BCS class Il drugs and improve
drug permeation rate through the skin. The formula-
tion contains the drug with higher energy and rapid
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by adding precipitation inhibitors to prevent crystal
growth. The solubilizing agents are used to incorpo-
rate higher drug amounts in a supersaturated state.
This system provides the highest permeation rate
of the drug as compared to other systems in topical
preparations. This article will help the researchers ef-
fectively use the supersaturated drug delivery system
for newer classes of drugs to incorporate into topical
preparations.

Keywords: Supersaturation, Precipitation inhibitors,
Topical drug delivery, Permeation enhancer

dissolution in a solvent. The solution must have to
be stabilized for complete absorption and bioavailabil-
ity. Therefore, supersaturated solutions are prepared
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INTRODUCTION

For the last few decades, pharmaceutical research and industry
have elucidated numerous innovations and practices in pharma-
ceutical formulations. Besides the traditional oral solids, several
novel drug delivery systems such as topical formulations open

poorly soluble drugs and poor penetration rate due to the SClayer
of the skin.

The human skin structure (Figure 1) can be classified as follows
(AlL S, et al.,, 2015).
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effects like gastric mucosa irritation, hepatic first-pass metabol-
ism, and degradation in an acidic environment (Derry S, et al,
2015; Massey T, et al., 2010). Therefore, topical delivery is the
most emerging segment of pharmaceutical research, which ex-
hibit many advantages, including patient compliance by avoiding
above discussed side effects of the drug. Furthermore, topical for-
mulations like gel, ointment, powders etc., and topical sprays give
easy application, quick onset of action, and are delivered in pre-
determined meter dose containers (Chavan P, et al., 2016; Bakshi
A, etal.,2008; Lu W, et al., 2013).

LITERATURE REVIEW

Human skin

Figure 1: Structure of skin

Taxonomical classification

« Microscale, which consists of cells and layers

» Mesoscale is consisting hair, freckles, wrinkles etc.
» Macroscale possesses body regions and body parts
Histological classification

1. Epidermis

« Stratum basal (basal cell layer)

The skin has been referred to as the most significant body organ: + Stratum spinosum (prickle cell layer)

An average adult's skin has a surface area of about 2 m?, one-third
of the total body (Spencer TS, 1988; Sévrain VS and Bonté F, 2007).
The absorption of the drug occurs via the Stratum Corneum (SC),
which is made up of dead, keratinized epidermal cells. The thick-
ness of SC is ten um, and it acts as a barrier to the permeation
of drugs. The topical drug delivery system is an emerging field
in the pharmaceutical sector, and these formulations face various
challenges during the development and its smooth execution at
the commercial level. Significant challenges of the formulator are

« Stratum granulosum (granular cell layer)
« Stratum lucidum (clear layer)

« Stratum corneum (horny layer)

2. Dermis

« Papillary layer

« Reticular layer

3. Hypodermis
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The drug penetration to the skin by mainly the three routes (Figure 2):

« Intercellular route-The drug molecules diffuse from the gaps between
two cells

« Transcellular route-The drug molecules pass through the cells by the sat-
uration mechanism

o Transappendageal route-The drug molecule penetrates through sweat
glands and hair follicles

Transcellular Transappendageal

Intercellular

Figure 2: Routes of skin permeation (Parhi R, 2018)

The discovery of newer formulations frequently encounters in poorly
water-soluble drugs. In most cases, these BCS class II drugs limit disso-
lution rate and affect drug absorption and bioavailability in oral formula-
tions and lower diffusion in topical preparations. The problem demands
novel and innovative techniques to obtain safe, efficacious and quality
products. The following various methods modify the stratum corneum'’s
barrier properties to enhance drug penetration through the skin.

« Chemical enhancement

« Physical enhancement

« Biochemical enhancement

« Bioconvertable prodrug

« Supersaturation enhancement

Supersaturated Drug Delivery System (SSDDS)

Solubility is the unique property of solute (solid, liquid and gaseous sub-
stances) to dissolve in solvent (solid, liquid and gaseous substances) to

form a homogeneous solution (Brouwers J, et al., 2009). There are many
factors like temperature, pressure; pH etc. affects the extent of solubility.

According to Biopharmaceutical Classification System (BCS), all drug
candidates fall under four different classes (Moser K, et al., 2001).

« Class I=high solubility and high permeability
« Class II=low solubility and high permeability
o Class II=high solubility and low permeability
« Class IV=low solubility low permeability

Unfortunately, most drugs (more than 50%) available for pharmaceutical
development belong to BCS Class II drugs. They are practically insoluble
in water, which leads to inadequate and variable dissolution and bioavail-
ability.

The marketability of poorly soluble drugs is the biggest question for phar-
maceutical developers. Numerous methodologies and their practicability
improve drug solubility and drug dissolution. Solubility improvement
techniques involve physical modification like particle size reduction,
crystal habit modification, co-crystallization, solid dispersion, cryogenic
methods, and chemical modification like change in pH and surfactant and
buffers (Schultz HB, et al., 2009; Press D, 2017).
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The Supersaturated Drug Delivery System (SSDDS) is a promising ap-
proach to delivering high energy, rapidly dissolving drugs, which give
adequate absorption and bioavailability. The strategy involves valuable
and easy to prepare formulations, which can be stabilized by adding pre-
cipitation inhibitors. In addition, the SSDDS approach necessitates us to
understand factors affecting the drug delivery system and drug's behaviour
in the system.

For topical DDS, drug permeation is directly proportional to delta concen-
tration across the skin and surface area covered by the dosage form (Parhi
R, 2018; Maniyar MG and Kokare CR, 2018). A Supersaturated Drug De-
livery System (SSDDS) is a novel and effective method, which can achieve
high drug flux in topical DDS (Brouwers J, et al., 2009).

Supersaturated formulations are thermodynamically stable solutions,
which encourage a higher concentration of dissolved solutes. In SSDDS,
drugs exist in a solution state at a concentration above its saturation solu-
bility (Rai V and Raghavan L, 2015). In this dosage form, maximum skin
penetration rate without interfering barrier properties of stratum corneum
layer and higher drug flux up to five to ten folds can be achieved due to
the most increased thermodynamic activity of the drug (Brouwers J, et al.,
2009; Schultz HB, et al., 2017; Guan J, et al., 2019) (Figure 3). Additionally,
water is absorbed from the skin to the vehicle, increasing thermodynamic
activity by acting as an anti-solvent in SSDDS.
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Figure 3: Total versus free drug concentrations in suspension, solu-
bilization, and supersaturation systems (Brewster ME, et al., 2008)

A supersaturated system is a more dissolved solute, ordinarily present in a
saturated solution at a constant temperature. The spontaneous formation
of crystals is considered a labile system (thermodynamically unstable),
while in metastable state, solute remains in supersaturated solution with-
out crystallization. It is maintained until the addition of foreign solid par-
ticles (e.g., Ultrasound). The above mention difference between labile and
metastable state is known as Critical degree of saturation (BrouwersJ, et al.,
2009; Iervolino M, et al., 2000).

Higuchi first introduced the supersaturation concept in 1960. He stated
that the rate-limiting step for absorption of drug residues in the outer layer
of the Stratum Corneum (SC). According to partition coefficient, when a
vehicle saturates with API applied on the skin surface, it leads to saturation
of SC with the same API. Higher than this saturation level of API in vehi-
cles leads to an increase in APT amount in SC.

Further, it leads to enhancement of drug permeation in the same level of
degree of saturation. The above concept is also based on concentration gra-
dient. However, this is only feasible if the lipid in SC permits the drug to
remain in a higher concentration, i.e., antinucleating agent.

Mechanism of supersaturation

As the thermodynamic activity of formation increases, the drug flux from
the skin also increases due to supersaturation. This process occurs without
affecting the skin's barrier and thus reduces the side effects or irritation
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(Nayak AK and Panigrahi PP, 2012; Mathews CDC and Sugano K, 2010).
The degree of saturation is expressed by supersaturation ratio (S)-

s=C
C

e
Where, C=drug concentration
C, =drug saturation concentration (Equilibrium solubility)
Itis also expressed by relative supersaturation index (o) or Degree of Super-
saturation (DS)
_c-q,
C

eq

o=8-1

If, S<1 (0<0)=Unsaturated

S=0 (0=0)=Saturated

S>1 (0>0)=Supersaturated

Supersaturated drug solution will return to the equilibrium state by drug

precipitation as it is thermodynamically unstable (Murthy SN and Shi-
vakumar HN, 2010).

Guzman proposed the classical "SPRING" and "PARACHUTE" theory
(Figure 4), which explains the development and preservation of metastable
supersaturated states (24). Here, he explained SPRING means a high-
energy form of the drug in solution or solid form. SSDDS is expected to
maintain the increased concentration of API for a more extended per-
iod at the application site to achieve more bioavailability. However, when
supersaturation reaches, drug molecules tend to precipitate, which must
be required to inhibit various Precipitation Inhibitors (PPIs). The mechan-
ism of inhibition of precipitation is considered PARACHUTE. Solutions
do not produce precipitations readily as they contain bound drugs within
solvents, and their concentration is lower than the high equilibrium solu-
bility (Figure 5a). On the other side, supersaturation exceeds concentration
above its equilibrium solubility. Consequently, the state of supersaturation
must remain constant even after preparation, as it is kinetically unstable
preparation (Figure 5b). The supersaturated state transfers high-energy
molecules to a lower energy state.

=)

“Spring” “Parachute”
Salts HMPC
Co-crystals PVP

Water miscible solvent solution etc

SEDDS %

2

Saturate solubilit

Figure 4: Spring and parachute approach
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Figure 5a: Comparison of concentration profiles for solubilized, supersaturating systems and suspension
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Figure 5b: Phase transition occurs in supersaturation, which is generated by dissolving an amorphous solid dispersion

Advantages of SSDDS

« A high permeation rate is achieved since the drug loading is usually high-
er in supersaturated solutions than other formulations (Parhi R, 2018; Rai
V and Raghavan L, 2015).

« It has better physical formulation stability as it is monophasic (super-
saturated solutions) than other biphasic (microemulsion) formulations.

« Supersaturated solutions can be prepared using indigenous material, and
preparations are effortless, easy to scale up in industries.

Disadvantages of SSDDS

o As compared to other dosage forms like oral and parenteral, this system
has low bioavailability.

« In SDDS, selecting the proper solvent system is challenging in the formu-
lation because the thermodynamic effect depends on the chosen solvent
system (Lu W, et al., 2013).

« It must be required to select proper API and other excipients with suitable
drug response profiles for this type of formulation.

« In SDDS, formulation of drug crystallization is problematic, which can
be overcome by the addition of antinucleating agents which inhibit nucleus
formation.

Method for development of supersaturated solution

There are many methods to create supersaturation, like adding ions to in-
itiate precipitation, solvent removal, pH and temperature change, dissolu-
tion of a metastable solid phase (Ng KW, 2018). However, co-solvency, pH
change, solvent casting and heating-cooling cycle are popular methods for
the same.

(i) pH change: This method is used for the weak base because weakly
basic compounds exert higher solubility in the ionized form compared
to unionize form. Supersaturation can be created by changing the pHs of
the solution from lower than the pKa to higher. However, the pH change
method disadvantages dilution with aqueous media (having pH at which
compound is less soluble), forming precipitation (Ng KW, 2018).

(ii) Solvent casting method: This method is also known as the solvent
evaporation method. In this method, solvent evaporation is followed by
dissolution of the drug in PPI containing solvent like alcohol, acetone etc.
However, the necessity of volatile solvents and precipitation during evapor-
ation are significant downsides of the method.

(iii) Heating and cooling: When formulation was heated and cooled to
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room temperature, we obtain a solution having increase drug concentra-
tion above its solubility. The drug will be added to the solvent, suspended
at 600 rpm, heated at 70°C for 10 min, and cooled at 23 + 2°C. As the
temperature reached below 25°C, 0.5 ml of sample is taken. The remaining
solution is heated and cooled again. Perform the exact three times. First,
the taken sample was centrifuged at 21,380 x g and 37°C 15 min. Next, take
supernatant and again centrifuge and analyze in HPLC. Due to the high
drug amount needed, these formulation and stability tests were conducted
once (Koehl NJ, et al., 2020).

(iv) Evaporation of solvent: SDDS can prepare by evaporating solvent,
which is effective for volatile solvents. By applying this formulation on the
skin, the volatile solvent evaporates; thus, a decrease in solubility of residual
solvent leads to the formulation of the supersaturation state of APL. This
system consists of two components-drug and solvent mixture, where sol-
vent consists of volatile and non-volatile solvents (Edwards A, et al., 2017;
Joshi P and Sangamwar AT, 2018). We have to select a drug, which is sol-
uble in both types of solvent. Volatile solvent increases the concentration of
the drug, while non-volatile solvent prevents precipitation from the solu-
tion. This method ensures sustained plasma drug concentration for a more
extended period.

(v) Co-solvency: Mixtures of miscible solvents are called co-solvents.
When the water-miscible solvent is used in this method, it changes the
solubility of BCS class-II drugs, weakly electrolytes and non-polar mol-
ecules. The processes of increasing solubility of such drugs by the addition
of water-miscible solvents are known as co-solvency. Co-solvents possess
small hydrocarbon regions and hydrogen bond donor or/and acceptor
groups. Co-solvency enhances solubility by different mechanisms like
hydrophilic hydrogen-bonding groups, which improve water miscibility
and hydrophobic hydrocarbon region, reducing the intermolecular attrac-
tion of water. Co-solvents disrupts water's self-association to increase solu-
bility by decreasing its capacity to squeeze out hydrophobic or non-polar
molecules (Nayak AK and Panigrahi PP, 2012; Ng KW, 2018).

Advantages of co-solvency compared to other techniques

« For formulations where increased solubility of the drug is necessary, this
method enhances solubility up to several folds (Nayak AK and Panigrahi
PP, 2012).

o The method is simple compared to the prodrug and salt formation meth-
od, where additional synthesis of new drug entities requires animal testing
to confirm efficacy and safety.
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« Methods having use of surface-active agents are toxic, but co-solvency
is not.

« The rate and order of reaction can be changed by changing solvent prop-
erties.

o The chemical stability of drugs that undergo hydrolytic degradation is
increased by decreasing water and using co-solvent.

« By facilitating an inadequate milieu for the transition state of the react-
ants, the stability of drugs is increasing.

o As compared to other methods, a high amount of drugs can be added
and solubilize.

Theoretical considerations for characterizing dissolution and
supersaturated behaviors under non-sink dissolution condi-
tions

Supersaturation and passive absorption: According to several in-vitro
experiments, the free drug concentration increases linearly as the solu-
tion becomes more supersaturated. Hence, the amorphous solubility of
the drug-a maximum value of drug flux is obtained when the amorphous
solubility of the drug is increased; however, the increase in a concentration
above the maximum value does not increase the transport rate across the
membrane. Thus, it is necessary to estimate the amorphous solubility of the
drug (Ali S, et al., 2015; Rai V and Raghavan L, 2015).

Supersaturation and liquid-liquid phase separation: Liquid-Liquid
Phase separation (LLPs) is obtained when amorphous solubility exceeds
during dissolution. The phenomenon occurs when the kinetics of crystal-
lization is slow during the dissolution process. LLPs occur only in non-sink
condition, and another way to produce LLPs for the weakly basic com-
pound is increased in solution pH upon dissolution of salts. This process
depends on several factors like drug property, type of polymer, the particle
size of dispersion, and media volume (Sun DD, et al., 2016). The compound
with a high melting point is a thermodynamically stable form of crystalliz-
ation as it acts as a precursor when drug-rich colloidal phase. Thus, it is
expected to occur crystallization with depletion of supersaturation. Above
the crystalline solubility, crystallization occurs. Upon increased concentra-
tion than the amorphous solubility, the possibility of LLPS or crystalliza-
tion is higher. The colloidal drug-rich phase is persisted for several hours
upon addition of crystallization inhibitors. LLPS will be obtained at a lower
concentration as the ionic strength of the medium increases, but in the
presence of surfactant, it will occur at a higher concentration. Thus, it is
essential to note concentration where LLPS is obtained. LLPS also occurs
in bio relevant media at higher concentrations than in buffer (Sun DD, et
al., 2016).

Formulation aspects

The essential ingredients which are used in the formulation of SSDDS in-
volve-

o Active Pharmaceutical Ingredients (API)

« Precipitation inhibitors

« Permeation Enhancer (PE)

« Solvent

Active pharmaceutical ingredient

Physicochemical properties:

« The molecular weight of chosen drug should be less than 1000 Daltons.
« Drugs have solubility in oil and water (log P should be 1-3)

o The drug should have an affinity for both lipophilic and hydrophilic phas-
es.

« The melting point should be less than 200°C.
« The drug should have water solubility more significant than 1 mg/ml.
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Biological properties:

« The drug should be potent with the use of small doses.

« The drug must have a short half-life.

« It should not be allergic or irritating.

o Drugs, which are degraded in GIT, can be used for this formulation.
oc The drug has to administer for an extended period.

Precipitation Inhibitors (PPIs)

Supersaturated formulations experience nucleation followed by precipita-
tion. During the manufacturing of SSDDS, nucleations grow like a recipro-
cal of dissolution and coagulate drug molecules together in precipitation.
In the initial stage of crystallization, different cellulosic polymers (Hy-
droxypropyl methylcellulose, Hydroxypropyl cellulose, methylcellulose),
rheological polymers (Polyvinyl pyrrolidone) and surfactants (Tweens,
Chromophore etc.) act as PPIs and inhibit nucleation and crystal growth
(Bannow J, et al., 2020; Ilie A, et al., 2020; Enin HAA and Abdel-bar HM,
2016).

There are three mechanisms involves in PPIs. Firstly, by decreasing surface
tension, when surface tension decreases, it transfers the crystallization pro-
cess to surface nucleation from diffusion control. Secondly, by increasing
solubility, supersaturation decreases and subsequently, nucleation also re-
duce. Lastly, blocking crystal growth by crystal surface interfaces adsorb-
ance may resist the availability of solutes to the crystal terrace. Adsorbance
and disruption of growth steps may secure the availability of adsorbed par-
ticles to the crystal terrace, and the rough surface becomes flat, so there is
no adsorbance into surface imperfections (Warren DB, et al., 2010).

Theory of drug precipitation
The difference in chemical potential (1) between supersaturated and sat-

urated solutions has indicated the driving force required for drug precipi-
tation.

Ap=pu—p,

Where Ap=difference of chemical potential
u=potential energy of supersaturated solution
1, =potential energy of saturated solution

From the definition of chemical potential, it follows that-

Ay=RTln(a/aeq)

Where R = gas constant
T = temperature

a and a_=the activity of solute in a supersaturated solution and saturated
solution, respectively (Simonelli AP, et al., 1970).

If there is no difference in activity coefficient of solute of saturated state and
supersaturated state, then the equation becomes zero

Au=RTIn(C/C,,)=RTIn(S)

Where C=Concentration in the supersaturated solution
C,,=Itis the equilibrium solubility of the drug
S=Supersaturation ratio (Kashchiev D and Rosmalen GM, 2003)
Steps for drug precipitation

There are two steps consists of drug precipitation mechanism: nuclea-
tion and crystal growth. Nucleation in supersaturated solution means the
dissolved amount of molecules come closer to each other and make the
cluster of molecules. While this nucleation increases, they form crystals,
which are called crystal growth or macroscopic crystal.

The precipitation that occurs from supersaturated solution is a thermo-
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dynamic process. The increase in Gibbs free energy cause precipitation be-
cause the nucleation step requires energy to aggregate molecule and form
molecule cluster. The increased Gibbs free energy increases the interfacial
tension and interfacial energy between solvent and molecule. If this energy
is too high, no molecule aggregation or crystal will form; and the super-
saturated solution achieves (Brouwers J, et al., 2009) (Figure 6).

A

molecules in critical
cluster with radius r*

4

AG*
activation energy for nucleation

. |
dissolved molecules in
supersaturated solution

Gibbs free energy

molecules in crystal
lattice

Physical state of drug molecules

Figure 6: Schematic representation of the Gibbs free energy of
molecule present in a supersaturated solution

Metastable zone

The amount of supersaturated concentration that can be existing, without
the formation of precipitation is called a metastable zone. However, in the
case of using precipitation inhibitors in a supersaturated solution, it will
increase the metastable zone (Brouwers J, et al., 2009). Nucleation rate is
the net production of critical cluster per unit time and unit of bulk volume.

J, = NOVexp(_kAbC;*)

Where Jn=Nucleation rate

NO=The number of molecules in a unit volume

v=The frequency of molecular transport at the nucleus-liquid interface
kb=The Boltzmann's constant and

AG*=The Gibbs free energy change for the formation of critical clusters.
Mechanism of precipitation inhibitors

« By increasing solubility, reduction in the degree of supersaturation leads
to decease precipitation

« By increasing viscosity of the formulation, reduction in mobility of mol-
ecules prevent nucleation

« By increasing particle-liquid interfacial energy, reduce nucleation

o Changing the adsorption layer at the crystal medium interface or
changing in crystal habit interferes with nucleation and crystal growth.

« Increased level of solvent at crystal liquid interphase affects the integra-
tion of molecule into a crystal. Consequently, it prevents precipitation.

Factors affecting precipitation inhibitors

Majorly, chemical and physical interaction between drug and polymers
reinforce precipitation inhibition, and these interactions are influenced by
the following factors (Morrison J, 2021)-

Temperature: The weakening of intermolecular interactions between dif-
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ferent molecules at high temperature increase solubility.

Molecular Weight (MW): Drug-polymer interaction becomes more po-
tent with higher MW polymer, increasing viscosity and free functional
groups on polymer chains.

Viscosity: Rate of drug diffusion via inhibition of crystallization in nucle-
ation initiation and growth stage is decrease by increasing viscosity of the
solution.

Dielectric constant: The dielectric constant is directly proportional to the
interaction of drug and polymer and inversely proportional to solubility. So
by decreasing the drug-polymer interaction, dielectric constant and subse-
quently increase solubility.

H-bonding: Increase the number of free hydrogen bonding sites may en-
hance the interaction of drug and polymer.

Examples of precipitation inhibitors

Different polymers are used as precipitation inhibitors like cellulose de-
rivative (methylcellulose, Hydroxypropyl cellulose, and Hydroxypropyl
methylcellulose), vinyl polymer (e.g., PVA, PVP, PVPVA) and ethylene
polymer (e.g., PEG). The most widely used precipitation inhibitors are
given in below Table 1 (Bakshi A, et al., 2008; Edwards A, et al., 2017; Joshi
P and Sangamwar AT, 2018; Ilie A, et al., 2020; Warren DB, et al., 2010;
Edwards A, et al., 2017; Lind M, et al., 2016; Ghosh I and Kohn BM, 2012).

Table 1: Examples of precipitation inhibitors

Name of precip- | Mechanism Example of Function
itation inhib- drug
itors
HPMC (0.5-5%) | Hydrogen Hydrocorti- To prevent
bonding sone acetate | nucleation and
crystal growth
PVC (0.01% Chemical Bicalutamide | Nucleation rate
wW/W) bonding is not affected
but interferes
with a crystal
growth rate
Surfactant Solubility Itraconazole Stabilization
(2.50%) TPGS time is 40 min
« Tween 20 (in TPGS), 5
« Cremophor min (in case of
RH40 tween 20 and
cremophor
RH40)
Cyclodextrin Solubility Itraconazole Stabilization
-2.50% time at least 4
« HPBCD hours
« SBEBCD
Note: TPGS is a-tocopherol methoxy polyethene glycol succinate,
HP BCD is hydroxypropyl beta-cyclodextrin, and SBE PCD is sul-
fobutylether beta-cyclodextrin
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Permeation enhancers

Penetration enhancers also called absorption promoters and sorption ac-
celerants are the substances used to increase the permeation of skin mu-
cosa and the absorption of penetrant through the skin (Figure 7).

Applied 1. Drug from for
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Figure 7: Schematic representation of the processes involved in drug
transport into, and across, the skin from any topical or transdermal
applied formulation

Theory of permeation enhancer

Diffusion is a passive kinetics process that follows a concentration gradi-
ent mechanism for moving molecules from higher concentration to lower
concentration regions. Fick's first law can describe the steady-state diffu-
sion (Ng KW, 2018). This equation describes the rate of transfer or flux or J
depending on the membrane area, partition coeflicient, and concentration
gradient (Lane ME, 2013; Blaabjerg LI, et al., 2018). In this equation, nega-

tive sign indicted to decrease the concentration in the donor compartment.
dc
J=AD—
x

Where J=rate of mass transfer or rate of flux
A=area of membrane covered by applied formulation
D=diftusion coefficient
dc/dx=concentration gradient
FicK's second law of diffusion can be derived from the first law to describe
membrane transport under non-steady-state conditions. This equation
indicates a change in concentration with time leads to a change in concen-
tration gradient.

oc 0

—=D—

ot Ox
This equation can indicate a change in concentration profile with time af-
ter application of the given formulation. At the same time, the formula-
tion is applied to the skin's surface at a maximum fixed concentration in
the donor compartment and maintaining sink conditions in the receptor

compartment. Therefore, this equation can be written as the following at a
steady state.

) apCe
h

Where, c_=concentration of compound at donor membrane interphase

h=effective diffusional pathlength of membrane
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The obtained equation can be converted through the replacement of cm by
Kand C, Here, Kis the ratio of the concentration of drug in the permanent
membrane and donor compartment. This equation is descriptive of steady-
state flux across the membrane. Therefore, with the help of Fick's law, the
transport of molecules in the membrane can be understood.
ADKC,

h

JA.S =

Where K=Vehicle membrane partition coefficient
C =Concentration of compound in donor compartment

The above equation indicates that the increased transfer rate depends on
the change in D, K and c . Therefore, permeation enhancers must change
the solubility or partition drug behaviour into the SC.

Ideal characteristic of penetration enhancer

« Pharmacologically inert

» Non-toxic

» Non-irritant

« Fast-acting

« Non-allergic

« Predictable and reproducible duration of action

« Compatible with drug molecules and other excipients
« Cosmetically accepted

Merits of penetration enhancers

« Increase the therapeutic efficacy of the drug by increasing penetration of
drug molecule

« Useful to penetrate un-absorbable drugs by facilitating their absorption
« Improve the absorption efficiency of topical formulation
« Do not affect zero-order skin permeation profile

o The terpenes are effectively used as penetration enhancers in cytotoxic
drugs

Classification of penetration enhancers (Moser K, et al, 2001; Ng KW,
2018; Lane ME, 2013; Blaabjerg LI, et al., 2018)

The various types of penetration enhancers (Table 2) include chemical
enhancers, physical enhancers, natural enhancers, drug vehicle, biochem-
ical approaches and miscellaneous enhancers. The most commonly used
chemical penetration enhancers in the pharmaceutical industry are shown
in Table 3 with examples.

Table 2: Classification of penetration enhancers with mechanism and

example

Type of penetration | Mechanism of pene- | Example of penetra-

enhancer tration enhancer tion enhancer
Chemical enhancer « By disruption of « DMSO
the highly ordered « DMF
structure of stratum « DMAC
corneum « SLS

« By interaction with « Tween 80
intracellular protein
By improving par-
tition of the drug or
solvent into stratum

corneum
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Drug vehicle-based
penetration enhancer

Interaction with
stratum corneum and
development of SAR
for enhancing with
optimal characteristic
and minimal toxicity

« Jon pairs and
complex coacervate
chemical potential
adjustment
« Drug selection

Natural penetration
enhancers

Partition coefficient,
diffusion coefficient,
lipid extraction, and carvacrol)
drug solubility, « Essential oil (neem
macroscopic barrier | oil, basil oil and euca-
perturbation, mol- lyptus oil)
ecule orientation of
terpenes molecule
with the lipid bilayer

« Terpenes (menthol,
linalool, limonene

Physical enhancer

By electrical current,
ions exchange,
magnetic energy,
ultrasound wave and
thermal energy

« Electrophoresis
« Jontophoresis
« Magnetophoresis
 Sonophoresis
« Thermophoresis

Table 3: Chemical classification of penetration enhancers with example

Type of chemical pen-
etration enhancers

Examples

Alcohol

« Short-chain alcohol (ethanol, isopropyl
alcohol)
« Long-chain alcohol (decanol, hexanol,
lauryl alcohol, myristyl alcohol, octanol,
octyl dodecanol and oleyl alcohol

Amides

Cyclic amides (Azone)

Esters

o Alkyl esters (Ethyl acetate),
« Benzoic acid esters (Octyl salicylate and
padimate O)

« Fatty acid esters (ethyl oleate, glyceryl
monooleate, glyceryl monocaprate, glyceryl
tricaprylate, isopropyl myristate, propylene

glycol monolaurate and propylene glycol
monocaprylate)

Ether alcohol

Transcutol®

Fatty acids

Lauric acid, linoleic acid, linolenic acid,
myristic acid, oleic acid, palmitic acid,
stearic acid and isostearic acid

Glycol

Dipropylene glycol, propylene glycol,
1,2-butylene glycol, 1,3-butylene glycol

Pyrrolidone’s

N-methyl-2-pyrrolidone, 2-pyrrolidone

Sulphoxides

Decylmethyl sulfoxides, Dimethyl sulfox-
ide

Surfactants

o Anionic surfactants (sodium lauryl
surfactants)

« Cationic surfactants (alkyl dimethyl
benzyl ammonium halides, alkyl trimethyl
ammonium halides and alkyl pyridinium
halides)

« Non-ionic surfactants (tween 60 and Brij
36T)
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Terpenes » Monoterpenes (eugenol, menthol and
menthone)
« Sesquiterpenes (farnesol and neridol)
Solvents

The solvents play a pivotal role in film formation by solubilizing drugs. In
addition, they have an important impact on drug permeation. Commonly
used solvents for topical and transdermal use are listed in Tables 4 and 5.

Table 4: Example of various penetration enhancers used in commercial
topical products (Ng KW, 2018)

Alcohol Alcohol
Name of drug | Patch trade Penetration enhancers
name
Buprenorphine BuTrans Oleyl oleate
Estradiol Alora Sorbitan monoleate
Estradiol Divigel Ethanol and propylene glycol
Estradiol Elestrin Ethanol, ether, diethylene glycol
monoethyl
Nitroglycerine Minitran Ethyl oleate, glyceryl monolaurate
Testosterone Androgel Isopropyl myristate
Oxybutynin Anturol Ethanol, ether, propylene glycol
diethylene glycol monoethyl

Table 5: Different types of solvent used in transdermal delivery of the

system

Chemical class of solvent Examples

Glycols Propylene glycol, polyethylene glycol

Alcohol Ethanol, butanol, isopropanol, benzyl

alcohol, lanolin alcohol, fatty alcohol

Other solvents Ethyl acetate, oleic acid, isopropyl

myristate

Evaluation parameters of supersaturated drug delivery systems

Determination of crystal growth: The easiest and widely used method for
the determination of crystal growth is using a microscope. The thin film of
the formulation spreads on the slide, and the presence or absence of crys-
tals can be observed (Press D, 2017; Brewster ME, et al., 2008). Different
methods like X-Ray diffraction, DSC, microcalorimetry, isothermal heat
conduction are also famous for crystal growth determination (Ranade S, et
al., 2017; Soltanpour S and Shekarriz A, 2015).

Supersaturation index: Supersaturation index or degree of supersatur-
ation is the ratio of initial drug concentration to the equilibrium drug
concentration against the polymeric solution containing anti-precipitants
(Blaabjerg LL et al., 2018; Chaudhari SP and Dave RH, 2016; Vandecruys R,
et al., 2007). The titration of the drug-containing solution against anti-pre-
cipitant containing solution gives precipitation at a specific time point.

To assess the physical stability of the formulation A% is calculated as per
the given equation-A%=(Drug concentration at 5 minutes-drug concen-
tration at 120 minutes)/Drug concentration at 5 minutes x 100

DISCUSSION AND CONCLUSION

Pharmaceutical research has expanded to the development of novel drug
delivery systems offering therapeutic effectiveness and technological ad-
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vancement. The idea of delivering drugs through the skin avoiding the 17. Rai V, Raghavan L. Transdermal drug delivery systems using super-

gastrointestinal tract is quite old; however, improvement of powerful novel saturation. 2015; 151-161.

and innovative dosage. forms always remains the thrust area of the. re- 18. Schultz HB, Thomas N, Rao S, Prestidge CA. Supersaturated sili-

searchers. Supersaturation is the nf)vel approach to enhance the 'solublhty ca-lipid hybrids (Super-SLH): An improved solid-state lipid-based

of poorly water-soluble drugs. Topical formulations enhance patient com- oral drug delivery system with enhanced drug loading. Eur J Pharm

pliance by overcoming shortfalls of oral formulation for the treatment of Biopharm. 2017.

various diseases. The. topical st.lpers:atur.a.ted formulations are designed to 19. Guan J, Liu Q Liu J, Cui Z, Zhang X, Mao S. Elucidation of algi-

improve the absorption and bioavailability of poorly water-soluble drugs A . o .

. L g . nate-drug miscibility on its crystal growth inhibition effect in super-

by using precipitation inhibitors, solubilization techniques, and perme- saturated drug delivery system. Carbohvdr Polvm. 2019: 115601

ation enhancers. The review article is helpful to attain and maintain the & ¥ systeth Y - ’ -

supersaturation state in a supersaturated solution. Developing a stable 20. Brewster. ME, Vandecruys R, Verreck G., 'Peeters J. SuPersaturatmg
supersaturated product is the biggest challenge; however, commercializ- dr ug fiellvery systems: Effect of hYdr.OPhﬂ'lC cyclodextrins and other
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