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Abstract approved
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The first project of this thesis is an in vitro study. This study was performed
with 8 hydrocortisone topical products on the market for the purpose of comparing one
Tec Lab product, a Corticool gel, to the other seven common products on the market.
The permeation of these products was tested with three types of membranes: a
synthetic membrane, a mouse skin, and an Epiderm'" using a Franz Cell apparatus.
The synthetic membrane seemed to over-estimate the hydrocortisone permeation
through the skin. Mouse skin has a higher permeation compared to human cultured
skin, Epiderm'™. Corticool gel (1% hydrocortisone), which has a higher
hydrocortisone solubility compared to other creams and lotions, showed a significantly
higher drug diffusion rate through all of the three membranes. The Corticool gel
exhibited better hydrocortisone permeation than the Prescription hydrocortisone cream

2.5%. Cortizone-10 ointment (1% hydrocortisone) showed a very low hydrocortisone



permeation through all of the three membranes. It is predicted that the same
comparative behavior would be observed in vivo on applying these formulations.
Corticool gel is suggested to be used for fast action treatment.

The second project related to a preparation of orally disintegrating tablets of
melatonin and orally disintegrating tablets containing sustained-release beads of
acetaminophen. A combination of superdisintegrants, amino acids, effervescent
materials, and sweeteners was placed into a melatonin tablet and then compressed into
a normal-shaped tablet. The melatonin tablet exhibited a short disintegration time in
water, had adequate hardness, and passed the friability test. This tablet also tasted
good and could be used for children and vulnerable subjects having difficulty in
swallowing.

The acetaminophen tablet combines two desirable properties: fast
disintegration and sustained release of the drug. Acetaminophen sustained-release
beads were added inside the tablet. The tablet disintegrated very quickly in water to
release the sustained-release beads. By using hydrophilic polymers (HPMC and
polyethylene oxide), the sustained release beads were protected and the sustained-
release properties maintained. Similar excipients to those used in the melatonin tablet
were used as excipients in the acetaminophen tablet to obtain fast tablet disintegration.
A higher pressure was needed to combine beads and other excipients surrounding the
beads into tablets. The tablets also had longer disintegration times but were still
considered fast disintegrating tablets.

The third project is a pharmacokinetic study of terbinafine in penguins aiming

at treatment aspergillosis. Terbinafine was administered orally by single dosing and



multiple dosing to African penguins (Spheniscus demersus). The pharmacokinetics
parameters were calculated. The best-fitted model, a two-compartment open model
with a deep-tissue elimination phase, was selected. A recommended dose also was

calculated to treat fungal infections in penguins.
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CHAPTER 1

HYDROCORTISONE PERMEATION STUDY USING A
SYNTHETIC MEMBRANE, MOUSE SKIN AND AN EPIDERM™
CULTURED SKIN

Hang Le, Monica Chuong, John Mark Christensen



ABSTRACT

Purposes: Several permeable membranes have been used to evaluate topical
medicaments formulated in different vehicles, such as synthetic membranes, animal,
and human skin obtained from either a cadaver or plastic surgery. The synthetic
membrane reflects dissolution properties of the drug, but not permeation behavior;
whereas, animal and human skin have limited availability. EpiDerm™ is human-
derived epidermal keratinocytes cultured to form a multilayered, highly differentiated
human epidermis. This study was set to compare the release of hydrocortisone from
six topical over-the-counter products along with one prescription cream using a
Nylaflo membrane, a mouse skin and an Epiderm™, human cultured skin. In addition,
the effect of pre-washing the skin with an exfoliating cleanser prior to applying a
hydrocortisone topical gel product was evaluated. Methods: A Franz upright
dissolution apparatus was used to study six over-the-counter 1% hydrocortisone
products: 1 gel, 2 creams, 2 lotions, 1 ointment, and one prescription cream, USP,
2.5%. Nylaflo membranes were obtained from Pall Life Sciences, while 24 Epiderm™
-cultured human skins were purchased from MatTek. EpiDerm"™ cultured in a 2.2-cm-
cell insert was mounted directly on to a Franz cell with a 2.0-cm orifice. Collected
samples from the Franz cells were assayed by HPLC to quantify the hydrocortisone.
Results: Similar rank order was observed for hydrocortisone release from the topical
products with each permeable membrane (the synthetic membrane, mouse skin, and
EpiDerm™). Topical hydrocortisone-gel formulation ranked the highest in permeation
through both the mouse skin and the EpiDerm™™ (2.24+0.38% vs. 0.68 + 0.20% in 24

h with EpiDerm™) among the seven products evaluated. The hydrocortisone



penetration through the synthetic membrane was significantly higher than through the
mouse skin or the EpiDerm'™. Conclusions: Similar release patterns for
hydrocortisone patterns were observed among three barriers. Hydrocortisone
formulation in a topical gel facilitated greater drug permeation through membranes
exceeding the other topical products after 10 h. Skin pre-washed with an exfoliating

cleanser increased the hydrocortisone penetration through the EpiDerm™.



INTRODUCTION

STRUCTURE AND FUNCTION OF SKIN
The skin is the largest organ of the body making up 10% of the body mass. It
performs many vital roles and provides a barrier for the inner body from outside

environment.

Epidermis <

Figure 1.1. The structure of skin with its two main layers: The Epiderm and
Dermis



The skin participates in internal-heat regulation, and protects the body from
dangerous agents (bacteria, virus, chemicals, radiation, allergens...). It is also the

major sensory organ. There are two main layers of the skin: the epidermis and dermis

[

Epidemis

The epidermis generates stratum corneum composing the outmost layer of the
skin. The stratum corneum is heterogenous consisting of 15-20 layers of flattened,
stacked, hexagonal, and cornified cells about 10-20um thick. These non-viable cells
originate in the viable epidermis and undergo morphological differentiation to
desquamation. The thickness varies with the inner layer being more thick and flattened
toward the outside. The thickness of the stratum coneum varies according to its
position on the body, palms and soles being the thickest parts. The stratum corneum
also provides an insulation layer to prevent fluid loss from inside the body. Stratum
corneum has a very high density with low hydration 15-20%. The stratum corneum
contains insoluble bundled keratins (70%) and lipid (20%). The intercellular region
contains mainly lipids and desmosomes for corneocyte cohesion. Desquamation of the
horny layer allows the protection function to be more enhanced and reduces
remarkably the evaporation of water. Usually, it takes 2-3 weeks for a complete turn
over of the stratum corneum. Basal lamina are the original cells of the epidermis
which have melanocytes, Langerhans cells, and Merkel cells, and two keratinic cell
types: stem cells, which differentiate to other new cells types and the other cell type

which connects the epidermis to the basement membrane.



The connection between cell lines of the desmosomal junction and the basal
lamina to the basement membrane is made up of hemi-desmosomes.

The cells of Langerhans are intimately involved in the facilitation of the
interaction of antigen within the skin’s immune system. On the activation of the skin’s
immunity, these cells facilitate migration of agents of the body’s immune system from
the epidermis on to the dermis and onto regional lymph nodes where they contact to T-
cells.

Melatonocytes produce melanins, high molecular weight polymers of indole
quinone that cause pigmentation of the skin.

Merkel cells are thought to have a role as sensors because they are closely

associated with nerve endings [,

Dermis

The thickness of the dermis is 0.1-0.5cm. The Dermis provides nutrition and
immune support to the epidermis. The dermis also plays a role in temperature,
pressure, and pain regulation. The typical cells are fibroblasts, mast cells, and
melanocytes. 70% of the dermis is collagenous fibers. An abundant blood or vascular
system is present providing nutrition to the skin, and facilitating repair, immune
response, and heat regulation.

Arteriovenous anastomoses provide direct shunting of up to 60% of the skin’s
blood flow, approximately 0.05ml/(min*cm™). The lymphatic system is an essential
part of the skin acting as a regulator of its interstitial pressure, and playing a role in

defense mechanisms and waste removal.
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Figure 1.2. Epidermal differentiation in the epidermis ™

Subcutis

The subcutis is the deepest layer of the skin. It is also called the hypodermis,
serving as a heat isolator and shock absorber. It consists mainly of fat cells lying
within lobules and connects to the dermis by inter-connecting collagen and elastin

fibers. Besides fat cells, fibroblasts and macrophases are also observed.

Skin Appendages

Hair follicles are distributed across the entire skin’s surface. Erector pilorum, a
type of smooth muscle, appends to the dermal tissue and allows the hair to stand up in
response to fear and cold. Each hair follicle is associated with a sebaceous gland,
which secretes sebum (triglycerides, free fatty acids, protects, lubricates, etc....), for
the skin. The pH value of sebum is maintained around 5. Eccrine glands are

distributed over most of the whole body; whereas, Apocrine glands are seen in



Axillae, nipples, and anogenital areas. The nail can be considered as a vestigial in
human’s but it still provides some protective functions. The nail consists of keratinized
cells fused into dense, elastic unity. The nail-basement membrane is very similar to the

epidermal-basement membrane in structure.

SKIN TRANSPORT

The stratum corneum is recognized as the major rate-limiting barrier for drug
permeation through the skin. The brick and mortar of the stratum corneum vary with
the hydration and pathological condition of the skin. Transport through the epidermis
is mostly a passive process. This is why permeability through the skin is dependent
largely on drug characteristics.

Another important barrier to skin transport is the sebum. As a vital organ, the
skin is always covered by a secreted sebum, sweat, bacteria, and dead cells. The
presence of these substances also adds to some extent to the resistance of drug
transportation. Under normal conditions, these components on the human skin are

considered to have negligible influence .

Transport pathways through the stratum corneum

Trans-cellular, Inter-cellular and trans-appendeal pathways are three major
routes that many authors mention for a drug to cross through the skin.
Trans-cellular

The trans-cellular pathway is not considered a major route for most APIs to
cross the skin. Drugs would have to transport through a lipophilic membrane, then a

hydrophilic compartment, the cytoplasm, and finally through the other lipophilic



membrane. The process is repeated for the entire thickness of the skin. Solutes of drug
in vehicle are preferred for drug transportation through the skin . It is suggested that
polar and non-polar solutes pass through stratum corneum by different mechanisms.
Polar molecules are thought to diffuse through high-energy pathways relating to water
in the outer surface of keratin filaments. Lipophilic substances prefer to go through
membranes. However, now there is abundant evidence that the main pathway for a

drug to cross the skin is the inter-cellular route.

Inter-cellular

Although the intercellular component occupies a small volume in the whole
stratum corneum, the physical distribution of lipids and the void area of it is
considered to facilitate drug permeation . Intercellular pathway is the most attractive
for researchers to modify to get desirable drug permeability. Many studies confirm
that the inter-cellular lipid, not the corneocyte protein, was the main permeability
barrier. Other studies report that the diffusion of solutes through the tortuous inter-
cellular pathway is much more dominant than through the keratinized cell membranes
(trans-cellular route) ™),

Histo-chemical studies show that the intra-cellular spaces of the stratum
corneum are devoid of lipids and the inter-cellular fraction is much larger than
estimated. Other studies indicate that the permeability of soluble substances like urea,
manitol, tetraecthylammonium, corticosteroids is controlled by the porous inter-cellular
permeation pathway. The thickness, number of cell layers, the drug concentration, and

the structure of inter-cellular lipids make the percutanous absorption of a dug different

when applied to leg versus abdominal skin "),
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Lipid lamellae in the cell gaps within the stratum corneum are the rate-
controlling barrier for drug transportation where the major lipid molecules are
ceramides, cholesterol, or free fatty acids (Figure 1.5) *l. An individual lamella is
about 10nm thick and consists of two or three lipid bi-layers. A lamella of 13.4 nm is
predominant and sometimes a 6.4nm lamella was observed scattering. An X-ray-
image capture revealed that the lamella is a parallel structure in inter-cellular domains.

Lipid and polar pathways through the intercellular lipids are the two main

mechanisms through which a solute diffuses.

Trans-appendal pathway

A trans-appendal pathway is not a major pathway but can not be a negligible
drug transportation route either. The earliest evidence supports the existence of a
follicular route of drug penetration. Drug absorption through hair follicles involves the
hair fiber, outer-root sheath, air-filled canal, and the sebaceous gland 01

The route of drug penetration through the sweat duct involves diffusion either
through the lumen or wall to below the epidermis and through the ring of keratinized
cells.

It is estimated that there are approximately 500-1000 pilosebaceous units/cm?
on either the face or scalp. The diameter of each unit is 50-100 pm. The orifices take
up 0.1% of the surface area in low-density areas of hair and 10% in high-density areas
of hairs. Therefore, the role of hair-follicle and sweat-duct drug penetration can be

remarkable [,
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Figure 1.4. Hair follicle structure and the capability of particle size penetration
through the follicle

Polymers and colloidal particles can be targeted to the follicle pathway ',

The size of the applied particles determines the extent of follicular drug transportation
due to the limit of the follicle’s diameter. The optimal size at which penetration
reaches maximum absorption is 3-10um. Either smaller or larger size particles are
rejected. The beads smaller than 1um are kept on the surface due to surface energy.

Beads larger than 10 um are too big for the follicles.

Effect of hydration

Hydration of the stratum corneum can lead to profound changes to its barrier
properties. Water effects on the skin are due to the combination of the swelling of
hydrated corneocytes and the water-induced expansion of the intercellular lipid

lamellae. The dead cells that make up the stratum corneum are dry and desquamated.
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The insulated layer prevents water loss to the environment and aids in heat
preservation. Under normal conditions, the stratum corneum maintains a 15-20% level
of water. Under excessive soaking, the stratum corneum weight can increase by 400%
compared to dry weight '?. By interacting with water, a-helix keratin filaments
become loosely packed and more flexible. Nevertheless, wide-angle X-ray diffraction
studies indicated that no bilayer swelling occurs with hydration. This suggests that
water molecules are not absorbed between the lamellar regions. Besides that, other
studies reveal that fully-hydrated stratum corneum contains swollen corneocytes with
pools of water apparently displacing and separating keratin filaments %,

Water also causes an extraction of lipid and creates vesicle-like lipid
structures. These lacunae are discontinuous microdomains located in the middle to
outer layers of the stratum corneum. It has been suggested that the lacunae are the
result of desmosomal degradation. The lacunae’s expansion occurs through polar-head
regions of the intercellular lipids, and the lacunae facilitate the replacement of water

and create pools of water. The whole process of hydration leads to a dramatic change

of permeability of the human skin to the drug.
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become filled with water

/

T Degraded desmosomes form lacunae which

Desmosome T Keratinocyte intercellular lipid lamellae

Figure 1.5. Lacunae formed by degrading desmosomes provide an obvious site
for water pooling, and during prolonged exposure to water, lateral expansion of
the lacunae occurs through the polar head regions of the intercellular lipids 2.

MATHEMATICAL MODELS FOR DRUG TRANSPORT THROUGH SKIN

Fick’s-first-law of diffusion

The flux J is related to velocity and the concentration of molecules in motion *:

J, =Cv (equa. 1)



For one dimension x

oC dM
J=-D—=—- .2
ox  Sdt (equa. 2)
Fick’s second law
dC 0°’C
E= D i (equa. 3)

J=-D *(%) = D(%) (equa. 4)

J: flux

D: Diffusion Coeficient
C: Concentration

x: Pathway direction

¢ -G, approximates dC/dx
C, C

K=—=—2(equa. 5
c,C, (equa. 5)

Cq, C; 1s concentration in donor side and receiver side respectively
K: partition coefficient

dM  DSK(C,-C,)

= equa. 6
ot . (equa. 6)
If C;= 0. The equation become
dM DSKC,
—= 7
dt h (equa. 7)

P= D—hK (equa. 8)

The amount of drug release is proportional with time.
M =PSC,t (equa. 9)
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Figure 1.6. Schematic depiction of Fick’s-law and a substance illustrating
the diffusion

Higuchi model
When a drug is deposited inside a matrix, the drug undergoes two processes.
First, the matrix absorbs solvent from the surrounding medium into the deep parts of

the matrix. The drug dissolves and becomes a solute. The solute transits through a
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tortuous path from far inside the matrix to the surface of the matrix. Second, from the
surrounding medium, the drug travels through the membrane (usually the skin).

Higuchi developed an equation for the release of a drug from an ointment base
[15]

and solid drugs dispersed in a homogenous and granular matrix dosage form

Fick’s first law:

dM _ dQ _ DC,
Sdt dt h

(equa. 10)

dQ:Am—%thwmmlu

The derivation given:

DC

(A—%Cd)dh: hd (equa. 12)
2A-C, ~
JC. jhdh_jdt@qua13)
t:ﬁgfiifﬁlwﬁ-FC(equa.14)
4DC,
att=0,h=0

Thus, it gives:

_ 2
4DC,
2
h=| 2PCt" | equa. 16)
2A-C,

The quantity of drug completely diffuses

Q= hA—%th (equa. 17)
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1/2
DC t
Qz[zA_"Cd] (2A-C,) (equa. 18)

Q=[D(Q2A-C,)C,t]"* (equa. 19)
The equation if differentiate to yield the rate of drug release at time t

d_Q:l( D2A-C,)C,

1/2
equa. 20
a2 t j(q )

if A is much greater than Cs. It means the sink condition is maintained

Q=(2ADC,t)" (equa. 21)

Figure 1.7. The drug diffuses from a matrix

TOPICAL DOSAGE FORM

A topical dermatological product is designed to deliver the drug into the skin
for treating dermal disorders. According to traditional classification, the topical dosage
forms are divided by their physical properties and the dispersion phases in the dosage
form. The two major phases are oil and water. Gels, creams, lotions and ointments are
semisolid preparations intended for external application to the skin or mucous
membranes.
Ointments

USP defines “ointments” as semisolid preparations intended for external

application to the skin or mucous membranes. Ointment bases recognized for use as
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vehicles fall into four general classes: The hydrocarbon bases, absorption bases, water-

removable bases, and water-soluble bases”. Each therapeutic ointment possesses as its

base a representative of one of these four general classes.

Hydrocarbon bases:

These bases, which are known also as oleaginous ointment bases, typically
contain hydrocarbons or paraffins and are represented by white petrolatum and white
ointment. Only small amounts of an aqueous component can be incorporated into
them. These bases are hydrophobic and are difficult to remove.

Absorption bases:

This class is comprised of bases divided into smaller groups:

1. This group is bases that permit the incorporation of a limited amount of
aqueous solutions with the formation of a water-in-oil emulsion (hydrophilic
Petrolatum and Lanolin).

2. This group permits the incorporation of additional quantities of aqueous
solutions (Lanolin).

An ointment classically is considered “occlusive dressings” since it retains
drug for an extensive period of time on the surface of the skin causing the drug to be
difficult to remove. Water-removable bases and water-soluble bases are related to

“cream” and gel forms.

Creams
Creams are semi-solid dosage forms containing one or more drug substances

dissolved or dispersed in a suitable base. This term recently refers to the products
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consisting of oil-in-water emulsions or aqueous microcystalline dispersions of long-
chain fatty acids or alcohols that are water washable. However, many authors consider
creams as both water-in-oil and oil-in-water systems. Creams are semisolid emulsion
systems with opaque appearances.

In most pharmaceutical emulsions, the system consists of water, oil and
surfactants (ionic or nonionic) to stabilize the systems. The common surfactants are
sodium alkyl sulfates (anionic), alkylammonium halides (cationic) and
polyoxyethylene alkyl ethers or polysorbates (anionic).

Lotions

Like creams, a lotion is a fluid suspension or emulsion; whereas, most
ointments are based on mineral oil and petrolatum. Lotions, on the other hand, usually
contain a larger amount of water than creams, are softer, and closer to liquid in texture
than other semi-solids such as creams. Sometimes, however, there is no mark or point
in texture to distinguish between a cream and lotion.

Gels

Gels are semisolid systems consisting of either suspensions made up of small
inorganic particles or large organic molecules interpenetrated by a liquid. Gels contain
a continuous structure that provides solid-like properties. Depending on constituents,
gels may be clear or opaque, polar or non-polar. Natural gums were the early known
agent to provide gels from such gums as tragacanth, guar, xanthan. Semi-synthetic and
synthetic materials including methyl cellulose (MC), carboxymethylcellulose (CMC),

hydroxyethylcellulose (HEC), hydroxypropylcellulose (HPC), and hydroxypropyl
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methylcellulose (HPMC) are available. Gels have now become popular as a topical
dosage form.

Single-phase gels are usually clear transparent semisolids consisting of
dispersions of small or large molecules in an aqueous-liquid-vehicle-rendered-jelly-
like substance by the addition of gelling agents. Their consistency and rheologic
character depend on whether the emulsion is a water-in-oil or oil-in-water type and on
the nature of the solids in the internal phase. Ninety percent of these systems’
composition (e.g., water, ethanol, propylene glycol) are appreciably volatile.
Evaporation of these ingredients begins immediately upon application of the dosage
form and continues until all of the volatile substances are exhausted. The rate of
evaporation of a given ingredient depends on its momentary vapor pressure, which
changes as the formula is evaporative concentrated.

The two-phase system contains gel and small discrete particles. If the particle
size is relatively large, the gel mass is referred to as magma. Both gels and magmas

are thixotropic, forming semisolids on standing and becoming liquid on agitation.

HYDROCORTISONE

Hydrocortisone is a naturally occurring glucocorticoid with well-known effects
to the immune system. Glucocorticoids also have profound effects on metabolism, and
they are used in to treat many disorders such as endocrine disorders, rheumatic
disorders, allergic states, ophtalmic disease, respiratory disease, and hematologic
disorders. Hydrocortisone (HC) has anti-pruritic and anti-inflammatory effects that

benefit many skin conditions, and dermatologic diseases like pemphigus, bullous



22

dermatitis herpetifomis, erythema multiforme, exfoliative dermatitis, mycosis
fungoides, psoriasis, and seborrehic dermatitis. These skin conditions can be treated
by hydrocortisone in a topical dosage form. Various nonprescription topical products

are available in different dosage forms, such as a gel, cream, lotion and an ointment.

Hydracotizone

UPAC: (11B)-11,17,21-Trihydroxypregn-4-ene-3,20-dione

The hydrocortisone solubility (mg/ml) in water is 0.28. ethanol 15; methanol
6.2; acetone 9.3; chloroform 1.6; propylene glycol 12.7; ether 0.35.
Itchy reaction and the mechanism of hydrocortisone to reduce the itchy
Itch (Latin: pruritus) is defined as an unpleasant sensation that evokes the desire or
reflex to scratch. Itch has many similarities to pain and both are unpleasant sensory
experiences but their behavioral response patterns are different. Pain creates a reflex
withdrawal, while an itch leads to a scratch reflex (18] “An itch is a reaction to an

allergy. Allergy is classified into two types: acute response and late-phase response.

Acute response

Figure 1.8. Depiction of an acute-response allergic mechanism
to a foreign substance
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The degranulation process in an allergy.l - antigen; 2 - IgE antibody; 3 - FceRI
receptor; 4 - preformed mediators (histamine, proteases, chemokines, heparine); 5 -
granules; 6 - mast cell; 7 - newly formed mediators (prostaglandins, leukotrienes,

thromboxanes, PAF)

In the early stages of an allergy, a type I hypersensitivity reaction against an
allergen encountered for the first time causes a response in a type of immune cell
called a Ty2 lymphocyte, which belongs to a subset of T-cells that produce a cytokine
called interleukin-4 (IL-4). These Ty2 cells interact with other lymphocytes called B-
cells, whose role is the production of antibodies. Coupled with signals provided by IL-
4, this interaction stimulates the B cell to begin production of a large amount of a
particular type of antibody known as IgE. Secreted IgE circulates in the blood and
binds to an IgE-specific receptor (a kind of Fc receptor called FceRI) on the surface of
other kinds of immune cells called mast cells and basophils, which are both involved
in the acute inflammatory response. The IgE-coated cells at this stage are sensitized to

the allergen !'7).

If later exposure to the same allergen occurs, the allergen can bind to the IgE
molecules held on the surface of the mast cells or basophils. Cross-linking of the IgE
and Fc receptors occurs when more than one IgE-receptor complex interacts with the
same allergenic molecule, and activates the sensitized cell. Activated mast cells and
basophils undergo a process called degranulation, during which histamine and other
inflammatory chemical mediators (cytokines, interleukins, leukotrienes, and

prostaglandins) are released from their granules into the surrounding tissue causing
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several systemic effects, such as vasodilatation, mucous secretion, nerve stimulation
and smooth muscle contraction. This results in rhinorrhea, itchiness, dyspnea, and
anaphylaxis. Depending on the individual, allergen, and mode of introduction, the
symptoms can be system-wide (classical anaphylaxis) or localized to particular body
systems; for example, asthma is localized to the respiratory system and eczema is

localized to the dermis "7,

Late-phase response

After the chemical mediators of the acute response subside, late phase
responses can often occur. This is due to the migration of other leukocytes such as
neutrophils, lymphocytes, eosinophils and macrophages to the initial site. The reaction
is usually seen 2-24 hours after the original reaction '™, Cytokines from mast cells
may also play a role in the persistence of long-term effects. Late-phase responses seen
in asthma are slightly different from those seen in other allergic responses although
they are still caused by the release of mediators from eosinophils and are still

dependent on activity of Ty2 cells !'*).

Mechanism action of hydrocortisone

Glucocorticoids have well-known genomic effects. Glucocorticoids bind to
various receptors including the glucocorticoid receptor (GR or hGRa),
mineralocorticoid receptor (MR), progesterone receptor (PR), androgen receptor (AR),
and estrogen receptor (ER). All of these receptors have a close relationship with the
thyroid hormone, retinoids, vitamin D, and the peroxisome proliferators-activated

receptors.



25

Conversely, a range of isoforms of these receptors are known. Glucocorticoids
receptors consist of an N-terminal domain activating gene expression, a central DNA-
binding moiety and a C-terminal ligand-binding domain. In the nucleus, GR binds to
glucocorticoid response elements (GREs). Glucocoticoids may also inhibit the gene
expression by binding monomers of GR to a promoter containing negative GREs
(nGREs). In epidermal layer, the synthesis of basal-cell-specific (K5, K14) and

disease-associated keratins (K6, K16, K17) is under the control of four nGREs ['*2!),

Besides the genomic activity, glucocorticoids inhibit the formation of
inflammatory cytokines, and glucocorticoids interfere with the activation of a variety
of immunologic cells such as dendritic cells. Glucocorticoids also enhance eosinophil
and T cell apotosis. These in situ activities on the skin can explain the immediate
activity of hydrocortisone; whereas, the genomic effects are related to long-term drug

action 2%,

MEMBRANES FOR THE HYDROCORTISONE PERMEATION STUDY

The most common method for evaluation of skin permeation is drug diffusion
through a membrane. Permeation barriers that have been studied include synthetic
membranes, animal skin and human skin donated from either a cadaver or from plastic
surgery. The advantages of an in vitro study are the experimental conditions can be
controlled precisely with simple equipment. However, the method has limits since it
lacks some in vivo conditions like blood flow, and viable cells.

Synthetic membrane
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Figure 1.9. Synthetic filter membrane 0.45pm

The nylon filter membrane is a plastic that is porous. The pore size is 0.45 pm.
This kind of membrane is compatible with many solvents and pH ranges **. As a
result, concern for its physical stability during the diffusion study is null. The thin
membrane and large pore size offer an expectation of a high drug-diffusion rate.
Mouse skin

Among laboratory experimental animals, the expected skin permeability to
exogenous substances is ranked in the following order: mouse > rat > guinea pig >
rabbit > monkey > dog > goat > sheep > pig > cattle > human **). Mouse skin is a
convienient and common source that can be obtained in the laboratory scale. The
water permeability coefficient of a hairless mouse skin is 350.7 cm’/hr and an intact
mouse skin’s is 143.75 cm”/hr, compared to human skin, which has a water

permeability coefficient of is 92.97. A mouse skin has a 3.77 times higher
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permeability 261 The thickness of the stratum corneum of a mouse skin is half that of
a human’s. As regard to surface lipid deposits in skin, a hairless mouse skin contains

7] This resulted in a high

212 pg/em® compared to a human’s 60.5 pg/cm’
permeability through the mouse skin for hydrophobic solutes compared to hydrophilic

compounds.

Figure 1.10. Mouse skin without hair

Human culture skin

MatTek markets two skin models: EpiDerm™ and EpiDermFT™ (FT stands
for full thickness). The EpiDerm™ consists of normal human-derived epidermal
keratinocytes (NHEK) cultured to form a multi-layered, highly-differentiated model of
the human epidermis. The EpiDermFT™ is a NHEK with human-derived dermal
fibroblasts (NHDF) based 3-dimensional, highly-differentiated human-skin-like
structure having both epidermis and dermis that exhibits in vivo like morphological
and growth characteristics which are uniform and highly reproducible. The EpiDerm™
consists of organized basal, spinous, granular, and cornified layers analogous to those
found in vivo. It has well a developed basement membrane, in vivo like a lipid profile
and has been used as an in vitro means to assess dermalirritancy and toxicology. The

EpiDerm™ is mitotically and metabolically active **!. Markers of mature epidermis-
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specific differentiation such as profilaggrin, the K1/K10 cytokeratin pair, involucrin,
and type I epidermal transglutaminase have been localized in the model.
Unfortunately, it was discovered that for the EpiDermFT™ the hydrocortisone used in
the final stages of culturing was still present in the skin samples obtained from Mattek.
Thus, the EpiDerm™ was chosen for the present study.

This study sets out to address the following issues: (1) The evaluation of the in
Vitro percutaneous penetration of corticosteroids from seven over-the-counter products
as well as one prescription cream, USP, using a commercially available static-
diffusion-cell system, (2) the comparison of the permeation differences among three
reproducible membranes: a synthetic membrane, a mouse skin, and an EpiDerm'"-

human cultured skin.

(b)

Figure 1.11. Histology of an an EpiDerm™ 200 (a),
and an EpiDermFT™ 200 (b) %%,

Figure 1.12.Transmission Electron Micrograph of Epiderm™ Intercellular
Lamellar Lipid Sheets with Broad-Narrow-Broad Spacing (Magnification
150,000x) 281,
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EpiDerm EpiDerm  Human

EFI-100 EF1-612  Abdominal

Phospholipids 58.8 1 3.4 46.0 2 1.2 4.0
Glucosylceramides 44001 1804 4.0
(GLB-D}

Acylglucosylceramides 0.9 + 0.0 0.3+ 00 1.2
(GLA)

Ceramides (2-8) ES+05 16.4 = 1.9 8.7
Acylceramides (CER-1) 0.7 + 0.1 10401 0.9
Chalestaral 131214 16.2 = 2.0 187
Fatty Aclds 29410 BE+13 2.4
Triglycerides B3+28 63128 e
Cholestorol estors 20+ 0.2 28+ 0.2 4.7
Other 1.4

Figure 1.13. Comparison of a Lipid profile for an Epiderm™ and a
Normal Human abdominal Skin 28!

Tissue Culture Well

/‘—\‘/ Culture Insert
N

ALT Tissue

Figure 1.14. An depiction of an Epiderm™ unit
in a kit shipped from Mattek 2%,
A typical EpiDerm shipment (1 kit, EPI-200) contains 24 tissues, each tissue is
9 mm in diameter and in its own culture plate insert, plus a small amount of medium.
For shipment, each insert is placed in one well of a standard 24-well plate.

Epiderm histology
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Mattek dictates the histology of Epiderm™ membrane that consists of 8-12
cell layers (basal, spinous, and granular layers) in which the stratum corneum consists
of 10-15 layers (based on Transmission Electron Microscopy (TEM)[28].

An initial evaluation of an EpiDerm™™"'s permeability characteristics was made
using a side-by-side diffusion chamber. A permeability coefficient, kp, for tritiated
water flux was determined for standard EpiDerm™ (EPI-100) and somewhat more for
a mature EpiDerm™ (EPI-612). Kp's of 5.0 x 10-3 and 3.6 x 10-3 cm/hr were
calculated for EPI-100 and EPI-612 respectively, compared with 2.5 x 10-3 cm/hr for
the cadaver skin using the same diffusion apparatus. From these initial tests, an
EpiDerm™ appears more reproducible than cadaver skin, possibly due to

EpiDerm™"

s highly regular structure. Also, permeability studies were facilitated since
a steady state is reached more quickly due to the EpiDerm™'s uniform thickness.
Finally, similar to a living epidermis, an EpiDerm" is metabolically and mitotically

active, and, hence, studies using an EpiDermTM should be more accurate than those

obtained using a non-viable cadaver or animal skin.
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MATERIALS AND METHODS

REAGENTS AND STANDARDS

Hydrocortisone USP reference standard, Lot 2001, was from PCCA.

Propylparaben USP reference standard, Lot 130011, was obtained from USP
(Rockville, MD).

Absolute — 200 Proof Ethyl alcohol USP was obtained from AAPER Alcohol
and Chemical Co. (Shelbyville, KY).

HPLC-grade acetonitrile, and methanol were from EMD Chemicals, Inc.
(Gibbstown, NJ).

FD&C Blue was from Allied Chemical & Dye Co. (New York, NY).

TOPICAL HYDROCORTISONE PRODUCTS STUDIED

Eight over-the-counter 1% HC products, one gel, one ointment, two lotions
and four creams, were evaluated. In addition, a prescription hydrocortisone cream
USP, 2.5% (E. Fougera & Co.) was included in the study.
Gel: The HC gel studied was Corticool (with/without pretreatment using an exfoliant
cleanser; Tec Laboratories, Inc.)
Ingredients:  Hydrocortisone, Benzethonium  Chloride, Benzophenone 4,
Hypromellose, Menthol, Peppermint Oil, Polysorbate 20, Propylene Glycol, Water
(Purified), SD Alcohol 40B (20% by weight), Sodium Gluconate, Sodium

Metabisulfite.
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corticool

2x Better than Prescription’
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1% HYDROCORTISOME AMTLITCH GEL

Ointments: Cotizone-10 ointment
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Ingredients: Hydrocortisone,white petrolatum
Lotions: Corticool Lotion (TEC Laboratories, Inc.)
Unknown Ingredients

Cortaid lotion (Johnson & Johnson)

32
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FCORTAID
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Ingredients: Hydrocortisone 1.0%, Benzalkonium Chloride, Butylparaben, Carbomer,
Ceteareth-6, Cetyl Alcohol, Citric Acid, Dimethicone, Ethylparaben, Glycerin,
Isobutylparaben, Methylparaben, Mineral Oil, Petrolatum, Propylparaben, Sodium
Citrate, Sodium Hydroxide, Stearyl Alcohol, Tetrasodium EDTA, Tocopheryl Acetate,
Water.

Creams: Hydrocortisone cream (Aveeno)

Ingredients: Hydrocortisone (1.0%), aloe Barbadensis Leaf Juice, Avena Sativa
Kernel Flour (oat), Bees Wax, Cetyl Alcohol, Citric Acid, Glyceryl Stearate, [sopropyl
Myristate, Methylparaben, PEG 40 Stearate, Polysorbate 60, Propylene Glycol,
Propylparaben, Sodium Citrate, Sorbic Acid, Sorbitan Stearate, Stearyl Alcohol,

Tocopheryl Acetate, Water.

OCORTIS ;
ANTHITCH CREnp; | 1

Cortizone-10 plus (Pfizer)
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Relieves Itch Fast

SERIOUS MEDICINE,
FAST COMFORT:
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Ingredients: Hydrocortisone (1%), Aloe Barbadensis Leaf Juice, Aluminum Sulfate,
Beeswax, Calcium Acetate, Cetearyl Alcohol, Cetyl Alcohol, Cholecalciferol, Dextrin,
Glycerin, Isopropyl Palmitate, Maltodextrin, Methylparaben, Mineral Oil, Petrolatum,
Propylene Glycol, Propylparaben, Retinyl Palmitate, Sodium Cetearyl Stearate,
Sodium Lauryl Sulfate, Tocopheryl Acetate, Water, Zea Mays Oil (Corn)

Cortaid cream (Johnson & Johnson)
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Ingredients: Hydrocortisone (1.0%), Aloe Barbadensis Leaf Juice, Avena Sativa
(Oat) Kernel Extract, Benzyl Alcohol, Cetearyl Alcohol, Cetyl Palmitate,
Chrysanthemum Parthenium (Feverfew) Extract, Citric Acid, CyclopentaSiloxane,

Dimethicone/Vinyl Dimethicone Crosspolymer, Dimethyl MEA, Glycerin, Isopropyl
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Myristate, Isostearyl Neopentanoate, Methylparaben, PEG 40 Stearate, Potassium
Lactate, Sodium Hydroxide, Water.

Hydrocortisone USP 2.5%

Ingredients: Hydrocortisone, glyceryl monosterate, polyoxyl 40 stearate, glycerin,
paraffin stearyl alcohol, isopropyl palmitate, sorbitan monostearate, benzyl alcohol,

potassium sorbate, lactic acid, water.
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A synthetic Membrane, Mouse Skin and an EpiDerm™ Cultured Human Skin
Forty-seven mm diameter, 0.45-um porosity Nylaflo nylon membrane filters,
were purchased from Pall Life Science in Ann Arbor, MI. (Nylaflo is known for its
stable property). The mouse skin was obtained from Balb/C mice (Charles River
Laboratories, Wilmington, MA), the mice were 6 to 8-week-old females. The hair was
removed with a shaver, and the skin was excised and cut into approximately 37-mm-
diameter pieces. Twelve EpiDerm'™-cultured human skin models were ordered twice
from MatTek (Ashland, MA). The tissues were stored at 4°C upon arrival via

overnight shipping and used within three days.
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Figure 1.15. EpiDerm"™-cultured human skin models

HPLC ASSAY DEVELOPMENT AND VALIATION

The HPLC assay was adopted from a hydrocortisone cream monograph, USP
28/NF23 (Rockville, MD), excepts that an equal amount of acetonitrile was added to
the assay samples to precipitate protein prior to the addition of the internal standard,
propyl paraben. An filtered solution of water, methanol, and acetonitrile (61:19.5:19.5)
was used as the mobile phase, instead of 50:25:25 as listed in the USP 28/NF 23, to
ensure separation among the analyte, internal standard, and unidentified peaks for all
tested HC products. Thus, the hydrocortisone retention time was about 22 minutes.
The HPLC system with an auto-injector consisted of a Cig column (3.9 x 150 mm, 5 p,
Waters, Milford, MA) with a precolumn (Model 590, Waters, Milford, MA), a UV-
VIS wavelength detector set at 254 nm and an integrator recorder (Model 740 Data
Module, Waters, Milford, MA). The injection loop volume was 50 pL.. The flow rate
of the pump was 1 ml/min. The HPLC method for hydrocortisone exhibited linearity
in the working range from 0.5 to 120 pg/ml with reproducibility under the reported
conditions of the analytical curve. The accuracy, precision, robustness, and stability of

this analytical procedure were inherited as it had been recognized by the USP.
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Figure 1.16. The HPLC machine, LC Module I, from Waters used to assay
hydrocortisone

IN VITRO PERMEATION STUDY

Three different membranes were studied. The synthetic Nylaflo membrane
reflects the diffusion properties of the drug, while the animal and EpiDerm™ cultured
skin were the representative membranes used to study the skin barrier to study drug
permeation. The effect of pre-washing the skin with an exfoliating cleanser for 30 sec
prior to applying the Corticool gel was also evaluated as exfoliating cleanser is
included in the topical gel commercial product.

The Franz Cell (Crown Glass, Somerville, NJ) and water bath (Forma
Scientific, Marietta, OH) consist of 6 vertical cells (each with a 2.2 cm orifice and a
15-mL internal volume and a sampling port). A 25 mm section with 0.45-pum porosity
of Nylaflo membrane filter (Pall Gelman, Ann Arbor, MI) was pre-wetted before use

in the receptor medium of 25 % ethyl alcohol for 15 minutes.
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Figurel.17. The Franz-cell diffusion apparatus

Seven over-the-counter 1% HC topical dosage forms were tested. A sample
from each product was loaded onto weighing paper and the approximately 1 gram of

weight was measured. After transferring a topical product into the center of the pre-
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wetted filter membrane, the weighing paper and the permeate left on the weighing
paper were measured again. By doing so, the exact amount of permeate loaded on the
membrane was known. A glass cap was then place over permeate and was clamped to
the top of the Franz cell. The Franz cell was maintained at 32°C by a circulating water
bath running across the water jacket. The dissolution medium was stirred at 300 rpm
using a mini magnetic stirring rod. During the dissolution, 150 uL samples were taken
from the sampling port at 0.5, 1.5, 3, 6, 10, 20 and 24 h. After each withdrawal, the
receptor media was replenished with the same amount of volume of fresh medium (25

% ethyl alcohol). 50 uL of the collected sample was mixed with the same volume of

15 pg/mL propyl paraben, the internal standard, for the HPLC assay.

DATA MANAGEMENT

After obtaining the hydrocortisone concentration from the HPLC assay, the
cumulative amount of HC per contact area (ug/cm?®) at each time point was
determined. The percentage of hydrocortisone release at each time point was
calculated by taking the ratio of the released amount of HC to the amount of HC
loaded. The amount of HC loaded occupied 1% or 2.5% (OTC or prescription product
respectively) of the weight of the topical product loaded. The two mathematical
models were used to construct hydrocortisone-release profiles were Fick’s law of

diffusion and the Higuchi equation 7). For Fick’s law:

P= D_f:< (equa. 8)
M =PSC,t (equa.9)
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p _ Slope

sC, (equa. 22)

Where M is the amount of drug (mg), K is the distribution or partition coefficient, S is
the unit cross section (cm?), and P is the permeability coefficient (cm/hr).
Based on the Higuchi equation, the percentage of drug release was plotted

against the square root of time (hour'?

) to compile a release profile for hydrocortisone
from each product. From the built profile the release-rate constant for hydrocortisone
can be determined. This equation, grounded on principles of diffusion as expressed by
Fick’s fist law of diffusion, describes the release of a drug from topical dosage forms
such as gels, creams, and ointments. The drug at the surface of the system, in close
contact with the medium cream, is released first and sets up a front. As drug passes out
of the system, the front moves inward, and when this layer becomes exhausted of the
drug, the next layer begins to deplete. In this manner, the boundary of the drug forms.
The amount of drug depleted per unit area of the system, Q, at time t, is given by the
Higuchi equation:

Q=[2ADC,]"’t"? (equa. 21)

2
p=[51oPel  ua. 23)
2AC,

Where Q is the amount of drug depleted per unit area of the matrix at time t (mg/cm®),
D is the diffusion coefficient of the drug in the matrix (mg-ml/cm*/hr),

C, is the solubility of the drug (mg/cm’),

A is the total concentration dissolved and undissolved of the drug in the matrix
(mg/em’),

. . . 2
S is the unit’s cross section (cm”).
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After the hydrocortisone release rate was obtained from the slope of the
dissolution profile, the diffusivity or diffusion coefficient, D, was calculated. The total
quantity for each topical formulation placed on the membrane was measured and was
around 1g for each Franz cell well. The drug penetrates through the membranes to the
receiver chamber analyzed by the HPLC assay. The amount and the percentage release
over 24 hours is calculated with the assumption that the theoretical maximum amount
that can diffuse into the donor chamber is 25mg for the prescription hydrocortisone

cream 2.5% and 10 mg for the 1% hydrocortisone topical formulations.
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RESULTS AND DISSCUSION

THE COMPOSITIONS AND PACKING OF THE STUDIED
HYDROCORTISONE PRODUCTS

Among eight pharmaceutical products investigated, six were packaged in
plastic tubes, with one in a pump plastic bottle and one in a metal tube (Table 1).
Cortizone-10 Plus cream has the highest number of excipients (ten). Cortizon-10
ointment only has one excipient, which is white petrolatum. Some products also

incorporated a thickening agent and an ultraviolet light absorber.

Table 1.1. The studied formulations: 1 gel, 1 ointment, 2 lotions and 4 creams

Product Dosage | Strength | Packaging | OTC or Manufacturer

Name Form Prescription|
Cortaid Lotion 1% |Pump Bottle] OTC |Johnson & Johnson
Cortaid Cream 1%  |Plastic Tube] OTC |Johnson & Johnson
Aveeno Cream 1%  |Plastic Tube] OTC |Johnson & Johnson
Cortizone-10 Plus Cream 1%  |Plastic Tube] OTC Pfizer
Cortizon-10 Ointment 1%  [Plastic Tube] OTC Pfizer
Hydrocortisone Cream 2.5% | Metal Tube [Prescription| E. Fougera & Co
Corticool Gel 1%  |Plastic Tube] OTC Tec Lab
Cortilotion Lotion 1%  [Plastic Tube] OTC Tec Lab

Each formulation contains different ingredients. They are enhancers,
surfactants, emollients, and thickening agents. The amount of each component is
unknown. It is hard to predict the permeation profiles of hydrocortisone based on the
information of ingredients only since the penetration depends on drug solubility and

the number of phases in the formulations (creams, ointment). The viscosity of the
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formulations also affects the diffusion of the drug from the inside matrix to the surface

of the skin.

THE STANDARD CURVE OF HYDROCORTISONE

Hydrosortisone is slightly soluble in water (0.28mg/ml). It is freely soluble in
methanol (6.2mg/ml). Therefore a hydrocortisone stock solution of 200ug/ml in
methanol was prepared. From the stock solution, a range of hydrocortisone solution is
prepared in 25% ethyl alcohol/water medium and then assayed by HPLC. The area of
hydrocortisone HPLC peak is compared to the area of the internal standard peak,
propyl paraben. The standard curve is drawn based on the correlation between the
hydrocortisone concentration assayed by the HPLC method and the ratio of the area of
hydrocortisone to the area of the peak, propyl paraben.

Table 1.2. The standard curve of the area ratios of hydrocortisone
over the internal standard propyl paraben, and the drug’s concentration

Conc. |Hydrocortisone| Propyl paraben Area Ratio Predicted Conc % Theory
(ng/ml) Area Area (ug/ml)

0.6 59706 1614043 0.037 0.674 112.27
1.2 147676 1659391 0.089 1.286 107.18
3 353763 1656031 0.214 2.754 91.80
6 778329 1641627 0.474 5.822 97.04
12 1631195 1630485 1.000 12.022 100.18
30 4336543 1677190 2.586 30.693 102.31
60 8640489 1736164 4.977 58.857 98.10
120 17004360 1667343 10.198 120.361 100.30
std 40.071

Average 117.812

CV% 34.01303

The linear range of the HPLC assay for hydrocortisone concentration is up to
120 pg/ml with R?is 0.9998. The standard curve of hydrocortisone shows that there is

good correlation between hydrocortisone’s concentration and its area peak analyzed
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by HPLC. Since the method was modified slightly from the USP method, validation
for the method is not necessary.
The internal standard, propyl paraben, was used to adjust for the variability of

volume injection, and it was used to check the resolution of the mobile phase, as well.
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Figure 1.18. Standard curve plot for hydrocortisone concentration versus the
area ratio of hydrocortisone over the internal standard, propyl paraben

THE THICKNESS OF THE STUDIED MEMBRANE

The membrane’s thickness was measured by a vernier caliper. The precision of
the measuring scale for the vernier caliper is 0.0 lmm.
The Thickness of the synthetic membrane

The synthetic nylon membrane patches were prepared with highly precise
replication and the precision thickness was probably smaller than 0.01mm. Therefore,
the vernier caliper could not detect any variability in membrane thickness. All of the

tested nylon filter membranes had a thickness of 0.Imm with a standard deviation of
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zero. The homogenous property of the synthetic membrane suggests its effects in drug
diffusion through the membrane will be similar in all cases and any variation seen can
be minimally attributed to the membrane and more to the product formulation.

Table 1.3. Thickness of the synthetic membrane filter, 0.45um pore size

Number | Thickness

(mm)
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

Average 0.1

SD 0

O© oo ~NOOULDS, WN PP
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Mouse-skin thickness

Thickness plays a role in percutanous penetration of the drug. The thickness
reflects the number of cell layers lying in the epidermis. Each mouse skin patch was
measured at ten random different positions.

Table 1.4. Mouse-skin thickness of 10 samples, each mouse-skin patch was
measured at 10 different positions (mm)

Sample | Site | Site | Site | Site | Site | Site | Site | Site | Site | Site Mean SE
skin 1 2 3 4 5 6 7 8 9 10

031 (039 |03 023 1027 1025 033 /039 |04 0.38 | 0.325 | 0.0629

048 [ 042 [049 [ 051 [048 [ 043 | 0.6 045 1046 | 0.38 | 0.470 | 0.0594

036 [ 059 1035 [044 (038 | 045 |0.57 042 | 036 | 041 | 0.433 | 0.0848

028 | 0.58 037 [0.26 |03 047 1026 1038 | 041 |042 |0.373 | 0.1029

041 037 [04 0.62 1054 1043 036 | 048 | 038 | 045 |0.444 | 0.0826

036 [ 049 (046 | 037 044 024 1037 036 |041 | 035 |0.385 | 0.0701

031 [ 036 [049 [ 046 | 053 035 1043 027 1034 |03 0.384 | 0.0879

041 | 050 042 | 036 |038 | 055 1037 041 033 |036 | 0409 | 0.0680

028 | 054 (046 [ 042 1039 048 1036 [042 |026 | 031 |0.392 | 0.0904

PO INOOTIA|WIN(F

0 0.50 1 0.59 1048 047 1038 047 1052 045 |042 |0.37 | 0.465 | 0.0655
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Two main extreme positions are abdominal and dorsal skin. The average value
and variability within one sample and among other samples are calculated. The F test
demonstrated that there is a significant inter-subject variation in skin thickness
(p=0.015) and within each skin patch. Significant intra-subject variation was also
observed. The mean value of mouse skin thickness is 0.408mm. The CI 95%
confidence interval of the mouse-skin thickness is 0.408 =+ 0.1433*1.96 =

0.1271<0.6889.
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Figure 1.19. A box plot of the thickness of 10 mouse skin patches showing
the variation of thickness observed within each skin patch (mm)

Due to the observed variation, a high variability of percutanous penetration is

expected. Other components also have influence in drug penetration through the skin
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such as skin structure and the lipid composition. A high variation in drug transport
through the mouse skin was observed.

The box plot shows a distribution of ten mouse-skin patches, some outliners
lying outside the range of the 75% of the quantile value and 50%, 75% of quantile
value also reveal a high intra-subject variability in the skin thickness. The median
value of each patch also demonstrates a high intervariability.

The Thickness of an Epiderm™

The technical reference of an Epiderm™ did not report the thickness of the
epidermis layer. The company technician states that the stratum corneum consists of
10-15 layers (based on Transmission Electron Microscopy (TEM)) and there are 8-12
cell layers (basal, spinous, and granular layers). The water flux through an Epiderm™
is more rapid than through acadaver skin’s epiderm layers. An Epiderm™ is more
uniform in structure and has less variability compared to a cadaver-donor’s skin

(Figure 1.20).

Percutaneous Absorption Measurements
Side-by-Side Diffusion Chamber
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Figure 1.20. Percutanous absorption of water compared to cadaver samples
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The thickness of the Epiderm™ could not be measured as the membrane is
fixed to a round holder. The thickness of the Epiderm' was measured after the
experiment was completed and presented in the Table 1.5.

The thickness of the Epiderm™ after the experiment may not indicate the
precise true thickness of the Epiderm'™ at the start of the experiment because after 24
hours, the membrane thickness may change. Nevertheless, the Epiderm™ seems to be
thicker than the mouse skin, the p value of the t test is <0.01.

Table 1.5. Measured Epiderm™ thickness after experiment completion
Epiderm thickness after
Number of sample experiment (mm)
1 0.48
0.52
0.47
0.49
0.49
Average 0.49
SD 0.0187

DIFFUSION PROFILES WITH NYFLO SYNTHETIC MEMBRANE FILTERS

Hydrocortisone needs to reach deep into the skin layer to exhibit it’s inhibition
activity on allergy reaction. The hydrocortisone non-genomic targets and genomic
targets occur in the viable layer. The stratum corneum is the main barrier for
hydrocortisone permeation. The experimental design for the hydrocortisone release
from it to topical-dosage form penetrates through the synthetic membrane, mouse skin,
and Epiderm™, is appropriate to reflect the in vivo comparative behaviors of all
formulations.

The cumulative amount (mg) and the percentage of drug release from the 8

topical hydrocortisone products against time and the square root of time (h"?) were
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compiled, see Table 1.8. The shapes of the hydrocortisone dissolution profiles were
linear for the 24 h of the study. The percentage release of HC in 24 hours was at
59.12% from gel formulation (Table 1.6). Cortizone-10 ointment at 24 hours released
only 0.17%. The creams and lotions have a cumulative percentage release from 4.56%
(Cortizone Plus cream) to over 14.8% (Corticool Lotion).

Based on the slope of the diffusion profile, the equation for Fick’s law for
diffusion was used to calculate the permeability coefficients (Table 1.8).

Table 1.6. The Percentage release of hydrocortisone from eight topical
formulations through the synthetic nylon membrane over 24 hours

_ Percentage release (%)
-ELT)E Corticool ngt:fﬁj r;e- Cortaid Cortlléone- Cor_taid Cort_icool Aveeno [Prescription
gel cream . lotion | lotion | cream |cream 2.5%
cream ointment
0 0 0 0 0 0 0 0 0
0.5 6.51 + 0.757+ | 1.04+ | 0.096+ |1.19+|0.783 | 2.71 £ 0.960 +
’ 1.37 0.118 0.411 0.004 | 0.304 | 0.486 0.671 0.308
15 943 + 1.78 + 1.67+ | 0.139+ | 255+ |0.814+| 4.50=+ 1.289 +
’ 2.42 0.378 0.370 0.007 | 0.994 | 0.460 0.732 0.447
3 9.75 251+ 289+ | 0137+ |458+| 1.99+ | 642+ 321+
3.73 0.243 0.694 0.008 | 0.929 | 1.66 0.440 1.06
6 12.54 + 334+ 377+ | 0.141+ | 639+ | 346+ | 652+ 397+
5.83 0.306 0.820 0.009 1.60 2.66 0.206 1.32
10 16.02 + 350+ 390+ | 0.146+ | 7.28+| 526+ | 7.28% 448 +
6.64 0.917 1.06 0.014 1.51 3.14 0.275 1.36
20 383+ 3.87+ 581+ | 0.156+ | 104+| 11.7+ | 7.83% 7.54 £
5.19 0.244 1.69 0.020 2.61 3.16 0.341 0.690
24 59.1+ 4.56 + 623+ | 0.174+ | 148+ |14.19+| 9.14+ 12.0 +
3.92 0.136 0.804 0.014 2.19 3.44 0.646 0.732

In the Fick’s law formula
Slope = PSC,

C4 is the concentration of hydrocortisone in the donor compartment. Solubility

of hydrocortisone in water is 0.28mg/ml. 1% HC formulation contains 1mg/ml.
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Tablel.7. The amount of release of hydrocortisone from 8 topical

formulations through the synthetic nylon membrane over 24 hours

Amount release (mg)

-ELT)E Corticool Ci(r)tgﬁ:;e' Cortaid Cor_tlléone Cortaid |Corticool| Aveeno P;%C;E:r%n
gel cream . lotion lotion | cream
cream ointment 2.5%
0 0 0 0 0 0 0 0 0
0.5 0.651 &+ | 0.0757 £ | 0.104 £ [0.0096 £| 0.119+ |0.0783 | 0.271+ | 0.204 +
' 0.137 0.0118 0.0411 0.0004 | 0.0304 | 0.0486 | 0.0671 0.077
15 0943+ | 0.178+ | 0.167+ [0.0139 £| 0.255+ |0.0814 £ 0.450 0.322 +
' 0.242 0.0378 0.370 0.0007 | 0.0994 | 0.0460 | 0.0732 0.112
3 0975+ | 0251+ | 0.289+ [0.0137+| 0.458 &+ [ 0.199+| 0.642+ | 0.801 +
0.373 0.0243 0.0694 | 0.0008 | 0.0929 | 0.166 | 0.0440 0.264
6 1.25+ | 0334+ | 0.377+ |0.0141 =| 0.639+ | 0.346+| 0.652+ | 0.993 +
0.583 0.0306 0.0820 | 0.0009 0.160 0.266 | 0.0206 0.331
10 1.60+ | 0350+ | 0.390+ |0.0146 | 0.728 & | 0.526+ | 0.728 +| 1.12+
0.664 0.0917 0.106 0.0014 | 0.151 0.314 | 0.0275 0.341
20 382+ | 0387+ | 0.581+ [0.0156+| 1.04+ | 1.170 [0.783+| 1.88+
0.519 0.0244 0.169 0.0020 | 0.261 0.316 | 0.0341 0.173
24 591+ | 0456+ | 0.623+ [0.0174+| 148+ | 1.42+ [0914+| 3.01=+
0.392 0.0136 0.0804 | 0.0014 | 0.219 0.344 | 0.0646 0.183

Table 1.8. The Permeability coefficients of hydrocortisone from all formulations
through the synthetic membrane 0.45 um

Permeability
Formulation n coefficient R?
(cm/hr)

Corticool gel” 10 2.356%107 0.939
Corticool gel™ 10 7.8%10° 0.939
Cortizone-10 plus cream 5 2.555%107 0.728
Cortaid Cream 6 2.547*%107 0.875
Cortaid Lotion 4 5.582*107 0.944
Cortizone-10 ointment** 4 2.313*107 0.399
Corticool lotion 4 6.589*107 0.997
Aveeno cream 4 2.253%107 0.740
Prescription HC cream 2.5% 7 4.713%107 0.939

* The permeability with solubility 0.28mg/ml
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**The permeability with solubility 1mg/ml

If the formulation is water-based, hydrocortisone exists mostly in suspension
with a small amount dissolved in water, but the majority of the amount is in solid
form. Thus, without solubility enhancer, Cq4is 0.28 mg/ml. If C4 changes, the slope of
the rate of drug diffusion would change proportionally to the Cq4 value. In Corticool
gel, the presence of propylene glycol and ethanol increase the solubility of
hydrocortisone (solubility is 12.7mg/ml and 15mg/ml, respectively) and in these
solvents all of hydrocortisone is in solution. The value Cq4 of hydrocortisone is in the
Corticool gel Img/ml and causes an increase of the rate of diffusion according to
Fick’s law of diffusion.

The permeability coefficient of hydrocortisone from the Corticool gel after the
high solubility was accounted for is 7.8°10° cm/hour which is not much higher than
the permeability coefficient of hydrocortisone from the Corticool lotion and the
Cortaid lotion. Solubility accounts for most of the high diffusion rate. X-ray
diffraction has shown that ethyl alcohol and other alcohols increase drug penetration
by physically altering the stratum corneum’s lipids. The order of the corneocyte-bound
lipid fraction is lost and the lateral-packing distance of the hexagonally-arranged lipid
fraction decreases. This coincides with an increase of lipid fluidity ). This effect is
not expected with a synthetic membrane since there is no expected lipid component
inside the membrane.

Ethyl alcohol and propylene glycol also increase skin penetration of the drug
by causing swelling of the skin. This addition increased the solubility of

hydrocortisone in the gel formulation and caused the permeability coefficient of
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hydrocortisone from gel to be larger than in creams. Besides that, the gel form is a
single phase with a high percentage of water. Hydrocortisone inside the gel moves
toward the membrane according to its concentration gradient, and the Cg4 is maintained
on the surface of the membrane to keep the drug-release rate high.

With regard to the hydrocortisone’s diffusing through the synthetic membrane,
the Corticool gel had a statistically significant higher diffusion rate compared to other
formulations. The 95% CI of the drug percentage released over 24 hours is 59.12 +
3.924%*t(. 975, o= 59.12 + 2.262*3.924=50.243-67.997. The 95% confidence interval
band and predicted band of linear regression drug release from Corticool gel was
constructed. Both of these bands separated from any values from other formulations
(Figure 1.22). This is strong evidence that the drug diffusion from the Corticool gel is
superior to the drug diffusion from other tested formulations.

The ointment containing hydrocortisone produced the lowest drug release rate
through the synthetic membrane. Hydrocortisone in the single oiled-based phase of the
ointment formulation is mostly in solution since the hydrocortisone dissolves well in
organic solvents. The Cq value for the hydrocortisone in the ointment is 1mg/L. White
paraffin petrolatum, the major hydrophobic oil-base of the hydrocortisone ointment,
does not act as a deep-drug-penetration enhancer as it is hydrophobic, highly viscous,
and insoluble in water. As mentioned previously, the transportation of the drug
through the skin is mainly through the pores. The hydration of the skin has an effect
and facilitates the drug’s transportation through the skin. The overall net effect of the
water is a higher partition coefficient for the hydrocortisone in the ointment compared

to the gel, cream or lotions, trapping the drug in the ointment vehicle decreasing the
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hydrocortisone release from the formulation. Thus, hydrocortisone could not deeply
penetrate inter-cellularly within the lamellae layer. Although hydrocortisone is present
as the solute in the ointment, the permeability would become small as a consequence
of the partition coefficient (equation 8). Therefore, the whole process allowing
hydrocortisone to dissolve in water and penetrate through the membrane is less. Even

the Cq4 value is much higher compared to the water-based formulations.

Percentage released (%)

Time (hour)
—e— Corticoo Gell —#— Cortisone-10 Plus Cream
—4— Cortaid Cream Cortisone-10 Ointment
—e— Corticool Lotion —+— Aveeno Cream
—=— Prescription HC Cream 2.5% —X— Cortaid lotion

Figure 1.21. Release profiles of HC permeation over time through a nylon
membrane (non-prewashed), using Fick’s-law (cumulative-percentage
hydrocortisone release vs. time in hours)

Table 1.9. Lower and upper confidence intervals and prediction bands of
hydrocortisone release from Corticool gel by Fick’s-law of diffusion

Time (hr) | Corticool gel | CI95% L | CI95% U |Pred 95% L |Pred 95% U
0 0 -4.16 8.38 -12.24 16.47
0.5 6.51 -2.95 9.24 -11.13 17.43
15 9.43 -0.536 10.98 -8.92 19.36
3 9.75 3.02 13.64 -5.63 22.29
6 12.54 9.85 19.25 0.804 28.29
10 16.02 18.17 27.51 9.10 36.58
20 38.25 35.80 51.33 28.49 58.64
24 59.12 42.29 61.42 35.79 67.92
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In addition, ointment is a semi-solid condensed base with a very high viscosity.
The diffusion of the drug inside the excipients’ base is very slow, decreasing the
availabolity of the drug on the surface of the membrane for release. It results in a
reduction of the drug’s release rate compared to other formulations.

Other formulations in the form of cream or lotion, which are water-based
products, produced quite similar drug-release profiles. The total amount of
hydrocortisone released from the cream or lotion was higher than that from the
ointment. None of the hydrocortisone creams or lotions exhibited a drug-release

pattern superior to another.

Percentage release (%)

-10 % 10 15 20 25
-20
Time (hr)
‘+ Ivy Stat! ——95% L ——95% U —— Pred L —— Pred U — Linear (lvy Stat!)

Figure 1.22. The 95% Confidence interval band and prediction band of the
Corticool diffusion profile through the synthetic membrane

These products contain more water than base ointment. All formulations
contain surfactants which are the emulsifying agents and permeation enhancers. The

presence of these substances also affects the partition coefficient values.
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The hydrocortisone cream 2.5% has high quantities of the drug for diffusion
since there is a higher amount of the drug in the donor chamber facilitating a more
rapid transfer of solid hydrocortisone to the dissolved drug as the drug is released from
the formulations. This allows more rapid dissolution of solute from the inner matrix to

the contact the surface of membrane (Figure 1.23).

— =

Amount released (mg)

0 = T = o T = =
0 5 10 15 20 25
Time (hour)
—e— Corticool —=— Cortizone plus cream
—— Cortaid cream Cortizone ointment
—e— Corticool lotion —a—Aveeno cream
—~— Prescription cream 2.5% —x— Cortaid lotion

Figure 1.23. Quantity of the drug diffused through
the synthetic membrane over 24 hours

The Higuchi equation does not describe well the hydrocortisone release data
from the gel. However, the Higuchi model described the data of the hydrocortisone
release from the creams, lotions and ointment. The diffusion coefficient can be
calculated according to the equation 23. The Diffusion coefficient, D, also is equal to
the square of the fitted slope of the drug release versus the square root of the time data

divided by Cq4 (concentration in the donor compartment) and A.

2
D = 51oPeT” ¢ ua. 23)
2AC,



56

Similar to the argument for Fick’s law of the diffusion model for formulation
of lotions, and creams, the assumption is that the drug diffuses along a concentration
gradient from a high concentration, with C4 being 0.28mg/ml, to a low concentration,
C:= 0. Also assumed is the solubility of the hydrocortisone in the ointment and the Cq4
value of the Corticool gel as Img/ml with a assumption that all of the hydrocortisone
present in the formulation is the solute.

Table 1.10. The diffusion coefficients calculated by the Higuchi model for the
synthetic membrane diffusion

Diffusion
Formulation n Coefficient R?
(cm?/hr)
Corticool gel* 10 2.672*%107 0.839
Corticool gel 10 9.29%10™ 0.839
Cortizone-10 plus cream 5 7.267%107 0.912
Cortaid cream 6 7.111%10™* 0.981
Cortaid lotion 4 7.495%10 0.961
Cortizone-10 ointment** 4 4.458%107 0.617
Corticool lotion 4 8.381*10™ 0.916
Aveeno cream 4 2.404*10™ 0.849
Prescription HC cream 2.5% 7 4.497%10™ 0.904

* The diffusion coefficient with solubility 0.28mg/ml
** The diffusion coefficient with solubility Img/ml

If the Cq4 for hydrocortisone solubility is 1mg/ml instead of the 0.28 mg/ml in
equation 23, the hydrocortisone diffusion coefficient from Corticool gel is close to
other formulations: Corticool lotion, Cortizone Plus cream, Cortaid lotion, and Cortaid

cream. Therefore, the high rate of hydrocortisone diffusion from the gel can be



57

explained by the difference in the hydrocortisone concentration on the two sides of
the membrane. The ointment’s topical-dosage form could not provide hydrocortisone
concentration on the surface of the membrane, thus the diffusion coefficient of that
formulation is low.

The R values show the linearity for the drug release for both the Fick’s law
and the Higuchi model. The R? indicated that the Corticool-gel hydrocortisone
permeation followed the Fick’s law of diffusion model (R? = 0.939) better than the
Higuchi model (R* = 0.839). The Corticool gel shows an overlap of the three phases.
The first phase is called the “depletion phase” which lasted for about a half hour. In
this phase, the hydrocortisone lying on or close to the surface of the membrane
diffuses rapidly though the membrane. After that, the dissolved hydrocortisone needs
to move towards the membrane across the distance created during the depletion phase
in the base-matrix formulation. This process creates the second slower-rate phase of
the drug diffusion. When the equilibrium is set up between the diffusion of the drug
through the matrix of the formulation base and the diffusion of the drug through the
membrane, a saturated concentration of the hydrocortisone can be maintained on the
surface of the membrane and the drug diffusion rate increases and reaches a constant
rate. The first and second phases proceeded to produce a lag time phase of about three
hours.

The Ointment-diffusion profile showed two separate phases. A short initial
phase lasting the first half hour shows a high rate of the drug’s diffusion since the
hydrocortisone in the layers close to the membrane dissolves quickly by water and

diffuses through the membrane. The hydrocortisone lying deeper inside the ointment
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matrix needs to diffuse towards the membrane’s surface. However, the low partition
coefficient and high viscosity of the ointment’s base prevent hydrocortisone from
diffusing rapidly along its concentration gradient. The whole process is slower and the
hydrocortisone’s release rate drops many times. The second phase with the small drug

release rate is the dominant phase for hydrocortisone release from the ointment.

70

Percnetage reelased(%)

0 1 2 3 4 5
Time (hour”0.5)
—&— Corticool —— Cortizone-10 Plus Cream
—4— Cortaid Cream Cortizone-10 Ointment
—a— Cortaid Lotion —@— Corticool Lotion
—B— Aveeno Cream —o— Prescription HC Cream 2.5%

Figure 1.24. Diffusion profiles of hydrocortisone versus the square root of time
for the eight formulations through the synthetic membrane
Two phases of hydrocortisone diffusion were observed for the other
formulations such as the Cortaid cream, Cortaid lotion, Aveeno cream, prescription
HC 2.5%, and the Cortaid Plus cream (Figure 1.24). The diffusion of the
hydrocortisone through the matrix was significantly slower than through the
membrane. Thus, the creams and lotions fitted the Higuchi model better with the

higher R? values compared to the Fick’s law of diffusion model. In other words, drug
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diffusion within the matrix of the ointment, creams, and lotions was slower than the
diffusion of the hydrocortisone between the two sides of the membrane for the first
few hours until it reached a steady state rate; whereas, the Corticool gel had a
diffusion rate from the beginning that was slower through the membrane than the

hydrocortisone-diffusion rate within the gel entity (Figure 1.24, 1.25).

Amount released (mg)

Time (hour)
—— Cortizone-10 Plus Cream —4— Cortaid Cream
Cortizone-10 Ointment —e— Corticool Lotion
—A&— Aveeno Cream —=— Prescription HC Cream 2.5%
—¥%— Cortaid Lotion

Figure 1.25. A cut-off graph showing an enlarged dissolution profile of creams
and lotions with a high rate of hydrocortisone diffusion over the first hours
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Figure 1.26. A hydrocortisone release profile from the Cortizone-10 ointment
that has two separate diffusion phases. A permeation study performed with a
mouse skin
PERMEATION OF HYDROCORTISONE FROM THE TOPICAL PRODUCT

THROUGH MOUSE SKIN

The diffusion through the mouse skin was performed both with pre-exfoliating
wash and without pre-exfoliating wash conditions.
Hydrocortisone permeation through the non-pre-washed mouse skin

The cumulative amount of hydrocortisone release (mg/cm?®) from topical
hydrocortisone products against the square root of time (hl/ %) was compiled. The
shapes of the dissolution profiles for hydrocortisone from the topical products were a
linear release over 24 hours. Over all, the diffusion hydrocortisone rates through the
mouse skin, compared to the synthetic membrane, was slower. After twenty four

hours, the percentage of hydrocortisone penetrating through the mouse skin was over

20% for the Corticool gel and 3 to 4.9% for other formulations. The hydrocortisone
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diffusion rate through the mouse skin for all formulations was slower than through the

synthetic membrane. The profile for the percentage of hydrocortisone diffusion from

the Corticool gel was concaved.

Table 1.11. Percentage of hydrocortisone drug diffused through a non-pre-
washed mouse skin over 24 hours

Time |Corticool Cortizone Aveeno Cortizone- Cortaid | Cortaid | Corticool | Prescription
(hr) gel . -10 cream 10 plus cream | lotion lotion |cream 2.5%
ointment cream
0 0 0 0 0 0 0 0 0
0.5 0.085+| 0.015+ [0.066 £ 0.097+ [0.077+|0.176+| 0.030+ | 0.035+
’ 0.013 0.015 | 0.013 0.041 0.029 | 0.103 0.002 0.013
15 0.200+| 0.042+ | 0.157 | 0.180+ [0.087+|0.298+| 0.046+ | 0.056 +
’ 0.020 0.010 [£0.045| 0.126 0.031 | 0.197 0.004 0.013
3 0.784 £| 0.049+ [0.278 £| 0.268+ [0.159+|0.543+| 0.195+ | 0.136+
0.055 0.012 | 0.076 0.312 0.012 | 0.225 0.071 0.029
6 2.649+| 0.120+ [0.435+] 0.610+ |[0.408+|0.805+| 0445+ | 0322+
0.420 0.068 | 0.125 1.159 0.085 | 0.418 0.231 0.091
10 5511 +] 0.154+ (0551 % 0.706 £ | 0951+ | 1.266+| 1.554+ | 0.732+
1.029 0.071 | 0.185 1.421 0.383 | 0.563 1.038 0.177
20 13.472 £ 0.217+ (1.542+| 1.032+ [3.490+|1.993+| 3.306 1.556 +
1.873 0.089 | 0.507 2.233 2.300 | 0416 1.563 0.413
24 20.517 £ 0.223 + (2413« 1912 [4.510+£|3.226+| 4.897+ | 3.048 +
1.901 0.092 | 0433 | +2.125 3.210 | 0.235 0.978 0.877

Table 1.12. Amount of hydrocortisone (mg) diffused through a non-pre-washed
mouse skin over 24 hours

Time |Corticool Cortizone Aveeno Cortizone- Cortaid | Cortaid |Corticool Prescription
(hr) gel . -10 cream 10 plus cream | lotion | lotion HC cream
ointment cream 2.5%
0 0 0 0 0 0 0 0 0
05 0.0085 £[0.0015 +£1]0.0066 £| 0.0097 =+ |0.0077 £/0.0176 £| 0.030 £ | 0.00776 +
' 0.0013 | 0.0015 | 0.0013 0.0041 0.0029 | 0.0103 | 0.002 0.0032
15 0.0200 £/ 0.0042 +10.0157 &+ 0.0180 & [0.0087 £[0.0298 £ 0.046 = | 0.0139 +
' 0.00200| 0.0010 | 0.0045 0.0126 | 0.0031 | 0.0197 | 0.004 0.0033
3 0.0784 £(0.0049 +10.0278 £| 0.0268 = [0.0159 £(0.0543 £ 0.195 +| 0.0339 +
0.0055 | 0.0012 | 0.0076 | 0.0312 | 0.0012 | 0.0225 | 0.071 0.0073
6 0.265£(0.0120 £1]0.0435 &| 0.0610 = [0.0408 £| 0.081 £ (0.0445 £ 0.806 £
0.0420 | 0.0.068 | 0.0125 0.1159 | 0.0085 | 0.0418 | 0.0231 0.0227
10 0.551£{0.0154 +£]0.0551 £ 0.0706+ [0.0951£|0.127 £(0.1554 +| 0.1831 +
0.103 | 0.0071 | 0.0185 0.142 00383 | 0.0563 | 0.1038 0.0443
20 1.35+ |0.0217 £10.1542 & 0.1032+ [0.349+|0.199+|0.331+| 0.389 %
0.187 | 0.0089 | 0.0507 0.223 0.230 | 0.0416 | 0.156 0.103
24 | 2.05+ {0.0223 £(0.2413 £ 0.191 £ |0.451 +£(0.3226 £/ 0.490+| 0.762 +
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0.190 | 0.0092

0.0433

0.2125

0.321 | 0.0235 | 0.0978

0.219

Table 1.13. Hydrocortisone Permeability coefficient and the R? for linear fitting
of all formulations permeating through non-prewashed mouse skin

Eormulation n Permeability coefficient R?
(cm/hr)

Corticool gel* 3 8.572*107 0.998
Corticool gel ** 3 2.400%107 0.998
Cortizone-10 plus cream 4 2.366%107 0.862
Cortaid cream 5 2.138*107 0.961
Cortaid lotion 3 1.326%107 0.987
Cortizone-10 ointment** 3 2.419*%107 0.904
Corticool lotion 3 2.681%107 0.976
Aveeno cream 6 1.026*10° 0.952
Prescription HC 2.5% 6 1.264*107 0.916

* The permeability with solubility 0.28mg/ml
**The permeability with solubility 1mg/ml

Similar results for hydrocortisone permeation to those observed in the

synthetic membrane could be seen in the experiments with the mouse skin. The

Corticool gel had a significantly higher hydrocortisone diffusion through the mouse

skin compared to the rest of the other formulations, cream, lotion, or ointment (Figure

1.26). Similar to the results for the hydrocortisone release rate through the synthetic

membrane, the 95% confidence interval and 95% prediction band from the drug

release rate for Corticool gel are distinctly different from the drug diffusion profiles of

other formulations after 5 hours (Figure 1.28).
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Corticool gel has three diffusion phases similar to the phases seen for the
synthetic membrane. The early stage of diffusion is the surface depletion of
hydrocortisone that produces an initial high diffusion rate; the second phase is slower
than the first with the second phase being considered a lag time for hydrocortisone to
diffuse through the vehicle to the mouse skin membrane. After the first three hours,
the drug’s diffusion rate increases and follows the Fick’s law of diffusion model. The
Corticool gel’s hydrocortisone release profile suggests that it takes time for the
hydrocortisone to reach and maintain a saturated concentration of hydrocortisone on
the surface of the membrane. Since all of the hydrocortisone is in solution, and there
must be a rapid transfer of hydrocortisone within the formulation matrix toward the
diffusion membrane.

The hydrocortisone ointment formulation permeation file differs with the
depletion of the surface hydrocortisone occurring in two hours producing an initial
rapid drug release rate. Following the initial higher hydrocortisone diffusion rate, the
diffusion rate slows down notably. Nevertheless, the two phases for hydrocortisone
release in the mouse skin were not as significantly separated or observable as with that
of the synthetic membrane. It is speculated that the deletion of the penetrant occurs
more quickly with the synthetic membrane.

The topical prescription product still ranked second in the amount of
hydrocortisone diffusing through the mouse skin (Figure 1.29). As observed with the
hydrocortisone diffusion through the synthetic membrane, a higher drug percentage in
the product facilitates greater diffusion of the drug as the concentration gradient is

better maintained.
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Figure 1.27. Percentage of hydrocortisone permeation through
non-pre-washed mouse skin over 24 hours
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Figure 1.28. The 95% confidence interval and 95% prediction band
hydrocortisone permeation from Corticool gel
through a mouse skin using Fick’s-law model
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Figure 1.29. Amount of hydrocortisone diffusing through a non-prewashed
mouse skin using the Fick’s law model over 24 hours

Amount released (mg)

Time (hour)

—— Cortizone-10 Ointment

—B— Cortizone-10 Plus Cream
—e— Cortaid Lotion

—— Prescription HC Cream 2.5%

—&— Aveeno Cream
—¥— Cortaid Cream
—o— Corticool Lotion

Figure 1.30. A cut off graph showing hydrocortisone release behavior

for the first few hours from creams, lotions
and an ointment formulation through a mouse skin
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Figure 1.31. The diffusion profile of hydrocortisone from Cortizone-10 ointment
through a mouse skin showing two phases of release

The calculation of hydrocortisone permeability from the Corticool Gel was
similarly calculated for mouse skin as a synthetic membrane with Cq4 = 0.28mg/ml and
Cq = Img/ml, while C4= 1mg/ml for the Cortizone ointment and C4 = 0.28mg/ml for
the other formulations. The permeability coefficient of hydrocortisone from the
Corticool gel is close to the permeability coefficients observed for the hydrocortisone
in the Cortaid cream, the Corticool lotion, and the Cortizone Plus cream using
hydrocortisone solubility of Img/ml. It is noted that the presence of ethyl alcohol and
Propylene Glycol also increase hydrocortisone permeability through skin. Previous
studies show that alcoholic vehicles are among those increasing drug permeation both
by transcellular and transfollicular pathways °°\. Ethanol is primarily a lipid solvent
that not only increases lipid fluidity within the intracellular space, but also it extends
the hydrophobic domain between the polar head groups in the stratum corneum. As

the result of the ethanol and other enhancers, the permeability may change. However,
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for hydrocortisone permeation from Corticool gel, the effect of enhancers appears to
be negligible in comparison to the higher effect that high hydrocortisone solubility
produces.

The high rate of drug release can mostly be explained by the high solubility of
the hydrocortisone in the gel form. The solubility of the hydrocortisone in the
ointment dosage form of 1mg/ml was used to calculate the permeability coefficient
and diffusion coefficient of the hydrocortisone in Cortizone ointment. Both of these
two coefficients are low due to the low-partition coefficient. The initial high rate of
hydrocortisone diffusion is not clear even though it is still observed in the ointment
formulation (Figure 1.30). With the existing depletion phase for the hydrocortisone in
the Cortizone-10 ointment’s permeation profile, and the release data of this
formulation fitted better to the Higuchi model; whereas the other formulations fitted
Fick’s law model of diffusion better.

The diffusion coefficients of the hydrocortisone from the formulations are
listed in Table 14. The diffusion coefficient of the hydrocortisone from the gel
formulation is calculated with the solubility Cq = 0.28mg/ml and C4 = 1mg/ml. The
Cortizone ointment displayed the smallest hydrocortisone diffusion coefficient due to
its very low diffusion rate (Figure 1.32).

Fitting the hydrocortisone release data with the Higuchi model using the
adjustment of the C4 value of 1mg/ml reduces the diffusion coefficient of
hydrocortisone in the Corticool gel, but the value is still higher than hydrocortisone

diffusion out from other formulations. Thus, the high rate of diffusion of the Corticool
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gel is mostly due to the high solubility of the hydrocortisone in the gel matrix (Table
14).

Table 1.14. The diffusion coefficients following the Higuchi model for
hydrocortisone from eight formulations for hydrocortisone diffusing through the
non-pre-washed mouse skin

Formulation n Diffusion coefficient R?
(cm?/hr)

Corticool gel * 3 3.465%107 0.969
Corticool gel ** 3 1.203*107 0.969
Cortizone-10 plus cream 4 1.478%107 0.868
Cortaid cream 5 1.112*107 0.949
Cortaid lotion 3 3.415*107 0.977
Cortizone-10 ointment** 3 8.477%107 0.979
Corticool lotion 3 2.790*107 0.966
Aveeno cream 6 9.685*107 0.832
Prescription HC 2.5% 6 9.336*107 0.953

* The diffusion coefficient with solubility 0.28mg/ml
** The diffusion coefficient with solubility Img/ml

The Hydrocortisone permeation profile from the Cortizone-10 ointment can be
described well by the Higuchi model due to the dual-phase permeation of the
hydrocortisone in the Cortizone-10 ointment. The diffusion coefficient of the
hydrocortisone in this formulation is many times lower than the other formulations

since the diffusion coefficient also depends on the partition coefficient.
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Figure 1.32. The diffusion profiles of eight formulations through non-prewashed
mouse skin using Higuchi model

Prewashed mouse skin permeation

As mentioned previously in the literature review, hydration of the skin usually
results in an increase in the drug diffusion rate through the skin and the water acts as a
natural penetration enhancer. An expected higher permeation of the hydrocortisone
occurs with the hydrated mouse skin. The mouse skin was flushed for 30 seconds with
exfoliating cleanser. Repeat experiments were performed using the same procedures
that were done with the dry mouse skin.

The hydrocortisone diffusion profiles (percentage permeation and amount
permeation) for the topical hydrocortisone products are displayed in Table 15 and
Table 16. The hydrocortisone permeability coefficient values from each topical

product are presented in Table 17.
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Table 1.15. The percentage of hydrocortisone (%) diffusion through pre-washed-
mouse skin over 24 hours

Cortizone-

Cortizone-

Prescription

Time |Corticool Aveeno Cortaid | Cortaid |Corticool
(hr) gel . 10 cream 10 plus cream | lotion | lotion HC cream
ointment cream 2.5%
0 0 0 0 0 0 0 0 0
0.5 0217+ | 0.037+ |0212+| 0.055+ |0.170£]0.135+£|0.049+| 0.0106 +
' 0.474 0.012 0.041 0.010 0.068 | 0.055 | 0.014 0.00033
15 0493+ | 0.173+ |0.170+| 0.164+ |0.175+£]0.288+£|0.189+| 0.0174 +
' 0.942 0.098 0.126 0.088 0.068 | 0.063 | 0.002 0.0071
3 1.32+ | 0223+ [ 0423 +| 0.227+ [ 0.467+]0.555+]0.558+| 0.0268 +
3.08 0.115 0.312 0.078 0.154 | 0.166 | 0.292 0.0109
6 499+ | 0337+ | 1.16 | 0.625+ |0.884 /0961 £|1.626 | 0.0267 +
1.333 0.203 0.820 0.289 0.155 | 0.327 | 0.110 0.0109
10 113+ | 0341+ | 2.08+ 1.13 £ 1.75+ | 147+ (2971 | 0.114+
0.087 0.179 1.421 0.510 0.308 | 0.561 1.64 0.0464
20 188+ | 0448+ | 416+ | 2.00+ | 3.37+ | 327+ | 420+ | 04116+
1.13 0.207 2.23 0.762 0.944 | 0.344 2.26 0.168
24 234+ | 0451+ | 499+ | 278+ | 524+ | 398+ | 534+ 0.468 +
0.828 0.227 2.13 0.657 1.030 | 0.436 1.38 0.191

Table 1.16. The amount of hydrocortisone (mg) diffusion through pre-washed
skin over 24 hours

Cortizone-

Cortizone-

Prescription

Time | Corticool Aveeno Cortaid | Cortaid |Corticool
(hr) gel . 10 cream 10plus cream | lotion | lotion HC cream
ointment cream 2.5%
0 0 0 0 0 0 0 0 0
0.0217 +| 0.0037 & [0.0212 +| 0.0055 + [0.0170 £{0.0135 +{0.0049 +| 0.043 +
0.5 | 0.0474 | 0.0012 | 0.0041 | 0.0010 | 0.0068 | 0.0055 | 0.0014 0.0013
0.0493 +| 0.0173 + [0.0170 +| 0.0164 + |0.0175 £{0.0288 +{0.0189 +| 0.0881 +
1.5 | 0.0942 | 0.0098 | 0.0126 | 0.0088 | 0.0068 | 0.0063 | 0.0002 0.028
0.132 + | 0.0223 + {0.0423 +| 0.0227 + |0.0467 £/0.0555 +/0.0558 +| 0.178 +
3 0.308 0.0115 | 0.0312 | 0.0078 | 0.0154 | 0.0166 | 0.0292 0.107
0.499 + | 0.0337+ | 0.116 £| 0.0625 + |0.0884 £|0.0961 +| 0.163 +| 0.406 +
6 0.1333 | 0.0203 | 0.0820 | 0.0289 | 0.0155 | 0.0327 | 0.0110 0.044
1.13+ | 0.0341 £ (0208« 0.113£ |0.175+]0.147+|0.297 + 1.06
10 0.0087 | 0.0179 | 0.142 0.0510 | 0.0308 | 0.0561 | 0.164 0.186
1.88+ |0.0448+ 0416+ 0.200+ |0.337+]0.327+]0.420+ 2.67 £
20 0.113 0.0207 | 0.223 0.0762 | 0.0944 | 0.0344 | 0.226 0.672
234+ | 0.0451+(0.499+| 0278+ |0.524+]0.398+|0.534 + 340+
24 0.0828 | 0.0227 | 0.213 0.0657 0.103 | 0.0436 | 0.138 0.764

All the formulations exhibited a higher hydrocortisone diffusion rate through

the pre-washed mouse skin compared to the non-wash mouse skin. The permeability
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and diffusion coefficients were calculated using Cq= 0.28mg/ml or C4=I1mg/ml for the
Corticool gel. The higher hydrocortisone-permeability and diffusion-rate values were
observed for the Corticool gel in comparison with the non-prewashed mouse skin
(Table 1.16 and Table 1.17).

Very similar to the hydrocortisone diffusion profiles through the dry mouse
skin, the Corticool gel had the highest hydrocortisone diffusion rate compared to the
rest of the other formulations with a distinguished 95% confidence interval for the
linear regression band and a 95% prediction band (Figure 1.35). The hydrocortisone
diffusion profile from the Cortisool gel had two phases with a lag time. An initial with
a slow diffusion rate follows by a second high diffusion rate. The system required one
hour before reaching the steady-state diffusion rate.

Table 1.17. The permeability coefficients of the hydrocortisone from eight
formulations permeating through pre-washed mouse skin by water

Permeability
Formulation n coefficient R?
(cm/hr)

Corticool gel* 3 1.152%107 0.985
Corticool gel 3 3.22%107 0.985
Cortizone-10 plus cream 4 1.261*%107 0.998
Cortaid cream 5 2.425%107 0.964
Cortaid lotion 3 1.851*107 0.998
Cortizone-10 ointment** 3 3.194%107 0.904
Corticool lotion 3 2.527*107 0.976
Aveeno cream 6 2.479*10° 0.998
Prescription HC 2.5% 6 1.877*107 0.999

* The diffusion coefficient with solubility 0.28mg/ml
** The diffusion coefficient with solubility Img/ml
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Hydrocortisone-10 ointment also showed two phases, a fairly rapid depletion
phase of hydrocortisone near the surface membrane followed by a slow diffusion-rate
phase. Other formulations showed one short phase of depletion but the dominant phase

occured when the system reached equilibrium (Figure 1.35).

30 ~

Cumulative percent release (%)

0 5 10 15 20 25
Time (hr)
—e— Corticool Gel —=— Cortizone-10 Ointment
Aveeno Cream —=— Cortizone-10 Plus Cream
—x— Cortaid Cream —e— Cortaid Lotion
—o— Corticool Lotion —o— Prescription HC Cream 2.5%

Figure 1.33. A hydrocortisone diffusion profile over 24 hours
through the pre-washed mouse skin using the Fick’s-law model
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Figure 1.34. The amount of hydrocortisone permeation profiles through mouse
skin over 24 hours from hydrocortisone topical products

The solubility of the hydrocortisone in the Cortizone 10 ointment was Img/ml.
With this high solubility, the permeability and diffusion values of hydrocortisone in
ointment were still much lower than those of other formulations. The partition
coefficient of the hydrocortisone in the ointment formulation was much lower than the
partition coefficients of the other formulation on the pre-washed mouse skin.

Prescription hydrocortisone 2.5% cream had a higher amount of the drug
diffusion through the pre-washed mouse skin than the other creams and lotions dosage
forms (Figure 1.34). However, the hydrocortisone permeation rate through the mouse
skin of this formulation was still much lower than that of the Corticool gel. The high
concentration of hydrocortisone in the prescription formulation better facilitates the
hydrocortisone dissolution from solid hydrocortisone to a solute in the water-based

phase maintaining a saturated concentration compared to the other creams and lotion.
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Figure 1.35. The 95% confidence interval band and the 95% prediction band
showing Corticool gel hydrocortisone-diffusion rate
though the pre-washed mouse skin
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Figure 1.36. A cut-off graph depicting the initial diffusion profiles for the first
few hours of all the hydrocortisone formulations through the pre-washed mouse
skin showing the depletion phases for Aveeno cream and Cortaid cream.
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Table 1.18. The diffusion coefficients of hydrocortisone through the pre-washed

mouse skin for the topical hydrocortisone formulations

Formulation n Diffusion coefficient R?
(cm?/hr)

Corticool gel* 3 1.534%107 0.982
Corticool gel** 3 5.352%10™ 0.982
Cortizone-10 plus cream 4 6.590%107 0.909
Cortaid cream 5 9.669%10” 0.865
Cortaid lotion 3 6.558*107 0.918
Cortizone-10 ointment** 3 2.850%107’ 0.934
Corticool lotion 3 1.284*10™ 0.944
Aveeno cream 6 2.111*10™ 0.992
Prescription HC 2.5% 6 1.439*10™ 0.982

* The diffusion coefficient with solubility 0.28mg/ml
**The diffusion coefficient with solubility 1mg/ml
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Percentage released (%)

[8)]
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Time (hr*?)

—e— Corticool Gel
—4— Aveeno Cream
—*— Cortaid Cream
—+— Corti Lotion

—— Cortizone-10 Ointment
—B— Cortisone-10 Plus Cream
—e— Cortaid Lotion

—6— Prescription HC Cream 2.5%

Figure 1.37. The square root of time-diffusion profiles of hydrocortisone from

eight formulations over 24 hours using the Higuchi model through the prewashed

mouse skin
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PERMEATION OF HYDROCORTISONE FROM TOPCAL PRODUCTS
THROUGH EPIDERM™

The cumulative amount of the drug release (mg/cm®) from the topical
hydrocortisone products, three creams (Cortizone-10 Plus, Cortaid and HC Cream
USP, 2.5%) two lotions (Cortaid and Corticool lotion), one ointment (Cortizone-10)
and one gel (Corticool with and without pretreatment with exfoliating cleanser)
against the square root of time (hl/ %) were compiled. The shapes of the hydrocortisone
dissolution profiles for all of the topical products were linear with the total percentage
of the hydrocortisone release over 24 h ranging from 0.163 to 0.643%, except for the
Corticool gel. Both the hydrocortisone-release profiles of Corticool gel with and
without pretreatment with an exfoliating cleanser produced at 10 h a steep change in
the release rate. The 24h drug release of the Corticool gel was 2.24% without
pretreatment with the exfoliating cleanser and 6.21% with pretreatment with
exfoliating cleanser (Table 1.19).

Table 1.19. The percentage release of hydrocortisone from seven formulations
over 24 hours through an Epiderm™

Time [ Corticool |Corticool | Cortaid | Cortaid |Corticool |Cortizone-10|Cortizone-10| HC cream

(hr) | gelw/o | gelw/w [ lotion cream | Lotion | Pluscream | ointment 2.5%
0 0 0 0 0 0 0 0 0
0.148 £]0.143 £ 0.157+0.141 £(0.144 £| 0.148+ | 0.142+0 | 0.056 +
0.5 | 0.003 0 0.006 | 0.007 | 0.014 0.004 0017 0.002

0.153+£(0.184+0.173 £{0.171 £(0.147 +| 0.151 0.143+ | 0.073 +
1.5 | 0.004 0 0.015 | 0.037 | 0.012 0.002 0.0013 0.017
0.153+(0.143+£10.219+[0.204 £(0.173 +| 0.166 + 0.145+ | 0.068 £
3 10.0021 0 0.043 | 0.061 [ 0.026 0.007 0.0012 0.007
0.318 £[0.646+10.277+[0.173 £({0.209 +| 0.180 0.148+ | 0.074 £
6 0.003 0 0.073 | 0.007 [ 0.039 0.004 0.0024 0.010
0.510+£[1.378 +10.398 £|0.187 £ 0.206 +| 0.194 + 0.149+ | 0.112+
10 | 0.044 0 0.117 | 0.028 | 0.058 0.011 0.0018 0.027
1.63+ [4.516+£(0.410+]0.575+]0.494 £ 0.259+ 0.155+ | 0.363+
20 | 0.053 0 0.107 | 0.180 [ 0.066 0.012 0.0021 0.185
224+ 16.207£(0.467 £ 0.643 £]0.684 £ 0.280 + 0.163+ | 0.424+
24 | 0.132 0 0.127 | 0.207 [ 0.114 0.013 0.0069 0.177
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Table 1.20. The amount of hydrocortisone (mg) released from seven formulations
over 24 hours through an Epiderm™

Time | Corticool | Corticool | Cortaid | Cortaid |Corticool|Cortizone -10| Cortizone- | HC cream
(hr) gel w/o gel wiw lotion cream Lotion | Pluscream |10 ointment| 2.5%
0 0 0 0 0 0 0 0 0
05 0.0148 £]0.0143 £(0.0157 £[0.0141 £]0.0144 +| 0.0148 = | 0.0142 £ | 0.0152 £
’ 0.0003 0 0.0006 | 0.0007 | 0.0014 0.0004 0.0002 0.0002
15 0.0153+£]0.0184 £(0.0173 £{0.0171 £]0.0147 +| 0.0151+ | 0.0143 £ 0.0198 +
’ 0.0004 0 0.0015 | 0.0037 | 0.0012 0.0002 0.00013 0.0008
3 0.0153 £10.0143 £(0.0219 £{0.0204 £10.0173 £ 0.0166+ | 0.0145+ ] 0.0183 +
0.0002 0 0.0043 | 0.0061 | 0.0026 0.0007 0.0001 0.0002
6 0.0318 £10.0646 £(0.0277 £{0.0173 £10.0209 £ 0.0180+ | 0.0148 + | 0.0201 +
0.0003 0 0.0073 | 0.0007 | 0.0039 0.0004 0.0002 0.0004
10 0.0510+£]0.1378 £(0.0398 £{0.0187 £]0.0206 £ 0.0194 + | 0.0149 + | 0.0299 +
0.0044 0 0.0117 | 0.028 | 0.0058 0.0011 0.0002 0.0012
20 0.1625 £]10.4516 £(0.0410 £ 0.575 £ |0.0494 £ 0.0259+ | 0.0155+ ] 0.0493 +
0.0053 0 0.0107 | 0.180 | 0.0066 0.0012 0.0002 0.0029
24 0.2242 £10.6207 £(0.0467 +| 0.643 £ |0.0684 £ 0.0280+ | 0.0163 =+ | 0.0709 +
0.0132 0 0.0127 | 0.207 | 0.0114 0.0013 0.0007 0.0053

An Epiderm™ is a strong barrier. Consequently, the diffusion process of

hydrocortisone through it is much slower than what was observed in the synthetic
membrane (smaller than 20 times) and the mouse skin (smaller than 6-8 times). The
hydrocortisone from the Corticool gel permeated 5-8 times faster through the
Epiderm™ than from the other creams and lotions and 15 times faster through
Epiderm™ than the Cortizone 10 ointment.

The effect of pre-washing with an exfoliating cleanser seems to have had a
greater effect on the Epiderm™ than the mouse skin. After 24 hours, the total amount
of hydrocortisone in the receiver compartment of the Franz cell using the Epiderm™™-
pre-washed membrane was 2.7 times higher than when a non-prewashed Epiderm™
was used; whereas, the prewashed mouse skin produced only a 13% increases in

hydrocortisone permeation compared to the non-prewashed skin. This may be due to
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the fact that the structure of human skin is more sensitive to water than a mouse skin.
However, the lack of replicate experiments with a prewashed Epiderm™, the greater
the effect of water on the hydrocortisone permeation through the Epiderm™ can not
exclude the explanation it may just be due to the normal variability or an actual higher
sensitivity of human skin to water.

Table 1.21. The permeability coefficients of hydrocortisone from seven topical
formulations through an Epiderm™

n Permeability R’
Formulation coefficient
(cm/hr)

Corticool gel w/o* 3 1.012*107 0.955
Corticool gel w/o** 3 2.832%10™ 0.955
Corticool gel w/w* 1 2.951*%107 0.964
Corticool gel w/w** 1 8.263*10™ 0.964
Cortizone-10 plus cream 3 6.366%10™ 0.995
Cortaid cream 2 2.478*10™ 0.904
Cortaid lotion 3 1.432%10™ 0.880
Cortizone-10 ointment** 3 2.546%10°° 0.952
Corticool lotion 3 3.023*10™ 0.928
Prescription HC cream 2.5% 3 2.531*10™ 0.939

* The diffusion coefficient with solubility 0.28mg/ml
**The diffusion coefficient with solubility 1mg/ml

The permeability coefficient values listed in Table 24 indicate the
hydrocortisone permeability coefficient from the Corticool gel before accounting for
its solubility (0.28mg/ml) are much higher than those of the other formulations. After
utilizing the higher hydrocortisone solubility (Img/ml), the hydrocortisone

permeability from the Corticool gel was close to other creams and lotions. This means
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that the concentration gradient, the difference between C4 and C;, acts as the main
reason for the higher drug diffusion rate through the Epiderm™ membrane. Other
factors like surfactants and enhancers appear to have a negligible effect if drug
solubility is the main driving force.

Corticool gel’s hydrocortisone diffusion profiles, the 95%-confidence interval
band and the 95% prediction band of both the non-prewashed and the prewashed
Epiderm™ are considerably different from the other creams, lotions, and ointment

formulation. The Cortiool gel is superior to all of the tested formulations. (Figure 1.38,

1.39, 1.40).

7.5 A

6.0

4.5 -

Percentage released (%)

Time (hour)
—o— Corticool Gel n/w Corticool Gel wiw
Cortaid Lotion Cortaid Cream
—¥— Corticool Lotion —&— Cortizone-10 Plus Cream
—o— Cortizone-10 Ointment —a— Prescription HC Cream 2.5%

Figure 1.38. Hydrocortisone diffusion profiles from eight formulations through
an Epiderm™ over 24 hours using the Fick’s-law model
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Table 1.22. The diffusion coefficients of hydrocortisone from seven formulations
the Higuchi model

Diffusion coefficients

Formulation n (cm?h) R?
Corticool gel w/o* 2 2.318%107 0.848
Corticool gel w/o** 2 8.049%10°° 0.848
Corticool gel w/w* 1 1.987*10™ 0.861
Corticool gel w/w** 1 6.899*107 0.861
Cortizone-10 plus cream 3 5.057*%107 0.885
Cortaid cream 2 1.373*%10°° 0.791
Cortaid lotion 3 5.603*107 0.947
Cortizone-10 ointment 3 1.969%107 0914
Corticool lotion 3 1.380%10°° 0.918
Prescription HC 2.5% 6 6.833%10° 0.658

* The diffusion coefficient with solubility 0.28mg/ml
**The diffusion coefficient with solubility 1mg/ml

Although the hydrocortisone 2.5% prescription cream has a lower percentage

release rate diffusion compared to the Cortaid lotion, Corticool lotion, and the Cortaid

cream, the total amount of hydrocortisone in the cream is higher and its total diffusion

rate is higher than all of the other formulations except the Corticool gel.

As noted previously, the hydrocortisone 2.5% prescription cream has a higher

amount of drug diffusing through the Epiderm'™ since the saturated drug

concentration on the membrane’s surface is maintained as the drug dissolution rate

from the suspended solid form to a soluble form in the solution and it is facilitated by

the high concentration of hydrocortisone in the dosage form (Figure 1.41).

Hydrocortisone 2.5% cream by FDA standards is prescription strength even though

the amount of the drug absorbed is lower than that from the Corticool gel.
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Figure 1.39. The square root of time hydrocortisone-diffusion profiles from seven
formulations through an Epiderm™ over 24 hours using the Higuchi model
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Figure 1.40. The 95% confidence interval and 95% prediction band of
hydrocortisone diffusion from Corticool gel though a non-pre-washed Epiderm™

over 24 hours
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Figure 1.41. The 95% confidence interval and 95% prediction band of
hydrocortisone diffusion from Corticool gel though a pre-washed Epiderm™
over 24 hours
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Figure 1.42. The 95% confidence interval and 95% prediction band of
hydrocortisone diffusion from Corticool gel though a non-prewashed Epiderm™
and a prewashed Epiderm™ over 24 hours

Hydrocortisone permeation from Corticool gel was described well using the
Fick’s-law of diffusion model with R* = 0.955. Similar to the observation with the
synthetic membrane and the mouse skin, the hydrocortisone diffusion profile exhibited
three drug-release phases. The first phase is a surface-depletion phase lasting about 0.5
hour. When the hydrocortisone available on the surface of the membrane is depleted,
the following diffusion phase is slow since the hydrocortisone inside the gel matrix
must diffuse toward the membrane’s surface and establish equilibrium for the drug
being released and the drug arriving from the gel matrix (Figure 1.45). Once the
equilibrium is established, the third phase begins where a higher steady drug release
rate exists. The first and second phases are considered the lag phase for hydrocortisone

release from Corticool gel. It takes the first hour for the applied formulation to set up a
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saturated concentration of hydrocortisone at the membrane’s surface and reach a
steady-state diffusion of hydrocortisone. The saturated concentration was maintained
up to 24 hours.

The hydrocortisone diffusion profile from the Cortizone-10 ointment shows
two distinct diffusion phases as observed in the synthetic membrane and the mouse
skin (Figure 1.42). The first phase relates to the depletion of hydrocortisone near the
membrane’s surface. This phase has a high hydrocortisone diffusion rate and lasts for
only a half hour. The second phase exhibited a low rate of drug diffusion lasting the
rest of the 24 hour period. The second phase reached a steady state and the drug
diffusion resembled a straight line. Dissolved hydrocortisone being transported within
the matrix toward the membrane’s surface is the controlling rate for drug release, and
the amount of the drug as a solute that is available on the membranes surface is much
less than for gel, creams, or lotions due to the low-partition coefficient of ointment
base on EpidermTM surface. Other formulations, the creams and lotions, also had two
phases of diffusion: a depletion phase and a steady-state phase. However, the
hydrocortisone-diffusion rates were much higher than observed in the ointment-dosage
form. This implies that hydrocortisone diffuses rapidly though the creams’ and
lotions’ formulation matrices. To explain more clearly, there is an abundant amount of
water in a cream or lotion to obtain a high-partition coefficient. In addition, the

viscosity of creams or lotions is much lower than an ointment-based formulation.
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Figure 1.43. Diffusion profile of the amount of hydrocortisone released from
eight topical formulations through an Epiderm™ over 24 hours
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Figure 1.44. The hydrocortisone-diffusion profile of Cortizone-10 ointment
through an Epiderm™ over 24 hours
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Figure 1.45: A depiction of the initial depletion phase for seven formulations that
lasted for half hour

Overall diffusion rates though the synthetic membrane, mouse skin and the
Epiderm™

The flux is calculated according to the amount (mg) of hydrocortisone that
passes through a surface area (the square of unit measured) over a specific time period.
The flux exhibits exactly the drug rate (amount/time) getting through the membrane’s
surface. Hydrocortisone’s overall flux can be calculated by both the Fick’s-law-of-
diffusion model (Table 24) and the Higuchi-of-diffusion model (Table 25).

A similar rank order and pattern was observed for the extent and release rate of
hydrocortisone through the three membranes: the synthetic membrane, mouse skin,
and the Epiderm™. The Corticool gel (1% hydrocortisone) exhibited the highest
diffusion rate through all of the membranes. The prescription hydrocortisone 2.5%

cream had a higher hydrocortisone diffusion rate than the other creams and lotions, but
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it was still lower than Corticool gel. The Corticool lotion did not exhibit a significant
difference in its diffusion rate compared to the other formulations on the market:
Cortaid cream, Cortaid lotion, Aveeno cream, and Cortizone 10 cream.

The hydrocortisone diffusion rate from the Cortizone-10 ointment and the total
amount of the hydrocortisone penetration through all of the membranes were

considerably less than the other topical hydrocortisone products.



Table 1.23. The flux and hydrocortisone release rates of the study samples through the three different membranes in
the Franz cells derived from the Fick’s-law-of-diffusion model

Formulation Number of | Synthetic Membrane | Number of Mouse Skin Number of | EpiDerm Cultured
replication (mg/cm?/h) replication mg/cm?%h replication Human Skin
mg/cm?/h
Cortaid Lotion 4 0.0491 3 w/ow 0.0117 3 0.00126
5 w/w w 0.0163
Corticool Lotion 4 0.0580 3 w/ow 0.0200 3 0.00228
3 w/w w 0.0280
Cortaid Cream 2 0.0224 4 w/o w 0.0304 2 0.00218
4 w/ww 0.0213
Cortizone-10 Plus 6 0.0147 4 w/o w 0.00642 3 0.00056
Cream
4 w/ww0.0111
HC Cream USP, 2.5% 7 0.0635 6 w/o w 0.0031 3 0.0066
6 w/w w 0.0039




&9

Cortiszone-10 4 0.0016 w/o w 0.00076 0.00008
Ointment
w/w 0.00121
Aveeno Cream 4 0.0118 w/o w 0.00903
w/w 0.0021
Corticool Gel w/o 10 0.2073 0.0744 0.0084
Exfoliate
Corticool Gel w
Exfoliate - 0.1013 0.0260
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Table 1.24. The flux and hydrocortisone-release rates of study samples through the three different membranes in the
Franz cell, derived from Higuchi model

Formulation Number of | Synthetic Membrane | Number of Mouse Skin Number of | EpiDerm Cultured
replication (mg/cm?/h*?) replication mg/cm?/h*? replication Human Skin
mg/cm?/h*?
Cortaid Lotion 4 0.0884 3 w/o w 0.0019 3 0.0019
5 w/w w 0.0026
Corticool Lotion 4 0.093 3 w/ow 0.0054 3 0.0031
3 w/w w 0.0037
Cortaid Cream 2 0.0397 4 w/o w 0.00034 2 0.0032
4 w/w w 0.0032
Cortizone-10 Plus 6 0.0275 4 w/ow 0.0011 3 0.00087
Cream
4 w/w w 0.0026
HC Cream USP, 2.5% 7 0.0473 6 w/o w 0.0031 3 0.0012
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w/w w 0.0039

Cortiszone-10 4 0.000279 w/o w 0.000159 0.0004
Ointment

w/w 0.0003
Aveeno Cream 4 0.050 w/o w 0.0968

w/w 0.034

0.328 (10-20h) 0.004

Corticool Gel w/o 10 0.127 (10-24 h)
Exfoliate
Corticool Gel w 0.009

Exfoliate

0.203




CONCLUSIONS

Several commercial pharmaceutical topical-dosage forms of HC were studied
and compared. There were no significant differences in the extent and rate of drug
release among the creams or lotions. However, the hydrocortisone gel released the
highest percentage of the drug of all of the formulations compared. The ointment
showed the smallest rate of drug diffusion.

The release profiles of the hydrocortisone from the creams, lotions, ointment
and the gel through synthetic membrane, mouse skin and Epiderm™ (cultured human
skin cell models) were similar. The drug’s diffusion rate through the synthetic
membrane was rapid. In addition, the synthetic membrane does not have similar
structures to that of human skin since it lacks lipids, keratin and other components that
are usually seen in skin. Therefore, the synthetic membrane did not accurately predict
drug diffusion through skin. The membrane can still be used for a relative comparison
of drug diffusion from topical formulations. Furthermore, the calculation of
permeability through adjusting the hydrocortisone solubility proved that drug-
penetration enhancement is mostly affected by higher drug solubility, and the
concentration gradient in the Fick’s-law-of-diffusion model was the largest influence
in increased hydrocortisone permeation.

Mouse skin is an abundant membrane source even though it is thinner and its
physio-biological structure is not very close to human skin. For common topical
formulations of hydrocortisone, the mouse skin appears to be suitable as it reflects the

same pattern (not actual magnitude) of drug diffusion as does human skin.
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The Epiderm™ appears to be a excellent choice for a membrane to conduct
drug permeability studies in as expected in Vvivo results through human skin would

have results similar to those observed in vitro with this model is membrane.



10.

1.

12.

13.

14.

15.

16.

94

REFERENCES

Walters, K.A., Dermatological and Transdermal Formulations. The structure
and Function of Skin, ed. M.S.R. Kenneth A. Walters. Vol. 1. 2002, New
York, Basel: Marcel Dekker, Inc.

Kenneth A. Walters, M.S.R., Dermatological and Transdermal Formulation.
Skin transport, ed. S.E.C. Michael Roberts, Mark A. Pellet. Vol. 4. 2002.
Scheuplein, R.J., Mechanism of percutaneous adsorption. I. Routes of
penetration and the influence of solubility. J Invest Dermatol, 1965. 45(5): p.
334-46.

Sweeney, T.M. and D.T. Downing, The role of lipids in the epidermal barrier
to water diffusion. J Invest Dermatol, 1970. 55(2): p. 135-40.

Elias, P.M. and D.S. Friend, The permeability barrier in mammalian
epidermis. J Cell Biol, 1975. 65(1): p. 180-91.

Albery, W.J. and J. Hadgraft, Percutaneous absorption: theoretical
description. J Pharm Pharmacol, 1979. 31(3): p. 129-39.

Elias, P.M., et al., Percutaneous transport in relation to stratum corneum
structure and lipid composition. J Invest Dermatol, 1981. 76(4): p. 297-301.
Bouwstra, J.A., et al., The role of ceramide composition in the lipid
organisation of the skin barrier. Biochim Biophys Acta, 1999. 1419(2): p.
127-36.

Ebling F.J. G., R.V.A., Physiology, biochemistry, and molecular biology of the
skin. Hormones and hair growth, ed. R.V.A. Ebling F.J. G. Vol. 1. 1991, New
York: Oxford University Press. 660-698.

Hueber, F., J. Wepierre, and H. Schaefer, Role of transepidermal and
transfollicular routes in percutaneous absorption of hydrocortisone and
testosterone: in vivo study in the hairless rat. Skin Pharmacol, 1992. 5(2): p.
99-107.

Barry, B.W., Penetration enhancer classification. Percutaneous Penetration
Enhancers, ed. H.I.LM. Eric Wane Smith. Vol. 1. 2006: Taylor and Francis
Group. 14.

Walters K. A., H.J., Pharmaceutical Skin Penetration Enhancement. Water-
The most natural penetration enhancer, ed. W.M. Roberts M.S. 1993, New
York: marcel Dekker. 1-30.

Van Hal, D.A., et al., Structure of fully hydrated human stratum corneum: a
freeze-fracture electron microscopy study. J Invest Dermatol, 1996. 106(1): p.
89-95.

Richard H. Guy, J.H., Transdermal drug delivery. Feasibility assessment in
topical and transdermal delivery: mathematical models and In vitro studies, ed.
J. Hadgraft. Vol. 1. 2003, New York: Marcel Dekker.

Martin, Physical Pharmacy and Pharmaceutical Sciences. 5 ed. transport
pathway, ed. P.J. Sinko. Vol. 12. 2006: Lippincott Williams & Wilkins. 319-
327.

koma A., S.M., Stander S., Yosipovitch G., Schmelz M., The Neurobiology of
Itch. Nature Reviews Neuroscience, 2006. 7(7): p. 535-547.



17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

95

Janeway, C., Paul Travers, Mark Walport, Mark Shlomchik, Immunobiology.
2001, New York and London: Garland Science.

Grimbaldeston, M. A., et al., Effect and potential immunoregulatory roles of
mast cells in IgE-associated acquired immune responses. Curr Opin Immunol,
2006. 18(6): p. 751-60.

Holt, P.G. and P.D. Sly, Th2 cytokines in the asthma late-phase response.
Lancet, 2007. 370(9596): p. 1396-8.

Bledsoe, R.K., et al., Crystal structure of the glucocorticoid receptor ligand
binding domain reveals a novel mode of receptor dimerization and coactivator
recognition. Cell, 2002. 110(1): p. 93-105.

Radoja, N., et al., Novel mechanism of steroid action in skin through
glucocorticoid receptor monomers. Mol Cell Biol, 2000. 20(12): p. 4328-39.
Shahin, V., et al., Glucocorticoids remodel nuclear envelope structure and
permeability. J Cell Sci, 2005. 118(Pt 13): p. 2881-9.

Schafer-Korting, M., et al., Glucocorticoids for human skin: new aspects of the
mechanism of action. Skin Pharmacol Physiol, 2005. 18(3): p. 103-14.
products, M., Nylon membrane and net filter-specification. 2007.

Wester R.C., N.P.K., Relevance of animal models for percutanous absorption.
International Journal of Pharmaceutics, 1980. 7: p. 99-110.

Scott R. C., W.M., Dugard P.H., A comparison of the in vitro permeability
properties of human and some laboratory animal skins. International Journal
of Cosmetics Sciences, 1986. 8: p. 189-194.

Sato, K., K. Sugibayashi, and Y. Morimoto, Species differences in
percutaneous absorption of nicorandil. J Pharm Sci, 1991. 80(2): p. 104-7.
Mattek corp., Epiderm™ skin model.
http://www.mattek.com/pages/products/epiderm.

Brinkmann, I. and C.C. Muller-Goymann, Role of isopropyl myristate,
isopropyl alcohol and a combination of both in hydrocortisone permeation
across the human stratum corneum. Skin Pharmacol Appl Skin Physiol, 2003.
16(6): p. 393-404.

Bamba, F.L. and J. Wepierre, Role of the appendageal pathway in the
percutaneous absorption of pyridostigmine bromide in various vehicles. Eur J
Drug Metab Pharmacokinet, 1993. 18(4): p. 339-48.




CHAPTER 2

PREPARING ORALLY DISINTEGRATING TABLETS OF
MELATONIN AND ACETAMINOPHEN

Hang Le, James W. Ayres, John Mark Christensen

96



97

ABSTRACT

Orally disintegrating tablets are a dosage form that has a promising market
thanks to its ease of patient use and modern technology for production that reduces the
price.

The study aimed at preparing oral disintegrating tablets of melatonin and fast -
disintegrating tablets containing sustained release beads of acetaminophen. A range of
excipients: superdisintegrants, amino acids, sweeteners, flavors, low-temperature
melting fats... were investigated. A combination of excipients that reduce the
disintegrating time of a tablet can produce an oral disintegrating tablet with acceptable
hardness and friability. The small amount of melatonin in each tablet does not affect
the physical properties of the tablet.

Therefore the orally disintegrating tablet of acetaminophen is very promising
in pediatrics. A pressure of 3500 lbs is needed to obtain an adequate friability, and
hardness when putting sustained release beads of acetaminophen into the tablet.

Acetaminophen is a common medicine for children. The beads in the tablet
with a hydrophilic polymer in them as the sealing agent sin subcoat can protect the
beads and maintain the sustained drug release characteristics of the beads. The
addition of sweeteners, flavors, and modification of the taste masking layer of the

sustained release beads improved the taste sensation of the tablet.
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INTRODUCTION

MELATONIN

Chemical structure

Systematic (IUPAC) name N-dic

ethanamide
Melatonin, 5-methoxy-N-acetyltryptamine, formula C;3H;sN>,O, Mol. mass
232.278 g/mol, is a ubiquitous hormone found in all living creatures from algae ! to
humans, at levels that vary in a daily cycle. It plays a role in the regulation of the

circadian rhythm of several biological functions ™

. Many biological effects of
melatonin are produced through activation of melatonin receptors ) while others are
due to its role as a pervasive and extremely powerful antioxidant *! with a particular

role in the protection of nuclear and mitochondrial DNA 5. 6].

In mammals and
humans, melatonin is produced from pinealocytes in the pineal glands, retina lens, and

GI tract.

Melatonin is used as a supplement for blind children, autism, and epilepsy
patients ! ®. Products containing either or both of isolated or synthesized melatonin

have been available as a health supplement in the United States since 1993.

Physicochemical properties
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Melatonin comes in a crystal form and it is freely soluble in water. A solution
of melatonin should be sterile as it is consumed by microorganisms. A solution of

melatonin is stable at 4°C for 6 months .

Pharmacokinetics

Pharmacokinetics of melatonin in children is significantly different from
adults. Pre-pubertal children have a higher elimination-rate constant (1.08 h™)
compared to adults’ elimination-rate constant (0.89 hr'') with half lives of 0.67 hours
and 0.79 hours, respectively !'”. Melatonin’s half life is longer in cirrhotic patients ',

Melatonin is considered an endogenous hormone in the body and in many mammalian

animals and is metabolized as such in the body.

Roles in humans
Circadian rhythm
Melatonin is known as one of the regulators involved in drowsiness.
The secretion of melatonin by the pineal gland is “light dependent”. Light inhibits
melatonin production and conversely, darkness stimulates melatonin’s secretion

affecting a daily rhythm of melatonin levels.

Immune system
The presence of melatonin increases the tumor necrosis factor-alpha (TNF-
alpha) and some interleukins (IL2, IL4, ILS) providing support for the theory of a

putative immune-pineal axis !'* '),

ACETAMINOPHEN
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Chemical structure
Paracetamol (/paro’sitombl, -[Is€to-/) or acetaminophen, is the active

metabolite of phenacetin, a so-called coal tar analgesic. Unlike phenacetin,
paracetamol has not been shown to be a carcinogenic in any way. It has analgesic and
antipyretic properties. Paracetamol, unlike other common analgesics such as aspirin
and ibuprofen, has relatively little anti-inflammatory activity, and it is not a very
effective anti-inflammatory agent. As a result, it is not considered to be a non-steroidal

anti-inflammatory drug (NSAID).

Systematic (IUPAC) name N-(4-hydroxyphenyl)acetamide

Physicochemical properties

Paracetamol consists of a benzene ring core, substituted by one hydroxyl group
and the nitrogen atom of an amide group in the para (1,4) position. The amide group
is an acetamide (ethanamide). It is an extensively conjugated system; as the electron of
the hydroxyl oxygen, the benzene pi-cloud electrons, the nitrogen ione-electron pair,
the p orbital on the carbonyl carbon, and the lone pair on the carbonyl oxygen are all
conjugated. The presence of two activating groups also makes the benzene ring highly
reactive toward electrophilic aromatic substitution. As the substituents are ortho, para-
directing and para with respect to each other, all positions on the ring are more or less

equally activated. The conjugation also greatly reduces the basicity of the oxygens and
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the nitrogen, while making the hydroxyl acidic through the delocalization of the
charge developed on the phenoxide anion.

Some other important chsracteristics about acetaminophen are the following:
Melting point: 169°C
Solubility in water: 0.1-0.5 g/100 mL (20 °C)

Acetaminophen is stable in water.

Mechanism of action

Paracetamol reduces the production of prostaglandins. It has been shown that
paracetamol reduces the oxidized form of the COX enzyme, preventing it from
forming pro-inflammatory chemicals.!'*'®

Another possible mechanism of acetaminophen is that paracetamol also
modulates the endogenous cannabinoid system!'”). Paracetamol is metabolized to
AM404, a compound with several actions: the most important thing is that it inhibits
the uptake of the endogenous cannabinoid/vanilloid anandamide by neurons.
Anandamide uptake would result in the activation of the main pain receptor
(nociceptor) of the body, the TRPV1 (older name: vanilloid receptor). Furthermore,
AM404 inhibits the sodium channels in a manner similar to that of anesthetics such as

lidocaine and procaine!™,

Metabolism
Paracetamol is metabolized primarily in the liver by conjugation resulting in
glucuronides and sulfate conjugates, which are excreted by the kidneys. Only a small

portion is metabolized via the hepatic cytochrome P450 enzyme system (its CYP2E1
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and CYP1A2 isoenzymes), which is responsible for the toxic effects of paracetamol
due to a minor alkylating metabolite (N-acetyl-p-benzo-quinone imine, abbreviated as

NAPQD)!™
N-COCH; Hn-©OCHs

Glucuronidation
.
Sulfation

0.
,L‘:DCH3 Glucuronic acid

HN

Monooxygenase
hydroxylation
COCH

o P

i 2
o ©OH
_le
- HN’CDCH3

i Rearrangement

N-COCH:

|I Glutathione OH
conjugation

\* Reaction with proteins

OH ,
Toxicity and nucleic acids

S-Glutathione

Figure 2.1. Metabolism pathway of acetaminophen in human body
(http://en.wikipedia.org/wiki/Paracetamol)

The toxicity of acetaminophen is dose-dependent and is related to glutathione

depletion in the liver at high doses of acetaminophen .
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Pharmacokinetics and metabolism of acetaminophen also are age-dependent.
In children the major pathway for acetaminophen metabolism is sulfation. This
pathway proceeds faster compared to glucuronidation that is the dominant metabolic
pathway in adults. Sulfation conjugation is fast, and the drug residue for oxidation by
cytochrome systems is small. Thus, it reduces the toxicity in children compared to
adults '
Pharmacokinetics

Paracetamol is a popular medicine, and there are many studies that have
investigated the pharmacokinetics of acetaminophen in adults, children, patients and
normal subjects. After oral and intravenous administration of acetaminophen, the drug
appears to follow a two-compartmental open model. Acetaminophen’s half-life is 2-3
hour when the plasma concentration resides in the treatment-dose range with a volume
of distribution of about 0.8-1L/kg ! An IV bolus of acetaminophen can be
described by a two-compartmental open model; whereas, the plasma concentrations

after oral administration may follow a one-compartmental open model % %!,

There is no difference in pharmacokinetics in children, adults, and febrile
children ?*?°1. Another study of acetaminophen in Japanese persons shows that

sulfation and glucuronidation occur at the same rate and extent as in Caucasian
populations, and the acetaminophen metabolism is similar in both populations 7).

Acetaminophen is considered safe and when given at the standard treatment

dose, it can be used with many drugs without any interaction. Concurrent use of

. . . . . 28
acetaminophen with a common vaccine, influenza for example, is not a concern **!.

Pentazocine and diclofenac also do not interact with acetaminophen!®*-*!,
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Roger H. Rumble et al. found that acetaminophen is absorbed faster in
ambulatory subjects than in supine subjects, but the volume of distribution does not
change P'" No significant differences in half-life were observed between obese,

[32-34

exercise, anephric patients, and normal subjects I Bowel irrigation reduced

acetaminophen concentrations, but the reduction was not statistically significant .

Rectal administration is a common route of acetaminophen administration in
children. The bioavailability of rectal dosage forms ranges from 0.24 to 0.98 with the
average value being 0.52 °!. Water-based (PEG) excipients will facilitate better rectal
acetaminophen absorption P’ The absorption process by rectal route is slow and
follows a one-compartmental open model ¥, By investigating rectally-administered
acetaminophen in neonates, Richard A. et al. reported that acetaminophen absorption

varied and drug plasma concentrations were higher in boys than in girls %,

FITTING A SUSTAINED RELEASED PROFILE

If the drug releases from an immediate-release dosage form, the amount of the
drug available for absorption at time zero, is large, it will reduce according to time.
The appropriate model fitting this process is first-order kinetics:

M
M

L=ke ™ +L

0

M; is the amount of drug releases at time t
M., is the amount of drug release to infinity
k is the coefficient constant

o is the release constant rate
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For coated pellets, if the coating layer is complete, the drug should follow
Fick’s -law of diffusion, and the drug release may follow zero order kinetics [***!/.
If during the drug release a sink condition exists (C,<< Cgq), the diffusion-

boundary layer (h) is constant, the surface areas of the beads remain constant, and Cq4

is the saturated solubility of the drug, then we have:

;M _ D(cl—czj
Sdt h

j__pdc
dx

dM _ DSK(C,-C,)
dt h
p-DK

h

J =PSC,

J: Flux

M: Amount of drug

S: Area unit cross section
t: Time

D: Diffusion coefficient
P: Permeability

K: Partition Coefficient

The equation for zero-order kinetics is:

ﬂ=kt+L
M

M, is the amount of drug releases at time t

M, is the amount of drug release to infinity

k is the coefficient constant



106

If the drug is deposited in a granular matrix, Higuchi divided the drug release
process from a matrix to surrounding environment into two separate processes: The

Drug diffuses from the inner matrix to the surface of the matrix and then from the

surface of matrix through the membrane *.

The equation to describe that process is:

M

o0

M, is the amount of drug releases at time t

M., is the amount of drug release to infinity

k is the coefficient constant

When the coating process is not complete, the dissolution and release of drug

is a complicated process, which is a multi-mechanistic combination [***%,

Korsmeyer et al. recommended the use of the power law as the general model

for drug release **':

M, =kt"
MOO
0<n<l

M, is the amount of drug releases at time t

M, is the amount of drug release to infinity

k is the coefficient constant

n=1/2, we have Higuchi model

E. Rinaki simulated the drug release from the matrix tablets and found that the

power law can be used to describe the entire drug release curve [*¥.
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Peppas, N.A., Sahlin used a dual model to describe drug dissolution profiles

[45].

M, _ kt™ +kt*"
M

o0

M, is the amount of drug releases at time t

M, is the amount of drug release to infinity

k is the coefficient constant

m is the exponential integer

Hixson-Crowell model *°':

The Hixson-Crowell cube root model is used when the dosage-form dimension
diminishes proportionally in such a manner that the geometric shape of the dosage
form stays constant as dissolution is occurring; then dissolution occurs in planes that
are parallel to the dosage form surface. While the diameter of dosage form (particles,
tablets) reduces gradually with a constant rate, the ratio of the amount of drug releases
follows a cubic exponential.

M 3
M-kt
M ( )

0

M, is the amount of drug releases at time t

M, is the amount of drug release to infinity

k is the coefficient constant

The Akaike information criterion and the Bayesian information criterion for the
best fitted model
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The Akaike information criterion (AIC) or Bayesian information criterion
(BIC) are used to select the best fitted model and avoid an over-fitting procedure 1*7/.

In this study, AIC and BIC is used to find the best fitted model for dissolution profiles.

AIC definition: AIC =2k —2In(L)

Where Kk is the number of parameters in the statistical model and L is the likelihood

function.

As regard to residual sums of squares AIC becomes

AIC =2k +[In(27zRSS /n) +1]
BIC definition: BIC =-21In(L)+k In(n)

While calculating the residual sum of the square, the BIC becomes

BIC = nIn(X>2) 4 Kn(n)
n

SUSTAINED-RELEASE-DOSAGE FORM

USP divides tablets into three smaller categories: Conventional, delayed-
release, and extended-release tablets [**!. Conventional tablets can be divided into
smaller subgroups: chewable, molded, compressed, and coated tablets. Thus, the
extended-release tabets, sustained release tablets, the prolonged-action tablets, and

repeat-action tablets are included in the terminology for this dosage form.

USP defines that “extended-release tablets are formulated in such a manner as
to make the contained medicament available over an extended period of time

following ingestion”.
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Controlled release drug dosage forms are “therapeutic systems” in which the
rate of drug release is programmed and controlled through the design of the product
formulation for specific treatment targets. This means the drug release kinetics are
predictable and reproducible. Controlled drug release dosage forms have become
popular, modern therapeutic drug delivery systems.

“Sustained release” is a narrow concept in the overall area of controlled drug
release, which provides many advantages. First, sustained-drug-release dosage forms
increase therapeutic efficiency. It is well documented that most drugs have a relatively
stable therapeutic window (1); the concentration range in which the pharmacologic
response is reasonably effective, and toxicity is at an acceptable low level. More
clearly, within this therapeutic window, the toxicity index is reasonably low and the
drug produces convincing clinical effects. The range of safe concentrations for a

model drug is illustrated in Figure 2.2.

Therapeutic Adverse
100
Therapeutic
50 = [«— window —»|

Percentage of patients with effect

| 1 1 ] .

1 2 3 ! 5 G 7 8

Plasma concentration (arbitrary units)

Figure 2.2. Relationship of incidence of toxicity and plasma concentration '
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When the drug is administered into the body, plasma (and usually tissue)
concentrations rise and then drop gradually with time. The dosing regimen chosen is a
compromise between toxicity and effectiveness.

By keeping the plasma concentration of the drug within the therapeutic
window, a sustained-release-dosage form may be more beneficial in treatment.
Second, sustained-release-dosage forms bring more convenience to patients as the
interval of the drug dosing can be lengthened, reducing the number of doses to be
given. For some drugs, i.e. drugs treating hypertension, it is desirable to produce the
maximum plasma concentration of the drug in the morning. If a sustained release
dosage form with an appropriate lag time before the drug absorption begins is taken in
the evening, the formulation may allow drug plasma concentrations to reach their

maximum value in the morning.

Common oral sustained release dosage forms

One of the main objectives of our study is to prepare sustained release beads of
acetaminophen residing inside a fast disintegrating tablet. The sustained beads belong
to the category of sustained release dosage forms. The most common sustained release

dosage forms are:

Matrix Devices: The matrix is made up of single or multiple layers of the drug
and a polymer. The unit of the matrix can be the pellets or the tablets. The dissolution

of the drug into the outer medium may include mostly several mechanisms: swelling,

[50

erosion, and diffusion of the drug””". Using a biodegradable pH-dependent polymer is

a promising method to prepare delayed or targeted-drug delivery dosage forms such as

[51

enteric and colon-targeting matrix tablets °'). A delicate modification of the matrix
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sustained-release-dosage form can lead to a desirable drug release such as a zero-order

release of the drug from the dosage form %,

Osmotically Controlled Systems: In this system, osmotic pressure provides the driving
force for the drug’s flow out of the tablet **). The system contains a semi-impermeable
membrane. This membrane is permeable to water but not to the drug. Water penetrates
into the tablet and dissolves the electrolytes or drug inside the device. The dissolution
of the materials inside the device creates osmotic pressure; this force pushes the drug
out of the device through a laser-drilled hole. The system can have one or several
holes to release the drug. This system’s advantage is that the osmotic driving force
does not depend on the environment, and the drug release is not influenced by external

forces such as GI pH, drug solubility, etc.

lon-Exchange systems: Ion exchange drug delivery systems are generally used with
resins composed of water-insoluble cross-linked polymers. The mechanism is very

similar to ion exchange that occurrs in chromatographic column.

RESIN® —DRUG + X~ — RESIN® — X~ + Drug™
RESIN" —DRUG+Y" - RESIN™ -Y " + Drug”

X and Y~ are ions in the GI tract. The freed drug then diffuses out of the resin slowly

and creates the extended-release action 2.,

Coated systems: Coating is a technique used to prepare sustained release beads of

acetaminophen in this study.
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Coating is a popular technique in preparing sustained-release dosage forms. It
has been used for a long time and was originally used to mask the taste of a drug; it
was probably first used for this purpose 1000 years ago. At present, coating is used for
the following purposes:

To create controlled release properties

To maintain the physical integrity of the dosage form

To protect active pharmaceutical ingredients

To improve the appearance of the dosage form and mask the unpleasant taste

Coating equipment:

Pan coating usually is the technique using in both the hot-melt coating method
and the film-coating, as well. The conventional pan is sub-globular with an opening in
front for loading materials and for air flowing in and out. The pan normally tilts
around 45° with 25-40 rotations per minute. There have been modifications of the
conventional coating pan as seen in Pellgrini, Hi-Coater, Accela-Cota, driacoater. The
main improvements include: inlet and outlet air flow from perforated walls and

atomized spraying nozzles (both nozzle position and the spraying rate).

Fluid-bed-spray coating: Fluidized beds, patented by Wurster is a widely used

(53381 The basic idea of this technique is that tablets or pellets are

coating process
suspended by an upward stream of air. The heater in combination with the air flow in
and out of the chamber dries the surface of the core beads or tablets quickly reducing
agglomeration. The apparatus shown is a bottom-spray coater 7, but top-spray

coating and tangential-spray coating machines are also available °®),
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Figure 2.3. Bottom fluid-bed spray coater

Common coating agents for spray coating
Ethylcellulose (EC)

Ethyl cellulose is most widely used as a coating agent.
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R=HauorEt

CAS: Cellulose ethyl ether [9004-57-3]
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Ethyl cellulose is cellulose with varying degrees of ethoxyl substitution. EC is

used as coating agent, binder, filler, and viscosity-increasing agent. Dispersions of
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ethyl cellulose in water are popular for coating since the Clean Air Act calls for a

reduction of volatile organic solvents emitted into the air °°'.

Polymethacrylates

USP defines methacrylic acid copolymer as a fully polymerized copolymer of
methacrylic acid and an acrylic or methacrylic ester. The polymer is biodegradable. In

water, ester groups are hydrolyzed.

*
* n

-0

CH,

The substitution with different groups creating the ester linkage produces
various categories of polymers. Each category is sensitive to a pH range. Based on

pH-dependent properties, the formulators can select the appropriate polymers.

ORALLY DISINTEGRATING TABLETS (ODTs)

The orally disintegrating dosage form, ODT, has become more popular due to
the market demand. Not only elderly people, small children, and in-bed patients but

also healthy subjects prefer taking ODT [*%),

In the Guidance for Industry, the FDA defines an orally disintegrating tablet as the

following [°!):

A solid dosage form containing medicinal substances which disintegrates rapidly,

usually within a matter of seconds when placed upon the tongue.
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CDER also recommends that, in addition to the original definition, ODTs be
considered solid oral preparations that disintegrate rapidly in the oral cavity with an
in vitro disintegration time of approximately 30 seconds or less, when based on the

United States Pharmacopeia (USP) disintegration test method or alternative.

...tablets that take longer than 30 seconds to disintegrate or are dosed with liquids

may be more appropriately considered to be chewable or oral tablets.

The term fast-disintegrating, fast-melt, rapid-disintegrating and orally

disintegrating tablet indicates the same dosage form.

According to Srikonda V. Sastry and Janakiram Nyshadham ! and William

R. ) in general ODT brings to patients many benefits such as:

Clinical:
Improved drug absorption
Fast onset of action (headache, Parkinson)
Enhancing bioavailability

Minimized first-pass effect

Medical:
Better fed to patients than swallowing or chewing the dosage form
Better taste, no need to take with water
Improved safety and efficacy

Improved compliance



116

Currently, on the market, there are more than fifteen ODT products that are

available [©*

. The early ODTs had drawbacks. Initial poor-taste-masking ability
limited the number of active pharmaceutical ingredients that could be used in ODTs;
freeze-dried ODT’s requires special packing and storage conditions creating a huge
inconvenience for the general population and pushing the cost of ODT’s out of the
affordable range[64].

Popular methods for providing ODTs are listed by Fu Y. et al.: lyophylization,
molding, sublimation, and compaction'®’. However, William R. added floss-based

tableting technology (¢ 6% 67

. Mesut et al. discovered a simple but effective way to
prepare an orally-disintegrating capsule. By applying vacuum-drying to hard gelatin
capsules, the capsules will absorb water rapidly and dissolve in water much faster than
conventional capsules [°.

ODT’s by conventional compressing

The convention-compression process to produce ODTs is a low-cost method
that does not need special equipment, using a common combination of materials such
as high-compressible polysaccharides (maltose, sorbitol, trehalose,maltitol, fructose)
as binders with low-compressible polysaccharides (mannitol, maltodextrin, lactose,
glucose, sucrose, erythritol), for superdisintegrants, and effervescent substances to
facilitate rapid disintegration 1" %1,

Freeze-dried tablet

In this process, water inside the tablet is removed at a very low temperature

under vacuum. Sublimation occurs when the water changes from the solid phase into

vapor without passing through the liquid form. No heat treatment protects the drug or
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proteins (vaccine) from degradation. The tablets prepared by the freeze-drying method
are porous and hygroscopic. They disintegrate very rapidly in water. However, this is
a high cost method, which needs packaging and storage conditions limiting the
feasible marketing.
Floss-based compressing tablet

Polysaccharides such as sucrose, dextrose, lactose, fructose will create floss
while undergoing quick heating to flash-melting under centrifugal force. The floss is

fiber-like and can be used as a disintegrant in compressed tablets (2.

Rationales to develop orally disintegrating tablets

Melatonin is consumed widely as a medicine especially for autic and blind
children. In the elderly, melatonin is used as natural sleeping aid. Orally disintegrating
tablets would be much more convenient for such vulnerable subjects.
ODT of melatonin would be a promising product since not only patients prefer using

ODTs but also healthy subjects use melatonin as a supplement.

Rationales to develop a sustained-release tabletof acetaminophen

Gwen M. Jantzen and Joseph R. Robinson P!

emphasize that to prepare a
sustained-release dosage form, the drug should have a reasonable half life, usually
shorter than 2 hours. A drug with a half-life longer than 8 hours is not appropriate for
a sustained-release dosage form.

The area in the GI tract where the drug is absorbed also is a factor to which

formulators need to pay attention. Drugs with an absorption window in the upper GI

tract that is placed in a sustained-released dosage form may limit the absorption of the
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drug by releasing the drug too slowly in the GI area it is absorbed and the dosage form
may travel out of the absorption area of the drug without ample absorption of drug
occurring. Gastric retention dosage forms could be a dosage form choice to overcome
the drug’s narrow absorption window of GI tract but none have been developed and
marketed that work well [70],

As mentioned above, acetaminophen is stable in the GI tract. It has pretty short
half-life, and it is absorbed well up to Ileum. In the colon, the fraction absorbed is
lower but still very significant P,

With regard to the dose size, 500mg of acetaminophen is administered to
adults. A reasonable dose size for a sustained release dosage form is 500mg to
1000mg 1. A double-dose size with an 8 hour extended-release is reasonable. On the
market, there are many generic dosage forms of acetaminophen. The familiar product,
Tylenol sustained-release lasts up to 8 hours ",

The purpose of this study is to prepare the following: 1. a rapid disintegrating
tablet for melatonin. 2. a rapid disintegrating tablet for acetaminophen that has been
encapsulated in sustained-releases beads, wherein the sustained release properties of

the beads containing acetaminophen is retained afte