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ABSTRACT

The purpose of the study was to prepare a stable multiple emulsion
containing two skin antiaging agents using a natural oil. Vitamin C, which is a
very unstable ingredient and is decomposed in the presence of oxygen, was
entrapped in the inner aqueous phase of w/o/w multiple emulsion. In this way, it
can produce slow release and the effect of vitamin C can be increased as it has
been protected from the external environment by entrapping it in the internal
phase. The other ingredient which is a product of wheat proteins was also used as
an antiaging agent. Both of the ingredients increase the synthesis of collagen
fibers in the dermis. Therefore, a synergystic effect can be produced by using the
two ingredients in one formulation.

Muttiple emulsions contain at least three phases. The material entrapped in
the internal phase is released slowly and thus its effects can be prolonged. The
other benefit of multiple emulsions is the protection of the material entrapped in
the internal phase. In this study, multiple emulsions were prepared by the two step
method because this method is more reliable and can be controlled as compared to
other methods. Base containing no active material and a stable formulation,
containing vitamin C in the internal aqueous phase and wheat proteins in the oily
phase, were prepared. The oil used was macadamia nut oil since it contains a high
quantity of palmitoleic acid which is the natural ingredient of the young skin.

Base as well as the formulation were stored at different accelerated
conditions for six months to predict the stabilities of these emulsions. Both of the
emulsions were found to be stable at all the different conditions. No phase
separation was seen in any of the emulsions. Different tests were performed to
confirm the stability of these emulsions.

Both of the emulsions were applied to the cheeks of human volunteers for
four weeks. Different parameters of the skin were monitored every week to see
any effect produced by these emulsions. The data obtained was evaluated
statistically.

It was found that the active formulation increased the moisture of the skin
as showed by statistical tests but there were no significant variation in other
parameters like skin sebum, pH, elasticity, melanin and erythema.



Kev Words: Multiple emulsion, Vitamin C, Wheat proteins, Physico-
chemical properties, Dermatological evaluation.



OZET

Bu ¢ahigmamn amac1 dogal bir yag ve iki cilt yaglanmasim onleyici ajan
kullanarak kararh bir goklu emiilsiyon hazirlamaktir. Kararh olmayan ve oksijen
varhfinda ¢abuk bozulan Vitamin C, S/Y/S ¢oklu emiilsiyonun en i¢ sulu fazina
konulmustur. Bu gekilde, Vitamin C’nin yavag salimi saglanabilir ve en i¢ faza
konuldugundan, cevresel faktorlerden etkilenmesi engellenerek etkisi arttirlabilir.
Diger etkin madde olan bugday proteini de, cilt yaglanmasii énlemek amaciyla
kullamlmaktadir. Bu iki etkin madde, dermisteki kolajen liflerin sentezini arttinir.
Bu formilasyonda, iki etkin maddenin birlikte kullamlmasinin amaci, sinerjik
etkinin saglanabilecek olmasmdandr.

Coklu emiilsiyonlar en az ¢ faz igerir. Coklu emiilsiyonlarda en i¢ faza
konulan madde yavag salm gosterir ve boylece etkisi uzatlabilir. Coklu
emilsiyonun bir diger yaran, en i¢ faza konulan maddeleri dis etkilerden
korumasidir. Bu ¢ahsmala, goklu emiilsiyonlar iki basamakh olarak hazirlanmugtir
¢iinkii bu yontem diger yontemlere gore daha giivenli ve kontrol edilebilirdir. Baz
olarak hazirlanan formiilasyonda etkin madde kullamlmammstir. Etkin madde
kullamlan formiilasyonda, vitamin C en i¢ sulu faza, bugday proteini ise yagh faza
konmustur. Yag olarak yitksek oranda palmitoleik asit igeren Macadamia findik
yag: kullamlmgtir. Bu asit geng ciltte dogal olarak bulunan bir maddedir.

Baz ve etkin madde iceren bu iki formiilasyon, farkh hzlandinimsg
kogullarda alti ay siiresince saklannmgtir. Her iki formiilasyonunda, farkh
kosullarda alt1 ay siiresince kararh kaldif: belirlenmigtir. Hicbir formiilasyonda
faz aynmm gozlenmemigtir. Bu formiilasyonlann kararhliinin degerlendirmesi
i¢in degisik testler yapilmgtar,

Bu iki formiilasyon, 4 hafia siiresince gonillilerin  yanaklarina
uygulannmgtir. Emilsiyonlarm etkisini gormek igin cildin degisik parametreleri
her hafta olgilmiigtiir. Elde edilen veriler istatistiksel olarak degerlendirilmigtir.

Istatistiksel testlerin sonucunda, etken formiilasyon ile cilt neminde arti
gozlenmigtir. Difer parametreler olan cilt sebumu, pH’s), esnekligi, melanin’i ve
eritemde 6nemli bir fark gézlenmemigtir.

Anahtar Kelimeler: Coklu Emiilsiyon, Vitamin C, Bugday proteinleri,
Fiziko-kimyasal ozellikleri, Dermatolojik degerlendirme.
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1. INTRODUCTION AND AIMS

Multiple emulsions are defined as emulsions in which both types of
emulsions exist simultaneously (1). They combine the properties of both w/o and
o/w emulsions. In addition, they have the potential advantage of prolonged release
of drug, incorporation of incompatible materials and protection of active
substances as they are dispersed in the internal phase (2 , 3). The preparation of
multiple emulsions with natural oils is a challenging work due to the stability
problems. In this study, macadamia nut oil which is a natural oil has been used.
This oil has been preferred because of its cosmetics benefits for the skin. It
contains proteins, fats, carbohydrates, vitamins and minerals (4, 5). Two active
agents were incorporated into two different phases of the multiple emulsion.

The role of vitamin C, as an antioxidant and in the protection of skin
against the deleterious effects of UVB light, has been recognized by many
workers (6, 7, 8). In addition to this, vitamin C also improves the synthesis of
collagens increasing the suppleness of the skin (9). This vitamin has been
incorporated into the internal phase of the multiple emulsions prepared, in this
study. |

Proteins from wheat are being used in cosmetic products as antiaging
agents (10). One such protein condensed with palmitic acid is also claimed to be
antiaging (11). This protein is claimed to increase the synthesis of collagen at low
concentrations and acts as moisturizer at high concentrations. This material was
used in our study in the oil phase of multiple emulsion.

After the preparation of the multiple emulsions, accelerated stability
studies were performed for six months by keeping the samples of the
formulations, with and without the active agents, at different conditions. During
this period, globule size, changes in pH, changes in viscosity and any physical
change in the multiple emulsions were periodically studied in the samples kept at
different conditions. One active formulation and the emulsion with no active
ingredient were applied to the skin of human volunteers for four weeks.
Dermatological tests including tests for irritation, moisturization, sebum and
melanin content, pH and elasticity of skin were performed every week to see any

effect of active ingredients. These two formulations were compared with regard to



their effects on the skin. Statistical tests were applied to evaluate the data
obtained.



2. LITERATURE SURVEY
2.1. SKIN

Skin covers the entire body and protects the body from various types of
external stimuli and damage as well as from moisture loss. The surface area of the
skin of an adult person is about 1.6 m® (12). The thickness of skin varies with age,
sex and location. Generally, the skin of men is thicker than that of women.
However, women have a thicker subcutaneous fat layer. The skin of an average
woman weighs about 3 kg, while that of an average man is 5 kg (13). In general,
the skin of the eyelids is the thinnest and the sole of the foot is the thickest.

The skin is divided into three layers called the epidermis, dermis and the
subcutaneous tissue. Various appendages such as hair, nails, and glands, i.e. sweat
and sebaceous glands are also found in the skin. Sweat glands are distributed all
over the skin, opening at tiny pores on the surface; in certain areas, such as the
armpit, they are particularly prominent. Skin furrows are mostly obvious over the
joints, where they correspond with folds in the deeper layer of the skin caused by
joint movements. There are also skin lines which are normally invisible. The lines
on the palms of the hand and the fingers are fine but very distinct, making a series
of parallel curves and forming patterns which are unique to each individual.

2.1.1, Layers of Skin
2.1.1.1. Epidermis

The outermost layer of the skin is called the epidermis. It is translucent. It
does not contain any blood vessels. At the bottom of epidermus is a very thin
membrane, called the “basement membrane” which attaches the epidermis firmly,
though not rigidly, to the layer below, ie. dermis (14). All the cells in the
epidermis originate from a single layer of basal cells, called the “basal layer”,
which is placed on the basement membrane. The daughter cells produced by this
basal layer gradually move upwards, lose their central nucleus and start to
produce skin proteins called “keratins” and fats called “lipids”. They are known as
keratinocytes. As the daughter cells move upwards, their shapes flatten, and they
become joined by spiny structures to make another layer called “the spiny layer”
(14). The cells of the spiny layer secrete lipids called “sphingolipids” which play
an important function in the retention of moisture in the skin. As the cells migrate



further upwards they develop granules. This is called the “granular layer”. In the
upper cells of this layer, these granules discharge and fill up the spaces between
the cells with lipids. As the cells rise into the top layer of the epidermis- Stratum
corneum sometimes called the “horny layer”- take the form of flatten discs, tightly
packed together. These cells are called “corneocytes” which are dead cells. The
number of layers of cells in the Stratum corneum vary depending on the location.
The cells of this layer are continually replaced by new cells and this process is
called “desquamation”. Artificial removal of the outer layer by cosmetic products
is called exfoliation. Stratum corneum helps to retain moisture within the skin,
and protects the body from harsh effects of the environment (14). The natural
moisture flows from the deeper layers up to the top of the skin which is defined
as the transepidermal water loss (TEWL). Under normal conditions, maximum 15
% of the Stratum corneum consists of water which decreases to 10 % when the
skin is dry (14). The spaces between the cells in epidermis are filled with lipids
which contain triglycerides, diglycerides, fatty acids, squalene, wax esters,
cholesterol and cholesterol esters. These lipids help to regulate natural water loss.
The epidermis also contains natural enzymes.

Melanocytes are the cells which are found in the basal layer of the
epidermis, and release melanin- a special pigment responsible for the colors of
skin and hair. The pigment is made of small structures called melanosomes. There
are two forms of melanin: eumelanin which produces black and brown skin color
and phaeomelanin which produces lighter skin with red hair (15). Orange yellow
color of the skin is due to the presence of carotenoids in Stratum corneum and the
subcutaneous fat layer (15).
2.1.1.2. Dermis

Beneath the epidermis, lies a much thicker layer, the dermis. Dermis is
composed largely of the protein collagen. Most of the collagen is organised in
bundles running horizontally through the dermis which are burried in ground
substance (9). The collagen bundles are held together by elastic fibers which are
made of proteins called elastin. Both collagen and elastin fibers are made of cells
called fibroblasts. Special substances in the ground substance, called
glycoproteins, can hold large amounts of water (15). Hyaluronic acid is another



important compound which is a part of the tissue that surrounds the collagen and
elastin and which can hold and bind water hundreds of times its weight. As we get
older, the amount of hyaluronic acid produced in the skin naturally decreases and
therefore the skin loses its suppleness.
2.1.1.3. Subcutaneous Fat Layer

This layer consists of cells called “adipose cells” containing fatty deposits
(12). It contains large nerves and blood vessels. This fatty layer acts as an
insulator to conserve body heat. Fat deposition increases by the increase in age
due to the decrease in body metabolism. '
2.1.2. Special Skin Structures
2.1.2.1. The Sebaceous Glands

Sebaceous glands are part of the small structures, i.e. hair follicles which
generate hair. These glands produce sebum which is a mixture of waxes and fats
(15). Sebaceous glands are found in every part of the body except the palms and
soles. Sebum is secreted through the sebaceous duct into the hair follicle. It forms
a mixture with the aqueous secretion of sweat which is then distributed over the
skin. Sebum is slightly acidic, has a pH value between 4.2 and 5.6 (15). In both
sexes, the sebaceous glands are strongly influenced by male hormones.
2.1.2.2. Sweat Glands

Sweat glands are found in almost every part of the skin. There are two
types of sweat glands, ecrine glands and apocrine glands. Ecrine glands produce
sweat which is a mixture of water and salts (12). Sweat plays an important role in
regulating the temperature of the body. They are found everywhere on the skin
except the lips and glans penis. Apocrine glands are formed of the same structure
as the hair follicle and sebaceous glands. They produce a highly individual sexual
scent, the production of which is dependent on the presence of sex hormones (15).
They are found particularly in the armpit and the genital areas.
2.1.3.Functions of Skin
2.1.3.1. Functions of the Epidermis
2.1.3.1.1, Protection From the Environment

Ultraviolet radiation is damaging for the skin. This radiation is reflected by
the Stratum corneum, partly absorbed by melanin in the epidermal cells, and some



is scattered within the skin. This scattered radiation creates high energy particles
which are called free radicals. Free radicals are very reactive and attack the
constituents of the skin (12). In this way, ultraviolet radiation (UVR) leads to
damages in the skin.
2.1.3.1.2. Prevention of Water Loss From The Body

Body loses water by constant evaporation through the skin which is known
as transepidermal water loss (TEWL) (15). Prevention of this water loss is
important both for the skin and for the body. Water makes 70-75 % of the weight
of the basal layer, but only 10-15 % of the Stratum corneum. Stratum corneum is
an important barrier to the moisture loss. If the water content of Stratum corneum
falls below 10 %, it becomes dry, less flexible and prone to damage, breakdown
and infections (14).
2.1.3.1.3, Prevention of Infections

The natural layer of oil-in-water emulsion (sebum and sweat) on the skin is
the first barrier against invasion by microorganisms such as bacteria, fungi and
yeasts. Stratum corneum provides the next line of defense. White blood cells in
the skin destroy bacteria invading the epidermis. The epidermis also contains
special defense cells called Langerhans cells (16). These cells mop up invading
foreign substances.
2.1.3.1.4. Absorption

A variety of substances are absorbed from the skin into the body. There are
two absorption paths, one through the epidermis, and one through the sebaceous
glands of the hair follicles (14). Steroids such as female hormones, male
hormones and adrenocortico-steroids as well as fat soluble materials such as
vitamins A, D, E and K are absorbed through the skin but water soluble materials
are not easily absorbed due to the barrier formed by the horny layer.
2.1.3.1.5. Synthesis

The skin synthesizes vitamin D through the action of UV light on vitamin
D precursors in the skin (12).
2.1.3.2. Functions of the Dermis

The functions of dermis include:

- mechanical protection of the body from bumps and knocks,



- providing oxygen and nutrients through the blood to the living cells
of the epidermis,
- removal of waste products of metabolism from the epidermis,
- contribution to the skin color,
- regulation of the body temperature through the control of blood flow
and respiration
- skin sensation of touch, pain, heat and cold.
2.1.4. Aging of Skin
Skin is an organ in which changes due to aging are easily observed. The
degree of changes varies greatly between individuals and also depends on the
region of the body. A number of changes occur which detract from the beauty of
the skin. These are called natural or intrinsic aging changes. These changes are
shown in Table 2.1. (17).
Table 2.1. Changes in the Skin Due to Aging

. Increased wrinkles

. Increased looseness

. Reduced gloss, luster, smoothness

. Reduced elasticity

. Coarsening of skin texture and random furrows
. Pigmented spots, depigmented spots in some parts of the body
. Yellowish skin

. Thinning of scalp hair and loss of vitality

. Reduced scalp and body hair

. Increased gray hair

. Lengthening of eyebrow and ear hair

. Coarsening, muddying and bending of nails

2.1.4.1. Aging Signs of the Skin

The face and neck as well as the back of the hands are frequently exposed
to sunlight and become rough and deeply lined. Skin which is continuously
exposed to intense sunlight over long periods shows characteristic changes. Aging
signs caused by UV rays are called photoaging (16, 18, 19). Skin of an elderly
person whose regions of the body is unexposed to sunlight, such as the stomach
and lower back, differ in their internal structures from the skin exposed to sun in
the same person (20). Generally, in intrinsic aging, reduction in many functions

and atrophic changes occur in the skin such as the reduction in cellular activity



and skin thinning (12). Conversely, photoaged skin is thickened, and there are
various symptoms called “elastosis” which display the presence of massive
quantities of thickened, tangled, degraded elastic fibers. Tables 2.2. and 2.3,
show the characteristic changes in both cases (21). Both photoaging and intrinsic
ageing occur in facial skin, but the degree of aging differs from individual to
individual because while photoaging is affected by the life-style such as the
amount of time exposed to sunlight and type of daily skin care, intrinsic aging is
affected by genetic factors and other internal factors. Table 2.2 and 2.3 also show
the internal changes in intrinsic and photoaged skin. |

Table 2.2. Epidermal Changes in Aged Skin (22).

Item Photoaged Skin Intrinsic Aged Skin
Epidermal thickness Thick epidermis Thin epidermis
Epidermal cells | Non-uniform celis Uniform cells
(Keratinocytes) Randomly distributed | .Defined cells
cells distribution
Loss in polarity Polarity maintained
Frequent enlargement | .Usually atrophied
Diversified Uniformaly distributed
melanosomes melanosomes
Stratum corneum Increased number of cell | Normal cell layers
layers

Diversified form and|.Uniform corneocyte size

size of corneocytes

Melanocytes .Cell number increased | .Cell number reduction
Diversified cells Uniform cells
Increased melanosome |.Poor melanosome
production production

Langerhans cells Marked reduction in cell | .Slight reduction in cell

number number




Table 2.3. Dermal Changes in Aged Skin (23).

Item Photoaged Skin Intrinsic-Aged Skin

Glycosaminoglycans Marked increase .Slight decrease

Elastic Tissues .Tremendously Increased but almost
increased normal
Degenerated into
amorphous mass

Collagen Marked decrease of| Bundles thick and
bundles and fibers disoriented

Reticular Dermis .Thickened .Thinner

Fibroblasts Increased and | .Decreased and inactive

Mast cells hyperactive '

Inflammatory cells JIncreased Decreased
Inflammatory cell| No inflammatory cells
penetration

Papillary dermis .Grenz zone of new|.Non grenz zone of new
collagen collagen

Capillary vessels .Great loss in small| Moderate loss
vessels
.Abnormal vessels Normal
.Telangiectatic Non-telangiectatic

Lymphatics Practically absent Moderate loss

2.1.4.2. External Changes in Aged Skin

2.1.4.2.1. Wrinkles

Wrinkles occur in almost all parts of the body especially in the forehead,
around the eyes, between the eyes, around the mouth, and on the nape of the neck,
elbows, armpit, feet and hands. They usually start appearing around the age of 30

and increase in number, depth and area with aging. There are various types of

wrinkles and several classifications. Kligman (24) has classified wrinkles as:




- Linear wrinkles commonly called “crows feet” around the outer comner of the
eyes,

- Glyphic wrinkles which crisscross triangular or rectangular wrinkles
commonly seen on the cheeks and neck,

- Crinkling, i.e. fine wrinkles commonly seen on the regions unexposed to sun
of elderly people. .

Linear and glyphic wrinkles reflect photoaging changes and crinkling
reflects intrinsic changes. The wrinkle formations are caused by various internal
and external factors. UV light is known to be one cause, but there are also other
causes such as environmental stresses on the skin including dryness and physical
and chemical stress. Wrinkles are thought to be formed by the loss of tension and
elasticity through interactions between reduced water content of the Stratum
corneum, atrophy of the epidermis, changes in the amount and quality of dermal
collagen and elastic fibers, change in the three dimensional structure of the dermis
and other changes resulting from external and internal factors ( 25).
2.1.4.2.2. Sagging

Sagging of the skin starts around 40 years of age and is most common in
the chin, eyelids, cheeks and sides of the stomach. The causes of the sagging are
the same as the wrinkles. There is reduced elasticity of the dermis and reduced
support by the subcutaneous adipose tissues. The strength of muscles supporting
the skin is also reduced (25).
2.1.4.2.3. Surface Configuration

With aging, skin surface relief, which is formed by furrows and ridges,
becomes more shallow and also less precise. The direction of the skin furrows
becomes irregular, and skin pores tend to become larger (26).
2.1.4.2.4. Pigmentation and Skin Color Changes

The pigmented spots of skin generally increase with age (27, 28). Skin
tends to become darker (28). The changes are thought to be related to reduced
transparency caused by increased pigmentation, reduced secretion of sebum and
thickening, and reduced water content of the homny layer due to aging.
2.1.4.3. Changes in Skin Functions
2.1.4.3.1. Stratum Corneum
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The most important function of Stratum corneum is the retention of water
which is decreased with aging. Reduction in the skin surface lipids and
perspiration are the factors in the drying of the skin in elderly people (29).
2.1.4.3.2. Epidermis

Proliferation of epidermal cells is reduced in aging. Consequently,
metabolism in epidermis is also reduced (15). The size and the surface area of the
corneocytes increase with the increase in aging.
2.1.4.3.3. Dermis

The proliferative activity of fibroblasts in the dermis decreases with aging.
Production of collagen, elastin and glycosaminoglycans by the fibroblasts also
decrease with age (30). As the turnover rates of collagen and other structural
proteins are very slow, various degenerative changes such as cross-links occur on
these components which result in the reduction of skin elasticity (30).
2.1.4.3.4. Subcutaneous Adipose Tissues

Aging causes reduction in subcutaneous adipose tissues and the skin tends
to become yellowish as a result of increased cholesterol levels (15). The reduction
in subcutaneous adipose tissue reduces the ability to withstand physical shocks
and is also thought to be a cause of wrinkles (12).
2.1.4.3.5. Amount of Skin Lipids

The amount of sebum declines with age. This is observed more clearly in
women than men. The degree of change with age differs according to the region
of the face involved (31).
2.1.4.3.6. Skin Blood Flow

The blood flow depends on the body region involved. However, generally,
there is reduction in flow with aging and reduction in the ability to withstand cold
and UV irradiation (32). '

2.1.5, UV Light and Skin

Ultraviolet fight is at wavelengths shorter than the visible Light. It is
divided into three regions: UVC (200-280 nm), UVB (280-320 nm) and UVA
(320-400 nm) (12). UVC is filtered by ozone and does not reach the earth. The
shortest UV wavelength reaching the skin is in the range of 290-320 nm and the
energy of UVB component is about 1/10 or 1/20 of the UVA content (12). The
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strength and the amount of UV light vary greatly depending on the geographic
position, season and time of day. Usually, the UV radiation peaks at 12:00 AM,,
half of the daily amount of UV light is received between 10:00 AM. and 14:00
PM(12).

The skin has a natural defense mechanism against the UV light. UV
radiation is scattered and absorbed by the structure and structural materials of the
skin to attenuate the amount reaching the deeper layers (12). Among these,
melanin produced by melanocytes in the basal layer shows a very effective UV
protection effect. The amount of UV light which penetrates the skin as a result of
these factors varies according to the wavelength. Longer wavelengths penetrate
into deeper layers of the skin (33).
2.1.5.1. Response of Skin to UV Light

Skin shows two types of responses to UV light: 1) Acute response;

2) Chronic response.
2.1.5.1.1. Acute Response

The skin becomes darker immediately afier exposure to UV light. This
darkening is the result of the oxidation of existing melanin pigment (12). This
response is initiated by UVA light. Several hours after exposure to UV light, skin
begins to become red. If exposed to very high amounts of UV light, blisters
develop and the skin feels burnt. UV light in the 290-320- nm, i.e. UVB, is more
effective in producing sunburn (12). The cells damaged by UV light produce an
inflammatory mediator, dilating the capillaries and resulting in the appearance of
synburn. Anti-inflammatory drugs like aspirin can inhibit erythema occuring
several hours after UV exposure (12).

Approximately three days after exposure to UV light, the skin gradually
becomes darker. This suntan is a result of acceleration in the production of
melanin and with its movement into the keratinocytes. Suntanned skin gradually
returns to its original color only after several months.

The minimum erythema dose (MED) is the minimal amount of UV light
required to cause redness when a person is exposed to UV light (15). Individuals
with high sensitivity have a low MED because only a small amount of UV light is
required to cause skin redness. The erythema response and darkening also differ
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among the individuals. Some people are oversensitive to UVA while others are
more sensitive to UVB. These responses are called “photosensitivity” and may be
classified as phototoxic response, photoallergy response and photohypersensitivity
response (12). The phototoxic response can occur in any person applying material
to the skin and then exposing themselves to sunlight. The photoallergy response is
related to the immune system, generally occurs only in photo-sensitized
individuals. Photosensitivity occurs in xeroderma pigmentosum, photoatopia,
porphyria and other viral conditions (12).
2.1.5.1.2. Chronic Response

The skin which is dark, feels rough to the touch, and is deeply wrinkled.
The nape of the neck, which is constantly exposed to UV light, has characteristic
diamond-shaped wrinkles (18). If this condition worsens, skin cancer may result
(18, 34). Since these types of changes are different from natural aging these are
called “photoaging”. When the photoaging changes are examined histologically,
epidermal thickening and overdeveloped melanocytes are observed (35).
Photoaged skin has an abnormal increase in the amount of elastic fibers and the
fine dermal blood capillaries are dilated (35). The immune system is also affected
by chronic exposure to UV light (35).
2.1,6. Smoking And Skin

Smokers look older than the non-smokers of the same age. In a study by
Christine et al (36), the concentration of mRNA for matrix metalloproteinase 1
(MMP-1) in the buttock skins of smokers and non-smokers were compared.
MMP-1 degrades collagen which accounts for at least 70 % of the dry weight of
the dermis. It was reported that significantly more MMP-1 mRNA was present in
the skin of smokers than non-smokers. It was suggested that smoking-induced
MMP-1 could be important in skin ageing effects of tobacco smoking (37). These
findings confirm and validate similar in-vitro results in dermal fibroblasts (38).
2.1.7. Theory of Aging

Among the various theories describing the aging process, the free radical
theory of aging first suggested by Harmann (39) has gained popularity. This is the
general theory which presents explanations for many phenomena and events

observed along the aging process.
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2.1.7.1. Reactive Oxygen Species (ROS)

The role of ROS in skin damage and skin aging is commonly associated
with the free radical theory of aging (25). The generation of free radicals triggers
cross linking and other reactions which lead to the types of damage or
deterioration commonly associated with aging (40). Free radical formation occurs
on and in the epidermis. Internal sources of free radicals are from the respiratory
chain, prostaglandin synthesis, the cytochrome p-450 system and the oxidative
burst during phagocytosis (41). These enzymeﬁcally generated free radicals
contribute extensively to internal aging phenomenon. On the skin, however, free
radical generation from ionizing and less energetic radiations appears to be the
major contributor to aging phenomenon. Phenomena in which ROS are not
involved also exist in the response of skin to external radiation, e.g. the
isomerization of urocanic acid is a response to incident UV radiation, but does not
involve oxygen and probably does not contribute to the loading of ROS in the
skin. The ROS involved in the reactions are singlet oxygen ('O; ), the superoxide
radicals (HO3 or "0 ), hydrogen peroxide (H;0;), and the hydroxyl radical
(OH). The reactions of ROS with skin components and the resulting adverse
effects on skin are of cosmetic interest.
2.1.7.1.1. Skin Lipid Damage By ROS

UV radiation on human skin results in transit reduction of superoxide
dismutase (SOD) (42). On the other hand, the amount of catalase (CAT) almost
doubles following irradiations in vivo. This type of exposure also has effects on
glutathione transferase (GSH-TF) but not on glutathione peroxidase (GSH-PX).
The post irradiation peak in the level of conjugated double bond reflects free
radical damage to natural skin lipids.

UVB light, in the presence of oxygen, adversely affects the body’s natural
reductive defenses (SOD and CAT) in the skin and leads to the formation of ROS
in the skin (42). These conclusions are fully supported by the data of in vitro UVA
radiation on keratinocyte cultures (43). The natural protectants against ROS in the
skin are superoxide dismutase, catalase, glutathione reductase, glutathione
peroxidase, tocopherols, ubiquinones, ascorbic acid and dehydro-ascorbic acid.
Witt et al (44) and others (45) demonstrated the presence of hydroperoxides in
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UV irradiated hairless mouse skin and suggested that skin damage could be
prevented by “bolstering antioxidant defenses”.

Loss of natural antioxidants present in skin as a result of UV irradiation
may trigger peroxidative damage- under the influence of ROS- to unsaturated
lipids (46). This problem has been studied repeatedly and investigators have
concluded that topical application of known antioxidants can reduce these adverse
effects (47). Bissett et al (48) studied the ability of various antioxidant species to
interfere with the destructive effects of different ROS. These investigators
examined not only the in vifro human skin penetration of commonly employed
antioxidants but also their ability to scavenge superoxide in vitro. The data
suggests that ascorbic acid penetrates the skin poorly. Superoxide scavenging is
quite selectively performed by ascorbic acid and tocopheryl acetate. It is evident
that mode of action of “antioxidants™ against ROS is quite specific.

In hairless mice, UV irradiation causes reduction in all antioxidant defense
systems. The loss in the enzymes, tocopherol, ubiquinols, and ascorbic acid are
significantly higher in the epidermis than in the dermis (49). This suggests that the
primary damage to skin during insolation occurs in the topmost layer.

The observation of conjugated double bonds in irradiated skin in vivo is
probably due to the oxidative damage of linoleic acid (41). This acid is an
important component of ceramide-1 and a key constituent of essential fatty acids.
Lipid peroxides (ROOH), although fairly stable, are a potential source for RO" and
ROO radicals. The latter may react with proteins, such as low-density
lipoproteins. Malonaldehyde and 4-hydroxynonenal react aggressively with
histidine residues (50). Thus, lipid peroxidation not only damages lipid via
peroxidation, but the peroxidized lipids can subsequently damage proteins.

The peroxidation of skin lipids includes reaction of squalene (51).
Squalene is decomposed under ambient laboratory light conditions, more rapidly
under UV light, and still more rapidly in the presence of a porphyrin (Porphyrins
are photodynamic agents and generate singlet oxygen during irradiation).

Cholesterol, a natural constituent of epidermal lipids, and sphingosine, a
constituent of various ceramides in Stratum corneum, are unsaturated and subject

to oxidative attack. One of the first photooxidation products of membrane bound
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cholesterol is the 5-a hydroperoxide (52). Autooxidation can produce 5,6-epoxide

and especially 7- ketocholesterol (53). The formation of these degraded products
- may not be critical for skin structures, but at least one of the formed epoxide is

known to be carcinogenic (54). Girotti et al (52) reported that catalase, SOD and

phenolic antioxidants inhibit the formation of these undesirable cholesterol

oxidation products.

2.1.7.1.2. Skin Protein Damage by ROS

Proteins and amino acids in the skin are also subject to oxidative
degradation but the mechanism by which this occurs is not clear. Free radicals
(OH and ‘OOH ) are known to alter enzyme activity, probably as a result of
damage to prosthetic groups such as methionine, tryptophane, histidine and
cysteme (55). Even mild oxidative stress resulting from the reaction of ascorbic
acid with oxygen in the presence of trace metals can damage albumin by
formation of dimeric tyrosine products. This demonstrates that ROS can be
formed under very mild conditions (55).

Some repair mechanisms for damaged enzymes exist (e.g. methionine
sulfoxide reductase) (56). Enzyme damage seems to be due to oxidative
reactions, primarily. In addition, 'OH and RO can cross-link proteins or rupture
them. Fragmentation is the most frequent reaction. Wolff et al (56) proposed a
scheme where the a-carbon of an amino acid is oxidized to yield an a-carbon
peroxy radical. Reviews of the effect of free-radical-catalized oxidative
modification of proteins deals with proteins as a group and the rupture of amino
acid for which ‘OH radicals are primarily responsible (56, 57).

Protein degradation may disrupt the activity of keratinocytes and may
include fragmentation of enzymes which are specifically required in the Stratum
corneum and the viable epidermis. One of the most damaging effects of ROS in
skin appears to be collagen denaturation and cross linking (41). Pathak et al (58)
irradiated solutions of soluble guinea pig skin collagen in vitro in the presence or
absence of photosensitizers. Denaturation resulted in clouding of the solution and
was materially reduced in the absence of oxygen. Singlet oxygen quenchers (B-
carotene or a-tocopherol) delayed the occurance of clouding. Interference with
the formation of ROS evidently reduces collagen cross linking (58).

16



2.2. ANTIAGING MATERIALS
2.2.1. Vitamins and Skin Aging

Laboratory and clinical studies have indicated a useful role of topically
applied vitamins in combating various skin disorders, especially in preventing,
retarding or arresting certain degenerative changes associated with the aging
process, such as dry or scaly skin and the formation of wrinkles. In addition, the
natural character of vitamins has prompted their use in creams and lotions to
maintain a soft and smooth skin by “replenishing nature’s moisture”. Vitamins E,
A, C, panthenol and their derivatives are of particular interest. These vitamins are
functional, penetrate the skin, and when used at proper levels, are safe and free of
side effects.
2.2.1.1 Vitamin E

This vitamin is necessary for the maintenance of normal body metabolism,
for the protection of body tissues and skin from damage caused by normat body
processes (59). Additionally the main claim for vitamin E in cosmetics is that it is
a “natural moisturizer”. Vitamin E protects the skin from UV damage and has an
anti-inflammatory effect. Topical vitamin E acetate application was found to
reduce sunburn response at low MED (60).

Vitamin E occurs as tocopherol of which a-form has the highest biological
activity. Unesterified a-tocopherol has an antioxidant activity in vitro and is a
physiological antioxidant in vivo. A relatively high proportion of topically applied
vitamin E has been found in the Stratum corneum and in the lower viable skin
layers.
2.2.1.2. Vitamin A

Vitamin A is essential not only for normal skin development, but also for
growth and maimenance of bones, glands, teeth, nails and hair. Vitamin A is
absorbed through the skin, helping it remain soft and plump and improves the
skin’s water barrier properties. The stimulatory effect of vitamin A tends to
oppose changes that occur with aging. By the topical application of vitamin A, the
skin is activated to produce more epidermal proteins and to form a thicker
epidermis covered by a better formed keratin layer (61, 62). There is evidence that
this vitamin can also alter or modulate collagen synthesis (63).
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B-carotene, a precursor of vitamin A, appears to protect the skin against
damage and dehydration caused by UV irradiation. In humans, vitamin A
diminishes peroxidation induced by UV irradiation (64).
2.2.1.3. Panthenol

Panthenol is the biologically active alcohol analogue of pantothenic acid, a
vitamin of the B-complex group which is a natural constituent of skin and hair
(41). When applied topically, panthenol is converted to pantothenic acid. It is
essential for the normal functioning of epithelial tissues (41). Skin’s deficiencies
of this vitamin include comnification, depigmentation and desquamation. Cellular
regeneration is accelerated by topical application of d-panthenol. Because of its
ability to penetrate into the skin and because it has a humectant character,
panthenol can act as a skin moisturizer (41).
2.2.1.4. Vitamin C

Topical vitamin C is claimed to inhibit UV radiation induced damage to
porcine skin (29). It functions as a biological co-factor and antioxidant (47). It has
been reported to be important in treating pathologies ranging from common cold
to cancer, primarily due to its antioxidant functions. (Since vitamin C is one of the
active ingredients used in this study, its properties and characteristics are given in
detail in chapter 2.5.)

2.2.2. Enzymes and Skin Aging

The natural sloughing process is enzymatically controlled and specific
enzymes dissolve the desmosomes releasing the dead surface cells. These
enzymes are produced in the dead keratinocytes. Their active sites are sulfhydryl
groups, to cleave peptide bonds (65).

One field where the topical application of enzymes has been shown to
have significant benefits is skin protection. These are enzymes to capture free
radicals, preventing damage to skin caused by environmental pollution, bacteria,
smoke, sunlight and other harmful factors.
2.2.2.1. Superoxide Dismutase (SOD)

SOD works by dismutation, a process by which reactive oxygen free
radical is converted to a less reactive form.
2.2.2,2. Catalase (CAT)
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Catalase is an enzyme which converts harmful hydrogen peroxide to water
and oxygen molecules.

2.2.3. Alpha Hydroxy Acids (AHA) and Skin Aging

These compounds occur naturally in fruits, sugar-cane and yoghurt. These
include glycolic acid, lactic acid, malic acid, tartaric acid and citric acids. Under
normal conditions of purity, temperature and pressure, AHAs have their
functional portion apparently free. In 70’s, AHAs were used to adjust the pH of
cosmetic products but later it was realized that they produce beneficial effects on
skin (66). In 1974, Middleton (67) published the favourable effects of sodium
lactate in the treatment of cutaneous dryness and flaking. Van Scott and Yu (68)
reported the use of AHA’s in skin disorders characterized by hyperkeratosis, i.e.
excessive thickness of Stratum corneum that sloughs off corneocyte aggregates
instead of separate dead cells. AHAs and a-keto acids (AKAs) reduce the
thickness of hyperkeratotic Stratum corneum by decreasing corneocyte cohesion,
in topical use (69). It has been suggested that topical AHAs might start the
biosynthesis of dermal glycosaminoglycans and other intercellular ground
substances which could be responsible for the eradication of fine wrinkles (69).

An immediate improvement in skin smoothness and longer term
rejuvenating of the skin can be the result of successful hydroxy acid therapy (70).
2.2.4. Hormones and Skin Aging

Hormones are regarded as cosmeceuticals. Due to their contribution to the
cosmetics properties of the skin, they are included in the cosmetic materials. Both
estrogen and androgen receptors have been identified on dermal fibroblasts and
epidermal keratinocytes (71). Histological studies have indicated a thinning of the
epidermis with age and with castration. This was reversed by estrogen
replacement (72). Benificial changes using topical estradiol gel has been shown to
increase skin collagen content as measured by skin hydroxy proline (73). So these
preparations may be regarded as cosmeceuticals.

Estrogen appears to help in the prevention of skin aging in several ways.
This reproductive hormone prevents a decrease in skin collagen in
postmenopausal women; topical and systemic estrogen therapy can increase the

skin collagen content and therefore maintain skin thickness. Additionally,
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estrogen maintains skin’s moisture by increasing mucopolysacchrides and
hyaluronic acid in the skin and possibly maintaining Stratum corneum’s barrier
functions.

2.2.5, Proteins and Skin Aging .

Cosmetic proteins and their derivatives can be used in skin care
applications to provide functional benefits such as moisturization and skin
tightening. The choice of proteins, i.e. low molecular weight moisturizer or high
molecular weight film former, is however important if claims and benefits are to
be substantiated (74).

The functionality of cosmetic proteins is ultimately related to the structural
composition and molecular weight of the protein itself Lower-molecular-weight
enzyme hydrolysates and amino acids behave primarily as moisturizer and may
penetrate the Stratum corneum and epidermis and into the lower dermal layers
(74). High-molecular-weight proteins, however, do not penetrate sxgmﬁcantly into
the epidermis; instead they remain at the surface of the Stratum corneum where
they behave as excellent film formers and modifiers of tensile properties- effects
that are perceived as skin tightening or smoothing (74).

Several of the lower molecular weight enzymes in hydrolyzed proteins are
excellent moisturizers when applied as o/w emulsions and liquid detergents (10).
Higher molecular weight proteins and protein copolymers, on the other hand,
repeatedly demonstrate their ability to tighten the skin acting as tranparent
smoothers and antiwrinkle agents (74). Proteins have the ability to:

- increase skin extensibility and level of moisturization from both
leave-on and rinse-off formulations,

- provide a skin tightening effect,

- improve the ability of skin to recover from an applied deformation,
thus temporarily reversing the effect of age on the skin’s
mechanical properties (74).

The generation of free radicals by ultraviolet light accelerates skin aging,
which is known as photoaging. Cutaneous iron catalyzes the generation of free
radicals. Minabu and Keiji (75) designed novel antioxidants which suppressed the
iron-catalyzed free radical generation and the ensuing UV-induced damage by
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mimicking the binding site of iron sequestering proteins. These antioxidants, N-
(2-hydroxybenzyl) amino acids, were prepared by condensation of amino acids
such as glycine and serine with salicylaldehyde and followed by a catalytic
reduction. The compounds formed a 2:1 complex with iron ion. These amino acid -
derivatives inhibited the iron induced hydroxyl radical generation (the Fenton
reaction). The compounds also suppressed UV-induced lipid peroxidation in
murine dermal fibroblast homogenates. In addition, N-(2-hydroxybenzyl)-serine
showed protective activity against UV-induced cytotoxicity in murine dermal
fibroblasts. Desferrioxamine, a strong iron sequestering compound, was effective
in inhibiting the Fenton reaction and the lipid peroxidation, but it was ineffective
in protection against UV- induced cytotoxicity (75). The results suggested that
UV-induced oxidative stress can be reduced by these amino acid derivatives.

Feri et al (76) developed two 3-dimensional culture systems, in which the
cells develope within a porous structure, reproducing the extracellular matrix of
the human dermis. The dermal equivalent model used in this study was composed
of a dermal matrix made of collagen-chitosan-glycosaminoglycan populated by
normal human fibroblasts which synthesized their own extracellular matrix (76).
A skin equivalent model was obtained by the cell culture of normal human
keratinocytes onto a dermal equivalent elevated at the air-liquid interface. Such
models were used to prove antiaging activity of promising compounds. Cosmetic
science has used many protein hydrolysates in order to fight against skin aging,
but upto now, natural peptides were poorly studied, and their efficacy was poorly
demonstrated. Eight protein hydrolysates were screened in a proliferation study in
monolayered cultures giving two selected polypeptides (76). A soya derived
peptide was used for an efficiency study in 3-dimensional models. In the dermal
equivalent model, this peptide increased fibroblast proliferation by 40 % and led
to a stimulation of collagen formation (65 %) and elastin synthesis (16 %). The
effect of this soya peptide on glycosaminoglycan synthesis was also significant,
with an increase of 36 % for chondroitin-4-sulfate and 68 % for hyaluronic acid.
These results were confirmed using a skin equivalent model. In this method, the
soya peptide increased the thickness of the epidermis (76).
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2.3. MULTIPLE EMULSIONS
2.3.1. Definition.

For the first time in 1925, Seifriz (77) reported the existence of multiple-
type dispersion during the phase inversion of ordinary emulsions. The term
“multiple emulsions” was then recognized as the two liquid phases separated by
another immiscible liquid layer.

Becher (1) described water-in-oil-in-water (w/o/w) emulsions in his book
as “an emulsion in which both types of emulsions exist simultaneously”. This
means that an oil droplet may be suspended in an aqueous phase, which in turn
encloses a water drop, thus giving a w/o/w emulsion.

Shermann (78) interpreted the oil-in-water-in-oil (o/w/o) as “a w/o
emulsion containing very high volume of water showing that the globules are no
longer simply water droplets. Indeed, small droplets of oil are dispersed in water
droplets and the condition may even be reached where smaller water droplets are
still dispersed in the small oil droplets™.

Sheppard et al (79) proposed the system of subscript to clearly define the
individual components and sources. The aqueous dispersed phase, w;, of the
starting w/o emulsion becomes the aqueous compartment of the w/o/w emulsion
in the case of the two separated steps of emulsification (Figure 2.1). The
traditional aqueous phase, w;, which is mixed with the starting w/o emulsion,
forms the aqueous suspending fluid of the w/o/w emulsion, while the continuous
oil phase, o, of the starting w/o emulsion becomes the oil layer separating the
aqueous compartment from the aqueous suspending fluid with a vesicular
structure. Therefore, the notation w/o/w for this system should be wi/o/w;,

‘Oil

water

water
—» oil

W/O/W Multiple Emulsion O/W/O Multiple Emulsion

Figure 2.1. Schematic Representation of Multiple Emulsion Types

22



2.3.2. Manufacture

Several processes are used for the manufacture of multiple emulsions.
None is universal and each process must be modified according to each
formulation.
2,3.2.1. Two-Step Method

This is the most widely used procedure (79, 80). The 1* step consists of
preparing a primary emulsion. In the 2* step, a definite amount of this pﬁmary
emulsion is dispersed in an external phase containing the secondary emulsifier
(Figure 2.2.). Although it is a simple method, the 2™ step of the procedure
includes many critical factors. Two-step method is summarized in Figure 2.2.

mix
) 000
OO0 O
Agueous phase Qil + Lipophilic Surfactant Ww/o primary emulsion

Step 1- Formation of primary emulsion

To—, T

/o/w multiple emulsion
w/o Primary emulsion Water + Hydrophilic surfactant w Pl

Step 2. Formation of multiple emulsion

Figure 2.2. Two Step Preparation of a w/o/w Multiple Emulsion
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Each parameter of the two emulsification procedure has an influence on
the characteristics of the system. In the manufacture of a w/o/w multiple
emulsion, the 1* emulsification step involves the requirements which are the same
with all other w/o emulsions, such as a high manufacturing temperature, i.e. 70-
80°C, a high agitation speed, usually above 1500 rpm, with a high powered mixer
for about 20 to 35 minutes until complete cooling to ambient temperature (79).

During the 2™ manufacturing step, in order to avoid the breakdown of the
oil droplets, some precautions have to be taken. The introduction of the primary
emulsion into an aqueous emulsifier solution should be carried out at ambient
temperature and should be slow and progressive, the manufacturing speed should
be relatively low. After the complete introduction of the primary emulsion, the
stirring should be continued for at least 10-30 minutes at a low speed of 200-800
rpm for the homogenization of multiple emulsion.
2.3.2.2, Phase Inversion Method

This is also a two-step emulsification process. The only difference between
these two methods is that the external phase is incorporated into the primary
emulsion during phase inversion method instead of incorporating the primary
emulsion into the external phase during the two-step process mentioned above

(Figure 2.3.).
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Figure 2.3. Preparation of w/o/w Multiple Emulsion by Phase Inversion Method

As can be followed in Figures 2.2. and 2.3., the 1* step is the same for the
two methods, i.e. introduction of water into the oily phase containing the
lipophilic emulsifier. However, in the 2 step, aqueous external phase with
hydrophilic emulsifier is added to the primary emulsion slowly at room
temperature, which is opposite of the two-step method. This method (Phase
inversion method) is usually used for the preparation of o/w/o emulsions.
2.3.2.3. Lamellar Phase Dispersion Method

This method has been reported by Vigie (81). The method has been
derived from the process employed for the production of liposomes using
nonionic emulsifiers and it can only be used for the constituents which form a
lamellar phase upon mixing with water. The lamellar phase is prepared with about
60% emulsifier, 10% oil and 30% demineralized water containing electrolytes by
mixing at 70°C (81). The dispersion is obtained with a turbine agitator at 500 rpm

for 10 minutes. Following the formation of mesophase, a given amount of water is
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added at a very high agitation speed, i.e. > 1500 rpm until the formation of a
w/o/w multiple emulsion.
2.3.2.4. Other Methods

Kavaliunas et al (82) described a method by mixing various phases: oil
rich solution of emulsifier, aqueous micellar solution of emulsifier, and
mesomorphous phase. This method is rarely used.

Pilmann et al (83) prepared a system using an inverse micellar solution and
soybean oil. The system obtained was emulsified with an aqueous phase
containing sodium caseinate. This method allowed the preparation of a w/o/w
microemulsion.

In 1984, Makino et al (84) described a mechanical method in one step with
continuous agitation. In this method, they mixed equal quantities of an aqueous
- phase containing a very low quantity of hydrophilic emulsifier and the oil phase
containing a high proportion of lipophilic emulsifier. The equipment used was
specific and allowed a constant speed of high agitation.

Higashi et al (85), in 1995, described a new method of producing w/o/w
multiple emulsions by the membrane emulsification technique. This method
permits the formation of monodispersed lipid microdroplets containing aqueous
microdroplets to form a w/o/w system. In this method, the aqueous internal phase
is mixed with an oil phase containing hpophilic emulsifier. This mixture is
sonicated to form a simple w/o emulsion which is filled into the upper chamber of
a special apparatus. The external aqueous phase containing the hydrophilic
emulsifier is continuously injected into the lower chamber to create a continuous
flow. Nitrogen gas fed into the upper chamber initiates a permeation of w/o
emulsion through the controlled-pore glass membrane into the emulsifying
chamber, forming a w/o/w multiple emulsion.
2.3.2.5, Factors Affecting Manufacture of Multiple Emulsions

Factors affecting the manufacture of multiple emulsions, can be classified
in two groups:

- Formulation factors

- Physical factors
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2.3.2.5.1. Formulation Factors
2.3.2.5.1.1. Nature of the Qil Phase

The oil phases most frequently used to form multiple emulsions are
hydrocarbons, triglycerides and esters. Among hydrocarbons, liquid paraffin (86)
is the most widely used. The main triglycerides used are peanut oil (87), olive oil
(88), sesame oil (89), almond oil (90), maize oil (91), castor oil (92) and soybean
oil (80). Among esters, isopropyl myristate (93) is widely used. Stable multiple
emulsions have been produced with fatty acids (94), fatty alcohols (95) and
various silicones (3), used alone or mixed with other oils. Semisynthetic oils (80)
have also been used.

The nature of the oil has an influence on the characteristics of the muitiple
emulsion system. Therefore, physico-chemical properties of oils such as polarity,
density and viscosity influence the behaviour of emulsions (94). The nature of the
oil phase in w/o/w multiple emulsion is responsible for the permeability
characteristics of the oil layer and, consequently, the release characteristics of the
drugs or markers from the internal aqueous phase (95).
2.3.2.5.1.2. Nature of the Emulsifiers

Nonionic emulsifiers are preferred in the cosmetic industry because they
have good cutaneous tolerance and compatibility. Among those nonionic
emulsifiers, the most often used are those with an ester bond with saturated or
unsaturated chain of fatty acid, e.g. sorbitan stearate (96), sorbitan oleate (97),
ethoxylated sorbitan stearate (98) and ethoxylated sorbitan oleate (80). Non-ionic
emulsifiers with an ether bond such as ethoxylated fatty alcohols are rarely used.
However, polymeric emulsifiers such as poloxamers
(polyoxyethylene/polyoxypropylene block copolymers) (99), Abil® (polysiloxane
polyalkyl polyether copolymer) (100) and Hypermer® (modified polyesters) (101)
are frequently used. For the preparation of multiple emulsions, two different kinds
of emulsifiers are used. One is lipophilic and the other is hydrophilic. The HLB
value of the emulsifier mixture should generally be less than 11. If this value is
greater than 11, there is a risk of phase inversion (102). The HLB value of the
emulsifier mixture can be calculated by Frenkel’s equation (103).
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HLB;. ¢ (w/o/w). Wi % + HLB; . W, %
Weighed HLB =

¢ (Wlo/w) . W; % + W2 %

Where, HLB; and HLB; are the HLB values of primary and secondary
emulsifiers, respectively; W; % and W, % are the percentages of primary and
secondary emulsifiers; and ¢ (w/o/w) is the volume fraction of the w/o emulsion
in multiple emulsion.
2.3.2.5.1.3. Nature of Entrapped Substances

Substances which are added into the internal phase may be active or
markers. These substances influence the characterization and stability of the
systems. Electrolytes (NaCl, MgSO,) (79) are often used for the purpose of:

- increasing the stability of the system by the formation of a rigid

interfacial layer
- promoting an osmotic balance between the internal and external
aqueous phases.

2.3.2.5.1.4. Nature of Additives |

The substances which are added into any of the phases may have an
influence on the characterization and stability of the system. A wide range of
substances may be added into the internal aqueous phase such as proteins (117),
drugs (101) and markers (100). Thickening agents such as acacia, gelatin, xanthan
gum, cellulose derivatives, polyvinyl pyrolidone are added into the external
aqueous phase to increase viscosity and stability of the system (88,105). It is also
possible to enhance stability of the systems by adding aluminium salts and fatty
alcohols into the oil phase (106).
2.3.2.5.2. Physical Factors
2.3.2.5.2.1. Shear

Since multiple emulsions are considered to be thermodynamically
unstable, shear rate is an important factor in the manufacture of multiple
emulsions. Usually, a high agitation speed during primary emulsification and low
agitation speed during secondary emulsificatoin process is required. If the
emulsion droplets undergo high shear for a long period of time, the droplets
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formed break into smaller droplets and thus stability is affected. On the contrary,
if the speed is too low, droplets formed are large leading to creaming and/or
coalescence. Therefore, an optimal speed of agitation is required during each step.
It has been noted that some of the internal phase is unavoidably lost into the
external phase whatever technique is used (107).
2.3.2.5.2.2. Volume Fraction

A stable w/o/w multiple emulsion can be prepared by using the internal
volume fraction (dwow) in a range of 20-90 % (107) . However, optimal range is
50-80 % (107). Maximum stability of multiple emulsion is achieved when the
droplets are closely packed. When the volume fraction is high, the oil droplets are
so closely packed that movement and swelling of the droplets are difficult, but
sometimes the spherical globules become deformed.
2.3.2.5.2.3. Ratio of Emulsifiers

Usually, a primary emulsifier is required in greater quantity than the
secondary emulsifier to form a stable multiple emulsion. Generally, the secondary
emulsifier is 1/5 of the primary emulsifier but this quantity may be decreased to a
ratio of 1:1 (79). If the concentration of the hydrophilic emulsifier is higher in a
w/o/w multiple emulsion, the primary emulsifier may migrate into the secondary
emulsifier micelles thus decreasing the stability of the system (107).
2.3.2.5.2.4. Temperature

There should be a strict control on the temperature during manufacturing.
Manufacturing temperatures are approximately 70°C for primary emulsification
and 25°C for secondary emulsification (79). Temperature has an influence on the
interfacial tension, the lipophilicity of the emulsifier and the miscibility of the two
phases (107).
2.3.3. Characterization

2.3.3.1. Types of Droplets

In practice, it is possible to obtain three different types of droplets in
multiple emulsions (Figure 2.4,) (97). All of these types may or may not exist in
one muitiple emulsion. The simplest system, type A, consists of relatively small
multiple droplets with an average diameter of 8.5 pm containing a few, usually
only one, relatively large internal aqueous droplets. Most of the multiple globules
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contain only one internal aqueous droplet. In type B emulsions, multiple droplets
are of larger sizes usually with a mean diameter of 19 um containing smaller but
numerous internal droplets. The diameters of the internal aqueous droplets may be
in the range of 5-30 um. In type C emulsions, the multiple droplet size is larger,
i.e. 25 pm, with a vast number of internal aqueous droplets. The internal aqueous
globules are uncountable due to the drawback in the resolution of the internal
aqueous droplets. This system retards the release of entrapped materials to a much
greater extent than emulsions A and B (97).

Typg A multiple Type B multiple emulsion Type C multiple emulsion

Figure 2.4. Different Types of Multiple Droplets

2.3.3.2. Yield Value

Yield of preparation is a measure of the ratio between the amount of a
substance entrapped in the internal droplets and external phase, or the percentage
of multiple droplets obtained immediately after preparation.

All the evaluation methods are based on quantitative measurements of the
amount of a marker released from the internal phase to the external phase. Such
markers are usually electrolytes (NaCl, MgSQOs, ephedrin HCI) (102,104,135);
water soluble additives such as glucose; fluorescent probes which may be
determined by potentiometric titrations (135); specific electrodes (136);
microanalysis (121); electrical conductivity (102,1136,137) or fluorescent
measurements (91).

The yield of preparation can be expressed as (138)

M, * 100 / M+ Mow
where Moy and Mj, are the amounts of marker in the external and internal phases,
respectively. Therefore, the yield of preparation is the percentage of a marker
released at a short time after preparation.
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Determination of the released marker can be followed directly using the
multiple system (102), after dialysis against water (121), or after filtration of the
multiple droplets (139). With the dialysis tubes, the measurement indicates not
only the preparation yield but also the amount released during the dialysis period
which can be as long as 20 hours (140). Markers may affect the formation of
multiple emulsions with an increase in osmotic pressure, interactions with the
surfactants, etc. Therefore it is advisable to conduct microscopic observations as a
qualitative guide for the preparation yield. Some investigators have used the
microscopic observation as a quantitative measure of the preparation yield by
counting the empty and loaded emulsion droplets (110). However, since this
method is time consuming, it is not recommended for routine use in practical
applications of muitiple emulsions (141,142). Matsumoto and coworkers (133)
used a relation between the viscosity and the dispersed phase volume fraction to
estimate the stability of multiple emulsions. When measurements were conducted
immediately after preparation, yield of preparation was obtained.

A direct method was recently suggested by Eads et al (143) using unique
direct measurements by nuclear magnetic resonance (NMR).

The 1* stage in the design of multiple emulsions has to focus on developing a
suitable method to measure the yield of preparation. This method can also be used
to determine the stability and release characteristics of a specific multiple
emulsion system.

2.3.3.3. Droplet Size Analyses

Mutltiple droplets have an average diameter of 5-20 um (108). Globule size
analysis can give no direct information about the multiple structure while
visualization gives direct information about the multiple structure. Multiple
emulsions which are liquid/fiquid systems have two different globule size
populations. It is possible to characterize both populations by different techniques.
These techniques are:

Counting of particles (109),

- Optical microscopy (110),

Electron microscopy (111),

Light scattering and diffraction methods (112).
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2.3.3.3.1. Counting of Particles

The Coulter counter system is used for this method which deals with the
passage of particles through an orifice. The coulter counter system works on
Obhm’s Law to measure the resistances generated in electrodes when a particle
passes through an orifice (109).

The limitations of this method are the requirements of conducting media
and the hyperosmotic conditions that may affect the results (109).
2.3.3.3.2. Optical Microscopy

With the help of an optical microscope, particles around 0.5 um can be
measured. With the help of image analysis techniques, qualitative as well as
quantitative characterization of the particles are possible (109).
2.3.3.3.3. Electron Microscopy

With the help of an electron microscope, it is possible to visualize
emulsions in a concentrated form whereas with the optical microscope, the
emulsions need to be diluted before their analysis. It is not possible to observe a
sample of emulsion directly under an electron microscope. The sample to be
analyzed is freeze fractured (111).
2.3.3.3.4. Light Scattering Methods

In those methods, when the light beam collides with a particle, it is
scattered (Figure 2.5.). The scattering of light includes refraction, reflection and
diffraction. The most frequently used wavelengths, i.e. wavelengths between 400
and 800 nm, lie within the visible spectrum. The main advantage of this method is
the possibility of selection of medium in which the measurements can be
performed.
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Figure 2.5, Scattering of Light

2.3.4. Stability

Even though the mechanisms of instability in multiple emulsion systems
are complex, theoretical predictions appear to agree with the experimental results
(94). Multiple emulsions of w/o/w type may deteriorate by several possible
mechanisms (94);

1) Shrinkage or swelling of the internal drops due to the osmotic pressure
gradient on both sides of the oil film which acts as a semipermeable
membrane, |

2) Coalescence of the internal aqueous droplets within the oil phase,

3) Coalescence of the oil globules whether simple or multiple,

4) Rupture of the oil layer on the surface of the internal droplet.

Several potential applications of multiple emulsions have led many
researchers to overcome the inherent instability of the multiple system. The
presence of electrolytes is one of the most important factors playing a role in the
stability of the system (107). The effects of electrolytes are two fold:

- First, to promote an osmolar balance between the internal and external
aqueous phases,

- Second, to increase the stability of the system due to the phenomenon of
salting out. There is a competition between electrolyte and emulsifier for
water molecules. Lipophilic emulsifier becomes less
hydrophilic and push off at the interface. This would result in a rigid
interfacial layer and form a more effective mechanical barrier.
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One of the approaches to the stabilization of multiple emulsions is by
polymerization of monomers dissolved in the aqueous phases (113). Surfactants
from a series of modified polymerizable nonionic surfactants can form a
crosslinked membrane after adsorption at the interface. Such an interfacial
surfactant network can restrict the migration of surfactants (114). A stabilizing
film can be formed through the interfacial interaction between macromolecules
such as albumin or a polyanion such as polyacrylic acid in the internal aqueous
phase and nonionic lipophilic surfactant in the oil phase (115). The preparation of
multiple w/o/w emulsion system with improved stability due to the formation of
interfacial complex films between acacia, gelatin, polyvinylpyrolidone and
sorbitane monooleate has been reported (93). Possible stabilization could occur by
using bovine serum albumin in the internal phase and sorbitane monooleate in the
oil phase (112, 116).

The osmotic pressure gradient between the two aqueous phases may lead
to a dynamic change in the volume of the internal aqueous phase due to the
migration of water through the oily layer (117). At higher concentrations of
electrolytes, extreme osmotic imbalance exists and the internal water is lost
rapidly by the rupture of the oil layer. At lower concentrations of electrolytes, if
the osmotic pressure is higher in the internal aqueous phase, water may pass to
this phase resulting in the swelling of the internal droplets which eventully burst
releasing the contents. Reversely, if the osmotic pressure is higher in the external
aqueous phase, the result will be the shrinkage of the internal droplets. Besides
electrolytes, proteins, glucose or glycerol may be used to control the rate and
amount of materials transferred from one phase to the other (107).

In w/o/w emulsion systems, true osmotic flow occurs, i.e. the oil layer is
impermeable to solute but permeable to solvent molecules (118). Some
tesearchers have calculated the water permeability coefficient using different
methods (117, 119). According to the studies on lipid membrane system the value
for the permeation coefficient Py was calculated as

¢w =Po A (g2 C2-8101)
where, ¢y is the mole flux of water across the oil layer; A is the surface area of oil

layer; g and ¢ are the osmotic coefficient and the concentration of glucose,
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respectively (117). Subscriptions of 1 and 2 refer to the medium side and the
compartment side of the oil layer.

Transfer of the drug to the external aqueous phase can occur either by total
breakdown of the multiple droplets or by diffusion of the unionized drug through
the oil layer (94,120). It has been suggested that the yield of the w/o/w emulsion
system can be measured by dialyzing the solute in the internal aqueous phase
against distilled water (121). However, if the solute can permeate the oil layer,

‘there is no way to distinguish between the solute diffused and the solute leaked
out as a result of vesicle destruction. Using the amount of tracer liberated, the
yield of multiple emulsion can be calculated using

R= Yo-Yi/Yo
Where, R is the yield value, Y is the initial amount of tracer in the internal phase
and Y is the amount in the external phase. If R=1, the stability of the emulsion is
optimal.
2.3.4.1. Mechanisms of Drug Release

There are several possible mechanisms by which materials may be
transferred across the oil layer in a w/o/w system. The most possible mechanism
of drug liberation is by diffusion. This depends on the nature and concentration of
the active compound. Florence and Whitehill (94) have suggested that release of
unionized materials from w/o/w multiple emulsion systems follow 1% order
kinetics, Fick’s law being obeyed:

dCe/dt = DA/dx (Ce-Ci)

where, Ci= concentration of drug in the internal aqueous phase, Ce=
concentration of drug in the external aqueous phase, D= diffusion coefficient of
- drug in the oil layer, dx= diffusion layer thickness and t= time. When a trapping
agent is used in the internal aqueous phase, the material becomes ionized and Ci
becomes negligible. Therefore, the equation above can be written as:

dCe/dt = - DA Ce/dx =-K Ce
and by integration

Ce= Cee®
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The rate constant, K, is a function of the diffusion coefficient of the drug, the area
between the external phase and the liquid membrane, and the membrane
thickness.

Brodin and Frank (122) have interpreted the release of drug from the o/w/o
multiple emulsion system. Release pattern was complex particularly in systems
containing higher concentrations of the drug. An initial rapid release (a-phase)
followed by a much slower release rate (B-phase) was obtained. The rapid onset of
o~phase corresponded to the release from an oil suspension which reflected the
presence of drug particles in the external oil phase due to the loss from the
internal oil phase during manufacture of the emulsions. The much slower release
during B-phase is the release from the internal oil phase. Yang and Rhodes (123)
also found a two phase mechanism for the transport of the solute from the external
aqueous phase to the internal aqueous phase.

Although diffusion seems to be the most important mechanism of transport
in multiple emulsion systems, there is an evidence that ionized materials may pass
across the oil layer in the w/o/w emulsion. Kita et al (124) suggested two possible
mechanisms for the permeation of water through the oil layer: 1% of these is the
inclusion of water in mixed, inverse micelles of hydrophilic and hydrophobic
surfactants; the other mechanism is when water molecules may diffuse across
very thin lamellae of surfactants formed where the oil layer is very thin. The 3™
possible transport mechanism is carrier mediated transport (125). This involves
either incorporation of some material into the internal aqueous phase or
membrane which reacts with the permeating compound to render it liposoluble.
The carrier compounds effectively ‘pump’ the perméating compound across the
membrane. Kopp et al (125) quoted the example of stearic acid (HSt) used as a
carrier for Cu™ ion according to mechanism

Cu™+ 2HSt <> 2H" + CuSt,

The copper ion reacts with two stearic acid molecules in the oil membrane,
releasing two protons, and is transferred as copper stearate across the oil phase
and exchanged against two protons at the inner interface. The protons are then
transported back as stearic acid across the oil layer and exchanged against the
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copper ion at the outer interface. Using such a system, copper ion is transported
against a concentration gradient.

A 4™ and possibly much less important transport mechanism is the
solubilization of minute amounts of the internal phase in the membrane phase
resulting in the passage of very small quantities of materials (94).
2.3.4.2. Instability Mechanisms

Florence and Whitehill (94) proposed some of the possible instability
mechanisms considering the w/o/w system as shown in the Figure 2.6.
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Figure 2.6. Some Possible Pathways for the Breakdown of w/o/w Multiple
Emulsion

The multiple (oil) droplets may coalesce with the other oil drops, simple or
multiple (a); the internal aqueous droplets may be expelled individually (b, c, d, €)
or more than one may be expelled (f); they may be less frequently expelled in one
step (g); the internal globules may coalesce before being expelled (b, i) , G, k);
water may pass by diffusion through the oil phase gradually resulting in the
shﬁnkage of the internal droplet (1, m, n). Whether all these mechanisms occur in
all systems is not clear, neither is the relative importance of each mechanism in
different w/o/w systems. On the other hand, this may be simplified and a

combination of the above events may take place.

37



2.3.4.3. Methods Used For the Estimation of the Stability of Multiple
Emulsions

Several techniques are used to detect and quantify breakdown of multiple
droplets in multiple emulsions.
2.3.4.3.1. Microscopy

Measurement of the size and distribution of multiple droplets gives a good
idea for the stability. This can be achieved by using light microscopy (110, 112,
119) or electron microscopy (126, 127) for a definite period of time.
2.3.4.3.2. Centrifugation

Samples of freshly prepared emulsions are subjected to the centrifugal
stress of 1000 rpm for 60 minutes. The cream volume or the separation of phases
at a given time is taken as a measure of the physical stability of emulsion (128).
2.3.4.3.3. Thermal Analysis

Thermal stability tests are carried out at below 0°C (129), 4°C+1°C,
25°C+1°C and 40°C+1°C to investigate any phase seperation and especially
creaming (130).
2.3.4.3.4. Conductivity

Conductivity differences arise when an emulsion creams and the
proportion of oil increases in the upper part of emulsion and the proportion of
water increases in the lower part of emulsion. By measuring the conductivity
differences in the upper and lower parts as a function of storage time, instabilities
can be determined (131). Conductometric analysis can also be achieved by
dilution of the muitiple emulsion containing an electrolyte with an isotonic
solution and measuring the conductivity over a period of time (110,127).
2.3.4.3.5. Viscometric Methods

Since multiple emulsions are known to be viscoelastic materials exhibiting
the characteristics of both the liquid and solids, their rheological properties must
be determined (132). Due to their great potential for characterization and
description, rheological analyses are absolutely necessary to define and optimize
stable multiple emulsions. These analyses allow the following of changes in
multiple emulsions induced by aging, shear and temperature. Moreover, the
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rheological properties allow us to describe and control the disruption mechanisms
of the oily globules, which occur either by an osmotic swelling or simple shear.
The viscosity of the w/o/w emulsions can be expressed by Mooney’s
equation as (133):
In M = a($o-dw)/ [1-Aotdw)]
where, N is the relative viscosity of the sample; ¢o and ¢, are the volume
fractions of the oil and aqueous phases, respectively; a is the shape factor; and A is
the crowding factor (134). These constants obtained experimentally show an
 irregular fluctuation in the range of 2.3 and 1.9 for a, and 0.5 and 1.9 for A. The
volume fraction of the internal aqueous phase ¢, can be obtained using the
equation above
&w= [(1-Ado) In Tir-adho] / (a+A In Tret)
Volume fraction of the oil phase, ¢o , remains constant after rupture of the oil
layer while volume fraction of the inner aqueous phase, ¢w , decreases with the
increase in number of ruptures. Therefore, the decrease in the volume fraction, ¢
reflects the viscosity of the w/o/w emulsion. Examination of the viscosity changes
at a definite period of time may determine the stability of the multiple system
(113, 133, 134).

2.3.5. Cosmetic Applications

Cosmetics mean any article intended to be used by means of rubbing,
sprinkling or by similar application to the human body for cleaning, beautifying,
promoting attractiveness altering the appearance of the human body, and for
maintaining health of the skin and hair, provided that the action of the article on
the human body is mild (144).

Cosmetic products must comply with the requirements in order to respect
the integrity of Stratum corneum which is a very impermeable barrier (145, 146).

Aesthetic considerations, such as pleasant odour and colour, good
spreadability and smooth skin feeling are also very important for the cosmetic
products. A long shelf life, usually two years, is also required. This means no
phase separation, discolouration, mal odour development or bacterial growth
during this period of time (147).
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Due to the structure of multiple emulsions, they can offer promising
applications in pharmaceutical, food and cosmetic industries. Multiple emulsions
can ensure:

- complete protection of the entrapped drug,
- different drug release characteristics: immediate and prolonged.
2.3.5.1. Benefits of Multiple Emulsions in Cosmetic Formulations

Common properties of both w/o/w and o/w/o multiple emulsions are of
great interest to the cosmetic industry. The reasons include:

- high capacity of entrapment of materials (79 ),
- possible protection of fragile substances encapsulated in the internal
compartment (3),
- possibility to dissolve incompatible substances in the internal and
external separate compartments (2),
- prolonged release of active substances incorporated into the multiple
droplets (127).

In addition to these well known pfoperties, others seem more related to
special textures presented by these systems:

- a pleasant skin feel like that of o/w emulsions combined with the well
known moisturizing properties of w/o emulsions for w/o/w systems
(140),

- the continuous phase can be gelled to provide the right consistency

(148).

- no need to incorporate into a delivery system (94).
2.3.5.1.1. Original Textures

Among the current trends in the cosmetic industry, texture research is a
very important tool to improve appeal to the consumer. Multiple emulsions, with
their particular rheology, are good candidates for providing an interesting feeling:
efficient, light, non greasy textures. For example, o/w/o emulsions can be of great
interest in the field of sun protection products: continuous oil phase emulsions are
well known to resist washing off and have good spreadability on the skin for
lipophilic UV filters (2). However, for simple w/o emulsions, the addition of

waxes, which are necessary to increase emulsion stability and viscosity, have the
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incorporation of ingredients which have incompatibilities with silicone oils have
been studied (150). The incorporation of micronized TiO: in the o/w/s multiple
emulsion for sun protection purpose was investigated by Semenzato et al (2). It
was found that the efficacy of UV absorption of these ultrafine particles
depended mainly on their degree of solvation in a suitable medium. The best SPF,
i.e. 35 was obtained with organically treated hydrophobic TiO: dispersed in
organic oils such as esters or hydrocarbons. Silicon oils are also very useful in
providing good spreadability and water resistance. Nevertheless, these oils are not
very good solvents for TiO; and agglomeration of particles may cause some
problems (150). Thus, a good solution is to keep TiO; dispersion by encapsulating
it in the internal oil phase of a o/w/s multiple emulsion.
2.3.6. Fields of Applications

Multiple emulsion systems have been designed to be applied cosmetically
because of their ease in skin application and encapsulation character. Skin care
can be maintained over twenty hours; sustained release and protection of
fragrances and other sensitive materials can be achieved. Multiple emulsions have
been claimed to be useful when applied as sunscreen, moisturizing, nutritive and
protective hand creams, make-up cleansers, shaving creams, antiperspirants and
perfume preparations by incorporating the active agents either in the internal or
external phase (151-161).

2.4. MACADAMIA NUT

Macadamia nuts contain oil more than 75 % of their weight, 9.0 %
proteins, 9.3 % carbohydrates, 1.5 % moisture, 1.6 % mineral matters and 2.0 %
fiber (4, 5). The kernels of macadamia contain vitamin Al, B1, B2, niacin and
essential elements such as calcium, iron, phosphorus, magnesium and potassium.
The oil is a triglyceride oil and contains primarily monounsaturated fats up to 80-
84 %. Macadamia oil contains the highest percentage of monounsaturates when
compared to both olive and canola oils (5).
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Table 2.4. Contents of Unsaturated and Saturated Fats of Different Oils

PERCENTAGE OF PERCENTAGE
OIL TYPE UNSATURATED FATS OF SATURATED
FATS
Poly- Mono-
Macadamia oil 4 84 12
Almond oil 25 65 10
Animal frying oil 5 45 50
Butter 7 36 57
Canola oil 30 63 7
Olive oil 10 76 14
Palm oil 10 39 51
Peanut oil 36 45 19
Pecan oil 34 55 11
Safflower oil 77 14 9
Soyabean oil 62 23 15
Sunflower oil 66 23 , 11

The macadamia nut based diet, high in monounsaturated fat and the
moderately low-fat diet both have potentially beneficial effects on cholesterol and
LDL in serum and reduce the risk of a heart attack (162, 163). In the past, many
have avoided nuts because of their high fat content. The dietary approach to stop
hypertension (DASH), however, recommends regular consumption of this food
along with seeds and dried beans (4-5 servings per week). Nuts are nutrient dense
and most of their fat is unsaturated. They are also the best natural source of
Vitamin E and are relatively concentrated repositories of dietary fiber,
magnesium, potassium, and argnine, the dietary precursor of nitric oxide (163).
Human feeding studies have demonstrated a reduction of 8-12% in low density
lipoprotein (LDL) when almond and wall nuts are substituted with more
traditional fats. Other studies show that macadamias and hazelnuts appear at least
as beneficial as fats in commonly recommended diets. The idea of weight gain
due to daily consumption of modest quantities of nuts is not certain, since
preliminary data suggest that this is unlikely (163). Four of the best and the largest
cohort studies in nutritional epidemiology have reported that eating nuts
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frequently is associated with a decreased risk of coronary heart disease with the
order of 30-50%. The findings are very consistent in subgroup analyses and
unlikely to be due to confounding. Possible mechanisms include reduction in LDL
cholesterol, the antioxidant action of vitamin E and the effects on the endothelium
and platelet function of higher levels of nitric oxide.

2.4.1. Macadamia Plant '

Macadamia oil is obtained from the nuts of macadamia trees (Proteaceae
Jamily) (164). Common names of the trees are, Australian nut and Queensland
nut. Species are “smooth shelled macadamia™ called Macadamia integrifolia and
“rough shelled macadamia™ called Macadamia tetraphylla (164). Macadamia
ternifolia is also the name used for M. integrifolia. Macadamia integrifolia is
native to Australian and Hawaii islands. It grows in rain forests and close to
streams. Macadamia tetraphylla is native to Southeastern Queensland and
Northeastern New South Wales. Macadamias are large spreading evergreen trees
reaching 30-40 feet height (164). Macadamia has proteoid roots, dense cluster of
short lateral roolets in well defined rows around the parent root axis. The two
species are fairly easily distinguished by their foliage. The leaves of M.
integrifolia are 8-11 inches in length and occur usually in whorls of 3. The spiny,
often sessile leaves of M. tetraphylla usually appear in whorls of 4 and may grow
to 20 inches long. M. integrifolia has creamy white flowers borne in clusters 6-12
inches long, while the flowers of M. tetraphylla are cream-coloured or pink and
borne in clusters up to 15 inches long (164). Macadamia nuts have a very hard
seed coat enclosed in a green husk that splits open as the nut matures. This seed
coat of M. integrifolia is smooth . It holds a creamy white kernel containing up to
80 % oil and 4 % sugar. When roasted, it develops a uniform color and texture.
Although M. tetraphylla is a rough shelled macadamia, the seed coat of some
cultivars are smooth, while others are rough and pebbled. The quality of the
kernels of M. tetraphylla are also variable. The oil content ranges from 65 % to 75
% and sugar content ranges from 6 % to 8 %. These factors result in variable

colors and texture when the nuts are roasted under the same conditions (164).



2.4.2. Macadamia Nut Oil

MIAMP1 is a low molecular weight cysteine-rich antimicrobial peptide
isolated from the nut kernels of Macadamia integrifolia (165, 166). On the other
hand, no antimicrobial activity of macadamia oil in a concentration of 2 % (v/v)
has been reported in another study (167). Macadamia nut ingestion can cause
immediate-type 1 allergic reactions. Hypersensitivity reactions with macadamia
nuts have also been reported (168).

Phenolic compounds in macadamia nuts and shells were identified and
their antioxidant activities were evaluated in a refined macadamia nut oil (169).
Thin layer chromatography of oil extracted from macadamia nut kemels and
shells indicated the possible presence of catechol, pyrogallol, and 3,4,5-trihydroxy
phenolic compounds (169). In a similar report by Rosenthal et al (170),
accelerated oxidation tests indicated that the kernels of M . integrifolia were more
resistant to rancidity than those of M. fetraphyla. The oxidative stability index of
macadamia nut oil is high compared to other naturally derived oils (171).

The chemical composition of the fatty acid portion of macadamia oil has
been reported by Alban Muller International (172) as:

Oleic acid 54-68 %
Palmitoleic acid 16-23 %
Palmitic acid 7-10%
Stearic acid 2-55%
Arachidic acid 1.5-3%
Linoleic acid 1-3%
Eicosenoic acid 1-3%

Approximately the same ingredients has been reported by Vega et al
(173). Palmitoleic acid at such a high concentration is rarely found in vegetable
oils. This fatty acid is mostly found in fish oils. Palmitoleic acid is found in
macadamia oil in concentrations as high as 21% (174). This fatty acid is secreted
by young children’s sebaceous glands giving them pulp and dewy skin. It almost
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disappears from the sebum by aging (175). It helps to recapture the skin of
childhood. It effectively hydrates dry and rough skin and reduces the appearance
of the fine lines including those around the eyes. It is ideal for use where
penetration and lubrication are essential and provides amazing slip for massaging
(175). It shows excellent absorbancy with protective barrier which does not clog
the pores of the skin. It is non toxic, non allergenic and non-staining. It is easily
removed by soapy water.

It is well known that lipid peroxidation damages cell membrane. It was
determined that the presence of palmitoleic acid played a role in this protection
(176). Use of macadamia nut oil may protect cells in a similar manner. This may
be particularly true in skin exposed to excessive sunlight. It is also an excellent
emollient and possesses a good afterfeel and superior spreading coefficient (176).

Due to its excellent properties, it is being used in a variety of cosmetic
products including lipsticks, skin conditioners, hair, antiacne, sunscreen and bath
preparations, nail lacquer removers, shampoos, shower oils, and other skin
preparations. Macadamia nut oil can be used in any cosmetic product as an active
principal or as a carrier in the oily phase without any limit (177-185).

2.5. ASCORBIC ACID (VITAMIN C)

Vitamin C or ascorbic acid is a white or almost white, crystalline powder
or colorless crystals; discolor on exposure to air and moisture; freely soluble in
water, soluble in alcohol, and practically insoluble in ether (186). Its chemical
structure is given in Figure 2.7.
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Figure 2.7. Chemical Structure of Ascorbic Acid



It is found at quite high concentrations in the aqueous fractions of many
ammal tissues including the spinal cord, lungs and eyes. In plants, some fruits
may contain more than 1 %. It normally occurs at a level of about 0.1 mM in
human blood plasma. Because of its enediol structure, it displays a rather low first
pKa (about 4.2) and accordingly exists almost entirely as a monoanion in most
tissues.

2.5.1. Physico-Chemical Characteristics

Ascorbic acid has important physiological effects on skin, including
inhibition of melanogenesis, promotion of collagen biosynthesis and prevention of
free radical formation (187-191), all closely related to the well-known antioxidant
properties of this compound (192-194). Vitamin C therefore plays an important
role in skin aging and is considered as an interesting ingredient of cosmetic skin
care products (192).

The formulation of products with ascorbic acid is of challenge because
this substance is extremely unstable (195-197) : it undergoes oxidation, especially
in aerobic conditions (copper or heavy metals catalize this reaction) (196, 197)
and with light exposure (198, 199). These reactions occur rapidly at standard
conditions and the compound degrades itself irreversibly to a biologically inactive
form (2, 3-diketo-L-gluconic acid). To overcome this problem, vitamin C is
chemically modified by esterification of the hydroxyl group using long chain
organic or inorganic acids (195, 200). Two derivatives are widely used in topical
formulations: ascorbyl palmitate, a fatty acid ester with lipophilic properties
(200); and magnesium ascorbyl phosphate (VC-PMG), an inorganic water-soluble
acid ester (201).
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Figure 2.8 Chemical Structure of Magnesium Ascorbyl Phosphate
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Figure 2.9. Chemical Structure of Ascorbyl Palmitate
2.5.2. Stability

The stabilities of ascorbic acid, ascorbyl palmitate and magnessium
ascorbyl phosphate (VC-PMG) in both standard solutions and topical
formulations were investigated by direct RP-HPLC analysis after sample dilution
with a suitable aqueous-organic solvent mixture (202). The results have shown
that the two vitamin C derivatives were more stable than ascorbic acid itself. The
ascorbyl esters have shown significant differences. Esterification with palmitic
acid in 6-position did not prevent hydrolysis of the molecule, either in solution or
in emulsion. Only the special preparation of products with high viscoelastic
properties was able to reduce the typical behaviour of this compound (202).
Conversely, the introduction of phosphoric group in 2- position protected the
molecule from break up of the enediol system, confirming VC-PMG as a very
stable derivative of vitamin C that may easily be used in various types of
cosmetic products (202).

Several O/W microemulsions, O/W and W/O emulsions and a W/O/W
multiple emulsion were prepared using non-ionic, non-ethoxylated skin
compatible emulsifiers (203). Vitamin C has been added to the emulsified
systems and its stability against oxidation was studied at 45°C in aerobic
conditions and compared to that in aqueous solutions at different pH values (203).
All emulsified systems provided protection for vitamin C since its degradation
rate was slower in emulsified systems than in aqueous solutions which increased
with increasing pH. The highest protection of ascorbic acid was when it was
dissolved in the internal aqueous phase of the W/O/W multiple emulsion (203).
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2.5.3. Effects on Skin
2.5.3.1. Antioxidant Activity

Ascorbic acid is a potent reducing agent whose low redox potential of
about 280 mV means that it has the thermodynamic potential to react with almost
all other oxidizing free radicals (204). Experimentally, it reacts rapidly with even
weak oxidizing agents, including the free radicals ‘O; and ‘OOH, as shown by
pulse radiolysis and flash photolysis studies (205). The rate constant for reaction
of superoxide with ascorbate at nearly neutral pH has been reported to be in the |
range of 2.7x10° - 6.5x10° L/mol sec , which is greater than that of other
biomolecules except glutathione, metalloproteins, a few polyphenols and quinones
(206,207). Ascorbate radical, (A), can terminate a chain reaction by
disproportionating into the non-radical product ascorbate dehydroascorbate.
However, the reaction efficiency is partly ameliorated by the ability of ascorbate
to produce superoxide upon its own oxidation by molecular oxygen.

AH+0, > A +0*+H'

AH+0;, > A+ 0,+H

Ascorbic acid reacts with typical peroxide radicals in water with a rate
constant of 2x10° L/mol sec. (208). This value is approximately 4 times lower
than the rate constant of vitamin E. The number of peroxide radicals trapped per
mole of ascorbate is in the range from nearly 2 at low ascorbate concentrations to
almost 0 at high concentrations (209). This is due to self termination reactions that
compete with radical trapping at higher ascorbate levels.

Ascorbic acid quenches singlet oxygen with a rate constant of about 10
L/mol sec (210). The products include oxalic acid (HOOC); and threonic acid
HOOC-(CHOH).-CH,OH (211). It is probable that the quenching ability of
ascorbate is not particularly important in the aqueous environment where it is

found, since 'O; has such a short life time in water in any case.
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2.5.3.2. Photoprotection

Vitamin C (l-ascorbic acid) functions as a biological co-factor and
antioxidant (6-8). It has been touted as important in treating pathologies ranging
from cancer to the common cold, presumably due to its antioxidant functions
(212). Ultraviolet-radiation damage to the skin is partially due to the generation of
oxygen free radicals. Topical application of vitamin C was shown to significantly
elevate the cutaneous level of this vitamin in pigs (213). This protects the skin
from UVB damage, as measured by erythema and sunburn cell formation. This
biochemical protection is due to the reducing properties of the molecule (213).
Other investigators have shown that topical vitamin C treatment can significantly
retard UVA-mediated damage to the skin, and may thus serve as a biological-
origin, broadspectrum photoprotectant and/or anti-inflammatory agent. The
investigators have also provided evidence on the possible depletion of skin’s
vitamin C level after UV irradiations (214). This would lower the skin’s
protection mechanism leaving it at risk to poorer healing after photoinduced
damage. The prophylactic activity of topical vitamin C therapy may prove to be
valuable in decreasing UV-induced trauma as well as other skin pathologies. A
subsequent study on humans showed that topical vitamin C treatment has reduced
UVB radiation-induced erythema (214). This result suggests that free radicals are
involved in UV damage to human skin and that vitamin C can provide
prophylactic photoprotection.

Topical vitamin C is claimed to inhibit ultraviolet-radiation-induced
damage to porcine skin (6). Photoprotective effects of topically applied
antioxidants, when applied before UVR exposure are well known. However, their
protective effects when applied after UV exposure is less established. In a
randomized, double blind, placebo-controlled human study, the short-term
photoprotective effects of different antioxidants and of their combinations were
evaluated when applied after UV exposure (215). No significant protective effect
of meltonin, vitamin C or vitamin E were obtained. UV-induced skin damage is a
rapid event, and antioxidants possibly prevent such damage only when present in
relevant concentration at the site of action at the beginning and during oxidative
stress (215).
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Natural antioxidants, are now-a-days being used in photoprotection. Two
of the best known antioxidants are vitamin C and vitamin E, both of which have
been shown to be effective in different models of photodamage (216). Very little
has been reported, however, on the combination of the two nor have there been
detailed studies on the ability of these antioxidants to augment commercial
sunscreen, protection against UV damage. Darr et al (216) reported that vitamin C
is capable of additive protection against acute UVB damage when combined with
a UVB sunscreen. Vitamin C is significantly better than vitamin E at protection
against a UVA mediated phototoxic insult in the animals while the combination is
only slightly more effective than vitamin C alone (216).

The effect of stable vitamin C, magnesium-L-ascorbyl-2-phosphate
(MAP), administered after acute and chronic exposure to UVB irradiation were
investigated using hairless mice and the results suggested that postadministration
of MAP delays progression of skin damage (217). It is presumed that MAP, once
converted to ascorbic acid exhibits such inhibitory effects by scavenging
hydroxyl and lipid radicals generated as a direct or indirect result of UVB
exposure (217).

Acute adverse effects of ultraviolet radiation in human include sunburn,
- photosensitivity reactions and immunological suppersion (218). Chronic exposure
to UV light, particularly the UVB (290-320 nm) component of UV radiation, and
certain environmental chemicals increase the risk of nonmelanoma skin cancer
and play a major role in cutaneous aging. The lipid peroxidation (LPO) of
biomembranes, mediated by reactive oxygen species and free radicals, is one of
the major causes of cellular damage induced by UV radiation and toxins.
Antioxidants such as vitamin E, vitamin C and melanins are reactive oxygen and
radical scavengers, thereby minimizing the light and toxin induced tissue
destruction. The influences of 8 biotechnologically produced polyphenolic
melanins on the LPO of microsomal membranes in comparison to alpha-
tocopherol, ascorbate and synthetic melanin were tested (218). All biomembranes
showed better inhibition of peroxidative damage than synthetic melanin. Three of
the tested drugs inhibited the LPO at least as effectively as vitamin C and vitamin
E. The combination of the most effective biomelanin with both vitamin C and
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vitamin E resulted in higher LPO inhibition than caused by each agent alone. Data
obtained shows that biomelanin is a potent inhibitor of the peroxidative
destruction of biomembranes, indicating that these compounds may be useful
antioxidative agents in cosmetic preparations (218).

2.5.3.3. Others

The analysis of epidermal lipids reveals that (glucosyl) ceramide profiles
in various human skin are different from those of native tissues (219). The main
difference is the reduced content in skin equivalents of ceramides 4-7 and
especially the very low content of the most polar ceramides 6 and 7 which contain
hydroxylated sphingoid base and/or fatty acid. To fascilitate hydroxylation, the
culture medium was supplemented by vitamin C and vitamin E. Although,
lipogenesis was not affected in vitamin E supplemented medium, at the vitamin C
supplemented medium, the contents of glucosylceramides and of ceramides 6 and
7 were markedly increased. The improvement of the lipid profile was
accompanied by an apparent improvement in the barrier formation. These results
indicate the key role of vitamin C in the formation of Stratum corneum barrier
lipids (219).

The Stratum corneum has been recognized as the the main cutaneous
oxidation target of atmospheric ozone (Os), a major part of photochemical smog.
Weber et al (220) reported the presence and distribution of vitamin C, glutathione
and uric acid in murine Stratum corneum and evaluated the susceptibility of these
agents to acute environmental exposure to Os;. Ozone was applied at different
concentrations on hairless mice. The concentrations of hydrophilic antioxidants
were measured before and afier the exposure. It was found that vitamin C was
decreased to 80 % of its pretreatment contents, ghitathione to 41 % and uric acid
to 44 %. This report demonstrates the previously unrecognized role of hydrophilic
antioxidants in the Stratum cornewm and provides further evidence that O;
induces oxidative stress on this outer skin layer.

Postoperative erythema is a universal and problematic side effect of
cutaneous carbon dioxide (CO,) laser resurfacing (221). A study was conducted in
order to determine the efficacy of the two formulations of topical ascorbic acid in
reducing the degree and duration of post-CO,- laser resurfacing erythema (221).
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The application of topical L-ascorbic acid in an aqueous formulation resulted in a
significant decrease in a post-COx-laser resurfacing erythema by the 8* week.
The application of topical ascorbic acid in a cream formulation did not give
similar results. It was concluded that topical L-ascorbic acid, when used in an
appropriate vehicle and when initiated for an appropriate postoperative period,
may decrease the degree and duration of erythema after cutaneous CO;-laser
resurfacing (221).

Proliferation of human skin fibroblast was stimulated significantly by the
presence of L-ascorbic acid-2-phosphate (Asc 2-P). The presence of Asc 2-P (0.1-
1.0 mM) in the culture medium for 3 weeks has increased the relevant ratio of
collagen synthesis to total protein synthesis. Supplementation of the medium with
Asc 2-P also accelerated procollagen processing to collagen and deposition of
collagen in the cell layer. The results indicate that Asc 2-p is useful in culture
systems as a long acting vitamin C derivative and also that it promotes
reorganization of a three dimensional tissue like substance from skin fibroblasts in
culture by stimulating collagen accumulation in the fibroblasts (9).

A study was done to compare 2-o-alpha-D-glucopyranosyl-L-ascorbic acid
(AA-2G) with ascorbic acid (AA) and ascorbic acid 2-phosphate (AA-2P)
concerning the promotion of collagen production in human skin fibroblasts (222).
Although AA-2G was observed to promote collagen synthesis at the same level
on the 8 day of the culture, collagen synthesis was seen to decrease on the 5% day
of culturing with AA and AA-2P. These findings suggested that AA-2G is
decomposed to AA by alpha-ghucosidase in the cells. Thus AA promotes collagen
synthesis which is prolonged through AA-2G; sustained decomposition (222).

Human dermal fibroblasts were cultured and aged in vitro. Survivals of
young and aged fibroblasts were determined in the presence and absence of
different concentrations of two vitamins, vitamin C and vitamin E (223). 5, 12.5,
25, and 50 mumoVl/L of vitamin C and 1, 5, 10 and 50 mg/L of vitamin E were
added 30 minutes before oxidative stress, consisting of exposure to 5 mM
hydrogen peroxide for 30 minutes. A non-radioactive cell proliferation
cytotoxicity assay (MTT) was used to determine the protective effect of the
vitamins studied. Vitamin C produced a clear cytoprotective effect on aged cells
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over the entire range of doses applied. The protection provided by vitamin E was
also pronounced (223).

Daily use of a topical L-ascorbic acid (vitamin C) product minimizes the
appearance of fine lines and wrinkles (224). L-ascorbic acid is an antioxidant
which neutralizes the oxygen-free radicals which damage and destroy the skin
tissue when stimulated by ultraviolet radiation. Studies also indicate that topical
vitamin C offers photoprotective qualities and anti-inflammatory benefits, making
it an excellent adjunct to sunscreens. Maintaining healthy skin starts with proper
sun protection. Herschthal (224) recommends the daily use of a true broad
spectrum sunscreen with a minimum SPF of 20. He claims that the protective
products, containing transparent zinc oxide can provide the ultimate in UV
protection when used with topical vitamin C. Cautions should be taken since the
commercial varieties often contain vitamin C derivatives or insufficient amounts
of vitamin C, rendering them ineffective (224).

2.6. Lipacide PVB®

Lipacide® is a condensation product of palmitic acid and hydrolysate of
wheat proteins (11). This product has a beige color. Its melting point is 60-70°C.
It is soluble in ethanol and oil but very slightly soluble in water (11).

2.6.1, Properties
2.6.1.1. Stimulating Effect on Vital Skin Cells

Cultures of normal human epidermal keratocytes were used as a biological
model for the determination of stimulating effect of Lipacide® on the vital skin
cells (11). The neosynthesis of proteins was measured by the incorporation of
leucine, marked with a radioactive product. This criteria reflects the capacity of
keratocytes to synthesize their new proteins. Wheat proteins (Lipacide PVB®)
were incubated with normal human epidermal keratocytes for 24 hours. The
concentrations selected were in the range of 0.1 — 30 pg/mL, i.e. within the range
of solubility of the culture medium. The pH values in the incubation media were
maintained at 6.6 and 7.8, respectively. The positive control was composed of an
incubation medium containing growth factors. The effect on neosynthesis was
assessed using the liquid scintillation technique which measured radioactivity
with a PACKARD counter. Results obtained showed that the activity of this



compound is greater in its unchanged form at pH 6.6 than in its ionized form at
pH 7.8. It means that the skin’s natural acidic pH in the range of 4.2-6.2 promotes
the activity of this compound at low concentrations of 0.1% . Two mechanisms
could have explained these results (11):
- wheat proteins may have nutritive effect and may provide cells with
elements which are absent or insufficient in the culture medium,
- proteins may have a “hormone like” effect acting as a mediator
transmitting signals to cells to modify their activity.

Anyhow, it was concluded that wheat proteins have “stimulant” and
“trophic” effects on epidermal structures at a low concentration of 0.1% (225).
2.6.1.2. Restructuring Effect on Collagen Fibers

Studies have been carried out on the restructuring effect of wheat proteins
on human dermal fibroblasts in cultures (225). This study was based on
observation under scanning electron microscope of the network of fibers
deposited on the fibroblast culture medium. The method was used to assess
semiquantitatively the synthesis of the matrix constituents as well as the quality of
the supramolecular arrangement of these molecules. The effects were observed at
non-toxic concentrations of wheat protein, i.e. 0.1-0.3 pg/L. Vitamin C known for
increasing proline and lysine hydroxylation and thus promoting the formation of
cross-links between the matrix’s collagen fibers was used as a reference molecule
for the experimental validation. Results showed a positive effect on the synthesis
and deposit of proteins in the extracellular matrix. These proteins deposited by
fibroblasts in the form of fibers on the culture medium mainly contained collagen
I, collagen III and some non-collagenic proteins. Morphological and qualitative
observations obtained using scanning electron microscope showed a tendency
towards fiber elongation in the presence of wheat proteins as for vitamin C. This
effect seemed to be dose dependent and more severe at pH 6.6 than at pH 7.8.
Consequently, wheat proteins are active contituents which contribute to cutaheous
restruction and firmness because of their effect on the synthesis and the
organization of the skin matrix.
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2.6.1.3. Moisturizing Effect

The moisturizing potentials of wheat proteins were studied using the
traditional “gelatin cells method™, at two concentrations of 2 and 5 % in a cream
(25). This method was used to determine the in-vitro effect of a product against
transepidermal water loss (226). The results showed that when the proteins were
incorporated at concentrations of 2 and 5 %, they limited transepidermal water
loss (TEWL) thus promoting skin moisturization.
2.6.1.4. Toxicology of Wheat Proteins

When tested in a 5% dilution in vaseline in a patch test, these proteins
showed an acceptable level of tolerance (227). Therefore, these proteins can be
incorporated into any formulation upto a concentration of 5 % without any toxic
or side effects.
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3. MATERIALS AND METHODS

3.1. Materials and Apparatus
3.1.1. Chemicals
Abil EM 90
Immersion oil
L(+)Ascorbic acid
Lipacid PVB
Macadamia nut oil
Magnesium sulfate
Nile red

Synperonic PE/F 127
Triethanolamine
3.1.2. Apparatus And Software
Balance

Camera
Centrifugator
Cutometer

Globule Size Analyser
Mechanical Stirrer
Mexameter
Microscope

Oven

pH-Meter
Refrigerator
Rheometer
Sebumeter

Skin-pH meter

SPSS

Stability Cabinet
Water Bath

Water Bath

Goldschmidt, Germany
Olympus Optical Co. Ltd., Japan
E. Merck, Germany
Givaudan-Lavirotte, France
Alban Miiller International, France
E. Merck, Germany
Sigma, Germany
Unigema, Belgium
Carlo Erba, Italy

Scaltec SBA, 31

Olympus attached to microscope
Hettich EBA-8

Courage & Khazaka

Malvern, Mastersizer 2000
Heidolph RZR 2101

Courage & Khazaka

Olympus Bx50

" Elektro-Mag

WIW

Argelik

Brookfield DV IIT

Courage & Khazaka
Courage & Khazaka

10.0, 2000

Aymes

Polyscience CFC Refregerent
GFL 1052
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3.2. METHODS
3.2.1. Basic Properties of Macadamia Nut OQil

Cosmetic oils, like all cosmetic ingredients, must be subjected to a
comprehensive evaluation. The evaluation criteria includes the effect of physico-
chemical properties on the colloid chemistry and the sensory properties of
emulsions. Five basic properties are defined which influence the colloid chemistry
as well as sensory characteristics of emulsion preparations (228). Basic properties,
namely, viscosity, surface tension, pour and cloud points, spreadability and
polarity are parameters used to define cosmetic oils (229).
3.2.1.1. Rheological Analyses

The rheological test was performed using a thermo-controlled stress
rheometer in the cone and plate geometry.
3.2.1.2, Surface Tension

Capillary rise method at 25+1°C was used to determine the surface tension
between macadamia nut oil and water. Diameter of the capillary was measured
using a compass and following the determination of densities of the oil and water,
surface tension was calculated. Each measurement was repeated S times and the
mean was taken.
3.2.1.3. Spreadability ,

The method proposed by Roehl and Brand (232) was used to test the
spreadability of the oil using glass plates coated with gelatin. 1 % aqueous
solution of gelatin was prepared by gentle heating. Microscopic shides which have
a flat, glass surface were wetted uniformly with the gelatin solution. The film was
allowed to solidify on a tray floating on an ice bath for 1 hour. The film was then
dried at room temperature for two days, followed by storage at 25°C, dust-free
cabin for 24 hour. The spreadability tests were performed in a conditioned room
of 52 % relative humidity and 23°C temperature. Coated glass plates were placed
on a milimeter graph paper on a flat surface. 10 pL of the oil to be tested was put
on a plate using a microliter pipette. After 5 minutes, the diameter of the circular
spreading area was read. The test was repeated 5 times and the mean
measurements were assigned to the given standards (228).
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3.2.1.4. Pour Point and Cloud Point

The determination of pour and cloud points of macadamia oil was
performed in a water bath (1 0.1°C). 15 mL of oil was put into the test tube which
was placed in the water bath. The temperature of the water bath was decreased
gradually and the point where clouding appeared was noted. Again, the
temperature of the water bath was decreased and the point at which the oil
solidified was noted. Each test was repeated three times.
3.2.1.5. Polarity

The method proposed recently to set a scale of polarity for cosmetic oils
with the help of the solvatochrome dye, nile red, was used to determine the
polarity of oil and the mixture of oil and lipophilic surfactant (229). The test was
repeated thrice for each.

12 mg of nile red was weighed into a 10 mL volumetric flask and made up
with chloroform. From this stock solution, 50 pL was transferred into a 10 mL
volumetric flask and chloroform was evaporated ensuring the even distribution of
the dye on the glass wall. The sample to be tested was then filled up to 10 mL and
agitated for 12 hours using a small magnetic bar, until the dye has dissolved
completely. UV spectrum was determined with UV-photospectrometer (Shimadzu
UV-160 A) with the oil and the mixture as reference.
3.2.2. Preparation of Multiple Emulsion

In this study, multiple emulsions were prepared by the two step process
(79, 80). '
3.2.2.1. Two step Process
3.2.2.1.1. Preparation of the Base

Primary emulsion was prepared by heating oil phase consisting of
macadamia nut oil and lipophilic surfactant (Abil EM 90) to 75°C+1°C. Aqueous
phase consisting of water and magnesium sulphate was also heated to the same
temperature. Aqueous phase was added to the oil phase drop by drop while
stirring at 2000 rpm. Agitation was continued until cooling to room temperature
of 25°C.
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For the multiple emulsion, aqueous phase consisted of water and the
hydrophilic surfactant (Synperonic PEF/127). Primary emulsion was added little
by little to the aqueous phase at 1000 rpm for 10 minutes. Emulsion was then
homogenized at 700 rpm for 7 minutes.
3.2.2.1.2. Preparation of the Active Formulation

Oil phase which consisted of macadamia nut oil and surfactant (Abil EM
90), was heated upto 75°C+1°C. Lipacide was added when the temperature was
acquired. At the same time, aqueous phase consisting of water and magnesium
sulphate was heated to the same température. Vitamin C was added at last to the
aqueous phase. Aqueous phase was added to the oil phase drop by drop. Stirring
was continued at 2000 rpm by the microvortex mixer, until the emulsion cooled to
room temperature, for about 25 mimutes.

In the next step, multiple emulsion was prepared. Aqueous phase consisted
of Synperonic, the hydrophilic emulsifier, and water. Triethanolamine was added
to adjust the pH of the emulsion. Primary emulsion was added little by little to the
aqueous phase at 700 rpm in 20 minutes. After the complete addition of the PE,
the speed of the mixer was reduced to 400 rpm for homogenization, for a period

of 35 minutes.
Formula of Base
Primary Emulsion
Macadamia nut oil 26%
Abil EM 90 4%
Magnesium sulfate 0.7%
Distilled Water q.s. 100%
Multiple Emulsion
PE. 80%
Synperonic 0.8%
Distilled Water q.s. 100%
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Formula of Active Formulation

Primary Emulsion
Macadamia nut oil 26%
Abil EM 90 6%
Lipacide PVB 0.5%
Magnesium sulfate 0.7%
Ascorbic acid 1.0%
Distilled Water q.s.  100%
Muttiple Emulsion
PE 75%
Synperonic PEF/127 2.0%
Triethanolamine 0.7%
Distilled Water q.s. 100%

3.2.3. Properties of Primary and Multiple Emulsions v

Primary and multiple emulsions were analysed to assure the formation of
the desired emulsions.
3.2.3.1. Physical Analysis ,

Primary and multiple emulsions were analysed organoleptically (color,
thickness, look, feel) and physically (creaming and phase separation).
3.2.3.1.1. Types of Emulsions

Types of emulsions were determined by diluting the emulsion with oil and
water separately.
3.2.3.1.2. Microscopic Test

Multiple emulsions were analysed under microscope to confirm the
multiple character. A drop of multiple emulsion was placed on the glass slide and
diluted with water homogenously and covered by glass slide cover. A drop of
immersion oil was placed on the cover slide and observed under the microscope
(110).
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3.2.3.1.3, Globule Size

Globule sizes of the multiple emulsions were determined for the freshly
prepared emulsions and for the emulsions kept at different conditions, i.e.
4°C0.1°C, 25°C0.1°C, 40°C+0.1°C and 40°C+0.1°C with 60% relative humidity
(RH) conditions. Analyses were performed after every 15 days upto 6 months.
Globule sizes were determined by an instrument utilizing laser light diffraction
phenomenon (112).
3.2.3.1.4. pH Determination

pH values of the freshly prepared emulsions and the emulsions kept at
different conditions were determined by a digital pH-Meter.
3.2.3.1.5. Centrifugation Test |

Centrifugal tests were performed for primary emulsions and for multiple
emulsions immediately after preparation. The centrifugal tests were repeated for
multiple emulsions after 24 hours of preparation. These tests were performed at
25°C and at 5000 rpm for 5 minutes by placing 10 g of samples in the centrifugal
tubes.
3.2.3.1.6. Stability Tests

Stability tests were performed at different temperatures and different
conditions for multiple emulsions to see the effect of these conditions on the
storage of multiple emulsions. These tests were performed on samples kept at
4°C+0.1°C (in refrigerator), 25°C+0.1°C (in oven), 40°C+0.1°C (in oven) and at
40°C+0.1°C with 60% RH (in cabinet). Physical characteristics of multiple
emulsions, i.e. color, creaming, liquifaction, pH and globule sizes were noted at
various intervals for 6 months.
3.2.3.1.7. Rheological Tests

Rheological tests were performed for freshly prepared muitiple emulsions
and multiple emulsions stored at different conditions in order to see any changes
produced by these conditions. For this purpose, programmable cone-plate
(Brookfield) theometer was used. The cone used had an angle of 1.565°, radius of
1.2 cm and a shear rate of 3.84XN (N=rpm). Approximately 0.2 g samples and a
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1.2 cm and a shear rate of 3.84XN (N=rpm). Approximately 0.2 g samples and a
constant temperature of 25°C were used for the tests. Tests were repeated three
times, each containing 9 values of shear rate.

Following the determination of the flow type, flow curves were fit to one
of the available mathematical models. These tests were performed at 25°C by
using 0.2 g of multiple emulsions. Increased shear stresses were applied on the
samples and the shear rates and changes in viscosities were noted.

3.2.4. Product Evaluation on Skin

11 volunteers were selected whose ages were in between 40 and 65 years.
Male and female volunteers were included in this work. Prior to the tests, the
volunteers were examined by a cosmetic expert for any serious skin disease or
damage especially on cheeks and forearms. Before the study, every volunteer was
provided with a volunteer protocol (Figure 3.1.). This protocol stating the terms
and conditions of the testing was signed by every volunteer individually.
Volunteers were not informed about the contents of formulations. All the skin
tests were done at 25°C and 40% relative humidity conditions. On the first day,
patch test (Burchard test) was performed on the forearms of each volunteer to
determine any possible reactions to the multiple emuisions. In addition, basic
values of skin moisture, sebum, pH and elasticity were noted for the right and left
cheeks of each individual. On the second day, each volunteer was provided with
two creams. One cream was base and the other one was formulation containing
the active ingredients. Each cream was marked with “right” or “left” indicating
application of that cream to the respective cheek. The creams were applied by the
volunteers themselves as instructed for 28 days. Every individual was instructed
to come on days 8, 15, 22 and 29 for the skin measurements.

Type of Preparation
Facial cream
Duration of study
4 weeks
Daily use

63



Twice a day, morning and evening
Region of Application
Cheeks
Tests to Perform
~-Burchard test
-Mexameter
-Corneometer
-Sebumeter
-Skin pH meter
-Cutometer
-Panel test
Essential criteria for being in in the stu
1) Individuals should be between 40-65 years of age, healthy male or female.
2) No\ person should be hypersensitive to creams. There should be no lesions,
diseases or any abnormality on the skin of face and forearm.
3) No body should use any other cream or any other product on the face, at least
3 days before the study.
4) Every individual should read and sign the volunteer protocol.
5) During the study, every individual should come to the laboratory for
measurements.
Criteria for Excluding Volunteers from the study
6) Pregnant women or milk feeding women.
7) Any individual under treatment for skin disorders during the study.
8) Any individual hypersensitive to any ingredient of the cream or with history of
sensitivity. '

9) Any woman taking estrogen, progesteron or any other oral contraceptive at
least 12 weeks before the study.

10) Any individual who does not obey the application rules of the creams.

11) Any individual with extraordinary hair on the cheeks.
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No body can insist to be informed about the composition of creams nor about
the results of the study.

Volunteer Supervisor of the study
Name Name

Age | Signature

Signature

Flgu& 3.1. Volunteer Protocol

3.2.4.1. Patch Tests (Burchard Tests)

On the first day of skin testing, patch tests were performed on the forearms
of each volunteer. A 5 cmX4 cm regions were marked on the forearms. Basic
values for erythema and melanin were measured with the help of Mexameter. 1.0
g of base and formulation each were applied to the 5 cmX4 cm marked regions
separately on each forearm. The regions were covered with the surgical dressing
after application. After 24 hours, dressings were removed and the measurements
of erythema and melanin were repeated on both forearms.
3.2.4.2, Mexameter

Mexameter was used to measure erythema and melanin on the cheeks, on
the first day before the application of any cream and then on days 8, 15, 22 and
29.
3.2.4.3. Corneometer

With the help of 2 Corneometer, moisture of the skin was measured before
the application of any cream and then on days 8, 15, 22 and 29.
3.2.4.4. Sebumeter

Sebumeter was used to measure sebum content of the skin before
appﬁcaﬁon of any cream and then on days 8, 15, 22 and 29.
3.2.4.5. Skin pH-meter

pH value of the skin was measured with the help of a skin pH-Meter
before application of creams and then on days 8, 15, 22 and 29.
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3.2.4.6. Cutometer

Net elasticity of the skin was measured by the aid of a Cutometer before
application of creams and then on days 8, 15, 22 and 29.
3.2.4.7. Panel test

Every individual was provided with a form prepared previously to test the
sensory values of both creams. This form consisted of seven parameters to be
evaluated and every parameter was assigned 11 values from -5 to +5 indicating
very bad to very good, respectively (Figure 3.2.). This form was asked to be
completed independently by each individual on day 29.

PANEL TEST

1. Ease of application

2. Spreadability

3. Sense just after application
4. Sense in long-term

5. Irmitation

6. Shine on skin

7. Sense of softness

-5 -4 -3 -2 -1 0 1 2 3 4 5

Figure 3.2. Form of the Panel Test
3.2.4.8. Statistical Analyses |
The measured values obtained for different parameters ( skin moisture,
sebum, melanin, erythema, elasticity and pH) were analysed using SPSS 10.0 on
the PC computer (paired samples t-test for variation between the two preparations;
two-way ANOVA for variation between different time intervals).
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4. RESULTS and DISCUSSION
4.1. RESULTS
4.1.1. Basic Properties of Macadamia Nut Oil
‘ Basic properties of macadamia nut oil have been given in Table 4.1. and
the rheogram has been shown in Figure 4.1.

Table 4.1. Basic Properties of Macadamia Nut Oil

“Viscosity | Surface | Spreadability |  Solvatochromism | Pour Point | Cloud
+SE | TensiontSE +SE (nm) (@=3) +SE (C) +SE | Point (°C)
mPas.8 | mN/m (@=5) | (mm) (n=5) Mixture n=3) 1SE
(v=10) oil Mixture < (@=3)
4042 + 3303+ 82+ 5255+ | 5183+ | -1.83 % 0.17+
0.77 0.33 0.02 0.29 494 0.17 0.17
SE= Standard Error
g
e
2
£
28
g
&
g
10 100 1000
Shear Rate (1/Sec)

Figure 4.1. Rheogram of Macadamia Nut Oil
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4.1.2. Globule Sizes

Globule sizes of the formulations kept at different conditions upto six

4.2.-4.5.

Table 4.2. Globule Sizes +Standard Errors of Base (B) and Active
Formulation (F) Kept at Different Conditions (n=3)

Fresh After After After 45 | After 2 After 3 After 6

15 Days | 1 Month Days Months | Months | Months

B F B F B F B 1) B ¥ B F B F

A | 1229 | 543 | - - - - - 2 [15.70 | 4.65 | 14.98 | 669 | 18.92 | 7.37
+ + + + + + + +

0.46 | 0.04 041 | 005 | 023 | 025 | 073 | 0.16

B | 1229 | 543 | - - - - - = [1438 ] 451 |14.18 | 5.03 |14.76 | 5.10
+ + + + + + + +

0.46 | 0.04 028 | 0.06 | 0.55 | 0.02 | 0.48 | 0.05

C (1229 [543 | - - - - - = 13511 416 |16.16 | 622 | 13.7 | 6.34
+ | o+ + + + + + +

| 046 | 0.04 0.42 { 0.13 | 022 | 0.03 | 0.34 | 024

D | 1229 | 543 | 1259 | 442 [11.74 | 441 |15.16 | 4.19 | 13.80 | 421 |14.52| 6.53 | 1459 | 6.53
+ + + + + + + + + + + + + +

046 | 004 | 019 | 010 { 039 { 0.14 | 029 | 0.10 | 0.33 | 003 | 056 | 0.08 | 0.56 | 0.18

A =4°C; B =25"C; C =40°C; D = 40°C & 60 % RH

after 2
months

after 3
months

Time (Months)

after 6
months

[ Base
@ Formulation

Figure 4.2, Globule Sizes of Base and Formulation Kept at 4°C
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[JBase
B Formulation

Time (Months)

Figure 4.3. Globule Sizes of Base and Formulation Kept at 25°C

mBase
@ Formulation

fresh after 2 after 3 after 6
months months months

Time (Months)

Figure 4.4. Globule Sizes of Base and Formulation Kept at 40°C
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(nm)

Figure 4.5. Globule Sizes of Base and Formulation Kept at 40°C & 60 % RH

4.1.3. pH

pH values of the formulations kept at different conditions upto six months
have been determined and represemted in Table 4.3. pH values of base and

formulations have been shown in Figures 4.6. - 4.9.

after 2
months  months

Time (Months)

after 6
months

1 Base
@ Formulation

Table 4.3. pH Values + Standard Errors of Base (B) and Active Formulation
(F) Kept at Different Conditions (n=3)

Fresh After After After 45 After 2 After 3 After 6
15 Days | 1 Month Days Months Months Months
B|F | B |F|B|F|B|F|B|F|B|F|B]|TF

A 6.64 | 6.27 - - - - - - 569 | 481 | 554 | 428 | 464 | 4.36
+ * + + * + x *

0.0 0.0 0.01 {000 | 003 {000 { 002|001

B 6.64 | 6.27 - - - - - - 567 | 521 | 545 { 4.78 | 549 | 4.77
+ + * + + + + +

0.0 0.0 0.05 ] 0.10 ; 0.02 | 0.00 | 0.01 | 0.01

C 6.64 | 627 - - - - - - 402 1513 | 344 { 460 | 331 | 4.59
S £ | = | £ oz { % | &

0.0 0.0 ‘ 0.18 | 0.00 { 004 | 0.0 | 0.04 | 0.01

D 664 { 627 | 646 | 546 | 637 { 530 | 6.14 | 505 | 6.17 | 489 1 476 | 453 | 3.79 1453
- + + + + + + + * + + + + +

00 | 00 | 002003005001 }|000|000]|000]001]} 000} 000])0.021!0.01

A =4°C; B=25"C; C =40°C; D =40°C & 60 % RH
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pH

M Base
O Formulation

o = N O b O O N

fresh after 2 after 3 after 6
months months months
B Time (Months)

Figure 4.6. pH Values of Base and Formulation Kept at 4°C

pH

Base
1 Formulation

o = N O » G O ~N

fresh after 2 after 3 after 6
months months months

Time (Months)

Figure 4.7. pH Values of Base and Formulation Kept at 25°C
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pH

i Base
g Formutation

O =2 N W h 0 O N

fresh after 2 after 3 after 6
months months months
Time (Months)

Figure 4.8. pH Values of Base and Formulation Kept at 40°C

pH

7
6
5
4 iip Base
3 1 Formuiation
2
1
0

fresh after 2 after 3 after 6

months months months
Time (Months)

Figure 4.9. pH Values of Base and Formulation Kept at 40°C & 60 % RH

4.1.4. Stabili

Stabilities of base and active formulation kept at different storage
conditions were studied. The physical characteristics regarding the stabilities of
base and formulation have been presented in Table 4.4. Photographs of freshly
prepared base and formulation and formulations kept at different conditions for

three months were taken and have been given in Figures 4.10. - 4.16.
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Table 4.4. Physical Characteristics of Base (B) and Formulation (F) Kept at
Different Conditions.

Fresh | After15 | After1 | After45 | After2 | After3 | After6
Days Month Days Months | Months | Months
B F B F B F B F B F B F B F
A|W | W[ W|W|W|W[W[|W|W|YW| W |YW|W|YW
B w w w w w w W I IYW[ WIYW| W |[YW | W | YW
E C| W | W | W|[YW| W |YW|W |[YW| W |[YW]| W [YW]| W | YW
S D | W | W | W/ [YW| W |YW| W |YW| W |[YW| W |YW| W | YW
- A | Noi{ No | No | No| No!| No | No o+ No + No | ++ | No | ++
g B {No|No |No{No|[No | No|No| + [Noj + [No| + | No| +
£ C |No|[No |No| + [ No| + [No| + [ No | ++ | No | ++ | No | ++
= D No{No |No| + | No| + [ No| +# | No | ++ | No | + | No | ++
«| A | No | No | No | No | No|No | No| No| No | No | No | No)| No | No
':3 B No‘ No | No | No| No | No | No| No | No| No| No | No| No | No
é %_ C | No | No | No | No| No i No | No| No No | No No | No | No | No
A @ No | No | No | No | No | No | No | No | No | No | No | No | No | No
W=White, YW=Yellowish White; + = Little; ++ = More; A=At 4°C; B=At 25°C;

C= At 40°C; D= At 40°C & 60% RH.

3

VY
%* :
G

Figure 4.10. Freshly Prepared Base
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Figure 4.12. Freshly Prepared Formulation
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Figure 4.14. Formulation Kept at 25°C for 3 Months
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Figure 4.16. Formulation Kept at 40°C & 60 % RH for 3 Months
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4.1.5. Rheological Studies

Rheological properties of formulations kept at different conditions upto
six months were noted and have been given in Table 4.5. Rheograms of the
formulations have been demonstrated in Figure 4.17. - 4.34. Rheological
parameters of the formulations are presented in Table 4.6.
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Table 4.5. Viscosities (mPas.s) + Standard Errors of Base (B) and Active Formulation (F) Kept at Different Conditions

Parameters 4°C 25°C 40°C 40°C & 60 % RH
B F F B F
Fresh | Fresh 3m 6m 3m 6m 3m 6m 3m 6m 3m 6m Im om 3m 6m Im 6m
1 | 28501.3 | 10581.3 | 23552.0 | 26282.0 | 5632.0 | 5888.0 | 16213.3 | 24576.0 | 14848.0 | 26624.0 | 19797.3 | 27818.7 | 11605.3 | 46592.0 | 19797.3 | 36181.3 | 13653.3 | 248320
11947 | 14516 | £1288.5 | $1682.7 | 200 | £256.0 | 46827 | £1182.5 | £1024.2 | £782.1 | $451.6 | 16154 | £1194.7 | $2048.3 | +170.7 | £1732.1 | £1397.0 | $22275.0
2 | 221013 | 93013 | 16298.7 | 180053 | 4096.0 | 4352.0 | 12544.0 | 21589.3 | 10112.0 | 18432.0 | 18602.7 | 21162.7 | 8448.0 | 46336.0 | 16384.0 [ 28160.0 | 93013 | 317440
961.7 | 4307.7 | £1230.7 | 18909 | #0.0 | £256.0 | 1512.0 | 16154 | £896.1 | £532.9 | 1853 | 1840.5 | $823.0 | 14864.7 | £147.8 | 5912 | 13413 | $30212.0
3 | 18432.0 | 8419.7 | 12013.7 | 14393.0 | 3413.5 | 3584.0 | 10695.0 | 18887.0 | 8277.0 | 147343 | 16441.0 | 16896.0 | 7111.0 | 39850.5 | 142223 | 21959.0 | 7566.0 | 24661.0
$599.6 | $300.1 | $692.0 | £593.9 | £170.5 | £341.1 | 3168 | 1542.8 | $256.0 | #3167 | 157.0 | 1806.6 | £594.0 | 19386 | 3167 | 12479 | 43462 | £23299.0
4 | 162560 | 76383 | 110507 | 124160 | 2944.0 | 26240 | 96853 | 166827 | 70400 | 125867 | 14508.0 | 146347 | 64427 | 32896.0 | 12672.0 | 186453 | 64427 | 21440.0
+391.1 | 2382 | £503.1 | $461.5 | +128.0 | 4320.1 | 43792 | +364.6 | $256.0 | +170.7 | 4278.5 | 480.8 | +186.0 10.0 739 | $298.7 | 42376 | £20675.0
§ | 143360 | 72023 | 97963 | 11262.0 | 2611.0 | 2201.5 | 87723 | 152233 | 6348.5 | 11195.7 | 13074.3 | 128343 | 57687 | 221003 | 114003 | 162133 | 57343 | 20958.0
13596 | +279.5 | $436.0 | #354.5 | £51.0 | +153.5 | #2917 | 44359 | +102.5 | 1223.8 | 1893 | 4384.6 | +1367 | 42940.7 | 4343 #03 | 21775 | $12334.0
6 | 135397 | 68553 | 8960.0 | 10382+ | 2389.5 | 2176.0 | 8277.3 | 14080.0 | 5675.0 | 10154.7 | 12003.7 | 11434.7 | 5063.0 | 20949.5 | 10666.7 | 147340 | 51200 | 14549.0
43565 | 2970 | 4210 | 3826 | £170.5 | £128.0 | $260.9 | +299.5 | 1280 | 494 | 1027 | #1776 | £752 | +213.5 | 4853 | +199.2 | 1130.4 | £13613.0
7 | 127267 | 6607.3 | 8289.7 | 98253+ | 2157.5 | 1938.5 | 7850.7 | 129707 | 5156.5 | 9289.0 | 11093.3 | 104593 | 47543 [ 19273.0 | 9996.0 | 13653.7 | 4729.7 | 12507.0
2057 | 12546 | $425.2 | 2812 | 365 | +109.5 | 2403 | +208.2 | +109.5 | 2422 647 | 2635 | 1846 | 1100 | +49.0 043 487 | £11778.0°
8 | 121387 | 62933 | 78933 | 93867 | 20160 | 1792.0 | 75093 | 120747 | 4736.0 | 85547 | 10368.0 | 9706.7 | 4224.0 | 17472.0 | 94933 [ 129280 | 43520 | 101440
12376 | 133 | £408.7 | 43774 | £160.0 | 1640 | 12404 | +139.9 | 1640 176.9 640 | 1860 | 4370 | 320.1 | 853 166.1 4370 | 94414
9 | 11529.7 { 6030.7 | 7490.0 | 8855.7 [ 1906.0 | 1678.5 | 73007 | 11263.7 | 44380 [ 79837 | 96523 | 8912.7 | 39060 | 15673.0 | 5007.7 | 123450 | 3925.0 | 8874.5.0
12188 | $170.7 | #3122 | 436631 | +142.0 | $28.5 | 42553 | +143.1 | 4560 | +162.0 | $105.5 | £148.1 | 380 | +199.0 | +132.7 | 1570 329 | 81937
10 | 1109337 | 58367 | 7167.8 | 8362.7 [ 1843.5 | 1459.0 | 7048.7 | 107350 | 4173.0 | 76970 | 90793 | 8209.0 | 36693 | 35354.0 | 86187 | 11673.7 | 3686.0 | 157180
$178.4 | £153.7 | 12419 | $246.1 | £102.5 § £77.0 | 2387 | #1039 | £77.0 | £104.0 | 1453 | #1517 | +452 | +14082 | +173.2 | 1513 0.0 $150.5

3 m = 3 months; 6 m = 6 months
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Table 4.6, Different Rheological Parameters of Base (B) and Active Formulation (F)

Parameters 4°C 25°C 40°C 40°C & 60 % RH
B- F F B F
Fresh Fresh Im 6m Im 6m Im 6m Im 6m Im 6m 3Im 6m Im 6m Im 6m
ST 169 | 135 [ 207 199 | 195 | 254 | 169 | 156 | 203 | 217 | 1.51 | 2,13 | 202 | 1.14 | 1.57 | 2.06 | 235 | 1.82
* * + + + + + + + + + + + + + + + +
0.03 | 002 | 006} 006 | 009 | 0,03 | 003 | 004 | 0.11 | 0.04 | 003 | 008 | 0.19 | 0.01 | 0.03 | 007 | 0.25 | 0.59
Thix | 257 | 1.81 [ 328 3.13 | 307 | 404 | 257 | 229 | 356 | 346 | 2.18 | 339 | 3.16 | 1.32 | 230 | 328 | 3.70 | 2.69
Index + + + + + + + + + + + + + + + + + t
007 { 005 011 011 | 0.18 | 004 | 007 | 009 | 0.18 | 008 | 0.06 | 0.14 | 033 | 001 | 007 | 0.14 | 038 | 1.16
Flow | 058 | 074 [ 048] 051 [ 050 | 039 | 058 | 063 | 045 | 044 | 064 | 047 | 051 | 057 | 063 | 047 | 044 | 048
Index + + + + | % + + + + + + + + + % + + +
0.01 | 001 {001} 001 | 003 ! 00 | 001 | 002 | 003 | 002 | 001 | 001 | 005 | 0.02 | 0.01 | 001 | 0.04 | 0.06

3 m=3 months; 6 m=6 months, ST=Shear Thinning Index; Thix=Thixotropy Index
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Figure 4.17. Rheogram of Freshly Prepared Base
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Figure 4.18. Rheogram of Freshly Prepared Formulation
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Figure 4.19. Rheogram of Base at 4°C After 3 Months
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Figure 4.20. Rheogram of Formulation at 4°C After 3 Months
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Figure 4.21. Rheogram of Base at 4°C After 6 Months
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Figure 4.22. Rheogram of Formulation at 4°C After 6 Months
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Figure 4.23. Rheogram of Base at 25°C After 3 Months
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Figure 4.24. Rheogram of Formulation at 25°C After 3 Months
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Figure 4.25. Rheogram of Base at 25°C After 6 Months
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Figure 4.26. Rheogram of Formulation at 25°C After 6 Months
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Figure 4.27. Rheogram of Base at 40°C After 3 Months
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Figure 4.28. Rheogram of Formulation at 40°C After 3 Months
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Figure 4.29. Rheogram of Base at 40°C After 6 Months
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Figure 4.30. Rheogram of Formulation at 40°C After 6 Months
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Figure 4.31. Rheogram of Base at 40°C & 60 % RH After 3 Months
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Figure 4.32. Rheogram of Formulation at 40°C & 60 % RH After 3 Months
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Figure 4.33. Rheogram of Base at 40°C & 60 % RH After 6 Months

1000

Vs

Shear Stress (D/cm?)
100

s 01 1 10
Shear Rate (1/Sec)

Figure 4.34. Rheogram of Formulation at 40°C & 60 % RH After 6 Months
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4.1.6. Dermatological Tests
4.1.6.1. Patch Test for Erythema and Melanin

- Before the application of formulations to human volunteers, patch tests for
erythema and melanin were performed and the values measured have been given

in Table 4.7. Percentages of change in Melanin/Erythema have been shown in

Figure 4.35.

Table 4.7. Percentages of Change in Melanin/Erythema After 24 Hours

Base Formulation
Volunteers Melanin Erythema Melanin Erythema
Y.Y. -0.51 014 0.40 2.20
A.B. 0.87 -0.42 0.48 -0.63
K.E. 1.57 -1.30 1.58 -1.84
H.T. 0.26 0.39 1.0 1.28
N.F. -0.32 1.28 0.58 1.12
F.A. -0.20 -0.92 1.05 0.75
ML.A. 0.80 -1.11 -0.22 -0.06
LA. -0.34 1.83 -1.0 3.57
N.A. -1.25 2.74 -1.55 3.65
H.0. -0.52 - 1.08 -0.15 3.62
G.E. -0.47 -0.60 2.14 2.30
Mean -0.01 0.33 0.39 1.45
4 + + = +
SE 0.24 0.40 0.33 0.55

o Base
téi B Formulation
£
&}
X
Metanin Erythema
Time (24 hr)

Figure 4.35. Percentage of Change in Melanin/Erythema After 24 Hours
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4.1.6.2. Erythema and Melanin

The percentages of changes in the amounts of erythema and melanin
following the applications of the formulations on the cheeks of human volunteers
have been demonstrated in Tables 4.8. and 4.9. and Figure 4.36. and 4.37.

Table 4.8. Percentages of Change in Melanin/Erythema After Application of

Base
Melanin Erythema
Volunteer
1% ™ 3™ 4" 1= 2™ 3™ e
week week week week week week week week
Y.Y. 0.76 -0.30 0.30 1.14 -2.28 -1.55 -1.14 0.05
A.B. 1.43 1.69 2.51 1.84 1.06 1.27 1.92 2.88
K.E. 1.59 0.06 0.16 0.92 -1.48 2.27 -0.05 1.01
H.T. 0.97 1.62 1.68 2.79 1.834 0.87 -0.08 -1.67
N.F. 0.36 0.76 0.50 0.18 -0.62 -0.33 -0.98 -0.98
F.A. 0.50 0.10 1.14 1.24 -1.18 .66 -1.34 .66
ML.A. 1.19 1.06 0.50 0.10 0.72 -1.32 -2.30- -0.60
LA, 0.75 | -1.18 0.43 0.89 1.57 3.96 404 401
N.A. 1.62 0.24 0.10 .14 1.78 1.46 240 1.83
H.0. 0.74 -1.33 0.77 -1.20 -3.79 -2.49 -1.77 -1.69
G.E. 0.51 0.31 1.23 1.02 0.40 -3.85 -0.13 -0.48
Mean 0.81 0.10 0.71 0.80 -0.38 -0.03 0.05 0.34
+ + + + + * + + +
SE 0.21 0.31 0.27 0.32 0.58 0.68 0.59 0.57

Table 4.9. Percentages of Change in Melanin/Erythema After Application of

Formulation
Melanin Erythema
Volunteer |
TP week | 2™ |37 week [4® week | 1" week | 2= | 3™ week | 4" week
week week

Y.Y. 1.87 1.12 1.47 2359 -2.37 -2.15 -0.17 -1.60

A.B. 0.10 1.13 1.15 0.85 -1.29 2.18 1.15 3.00

K.E. 1.68 1.17 0.92 133 -2.38 0.78 -0.05 -0.67

H.T. 0.56 0.56 131 1.21 1.82 2.82 0.69 0.43

N.F. -0.94 -1.91 -0.76 -0.82 0.60 0.12 -1.55 -0.65

F.A. -2.50 -2.50 -1.93 -1.35 1.32 0.53 -0.05 0.33
M.A. 0.30 0.60 0.36 0.96 ~1.80 -1.40 -2.14 -0.81
LA. -2.08 -1.55 -1.94 -0.54 0.83 2.94 2.89 0.59

N.A. -0.45 -1.15 -1.01 -1.01 -1.44 0.0 1.40 -1.25

H.O. -0.42 -1.86 -1.71 -1.17 -2.07 -1.06 -0.78 0.0

G.E. 1.74 1.74 1.54 271 -2.86 -4.17 -3.70 -4.75
Mean -0.01 0.24 -0.06 0.43 -0.88 0.05 -0.21 0.54
+ % * % % + + * +

SE 0.44 0.47 0.43 0.45 0.51 0.66 0.55 0.59
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Figure 4.37. Percentages of Change in Erythema After Application of
Preparations
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4.1.6.3. Skin Moisture
The percentages of changes in the measured skin moisture values before

and after applications of formulations have been given in Table 4.10. and Figure
4.38.

Table 4.10. Percentages of Change in Values of Skin Moisture

Volmnteer Base Formulation

T" week | 2" week | 37 week | 47 week | 1 week | 2 week | 37 week | 4% week
Y.Y. 1447 | 2448 | -4.82 -5.82 | -13.90 | -3.87 -7.55 -3.87
A.B. -2.06 | 1936 | 1883 | 11.02 | 247 | 17.99 | 16.55 442
KE. | 262 13.10 | 996 1.42 6.41 950 | 1271 8.62
H.T. -32.73 | -20.58 | -288 | 746 | -2940 | -532 | -20.72| 8.80
N.F. 6.29 23.83 7.01 31.64 | 1682 | 46.50 | 2091 | 50.58
F.A. 1342 | 2796 | 1354 | 1532 | 17.72 | 33.29 | 21.02 | 3899
M.A. -23.39 | -4.24 3.27 10.20 | -42.41 | -16.09 | 4.30 8.59
LA. -27.06 | -9.83 9.08 -440 | -3.74 | -2.76 8.56 -4.63
N.A. -2537 | -13.43 | 20.40 497 |-16.68 | -19.77 | 1421 | 11.12
H.0. -14.14 | 2.64 21.63 | 22.63 517 1493 | 3502 | 32.03
G.E. -24.79 | -13.40 | 5.91 14.03 | -24.18 | -14.53 4.88 23.04
Mean | -12.88 | 0.09 9.27 9.86 -7.87 5.44 9.99 16.16
+ + + + +* + + + +
SE 4.69 5.55 2.67 335 | 581 6.38 4.52 5.36

Base
B Formulation

1st Week 2nd Week 3rd Week 4th Week

Time (Weeks)

Figure 4.38. Percentages of Change in Values of Skin Moisture
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4.1.6.4. Skin Sebum
The percentages of changes in the measured skin sebum values before and

after applications of formulations have been given in Table 4.11. and Figure
4.39.

Table 4.11. Percentages of Change in Values of Skin Sebum

Volunteer Base Formulation
1%week | 2" week | 3™ week | 4™ week | 1¥week | 2™ week | 3™ week | 4™ week

Y.Y. 156.25 85.42 121.86 129.17 115.91 69.32 102.27 80.77
AB. 6100.00 1100.00 800.0 7700.00 1060.00 0.00 0.00 1630.00
KE. 133336 1308.30 583.33 633.33 525.00 975.00 300.00 875.00
HT. -31.19 3.67 4.13 -66.06 A47.44 -16.03 | -26.92 " 25.64
N.F. 4750 3.75 -58.75 26.25 828 | -20.00 5.71 102.86
F.A 2.97 -31.68 -19.80 -0.50 33.71 -33.15 -18.54 12.36
M.A. 985 -32.96 -32.58 -11.36 9.67 21.77 -20.57 22.58
LA - 94.37 42.96 14.09 18.31 51.25 0.00 -0.63 15.63
N.A. -89.16 -59.04 -57.83 ~63.25 -94 .83 -75.86 -59.48 -32.76
H.O -58.90 36.30 -24.66 19.18 ~70.51 33.33 -54.49 -33.97
G.E. -84.16 -87.13 | -96.54 -80.69 -68.42 -64.04 -93.86 -60.53
Mean 677.70 214.74 111.37 754.94 145.20 76.98 13.35 231.83

+ + + + + + + + +
SE 555.30 148.70 89.20 696.40 104.88 90.53 34.13 161.00

1600

1400
1200
1000
800
600
400
200

[ Base
B Formulation

% Change

-200

1st Week 2nd Week 3rd Week 4th Week

Time (Weeks)

Figure 4.39. Percentages of Change in Values of Skin Sebum
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4.1.6.5. pH of Skin
The percentages of changes in the skin pH values before and after

applications of formulations have been given in Table 4.12. and Figure 4.40.

Table 4.12. Percentages of Change in Skin pH values

Base Formulation
Volunteers

1st 2nd  |3rd |4th | 1st 2nd |3rd | 4th

week | week | week |week | week |week | week |week

YY. 0.00 877 | 701 | -175 | 350 | 350 | -3.50 | -3.50
A.B. 18.96 -1.72 -3.44 -5.17 17.85 3.57 3.57 0.00
K.E. 1090 | 1.81 909 | 1454 | 714 | -1.78 | 7.14 | 10.71
0T 5.55 925 | 000 | -555 | 555 | 925 | -185 | 185
N.F. -17.91 | -1940 | -10.44 | -2238 | -16.66 | -16.66 | -13.63 | -19.69
F.A. 172 | 344 | 172 | -1206 | 714 | 178 | 535 | -7.14
M.A. 1224 | 408 | -204 | -204 | 1428 | 1020 | 2.04 0.00
LA. 1153 | 3.84 384 | -192 | 1538 | 576 5.76 1.92
NA. 689 | -3.44 | -1551 | -6.89 | 1403 | 3.50 | -10.52 | 0.00
HO. 1896 | 172 | 1034 | -1.72 | 1355 | 0.00 8.47 0.00
G.E. 491 000 | 491 | 491 | 677 | 1016 | 338 0.00
Mean 671 | 076 | 1.98 453 | 741 | -2.66 | 057 | 144
+ + + + + + + + +
SE 3.09 2.37 2.34 2.65 3.02 2.27 2.18 2.23

% Change

Base
i Formulation

R ol

1st week 2nd week 3rd week 4th week

Time (Weeks)

Figure 4.40. Percentages of Change in Skin pH Values
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4.1.6.6. Skin Elasticity
The percentages of changes in the skin elasticity values before and after
applications of formulations have been given in Table 4.13. and Figure 4.41.

Table 4.13. Percentages of Change in Values of Net Elasticity of Skin

Base Formulation
Volunteers | 14 2nd |[3rd |[4th [1st [2nd |3rd | 4th
week | week |week | week | week |week | week | week
YY. -23.66 | -1820 | 12.04 | -1834 | 350 | 330 | 3.50 3.50
A,Bﬂ, -20.00 60.00 20.00 40.00 17.85 -3.57 -3.57 0.00
KE. 1343 | -9.01 | -20.74 | 1904 | 7.14 178 | -7.14 | -10.71
HT. 2217 | -24.15 | -19.95 | -29.98 5.55 <9.25 1.85 -1.85
N.F. | 11635 72.29 88.96 71.64 | -16.66 16.66 13.63 19.69
F.A. -10.71 12.14 11.85 -7.71 7.14 -1.78 -5.35 7.14
M.A. 575 | -107 | 2733 | 13.8% | 1428 | -1020 | -2.04 | 0.00
LA. 629 | 494 3.44 | -11.54 | 1538 | -5.76 | -5.76 | -1.92
NA. 3136 | 960 | 2000 | 400 | 1403 | -35 1052 | 0.00
H.O. 2503 | 029 | 000 | 272 | 1355 | 000 | -847 | 0.00
G.E. 3997 | -21.96 | -1896 | 696 | 6.77 | -10.16 | -3.38 | 0.00
Mean -6.71 7.72 11.27 6.48 7.14 -2.66 -0.57 -1.44
+ + + + + + + + +
SE 1197 | 948 | 9.31 8.69 | 3.02 | 2.27 | 2.18 | 2.23

20 -
15 4
10 4
‘ H Formulation

% Change

1stweek 2nd week 3rd week 4th week

Time (Weeks)

Figure 4.41. Percentages of Change in Values of Net Elasticity of Skin
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4.1.6.7. Panel Test

Sensory evaluation of the two creams by the volunteers has been presented

in Table 4.14. and Figure 4.42.

Table 4.14. Average Values + SE for Panel Test

Average point for Base Average points for
Formulation

Ease of Application 436 +0.20 446+021
Spreadability 4.27+0.20 436 +£0.20
Sense just after
application 3.64 +£0.20 3.91+025
Sense in long term 427 +£0.20 418+023
Irritation 0.0+0.0 0.0+0.0
Shine on skin 3.82+0.23 3.73+0.31
Sense of softness 482+0.12 456+0.28

o [ Base

3 O Formulation

Figure 4.42. Average Values for Panel Test




4.1.6.8. Statistical Evaluation
Results of statistical evaluation has been shown in Tables 4.15. - 4.20.

Table 4.15. Statistical Evaluation of Values of Erythema After Application of
Formulation

0 1st 2nd 3rd 4th
Weeks | MeandSE | Week | Week | Week | Week | Week
0 61533+
Week 7.02 | p>0.05 | p>0.05 | p>0.05 | p>0.05
1st -0.88+
Week 0.51 p>0.05 p>0.05 | p>0.05 | p>0.05
2nd 0.05+
Week 0.66 p>0.05 | p>0.05 p>0.05 | p>0.05
3rd 0.21+
Week 0.55 p>0.05 | p>0.05 | p>0.05 p>0.05
4th -0.54=
Week 0.59 p>0.05 | p>0.05 | p>0.05 | p>0.05

p>0.05=No Variance; p<0.05=Significant Variance, SE=Standard Error

Table 4.16. Statistical Evaluation of Values of Melanin After Application of
Formulation

0 st 2nd 3rd 4th
Weeks | MeaniSE | Week | Week | Week | Week | Week
0 508 66+
Week 7.23 p>0.05 | p>0.05 | p>0.05 | p>0.05
ist 2001
Week | 044 | p>005 p>0.05 | p>0.05 | p>0.05
2nd 0.24+
Week | 047 | p>0.05 | p>0.05 p>005 | p>0.05
3rd | -0.06x
Week | 043 | p>005 | p>0.05 | p>0.05 p>0.05
4th 0.43+
Week | 045 | p>0.05 | p>0.05 | p>0.05 | p>0.05

p>0.05=No Variance; p<0.05=Significant Variance; SE=Standard Error
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Table 4.17. Statistical Evaluation of Values of Skin Moisture After

Application of Formulation
0 st 2nd 3rd 4th
Weeks | MeantSE | Week Week Week Week Week
0 93.7x
Week 2.98 p>0.05 | p>0.05 | p>0.05 | p<0.05
1st -1.87x
Week 5.81 p>0.05 p<0.05 | p>0.05 | p<0.05
2nd 5.44+ |
Week 6.38 p>0.05 | p>0.05 p>0.05 | p>0.05
3rd 9.0+
Week 452 p>0.05 | p<0.05 | p>0.05 p>0.05
4th 16.16+
Week 536 p<0.05 | p<0.05 | p>0.05 | p>0.05

p>0.05=No Variance; p<0.05=Significant Variance; SE=Standard Error

Table 4.18. Statistical Evaluation of Values of Skin Sebum After Application

of Formulation
0 1st 2nd 3rd 4th

Weeks | MeandtSE | Week Week Week Week Week
0 30.98+

Week 11.97 p>0.05 | p>0.05 | p>0.05 | p>0.05
1st 145.02+

Week | 10488 | p>0.05 p>0.05 | p>0.05 | p>0.05
2nd 76.98%

Week 90.53 | p>0.05 | p>0.05 p>0.05 | p>0.05
3rd 13.35¢

Week 3413 | p>0.05 | p>0.05 | p>0.05 p>0.05
4th 231.83 ‘

Week | 161.00 | p>0.05 | p>0.05 | p>0.05 | p>0.05

p>0.05=No Variance; p<0.05=Significant Variance; SE=Standard Error
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Table 4.19. Statistical Evaluation of Values of Skin pH After Application of
Formulation

0 1st 2nd 3rd 4th
Weeks | MeandSE | Week Week Week Week Week
0 -5.65+
Week 0.13 p<0.05 | p>0.05 | p>0.05 | p>0.05
1st -141%
Week | 302 | p<0.05 p>0.05 | p>0.05 | p<0.05
2nd 2662 | '
Week | 227 | p>005 | p>0.05 p>0.05 | p>0.05
3rd 0.57x
Week | 218 | p>0.05 | p>0.05 | p>0.05 p>0.05
4th 1.44+
Week 223 | p<0.05 | p>0.05 | p>0.05 | p>0.05

p>0.05=No Variance; p<0.05=Significant Variance; SE=Standard Error

Table 4.20. Statistical Evaluation of Values of Net Elasticity After
Application of Formulation

0 st 2nd 3rd 4 th
Weeks | MeaniSE | Week Week Week Week Week
0 0.65%
Week 0.04 p>0.05 | p>0.05 | p>0.05 | p>0.05
1st 7.14%
Week 3.02 p>0.05 p>0.05 | p>0.05 | p>0.05
2nd -2.66+
Week 227 p>0.05 | p>0.05 p>0.05 | p>0.05
3rd 057+
Week 2.18 p>0.05 | p>0.05 | p>0.05 p>0.05
4th -1.44=
Week 223 p>0.05 | p>0.05 | p>0.05 | p>0.05

p>0.05=No Variance; p<0.05=Significant Variance, SE=Standard Error
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4.2. DISCUSSION
4.2.1. Basic Properties of Macadamia Nut Qil -
4.2.1. Rheological Analysis

Rheology of dispersed systems is among their most important physical
properties which influences not only the physical stability of the system, but also
the performance, quality and utility of the product (107).

It is known that greater the viscosity of the oil, the greater is the viscosity
of the emulsion. It was found that there is a high level of correlation between the
viscosity of cosmetic oils and experienced greasiness (229).

Continuous phase plays a dominant role in the rheology of an emulsion
even though each component contributes to the emulsion’s rheology. Viscosity of
the emulsion is directly proportional to the viscosity of the continuous phase. The
dispersed phase affects the rheology of the emulsion by its volume concentration,
globule size, viscosity and chemical constitution (228).

Macadamia nut oil showed Newtonian flow as can be seen in Figure 4.1.
Natural cosmetic oils are usually Newtonian liquids with relatively low viscosities
(225).

Newtonian liquids show an ideal flow where shear stress is proportional
directly to the shear rate,

=1y

where o is the shear stress, v is the shear rate and 1 is the absolute viscosity (229).
Viscosity is independent of the shear rate and was found to be 40.42 mPas.s for
the macadamia nut oil whereas the viscosities of other natural oils like almond
and avocado oils were 54.6 mPas.s and 98.4 mPas.s, respectively (229). This
shows that the viscosity of macadamia nut oil is lower when compared to other
natural oils.

4.2.1.2. Surface Tension

Surface tension (or surface energy) is defined as the work required to
increase the area of a surface isothermally and reversibly by unit amount (230).
Capillary rise method is the most accurate method for determining surface
tensions, when performed properly. This method of measurement allows to follow
time effects since no surface disturbance is involved (231).
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The interaction between two liquid phases forms the basis of emulsion
science. The tendency for one liquid to spread over another, which is oil and water
in our case, is designated by a spreading coefficient, S (231). The spreading
coefficient is

S = W _ yeoh

where W*™, work of adhesion is the work required to separate the unit area of the
two liquids by pulling them apart; and W, work of cohesion, is the work
required to separate the unit area of two liquid surfaces from itself. For liquid 1
and 2 '

Wi =11+ 12- 712
Where v, is the surface tension of liquid 1, y; is the surface tension of liquid 2 and
Y12 is the interfacial tension between 1 and 2

W™ =2y,

W, =2y,

Spreading coefficient indicates how readily oil can spread over water.
Calculations of this parameter then leads to the formulation of stable emulsion
systems.

Surface tension of macadamia nut oil was found to be 33.03 mN/m (Table
4.1.) whereas the surface tensions of other natural oils like almond and avocado
oils were found to be 36.3 mN/m and 34.6 mN/m respectively (229). It means that
there is no big difference between the surface tensions of macadamia nut oil and
other natural oils.
4.2.1.3. Spreadability

Since spreadability depends on external conditions such as temperature
and atmospheric humidity, in vitro spreadability values were determined in a
conditioned room of 52% relative humidity and 23°C temperature. The
spreadability of the tested oil was assigned to a group according to the diameter
found (228).
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 { <10 mm Low spreadability
11 10-13 mm Moderate spreadability
m 13-16 mm Good spreadability
v 16-19 mm Very good spreadability
A\’ >19 mm Super spreadability

Diameter of the spreading area was found to be 8.2 mm + 0.02 mm (SE).
This value shows that macadamia nut oil belongs to group 1 of low spreadability.

The spreadability of an oil is in correlation with the subjective evaluation
of penetration capability into Stratum corneum and the time course of the greasy
feeling (228).
4.2.1.4. Pour Point and Cloud Point

Pour point specifies the temperature at which the oil solidifies and is
defined as the temperature on cooling, with 3°C added thereto, at which the
substance is no longer able to flow (DIN ISO 3016).

Cloud point of an oil is defined as the temperature at which the substance
becomes turbid on cooling (EN 23015) (228).

Direct relationship between freeze stability of water-in-oil emulsions and
pour point of the oils were reported (229). Therefore it was concluded that if the
pour point of the oil is low, solidification point of the emulsion will be low and
thus the freeze stability of the emulsion will be better.

Pour point of macadamia nut oil was found to be —1.83°C 40.17°C (SE)
and cloud point was 0.17°C £0.17°C (SE). The pour and cloud points of almond
oil were reported to be —20°C and -18.5°C; ~15.5°C and -13.5°C for avocado oil
(229). This indicates that the pour and cloud points of macadamia nut oil are not
very low leading to low freeze stability as compared to other natural oils like
almond and avocado oils.
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4.2.1.5. Polarity

The polarity of the oil phase has a great influence on the formulation and
properties of the cosmetic emulsions. Polarity of the oil phase is considered as an
essential factor for the stability of water-in-oil emulsions (228).

Polarity of macadamia nut oil was found to be 525.50 nm+0.29 nm (SE).
This is considered as highly polar. Polar oils may enhance solubility of oil soluble
cosmetic ingredients. Heat stability of emulsions prepared with strongly polar and
non-polar oils were found to give emulsions with poor stability which is generally
experienced with natural oils (228). '

4.2.2. Globule Size

Globule size remains the same as an indication of stability of multiple
emulsions. The increase or decrease in the globule size indicates the process of
instability (94). The multiple droplets may coalesce with the other oil drops; or the
internal aqueous droplets may be expelled individually, or more than one drop
may be expelled; or the internal globules may coalesce before being expelled out
resulting in the shrinkage of internal droplets; or the water may pass from the
external phase to the internal aqueous phase resulting in the swelling of internal
droplets and then complete rupture of droplets.

Globule sizes can be determined by light microscope (110, 112) or by
electron microscope (126,127). Light scattering and diffraction methods are also
used for the determination of globule sizes (112). Coulter counting technique is
also a practicle method for the determination of particle sizes (109).

In our study, an equipment utilizing light scattering and diffraction
methods has been used. The average globule size of the freshly prepared base was
12.29 um which is in the range of average globule size of multiple emulsions
(108). The average globule size of base stored at different conditions increased
with time which indicated coalescence of globules as defined in literature which
ultimately shows the instability of muitiple emulsion (94).

In the active formulation, the average globule size has decreased with
time upto two months. After two months, there was again increase in the average
globule size. This indicates that the mechanism of instability in the first two
months is the shrinkage of globules, possibly due to the expulsion of internal
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aqueous droplets to the external water phase. However, later on after two months,
the mechanism of instability is coalescence of oil droplets as the globule size was
increased. The most prominent increase in globule size was seen in sample placed
at 4°C after three months.

4.2.3. pH

pH values of the facial skin ranges between 5 and 6, and 5.5 is considered
to be the average pH of the skin. Therefore, the formulations which are applied to
the face are planned to have a pH in the range of 5-6. pH values of multiple
emulsions were adjusted by triethanolamine to bring them to higher values and
citric acid was added to bring the pH value towards the acidic values (107). pH
value of the formulation plays an important role for many enzymes and proteins to
work efficiently. If the pH value of the formulation is not in the optimum range,
proteins in the formulations can not produce the required activity. For example, -
bydroxy acids produce their activities best at pH 3. If their pH values are
increased, their activities are reduced (66).

pH values of the freshly prepared base was 6.64 which is near to the pH
range of the skin. pH value of the base at different conditions has decreased with
time.

pH of the freshly prepared active formulation was found to be 2.66
Therefore, it was adjusted to 6.27 using triethanolamine. pH value of the
formulation also decreased with time for samples stored at different conditions.
The most prominent decrease in pH was seen in the sample kept at 4°C.

The decrease in pH may be due to the diffusion of water from internal
phase to the external phase as the pH of distilled water ranges from 5-7. pH of the
distilled water used in the preparation of emulsions was 4.65. The other theory
which can be presented for the decrease in the pH values of the emulsions is the
production of highly acidic by-product from any of the ingredients of the oil since
the pH of base which contained no active material also decreased with time.

4.2.4. Stability

Multiple emulsions of w/o/w may deteriorate by several possible
mechanisms (94) which include swelling of internal drops due to the osmotic
pressure leading to passage of water from external phase to internal phase. Other
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mechanisms include rupture of the oil layer or coalescence of the oil globules or
the coalescence of the internal water droplets. Presence of electrolytes plays an
important role in the stability of multiple emulsions by balancing the osmotic
pressure between the internal and external aqueous phases or by forming a rigid
interfacial layer between oil and internal aqueous phase (107). The osmotic
pressure gradient between the two aqueous phases may lead to a dynamic change
in the volume of the internal aqueous phase due to the migration of water through
the oil layer (117). Transfer of the drug to the external aqueous phase can occur
either by total breakdown of the multiple droplets or by diffusion of the unionized
drug through the oil layer (120).

Although diffusion is the most important mechanism of transport in the
multiple emulsion systems, there is evidence that ionized materials may pass
across the oil layer. Kita et al (124) have suggested that ionized drug along with
water is mixed with micelles of hydrophilic and hydrophobic surfactants and cross
the oil layer. Another possible transport mechanism is carrier mediated transport
(125). The drug is bound with the carrier and this complex is permeable to the oil
membrane. After passing through the oil membrane, the carrier is transported
back. In this way the carrier effectively ‘pumps’ the permeating compound.

In our work, the base and the formulation were divided into four parts and
each sample was placed at 4°C in refrigerator, at 25°C in oven, at 40°C in another
oven and at 40°C & 60 % RH in a cabinet. These samples were analysed for six
months at definite intervels. These samples were analysed with respect to change
in color, liquifaction and phase separation.
4.2.4.1. Color |

Regarding the base, there was no change in the color of the emulsion upto
six months in any of the samples. The color was white throughout the period of
analysis, i.e. six months. This shows that the base is stable at all different
conditions.

Regarding the formulation, there was little change in the color of the
sample kept at 4°C upto 6 months. The change in color appeared after three
months. The color of the formulation became yellowish-white which persisted
upto six months of analysis period. The sample at 25°C remained the same upto 3
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months but there was a small change in color after three months as the sample
turned yellowish-white. The color of the sample kept at 40°C in the oven was
changed within 15 days. Also, the color of the sample at 40°C & 60 % RH was
changed within 15 days. This change was from white color to yellowish-white.
The change of color may be due to the presence of vitamin C in the external phase
as some of the material in the internal aqueous phase may be lost into the external
phase (107).

4.2.4.2. Liquifaction

Regarding the samples of base at different conditions, there was no
liquifaction seen in any of the samples. The samples remained the same upto six
months.

On the other hand, there was no change in the samples of formulation
stored at 4°C upto 30 days. After one month, the active emulsion showed
liquifaction. The liquifaction has increased with time as noted after two months.
Also, for the samples kept at 25°C, liquifaction was seen after one month but there
was no further increase in liquifaction upto six months. The samples at 40°C also
showed liquifaction in 15 days. The liquifaction has increased with time upto six
months. The same pattern of liquifaction was seen in the samples kept at 40°C &
60 % RH, i.e. increase in liquifaction with time.

This liquifaction which is a sign of instability, may be due to the passage
of water from the internal phase to the external aqueous phase as has been
described by many workers (117, 124).
4.2.4.3. Phase Separation

No complete phase separation was seen in any of the samples of the base
stored at different conditions upto a period of six months. Similarly, no phase
separation was visible in any of the samples of the active formulation kept at
different conditions upto a period of six months. However, there was a tendency
of phase separation in the samples of formulation at 4°C after a period of three
months. This tendency of phase separation is realised by the visuality of
coalescence of globules. This indicates that emulsion of formulation is stable upto
a period of six months at all conditions, regarding the phase separation.
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4.2.5. Rheology

Rheological analyses are necessary to define and optimize stable multiple
emulsions. These analyses allow the characterization of multiple emulsions, to
follow changes in multiple emulsions induced by aging, shear and temperature
and to predict their stability. Moreover, the rheological properties allow to
describe and control the disruption mechanisms of the oily globules, which occur
either by an osmotic swelling or simple shear flow (107).

In this study, a computerized cone-plate rheometer was used. All the
rheological tests were performed at 25°C. Increasing shear stresses were applied
to the samples and the changes in viscosities were noted. These rheological tests
were performed on freshly prepared base and on samples stored at different
conditions after three and six months. Rheograms of shear stress versus shear rate
were obtained. Shear thinning, thixotropy and flow indices were calculated for
each rheogram. Then, different mathematical models were applied to the
rheograms. Power Law was found to fit to all the rheograms and the confidences
of fit were found to be in the range of 94.9-99.2 %.

The same tests were performed for the freshly prepared active formulation
and for the samples kept at different conditions, after three and six months.
Viscosities were found to decrease in parallel to the increase in shear stress. The
viscosities were also found to decrease in samples kept at different conditions.
Power Law was found to fit all the rheograms. Different parameters of viscosity,
i.e. shear thinning, thixotropy and flow indices were calculated. Confidences of fit
were found to be in between 96.2 and 99 %.

Shear thinning index increased in all the samples of both the formulations
at different conditions with time. Thixotropy index decreased with time for base
kept at different conditions while it increased with time for active formulation
kept at different conditions. Flow index of the active formulation was most
affected for the sample at 4°C after 3 months.

4.2.6. Dermatological Tests
4.2,6.1. Skin Moisture

In the formulation of this study, vitamin C has been used which is known
to increase collagen fibers in the dermis (9, 187, 192, 193, 222). With the increase
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in collagen, the hydration conditions in the dermis are improved (212). In addition
to this, vitamin C improves the barrier functions of the Stratum corneum thus
improving the moisture in the skin (219). However, in our study, it was found
that there was an increase in moisture values in the 4th week after the application
of formulation as ANOVA test showed significant variation with respect to the
basic values (Table 4.17.) but there was no significant difference in the moisture
values when base was compared with active formulation as shown by t-test. This
is in accordance with the reports already presented (212, 219). It is concluded that
this increase in moisture values of formulation is due to vitamin C since Lipacide®
does not act as moisturizer at this concentration (225).

4.2.6.2. Skin Sebum Content

Sebum production is measured using a special opalescent plastic film,
which becomes transparent when it is in contact with sebum lipids (13). The
device relies on a probe which presses a piece of special film on the skin for a
measured length of time. The sebum is adsorbed on this film like ink on the
blotting paper and the film becomes transparent. The probe is then placed into the
device which radiates a light beam onto the film. A metal mirror behind the film
reflects the beam back again through the film and then into an instrument called a
photomultiplier, which measures the amount of light in the beam. The more
sebum on the skin, the more transparent is the film and greater is the amount of
light reflected.

The effects of formulations on the sebum contents of human cheeks were
investigated in this study. It was found that the active formulation produced no
significant effect on the secretion of the sebum with respect to the base in a period
of 4 weeks application. Sebum was measured every week in all the individuals
and with the help of ANOVA test it was found that there was no significant effect
of formulation on the skin sebum values (Table 4.18.); with paired sample t-test it
was found that there was no significant variation between the active formulation
and base regarding skin sebum content. This shows that neither vitamin C nor
wheat proteins had any effect on the production of sebum using the muitiple
emulsion prepared.
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4.2.6.3. Melanin

Melanocytes are present in the basal -layer of the epidermis. These
melanocytes manufacture a special pigment called melanin which is responsible
for the color of the skin.

In this study, the effect of the active formulation on the production of
melanin was examined. The amount of melanin was measured for 4 weeks in each
individual and with the help of ANOVA test it was found that there was no
significant effect of formulation on melanin (Table 4.16.); and with the help of
paired sample t-test it was found that there was no variation between the two
creams. This showed that none of the two ingredients has any effect on melanin.
4.2.6.4. Erythema

For confirming the safety of cosmetics, the important point is that
cosmetics must not cause any contact dermatitis when applied to the skin. The
cause of contact dermatitis is not always due to cosmetic ingredients. Even if the
safety of cosmetics is verified, it is known that environmental conditions such as
temperature and humidity, misuse by the consumer, and the physical conditions
may all cause contact dermatitis. Skin irritation is caused by the direct toxicity of
chemicals on cells or blood vessels in the skin and is different from contact
allergy which is caused by immune response. Vitamin C is used to act as anti-
inflammatory (215, 221, 223).

In this study, patch tests were performed on the forearms of volunteers for
24 hours for both the formulation and the base. It was found that no irritation was
produced by the two creams. In addition to this, irritation was constantly
monitored every week for both the active formulation and the base for 4 weeks
throughout the period of application. With the help of ANOVA test, it was found
that neither active formulation nor base produced any irritation (Table 4.15.);
which is in accordance with reports already presented (215, 221, 223) and with
the help of paired sample t-test it was evident that there was no significant
variation in irritation with respect to base in any volunteers for a period of 4
weeks. This showed that the formulation prepared is safe and can be used without
any side effects.
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4.2.6.5. Skin pH Value

Sebum which is produced by sebaceous glands and is mixture of waxes
and esters is slightly acidic. It has a pH of 4.2-5.6 (15) .

pH values of the skins of volunteers were measured before and after
application of formulations. It was found that the active formulation as well as the
base did not produce any alteration on the pH values of human skin. Therefore,
both of the emulsions may be considered to be safe with respect to the effect on
skin pH values. With the help of ANOVA test, it was found that no effect on the
pH values was produced by the active formulation (Table 4.19.), and with the
help of paired sample t-test it was found that there was no significant variation in
the skin pH values when the base and active formulation were compared.
4.2.6.6. Skin Elasticity |

Proteins named collagens are present in the dermis. Most of the collagens
are present in bundles running horizontally through the dermis which are burried
in a jelly like material called ground substance. Collagens account for upto 75%
of the weight of the dermis, and are responsible for the resilience and elasticity of
the skin. The collagen bundles are held together by elastic fibers. These are made
of a protein called elastin. Despite their name, they are not involved in the natural
elasticity of the skin.

Vitamin C is known to increase the collagen fibers of human skin (9, 192,
193, 222). In addition to vitamin C, Lipacide® has also been claimed to increase
quantity and quality of collagen fibers (225). In the active formulation, both of the
ingredients were used but there was no significant effect of formulation on the net
elasticity of human skin in an application period of 4 weeks since no significant
variation was determined by the ANOVA test (Table 4.20.); and there was no
significant difference between the two creams as determined by paired sample t-
test. 4 week application period may be insufficient for the skin elasticity to be
improved. Application period may be increased to investigate any improvement.
4.2.6.7. Panel Test

A questionnaire containing seven questions was prepared and the two

copies of this form were given to each volunteer for sensory evaluation of the two
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creams. Average points were calculated from the points assigned by each
volunteer for each question for both of the creams and the results are shown in
Table 4.14. and in Figure 4.42,

Average points for the first question, i.e. ease of application of creams
were found to be 446 and 4.36 for the active formulation and the base,
respectively. This indicates that both of formulations can be easily applied on the
skin. Average points regarding spreadability were 4.36 for formulation and 4.27
for base which means that the active formulation spreads on skin better than the
base. Average points for feel on application were 3.91 for the active formulation
and 3.64 for the base. This indicates that formulation is felt better on the skin than
base. Average points for the sense in long-term application of creams were 4.18
and 4.27 for the active formulation and base respectively. This shows that base
produces more pleasant feeling on application to skin than the active formulation.
There was no irritation on the skin as both of the creams were assigned 0 points
for irritation by all the volunteers. Shine on skin was 3.73 for the active
formulation and 3.82 for the base. This is expected since the base contains higher
quantity of oil than the active formulation. Similarly, the base leads to more
softness of the skin than formulation. The average points for the base was 4.82
while it was 4.56 for the active formulation.

Conclusively, there was no big variation between the active formulation
and the base regarding the sensory evaluation. Both of the creams behaved
similarly from the sensory point of view.

111



As a conclusion of this study:

t

a w/o/w emulsion containing two incompatible antiaging agents can be
formulated using macadamia nut oil |
there was no phase separation at all storage conditions for a period of 6
months |
Average globule sizes of emulsions first decreased and then increased
leading to coalescence

pH values of the emulsions decreased with time

liquifaction of emulsions increased with time

viscosity of formulation decreased with time

vitamin C at a concentration of 1 %, increased moisture of the skin

the formulation had no effect on skin sebum content

the formulation did not change the elasticity of skin

the formulation did not change the pH of skin

the formulation is safe as it did not produce any irritation

the formulation had no effect on melanin

stability of the multiple emulsion system formulated in this study has
to be improved.

112



10.

11.
12.

REFERENCES
BECHER P., Emulsions, Theory and Practice (2*° Ed.) Reinhold, New
York, p 149, (1965).
SEMENZATO A, DALL’ AGLIO C., BOSCARINI G.M., ONGARO
A. and BETTRO A, Chemicophysical and functional properties of
inorganic sunscreens in cosmetic products., Int. J. Cosm. Sci., 16, 247-
255, (1994).
DHAMS G.H. and TAGAWA M., Novel multiple phase emulsions for
stable incorporation of vitamin C derivatives and enzymes., Proceedings
of the 19® IFSCC Congress, Sydney, 79-90, (1996).
RICKS D. R, Functional natural oils, Cosm.& Toil., 106(2), 77-82,
(1991)..
www.macnut.co.nz/Nutrition. htm (Internet bulletin from MacNut Farms,
New Zealand).
NAKAMURA T., PINNELL S. R., DARR D., KURIMOTO 1, ITAMI
S., YOSHKAWA K. And STREILEIN J. W., Vitamin C abrogates the
deleterious effects of UVB radiation on cutaneous immunity by a
mechanism that does not depend on TNF-alpha, 3. Invest. Dermatol.,
109(1), 20-4, (1997).
MEYERS D G. And MALOLEY P A, Safety of antioxidant vitamins,
Arch. of Inter. Med., 156(9), 925-35, (1996).
SHI H., NOGUCHI N. And NIKI E., Dynamics of antioxidant action of
ubiquinol: a reappraisal, Biofac., 6(2), 259-60, (1997).
HATA R and SENOO H., L-ascorbic acid 2-phosphate stimulates
collagen accumulation, cell proliferation and formation of a three
dimensional tissue like substance by skin fibroblasts. J. Cell. Physiol.,
138 (1), 8-16, (1989).
CHALLONER N. 1, CHAHAL S. P. and JONES R. T., Cosmetic
proteins for skin care, Cosm. & Toil.,, 112(12), 51-63, (1997).
Report from Givaudan-Lavoirot sent with samples
MITSUE T., New cosmetic science, Ed. 1, Elsevier Science, The
Netherland, p 13, (1997).

113



13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

GRAY 1., The world of skin care, Ed. 1, Macmillan Press, London, p 7,
(2000).

MITSUSHIRO D., Influence of drug environmemt on epidermal
Junctions, J. Dermatol. Sci., 24 (1), 22-28, (2000).

GRAY J., The world of skin care, Ed.1, Macmillan Press, London, p 12-
16, (2000).

KOPER D. M., Environmental related skin lesions-Photoageing,
Tagliche Praxis, 41 (3), 687-895, (2000).

KLIGMAN A. M., Ageing and skin, 3. Photoageing of skin, Seishishoin
press, Tokyo, p 35, (1986 ).

SPENCER J. M. and AMONETTE R., Tarming beds and skin cancer,
Clinics in Dermatol., 16 (4), 487-501, (1998).

LEYDEN J., What is photoaged skin, Eur. J. Dermatol., 11 (2), 165-170,
(2001).

GNIADECKA M. and GEMEC GB.E., Quantitative evaluation of
chronological ageing and photoageing in vivo: Studies on skin
echogenicity and thickness, Br. J. Dermatol., 139 (5), 815-821, (1998).
KLIGMAN A. M., Cutaneous aging, University of Tokyo Press, Tokyo,
p 35, (1988).

KLIGMAN A. M., Aging and skin, 3. Photoaging of skin, Table 2,
Seishishoin Press, Tokyo, p. 35, (1986).

KLIGMAN A. M., Aging and skin; 3. Photoaging of skin, Table 1,
Seishishoin Press, Tokyo, p. 35, (1986).
KLIGMAN A. M., Cutaneous aging, University of Tokyo Press, Tokyo, p
547, (1988).
IMAYAMA S., BRAVCRMAN 1. M,, 4 lypothetical explanation for the
aging of skin. Chronologic alteration of the three-dimensional
arrangement of collagen and elastic fibers in connective tissue, Am J.
Pathol., 134, 1019, (1989).
TAKAHASHI G., Handbook of Dermatology, Nakayama Shoten, Tokyo,
p 13, (1990).

114



27.

28.

29.

30.

31

32.

33.

34.

SELGRADE M. K., SMITH M. V., OBERHELMAN-BRAGG L. J,, LE
VEE G. J., KOREN H. S. And COOPER K. D., Dose response for Uv-
induced immme suppression in people of color: differences based on
erythemal reactivity rather than skin pigmentation, Photochem.
Photobiol., 74(1), 88-95, (2001).

OORTHONNE J. P., Dyspigmentation of aged skin, Eur. J. Dermatol., 11
(2), 168-190, (2001).

RAAB W. P., The skin surface and stratum corneum, Br. J. Dermatol.,
122 (35), 37-41, (1990).

BAILEY J. A, Molecular mechanisms of ageing in cormective tissues,
Mech. of Age. and Devel,, 122 (7), 735-755, (2001).

TROMMER H., WAGNER J., GRAENER H. and NEUBERT R. H,, The
examination of skin lipid model systems stressed by ultraviolet
irradiation in the presence of tramsition metal ions, Eur. J. Pharm.
Biopharm., 51(3), 207-14, (2001).

ISHIHAR M., Cutaneous aging, University of Tokyo Press, Tokyo, p 167,
(1988).

KRUTMANN J., The role of UVA rays in skin aging, Eur. J. Dermatol,,
11 (2), 170-171, (2001).

BIESALSKI HK. and OBERMUELLER J.U.C., UV light B carotene and
human skin-benificial and potentially harmful effects, Arch. Biochem.
Biophys., 389 (1), 1-6, (2001).

35. MITSUE T., New cosmetic science, Ed.1, Elsevier Science, The Netherland,

36.

37.

p. 37, (1997).

CHRISTINE L, JORG B., GRAHAM H. and ANTHONY R.Y., Matrix
metalloproteinase-1 and skin ageing in smokers, The Lancet, 357,
(9260), 935-936, (2001 ).

KADUNCE D.P.; BURR R, GRESS R., KANNER R, LYON I L, and
ZONE J. )., Cigarette smoking: risk factor for premature facial
wrinkling, Ann. Intern. Med., 114, 840-844, (1991).

115



38.

39.

40.

41.

42

43.

45,

46.

47.

YIN L., MORITA A. and TSUJI T., Alterations of extracellular matrix
induced by tobacco smoke extracts, Arch: Dermatol. Res., 292, 188-194,
(2000).

HARMAN D., The ageing process, Proc. Natl. Acad. Sci., 78, 7120-7128,
(1981).

SCHARFFETTER-KOCHANEK K., BRENNEISEN P., WENK 1J,
HERRMANN G., MA W, KUHR L., MEEWES C. and WLASCHEK
M., Photoaging of the skin from phenotype mechanisms, Exp. Gerontol.,
35 (3), 307-316, (2000).’

MARTIN M. R. and MORIS P., Oxidative reactions in and on skin:
Mechanism and prevention, Cosm. & Toil., 108(12), 43-56, (1993).
PUNNONEN K., AUTIO P., KIISTALA U. and AHUTOPA M., In vivo
effects of solar-simulated ultraviolet irradiation on antioxidant enzymes
and lipid peroxidation in human epidermis, Br. J. Dermatol., 125, 18-20,
(1991).

PUNNONEN K., JANSEN C.T.,, PUNTALA A. and AHUTOPA M.,
Effects of in vitro radiation and PUVA on membrane fatty acids and
activities of antioxidant enzymes in human keratinocytes, J. Invest.
Dermatol., 96, 255-259, (1991).

WITTE E., MOTCHNOK P., HAN D., AMES B. and PACKER L,
Ultraviolet irradiation, destruction of lipophilic antioxidants, and
Jormation of lipid hydroperoxides in skin of hairless mice, J. Invest.
Dermatol., 96, 585, (1991).

KOHEN R., Skin antioxidants: their role in ageing and in oxidative
stress-new approaches for their evaluation, Biomed. Pharmacother., 53
(4), 181-192, (1999).

THIELE J. J., SCHROETER C, HSIEH S. N, PODDA M. and
PACKER L., The antioxidamt network of the stratum corneum, Curr.
Probl. Dermatol., 29, 26-42, (2001).

DREHER F., and MAIBACH H, Protective effects of topical
antioxidants in humans, Curr. Probl. Dermatol., 29, 157-164, (2001).

116



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

BISSETT D., CHATHERJEE R., and HANNON D., Photoprotective
effect of superoxide-scavenging antioxidants against ultraviolet radiation
induced chronic skin damage in the hairless mouse, Photodermatol.
Photoimmunol. Photomed., 7, 56-62, (1990).

SHINDO Y., WITTE E. and PACKER L., Antioxidant defense
mechrmisms in murine epidermis and dermis and their responses to
ultraviolet light, J. Invest. Dermatol., 100, 260-265, (1993).

UCHIDA K. and STADTMAN E., Modification of histidine residues in
proteins by reaction with 4-hydroxynonenal, Proc. Natl. Acad. Sci. USA,
89, 4544-4548, (1992).

SAINT-LEGER D., BAGUE A, COHEN E. and CHIVOT M, 4
possible role for squalene in the pathogenesis of acne 1: In vitro study of
squalene oxidation, Br. J. Dermatol., 114, 535-542, (1986).

GIROTTI A., BACHOWSKI G. and JORDAN J., Lipid peroxidationin
erythrocyte membranes: Cholesterol product analysis in photosensitized
and xanthine-catalyzed reactions, Lipids, 22, 401-408, (1987 )
MAEKER G., Cholesterol autooxidation- current status, JAOCS, 64,
388-392, (1987).

RAAPHORS G., ASSAM E., LANGLOIS R. and VAN LIER J., Effect
of cholesterol a and B epoxides on cell killing and transformation,
Biochem. Pharmacol., 36, 2363-2372, (1987).

MEUCC]I E., MORDENTE A. and MARTORANA G., Metal catalyzed
oxidation of human serum albumin: Conformaﬁonal and functional
changes, J. Biol. Chem., 266, 4692-4699, (1991 ).

WOLFF S., GARNER A, and DEAN R., Free radicals, lipid and
protein degradation, TIBS, 11, 27-31, (1986).

STADTMAN E., Protein oxidation and ageing, Science, 257, 1220-
1224, (1992).

PATHAK M., CARBONARE M. and MOBILIO S., The role of reactive
oxygen ('0,,°0,,0H) in collagen cross linking and photoaging, J. Invest.
Dermatol., 94, 564, (1990).

117



59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

PACKER L. LANDVICK S., Vitamin E; Introduction to its biochemistry
and health benefits, Ann. N. Y. Acad. Sci., 570, 1-6, (1989).

McVEAN M. And LEIBLER D.C., Inhibition of UVB induced DNA
photodamage in mouse epidermis by topically applied alpha-tocopherol,
Carcinogenesis, 18(8), 1617-22, (1997).

PUGLIESE P. T., The skin’s antioxidant systems, Dermatol. Nurs., 10(6),
401-16, (1998 ).

JARRETT A., Treatment of psoriasis with vitamin A., Br. J. Dermatol.,
88(3), 309-10, (1973).

KUBILUS J., Modulation of differentiation by retinoids, J. Invest.
Dermatol., 81(1 Supp), 55s-8s, (1983 ).

BIESALSKI H. K. and OBERMUELLER-JEVIC U. C, UV light p
carotene and human skin beneficial and potentially harmful effects, Arch.
Biochem. Biophys., 389 (1), 1-6, (2001).

PUGLIESE P. T., Vitamins and the skin, Cosm. & Toil,, 108(12), 79-94,
(1993).

RAOUL H., Aged skin, retinoids and a-hydroxy acids; Cosm. & Toil.,
107(7), 63-67, (1992).

MIDDLETON J. D, Development of a skin cream designed to reduce
dry and flaky skin, J. Soc. Cosm. Chem., 25, 519-534, (1974).

VAN SCOTT E. J. and YU R J., Control of keratinization with alpha
hydroxy acids and related compounds, Arch. Dermatol., 110, 586-590,
(1974).

VAN SCOTT E. J. and YU R. 1., Alpha hydroxy acids; Procedures for
use in clinical practice, Cutics, 43, 222-228, (1989).

VAN SCOTT E. J., Dry skin et cetera, corneocyte detachment,
desquamation and neo strata, Int. J. Dermatol., 26, 90, (1987).
MACLEAN A B, NICOL L. A and HODGINS M. B,
Immunohistochimical localization of estrogen receptors in the vulva and
vigina, J. Reprod. Med., 35(11), 1015-16, (1990).

118



72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

BOUCEK R. J., NOBLE N. L. and WOESSNER JR J. F., Properties of
fibroblasts: In:Page, 1H(Ed), Connective tissue thrombosis and
atherosclerosis, Academic Press, New York, pp 193-211, (1988).
VARILA E., RANTALA 1. and OIKARINEN A, The effect of topical
oestradiol on skin collagen of postmenopausal women, Br. J. Obstet.
Gynecol., 102(12), 985-989, (1995).

CHALLONER N. I, CHAHAL 8. P. and JONES R. T., Cosmetics
proteins for skin care, Cosm. & Toil., 112(12), 51-63, (1997) .

MANABU K., and KEII L, Reduction of ultraviolet light-induced
oxidative stress by amino acid based iron chelators, Biochemica et
Biophysica Acta, 1473(2-3), 400-408, (1999).

FERI V, PERRIER E, ORLEY I, HUC A, AUGUSTON C. and
DAMOUR O., Activation of fibroblast metabolism in a dermal and skin
equivalent model: A screening test for activity of peptides, Int. J. Cosm.
Sci., 20(3), 159-173, (1998).

SEIFRIZ W., Studies in emulsions., J. Phy. Chem., 29, 738, (1925).
SHERMANN P., General properties of emulsions and their constituents
In: Emulsion science, P. Shermann Ed., Acadamic Press, New York, , p
206, (1968).

RAYNAL S., GROSSIORD J L., SEILLER M. and CLAUSSE A, 4
topical w/o/w multiple emulsion containing several active substances:
Jformation, characterization and study of release., J. Cont. Release, 26,
129-140, (1993).

SILVA-CUNHA A, GROSSIORD J. L., PUISIEUXF. and SEILLER M,
Insulin in w/o/w multiple emulsions: preparation characterization and
determination of stability towards proteases in vitro., J.
Microencapsulation, 14, 311-319, (1997).

VIGIE L., Emulsion multiples h/l/h: nouveaux proce de’s de fabrication et
de caracterisation., Graduate thesis, University Paris, XI, (1992).

KAVALIUNAS D. R. and FRANK SG., liquid crystal stabilization of
multiple emulsions., J. Coll. Int. Sci., 66, 586-588, (1978).

119



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

PILMAN E,, LARSSON K., and TORNBERG E., Inverse micellar phases
in ternary systems of polar lipids/fat/water and protein emulsification of
such phases to w/o/w-microemulsion-emulsions.,J. Dispersion Sci.
Technol,, 1, 267-281, (1980).

MAKINO H.,, FUKUI H. And MATSUMOTO S., paper read at 37®
symposium on Colloid and Interface Chemistry, Morioko, Japan,
October, (1984).

HIGOSHI S., SHIMIZU M., NAKASHIMA T., IWATA K., UCHIYAMA
F., TATENO S.,, TAMURA S. and SETOGUCHI T., Arterial-injection
chemotherapy for hepatocellular carcinoma using monodispersed poppy-
seed oil microdroplets containing fine aqueous vesicles of epirubicin.,
Cancer, 75, 1245-1254, (1995).

FERREIRA L. A. M, SEILLER M., GROSSIORD J. L., MARTY JP. and
WEPIERRE )., Vehicle influence on in vitro release of metronidazole:
role of w/o/w multiple emulsion., Int. J. Pharm., 109, 251-259, (1989).

FUKUSHIMA S., JUNI K. and NAKANO M., Preparation of and drug
release from w/o/w type double emulsions containing anticancer agents.,
Chem. Pharm. Bull., 31, 4048-4056, (1983 ).

VAZIRI A. and WARBURTON B., Improved stability of w/o/’w multiple
emulsions by addition of hydrophilic colloid components in the aqueous
Phases., J. Microencapsulation, 12, 1-5, (1995).

KHOPADE A. J.,, MAHADIK K .R. and JAIN N.X., Targeting of multiple
emulsions to the lungs., Pharmazie, 51, 558-562, (1996).

RABARON A, ROCHA-FILHO P., VAUTION C. and SEILLER M,
Etude et mise en evidence des e mulsions multiples I/h/l par re sonance
magne'tique nucleaire, Proc. 5® International conference on
Pharmaceutical Technology, Ed. APGL, Paris, 162-171, (1989 ).

DAVIS S. S., and WALKER 1., Measurement of the yield of multiple
emulsion droplets by a fluorescent tracer technique., Int. J. Pharm.,17,
203-213, (1983).

ATTIA M. A and HABIB F. S., Pilocarpine delivery from multiple
emulsions., S. T. P Pharma, 2, 636-640, (1986).

120



93.

94,

95.

96.

97.

98.

100.

101.

102.

OMOTOSHO J. A, The effect of acacia, gelatin and polyvinylpyrolidone
on chloroquine transport from w/o/w multiple emulsions, Int. J. Pharm,,
62, 81-84, (1990).

FLORENCE A. T. and WHITEHILL D., The formulation and stability of
multiple emulsions., Int. J. Pharm,, 11, 277-308, (1982).

OMOTOSHO J. A WHATELEY T. L. and FLORENCE A. T., The
nature of the oil phase and the release of solutes from from multiple
(w/o/w) emulsions., J. Pharm. Pharmacol., 6, 183-192, (1989).

NAKHARE S. and VYAS S. P., Preparation and characterization of
multiple emulsion based systems for controlled diclofenac sodium release.,
J. Microencapsulation, 13, 281-292, (1996).

FLORENCE A. T. and WHITEHILL D., Some features of breakdown in
w/o/w multiple emulsions., J. Coll. Inter. Sci., 79, 243-256, (1981).
TERRISSE 1, SEILLER M, RABARON A, GROSSIORD I L,
MAGNET A And LE HEN-FERRENBACH C., Rheology: how to
characterize and predict the evaluation of w/o/w multiple emulsions., Int.
J. Cosm. Sci,, 15, 53-62, (1993).

OKOCHI H. and NAKANO M., Basic studies on _formulation, method of
preparation and characterization of w/o/w ype multiple emulsions
containing vancomycin., Chem. Pharm. Bull., 44, 180-186, (1996).
JAGER-LAZER N, TERRISSE I, BRUNEAU F., TOKGOZ S,
FERREIRA L., CLAUSSE D, SEILLER M. and GROSSIORD J. L.,
Influence of lipophilic surfactant on the release kinetics of water soluble
molecules entrapped in a w/o/’w multiple emulsion., J. Cont. Release, 45,
1-13, (1997).

FERREIRA L. AL M,, SEILLER M., GROSSIORD J. L., MARTY J. P.
and WEPIERRE )., Vehicle influence on in vitro release of metronidazole:
role of w/o/w emulsion., Int. J. Pharm., 109, 251-259, (1994).

MAGDASSI S., FRENKEL M., GARTI N. and KASAN R., Multiple
emulsions II: HLB shift caused by emulsifier migration to external
interpjase., J. Coll. Inter. Sci., 97, 374-379, (1984).

121



103.

104.

105.

106.

107.

108.

109.

110.

111,

112.

113.

FRENKEL M., SCHWARTZ R. and GARTI N., Multiple emulsions I:
Stability:inversion, apparent and weighted HLB., J. Coll. Inter. Sci., 94,
174-178, (1983).

GARTI N., ASERIN A. and COHEN Y., Mechanistic considerations on
the release pf electrolytes from multiple emulsions stabilized by BSA and
non-ionic surfactants., J. Cont. Release, 29, 41-45, (1994).

DAVIS S. S. and WALKER 1. M., Multiple emulsions as targetable
delivery systems, Methods in Enzymology, 149, 57-65, (1987).

DAVIS S. S, ILLUM L. and WALKER 1. M., The in vivo evaluation of
emulsion formulations administered intramuscularly., Inter. J. Pharm., 38,
133-137, (1987).

SEILLER M., Multiple Enulsions, Structure, Properties and Applications,
Published in France by EDS, p 57-73, (1998).

SEILLER M., Multiple Emulsions: Structure, Properties and Applications,
Published in France by EDS, p 141, (1998).

BUNVILLE L. G., Commercial instrumentation for particle size analysis,
Chemical Analysis, 73, 1-42, (1984).

GROVES M. 1., The application of particle characterization methods to
submicron dispersions and emulsions, Chemical Analysis, 73, 43-92,
(1984).

AGGERBECK L. P. and GULIK-KRZYWICKY T., Freeze fracture
electron microscopic and low temperature x-ray scattering studies of the
effect of cryofixation upon serum low density lipoprotein structure., J.
Microscopy, 126, 243-252, (1982).

OMOTOSHO J. A, WHATELEY T. L., LAW T. K. and FLORENCE
A.T., The nature of the oil ohase and the release of solutes from multiple
(W/O/W) emulsions, J. Pharm. Pharmacol., 38, 865, (1986).

FLORENCE A. T. and WHITEHILL D., Stabilization of water/oil/water
multiple emulsions by polymerization of the aqueous phase, J. Pharm.
Pharmacol. 34, 687, (1982).

122



114.

115.

116.

117.

118.

119.

120.

121.

122,

123.

124.

125.

GARTI N., ROMANO-PARIENTE A. and ASERIN A., The effect of
additives on release from w/o/w emulsions, Colloids and Surfaces, 74, 83-
94, (1987).

LAW T. K., WHATELEY T. L. And FLORENCE A. T., Stabilization of
w/o/w multiple emulsions by interfacial complexation of macromolecules
and non-ionic surfactants, J. Contr. Release, 3, 279, (1986 ).
OMOTOSHO J. A, WHATELEY T. L. and FLORENCE A T,
Methotrexate transport from the internal phase of multiple (w/o/w)
emulsions, 3, Microencapsul (England), 6(2), 183-92, (1989).
KAWASHIMA Y., HINO T., TAKEUCHI H. and NIWA T., Stabilization
of water/oil/water mdltiple emulsion with hypertonic inner aqueous phase,
Chem. Pharm. Bull,, 40, 1240-1246, (1992).

TOMITA M., ABE Y. and KONDO T., Viscosity change after dilution
with solutions of water-oil-water emulsions and solute permeability
through the oil layer, J. Pharm. Sci., 71, 332, (1982).

FLORENCE A. T. and WHITEHILL D., The formulation and stability of
nultiple emulsions, J. Pharm. Pharmacol., 34, 687, (1982).

DAVIS 8. S., Liquid membranes and multiple emulsions, Chem. Ind., 19,
683, (1981).

MATSUMOTO S., KITA Y. and YONEZAWA D., An attempt at
preparing w/o/w multiple-phase emulsions, J. Coll. Int. Sci., §7, 353,
(1976).

BRODIN A. F. and FRANK S. G., Drug release from o/w/o multiple
emulsion system, Acta Phar. Suec., 15, 111, (1978).

YANG T. T. and RHODES C. T., Transport across liquid membranes:
effects of formulation variables., J. Appl. Biochem., 2, 7-16, (1980).

KITA Y., MATSUMOTO S. and YONEZAWA D., Permeation of water
through the oil layer in w/o/w type multiple phase emulsions., Nippon
Kagaku Kaishi, 11-14, (1978).

KOPP A. G., MARR R. J. and MOSER F. E., 4 new concept for mass
transfer in liquid surfactant membranes without carriers and with carriers
that pump., Inst. Chem. Eng. Symp. Ser., 54, 279-290, (1978).

123



126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

DAVIS S. S, BURBAGE A S, GROVES M. J. (ED.), “Particle size
analysis”, Heyden, London, 395-410, (1978 ).

ADEYEYE C. M. and PRICE J. C,, Development and evaluation of
sustained release ibuprofen-wax microspheres. 1. Effect of formulation
variables on physical characteristics, Pharm. Res., 8(11), 1377-83, (1991).
ABD ELBARY A. and NOUR 8. A., Correlation between the spermicidal
activity and the haemolytic index of certain plant saponins, Pharmazie,
34(9), 560-1, (1979).

POTIER 1., RAYNAL S, SEILLER M., GROSSIORD J. L. and
CLAUSSE D., Study of state transitions with multiple w/o/w emulsions
using calorimetry, Thermochemica Acta, 204, 145-155, (1992).

YAZAN Y., SEILLER M. and PUISIEUX F., Multiple emulsions, Boll.
Chim. Farmaceutico, B, 187-196, (1993).

FORSTER T. H,, SCHMBIL F. and TESMANN H., Emulsification by the
Pphase inversion temperature method.: The role of self bodying agents and
the influence of oil polarity, Int. J. Cosm. Sci., 12, 217, (1990).
PRIMCEN H. M., Rheology of foams and highly concentrated emulsions
1: Elastic properties and yield stress of a cylindrical model system, J.
Coll. Inter. Sci., 91, 160, (1983).

MATSUMOTO S., INOUE T., KOHDA M. and OHTA T., An attempt to
estimate stability of the oil layer in w/o/w emulsions by means of
viscometry, J. Coll. Inter. Sci., 77, 564, (1980).

KITA Y., MATSUMOTO S. and YONEZAWA D, Viscometric method
Jor estimating the stability of w/o/w type multi-phase emulsions, J. Coll.
Inter. Sci., 62, 87, (1977).

ROZENBLAT J., MAGDASSI S. and GARTI N., Effect of electrolytes,
stirring and surfactants in the coacervation and microencapsulation
processes in presence of gelatin, J. Microencapsul., 6(4), 515-26, (1989).
TAKAHASHI K., OHTSUBO F., and TAKENCHI H, A4 study of the
stability of (W/O/W) type multiple emulsions using a tracer technique, J.
Chem. Eng. Jpn,, 14, 416, (1981).

124



137.

138.

139.

140.

141.

142.

143,

144.

145.

146.

147.

148.

149.

YAZAN Y., ARALP U, SEILLER M. and GROSSIORD J. L., PVP in

multiple emulsions, Cosm. & Toil, 119, 53, (1995).

SEILLER M., Multiple Emulsions: Structure, Properties and Applications,
Published in France by EDS, p 88, (1998).

ZHENG S., ZHENG Y., BEISSINGER R L. and FRESCO R,
Microencapsulation of haemoglobin in liposomes using a double
emulsion, film dehydration/Rehydration approach, Biochem. Biophys.
Acta, 1196(2), 123-30, (1994).

MAGDASSI S. and GARTI N., Novel Cosmetic Delivery System, Marcel
Dekker Inc., New York, p 145-167, (1994).

DAVIS S. S. and BURBAGE A 8., The characterization of multiple
(W/O/W) emulsions using a radiotracer technique, J. Pharm. Pharmacol.,
31 Suppl:6p, (1979).

WHITEHILL D. and FLORENCE A. T., Mechanisms of instability in
W/O/W multiple emulsions, J. Pharm. Pharamacol., 31 (Supp 3p), (1979).
EADS T. M, KENNEDY S. D, and BRYANT R G, Solvent
suppression in high-resolution proton nuclear magnetic resonance based
on control of transverse relaxation rate, Anal. Chem., 58(8), 1752-6,
(1986).

MITSUI T., New Cosmetic Science, Elsevier Sciences, The Netherlands,
p3, (1998).

ELIAS P. M, Epidermal barrier function: Intracellular lamellar lipid
structures, origin, composition and metabolism, J., Cont. Release, 15,
199-208, (1991).

NACHT S., Encapsulation and other topical delivery systems, Cosm. &
Toil., 110, 25-30, (1995).

CANNELS J. S., Fundamentals of stability testing, Int. J. Cosm. Sci., 7,
291-303, (1985).

TADROS T. F., Future developements in cosmetic formulations., Int. J.
Cosm. Sci., 14, 93-111, (1992).

CHANDLER J. M., Water-in-oil technology: a review, Cosm. & Toil,,
108 (11), 74-80, (1993).

125



150,

151

152.

153.

154,

155.

156.

157.

158.

159.

160.

161.

162.

HEWITT J. P, Effective use of physical sunscreens. Recent advances.
Broad spectrum sun protection . The issues and status international
Conference, London, 11-12 March, (1997).

MITSUI T., MACHIDA Y. and HARUSAWA F., Application of the
phase inversion temperature method to the emulsification of cosmetics,
Amer. Cosmet. Perfum., 87, 33-36, (1972).

SUGITA H., NAITO N. and KOBAYASHI, kose Co. Ltd., Manufacture
of w/o/w emulsion, Japan Patent, 60/193529, (1985).

Lion Corp., Multiphase emulsions, Japan Patent, 59/ 157123, (1984).

SCHAMBIL F., JOST F. and SCHWUGER M. J., Interfacial and colloid
properties of cosmetic emulsions containing fatty alcohol and fatty
alcohol polyglycol ethers, Progr. Coll. Polym. Sci., 73, 37, (1987).
FUKUDA H., TANAKA M, Multiphase Co. Ltd., Japan Patent, 52/
134029, (1977).

KANEBO Ltd., Multiphase emulsions for cosmeftics, Japan Patent,
58/183612, (1983).

MORI K., MAENO K., KANEBO Ltd., Cosmetics wiyh multiphase
emulsions containing fatty acid dextrin esters, oils and lipophilic
surfactants, Japan Patent 63/41412, (1988).

ZUCHEN 1, WILLIAMS JAMES S., SHIZHONG Z., US Patent, CAN
131:204404, (1999).

JAGER-LEZER N., DENINE R., GROSSIORD J. L., WEPIERRE ],
RAULT S. and SEILLER M., Formulating multiple emuisions with
moisturizing actives, Cosm. & Toil. 111(11), 53-58, (1996).

YAZAN Y., SEILLER M. and ARSLAN K., Formulation and evaluation
of a multiple emulsion containing glycolic acid, Drug Cosm. Ind,
160(1), 30-32, (1997).

DUPUS L., Multiple emulsion and urea on pig skin. A moisturization and
penetration study, SOFW J ., 122 (10), 658-663, (1996).

CURB J. D, WERGOWSKE G; DOBBS J. C; ABBOTT R. D; HUANG

B., Serum lipid effects of a high monounsaturated fat diet based on

macadamia nuts, Arch. Intern. Med. 160(8), 1154-8, (2000).

126



163.

164.
165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

FRASER G. E., Nut consumption, lipids, and risk of a coronary event,
Clin. Cardiol .; 22(7 Suppl) IIL, 11-5, (1999).
www.crfg org/pubs/fi/macadamia htmi
HARRISON 8. J., McMANUS A. M, MARCUS J. P., GOULTER K.
C., GREEN J. L, NIELSEN K. J., CRAIK D. J,, MACLEAN D. J. and
MANNERS J. M., Purification and characterization of a plant
antimicrobial peptide expressed Escherichia coli, Protein Expr. purif., 15
(2), 171-7, (1999).

McMANUS A. M, NIELSEN K. J., MARCUS J. P.,, HARRISON S. J,,
GREEN J. L, MANNERS J. M. and CRAIK D. J., MiAMP1, 4 novel
protein from macadamia integrifolia adopts a greek key beta-barrel fold
unique amongst plant antimicrobial, J. Mol. Biol., , 293 (3), 629-38,
(1999). |
HAMMERK. A, CARSON C. F., RILEY T. V., Antimicrobial activity of
essential oils and other plant extracts, J. Appl. Microbiol., 86 (6), 985-90,
(1999). '

PALLARES D. E,, Allergy to macadamia nut, Anmn. Allergy Asthma

Immunol., 85 (5), 385-6, (2000).

QUINN L. A and TANG H. H, Antioxidant properties of phenolic
compounds in macadamia nuts, J. Am. Oil Chem. Soc., 73 (11), 1585-
1588, (1996).

ROSENTHAL I, MERIN U. and KADMAN A, Comparison of some
properties of macadamia nuts of the ‘yonik’ and ‘beaumont’ cultivars,
Lebensm-wiss. Technol., 19 (1) , 53-55, (1986).

CUMMING M, ARQUETTE J. and REINHARDT J., Macadamia nut
oil, Cosm.& Toil., 114 (1), 75-78, (1999).

Report from Alban Muller International sent by sample.

VEGA L. S., CORONADA H. M. and NOA P. M., Macadamia nuts.
Physical and chemical profile and sensorial evaluation of derivative
products, Mex. Tecnol. Ailment, 31 (3), 5-9, (1996).

AKO H., OKODA D. and GRAY D., Healthful new oil from macadamia
nuts, Nutrition, 11(3), 286-8, (1995 ).

127



175.
176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

www_ users .bigpond.com/TOYOURHEAL TH/Macadamia%200il. htm
KEN K., Kukui and macadamia nut oil, Cosm. & Toil., 160(11),

87- 90, (1991).

MINAMI K., YOSHIDA K, SHINOJIMA A, SOYAMA M. and NASU
A, Stable lipstick compositions containimg tocopherol, Jpn. kokai
Tokkyo Koho, 6 pp, CAN 129:85810, (1998).

HAYASE M., Skin conditioners containing urea, Jpn. Kokai Tokkyo
Koho, 4pp, CAN 12:45133, (1998).
ISHIGAKI M. and FUKUCHI Y; Hair preparations, Jpn. Kokai Tokkyo
Koho, 10pp, CAN 127:238899, (1997).
KAPLAN K., Nor aqueous water-proof oil-based cosmetic compositions,
U.S,, 6pp, CAN 116:46052, (1991).

SUGIMOTO A., HAGIWARA Y. and MAMOSE S., Double phase and
lacquer removers, Jpn. Kokai Tokkyo Koho, 4pp, CAN 113:46126,
(1990).

MATSUYAMA M. and KUWATA T., Bath preparations containing
macadamia oil and milk preparatibns, Jpn. Kokai Tokkyo Koho, 4pp,
CAN 109:43323, (1998).

AIZAWA M, SENOO K and UEHARA K., Skin preparations
containing drying-semidrying oils, Jpn. Kokai Tokkyo Koho, 8pp, CAN
106:55636, (1986).

DENZER H., JANSEN R. and REININGHAUS M., Clear resulits.
Transparent hair care shampoos with solubilized silicon oils or vegetable
oils, Parfuem. Kosmet., 80(6), 18-20, (1999).

GOTTFREUND J. and MEYER T., Shower oil, Ger.Offen., 4pp, CAN
130:301501, (1999).

British Pharmacopoeia 1, The Stationary Office, England, p 115, (1998).
MURAD S, GROVE D. LINDBERG K. A, REYNOLDS G,
SIVARAJA A. and PINNEL S. R, Regulation of collagen synthesis by
ascorbic acid, Proc. Natl.Acad.Sci. USA, 78, 2879-2882, (1981).

Nikko Chemicals, NIKKOL VC-PMG.,, Stable vitamin C Derivative,
Specification of the Product. Tokyo, Japan, (1986).

128



189.

190.

191.

192.

193,

194.

- 195.

196.

197.

198.

199.

YILMAZ C,, ERDEMLI E, SELEK H, KINIK H., ARIKAN M. and
ERDEMLI B., The contribution of vitamin C to healing of experimental
Jractures, Arch. Orthop. Trauma. Surg., 121(7), 426-8, (2001).

CRIPPA A, HORAK V., PROTA G, SVORONOS P. and WOLFRAM
L., BROSSI A. (Wd.), The Alkoloids. Chemistry and Pharmacology, Ch.
36, Academic Press, New York, p 253-323, (1989).

WILMOTT J. M., DUGGAN M. C. ZNAIDEN A. P., LOWE N. J. and

SHAATH N. A, (Eds.), Sunscreens-Developements, Evaluation and
Regulatory Aspects, Ch.10, Marcel Dekker, New York , p 279-298,
(1990).

GEESIN J. C., DARR D., KAUFMANN R, MURAD S. and PINNEL §.
R., Ascorbic acid especially increases type 1 and type IIl procollagen
messenger RNA levels in human skin fibroblast, J. Invest. Dermatol.,
90(4), 420-4, (1988).

PINNEL S. R, MURAD S. and DARR D., Induction of collagen
synthesis by ascorbic acid. A possible mechanism, Arch. Dermatol.,
123(12), 1684-6, (1987) .

PUGLIESE P. T., The skin, free radicals, and oxidative stress, Dermatol.
Nurs., 7(6), 361-9, (1995).

MORISAKI K. and OZAKI K., Design of novel hybrid vitamin C
derivatives: Thermal stability and biological activity, Chem. Pharm Bull.
(Tokyo), 44(9), 1647-55, (1996).

BUETTNER G. R, JURKIEWICZ B. A , Chemistry and Biochemistry of
Ascorbic acid. In : Cadenas, E., Paker, L. (Eds.) Handbook of
antioxidants, Marcel Dekker, New York, p 91-115, (1996).

NIKI E., Vitamin C as an antioxidant, World Rev. Nutr. Diet. 64, 1-30,
(1991).

TSAO C. S. and YOUNG M, A stabilised ascorbic acid solution, Med.
Sci. Res., 24, 473-75, (1996).

ROIGM. G,, RIVERA Z S. and KENNEDY J. F., A model study on rat of
degradation of L-ascorbic acid during processing using home-produced
Juice concentrates, Int. J. Food Sci. Nutr., 46, 107-115, (1995).

129



200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

KUMANO Y., SAKAMOTO T., EGAWA M,, IWAI I, TANAK M. and
YAMAMOTO 1., In vitro and in vivo prolonged biological activities of
novel vitamin C derivatives, 2-O-alpha-D-glucosopyranosyl-L- ascorbic
acid (AA-2G), in cosmetic fields, J. Nutr. Sci. Vitaminol.(Tokyo), 44(3),
345-59, (1998 ).

TAGAWA M., MURATA T. and ONUMA T., Preprints of 17* IFSCC
Yokohama, 2, 896-907, (1992).

AUSTRIA R., SEMENZATO A. and BETTERO A, Stability of vitamin
C dervatives in solution and topical formulations, J. Pharm. Biomed.
Anal,, 15 (6), 795-801, (1997).

GALLARATE M., CARLOTTE M E.,, TROTTA M. and BOVO S. On
the stability of ascorbic acid in emulsified systems for topical and
cosmetic use, Int. J. Pharm_, 188 (2), 233-241, (1999).

BUETTNER G R, The picking order of free radicals and antioxidants:
lipid peroxidation, o-tocopherol, and ascorbate. Arch. Biochem.
Biophys., 300, 535-543, (1993).

CABELLI D E. and BIELSKI B. H. J., Kinetics and mechanism for the
oxidation of ascorbic acidascorbate by HQO/.O2 radicals. A pulse
radiolysis and stopped-flow photolysis study, J. Phys. Chem., 87, 1809-
1817, (1983).

NIKI E. Action of ascorbic acid as a scavenger of active and stable
oxygen radicals, Am. J. Clin. Nutr., 54, 119s-124s, (1991).

HALLIWELL B. and GUTTERIDGE J. M. C,, Free radicals in medicine
and biology. 2" Ed., Clarendon Press, Oxford, UK, (1989).

SIMC M., Mechanism of inhibition of free radical process in mutagenesis
and carcinogenesis. Mutat. Res., 202, 377-386, (1986).

BENDICH A, MACHLIN L J., SCANDURRA O., BURTON G W and
WAYNER D. D. M., The antioxidant role of vitamin C, Adv. Free Rad.
Biol. Med., 2, 419-444, (1986).

ROUGEE M. and BENSSASSON R., Determination des constantes de
vitesse de desactivation de 1 oxygene singulet en presence de
biomolecules, Comp. Rend. Acad. Sci., Paris, 20, 1223-1226, (1986).

130



211.

212.

213.

214

215.

216.

217.

218.

219.

220.

SCHENCK G O., Selectivitat und typische Reaktion mechanismen in der
Strahlenchemie, Z. Elektrochem., 64, 997-1011, (1960).

PADAYATTY S. J. and LEVINE M., New insights into the physiology
and morphology of vitamin C, Canad. Med. Assoc. J., 164(3), 353-55,
(2001).

EBERLEIN-KONIG B., PLACZEK M. and PRZYBILLA B., Protective
effect against sunburn of combined systemic ascorbic acid (vitamin C)
and d-alpha tocopherol (vitamin E), J. Am. Acad. Dermatol., 38(1), 45-8,
(1998).

HUMBERT P., Topical vitamin C in the treatment of photoaged skin, Eur.
J. Dermatol., 11(2), 172-173, (2001).

DREHER F., DENIG N, GABARD B., SCHWINDT D. A. and

- MAIBACH H 1., Effect of topical antioxidants on UV-induced erythema

Jformation when administered after exposure, J. Dermatol., 198 (1), 52-55,
(1999).

DARR D., DUNSTON S., FAUST H. and PINNELL S., Effectiveness of
antioxidants (vit.C and vit. E) with and without sunscreens as topical
photoprotectants, J. Acta. Derm. Venerol., 76 (4), 264-268, (1996).
KOBAYASHI S., TAKEHANA M., KANKE M, ITOH S. and OGATA
E., Postadministration protective effect of magnesium-L-ascorbyl-
phosphate on the developement of UVB induced cutaneous damage in
mice, J. Photochem. Photobiol., 67 (6), 669-675, (1998).

KALKA K., MUKHTAR H., TURKOWSKI-WANKE A. and MERK H,,
Biomelani’n antioxidants in cosmetics: assessment based on inhibition of
lipid peroxidation, J. Skin. Pharmacol. Appl. Skin Physiol,, 13 (3-4), 143-
49, (2000).

PONEC M., MOMMAAS A M., WERHEIM A, KEMPENAAR J,
MULDER A., GOORIS G. S. and BOUWSTRA J., The formation of
competent barrier lipids in reconstructed human epidermis requires the
presence of vitamin C, J. Invest. Dermatol., 109 (3), 348-355, (1997).
WEBER S U, THEILE J. J., CROSS C. E. and PACKER L., Vitamin C,
Uric acid and Glutathione gradients in murine stratum corneum and their

131



221.

222.

223.

224,

225.

226.

227.

228.

229.

230.

231.

susceptibility to ozone exposure, J. Invest. Dermatol., 113 (6), 1128-1132,
(1999).

ALSTER T. S. and WEST T. B, Effect of topical vitamin C on

postoperative CO2 laser resurfacing erythema, J. Dermatol. Surg., 24 (3),
331-334, (1998).

KUMANO Y., SAKAMOTO T., EGAWA M, TANAKA M. and
YAMAMOTO 1., Enhancing effect of 2-O-alpha-D-glucopyranosyl-L-
ascorbic acid, a stable ascorbic acid derivative, on collagen synthesis. J.
Biol. Pharm. Bull,, 21 (7), 662-666, (1998).

FARRIOL M., MOURELLE M. and SCHWARTZ S., Effect of vitamin C
and vitamin E analog on aged fibroblasts, J. Rev. Esp. Fisiol., 50 (4),
253-257, (1994).

HERSCHTHAL D., C No wrinkles., American fitness, 16 (6), 35-37,
(1998).

Biopredic report 363-1/RF2- “Effects torphiques du LIPACIDE PVB:
Etude in vitro dans des cultures de keratinocytes normaux d’ epiderme
bumain”.

HANDJANI-VILA R. M. et al., Measurement of the moisturizing effect,
Cosmet. Toiletories, 91, 25-30, (1976).

BIOGIR Report HICV 93.984- “Appreciation de la tolerance primaire
cutanee chez le volontaire. Tests epicutanes sous occlusion”™.

DIETZ T., Basic properties of cosmetic oils and their relevence to
emulsion preparations, SOFW-Journal, 125 (7), 2-7, (1999a).

YAZAN'Y. and AVCIER S., Comparative evaluation of two cosmetic
oils:Almond and Avocado, J. Sci. Technol. Anadolu Uni., Turkey, (2),
(2001). '

SHAW D. 1., Colloid and Surface Chemistry, Butterworth-Heinemann
Ltd., Oxford, p64-70, (1992).

BUCKTON G., Interfacial phenomena, surface tension and liquid/liquid
interfaces. In Interfacial Phenomena in Drug Delivery and Targeting, pp.
1-25, Harward Academic Publishers, Singapore, (1995).

132



232. ROEHLE. L. and BRAND H. M., 4 quantitative description of
emolliency, SOFW-Journal, 117 (4), 141-144, (1991).

133



AUTOBIOGRAPHY
Naveed Akhtar was born in Pakistan in 1964. He graduated from Punjab
University, Lahore; Pakistan in 1989. He got Master of Philosophy degree in
Pharmaceutics at Punjab University, Pakistan, in 1991. He began his Ph.D. study
at Anadolu University Turkey in 1997. He is working as a lecturer at the
Department of Pharmacy, Islamia University, Bahawalpur, Pakistan. He is
married and has two children.

134



