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Abstract

All living organisms undergo a process known as aging. During aging, the skin is one of the
most visible tissues that is affected. Skin aging is associated with the degradation of the
extracellular matrix (ECM) through increased activity of enzymes such as elastase, collagenase
and hyaluronidase. In turn the levels of elastin, collagen and hyaluronic acid decrease, resulting
in a loss of flexibility and strength of the skin, and hence the formation of wrinkles. The focus of
this project was to investigate the inhibitory potential of a South African wetland plant, Elegia
tectorum (L.F) Moline & H.P. Linder against hyaluronic acid depolymerization by KIAA1199
protein. Hyaluronidase enzymes are able to depolymerize hyaluronic acid into high molecular
weight fragments which act as an anti-inflammatory and reduces the formation of scars. If
hyaluronic acid is degraded into a low molecular weight fragments, it improves the synthesis of
type 1 and VIII collagen which are structural ECM molecules. The KIAA1199 protein
depolymerizes hyaluronic acid independent from other hyaluronidases or the CD44 receptor, the
resulting fragments do not have the anti-inflammatory effect, scar reduction effect or collagen
synthesis effect as in the case with normal hyaluronidase enzymes, instead wrinkling and sagging
of the skin has been observed. This is reason why the KIAA1199 protein should be inhibited.
The anti-elastase potential of the plant extract was further determined. Bio-assay guided
fractionation was performed in order to identify a bioactive compound with anti-elastase
inhibition. Molecular docking studies were performed to predict the binding mode of compounds
present in E. tectorum to the elastase enzyme. The mutagenic potential and heavy metal content
of the plant extract was determined. Furthermore, the stability and in vivo anti-wrinkle activity of

a formulation containing E. tectorum was conducted.

Ethanol, hexane, dichloromethane, ethyl acetate, water, acetone and methanol extracts were
prepared from the aerial part of E. fectorum and investigated for anti-elastase activity. The
ethanolic and methanolic extracts showed the highest inhibition with a fifty percent inhibition
(ICs0) of 13.50 + 1.53 and 1093 + 4.98 pg/ml respectively, whereas the hexane,
dichloromethane, ethyl acetate, water and acetone extracts showed ICso values of 67.47 + 3.18,
66.12 +£4.97, 86.20 = 0.35, 51.14 +£ 11.95, 21.80 + 2.86 pg/ml respectively. This was compared
to the positive control, ursolic acid, with an ICs of 8.04 + 2.82 pug/ml. No significant difference

was observed between the ethanolic and methanolic extracts and therefore, the ethanolic extract,



which is a suitable solvent in product development, was selected for further testing. The extract
was found to be a competitive inhibitor after performing enzyme kinetic studies, using the

elastase enzyme.

In vitro cytotoxicity was investigated on human colorectal adenocarcinoma cell line (HT29)
using the Presto-Blue viability reagent. HT29 cells were selected because the KIAA1199 protein
was found to be highly expressed by these cells. The extract was found to be non-toxic at the
highest tested concentration with an ICso value >400 ug/ml. KIAA1199 protein inhibition was
conducted and a one-way analysis of variance (ANOVA) was used to analyze the significance.
Elegia tectorum was tested at non-toxic concentrations (15, 60, and 240 pg/ml) on the HT-29
cells for 24h, where after the supernatant was collected. The levels of the KIAA1199 protein
was analyzed using the Human Cemip/KIAA1199 Elisa kit and compared with the non-treated
cells. At the concentrations of 60 and 240 pg/ml the KIAA1199 protein was significantly

inhibited when compared with the non-treated cells

The mutagenic potential of E. tectorum was determined using the Ames test with Sal/monella
typhimurium TA98 strain in order to identify safety of the extract. The extract was tested at three
different concentrations of 5000, 500 and 50 pg/ml and was compared with the positive control
4-nitroquinoline-1-oxide (4-NQO), tested at a concentration of 2 ug/ml, sterile distilled water
served as the negative control. At a concentration of 5000, 500, 50 pg/ml of the extract, the
number of revertant colonies of Salmonella typhimurium strain TA98 was found to be 131.33 £
10.84, 121.33 £ 26.71, 103.50 + 14.50, respectively, whereas on exposure to the positive control
and negative control revertant colonies were found to be 463.33 + 40.53 and 100 + 16.87
respectively. For an extract to be considered mutagenic, it should exhibit a dose-dependent
increase in the number of revertant colonies. Additionally, the number of revertant colonies of
the extract should be greater than two times that of the negative control. Therefore, the ethanol

extract was found to be not mutagenic when compared to the positive and negative control.

Gas chromatography-mass spectroscopic analysis of the ethanolic extract revealed that 57
compounds were present in the extract. Molecular docking of these identified compounds was
conducted to predict the binding ability and binding mode to the active site of the elastase
enzyme. From the docking scores, five compounds were found to have the closest docking scores

as compared to the positive control which was the reference ligand that was docked with the



enzyme. These were: octadecanoic acid with a docking score of -6.92; 9,12,15-octadecatrienoic
acid, (Z,Z,Z)- with a score of -6.39; n-hexadecanoic acid with a score of -6.20; 3-(5-
methylfuryl)-N-furamidopropionamide with a score of -5.21; bis(2-ethylhexyl) phthalate with a
score of -5.02 and hexanedioic acid, bis(2-ethylhexyl) ester with a score of -5.02. The reference
compound had a docking score of -11.64 and had a root mean square deviation (RMSD) of 1.68.

The lower the docking score, the better the compound fits into the protein.

In order to purify the bioactive compounds; the ethanolic extract was partitioned into ethyl-
acetate, n-butanol and water fractions. The water fraction showed the highest anti-elastase
activity with an ICso of 34.44 pug/ml and therefore; was subjected to column chromatography for
further purification. A total of 265 fractions were collected and pooled together into 6 major
fractions based on the TLC profile. Most of the fractions had one major compound (confirmed
using TLC) which was purified by precipitation. The 6 pooled fractions were tested against
elastase enzyme, however no elastase inhibition was noted at the highest tested concentration
250 pg/ml. This could potentially be attributed to the synergistic activity of the compounds in the

crude extract as compared to when tested alone.

A formulation was prepared containing 10% v/w of the extract (final concentration of 600
ng/ml). Stability testing of the formulation and extract was conducted to determine their physical
integrity and shelf-life at varying temperatures (4, 25, 40 and 50°C). Accelerated stability testing
was conducted over a period of three months where the odor, colour, pH, viscosity and TLC
profile was evaluated at each of the temperatures. The results indicated that the product should be
stored at temperatures below 30°C and away from sunlight to ensure a shelf life of 2 years.

Additionally, no heavy metal toxicity of the ethanolic extract was detected.

An irritancy test was conducted on 20 healthy volunteers to see if the extract resulted in an
adverse reaction on the skin. The extract, when applied neat, was found to be a mild irritant but
in aqueous cream (10%), it was found to be non-irritant. During efficacy study, it was found that
at 10% of extract in aqueous cream; was effective in decreasing the wrinkles from fourteen 14
(D14) up to twenty-eight (D28) of consecutive use (twice a day) when compared to a placebo

control. The study therefore, resulted in a valuable prototype for ageing problems.
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General introduction



CHAPTER 1

1. General introduction

PROBLEM STATEMENT

Aging is a process that is progressive and unavoidable (Robert et al., 1998), however, various
factors such UV radiation accelerates skin aging. Aging is caused by the degradation of
epidermal cells and proteins, affecting the skins ability to regenerate. This reduces thickness,
causes loss of hydration and elasticity ultimately contributing to the formation of wrinkles.
Elastin, hyaluronic acid (HA) and collagen which are responsible for skin elasticity, moisture
and firmness respectively are part of the extracellular matrix and a reduction in these causes skin
aging, (Philips et al.,, 2010). Aging results in the degradation of elastin by elastase and
depolymerization of HA by the KIAA1199. In this study, Elegia tectorum a South African
wetland plant was tested to determine whether it can be able to inhibit the activity of the
KIAA1199 protein which degrades HA, resulting in loss of skin hydration. Bio-assay guided
fractionation, to identify the bioactive compounds present within the extract responsible for anti-
elastase activity, was performed. Molecular docking studies were performed to predict the
binding mode of compounds present in E. tectorum to the elastase enzyme. The mutagenic
potential and heavy metal content of the plant extract was performed. Furthermore, the stability
and in vivo anti-wrinkle activity of a formulation containing E. tectorum was conducted. This
study gave an insight about a South African wetland plant and its ability to reduce the

appearance of wrinkles.
HYPOTHESIS

A South African wetland plant Elegia tectorum will reduce wrinkle formation and retain skin

hydration.
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RESEARCH QUESTION

Can a South African wetland plant and its isolated compounds reduce wrinkle formation and

retain skin hydration?

OBJECTIVES OF THE STUDY

1. To make FElegia tectorum extracts from different solvents such as ethanol, hexane,
dichloromethane, ethyl acetate, water, acetone and methanol

2. To investigate the anti-elastase activity of Elegia tectorum extracts using the elastase
inhibition assay.

3. To determine the type of inhibition using enzyme kinetics.

4. To determine the cytotoxicity of the most significant extract with anti-elastase inhibition
against human colon cancer (HT-29) cells.

5. Determine the inhibitory potential of the lead extract against the KIAA1199 protein.

6. To investigate the anti-mutagenic potential of the lead extract using the Ames test.

7. Identification of compounds present in the lead extract using GC-MS analysis.

8. Predict the binding ability and binding mode of the compounds, identified using GC-MS
analysis, to the active site of the elastase enzyme.

9. Bio-assay guided fractionation of the lead extract to identify the bioactive compounds

responsible for elastase inhibition.

10. To evaluate the stability of the extract and formulation containing extract.

11. Determine the in vivo irritancy and in vivo anti-wrinkle activity of the formulation

containing the extract.

METHODOLOGY (rationale and motivation)

Elastase inhibition assay

The connective tissue consists of elastic fibers where elastin is found together with other

components such as collagen. Elastase degrades elastin, collagen structural and supportive
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components by detaching the connective tissue with extensive intracellular fiber networks. By
inhibiting the effect of elastase on the structural and supportive components in the dermis, the
effect of aging will be minimized as the integrity of these components will be restored. Elastase
inhibition assay was used to test the potential of the wetland plant extract to inhibit the elastase
enzyme and ursolic acid was used as the positive control as described by Bieth et al., 1978, with
slight modifications. The highest concentration of the extract tested was 250 pg/ml and ICso
values were obtained. The principle of the assay was that the substrate binds to the enzyme and a
product forms, in the presence of an inhibitor such as a plant extract, a product does not form.
Enzyme kinetics was used to distinguish between competitive and non-competitive inhibition of

the plant extract.

Cytotoxicity

Cytotoxicity on HT-29 cell line was done prior to KIAA1199 protein inhibition assay to make
sure that the results of the KIAA1199 protein inhibition are not biased based on the toxicity of
the plant extract (it would appear as false inhibition if the cells were killed by the plant extract as
they would not produce the KIAA1199 protein). These cells were selected based on that they the
express the KIAA1199 protein the most. In vitro toxicity was investigated using the Presto-Blue
viability reagent. The highest concentration tested was 400 pg/ml and actinomycin D was used
as a positive control. It was based on the principle of treating cells with the plant extract, colour
changing reagent (prestroblue) was added and it served as an indication of the viability of the

cells. This conversion only occurred in viable cells (Lall et al., 2013)

KIAA1199 protein inhibition assay

The process of skin aging is linked a with lack of moisture. One of the major molecules that is
responsible for skin moisture is hyaluronic acid (HA) or hyaluronan. Hyaluronic acid is a
glycosaminoglycan (GAG) that has the unique ability to bind and retain water molecules in the
skin. This molecule is degraded by the protein KIAA1199 which has a major role in the binding
and depolymerisation of HA. By inhibiting KIAA1199 protein, this can improve skin moisture

13



and reduce wrinkle formation. The Human CEMIP/KIAA1199 Elisa kit was used to determine
the ability of the lead plant extract to inhibit the KIAA1199 protein. Three concentrations of the
extract were tested which were 15, 60, 240 pg/ml on HT-29 cells compared to non-treated cells.
The assay is based on the sandwich ELISA principle, each well of the plate was precoated with a
target specific capture antibody. The standards as well as the plant extract were added to the
wells and the target antigen bound to the capture antibody. Plant extract and standard that was
not bound was washed away. A biotin-conjugated detection antibody was added which bound to
the captured antigen. Unbound detection antibody was washed away. An Avidin-Horseradish
Peroxidase (HRP) conjugate was added which bound to the biotin. Unbound Avidin-HRP
conjugate was washed away. A TMB substrate was added which reacted with the HRP enzyme
resulting in a colour change. A stop solution which was sulfuric acid was added to terminate
colour development reaction and the optical density (OD) of the wells was measured at a
wavelength of 450 nm + 2 nm. The OD of the plant extract was compared to an OD standard

curve generated using the known antigen concentrations (LifeSpan Bioscience,Inc., 2019).

Anti-mutagenic assay

Research shows that a lot of plants which are used as food ingredients or in traditional medicine
have in vitro mutagenic or toxic and carcinogenic properties. Therefore, it is important to screen
medicinal plants for their mutagenic potential. Mutations are the cause of innate metabolic
defects in cellular systems, triggering morbidity and mortality in living organisms. The Ames
test was used to determine the antimutagenicity potential of the plant extract. Three
concentrations of the plant extract were tested which were 5000, 500, and50pug/ml. the positive
control was 4-nitroquinoline-1-oxide (4-NQO), tested at 2 pg/ml. The Ames test was based on
the principle of using Salmonella typhimurium tester strains TA98 to test whether the plant
extract has the potential to cause mutations. Point mutations were made in the histidine operon,
this made the bacteria not to be able to produce histidine. The mutation resulted in his-
organisms that could not grow unless histidine was present. Culturing his- Sa/monella in media
with plant extract and other chemicals could result in mutations in histidine encoding gene,

which could regain the ability to produce histidine (his+). These reverted bacteria could grow in
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media that is histidine deficient (Maron and Ames 1983, modified by Mortelmans and Zeiger
2000).

Molecular docking

Molecular docking was used to predict molecular recognition structurally, binding modes,
binding affinity and binding free energy of the compounds found within the extract to the
elastase enzyme. Gas chromatography—mass spectrometry (GC-MS) of the ethanolic extract of
E.tectorum was conducted and 57 compounds were identified. Structure selection and protein
preparation was conducted using Schrodinger’s Protein Prepreration Wizard. Hydrogen bonds
were optomised using PROPKA at a pH of 7.0. minimization of the complex was conducted
using OPLS force field (Harder et al., 2016). In order to confirm the target sites on the crystal
structure of the elastase enzyme, SiteMap was used (Schrodinger, LLC, NewYork, NY, 2018;
Halgren, 2007, 2009). Glide was used for docking the ligand (E.tectorum compounds) to the

elastase enzyme site in order to estimate the binding affinities (Halgren et al., 2004) .

Compound isolation

Isolation is essential as it gives an indication of the different kinds of compounds that are present
in the plant responsible wrinkle reduction. Silica column chromatography was used to isolate
different compounds. The stationary phase was a solid adsorbent which was put in a column. The
mobile phase was a liquid that was added at the top and passed through the column using gravity.
The plant extract of E.tectorum was added inside at the top of the column followed by a liquid
solvent which also passes through the column by gravity. Different compounds in the extract
have different interactions with the stationary and mobile phase, these were carried along the
mobile phase at different degrees and separation was achieved. The individual elutants
(fractions) were collected as the solvent dripped from the bottom of the column (Organic
Chemistry at CU Boulder, 2020). Elastase inhibition assay was used to screen the isolated
fractions and Nuclear Magnetic Resonance (NMR) was used to analyse the compound that was

present in one of the fractions.
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Stability testing

Stability testing was completed to indicate how stable is the extract as well as the formulation
with the plant extract in a period of three months at four different temperatures. It is important to
understand the effect of storage, shipping conditions on the shelf life of a product. Major
concerns are sunlight exposure, temperature, vibration and humidity. This is the reason behind
formulations being stored under regulated testing conditions and analyzed at fixed intervals
(Particle Science, 2011). The plant extract and formulation with extract were placed at four
different temperatures 4°C, 25 °C, 40 °C and 50 °C. Odour, pH, appearance and viscosity are

parameters that were investigated over a period of 12 weeks.

Irritancy and efficacy studies

An irritancy test was also conducted to see if the plant extract resulted in an adverse reaction on
the skin. When in contact with the skin, some plants can cause irritant, allergic and phototoxic
dermatitis (Davis et al., 2011). Twenty (20) subjects between the ages of 21 and 64 were chosen
and the plant extract was applied on their forearm. The forearms were analysed after 24, 48 and
72 hours. A visual rating system was used to identify the reactions: 0 = no response, 0.5 =
minimal/doubtful response, 1 = mild erythema, spotty or diffuse, 2 = definite erythema, uniform
redness, itching or burning response and swelling may occur, 3 = strong and severe uniform
redness, swelling or spreading beyond the area of the disc may occur, and 4 = fiery redness,
oedema, papules, bullae. An efficacy study was conducted by the industry, “Future Cosmetics”.

Details are in Appendix C.
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CHAPTER 2

2.1. The skin

The skin is defined as the layer of tissue that is used as an outer cover of the body of a person or
an animal. It is important because it protects the body against severe temperature fluctuations,
dangerous chemicals, ultraviolet radiation from the sunlight and water loss. It furthermore acts as
a barrier against bacterial infections. It uses vitamin D from the sun, which helps the body to
absorb calcium, main building blocks of bones. The skin is usually soft and elastic when we are
born, and as we grow older, facial skin starts to wrinkle due to an inability to maintain moisture
and elasticity (National Geographic, 2017). The skin is made up of three main layers; the
epidermis, dermis and hypodermis (subcutaneous layer) (Figure 2.1.1) (Rittie and Fisher, 2002).

Epidermis

Dermis

Hypodermis

Figure 2.1.1. Three different layers of the skin, the epidermis, dermis, hypodermis and
the components that make up the layers. Collagen, elastin and hyaluronic acid are
degraded in aged skin compared to young skin which results in wrinkle formation

(Vector Stock. 2020).
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These layers differ in structure between younger and older people.

The epidermis is composed of numerous intersecting layers of skin cells. The outer part is made
up of cells that are flat, dry and high in keratin. Keratin is a protein that is found in nails and hair,
its function is to maintain moisture inside the skin. New skin cells are produced in the lower

epidermis, where they are processed (Rittie and Fisher, 2002; National geographic, 2017).

The dermis layer is situated under the epidermis, it is thick, strong and elastic. In the dermal
extracellular matrix there are certain components that are responsible for strengthening of the
skin such as elastin, collagen type I and III, fibronectin, proteoglycans and collagen fibrils.
During photo-aging, the skin experiences changes in the dermal connective tissue, changes in the
connective tissue with regards to quantity and structure contributes to wrinkle formation. It is

having a network of small blood vessels that function in controlling body temperature (Puizina-

Ivic, 2008).

The hypodermis (subcutaneous layer) is found below the dermis. It comprises of subcutaneous
fat and adipocytes which functions as a fuel reserve during food shortage and as an insulator for
internal organs protecting an individual from trauma such as falls and knocks (National
geographic, 2017). It is also made up of fibrous bands which anchor the skin to the deep facial
collagen and elastin fibers that join the subcutaneous tissue to the dermis, lymphatic vessels
which to link the dermis to the lymphatic system. It contains nerves that connect the dermis and
free nerve endings to the nervous system as well as blood vessels that connect the dermis to the

circulatory system (News Medical Life Sciences, 2019).

Collagen which makes up 80% of the skin’s dry weight strengthens the skin, whereas elastin
which makes up 2-3% of the ECM is responsible for skin elasticity. Glycosaminoglycans
(GAG?’s) are responsible for the hydration of the skin. Each of these components are formed by
fibroblast cells and in most cases are affected by photo-aging (Thring et al., 2009).

2.2. The mechanism of aging

Aging skin is a common dermatologic concern in people; this may be due to the obsession of

looking younger. In order to improve the appearance of the skin, individuals are continuously
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looking for creams and procedures that will help them look younger. In 2004, United State retail
sales accounted for over $12.4 billion on cosmetics and cosmeceuticals which are products that
have medicinal properties. In 2010, over $16.5 billion in sales was predicted from the anti-aging
market (Helfrich et al., 2008). Like all organs, the skin suffers progressive physiological and
morphological deterioration with time, this is due to various cumulative factors which are
intrinsic and extrinsic. Aging skin is marked with decrease in elasticity, the skin can be dry, flaky
and rough, with fine and coarse wrinkles as well as impaired wound healing (Vayalil et al., 2004;
Brenneisen et al., 20020). There are two types of skin aging, namely: chronological aging

(intrinsic) and photo-aging (extrinsic).
2.2.1. Intrinsic aging (chronological aging)

Intrinsic aging happens naturally due to alterations in the structural support of the bones in the
face and alterations in the arrangement of muscles. Intrinsic aging is characterized by a
continuous accumulation of reactive oxygen species (ROS), as a result of oxidative cellular
mechanisms. Reactive oxygen species cause damage to the cellular constituents such as
enzymes, DNA and,-membranes and reduce the level of hormones that affect sexual

development for example estrogen and testosterone (Puizina-Ivic, 2008).

Telomeres, which are located at each end of a chromosome, also play a role in intrinsic aging.
During each cell division, telomeres become shorter and it is estimated that during childhood
30% of telomere length is lost. The telomerase enzyme helps to maintain this telomere sequence
TTAGGG and keeps it from shortening. During cell division, the shortening of the telomere
sequence occurs due to the fact that the ends of the chromosomes are not protected. The cell then

reaches senescence, where it cannot proliferate but it is still viable (Puizina-Ivic, 2008).

Sex hormones play a major role in aging as they decrease with increasing age. Sex steroids that
are known to decrease are estrogen, testosterone and dehydroepiandrosterone (DHEA). Growth
hormones also tend to decrease with increasing age as well as other hormones such as melatonin,
insulin, thyroxine and cortisol. Levels of certain signaling molecules such cytokines and
chemokines have also been shown to increase with aging, leading to the damage of the skin, such
as the transforming growth factor betal (TGF-B1)which results in fibroblast senescence

(Puizina-Ivic, 2008). Tumor necrosis factor a (TNF-o) has a major role in proinflammatory
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process as it inhibits collagen synthesis and induce the production of MMP-9, a type IV
collagenase. Collagenase activity in fibroblast cells is induced by high concentrations of TNF-a,
resulting in a decrease in collagen production. Some age-related processes such as skin
inflammation is promoted by interleukin (IL)-1 and IL-18 which increase with age. Formation of
wrinkles is also associated with an increase in proinflammatory cytokine, IL-6, after menopause

(Kim and Park, 2016)

In the epidermis there are not many changes in the stratum corneum, thickness of the epidermis,
and keratinocyte shape, but there is a reduction in the number of melanocytes and Langerhans
cells (Figure 2.2.1). Many changes are observed at the dermal-epidermal junction where, the rete
ridges become flat therefore decreasing the surface contact of the dermis and epidermis resulting
in a decrease in exchange of nutrients and metabolites between the dermis and epidermis, a loss
in dermis volume and a reduction in blood supply due to decreased number of vessels. (Puizina-
Ivic, 2008). The number of fibroblasts in the skin reduce as well as collagen and elastin levels.
The association of elastin and collagen fibers is damaged due to the decrease in protein synthesis,
which affects type 1 and 3 collagens in the dermis. There is also an increase in the degradation of

proteins found in the ECM (Rittie and Fisher, 2002).

Skin undergoing chronological aging looks dry, thin, unblemished and exhibits little elasticity
(Rittie and Fisher, 2002). There are sequential changes that happen to follow a basic progressive

pattern through time; therefore, the rate of aging is different amongst individuals.
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Stratum corneum

Horny layer

Stratum granulosum

Granular layer

Stratum spinosum

Prickle cell layer

Basal cell layer

Langerhans cell Melanocyte

Basement

Rete ridge Keratinocyte membrance

Figure 2.2.1. The anatomy of the epidermis, the stratum corneum is made up of highly
keratinized cells which are flattened, these cells are lined with keratins and are shed from
the epidermis as dead skin cells. The stratum granulosum consists of flattened and large
polygonal granulated cells which have nuclei, these cells undergo final cell differentiation
of the uppermost keratinocyte of the stratum spinosum. The thickest layer of the epidermis
is the stratum spinosum, it is made up of polyhedral-shaped keratinocytes and Langerhans
cells are found in this layer. Langerhans cells are derived from monocytes of the bone
marrow and initiate an immune response against foreign substances. Stratum basale
consists of a single layer of basophilic column shaped keratinocytes which have a large
nucleus. Melanocytes are cells that produce melanin in the skin, and they are found

amongst the cells of the stratum basale (Baker, 2016).

2.2.2. Extrinsic aging (photo-aging)

Extrinsic aging is triggered by environmental factors such as UV radiation, harsh weather,
pollution, cigarette and smoke, physical and psychological stress, alcohol intake, lack of sleep
and poor nutrient intake. These factors affect the integrity of elastin and collagen which are the
structural proteins responsible for the elasticity of the skin (Albert et al., 2007). The major

contributing factor to extrinsic aging is exposure to UV radiation, contributing 80% to this type
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of aging (Puizina-Ivic, 2008). There are three types of UV radiation, UVC (100-290nm), UVB
(290-320nm) and UVA (320-400nm) (Puizina-Ivic, 2008).

UVC is mostly blocked by the ozone layer and therefore does not reach the Earth’s surface and
has no impact on the skin (Farage et al., 2008). UVB is known to cause burning of the skin and
causes changes at the epidermal level; this is where majority of UVB is absorbed. It disrupts the
DNA in keratinocytes and melanocytes and induces the assembly of soluble epidermal factors
(ESF) and proteolytic enzymes, which are present in the dermis after UV exposure. UVB
exposure results in the occurrence of thymidine dimers, which is the formation of strong covalent
bonds between two thymidines. These bonds disrupt transcription and replication, and if not
repaired can lead to mutations. Exposure to UV radiation can lead to the development of

carcinomas, actinic keratosis, melanomas and lentigines (Puizina-Ivic, 2008).

UVA, known to cause photo-aging, has the ability to penetrate further into the skin, reaching the
dermis layer, thereby causing disruption to both the dermis and epidermis. Synthesis of collagen
degrading enzymes, xeroderma pigmentosum factor (XPF) (also found in the epidermis) and
matrix metalloproteinases (MMPs) is increased by UV radiation. Xeroderma pigmentosum factor
causes epidermal-dermal folding, indicating the beginning of wrinkle formation. Type IV and
VII collagen is present in lower amounts at the base of wrinkles, since there is less, wrinkles
become deep. Different MMPs degrade different dermal matrix proteins; for example, MMP-1
degrades collagen I, II, III. The proteolysis can occur due to the imbalance between activation
and inhibition of enzymes. UVA can further produce ROS which are able to cause DNA strand
breaks and affect lipid peroxidation (Puizina-Ivic, 2008).

Pollutants such as long-term smoking further contributes towards skin aging. The skin becomes
yellow and irregularly thickened due to the breakdown of elastic tissue. Both sun exposure and
smoking can induce the production of MMPs. Facial stratum corneum moisture is decreased by
smoking as well as the level of vitamin A, which its function is to prevent collagen damage.
Other pollutants such as nitrogen oxide, volatile organic compounds resulting from burning of
fossil fuel and emissions from factories cause the skin to look wrinkled, coarse, exhibit age spots

and uneven pigmentation (Puizina-Ivic, 2008).
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Intrinsic and extrinsic aging occur due to different processes, however these two processes do
share similar molecular pathways such as the production of ROS (Papakonstantinou et al., 2012;

Avantaggiato et al., 2015).

2.3. Elastase

Elastase is an enzyme belonging to the chymotrypsin family of proteases. It is responsible for the
degradation of the structural components of the dermis, such as elastin. Elastase can cleave
elastin, collagen and other proteins found in the ECM. After cleavage of elastin, elastase causes
wrinkle formation and the skin starts to sag (Thring et al., 2009). An increase in elastase activity
results in certain diseases such as rheumatoid arthritis, premature skin aging, chronic obstructive
airway disease, cystic fibrosis, psoriasis and delayed wound healing (Jabs, 2012). According to
Tsuji et al (2001), at least two types of elastases exist in the skin; neutrophil elastase and skin
fibroblast elastase. Neutrophil elastase is a serine proteinase, whereas skin fibroblast elastase
belongs to the metalloproteinases family. These two elastases vary in terms of substrate
specificity. Neutrophil elastase has the ability to degrade all types of elastic fibers and is highly
sensitive to elaunin and mature elastic fibers. Skin fibroblast elastase acts on elaunin fibers and
oxytalan and, has limited sensitivity to mature elastic fibers. In various types of tissues, these
elastases are implicated in the metabolism of elastin fibers during aging, inflammation and
diseases. In wrinkles that form due to UV radiation, there is not sufficient information about the
exact role of these elastases, although it has been reported that overproduction of elastases

induced by UV radiation affects the elastic-fiber network of the skin (Tsuji et al., 2001).

Elastin is the main constituent of elastin fibers, it is a crosslinked protein polymer that is
available in the ECM (Sage and Gray, 1979). Elastin has elastic properties, which make it
important as it gives the skin, lungs, arteries and ligaments elasticity (Thring et al., 2009). During
aging, elastin is degraded by elastase which is followed by loss in elastic fibers (Robert et al.,

1983).
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2.4. Hyaluronic acid

Hyaluronic acid is widely distributed in the human body. It is abundant in the skin (Tammi et al.,
1988; Juhlin, 1997; Armstrong and Bell 2002; Tzellos et al., 2009; Tzellos et al., 2011). It is also
found in the umbilical cord (Weissmann and Meyer, 1957), the vitreous of the eye (Meyer and
Palmer, 1934), synovial fluid (Hamerman and Schuster, 1958) and in all tissues and fluids of the
body for example the skeletal tissues, the lung, heart valves, the prostate, the aorta, corpora

cavernosa, tunica albuginea and penis (Papakonstantinou et al., 2012).

More than 50% of the total body HA is contained in the skin (Reed et al., 1988) It is responsible
for skin hydration and protects the skin against free radical damage, particularly against UVA
and UVB (Meyer and Stern, 1994). Solar UV radiation of the skin can induce sunburn and
transient inflammation that can result in premature skin aging (photo-aging) and skin cancer
(Tsoureli et al., 2006; Dai et al., 2007; Nichols and Katiyar, 2010). Damage to skin functions,
triggered by UV, creates a cosmetic as well as medical problem affecting a large portion of the
population. Therefore, the effective development of substances that could potentially treat or

prevent UV damage to the skin are essential (Nichols and Katiyar, 2010).

Hyaluronic acid is a non-sulphated GAG that is made up of repeating polymeric disaccharides
of D-glucuronic acid and N-acetyl-D-glucosamine which are linked by glucuronidic B (1—3)
bond (Figure 2.3 A) (Wiessmann and Meyer, 1954; Wiessmann et al., 1954). Hyaluronic acid
forms specific stable tertiary structures in aqueous solution (Figure 2.3 B) (Scott and
Heatley,1999). Regardless of its simple composition, without variations in its sugar composition
or without branching points, HA has a variety of physiochemical properties. They appear in
various shapes and configurations depending on their sizes, concentration, associated cations and
pH (Laurent, 1970). It is not covalently attached to a protein core like other GAG molecules, but
it can form aggregates with proteoglycans (Bates, 1984). Hyaluronic acid gives solutions high
viscosity, even at low concentrations as it encompasses a large volume of water (Turino and

Cantor, 2003).

The biological roles of HA depend on the size of the chain length, molecular mass and on the

circumstances under which they are synthesized (Noble, 2002; Toole, 2004). Extracellular high
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molecular weight HA fragments (HMWHA) inhibits endothelial cell growth and is thus anti-
angiogenic in nature. These polymers also have an increased ability to bind fibrinogen; this is
one of the first and major reactions to form in clot formation, which are important in early wound
healing (Chen and Abatangelo, 1999). Such HA polymers have anti-inflammatory and
immunosuppressive activity. High molecular weight HA fragments are highly concentrated in
fetal circulation and amniotic fluid, this indicates that it is responsible for immunosuppression in
the developing fetus (Grish and Kemparaju, 2007). Furthermore, HMWHA is involved in
inhibiting the formation of scars (Noble, 2002).
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Figure 2.4.1. (A) Chemical structure of HA, (Vaccinationist 2016). (B) Schematic
illustration of the tertiary structure arrangement of HA in aqueous solution. HA
molecules may bind to each other in a repeated antiparallel array, with hydrophobic
patches (shaded surfaces) on the faces of the rings (hexagons) stacking against each other,
and intermolecular hydrogen bonds between amide and carboxylate groups on adjacent
molecules (arrows) providing specific stabilization to the network. The amide group is
trans in this model and the HA chains are required to adopt an extended 2-fold helical

conformation (Blundell et al.. 2006).

Lower molecular weight HA (LMWHA) fragments (400-1000 kDA) interact with different types
of receptors that activate signaling cascades and cause profound changes in the behavior of cells.
This polymer has been proven to promote angiogenesis in several experimental models (West et

al., 1985; Noble, 2002; Toole, 2004). It also improves the synthesis of type I and VIII collagen
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which are ECM molecules of the endothelial cell angiogenic phenotype. LMWHA are potent
stimulators of inflammatory cytokine and adhesion molecules such as IL- 13, TNFa, and IGF-1

and CD44 (Noble et al., 1993).

Shorter HA (100-400 kDA) fragments have been reported to promote cell proliferation of
chondrocytes, endothelial cells and fibroblasts (Papakonstantinou et al., 2012). Iacob and
Krudson (2006) reported that HA fragments are essential in the activation of nitric oxide
synthase and the production of nitric oxide (NO) by articular chondrocytes. This activation of
NO production by HA fragments has been reported in macrophages, endothelial cells, rat liver,
Kupffer cells located in the liver functioning as macrophage, breast cancer cells (MCF7), and
cervical cancer cells (HeLa). In some cases, the stimulatory effects of HA fragments were shown

to be mediated by the activation by the nuclear factor (NF)-«xf3 (Horton et al., 1999).

Smaller HA oligomers (>100 kDa) are strong activators of dendritic cells, the antigen presenting
cells of the immune system. Therefore, HA fragments have the ability to be angiogenic, immune-
stimulatory and inflammatory (Noble, 2002; Termeer et al., 2002; Rossler and Hinghofer-
Szalkay, 2002; Stern, 2003). Angiogenic HA fragments stimulate endothelial cell proliferation,
adhesion and migration by activation of focal adhesion kinase and mitogen activated protein

(MAP) kinase pathways (Rossler and Hinghofer-Szalkay, 2002; Murai et al., 2004).

Very small HA (>20 kDA) oligosaccharides are also responsible for specific and unique
biological activities. Oligomers that are made up of six disaccharides promote differentiation of
endothelial cells induced in response to the angiogenic effect of bigger HA fragments.
Furthermore, control of migration, maturation and signaling in skin keratinocytes is also closely

associated with small HA oligomers (Takahashi et al., 2005).

Tetra and hexasaccharides are the main products of hyaluronidase-mediated degradation. These
induce the expression of heat shock proteins (Hsps), they are also anti-apoptotic meaning they
suppress cell death in cultures undergoing hyperthermia (Xu et al., 2002). Another study by
Ghatak et al., 2002, showed that the addition of tetrasaccharides inhibits anchorage-independent
growth of several tumour cell types by suppressing the phosphor-inositol-3-kinase/ Akt pathway.
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The process of skin aging is linked with lack of moisture. Hyaluronic acid is responsible for skin
moisture, as it has unique ability to bind and retain water molecules. It is found in the
extracellular matrix (ECM). In the past years, the constituents of the skin have been well
characterized. Many studies focused on the cells that make up the skin layers for example the
subcutaneous layer, the dermis and the epidermis. In recent years, it is acknowledged that ECM
molecules that are found between cells offer a constructive framework and have major effects on
cellular function. The ECM molecules form a highly organised structure consisting of GAG,
proteoglycans, structural proteins such as elastin and collagen as well as growth factors.
Hyaluronic acid is the major component of the skin ECM and it is found in both the dermis and
epidermis, the dermis has a greater proportion of HA (Papakonstantinou et al., 2012; Erickson

and Stern, 2012). Therefore, HA has an important role in anti-aging.

2.4.1. Synthesis of Hyaluronic acid

Hyaluronic acid is synthesized by specific enzymes known as the HA synthase (HAS). These
enzymes are membrane bound and synthesize HA on the inner surface of the plasma membrane
where after HA is extruded through pore-like structures into the extracellular space (Prehm,
1984; Prehm, 1990). In mammals there are three of these enzymes; HAS -1, -2, and -3 which
have different enzymatic properties and synthesize HA chains of different size (Weigel et al.,
1997; Itano et al., 1999; Itano et a.l, 2002). These enzymes are regulated differently, HAS-1,
HAS-2 HAS-3 genes are up regulated by transforming growth factor beta (TGF-B) in the
epidermis and dermis, however there are major differences in the kinetics of the TGF-f response
between the two compartments. This suggests that these genes are regulated independently, and
HA plays different roles in the dermis and epidermis (Stern and Maibach, 2008). In skin
keratinocytes, HAS-2 is induced by growth factors to stimulate HA synthesis. In the epidermis,
HAS-3 has a role in synthesizing HA (Choi et al., 2019)

2.4.2. Catabolism of Hyaluronic acid

There are two separate mechanisms that are involved in the breakdown of HA this can be
enzymatically, by a class of enzymes known as hyaluronidase or through cleavages that are

nonenzymatic oxidation reactions (Erickson and Stern, 2012).
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Karl Meyer introduced the term hyaluronidase to denote the enzymes that degrade HA (Meyer,
1971). Hyaluronic acid has a half-life of less than a day in the skin, 3 to 5 minutes in the blood
and 1 to 3 weeks in the cartilage (Fraser et al., 1981; Reed et al., 1990; Laurent et al., 1991). It is
degraded into fragments of different sizes by hyluronidases (HYAL), this is achieved by
hydrolysing the hexosaminidic B (1—4) linkages between N-acetyl-D-glucosamine and D-
glucuronic acid residues in HA. There are six HY AL in humans that have been identified so far;
HYAL -1, -2, -3, -4, PH-20 and HYALPI (Stern and Jedrzejas, 2006). These enzymes received
little attention in the past due to that they are found at extremely low concentrations and are
difficult to purify, characterize and measure their activity, which is high but unstable (Stern and
Maibach, 2008). In serum, HYAL-1 is the major HYAL. Mutations in the HYAL-1 gene are
related to HYAL deficiency and mucopolysaccharidosis type IX. Hyaluronidase-2 has lower
activity compared to plasma HYAL-1 and it specifically hydrolyses HA of high molecular
weight therefore, resulting in HA fragments of approximately 20 kDa. These fragments are
further degraded to smaller oligosaccharides PH-20. HYAL-3 found in the bone marrow and
testis as well as other organs including the lungs. Its role is not completely understood in the
catabolism of HA, it is proposed that it contributes to HA degradation by enhancing the activity
of HYAL-1 (Papakonstantinou et al., 2012).

Non-enzymatic degradation of hyaluronic acid can occur, which is caused by free radicals in the
presence of reducing agents such as ascorbic acid, ferrous ions, thiols, as well as cuprous ions, a
process that needs the presence of molecular oxygen. Therefore, mechanisms or agents that can
delay the free-radical-catalyzed degradation of HA can have a major impact in maintaining the

integrity of dermal HA and its moisturizing properties.

2.4.3. Effects of inhibiting hyaluronidases (HYAL’s)

Hyaluronidase does not only disrupt the ECM, it has various other roles in biological and
physiological processes such as embryogenesis, angiogenesis, inflammation, wound healing,
disease progression, bacterial pathogenesis, diffusion of systematic venoms and invasion of

tumours (Sahasrabudhe and Deodhar, 2010). Hyaluronidase is an endoglycosidase which
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cleaves HA in tissues therefore, this increases the membrane permeability, decreases viscosity
and renders tissues more permeable to injected fluids (spreading effect). The enzymes can be
used therapeutically to increase the speed of absorption, to increase the effectiveness of local
anaesthesia, promote the resorption of excess fluids and to diminish tissue destruction by
subcutaneous and intramuscular injection of fluids (Frost et al., 1996; Farr et al., 1997).
Hyaluronidase has been used to decrease the extent of tissue damage following extravasation of
parental nutrition solution, antibiotics, electrolyte infusion, aminophylline, mannitol and
chemotherapeutic agents including vinca alkaloids (vincristine, vinblastine, vinorelbine)
(Muckenschnabel et al., 1997). They can be used in many fields such as surgery, orthopaedia,
ophthalmology, oncology, internal medicine, dermatology and gynaecology (Borrelli et al.,
1986; Manzel and Farr, 1988; Frost et al., 1996;). Therefore, this shows that inhibition of
hyaluronidases is not a preferred option, rather inhibit the KIAA1199 protein which also
degrades HA.

2.4.4. Current treatment for HA loss

Pharmacological agents such as oestrogen, growth factors, retinoic acid and cytokines are used to
stimulate HA synthesis and prevent skin atrophy, dryness and wrinkles in aging people (Park et
al., 2017). Medicinal plants such as Arctium lappa and Areca catechu have been reported to have
anti-hyaluronidase activity Radix astragali has been reported to stimulate hyaluronic acid
production (Binic et al., 2013). Black tea (Camellia sinensis) was found to have anti-
hyaluronidase activity and is used extensively in anti-aging and anti-wrinkles cosmetics.
Soyabean (Glycine max) is rich in hyaluronic acid, it has been reported to decrease the volume

and depth of wrinkles and maintains the hydration of the stratum corneum (Hooda, 2015).

2.5. KIAA1199 Protein

The KIAA1199 gene is found on the 15925 chromosome and encodes a 150-kDa protein (1361
amino acids). Initially it was described as an inner ear protein in which three point mutations
were found to be related with non-syndromic hearing loss (Abe et al., 2003). It is made up of G8

domain, which has eight conserved glycine residues, it consist of five -strand pairs and one o-
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helix, four ppbH1 domains, which are made up of parallel B-helix repeats and two GG domains,
each having seven B-strands and two a-helices. In recent years, KIAA1199 has been found to

play a major role in hyaluronic acid binding and depolymerisation (Yoshida et al., 2013%).

Yoshida and colleagues (2013)?, conducted a study where they tested the involvement of HY AL
1, HYAL2 and CD44 in HA depolymerization in normal skin fibroblast and found that the
knockdown of these genes with siRNAs did not inhibit HA depolymerisation. This caused them
to further investigate new mechanisms for HA degradation. This study provided unique evidence
that a deafness gene of unknown function, known as the KIAA1199 played a major role in the
binding and depolymerisation of HA, without the use of HYAL enzymes and surface HA
receptor CD44.. In their study they also showed KIAA1199 is expressed mostly by dermal
fibroblast in normal skin and is overexpressed by synovial fibroblasts and tissues from arthritic
joints. This expression of KIAA11999 by dermal fibroblasts in normal skin and by synovial cells
in synovial tissue suggests that this molecule plays role in catabolising HA in the dermis of
healthy skin and synovium of arthritis patients. The study concluded that therapeutic
interventions targeting KIAA 1199 may be of clinical importance (*Yoshida et al., 2013; ®Yoshida
et al., 2013; Yoshida et al., 2014). Therefore, KIAA1199 protein inhibition is a novel mechanism
that was targeted in this study.

2. 6. Phytoconstituents with anti-aging potential

Plants are known to be a potential solution to fight skin aging, since certain plant extracts can
defend the skin from aging via the inhibition of enzymatic degradation (in this case inhibition of
elastase from degrading elastin). Secondary metabolites such as polyphenols, triterpenoids and
tannins are widely investigated and have anti-elastase activity. An example is the polyphenols
that are isolated from green tea (Camellia sinensis) such as epigallocatechin gallate (EGCG) and
catechin, these are found to be inhibitors of elastase and collagen (Thring et al., 2009). Table
2.6.1 shows compounds isolated from plants which have been shown to have wrinkle reduction

effect.
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Table 2.6.1. Compounds isolated from plants which have a wrinkle reduction effect.

Aloin A

OH O OH

Berberine
O™\
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OCHj;

H;CO

Rutin

Aloe barbadensis

Miller

Aloe vera

Calendula
officinalis L.

Stimulates the
production of
collagens and
elastin. This results
in rejuvenation and
reduction of fine
lines and wrinkles. It
eliminates dead cells
and promotes new

skin cells

Inhibited basal and
TPA-induced

expression and

activity of MMP-9

Prevents UV-
induced MMP-1 and
reduction of type |
procollagen

expression

Regulates the
activity and
secretion of MMP-9
and MMP-2

Sharma et al.,

2013.

Kim et al., 2008

Kim and Chung
2008

Yris et al., 2010
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Asiaticoside

HO,

HE

Ascorbic acid

H

Q

Curculigoside

Camellia

Jjaponica L.

Centella asiatica

Centella asiatica

L. Urban

Curculigo

orchioides G.

Induces human
collagen I synthesis
through TGFp

receptor I kinase

Induce collagen
expression and/or to
modulate
inflammatory

mediators

Improves clinical
score for deep and
superficial wrinkles,
suppleness,
firmness,

roughness and skin
hydration

Induce type-I

collagen synthesis

Inhibits the
expression of MMP-
1

Lee et al., 2006

Haftek et al.,
2008

Haftek et al.,
2008

Lee et al., 2009
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2.7. Mutagenicity

Mutagenicity is a process where the structure or amount of genetic material of an organism or
cell is changed in a stable and heritable manner. This can happen in nature through using
chemicals or radiation (MortelmanS and Zeiger, 2000; Abdelmigid, 2013). Mutagens are
chemicals that are responsible for causing mutations; these can include single gene, block of
genes or chromosomes. Aneugenicity is the effect of agents that result in a change (gain or loss)
in chromosome number in cells; and clastogenicity is the effect of agents that cause structural

abnormalities of chromosomes such as chromosome rearrangement or loss (Abdelmigid, 2013).

Chemicals that have the ability to induce mutations even at low exposure levels can result in the
damage of germ lines which will affect human health negatively. There are reports stating that
somatic mutations which occur in tumor suppressor genes, proto-oncogenes and DNA response
genes result in cancer and various other diseases (Abdelmigid, 2013). Damage to DNA which
happens in somatic cells has been reported to contribute to accelerated aging, cardiovascular,
neurodegenerative disease and immune dysfunction. Germ cell mutations cause infertility,
spontaneous abortions and heritable damages to offsprings which will be passed on to the next
generation (Mortelmans and Zeiger, 2000). Due to adverse effects that genetic damage has to
human health, evaluation of substances that change or modify genetic potential of human beings

has become an essential procedure in safety assessments.

Gene mutations are readily measured in bacteria and other cell systems when they result in a
change in the growth requirements of the cell, whereas in mammals, chromosome damage in
cells is measured by observing the chromosomes under magnification for rearrangements or
breaks. The Salmonella typhimurium/microsome assay (Salmonella test; Ames test) is a
commonly used short-term bacterial assay which is accepted. It identifies substances that have
the ability to produce genetic damage that leads to gene mutations. The assay uses a number of
Salmonella strains with pre-existing mutations that result in the bacteria not being able to
synthesize the needed amino acid, histidine. Therefore, not being able to grow and form colonies
in its absence. New mutations at the site of the preexisting mutations or genes that are nearby can

restore the gene’s function and allow the cells to synthesize histidine. These newly mutated cells
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can grow in the absence of hidtidine and result in colonies. This is the reason why the test is

usually referred to as a “reversion assay” (Mortelmans and Zeiger, 2000).

The Salmonella mutagenicity test was explicitly designed to detect chemically induced
mutagenesis (Ames, 1975). Throughout the years, this method has been recognized by
government agencies, scientific community and corporations. It is used world-wide as an initial
screen to detect the mutagenic potential of new drugs or chemicals due to high predictive value

for rodent carcinogenicity when a mutagenic response is experienced (Mortelmans and Zeiger,

2000).

2.8. Isolation and characterisation of active compound

The World Health Organization (WHO) states that nearly 20,000 medicinal plants exist in 91
countries including 12mega biodiversity countries. The best steps to utilize the biologically
active compound from plant resources are extraction, pharmacological screening, isolation and
characterization of bioactive compound, toxicological evaluation and clinical evaluation. Figure
2.8.1. shows a summary of the overall approaches in extraction, isolation and characterization of

bioactive compound from plants extract (Sasidharan et al., 2011).

Sasidharan et al., Afr J Tradit Complement Altern Med

Purification
[TLC, Calurmn Chra matograp by
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Pure compound
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Figure 2.8.1. Summary of the approaches in extraction, isolation and characterization of

bioactive compounds from plant extracts (Sasidharan et al., 2011).
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2.8.1. Identification and characterisation

Plant extracts usually occur as a combination of several types of bioactive compounds or
phytochemicals with different polarities, their separation remains a big challenge for the process
of identification and characterization of bioactive compounds. To isolate these different bioactive
compounds, different separation techniques can be used such as TLC, column chromatography,
flash chromatography, HPLC, size exclusion (sephadex) chromatography. These are used to
obtain pure compounds. These pure compounds will then be used to determine the structure and

biological activity (Sasidharan et al., 2011).

2.8.2. Thin layer chromatography (TLC)

Thin layer chromatography (TLC) is a simple, fast, and cheap method that gives the researcher a
quick answer as to how many components are present in a mixture. This method is also used to
support the identity of a compound in a mixture when the retention factor (Rf) of a compound is
compared with the Rf of a known compound. Further tests include the spraying of phytochemical
screening reagents, which cause colour changes according to the phytochemicals existing in
plants extract; or by viewing the plate under the UV light. This has also been used for validation

of purity and identity of isolated compounds (Sasidharan et al., 2011).

2.8.3. Column chromatography

Column chromatography techniques can be utilized for the isolation and purification of bioactive
compounds, these can be solid or liquid. This is a solid — liquid method in which the stationary
phase is a solid and the mobile phase is a liquid. The rule of column chromatography depends on
differential adsorption of a substance by the adsorbent (Virtual Amrita Laboratories

Universalising Education, 2018).

The usual adsorbents used in column chromatography are silica, alumina, calcium carbonate,
calcium phosphate, magnesia, starch and others. Selection of the solvent is based on the nature
of both the solvent and the adsorbent. The rate at which the components of a mixture (plant
extract) are isolated relies upon the movement of the adsorbent and polarity of the solvent. If the

action of the adsorbent is high and polarity of the solvent is low, then the separation is very slow
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yet gives a decent separation. If the action of the adsorbent is low and polarity of the solvent is
high, the separation is quick yet gives a poor separation, this means that the compounds isolated

are not 100% pure (Virtual Amrita Laboratories Universalising Education, 2018).
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Figure 2.8.2. Separation of compounds using column chromatography (Virtual Amrita
Laboratories Universalising Education, 2018).

The adsorbent is made into slurry with an appropriate liquid and put in a cylindrical shaped tube
that is stopped at the base by a bit of glass wool or permeable plate Figure 2.8.2. The plant
extract to be isolated is dissolved in a suitable solvent and added at the top of the column and is
permitted to go through the column. As the extract moves down through the column, the
components are adsorbed at various regions depending on their capacity for adsorption. The
component with more noteworthy adsorption power will be adsorbed at the top and the others
will be adsorbed at the bottom. The different components can be desorbed and collected
separately by adding more solvent at the top and this procedure is known as elution. The process
of dissolving out of the components from the adsorbent is called elution and the solvent is called
is called eluent. The weakly adsorbed component will be eluted more quickly than the other. The
different fractions are collected separately. Distillation or evaporation of the solvent from the
different fractions yields pure components (Virtual Amrita Laboratories Universalising

Education, 2018).

The selection of the solvent system depends on the specific nature of the bioactive compounds
that are targeted. The isolation of hydrophilic compounds uses polar solvents such as methanol,
ethanol, or ethyl-acetate. For isolation of more lipophilic compounds, dichloromethane or a

mixture of dichloromethane/methanol in ratio of 1:1 are used. In some cases, isolation with
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hexane is used to remove chlorophyll (Cosa et al., 2006). The compounds of interest can also be
non-polar to polar; this is why the method of isolation should be considered (Sasidharan et al.,

2011).

2.9. Molecular docking

The molecular docking field has developed in the last three decades, motivated by the need of
structure-based drug discovery as well as structural molecular biology. This field has been
influenced by the growth in accessibility and power of computers as well as growing access to
protein databases and small molecules. The objective of automated molecular software is to
comprehend and predict molecular recognition structurally, likely binding modes, binding
affinity and energy. In most cases, molecular docking is performed between a target
macromolecule and a small molecule, this is known as ligand-protein docking (Morris and

Wilby, 2008).

“Re-docking” is the method of taking a known crystal structure of a complex target of interest,
separating the ligand and then place back (dock) the ligand into the apo-form of the target. Root
mean square deviation (RMSD) is used to measure success, it is the Cartesian coordinates of the
atoms of the ligand in the docked and crystallographic conformations. Docking is regarded
successful if the RMSD is less than the threshold of 1.5A. Figure 2.9.1 shows a flow diagram of
the steps involved in docking protocols. Docking requires finding the most favourable binding

mode(s) of a ligand to the target of interest (Morris and Wilby, 2008).
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Figure 2.9.1. Flow diagram of the steps involved in docking protocols (Morris and Wilby,
2008).

2.10. Stability of the formulation and extract

2.10.1. Cosmetics

Cosmetic products are used to protect the skin against endogenous and exogenous damaging
agents and improve the attractiveness and beauty of the skin (Saraf and Kaur, 2010). The use of
cosmetics results in longevity of good, healthy skin and reduces skin disorders besides
developing an attractive external appearance (Datta and Paramesh, 2010). In skin care
formulations, there are natural or synthetic ingredients present that function in taking care of the
health, texture, moisture, elasticity and integrity of the skin by reducing certain components such
as free radicals. Therefore, to reduce skin disorders such as hyper pigmentation, skin aging (skin
wrinkling) and rough skin texture, cosmetic products are the best choice. There is a huge demand

for herbal cosmetics due to the availability of new ingredients, better understanding of skin
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physiology, consumer demand and financial rewards for developing successful products
(Rajvanshi et al., 2011, Singh et al., 2011). Herbal products are known to have fewer adverse

effects compared to products containing synthetic drugs (Ashawat et al., 2009).

2.10.2. Emulsion

An emulsion is a complex mixture of two immiscible phases, with one phase dispersed in
another. The macroscopic separation of the phases is prevented by adding a suitable surfactant
(Imhof and Pine, 1997). Therapeutic properties and spreading ability of the constituents are
increased in an emulsion (Herbert et al., 1988). There are two types of emulsions, oil in water or
O/W emulsion is made up of oil droplets dispersed in an aqueous phase. Water in oil or W/O
emulsion consists of water droplets dispersed in an oil phase (Timothy et al., 2008). Oil in water
emulsions are usually used as water-washable drug bases for general cosmetic purposes, water in
oil emulsions are mostly used as emollients and for treating dry skin (Magdy, 2004). Improving
the value of these formulations can be achieved by including active ingredients with specific
cosmetic effects (Bleckmann et al., 2006). Plants have beneficial and therapeutic properties, their
extracts or derived products have often been incorporated in the form of emulsions in recent

pharmaceutical and cosmetics preparations and formulations (Khan et al., 2010).

2.10.3. Stability of cosmetic emulsion

Stability tests are an essential part of the testing program for pharmaceutical or cosmetic
products due to the fact that instability of the preparation modifies certain parameters such as
quality, efficacy and safety (Bilia et al., 2001). Emulsions are thermodynamically unstable and
have a tendency to undergo spontaneous change after preparation. Cosmetic emulsions need to
have a shelf life of two years. They should be able to with stand extreme weather during
transportation from the place of manufacture, to warehouse, to store, and consumer. Therefore, it
is important to investigate and predict the stability of an emulsion during the expected shelf life
prior to marketing. However, premarket storage test for the entire length of the shelf life of the
product (about 2-3 years) are impractical and cosmetic emulsions are subjected to accelerated
stability testing in order to predict their shelf life (Bhargava, 2008). Accelerated studies are a

good tool as they induce rapid chemical and physical alterations in the formulations (Daudt et al.,
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2015). For accelerated stability testing, emulsions are stored at 4°C, room temperature (25°C),
34°C or 40°C, and 45°C or 50°C for three months. This depends on the product category and
varies from manufacturer to manufacturer. Emulsions can be subjected to several freeze thaw
cycles to determine the effect of extreme cold (Bhargava, 2008). Stability can also be affected by
environmental factors such as air, pH and light which can result in the damage of the constituents
in the product (Baby et al., 2007). Variation in temperature can change viscosity, solubility,
coalescence and hydration. These changes can be detected through the quantification of some
components over time by measurement of rheological properties before and after thermal stress.
Rheological behavior indicates system quality, usefulness, physical and structural stability
(Spiclin et al., 2003; Lippacher et al., 2004; Guaratini et al., 2006). Stability of formulations can
also be investigated through the physiochemical and a structural parameters such as pH, phase
separation, active ingredient activity and flocculation (Lapasin and Pricl, 1995; Korhonen et al.,

2001; Tadros et al., 2004; Casteli et al., 2008; Borella et al., 2010; Gianeti et al., 2012).

Sensory analysis is another essential approach, this is a multidisciplinary science that includes
measurement, interpretation and understanding of the human responses to product properties
detected through the senses. Sensory evaluation data has been used as part of the marketing
decision in the cosmetic industry, it has also been demonstrated to be of considerable importance
in the development of cosmetic products designed to delight the consumer’s senses. Furthermore,
sensory evaluation data has been used to determine the acceptance of a particular product and to

optimize an existing product (Martens, 1999; Jog et al., 2012;).
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CHAPTER 3

Elegia tectorum L.F. Moline and H.P. Linder.
Scientific name: Elegia tectorum L.F. Moline and H.P. Linder.

Family: Restionaceae

Common names: Cape Thatching Reed (English), Danriet (Afrikaans)

Synonym: Chondropetalum tectorum (L.f.) Raf.

Morphology: Amphiphyte - Plant that grows on the edges of water or wetlands, and is
sometimes submerged

Figure 3.1.1. A) Elegia tectorum aerial plant part (Massyn, 2007), B) flower (Massyn, 2007),
C) Global distribution (GBIF, 2017).
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3.1. Botanical characteristics

Elegia tectorum is a perennial species, belonging to the Restionaceae, that has an upright,
tufted reed- like appearance. It is symmetrical, with dark green, thin stems which have dark
brown flowers at the top, which occur in autumn (Figure 3.1.1. A and B). This plant can
grow to approximately one to one and half meter tall and spread up to two to three meters

(South African National Biodiversity Institute, 2016).

3.2. Geographical distribution

Elegia tectorum is found mainly in the Western Cape fynbos region. Naturally it occurs in
marshes (wetland that is dominated by herbaceous rather than woody species) and seeps on
deep sand. It can occur in the Western and Eastern Cape extending from Clan-William to
Port Elizabeth (South African National Biodiversity Institute, 2016). It is part of the

vegetation in areas that are rich in fauna and flora (SA-Venues, 2019) (Figure 3.1 C).

3.3. Ethnobotanical usage

No medicinal uses have been reported form this species, however it is commonly used as a
thatching reed. Other members of this family are traditionally used for treating itching skin

and boils (Wiart, 2006).

3.4. Genome sequencing

The following genes have been completely or partially sequenced and can be found on the

NCBI website under nucleotide sequences for E. tetorum (NCBI, 2019)

e BSTR 2021137 putative LOV domain-containing protein mRNA
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e BSTR 2018403 putative LOV domain-containing protein mRNA

e Ribulose-1,5-bisphosphate carboxylase/oxygenase, subunit (rbcL) gene

e CtPIN1-alp PIN-like protein mRNA

e NSW:276675 trnK gene and maturase K (matK) gene

e BSTR 2021136 putative LOV domain-containing protein mRNA

e BSTR 2009893 putative LOV domain-containing protein mRNA

e phytochrome B (PHYB) gene

e atpB-rbcL intergenic spacer

e tRNA-Leu (trnL) gene, trnL-trnF intergenic spacer, tRNA-Phe (trnF) gene
e 1/MADSS5-like protein (L105) mRNA

3.5. Chemical constituents

Compounds present within E. tectorum have not yet been identified. Compounds present within

species belonging to the same family have been listed (Table 3.5.1).

Table 3.5.1. Flavonoids in South African Restionaceae (Harborne, 1979; Harborne 2000;
Harborne and Williams, 2001)

Flavonol glycosides Flavones and other
constituents
Quercetin-3-glucoside Luteolin
Quercetin -3-galactoside Apigenin
Quercetin -3-rutinoside Chysoeriol
Myricetin-3-galactoside Tricin
Larycitrin-3-galactoside Hypolaetin
Syringetin-3-galactoside Flavonols
Myricetin-3-arabinoside, Myricetin
Myricetin-3- rhamnoside Quercetin
Larycitrin-3-galactoside. Kaempferol
Larycitrin-3-diglycoside Gossypetin
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3-diglycoside

Gossypetin 7-methylether
Flavonol glycoside
Sulfatoglucoside
7-Sulfatogalactoside
7-Sulfatoglucuronide
7-Sulfate-8-glucoside
Hypolaetin 7-methyl ether
3 -Sulfatogalactoside

3 -Sulfatoglucuronide

Gossypetin 7-methyl ether

Larycitrin

Syringetin

Herbacetin 4'-methyl ether

Quercetin 3-methyl ether
Iso-orientin

Chrysoeriol-3-glycoside

Apigenin and Chrysoeriol-glycosides
Luteolin-glycoside

Flavone glyc

Glycoflavones
Luteolin-7-glucoside,
Luteolin-diglycoside
Chrysoeriol-7-diglycoside
Orientin

iso-orientin

lucenin
Luteolin-5-glucoside

Procyanidin

3.6. Biological activity

No biological activity has been reported on E. fectorum. One plant in the genus Elegia has
biological activity reported. Seventy one extracts prepared from Elegia nuda were investigated
for their hemolytic activity, however only three extracts showed significant activity, the branch
methanol and water extracts showed hemolytic activity at a concentration of 250 pg/ml and leaf
methanol extracts showed hemolytic activity at a concentration of 500 pg/ml. The positive
control was saponin which had a total hemolytic activity at a concentration of 20 pg/ml
(Oliveiral et al., 2009). No biological activity has been reported on other plants in the same

genus or same family.
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3.7. Plant collection

Elegia tectorum L.F. Moline and H.P. Linder aerial plant part was collected at the University of
Pretoria, Hatfield Campus, Pretoria in February 2018. It was identified and authenticated by Ms
Magda Nel at the H.G.J.W. Schweickerd Herbarium (University of Pretoria, South Africa) and
the herbarium specimen (PRU 122257) was deposited.

3.8. Extract preparation

Plant material was collected and rinsed with distilled water to remove unwanted substances. The
aerial part of the plant was frozen at -80°C for three days and then freeze dried to eliminate all
the water from the plant material. The dried plant material was ground to a fine powder using an
IKA grinder (MF 10.1 Head 2870900) using 2mm head and then weighed. Sequential extraction
took place in the following manner: 200g of the powder was added to 900 ml hexane and left on
a shaker (Labcon Shaker 308611) for a three days. The plant material was filtered through a
Biichner funnel using a Whatman No. 1 filter paper. The hexane filtrate was evaporated using a
rotary evaporator (Biichi Rotavapor B-480) which resulted in concentrated extract. This was
repeated 12 times until the solvent was no longer green when exposed to the powdered plant
material. The same powered plant material that was used to extract with hexane was used to
extract with dichloromethane (900 ml, 8 times), ethyl acetate (900 ml, 4 times) and lastly
methanol (900 ml, 4 times). Non sequential extraction was conducted for acetone, water and
ethanol (new plant material was used with each solvent respectively). The procedure was similar
to the one mentioned above for hexane. The extracts were then placed in a fridge at 4°C to be

used for subsequent experiments.

67



3.9. References

Elegia tectorum (L.f.) Moline & H.P.Linder in GBIF Secretariat., 2017. GBIF Backbone
Taxonomy. [Online available: https://doi.org/10.15468/390omei] [ Accessed: 2019/08/26].

Harborne, J.B., 1979. Correlations between flavonoid chemistry, anatomy and geography in the

Restionaceae. Phytochemistry 18, 1323-1324.
Harborne, J.B., 2000. Arsenal for survival: secondary plant products. Taxon 49, 435-449.

Harborne, J.B and Williams, C.A., 2001. Anthocyanins and other flavonoids. Natural Product
Reports 18, 310-333.

Massyn, A., 2007. Elegia tectorum. [Online available :

https://commons.wikimedia.org/wiki/Elegia_tectorum] [Accessed: 2019/08/26].

NCBI, 2019. Elegia tectrorum. [Online available:

https://www.ncbi.nlm.nih.gov/nuccore/?term=elegiattectorum] [Accessed: 2019/08/26].

Oliveiral.., V.M.A., Carneiro, A.L.B., Cauper, G.S.B., Pohlit, A.M., 2009. In vitro screening of
Amazonian plants for haemolytic activity and inhibition of platelet aggregation in human

blood. Acta Amazonica 39(4), 973-980.

SA-Venues, 2019. Elegia tectorum. [Online available: https://www.sa-venues.com/plant-

life/elegia.php] [Accessed: 2019/08/24]

South African National Biodiversity Institute, 2016. Elegia tectorum. [Online available:
http://pza.sanbi.org/elegia-tectorum] [Accessed: 2019/08/24].

Wiart, C., 2006. Restionaceae. Medicinal Plants of the Asia Pacific: Drugs of the Future, 657-
685.

68



Chapter 4

Biological activity



CHAPTER 4

Reversing the effect of skin aging using Elegia
tectorum (L.F) Moline & H.P. Linder *

4.1. Abstract

Skin aging is associated with the degradation of the extracellular matrix through increased
activity of enzymes such as elastase, collagenase and hyaluronidase. The aim of this study was to
investigate the ability of a South African wetland plant, Elegia tectorum to reduce the formation
of wrinkles on the skin through the inhibition of elastase and KIAA1199 protein. Elastase
inhibition assay was used to screen the plant extracts of E.tectorum made from ethanol, hexane,
dichloromethane, ethyl acetate, water, acetone and methanol. The methanolic and ethanolic
extracts showed highest anti-elastase activity with an inhibitory concentration (ICso) of
10.93+4.98 and 13.495+1.53 pg/ml respectively. The ethanolic extract, which is a suitable
solvent in product development, was selected for further testing. In vitro cytotoxicity was
investigated on human colorectal adenocarcinoma cell line (HT-29), the ethanolic extract was
found to be not toxic at the highest tested concentration (IC50>400 pg/ml). Furthermore, at non-
toxic concentrations (15, 60, and 240 pg/ml), E.tectorum was able to significantly inhibit the
KIAA1199 protein. The mutagenic potential of the extract was investigated using Salmonella
typhimurium TA98, and was found to be a non-mutagen. Molecular docking was conducted to
predict the binding affinity and binding mode of the compounds, identified through GC-MS, to
the active site of elastase. Five compounds had the closest docking score to the reference ligand
which had a score of -11.64, octadecanoic acid, 9,12,15-octadecatrienoic acid (Z,Z,2), n-
hexanoic acid, 3-(5-methylfuryl)-n-furamidopropionamide, and hexanedioic acid bis(2-
ethylhexyl) ester. The docking scores were -6.92, -6.39, -6.20, -5.21, -5.02 respectively. Bio-

assay guided fractionation column chromatography was conducted and none of the six pooled
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fractions were able inhibit elastase, indicating a potential-synergistic activity with two or more
compounds within the crude extract. Stability testing of the formulation containing the extract
and extract was conducted and parameters such as odour, colour, pH, and viscosity were
investigated. The results indicated that the product is stable for a period of two years when stored
at temperatures below 40 °C and away from direct sunlight. /n vivo irritancy studies revealed that
the plant extract, when applied neat, showed mild irritancy. Elegia tectorum was able to inhibit
elastase enzyme and KIAA1199 protein. It is a good candidate as an anti-wrinkle product as it is
a non-mutagen, is stable and is a mild irritant. Therefore, this plant has a potential to result in an

antiaging product.

* Chapter 4 has been written in a manuscript format

4.2. Introduction

All living organisms undergo a process known as aging. During this process the skin is the most
visible tissue that is affected. Skin aging is associated with the degradation of the extracellular
matrix (ECM) through increased activity of enzymes such as elastase, collagenase and
hyaluronidase. Therefore, this implies that the level of elastin, collagen and hyaluronic acid
decreases resulting in a loss of flexibility and strength of skin, and hence wrinkle formation. The
focus of this project was to investigate the inhibition of hyaluronic acid depolymerization via the
KIAA1199 protein instead of the commonly employed hyaluronidase enzymes using wetland
plants. The reason for this was that hyaluronidase enzymes have important functions in the skin,
for example the depolymerization of hyaluronic acid into a high molecular weight hyaluronic
acid plays a role in anti-inflammation and reduces the formation of scars. If hyaluronic acid is
degraded into a low molecular weight molecule, it improves the synthesis of type I and VIII
collagen which are structural ECM molecules. The KIAA1199 protein depolymerizes hyaluronic
acid independent of the hyaluronidases or the CD44 receptor. This study also looked at the
elasticity of the skin by focusing on the anti-elastase potential of the wetland plants.
Mutagenicity, molecular docking column chromatography, stability of the extract and

formulation, and irritancy patch studies were conducted.
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4.3. Materials and methods

Materials

Porcine pancreatic elastase, Trizma base, N-Succinyl-Ala-Ala-Ala-p-nitroanilide, Ursolic acid,
methanol were purchased from Sigma-Aldrich. HT29 cell line, trypan blue, McCoys media, fetal
bovine serum (FBS), Penicillin-Streptomycin-Fungizone antibiotics (PSF), T57 culture flasks,
phosphate buffer saline (PBS), trypsin-EDTA (0.25%), haemocytometer. Coated 96-well Strip
Plate, Standard (Lyophilized), Sample Diluent, Assay Diluent A, Assay Diluent B, Detection
Reagent A, Detection Reagent B, Wash Buffer (30x), TMB Substrate, Stop Solution, Adhesive
Plate Sealers, Instruction Manual, Microplate reader with 450nm wavelength filter, High-
precision pipette and sterile pipette tips, Eppendorf tubes, 37°C incubator, Deionized or distilled
water, Absorbent paper, HT29 cells, centrifuge, Phosphate-buffered saline (PBS), ultra-
sonicator, plant extract, 24 well plate were purchased from LifeSpan BioSciences, Inc.
Demineralized water, ethylenediaminetetraacetic acid disodium salt dihydrate (EDTA NA»),
carbopol 934, triethanolamine (TEA 99%), BHT, arlacel 165, kotilen sl, ceto stearyl alcohol,
kosteran s1, mineral oil, silicone 200/100, lanolin, moist 24, witch hazel distillate, kemaben,
glycerine, and vitamin E acetate were purchased from Botanichem CC. Cotton buds,
demineralised water, 8mm finn chambers, finn chamber templates, black marker pens, positive
displacement pipette, sodium lauryl sulphate solution (1%) as a positive control, demineralised

water as a negative control, transpore tape and 1CC Syringes.

Plant collection

The aerial part of Elegia tectorum L.F. Moline and H.P. Linder was collected in February 2018
at the University of Pretoria, Hatfield Campus, Pretoria. The herbarium specimen (PRU 122257)
was deposited and the plant was identified and authenticated by Ms Magda Nel at the H.G.J.W.

Schweickerd Herbarium (University of Pretoria, South Africa).

Plant extraction
To remove unwanted substances on the plant material, it was rinsed after collection, frozen at -
80°C for three days then freeze dried to remove all the water from the plant material. The dried

plant material was ground to a fine powder Using an IKA grinder (MF 10.1 Head 2870900)
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using 2mm head and then weighed. Sequential extraction was followed in the following manner:
200g of the powder was added to 900 ml hexane and left on a shaker (Labcon Shaker 308611)
for three days. The plant material was filtered through a Biichner funnel using a Whatman No. 1
filter paper. The hexane filtrate was evaporated using a rotary evaporator (Biichi Rotavapor B-
480) which resulted in concentrated extract. This was repeated 12 times until the solvent was no
longer green when exposed to the powdered plant material. The same powered plant material
that was used to extract with hexane was used to extract with dichloromethane (900 ml, 8 times),
ethyl acetate (900 ml, 4 times) and lastly methanol (900 ml, 4 times). Non sequential extraction
was conducted for acetone, water and ethanol (new plant material was used with each solvent
respectively). The procedure was similar to the one mentioned above for hexane. The extracts

were then stored in a fridge at 4°C to be used for further experiments.

Elastase inhibition

The elastase inhibition potential of the different samples was evaluated using the elastase
inhibition assay, as described by Bieth et al., 1978 with modifications. Tris buffer was prepared
and had a concentration of 0.012 g/ml (pH 8). The porcine pancreatic elastase enzyme was
prepared to stock 1 solution of 12 U/mg, stock 2 was prepared and tested at a concentration of
0.0416 U/mg. N-succinyl-(Ala)3-p-nitroanilide (the substrate) was prepared to a stock
concentration of 1.81 mM and tested at a concentration of 0.32 mM. The positive control ursolic
acid was prepared to a stock concentration of 2000 pg/ml in methanol and serially diluted to
yield a test range of 250-7.81 pg.ml. Similarly, the test samples were prepared to stock
concentrations of 2000 pg/ml in methanol and serially diluted to a test concentration range of
250-7.81 pg/ml in triplicate. The experiment was repeated three times and the plates were read
kinetically for 15 minutes at 405 nm at a temperature of 37°C using KC Junior software and the

results were analyzed using GraphPad Prism 4 in order to obtain the ICso values.
Cell culture

Human colorectal adenocarcinoma cell line (HT-29) was cultured in McCoys media
supplemented with 10% fetal bovine serum (FBS) and 1% antibiotics (100U/ml penicillin, 100
pug/ml streptomycin and 250 pg/ml fungizone). The cells were kept in a humidified incubator set
at 5% COz at 37°C to grow. Cells were subcultured for 10 minutes by treating them with trypsin-
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EDTA (0.25% trypsin containing 0.01% EDTA). Using a hemocytometer, the cell number and
viability were evaluated by exclusion of trypan blue dye. Cells were seeded in 24-well plate at a
density of 1x10° cells/well, then the cells were looked under a microscope for morphological

assessment.

In vitro cytotoxicity

Cytotoxicity was measured using the Presto-Blue assay as described by (Lall et al., 2013). The
cells were seeded in a 24-well microtiter plate at a concentration of 1x10° cells/ml, the cells were
incubated and allowed to attach for 24 hours. The cells were exposed to the drug actinomycin D
which was a positive control with concentration between 0.002 pg/ml to 0.5 pg/ml. The cells
were also exposed to the E.fectorum extract at a concentration ranging between 1.563 pg/ml to
400 pg/ml. The microtiter plate was incubated for 72 hours and 20 ul of Presto-Blue was added.
The plates were incubated for another 2 hours where after the absorbance of the colour complex
was read at 570 nm with a reference wavelength at 600 nm, using a BIO-TEK Wave XS multi-
well reader. This assay was carried out in triplicate to calculate the ICso of the cell population.

GraphPad Prism 4 software was to analyze the results.

KIAA1199 protein inhibition

In two 24 well plate, 1x10° cells/well was plated and incubated to grow for 24 hours at 5% CO;
at 37°C to allow for adherence. Three different non-toxic concentrations of the plant extracts
were tested from the lowest to highest, 15, 60 and 240 ul/ml, the lowest concertation was
selected based on the ICso of the ethanolic extract obtained in elastase inhibition assay, and it
was increased by a factor of 4, cells in media only were used as a control. The plates were
incubated for a further 24 hours at 5% CO at 37°C. To ensure that the cells were still viable, in
one plate cell viability was determined by adding 100 pul of Presto-Blue to all the wells, the plate
was incubated for further two hours and viewed under a microscope for morphological
assessment. In the remaining plate, the cells were centrifuged in order to ensure that the contents
of the cells remain as the pellet at the bottom of the plate and the supernatant which was mostly
the media was transferred into a 96 well plate using a pipette and discarded. The pellet was
washed three times with PBS, the cells were still attached at the bottom of the 24 well plate, the

cells were further resuspended in PBS to detach them from the plate. After detaching, they were
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then lysed by ultra sonication for 10 minutes and were further centrifuged at 1500xg for 10
minutes at 2-8°C, the supernatant and pellet were collected, these were put in the -80°C freezer

for 24 hours.

Determining the KIAA1199 content was done according to LifeSpan BioSciences, Inc, catalog
no LS-F7390. The standard stock solution of KIA1199 protein (recombinant protein) was 20
ng/ml, one tube of the standard was resuspended in 1ml of sample diluent. This was incubated at
room temperature for 10 minutes, with gentle agitation to avoid foam. In eight Eppendorf tubes,
250 pl of the sample diluent was added. The standard stock was then serially diluted, pipetting
250 ul in each Eppendorf tube. The concentration in each of the Eppendorf tube was 10 ng/ml, 5
ng/ml, 2.5 ng/ml, 1.25 ng/ml, 0.625 ng/ml, 0.3313 ng/ml, 0.157 ng/ml and the last tube was the
zero standard (0 ng/ml) where it was only the sample diluent. The stock detection reagents A and
B were brought to room temperature (18-25°C). These were diluted to a ratio of 1:100 using the
assay diluent A and B. Therefore, 52 pl of detection reagent into 5148 ul of assay diluent. 600
ml of the 1x wash buffer was also prepared in the following manner: 20 ml of the wash buffer
concentrate was diluted with 580 ml of distilled water. The substrate was prepared according to
the number of wells in the plate that were going to be used, this was light sensitive. All reagents
were mixed well before pipetting. The standard (100 pl), blank and sample (supernatant, pellet),
per well were added then covered with a plate sealer and incubated for lhour at 37°C. The
sample included the plant extract tested at a concentration of 15, 60 and 240 pl/ml, media and
cells as a control. The liquid was then removed using a pipette, making sure that the bottom of
the plate is not touched. Detection reagent A working solution (100ul) was added to each well,
the plate was covered with a plate sealer and gently agitated to allow thorough mixing, and this
was incubated for lhour at 37°C. The liquid was aspirated from each well and washed three
times by adding approximately 350 pl of 1x wash buffer using a multi-channel pipette. Each
wash was allowed to sit for 1-2 minutes before the next aspiration. After the last wash, the wash
buffer was completely removed, and the plate was inverted and tapped against the absorbent
paper. Detection reagent B working solution (100 pl) was then added to each well, again covered
with a plate sealer and incubated for lhour at 37°C. The liquid was aspirated then followed by
washing five times as previously outlined. The TMB substrate solution (90 pl) was added to each

well. The plate was covered with a new plate sealer and incubated for 10-20 minutes at 37°C.
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The plate was covered with a foil to protect from light and it was monitored periodically until
optimal colour development occurred. A stop solution (50 pl) was added to each well. This
resulted in colour change from blue to yellow immediately. The stop solution was added in the
wells in the same order and timing as the TMB substrate solution. The optical density (OD
value) of each well was determined using PerkinElmer multimode plate reader VICTOR Nivo

set to 450 nm. GraphPad Prism 4 software was to analyze the results.

Mutagenicity

Preparation of the extract for mutagenicity testing

The extract was prepared to a stock concertation of 5000 pg/ml in 10% DMSO, it was further
diluted with sterile 10% DMSO resulting in two lower concentrations of 5000 and of 500 and 50

pg/ml.

In vitro mutagenicity of the extract using the Ames test

Salmonella microsome assay was used to investigate the mutagenicity of the extract in a histidine
deficient growth medium. Using the Ames test, the extract was incorporated with Sa/monellla
typhimurium tester strains TA98 with no metabolic activation. This method was conducted based
Maron and Ames (1983), then revised by Mortelmans and Zeiger (2000). The bacterial stock
(100 pl) was incubated in 20 ml of the Oxid No.2 nutrient broth at 37 °C on a shaker for 16
hours. The cultured bacteria (100 pl), was added to 100 ul of the plant extract with 500 pl of
phosphate buffer and 2ml of the top agar containing biotin-histidine (0.5mM). This mixture was
vortexed then transferred on the surface of minimal agar plate then further incubated for 48 hours
at 37 °C. Sterile distilled water was used as a negative control and 4-nitroquinoline-1-oxide (4-
NQO) was used as a positive control at a concentration of 2 pg/ml. The sample was tested in
triplicate. After incubating for 48 hours, the number of bacterial colonies was counted manually
and the results were presented as the mean (£standard error) number of the revertant colonies per
plate. By looking at the background bacterial growth, mutagenicity of the extract was identified;

if growth was absent then then no toxicity and if growth was present then there is toxicity.

Molecular docking

Structure selection and protein preparation
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The crystal structure of the elastase enzyme was selected for computational analysis (PDB ID:
1U4G). The enzyme was co-crystalised with N-(1-Carboxy-3-phenylpropyl) phenylalanyl-alpha-
asparagine (HPI) in the active site. Schrédinger’s Protein Preparation wizard was used for pre-
processing of the complex in order to assign bond orders, completion of missing side chains,
addition of hydrogens and as well as loops. PROPKA was used to optimise hydrogen bonds at a
pH of 7.0 followed by the minimisation of the complex using OPLS force field (Harder et al.,
2016). The ethanol extract was sent to the University of Pretoria Chemistry department for gas
chromatography—mass spectrometry (GC-MS) analysis to identify the probable compounds that
are present in the extract. The simplified molecular input line entry system (SMILES) of the

compounds were obtained.

SiteMap
SiteMap was used to identify and confirm possible target sites within the crystal structure of
elastase (Schrodinger, LLC, NewYork, NY, 2018; Halgren, 2007, 2009). Binding sites on

Sitemap were predicted using algorithms based on functionality, solvent exposure and size.

Molecular Docking -Glide
Glide was used for docking the ligand (E.tectorum compounds) to the elastase enzyme site in

order to estimate the binding affinities (Halgren et al., 2004) .

Isolation

Liquid partitioning:

Crude ethanol extract (100mg) was dissolved in 300ml dH>O until it completely dissolved. It
was then added in the separating funnel; ethyl acetate (250ml x3) was added, mixed and allowed
to settle resulting in two layers. The water fraction was at the bottom, the ethyl acetate fraction
was at the top. The water fraction was collected then n-butanol (250ml x 3) was added to it in a
separating fennel. Then the water fraction was collected at the bottom while the n-butanol
fraction was at the top. There were three fractions in total after this, ethyl acetate, n-butanol and
water. These were concentrated using a rotary evaporator apparatus (BUCHI Rotavapor B-480).
The water and butanol fractions were concentrated by making azeotropic mixture (butanol-water,

60:40, v/v). The fractions were further tested for elastase inhibition.
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Slurry preparation using the water fraction:
The water fraction was dissolved in methanol (minimal amount), silica was added and left to dry

overnight. This mixture was grinded using mortar and pestle to a fine powder.

Column chromatography:

Cotton wool was placed at the bottom of a column. A slurry of 500g of silica in n-hexane was
placed into the column and allowed to settle. Then the previously prepared dried slurry of water
fraction and silica was added into the column. Fractions were collected (265 in total), the first
fraction was eluted with hexane. The other fractions were eluted in the following manner:
fraction 2-11 with ethyl acetate, fraction 12- 40 with 2% methanol in ethyl-acetate, fraction 41-
62 with 5% methanol in ethyl-acetate, fraction 63-181 with 8% methanol in ethyl-acetate,
fraction 182-215 with 10% methanol in ethyl-acetate, fraction 216-237 with 15% methanol in
ethyl-acetate, fraction 238-250 with 20% methanol in ethyl-acetate, fraction 251-260 with 30%
methanol in ethyl-acetate and fraction 261-265 with 50% methanol in ethyl-acetate. Based on
their TLC profile, fractions were pooled together into six sub-fractions (F1-12, F13-21, F22-62,
F63-175, F175-250, F251-265). As evident for the TLC profiles (Figure 4.4.7), fraction 22-62
had a major compound. This compound was further purified by precipitation with ethyl acetate.
The pooled fraction was dissolved into a minimum amount of methanol and ethyl acetate was
added drop by drop. This led to the precipitation of the pure compound. The precipitated
compound was again dissolved into the methanol and the same process was repeated for five
times. Finally, the precipitated compound was dissolved into methanol and examined for its TLC
profile. The TLC showed a single spot which confirmed the purity of the compound. This
purified compound was then submitted for the NMR analysis

Stability
Preparation of the extract
300 mg of the ethanol extract was dissolved in 50ml made up 40% ethanol and 60% water, with

a final concentration of 6 mg/ml.

Water phase: Demineralised water (0.9055 kg) was heated in a pot until it reached 75°C.
Ethylenediaminetetraacetic acid disodium salt dihydrate (EDTA NA») (0.0015 kg), glycerine
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(0.030 kg), and carbopol 934 (0.0015 kg) were added into the hot pot respectively until
dissolution. Triethanolamine-99% (TEA 99%) (0.0015 kg) was added into the mixture in the pot,

these were mixed for 20 minutes until the mixture was lump free, thick and clear.

Oil phase: A glass beaker was placed on a hot plate and the temperature was increased to 75°C
then the following was added respectively until dissolved: arlacel 165 (0.030 kg), ceto stearyl
alcohol (0.0225 kg), BHT (0.0015 kg), mineral oil (0.090 kg), kotilen S1 (0.015 kg), kosteran S1
(0.034 kg), lanolin (0.030 kg) and silicone 200/100 (0.0225 kg). The oil phase was added to the
water phase at 75°C and a hand blender was used to mix until the mixture cooled to 40°C.
Kemaben (0.015 kg), moist 24 (0.045 kg), vitamin E acetate (0.030 kg) and witch hazel distillate
(0.075 kg) were added to the bulk at 40°C. A hand blender was used to mix until the formulation

cooled to room temperature.

The dissolved ethanolic extract (10%) was added to the cooled formulation. The formulation
(250 g) was then placed into four different jars, these were incubated at four different
temperatures (4°C, 25°C, 40°C and 50°C). Parameters such as odour, appearance, pH and
viscosity were investigated over a period of 12 weeks (week 1, week 2, week 4, week 8 and
week 12). The remaining dissolved ethanolic extract (25 ml) was also placed into four different
jars and exposed to four different temperatures (4°C, 25°C, 40°C and 50°C). The extracts were

run on TLC plates on week 1, week 2, week 4, week 8 and week 12.

Irritancy patch test

The irritancy patch test was done on the inner forearm of twenty (20) subjects. The ethanolic
plant extract and placebo (distilled water) were applied topically using the 1CC syringes and
placed on the skin in Finn chamber (25 x 10 mm) and kept in position for 24 hours until
evaluation. Visual assessments of the test sub-sites were conducted for any irritant reaction after
24, 48 and 72 hours. Reactions on the skin were graded as follows: 0 = no response, 0.5 =
minimal/doubtful response, 1 = mild erythema, spotty or diffuse, 2 = definate erythema, uniform
redness, itching or burning response. swelling may occur, 3 = strong and severe uniform redness,
swelling or spreading beyond the area of the disc may occur, 4 = fiery redness, oedema, papules,

bullae
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Metal toxicity
The extract was evaluated for the presence of metal contaminants. It was sent to Merieux
NutriSciences Chelab S.R.L. Metal contaminant detection was done for Arsenic, Cadmium,

Mercury and Lead.

4.4. Results and discussion

Elastase inhibition

The inhibitory effect of E. tectorum seven extracts from different solvents were investigated.
(Figure 4.4.1). There is no literature that indicates that this genus or plants in this family have
been tested against the elastase enzyme. The positive control ursolic acid is a known inhibitor of
the enzyme, it had an ICso of 6.04 pg/ml. From non-polar to polar extracts: hexane had and ICso
of 67.47 png/ml, dichloromethane 66.11 pg/ml, acetone 21.79 pg/ml, ethyl acetate 86.19 pg/ml,
ethanol extract 14.58 pg/ml, methanol 10.93 ug/ml, and water 51.14 ug/ml. The methanolic and
ethanolic extracts had the best inhibitory activity, as their ICso’s were the lowest. The acetone
extract showed good inhibitory activity even though it was not as good as methanol and ethanol.
The other extracts did not have good elastase inhibition such as ethyl acetate, hexane and

dichloromethane compared to the positive control.

Kim et al., (2009) investigated elastase inhibition of Callistemon lanceolatus ethanol extract, it
showed good anti-elastase activity with an ICso of 20.2 pg/ml. In another study, Schmidt et al.,
(2009) studied elastase inhibition of Brazilian plants, one of them was [resine herbstii hexane

and ethanol extracts. These had an ICso value of 59.68ug/ml and 13.02 pg/ml respectively.

In 2016, Bravo et al., evaluated elastase inhibition of Ugni myricoides extracts and fractions.
The ethyl acetate fraction had an ICso of 80.8 pg/ml while the acetone extract was 33.8 pg/ml.
Another study by Paya et al., (1996) showed elastase inhibition of Phyllanthus sellowianus in
different solvents. The dichloromethane fraction had an ICso of 68.6 pg/ml; the methanol fraction
was 16.6 pg/ml. Another plant that was investigated was Gamochaeta simplicicauli, the
dichloromethane fraction had an ICso value of 88.3 pg/ml and methanol was 16.2 pg/ml.
Psidium guajava water extract showed an ICso of 44 pg/ml (Mendez et al., 2015). All these ICso
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values are within the range of the ICso values obtained in this study although the plants are
different. The effect may have been due to the solvents used which determine the type of
compounds extracted, another influence on the activity is that the plants were different and plant

parts which were used were different.

Elastase inhibition of extracts from different
solvents

Extraction solvents

Figure 4.4.1. Elasatse inhibition of extracts made from different solvents. Data given as

mean ICso £ SD (n = 3), UA-ursolic acid.

Cytotoxicity

Human colon adenocarcinoma (HT-29) cell line was used in this study because Birkenkamp et
al., (2002) reported that the KIAA1199 transcript was strongly up-regulated in these cells. In
another study, the KIAA1199 protein expression was also found to be up-regulated in colon
adenomas (Sabates et al., 2007). Other researchers have also proved an increase in protein
expression of KIAA1199 in colon cancer tissues and cells, as well as down regulation by

knockdown or suppressing the gene (Birkenkamp et al., 2011, Zhang et al., 2017). Knockdown
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of B-catenin mediated by siRNA in LS174 colon cells decreased KIAA1199 transcript expression
(Sabates et al., 2007). In the skin, KIAA1199 protein depolymerizes hyaluronic acid resulting in
reduced hydration which is a major factor in aging skin, therefore in the present study, the HT-29

cells were selected based on that the KIAA1199 protein is highly expressed.

The cytotoxicity of E.tectorum ethanolic extract was evaluated and the ICso values were
obtained. The extract had an ICso of >400ug/ml, this indicated that it was non-toxic to HT-29
(human colon adenocarcinoma) cell line. The results were restricted to a value between 0-
400ug/ml, therefore an ICso that is greater than 400pg/ml means that the sample produced an
ICso greater than the highest concentration tested and can thus be considered non-toxic.
Actinomycin D was used as a positive control and it had an ICso of <0.005pug/ml, it is known to
be toxic and any ICso value that is close to actinomycin D would indicate that the sample is
toxic. There was no literature found concerning the cytotoxicity of E. tectorum on HT-29 cell

line. Figure 4.4.2. shows the plate layout.

i e
Presto-Blue

Figure 4.4.2. Growth indicator Presto-Blue on HT-29 cells in the presence of McCoys
media. The plate contained E.tectorum ethanolic extract, DMSO -dimethyl sulfoxide,

actinomycin-D-positive control. H-highest concentration, L-lowest concentration.
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KIAA1199 Protein inhibition

Hyaluronic acid is an important component of the extracellular matrix in the skin. Hyaluronic
acid reduction in the dermis and overexpression of the KIAA1199 protein, a major molecule for
HA degradation in skin fibroblasts, causes facial skin wrinkling (Yoshida et al., 2019?).
GraphPad Prism 4 software was to analyze the results, the standard was used as a control. Figure
4.4.3 shows KIAA1199 protein expression in HT-29 cell line after treating with ethanolic extract
of E.tectorum, that there was no significant difference between the control and the low
concentration of E.tectorum (15ug/ml). There was significant difference between the control, 60
and 240 pg/ml which indicated that the KIAA1199 protein was inhibited. There was non-
significant relationships (between 15 and 60 ug/ml, AND 60 and 240 pg/ml). Therefore, two
significant differences (p < .05 at 60 ug/ml and p < .01 at 240 pg/ml as measured against the
control) were observed. The greater significant difference between 240 ug/ml and the control
showed that the higher the concentration of the plant extract used, the more the protein was
inhibited. There was no literature that evaluated KIAA1199 protein inhibition using plant
extracts for wrinkle reduction using the Human CEMIP/KIAA1199 ELISA Kit. Inhibiting
KIAA1199 protein especially in fibroblast cells, will reduce the quantity of hyaluronic acid

molecules that are depolymerized in the skin, thus reducing wrinkle formation.

Yoshida et al., (2019, studied the inhibition of Geranium thunbergii by culturing fibroblast
cells (Detroit 551) for 48 hours with high molecular weight HA in the presence of G. thunbergii
extract (0, 0.1, 0.3, 1 or 3 mg/ml). The collected culture media was put through gel filtration
chromatography (size-exclusion chromatography). The cells degraded HA of >1000 kDa to
inter-mediate-sized HA of 10-100 kDa and HA-degrading activity was inhibited to the basal
level by G. thunbergii extract in a dose-dependent manner. They also studied the expression
levels of KIAA1199 mRNA and protein at 24 and 72 hours by treating the cells with 3 mg/ml
and 10 mg/ml of the plant extract. They reported that at the highest concentration which was
10mg/ml more inhibition occurred as the mRNA levels were lower compared to the control. The
mRNA levels and the protein expression at 24 and 72 hours after the treatment were measured by
quantitative real-time PCR and immunoblotting respectively. This approach was different to
what was used in the present study which was using the Human CEMIP/KIAA1199 ELISA kit.

Another difference was the concentrations, Yoshida et al., used high concentrations of the G.
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thunbergii extract, whereas in the present study low concentrations of E.tectorum were used.
Although the methods were not similar, the outcome was the same; the plant extracts were able
to inhibit KIAA1199 protein. In another study Yoshida et al., 2019° evaluated the inhibitory
effects of Sanguisorba officinalis root extract on KIAA1199-mediated hyaluronic acid
degradation and skin wrinkling. They used the similar technique as above on normal human skin
fibroblasts (Detroit 551 cells). The root extract of Sanguisorba officinalis inhibited KIA1199-
mediated HA degradation in skin fibroblasts by down-regulating KIAA1199 mRNA and protein

expression.
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Figure 4.4.3. (i) KIAA1199 protein inhibition by Elegia tectorum ethanolic extract at 15, 60
and 240 pg/ml. (ii) ELISA standard curve of KIAA1199 protein. Different letters indicate
significant difference. "*" means p< 0.05 significant, "**'" means p< 0.01 very significant

(Tukey’s HSD).

Mutagenicity (Ames test)

The Ames test is typically used for screening for point-inducing mutations. Table 4.4.1 and
Figure 4.4.4. shows the results of the mutagenic effect of the ethanol extract of E. tectorum on
the S. thyphimurium TA98 strain. Mortelmans and Zeiger (2000), indicated that positive results
from strain TA98 shows frame-shift mutations due to reversion of Salmonella typhimurium from

His™ to His". The plant extract should show a dose-dependent increase in the number of revertant
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colonies in order to be considered mutagenic. The number of revertant colonies of the extracts
must be greater by a factor of two than that of the negative control (Maron and Ames, 1983). The
highest concentration 5000 pg/ml E.fectrorum had 131.33 revertant colonies, 500 pg/ml
E.tectrorum had 121.33 revertant colonies, 50png/ml had 103.50 revertant colonies. The negative
control dH>O had 100 revertant colonies and the positive control 4-NQO had 463.33 revertant
colonies. In this study the extract showed no dose-dependant increase, no revertant colonies were
equal to or greater than twice the number of revertant colonies of the negative control. This
means that the plant does not have direct mutagenic compounds. According to literature the
positive and negative controls were in accordance and within the normal limits (Elgorashi et al.,

2003).

There is no literature supporting the non-mutagenic effect of E.fectorum. Madikizela et al.,
(2014), investigated the mutagenic effect of various plant extracts, in which Pentanisia
prunelloides ethanol extract was found to be non-mutagenic on the TA98 strain. Extract
concentration of 5000, 500, 50 pg/m had 20.33, 22.00, 22.33 revertant colonies respectively. The
negative control, dH>O, had 21.00 revertant colonies. The positive control 4-NQO had 133.00
revertant colonies. The ethanol extract of P. prumelloides, like E.tectorum did not meet the
requirements of a mutagenic agent. Therefore, it was concluded to be non-mutagenic. In the
same study other ethanol extracts that were tested were Terminalia phanerophlebia, Leonotis
intermedia, Indigofera arrecta, all of which were non mutagenic. The study by Eldeen et al.,
(2005) correspond to the present study, ethanol extracts of Acacia nilotica, Acacia sieberiana,
Albizia adianthifolia, Combretum kraussi, Salix mucronata, Trichilia dregeana were non-

mutagenic on TA9S strain.

Table 4.4.1 Number of revertant colonies of Salmonella typhimurium strain TA98 induced

by extract of Elegia tectorum

Concentration of E.tectorum | Average of + Standard
revertant colonies | deviation

5000pg/ml 131.33 10.84

500png/ml 121.33 26.71
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50pg/ml 103.50 14.5

4-NQO (Positive control) 463.33 40.53
dH20 (Neg control) 100 16.87
10% DMSO 100 8.524

Figure 4.4.4. Plates showing revertant colonies of Salmonella typhimurium strain TA98
induced by Elegia tectorum ethanolic extract. A - 5000png/ml, B - 500png/ml, C - S0pg/ml, D -
4-NQO (positive control), E - dH20 (Negative control), F -10% dimethyl sulfoxide (DMSO).

Molecular docking

Molecular docking was conducted in order to predict the binding mode of the compounds in the
E. tecorum extract to the elastase enzyme. In the previous section on elastase inhibition, it was
shown that the ethanolic extract was the best inhibitor of the elastase enzyme. The concentration
required to inhibit 50% of the enzyme (ICso) was 14.58ug/ml. The elastase enzyme was selected

for molecular docking.

86



Binding site prediction

The crystal structure of elastase enzyme (PDB: 1U4G) was co-crystalized with an inhibitor
which is bound to the active site (Thayer et al., 1991) (Figure4.4.5). In the process of structure-
based drug design, identification and characterization of binding sites is key important (Halgren,
2009). SiteMap from Schrodinger (2017) was used to predict the possible binding site. The
smiles of the 57 compounds were submitted to the SwissModel blind docking server in order to
identify the most favorable binding site (Lohning et al., 2017). These analyses recognized the

same sites as the ideal binding site for six molecules, the same site as the crystal bound ligand.

Figure 4.4.5. Representation of the elastase enzyme (PDB: 1U4G)

Molecular docking is used to determine the binding modes, fit and poses of compounds in the
binding site of the enzyme (Lohning et al., 2017). Glide score is an empirical scoring function
that is used to approximate the ligand binding free energy (Friesner et al., 2006). Six compounds
out of 57 were docked successfully using Glide XP (Table 4.4.2), the docking scores range from
-6.92 to -5.02. Tight binding or affinity is represented by more negative values. The reference
ligand had a score of -11.644. Octadecanoic acid had a score of -6.915, which was the closest to
the reference ligand. There is usually correlation made between biological activities and docking
scores. However, Glide and other docking programs such as GOLD and SwissDock are used for
database improvement and show analysis and ranking instead of predicting binding affinities

(Friesner et al., 2006).
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The E-model weighs the force field components more significantly (electrostatic and van der
Waals energies), this makes it suitable for comparing conformers and less for comparing
chemically distinct molecules. Thus, Glide uses E-model to choose the "best" position of a ligand
and ranks these best positions against one another with GlideScore (Friesner et al., 2006)
The reference ligand had the lowest score (-105.38) which was expected as this showed
successful docking. It was followed by 3-(5-Methylfuryl)-N-furamidopropionamide (-58.29) and
Hexanedioic acid, bis(2-ethylhexyl) ester (-58.14) (Table3.2). The Glide E-model scores of these
two compounds were not close to the reference ligand which could indicate that there was no
good “best position” for the molecules to bind as perfect at the reference compound. These
compounds in future can be tested for elastase inhibition to determine the effect they have on

enzyme inhibition.

Table 4.4.2. Docking scores of GC-MS identified ligands of Elegia tectorum docked in the

active site of the elastase enzyme model.

Ligand Glide
XP Rotatable | glide glide glide Glide E-
score | bonds evdw? ecoul® energy | model
Reference compound | 1164 | 14 -35.66 | -31.59 | -67.25 |-105.38
Octadecanoic acid -6.91 | 16 2533 |-10.16 | -3549 | -42.36
9,12,15-Octadecatrienoic
acid, (2,2.2) 639 |13 2638 |-875 |-3513 |-40.8
n-Hexadecanoicacid | 650 | 14 2182 |-1097 | -3279 | -37318
3-(5-Methylfuryl)-N-
furamidopropionamide | 5 ,; |, 3164 | -11.58 | -4322 | -58.29
Hexanedioic acid, bis(2-
cthylhexyl) ester 502 |19 3376 |-10.87 | -44.63 | -58.14

@ Van der Waals energy, ® Coulomb energy

Isolation (Column chromatography)

The crude ethanolic extract was portioned into three fractions namely: ethyl acetate, n-butanol

and water. These were dried and then tested against the elastase enzyme, Table 4.4.3 shows the
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ICso values. The water fraction showed good elastase inhibition with an ICso of 34.44 pg/ml
compared to the other fractions, ursolic acid was the positive control and it had an ICso of 4.42

pg/ml. The water fraction was used further for isolation.

Table 4.4.3. Elastase inhibition of fractions obtained by liquid-liquid partitioning of Elegia

tectorum into three fractions: ethyl acetate, n-butanol and water.

Elegia tectrorum ICso (ug/ml) + Standard
fractions deviation

Water 34.44 £3.55

n-butanol 63.51 £3.52

Ethyl acetate 110.2 6 £5.94

Ursolic acid (positive 442 £2.55

control)

The TLC was used to assess the chemical profile of the water fraction (solvent system: ethyl
acetate +methanol+water, 6.5+3.5+1.0 ml respectively) . One major compound was observed on
the TLC. The water fraction was then subjected to silica gel column chromatography (Figure
4.4.6). A total of 265 fractions were eluted from the silica gel column chromatography based on
polarity, the TLC plates of all 265 fractions can be found in the appendix A. The fractions were
pooled together based on their TLC profiles in the following manner: fraction 1-12 (82.4 mg),
fraction 13-21 (71 mg), fraction 22-62 (541.4 mg), fraction 63-175 (1539.7 mg), fraction176-250
(617.9 mg) and fraction 251-265 (280.9 mg).

Figure 4.4.6. Silica column chromatography on the left and TLC plate of several
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The pooled fractions were tested against elastase, none of the fractions exhibited elastase
inhibition (Table 4.4.4). According to Lafi et al.,, 2018, such observation shows that crude
extracts sometimes surpass the efficacy of isolated compounds due to synergistic effects. The
compound that was common in most of the fractions was the target compound (green) (Figure
4.4.7 A). As mentioned in experimental section it was purified from the pooled fraction F22-62
by precipitation. The 1D and 2D NMR spectra of this compound indicated that this compound is
an oligosaccharide containing two aldose and two ketose sugars (Figure 4.4.7 B). The anomeric
proton and carbon NMR signals indicate that both sugars have one alpha and one beta anomer.
Tentative structure of the compound is given in (Figure 4.4.7 B). However, the linkage of the
sugar residues couldn’t be confirmed due to the overlapping of NMR peaks. 'H NMR (400MHz,
CD;0D): o, 3.14-3.76 (26H, m), 4.51 (1H, d, J = 6.2 Hz), 5.14 (1H, d, J = 2.9 Hz). 3C NMR
(400MHz, CD30D): dc, 62.8 (CH2), 62.9 (CH»), 64.2 (CH2), 64.6 (CH2z), 64.7 (CHz), 65.9
(CH2), 69.43 (CH), 71.28 (CH), 71.81 (CH), 71.90 (CH), 71.92 (CH), 73.08 (CH), 73.87 (CH),
74.93 (CH), 76.35 (CH), 76.84 (CH), 77.68 (CH), 78.09 (CH), 78.13 (CH), 83.33 (CH), 94.02
(CH), 98.26 (C), 99.34 (CH), 103.22 (C).

Table 4.4.4. Elastase inhibition of the six pooled fractions.

Fraction | ICso pg/ml + standard
deviation

1 >250

2 >250

3 >250

4 >250

5 >250

6 >250

UA 4.63 +£1.33
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OH OH

1-12 13-21 22-62 63175 178-250 251-261

Figure 4.4.7. (A) TLC plates of the pooled fraction of Elegia tectorum, the green
compound highlighted in black was the compound of interest. (B) Tentative structure of

the purified molecule.

Stability of cream formulation and extract

The results for stability of the cream formulation with extract were observed from week 0 and
compared to the results obtained after 12 weeks (Table 4.4.5, Figure 4.4.8). Less change was
expected for extracts and creams stored at lower temperatures and more change was expected at
accelerated temperatures. The initial appearance of the product was pale green/light green and
thick due to the plant extract added. The appearance (color and viscocity) did not change after 12
weeks for 4°C and 25°C. However, the appearance of the product was runny and yellow for
40°C and 50°C after 12 weeks. This may have been a physical change or chemical change caused
by the temperature, also, darkening of the products that have extracts is normal (Lall et al.,
2017). Initially the product was odorless, and it remained like that for 4°C and 25°C. There was a
faint odor for the two higher temperatures (40°C and 50°C). The initial pH was 5.66 and it
dropped slightly to 5.59, 5.36, 5.11 and 5.03 for 4°C, 25°C, 40°C and 50°C samples, respectively
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after 12 weeks. From the results, samples that were stored at a high temperature showed a
reduction in pH compared to the samples stored at lower temperature. Viscosity decreased in the
values at accelerated temperatures, it increased slightly at 25°C and increased further at 4°C. pH
and viscosity do not affect the overall performance of the product (Lall et al., 2017). These

results indicate that the product should be stored at temperatures below 40 °C and away from
Week 1 Week 12

sunlight.

40°C 50°C 40°C 50°C

Figure 4.4.8. Cream formulations with ethanolic extract added stored at different

temperatures, showing difference between week 1 and week 12.
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Table 4.4.5. Stability of the cream formulation with Elegia tectorum extract based on appearance, odor, pH and viscosity

Cream + Extract

TEST STORAGE STORAGE INTERVALS
CONDITIONS "' week 2 Week 4 Week 8 Week 12 Week
Appearance: 4°C Complies Complies Complies Complies Complies
. 25°C (RT) Complies Complies Complies Complies Complies
Initial result: Pale
green/light green 40°C Complies Complies Decrease in Decrease in More decrease in
viscosity viscosity viscosity and yellow
in colour
50°C Decrease in Decrease in More decrease | Further decrease | Further decrease in
viscosity viscosity in viscosity in viscosity viscosity and yellow
colour
Odor: 4°C Complies Complies Complies Complies Complies
o 25°C (RT) Complies Complies Complies Complies Complies
Initial result: Odorless
40°C Complies Complies Faint odour Faint odour Faint odour
50°C Faint odour Faint odour Loss of Loss of aromatic | Loss of aromatic
aromatic profile | profile profile
PH at ambient 4°C 5.65 5.60 5.65 5.72 5.59
temperature 25°C 25° C(RT) 5.59 5.62 5.52 573 5.36
Inltlal result: 5.66 40°C 5.57 5.57 5.44 5.66 5.11
50 °C 5.49 5.45 5.32 5.47 5.03
Viscosity at ambient 4°C 9401.26 9826.76 9658.14 9765.2 9660.78
temperature (25°C) 25°C (RT) 77174 7722.18 8380.7 8594.72 8938 4
Spindle: R4 @ 20RPM 40°C 7197.52 7371.94 5653.12 4603.48 3842.5
50 °C 5381.36 3321.44 1979.82 1311.82 1199.5

Initial result: 7724.74
mPa-s
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The results for the stability of the ethanolic extract were taken at week 0 and were compared to
those after week 12. More change was expected for extracts that were stored at accelerated
temperatures and less change was expected for extracts that were at lower temperatures. There
was sedimentation of the extracts and change in colour for the extracts that were stored at high
temperatures after 1 week (Figure 4.4.9). The extracts stored at 4°C and 25°C did not change in
appearance after 1 week. The TLC plate in Figure 4.9 showed no change in the compounds that
were present in the plant after 1 week. There were more changes observed after 12 weeks, the
extracts stored at higher temperatures had more sediments and the colour changed to being
brown. The extract stored at 25°C also had few sediments but there was no colour change and the
extract stored at 4°C did not change (Figure 4.4.10). The TLC plate in Figure 4.4.10 shows the
compounds that were present in the extracts after 12 weeks, for the two extracts that were stored
at lower temperatures there was a red compound at the bottom that was dominant and not fully
present in the extracts stored at accelerated temperatures. There was more of the green
compound in the middle in the extracts that were stored at accelerated temperatures compared to

the extracts stored at lower temperatures.

Figure 4.4.9. Elegia tectorum ethanolic extract stored at different temperatures and

the TLC plate showing the compounds profile in week 1.
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Figure 4.4.10. Elegia tectorum extract stored at different temperatures and the TLC

plate showing the compounds present in week 12.

After 12 weeks elastase inhibition assay was performed to determine if there are changes in
activity due to exposure to different temperatures (Figure 4.4.11). The original ICso value of the
ethanolic extract was 14.58 ng/ml. The extracts that were stored at 4°C and 25°C had good
elastase inhibition with ICso of 14.39 pg/ml and 28.88 nug/ml respectively. At 25°C there was a
slight reduction in activity although the ICso was good as it indicated inhibition. High
temperature resulted in more reduction in activity of the extract, 50°C had an ICso of 92.08 pg/ml
and 40°C had an ICso of 121.20 pg/ml. Ursolic was the positive control with an ICso of
4.23ug/ml.  These results confirmed that extract was stable at 4°C and 25°C. The lower
temperatures were able to preserve the activity of the compounds in the extract responsible for
the biological activity. During production of the formulation, these temperatures can be

recommended for storage of the extract. No metal toxicity was detected in the plant extract
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Figure 4.4.11. Elastase inhibition of the ethanolic extract of Elegia tectorum stored at
different temperatures.

Irritancy patch test

A principle test which shows irritant contact dermatitis is known as the irritancy patch testing.
An irritant is any substance that result in inflammation or irritant reaction when applied in high
concentration for a long period of time in almost all individuals but does not have effect on the
immune system (Lewis, 2014). The visual irritancy test results Table 4.4.6 showed that the
positive control, sodium lauryl sulphate solution (1%) was highly irritating to the skin with high
irritancy mean score of 1.25, while the negative control, demineralized water was non-irritating
to the skin with low irritancy mean score of 0.30. Elegia tectorum ethanolic extract, neat was
found to be a mild irritant with irritancy mean score of 0.33. The results were interpreted as
follows: Non-irritant: Mean Score (average plus standard deviation) falls below that of the
negative control, test substances performed better or similar to that of demineralized water. Mild
Irritant: Mean Score (average plus standard deviation) falls above that of negative control, but
was lower than that of the positive control (Appendix Bl). A percentage increase in
compatibility potential relative to negative control is given. Irritant: Mean Score (average plus

standard deviation) falls above that of the positive control, test substances performed worse than
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the positive control. The ethanolic extract of E.fectorum was found to be a mild irritant, these

results could be because it was applied neat, and ethanol can cause a reaction on the skin. There

are no previous skin irritancy studies that have been conducted on E. tectorum. Extract in the

aqueous cream was not found to be irritant (Appendix B2).

Table 4.4.6. Irritancy score mean value when 1% sodium lauryl sulphate (positive control),

demineralized water (negative control) and Elegia tectorum ethanolic extract was applied

on the inner forearm area observed at 24, 48 and 72 hours (#=20).

Number of comsell(tlilllailit
Average | Mean subjects with Patibuitty Skin
g Potential % 1
value score | reactions after 48 (TP- Compatibility
hours NC)/(PCNC)
Positive control
sodium laurylh 0.59 1.25 8 100 Irritant
sulphate solution
(1%)
ET ethanol extract 012 0.33 0 3.06 Mild irritant
(neat)
Negative control- 0.13 0.30 0 0.00 Non-irritant

demineralized water
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Chapter 5

Conclusion and future prospects



CHAPTER 5

5.1. Conclusion

Based on the results, the research question which was can a South African wetland plant and its
isolated compounds reduce wrinkle formation and retain skin hydration, was answered. The
ethanolic extract had good elastase inhibition. It had no toxicity on HT-29 cells, and it was able
to inhibit the KIAA1199 protein which is responsible for degrading hyraluronic acid. By
inhibiting KIA1199, less hyaluronic acid will be degraded; this will improve the hydration of the
skin. The ethanolic extract does not cause mutations and the compounds in the plant work well
together synergistically rather than when they are isolated. An irritancy test was conducted on 20
healthy volunteers to see if the extract resulted in an adverse reaction on the skin. The extract,
when applied neat, was found to be a mild irritant but in aqueous cream (10%), it was found to
be non-irritant. During efficacy study, it was found that at 10% of extract in aqueous cream; was
effective in decreasing the wrinkles from fourteen 14 (D14) up to twenty-eight (D28) of
consecutive use (twice a day) when compared to a placebo control. The study therefore, resulted

in a valuable prototype for ageing problems.

5.2. Future prospects

For future studies, the plant extract can be put in a formulation and clinical trials can be
conducted, should the plant be successful in all the phases of the clinical trials, then a medicinal
anti-aging cream will have the potential to be marketed. More plants in the Restionaceae family
can be investigated to determine if they can reduce wrinkle formation as there is not much
information on the plants in this family. The plants in this family can also be compared amongst
each other to see if there are compounds that are similar which can have the same biological
effect. Elegia tectorum extract should be further investigated to identify its effect on other skin
related conditions and it can be combined with other plants to understand whether it enhances or

reduces activity.
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Appendix A: Fractions obtained during column chromatography of Elegia Tectorum
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Appendix B1: Irritancy study of Elegia tectorum neat extract

Z. FUTURE COSMETICS CC

From Concept to Product

ATT :NAMRITA LALL

UNIVERSITY OF PRETORIA
ROOM 3-32 NATURAL SCIENCE
HATFIELD (MAIN) CAMPUS
UNIVERSITY OF PRETORIA
LYNNWOOD ROAD

PRETORIA

2017-1207

Re: Report on the Skin compatibility Study Performed: FCSS268

Herewith the report on the primary skin compatibility study for the following test products:
FCSS268 [PC POSITIVE CONTROL

FCSS268 /5866 ET UP SAMPLE ANTI - WRINKLE (10%) ; IRRITANCY (NEAT)

FCSS268 /5868 PS UP SAMPLE IRRITANCY (PS5 NEAT)
FCS55268 INC NEGATIVE CONTROL - DEMINERALISED WATER

Attached please find the report, calculations and invoice. If all is not included, please contact us within 14 days of
receipt of resuits.

Please do not hesitate to contact me.

Kind Regards

(Wt

Heibrie Le Roux
(Managing Member)

Member.Heibrie Le Roux Registration No:2001/055088/23
Address:287 Sinovich Street, Grootfontein C.E, Garsfontein Road, Pretoria East, RSA
Tel:+27-128110621 Fax:+27-128110510 Mobile:+27-8§29613509 E-mail: heibrie@ futurecosmetics.co_za
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20171207
REPORT ON 24 HOURS OCCLUSIVE COMPATIBILITY PATCH TESTING PERFORMED
HUMAN PATCH TESTING

STUDY REFERENCE NUMBER: FCSS268

Test on primary skin compatibility on human subjects.

study: Managing Member

Products tested: FCSS268 Pc POSITIVE CONTROL
FCSS268 15866 ET UP SAMPLE ANTI - WRINKLE (10%) ; IRRITANCY (MNEAT)
FCS55268 5668 PS5 UP SAMPLE IRRITANCY (PS NEAT)

FCS5268 MNC NEGATIVE CONTROL - DEMINERALISED WATER

Customer: UNIVERSITY OF PRETORIA
ROOM 3-32 NATURAL SCIENCE
HATFIELD (MAIN) CAMPUS
UNIVERSITY OF PRETORIA
LYNNWOOD ROAD
PRETORIA

Concentration of Neat
products:

The following report is an accurate account of the test method as described in the protocol FCSOP100 and the results
obtained during the course of the study, which was performed within the month prior to the date of this report.

A Sensitive populaticn was tested and identified before the initiaion on this study as per FCSOP100.The test subject's
volar forearm was cleansed with alcohol and tape stripped in order to ensure very sensitive skin before conducting a
human patch test

Member:Heibrie Le Roux Registration MNo:2001/055088/23
Address: 287 Sinovich Street, Grootfontein C.E, Garsfontein Road, Pretoria East, RSA
Tel:+27-128110621 Fax:+27-128110510 Mobile:+27-829613509 E-mail heibrie@futurecosmetics.coza
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The chipctive of the study was to detect primary skin compatibdity potential of the tested products on the skin of
human test subjects. Patch testing represents a relatvely safe and reasonable reliable method for identfying irmitants.
A positive reaction to a cormectly applied patch test could prove that the person experenced a contact ritation from
the substance tested.

Test Protocol:

Materials:

Test Products

Cotton Buds

Demineralsed Water

Bmm Finn Chambers

Finn Chamber Templates

Black Marker Pens

Positive Displacement Pipette

Sodusm Launyl Sulphate Solution (1%) a5 a Positive Cantrol
Demineralsed Water as a Negative Control

Camera:

Sony Cyber-shot Digital Camera (1.3 mega pixel) and Sandisk memory stick.

Products, applicators and sequence:

Emm Finn Chambers on micropone tape was used to allow for ooclusive testing.

Where necessary, transpore tape was applied to secure the strips in a manner that ensured even pressure desperson
across the test amea

1CC Syringes were used to apply the controls and products.

Method:

Twenty (20) subjects between the ages of 21 and 64 were recruited. (See Appendix A° Subject Demographics). The
procedure of patch testing was explained to them verbally and each subject signed a form of consent and medical
history (3¢ Appendix D ; Consemt Form and Medical history). Personal detals and each subject’s assessment of
their own skin type were recorded.

Visual assessments of the test sub-sites were made at 24, 48 and 72 hours. The controls and products were apphed
to the nner forearm at 0 hours. The finn chambers coversed the patch areas for the first 24 hours after which they
were removed and the subject could clean the area by any normal mean,

Colour photographs were taken at each time interval to serve as a recording of the observations.

The controls and product were applied to the inner forearm according to a rotating position sequence in onder to avoid
position and recording baas (See Appendix C: Test Substance Sequence).

The followng rating system was used to classdy the reactions:

0 = No response

0.5 = Minimal/doubtful response

1 = Mild erythema, spotty or diffuse

2 = Definate erythema, Uniform redness, itching or buming response. Swelling may occur

3 = Strong and severe uniform redness, swelling or spreading beyond the area of the dise may ooour
4 = Fiery redness, oedema, papules, bullas

Member Heibre Le Roux Registration No:2001/055088/23
Address:287 Sinovich Street, Grootfontein C E, Garsfontein Road, Pretoria East, RSA
Teb+27T-128110621 Fac+27-128110510 Mobile:+27-829613509 E-maihebrie@futurecosmetics.co.za
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Positive reactions of an alergenic nature are profound and clear red, commonly with minute papules of vesicles,
which in severe reactions coalesce nto bullae. The diffuse and spread beyond the area of the disc. As with contact
dermatitis, there is usually itching and buming sensations.

Onice 3 reacton has developed, the positive reactions persist for several days. A reaction noted at 2 days (48 hours)
and negative at 3 days (72 hours) are often of an imtant nature.

A positive reacton on skin sensitisation has a very simiar reaction to that of an imitant and normally occurs upon the
second appheaton (24 hours) if 3 senstizing speces ane present, provided about 24 hours SEparate SUCCEIsve
applications have been performed therefore appeanng at 48 hours; although with some substances the relationship is
not clear cut

The classification of results &5 intepreted as follows:

Non-irritant = Mean Score (Average plus standard deviation) falls below that of negative control, test
substances performad better or simiar to that of demineralised water.

Mild irritant = Mean Score (Awerage plus standard deviation) falls above that of negative control, but was
lowser than that of positive control. A percentage increase in compatibility potental relative to
negatiee control i goven.

Irritant = Mean Score (Average plus standard deviation) falls above that of positve contral, test

substances performed worse than the positive control.

MemberHeibre Le Roux Regstration No 200105508823
Agdress 287 Singvich Street, Grootfonten C E, Garsfontein Road, Pretonia East, RSA
Tel+27-128110621 Fax:+27-128110510 Mobide:+27-5208 13500 E-mailhebne@huturecosmetics.co.2a
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Results and Conclusions:

A Summary of the results is given in Attachment E.
TEST RESULTS VALUES AFTER SEVENTY-TWO (72) HOURS

NHumber of §Skin
bjects ompatibilit
lpropuct|  TEST PRODUCT ) Average | Mean [ i IR o
NUMBER | REFERENCE |REFERENCE] TR value | score [ sigytaniby BB i
reactions J(TP-NC)/{PC-
after 48 hrs JNC)
1 FCS5268 e TROL 0.50 1.25 e 10000 |irmtant
4 FCSS268 15866 IET UP SAMPLE ANTI - WRINKLE (10%) ; IRRITANCY (NEAT) 0.12 0.33 0 306  |Mild Irritant
5 FCSS268 /5868 JPS UP SAMPLE IRRITANCY (PS NEAT) 0.23 0.48 0 18.66 Mild Irritant
11 FCSS268 INC JNEGATIVE CONTROL - DEMINERALISED WATER 0.13 0.30 0 0.00 Non Irritant
Kind regards

i

HEIERIE LE ROUX
(MANAGING MEMBER)

Member:Heibrie Le Roux Registration No:2001/055088/23
Address:287 Sinovich Street, Grootfontein C.E, Garsfontein Road, Pretoria East, RSA

Tel:+27-128110621 Fax:+27-128110510 Mobile:+27-829613509 E-mail:heibrie@futuercosmetics.co.za
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Data Shest of Skin Compatibility Study
BATIATION DATE TATHART
COMPLETION DATE IATHARS
TEST REF FCRadM
Produst 1 Jrcaazes  wc PO EITIVE CONTROL WELW
1 ] T 2] 1 = 1
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2 &v 1 g | ag 1 1 & & | 18 1B & & & ] 18
il Furs v as ] [ [ ] ] 3 gl & [] [l T [ wLh . 13
48 rours £V 2 g5 Jos |15 | o [ is] o | os | 4 ] a 2 2 o 0 i5) o | 18] 1 -
T2 Pours ev 1 [ a 1 ] 1 & [- ] @ Jos] 1 2 ¢ 0 (o] o | af 6] o
[E T L. (11}
72 hours ev 2 [ g8 Jis]| o 1 0 g |as] o ] 1 16| © 0 o [1s] @ i Jas| @
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- - e
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Data Shest of Skin Compatibility Study
TIATICN CATE W
COMPLETION DATE WTNIRS
TEST REF FCaied
Table 1: Summary of cbssrvations of products and two conftrods on 20 voluntesrs
ET UP TAMPLE ANTI - LE [10%) . Compatibiiity [NEAT) [SE2n
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From Concapt to Product
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COMPLETION DATE AT
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Tabie 1: 5 ry of chsarvalions of products and controls on 20 voluntesrs
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From Concept to Product
Diata Shest of Skin Compatibiity Study

IATIATION DSTE: 2ATHAET

COMPLETION DATE: 2ATHAIZ0

TEST REF: FCEE2Es

Table 1: Summary of cbearvations of products and controls on 20 woluntesrs

Preduwst 11 [FCEEZEE (MG HEGATIVE CONTROL - DEMINERALIZED WA
Volunber 123 6B | 8|7 [8|® [Ww[a[E]is[a]is
34 oz Ev 1 5 | 05 | 1 E|os| 05| o | o | o | 0 o5 | 05| o | & | 4
34 mours ev 2 05 (05| 1 |05 | o5 | 05| o | o | @ | 0 o5 | a5| o | & | 1
25 mowrs ev 1 o5 | o Jos|[ o [ o] el e Je]leololo]lolele]os
45 rourz ev 2 o5 | o Jos|[ o[ o] eloele]aloalo]oloeo]e]as
72 howrz ev 4 o |] o |o| o] o|]wo|o]o|o| o] o|o|o|o]|oo
73 P Ev 2 Ol B L L O B
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From Concept to Product
APPENDIX A:
SUBJECT DEMOGRAPHICS (FCSOP
INITIATION DATE: 2017111127
COMPLETION DATE: 201711130
STUDY NUMEER: FC55460
[ETOY AGE TANGE - T
o 1 N Y L e e =N v ) F2i]
AVERAGE POPULATION AGE: 48,3
YOUNGEST TEST SUBJECT: 21
OLDEST TEST SUBJECT: B4
UNDER 16: n = 0
182 n= 1]
MM n= 4
MNiodln= 2
4150 n= 4
St T1:n= 10
Ty GENDER THECRMATION.
FEMALE B0.00%
MALE 20.00%
ST CTHRICTT Y TNE A T TN
NEGROID 0%
CAUCASIAN 100%
STUDY SUBJECT SKIN
NUMBER NUMBER | TYPE [Fni AGE
FCSS268 01 I 50
FCSS268 o2 | 54
FCSS268 03 m 41
FCSS268 04 m 25
FCSS268 s I 45
FCSS268 108 | 25
FCS5268 07 | 25
FCSS268 o8 | 54
FCSS268 j0a I 42
FCSS268 Mo | B4
FCSS268 m | 80
FCSS268 n2 I 21
FCSS268 n3 I &0
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Fora o b Pt
APPENDIX B:
TESTING CONDITIONS (REF:F

INITIATION DATE: 20727
COMPLETION DATE: 201711130
STUDY HUMBER: FCS5268

DISTRIBUTION OF TESTING CONDITIONS OF .
TEMPERATURE {*C)

Pl J

28 T24HRS 48.8
23T T43HRS 48.0
il T T2HRS 528

T

TEMPERATURE

2.6 to 267
216
il

TEMPERATURE (Degrees Celsius)
E T24HRS T4BHRS TT2HRS

A IE 2458 S0
25 5 =1 E08
219 220 %6 0.8
by 221 X6 05
215 223 24.9 0.5
25 235 X6 05
225 235 =6 520
25 i e =1 5208
223 225 X5 520
230 234 29 hﬂﬂﬂ Ha £14
230 242 26 hﬂﬂﬂ H1 g4
259 b} &ET hﬂﬂﬂ H2 g4
230 2441 . Fcum H3 34
232 x5 EL Fcum H4 485
35 =1 &x32 h-um HE 4832
235 4.7 6.3 l:e.um Ha 480
HE 245 %0 h-um HT =00
244 =0 6.5 l:e.um Ha s00
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APPENDIX C: TEST SUBSTANCE SEQUENCE
[ ET P SAMPLE AHT] - WRIHELE (106 ; RRMAANCY (HEAT) 4
ol PG UP SAWFLE RATARCY (75 WEAT) L]

ADCHTICRAL INTRUCTIONS:
[TAPE STRIPAING
RIGHT SRM

A o L] E F a H 1 d [ L M H ]

m1 2 Fl a ] m| n 12 |1
2 1 2 ] 4 ] L T a 2 w | n 12| |1
3 1 Fi ] Fl 5 L T [ 8 w | n 1z | B |1
N H 1 | 3 4 s [ 7 a E ® | " 2 5 |
S 1] 1 3 3 F E [ 7 a & w | " 2 = I |
i} H | 3 Fl s [ 7 a H 0| " |
i o | = 1 2 a 4 B a T [ & 1 1 1] 1
8 ) 1 2 ] A 5 a T a 8 m| n 12z | 1
mna 2| = 1 i ] 4 | a T a ] w | n 1z | 1
h [a] T =N H 1 ] 3 4 s ] 7 a -l ] 1 1
H1 % | = | A 1 2 3 4 -3 ] 7 a E o | #H 1
"2 w| =™ | n 1 2 3 4 |- a 7 a & o ] 1
"3 '] w | 2| = 1 2 ] Fl 5 L T a 8 w | 1
4 H | 3o | A 1 2 1 4 [} & T a & ] 1
15 '] w | = | = 1 2 ] Fl 5 - T a ] w | 1
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- ) C
|FC SOP100/05 FC55268

1. INTRODUCTION: Before agreeing to participate in this study. it is important that you read & understand the following explanation and procedures. *
guarantees or assurances can be gven to the results of this study.

2. HACKGHULNLE ¥ou have Dbeen nwted o pamcpate In his steoy designed to evaluats he permommance of onel mMare products. 1o be tested tor am
in good heath and wiling to follow study guidefines/rules (including medication restrictions & avoidance of water) as well as not covering the te
‘Yiou are not allowed o apply any products, exercise or wet the test sites. In addition if you hawe any reactions. allergies o cosmetics! presenativesf=
interfere with the stwdy or use any medicabon that might affect results or if you are pregnant, you cannot participate in this study. The mmamum amowr
3. HULES 10 DUMELY WiIlH:

You will be asked to abandon the study without compensation if you have wiped or washed your arm during the first 24 howrs. Flezse sign i
| am not cumently busy with any other study or will not apply for any others study during this study duration. Pleass sign if agree

I agree to refrain from using any topical products on my arm, or o wash my arm for the first 24 hours. Plesse sign if sgree

4. DURATION OF EVALUATION AND PROCEDURES: Day 1: You will b= asked to read and sign the consent form and your medical histony will
study. i you meet the inclusion criteria, you must sign an attendance register. The test sites will be examined for hair bruises, scaming ebe. F you quald
a senes of products will b2 applied. Day 2, 3, 4 and 3 You wil retum to the testing facility for & days and the test sites will be evaluated agan.

3. RISK & UNFORESEEN RISKS: The test products are intended to come in contact with skin, there might be imtation/allergic or other positve react
marked for the entire study. Most of these reactions are rapidly reversible. There may be unknown risks, in extreme rare cases, blishering may oocur w

7. COMPENSATION FOR INJURY:  |n the uniikely event that medical treatrment is required due to a severs reaction linked 1o the participation of t
treatment will b= provided at owr discretion when we deem it necessary. Provision of such care is not an admission of begal Eabdity or responsibility fior
Extended medical care will not be provided.

4. BEMEFITS; Participation in this study is woluniary, you are not an employee of the company and will not be paid at month end. You wil o
of e entire study 35 COMMUNICated to you oy e study leader, the money will 02 ransfemad INTo Yo acCount afer me irst il week FULLUWYIMNG !
if the study leader concudes it would be best to discontinue your parficipation due to a severe reaction, you will be paid in full.  you are dismissed for
you will not be paid. Please note that if your banking details are not complete (including & digit branch code) or are not accepted during loa
you will receive an sms and the new details will be loaded on the following month’s payments. Please sign in agreement |

9. COMFIDENTIALITY Reports prepared by Fubure Cosmetios GG will utize statistical information only. Confidentiality of any information you pror
possible. You are not allowsd to any confidential informiation to any person on the test procedures or products of companies tested.

10 EMERGENLY CUNLACL: During the study, should you experience any medical probderms, suffer a research-related injury or have questions abo

1. VOLUNTARY PARTICIPATION AND WITHORAWAL Your participation in this study is entirely woluntary. You may decide not to participat
and if you choose to do so. you will be instructed to state youwr reason. Your pasticipation i this study may be ended without your consent and without
reasons: if you fail to follow directionsinules fior paricipating in the study, i it is discovered that you do not meet study requirements. Youwr participation
consent with full or partial compensation (3t discretion of the study leader) for the following reasons: If it appears to be medically harmful to you or othi
Please confimn that you have read, understood and will comply to the following statement "Please do not partake in this study if you are HIV positive ¢
12 CONSENT: | have carefully read and understand this informed consent. The fest has been explained to my satisiaction and | agree fo participa
given the cpportunity to discuss all aspects of the study and 1o ask questions. | am at k=ast 18 years old, in good health and fresly give my consent to
If | hawe any questions regarding my nghts a5 a research parbcipant | may call the study investigator.
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APPENDIX D: MEDICAL HISTORY FORM (PATCH FCSS268 [suBsecTho: | [NAME & sL
TESTING) FCSOP100/05 fsEx: [male [Female |RACE:

If any of the following questions is yes, please talk to the study technician af this sfation.

[yee [no | Do you have any hairmarks! scams/roken or chapped skin on your face  Arm Dnymlsehamd,skjnc
[fEE[na_|Are you cumently pregnant or breastiesding? [VE5 [0 | Have you ever experience

disease (reacton to sun)?
Dujmmna‘rﬂyhmurdﬂytheaﬁstuw:fpsmmfm? Hauewuhadanydlergic.
Dnwuhauemymdicdm-ﬁﬁms.#ichymammenﬂyund&raphﬁiﬁm'smfw? Ehwumd:emedaslm
Please specify Havewumﬁiedmﬂ'lel

WHAT 5KIN PRODUCTS DO YOU USE?  Please specify

PLEASE INDIGATE WHIGH MEDIGATION HAVE YOU USED WITHIN THE LAST WEEK (W), LAST MONTH (M) or LAST 3 MONTHS (3M)
kol

Allergy Irgection Allergy medication Artihistamines 7] ics |
Anfidepressants Anti-diarhea Arti-hypertznsion | |Appetite suppressants [ | Arthaitis medication | |1
Cortisone injections Cortisons Asthma medication Diabetic medicine Eye drops {
Hormmones Itch relief Immuno suppressive [ | [ [Musdle acherelief [ |1
Sleep aid products Pain refisvers yroid medication [ | Tranquillizers [ [UScer medication S

IF ANY ITEMS MARKED. PLEASE LIST SPECGIHIG NAMES OR LIST ANY MEDICATION

=

AKEN WITHIN THE LAST WEEK NOT LISTED ABOVE:

HAVE YOU EVER BEEN TREATED FOR ANY OF THE FOLLOWING: [ JAcns Body Fungus ]
[]Eczema [|Hair Loss/ Thinning [ [Keratosis [ |Psoriasis [ |Sebormes !
PRODUCT SENSITIVITIES: [ |Deodorants [ JSunscreen Froducts [ [Eye Cosmetics [JFacial Cosmetics [ ]
CAMCER: [ ]skin [ JOTHER, (please specy)

If you have marked any of the above, please specify

m&m COLOUR OF UNTANMED SKIN? [ [Reddish-whitz [ Jwhite Beige! Milky [ JBeige/Creamy )
HAIR COLOUR ? [[Fed. light brown [|Blende, light brown []Brown |
EYE COLOUR? l:[Liﬂlt-hhafgmuﬂgmy DEIIUE. green, grey I:[Da-t grey. light l:li

e B e T R e [ —_— —_—— —_
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IMITIATION DATE: 20714
COMPLETION DATE: 201 TH2IC
STUDY NUMBER: FCS5526i

APPENDIX E: DEVIATION F
(REF:FCSOP100/7)
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Appendix B2: Irritancy study of Elegia tectorum extract in a formulation

TR v

%* FUTURE COSMI

Feoire Coraept to Prodis

ATT : Prof Mamrita Lall

UNIVERSITY OF PRETORIA
Room 3-32 Matural Science
Hatfield (Main) Campus
Lynnwood Road

Pretoria

2020-05-07

Re: Report on the Skin compatibility 5tudy Performed: FCS55
Herewith the report on the primary skin compatibility study for the fo
FC55282 /NCL MEGATIVE CONTROL LEFT

FCS55202 g ET from Restionaceas family (@ 10%
FC55282 PCL POSITIVE CONTROL LEFT

Aftached please find the report, calculations and invoice. If all is not incluc
results.

Please do not hesitate to contact me.

Kind Regards

ot

Heibrie Le Roux
(Managing Member)
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Fooan Coticept 1o Procuict

20200507
REPORT OM 24 HOURS OCCLUSIVE COMPATIBILIT
HUMAN PATCH TESTING
STUDY REFEREMCE NUMBER: FC5%
Test on primary skin compatibility on human subjects.

Responsible for Heibrie Le Roux
study: Managing Member

Products tested: FC55282 /NCL MEGATIVE CONTROL LEF
FCS5202 /6800 ET from Restionaceae famik
FC35282 /PCL POSITIVE COMTROL LEFT

Customer: UMIVERSITY OF PRETORIA
Room 3-32 Matural Science
Hatfield (Main) Campus
Lynrmanod Road
Pretoria

Concentration of Meat
products:

The following report is an accurate account of the test method as describs
during the course of the study, which was performed within the month pric
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The chjective of the study was to detect pimary skin compatibility potent
subjects. Patch testing represents a relatively safe and reasonable reliat
to a comectly applied patch test could prove that the person experienced

Test Protocol:

Materials:

Test Products

Cotton Buds

Demineralised Water

grmm Fimnn Chambers

Finn Chamber Templates

Black Marker Pens

Paositive Displacement Pipeits

Sodium Lauryl Sulphate Solution (1%) as a Positive Control
Demineralised Water as a Megative Control

Camera:

Canon digital camera and Sandisk memaory stick.

Products, applicators and sequence:

gmim Fimnn Chambers on micropore tape was used o allow for cocdusive ©
Where necessary, transpore tape was applied o secure the strips ina m
the test area.

1CC Syringes were used fo apply the controls and products.

Method:
Twenty (20) subjects between the ages of 18 and 65 were recruited. [(Se

procedure of patch testing was explained to them verbally and each subj
Appendiz D Consent Form and Medical history). Personal details and e
recorded.

‘isual assessments of the test sub-sites were made at 24, 48 and 72 ho
inner forearm at 0 hours. The finn chambers covered the patch arsas fo
the subject could cean the area by any normal mean.

Colour photographs were taken at each time interval to serve as & recorc

The controls and product were applied to the inner forearm according to
and recording bias (See Appendix C: Test Substance Sequence].

The following rating system was used to classify the reactions:

0 = Mo response
0.5 = Minimal'doubtful response
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Positive reactions of an allergenic nature are profound and clear red, co
severs reactions coalesce into bullae. The diffuse and spread beyond t
usually itching and buming sensations.

(Once a reaction has developed, the positive reactions persist for severa
negative at 3 days (72 hours) are often of an imitant nature.

A positive reaction on skin sensitisation has a very similar reaction to th.
application (24 hours) if a sensitising species are present, provided abo:
been performed therefore appearing at 48 hours; although with some s

The classification of results is interpreted as follows:

Mon-irmitant = Mean Score (Average plus standard deviation) fa
performed betier or similar to that of demineralise

Mild Irritant = Mean Score (Average plus standard deviation) fa
that of positive control. A percentage increase in
given.

Irritant = Mean Score (Average plus standard deviation) fa

performed worse than the positive control.
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Tek+27-128110621 Fax:+27-128110510 Mobile: +27-8266 13508 E-mail-heibrie@future:

FUTURE COSMETICS C«(

From Concept to Prodoct

Results and Conclusicns:

A Summary of the results is given in Attachment E.
TEST RESULTS VALUES AFTER SEVENTY-TWO (72) HOURS

proouct|  TEST PRODUCT : Average
NUMEER | REFERENCE |REFERENCE W F AN HAE Value |'

17 FCss202 mcL  |MEsaTIVE conTROL LEET 0.28

25 FCss202 /8898 |ET from Restionaceae family @ 10% 0.08

28 FCss202 PcL  |Posmive conTroL LEFT -
Kind regards

HEIBRIE LE ROLX
(MAMAGING MEMBER,)
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Data & hesed of Ekin Compatbity Study
IMITIATION DATE: 2RI
COMPLETION DATE: IR
TEST REF: FCasm2

Tabls 1: Summary of chesrvations of producic and tewo oondrole on 20 volunissrs

Produst 17 FC3EIE2 MCL HEGATIVE GONTROL LEFT
Volumiser 1 [z 3] a6 B[ 7| B[ B W] m] W
24 howrs & 1 a =] o o o 1 1} o o -] 2] ] ] o
24 howrs ey 2 [=] [=] o o o 1 1] o o o | 28| 2 1 o
48 hours & 1 [=] [=] o o 1] [=] o oS o [=] 1 o o a
48 howrs &y 2 [=] 1 I o o 1 1] 1 o =] 1 1} o o
72 howrs &y 1 [-] [=] a o o |os| o o | o =] [=] o |o&] o
72 howrs &y 2 [-] [-] [F] o o [=] [} o0& | @ -] [-] [1] [1] [
Ayerage valss Tor producd over T2 ot

| iurizesr of tect cubjeod sxperisncing reaotion afer 48 hours

| Bubjeois [- = = - - @& - &8 - - ™
|mmn-:mum }m-mm«mm |l-:|h'|i:: |
ﬁ" FUTURE COSMETI

Frams Concep i Predud
Data Sheed of Ekin Compatibity Study
IRITIAT KOK DATE: BN
COMPLETHIN DATE: BN
TEST REF: FLasme
Tabis 1: Zummary of cheervations of produsés and sonbrols on 20 voelunisen
Produdt 26 ] ET from Reconaceas tamily @ 1
Wolumiser 1z 3 a6 B[ 7| B[ B | W[w[2]=w]w
24 howrs =i 1 =] =] -] o o [=] o 1] o =] =] 1] 1] o
24 howrs. &= 2 [=] [=] ] 0 1] [=] 0 1] o [=] [=] 1] 0 o
48 howrs =y 1 (=] =] 1] 1] 1] (=] O 1] 1] (=] =] 1 1] o
48 howrs &= 2 (=] =] o o o =] os o o (=] (=] o o o
T2 howrs = 1 (=] (=] o 1] o =] o 1] o (=] =] 1] o o
T2 howrs & 2 =] =] o o o =] o 1] o =] =] 1] o o
Ayerage valss Tor producd over T2 oW

.
Fm...mLc T |.:L_a‘:_'
ﬁ" FUTURE COSMETICS

Frams Caomcair 1o Preduo
Data & hesed of Ekin Compatbity Study
IKITIATION DATE: 20BN
COMPLETION DATE: RIS
TEST REF: FCaEm2
Tabis 1: Summary of cbesrvations of produsds and sontrole on 20 welunissrs
Product 28 FCaime? PCL POEMVE CONTROL LEFT
Volunbser 12| 3] a6 B[ 7| B[ B WM [][=m]wW
24 hours & 1 1 25| 25 | Qs 1] a5 o 1] -] 1 25 3 =t o
24 howrs e 2 =] 5 ] 1] 1] =] o ] a5 =] 5 3 o
48 howrs e 1 1 28| 25 | Qs 1] 25 2 1 25| 28 | 28 ] I8 | 28
48 howrs &y 2 28 | 28 1 o o =] 5 1 a5 | 285 | 285 | 28 1] o
T2 howrs e 1 1 =] 0 25 | 28 | 28 | 28 ] 25 | 28 | 28 | 28 1] as
T s -y ¥ n& ne n Al | A8 ] e n " ] ] L T L

125



Z FUTURE COSMET

F e 40 O e o W B

APPE
SUBJECT DEMOGRAPHICS (F
INITIATHON DATE: 20159010821
COMPLETION DATE: 2019010424
STUDY NUMBER: FCS55292
[TuDY 2GE RENGE - 18D ES
TOTAL QUANTITY OF TEST SUBJECTS (M) 20
AVERAGE POPULATION AGE: 45.4
YOUNGEST TEST SUBJECT: 18
CLDEST TEST SUBJECT: &S
[=0ERTITY OF SUBJECTS PER AGE CATEGORY -
MDER 1B n = a
1Gio 2 n= 1
HMinikn= 2
Fiodln= :
4Mtoshn= 7
SitoTiin=- E
|5TUDY GENDER INFORMATION:
FEMALE 95.00%
MALE 5.00%
|5TODY ETAMICITY INFORMATION
MEGROID i3
CALCASIAN 100%
TEST SUBJECT SEIN
REF WUMBER | TYPE [Fritzpatrick] AGE
FCsS202 A1 I 52
FCes207 Az | 57
FCsS252 3 I 51
FCes207 4 I 5
FCsS252 15 [ 50
FCes307 e I a8
FCsS202 firg i 3
FCeS207 e | &2
FCsS202 it I 4z
FCes307 1D [ a8
FCES202 11 | 40
Foes2a 2 i 2
FCas202 13 I 18
Foes3a0 14 I 54
FCas207 {15 I a4
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INITIATION DATE: 2013110521
COMPLETION DATE: 201591024
STUDY NUMBER: FCS5292
DISTRIBUTION OF TESTING CONDIT
TEMPERATURE {*C) MEZN |H
228 BASELIME
7y T 24HRS
ME T 4EHRS
24 T 72HRS
114 TOTAL
TEMPERATURE RANGE|] amsENT |H
0.0 to 233 RAMGE
a0 MAX ML
230 MIMIMUM
TEMPERATURE |Degress Celalus) SUBJECT
|[EBASELINE T24HRS T 48 HRS T 72HRS REF: | &
2.8 20.7 M6 200 FCES292 |1
225 205 ME i FCES292 | M2
230 20.3 Mms it Foesaa2 o]
2349 20.4 Mmy maz FCES292 | M4
235 20.3 M3 3 FLCB5292 msl
235 20.4 0.0 a3 Fess2s2 | el
233 20.3 a9 7y FCES292 | M7
235 20.4 M6 208 FCs5252 |M6]
234 205 0.0 208 FLCE5232 ml
230 204 /.0 221 FLCE5232 m'
230 210 M4 228 FCES232 |11
234 212 ME 224 FCES292 |H2
223 20.3 ;e 225 FLCa5232 ml
224 205 M4 23 FCE5232 nxl
231 20.7 03 223 FLCB5292 nsl
235 20.7 0.4 2232 FLCB5232 n:l
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APPENDIX C: TEST SUBSTANCE SEQUENCE
(REF:FCSOP100/08)

INITIATION DATE: 201310821
COMPLETION DATE: TR
STUDY NUMBER: FC85232
PRODUCT PRODUCT MEME. o
THCL 17 i
IMCL |MARKER COMTROL LEF o7 WRIST
€33 |ET from Restionaceae mily @ 10% F
=0 (wO
s0O|x0
T0|¥0
v |20

fuees | A

HUMBER Q@ R &5 T u VoW X X L
il ir | 16 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26
oz Ir | 16 | 19 | 20 | 2 | 22 | 23 | 24 | 25 | 26
3 ir | 16 | 19 | 20 | X | 2 | 23 | 24 | 25 | 26
D4 26 | 17 | 18 | 19 | 0 | 2 | 23 | 35 | M | 35
5 26 | 1r |18 ] 19|20 | 2 | 22| 23| 24 | 25
5 26 | 17 | 18 | 19 | 20 | 2 | 2F | X5 | 24 | 25
a7 20 | 26 | 47 | 18 | 19 | A0 | 21 | X2 | X3 | 24
g 28 1 2 Ll w1 191 21211 21 231 24
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|APPEHDII D: CONSENT FORM (PATCH TESTING) FCSS292 |5HB-E'3THGZ ‘HAIE
FCSOP100/05

1. INTRODUCTION: Before agreeing to partidipate In this study, It Is Important that you read & understand the following explanation and procedures. Yo
JUArani=es or #SsUrances ¢an be gven [o the resuls of Mis sudy.

2. BACKGROUND: You have been Irnvitad to participate In this study designed o evaluate the performance of one! more products 1o be tasted for kTita
In good health and wiling to folow study guideinesiniss [including medication restrictions & sveldanca of watar) as wall 38 not eovering the teal
¥ou are not allowed to apply any products, exercise or wet the test sHes. In addition If you have any reactions, allengies 1o cosmetics! presenvativesTrag
Intestizre with e sthudy of usa any medication that might affect results of i you are pregnant, you cannot participate In this study. The minimum amount
3. RULES TD COMPLY WITH:

¥ou will be asked to abandon the study without compenaation If you have wiped or washsd your arm during the first 24 hours. Besse sign i
1 am mot currently busy with any other study or will not apply for any others study during this study duration. Please sign ¥ agres

I agrss to rafrain from u=ing any topleal products on my arm, of to wash my arm for the first 24 hours, Flesse sign F agree

4. DURATION OF EVALUATION AND PROCEDUIRES: Deay 1: You wil be asked to read and sign the consent fom and your medical histony will b

study. If you meat the Inclusion critana, you must sign an attendance register. The test sttes will b2 examinad for halr, brulses, 5caming eic. If you quallty .
a seTies OF products will be appled. Day 2, 3, 4 and 5: You will Fetum 10 Te tesIng faciity for S days and Me test shas wil be evaluated again.

2. RISK & UNFORESEEN RISKS: The (26t products ane intendad 1o Come 1N cniact with skin, Mere mignt De Imialonialengic of oher positive reaction
marikad for the entire study. Most of these reacions ane rapidly reversisle. There may be unknown fsks, In extrames rare cases, bllisiering may ocour wh

7. COMPENSATION FOR INJURY,  In the unilkely event that medical reatment Is raquined due 1o 3 savere reaction inked to the participation of tis
traatment will be provided at our discrefion when we deem It necessary. Provision of such care ks not an admission of lagal Eablity or responsibliity for &
Extended medical care will not be provided.

. Panidipation In this study s woluniary, you are not an employes of the company and will nof be pald st month end. Yo will onk
of the entire sludy 35 communicated to you Dy the study leader, the money will be transemed Into your account after the first full wesk FOLLOWING th

I the stugdy leater conciudes |t would be best o discomtinue your parsspation due to a severs reaction, you wil be pakd In ful. | you are dsmissed forn
you will not be pald. Plesse nots that If your banking dafalls are nof complsts (Including & diglt branch cods) or are not aceepisd during oad
you will recelve an =ma and the new detalls will be loaded on the following month's payments. Fiease sign In agreameant o

5. CONFIDENTIALITY  Reports praparad by Future Cosmetics CC wil utiize statistical information only. Confidentiality of any Information you provic
possible. You are nat aliowed o any confidenial infermation 1o any persen on the test procedures or products or companies tested.

10. EMERGENCY CONTACT, Duming the shudy, should you experience any medical probiems, sUTer a reseanch-nelaied Injury or have questions about

11. VOLUNTARY PARTICIPATION AND WITHDRAWAL ¥our participation In this study is antirely voluntary. ¥ou may decide not to particpate ¢
and If you chooss to 80 50, you will be Instrucied to stabe your reason. Your participation In this study may be ended without your consent and without c
reasons: If you fall o follow directions/uies for participating In the study, I It |s discovered that you do no meet study reguirements. Your paricipation in
consent with full or partial compensation {at Miscretion of the study leadar) for the Sllowing re3sons: If R appears to ba medically hanmiul io you or other
Please confimm that you have read, undenstood and will comgly i the foilowing statement: "Piease do not parike In Mis study If you are HIV positive or

12 COMSENT: | have carefully r2ad and understand this Informed consent. The test has bean expiained to my satisfaction and | agres to partiipate
given the opportunity i discuss all aspects of the study and to ask questions. | am at least 18 years oid, In good health and freely give my consent to se
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APPENDIX D: MEDICAL HISTORY FORM (PATCH FCS5292 lsuBsEcT Ho: | [Hame & suRs
TESTING) FCSOP100/05 [sex: [male [Femaie [RACE:

I 3y of the FoloWIng JUESHIONS [5 yes, [ease @ik [0 e Study Technickan af Tis StamL

[ve2 re [Do you have any halr'manks! scarsibroken or chapped skin on your faca. Arm [F==Tna D0 you u=e bath oil, skin cane
[ [ [Are you curentty pregnant of breastfeeding? [== [no [Have you ever expeniencad a

disease (reacion o sun)?

[re=[me [Do you cusTenly have of do you have & history of peonasis | eczama? [== [na [Have you had any allergic, se
[ [re [Do you have any medical conditions, which you are cumently undes 3 physician's care for? [r== [na [0 you make use of 3 sun bes
Plaase spactly [== [na [Have you compled o the 3 d:

WHAT SKIN PRODUCTS DO YU USEY Please specily
FLEASE INDICATE WHICH MEDICATION HAVE YOU USED WITHIN THE LAST WEEK [W), LAST MONTH (M} or LAET 3 MONTHS {3M)

‘Aliergy Irjection medication héstamines Analgesics AnT-anlaty Ants
Ansdepressants #-slarThea ypenznsion Appetite suppressants Anhritis medication [ [Hea
Cortisone Injections Corisone medicaton Diabetc mediche Eye drope Go

Rch relef IMMUNG SUppressive Anz-fungal uscle ache refief Proy
Sleap ald products Pain rellevers Thyrcid medication quillzers Ulcar medication

IF ANY ITEMS MARKED, PLEASE L IST SPECIFIC NAMES OR LIST ANY MECHCATION TAKEN WITHIN THE LAST WEEK NOT LISTED ABOVE:

[lemema o [ Los THnning [ Keratosis T i T ki S
PRODUCT SENSITIVITIES: [ |Deodorants [Jeunscreen Progucts [ [Eye Cosmedics [JFactal Cosmetics [ |Fra¢
CANCER: [ Jzan [JoTHER, {piaase specty)

If you have marked any of the above, please specfy

ﬂum; ::!L-TLIFI;AL COLOUR OF UNTANNED SKIN? [|Reddish-whit= [ Jwhite Beigar Miky [JBeigaiCreamy [uar
HAIR COLOUR 7 [ ]Red. light brown [ Jelonde, ght orown [ ]oan

[Ierown
EYE COLOUR? I:Iugt—tma'gmw Dﬂllﬂ.m orey Dﬁg’ﬂr gt l:lﬂrm
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IMITIATION DATE:
COMPLETION DATE:
STUDY NUMBER:

APPENDIX E: DEVIATI
(REF:FCSOP10(
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Appendix C: Efficacy studies in in vivo, of the Elegia tectorum

A AR Y

#° FUTURE COSME
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ATT: HAMRITA LALL
UNIWEREITY OF PRETORIA
ROOM 3-32 NATURAL SCIENCE
HATFIELD (MAIN] CAMPUS

LYHHWOOD ROAD
PRETORIA

RE: FCAHT1E3 WRINKLE REDUCTION EFFICACY STUDY

Harewith the study repart for the follswing test products:

Table A: Study Sponsor Tast Product Name and Reference

Dascrption: Claasicath
ET from Restionaceas family £ 10% Test Prodm
AQUEDOUE CREAM Placeno Col

Aliachad please Nind the report and calculation and Invoice. Pleasa contaci us ifTa
nesults

Please do not hesitale to contact me.

Kind ragargs

(Wt

Halbris Le Roux
{Managing Member)
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TAEBLE OF CONTENTS:

COVER PAGE

CONTENT

ABSTRACT

APPEMDICES

APPENDIX A: SUBJECT DEMOGRAPHICS

APPENDIX B: TESTING CONMDITIONS

APPEMDIX C: INFORMED CONSENT FORM

APPEMDIX D MEDICAL HISTORY

APPEMDIX E: PRODUCT APPLICATION TEST SEQUENCE

APPEMDIX F: DESCRIPTIVE AMALYSIS

APPEMDIX G: INFERENTIAL AMALYSIS (STATISTICS)

APPEMNDIX H: DEVIATION FORM
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The experimental plan was o evalaie fe test product’s &M

by conducting an objective, Soutie-blinded In viv

The demographics of the homogenous test polulation was
1-l

The VISIDSICAN VEIE gevice was used fo

Photographs serve as a recording of the event Evaluaions were done at |
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e ¥ WRINKLE REDUCTION EFFICACY STUDY
Hams of the Inveatigator & |FUTURE COSMETICS CC
Addresa: 287 Sinovich Street
Groaffioniein Country Eslate
Garsiomtein Road
Off Garsformtein Road
Pretoria
Da81
Sponsor ATT: HAMRITA LALL
Lumur ad dinesss 1 UNNERSITY OF PRETORIA
ROOM 3-32 HATURAL SCIENCE
HATFIELD {MAIN) CAMPUS
LYNHWOOD ROAD
PRETORIA
Teat and Product Nr: FCAH
Teat Product Mame ET from Restions
Teating required WRINKLE REDUCTI
Application Amount o
Placabo Refarsgnce FCAH
[Testing objective: The oojective of this study was to detammine Te test pro

- WRINKLE REDUCTION

Testing Initation date

Teating end dates 201
FOAHLE3/6699
IOBETAINED ACTUAL
Fﬂl‘l‘!
WIRINEILE B DUCTRON
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AUTHENTICATION:
I, the undersigned, hereby declare that the work performed im this st
procedures described herein and this report represents a true accur

Responsible for the Study in South Africa
HEIBRIE LE ROUX
(Principal Investigator)
Cuality Assurance Officer:

HEIBRIE LE ROUX

Study Coordinator:
HEIBRIE LE ROLX

Cluality Control:
HEIBRIE LE ROLX

Technician:

TIRIRIRS

FUNAMANI NETHAMBA

Technician:

U
3
=2
a

MELITA MANAMELA ,
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Table B: Managament Summary
Tasf Product ve. Control Evaluation Time Inferval  |Para

ET from Restionaceae family @ 10%

FCAH18B800 oy g

companed to
FCAH183%6705

DAY 28 W
ACUEDUS CREAM

Aftached please find Te neport and calculations and Involce. Please comtact us [ 3l ks not Inciude

Pleass do nof heshate to contact me.

Kind Regards
e
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REPORT ON

WRINKLE REDUCTION EFFICACY
REF: FCAHIES

Quality Control and Report Wiiting: JOSUA LE ROUX

‘Guallty Sssurance: HEIBRIE LE ROUX

Taating Facllity: Future Cosmetics G
257 Snavich Sest
Grooifomiein Couriry
Garsfontein Road
Ot Garsfoniein Road

T FCAH1636500 [ET

FOAHIBIETIS [AQ

Conceniration of Test Product: Heat
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Cbisctive:
The objective of the siudy was to detenmine the product's eMeacy to
- WRINKLE REDUCTION

The evaluabions were perfomed in @ doudie-biind manner via instrumental techniques at baseline
after diffarent time Interval periods 3s prescrived by SCY SDONSON.

Tasi Profocol:

This raport s an accurats account of the test mathod used, (3s described by the test protncod) an
The stugy was performad within the months prior to the date of this report. The profocsl s avallak
Appendts H: Deviation

Maberiats:
Test Products a5 par Table A (page1 of the report)
Colour Coded Syringes

Instrumantation:

WVISIOSCAN VCAE (SM14315051)

HISENSE SIR COMDITIONING UNIT Model: AS-1ZUR4SVIMG2
ECOAIRE AIR CONMDITIONING UMNIT Model: EC120CC12
CLYMPIA SPLENDID ASUADRY 23 DEHUMIDIFIER
VIZIOFACE RD [SMN1T4BES45)

Taafing Conditions:
The sudy was camied oul under comimiied conditons with the folowing mean valees:

Temperabure Rangs: (T 20.00 o .7
Humridity Range [%RH) 3210 o 514
[ Please see Appendlx B: Tesing Conditions)

Taat Subject Demographics:

A group of test subjects betwesn the ages of 29 - 54 were recrulted and accepied Into the test pa
a5 specified by the In-house protocol.

The quantity of vaild test subjects that compieted the study was

The subjects complied with fe rules and spacifications of the study and ail Fesuts recorted ware
Subject Demographics).

Piease see Appendb A: Subject Demographics for test subject drop-out or elimination schagule
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Mathod:

The procedurs of tesing was explained to tham verbaily and a form of consent and medical hisi
subject's assessment of thelr own skin type wene recorded. (See Appandix C: The Consent Fon
Colour photographs were takan at each time Interval 1 senve 35 a recording of the study condu

All Subjects were Instructed 10 rest for twenty (20) minutes before any festing was
The designated left and right test sub-sites were ciearsed with aicohol and aliowed to alr dry for

The designated left and right test sub-sites were demarcated with sUNgcal marker 35 per 1est U
Sequam]

The femperature and relative humicdity were recorded during the time of the stugy and notad do

Al least Tiree (3) measuremeants were taken 3t each test sub-che al each ime Interval and save
Turther calculations and sialisical evaluation.

The Irstrumenal visicscan WE5E was gently sterlised with 3 ssue and alcohol, betaeen 3l 28

A stutty technician frained the test subjects in applying the test procucts evenly to the test sites
Substance Saquence).

Test subjects were Instructed to apply the test subsiances twce a day as per appiication Instruc

Subilects were restricted from using any toplcal products or medication not approved by the st
Subilects were Informed when 1o refum % the testing facility for each fime Intenval evaluation.

Wiskoscan photos for designated time Intervals were taken aft the dfierent designated test sites.
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Raasarch Design:

VISIOSCAN

The Visioscan calculates from an elght (3) bit greyscale captured Image, which defines infensity |
smoottness, scaliness, wrinkies eic. The change i the pameter of captured Images is calculat
reducton Intersity. Readings wil be taken on each designated spot In each test site 1o sarve as |
shudy.

A sampie £an be defned as a subsat of the whaie population which |s Investigated by a research
population {Biess & Higson-5mim, 1995). A sampiing plan can be descrbad as 3 design, schem
are to be seiected I a study (Rosnow & Rosenthal, 1995). A disincion |5 mads between probat
made of a non-probabilty sampling metod. A non-probability sampilng method can be describer
sampie based In some part on the judgment of e resaarcher (KInnear & Taylor, 1996). The rest
age. A sample of convenience was used In this study.

Statiatical Dafa Analysls Procedurs:

Data 3
The data was capiured onio excal and converted o exiended excal stalisical tests In onder 1o do

1 - To first detemmine whether the a3 was distribuied .
2 - To defemine whether significant diferences exisied betwesn the test product &

Since the sample was relatively small, USE Was made of 3 paramesic test, the junequal or equal
tBst b5 USed I Getenmine whether a ghven reatment had a signicant eMect on a population. (Keil
data the Wilcoxon Signed Rank Sum Test will be used.

The following statiatical data analysls procedurss Wers uaed:

Descriptive Analysls: Descripive statistics are primarty aimed ai describing the data
Inferential statiatics: Tast hypomesss about diferences In two (2) popuiations. on th
hurman skin subjecss.
[Tabachnick & Fidell, 1905: p.o)

Statisticaly significant diferences between varlables e Indicated by a significance value p. If th
indication that there Is a statistically significant dfferance, at the 5% level of conidence.
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Results:
Dascriptive Analysls:
Descripive Analysis entals the oroenng and semimanzing of data by means of tabuiation and th

A Sumemary of the Individual resuits recorded during the study for il 1est products, as well 3 all

INSTRUMENTAL EVALUATION WVISIOSCAN VT8 [3H14315051)

Tabie F1 DESCRIPTIVE ANALYSIS OF VISIOSCAN WSS [WRINKLE REDUCTION) VAL
Tabie F2 DESCRIFTIVE ANALYSIS OF VISIOSCAN WCSE [WRINKLE REDUCTION) WAL
Interentlal Statiatics:

Statistical Inference draws conciusions about the population from which the sample was drawn t
A Summary of the Statistical Analysis s given in Appendly G:

INSTRUMENTAL EVALUATION WVISIOSCAN VCISE [3H14315051)

Table &1 STATISTICAL AMALYSLS OF VISIOSCAN WCIE (WRINKLE REDUCTION) FOR
FCAH1E36699 vs PLACEED CONTROL FCAHIE3STIS for BASELINE

Table G2 STATISTICAL ANALYSES OF VISIOSCAN VC3E (WRINKLE REDUCTION) FOR
FCAH1E3'6695 v PLACEBD CONTROL FCAHIERSTOS for DAY 14

Table &3 STATISTICAL ANALYSES OF VISIOSCAN VC3E (WRINKLE REDUCTION) FOR
FCAH1E36699 vs PLACEED CONTROL FCAH1E3%T0S for DAY 28
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From Concapt to Preduct

Table B: of VISIOSCAN VO3S values for the test

Mi2an [z Standard Deviabon

Conclusions: WRINKLE REDUCTION

BASELINE:

A WIcoxon Signed Rank Sum Test was performed io compare the treated and untreated control
a statistical significant diference on a3 5% level of confidence. The test product shes were signif
Cconsaquence on mim done on assolune vaue

DAY 14:

A t-Test was performed 1o debermine the treatment sffect by companing the average difference v
and thers was

a staistical significant diference on a3 5% level of confidence. The test product shes were signit

Dy 282

A Wicoxon Signed Rank Sum Test was performed fo determine the treatment affect by compart
treated and control test-sites, and there was

a staistical significant diference on a 5% level of confidence. The test product shes were signif

It can thersfors be concludsed that the test product was affectve In decreasing the wrinkle
consecutlve use [twice a day) when comparad to a placebo control.
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# FUTURE COSME

Fromn Comcept 1o Froduct
INITIATION DATE: 20181101
COMPLETION DATE: 201911129
STUDY NUMEBER: FCAH163

APPENDIX A: SU BJEET DEI

e

waﬁ!ﬂamkjra"

(eI WA ML LU

[TOTAL: n=

[EVERAGE AGE:

LR

MAZX AGE:

Iﬁu'r AGE RANGE : 28 o B4
fremas 100%
Jware a
[ETHHIC BLACK 0%
lcavcazian 100%
Juncer 12: 0 = 0
EEELE a
21t Bcm= [
Bitosn= 2

FCAHTES iy i 51
FCAH1E3 me I 53
FCAHTE3 ma I 47
FCAHTE3 Ho i E4
FCAHTES i L} BZ
FCAHTES na2 n 43
FCAH1E3 H3 n E4
FCAHTE3 Hs L} a7
FCAHTES L ] m B2
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Fagam Cosincaget 10 Prodhuicn

INITIATION DATE: iy H
COMPLETION DATE: iy H
STUDY NUMBER: FC#

APPENDIX B: TESTING Ci

DISTRIBUTION OF TESTING CONDITIONS:

TOTAL MEAN
IHH: WALUE
IH'nI WALUE 2410
1.4 210 =21
1.0 =21
.4
.7
. 29
0.4 2158 I35
21.7 I35
20.4 213 36
0.5 213 36
20.4 213 I35
0.4 213 4.0
0.6 220 4.3
0.2 213 4.4
1.9 224
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Facrnn © ot it 10 Pro-duce

APPENDIX C: INFORMED CONSENT FORM: WRINKLE REDUCTION
PROTOCOL Wd: FCAHT83 |‘BL|E]E|:"I' NO: |F|JLI.M:‘I-LIM: |nm
To ban dsidagraad by sl i sl |“m

1. NTROGDUCTION: Befors agresing io participels in i shuly, 1 B imponant thal you red & understand the foliowing eplinion mnd procedures. You hiree e fght to withdsw from s study &l arry tim
tirls of lhe aludy

L BACHOROUNE: You hivve biin el io partk pete s B iy dedigned i eviloate (e peifofmincs of chalfom product 12 ke ealed for Bs eficacy 1 mpreve winkle feduction. Vi fiol be ot el 1
aliady gul Sl ined'ued (fcuding medicelion melnicion ). Ih addten T ipsu bive ey mecien, aletghs b omeli shkervalioesfegano of hice sty cohditien Thal might inlerleis wi e slidy of usa

pragnantirmasiissding, you cannel paricipals in Bk sty
Tt Fraifiirrosen armewinl of volusesrs, mguired fof this study & 24

L FULES T COMPLY WITH. Pl reply o sach Elook YeeHoiH Wil
PLEASE READ THE FOLLOWIRG STATEMENTS CAREFULLY AND S50N:

| hisve complied with B “non-ameking an heur befors B ol fe. Plesse aign  agre

| ey el easminntly bosey with ary other sludy of heve fol been Soing @ sirmler siudy in D bl four (4 wesks.  Pltse sign Fagres

| ey el ooty confinae medicalion. Pl 3igh i agre

| mgres o nafrain frofm wing ey ol S of sl s 5 moming AND svening soces! for e cheem sopeied. Pl sign Fegies
| dhes 1ot hoirendior mem wwarre of iy akin Seeise. Pl sign § g

| ey e boirngy Ermnded o v, Prhisasan sign F agres

| iy el Fcmiving arpuleimic o lopksl drogs of Medicatien , which can influsncs the sludy reubs. Pl sign @ g

| hieve et rroctuturiver.  Plesse sign if agnes

| hive woened Fenstadution.  Phiasa sign ¥ agrew

| hive o] Sisrevciionieh.  Plisan wign g

4 DURATION OF EVALUATION AND FROCEDURES: Essplion (1A 01 - Fouwill B b b e and sigh the inkimed cofdant fom (Appendx C) and your medical bieny | Appandi: D) will be feviewed te
nchaikon cribaria, pou mest Sigh an elendinos faghied. The il sbes il b aosmined for heif, biuse Scaming el i you quily o Befieey of trits will be parfonmed, sith el predud e plicetion o B bl feciity

whtkch e il you heed 1o Felum 1D te Devng Tecilty for funb evaluslons. The epprcsd iebe S o0 viah & 13 houre DAY b You will asked 1o 4igh eflendance regiatel. Relvant ikl grosedues ©
howrs. DAY 36 You will esied I sign eifendence regisier. Relrseni sl procedunes & be performed Appdoeirmits B fon procedunes B 2 hourns.

S RISH & UNFORESEEN REXE: Th leal ploduch ai aided W oo nooitec oith sk, thaie might b rlatieonalege of cliaf podilive feectii b The el s, D el sl el be facked
rivearsibie. Thar miy b urinown faks, in anineme ram o, bisierng miny coour shich migh! causs blemaheal soamming.

& COMPENSATION FOR INJURY. in the unlkely svant Bl medica] Featmend & required dus o @ sevem msction inod o the participaton of Bis e, apprepriats and rasonetb medicsl inairen wil be pre
Prirstuion of such cam b pol an admidion of egal latdity of respormibiity for the condiion tasing Feated. Extended madical care will nol be provided

1. BENEFATS, Patispation in B study B solinieey, you ate nel an amplope of Be company and =il fol be companhated & month and. You will ofly be pald after (e complelion of (s ering sy i commL
irariferied inln your aoseuni afier te issting i beeh complaisd If fie sludy leader concludes I would Ba Bedl 1o diconiinue your paricipalion dus I @ seiee mectien, you sil be paid i full B you aee dism
Fing will fred B e

£ CONFIDENMTIALITY: Feptts preparad by Fuluse Coamatics CC will utiits Ssscripiie information only. Conldantialty of any information you previds will Be miainiained to the misifrm astenl pokaise You i
15 arre sl on e el trocedures of Sroduets o sormoa s e
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Farcrn © Canel et 10 Praeduce

APPENDIX D:
BUBJECTHG: | NAME & BURMAME: |
MEDICAL HISTORY FORM for PROTOCOL MO: FCAH163 l
[sEx:  [Mal  [Femam]| [RACE: | oo B
{IF iy of e Foilowing qusSoans is s, b Gl 1o b slody Sechnician ol tis ataton.
$E -]
e | | Do yiows buire ey o ! oo’ s ok of chagspeed shin oy o | v | ro Do g cmen airy Bath ods, sk ncane loken 0f clid coderetic
[T Hirva oo aveat o pRoften et el el g ¢
o re |Arw pou curently pragnant of Bisaseeding? | o o 8 Fagiin
v fre Do you eiimenlly birew of S0 you his @ hislory of R [ echere® |:|..'|| v | e |Himvm oo Find vy g, e reaclor b akin pod
158
e e | Do yow buren arry medieal condBom, which pou are cunently uder @ physichen's car fer? | e [ O e T P R e e =
Phasrie s poctly il YES b arry of abored s msnboned 7 P specty F TEE 1o any of attve s et ned?

'WHAT SKIN CARE PRODUCTS DO YOU USET Plaase gy
WHAT SOAPSPRODUCTS HAVE YOU USED IN THE LAST FOUR [4) WEEHST i apaafy

|.H.Elﬂ NDICATE WHICH MEDICATION HAVE FOU UEED WITHIN THE LAST WEEK /W), LAST MONTH (M) o LAST 3 MONTHE {2M)

A 3y I chesn Abaiggy radicaticn i ot Al s Arriarculy As-saluie Ealin
A Pre TRy L T |4 i eyt b Acarite §uspr s s ATy et on Asyi-forzl ez
Cofttiorm injpcion Cortsone Dhuawtcs [miznde: ropsies s Epmdross Cians? rropmd woaglion =
Hororams Azt rabal FrETUn D S PR b Laxaitem sk ache el Frouleio nagdabon enm
Elpmy g producds b ey Thwreod o iclion Tiarguiisers Lizwr nmudeatan Cardracn s
IF AWY (TEME MARKED, PLEALE LIST SPECIFG MAMES OR LIST ANY WEDVCATION TAKEN WITHIN THE LAST WEEK MOT LISTED ABOVE
(BRI CONDTIOR: [Tty | cheeks, forehead, chin) | [NomalCombination jolly T panel)  |Ory, Scaly | |Sensile| |Known to have poskive reaci
HAVE ¥OU EVER BEEN TREATED FOR ANY OF THE FOLLOWING: PR Besty Fungis Charke Dry Sadn Colel
I:lEd-'f- I:[Hu Lo’ Thindeg I:lﬂunuu Paciiash S T Edon rflenn | |Sarmi
PRODUCT SERSITIVITIES: | |Dasdsrants [ Jeoas [ Eve conmses [ Jracei cosmetics [ |Fragrances [ e

CARCER: E[am I:IIZITI-EH.(M-1M|

H yous et rariond iy of The abswn, pheise Specly

| Hrorel e o Hrre s Eeorm 4
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% FUTURE COSMET

Fronms Concapt 1o Paeduct

INITIATION DATE: 20131101

COMPLETION DATE: 1511123

STUDY NUMSER: FCAHIES

TEST SUBSTANCE SEQUENCE -

FCAH1E3 @699 ET from Restionaceae family @ 10%
FCAHIGZ  |&705 AQUEOUS CREAM

APPLICATION AMOUNT: 0.6 grams

TEST SUB SITE: HALF FACE

TEET REFERENCE :“'.:; LEFT HALF FACE | RIGHT HALF FACE

FLAH1E3 o1 2 1
FLAH1E3 iz 1 2
FLaH163 3 2 1
FLAH1E3 05 1 2
FLAH 163 6 1 2
FLAH1E3 7 2 1
FLAH1E3 08 1 2
FLAH1E3 g 2 1
FLAH1E3 10 1 2
FLAH1E3 i1 2 1
FLAH1E3 iz 1 2
FLAH183 13 1 2
FLAH1E3 14 1 2
FLAH1E3 15 2
FLAH1E3 Bt 1
FLAH1E3 7 1
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#° FUTURE COSMETI

Froms Cancap is Frodes

INITIATION DATE: P b TR iG]

COMPLETION DATE: ik T ord ]

TEST &TE: HALF FACE

PARAMETER: WHINKLE REDUCTION
EVALLIATION TYIPE: WIEREE AN WETE | SR £118051)
ETUDY MUMEBER: FCAHTES

SLIBCT TEAT Eadsive. i

TEST aTE - 0 L 1‘- R
1 1 RV ] 510 5N 50 1405 S W
1 1 R &7 A A50.80 TE0 L) (it}
x 1 L'l 2500 e 1TI500 kL] T L]
2 1 L2 1788 54 138050 1408 = 2]
3 1 RV K2 ¥ TTLED Tid 554 A
3 1 Ria 512 481 AbEE0 1118 S LL]
5 1 L't 1341 0150 o0 il 81
5 1 L2 0 535 ATT.0 k] 429 L
5 1 L 11158 Wi TS DS 343 114 Fr]
& 1 L TEO 525 B4 8 570 448 L]
& 1 L2 201 1278 213450 1485 a7 1
. 1 L3 2E4k 1A 218008 2ar 17 2
7 1 RV Lo T 54200 31 4 kL
7 1 R 23 Pl 25T.00 a0 422 L
7 1 RV Sia 513 S10.50 B35 Lo a3
-] 1 L' et 44 58580 510 a4 &
a 1 L2 105 S TELOO 588 158 k]
& 1 L3 57 420 S0 557
¥ 1 RV 581 4400 50050 o] 1182 1
1 1 R &34 P 23800 ] 743 L5
» 1 RV ai0 4 SE200 a5 ] T4
0 1 L' Ll -] SELM0 i = Ll
10 1 L2 el 24 S0 344 S48 Ee
jli] 1 L3 254 B12 4300 el 454 H
11 1 RV 573 451 EAT.80 oL £33 A5
11 1 R 1T Ty 128800 2 5 T2
12 1 L'l 512 343 AT 30 304 411 bl
12 1 L2 14 e L] ] T L
13 1 L'l i 445 S0 E 1032z u
13 1 L2 H71 e AT0LE0 a0 0 I3
14 1 L't 40 m 2000 3 443 L]
15 1 R SiH 457 ATT.80 k1] 185 55
15 1 RV ST 451 S0 215 75 w
jL:] 1 L' 1578 B2 1L a0 ] a2
18 1 L2 10 Sl 4800 1T s ] 1K
7 1 L1 145 1081 11SE.00 =7 L] ar
17 1 L2 a73 n: ATLE50 HED 547 ol
18 1 L1 B plied: A34.50 531 350 43
18 1 L2 a2 F= 2550 201 41% A
L] 1 RN B45 e TI5.80 873 ] £
10 1 RV 34 s aTE.50 1435 ] L]
il 1 L1 L] 1278 T1E500 472 )] Lo
] 1 L2 2108 744 14500 1405 1145 13
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% FUTURE COSMET!

o Paoduct

INTIATICN DATE: P he AL ]
COMPLETICN DATE: Wiz

TEST STE: HALF FACE

PARAMETER: WRINFLE REDUCTION

EVALUATION TYPE: WISIOSEAN YEBE | SIS 18081

ETUDY MUMSER: FAHTES

Tabk F2 DESCRPTIVE ANALYEIS OF VIBIOSCAN VCDE [WRINKLE RECUCTION) VALUES FOR

mr || v |t L [,
1 F L1 ] L-h .50 HIH 348 k]
1 2 L'sW2 1241 453 BET 0 (-] 458 A
F 2 R . 219 50050 {F L] 453 L]
F 2 AW 1741 1113 1E2T.00 - ] 58 |
3 F L1 1138 x5 11321 58 1801 p -] 12
3 2 L2 38 -] AT 00 1511 T 11
-] 2 RN ] kL] ABT 50 A70 iR L]
- 2 AW 1858 957 180T 58 A13 Bx i
5 2 R 1550 f ] 11158 [ i ] B4 ™
B 2 R 74 x| BEL 00 1085 12 bl
] F RS T8 B BER B0 584 8] E]
B 2 R . ) -] ATE.ED 1080 ] &
7 2 L't 33 TE o ] 1008 2] ]
T 2 L2 41 =] R4 B0 T58 £ .4
T ] L3 1288 T 1024 58 £ 4535 4!
-] F RN o2 E- ] EELE ] i Ta4 &
[ z R a7a any 41500 o ] -]
& F L't &5 gl ] 3EE 00 105 [ L]
& z L2 45 7 208 00 fuga -] L]
& 2 L3 AT e BET 50 £37 2 E
10 ] ] &35 438 435 00 B4 1038 [ H
10 F R 57 L S0 00 470 458 44
10 z Rt L rii] 453 e ] i ] 457 &
11 F L't &40 5ir3 480 -] BEY [T
11 ] L2 oy ko 34 80 B3 - £
12 z R " 150 13050 552 TEH [ H
12 z R L] Tl SED 00 L] (] L]
13 z ] T I IBG0 B4 E~ ] E- ]
13 z R 2EH L] 38380 5an =] ]
13 2 Rt Ta2 rs Ti8 751

14 z R ] B 4FT 00 £ ara L1
15 z L1 5ra 4 1000 4 EE] E
15 2 L2 1188 B8 B2 00 488 453 FH
15 z L3 E ] =]

18 2 R s 12 5850 230 5 -
18 2 RWE jLirr] &Y TO4LED i7a - #
17 2 R L] i 1100 =] £14 ]
17 2 R X8 A% A58 .50 ] [-=4] ™
18 2 R =0 =4 HE5.00 2028 o508 12
18 2 R LriH el ad.50 -] BT il
10 K L1 1181 453 a&1.50 B43 504 R
10 2 L2 532 ST TIT 00 51 47 L3
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Froan Concept 1o Prochuct

APPENDIX G:

154



RITEATIA DATE: i i

oo
£l
EH

s £l ] LR R E L] i RS = 3 Sewi
Baxe=) DM 06 GBS 17 P o= cre-a ETRT ]
=i AR R ] [ ¢ =i 4 2 Creal sl R
s - H 8 e EERE 7 Critcal rec-ml iE

o 1
Ea 10 DD B
chngasad Crifes LBl

He -Trers In 5 algnifes diffsrencs avwasn
wnd PO R TEE for BASELINE

Chi-eyanred Tews of Hormadry i-Tem Pairsd T Saameds for Msmny
Coslamn 4
Wk -1 Bar -
S i O sl L
bR =2
Parn e Doeradarias, B H S
mran Pratacits kgl LDbparetd  |Hypxtssined e D L
e} LT =) 7 & B
s £ L] (LR R E ] AT TR i i S <2 BTTERT T
Fexe= ) LRI ] AT TR i7 Py T cormetnill BEIAET
(- 8] [ SSS [ =i ] ] |1 L richeasd -2 re-tadl A ATIEEE
[ 2 - H TR REREY |1 L rithesd rave-rall Ty
- | 1
Il Ll 1 BRGNS
g e LBt

e -Trare [ s abgrifess df¥erencs baraan
ard P H ST dor Crid

i
i i




S =S B LR “¥

% FUTURE COSME

From Concept to Procoact

INITIATION DATE: 2019110
COMPLETION DATE: 2019112
STUDY NUMEBER: FCAH16:

APPENDIX H: DEVIATION

DEVIATION FROM: NOTE:
SUBJECT D4 LOST TO FOLLOW

SUBJECT 09 MO LW2 ON D28
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