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light microscope (Carl Zeiss (Pty) Limited, Randburg, South Africa) and analysed through

Image J.

All images were processed using the following developed macro: (1) the image was converted
to 8-bit, (2) and then inverted (3), a 1000 x 1000 square selection was made (4). Image J was
used to calculate the percentage pigment granule pixels within the square selection and
provided a mean, minimum and maximum pigmentation score. The percentage pigmentation

activity was then calculated as follows:

) Melanin content of sample
% Melanin = ( , 00 )
Melanin content of control

2.2.10. Statistical analysis
Experiments were performed in triplicate using three independent experiments. The results are
represented as the mean = SD (n = 3). GraphPad Prism version 7 was used for statistical
analysis to obtain the effective concentrations resulting in 50% of the activity (ICsp), which
were derived from a sigmoidal dose response curve. A one-way analysis of variance (ANOVA)
together with Dunnett’s multiple comparison test was used to determine whether the difference

between the controls and the treatments were significant, **p < 0.01.

3. Results and discussion

3.1. Extraction of plants and phytochemical analysis

Although not exclusive, alkaloids, terpenes, flavonoids and phenolics are commonly found in
plants that have antibacterial activity, which could attribute to moderate antibacterial activity
observed from the ethanolic S. inerme extract [29-31]. Seven of the selected plants B. obtusa,
C. spicata, H. aristata, H. forskaolii, P. citronellum, P. graveolens and S. inerme contain the
above 4 mentioned phytochemical groups (Table 1). To date there have been no reports
documenting the phytochemical groups found in B. obtusa, therefore the results are presented
here for the first time. Alkaloids, flavonoids and phenolics were found in each extract except
for C. orbiculata. Several flavonoids (naringenin, hesperetin, isosakuranetin), terpenes
(geniposide, glycyrrhizin, lupenone) and phenolics (rosmarinic acid) have been found to induce
melanin synthesis, increase tyrosinase activity, enhancing melanin production and gene
expression [32]. The increased tyrosinase activity observed in this present study by B.
frutescens, C. spicata and P. afra could be attributed to the flavonoids and phenolics that were
detected in the three ethanolic extracts.
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Table 3

Phytochemical groups detected in ethanolic crude extracts

Herbarium Phytochemicals
Plant samples
number  “Tannins  Alkaloids Saponins Terpenes Flavonoids Phenolics
Barleria PRU + + + +
+ -

obtusa Nees 125926

Bulbine + + - + +
PRU
frutescens (L.) -
_ 125216
Willd.
Carpobrotus + + + - + +
dimidiatus PRU
(Haw.) L. 125927
Bolus
Cotyledon PRU + + - -
- +
orbiculata L. 128848
Cussonia + + + + + +
) PRU
spicata
128851
Thunb.
Hypoestes - + - + + +
aristata (\Vahl) PRU
Roem. & 125925
Schult.
Hypoestes - + - + + +
PRU
forskaolii
127863
(Vahl) R.Br.
Pelargonium + + - + + +
citronellum PRU
J.J.A. Van der 127869
Walt
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Pelargonium + + - + + +
PRU
graveolens
128847
L'Hér
Portulacaria PRU + + + +
+ -

afra Jacq. 128849
Sideroxylon PRU + + + + +

inerme L. 128850

‘+’ indicates presence; ‘-’ indicates absence

3.2. Antibacterial activity

Cutibacterium acnes has been associated with PMH due to the high density (73.9 %) of the
bacterium found in PMH lesions on the skin compared to non-lesional skin (14.2 %) [29, 33].
Currently one of the PMH treatments is through the use of antibiotics and narrow band
ultraviolet (UV) radiation therapy [11, 15]. However, some antibiotics, such as isotretinoin,
clindamycin and benzoyl peroxide cause severe side effects (migraines, alteration in eyesight,
gastrointestinal bleeding, joint swelling and pain) and have proven to cause skin reactions such
as sun sensitivity, severe rashes, peeling, blistering and dryness [15, 34-37]. Due to the
selective pressure applied by antibiotics, resistant strains are becoming increasingly common.
Thus, the use of combinational antibiotics are used to reduce the further development of drug
resistant C. acnes strains [11].

Of the 33 extracts tested, nine showed antibacterial activity against C. acnes. Barleria obtusa
ethanolic, H. aristata ethanolic and H. forskaolii ethanolic extracts showed MIC values of 250
png/mL, whereas H. aristata DCM, P. citronellum ethanolic, P. graveolens ethanolic and S.
inerme aqueous and DCM extracts showed MIC values of 500 pg/mL. The Sideroxylon inerme
ethanolic extract showed the most noteworthy antibacterial activity with an MIC of 125 pg/mL.
In previous reports, both a methanolic and aqueous leaf extract of H. forskaolii showed MIC values >

1000 pg/mL, against Bacillus subtilis, Micrococcus flavus and Staphylococcus aureus [38].

An acetone extract prepared from the aerial parts of Pelargonium citronellum has been reported
to have weak activity towards S. aureus and B. subtilis (MIC >1600 pg/mL) [39]. In a study
conducted by Sharma and Lall [18], a similar result was obtained as in the present study for
where an ethanolic S. inerme bark extract displayed an MIC of 250 pg/mL against C. acnes.

Barleria obtusa (aqueous and DCM), B. frutescens (aqueous, ethanolic and DCM), C.
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dimidiatus (aqueous, ethanolic and DCM), C. orbiculata (aqueous, ethanolic and DCM), C.
spicata (aqueous, ethanolic and DCM), H. aristata (aqueous), H. forskaolii (aqueous and
DCM), P. citronellum (aqueous and DCM), P. graveolens (aqueous and DCM) and P. afra
(aqueous, ethanolic and DCM) displayed MIC values > 500 pg/mL.

Extracts which showed moderate MIC values were evaluated for their bactericidal activity.
Barleria obtusa (ethanolic), H. aristata (ethanolic and DCM), H. forskaolii (ethanolic), P
citronellum (ethanolic), P. graveolens (ethanolic) and S. inerme (aqueous and DCM) extracts
showed MBC values >500 pg/mL, whereas the S. inerme ethanolic extract showed and MBC
of 500 ug/mL. The positive control, tetracycline, which is used in the treatment of acne
vulgaris, specifically follicular C. acnes, showed an MIC and MBC of 0.78 and 5.25 pg/mL,
respectively [40].

The use of antibiotics in combination is often used for the treatment of bacterial infections as
they may show enhanced efficacy, a reduction in the normally required dose of antibiotics and
possibly lead to a decrease of bacteria developing resistance (synergism) [41]. Therefore, the

combination effect of ethanolic S. inerme and tetracycline was evaluated (Table 2).

Table 4

Combined effect of ethanolic Sideroxylon inerme extract and tetracycline against Cutibacterium acnes (ATCC
6919)

Ratio Ethanolic Sideroxylon Tetracycline MIC
_ FIC value®
inerme MIC (pg/mL) (ng/mL)
Sideroxylon inerme - -
_ 125
ethanolic extract
9:1 56.25 0.63 1.25
8:2 50 1.25 2
7:3 43.75 1.88 2.75
6:4 37.5 2.5 35
55 15.63 1.56 2.13
4:6 12.5 1.88 2.5
3.7 9.38 2.19 2.88
130
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2:8 6.25 2.5 3.25
1:9 3.13 2.81 3.63
Tetracycline - 0.78 -

& Minimum inhibitory concentration; ® Fractional Inhibitory Index; Note: the MIC reported is the MIC
of the serial diluted ratio for ethanolic S. inerme and tetracycline.

Only the S. inerme ethanolic extract was tested for its combinational activity with tetracycline
as it showed the highest antibacterial activity with a MIC value of 125 pg/mL. The interaction
between the ethanolic S. inerme extract and tetracycline was found to be additive at each of
ratios, the most effective being 9:1 with an FIC value of 1.25. For S. inerme and tetracycline

the MIC value decreased from 125 to 56.25 pg/mL and 0.78 to 0.63 pg/mL, respectively.

3.3. Melanin production
Tyrosinase plays a role in the production of eumelanin and pheomelanin [42]. Six extracts had
an effect on the activity of the tyrosinase enzyme. Four extracts increased tyrosinase activity,
B. frutescens (ethanolic), C. spicata (ethanolic and DCM) and P. afra (ethanolic), whereas two
extracts decreased the activity, P. citronellum (ethanolic and DCM) activity (Figure 1).

The ethanolic, aqueous and DCM extracts of B. obtusa, C. dimidiatus, C. orbiculata, H.
aristata, H. forskaolii, P. graveolens and S. inerme did not have an effect on the activity of the
tyrosinase enzyme. The ethanolic and DCM P. citronellum extracts inhibited the tyrosinase
enzyme with 1Cso values of 12.33 £ 0.83 and 8.28 + 7.25 pg/mL, respectively. These were
compared to kojic acid which showed an 1Cso values of 7.49 x10! +1.21 x102 ug/mL. The
ethanolic P. afra, ethanolic and DCM B. frutescens and the ethanolic and DCM C. spicata

showed a significant increase (p < 0.01) in tyrosinase activity when compared to the vehicle
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control, by 25.76 + 1.22, 31.44 + 141, 11.07 + 2.44, 11.47 + 1.10 and 10.21 + 1.09%,

respectively (Figure 1).
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Figure 22

The tyrosinase modulatory activity of (a) ethanolic Pelargonium citronellum, (b) dichloromethane Pelargonium
citronellum (c) ethanolic Bulbine frutescens, (d) dichloromethane Bulbine frutescens (e) ethanolic Cussonia
spicata, (f) dichloromethane Cussonia spicata and (g) ethanolic Portulacaria afra extracts at concentrations ranging
from 3.12 - 200 pg/mL. Data is depicted as the log concentration (pug/mL) versus the tyrosinase activity as mean
= SD (n=3). (h) One-way ANOVA together followed by Dunnett’s multiple comparison test was used to determine
statistical significance (p < 0.01™) compared to the vehicle (2 % DMSO) control (+).
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The ethanolic B. frutescens, C. spicata, P. afra and S. inerme extracts were tested for their
antiproliferative activity towards UCT-Mel 1 and HaCaT cells (Figure 2). Three of the
ethanolic extracts, B. frutescens, P. afra and S. inerme, displayed I1Cso values > 400 pg/mL
against both cell lines, whereas the ethanolic C. spicata extract displayed 1Cso values of 201 +
4.21 and 172.60 £ 5.73 pg/mL towards UCT-Mel 1 and HaCaT cells, respectively. The
ethanolic B. frutescens and P. afra showed a decrease in UCT-Mel 1 cell viability by 3.48 +
2.21 and 21.25 + 10.90%, respectively at 200 pg/mL. These were compared to actinomycin D
which showed ICso values of 0.018 + 2.0 x 10 and 0.026 + 1.2 x 10~ pug/mL against UCT-
Mel 1 and HaCaT cells, respectively.
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Cell viability of ethanolic Cussonia spicata treated (a) human melanoma (UCT-Mel-1) and (b) human
keratinocytes (HaCaT), ethanolic Bulbine frutescens treated (c) UCT-Mel-1 and (d) HaCaT cells, ethanolic
Portulacaria afra treated (¢) UCT-Mel-1 and (f) HaCaT cells, ethanolic Sideroxylon inerme treated (g) UCT-Mel-
1 and (h) HaCaT cells after 72 hrs at concentrations ranging from 3.15 — 400 pg/mL. Data is represented as the
log concentration (ug/mL) versus the % cell viability as mean + SD (n=3).

The methanolic bark extract of S. inerme has been reported to show toxicity towards mouse
melanocyte cells with an I1Cso > 100 pg/mL [43].A methanolic leaf extract of C. spicata has
been reported to be cytotoxic towards T-cell leukaemia (Jurkat) cancer cells with an 1Csp value
of 27.69 £1.09 pg/mL [44]. In a previous report by Pather [45], the fresh leaf gel of B.
frutescens showed less than 20 % decrease in cell viability on HaCaT cells at 1000 pg/mL (ICso
> 1000 pg/mL). Khanyile et al [46] reported that a P. afra methanolic leaf extract had an ICsg
value of 4010 pg/mL towards human hepatocellular carcinoma (HepG2) cells.
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Figure 24
The Fontana-Masson staining of UCT-Mel 1 cells with (a) untreated cells; (b) a-melanocyte stimulation hormone
at 100 uM:; (c) Bulbine frutescens ethanolic extract at 200 pg/mL; (d) the DMSO (1 %) vehicle control after 24

hrs of exposure () One-way ANOVA followed by Dunnett’s multiple comparison test was used to determine
statistical significance (p < 0.01™) compared to the vehicle (1% DMSO) control (+).
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Only the ethanolic extract of B. frutescens was evaluated for its effect on melanin production
as it increased tyrosinase activity and showed negligible antiproliferative activity against UCT-
Mel 1 and HaCat cells (1Cso > 400 pug/mL). The potential of B. frutescens ethanolic extract to
enhance melanin production was compared to a-melanocyte stimulating hormone (a-MSH),
which promotes the production of melanin in humans. The extract (at 200 pg/mL) and a-MSH
(at 100 pM) showed an increase in melanin production by 8.55 + 1.66 and 13.39 + 1.44%,
respectively (Figure 3). The silver nitrate oxidises in the presence of melanin in the
melanocytes resulting in a brownish-black colour. An increase in melanin macules was
observed in the cells treated with the ethanolic B. frutescens and a-MSH when compared to the
vehicle control cells (p < 0.01). This is the first report on the effect of B. frutescens on
melanogenesis. In a similar study, an ethanolic Capparis spinosa leaf extract has been reported
to increase melanin content in B16 murine melanoma cells by 12 and 60 % at a concentration
of 0.005 and 0.05 % (wi/V), respectively. It further increased the tyrosinase level by 20-fold

after 48 hrs after exposure to the extract at a concentration of 0.03% (w/v) [32, 47].

4. Conclusion

The S. inerme ethanolic extract showed noteworthy antibacterial activity against C. acnes,
whereas the ethanolic B. frutescens extract displayed a significant increase in the activity of
tyrosinase enzyme and melanin production. Both ethanolic extracts had low antiproliferative
activity towards both UCT-Mel 1 and HaCat cells. No reports on the activity of B. frutescens
on melanin production have been published to date. Furthermore, there have been no reports
documenting the antibacterial activity of the B. obtusa, in particular its antibacterial activity
towards C. acnes (ATCC 6919) and the tyrosinase activity of B. obtusa, B. frutescens, C.
dimidiatus, C. orbiculata, C. spicata, H. aristata, H. forskaolii, P. citronellum P. graveolens

and P. afra extracts therefore the results are reported here for the first time.

The ethanolic extracts of S. inerme and B. frutescens have the potential to be used in the
treatment for PMH, as an antibacterial and as a melanin increasing topical treatment,
respectively. Further research will investigate the irritancy potential of the two extracts to
determine their cosmetic safety as topical treatments and the in vivo hypopimentation effects
of the B. frutescens ethanolic extract.
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Chapter 5: Conclusion and future
considerations

Cutibacteria acnes was identified as the causative bacteria of progressive macular
hypomelanosis (PMH). The current antibiotics that are used for PMH provide short term
solutions, but through the investigation of antibacterial plants, an alternative solution may be

identified that provides a long-term solution.

The aim of the study was firstly to find a plant extract which could inhibit the bacterial activity,
which was achieved by testing the extracts against the ATCC 6919 strain. Of the eleven plants,
only C. orbiculata, P. afra and S. inerme have previously been tested against C. acnes (ATCC
11827). Therefore, the results obtained for B. obtusa, B. frutescens, C. dimidiatus, C.
orbiculata, C. spicata, H. aristata, H. forskaolii, P. citronellum P. graveolens, P. afra and S.
inerme extracts (ethanolic, aqueous and DCM) are reported here for the first time with regards
to C. acnes (ATCC 6919). S. inerme showed the most significant antibacterial activity and had
an additive effect when combined with tetracycline. It also showed to have low anti-
proliferative activity against the human melanoma (UCT-Mel-1) and human keratinocytes
(HaCaT) cell lines.

The second aim was to find a plant extract, which could activate the monophenolase activity
of tyrosinase and ultimately, induce melanin production. Of the eleven plants selected, only S.
inerme had previously been reported to have been tested for its activity towards tyrosinase.
Therefore, the results obtained for B. obtusa, B. frutescens, C. dimidiatus, C. orbiculata, C.
spicata, H. aristata, H. forskaolii, P. citronellum P. graveolens and P. afra extracts (ethanolic,
aqueous and DCM)) are reported here for the first time. Of the thirty-three extracts tested, seven
showed activity towards the tyrosinase enzyme, namely ethanolic and DCM P. citronellum, P
afra, B. frutescens and ethanolic C. spicata. However only ethanolic B. frutescens showed no

anti-proliferative activity against UCT-Mel-1 and HaCaT cell lines.

Ethanolic B. frutescens stimulated the activity of tyrosinase and melanin production in human
melanocytes. No reports on the activity of B. frutescens on melanin production have been

published to date.

The ethanolic extracts of S. inerme and B. frutescens have the potential to be used in the

treatment for PMH, as an antibacterial and as a melanin increasing topical treatment,
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respectively. Further research will investigate the irritancy potential of the two extracts to
determine their cosmetic safety as topical treatments and the in vivo hypopigmentation effects
of the B. frutescens ethanolic extract. Further research will also investigate the effect of the two
extracts in combination on melanin production. To the author’s knowledge, no pure compound
from a plant has been identified that can stimulate melanin transfer; therefore, isolation could
possibly be an opportunity to find a novel compound. The mechanism by which B. frutescens
stimulates melanin production could also be investigated by means of PCR analysis and

Western blotting.
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Appendix A: Hypopigmentation diseases
and available treatments

A.1. Hypopigmentation Disorders

There are a variety of hypopigmentary disorders, which fall into 2 categories, namely genetic
or acquired (Sood & Tomecki 2017). Piebaldism and Waardenburg syndrome are part of the
genetic hypopigmentary disorders whilst progressive macular hypomelanosis and vitiligo fall
under acquired hypopigmentation disorders (Orlow 1994). The focus of the present study will
be on acquired hypopigmentation disorder, which includes progressive macular
hypomelanosis, post-inflammatory hypopigmentation, vitiligo, chemical leukoderma and
pityriasis alba. Hypopigmentation disorders are of particular concern to darker skin types
(Halder 2012; Sharquie et al., 2013.). The different types of hypopigmentation disorders are as

follow:

A.1.1. Post-inflammatory Hypopigmentation

Post-inflammatory hypopigmentation appears on the skin as partial or totally depigmented
areas that have an ill-defined outline (Knott 2016). Post-inflammatory hypopigmentation is an
expected result from most inflammatory dermatitis diseases, specifically found in the top layer
of the skin. The aftermath of the inflammation results in reduced melanin production leading
to hypopigmented areas (Figure A.1) (Morelli & Norris 1993). Hypopigmented lesions may
occur as a result of injury, dermatological treatment (Vachiramon & Thadanipon 2011), ache
vulgaris or even skin irritation caused by topical therapies such as topical retinoids (Halder &
Rodney 2012).

A.1.2. Vitiligo
Vitiligo appears as hypopigmented patches on the face, hands and body (Figure A.1) (Halder
& Rodney 2013). It is suspected that vitiligo results from an autoimmune response, however
there are other theories as this is a multifactorial disease with both genetic and environmental
factors (Nicolaidou & Katsambas 2014). The autoimmune response leads to the destruction of
melanocytes, which is not only restricted to the skin layer but also occurs in the mucous

membranes, hairs, eyes and in the ears (van den Boorn et al., 2009). Vitiligo affects 0.5% to
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2% of the general population with a 25% to 30% onset in childhood (Nicolaidou & Katsambas
2014; Schaffer & Bolognia 2003).

Figure A.1: (a) Post-inflammatory Hypopigmentation (Majid 2013) and (b) vitiligo (Nordgvist 2017).

A.1.3. Chemical Leukoderma
Chemical leukoderma is the appearance of whitened skin (Figure A.2), after contact with
chemicals that have destroyed the epidermal melanocytes (Dyall-Smith 2014; O'Reilly et al.,
2011). The chemicals are usually those found in the work place but can also be expanded to
include cosmetics (Dyall-Smith 2014). Chemical leukoderma is also known as contact
leukoderma or occupational leukoderma (Ghosh 2010). It may occur in patients that have pre-
existing idiopathic vitiligo, thus suggesting a genetic pre-disposition, which may explain why

some people are affected by certain chemicals and others are not (Dyall-Smith 2014).

A.1.4. Pityriasis Alba
Pityriasis alba appears as hypopigmented spots that are predominantly limited to the face and
neck (Figure A.2), but may appear on the shoulders (Sharquie et al., 2013). It affects
preadolescent children and predominantly darker skin types, and is found to be more prevalent
in African, Hispanic, Asian and Egyptian children (Sharquie et al., 2013). Pityriasis has been
characterised as a mild form of atopic dermatitis that is usually related to an allergic response
which leaves the hypopigmented areas after the inflammation has passed (Bassaly et al., 1963;
Martin et al., 1990; Sharquie et al., 2013). It is suggested that the microorganisms such as
Pityrosporum, Streptococcus, Aspergillus and Staphylococcus are the causal factors along with
a variety of other contributory factors, such as relative air humidity, temperature variations,
altitude and excessive sunlight exposure (Sharquie et al., 2013; Pugliarello et al., 2010).
According to Zaynoun et al., (1983) the hypopigmented lesions occur due to reduced melanin
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transfer and damaged melanocytes. All the aforementioned hypopigmentation disorders occur

due to malfunctions in the melanin synthesis and/ or transfer processes.

Figure A.2: (@) Chemical Leukoderma (Medical Encyclopaedia 2014) and (b) Pityriasis Alba (Health Saline
2016).

A.2. Available treatments for hypopigmentation disorders and their side

effects

There are several treatments available for hypo-pigmentation disorders such as surgical based
therapies, phototherapy and steroidal therapies (Nicolaidou & Katsambas 2014). However,
each of these treatments has their own side effects (Lahiri 2009; Mysore & Salim 2009). Further
research is aimed at non-medical treatments for hypo-pigmentation with a specific focus on
cosmetics and the use of plant extracts. Sunscreen is used as a protective measure for
hypopigmentation as these areas are more susceptible to sun damage (Kaur et al., 2012). Some

of the more commonly used treatments for the hypopigmentation disorders are as follows:

A.2.1. Topical steroids
Topical corticosteroids are frequently used as anti-inflammatories for dermatalogical
conditions (Dhossche et al., 2017; van Heugten et al., 2018). They are produced in the forms
of aerosols, creams, gels, lotions, and solutions (Drugs.com 2018). The topical steroids used to
treat hypopigmentation diseases are those of different potency such as betamethasone,
desonide, triamcinolone, fluocinolone and fluticasone propionate (Kaur et al., 2012; Dhossche
etal., 2017; Drugs.com 2018). Prolonged and incorrect use of topical steroids has serious local,
systemic, and psychological side effects and may lead to atrophy, telangiectasia, striae,
glaucoma and hyperglycaemia among others (Schaffer & Bolognia 2003; Hengge et al., 2006;
Coondoo et al., 2014; Dhossche et al., 2017). The most frequent side effects include striae,
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atrophy, perioral dermatitis, rosacea, purpura, acne, delayed wound healing and pigmentation
alterations (Hengge et al., 2006; Coondoo et al., 2014; Dhossche et al., 2017). Whilst short
term treatment with corticosteroids result in only mild side effects, long term treatment can
lead to more severe side effects, such as skin atrophy and telangiectasia (Rigopoulos et al.,
2004). The side effects of short-term usage include headaches, viral infection, pancreatitis,
hypertension and skin atrophy (Buchman 2001; Bruner et al., 2003; Coondoo et al., 2014). The
side effects of long-term usage can result in osteoporosis, growth suppression, aseptic joint
necrosis and possible congenital malformations (Buchman 2001).

There are some advantages of topical corticosteroid therapy, which include relatively low cost,
ease of application, and ability to use at home (Schaffer & Bolognia 2003; Berti & Lotti 2008).
Topical corticosteroids are a treatment option for children of all ages unlike phototherapy
(Schaffer & Bolognia 2003; Berti & Lotti 2008).

A.2.2. Photochemotherapy

Photochemotherapy involves the use of light and laser therapy requiring the patient to be
exposed to controlled amounts of non-ionising UV light, such as UVA, UVB and sunlight
(Menter et al., 1994; Halder 2012). This therapy is used for many cutaneous conditions and is
the frontrunner in therapy for hypopigmented disorders. However, it requires long term and
continuous treatments, using either phototherapy or topical corticosteroids, as re-pigmentation
is lost once therapy is discontinued (Gupta & Anderson 1987; Menke et al., 1997; Kwok, et
al., 2002; Parsad et al., 2006). The short-term side effects include nausea, headaches and
vomiting, and the long-term side effects include photosensitivity, phototoxic reactions,
accelerated skin aging and damage, hepatotoxicity, eye problems and long-term carcinogenic
risks, which may give rise to malignant melanoma and squamous cell cancers (Gupta &
Anderson 1987).

There are several methods used, such as PUVA (Psoralen + UVA) therapy, targeted
phototherapy, narrowband UVB and psoralen ultra violet light or sunlight (PUVASOL)
(Halder 2012; Halder & Rodney 2013). PUVA (Psoralen + UVA) therapy is a combination of
topically applied psoralen which is responsive to UV light, and UV therapy (Halder 2012). The
psoralen is applied to the affected skin and exposed to UV light, which allows for the light
treatment to specifically stimulate only the affected areas of the skin (Halder 2012; Halder &
Rodney 2013). PUVA stimulates the production of pigmentation by activating the melanocytes
through the outer layer of the hair follicles. This activation occurs due to the keratinocytes
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releasing immune cytokines and inflammatory facilitators (Arrunategui et al., 1994, Berakha
& Lefkovits 1985; Halder et al., 1983, Scherschun, et al., 2001). It is only used when 20% or
less of the skin surface is affected with hypopigmentation (Halder 2012). This method is very
time consuming and has to be administered every week for 6 months and the patients will only
see a 50% improvement in the hypopigmented skin after four to six months (Halder 2012). It
also requires maintenance after the therapy with either topical corticosteroids or further PUVA
treatment (Halder 2012).

Targeted phototherapy uses laser radiation at the UVB range on the hypopigmented skin
(Ranaweera 2013; Halder 2012). This treatment has many advantages, it is quick, the treatment
sessions are short, it requires less frequent sessions, the treatment is easily administered to
children and treatment can be applied to difficult areas such as the nose or scalp (Ranaweera
2013; Halder 2012). It also has a high improvement rate of 70% (Halder 2012). This treatment
is, however, highly expensive and is not used for extensive areas, it is only utilised if the

affected area is 10% or less (Ranaweera 2013).

Narrow band UVB therapy is used for extensive hypopigmented areas where the affected area
is greater than 20% of the skin and it is the most commonly used phototherapy (Halder 2012;
Oakley 2015). After 12 to 18 months, it has shown to have a 60% improvement on the affected
areas of the skin (Halder 2012). Photochemotherapy and skin grafting are both used in

conjunction with topical steroids.

A.2.3. Skin grafting and melanocyte transplants
Another approach used in an attempt to treat hypopigmentation is the surgical techniques of
skin grafts and melanin transplants (Khunger et al., 2009). Skin grafts transplant melanocyte
rich tissue and cell grafting transplants melanocyte cells that are useful as they replenish the
decreased number of melanocytes that occur in genetic hypopigmentation diseases such as

vitiligo and piebaldism (Khunger et al., 2009).

The skin grafting technique involves transplanting healthy skin, also known as donor skin, onto
the damaged or unhealthy skin, in this case the hypopigmented skin (Halder 2012). The new
skin that has fully functioning melanocytes starts producing pigment in the previously
depigmented areas (Halder 2012). Vitiligo patients who undergo this surgery are only eligible
to have this procedure if they have stable vitiligo or if their vitiligo spots have not changed in
six months. Skin grafting for hypopigmentation is only used for limited areas and different

grafting sites result in varying success rates (Hadi et al., 2004; Halder 2012).
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There are several skin grafting techniques such as cultured epidermis grafts (Falabella et
al.,1992), miniature punch grafting (Chinniah 2014), ultrathin epidermal sheets and basal cell
layer suspension (Olsson & Juhlin 2012), hair transplants (Malakar & Dhar 1999), suction
blister grafting (Chinniah 2014), transplantation of autologous cultured melanocytes (Olsson
& Juhlin, 1993), cultured melanocyte grafting (Lerner, 1988), split thickness skin grafting
(Chinniah 2014) and mini grafting and NB-UVB (Lahiri et al., 2006). Many of these
procedures have side effects. Discussed below are miniature pinch grafting, split thickness
grafting and suction blister grafting (Chinniah 2014; Khunger et al., 2009).

Miniature punch grafting is a technique where 2mm sections of full thickness skin grafts are
punched out of the donor site, usually from the buttock, thigh or arm (Chinniah 2014; Kahn &
Cohen 1995). The graft tissues of unaffected skin are then transplanted into punched out holes
in the recipient’s hypopigmented sites (Chinniah 2014). Patients are exposed to PUVA or NB-
UVB post procedure (Lahiri 2009). This technique is one of the most commonly used due to
its simplicity and efficacy and can be done in one sitting (Chinniah 2014). This technique has
several risks involved such as infection, loss of the graft tissue, imperfect colour matching,
hyperpigmentation, peripheral depigmentation, which results in a halo effect and graft rejection
(Chinniah 2014, Falabella et al., 1995; Savant, 1992).

Suction blister grafting is a procedure where negative pressure is applied to the donor site to
induce blistering (Chinniah 2014; Khunger et al., 2009). Blistering is formed through the use
of syringes, suction cups or suction pumps depending of the size of required donor material
(Khunger et al., 2009, Chinniah 2014). Through the process of blistering, the basal cells are
cleaved from the basal lamina allowing for the pigmented epidermis, which is the roof of the
blister, to be surgically removed (Khunger et al., 2009, Chinniah 2014). The grafts are cut
according to the required size and then transplanted to the recipient site (Khunger et al., 2009).
Suction blister grafting has good success rates, is easy to perform, inexpensive, is generally
safe and the cosmetic results are good with 75% repigmentation and minimal scarring
(Chinniah 2014). However, the blistering is very time consuming as it can take 2 to 3 hours for
the blisters to form; the procedure can only be performed on small sections of skin and can be
very painful (Chinniah 2014; Njoo et al., 1998). Other complications include graft rejection,
hyperpigmentation and depigmentation around the graft (Chinniah 2014).

Split thickness grafting is a technique that removes a layer of skin, which includes the dermis
and the epidermis, from the designated donor site that is then transplanted onto the recipient
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site (Stang 2017). This technique is used for larger areas; thus, the skin is usually harvested
from large areas such as the thigh, the back or the abdomen (Stang 2017). Split thickness skin
grafting has resulted in 78-91% regimentation making it one of the most effective techniques
(Njoo et al., 1998). This high success rate is due to the fact that there are more melanocytes
present in the harvested skin because the size of the graft is so large (Pandya et al., 2005).
Complications that may result from this technigque include milia formation, regimentation, graft

rejection and peripheral depigmentation (Chinniah 2014).

Melanocyte transplants involve the transplantation of melanocyte and keratinocyte cells from
a donor site, which are incubated and then transferred to a recipient site (Halder 2012). This
method has a high success rate of 95% (Halder 2012). There are two methods currently used,
cultured melanocyte suspensions and autologous non-cultured epidermal cell suspensions
(Chinniah 2014).

Cultured melanocyte suspension involves harvesting a small tissue sample from the donor site
and incubating it in trypsin, which is used to separate the dermis, the epidermis, the
keratinocytes and the melanocytes (Chinniah 2014). Once the keratinocytes and the
melanocytes have been separated, they are incubated in a medium containing growth factors.
Following incubation, the culture suspension is transplanted into the recipient site (Chinniah
2014). This method allows for a large recipient area to be transplanted in a single session;
however, it has a large donor to recipient ratio and requires special laboratories and the

technique produces excellent cosmetic results and colour matching (Chinniah 2014).

Autologous non-cultured epidermal cell suspension is very similar to cultured melanocyte
suspension: the donor tissue is harvested and incubated in trypsin to allow for separation of the
cells, however only the melanocytes are separated and made into a suspension which is then
transplanted into the recipient tissue site (Chinniah 2014). This method allows for large areas
to be treated; however, it has a much smaller donor to recipient ratio than cultured melanocyte
suspension (Chinniah 2014). This method has provided excellent results; however, it is

complex, expensive and it requires more than one session (Chinniah 2014; Mulekar 2004).
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Appendix B: The effect of plant extracts
on Cutibacterium acnes

Cutibacterium acnes (ATCC 6919) was treated with tetracycline and different plant extracts
for three days. Presto Blue was added to determine the bacterial cell viability. The bacterial

cell viability can be observed in Figures B.1 to B.3.
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Figure B.1: Cutibacterium acnes (ATCC 6919) cell viability after the addition of Presto Blue three days after the
treatment with tetracycline (positive control), DMSO, negative control (untreated C. acnes), media control and
the ethanolic plant extracts; the blue colour indicated bacterial cell death and the purple/pink colour indicates
bacterial cell growth
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Figure B.2: Cutibacterium acnes (ATCC 6919) cell viability after the addition of Presto Blue three days after the
treatment with tetracycline (positive control), DMSO, negative control (untreated C. acnes), media control and
the aqueous plant extracts; the blue colour indicated bacterial cell death and the purple/pink colour indicates
bacterial cell growth
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Figure B.3: Cutibacterium acnes (ATCC 6919) cell viability after the addition of Presto Blue three days after the
treatment with tetracycline (positive control), DMSO, negative control (untreated C. acnes), media control and
the DCM plant extracts; the blue colour indicated bacterial cell death and the purple/pink colour indicates bacterial

cell growth
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Appendix C: The effect of plant extracts
on mushroom tyrosinase enzyme

The mushroom tyrosinase enzyme was treated with the plnat extrcats. The absorbance was
kinetically measured and the 50% inhibitory concentrations (ICso) were determined (Figure
C.1-C.3)
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Figure C.1: The tyrosinase modulatory activity of ethanolic (a) Barleria obtusa, (b) Bulbine frutescens, (c)
Carpobrotus dimidiatus, (d) Cotyledon orbiculata, (e) Cussonia spicata, (f) Hypoestes aristata, (g) Hypoestes
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forskaolii, (h) Pelargonium citronellum, (i) Pelargonium graveolens, (j) Portulacaria afra and (k) Sideroxylon
inerme. Data is depicted as the log concentration (ug/mL) versus the tyrosinase activity as mean + SD (n=3).
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Figure C.2: The tyrosinase modulatory activity of DCM (a) Barleria obtusa, (b) Bulbine frutescens, (c)
Carpobrotus dimidiatus, (d) Cotyledon orbiculata, (¢) Cussonia spicata, (f) Hypoestes aristata, (g) Hypoestes
forskaolii, (h) Pelargonium citronellum, (i) Pelargonium graveolens, (j) Portulacaria afra and (k) Sideroxylon
inerme. Data is depicted as the log concentration (ug/mL) versus the tyrosinase activity as mean = SD (n=3).
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Figure C.3: The tyrosinase modulatory activity of aqueous (a) Barleria obtusa, (b) Bulbine frutescens, (c)
Carpobrotus dimidiatus, (d) Cotyledon orbiculata, (¢) Cussonia spicata, (f) Hypoestes aristata, (g) Hypoestes
forskaolii, (h) Pelargonium citronellum, (i) Pelargonium graveolens, (j) Portulacaria afra and (k) Sideroxylon
inerme. Data is depicted as the log concentration (ug/mL) versus the tyrosinase activity as mean = SD (n=3).
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Table C.1: Dunnetts’s multiple comparison test was used to determine statistical significance of the untreated
enzyme control, ethanolic Bulbine frutescens, dichloromethane Bulbine frutescens, ethanolic Cussonia spicata,
dichloromethane Cussonia spicata and ethanolic Portulacaria afra compared to the vehicle (2% DMSO) control

Dunnett's Multiple Comparison Test p value p value Are means

summary  signif. different?

(p <0.05)

Vehicle (2% DMSO) control vs Untreated p >0.05 No
(enzyme) control

Vehicle (2% DMSO) control vs Ethanolic BF p<0.01 ** Yes
(200) pg/mL

Vehicle (2% DMSO) control vs DCM BF (200) p<0.01 ** Yes
pg/mL

Vehicle (2% DMSO) control vs Ethanolic PA p<0.01 ** Yes
(200 pg/mL)

Vehicle (2% DMSO) control vs Ethanolic CS p<0.01 ** Yes
(200 pg/mL)

Vehicle (2% DMSO) control vs DCM CS (200 p<0.01  ** Yes
Hg/mL)
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