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The Administration of 2% Plum (Prunus domestica L.)

Extract Cream Inhibited the Increase of
Tyrosinase Enzyme Expression and the Amount of
Skin Melanin in Male Guinea Pigs (Cavia porcellus)
Skin Exposed to UV B Light
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ABSTRACT

Medical science has progressed a lot and Anti Aging Medicine (AAM) is
one of the sciences in the medical world that brings a new paradigm.
Hyperpigmentation is one of the most common skin problems caused by
excessive pigment melanin production. Plums are nutrient-rich and can be
eaten raw, dried, or processed. This research aimed to evaluate the
administration of 2% plum extract in inhibiting the increase of tyrosinase
enzyme expression and the amount of skin melanin in male guinea pigs’
skin exposed to UV B light. This was a randomized post-test-only control
group design using 30 male guinea pigs (Cavia porcellus), aged 12-16
weeks, weight 300-350 grams, and divided into three groups, the control
group did not get any cream, treatment group 1 received cream base, and
treatment group 2 got 2% plum extract cream. Creams were applied daily
0.1 mg/cm? at 09.40 and 14.00 WITA. All guinea pigs received UV-B
irradiation, three times a week with a total dose of 390 mJ/cm?. Tyrosinase
enzyme expression was examined by calculating the percentage of cells
expressing the enzyme using immunohistochemical methods. On the other
hand, the amount of melanin was obtained by calculating the melanin
percentage that appeared on histopathological preparations using
Masson-Fontana staining. The data obtained were analyzed using the One-
way ANOVA test with a significance value of p<(0.05. The expression of the
tyrosinase enzyme in the control group and group with base cream was
not significantly different (22.75 £ 5.50% vs. 21.30 £ 6.50%, p = 0.601).
Similarly, the mean amount of melanin (4.42 £ 1.57% vs 4.27 £ 1.63%, p =
0.775). On the other hand, the results of the mean tyrosinase expression
and the mean amount of melanin in the group receiving 2% plum extract
were significantly lower than the treatment group receiving base cream
(7.06 £ 5.18% vs 21.30 £ 6.50% and 0.42 £+ 0.19% vs. 4.27 + 1.63%) with
p-value < 0.000. It can be concluded that the administration of 2% plum
(Prunus domestica L.) extract cream inhibited the increase in the
expression of the tyrosinase enzyme and the amount of melanin in the skin
of male guinea pigs (C. porcellus) exposed to UVB light.
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I. INTRODUCTION

Medical science has progressed a lot and anti-aging science
or AAM is one of the sciences in the medical world that
brings a new paradigm. Various efforts can be made to
inhibit, prevent, and restore the aging process that occurs so
that a person becomes a person who is youthful and has a
good quality of life.

The aging process occurs in every living thing, and
increasing age and hyperpigmentation are one of the common
skin problems associated with aging. This condition is caused
by the overproduction of the pigment melanin. The
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prevalence of hyperpigmentation in Indonesia is quite high.
this is because Indonesian skin types are type 4 and 5 in the
Fitzpatrick skin phototypes. Besides that, Indonesia’s tropical
climate and high intensity of sun exposure. Nowadays,
hyperpigmentation cases in Indonesia are increasing [1]. In
the skin aging process, the most important extrinsic factor
comes from exposure to UV rays and is also known as
photoaging [2].

Treatment of hyperpigmentation generally begins with the
prevention of risk factors, protection against ultraviolet rays,
and reduction of lesions by using therapies that have minimal
side effects. The therapy principle aims to inhibit the melanin
synthesis pathway, reduce the transfer of melanosomes from
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melanocytes to keratinocytes, and accelerate the melanin
removal pathway [3].

Plums are nutrient-rich food and can be eaten raw, dried,
or processed. This fruit has many bioactive compounds such
as phenolic acids, anthocyanins, carotenoids, flavanols,
organic acids (e.g., citric and malic acids), fiber (pectin),
tannins, aromatic substances, enzymes, minerals (e.g.,
potassium, phosphorus, calcium, and magnesium) and
vitamins A, B, C, and K [4]. Plums also have various health
benefits, namely as an antioxidant, antibacterial,
antihemolytic, anti-inflammatory, and anticancer [5].

Plums contain high amounts of antioxidant compounds [6].
The results of the phytochemical analysis test conducted at
the Laboratory Unit of the Faculty of Agricultural
Technology, Udayana University obtained an IC50 value of
375.58 ppm, an antioxidant capacity of 1877.03 mg/L
GAEAC, phenol 252.09 mg/100 g, flavonoids 2176.57
mg/100 g, and tannins 423.92 mg/100 g. This plum extract
has also been used in preliminary research and can inhibit the
increase in tyrosinase expression and the amount of melanin
in guinea pig skin. The concentrations used were 2%, 4%,
5%, and 10%. Based on the preliminary research, the extract
that gave the most optimal results was the plum extract with
a concentration of 2%.

II. METHODS

This research was an experimental post-test-only control
group research conducted at the Integrated Biomedical
Laboratory Unit, Faculty of Medicine, Udayana University,
and Sentra Pathology Diagnostic, Bali. This research received
a certificate of animal ethics from the Animal Ethics
Committee of the Faculty of Veterinary Medicine, Udayana
University (Number: B/13/UN14.2.9/PT.01.04/2022).

A. Animal Experiment

This study used 30 male guinea pigs (Cavia porcellus) with
inclusion criteria of 12-16 weeks of age, 300-350 grams of
weight, brown-dominant fur, healthy, willing to eat and drink,
and had no skin lesions. No guinea pigs died during the study.

Random sampling was carried out on 30 guinea pigs and
divided into three groups, namely the control group (K),
treatment 1 (P1), and treatment 2 (P2). All guinea pigs were
exposed to UV B rays three times a week for two weeks, with
a total dose of 390 mJ/cm?. The guinea pigs in groups P1 and
P2 received 0.1 mg/cm? of cream before and after exposure to
UV light (at 09.40 and 14.00 WITA). The P1 group got the
base cream and the P2 the 2% plum extract cream. The cream
was applied before and after UV irradiation and still carried
out on days without irradiation.

B. Tyrosinase Level Examination

The expression of the tyrosinase enzyme was examined by
counting the melanocyte cells in three large fields of view
with 400 times magnification from left to right, then each
sample was summed and averaged  using
immunohistochemical methods.

C. Melanin Quantification

The calculation of the amount of melanin is carried out by
calculating the percentage of melanin pixels that appear in
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histopathological with ~ Masson-Fontana

staining.

preparations

D. Data Analysis

The data obtained were analyzed statistically using the
One-way ANOVA test with a significance value of p<0.05.

III. RESULT

After two weeks of treatment, the guinea pig's back was
shaved. Macroscopically, the skins of guinea pigs from
groups K and Pi appeared to have quite a prominent
pigmentation when compared to P> which only experienced
minimal pigmentation (Figure 1).

Fig. 1. Clinical photos of guinea pig skin before biopsy sampling. Photo
(A) is a sample of the control group, (B) is a sample of treatment 1, and (C)
is a sample of treatment 2

The expression of the tyrosinase enzyme in the control and
treatment groups | was not significantly different
(22.75+5.50% vs. 21.30£6.50%, p = 0.601). Similarly, the
mean amount of melanin (4.42+1.57% vs 4.27+1.63%, p =
0.775). On the other hand, the results of the mean tyrosinase
expression and the mean amount of melanin in the group
receiving 2% plum extract were significantly lower than the
treatment group receiving base cream (7.06+5.18% vs.
21.30+6.50% and 0). 0.42+0.19% vs. 4.27+1.63%) with p-
value = 0.000.

TABLE I: TYROSINASE AND MELANIN LEVELS OF THREE

EXPERIMENTAL GROUPS
Group N Tyrosinase Melanin
Mean+SD P Mean+SD P
K 10 22.75+5.50 0.601 442 +1.57 0.775
Py 10 21.30 +6.50 <0.001  427+1.63 <0.001
P, 10 7.06+£5.18 <0.001  0.42+0.19 <0.001

IV. DISCUSSION

Lighter and whiter skin color tends to be associated with
the criteria of beauty and youth, especially in Asia. However,
many factors can affect skin color, both intrinsic and extrinsic
factors. One of the extrinsic factors that influence it is sun
exposure. Under physiological conditions, pigmentation will
appear as a defense response and act as a natural sunscreen
that can absorb UV radiation. UVB light tends to cause
delayed tanning that occurs several days after sun exposure
and involves neo-melanogenesis through activation of the
melanin synthesis pathway. Although it is protective,
excessive melanin formation will cause problems, especially
in the field of aesthetics and anti-aging [7], [8].
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Fig. 2. Overview of tyrosinase enzyme expression in guinea pig skin. This examination uses Tyrosinase IHK staining with 400x magnification. Figures A,

B, and C represent the network of samples from the control group, treatment 1, and treatment 2, respectively. Yellow arrows indicate brown keratinocyte

cytoplasm which indicates the presence of tyrosinase enzyme expression. It appears that the expression of the tyrosinase enzyme in treatment group 2 was
less when compared to the other two groups.
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Fig. 3. Overview of melanin in guinea pig skin. This examination uses Masson-Fontana staining at 400x magnification. Figures A, B, and C represent the
network of samples from the control group, treatment 1, and treatment 2, respectively. Red arrows indicate a black melanin pigmentation lesion

Several important proteins in melanogenesis increase after
UV exposure, one of which is tyrosinase [9]. Tyrosinase
inhibitors can be used topically for the treatment of localized
hyperpigmentation and external antioxidants obtained from
herbal extracts can act as inhibitors of tyrosinase activity and
inhibit melanin production [10].

Plums are one of the fruits that have a high antioxidant
content [11]. It is well known that ROS formed after exposure
to UV light will stimulate melanin by melanocytes.
Therefore, supplementation of exogenous antioxidants will
neutralize the adverse effects of increased ROS and also
suppress melanin production [12]. These antioxidants work
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as scavengers that prevent the formation of free radicals and
also through metal ion chelator mechanisms [13].

Radish extract which has an IC50 of 781.17 g/ml has a
tyrosinase inhibitor activity of 43.44% and has been used as
a tyrosinase inhibitor in the form of facial toner preparations
[14]. Plum extract in this study had a better IC50 value than
radish extract which had been used as a tyrosinase inhibitor,
which was 375.588 g/ml. This was supported by the
significantly lower tyrosinase enzyme expression in the
extract group than placebo and control (7.06% vs 21.30% vs
22.75%, respectively). When compared with tamarind leaf
extract, plum fruit extract was able to give superior results
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(7.06% vs 16.05%) [15].

Giving plum extract cream containing phenolic content of
252.09 mg/100g GAE to guinea pigs exposed to UV light had
a lower mean amount of melanin than the placebo group or
the control group which only received UV light (0.42% vs.
4.27% vs. 4.42%, respectively). Although the 2% plum
extract cream contains less phenol than the 3% tamarind leaf
extract cream (14.552 mg/100g GAE), the average amount of
melanin in the plum extract is lower (0.42% vs 7.30%) [15].

Polyphenols are known to be able to act as inhibitors of
ROS formation and also provide anti-melanogenic effects
[16]. Phenolic components can inhibit melanogenesis by
mediating MITF degradation associated with ERK signaling.
On the other hand, anti-melanogenic effects are also exerted
by suppressing the regulation of the cAMP/CREB signaling
pathway and/or activating a cascade associated with
triggering melanocyte cell apoptosis. MITF levels decreased
with the administration of phenolic components, and this
phenomenon was dose-dependent. When compared with the
control, MITF expression decreased by 16.89 and 24.92%
when given 60 and 100 g/mL of free phenolic extract,
respectively. With decreased MITF expression, there is
suppression of melanogenesis [17].

Plum fruit extract in this study contained flavonoids of
2176.57 mg/100g. The content of flavonoids acts as primary
and secondary antioxidants. As a primary antioxidant, this
component suppresses the adverse effects of free radicals
directly by oxidizing and converting them into inactive
radicals [18]. On the other hand, as secondary antioxidants,
flavonoids serve to activate endogenous antioxidants, such as
superoxide dismutase and glutathione peroxidase [19]. These
endogenous antioxidants will be able to directly inhibit
tyrosinase and eliminate oxidative stress on the skin [20].

Flavonoids are also able to provide a whitening effect by
suppressing the regulation of PKA/CREB expression
mediated by MITF. In addition, the tannins contained in the
extract of plums (423.92 mg/100g) can react with most metal
ions through chelation and form complexes. Tannins
composed of epicatechin and catechol have competitive
inhibitory  properties against L-DOPA. Therefore,
melanogenesis will be inhibited. Phytochemical components
with copper chelating ability and antioxidant activity also
have tyrosinase inhibitory activity. This is based on the
oxidation state of copper ions embedded in the active region,
which is required for the tyrosinase-catalyzed reaction. In
addition, the conversion of L-DOPA to DOPA-quinone also
occurs through an oxidation reaction [21].

Red fruit extract containing flavonoids (238.63 mg/100 g
QE) and quite high tannins (600.71 mg/100g TAE) was able
to suppress melanin production after UV exposure when
compared to placebo, namely 1.25% vs 19.78% [22]. A
similar effect was observed in this study with a higher content
of flavonoids and tannins. Melanin obtained in this study was
also lower, 0.42%.

Based on the above explanation, it is proven that plums
have the effect of inhibiting the tyrosinase enzyme and
increasing the amount of melanin. This effect is based on the
various active substances in plums that act as antioxidants
that can suppress and counteract the adverse effects of
excessive UVB exposure. Not only in the process of
melanogenesis but the phytochemical components contained
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in this plum also have the potential to provide other anti-aging
effects, such as preventing melanoma and also the appearance
of wrinkles [23].

As it is known that exposure to UV rays can also cause
various clinical conditions. In addition to hyperpigmentation,
another complaint that is often disturbing is the appearance of
wrinkles. Antioxidants contained in various parts of the plant
can inhibit the formation of wrinkles. One example is
tamarind leaf extract cream which has been shown to inhibit
the increase in matrix metalloproteinase-1 and decrease the
amount of dermal collagen. Phytochemical components
contained in tamarind leaves are also owned by plums,
including phenols, flavonoids, and tannins. Therefore, the
plum extract may also provide other anti-aging effects in the
form of preventing the formation of wrinkles. However, this
is still an assumption and needs to be proven further in
research.

V. CONCLUSION

Hyperpigmentation is one of the common skin problems
associated with aging and is caused by excessive production
of the pigment melanin. Exogenous antioxidant
supplementation can neutralize increased ROS’s adverse
effects and suppress melanin production. One source of
exogenous antioxidants that can be utilized is plums. These
antioxidants work as scavengers that prevent the formation of
free radicals and also through metal ion chelator mechanisms.
Based on this study, administration of 2% plum (Prunus
domestica L.) extract cream was able to inhibit the increase
in the expression of the tyrosinase enzyme and the amount of
melanin in the skin of male guinea pigs (Cavia porcellus)
exposed to UVB light.
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