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Abstract

Backgrounds: Cempedak is an endemic plant in Indonesia andafshies potential action as a sunscreen because it®fisionoid
compounds that have photoprotective effect becausanitabsorb ultraviolet. This study prove the effect of cempedak (Artocarpus
champeden) leaf extract cream compawvéti zinc oxide (ZnO) cream in decreasing Tivel and sunburn cells from the epidermis of
rats (Rattus norvegicus) exposed to ultraviolet B (U\MBgthods: The research vean experimental study with a randomized post-test
only control group design. The research subjects @@male wistar rats (Rattus norvegicus), which weraldd/into 2 groups: group |
was 18 rats were given10% ZnO cream before exposargyB, and group Il was 18 rats were given 4% Artocarpus ctedep leaf
extract cream applied 30 minutes before exposurddviB. TNF-a was measured with ELISA, and sunburn cells was evaluated in
histology slide from skin biopsy. The statistical gs& to compare the effect of both creams was usingdependent t-tesResults:
The mean TNFe levelin group | was lower than in grodp (347.51+67.06 ng/L vs 782.38+174.44 ngfl<0.001). Sunburn delvere
also lower in group | compared to group Il (1.3@8vs 2.30+0.96p=0.024).Conclusion: Topical cream cempedak leaf ethanol extract
(Artocarpus champeden) 4% decreased TNE&vel and sunburn cells in the epidermis of male Wigatt(is norvegicygat exposed to
ultraviolet-B radiation.

Keywords: cempedak leaf, cream, flavonoid sunscreen, TNstnburn cells

1. Introduction

Now UV radiation has many effects on skin physiology, with some impactsrimccacutely while others
are delayed. One of the most apparent acute effects of UV on the giéninsluction of inflammation. UVB
radiation induces a cascade of cytokines, vasoactive, and neuroactive medi#giterskin, producing an
inflammatory response and causing sunb(iOrazio et al., 2013; Lee, Park and Hahn, 2019) These cells
have been used as microscopic parameters in various studies studying the fitdpachdhe skin.(Saric and
Sivamani, 2016) Exposure to UV radiation of 600 mJ/cm2 optimally in 4 we#kdamage essential skin
tissue, as evidenced by a high increase in proinflammatory cytokines.(Balasarasivedth2002)

Zinc oxide (ZnO) is one of the ingredients used in chemical sunscredncts, as well as antioxidants
that can protect the skin from solar radiation.(Ermawati, Yugatama and Wul&@@®4),ZnO, as in sunblock
or sunscreen, functions to reflect UV radiation. In sunscreen, thenpegeeof zinc oxide is usually around
10% to 25%. In products such as make-up, including foundation, B&nciand facial moisturizer, it is
generally lower by about 10 to 19%. The less zinc oxide is used, the shorwmtiev if protected
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(Schneider and Lim, 2019) Zinc oxide provides better protection against U@Ato(u380 nm) at a
concentration of 5%.(Beasley and Meyer, 2010) The mechanism of protbgtinc oxide is based on the
light reflection and absorption of UV light waves, which is effective at a concentiaftiv®6.(Cole, Shyr
and Ou-Yang, 2016) Recommendation from approved ZnO with a costbemtlimit of up to 25%. When
used as a sunscreen ingredient, ZnO filters out UVA (320-400 nm) and U\MB3ZZB8nm) rays from
ultraviolet light.(Schneider and Lim, 2019).

Natural products are now widely researched for dermatological purposes. The wideofatéetyniques
currently available to investigate the skin's response to various stimuli has ushaneeiinera in cosmetic
and dermo-cosmetic development based on a solid understanding by#ih@qmgy of the skin and its diverse
responses to disturbances from the commonly encountered environmena{@€aatiral.,, 2017). Natural
products are secondary metabolites produced by living organisms foundture.(Lulan et al., 2018;
Noviardi et al., 2020) The production of these metabolites is often a spesfionse of the producing
organism to its environment, which traditional Cempedak contains alkaloids, flavopb@&w®ls, saponins,
terpenoids, steroids and tannins.(Anggraini, Mita and Ibrahim, 2015) €fkplants are known to be rich
in phenolic compounds, especially in the leaves.(Hariyanto, 2017)

Cempedak leaves contain flavonoids by 75% of compounds that have anticagdtiaity.(Anggraini,
Mita and lbrahim, 2015) The presence of phenolic and flavonoid compadandempedak leaves as
antioxidants can counteract free radicals to prevent oxidation, thereby slowimgpd@tooxidation from
exposure to ultraviolet light.(Shah et al., 2016) Flavonoids are phenatipozmds as antioxidants because
they can chelate metals or donate hydrogen atoms to prevent cell damage riagitads. (Noviardi et al.
2020) Flavonoids are known as competitive Tyrosinase Inhibitorswhich has caurgrgimilar to the
tyrosinase enzyme-substrate so that they can bind directly to the active thite tgfosinase enzyme with
flavonoid bonds in copper.(Ling et al., 2010; Chan et al., 2018; latlah, 2018).

Flavonoids have been shown to have antioxidant activity that can reduceyhsaicals caused by UVB
exposure, and photoprotection effects on the number of sunburrincétls epidermis of skin exposed to
acute UVB rays are not yet known.(Ryser et al., 2014; Cavinato eDav) Evidence from in vivo studies
uses compete directly as a source of its active substance even thougtettialpantioxidant activity of A.
champeden has been previously confirmed.(Ling et al., 2010; Chanz2&1d; Lulan et al., 2018)

Cempedak leaf (Artocarpus champeden Spreng) has the potential to achssreesubecause it contains
flavonoid compounds that have photoprotective properties so that they can alrmviolet light. Cempedak
leaf crude extract sunscreen profile based on % Te (per cent transmissigthefma) has protection with a
concentration of 150 ppm, 200-300 ppm, and 350 ppm, ridgpgc while based on % Tp (per cent
transmission of pigmentation) is sunblock with a concentration of 10QsBB0(Whenny, Rusli and Rijai,
2015; Hariyanto, 2017)

The sunscreen profile of the ethyl acetate fraction of Cempedak leaves hagetienis standard suntan,
extra protection and sunblock, with concentrations of 75 ppm, 10@%0 and 200-250 ppm, respectively,
while based on % Tp is sunblock with an attendance of 50-250 ppm.(WHeasly and Rijai, 2015)Ability
extract as a sunscreen ingredient that musPto®ides protection against erythema by absorbing less than
85% of UVB radiation and preventing pigmentation.(Ardhie, 2011)

Ability Cempedak leaf ethanol extract (Artocarpus champeden), which is a nagnedient, has never
been compared with Zinc Oxide (ZnO) sunscreen, which is a chemical compouhd,author wanted to test
the effectiveness of these two ingredients against levelEN&Faand the number of sunburn cells in the
epidermis of male Wistar (Rattus norvegicus) rats exposed to ultraviolet-B radiation

2. Methods

This research is a pure experimental study using the randomized pastiyesbntrol group design with
two arms: treatment with 4% Artocarpus champeden leaf extract formulation amdetreatith 10% zinc
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oxide formulation. It was conducted at the Department of Pharmacologyhamdpy, Faculty of Medicine,
Udayana University, Denpasar, Bali. Experimental animals were maintained and treated abdratory
Animal Unit of the Department of Pharmacology and Therapy, Faculty of Medicirejadd University,
Denpasar, Bali. The research was conducted at the Integrated Biomedical Laboratory Ulttit, dfacu
Medicine, Udayana University, Denpasar, Bali. for approximately 15 weeks. Ethio@kgen in this study
with No. B/9/UN14.2.9/PT.01.04/2022 from the Faculty of Veterinary Medicine m@sedhics committee,
Udayana University.

Artocarpus champeden Leaf Extract
Artocarpus champeden leaf extraction was carried out using the maceration tectiesquibed in
(Damayanti, Meylina and Rusli, 2017). The steps of the maceration extractias fatws:

1. Preparation of Simplicia: Artocarpus champeden leaves are dried without exposingothem
sunlight. Drying can be accomplished with a vacuum desiccator. The whiglty Artocarpus
champeden leaves were cut into small pieces to make simplicia.

2. Maceration: Simplicia leaves of Artocarpus champeden were macerated with ethanol in a sterile
and closed (airtight) container. The maceration container is then stored aeroperature in a
place protected from direct sunlight and covered with aluminium foil.

3. Extraction: the macerated mixture of Artocarpus champeden leaves was separatedidnamdiq
solid components. The liquid part was then evaporated using a rotary evaporahbiain a
crude extract of Artocarpus champeden leaves.

Treatment Cream Formulation

Cream formulations for treatment were Artocarpus champeden leaf extract and xiec ©he
formulation of the cream is carried out according to the description of (Cartiayleylina and Rusli, 2017)
The formulation steps are as follows:

1. Weighing of the base ingredients: the basic ingredients of the cream are weighed with the
formulation as described ifiable 1

2. Preparation of cream dosage base: The components included in the oil phase, teariely s
acid, Cera alba, and liquid paraffin, were melted at 70°C, respectively. The ingredients,
including the water phase, are also melted at 70°C, namely glycerin, TEA, methylparaben, and
propylparaben, and equates while stirring until homogeneous. The oil predaed little by a
bit while still being stirred until it is homogeneously mixed, resulting in a creamy base.

3. Addition of active substances: for cream formulations for treatment with thaceair of
Artocarpus champeden leaves and zinc oxide followed by the addition of activenselssby
Table 1 The base of the cream preparation is cooled to a temperature of 40°C then the active
substance, according to the table, is added slowly while still stirring so th@haghneous
cream formulation is formed.
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Table 1. Composition of cream for the treatment

Component Concentration (% wt/wt)
F1 F2

Leaf extract

Artocarpus 4 -
champeden

zinc oxide - 10

Glycerin 5 5

Triethanolamine 1 1
(TEA)

Liquid paraffin 7 7

Cera alba 3 3

Stearic Acid 4.5 4.5

Methylparaben 0.2 0.2

Propylparaben 0.3 0.3

Aquades Upto100g Upto 100 g

Test Animal Preparation
The preparation process for experimental animals includes sample selection and acclimatfzation
experimental animals in a living laboratory for 7 days. This process includes:

1. Thirty-six healthy male Wistar white rats, aged 12-14 weeks, weighing 20Q+ad8s, were
placed in cages, each cage containing one rat.

2. The cage is made of a plastic container measuring 23 cm x 17 &gnecrm9uith a base of rice
husks and a lid made of woven wire, which is strong, bite-resistant, amdsity damaged so
that the animals do not easily escape.

3. The cage is lighted, placed in a room with good ventilation, sufficient lighgt,qnot noisy, and
the temperature is set at room temperature arout@ ®8h humidity around 50%. The cage is
cleaned every 3 days.

4. Mice were adapted for 7 days and given a standard diet using food BR81&11 and plain
water for drinking.

5. Provision of food and drink on an ad libitum basis.

Giving Treatment
The process of treating and simulating tissue damage caused by UVB rays stutty took place
simultaneously. UVB rays and cream administration were carried out 3 times a ereedondays,
Wednesdays, and Fridays, for 4 weeks. In each process, UVB expoduteea@ment administration are
carried out as follows:
1. Cream administration: The previously prepared cream formulation was smeaitesl lmack skin of the
mice that were not covered with hair in an area of 2 x 2 cm. Administratiorarhavas given as much
as 0.2 ml.
2. Exposure to UVB rays: Exposure to UVB rays was carried out 30 minutesadfteénistration of the
cream. UVB exposure was carried out with UVB light with a peak wavelength of 382 amlose of 50
mg/cm2 for 2 minutes.

Experimental Animal Treatment
Experimental animal treatment was carried out 24 hours after the last treatment witlowiedsteps:
1. The treatment of experimental animals was carried out by breaking the cervicaraesrtehich
minimized the pain felt by the experimental animals.
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2. Tissue sampling and processing: the back tissues of experimental animals thadtwesreered with
hair and exposed to UVB rays were taken. Tissue samples were stored for tvasgspt storage with
fixation in 70%, 80%, 95%, and 100% serial ethanol. The tissue preparations eerstdhed in
paraffin until examination.

Sunburn Cell Count Check

Examination of the number of sunburn cells was carried out by examinsug ttmmples under a light
microscope and counting the number of sunburn cells per field of Vieevstages of this inspection are as
follows:

1. Tissue staining: To prepare for staining, tissue samples from experimemalsaare deparaffinized.

The tissue was then stained with a haematoxylin-eosin (HE) stain.

2. Microscopic examination: Histopathological changes in each section were observed usiabfigdds
of view and photographed with a light microscope with an objective magnificatiof0»f The
microscopic examination includes counting the number of sunburn cells.

TNF-a. Level Check

The process of measuring TNFlevels was carried out according to the procedures taught by Lee et al
(Lee et al., 2013) is as follows:

1. A total of 0.5 g of the back tissue was mixed with 2 ml of PBS pH 7.4, wiadhbeen prepared and
stored in the refrigerator in an ice bath and then homogenized foru2esiin

2. The homogeneousixture was centrifuged at 3000 g at 4°C for 5 minutes.

3. The supernatant fraction was taken for the measurement ot Tidkeis.

Measurement of TNIie- levels by ELISA method: Measurements were carried out using the ELISA
method, according to the instructions from the ELISA kit. The general prindipteeasuring TNF- levels
using the ELISA method is the detection of TNF- through antibody binditigh is then detected by
photospectrometry. TNE-evels are expressed in pg/mL units..

3. Results

The The results total of rats 36 with eighteen rats per group, analysis of the clsticctata in Table 2.
Table 2
Descriptive Analysis ResultsTNFe andTotal Sunburn Cell Per Field of View

Variable Group n Mean Star_1d_ard
Deviation
1 18  782.38 174.44
TNF-a (ng/L)
2 18  347.51 67.06
Number of sunburn cells per 1 18 2.30 0.96
field of view 2 18 1.54 0.96
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TNF-a

800.000 /

700.000

600.000

500.000
400.000
300.000

Level of TNF a (ng/L)

200.000
100.000

0.000
Group 1 Group 2

1 Series1 782.381 347.513

Figure 1
TNF-0. mean results

Figure 2
Histology of sunburn cells with Hematoxylin-Eosin. staining

Information :

sunburn cell: keratinocytes with pyknotic nuclei (white arrows)

Group 1: sunburn cells in the treatment group with zinc oxide (whitevgrveewed with a microscope with a
magnification of 40x

Group 2: sunburn cells in the treatment group with Cempedak leaf extract

(white arrow), viewed with a microscope with a magnification of 40x
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The number of sunburn cells in the Cempedak leaf extract group (@yowgs less
compared to the zinc oxide group ( Grdlp

The results in table 1 show that the mean levels of TNF- in treatment growpl@nar than in
treatment group 1, with the results of 347.51+67.06 ng/L vs388274.44 ng/L and result number of
sunburn cells also shows the mean of the treatment group 2lower thasatheent group 1 with the average
result per field of view 1.30+0.96 vs 2.30+0.96.

In this study, a comparative analysis was performed using the unpairedtdctestjue on the levels
of TNF-and the number of sunburn cells in the groups given cream ofamtakpdeaf extract were compared
to a group of rats given zinc oxide formulatifirable 3)

Table 3
Comparison of TNF-u and levels number of Sunburn Cells PerField of View
Variable Group Average+SD n p 95% ClI
TNF /L 1 782.38x174.44 18 <0.001  345.34-524.39
o (ng/L) 2 347.5167.06 18 ' '
1 2.30+0.96 18
cels per field of view 0024 010-L41
2 1.30+0.96. 18

The results in Table 3 show a significant difference in the TNF levels in thgromps, with p <
0.05. J number of sunburn cells per field of view in botlugscalso found a significant difference, p <0.05.

4. Discussion

Giving Artocarpus champeden leaf extract 4%show rate of lower TNFe compared to 10% Zinc Oxide

The results showed that the administration of the 4% Artocarpus chamlpeflexxtract formulation
hadrateLower TNF: compared to 10% Zinc Oxide, which was statistically significant with p < 0.001. UVB
exposure induces an inflammatory response and produces inflammatdaatonseth the skin that have an
immunosuppressive effect. UVB irradiation causes increased blood flow andavgsmmeability, resulting
in oedema, erythema, hyperplastic response, activating cyclooxygenase-2 Y@@X{#igher production of
prostaglandin (PG) metabolites.(Pal et al., 2016) Prostaglandins are small moledutss fdom arachidonic
acid produced by the action of COX-2 on arachidonic acid. Almost immediafidy UV exposure,
keratinocytes secrete platelet-activating factors. This substance increases the expfe3€i¥nR2 and the
production of PGE2, the most active PG metabolite produced from arachid@hidt as well known that
PGE2 regulates various aspects of inflammation and the function of differenhercells. PGE2 has been
identified as a mediator of inflammation through the promotion of localdiason and activation of
neutrophils, macrophages, and mast cells during the early stages of inflam{Redi®erd and Katiyar, 2017)
Activation of the cyclooxygenase (COX-2) and lipoxygenase enzyme systems dlé ¢aposure also
increases the production of proinflammatory leukotrienes further.(Rittié and ,FX)}e5; Zegarska et al.
2017; McDaniel, Farris and Valacchi, 2018).

After sun exposure, inflammatory reactions in the skin and other cell sges as monocytes,
macrophages, lymphocytes, and vascular endothelial cells also occur due to upregithémuclear factor-
kB (NF-B) pathway. This signalling pathway causes epidermal keratinocytes to releasey primar
proinflammatory cytokines, one of which is TNfLopes and Mcmahon, 2016; McDaniel, Farris and
Valacchi, 2018)

In vitro studies using human keratinocytes found that UVB or tNfRediated suppression of nuclear
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translocalization in activated NF-B from mouse fibroblasts; can cause a @eicréas expression of essential
fibroblast growth factor, MMP, and COX-2 and increase procollagen ptioduBashir, Sharma and Werth,
2009; Lee, Park and Hahn, 2019)

Cempedak leaf extract is known to have potent antioxidant activity with an IC50 concerdf&®a16
ppm so that at low concentrations, it can prevent the formation of redgxygen Species (ROS) and
decreased TN This is due to the active compounds contained in it through two main mechanisms: the
acquisition of flavonoid compounds, phenols and tannins that functiamtesxidants and as competitive
inhibitors of tyrosinase.(Hakim, 2017; Wang et al., 2018) Flavonoidnedal ion chelators with adjacent
hydroxyl and/or ketone and phenol sides as scavenger antioxidantgereme hydrogen atom from the
hydroxyl group so that reactive Oxygen Species (ROS) is not forméah(etial., 2018) Prevention Reactive
Oxygen Species (ROS) formed due to exposure to ultraviolet B light to theaskieduce TNF- through the
NF-kB. Pathway.(McDaniel, Farris and Valacchi, 2018) Mechanism illustration scheme Cempedak leaf
ethanol extract provides a photoprotective effect decreasedvTifNFigure 3.

Cempedak leaf ethanol extract (Artocarpus
champeden) contains active derivatives of
flavonoids> photo-protective effect

\l/Formation of Reactive Oxygen Species (ROS|

Inflammatory respons

¢<— NF-«B
the proinflammatory cytokine TNE-l,

Figure 3
Mechanism illustration scheme Cempedak leaf ethanol extract provides a photopretiéetivdecreased
TNF-a

Giving Artocarpus champeden leaf extract 4%showed a lower number of sunburn cells compared t
the administration of 10% Zinc Oxide.

The results showed that the administration of the 4% Artocarpus champedenttaef formulation
had several sunburn cells lower than Zinc Oxide at 10%, which was statistically significamt Q@24.
These results are from research conducted by Damayanti et al. Photoprotective effetdcafpus
champeden against ultraviolet light with preparations containing Artocarpus chanipaflexxtract at a
protection concentration of 4%; there was a decrease in the formation of rew@isr compared to the
control, namely the topical formulation without Artocarpus champeden leaf exDbatiafanti, Meylina and
Rusli,2017)

The ability of Artocarpus champeden leaf extract to protect rat skin frermpibearance of sunburn cells
after exposure to UVB rays is because they contain secondary metabolitesad$ jpineinflavonoids. Almost
all groups of phenolic compounds and flavonoids are reported to hateppotective abilities because they
can absorb UV radiation.(Cetinkaya et al., 2017) The absorption of U\byay@vonoids will cause changes
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in the structure of these flavonoidadure 4).

The mechanism of flavonoids in protecting the skin from UV exposurg @abbkorbing UV rays that
penetrate the skin. Flavonoids have a structure in the form of conjugatbté dmwnds so that almost all
flavonoids can act as chromophores. Flavonoids will absorb UV light and causeretecitation from the
ground state to orbitals with higher energy.(Reichrath, 2014; Noviardi, @02&D) When rats were irradiated
with UVB lamps, the flavonoids in the extract as well as in the cream formula woulthdb¥B rays that
exposed the mice's skin, and when the electrons returned to their origiealtse UVB rays that were
absorbed would then be emitted but with much less energy.(Chan et a).,B30fl&vonoids, most of the
power of UVB rays is converted into heat energy, which is harmless &kimgéWhenny, Rusli and Rijali,
2015) This mechanism will further inhibit or minimize the appearance t¢ii@ma due to exposure to UV
rays(Halimatussa’diah, Fitriani and Rijai, 2014) Flavonoids can reduce oxidative stress and mitochondrial
dysfunction in DNA damage.(Panche, Diwan and Chandra, 2016) Flavonoidis@rought to have anti-
inflammatory activity acting on the arachidonic pathway(Wang et al., 2018). [iaigonan inhibit the
expression of COX-2 so that the synthesis of prostaglandins such aamiFPZE2, which play an essential
role in the pathogenesis of erythema induced by UV light will also be inhibited k@it al., 2017)

Cempedak leaf ethanol extract
(Artocarpus champeden) contains actiy
derivatives of flavonoid® photo-
protective effect

|
} !

Inhibits the expression of Oxidative stres
COX-2
the synthesis of prostaglandins such Mitochondrial dysfunction
PGI2 and PGE2 is inhibited DNA damag
L
1

Damage to the epidermis layer & the
number of sunburn csll,

Figure 4
Mechanism illustration leaf ethanol extract provides a photoprotective &ffeginber on sunburn cells.

Photoprotective effect of extract creamcempedak leaves

Cempedak leaves have been widely used by the community traditionally, one ofisvtoctreat skin
diseases.(Izzi et al., 2012; Whenny, Rusli and Rijai, 2015) This stoslgpthat cempedak leaf extract cream
can have a good photoprotection effect on the skin. This can berseerofv TNFo and the number of
sunburn cells little.

It is hoped that with these benefits, cempedak leaf extract cream can be an alterqditdteprotective
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therapy that can help improve a person's quality of life and self-confidémtker research needs to be done
to determine the side effects of cempedak leaf extract both physically and méntaiypas well as in
clinical trials.

In this study, only one dose was given, so the difference in theieéigess of different doses and doses
of cream toxicity was unknown. No studies were conducted with negative contrdlgysaould not be
compared with normal rats..

Conclusions

The Based on the results of this study, it was concluded that:

1. TNF- levels of rat epidermis (Rattus norvegicus) exposed to ultraviolet-B radiatiats receiving
cream of ethanol extract of cempedak (Artocarpus champeden) leaves were lowdhodean
receiving zinc oxide (ZnO) formulation.

2. The number of sunburn cells in the epidermis of rats (Rattus norggggposed to ultravioleB-
radiation in the group of rats receiving cream of ethanol extract of cempddtdcarpus
champeden) leaves less than those receiving zinc oxide (ZnO) formulation.
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