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Abstract

Context: Hyperpigmentation is frequently associated with ultraviolet radiation exposure. Natural tyrosinase inhibitors, such as catechin from avocado seeds
(Persea americana Mill.), are increasingly studied due to their antioxidant and tyrosinase-inhibiting properties, which show potential as alternatives to synthetic
skin-whitening agents like hydroquinone.

Aims: To evaluate the anti-tyrosinase activity, melanin content inhibition, and cytotoxicity of ethyl acetate extract from P. americana seeds (EAS) on B16F10
melanoma cells.

Methods: The viability of B16F10 melanoma cells was assessed via MTT assay. Tyrosinase activity and melanin content were measured following exposure to
varying EAS, catechin (CH), and hydroquinone (HQ) concentrations.

Results: EAS exhibited dose-dependent antimelanogenic activity without significant cytotoxicity up to 25 ug/mL. At concentrations of 1.5-3 pg/mL, the extract
significantly reduced melanin synthesis and tyrosinase activity, comparable to hydroquinone.

Conclusions: EAS showed promise as a natural depigmenting agent and may serve as a potential alternative to synthetic inhibitors, with comparable efficacy to
hydroquinone.

Keywords: avocado seeds; B16F10 melanoma cells; cell viability; depigmentation; tyrosinase.

Resumen

Contexto: La hiperpigmentacion se asocia frecuentemente con la exposicion a la radiacién ultravioleta. Los inhibidores naturales de la tirosinasa, como la
catequina de las semillas de aguacate (Persea americana Mill.), se estudian cada vez mas debido a sus propiedades antioxidantes e inhibidoras de la tirosinasa,
que muestran potencial como alternativas a los agentes blanqueadores de la piel sintéticos como la hidroquinona.

Objetivos: Evaluar la actividad antitirosinasa, la inhibicion del contenido de melanina y la citotoxicidad del extracto de acetato de etilo de semillas de P.
americana (EAS) en células de melanoma B16F10.

Métodos: Se evalud la viabilidad de las células de melanoma B16F10 mediante el ensayo MTT. Se midieron la actividad de la tirosinasa y el contenido de
melanina tras la exposicién a diferentes concentraciones de EAS, catequina (CH) e hidroquinona (HQ).

Resultados: El EAS mostré una actividad antimelanogénica dependiente de la dosis sin citotoxicidad significativa hasta 25 ug/mL. En concentracionesde 1,5 a
3 ug/mL, el extracto redujo significativamente la sintesis de melaninay la actividad de la tirosinasa, comparable a la de la hidroquinona.

Conclusiones: El EAS demostro ser un agente despigmentante natural prometedor y podria servir como una alternativa potencial a los inhibidores sintéticos,
con una eficacia comparable a la de la hidroquinona.

Palabras Clave: aguacate semillas; células de melanoma B16F10; despigmentacion; tirosinasa; viabilidad celular.
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CH: Catechin; DHICA: 5,6-dihydroxyindole-2-carboxylic acid; EAS: Ethyl acetate extract of avocado seeds; HQ: Hydroquinone; IBMX:
Isobutylmethylxanthine; L-DOPA: L-dihydroxyphenylalanine; MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide; OD:
Optical density; PBS: phosphate-buffered saline; TRP: Tyrosinase-related protein; UVR: Ultraviolet radiation.

INTRODUCTION

Melanin, a natural pigment produced by melano-
cytes, protects against ultraviolet radiation (UVR).
However, dysregulation of melanogenesis can lead to
hyperpigmentation disorders such as melasma, age
spots, and blemishes. Tyrosinase, the rate-limiting en-
zyme in melanin synthesis, catalyzes the conversion of
tyrosine to melanin precursors (Cheng et al., 2022). Ad-
ditionally, tyrosinase catalyzes the conversion of L-ty-
rosine to L-DOPA, which is subsequently converted to
dopamine, serving as the rate-limiting enzyme in mel-
anogenesis (Lee et al., 2022).

Currently, many whitening products work by in-
hibiting the activity of tyrosinase. Common agents in-
clude hydroquinone, arbutin, kojic acid, azelaic acid,
and L-ascorbic acid. Hydroquinone has numerous ad-
verse effects on the skin, including irritation, toxicity,
mutagenicity, carcinogenicity, and exogenous ochron-
osis, despite being the most widely used component
for treating hyperpigmentation due to its ability to in-
hibit tyrosinase activity (Chatatikun et al., 2020). As a
result, several researchers have concentrated on natu-
ral and plant-based components as safe and effective
substitutes for depigmentation (Chatatikun et al., 2020;
Widyastuti et al., 2023).

Previous research conducted by Sebayang et al.
(2025) found that Persea americana seeds contain cate-
chin (CH), a metabolite of flavonoids. According to
their in silico test, catechin can inhibit the tyrosinase en-
zyme (Laksmiani et al., 2020). The structure of phenolic
and flavonoid chemicals is comparable to that of the
melanin substrate tyrosine. CH can directly inhibit ty-
rosinase activity. Widyastuti et al. (2023) found that
CH from Uncaria gambir can be an anti-melanogenesis.
These studies suggest that catechin contains antioxi-
dants and can irreversibly deactivate tyrosinase by
chelating copper ions (Jakimiuk et al., 2022; Kim et al.,
2004).

Persea americana Mill. (family Lauraceae), which is
known as avocado, originates from Central America
and Mexico. This plant is widely cultivated in subtrop-
ical and tropical regions and grows abundantly in the
highlands of Indonesia. In addition to being consumed
as a fruit, the leaves and seeds of P. americana also offer
numerous health benefits (Castro-Lépez et al., 2019;
Kemit et al., 2019). Phytochemical screening of EAS re-
vealed the presence of secondary metabolites, includ-
ing flavonoids, saponins, and steroids. The results of
the antioxidant test for EAS demonstrated that it exhib-
its strong antioxidant capacity (Sebayang et al., 2025).
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This study was conducted to evaluate the ability of
P. americana seed ethyl acetate extract (EAS) to inhibit
melanin formation in B16F10 melanoma cells. Research
on the cytotoxicity of EAS in these cells has not been
reported to date. The findings may contribute to the
development and application of skin-whitening mate-
rials derived from natural sources.

MATERIAL AND METHODS

Materials and instruments

The raw material used was P. americana seed (crude
drug material) obtained from the Indonesian Medici-
nal and Aromatic Crops Research Institute (IMACRI),
Bogor, Indonesia. The following reagents were used in
this study: catechin (=98% HPLC), dimethyl sulfoxide
(DMSO), mushroom tyrosinase, L-3,4-dihydroxy-
phenylalanine (L-DOPA), isobutylmethylxanthine
(IBMX), and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
2H-tetrazolium bromide (MTT), all purchased from
Sigma-Aldrich (USA); Dulbecco's Modified Eagle Me-
dium (DMEM), phosphate-buffered saline (PBS), and
0.25% trypsin (Gibco, USA); hydroquinone 4% (PT.
SDM, Indonesia); ethyl acetate (Brataco, Indonesia); fe-
tal bovine serum (FBS, 10%, HyClone, USA); and pen-
icillin-streptomycin (1%, Invitrogen, USA). Mouse
melanoma B16F10 cells (ATCC CRL-6475, USA) were
used as the in vitro model. Instruments included a UV-
Vis spectrophotometer (Bio-Rad), Class II Type A bi-
osafety cabinet (NuAire), centrifuge (Tomy LC-200),
incubator (Binder), microscope (Nikon), and micro-
scope camera (Dino-Lite).

Sample extraction

Samples of P. americana seeds were collected from
Babakan village, Bogor Regency (-6°32'49.86024"S,
106°42'57.86784”E), Bogor, Indonesia. This plant was
identified by the Biopharmaceutical Conservation and
Cultivation Unit, Bogor Regency, West Java, Indone-
sia, with register number 135/1T3.L.P13/TA.00.03/
M/B/2023. The extraction method used the macera-
tion technique described by Laksmiani et al. (2020).
The extraction was conducted by macerating P. ameri-
cana seed powder with ethyl acetate as the solvent at a
powder-to-solvent ratio of 1:10 (w/v). A total of 100 g
of P. americana seed powder was weighed and placed
into a jar. Then, while being stirred gently, 1000 mL of
solvent was macerated with the powder. The extract
was left to stand for 24 hours, after which it was filtered
to obtain the first maceration extract. A re-maceration
process was carried out using an additional 1000 mL of
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solvent and allowed to stand for another 24 hours. The
extract was then filtered again to obtain the re-macer-
ated extract. The first maceration and re-maceration
extracts were combined and evaporated using a rotary
evaporator. The evaporated extract was then further
concentrated in an oven at 60°C until a thick extract
was obtained.

Cell viability test

B16F10 melanoma cells were seeded at 5x10°
cells/well in 96-well plates. After reaching 50% conflu-
ency, cells were treated with EAS, CH, or HQ at con-
centrations ranging from 0.375 to 50 pg/mL. Each con-
centration was evaluated with three replicates. After 48
hours, 10 pL of MTT (5 mg/mL in PBS) was added to
each well and incubated for 4 hours. All treatments
were prepared in DMSO; the final DMSO concentra-
tion in cell culture did not exceed 0.1% v/v. Vehicle
controls were included for all assays. The resulting
formazan crystals were dissolved in 100 pL ethanol,
and absorbance was measured at 595 nm.

Cellular tyrosinase activity test in inhibiting L-
DOPA oxidation

After adding cells to each well at a density of 5 x 105
cells/well, the wells were incubated for a full day. A
total of 100 pL of EAS, CH, and HQ samples in concen-
trations of 0.75, 1.5, and 3 pg/mL were added to each
well. Each concentration was assessed with three rep-
licates. Additionally, 50 pL of IBMX 0.1 mM was
added, and the samples were incubated for 48 hours.
PBS was used to wash the cells, and 0.1% Triton X-100
in Tris-HCI (pH 7.5) was used to lyse them. At each
sample concentration, lysates were obtained and then
centrifuged for 10 minutes at 4°C at 1,500 rpm. After
dissolving each precipitate in the medium, it was
added to the well. Each well received 10 pL of L-DOPA
10 mM, which was then left in the dark for 60 minutes.
Absorption measurements were carried out at a wave-
length of 450 nm for dopaquinone.

Melanin biosynthesis inhibition activity test

Mouse melanoma B16F10 cells were cultured at a
density of 1x10° cells/well in a 96-well culture plate.
After 24 hours, 100 pL of each sample of EAS, CH, and
hydroquinone (HQ) with concentrations of 0.75, 1.5,
and 3 pg/mL was added to the well. Additionally, 50
pL of isobutylmethylxanthine (IBMX) at 0.1 mM was
added, and the mixture was incubated for 48 hours.
Each concentration was assessed with three replicates.
The cells were washed twice with PBS. Then, the cell
sediment was dissolved in 1 ml of 1IN NaOH solution.
The amount of melanin was calculated by reading the
optical density (OD) using a microplate reader (Bio-
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Rad, Japan) at a wavelength of 450 nm to determine the
melanin content.

Statistical analysis

The ICs0 analysis was used to determine the concen-
tration associated with 50% inhibition of tyrosinase
and anti-melanogenesis effects. The results were calcu-
lated using polynomial regression analysis and sub-
jected to one-way Analysis of Variance (ANOVA) fol-
lowed by Dunnett's test. Dunnett’s post-hoc test was
chosen to compare the treated groups to the control.
All tested samples were statistically analyzed using R
software. P-values of less than p<0.1 were considered
statistically significant.

RESULTS

Cell viability test

In Fig. 1, a non-linear dose-response relationship
for EAS, CH, and HQ is shown. The graph shows that
the test results of the three examination materials
showing that cell viability tends to increase as the dose
decreases. Cell viability was less than 100% for all.

EAS, CH, and HQ treatments compared to un-
treated controls. Cell viability analysis showed that all
treatments resulted in viability below 100%, with the
highest values at the lowest concentrations. EAS at 0.75
pg/mL achieved 93.09% viability, CH at 0.375 pg/mL
reached 95.58%, and HQ at 0.375 pg/mL showed
89.86%. At 50 pug/mL, EAS and HQ showed marked
cytotoxicity, with viability dropping to 50.61% and
42.54%, respectively. These results indicate that low
concentrations of EAS and CH are non-cytotoxic and
suitable for further melanogenesis inhibition assays.
All results were statistically significant (p=0.000). The
results of all concentrations of EAS, CH, and HQ in-
duced morphological changes in cells and a significant
decrease in cell viability. Still, these concentrations
were not cytotoxic to cells.

Determining the ICsp value, which indicates the po-
tential toxicity of a test chemical, is a key aspect of cell
viability assays. The maximum concentration of the
test substance is also ascertained using the ICso value.
Table 1 shows the polynomial regression equation for
cell viability from EAS. The maximum concentration of
EAS to obtain 50% viability was 50.66 ng/mL CH 73.6
pug/mL, and HQ 37.22 ng/mL. For further testing on
the B16F10 melanoma cell culture, doses of 0.75-3
pg/mL were taken for both EAS, CH, and HQ. ICs val-
ues were obtained through polynomial regression us-
ing all of the dose-response curves. Because the calcu-
lation was based on a single regression equation fitted
for all concentrations, the standard deviation (SD) for
ICso could not be calculated.
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Figure 1. Percentage of cell viability using the MTT assay treated with ethyl acetate extract from P. americana
seeds (EAS), catechin (CH), and hydroquinone (HQ).

Each bar represents the average of three replicates, with the standard deviation expressed as a percentage of cell viability.
***P < 0.01is considered significant (compared to the control).

Table 1. The polynomial regression equation and ICso values of cell viability.

Sample Equations R? 1Cs0 (ng/mL)
EAS y= 0.5285x%-2.9521x* + 1.7637x3 + 8.7157x + 2.4724x + 7.6915 0.9933 50.66

CH y=0.4392x° - 3.8766x° + 10.016x* - 3.4525x° - 12.412x>+ 9.9848x + 9.58 0.8640 73.6

HQ y= 0.7434x3- 1.7662x* + 5.6462x + 17.512 0.9908 37.22

EAS: ethyl acetate extract of P. americana seeds; CH: catechin; HQ: hydroquinone.

B C

D E F
Figure 2. Morphology of BL6F10 melanoma cells treated with ethyl acetate extract of P. americana seeds.
(A) Control; (B) 0.375 pg/mL; (C) 0.75 pg/mL; (D) 1.5 pg/mL; (E) 3 ug/mL; (F) 50 pg/mL

The formation of a purple-colored formazan indicates the presence of living cells. This figure shows that melanoma B16F10 cells with an EAS concentration of

0.375—25 pg/mL exhibit a high number of living cells that accumulate (red circle). In the EAS at 50 ug/mL, the number of cells is decreasing because some
have already died, as indicated by the epithelial-like cells (black arrow). Magnification 32x.
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Figure 3. Percentage of inhibition of IBMX + EAS, IBMX + CH, and IBMX + HQ on mushroom tyrosinase
enzymes with different concentrations (0.75, 1.5, and 3 pg/mL)

Each bar represents the mean of three replicates, with the standard deviation of the means shown as a percentage of
dopaquinone. ***P<0.01, **p<0.05 as compared to control. IBMX: Isobutylmethylxanthine; EAS: ethyl acetate extract
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Figure 4. The ability of EAS and CH to inhibit melanin synthesis.
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Concentrations of 0.75, 1.5, and 3 ng/mL are chosen
for further assay based on the results of the cell viabil-
ity test (MTT assay), where the cell viability percentage
remains high, above 80%. Cell viability after treatment
with EAS, CH, and HQ in B16F10 melanoma cells is
presented in Fig. 2.

Cellular tyrosinase activity test in inhibiting L-
DOPA oxidation

The test results showed that EAS significantly re-
duced intracellular dopaquinone levels at 1.5 pg/mL
(44.44%, p=0.000) and 3.0 pg/mL (47.15%, p=0.002)
compared to IBMX-treated controls. CH exhibited con-
sistent inhibitory activity across all concentrations
tested: 0.75 pg/mL (49.32%, p=0.018), 1.5 pg/mL
(46.88%, p=0.003), and 3 pg/mL (50.68%, p=0.004),
comparable to HQ at 0.75 pg/mL (47.97%, p=0.000). In
contrast, EAS at 0.75 pg/mL (114.09%, p = 0.774) did
not show tyrosinase inhibition (Fig. 3).

https://jppres.com

Melanin biosynthesis inhibition activity test

This test measured the percentage of melanin in
B16F10 melanoma cells exposed to EAS, CH, and HQ
with different concentrations of IBMX added. Cells ex-
posed to IBMX alone showed a significant increase in
melanin compared to control cells (without interven-
tion), which was 156.98% (p=0.047). Cells exposed to
IBMX + EAS 0.75 ng/mL showed a significant increase
in the percentage of melanin compared to cells exposed
to IBMX alone (256.98, p=0,068). This illustrates that
this concentration of EAS does not inhibit melanin syn-
thesis stimulated by IBMX. In the administration of
IBMX + EAS 1.5 ug/mL (62.79%, p=0.081), IBMX + CH
0.75 ug/mL (90.7%, p=0.036), and IBMX + CH 3 pg/mL
(101.16%, p=0.063) induced a significant decrease in
the percentage of melanin compared to cells exposed
to IBMX alone. The percentage of melanin for IBMX +
EAS 3 nug/mL (147.67%) and IBMX + CH 1.5 pg/mL
(129.07%) was not significantly different from IBMX
alone (Fig. 4). The test results showed that both EAS
and CH could replace HQ (122.09%, p=0.054) because,
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from the ANOVA test, EAS 1.5 pg/mL and CH (0.75
and 3 pg/mL) had a significant effect in reducing the
percentage of melanin compared to IBMX, which is a
trigger for melanin formation. At 1.5 ng/mL, EAS sig-
nificantly reduced tyrosinase activity and melanin syn-
thesis without reducing cell viability.

DISCUSSION

Numerous studies have investigated the bioactive
properties of P. americana seed extracts and their poten-
tial therapeutic benefits, including their antioxidant,
anticancer, and anti-inflammatory properties, as well
as their traditional uses in dermatological applications
(Bangar et al., 2022). One identified active compound
inside P. americana seeds is catechin, a flavonoid that
can inhibit enzymes and counteract free radicals. Chro-
matography methods, such as HPLC and TLC densi-
tometry, from previous studies (Laksmiani et al., 2020;
Sebayang et al., 2025), have confirmed the presence of
catechin in a significant concentration. The extraction
process using ethyl acetate is chosen in this study be-
cause the solvent has a semipolar nature and has been
proven effective in extracting catechin from P. ameri-
cana seeds (Laksmiani et al., 2020; Sanjaya et al., 2020).
Although various pharmacological benefits have been
reported, no research has been conducted on using P.
americana seeds as melanogenesis inhibitors in BI6F10
melanoma cells.

IBMX (0.1 mM) is used to induce melanogenesis by
increasing intracellular cAMP, consistent with prior
studies. (Kim and Hyun, 2022). Despite known cyto-
toxic risks, hydroquinone (HQ) 4% was used as a pos-
itive control due to its well-established tyrosinase in-
hibitory effect and its status as a gold standard in tyro-
sinase inhibition. To evaluate cytotoxicity, cell viability
was assessed using the MTT assay, which detects the
enzymatic reduction of MTT into purple formazan by
mitochondrial dehydrogenase inside viable cells.

Sebayang et al. (2025) reported that EAS exhibited
80-100% cell viability at concentrations ranging from
0.75 to 25 pg/mL in B16F10 melanoma cells, with an
ICs0 of 61.7 pg/mL. From their research, Widyastuti et
al. (2023) demonstrated that CH, isolated at 90% and
98%, from U. gambir exhibited cell viability of approxi-
mately 60% and 70%, respectively, against B16F0 mel-
anoma cells. The cytotoxicity of plant extracts depends
on the type of extract and the cell line used. Different
extracts will contain various compounds, and other
types of cells have different resistances. In this study,
EAS and CH maintained >90% cell viability, indicating
non-cytotoxicity at the tested concentrations to B16F10
melanoma cells. This result can be continued for tyro-
sinase inhibition tests in reducing melanin concentra-
tion in B16F10 melanoma cell cultures.

https://jppres.com
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The MTT assay is a commonly used initial method
to assess cell viability. However, cytotoxicity assays,
such as the lactate dehydrogenase cytotoxicity assay,
require an additional process that evaluates cell mem-
brane integrity to obtain more comprehensive infor-
mation about the cytotoxic effect.

The reaction of the tyrosinase enzyme to dopaqui-
none is the rate-limiting step in melanogenesis and
melanin formation. Therefore, the activity of depig-
mentation agents is also measured by assessing tyrosi-
nase activity directly (Widyastuti et al., 2023). Tyrosi-
nase activity was evaluated by measuring dopaqui-
none levels, which were significantly reduced by EAS
and CH. Compared to HQ as a positive control, EAS
and CH have the same effect in inhibiting cellular ty-
rosinase activity and L-DOPA oxidation. Similarly,
Widyastuti et al. (2023) found that catechin (90% and
98%) isolated from U. gambir had a comparable inhibi-
tory effect to kojic acid in reducing dopaquinone pro-
duction. These findings support the potential of EAS
and CH as natural alternatives to synthetic tyrosinase
inhibitors such as HQ.

In this study, the effects of EAS and CH on melanin
biosynthesis were examined in mouse melanoma
B16F10 cells, which are frequently used in in vitro mel-
anin synthesis assays due to their melanogenic mecha-
nism being the most similar to that of human epider-
mal melanocytes (Kim and Hyun, 2022). It was demon-
strated that, without having a deleterious effect on
B16F10 cells, an EAS concentration of 1.5 ug/mL (via-
bility 88.72%) can reduce melanin synthesis by inhibit-
ing the activity of the tyrosinase enzyme, thereby
blocking melanogenesis. The morphology of melanin
content in B16F10 melanoma cell culture preparations
is visible in Fig. 5, as observed using an inverted mi-
croscope at 32x magnification.

A key novel finding of this study is that EASata 1.5
ug/mL concentration can reduce melanin by 62.78%
compared with the group exposed to IBMX (156.98%)
as a negative control. This decline is bigger than HQ at
concentration 0.75 pg/mL, which reduced melanin to
122.09%. Additionally, based on the MTT assay, EAS
at this concentration maintains cell viability above
80%, indicating that it effectively reduces melanin
without causing toxic effects, unlike HQ, which exhib-
its higher toxicity at lower concentrations.

Research on the effect of EAS on melanin synthesis
in B16F10 melanoma cells has not been reported to
date. In a previous study conducted by Widyastuti et
al. (2023), significant differences were observed in all
samples tested, including CH 90% and CH 98% iso-
lated from U. gambir, in reducing melanin content com-
pared to controls. This shows that increasing the con-
centration and duration of testing at CH 90% and CH
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98% significantly reduces melanin levels in B16F0 cells.
It is suggested that the effective concentration and cel-
lular response in melanin synthesis assays are highly
dependent on the specific extract and cell type utilized.

The results of this study demonstrate that the ethyl
acetate extract from P. americana seeds (EAS) exhibits
tyrosinase inhibition activity and inhibits melanin bio-
synthesis without causing cytotoxicity in the mela-
noma B16F10 cells. This finding supports the previous
study that shows catechin, one of the active com-
pounds in the extract, can inhibit tyrosinase activity by
the mechanism of copper ion binding. However, un-
like hydroquinone, whose characteristic is known to be
cytotoxic at low doses, EAS shows a better safety pro-
file at its effective concentration. Therefore, EAS has
the potential to be developed as a safer natural depig-
menting agent.

In this study, EAS's potential is initially evaluated
as a natural skin whitening agent. Further research is
needed at the molecular level and in topical formula-
tion to support its clinical application. To strengthen
scientific validity, tyrosinase expression analysis (for
example, using Western blot or ELISA), a molecular

Antimelanogenesis effect of Persea amaricana

docking comparative study between EAS and hydro-
quinone towards tyrosinase, and an in vivo study on a
depigmenting model, such as UV-induced zebrafish or
mouse, are recommended.

CONCLUSION

EAS demonstrated antimelanogenic activity in
B16F10 melanoma cells by inhibiting tyrosinase and
melanin synthesis without cytotoxic effects at effective
concentrations. These results suggest its potential as a
natural alternative to hydroquinone in depigmenting
formulations. Further studies are recommended to ex-
plore the in vivo efficacy and safety.
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Figure 5. Morphological form of EAS, CH, and HQ melanin content in BL6F10 melanoma cells.

Cells treated with EAS and CH exhibit a distinct morphology characteristic of a healthy melanoma cell, specifically a
melanocyte-like morphology (black arrow), indicating that the EAS and CH assay concentrations are not cytotoxic. On the other
hand, intervention with HQ at a 3 ug/mL concentration shows a change in cell morphology, characterized by fragmentation and
apoptosis (red arrow). EAS: ethyl acetate extract of P. americana seeds; CH: catechin; HQ: hydroquinone.
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