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Implication for health policy/practice/research/medical education:
The results of this study showed the promising anti-melanogenic effect of various extracts from Perilla frutescens leaves providing 
the scientific evidence for the topical application of Perilla for skin whitening or pigmentation prevention.
Please cite this paper as: Nguyen TTA, Do TH, Pham TTH, Huynh NT. In vitro anti-melanogenic effect of Perilla frutescens leaf 
extracts. J Herbmed Pharmacol. 2022;11(1):48-54. doi: 10.34172/jhp.2022.05.

Introduction: Perilla frutescens (L.) Britt leaves contain various phenolic compounds, especially 
flavonoids, which potentially inhibit tyrosinase, the key enzyme catalyzing the melanin synthesis 
pathway. This work aimed to investigate the anti-melanogenic effect of Perilla frutescens extracts 
through the inhibition of non-cellular as well as cellular tyrosinase activities.
Methods: The total extract from Perilla frutescens leaves was obtained by percolation method 
with 50% ethanol followed by liquid–liquid partition with ethyl acetate (EA) and chloroform 
(CF) to obtain the EA, CF and EA/CF extracts. The mushroom tyrosinase inhibitory effect 
of the obtained extracts was screened by dopachrome formation reactions from its substrate 
3,4-dihydroxy-L-phenylalanine. The extracts with potential activity were further evaluated for 
the anti-melanogenic effects in the B16F10 melanoma cell line. 
Results: EA and EA/CF extracts significantly inhibited mushroom tyrosinase activity with the 
IC50s of 0.14 and 0.07 mg/mL, respectively, in the same range of that from kojic acid (0.12 mg/
mL). Consistently, in B16F10 cells, these extracts inhibited tyrosinase enzyme; their IC50 values 
were 2 times lower than that of kojic acid. Moreover, both EA and EA/CF extracts remarkably 
reduced melanin levels in a concentration-dependent manner. 
Conclusion: The EA and EA/CF extracts from Perilla frutescens leaves were able to inhibit 
melanogenesis by reducing tyrosinase activity.  
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A B S T R A C T

Introduction
Melasma is a common disorder of hyperpigmentation 
that affects millions of people worldwide. Melasma 
is characterized by the overproduction and chronic 
deposition of melanin in the epidermis, which causes 
uneven brown spots on sun-exposed skin, especially on 
the face, which affects the aesthetics and causes distress 
in these patients (1, 2). The treatment of melasma is high 
cost and usually less effective than expected. A number 
of options for topical treatment of melasma are available 
containing kojic acid, hydroquinone, azelaic acid, 
retinoids, topical steroids, as well as chemical peels, lasers, 
and intense pulsed light therapy (3). These modalities of 
treatment modify various stages of melanogenesis; one of 
the most common approaches involves the inhibition of 

tyrosinase, a type 3 membrane-bound protein and a key 
enzyme in the rate-limiting step of melanogenesis process 
(4,5). Tyrosinase catalyzes the hydrolysis of L-tyrosine to 
3,4-dihydroxyphenylalanine (L-DOPA) and the oxidation 
of the latter to dopaquinone. Dopaquinone is then 
polymerized to form melanin (6). However, the long-term 
use of cosmetic products containing high concentrations 
of these lightening agents may lead to many undesirable 
effects, such as allergic reactions, erythema, and post-
inflammatory hyperpigmentation (4,7). Thus, effective 
and safe preparations are always being sought to 
incorporate in the melasma therapy. 

Perilla (Perilla frutescens (L.) Britt is an annual 
herbaceous plant belonging to the family Lamiaceae (5). 
This herb is widespread in East Asia countries, such as 
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Japan, China, South Korea, India, and Vietnam (6, 8). 
Perilla leaves vary from green to purple with a minty 
odor. They are widely used for garnishing, culinary, and 
natural medicine (9). Many polyphenols, such as catechin, 
rosmarinic acid, caffeic acid, and ferulic acid, were found in 
Perilla herbal plant. Rosmarinic acid is the main phenolic 
compound in leaves with an elevated concentration during 
the reproductive stage of the plant (10,11). Perilla leaves 
also contain flavonols, such as apigenin and luteolin (10). 
Many previous studies demonstrated that polyphenols and 
flavonoids were potent inhibitors of the tyrosinase enzyme 
(12-14). Apigenin also expressed the inhibitory effect 
against mushroom tyrosinase, and luteolin was found to 
reversibly and non-competitively suppress tyrosinase by 
molecular docking and chromatography techniques (15). 

In this study, total ethanolic extract from dried Perilla 
leaves was prepared by the percolation method followed 
by fractionation with solvents having different polarities. 
These extracts were preliminarily screened for its potent 
anti-tyrosinase effect through the mushroom tyrosinase 
inhibitory assay. The most effective extracts were further 
investigated for their anti-melanogenesis by the inhibition 
of intracellular tyrosinase from murine B16F10 melanoma 
cells and the melanin content assay. Kojic acid, a well-
known tyrosinase inhibitor and commonly incorporated 
in skin-whitening preparations, was used as a positive 
reference (16,17).

Materials and Methods
Chemicals
Dulbecco’s Modified Eagle’s Medium (DMEM), penicillin/
streptomycin, fetal bovine serum (FBS), and phosphate-
buffered saline (PBS) were purchased from Invitrogen 
Corporation (USA). Mushroom tyrosinase from Agaricus 
bisporus, 3,4-dihydroxy-L-phenylalanine (L-DOPA), 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT), kojic acid, bovine serum albumin (BSA) 
and synthetic melanin were obtained from Sigma–Aldrich 
(USA). Na2HPO4 and NaH2PO4 were from Guangdong 
(China), and the B16F10 murine melanoma cells (KCLB 
80008) were from the Korean Cell Line Bank (Seoul, 
Korea). 

Preparation of Perilla extracts
Perilla frutescens (L.) Britt plants were collected in 
Hanoi, Vietnam in June 2019. The medicinal plants 
were previously authenticated by Prof. Thi Dep Tran, 
department of botany, Faculty of Pharmacy, University of 
Medicine and Pharmacy at Ho Chi Minh City, Viet Nam. 
A voucher specimen was stored at this department for 
future reference (TT1216).

Perilla leaves were harvested, washed, and dried in the 
shade until the humidity was under 15%. The dried leaves 
were further ground into a dry powder with the size of 
3-mm cubes. Perilla leaf powder (1900 g) was exhaustively 
extracted by percolation with 50% ethanol until the 

extract no longer reacted with 5% FeCl3 in ethanol. After 
filtration, the obtained filtrate was condensed by vacuum 
evaporation at 55°C to obtain the total Perilla (TP) extract 
with an extraction yield of 13.25%. The quantitative 
determination by a reverse phase HPLC method showed 
the estimated concentration of rosmarinic acid and 
luteolin in the TP extract about 1.178 ± 0.011 and 0.105 ± 
0.001% (w/w), respectively (18). The TP extract (140 g) was 
then dispensed in distilled water (14 L) and divided into 
2 equal parts. The first one was liquid-liquid partitioned 
with ethyl acetate (EA extract, extraction yield of 3.48%). 
The second one was partitioned with chloroform (CF 
extract, extraction yield of 2.8%); the aqueous phase was 
then shaken with ethyl acetate (EA/CF extract, extraction 
yield of 0.77%). The organic solvents were evaporated 
under vacuum and the condensed extracts were stored at 
2–8°C. 

Mushroom tyrosinase assay and IC50 determination
The Perilla extracts were prepared in various solvents at 
the maximum soluble concentrations in reaction mixture: 
3.4 mg/mL TP extract in 50 mM sodium phosphate (NaP) 
buffer pH 6.8, 0.75 mg/mL EA extract in EtOH, 0.5 mg/mL 
CF and 1 mg/mL EA/CF extracts in DMSO. Mushroom 
tyrosinase and L-DOPA were dissolved in 50 mM NaP 
buffer pH 6.5 at 100 U/mL and 10 mM, respectively. In 
the 96-well plate, the reaction mixture (120 µL) contained 
80 µL of NaP buffer, 10 µL of Perilla extracts, and 30 µL 
of tyrosinase solution. The mixture was incubated for 5 
minutes at 25°C. The reaction was initiated by adding 
80 µL of L-DOPA solution. The absorbance (Abs) of 
the reaction mixture was monitored at 490 nm every 10 
seconds for 10 minutes in a microplate reader (ELISA 
iMark™ Microplate Absorbance Reader, Bio-Rad, USA) 
to determine the reaction velocity v (Abs/min) (19). The 
percentage of tyrosinase inhibition was calculated as 
follows:

Tyrosinase inhibition (%) = (1 – CE C

BE B

v v
v v

−
−

) × 100,

where CE is the test sample, C is the test sample without 
the enzyme, BE without the extract, and B without both 
the enzyme and the extract. Each measurement was 
performed in triplicate.

The most effective Perilla extracts from the tyrosinase 
inhibitory assay were further examined to determine the 
IC50 values (the concentration causing 50% inhibition 
of enzyme activity). Kojic acid was used as a reference 
inhibitor. A linear regression equation describing the 
relationship between the logarithm of the extract’s 
concentration (a= logC) and the percentage of tyrosinase 
inhibition (y) of the Perilla extracts was established as y = 
ax + b, from which the IC50 value was inferred as follows:

50

50 10
b

aIC
−

=
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Cell culture
Murine B16F10 skin melanoma cells were grown in 
DMEM supplemented with 10% FBS and 1% streptomycin 
in T25 flasks. The cells were incubated in humidified 5% 
CO2 atmosphere at 37°C and sub-cultured every 4–5 days 
after reaching 90% confluence. 

Cell proliferation assay (MTT assay)
MTT, a yellow tetrazolium salt, can only be reduced 
in the mitochondria of viable cells to create a crystal 
blue compound, formazan. Thus, the formation rate of 
formazan is proportional to the number of viable cells 
and can be quantified spectrophotometrically (20). The 
suspended cells were seeded into each well (3×103 cells/
well) and incubated for total adherence in 24 hours. The 
culture medium was removed, the cells were then incubated 
with the Perilla extracts for 24 hours. The MTT dye (5 mg/
mL in NaP buffer pH 6.8) was added and incubated for 3 
h. After that, the supernatant was carefully removed and 
the insoluble formazan product was dissolved by 100 μL 
DMSO. The absorbance of this mixture (Abssample) was 
measured by a microplate reader (ELISA Therma, Biotek, 
USA) at 550 nm. Each treatment was repeated three times. 
The maximal absorbance was determined by incubating 
cells with culture media (no exposure to Perilla extracts) 
and was considered as 100% viability (Abscontrol). Cell 
viability percentage was calculated as follows:

Cell viability (%) = Abssample/Abscontrol × 100

Cellular tyrosinase inhibitory assay
Cellular tyrosinase assay was carried out according 
to the previously described method (11). Briefly, a 
predetermined number of B16F10 melanoma cells (3 × 
103 cells/well) were seeded into a 96-well plate in 100 μL 
of the culture medium and left overnight for adherence in 
humidified 5% CO2 atmosphere at 37°C. Perilla extracts 
or kojic acid at different concentrations were added to 
each well. After 24-hour exposure to the treatments, the 
cells were washed with 100 μL of NaP buffer pH 6.8 and 
lysed with 100 μL of NaP buffer pH 6.8 containing 1% of 
5 mM EDTA prepared in Triton X-100. The cell lysates 
were centrifuged at 13 000 rpm (Himac CT15E, Hitachi, 
USA) in 15 minutes at 4°C to collect the cell free extract 
(CFE). The protein concentrations of the CFE were 
quantified by the Bradford method using BSA as protein 
standard (21). For the cellular tyrosinase assay, a volume 
of CFE corresponding to 40 μg protein and 100 μL of 5 
mM L-DOPA were pipetted into each well and incubated 
for 1 hour at 37°C. The absorbance of the mixture 
(Abssample) was measured at 475 nm using a microplate 
reader (ELISA Therma, Biotek, USA). Each sample was 
carried out in 3 wells and repeated twice. The maximal 
absorbance was determined by incubating cells with free 
media (no exposure to Perilla extracts nor kojic acid) and 

was considered as 100% activity (Abscontrol). 
Tyrosinase activity was calculated as follows:

Tyrosinase activity (%) = Abssample/Abscontrol × 100

Melanin content assay
Melanin levels were carried out as previously described 
by Hosoi et al (22). A predetermined number of B16F10 
melanoma cells (3 × 103 cells/well) was seeded into a 96-
well plate and incubated using similar conditions as in 
the cellular tyrosinase assay experiment. Perilla extracts 
or kojic acid at different concentrations were added to 
each well. After 24-hour exposure, the cells were washed 
with 100 μL of NaP buffer pH 6.8 and lysed in 200 μL 
of 1 N NaOH in buffer containing 10% (v/v) DMSO by 
heating at 80°C for 1 hour. The absorbance of the lysate 
was determined at 405 nm by a microplate reader (ELISA 
Therma, Biotek, USA). The maximal melanin content was 
obtained in untreated cells and was set at 100% content 
(Control). The melanin content of samples (Perilla 
extracts or kojic acid) was expressed as relative (%) to the 
control (22).

Statistical analysis
The results were presented as the mean ± SD of 3–4 
independent experiments. Comparisons among groups 
were determined by the ANOVA test and between two 
groups by the Student’s t test with P < 0.05. 

Results 
Effects of Perilla frutescens (L.) Britt on mushroom 
tyrosinase activity and IC50 determination
The mushroom tyrosinase inhibitory activity of the 
extracts is presented in Table 1. The inhibitory effects 
of EA and EA/CF extracts were higher than that of the 
TP and the CF extracts at the highest concentration that 
could be prepared. Hence, these two extracts were chosen 
for further determination of IC50 values with kojic acid as 
a positive control (Table 2). The results showed that the 
IC50 value of the EA extract was approximately equal to 
that of kojic acid while, interestingly, the EA/CF extract 
even had a lower IC50 value than that of kojic acid. This 
indicated that Perilla extracts could potentially contain 
strong tyrosinase inhibitors.

Table 1. Mushroom tyrosinase inhibitory effects of Perilla extracts

Perilla extracts Mushroom tyrosinase inhibition (%)

TP extract 46.58 ± 14.52

CF extract 37.42 ± 12.93

EA extract 68.44 ± 0.57

EA/CF extract 68.74 ± 6.48

TP, total Perilla; EA, ethyl acetate; CF, chloroform.
Data are expressed as mean ± SEM.
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Cytotoxicity of Perilla extracts on the B16F10 cells
Table 3 shows the proportion of the B16F10 viable cells 
under the treatment of Perilla extracts and kojic acid. 
Both EA and EA/CF extracts produced high cytotoxicity 
in B16F10 melanoma cells. Only 33.98% and 35.28% of 
the cells treated by the lowest concentration tested (7.5 
μg/mL) of EA and EA/CF extracts, respectively, were still 
alive. However, when the concentration of the extracts 
increased, the cell viability did not decrease proportionally. 
In fact, the percentage of viability at concentrations 
ranging from 7.5 μg/mL to 240 μg/mL of Perilla extracts 
was not statistically different.

Effects of Perilla extracts on cellular tyrosinase activity in 
the B16F10 cells
The regression equation of the correlation between 
logarithm concentration of Perilla extracts and the 
percentage of cellular tyrosinase inhibition and their IC50 
value are presented in Table 4.

Results showed that the cellular tyrosinase inhibitory 
effect of Perilla extracts and kojic acid was concentration-
dependent. The B16F10 cells exposed to higher 
concentrations of these treatments had lower tyrosinase 
activity. The IC50 of kojic acid was about 2.6 times and 
2 times higher than that of EA and EA/CF extracts, 
respectively. This proved that both investigated Perilla 
extracts exhibited a relatively strong tyrosinase inhibitory 
activity on the B16F10 melanoma cell line. 

Effects of Perilla extracts on the melanin content 
Both EA and EA/CF extracts of Perilla frutescens (L.) Britt 
and kojic acid remarkably reduced the melanin level in a 
concentration-dependent manner (Figure 1).

The melanin content of B16F10 melanoma cells under 
EA/CF extract treatment gradually decreased by 30.78% 
at the concentration of 15 μg/mL to 44.21% at 240 μg/mL 
compared to the control, and the reduction proportions at 
each concentration were not statistically different between 
the two extracts. Particularly, at the concentration of 
240 μg/mL, the melanin level of EA/CF extract group 
was statistically lower than that of the kojic acid group 
(P<0.05).

Discussion
Tyrosinase inhibitors are common agents in skin-whitening 
cosmetics and drugs to treat hyperpigmentation (23). Our 
study aimed at investigating the anti-melanogenetic effect 
of Perilla extracts by using the mushroom tyrosinase 
assay and the cellular-derived tyrosinase from the murine 
B16F10 melanoma cells. The mushroom tyrosinase 
system is frequently used to screen for anti-melanogenesis 
agents (24). The cell line B16F10, a mouse melanoma cell 
that produces tyrosinase, was applied as it could be easily 
handled and cultured (25). 

In the MTT test, the number of viable cells under the 
treatment of EA and EA/CF fractions was remarkably 
lower than that of the negative control group. Thus, these 
extracts were quite cytotoxic to the B16F10 melanoma 
cells. However, the viable cell rates among various 
increasing concentrations were not statistically different. 
This may also result from the high number of cells seeded 
into wells or extended incubation period. 

The results from the screening of mushroom tyrosinase 
inhibitory assay showed that EA and EA/CF extracts 
were the most promising agents. In detail, compared 
to the known inhibitor kojic acid, EA extract presented 
similar inhibitory potency while EA/CF extract was even 

Table 2. IC50 of potent Perilla extracts and kojic acid

Sample Concentration range(mg/mL) Regression equation IC50 (mg/mL)

EA extract 0.006-0.75 y = 28.213x + 73.749 (R2 = 0.996) 0.14

EA/CF extract 0.0002-1.00 y = 16.579x + 68.679 (R2 = 0.998) 0.07

Kojic acid 0.01-4.26 y = 33.537x + 80.685 (R2 = 0.980) 0.12

EA, ethyl acetate; CF, chloroform.

Table 3. Effect of Perilla extracts and kojic acid on viability (%) of B16F10 cells

Concentration (μg/mL) 240 120 60 30 15 7.5

EA extract 29.71 ± 1.75 31.85 ± 1.22 32.83 ± 1.92 33.59 ± 2.26 34.05 ± 2.62 33.98 ± 2.86

EA/CF extract 31.20 ± 2.19 32.50 ± 3.75 34.97 ± 2.14 34.79 ± 2.78 34.41 ± 2.91 35.28 ± 3.33

EA, ethyl acetate; CF, chloroform.
Data are expressed as mean ± SEM.

Table 4. Regression equation and IC50 of the Perilla extracts and kojic acid 
in cellular tyrosinase inhibitory assay

Samples Regression equation IC50 (µg.mL-1)

EA extracts y = 16.788x + 15.286 (R² = 0.9322) 116.90

EA/CF extracts y = 16.001x + 15.153 (R² = 0.956) 150.59

Kojic acid y = 17.67x + 6.2688 (R² = 0.9919) 298.46

EA, ethyl acetate; CF, chloroform.
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more active. However, the intracellular assay indicated 
that the tyrosinase inhibitory activity of these extracts 
is much stronger than that of kojic acid. This may result 
from the heterogeneity between the mushroom tyrosinase 
and the human tyrosinase. The mushroom tyrosinase 
presents freely in the cytoplasm in tetrameric form, while 
the human tyrosinase is a membrane-bound monomer. 
Furthermore, the sequence similarity between them is 
only 23% (26,27). Many studies have indicated that the 
inference would be more credible when using tyrosinase 
produced from viable cells rather than mushrooms to 
screen for melanogenesis inhibitory effect (21,25,28).

Corresponding to the decrease in tyrosinase activity, 
the level of melanin in B16F10 melanoma cells also 
remarkably decreased compared to the negative control 
group and was almost equivalent to the kojic acid 
group. This is probably because the EA and EA/CF leaf 
extracts concentrate a range of polar substances such as 
polyphenols, particularly flavonoid compounds, which 
have been proved to possess anti-tyrosinase effect as well 
as remarkable antioxidant effect (29,30). The antioxidants 
were also well-known to depress the hyperpigmentation 
and melanin synthesis (31,32). Perilla extracts contain both 
luteolin and rosmarinic acid possessing the o-diphenolic 
structure, which is mandatory for the oxidation/reduction 
step of melanin synthesis process (33). Thanks to the 
o-diphenolic structure, these compounds exhibit the 
competitive inactivation of tyrosinase enzyme through 
the inhibition of diphenolase activity (33,34). Luteolin and 
rosmarinic acid were also named as suicide inactivators 
with two proposed inhibitory mechanisms along with the 
shape-changing of tertiary and quaternary structure of 
tyrosinase (35,36). 

Conclusion
The promising results from this study suggested the anti-
melanogenesis effects of Perilla extracts, especially EA 

and EA/CF extracts. Further work should be performed 
to investigate phytochemical components in these extracts 
and subcellular mechanisms involved in tyrosinase 
inhibitory activity.

Acknowledgments
The authors are thankful to all members of the department 
of Pharmacology, faculty of Pharmacy, university of 
Medicine and Pharmacy at Ho Chi Minh city, Viet Nam 
for their technical support.

Authors’ contributions
TTAN and THD performed experiments and drafted the 
manuscript. TTHP contributed to analyze the data and 
edit the manuscript. NTH conceived the idea, the protocol 
for the experiments, and completed the manuscript. 
All authors critically reviewed and approved the final 
manuscript for publication.

Conflict of Interests
Authors declare no conflict of interests.

Ethical considerations 
This study was approved by the Scientific Committee 
of faculty of Pharmacy, University of Medicine and 
Pharmacy at Ho Chi Minh city, Viet Nam (Number 
4380/QĐ-ĐHYD). Text plagiarism, data fabrication and 
redundant publication have been carefully observed by 
the authors.

Funding/Support 
This study was supported by the University of Medicine 
and Pharmacy at Ho Chi Minh City, Viet Nam (198/2020/
HĐ-ĐHYD).

References
1.	 Plensdorf S, Livieratos M, Dada N. Pigmentation 

 

0
10
20
30
40
50
60
70
80
90

15 30 60 120 240

M
el

an
in

 co
nt

en
t (

%
 to

 co
nt

ro
l)

Concentrations (µg/mL)

EA

EA/CF

Kojic acid

*

Figure 1. Melanin content in B16F10 melanoma cells after exposure to Perilla extracts and kojic acid. * P < 0.05 compared to kojic acid. (EA: Ethyl Acetate; 
CF: Chloroform).

http://www.herbmedpharmacol.com


Journal of Herbmed Pharmacology, Volume 11, Number 1, January 2022http://www.herbmedpharmacol.com 53

Anti-melanogenic effect of Perilla frutescens 

disorders: diagnosis and management. Am Fam Physician. 
2017;96(12):797-804.

2.	 Fernandez-Flores A, Bermúdez CF, Molina I, Saus C, 
Monteagudo C, Cassarino DC. Pigmented deposits in 
the skin. Am J Dermatopathol. 2018;40(5):307-28. doi: 
10.1097/dad.0000000000000944.

3.	 Picardo M, Carrera M. New and experimental treatments 
of cloasma and other hypermelanoses. Dermatol Clin. 
2007;25(3):353-62, ix. doi: 10.1016/j.det.2007.04.012.

4.	 Briganti S, Camera E, Picardo M. Chemical and instrumental 
approaches to treat hyperpigmentation. Pigment Cell Res. 
2003;16(2):101-10. doi: 10.1034/j.1600-0749.2003.00029.x.

5.	 Seo WH, Baek HH. Characteristic aroma-active compounds 
of Korean perilla (Perilla frutescens Britton) leaf. J Agric 
Food Chem. 2009;57(24):11537-42. doi: 10.1021/jf902669d.

6.	 Zhou XJ, Yan LL, Yin PP, Shi LL, Zhang JH, Liu YJ, et 
al. Structural characterisation and antioxidant activity 
evaluation of phenolic compounds from cold-pressed 
Perilla frutescens var. arguta seed flour. Food Chem. 
2014;164:150-7. doi: 10.1016/j.foodchem.2014.05.062.

7.	 Rossi AM, Perez MI. Treatment of hyperpigmentation. 
Facial Plast Surg Clin North Am. 2011;19(2):313-24. doi: 
10.1016/j.fsc.2011.05.010.

8.	 Pandey A, Bhatt KC. Diversity distribution and collection 
of genetic resources of cultivated and weedy type in Perilla 
frutescens (L.) Britton var. frutescens and their uses in 
Indian Himalaya. Genet Resour Crop Evol. 2008;55(6):883-
92. doi: 10.1007/s10722-007-9293-7.

9.	 Ahmed HM. Ethnomedicinal, phytochemical and 
pharmacological investigations of Perilla frutescens (L.) Britt. 
Molecules. 2018;24(1). doi: 10.3390/molecules24010102.

10.	 Peng Y, Ye J, Kong J. Determination of phenolic compounds 
in Perilla frutescens L. by capillary electrophoresis 
with electrochemical detection. J Agric Food Chem. 
2005;53(21):8141-7. doi: 10.1021/jf051360e.

11.	 Liu J, Wan Y, Zhao Z, Chen H. Determination of the content 
of rosmarinic acid by HPLC and analytical comparison 
of volatile constituents by GC-MS in different parts of 
Perilla frutescens (L.) Britt. Chem Cent J. 2013;7(1):61. doi: 
10.1186/1752-153x-7-61.

12.	 Rzepka Z, Buszman E, Beberok A, Wrześniok D. From 
tyrosine to melanin: signaling pathways and factors 
regulating melanogenesis. Postepy Hig Med Dosw (Online). 
2016;70(0):695-708. doi: 10.5604/17322693.1208033.

13.	 Chang TS. An updated review of tyrosinase inhibitors. Int 
J Mol Sci. 2009;10(6):2440-75. doi: 10.3390/ijms10062440.

14.	 Panzella L, Napolitano A. Natural and bioinspired phenolic 
compounds as tyrosinase inhibitors for the treatment of 
skin hyperpigmentation: recent advances. Cosmetics. 
2019;6(4):57. doi: 10.3390/cosmetics6040057.

15.	 Zhang L, Zhao X, Tao GJ, Chen J, Zheng ZP. Investigating 
the inhibitory activity and mechanism differences 
between norartocarpetin and luteolin for tyrosinase: a 
combinatory kinetic study and computational simulation 
analysis. Food Chem. 2017;223:40-8. doi: 10.1016/j.
foodchem.2016.12.017.

16.	 Cabanes J, Chazarra S, Garcia-Carmona F. Kojic acid, a 
cosmetic skin whitening agent, is a slow-binding inhibitor 
of catecholase activity of tyrosinase. J Pharm Pharmacol. 
1994;46(12):982-5. doi: 10.1111/j.2042-7158.1994.

tb03253.x.
17.	 Noh JM, Kwak SY, Seo HS, Seo JH, Kim BG, Lee YS. 

Kojic acid-amino acid conjugates as tyrosinase inhibitors. 
Bioorg Med Chem Lett. 2009;19(19):5586-9. doi: 10.1016/j.
bmcl.2009.08.041.

18.	 Phan NTT, Vuu TTQ, Huynh NT, Ha MH. Study on 
development an HPLC procedure for determination of 
rosmarinic acid and luteolin in the condensed leaf extracts 
of Perilla frutescens (L.) Britt. Pharm J. 2018;58(3):2-6.

19.	 Huang HC, Hsieh WY, Niu YL, Chang TM. Inhibition of 
melanogenesis and antioxidant properties of Magnolia 
grandiflora L. flower extract. BMC Complement Altern 
Med. 2012;12:72. doi: 10.1186/1472-6882-12-72.

20.	 Stoddart MJ. Mammalian Cell Viability: Methods and 
Protocols. New York: Springer; 2011.

21.	 Chan YY, Kim KH, Cheah SH. Inhibitory effects 
of Sargassum polycystum on tyrosinase activity and 
melanin formation in B16F10 murine melanoma cells. 
J Ethnopharmacol. 2011;137(3):1183-8. doi: 10.1016/j.
jep.2011.07.050. 

22.	 Hosoi J, Abe E, Suda T, Kuroki T. Regulation of melanin 
synthesis of B16 mouse melanoma cells by 1 alpha, 
25-dihydroxyvitamin D3 and retinoic acid. Cancer Res. 
1985;45(4):1474-8.

23.	 Kim YJ, Uyama H. Tyrosinase inhibitors from natural 
and synthetic sources: structure, inhibition mechanism 
and perspective for the future. Cell Mol Life Sci. 
2005;62(15):1707-23. doi: 10.1007/s00018-005-5054-y.

24.	 Song TY, Chen CH, Yang NC, Fu CS. The correlation of in 
vitro mushroom tyrosinase activity with cellular tyrosinase 
activity and melanin formation in melanoma cells A2058. 
J Food Drug Anal. 2009;17(3):156-62. doi: 10.38212/2224-
6614.2607.

25.	 Chao WW, Su CC, Peng HY, Chou ST. Melaleuca 
quinquenervia essential oil inhibits α-melanocyte-
stimulating hormone-induced melanin production and 
oxidative stress in B16 melanoma cells. Phytomedicine. 
2017;34:191-201. doi: 10.1016/j.phymed.2017.08.024.

26.	 Pillaiyar T, Manickam M, Namasivayam V. Skin whitening 
agents: medicinal chemistry perspective of tyrosinase 
inhibitors. J Enzyme Inhib Med Chem. 2017;32(1):403-25. 
doi: 10.1080/14756366.2016.1256882.

27.	 Ismaya WT, Rozeboom HJ, Weijn A, Mes JJ, Fusetti 
F, Wichers HJ, et al. Crystal structure of Agaricus 
bisporus mushroom tyrosinase: identity of the tetramer 
subunits and interaction with tropolone. Biochemistry. 
2011;50(24):5477-86. doi: 10.1021/bi200395t.

28.	 Wang ZJ, Xu W, Liang JW, Wang CS, Kang Y. Effect of 
fucoidan on B16 murine melanoma cell melanin formation 
and apoptosis. Afr J Tradit Complement Altern Med. 
2017;14(4):149-55. doi: 10.21010/ajtcam.v14i4.18.

29.	 Iwai M, Ohta M, Tsuchiya H, Suzuki T. Enhanced 
accumulation of caffeic acid, rosmarinic acid and luteolin-
glucoside in red perilla cultivated under red diode laser and 
blue LED illumination followed by UV-A irradiation. J Funct 
Foods. 2010;2(1):66-70. doi: 10.1016/j.jff.2009.11.002.

30.	 Natsume M, Muto Y, Fukuda K, Tokunaga T, Osakabe 
N. Determination of rosmarinic acid and luteolin in 
Perilla frutescens Britton (Labiatae). J Sci Food Agric. 
2006;86(6):897-901. doi: 10.1002/jsfa.2432.

http://www.herbmedpharmacol.com


Journal of Herbmed Pharmacology, Volume 11, Number 1, January 2022            http://www.herbmedpharmacol.com54 

Nguyen et al

31.	 Kwon SH, Wang Z, Hwang SH, Kang YH, Lee JY, Lim SS. 
Comprehensive evaluation of the antioxidant capacity of 
Perilla frutescens leaves extract and isolation of free radical 
scavengers using step-wise HSCCC guided by DPPH-
HPLC. Int J Food Prop. 2017;20(Suppl 1):921-34. doi: 
10.1080/10942912.2017.1318289.

32.	 Yamakoshi J, Otsuka F, Sano A, Tokutake S, Saito M, 
Kikuchi M, et al. Lightening effect on ultraviolet-induced 
pigmentation of guinea pig skin by oral administration 
of a proanthocyanidin-rich extract from grape seeds. 
Pigment Cell Res. 2003;16(6):629-38. doi: 10.1046/j.1600-
0749.2003.00093.x.

33.	 Zolghadri S, Bahrami A, Hassan Khan MT, Munoz-Munoz J, 
Garcia-Molina F, Garcia-Canovas F, et al. A comprehensive 

review on tyrosinase inhibitors. J Enzyme Inhib Med Chem. 
2019;34(1):279-309. doi: 10.1080/14756366.2018.1545767.

34.	 Fernandes MS, Kerkar S. Microorganisms as a source 
of tyrosinase inhibitors: a review. Ann Microbiol. 
2017;67(4):343-58. doi: 10.1007/s13213-017-1261-7.

35.	 Muñoz-Muñoz JL, Garcia-Molina F, Varon R, Garcia-Ruíz 
PA, Tudela J, Garcia-Cánovas F, et al. Suicide inactivation of 
the diphenolase and monophenolase activities of tyrosinase. 
IUBMB Life. 2010;62(7):539-47. doi: 10.1002/iub.348.

36.	 Haghbeen K, Saboury AA, Karbassi F. Substrate share in 
the suicide inactivation of mushroom tyrosinase. Biochim 
Biophys Acta. 2004;1675(1-3):139-46. doi: 10.1016/j.
bbagen.2004.08.017.

http://www.herbmedpharmacol.com

