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Abstract: Background: Paper mulberry is one of the most common skin-lightening agents in the
beauty industry due to its strong anti-tyrosinase activity. This narrative review aims to summarize
the chemical composition, biological activities, and applications of paper mulberry in cosmetics.
Method: The literature for this article was acquired from the PubMed, Web of Science, and Google
Scholar databases before September 2022. The keywords for searching included “paper mulberry”,

v ou

“Broussonetia papyrifera”,

a7

skin-lightening”,

"o

skin-whitening”, “depigmentation”, “pharmacological
activity”, and “biological activity”. Results: Paper mulberry consists of various components, includ-
ing flavonoids, tannins, alkaloids, phenols, saponins, coumarins, glycosides, and polysaccharides,
which possess a wide range of pharmacological properties. Apart from its anti-tyrosinase activity,
paper mulberry and its compounds exhibited anti-inflammatory, antioxidant, antimicrobial, antiviral,
anticancer, antidiabetic, anticholinesterase, antigout, antinociceptive, and hepatoprotective effects.
Phenols and flavonoids were demonstrated to be the main contributors to the biological activities
of paper mulberry. Paper mulberry is widely applied in cosmetics for skin lightening and skin
moisturizing purposes and shows potential for application in hair care products due to the hair
nourishing effects. The safety of paper mulberry for topical application was proven in clinical studies.
Conclusion: The current review provides a better understanding of paper mulberry’s properties and
allows us to extend the application of this plant and its bioactive components in cosmetics.

Keywords: paper mulberry; Broussonetia papyrifera; skin-lightening; tyrosinase; pharmacological activities

1. Introduction

Skin lightening is a lucrative industry with a global market size valued at USD 9.96 bil-
lion in 2021, and estimated up to USD 16 billion in 2030, according to statistics from Grand
View Research [1]. Skin lightening, also known as skin whitening or depigmentation, is a
cosmetic procedure to lighten dark skin areas and achieve a lighter skin complexion using
laser treatment or skin-lightening products [2,3]. Dark skin or skin hyperpigmentation is
a result of exposure to ultraviolet light or chemical irritants, and also is a manifestation
in several skin disorders such as melasma, solar lentigines, or post-inflammatory hyper-
pigmentation [4]. The use of skin-lightening agents aims to reduce the level of melanin,
the main pigment in the skin, resulting in a brighter skin tone [5,6].

Melanogenesis, a process of melanin production and distribution by melanocytes,
is regulated by several melanogenic enzymes, including tyrosinase, tyrosinase-related
protein 1 (TRP1), and tyrosinase-related protein 2 (TRP2) [7]. Tyrosinase catalyzes the
rate-limiting conversion of L-tyrosine to L-3-4 dihydroxyphenylalanine (L-DOPA), and sub-
sequently to L-dopaquinone and dopachrome [8,9]. In the next step, TRP2 (dopachrome
tautomerase) converts dopachrome to 5,6-dihydroxyindole-2-carboxylic acid and 5,6-
dihydroxyindole, which are further converted to eumelanin (black or brown pigment)
by tyrosinase or TRP1 [10,11]. Different tyrosinase isozymes might play different roles in
the regulation of melanin formation. The soluble isozymes T1, T2, and T3 showed blocking
activities, while the isozyme T4, the only isozyme found in melanosomes, accelerates the

Cosmetics 2022, 9, 112. https:/ /doi.org/10.3390/ cosmetics9060112

https://www.mdpi.com/journal /cosmetics


https://doi.org/10.3390/cosmetics9060112
https://doi.org/10.3390/cosmetics9060112
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/cosmetics
https://www.mdpi.com
https://orcid.org/0000-0003-0567-2562
https://doi.org/10.3390/cosmetics9060112
https://www.mdpi.com/journal/cosmetics
https://www.mdpi.com/article/10.3390/cosmetics9060112?type=check_update&version=2

Cosmetics 2022, 9, 112

2 of 20

conversion of dopachrome into melanin [12]. In the presence of cysteine, L-dopaquinone
reacts with cysteine, leading to the formation of cysteinyl-dopa and the production of
pheomelanin (red or yellow pigment) [13]. TRP1 has been demonstrated to increase the
eumelanin/pheomelanin ratio [14]. In addition, the precursors of melanin, L-tyrosine and
L-DOPA might act as hormone-like bioregulators of melanin pigmentation by binding
to their specific receptors or stimulating melanocyte-stimulating hormone receptors to
positively regulate melanogenesis [9,15]. Melanin has diverse regulatory effects on cellu-
lar processes. Eumelanin showed protective effects against radiation and photodamage
through antioxidant activity, while pheomelanin was thought to induce oxidative stress and
DNA damage, contributing to melanoma progression [16]. A previous study suggested that
the inhibition of tyrosinase, TRP1, and TRP2 was associated with a reduction in melanin
content in human skin cells [17]. However, after the dopaquinone formation stage, melanin
formation might proceed with the velocity of the reaction regulated by metal cations and
pH, instead of enzyme involvement [18,19]. Therefore, among these three melanogenic
enzymes, tyrosinase might play the most important role in melanin biosynthesis, and skin-
lightening agents majorly regulate the production and activity of tyrosinase to reduce the
melanin content in the skin [5].

Paper mulberry (Broussonetia papyrifera (L.)) is a common plant in the Asia-Pacific
region [20]. Many parts of the paper mulberry plant, such as the root, bark, leaves, and fruits,
have been used in traditional herbal medicines for the treatment of various diseases,
including skin disorders and ophthalmic diseases [21]. Paper mulberry contains numerous
chemical components, such as flavonoids, polyphenols, alkaloids, coumarins, and saponins,
which possess a wide range of biological and pharmacological effects [22]. Paper mulberry
extracts and their constituents showed strong inhibitory effects on the activity of tyrosinase
enzyme, and have bene applied in cosmetics as skin-whitening ingredients [23]. Apart from
its anti-tyrosinase activity, paper mulberry and its derived compounds have been reported
to exert various biological effects, including anti-inflammatory, antioxidant, antimicrobial,
anticancer, and other activities [24-26]. This narrative review aims to summarize the
chemical composition, biological activities, as well as applications of paper mulberry
in cosmetics.

2. Materials and Methods

This article provides a narrative review of the biological activities of paper mulberry
and its application in cosmetics. PubMed, Web of Science, and Google Scholar databases
were used for searching the published literature up until September 2022 for this review

a7 a7

article. The main keywords included “paper mulberry”, “Broussonetia papyrifera”, “skin-

lightening”, “skin-whitening”, “depigmentation”, “pharmacological activity”, and “biolog-
ical activity”. Original articles and patents in English were analyzed in this article.

3. Results
3.1. Chemical Composition of Paper Mulberry

Paper mulberry consists of various chemical constituents, with the main bioactive com-
pounds including flavonoids, tannins, alkaloids, phenols, saponins, coumarins, glycosides,
and polysaccharides (Table S1) [22,27-31]. These compounds are derived from different
parts of the paper mulberry, such as the bark, roots, twigs, leaves, flowers, and fruits.
Table 1 summarizes the major bioactive components found in paper mulberry.

Table 1. Chemical composition of paper mulberry.

Part Compound Reference
(—)-(2S)-kazinol I [32]
Root (2R)-7,3' 4'-trihydroxy-6-prenylflavanone [32]

3,34’ 5,7-pentahydroxyflavone [33]
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Table 1. Cont.

Part Compound Reference
3,4-dihydroxyisolonchocarpin [34-36]
3'-(3-methylbut-2-enyl)-3’,4’,7-trihydroxyflavane [33,34,36-39]
4-hydroxyisolonchocarpin [34-36,38]
7,8-dihydroxy-6-(3-methylbut-2-en-1-yl)-2H-chromen-2-one [40]
8-(1,1-dimethylallyl)-5'-(3-methylbut-2-enyl)-3’ 4’,5,7-tetrahydroxyflanvonol [32,33,36,37,41]
Brossoflurenone A [41]
Brossoflurenone B [41]
Betulin [42]
Betulinic acid [42]
Broussoaurone A [43]
Broussochalcone A [25,32-36,38,39]
Broussochalcone B [34-38]
Broussochalcone C [32]
Broussocoumarin A [40]
Broussoflavan A [32,34,36,38,39,43]
Broussoflavanonol A [32]
Broussoflavonol B [32,36,40,41]
Broussoflavonol C [32]
Broussoflavonol F [40,43]
Broussoflavonol G [43]
Broussoflavonol H [40]

Root Broussoflavonol I [40]
Broussoflavonol | [40]
Broussoflavonol K [40]

Broussonin A [32]
Broussonin B [32]
Broussonol D [32]
Broussonol G [32]
Daphnegiravan H [32]
Glycyrrhiza flavonol A [40]
Isolicoflavonol [40]
Kazinol A [32,34,36-38]
Kazinol B [25,32,34,36,38]
Kazinol E [34,36]
Kazinol F [32,38,39]
Kazinol J [32,38,39]
Kazinol V [32]
Kazinol W [32]
Oleanolic acid [42]
Papyriflavonol A [25,36,37,39-41,44]

Ursolic acid

[42]
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Table 1. Cont.

Part Compound Reference

3,4,5-trimethoxyphenyl-1-O-3-D-xylopyranosyl-B-D-glucopyranoside [45]
4,5-dicaffeoylquinic acid [45]
5,7,3 4'-tetrahydroxy-3-methoxy-8,5'-diprenylflavone [46]
5,7,3' 4’ -tetrahydroxy-3-methoxy-8-geranylflavone [46]
74'-dihydroxy-3'-prenylflavan [47]
Broussochalcone A [46]
Broussochalcone B [47]

Broussoflavonol B [46,47]
Broussonin A [47]
Broussonin B [47]
Caffeic acid [26]
Cathayanon H [47]
Chlorogenic acid [45]
Bark cis-form-5-coffee acylchlorogenic acid [45]
Coumaric acid [26]
Cryptochlorogenic acid [45]
Epicatechin [26]
Glyasperin A [47]
Isoliquiritigenin [47]
Isoquercetin [45]
Kaempferol [26]
Marmesin [47]
Papyriflavonol A [46]

Quercetin [26,48]
Uralenol [46]
Vomifoliol [47]
(S)-8-methoxymarmesin [49]
3,5,7 A'-tetrahydroxy-3'-(2-hydroxy-3-methylbut-3-enyl) flavone [48]
5,7,3' 4'-tetrahydroxy-3-methoxy-8,5'-diprenylflavone [49]
5,7,3' A'-tetrahydroxy-3-methoxyflavone [48]
5,7,3' 5'-tetrahydroxyflavanone [48]
Brossoflurenone C [49]
Broussin [49]
Branch/twig Broussoflavonol A [49]
Broussoflavonol B [49]
Broussoflavonol F [48]
Fipsotwin [49]
Isolicoflavonol [48]
Isoliquiritigenin [48]
Kazinol B [49]

Kazinol N [49]
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Table 1. Cont.

Part Compound Reference
Kazinol M [49]
Kazinol Q [49]
Luteolin [48]
Marmesin [49]
Branch/twig Papyriflavonol A [48]
Quercetin [48]
threo-dadahol A [49]
threo-dadahol B [49]
Uralenol [48]
2-(4-hydroxyphenyl) propane-1,3-diol-1-O-3-D-glucopyranoside [50]
3,4-dihydroxybenzoic acid [50]
3-[2-(4- hydroxyphenyl)-3-hydroxymethyl-2,3-dihydro-1-benzofuran-5-yl]propan-1-ol [51]
4-hydroxybenzaldehyde [50]
7-hydroxycoumarin [52]
8,11-Octadecadienoic acid [53]
8-Octadecenoic acid [53]
Arbutine [50]
Betulin [42]
Betulinic acid [42]
Broussonpapyrine [54,55]
Chelerythrine [54]
Chushizisin A [51]
Chushizisin B [51]
Chushizisin C [51]
Chushizisin D [51]
Fruit Chushizisin E [51]
Chushizisin F [51]
Chushizisin G [51]
Chushizisin H [51]
Chushizisin I [51]
cis-coniferin [50]
cis-syringin [50]
Coniferyl alcohol [50]
Curculigoside C [50]
Curculigoside I [50]
Dihydroconiferyl alcohol [50]
Dihydrosanguinarine [54]
Epicatechin [52]
erythro-l-(4—hydroxy—3-methoxyphenyl)—2—{4—[(E)—3-I.1ydroxy—1—propenyl]-2- [51]
methoxyphenoxy}-1,3-propanediol
erythro-1-(4-hydroxyphenyl) glycerol [50]

Ferulic acid [50]
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Table 1. Cont.

Part Compound Reference
Linolenic acid [53]
Liriodenine [54,55]
Nitidine [54,55]
N-Norchelerythrine [54]
Oleanolic acid [42]
Oleic acid [53]
Oxyavicine [54,55]
Fruit Palmitic acid [53]
p-coumaraldehyde [50]
Polysaccharides [56]
Protocatechuic acid [52]
Stearic acid [53]
threo-1-(4-hydr0xy-3—methoxyphenyl)-2-{4—[(E)-3—hydroxy—1-propenyl]-Z- [51]
methoxyphenoxy}-1,3-propanediol
threo-1-(4-hydroxyphenyl) glycerol [50]
Ursolic acid [42]
Caryophyllene [57]
Seed Heptadecene-8-carbonic acid [57]
Hexadecanoic acid [57]
(+)-pinoresinol-4’-O-B-D-glucopyranosyl-4”-O-B-D-apiofuranoside [58]
3,54/ -trihydroxy-bibenzyl-3-O-B-D-glucoside [58]
4-Caffeoylquinic acid [59]
4-Feruloylquinic acid [59]
5-Caffeoylquinic acid [59]
Apigenin [60,61]
Apigenin-6-C-f3-D-glucopyranside [58]
Apigenin-7-glucoside [59]
Apigenin-7-O-glucuronide [59]
Apigenin-7-O-f3 -D-glucoside [61]
Broussonetone A [60]
Broussonetone B [60]
Broussonetone C [60]
Leaf Broussoside A [61]
Broussoside B [61]
Broussoside C [61]
Broussoside D [61]
Broussoside E [61]
Chrysoriol-7-O-3-D-glucoside [61]
Cosmosiin [58]
Coumaric acid [61]
Dihydrosyringin [61]
Flacourtin [61]
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Table 1. Cont.

Part Compound Reference
Gentisoyl hexoside [59]
Isoorientin [61]
Isovitexin [59,61]
Liriodendrin [58]
Luteolin [61]
Luteolin-7-O-glucuronide [59]
Luteolin-7-O-B-D-glucopyranoside [58]
Leaf Luteoloside [61]
Orientin [59,61]
Pinoresinol-4’-O-B-D-glucopyranoside [61]
Poliothyrsoside [61]
Polysaccharides [30]
Syringaresinol-4’-O-f-D-glucoside [61]
Vitexin [59-61]
(25)-2',4'-dihydroxy-2”-(1-hydroxy-1-methylethyl) dihydrofuro [2,3-h] flavanone [62]
(25)-abyssinone II [62]
3'-[y-hydroxymethyl-(E)-y-methylallyl]-2,4,2’ 4'-tetrahydroxychalcone 11’-O-coumarate [62]
Whole plant 5,7,2' 4'-tetrahydroxy-3-geranylflavone [62]
Demethylmoracin I [62]
Isogemichalcone C [62]
Isolicoflavonol [62]
3.2. Biological Activities of Paper Mulberry and Its Components
Previous studies have demonstrated that paper mulberry and its components possess
a wide range of biological activities, such as antityrosinase, anti-inflammatory, antioxidant,
and antimicrobial effects, as listed below (Table 2).
Table 2. Biological activities of paper mulberry.
B;ol?g? cal Part Compound Model Dose Detailed Effects Reference
ctivity
Leaf n/a n vitro IC50 = 17.68 + 53 pg/mL I“hifyi;;‘i‘fgeoom [63]
Leaf n/a n vitro 66.67~666.67 ig/mL I“hifyiié’;‘;ireoom [64]
Leaf Broussonetones A-C In vitro 1C50=0317 ~0323mpm  [nhibit mushroom [60]
tyrosinase
Antityrosinase Broussoflavonol F, 3,5,7,4'-
g SERSTEMITY e cocssseca  meteon
uralenol, quercetin
Broussoflavonol B/F/H-K,
Root papyriflavonol A, In vitro IC50 = 9.29~31.74 UM Inhibit mushroom [40]

isolicofavonol, glycyrrhiza
flavonol

tyrosinase
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Table 2. Cont.
B:)clt(i)gil:;l Part Compound Model Dose Detailed Effects Reference
Inhibit NO and iNOS
Bark n/a RAW264.7 cells 10~200 pg/mL production [24]
Inhibit production of
Bark n/a RAW264.7 cells 10~80 pg/mL NO, iNOS, TNF-«, [65]
and IL-1B
8,11-octadecadienic acid,
Fruit palmitic acid, lmoleplc acid, RAW264.7 cells 6~100 pg/mL Reduce NO 53]
8-octadecenoic production
acid, stearic acid, oleic acid
Decrease
TNF-a-induced
. Mice, 40 mg/kg, inflammation by
Root  Broussoflavonol B, kazinol | 573 14 adipocytes 3~40 ug/mL inhibiting the NF-kB [66]
pathway via AMPK
activation
(2R)-7,3' 4'-trihydroxy-6-
prenylflavanone, Inhibit production of
Root broussochalcone C, RAW264.7 cells 2.5~40 uM NO, iNOS, COX-2, [32]
broussoflavanonol A/B, TNF-«, and IL-6
kazinol V/W
Inhibit production of
Anti- Root Broussochalcone A RAW264.7 cells 1~20 uM NO, iNOS, TNF-«, [67]
inflammatory and IL-1$3
Reduce production of
Branch, Kazinol M, broussoflavonol . IL-1B and TNF-« by )
twig A/B THP-1 cells 1uM suppressing NF- (4]
kB/AP-1 activation
Decrease )
Root Broussoflavonol H Jurkat cells IC50 = 9.95 uM IL-2 production [40]
Root, . .. .
fruit Betulin, betulinic acid Rat 0.6,1,2g/kg Reduce edema [42]
Combined with
Lonicera japonica to
inhibit the production
of NO, TNF-«,
Root Broussr?fclhalcrcl)nle AA ’ Rat, MH-S cells 52~0500mg§1;1gi and IL-6 in [68]
papyriiavono HE macrophages, reduce
pleural cavity
inflammation and
bronchitis
Inhibit IgE-induced
n/a Papyriflavonol A Rat 12.5~50 mg/kg passive cutaneous [69]
anaphylaxis
4-Caffeoylquinic acid,
.S_Cﬁ.f feoylquinic acic}, Radical-scavenging
Leaf aplge““}'sz;oi; egi‘i*rfuromde' 1~10 mM In vitro activities in DPPH [59]
. M and ABTS assays
luteolin-7-O-glucuronide,
orientin, vitexin
. . Radical-scavenging
Leaf I:;;it:ggg' i:ctf)(;ilgrsllt?: 10 ug/mL In vitro activities in DPPH [61]
Antioxidant ’ and ABTS assays
Leaf Broussonetones A—C, IC50 = In vitro Antioxidant effects in [60]
apigenin, vitexin 43.89~107.7 uM SOD-like effect assays
Decrease extracellular
peroxide levels,
Root n/a 0.1~2.5 mg/mL SH-SY5Y cells improve activities of [70]

SOD, CAT, glutathione
peroxidase, and
glutathione reductase
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B:)clt(i)giltc;l Part Compound Model Dose Detailed Effects Reference
Epicatechin, caffeic acid, Sl‘lpel‘OXIde anon
Bark, o . . radical and hydroxyl
coumaric acid, quercetin, 10~50 mg/mL In vitro ;i ) [26]
wood Kaempferol radical scavenging
P activities
5 . Scavenging activity of
Flower n/a 0.5~5 mg/mL In vitro DPPH radical [29]
2-(4-
hydroxyphenyl)propane-1,3-
diol-1-0-B-D-
glucopyranoside,
4-hydroxybenzaldehyde,
3,4-dihydroxybenzoic acid, Scavenging activity of
arbutine, dihydroconiferyl DPPH radical and
Fruit alcohol, con.lfery.l alcohol, 0.16~100 mM SH-SY5Y cells neuroprotective 150]
ferulic acid, effects
p-coumaraldehyde, against HyO»-induced
cis-syringin, cis-coniferin, SY5Y cell injury
erythrol-(4-
hydroxyphenyl)glycerol,
threo-1-(4-
hydroxyphenyl)glycerol,
curculigoside C/I
lisj;;h’ Kazinol M, Zr;); ssoflavonol THP-1 cells 1uM Reduce CAA values [49]
Inhibit production of
Root Broussochalcone A RAW264.7 cells 1~20 uM NO, iNOS, TNF-«, [67]
and IL-1p
Broussoflavan A Inhibit oxidative
4 2+
Antioxidant Root broussoflavonol F/G, In vitro IC50 = 1.0~2.7 uM stres?rf?;lts ifali)l}{ Fe [43]
broussoaurone A
homogenate
Chushizisins A—1I,
threo-1-(4-hydroxy-3-
m?;g:g)g}}i?gjlﬁéf};{](i):} Scavenging activity of
methoxyphenoxy}-1,3- zlziljlji;ailfalfan?
Fruit propanediol, PC12 cells 0.16~100 pM . f; in;’t " % _ien;l‘;cse 4 [51]
erythro-1-(4-hydroxy-3- & im iimz ntin
methoxyphenyl)-2-{4-[(E)-3- 12 eolls
hydroxy-1-propenyl]-2-
methoxyphenoxy}-1,3-
propanediol
Whole . . 5 Scavenging activity of
plant Lignins In vitro 10~100 mg/L DPPH radical [71]
Acrial Increase SOD
art n/a Beef cattle 5~15% in food concentration, total [72]
P antioxidant capacity
Increase the
concentration of CAT,
Aerial n/a Dairy cow 5~15% in food SOD, and TAC and [73]
part decrease the serum
concentration of
8-OHdG
Increase
Leaf n/a Piglet 150, 300 g/t concentration of CAT, 7\

SOD, glutathione
peroxidase
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Table 2. Cont.

Biological

Activity Part

Compound

Model

Dose

Detailed Effects

Reference

Leaf

n/a

In vitro

MIC =1~7.5 mg/mL

Inhibit growth of
bacteria (Enterococcus
faecalis, Vibrio cholera,

Bacillus subtilis,
Pseudomonas
aeruginosa, Klibsella
pneumonia) and fungi
(Aspergilus niger, A.
flavus)

[75]

Seed

Hexadecanoic acid,
heptadecene-8-carbonic acid,
caryophyllene

In vitro

0.125~1%

Antibacterial activity
against Staphylococcus
aureus, Proteus
vulgaris, B. cereus,
Enterobacter aerogenes

[57]

Daphnegiravan F, 5,7,3' 4'-
tetrahydroxy-3-methoxy-
8,5'-diprenylflavone

In vitro

MIC = 3.9~250 ppm

Anti-oral microbial
effect against
Gram-positive strains
(Actinomyces
naeslundii, A. viscosus,
Streptococcus mutans,
S. sanguinis, S.
sorbrinus) and
Gram-negative strains
(Aggregatibacter actino-
mycetemcomitans,
Fusobacterium
nucleatum,
Porphyromonas
gingivalis)

[76]

Anti-microbial

Root

Papyriflavonol A, kazinol B,
broussochalcone A

In vitro

MIC = 12.5~45 pg/mL

Antifungal effect
against Candida
albicans and
Saccharomyces
cerevisiae, antibacterial
activity against
Escherichia coli,
Salmonella
typhimurium, S.
epidermis, S. aureus

[25]

Root

Papyriflavonol A

In vitro

MIC =10~25 pg/mL

Antifungal effect
against C. albicans and
S. cerevisiae

[44]

Fruit

Polysaccharides

In vitro

0.4~2.0 mg/mL

Antibacterial activity
against E. coli, P.
aeruginosa, B. subtilis,
S. aureus

[56]

Root

Broussochalcone A/B,
broussoflavan A,
3'-(3-methylbut-2-enyl)-
3/ 4/, 7-trihydroxyflavane,
34-
dihydroxyisolonchocarpin,
8-(1,1-dimethylallyl)-5'-(3-
methylbut-2-enyl)-3',4’,5,7-
tetrahydroxyflanvonol,
daphnegiravan I, kazinol
A/B/E,
4-hydroxyisolonchocarpin,
papyriflavonol A,
broussoflavonol B

In vitro

IC50 = 0.7~54 uM

Inhibit bacterial
neuraminidase

[36]
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Table 2. Cont.
B;ol(')g} cal Part Compound Model Dose Detailed Effects Reference
ctivity
Broussochalcone A /B,
4-hydroxyisolonchocarpin,
papyriflavonol A (4), o g
Antiviral Root 3'-(3-methylbut-2-enyl)- In vitro IC50 = 9.2~66.2 tM Inh‘b‘trptapam like [38]
3',4,7-trihydroxyflavane, protease
kazinol A/B/F/],
broussoflavan A
Induce
apoptosis-related
DNA fragmentation,
Bark n/a HT-29 cells 50~200 pg/mL increase the [24]
expression of p53,
caspase 3, Bax, inhibit
cell proliferation
Papyriflavonol A, Anti-proliferation
broussoflavonol B,
broussochalcone A, uralenol, effects on estr.o.gen
Bark 5,73/ 4'-tetrahydroxy-3- MCEF-7 cells 5~25 uM receptor-positive [46]
methoxv-8 5/ breast cancer
. Yo MCEF-7 cells
diprenylflavone
Bark, MCF-7, HeLa Cytotoxic activit
leaf, n/a Honc ’ 31.25~1000 pg/mL V! 4 [77]
frui epG2 cells against cancer cells
ruit
Broussoflavonol F/H/1/K, NCI-H1975, Growth inhibition
Root isolicofavonol, glycyrrhiza HepG2, 1C50 = 0.9~2.0 uM activity against three [40]
flavonol A, papyriflavonol A MCEF-7 cells cancer cell lines
Anticancer Inhibit cell growth
through G0/1 arrest
Root Kazinol A T24, T24R2 cells mediated by a [37]
decrease in cyclin
D1 and an increase
in p21
HEK293, HCT116, Induce apoptosis in
n/a Broussochalcone A SW480, 5~20 uM colon and liver [78]
SNU475 cells cancer cells
Cytotoxic effects
against human
hepatoma
n/a Broussochalcone A HepG2 cells 5uM HepG2 cells with [79]
activation of
apoptosis-related
proteins
N-norchelerythrine,
dihydrosanguinarine, o
Fruit oxyavicine, BEL-7402, Hela 1050 _ 597 4741 ug/mL Inhibit cancer cell [54]
b . 1 cells growth
roussonpapyrine, nitidine,
chelerythrine, liriodenine
Root Broussoflavonol B, kazinol ] Mice 40 mg/kg Improve glucose [66]
tolerance
8-(1,1-dimethylallyl)-5'-(3-
Antidiabetic methylbut—Z—enyl)—B’ A 57-
tetrahydroxyflanvonol, . _ Inhibit the activity of
Root uralenol, 3,3 4’ 5,7- In vitro IC50 = 4.3~36.8 uM PTP1B [33]
pentahydroxyflavone,

broussochalcone A
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Table 2. Cont.
B;ol(')g} cal Part Compound Model Dose Detailed Effects Reference
ctivity
Broussochalcone A/B, 3,4-
Dihydroxyisolonchocarpin,
4-Hydroxyisolonchocarpin,
3'-(3-Methylbut-2-enyl)-
3/, 4/, 7-trihydroxyflavane, o .

Antidiabetic Root kazinol A/B/E, In vitro IC50 = 2.1~75.7 uM Inh1b_1t lt he aitilwty of [35]
8-(1,1-Dimethylallyl)-5'-(3- a-glucosidase
methylbut-2-enyl)-3',4’,5,7-

tetrahydroxyflanvonol,
papyriflavonol A,
brossoflurenone A
8-(1,1-Dimethylallyl)-5'-(3-
methylbut-2-enyl)-3',4’,5,7- Inhibit human
1.Amtlcho- Root tetrahydl.roxyﬂanvonol, In vitro 1C50 = 0.5~24.7 uM acetylcholinesterase [41]
inesterase papyriflavonol A, and
broussoflavonol B, butyrylcholinesterase
brossoflurenone A/B
34- Inhibit the activity of
Antigout Root dihydroxyisolonchocarpin, In vitro IC50 = 0.6~1.8 uM xanthine oxi dats}:e [34]
broussochalcone A
Antinociceptive If{oc?t, Betulin, betulinic acid Rat 1,2g/kg Inhibit writhing [42]
ruit responses
Improve
acetaminophen-
induced liver damage,
. . reduce liver
Leaf Polysaccharides Mice 100~400 mg/kg apoptosis, enhance [30]
the detoxification
Hepato- ability of the liver to
protective acetaminophen
Suppress hepatic
steatosis by
Root Broussoflavonol B, kazinol J Mice 40 mg/kg decreasing hpogemc [66]
gene expression and
increasing AMPK
phosphorylation

n/a: not applicable; IC50: half-maximal inhibitory concentration; MIC: minimum inhibitory concentration; NO:
nitric oxide; iNOS: inducible nitric oxide synthase; TNF-«: tumor necrosis factor-alpha; IL: interleukin; COX-2:
cyclooxygenase-2; NF-«B: nuclear factor-kappa B; AP-1: activator protein 1; AMPK: AMP-activated protein kinase;
CAA: cellular antioxidant activity; SOD: superoxide dismutase; CAT: catalase; TAC: total antioxidant capac-
ity; DPPH: 1,1-diphenyl-2-picrylhydrazyl; ABTS: 2,2"-azino-bis-3-ethylbenzthiazoline-6-sulfonic acid; 8-OHdG:
8-Hydroxyguanosine.

3.2.1. Antityrosinase Activity

Paper mulberry is one of the most well-known skin-lightening ingredients with tyrosi-
nase inhibitory effects. An ethanolic extract from the leaves of paper mulberry exhibited
inhibitory activity in mushroom tyrosinase assays, with a IC50 value of 17.68 £ 5.3 pug/mL.
Moreover, the antityrosinase effect of paper mulberry leaf extract was stable over two
months at 4 °C or room temperature [63]. Another study demonstrated that methanolic
extracts of the leaves or bark of paper mulberry inhibited tyrosinase activity by 90-100%
at 666.67 nug/mL [64]. The antityrosinase effect of paper mulberry might be related to the
flavonoids and diterpenes in its composition. Flavonoid derivatives from paper mulberry,
including broussoflavonol B/F/H-K, papyriflavonol A, isolicofavonol, glycyrrhiza flavonol,
3,5,7 4'-tetrahydroxy-3'-(2-hydroxy-3-methylbut-3-enyl)flavone, uralenol, and quercetin,
showed strong inhibition effects on mushroom tyrosinase with IC50 values less than
100 uM [40,48]. Three ent-kaurane diterpenes, broussonetones A-C, from paper mulberry
leaves exerted more stable inhibitory activities on mushroom tyrosinase than the positive
control, kojic acid [60]. Kazinol F, a compound derived from paper mulberry, also inhibited
mushroom tyrosinase activity [80]. All published studies have reported the inhibitory
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effects of paper mulberry and its components on mushroom tyrosinase, not on human
tyrosinase or human melanocytes. Hence, further studies should be conducted to provide
strong scientific evidence for the application of paper mulberry as a depigmentation agent
in the beauty industry.

3.2.2. Anti-Inflammatory Activity

The anti-inflammatory effect of paper mulberry and its components has been indi-
cated in numerous studies using both in vitro and in vivo models. Butanol and hexane
fractions from the stem bark of paper mulberry showed anti-inflammatory activity by
suppressing the production of pro-inflammatory mediators, including nitric oxide (NO),
interleukin-1f3 (IL-1$3), and tumor necrosis factor-oc (TNF-ot), as well as decreasing the
expression of inducible NO synthase (iNOS) in lipopolysaccharide (LPS)-stimulated RAW
264.7 macrophages [24,65]. Similarly, treatment with oil from paper mulberry fruits also
reduced NO production in LPS-activated RAW 264.7 cells [53]. A methanolic extract of the
root bark of paper mulberry and its main bioactive compounds broussoflavonol B and kazi-
nol J significantly reduced TNF-a-induced inflammation in 3T3-L1 adipocytes and adipose
tissues by inhibiting the NF-«B pathway via AMPK activation [66]. Flavonoids from the root
bark of paper mulberry, including broussochalcone A/C, broussoflavanonol A /B, kazinol
V/W, and (2R)-7,3' 4’-trihydroxy-6-prenylflavanone, reduced the expression of NO, iNOS,
and pro-inflammatory cytokine (TNF-« and IL-6) in LPS-induced macrophages [32,67].
In a similar study, kazinol M and broussoflavonol A /B inhibited the production of IL-13
and TNF-« by suppressing NF-«B/AP-1 activation in LPS-stimulated THP-1 cells [49].
Another study showed that broussoflavonol H decreased IL-2 production in Jurkat induced
by PHA and PMA (IC50 = 9.95 uM) [40]. Root and fruit extracts from paper mulberry also
exerted in vivo anti-inflammatory effects by suppressing carrageenan-induced edema in
rats [42]. Paper mulberry (B. papyrifera) combined with Lonicera japonica exhibited inhibitory
effects on lung inflammation in LPS-treated rats and alveolar macrophages by downreg-
ulating the production of NO and pro-inflammatory cytokines [68]. Papyriflavonol A,
a flavonoid from paper mulberry, showed in vivo anti-inflammatory effects by inhibiting
IgE-induced passive cutaneous anaphylaxis in rats [69]. The anti-inflammatory effects
of paper mulberry and its bioactive components might be effective for the prevention of
post-inflammatory hyperpigmentation and other inflammatory diseases.

3.2.3. Antioxidant Activity

Paper mulberry and its bioactive components possess antioxidant activities both
in vitro and in vivo. Extracts from paper mulberry leaves exhibited radical-scavenging ac-
tivities in the 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2-azino-bis-3-ethylbenzthiazoline-
6-sulfonic acid (ABTS) assays, and phenols, particularly flavonoids, might be the main
contributors to this antioxidant effect [59,61]. Another study indicated that the broussone-
tones A—C, apigenin, and vitexin from the leaves of paper mulberry showed antioxidant
effects in SOD-like effect assays [60]. Paper mulberry stem bark, wood, fruit, and flower
extracts also exerted strong radical scavenging activities due to their high contents of total
phenols and flavonoids [26,29,50]. A root extract of paper mulberry showed inhibitory
effects against HyO,-induced oxidative stress in SH-SY5Y cells by reducing extracellular
peroxide levels and improving the activities of SOD, catalase, glutathione peroxidase,
and glutathione reductase [70]. Kazinol M, broussoflavonol A, and 5,73 4 -tetrahydroxy-3-
methoxy-8,5'-diprenylflavone exhibited strong antioxidant effects in cellular antioxidant
activity assays [49]. Broussochalcone A exerted a strong radical-scavenging activity in
a diphenyl-2-picrylhydrazyl assay system [67]. Broussoflavan A, broussoflavonol F/G,
and broussoaurone A from paper mulberry roots inhibited the oxidative stress caused
by Fe?* in rat brains [43]. In addition, lignans and lignins from paper mulberry also
showed high antioxidant activities in DPPH and ABTS assays [51,71]. Invivo, paper
mulberry extracts significantly enhanced antioxidant capacities in dairy cows, beef cattle,
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and piglets [72-74]. These findings imply the protective effect of paper mulberry against
oxidative stress, suggesting potential in the treatment of various diseases.

3.2.4. Anti-Microbial Activity

A previous study indicated that a methanolic extract of paper mulberry leaves showed
inhibitory effects against bacteria (Enterococcus faecalis, Vibrio cholera, Bacillus subtilis, Pseu-
domonas aeruginosa, Klibsella pneumonia) and fungi (Aspergilus niger, A. flavus) [75]. The seed
oil of paper mulberry exerted antibacterial activities against Staphylococcus aureus, Proteus
vulgaris, Bacillus cereus, and Enterobacter aerogenes, but did not affect fungal strains [57].
Extracts from the aerial parts of paper mulberries and the derived compounds, daphnegira-
van F and 5,7,3' 4'-tetrahydroxy-3-methoxy-8,5'-diprenylflavone, exhibited an anti-oral mi-
crobial effect on both Gram-positive and Gram-negative bacteria [76]. Prenylated flavonoids
from paper mulberry also possess antimicrobial activities. Papyriflavonol A showed anti-
fungal effects against Candida albicans and Saccharomyces cerevisiae, as well as antibacterial
activity against Escherichia coli, Salmonella typhimurium, S. epidermis, and S. aureus [25,44].
Kazinol B exerted inhibitory effects on S. cerevisiae, S. epidermis, and S. aureus, while brous-
sochalcone A was only effective on C. albicans [25]. The antibacterial effects of these
flavonoids might occur through inhibiting bacterial neuraminidase [36]. Paper mulberry
polysaccharides showed antibacterial activities against E. coli, P. aeruginosa, B. subtilis,
and S. aureus in a dose-dependent manner [56]. These findings suggest the potential appli-
cation of paper mulberry and derived compounds for the treatment of diseases caused by
bacterial and fungal infections.

3.2.5. Anti-Viral Activity

Polyphenols from paper mulberry were demonstrated to exert antiviral activities,
particularly against coronavirus. The isolated phenolic compounds, including broussochal-
cone. A /B, 4-hydroxyisolonchocarpin, papyriflavonol A (4), 3'-(3-methylbut-2-enyl)-3’ 4,7-
trihydroxyflavane, kazinol A/B/F/], and broussoflavan A, exhibited inhibitory effects
against papain-like protease, a crucial enzyme for the replication of coronavirus [38]. In an-
other study, molecular docking analysis revealed that broussochalcone A, papyriflavonol A,
3’-(3-methylbut-2-enyl)-3’ 4’,7-trihydroxyflavane, kazinol F/J, and broussoflavan A showed
a strong binding affinities with the main protease of severe acute respiratory syndrome
corona virus-2 (SARS-CoV-2) [39].

3.2.6. Anti-Cancer Activity

A dichloromethane fraction of paper mulberry stem bark induced apoptosis-related
DNA fragmentation, and increased the expression of p53, caspase 3, and Bax, as well as
inhibiting the proliferation of human colon cancer HT-29 cells [24]. Extracts from barks,
leaves, and fruits of paper mulberry showed cytotoxic effects against three cancer cell lines,
MCF-7, HepG2, and HeLa cells [77]. Broussoflavonol B downregulated the expression
of estrogen receptor-« (ER-«) and inhibited the proliferation of both ER-positive and ER-
negative breast cancer cells [46,81,82]. Uralenol and 5,7,3' 4'-tetrahydroxy-3-methoxy-8,5'-
diprenylflavone also suppressed the growth of ER-positive breast cancer MCF-7 cells [46].
Broussoflavonol F/H/I/K, glycyrrhiza flavonol A, papyriflavonol A, and isolicofavonol
showed inhibitory effects against human lung, liver, and breast cancer cells [40,46]. Simi-
larly, broussochalcone A exerted anti-cancer activities against colon and liver cancer cells
in vitro [78,79]. Another flavonol from paper mulberry, kazinol A, induced cytotoxic ef-
fects in T24 and cisplatin-resistant T24R2 human bladder cancer cells [37]. Total alkaloids
and seven isoquinoline alkaloids (N-norchelerythrine, dihydrosanguinarine, oxyavicine,
broussonpapyrine, nitidine, chelerythrine, liriodenine) from paper mulberry fruits showed
strong inhibitory effects on the growth of BEL-7402 and Hela cell lines, suggesting their
anti-cancer potential [37]. Hence, paper mulberry and its components might be promising
candidates for cancer therapy.



Cosmetics 2022, 9, 112

15 of 20

3.2.7. Anti-Diabetic Activity

A paper mulberry root extract exerted antidiabetic activities by improving glucose
tolerance in high-fed diet (HFD)-induced C57BL/6 mice [66]. Protein-tyrosine phos-
phatase 1B (PTP1B) is the key enzyme involved in the dephosphorylation of the insulin
receptor, resulting in insulin resistance. PTP1B inhibitors might be effective for the treat-
ment of type 2 diabetes [83]. Several compounds isolated from paper mulberry, includ-
ing uralenol, 8-(1,1-dimethylallyl)-5'-(3-methylbut-2-enyl)-3’ 4’ ,5,7-tetrahydroxyflanvonol,
3,3’ 4',5,7-pentahydroxyflavone, and broussochalcone A, exhibited PTP1B-inhibitory activi-
ties [33]. Another study reported that a chloroform extract of paper mulberry root and 12 de-
rived polyphenolic compounds showed inhibitory activities against x-glucosidases, a key
enzyme family in glucose metabolism [35,84]. Among these 12 polyphenols, papyriflavonol
A was the most potent x-glucosidase inhibitor, with an IC50 value of 2.1 uM [35]. These
findings provide evidence for the potential of using paper mulberry in diabetes treatment.

3.2.8. Anti-Cholinesterase Activity

Acetylcholinesterase plays a crucial role in cholinergic transmission by catalyzing the
hydrolysis reaction of acetylcholine. Acetylcholinesterase and the related enzyme butyryl-
cholinesterase have been demonstrated to be involved in the pathogenesis of Alzheimer’s
disease by directly interacting with amyloid-beta (A) and triggering the formation of A3
plaques [85,86]. Paper mulberry ethanol extracts with prenylated flavonoids as the main
active components exerted inhibitory effects on both human acetylcholinesterase and bu-
tyrylcholinesterase, suggesting their potential for the treatment of Alzheimer’s disease [41].

3.2.9. Anti-Gout Activity

An ethanolic extract of paper mulberry root bark showed antigout potential by inhibit-
ing the activity of xanthine oxidase (XOD), an enzyme that synthesizes uric acid from hypox-
anthine [34,87]. Two phenolic compounds, broussochalcone A and 3,4-dihydroxyisoloncho-
carpin, were found to be the main contributors to the XOD-inhibitory effects of the paper
mulberry extract [34].

3.2.10. Antinociceptive Activity

A previous study demonstrated that the administration of extracts from the roots,
stems, leaves, and fruits of paper mulberry (2 g/kg) exerted antinociceptive activity by
inhibiting the acetic acid-induced writhing response in rats [42].

3.2.11. Hepatoprotective Activity

Polysaccharides from paper mulberry ameliorated acetaminophen-induced liver dam-
age, reduced liver apoptosis, enhanced antioxidant capacity, and improved the detoxi-
fication ability of the liver to acetaminophen by regulating the intestinal microbiota in
mice [30]. An extract of paper mulberry root significantly suppressed hepatic steatosis in
HFD-induced obese mice by decreasing lipogenic gene expression and increasing AMPK
phosphorylation in the liver [66]. These data suggest the application of paper mulberry for
the treatment of hepatic diseases.

3.3. Application of Paper Mulberry in Cosmetics
3.3.1. Skin Lightening and Moisturizing

Paper mulberry is commonly used as a skin-lightening agent in cosmetics. Paper mul-
berry might prevent skin hyperpigmentation by inhibiting the activity of tyrosinase and
melanin formation [88]. Extracts from paper mulberry are included in many skin-whitening
compositions for external application [89,90]. Paper mulberry combined with Styela clava
extract is blended into a facial mask sheet for the whitening purpose [91]. A mask pack
containing paper mulberry showed moisturizing effects on the skin [92]. Paper mulberry
combined with white ginseng was incorporated in a cosmetic composition for skin mois-
turizing and smoothing [93]. A study conducted on 24 male participants demonstrated
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that kazinol F, a compound derived from paper mulberry, showed a significant depigmen-
tation effect against ultraviolet B (UVB) radiation. Even though melanin pigmentation
was considered a response of the skin to UV radiation and the inhibition of melanogenesis
may increase the skin’s vulnerability to the damage [94], the lotion containing kazinol F
did not only reduce skin darkness, but it also alleviated UV-induced erythema in human
skin. This effect was assessed using three different instruments (Chromameter CR200,
Dermaspectrometer, and Mexamter MX16) and was comparable with hydroquinone, a com-
mon skin-lightening agent [95]. Paper mulberry has been widely applied in the cosmetic
industry in Europe and South America; however, there have been limited clinical trials to
prove its skin-lightening effects in humans [96].

3.3.2. Hair Protection and Hair Growth

A previous study showed that the application of formulations containing paper mul-
berry root extract exerted hair-protective effects by improving the tensile strength, optical
absorption, and luster of damaged hair [97]. Another study on 11 healthy subjects indi-
cated that using a leaf extract of paper mulberry for 12 weeks showed beneficial effects
on hair growth, indicated by increased total hair count as compared with the start date
of the trial. The underlying mechanism might be through regulating the WNT-[3-catenin
and STAT6 pathways to promote the proliferation of dermal papilla cells [98]. These data
suggest the potential application of paper mulberry in hair-care products in cosmetics.

3.4. Safety Assessment of Paper Mulberry for Cosmetic Topical Application

The safety of paper mulberry for topical application was assessed in previous studies.
A microemulsion formulation containing paper mulberry leaf extract was applied for hu-
man skin irritation tests in the form of single-application closed-patch tests in 30 women
without any skin symptoms. The results showed that transepidermal water loss and ery-
thema values were not significantly different between microemulsions containing paper
mulberry and the placebo, suggesting that paper mulberry did not cause skin irritation
in humans [99]. Another report indicated that a skin composition containing paper mul-
berry showed no adverse effects on human skin [89]. The application of a lotion product
containing kazinol F, a component of paper mulberry, did not show any irritation or sensiti-
zation effects on human skin [80]. These findings suggest the safety of paper mulberry for
application in skin-lightening products.

4. Conclusions

Paper mulberry is a common skin-lightening ingredient in the cosmetic industry.
Extracts from different parts of the paper mulberry contain various bioactive components,
such as phenols, flavonoids, alkaloids, and tannins, which possess a wide range of biological
activities. Among them, antityrosinase, antioxidant, antimicrobial, and anti-inflammatory
effects are considered the typical pharmacological properties, which can be utilized for
cosmetic applications. Although paper mulberry is demonstrated to be safe for topical
application and has been used in many cosmetic preparations, there is a lack of clinical
studies to prove its skin-lightening effects in humans. Hence, more research on paper
mulberry as well as the combination of paper mulberry with other agents might be helpful
to expand the applications of paper mulberry in cosmetics.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cosmetics9060112/s1, Table S1: Chemical structure of compounds
in paper mulberry.
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