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Synopsis

Consumer demand for foods and cosmetics containing naturally derived ingredients has been increasing. 
Naturally derived anthocyanins (ACNs), from fruits and vegetables, were previously demonstrated to provide 
a wide range of hues as lipstick colorants with high stability. Therefore, the objective of this study was to 
evaluate the use of ACNs as bioactive pigments in lipstick formulations. Commercially available sources of 
nonacylated and acylated derivatives of the six major ACN aglycones were incorporated into a commercial 
lipstick base. The ACN-containing lipsticks were evaluated for their ability to act as ultraviolet (UV) 
absorbers [a source of sun protection factor (SPF)], free radical scavengers against 2,2-diphenyl-1-
picrylhydrazyl (DPPH), and preventers of melanin formation through tyrosinase inhibition. All formulas 
showed increased UV absorption over the lipstick base, and acylated ACNs contributed to the highest in vitro 
SPF (UVB) values (15.8) in formulations. All formulas exhibited high inhibition of DPPH free radicals and 
inhibition of melanin production by tyrosinase at microgram per milligram concentrations similar to or less 
than kojic acid (2.41 ± 0.06 µg/mg). This is physiologically relevant because lipstick use is on average 24 
mg/day. This study suggests the potential for ACNs to be used as biologically active ingredients in lipstick 
formulations by acting as antioxidants and UV-protection and antiaging compounds.

INTRODUCTION

This is the second article in a series of articles aimed at describing the use of anthocyanins 
(ACNs) in lipsticks.

Anthocyanins are water-soluble fl avonoids responsible for many of the red, purple, and 
blue colors found in plants. In nature, they occur as glycosylated derivatives of six pri-
mary aglycones: cyanidin, delphinidin, petunidin, peonidin, pelargonidin, and malvidin 
(1). The variations in chemical structures of these anthocyanidins (or aglycones) occur at 
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the 3′ and 5′ positions of the B-ring. Acylation of the sugar moiety with various aromatic 
and aliphatic acids may also occur (2). The biological activity of ACNs is largely depen-
dent on these variations in their chemical structures.

The intense and attractive colors produced by ACNs have prompted interest in their uses 
as colorants in the food industry (3). Their potential to act as powerful antioxidants and 
for use in disease prevention has also been gaining increased attention (4). They have long 
been considered as strong antioxidants, with the ability to scavenge free radicals and ter-
minate chain reactions demonstrated in many in vitro assays (5,6). Their protective effects 
against oxidative stress–induced damage and regulation of redox signaling pathways have 
also been demonstrated (7–9).

Unabsorbed ACNs have also been shown to potentially act as chemopreventive agents 
topically in the gastrointestinal tract by preventing oxidative damage to the mucosal lin-
ing (10). This topical activity may also translate to similar benefi ts when applied to the 
skin in an appropriate vesicle, such that they are able to react with damaging reactive 
oxygen species (11). Recent investigations into ACNs’ potential to prevent oxidative 
damage to the skin by ultraviolet (UV)-induced erythema, skin cancer, and photoaging 
have also demonstrated a protective effect in vitro and in vivo (12–15). Photoaging is de-
fi ned as premature aging of the skin caused by repeated exposure to UV radiation, with 
signs including general skin deterioration and dark spots or abnormal skin pigmentation 
(16). Anthocyanins have shown a potential to trigger a regenerative effect on the skin 
(17). Moreover, they have been shown to improve psoriatic lesions in vitro and alleviate 
atopic dermatitis in vivo (18,19).

Few studies have investigated the protective effects of ACNs when incorporated into 
matrices for topical delivery. However, two recent studies positively demonstrated the 
biological activity of ACNs when concentrated onto protein-rich matrices (20) and also 
when incorporated into ultradeformable liposomes (11). The results of these studies 
were promising; however, the technology used does not easily translate into practical or 
commonly used delivery systems for bioactive ingredients, such as incorporation into 
pre-existing cosmetic formulas. In cosmetic formulations, the chemical and potential 
bioactive properties of ACNs could translate into antiphotoaging properties.

When incorporated into some cosmetic formulations, the color imparted by these pig-
ments and their stability must also be considered. We recently reported ACNs to be suc-
cessful colorants of lipstick formulations with stability comparable with synthetic 
pigments, determined to exceed 2 years based on the accelerated testing conditions (21). 
Therefore, the aim of this study was to investigate the potential biological activity of 
ACNs when incorporated into lipstick formulations as a source of color and as an active 
ingredient, with ACNs selected based on our previous work.

MATERIALS AND METHODS

MATERIALS

Elderberry, purple carrot, purple sweet potato, and red radish dried extracts were pro-
vided by DD Williamson & Co., Inc. (Louisville, KY), and the purple corn and red grape 
skin dried extracts were provided by Artemis International (Fort Wayne, IN). The base of 
the lipstick formulations was purchased from MakingCosmetics, Inc. (Snoqualmie, WA); 
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ingredients for the base were as follows: triglyceride, coconut oil, octyldodecanol, ozoke-
rite wax, polyisobutene, castor oil, isopropyl palmitate, microcrystalline wax, lanolin oil, 
microcrystalline wax, synthetic wax, glycerin, DL-alpha tocopherol, and butylated hy-
droxytoluene (BHT). Black lip balm containers were purchased from a local company, 
Bulk Apothecary (Streetsboro, OH). Compounds used were gallic acid, 2,2-diphenyl-
1-picrylhydrazyl (DPPH), BHT, mushroom tyrosinase, L-3,4-dihydroxyphenylalanine 
(L-DOPA), and kojic acid, purchased from Sigma-Aldrich (St. Louis, MO). Reagents used 
were ethanol and methanol, and were purchased from Fisher Scientifi c, Inc. (Fair Lawn, NJ).

LIPSTICK SAMPLE FORMULATIONS

Formulations were prepared according to our previous formulation (21) and based on 
recommendations in the Society of Cosmetic Chemists Monograph Number 8: Lipstick 
Technology (22). All dried extracts were incorporated as 8% of the fi nal weight (w/w) of 
each lipstick formulation based on preliminary data (21). Dried extracts were weighed 
and ground in castor oil at a 1:3 ratio (pigment:oil) by mortar and pestle. Silica was in-
cluded at 1% of the fi nal weight (w/w) to increase uniformity in the fi nal products. The 
lipstick base was heated in a water bath at 70°C, and the preground pigment extracts 
were then added to the hot lipstick base and homogenized. The lipstick formulas were 
then poured directly into lip balm containers and cooled at 4°C until completely solid.

CHARACTERIZATION OF ACNS BY HIGH-PRESSURE LIQUID CHROMATOGRAPHY

The ACNs of the extracts used in these lipstick formulations were evaluated by reverse-
phase high-performance liquid chromatography. The system (Shimadzu Corporation, Co-
lumbia, MD) was composed of an LC-20AD prominence liquid chromatograph and an 
SPD-M20A prominence diode array detector coupled to an LCMS-2010 mass spectrom-
eter (Shimadzu Corporation). LCMS solution Ver 3.30 software was used to collect and 
evaluate data. Anthocyanin separation was achieved on a reversed-phase 3.5-µm Symme-
try C18 column (4.6 × 150 mm; Waters Corp., MA) fi tted with a 4.6 × 150-mm Sym-
metry 5 microguard column (Waters Corp.) with a binary gradient of 4.5% (v/v) formic 
acid in water (solvent A) and 100% acetonitrile (solvent B) at a fl ow rate of 0.8 mL/min. 
Solvent gradient followed 10–30% B from 0 to 30 min. Spectral information was col-
lected from 260 to 700 nm, and elution was monitored at 280 and 520 nm. For MS 
analysis, 0.2 mL/min fl ow was diverted to the MS and ionized under positive ion condi-
tions using an electrospray probe. Data were initially monitored using a total ion scan 
from m/z 200 to m/z 1,200 and then with selective ion monitoring at m/z 271 (pelargo-
nidin), m/z 287 (cyanidin), m/z 301 (peonidin), m/z 303 (delphinidin), m/z 317 (petuni-
din), and m/z 331 (malvidin).

SPECTROPHOTOMETRIC ANALYSIS OF TOTAL MONOMERIC ACN CONTENT

The total monomeric ACN content for the extracts and lipstick formulations was 
measured in 1-cm cuvettes using a spectrophotometer (UV-2450 spectrophotometer; 
Shimadzu, Kyoto, Japan) using the pH differential method as described by Giusti and 
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Wrolstad (23). Anthocyanins were extracted from the lipsticks using equal parts: acetone 
(70%), acidifi ed ethanol (0.01% HCl), and acidifi ed deionized distilled water, followed 
by phase partition with chloroform as previously described (21). Sample extracts were 
diluted in pH 1.0 buffer (KCl-HCl) and in pH 4.5 buffer (sodium acetate) and equili-
brated for 15 min.

The ACN content, expressed as cyanidin-3-glucoside, was determined using the follow-
ing equation:

 

pH1.0 pH 4.5Abs Abs  DF 1,000mg
Total monomeric anthocyanin content  

L d  
( 1)

where DF = dilution factor, ε = molar absorptivity of 26,900, and d = path length (1 cm), 
and the molecular weight of the monomeric ACN content is 449.2.

TOTAL PHENOLIC CONTENT

The Folin–Ciocalteu method was used to estimate the total phenolic content of the for-
mulas containing ACNs, based on the methods described in the literature (24). Lipstick 
formulas were dissolved in methanol and briefl y sonicated. After sample preparation, they 
were equilibrated in the dark at room temperature for 2 h before measuring absorbance 
readings at 765 nm with a spectrophotometer (UV-2450 spectrophotometer; Shimadzu). 
Analyses were conducted in triplicate. Gallic acid was used as a positive control to deter-
mine a standard curve for the test. Linear regression was used to determine a standard 
curve for the absorbance at 765 nm of the gallic acid solutions (R2 = 0.99). The results 
were reported as mg polyphenolic/L of extract solution as gallic acid equivalents (GAEs).

IN VITRO UV ABSORPTION AND SUN PROTECTION FACTOR (SPF) CALCULATION

In vitro SPFs for the lipstick formulas were determined based on the methods described 
by Sayre et al. (25) and Dutra et al. (26) with modifi cations based on the Cosmetics 
Europe-The Personal Care Association revised method (27). Aliquots of each solution 
were then pipetted into a UV microwell plate, in eight replications. Absorbance readings 
were measured by using a SpectraMax190 plate reader (Molecular Devices, Sunnyvale, 
CA) across the 290- to 400-nm UV wavelength range, at 1-nm increments and blanked 
against ethanol. The absorbance values were then averaged, and the standard deviations 
(SDs) were calculated for each sample. The in vitro SPF values were determined according 
to the following formula:

 spectrophotometricSPF CF EE AbsI A  (2 )

where CF = correction factor (10), EE (λ) = erythema action spectrum (CIE 1987), I (λ) = 
spectral irradiance received from the UV source, and Abs (λ) = spectrophotometric absor-
bance values at wavelength λ. The EE × I values are constants and were determined by 
Sayre et al. (25).
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DPPH FREE RADICAL SCAVENGING ASSAY

The DPPH free radical scavenging assay was used as a measure of potential antioxidant ca-
pacity as described previously (28,29), with modifi cations described by Montanari et al. 
(11) for use with cosmetics. Methanolic solutions containing the pigments recovered from 
the lipsticks, the dried pigment extracts at concentrations equal to their contents in the 
lipstick formulations, and also BHT were used for the testing of antioxidant capacity. 
DPPH dissolved in methanol with serial dilutions was used to obtain a standard curve for 
DPPH based on concentration. To the DPPH solution, methanol solutions containing ei-
ther BHT, the lipstick base, the dried extract, or the ACN formulas were added in tripli-
cate. Samples were equilibrated for 30 min in the dark at 20°C, and absorbance at 515 nm 
was measured by using a SpectraMax190 plate reader (Molecular Devices) with 30-min 
equilibration time. Then the samples were blanked against wells containing only methanol.

The average of the absorbance readings was then used to determine the DPPH inhibitory 
percentage and 50% inhibitory concentration (IC50) of each sample. The inhibitory per-
centage of each sample was determined based on the following equation:

 

DPPH Sample

DPPH

Abs Abs
% 100

Abs
I

 (3) 

IC50 values are defi ned as the concentration necessary to inhibit 50% of the free radical 
(11). The IC50 values of each sample were determined using linear regression of the ab-
sorbances at different concentrations. The readings for the ACN formulas were corrected 
for the absorbance of their respective dried extract in the methanol solution. Samples 
were tested again after 4 weeks of storage at 4°C, and new IC50 values were calculated and 
compared with the original values.

ANTITYROSINASE ASSAY

Tyrosinase inhibition assay was performed as previously reported (20). Methanolic lip-
stick extracts and mushroom tyrosinase (5 U) were gently mixed in phosphate buffer (pH 
6.5, 50 mM) and incubated for 10 min in a 96-well plate. Absorbance was measured at 
475 nm on a SpectraMax190 plate reader (Molecular Devices).

Results were compared with the negative control (phosphate buffer) and positive control 
(kojic acid). The percentage tyrosinase inhibition was calculated as follows:

 
Control Sample

Control

Abs Abs
% 100

Abs
I  (4)

Results are presented as mean (n = 8) ± SD. IC50 values were predicted using linear 
regression and are expressed in µg/mL.

STATISTICAL ANALYSIS

Results of the Folin–Ciocalteu method, DPPH free radical scavenging assay, and antity-
rosinase activity were analyzed using two-way ANOVA and regression modeling (α = 0.05) 
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using Minitab statistical software version 16 (State College, PA) and GraphPad Prism 
version 6 (La Jolla, CA).

RESULTS AND DISCUSSION

CHARACTERIZATION OF ACNS IN LIPSTICK FORMULATIONS

Sources of ACNs used in lipstick formulations were selected to represent a variety of 
natural structures and commercial availability. The main characteristics of each extract 
and their concentrations used in these lipstick formulations were characterized by Westfall 
and Giusti (21) and are summarized in Figure 1. Several sources of cyanidin, such as 
elderberry (Sambucus nigra L.), purple carrot (Daucus carota L.), purple corn (Zea mays L.), 
and purple sweet potato (Ipomoea batatas L.), were selected because of the high predomi-
nance in nature and commercial availability. Sources of acylated ACNs were also included 
as they have high reported stability (30). Hibiscus (Hibiscus sabdariffa L.) is a source of 
nonacylated delphinidin and was evaluated because of its reported high antioxidant activ-
ity (31). Red radish (Raphanus sativus L.), a source of acylated pelargonidin, was included 
as it is reported to be highly stable and as an alternative to synthetic red colorants (32). 
Red grape (Vitis vinifera L.), which contains predominantly malvidin and also all six ma-
jor aglycones, was also investigated to better understand the effect of chemical structure 
on color stability. As the lipstick formulations were developed based on inclusion of 8% 
dried plant extract, ACN concentrations in the lipstick formulations ranged 2.2–16.5 
µg/mg of lipstick (Figure 1).

TOTAL PHENOLIC CONTENT

The total phenolic content in the methanolic extracts was expressed as micrograms of 
GAEs per milligram lipstick (Figure 2). The total phenolic content ranged from 85.8 ± 
3.3 µg GAE/mg lipstick for purple sweet potato to 46.1 ± 5.5 µg GAE/mg lipstick for 
purple carrot. The other lipstick formulations contained 51.6 ± 8.3 (red grape), 56.6 ± 
8.1 (red radish), 66.7 ± 3.5 (elderberry), and 76.6 ± 1.8 (purple corn) µg GAE/mg lip-
stick. The phenolic content was compared with the total ACN content determined in a 
previous study (21). A high correlation (r = 0.97) was found between the total phenolic 
and total ACN contents for formulas containing acylated ACNs: purple carrot, purple 
corn, purple sweet potato, and red radish. These results are expected as the assay also 
measures the cinnamic and malonic acid acylating groups within the formulas (24). As 
phenolics are often associated with antioxidant activity, it is an important variable to 
consider when interpreting the antioxidant activity results of the formulas (33).

UV ABSORPTION AND SPF CALCULATIONS

The UV light absorbance of each formula compared with that of the lipstick base alone, 
from 290 to 400 nm, is shown in Figure 3. All formulas showed greater absorbance than 
the lipstick base alone along the entire UV spectrum, although absorption was higher in 
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the UVB range than the UVA range for all formulas tested. All formulas showed statisti-
cally signifi cant differences when compared with the base. The formula that showed the 
highest UV absorbance was the red radish formula; the purple sweet potato formula also 
showed high absorbance across the UV range. Both of these sources contained aromati-
cally acylated ACNs, which is likely related to their increased UV absorbance. Red rad-
ish, purple sweet potato, and elderberry showed absorbance values at or above 0.5 for all 
wavelengths in the UVB (290–320 nm) range (Figure 3). Elderberry ACNs are not typi-
cally acylated, and the increased absorbance could be related to the high overall phenolic 
content of this material (Figure 2).

The calculated in vitro UVB SPF values of the ethanolic extracts of the formulas are shown 
in Table I. Values followed the same pattern as that of the absorbance values in Figure 3; 
SPF values were highest for red radish, purple sweet potato, and elderberry. Lowest SPF 
values were calculated for red grape skin and purple carrot; however, all formulations 
showed an increase in absorbance over that of the lipstick base alone. The increased UV 

Figu re 1. Characterization and quantitation (microgram ACN/milligram lipstick as cyanidin-3-glucoside 
equivalents) of ACNs in lipstick formulations.
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absorption by red radish and purple sweet potato may be due to the addition of acylation 
by cinnamic acids, which are known to absorb in the UV range (34). These results may 
suggest a future role for these extracts as photoprotective ingredients in topical formulas.

DPPH FREE RADICAL SCAVENGING ABILITY

The inhibitory percentages of each formula extract against DPPH at three concentrations 
(40, 60, and 100 µg/mL) were determined to calculate the IC50 (µg/mg), or the concentra-
tion necessary to inhibit 50% of the DPPH, for each formulation. Inhibitory ability fol-
lowed the same pattern at all three concentrations, showing dose-dependent effects. 
Generally, increasing concentration of the lipstick formulation (increasing amounts of 
ACNs and total phenolics) resulted in greater inhibition of DPPH, consistent with previ-
ous reports investigating ACNs as inhibitors of DPPH (35,36). The purple corn and el-
derberry formulas showed the highest inhibition of DPPH at all three concentrations, 
whereas the grape skin and purple carrot formulas showed the lowest inhibition of DPPH 
at all three concentrations. All formula inhibitory values were signifi cantly different from 

Figu re 2. Total phenolic content of ACN–lipstick formulations in methanol, expressed as milligram GAE/
milligram lipstick (n = 5 ± SD).
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that of the lipstick base alone when analyzed by one-way ANOVA (p value  0.05). Inter-
estingly, when the inhibitory percentages of the lipstick formulas were analyzed against 
that of their respective ACN extract in methanol, no signifi cant differences were found at 
all three concentrations. These results may be suggesting that the ACNs are behaving in 
a similar manner to their reducing behavior in solution. The free radical scavenging ca-
pacity of each formula extract, expressed as IC50 values, is shown in Figure 4.

The antioxidant activity in order from highest activity found was as follows: the purple 
corn formula (4.87 ± 0.28 µg/mg), elderberry formula (13.35 ± 0.21 µg/mg), purple 
sweet potato (13.44 ± 0.01 µg/mg), red radish (14.49 ± 1.30 µg/mg), purple carrot 
(28.59 ± 2.65 µg/mg), red grape skin (31.18 ± 0.68 µg/mg), and, fi nally, the base lipstick 

Figu re 3. UV absorbance of ACN–lipstick formulations compared with the lipstick base in ethanol. Results 
are means (n = 8 ± SD).

Tabl e I
Calculated In Vitro UVB SPF Values Determined from Ethanolic Extracts of ACN–Lipstick Formulations 

Compared with the Lipstick Base

Lipstick formulation Calculated UVB SPF

Base 8.19
Elderberry 13.85
Purple carrot 11.27
Purple corn 11.62
Purple sweet potato 14.44
Red grape 11.39
Red radish 15.84

Calculations based on absorbance values in the UV wavelength range of 290–320 nm.
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formula (46.72 ± 0.67 µg/mg). All formulations were signifi cantly different when com-
pared with the base formula. All formulas, except purple carrot and red grape, were 
signifi cantly different when compared with the positive control, BHT (25.78 ± 2.66 
µg/mg).

Overall, the antioxidant capacity values found were in agreement with the amount of 
total phenolic content (r = 0.97). In general terms, those lipstick formulations containing 
greater amounts of total phenolic compounds demonstrated lower IC50 values or greater 
DPPH inhibition. Purple corn, elderberry, and purple sweet potato were expected to have 
the highest antioxidant activity because of their higher total phenolic content. However, 
this trend was not consistent in all cases. The purple sweet potato lipstick formulation 
had the highest overall total phenolic content; however, the purple corn and elderberry 
lipstick formulations showed greater DPPH inhibition capacities. This could have been 
related to the types of ACNs or polyphenols predominant in those extracts. Elderberry 

Figu re 4. IC50 (µg/mg lipstick) of radical scavenging against DPPH determined from methanolic extracts 
of ACN–lipstick formulations compared with BHT and the lipstick base (n = 5 ± SD). Signifi cant differ-
ences are denoted by different letters above bars.
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and purple corn ACNs were composed predominantly of cyanidin derivatives, whereas 
purple sweet potato ACNs were composed of part acylated cyanidin and of majority acyl-
ated peonidin derivatives. Peonidin bears a methoxyl and a hydroxyl group on its B-ring, 
whereas cyanidin bears a catechol moiety on the B-ring, which makes it more reactive. 
Inversely, the grape skin formula and purple carrot would be expected to have lower rela-
tive antioxidant activities, based on their phenolic content. These fi ndings indicate anti-
oxidant capabilities are affected by phenolic composition and concentration.

Samples were tested again after 4 weeks of storage at 4°C, and inhibitory percentages and 
IC50 values were compared with the fresh sample values. There was no statistical signifi -
cance (p value  0.05) between the values of the fresh samples and the 4-week old sam-
ples. In other studies, ACNs have been demonstrated to have antioxidant properties as 
investigated in various in vitro assays (such as DPPH, FRAP, and ABTS) (36,37); in this 
study, we demonstrate retention of these capabilities through the DPPH assay when in-
corporated in lipstick formulations. As these same were previously demonstrated to have 
high storage stability (2 years) (21), it may be suggested that lipsticks could serve as 
convenient vehicles for delivering ACNs and their antioxidant properties topically. Fur-
ther investigation will be required to validate this.

ANTITYROSINASE ACTIVITY

Eluates from the base lipstick and the ACN–lipstick formulations were tested for inhibi-
tion of L-DOPA oxidation against mushroom tyrosinase as a measure against melanin 
production. IC50 values (µg/mg), or the amount of the extracts necessary to inhibit 50% 
of the mushroom tyrosinase, were then predicted using linear regression and compared 
with the positive control, kojic acid (Figure 5). In general, all lipsticks showed the ability 
to inhibit tyrosinase at similar or lower concentrations than kojic acid (2.41 ± 0.06 µg/
mg). The elderberry and purple corn, in particular, exhibited IC50 values at, respectively, 
11-fold and eightfold lower concentrations than that of the control. Results were ana-
lyzed using one-way ANOVA, and all treatments were found to be statistically signifi -
cant (p  0.05) when compared with controls.

IC50 values (Figure 5) in order of highest inhibition were as follows: elderberry (0.22 ± 
0.06 µg/mg), purple corn (0.31 ± 0.01 µg/mg), purple carrot (0.42 ± 0.03 µg/mg), red 
grape skin (0.55 ± 0.04 µg/mg), purple sweet potato (0.75 ± 0.06 µg/mg), and red radish 
(1.78 ± 0.08 µg/mg). These results are in agreement with the expected activity based on 
the structure of the ACNs present. Anthocyanins with free hydroxyl groups at the 3′ and 
4′ positions of their B-ring (cyanidin and delphinidin) would be expected to have the 
highest inhibition of tyrosinase (38). Conversely, it is believed that the substitution with 
a methoxyl group at the 3′ position of the B-ring (peonidin, petunidin, and malvidin) 
causes steric hindrance of the hydroxyl group at the 4′ position, decreasing the inhibition 
potential. Acylation with cinnamic acids may increase inhibition (39). Acylation with 
malonic acid, such as that found on purple corn ACNs, may also inhibit tyrosinase 
through complexation with the copper center of the enzyme. In addition, glucosyl attach-
ments at C3 and C5 of the aglycones are believed to decrease inhibition through steric 
hindrance. Therefore, the ACN sources with cyanidin with one sugar attachment at the 
3′ position (elderberry), and their acylated counterparts (purple carrot and purple corn), 
would be expected to have the highest inhibition of tyrosinase.
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It should be noted that the results of IC50 values in micrograms per milligram are physi-
ologically relevant to lipstick application. The average woman uses 24 mg lipstick per 
day (40); therefore, the amounts of ACNs necessary to receive benefi ts against tyrosinase 
and other activities in cosmetic formulations could be delivered by these formulations.

CONCLUSIONS

Anthocyanins incorporated into lipstick formulations were shown to retain their tested 
biological activity in vitro. Under the conditions of this study, all formulations showed 
the ability to act as photoprotective additives through UV absorption, especially those 
with cinnamic acid acylation. The ACN formulations showed the capability to act as 
antioxidants, through scavenging of free radicals, in a lipstick matrix. In addition, the 
formulas showed profi cient tyrosinase inhibition, which is a well-known source of mela-
nin formation in the skin. The combination of all these effects may be protective against 

Figu re 5. IC50 (µg/mg lipstick) against mushroom tyrosinase for ACN–lipstick formulations compared with 
kojic acid and the lipstick base. Results are presented as means (n = 8) ± SD. Signifi cant differences are de-
noted by different letters above bars.
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photoaging, warranting subsequent in vivo investigation. The concentrations necessary to 
exhibit these activities were all well within physiologically relevant concentrations based 
on the average uses of lipsticks within the United States. These results suggest ACNs 
may have uses as potentially bioactive ingredients within cosmetic formulations; further 
studies are warranted for claim substantiations.

ACKNOWLEDGMENTS

We would like to thank DD Williamson & Co., Inc. and Artemis International for provid-
ing the dried anthocyanin extracts.

REFERENCES

 (1)  O. M. Anderson and M. Jordheim, “Basic anthocyanin chemistry and dietary sources,” in Anthocyanins 
in Health and Disease, 1st Ed. T. Wallace and M. M. Giusti. Eds. (CRC Press, Boca Raton, FL, 2014), pp. 
13–90.

 (2)  M. M. Giusti and R. E. Wrolstad, Acylated anthocyanins from edible sources and their applications in 
food systems, Biochem. Eng. J., 14, 217–225 (2003).

 (3)  G. T. Sigurdson, P. Tang, and M. M. Giusti, Natural colorants: food colorants from natural sources, 
Annu. Rev. Food Sci. Technol., 8, 261–280 (2017).

 (4) P. Jing and M. M. Giusti, “Analysis of anthocyanins in biological samples,” in Anthocyanins in Health and 
Disease, 1st Ed. T. Wallace and M. M. Giusti. Eds. (CRC Press, Boca Raton, FL, 2014), pp. 115–140.

 (5) J. He and M. M. Giusti, Anthocyanins: natural colorants with health-promoting properties, Annu. Rev. 
Food Sci. Technol., 1, 163–187 (2010).

 (6)  G. Mazza, C. D. Kay, T. Cottrell, and B. J. Holub, Absorption of anthocyanins from blueberries and 
serum antioxidant status in human subjects, J. Agric. Food Chem., 50, 7731–7737 (2002).

 (7)  C. Ramirez-Tortosa, Ø. M. Andersen, L. Cabrita, P. T. Gardner, P. C. Morrice, S. G. Wood, S. J. Duthie, 
A. R. Collins, and G. G. Duthie, Anthocyanin-rich extract decreases indices of lipid peroxidation and 
DNA damage in vitamin E-depleted rats, Free Radic. Biol. Med., 31, 1033–1037 (2001).

 (8)  P. Shih, C. Yeh, and G. Yen, Anthocyanins induce the activation of phase II enzymes through the anti-
oxidant response element pathway against oxidative stress-induced apoptosis, J. Agric. Food Chem., 55, 
9427–9435 (2007).

 (9)  Y. P. Hwang, J. H. Choi, E. H. Han, H. G. Kim, J. H. Wee, K. O. Jung, K. H. Jung, K. I. Kwon, T. 
C. Jeong, Y. C. Chung, and H. G. Jeong, Purple sweet potato anthocyanins attenuate hepatic lipid ac-
cumulation through activating adenosine monophosphate-activated protein kinase in human HepG2 
cells and obese mice, Nutr. Res., 31, 896–906 (2011).

 (10)  J. M. Gee and I. T. Johnson, Polyphenolic compounds: interactions with the gut and implications for 
human health, Curr. Med. Chem., 8, 1245–1255 (2001).

 (11)  J. Montanari, M. Vera, E. Mensi, M. Morilla, and E. Romero, Nanoberries for topical delivery of anti-
oxidants, J. Cosmet. Sci., 64, 469–481 (2013).

 (12) C. Chan, C. Lien, Y. Lai, C. Huang, and W. C. Liao, Infl uence of purple sweet potato extracts on the UV 
absorption properties of a cosmetic cream, J. Cosmet. Sci., 61, 333–341 (2010).

 (13)  J. Y. Bae, S. S. Lim, S. J. Kim, J. S. Choi, J. Park, S. M. Ju, S. J. Han, I. J. Kang, and Y. H. Kang, Bog 
blueberry anthocyanins alleviate photoaging in ultraviolet-B irradiation-induced human dermal fi bro-
blasts, Mol. Nutr. Food Res., 53, 726–738 (2009).

 (14) K. Tsoyi, H. B. Park, Y. M. Kim, J. I. Chung, S. C. Shin, W. S. Lee, H. G. Seo, J. H. Lee, K. C. Chang, 
and H. J. Kim, Anthocyanins from black soybean seed coats inhibit UVB-induced infl ammatory 
cylooxygenase-2 gene expression and PGE2 production through regulation of the nuclear factor-kappaB 
and phosphatidylinositol 3-kinase/Akt pathway, J. Agric. Food Chem., 56, 8969–8974 (2008).

 (15)  C. K. Hsu, S. T. Chou, P. J. Huang, M. C. Mong, C.-K. Wang, Y. P. Hsueh, and J. K. Jhan, Crude ethanol 
extracts from grape seeds and peels exhibit anti-tyrosinase activity, J. Cosmet. Sci., 63, 225–232 (2012).

 (16)  E. R. Gonzaga, Role of UV light in photodamage, skin aging, and skin cancer: importance of photopro-
tection, Am. J. Clin. Dermatol., 10, 19–24 (2009).

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



JOURNAL OF COSMETIC SCIENCE76

 (17)  K. Bojanowski, Hypodermal delivery of cosmetic actives for improved facial skin morphology and func-
tionality, Int. J. Cosmet. Sci., 35, 562–567 (2013).

 (18)  M. Crisan, L. David, B. Moldovan, A. Vulcu, S. Dreve, M. Perde-schrepler, C. Tatomir, A. G. Filip, P. 
Bolfa, M. Achim, I. Chiorean, I. Kacso, C. B. Grosan, and L. Olenic, New nanomaterials for the im-
provement of psoriatic lesions, J. Mater. Chem. B, 1, 3152–3158 (2013).

 (19)  M. J. Kim and S. Y. Choung, Mixture of polyphenols and anthocyanins from Vaccinium uliginosum L. 
alleviates DNCB-induced atopic dermatitis in NC/Nga mice, Evid. Based Complement. Altern. Med., 
2012, 461989 (2012).

 (20)  N. Plundrich, M. H. Grace, I. Raskin, and M. Ann Lila, Bioactive polyphenols from muscadine grape 
and blackcurrant stably concentrated onto protein-rich matrices for topical applications, Int. J. Cosmet. 
Sci., 35, 394–401 (2013).

 (21)  A. Westfal and M. M. Giusti, Color profi les and stability of acylated and nonacylated anthocyanins as 
novel pigment sources in a lipstick model: a viable alternative to synthetic colorants, J. Cosmet. Sci., 68, 
233–244 (2017).

 (22)  S. Barone, I. Cohen, and M. Schlossman, Monograph Number 8: Lipstick Technology, R. Linda. Ed. (Society 
of Cosmetic Chemists, New York, NY, 2002), pp. 1–22.

 (23)  M. M. Giusti and R. E. Wrolstad, “Characterization and measurement of anthocyanins by UV-visible 
spectroscopy,” in Handbook of Food Analytical Chemistry. (2005), pp. 19–31.

 (24)  A. L. Waterhouse, “Determination of total phenolics,” in Polyphenolics in Current Protocols in Food Analytical 
Chemistry, S. King, M. Gates and L. Scalettar. Eds. (John Wiley and Sons, Inc., New York, NY, 2001).

 (25)  R. M. Sayre, P. P. Agin, G. J. LeVee, and E. Marlowe, A comparison of in vivo and in vitro testing of 
sunscreening formulas, Photochem. Photobiol., 29, 559–566 (1979).

 (26)  E. A. Dutra, D. A. G. C. Oliveira, E. R. M. Kedor-Hackmann, and M. I. R. Miritello Santoro, Deter-
mination of sun protection factor (SPF) of sunscreens by ultraviolet spectrophotometry, Braz. J. Pharm. 
Sci., 40, 381–385 (2004).

 (27) D. Moyal, V. Alard, C. Bertin, F. Boyer, M. W. Brown, L. Kolbe, P. Matts, and M. Pissavini, The revised 
COLIPA in vitro UVA method, Int. J. Cosmet. Sci., 35, 35–40 (2013).

 (28) W. Brand-Williams, M. E. Cuvelier, and C. Berset, Use of a free radical method to evaluate antioxidant 
activity, LWT - Food Sci. Technol., 28, 25–30 (1995).

 (29) R. Prior, X. Wu, and K. Schaich, Standardized methods for the determination of antioxidant capacity 
and phenolics in foods and dietary supplements, J. Agric. Food Chem., 53, 4290–4302 (2005).

 (30)  J. M. Bueno, P. Sáez-Plaza, F. Ramos-Escudero, A. M. Jiménez, R. Fett, and A. G. Asuero, Analysis and 
antioxidant capacity of anthocyanin pigments. Part II: chemical structure, color, and intake of antho-
cyanins. Crit. Rev. Anal. Chem., 42, 126–151 (2012).

 (31)  R. L. Prior and X. Wu, Anthocyanins: structural characteristics that result in unique metabolic patterns 
and biological activities, Free Radic. Res., 40, 1014–1028 (2006).

 (32) M. M. Giusti and R. E. Wrolstad, Characterization of red radish anthocyanins, J. Food Sci., 61, 322–326 (1996).
 (33)  C. Fredes, G. Montenegro, J. P. Zoffoli, F. Santander, and P. Robert, Comparison of the total phenolic 

content, total anthocyanin content and antioxidant activity of polyphenol-rich fruits grown in Chile, 
Cienc. Invest. Agrar., 41, 49–60 (2014).

 (34) A. Chisvert and A. Salvador, UV fi lters in sunscreens and other cosmetics. Tanning and whitening 
agents. Analytical methods: 3.1. UV fi lters in sunscreens and other cosmetics. Regulatory aspects and 
analytical methods. in Analysis of Cosmetic Products. (2007), pp. 83–140.

 (35) Q. Ge and X. Ma, Composition and antioxidant activity of anthocyanins isolated from Yunnan edible 
rose (An ning), Food Sci. Hum. Wellness, 2, 68–74 (2013).

 (36) S. Hariram Nile, D. Hwan Kim, and Y.-S. Keum, Determination of anthocyanin content and antioxi-
dant capacity of different grape varieties, Ciência Téc. Vitiv., 30, 60–68 (2015).

 (37) E. Vamanu and S. Nita, Antioxidant capacity and the correlation with major phenolic compounds, an-
thocyanin, and tocopherol content in various extracts from the wild edible Boletus edulis mushroom, 
Biomed. Res. Int., 2013, 313905 (2013).

 (38) S. Parvez, M. Kang, H. Chung, and H. Bae, Naturally occurring tyrosinase inhibitors: mechanism and 
applications in skin health, cosmetics and agriculture industries. Phytother. Res., 21, 805–816 (2007).

 (39) S.-Y. Kwak, J.-K. Yang, H.-R. Choi, K.-C. Park, Y.-B. Kim, and Y.-S. Lee, Synthesis and dual biologi-
cal effects of hydroxycinnamoyl phenylalanyl/prolyl hydroxamic acid derivatives as tyrosinase inhibitor 
and antioxidant, Bioorg. Med. Chem. Lett., 23, 1136–1142 (2013).

 (40) L. J. Loretz, A. M. Api, L. M. Barraj, J. Burdick, W. E. Dressler, S. D. Gettings, H. Han Hsu, Y. H. Pan, 
T. A. Re, K. J. Renskers, A. Rothenstein, C. G. Scrafford, and C. Sewall, Exposure data for cosmetic 
products: lipstick, body lotion, and face cream, Food Chem. Toxicol., 43, 279–291 (2005).

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)


