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ABSTRACT

Objective: The present study was undertaken to evaluate antioxidant, depigmenting and photoprotective activities of the
hydroalcoholic extract of Alpinia speciosa leaves. Methods: In vitro spectrophotometric methods were used to determine
the total phenolic and flavonoids contents and the above mentioned biological capacities. Results: The antioxidant activity
for the hydroalcoholic extract of A. speciosa showed a very good result (IC,,=7.13 pg mL", statistically different from the
ascorbic acid reference standard at p<0.05), which can be elucidated by their content of phenolic compounds, such as
flavonoids. As for the depigmenting activity, the tyrosinase inhibitory ability demonstrated that the A. speciosa presented
IA% lower than 50%, but it also presented a better stability than kojic acid standard. The extract also presented a significant
photoprotection for a single UV-filter substance (SPF, UVAPF, Critical Wavelength and UVA/UVB Ratio), and it can be
considered a broad-spectrum filter. Conclusion: These data altogether indicate that A. speciosa can have application in

cosmeceuticals for aesthetics or degenerative diseases.
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INTRODUCTION

Alpinia speciosa (Pers.) B.L. Burtt and R.M. Sm. (Family
Zingiberaceae), also known as Alpinia erumbet, is a worldwide
distributed edible and medicinal plant that grows mainly
in subtropical and tropical areas. Popularly known as
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Colbnia and Pacova, it was probably originated somewhere
in tropical Asia.! Used as food and herbal medicine, the
leaves of A. speciosa have already some pharmacological
effects described in literature: for skin care, insect repellent
and deodorant products,” as hypotensive, diuretic and
antiulcerogenic,” and also possessing antinociceptive
effects on mice* and antihypertensive and cardiovascular
effects on rat.’” More recently studies reported the high
phenolic content of A. speciosa."* However, to the best
of the author’s knowledge there is no previous report
linking the photoprotective and skin whitening activities
of this species.
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Considering all these aspects, the present study was
undertaken to evaluate antioxidant, depigmenting and
photoprotective activities of the hydroalcoholic extract
of leaves of A. specivsa, as well as its total phenolic and
flavonoid contents.

MATERIALS AND METHODS
Plant material

The plant was collect at the UFJF’s Faculty of Pharmacy’s
Garden (Atlantic Forest Biome, Brazil). Dr Fatima Salimena
identified the species and the exsiccate was deposited in
the Herbarium Leopoldo Krieger. Specimens’ leaves (50
g) were cleaned with water and dried in a circulating air
oven (21°C, four days). Subsequently, the material was
ground in a knife mill (TA-2, Metvisa, Brazil) and statically
macerated in ethanol for three days at room temperature.
The filtrates were subjected to slowly rotary evaporator
(R-114-Buchi, Switzetland) under reduced pressure at 40°C
until the complete removal of the solvent. The material
was stored protected from light in air-tight containers at
-20°C until its use.

Antioxidant Activity

The antioxidant activity was evaluated using the
2,2-diphenyl-1-picrylhydrazyl (DPPH; Sigma-Aldrich,
USA) assay. An aliquot of 150 pLL of a 0.05 mM ethanolic
DPPH was added to 50 pL of ethanolic solution of
the extract at concentrations from 0.97 to 250 pg mL™"
in 96-well plates. Ascorbic acid was used as standard
at the same concentrations. Reactions elapsed at room
temperature for 30 minutes in the dark and then the
absorbance was read in a spectrophotometer (A=510
nm). Inhibition of DPPH radical was calculated using
the equation IC, =[(C-5)/ (] x 100, being IC=Inhibitory
activity, C=absorbance of the negative control, and
S=absorbance of the test samples. The IC_ was
calculated from the equation of the linear dispersion
graph. All tests were performed in triplicate.
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Tyrosinase inhibition enzymatic assay

Aliquots of 10 uL. of a solution composed by 125 U mL"!
of mushrooms tyrosinase (Sigma-Aldrich, USA) were
added to 96-well microplates, and then 70 uL. of pH 6.8
phosphate buffer solution and 60 pL of the extract (350 pg
mL™", in 25% dimethyl sulfoxide-DMSO) were also added.
For the positive control, 60 pL of kojic acid (17.5 pg mL"!
in 25% DMSO) was used instead of the extract, and for
the negative control 60 uLL of 25% DMSO were added. To
the resultant mixture, 70 pL. of aqueous L-tyrosine (0.3 mg
mL™") (Sigma-Aldrich, USA) were added (final volume=210
uL). The absorbances were read at 510 nm (T ) (Spectra
Count, Packard, USA). Then, the microplates were
incubated at 30 + 1°C for 60 minutes and the absorbances
were registered again (T). An additional incubation for
60 minutes at 30 £ 1°C was done and after this period
a new spectrophotometric reading was conducted (T).
The inhibitory percentage at T, and T, was obtained
according to the equation TA, =[(C-5)/C] x 100, where
IA, =Inhibitory activity; C=negative control absorbance;
S=sample or positive control absorbance (absorbance at
time T, or T, minus the absorbance at time T ).

For samples that reached IA, greater than 35%, the above
experimental protocol was followed, with modifications
(a 500 U mL" tyrosinase solution was used, and the
absorbances were measured every 10 minutes, up to
1 hour). The quantitative determination was obtained
through an analytical curve. For this, the extracts were
diluted to concentrations of 100, 80, 40, 20 and 10 pg mL"!
with 25% DMSO (kojic acid to concentrations of 10, 5, 2.5,
1.25 and 0.625 pg mL"). The analytical curve was plotted
between tyrosinase inhibition activity percentages at each
time and the concentrations of the extract/positive control.
Using the equation of the line, the IA, was calculated.

Total phenolic and flavonoids content

The determination of total phenolic content was performed
using Folin-Ciocalteu reagent in alkaline medium. Gallic
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acid (Sigma-Aldrich, USA) was used as standard, and its
ethanolic solutions (25-700 ug mL") were used to built-up
a standard curve for determining the extracts phenolic
content. The extracts were dissolved in ethanol (10 mg
mL" n=3). Aliquots of the samples’ solutions (50 p.L)) wetre
mixed in test tubes with 250 pLL of Folin-Ciocalteu reagent,
500 L of 20% aqueous sodium carbonate and 4.2 mL of
water. The test tubes were incubated protected from light at
room temperature for 30 minutes, and then the absorbances
were read at 760 nm (UV Mini 1240, Shimadzu, Japan). The
total phenolic content of the extracts were determined by
extrapolation of the analytical curve built-up for the gallic
acid standard.

For flavonoids, rutin (Sigma-Aldrich, USA) was used
as standard, and its aqueous solutions (2-30 pg mL™)
were used to built-up a standard curve. The extracts
wete dissolved in ethanol (10 mg mL!, n=3). 2.5 mL
of the extract solutions were mixed with 1 mL of
chloroform and 1.5 mL of water and then centrifuged
for 3 minutes at 2465Xg (5810 R, Eppendorf, Germany).
The microplates were prepared by adding the following
solutions, in this order: 99 pl. of water; 25 pl. of 8%
methanolic aluminum chloride hexahydrate solution;
100 mL of pyridine:methanol (2:8, v/v) solution; 6 pL
of glacial acetic acid; and 20 pL. of the supernatant of
the centrifuged extract (or 20 uL. of each rutin solution).
The plate was stirred for 2 minutes and incubated in the
dark for 15 minutes. After incubation, the absorbance was
recorded at 405 nm (Microplate Reader Spectra Count,
Packard, USA). The flavonoids content of the extracts
were determined by extrapolation of the analytial curve
built-up for the rutin standard.

Photoprotection assay

The extract was incorporated at 15% in a cosmetic neutral
lotion. Two days after that, it was accurately and quickly
weighed (1.3 mg cm™) in poly-methil metacrilate plates
(n=3). The plates were then protected from light exposure
in a dark chamber at room temperature (=20°C) for 15
minutes, and after this period they were measured from
290 to 450 nm at 1 nm intervals on 9 different sites of each
plate by a transmittance analyzer (UV2000S, Labsphere,
USA). For UVAPE, the plates were inserted into the UV
irradiation source and then exposed to a calculated UV
dose. After that, new transmission measurements of the
sunscreen samples were conducted for acquisition of
the second UV spectrum, and then the final UVAPE, the
UVA/UVB Ratio and the Critical Wavelength (Ac) were
calculated. Detailed protocol and theoretical background
can be found in Polonini and colleagues (2013).” All results
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were expressed as a mean of 27 determinations (3 plates,
9 readings each, at different sites).

RESULTS AND DISCUSSION

The polyphenolic compounds consist of a large group
of substances found in all known vegetal species, and the
flavonoids are a specific group of compounds within the
group of polyphenols. These substances were determined
in the extract because they are known to possess strong
antioxidant activity, mainly the flavonoids and they also
have the capacity to absorb UV radiation and prevent
its absorption. The flavonoids specifically mitigate the
Reactive oxygen species (ROS) and the penetration of UV
rays.® The results of the total phenolic content and the
flavonoid content are exposed in Table 1.

Table 1.General chemical composition of Alpinia speciosa
hydroalcoholic extract
Hydroalcoholic Total flavonoid
content (g/100 g)~

3.64+0.82

Total phenolic
extract content (g/100 g)’

Alpinia speciosa 16.52+0.07
“determined as gallic acid; “determined as rutin.

At Table 2, we can see that the antioxidant activity for the
hydroalcoholic extract of A. speciosa showed a very good
result (IC, =7.13 ug mL", statistically different from the
ascorbic acid standard, p<0.05), which can be elucidated by
their content of phenolic compounds, such as flavonoids.
Phenolic compounds are well known as radical scavengers,
metal chelators, reducing agents, hydrogen donors, and
singlet oxygen quenchers. A study by Mpalantinos and
colleagues’ isolated and quantified the flavonoids rutin,
kaempferol 3-O-rutinoside, kaempferol 3-O-glucuronide,
(+)-catechin and (-)-epicatechin from the ethanolic extract
of Alpinia speciosa, which may be responsible for this activity.
Chompoo and colleagues® evaluated the antioxidant activity
of different parts of .A. speciosa in hydroalcoholic and
aqueous extracts. This study showed that not only the total
content of phenolic compounds was higher in the aqueous
extract, but also the antioxidant activity of aquous extract was
superior to hydroalcoholic one, demonstrating the important
role of these compounds to the antioxidant activity.

The evaluation of the antioxidant activity is also important
when one wants to study the sunscreen potential, because
UVA radiation causes its phototoxic effect through the
production of free radicals and ROS, which damage DNA,
proteins and cell membranes. Introducing exogenous
antioxidants in formulations with sunscreening capacity
is important because the endogen antioxidants do not
always are enough in number or activity to fight against
the deleterious effects of the sun, and then this exogenous
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Table 2.Tyrosinase inhibitory, antioxidant and sunscreening activities of Alpinia speciosa and

standards
Results
Sample Depigmenting activity Antioxidant activity
1A 60 min (%) 1A 120 min (%) IA,, (ug.mL") IC,, (ug-mL")
Alpinia speciosa 23.89 16.66 206.80 713
Kojic acid 88.14 71.52 6.94 -
Ascorbic acid - - 2.62
SPF UVAPF ¢ (nm) UVA/UVB Ratio
Alpinia speciosa 12+1.3 8+3.0 385 0.770
Colipa Reference 18+1.5 121.1 381 0.880

sunscreen S2
SPF: Sun Protection Factor; UVAPF: UVA Protection Factor.

substances are allies to the natural ones. Analysing the
inhibitory activity of tyrosinase (Table 2), we found in the
qualitative assay that the capacity of inhibiting tyrosinase
remained below 50%, a result which is not satisfactory.
Nevertheless, this inhibition was mote stable than the
standard kojic acid, decreasing approximately 9.0% in the
first hour to second hour of the screening, as opposed
kojic acid that reduces its capacity of inhibits tyrosinase
in approximately 16.0%.

In the quantitative assay, we observed an IC_ higher than
the standard, however the complexity of the extract must
be considered, once hydroalcoholic extracts consist of
several compounds. Furthermore, the solvent whereby
the extract is prepared and the region where the plant
was collected significantly affect their final composition.
Tyrosinase is a key enzyme for melanogenesis, then its
inhibitors may be clinically useful battling against some
skin diseases, once melanin has protective functions against
skin photocarcinogenesis.

Regarding the photoprotection capacity, the results are
shown in Table 3. The extract presented a significant
photoprotection for a single UV-filter substance as its
SPL, i.e., its protection against UVB sunrays, was equal to
12 (no other UV-filter was added into the formulation but
the A. speciosa extract, at 15%). The extract also presented
a relevant UVA protection. This is of great importance,
once UVA rays are known to play an important role on
skin cancers. Critical Wavelength is another parameter
determined to measure the UVA protection, as it defines
the spectrum of protection (sunscreens with Ac values near
400 nm are considered broad spectrum). The US Food
and Drug Administration (FDA)" uses this parameter to
determine if a product is a broad spectrum sunscreen or
not. It considers the broad spectrum test as a pass/fail test
based on the critical wavelength value of 370 nm. Under
such classification, the extract can be considered a broad-
spectrum filter.
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Table 3: Photoprotection results of Alpinia speciosa
hydroalcoholic extract

Hydroalcoholic SPF UVAPF  ic (nm) UVWVB
extract Ratio
Alpinia speciosa 12+1.3 8+3.0 385 0.770
CEEDEECTED a0 9@ 381 0.880

sunscreen S2
SPF: Sun Protection Factor; UVAPF: UVA Protection Factor; ‘Colipa, 2011.

Finally, we have determined the UVA/UVB Ratio, which
provides a good idea of which UV region is better blocked
by the substances. The value (0.770) shows that the extract
has a good UVA/UVB balance.

CONCLUSION

These data altogether indicate that A. speciosa can have
application in cosmeceuticals for aesthetics or degenerative
diseases, for its great antioxidant, light depigmenting and
excellent photoprotection capacities, acting by inhibiting
the UV-induced oxidative stress.
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IC: Inhibitory activity

C: absorbance of the negative
control

S: absorbance of the test samples

DMSO: dimethyl sulfoxide

TAY%: Inhibitory activity

C: negative control absorbance

S: sample or positive control

absorbance (absorbance at time
T, or T, minus the absorbance

Highlights of Paper

at time T))

UuVv: Ultraviolet

UVA: Ultraviolet A

UVB: Ultraviolet B

UVAPF: Ultraviolet A Protection
Factor

ROS: Reactive oxygen species

US: United States

FDA: Food and Drug
Administration

» Alpinia speciosa leaves presented antioxidant and sunscreening activity.

» This provide the basis for their use in commercial products.
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