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Abstract

The determination of active contents, free radical scavenging, and tyrosinase inhibition activity of
Cassia fistula extracts for skincare development is presented in this study. C. fistula was extracted by 95
% ethanol. The extracts were then determined for total phenolic content, phytochemical constituents, free
radical scavenging, and tyrosinase inhibition activity. The formulation containing the selected C. fistula
extract was prepared and examined for this formulation's bioactivities and stability. C. fistula extract from
the bark provided the highest total phenolic content and free radical scavenging activity of 22.35+1.38
mgGAE/g and the ICsy value of 7.90+0.10 pg/mL, respectively. C. fistula extract from the bark was
observed having tyrosinase inhibition activity at the ICsy value of 1.71x10°+0.01 pg/mL and selected to
be an active ingredient in oil in water emulsion. At 442 °C storage, the formulation containing C. fistula
extract from bark showed the highest stability without changing the color, odor, homogeneity, while pH
and viscosity were slightly changed. The formulation’s bioactivities containing C. fistula extract from
bark were slightly decreased in all temperatures at the end of the stability test. In this study, C. fistula
extract from the bark can potentially inhibit tyrosinase in a free radical scavenging activity. Therefore, it
may be an appropriate choice for skincare products that aim to provide whitening effects.

Keywords: Cassia fistula, Tyrosinase inhibition, Free radical scavenging, Phytochemical analysis,
Formulation

Introduction

Cassia fistula, from the family Fabaceae, is found in numerous Asian countries such as Thailand,
China, Myanmar, and India. This is a medicinal plant, which is rich in phenolics containing catechin,
epicatechin, kaempferol, ellagic acid, and rhein [1]. The hydro-alcoholic extract from the fruit pulp of C.
fistula displayed an in vitro free radical scavenging activity, certainly due to its relatively rich content of
phenolic compounds, fatty acids, flavonoids, tannins, and glycosides [2,3]. The effect of C. fistula in
traditional medicine is known to be involved with treating various disorders including, skin diseases,
leprosy, haematemesis, pruritus, and diabetes [2,4]. In previous studies, C. fistula flower extract was
found to possess antioxidant, anticancer, antibacterial, antifungal, and anti-diabetic properties [5,6]. The
pulp has been recognized for its anti-diabetic properties, which are applied in treatments of gout and
rheumatism [7]. The leaves and ripe pods have been traditionally used as a laxative [8,9]. The flower,
seed, fruit, and pulp have been used to treat skin diseases, including leprosy [4]. Recently, it was shown
that C. fistula pods extract, which was rich in certain polyphenols, exhibited the good potential to treat the
skin of adult Asian patients with melasma compared to placebo, due to its capacity to significantly
decrease the tyrosine activity-mediated melanin level [10]. This study aimed to determine the active
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contents and bioactivities of C. fistula extracts from various parts. The stability and bioactivities of the
formulation containing C. fistula extract were further investigated for the development of skincare
products.

Material and methods

Preparation and extraction of C. fistula

The various parts of C. fistula were collected from the University of Phayao, Thailand. The voucher
specimens of the plant samples were authenticated by a botanist and deposited at the School of
Pharmaceutical Sciences, University of Phayao, Thailand. Fresh samples were air-dried and ground into
powder. After that, the powder was soaked in 95 % ethanol at room temperature for 72 h following the
proper ratio as shown in Table 1. The extract was filtered by using Whatman No.1 filter paper and
evaporated under reduced pressure by a rotary evaporator. The dried extracts were kept at 4 °C until

further analysis.

Table 1 The ratio of raw materials from C. fistula and solvent for extraction.

Parts Weight of raw materials (g) Volume of 95 % ethanol (L)
Flower 400 2.5
Pod 400 1.0
Bark 400 1.2
Leaves 400 1.5

Table 2 The ingredients of the formulation for incorporated with C. fistula extract.

. . Formulation
Ingredient INCI name Function (% wiw)
Oil phase

Cyclopentasiloxane (and) Dimethicone Silicone
SFE839 (and) Dimethicone/Vinyl Dimethicone (cross polymer) 6
Crosspolymer
Cetiol OE Dicaprylyl Ether Emollient 3
Tween20 Polys'orb'ate 20 Emulsifier 2
(non ionic surfactant)
Acrylamide/ Ammonium Acrylate
Sepiplus Copolymer Copolymer 0.85
& Polyisobutene & Polysorbate 20
Water phase
C. fistula extract - Active ingredient 0.01
Butylene glycol 1,3 butylene glycol Humectant 4
Glycerin Glycerin Co-solvent 3
Caprylhydroxamic Acid (and) Caprylyl  Preservative
Spectrastat Glycol (and) Glycerin 0.7
DI water Deionized water Solvent g.s. to 100
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Phytochemical analysis

The extracts were investigated through a phytochemical analysis of alkaloids, anthraquinones,
anthocyanins, flavonoids, polyphenols, steroids, tannin, and terpenoids. The extract (0.05 g) was added 2
mL of 10 % H,SO, and filtered for alkaloids. A volume of 1 mL of filtrate was added 5 drops of
Dragendorff’s reagent by the test tube's sides. Brownish-red precipitation indicated the presence of
alkaloids [11]. For anthraquinones, the extract (0.05 g) was hydrolyzed with 2 mL of 10 % HCIl and
warmed with a water bath for 5 min. A volume of 1 mL of extract solution was added 1 mL of
dichloromethane and 1 mL of 10 % NHj solution. The formation of rose pink coloration indicated the
presence of anthraquinones [12]. For anthocyanins, the extract (0.05 g) was added 2.5 mL of 95 %
ethanol. A volume of 1 mL of supernatant was added to 0.1 mL of 2N HCl and 0.1 mL of 10 % NH;
solution. The appearance of a pink-red that turns blue-violet indicated the presence of anthocyanin [12].
For flavonoids, the extract (0.05 g) was added to 2 mL of 95 % ethanol. A volume of 1 ml of the extract
solution was added magnesium ribbon and 0.5 mL of the concentrated HCI for flavonoids investigation.
The pink-red color indicated the presence of flavonoids [13]. The extract (0.05 g) was added 2 mL of 80
% ethanol, 5 mL of 10 % lead acetate, and filtrated for steroids. The filtrates were dried by evaporating
dish. The samples were added with 3 drops of acetic anhydrous and conc. H,SO,, respectively. The blue
or green color indicated the presence of steroids [14]. The extract (0.05 g) was added to 2 mL distilled
water and filtered for tannins and polyphenols. A volume of 1 mL of filtrate was added 10 drops of
gelatin solution, 1 % FeCl; solution, Ca(OH), solution, bromine water, then the presence of tannin
indicated the formation of a white, blue, grey, and yellow precipitate, respectively [15]. For terpenoids,
the extract (0.05 g) was added to 2 mL of dichloromethane. Conc. H,SO, (1 mL) was carefully added to
form a layer. A reddish-brown coloration of the interface indicated the presence of terpenoids [16].

Total phenolic content determination

Total phenolic content was measured by Folin-Ciocalteu assay using 96-well microplate with slight
modification [6]. A volume of 20 puL of extracts solution dissolved in ethanol was mixed in a 96-well
plate with 80 pL of 10 % Na,CO; and 100 pL of 1 N Folin-Ciocalteu reagent. The plate was covered and
incubated at 2542 °C for 1 h in the dark. The absorbance at 700 nm was measured by the microplate
reader (BioTek Synergy H1, VT, USA). The total phenolic content was presented as mg of gallic acid
equivalents per gram of the extract (mgGAE/g).

Free radical scavenging assay

Free radical scavenging activity was evaluated using 2, 2 diphenyl-1-picrylhydrazyl (DPPH) [17].
In brief, the reaction consisting of 100 uL of 0.1 mM DPPH in ethanol and 100 pl of various sample
concentrations was added in 96-well plates. The absorbance of the plate was measured at 517 nm after the
incubation for 30 min in the dark at 25+2 °C. The samples were calculated for free radical scavenging
activity as follows: % scavenging activity = [(ABcontrol-ABsample)/ABcontrol]x100, where ABcontrol
was the absorbance of the control and ABsample was the absorbance of the sample. The 1Cs, value was
obtained from the sample concentration at 50 % free scavenging activity.

Tyrosinase inhibition assay

Tyrosinase inhibition activity was evaluated by using L-DOPA and mushroom tyrosinase [18]. In
96-well plates, a volume of 20 pL of the samples, 140 pL of 20 mM phosphate buffer at pH 6.8 and 20 pL
of tyrosinase solution in phosphate buffer (30 units/ml) were added. The plates were allowed to react at
25+2 °C for 10 min and then added 20 pL of 0.8 mM L-DOPA in phosphate buffer. The absorbance at
475 nm was measured after the incubation at 2542 °C for 20 min. The samples were calculated through a
tyrosinase  inhibition activity as  follows: %  tyrosinase inhibition = [(ABcontrol-
ABsample)/ABcontrol]x100, where ABcontrol was the absorbance of the control and ABsample was the
absorbance of the sample. The ICsy value of tyrosinase inhibition was obtained from the sample
concentration at 50 % tyrosinase inhibition activity.
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Preparation of skin care product containing C. fistula extract

Oil in the water (O/W) emulsion was formulated as presented in Table 2. C. fistula extract which
gave the high bioactivity was selected and incorporated in this formulation at 0.01 %. Oil phase was
prepared by mixed SFE839, Cetiol OE, Tween20, and Sepiplus with constant stirring. Water phase
containing C. fistula extract, butylene glycol, glycerin, and Spectrastat was added and mixed with
constant stirring. Oil phase was added to water phase then allowed cooling with constant stirring.

Physicochemical characteristic test of the formulation

The appearances of the formulation were observed in color, odor, and homogeneity. pH of
formulation was measured by pH meter which was calibrated using standard buffer solution. Viscosity of
the formulation was determined by Brookfield viscometer (BioTek Synergy H1, VT, USA) at 40 rpm.

Bioactivities determination of the formulation

The formulation containing C. fistula extract (0.15 g) was added 1 mL of 95 % ethanol. The
mixture was mixed and centrifuged at 6,000 rpm for 20 min. Free radical scavenging activity and
tyrosinase inhibition were determined as previously described.

Stability test of the formulation

The stability of formulations was conducted by keeping at 4+2, 25+2 and 45+2 °C for 28 days and
physicochemical characteristics were observed at the end of experiment [19]. The stability of formulation
viscosity was determined by the percentage change from day 0 (% change). The values that were not
greater than 10 % indicated the high stability of formulation.

Data analysis

All assays were performed in triplicate with separated experiments. The data was calculated as
mean + SD. The one-way analysis of variance (ANOVA) was used to evaluate the results at p < 0.05.
Statistical analysis was performed using the SPSS program for Windows.

Results and discussion

Percentage yield, physical characteristics and phytochemical analysis of C. fistula extracts

The percentage yields, physical characteristics, and phytochemical analysis of C. fistula extracts are
summarized in Tables 3. Most extracts were brown color and solid form, whereas the leave extract was
green color and has a solid form. The extracts obtained from ethanolic extraction may contain both polar
and non-polar compounds. The extracts gave percentage yields ranging from 5.49 to 15.99 %. The highest
percentage yield was from the bark extract. The phytochemical analysis of C. fistula extracts showed that
alkaloids, tannin, and polyphenol were observed in flower, pod, bark, and leave extracts, while flavonoid
was only observed in bark extract. Terpenoids was found in flower and pod extracts. In this study,
anthraquinones, anthocyanins, and steroids were not found in C. fistula extracts.

Total phenolic content determination

Table 4 presents the total phenolic content of C. fistula extracts. The total phenolic content of
flower, pod, bark, and leave extracts were 5.40+0.40, 7.22+0.55, 22.35+1.38 and 7.68+0.50 mgGAE/g,
respectively. The total phenolic content from the bark extract was significantly higher when compared
with flower, pod, and leaves extracts (p < 0.05).

Bioactivities of C. fistula extracts

In Table 4, free radical scavenging activity of the extracts from flower, pod, bark, and leave of C.
fistula exhibited the ICs, values of 51.5046.40, 36.10£2.90, 7.90+0.10 and 60.50+1.70 pg/mL,
respectively. The bark extract exhibited the significantly highest free radical scavenging activity as
compared with other extracts (p < 0.05), which was 0.2658 folds of gallic acid. In addition, ICs, values of
tyrosinase inhibition from the extracts of flower, pod, bark, and leave were 0.54x10°+0.01,
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2.13x10°£0.01, 1.71x10°+0.01 and 2.18x10°+0.02 pg/mL, which were 0.4074, 0.1032, 0.1286 and
0.1009 folds of kojic acid, respectively. Thus, the significant highest melanogenesis inhibition from
flower extract can be anticipated as compared with the other extracts (p < 0.05). The bark extract was
selected and considered as active ingredient for the developed skin care product based on its bioactivities,
including the highest free radical scavenging activity, total phenolic content, and high tyrosinase
inhibition activity. The formulation containing C. fistula bark extract was further investigated for the
bioactivities and physicochemical stability.

Table 3 The percentage yields and phytochemical analysis of C. fistula extracts.

Appearance Percentage Phytochemical analysis

Sample . .
and color yield (%) Alkaloids Anthraquinones Anthocyanins Flavonoids Steroids Tannin and Terpenoids
polyphenols
Solid in 7.69
+ - - - - +G, +F, + +
Flower brown G, +F, +B
Solid in 5.49
Pod brown * - - - - +F, +L +
Solid in 15.99
Bark brown + - - + - +G, +F, +L -
Solid in 6.67 . i i ) ) o )
Leaves green

Note: Percentage yield (%) = [Dried extract weight (g)/ Dried C. fistula weight (g)]x100, + represents the present of the
phytochemical constituents in the extracts, +G represents the positive result by gelatin solution test, +F represents the positive result
by ferric chloride test, +L represents the positive result by lime water test, +B represents the positive result by bromine water test, -
represents no detection.

Table 4 Total phenolic content, free radical scavenging and tyrosinase inhibition activity of C. fistula
extracts

Sample Total phenolic content ICs of free radical scavenging ICs of tyrosinase inhibition
(mgGAE/g) (pg/mL) (pg/mL)
Flower 5.40+0.40 51.50+6.40 0.54%10°+0.01©
Pod 7.22+0.55 36.10£2.90 2.13x10°+0.01
Bark 22.35+1.38@ 7.90+0.10® 1.71x10%£0.01
Leave 7.68+0.50 60.501.70 2.18x10°+0.02
Gallic acid - 2.104+0.04 -
Kojic acid - - 0.22 x 10°£0.01

Note: (a) indicated significant difference compared with flower, pod, and leave extracts (»p < 0.05); (b) indicated significant

difference compared with flower, pod, and leave extracts (p < 0.05); (c) indicated significant difference compared with pod, bark,
and leave extracts (p < 0.05).

Physicochemical stability of formulation containing C. fistula bark extracts

The physicochemical stability of the formulation containing C. fistula bark extract was kept at 442,
2542, 4542 °C was presented in Table 5. After 28 days storage at 442 °C, the formulation was observed
as having no changes in color, odor, texture, and homogeneity, while pH and viscosity were slightly
changed. The formulations were kept at 45+2 °C. After 5 days, the formulations were dramatically
changed in texture, which decreased viscosity and could not be detected at 40 rpm. These results
indicated that the formulation containing C. fistula bark extract was highly stable at 4+2 °C storage.
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Free radical scavenging activity determination of formulation containing C. fistula bark
extract

At initial time (DO0), the formulation containing C. fistula bark extract exhibited the percentage of
free radical scavenging activity at 79.81+0.58 %. After 14 days storage (D14), the formulation kept at
4+2, 2542 and 45+2 °C gave the percentage of free radical scavenging activity at 79.55+0.25, 77.69+0.45
and 69.64+0.21 %, respectively. After 28 days storage (D28), the formulation kept at 4+2, 25+2 and 45+2
°C gave the percentage of free radical scavenging activity at 74.67+0.39, 70.68+0.55 and 64.25+0.26 %,
respectively. In the end of the experiment, the formulations containing C. fistula bark extract had a
decreased on free radical scavenging activity at all temperatures. However, the formulation kept at 4+2 °C
was observed to have the highest free radical scavenging as presented in Table 6.

Tyrosinase inhibition activity determination of formulation containing C. fistula bark extract

For tyrosinase inhibition, the formulation containing C. fistula bark extract exhibited the percentage
of tyrosinase inhibition activity of 12.67+1.65 % at initial time (DO0). After 14 days storage (D14), the
formulation kept at 4+2, 2542 and 4542 °C gave the percentage of tyrosinase inhibition activity at
11.00+0.27, 9.49+0.25 and 6.99+0.11 %, respectively. After 28 days storage (D28), the formulation kept
at 442, 25+2 and 4542 °C gave the percentage of tyrosinase inhibition activity at 7.5140.18, 6.48+0.11
and 4.49+0.19%, respectively. At the end of the experiment, the formulations containing C. fistula bark
extract decreased in tyrosinase inhibition activity at all temperatures. The formulation kept at 4+2 °C was
observed the highest tyrosinase inhibition activity as presented in Table 6.

Table 5 Physicochemical stability of the formulation containing C. fistula bark extracts at 0.01 % kept at
4+2,25+2 and 4542 °C for 28 days.

Temperature Physical characteristics

(9} Day Color Odor Texture Homogeneity pH Viscosity at 40 RPM (%change)
0 0 0 0 0 6.07 cp417.8
3 0 0 0 0 6.08 cp 404.8 (3.11 %)
5 0 0 0 0 6.11 cp 381.5 (8.69 %)
4+2 7 0 0 0 0 6.13 cp 396.9 (5.00 %)
14 0 0 0 0 6.12 cp 386.2 (7.56 %)
21 0 0 0 0 6.14 cp 383.1 (8.31 %)
28 0 0 0 0 6.12 cp 388.1 (7.11 %)
0 0 0 0 0 6.07 cp417.8
3 0 0 0 0 6.19 cp 293.5 (29.75 %)
5 + + + + 6.27 cp 207.5 (50.33 %)
2542 7 + + + + 6.35 -
14 + + + + 6.68 -
21 + + + + 6.67 -
28 + + + + 6.68 -
0 0 0 0 0 6.07 cp417.8
3 ++ ++ ++ ++ 6.20 cp 76.0 (81.81 %)
5 ++ ++ ++ ++ 6.53 -
45+2 7 ++ ++ ++ ++ 6.61 -
14 ++ ++ ++ ++ 6.63 -
21 ++ ++ ++ ++ 6.69 -
28 ++ ++ ++ ++ 6.68 -

Note: - = Not detected; 0 = The formulation containing C. fistula extracts is stable; + and ++ = The intensity of instability of the
formulation containing C. fistula extracts.
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Table 6 Free radical scavenging and tyrosinase inhibition activity of the formulation containing C. fistula
extracts at 0.01 % kept at 4+2, 2542 and 4542 °C for 28 days.

pay % Free radical scavenging % Tyrosinase inhibition
4+2 °C 25+2 °C 45+2 °C 4x2 °C 2542 °C 45+2 °C
0 (D0) - 79.80+0.58 - - 12.67 £1.65 -
14 (D14) 79.55+0.25 77.69+0.45 69.64+0.21 11.01+0.27 9.49 +0.25 6.99+0.11
28 (D28) 74.67+0.39 70.68+0.55 64.25+0.26 7.51+0.18 6.48£0.11 4.49+£0.19
Discussion

For the extraction process, since the physical characteristics from various parts of C. fistula were
different, the proper volumes of 95 % ethanol were adjusted depending on plant materials to obtain high
percentage yields of the extracts. Previous research showed that major phytochemicals represented in the
C. fistula extract were phenolic compounds and flavonoids. The main phenolic compounds in the C.
fistula flower extract were protocatechuic acid, vanillic acid, chlorogenic acid, and ferulic acid [20].
Moreover, the various types of flavonoids, including kaempferol, rhein, fistulin, alkaloids, and triterpenes,
were also found in the flower extracts [21]. A pulp consisted of anthraquinone glycosides, sennosides A
and B, rhein and its glucoside, barbaloin, aloin, formic acid, pectin, and tannin. Leaves and flowers
contained anthraquinone, tannin, oxyanthraquinone, rhein, and volatile oils. The C. fistula extracts, which
contained a rich source of tannins, flavanoids, and glycosides might be medicinally important and
nutritionally valuable [22]. Siddhuraju et al. showed the yield percentage and total phenolic content of the
extracts from different parts of C. fistula. Among the different extracts, the highest and lowest extraction
yields were observed in the fruit pulp and leave extract, respectively [23]. For anthraquinone, it was not
detected in these extracts. The collection of raw materials from various places may affect the degradation
of anthraquinones, which could not be detected by a preliminary phytochemical screening test. In this
study, the bark extract of C. fistula gave the highest percentage yield, total phenolic contents, and free
radical scavenging activity. The antioxidant mechanism of the phenolic compounds was the scavenging
activity, which is done by transferring the single electron [24]. The presence of phenolic compounds,
anthraquinones, xanthones, proanthocyanidins, and flavonols could be the reason for its reasonably free
radical scavenging activity in the extracts of the stem bark. The elevated free radical scavenging activity
of the stem bark extract might be due to the presence of tannins and flavonoid [23]. The previous study
showed that the aqueous and methanolic extracts of C. fistula bark at the concentration of 250 ug/mL
showed promising free radical scavenging activity by DPPH assay percentage inhibition of 50.13+0.01
and 52.12+0.01 %, respectively [25]. The C. fistula fruit pulp's hydro-alcoholic extracts at various
concentrations (5 - 60 pg/mL) exhibited free radical scavenging activity of DPPH in a dose-dependent
manner. The extract at a 10 and 60 pug/mL concentration showed a percentage inhibition of 9.67+0.28 and
17.03+£0.27 %, respectively [26]. Tyrosinase was an enzyme that involved in the rate-limiting step of the
melanin production, including the hydroxylation of tyrosine to B-3,4-dihydroxyphenylalanine (DOPA)
and the oxidation of DOPA to DOPA quinone [27]. This enzyme was able to convert tyrosine to melanin
[28]. Overproduction of the melanin and melanin precursors due to the increased of free radical
generation may induce hyperpigmentation. It was most likely that the antioxidant played an important
role in regulating melanin biosynthesis [29]. From the previous study, C. fistula flower extract incubated
with tyrosinase could successfully inhibit enzyme activity in a dose-dependent manner (35 - 42%) at a
concentration of 50 - 200 pg/mL [20]. Plant extracts contained polyphenolic compounds, such as tannin
and flavonoids, reacted with reactive oxygen species and inhibited tyrosinase activity [30]. The hydroxyl
group of the condensed tannins was also involved in tyrosinase inhibition activity. This substitution
pattern was also reported to be responsible for the tyrosinase inhibition activity of flavonoids by binding
to the enzyme’s active site. Additionally, some tannins could decrease melanin production by directly
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scavenged o-quinones [31]. Therefore, the inhibition of tyrosinase activity from phytochemical
compounds tended to induce skin whitening due to reduced melanin synthesis. Although the C. fistula
formulation seemed to be stable at 4 °C, the tyrosinase inhibition activity of the formulation was slightly
decreased at the end of the study. The bioactivities of this formulation were slightly decreased due to the
instability of phytochemicals. This formulation prepared by oil-in-water (o/w) emulsions may induce
oxidative and hydrolysis reaction to tyrosinase inhibition's active compounds. From a previous study,
chamomile extracts stored at room temperature and at 4 °C demonstrated degradation of flavonoids in a
stability test [32]. Tannins were also oxidized to produce quinones that were highly reactive electrophilic
and toxic molecules [33]. However, emulsions could be formulated with no aqueous phase to produce an
anhydrous emulsion system that could offer a stable vehicle for delayed degradation of active compounds
sensitive to hydrolysis or oxidation. Moreover, adding a stabilizer or antioxidant into the formulation
might enhance the stability of active contents [34].

Conclusions

This study aimed to investigate active contents, bioactivities, and stability study of C. fistula
extracts from various parts for the development of a skincare product. In this study, C. fistula bark extract
exhibited the highest total phenolic content and free radical scavenging activity of 22.35+1.38 mgGAE/g
and the ICsy value of 7.90+0.10 pg/mL, respectively, while tyrosinase inhibition activity gave the 1Cs
value of 1.71x10°+0.01 pg/mL. The bark extract, which gave the cosmetic application the potential, was
selected to prepare the skincare product. At the stability test's initial time, the formulation containing C.
fistula bark extract gave the percentage of free radical scavenging and tyrosinase inhibition activity at
79.80+0.58 and 12.68+1.65 %, respectively. For stability study, the formulation containing C. fistula
extract from bark kept at 442 °C for 28 days were slightly decreased the bioactivities. This result has
suggested the cosmetic potential of anti-oxidation and tyrosinase inhibition of C. fistula bark extract for
further developments as the whitening products.
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