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Abstract: The primary source of hard fiber globally is Agave sisalana Perrine, also known as sisal.
In areas where sisal is grown, the roots of the plant are usually left in the field after it has stopped
producing, which leads to soil degradation and decreased sisal productivity. It is, therefore, critical to
find alternatives to reuse this waste. This study explores the potential use of sisal waste in the cosmetic
industry by incorporating a hydroethanolic extract (HER) into a cream—gel formulation, taking
advantage of the plant’s recognized ethnopharmacological value. The study involves analyzing the
extract’s phytochemical composition (flavonoids) and evaluating its cytotoxicity. Subsequently, the
antioxidant and antiglycation activities of the extract and cream—gel are evaluated, as well as ex vivo
ocular toxicity, photoprotective activity, and preliminary stability analyses. The HER extract showed
a flavonoid composition (catechin, kaempferol, isorhamnetin, and chrysin) and maintained cell
viability above 70% throughout all time points analyzed in the MTT assay. Furthermore, the extract
and the formulation demonstrated proven antioxidant and antiglycation activities. The cream—gel’s
UVB and UVA protection effectiveness with the HER was comparable to that of synthetic UVB/UVA
sunscreens, with the samples proving nonirritating and stable. In conclusion, the extract has a
significant presence of flavonoids, and the cream-gel developed with it did not present cytotoxicity
and met the stability requirements, indicating phytocosmetic potential with antioxidant, antiglycation,
and photoprotective properties.

Keywords: agave; flavonoids; phytocosmetic

1. Introduction

Sisal, the primary hard fiber produced in the world, is extracted from the leaves of
Agave sisalana Perrine plant species. Originally from the Yucatan Peninsula in Mexico,
sisal was exported to Brazilian territory during the 19th century [1]. Nowadays, sisal is
crucial for the socioeconomic development of the semi-arid region of the northeast region,
particularly in the state of Bahia, which accounts for 90% of its production [2]. Brazil
is currently the world’s largest producer of sisal, with an average annual production of
approximately 140 thousand tons of its hard fiber [3-5]. In areas where sisal is cultivated,
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the roots of the plant are often left in the field after they have served their useful purpose or
to prevent an excessive number of new seedlings. This accumulation of organic material at
the production site can reduce soil oxygenation and disrupt the balance of microorganisms
present, ultimately damaging sisal production [5-7].

Given this scenario, alternative methods for reusing and reducing waste from sisal
roots are necessary [8]. Agave sisalana is recognized worldwide for its ethnopharmacological
value. According to the literature, it possesses anti-inflammatory, antioxidant, and larvicidal
properties. These properties are attributed to the significant secondary metabolites in their
phytochemical composition, such as phenolic compounds [9-12].

Phenolic compounds have antioxidant properties that can reduce the formation of
reactive oxygen species (ROS) in the deeper layers of the skin. Chronic exposure to the sun
can cause photoaging and increase the risk of developing cancer. Therefore, using xqqlsisal
residue, which has antioxidant and photoprotective properties, as a phytocosmetic can be
a sustainable alternative to its improper disposal. Incorporating antioxidant compounds,
either alone or in combination with synthetic photoprotectors, can broaden the spectrum
of action of formulations and enhance their effectiveness [13,14]. Furthermore, with the
growing development of the sustainable market, consumers are increasingly interested in
cosmetics of natural origin, which are less harmful to health and the environment, replacing
synthetic compounds.

This study aimed to explore the potential use of sisal residue in the cosmetic industry
due to its high tolerability, biodegradability, and diverse biological and therapeutic activities.
To achieve this, phytochemical, toxicological, pharmacological, and stability tests were
conducted. The first step was to prepare a hydroethanolic extract from sisal roots and
analyze its phytochemical composition to confirm the presence of flavonoids, a class of
phenolic compounds. The extract’s cytotoxicity was then analyzed to ensure its safety for
use. The extract was incorporated into a cream-gel formulation for topical use, and the
antioxidant and antiglycating activities of the extract and cream-gel were evaluated. Finally,
the cream-gel underwent an ex vivo ocular toxicity evaluation, a photoprotective activity
assessment, and a preliminary stability analysis.

2. Materials and Methods
2.1. Plant Material

The root was obtained from rural producers in the municipality of Valente, Bahia,
as designated by the Secretariat of Science, Technology, and Innovation of Bahia. The
mucilage resulted from the defibration process of sisal leaves, while the root, typically
disregarded, was collected directly from the soil. The mucilage and root were frozen and
transported to the Faculty of Sciences and Letters of Assis, Sao Paulo State University “Julio
de Mesquita Filho”—UNESP. The species under study was identified as Agave sisalana in
the Herbarium Assisense (HASSI) of the State University of Sdo Paulo (Assis, state of Sao
Paulo). A voucher specimen was deposited under the number 2597.

2.2. Hydroethanolic Extract Roots of Sisal

The dried roots of the plant material were powdered and macerated in an EtOH/H,O
(70:30 v/v) solution (dry plant: EtOH/H;O—1:5 w/v) at room temperature (25-30 °C)
protected from light for seven days, filtered, and evaporated under reduced pressure at
60 °C to obtain the crude extract of Hydroethanolic Extract Roots (HERs). The extract was
stored at 6-10 °C and protected from light until use.

2.3. Analysis of Flavonoids Present in the Extract

The phytochemical characterization of the HER was performed through high-performance
liquid chromatography (HPLC). The HPLC analyses were carried out on a Luna® C18
reversed-phase column (Phenomenex, 250 x 4.6 mm, 5 um) at 35 °C. The mobile phase
consisted of solvent (A), 0.1% aqueous formic acid, and solvent (B), 0.1% formic acid in
acetonitrile. Solvent gradient program: 0-3 min (80%A), 3—6 min (80-65%A), 6-11 min
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(65%A), 11-14 (65-30%A), 14-19 min (30%A), 19-21 min (30-80%A), and 21-24 min (80%A).
The flow rate was 1 mL min~!. The detector was set at 364 nm. The experiments used a
JASCO system in line with a diode array detector (JASCO, Easton, MD, USA). The peaks
were determined by comparison with authentic flavonoid standards (Sigma-Aldrich, Sao
Paolo, Brazil). The flavonoids (10 mM) were dissolved in DMSO and diluted in water to
0.01 mM. The injection volume was 20 pL.

2.4. Determination of Cytotoxicity of the Extract with the MTT Assay [3-(4,5-Dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium Bromide]

The MTT cytotoxicity assay was carried out as described previously by Kumar
et al. [15]. For this assay, mouse fibroblasts of dermal origin (NIH/3T3, ATCC® CRL-
1658™, Washington, DC, USA) were inoculated in 96-well microtiter plates and incubated
in culture medium for a period of 24 h at 37 °C and 5% CO;. After a confluence of ap-
proximately 75% (24 h), these cells were exposed to five different concentrations of HER
isolated (100 pg/mL, 200 pug/mL, 400 ng/mL, 800 ng/mL, and 1.600 ug/mL) to the nega-
tive control—NC (physiological solution)—and the positive control—PC (2% (v/v) Tween
80). The treatment time was 24, 48, and 72 h.

2.5. Preparation of the Cream-Gel Formulation Containing the HER

To prepare the phytocosmetic formulation for topical administration, the components
of the aqueous phase were initially weighed, and, with the help of a planetary mixer, the
components were slowly dispersed. Then, the pH was adjusted to 5.5 with 20% aqueous
NaOH solution (w/v). The aqueous and oil phases were heated to 70 °C, and then the
aqueous phase was slowly poured into the oil phase under stirring until cooling (20-25 °C).
The composition of the formulation is again described in Table 1. It is important to point
out that all the components present in the formulations are widely used in the cosmetic
and pharmaceutical sectors and, therefore, pharmaceutically and cosmetically accepted.

Table 1. Formulation of cream-gel containing extract.

Phase Function Composition COIIOC entration
(% wlw)
Emollient Mineral oil 2
. Emulsifier Tween 80 2.5
oil Emulsifying wax Polawax 400 10
Preservative Methylparaben 0.5
Humectant Glycerin 4
Aqueous Active compound HER 5
Agent of viscosity Carbopol 0.5
Vehicle Distilled water gsp 100

2.6. Determination of In Vitro Antioxidant Activity of the Extract and Formulations
2.6.1. Treatments

In all antioxidant tests, the analyzed samples were as follows: the HER (50 pg/mL,
100 pg/mL, 200 pg/mL, 400 pg/mL, and 600 ug/mL) and formulations with the HER
(200 pg/mL—C1, 400 ug/mL—C2, and 600 pg/mL—C3). In the positive control, the
extract doses were replaced by quercetin (300 pg/mL), and in the negative control, they
were replaced by saline solution.

2.6.2. DPPH Assay

The antiradical effectiveness of the HER and formulations was assessed using the
DPPH (2, 2-diphenyl-1-picrylhydrazyl) assay. This assay is preferred because it is used to
provide a stable free-radical scavenging assay [16]. The test was conducted in triplicate,
and the absorbance was measured with an ELISA reader at 517 nm. The scavenging of the
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DPPH radical was calculated using Equation (1), and the results were expressed as IC50
values, representing the concentration required to inhibit 50% of the DPPH radicals.

% Antioxidant Activity = [(Abs Control — Abs Sample)/Abs Control] x 100 (1)

where “Abs Control” is the absorbance of the DPPH control and “Abs Sample” is the
absorbance of the sample.

2.6.3. Lipid Peroxidation Inhibition

The capacity of the HER and formulations as lipid peroxidation inhibitors was eval-
uated using the egg yolk extract method with minor modifications [17]. To summarize,
0.4 mL of treatments were individually added to 4 mL of egg yolk prepared in phosphate-
buffered saline (PBS), followed by 0.4 mL of 17 mM ferrous sulfate. The mixture was shaken
vigorously and incubated at 37 °C for 30 min. Next, 2 mL of 20% (w/v) trichloroacetic
acid and 2 mL of treatments were centrifuged at 4000x g for 10 min. Then, 2 mL of the
supernatant was collected, and 2 mL of 0.8% (w/v) thiobarbituric acid was added to the
mixture. After boiling at 95 °C and cooling for 30 min, the absorbance was measured at
532 nm (Femto 600 Plus, Sao Paolo, Brazil). The test was performed in triplicate. The results
were expressed as the sample concentration providing 50% inhibition (IC50) values.

2.7. Determination of In Vitro Anti-Aging Activity of the Extract and Formulations
2.7.1. Treatments

The treatments included the HER (50 pg/mL, 100 pg/mL, 200 pg/mL, 400 pg/mL,
and 600 pg/mL) and formulations with the HER (200 ug/mL—C1, 400 ug/mL—C2, and,
600 ug/mL—C3). In the positive control, the extract doses were replaced by quercetin
(300 pg/mL), and in the negative control, they were replaced by saline solution.

2.7.2. Bovine Serum Albumin (BSA-GLU) Assay

The anti-aging assay was carried out according to the methodology previously re-
ported by Mridula et al. [17]. Briefly, 3 mL of reaction mixture containing 1 mL of BSA
(10 mg/mL) and 1 mL of treatments was prepared in 0.2 M sodium phosphate buffer
(pH 7.4). The reaction mixture was incubated for 5 min. Then, 0.5 mL of sodium azide
(0.5 mM) was added and incubated for 7 days at 37 °C in the dark. The fluorescence
intensity (excitation of 370 nm and emission of 440 nm) was measured using an Omega
microplate reader. The experiment was carried out in triplicate. The percent inhibition was
calculated by using Equation (2):

% Inh = FLU Negative control group — FLU Test group FLU Negative control group 1 x 100 (2)

2.7.3. BSA-Methylglyoxal (BSA-MGO) Assay

A bovine serum albumin (BSA)-methylglyoxal assay was performed as described by
Mridula et al. [17]. BSA (20 mg/mL) and methylglyoxal (60 mM) were dissolved in 0.1 M
sodium phosphate buffer (pH 7.4). Three milliliters (3 mL) of reaction mixture containing
1 mL of BSA, 1 mL of methylglyoxal, and 1 mL of the treatments were prepared. The
reaction mixture was mixed thoroughly and incubated for 5 min at room temperature.
After incubation, 0.5 mL of sodium azide (0.2 g/L) was added to each tube. The tubes were
tightly capped and incubated at 37 °C for 7 days in the dark. After 7 days of incubation,
the fluorescence intensity of the samples was measured at an excitation wavelength of
370 nm and an emission wavelength of 440 nm using an Omega microplate reader. The
experiment was carried out in triplicate. The percentage of inhibition was calculated by
using Equation (2).

2.8. Determination of the Sun Protection Factor (SPF) of the Formulation Containing 5% Extract

The device meets the regulatory requirements of Colipa (The European Cosmetics
Association) and the FDA (Food and Drug Administration) of the United States. The cream-—
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gel with a synthetic UVB/UVA filter—Merck, 15% (PC)—and the cream—gel enriched with
5% HER (CGHER) were analyzed. Merck sunscreen contains 2—phenylbenzimidazole-5-
sulfonic acid and 2-hydroxy—4-methoxybenzophenone-5-sulfonic acid. The determination
of the SPF is a technique that proves the effectiveness of sunscreen filters for the ultraviolet
B (UVB) radiation portion of the electromagnetic spectrum. With wavelengths of higher
energy (290-320 nm), UVB is responsible for causing erythema in the skin and cellular
changes that predispose to skin cancer. As a positive control, the HER was replaced by
a water-soluble UVB/UVA solar filter from Merck, which has 2-phenylbenzimidazole-5-
sulfonic acid and 2-hydroxy—4-methoxybenzophenone-5-sulfonic acid in its composition,
incorporated into the emulsion at a concentration of 15% [17].

For the determination of the SPF, spectrophotometric readings of the diluted samples
were performed using a UV-1000s spectrophotometer, and, subsequently, the obtained
absorbance values were applied to Equation (3).

SPF=CF x Y EE(\) x I(\) x 1 (A)| 320 nm 290 nm 3)

where SPF is the sun protection factor, CF is the correction factor, equal to 1030, EE(A) is the
erythematogenic effect of solar radiation at each A, I(A) is the intensity of the solar radiation
at each A, and Abs(A) is the absorbance at each A. The EE(A) and I(A) values are previously
known, as they are obtained from the literature.

2.9. Ex Vivo Ocular Irritability Test of the Formulation Containing 5% Extract in the
Chorioallantoic Membrane of Chicken Eggs (MCA)

This test was carried out according to the methodology described by Fracasso et al. [18]
and Lebrun et al. [19]. Four fertilized eggs from White Leghorn chicken were used per
treatment group: negative control (saline 0.9%, w/v) and cream-gel without and with
5mg/g of HER.

On the tenth day of incubation, the treatments were applied to the MCA, and the
presence or absence of irritating effects was observed. After visual analysis, thiopental
solution was injected into the fertilized eggs. The graduation of each phenomenon was
determined in 5 min, with numerical values (1, 3, 5, 7, and 9) depending on time (Table 2).
Visual analysis of the MCA was performed with a magnifying glass.

Table 2. Numerical graduation (1, 3, 5, 7, and 9) of the phenomena as a function of the elapsed time
(seconds) before their occurrence.

Phenomenon 30s 30 and 60 s 60 and 300 s
Hyperemia 5 3 1
Bleeding 7 5 3
Coagulation 9 7 5

The classification of the analyzed samples was obtained with the mean value of the
sum of the scores of three independent tests (1 = 3), and the degree of irritation was divided
into four categories: between 0.0 and 0.99—nonirritating (NI); 1.0 and 4.99—mild irritant
(MI); 5.0 and 8.99—moderate irritant (MI); and 9.0 and 21—severe irritant (SI) [18].

2.10. Determination of the Stability of the Formulation Containing 5% Extract
2.10.1. Stability Properties

The stability properties of the cream—gel with the HER, such as its color, physical
appearance, and homogeneity, were evaluated through visual perception and the odor
directly through smell. The samples were stored at an ambient temperature of 25 °C, at
40 °C in an oven, and at 4 °C in a refrigerator. The analyses occurred weekly for a period of
30 days [11].
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2.10.2. Spreadability

The spreadability of the cream—-gel with the HER was determined by measuring the
spreading diameter of 1 g of sample between two horizontal glass plates (10 cm x 20 cm) af-
ter one minute. The standard weight applied to the upper plate was 25 g. Each formulation
was tested three times.

2.10.3. pH Determination

The pH was determined potentiometrically, according to Romanian Pharmacopoeia
(FR X), using a portable digital pH meter (Sension™ 1, Hach Company, Loveland, CO, USA).
A five-gram ointment/cream—gel was added to 20 mL of distilled water previously heated
to 37 £ 2 °C and stirred vigorously for 1 min. After cooling, the dispersion was filtered,
and the pH of the filtrate was determined. Each determination was made in triplicate.

2.11. Statistical Analysis

The data are expressed in terms of the mean =+ standard deviation. Statistical analysis
was performed in Prism 8. To verify the statistical differences between the groups, a one-
way analysis of variance (ANOVA) was performed according to the experimental protocol,
followed by Tukey’s multiple-comparison test. For all analyses, a p-value of <0.05 was
considered significant.

3. Results
3.1. Analysis of Flavonoids Present in the Extract

The results obtained in this study by high-performance liquid chromatography re-
vealed in an unprecedented way in the HER the presence of the flavonoids catechin,
kaempferol, and isohamnetin (Figure 1).

— 1: Quercetin
A) — 2:Rutin
— Naringenin
500000+ s S
4
~ 400000 6 Miricetin
;‘ 4: Kaempferol
~— 300000 ) )
> = 5 Isorhamnetin
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Figure 1. Chromatograms of (A) reference flavonoids and (B) HER fingerprint obtained by high-
performance liquid chromatography. (1) rutin; (2) morin; (3) kaempferol; (4) isorhamnetin; (5) fisetin;
(7) chrysin; and (8) catechin.
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3.2. Determination of the Cytotoxicity of the Extract with the MTT Assay

The viability of NIH 3T3 cells was confirmed by the formation of formazan crystals.
During all the analyzed times, the HER and PC (Tween 80%) showed significant differences
from the NC (physiological solution), p < 0.05, but in opposite directions, as shown in
Figure 2. This is because the HER, at various concentrations and times, promoted a cell
viability greater than 70% (p < 0.05), and at 48 and 72 h, it induced an over 100% increase
in fibroblast cell proliferation. In contrast, the PC led to intense cytotoxicity at all the
analyzed times. Furthermore, the CC50% (50% cytotoxic concentration) was calculated as
3912 pg/mL for 24 h, 3349 ug/mL for 48 h, and 6324 pg/mL for 72 h.

*

150 — s .
2
Al s
oy B3 72h
g
o]
O 50+
R
0 T
C C Y N Y N "
< A %&‘” %ﬁ“ qé& q}'& q}&
QQ Qo QQ QQ QQ'
Q> R

Figure 2. Mean =+ SD of cell viability of the NC—negative control (physiologic solution 0.9%),
PC—positive control (2% Tween 80%), and the HER (100 pug/mL, 200 ug/mL, 400 ug/mL, 800 ug/mL,
and 1600 pug/mL) by the MTT method. A one-way ANOVA followed by Tukey’s post hoc test
was performed. An asterisk (*) indicates if there is a significant difference (p < 0.05) from the
negative control.

3.3. Determination of In Vitro Antioxidant Activity of the Extract and Formulations

The antioxidant activity obtained in the DPPH test for the groups analyzed was
NC—0.00 + 0.00%; PC—95.60 % 0.58%; HER 50 ug/mL—15.45 &+ 0.96%; HER 100 pg/mL—
29.16 £ 0.3%; HER 200 pg/mL—45.90 £ 0.66; HER 400 pg/mL—100.00 £ 1.75%; HER
600 pg/mL—100.00 £ 0.43%; C1—71.88 £ 1.08%; C2—98.12 £ 0.99%; and C3—100.03 +£ 0.00.
All the treatments showed a significant difference from the NC (p < 0.05). The IC50% for
the HER was 90 ug/mL, and for the cream-gel formulation, it was 275 pg/mL (Figure 3A).

Subsequently, the antioxidant activity was measured through the dosage of MDA
formed in the lipid lipoperoxidation test induced by ferrous sulfate. The NC showed an-
tioxidant activity equal to 0.00 = 0.00%; PC—95.06 £ 1.55%; HER 50 ug/mL—43.67 + 1.0%
100 ug/mL—76.87 % 0.45%; 200 ug/mL—84.62 + 2.00%; 400 ug/mL—86.98 £ 3.10%; and
600 ng/mL—91.94 £ 2.76%. For the formulations, the antioxidant activities were as follows:
C1—83.26 £ 1.36%, C2—89.66 == 4.53%, and C3—98.77 + 5.84%. All treatments showed a
significant difference in NC (p < 0.05). The IC50% of the HER was 169 nug/mL, and that of
the formulation was 479 ug/mL (Figure 3B).
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Figure 3. Mean =+ SD of values in % of antioxidant activity in the (A) DPPH and (B) Lipoperoxidation
tests after the following treatments: NC—negative control (physiologic solution 0.9%), PC—positive
control (quercetin solution 300 ng/mL), HER (50 pg/mL, 100 pg/mL, 200 pg/mL, 400 pg/mL, and
600 pg/mL), and the cream-gel with HER (C1—200 ug/mL, C2—400 pg/mL, and C3—600 ug/mL).
A one-way ANOVA followed by Tukey’s post hoc test was performed. An asterisk (*) indicates if
there is a significant difference (p < 0.05) from the negative control.

3.4. Determination of In Vitro Anti-Aging Activity of the Extract and Formulations

The results obtained confirmed the anti-aging activity of the HER in the BSA/GLU as-
say: NC—0.00 £ 0.00%; PC—95.60 % 0.69%; HER 50 pg/mL—33.60 % 3.24%; 100 pg/mL—
74.33 £ 2.29; 200 pg/mL—100.00 £ 0.10%; 400 pg/mL—100.00 £ 0.23%; and 600 pg/mL—
100.00 =+ 2.24%. The formulations’ values obtained were as follows: C1—100.61 £ 0.16%;
C2—100.91 £ 0.11%; and C3—100.99 £ 0.02%. All the treatments showed a significant
difference from NC (p < 0.05), as shown in Figure 4A.

A) BSA-GLU {35)0 BSA-MGO
150- * b ! * ]
2 f i s ! !
2 £
< 100- = < 1007 7
&0 =]
g 5
® 5
50 £ 501
. <
B &
0- 0-
L S N v > N v
SEISS €0 SEERSSS 009
QQ Q\" Qé QQ QQ &égo Q"é Q‘% Q%
@@@@@ %Q\/Q'&Q@Q@Q

Figure 4. Mean + SD of the values in % of anti-aging activity through (A) BSA/GLU and
(B) BSA/MGO after the following treatments: NC—negative control (physiologic solution
0.9%), PC—positive control (quercetin 300 ug/mL), HER (50 pg/mL, 100 pg/mL, 200 ug/mL,
400 pg/mL, and 600 pug/mL), and the cream-gel with HER (C1—200 pg/mL, C2—400 ug/mL,
and C3—600 pg/mL). A one-way ANOVA followed by Tukey’s post hoc test was performed. An
asterisk (*) indicates if there is a significant difference (p < 0.05) from the negative control.

Using the BSA/MGO methodology, the following results were obtained: NC—0.00 £ 0.00%;
PC—99.01 £ 0.78; HER 50 pg/mL—40.67 £ 2.19%; 100 pg/mL—71.36 £ 0.48; 200 pg/mL—
99.99 + 1.07; 400 ng/mL—100.00 £ 1.75; and 600 pg/mL—100.00 & 1.54. For the for-
mulations, the results were as follows: C1—100.00 + 1.75; C2—100.00 & 1.08; and C3—
100.00 & 1.91 (Figure 4B).
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3.5. Photoprotection against UVA/UVB

Table 3 presents the results obtained in evaluating the UVB and UVA protection of the
cream—gel with the HER and the cream—gel containing the synthetic UVB/UVA sunscreen.

Table 3. Photoprotective Activity with cream-gel with synthetic 15% UVB filter (PC) and cream-gel
containing 5% HER (CGHER). The in vitro FPS values correspond to anti-UVB protection, and those
of the UVA /UVB ratio and critical point (Ac) refer to anti-UVA protection.

PC CGHER
UVA/UVB 0.1 0.17
Ac 324.66 335.5
FPS 27.71 £ 0.06 28.59 +0.09

3.6. Ex Vivo Ocular Irritability Test of the Formulation Containing 5% Extract

When analyzing the degree of irritation of the chorioallantoic membranes of fertilized
eggs, all the groups analyzed differed significantly from the negative control group. How-
ever, the differences were not enough to change the final classification of the analysis in
relation to the negative control. Thus, all the analyzed samples did not demonstrate any
harmful action on the membrane (Table 4).

Table 4. Mean =+ SEM of the degree of irritation of the chorioallantoic membranes of fertilized chicken
eggs after interaction with the formulations and their respective classifications.

Sample Mean + EPM * Classification
NC 0.75 NI
PC 0.25 ** NI
C1 0.25 ** NI

NC—negative control, with the addition of distilled water only; PC—cream-gel without the addition of extract;
and Cl—cream-gel with 5% HER. NI—nonirritating. * All Mean Standard Error values were less than 0.005.
** indicates whether there was a significant difference between the samples and the negative control group
(p <0.05). A one-way ANOVA followed by Tukey’s post hoc test was performed.

The results presented in Table 4 show that PC and C1 differed significantly in relation to
the negative control group in terms of the average degree of irritation of the chorioallantoic
membranes of eggs. However, according to the classification presented previously in
Table 2, in the materials and methods, the differences were not sufficient to change the final
classification of the analysis in relation to the negative control group. Thus, the analyzed
samples were shown to be nonirritating.

3.7. Determination of the Stability of the Formulation Containing 5% Extract

Finally, considering the possibility of developing a phytocosmetic according to the
demands of the international consumer market, the stability of the formulations was
evaluated. In the centrifugation test and in the spreadability test, the base gel (the gel
without the addiction of extract) and the HER cream-gel did not present any changes in the
three storage conditions. Furthermore, the base gel and the HER cream-gel did not present
any statistically significant differences.

In the pH analysis, the measured values of the base gel (the gel without the addition
of extract) and the HER cream-gel did not present any statistically significant differences.
In the pH analysis, the cream-gel showed a mean of 5.91 &£ 0.05, and the base gel showed a
mean of 5.74 £ 0.06. These values are within the threshold range of compatibility with the
physiological pH of the skin, ranging from 5.5 to 7.3.

4. Discussion

Animal testing is being replaced by in vitro tests in cosmetic product development.
The cream-gel analyzed in this study followed this trend [20,21].
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Flavonoids are natural phenolic compounds found in plant roots [22]. Due to their
proven potential antioxidant activity, these compounds contribute greatly to photoprotec-
tion and anti-aging for the skin [14,20,23]. In the extract derived from Agave sisalana roots,
a significant concentration of flavonoids, particularly catechin and quercetin, was observed.
These compounds are responsible for several crucial pharmacological activities, including
antioxidant properties, which have been extensively reported [21].

The MTT method was used to evaluate the cytotoxicity of a cream-gel containing
sisal root extract on cells of the NIH 3T3 lineage. The results showed that the extract
was safe for use in a phytocosmetic product as it did not exhibit any harmful effects
on the cells. The MTT test is a commonly used method of assessing the cytotoxicity of
plant extracts as well as cosmetic formulations [11,24]. In a similar study conducted by
Pegorin-Brasil et al. [11], a phytocosmetic containing Pequi residue extract was found to
be noncytotoxic during evaluations conducted at 24, 48, and 72 h, which is consistent
with our findings. Saewan [21], while studying extracts of caffeine and chlorogenic acid at
concentrations of 0-5 mg/mL for 24 h in human dermal fibroblast (HDF) cells, found that
concentrations lower than 2 mg/mL are not cytotoxic, a finding compatible with our study.
Lee et al. [23] analyzed Bunge root extract from Anemarrhena asphodeloides at concentrations
of 4-12 ug/mL, and they exhibited more than 95% cell viability in the HDF strain.

During testing, it was found that the cream-gel containing the HER did not generate
any harmful signals on the chorioanonoid membrane compared to the negative control. The
positive control was the only substance that caused any harmful signals to the membrane.
This means that the cream-gel with 5% HER is safe and does not damage the membrane,
which is consistent with the results of the MTT test, where only the plant extract was
analyzed [25-27].

The study evaluated the antioxidant activity of an extract and formulation obtained
from sisal root. The results showed that the extract and formulation have significant
antioxidant potential. This is the first report demonstrating the antioxidant activity of
sisal root extract. Behera [27] analyzed the antioxidant activities of the methanolic extract
of A. racemosus, which were approximately 94.92% at concentrations ranging from 10 to
500 pug/mL, results similar to those obtained in our analysis. Gabriele et al. [28] found
that the highest antioxidant activity (98.39 & 0.56%) was observed at a concentration of
3.33mg/mL. Li et al. [29] analyzed extracts from Aralia taibaiensis roots at a concentration
of 1 mg/mL, achieving an elimination rate of 90.5 £ 1.4%. All the cited studies administered
additional doses of phenolic compounds, suggesting that the observed pharmacological
activity may be attributed to secondary metabolites, especially flavonoids, which are more
abundant in the crude extract and enriched formulation [19,23,30-36].

As we age, our bodies undergo significant physiological changes that can lead to the
development of secondary pathologies. To mimic protein glycation, we used the BSA-GLU
and BSA-MGO methodologies. We found that both the crude extract and the formulation
at all concentrations performed well when compared to the positive control used. Similar
results have been reported in the literature for studies of formulations enriched with
plant extract using the same protocol as our study [28-32]. Starowicz and Ziellinski [33]
evaluated different spices and found that the most potent glycation inhibitors, according to
the BSA-MGO assay, were Star Anise (88%), Cinnamon (85%), Allspice (81%), and Clove
(79%), being analyzed at an initial concentration of 300 mg/mL.

Formulations that contain plant extracts rich in flavonoids are commonly used in
photoprotective products. This is because flavonoids are known to have the ability to
absorb solar radiation and act as antioxidants, which can enhance the overall protection of
the product and neutralize free radicals that are produced in the skin after exposure to the
sun. The 5% HER gel was found to have superior UVAB solar photoprotection (SPF-UVAB)
compared to commercial sunscreen products. This is also compatible with other studies
on animal bioactive and plant extracts. Batista et al. [34] evaluated formulations with
red propolis and found the presence of isoflavones, and Kraokaew et al. [35] analyzed
ethyl acetate extract from seaweed containing flavonoid compounds. Koch et al. [35],
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in their characterization of formulations enriched with Camellia sinensis tea extract, state
that there are flavonoids such as thearubigins (TRs), theaflavins (TFs), and theobrownins
(TBs), among others, assessed in the same methodology [25,36-38]. Andrade et al. [39]
valuated the hydroalcoholic extract of Bordeaux grape pomace, observing that this extract
achieved an SPF of 12. A study conducted by Albuquerque et al. [40] analyzed a nontoxic
hydroalcoholic extract of Clariasia racemosa at a concentration of 100 pg/mL, resulting in an
SPF of 8.93 £ 0.5.

The formulation’s stability was confirmed by methods demonstrating effective stability,
pH compatibility with the skin, and an absence of changes after centrifugation [18,21,29,41].
It was possible to demonstrate that sustainability and developing the circular economy
by producing a phytocosmetic enriched with discarded sisal roots are promising, and
this study also proves to be pioneering in validating the pharmacological properties of
sisal roots.

5. Conclusions

The extract has a high level of flavonoids, which provide significant antioxidant,
antiglycating, and photoprotective activity. The cream-gel containing the extract was
nontoxic and stable, indicating its potential for use in phytocosmetics with antioxidant,
antiglycating, and photoprotective properties.

6. Patents

The patent for the HER gel was granted by Instituto Nacional da Propriedade Industrial
(INPI, Brasilia, Brazil) on 11 April 2023 with the process number BR 10 2021 019122 8 A2.
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