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Abstract: Shea butter (SB) is a raw material fat obtained from Vitellaria paradoxa C.F. Gaertn
kernels. We investigated the direct and indirect protective effects of 10 traditional and
industrial SBs and their polar extracts on cell-free systems using ABTS and DPPH radi-
cal scavenging assays as well as on singlet oxygen (*O,) produced by Rose Bengal (RB)
photosensitization. Their effects against RB-induced HaCaT cell phototoxicity were also
explored. A spectrophotometric assay and HPLC were performed to quantify and identify
phenolic content, which was between 14.16 and 82.99 ppm pyrogallol equivalent. These
variations could be due to the SB origin and extraction process. These polar fractions
exhibited moderate DPPH and strong ABTS radical-scavenging activity. By applying the
UV-visible technique, we demonstrated that SBs and their phenolic compounds behave
as 10, quenchers in a dose-dependent manner. Moreover, using a UVR-like model after
the irradiation of RB, both polar extracts and crude SB exhibited photoprotective effects,
highlighting the indirect protective action. In acellular and cellular models, SB and its
polar extracts can act as a free radical scavenger against reactive oxygen species and 10,
quenchers. Due to the maximum absorbance of SB at 280 nm and the antioxidant effect of
10, quenching, SB polar extracts exhibit photoprotective properties.

Keywords: shea butter; phenol; antioxidant; singlet oxygen; photoprotection; HaCaT

1. Introduction

Solar ultraviolet radiation (UVR) induces skin damage, photoaging, and photosensi-
tivity disorders [1]. There are three categories of UVR according to wavelength: long-wave
Ultraviolet—UVA (315-400 nm), middle-wave UVB (280-315 nm), and short-wave UVC
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(100-280 nm). UVA and UVB radiations have important biological consequences for the
skin [2,3]. UVB has high energy, and the stratospheric ozone absorbs approximately 90%
of radiation. During long-term exposure, the remaining 10% of radiation can cause De-
oxyribonucleic Acid (DNA) damage by producing a genotoxic effect via the production of
reactive oxygen species (ROS) [4].

Titanium dioxide (TiO;) or titanium (IV) oxide, is a poorly soluble particle used as a
white pigment. It is the natural oxide of Ti [5]. Likewise, TiO; is an inorganic nanoparticle
commonly used as a UV filter in sunscreen, lotions, and facial cream formulations [6].
According to Fujishima et al. [7], TiO; has two main functions: absorbing and deflecting
UVR, and semiconductor photocatalysis. To absorb and deflect UVR, an electron in the TiO,
valence band absorbs the photon energy and generates hydroxyl radicals (HO®). Then, the
formation of ROS, such as superoxide (O,*~) and 102, has been reported [8,9]. Against the
harmful effects of UVR, sunscreens have been used as one of the main preventive measures.
In sunscreens, UV filters protect the skin from the hazardous effects of UVR by absorbing
or reflecting it.

On the human keratinocyte cell line (HaCaT) treated by TiO,, a clear dose-dependent
increase in superoxide production, caspase 8 and 9 activities, and apoptosis was ob-
served [10]. TiO, nanoparticles” photo-reactivity largely depends on their particle size,
shape, and crystal structure, as anatase and rutile ones [11]. Smaller nano-TiO, particles
have higher phototoxicity, while anatase and amorphous forms show higher cytotoxic-
ity than their rutile form, generating more ROS after UV irradiation [12]. HaCaT cells
are widely used to study skin biology and differentiation [13]. This study used HaCaT
cells to assess the photoprotective potential of several crude shea butters (SBs) and their
polar fractions.

Shea (Vitellaria paradoxa C.F. Gaertn) is a tree from the Sapotaceze family that grows nat-
urally across the Sahelo-Sahelian region in Africa, primarily in West Africa. Its subspecies,
V. paradoxa nilotica, is found in East Africa. Shea kernels are used to extract shea butter, a
versatile fat traditionally used for centuries in food, body care, pharmacopeia, and as a
light source [14]. Shea butter extraction in Africa remains mostly traditional, with some
semi-industrial and industrial methods [15].

The antioxidants naturally occurring in unsaturated oils are reducing agents that
can block the peroxidation reaction, preventing the formation of hydroperoxides and
peroxides [16]. They can also be photoprotectors in sunscreen formulations due to their anti-
radical mechanisms, which apply to photo-oxidation. According to Fernandez et al. [16],
vegetable oils are naturally rich in antioxidants, which protect them from oxidation. The
degree of unsaturation of an oil defines its antioxidant capacity. The more unsaturated the
oil, the more antioxidants it contains. Phenolic compounds, as well as tocopherol, ketonic,
or aldehydic functional groups, provide antioxidant preservatives, either by protecting
unsaturated fatty acids from oxidation during the initiation stage or by blocking the
propagation stage by reducing the free radicals formed [16].

Shea butter is namely used in the cosmetic industry, firstly due to its particular
higher unsaponifiable matter (triterpene alcohols, kariten, sterol, tocopherol, phenols,
etc.), then to its melting point, and finally to its potential in the absorption of UVA and
UVB radiation [17,18]. Skin protection properties against UVA-B radiation have been
assigned mainly to cinnamic esters, which absorb at 250-300 nm both tocopherols and
phytosterols [19,20]. According to Maranz et al. [21], the total polyphenol content (TPC) of
the SB extracted with hexane was 35-915 ppm caffeic acid equivalent of the extract. The
authors reported a variation in phenolic content according to the geographic origin of the
SB. Kariten is an unsaponifiable content whose basic unit isoprene [(CsHg)n], mp 63°C,
is a poly-isoprene hydrocarbon with rubber-like properties that could absorb UV. This
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characteristic confers some additional properties to SB to filter UV [22]. According to the
authors, kariten content (2-5%) is related to the extraction process involved. However,
there is limited literature on SB’s ability against ultraviolet radiation (UVR).

According to Packer, L. et al. [23], antioxidants prevent ROS from oxidizing or in-
hibit/quenching the formed ROS. Singlet oxygen contributes to the TiO, photocatalytic
reaction [9]. As 'O, induces cellular toxicity, our study investigates 1O, quenching re-
lated to two experimental devices: in vitro cell-free, and HaCaT cell models. This study
aimed to investigate 'O, quenching and direct the photoprotective effects against UVR of
crude SB and their polar extracts. We focused on SB polar fractions which were evaluated
simultaneously with the raw butter.

2. Results and Discussion

To perform analyses, we investigated ten research materials (see Section 3.1 Materials):
seven traditional crude SBs, two industrial kinds of butter, and a kariten-rich extract (named
kariten in our study).

2.1. Total Phenolic Content of Shea Butter and Kariten Samples

Regarding total phenolic content (TPC), the highest and lowest values were found
among the traditional butter samples which are Yate; (82.99 PGE) and Siss; (14.16 PGE), as
shown in Figure 1, and Table S1. The samples with the highest levels of TPC were Yate; and
Naya, followed by Kadis. The phenolic content varied considerably among traditional and
industrial samples. These results showed that refined SB still contains phenolic compounds.
However, according to Ainsworth and Gillespie [21,24], the FC method is non-specific to
phenolic content because it reacts easily with oxidizable compounds, which are not neces-
sarily phenolic compounds [25]. Several factors can impact TPC, such as material quality,
the climatic conditions of cultivation, production processing, packaging, or storage [26].
For example, sample Yate; had a particular extraction process involving no churning step,
as described by Goumbri et al. [27]. Studies in ten African countries showed that the TPC of
SB extracted with hexane ranged from 62 to 135 ppm, compared to 2100-9500 ppm for shea
kernels, in gallic acid equivalent (GAE) [21]. According to the authors, phenolic content is
related to the origin of the shea sample and the butter extraction process involved.
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Figure 1. Total phenolic compound content of the different samples, expressed in ppm pyrogallol
equivalent. Results were expressed as mean + SD (see Table S1). Samples with * are traditional SB.
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2.2. Antioxidant Activities of Crude Shea Butters and Their Polar Fractions
2.2.1. Choice of Solvent to Solubilize Crude Shea Butter

Although cyclohexane is better at solubilizing SB, we chose to use ethanol (EtOH)
for SB solubility in accordance with the test. Indeed, SB solubility in EtOH (Figure S1a)
is similar to that in cyclohexane, Figure S1b, and the Amax was around 280 nm for both
solvents. The compounds of interest (in the photoprotection test) are well soluble in EtOH,
justifying its choice for further analyses. Another argument is its use as a solvent in cosmetic
formulations due to its skin tolerance at concentrations of less than 25% [28].

2.2.2. Antioxidant Activities

The DPPH radical and ABTS radical cation assays performed with crude SB at different
concentrations showed negative results: no visible discoloration was observed. As a result,
no antioxidant activity was directly found in crude butter for the ABTS and DPPH tests.
The free radical DPPH® and radical cation ABTS°* were not transformed into their stable
forms, DPPH and ABTS, respectively. This could be due to raw butter’s shallow polyphenol
content and potential interference with various butter compounds.

In contrast to raw butter, the tested polar fractions exhibited more potency on ABTS
radical cation scavenging (Table 1) than on DPPH. The inhibition percentages for the
highest final concentrations did not exceed 40% for DPPH, while for ABTS, values above
80% were reached. Most of the tested samples presented a dose-dependent inhibition effect
which appears to link to TPC and phenol. Indeed, for ABTS scavenging, Naya; and crude
industrial butter (at the highest concentrations related to TPC) had the strongest inhibition
levels (above 80%). The sample with the higher TPC (Yate;) had an ABTS inhibition of
about 69%.

Table 1. Effects of shea polar fractions on ABTS and DPPH free radical scavenging. Tested concen-
trations are expressed in mg SB/mL calculated from the respective extraction yields of the polar
fractions (see Table S1).

Sample Concentration (mg/mL) DPPH:I (%) at 60 min ABTS: I (%) at 60 min
Crude Industrial 0.05 5.07 £0.17 7.85 + 0.31
Crude Industrial 0.5 3.85 + 0.12 13.60 4 0.32
Crude Industrial 1 6.82 +£0.21 21.15 4+ 0.46
Crude Industrial 2 15.44 £+ 0.28 27.29 4+ 0.49
Crude Industrial 3 - 82.01 = 0.15
Refined Industrial  0.05 4.40 4+ 1.06 10.42 £+ 0.96
Refined Industrial 0.5 7.17 £ 0.26 8.16 £ 0.50
Refined Industrial 1 5.24 4+ 0.06 9.82 +£0.46
Refined Industrial 2 10.84 £ 0.72 5.18 +0.44
Refined Industrial 3 - 56.12 + 0.75
Kariten 0.05 8.39 £ 1.18 6.19 £1.22
Kariten 0.5 4.55 4+ 0.56 7.85 £ 0.61
Kariten 1 7.34 +£0.49 16.01 4+ 0.40
Kariten 2 25.13 +0.71 39.02 +0.14
Kariten 3 - 81.29 + 0.25
Houes 0.05 2.62 +1.17 2.11 +0.98
Houes 0.5 2.80 +0.21 3.63 +0.29
Houes 1 6.64 +0.26 11.33 +0.35
Houes 2 17.86 4+ 0.92 27.59 4+ 0.21
Houes 3 - 73.81 & 0.15
Ioba; 0.05 5.24 + 1.54 2.11 £+ 0.60
Ioba; 0.5 3.67 + 0.40 4.68 + 0.61
Toba; 1 6.47 +0.74 7.10 £0.79
Toba; 2 6.28 £+ 0.85 12.35 + 0.25
Toba; 3 - 66.33 + 0.26
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Table 1. Cont.

Sample Concentration (mg/mL) DPPH:I (%) at 60 min ABTS: I (%) at 60 min
Ioba, 0.05 0.70 £0.25 1.21 +£0.36
Iobay 0.5 3.67 £ 0.67 4.23 £0.90
Iobay 1 11.19 + 1.46 12.08 +1.35
Iobay 2 15.17 £ 0.21 16.46 + 0.34
Ioba, 3 - 55.54 £+ 0.30
Kadis 0.05 455 £0.10 11.78 £1.11
Kadis 0.5 12.06 & 0.47 19.64 + 0.57
Kadis 1 19.06 £ 0.38 35.05 +1.32
Kadis 2 26.48 +0.49 46.8 + 0.56
Kadis 3 - 69.21 £0.21
Naya; 0.05 7.34 +0.58 21.00 +2.72
Naya; 0.5 13.99 + 0.36 28.55 £ 1.01
Naya; 1 21.68 £0.25 44.71 £0.75
Naya; 2 35.64 +1.06 67.99 +0.31
Nayay 3 - 82.88 £ 0.06
Sissy 0.05 8.92 +£1.81 514 £ 0.81
Sissy 0.5 490+ 0.70 3.32+0.55
Sissy 1 420 £0.76 4.68 £1.10
Sissy 2 548 +0.78 244 4+0.29
Sissy 3 - 45.18 4+ 0.56
Yate; 0.05 0.35£0.20 2.72 £0.40
Yate; 0.5 3.324+0.25 4.53 +0.49
Yate; 1 6.82 & 0.06 13.90 £ 0.35
Yate; 2 17.06 + 0.42 32.16 £0.32
Yate; 3 69.21 +£0.12

The inhibition for DPPH and ABTS was established after 60 min, and results showed the mean =+ SD (see Table S1)
of triplicates with two independent assays.

The relationship between TPC and antioxidant capacities (ABTS and DPPH average
values) of the 10 samples was established using the Pearson correlation test at o« = 0.05.
A value of at least 0.50 indicated a statistically significant relationship, and values below
0.50 indicated no significant correlation.

In our study, the DPPH and ABTS values showed a moderate positive correlation with
the TPC (R = 0.508 and 0.642, respectively) (see Table 2). Our findings were not similar to
the results obtained by Zhang et al. [29] (no correlation with the TPC); and by Dudonné
et al. [30], which found significant correlation in their study. Our results could be explained
by the fact that samples are not all homogeneous due to their origin and extraction process.
These results suggest that the presence of phenolic compounds moderately contributes
to SB free radical scavenging capacities. A significant correlation was found between the
ABTS and DPPH assays (R = 0.924), similar to the reports of Dudonné et al. [30] (R = 0.946),
and could be explained by the fact that the antioxidant potential of phenolic compounds is
directly linked to the molecular structure of phenols, depending on the number of aromatic
rings and hydroxyl groups [30].

Table 2. Correlation coefficient between in vitro parameters (ABTS, DPPH, ADPA model, and TPC).

DPPH * ABTS * TPC
DPPH 1 0.924 0.508
ABTS 0.924 1 0.642
TPC 0.508 0.642 1

*

: Average values are used to establish correlation.

2.3. Photoprotection Effect of Raw Shea Butters and Their Polar Extracts on Singlet Oxygen
2.3.1. Effect of Crude Shea Butters and Their Polar Fractions on Singlet Oxygen by
Photosensitization of Rose Bengal (Acellular Model)

According to experimental conditions (see methodology), it appears that upon RB
irradiation, the absorbance decreased over time at 400 nm, while in the absence of RB, no
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effect was observed either at 400 nm or at 550 nm (Figure 2). In contrast, when the raw
sample was used at different concentrations in EtOH, a slowdown of absorbance was seen
in comparison with controls (see Figure 3a,b), indicating a 'O, scavenging capacity. Also,
investigations recorded in MeOH showed similar behavior for polar extracts (Figure 3¢,d).

1.4

Absorbance (mAU)

Spectra with Rose
Bengal

Spectra without Rose
Bengal

450

Wavelength (nm)
Figure 2. Influence of testing samples on the production of 'O, induced by ADPA. The figure shows
the spectra when the samples are in the presence or absence of RB, as illustrated by the Iobay, Kariten,
and TiO, samples at Ty and T3gg;.
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Figure 3. Effects of crude samples and their polar extracts by production of 'O, upon RB photo-
irradiation. Samples were studied at different concentrations versus EtOH and MeOH as solvent
control at 0.44%. Absorbance is monitored at 400 nm, and the results are the mean + SD (see Table 2)
of two independent experiments. (a) Effect of ADPA alone and Ctrl (EtOH) on 10, production.
(b) Crude sample effects on ADPA system. (c) Effect of ADPA alone and Ctrl (MeOH) on 10,
production. (d) Polar extract effects on the ADPA system.
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From Figure 3, one can see that Ctrl (ADPA + RB) decreased more quickly than Ctrl
(EtOH) and Ctrl (MeOH) for crude samples and polar extracts. Crude samples were tested
at concentrations ranging from 4.44 to 44.44 pg/mL, and TiO,, used as a positive control,
ranged from 0.44 to 22.22 ug/mL. For polar extracts, concentrations ranged from 0.003 to
0.369 ppm, corresponding to 0.1 at 2 mg of crude butter, as shown in Table S1. The photo-
chemical reaction of 1O, in the presence of RB, with tested samples was monitored over
time according to the decay of ADPA absorbance at 400 nm. Figure 3b,d showed illustrative
results. Results for all tested samples were recorded in Table 3, showing ADPA decay at the
end of the reaction (300 s). Overall, tested samples exhibited dose-dependent 'O, quenching
effects. For crude SB, at the high concentration, Yate; exhibited the maximum scaveng-
ing of 'O,, followed by Naya; and Iobaj: 29.57 + 0.92%-28.55 + 0.62%-27.38 4 1.04%,
respectively more than TiO, (14.23 &+ 3.28%).

Table 3. Effects of crude samples and their polar extracts on the production of 'O, upon RB photo-
irradiation. Absorbance is monitored at 400 nm showing ADPA decay at the end of the reaction
(300 s) for all tested samples.

Polar Extracts Crude Sample

Concentration (ppm)  Relative Abs at 300s (%) Concentration (ug/mL) Relative Abs at 300 s (%)
Sample ADPA Alone 93.22 + 2.56 ADPA Alone 96.83 + 2.56

Ctrl (ADPA + RB) 42.59 + 2.31 Ctrl (ADPA + RB) 50.75 + 2.31

Ctrl (MeOH) 46.27 + 2.27 Ctrl (EtOH) 59.48 + 1.06
Houes 0.010 50.82 + 1.11 4.44 67.01 £+ 2.49
Houes 0.100 53.54 £+ 2.07 22.22 70.98 + 1.06
Houes 0.201 55.39 £+ 0.23 44.44 76.02 & 2.25
Ioba; 0.005 50.13 £ 2.77 444 66.23 £+ 1.01
Ioba; 0.051 49.00 £+ 4.98 22.22 73.23 +2.1
Ioba; 0.102 50.34 + 1.91 4444 7813 +£1.04°
Iobay 0.005 48.43 +1.05 4.44 67.07 £ 1.05
Ioba, 0.047 51.79 + 1.86 22.22 71.03 +2.80
Iobay 0.094 57.59 &+ 2.61 *** 44.44 74.00 + 3.01
Kadis 0.013 48.60 = 1.90 444 69.84 +£ 2.1
Kadis 0.135 53.57 £ 7.70 22.22 70.90 + 2.64
Kadis 0.270 57.15 4+ 1.35 ** 44.44 76.46 £+ 2.02
Naya; 0.015 49.19 =+ 6.60 4.44 68.28 + 3.07
Naya; 0.154 49.50 £ 7.60 22.22 74.26 + 2.07
Naya; 0.308 55.79 £+ 3.84 44.44 79.30 £ 0.62 °°
Sissg 0.003 50.73 £ 3.06 4.44 69.72 + 1.01
Sissy 0.031 53.37 4+ 0.02 22.22 70.94 +£2.04
Sissy 0.063 53.76 £+ 0.42 44 .44 70.64 + 0.02
Yate; 0.018 53.47 £+ 0.48 4.44 64.50 + 0.60
Yate; 0.184 55.15 £+ 0.49 22.22 71.60 & 0.93
Yate; 0.369 56.48 £ 2.27 * 44.44 80.32 £ 0.92 °°°
Crude Industrial 0.008 48.73 + 8.37 4.44 66.60 + 2.26
Crude Industrial 0.085 50.78 £ 7.45 2222 70.41 +2.02
Crude Industrial 0.170 55.12 £+ 0.86 44.44 72.79 + 1.63
Refined Industrial  0.007 53.17 £ 1.64 444 68.02 + 2.08
Refined Industrial  0.073 53.07 £ 0.17 22.22 7242 +2.09
Refined Industrial 0.146 54.14 + 0.65 44.44 77.13 +0.92
Kariten 0.006 46.44 + 6.33 444 65.75 £+ 0.02
Kariten 0.055 50.82 £ 3.40 22.22 68.80 + 4.02
Kariten 0.110 54.61 4 3.42 44.44 69.94 4+ 0.11
TiO, - - 0.44 62.76 £+ 0.79
TiO, - - 4.44 62.88 + 6.53
TiO, - - 22.22 64.98 + 3.28

Shows the top 3 tested polar extracts with the highest quenching effects on 105: *** > ** > *; Shows the top 3 tested
crude shea samples with the highest quenching effects on 10,: ©°°° > °° 5 ° Abs: Absorbance; RB: Rose Bengal;
TiO;: Titanium dioxide; MeOH: Methanol; EtOH: Ethanol; ADPA: 9,10-Anthracenedipropanoic acid.
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Results showed that traditional crude SBs were more 'O, quenchers than industrial
ones, which exhibited 1O, inhibition ranging from 26.38 = 0.92% to 19.19 4 0.11%, respec-
tively, for refined and kariten shea samples. For polar extracts, at the highest concentration,
Ioba, exhibited the maximum scavenging of 'O, at 15.00 + 2.61%, followed by Kadis and
Yate;, more than crude industrial (12.53 4 0.86%) and kariten (11.55 £ 0.65%).

These results could be explained by the fact that SB, as raw material, also contains
phenols and a whole fraction of unsaponifiable matter, which exhibit biological proper-
ties [31], such as triterpene alcohols (65 to 75% of unsaponifiable content), the tocopherol
(o: 112 pg/g of butter; y: 13 pg/g of butter; $ and 9), and the sterol [32,33].

Traditional SBs from Burkina Faso and their polar extracts exhibited more effects
on 'O, than industrial ones. According to our results, only raw samples exhibited an
activity with a dose-dependent manner. These compounds are potent 'O, quenchers,
which could protect against UVA-B from UVR. However, the effects were not linked only
to SB polyphenols. Antioxidants act by hydrogen donation to another molecule, yielding
phenoxy radicals (on the benzene ring), resulting in an intramolecular hydrogen bond with
the free hydrogen.

Regarding the effect of polar extract on the one hand and crude sample on the other,
by the production of 'O, upon RB photo-irradiation, we performed a single sample
t-test to compare the means of relative absorbance of tested samples (see Table 3) on
Ctrl ADPA. There was a significant difference between the means of tested polar extract
and the crude sample on Ctrl ADPA (t (df) = 30, p-value = 1.09 x 10716), (t (df) = 30,
p-value = 1.69 x 10~1%), respectively. Then, a two-sample t-test was also performed to
compare the effect of tested samples by production of O, upon RB photo-irradiation in
polar extracts and raw samples. Results showed a significant difference in the effect of
tested samples by production of 'O, upon RB photo-irradiation between polar extracts
(mean = 52.4, SD = 2.92) and crude samples (mean = 71.4, SD = 4.12); t (df) = 52.201,
p-value < 2.2 x 10716

2.3.2. Photoprotective Effects of Crude Shea Butter and Their Polar Extracts on Cells’
Viability by Photosensitization of Rose Bengal (Cellular Model)

e Inherent toxicity of crude shea butter on HaCaT cells

The results showed that EtOH, used as solvent control at a final concentration of 2%,
displays no toxicity after 24 h (Figure S2a) and 48 h (Figure S2b) of experiments. Similar
results were found with overall tested samples dissolved in EtOH at final concentrations
ranging from 0.1 to 100 pg/mL, shown in Figure S2. The cell viability was over 60% after
24 h of incubation and over 90% after 48 h of incubation. The results showed that crude
SB at the tested concentrations displayed no HaCaT cell toxicity after 24 h and 48 h of
incubation. Based on these results, crude SB can be used for photoprotection investigations
on HaCaT cells in EtOH.

e  Protective effects of raw shea samples and their polar extracts against 'O, production

According to the different concentrations performed (Table S1), the results of the pro-
tective effects of the raw shea sample (Figure 4b) and its polar extracts (Figure 4a) showed
that without RB, the cells were unaffected and continued to grow normally, showing even
an increase very significantly to almost 700% viability, as illustrated in Figure 4b. This can
be explained by the non-formation of 'O, and, consequently, the absence of toxicity.
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Figure 4. The application of the cellular model to investigate the effect of crude samples and their
polar extracts vs. TiO, on HaCaT cell viability. (a) Polar extracts and TiO, were dissolved in DMSO.
(b) Crude samples and TiO, were dissolved in EtOH. The results are the mean of two independent
experiments. The cell’s viabilities were recorded at 492 nm relative to solvent Ctrl (2% and 2%,
respectively, for DMSO and EtOH). *: Concentration in raw butter equivalent and the correlation in
TPC is shown in Table S1.

The cell viability was evidenced in crude butter after 4 h of incubation and growth from
96.23% to 570.75%, respectively, for kariten at 2 ug/mL and Siss; at 10 pg/mL (Figure 4b).
Comparatively, TiO, viabilities ranged from 169.18% at 10 pg/mL to 453.13% at 2 ug/mL.
The maximum viabilities were reported at 10 ug/mL concentrations for SB tested samples.
However, kariten seems to provide dose-dependent protection. The results showed that
TiO, exhibited more protection than butter. These findings could be explained by the
fact that TiO, is a broad-spectrum UV filter, and in its microfine forms (20-50 pm), it
offers photoprotection against UVB and UVA rays at 315-340 nm only, not covering the
340-400 nm range [34]. Also, Wright et al. [10] reported that the TiO, particles (fine and
ultrafine) had a positive effect on cell viability after 24 h of exposure upon UVC exposure
at 254 nm for 30 min, 1 h, and 5 h, in contrast to the TiO; nanoparticle. After 48 h of
exposure, all forms of TiO, harmed cell growth, but this was more pronounced with
TiO, nanoparticles.

Cell viability after 4 h of incubation ranged from 52.24% to 182.96% for polar extracts,
respectively, for Naya; (equivalent to 2 mg of butter) and Ioba; (equivalent to 1 mg of
butter). The results for TiO, were from 117.34% to 156.80% (Figure 4a). Polar compounds
provide better protection than TiO; at the highest values for this experiment in an aqueous
medium, even though irradiation of TiO; in an aqueous suspension and MeOH generated
10, and hydrogen peroxide [35]. Some studies have shown that TiO, (at 1.0 g/L) has a low
potential toxic effect only after long-term exposure. The cytotoxic effect only appears at
very high concentrations, reducing cell viability after seven days of exposure [36]. These
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results agree with our findings. Cell viability levels were diversely distributed and not
necessarily dose-dependent, except for Houes. However, the results showed that the
lowest concentrations provided the best protection for Ioba;, Naya;, crude industrial butter,
and kariten.

Based on photoprotection results for raw butter, a dose-dependent effect, a one-sample
t-test was performed to compare Ctrl Ethanol against the tested crude sample mean (see
Figure 4b). There was a significant difference between the means of the tested crude sample
on the Ctrl Solvent (t (df) = 15, p-value = 0.00748).

2.4. LC Analyses of Shea Butter Polyphenols Content

e  Analyses of polar compounds in polar fractions and quantification by RP-HPLC

Four polar constituents were identified, namely, gallic acid, protocatechuic acid, cin-
namic acid, and quercetin (see Figure S3a), using their retention time (Rt) compared to
those of standards, and their UV spectrum using an internal natural products HPLC-
UV/DAD database. The identification was then confirmed by comparison of the Rt and
UV spectrum for each pre-identified peak with pure compound individually injected into
the HPLC system.

Our results showed that a few compounds were widely distributed across the samples.
Gallic acid was only found (in low amounts) in kariten and Yate; with contents below the
GAE limit of quantification (LOQ). Cinnamic acid was the most representative constituent
as it is present in almost all the samples and ranged from 0.00 to 46.26 ppm GAE. For
kariten, a non-identified compound was eluted at around 40 min, with an Rt similar to the
cinnamic acid, but with a different UV spectrum. Phenol contents ranged from 0.972 to
46.888 ppm GAE, as shown in Table 4. However, some compounds were below the LOQ in
GAE (Table 4). First, compared with the colorimetric assay, the lowest levels reported by
HPLC could be linked to the different steps in the traditional butter extraction processes.
Next, it is also linked to the fact that we do not quantify all the peaks in LC analysis. Fewer
compounds are considered than in TPC with the FC method, where a totum is quantified.
Flavonoids, for example, were not quantified by LC but reacted in the TPC using the FC
method. Likewise, according to Maranz et al. [21], the extraction of SB with hexane is
responsible for a 90-98% depletion of phenol. Phenol content depends on the extraction
technique [31], and others suggested modifying extraction and refining processes to obtain
higher levels. High temperatures in the extraction process can destroy antioxidants [37].
For traditional SB, produced by no standardized processes, more parameters, such as
moisture content, insoluble impurities, free fatty acids, and peroxides, can decrease their
shelf-life, thus their polyphenol compounds, in contrast to industrial ones.

Table 4. Phenolic composition by RP-HPLC of shea butter extracts.

) @ (C3) @) ®) (C6) (C7) (C8) (C9) (C10)
Gallic Protocate- Rt= Cinnamic Quercetin Rt =54 Rt = Rt= Rt= Rt =
Sample Acid chuic f{‘ci f 19 min Acid &)pm min 61 min 68 min 68 min 69min  (C8/C9) (C8/C10)
(ppm (ppm (ppm (ppm (ppm (ppm (ppm (ppm
GAp)  (pPmGAE) GAE) GAE) GAE) GAE) GAE) GAE) GAE) GAE)
Houes nd <LOQ 0.928 9.438 nd 0.165 <LOQ 43.718 40.587 92.709 1.1 0.5
Tobay nd <LOQ nd 1.134 nd 0.015 <LOQ 27.046 23.646 66.189 1.1 0.4
Ioba, nd nd nd <LOQ nd 1.486 <LOQ 5.226 4.001 13.184 13 0.4
Kadis nd nd nd 0.321 nd 1.549 <LOQ 40.714 35.617 82.284 1.1 0.5
Naya; nd nd 1.940 12.237 <LOQ 1.681 <LOQ 15.369 13.866 35.367 1.1 0.4
Siss; nd nd <LOQ 0.972 nd nd <LOQ 22174 19.995 46.600 1.1 0.5
Yate; <LOQ nd 0.149 2.338 <LOQ 2.014 5.282 59.585 62.168 119.037 1.0 0.5
ggﬁaﬁ“‘ nd nd 0.132 46.261 nd 0.495 nd 80.292 72.885 162.707 1.1 0.5
Refined nd nd nd nd nd 6.400 <LOQ 73.018 63.263 153.764 12 0.5
Kariten 3.374 nd nd 0.961 nd <LOD <LOQ 12.088 10.104 29.941 1. 0.4

LOQ: Limit of Quantification; nd: not detected; Rt = retention time in min. (1)—(2)-(4)-(5): Order numbers
of phenolic compounds identified by HPLC; (C3)—~(C6)—~(C7)—~(C8)—~(C9)—~(C10): Order numbers for phenolic
compounds not identified by HPLC.
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The HPLC analysis also revealed other peaks that could not be identified from the
available spectral database and Rt values. Most of these compounds present a UV-spectrum
with maxima of absorbance between 200 and 300 nm. Interestingly, all chromatograms show
three non-identified peaks (named C8, C9, and C10) at Rt = 68-69 min. DAD analysis of
their UV spectra showed that they all three overlayed with the cinnamic acid UV spectrum,
as shown in Figure S3b. These three peaks were found in all the samples and eluted
between 68 min and 70 min, corresponding to 100% acetonitrile in the gradient mobile
phase. According to their higher Rt in RP-HPLC (Rt cinnamic acid = 40.3 min), it can
reasonably be deduced that they could correspond to 3 cinnamate derivatives, bearing a
cinnamate chromophore combined with a less polar moiety. This could match with some
of the literature data describing the presence of triterpenes alcohol cinnamate esters in SB.

A study carried out on Nigerian SB (hexane-extracted) isolated and identified four
triterpene cinnamate compounds: «x-Amyrin cinnamate, 3-Amyrin cinnamate, lupeol-
cinnamate, and butyrospermol cinnamate. In addition to cinnamates, four other triterpene
acetates have been isolated and identified [38]. Later, a similar study focusing on shea butter
(hexane-extracted) from seven African countries re-identified the same cinnamate triterpene
compounds and found that triterpene cinnamate compounds predominated over acetate
triterpenes [39]. A review on the use of SB and its derivatives in cosmetics also reported the
presence of these triterpene cinnamate esters at significant levels with reported main values
of: a-Amyrin cinnamate (29.3%), f-Amyrin cinnamate (7.6%), lupeol-cinnamate (9.0%),
and butyrospermol cinnamate (14.8%), relative to the total triterpene esters [40]. Although
the presence of these compounds could not be strictly confirmed in our HPLC-UV/DAD
analysis, we can state that, according to their UV spectra, and as cinnamate derivatives,
compounds C8, C9 and C10 probably contribute to the photoprotective potential of the SB
samples analyzed in this study. Indeed, according to Alesandra R. et al. [41], flavonoids
and cinnamate derivatives are considered as natural photoprotectors, with a preference
for cinnamate derivatives used as UVB-UVA filters in the (310-325 nm) wavelength. The
photoprotective effects of some cinnamate derivatives are well documented and some are
used in commercial sunscreen products.

Regarding the polar constituents detected in the polar fractions, only Naya; presented
compounds at 47 min and 55 min. Also, samples Naya; and Yate; had the most sig-
nificant levels in TPC and were among the samples with highest inhibition percentages
in the ABTS/DPPH assays. This could also be related to the detection of quercetin in
these samples, but at non-quantifiable concentrations (<LOQ). According to Gilaberte and
Gonzalez [42], quercetin is the flavonoid with the most potent antioxidant properties. When
incorporated into some topical formulations, it inhibits damage caused by UV-B radiation
in animals. Secondary plant metabolites such as flavonoids and cinnamic acids are consid-
ered natural photoprotectors [41]. Found in SB, flavonoids are a group of polyphenols that
absorb significantly in the UVA-UVB range due to their molecular structure and double
bonds [43]. However, according to some authors [44,45], flavonoids act by absorbing UV
rays, by direct and indirect antioxidant action by trapping the ROS generated after UV
irradiation, by an anti-inflammatory effect by contributing to the reduction of inflammation
caused by irradiation, by immunomodulatory actions, and by DNA protection and repair.

Kariten significantly reduced the ABTS radical by 81.29% at its highest concentration
(1.49 ppm). The polar fraction’s free radical scavenging activities by reducing ABTS
and DPPH confirmed that SB phenolic compounds exhibited antioxidant activity. At
experimental concentrations, crude SB and its polar fraction protected HaCaT cells from
10, generated after irradiation at 550 nm in the cellular model. In the acellular model using
the ADPA + RB system, findings also provided evidence of the inhibition of 'O, produced
by irradiation in experimental conditions. Shea butter is used as an active ingredient
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in sunscreen formulations. The properties of sunscreens have been described in several
studies [42,46], meaning that SB may act through a combination of physical and chemical
actions. Due to its lipophilic properties, SB can absorb, reflect, and/or disperse emitted
radiation. Its high unsaponifiable matter content [15], could provide SB with some direct
and indirect antioxidant activities against phototoxicity by trapping 'O, and inducing
intrinsic cytoprotective reactions, respectively [42].

3. Materials and Methods
3.1. Materials

Two types of samples as shown in Table 5 were analyzed: seven crude traditional SB
samples (from different origins in Burkina Faso, a West African country), two industrial
butters (one crude and one refined, from IOI Loders Croklaan, Maasvlaktle, The Nether-
lands), and a kariten-rich extract, from Belgium. The traditional crude butter samples were
selected according to their extraction process and physicochemical quality, as described
previously by Goumbri et al. [27].

Table 5. Traditional and industrial research materials, according to their origin.

Sample Origin

Houes Bobo-Dioulasso (Upper-Bassin) *
Ioba; Dano (South West) *

Iobay Dano (South West) *

Kadis Ouagadougou (Center) *

Naya; Toma (Mouhoun Loop) *

Sissg Boura (Midwest) *

Yate; Ouahigouya (North) *

Crude Industrial IOI Loders Croklaan, The Netherlands
Refined Industrial IOI Loders Croklaan, The Netherlands
Kariten-rich extract Belgium

* Traditional shea butter from Burkina Faso.

3.1.1. Materials for Total Phenol Content

TPC was performed with the polar extract obtained from each crude sample: seven
traditional SBs, two industrial SBs, and one kariten-rich one.

3.1.2. Materials for Antioxidant Test

Regarding the antioxidant test, two kinds of samples were used: crude samples, and
their polar fractions.

3.1.3. Materials for Photoprotection Test

As previously mentioned, crude samples and their polar fractions were used to per-
form the photoprotection test. Cellular investigations were made with Human keratinocytes
(HaCaT cell line).

3.1.4. Materials for Polyphenol Identification and Assay

Polyphenol identification and assay were performed with the polar extract obtained
from each crude sample: seven traditional SBs, two industrial SBs, and one kariten-rich one.

3.1.5. Cell Culture and Media

Keratinocytes (HaCaT cell line) were obtained from ATCC (Rockville, MD, USA)
grown on 96-well plates (passage 39 to 45) in Dulbecco Modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum (FBS), and antibiotics (penicillin 100 U/mL, and
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streptomycin 0.10 mg/mL. Cells were incubated at 37 °C in a humidified atmosphere con-
taining 5% CO,, counted, and distributed at the concentration of 10,000 cells/well [47,48].

3.1.6. Chemicals

Analytical-grade chemicals, standards, and reagents from commercial sources were
used to perform the analysis. Titanium (IV) oxide, nanopowder, <100 nm particle size (BET),
>97% were from Sigma Aldrich (St Louis, MA, USA). Hank’s Balanced Salt Solution (HBSS),
Phosphate buffered saline (PBS), and Pyrogallol were all from Sigma Aldrich (Steinheim,
Germany). A quantity of 3-(4,5-Dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium (MTS) was purchased from Promega Corporation (Madison,
WI, USA). Dimethyl sulfoxide (DMSO), 2,2-Diphenyl-1-picrylhydrazyl (DPPH), and 9,10-
Anthracenedipropanoic acid (ADPA) were obtained from Merck (Darmstadt, Germany). A
quantity of 3-ethylbenzothiazoline 6-sulfonic acid (ABTS) was from Fluka (part of Sigma-
Aldrich, Saint Louis, MA, USA), and Phosphomolybdotungstic reagent (Folin—Ciocalteu
reagent), Methanol and Ethanol were from VWR Chemicals (Leuven, Belgium). The
reference standards, such as Cinnamic acid, Catechin, and analogs, were purchased from
Extrasynthese (Genay Cedex, France), and Gallic acid was purchased from Sigma Aldrich
(Buchs, Switzerland).

3.2. Methods

e  Sample preparation for photoprotective and antioxidant investigation (solution A)

First, a comparative analysis of EtOH (solution A1) and cyclohexane (solution A2) was
carried out to choose the solvent that would provide the best solubility for the compounds
of interest in crude SB. The importance of this step was to select a solvent that is non-
cytotoxic while solubilizing crude SB. Solution A was prepared by dissolving 1.0 g of
the melted sample in 100 mL of the appropriate solvent (ethanol or cyclohexane) in a
volumetric flask, mixed for 5 min, and filtered through a 0.45 pm Millipore. A 1.0 mL
aliquot was transferred to a 10 mL volumetric flask for absorbance measurement, and
the volume was adjusted with the appropriate solvent. The absorbance of the sample in
solution was recorded in three replicates at a wavelength between 280 and 400 nm (UVA-B
range) using a spectrophotometer (Diode array, Agilent 8453, Agilent (Hewlett—Packard,
Wald Bronn, Germany). Then, to investigate the photoprotective ability and antioxidant
effects of raw samples, stock solution A1 or solution A2 was prepared, and dilutions were
carried out.

e  Polar fraction preparation (solution B)

To quantify TPC, polar fractions (solution B) were prepared from each sample accord-
ing to some authors [21,24]. An amount of 500.0 mg of melted sample was weighed and
dissolved in 5 mL of hexane. This hexane solution was successively extracted three times
with 2 mL of a methanol-water (60:40 v/v) solution (liquid-liquid extraction). The three
hydro-methanolic fractions were collected, combined, and evaporated to dryness at 40 °C
using a Multivapor P-6 from Buchi. Dry residue was dissolved in 1.0 mL of methanol
(solution B1) and filtered through a 0.45 um Millipore. These methanolic solutions of
the polar fractions obtained from each sample were used for the colorimetric assay, the
HPLC analysis, and further antioxidant screening activities. To investigate polar fraction
photoprotective effects, the same procedure was applied to each sample, but the dry residue
was dissolved in 1.0 mL of DMSO (solution B2).

3.2.1. Methods for Total Phenol Content

The solution B1 was used to perform TPC by colorimetric analysis using the FC reagent
method, according to some authors [21,24]. In a volumetric flask of 5.0 mL, an aliquot of



Molecules 2025, 30, 1360

14 of 21

200 pL of solution B1 was mixed with 125 pL of FC reagent and 2.5 mL of Milli-Q water. To
avoid the air oxidation of phenol [24], 1 mL of saturated sodium carbonate decahydrate
was added after 3 min, then mixed. The content was made up of volume with alkali. After
1 h of incubation, the absorbance was measured at 730 nm against a blank prepared in the
same conditions without a tested sample, using a UV-spectrophotometer (Hitachi U-2910
UV-vis double beam, Hitachi Group Companies, Tokyo, Japan).

Spectrophotometric standard calibration was performed with pyrogallol to calibrate
the concentration and prepared as follows: A stock solution of pyrogallol (0.25 mg/mL)
was prepared in MilliQ water and diluted to obtain solutions of 0.502, 1.255, 2.510, and
5.020 pug/mL. TPC was calculated as PGE using the calibration curve. Analysis was
performed in triplicate.

3.2.2. Methods for Antioxidant Test

Both solutions A (for raw butter) and B1 (for polar fraction) were used at different
concentrations in their appropriate solvent to perform antioxidant activity. Antioxidant
activity screening of crude SBs and their polar extracts was performed by free radical
DPPH® and radical cation ABTS°+ scavenging decolorization assays, according to the
optimized method [49,50]. For this, two controls were performed: a positive control with
no added solvent (100 uL. DPPH/ABTS) and a solvent control with 2 ul. MeOH + 98 uL.
DPPH/ABTS. Three replicates were made using a 96-well microplate reader (Thermo
Labsystem, Vantaa, Finland).

e DPPH radical-scavenging activity

The free radical DPPH® (purple color in solution) is reduced to DPPH-H (light yellow
color) by a proton-donating compound with anti-radical properties. A 0.26 mg/mL DPPH
test solution in absolute MeOH was prepared and mixed for 30 min in the amber flask.
Dilution was made to obtain absorbance around 0.75 at 510 nm using a spectrophotometer
(Agilent 8453, Agilent Technologies Deutschland GmbH). For the assay, a defined concen-
tration was added to the DPPH working solution (final volume at 100 uL) in the 96-well
plate and immediately read for the first time. For the polar fraction, the concentration
corresponded to 2, 1, 0.5, and 0.05 mg of butter, respectively. Regarding crude butter, 200,
100, and 10 ug/mL were used as tested solutions. Then, the plate was incubated for 60 min
in dark conditions prior to another reading. During the reaction, and in the presence of a
DPPH? free radical, a proton from the antioxidant compound in the sample is transferred
to the free radical, transforming it into a stable DPPH. The absorbance decreases until
the hydrogen-donating antioxidant is exhausted. To get more data for statistical analysis,
absorbance measuring was carried out at 510 nm using a Multiskan Ascent spectropho-
tometer (Thermo Labsystem, Vantaa, Finland). The percentage of DPPH® inhibition (1%) is
calculated according to the Equation (1):

Ablank — Asample

I% = Ablank

x 100 (1)

where Apjznx = absorbance of the solvent control; Ay = absorbance of the tested sample.
e  ABTSradical-scavenging activity

The ABTS assay was based on the method previously reported [49,50]. The oxidation
of ABTS with sodium persulfate will generate a radical mono-cation of (ABTS°*), which will
be reduced in the presence of such electron/hydrogen-donating antioxidants. A sodium
persulfate (4.6 mg/mL) aqueous solution was mixed with an ABTS (26.5 mg/mL) aqueous
solution by dissolving v/v. Then, the resulting mixed solution was stored overnight in
the darkroom to obtain a dark-colored solution. The working solution was made up by
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diluting the stock with MeOH to obtain an absorbance between 0.70 and 0.80 at 734 nm
using a spectrophotometer (Agilent 8453, Agilent Technologies Deutschland GmbH). In
the presence of a potential antioxidant compound, radical cation ABTS®* is transformed
into its stable form, ABTS, by decolorizing the solution from blue/green to a neutral color.
To measure the ABTS reducing the capacity of the sample, the absorbance was measured
at 740 nm after 60 min, and the inhibition percentage was calculated in the same way as
for the DPPH test using Equation (1). Regarding polar fraction, the analyses consisted
of adding a defined concentration corresponding to 3, 2, 1, 0.5, and 0.05 mg of butter to
the ABTS working solution (final volume at 100 pL). The same analytical conditions were
applied to raw butter.

However, according to the guidelines to accurately estimate ECs [51], this value could
not be calculated because most of the samples did not have sufficient measurement points
to be able to determine them properly.

3.2.3. Methods for Photoprotection Test

e  Designing experimental devices

To establish comparative studies between crude SBs and their polar extracts against
a UVR-like model using RB photosensitization, two experimental devices were applied
(see Figures 5a and 54) and optimized: an acellular model was used to investigate 10,
quenching, and a cellular one to evidence the direct photoprotective effect of studied
samples against photosensitized RB-induced phototoxicity of HaCaT cells (measurement
of cell viability by MTS assay).

e In vitro experimental design to investigate O, quenching capacity

The quenching effects were studied by adding RB to the ADPA solution before ir-
radiation at 550 nm. Absorbance was recorded each 30 s, during 300 s at 400 nm in a
spectrophotometer. In the ADPA system, when irradiated at 550 nm, the RB switches to an
excited state, releasing 105, followed by consumption of ADPA at 400 nm.

An experimental working solution was prepared: 8 mg of ADPA was mixed in 12 mL of
phosphate buffer at pH 7.0. The 'O, was produced upon RB photosensitized by visible light
from a slide projector (Pradovit RA 150, Leitz Wetzlar, Germany), equipped with a cut-off
filter (Schot OG 500), which is used to select a specific irradiation wavelength at 550 nm [52].
The measurements were recorded in a UV-spectrophotometer under light conditions. A
sample containing RB and ADPA was irradiated by a light source at A550 nm at room
temperature in a quartz cell and transferred immediately into the spectrophotometer for
measuring the absorbance every 30 for 300 s. Buffer (phosphate buffer, pH 7.0) was used
as a blank to calibrate before each measurement. ADPA reacts with 'O, to produce an
endoperoxide whose spectral characteristics show an absorbance decrease at 400 nm (see
Figure 5b).

e  Crude Shea Butter and Its Polar Fraction Assay on HaCaT Cell Viability

For the first time, the intrinsic effect of raw samples was investigated on HaCaT
cells. Afterward, increasing concentrations of solution A (0.1, 1.0, 10, and 100 pg/mL)
were tested on RB-induced HaCaT cell phototoxicity according to some authors [10,53].
TiO, was used as a positive control for this assay to compare with tested samples. Nano
powder of TiO, was suspended in DMSO and dispersed using a sonicator for the 90 s at 5 s
intervals to prepare TiO, stock suspension at 1% m/v. Analysis was performed in a 96-well
microplate reader in three replicates by two independent assays. Before each experiment,
fresh solutions, A, B2, and TiO, stock solutions, were prepared, and dilutions were made
up with appropriate solutions. HaCaT cells were immediately treated for experiments
according to the method described by authors [10,54].
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Figure 5. Effect of 'O, photosensitized by RB on cell viability. (a) Cellular and acellular experimental
devices optimized by irradiation at A550 nm to produce 'O,. (b) ADPA model: ADPA reacts with 'O,
to form endoperoxide, after irradiation. (RB)* is an activated species produced after RB’s illumination.
Schemes (1 and 2) show the 1O, production with RB.

Crude shea butter’s inherent toxicity: The effects of crude SB on HaCaT cell viability
were performed using MTS assay. Cytotoxicity was carried out on the one hand after
treatment during 24 h (Figure S2a) and on the other hand after treatment during 48 h
(Figure S2b). Cells were incubated with SB-tested samples for 24 h and 48 h to determine
the toxicity of raw samples towards HaCaT. MTS assay was performed to measure cell
viability at Ty, Tpy, and Tjp,. Briefly, the cells were washed with HBSS buffer before being
treated with different concentrations of the tested sample. In each well containing 100 uL
of the adherent cells in buffer, 2 uL of the tested sample was added.

HaCaT cell treatment and RB irradiation to investigate sample photoprotection ability:
The effect of the tested samples (raw butter and polar extracts) against a UVR-like model at
550 nm radiation was investigated at different concentrations (Table S1). To avoid MeOH
cytotoxicity on HaCaT cells, the stock solutions of the polar dry extracts were prepared
by dissolving each extract in DMSO (see solution B2), and dilutions were made up. The
aim was to induce cellular phototoxicity, which can be reversed in the presence of tested
samples. TiO, was used as a positive control at 0.02 to 0.04 ug/mL and 0.2 to 10 ug/mL



Molecules 2025, 30, 1360

17 of 21

for phenolic and crude SB assays. Both experiments were recorded according to cell and
solvent controls at which RB was added (2% for DMSO and EtOH, respectively).

Protection against 'O, induced phototoxicity: The formation of 'O, under the UV
irradiation of aqueous solutions, containing aqueous RB solution at a final concentration
of 1075 M, was assessed spectroscopically by MTS assay (Agilent 8453 UV-visible spec-
trophotometer). As for the inherent toxicity assay, 2 uL of each test solution (solution A at
different concentrations) was added to 100 uL HaCaT cells (10,000 cells/well) in the pres-
ence or absence of 2 puL of RB photosensitizer and compared to the solvent control (DMSO).
The 96-well plate was covered, incubated for 10 min at 37 °C, and then irradiated for
30 min according to the experimental procedure previously described (Figures 5a and S4).
After irradiation, the cells were washed twice with HBSS, and fresh buffer was added
(100 puL/well). To measure cell viability, 10 uL of MTS was added to each well, and the
absorbance was immediately measured at 492 nm with a Multiskan Ascent spectropho-
tometer. Viability measurements were carried out after each incubation time (1 h, 2 h, 3 h,
and 4 h) at 37 °C. A normal control (HaCaT + RB) and solvent control were performed
to establish cell phototoxicity. In the same plate, controls were performed in the same
conditions but without RB taken as control (no RB).

3.2.4. Methods for Polyphenols Identification and Assay

The identification and quantification of phenolic and organic acid compounds were
performed using an internal HPLC method, optimized in the Laboratory of Pharmacognosy
(Department of Pharmacy, University of Liege, Belgium). An aliquot of solution B1 was
injected (10 pL) into the HPLC system (Agilent Technologies 1290 Infinity II, Santa Clara,
CA, USA) equipped with a diode array detector (1290 DAD). Chromatograms were acquired
at 210, 235, 254, 280, 330, and 350 nm, and the UV spectrum (from 190.0 to 400.1 nm) was
also recorded for the detected compounds.

The system included a column Luna PFP packed with 5 um, 250 mm length x 4.6 mm
i.d., (Phenomenex), maintained at 30.0 °C. The gradient of mobile phase included ace-
tonitrile (A) and aqueous formic acid 0.1% at pH 2.54 (B). Elution was performed at a
flow rate of 1.0 mL/min, using the following (A) proportions (v/v): 15-18% at 0-15 min;
23-30% at 25-37 min; 40-50% at 42-52 min; 80-100% at 57-62 min; and 100% at 72 min.
Shea phenol compounds were quantified at 280 nm using the standard gallic acid, in GAE.
The compounds were identified using an internal HPLC/UV database (Laboratory of
Pharmacognosy, University of Liege), combining Rt and UV spectrum data.

4. Statistical Analysis

The results are reported as mean & SD of at least three replicates/treatments. Statistical
procedures and graphical analysis were performed using Microsoft Excel 2019 software.
Correlation (R) between in vitro parameters, TPC, ABTS, and DPPH values of different
samples were made using Pearson’s method with the Software RStudio (version 2023.06.1).
Then, acellular and cellular photoprotective data were assessed using the Student’s t-test
(one-sample and two-sample -test) to analyze the effects of Ctrl on tested samples, with a
p-value of less than 0.05 considered significant.

5. Conclusions

According to acellular and cellular assays, the effects of different shea butter samples
and their polar extracts have been investigated on 'O, quenching following Rose Bengal
sensitization. First, the antioxidant activity of polar extracts was evaluated for their ability
to scavenge both DPPH radical and ABTS radical cations. We demonstrated that shea
butter and its polar extracts exhibited antioxidant activities. However, crude material is
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more effective on 10, quenching than its polar fraction. Moreover, traditionally extracted
butter displays a stronger effect on 'O, quenching than industrial ones (crude and refined).
According to the cellular model, using HaCaT cells, the highest concentrations of traditional
butters tested did not necessarily confer the best cellular protection against ROS generated
by photo-irradiation. Results highlighted shea butter’s direct and indirect photoprotective
effects, including for its polar fractions against solar radiation. Therefore, the reported
photoprotective effect of shea butter could be attributable to synergistic physical and chem-
ical effects: hydration of the bi-lipidic double layer, and the effect of the unsaponifiable
fraction. However, this study was limited due to the lack of molecular mechanisms investi-
gation. For further analysis, it is therefore planned to extend this study by investigating
compounds that have not been identified by RP-HPLC. Likewise, the ROS content could
also be investigated to gain more mechanistical information.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /molecules30061360/s1, Figure S1: Crude shea butter comparative
absorbance in ethanol (a) and cyclohexane (b); Figure S2: Effects of crude shea butter on HaCaT cells
cytotoxicity after 24 h of incubation (a) and 48 h of incubation (b). Cell viability was measured for
24 h and 48 h by MTS assay, and results were recorded at 3 h of three wells per sample. Ethanol was
used as a control. Samples were performed at different concentrations in EtOH (nug/mL); Figure S3:
(a) Chromatogram of sample Nayaj, illustrating the separation of the SB polar extract by RP-HPLC at
280 nm, highlighted three unidentified peaks (C8, C9, and C10). (b) UV spectra of three non-identified
peaks (C8, C9, and C10) from the industrial crude sample overlay to the cinnamic acid UV spectrum;
Figure S4: Cellular experimental illustrative on HaCaT cells highlighted cells without RB vs. cells
with RB after irradiation at A 550 nm—*: Experimental device performing 'O, quenching according
to ADPA test for acellular model—**: Experimental device performing direct photoprotective effect
for cellular model, according to MTS assay. Analysis was performed in three replicates along two
independent days. Values were recorded of three wells per sample; p < 0.01 compared with the
control; Table S1: Research material concentration related to polyphenol content.

Author Contributions: Conceptualization, A.M.-M. and O.].; methodology, B.W.E.G.; validation,
AM.-M,, OJ. and M.E; formal analysis, B.W.EG,; investigation, S.D., RM.D., M.E, RS. and T.LS;
resources, A.M.-M., O], S.D. and R M.D.; writing—original draft preparation, B.W.EG.; writing—
review and editing, A.M.-M., RM.D. and O.]. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding authors.

Acknowledgments: Authors would like to thank the Belgian Académie de Recherche et de
I’Enseignement Supérieur—Commission de la Coopération au Développement (ARES-CCD) as
technical and financial partners.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

ABTS 3-ethylbenzothiazoline 6-sulfonic acid
ADPA 9,10-Anthracenedipropanoic acid
DMSO Dimethyl sulfoxide

DNA Deoxyribonucleic Acid
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DPPH 2,2-Diphenyl-1-picrylhydrazyl
EtOH Ethanol
FC Folin—Ciocalteu
GAE Gallic acid equivalent
HaCaT Human keratinocyte cell line
LOQ Limit of quantification
MeOH Methanol
MTS 3-(4,5-Dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium
PGE Pyrogallol equivalent
RB Rose Bengal
RP-HPLC/LC  Reverse phase-High performance liquid chromatography
ROS Reactive Oxygen Species
Rt Retention time
SB Shea butter
TiO, Titanium dioxide
TPC Total Polyphenol Content
uv Ultraviolet
UVR Ultraviolet Radiation
10, Singlet oxygen
References
1.  Huang, C.C; Wu, W.B,; Fang, J.Y.; Chiang, H.S.; Chen, S.K.; Chen, B.H.; Chen, Y.T.; Hung, C.F. (-)-Epicatechin-3-Gallate, a

10.

11.

12.

13.
14.

Green Tea Polyphenol Is a Potent Agent against UVB-Induced Damage in HaCaT Keratinocytes. Molecules 2007, 12, 1845-1858.
[CrossRef]

Lawrence, K.P,; Gacesa, R.; Long, PE; Young, A.R. Molecular Photoprotection of Human Keratinocytes in Vitro by the Naturally
Occurring Mycosporine-like Amino Acid Palythine. Br. J. Dermatol. 2018, 178, 1353-1363. [CrossRef] [PubMed]

Amar, S.K; Srivastav, A.K.; Dubey, D.; Chopra, D.; Singh, J.; Mujtaba, S.F. Sunscreen-Induced Expression and Identification of
Photosensitive Marker Proteins in Human Keratinocytes under UV Radiation. Toxicol. Ind. Health 2019, 35, 457-465. [CrossRef]
[PubMed]

Masaki, H.; Izutsu, Y.; Yahagi, S.; Okano, Y. Reactive Oxygen Species in HaCaT Keratinocytes after UVB Irradiation Are Triggered
by Intracellular Ca?* Levels. J. Investig. Dermatol. Symp. Proc. 2009, 14, 50-52. [CrossRef] [PubMed]

Shi, H.; Magaye, R.; Castranova, V.; Zhao, J. Titanium Dioxide Nanoparticles: A Review of Current Toxicological Data. Part. Fibre
Toxicol. 2013, 10, 1-33. [CrossRef]

Bogusz, K.; Tehei, M.; Lerch, M.; Dou, S.X.; Liu, H.K.; Konstantinov, K. TiO; /(BiO),CO3 Nanocomposites for Ultraviolet Filtration
with Reduced Photocatalytic Activity. . Mater. Chem. C 2018, 6, 5639-5650. [CrossRef]

Fujishima, A.; Rao, T.N.; Tryk, D.A. Titanium Dioxide Photocatalysis. J. Photochem. Photobiol. C Photochem. Rev. 2020, 1, 1-21.
[CrossRef]

Daimon, T.; Nosaka, Y. Formation and Behavior of Singlet Molecular Oxygen in TiO, Photocatalysis Studied by Detection of
Near-Infrared Phosphorescence. |. Phys. Chem. C 2007, 111, 4420-4424. [CrossRef]

Hirakawa, K.; Hirano, T. Singlet Oxygen Generation Photocatalyzed by TiO2 Particles and Its Contribution to Biomolecule
Damage. Chem. Lett. 2006, 35, 832-833. [CrossRef]

Wright, C.; Iyer, AK.V,; Wang, L.; Wu, N.; Yakisich, ].S.; Rojanasakul, Y.; Azad, N. Effects of Titanium Dioxide Nanoparticles on
Human Keratinocytes. Drug Chem. Toxicol. 2017, 40, 90-100. [CrossRef]

Yin, J.J.; Liu, J.; Ehrenshaft, M.; Roberts, ].E.; Fu, P.P.; Mason, R.P.; Zhao, B. Phototoxicity of Nano Titanium Dioxides in HaCaT
Keratinocytes-Generation of Reactive Oxygen Species and Cell Damage. Toxicol. Appl. Pharmacol. 2012, 263, 81-88. [CrossRef]
[PubMed]

Sayes, C.M.; Wahi, R.; Kurian, P.A.; Liu, Y.; West, ].L.; Ausman, K.D.; Warheit, D.B.; Colvin, V.L. Correlating Nanoscale Titania
Structure with Toxicity: A Cytotoxicity and Inflammatory Response Study with Human Dermal Fibroblasts and Human Lung
Epithelial Cells. Toxicol. Sci. 2006, 92, 174-185. [CrossRef]

Wilson, V.G. Growth and differentiation of HaCaT keratinocytes. Methods Mol. Biol. 2014, 119, 33—41. [CrossRef] [PubMed]
Saussey, M. Le Barattage Des Savoirs. Circulations Des Ressources et Apprentissages Des Artisanes Burkinabe Dans Un Contexte
de Mondialisation. Rev. d’anthropologie des Connaissances 2011, 5, 551-572. [CrossRef]


https://doi.org/10.3390/12081845
https://doi.org/10.1111/bjd.16125
https://www.ncbi.nlm.nih.gov/pubmed/29131317
https://doi.org/10.1177/0748233719862128
https://www.ncbi.nlm.nih.gov/pubmed/31364504
https://doi.org/10.1038/jidsymp.2009.12
https://www.ncbi.nlm.nih.gov/pubmed/19675553
https://doi.org/10.1186/1743-8977-10-15
https://doi.org/10.1039/C8TC01330F
https://doi.org/10.1016/S1389-5567(00)00002-2
https://doi.org/10.1021/jp070028y
https://doi.org/10.1246/cl.2006.832
https://doi.org/10.1080/01480545.2016.1185111
https://doi.org/10.1016/j.taap.2012.06.001
https://www.ncbi.nlm.nih.gov/pubmed/22705594
https://doi.org/10.1093/toxsci/kfj197
https://doi.org/10.1007/7651_2013_42
https://www.ncbi.nlm.nih.gov/pubmed/2415523
https://doi.org/10.3917/rac.014.0551

Molecules 2025, 30, 1360 20 of 21

15.

16.

17.
18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Goumbri, BW.E,; da Silva, T.L.T.; Marini, R.D.; Semdé, R.; Somé, T.I; Danthine, S. African Shea Butter Properties Related to
Common Extraction Technologies: A Review. Food Bioprocess Technol. 2021, 15, 231-248. [CrossRef]

Fernandez, X.; Merck, E; Kerdudo, A. Conservateurs Pour Cosmétiques-Antioxydants et Anti-UV. Tech. I'Ingénieur 2012, 2285 V1,
1-25. [CrossRef]

Lovett, P. The Shea Butter Value Chain: Production, Transformation and Marketing in West Africa; USAID: Washington, DC, USA, 2004.
Megnanou, R.-M.; Zoue, L.T.; Niamke, S. Marketed and Original Shea Butters of Cote d'Ivoire: Physicochemical and Biochemical
Characterization and Evaluation of the Potential Utilizations. Sustain. Agric. Res. 2014, 3, 50. [CrossRef]

Nahm, H.S,; Juliani, H.R.; Simon, J.E. Quality Characteristics of Shea Butter, Vitellaria Paradoxa. In African Natural Plant Products
Volume 1I: Discoveries and Challenges in Chemistry, Health, and Nutrition; American Chemical Society: Washington, DC, USA, 2013;
pp. 167-184. ISBN 9780841228047.

Israel, M.O. Effects of Topical and Dietary Use of Shea Butter on Animals. Am. J. Life Sci. 2014, 2, 303. [CrossRef]

Maranz, S.; Wiesman, Z.; Garti, N. Phenolic Constituents of Shea (Vitellaria Paradoxa) Kernels. |. Agric. Food Chem. 2003, 51,
6268-6273. [CrossRef]

Alander, J. Shea Butter a Multifunctional Ingredient for Food and Cosmetics. Lipid Technol. 2004, 16, 202-205.

Packer, L.; Valacchi, G. Antioxidants and the Response of Skin to Oxidative Stress: Vitamin E as a Key Indicator. Skin Pharmacol.
Appl. Skin Physiol. 2002, 15, 282-290. [CrossRef] [PubMed]

Ainsworth, E.A.; Gillespie, K.M. Estimation of Total Phenolic Content and Other Oxidation Substrates in Plant Tissues Using
Folin-Ciocalteu Reagent. Nat. Protoc. 2007, 2, 875-877. [CrossRef] [PubMed]

Padda, M.S,; Picha, D.H. Antioxidant Activity and Phenolic Composition in “beauregard” Sweetpotato Are Affected by Root Size
and Leaf Age. . Am. Soc. Hortic. Sci. 2007, 132, 447-451. [CrossRef]

Franke, S.; Frohlich, K.; Werner, S.; Bohm, V.; Schone, F. Analysis of Carotenoids and Vitamin E in Selected Oilseeds, Press Cakes
and Oils. Eur. J. Lipid Sci. Technol. 2010, 112, 1122-1129. [CrossRef]

Goumbri, B.W.E; Kouassi, A.K.; Djang’eing’a, R.M.; Semdé, R.; Mouithys-Mickalad, A.; Sakira, A.K.; Josias Yaméogo, G.B.; Somé,
T.L; Danthine, S. Quality Characteristics and Thermal Behavior Diversity of Traditional Crude Shea (Vitellaria paradoxa Gaertn)
Butter from Burkina Faso. Food Biophys. 2024, 19, 609-626. [CrossRef]

McKim, J.M.; Keller, D.J.; Gorski, ].R. An in Vitro Method for Detecting Chemical Sensitization Using Human Reconstructed Skin
Models and Its Applicability to Cosmetic, Pharmaceutical, and Medical Device Safety Testing. Cutan. Ocul. Toxicol. 2012, 31,
292-305. [CrossRef]

Zhang, H.; Yang, Y.F.; Zhou, Z.Q. Phenolic and Flavonoid Contents of Mandarin (Citrus Reticulata Blanco) Fruit Tissues and
Their Antioxidant Capacity as Evaluated by DPPH and ABTS Methods. J. Integr. Agric. 2018, 17, 256-263. [CrossRef]

Dudonné, S.; Vitrac, X.; Coutiére, P.; Woillez, M.; Mérillon, ]. M. Comparative Study of Antioxidant Properties and Total Phenolic
Content of 30 Plant Extracts of Industrial Interest Using DPPH, ABTS, FRAP, SOD, and ORAC Assays. J. Agric. Food Chem. 2009,
57,1768-1774. [CrossRef]

Honfo, F.; Akissoe, N.; Linnemann, A.R.; Soumanou, M.; Van Boekel, M.A.].S. Nutritional Composition of Shea Products and
Chemical Properties of Shea Butter: A Review. Crit. Rev. Food Sci. Nutr. 2014, 54, 673-686. [CrossRef]

Nahm, H.S. Quality Characteristics of West African Shea Butter (Vitellaria Paradoxa) and Approaches to Extend Shelf-Life; Graduate
School-New Brunswick Rutgers: New Brunswick, NJ, USA, 2011; Volume 2.

Allal, E; Piombo, G.; Kelly, B.A.; Okullo, ].B.L.; Thiam, M.; Diallo, O.B.; Nyarko, G.; Davrieux, F,; Lovett, PN.; Bouvet, ].M. Fatty
Acid and Tocopherol Patterns of Variation within the Natural Range of the Shea Tree (Vitellaria Paradoxa). Agrofor. Syst. 2013, 87,
1065-1082. [CrossRef]

Moloney, EJ.; Collins, S.; Murphy, G.M. Sunscreens: Safety, Efficacy and Appropriate Use. Am. J. Clin. Dermatol. 2002, 3, 185-191.
[CrossRef] [PubMed]

Konaka, R.; Kasahara, E.; Dunlap, W.C.; Yamamoto, Y.; Chien, K.C.; Inoue, M. Irradiation of Titanium Dioxide Generates Both
Singlet Oxygen and Superoxide Anion. Free Radic. Biol. Med. 1999, 27, 294-300. [CrossRef] [PubMed]

Crosera, M.; Prodi, A.; Mauro, M.; Pelin, M.; Florio, C.; Bellomo, F.; Adami, G.; Apostoli, P.; De Palma, G.; Bovenzi, M; et al.
Titanium Dioxide Nanoparticle Penetration into the Skin and Effects on HaCaT Cells. Int. J. Environ. Res. Public Health 2015, 12,
9282-9297. [CrossRef] [PubMed]

Thioune, O.; Koueimel Fall, A.B.; Dieng, S.; Diop, M. Focus on the Use of Shea Butter as Excipient For Ointment. Am. |. PharmTech
Res. 2019, 9, 254-266. [CrossRef]

Akihisa, T.; Kojima, N.; Kikuchi, T.; Yasukawa, K.; Tokuda, H.; Masters, E.T.; Manosroi, A.; Manosroi, J. Anti-Inflammatory and
Chemopreventive Effects of Triterpene Cinnamates and Acetates from Shea Fat. J. Oleo Sci. 2010, 59, 273-280. [CrossRef]
Akihisa, T.; Kojima, N.; Katoh, N.; Kikuchi, T.; Fukatsu, M.; Shimizu, N.; Masters, E.T. Triacylglycerol and Triterpene Ester
Composition of Shea Nuts from Seven African Countries. J. Oleo Sci. 2011, 60, 385-391. [CrossRef]


https://doi.org/10.1007/s11947-021-02708-w
https://doi.org/10.51257/a-v1-j2285
https://doi.org/10.5539/sar.v3n1p50
https://doi.org/10.11648/j.ajls.20140205.18
https://doi.org/10.1021/jf034687t
https://doi.org/10.1159/000064531
https://www.ncbi.nlm.nih.gov/pubmed/12239421
https://doi.org/10.1038/nprot.2007.102
https://www.ncbi.nlm.nih.gov/pubmed/17446889
https://doi.org/10.21273/JASHS.132.4.447
https://doi.org/10.1002/ejlt.200900251
https://doi.org/10.1007/s11483-024-09865-3
https://doi.org/10.3109/15569527.2012.667031
https://doi.org/10.1016/S2095-3119(17)61664-2
https://doi.org/10.1021/jf803011r
https://doi.org/10.1080/10408398.2011.604142
https://doi.org/10.1007/s10457-013-9621-1
https://doi.org/10.2165/00128071-200203030-00005
https://www.ncbi.nlm.nih.gov/pubmed/11978139
https://doi.org/10.1016/S0891-5849(99)00050-7
https://www.ncbi.nlm.nih.gov/pubmed/10468201
https://doi.org/10.3390/ijerph120809282
https://www.ncbi.nlm.nih.gov/pubmed/26262634
https://doi.org/10.46624/ajptr.2019.v9.i6.022
https://doi.org/10.5650/jos.59.273
https://doi.org/10.5650/jos.60.385

Molecules 2025, 30, 1360 21 of 21

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

Burnett, C.L.; Bergfeld, W.E; Belsito, D.V.; Hill, R.A.; Klaassen, C.D.; Liebler, D.C.; Marks, ].G.; Shank, R.C.; Slaga, T.J.; Snyder,
PW.; et al. Safety Assessment of Butyrospermum Parkii (Shea)-Derived Ingredients as Used in Cosmetics. Int. J. Toxicol. 2024, 43,
825-95S. [CrossRef]

Nunes, A.R.; Vieira, [.G.P; Queiroz, D.B.; Leal, A.L.A.B.; Maia Morais, S.; Muniz, D.F.; Calixto-Junior, J.T.; Coutinho, H.D.M.
Use of Flavonoids and Cinnamates, the Main Photoprotectors with Natural Origin. Adv. Pharmacol. Sci. 2018, 2018, 5341487.
[CrossRef]

Gilaberte, Y.; Gonzalez, S. Update on Photoprotection. Actas Dermosifiliogr. 2010, 101, 659—-672. [CrossRef]

de José, M.T.A.F; Pedrita, A.S.; Emanuella, C.V.P.; de Raimundo, G.O.J; Fabricio, S.S.; da Jackson, R.G.S.A; Larissa, A.R.; Xirley,
PN.; da Edigénia, C.C.A. Flavonoids as Photoprotective Agents: A Systematic Review. |. Med. Plants Res. 2016, 10, 848-864.
[CrossRef]

Ghazi, S. Do the Polyphenolic Compounds from Natural Products Can Protect the Skin from Ultraviolet Rays? Results Chem.
2022, 4, 100428. [CrossRef]

Saewan, N.; Jimtaisong, A. Natural Products as Photoprotection. J. Cosmet. Dermatol. 2015, 14, 47-63. [CrossRef] [PubMed]
Palm, M.D.; O’'Donoghue, M.N. Update on Photoprotection. Dermatol. Ther. 2007, 20, 360-376. [CrossRef] [PubMed]

Im, AR.; Kim, YM.; Chin, YW.; Chae, S. Protective Effects of Compounds from Garcinia mangostana L. (Mangosteen) against UVB
Damage in HaCaT Cells and Hairless Mice. Int. ]. Mol. Med. 2017, 40, 1941-1949. [CrossRef]

Cui, X.; Ma, Y.; Wang, H.; Huang, J.; Li, L.; Tang, J.; Cheng, B. The Anti-Photoaging Effects of Pre- and Post-Treatment of
Platelet-Rich Plasma on UVB-Damaged HaCaT Keratinocytes. Photochem. Photobiol. 2021, 97, 589-599. [CrossRef]

Etse, K.S,; Etse, K.D.; Nyssen, P.; Mouithys-Mickalad, A. Assessment of Anti-Inflammatory-like, Antioxidant Activities and
Molecular Docking of Three Alkynyl-Substituted 3-Ylidene-Dihydrobenzo[d]Isothiazole 1,1-Dioxide Derivatives. Chem. Biol.
Interact. 2021, 344, 109513. [CrossRef]

Degotte, G.; Frederich, M.; Francotte, P.; Franck, T.; Colson, T.; Serteyn, D.; Mouithys-Mickalad, A. Targeting Myeloperoxidase
Activity and Neutrophil ROS Production to Modulate Redox Process: Effect of Ellagic Acid and Analogues. Molecules 2023,
28,4516. [CrossRef]

Sebaugh, J.L. Guidelines for Accurate EC50/IC50 Estimation. Pharm. Stat. 2011, 10, 128-134. [CrossRef]

Deby-Dupont, G.; Deby, C.; Mouithys-Mickalad, A.; Hoebeke, M.; Mathy-Hartert, M.; Jadoul, L.; Vandenberghe, A.; Lamy, M. The
Antibiotic Ceftazidime Is a Singlet Oxygen Quencher as Demonstrated by Ultra-Weak Chemiluminescence and by Inhibition of
AAP Consumption. Biochim. Biophys. Acta Gen. Subj. 1998, 1379, 61-68. [CrossRef]

Khalil, C.; Shebaby, W. UVB Damage Onset and Progression 24 h Post Exposure in Human-Derived Skin Cells. Toxicol. Rep. 2017,
4, 441-449. [CrossRef]

Xue, C; Wu, J; Lan, F; Liu, W,; Yang, X; Zeng, F.; Xu, H. Nano Titanium Dioxide Induces the Generation of ROS and Potential
Damage in HaCaT Cells under UVA Irradiation. . Nanosci. Nanotechnol. 2010, 10, 8500-8507. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1177/10915818231224230
https://doi.org/10.1155/2018/5341487
https://doi.org/10.1016/j.ad.2010.04.003
https://doi.org/10.5897/JMPR2016.6273
https://doi.org/10.1016/j.rechem.2022.100428
https://doi.org/10.1111/jocd.12123
https://www.ncbi.nlm.nih.gov/pubmed/25582033
https://doi.org/10.1111/j.1529-8019.2007.00150.x
https://www.ncbi.nlm.nih.gov/pubmed/18045361
https://doi.org/10.3892/ijmm.2017.3188
https://doi.org/10.1111/php.13354
https://doi.org/10.1016/j.cbi.2021.109513
https://doi.org/10.3390/molecules28114516
https://doi.org/10.1002/pst.426
https://doi.org/10.1016/S0304-4165(97)00083-4
https://doi.org/10.1016/j.toxrep.2017.07.008
https://doi.org/10.1166/jnn.2010.2682

	Introduction 
	Results and Discussion 
	Total Phenolic Content of Shea Butter and Kariten Samples 
	Antioxidant Activities of Crude Shea Butters and Their Polar Fractions 
	Choice of Solvent to Solubilize Crude Shea Butter 
	Antioxidant Activities 

	Photoprotection Effect of Raw Shea Butters and Their Polar Extracts on Singlet Oxygen 
	Effect of Crude Shea Butters and Their Polar Fractions on Singlet Oxygen by Photosensitization of Rose Bengal (Acellular Model) 
	Photoprotective Effects of Crude Shea Butter and Their Polar Extracts on Cells’ Viability by Photosensitization of Rose Bengal (Cellular Model) 

	LC Analyses of Shea Butter Polyphenols Content 

	Materials and Methods 
	Materials 
	Materials for Total Phenol Content 
	Materials for Antioxidant Test 
	Materials for Photoprotection Test 
	Materials for Polyphenol Identification and Assay 
	Cell Culture and Media 
	Chemicals 

	Methods 
	Methods for Total Phenol Content 
	Methods for Antioxidant Test 
	Methods for Photoprotection Test 
	Methods for Polyphenols Identification and Assay 


	Statistical Analysis 
	Conclusions 
	References

