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Abstract: The research on compounds exhibiting photoprotection against ultraviolet radiation (UVR)
is a matter of increasing interest. The methanolic extract of a cell culture of Buddleja cordata has
potential photoprotective effects as these cells produce phenolic secondary metabolites (SMs). These
metabolites are attributed with biological activities capable of counteracting the harmful effects
caused by UVR on skin. In the present work, the methanolic extract (310–2500 µg/mL) of B. cordata
cell culture showed a photoprotective effect on UVB-irradiated 3T3-Swiss albino fibroblasts with
a significant increase in cell viability. The greatest photoprotective effect (75%) of the extract was
observed at 2500 µg/mL, which was statistically comparable with that of 250 µg/mL verbascoside,
used as positive control. In addition, concentrations of the extract higher than 2500 µg/mL resulted in
decreased cell viability (≤83%) after 24 h of exposure. Phytochemical analysis of the extract allowed
us to determine that it was characterized by high concentrations of total phenol and total phenolic
acid contents (138 ± 4.7 mg gallic acid equivalents and 44.01 ± 1.33 mg verbascoside equivalents per
gram of extract, respectively) as well as absorption of UV light (first and second bands peaking at 294
and 330 nm, respectively). Some phenylethanoid glycosides were identified from the extract.

Keywords: Buddleja cordata; phenolic secondary metabolites; terpene secondary metabolites; UV
radiation; photoprotection; cytotoxicity; in vitro culture; verbascoside

1. Introduction

During recent decades, the search for new molecules showing photoprotection has
increased as these can counteract the adverse effects provoked by ultraviolet radiation
(UVR) [1–5]. UVR from sunlight is considered a carcinogenic agent and mainly promotes
skin cancer [6–8]. This radiation is categorized into three types, regarding of wavelength,
as UVC (100–280 nm), UVB (280–320 nm), and UVA (320–400 nm) [9,10]. The majority of
UVR is absorbed by the ozone layer (100% of UVC, 90% of UVB, and a minimal amount
of UVA); however, only UVA and UVB can pass through the atmosphere [11] and then
penetrate the skin [12]. UVA can penetrate deep into the skin layer (epidermis and dermis),
leading to DNA damage in human melanocytes and the overproduction of melanin and
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metalloproteinase as well as the production of reactive oxygen species (ROS), changes in
inflammatory cells, and damage to fibroblast cells [5,13,14].

In epidermal cells, UVB is absorbed by chromophores such as aromatic amino acids,
melanin, and nitrogenous nucleic acid bases; this triggers different cellular responses, such
as apoptosis, melanogenesis, inflammation, ROS production, DNA repair mechanisms, and
DNA mutations; the unrepaired mutations can progress to the development of skin cancer.
In this way, acute or chronic exposure to UVA and UVB can cause several harmful effects
to health, such as sunburn, edema, erythema, hyperpigmentation, photoaging, and skin
cancer [10,12,15]. The use of photoprotection is highly recommended to reduce the damage
caused by UVR on the skin [16]. The term photoprotection refers to protective factors that
are categorized as being primary or secondary [17]. The former involves sunscreens that
are physical or chemical barriers able to reflect, scatter, or absorb UV light [18–21].

However, certain compounds used in sunscreens can cause adverse effects, such as
allergies or neurotoxicity [1,2]. The secondary factors are related to molecules possessing
biological activities able to counteract the effects of UVR at the cellular and molecular level
(e.g., anti-inflammatory, free radical scavenging, DNA repair, and anti-apoptotic activities).
Therefore, research into new molecules showing photoprotection is a subject of increasing
interest [3,5]. In this sense, phenolic compounds derived from plants might represent
molecules exerting outstanding photoprotection as they exhibit intense UV absorption [22].

The chemical structure of phenolic compounds integrates one or more aromatic rings
with hydroxyl group(s) as substituent(s) that show two bands in the UV absorption spec-
trum (around 280 and 300–360 nm) [23]. The hydroxyl substituent is able to donate
hydrogen atoms to free radicals or to establish intermolecular interactions with the target
molecules implicated in executing the adverse effects of UVR, such as cyclooxygenase-2
(COX-2), lipoxygenase, or nitric oxide synthase, which are enzymes involved in inflam-
matory processes [22]. The feasibility of evaluating the photoprotective potential of plants
(and their contents) in UV-irradiated fibroblasts through measurements of cell viability and
cytotoxicity using the 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazole bromide (MTT)
assay has previously been demonstrated [24–26].

A methanolic extract of a cell culture of Buddleja cordata Kunth (Scrophulariaceae), a
producer of verbascoside (at a high concentration of 116.36 mg/g dry weight biomass),
linarin, and hydroxycinnamic acids (caffeic, ferulic, p-coumaric, and sinapic acids) [27] may
represent a source of molecules with photoprotective effects. The Buddleja genus comprises
125 species distributed worldwide, with the majority of species (ca. 63) being reported
in America; this continent has four centers of diversity, where México is outstanding in
harboring 20% of this diversity [28–30].

Phytochemically, this genus synthesizes phenolic compounds (phenylethanoids and
flavonoids) that are linked with conferring the medicinal properties exhibited by several
species [29,31]. Such is the case of B. scordioides Kunth, whose extract is used as a sunscreen
in Mexican folk medicine [32]; ethnopharmacological studies have demonstrated the pho-
toprotective effect of this extract is due to the presence of verbascoside and linarin phenolic
compounds that are responsible for this activity [33–35]. Verbascoside is a phenylethanoid
glycoside recognized for its anti-inflammatory, in vitro DNA protective, and strong antioxi-
dant effects [36,37]. Similarly, linarin is a flavonoid with antioxidant and anti-inflammatory
activities [38].

Both secondary metabolites (SMs) have been identified in several Buddleja species
distributed in Mexico, namely B. americana L., B. cordata Kunth, B. parviflora Kunth, and
B. scordioides Kunth) [39]. It is well documented in the literature that SM production
depends on genetic, biotic, and abiotic factors as well as the physiological conditions
and development of the plant [40]; thus, the concentration in vegetal material might be
inconstant, becoming an advantage when vegetal material might be used as source of
bioactive SMs [41]. The in vitro culture of plants represents a biotechnological tool for the
production of bioactive SMs as culture conditions can be manipulated to achieve high
yields of production as well as to allow mass production using bioreactors [41].
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For B. cordata Kunth, several biotechnological advances have been achieved with
the aim of obtaining optimal culture conditions (e.g., elicitation with methyl jasmonate
and bioreactor culture, among others) for high biomass and SM productions, especially
concerning verbascoside [27,41–43]. This species has a wide territorial distribution in
Mexico and is used by the Mexican folk population to counteract several diseases; its
medicinal properties were found to be related to their constituent SMs [27]. Preclinical
studies on acute and chronic inflammatory experimental models have demonstrated that
a methanolic extract of B. cordata Kunth cell culture possessed anti-inflammatory effects
that were better compared with the methanolic extract of leaves of the wild plant—an
effect attributed to verbascoside and linarin [44,45]. The aim of the present work was to
determine the photoprotective effect of the methanolic extract of B. cordata cell culture on
UVB-irradiated 3T3-Swiss albino fibroblast cell line.

2. Results
2.1. Photoprotective and Cytotoxic Effects of the B. cordata Cell Culture Methanolic Extract on
3T3-Swiss albino Fibroblasts

The UVB radiation significantly decreased the cell viability of 3T3-Swiss albino fibrob-
lasts in comparison with non-UVB-irradiated fibroblasts (100% cell viability). This effect
depended on the tested UVR dose (117–410 mJ/cm2), with the lowest cell viability value
(58–61%) reached under the 293, 351, and 410 mJ/cm2 doses (no statistically significant
differences between them) (Figure 1a); the dose of 293 mJ/cm2 (25 min of exposure time
and cell viability of 61%) was selected to conduct the subsequent photoprotection bioassay.
The results of this bioassay showed that all tested concentrations of the B. cordata cell
culture methanolic extract (310–2500 µg/mL) as well as verbascoside (positive control;
31–500 µg/mL) significantly increased the cell viability of UVB-irradiated fibroblast cells,
and that this effect was concentration-dependent.

Hence, the best result in terms of increased cell viability occurred at extract concen-
trations higher than 1250 µg/mL (72–75% cell viability, with no statistically significant
differences between them) and for verbascoside at concentrations higher than 250 µg/mL
(78–85% cell viability, with no statistically significant differences between them) (Figure 1b).
In addition, when non-UVB-irradiated 3T3-Swiss albino fibroblasts were exposed for
25 min and 24 h to the methanolic extract (310–2500 µg/mL), we observed that only the
highest tested extract concentration significantly decreased the cell viability (89% and 87%,
respectively) compared with non-UVB-irradiated fibroblasts without extract or verbas-
coside addition (100% cell viability) (Figure 1c). Concentrations of verbascoside higher
than 250 µg/mL significantly decreased the cell viability (73–86%) of non-UVB-irradiated
fibroblasts after 25 min of exposure (Figure 1c); thus, indicating a cytotoxic effect when the
fibroblasts were exposed to either the extract or verbascoside at high tested concentrations.

In general terms, the results of fibroblast cell viability in the photoprotection and
cytotoxic bioassays were consistent with the observed typical spindle-shaped fibroblast
morphology. The fibroblast cell culture without any treatment (Figure 2a; with control
taken as 100% cell viability) covered a wide culture area and showed membrane projections
and well-defined edges, commonly seen in healthy cells of this type [46], which was similar
to that observed in the UVB-irradiated fibroblast cell culture with extract (Figure 2b) or with
nontoxic concentrations of the extract and without UVB irradiation (Figure 2c). However,
when the fibroblast cell culture was under UVB irradiation, the cells showed membrane
retraction, size decrease, and irregular edges as well as low confluence (Figure 2d; control
of UVB irradiation showing around 50% cell viability), which was also observed in the
non-UVB-irradiated fibroblast cell culture supplied with cytotoxic concentrations of the
extract (Figure 2e) or the verbascoside (Figure 2f).
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Figure 1. Photoprotective and cytotoxic effects of B. cordata cell culture methanolic extract on 3T3-Swiss albino fibroblasts:
(a) effect of UVB irradiation energy dose (0–410 mJ/cm2) on the cell viability of fibroblasts (-•-); (b) photoprotective effect of
the methanolic extract (0–2500 µg/mL) (-�-) and verbascoside (positive control; 0–500 µg/mL) (-N-) in fibroblasts UVB-
irradiated at 293 mJ/cm2; (c) cytotoxic effect of the methanolic extract (0–2500 µg/mL) after 25 min (-�-) and 24 h (-#-) of
exposure or verbascoside (positive control; 0–500 µg/mL) after 25 min (-∆-) of exposure. Data shown as average ± standard
error of mean obtained from four experimental units in triplicate (n = 12). Within a tendency line, * indicates significant
differences at the 5% significance level regarding treatment consisting of 0 µg/mL of the extract or verbascoside without
UVB irradiation (0 mJ/cm2), while F indicates significant differences at the 5% significance level regarding treatment
consisting of 0 µg/mL of the extract or verbascoside with UVB irradiation (293 mJ/cm2). In all experiments, a positive
control for death was included using 23% (v/v) dimethylsulfoxide (DMSO), which resulted in cell viability of around 20%
(data not shown).
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Figure 2. Changes in 3T3-Swiss albino fibroblast cell morphology during photoprotection and cytotoxicity assays: (a)
without any treatment, (b) with extract (1250 µg/mL) and UVB irradiation (293 mJ/cm2, corresponding to 25 min of
UVB exposure), (c) with extract (1250 µg/mL) at 25 min and 24 h exposure without UVB irradiation, (d) with UVB
irradiation (293 mJ/cm2; corresponding to 25 min of UVB exposure), (e) non-UVB-irradiated cells supplied with cytotoxic
concentrations of extract (2500 µg/mL; 25 min and 24 h of exposure), and (f) non-UVB-irradiated cells supplied with
cytotoxic concentrations of verbascoside (>250 µg/mL; 25 min of exposure). The micrographs are from inverted microscopy
using a 20× objective prior to measuring cell viability using the 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazole bromide
(MTT) assay.

2.2. The B. cordata Cell Culture Methanolic Extract Absorbs UV Light, Has a High Total Phenol
Content, and Contains Bioactive SMs

The phytochemical analysis of the B. cordata cell culture methanolic extract showed
an outstanding ability to absorb UV light from 280 to 400 nm (UVB to UVA) with the first
band peaking at 294 (maximum) and a second band peaking at 330 nm (Figure 3a). This
later peak was observed as the band peak corresponding to maximum absorption in the
verbascoside spectrum (Figure 3a). Comparison of the absorption spectra (particularly at
330 nm) between the methanolic extract and verbascoside indicated a high concentration
of verbascoside in the extract, whose presence was confirmed by putative identification of
SMs through liquid chromatography mass spectrometry (LC/MS) (Figure 3b).
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Figure 3. Phytochemical data of the B. cordata cell culture methanolic extract. (a) UV absorption spectrum (verbascoside
was used as control for the extract) and secondary metabolites putatively identified by liquid chromatography mass
spectrometry (LC/MS) in the extract: (b) verbascoside, (c) isoverbascoside, (d) 2-(3-hydroxyphenyl)ethanol 1′-glucoside,
(e) 3-hydroxystigmast-5-en-7-one, (f) beta-sitosterol 3-O-beta-D-galactopyranoside.

The LC/MS analysis also allowed us to identify putatively certain SM-type phenolics
(phenylethanoid glycosides) such as isoverbascoside (Figure 3c) and 2-(3-hydroxyphenyl)
ethanol 1′-glucoside (Figure 3d) as well as 3-hydroxystigmast-5-en-7-one (Figure 3e) and
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beta-sitosterol 3-O-beta-D-galactopyranoside (Figure 3f) terpene SMs. The methanolic
extract had a total phenol content of 138 ± 4.7 mg gallic acid equivalents per gram of
extract and a total phenolic acid content of 44.01 ± 1.33 mg verbascoside equivalents per
gram of extract.

3. Discussion

The energy from UV irradiation decreased L292 fibroblast cell viability in a dose-
dependent manner (100 to 800 mJ/cm2) [24,25], and in particular, a dose of 600 mJ/cm2

decreased the cell viability by around 50% [24]. In this work, a UVB energy dose of
293 mJ/cm2 reduced the cell viability of 3T3-Swiss albino fibroblasts by around 60%
(Figure 1a). Fibroblasts are cells of the dermis that are responsible for producing outstand-
ing components of the extracellular matrix (e.g., elastin, collagen, and hyaluronic acid) that
confer elasticity and strength to the skin. UVR causes degradation of the dermis fibers,
leading to photoaging [12,47]. Additionally, it has been reported that a decrease in cell
viability under UVB irradiation is the result of apoptosis as it is induced by the inability of
cells to repair DNA damage caused by ROS [48]. UVB energy increases the transcription of
pro-apoptotic genes or those involving cell cycle arrest [49,50]. In our study, we observed
that the methanolic extract of B. cordata cell culture provided photoprotection to UVB-
irradiated 3T3-Swiss albino fibroblasts since the results showed an increase in cell viability
with regard to cells that were solely UVB-irradiated (Figure 1b). This photoprotective
effect (Figure 4) can mainly be explained by the ability of the extract to absorb UV light
(Figure 3a), an ability that phenolic compounds possess due to their structure [23]; thus,
the photoprotective effect of the extract can be attributed to the phenylethanoid glyco-
sides putatively identified by LC/MS (Figure 3b–d). According to the results, phenolics
were found in the methanolic extract at high concentrations, where verbascoside could
be one of the major components of the extract [27,42,43], thus contributing to the fact
that the methanolic extract at 1250 µg/mL had the same effect on cell viability (72%) of
UVB-irradiated fibroblasts as verbascoside at 125 µg/mL (73%) (Figure 1b). However, the
maximum peak of the extract at 294 nm, observed in the absorption spectra, indicates that
the extract contains other phenolic compounds, which might be cinnamic acid derivatives,
such as caffeic and ferulic acids that are known to be produced by B. cordata cells [27], and
whose maximum peak has been reported near 290 nm [51]. Future research should be
conducted to isolate the SMs responsible for the photoprotective effects in the methanolic
extracts of B. cordata cell culture, since the LC/MS data not only showed the presence of
phenylethanoid glycosides (Figure 3b–d) but also sterols (Figure 3e,f), and other impor-
tant bioactive SMs reported in Buddleja species could be present in the extract, such as
phenolic compounds (flavonoid and phenolic acid) and terpenes (essential oils, iridoid,
saponin, sesquiterpene, and triterpene) [39]. In addition, new investigations regarding
the importance of phenolic compound production in the physiology and ecology of B.
cordata should be performed in future studies as the synthesis of phenolic compounds is
considered an evolutionary mechanism by which plants mitigate the harmful effects of
UVR through the scavenging of free radicals [52]. Due to their antioxidant properties, these
compounds could be involved in the different defense responses of plants to counteract
ROS production triggered by biotic and abiotic stresses [53]. Verbascoside absorption has
been reported to occur rapidly (between 5 and 15 min in human colonic tissues, reaching
maximum tissue concentrations between 15 and 30 min [54]. While, after 13 min of oral
administration in rats, verbascoside reached a plasmatic concentration of 135 ng/mL [55]),
which highlights the probability of uptake of the methanolic extract of B. cordata cell culture
by the 3T3-Swiss albino fibroblasts. However, it appears that concentrations of the extract
>1250 µg/mL resulted in major amounts of extract being uptaken inside cells compared
with lower concentrations (<1250 µg/mL), where the high amounts extract that were up-
taken resulted in the best photoprotective effect as observed in photoprotection bioassays
(Figure 1b). While the extract at 2500 µg/mL, whether after 25 min or 24 h of exposure,
was shown to be toxic in the cytotoxic bioassay (Figure 1c) (Figure 4). Thus, the best
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photoprotective effect of the methanolic extract was likely not only due to the absorption
of UVB light by phenolic compounds but also by stimulation of cellular protection, which
resulted in counteracting ROS damage (antioxidant effect) (Figure 4). In general terms,
phenolic compounds are antioxidant agents [22,56], although verbascoside is recognized as
being particularly potent [36] with an 50% inhibitory concentration (IC50) for 2,2-diphenyl-
1-picrylhydrazyl (DPPH) radicals of 1.56 µg/mL. This is better than that reported for
ascorbic acid (used as a common reference standard), which is 74.32 µg/mL [57], while
the IC50 under 2,2′-azino-bis-[3-ethylbenzothiazoline-6-sulfonic acid] diammonium salt
(ABTS) radicals is 5.36 µg/mL [58]. Verbascoside acted as an in vitro DNA protector at
312 µg/mL [59], and this effect is related to oxidative stress reduction. Isoverbascoside,
also putatively detected in the methanolic extract (Figure 3c), has also been reported to be
an antioxidant [60]. However, at concentrations of the extract lower than 1250 µg/mL, it is
suggested that the levels of phenolic compounds inside the fibroblasts were low; thus, they
were not able to counteract ROS damage and were mainly reliant on UV absorption for
photoprotective effects (Figure 4).

Figure 4. Proposed molecular characteristics of the B. cordata cell culture methanolic extract that underlie its photoprotective
activity and cytotoxic effects on 3T3-Swiss albino fibroblasts.

Likewise, the biological effects of the B. cordata cell culture methanolic extract at the
highest tested concentration on fibroblasts were comparable to verbascoside (Figure 1b,c),
thus, indicating the importance of the concentration in exerting significant biological effects.
In other studies, the exposure of V79 fibroblasts and HaCaT keratinocytes to verbascoside
over 24 h significantly reduced the cell viability by around 50% (78.8 and 31.23 µg/mL,
respectively) [61,62]. This suggests that the cytotoxic effect of the verbascoside is caused by
its ability to reduce the activity of cytoplasmic protein tyrosine phosphatases by binding to
the Scr homology 2 (SH2) NH2-terminal domain (SHP1); these receptors are implicated
in the growth, differentiation, and apoptosis of cells [37,63,64]. The application of verbas-
coside at 644 µg/mL avoided around 65% of the necrosis induced by UVC radiation in
keratinocytes [65,66]. The concentration of 62.4 µg/mL for verbascoside inhibited the ex-
pression of nuclear factor-κB in a THP-1 cell line [67], while the concentration of 31.2 µg/mL
inhibited COX-2 activity in the U937 cell line [37], resulting in decreased inflammation in
both cases. In a murine acute inflammation model under UV irradiation, the photoprotec-
tion effect of verbascoside (2000 µg/mL) was validated through the reduction of erythema
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of around 45% [34]. Verbascoside (2.5–25 µg/mL) showed significant wound healing effect
in HaCaT cell line in vitro and Wistar rats in vivo models [68], which might contribute
to counteracting the harmful effects of UVR. It also acted as a lipid protector by decreas-
ing lipoperoxidation at a dose of 800 mg/kg in an in vivo rabbit biological model [69].
In addition, verbascoside has shown other biological effects related to photoprotection,
such as anti-irritant, melanin inhibitor, cytoprotective, analgesic, chemopreventive, and
chemotherapeutic effects [36]. In pre-clinical studies, B. cordata cell culture methanolic
extract, containing verbascoside, demonstrated its potential as an anti-inflammatory, and
this effect was significantly higher than that shown by the methanolic extract of wild B.
cordata plant leaves. The cell extract at 2 mg/ear caused inhibition of the edema by 61.72%,
while in an acute model, 200 mg/kg caused inhibition of subplanar edema by 49%; in both
cases, the effects were not considered statistically different to those of the indomethacin
reference drug. The cell extracts at 2 g/kg did not show toxicity in an acute mice model [44].
In the chronic inflammation murine model, cell extracts at 250 mg/kg on day 28 reduced
edema by 67% as well as reduced oxidative stress and the levels of interleukin-1β, tumor
necrosis factor-α, and CD4+ lymphocytes in ganglionic tissue and increased the levels of
the anti-inflammatory cytokine interleukin-10. Additionally, at 1 g/kg, the B. cordata cell
culture methanolic extract was not lethal or toxic after 28 days of administration [45]. These
data clearly show the necessity to control the dose of the bioactive SM, and it is possible
that the poor photoprotective effect of the methanolic extract of a cell culture of B. cordata
at the lower tested concentrations was caused by low bioavailability of the bioactive SMs.
Phytochemicals from plants, such as phenolic compounds, have shown low bioavailabil-
ity [70,71], and this includes verbascoside, whose cellular concentration in human colonic
tissues was 267 pmol/mg of cellular protein, representing a total accumulation efficiency
of approximately 0.12% with an accumulation efficiency of 0.1% [54]. Finally, there are
several works reporting the improvement of bioavailability and stability of verbascoside
under liposomal encapsulation [72–75]. Thus, since the B. cordata cell culture methanolic
extract was shown to have a high concentration of phenolic compounds, future research
must focus on improving its pharmacokinetics in addition to carrying out future in vivo
studies related to chronic UVB radiation exposure. Among the harmful effects of UVA and
UVB, the latter has been reported as a more genotoxic agent since it drives skin carcinogen-
esis [76]. UVA has been related to hyperpigmentation and photoaging [5,13], while UVB
provokes sunburns and skin cancer [12]. It has been demonstrated that skin cancer is not
exclusive to Caucasian populations [77] but can also be developed in other populations,
such as Mexican, where a high prevalence of basal cell skin cancer is reported [78–80].

4. Materials and Methods
4.1. Preparation of the Methanolic Extract and Verbascoside Standard

The dry methanolic extract of B. cordata Kunth (Scrophulariaceae) cell culture [27]
was provided by the Centro de Investigación en Recursos Bióticos of the Universidad
Autónoma del Estado de México (UAEMex). To determine the photoprotective or cytotoxic
activity, an extract stock solution (50 mg/mL) was prepared, which was then diluted to
obtain different concentrations (3.1, 6.3, 12.5, and 25.0 mg/mL). A stock solution (5 mg/mL)
of verbascoside (Sigma-Aldrich, Saint Louis, MO, USA), used as a positive control, was
separately prepared and diluted to obtain different concentrations (0.31, 0.63, 1.25, and
2.5 mg/mL).

The tested concentrations used in bioassays were defined according to previous works
regarding the photoprotection of verbascoside [33–35], as well as its cytotoxicity [62],
and its high concentration in B. cordata Kunth cell culture (116.36 mg of verbascoside/g
dry weight biomass and 152 mg of verbascoside/g dry weight extract) [27,44]. These
solutions were used in subsequent assays to obtain different concentrations for the extract
and verbascoside.

The solutions tested (stock and dilutions) for the photoprotective activity were prepared
in Dulbecco’s modified Eagle’s medium (without glucose, L-glutamine, phenol red, sodium
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pyruvate, and sodium bicarbonate) (Sigma-Aldrich, Saint Louis, MO, USA), hereinafter
identified as DMEM, while those solutions tested (stock and dilutions) for cytotoxicity were
prepared in high glucose Dulbecco’s modified Eagle’s medium (with 4500 mg/L glucose, L-
glutamine, and sodium pyruvate, without sodium bicarbonate; Sigma-Aldrich, Saint Louis,
MO, USA) supplemented with 5% (v/v) fetal bovine serum (FBS; Biowest, Nuaillé, Pays De
La Loire, Francia), 100 U/mL of penicillin, and 100 µg/mL of streptomycin (Sigma-Aldrich,
Saint Louis, MO, USA), hereinafter identified as DMEM-HG.

4.2. In Vitro Bioassays
4.2.1. Conditions of the Cell Culture

The 3T3-Swiss albino mouse fibroblast cell line (ATCC®CCL-92TM) was used in the
present work. The cells were cultured with DMEM-HG and incubated at 37 ◦C, under a
5% CO2 atmosphere and 85% humidity. Prior to the in vitro bioassays, fibroblast cells were
cultured for 24 h in 96-well plates at a density of 8 × 103 cells per well. The medium was
removed after 24 h of incubation.

4.2.2. Determination of the Photoprotective Activity of the Extract
Irradiation and Selection of the UVB Energy Dose

Prior to the photoprotection bioassay, the effect of UVB energy doses on 3T3-Swiss
albino fibroblast cell viability was determined. UVB irradiation was carried out using
a UVB150 Exo Terra Reptile 25W lamp (Figure S7) with an intensity of 195 mW/cm2

(China) and was placed 10 cm over the microplate. The doses of UVB energy tested
(0–410 mJ/cm2) were determined according to Antonio-Gutiérrez et al. [81], as shown in
the following equation:

Dose
(

mJ
cm2

)
= Intensity

(
mW
cm2

)
×Exposure time(s) (1)

The culture medium was removed prior to UVB irradiation, and 100 µL of fresh
DMEM was then added per well; this culture medium was selected to avoid possible
interference due to the phenol group from phenol red and phenolic compounds of the
extract or verbascoside. Then, the cells were irradiated for 0, 10, 15, 20, 25, 30, or 35 min for
the different UVB doses. At the end of the assay, the medium in each well was replaced
with 100 µL of DMEM-HG. After 24 h of incubation, the percentage of viable cells relative
to non-irradiated cells was estimated by MTT cell assay, which measures the metabolic
activity of live cells and is used as an indicator of cell viability. The UVB energy dose that
provoked around 50% cell inhibition was selected for the photoprotection bioassay.

Photoprotective Bioassay

For the photoprotective bioassay, the medium in the cell cultures was removed after
24 h incubation, then 90 µL of fresh DMEM and 10 µL of the different solutions of the
extract or the verbascoside (described in Section 4.1) were added per well. The final
concentrations of the extract were 310, 630, 1250, and 2500 µg/mL and were 31, 63, 125,
250, and 500 µg/mL for verbascoside. The control consisted of 10 µL DMEM without
extract or verbascoside. After 10 min of sample addition (extract or verbascoside), the cells
were irradiated at the previously selected UVB dose (293 mJ/cm2 equal to 25 min of UVB
exposure). At the end of the bioassay, the medium in each well was replaced with 100 µL of
DMEM-HG. Subsequently, after 24 h of incubation, micrographs were taken using inverted
microscopy and a 20× objective. The cell viability was then measured by MTT assay.

4.2.3. Determination of the Cytotoxicity of the Extract

A simultaneous bioassay was run under the same conditions described for the photo-
protection test but without UVB irradiation in order to determine the effect of the extract
and verbascoside after 25 min of exposure. In addition, the effect of the extract after 24 h of
exposure was observed and analyzed; thus, after 24 h incubation of the fibroblast cells, the
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medium was replaced with 90 µL of fresh DMEM-HG and 10 µL of the different solutions
of extract (described in Section 4.1) to obtain different concentrations per well (0, 310, 630,
1250, and 2500 µg/mL). Subsequently, the cells were incubated for 24 h and micrographs
were captured using inverted microscopy and a 20× objective. Cell viability was then
determined using MTT assay.

4.2.4. Determination of Cell Viability

The MTT assay was used to determine cell viability; it is based on the reduction of MTT
to formazan by the mitochondrial dehydrogenase of metabolically active cells. It establishes
a direct relationship between the amount of formazan generated and the metabolic activity
of live cells [26]. The procedure consists of removing the culture medium of every well
and replacing it with 100 µL of fresh DMEM and 50 µL of MTT (1.5 mg/mL; prepared in
Dulbecco’s phosphate-buffered saline; ATCC, USA). Then, the samples were incubated
in the dark for 3 h (5% CO2, 85% humidity, 37 ◦C). After incubation, the supernatant of
the wells was replaced with 100 µL DMSO. The cell culture well plates were placed in an
orbital shaker (Orbit P2, Labnet, Edison, NJ, USA) for 10 min. Finally, the supernatants
of the wells were transferred onto a new microplate, and the absorbance was recorded
at 570 nm using a microplate reader (Multiskan™ FC Microplate Photometer, Thermo
Scientific, Waltham, MA, USA). The percentage of viable cells was estimated using the
following equation.

cell viability (%) =
sample absorbance
control absorbance

×100 (2)

where the control absorbance was cells without any treatment, i.e., untreated cells.
In each of the previously described bioassays, an internal death control was simultane-

ously carried out under the same conditions as the samples. For the death control, 100 µL
of DMEM-HG at 23% (v/v) DMSO was added at the end of the assay; the cell viability
registered under the MTT assay for this control was 20%.

4.3. Phytochemical Analysis
4.3.1. Measurement of the UV Absorption Spectrum

A sample (50 µL) of the methanolic extract (2.5 mg/mL) or verbascoside (0.25 mg/mL)
was diluted in distilled water to a final volume of 3 mL. These dilutions were separately
analyzed to obtain the absorption spectrum at a range from 280 to 480 nm in a UV–visible
spectrometer (Evolution 60S, Thermo Scientific, Waltham, MA, USA). The corresponding
blank control was prepared with DMEM.

4.3.2. Quantitative Analysis

The total phenol and total phenolic acid contents of the methanolic extract (2 mg/mL)
were determined using a procedure described by Vazquez-Marquez et al. [41]. Gallic
acid (Sigma-Aldrich, USA) was used to build a calibration curve (0.023–0.375 mg/mL;
y = 2.6609x − 0.019, R2 = 0.997285) for the total phenol content and the obtained results
were expressed as mg gallic acid equivalents per gram of extract. Verbascoside (Sigma-
Aldrich, Saint Louis, MO, USA) was used to build a calibration curve (0.16–2.5 mg/mL;
y = 0.7508x + 0.0449, R2 = 0.9985) for the total phenolic acid content, and the corresponding
results were expressed as mg verbascoside equivalents per gram of extract.

4.3.3. Identification of Extract Secondary Metabolites through LC/MS

A sample (10 µL) of the methanolic extract (0.5 mg/mL) was analyzed by LC/MS
to identify the SMs. Separation was carried out using an LC/MS system (UHPLC 1290
Infinity II/Q-TOF 6545 Agilent Technologies, Santa Clara, CA, USA) consisting of a G7104A
Quat pump, G7129B sampler, and G7130A column oven (Agilent Technologies, Santa Clara,
CA, USA) connected to a Q-TOF G6545A mass spectrometer. The column oven was set
at 40 ◦C. The elution was performed on a column ACQUITY UPLC BEH C18 of 1.7 µm,
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2.1 mm × 50 mm. The mobile phase consisted of (A) water and (B) acetonitrile with
0.1% formic acid, which was applied in the following gradient elution: 98% in first 2 min
A, 2–25 min 98–30% A, 25–28 min 30% A, 28–30 min, 30–5%, 30–32 min 5% A, 32–35 min
5–98% A, and 35–37 min 98% A. The flow rate was set to 0.4 mL/min. The column was
thermostated at 40 ◦C. The injection volume was 10 µL. Three replicates were analyzed for
all samples.

A Q-TOF LC/MS G6545A mass spectrometer equipped with a dual AJS ESI ion source
was used with gas temp of 300 ◦C, drying gas of 7 L/min, nebulizer 25 psig, sheath gas
temp of 300 ◦C, sheath gas flow of 8 L/min, and skimmer offset 65 V with a fragmentor
voltage of 120 V. The MS data were acquired in negative and positive mode, with a
mass range from 100 to 3000 m/z. Multiple mass spectrophotometric scanning modes,
including full scanning, product ion scanning (PIS), and negative and positive scanning
were conducted for the qualitative analysis. Collision-induced fragmentation experiments
were performed using nitrogen as the collision gas and with the collision energy set to
5, 10, and 15 V. A selection reaction monitoring experiment for quantitative analysis was
performed using two MS fragments for each compound which were previously defined
as dominant in PIS experiments. The SMs were identified by direct comparison with
Metlin_Metabolites_AM_PCD.cdb database. The corresponding results were recovered
(Figures S1–S6).

4.4. Statistical Analysis

All treatments consisted of four experimental units in triplicate (n = 12). All data
were verified for homoscedasticity and normality. The values for cell viability obtained
from photoprotection and cytotoxicity bioassays were analyzed using one-way ANOVA
followed by the Tukey–Kramer post-hoc test for multiple comparison. Sigma Plot software
(version 12) was used for all statistical analyses. A p-value less than 0.05 was considered to
indicate significant differences in all statistical analyses.

5. Conclusions

The methanolic extract of Buddleja cordata cell culture exerted a photoprotective effect
on UVB-irradiated 3T3-Swiss albino mouse fibroblast cell line, which was due to the ab-
sorption of UV light by phenolic compounds present in the extract, such as phenylethanoid
glycosides putatively identified by LC/MS. Future research must focus on the methanolic
extracts of B. cordata cell culture in order to isolate the SMs responsible for the photoprotec-
tive effects, carry out future in vivo studies related to chronic UVB radiation exposure, and
improve its pharmacokinetics.

Supplementary Materials: The following are available online at https://www.mdpi.com/2223-774
7/10/2/266/s1. Figure S1: LC/MS chromatogram in electrospray (a) negative-ion and (b) positive-
ion mode of the methanolic extract of Buddleja cordata cell culture, where 2-(3-hydroxyphenyl)ethanol
1′-glucoside, verbascoside, isoverbascoside, beta-sitosterol 3-O-beta-D-galactopyranoside, and 3-
hydroxystigmast-5-en-7-one were detected at 1.959, 7.162, 7.177, 24.439, and 26.261 min, respectively.
Figure S2: Mass spectrum of verbascoside (C29H36O15) in electrospray negative-ion mode detected
in the methanolic extract of Buddleja cordata cell culture. Figure S3: Mass spectrum of isoverbascoside
(C29H36O15) in electrospray negative-ion mode detected in the methanolic extract of Buddleja cordata
cell culture. Figure S4: Mass spectrum of 2-(3-hydroxyphenyl)ethanol 1′-glucoside (C14H20O7) in
electrospray negative-ion mode detected in methanolic extract of Buddleja cordata cell culture. Figure
S5: Mass spectrum of 3-hydroxystigmast-5-en-7-one (C29H48O2) in electrospray positive-ion mode
detected in the methanolic extract of Buddleja cordata cell culture. Figure S6: Mass spectrum of
beta-sitosterol 3-O-beta-D-galactopyranoside (C35H60O6) in electrospray negative-ion mode detected
in the methanolic extract of Buddleja cordata cell culture. Figure S7: UV–visible spectrum of UVB150
Exo Terra Reptile 26W lamp used for UVB irradiation of 3T3-Swiss albino fibroblasts. The UVB150
Exo Terra Reptile has a high UVB output similar to that of sunlight in deserts (http://www.exo-terra.
com/en/products/reptile_uvb150.php).

https://www.mdpi.com/2223-7747/10/2/266/s1
https://www.mdpi.com/2223-7747/10/2/266/s1
http://www.exo-terra.com/en/products/reptile_uvb150.php
http://www.exo-terra.com/en/products/reptile_uvb150.php
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