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Abstract: Gymnosperma glutinosum is a plant popularly known as “popote”, “tatalencho”, “tezozotla”
or “pegajosa”, and it is used in traditional medicine in the region of Tehuacán, Puebla (Mexico), for
the treatment of jiotes and acne and to cure diarrhea using the aerial parts in infusions. To analyze the
phytochemical composition, we have developed a rapid protocol for the extraction and separation
of the components of the aerial parts of G. glutinosum. After a maceration process, chloroformic
and methanolic extracts were obtained and analyzed. Extracts were evaluated by GC-MS (gas
chromatography-mass spectrometry), and their composition revealed the presence of (−)-α-bisabolol
(BIS) as the main component in the chloroformic extract, which was isolated and analyzed by 1H
NMR to confirm its presence in the plant. The analysis of methanolic extracts by UPLC-MS (ultra-
performance liquid chromatography-mass spectrometry) revealed the occurrence of six methoxylated
flavones with m/z 405.08 (C19H18O10), m/z 419.09 (C20H20O10) and m/z 433.11 (C21H22O10), and a
group of C20-, C18-hydroxy-fatty acids, which give the plant its sticky characteristic. The presence of
BIS, an important sesquiterpene with therapeutic skin effects, as well as some antioxidant compounds
such as methoxylated flavones and their oils, could play an important role in cosmetology and
dermatology formulations.

Keywords: Gymnosperma glutinosum; cosmetology; skin care; antioxidants; flavonoids; bisabolol

1. Introduction

The human skin is an organ that covers 15% of the total weight of the human body,
which is not only important for aesthetic reasons, but also because it is responsible for many
vital functions, among them the protection against external factors, regulation of fluid
balance, metabolism, elimination of toxins and body shape maintenance [1,2]. Most people
care about maintaining healthy skin, which promotes mental health by increasing people’s
self-confidence [3–5]. The use of cosmetics has become essential in our society, and although
many plant products have been replaced by synthetic chemical compounds, a replacement
has not been found for the safety and efficacy of natural products, which is why in recent
years, the preference for natural products has resurfaced [6–10]. Since the awareness of the
long-term benefits of natural ingredients in cosmetic products is increasing, they are being
considered more, and recent studies indicate that plant components, such as phenolics,
flavonoids and polysaccharides, have a high potential for cosmetic applications [11–15].
Besides the presence of compounds that demonstrated certain benefits, it is important
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to consider their synergy. Extracts from medicinal plants are rich in compounds that act
synergistically, and it is important to study these compounds in their natural percentage to
understand their optimal biological activity [15]. Thus, in mild skin disorders, the topical
application of certain preparations based on natural products, such as infusions, creams,
balms and tinctures, having in mind these concepts, can be effective in preventing the
development of more severe diseases.

Ethnobotanical studies have helped us to understand the use of plants in traditional
medicine [16]. These studies have not only helped us to understand the historical rele-
vance of plants but also the importance they play in human health. Based on this type of
study, it was determined that G. glutinosum, a plant that is popularly known as “popote”,
“tatalencho”, “pegajosa” or “tezozotla”, is used in traditional medicine in the region of
Tehuacán, Puebla (Mexico) [17–21], for the treatment of jiotes and acne and in infusions
to cure diarrhea. In recent years, ethnobotanical studies showed that G. glutinousm is one
of the most important plants used in traditional medicine from the Tehuacan-Cuicatlan
Biosphere Reserve, San Rafael, Coxcatlan, and Zapotitlan Salinas, Puebla (Mexico), for
the treatment of diarrhea. Phytochemical studies of G. glutinosum have demonstrated the
presence of essential oils, flavonoids and diterpenes. Most of the compounds isolated from
G. glutinosum are methoxylated flavones such as 5,7-dihydroxy 3,6,8-trimethoxyflavone
and 5,7-dihydroxy 3,6,8,2′,4′,5′-hexamethoxyflavone, and some ent-labdane-type diter-
pene [20–23]. More recent studies showed the isolation of a diterpene ent-labdene-type:
ent-dihydrotumanoic acid (DTA) with antidiarrheal and antinociceptive effects [24–26].
However, even when this plant is used in the treatment of some skin problems, there are
no studies about the relation between the isolated compounds and these diseases.

(−)-α-bisabolol (BIS), a sesquiterpene alcohol, has been mostly isolated from chamomile [27],
and there are no reports of the presence in the genus Gymnosperma. BIS has different bio-
logical activities, including antioxidant, anticancer, anti-inflammatory, anti-infection, and
skin-shoothing and -moisturizing properties [28–31]. At present, BIS is mainly manu-
factured through the steam-distillation of chamomile essential oils. Some products are
produced by synthesized BIS; however, the process requires an additional economically
unviable purification step due to the presence of the diastereomer (+)-α-bisabolol [32].
Therefore, finding new natural sources of bisabolol is essential to specialty pharmacological
and cosmetologically industries.

In this work, based on ethnobotanical studies, we studied G. glutinosum to find
compounds as ingredients for cosmetic purposes, and three groups of compounds were
identified under the bases of GC-MS and UPLC-MS analyses. (−)-α-bisabolol and 6-epi-
shyobunol, six methoxylated flavones, and a group of C20-, C18-hydroxy-fatty acids were
identified in this extract and represent interesting mixtures for further investigations in the
cosmetic industry.

2. Materials and Methods
2.1. Chemicals

Chloroform (CAS 110-54-3, 99%), acetonitrile (CAS 75-05-8, 99%), methanol (CAS
64-578-6, 99%), water (CAS 7732-18-5) and the ESI-TOF (electrospray ionization-time of
flight) tuning mix calibrant were obtained from Supelco (Toluca, Edo. de México, México).
The deuterated CDCl3, MeOD and TMS were acquired from Sigma Aldrich (Toluca, Edo.
de Mexico, Mexico).

2.2. UPLC and GC Coupled to Mass Spectrometry Analysis

Ultra-performance liquid chromatography-mass spectrometry (UPLC-MS) analysis
was conducted in a Ultimate3000 UPLC system (Dionexcorp., Sunnyvale, CA, USA) with
photodiode array detection (PAD), coupled to a Bruker MicrOTOF-QII system by an
electrospray ionization (ESI) interface (Bruker Daltonics, Billerica, USA). Mobile phase
used in the system consisted of 0.1% formic acid in water (A) and acetonitrile (B) using
a gradient program of 5–35% (B) in 0–10 min, 35–80% (B) in 10–10.1 min, 80–80% (B) in
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10.1–11, 80–45% (B) in 11–11.1, 45–5% (B) in 11.1–12 min and 5% (B) in 12–15 min. The
chromatographic column used was a Hypersil C18 column (3.0 µm, 125 × 4.0 mm) (Varian).
The solvent flow rate used was 0.5 mL/min, and the column temperature was set to 30 ◦C.
For the mass spectrometer, conditions in the negative mode were as follows: drying gas
(nitrogen), flow rate, 8 L/min; gas temperature, 180 ◦C; scan range, 50–3000 m/z; end plate
off-set voltage, −500 V; capillary voltage, 4500 V; and nebulizer pressure, 2.5 bar.

Direct injection electrospray ionization-mass spectrometry (DI-ESI-MS) analyses were
conducted on Bruker MicrOTOF-QII system by an electrospray ionization interface (Bruker
Daltonics, Billerica, MA, USA) operating in the negative ion mode (ESI-).

A total of 1 mg of the sample was resuspended in 1 mL of methanol, filtered through a
0.25 µm polytetrafluoroethylene (PTFE), and diluted 1:100 with methanol to avoid satura-
tion of the capillary and cone soiling. To inject the sample directly into the spectrometer, a
74900-00-05 Cole Palmer syringe pump (Billerica, MA, USA) was used and set at 8 µL/min
to obtain a constant flow rate. The capillary voltage was set to 4500 V, and nitrogen was
used as a drying and nebulizing gas, using a flow rate of 4 L/min (0.4 Bar) with a gas tem-
perature of 180 ◦C. The spectrometer was calibrated with an ESI-TOF tuning mix calibrant
(Sigma-Aldrich, Toluca, Estado de Mexico, Mexico).

To analyze compounds’ structure, a tandem mass spectrometry (MS/MS) analysis was
performed using negative electrospray ionization with the appropriate mass set. According
to the obtained pattern, suitable fragments were analyzed by a Bruker Compass Data
Analysis 4.0 (Bruker Daltonics), which provided a list of possible elemental formulas using
Generate Molecular Formula Editor, as well as a sophisticated comparison of the theoretical
with the measured isotope pattern (σ value) for increased confidence in the suggested
molecular formula (Bruker Daltonics Technical Note 008, 2004). The accuracy threshold for
confirmation of elemental compositions was established at 5 ppm.

Gas chromatography analysis was performed using a gas chromatograph 456-GC
SCION TQ (Bruker, Biellerica MA, USA). The injector port was set at 220 ◦C with split
10. Separation was achieved using an RXI-5SIL (Fused silica, 30 m × 0.32 mm (ResteK)
and helium at a flow rate of 1 mL/min. Column oven was programmed in the following
conditions: 55 ◦C for 1.0 min, 55 ◦C to 155 ◦C at 20 ◦C/min, 155 ◦C for 2 min, 155 ◦C to
255 ◦C at 10 ◦C/min, 255 ◦C for 5.0 min, and finally from 255 ◦C to 280 ◦C at 10 ◦C/min
and 280 ◦C for 5 min. The MS was set in TIC mode with an EI (electron ionization) of 70 eV.

2.3. NMR Spectroscopy
1H nuclear magnetic resonance (1H NMR) experiments of the soluble products were

conducted on a Bruker Instruments ASCEND 750 spectrometer (Billerica, MA, USA). The
resonance frequency was 750.12 MHz, with a typical acquisition time of 2.1845 s and a
delay time of 1.0 s between successive acquisitions. The 1H and 13C chemical shifts are
given in units of δ (ppm) relative to tetramethylsilane (TMS), where δ (TMS) belongs to
0 ppm.

3. Results

Aerial parts of G. glutinosum were collected in Santa Maria La Alta, a village in the
municipality of Tehuacan, Puebla (Mexico) (18.60001:−97.65754) (Figure 1). A total of 800 g
of the plant were collected in two different months to standardize the extraction process
and determine if there could be some changes in the production of the phytochemical
compounds. The first collection was completed in June and the second one in December.
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Figure 1. Presence of G. glutinosum (“popote, pegajosa”) in the Tehuacan Valley.

3.1. Isolation and Standardization of the Method of Extraction

With plants collected in June and December 2022, the next procedure was applied:
250 g of the aerial parts of the fresh plant material were ground and extracted two times with
500 mL of chloroform at room temperature. After filtration, the solvent was evaporated to
obtain the chloroform extract. This procedure was completed twice for each plant material
collected. The chloroform extract was partitioned with chloroform and methanol. Two
partitioned fractions were obtained: a chloroform fraction 1 (CHCl3 Fc1) and methanolic
fraction 1 (MeOH Fc1). The yields are shown in Table 1.

Table 1. Yields of the fractions obtained from the G. glutinosum chloroform extraction.

Material Collected Yield CHCl3 Fc1 MeOH Fc1

1 June 2022 (250 g) 18.9 g (7.56%) 1 17.1 g 1.6 g
2 December 2022 (250 g) 19.5 g (7.80%) 1 17.6 g 1.80 g

1 Extraction yield is the average of two processes.

To analyze if the extraction with chloroform had been exhausted, the residue of the
plant material was subject to another extraction with methanol and the extract was subject to
the same partition as those applied to the chloroform extract. Two fractions were obtained:
a chloroform fraction 2 (CHCl3 Fc2) and a methanolic fraction 2 (MeOH Fc2). The yields
are shown in Table 2.

Table 2. Yields of the fractions obtained from the G. glutinosum methanolic extraction.

Material Collected Yield CHCl3 Fc2 MeOH Fc2

1 June 2022 (250 g) 28.3 g (11.32%) 1 5.1 g 20.4 g
2 December 2022 (250 g) 27.5 g (11.00%) 1 7.6 g 19.8 g

1 Extraction yield is the average of two processes.

3.2. Chemical Composition Assay by GC-MS of the CHCl3 Fc1

The fraction partitioned with chloroform was analyzed through GC-MS. Samples were
analyzed by triplicate, injecting 1 mL, and carried out at 1 mL-min−1 by ultrapure helium.
Two peaks were detected as the main compounds, and the mass spectra of each molecule
were compared with those in the NIST (National Institute of Standards and Technology)
database software. Under these conditions, 6-epi-shyobunol and (−)-α-bisabolol (BIS) were
detected at 2.5 and 97.5%, respectively (Figure 2).
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From the methanol extraction, chloroform partitioned extract (CHCl3 Fc2) was ana-
lyzed under the same conditions. However, no compounds were detected indicating that
BIS was completely extracted with chloroform.

3.3. Chemical Composition by UPLC-MS Assay of MeOH Fc1

MeOH Fc1 was subject to a UPLC-MS analysis and according to Figure 3, different
peaks were detected and analyzed by the extracted ion chromatogram (EIC) from the total
ion chromatograph (TIC) to generate two main groups of compounds detected in this
extract. In the first group, two types of long-chain fatty acids were present for the m/z
321.23 and 319.21. For the detected molecular ion at m/z 321.23 [M-H]−1, a molecular
formula C20H34O3 was assigned. According to Figure 3(1), at least six peaks correspond to
this molecular weight indicating the presence of isomers. Under the bases of ms/ms analysis,
only the main peak was identified as 20-hydroxyicosa-(5,8,11)-trienoic acid (Figure 3(1)). In
the same regard, the molecular ion at m/z 319.21 [M-H]−1 was consisting of a molecular
formula C18H32O3. In this case, four peaks were detected, indicating the presence of the
same number of isomers that could be assigned to 20-hydroxyicosa-(5,8,11,14)-tetraenoic
acid derivatives (Figure 3(2)).

For the second group, a methoxylated flavones group was detected and analyzed.
Two peaks at Rt of 11.9 and 13.5 min (Figure 3(3)) showed the same molecular ion at
m/z 405.08, which consisted of the molecular formula C19H18O10 (5,7,2′,4′-Tetrahydroxy-
3,6,8,5′-tetramethoxyflavone and 5,7,4′,5′-Tetrahydroxy-3,6,8,2′-tetramethoxyflavone). m/z
419.09 detected an Rt of 13.1 and 13.9 min (Figure 3(4)) and consisted of the molecular
formula of C20H20O10 for other two methoxylated flavones (5,7,2′-Trihydroxy-3,6,8,4′,5′-
pentamethoxyflavone and 5,7,4′-Trihydroxy-3,6,8,2′,5′-pentamethoxyflavone). Finally, an-
other two peaks at Rt of 14.3 and 15.4 min (Figure 3(5)) showed the same molecular ion
at m/z 433.11, assigned to the molecular formula C21H22O10 (5,7-Dihydroxy-3,6,8,3′,4′,5′-
hexamethoxyflavone and 2-(5-Hydroxy-2,3-dimethoxyphenyl)-5-hydroxy-3,6,7,8-tetramethoxy-
4H-1-benzopyran-4-one).
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Figure 3. UPLC-MS chromatogram (upper chromatogram, TIC) and EIC-chromatogram analysis of
the compounds detected in MeOH Fc1 from G. glutinosum. (1. EIC m/z 321, 2. EIC m/z 319, 3. m/z
405, 4. EIC m/z 419 and 5. EIC m/z 433).

The retention time (Rt), formula, name and relative percentage of the compounds
detected are given in Table 3.

Table 3. Retention time and relative percentage of the compounds detected in the chromatogram of
the UPLC-MS analysis of the MeOH Fc1 of G. glutinosum.

Rt Formula [M-H]−
MWdetected

[M-H]−
MWexact

% Relative

11.9 C19H18O10 405.0804 405.0816 7.0
13.1 C20H20O10 419.0977 419.0972 11.0
13.6 C20H20O10 405.0809 405.0816 1.1
13.9 C20H20O10 419.0967 419.0972 4.1
14.3 C21H22O10 433.1136 433.1129 3.0
15.4 C21H22O10 433.1143 433.129 7.9
17.5 C20H32O3 319.2197 319.2267 0.2
17.6 C20H34O3 321.2393 321.2424 0.7
18.1 C20H32O3 319.2195 319.2267 5.1
18.9 C20H34O3 321.2399 321.2424 44.4
19.5 C20H32O3 319.2191 319.2267 3.4
19.7 C20H34O3 321.2394 321.2424 3.0
20.1 C20H32O3 319.2197 319.2267 6.2
20.3 C20H34O3 321.2395 321.2424 0.8
20.8 C20H34O3 321.2398 321.2424 0.8

Under these conditions, BIS was not detected in the methanolic fraction.
The methanol extract, which was partitioned into a chloroform fraction (CHCl3 Fc2)

and a methanolic fraction (MeOH Fc2), was analyzed by means of DIESI-MS. As we can
see in Figure 4, small peaks corresponding to the methoxylated flavones were detected,
especially peaks with molecular ions at m/z 321, 405, and 419.
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compounds, which with adequate procedures implemented for their extraction could
provide a high-added value raw material source for natural antioxidant constituents with
a high potential for application in cosmetology and dermatology formulations. In recent
years, different studies have been conducted to incorporate plants or herbal extracts for
their therapeutic potential in the market as skincare products [14,15]. In the same way,
phytochemical compounds have been evaluated in vivo and in vitro models to analyze
their biological activity. However, it is necessary to consider the synergy of different extracts
and evaluate the activity as a complex extract because it is possible that it could have a
more effective impact.

To address this objective, two extractions were performed to obtain the most com-
pounds and characterize them under different analytical techniques.

As a plant that grows in the wild, it was important to know if the phytochemical
compounds are present at any time of the year, at least in this region of México. Procedures
were applied in the same way under the same conditions, and according to Tables 1 and 2,
the yield in the extraction seems to be very similar.

The dry extract of chloroform was partitioned with chloroform (CHCl3 Fc1) and
methanol (MeOH Fc1), and CHCl3 Fc1 was analyzed by GC-MS. The results obtained and
previously discussed in this work suggest the presence of BIS. According to Figure 1, two
peaks were identified as 6-epi-shyobunol and (−)-α-bisabolol (BIS) at 2.5 and 97.5%, respec-
tively. To confirm this result, BIS was purified and analyzed by 1H NMR. Figure 5 shows
the spectra obtained and compared with a simulation of BIS in the software MestReNova.
According to both analyses, the presence of this compound in G. glutinosum is confirmed for
the first time. With the proposed methodology, BIS was extracted quickly and selectively
with a good yield. So, it could be possible that the biological activity shown by this plant in
skin problems can be attributed to BIS [30,31].

(−)-α-bisabolol (BIS), a monocyclic sesquiterpene alcohol, was isolated and identified
for the first time from chamomile (Matricaria chamomilla) [27], and to date is mainly obtained
from this natural source; although, it has also been isolated from the essential oil of other
medicinal plants [31]. It is a compound that has been considered safe due to its low
toxicity, and its effects have been widely studied in different models, indicating its potential
beneficial actions [31]. BIS has a variety of biological activities, including antioxidant,
gastroprotective, anti-infection and anticancer properties. In atopic dermatitis, it has been
found to help attenuated pruritus and inflamed skin. Other results include improved facial
texture, skin oiliness, hydrated skin, brightness and better appearance in patients who used
it as a treatment [28–31].

Even though the phytochemistry of G. glutinosum is poorly described, and there is no
report of suitable compounds that could be used as cosmetic ingredients besides BIS, some
methoxylated flavones were identified. From the partitioned fraction of methanol (MeOH
Fc1), a methoxylated flavones group was detected and analyzed. Two peaks at Rt of 11.9
and 13.5 min (Figure 3(3)) showed the same molecular ion at m/z 405.08, which consisted
of the molecular formula C19H18O10 (5,7,2′,4′-Tetrahydroxy-3,6,8,5′-tetramethoxyflavone
and 5,7,4′,5′-Tetrahydroxy-3,6,8,2′-tetramethoxyflavone). m/z 419.09 detected an Rt of 13.1
and 13.9 min (Figure 3(4)) and consisted of the molecular formula of C20H20O10 for two
other methoxylated flavones (5,7,2′-Trihydroxy-3,6,8,4′,5′-pentamethoxyflavone and 5,7,4′-
Trihydroxy-3,6,8,2′,5′-pentamethoxyflavone). Finally, another two peaks at Rt of 14.3 and
15.4 min (Figure 3(5)) showed the same molecular ion at m/z 433.11, assigned to the molecu-
lar formula C21H22O10 (5,7-Dihydroxy-3,6,8,3′,4′,5′-hexamethoxyflavone and 2-(5-Hydroxy-
2,3-dimethoxyphenyl)-5-hydroxy-3,6,7,8-tetramethoxy-4H-1-benzopyran-4-one).

Most of these compounds have been previously reported in G. glutinocum. 5,7-
dihydroxy-3,6,8,2′,4′,5-hexamethoxyflavone was isolated with (−)-17-hydroxy-neo-clerod-
3-en-15-oic acid by Canales et al. from two samples of G. glutinosum obtained in Puebla and
Hidalgo State (Mexico) [20,21]. Extracts obtained from these samples showed antimicrobial
activity. In 2009, Serrano et al. [22] described the isolation of two methoxylated flavones, 5,7-
dihydroxy-3,6,8-trimethoxyflavone and 5,7-dihydroxy-3,6,8,2′,4′,5′-hexamethoxyflavone,
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which were responsible for the fungal activity against Aspergillus niger, Candida albicans,
Fusarium sporotrichum and Trichophyton mentagrophytes. Some other flavonoids, such as
quercitrin, quercetin, kaempferol, rutin and vitexin have been described from G. gluti-
nosum [23]. All these compounds have demonstrated their biological activity as antifungal,
antimicrobial and antioxidant compounds and these activities contribute to the medicinal
properties, which are used in traditional medicine in the Tehuacan, Puebla (Mexico) re-
gion. More recently, a diterpene ent-labdene-type: ent-dihydrotumanoic acid (DTA) with
antidiarrheal and antinociceptive effects was isolated.

The increase in knowledge of the damage that ultraviolet radiation can cause in
carcinogenesis and aging has increased the use of skin care products, especially sunscreens.
However, most of these products are made with synthetic molecules or chemical substances
that cause dermal toxicity. Nowadays, different reports of the beneficial effects of plants and
herbal products for the skin are available [33]. Most of the plants are rich in polyphenols,
flavonoids and some other compounds with antioxidant activity that can protect the skin
from the effects of ultraviolet radiation. These herbal extracts should be considered for use
in herbal skincare products.

Antioxidant molecules, such as methoxylated flavones, can be used to reduce and
neutralize free radicals and when combined with recognized natural compounds like
BIS, could improve their biological activity, resulting in their use as potential extracts
implemented in cosmetic, pharmaceutical and therapeutic formulations [15,33].

One of the important characteristics of this plant is its sticky property, which is why it
receives the same name in many places: “planta pegajosa (sticky plant)”. This characteristic
could be related to the presence of oils, waxes or fatty acids. According to the UPLC-MS
analysis, two families of hydroxy-C18 and -C20 fatty acids were identified. For the detected
molecular ion at m/z 321.23 [M-H]−1, a molecular formula C20H34O3 was assigned, and at
least six peaks correspond to this molecular weight indicating the presence of isomers of the
identified 20-hydroxyicosa-(5,8,11)-trienoic acid (Figure 3(1)). In the same regard, for the
molecular ion at m/z 319.21 [M-H]−1, four peaks were detected, indicating the presence of
the same number of isomers that could be assigned to 20-hydroxyicosa-(5,8,11,14)-tetraenoic
acid derivatives (Figure 3(2)).

The long-chain fatty acids present in the leaves of G. glutinosum, which are described
for the first time in this work, could give the extract its waxy characteristic. Compounds
such as waxes and oils extracted from plants have attracted attention for their properties to
form films that can be used in cosmetic masks for skincare [34]. In this case, the presence of
hydroxy long-chain fatty acids could help to keep the methoxylated flavones and the BIS in
an aliphatic matrix for easier interaction with the skin. Anyway, functional groups such
as hydroxyl and carbonyl groups in the long-chain fatty acids gave tunable properties to
incorporate bioactive compounds for potentially sustainable alternatives over conventional
products.

So, the presence of BIS, the antioxidant, the bacterial properties of the methoxylated
flavones, and the aliphatic long-chain fatty acids are interesting mixtures for further inves-
tigation in the cosmetic industry of this extract obtained from G. glutinosum.

5. Conclusions

The use of cosmetics has become indispensable in our society. Although many plant
products have been replaced by synthetic chemical compounds, the safety and efficacy
of natural products have not been replaced, and in recent years, the preference for the
natural has re-emerged. From an ethnobotanical study, a rapid and successful extrac-
tion of bio-compounds from G. glutinosum was conducted. From the chloroform extract,
two partitions were obtained and analyzed. From the partition 1 (CHCl3 Fc1), the ex-
traction and characterization of (−)-α-bisabolol as the main compound was conducted,
with 97.5% of relative abundance. From partition 2 (MeOH Fc1), two groups of hydroxy-
C18 and -C20 long-chain fatty acids are described for the first time in this plant. For
the C20, the molecular ion at m/z 321.23 [M-H]−1, at least six peaks indicated the pres-
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ence of isomers of the identified 20-hydroxyicosa-(5,8,11)-trienoic acid (49.7%). In the
same regard, for the C18, the molecular ion at m/z 319.21 [M-H]−1, four peaks were as-
signed to 20-hydroxyicosa-(5,8,11,14)-tetraenoic acid derivatives (14.9%). On the other
hand, under the basis of the UPLC-MS analysis, a set of methoxylated flavones are de-
scribed. Two compounds with m/z 405.08, which consisted of the molecular formula
C19H18O10 (5,7,2′,4′-Tetrahydroxy-3,6,8,5′-tetramethoxyflavone and 5,7,4′,5′-Tetrahydroxy-
3,6,8,2′-tetramethoxyflavone) (8.1%). Two compounds with m/z 419.09 consisted of the
molecular formula of C20H20O10 for two other methoxylated flavones (5,7,2′-Trihydroxy-
3,6,8,4′,5′-pentamethoxyflavone and 5,7,4′-Trihydroxy-3,6,8,2′,5′-pentamethoxyflavone)
(15.1%). Finally, there were another two compounds with m/z 433.11, assigned to the
molecular formula C21H22O10 (5,7-Dihydroxy-3,6,8,3′,4′,5′-hexamethoxyflavone and 2-(5-
Hydroxy-2,3-dimethoxyphenyl)-5-hydroxy-3,6,7,8-tetramethoxy-4H-1-benzopyran-4-one)
(10.9%).

For those with a rapid, economical and efficient process of extraction, this extract
could be eligible for further studies as ingredients for cosmetic purposes since they present
a set of biocompounds with useful photoprotective, moisturizing, and skin-lightening
properties.
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9. Dawid-Pać, R. Medicinal plants used in treatment of inflammatory skin diseases. Adv. Dermatol. Allergol. 2013, 3, 170–177.

[CrossRef]
10. Tabassum, N.; Hamdani, M. Plants used to treat skin diseases. Pharmacogn. Rev. 2014, 8, 52. [CrossRef]
11. Aburjai, T.; Natsheh, F.M. Plants used in cosmetics. Phytother. Res. 2003, 17, 987–1000. [CrossRef]
12. González-Minero, F.J.; Bravo-Díaz, L. The Use of Plants in Skin-Care Products, Cosmetics and Fragrances: Past and Present.

Cosmetics 2018, 5, 50. [CrossRef]
13. Rocha-Filho, P.A.; Ferrari, M.; Maruno, M.; Souza, O.; Gumiero, V. In Vitro and In Vivo Evaluation of Nanoemulsion Containing

Vegetable Extracts. Cosmetics 2017, 4, 32. [CrossRef]

https://doi.org/10.1016/0167-5699(86)90111-8
https://doi.org/10.1016/0167-5699(93)90062-P
https://doi.org/10.1089/acm.2016.0405
https://doi.org/10.1016/j.mam.2005.07.008
https://doi.org/10.5455/vetworld.2008.347-350
https://doi.org/10.1155/2019/2684108
https://doi.org/10.5114/pdia.2013.35620
https://doi.org/10.4103/0973-7847.125531
https://doi.org/10.1002/ptr.1363
https://doi.org/10.3390/cosmetics5030050
https://doi.org/10.3390/cosmetics4030032


Separations 2023, 10, 406 11 of 11

14. Ajjoun, M.; Kharchoufa, L.; Merrouni, I.A.; Elachouri, M. Moroccan medicinal plants traditionally used for the treatment of skin
diseases: From ethnobotany to clinical trials. J. Ethnopharmacol. 2022, 297, 115532. [CrossRef]

15. Selwyn, A.; Govindaraj, S. Study of plant-based cosmeceuticals and skincare. S. Afr. J. Bot. 2023, 158, 429–442. [CrossRef]
16. Cotton, C.M. Ethnobotany: Principles and Applications; John Wiley and Sons: London, UK, 1996; p. 434.
17. Argueta, V.A.; Cano, A.J. Atlas de las Plantas de la Medicina Tradicional Mexicana; Instituto Nacional Indigenista: Mexico City,

México, 1994; pp. 1318–1319.
18. Arias, T.A.A.; Valverde, V.M.T.; Reyes, S.J. Las plantas de la región de Zapotitlán Salinas, Puebla; Instituto Nacional de Ecología:

Mexico City, México, 2000; pp. 8–9, 22.
19. Hernández, T.; Canales, M.; Avila, J.G.; Durán, A.; Caballero, J.; Romo de Vivar, A.; Lira, R. Ethnobotany and antibacterial activity

of some plants used in traditional medicine of Zapotitlán de las Salinas, Puebla (México). J. Ethnopharmacol. 2003, 88, 181–188.
[CrossRef]

20. Canales, M.; Hernández, T.; Caballero, J.; Romo de Vivar, A.; Avila, G.; Duran, A.; Lira, R. Informat consensus factor and
antibacterial activity of the medicinal plants used by the people of San Rafael Coxcatlán, Puebla, México. J. Ethnopharmacol. 2005,
97, 429–439. [CrossRef]

21. Canales, M.; Hernández, T.; Serrano, R.; Hernández, L.B.; Duran, A.; Ríos, V.; Sigrist, S.; Hernández, H.L.H.; Garcia, A.M.;
Angeles-López, O.; et al. Antimicrobial and general toxicity activities of Gymnosperma glutinosum: A comparative study. J.
Ethnopharmacol. 2007, 110, 343–347. [CrossRef]

22. Serrano, R.; Hernández, T.; Canales, M.; García-Bores, A.M.; Romo De Vivar, A.; Céspedes, C.L.; Avila, J.G. Ent-labdane type
diterpene with antifungal activity from Gymnosperma glutinosum (Spreng.) Less. (Asteraceae). Boletín Latinoam. Y Del Caribe De
Plantas Med. Y Aromáticas 2009, 8, 412–418.

23. Morado-Castillo, R.; Quintanilla-Licea, R.; Gomez-Flores, R.; Blaschek, W. Total Phenolic and Flavonoid Contents and Flavonoid
Composition of Flowers and Leaves from the Mexican Medicinal Plant Gymnosperma glutinosum (Spreng.) Less. Eur. J. Med. Plants
2016, 15, 1–8. [CrossRef]

24. Alonso-Castro, A.J.; González-Chávez, M.M.; Zapata-Morales, J.R.; Verdinez-Portales, A.K.; Sánchez-Recillas, A.; Ortiz-Andrade,
R.; Isiordia-Espinoza, M.; Martínez-Gutiérrez, F.; Ramírez-Morales, M.A.; Domínguez, F.; et al. Antinociceptive Activity of
Ent-Dihydrotucumanoic Acid Isolated from Gymnosperma glutinosum Spreng Less. Drug Dev. Res. 2017, 78, 340–348. [CrossRef]

25. Alonso-Castro, A.J.; Arana-Argáez, V.E.; Deveze-Alvarez, M.A.; Chan-Zapata, I.; Torres-Romero, J.C.; Carranza-Álvarez, C.;
Luna-Rubio, S.; González-Chávez, M.M.; Zapata-Morales, J.R.; Aragón-Martínez, O.H.; et al. Anti-inflammatory and diuretic
effects of the diterpene ent-dihydrotucumanoic acid. Drug Dev. Res. 2019, 80, 800–806. [CrossRef]

26. González-Chávez, M.M.; Arana-Argáez, V.; Zapata-Morales, J.R.; Ávila-Venegas, A.K.; Alonso-Castro, A.J.; Isiordia-Espinoza, M.;
Martínez, R. Pharmacological evaluation of 2-angeloyl ent-dihydrotucumanoic acid. Pharm. Biol. 2017, 55, 873–879. [CrossRef]

27. McKay, D.L.; Blumberg, J.B. A review of the bioactivity and potential health benefits of chamomile tea (Matricaria recutita L.).
Phytother. Res. 2006, 20, 519–530. [CrossRef] [PubMed]

28. Murata, Y.; Kokuryo, T.; Yokoyama, Y.; Yamaguchi, J.; Miwa, T.; Shibuya, M.; Yamamoto, Y.; Nagino, M. The Anticancer Effects of
Novel alpha-Bisabolol Derivatives Against Pancreatic Cancer. Anticancer. Res. 2017, 37, 589–598. [CrossRef]

29. Ortiz, M.I.; Cariño-Cortés, R.; Ponce-Monter, H.A.; Castañeda-Hernández, G.; Chávez-Piña, A.E. Pharmacological interaction of
-bisabolol and diclofenac on nociception, inflammation, and gastric integrity in rats. Drug Dev. Res. 2018, 79, 29–37. [CrossRef]
[PubMed]

30. Cavalcante, H.A.O.; Silva-Filho, S.E.; Wiirzler, L.A.M.; Cardia, G.F.E.; Uchida, N.S.; Silva-Comar, F.M.S.; Bersani-Amado, C.A.;
Cuman, R.K.N. Effect of (−)-alpha-Bisabolol on the Inflammatory Response in Systemic Infection Experimental Model in C57BL/6
Mice. Inflammation 2020, 43, 193–203. [CrossRef] [PubMed]

31. Eddin, L.B.; Jha, N.K.; Goyal, S.N.; Agrawal, Y.O.; Subramanya, S.B.; Bastaki, S.M.A.; Ojha, S. Health Benefits, Pharmacological
Effects, Molecular Mechanisms, and Therapeutic Potential of α-Bisabolol. Nutrients 2022, 14, 1370. [CrossRef]

32. Han, G.H.; Kim, S.K.; Yoon, P.K.S. Fermentative production and direct extraction of (−)-α-bisabolol in metabolically engineered
Escherichia coli. Microb. Cell Fact. 2016, 15, 185. [CrossRef]

33. Sharma, R.R.; Deep, A.; Abdullah, S.T. Herbal products as skincare therapeutic agents against ultraviolet radiation-induced skin
disorders. J. Ayurveda Integr. Med. 2022, 13, 100500. [CrossRef]

34. Gaspar, A.L.; Gaspar, A.B.; Contini, L.R.; Silva, M.F.; Chagas, E.G.; Bahú, J.O.; Concha, V.O.; Carvalho, R.A.; Severino, P.; Souto,
E.B.; et al. Lemongrass (Cymbopogon citratus)-incorporated chitosan bioactive films for potential skincare applications. Int. J.
Pharm. 2022, 628, 122301. [CrossRef] [PubMed]

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/10.1016/j.jep.2022.115532
https://doi.org/10.1016/j.sajb.2023.05.039
https://doi.org/10.1016/S0378-8741(03)00213-7
https://doi.org/10.1016/j.jep.2004.11.013
https://doi.org/10.1016/j.jep.2006.10.002
https://doi.org/10.9734/EJMP/2016/28028
https://doi.org/10.1002/ddr.21397
https://doi.org/10.1002/ddr.21561
https://doi.org/10.1080/13880209.2016.1277766
https://doi.org/10.1002/ptr.1900
https://www.ncbi.nlm.nih.gov/pubmed/16628544
https://doi.org/10.21873/anticanres.11352
https://doi.org/10.1002/ddr.21418
https://www.ncbi.nlm.nih.gov/pubmed/29243833
https://doi.org/10.1007/s10753-019-01109-8
https://www.ncbi.nlm.nih.gov/pubmed/31631236
https://doi.org/10.3390/nu14071370
https://doi.org/10.1186/s12934-016-0588-2
https://doi.org/10.1016/j.jaim.2021.07.016
https://doi.org/10.1016/j.ijpharm.2022.122301
https://www.ncbi.nlm.nih.gov/pubmed/36270554

	Introduction 
	Materials and Methods 
	Chemicals 
	UPLC and GC Coupled to Mass Spectrometry Analysis 
	NMR Spectroscopy 

	Results 
	Isolation and Standardization of the Method of Extraction 
	Chemical Composition Assay by GC-MS of the CHCl3 Fc1 
	Chemical Composition by UPLC-MS Assay of MeOH Fc1 
	NMR Analysis of the Chloroform Extract of G. glutinosum 

	Discussion 
	Conclusions 
	References

