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ABSTRACT

Bee pollen has recognized nutritional and functional properties. This study analyzed Brazilian bee pollens for antioxidant compounds and cyclooxygenase-2 (COX-
2) inhibitors using high-performance thin-layer chromatography—effect-directed analysis (HPTLC—EDA) and tentative identification via mass spectrometry (MS).
Distinct HPTLC profiles were observed for each sample, reflecting compositional differences. Antioxidant activity was demonstrated by DPPH radical scavenging
in multiple zones, and two COX-2 inhibitory zones were detected in one sample by HPTLC-EDA. These bioactivities were linked to phenolic compounds and MS/MS
analysis allowed the tentative identification of seven flavonoids (isorhamnetin-3-O-rutinoside, pinobanksin-5-methyl-ether-3-O-acetate, quercetin-3-methyl-ether,
quercetin-3-O-glucoside, kaempferol-3-O-rutinoside, isorhamnetin-O-acetyl-rutinoside, and quercetin-dimethyl-ether). Notably, quercetin-3-methyl-ether exhibited
both antioxidant and COX-2 inhibitory activity, which is particularly relevant due to the constant search for COX inhibitors with no harmful cardiovascular effects.
Therefore, bee pollen is a relevant matrix containing compounds with antioxidant and anti-inflammatory potential. This is the first report of isorhamnetin-O-acetyl-

rutinoside and quercetin-dimethyl-ether in bee pollen.
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1. INTRODUCTION

Pollen is produced by the anthers of flowers, and it is an essential food source
for hive development, serving as the primary supply of proteins and amino acids
for bees. Worker bees collect pollen during flower visits and mix it with salivary
secretions containing salivary enzymes and with nectar to form moistened
granules known as bee pollen. These granules are stored in the corbiculae, or
pollen baskets, located on the bees’ hind legs and transported back to the hive for
storage. Bee pollen can be harvested using pollen traps placed at the hive
entrance, then dehydrated and commercialized [1-3]. Bee pollen possesses a
diverse nutritional and bioactive composition. In addition to carbohydrates,
proteins, lipids, and fibers, which constitute its major components, bee pollen
also contains a variety of minor constituents such as minerals, carotenoids,
phenolamides, vitamins, flavonoids, and phenolic acids. Particular attention has
been given to phenolic compounds, which are strongly associated with the health
benefits attributed to bee pollen, including antioxidant, antimicrobial, anti-
inflammatory, hepatoprotective, and microbiota regulation activities, among
others [1,3-5].

Flavonoids and phenolic acids are frequently reported in bee pollens, such as
quercetin-3-O-rhamnoside, kaempferol, p-coumaric acid, naringenin, quercetin-
3-0-B-glucopyranosyl-(1—2)-B-galactopyranoside, and  naringenin-7-O-
glucuronide, among others [4-10]. The basic structure of phenolic compounds,
comprising a phenyl ring with one or more hydroxyl groups, enables them to act
as antioxidant agents by neutralizing reactive species, chelating metal ions, and
scavenging free radicals. Oxidative stress arises when there is an imbalance
between the generation of reactive species and the body’s capacity to counteract
them through endogenous or exogenous antioxidant compounds. This imbalance
can lead to cellular damage and is implicated in the progression of numerous
chronic and degenerative diseases [11,12]. Phenolic compounds also play a role
in modulating inflammation. Uncontrolled inflammation can result in tissue
damage and is a key contributor to the development of chronic inflammatory
diseases. Inflammation is a defense mechanism initiated by the immune system
to restore tissue integrity by neutralizing harmful stimuli, such as infectious or
allergenic agents [13,14]. Phenolic compounds may mitigate inflammation by
inhibiting pro-inflammatory mediators and enzymes, including cyclooxygenases
(COX), cytokines, and nitric oxide, which are involved in signaling and
regulating inflammatory responses at the site of injury [13,15].
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Studies on bee pollen typically focus on evaluating its overall bioactivity and
the profile of a certain bioactive compound class. This approach provides insight
into the general bioactive potential of bee pollen and offers a broad understanding
of the compounds potentially responsible for these effects [7-10]. However, the
in situ evaluation of individual bioactive compounds are rarely performed,
representing a significant gap in the identification of new bioactive molecules.
In this context, effect-directed analysis (EDA) combined with high-performance
thin-layer chromatography (HPTLC) and mass spectrometry (MS) has emerged
as a powerful strategy for detecting and identifying bioactive compounds in
complex matrices. HPTLC/TLC are well-established separation techniques,
applicable to a wide range of compound classes such as phenolic compounds
[16], phenolamides [17], mycotoxins [18], protein, peptides [19], and biogenic
amines [20], among others. After chromatographic separation, the mobile phase
can be easily removed from the HPTLC/TLC plate surface, making this
technique compatible with in situ EDA assays. EDA includes distinct assays,
such as bioassays (using microorganisms or cell organelles), biochemical assays
(e.g., enzyme inhibition), and chemical assays (e.g., DPPH radical scavenging)
[21,22]. The open format of HPTLC/TLC combined with EDA allows for direct
correlation between the chromatographic profile and bioactivity, enabling the
targeted selection of specific compounds responsible for observed bioactive
effects [22]. Therefore, it is a valuable tool for selecting individual bioactive
compounds within a complex sample [21]. The subsequent identification of these
compounds is crucial, given the increasing demand for novel bioactive
molecules. In this regard, MS and MS/MS analysis are widely used due to their
high sensitivity and selectivity, making it suitable for both qualitative and
quantitative analysis [21,23].

Despite the potential of the combined use of HPTLC, EDA and MS in the
detection and identification of bioactive compounds, research using these
techniques remain limited in bee pollen [2,6,24]. Additionally, to the best of our
knowledge, no studies have reported the use of HPTLC-EDA-MS/MS for the
detection and identification of COX-2 inhibitory compounds in bee pollen. The
search for new COX-2 inhibitors remains essential as many selective COX-2
inhibitors have been associated with potential cardiovascular deleterious effects
[25]. In this context, the present study aimed to investigate the presence of
antioxidant compounds and COX-2 inhibitors in Brazilian bee pollen using an
HPTLC-EDA-MS/MS approach.
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2 EXPERIMENTAL
2.1 Chemicals

Human recombinant COX-2 (EC 1.14.99.1), porcine hematin, arachidonic
acid,N,N,N’,N'-tetramethyl-p-phenylenediamine,  Tris(hydroxymethyl)amino
methanehydrochloride, 2,2-diphenyl-1-picrylhydrazyl (DPPH), quercetin (>
95%), potassium phosphate monobasic (> 99%), and Fast Blue B salt were
purchased from Sigma (St. Louis, MO, USA). Diclofenac sodium (50 mg; OPKO
Chile S.A., Santiago, Chile) was obtained from a local pharmacy. HPLC-grade
formic acid and acetonitrile, as well as analytical-grade dichloromethane,
methanol, ethyl acetate, ethanol, glacial acetic acid, formic acid, and 25%
ammonia solution were supplied by Merck (Darmstadt, Germany). Ultrapure
water was produced using a Purist system (Rephile Bioscience Ltd., Zhejiang,
China).

2.2 Bee pollen

Three commercial bee pollen samples from different Brazilian processing
locations (BP1, Itapecerica city, Minas Gerais state; BP2, Formiga city, Minas
Gerais state; BP3, Ararangua city, Santa Catarina state) were purchased in local
markets. The samples were ground using an analytical mill (IKA, Al1l, Staufen,
Germany), and phenolic compounds were extracted following the method
described by Carrasco-Sandoval et al [26], with minor modifications. Briefly, 6
g of powdered sample were vortex-mixed with 80 mL of ethyl acetate for 2 min.
The mixture was then incubated in an ultrasonic bath (Getidy, Wuyi Tonggin,
China) at 39 °C for 20 min, set to 40 kHz and 40 W/L (200 W). After
centrifugation at 7690 x g for 10 min at 10 °C (Universal 32R centrifuge, Hettich,
Tuttlingen, Germany), the supernatant was collected and evaporated to dryness
in a vacuum centrifuge (CentriVap, Labconco, Kansas City, MO, USA) at 40 °C,
protected from light. The dried extract was reconstituted in 2 mL of
methanol:water (7:3, v/v), filtered through a 0.22 um syringe filter, and stored at
—20 °C until analysis.

2.3 High-performance thin-layer chromatography (HPTLC)

Samples were applied onto HPTLC glass plates (20 x 10 cm, silica gel 60 Fs4)
using a semi-automatic TLC sampler (Linomat 5, CAMAG, Muttenz,
Switzerland) with the following settings: track length of 8 mm, track distance of
20 mm, and first application set to 10 mm on both the x- and y-axes. Sample
volumes applied were 15 pL per track for the DPPH assay and 30 pL per track
for all other assays. Chromatographic separation was performed up to a migration
distance of 90 mm in a 20 x 20 cm twin-trough chamber pre-saturated for 10 min
with 10 mL of mobile phase (ethyl acetate : dichloromethane : water : acetic acid
: formic acid, 10:2.5:1.1:1:1, viviviviv) [27]. After development, plates were
heated at 50 °C for 10 min on a TLC plate heater (CAMAG, Muttenz,
Switzerland) to remove residual mobile phase. Photo-documentation of the plates
was carried out under 366 nm fluorescence and 254 nm UV light using a plate
cabinet (CAMAG, Muttenz, Switzerland). All samples were applied in
quadruplicate, allowing the division of the HPTLC plate into four sections: the
first for derivatization with Fast Blue B, the second for DPPH assay, the third for
the COX-2 assay, and the fourth for MS/MS analysis.

2.4 Chemical characterization

To assess the chemical composition of the molecules present in the pollen
extracts, preliminary derivatization tests were performed on HPTLC plates to
detect the presence of chemical groups such as alkaloids, amines, and phenols.
Alkaloids were detected as orange bands after spraying 2 mL of Dragendorff's
reagent (Munier-Macheboeuf modification), prepared according to Galarce-
Bustos et al [17], onto the plate. The presence of primary and secondary amines,
indicative of proteins, peptides, and amino acids, was visualized as purple bands
after spraying 2 mL of ninhydrin solution onto the plate, followed by heating at
100 °C for 5 min. Ninhydrin solution (1% in ethanol) was prepared according to
Ogbole et al [28], with adaptations. Phenols, indicative of phenolic compounds,
were detected as reddish bands after exposing the plate to vapors of 25%
ammonia solution for 1 hour in a 10 x 10 cm twin-trough chamber, followed by
immersion in a freshly prepared Fast Blue B solution and drying at room
temperature. The Fast Blue B solution was prepared as described by Pedan et al
[29], with modifications, by dissolving 70 mg of Fast Blue B salt in 5 mL of
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water, then completing the volume to 20 mL with methanol. Subsequently, 10
mL of this solution were added, under stirring, to 40 mL of a methanol :
dichloromethane mixture (2.2:1, v/v). Since the pollen extracts tested positive
only for phenols, this was the only derivatization assay included in the final
analyses (first section of the HPTLC plate).

2.5 High-performance thin-layer chromatography—effect-directed analysis
(HPTLC-EDA)

Prior to the DPPH and COX-2 assays, positive controls were applied post-
chromatography at 95 mm (y-axis) onto the second and third sections of the
HPTLC plate, respectively. The plates were then sprayed with 3 mL of 200 mM
phosphate buffer (pH 7.8) and heated at 50 °C for 10 min to neutralize any
residual acid from the mobile phase.

For the antioxidant assay, the DPPH method was performed according to
Ayoola-Oresanya et al [30], with minor modifications, using quercetin (800 ng
per band) as a positive control. Briefly, 3 mL of a DPPH solution (1 mg/mL in
methanol) was sprayed evenly over the plate, which was then incubated at room
temperature in the dark. Antioxidant compounds appeared as yellow or colorless
bands on a purple background. The COX-2 inhibitory assay was conducted
following the method described by Oyarzin et al [31], with diclofenac (20 pg
per band) as a positive control. Inhibitory zones were visualized as colorless
bands on a purple background.

2.6 ldentification of bioactive molecules by MS/MS

Antioxidant and COX-2 inhibitory zones visualized on the plates through
HPTLC-EDA were selected for MS/MS analysis to allow the tentative
identification of the corresponding analytes. Based on the hRg (retardation factor)
values of the target zones, the respective areas on the HPTLC plates for MS/MS
analysis (fourth section of the HPTLC plate) were marked with a soft pencil and
manually scraped. The collected silica fragments were mixed with 1 mL of
methanol : water (7:3, v/v) and extracted in an ultrasonic bath at 10 °C for 20
min. After centrifugation (2370 x g for 5 min at 10 °C), the supernatant was
recovered, and the precipitate was subjected to a second extraction under the
same conditions. The resulting supernatants were combined and filtered through
a 0.22 pm syringe filter.

The bee pollen extracts were analyzed using a Waters (Milford, MA, USA)
Arc HPLC system composed of a Quaternary Solvent Manager-R pump, Sample
Manager FTN-R autosampler, CH-30A column heater, and a UV detector
coupled to an Acquity QDa mass spectrometer equipped with an electrospray
ionization (ESI) source. Chromatographic separation of phenolic compounds
was performed on a Kinetex® 3.5 pm XB-C;g column (150 mm x 4.6 mm, 100
A Phenomenex, Torrance, CA, USA) maintained at 30 °C. A binary mobile
phase was used, consisting of water with 0.1% (v/v) formic acid (solvent A) and
acetonitrile with 0.1% (v/v) formic acid (solvent B), at a flow rate of 0.5 mL/min.
The gradient program was as follows: 80%—-20% B (0-2 min); 70%-30% B (2—
6 min); 30%-70% B (6-14 min); 30%-70% B (14-15 min); 80%-20% B (15—
18 min); and 80%-20% B (18-20 min, column re-equilibration), for a total
runtime of 20 min. UV detection was performed at 280, 320, and 360 nm. MS
analysis was conducted in negative ESI mode with the following settings:
capillary voltage of 0.8 kV, cone voltage of 15 V, probe temperature of 600 °C,
and source temperature of 120 °C. Full scan mode was used over the m/z range
1001000 for qualitative analysis. Once the parent ions (m/z) were selected using
the QDa mass spectrometer in scan mode, the corresponding fragments ions (m/z)
were obtained using a triple quadrupole (TQD) mass spectrometer operating in
SIR-daughter mode. After preliminary identification of phenolic compounds by
comparing the experimental data with mass spectral databases and published
literature [8,9,32-34], compound confirmation by mass spectra data was carried
out using a SYNAPT XS mass spectrometer in MSe mode.

Additionally, the pollen extracts were analyzed using the same
chromatographic conditions and column on a Waters Alliance HPLC system
equipped with a photodiode array (PDA) detector, in order to acquire UV/Vis
absorption spectra and confirm compound identification. UV/Vis scanning was
performed over the 200-400 nm range, with spectra recorded at 320 and 360 nm
(data not shown).
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3. RESULTS AND DISCUSSION
3.1 HPTLC profile of phenolic compounds in bee pollen

The chemical composition of bee pollen largely depends on the plants visited
by bees during pollen collection. Consequently, bee pollen is typically composed
of pollens from various botanical sources, each with distinct chemical
compositions, since pollen gathering is influenced by the availability of
flowering plants within the hive’s foraging range, as well as by the bees' selection
preferences based on floral odor, color, and size. Additionally, geographic origin,
through variations in edaphoclimatic factors such as soil type, solar radiation,
and rainfall, can also affect the chemical characteristics of flower pollen
[2,27,35]. Variations in nectar composition and the bee species involved may
also influence the chemical composition of bee pollen, although to a lesser extent

[2]

In this context, the variability observed in the HPTLC profiles among bee
pollen samples was anticipated (Figure 1). At least five fluorescent (366 nm) and
UV-absorbing (254 nm) bands were observed in all samples. However, the
specific profile of these compounds varied significantly among the samples, with
bands appearing at different hR values and in different colors. This indicates the
presence of distinct compounds in each sample, reflecting their unique chemical
compositions. Similar variations in HPTLC profiles have been reported in bee
pollens from different botanical sources, including Castanea sp., Salix sp., Cistus
sp., Taraxacum sp., and Quercus sp. [24,27,36]. Even among bee pollen samples
from the same botanical origin, variations in the HPTLC profiles within certain
hRe ranges have been observed and are likely due to the presence of pollen from
other plant species.

Bee pollen 1 (BP1)

366 nm 254nm | FastBiue B

BP2-1

Bee pollen 2 (8P2)

254nm |FastBlueB  DPPH

BP3-1

Bee pollen 3 (BP3)

254 nm  |FastBlue B COX-2

Figure 1. High-performance thin-layer chromatography coupled with effect-
directed analysis of Brazilian bee pollen samples. Photo-documentation at 366
nm (fluorescence), 254 nm (UV), white light after derivatization with Fast Blue
B, white light after the DPPH (2,2-diphenyl-1-picrylhydrazyl)
free radical scavenging assay, and white light after the COX-2 (cyclooxygenase-
2) inhibitory assay. hRg — retardation factor.
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Derivatization with Fast Blue B revealed that the HPTLC profiles of bee pollen
samples are predominantly associated with phenolic compounds, as evidenced
by the reddish-colored bands, which varied in intensity and thus concentration
(Figure 1). Phenolic compounds are secondary plant metabolites that play a
crucial role in plant defense mechanisms. They are involved in responses to both
biotic and abiotic stressors, such as fungal and bacterial infections, herbivore
attacks, UV radiation, and extreme temperatures [37,38]. As a result, variations
in the profile and concentration of phenolic compounds in flower pollen, even
from the same botanical source, are expected, due to differing environmental
conditions influencing the defense mechanisms of the plant. Several phenolic
compounds have already been successfully identified in bee pollen using direct
analysis on HPTLC, including afzelin, quercetin-3-O-B-glucopyranosyl-(1—2)-
B-galactopyranoside, chlorogenic acid, 3,5-dicaffeoylquinic acid, galangin,
luteolin, rutin, isoquercetin, chrysin, and caffeic acid [6,27]. These findings
reinforce the potential of bee pollen as a health-promoting matrix, primarily due
to the presence of phenolic compounds in its composition.

3.2 HPTLC-EDA of phenolic compounds in bee pollen

The chemical characteristics of phenolic compounds make them important
bioactive molecules, particularly due to their antioxidant and anti-inflammatory
potential. The neutralization of free radicals is crucial in biological systems to
prevent damage caused by oxidative processes triggered by oxidative stress,
which affects cellular components such as membranes, proteins, and DNA. This
damage can lead to alterations in structure and function, ultimately contributing
to the development of chronic and degenerative diseases, such as cancer, obesity,
cardiovascular disorders, Alzheimer’s disease, among others [11,12]. In this
context, exogenous antioxidants play a significant role in mitigating oxidative
stress by neutralizing or scavenging free radicals. Phenolic compounds are
widely recognized as effective antioxidants, making matrices that contain them
potential sources of functional properties, particularly antioxidant activity
[11,12,32].

As shown in Figure 1, more than five DPPH inhibitory bands
(colorless/yellow) with varying intensities were observed on the HPTLC plate
for all bee pollen samples. Notably, the BP1-3 band (hRr = 80) exhibited the
strongest DPPH inhibitory (yellow coloration). The DPPH radical scavenging
assay is widely used to assess the antioxidant activity of various matrices. This
method is based on single-electron transfer from antioxidant compounds to the
stable synthetic DPPH radical, which has a purple color that fades to yellow or
becomes colorless upon reduction. Although DPPH is not a biological radical,
this assay provides valuable preliminary insight into the antioxidant potential of
compounds [12,39]. The presence of compounds with antioxidant activity
against DPPH radical has also been observed in HPTLC plate of bee pollen
samples from various botanical origins, such as Zea mays L. (corn) [2], Castanea
sp., Salix sp., Quercus sp. [24], and Hedera helix L. (ivy) [6], through the
identification of yellow/colorless inhibitory bands and associated with the
presence of phenolic compounds. In the present study, the zones showing the
strongest DPPH radical scavenging, indicated by more intense yellow/colorless
bands, mostly overlapped with those showing the strongest reddish-colored
bands by derivatization with Fast Blue B, which is indicative of phenolic
compound presence. These findings are consistent with the literature, which
consistently identifies phenolic compounds as key contributors to antioxidant
activity.

The presence of phenolic compounds in bee pollen is also relevant from an
anti-inflammatory perspective. Phenolic compounds can modulate various
pathways in the inflammatory process. For instance, they can inhibit or alter
cellular signaling pathways, such as NF-xB (nuclear factor kappa B) and MAPK
(mitogen-activated protein kinase), and they can suppress major regulators of the
inflammatory response, including TNF-a (tumor necrosis factor-o), IL-1B
(interleukin-1f), and IL-6 (interleukin-6), thereby impacting macrophage
activity. Additionally, they can inactivate pro-inflammatory enzymes such as
lipoxygenases (LOX) and COX [14,15,25]. COX enzymes play a central role in
inflammation by converting arachidonic acid into prostaglandins, that are lipid
mediators involved in acute and chronic inflammatory responses. Among these,
COX-2 is particularly important due to its inducible nature in inflamed tissues.
Consequently, compounds that inhibit COX enzymes, especially COX-2, and
thereby reduce prostaglandin production, are considered to have anti-
inflammatory activity [14,40]. Special attention has been given to selective
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COX-2 inhibitors, as some have been associated with adverse cardiovascular
effects, highlighting the need for new inhibitors with improved safety profiles
[25].

The potential of bee pollen to inhibit COX-2 has been previously reported and
linked to its phenolic content [40-42]. However, no prior study has evaluated the
in situ COX-2 inhibitory potential of bee pollen using HPTLC-EDA. As shown
in Figure 1, two COX-2 inhibitory bands were detected in sample BP1 (hRg ~ 87
and hRg = 83), which corresponded to bands positive for phenolic compounds
based on derivatization assay with Fast Blue B. These results align with existing
literature that attributes anti-inflammatory activity in bee pollen to its phenolic
constituents. Of particular interest is band BP1-4 (hRg = 87), which exhibited
both anti-inflammatory and antioxidant activities. From a pharmacological
perspective, this is highly relevant, as the inflammatory process is often
accompanied by the production of free radicals and reactive species [14,15,25].
Therefore, phenolic compounds that act on both oxidative stress and
inflammation represent promising multi-target agents.
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3.3 MS/MS analysis of phenolic compounds in bee pollen

The structural approximation obtained through derivatization with Fast Blue B
indicated the presence of phenolic compounds in bee pollen, which
predominantly coincided with the antioxidant and COX-2 inhibitory bands
detected by HPTLC-EDA (Figure 1). These findings are consistent with
literature reports highlighting the bioactive potential of phenolic compounds,
particularly their antioxidant and anti-inflammatory properties [12,14,27].
Therefore, assuming that phenolic compounds are likely responsible for the
observed bioactivities in the HPTLC-EDA assays, MS/MS analysis was carried
out to tentatively identify the phenolic compounds present in the zones showing
both strong bioactivity signals and high intensity of phenolic content by
derivatization with Fast Blue B.

seehamnetn 30 ratnoside

Figure 2. Mass spectra in negative ion mode [M-H] of parent ions and the molecular structure of bioactive compounds detected in Brazilian bee pollen samples

analyzed by mass spectrometry.

Table 1. Phenolic compounds tentatively identified in Brazilian bee pollen samples by mass spectrometry.

Sample hRr  Bioactivity Bioactive molecule proposed Molecular ~ Observed data Theorical data*
code formula Parent ion (m/z) Fragment ion (m/z) Parent ion (m/z) ~ Fragment ion (m/z)
BP1-1 =14 Antioxidant Isorhamnetin-3-O-rutinoside CysH3,016  623.19 314/315/ 316 623.6 315.1/314.86/316.14
Antioxidant Isorhamnetin-O-acetyl- C3H3s017  665.19 315 665 315
rutinoside
BP1-2 =67 Antioxidant Kaempferol-3-O-rutinoside  Cx;H30055  593.15 285 593 285
BP1-3 ~80 Antioxidant Quercetin-dimethyl-ether Ci7H140;  329.24 3147299 329 3147299
Antioxidant Pinobanksin-5-methyl-ether- 327.23 285/239 327.33 285.33/239.05/285/ 239
3-O-acetate
BP1-4 =87 Antioxidant and Quercetin-3-methyl-ether CieH120;  315.10 300.01 / 271.19 / 315 300/271/255
cyclooxygenase-2 255.04
inhibitor
BP2-1 =~33 Antioxidant Quercetin-3-O-glucoside CynHi1901,  463.11 301 /300 462.17 301.17 /300.17 / 301 / 300
BP3-1 =14 Antioxidant Isorhamnetin-3-O-rutinoside CjsH3016  623.19 314/315/316 623.6 315.1/314.86/316.14
Antioxidant Isorhamnetin-O-acetyl- C3oH35017  665.19 315 665 315

rutinoside

Parent ion in the negative ion mode [M-H]; hRg — retardation factor; *Mass spectrometry data reported in the literature [8,9,32-34].
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Table 1 and Figure 2 presents the mass data of the molecules detected in
bioactive zones via HPTLC-EDA in Brazilian bee pollen samples, analyzed
using a Synapt XS mass spectrometer. In samples BP1 and BP3, two major
parent ions at m/z 623.2 and 665.2 were detected in both BP1-1 and BP3-1 bands.
The fragmentation of the parent ion at m/z 623.2 produced daughter ions at m/z
314, 315, and 316, while the parent ion at m/z 665.2 yielded a daughter ion at m/z
315. These fragmentation patterns are consistent with those reported in the
literature for isorhamnetin-3-O-rutinoside (narcissin) and isorhamnetin-O-
acetyl-rutinoside, respectively [9,34]. In the BP1-3 band, two major parent ions
at m/z 329.2 and 327.2 were detected. The MS/MS analysis of the parent ion at
m/z 329.2 yielded daughter ions at m/z 314 and 299, while the parent ion at m/z
327.2 gave rise to daughter ions at m/z 285 and 239. These data are consistent
with those reported for quercetin-dimethyl-ether and pinobanksin-5-methyl-
ether-3-O-acetate, respectively [32-34]. Two other phenolic compounds were
tentatively identified in the BP1-2 and BP1-4 bands. For the BP1-2 band, a parent
ion at m/z 593.1 and a daughter ion at m/z 285 were observed, while the BP1-4
band showed a parent ion at m/z 315.1 m/z and daughter ions at m/z 300.0, 271.2,
and 255.0. These results are consistent with those reported for kaempferol-3-O-
rutinoside and quercetin-3-methyl-ether, respectively [8,33,34]. In sample BP2,
a parent ion at m/z 463.1 and daughter ions at m/z 301 and 300 were detected in
the BP2-1 band. These findings correspond to quercetin-3-O-glucoside, as
reported in previous studies [8,34]. Isorhamnetin-3-O-rutinoside [7,9],
pinobanksin-5-methyl-ether-3-O-acetate [32], quercetin-3-methyl-ether [10,32],
quercetin-3-O-glucoside [8], and kaempferol-3-O-rutinoside [8] have previously
been identified in bee pollen samples from different botanical and geographical
origins. However, to the best of our knowledge, this is the first report of
isorhamnetin-O-acetyl-rutinoside and quercetin-dimethyl-ether in bee pollen.

Flavonoids are the most commonly reported class of phenolic compounds in
bee pollen, with quercetin, isorhamnetin, kaempferol, naringenin, pinobanksin,
luteolin, and their derivatives frequently identified [4-6,8,27]. Consistently,
flavonoids appear to be the predominant class of phenolic compounds in the
Brazilian bee pollen samples analyzed in this study, corresponding to those
tentatively identified as responsible for the antioxidant and COX-2 inhibitory
activities. Kaempferol, pinobanksin, quercetin, and their derivatives, including
isorhamnetin and its glycosylated or methylated forms, are compounds
frequently associated with bioactivities such as free radical scavenging, iron-
reducing capacity, immunomodulation, and the regulation of metabolic pathways
including COX-2 [43-48]. Accordingly, the quercetin-derived compounds
identified in the BP1-1, BP1-3, BP1-4, BP2-1, and BP3-1 bands, i.e.
isorhamnetin-3-O-rutinoside, quercetin-3-methyl-ether, isorhamnetin-O-acetyl-
rutinoside, quercetin-dimethyl-ether, and quercetin-3-O-glucoside, as well as the
kaempferol- and pinobanksin-derived compounds identified in the BP1-2 and
BP1-3 bands, i.e. kaempferol-3-O-rutinoside and pinobanksin-5-methyl-ether-3-
O-acetate, likely account for the DPPH radical scavenging activity observed via
HPTLC-EDA. Supporting these findings, antioxidant activity has previously
been reported for both isolated compounds and extracts rich in these flavonoids,
including isorhamnetin-3-O-rutinoside, quercetin-3-methyl-ether, quercetin-
dimethyl-ether, quercetin-3-O-glucoside, and kaempferol-3-O-rutinoside
[32,33,49-52].

Furthermore, quercetin-3-methyl-ether was associated with COX-2 inhibition
in the BP1-4 band observed via HPTLC-EDA. This flavonoid has demonstrated
anti-inflammatory potential in previous studies, exhibiting an inhibitory effect on
TNF-a production in lipopolysaccharide-stimulated RAW 264.7 cells [53] and
reducing levels of inflammatory cytokines, including TNF-a, IL-1f, and IL-6, in
the lung tissue of HRV1B-infected mice [54]. Therefore, the COX-2 inhibitory
potential of quercetin-3-methyl-ether observed in this study is consistent with its
previously reported anti-inflammatory properties.

CONCLUSION

The present study evaluated the presence of compounds with antioxidant and
COX-2 inhibitory potential in Brazilian bee pollen using HPTLC-EDA, along
with tentative identification via MS/MS. Our findings indicate that, although the
composition varied among samples, bee pollen contains compounds with DPPH
radical scavenging and COX-2 inhibitory activities, primarily associated with
phenolic compounds. Among the seven phenolic compounds tentatively
identified, quercetin-3-methyl-ether demonstrated both antioxidant and COX-2
inhibitory activities. These results highlight bee pollen as a promising matrix for
potential complementary therapeutic applications in the treatment of diseases
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related to oxidative stress and inflammation. Moreover, the findings provide a
foundation for future studies aimed at further elucidating the biological effects
and action mechanisms of these phenolic compounds in in vivo systems.
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