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ABSTRACT

The biological activity of Myosotis sylvatica flowers remains poorly characterized despite the use of the genus in
edible and ornamental preparations. This study evaluated extraction yield, phenolic and flavonoid indices,
antioxidant capacity, acetylcholinesterase (AChE) inhibition, and the derivatized gas chromatography-mass
spectrometry (GC-MS) profile of a dried ethanolic flower extract. Three independent extraction batches were
prepared from 100 g dried flowers per batch; after ethanol maceration, rotary evaporation and oven drying at 40
°C to constant mass, the extraction yield was 23.70 + 0.275% (w/w). All quantitative assays were performed
across three independent trials using separately prepared batches. Matched extract blanks were incorporated at
each test concentration to correct intrinsic absorbance of the naturally colored extract. ICso values refer to
operational concentrations in the final assay reaction mixture or microplate well. Total phenolic content was
117.937 + 1.074 mg gallic acid equivalents/g extract and total flavonoid content was 26.418 + 0.278 mg quercetin
equivalents/g extract. DPPH radical-scavenging activity gave an ICso of 113.25 pg/mL, while ferric-reducing
antioxidant power and total antioxidant capacity were 380.84 mM Fe2* equivalents and 514.71 mM Trolox
equivalents, respectively. AChE inhibition yielded an ICso of 28.44 pg/mL compared with 0.39 ug/mL for
galantamine. Derivatized GC-MS produced 44 library-matched peaks, with relevant putative annotations
including y-sitosterol, linoleic acid, syringic acid, campesterol, stigmasterol and phytol. Together, the results
demonstrate a consistent antioxidant and AChE-inhibitory profile in independently prepared dried ethanolic

Myosotis sylvatica flower extracts and provide a chemically informed basis for bioassay-guided fractionation.
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INTRODUCTION

Alzheimer’s disease is a progressive neurodegenerative
disorder in which cholinergic dysfunction, oxidative
stress, amyloid-f accumulation, tau pathology and
synaptic failure interact over a prolonged course

(Knopman et al., 2021; Scheltens et al., 2021).

Acetylcholinesterase (AChE) remains a clinically
relevant symptomatic target because inhibition of the
enzyme
cholinergic synapses (Hampel et al., 2018; Chen et

increases acetylcholine persistence at
al., 2022). At the same time, oxidative imbalance is
deeply integrated with neurodegenerative biology,
providing a rationale for natural-product screening
strategies that evaluate cholinesterase inhibition
together with complementary antioxidant endpoints
(Butterfield and Halliwell, 2019; Cummings, 2021;

Moreira et al., 2022).

Plant secondary metabolites are chemically diverse
sources of redox-active molecules and enzyme
inhibitors. Polyphenols can act as electron or
hydrogen donors and some also interact with
cholinesterases, although activity is highly structure
dependent and cannot be inferred from total phenolic
content alone (Karim et al., 2020; Isik and Beydemir,
2021; Smyrska-Wieleba and Mroczek, 2023).
Consequently, integrated studies that combine broad
phytochemical indices, orthogonal antioxidant assays,
enzyme inhibition and chemical profiling are more
informative than reliance on a single screening
endpoint (Pisoschi et al., 2016; Munteanu and
Apetrei, 2021). Qualitative phytochemical screening
likewise remains useful for documenting the
distribution of major secondary-metabolite classes in
ethnobotanically prioritized medicinal plants (Gasga,
2026). The genus Myosotis (Boraginaceae) remains
comparatively underexplored in this context. Aqueous
extracts of edible flowers, including Myosotis
sylvatica, have shown antioxidant activity (Wang et
al., 2017), and a recent study described volatile
profiling and antioxidant-related bioactivity of
Myosotis sylvatica flowers (Aytar et al., 2026). In the
same genus, Myosotis amoena has recently been

reported to contain phenolic constituents and to

inhibit AChE and butyrylcholinesterase (Yapici et al.,
2025). Related Boraginaceae work on Nonea
micrantha also demonstrates the value of combining
antioxidant, anticholinesterase and GC-MS analyses

(Imran et al., 2017).

Comparable antioxidant-plus-GC-MS designs have
also been used to characterize bioactive plant
suaveolens

extracts, including Spermadictyon

extracts (Padinjarekutt and Saraf, 2024).

The present study evaluated extraction yield, total
phenolic content (TPC), total flavonoid content
(TFC), DPPH scavenging, ferric-reducing antioxidant
power (FRAP), total antioxidant capacity (TAC),
AChE inhibition and derivatized GC-MS profiling of
dried ethanolic Myosotis sylvatica flower extract
across independently prepared extraction batches.
The analytical workflow incorporated concentration-
matched extract blanks to correct intrinsic
absorbance and expressed ICs0 values on the basis of
operational concentrations in the completed assay

reaction mixture or well.

MATERIALS AND METHODS
Plant material and taxonomic authentication
Ehrh.

(Boraginaceae) were grown in a controlled garden at

Cultivated Muyosotis  sylvatica plants

Partido State University-San Jose  Campus,
Camarines Sur, Philippines, using commercially
obtained planting material. Mature flowers were
harvested, and representative flowering material with
vegetative parts was submitted to the Jose Vera
Santos Memorial Herbarium, University of the
Philippines Diliman, for taxonomic examination. The
material was formally certified as Myosotis sylvatica
Ehrh. (Boraginaceae).

Independent extraction  batches and
extraction yield

Three independent extraction batches were prepared.
For each batch, 100.0 g of dried flower material was
cleaned, dried in a cabinet dryer at 30-40 °C,
powdered and macerated in 96% ethanol at a plant

material-to-solvent ratio of 1:5 (w/v) for 60 h in the

123 | Gasga

International Journal of Biosciences | 1JB
Website: https://www.innspub.net


https://www.innspub.net/

Vol. 29, Issue: 4, p. 122-132, 2026 Int. J. Biosci.

dark with intermittent stirring. The suspension was
filtered and the filtrate was concentrated by rotary
evaporation at 40 °C and 120 rpm. The concentrate
was then oven-dried at 40 °C until constant mass. The
resulting dried ethanolic flower extract was used for

all subsequent analyses.

Extraction yield for each independent batch was

calculated on a dried-mass basis:

Extraction yield (%) = —driedextract 1) (6))

Maried flowers

where the numerator is the constant mass of the
oven-dried ethanolic extract and the denominator is
the 100.0 g starting mass of dried flower material.
Spectrophotometric instrumentation,
intrinsic-color correction and concentration
basis

Absorbance measurements for the colorimetric and
microplate assays were obtained using SPECTROstar
(BMG

Germany). For all

Nano  microplate
LABTECH,

spectrophotometric assays, matched extract blanks

spectrophotometer

Ortenberg,

were prepared at every tested extract concentration
and processed in parallel to correct intrinsic
absorbance of the naturally colored extract. Each
blank contained the same extract concentration and
assay matrix while omitting the reaction component

required for analyte-dependent color development.

Comparable blank-correction procedures have been
applied to colored botanical matrices in DPPH,
aluminium-chloride flavonoid and cholinesterase
assays (Yeo and Shahidi, 2019; Rattaya et al., 2015;

Anwar et al., 2020; Kitazawa et al., 2021).

The absorbance contribution of the extract was

removed before calculation:

Acorrected = Areactian - Aextract blank (2)

For inhibition assays, sample and control absorbances
were corrected against their respective blanks. All ICso0
values reported in this study are based on operational
extract or reference-standard concentrations in the
completed reaction mixture or microplate well, not on

pre-assay stock concentrations.

Total phenolic content
TPC was determined using a Folin-Ciocalteu
colorimetric procedure adapted from Phuyal et al.
(2020). A 500 pL aliquot of dried ethanolic extract
solution (10 mg in 10 mL solvent; 1 mg/mL) was
mixed with 2.5 mL of 10% aqueous Folin-Ciocalteu
reagent and 2.0 mL of 7.5% Na2COs. After incubation
for 5 min at 50 °C and cooling, absorbance was
measured at 760 nm. Gallic acid standards (50, 100,
150 and 300 pg/mL) were processed in parallel. A
matched extract blank was used for intrinsic-color
correction. TPC was calculated from the gallic-acid
calibration and expressed as mg gallic acid

equivalents (GAE)/g dried extract.

Total flavonoid content

TFC was measured by an aluminium chloride
colorimetric method adapted from Madike et al
(2017). The dried extract was prepared at 5 mg in 100
mL solvent, corresponding to 50 ug/mL. A 500 pL
aliquot was combined with 1.5 mL of 2% ethanolic
AlCl3 and incubated for 60 min before absorbance
measurement at 420 nm. Quercetin standards (10—
100 pg/mL) were processed under the same
conditions. A matched extract blank was measured at
the same extract concentration. The use of a 50
pug/mL botanical extract with 2% AICls, 1 h
incubation, 420 nm detection and sample-blank
correction has direct methodological precedent
(Anwar et al, 2020). TFC was expressed as mg

quercetin equivalents (QE)/g dried extract.

DPPH radical-scavenging assay

DPPH radical scavenging was measured using a
methanolic  1,1-diphenyl-2-picrylhydrazyl = assay
following Ita and Eduok (2022). DPPH solution was
prepared by dissolving 33 mg DPPH in 1 L methanol
and was protected from light. Extract and ascorbic
acid were dosed so that the final operational
concentrations in the 6 mL reaction mixture were 10,
50, 100, 250, 500 and 1,000 pg/mL. One millilitre of
the appropriately concentrated test solution was
mixed with 5 mL DPPH solution, incubated in the
dark for 20 min at 27 °C and read at 517 nm. At every
extract concentration, a matched extract blank was

prepared by replacing DPPH solution with methanol,
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established

spectrophotometric practice for pigmented botanical

following blank-corrected
samples (Yeo and Shahidi, 2019; Rattaya et al., 2015;

Rengasamy et al., 2012).

Blank-corrected inhibition was calculated as:

e 0, — _ (As_Asb)
Inhibition (%) [1 —(Ac_Acb)] x 100 (3)
In Equation 3, each sample or control term is
corrected by subtracting the absorbance of its

corresponding matched blank.

Ferric-reducing antioxidant power

FRAP was measured using the Ferric Reducing
Antioxidant Assay Kit (Sigma-Aldrich
MAK369) according to the kit procedure (Sigma-

Power

Aldrich, 2019). Ten microlitres of sample or ferrous
standard was placed in each well. Ferrous standards
were prepared from the 2 mM standard to provide o—
20 nmol/well. The reaction was initiated with 190 uL
of reaction mix containing FRAP assay buffer, FeCls
solution and FRAP probe in a 152:19:19 uL ratio.
Parallel extract-background wells contained the
corresponding 171:19 pL buffer:FeCls mixture without
FRAP probe. Absorbance at 594 nm was monitored at
37 °C for 60 min, and the 60-min reading was used.
Results were expressed as mM Fe2* equivalents after

application of the recorded dilution factor.

Total antioxidant capacity

TAC was determined using the Total Antioxidant
Capacity Assay Kit (Sigma-Aldrich MAK187) according
to the kit chemistry (Sigma-Aldrich, 2018). Trolox
standards were prepared from a 1 mM stock to provide
0, 4, 8, 12, 16 and 20 nmol/well and brought to 100 uL
with ultrapure water. A 0.10 uL aliquot of extract was
used per sample well. Sample wells were brought to 100
uL and 100 pL of freshly prepared Cu2* working solution
(1:49 Cu2?' reagent:assay diluent) was added. Plates were
incubated for 90 min at room temperature protected
from light and read at 570 nm. The zero-Trolox blank
and matched extract blank were subtracted before
interpolation from the standard curve. TAC was
calculated after accounting for sample volume and

expressed as mM Trolox equivalents.

Acetylcholinesterase inhibitory activity

AChE inhibition was evaluated using a modified Ellman
microplate procedure (Ellman et al., 1961; Dohi et al.,
2009; Jazayeri et al., 2014). Ready-to-use assay buffer
(Sigma-Aldrich Catalog Number CS0003A) and AChE
positive-control ~ solution  (Sigma-Aldrich  Catalog
Number CS0003C) were used as supplied (Sigma-

Aldrich, 2025).

For each well, 25 uL extract solution was combined with
50 uL assay buffer and 25 uL. AChE solution adjusted to
0.22 U/mL and incubated at 37 °C for 15 min. Then 125
uL of 3 mM 5,5’-dithiobis(2-nitrobenzoic acid) (DTNB)
and 25 uL of 15 mM acetylthiocholine iodide (ATCI)
were added; the mixture was incubated for 30 min at
room temperature and read at 412 nm. Final operational
well concentrations were 10, 25, 50, 100 and 200 ug/mL
for the extract and 0.5, 1, 2, 4 and 8 pg/mL for
galantamine. Each concentration had a matched sample
blank without enzyme; control and control-blank wells
were processed in parallel, following the same principle
used in blank-corrected Ellman assays (Kitazawa et al.,

2021). Inhibition was calculated using Equation 3.

GC-MS profiling

Derivatized GC-MS profiling was performed at the
Central Instrumentation Facility, De La Salle University,
Bifian, Laguna, Philippines, using an Agilent 8890 GC
coupled to a 5977B Mass Selective Detector and an HP-
5MS capillary column (30 m x 0.250 mm i.d., 0.25 um
film). MassHunter Qualitative Analysis 10.00 was used
for data processing and NIST MS Search 2.3 for library
matching (Table 1).

Fifty milligrams of dried ethanolic extract was
reconstituted in 500 pL methanol:water (50:50, v/v),
vortexed for 1 min, sonicated for 5 min and centrifuged

at 12,000 rpm for 5 min.

Fifty microlitres of supernatant was dried by centrifugal

vacuum concentration.

Methoxyamine hydrochloride in pyridine (20 uL, 30
mg/mL) was added and the sample was heated at 37
°C for 2 h with intermittent shaking. BSTFA

125 | Gasga

International Journal of Biosciences | 1JB
Website: https://www.innspub.net


https://www.innspub.net/

Vol. 29, Issue: 4, p. 122-132, 2026 Int. J. Biosci.

containing 1% TMCS (20 pL) was then added and the
mixture was heated at 37 °C for 1 h, followed by 1 h at
room temperature before injection. A reagent blank

underwent the same derivatization sequence.

GC-MS peak annotations were assigned by NIST-

library spectral matching and are reported as putative

annotations. Peaks eluting before 5 min were
assigned by the analytical laboratory to derivatization
reagents and excluded from biological interpretation.
Peak area is reported as chromatographic instrument
response. Annotation terminology follows established
mass-spectral reporting conventions (Schymanski et

al., 2014).

Table 1. GC-MS acquisition and data-processing parameters

Parameter Setting
Injection 1.0 uL; split 1:50
Carrier-gas flow 1 mL/min

Oven program

45 °C — 180 °C at 12 °C/min — 250 °C at 5 °C/min — 300 °C at 10 °C/min; hold 10 min

Total runtime 40.25 min

Tonization Electron ionization, 70 eV

Acquisition Scan, m/z 50-550

Software/library MassHunter Qualitative Analysis 10.00; NIST MS Search 2.3

Statistical analysis

Three independent extraction/assay trials using
separately prepared sample batches constituted the
experimental replication (n = 3). Trial-level results
are presented as mean + standard deviation (SD), and
relative standard deviation (RSD) was calculated to
summarize between-trial dispersion. Concentration-
response relationships for DPPH and AChE inhibition
were fitted by logarithmic regression using
operational final concentrations, and goodness of fit
was expressed as R2.

RSD (%) == x 100 4)
For DPPH and AChE concentration-response data,
the prespecified logarithmic model was fitted to
percentage inhibition as a function of the natural

logarithm of operational final concentration, C:

e

y=aln(c)+b; IC5o= e (5)

where y is inhibition expressed as a fraction and C is
the operational final concentration in the reaction
mixture or well. ICso was calculated from the fitted

regression equation at y = 0.50.

RESULTS

Extraction yield and phytochemical indices
The three independent 100-g dried-flower extraction
batches yielded 23.70 + 0.275% dried ethanolic
extract, corresponding to an RSD of 1.16% (Table 2).

Phenolic and flavonoid indices and
antioxidant capacity

TPC was 117.937 + 1.074 mg GAE/g dried extract and
TFC was 26.418 + 0.278 mg QE/g dried extract, with
RSD values of 0.91% and 1.05%, respectively (Table 2).
The extract showed DPPH radical scavenging with an
ICs0 of 113.25 ug/mL based on operational final
reaction concentration. The fitted ascorbic-acid
response yielded an ICso estimate of 3.69 ug/mL.
FRAP was 380.84 mM Fe2* equivalents and TAC was

514.71 mM Trolox equivalents (Table 3).

Acetylcholinesterase inhibition

The dried ethanolic flower extract inhibited AChE
with an ICso0 of 28.44 pg/mL and R2 = 0.9945. The
fitted galantamine response yielded an ICso
estimate of 0.39 pg/mL with R2 = 0.9817 (Table 4;
Fig. 1).

GC-MS profile

The blank-subtracted derivatized chromatogram
contained 44 NIST library-matched peaks. Six
putative annotations with established relevance to
antioxidant, lipid or neurobiological pathways were
selected for focused interpretation (Table 5). Among
these selected peaks, y-sitosterol showed the largest
chromatographic peak area (25,794,547), followed
by linoleic acid (14,831,704) and syringic acid
(4,888,448).
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Table 2. Extraction yield and compositional indices across three independent batches/trials (n = 3)

Parameter Mean + SD RSD (%)
Extraction yield (% w/w) 23.70 + 0.275 1.16
Total phenolic content (mg GAE/g extract) 117.937 + 1.074 0.91
Total flavonoid content (mg QE/g extract) 26.418 + 0.278 1.05

Table 3. Antioxidant assay results for dried ethanolic Myosotis sylvatica flower extract

Endpoint Extract result Reference/calibration Fit or unit
DPPH scavenging, ICs0 113.25 ug/mL Ascorbic acid: 3.69 ug/mL* R2 0.9676 / 0.9402
FRAP 380.84 Fe2+ calibration mM Fe2* equivalents
Total antioxidant capacity 514.71 Trolox calibration mM Trolox equivalents

*Ascorbic-acid ICs0 was obtained from the fitted concentration-response regression.

Table 4. Acetylcholinesterase inhibition based on operational concentrations in the completed microplate well

Sample ICs0 (ug/mL) R2
Muyosotis sylvatica flower extract 28.44 0.9945
Galantamine 0.39 0.9817
1001 4 , 100 1 b °
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e
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z T 401
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o o
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Fig. 1. Concentration-response profiles based on operational concentrations in the completed reaction mixture
or well: (a) DPPH scavenging by Myosotis sylvatica flower extract; (b) DPPH scavenging by ascorbic acid; (c)
AChE inhibition by Myosotis sylvatica flower extract; (d) AChE inhibition by galantamine. Dashed horizontal

lines indicate 50% inhibition; dotted vertical lines indicate regression-derived ICso0 estimates
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Table 5. Selected biologically relevant putative annotations from derivatized GC-MS

Compound Class RT (min) Peak area Match R.Match
Syringic acid Phenolic acid 15.226 4,888,448 931 967
Phytol Diterpenoid alcohol 19.564 992,851.1 860 896
Linoleic acid Polyunsaturated fatty acid 19.878 14,831,704 924 948
Campesterol Phytosterol 33.119 4,726,244 880 929
Stigmasterol Phytosterol 33.497 4,434,269 873 894
y-Sitosterol Phytosterol 34.248 25,794,547 952 954

DISCUSSION

Extraction yield and phytochemical profile

The dried ethanolic extract yield was 23.70 =+
0.275% across the three independent batches, with
an RSD of 1.16%. TPC and TFC likewise showed low
between-trial dispersion, with RSD values of 0.91%
and 1.05%, respectively. The TPC of 117.937 mg
GAE/g and TFC of 26.418 mg QE/g demonstrate
substantial recovery of phenolic- and flavonoid-
reactive constituents from the flower extract. Recent
studies of Myosotis sylvatica and Myosotis amoena
similarly document phenolic constituents and
antioxidant-related activity in the genus (Aytar et

al., 2026; Yapici et al., 2025).

The TFC value of 26.418 mg QE/g complements the
TPC result and indicates a measurable flavonoid
contribution to the phenolic fraction of the dried

ethanolic flower extract.

Aluminium-chloride colorimetry is widely applied
for comparative assessment of flavonoid-rich
botanical extracts (Madike et al., 2017; Bizuayehu et

al., 2016).

Antioxidant profile
DPPH, FRAP and TAC characterize different aspects
of antioxidant behavior: radical scavenging, ferric-
ion reducing capacity and Cu2‘-reducing capacity,
(Hidalgo

Munteanu and Apetrei, 2021). The extract showed

respectively and Almajano, 2017;
activity across all three systems, with a DPPH ICso
of 113.25 pg/mL, FRAP of 380.84 mM Fe2*
equivalents and TAC of 514.71 mM Trolox
equivalents. The concordant responses across
distinct assay chemistries indicate broad redox
activity of the dried ethanolic flower extract. Multi-
combined with

assay antioxidant evaluation

chemical profiling has likewise been applied to plant
extracts to relate antioxidant behavior to chemical
composition (Padinjarekutt and Saraf, 2024).

The TAC assay yielded 514.71 mM Trolox
equivalents under the MAKi187 Cu2*-reduction
chemistry. In conjunction with the FRAP response,
this result shows that the extract contains
constituents capable of reducing both ferric and
cupric redox systems, complementing the direct

radical-scavenging response measured by DPPH.

The DPPH 1ICso of 113.25 pg/mL confirms
concentration-dependent radical-scavenging activity.
Recent work on Muyosotis sylvatica and Myosotis
amoena also reports antioxidant activity and phenolic
constituents, supporting the genus as a source of
redox-active natural products (Aytar et al., 2026;

Yapici et al., 2025).

Acetylcholinesterase inhibition

The extract produced concentration-dependent AChE
inhibition with an ICso0 of 28.44 pg/mL and a strong
logarithmic fit (R2 = 0.9945). Galantamine showed
greater potency, with a fitted ICs0 estimate of 0.39
pg/mL. The magnitude and concentration dependence
of the response demonstrate clear cholinesterase-

inhibitory activity of the dried ethanolic flower extract.

The AChE

concentration-matched  blank

response remained evident after

correction.  Similar
Ellman-type procedures are used in natural-product
cholinesterase screening (Dohi et al., 2009; Jazayeri et
al., 2014; Kitazawa et al., 2021). AChE-active flower
extracts have been reported for Nymphaea pubescens,
Calendula

pandacaqui (Acharya et al., 2018; Olennikov et al.,

officinalis  and  Tabernaemontana

2017; Athipornchai et al., 2020), while the related
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Boraginaceae species Nonea micrantha has shown
concurrent anticholinesterase, antioxidant and GC-MS
profiles (Imran et al., 2017). The present result extends

this pattern to Myosotis sylvatica flowers.

GC-MS
constituents

Derivatized GC-MS generated 44 NIST library-
fatty-acid,

hydrocarbon and phytosterol classes. The annotations

interpretation and candidate

matched peaks spanning terpenoid,
are reported as putative library matches in
accordance with standard mass-spectral reporting

practice (Schymanski et al., 2014).

Among the selected biologically relevant peaks, y-
sitosterol, linoleic acid and syringic acid showed the
largest chromatographic responses. The selected
annotations provide a coherent chemical context for

the observed bioactivities.

Phytol has

experimental models (Costa et al., 2016), syringic acid is

documented antioxidant activity in

a phenolic acid associated with antioxidant and
neurobiological activities (Srinivasulu et al., 2018), and
linoleic acid contributes to neuronal membrane lipid
biology (Bazinet and Layé, 2014). Plant sterols have also
been investigated in neurotoxicity models (Yadav et al.,
2023), while phenolic and other natural-product
scaffolds are established sources of cholinesterase-
interacting compounds (Istk and Beydemir, 2021;
Smyrska-Wieleba and  Mroczek, 2023). The
predominance of y-sitosterol among the selected GC-MS
peaks, together with linoleic acid and syringic acid,
chemical classes for

prioritizes these targeted

fractionation and confirmatory analysis.

CONCLUSION

Three independent 100-g dried-flower extraction
batches yielded 23.70 + 0.275% dried ethanolic
Myosotis sylvatica flower extract. The extract
consistently exhibited substantial phenolic and
flavonoid indices, DPPH radical-scavenging activity,
ferric- and cupric-reducing antioxidant capacity, and
concentration-dependent AChE inhibition with an

1Cs0 of 28.44 ng/mL based on operational final well

concentration. Derivatized GC-MS generated 44
library-matched peaks, including y-sitosterol, linoleic
acid, syringic acid, campesterol, stigmasterol and
phytol among the biologically relevant putative
annotations.  The  integrated  phytochemical,
antioxidant, enzyme-inhibition and GC-MS profile
supports Myosotis sylvatica flowers as a promising
source of redox-active and cholinesterase-inhibitory
natural products for bioassay-guided fractionation

and targeted chemical characterization.
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