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Abstract: Natural products are being investigated to obtain potential agents that could be
used to prevent and ameliorate obesity and oxidative stress, which are two important factors
that cause many metabolic disorders in the body. This study aimed to isolate and quantify the
major compounds, to determine total flavonoid content, and to evaluate biological activities
(antioxidant and pancreatic lipase (PL) inhibitory activity) of the methanol extract and the
chloroform, ethyl acetate and the remaining aqueous subextracts of Alcea biennis Winterl.
The major compound isolated from the ethyl acetate subextract was determined as tiliroside
(kaempferol 3-O-p-(6"-O-trans-p-coumaroyl-glucopyranoside) using 1D-NMR and 2D-
NMR spectral methods. The quantification of tiliroside in the extracts was specified by the
newly validated high-performance liquid chromatography (HPLC) method. Ferric-reducing
antioxidant power (FRAP) assay was performed to determine the antioxidant activity and the
total flavonoid content was determined. The ethyl acetate subextract was found to have the
highest tiliroside (75.4263 mg/g) and total flavonoid content (189 mg QE/g) and showed the
highest FRAP value (259 + 5.1316 uM TE/g). The methanol extract had a higher PL
inhibitory activity (ICso = 100.891 + 5.160 pug/mL) compared to the other extracts. Tiliroside
exhibited higher activity (ICso = 86.203 + 6.323 ug/mL) than the extracts. It has been
demonstrated that A. biennis may be a promising plant for treatment of obesity, and further
studies should be conducted to evaluate it as a therapeutic agent.

Ozet: Viicutta bircok metabolik bozukluga neden olan iki 6nemli faktér olan obezite ve oksi-
datif stresin dnlenmesi ve iyilestirilmesi i¢in dogal iiriinler arastirilmaktadir. Bu ¢alismada,
Alcea biennis Winterl metanol ekstresi ile kloroform, etil asetat ve arta kalan sulu alt ekstrel-
erinin ana bilesiklerinin izole edilmesi ve miktarinin belirlenmesi, toplam flavonoit igeriginin
tayini ve biyolojik aktivitelerinin (antioksidan ve pankreatik lipaz (PL) inhibitor aktivite)
degerlendirmesi amaglanmstir. izolasyon caligmalar1 sonucunda etil asetat alt ekstresinden
izole edilen ana bilesigin 1D-NMR ve 2D-NMR spektral yontemleri kullanilarak tilirozit
(kemferol 3-O-p-(6"-O-trans-p-kumaroil-glukopiranozit) oldugu saptanmustir. Ekstrelerdeki
tilirozit miktar1 yeni gelistirilen yiliksek performansli s1vi kromatografisi (HPLC) yontemiyle
belirlenmigtir. Antioksidan aktiviteyi belirlemek icin ferrik-indirgeyici antioksidan gii¢
(FRAP) analizi yapilmis ve ayrica toplam flavonoit igerigi belirlenmistir. Etil asetat alt
ekstresinin en yiiksek tilirozit (75,4263 mg/g) ve toplam flavonoit (189 mg QE/g) igerigine
sahip oldugu ve en yiiksek FRAP degerini (259 + 5,1316 uM TE/g) gosterdigi tespit
edilmistir. Metanol ekstresi diger ekstrelerle karsilastirildiginda daha yiiksek PL inhibitor ak-
tivitesine (ICso = 100,891 + 5,160 pg/mL) sahiptir. Tilirozit ise ekstrelerden daha yiiksek
aktivite (ICso = 86,203 + 6,323 ug/mL) sergilemistir. Alcea biennis’in obezite tedavisi i¢in
umut verici bir bitki olabilecegi ortaya konulmustur ve terapdtik ajan olarak deger-
lendirilmesi i¢in daha ileri ¢alismalar yapilmalidir.

© Copyright 2024 Sener, Subas, Kanbolat, Badem, Ozgen, Tamer, Kaplan & Sezen Karaoglan
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Introduction

Obesity and overweight, which affect all age groups
with an increasing prevalence, are defined as excessive
and abnormal fat accumulation that harms human health
(WHO 2018). Although the number of people affected
by obesity and overweight was 2.6 billion in 2020, it is
claimed that this number will exceed 4 billion in 2035
(WOA 2023). Since obesity is a serious problem
worldwide and the associated diseases increase,
therapeutic investigations for the treatment of obesity,
which could be consulted in addition to other than
lifestyle changes and exercises, still continue. There are
different options, such as reducing energy intake,
increasing energy expenditure, decreasing fat
absorption, and increasing lipolysis, used currently for
obesity treatment (Hasim et al. 2023). In the case of
decreasing fat absoprtion, inhibition of pancreatic lipase
(PL) is targeted (Liu et al. 2020). Although orlistat, as a
PL inhibior, is used in the treatment of obesity, it is
difficult to tolerate its side effects, which in turn made
natural products an important resource for the discovery
of more effective agents with less side effects (Bustanji
et al. 2011).

The genus Alcea L. (Malvaceae) is represented by 70
species in the world and has the highest number of species
in Iran, Russia, and Tirkiye, respectively. The
distribution range of the genus covers Europe (except the
north), North of America, Africa, Southern Russia,
Anatolia, and Afghanistan (Uzunhisarcikli & Vural
2012). The species of the genus are known as “hatmi”, in
general, in Tiirkiye, and Alcea biennis Winterl, (syn.: A.
pallida) in particular, is known with various names such
as Giilhatmi, Giilfatma, Fatma ¢igegi, Fatmaana otu and
sigirkuyrugu (Bulut & Tuzlaci 2013, Sagiroglu et al.
2013).

The flowers of Alcea species have medicinal uses
owing to the large amount of mucilage (Uzunhisarcikli &
Vural 2012). For instance, A. biennis is used in folk
medicine for bronchitis (Polat et al. 2013, Tetik et al.
2013), asthma (Erarslan et al. 2021), conjunctivitis
(Tuzlaci & Eryasar-Aymaz 2001), toothache (Sagiroglu et
al. 2013), wounds and cuts (Polat et al. 2013), and as an
antitussive (Polat et al. 2013, Akyol & Altan 2013, Tetik
et al. 2013, Erarslan et al. 2021, Bagci & Keskin 2022),
expectorant (Erarslan et al. 2021), ophthalmic (Sagiroglu
et al. 2013), diuretic (Bulut & Tuzlaci 2013, Erarslan et
al. 2021), antidiarrheal (Tuzlaci & Erol 1999), and
antifungal (Bulut & Tuzlaci 2013).

The study of Ertas et al. (2016) showed that A. biennis
has fatty acids (palmitic acid, linolenic acid), phenolic
acids (salicylic acid, ascorbic acid, caffeic acid), and
essential oil (arachidic acid, a-selinene, heptacosane,
tetratetracontane, hexadecanoic acid) (Ertas et al. 2016).
It was also reported that the species has antioxidant (Kirca
& Arslan 2008, Tusevski et al. 2014, Ertas et al. 2016),
antimicrobial, butyrylcholinesterase inhibitory (Ertas et
al. 2016), and antistress (Aydin et al. 1992) activities.
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The total phenolic and flavonoid contents of the
species were also evaluated (Tusevski et al. 2014, Irtem-
Kartal et al. 2020), but there has been a few biological
activity studies on the species. To our knowledge, there
are no isolation studies on major secondary metabolites of
A. biennis. In the present study, we aimed to isolate the
main secondary metabolites from various extracts of the
aerial parts of A. biennis (ABA) and to quantify them by
HPLC. We also determined the total flavonoid contents,
antioxidant and PL inhibitory activities of the extracts.

Materials and Methods

Plant Material

Alcea biennis was collected from Hasankale on
10.07.2015, in a locality around the Otlukkapi village of
Erzurum  province, Tiirkiye (Location: B8-
Latitude/Longitude/Altitude: 39°55.340 N 41°41.704 E,
1683 m). The identification of the plant material was
performed by Meryem SENGUL KOSEOGLU and by the
last author of the study. A voucher specimen of the plant is
preserved in Atatiirk University, Biodiversity Application
& Research Center (AUEF 1164).

Extraction and Isolation

The aerial parts of A. biennis (ABA) were used for
extractions. Initially, dried and powdered ABA (460 g)
were extracted with methanol [(Sigma-Aldrich)-(2 L,
three times)]. The combined methanol extracts were
filtered and evaporated to dryness. The methanol extract
(ABA-M, 49.2 g) was suspended in 300 mL of
water:methanol (9:1) mixture. Then the suspension was
partitioned with chloroform [(Sigma-Aldrich)-(300 mL,
twice)], and the solvent was evaporated using a rotary
evaporator to obtain the chloroform subextract (ABA-C,
16.3 g). In the same manner, the water:methanol (9:1)
mixture was partitioned with ethyl acetate [(Sigma-
Aldrich)-(300 mL, twice)], and after evaporation of the
solvent, the ethyl acetate subextract (ABA-E, 1 g) was
obtained. The remaining aqueous subextract (ABA-A,
30.3 g) was acquired by evaporating the remaining
aqueous phase under reduced vacuum at 40°C.

ABA-E was separated by Sephadex LH-20 (Sigma-
Aldrich) column chromatography. Elution was performed
with 100% methanol. Fifteen fractions (10 mL each) were
collected and fraction 11 gave ABA-E1 (tiliroside, 15
mg). Nuclear Magnetic Resonance (NMR) spectra of
APA-E1 was obtained by Bruker Ascend™ 400 MHz/54
mm ULH in CD3;0D.

Thin layer chromatography (TLC, aluminum sheets
20%20 cm, silica gel 60 Fass; Merck, 5554) was used to
identify the compounds and check their purity. TLC spots
were identified by spraying 1% vanillin/H,SO4 (Sigma-
Aldrich) and then heating at 110°C for 1-2 min. In the
studies on ABA-E, CHCl3:MeOH:H,0 (80:20:2, 70:30:3)
solvent systems were used for TLC.
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Quantitative analysis of ABA-E1 (Tiliroside) by HPLC
Method

Preparation of ABA-E1 Solutions

A stock solution including ABA-E1 (100 uL) isolated
from ABA-E was prepared and dissolved in HPLC-grade
methanol. The prepared solution was filtered through a
0.45 um membrane filter. The stock solutions of ABA-E1
were diluted between 7.5-100 pg/mL and used to create a
calibration curve.

Preparation of Sample Solutions

To determine the ABA-E1 content by HPLC
(Shimadzu Corporation, LC 20 AT, Kyoto, Japan)
analysis, ABA-M, ABA-C, ABA-E, and ABA-A
solutions were prepared.

HPLC Conditions

The newly validated HPLC method was applied for
analysis. For this purpose, a C18 column (4.6 x 150 mm, 5
um) and a two-solvent gradient system (100% acetonitrile
B: ~ 2.5% (v/v, adjust to pH 2.75) acetic acid in deionized
water, constant solvent flow rate 1.2 mL/min) with a diode
array detector between wavelengths 240 and 360 hm was
used. The gradient program was as follows: 0.01 min 45%
A, 55% B; 1 min 45% A, 55% B; 2 min 50% A, 50% B; 4
min 50% A, 50% B; 5 min 60% A, 40% B; 7 min 60% A,
40% B; 8 min 80% A, 20% B; 9 min 80% A, 20% B; 10
min 90% A, 10% B; 20 min 90% A, 10% B.

Method validation

Validation of the method was appraised for linearity,
recovery, precision, and selectivity according to ICH
guidelines (EMA 2022). Linearity was evaluated with
calibration curves containing five different ABA-E1
concentrations ranging from 7.5-100 pg/mL and five
replicate data points. To obtain a linear regression
equation and find the correlation coefficient, peak areas
were plotted over different ABA-E1 concentration ranges
(Table 1). Recovery, percent concentration of ABA-E1 in
triplicate  was investigated for three different
concentrations. Recovery was expressed as the mean and
standard deviation of the known amount in percent. Three
different concentrations of ABA-E1 were measured intra-
day and inter-day to assess precision. The relative
standard deviation (%RSD) of the retention times for two
separate days and the percentage of peak areas were
determined. The selectivity of the method was evaluated
by comparing the chromatograms.

Quantitative analysis

ABA-E1 content in the extract and subextracts was
found on the obtained calibration curve. Each sample was
run in triplicate by the new HPLC method according to
the quantitative analysis specification.

Determination of Total Flavonoid Content

The total flavonoid content (TFC) of the extracts was
determined by the aluminum trichloride method. 1 mL of
extract (2 mg/mL) and 1 mL of 2% AICI; were mixed, and
for all samples, a mixture of 1 mL of extract and 1 mL of
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methanol was used as blind. After the samples were kept
at room temperature for 10 minutes, absorbance values
were determined at 415 nm against the blank using a
spectrophotometer (BMG Labtech Spectrostar Nano).
The flavonoid content of the samples was found as the
quercetin equivalent (expressed as mg QE/g) by the
equation of the curve obtained from the absorbance
concentration graph of the quercetin (standard) (Arvouet-
Grand et al. 1994).

Determination of Antioxidant Capacity

Ferric Reducing Antioxidant Power (FRAP) Assay

FRAP assay is based on measuring the ferric-reducing
capacity of the samples. Extracts were prepared at a
concentration of 10 mg/mL. 50 uL of the sample solution
and 1.5 mL of freshly prepared FRAP reagent were
pipetted onto the standard blank. Samples’ own solvents
were used as blanks. After vortexing, the tubes were
incubated at room temperature for 20 min. Later,
absorbance values were read at 595 nm using a
spectrophotometer (BMG Labtech Spectrostar Nano).
The FRAP test results were found as Trolox (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid, Sigma-
Aldrich) equivalent with the help of the curve prepared
with the absorbance concentration values of Trolox used
as a standard. The results were determined as uM Trolox
per g sample (TEAC) (Benzie & Strain 1999).

Pancreatic Lipase (PL) Inhibition

PL inhibition was evaluated by the method of Bustanji
et al. (2011) where p-nitrophenyl butyrate (p-NPB)
(Sigma-Aldrich) was used as the substrate. Prepared
extracts and orlistat (positive control) were diluted with
buffer solution (0.1 M Tris-HCI buffer, pH = 8.0) at
different concentrations (12.5-400 and 6.25-100 pg/mL,
respectively). Experimental microplate wells were
prepared: A: 90 pL enzyme solution [(PL from porcine,
type 1l (Sigma, EC 3.1.1.3)-(200 units/mL)] 5 pL
substrate solution (10 mM), 5 pL buffer solution; B: 90
puL of enzyme solution (200 units/mL), 10 pL of buffer
solution; C: 90 pL enzyme solution (200 units/mL), 5 uL.
sample solution, 5 pL substrate solution (10 mM); D: 90
pL enzyme solution (200 units/mL), 5 pL sample
solution, 5 uL buffer solution.

Table 1. Validation parameters of the new HPLC method for
ABA-E1 (Tiliroside).

Retention Time (min)

Regression coefficient (R?)

5.38 0.9997
Retention Time (%RSD) Peak Area (%RSD)

Intra-day Intra-day
0.056 0.059 0.27 0.39

Inter-day Inter-day

% Recovery (Mean + SD)
50 pg/mL
100.93 +0.7505

12.5 pg/mL
98.10 £ 0.8185

100 pg/mL
100.56 +0.5773

RSD: Relative Standard Deviation
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Before adding the substrate, the microplates were
incubated at 37°C for 15 minutes, then the substrate
solutions were added to the wells, and the microplates
were incubated again at 37°C for 15 minutes. The
microplates were read with a microplate reader at 405 nm
(BMG Labtech Spectrostar Nano) and the absorption
values were placed in the equation given below, and the
% PL Enzyme Inhibition values were calculated. All
samples were run in 3 parallels.

- . (A-B) - (C-D)

Pancreatic Lipase Inhibition (%) = |——————[X 100

(A-B)

The % enzyme inhibition values and the logarithm of
the concentration (ordinate and abscissa) it belongs to
were placed on the graph and the ICso values of the
samples on the PL enzyme were found from the obtained
graphic equation.

Results

Isolation of ABA-E1 (Tiliroside)

Tiliroside, a glycosidic flavonoid, was isolated from
ABA-E by the isolation studies on ABA (Fig. 1).

trans-Tiliroside (Kaempferol 3-O-g-(6"-O-trans-p-
coumaroyl-glucopyranoside): Yellow  amorphous
substance; 'H-NMR (400 MHz, CD3;0D): § 8.0 (d, 2H, H-
2" and H-6', J = 8.3), 7.43 (d, 1H, H-7", J = 15.9), 7.32 (d,
1H, H-2" or H-6", J = 8.0), 6.81 (d, 2H, H-2' or H-6"), 6.81
(d, 2H, H-3" or H-5"), 6.33 (s, 1H, H-8), 6.15 (s, 1H, H-6),
6.10 (d, 1H, H-8",J=15.9),4.31and 4.21 (2H, H-6"), 3.47-
3.50 (m, 4H, sugar protons); C-NMR (100 MHz,
CD30D): 6 178.3 (C-4), 167.4 (C-9™), 164.5 (C-7), 161.6
(C-5),160.1 (C-4'), 159.8 (C-4"), 157.9 (C-2), 157.0 (C-9),
145.2 (C-7"), 133.7 (C-3), 130.8 (C-2’ and C-6"), 129.8 (C-
2" or C-6"), 125.6 (C-1"), 121.3 (C-1"), 114.6 (C-3' and C-
5, 113.3 (C-3" or C-5"), 113.3 (C-8"), 104.1 (C-10), 102.5
(C-1"),98.6 (C-6),93.4 (C-8), 76.6 (C-3"), 74.4 or 74.3 (C-
3" or C-5"), 70.3 (C-4"), 62.9 (C-6"). 'H-NMR, *C-NMR,
HSQC, and HMBC data (Supplementary Material Figs S1-
S4) are similar to data in the literature for tiliroside
(Cornelio et al. 2017, Devi & Kumar 2020).

Results of HPLC Analysis

The parameters of the new HPLC method for
validation are shown in Table 1. The method showed good
linearity (at 7.5-100 pug/mL concentration, R? > 0.999)
(Table 1, Fig. 2). Relative standard deviation (RSD)
values for intra-day and inter-day precision were
determined as 0.27% and 0.39% for peak area and 0.056%
and 0.059% for retention time, respectively. The accuracy
of the quality controls ranged from 98.10% to 100.93%
(RSD < 0.83%) (Table 1).

OH O HO— &

Fig. 1. trans-Tiliroside
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Table 2. ABA-E1 content detected by HPLC analysis of
samples.

ABA-E1 Content

Test Extracts (mg/g crude extract)

ABA-M 40.2508
ABA-C -

ABA-E 75.4263
ABA-A 16.7311

ABA-M: Methanol extract of A. biennis aerial parts (ABA),
ABA-C: Chloroform subextract of ABA, ABA-E: Ethyl acetate
subextract of ABA, ABA-A: Remaining aqueous subextract of ABA

The quantitative analysis of ABA-E1 was
determined according to the peak areas of the samples’
chromatograms using the calibration curve (Fig. 2).
ABA-E1 contents of all samples were given as mg/g
crude extract as a result of HPLC analysis (Table 2, Fig.
2). The highest ABA-E1 content was detected for ABA-
E (75.4263 mg/g crude extract), followed by ABA-M
(40.2508 mg/g crude extract) and ABA-A (16.7311
mg/g crude extract). It was determined that the HPLC
method for the example termed as ABA-C did not
contain ABA-E1 in the concentration range.

Total Flavonoid Content

The TFC of the extracts was detected as mg QE/g. As
given in Table 3, ABA-E was found to have the highest
flavonoid content (mg 189 QE/qg).

Antioxidant Activity

The antioxidant activity of the extracts was found by
the FRAP assay. FRAP assay results are given as TEAC
(uM). ABA-E was found to have the highest FRAP value
(TEAC =259 £5.1316 uM) (Table 3).

PL Inhibition

PL inhibitory activities of the extracts and tiliroside
are given as ICsp in Table 4. Graphs related to enzyme
inhibition are presented in Fig. 3. The activities of the
extracts and tiliroside are weaker than orlistat. It was
observed that ABA-M has more potent activity than other
extracts (ICso= 100.891 + 5.160 pug/mL), and tiliroside
showed the highest activity (ICso = 86.203 + 6.323
pg/mL).

Table 3. TFC and FRAP values of the extracts.

TFC? FRAPP
Test Extracts mg QE/g TEAC (uM)
ABA-M 33 22 £3.7859
ABA-C nd° nd
ABA-E 189 259 +£5.1316
ABA-A 55 125 +3.5118

@Total flavonoid content expressed in mg of quercetin equivalent
(QE) per gram of dry plant weight. °FRAP value indicates the ferric-
reducing antioxidant power (UM trolox equivalent/gram). : not de-
termined. See Table 2, Fig. 4 for abbreviations.
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Fig. 3. The graphs of PL inhibition analysis.

Table 4. PL inhibitory activities of the extracts and tiliroside.

Test Compounds 1Cs0 (ng/mL) £ SD

ABA-M 100.891 £5.160
ABA-C 139.218 £3.309
ABA-E 162.543 +£4.824
ABA-A 252.379 +£9.529
Tiliroside 86.203 + 6.323
Orlistat 17.581 £0.714

SD: Standard deviation

Discussion

Obesity (body mass index (BMI) > 30 kg/m?), which
is caused by genetic background of individuals, the
environment, irregular diet and inactivity, is a complex
condition that causes metabolic disorders such as some

S.0. Sener et al.
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types of cancer, type 2 diabetes and cardiac diseases
(Bhardwaj et al. 2021). As a result of the increasing
incidence of obesity worldwide, the investigations for
treatment and prevention of obesity still continue. PL
inhibition is an important and attractive therapeutic
approach for obesity (Buchholz & Melzig 2015). PL is
involved in the hydrolysis of triacylglycerols to
monoacylglycerols and free fatty acids. After these
biomolecules are absorbed in the small intestine, they pass
into the blood circulation and reach the adipose tissue and
are used in the synthesis of triacylglycerol in adipocyte
cells. Since inhibition of PL controls the level of free fatty
acid accumulation by delaying/blocking dietary fat
absorption, PL inhibitors play an important role in
prevention and treatment of obesity (Chia et al. 2023).
Orlistat, which is currently used clinically for the
treatment of obesity and acts as a PL inhibitor, has serious
side effects. Natural products, especially plants, are being
researched to develop effective and safe new PL inhibitor
agents (de la Garza et al. 2011). Studies showed so far that
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flavonoids, saponins, polyphenols, alkaloids, terpenes and
phenolic compounds inhibit PL (Hasim et al. 2023).

In the present study, trans-tiliroside, which was
formerly isolated from A. rosea (Abdel-Salam et al. 2018)
was purified from ABA for the first time. The amount of
tiliroside in ABA-M, ABA-E, ABA-C, and ABA-A was
determined by the newly developed HPLC method, ABA-
E was found to containe the highest amount of trans-
tiliroside. Tiliroside, consisting of kaempferol, glucose, and
p-coumaric acid moieties, was determined in fruits, leaves
and roots of plants belonging to different families including
Malvaceae, Rosaceae and Tiliaceae. Studies demonstrated
that it has wide biological activities such as antioxidant,
antiinflammatory, neuroprotective, antimicrobial,
antiobesity and antiaging (Grochowski et al. 2018).

In this study, PL inhibitory activity of tiliroside and
total flavonoid content, antioxidant and PL inhibitory
activities of the extracts prepared from ABA were
evaluated in vitro. According to the results of the PL
inhibition experiment, ABA-M showed the highest
activity compared to other extracts, followed by ABA-C,
ABA-E and ABA-A, respectively. It was observed that
the PL inhibitory effect of tiliroside was higher than that
of the extracts. No study has been performed so far on the
PL inhibitory effect of tiliroside, but, there are studies
showing that tiliroside is effective for obesity with
different mechanisms except for PL inhibition (Ninomiya
et al. 2007, Goto et al. 2012, Nagatomo et al. 2013,
Nagatomo et al. 2015). It was determined that Rosa
canina L. fruit extract and tiliroside suppress lipid
accumulation in adipocytes in part by suppressing
peroxisome proliferator-activated receptor-y (PPAR-y)
expression (Nagatomo et al. 2013). In a single-center,
double-blind, randomized placebo-controlled study, 32
subjects with a BMI > 25 and <30 were given 100 mg of
rosehip extract (R. canina extract containing 0.12%
tiliroside) or placebo for 12 weeks. Total abdominal fat
area, body weight, and BMI were significantly reduced
compared to the placebo group. It was concluded that
rosehip extract may decrease abdominal visceral fat in
preobese individuals and that tiliroside may contribute to
this activity (Nagatomo et al. 2015). It was determined
that trans-tiliroside (0.1, 1, and 10 mg/kg) prevented body
weight gain in mice, reduced visceral fat, and a single oral
administration (10 mg/kg) raised PPAR-o. mRNA
expression in liver tissue (Ninomiya et al. 2007). In an in
vivo study by Goto et al. (2012), it was determined that
tiliroside stimulated fatty acid oxidation.

Excessive accumulation of fat in adipose tissue causes
the formation of reactive intermediates, decreased cellular
defense, and development of oxidative stress, and is
therefore thought to be the underlying cause of obesity-
related diseases (Manna & Jain 2015). In previous studies,
it was determined that total flavonoid content and
antioxidant capacity showed a linear relationship (Aryal
et al. 2019). We showed that ABA-E has the highest
flavonoid content and ferric-reducing capacity associated
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with antioxidant activity. It is known that flavonoids have
the potential to show antioxidant activity (Panche et al.
2016), and therefore it is an expected result that ABA-E,
which has a higher flavonoid content than other extracts,
has the highest FRAP value. Ertas et al. (2016)
determined that the flavonoid content (19.66 + 1.58 g
QEs/mg) and radical scavenging activity of the acetone
extract (at a concentration of 100 pg/mL) was higher than
other extracts prepared from the A. biennis. The
antioxidant activity of tiliroside (the main compound of
ABA-E) was investigated by different methods, including
FRAP analysis (Ndhlala et al. 2013, Li et al. 2017, Soltani
et al. 2023). According to the study of Li et al. (2017), the
ICs value of tiliroside in the FRAP analysis was found to
be 246.8 + 19.3 pg/mL (550.5 + 42.9 uM). This value is
similar to the 1Cso value of ABA-E (259 + 5.1316 uM) in
our study. These findings, led us to evaluate tiliroside to
contribute to the ferric reducing capacity of the
subextract. Using different methods, it has been
determined that tiliroside has a radical scavenging effect
against reactive oxygen species, and also shows
antioxidant activity by inhibiting xanthine oxidase, and
increasing superoxide dismutase levels (Grochowski et al.
2018). It has been reported that tiliroside (ICso= 1.63 +
0.86 mg/mL, in TEAC assay) obtained from the ethyl
acetate extracts of Wissedula periplocifolia (L.) C. Presl
and Sidastrum micranthum (A.St.-Hil.) Fryxell, both
members of Malvaceae, can contribute to the antioxidant
activity (Fernandes de Oliveira et al. 2012).

In summary, in this study, ABA-E has higher total
flavonoid content and higher ferric-reducing capacity than
other extracts in relation to its main compound, tiliroside.
ABA extracts showed PL inhibitory activity, and tiliroside
has the most potent activity. In further studies, the
antiobesity effects of ABA can be evaluated in terms of
different mechanisms. This study revealed that A. biennis
is a potential resource that can be evaluated in the
preparation of functional products that can be used for
prevention and treatment of obesity and its complications.
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