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Abstract

Objective: This study aimed to comprehensively evaluate the phytochemical composition, antioxidant capac-
ity, genoprotective potential, and genotoxic safety of Arbutus unedo L. (strawberry tree) fruit ethanolic (EtOH)
and aqueous extracts.

Materials and Methods: Ethanolic and aqueous extracts of A. unedo fruits were analysed for total phenolic
content (TPC), total flavonoid content (TFC), and antioxidant activity using cupric reducing antioxidant ca-
pacity (CUPRAC), ferric reducing antioxidant power (FRAP), and 2,2-diphenyl-1-picrylhydrazyl (DPPH) assays.
High-performance thin-layer chromatography (HPTLC) was employed to check the presence of some specific
phenolic compounds. Genotoxicity and genoprotection were assessed using the Ames test, alkaline comet as-
say, and cytokinesis-block micronucleus (CBMN) assay in Chinese hamster ovary (CHO-K1) cells.

Results: The EtOH extract showed significantly higher TPC (46.46 + 0.56 mg gallic acid equivalent [GAE]/g) and
TFC (14.23 +1.18 mg catechin equivalent [CEl/g) than the aqueous extract (TPC: 33.66 + 1.80 mg GAE/g; TFC:
8.90 + 0.24 mg CE/g), which was consistent with stronger antioxidant activity in the CUPRAC (114.86 + 5.33 mg
Trolox equivalent [TE]/g), FRAP (47.48 + 1.70 mg TE/g), and DPPH (89.86 + 0.83 mg TE/g) assays. No mutagenic
or genotoxic effects were detected in either extract in all genotoxicity tests. Moderate antimutagenic activity
was observed only at the highest concentration (5000 pg/plate) of the EtOH extract in the TA100 strain with S9
metabolic activation in the Ames test. However, no significant DNA protection was observed against doxorubi-
cin-induced damage in either the comet or micronucleus assays.

Conclusion: Arbutus unedo fruit extracts, particularly the EtOH extract, are rich in phenolic antioxidants and do not
exhibit genotoxic effects under the tested conditions. These findings support the safe use of A. unedo fruits in the food
industry and their potential as natural sources of antioxidants.
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INTRODUCTION

MATERIALS AND METHODS

rbutus unedo L., commonly referred to as the
Astrawberry tree, belongs to the genus Arbutus in

the Ericaceae family and is predominantly dis-
tributed throughout the Mediterranean region. Its dis-
tribution extends across Northeastern Africa, the Ca-
nary Islands and Western Asia, Western, Central, and
Southern Europe as well as the Mediterranean region of
Tirkiye (1). The species typically thrives on arid, rocky
slopes and hillsides or within pine forests, particularly in
the Taurus mountains, from sea level up to elevations of
600 meters (2). Arbutus unedo is an evergreen perennial
that can appear as either a shrub or a small tree. While
its usual height ranges from 1.5 to 3 meters, it can reach
up to 9 meters under favorable environmental condi-
tions (3). Uniquely, the plant bears both fruit and flowers
simultaneously during the winter months. Its inflores-
cences are composed of clustered, small, cream-colored,
lantern-shaped flowers. The alternate leaves are simple
and oblanceolate with a dark green hue, leathery texture,
short petioles, and serrated margins. The fruits are glob-
ular, orange-red, rough in texture, and can reach up to 2
cm in diameter (1,4).

Wild edible plants like A. unedo play a significant role
in traditional diets and community health practices. Its
fruits have historically been incorporated into regional
foods and beverages, including fermented drinks and
fruit preserves. Extracts obtained from A. unedo fruits
have demonstrated various pharmacological effects,
such as antioxidant, anti-inflammatory, antimicrobial
and antiproliferative activities (1,3). Triterpenoids such
as lupeol and betulinic acid isolated from its fruit ex-
tracts have shown inhibitory effects on cyclooxygen-
ase-2 (COX-2) activity (5). Additionally, the leaves are
known for their astringent properties, antiplatelet ef-
fects, and potential urinary antiseptic, anti-inflammato-
ry, antidiarrheal, antihypertensive, and antidiabetic ac-
tivities. In traditional folk medicine, A. unedo has been
used for its antiseptic, diuretic, and laxative properties,
as well as for managing arterial hypertension (6). Despite
its established health benefits and wide traditional use,
the genotoxic safety profile of A. unedo fruit extracts
remains insufficiently studied. Given that certain phy-
tochemicals may exert genotoxic effects under specific
conditions, a comprehensive safety evaluation is war-
ranted. Therefore, the present study aims to assess the
mutagenic/antimutagenic and genotoxic/antigenotoxic
effects of aqueous and ethanolic extracts prepared from
the ripe fruits of A. unedo, using pharmacognostic and
toxicological approaches to provide a comprehensive
safety profile.
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Plant Material

The ripe fruits of A. unedo L. were collected in October
2022 from the vicinity of the Yeditepe University cam-
pus, located in the Atasehir district of Istanbul, Tirkiye.
The plant species was identified by one of us (HK) and
a voucher specimen was deposited at the Herbarium of
the Department of Pharmacognosy, Faculty of Pharma-
cy, Yeditepe University, Istanbul, Tiirkiye (Herbarium No:
YEF 22043).

Preparation of Extracts

A 400 g of fresh fruits were cleaned and lyophilized in or-
der to remove water. For the ethanol extract (EtOH), 20 g
of ground sample was macerated in 200 mL of EtOH at
room temperature for 3 days, followed by extraction at
40°C for 3 hours. The mixture was then filtered, and the
solvent was evaporated under reduced pressure using
a rotary evaporator. The concentrated extract was dis-
persed in H20, frozen in refrigerator and subsequently
lyophilized (yield: 30.15%). For the aqueous extract (infu-
sion), 20 g of ground material was mixed with 200 mL of
boiling distilled water. After 15 minutes, the mixture was
filtered, and lyophilized (yield: 44.14%).

Phytochemical Analysis

High-Performance Thin-Layer Chromatography
(HPTLC)

Sample test solutions were prepared at a concentra-
tion of 20 mg/mL in methanol (MeOH) and applied
as 5uL bands onto 20 x 10 cm glass-backed HPTLC
plates (Merck, Darmstadt, Germany) precoated with
silica gel 60 Fis.. Standard compound solutions of iso-
quercitrin, myricitrin, quercitrin and arbutin (50 pg/
mL) was applied as 2 pL bands (8 mm in length) using
a 100 pL. Hamilton syringe and a semi-automated Li-
nomat 5 sample applicator (CAMAG, Muttenz, Switzer-
land). Chromatographic separation was performed in a
twin-trough chamber pre-saturated for 20 minutes with
a mobile phase consisting of ethyl acetate, dichloro-
methane, acetic acid, formic acid, and water in a ratio
of 100:25:10:10:11 (v/v/v/v/v). The plate was developed
to a distance of 7 cm, then dried using a stream of cold
air for 2 minutes. For derivatization, the developed plate
was heated at 105°C for 3 minutes using a TLC plate
heater III (CAMAG, Muttenz, Switzerland). Subsequent-
ly, it was sequentially derivatized by immersion in NP
reagent (prepared by dissolving 1 g of 2-aminoethyl
diphenylborinate in 200 mL of ethyl acetate) and PEG
reagent (10 g of polyethylene glycol 400 in 200 mL of
dichloromethane) using the chromatogram immersion
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device (CAMAG, Muttenz, Switzerland). The derivatized
plate was then photographed under 366 nm UV light
using an HPTLC imaging system. All procedures were
performed using WinCATS software (CAMAG, version
128 1.4.8.2031). Identification of the compounds in the
samples was achieved based on their retardation factor
(Rf) values and fluorescence band characteristics (7).

Total Phenolic Content (TPC)

In a 96-well plate, 25 pL of each sample (2.5 mg/mL), gal-
lic acid (standard) or water (blank) was mixed with 125
pL of 10% Folin-Ciocalteu reagent and 100 pL of 7.5%
NaHCO3. After 30 minutes incubation in the dark at
room temperature, absorbance was measured at 760 nm.
Results were expressed as mg gallic acid equivalents per
gram dry extract (mg GAE/g) (7,8).

Total Flavonoid Content (TFC)

Total flavonoid content was determined using sodi-
um nitrite, aluminium chloride and sodium hydroxide.
In a 24-well plate, 200 pL. of aqueous extract or cate-
chin (standard), and 50 pL of ethanolic extract (20 mg/
mL) were tested. After sequential addition of 30 pL 5%
NaNO,, 30 uL 10% AlCl;, 200 pL 1 M NaOH, and 340 pL
water, mixtures were incubated at room temperature.
Absorbance was measured at 510 nm. Results were ex-
pressed as mg catechin equivalents per gram dry extract
(mg CE/g) (9).

Antioxidant Activity Assays
DPPH Radical Scavenging Capacity Assay

In a 96-well plate, 20 puL of extract, ethanol (blank), or
Trolox (standard) was mixed with 280 uL of 0.1 mM
2,2-diphenyl-1-picrylhydrazyl (DPPH) in ethanol. Af-
ter incubation in the dark for 30 minutes, absorbance
was measured at 520 nm. Results were expressed as mg
Trolox equivalents per gram extract (mg TE/g) (10).

Cupric Ion Reducing Antioxidant Capacity
(CUPRAC) Assay

In a 96-well plate, 30 pL. of sample, standard, or blank
was mixed with 80 pL each of 1x107> M CuCl,, 7.5x107* M
neocuproine, and 1 M ammonium acetate buffer, fol-
lowed by 30 pL methanol. After 30 min at room tempera-
ture, absorbance was measured at 450 nm. Results were
expressed as mg TE/g extract (11,12).

Ferric Reducing Antioxidant Power (FRAP) Assay

In a 96-well plate, 20 pL of sample, Trolox standard, or
blank were mixed with 280 pL. of FRAP reagent (FeCls,
TPTZ, sodium acetate buffer, 1:1:10). After incubation at
room temperature for 6 minutes, absorbance was mea-
sured at 593 nm. Results were expressed as mg TE/g ex-
tract (13).

Genotoxicity Assessment

Mutagenicity and Antimutagenicity Assays

The bacterial reverse mutation assay (Ames test) was
performed using Salmonella typhimurium strains TA98
(frameshift mutations) and TA100 (base-pair substitu-
tions), with and without metabolic activation (+S9), fol-
lowing Maron and Ames (14). Aqueous and ethanolic A.
unedo fruit extracts (10-5000 pg/plate) were tested. A
maximum concentration of 5000 pg/plate was selected,
in line with OECD Test Guideline 471 recommendations
for non-cytotoxic and non-toxic substances. Serial dilu-
tions were then applied to determine concentration-de-
pendent effects. Dimethyl sulfoxide (DMSO) served as
the negative control; 4-nitro-o-phenylenediamine (NPD)
and sodium azide (SA) as positive controls for -S9 (TA98/
TA100), and 2-aminofluorene (2-AF) for +S9.

Each test plate contained the test compound or control,
bacterial culture, top agar, and either phosphate buffer (-
S9) or S9 mix (+S9). After incubation at 37°C for 48 hours,
revertant colonies were counted. All experiments were per-
formed in triplicate; results were expressed as mean + SD.

The mutagenic index (MI) was calculated as follows:
MI=A/B

where A = average number of revertant colonies in the
presence of sample, B = average number of revertant col-
onies in the negative control. An MI value of >2 was con-
sidered indicative of a mutagenic effect.

For the antimutagenicity assay, the number of revertant
colonies on plates containing only the mutagen was con-
sidered as 100% (0% inhibition). The percentage inhibi-
tion of mutagenicity was calculated using the following
formula (Formula 1):

Formula 1= (A-B) / (A-C) x 100

where A = average number of revertants with mutagen
only, B = average number of revertants with mutagen
and test sample, C = average number of spontaneous re-
vertants. Inhibition rate of 40% or more was defined as
strong antimutagenicity, 25-40% inhibition as moderate
antimutagenicity. Inhibitory effects of less than 25% were
considered as weak and were not recognized as a posi-
tive result (15). Both mutagenicity and antimutagenicity
experiments were performed in triplicate for all concen-
trations, as well as for the negative and positive controls.

Genotoxicity and Antigenotoxicity Assessment

Cell Line and Culture Conditions

Chinese hamster ovary (CHO-K1) cells (ATCC® CCL-
61™) were cultured in Ham’s F-12 medium (Gibco, NY,
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USA) supplemented with 10 % fetal bovine serum (FBS;
Gibco, NY, USA) and 1% penicillin-streptomycin (Gibco,
NY, USA). Cells were maintained in a humidified incu-
bator at 37°C with 5% CO: and sub-cultured every three
days to ensure exponential growth.

The genotoxic and antigenotoxic potential of A. unedo
extracts were evaluated in CHO-K1 cells using the al-
kaline comet assay and the cytokinesis-block micronu-
cleus (CBMN) assay. The test concentrations were deter-
mined by first performing a range-finding cytotoxicity
assay in CHO-K1 cells. The highest concentration tested
(500 pg/mL) represented the maximum non-cytotox-
ic dose, and lower concentrations were selected in de-
scending order to evaluate dose-response relationships.
The comet assay was carried out to assess DNA strand
breaks following the protocol previously described with
slight modifications (16).

Alkaline Comet Assay

CHO-K1 cells (3 x 105 cells/well) were seeded in 6-well
plates and treated with A. unedo extracts (10-500 pg/mL)
for 4 hours. Dimethyl sulfoxide (DMSO; 0.5%) and 1 pM
doxorubicin were used as negative and positive con-
trols. After treatment, cells were centrifuged (1500 rpm,
5 minutes), resuspended in PBS and mixed with 1%
low-melting agarose. This mixture was layered onto
slides pre-coated with 1.5% high-melting agarose. After
solidification, slides were lysed (1 h, cold lysis buffer),
unwound in electrophoresis buffer (20 minutes, 4°C),
and electrophoresed at 25 V and 300 mA for 20 minutes
at 4°C. Slides were neutralized in 0.4 M Tris-HCI (pH 7.5),
fixed with methanol, air-dried, and stained with ethid-
ium bromide. DNA damage was scored under fluores-
cence microscope (BS 200 ProP, BAB Imaging System,
Ankara, Turkiye) (17).

Cytokinesis-Block Micronucleus Assay

CHO-K1 cells (2 x 10° cells/well) were seeded in 6-well
plates and treated with aqueous or ethanolic A. unedo
extracts (10-500 pg/mL) for 24 hours. Dimethyl sulfox-
ide (0.5%) and 1 pM doxorubicin served as controls. After
treatment, cells were rinsed and incubated with cytocha-
lasin B (4.8 pg/mL) for 24 hours. Cells were then fixed in
methanol:acetic acid (3:1), stained with 5% Giemsa, and
examined microscopically (Nikon, Tokyo, Japan) at 40x
magnification.

At least 1000 binucleated (BN) cells per condition were
scored for micronucleus (MN) frequency and nuclear di-

vision index (NDI) using the following formula (Formula 2):

Formula 2= MN (%) = (Number of MN / Number of scored
BN cells) x 100.

NDI = [M, + 2(M,) + 3(M,) + 40M,)]/ N

Hakim D et al.
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where M - M, represent the number of cells with one to
four nuclei, and N is the total number of cells scored (16).

Statistical Analysis

Results were expressed as mean + standard deviation
(SD). Data were analyzed using one-way, two-way, or
three-way analysis of variance (ANOVA) followed by
Dunnett’s post hoc test in GraphPad Prism version 10.0.0
(GraphPad Software, San Diego, CA, USA). A p value
<0.05 was considered statistically significant.

RESULTS

Phytochemical Analysis

The chemical fingerprint profile of A. unedo fruit extracts
was evaluated using HPTLC and compared to standard
reference compounds, as shown in Figure 1. Among the
standards used, no spots were observed that match with
myricitrin and arbutin in the HPTLC chromatograms.
However, a band matching the migration position of
isoquercitrin (Rf = 0.26) was observed in both ethanolic
and aqueous extracts, indicating its presence in these
samples. Similarly, a fluorescent band corresponding to
quercitrin (Rf = 0.42) was detected in both extracts.

To confirm the presence of isoquercitrin and quercitrin,
the UV spectra of the reference spots and the corre-
sponding spots were recorded using a TLC Scanner 3

FIGURE 1. HPTLC chromatogram of aqueous and ethanolic
extracts of A. unedo fruits and reference compounds. Mobile
phase: ethyl acetate—dichloromethane-formic acid—acetic
acid-water (100:25:10:10:11, v/v/v/v/v); detection at 366 nm.
(1: isoquercitrin, 2: myricitrin, 3: quercitrin, 4: arbutin). Arbutin
was detectable only at 254 nm.
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FIGURE 2. Overlay of UV spectra of isoquercitrin (A) and quercitrin (B) with the corresponding spots in the aqueous and ethanolic

extracts of A. unedo fruits.

Table 1. Total phenolic content (TPC) and total flavonoid
content (TFC) of A. unedo fruit extracts.

Sample TPC (mg GAE/g) TFC (mg CE/g)
FOIERTE EIEES  gpoy g0 8.9+02
(infusion)

Ethanolic extract 46.7 £ 0.6 142 +1.2

Values represent the mean + standard deviation (SD) of three
independent measurements (n = 3).

TPC: Total phenolic content, TFC: Total flavonoid content,
GAE: Gallic acid equivalent, CE: Catechin equivalent.

(CAMAG, Muttenz, Switzerland). Interestingly, the UV
spectra of the standard compounds did not overlay with
those of the corresponding bands on the chromatogram
of the extracts (Figure 2).

Accordingly, the combined evaluation of HPTLC chro-
matographic profiles and UV spectral overlay analyses
indicated that none of the applied reference standards
were detected in the A. unedo fruit samples collected
from the university campus. High-performance liquid
chromatography (HPLC) analysis may be more useful to
confirm the occurrence of these compounds in the ex-
tract.

Total Phenolic and Flavonoid Content (TPC and TFC)
As shown in Table 1, the ethanolic extract of A. unedo

fruits exhibited significantly higher TPC and TFC com-
pared to the aqueous extract. Specifically, the TPC value
of the ethanolic extract was 46.7 + 0.6 mg GAE/g, whereas
the aqueous extract (infusion) showed a lower value of
33.7 £ 1.8 mg GAE/g. Similarly, the TFC was 14.2 + 1.2 mg
CE/g in the ethanolic extract, which was markedly high-
er than the 8.9 + 0.2 mg CE/g observed in the aqueous
extract.

Antioxidant Activity of Extracts

The antioxidant capacity of A. unedo fruit extracts was
assessed using DPPH, CUPRAC, and FRAP assays. In all
tests, the ethanolic extract showed consistently higher
activity than the aqueous extract (Table 2). The CUPRAC
assay yielded the highest values: 114.9 + 5.3 mg TE/g for
the ethanolic and 94.4 + 6.5 mg TE/g for the aqueous ex-
tract. In the DPPH assay, the ethanolic extract demon-
strated stronger radical scavenging (89.9 + 0.8 mg TE/g)
than the aqueous extract (61.6 + 7.3 mg TE/g). Ferric re-
ducing antioxidant power results also favoured the eth-
anolic extract (47.5 + 1.7 mg TE/g vs. 33.1 + 2.3 mg TE/g).

Mutagenicity and Antimutagenicity Assays

As shown in Figure 3, the MI values for both the ethan-
olic and aqueous extracts remained below the threshold
value of 2 in all tested conditions, indicating the absence
of mutagenic effects. The reliability of the assay was con-
firmed by the significant responses of the positive con-
trols— NPD, SA, and 2-AF.

The antimutagenic activity of A. unedo extracts was fur-
ther evaluated using the same strains and conditions,
in co-treatment with known mutagens. As illustrated in

124



Yeditepe Journal of Health Sciences, 13(3): 120-9

N w
o o
1 ]

-
o

Mutagnetic index
P
1

-
1

0.5
0 =
NC 10 100 1000 5000
Concentration (ug/mL)
I TA98WE(S9-) [ TA98 WE (S9+) TAT00 WE (S9-) [ TA100 WE (S9+)

I TA98EE(S9) M TA98EE (S9+) [N TAT00EE(S9-) I TA100 EE (S9+)

FIGURE 3. Mutagenic index (M) values of ethanolic (EE) and aqueous (WE) extracts of A. unedo fruits at concentrations of 10-5000 pg/plate in
S. typhimurium TA98 and TA100 strains, with and without S9 metabolic activation. Positive controls are included for comparison.

Table 2. Antioxidant capacity of A. unedo fruit extracts determined by CUPRAC, FRAP, and DPPH assays.

Sample CUPRAC (mg TE/g) FRAP (mg TE/g) DPPH (mg TE/g)
Aqueous extracts 94.4+6.5 33.1+23 61.6+7.3
Ethanolic extract 114.9+53 47.5+1.7 89.6+0.8

Values represent the mean + standard deviation (SD) of three independent measurements (n = 3).

CUPRAC: Cupric ion reducing antioxidant capacity, FRAP: Ferric reducing antioxidant power, DPPH: 2,2-diphenyl-1-picrylhydrazyl radical scavenging
capacity, TE: Trolox equivalent.

Figure 4, the ethanolic extract exhibited notably higher 60—
inhibition percentages compared to the aqueous extract,
indicating that ethanol-soluble phytochemicals may 507
have stronger antimutagenic effects. Moderate antimuta-
genic activity was observed only at the highest concen-
tration (5000 pg/plate) with metabolic activation, reach-
ing 26.1% inhibition in TA98 and 39.1% in TA100. At all
other tested concentrations, both extracts demonstrated
weak antimutagenic activity in both strains, regardless of
the presence or absence of metabolic activation.

Strong

40 ®
Moderate
30+

20+

Inhibition (%)

Week
10

Results of Alkaline Comet Assay 10 100 1000 5000
Figure 5 presents the genotoxicity and protective effects Concentration (ug/plate)

of A. unedo extracts in CHO-K1 cells using the alkaline @ TA9BEE(S9)  —%— TA98WE(S9)
comet assay. DNA damage was measured as the percent- <@ TAOBEE(S9+)  —¥— TA98WE(S9+)

. _ @ TAT00EE(S9) —%— TA100 WE (S9-)
age of DNA in the comet tail. @ TAT00 EE (S9+) —¥— TA100 WE (S9+)

Neither the aqueous nor the ethanolic extracts (up to S N
500 pg/mL) caused a significant increase in DNA strand FIGURE 4. Percentage inhibition of mutagenicity by aqueous (WE)

breaks compared to the DMSO control, indicating no and ethanolic (EE) extracts of A. unedo fruits against known mutagens
.. . ’ in S. typhimurium TA98 and TA100 strains, in the presence and absence
genotoxicity (Figure 5A).

of S9 metabolic activation.
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FIGURE 5. DNA strand breakage in CHO-K1 cells evaluated by the alkaline comet assay.

(A) DNA damage following treatment with A. unedo extracts alone.

(B) DNA damage after co-treatment with A. unedo extracts and doxorubicin.

Cells were treated with aqueous (WE) and ethanolic (EE) extracts of A. unedo at concentrations of 50, 100, and 500 pg/mL.
Doxorubicin (Dox, 1 pM) was used as the positive control, and 0.5% (v/v) dimethyl sulfoxide (DMSO) served as the negative control.
DNA damage is expressed as the percentage of DNA in the comet tail. Data are presented as mean + standard error of the mean
(SEM) from two independent experiments. p<0.001 versus the negative control group; for all other treatment groups, p>0.05.
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FIGURE 6. Frequency of micronucleus (MN) formation in CHO-K1 cells evaluated by the cytokinesis-block micronucleus (CBMN) assay.
(A) After treatment with A. unedo extracts alone.

(B) After co-treatment with A. unedo extracts and doxorubicin.

Cells were treated with aqueous (WE) and ethanolic (EE) extracts of A. unedo at concentrations of 10, 25, 50, 100, and 500 pg/
mL. Doxorubicin (Dox, 1 uM) served as the positive control, and 0.5% (v/v) dimethyl sulfoxide (DMSO) as the negative control.
Micronucleus frequency was determined by scoring 1,000 binucleated (BN) cells per sample. Results are expressed as mean +
standard error of the mean (SEM) from two independent experiments. p<0.001 versus the negative control group; for all other
treatment groups, p >0.05
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In the co-treatment with doxorubicin (Figure 5B), neither
extract significantly reduced DNA damage relative to the
positive control, suggesting no notable protective effect
against doxorubicin-induced genotoxicity under the test-
ed conditions.

Results of Cytokinesis-block Micronucleus Assay
Figure 6 shows the genotoxic and antigenotoxic evalua-
tion of A. unedo fruit extracts in CHO-K1 cells using the
MN assay.

As shown in Figure 6A, neither the aqueous nor the eth-
anolic extracts (10-500 pg/mL) significantly increased
micronuclei frequency compared to the DMSO control,
indicating no clastogenic or aneugenic effects.

In co-treatment with doxorubicin (Figure 6B), the extracts
did not significantly reduce micronuclei formation. All
reductions were below 25%, suggesting no meaningful
antigenotoxic activity under the tested conditions.

DISCUSSION

In this study, the biological activities of the ethanolic and
aqueous extracts prepared from the ripe fruits of A. unedo
were evaluated through antioxidant, antimutagenic, and
antigenotoxic assays. The safety profiles of the extracts
were also assessed using standard mutagenicity and
genotoxicity tests. Phytochemical characterization was
performed via TPC and TFC analyses, while HPTLC was
employed to detect specific phenolic compounds.

Previous studies on A. unedo leaves have identified pheno-
lic compounds such as quercetin 3-O-rhamnoside (quer-
citrin), quercetin 3-O-glucoside (isoquercitrin), myricitrin,
and arbutin as major bioactive constituents (18). However,
these compounds were not detected in our fruit extracts,
suggesting that the chemical profile of the fruits may
differ from that of the leaves. It is also worth noting that
more sensitive techniques such as HPLC or LC-MS/MS
may be necessary to confirm whether these compounds
are present at trace levels. The phenolic composition of
A. unedo fruits has been previously reported to vary by
region. For example, fruits collected in Samsun (Turkiye)
were found to contain gallic acid as the dominant pheno-
lic compound, followed by protocatechuic acid, gentisic
acid, p-hydroxybenzoic acid, vanillic acid, and m-anisic
acid (19). In another study, wild fruits from northeastern
Portugal were rich in flavan-3-ols and galloyl derivatives,
followed by anthocyanins and flavanols (20). Spanish
samples were shown to contain delphinidin 3-galactoside,
cyanidin galactoside, cyanidin glucoside, and cyanidin
arabinoside, with cyanidin galactoside being the predom-
inant anthocyanin. Similarly, cyanidin 3-O-glucoside was
reported as the major anthocyanin in fruits from Portugal
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(21). Taken together, these previously reported phenolic
compounds, particularly anthocyanins and phenolic ac-
ids, may contribute to the antioxidant and antimutagenic
activities observed in the ethanolic extract.

Both aqueous and ethanolic extracts contained notable
levels of phenolics and flavonoids. The TPC was 33.7 +
1.8 mg GAE/g for the aqueous extract and 46.5 + 0.6 mg
GAE/g for the ethanolic extract. Total flavonoid content
values were 8.9 + 0.2 mg CE/g and 14.2 + 1.2 mg CE/g, re-
spectively. These results align with those of Asmaa et al.
(8), especially for the aqueous extract. The higher flavo-
noid content in the ethanolic extract may reflect ethanol’s
greater efficiency in extracting flavonoids or variations in
fruit composition.

Both extracts showed notable radical scavenging activity,
with the ethanol extract displaying superior antioxidant
capacity, consistent with its higher phenolic and flavo-
noid content. This supports previous findings on etha-
nol's effectiveness in extracting phenolic compounds. In
contrast, water primarily dissolves polysaccharides and
other polar molecules, resulting in lower yields of phe-
nolic and lipophilic constituents. Overall, these results
suggest ethanol is a more efficient solvent than water for
extracting antioxidant compounds from A. unedo fruits.

In the antimutagenicity assay, activity was observed only
at the highest concentration in the TA100 strain with met-
abolic activation (S9). This suggests that the ethanolic ex-
tract may protect against base-pair substitutions rather
than frameshift mutations. The requirement for S9 acti-
vation indicates that biotransformation products of the
extract may be responsible for its antimutagenic effect.
This aligns with previous reports showing that certain
polyphenols and flavonoids inhibit cytochrome P450 en-
zymes (e.g., CYP1A1, CYP1A2), reducing the formation of
mutagenic metabolites from procarcinogens (22).

On the other hand, no protective effects were observed
in the comet assay against DNA strand breaks or in the
MN against doxorubicin-induced clastogenic or aneu-
genic damage. While the Ames test showed moderate
antimutagenic activity of the ethanolic extract at the
highest concentration with S9 activation, no protective
effects were observed in the comet or MN assays. This
discrepancy may stem from fundamental differences
between the assays. The Ames test is a bacterial system
detecting point mutations, whereas the comet and MN
assays are mammalian cell-based and detect DNA strand
breaks or chromosomal damage. Notably, this is the first
study to evaluate the genoprotective potential of A. une-
do fruit extracts using both comet and MN assays.

Although scientific interest in A. unedo is growing, toxi-
cological data on its fruits remain limited. Most previous
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genotoxicity assessments have focused on leaf extracts or
isolated compounds rather than fruits. Jurica et al. (23,
24) investigated A. unedo leaf extracts and compounds
such as arbutin and hydroquinone, reporting minimal cy-
totoxic and genotoxic effects in mammalian cell models.
To our knowledge, this is the first study to comprehen-
sively evaluate the safety of A. unedo fruit extracts using
multiple genotoxicity bioassays.

In the Ames test, neither aqueous nor ethanol extracts
exhibited mutagenicity in TA98 and TA100 strains, with
or without metabolic activation (S9), indicating no direct
or indirect mutagenic effects. These findings were sup-
ported by the MN assay, which showed no significant in-
crease in micronuclei or change in the nuclear division
index in CHO-K1 cells at any tested concentration, and
by the comet assay, which revealed no significant DNA
strand breaks compared to the positive control, doxo-
rubicin. Collectively, these results indicate that A. unedo
fruit extracts are non-genotoxic, in line with earlier re-
ports on leaf extracts by Jurica et al. (23, 24).

This study presents the first comprehensive assessment
of the phytochemical profile, antioxidant activity, and

genotoxic/antigenotoxic potential of A. unedo fruits
from Turkiye. The lack of mutagenic or genotoxic effects
in both bacterial and mammalian systems supports their
chemical safety. Moderate antimutagenic activity ob-
served in the ethanolic extract at high concentrations,
along with the absence of key reference compounds,
points to a distinct fruit phytochemistry compared to
the leaves. Overall, the findings confirm the non-geno-
toxic nature of A. unedo fruit extracts and suggest a lim-
ited, solvent-dependent chemopreventive potential.

However, the study is limited by the use of only two sol-
vents for the extraction and a restricted set of chemical
standards, which may overlook other active compounds.
All tests were performed in vitro, which may not fully
represent in vivo effects. Further research should include
advanced techniques like HPLC, LC-MS/MS for broad-
er phytochemical profiling and in vivo models to assess
safety and efficacy. Seasonal, geographic, and dosage-re-
lated variations should also be explored to fully under-
stand the biological potential of A. unedo fruits.
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