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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

The present study was dealing with a Polyphenolic compound
known as Phloretin. Phloretin (Ph), a dihydrochalcone, was
determined qualitatively and quantitatively in different aerial
parts for Iraqi Malus domestica (apple), cv." Ibrahimi" included
leaves, petioles, stems, fruit pulp, and peels extracts. Leaves
represented a rich source of Ph, which was separated and
purified by preparative HPLC. The chemical structure of the
isolated Phloretin (Ph2) was confirmed using various analytical
characterization techniques: TLC, HPLC, FTIR, Melting point,
CHN clemental analyses, 1H-NMR, and 13C-NMR). The
scavenging efficacy of Ph2 by DPPH assay was employed.
Cytotoxic effect was assessed by MTT assay against cancer
cell lines including (Hep G2/ human hepatocyte carcinoma,
A549/ human lung adenocarcinoma, SW480 / human colon
cancer cell, and AGS /adenocarcinoma of the stomach), beside
the non-cancerous cell line (HEK 293). About 1.404 g Ph2 was
obtained from 18.146 g apple leaves (7.7%). The DPPH and
MTT assay results demonstrated that the purified Ph2 possessed
potent antioxidant activity with significant anticancer effects on
all cancer cell lines. Data suggested that purified Ph2 from Iraqi
apple leaves has potential antioxidant, cytotoxicity, which may
benefit in human health.

Key words. Malus domestica, Apple, Dihydrochalcone,
Phloretin, Hep G2, A549.

Introduction.

Cancer ranks as the second most prevalent cause of
mortality globally, following cardiovascular disorders [1].
Cancer, a complex heterogeneous disease process, poses a
significant health challenge for human [2]. Despite significant
advancements in medical research, medicinal chemistry, and
cell biology, the incidence and mortality rates of cancer continue
to rise globally, often deemed incurable [3]. There is expected
to be a significant increase in the worldwide cancer rate between
2020 and 2040, with an estimated 28.4 million new cases of
cancer in 2040 [4]. Important lifestyle variables that contribute
to the development of cancer include, but are not restricted
to, the ingestion of carcinogens through diets, solar radiation
exposure, smoking, consuming alcohol, and the absence of
physical exercise. Several of these are subject to modification,
indicating that cancer can be prevented by adopting a suitable
lifestyle [5]. Approximately fifty years ago, Michael B. Sporn
introduced the notion of cancer prevention and created the
term "chemoprevention." This term refers to using non-toxic
chemicals to block or reverse the development of tumorigenic
processes [6].

Chemotherapy (pharmacotherapy) is one of the most
widely used anticancer treatments globally, which is based
on compounds including platinum-containing compounds
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such as cisplatin, carboplatin, and oxaliplatin [7]. Almost
50% of cancer patients receive treatment with cisplatin [8].
Regrettably, cisplatin has several disadvantages, which include
causing damaging effects on the patient's normal tissues
(nephrotoxicity, ototoxicity, neurotoxicity, gastrointestinal
toxicity, hepatotoxicity, cardiotoxicity, and hematological
toxicity) and the development of cisplatin resistance by cancer
cells during treatment [9]. As a result, it greatly diminishes
the quality of life for patients. It necessitates a decrease in the
dosage of this drug or possibly its entire cessation, thus reducing
the efficacy of anticancer therapy [10].

Moreover, the heterogeneous nature of cancer presents
a formidable obstacle in developing effective anticancer
therapies. This often results in chemotherapy failure or
increased resistance to the treatment, ultimately leading to
cancer recurrence [11]. Plant-based therapies are frequently
employed in traditional medicines [12]. Certain medicinal
plants effectively treat and prevent highly lethal cancers [13,14].
Drugs containing plant secondary metabolites as the primary
active ingredients have been used for a long time to treat
human diseases [15]. Dihydrochalcones belong to the flavonoid
family, characterized by a simple C6-C3-C6 skeletal structure
consisting of only two aromatic rings and a saturated chain
C3; this group of flavonoids does not possess a heterocyclic C
ring. The A-rings are formed from the acetate pathway, while
the B-rings are derived from the shikimate pathway [16]. So
far, over 200 types of dihydrochalcone have been found [17].
Around 30 plant families, such as Rosaceae, Asteraceae,
Fabaceae, and Fagaceae, have been discovered to possess
natural dihydrochalcone compounds, primarily in the form
of glycosylated compounds instead of aglycones and It's an
interesting fact that many naturally occurring dihydrochalcones
act as sweeteners [18]. The Malus genus, including the species
domestic (apple) stands out among these plants due to its
exceptionally high dihydrochalcone concentration. The main
dihydrochalcone compounds include phloretin, phlorizin,
phloretin  20-O-xyloglucoside,  3-hydroxyphloretin,  3-
hydroxyphlorizin, trilobatin, and sieboldin [19,20].

Phloretin, [2',4',6’-Trihydroxy-3-(4-hydroxyphenyl)-
propiophenone] (Figure 1) and called (phloretin or dihydro
naringenin) is a Dihydrochalcone flavonoid is predominant
in the leaves, bark, and fruit of apple trees and apple-derived
products [21], mainly in green and immature apples [22].
Phloretin consists of two aromatic rings (A and B) with hydroxy
groups located at positions 2, 4, 4', and 6 [23]. Considerable
attention has recently been given to phloretin, a flavonoid
among 6000, due to its biological activities [24] and the health
benefits include antioxidant [25], antibacterial [26], antidiabetic
[27], anti-inflammatory [28], antiviral[29], antithrombotic [30],
estrogenic [31], immunomodulation [32], neuroprotective [33],
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Figure 1. Chemical structure of phloretin.

anticancer [6], hepatoprotective activity [20], cardioprotective
activity, antimicrobial activity, anti-allergic [34] properties,
prevents photodamage caused by UV light on the skin [24], and
the possibility of using phloretin and derivatives in dermoid-
cosmetic preparations [35,36]. The extraction of phloretin from
natural plant materials is crucial for industrial manufacturing.
The presence of plant material containing the desired component
can reduce the overall cost of processing. Over the last 25 years,
researchers have conducted more than 150 studies on the effects
of phloretin on tumors and cancers. Notably, half of these studies
were published between 2014 and 2023, indicating a recent
surge of scientific interest in this dihydrochalcone. This growing
interest can be attributed to the compound's essential antitumor
activity, making it a promising study area for future research.
Apple parts, particularly apple peel, leaves, bark, and apple
pomace, are an economical and abundant reservoir of essential
polyphenols. This work describes the isolation, structure, and
identification of phloretin from Iraqi M. domestica leaves.
Subsequently, the antioxidant activity, the cytotoxicity of four
cancer cell lines, and the comparison between phloretin and
traditional anticancer chemotherapy drug (cisplatin) to obtain
more profound insight and provide evidence into the bioactivity
of the phloretin from Iraqi M. domestica. Until now, there have
been no previous reports of phloretin being isolated from apples
grown in Iraq.

Materials and Methods.

Plant material collection and preparation of samples:

Aerial parts: Early in the winter of 2022, in November, Iraqi
M. domestica aerial parts (leaves, petioles, and stems) were
collected from a private orchard in Diyala Governorate, the
Ala'bara region, Iraq, "Ibrahimi "cultivar. The identification of
the plant was made by senior Taxonomist Dr. Sukina Abbas
(University of Baghdad Herbarium / Department of Biology-
College of Sciences- University of Baghdad); the aerial parts,
healthy and fresh, were cleaned before being air-dried for
15 days (for leaves), 20 days (for petioles), and 25 days (for
stems) at room temperature, with air circulation, and shade. The
dried materials were finely powdered using a two-step process,
including manual grinding followed by electrical grinding, and
utilized for extraction.

Fruits: The apple Fruits of the "Ibrahimi" cultivar were
obtained from a privately owned orchard located in the Diyala
Governorate, that is, in the Ala'bara district of Iraq, in June of
the year 2023. The same trees from which the aerial parts were
collected. The peels were separated from the pulp using a hand
steel peeler, and the seeds were manually separated. The fruit
was divided into peels, pulp, and seeds. The two components
(pulp and peels) were fragmented into smaller pieces to
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facilitate direct extraction to avoid browning while the seeds
were discarded (Figure 2).

o &
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Figure 2. Photo of Iraqi M. domestica plant: (A) Leaf, (B) Petioles,
(C)Ripe Fruits(D) Branch/stem with leaves, and (E) Tree with leaves
and fruits.

Chemicals and Materials: All chemicals and reagents used
were of high-quality grade and from Sigma-Alidrich Company.
A pale-yellow powder was purchased from Hyper Chem
(LOFT49 City Pioneer Zone, Jiru Road, Gongshu District,
Hangzhou, 310015, China). Molecular weight 274.27 g/mol,
Molecular Formula (C,;H ,0.), purity 98.176 %, and CAS NO.
(60-82-2).

Extraction Procedure: Fifty grams of dried aerial parts,
consisting of leaves, petioles, and stems, and fresh fruit
parts, including pulp and Peels, were individually subjected
to triple cold maceration using 500ml of 70% ethanol for 24
hours, with occasional stirring and then filtered. The marc was
macerated twice more in 70% ethanol for 24 hours each time
(the maceration method was repeated up to three times, and the
filtrate was mixed). The filtrate was subjected to a final drying
process using a rotary evaporator at a temperature of 40°C. This
resulted in the formation of dense concentrate dried extracts,
which were subsequently weighed and kept at a temperature of
4°C until they were ready for use. Marc was ejected [37,38].

Qualitative analysis of phloretin in Ethanolic extracts by
Thin Layer Chromatography (TLC): The ethanolic extracts
of aerial parts (leaves, petioles, stems, peels, and pulp) of Iraqi
M. domestica were identified qualitatively in their phloretin
content done by TLC technique, using premade silica gel
GF254nm plates. The solvent system (mobile phase) consists
of toluene, Ethyl acetate, Formic acid, and methanol (ratio 55:
30: 10: 5) for separating extract components [39]. About 100
ml of the solvent system was placed into a glass tank. A drop
from extracts and standard was applied to the TLC plates using
capillary tubes; after developing the technique, the dry plates
were examined by UV light at 254 nm and 366 nm. A pencil
marked the separated spots, and the retardation factor (Rf value)
for each constituent visualized as a fluorescent spot under UV
light was calculated [40].

Distance moved by spot

Rf value =

Distance moved by the solvent
Identification and Quantification of phloretin by HPLC
Method: The Standard solution of phloretin was prepared in

methanol at the concentration of 1 mg/ml (for TLC, HPLC, and
preparative HPLC Procedure), protected from light, and stored



at 4 °C between uses. The phloretin standard symbolized as Ph. The
high-efficiency liquid chromatographic HPLC examination was
carried out at the Ministry of Science and Technology/Baghdad —
Iraq, the instrument origin was Shimadzu, Japan. Phloretin.

HPLC analysis was conducted to identify phloretin in ethanolic
extracts (Leaves, petioles, stems, peels, and pulp) of Iraqi M.
domestica. Quantitative estimation was done using liquid
chromatography (equipment SHIMADZU, Japan); column was
ODS-C18 (250 mmx 4.6 mm I.d.), Spum particle size, the flow
rate was 1.0 ml/min, room temperature, column pressure was
8.9, the injection volume was 20 pl, and the mobile phase was
Methanol 70% (A) and 0.1% Acetic acid 30% (B), and detection
wavelength was UV-Vis at A 288nm.

Isolation and purification of proposed phloretin from the
crude leaves extract by preparative HPLC (PHPLC): A
Phloretin was isolated from the ethanolic extract of the leaves
performed according to standard conditions [41] by HPLC
equipment (Shykam, Germany), the column was ODS-C18 (250
mmx 4.6 mm 1.d.), Sum particle size, the flow rate was 0.8 ml/
min, column temperature (25+1°C), the Injection Volume was
0.1 ml, and the mobile phase was = Acetonitrile 30% (A), water
70% (B), and Phosphoric acid 0.08% (C), filtered and degassed
before use, and detection wavelength was UV-Vis at A 288nm,
at the Ministry of Science and Technology, the Department
of Environmental and Water Research. A fraction collector
collects the target peak from the time of its appearance until its
near or almost end. The proposed phloretin was subjected to a
final drying process using a rotary evaporator at a temperature of
40°C. This resulted in the formation of powder concentrate dried
proposed phloretin, which was subsequently weighed and kept
at a temperature of 4°C until ready for use. The identification
and purity of the target compound (proposed phloretin) were
checked using chromatographic (TLC, HPLC), spectroscopic
(FT-IR), Melting point, CHN analysis, lH NMR and 13C NMR
spectra. The isolated phloretin symbolized as Ph2.

Structural Identification and characterization of the
proposed phloretin (Ph2):

apple leaves
powder

Isolated Phloretin

Phloretin (powder)

Maceration
Extraction

The proposed phloretin (Ph2) was identified by using different
identification methods as follows (Figure 3).

Identification by TLC: TLC was performed for (Ph2)
by utilizing the same mobile phase (Toluene, Ethyl acetate,
Formic acid, and Methanol) by comparing their Rf values with
the standard, using the same method discussed previously in
previous step.

Identification by HPLC: The purity of the (Ph2) was checked
using HPLC and the same conditions previously discussed in
previous step.

Melting point: The melting point of the proposed phloretin
was determined by using the electrothermal melting point
equipment conducted at the Ministry of Science and Technology,
the Department of Environmental and Water Research.

Identification by Fourier Transforms Infrared (FT-IR)
Spectroscopy: The functional groups in the isolated proposed
phloretin were detected using Fourier transform infrared
spectroscopy (FTIR) with (BRUKER apparatus, USA). The
KBr technique was employed to turn the sample into pellets
for analysis. (FTIR) analysis is a spectroscopic technique used
to determine the absorption of a substance inside the infrared
region, specifically within the wavelength range of 400-4000
cm’. The absorbance of infrared light energy at different
wavelengths was evaluated for the samples to ascertain the
molecular composition and structure of the materials [42].
The analysis was conducted in the Ministry of Science and
Technology under the Environmental and Water Research
Department.

CHN Analysis: The CHN analysis technique can accurately
measure the elemental content of carbon, hydrogen, and
nitrogen in the (Ph2) sample. The PERKIN-ELMER 2400 CHN
analyzer was employed for the analysis. Oxygen percentage is
determined as the difference between the total percentage and
the sum of the obtained amount of (C) and (H) [43].

Nuclear magnetic resonance (NMR): NMR investigations
were conducted using) the Bruker-500 (instrument (Bruker
Corporation, Féllanden, Switzerland). The proton (‘H NMR)

Purification Phloretin by HPLC
Isolated Phloretin

Created in BioRender.com bivo

(liquid)

Figure 3. Purification phloretin procedure from Iraqi apple leaves.
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and carbon ('*C NMR) spectra were recorded. The dissolution of
the compound was carried out in deuterated dimethyl sulfoxide
(DMSO).

Estimation of Antioxidant Activity by (DPPH) Reagents:
The DPPH (2,2'-diphenyl-1-picrylhydrazyl) free radical
scavenging activity assay was conducted following the protocol
outlined by Brand-Williams et al. [44] with minor adjustments.
A solution of DPPH was produced using methanol as the
solvent at a concentration of 0.1 mM. The sample (pure isolated
phloretin/Ph2) was prepared using methanol at 2 mg/ml. A 2 ml
aliquot was obtained from the sample and combined with 2 ml
of a prepared DPPH solution. The resulting mixture was then
incubated in darkness at room temperature for 30 minutes. The
absorbance was measured at a wavelength of 517 nm utilizing
a UV spectrophotometer. The antioxidant activity of the sample
was performed using the ascorbic acid calibration curve. The
percentage of radical scavenging was computed employing the
following formula.

AD - Al

Percentage of radical scavenging = .

],100

Where AO= Absorbance of DPPH solution, and Al=
Absorbance of the sample.

Cytotoxicity assay of isolated phloretin of Iraqi M.
domestica by MTT Assay: To evaluate the toxicity of the
isolated phloretin obtained from the leaves of Iraqi M. domestica
in vitro, the MTT assay was conducted as follow [45].

Cell culture: The cancer cell lines (Hep G2/ human
hepatocyte carcinoma, A549/ human lung adenocarcinoma,
SW480 / human colon cancer cell, and AGS /adenocarcinoma
of the stomach) and normal cell line/Non-cancerous (HEK 293/
human embryonic kidney cell line) were incubated in a humid
environment at 37°C CO, incubator in RPMI-1640 medium
supplemented with 10% fetal bovine serum, 100 pg/mL of
streptomycin, and 100 U/mL of penicillin [46].

MTT assay: Hep G2, A549, SW480, AGS, and HEK 293
cell lines were initially seeded at a density of 1x10* cells per
well. Subsequently, the plates were carefully transferred to
a CO, incubator overnight. The following day, the medium
was replaced with a fresh medium that contained varying
concentrations (500, 250, 125, 62.5, 31.25, and 15.625) pg/
ml of the isolated phloretin Ph2, as well as control samples.
Additionally, cisplatin was employed as the positive control.
The cells were then incubated for 24 hours. Subsequently, the
medium was extracted and replaced with 100 pl of an MTT
solution with a concentration of 0.5 mg/ml. The cells were then
incubated for 4 h at a temperature of 37°C. Subsequently, 50 ul
dimethyl sulfoxide (DMSO) was added to each well. The plate
was then incubated at 37°C for 15 minutes with continuous
agitation. Finally, absorbance was measured using a microplate
reader set at a wavelength of 570 nm [47]. The experiment was
conducted in triplicate. Determining the proportion of viable
cells involved a comparison of the absorbance values obtained
from cells treated with isolated phloretin and cisplatin to those of
untreated control cells. Cell viability percentage was calculated
using the formulae described by Al-Shammari [48].

L Average absorbance of treated cells
Percent cell viabilty = x 100
Average absorbance of untreated cells
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Results and Discussion.

Thin layer chromatography for crud ethanolic extract:
TLC of ethanolic extracts for aerial and fruit parts were done
using the solvent system to show a spot of phloretin, with the
same Rf values similar to the phloretin standard, as illustrated in
Figure (4). The R, values are presented in Table (1).

Phloretin Concentration in Different Apple Parts Detected
by HPLC: The concentration of Ph quantified by HPLC in the
apple aerial parts and fruit (Table 2 and Figure 5). Highly varied
concentration ranges of Ph were found in the results; the highest
concentration of Ph detected was in the peels at 1.30 mg /g,
while the lowest was in the petioles at 0.07 mg/g. Phloretin is
predominantly present in the peels of the apple 80-420 mg/kg
and pulp 16-20 mg/kg. The yield of this compound recovered
through extraction can vary significantly between different apple
cultivars and is also influenced by the extraction procedure [36].

According to TLC and HPLC results, the presence of (Ph) was
documented in the extracts of M. domestica by comparison with
Rf and Rt values of phloretin standard. (Ph) in the extract of
leaves isolated by PHPLC, the PHPLC chromatogram of the
extract showed different peaks that represent other compounds
according to their retention times; one of these peaks, phloretin,
had a retention time of 6.18 min, which was identified by
comparison with phloretin standard with a retention time of
6.15 min. The target peak was collected by a fraction’s collector
from the time of its appearance until its descendants (Figure 6A,
6B and 6C). The proposed phloretin yield (Figure 6D).

Polyphenols, including dihydrochalcones, are purified through
traditional techniques such as Extraction by using organic
solvents, precipitation, crystallization, and chromatography,
which enhance the concentration of extracted polyphenols by
eliminating residual solid particles and unwanted compounds
[49]. The chromatographic technique is regarded as a highly
efficient purification technique, providing high purity [50].
HPLC is a commonly employed method for effectively
separating bioactive compounds and achieving a high recovery
rate [51] the principle of separation is based on the bonds
that exist between each constituent of the sample and the
chromatographic phases (mobile and stationary phases). The
selection of phases is contingent upon the characteristics of
the sample (polarity, structure, and solubility) and the desired
compound to be isolated [52,53].

Identification and characterization of the proposed phloretin.

Further analysis was conducted using the following techniques
to validate the isolated phloretin's identity.

Identification of proposed Phloretin by TLC: TLC of
proposed phloretin (Ph2) was done using the solvent system and
showed spots of phloretin, with the same Rf value similar to that
of phloretin standard as illustrated in Figure (6A and 6B). (Ph2)
had an Rf 0.466, which was identified by comparison with the
phloretin standard spot.

Identification of proposed Phloretin by HPLC: The
identification of the proposed phloretin (Ph2) was carried out
by HPLC, comparing its HPLC retention time with that of the
standard. Peak (Ph2) had a retention time of 6.11 min, compared
with phloretin standard with a retention time of 6.15 min.
(Figure 6).



Table 1. Retardation factor( Rf )values of the extracts for aerial fruit parts and standard.

Plant part R, value of phloretin standard R, value of extracts
Leaves 0.441 0.441
Petioles 0.441 0.441
Stems 0.441 0.441
pulp 0.510 0.510
Peels 0.510 0.510

Table 2. The retention time and Concentration of phloretin identified by the HPLC analysis in the different apple parts.

Phloretin leaves petioles stems Peels Pulp
Ret. Time for Standard 3.541 3.541 3.541 3.571 3.571
Ret. Time for extract 3.496 3.425 3.530 3.455 3.552
Concentration (mg /g) 0.34 0.07 0.15 1.75 1.46
Table 3. The melting point of isolated purified phloretin compared to reference melting point.

Isolated compound Tested Melting Point °C Reference Melting Point °C Reference
Phloretin 264 263.5 54

Table 4. CHN/O analysis results of proposed phloretin(Ph2).

Compound C% H % N % O % *
proposed phloretin (Ph2)/Found 65.13 5.02 0.00 29.85
Phloretin standard / Calculated 65.63 5.10 — 29.17

*0% was determined by subtraction of C % and H % from the total composition. / -- = absent

'Ph_ pulp pulp Peel Peel

Figure 4. TLC chromatogram obtained by extracts ( L= Leaves, S= Stems, and P= Petioles) with phloretin standard(Ph) under UV light, A: 366
nm and B:254 nm, C: pulp and peels with phloretin standard(Ph) under UV light 254 nm.

Identification of proposed Phloretin by Melting point.

Table 3 compares the melting point of the isolated purified
phloretin (Ph2) and the reference melting point.

Identification of proposed Phloretin by FTIR: The
identification technique involves matching the bands found in
the measured FTIR spectra with those reported in reference
literature. The FT-IR spectrum (Figure 7) displays the unique
characteristics of Phloretin. The observed peaks at 3525,
3410, and 3315 cm™ correspond to the OH groups found in
the phenolic compound. Additionally, the stretching vibration of
the aromatic rings is evident at 3032 cm™'. The band observed at
1753 cm™ is assigned to the carbonyl group (C=0). The stretching
vibrations observed at 1668 and 1456 cm™ confirm the C=C in the
aromatic rings, thus confirming the skeleton of Phloretin.

Furthermore, the C-O carbonyl group stretching is visible at
1319 cm™. The vibrations for C-OH on the aromatic rings are
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also noticeable at 752 and 682 cm™'. This finding is consistent
with the data presented in previous literature [55,56].

Identification of proposed Phloretin by CHN analysis:

The CHN analysis technique can accurately measure the
elemental content of carbon, hydrogen, and nitrogen in the
proposed phloretin sample. The PERKIN-ELMER 2400 CHN
analyzer was employed for the analysis. Table 4 displays the
percentages of (C), (H), and (N) constituents within the examined
sample. The findings indicate a strong agreement between the
theoretical data (Calculated data) and the experimental data
(Found) of Ph).

Identification of proposed Phloretin by NMR analysis:

Proposed Phloretin (Ph2) compound was extracted and purified
from the leaves of M. domestica, 'H NMR and *C NMR were
used to identify this compound.
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Figure 5. HPLC chromatogram of (A)phloretin Standard, (B) leaves, (C) petioles, and (D) stems, (E) Phloretin standard, (F) Pulp, and (G) Peels.

|.:; Ph[zretin A

ju

Jl J Amount of Proposed phloretin

7 7" " " 4 |inthe plant leaves
) Weight of leaves
50

y B powder (g)

i 3 Yield 18.146
§“ Weight of

| proposed 1.404
; 4 phloretin '

w - - 7 T W " o ons powder (g) |

Figure 6. PHPLC chromatogram for (4) leaves extract matched with (B) phloretin standard. (C) TLC chromatogram obtained by proposed
phloretin (Ph2) and phloretin standard (Ph) under UV light 254 nm. (D) Amount of Proposed phloretin in the plant leaves.
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Figure 8. Identification of proposed Phloretin by NMR analysis (A1 and A2) 'H-NMR of phloretin (B) *C-NMR of phloretin.
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Figure 9. The percentage of cell viability per different doses of the isolated phloretin of M.domestica leaves versus Cisplatin on different cell lines.

'"H-NMR of phloretin:

The spectrum (Figure 8 A) shows that the isolated compound is
pure as it only gives the characteristic signals for this compound.
The spectrum showed three singlet signals at 12.26, 10.35 and
9.15 ppm, which attributed to the protons of (OH 14 and 20),
OH17 and OH6, respectively. The spectrum also showed two
doublet signals at 7.01 and 6.66 ppm of the protons (H2 and H7)
and (H3 and H5), respectively, with J* equal 8.54 and J* equal
2.65, respectively. Furthermore, the spectrum showed a singlet
signal at 5.83 ppm, which could be assigned to the proton of
H15 and H18 in addition to two virtual triplet signals at 3.22
and 2.76 ppm of H5 and H6, respectively, with J* equal 8[57].

13C-NMR of phloretin:

The spectrum (Figure 8B) showed the following signals
at 204.66, 165.04, 164.72, 155.82, 132.17, 129.66, 115.54,
104.20, 95.15, 45.99 and 29.88 ppm of C10 of C=0 group,
(C13,19), C16, C4, C1, (C2, 7), (C3,6), C12, (C15, 18), C9 and
C8, respectively [57,58]. Based on all these results, the target
compound (Ph2) structure was identified as phloretin (Ph).

Antioxidant activity for the pure isolated phloretin (Ph2):

DPPH assay proved that the pure isolated phloretin (Ph2) could
scavenge activity record of 51.8%. This in vitro assay indicates
that M. domestica has a significant source of antioxidants, which
might help prevent the progress of various oxidative stresses. A
wide range of pharmacological impacts of Phloretin is produced
by a carbonyl group, hydroxyl groups, and two phenol aromatic
rings (A and B rings), and the presence of sugar residues
attached to the molecule in their chemical structure [3]. Many
pre-clinical studies have indicated that Phloretin has significant
antioxidant activity attributed to its flavonoid structure with four
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O-H bonds [59]. The antioxidant capacity of compounds can be
evaluated based on their bond dissociation enthalpy (BDE/ is
known as a part of the endothermic process and indicates the
energy required to break a bond into two isolated molecules
or atoms) and ionization potentials (IPs/ refer to the energy
required to deprive an electron of its quiescent molecules or
atoms) according to the density functional theory (DFT) [60].
IPs provide information on the efficiency of singlet-oxygen
scavenging and quenching of free radicals, and molecules with
a low BDE have better antioxidant activity and break bonds
easily; the process of removing an electron from Phloretin in
water, to destroy singlet oxygen and scavenge free radicals,
requires minimal energy consumption, allowing it to exhibit
incredible antioxidant activity [61]. Phloretin can inhibit lipid
peroxidation and scavenge peroxynitrite radicals due to the
(2,6-dihydroxyacetone) moiety in its structure. It has been
determined that the hydroxyl group at the (20 position) of
Phloretin is an essential pharmacophore for radical scavenging
and lipid peroxidation activities [6]. Additionally, studies to
understand the molecular mechanisms of Phloretin’s antioxidant
capacity have shown that cellular levels of antioxidant enzymes,
such as heme oxygenase-1 (HO-1) and glutathione (GSH), are
restored by Phloretin due to its significant impact on the redox-
regulated transcription factors such as extracellular signal-
regulated and nuclear factor erythroid related factor-2 (Nrf2)
pathways [3]. As a result, Phloretin can neutralize charged
radicals and reactive oxygen species [19,62].

Cytotoxic Effects of Phloretin (Ph2) on Four Cancer Cell
Lines:

In vitro, the cytotoxicity potential of Ph2 was evaluated in
Hep G2, A549, SW480, AGS, and HEK 293 cell lines (Figure



9). The cytotoxicity impact on cell growth was examined at
different concentrations (15.625 — 500 pg/ml), and the results
measured the ability of ph2-induced inhibition. The results
show no cytotoxic effects towards Ph2 treated Noncancerous
cell line of HEK-293. In Hep G2, A549, SW480, and AGS cells,
the percentage of viability of cancerous cells decreased with the
increasing concentrations of Ph2. It shows that the cytotoxic
effect of the Ph2 against cancer cell lines was stronger than
the non-cancerous cell line. In vitro, the cytotoxicity potential
of Cisplatin was evaluated in cancer and non-cancer cell lines
(Figure 9). Our data shows that different cells had different
sensitivity to the inhibition effect of the Ph2.

Phloretin exhibits many anticancer characteristics, including
anti-inflammatory, anti-proliferative, anti-invasive, cell-cycle
arrest, pro-apoptotic, antimetastatic, and antiangiogenic effect
[63]. The double bond between positions (a and ) on the three
carbon atoms bridge between (A and B) rings. This former
makes Phloretin a highly flexible molecule that effectively
binds with biological macromolecules. These interactions and
activation/block of intracellular signalling pathways lead to
striking biological properties, including anticancer activity.64
Phloretin has exhibited the ability to modify several protein
functions, reversing cellular transformation and abnormal
signalling. In addition, research has shown that Phloretin can
protect against oxidative DNA damage in human colon cancer
cells (Caco-2 and HT-29) by replenishing cellular glutathione
(GSH) levels [6,65]. Another study documented that Phloretin
inhibited COLO 205 colon cancer cell (COLO 205) proliferation
by arresting the cell cycle through p53 and suppressing glucose
transporter activity [66].

Previous studies have indicated significant anticancer
properties of phloretin, demonstrating its ability to inhibit the
malignant progress in various preclinical models of oral cancer,
lung cancer, esophageal cancer, colon cancer, gastric cancer,
liver cancer, cervical cancer, breast cancer, and prostate cancer
[56,67,68]. In doing so, phloretin can modulate many different
intracellular signalling pathways, attack several molecular
targets, regulate cell proliferation, and cell growth, stimulate
cytoprotective enzymes, inhibit cytotoxic systems, scavenge
free radicals, induce apoptotic cell death, inhibit type 2 glucose
transporter (glucose deprivation).

As aresult of the presence of four hydroxyls groups (OH) in its
structure can hinder the trans-membrane transport of saccharide
resulting in apoptosis of malignant cells. Zhang et al. reported
that phloretin can inhibit tumor formation and cause tumor cell
apoptosis [69]. These pathways can vary depending on the cell
model and experimental conditions [70].

Qin et al. reported that the position and number of hydroxyl
groups attached to the A-ring and the position and nature of the
carbohydrate units in the glycosides could influence flavonoids’
medicinal uses [18]. Phloretin purified from Crabapple Leaves
showed the strongest anticancer activity among the derivatives
due to its small molecular mass and some glycoside moiety is
bound to the phloretin structure decreases the anticancer activity
of phloretin, such as (trilobatin and Phlorizin), the obtained
result is similar to our exploration. Similarly, Kai Xii et al.,
purified phloretin from the bark of an apple tree [71].
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Finally, phloretin's various sources and pharmacological
activities have led to new drug development derived from
apples.

Conclusion.

Apples are the most extensively cultivated and consumed fruit
globally. Phloretin is a crucial component of apple products,
known for their abundance of essential biomolecules. These
biomolecules play a vital role in promoting human health due
to their potent anti-inflammatory, antiradical, and anticancer
properties. The purification of phloretin from apple tree parts is
of great interest to enhance the value of natural raw materials and
obtain extracts with a higher concentration of phloretin. TLC,
PHPLC, FTIR, CHN, and Melting point analysis confirmed the
presence and purity of phloretin. Further, the findings of the
cytotoxic study against human cancer cell lines by MTT assay
exposed that Ph2 is a potential anticancer drug compared to the
standard chemotherapy Cisplatin. These experimental and pre-
clinical results are the base for advancing a prospective natural
drug.
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