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ARTICLE INFO ABSTRACT

Keywords: Zinc oxide NPs were synthesized solvothermally within sonochemical mediation and characterized by XRD,
Solvothermal/sonochemical synthesis FTIR, SEM, EDX, elemental mapping, TEM and UV-vis. spectrophotometry. To evaluate the hydroxyl radicals
ZnO NPs

("OH) scavenging activity of arils extract of Egyptian (EGY-PAM) and Yemeni Punica granatum (YEM-PAM), the
developed zinc oxide nano particles (ZnO NPs) as a highly productive source of hydroxyl radicals (under Solar-
illumination) was used. The yield of "OH was trapped and probed via fluorimetric monitoring. This suits the first
sensitive/selective photoluminescent avenue to evaluate the "OH scavenging activity. The high percentage of
DPPH radical scavenging reflected higher contents of phenolics, flavonoids, and anthocyanins that were found in
EGY-PAM and YEM-PAM. Although, some secondary metabolites contents were significantly different in EGY-
PAM and YEM-PAM, the traditional DPPH radical scavenging methodology revealed insignificant ICsq. Unlike,
the developed fluorimetric probing, sensitively discriminated the ‘OH scavenging activity with ICsy (105.7 pg/
mL) and lower rate of "OH productivity (k = 0.031 min™') in case of EGY-PAM in comparison to ICsg (153.4 ug/
mL) and higher rate of "OH productivity (k = 0.053 min™!) for YEM-PAM. Our findings are interestingly superior
to the TBHQ that is synthetic antioxidant. Moreover, our developed methodology for fluorimetric probing of ‘OH
radicals scavenging, recommends EGY-PAM as "OH radicals scavenger for diabetic patients while YEM-PAM
exhibited a better ‘OH radicals scavenging appropriate for high blood pressure patients. More interestingly,
EGY-PAM and YEM-PAM exhibited high anticancer potentiality. The aforementioned ‘OH and DPPH scavenging
activities as well as the anticancer potentiality present EGY-PAM and YEM-PAM as promising sources of natural
antioxidants, that may have crucial roles in some chronic diseases such as diabetics and hypertension in addition
to cancer therapeutic protocols.

Solar-illumination
Fluorimetric probing
Hydroxyl radicals scavenging
Pomegranate arils

1. Introduction

Photoexciting semiconductor metallic oxide nanoparticles could
generate hydroxyl radicals (OH) by moving electrons from the valence
band to the conduction band, leaving behind a photogenerated hole
(h™). That holes could combine with water molecules and/or hydroxide
ions to make ‘OH radicals [1-3]. The amount of photocatalytically-
generated ‘OH radicals could be correlated to semiconductor type,
morphology, structurality, and optical properties [4,5]. The semi-
conductor, Zinc oxide (ZnO) has gained popularity because it is envi-
ronmentally sustainable of non-toxic chemistry and low cost. A number

of physical properties change when microparticles become nano-
particles. The two most important of these are an increase in surface
area-to-volume ratio and a reduction in particle size [6].
Hydrothermal, sol-gel, combustion, and Co-precipitation are among
methods used to synthesize nanoparticles [7-10]. Ultrasonic irradiation
during particle synthesis affects material structure and morphology
[11]. Ultrasonic micro-bubbles improve chemical reactions in solution
[12]. The growth and collapse of micro-bubbles transmits sonic energy
to vapour [13]. During the bubble’s vapour phase collapse, pressure and
temperature rise. This creates many reactive free radicals [14]. This
exclusive energy causes aqueous compound reactivity. Nanoparticles
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possess catalytic properties where those of small size and high active
surface increase catalytic efficiency. Ultrasonic irradiation improves
particle size and uniformity [15]. Sharifalhoseini et al. [16] studied
sonicating ZnO nanoparticles where the applied sonication improved
particle structure and antibacterial properties in addition to the influ-
ence of ultrasonic intensity on particle morphology. Ultrasonic irradia-
tion has a significant effect on purifying ZnO nanoparticles, and
cavitation is the main reason for particle morphology changes [17]. The
aformentioned merits play pivotal role in photogenerating ‘OH radicals
with high efficiency from photoexcited ZnO.

Hydroxyl radical (OH) belongs to intracellular reactive oxidizing
species (ROS) that are mainly generated from oxygen via electron
transfer providing a viable coding operators for cellular processes and
the maintenance of redox equipoise for cell propagation and discrimi-
nation [18,19]. "OH radicals gain specific attentiveness because of its
sturdy reactivity of quite short half-life time (~10s) and interaction
with other molecules with high rates (1 0°-101° M 1s7h [20], in addi-
tion to its potent oxidizability within 2.31 V reduction potential [19]. In
cells, "OH is catalytically generated from H,O, in presence of Fe?* or
Cu. Hydroxyl radicals is presumed as a deleterious species that could
stimulate lipid peroxidation [21], oxidative damage of DNA bases and
proteins [22] inducing pathophysiological processes of cardiovascular
disorder, cancer, and inflammation [23].

Various technicalities have been developed to detect “OH such as
electrochemical methods [24], absorption spectrophotometry [25],
electron spin resonance (ESR) spectroscopy [26], chemiluminescence
(CL) [27], high-performance liquid chromatography (HPLC) [28], and
spectrofluorimetry [29]. Sophisticated instrumentation in ESR, opera-
tional complexity in HPLC, poor selectivity in CL, low sensitivity in
spectrophotometry, low reproducibility in electrochemistry delimits
these methods [30]. Merits of low cost, simplicity, high sensitivity and
selectivity favor the usage of spectrofluorimetry over the aforemen-
tioned techniques for assaying ‘OH [31,32].

In addition to the necessity of sensitively monitoring ‘OH, seeking for
antioxidants that enable the neutralization of ‘OH radicals by provi-
sioning them with electrons to prevent or delimits the chain reactions
responsible for tissue damage is also an imperious demand [33]. Many
strong synthetic antioxidants such as butylated hydroxyltoluene (BHT)
and butylated hydroxyanisole (BHA) are used in food industries [34].
These synthetic antioxidants are associated with many dangerous side
effects such as liver damage and cancer induction [35]. Alternatively,
scientists have started to use natural and safe antioxidants such as
phenolics and flavonoids that are extracted from plants in food in-
dustries to enhance the antioxidant defenses and reduce the oxidative
damage to human body [36].

Punica granatum L. commonly known as pomegranate is a woody
perennial shrub and sometimes small tree belongs to the family
Lythraceae. It is native to Persia and has been extensively cultivated in
the Mediterranean countries including Tunisia, Turkey, Egypt, Spain,
USA, China, Japan, and Russia [37-39]. This plant has several bioactive
secondary metabolites including polyphenols, fatty acids and volatile
compounds [40-45]. The high contents of polyphenols in seeds extract
of pomegranate was reflected in its antioxidant activity [40] that may be
attributed to its high content of polyphenolics such as chlorogenic acid,
coumaric acid, pyrogallol and rutin. The most important bioactive
phenolic acid in pomegranate is the ellagic acid as it has many biological
activities such as anticancer activity [46], antidiabetic, anti-
inflammatory, anti-allergic, and antibacterial activities [47].

In this work, we aimed to suit the first integrated protocol for se-
lective assaying of the scavenging potentiality of ‘OH radicals by the
arils extract from Egyptian and Yemeni Punica granatum (EGY-PAM,
YEM-PAM). The protocol started with the employment of a hybrid sol-
vothermal/sonochemical route to synthesize ZnO NPs of better photo-
responsive efficacy, to be suited in a solar-driven/fluorimetric probing
system to selectively photogenerate and sensitively assay ‘OH radicals.
Secondly, we examined the antioxidant efficacies of the EGY-PAM and
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YEM-PAM in scavenging ‘OH. In addition, the anti-proliferative activity
is investigated.

2. Experimental
2.1. Materials

Fruits of two varieties (one from Yemen and another from Egypt) of
Punica granatum were purchased from the market in Aljouf region, City
of Sakaka, Saudi Arabia. Zinc acetate dihydrate (Zn(CH3COQ)5-2H50),
benzyl alcohol, sodium hydroxide, terephthalic acid, ethanol, tert-
butylhydroquinone (TBHQ), 2,2-Diphenyl-1-picryl-hydrazyl (DPPH),
hydrochloric acid, sulforhodamine B (SRB), ascorbic acid, and catechol
were obtained from Sigma Aldrich Chemical Co. (St. Louis, Mo, USA).
All reagents were of analytical grade and were used as received.
Deionized (DI) water was used to prepare all the working aqueous
solutions.

2.2. Methods

2.2.1. Extracting of pomegranate arils (PA) molasses.

The fresh fruits of Egyptian and Yemeni Punica granatum were
washed with tap water followed by deionized water to remove any dusty
grains. Then the arils were collected, purified from other pulp contents.
Exactly 500 g of each arils category were placed in 1.0 Liter Pyrex beaker
and subjected to 4 days soaking in ethanol/water (80:20 % v/v). After
that, the color of ethanol/water extracting mixture renders red. The
extracted arils solution was filtered to remove possibly present sedi-
ments and exposed to rotary evaporation at 50 °C until getting the
proper textures of pomegranate arils molasses (PAM) of the Egyptian
and Yemeni origins denoted respectively as EGY-PAM and YEM-PAM.
These extracts were stored at RT and kept in dark till the determina-
tion of their bioactive polyphenolics secondary metabolites such as total
phenolics, flavonoids, and anthocyanins. Moreover, these extracts were
used for evaluation of hydroxyl and DPPH radical scavenging activity as
well as the reducing power and anti-proliferative activity against two
carcinogenic cell lines (hepatocellular carcinoma and breast cancer cell
lines).

2.2.2. Quantitative determination of metabolites by spectrophotometer

Determination of total phenolics: Folin-Ciocalteau method was used to
estimate the total content of phenolics in P. granatum arils extracts [48].

Determination of flavonoids: Aluminum chloride was used to deter-
mine flavonoids content in the crude extract of P. granatum arils. The
absorbance of samples and the standard (quercetin) were measured at
510 nm [49]. The content of flavonoid contents were expressed as
quercetin equivalent (mg QE/g extract).

Determination of anthocyanins: Crude extracts of the P. granatum were
dissolved in acidified methanol in brown tubes or in well closed tubes
covered with aluminum foil and incubated at + 4 °C for 24 h [50]. The
absorbance of the supernatants after centrifugation was recorded at 530
and 657 nm. The anthocyanins content was calculated using the
following equation:

Anthocyanin content (pmole/g) = ([As30- 0.33 X Ags7]/31.6) x (volume [mL]/
weight [g]) (€]

Determination of reducing power (RP): Reducing power of different
concentrations of ethanol extracts were determined based on Oyaizu
1986 in presence of phosphate buffer, potassium ferricyanide, chloro-
acetic acid and ferric chloride. The absorbance of the solution was read
at 700 nm where ascorbic acid was used as positive control [51].

Determination of DPPH free radical scavenging activity assay: The ex-
tracts were vigorously shaken with a mixture of acetic acid solution (pH
5.5), ethanol aqueous solution (50 %) and DPPH in ethanol. The mixture
was incubated for 30 min at RT protected from light. Different
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concentrations of ascorbic acid, positive and negative controls were
similarly treated as above [52]. The absorbance was read at 517 nm and
the % inhibitions were plotted against concentrations where ICsg was
calculated from the graph. The experiment of DPPH was performed in
duplicates.

2.2.3. Cancer cell lines, medium and in vitro anticancer activity

Human hepatocellular carcinoma HepG-2 and breast cancer cell lines
(MCF7) were obtained from an American Type Culture Collection
(ATCC). PRMI-1640 medium supplemented with 10 % foetal bovine
serum (FBS), 2 mL glutamine containing 100 U/mL streptomycin and
100 U/mL penicillin at 37 °C/5 % CO2 were used for cell culturing.

2.2.4. Determination of inhibition concentration 50 % (ICsg) for P.
Granatum extracts using sulforhodamine B (SRB) colorimetric assay

The antiproliferative activity of P. granatum extracts was evaluated
using the sulforhodamine B colorimetric assay (SRB) by following a
previously reported method [53,54].

2.2.5. Preparation of zinc oxide nanoparticles (ZnO NPs)

In 100 mL round flask, 4.0 g of zinc acetate dihydrate (Zn
(CH3C00),-2H5,0) was added to a (1:10 v/v) solution of absolute
ethanol and benzyl alcohol. The obtained mixture was subjected to
hybrid refluxing system mediated with ultrasonication bath operated at
38 kHz + 10 % frequency with 110 W output power and allowed solu-
tion heating at 80 °C for 3 h where a white precipitate is formed within
evolution of ester smell. The precipitate was collected, washed 3 times
with ethanol followed by 3 times washing with deionized water. The
precipitate was firstly dried at 70 °C for 10 h and finally calcined at
450 °C for 2 h.

2.2.6. Solar-driven generative approach of hydroxyl radicals COH) from
ZnO NPs and spectrofluorimetric monitoring

The productivity of the developed ZnO NPs for the hydroxyl radicals
('OH) under solar illumination were spectrofluorimetrically assayed due
to the photoluminescence (PL) technicality [1]. In a representative
methodology, 12.0 mg of the developed ZnO NPs was added to 40 mL of
terephthalic acid, TA (0.005 mol/L) mixed with NaOH (0.01 mol/L).
This mixture was illuminated by solar radiation of 3.75 x 10* Lux
(recorded via PeakTech®digital multi tester). At a given time of illu-
mination, about 5 mL of illuminated solution was withdrawn and
centrifuged to remove any suspended ZnO NPs where the efficacy to
breed ‘OH radicals is assayed by recording the distinguishing fluorescent
peak of the produced hydroxy terephthalate fluorphore at emission
wavelength 426 nm.

2.2.7. The potentiality in scavenging ‘OH radicals activity due to EGY-PAM
or YEM-PAM

The potentiality of EGY-PAM or YEM-PAM in scavenging ‘OH radi-
cals was addressed and compared using the spectrofluorimetric probing
technicality. As aforementioned in section 2.2.6, the ascribed mixture in
breeding ‘OH radicals under solar illumination was prepared where
different amounts (90, 110, 155, and 220 pg/mL) of EGY-PAM or YEM-
PAM were dissolved before starting the illumination process.

The scavenging percentage of hydroxyl radicals was estimated from
the equation:

Scavenging activity (%) =

(FO - Fr)
{T} x 100 (2)

where Fy and F; are respectively, the maximum fluorescence intensity of
the formed fluorescent probe at Aey, 426 nm. in absence and presence of
antioxidant samples at the same illumination time for the ‘OH radicals
breeding system. Experiments were repeated three times where results
were plotted as the scavenging activity percentage versus examined
samples concentrations.
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Moreover, addressing of the hydroxyl radicals scavenging potenti-
alities due to EGY-PAM or YEM-PAM was employed in presence of high
levels of glucose (5 mg/mL) and NaCl (15 mg/mL) by following the
above procedures for breeding and selective fluorimetric probing of ‘OH
radicals.

Furthermore, the efficacy of the studied samples for "OH radicals
scavenging were kinetically examined by comparing the rates of
breeding "OH radicals in absence and presence of antioxidant samples
due to the equation:

In(F/F,) = a + kt 3

where F and F, are respectively, the fluorescence intensity of the formed
fluorescent probe at Aep, 426 nm. in presence and absence of antioxidant
samples at illumination time (t) for the "OH radicals breeding system.

2.3. Statistical analysis

The statistical differences among the content of secondary metabo-
lites in the two varieties of P. granatum (Egyptian and Yemen) was
evaluated using analysis of variance (ANOVA) from Minitab (version
12.21) (difference at p < 0.05 was considered to be statistically
significant).

2.4. Instruments

Absorption spectra within the UV-visible range were recorded uti-
lizing the spectrophotometer Agilent Cary-60. While a Shimadzu IR
Affinity-1S spectrometer was used for measuring the FTIR spectra. The
XRD spectra were employed using D/Max2500VB2/Pc-X-ray diffrac-
tometer (Rigaku, Tokyo, Japan) with a Cu detector X-ray of wavelength
1.54 A. The TEM imaging of sample was depicted utilizing the electron
microscopy (JEOL, JEM-2100, Japan). Zeiss FESEM Ultra 60 field
emission scanning electron microscopy with EDX and mapping analyses
was used to examine the morphological characteristics of the developed
material. The photoluminescence measurements were recorded by using
Agilent fluorimeter and the Guyson ultrasonic bath (MKC6) operated at
38 kHz + 10 % with 110 W output power was used for sonication aid.

3. Results and discussion
3.1. Phytochemical analysis and antioxidant activity of P. Granatum

Although both varieties of P. granatum proved to possess polyphenols
(Table 1), the Egyptian variety had relatively higher content of pheno-
lics than Yemen variety (32.5 and 29.8 mg/g GAE). However, the Yemen
variety showed higher flavonoids (4.8 and 4.7 mg/g QE) and signifi-
cantly higher (p < 0.05) content of anthocyanins (2.18 umole/g) as
compared to the Egyptian variety (Table 1).

This high content of polyphenolics in both varieties was reflected in
the reducing power (RP) and the DPPH radical scavenging activity of the
extracts. Both varieties of P. granatum showed very high reducing power
and free radical scavenging activity with a significant difference

Table 1
Phytochemical analysis of the EGY-PAM and YEM-PAM.

Secondary metabolites EGY-PAM YEM-PAM
Total phenolics (TP) mg GAE g~! extract 325 +1.5° 29.8 + 1.45%
Total flavonoids (TF) mg QE g’1 extract 4.7 + 0.82° 4.8+ 1.4°
Total anthocyanins pmole g~* extract 0.96 + 0.001° 2.18 + 0.02%
RP at 1000 pg/ml (OD) 0.31 + 0.004° 0.28 + 0.004"
DPPH at 250 ug/ml) 83.3 + 0.24° 84.7 + 0.0°
1Cso of DPPH (ug mL 1 113.1 + 1.97° 89.5 + 6.43°

GAE = gallic acid equivalent, QE = quercetin equivalent, RP = reducing power.
Different letters in the same row means significant difference (p < 0.05) and the
same letters means there is no significant difference.
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between the Egyptian and Yemeni varieties regarding RP, whereas no
significant difference between the Egyptian and Yemeni variety
regarding DPPH was recorded (Table 1). The high DPPH radical scav-
enging activity resulted to impact on the ICs¢ of the extracts, where the
Egyptian and Yemeni varieties showed low ICs (113.1 and 89.5 pg/mL),
respectively (Table 1 and Fig. 1). The ICsg of both varieties showed no
significant difference at p < 0.05.

The increasing of reducing power with increasing the concentration
of the extract in both P. granatum varieties indicates that these extracts
have electron donor compounds that have the ability to convert the free
radicals into stable products and prevent the radical chain reaction [33].
The antioxidant activity of P. granatum was previously reported and
correlated to the presence of polyphenols [55] as similar the case for
high content of flavonoids that was previously linked to the hydroxyl
free radical scavenging activity [20].

3.2. Characterization of the as-prepared ZnO NPs

The XRD pattern of the developed ZnO NPs is illustrated in Fig. 2A.
The diffraction peaks assigned at 20 = 31.63°, 34.36°, 36.12°, 47.68°,
56.64°, 62.81°, 66.24°, 67.84°, 68.96°, 72.41° and 77.15° assure that
the prepared ZnO is matched to JCPDS No. 36-1451 corresponding to
the hexagonal wurtzite crystallinity and corresponds respectively to the
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Fig. 1. The DPPH radical scavenging activity of EGY-PAM (A); and YEM-
PAM (B).
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crystal faces (100), (002), (101), (102), (110), (103), (200), (112),
(201), (004) and (202). The relatively high ultrasound-mediated
irradiation during the synthesis of ZnO could be responsible for the
high purity obtained for ZnO. Under higher ultrasound irradiation, the
by-product is destroyed, resulting in this phenomenon [17].

Moreover, the size of the crystallite (D) could be estimated from
the Debye-Scherrer equation:

D =k M cosO 4

where k is of value 0.89 and refers to the Scherrer’s constant, A is X-ray
wavelength (1 = 1.54056 A), 6 is the Bragg’s angle, and j refers to the
full width of the estimated peak at its half maximum. Hence, the average
size of crystallite is estimated to be 26.3 nm.

As ascribed in Fig. 2B, the FTIR spectrum of the developed ZnO NPs

EHT=500kV WD =88mm

Mg =11.61kX ZEISS
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was recorded from 400 to 4000 cm™!. As seen, several bands are
assigned at 451, 873, 1408, 1510 and 3639 em™ . The peaks at 435 and
870 cm~! refer to Zn-O stretching vibrational motion [56]. The band
assigned at 1408 cm ™! could be due to atmospheric COj that is adsorbed
on ZnO surface. Also, there are very small amount of water moisture on
the surface of ZnO as revealed from the bands at 1510 and 3639 cm ™" of
very weak intensity as a result of bending and stretching vibration
modes of water.

Transmission electron microscopy (TEM) was employed to explore
the morphological features of the solvothermally/sonochemically
developed ZnO NPs. The TEM image picked up as in Fig. 2C manifests
the predominance of spherical/hemispherical particulation of ZnO
within a few of a square and hexagonal shaped particulation. The size
estimation ranging from 18.7 to 33.4 nm that is found comparable to

EHT=1000kv WD=88mm  Mag=110.87 KX

CPS (eV)

(C)

1634 P g
MAG: 34x  HV: 15KV, WD: .84,

Fig. 3. SEM images at two magnifications (A) and (B); EDX spectrum (C) and EDX mapping (D-F) of the deveoped ZnO NPs.
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that acquired for ZnO prepared under near ultrasonication conditions
[17]. Under ultrasonication, the aggregation of the particles in the
sample is reduced. For this sample, nanoparticle dispersal is dominated
by microbubble formation and collapse [12,13].

SEM, EDX, and mapping were used to characterize Zn and O ele-
ments in the developed photocatalyst in order to better understand their
distribution and content. As seen in Fig. 3, the distribution of ZnO par-
ticulates were highly uniform, with unconsiderable agglomeration of
ZnO NPs, which was consistent with the TEM results. A further per-
centage of Zn and O were found to be 46.12 % and 53.8 %, respectively,
in the EDX analysis results.

The UV- vis electronic spectroscopy of the developed ZnO NPs is
illustrated in Fig. 4A. As shown there is a well-defined peak around 369
nm that is referred to the characteristic excitonic absorption and the
surface Plasmon resonance of ZnO semiconductor nanoparticles.
Furthermore, addressing of absorption features and the band gap of the
developed ZnO is estimated from the Kubelka-Munk plotting:

(«hv) = A (hv — Ep)'? 5)

where h is Planck's constant, A refers to an absorption constant, « is
extinction coefficient, Eg is the energy gap in eV, and v is the frequency.
When (ahv)'/? extrapolating linearly versus (hv), E; of estimate 3.32 eV
is obtained (Fig. 4B).
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Fig. 4. UV-Vis electronic spectra (A); and The plot of (ahv)'/2 versus ho for the
developed ZnO NPs.
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3.3. Solar-driven photocatalytic activity of ZnO NPs in breeding hydroxyl
radicals COH) and their selective photoluminescence monitoring

The efficacy of the developed ZnO NPs in breeding ‘OH radicals after
its subjecting to solar irradiation was estimated via the sensitively se-
lective photoluminescence (PL) approach using the terephthalic acid
(TA)/NaOH probe [55]. As shown in Fig. 5A, photo-illuminating the
developed ZnO NPs semiconductor reveals electronic excitation from
the valence band (VB) to the conduction band (CB) leaving behind the
photogenerated holes (h%). These holes were interacted with water
molecules breeding the "OH radicals. These nascent "OH radicals were
selectively tapped by the non-fluorescent terephthalate system forming
the strongly fluorescent hydroxy terephthalate with a characteristic
emission signal at Aem = 426 nm., Fig. 5B. Along 80 min. of Solar-
illuminating ZnO NPs, a noticeable increase in the fluorescence in-
tensity of the formed hydroxy terephthalate fluorophore [57] is recor-
ded as a result of higher concentration of produced ‘OH radicals
(Fig. 5B). A control experiment for examining the influence of solar-
irradiating TA/NaOH solution in absence of ZnO NPs reveals that no
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Fig. 5. Illustrative Scheme for the "OH radicals productivity via the suited
solar-driven catalytic photoexcitation of the synthesized ZnO NPs (A); Fluo-
rescence spectra of hydroxy terephthalate fluorophore (hexy = 315 nm) due to
‘OH-trapping during 80 min. of sunlight-illumination of the synthesized ZnO
NPs (B).
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hydroxy terephthalate was generated [28].

3.4. Spectroftuorimetric assessment of EGY-PAM or YEM-PAM efficacies
in scavenging “OH radicals.

The aforementioned fluorimetric probing in section 3.3 was
employed in presence of different dosages (90, 110, 155, and 220 pg/
mL) of either EGY-PAM or YEM-PAM samples to examine their activities
in scavenging "OH radicals. Fig. 6 shows the temporal variations in
fluorescence intensities of the formed hydroxyl terephthalate along 80
min. of solar-illuminating ZnO NPs in presence of 90 and 220 pg/mL of
EGY-PAM or YEM-PAM. As seen, the characteristic fluorescent signal
depicted for the trapping of "OH radicals exhibited noticeably decreased
intensity with different degrees. Addition of 90 pg/mL from EGY-PAM or
YEM-PAM decreases the Max Irfrom 331.9 in blank experiment to 261.4
and 292.2, corresponding to 21.6 and 11.6 % "OH scavenging, respec-
tively. While adding maximum dose of 220 pg/mL from EGY-PAM or
YEM-PAM sharply declines the Max I to 44.7 and 50.8 corresponding to
87 and 84 % ‘OH scavenging, respectively. The estimated "OH % scav-
enging due to the different doses from EGY-PAM or YEM-PAM and the
TBHQ synthetic antioxidant (200 pg/mL) are compared as shown in
Fig. 7A and Table 2. Comparison clearly illustrates the superior poten-
tiality of EGY-PAM in scavenging "OH radicals over YEM-PAM especially
at low dosage in addition to the interesting performance of either EGY-
PAM or YEM-PAM at 220 pg/mL in scavenging ‘OH radicals by 87 and
84 %, respectively that are significant higher than TBHQ at dosage 200
pg/mL. Moreover, closer comparison for the performance of either EGY-
PAM or YEM-PAM in scavenging "“OH radicals is clearly addressed from
the estimated values of ICsp. As seen in Fig. 7B, the values of ICsg for
EGY-PAM and YEM-PAM are 105.7 and 153.4 pg/mL significantly refers
to the superiority of EGY-PAM over YEM-PAM in scavenging “OH.

Furthermore, the antioxidant efficacy of EGY-PAM and YEM-PAM
were kinetically examined by comparing the rates of breeding ‘OH
radicals in absence and presence of antioxidant samples. Fig. 8,9
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compare the kinetics of producing ‘OH radicals in presence of different
doses from EGY-PAM or YEM-PAM and TBHQ (200 pg/mL). As seen, by
increasing the added concentration from EGY-PAM or YEM-PAM, the
Kinetic patterns for breeding "OH radicals decreases from 0.07 min " in
blank experiment to 0.031 min‘and 0.053 min~}, respectively versus
0.049 min~! when adding TBHQ. This is another confirmation for the
higher efficacy of EGY-PAM as antioxidant over YEM-PAM. This could
be attributed to the higher reducing power and the higher content of the
phenolics secondary metabolites in the EGY-PAM rather than YEM-PAM

as previously illustrated in Table 1.

3.5. Fluorimetric assessment of the "OH radicals scavenging potentiality of
EGY-PAM or YEM-PAM in presence of glucose or NaCl

Moreover, the efficacy of EGY-PAM and YEM-PAM antioxidants in
scavenging ‘OH radicals was further examined in presence of high levels
of glucose (5 mg/mL) and NaCl (15 mg/mL) as a common existing
compounds, respectively in case of patients of diabetes and high blood
pressure diseases. But firstly, it is necessary to preliminary examine the
effect of adding either glucose or NaCl to the fluorescence intensity of
already formed hydroxy terephthalate fluorphore in absence of EGY-
PAM and YEM-PAM. The recorded fluorescence intensities of hydroxy
terephthalate are found to be insignificantly influenced by adding either
glucose or NaCl confirming the preciseness of the ‘OH radicals probing
technicality. The results depicted in Fig. 10 estimated from the com-
parison of fluorescence intensities (Aem, 426 nm.) due to 80 min. of solar-
irradiation for ZnO/TA/NaOH/antioxidant probing system in absence
and presence of glucose or NaCl. The results show a retardation in the
‘OH radicals scavenging percentage of EGY-PAM by 3.6 % and 11.8 % in
presence of glucose or NaCl, respectively. In case of YEM-PAM, the ‘OH
radicals scavenging percentage was retarded by 13.6 % and 5 % when
adding respectively, glucose and NaCl to the working system. Such
reverse potentialities of EGY-PAM and YEM-PAM in the ‘OH radicals
scavenging performance when adding either glucose or NaCl may be
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Fig. 6. Temporal variations in fluorescence intensities of the formed hydroxyl terephthalate due to nascent generative "OH radicals via solar-illuminated ZnO NPs in
presence of (A) 90 pg/mL EGY-PAM; (B) 220 pg/mL EGY-PAM; (C) 90 pg/mL YEM-PAM; (D) 220 pg/mL YEM-PAM.
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EGY-PAM and YEM-PAM (B).

Table 2

The estimates of hydroxyl radicals scavenging(%) and first-order rate constant
for breeding hydroxyl radicals for EGY-PAM and YEM-PAM in comparison to
TBHQ.

Sample Concentration ‘OH radicals Rate of "OH radicals R?
(pg/mL) scavenging productivity (min.~%)
(%)
EGY- 90 21.6 - -
PAM 110 62.6 - -
155 74 - -
220 87 0.0312 0.96
YEM- 90 11.6 - -
PAM 110 20.3 - -
155 57.9 - -
220 84 0.053 0.93
TBHQ 200 75 0.049 0.92

attributed to the variations

constituents.

3.6. Anti-proliferative activity

in the formulations of their active

The ethanol extract of both extracts of P. granatum (the Egyptian and
Yemeni) proved to have strong antiproliferative activity against two
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Fig. 8. The kinetics of breeding ‘OH radicals in absence and presence of
different concentrations from EGY-PAM in comparison to TBHQ (A); Estimation
of first order rate constant in breeding "OH radicals in presence of EGY-PAM
(220 pg/mL).

cancer cell lines: hepatocellular carcinoma (Hep-G2) and breast cancer
cell lines (MCF7). Among these, MCF7 showed more resistance as
compared with Hep-G2, against both P. granatum extracts. The Egyptian
P. granatum extract showed very low IC;o with Hep-G2 and MCF7 (1.19
and 3.52 pg/mL), respectively. The Yemeni P. granatum extract showed
higher ICy than the Egyptian one with Hep-G2 and MCF7 (1.98 and
4.08 ug/mL), respectively (Fig. 11A,B). The anti-proliferative activity of
P. granatum extracts may be attributed to not only the high content of the
secondary metabolites contributing to anticancer activity, such as phe-
nolics, flavonoid, and anthocyanins, but also to other secondary me-
tabolites which have not been determined in this study. The anti-
proliferative activity of the ethanol extracts of some Asteraceae plants
growing in Saudi Arabia against Hep-G2 and MCF7 was attributed to the
high contents of phenolics and flavonoids [54]. Moreover, Zea mays
anthocyanins exerted anti-proliferative activity against colon cancer cell
lines [58]. Polyphenols as well as phenolics-rich extracts showed anti-
proliferative activity against hepatocellular carcinoma and colon can-
cer cell lines in vitro and in vivo [59,60].

4. Conclusion

Hybrid solvothermal/sonochemical route was used to prepare ZnO
NPs that were characterized by XRD, FTIR, TEM, SEM, EDX and UV-vis.
spectrophotometry analyses. Ultrasound-mediated irradiation may be
responsible for ZnO’s high purity. As the ultrasonic irradiation can
destroy the by-product, hence possibly responsible for this phenomenon.
The XRD diffractogram indicated high crystallinity within hexagonal
wurtzite crystal faces. TEM image showed the predominance of
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radicals was in presence of glucose (5 mg/mL) and NaCl (15 mg/mL).

spherical/hemispherical particulation with size estimates ranging from
18.7 to 33.4 nm where ultrasound reduced sample particle aggregation.
In this sample, microbubble formation and collapse dominated nano-
particle dispersal. The SEM, EDX, and mapping were used to charac-
terize Zn and O in the developed photocatalyst where ZnO particulates
were highly uniform with little agglomeration, consistent with TEM
results. The EDX analysis found 46.12 % Zn and 53.8 % O. Solar
—illumination of the developed ZnO NPs produced high density of hy-
droxyl radicals ("OH) as monitored by fluorimetric probing. Accord-
ingly, and for the first time, a sensitive/selective photoluminescent
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Fig. 11. Antiproliferative activity of EGY-PAM and YEM-PAM against two
cancer cell lines: hepatocellular carcinoma (Hep-G2) (A); and breast cancer cell
lines (MCF7) (B).

avenue was framed to evaluate the ‘OH scavenging activity of Egyptian
and Yemeni varieties from P. granatum (EGY-PAM, YEM-PAM). Phyto-
chemical analysis of EGY-PAM and YEM-PAM detectd high content of
total phenolics, total flavonoids, and anthocyanins that reflected to the
high %DPPH radical scavenging. The traditional DPPH radical scav-
enging methodology could not show the significant difference in spite of
the superior content of phenolics in the EGY-PAM rather than YEM-
PAM. Unlike, the developed fluorimetric probing, sensitively discrimi-
nated the ‘OH scavenging activities of EGY-PAM and YEM-PAM. These
results are compatible with the higher reducing power of EGY-PAM than
YEM-PAM and interestingly superior to the TBHQ synthetic antioxidant.
Moreover, the efficacy of EGY-PAM and YEM-PAM antioxidants in
scavenging "OH radicals was further examined in presence of high levels
of glucose and NaCl. Surprisingly, the ‘OH scavenging activity of the
developed EGY-PAM and YEM-PAM are comparable to the synthetic
antioxidant TBHQ and still viable in presence of high dosage from
glucose or NaCl. EGY-PAM may be recommended as "“OH radicals scav-
enger for diabetic patients while YEM-PAM exhibits a better ‘OH radicals
scavenging appropriate for high blood pressure patients. More inter-
estingly, the "OH scavenging activities as well as the anticancer poten-
tiality addressed for EGY-PAM and YEM-PAM make them a promising
source of natural antioxidants that will preserve their activity even when
dealing with chronic diseases like diabetes and high blood pressure as
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well as cancer therapeutic protocols. This encourages the future inau-
gurating of EGY-PAM and YEM-PAM as a potent therapeutic agent in
free radical induced diseases.
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