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Abstract
This work aimed at the green synthesis of multifunctional zinc oxide nanoparticles (ZnO NPs) using Solanum Lycopersicum 
(SL) fruit juice to act as antibacterial/cancer/UV sunscreens. The obtained ZnO NPs were examined for optical properties, 
cytotoxicity of human lung fibroblast (WI-38) and hepatocellular carcinoma (HePG2) cell lines, and antibacterial activity 
against Gram-negative Escherichia coli and Gram-positive Staphylococcus aureus. The antioxidant activity and in vitro sun 
protection factor (SPF) of the synthesized nanoparticles were carried out by spectrophotometric methods. The formation of 
pure phase structure and characteristic functional group of the synthesized ZnO NPs were confirmed by XRD, FTIR, and 
UV–Vis diffuse reflectance analysis. SEM image showed that the ZnO NPs have a quasi-spherical shape with a size of about 
39 ± 12 nm. ZnO NPs showed high potency as sunscreens (in vitro SPF = 16.8) and as mild antioxidant agents. Notably, ZnO 
NPs enhanced the cytotoxic activity against hepatocellular carcinoma cells and confirmed their antibacterial activity against 
pathogenic bacteria. SL fruit juice can play a triple role by acting as a solvent, reducing agent and stabilizer which facilitates 
the synthesis of ZnO NPs sunscreen that has antibacterial and anti-carcinogenic properties.
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1 Introduction

  The increased exposure of human skin to the sun’s ultra-
violet rays and their penetration into the deeper layers of 
the skin may lead to risks ranging from skin discoloration 
to skin aging to skin cancer, as well as increased activ-
ity of pathogens when the skin is infected [1–3]. Among 
the many sunscreens suggested by the scientific commu-
nity, inorganic sunscreens, such as ZnO NPs, are a regular 
protection against UV radiation [4]. Over the past decade, 
several studies have shown promising results for ZnO NPs 
in several biomedical applications, including sunscreen 
agents, biosensors, antitumor, antibacterial activity, and 
antioxidants [5]. As sunscreen agents, small sized zinc oxide 

particles have a significant attenuating effect on ultraviolet 
B (UVB) radiation, as UVB rays are scattered, absorbed and 
reflected, enabling them to act as a physical barrier to protect 
the stratum corneum of the skin [6]. ZnO NPs are highly 
valued biological nanomaterials due to their non-toxicity, 
biocompatibility, photocatalytic activity, high stability, and 
biodegradability [7, 8]. Moreover, zinc oxide can overcome 
pathogenic bacteria that have antibiotics-resistance, and it 
has fewer side effects compared to organic sunscreens [9, 
10]. Several chemical, physical and biological (green) syn-
thesis approaches have been used to synthesize ZnO NPs 
with desired shape and sizes [11, 12]. However, both chemi-
cal and physical methods are subject to several drawbacks, 
including prohibitive costs, time consumption, high energy 
consumption, and the use of toxic and hazardous chemicals, 
which are not environmentally friendly [11–13]. Currently, 
the interest in using green synthesis to synthesize ZnO NPs 
has increased due to it being a simple, low-cost, sustainable 
and eco-friendly method [14]. As such, compared to tradi-
tional chemical methods for the synthesis of ZnO NPs, green 
synthesis has become an important approach to reduce nega-
tive impacts on the environment because it does not use any 
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environmentally harmful substances as reactants, nor does 
it produce any environmentally harmful substances as reac-
tants [15, 12]. Moreover, the use of green synthesis method 
involving plant synthesis of ZnO NPs is a promising method 
because it is cost-effective, rapid, one-step, and biocompat-
ible [16]. Green synthesis approach of ZnO NPs is based on 
the possibility of using various active substances of plants 
and microorganisms as reducing agents, capping agents and 
solvent systems [17]. The microorganisms used in the green 
synthesis of ZnO NPs included bacteria [15, 18, 19], fungi 
[20, 21], and algae [22], and on the other hand, the plant 
extracts included roots, stems, leaves [23–25] and fruits [26]. 
Among them, plant extracts are preferred for the synthesis 
of ZnO NPs because they are simple and easy to prepare 
and enable large-scale production of nanoparticles [14–17]. 
Several plants have been extensively tested for active materi-
als suitable for the green synthesis of ZnO NPs, especially 
those rich in active substances capable of reducing and stabi-
lize zinc salts into zinc oxide nanoparticles [27, 28]. Gener-
ally, the initial solution of zinc is mixed with plant extracts 
under appropriate reaction conditions including pH, tem-
perature, pressure, and concentration [29]. Moreover, it can 
add therapeutic efficacy to synthetic molecules, enhancing 
their antibacterial or anticancer activity [30, 31]. Also, when 
biomolecules such as salts, amino acids, phytochemicals, 
and proteins present in plant extracts are added to ZnO NPs 
during the synthesis process, it can make the ZnO NPs more 
biocompatible and effective within living tissues because of 
their biochemical similarity to cellular components respon-
sible for cell growth [32, 33]. Solanum Lycopersicum (SL) 
is a seasonal plant (tomato), and they are one of the most 
important daily foods in addition to its important medicinal 
properties, due to the presence of carotenoids (such as lyco-
pene), polyphenols (such as flavanones and anthocyanidins), 
and ascorbic acid which are antioxidants and anticarcinogens 
[34]. Lycopene is a red carotenoid that has antioxidant and 

anti-inflammatory properties, in addition to preventing can-
cer, as it was found that it can accumulate in the prostate and 
enhance its protection against prostate cancer [35]. Lycopene 
as an oxidizing agent can prevent oxidative damage to DNA 
and the potential conversion of normal cells into cancer 
cells through the quenching of single oxygen and scaveng-
ing of free radicals [36]. Thus, all components of SL fruit 
extract together with their antioxidant and anticancer prop-
erties make SL extract of promising utility in the preven-
tion and control of cancer [37]. This work aims to develop 
more effective and multifunctional ZnO NPs sunscreens to 
provide integrated protection where the combination of anti-
bacterial, antitumor activity and UV protection can improve 
the efficacy of sunscreens due to synergistic effects. In this 
regard, the green synthesis of ZnO nanoparticles was used 
due to it being an economical, environmentally friendly and 
safe method for the synthesis of toxin-free ZnO. The toxic-
ity factor of raw ingredients is particularly important when 
used in cosmetics. Here, we developed a novel approach for 
the green synthesis of UVB sunscreen ZnO NPs using SL 
fruit juice to investigate its synergistic effect on pathogenic 
bacteria (Gram-negative Escherichia coli and Gram-positive 
Staphylococcus aureus) and on normal (Human lung fibro-
blast) and cancerous (Hepatocellular carcinoma) cell lines. 
In this study, ZnO NPs were eco-friendly and synthesized 
using SL fruit juice (green synthesis). The structure, compo-
sition, morphology, and optical properties of ZnO NPs were 
determined using XRD, FTIR, FSEM, and UV–Vis diffuse 
reflectance analysis. The effects of ZnO NPs were evalu-
ated against normal (Human lung fibroblast) and cancerous 
(Hepatocellular carcinoma) cell lines and on pathogenic 
bacteria (Gram-negative Escherichia coli and Gram-positive 
Staphylococcus aureus) were investigated. The antioxidant 
activity and in vitro sun protection factor (SPF) of the syn-
thesized nanoparticles were carried out by spectrophotomet-
ric methods.
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2  Experimental Methods

2.1  Materials and Reagents

Solanum Lycopersicum (SL) was determined using clas-
sification keys. The healthy and ripe fruits were purchased 
from the local vegetable market in Tanta, Gharbia Gover-
norate, Egypt. Zinc nitrate hexahydrate (Zn(NO3)2.6H2O 
was purchased from Oxford Lab, India: purity 96%). Cell 
lines: human lung fibroblast (WI-38) and human hepa-
tocellular carcinoma (HepG2) cells were obtained from 
VACSERA (Cairo, Egypt). Roswell Park Memorial Insti-
tute-1640 (RPMI-1640) was purchased from Lonza Inc. 
(USA). Fetal bovine serum (FBS was purchased from 
GIBCO, UK:

impurities ≤ 10 EU/mL endotoxin). Dimethyl sulfox-
ide (DMSO, purity 99.9%), 1,1-diphenylpicrylhydrazyl 
(DPPH, purity 97%), and Dimethyl-2-thiazolyl-2,5-di-
phenyl-2  H-tetrazolium bromide (MTT, purity ≥ 98%) 
assay were purchased from Sigma Aldrich (USA). Abso-
lute ethanol was purchased from El-Naser Co. (Egypt, 
purity ≥ 99.5%).

2.2  Preparation of Fruit Juice of Solanum 
Lycopersicum and Synthesis of ZnO NPs

To prepare SL fruit juice, fresh SL fruits were washed sev-
eral times with distilled water, then peeled, squeezed in an 
electric blender at room temperature and filtered. The green 
synthesis of ZnO NPs was carried out by solution combus-
tion method using zinc precursor and SL extract as biofuel. 
An amount (19.0 g) of Zn(NO3)2.6H2O was completely dis-
solved in 40 mL of distilled water and then mixed and stirred 
with 140 mL of SL juice until a homogeneous solution was 
formed. The mixture was boiled on a hot plate to evapo-
rate the water and obtain dry foam. When the foam reached 
the point of spontaneous combustion, it began to burn and 
formed a grayish-white powder. The obtained powder was 
calcinated at 600 °C for 3 h in an electric oven.

2.3  Characterization Techniques

The crystal structure and phase composition of the syn-
thesized sample were investigated by using powder X-ray 
diffraction (XRD). The XRD patterns were done using 
an X-ray diffractometer (Bruker-D8 Advance, Germany) 
over the range of 2theta (20°−80°) with Cu/Kα radiation 
(λ = 1.5418 Å). The Joint Committee for Powder Diffrac-
tion Standards (JCPD card No. 36-1451) for standard ZnO 
peak positions was used to identify the crystal phases for 
the sample. The crystal size of ZnO sample was calculated 

using the Debye-Scherer equation (D = kλ/βcosθ) where D 
is the average crystal size, K is a constant (0.93), λ is the 
X-ray wavelength, β is the full width at half-maximum of the 
studied peak, and θ is the Bragg angle [9]. Morphological 
and microstructural analysis of the formed nanoparticles was 
performed using a field emission scanning electron micro-
scope (FESEM: JEOL JSM 6510 IV) at which the scanning 
scales were set to 120,000×. ImageR software was used 
to calculate the mean nanoparticle size from the FE-SEM 
images by counting 100 calibrated particles. Fourier trans-
form infrared spectroscopy (FITR: Jasco FT/IR-400) was 
used to investigate the chemical composition of the synthe-
sized ZnO nanoparticles. The spectrum was recorded in the 
region 400–4000  cm−1 with a spectral resolution of 4  cm−1.

2.4  Optical Properties and Sun Protection Factor 
(SPF) of ZnO NPs

The optical absorption properties of solid powders of ZnO 
NPs were characterized by using ultraviolet-visible diffuse 
reflectance spectroscopy (DRS: Shimadzu UV-2050) while 
barium sulfate was used as a reference. The spectrum was 
recorded in the wavelength range from 200 to 800 nm at 
room Temperature. UV–Visible spectroscopy (Labomed 
UVS-2700) was used to investigate the in vitro sun protec-
tion factor (SPF) of ZnO NPs. The spectrum of absorbance 
measurements was recorded over a wavelength range of 
290–320 nm every 5 nm. One gram of ZnO NPs was dis-
persed in 100 mL of absolute ethanol at room temperature. 
The following Mansur equation [38] was used to calculate 
the SPF value of synthesized ZnO NPs:

where CF = 10 is the correction factor, A is the ZnO NPs 
absorbance, λ is the wavelength, I is the solar intensity spec-
trum, and EE is the erythemal effect.

2.5  Antioxidant Activity: DPPH Radical Scavenging 
Activity Assay

The DPPH test was used to determine the antioxidant 
capacity of ZnO NPs in a spectrophotometric manner at 
 OD517 nm while ascorbic acid was used as a standard (con-
trol). Different concentrations of ZnO NPs suspensions (10, 
20, 40, 60, 80, and 100 µg/mL) were dispersed in metha-
nol. According to the following formula, used to evaluate 
the ability of ZnO NPs to scavenge DPPH free radicals, the 
highest amount of DDPH is 100%.

(1)SPF = CF

320
∑

290

A(λ) I(λ) EE(λ)
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2.6  Antibacterial Activity

The agar-well diffusion method was used to evaluate the 
antibacterial activity of green synthetic ZnO NPs against 
Gram-negative (Escherichia coli) and Gram-positive (Staph-
ylococcus aureus) bacteria. Stock suspensions of ZnO NPs 
(0.25, 0.5, 1, and 2 mg/mL) were prepared by ultrasonically 
dispersing them in sterile water. The nutrient broth at 37 °C 
was used to grow pure cultures of bacteria for 24 h. Sterile 
cotton swabs were used to swap each strain homogenously 
onto each plate. Inverted micro tips (6 mm) were used to 
prepare the wells and the dispersed ZnO NPs were poured 
into each well while sterile water was used as a negative 
control. Agar plates were incubated at 37 °C for 24 h and the 
diameters of the inhibition zone were measured to evaluate 
the antibacterial activities.

2.7  Cell Culture and Cytotoxic Evaluations

Cell lines (WI-38 and HepG2) were cultured in RPMI 
medium, 10% FBS, and antibiotics (100 units/mL penicil-
lin and 100 µg/mL streptomycin) at 37 °C in a 5% carbon 
dioxide incubator. The MTT assay was used to evaluate the 
cytotoxic activity of the ZnO NPs with cell lines. 100 µl of 

(2)

Percentage of DPPH scavenging activity(%)

= 100 ×
control OD − ZnO sample OD

control OD

cell lines (density of 1×104) were seeded in a 96-well plate 
at 37 °C and incubated for 48 h in a controlled humidified 
atmosphere (95% air and 5%  CO2). Different concentrations 
of ZnO NPs suspensions (0, 1.56, 3.125, 6.25, 12.5, 25, 50, 
and 100 µg/mL) were mixed with the cells and the incuba-
tion was continued for 24 h in a humidified atmosphere (95% 
air and 5%  CO2). Then 20 µl of MTT solution (0.5 mg/mL 
in PBS) was added into each well and incubated for 4 h, 
then 100 µl of DMSO was added to dissolve the formed 
MTT formazan. For the measurement and recording of the 
colorimetric assay, a plate reader (EXL 800, USA) with an 
absorbance of 570 nm was used. The following formula was 
used to calculate the percentage of viable cells (viability 
(%)):Viability(%) = test∕control × 100.

3  Results and Discussion

SL fruit juice is an excellent, non-toxic source for synthesiz-
ing ZnO NPs. It can play a triple role by acting as a solvent, 
reducing agent and stabilizer which facilitates the synthesis 
of ZnO NPs. SL fruit juice has a high water content that 
can be used as a solvent system for the green synthesis of 
ZnO NPs. Water is the ideal solvent system for chemical 
reactions because it is non-toxic and inexpensive [39]. A 
potential reaction mechanism for the green synthesis of ZnO 
NPs emerges from the interaction potential between zinc 
nitrate and the nutritional and functional active constituents 
of solanum lycopersicum (Fig. 1), including organic acids 

Fig. 1  Bioactive compounds of 
SL fruit juice and the synthesis 
mechanism of ZnO NPs
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such as citric, ascorbic, and folic acid as well as carotenoids, 
and flavonoids have the ability to bioreduce zinc ions [40]. 
These active biomolecules acted as reducing as well as sta-
bilizing agent for the green synthesis of ZnO NPs [41]. Dur-
ing the reaction, zinc ions can form complex agents with 
aromatic hydroxyl groups of biomolecules and then start the 
nucleation process as shown in Fig. 1, which then leads to 
reduction and formation of ZnO NPs. Calcination at 500 °C 
can decompose the complex system and release ZnO NPs 
directly [42].

3.1  Characterization of ZnO NPs

Figure 2 shows the XRD pattern of ZnO prepared by green 
synthesis. Compared to the standard PDF (JCPD Card No. 
36-1451), all XRD reflections of synthesized ZnO can only 
be indexed to one phase (wurtzite ZnO). The peaks observed 
at 2θ = 31.5°, 34°, 36°, 47°, 56°, 62.5°, 66°, 67.5°, 68.5°, 
72°, and 76.5° are assignable to the hexagonal wurtzite 
structure of ZnO. The XRD pattern confirms that the syn-
thesized ZnO is a pure phase as no secondary phases or 
contaminations were detected. Using the Scherer’s formula, 
the average crystal size of the synthesized ZnO NPs was 
estimated to be approximately 23 nm. The cosmetic proper-
ties of zinc oxide as an inorganic sunscreen depend on the 
particle size, the lower the particle size on the nanoscale 
(< 100 nm), the higher the UV scattering capabilities [43].

Figure 3 shows the characteristic FTIR spectrum of the 
functional groups of ZnO NPs in the wave number range 
of 400–4000  cm−1 [44]. The Zn-O bond stretching vibra-
tion mode has an absorption band of 455  cm−1 [45]. The 
absorption peaks of 3423  cm−1 and 1630  cm−1 of the nano-
particles represent the vibrational stretching and bending 
modes of the O–H bond of water, respectively [46]. The 
carboxylate bond stretching vibration (C=O) of symmetric 
and asymmetric zinc has an absorption band in the region 
around 1412  cm−1 and 1573  cm−1 [47]. Furthermore, the 

Fig. 2  XRD pattern of ZnO NPs calcined at 600 °C temperature for 
3 h using SL juice

Fig. 3  FTIR spectrum of ZnO NPs calcined at 600 °C temperature for 
3 h using SL juice

Fig. 4  FESEM image (a) and particle size distribution (b) image for ZnO NPs
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characterization of the  CO2 bond peak in the air appeared 
at 2376  cm−1 [48].

Figure 4 shows the topological features (morphology, 
size, and microstructure) of ZnO NPs as investigated by 
FESEM. FESEM image revealed the formation of ZnO 
NPs with quasi-spherical shapes, and the size is about 
39 ± 12 nm.

3.2  Optical Properties and Sun Protection Factor 
Performance of ZnO NPs

Figure 5 shows the white color (a), the diffuse reflectance 
spectra (b), and band gap plot (c) of ZnO NPs green syn-
thesized using SL juice used in sunscreen applications. 
The UV–visible diffused reflectance spectrum showed 
very low reflectance values of ZnO NPs in the entire UV 
region (280–3700 nm). This UV range includes the entire 
UV-B region (280–320 nm) and part of the UV-A region 
(320–372 nm). ZnO NPs have high absorption power of 
ultraviolet rays and can efficiently absorb them; they showed 
an intense absorption peak at 200–370 nm with very low 
diffuse reflectance (~ 4%). The band gap energy (Eg) of ZnO 
NPs was determined according to Kubelka-Munk function 

[49]:F(R) = (1−R)2

2R
 by plotting of [F(R)h�]0.5 versus photon 

energy (h�) where h� =
1240

�
 , R is the diffuse reflectance data 

of ZnO NPs, h is Planck constant and λ is the absorption 
wavelength. The band gap ZnO NPs was calculated to be 
3.16 eV which clearly confirm the ultraviolet radiation.

The parameters (EE(λ)×I(λ)) required to determine sun 
protection factor performance (SPF) values were shown in 
Table 1. EE(λ) values were according to those calculated 
by Sayre et al., 1979 [50], and the in vitro SPF value was 
calculated for ZnO NPs according to the Mansur method 
[38]. SPF has a set of numerical values in the range from 
8 to 30 [51]. The SPF test was used to assess the capacity 
of synthesized ZnO NPs in absorbing UV radiation. The 
SPF value of ZnO NPs (SPF = 16.8) indicates more potential 
effectiveness of ZnO NPs as sunscreen in protecting the skin 
from the dangerous effects of UV rays. According to FDA 
guidelines, sunscreens with SPF ≥ 15 are able to prevent sun-
burn and reduce the risk of skin cancer and premature skin 
aging [52]. Therefore, synthesized ZnO NPs using SL juice 
are considered promising for further sunscreen formulations 
and personal care products.

Fig. 5  Optical properties of ZnO NPs: a white color of ZnO NPs, b UV–visible diffuse reflectance spectra of ZnO NPs (inset: zoomed in spectra 
in the range from 350 to 500 nm), and c Plot of [F(R)h�]0.5 against photon energy (hν)

Table 1  The normalized EE(λ)×I(λ) used in the calculations and SPF 
values of ZnO NPs

Wavelength (nm) EE(λ)×I(λ)

290 0.0150
310 0.1964
315 0.0939
320 0.0180

Samples SPF value

ZnO 16.8

Table 2  DPPH radical scavenging activity of synthesized ZnO NPs 
and ascorbic acid

Concentration (µg/ml) Scavenging ability (%)

ZnO Ascorbic acid

10 13.4 38.7
20 23.9 52.1
40 33.6 69.6
60 53.1 81.8
80 67.7 87.4
100 75.1 94.5
IC50 value (µg/ml) 51.91 ± 0.29 16.81 ± 0.10
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3.3  Antioxidant Activity

The antioxidant activity of ZnO NPs synthesized with SL 
fruit extract was determined using DPPH free radicals. 
The DPPH solution has a deep violet color that gradu-
ally becomes pale yellow or colorless with the addition of 
increasing amounts of ZnO NPs allowing determination of 
the radical concentration [53]. The DPPH activity of the 
samples increased with increasing concentration of synthetic 
samples indicating a dose-dependent behavior. At concentra-
tions 10–100 µg/mL, ZnO NPs showed a scavenging activ-
ity ranging from 13 to 75% with an average IC50 value, 
51.91 ± 0.29 µg/mL. The antioxidant activity of ZnO NPs is 
lower than that of standard ascorbic acid (38–94%). Table 2 
shows the effect of different concentrations of ZnO NPs and 
ascorbic acid on the DPPH radical antioxidant activity. The 
lower the scavenging activity value, the greater the ability 
of the samples to act as a DPPH scavenger. Compared with 
ascorbic acid at all concentrations from 10 to 100 µg/mL, the 
synthesized ZnO NPs are moderate free radical scavengers. 
The synthesized ZnO NPs showed scavenging activity rang-
ing from 13 to 75% for concentrations from 10 to 100 µg/mL 
with an average IC50 value (51.91 ± 0.29). The relationship 
between the increases in DPPH activity of the ZnO NPs with 
an increase in its concentration indicates a dose-dependent 
behavior. The antioxidant properties of ZnO NPs arise due to 
the small particle sizes and can also arise from the transfer of 
electron density in O atoms, which depends on the structural 
arrangement of O atoms [51, 54]. Zinc plays an important 
role in many enzymes, both as a cofactor and as a component 
in redox processes and can reduce cell membrane damage 
and maintain the structure of the mitochondrial membrane 
from damage caused by free radicals generated by  H2O2 
from the body [55, 56].

3.4  Antibacterial Activity

  The antimicrobial efficacy of ZnO NPs prepared using SL 
juice was tested against two strains of pathogenic bacteria (S. 
aureus and E. coli). The antibacterial activity of ZnO NPs 
mainly depends on the particle size, the smaller the particle 
size, the higher its biological and chemical activity [57]. The 
synthesized ZnO NPs showed significant antibacterial activ-
ity on both bacterial strains as shown in Fig. 6. The growth 
inhibition affected by ZnO NPs against both positive and 
gram-negative organisms (S. aureus and E. coli) is shown in 
Fig. 7. The tested S. aureus strain showed higher sensitivity 
compared to the Escherichia coli strain at all concentrations 
of ZnO NPs. The diameter of inhibition zones was observed 
with the S. aureus strains (9 to 12 mm) followed by E. coli 
(7 to 10 mm). The exact mechanism behind the antibacte-
rial effect of ZnO is still under discussion and study; One 
possible mechanism relies on electrostatic forces that lead 

Fig. 6  The images of Petri 
dishes showing the antibacterial 
effects of synthesized ZnO NPs 
at different concentrations (a) 
0.25 mg/ml, (b) 0.5 mg/ml, (c) 
1.0 mg/ml, and (d) 2.0 mg/ml: 
A S. aureus and B E. coli 

Fig. 7  Antibacterial activities of ZnO NPs at various concentrations 
(0.25, 0.5, 1, 2 mg/ml) and their level of zone of inhibition in mm



3757Journal of Inorganic and Organometallic Polymers and Materials (2023) 33:3750–3759 

1 3

to direct bacterial killing as a result of the abrasive surface 
texture attachment of ZnO NPs to the bacterial surface 
[58], mechanical destruction of the bacterial cell membrane 
caused by ZnO NP penetration [59], and the release of  Zn+2 
ions from ZnO NPs [60], or formation of the active oxygen 
molecules [61].

3.5  Cell Culture and Cytotoxic Evaluations

The MTT results showed clear differences between the 
effect of ZnO NPs concentrations on normal WI-38 cells 
and cancerous HePG2 cells. Figure 8 shows that at con-
centrations up to 50 µg/mL, ZnO NPs did not show cyto-
toxic activity against normal WI-38 while they did not 
show cytotoxic activity against HePG2 cancer cells up to 
6.25 µg/mL. At concentrations higher than 6.25 µg/mL, 
ZnO NPs significantly induced cell death in cancer cells 
(HePG2 cells) compared to normal cells (WI-38 cells). 
The MTT results showed an increase in the number of 
dead cells with increasing concentrations of ZnO NPs. 
Also, ZnO NPs had a better cell-killing effect on cancer 
cells than normal, which means that cancer cells were 
more sensitive to ZnO NPs. Although the mechanisms of 
cytotoxicity caused by ZnO NPs are not fully understood, 
production of reactive oxygen species (ROS) is thought to 
be a key factor [62]. ROS can be produced exogenously 
upon response to various stimuli including nanomaterials 
[63]. Cellular defense mechanisms are triggered when ZnO 
NPs interact with cells [64]. However, if the cell’s ability 
to combat the production of ROS is exceeded, biomol-
ecules are damaged by oxidation, which can lead to cell 
death [65]. Intrinsic cellular functions such as mitochon-
drial respiration, inflammatory response, microsome activ-
ity, and peroxisome activity all lead to ROS production 
[66]. Most of the studies using ZnO NPs synthesized using 
plant extracts showed their ability to stop the growth of 
cancer cells without having any negative effect on healthy 
cells [67]. Also, the anticancer activity of ZnO NPs was 
found to be dose dependent, with its activity peaking at 
higher doses [68, 69].

4  Conclusion

For the first time, SL juice has been used in the green syn-
thesis of ZnO NPs for multifunctional sunscreen applica-
tions. SL fruit juice is an excellent, non-toxic source and can 
play a triple role by acting as a solvent, reducing agent and 
stabilizer which facilitates the synthesis of ZnO NPs. ZnO 
NPs have a pure crystal structure, and the particles have 
a quasi-spherical surface shape with a size of 39 ± 12 nm. 
On the one hand, ZnO NPs possess strong UV protection 

capability (in vitro SPF = 16.8), and thus they are an excel-
lent candidate as UV filter material for sunscreen enhance-
ment. On the other hand, ZnO NPs offer an extra approach 
as an antibacterial and anticancer material. Notably, ZnO 
NPs are moderate antioxidants and enhance the cytotoxic 
activity against (HePG2) tumor cells. In addition, ZnO NPs 
confirmed their efficacy against pathogens because they pos-
sess antibacterial activity against S. aureus and E. coli.
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the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.
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