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ABSTRACT Botany
Considering the rapid developments in nanotechnology, scientific
research in the field of nanotoxicology is required in order to prevent the Research Article

dangers of nanotechnology on human health. For this purpose, we tested
the cytotoxic effect of ZnO nanoparticle (NP), which is included in many
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cosmetic products, on human keratinocyte cells (HaCaT). In addition, we Received 124.01.2023
evaluated to potentially inhibit this cytotoxic effect with an aquatic plant, Accepted 114.03.2023
Alternanthera reineckii Briq. produced by tissue culture method. The

nodal explants of A. reineckii were cultured in Murashige & Skoog basal Keywords

medium (MS) including the combinations of 0.25-1.25 mg/L Thidiazuron Detoxification

(TDZ) and 0.25 mg/L indole-3-butyric acid IBA). Maximum number of Extract

shoots per explant (22.50 shoots/explant) was obtained in the culture Nanotoxicity

medium with 0.75 mg/LL TDZ+0.25 mg/L IBA. The highest shoot length
(1.77 cm) was determined in MS medium with 0.25 mg/L TDZ+0.25 mg/L
IBA. Acetone and water extracts were obtained from A. reineckii through
Soxhlet extraction. The cytotoxic effect of ZnO alone on HaCaT was
inhibited by acetone and water extracts. The cell viability, which
decreased to 26.04% with the effect of ZnO, increased up to 67.83% with
the application of acetone extract. Overall, our results revealed the
protective potential of this plant against nanotoxicity induced by ZnO and
shed light on future studies.

Shoot regeneration

Mikrogogaltilan Alternanthera reineckii Briq.'nin Insan Keratinosit Hiicrelerinde Cinko Oksit
Nanopartikiillerine Kars1 Detoksifikasyon Etkinligi

OZET Botanik

Nanoteknolojideki  hizli  gelismeler g6z o6ntne alindiginda,

nanoteknolojinin insan saghgl tzerindeki tehlikelerinin Ontine Aragtirma Makalesi
gecebilmek icin nanotoksikoloji alaninda bilimsel arastirmalara ihtiyag

duyulmaktadir. Bu amagla birgok kozmetik triinde yer alan ZnO Makale Tarihgesi
nanopartikiiliiniin (NP) insan keratinosit hiicreleri (HaCaT) iizerindeki Gelis Tarihi  :24.01.2023
sitotoksik etkisini test ettik. Ek olarak, doku kiltiir yontemi ile tiretilen Kabul Tarihi :14.03.2023

bir su bitkisi olan Alternanthera reineckii Briq. ile bu sitotoksik etkiyi
inhibe etme potansiyelini degerlendirdik. A. reineckirnin nodal

Anahtar Kelimeler

eksplantlar1, 0,25-1,25 mg/L Thidiazuron (TDZ) ve 0,25 mg/L indol-3- Detoksifikasyon
biitirik asit (IBA) kombinasyonlarini iceren Murashige & Skoog bazal Oziit
ortaminda (MS) kiiltiire edildi. Eksplant bagina maksimum siirgiin sayis1 Nanotoksisite

(22,50 siirgiin/eksplant) 0,75 mg/L TDZ+0,25 mg/L IBA iceren kiiltiir
ortaminda elde edilmistir. En yiiksek siirgiin uzunlugu (1,77 cm) 0,25
mg/L. TDZ+0,25 mg/L. IBA igceren MS ortaminda belirlenmistir. A.
reineckirden Soxhlet ekstraksiyonu yoluyla aseton ve su oziitleri elde
edilmigtir. Tek bagina ZnO'mun HaCaT tizerindeki sitotoksik etkisi,
aseton ve su Ozutleri ile inhibe edilmigtir. ZnO'nun etkisiyle %26,04'e
disen hiicre canliligi, aseton o6ziti uygulamasiyla %67,83'e kadar
yikselmigtir. Genel olarak, sonu¢larimiz bu bitkinin ZnO tarafindan
indiklenen nanotoksisiteye kars1 koruyucu potansiyelini ortaya koymus
ve gelecekteki ¢aligmalara 1s1k tutmustur.

Stirglin rejenerasyonu
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INTRODUCTION al. 2020; Ozelci & Yigit, 2022). This method is mainly
In recent years, nanotechnology has appeared in many based on the totipotency property of plant cells. The
areas. Thanks to nanotechnology, analysis of ability to divide while forming the complete genome of

nanometer-sized structures, determination of physical
properties of nanometer-sized structures, and superior
material production can be made (Das et al. 2019;
Mohajerani et al. 2019; Jahan & Isildak, 2021). Nano-
sized metal and metal oxide particles are
indispensable raw materials of advanced technology
and their application areas are spread over many
different sectors. Metal and metal oxide nanoparticles
(NPs) have high catalytic, magnetic, chemical and
optical characteristics. These properties vary
according to the surface properties, shapes and sizes of
the NPs (Kavitha et al. 2022). Zinc oxide (ZnO) is also
an important NP with the aforementioned properties
(Sagadevan et al. 2018). ZnO NPs can be used in
sensor, surface dyes, textile products, fabrics and
materials such as plastics (Uma et al. 2019; Abdullah
et al. 2020; Agustina et al. 2020). Moreover, as ZnO
particles become transparent when they are reduced to
nano-size, they are widely preferred in personal care
products, especially sun creams (Gollavilli et al. 2020).

The use of NPs in many areas has also caused their
side effects. Due to the very small size of nano
materials and their large surface area, they show very
high chemical and biological activity. If these particles
enter the body and pass for a certain time, diseases
such as inflammation, wheezing and coughing may
occur (Monsé et al. 2019). Ways of exposure to NPs are
by inhalation, digestion, injection into the skin or body
(Braakhuis et al. 2015). Especially the use of
nanocosmetics has increased in recent years. However,
there are risks that may occur with their increased
penetration through the skin. Risk of insoluble NPs in
sunscreen preparations exists (Lee et al. 2020).

It is important to include herbal extracts in the
product, especially in order to reduce the risk of
nanomaterials found in cosmetic products. Thus, the
possibility of reducing the toxic effect of the
nanomaterial will increase. Alternanthera reineckii
Briq. was used as plant material in this study. A.
reineckil is an aquatic plant originating from South
America. This plant is in a form adapted to living in
and out of water thanks to the imbalance in the current
at the banks of the Amazon river (Anderson et al.
2015). A. reineckii was propagated by tissue culture
techniques. Plant tissue culture is the production of
plants or plant products from the whole plant or
various parts of the plant under sterile conditions in
an artificial nutrient medium (El-Sherif 2019; Celik et
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the cell is called totipotency. Apart from the
totipotency feature in plants, their growth and
metabolism developments are also important (Rani &
Kumar 2017). Recently, tissue culture technique has
been widely used in many plant-based studies such as
antioxidant activity (Dilkalal et al. 2021), stress
physiology (Hosseini Tafreshi et al. 2021), and
secondary metabolite production (Jirakiattikul et al.
2021). We have benefited from this technique because
of its advantages such as preventing the collection of
plants from nature and providing rapid and multiple
plant production under in vitro conditions.

To the best of our knowledge, we found that the
protective effect of A. reineckii has not been tested
against ZnO-induced nanotoxicity. Therefore, in the
present study, we propagated A. reineckii in vitro in
the desired amount and examined its protective
property against cytotoxic damage induced by ZnO
NPs on the human keratinocyte cells.

MATERIALS and METHODS
ZnO NPs and Their Characterization

For ZnO NPs, nano powder sample, white powder in
the nanoscale range <200 nm with a high purity of
99.9+% and CAS number 1314-13-2, purchased from
US research Nanomaterials Inc, Houstan, TX, USA, is
used in this study. Characterization of ZnO NP is
performed with X-ray diffraction (XRD) and scanning
electron microscope (SEM) analysis to identify the
crystal structure, the average crystallite size and
morphology of NP.

In Vitro Regeneration

A. reineckii plants were taken as sterile stock plants.
Murashige and Skoog (MS) basal medium with
vitamins were used as nutrient media in the culture
studies. The nodal explants were placed in MS medium
including 30 g/Li sucrose, 7 g/LL agar and the
combinations of 0.25-1.25 mg/L Thidiazuron (TDZ) and
0.25 mg/L indole-3-butyric acid IBA). It was sterilized
by keeping it under 1.2 atmospheres pressure at 121°C
for 20 minutes. Then, the nutrient media were
sterilized by keeping them under 1.2 atmospheres
pressure at 121°C for 20 minutes. The culture
experiment was terminated at the end of eight weeks.
In the activity studies, A. reineckii in the MS nutrient
medium containing 0.75 mg/L TDZ + 0.25 mg L IBA,
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where the best results were obtained, were used.

Extraction

Plants (10 g) left to dry at room conditions were
subjected to extraction (Soxhlet extraction). The
filtered extracts were then concentrated by means of a
rotary evaporator. The stock extracts obtained were
dissolved with 0.5% dimethyl sulfoxide (DMSO) before
the experiments.

Culture of the Cell Lines

Dulbecco's Modified Eagle Medium (DMEM) was used
for culturing the human keratinocyte cell line
(HaCaT). DMEM in high glucose was supplemented
with 1% penicillin-streptomycin, 1% L-glutamine and

10% heat-inactivated fetal bovine serum (FBS). The
cell cultures were maintained at 37°C in a humidified
atmosphere with 5% COs.

Antiproliferative Activities

Cells were seeded at 1x104 cells/well in 96-well flat-
bottomed microtiter plates. After 24 h incubation, ZnO
NPs (50 mg/L) and extracts with different
concentrations of A. reineckii were added to the wells
alone and in combination and kept in a CO2 incubator
at 37°C for 48 h. Final extract concentrations in the
wells were numbered between 1-10 and showed in
Table 1. Negative control (NC) cultures received 0.5%
DMSO alone. MTT procedure was use for cytotoxic
activity (Emsen et al. 2018).

Table 1. Different extract experiments obtained from A. reineckii
Cizelge 1. A. reineckii'den elde edilen farkl oziit deneyleri

Extracts at different concentrations
(Farkl konsantrasyonlarda éziitler)

A]Qbreviation of the extract treatments
(Oziit uygulamalarinin kisaltmasi)

Acetone/water extract at 1.95 mg/L concentration AE1/WE1

Acetone/water extract at 3.91 mg/L concentration AE2/WE2

Acetone/water extract at 7.81 mg/L concentration AE3/WE3

Acetone/water extract at 15.63 mg/L concentration AE4/WE4

Acetone/water extract at 31.25 mg/L concentration AE5/WE5

Acetone/water extract at 62.5 mg/L concentration AE6/WE6

Acetone/water extract at 125 mg/L concentration AET/WET7

Acetone/water extract at 250 mg/L concentration AE8/WES8

Acetone/water extract at 500 mg/L concentration AE9/WE9

Acetone/water extract at 1000 mg/L concentration AE10/WE10

Statistical Analyses

Differences between gffects of diffelfent TPZ-IBA doses e 5 ey

on shoot regeneration of A. reineckii from nodal I )

explant were tested on Duncan post hoc work, an 2000 Il| Gl
ANOVA test (p < 0.05). Hierarchical clustering and = ) 6 we T

heatmap analyses were used to measure the distances £ Wk ] N N

between viabilities in HaCaT cells treated with ZnO é'm 4 : s

NPs alone or combined with acetone and water H g T

extracts of A. reineckii. SPSS 21.0 was preferred to “on |

perform the analyses. Wl LU{ B |

2 ¥ 3% & 45 60 65 60 65 TO 75
RESULTS 2 (Degree)
Analysis of SEM Image and XRD Spectrum of ZnO Figure 1. Characterization of ZnO NPs XRD
NPs pattern. Inset shows the X-ray
XRD patterns of resulting material in the range of 260 diffraction pattern of ZnO nano
= 25-750 was obtained (Figure 1). The well-defined powder. Standard pattern of ZnO
sharp Bragg peaks represented extremely crystalline . (JCPDS 36'145'1) o
Sekil 1. Zzn0O  NPlerin XRD  modelinin

nature of the material with the hexagonal crystal
structure (known as zincite). The particle size was
changing from 37.3 nm to few hundred nm. The phase
identification was made using JCPDS database and
the ZnO NPs were well organized and fitted the
standard of ZnO (JCPDS no: 36-1451). SEM image of
ZnO NP was given in Figure 2. ZnO NPs were
distributed in random as in the SEM image.
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karakterizasyonu. EkIi kiiciik resim
Zn0O nano tozunun X-isini kirinim
modelini gosterir. ZnO'nun standart
modeli (JCPDS 36-1451)
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Figure 2. SEM image of ZnO NPs
Sekil 2. ZnO NP'lerin SEM goriintiist

In Vitro Shoot Regeneration of A. reineckii

The nodal explants of A. reineckii were cultured for in
vitro shoot regeneration in MS nutrient solution
containing the combinations of 0.25-1.25 mg/L. TDZ
and 0.25 mg/LL IBA. The first shoot formation was
observed on the 12th day in the culture media fortified
with 0.75 mg/L TDZ + 0.25 mg/L IBA. At the end of six
weeks, the experiment was terminated and multiple
shoot formation from the nodal explants was recorded
(Table 2).

Shoot regeneration percentage was ranked between
66.66% and 100% (Table 2). The lowest shoot
regeneration frequency (66.66%) was determined in
the explants without growth regulators (control
group). Mean shoot lengths ranked between 1.10-1.77
cm. The longest shoot (1.77 c¢cm) was obtained in
cultures with 0.25 mg/L TDZ + 0.25 mg/L IBA, while
the shortest shoot (1.10 cm) was determined in
cultures with 1.25 mg/L. TDZ + 0.25 mg /L IBA.

Cytotoxicity Activities

Viability rates of HaCaT cells treated with ZnO NPs
and A. reineckil extracts were tested. The application
that decreased the cell viability (26.04+1.09%) the
most was ZnO NPs alone. AE and WE experiments
alone showed a certain amount of cytotoxic effect on
cells at different concentrations. While AE10 reduced
the cell viability rate to 74.61+1.42%, this rate was
86.40+2.06% for WE10 application. The experimental
groups with the highest cell viability among the
combined AE+ZnO NPs and WE+ZnO NPs
applications were AE6+ZnO (67.83+1.84%) and
WE2+ZnO (65.85+2.69%), respectively (Figure 4, 5).

Heatmap and HCA analyses ranked experiments
according to cell viability data and included extract
and ZnO NPs experiments into different clusters.
Accordingly, the experiments tested for HaCaT cells
were divided into 3 clusters. ZnO NPs experiment was
located under cluster 3 alone and was separated from
other clusters. Applications under cluster 1 were NC
and AE, WE extract trials. The combined applications
of extract+ZnO NPs were placed under cluster 2
(Figure 6a).

The colour gradient appearing on the heatmap also
coincided with the cluster analysis. According to
heatmap analysis, ZnO NPs trial differed from other
extract applications with blue color. The other extract
trials, except AE9 and AE10, had red color intensity.
The viability rates of cells exposed to AE9 and AE10
treatments were 78.83+1.556% and 74.61+1.42%,
respectively. Combined applications, except AES, AE9,
AE10 + ZnO NPs, were in black intensity with a
medium shade (Figure 6b).

DISCUSSION

While exploring potential application areas of
nanotechnology, the risks and uncertainties that NPs
may pose on living things and the environment should
not be ignored. The size and density of NPs play an
important role in the toxic effects of NPs (Braakhuis et
al. 2014). Studies on the toxic effects of nanoparticles
have been investigated in many different organisms

Figure 3. In vitro shoot regeneration of A. reineckii. Multiple shoot regeneration from nodal explants in MS
medium including 0.75 mg/L TDZ + 0.25 mg L IBA after four weeks (a) and (b) eight weeks of culture
Sekil 3. A. reineckiinin in vitro siirgiin rejenerasyonu. Dort hafta (a) ve (b) sekiz haftalik kiiltiirden sonra 0,75
mg/L TDZ + 0,25 mg L IBA igceren MS ortaminda nodal eksplantlardan ¢oklu stirgiin rejenerasyonu

and have produced similar results for different NPs. In
a study with ZnO and titanium dioxide (TiOs2) NPs,
their ecotoxic effects on the green algae
Pseudokirchneriella subcapitata were evaluated. The
researchers exhibited that algae growth was inhibited
by the increase in NP concentration, and ZnO NP
caused the cell membrane to become unstable (Lee &
An 2013). It is also known
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lerin (),
parlak alan kanali (1756x biiyiitme) altinda gézlenen HaCaT hiicrelerinde hiicre canlilig: iizerindeki

etkileri. Kontrol ile muamele edilen hiicreler %100 canli olarak kabul edilmistir (a).
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cell imager-bright field channel (magnification 175x). Control-treated cells were regarded as 100% viable

(a).

Figure 4. Effect of ZnO NPs alone (b), AE1+ZnO NPs (c), AE5+ZnO NPs (d), AE10+ZnO NPs (e), WE1+ZnO NPs

(), WE5+ZnO NPs (g), WE10+ZnO NPs (h) on cell viability in HaCaT cells observed under the fluorescent

Sekil 4. Tek basina ZnO NP'lerin (b), AE1+Zn0O NP'lerin (c), AE5+Zn0O NP'lerin (d), AE10+ZnO NP'erin (e),
WE1+Zn0O NP

Treatment

acetone and water extracts of A. reineckii. Data represent mean + standard deviation from 3 independent
1070

experiments.
Sekil 5. Tek basina ZnO NPlerle veya A. reineckii'nin aseton ve su oziitleri ile kombine edilmis HaCaT

hiicrelerinde MTT analizi ile elde edilen canlilik oranlari. Veriler, 3 bagimsiz deneyden elde edilen

Figure 5. Viability rates obtained by MTT analysis in HaCaT cells treated with ZnO NPs alone or combined with
ortalama + standart sapmayi temsil etmektedir.
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Figure 6. Heatmap of ZnO NPs alone or combined with acetone and water extracts of A. reineckiiin HaCaT cells.
High and low viabilities were represented by red and blue color, respectively. The scale of color intensity
was positively correlated to cell viability (a). Dendrogram built from cell viability rates in HaCaT cells

(b)

Sekil 6. HaCaT hiicrelerinde A. reineckii'nin tek basina veya aseton ve su éztitleri ile birlikte ZnO NP'lerinin 1s1
haritasi. Yiiksek ve diistik canlilik, sirasiyla kirmizi ve mavi renkle temsil edilmigtir. Renk yogunlugu
oleegt, hiicre canlilig ile pozitif olarak iliskiliydi (a). HaCaT hiicrelerinde hiicre canliligr oranlarindan

olusturulan dendrogram (b)

Table 2. Effects of different TDZ-IBA doses on shoot regeneration of A. reineckii from nodal explant
Cizelge 2. Farkli TDZ-IBA dozlarinin nodal eksplanttan A. reineckii'nin stirgiin rejenerasyonu tizerindeki etkileri

Growth regulators (mg/L) (Biiyiime diizenleyiciler)

TDZ IBA Shoot regeneration Shoots per explants Shoot length
(Siirgiin rejenerasyonu) (%)  (Eksplant basina siirgiin) (Stirgiin uzunluguXcm)
0 0 66.66b 1.67c 1.15b
0.25 0.25 88.89ab 12.33b 1.77a
0.50 0.25 100.00a 17.67ab 1.59a
0.75 0.25 100.00a 22.50a 1.27b
1.00 0.25 88.89ab 21.67a 1.25b
1.25 0.25 83.33ab 16.00b 1.10b

Means followed by different small letters within same column were significantly different (p < 0.05)

that ZnO NPs causes genetic damage. Akbaba &
Tiirkez (2018) tested the genetic damage level of ZnO
NPs on lymphocytes by means of chromosome
aberration and micronucleus analyses and reported
that 500 ppm and higher concentrations showed
genotoxic effects.

In the current study, the cytotoxic potential of ZnO

NPs on HaCaT cells was evaluated and it was
determined that the viability of the cells was greatly
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reduced. Similarly, there are different studies showing
that ZnO NPs have different toxic mechanisms on
HaCaT cells. In one study, the mechanism of skin
toxicity caused by ZnO has been investigated. The
researchers revealed that ZnO NPs could induce the
inflammatory response in HaCaT cells. This induction
was enhanced by reactive oxygen species (ROS)-
extracellular signaling (Jeong et al. 2013). Another
study showed that ZnO NPs could cause a potential
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ROS generation. In this study, the data demonstrated
a significant decrease of glutathione level in HaCaT
cells exposed to ZnO NPs and it was suggested that
there might be a link between the nanotoxicity
mechanism and oxidative stress, active oxygen
production, antioxidant defense mechanisms, and
apoptosis (Lee et al. 2012). Studies have focused on the
inhibition of nanotoxicity in cells. Resveratrol was
preferred in some of the studies within this scope.
Giordo et al. (2020) pronounced that resveratrol, an
important antioxidant, inhibited mitochondrial
dysfunction and oxidative stress caused by ZnO NPs in
Zebrafish. In another similar study, genetic damage,
oxidative stress and cytotoxicity in human pulmonary
alveolar epithelial cells induced by ZnO NPs were
tolerable by using resveratrol. The researchers'
opinion is that the high antioxidant capacity of the
compounds used inhibits the resulting nanotoxicity
(Emsen & Turkez 2017).

The use of herbal products to inhibit nanotoxicity will
reduce the level of side effects. Medicinal and aromatic
plants used in many fields such as food, medicine and
cosmetics are important in this regard (Giannenas et
al. 2019). Tissue culture techniques, a current and
biotechnological method, have made a significant
contribution to the mass production of the medicinal
and aromatic plants (M4thé et al. 2015). In order to
obtain extract or active substance, the plants collected
from nature can also disrupt the ecological balance.
For this reason, the production of plants in vitro with
tissue culture techniques makes a great contribution

to such studies. In our study, we produced A. reineckii

by tissue culture techniques and inhibited the
nanotoxicity caused by ZnO through different extracts
obtained from A. reineckir.

When shoot regeneration frequencies were examined,
very high and very low hormone combinations had a
negative effect on the shoot regeneration of the
explants.  Similarly, shoot tip explants of
Ceratophyllum demersum L. were cultured and a
decrease in shoot regeneration frequencies with high
and low hormone application was reported (Emsen &
Dogan 2018).

When shoot lengths were examined, the highest length
value was obtained in the lowest concentrations of TDZ
(0.25 mg/L). The increase in the ratio of TDZ in the
culture medium caused the shoots to remain short.
Similarly, negative effects of TDZ on shoot lengths
were previously reported by Dewir et al. (2018) and
Novikova & Zaytseva (2018). It has been reported that
transferring in vitro cultures to nutrient media
supplemented with low concentrations of TDZ (0.01 to
1.0 pM) would be a correct solution to avoid TDZ-
induced adverse events such as short shoots (Novikova
& Zaytseva 2018; Novikova et al. 2020). Another
effective approach was to transfer the shoots in TDZ
culture medium to hormone-free nutrient medium or
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to medium containing a plant growth regulator such as
zeatin, 6-benzylaminopurine or GAs (Sujatha et al.
2008; Dhavala & Rathore 2010). In our current study,
the shoot lengths were sufficient for us, as we
conducted an activity study.

CONCLUSIONS

In general, the present study demonstrated that in
vitro propagated A. reineckii showed protective role
against ZnO-induced nanotoxicity. Especially the
combined application of acetone extract obtained from
this plant and ZnO highly inhibited the ZnO-induced
cytotoxic effect. This result presented the idea that the
extracts of A. reineckii can be added in certain
proportions to products containing ZnO used in the
cosmetic field.
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