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The Protective Effects of Citrus aurantium Flower Extract
against 6-Hydroxydopamine—Mediated Cell Damage in Human
Neuroblastoma SH-SY5Y Cells

Los Efectos Protectores del Extracto de Flor deCitrus aurantium Contra el Dafio Celular
Mediado por 6-Hidroxidopamina en Células Humanas de Neuroblastoma SH-SY5Y
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SUMMARY: Parkinson’s disease (PD) is described as a neurological condition, resulting from continuous degeneration of
dopaminergic neurons. Currently, most treatments for neurodegenerative diseases are palliative. In traditional IraniarCitredicine
aurantium flower extract is used to treat some neural diseases, such as sleep disorders and anxiety. The tendency sewards the u
medicinal herbs for the treatment of diseases (eg, seizure) is growing. Accordingly, we evaluated the antioxidan€Cefecesttim
flowers and analyzed their protective effects against 6-hydroxydopamine (6-OHDA)-mediated oxidative stress. In this stiuly, 150
of 6-OHDA was used to induce cellular damage. Also, MTT assay was performed to analyze cellular viability. Fluorescence
spectrophotometry was performed to measure the intracellular reactive oxygen species (ROS) and calcium levels. Bas#idgs) the fin
6-OHDA could reduce cell viability. We also analyzed the effec@ aiurantiumagainst neurotoxicity. The intracellular levels of ROS
and calcium greatly improved in cells exposed to 6-OHDA. SH-SY5Y cell incubatioCwathirantium(400 and 600 mg/mL) induced
protective effects and decreased the biochemical markers of cell apoptosis. According to the @ndimgsitiumshowed protective
effects against neurotoxicity, caused by 6-OHDA,; these protective properties were accompanied by antiapoptotic featuingstdAccord
the findings, it seems that hydromethan@icaurantiumextract can be used to prevent seizures.
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INTRODUCTION

Today, Parkinson's disease (PD) is among the mokday, researchers are focusing on the importance of SH-
prevalent disorders. Itis caused by neuron degeneratiorSi5Y cells, as they exhibit features similar to dopaminergic
the pars compacta and striatal terminals (Tolleson & Fariggurons in PD models. In general, SH-SY5Y cell line
2013). Despite the unknown etiology of this disease, tixpresses dopamine beta-hydroxylase, tyrosine hydroxylase,
possible causes involve neuroinflammation, oxidative stre)d dopamine transporters (Lopes$ al, 2017).
mitochondrial irregularities, and formation of pathologicafonsequently, it is applied in in vitro models of PD;
inclusions (Gandhi & Plun-Favreau, 2016). Accordingly, PRoreover, it helps examine the protective effects of different
can be prevented via reactive oxygen species (ROSMGS.
regulation, apoptotic cascade changes, inhibition of

neuroinflammatory processes, and prevention of protein ~ Long-term continuous treatment with chemical drugs
accumulation (Kanninen & White, 2017). increases the risk of side-effects. According to herbal reme-

dies, a safe drug with minimal side-effects is highly required

Overall, 6-hydroxydopamine (6-OHDA) is a very(Caoet al, 2017). Citrus species are used as medical herbs
common neurotoxic compound, which can selectivel§nd food seasoning. These species contain active compounds,
degenerate dopaminergic neurons (Zhahgl, 2017). such as coumarin, flavonoid, and hesperidin (Ahmadi &
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Shadboorestan, 2016). Among different species, Citr@3 °C (saturated humidity, 95 % air and 5 % L. ®@efore
aurantium is a widely used medicinal plant, endemic to Iragach experiment, dimethyl sulfoxide (DMSO) was used to
In traditional medicine, this herb is used to treat and managdissolve 6-OHDA anc. aurantium
neurodegenerative conditions, including seizures, weakness,
sleep disorders, pain, and migraine (Amravati & In experiment |, various 6-OHDA concentrations (50,
Suryawanshi, 2011). 100, 150, 200, and 253M) were used to incubate the cells
for 24 hours. MTT assay was performed to detect the IC50
Previous studies have confirmed the antioxidangf 6-OHDA. In experiment Il, the cells were pretreated with
anticancer, and anti-inflammatory properties of. Moreovevarying C. aurantiumconcentrations (100, 200, 400, and
flavonoid phytochemical studies have indicated th600 mg/mL) for 24 h and incubated with 6-OHDA (effective
antioxidant capacity of this plant and its effects on free-ralose) for 30 min. A 96-well plate (5000 cell/well) was used
dical reduction of support neuronal metabolism ito seed the cells for MTT and perform intracellular ROS
Alzheimer's disease(Alhakmaetial, 2013). With this bac- and calcium assays. In addition, to grow the cells for Western
kground in mind, we examined the protective effects dflot analysis, a 6-well plate was used for 24 h.
against 6-OHDA-mediated oxidative stress and cell line.
Cell viability. For the analysis of cell viability, MTT was
reduced into formazan, dissolved in phosphate-buffered
MATERIAL AND METHOD saline (PBS), and added to the culture. After incubation for
120 minutes at 37 °C, the medium was discarded and DMSO
(100 um) was added to the wells. Spectrophotometry (490
Cell Culture and Treatment nm) was performed, using a microplate reader (DGR
Instruments, Germany) to determine the optical density
Substances.The following substances were provided byKaeidiet al, 2012).
Sigma-Aldrich Co. (MI, USA): hesperidin, rhodamine 123,
DADLE, fura-2-acetoxymethyl ester (fura-2-AM), MTT, 6- ROS level measurementsThe intracellular level of ROS
OHDA, and 2',7'-dichlorodihydrofluorescein diacetatavas measured with 2’,7'—dichlorofluorescin-DA (DCF-DA),
(DCFH-DA). Also, DMEM medium was procured from which reacts with ROS and produces DCF (a fluorescent
Sigma. Cell Signaling Technology (MA, USA) provided thedye). DCF, which is trapped inside the cell, can be examined
primary antibodies, including polyclonal anti-caspase-8 determine the level of ROS (Batsl, 1983). Following
antibodies. treatment, cell incubation was performed with DCF-DA (20
pum in DMSO) during 30 min at a temperature of 37 °C. The
Santa Cruz Biotechnology Co. (USA) provided theells were evaluated using a fluorometer (SLX808; emission,
primary monoclonal anti-cytochrome-c antibodies. GB28/20; excitation, 485/20) after removing the extra dye.
Healthcare (NJ, USA) supplied horseradish peroxidase
(HRP)-conjugated secondary antibodies, and Biocera (E&¥estern blotting. In order to detect caspase-3, we applied
Sussex, UK) provided the culture reagents, penicillinAestern blotting. For this purpose, the cells were rinsed with
streptomycin solution, fetal bovine serum, and EDTAPBS and treated with 1-methyl-4-phenyl-pyridinium (MPP,
Finally, SPL Life Sciences Co. (South Korea) supplied the00 mM) for 24 hours. In order to detect cytochrome c, lysing
cell culture flasks and dishes. was performed on ice for 30 min in a buffer, consisting of
HEPES (20 mM), NaCl (500 mM), MgCI2 (1.5 mM), 20 %
Extract preparation. C. aurantiumwas obtained from a glycerol, 0.1 % triton X100, EDTA (0.2 mM), aprotinin (1.7
local market. We used the fresh petals of the plant in thisg/mL), antipain (1.5 mM), pepstatin (1 mM), dithiothreitol
study. C. aurantiumwas dried, ground, and mixed with(DTT, 1 mM), phenylmethylsulfonyl fluoride (PMSF, 0.5
methanol (95 %) to a weight/volume ratio of 1:10 at roormM), and 0.5 % sodium dodecyl sulfate (SDS).
temperature for 48 h. The collected extracts were filtere8ubsequently, centrifugation of the lysates was carried out
condensed by a rotary evaporator, and kept at 18 °C befatel 3,600 g during 30 min at a temperature dC4After
use (Hashenst al, 2016). discarding the supernatants, the pellets were resuspended in
buffer and sonicated for 10 s
Cell culture. SH-SY5Y cell line was supplied by the
National Cell Bank of Iran. DMEM (containing 100 mg/mL In order to detect more proteins, a buffer containing
of streptomycin and 100 U/mL of penicillin), was used foNaCl (150 mM), 1 % NP-40, 0.02 % sodium azide, PMSF
cell growth; every 2 days, the medium was replaced. A CQLO mg/mL), and tris-HCI (50 mM) was used for cell lysis
incubator was used to maintain the cells at a temperatureoofice during 30 min; afterwards, they were centrifuged at
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Fig. 1. Effects of different 6-OHDA ar@. aurantiumconcentrations on SH-SY5Y cell viability. (A) 6-OHDA could decrease viability. (B) The eval@agdantiumconcentrations
could not induce toxicity in the cells. (C) The effect€ofiurantiumon 6-OHDA-mediated cellular damage are presented. The extract was added 30 minutes before exposure

6-OHDA. The values are presented as m&&M (5-6 wells per group).

*P< 0.05, *P< 0.01, and ***P< 0.01 represent significant differences compared to the controls. +++P< 0.001 vs. 6-OHDA-eliposed ¢

12 000 g for 2 min at a temperature 6iCl To measure the level of proteins,
Bradford assay was performed.

Protein samples of equal amounts were resuspended in buffer. Then, 10
% SDS-PAGE was performed, and the samples were transferred to a
polyvinylidene difluoride membrane. Following blockage with tris-buffered
saline, primary and HRP-conjugated secondary antibodies were used to incubate
the membranes. Afterwards, visualization was carried out using an
autoradiography film. For quantification, Quantity One® software package
(BioRad) was applied. The collected values were normalized with respect to
beta-actin reference bands (Elyesal, 2014).

Measurement of intracellular calcium level.The intracellular concentration of

free calcium ions was measured in this study. The cells were grown to confluence
and rinsed in suspensions. For incubation (at 25-37 °C during 15-60 minutes),
stock solution of Fura 2-AM (1 mM) was added to DMSO and loaded with Fura
2 acetoxymethyl ester (3 mM); following that, the cells were rinsed with PBS
twice. The intracellular level of calcium was determined at 37 °C with a
fluorometer (excitation, 340/380 nm; emission, 510 nm) (Katidl).

Data analysisThe values are presented as n&iEM. ANOVA and Newman-—

Keuls tests were used to determine the differences between the groups in terms
of MTT, ROS, and calcium levels. Through band densitometry, beta-actin and
caspase-3 band densities were measured and presented as protein/beta-actin
ratio. ANOVA and Newman—Keuls tests were performed to compare the ave-
rage values between the groups (significance level, P< 0.05) (Kaeidi

RESULTS

Cell viability analysis. In order to assess the effects of 6-OHDA and the extracts
(100, 200, 400, and 600 mg/mL) on cell viability, MTT assay was carried out.
According to Figure 1A, 6-OHDA could reduce cell viability in a dose-
dependent fashion. In groups receiving 100, 150, 200, and 250 mm of 6-OHDA,
major toxicity was reported. Nevertheless, we used 150 IM of 6-OHDA (relative
cell viability, 55.5:1.38 %) to induce toxicity and examine the effects of the
extracts.

Based on the findings, 24 h cell treatment with various doses of the
extract (100, 200, 400, and 600 mg/mL) exerted no major effects on the viability
of the cells (Fig. 1B). Incubation of the extract at 400 and 600 mg/mL could
majorly inhibit 6-OHDA-mediated toxicity; however, it did not inhibit cellular
damage at doses of 100 and 200 mg/mL (Fig. 1C). Consequently, 400 and 600
mg/mL concentrations were chosen for the subsequent experiments in the study.

Measurement of intracellular ROS level.Fluorescence spectrophotometry
(DCFH-DA; excitation, 528/20 nm; emission, 528/20 nm) was performed to
measure the intracellular ROS level in 6-OHDA (180)-exposed cells. A
noticeable increase in DCF signals was observed in the exposed cells, compared
to the controls. On the other hand, ROS formation significantly decreased in
cells exposed to the extract (400 and 600 mg/mL), compared to the 6-OHDA-
treated group (Fig. 2).
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activation was measured to identify the mediators of -
OHDA apoptosis. By using the 6-OHDA medium, controlFig. 4. The effects of. aurantiumextract on 6-OHDA-mediated
and 6-OHDA medium&. aurantiunm(400 and 600 mg/mL), increase (ijn the ;ri;.géijllgltar éevelllof calcium. The findings are
cell incubation was performed during 24 h. The caspase23f*CeC 5 TEEEM B 0 S WS FELBO ot

level increased in the 6-OHDA-exposed group, compared

to the controls (P< 0.001). Based on the findings, 400 and

600 mg/mL ofC. aurantium(the most influential . )
concentrations in previous analyses) could majorly diminigheuron damage in the pars compacta. However, etiology

the upregulation of cleaved caspase-3, resulting from 8f this type of cell death is not clear yet (Thomas, 2009).
OHDA exposure (Fig. 3). Overall, Citrus species are considered as major supplies of

bioactive compounds and antioxidants (Fernandez-Lopez
Measurement of Ca2+ level in the cell€valuation of cells €t al. 2005; Jayaprakasha & Patil, 2007). In the present
loaded with Fura 2-AM indicated a significant increase i§tudy, in an in vitro model of PIC. aurantiumcould
intracellular calcium (Ca2+) level in 6-OHDA-exposed cellsmajorly maintain cell viability and downregulate apoptotic
However, this increase was not recorded in groups receivifign@!s, based on the analysis of ethanolic extracts; hence,

the extract (400 or 600 mg/mL) plus 6-OHDA (Fig. 4). C. auranti'un.nould exhibit protectiye and qeurorestgrative
characteristics. Nevertheless, this question remains as to

Cleaved caspase 3 M 17/19 kDa how the extracts apply their protective effects at cellular or
pacin T - - molecular level (Schwaret al, 1996) .
1.6 1 k%

Overall, oxidative stress has major contributions to
the pathogenesis of PD and lipid, protein, and DNA damage;
as a result, it can lead to the degeneration of dopaminergic
neurons (Zhangt al, 2000). The present results indicated
thatC. aurantiumcould suppress the 6-OHDA-mediated
production of ROS (Fig. 2). On the other hand,
overproduction of ROS might cause major damages to
mitochondrial membranes, release apoptosis-inducing
factors, and activate the caspase cascade.
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Fig. 3. Qaspase-:% protein activation in 6-OHQA-§xposed cells. Tr&%spase-(% activity was evaluated via immunoblotting in 6-
values in the graph represei8EM band density in the groups. OHDA-exposed cells. According to various studies, PD-

***P< 0.05 in comparison with the controls, ++P< 0.001 in comparison iated | death i iorl lated t 3
with the 6-OHDA-exposed group. associated neuronal death is majorly related to caspase-
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activation. In the present study, cell damage, induced by$n paliativos. En la medicina tradicional irani, el extracto de flor
OHDA, improved the caspase-3 activity. Moreover, cefle Citrus aurantiumse usa para tratar algunas enfermedades
incubation withC. aurantiumdecreased the level of neuroldgicas, como los trastornos del suefio y la ansiedad. La ten-

elevated parameters (Fig. 3). Based on these findings ﬂ?élcia hacia el uso de las medicinas para el tratamiento de enfer-
efficacy of morphine against 6-OHDA-mediated toxicity"c02des (Por ejemplo, convulsiones) esta creciendo. Por consi-
uiente, el objetivo de este trabajo consistio en evaluar los efectos

could b? reduced due .to its ant|OX|dant and ant'apomoﬁﬁtioxidantes de las flores @e aurantiumy analizar sus efectos
properties, exerted via ROS reduction and caspasgs@tectores contra el estrés oxidativo mediado por la 6-
suppression. In facC. aurantiummechanism seems to hidroxidopamina (6-OHDA). En este estudio, se usé 150 mM de
involve mitochondrial apoptosis modulation, thereby-OHDA para inducir dafio celular. Ademas, se realizé un ensayo
revealing new aspects of its protective activities. de MTT para analizar la viabilidad celular. La espectrofotometria
de fluorescencia se realizd para medir las especies reactivas de
According to various studies, neurodegeneration aqfigeno (ROS) intracelulfs\res y Io_s nive_les_ _de calcio. En base a los
apoptosis resulting from neurotoxins are associated Wﬁﬁllazgos, 6-OHDA podria reducir la viabilidad celular. También

- - . analizamos los efectos @& aurantiumcontra la neurotoxicidad.
increased calcium entry (Dryanovskial,, 2013). Changes . . ) .

. ; - . Los niveles intracelulares de ROS y calcio se expandieron a las
in Ca2+ homeostasis, which lead to an increase

. . Blulas expuestas a 6-OHDA. La incubacioén de células SH-SY5Y
intracellular Ca2+ level, have been suggested in PD modelgnc. aurantium(400 y 600 mg / ml) indujo efectos protectores y

Based on the finding&;. aurantiumcan decrease the leveldisminuyé los marcadores bioquimicos de la apoptosis celular. De
of calcium. The neuroprotective effects might be, at leastuerdo con los hallazgds, aurantiummostro efectos protecto-
partly, associated with channel blockade inducedCby res contra la neurotoxicidad, causada por 6-OHDA; estas propie-

aurantium nevertheless, this mechanism should b@éades protectoras fueron acompafadas por caracteristicas
explained in future studies. antiapoptéticas. Segun los hallazgos, parece que el extracto
hidrometandlico d€. aurantiumse puede usar para prevenir las

Considering the variety of factors affecting celf°MV!ISiones:

culture analyses, every model should be carefully selected  pa| ABRAS CLAVE: Citrus aurantium: Enfermedad
and the results should be verified with respect to differegt parkinson; 6-Hidroxidopamina; Apoptosis; Antioxidant
models to reach definite conclusions. Since cell cultutgyjyity,

models are of limited clinical relevance, further in vivo
studies can complement the in vitro findings.
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