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Abstract: Oxidative stress has been known to play an important role in the pathogenesis of various neurodegenerative 
diseases. Dietary polyphenols and other natural antioxidants are the most popular compounds in clinical testing for the 
elimination of neurodegeneration. It has been demonstrated in recent studies that fruit of Zizyphus jujuba possesses 
several vital biological activities. This study intends to evaluate antioxidant activity of Zizyphus jujuba on human glio-
blastoma cells. Cell survival was quantified by colorimetric viability assay with dose response. Cells were pretreated 
with 100 µM Ziziphus jujuba essential oil for 1h, then 100 µM H2O2 was added to the cells for 12 hours. After that, the 
cell medium were taken after treatment period and replaced with fresh medium. Total oxidant capacity (TOS) and total 
antioxidant capacity (TAS) levels were estimated using specific colorimetric methods. Oxidative stress index (OSI) was 
calculated from the ratio of TOS and TAS values. Many researches have been reported that the essential oil from seeds 
helps to prevent the oxidative stress induced neuronal diseases. The antioxidant potential of Ziziphus jujuba may be at-
tributed to the presence of flavonoids and the other constituents present therein. Our data suggested that Ziziphus jujuba 
is effective in preventing H2O2-induced oxidative stress.
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Nörodejenerasyonda Ziziphus Jujuba’in Antioksidan Etkileri
Özet: Oksidatif stresin çeşitli nörodejeneratif hastalıkların patogenezinde önemli bir rol oynadığı bilinmektedir. Diyet 
polifenolleri ve diğer doğal antioksidanlar nörodejenerasyonun giderilmesi amacıyla yapılan klinik testlerde en popüler 
bileşiklerdir. Yapılan güncel çalışmalarda, bir çeşit yemiş olan Zizyphus jujuba’nın birçok önemli biyolojik aktivitelere 
sahip olduğu rapor edilmiştir. Bu çalışma, insan glioblastoma hücreleri üzerinde Zizyphus jujuba’nın antioksidan etkin-
liğinin araştırılması amaçlamaktadır. Hücre canlılığı, doza bağlı kolorimetrik viyabilite testleri ile belirlenmiştir. Hücre-
ler, 1 saat 100 µM Ziziphus jujuba’nın uçucu yağları ile ön-muamele edilip, daha sonra 100 µM H2O2 12 saat boyunca 
hücrelere ilave edildi. Uygulamalar sonunda hücre homojenatları uzaklaştırılarak taze besiyeri ile değiştirildi. Total 
oksidan kapasite (TOS) ve total antioksidan kapasite (TAS) düzeyleri spesifik kolorimetrik yöntemler kullanılarak tayin 
edilmiştir. Oksidatif stress indeksi (OSİ) TOS ve TAS değerlerinin oranlamasıyla elde edilmiştir. Birçok araştırmada 
doğal bitkilerden elde edilen uçucu yağların oksidatif stress uyarımlı nöronal hastalıkları önlemeye yardımcı oldukları 
rapor edilmiştir. Ziziphus jujuba’nın antioksidan etkinliğinin içerisinde bulunan flavonoidler ve diğer bileşenlere bağlı 
olduğu düşünülmektedir. Elde edilen veriler göre, Ziziphus jujuba’nın H2O2 kaynaklı oksidatif stresi önlemede etkili 
olduğu öngörülmektedir.
Anahtar kelimeler: Oksidatif stres, Nörodejenerasyon, Ziziphus jujube

Introduction

Cellular and molecular signaling failure is the main 
reason for many human disorders and signal trans-
duction defects and the proteins involved in these 
processes are the mayor elements for neurodegen-
erative disorders such as Alzheimer’s disease (AD) 
and Parkinson’s disease (PD) [3,23]. It is stated 
that many factors like environmental, genetic pre-
disposition and abnormal metal metabolism plays a 
critical role in neurodegeneration [22]. Free radicals 
catalyzed by redox metals and oxidative stress are 

the most important reasons for the development of 
neurodegeneration [7].

Oxidative stress occurs as a result of the release 
of reactive oxygen species (ROS) [26]. Free radicals 
can be produced from endogenous sources, such as 
from mitochondria, peroxisomes, and inflammatory 
cell activation and exogenous sources, including en-
vironmental agents, pharmaceuticals, and industrial 
chemicals [19]. Brain is particularly sensitive to free 
radicals because of having antioxidant enzymes in 
low concentration and the consumption about 20% 
of the body’s total oxygen [9]. Recent studies have 
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indicated that ROS causes oxidative stress and pro-
grammed cell death in neuronal cells [27].

Herbs contain a wide variety of molecules 
including phenolic compounds (flavonoids, qui-
nons, tannins etc.), nitrogen compounds (alkaloids, 
amines), vitamins and terpenoids. These compunds 
exerts strong free radical scavenging and antioxi-
dant properties [2,30]. The nutritional Ziziphus ju-
juba Mill., (ZJ) is a herbal plant used in traditional 
medicine, belongs to the Rhamnaceae family and it 
is one of the most important Ziziphus species [6,14]. 
Recent phytochemical studies of jujuba fruits have 
shed some light on their biological effects, such as 
the anticancer, anti-inflammatory, antiobesity, im-
munostimulating, antioxidant, hepatoprotective, 
and gastrointestinal protective activities and inhibi-
tion of foam cell formation in macrophages [10].

Herbal medicines are generally low in cost, 
plentiful, and show very little toxicity or side effects 
in clinical practice. Therefore, our main objective 
in this study is to investigate antioxidant effects of 
essential oil of Ziziphus Jujuba fruit on human glio-
blastoma cells.

Materials and Methods

Human glioblastoma (U87MG) was obtained from 
American Type Culture Collection (Manassas, VA) 
and maintained in DMEM supplemented with 10% 
fetal bovine serum, 2 mM glutamine, 100 U/ml 
penincillin and 100 μg/ml streptomycin, at 37°C 
with 5% CO2. Briefly, cells were plated in 24-well 
plates (0.4 × 105 cells) and pretreated with 100 µM 
Ziziphus jujuba essential oil for 1h then 100 µM 
H2O2 was added to each well for 12h. After the in-
cubation, the supernatant was replaced by fresh me-
dium. 

The cell survival was quantified by the colo-
rimetric MTT (4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide) assay [13]. Following 
incubation period, cell culture at 37ºC, 1 ml/well of 
MTT (5 mg/ml-Sigma) was added to the wells, fol-
lowed by incubation for an additional 2 h for each 
experiment time. The viable cells produced a dark 
blue formazan product, whereas no such staining 
was formed in the dead cells. The resulting forma-
zan product was solubilized in 1 ml/well of acidic 

isopropanol, and absorbance read at 570nm with 
ELISA reader (µQuant-USA). 

The novel total antioxidant status (TAS) and to-
tal oxidant status (TOS) assays have been shown to 
be stable, reliable and sensitive to determine antiox-
idant and oxidant capacity of the biologic samples, 
respectively [8]. Total antioxidant level of the sam-
ple was calculated according to ABTS (dark blue 
colored radical) reducing capacity of antioxidants 
at 660 nm. Results were given as Trolox equivalent 
(mmol/lt) which is a vitamin E analog. Additionally, 
oxidants in the sample oxidize ferrous-ion chelator 
complex to ferric ion. Briefly, total oxidant level 
was measured by colorimetric methods according 
to absorbance change of formed colored complex 
at 530 nm. Results were given as H2O2 equivalent 
(µmol/lt). OSI was calculated as the ratio of TOS 
and TAS values.

Statistical analysis
The one-way analysis of variance (ANOVA) and 
post hoc Duncan tests were performed on the data 
to examine the differences among groups using the 
SPSS statistical software package. The results are 
presented as average ±SE. A value of p<0.05 was 
considered significant.

Results

We used H2O2 treatment in order to model oxidative 
stress in our cellular system. Effect of H2O2 on cell 
viability were performed by MTT analysis. Viability 
of U87 cells were decreased straightly in a concen-
tration-dependent manner over the range of 5 to 250 
µM following 12 h H2O2 treatment. The data showed 
that 100 µM H2O2 (0.190± 0.008) killed about 42% 
of cells at the end of the incubation according to 
the control group (0.329± 0.011) (p<0.05) (Fig.1A). 
However, 10 µM ZJ (0.367±0.026) increased the 
number viable cells by 17% as compared to con-
trol group (0.3142±0.010). For this reason 10 µM 
ZJ was used as a cell protective concentration for 
further experiments. Treatments utilizing 50 µM 
and higher concentrations of ZJ decreased cell vi-
ability (Fig 1B). Morever, 10 µM ZJ (0.240±0.017) 
pre-treatment for 1h prevented 25 % of cell death 
caused by H2O2 (0.193±0.044) (Fig 1C). 
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Figure 1. The effect of Z. Jujuba on cell viability in hydrogen peroxide induced oxidative stress. A. Dose dependent 
effect of H2O2 on U87 cell viability. B. Dose dependent effect of ZJ in viability. C. Dose dependent protective effect 
of ZJ on H2O2-induced cytotoxicity in cells. The data is represented as mean ± SD of five independent experiments. 
*p<0.05 versus control group.**p<0.05 versus H2O2 group.

Hydrogen peroxide significantly enhanced to-
tal oxidant status (TOS) 3.88 times in human glio-
blastoma cell line U87 (p<0.05). The addition of 
Z. jujuba essential oil pretreatment decreased TOS 
by 18.67% in only jujuba group and in 13.22% ZJ 
plus H2O2 group against control. The ZJ oil also 
has important effects (by 6.69%) on ZJ plus H2O2 
group when compared only. group (Table 1). Total 
antioxidant status levels significantly decreased by 

H2O2 pretreatment but ZJ oil prevented the situa-
tion by 22.93% against control and by 68% against 
only H2O2 group. The antioxidant status of ZJ oil 
decreased ZJ plus H2O2 group. Hydrogen peroxide 
(3.0 ± 0.300) increased OSI as compared to control 
group (0.141± 0.014) (Table 1). However, ZJ pre-
treatment (0.142 ± 0.015) significantly recovered 
this increase in OSI according to only H2O2 added 
group.

Table 1. Effects of CAPE treatment on total oxidant (TOS) and antioxidant (TAS) status in cells exposed to H2O2.
Control H2O2 ZJ H2O2 +ZJ

TOS (µmol H2O2 equiv./lt) 2.570 ± 0.171 9.990 ± 0.267* 2.090 ± 0.114 2.230 ± 0.153**

TAS (mmol Trolox equiv./lt) 1.818 ± 0.083 0.330 ± 0.056* 2.235 ± 0.141 1.563 ± 0. 182**

OSI (µmol H2O2 equiv./lt) / (mmol Trolox equiv./lt x 10) 0.141± 0.014 3.0 ± 0.300 0.093 ± 
0.010 0.142 ± 0.015

The data are represented as mean ± SE. * p<0.05 
compared to control group; **p<0.05 compared to. 
H2O2-treated group. The cells were preincubated for 
1 h with 10 µM of ZJ then incubated for a further 12 
h at 37 ºC in the presence of 100 µM H2O2 (n = 5). 
OSI: Oxidative stress index.

Discussion
Hydrogen peroxide can swiftly penetrate the cell 
membrane, reacting with intracellular metal ions 
such as iron or copper to form highly toxic hydroxyl 

radicals, which cause DNA alteration. Thus, even 
at lower concentration, H2O2 can cause heavy dam-
age to the cultured cells. Some natural antioxidant 
products may be useful to protect neurons from 
oxidative injury. Clinically, malignant gliomas are 
among the least responsive of human tumors and for 
tumors of higher grades, complete remission and/
or long term survival is rare [24]. Kitamura et al., 
[18] demonstrated that in human A172 cells, hy-
drogen peroxide (H2O2) caused cell death in a time- 
and concentration-dependent manner, accompanied 
by nucleosomal DNA fragmentation and chromatin 
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condensation. Similar to our data obtained from 
this study, Tavakkoli et al., [29] reported that 75µM 
H2O2 treatment applied to the PC12 neuronal like 
cells for 1h reduced cell viability significantly and 
triggered oxidative stress and apoptosis.

Herbal medicine in recent years gained a mo-
mentum in the treatment of many diseases, espe-
cially cancer and neurodegenerative diseases [4,15]. 
Phenolic compounds derived from jujuba in have 
been reported to show beneficial properties in neu-
ronal tissue. Considering that treatment H2O2 with 
results in excess ROS, the present study suggests 
that oxidative stress may play a critical role in oxi-
dative stress induced neuronal injury [17]. Our re-
sults indicated essential oil of jujuba prevented neu-
ronal cell loss induced by H2O2. It has been reported 
in recent studies that although ZJ aqueous extract 
demonstrated proliferative effect on in vitro diabetic 
neuropathy model of on PC12 cells [15]. 

Medicinal plants have curative properties due 
to presence of various complex chemical substances 
of different composition which contain secondary 
metabolites such as alkaloids, flavonoids, terpe-
noids, saponin and phenolic compounds distributed 
in different parts of the plants. Studies demonstrated 
that, an indigenous plant possesses terrific medici-
nal properties, attributed by a diverse group of sec-
ondary metabolites. Also Z.Jujuba has photo-chem-
ical, pharmacological, medicinal properties and 
biological activities [5,21]. Gao et al., [10] which 
studies five variations of Z. jujuba, demonstrated 
the antioxidative and free radical scavenging effect 
of the this plant. Taatil et al., [28] showed that Z. 
jujuba  fruit  extract improved spatial memory im-
pairment induced by ethanol, due in part, by its an-
tioxidant activities such as GSH level content. The 
possible antioxidant activities of extracts were due 
to the presence of tannins [1], carotenes [11] and 
flavonoids [25]. Additionally, Chen et al., [4] veri-
fied the bidirectional immune-modulatory roles of 
jujuba by regulating the expressions of pro-inflam-
matory cytokines in macrophages. Park et al., [24] 
suggested that Zizyphus jujuba Mill var. Spinosa 
prevents N-methyl-d-aspartate (NMDA)-induced 
neuronal cell damage in vitro. Studies also showed 
that it is used traditionally as tonic and aphrodisiac 
and sometimes as hypnotic-sedative and anxiolytic, 

anticancer, antifungal, antibacterial, antiulcer, anti-
inflammatory and wound healing properties [12,20].

In a recent study performed by Chen et al., [4] 
ZJ extract was found to increase anti-oxidant en-
zyme levels in cultured astrocytes. In another study 
of the carbon tetrachloride-induced hepatitis by 
Kandimalla et al., [16] ZJ was reported to exert an-
tioxidant activity in particular by increasing activi-
ties of catalase and superoxide dismutase enzymes 
and also reducing TBARS level, an important bio-
marker of lipid peroxidation, significantly.

Conclusion

Ziziphus jujuba is a widely traditionally used and 
potent medicinal plant amongst all the thousands of 
medicinal plants. It is an important source of com-
pounds with theirs chemical structures as well as 
pharmacological properties. This study may be use-
ful for predicting other medicinal uses and potential 
drug or food interactions and may be beneficial for 
people living where the jujuba fruits are prevalent 
and health care resources are scarce.
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